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vkeq[k

jk"Vªh; ikB~;p;kZ dh :ijs[kk (2005) lq>krh gS fd cPpksa osQ LowQyh thou dks ckgj osQ thou ls tksM+k tkuk
pkfg,A ;g fl¼kar fdrkch Kku dh ml fojklr osQ foijhr gS] ftlosQ izHkkoo'k gekjh O;oLFkk vkt rd LowQy
vkSj ?kj osQ chp varjky cuk, gq, gSA ubZ jk"Vªh; ikB~;p;kZ ij vk/kfjr ikB~;Øe vkSj ikB~;iqLrosaQ bl cqfu;knh
fopkj ij vey djus dk iz;kl gSA bl iz;kl esa gj fo"k; dks ,d e”kcwr nhokj ls ?ksj nsus vkSj tkudkjh
dks jVk nsus dh izo`fÙk dk fojks/ 'kkfey gSA vk'kk gS fd ;s dne gesa jk"Vªh; f'k{kk uhfr (1986) esa of.kZr
cky&osaQfnzr O;oLFkk dh fn'kk esa dki+ Qh nwj rd ys tk,¡xsA

bl iz;Ru dh liQyrk vc bl ckr ij fuHkZj gS fd LowQyksa osQ izkpk;Z vkSj vè;kid cPpksa dks dYiuk'khy
xfrfof/;ksa vkSj lokyksa dh enn ls lh[kus rFkk lh[kus osQ nkSjku vius vuqHko ij fopkj djus dk volj nsrs
gSaA gesa ;g ekuuk gksxk fd ;fn txg] le; vkSj vk”kknh nh tk,] rks cPps cM+ksa }kjk lkSaih xbZ lwpuk&lkexzh
ls tqM+dj vkSj tw>dj u, Kku dk l`tu djrs gSaA f'k{kk osQ fofo/ lk/uksa ,oa lzksrksa dh vuns[kh fd, tkus
dk izeq[k dkj.k ikB~;iqLrd dks ijh{kk dk ,dek=k vk/kj cukus dh izo`fÙk gSA ltZuk vkSj igy dks fodflr
djus osQ fy, ”k:jh gS fd ge cPpksa dks lh[kus dh izfØ;k esa iwjk Hkkxhnkj ekusa vkSj cuk,¡] mUgsa Kku dh
fu/kZfjr [kqjkd dk xzkgd ekuuk NksM+ nsaA

;s mís'; LowQy dh nSfud f”aknxh vkSj dk;Z'kSyh esa dki+ Qh i+ sQjcny dh ek¡ x djrs gSaA nSfud le;&lkj.kh
esa yphykiu mruk gh ”k:jh gS] ftruk ok£"kd oSQysaMj osQ vey esa pqLrh] ftlls f'k{k.k osQ fy, fu;r fnuksa
dh la[;k gdhdr cu losQA f'k{k.k vkSj ewY;kadu dh fof/;k¡ Hkh bl ckr dks r; djsaxh fd ;g ikB~;iqLrd
LowQy esa cPpksa osQ thou dks ekufld ncko rFkk cksfj;r dh txg [kq'kh dk vuqHko cukus esa fdruh izHkkoh
fl¼ gksrh gSA cks> dh leL;k ls fuiVus osQ fy, ikB~;Øe fuekZrkvkssa us fofHkUu pj.kksa esa Kku dk iqufuZèkkZj.k
djrs le; cPpksa osQ euksfoKku ,oa  vè;kiu osQ fy, miyC/ le; dk è;ku j[kus dh igys ls vf/d lpsr
dksf'k'k dh gSA bl dksf'k'k dks vkSj xgjkus osQ ;Ru esa ;g ikB~;iqLrd lksp&fopkj vkSj foLe;] NksVs lewgksa
esa ckrphr ,oa cgl rFkk gkFk ls dh tkus okyh xfrfofèk;ksa dks izkFkfedrk nsrh gSA

,u-lh-bZ-vkj-Vh- bl iqLrd dh jpuk osQ fy, cukbZ xbZ ikB~;iqLrd fodkl lfefr osQ ifjJe osQ fy,
o`QrKrk O;Dr djrh gSA ifj"kn~ foKku ,oa xf.kr dh ikB~;iqLrd osQ lykgdkj lewg osQ vè;{k ts-oh- ukyhZdj
vkSj bl ikB~;iqLrd osQ eq[; lykgdkj izksi+ sQlj ch-,y- [kaMsyoky dh fo'ks"k vkHkkjh gSA bl ikB~;iqLrd osQ
fodkl esa dbZ f'k{kdksa us ;ksxnku fn;k_ bl ;ksxnku dks LakHko cukus osQ fy, ge muosQ izkpk;ksZa osQ vkHkkjh gSaA
ge mu lHkh la LFkkvksa vkSj la xBuksa osQ izfr o`QrK gSa] ftUgksaus vius lalk/uksa] lkexzh rFkk lg;ksfx;ksa dh enn
ysus esa gesa mnkjrkiwoZd lg;ksx fn;kA ge ekè;fed ,oa mPp f'k{kk foHkkx] ekuo lalk/u fodkl ea=kky; }kjk
izksi+ sQlj th-ih- ns'kikaMs dh vè;{krk esa xfBr fuxjkuh lfefr (ekWfuVfjax desVh) osQ lnL;ksa dks viuk ewY;oku
le; vkSj lg;ksx nsus osQ fy, /U;okn nsrs gSaA O;oLFkkxr lq/kjksa vkSj vius izdk'kuksa esa fuja rj fu[kkj ykus osQ
izfr le£ir ,u-lh-bZ-vkj-Vh- fVIif.k;ksa ,oa  lq>koksa dk Lokxr djsxh] ftuls Hkkoh la'kks/uksa esa enn yh tk losQA

funs'kd
ubZ fnYyh jk"Vªh; 'kSf{kd vuqla/ku vkSj
20 fnlacj 2005 çf'k{k.k ifj"kn ~
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ikB~;iqLrdksa esa ikB~; lkexzh dk iqulZa;kstu

dksfoM&19 egkekjh dks ns•rs gq,] fo|kfFkZ;ksa osQ Åij ls ikB~; lkexzh dk cks> de djuk vfuok;Z gSA jk"Vªh;
f'k{kk uhfr] 2020 esa Hkh fo|kfFkZ;ksa osQ fy, ikB~; lkexzh dk cks> de djus vkSj jpukRed uT+kfj, ls vuqHkokRed
vf/xe osQ volj çnku djus ij T+kksj fn;k x;k gSA bl ì"BHkwfe esa] jk"Vªh; 'kSf{kd vuqla/ku vkSj çf'k{k.k ifj"kn~
us lHkh d{kkvksa esa ikB~;iqLrdksa dks iqulZa;ksftr djus dh 'kq#vkr dh gSA bl çfØ;k esa jk-'kS-v-ç-i- }kjk igys

ls gh fodflr d{kkokj lh•us osQ çfriQyksa dks è;ku esa j•k x;k gSA

ikB~; lkefxz;ksa osQ iqulZa;kstu esa fuEufyf•r fcanqvksa dks è;ku esa j•k x;k gS &&

• ,d gh d{kk esa vyx&vyx fo"k;ksa osQ varxZr leku ikB~; lkexzh dk gksuk_

• ,d d{kk osQ fdlh fo"k; esa mlls fupyh d{kk ;k Åij dh d{kk esa leku ikB~; lkexzh dk gksuk_

• dfBukbZ Lrj_

• fo|kfFkZ;ksa osQ fy, lgt :i ls lqyHk ikB~; lkexzh dk gksuk] ftls f'k{kdksa osQ vf/d gLr{ksi osQ fcuk]
os •qn ls ;k lgikfB;ksa osQ lkFk ikjLifjd :i ls lh• ldrs gksa_

• orZeku lanHkZ esa vçklafxd lkexzh dk gksukA

orZeku laLdj.k] Åij fn, x, ifjorZuksa dks 'kkfey djrs gq, rS;kj fd;k x;k iqulZa;ksftr laLdj.k gSA
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ikB~;iqLrd fodkl lfefr

vè;{k] foKku vkSj xf.kr ikB~;iqLrd lykgdkj lfefr

t;ar fo".kq ukyhZdj] izksI+ksQlj] varj&fo'ofo|ky; osaQæ] [kxksyfoKku vkSj [kxksyHkkSfrdh] iwuk fo'ofo|ky;] iwuk

eq[; lykgdkj

ch-,y- [kaMsyoky] izksI+ksQlj (vodk'kçkIr)] bafM;u baLVhV~;wV vkWiQ VsDuksykWth] u;h fnYyh

lnL;

vydk esgjks=kk] jhMj] (leUo;d] vaxzs”kh laLdj.k)] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

vatuh dkSy] izoDrk] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

vkbZ-ih- vxzoky] izksI+ksQlj] {ks=kh; f'k{k.k laLFkku] ,u-lh-bZ-vkj-Vh-] Hkksiky

,-,l- cjkj] izksI+ksQlj] bafM;u baLVhV~;wV vkWiQ VsDuksykWth] u;h fnYyh

,p-vks- xqIrk] izksI+ksQlj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

,l-osQ-xqIrk] jhMj] LowQy vkWiQ LVMh”k bua osQeSLVªh] ftokth fo'ofo|ky;] Xokfy;j

,l-osQ- Mksxjk] izksI+ksQlj] MkW- ch-vkj- vacsMdj lsaVj iQkWj ck;ksesfMdy fjlpZ] fnYyh fo'ofo|ky;] fnYyh

t;Jh 'kekZ] izksI+ksQlj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

iwue lkguh] ih-th-Vh- (jlk;u foKku)] osQUnzh; fo|ky;] fodkliqjh] u;h fnYyh

eS=ks;h panzk] izksi+ sQlj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

oh-osQ- oekZ] izksI+ksQlj (vodk'kizkIr)] baLVhV~;wV vkWiQ VsDuksykWth] cukjl ¯gnw fo'ofo|ky;] okjk.klh

oh-ih- xqIrk] jhMj] {ks=kh; f'k{k.k laLFkku] ,u-lh-bZ-vkj-Vh-] Hkksiky

'kqHkk osQ'kou] iz/kukè;kfidk] MseksalVªs'ku LowQy] {ks=kh; f'k{k.k laLFkku] ,u-lh-bZ-vkj-Vh-] eSlwj

lk/uk HkkxZo] ih-th-Vh- (jlk;u foKku)] ljnkj iVsy fo|ky;] yksnh bLVsV] u;h fnYyh

lq[kohj ¯lg] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

lquhrk eYgks=kk] izksI+ksQlj] LowQy vkWiQ lkbals”k] bafnjk xka/h eqDr fo'ofo|ky;] u;h fnYyh

lnL;&leUo;d

vkj-osQ- ikjk'kj] izoDrk] (leUo;d] ¯gnh laLdj.k)] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

fganh :ikarj

vkj-vkj- xks;y] jhMj] jlk;u foKku foHkkx] jketl dkWyst] fnYyh fo'ofo|ky;] fnYyh

vkj-osQ- mikè;k;] ofj"B izoDrk] jlk;u foHkkx] jktdh; egkfo|ky;] vtesj

vkyksd prqosZnh] ofj"B izoDrk] jlk;u foHkkx] jktdh; egkfo|ky;] vtesj

Rationalised 2023-24



,l-ih- ekFkqj] foHkkxkè;{k] fo'kq¼ ,oa vuqiz;qDr jlk;u foHkkx] e-n-l- fo'ofo|ky;] vtesj

Mh-osQ- 'kekZ] jhMj] jlk;u foKku foHkkx] jketl dkWyst] fnYyh fo'ofo|ky;] fnYyh

osQ-th- vks>k] ,lksf'k,V izkssi+ sQlj] fo'kq¼ ,oa vuqiz;qDr jlk;u foHkkx] e-n-l- fo'ofo|ky;] vtesj

yfyrk ,l- oqQekj] jhMj] LowQy vkWiQ lkbUls”k] bafnjk xka/h [kqyk fo'ofo|ky;] u;h fnYyh

latho oqQekj] jhMj] jlk;u foKku foHkkx] ns'kca/q dkWyst] fnYyh fo'ofo|ky;] fnYyh

lquhrk eYgks=kk] izksI+ksQlj] LowQy vkWiQ lkbals”k] bafnjk xka/h [kqyk fo'ofo|ky;] u;h fnYyh

lqjsanz vjksM+k] ofj"B izoDrk] jlk;u foHkkx] jktdh; egkfo|ky;] vtesj

x
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vkHkkj

jk"Vªh; 'kSf{kd vuqla/ku ,oa izf'k{k.k ifj"kn~ mu lHkh laLFkkvksa rFkk O;fDr;ksa osQ izfr vkHkkj izdV djrh
gS] ftUgksaus jlk;u foKku dh d{kk 11 dh ikB~;iqLrd osQ fodkl esa vewY; ;ksxnku fn;kA ifj"kn~
fuEufyf[kr fo}kuksa dk Hkh vkHkkj O;Dr djrh gS] ftUgksaus ¯gnh ikaMq fyfi osQ iqujkoyksdu rFkk lq/kj esa
vewY; ;ksxnku fn;k –

oh-,u- ikBd] izksI+ksQlj] jktLFkku fo'ofo|ky;] t;iqj_ fctsanz ¯lg] jhMj] galjkt dkWyst] fnYyh_
fnus'k xqIrk] jhMj] jktdh; egkfo|ky;] vtesj_ ts-,y- 'kekZ] jhMj] fdjksM+hey dkWyst] fnYyh_ y{e.k ̄ lg]
jhMj] ,y-vkj- dkWyst] lkfgckckn_ fouksn oqQekj] jhMj] galjkt dkWyst] fnYyh_ fot; lkjnk] jhMj] tkfdj
gqlSu dkWyst] fnYyh_ v#.k ikjhd] izoDrk] jktdh; egkfo|ky;] vtesj_ vrqy oqQekj 'kekZ] izoDrk] jktdh;
egkfo|ky;] ukxkSj_ fd'kksj ,- lksrsZ] iz/kukpk;Z] jktdh; ckyd mPprj ekè;fed fo|ky;] fuBkjh] ukaxyksbZ]
ubZ fnYyh_ lq"kek lsfr;k] iz/kukpk;Z] loksZn; dU;k fo|ky;] gfjuxj] fnYyh_ lehj O;kl] vuqla/ku lgk;d]
osaQnzh; e`nk ,oa lkexzh vuqla/ku'kkyk] ubZ fnYyh_ vfuy oqQekj 'kekZ] ih-th-Vh-] osaQnzh; fo|ky;] vkbZ-,u-,-
dkWyksuh] ubZ fnYyh_ jkts'k /kek] ih-th-Vh-] osaQnzh; fo|ky;] foKku fogkj] fnYyh_ miek ¯lg] foosdkuan
LowQy] vkuan fogkj] fnYyh_ ikaMq fyfi osQ lq/kj osQ fy, Jherh dfork 'kekZ] izoDrk] izkFkfed f'k{kk foHkkx_
Jherh #fp oekZ] izoDrk] ih-ih-,e-bZ-Mh ,oa Jh jktho jatu] izfr laiknd dk lg;ksx iz'kaluh; jgkA

ifj"kn~ 'kSf{kd rFkk iz'kklfud lg;ksx gsrq eS=ks;h panzk] vè;{k] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh- dh Hkh
vkHkkjh gSA

ifj"kn~ nhid diwj] izHkkjh] daI;wVj LVs'ku bapktZ] rFkk muosQ lg;ksxh lqjsanz oqQekj] Mh-Vh-ih- vkWijsVj_
xhrk oqQekjh vkSj gfj n'kZu yks/h] izwI+kQ-jhMj] lgk;d dk;ZØe leUo;d dk;kZy; (Mh-bZ-,l-,e-)] ,u-lh-bZ-vkj-Vh-
osQ iz'kklu vkSj izdk'ku foHkkx osQ lg;ksx gsrq gk£nd vkHkkj Kkfir djrh gSA
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Hkkjr dk lafo/ku
Hkkx 4 d

ukxfjdksa osQ ewy drZO;
vuqPNsn 51 d
ewy drZO; & Hkkjr osQ izR;sd ukxfjd dk ;g drZO; gksxk fd og &

(d) lafo/ku dk ikyu djs vkSj mlosQ vkn'kks±] laLFkkvksa] jk"Vªèot vkSj jk"Vªxku dk
vknj djs_

([k) Lora=krk osQ fy, gekjs jk"Vªh; vkanksyu dks izsfjr djus okys mPp vkn'kks± dks ân; esa latks,
j[ks vkSj mudk ikyu djs_

(x) Hkkjr dh laizHkqrk] ,drk vkSj v[kaMrk dh j{kk djs vkSj mls v{kq..k cuk, j[ks_

(?k) ns'k dh j{kk djs vkSj vkàku fd, tkus ij jk"Vª dh lsok djs_

(Ä) Hkkjr osQ lHkh yksxksa esa lejlrk vkSj leku Hkzkr`Ro dh Hkkouk dk fuekZ.k djs tks
/eZ] Hkk"kk vkSj izns'k ;k oxZ ij vkèkkfjr lHkh HksnHkkoksa ls ijs gks] ,slh izFkkvksa dk R;kx djs
tks efgykvksa osQ lEeku osQ fo#¼ gkas_

(p) gekjh lkekfld laLd̀fr dh xkSjo'kkyh ijaijk dk egÙo le>s vkSj mldk
ifjj{k.k djs_

(N) izkd̀frd i;kZoj.k dh] ftlds varxZr ou] >hy] unh vkSj oU; tho gSa] j{kk djs vkSj mldk
laoèkZu djs rFkk izkf.kek=k osQ izfr n;kHkko j[ks_

(t) oSKkfud n`f"Vdks.k] ekuookn vkSj KkuktZu rFkk lq/kj dh Hkkouk dk fodkl djs_

(>) lkoZtfud laifÙk daaks lqjf{kr j[ks vkSj fgalk ls nwj jgs_

(×k) O;fDrxr vkSj lkewfgd xfrfof/;ksa osQ lHkh {ks=kksa esa mRd"kZ dh vksj c<+us dk lrr~ iz;kl
djs] ftlls jk"Vª fujarj c<+rs gq, iz;Ru vkSj miyfC/ dh ubZ m¡Qpkb;ksa dks Nw losQ_ vkSj

(V) ;fn ekrk&firk ;k laj{kd gS] Ng o"kZ ls pkSng o"kZ rd dh vk;q okys vius] ;FkkfLFkfr]
ckyd ;k izfrikY; dks f'k{kk osQ volj iznku djsA
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vkeq[k v
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,dd 2

bl ,dd osQ vè;;u osQ ckn vkiµ
• bysDVªkWu] izksVkWu rFkk U;wVªkWu dh [kkst ,oa

muosQ vfHky{k.kksa ls ifjfpr gks losaQxs_

• FkkWelu] jnjiQksMZ ,oa cksj osQ ijek.kq
ekWMyksa dk o.kZu dj losaQxs_

• ijek.kq osQ DokaVe ;kaf=kdh; ekWMy osQ
egÙoiw.kZ y{k.kksa dks le> losaQxs_

• fo|qr~&pqacdh; fofdj.k dh izÑfr
,oa Iykad osQ DokaVe fl¼kar dks le>
losaQxs_

• izdk'k fo|qr~&izHkko rFkk ijek.kqvksa osQ
LisDVªeksa osQ y{k.kksa dk o.kZu dj losaQxs_

• ns czkWXyh laca/ rFkk gkbtsucxZ vfuf'prrk
fl¼kar dks vfHkO;Dr dj losaQxs_

• ijek.kq d{kd dks DokaVe la[;kvksa osQ
:i esa ifjHkkf"kr dj losaQxs_

• vkWiQckÅ fl¼kar] ikmyh dk viotZu
fl¼kar rFkk gqaM dk vf/dre cgqdrk
fu;e dk o.kZu dj losaQxs_

• ijek.kqvksa osQ bysDVªkWfud foU;kl fy[k
losaQxsA

ijek.kq dh lajpuk
STRUCTURE OF ATOM

fofHkUu rÙoksa osQ jklk;fud O;ogkj esa izpqj fofoèkrk] muosQ ijek.kqvksa dh
vkarfjd lajpuk esa fufgr fofoèkrk ls iFkjsf[kr gksrh gSA

Hkkjrh; ,oa ;wukuh nk'kZfudksa }kjk cgqr igys ls gh (400 bZ-iw-) ijek.kqvksa osQ
vfLrRo dks izLrkfor fd;k x;k FkkA mudk fopkj Fkk fd ijek.kq nzO; osQ
ewy lajpukRed Hkkx gksrs gSaA muosQ vuqlkj inkFkZ osQ yxkrkj foHkktu ls
varr% ijek.kq izkIr gksrs gSa] ftls vkSj foHkkftr ugha fd;k tk ldrkA
^ijek.kq* (atom) 'kCn xzhd Hkk"kk ls mRiUu gqvk gS] ftlesa atomio dk vFkZ
^u dkVs tkus okyk (uncutable) ;k ̂ vfoHkkT;* (non-divisible) gksrk gSA
igys ;s fopkj osQoy dYiuk ij vkèkkfjr Fks vkSj budk izk;ksfxd ijh{k.k
dj ikuk laHko ugha FkkA cgqr le; rd ;s fopkj fdlh izek.k osQ fcuk ,sls
gh pyrs jgs] ijarq 18oha 'krkCnh esa oSKkfudksa us bu ij fiQj ls cy nsuk 'kq:
dj fn;kA

lu~ 1808 esa tkWu MkYVu uked ,d fczfV'k LowQy vè;kid us igyh
ckj oSKkfud vkèkkj ij nzO; dk ijek.kq fl¼kar izLrqr fd;kA mudk fl¼kar]
ftls ̂ MkYVu dk ijek.kq fl¼kar* dgk tkrk gS] ijek.kq dks inkFkZ dk ewy
d.k (,dd&1) ekukA

MkYVu osQ ijek.kq fl¼kar ls æO;eku osQ laj{k.k osQ fu;e] fLFkj
la?kVu osQ fu;e rFkk xqf.kr&vuqikr osQ fu;e dh liQyrkiwoZd O;k[;k dh
tk ldhA ysfdu ;g dbZ iz;ksxksa osQ ifj.kkeksa dks o£.kr djus esa foiQy jgkA
mnkgj.k osQ fy,µ dk¡p vFkok ,cksukbV (ebonite) dks js'ke vFkok iQj
(fur) osQ lkFk f?klus ij fo|qr~~ vkos'k dh mRifÙk gksrh gSA

bl ,dd dks geus mu izk;ksfxd izs{k.kksa ls vkjaHk fd;k gS] tks 19oha
'krkCnh osQ var rFkk 20 oha 'krkCnh osQ vkjaHk esa oSKkfudksa }kjk fd, x, FksA
blls ;g LFkkfir gqvk fd ijek.kq NksVs d.kksa (voijekf.od d.kksa) ls ;kuh
bysDVªkWu] izksVkWu rFkk U;wVªkWu ls cus gksrs gSaA ;g èkkj.kk MkYVu dh èkkj.kk ls
fcYoqQy vyx FkhA

mís';
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29ijek.kq dh lajpuk

2-1 voijekf.od d.kksa dh [kkst
xSlksa esa fo|qr~&foltZu vkfn iz;ksxksa osQ ifj.kkeksa ls ijek.kq
dh lajpuk osQ ckjs esa vkSj tkudkjh izkIr gqbZA bu ifj.kkeksa
dh ppkZ djus ls igys vkosf'kr d.kksa osQ O;ogkj osQ ckjs esa
gesa ;g ewy fu;e è;ku esa j[kuk gksxk fd leku vkos'k
,d&nwljs dks izfrdf"kZr rFkk foijhr vkos'k ,d&nwljs dks
vkdf"kZr djrs gSaA

2-1-1 bysDVªkWu dh [kkst

lu~ 1830 esa ekbosQy iSQjkMs us n'kkZ;k fd ;fn fdlh
foYk;u esa fo|qr~ izokfgr dh tkrh gS] rks bysDVªksMksa ij
jklk;fud vfHkfØ;k,¡ gksrh gSa] ftuosQ ifj.kkeLo:i bysDVªksMksa
ij inkFkZ dk foltZu vkSj fu{ksi.k (deposition) gksrk gSA
mlus oqQN fu;e crk,] ftuosQ fo"k; esa vki 12oha d{kk esa
i<+saxsA bu ifj.kkeksa ls fo|qr~ dh d.kh; izÑfr osQ ckjs esa irk
pyrk gSA

1850 ds eè; esa vusd oSKkfud] fo'ks"kdj iSQjkMs us
vkaf'kd :i ls fuokZfrr ufydkvksa] ftUgsa oSQFkksM fdj.k
ufydk,¡ dgk tkrk gS] esa fo|qr~&foltZu dk vè;;u vkjaHk
fd;kA bls fp=k 2-1 (d) esa n'kkZ;k x;k gSA oSQFkksM fdj.k
ufydk dk¡p dh cuh gksrh gS] ftlesa èkkrq osQ nks irys
VqdM+s] ftUgsa bysDVªksM dgrs gSa] lhy fd, gq, gksrs gSaA xSlksa
esa fo|qr~&foltZu dks fliQZ fuEu nkc ,oa mPp foHko ij
izsf{kr fd;k tk ldrk gSA dk¡p dh ufydkvksa esa fofHkUu
xSlksa osQ nkc dks fuokZru }kjk fu;af=kr fd;k x;kA bl izdkj
tc bysDVªksMksa ij mPp oksYVrk ykxw dh xbZ] rks ufydk esa
d.kksa dh èkkjk osQ }kjk Í.kkRed bysDVªksM (oSQFkksM) ls
èkukRed bysDVªksM (,suksM) dh rjiQ fo|qr~~ dk izokg vkjaHk
gks x;kA budks oSQFkksM fdj.ksa vFkok oSQFkksM fdj.k d.k
dgrs gSaA

fp=k 2-1 (d) ,d oSQFkksM fdj.k foltZu ufydk

oSQFkksM ls ,suksM rd fo|qr~èkkjk osQ izokg dh vfrfjDr
tk¡p osQ fy, ,suksM esa fNnz rFkk ,suksM osQ ihNs uyh ij
LiqQjnhIr inkFkZ (¯td lYiQkbM) dk ysi fd;k tkrk gSA
tc ;s fdj.ksa ,suksM osQ fNæ esa ls xqtjdj ¯td lYiQkbM
dh ijr ij Vdjkrh gSa rFkk ogk¡ ,d pedhyk fpÉ cu tkrk
gS ¹fp=k 2-1 ([k)ºA bl iz;ksx osQ ifj.kke dk lkjka'k
fuEufyf[kr gaSµ

fp=k 2-1 ([k) lfNnz ,uksM;qDr ,d oSQFkksM&fdj.k foltZu ufydk

(i) oSQFkksM fdj.ksa (cathode rays) oSQFkksM ls vkjaHk
gksdj ,suksM dh vksj xeu djrh gSaA

(ii) ;s fdj.ksa Lo;a fn[kkbZ ugha nsrha] ijarq buosQ O;ogkj dks
xSlksa rFkk oqQN fuf'pr izdkj osQ inkFkks± (LiqQjnhIr
rFkk izfrnhIr) dh mifLFkfr esa ns[kk tk ldrk gSA ;s
inkFkZ bu fdj.kksa osQ Vdjkus ls pedrs gSaA Vsyhohtu
fp=k ufydk oSQFkksM fdj.k ufydk gksrh gSA Vh-oh- inkZ
LiqQjnhIr ,oa izfrnhIr inkFkks± ls yssfir gksrk gS ftl ij
fp=k izfrnhIr gksrs gSaA

(iii) fo|qr~ vkSj pqacdh; {ks=kksa dh vuqifLFkfr esa ;s fdj.ksa
lhèkh fn'kk esa xeu djrh gSaA

(iv) fo|qr~ vkSj pqacdh; {ks=kksa dh mifLFkfr esa oSQFkksM
fdj.kksa dk O;ogkj Í.kkosf'kr d.kksa osQ visf{kr
O;ogkj osQ leku gksrk gS] tks ;g fl¼ djrk gS fd
oSQFkksM fdj.kksa esa Í.kkosf"kr d.k gksrs gSa] ftUgsa
bysDVªkWu dgrs gSaA

(v) oSQFkksM&fdj.kksa (bysDVªkWu) osQ y{k.k oSQFkksM fdj.k
ufydk osQ bysDVªksMksa osQ inkFkZ ,oa mlesa mifLFkr xSl
dh izÑfr ij fuHkZj ugha djrsA
mijksDr ifj.kkeksa ls ;g fu"d"kZ fudyrk gS fd

bysDVªkWu lHkh ijek.kqvksa osQ ewy ?kVd gksrs gSaA
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2-1-2 bysDVªkWu dk vkos'k æO;eku vuqikr
fczfV'k HkkSfrd foKkuh ts-ts- FkkWelu us lu~ 1897 esa oSQFkksM
fdj.k ufydk dk mi;ksx djosQ vkSj bysDVªkWuksa osQ iFk ij
fo|qr~ vkSj pqacdh; {ks=k] tks ,d nwljs osQ yacor Fks] ykxw
djosQ bysDVªkWu osQ fo|qr~ vkos'k (e) vkSj æO;eku (m

e
) osQ

chp vuqikr dks ekik (fp=k 2-2)A osQoy fo|qr~~ {ks=k dh
mifLFkfr esa bysDVªkWu vius iFk ls fopfyr gksdj ¯cnq A
(fp=k 2-2) ij oSQFkksM fdj.k ufydk ls Vdjkrs gSaA blh
izdkj osQoy paqcdh; {ks=k dh mifLFkfr esa bysDVªkWu ¯cnq
C ij oSQFkksM fdj.k&ufydk ls Vdjkrs gSaA fo|qr~ vkSj
pqacdh; {ks=k dh izcyrk osQ lkoèkkuhiwoZd larqyu ls
bysDVªkWuksa dks vuqikfyr iFk ij mlh iFk ij okil yk;k
tk ldrk gSA ftl ij og bu {ks=kksa dh vuqifLFkfr esa FkkA
vc ;g insZ ij ¯cnq B ls Vdjkrs gSaA FkkWelu us ;g roZQ
fn;k fd osQoy fo|qr~~ vkSj osQoy pqacdh; {ks=kksa dh
mifLFkfr esa bysDVªkWuksa osQ vius iFk ls fopyu dh ek=kk
fuEufyf[kr ckrksa ij fuHkZj djrh gSµ
(i) d.k ij Í.kkos'k dk eku vfèkd gksus ij fo|qr~ rFkk

pqacdh; {ks=kksa osQ lkFk vU;ksU; fØ;k c<+ tkrh gS bl
izdkj fopyu vfèkd gksrk gSA

(ii) d.k dk æO;eku&d.k osQ gYdk gksus ls fopyu
vfèkd gksrk gSA

(iii) fo|qr~ vFkok pqacdh; {ks=k dh izcyrk bysDVªksMksa ij
oksYVrk vFkok pqEcdh; {ks=k dh izcyrk c<+kus ls
bysDVªkWuksa dk ewy iFk ls fopyu c<+ tkrk gSA

fo|qr~ {ks=k dh izcyrk ;k pqacdh; {ks=k dh izcyrk esa
ls fdlh ,d dh mifLFkfr esa bysDVªkWuksa osQ fopyu dh ek=kk
dk lgh&lgh eki djosQ vkSj mlosQ isz{k.k ls FkkWelu]
e/m

e
 osQ eku dk fuèkkZj.k dj losQµ

e

e

m
 = 1.758820 × 1011 C kg–1 (2.1)

tgk¡ me bysDVªkWu dk æO;eku kg esa vkSj ml ij
vkos'k owQykWe (C) esa gSA pw¡fd bysDVªkWu Í.kkosf'kr gksrs gSa]
vr% bysDVªkWu ij okLrfod (Í.k) vkos'k –e gSA

2-1-3 bysDVªkWuksa ij vkos'k

vkj-,- fefydu (1868&1953) us bysDVªkWu ij vkos'k osQ
fuèkkZj.k osQ fy, ,d fofèk rS;kj dh] tks rsy cw¡n iz;ksx
(1906&14) dgykrk gSA

mUgksaus ik;k fd bysDVªkWu ij vkos'k –1.6 × 10–19 C,

fo|qr~ vkos'k dk uohure eku 1-602176 × 10–19C gSA
FkkWelu osQ e/me vuqikr osQ eku ls bu ifj.kkeksa dks la;qDr
djosQ bysDVªk Wu dk æO;eku (m

e
) fuèkkZfjr fd;kA

     = 9.1094×10–31 kg (2.2)

fp=k 2-2 bysDVªkWu osQ vkos'k vkSj æO;eku osQ chp vuqikr dk fu/kZj.k djus dk midj.k
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(i) oSQFkksM fdj.kksa osQ foijhr] èkukosf'kr d.k dk nzO;eku
oSQFkksM fdj.k ufydk esa mifLFkr xSl dh izÑfr ij
fuHkZj djrk gSA ;s lkèkkj.k èkukosf'kr xSlh; vk;u
gksrs gSaA

(ii) d.kksa osQ vkos'k vkSj æO;eku dk vuqikr ml xSl ij
fuHkZj djrk gS] ftlls ;s mRiUu gksrs gSaA

(iii) oqQN èkukosf'kr d.k fo|qr~ vkos'k dh ewy bdkbZ osQ
xq.kd gksrs gSaA

(iv) pqacdh; rFkk fo|qr~ {ks=kksa esa bu d.kksa dk O;ogkj
bysDVªkWu vFkok oSQFkksM fdj.k }kjk izsf{kr O;ogkj osQ
foijhr gSA
lcls NksVk vkSj gYdk èku vk;u gkbMªkstu ls izkIr

gqvk Fkk bls izksVkWu dgrs gSaA bl èkukosf'kr d.k dk
i`FkDdj.k vkSj blosQ y{k.k dh iqf"V lu~ 1919 esa gqbZ FkhA
ckn esa ijek.kq esa ,d oS|qr mnklhu d.k dh vko';Drk
eglwl dh xbZA bl d.k dh [kkst lu~ 1932 esa pSMfod us
csjhfy;e ij ∝ d.kksa osQ izgkj ls dhA tc izksVkWu osQ Hkkj ls
oqQN vfèkd Hkkj okys fo|qr~ mnklhu d.k fuxZfer gq,A
mUgksaus bu d.kksa dks U;wVªkWu dgkA bu ewy d.kksa osQ egÙoiw.kZ
xq.k lkj.kh 2-1 esa fn, x, gSaA

2-2 ijek.kq ekWMy
iwoZ Hkkxksa esa crk, x, iz;ksxksa ls izkIr izs{k.kksa ls ;g Kkr gqvk
fd MkYVu osQ vfoHkkT; ijek.kq esa èkukRed rFkk Í.kkRed
vkos'kksa okys vo&ijek.kq (sub-atomic) d.k gksrs gSaA

voijekf.od d.kksa dh [kkst osQ ckn oSKkfudksa osQ
lkeus fuEufyf[kr eq[; leL;k,¡ Fkhaµ
(i) ijek.kq osQ LFkkf;Ro dk Li"Vhdj.k_
(ii) rRoksa osQ xq.kksa ;kuh HkkSfrd o jlk;fud O;ogkj dh

rqyuk_
(iii) fofHkUu ijek.kqvksa osQ la;kstu ls fofHkUu izdkj osQ

v.kqvksa osQ cuus dh O;k[;k rFkk]
(iv) ijek.kqvksa }kjk vo'kksf"kr vFkok mRl£tr fof'k"V

fo|qr~ paqcdh; fofdj.k dh mRifÙk rFkk izÑfr dks
le>ukA
bu vkosf'kr d.kksa osQ ijek.kqvksa esa forj.k dh O;k[;k

djus osQ fy, fofHkUu ijek.kq ekWMy izLrkfor fd, x,A
;|fi buesa ls gj ekWMy }kjk d.kksa osQ LFkkf;Ro dh O;k[;k
ugha dh tk ldhA  buesa ls ,d ekWMy ts-ts- FkkWelu }kjk
vkSj nwljk vusZLV jnjiQksMZ }kjk izLrkfor fd;k x;k budk
fooj.k vkxs fn;k x;k gSµ

2-1-4 izksVkWu rFkk U;wVªkWu dh [kkst

ifjofrZr oSQFkksM fdj.k ufydk esa fd, x, fo|qr~
foltZu ls èkukosf'kr d.kksa dh [kkst gqbZ] ftUgsa oSQuky
fdj.ksa Hkh dgk tkrk gSA bu èkukosf'kr d.kksa osQ vfHky{k.k
vxzfyf[kr gSa –

fefydu dh rsy dh c¡wn fofèk
bl fofèk esa df.k=k (atomizer) }kjk mRiUu oqQgkls osQ
:i esa rsy dh cw¡nksa dks fo|qr~ la?kfu=k (condenser) osQ
Åij dh IysV esa mifLFkr NksVs ls fNæ ls xqtkjk tkrk gSA
bu cw¡nksa osQ uhps dh vksj xfr dks ekbØksehVj;qDr nwjchu osQ
}kjk ns[kk x;kA bu cw¡nksa osQ fxjus dh nj dks ekidj fefydu
rsy dh cw¡nksa osQ æO;eku dks ekik losQA d{kd osQ vanj dh
ok;q dks X-fdj.kiqat izokfgr djosQ vk;fur fd;k x;kA
xSlh; vk;uksa rFkk rsy cw¡nksa osQ la?kê ð ls rsy c¡wnksa ij fo|qr~
vkos'k mRiUu gqvkA rsy dh bu cw¡nksa ij fo|qr~ vkos'k
X-fdj.kksa }kjk mRiUu vfèk'kks"k.k okys vk;uksa }kjk viuk;k
x;kA bu vkosf'kr rsy dh cw¡nksa dk fxjuk jksdk tk ldrk
gS] Rofjr fd;k tk ldrk gS vFkok fLFkj fd;k tk ldrk
gSA ;s cw¡nksa ij vkos'k vkSj IysV ij ykxw oksYVrk dh èkqoz.krk
rFkk izcyrk ij fuHkZj djrk gSA rsy dh cw¡nksa dh xfr ij
fo|qr~ {ks=k izcyrk osQ izHkko dks è;kuiwoZd eki dj fefydu
us ;g fu"d"kZ fudkyk fd cw¡nksa ij fo|qr~ vkos'k (q) dk
ifjek.k ges'kk fo|qr~ vkos'k] (e) dk xq.kkad gksrk gS] vFkkZr~
q = ne] tgk¡ n = 1, 2, 3...

fp=k 2-3 vkos'k 'e' ekiu osQ fy, fefydu dk rsy dh cw¡n
midj.kA d{kd esa xfreku rsy dh cw¡n ij dk;Zdkjh
cy% xq#Rokd"kZ.k] fo|qr~ {ks=k osQ dkj.k oS|qr~LFkSfrd
rFkk ';kurk ryd"kZ.k cy
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2-2-1 ijek.kq dk FkkWelu ekWMy
lu~ 1898 esa ts-ts- FkkWelu us izLrkfor fd;k fd ijek.kq ,d
leku vkosf'kr xksyk (f=kT;k yxHkx 10–10m) gksrk gS]
ftlesa èkukos'k leku :i ls forfjr jgrk gSA blosQ Åij
bysDVªkWu bl izdkj fLFkr gksrs gSa fd mlls LFkk;h fLFkj oS|qr~
O;oLFkk izkIr gks tkrh gS (fp=k 2-4)A bl ekWMy dks fofHkUu
izdkj osQ uke fn, x, gSaA mnkgj.kkFkZµ Iye iq̄ Mx (plum

pudding)] jsf”ku iq̄ Mx (raisin pudding) vFkok rjcwt
(watermelon) ekWMyA bl ekWMy esa ijek.kq osQ èkukos'k
dks iq̄ Mx vFkok rjcwt osQ leku ekuk x;k gS] ftlesa
bysDVªkWu Øe'k% Iye vFkok cht dh rjg mifLFkr gSaA bl
ekWMy dk ,d egÙoiw.kZ y{k.k ;g gS fd blesa ijek.kq dk
æO;eku iwjs ijek.kq ij leku :i ls c¡Vk gqvk ekuk x;k gSA
;|fi ;g ekWMy ijek.kq dh fo|qr~ mnklhurk dks Li"V
djrk Fkk] ¯drq ;g Hkfo"; osQ iz;ksxksa osQ ifj.kkeksa osQ laxr
ugha ik;k x;kA FkkWelu dks lu~ 1906 esa HkkSfrdh esa xSlksa dh
fo|qr~ pkydrk ij lS¼kafrd ,oa izk;ksfxd tk¡p osQ fy,
ukscsy iqjLdkj ls lEekfur fd;k x;kA

19oha lnh osQ nwljs vèkk±'k esa fofHkUu izdkj dh fdj.kksa
dh [kkst gqbZA foYgse jkWUVtsu (Wilhem Roentgen,

1845-1923) us lu~ 1895 esa n'kkZ;k fd oSQFkksM fdj.k
uyh esa mifLFkr inkFkZ ls Vdjkus ij bysDVªkWu ,slh
fdj.ksa mRiUu djrs gSa] tks oSQFkksM fdj.k uyh osQ ckgj
j[ks izfrnhIr (fluorescent) inkFkZ esa izfrnhfIr mRiUu
dj ldrs gSaA pw¡fd jkWUVtsu dks bu fdj.kksa dh izÑfr
dk irk ugha Fkk] vr% mUgksaus bUgsa X- fdj.kksa dk uke
fn;k] tks vkt Hkh izpfyr gSA ,slk ns[kk x;k fd
bysDVªkWuksa osQ vfèkd ?kuRo okys èkkrq ,suksM y{; ls
Vdjkus osQ dkj.k izHkkoh X-fdj.ksa mRiUu gksrh gSaA X-

fdj.ksa fo|qr~ rFkk pqacdh; {ks=kksa ls fo{ksfir (deflect)

ugha gksrh gSaA bu fdj.kksa osQ inkFkZ esa vfr mPp
Hksnu'kfDr (penetrating power) gksrh gSA ;gh
dkj.k gS fd oLrqvksa osQ vkarfjd vè;;u esa bu fdj.kksa
dk mi;ksx gksrk gSA bu fdj.kksa dh rjax&nSè;Z
(wavelength) cgqr de gksrh gS (0.1 nm) vkSj
oS|qr&pqacdh; O;ogkj n'kkZrh gSa ([kaM 2-3-1)A

gsujh cSoqQjy (Henri Becqueral 1852 –1908)
us ns[kk fd oqQN rÙo fofdj.k dk mRltZu Lo;a djrs gSaA
mUgksaus bl ifj?kVuk dks jsfM;ks,sfDVork (radioactivity)

dgk rFkk crk;k fd ,sls rÙo jsfM;ks,sfDVo rÙo
dgykrs gSaA bl {ks=k dks esjh D;wjh] fi;js D;wjh jnjiQksMZ
rFkk ÚsMfjd lksMh us fodflr fd;kA blesa rhu izdkj
dh fdj.kksa] ∝, β rFkk γ dk mRltZu ns[kk x;kA
jnjiQksMZ us ik;k fd α fdj.kksa esa nks bdkbZ èkukRed
vkos'k vkSj pkj bdkbZ ijek.kq æO;eku okys mPp ÅtkZ
d.k gksrs gSaA mUgksaus ;g fu"d"kZ fudkyk fd α d.k
ghfy;e ukfHkd gksrs gSa] D;ksafd nks bysDVªkWuksa osQ lkFk

lkj.kh 2-1  ewy d.kksa osQ xq.k

fp=k 2-4 ijek.kq dk FkkWelu ekWMy
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feydj α d.k ghfy;e xSl iznku djrs gSaA β fdj.kas
bysDVªkWuksa osQ leku Í.kkRed vkos'k okys d.k gksrs gSaA
γ fdj.ksa X-fdj.kksa osQ leku mPp ÅtkZ fofdj.k gksrh
gSa] ftudh izÑfr mnklhu gksrh gS vkSj ftudk dksbZ
d.k ugha gksrkA Hksnu {kerk lcls de α fdj.kksa dh]
mlosQ ckn β fdj.kksa (α d.kksa ls 100 xquk vfèkd)
rFkk lcls vfèkd γ fdj.kksa dh (α d.kksa ls 1000
xquk vfèkd) gksrh gSA

(ii) cgqr de vYiQk d.k NksVs dks.k ls fo{ksfir gq,A
(iii) cgqr gh FkksM+s d.k (20000 esa ls 1) ihNs dh vksj ykSVs

vFkkZr~ yxHkx 180° osQ dks.k ls mudk fo{ksi.k gqvkA
bu izs{k.kksa osQ vkèkkj ij jnjiQksMZ us ijek.kq dh lajpuk

osQ ckjs esa fuEufyf[kr fu"d"kZ fudkysµ
(i) ijek.kq osQ vanj vfèkdka'k LFkku fjDr gksrk gS] D;ksafd

vfèkdka'k vYiQk d.k lksus dh iÂh dks ikj dj tkrs gSaA
(ii) oqQN gh èkukosf'kr α d.k fo{ksfir gksrs gSaA ;g

fo{ksi.k vo'; gh vR;fèkd izfrd"kZ.k cy (repulsive

force) osQ dkj.k gksxkA blls ;g irk pyrk gS fd
FkkWelu osQ fopkj osQ foijhr ijek.kq osQ vanj èkukos'k
leku :i ls c¡Vk gqvk ugha gSA èkukos'k cgqr de
vk;ru osQ vanj laosaQfær gksuk pkfg,] ftlls èkukosf'kr
vYiQk d.kksa dk izfrd"kZ.k vkSj fo{ksi.k gqvk gksA

(iii) jnjiQksMZ us x.kuk djosQ fn[kk;k fd ukfHkd dk vk;ru]
ijek.kq osQ oqQy vk;ru dh rqyuk esa vR;ar de (ux.;)
gksrk gSA ijek.kq dh f=kT;k yxHkx 10–10 m gksrh gS]
tcfd ukfHkd dh f=kT;k yxHkx 10–15 m gksrh gSA
vkdkj osQ bl varj dk vankt bl ckr ls yxk;k tk
ldrk gS fd ;fn ukfHkd dks fØosQV dh xsan ftruk ekuk
tk,] rks ijek.kq dh f=kT;k yxHkx 5 km gksxhA

2-2-2 jnjiQksMZ dk ukfHkdh; ijek.kq ekWMy

jnjiQksMZ vkSj mlosQ fo|k£Fk;ksa us (gsal xhxj vkSj vusZLV
eklZMsu) us cgqr iryh lksus dh iUuh (gold foil) ij
α&d.kksa dh ckSNkj dhA jnjiQksMZ osQ izfl¼ α&d.k izdh.kZu
iz;ksx dks fp=k 2-5 esa fn[kk;k x;k gSA

lksus dh iryh iUuh (100 nm eksVkbZ) dh vksj y{;
djosQ ,d jsfM;ks,sfDVo Ïksr ls mPp ÅtkZ okys vYiQk d.kksa
dks Hkstk x;kA bl iryh iUuh dks ?ksjrs gq, o`Ùkkdj
izfrnhfIr'khy (fluorescent) ̄ td lYiQkbM ls cuk LØhu
j[kk x;kA tc dksbZ vYiQk d.k bl LØhu ls Vdjkrk gS] rks
izdk'k dh LiqQj{k.khnhfIr (flash) mRiUu gksrh gSA

izdh.kZu vuqiz;ksx osQ ifj.kke dkiQh vuisf{kr FksA
FkkWelu osQ ijek.kq ekWMy osQ vuqlkj iÙkh esa mifLFkr lksus
osQ izR;sd ijek.kq dk æO;eku iwjs ijek.kq ij ,d leku :i
ls c¡Vk gqvk gksuk pkfg,A vYiQk d.kksa esa ÅtkZ bruh vfèkd
gksrh gS fd os æO;eku osQ ,sls leku forj.k dks Hkh lhèks ikj
dj tk,¡xsA mUgsa vis{kk Fkh fd iÙkh ls Vdjkus osQ ckn d.kksa
dh xfr èkheh gks tk,xh vkSj mudh fn'kk cgqr de dks.k ls
cny tk,xhA mUgksaus ns[kk fdµ
(i) vfèkdka'k vYiQk d.k lksus dh iÙkh ls fo{ksfir gq,

fcuk fudy x,A

(d) jnjiQksMZ dk izdh.kZu iz;ksx ([k) lksus dh iÂh dk O;oLFkkRed fp=k

fp=k 2-5 jnjiQksMZ osQ izdh.kZu iz;ksx dk js[kkafdr fp=kA tc lksus dh ,d iryh iÂh ij vYiQk (α) d.kksa dh ckSNkj (shot) dh
tkrh gS] rks mlesa ls vfèkdka'k d.k izHkkfor gq, fcuk iÙkh dks ikj dj tkrs gSa] tcfd oqQN dk fo{ksi.k gks tkrk gSA

Rationalised 2023-24



34 jlk;u foKku

mijksDr izs{k.kksa vkSj ifj.kkeksa osQ vkèkkj ij jnjiQksMZ
us ijek.kq dk ukfHkdh; ekWMy izLrqr fd;kA bl ekWMy
osQ vuqlkjµ
(i) ijek.kq dk èkukos'k rFkk vfèkdka'k nzO;eku ,d vfr

vYi {ks=k esa osaQfær gksrk gSA ijek.kq osQ bl vfr vYi
Hkkx dks jnjiQksMZ us ^ukfHkd* dgkA

(ii) ukfHkd osQ pkjksa vksj bysDVªkWu o`Ùkkdkj iFkksa] ftUgsa
d{kk (orbit) dgk tkrk gS] esa cgqr rsth ls ?kwers gSaA
vr% jnjiQksMZ dk ijek.kq ekWMy lkSjeaMy ls
feyrk&tqyrk gS] ftlesa lw;Z ukfHkd osQ leku gksrk gS
vkSj xzg xfreku bysDVªkWu osQ leku gksrs gSaA

(iii) bysDVªkWu vkSj ukfHkd vkil esa vkd"kZ.k osQ fLFkj oS|qr~
cyksa osQ }kjk c¡èks jgrs gSaA

2-2-3 ijek.kq la[;k rFkk æO;eku la[;k
ukfHkd dk èkukos'k mlosQ izksVkWuksa osQ dkj.k gksrk gSA tSlk
igys LFkkfir gks pqdk gS] izksVkWu ij vkos'k bysDVªkWu osQ
vkos'k osQ cjkcj] ysfdu foijhr fpÉ dk gksrk gSA bldk
vFkZ ;g gS fd ukfHkd esa mifLFkr izksVkWuksa dh la[;k ijek.kq
la[;k (Z) osQ cjkcj gksrh gS vFkkZr~ izksVkWuksa dh la[;k
gkbMªkstu ukfHkd esa 1 vkSj lksfM;e esa 11 gksrh gS] vr%
budk ijek.kq Øekad Øe'k% 1 rFkk 11 gksxkA ijek.kq dks
mnklhu cuk, j[kus osQ fy, mlesa bysDVªkWuksa dh la[;k]
izksVkWuksa dh la[;k (ijek.kq la[;k Z) osQ cjkcj gksxhA
mnkgj.kkFkZµ gkbMªkstu rFkk lksfM;e ijek.kq esa bysDVªkWuksa dh
la[;k Øe'k% 1 rFkk 11 gksrh gSA

ijek.kq la[;k (Z) = ijek.kq osQ ukfHkd esa
  izksVkWuksa dh la[;k
= mnklhu ijek.kq esa
  bysDVªkWuksa dh
  la[;k     (2-3)

ukfHkd dk èkukos'k mlosQ izksVkWuksa osQ dkj.k gksrk gS]
ijarq ukfHkd dk æO;eku izksVkWuksa rFkk oqQN vU; mnklhu d.kksa
(ftlesa izR;sd dk æO;eku izksVkWu osQ æO;eku osQ yxHkx
cjkcj gksrk gS) osQ dkj.k gksrk gSA bl mnklhu d.k dks
U;wVªkWu (n) dgrs gSaA ukfHkd esa mifLFkr izksVkWuksa vkSj U;wVªkWuksa
dks U;wfDyvkWUl (nucleons) dgrs gSaA U;wfDyvkWuksa dh
oqQy la[;k dks ijek.kq dh nzO;eku la[;k (A)  dgrs gSaA
æO;eku la[;k (A) = izksVkWu dh la[;k (Z)+

U;wVªkWu dh la[;k (n)  (2-4)

2-2-4 leLFkkfud ,oa leHkkfjd

fdlh Hkh ijek.kq osQ la?kVu dks rÙo osQ izrhd (X) }kjk
n'kkZ;k tk ldrk gS] ftlesa ckb± vksj ,d iwoZ&yXu fy[kk
tkrk gS] tks ijek.kq æO;eku la[;k (A) gksrh gSA ckb± vksj gh
vuqyXud osQ :i esa ijek.kq la[;k (Z) fy[kh tkrh gS]

vFkkZr~ A
Z X leHkkfjd leku nzO;eku la[;k] ijarq fHkUu

ijek.kq la[;k osQ ijek.kq gksaxs_ mnkgj.kkFkZµ 14
6 C  rFkk 14

7 N A
leLFkkfud og ijek.kq gksrs gSa] ftudh ijek.kq la[;k (Z)

leku ,oa nzO;eku la[;k (A) fHkUu gksrh gSA nwljs 'kCnksa esa]
lehdj.k 2-4 osQ vuqlkj] ;g Li"V gS fd leLFkkfudksa esa
varj dk dkj.k ukfHkd esa mifLFkr fHkUu&fHkUu U;wVªkWuksa dh
la[;k gSA mnkgj.k osQ fy, fiQj ls gkbMªkstu ijek.kq dks ysaA
99-985% gkbMªkstu ijek.kqvksa esa osQoy ,d izksVkWu gksrk gS]

ftls izksfV;e 1
1( H) dgrs gSaA 'ks"k gkbMªkstu ijek.kq esa nks

leLFkkfud gksrs gSaµ M~;wVhfj;e (2

1D,0.015%)] ftlesa

1 izksVkWu rFkk 1 U;wVªkWu gksrk gS vkSj VªkbfV;e (Tritium,3

1
T)]

ftlesa 1 izksVkWu rFkk 2 U;wVªkWu gksrs gSaA VªkbfV;e i`Foh esa ys'k
ek=kk esa ik;k tkrk gSA leLFkkfudksa osQ oqQN vU; mnkgj.k Hkh
gSa_ tSlsµ dkcZu] ftlesa 6 izksVkWuksa osQ vykok 6]7 rFkk 8

U;wVªkWu 12 13 14
6 6 6( C, C, C)  gksrs gSa_ Dyksjhu ijek.kq] ftlesa 17

izksVkWuksa osQ vykok 18 rFkk 20 U;wVªkWu 35 37
17 17( Cl, Cl) gksrs gSaA

leLFkkfudksa osQ fo"k; esa vafre egÙoiw.kZ ckr ;g gS
fd ijek.kqvksa osQ jklk;fud xq.k bysDVªkWuksa dh la[;k }kjk
fu;af=kr gksrs gSa] tks ukfHkd esa izksVkWuksa dh la[;k }kjk fuèkkZfjr
gksrh gSA ukfHkd esa jklk;fud xq.kksa ij U;wVªkWuksa dh la[;k dk
izHkko cgqr de gksrk gSA vr% jklk;fud vfHkfØ;kvksa esa
lHkh leLFkkfud ,d lk O;ogkj n'kkZrs gSaA

mnkgj.k 2-1

80
35Br  esa izksVkWuksa] U;wVªkWuksa rFkk bysDVªkWuksa dh la[;k dk

ifjdyu dhft,A

gy

;gk¡ 80
35Br , Z = 35, A = 80, Lih'kh”k mnklhu gSaA

izksVkWuksa dh la[;k = bysDVªkWuksa dh la[;k = Z = 35

U;wVªkWuksa dh la[;k = 80 – 35 = 45 (lehdj.k 2-4)
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mnkgj.k 2-2

fdlh Lih'kh”k esa bysDVªkWu] izksVkWu rFkk U;wVªkWuksa dh la[;k
Øe'k% 18] 16 rFkk 16 gSA bldk iz;qDr izrhd
fyf[k,A

gy

ijek.kq la[;k&izksVkWuksa dh la[;k = 16

;g rÙo lYiQj (S) gSA

ijek.kq æO;eku la[;k = izksVkWuksa dh la[;k

+ U;wVªkWuksa dh la[;k

= 16 + 16 = 32

;g Lih'kh”k mnklhu ugha gS] D;ksafd izksVkWuksa dh la[;k
bysDVªkWuksa dh la[;k osQ cjkcj ugha gSA ;g ,d
Í.kk;u (Í.kkosf'kr) gS] ftldk vkos'k bysDVªkWuksa osQ
vkfèkD; osQ cjkcj gS = (18 – 16 = 2) bldk izrhd
32 2–
16S  gSA

uksV % A
Z X  laosQr dk iz;ksx djus ls igys ;g irk

dj ysa fd ;s Lih'kh”k mnklhu ijek.kq gSa vFkok
èkuk;u ;k Í.kk;u gSaA ;fn ;g mnklhu ijek.kq gS] rks
lehdj.k (2-3) ekU; gS] ftlesa

izksVkWuksa dh la[;k = bysDVªkWuksa dh la[;k = ijek.kq la[;k

gksrh gSA ;fn Lih'kh”k ,d vk;u gS] rks ;g fuèkkZfjr
dhft, fd izksVkWuksa dh la[;k bysDVªkWuksa dh la[;k ls
vfèkd gS ;k de ;fn vfèkd gS rks osQVk;u (èkuk;u)
vkSj de gS] rks ,suk;u (Í.kk;u) gksxkA U;wVªkWuksa dh la[;k
ges'kk A – Z ls nh tkrh gS] pkgs Lih'kh”k mnklhu gks
vFkok vk;u gksA

osQ }kjk fn;k tk ldrk gSA tgk¡ 
1

m  vkSj m2 æO;eku] r mu
æO;ekuksa osQ chp dh nwjh vkSj G xq#Rokd"kZ.k fLFkjkad gksrk
gSA bl fl¼kar ls xzgksa dh d{kkvksa osQ ckjs esa lgh&lgh x.kuk
dh tk ldrh gS] tks izk;ksfxd ekiu ls esy [kkrh gSA

lkSjeaMy vkSj ukfHkdh; ekWMy esa lekurk ls ;g
lq>ko feyrk gS fd bysDVªkWu ukfHkd osQ pkjksa vksj fuf'pr
d{kkvksa esa xfr djrs gSa] blosQ vfrfjDr bysDVªkWu vkSj
ukfHkd osQ chp owQykWe cy (kq1q2/r2)  gksrk gS] tgk¡ q1

vkSj q2 vkos'k] r mu vkos'kksa osQ eè; dh nwjh vkSj k

vkuqikfrdrk fLFkjkad gSA owQykWe cy xf.krh; :i esa xq#Rokd"kZ.k
cy osQ leku gksrk gSA ijarq tc dksbZ ̄ iM fdlh d{kk esa xfr
djrk gS] rks blesa Roj.k (acceleration) gksuk pkfg,A ;fn
¯iM fdlh d{kk esa fLFkj osx ls xfr dj jgk gks] rks Hkh fn'kk
ifjorZu osQ dkj.k mlesa Roj.k gksuk pkfg,A vr% ukfHkdh;
ekWMy esa d{kkvksa esa ?kwers xzgksa dh rjg bysDVªkWu dk Hkh
Roj.k gksuk pkfg,A eSDlosy osQ fo|qr~ paqcdh; fl¼kar osQ
vuqlkj] Rofjr vkosf'kr d.kksa dks fo|qr~&pqacdh; fofdj.k
dk mRltZu djuk pkfg, (xzgksa osQ lkFk ,slk blfy, ugha
gksrk] D;ksafd os vkosf'kr ugha gksrs)A blfy, fdlh d{kk esa
mifLFkr bysDVªkWu ls fofdj.k mRl£tr gksxkA bl fofdj.k
osQ fy, ÅtkZ bysDVªkWfud xfr ls izkIr gksxhA bl izdkj d{kk
(orbit) NksVh gksrh tk,xhA x.kukvksa ls ;g irk pyrk gS fd
bysDVªkWu dks lfiZy iFk  (spiral) ls ukfHkd esa igq¡pus esa
10–8s yxsaxs] ¯drq okLro esa ,slk ugha gksrk gSA bl izdkj
;fn bysDVªkWu dh xfr dk fpjlEer ;kaf=kdh rFkk fo|qr~&pqacdh;
fl¼kar osQ vuqlkj o.kZu fd;k tk,] rks jnjiQksMZ dk ijek.kq
ekWMy fdlh ijek.kq osQ LFkkf;Ro dh O;k[;k ugha dj ikrk
gSA vki ;g iwN ldrs gSa fd ;fn d{kkvksa esa bysDVªkWuksa dh
xfr ls ijek.kq vLFkk;h gks tkrk gS] rks D;ksa ugha ge bysDVªkWuksa
dks ukfHkd osQ pkjksa vksj fLFkj eku ysrs gSa\ dkj.k ;g gS fd
;fn bysDVªkWuksa dks fLFkj ekuk tkrk gS] rks vR;fèkd ?kuRo
okys ukfHkd vkSj bysDVªkWuksa osQ chp fLFkj oS|qr~ vkd"kZ.k cy
bu bysDVªkWuksa dks ukfHkd dh vksj [khap ysxk] ftlls FkkWelu
ijek.kq ekWMy dk ,d y?kq :i izkIr gksxkA

jnjiQksMZ osQ ijek.kq ekWMy dk ,d nwljk xaHkhj nks"k
;g gS fd ;g ijek.kqvksa dh bysDVªkWfud lajpuk osQ ckjs esa
oqQN Hkh o.kZu ugha djrk] vFkkZr~ blls ;g irk ugha pyrk
fd bysDVªkWu ukfHkd osQ pkjksa vksj fdl izdkj fo|eku gSa vkSj
budh ÅtkZ D;k gS\

*fpjlEer ;kaf=kdh lS¼kafrd foKku gS] tks U;wVu osQ ̂ xfr osQ fu;eksa* ij vk/kfjr gSA ;g LFkwy oLrqvksa osQ ̂ xfr osQ fu;eksa* dks le>krh gSA

2-2-5 jnjiQksMZ ekWMy osQ nks"k
tSlk fd vki tku pqosQ gSa jnjiQksMZ dk ukfHkdh; ekWMy
lkSjeaMy dk ,d NksVk :i Fkk] ftlesa ukfHkd dks Hkkjh lw;Z
dh rjg vkSj bysDVªkWuksa dks gYosQ xzgksa dh rjg lkspk x;k FkkA
tc lkSjeaMy ij fpjlEer ;kaf=kdh* dks ykxw fd;k tkrk gS
rks irk pyrk gS fd xzg lw;Z osQ pkjksa vksj fuf'pr d{kkvksa

esa ?kwers gSaA xzgksa osQ chp xq#Rokd"kZ.k cy dks 
 
 
 

1 2
2G.

m m

r
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2-3 cksj osQ ijek.kq ekWMy osQ fodkl
dh i`"BHkwfe

,sfrgkfld :i esa æO; osQ lkFk fofdj.k dh vU;ksU;
fØ;kvksa osQ vè;;u ls izkIr ifj.kkeksa ls ijek.kqvksa ,oa
v.kqvksa dh lajpuk osQ lacaèk esa vR;fèkd lwpuk izkIr gqbZaA
uhy cksj us bu ifj.kkeksa dk mi;ksx djosQ jnjiQksMZ }kjk
izfrikfnr ekWMy esa lqèkkj fd;kA cksj osQ ijek.kq ekWMy osQ
fodkl esa nks ¯cnqvksa dh vge Hkwfedk jgh gSA
(i) fo|qr~&pqacdh; fofdj.k dk }Sr O;ogkj gksuk] ftldk

vFkZ ;g gS fd fofdj.k rjax rFkk d.k nksuksa osQ xq.k
izn£'kr djrs gSaA

(ii) ijek.kq LisDVªe ls lacafèkr izk;ksfxd ifj.kkeA
igys ge fo|qr pqacdh; fofdj.k osQ }Sr O;ogkj dh ppkZ
djsaxsA ijek.kq LisDVªe osQ izk;ksfxd ifj.kkeksa dh ppkZ [k.M
2-4 esa dh tk,xhA

2-3-1 fo|qr~&pqacdh; fofdj.k dh rjax
izÑfr

mUuhloha lnh osQ eè; esa HkkSfrdhfonksa us xje oLrqvksa ls
vo'kksf"kr ,oa mRlftZr gksus okys fofdj.kksa dk lfozQ;rk ls
vè;;u fd;kA bu fofdj.kksa dks Å"eh; fofdj.k dgk tkrk
gSA mUgksaus ;g tkuus dh dksf'k'k dh fd Å"eh; fofdj.k
fdlls cus gksrs gSaA vc ;g Hkyhµ Hkk¡fr Kkr gS fd Å"eh;
fofdj.k fofHkUu vko`fr;ksa vFkok rjaxnS?;ks± okyh fo|qr
pqacdh; rjxksa ls cus gksrs gSa ;g vusdksa vk/qfud vo/kj.kkvksa
ij vk/kfjr gS tks fd mUuhloha lnh osQ eè; rd Kkr ugha
FkhaA Å"eh; fofdj.k osQ fu;eksa dk loZizFke lfozQ;rk ls
vè;;u 1850 esa gqvkA 1870 osQ vkjaHk esa tsEl DykoZQ
eSDlosy us ;g fl¼kar fodflr fd;k fd fo|qr~ pqacdh;
rjaxsa vkosf'kr d.kksa }kjk mRiUu gksrh gaSA bl fl¼kar dk
izk;ksfxd lR;kiu ckn esa gsujh gVZl~ us fd;kA ;gk¡ ge fo|qr~
pqacdh; fofdj.kksa osQ fo"k; esa oqQN rF;ksa dks tkusaxsA tsEl
eSDlosy (lu~ 1870) us lcls igys vkosf'kr ̄ iMksa osQ chp
vU;ksU; fØ;kvksa vkSj LFkwy Lrj ij fo|qr~ rFkk pqacdh; {ks=kksa
osQ O;ogkj dh O;k[;k dhA mlus ;g lq>ko fn;k fd
fo|qr~ vkosf'kr d.kksa dks tc Rofjr fd;k tkrk gS] rks ,dkarj
fo|qr~ ,oa pqacdh; {ks=k mRiUu gksrs gSa] ;g {ks=k fo|qr~ ,oa
pqacdh; rjaxksa (waves) osQ :i esa lapfjr gksrs gSa] ftUgsa
fo|qr~&pqacdh; rjax vFkok fo|qr~&pqacdh; fofdj.k
dgrs gSaA

izdk'k Hkh fofdj.k dk ,d :i gS] ftldh tkudkjh
o"kks± iwoZ ls gS vkSj iqjkru dky ls bldh izÑfr osQ ckjs esa
le>us dh dksf'k'k dh xbZA iwoZ esa (U;wVu) izdk'k dks d.kksa
(df.kdk,¡] corpuscles) dk cuk gqvk ekuk tkrk FkkA
19oha 'krkCnh esa izdk'k dh rjax&izÑfr izfrikfnr gqbZA

igyh ckj eSDlosy us crk;k fd izdk'k rjaxsa nksyk;eku
fo|qr~ rFkk pqacdh; O;ogkj ls lacafèkr gksrh gSa (fp=k 2-6)]
;|fi oS|qr~&pqacdh; rjax dh xfr dh izÑfr tfVy gksrh gS]
ysfdu ge ;gk¡ oqQN lkekU; xq.kksa ij fopkj djsaxsA

fp=k 2-6 fo|qr~&pqacdh; rjax osQ fo|qr~ rFkk pqacdh; {ks=k
?kVdA ;s ?kVd leku rjax&nS?;Z] vko`fÙk] xfr rFkk
vk;ke okys gksrs gSa] ¯drq os ,d nwljs osQ yacor
ryksa esa oaQiu djrs gSaA

(i) nksyk;eku vkosf'kr d.kksa }kjk mRiUu fo|qr~ rFkk
pqacdh; {ks=k ,d nwljs osQ yacor gksrs gSaA ;s nksuksa rjax
osQ lapj.k dh fn'kk osQ Hkh yacor~ gksrs gSaA fo|qr~&pqacdh;
rjax dk ,d ljy :i fp=k 2-6 esa fn[kk;k x;kA

(ii) èofu vFkok ty&rjaxksa osQ foijhr fo|qr~&pqacdh;
rjaxksa dks fdlh ekè;e dh vko';drk ugha gksrh vkSj
;s fuokZr esa xfr dj ldrh gSaA

(iii) vc ;g rF; vPNh rjg LFkkfir gks pqdk gS fd fo|qr~&
pqacdh; fofdj.k dbZ izdkj os Q gksrs gaS] ftudh rjax&nS?;Z
;k vkòfÙk ,d nwljs ls fHkUu gksrh gSA ;s ,d lkFk
feydj fo|qr~&pqacdh; LisDVªe cukrs gSa (fp=k 2-7)A
LisDVªe osQ fHkUu&fHkUu {ks=kksa osQ fHkUu&fHkUu uke gSaA oqQN
mnkgj.k gSa% jsfM;ks&vkòfÙk (radiofrequency) {ks=k]
(106 Hz osQ yxHkx)] ftldk mi;ksx izlkj.k esa fd;k
tkrk gS_ lw{e rjax (microwave) {ks=k] 102 Hz osQ
yxHkx)] ftldk mi;ksx jMkj esa fd;k tkrk gS_

Rationalised 2023-24



37ijek.kq dh lajpuk

vojDr (infrared) {ks=k] (1013Hz osQ yxHkx)] ftldk
mi;ksx xje djus esa gksrk gS rFkk ijkcSaxuh (ultraviolet)

{ks=k] 1016 Hz osQ yxHkx] tks lw;Z dh fofdj.k dk ,d
Hkkx gksrk gSA yxHkx 1015 Hz osQ FkksM+s ls {ks=k dks
lkèkkj.kr;k ǹ'; (visible) izdk'k dgrs gSaA osQoy ;gh
og {ks=k gS] ftls gekjh vk¡[ksa ns[k (lalwfpr dj) ldrh
gSa] vǹ'; {ks=kksa dks igpkuus osQ fy, fo'ks"k izdkj osQ
;a=kksa dh vko';drk gksrh gSA

(iv) fo|qr~&pqacdh; fofdj.k dks n'kkZus osQ fy, fofHkUu
izdkj osQ ek=kdksa dk mi;ksx fd;k tkrk gSA bu
fofdj.kksa dks vko`fÙk (ν) rFkk rjax&nS?;Z (λ) }kjk
pkfjf=kr fd;k tkrk gSA vko`fÙk (ν) dk SI ek=kd
gsufjd gV~lZ osQ uke ij gV~lZ gS (Hz,s–1)A bldks
rjaxksa dh ml la[;k osQ :i esa ifjHkkf"kr fd;k tkrk
gS] tks fdlh ¯cnq ls izfr lsoaQM xqtjrh gSA

rjax&nS?;Z osQ ek=kd yackbZ osQ ek=kd gksus pkfg,A
lkekU;r% bldh eki ehVj (m) esa gksrh gSA pw¡fd fo|qr~&pqacdh;
fofdj.k esa NksVh rjax&nS?;Z dh rjaxsa gksrh gSaA blosQ fy, NksVs
ek=kdksa dh vko';drk gksrh gS vr% fp=k 2-7 esa fofHkUu
rjax&nS?;ks± vFkok vko`fÙk;ksa okyh fHkUu&fHkUu izdkj dh
fo|qr~&pqacdh; fofdj.kksa dks fn[kk;k x;k gSA

fuokZr esa lHkh izdkj osQ fo|qr~&pqacdh; fofdj.k]
pkgs mudh rjax&nS?;Z oqQN Hkh gks] ,d leku xfr] vFkkZr~

3.0 × 108 m s–1 (2.997925 × 108 m s–1) ls pyrs gSaA bl
xfr dks izdk'k dh xfr (speed of light) dgrs gSa vkSj c
fpÉ ls n'kkZrs gSaA vko`fÙk (ν ) rjax&nS?;Z (λ ) rFkk izdk'k osQ
osx (c) dks fuEufyf[kr lehdj.k (2-5) }kjk lacafèkr djrs
gSa&

c = ν λ (2-5)
rjaxksa dks crkus osQ fy, ,d nwljh jkf'k] rjax&la[;k

(ν ) dk mi;ksx fd;k tkrk gSA izfr bdkbZ yackbZ esa]
rjax&nS?;Z dh la[;k dks rjax&la[;k (wave number)

dgrs gSaA bldk ek=kd rjax&nS?;Z osQ ek=kd dk O;qRØe
vFkkZr~ m–1 gksrk gS] ysfdu lkekU;r% iz;ksx gksus okyk ek=kd
cm–1 (SI ek=kd ugha) gSA

2-3-2 fo|qr~&pqacdh; fofdj.k dh d.kh;
izÑfr % Iykad dk DokaVe fl¼kar

foorZu* (diffraction) rFkk O;frdj.k ** (interference)

tSlh oqQN izk;ksfxd ifj?kVukvksa dks fo|qr~&pqacdh; fofdj.k
dh rjax izÑfr }kjk le>k;k tk ldrk gS] ysfdu oqQN
izs{k.kksa dks 19oha 'krkCnh osQ HkkSfrd foKku (tks ^ikjaifjd
HkkSfrdh* dgykrh gS) osQ fo|qr~&pqacdh; fl¼kar dh lgk;rk
ls Hkh o£.kr ugha fd;k tk ldrkA ;s izs{k.k fuEufyf[kr gaSµ

(i) xje ¯iM ls fofdj.k dk mRltZu (Ñf".kdk
fofdj.k black body radiation)_

fp=k 2-7 (d) fo|qr~&pqacdh; fofdj.k dk LisDVªe ([k) n`'; LisDVªeA iwjs LisDVªe dk ,d NksVk lk Hkkx n`';{ks=k gksrk gS

* fdlh ck/k osQ vklikl rjax osQ eqM+us dks foorZu dgrs gSaA
** ,d leku vko`fÙk okyh nks rjaxsa feydj ,d ,slh rjax nsrh gSa] ftldk f=kfoe esa izR;sd ¯cnq ij fo{kksHk] izR;sd rjax osQ ml ¯cnq ij
fo{kksHk dk chtxf.krh; ;k lfn'k ;ksx gksrk gSA rjaxksa dk bl izdkj dk la;kstu O;frdj.k dgykrk gSA
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mnkgj.k 2-3

vkWy bafM;k jsfM;ks (fnYyh) dk fofoèk Hkkjrh LVs'ku
1,368 KHz (fdyks gV~tZ) dh vkòfÙk ij izlkj.k
djrk gSA lapkjd (transmitter) }kjk mRl£tr
fo|qr~&pqacdh; fofdj.k dh rjax&nS?;Z Kkr dhft,A
;g fo|qr~&pqacdh; LisDVªe osQ fdl {ks=k ls lacafèkr gS\

gy

rjax&nS?;Z] 
c

υ
λ =

tgk¡ c fuokZr~ esa fo|qr~&pqacdh; fofdj.k dk osx vkSj
υ  vko`fÙk gSA fn, x, ekuksa dks izfrLFkkfir djus ij

ν
λ

c
=

×

×

×

8 –1

8 –1

3 –1

3.00 10 ms
=

1368 kHz

3.00 10 ms
=

1368 10 s

= 219.3m

;g jsfM;ks rjax dh vfHkyk{kf.kd rjax&nS?;Z gSA

mnkgj.k 2-4

ǹ'; LisDVªe osQ rjax&nS?;Z dk ijkl cSxuh (400 nm)

ls yky (750 nm) rd gSA bu rjax&nS?;ks± dks vkòfÙk;ksa
(Hz) esa izdV dhft, (1nm = 10–9 m)A

gy
lehdj.k 2-5 osQ vuqlkj] cSxuh izdk'k dh vko`fÙk

8 –1

–9

3.00 10 m sc
= =

400 10 m
×

λ ×
ν

= 7.50 × 1014 Hz

yky izdk'k dh vko`fÙk

8 –1

–9

3.00 10 msc
= =

750 10 m
×

λ ×
ν  = 4.00 × 1014 Hz

n`'; LisDVªe dk ijkl vko`fÙk osQ :i esa 4.0 × 1014

ls 7.0 × 1014 Hz rd gSA

mnkgj.k 2-5

5800 A° rjax&nS?;Z okys ihys fofdj.k dh (d)
rjax&la[;k vkSj ([k) vko`fÙk dh x.kuk dhft,A

gy

(d) rjax&la[;k (ν ) dh x.kuk

λ –8

–10

=5800Å =5800 × 10 cm 

= 5800 × 10 m

–10

6 –1

4 –1

1 1
= =

5800×10 m

=1.724×10 m

=1.724×10 cm

ν
λ

([k) vko`fÙk (ν ) dh x.kuk

ν
λ

8 –1
14 –1

–10

3×10 m sc
= = =5.172×10 s

5800×10 m

(ii) èkkrq dh lrg ls fofdj.k osQ Vdjkus ij bysDVªkWuksa dk
fu"dklu (izdk'k&fo|qr~ izHkko)_

(iii) Bkslksa esa rkieku osQ iQyu osQ :i esa Å"ekèkkfjrk dk
ifjorZu_

(iv) fo'ks"kdj gkbMªkstu osQ lanHkZ esa ijek.kqvksa esa ns[ks x,
js[kk LisDVªeA

;s ifj?kVuk,¡ bafxr djrh gSa fd fudk; osQoy fdlh
fo'ks"k ek=kk esa gh ÅtkZ ys ldrk gSA lHkh laHkkfor ÅtkZ,¡a
xzg.k vFkok mRlftZr ugha dh tk ldrhaA

;g è;ku nsus okyh ckr gS fd lu~ 1900 esa eSDl
Iykad }kjk lcls igys mijksDr mYysf[kr Ñf".kdk fodj.k
dh dksbZ Bksl O;k[;k dh xbZA vkb, ge igys bl ifj?kVuk
dks le>us dk iz;Ru djsa ftls vkxs fn;k x;k gSA

xje oLrq,¡ foLr`r ijkl esa fo|qr~ pqacdh; rjax&nS?;ks±
osQ fofdj.k mRl£tr djrh gSaA mPp rki ij fofdj.k dk
cM+k Hkkx LisDVªe osQ n`'; Hkkx esa gksrk gS tc rki c<+k;k
tkrk gS rks y?kq rjax nS?;Z (uhyk izdk'k) vf/d ek=kk esa
mRiUu gksrk gSA mnkgj.k osQ fy, tc fdlh yksgs dh NM+ dks
HkV~Bh esa xje djrs gSa] rc bldk jax igys gYdk yky gksrk
gSA tSls&tSls rki c<+rk tkrk gS] oSls&oSls og vfèkd yky
gksrk tkrk gSA tc bls vkSj xje fd;k tkrk gS] rc blls
fudyus okyh fofdj.k dk jax lisQn gks tkrk gS vkSj tc
rki cgqr vfèkd gksrk gS] rc ;g uhyk gks tkrk gSA bldk

Rationalised 2023-24



39ijek.kq dh lajpuk

vFkZ ;g gS fd yky fofdj.k fdlh fo'ks"k rki ij vf/d
rhoz gksrs gSa rFkk nwljs fdlh rki ij uhys fofdj.k vf/d
rhoz gksrs gSaA vFkkZr~ xeZ oLrqvksa }kjk mRlftZr fofHkUu rjax
nS?;ksZa osQ fofdj.kksa dh rhozrk oLrqvksa osQ rki ij fuHkZj djrh
gSA 1850 osQ var rd ;g Kkr gks pqdk Fkk fd fofHkUu nzO;ksa
ls fufeZr oLrq,¡ ;fn fofHkUu rkiksa ij j[kh gksa rks oks fofHkUu
ek=kk esa fofdj.k mRlftZr djrh gSaA blosQ vfrfjDr ;g Hkh
fd tc fdlh oLrq dh lrg ij izdk'k (fo|qr~ pqacdh;
fofdj.k) fofdfjr fd;k tkrk gS rks fofdfjr ÅtkZ dk oqQN
Hkkx ,sls gh ijkofrZr gksrk gS] oqQN Hkkx vo'kksf"kr gksrk gS
rFkk oqQN Hkkx izsf"kr gks tkrk gSA viw.kZ vo'kks"k.k dk dkj.k
;g gS fd fu;ekuqlkj lk/kj.k oLrq,¡ fofdj.k dh viw.kZ
vo'kks"kd gksrh gSaA

,d ,slk vkn'kZ ¯iM tks gj izdkj dh vko`fÙk osQ
fofdj.kksa dks ,d leku mRl£tr rFkk vo'kksf"kr djrk gS]
Ñf".kdk (black body) dgykrk gS rFkk bl ¯iM ls
mRl£tr fofdj.k dks Ñf".kdk fofdj.k dgrs gSaA okLro
esa ,slk dksbZ fiaM ugha gksrkA dkcZu CySd yxHkx òQf".kdk osQ
cgqr leku gksrk gSA òQf".kdk dk ,d vPNk HkkSfrd lfUudVu
lw{e fNnz ;qDr ,d xqgk gksrh gS [fp=k 2-8 (d)] ftlesa ,d
fNnz osQ vykok vU; dksbZ }kj ugha gksrkA xqgk esa fNnz ls izos'k
djus okyh dksbZ Hkh fdj.k xqgk dh Hkhrjh nhokjksa ls ijkofrZr
gksrh jgrh gS vkSj vUr esa xqgk dh nhokj }kjk vo'kksf"kr gks tkrh

gSA òQf".kdk] fofdj.kh mQtkZ
dh vkn'kZ jsfM,Vj Hkh gksrh
gSA blosQ vfrfjDr òQf".kdk
vius ifjos'k osQ lkFk rkih;
lkE; esa gksrh gSA ;g fn, x,
le; esa izfr bdkbZ {ks=kiQy esa
mruh mQtkZ folfjr djrh gS
ftruh mlus ifjos'k ls

vo'kksf"kr dh FkhA Ñf".kdk ls mRl£tr izdk'k dh ek=kk
(fofdj.k dh rhozrk) rFkk mldk LisDVªe esa forj.k osQoy
mlosQ rki ij fuHkZj djrk gSA fn, x, rkieku ij] mRl£tr
fofdj.k dh rhozrk rjax&nS?;Z osQ c<+us osQ lkFk c<+rh gSA fdlh
,d rjax&nS?;Z ij ;g vfèkdre gksrh gS] mlosQ ckn rjax&nS?;Z
osQ vkSj c<+kus ij og ?kVuh 'kq: gksrh gS] tSlk fp=k 2-8 ([k)
esa fn[kk;k x;k gSA blosQ vfrfjDr tSlsµtSls rki c<+rk gS oozQ
dk mfPp"B (maxima) y?kq rjax&nS?;Z dh vksj LFkkukarfjr gks
tkrk gSA fofdj.k dh rhozrk dk iwokZuqeku yxkus osQ fy,

fofdj.k dh rhozrk dks rjax&nS?;Z osQ iQyu osQ :i esa izLrqr
djus osQ vusd iz;kl gq,A

izdk'k osQ rjax fl¼kar osQ vkèkkj ij mijksDr ifj.kkeksa dh
larks"ktud O;k[;k ugha dh tk ldhA eSDl Iykad us bl
ekU;rk osQ vk/kj ij larks"ktud ifj.kke izkIr fd;k fd
fofdj.k dk vo'kks"k.k vkSj mRltZu nksfy=kksa (òQf".kdk dh
nhokjksa osQ ijek.kq) ls mRiUu gksrk gSA ;g yxkrkj fo|qr~
pqacdh; fofdj.kksa osQ nksfy=kksa osQ lkFk ÅtkZ dk vknkuµiznku
djrs jgrs gSaA Iykad us ;g ekuk fd fofdj.k dks ÅtkZ osQ
fofoDr (discrete) Hkkxksa esa ck¡Vk tk ldrk gSA eSDl Iykad
us ekU;rk nh fd ijek.kq vkSj v.kq osQoy fofoDr (discrete)

ek=kkvksa esa ÅtkZ mRl£tr (;k vo'kksf"kr) djrs gSa] u fd
vuojr :i esaA fo|qr~&pqacdh;  fofdj.k osQ :i esa ÅtkZ dh
ftl U;wure ek=kk dk mRltZu (;k vo'kks"k.k) gksrk gS] mls
Iykad }kjk DokaVe (quantum) uke fn;k x;kA fofdj.k osQ
,d DokaVe dh ÅtkZ (E) mldh vkòfÙk (ν ) osQ lekuqikrh
gksrh gSA bls lehdj.k (2-6) }kjk O;Dr fd;k tkrk gSµ
E = hν (2-6)

fp=k 2-8 (d) o`Qf".kdk
fp=k 2-8 ([k) rjax&nS?;Z rhozrk lacaèk

vkuqikfrdrk fLFkjkad] h] dks Iykad fLFkjkad dgk
tkrk gS vkSj mldk eku 6.626×10–34 Js gksrk gSA

DokUVhdj.k dh rqyuk lhf<+;ksa ij [kM+s gksus ls dh xbZ
gSA dksbZ Hkh O;fDr lhf<+;ksa osQ fdlh Hkh ik;nku ij [kM+k
gks ldrk gS ijUrq mlosQ fy, lh<+h osQ nks ik;nkuksa osQ chp
esa [kM+k gksuk laHko ugha gSA mQtkZ dk eku fuEufyf[kr
leqPp; esa ls dksbZ Hkh gks ldrk gS ijUrq bu ekuksa osQ chp
esa dksbZ eku ugha gks ldrkA
E = 0, hν, 2hν, 3hν, ... nhν...
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bl fl¼kar osQ vuqlkj] Iykad Ñf".kdk ls fofHkUu
rkiksa ij mRl£tr fofdj.k osQ rhozrk&forj.k dh vko`fÙk
vFkok rjax&nS?;Z osQ iQyu osQ :i esa O;k[;k dj losQA

izdk'k&fo|qr~ izHkko
lu~ 1887 esa ,p- gV~lZ us ,d cgqr gh fnypLi iz;ksx fd;k]
ftlesa oqQN èkkrqvksa (tSlsµ iksVSf'k;e] :chfM;e] lhft;e]
bR;kfn) dh lrg ij mi;qDr vko`fÙk okyk izdk'k Mkyus ij
tSlk fp=k 2-9 esa fn[kk;k x;k gS] bysDVªkWu fudyrs gSaA bl
ifj?kVuk dks izdk'k fo|qr~ izHkko dgrs gSaA bl iz;ksx ls
izkIr ifj.kke bl izdkj gSaµ
(i) èkkrq dh lrg ls izdk'kiqat osQ Vdjkrs gh ml lrg ls

bysDVªkWu fudyrs gSa] vFkkZr~ èkkrq dh lrg ls bysDVªkWu
fu"dklu rFkk lrg ij izdk'kiqat osQ Vdjkus osQ chp
dksbZ le;&varjky (time lag) ugha gksrkA

(ii) fu"dkflr bysDVªkWuksa dh la[;k izdk'k dh rhozrk osQ
lekuqikrh gksrh gSA

(iii) izR;sd èkkrq osQ fy, ,d vfHkyk{kf.kd U;wure vko`fÙk
gksrh gS] ftls nsgyh vkòfÙk (threshold frequency)

dgrs gSa vkSj ftlls de vkòfÙk ij izdk'k&fo|qr~ izHkko
izn£'kr ugha gksrk gSA ν >ν 0vkòfÙk ij fu"dkflr bysDVªkWuksa
dh oqQN xfrt ÅtkZ gksrh gSA xfrt ÅtkZ iz;qDr izdk'k
dh vko`fÙk osQ c<+us osQ lkFk c<+rh gSA

mijksDr lkjs ifj.kkeksa dh O;k[;k ikjaifjd HkkSfrdh osQ
fu;eksa osQ vkèkkj ij ugha dh tk ldhA mu fu;eksa osQ vuqlkj]
izdk'k dh fdj.k dh ÅtkZ dh ek=kk izdk'k dh rhozrk ij

fuHkZj djrh gSA nwljs 'kCnksa esa] fu"dkflr bysDVªkWuksa dh la[;k
vkSj muls lacafèkr xfrt ÅtkZ dh O;k[;k izdk'k dh rhozrk
ls dh tk ldrh gSA ;|fi ,slk ns[kk x;k gS fd fu"dkflr
bysDVªkWuksa dh la[;k izdk'k dh rhozrk ij fuHkZj djrh gS] ysfdu
bu bysDVªkWuksa dh xfrt ÅtkZ rhozrk ij fuHkZj ugha djrh gSA
mnkgj.k osQ fy,] iksVSf'k;e osQ VqdM+s ij ;fn fdlh Hkh rhozrk
dk yky jax dk izdk'k [ν = (4.3 ls 4.6) × 1014 Hz] dbZ ?kaVksa
rd Mkyk tk,] rks Hkh dksbZ izdkf'kd bysDVªkWuksa dk fu"dklu
ugha gksrk gS] ijarq tSls gh ihys jax dk de rhozrk dk izdk'k
ν = 5.1 ls 5.2 × 1014 Hz iksVSf'k;e ij Mkyk tkrk gS] rks
izdk'k&fo|qr~ izHkko fn[kkbZ nsrk gSA iksVSf'k;e èkkrq osQ fy,
nsgyh vko`fÙk (ν 0) 5.0×1014 Hz gSA

fo|qr~&pqacdh; fofdj.k osQ Iykad osQ DokaVe fl¼kar
dk mi;ksx djrs gq, vkbaLVhu (1905) izdk'k&fo|qr~ izHkko
dks le>us esa liQy gq,A

èkkrq dh lrg ij izdk'k iqat osQ Vdjkus dks d.kksa
(iQksVkWuksa) osQ iqat dk Vdjkuk le>k tk ldrk gSA tc dksbZ
i;kZIr ÅtkZ okyk iQksVkWu èkkrq osQ ijek.kq osQ bysDVªkWu ls
Vdjkrk gS] rks og bysDVªkWu dks ijek.kq ls rqjar ckgj fudky
nsrk gSA iQksVkWu dh ÅtkZ ftruh vfèkd gksxh] mruh gh ÅtkZ
og bysDVªkWu dks nsxk vkSj fu"dkflr bysDVªkWu dh xfrt ÅtkZ
mruh gh vfèkd gksxhA nwljs 'kCnksa esa] fu"dkflr bysDVªkWu dh
xfrt ÅtkZ fo|qr~&pqacdh; fofdj.k dh vkòfÙk osQ lekuqikrh
gksxhA pw¡fd Vdjkus okys iQksVkWu dh ÅtkZ hν gS vkSj bysDVªkWu
dks fu"dkflr djus osQ fy, vko';d U;wure ÅtkZ hν0(ftls
dk;ZiQyu] W0 Hkh dgrs gSa) ÅtkZ esa varj (hν – hν0)

eSDl Iykad
(1858-1947)

eSDl Iykad ,d teZu HkkSfrdh oSKkfud
FksA mUgksaus lu~ 1879 esa E;qfu[k
fo'ofo|ky; ls lS¼kafrd HkkSfrdh esa
ih-,p-Mh- dh mikfèk xzg.k dhA os lu~
1888 esa c£yu fo'ofo|ky; osQ

bafLVP;wV vkWiQ fFk;ksjsfVdy fiQftDl (Institute of
theoretical Physics) esa funs'kd fu;qDr fd, x,A
muosQ }kjk fn, x, DokaVe fl¼kar osQ fy, mUgsa lu~ 1918
esa HkkSfrdh esa ukscsy iqjLdkj ls lEekfur fd;k x;kA
mUgksaus Å"ek&xfrdh vkSj HkkSfrdh osQ vU; {ks=kksa esa Hkh
egÙoiw.kZ ;ksxnku fn;kA

fp=k 2-9 izdk'k fo|qr~&izHkko osQ vè;;u osQ fy, midj.kA ,d
fuokZr~ d{k esa ,d èkkrq dh lkiQ lrg ij ,d fuf'pr
vko`fÙk okyh izdk'k dh fdj.k Vdjkrh gSA èkkrq ls
bysDVªkWu fu"dkflr gksrs gSaA ;s ,d lalwpd }kjk fxus tkrs
gSa] tks mudh xfrt ÅtkZ dk ekiu djrk gS
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iQksVksbysDVªkWu dh xfrt ÅtkZ esa LFkkukarfjr gks tkrh gSA ÅtkZ
osQ laj{k.k (conservation of energy) osQ fu;e dk
vuqlj.k djrs gq, fu"dkflr bysDVªkWu dh xfrt ÅtkZ
lehdj.k 2-7 }kjk nh tkrh gSA

0= + 2
e

1
v v v

2
h h m (2.7)

tgk¡ me bysDVªkWu dk æO;eku gS vkSj ν bldk osx gSA
var esa] vfèkd rhozrk okys izdk'k esa iQksVkWuksa dh la[;k
vfèkd gksxh vkSj ifj.kkeLo:i fu"dkflr bysDVªkWuksa dh
la[;k Hkh ml iz;ksx dh rqyuk esa vfèkd gksxh] ftlesa de
rhozrk osQ izdk'k dk mi;ksx fd;k x;k gSA

fo|qr~&pqacdh; fofdj.k dk }Sr O;ogkj
izdk'k dh d.k leku izÑfr us oSKkfudksa osQ lkeus vleatl
dh fLFkfr iSnk dj nhA ,d rjiQ rks blus Ñf".kdk fofdj.k
vkSj izdk'k&fo|qr~ izHkko dh larks"ktud O;k[;k dh] ijarq
nwljh rjiQ ;g izdk'k dh rjax tSls O;ogkj] ftlls foorZu]
O;frdj.k vkfn ifj?kVukvksa dh O;k[;k dh tk ldrh Fkh]
osQ lkFk ;qfDrlaxr ugha FkkA bl nqfoèkk dks gy djus dk ,d
gh mik; Fkk fd ;g eku fy;k tk, fd izdk'k osQ d.k vkSj
rjax nksuksa tSls xq.k gksrs gSaµ vFkkZr~ izdk'k dk }Sr O;ogkj
gksrk gSA iz;ksxksa osQ vkèkkj ij ge ikrs gSa fd izdk'k rjax ;k
d.k osQ leku O;ogkj djrk gSA tc æO; osQ lkFk fofdj.k

dh vU;ksU; fØ;k gksrh gS] rc ;g d.k tSls xq.k izn£'kr
djrk gSA tc fofdj.k dk lapj.k gksrk gS] rc ;g rjax tSls
xq.k (O;frdj.k vkSj foorZu) n'kkZrk gSA æO; vkSj fofdj.k
dh izpfyr èkkjkvksa dks ns[krs gq, ;g ladYiuk ,dne ubZ
FkhA yksxksa dks bls Lohdkj djus esa dkiQh le; yxkA tSlk
vki vkxs ns[ksaxs] oqQN lw{e d.k (tSlsµbysDVªkWu) Hkh
rjaxd.k okyk }Sr O;ogkj izn£'kr djrs gSa

mnkgj.k 2-6

5 ×1014 Hz  vko`fÙk okys fofdj.k osQ ,d eksy
iQksVkWu dh ÅtkZ dh x.kuk dhft,A

gy

,d iQksVkWu dh ÅtkZ (E) fuEufyf[kr lehdj.k }kjk
nh tkrh gSµ

E = hν

h = 6.626 ×10–34 J s

ν = 5×1014 s–1 (fn;k x;k)

E = (6.626 ×10–34 J s) × (5 ×1014 s–1)

= 3.313 ×10–19 J

,d eksy iQksVkWuksa dh ÅtkZ

= (3.313 ×10–19 J) × (6.022 × 1023 mol–1)

= 199.51 kJ mol–1

mnkgj.k 2-7

100 okWV dk ,d cYc 400 nm okyh rjax&nS?;Z dk
,do.khZ izdk'k mRl£tr djrk gSA cYc }kjk izfr
lsoaQM mRl£tr iQksVkWuksa dh la[;k dh x.kuk dhft,A

gy

cYc dh fo|qr~&'kfDr = 100 okWV = 100 Js–1

,d iQksVkWu dh ÅtkZ = E = hν = hc/λ

−

× × ×
×

–34 8 –1

9

6.626 10  J s 3 10  m s
=

400 10 m

/krq Li  Na K Mg Cu Ag

W
0
 /eV 2.42 2.3 2.25 3.7 4.8 4.3

lkj.kh 2-2  oqQN /krqvksa osQ fy, dk;ZiQyu osQ eku

vYcVZ vkbaLVhu
(1879-1955)

teZuh esa iSnk gq, vesfjdh HkkSfrdh
oSKkfud vYcVZ vkbaLVhu fo'o osQ nks
egku HkkSfrdh oSKkfudksa esa ls ,d ekus
tkrs gSaA (nwljs oSKkfud bZ”kkd U;wVu
Fks)A lu~ 1905 esa] tc os cusZ esa ,d

fLol isVsaV vkfiQl esa rduhdh lgk;d Fks] rc fo'ks"k
vkis{kdh;rk] czkmuh xfr vkSj izdk'k&fo|qr~ izHkko ij Nis
muosQ rhu 'kksèk&i=kksa us HkkSfrdh osQ fodkl dks cgqr izHkkfor
fd;kA mUgsa lu~ 1921 esa izdk'k&fo|qr~ izHkko dh O;k[;k osQ
fy, HkkSfrdh esa ukscsy iqjLdkj ls lEekfur fd;k x;kA
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19= 4.969 10 J−×

mRl£tr iQksVkWuksa dh la[;k

1
20 1

19

100 J s
2.012 10 s

4.969 10 J

−
−

−
= ×

×

mnkgj.k 2-8

tc 300 nm rjax&nS?;Z dk fofdj.k lksfM;e èkkrq
dh lrg ij Vdjkrk gS] rks 1.68 ×105 J mol–1xfrt
ÅtkZ okys bysDVªkWu mRl£tr gksrs gSaA lksfM;e osQ
bysDVªkWu osQ fu"dklu osQ fy, de ls de fdruh
ÅtkZ vko';d gksxh\ fdlh izdkf'kd bysDVªkWu osQ
mRltZu osQ fy, vfèkdre rjax&nS?;Z D;k gksxh\

gy

300 nm iQksVkWu dh ÅtkZ (E) bl izdkj nh tkrh gSµ
ν

−

−

λ

× × ×
      

×

34 8 –1

9

h = c/

6.626 10  J s 3.0 10 m s
=

300 10 m

h

= 6.626 × 10-19 J

,d eksy iQksVkWuksa dh ÅtkZ

= 6.626 ×10–19 J × 6.022 ×1023 mol–1

= 3.99 × 105 J mol–1

lksfM;e ls ,d eksy bysDVªkWuksa osQ fu"dklu osQ fy,
vko';d U;wure ÅtkZ
= (3.99 –1.68) 105 J mol–1

= 2.31 × 105 J mol–1

,d bysDVªkWu osQ fy, vko';d U;wure ÅtkZ
5 –1

23 –1

19

2.31 10 J mol
=

6.022 10  electrons mol
= 3.84 10 J−

×
×

×

bldh laxr rjax&nS?;Z bl izdkj gksxhµ

− −

−

∴ λ

× × ×
×

34 8 1

19

c
=

E
6.626 10 J s 3.0 10 m s

=
3.84 10 J

h

= 517nm (;g gjs jax osQ izdk'k ls lacafèkr gSA)

mnkgj.k 2-9

fdlh èkkrq dh nsgyh vko`fÙk ν0, 7.0 ×1014 s–1 gSA ;fn
ν =1.0 ×1015 s–1 vko`fÙk okyk fofdj.k èkkrq dh
lrg ls Vdjkrk gS] rks mRl£tr bysDVªkWu dh xfrt
ÅtkZ dh x.kuk dhft,A

gy

vkbULVhu osQ lehdj.k osQ vuqlkj xfrt ÅtkZ

= ½ mev
2=h(ν – ν0 )

= (6.626 ×10–34 J s)

(1.0 × 1015 s–1 – 7.0 ×1014 s–1)

= (6.626 ×10–34 J s)

(10.0 ×1014 s–1 – 7.0 ×1014 s–1)

= (6.626 ×10–34 J s) × (3.0 ×1014 s–1)

= 1.988 ×10–19 J

2-3-3 DokafVr* bysDVªkWfud ÅtkZ Lrjksa osQ
fy, izek.k % ijekf.od LisDVªk

izdk'k dh xfr ml ekè;e dh izÑfr ij fuHkZj djrh gS
ftlls ;g xqtjrh gSA ,d ekè;e ls nwljs rd tkus ij izdk'k
dh fdj.k vius ewy iFk ls eqM+ tkrh gS vFkok viofrZr
(refract) gks tkrh gSA

fizT+e esa ls lisQn izdk'k dh fdj.k dks xqtkjus ls ;g
ns[kk x;k fd de rjax&nS?;Z dh rjax yach rjax&nS?;Z dh rjax
dh rqyuk esa vfèkd >qd tkrh gS] D;ksafd lkèkkj.k lisQn
izdk'k esa ǹ'; ijkl esa lHkh rjax&nS?;ks± okyh rjaxsa gksrh gSaA
lisQn izdk'k dh fdj.k jaxhu ifêð;ksa dh ,d  Ük̀a[kyk esa iSQy
tkrh gS] ftls LisDVªe (spectrum) dgrs gSaA yky jax]
ftldh rjax&nS?;Z lcls vfèkd gksrh gS] dk fopyu lcls
de vkSj lcls de rjax&nS?;Z okys cSxuh jax dk fopyu
lcls vfèkd gksrk gSA lisQn jax dk izdk'k] tks gesa fn[kkbZ nsrk
gS] osQ LisDVªe dk ijkl 7.50 ×1014Hz  osQ cSxuh jax ls
ysdj 4 ×1014Hz  osQ yky jax rd gksrk gSA bl LisDVªe dks
lrr LisDVªe (continuous spectrum) dgrs gSaµ lrr
blfy,] D;ksafd cSxuh jax uhys jax esa vkSj uhyk jax gjs jax esa
feyrk gSA vU; jaxksa osQ lkFk Hkh ,slk gh gksrk gSA tc vkdk'k
esa baæèkuq"k curk gS] rc Hkh ,slk gh LisDVªe fn[kkbZ nsrk gSA ;kn
jf[k, fd ǹ'; izdk'k fo|qr~&pqacdh; fofdj.k dk ,d cgqr

* fdlh xq.k/eZ osQ fy, fofoDr (discreat) ekuksa osQ izfrca/ dks DokaVhdj.k dgrs gSaA
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NksVk Hkkx gksrk gS (fp=k 2-7)A tc fo|qr~&pqacdh; fofdj.k
æO; osQ lkFk vU;ksU; fØ;k djrk gS] rks ijek.kq vkSj v.kq bl
ÅtkZ dk vo'kks"k.k dj ldrs gSa ,oa mPp ÅtkZ Lrj ij ig¡qp
tkrs gSaA mPp ÅtkZ Lrj ij ;s vLFkk;h voLFkk esa gksrs gSaA ;s
tc de ÅtkZ okyh vfèkd LFkk;h ryLFk voLFkk esa ykSVrs
gSa] rks os fo|qr~&pqacdh; LisDVªe osQ fofHkUu {ks=kksa esa fofdj.k
mRl£tr djrs gSaA

mRltZu rFkk vo'kks"k.k LisDVªk
fdlh inkFkZ ls ÅtkZ vo'kks"k.k osQ ckn mRl£tr fofdj.k dk
LisDVªe ̂ mRltZu LisDVªk* dgykrk gSA ijek.kq v.kq ;k vk;u
fofdj.k osQ vo'kks"k.k ij mÙksftr gks tkrs gSaA mRltZu
LisDVªe izkIr djus osQ fy, fdlh izfrn'kZ dks xje djosQ
vFkok fofdjf.kr djosQ ÅtkZ nh tkrh gS vkSj tc izfrn'kZ
vo'kksf"kr ÅtkZ dks fu"dkflr djrk gS] rks mRl£tr fofdj.k
dh rjax&nS?;Z (;k vko`fÙk) dks fjdkWMZ dj fy;k tkrk gSA

vo'kks"k.k LisDVªe mRltZu LisDVªe osQ iQksVksxzkiQh;
fuxsfVo dh rjg gksrk gSA tc ,d lrr fofdj.k dks izfrn'kZ

ij Mkyk tkrk gS] rks og fofdj.k dh oqQN rjax&nS?;Z dk
vo'kks"k.k dj ysrk gSA æO; }kjk vo'kksf"kr fofdj.k dh laxr
yqIr rjax&nS?;Z pedhys lrr LisDVªe esa xgjs jax dh js[kkvksa
osQ :i esa izn£'kr gksrh gSA

mRltZu ;k vo'kks"k.k LisDVªe osQ vè;;u dks LisDVªksferh
(spectroscopy) dgrs gSaA tSlk Åij crk;k x;k gS] n`';
izdk'k dk LisDVªe lrr gksrk gS] D;ksafd mlesa n`'; izdk'k
dh yky ls cSxuh rd lHkh rjax&nS?;Z mifLFkr gksrh gaSA
blosQ foijhr xSl voLFkk esa ijek.kqvksa dk mRltZu LisDVªe
yky ls cSxuh rjax&nS?;ks± esa lrr~ :i ls izn£'kr ugha djrk
gS] ijarq muls osQoy fo'ks"k rjax&nS?;ks± okyk izdk'k mRl£tr
gksrk gS] ftuosQ chp esa dkys LFkku jgrs gSaA ,sls LisDVªe dks
js[kk LisDVªe vFkok ijek.oh; LisDVªe dgrs gSa] D;ksafd
mRl£tr fofdj.k LisDVªe esa pedhyh js[kkvksa osQ :i esa
izn£'kr gksrk gS (fp=k 2-10)A

bysDVªkWfud lajpuk osQ vè;;u esa js[kk&mRltZu LisDVªe
dk fo'ks"k egÙo gksrk gSA izR;sd rÙo dk viuk ,d fo'ks"k

fp=k 2-10 (d) ijek.oh; mRltZu % gkbMªkstu ijek.kqvksa (;k fdlh vkSj rÙo) osQ mÙksftr izfrn'kZ }kjk mRl£tr izdk'k dks ,d
fizT+e ls xq”kkjdj fofoDr rjax&nS?;ks± dh js[kkvksa esa i`Fkd fd;k tkrk gSA vr% mRltZu LisDVªe] tks i`Fkd rjax&nS?;ks± dk
iQksVksxzkiQh; lalwpu gksrk gS] dks ̂ js[kk LisDVªe* dgk tkrk gSA fdlh fuf'pr vkdkj osQ izfrn'kZ esa cgqr vf/d la[;k esa ijek.kq
gksrs gSaA gkyk¡fd dksbZ ,d ijek.kq fdlh ,d le; ij ,d gh mÙksftr voLFkk esa gks ldrk gS] ̄ drq ijek.kqvksa osQ lewg esa
lHkh laHko mÙksftr voLFkk,a gksrh gSa] tc ;s ijek.kq fuEu ÅtkZ&Lrj ij tkrs gSa] rks mRl£tr izdk'k ls LisDVªe izkIr gksrk gSA
([k) ijek.oh; vo'kks"k.k% tc lisQn izdk'k dks vuqÙksftr gkbMªkstu ijek.kq ls fdlh js[kkfNæ (slit) vkSj fiQj fizT+e
ls xqtkjk tkrk gS] rks izkIr izdk'k esa oqQN rjax&nS?;ks± (tks fp=k 2-10 d esa mRl£tr gqbZ Fkha) dh rhozrk dk vHkko gks tkrk
gSA ;g lalwfpr LisDVªe Hkh ,d js[kk LisDVªe gksrk gS vkSj mRltZu LisDVªe dk iQksVksxzkiQh; fuxsfVo gksrk gS
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js[kk&mRltZu LisDVªe gksrk gSA jklk;fud fo'ys"k.kksa esa ijek.kq
LisDVªe dh vfHkyk{kf.kd js[kk,¡ vKkr ijek.kqvksa dks igpkuus
osQ fy, mlh izdkj mi;ksx esa ykbZ tkrh gSa] ftl izdkj
vaxqfy;ksa osQ fu'kku euq";ksa dks igpkuus osQ fy, mi;ksx esa
yk, tkrs gSaA Kkr rÙo osQ ijek.kqvksa osQ mRltZu LisDVªe dh
js[kkvksa dk ;FkkFkZ feyku vKkr izfrn'kZ dh js[kkvksa ls
rÙoksa dks igpkuus osQ fy, jkWcVZ cqUlsu (1811&1899) us
loZizFke  fd;kA

:chfM;e (Rb), lhf”k;e (Cs), FkSfy;e (Tl), bafM;e
(In), xSfy;e (Ga), vkSj LosaQfM;e (Sc) vkfn rÙoksa dh
[kkst rc gqbZ Fkh] tc muosQ [kfutksa dk LisDVªeh fo'ys"k.k
fd;k x;k FkkA lw;Z esa ghfy;e (He) rÙo dh mifLFkfr Hkh
LisDVªeh fofèk }kjk Kkr dh xbZ FkhA

gkbMªkstu dk js[kh; LisDVªe

tc gkbMªkstu xSl esa fo|qr~ foltZu izokfgr fd;k tkrk gS] rc
H2 v.kq fo;ksftr gksdj mPp ÅtkZ okys gkbMªkstu ijek.kq nsrs
gSa] tks fofoDr vkòfÙk;ksa okyk fo|qr~&pqacdh; fofdj.k mRl£tr
djrs gSaA gkbMªkstu LisDVªe esa js[kkvksa dh dbZ Jsf.k;k¡ gksrh gSa]
ftUgsa muosQ vkfo"dkjdksa osQ uke ls tkuk tkrk gSA ckej us lu~
1885 esa izk;ksfxd izs{k.kksa osQ vkèkkj ij crk;k fd ;fn LisDVªeh
js[kkvksa dks rjax&la[;k ( ν ) osQ :i esa esa O;Dr fd;k tk,]
rks gkbMªkstu LisDVªe dh ǹ';&{ks=k dh js[kkvksa dks fuEufyf[kr
lw=k }kjk n'kkZ;k tk ldrk gSµ

 
 
 

ν = −2 2

1 1 –1109,677  cm
2 n

(2.8)

tgk¡ n  ,d iw.kk±d gS] ftldk eku 3 ;k 3 ls vfèkd
gksrk gS] vFkkZr~ n = 3, 4, 5 ... gksrk gSA

bl lw=k }kjk o£.kr js[kkvksa dks ̂ ckej Js.kh* (Balmer

series) dgk tkrk gSA gkbMªkstu LisDVªe esa osQoy blh Js.kh
dh js[kk,¡ fo|qr~&pqacdh; LisDVªe osQ n`'; {ks=k esa izkIr gksrh
gSA LohMu osQ ,d LisDVªeh oSKkfud tksgkUl fjM~cxZ us
crk;k fd gkbMªkstu LisDVªe dh lHkh Jsf.k;ksa dh js[kk,
fuEufyf[kr lw=k }kjk n'kkZbZ tk ldrh gSµ

−
=ν

  
−    

1
2 2
1 2

109,677 cm
1 1

    
n n

 (2.9)

tgk¡ n1=1,2........gS vkSj n2 = n1 + 1, n1 + 2......

109,677 cm–1 osQ uke dks gkbMªkstu dk fjM~cxZ
fLFkjkad (Rydberg constant) dgrs gSa n1 = 1, 2, 3, 4

vkSj 5 okyh js[kkvksa dh ik¡p Jsf.k;k¡ Øe'k% ykbeSu
(Lyman), ckej (Balmer), ik'ku (Pashen), czsosQV
(Bracket) rFkk iaQM (Fund) Jsf.k;k¡ dgykrh gSaA

lkj.kh 2-3 esa gkbMªkstu LisDVªe dh ;s Jsf.k;k¡ fn[kkbZ
xb± gSaA fp=k 2-11 esa gkbMªkstu ijek.kq dh ykbeSu] ckej vkSj
ik'ku Jsf.k;ksa osQ laØe.kksa dks fn[kk;k x;k gSA

lkj.kh 2-3  ijek.kq gkbMªkstu dh LisDVªeh js[kk,¡

fp=k 2-11 gkbMªkstu ijek.kq esa bysDVªkWu osQ laØe.kA (;gk¡
laØe.k dh ykbeSu] ckej vkSj ik'ku Jsf.k;k¡
fn[kkbZ xbZ gSaA
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gkbMªkstu dk js[kk LisDVªe lHkh rÙoksa osQ js[kk LisDVªe
dh rqyuk esa lcls ljy gksrk gSA Hkkjh ijek.kqvksa dk js[kk
LisDVªe vfèkd tfVy gksrk gS] ijarq lHkh js[kk LisDVªeksa osQ
oqQN y{k.k leku gksrs gSaA tSlsµ (i) izR;sd rÙo dk js[kk
LisDVªe fo'ks"k izdkj dk gksrk gSA (ii) izR;sd rÙo osQ js[kk
LisDVªe esa fu;ferrk gksrh gSA

vc ;g iz'u mBrk gS fd ,d tSls bu y{k.kksa dk D;k
dkj.k gks ldrk gS\ D;k budk lacaèk bu rÙoksa osQ ijek.kqvksa
dh bysDVªkWfud lajpuk ls gksrk gS\ bl izdkj osQ iz'uksa osQ
mÙkj tkuuk ”k:jh gSA ge vkxs ns[ksaxs fd bu iz'uksa osQ mÙkjksa
ls gesa bu rÙoksa osQ ijek.kqvksa dh bysDVªkWfud lajpuk dks
le>us esa lqfoèkk gqbZA

2-4 gkbMªkstu ijek.kq osQ fy, cksj ekWMy
gkbMªkstu ijek.kq dh lajpuk rFkk blosQ LisDVªe osQ lkekU;
y{k.kksa dh igyh ek=kkRed O;k[;k uhYl cksj us lu~ 1913
esa dhA mUgkasus Iykad osQ mQtkZ osQ DokaVhdj.k dh vo/kj.kk
dk mi;ksx fd;kA ;|fi cksj fl¼kar vkèkqfud DokaVe
;kaf=kdh ugha Fkk] rFkkfi ijek.kq lajpuk rFkk LisDVªk esa dbZ
ckrksa dks roZQlaxr :i ls le>kus esa bldk mi;ksx fd;k tk
ldrk gSA cksj dk ekWMy fuEufyf[kr vfHkx̀ghrksa ij vkèkkfjr
gSµ
(i) gkbMªkstu ijek.kq esa bysDVªkWu] ukfHkd osQ pkjksa rjiQ

fuf'pr f=kT;k vkSj ÅtkZ okys òÙkkdkj iFkksa esa ?kwe ldrk
gSA bu o`Ùkkdkj iFkksa dks ge d{kk ;k LFkk;h voLFkk
;k vuqer ÅtkZ Lrj dgrs gSaA ;s d{kk,¡ ukfHkd osQ
pkjksa vksj laosaQæh; :i esa O;ofLFkr gksrh gaSA

(ii) d{kk esa bysDVªkWu dh ÅtkZ le; osQ lkFk ugha ifjofrZr
gksrh gS] rFkkfi dksbZ bysDVªkWu fuEu LFkk;h Lrj ls mPp
LFkk;h Lrj ij rc tk,xk] tc og vko';d ÅtkZ dk
vo'kks"k.k djsxk vFkok bysDVªkWu osQ mPp LFkk;h Lrj
ls fuEu Lrj ij vkus osQ ckn ÅtkZ dk mRltZu gksxk
(lehdj.k 2-16)A ÅtkZ&ifjorZu lrr~ rjhosQ ls ugha
gksrk gSA

(iii) E∆ osQ varj okyh nks LFkk;h voLFkkvksa osQ laØe.k

osQ le; vo'kksf"kr vFkok mRl£tr fofdj.k dks

fuEufyf[kr :i esa fn;k tk ldrk gS–

2 1E EE

h h

−∆
= =ν (2.10)

tgk¡ E1 rFkk E2 Øe'k% fuEu vkSj mPp vuqer ÅtkZ
voLFkk,¡ gSaA bl lehdj.k dks cksj dk vko`fÙk dk

fu;e dgk tkrk gSA
(iv) bysDVªkWu dk dks.kh; laosx DokafVr gksrk gS] nh gqbZ

LFkk;h voLFkk esa bls fuEufyf[kr lehdj.k osQ }kjk
n'kkZ;k tk ldrk gSµ

=
π

v
2e

nh
m r     n = 1,2,3..... (2.11)

tgk¡ ^m
e
* bysDVªkWu dk nzO;eku] ^v* osx rFkk ^r*

ml d{kk dh f=kT;k gS ftlesa bysDVªkWu ?kwerk gSA
vr% ,d bysDVªkWu osQoy mUgha d{kksa esa ?kwe ldrk gS]

ftuesa dks.kh; laosx dk eku h/2π dk iw.kk±d xq.kd gksxkA
bldk vFkZ gS dks.kh; laosx DokafVr gksrk gSA tc bysDVªkWu
dks.kh; laosx osQ fdlh ,d DokafVr eku dks NksM+dj nwljk
eku izkIr djrk gS rks fofdj.k dk vo'kks"k.k vFkok mRltZu

uhy cksj
(1885&1962)

Msfu'k HkkSfrdh oSKkfud uhy cksj us
lu~ 1911 esa dksisugsxsu fo'ofo|ky;
ls ih,p-Mh- dh mikf/ xzg.k dhA mlosQ
ckn mUgksaus ts-ts VkWelu vkSj vusZLV

jnjiQksMZ osQ lkFk ,d o"kZ fcrk;kA lu~ 1913 esa os dksisugsxsu
ykSVs] tgk¡ os thoui;±ra jgsA ;gk¡ 1920 esa bafLVP;wV vkWiQ
fFk;ksjsfVdy fiQf”kDl osQ funs'kd cusA izFke fo'o;q¼ osQ
ckn cksj us ijek.kq ÅtkZ osQ 'kkafriw.kZ mi;ksxksa osQ fy,
mRlkgiwoZd dk;Z fd;kA mUgsa lu~ 1957 esa 'Atoms for

Peace' lEeku izkIr gqvkA lu~ 1922 esa cksj dks HkkSfrdh esa
ukscsy iqjLdkj ls lEekfur fd;k x;kA

dks.kh; laosx
ftl izdkj æO;eku (m) vkSj jSf[kd osx (v) dk xq.kuiQy
jSf[kd laosx gksrk gS] mlh izdkj dks.kh; laosx (angular
momentum) tM+Ro vk?kw.kZ (I) vksj dks.kh; osx (ω) dk
xq.kuiQy gksrk gSA me æO;eku okys bysDVªkWu osQ fy,] tks
ukfHkd osQ pkjksa vksj (r) f=kT;k dh o`Ùkkdkj d{kk esa ?kwe
jgk gSA

dks.kh; laosx = I × ω

D;ksafd I = mer
2  vkSj ω = v/r tgk¡ v jSf[kd osx gSS

vr% dks.kh; laosx =  mer
2 × v/r = mevr
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gksrk gSA vr% eSDlosy dk fo|qr pqaEcdh; fl¼kar ;gka ykxw
ugha gksrkA ;gh dkj.k gS fd oqQN fuf'pr d{k gh vuqer
gksrs gSaA cksj dh LFkk;h voLFkkvksa dh ÅtkZvksa osQ fopyu osQ
fo"k; esa nh xbZ foLr`r tkudkjh dkiQh tfVy gSA vr% mls
vkxs dh d{kkvksa esa le>k;k tk,xkA cksj fl¼kar osQ vuqlkj
gkbMªkstu ijek.kq osQ fy,µ
(d) bysDVªkWu osQ fy, LFkk;h voLFkkvksa dks n = 1,2,3...

osQ }kjk O;Dr fd;k x;k gSA bu iw.kk±dksa dks eq[;
DokaVe la[;k (principal quantum number)

dgk tkrk gS ([kaM 2-6-2)A
([k) LFkk;h voLFkkvksa dh f=kT;kvksa dks fuEufyf[kr :i esa

izn£'kr fd;k tkrk gS–
rn  = n2 a0 (2.12)

tgk¡ a 0 = 52.9 pm bl izdkj igyh LFkk;h voLFkk]
ftls ̂ cksj d{kk* dgk tkrk gS] dh f=kT;k 52.9 pm gksrh gSA
lkèkkj.kr;k gkbMªkstu ijek.kq esa bysDVªkWu blh d{kk (n = 1)

esa ik;k tkrk gSA n osQ c<+us osQ lkFk r dk eku c<+rk gSA nwljs
'kCnksa esa] bysDVªkWu ukfHkd ls nwj mifLFkr gksrk gSA
(x) bysDVªkWu ls lacafèkr lcls egÙoiw.kZ xq.k LFkk;h voLFkk

dh ÅtkZ gSA bls fuEufyf[kr lw=k }kjk fn;k tkrk gSµ

2

1
R  

= −  
 

n HE
n

tgk¡ n = 1,2,3....     (2.13)

tgk¡ R
H
 dks fjM+cxZ fLFkjkad] (Rydberg constant)

dgrs gSaA bldk eku 2.18 × 10–18J gksrk gSA fuEure
voLFkk] ftls ^ryLFk voLFkk* (ground state) Hkh dgrs

gSa] dh ÅtkZ E1 = –2.18 ×10–18 ( 2

1
1 ) = –2.18 ×10–18 J gSA

n = 2 okyh LFkk;h voLFkk osQ fy, ÅtkZ E2 = –2.18 ×

10–18J ( 2

1
2 )= –0.545 × 10–18 J. gksxhA fp=k 2-11 esa

gkbMªkstu ijek.kq dh fofHkUu LFkk;h voLFkkvksa esa ÅtkZ&Lrjksa
dh ÅtkZvksa dks fn[kk;k x;k gSA bldks ^ÅtkZ Lrj vkjs[k*
dgk tkrk gSA

tc bysDVªkWu ukfHkd osQ izHkko ls eqDr gksrk gS] rc
ÅtkZ dk eku 'kwU; fy;k tkrk gSA ,slh fLFkfr esa bysDVªkWu
eq[; la[;k n = ∞ dh LFkk;h voLFkk ls lacafèkr gksrk gS
rFkk vk;fur gkbMªkstu ijek.kq dgykrk gSA tc bysDVªkWu
ukfHkd }kjk vkdf"kZr gksrk gS rFkk n  d{kk esa mifLFkr gksrk

gS] rc ÅtkZ dk mRltZu gksrk gS vkSj bldh ÅtkZ fuEu gks
tkrh gSA lehdj.k (2-13) esa Í.k fpÉ blh dkj.k gksrk gS
vkSj bldh 'kwU; ÅtkZ dh lanHkZ voLFkk rFkk n = ∞ osQ
lacaèk esa blosQ LFkkf;Ro dks n'kkZrk gSA

(?k) gkbMªkstu ijek.kq esa mifLFkr ,d bysDVªkWu osQ leku]
mu vk;uksa] ftuesa osQoy ,d bysDVªkWu gksrk gS] ij Hkh
cksj osQ fl¼kar dks ykxw fd;k tk ldrk gSA mnkgj.kkFkZµ
He+ Li2+, Be3+ bR;kfnA bl izdkj osQ vk;uksa (gkbMªkstu
osQ leku Lih'kh”k dgykrs gSa) ls lacafèkr LFkkuh;
voLFkkvksa dh ÅtkZ,¡ fuEufyf[kr lehdj.k }kjk nh
tk ldrh gSa %

2
18

n 2
2.18 10 J−  

= − ×  
 

Z
E

n
                 (2.14)

  f=kT;k dks fuEufyf[kr lehdj.k }kjk fn;k tkrk gSµ
2

n

52.9( )
r pm

n

Z
= (2.15)

tgk¡ Z ijek.kq la[;k gSA ghfy;e vkSj yhfFk;e
ijek.kqvksa osQ fy, bldk eku Øe'k% 2 vkSj 3 gSA mijksDr
lehdj.kksa ls ;g fofnr gS fd Z osQ c<+us osQ lkFk ÅtkZ dk
eku vfèkd Í.kkRed gks tkrk gS rFkk f=kT;k de gks tkrh
gSA bldk vFkZ ;g gS fd bysDVªkWu ukfHkd ls n`<+rkiwoZd c¡èkk
gksrk gSA

gkbMªkstu ijek.kq osQ fy, Í.kkRed bysDVªkWfud
ÅtkZ (E

n
)

 
 dk D;k vFkZ gS\

gkbMªkstu ijek.kq esa gj laHko d{kk esa bysDVªkWu osQ eku esa
Í.k fpÉ gksrk gS (lehdj.k 2-13)A ;g Í.k fpÉ D;k
n'kkZrk gS\ bl Í.k fpÉ dk vFkZ ;g gS fd ijek.kq esa
bysDVªkWu dh ÅtkZ fLFkj voLFkk esa Lora=k bysDVªkWu ls de
gSA fLFkj (rest) voLFkk esa Lora=k bysDVªkWu og bysDVªkWu
gksrk gS] tks ukfHkd ls vuar nwjh ij gksA bldh ÅtkZ dks
'kwU; eku fy;k tkrk gSA xf.kr esa bldk vFkZ ;g gS fd
lehdj.k (2-13) esa n = ∞ j[kk tk,] ftlls E∞= 0

izkIr gksrk gSA tSls gh bysDVªkWu ukfHkd osQ ikl vkrk gS
(tSlsµ n ?kVrk gS)] oSls gh E

n
 dk fujis{k eku c<+rk

tkrk gS vkSj ;g vfèkd Í.kkRed gksrk tkrk gSA tc n
= 1 gks] rc ÅtkZ dk eku lcls vfèkd Í.kkRed gksrk
gS vkSj ;g d{kk lcls vfèkd LFkk;h gksrh gSA ge bls
^ryLFk voLFkk* dgrs gSaA
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(Ä) bu d{kkvksa esa xfr djrs gq, bysDVªkWuksa osQ osxksa dh x.kuk
djuk Hkh laHko gS] ;|fi blosQ fy, ,d lVhd
lehdj.k ;gk¡ ugha fn;k x;k gSA xq.kkRed :i ls ukfHkd
ij èkukos'k osQ c<+us osQ lkFk bysDVªkWu dk osx c<+rk gS
rFkk eq[; DokaVe la[;k osQ c<+us osQ lkFk ;g ?kVrk gSA

2-4-1 gkbMªkstu osQ js[kk LisDVªe dh O;k[;k

cksj osQ ekWMy dk mi;ksx djosQ [kaM 2-3-3 esa crk, x,
gkbMªkstu ijek.kq osQ js[kk LisDVªe dh O;k[;k ek=kkRed :i
esa dh tk ldrh gSA cksj osQ vHkhx̀ghr (ii) osQ vuqlkj] fuEu
ls mPp eq[; DokaVe la[;k dh d{kk esa xeu djus ij
fofdj.k (ÅtkZ) dk vo'kks"k.k gksrk gS] tcfd fofdj.k
(ÅtkZ) dk mRltZu bysDVªkWu osQ mPp ls fuEu d{kk dh vksj
bysDVªkWu dk xeu djus ij gksrk gSA nks d{kkvksa osQ chp osQ
ÅtkZ osQ varj dks bl lehdj.k }kjk fn;k tk ldrk gSA

∆ E = Ef – Ei (2.16)

lehdj.k 2-13 vk Sj 2-16 dk s tk sM +u s ij
   

∆ = − − −   
   

H H
2 2
f i

R R
E

n n
 (tgk¡ n

i
 rFkk nf Øe'k% vkjafHkd

vkSj vafre d{kk dks izn£'kr djrs gSa)

−   
∆ = − = × −   

   

18
H 2 2 2 2

i f i f

1 1 1 1
R 2.18 10 JE

n n n n
(2.17)

lehdj.k (2.18) dk mi;ksx djosQ iQksVkWu osQ vo'kks"k.k

rFkk mRltZu ls lacafèkr vko`fÙk ( )ν  dk ewY;kadu fd;k tk

ldrk gSA

ν

−

−

 ∆
= = − 

 

 ×
= − ×  

H
2 2
i f

18

34 2 2
i f

R 1 1

2.18 10 J 1 1
6.626 10 Js

E

h h n n

n n
         (2.18)

 

 
= × − 

 

15
2 2
i f

1 1
3.29 10 Hz

n n (2.19)

laxr rjax&la[;k (ν ) ;g

ν
ν

 
= = −  

H
2 2
i f

R 1 1
c ch n n (2.20)

−

−

 ×
− ×  

15 1

8 s 2 2
i f

3.29 10 s 1 1
= 

3 10 m s n n

7 1
2 2
i f

1 1
= 1.09677 10 m

n n
− 

× − 
  (2.21)

vo'kks"k.k LisDVªe esa nf > ni vkSj dks"Bd esa nh xb±
ek=kk,¡ èkukRed gksrh gSa rFkk ÅtkZ dk vo'kks"k.k gksrk gSA
nwljh vksj mRltZu LisDVªe esa ni > nf gksrk gS] ∆E Í.kkRed
gksrk gS rFkk ÅtkZ eqDr gksrh gSA

lehdj.k 2-17 fjM+cxZ lehdj.k 2-9 osQ tSlk gS]
ftls ml le; ij miyCèk izk;ksfxd vk¡dM+ksa }kjk izkIr
fd;k x;k FkkA blosQ vykok gkbMªkstu ijek.kq osQ vo'kks"k.k
rFkk mRltZu LisDVªe esa izR;sd LisDVªeh js[kk ,d fo'ks"k
laØe.k osQ laxr gksrh gSA dbZ gkbMªkstu ijek.kqvksa osQ
LisDVªeh vè;;u esa dbZ laHko laØe.k ns[ks tk ldrs gSa vkSj
muls dbZ LisDVªeh js[kk,¡ izkIr gksrh gSaA fdlh LisDVªeh js[kk
dh rhozrk bl ckr ij fuHkZj djrh gS fd ,d leku
rjax&nS?;Z ;k vko`fÙk okys fdrus iQksVkWu vo'kksf"kr ;k
mRl£tr gksrs gSaA

mnkgj.k 2-10

gkbMªkstu ijek.kq esa n = 5 voLFkk ls n = 2  voLFkk
okys laØe.k osQ nkSjku mRl£tr iQksVkWu dh vko`fÙk
vkSj rjax&nS?;Z D;k gksxh\

gy

D;ksafd ni = 5 vkSj nf = 2]

vr% bl laØe.k ls ckej Js.kh esa ,d LisDVªeh js[kk
izkIr gksrh gSA

lehdj.k (2-17) ls

−

−

 ∆ × −  

− ×

18
2 2

19

1 1
= 2.18 10 J

5 2

= 4.58 10 J

E

;g mRltZu ÅtkZ gSA

iQksVkWu dh vko`fÙk (ÅtkZ dks ifjek.k osQ :i ls ysrs
gq,) bl izdkj nh tk ldrh gSµ

=
E

h

∆
ν
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–19

–34

4.58×10 J
=

6.626×10 Js

= 6.91×1014 Hz

8 1

14

3.0 10 m sc
=  =  = 434 nm

6.91 10 Hz

−×
λ  

×ν

mnkgj.k 2-11

He+ dh izFke d{kk ls lacafèkr ÅtkZ dh x.kukA
dhft,A vkSj crkb, fd bl d{kk dh f=kT;k D;k gksxh\

gy

18 2

n 2

(2.18 10 J)
E

n

−×
= −

Z
 atom–1

He+ osQ fy,]  n = 1, Z = 2

18 2
18

1 2

(2.18 10 J)(2 )
E 8.72 10 J

1

−
−×

= − = − ×

lehdj.k 2-15 ls d{kk dh f=kT;k nh tkrh gSA

2

n

(0.0529 nm)n
r =

Z

pw¡fd n = 1 vkSj Z = 2

2

n

(0.0529 nm)1
r 0.02645 nm

2
= =

2-4-2 cksj ekWMy dh lhek,¡

blesa dksbZ lansg ugha fd gkbMªkstu ijek.kq dk cksj ekWMy
jnjiQksMZ osQ ukfHkdh; ekWMy ls csgrj FkkA gkbMªkstu ijek.kq
rFkk blosQ tSls vU; vk;uksa (tSlsµ He+, Li2+, Be3+

bR;kfn) osQ js[kk LisDVªe vkSj LFkkf;Ro dh O;k[;k dj
ldrk Fkk] ysfdu cksj dk ekWMy fuEufyf[kr ¯cnqvksa dh
O;k[;k ugha dj ldkA
(i) ifj"Ñr LisDVªeh rduhdksa }kjk izkIr gkbMªkstu LisDVªe

esa lw{e lajpuk [f}d (doublet), vFkkZr~ ikl&ikl
fLFkr nks js[kk,¡ ] dh O;k[;k djus esa foiQy jgkA ;g
ekWMy gkbMªkstu osQ vykok vU; ijek.kqvksa osQ LisDVªe
dh O;k[;k djus esa vleFkZ jgkA mnkgj.k osQ fy,]

ghfy;e ijek.kq] ftlesa osQoy nks bysDVªkWu gksrs gSa] cksj
dk fl¼kar pqacdh; {ks=k esa LisDVªeh js[kkvksa osQ foikVu
(theu izHkko) ;k fo|qr~ {ks=k dh mifLFkfr esa
LisDVªeh js[kkvksa osQ foikVu (LVkoZQ&izHkko) dks Li"V
djus esa Hkh foiQy jgkA

(ii) var esa] ;g ijek.kqvksa osQ jklk;fud vkcaèkksa }kjk v.kq
cukus dh ;ksX;rk dh O;k[;k ugha dj ldkA
nwljs 'kCnksa esa] mijksDr lkjh lhekvksa dks è;ku esa j[krs

gq, ,d ,sls fl¼kar dh vko';drk gS] tks tfVy ijek.kqvksa
dh lajpuk osQ eq[; y{k.kksa dh O;k[;k dj losQA

2-5 ijek.kq osQ DokaVe ;kaf=kdh; ekWMy dh vksj
cksj ekWMy dh dfe;ksa dks è;ku esa j[krs gq, ijek.kqvksa osQ
fy, vfèkd mi;qDr vkSj lkèkkj.k ekWMy osQ fodkl osQ
iz;kl fd, x,A bl izdkj osQ ekWMy osQ fuekZ.k esa ftu nks
egÙoiw.kZ rF;ksa dk vfèkd ;ksxnku jgk] os fuEufyf[kr gSaµ
(d) nzO; dk }Sr O;ogkj
([k) gkbtSucxZ dk vfuf'prrk dk fl¼kar

2-5-1 æO; dk }Sr O;ogkj

Úkalhlh HkkSfrd oSKkfud ns czkWXyh us lu~ 1924 esa izfrikfnr
fd;k fd fofdj.k dh rjg æO; dks Hkh }Sr O;ogkj izn£'kr
djuk pkfg,] vFkkZr~ æO; esa d.k rFkk rjaxµ nksuksa rjg osQ
xq.k gksus pkfg,A bldk vFkZ ;g gS fd ftl rjg iQksVkWu dk

yqbZ ns czkWXyh
(1892&1987)
izQkalhlh HkkSfrd oSKkfud yqbZ ns czkWXyh
us lu~ 1910 osQ 'kq: esa Lukrd Lrj
ij bfrgkl i<+kA izFke fo'o;¼ osQ
nkSjku jsfM;ks&izlkj.k osQ fy, mudh
fu;qfDr gqbZA mlosQ ckn foKku osQ
izfr mudh #fp tkx`r gks xbZA lu~
1924 esa mUgksaus isfjl fo'ofo|ky;
ls Mh-,l&lh- dh mikfèk izkIr dhA
lu~ 1932 ls viuh vodk'k izkfIr ls lu~ 1962 rd os
isfjl fo'ofo|ky; esa vkpk;Z jgsA
lu~ 1929 esa mUgsa HkkSfrdh esa ukscsy iqjLdkj iznku dj osQ
lEekfur fd;k x;kA
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laosx ,oa rjax&nSè;Z gksrs gSa] mlh rjg bysDVªkWu dk Hkh laosx
vkSj rjax&nSè;Z gksuk pkfg,A czkWXyh us bl roZQ osQ vkèkkj ij
fdlh inkFkZ osQ d.k osQ fy, rjax&nSè;Z ( )λ  rFkk laosx (p)

osQ chp fuEufyf[kr lacaèk crk;kµ

λ = =
h h

mv p
(2.22)

tgk¡ m  d.k dk æO;eku] v mldk osx vkSj p  mldk
laosx gSA ns czkWXyh osQ bu fopkjksa dh iqf"V iz;ksxksa }kjk rc gqbZ]
tc ;g ns[kk x;k fd bysDVªkWuksa osQ iqat dk foorZu gksrk gS]
tks rjaxksa dk y{k.k gSA bl fl¼kar osQ vkèkkj ij bysDVªkWu
lw{en'khZ dh jpuk dh xbZ] tks bysDVªkWuksa osQ rjax tSls O;ogkj
ij mlh izdkj vkèkkfjr gS] ftl izdkj lkèkkj.k lw{en'khZ dh
jpuk izdk'k dh rjax izÑfr ij vkèkkfjr gSA vkèkqfud
oSKkfud 'kksèk&dk;ks± esa bysDVªkWu lw{en'khZ ,d egÙoiw.kZ
midj.k gS] D;ksafd blls fdlh vfrlw{e oLrq dks 150
yk[k xquk cM+k djosQ ns[kk tk ldrk gSA

;g è;ku nsus ;ksX; ckr gS fd ns czkWXyh osQ vuqlkj
izR;sd xfr'khy oLrq esa rjax osQ y{k.k gksrs gSaA lkèkkj.k
oLrqvksa dk vfèkd æO;eku gksus osQ dkj.k muls lacafèkr
rjax&nSè;Z bruh de gksrh gS fd muosQ rjax tSls xq.kksa dk irk
ugha py ikrk] ijarq bysDVªkWuksa vkSj vU; voijek.kqd d.kksa]
ftudk æO;eku cgqr de gksrk gS] ls lacafèkr rjax&nSè;ks± dks
iz;ksxksa }kjk igpkuk tkrk gSA iz'uksa esa fn, x, ifj.kke bls
xq.kkRed :i ls fl¼ djrs gSaA

mnkgj.k 2-12

0.1 kg æO;eku vkSj 10 ms–1 osx ls xfr dj jgh
,d xsan dh rjax&nS?;Z D;k gksxh\

gy

ns czkWXyh lehdj.k (2-22) osQ vuqlkj

−

−×
λ = = 1

34(6.626 10 Js)

v (0.1kg)(10 m s )

h

m

= 6.626 × 10–34 m (J = kg m2 s–2)

mnkgj.k 2-13

,d bysDVªkWu dk æO;eku 9.1 × 10–25kg gSA ;fn
bldh xfrt ÅtkZ 3.0 × 10–25J gS] rks bldk
rjax&nS?;Z D;k gksxk\

gy

pw¡fd xfrt ÅtkZ = 21
v

2
m

1/2
2

v
m

 ×
=  
 

xfrt ÅtkZ

− −

−

 × ×
=  

× 

1/225 2 2

31

2 3.0 10 kg m s
9.1 10 kg

−= 1812ms

v
h

m
λ =

( ) ( )

−

− −

×
=

×

34

31 1

6.626 10 Js

9.1 10 kg 812ms

−= × 108967 10 m

= 896.7 nm

mnkgj.k 2-14

3.6 A° rjax&nS?;Z yackbZ  okys ,d iQksVkWu osQ nzO;eku
dh x.kuk dhft,A

gy
−λ = = × 103.6 Å 3.6 10 m

iQksVkWu dk osx = izdk'k dk osx

m
h

= =
×

× ×

−

− −λν

6 626 10
3 6 10 3 10

34

10 8 1

.
( . )( )

Js
m ms

= 6.135 × 10–29 kg

2-5-2 gkb”ksucxZ dk vfuf'prrk fl¼kar

æO; vkSj fofdj.k osQ nksgjs O;ogkj osQ iQyLo:i ,d teZu
HkkSfrd oSKkfud ouZj gkb”ksucxZ us lu~ 1927 esa vfuf'prrk
dk fl¼kar fn;kA blosQ vuqlkj] fdlh bysDVªkWu dh lgh
fLFkfr vkSj lgh osx dk fuèkkZj.k ,d lkFk djuk vlaHko gSA

∆ × ∆ ≥
π

xx
4
h

p (2.23)
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vFkok x ( v )
4x

h
m∆ × ∆ ≥

π
 vkSj x v

4x

h

m
∆ × ∆ ≥

π

tgk¡ ∆x d.k dh fLFkfr esa vfuf'prrk vkSj ∆p
x

(∆p
x
) laosx (vFkok osx) esa vfu'fprrk gSA blosQ vuqlkj]

fdlh bysDVªkWu dh ;FkkFkZ fLFkfr vkSj ;FkkFkZ osx dk fuèkkZj.k

,d lkFk djuk vlaHko gSA nwljs 'kCnksa esa] ;fn bysDVªkWu dh

fcYoqQy lgh fLFkfr Kkr gS (∆x de gS)] rc bysDVªkWu osQ

osx esa vfuf'prk (∆v
x 
) vfèkd gksxhA nwljh rjiQ] ;fn

bysDVªkWu dk osx fcyoqQy lgh Kkr gS (∆v
x 
 de gS) rks

bysDVªkWu dh fLFkfr (∆x vf/d) Kkr ugha gksxhA bl izdkj
;fn bysDVªkWu dh fLFkfr vFkok osx ij oqQN HkkSfrd eki
fy, tk,¡] rks blosQ ifj.kke ges'kk oqQN vLi"V gh izkIr gksaxsA
vfuf'prrk fl¼kar dks ,d mnkgj.k osQ }kjk cgqr vPNh
rjg le>k tk ldrk gSA eku yhft, fd ehVj osQ fdlh
vfpfÉr iSekus ls fdlh dkxt dh eksVkbZ ekius osQ fy,
vkils dgk tkrk gSA rc izkIr ifj.kke lgh ugha gksxk dkxt
dh eksVkbZ dks lgh&lgh ekius osQ fy, vkidks dkxt dh
eksVkbZ ls de bdkbZ okys fpfÉr midj.k dk mi;ksx djuk
gksxkA blh izdkj bysDVªkWu dh fLFkfr dks fuèkkZfjr djus osQ
fy, vkidks ,d ,sls iSekus dh vko';drk gksxh] ftldk
va'kkdu bysDVªkWu dh foekvksa ls NksVs ek=kdksa esa gksA bysDVªkWu
dh fLFkfr Kkr djus osQ fy, gesa bls izdk'k ;k fo|qr~&pqacdh;
fofdj.k }kjk iznhIr djuk gksxkA iz;qDr izdk'k dh rjax&nS?;Z]
bysDVªkWu dh foekvksa ls de gksuh pkfg,] ijarq ,sls izdk'k osQ
iQksVkWu dh ÅtkZ cgqr vfèkd gksxhA ,sls izdk'k dk mPp

laosx 
 
 

λ 
=

h
p  okyk iQksVkWu bysDVªkWu ls Vdjkus ij mldh

ÅtkZ esa ifjorZu dj nsxkA fuLlansg bl izfØ;k ls ge
bysDVªkWu dh fLFkfr rks Bhd&Bhd fuèkkZfjr dj ysaxs] ijarq
Vdjkus dh izfØ;k osQ i'pkr~ gesa mlosQ osx osQ ckjs esa cgqr
de tkudkjh gksxhA

vfuf'prrk fl¼kar dk egÙo
gkb”ksucxZ osQ vfuf'prrk fu;e dk ,d egÙoiw.kZ fufgrkFkZ
;g gS fd ;g fu;e fuf'pr ekxZ ;k iz{ksi iFk (trajecto-

ries) osQ vfLrro dk [kaMu djrk gSA fdlh ̄ iM dk iz{ksi
iFk fHkUu&fHkUu dks.kksa ij mldh fLFkfr ,oa osx ls fuèkkZfjr
fd;k tkrk gSA ;fn gesa fdlh fo'ks"k {k.k ij ,d ¯iM dh

fLFkfr ,oa osx rFkk ml ij ml {k.k dk;Z dj jgs cyksa dh
tkudkjh gks] rks ;g crk ldrs gSa fd ckn osQ fdlh le;
esa ̄ iM dgk¡ ij gksxkA vr% ge ;g fu"d"kZ fudkyrs gSa fd
fdlh ¯iM dh fLFkfr ,oa osx ls mldk iz{ksi&iFk fuf'pr
gks tkrk gSA pw¡fd bysDVªkWu tSls fdlh vo&ijek.koh; ¯iM
osQ fy, ,d lkFk mldh fLFkfr ,oa osx dk fuèkkZj.k fdlh
{k.k ;FkkFkZrk osQ fdlh okafNr gn rd laHko ugha gSA blfy,
bysDVªkWu osQ iz{ksi&iFk osQ ckjs esa ckr djuk laHko ugha gSA

gkb”ksucxZ vfuf'prrk fl¼kar dk izHkko osQoy lw{e
¯iMksa dh xfr osQ fy, gS_ LFkwy ¯iMksa osQ fy, ;g izHkko
vfrU;wu gksrk gSA bl mnkgj.k ls ;g le>k tk ldrk gSµ

;fn ,d feyhxzke (10–6 kg) æO;eku okys ¯iM ij
vfuf'prrk fl¼kar ykxw fd;k tk,] rks

∆ ∆
π

∆ ∆ ≈
–34

–28 2 –1
–6

v. x = 
4 .m

6.626×10 Js
v. x = 10 m s

4×3.1416×10 kg

h

izkIr ∆v.∆x dk eku vR;fèkd de ,oa ux.; gSA
blfy, ;g dgk tk ldrk gS fd feyhxzke vkdkj osQ ̄ iMksa
(;k mlls cM+s ¯iMksa) osQ fy, fopkj djrs le; lac¼
vfuf'prrk,¡ fdlh okLrfod ifj.kke dh ugha gksrhA

nwljh rjiQ bysDVªkWu osQ leku lw{e ̄ iM osQ fy, izkIr
eku dkiQh vfèkd gksrk gSA ,slh vfuf'prrk,¡ okLrfod
ifj.kke dh gksrh gSaA mnkgj.kkFkZµ ,d 9.11 × 10–31kg

æO;eku okys bysDVªkWu osQ fy, gkbtsucxZ vfuf'prrk fl¼kar
osQ vuqlkjµ

v. x = 
4 m

∆ ∆
π.

h

–34

–31

–4 2 –1

6.626×10 Js
=

4×3.1416×9.11×10 kg

= 10 m s

bldk vfHkizk; ;g gS fd ;fn bysDVªkWu dh lgh
fLFkfr 10–8m dh vfuf'prrk rd tkuus dk iz;kl dksbZ
djrk gS] rks osx esa vfuf'prrk ∆v dk eku gksxkA

≈
–4 2 –1

4 –1
–8

10 m s
10 m s

10 m

Rationalised 2023-24



51ijek.kq dh lajpuk

;g vfuf'prrk bruh vfèkd gS fd bysDVªkWu dks cksj
d{kkvksa esa xfr djrk gqvk ekuus dh fpjlEer voèkkj.kk dks
vizkekf.kd lkfcr dj losQA vr%  bldk vFkZ ;g gS fd
bysDVªkWu dh fLFkfr ,oa laosx osQ ifj'kq¼ dFku dks
izkf;drk dFku ls izfrLFkkfir djuk gksxk] tks ,d
bysDVªkWu fn, x, LFkku ,oa laosx ij j[krk gSA ,slk gh
ijek.kq osQ DokaVe ;kaf=kdh ekWMy esa gksrk gSA

mnkgj.k 2-15

,d lw{en'khZ mi;qDr iQksVkWuksa dk mi;ksx djosQ fdlh
ijek.kq esa bysDVªkWu dks 0.1 Å nwjh osQ varxZr mldh
fLFkfr tkuus osQ fy, iz;qDr gksrk gSA blosQ osx ekiu
esa varfuZfgr vfuf'prrk D;k gS\

gy

∆ ∆ ∆ ∆ =
π π

h h
. p= or . m v

4 4
x x

∆ =
π.∆

h
v

4 .mx

–34

–10 –31

6.626×10 Js
v

4×3.14×0.1×10 m 9.11 10 kg
∆ =

× ×

= 0.579×107 m s–1 (1J = 1 kg m2 s–2)

= 5.79×106 m s–1

mnkgj.k 2-16

,d xksYiQ dh xsan dk æO;eku 40g rFkk xfr 45m/s

gSA ;fn xfr dks 2% ;FkkFkZrk osQ vanj ekik tk ldrk
gks] rks fLFkfr esa vfuf'prrk dh x.kuk dhft,A

gy

xfr esa 2% dh vfuf'prrk gS] vFkkZr~

–12
45 × =0.9m s

100

lehdj.k 2-23 dk mi;ksx djosQ

∆
π

.  = 
4

h
x

m

–34

–31 –1 –1

–3

6.626×10 Js

4× 3.14×40g×10 kg g (0.9ms )

1.46×10 m

=

=

tks iz:ih ijek.kq ukfHkd osQ O;kl dk yxHkx
1018 ok¡ Hkkx gSA tSlk igys crk;k tk pqdk gS cM+s
d.kksa osQ fy, vfuf'prrk fl¼kar ifj'kq¼ ekiu dh
dksbZ vFkZiw.kZ lhek fuèkkZfjr ugha djrk gSA

cksj ekWMy dh foiQyrk osQ dkj.k
vc cksj ekWMy dh foiQyrk osQ dkj.k dks vki le> ldrs
gSaA cksj ekWMy esa ,d bysDVªkWu dks ,d vkosf'kr d.k osQ :i
esa ukfHkd osQ pkjksa vksj fuf'pr o`Ùkkdkj d{kkvksa esa ?kwerk
gqvk ekuk tkrk gSA bl ekWMy esa bysDVªkWu osQ rjax&y{k.k ij
dksbZ fopkj ugha fd;k x;k gSA bl iFk dks iwjh rjg rHkh
ifjHkkf"kr fd;k tk ldrk gS] tc bysDVªkWu dh lgh fLFkfr
vkSj lgh osxµ nksuksa ,d lkFk Kkr gksaA gkb”ksucxZ osQ
fl¼kar osQ vuqlkj] ,slk laHko ugha gSA bl izdkj gkbMªkstu
ijek.kq dk cksj ekWMy u osQoy æO; osQ nksgjs O;ogkj dh
vuns[kh djrk gS] cfYd ̂ gkb”ksucxZ* vfuf'prrk fl¼kar osQ
foijhr Hkh gSA

bl izdkj dh lgt detksfj;ksa osQ dkj.k cksj ekWMy dks
vU; ijek.kqvksa ij ykxw ugha fd;k tk ldkA vr% ijek.kq
lajpuk osQ ckjs esa ,sls fopkjksa dh vko';drk Fkh] ftuls izkIr
ijek.kq ekWMy æO; osQ rjax&d.k okys nksgjs O;ogkj vkSj
^gkb”ksucxZ vfuf'prrk fl¼kar* osQ vuq:i gksaA ,slk DokaVe
;kaf=kdh osQ mn~xe }kjk laHko gqvkA

ouZj gkb”ksucxZ (1901&1976)
ouZj gkb”ksucxZ us E;wfu[k fo'ofo|ky;
ls lu~ 1923 esa HkkSfrdh esa ih,p-Mh-
dh mikf/ izkIr dhA mUgksaus rc ,d
o"kZ eSDl ckuZ osQ lkFk E;wfu[k esa rFkk
rhu o"kZ dks isu gsxu esa uhy cksj osQ
lkFk dk;Z fd;kA os lu~ 1927 ls 1941

rd yhi fliQ esa HkkSfrdh osQ izksisQlj jgsA f}rh; fo'o;q¼
osQ nkSjku os ijek.kq ce ij teZu vuqla/ku osQ izHkkjh FksA
;q¼ osQ ckn mUgsa Xos̄ Vxtu esa HkkSfrdh osQ eSDl Iykad laLFkku
dk funs'kd ukfer fd;k x;kA os ,d tkus&ekus ioZrkjksgh
FksA lu~ 1932 esa mUgsa HkkSfrdh esa ukscsy iqjLdkj iznku fd;k
x;kA

Rationalised 2023-24



52 jlk;u foKku

2-6 ijek.kq dk DokaVe ;kaf=kdh; ekWMy
tSlk iwoZ [kaM esa cryk;k x;k gS] U;wVu osQ ̂ xfr osQ fu;eksa*
osQ vkèkkj ij fodflr fpjlEer ;kaf=kdh }kjk LFkwy inkFkks±
(tSlsµ fxjrs gq, iRFkj] pDdj yxkrs gq, xzgksa vkfn)]
ftudk O;ogkj d.k tSlk gksrk gS] dh xfr dk liQyrkiwoZd
o.kZu fd;k tk ldrk gS] ¯drq tc bls vfr lw{e d.kksa
(tSlsµ bysDVªkWuksa] v.kqvksa vkSj ijek.kqvksa) ij ykxw fd;k
tkrk gS] rks ;g foiQy gks tkrk gSA ,slk gksus dk dkj.k ;g
gS fd fpjlEer ;kaf=kdh æO; :i ls voijek.kqd d.kksa osQ
nksgjs O;ogkj dh ladYiuk rFkk vfuf'prrk fu;e dh mis{kk
djrh gSA æO; osQ nksgjs O;ogkj dks è;ku esa j[kdj fodflr
foKku dks DokaVe ;kaf=kdh (quantum machanics)

dgrs gSaA
DokaVe ;kaf=kdh ,d lS¼kafrd foKku gS] ftlesa mu

vfr lw{e oLrqvksa dh xfr;ksa dk vè;;u fd;k tkrk gS] tks
rjax vkSj d.k nksuksa osQ xq.k n'kkZrh gSaA ;g ,slh oLrqvksa dh
xfr osQ fu;eksa dks fuf'pr djrh gSA tc DokaVe ;kaf=kdh dks
LFkwy oLrqvksa (ftuosQ fy, rjaxh; xq.k vfrU;wu gksrs gSa) ij
ykxw fd;k tkrk gSa] rc fpjlEer ;kaf=kdh osQ ifj.kkeksa tSls
gh ifj.kke izkIr gksrs gSaA

lu~ 1926 esa ouZj gkb”ksucxZ vkSj bfoZu Jks̄ Mtj }kjk
vyx&vyx DokaVe ;kaf=kdh dk fodkl fd;k x;kA ;gk¡ ij
ge Jks̄ Mtj }kjk fodflr ^DokaVe ;kaf=kdh* ij gh ppkZ
djsaxs] tks rjaxksa dh xfr osQ fopkjksa ij vkèkkfjr gSA

DokaVe ;kaf=kdh dk ewy lehdj.k Jks¯Mtj }kjk
izfrikfnr fd;k x;kA blosQ fy, mUgsa lu~ 1933 esa HkkSfrdh
dk ukscsy iqjLdkj iznku fd;k x;kA ;g lehdj.k] tks ns
czkXyh }kjk crk, x, inkFkZ osQ d.k vkSj rjax okys nksgjs
O;ogkj dks è;ku esa j[krk gS] dkiQh tfVy gSA bldk gy
djus osQ fy, mPp xf.kr dk ifjiDo Kku gksuk vko';d
gSA bl lehdj.k dks fofHkUu fudk;ksa ij ykxw djus osQ ckn
izkIr gyksa osQ ckjs esa vki vkxs dh d{kkvksa esa i<+saxsA

,sls fudk; (tSlsµ ,d ijek.kq ;k v.kq] ftldh ÅtkZ
le; osQ lkFk ifjofrZr ugha gksrh gS) osQ fy, Jks̄ Mtj
lehdj.k dks bl izdkj fy[kk tkrk gSµ

 H ψ = Eψ

tgk¡  H  ,d xf.krh; ladkjd (operator) gS] ftls
^gsfeYVksfu;u* dgrs gSaA Jks̄ Mtj us crk;k fd fudk; dh

oqQy ÅtkZ osQ O;atd ls bl ladkjd dks oSQls fy[kk tk
ldrk gSA fdlh fudk; dh oqQy ÅtkZ] mlosQ voijek.kfod
d.kksa (bysDVªkWu vkSj ukfHkd) dh xfrt ÅtkZ bysDVªkWuksa rFkk
ukfHkdksa osQ chp vkd"kZ.k ,oa izfrd"kZ.k foHko ls lacafèkr
gSA bl lehdj.k osQ gy ls E rFkk ψ osQ eku izkIr gksrs gSaA

gkbMªkstu ijek.kq rFkk Jks¯Mtj lehdj.k

tc Jks̄ Mtj lehdj.k dks gkbMªkstu ijek.kq osQ fy, gy
fd;k tkrk gS] rc mlls bysDVªkWu osQ laHko ÅtkZ&Lrj vkSj
muosQ laxr rjax&iQyu (ψ) izkIr gksrs gSaA ;s DokafVr ÅtkZ&
Lrj rFkk muosQ laxr rjax&iQyu Jks̄ Mtj&lehdj.k osQ gy
osQ iQyLo:i izkIr gksrs gSaA bUgsa rhu DokaVe&la[;kvksaµ
[eq[; DokaVe&la[;k n  (principal quantum num-

ber) fcxa'kh DokaVe la[;k l (azimuthal quantum num-

ber) rFkk pqacdh; DokaVe la[;k] m
l
 (magnetic quan-

tum number)] }kjk fufnZ"V fd;k tkrk gS] tks Jks¯Mtj
lehdj.k osQ izkÑfrd gy ls izkIr gksrh gSaA tc bysDVªkWu
fdlh ÅtkZ Lrj esa jgrk gS] rks mlosQ laxr rjax&iQyu esa
bysDVªkWu osQ ckjs esa lgh tkudkjh fo|eku gksrh gSA
rjax&iQyu ,d xf.krh; iQyu gS] ftldk eku ijek.kq esa
bysDVªkWu osQ funsZ'kkadksa ij fuHkZj djrk gSA bldk dksbZ
HkkSfrd vFkZ ugha gksrk gSA gkbMªkstu vkSj mlosQ leku
Lih'kh”k osQ ,sls ,d bysDVªkWu rjax&iQyu dks ^ijek.kq
d{kd* (atomic orbitals) dgrs gSaA bl izdkj osQ ,d
bysDVªkWu Lih'kh”k osQ rjax&iQyu ,d bysDVªkWuh fudk;

bfoZu Jks̄ Mtj vkWfLVª;k osQ HkkSfrdh
osQ oSKkfud FksA mUgksaus lu~ 1910
esa lS¼kafrd HkkSfrdh esa fo;uk
fo'ofo|ky; ls ih ,p-Mh- dh
mikf/ izkIr dhA Iykad osQ dgus
ij lu~ 1927 esa mUgksaus c£yu
fo'ofo|ky; esa Iykad osQ ckn
dk;ZHkkj l¡HkkykA lu~ 1933 esa
fgVyj vkSj ukth dh uhfr;ksa osQ
fojks/ djus osQ dkj.k c£yu NksM+dj lu~ 1936 esa okil
vkWfLVª;k ykSV x,A vkWfLVª;k ij teZuh osQ vkØe.k osQ ckn
tc mUgsa vkpk;Z osQ in ls gVk fn;k x;k rc] os vk;jySaM
(Mcfyu) pys x,] tgk¡ os l=kg lky rd jgsA lu~ 1933
esa mUgsa ih-,-,e- fMjkd osQ lkFk la;qDr :i ls HkkSfrdh esa
ukscsy iqjLdkj ls lEekfur fd;k x;kA
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dgykrs gSaA ,d ijek.kq esa fdlh ̄ cnq ij bysDVªkWu ik, tkus
dh izkf;drk ml ¯cnq ij ψ

2  osQ lekuqikrh gksrh gSA
gkbMªkstu ijek.kq osQ fy, DokaVe ;kaf=kdh }kjk izkIr
ifj.kke gkbMªkstu ijek.kq osQ LisDVªe osQ lHkh igyqvksa dh
liQyrkiwoZd izkxqfDr (predict) djrs gSaA blosQ vfrfjDr
;g mu oqQN ifj?kVukvksa dh Hkh O;k[;k djrk gS] tks cksj
ekWMy }kjk Li"V ugha dh tk ldhaA

Jks̄ Mtj lehdj.k dks cgq&bysDVªkWu ijek.kqvksa ij ykxw
djus ij izk;% oqQN dfBukb;k¡ lkeus vkrh gSaA cgq&bysDVªkWu
ijek.kqvksa osQ fy, Jks̄ Mtj lehdj.k dk ;FkkFkZ (exact)

gy ugha fn;k tk ldrk FkkA bl dfBukbZ dks lfUudVu
fofèk osQ mi;ksx }kjk nwj fd;k x;kA oaQI;wVj ls x.kuk djus
ij irk pyrk gS fd gkbMªkstu osQ vfrfjDr vU; ijek.kqvksa
osQ d{kd gkbMªkstu ijek.kq osQ d{kdksa ls cgqr vfèkd

fHkUu ugha gSaA buesa eq[; fHkUurk ukfHkd esa vkos'k c<+us osQ
dkj.k gksrh gSA iQyr% d{kd oqQN NksVs gks tkrs gSaA vki
vkxs osQ mi[kaMksa 2-6-4 rFkk 2-6-5 esa i<+saxs fd cgq&bysDVªkWu
ijek.kqvksa osQ d{kdksa dh ÅtkZ,¡ n vkSj l DokaVe la[;kvksa
ij fuHkZj djrh gS] tcfd gkbMªkstu ijek.kq osQ d{kdksa dh

ÅtkZ osQoy n DokaVe la[;k ij fuHkZj djrh gSA

ijek.kq osQ DokaVe ;kaf=kdh; ekWMy osQ izeq[k y{k.k
ijek.kq dk DokaVe ;kaf=kdh; ekWMy ijek.kq&lajpuk dk og
fp=k gS tks ijek.kqvksa ij Jks¯Mtj lehdj.k ykxw djus ls
izkIr gksrk gS] ijek.kq osQ DokaVe ;kaf=kdh; ekWMy osQ
egÙoiw.kZ y{k.k fuEufyf[kr gSaµ
1- ijek.kqvksa esa bysDVªkWuksa dh ÅtkZ DokafVr gksrh gS (vFkkZr~

blosQ osQoy oqQN fo'ks"k eku gh gks ldrs gSa)A mnkgj.k
osQ fy,µtc ijek.kqvksa esa bysDVªkWu ukfHkd ls caèks gksrs gSaA

2- bysDVªkWuksa osQ rjax tSls xq.kksa osQ dkj.k DokafVr bysDVªkWfud
ÅtkZ&Lrjksa dk vfLrRo gksrk gS vkSj Jks¯Mtj rjax
lehdj.k osQ vuqer gy gksrs gSaA

3- fdlh ijek.kq esa bysDVªkWu dh lgh fLFkfr rFkk lgh osx
dks ,d lkFk Kkr ugha fd;k tk ldrk gS (gkb”ksucxZ
vfuf'prrk fl¼kar) vr% fdlh ijek.kq esa bysDVªkWu osQ
iFk dks lqfuf'pr Kkr ugha fd;k tk ldrk gSA blhfy,
ge ijek.kq osQ fofHkUu ̄ cnqvksa ij bysDVªkWu osQ gksus dh
izkf;drk (probability) dh ladYiuk osQ ckjs esa ckr
djrs gSaA blosQ ckjs esa vki vkxs i<+saxsA

4- fdlh ijek.kq esa bysDVªkWu osQ rjax&iQyu ψ  dks
^ijek.kq d{kd* dgrs gSaA tc ,d rjax&iQyu }kjk

fdlh bysDVªkWu dh O;k[;k dh tkrh gS] rks ge ;g
dgrs gSa fd bysDVªkWu ml d{kd esa mifLFkr gSA pw¡fd
fdlh bysDVªkWu osQ fy, cgqr ls rjax&iQyu gks ldrs gSa]
vr% ijek.kq esa dbZ ijek.kq d{kd gksrs gSaA ijek.kqvksa
dh bysDVªkWfud lajpuk] bu ̂ ,d bysDVªkWu d{kd rjax&
iQyuksa* ;k d{kdksa ij gh vkèkkfjr gSA izR;sd d{kd esa
bysDVªkWu dh ÅtkZ fuf'pr gksrh gSA fdlh Hkh d{kd esa
nks ls vfèkd bysDVªkWu ugha jg ldrs gSaA fdlh cgq&bysDVªkWu
ijek.kq esa ÅtkZ osQ c<+rs gq, Øe esa fofHkUu d{kdksa esa
bysDVªkWu Hkjs tkrs gSaA vr% cgq bysDVªkWu ijek.kq esa
izR;sd bysDVªkWu osQ fy, ,d d{kd rjax&iQyu gksrk
gS] tks ml d{kd dk vfHkyk{kf.kd gksrk gS] ftlesa
bysDVªkWu mifLFkr gksrk gSA ijek.kq esa bysDVªkWu osQ ckjs
esa lkjh tkudkfj;k¡ mlosQ d{kd rjax&iQyu ψ  esa
mifLFkr gksrh gS rFkk DokaVe ;kaf=kdh osQ }kjk ψ  ls bl
tkudkjh dks izkIr djuk laHko gks ikrk gSA

5- fdlh ijek.kq esa fdlh ̄cnq ij bysDVªkWu osQ mifLFkr gksus
dh izkf;drk ml ̄cnq ij d{kd rjax&iQyu osQ oxZ osQ

lekuqikrh gksrh gS] vFkkZr~ ml ̄cnq ij 2ψ  dks izkf;drk
?kuRo (probability density) dgk tkrk gSA ;g
ges'kk èkukRed gksrk gSA fdlh ijek.kq osQ fofHkUu

¯cnqvksa ij 2ψ  osQ eku ls ukfHkd osQ pkjksa vksj

ml {ks=k dk irk yxkuk laHko gS] tgk¡ ij bysDVªkWu
osQ ik, tkus dh laHkkouk vfèkd gksxhA

2-6-1 d{kd vkSj DokaVe la[;k

fdlh ijek.kq esa dbZ d{kd laHko gksrs gSaA xq.kkRed :i esa
bu d{kdksa esa muosQ vkdkj] vkÑfr vkSj vfHkfoU;kl osQ
vkèkkj ij varj fd;k tk ldrk gSA NksVs vkdkj osQ d{kd
dk vFkZ ;g gS fd ukfHkd osQ ikl bysDVªkWu osQ ik, tkus dh
izkf;drk vfèkd gSA blh izdkj] vkÑfr vkSj vfHkfoU;kl
;g crkrs gSa fd bysDVªkWu ik, tkus dh izkf;drk fdlh nwljh
fn'kk dh vis{kk ,d fn'kk esa vfèkd gSA DokaVe la[;kvksa }kjk
ijek.kq d{kdksa esa varj fd;k tk ldrk gSA izR;sd d{kd dks
rhu DokaVe la[;kvksa n, l vkSj m

l
 }kjk n'kkZ;k tkrk gSA

eq[; DokaVe la[;k 'n', ,d èkukRed iw.kk±d gksrh gSA
bldk eku 1]2]3------ vkfn gks ldrk gSA eq[; DokaVe la[;k
ls d{kd osQ vkdkj vkSj dkiQh gn rd mldh ÅtkZ osQ ckjs
esa irk pyrk gSA gkbMªkstu vkSj ml tSls fudk;ksa (He+, Li2+
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paqcdh; d{kd DokaVe la[;k (magnetic or-

bital quantum number) ‘m
l
’ leUo; v{k osQ laxr

d{kdksa osQ f=kfoe vfHkfoU;kl osQ ckjs esa tkudkjh nsrh gSA
fdlh mi&dks'k osQ fy, m

l
 osQ 2l + 1 eku laHko gSaA bu

ekuksa dks bl izdkj fn;k tkrk gSµ

m
l
  = –l, – (l – 1), – (l – 2) .... 0, 1 .... (l – 2), (l – 1), l

vr% l = 0  osQ fy, m
l
 dk ,d gh LohÑr eku

0  gksrk gS] vFkkZr~ 2(0) + 1 = 1] ,d s  d{kd gksrk gSA
l =1 osQ fy, m

l
=–1,0,+1 gks ldrk gS [2[1]+1=3p

d{kd]A l = 2  osQ fy, m
l 
= –2, –1, 0, + 1 ,oa  + 2 (ik¡p

d d{kd) gks ldrk gSA Lej.kh; gS fd m
l
 osQ eku l  ls

vkSj l  osQ eku n  ls izkIr gksrs gSaA

vkfn) osQ fy, ;g vosQys gh d{kd osQ vkdkj rFkk ÅtkZ dks
fuèkkZfjr djrk gSA eq[; DokaVe la[;k ls dks'k (shell) dk Hkh
irk pyrk gSA n dk eku c<+us osQ lkFk vuqer d{kdksa dh
la[;k Hkh c<+rh gSA bls 'n2' }kjk fn;k tkrk gSA n osQ fuf'pr
fn, x, eku osQ fy, lHkh d{kd ijek.kq dk ,d dks'k cukrs
gSaA mUgsa fuEufyf[kr v{kjksa }kjk n'kkZ;k tkrk gSµ

n = 1 2 3 4 ............

dks'k = K L M N ............

eq[; DokaVe la[;k Hkh c<+us osQ lkFk d{kk dk vkdkj
c<+rk gSA nwljs 'kCnksa esa] bysDVªkWu ukfHkd ls nwj fLFkr gksrs gSaA
pw¡fd ,d Í.kkosf'kr bysDVªkWu dks èkukosf'kr ukfHkd ls nwj
gksus osQ fy, ÅtkZ dh vko';drk gksrh gS] vr% n osQ c<+us
ls d{kd dh ÅtkZ c<+sxhA

fnxa'kh; DokaVe la[;k ' l '' l '' l '' l '' l ' dks d{kd DokaVe la[;k]
d{kd dks.kh; laosx (orbital angular momentum) ;k
HkkSe DokaVe la[;k (subsidiary quantum number)

Hkh dgrs gSaA ;g d{kd osQ f=kfoeh; vkdkj dks ifjHkkf"kr
djrh gSA n osQ fn, x, eku osQ fy, l osQ 0 ls n – 1 rd
n eku gks ldrs gSaA vFkkZr~ n osQ fn, x, eku osQ fy, l osQ
eku 0,1, 2,....( 1)n −  gks ldrs gSaA

mnkgj.kkFkZµ tc n = 1 gksrk gS] rks l dk osQoy ,d eku
0 gksrk gS] n = 2 osQ fy, l osQ laHko eku 0 rFkk
1 gks ldrs gSa n = 2 osQ fy, l osQ laHko eku 0,1 vkSj 2 gksaxsA

izR;sd dks'k esa ,d ;k vfèkd midks'k (sub-

shells) ;k mi&Lrj (sub-levels) gksrs gSaA fdlh eq[;
dks'k esa midks'kksa dh la[;k n  osQ cjkcj gksrh gSA mnkgj.kkFkZµ
igys dks'k (n = 1) esa osQoy ,d mi&dks'k gksrk gS] tks l
= 0 osQ laxr gksrk gSA blh izdkj (n = 2) dks'k esa nks
mi&dks'k (l = 0, 1) n = 3 esa rhu mi&dks'k (l = 0, 1, 2)

gksrs gSaA n  osQ vU; ekuksa osQ fy, Hkh ,slk fy[kk tk ldrk
gSA fdlh dks'k osQ mi&dks'kksa dks fnxa'kh; DokaVe la[;k (l )
}kjk izn£'kr djrs gSaA l osQ fofHkUu ekuksa osQ laxr mi&dks'kksa
dks fuEufyf[kr fpÉksa }kjk n'kkZ;k tkrk gSµ

l osQ eku % 0 1 2 3 4 5 -------
mi&dks'k osQ fy,
laosQru (notation) s p d f g h ......

lkj.kh 2-4 esa nh xbZ eq[; DokaVe la[;k osQ fy, l osQ
laHko eku vkSj laxr mi&dks'kksa osQ laosQru fn, x, gSaA

d{kk] d{kd ,oa budk egÙo
^d{kk* rFkk ^d{kd* dk vFkZ leku ugha gSA d{kk (ftls
cksj us izfrikfnr fd;k) ukfHkd osQ pkjksa vksj ,d o`Ùkkdkj
iFk gksrk gS] ftlesa bysDVªkWu xfr djrk gSA ̂ gkb”ksucxZ osQ
vfuf'prrk fl¼kar* osQ vuqlkj] bysDVªkWu osQ bl iFk dk
lgh fuèkkZj.k djuk vlaHko gSA vr% cksj dh d{kkvksa dk
dksbZ okLrfod vFkZ ugha gSA buosQ vfLrRo dks dHkh Hkh
iz;ksxksa }kjk n'kkZ;k ugha tk ldrkA blosQ foijhr d{kd ,d
DokaVe ;kaf=kdh; èkkj.kk gSA ;g ijek.kq esa fdlh ,d
bysDVªkWu osQ rjax&iQyu ψ  dk o.kZu djrk gSA bls rhu
DokaVe la[;kvksa (n, l, m

l
) }kjk izn£'kr fd;k tk ldrk

gSA bldk eku bysDVªkWu osQ funsZ'kkadksa ij fuHkZj djrk gSA oSls
rks ψ  dk dksbZ HkkSfrd vFkZ ugha gksrk gS] ijarq rjax&iQyu

osQ oxZ] vFkkZr~ 2
ψ  dk HkkSfrd vFkZ gksrk gS] fdlh ijek.kq

osQ fdlh ̄cnq ij 2
ψ  ml ̄cnq ij izkf;drk ?kuRo dk eku

nsrk gS] izkf;drk ?kuRo 2
ψ  izfr bdkbZ vk;ru izkf;drk

dk eku gksrk gSA 2
ψ  vkSj ,d NksVs vk;ru (ftls

vk;ru vo;o dgk tkrk gS) dk xq.kuiQy bysDVªkWu osQ
ml vk;ru osQ ik, tkus dh izkf;drk dks O;Dr djrk gSA

(;gk¡ de vk;ru ysus dk ,d dkj.k ;g gS fd 2
ψ  dk

eku f=kfoe esa ,d {ks=k ls nwljs {ks=k esa cnyk jgrk gS] ijarq
,d NksVs vk;u vo;o esa blosQ eku dks fLFkj ekuk tk
ldrk gS)A fdlh fn, x, fuf'pr vk;ru esa bysDVªkWu osQ

ik, tkus dh oqQy izkf;drk 2
ψ vkSj laxr vk;ru vo;oksa

osQ leLr xq.kuiQyksa dks tksM+dj izkIr dh tk ldrh gSA bl
izdkj fdlh d{kd esa laHkkfor bysDVªkWu forj.k dk irk
yxkuk laHko gSA

Rationalised 2023-24



55ijek.kq dh lajpuk

^bysDVªkWu&izpØ.k DokaVe la[;k* ( m( m( m( m( m
sssss
))))) dgykrh gSA ,d

bysDVªkWu vius v{k ij Bhd oSls gh izpØ.k djrk gS] tSls
lw;Z osQ pkjksa vksj pDdj dkVrs le; i`Foh vius v{k ij
izpØ.k djrh gSA nwljs 'kCnksa esaµ bysDVªkWu esa vkos'k vkSj
æO;eku osQ vfrfjDr uSt (intrinsic) izpØ.k dks.kh; laosx
gksrk gSA bysDVªkWu dk dks.kh; laosx ,d lfn'k (vector) jkf'k
gSA blosQ fdlh pqus gq, v{k osQ lkis{k nks vfHkfoU;kl gks
ldrs gSa] ftu esa izpØ.k DokaVe la[;k mmmmm

sssss
 osQ }kjk Hksn

fd;k tk ldrk gSA m
s
 dk eku + 1/2 ;k –1/2 gks ldrk

gSA bUgsa bysDVªkWu dh nks izpØ.k voLFkk,a (spin states) Hkh
dgrs gSaA vke rkSj ij os rhjksa ↑  (Åijh izpØ.k] spin up)

vkSj ↓  (fupyk izpØ.k] spin down) }kjk n'kkZ, tkrs gSaA
fofHkUu ms eku okys nks bysDVªkWu (,d +1/2 vkSj nwljk
–1/2) foijhr izpØ.k okys dgykrs gSaA fdlh d{kd esa nks
ls vfèkd bysDVªkWu ugha gks ldrs gSa_ bu nksuksa bysDVªkWuksa dk
foijhr izpØ.k gksuk pkfg,A

la{ksi esa ge ;g dg ldrs gSa fd pkjksa DokaVe la[;k,
fuEufyf[kr tkudkfj;k¡ nsrh gSaµ
(i) nnnnn ls dks'k dk cksèk gksrk gSA ;g d{kd dk vkdkj vkSj

dkiQh gn rd ÅtkZ fuèkkZfjr djrk gSA
(ii) nth dks'k esa n mi&dks'k gksrs gSaA lllll] d{kd dh vkÑfr

crkrk gSA izR;sd izdkj osQ mi&dks'k esa (2l +1) d{kd
gksrs gSa] vFkkZr~ izR;sd mi&dks'k esa ,d s d{kd (l =
0)] rhu p d{kd (l = 1) vkSj 5d d{kd (l = 2) gks
ldrs gSaA l  oqQN gn rd cgq& bysDVªkWu ijek.kq osQ
d{kd dh ÅtkZ dk Hkh fuèkkZj.k djrk gSA

(iii) mmmmm
lllll
 d{kd osQ vfHkfoU;kl dks izn£'kr djrk gSA l osQ

fn, x, fdlh eku osQ fy, m
l
 osQ (2l + 1) eku gksrs

gSaA bruh gh la[;k izR;sd mi&dks'k esa d{kdksa dh
gksrh gSA bldk vFkZ ;g gS fd d{kdksa dh la[;k muosQ
vfHkfoU;klksa osQ rjhdksa osQ cjkcj gksrh gSA

(iv) bysDVªkWu osQ izpØ.k osQ vfHkfoU;kl dks m
s crkrk gSA

mnkgj.k 2-17
eq[; DokaVe la[;k (n = 3) ls lacafèkr d{kdksa dh
oqQy la[;k D;k gksrh gS\

gy
n = 3 osQ fy,] l osQ 0, 1 rFkk 2 eku laHko gSA

l dk eku 0 1 2 3 4 5

mi&dks'k laosQru s p d f g h

d{kdksa dh la[;k 1 3 5 7 9 11

lkj.kh 2-4  mi&dks'k laosQru

fdlh ijek.kq esa izR;sd d{kd n,l  vkSj m
l
 ekuksa osQ

leqPp; }kjk ifjHkkf"kr fd;k tkrk gSA vr% DokaVe la[;kvksa
n

l
 = 2,l = 1, m

l 
= 0 }kjk o£.kr d{kd ,slk d{kd gksrk gS]

tks nwljs dks'k osQ p  midks'k esa gksrk gSA ;gk¡ nh tk jgh
rkfydk esa mi&dks'k vkSj mlls lacafèkr d{kdksa dh la[;k
dk lacaèk fn;k x;k gSµ

bysDVªkWu izpØ.k 's' % fdlh ijek.kq d{kd osQ fy,
fpfÉr rhuksa DokaVe la[;kvksa dks mldh ÅtkZ] vkdkj vkSj
vfHkfoU;kl dks ifjHkkf"kr djus esa iz;qDr fd;k tk ldrk gS]
ysfdu cgq&bysDVªkWu ijek.kqvksa esa ns[ks x, js[kk&LisDVªk dh O;k[;k
djus esa ;s DokaVe la[;k,¡ i;kZIr ugha gSaA buesa oqQN js[kk,¡ f}d (nks
js[kk,¡ ikl&ikl) rFkk oqQN js[kk,¡ f=kd (rhu js[kk,¡ ikl&ikl)
gksrh gSaA rhuksa DokaVe la[;kvksa }kjk vuqekfur ÅtkZ osQ vykok ;g
oqQN vkSj ÅtkZ&Lrjksa dh mifLFkfr dk laosQr djrk gSA

lu~ 1925 esa tkWtZ mgysucSd (George Uhlenback)

vkSj lSeqvy xkmVfLeV (Samuel Goudsmit) us ,d
pkSFkh DokaVe la[;k dh mifLFkfr izfrikfnr dh] tks
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blfy, ,d 3s d{kd gksrk gS] ftlosQ fy,] n =3,

l =0 vkSj m
l 
= 0) gksrs gSa_ rhu 3p d{kd gksrs gSa]

ftuosQ fy, (n = 3, l = 1 vkSj m
l  = –1,0, + 1)

gksrs gSaA blh izdkj ik¡p 3d d{kd gksrs gSa] ftuosQ
fy, n = 3, l = 2 vkSj m l = – 2,–1,0, + 1, + 2 gks
ldrk gSA blfy, d{kdk s a dh oqQy la[;k
=1 + 3 + 5 = 9 d{kdksa dh la[;k = n

2] vFkkZr~ 32

= 9 lacaèk dk mi;ksx djosQ Hkh leku eku izkIr
fd, tk ldrs gSaA

mnkgj.k 2-18

s,p,d,f laosQru dk iz;ksx djosQ fuEufyf[kr DokaVe
la[;kvksa okys d{kd osQ ckjs esa crkb,µ

(d) 2, 1n l= = ([k) 4, 0,n l= =

(x) 5, 3,n l= = (?k) 3, 2n l= =

gy

n l d{kd
(d) 2 1 2p

([k) 4 0 4s

(x) 5 3 5f

(?k) 3 2 3d

fd 1s d{kd osQ fy, izkf;drk ?kuRo ukfHkd ij vfèkdre
gS] tks ukfHkd ls nwj tkus ij ?kVrk tkrk gSA nwljh vksj] 2s

d{kd osQ fy, izkf;drk ?kuRo igys rsth ls 'kwU; rd
?kVrk gS] fiQj c<+uk izkjaHk gksrk gSA tSls&tSls r dk eku
c<+rk gS] oSls&oSls ,d y?kq vfèkdre (small maxima)

osQ i'pkr~ ;g iqu% 'kwU; osQ fudV rd ?kVrk gSA og {ks=k]
tgk¡ ;g izkf;drk ?kuRo 'kwU; gks tkrk gS] ̂ uksMy lrg* ;k
^uksM* dgykrk gSA lkekU;r% ns d{kd osQ (n –1) uksM
gksrs gSa] vFkkZr~ eq[; DokaVe la[;k n osQ lkFk uksMksa dh
la[;k c<+ tkrh gSA nwljs 'kCnksa esa] 2s d{kd osQ fy, uksMksa
dh la[;k ,d rFkk 3s osQ fy, nks gksrh gSA vkxs osQ d{kdksa
osQ fy, Hkh ;g blh izdkj c<+rh gSA ;s izkf;drk ?kuRo
ifjorZu vkos'k & vHkz osQ inksa esa le>s tk ldrs gSa (fp=k
2-13 d)A bu fp=kksa esa ¯cnqvksaa (dots) dk ?kuRo ml {ks=k
esa bysDVªkWu izkf;drk ?kuRo n'kkZrk gSA

d{kdksa dh vkÑfr dks fofHkUu d{kdksa osQ fy,
fLFkj izkf;drk ?kuRo okys lhek&lrg vkjs[kksa (bound-

ary surface diagrams) }kjk dkiQh lgh <ax ls izn£'kr
fd;k tk ldrk gSA bl fu:i.k esa fdlh d{kd osQ fy,
,d ,slh ifjlhek&lrg ;k ifji`"B (contour surface)

2-6-2 ijek.kq d{kdksa dh vkÑfr;k¡

fdlh ijek.kq esa bysDVªkWu osQ d{kd rjax&iQyu vFkok ψ

dk vius vkiesa dksbZ HkkSfrd vFkZ ugha gksrk gSA ;g osQoy
bysDVªkWu osQ funsZ'kkadksa (coordinates) dk xf.krh; iQyu
gksrk gSA ;|fi fofHkUu d{kdksa osQ fy, r (ukfHkd ls nwjh)
osQ iQyu osQ :i esa laxr rjax&iQyu vkjs[k fHkUu gksrs gSaA
[fp=k 2-12 (d) 1s (n = 1, l = 0) rFkk 2s (n = 2, l = 0)

d{kdksa osQ bl izdkj osQ vkjs[k dks O;Dr djrk gSA]
teZu HkkSfrd foKkuh esDl cksuZ us crk;k fd fdlh

¯cnq ij rjax&iQyu dk oxZ (vFkkZr~ ψ2 ) ml ¯cnq ij
bysDVªkWu osQ ?kuRo dh izkf;drk dks n'kkZrk gSA [fp=k 2-12
([k)] esa 1s rFkk 2s d{kd osQ fy, ψ2 osQ ifjorZu dks
r osQ iQyu osQ :i esa n'kkZ;k x;k gSA ;gk¡ vki ns[k ldrs
gSa fd 1s rFkk 2s osQ oØ fHkUu gSaA ;g ns[kk tk ldrk gS

fp=k 2-12 (d) d{kdh;  rjax&iQyu  ψ( )r  osQ vkjs[k
([k) 1s ,oa 2s d{kdksa osQ fy, r osQ iQyu osQ :i
esa izkf;drk ?kuRo ψ2( )r  esa ifjorZu osQ vkjs[kA
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dks vkjsf[kr fd;k tkrk gS] ftlij izf;drk ?kuRo ψ
2
 dk

eku fLFkj gSA lS¼kafrd :i esa] fdlh d{kd osQ fy, ,sls
dbZ ifjlhek&lrg vkjs[k laHko gksrs gSa] ijarq fdlh fn, x,
d{kd osQ fy, fLFkj izkf;drk ?kuRo* okys osQoy os
ifjlhek&lrg vkjs[k gh d{kd dh vkÑfr osQ vPNs
fu:i.k ekus tkrs gSa] ftuosQ }kjk fuèkkZfjr {ks=k ;k vk;ru esa
bysDVªkWu osQ ik, tkus dh izkf;drk dkiQh vfèkd (tSls
90%) gksrh gSA 1s ,oa 2s d{kdksa osQ fy, ifjlhek&lrg
vkjs[kksa dks fp=k 2-13([k)  esa n'kkZ;k x;k gSA vki iwN ldrs
gSa fd ge ,slk ifji`"B vkjs[k D;ksa ugha cukrs gSa] ftlesa
bysDVªkWu ik, tkus dh izkf;drk 100% gks\ bldk mÙkj ;g
gS fd ukfHkd ls fdlh fuf'pr nwjh ij Hkh bysDVªkWu osQ ik,
tkus dh oqQN izkf;drk vo'; gksrh gS] Hkys gh mldk eku
cgqr de D;ksa u gksA blfy, fuf'pr vkdkj osQ ,sls
ifjlhek&lrg vkjs[kksa dks cukuk laHko ugha gS] ftuosQ vanj
bysDVªkWu osQ ik, tkus dh izkf;drk 100%  gksA s d{kd osQ

fy, ifjlhek lrg dk vkjs[k xksyh; gksrk gS] ftlosQ osaQæ
esa ukfHkd gSA

nks foekvksa esa ;g xksyk ,d o`Ùk dh rjg fn[kkbZ nsrk
gSA bl xksys dh ifjlhek osQ vanj bysDVªkWu osQ ik, tkus dh
izkf;drk 90%  gksrh gSA

bl izdkj 1s rFkk 2s d{kd xksyh; vkÑfr osQ gSaA
okLro esa lHkh s– d{kd xksyh; lefefr osQ gksrs gSaA ,slk
Hkh ns[kk x;k gS fd n c<+us osQ lkFk s d{kd dk vkdkj
Hkh c<+ tkrk gS] vFkkZr~ 4s > 3s > 2s > 1s vkSj eq[;
DokaVe la[;k osQ c<+us osQ lkFk bysDVªkWu ukfHkd ls nwj gks
tkrk gSA

fp=k 2-14 esa rhu 2p  d{kdksa (l =1)  osQ ifjlhek&
lrg vkjs[k fn[kk, x, gSaA bu vkjs[kksa esa ukfHkd ewy fcanq
ij gksrk gS ;gk¡ s d{kdksa osQ foijhr] ifjlhek& lrg
vkjs[k xksykdkj ugha gksrs gSaA bldh vis{kk izR;sd p-  osQ
nks Hkkx gksrs gSa] ftUgsa ^ikfy;k¡* (lobes) dgk tkrk gSA ;s
ukfHkd ls xq”kjus okys ry osQ nksuksa vksj fLFkr gSaA tgk¡ nksuksa
ikfy;k¡ ,d nwljs dks Li'kZ djrh gSa] ml ry ij izkf;drk
?kuRo iQyu 'kwU; gksrk gSA rhuksa p  d{kdksa dh vkÑfr
vkSj ÅtkZ ,d leku gksrh gSA ;s d{kd osQoy ikfy;ksa osQ
vfHkfoU;klksa esa vkil esa fHkUu gksrs gSa] D;ksafd ;s ikfy;k¡
x,y  ;k z  v{kksa dh vksj fufnZ"V ekuh tk ldrh gSa]

blfy, mUgsa x2p y2p  rFkk z2p  }kjk n'kkZ;k tkrk gSA ;gk¡

;g mYys[kuh; gS fd lm  dks ekuksa (&1] 0 vkSj $1)
rFkk x,y  vkSj z  v{kksa osQ chp dksbZ lacaèk ugha gSA gekjs
fy, ;g ;kn j[kuk i;kZIr gS fd pw¡fd lm  osQ rhu laHko
eku gksrs gSa] vr% rhu p  d{kd gksaxs] ftuosQ v{k vkil
esa ,d nwljs osQ yacor gksrs gSaA s  d{kdksa dh rjg] p

d{kdksa osQ fy, Hkh eq[; DokaVe la[;k osQ c<+us osQ lkFk
d{kdksa dk vkdkj vkSj ÅtkZ c<+rs gSaA vr% fofHkUu p

d{kdksa dk vkdkj vkSj ÅtkZ 4p > 3p > 2p Øe esa gksrs
gSaA blosQ vfrfjDr s  d{kdksa osQ leku] p  d{kdksa osQ
izkf;drk& ?kuRo iQyu Hkh 'kwU; ls xqtjrs gSaA uksMksa dh
la[;k n – 2 }kjk nh tkrh gS] vFkkZr~ 3p  d{kd osQ fy,

f=kT; uksM ,d] 4p  osQ fy, nks vkSj blls vkxs Hkh blh
Øe esa gksrs gSaA

*;fn izkf;drk ?kuRo 2
ψ  ,d nh gqbZ lrg ij LFkk;h gSA rks ml lrg ij ψ  Hkh LFkk;h gksxkA 2

ψ  vkSj ψ  osQ fy, ifjlhek&lrgsa

,d leku gksaxhA

fp=k 2-13 (d) 1s ,oa 2s ijek.kq d{kdksa osQ fy, izkf;drk
?kuÙo vkjs[k ̄ cnqvksa dk ?kuRo ml {ks=k esa bysDVªkWu
ik, tkus osQ izkf;drk&?kuRo dks n'kkZrk gSA
([k) 1s ,oa 2s d{kdksa osQ fy, ifjlhek&lrg
vkjs[k
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l = 2 osQ fy, d{kd] d d{kd dgykrk gS vkSj eq[;
DokaVe la[;k (n) dk eku 3 gksrk gS] D;ksafd l dk eku n
– 1 ls vfèkd ugha gks ldrk gSA blesa m

l 
 osQ ik¡p eku gksrs

gSa (–2, –1, 0 + 1 vkSj +2) vkSj bl izdkj ik¡p d d{kd
gksrs gSaA d d{kdksa osQ ifjlhek&lrg vkjs[k fp=k 2-15 esa
fn[kk, x, gSaA

ik¡p d d{kdksa dks d
xy

, dyz, dxz, dx2–y2 rFkk dz2 dgk
tkrk gSA igys pkj d d{kdksa dh vkÑfr ,d tSlh gksrh gS
vkSj ik¡posa dz

2 dh fHkUu gksrh gS] ysfdu ik¡pksa d{kdksa dh
Åtk Z cjkcj gk srh g SA n > 3 okys d d{kdk s a
(4d, 5d, ---) dh leku vkÑfr;k¡ gksrh gSa] ysfdu ÅtkZ rFkk
vkdkj fHkUu gksrs gSaA

f=kT; uksMkas (vFkkZr~ tc izkf;drk&?kuRo iQyu 'kwU;
gks) osQ vykok np vkSj nd d{kdksa osQ fy, izkf;drk&?kuRo
iQyu ry ij 'kwU; gksrs gSaA ;g ukfHkd ls xqtjrs gq, ry ij
fuHkZj djrk gSA mnkgj.k osQ fy,] p

z
 d{kd esa xy ry uksMy

ry gSA d
xy

 d{kd esa ukfHkd ls xqtjrs gq, vkSj z- v{k ij
xy ry dks Hksnrs gq, nks uksMy ry gksrs gSaA bUgsa ^dks.kh;
uksM* dgk tkrk gS vkSj dks.kh; uksMksa dh la[;k l ls nh tkrh
gS] vFkkZr~ p d{kdksa osQ fy, ,d] d d{kdksa osQ fy, nks rFkk
vU; osQ fy, blh izdkj dks.kh; uksM gksrs gSaA uksMksa dh oqQy
la[;k (n  n  n  n  n  –1)] vFkkZr~ dks.kh; uksM lllll vkSj f=kT; uksM
(n–lllll–1) dk ;ksx gksxhA

2-6-3 d{kdksa dh ÅtkZ,¡

gkbMªkstu ijek.kq esa bysDVªkWu dh ÅtkZ osQoy eq[; DokaVe
la[;k }kjk fuèkkZfjr gksrh gSA vr% gkbMªkstu ijek.kq esa d{kdksa
dh ÅtkZ fuEufyf[kr Øe esa c<+rh gS%µ
1s < 2s = 2p < 3s = 3p = 3d < 4s = 4p

= 4d = 4f <  ...........             (2.24)

vkSj bUgsa fp=k 2-16 esa n'kkZ;k x;k gSA gkyk¡fd 2s  vkSj 2p

d{kdksa dh vkÑfr;k¡ fHkUu gksrh gSa] fiQj Hkh bu nksuksa d{kdksa

2s  ;k 2p  esa mifLFkfr bysDVªkWu dh ÅtkZ cjkcj gksxhA

fp=k 2-15 ik¡p 3d d{kdksa osQ ifjlhek&lrg vkjs[k

fp=k 2-14 rhu 2p d{kdksa osQ ifjlhek&lrg vkjs[k
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leku ÅtkZ okys d{kdksa dks leHkza'k (degenerate) dgk
tkrk gSA tSlk igys crk;k x;k gS] gkbMªkstu ijek.kq esa 1s

d{kd lcls LFkk;h fLFkfr osQ laxr gksrk gSA ;g ryLFk
voLFkk (ground state) dgykrh gSA bl d{kd esa mifLFkr
bysDVªkWu ukfHkd }kjk lokZfèkd izcyrk ls vkdf"kZr jgrk gS
gkbMªkstu ijek.kq esa 2s, 2p ;k mPp d{kdksa esa mifLFkr
bysDVªkWu dks mÙksftr voLFkk (excited state) esa dgk
tkrk gSA

gkbMªkstu ijek.kq osQ foijhr ,d cgq bysDVªkWu ijek.kq
osQ bysDVªkWu dh ÅtkZ osQoy viuh eq[; DokaVe la[;k
(dks'k) ij gh ugha] cfYd d{kd DokaVe la[;k (mi&dks'k)
ij Hkh fuHkZj djrh gSA vFkkZr~ nh xbZ eq[; DokaVe la[;k osQ
fy, s, p, d, f ... dh ÅtkZ,a fHkUu gksrh gSaA fdlh Hkh ,d
eq[; DokaVe la[;k esa d{kdksa dh mQtkZ dk ozQe s> p> d> f

gksrk gSA mPp mQtkZ Lrjksa esa ;g varj vf/d gksrk gSA d{kdksa

dh mQtkZ dk ;g ozQe yM+[kM+k ldrk gS mnkgj.k gSa
4s < 3d vkSj 6 5 4 6s d f p< <;  bR;kfnA mi&dks'kksa esa
fHkUu ÅtkZvksa dk dkj.k cgq&bysDVªkWu ijek.kqvksa esa bysDVªkWuksa
osQ vkil esa izfrd"kZ.k dh mifLFkfr gSA gkbMªkstu ijek.kq esa
Í.kkosf'kr bysDVªkWu vkSj èkukosf'kr ukfHkd osQ chp vkd"kZ.k
,dek=k fo|qr~ vU;ksU; fØ;k gSA cgq&bysDVªkWu ijek.kqvksa esa
bysDVªkWu rFkk ukfHkd osQ chp vkd"kZ.k osQ vykok ijek.kq esa
mifLFkr ,d bysDVªkWu dk nwljs ls izfrd"kZ.k Hkh gksrk gSA bl
izdkj ,d cgq&bysDVªkWu ijek.kq esa bysDVªkWu dk LFkkf;Ro
izfrd"kZ.k dh rqyuk esa vfèkd vkd"kZ.k vU;ksU; fØ;k,a gSaA
lkekU;r% ckgjh dks'k esa mifLFkr bysDVªkWu osQ vanj osQ
bysDVªkWuksa ls izfrd"kZ.k vU;ksU; fØ;k vfèkd egÙoiw.kZ gSA
nwljh vksj ukfHkd esa èkukos'k (Ze) c<+us osQ dkj.k bysDVªkWuksa
esa vkd"kZ.k vU;ksU; fØ;k,¡ c<+rh gSaA vanj dks'kksa esa mifLFkr
bysDVªkWuksa osQ dkj.k ckgjh dks'k dk bysDVªkWu ukfHkd osQ
vkos'k (Ze) dks iwjh rjg eglwl ugha dj ikrk gS] vFkkZr~
vkarfjd bysDVªkWuksa }kjk ukfHkd osQ èkukos'k ij vkaf'kd vkoj.k
osQ dkj.k bl vkos'k dk izHkko iwjk ugha iM+rkA bls vkarfjd
bysDVªkWuksa }kjk cká bysDVªkWuksa dk ukfHkd ls ifjj{k.k
(shielding) dgk tkrk gS vkSj ukfHkd dk oqQy èkukos'k] tks
bysDVªkWu ij izHkkoh gksrk gSA izHkkoh ukfHkdh; vkos'k Zeffe

(effective nuclear charge) dgykrk gSA vkarfjd bysDVªkWuksa
}kjk ifjj{k.k osQ cko”kwn ukfHkdh; vkos'k esa o`f¼ osQ lkFk
cká bysDVªkWu }kjk eglwl fd;k vkd"kZ.k&cy c<+ tkrk gSA
nwljs 'kCnksa esa] ukfHkd vkSj bysDVªkWu osQ chp vU;ksU; fØ;k
dh ÅtkZ (vFkkZr~ d{kd ÅtkZ) ijek.kq la[;k (Z) osQ c<+us
osQ lkFk ?kV (vFkkZr~ vfèkd Í.kkRed gks) tkrh gSA

vkd"kZ.k ,oa izfrd"kZ.k] nksuksa vU;ksU; fØ;k,a dks'k osQ
vkdkj rFkk mlesa mifLFkr d{kd dh vkÑfr (ftlesa bysDVªkWu
mifLFkr gS) ij fuHkZj djrh gSaA mnkgj.k osQ fy,µ xksykdkj
vkÑfr osQ dkj.k] s d{kd esa mifLFkr bysDVªku p d{kd esa
mifLFkr bysDVªku dh rqyuk esa ckgjh bysDVªkuksa dk ukfHkd ls
ifjj{k.k vfèkd izHkkoh rjhosQ ls djrk gSA blh izdkj] p d{kd
esa mifLFkr bysDVªku d d{kdksa dh rqyuk esa vfèkd ifjj{k.k
djrs gSa] pkgs ;s lHkh d{kd ,d gh dks'k esa gSaA blosQ vykok
,d gh dks'k esa xksykdkj vkÑfr osQ dkj.k s d{kd bysDVªkWu
p d{kd bysDVªkWu dh rqyuk esa vkSj p d{kd bysDVªkWu d d{kd
bysDVªkWu dh rqyuk esa ukfHkd osQ ikl vfèkd le; O;rhr djrk
gSA nwljs 'kCnksa esaµ fdlh ,d dks'k (eq[; DokaVe la[;k) osQ
fy, fnxa'kh DokaVe la[;k (l ) c<+us osQ lkFk bysDVªku }kjk eglwl

fp=k 2-16 (d) gkbMªkstu ijek.kq vkSj ([k) cgq&bysDVªkWuh ijek.kqvksa
osQ oqQN bysDVªkWu dks'kksa osQ ÅtkZ&Lrj vkjs[kA è;ku nhft,
fd gkbMªkstu ijek.kq osQ fy, leku eq[; DokaVe&la[;k
gsrq fHkUu&fHkUu f}xa'kh DokaVe la[;k gksus ij Hkh mudh
ÅtkZ leku gksrh gSA cgq&bysDVªkWu ijek.kqvksa esa leku eq[;
DokaVe la[;k okys d{kdksa dh ÅtkZ fHkUu f}xa'kh DokaVe
la[;k okys d{kdksa osQ fy, fHkUu gksrh gSA
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fd;k Zeff ?kV tkrk gS] vFkkZr~ p d{kd dh rqyuk esa s d{kd
vkSj d dh rqyuk esa p d{kd ukfHkd ls vfèkd <̀<+rk ls caèkk
jgrk gSA p d{kd osQ bysDVªku dh rqyuk esa s d{kd osQ
bysDVªku dh vkSj d d{kd osQ bysDVªku dh rqyuk esa p d{kd
osQ bysDVªku dh ÅtkZ de gksrh gS] bR;kfnA pw¡fd ukfHkd osQ izfr
ifjj{k.k dh ek=kk fHkUu&fHkUu d{kdksa osQ fy, fHkUu gksrh gSA
vr% ,d gh dks'k (eq[; DokaVe la[;k) osQ mQtkZ Lrjksa dk
foikVu (splitting) gks tkrk gS] vFkkZr~ tSlk igys crk;k tk
pqdk gS] d{kd esa mifLFkr bysDVªkuksa dh ÅtkZ n rFkk l osQ ekuksa
ij fuHkZj djrh gSA xf.krh; :i ls n vkSj l ij d{kdksa dh
ÅtkZvksa dh fuHkZjrk dkiQh tfVy gksrh gS] ysfdu n rFkk l osQ
la;qDr eku osQ fy, ,d ljy fu;e gSA (n + l ) dk eku ftruk
fuEu gksxk d{kd dh ÅtkZ Hkh mruh gh de gksxhA ;fn nks
d{kdksa osQ fy, (n + l ) dk eku leku gks] rks fuEu n  osQ eku
okys d{kd dh ÅtkZ fuEu gksxhA lkj.kh 2-5 esa (n + l ) fu;e
fn;k x;k gS vkSj fp=k 2-16 esa cgq&bysDVªkWu ijek.kqvksa osQ ÅtkZ
n'kkZbZ xbZ gSA è;ku nsus ;ksX; ckr ;g Hkh gS fd fdlh fo'ks"k dks'k
osQ fofHkUu mi dks'kksa (cgq&bysDVªkWu ijek.kqvksa esa) dh ÅtkZ,a
fHkUu&fHkUu gksrh gSaA gkyk¡fd gkbMªkstu ijek.kq esa budh ÅtkZ,a
leku gksrh gSaA var esa ;g crkuk mfpr gksxk fd ijek.kq la[;k
(Zeff) c<+us osQ lkFk leku mi&dks'kksa okys d{kdksa dh ÅtkZ,a
de gksrh tkrh gSaA mnkgj.k osQ fy,µ gkbMªkstu ijek.kq osQ 2s

d{kd dh ÅtkZ] yhfFk;e osQ 2s d{kd dh rqyuk esa vfèkd
gksxh vkSj lksfM;e dh rqyuk esa yhfFk;e dh ÅtkZ vfèkd gksxhA
;gh Øe vkxs Hkh tkjh jgsxkA tSlsµ

E
2s

(H) > E
2s

(Li) > E
2s

(Na) > E
2s

(K).

2-6-4 ijek.kq esa d{kdksa dk Hkjk tkuk

fofHkUu ijek.kqvksa osQ d{kdksa esa bysDVªkWu vkWiQckÅ fu;e osQ
vuqlkj Hkjs tkrs gSaA ^vkWiQckÅ fu;e*] ikmyh viotZu
fl¼kar (Pauli's exclusion principle), gqaM osQ vfèkdre
cgqdrk fu;e (Hund's maximum multiplicity rule)

vkSj d{kdksa dh vkisf{kd ÅtkZvksa ij vkèkkfjr gSA

vkWiQckÅ fu;e

”keZu Hkk"kk esa ^vkWiQckÅ* 'kCn dk vFkZ gSµ ^fuekZ.k gksuk*
^d{kdksa dk fuekZ.k* gksus dk vFkZ gSµ d{kdksa dk bysDVªkWuksa
}kjk Hkjk tkukA bl fu;e osQ vuqlkjµ ^ijek.kqvksa dh
ryLFk voLFkk esa] d{kdksa dks mudh ÅtkZ osQ c<+rs Øe
esa Hkjk tkrk gSA

lkj.kh 2-5 (n + l l l l l) fu;e osQ vkèkkj ij c<+rh ÅtkZ osQ lkFk
d{kdksa dh O;oLFkk

nwljs 'kCnksa esaµ bysDVªkWu igys lcls de ÅtkZ okys
miyCèk d{kd esa tkrs gSa vkSj mudks Hkjus osQ ckn mPp ÅtkZ
okys d{kdksa dks Hkjrs gSaA vki ;g tku pqosQ gaS fd fdlh
d{kd dh mQtkZ izHkkoh ukfHkd vkos'k ij fuHkZj djrh gS vkSj
fofHkUu izdkj osQ d{kdksa ij bldk ifjek.k fHkUu gksrk gSA
blfy, ,slk dksbZ Hkh ,d ozQe ugha gS tks lHkh ijek.kqvksa osQ
fy, lgh gksA rFkkfi d{kdksa dh ÅtkZ dk fuEufyf[kr c<+rk
Øe] vFkkZr~ mudks Hkjs tkus dk Øe vR;ar mi;ksxh gSµ

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 4f, 5d,

6p, 7s...

bl Øe dks fp=k 2-17 esa fn[kkbZ xbZ fofèk }kjk ;kn
fd;k tk ldrk gSA lcls Åij ls 'kq: djrs gq, rhj dh
fn'kk d{kdksa osQ Hkjus dk Øe n'kkZrh gSA ckÞ; la;kstdrk
bysDVªkWuksa osQ fy, ;g ozQe lHkh ijek.kqvksa osQ fy,
vlk/kj.k :i ls lgh gSA mnkgj.k osQ fy, iksVsf'k;e esa
la;kstdrk bysDVªkWu osQ fy, 3d vkSj 4s d{kdksa dk fodYi
gS vkSj tSlk fd bl ozQe ls iwokZuqekfur fd;k tk ldrk gS]
;g bysDVªkWu 4s d{kd esa ik;k tkrk gS mijksDr ozQe dks
mQtkZ Lrjksa dks Hkjus osQ fy, dkepykmQ ekxZn'kZd ekuuk
pkfg,A cgqr ckj d{kdksa dk mQtkZ Lrj feyrkµtqyrk gksrk

Rationalised 2023-24



61ijek.kq dh lajpuk

gS vkSj ijek.kq dh lajpuk esa gYdkµlk ifjorZu d{kdksa osQ
Hkjus osQ ozQe esa ifjorZu yk ldrk gSA ;g gksrs gq, Hkh
mijksDr ozQe ijek.kq dh bysDVªkWuh lajpuk fy[kus osQ fy,
,d mi;ksxh ekxZn'kZd gS ;fn ;g ;kn j[kk tk, fd blesa
viokn gks ldrs gSaA

ikmyh viotZu fl¼kar

fofHkUu d{kdksa esa Hkjs tkus okys bysDVªkWuksa dh la[;k viotZu
fl¼kar }kjk fu;af=kr gksrh gS] ftls vkWfLVª;k osQ okWYiQxax ikmyh
uked ,d oSKkfud us fn;k FkkA bl fl¼kar osQ vuqlkjµ

fdlh ijek.kq esa mifLFkr nks bysDVªkWuksa dh pkjksa
DokaVe la[;k,¡ ,d leku ugha gks ldrhaA ikmyh viotZu
fl¼kar dks bl izdkj Hkh dgk tk ldrk gSµ

^̂ osQoy nks bysDVªkWu ,d d{kd esa jg ldrs gSaA
bu bysDVªkWuksa osQ izpØ.k foijhr gksus pkfg,A** bldk
vFkZ gS fd nks bysDVªkWuksa dh rhu DokaVe la[;k,¡] n,l rFkk

m
l
 ,d leku gks ldrh gSa] ysfdu mudh izpØ.k DokaVe

la[;k fHkUu gksuh pkfg,A fdlh d{kd osQ bysDVªkWuksa esa
ikmyh viotZu fl¼kar }kjk yxk;k x;k fu;a=k.k fdlh
mi&dks'k esa mifLFkr bysDVªkWuksa dh {kerk dh x.kuk djus esa
lgk;d gksrk gSA mnkgj.k osQ fy,] 1s esa ,d d{kd gksrk
gSA bl izdkj 1s mi&dks'k esa bysDVªkWuksa dh vfèkdre la[;k
nks gks ldrh gSA p rFkk d mi&dks'kksa esa vfèkdre la[;k
Øe'k% 6 rFkk 10 gks ldrh gS] bR;kfnA bls la{ksi bl izdkj
dgk tk ldrk gSµ

eq[; DokaVe la[;k nnnnn okys dks'k esa bysDVªkWuksa dh
la[;k 2n2n2n2n2n22222 osQ cjkcj gksrh gSA

gqaM dk vfèkdre cgqdrk dk fu;e
;g fu;e ,d gh mi&dks'k ls lacafèkr d{kdksa dks Hkjus osQ
fy, ykxw fd;k tkrk gSA bu d{kdksa dh ÅtkZ cjkcj gksrh
gSA mUgsa ̂ leHkza'k d{kd* (degenerate orbitals) dgrs gSaA
;g fu;e bl izdkj gS% ,d gh mi&dks'k osQ d{kdksa esa
bysDVªkWuksa dk ;qXeu rc rd ugha gksrk gS] tc rd
ml mi&dks'k osQ lHkh d{kdksa esa ,d&,d bysDVªkWu u
vk tk,A

D;ksafd rhu p] ik¡p d rFkk lkr f d{kd gksrs gSa] vr%
p, d vkSj f d{kdksa esa ;qXeu Øe'k% pkSFks] NBosa vkSj vkBosa
bysDVªkWu osQ Hkjus ij izkjaHk gksxkA ;g ns[kk x;k gS fd vkèks
Hkjs vkSj iwjs Hkjs leHkza'k d{kdksa dk LFkkf;Ro mudh lefefr
osQ dkj.k vfèkd gksrk gS ns[ksa ([kaM 2-6-6)A

2-6-5 ijek.kqvksa dk bysDVªkWfud foU;kl
ijek.kqvksa osQ d{kdksa esa bysDVªkWuksa osQ forj.k dks mudk
bysDVªkWfud foU;kl (electronic configuration) dgk
tkrk gSA ;fn fofHkUu ijek.kq d{kdksa esa bysDVªkWuksa osQ Hkjs tkus
ls lacafèkr ewy fu;eksa dks è;ku esa j[kk tk,] rks fofHkUu
ijek.kqvksa osQ bysDVªkWfud foU;klksa dks vklkuh ls fy[kk tk
ldrk gSA

ijek.kqvksa osQ bysDVªkWfud foU;kl dks nks rjhosQ ls
fu:fir fd;k tk ldrk gSA os gSaµ
(i) sa  pb  dc ----------- laosQru
(ii) d{kd&vkjs[k

 s                p                             d

igys laosQru esa mi&dks'k dks laxr v{kj fpÉ ls
fu:fir fd;k tkrk gS vkSj mi&dks'k esa mifLFkr bysDVªkWuksa
dh la[;k dks ewèkk±d a, b, c --------- bR;kfn osQ :i esa n'kkZrs
gSaA fofHkUu dks'kksa osQ fy, fu:fir leku mi&dks'k dk

fp=k 2-17 d{kdksa dks Hkjus dk Øe
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foHksnu mlosQ laxr mi&dks'k osQ lkeus eq[; DokaVe la[;k
dks fy[kdj fd;k tkrk gSA nwljs laosQru esa mi&dks'k osQ
izR;sd d{kd dks ,d ckWDl }kjk n'kkZ;k tkrk gS vkSj
bysDVªkWu osQ èku&izpØ.k dks ↑  tSls rhj vkSj Í.k&izpØ.k
dks ↓  tSls rhj ls n'kkZ;k tk ldrk gSA igys laosQru dh
rqyuk esa nwljs laosQru dk ykHk ;g gS fd blls pkjksa DokaVe
la[;kvksa dks n'kkZ;k tk ldrk gSA

gkbMªkstu ijek.kq esa osQoy ,d gh bysDVªkWu gksrk gS] tks
lcls de ÅtkZ okys d{kd esa tkrk gS] ftls 1s d{kd
dgrs gSaA vr% gkbMªkstu ijek.kq dk bysDVªkWfud foU;kl 1s1

gksrk gSA bldk vFkZ ;g gS fd blosQ 1s d{kd esa ,d
bysDVªkWu gksrk gSA ghfy;e (He) dk nwljk bysDVªkWu Hkh 1s

d{kd esa tk ldrk gSA vr% ghfy;e dk bysDVªkWfud
foU;kl 1s2 gksrk gSA tSlk Åij crk;k x;k gSµ nks bysDVªkWu
,d&nwljs ls foijhr izpØ.k esa gksrs gSaA mls d{kd vkjs[k ls
ns[kk tk ldrk gSA

   

yhfFk;e (Li) dk rhljk bysDVªkWu ikmyh viotZu
fl¼kar osQ dkj.k 1s d{kd esa ugha tk ldrkA vr% og
vxys d{kd 2s esa tkrk gSA bl izdkj yhfFk;e dk
bysDVªkWfud foU;kl 1s2 2s1 gksxkA

2s d{kd esa ,d bysDVªkWu vkSj vk ldrk gSA vr%
csfjfy;e ijek.kq dk foU;kl 1s2 2s2 gksrk gS (lkj.kh 2-6
esa rÙoksa osQ ijek.kqvksa osQ bysDVªkWfud foU;klksa dks ns[ksa)A

vxys N% rÙoksa esa 2p d{kd ,d&,d djosQ Hkjs tkrs
gSaA vr% bu rÙoksa dk bysDVªkWfud foU;kl bl izdkj gksrk gSµ

cksjkWu (B, 1s22s22p1),

dkcZu (C, 1s22s22p2),

ukbVªkstu (N, 1s22s22p3),

vkWDlhtu (O, 1s22s22p4),

Ýyqvksjhu (F, 1s22s22p5),

fuvkWu (Ne, 1s22s22p6).

2p d{kdksa dks Hkjus dh izfØ;k fuvkWu ij tkdj
lekIr gksrh gSA bu rÙoksa osQ d{kk&fp=k vkxs n'kkZ, x, gSaA

lksfM;e (Na, 1s22s22p63s1) ls vkWxZu (Ar,1s2

2s2 2p6 3s2 3p6) rd osQ lHkh rÙoksa osQ ijek.kqvksa esa
bysDVªkWfud foU;kl dh i¼fr Li ls Ne rd osQ rÙoksa osQ
leku gksrh gSA ;gk¡ varj osQoy ;g gksrk gS fd vc 3s rFkk
3p d{kd Hkjs tkrs gSaA bl izfØ;k dks ljy fd;k tk ldrk
gS] c'krsZ igys nks dks'kksa osQ oqQy bysDVªkWuksa dks fuvkWu (Ne)

rÙo osQ uke ls fu:fir fd;k tk,A lksfM;e ls vkWxZu rd
osQ bysDVªkWfud foU;kl dks ,sls fy[kk tk ldrk gSµ
(Na, [Ne]3s1), (Ar, [Ne] 3s23p6)A iw.kZ :i ls Hkjs dks'kksa
osQ bysDVªkWuksa dks ̂ ØksM bysDVªkWu* dgrs gSa] vkSj os bysDVªkWu]
tks mPpre eq[; DokaVe la[;k osQ bysDVªkWfud dks'k esa
Hkjs tkrs gSa] la;kstdrk bysDVªkWu dgykrs gSaA mnkgj.k osQ
fy,µ Ne esa bysDVªkWu] ØksM bysDVªkWu gSa vkSj Na ls Ar

rd bysDVªkWu la;ksth bysDVªkWu gSaA iksVSf'k;e (K) rFkk oSQfYl;e
(Ca) esa 3d d{kd dh rqyuk esa 4s d{kd dh ÅtkZ de
gksus osQ dkj.k izFke vkSj f}rh; bysDVªkWu Øe'k% 4s d{kd
esa tkrs gSaA

LosaQfM;e ls izkjaHk djus ij ,d u;k y{k.k fn[kkbZ
nsrk gSA 3d d{kd dh ÅtkZ 4p d{kd dh rqyuk esa de gksus
osQ dkj.k blesa bysDVªkWu igys Hkjrs gSaA ifj.kkeLo:i vxys
nl rÙoksaµ LosaQfM;e (Sc), VkbVsfu;e (Ti), oSusfM;e (V),

Øksfe;e (Cr), eSaxuht (Mn), vk;ju (Fe), dksckYV (Co),

fuoSQy (Ni), dkWij (Cu) rFkk ̄td (Zn) esa ik¡pksa 3d d{kdksa
esa bysDVªkWu mÙkjksÙkj Hkjs tkrs gSaA ge ;g ns[kdj pfdr gks
ldrs gSa fd Øksfe;e rFkk dkWij esa 3d d{kd esa pkj rFkk
ukS bysDVªkWuksa dh txg Øe'k% ik¡p vkSj nl bysDVªkWu gksrs gSaA
bldk dkj.k ;g gS fd vkèks ,oa iwjs Hkjs d{kd vfèkd
LFkk;h gksrs gSa] vFkkZr~ mudh ÅtkZ de gksrh gSA p3, p6, d5,

d10, f7, f14 bR;kfn foU;kl] ftuesa d{kd ;k rks vkèks ;k iwjs
Hkjs gSa] vfèkd LFkk;h gksrs gSaA vr% Øksfe;e rFkk dkWij esa
d5 vkSj d10 foU;klksa dks izkFkfedrk feyrh gS ([k.M 2-6-6)A
è;ku nsa fd viokn Hkh feyrs gSaA
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3d d{kdksa osQ Hkjus osQ ckn xSfy;e (Ga) ls 4p

d{kdksa dk Hkjuk 'kq: gksrk gS vkSj fØIVu (Kr) ij iwjk gksrk
gSA vxys 18 rÙoksaµ :chfM;e (Rb) ls thukWu (Xe) rd
5s, 4d rFkk 5p d{kdksa osQ Hkjus dh ogh i¼fr gksrh gS] tks
4s, 3d vkSj 4p d{kdksa dh FkhA blosQ ckn 6s d{kdksa dk
Hkjuk izkjaHk gksrk gSA lhft;e (Cs) rFkk csfj;e (Ba) esa bl
d{kd esa Øe'k% ,d vkSj nks bysDVªkWu gksrs gSaA mlosQ ckn
ySaFksue (La) ls eoZQjh (Hg) rd 4f  vkSj 5d d{kdksa esa
bysDVªkWu Hkjs tkrs gSaA blosQ ckn 6p, 7s vkSj varr% 5 f ,oa
6d d{kdksa dks Hkjk tkrk gSA ;wjsfu;e (U) osQ ckn osQ rÙo
de LFkk;h gksrs gSa vkSj mUgsa Ñf=ke :i ls izkIr fd;k tkrk
gSA lkj.kh 2-6 esa Kkr rÙoksa osQ bysDVªkWfud foU;kl (LisDVªeh
fofèk;ksa }kjk fuèkkZfjr) fn, x, gSaA

vki ;g iwN ldrs gSa fd vkf[kj bu foU;klksa dks
tkuus ls D;k ykHk gksxk\ vkèkqfud jlk;u foKku osQ
vè;;u esa jklk;fud O;ogkj dks le>us vkSj mldh
O;k[;k djus esa bysDVªkWfud foU;kl dks gh vkèkkj ekuk tkrk
gSA mnkgj.k osQ fy, oqQN iz'uksa] tSlsµ nks ;k nks ls vfèkd
ijek.kq feydj v.kq D;ksa cukrs gSa]\ dksbZ rÙo èkkrq vFkok
vèkkrq D;ksa gksrk gS\ He rFkk Ar tSls rÙo fØ;k'khy D;ksa
ugha gksrs gSa] tcfd gSykstsu tSls rÙo fØ;k'khy gksrs gSaµ bu

lc osQ mÙkj bysDVªkWfud foU;kl osQ vkèkkj ij fn, tk ldrs
gSaA MkYVu osQ ijek.kq ekWMy ls budk Li"Vhdj.k ugha fd;k
tk ldrkA vr% vkèkqfud jlk;u foKku osQ dbZ igyqvksa dks
Hkyh izdkj le>us osQ fy, bysDVªkWfud lajpuk dh iwjh
tkudkjh gksuk vfr vko';d gSA

2-6-6 iw.kZ:is.k iwfjr ,oa v/Ziwfjr mi&dks'kksa
dk LFkkf;Ro

fdlh rÙo dk ryLFk voLFkk bysDVªkWfud foU;kl mldh
U;wure ÅtkZ ls lacafèkr voLFkk gksrh gSA vfèkdka'k ijek.kqvksa
osQ bysDVªkWfud foU;kl Hkkx 2-6-5 esa fn, ewyHkwr fu;eksa
dk vuqlj.k djrs gSaA ijarq oqQN rÙoksa (tSlsµ Cu rFkk Cr

esa] tgk¡ nks mi&dks'kksa (4s rFkk 3d) dh ÅtkZvksa esa de
varj gksrk gS) ,d bysDVªkWu de ÅtkZ okys midks'k s ls
vfèkd ÅtkZ okys midks'k esa LFkkukarfjr gks tkrk gS] c'krsZ
bl LFkkukarj.k ls midks'k osQ lHkh mPp ÅtkZ okys d{kd
izkIr gksa] tks iw.kZiwfjr ;k vèkZiwfjr gksaA vr% Cr rFkk Cu

osQ la;ksth bysDVªkWfud foU;kl Øe'k% 3d5, 4s1 rFkk
3d10, 4s1 gksaxs] u fd 3d4, 4s2 rFkk 3d9, 4s2A ,slk ik;k
x;k gS fd bu bysDVªkWfud foU;klksa esa vfrfjDr LFkkf;Ro
gksrk gSA
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v/Ziwfjr rFkk iw.kZiwfjr mi&dks'kksa osQ LFkkf;Ro osQ dkj.k

iw.kZiwfjr rFkk v/Ziwfjr midks'kksa osQ LFkkf;Ro osQ dkj.k fuEufyf[kr
gSaµ

1- bysDVªkWuksa dk lefer forj.k % ;g Hkyh&Hkk¡fr fofnr

gS fd lefefr LFkkf;Ro iznku djrh gSA iw.kZr% Hkjs gq, ;k
vèkZiwfjr midks'kksa esa bysDVªkWuksa dk forj.k lefer gksrk gSA

vr% ;s vf/d LFkk;h gksrs gSaA ,d gh midks'k esa (;gk¡

3d) bysDVªkWuksa dh ÅtkZ leku gksrh gS] ijarq mlosQ f=kfoe
forj.k fHkUu gksrs gSaA iQyLo:i ;s ,d&nwljs dks vkisf{kd

:i ls de ifjjf{kr djrs gSa rFkk bysDVªkWu ukfHkd }kjk

vf/d izcyrk ls vkdf"kZr gks tkrs gSaA
2- fofue; ÅtkZ % ;g LFkk;hdj.k izHkko rc mRiUu gksrk

gS] tc nks ;k nks ls vf/d bysDVªkWu (ftuosQ izpØ.k leku

gksrs gSa) ,d midks'k osQ leHkaz'k d{kdksa esa mifLFkr gksrs
gSaA ;s bysDVªkWu viuk LFkku fofue; djus dh izo`fÙk j[krs

gSaA bl fofue; osQ dkj.k eqDr ÅtkZ] ^fofue; ÅtkZ*

(exchange energy) dgykrh gSA laHkkfor fofue;ksa
dh la[;k rc vfèkdre gksrh gS] tc mi&dks'k iw.kZr% Hkjs
;k v/Ziwfjr (half filled) gksrs gSa (fp=k 2-18)A blosQ
iQyLo:i fofue; ÅtkZ vf/dre gksrh gS rFkk blh izdkj
LFkkf;Ro Hkh vfèkdre gksrk gSA
vki ns[ksaxs fd ;g ÅtkZ gqaM osQ fu;e dk vk/kj gS]
ftlosQ vuqlkjµ leku ÅtkZ osQ d{kdksa esa tkusokys
bysDVªkWuksa osQ ;FkklaHko lekukarj izpØ.k gksrs gSaA
vU; 'kCnksa esa] vèkZiwfjr rFkk iw.kZiwfjr midks'kksa dk
LFkkf;Ro (i) vkisf{kd :i ls de ifjjf{kr] (ii) de
owQyafcd izfrd"kZ.k ÅtkZ rFkk (iii) mPp fofu;e ÅtkZ
osQ dkj.k gksrk gSA fofue; ÅtkZ osQ fo"k; esa foLrkj
ls vki vxyh d{kkvksa esa i<+saxsA

fp=k 2-18 d5 foU;kl gsrq laHkkfor fofue;
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*vlkekU; bysDVªkWfud foU;kl okys rRo

lkj.kh 2-6  rRoksa osQ bysDVªkWfud foU;kl
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**112 rFkk mlls vf/d ijek.kq&la[;k okys rÙo Kkr gSa] ijarq budk bysDVªkWfud foU;kl ;gka ugha fn;k x;k gSA
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lkjka'k

ijek.kq rÙoksa osQ jpukRed Hkkx gksrs gSaA ;s rÙo osQ ,sls NksVs Hkkx gSa] tks jklk;fud fØ;k esa Hkkx ysrs gSaA izFke ijek.kq
fl¼kar] ftls tkWu MkWYVu us lu~ 1808 esa izfrikfnr fd;k] osQ vuqlkj ijek.kq inkFkZ osQ ,sls lcls NksVs d.k gksrs gSa] ftUgsa
vkSj foHkkftr ugha fd;k tk ldrk gSA mUuhloha 'krkCnh osQ var esa iz;ksxksa }kjk ;g izekf.kr gks x;k fd ijek.kq foHkkT;
gS rFkk og rhu ewy d.kksa (bysDVªkWu] izksVkWu rFkk U;wVªkWu) }kjk cuk gksrk gSA bu vo&ijek.kfod d.kksa dh [kkst osQ ckn
ijek.kq dh lajpuk dks Li"V djus osQ fy, cgqr ls ijek.kq ekWMy izLrqr fd, x,A

lu~ 1898 esa FkkWelu us dgk fd ijek.kq ,d leku /ukRed fo|qr~ vkos'k okyk ,d xksyk gksrk gS] ftl ij
bysDVªkWu mifLFkr gksrs gSaA og ekWMy] ftlesa ijek.kq dk æO;eku iwjs ijek.kq ij ,d leku forfjr ekuk x;k Fkk] lu~
1909 esa jnjiQksMZ osQ egÙoiw.kZ α-d.k osQ izdh.kZu iz;ksx }kjk xyr fl¼ gqvkA jnjiQksMZ us ;g fu"d"kZ fudkyk fd ijek.kq
osQ osQaæ esa cgqr NksVs vkdkj dk /ukosf'kr ukfHkd gksrk gS vkSj bysDVªkWu blosQ pkjksa vksj o`Ùkkdkj d{kksa esa xfr djrs
gSaA jnjiQksMZ ekWMy] tks lkSjeaMy ls feyrk&tqyrk Fkk] fuf'pr :i ls MkYVu ekWMy ls csgrj Fkk] ijarq ;g ijek.kq
dh fLFkjrk dh] vFkkZr~ ;g bl ckr dh O;k[;k ugha dj ik;k fd bysDVªkWu ukfHkd esa D;ksa ugha fxj tkrs gSa\ blosQ vykok
;g ijek.kq dh bysDVªkWfud lajpuk] vFkkZr~ ukfHkd osQ pkjksa vksj bysDVªkWuksa osQ forj.k vkSj mudh ÅtkZ osQ ckjs esa oqQN
ugha crk ldkA jnjiQksMZ ekWMy dh bu dfBukb;ksa dks lu~ 1913 esa uhy cksj us gkbMªkstu ijek.kq osQ vius ekWMy esa
nwj fd;k rFkk ;g izLrkfor fd;k fd ukfHkd osQ pkjksa vksj o`Ùkkdkj d{kksa esa bysDVªkWu xfr djrk gSA osQoy oqQN d{kksa
dk gh vfLrRo gks ldrk gS rFkk izR;sd d{kk dh fuf'pr ÅtkZ gksrh gSA cksj us fofHkUu d{kksa esa bysDVªkWu dh ÅtkZ dh
x.kuk dh vkSj izR;sd d{kk osQ fy, ukfHkd vkSj bysDVªkWu dh nwjh dk vkdyu fd;kA gkyk¡fd cksj ekWMy gkbMªkstu osQ
LisDVªe dks larks"kiwoZd Li"V djrk Fkk] ysfdu ;g cgq&bysDVªkWu ijek.kqvksa osQ LisDVªeksa dh O;k[;k ugha dj ik;kA bldk
dkj.k cgqr tYn gh Kkr gks x;kA cksj ekWMy esa bysDVªkWu dks ukfHkd osQ pkjksa vksj ,d fuf'pr o`Ùkkdkj d{kk esa xfr
djrs gq, vkosf'kr d.k osQ :i esa ekuk x;k FkkA blesa mlosQ rjax tSls y{k.kksa osQ ckjs esa ugha lkspk x;k FkkA ,d d{kk
,d fuf'pr iFk gksrk gS vkSj bl iFk dks iwjh rjg rHkh ifjHkkf"kr ekuk tk ldrk gS] tc ,d gh le; ij bysDVªkWu
dh lgh fLFkfr vkSj lgh osx Kkr gksA gkb”ksucxZ osQ ^vfuf'prrk fl¼kar* osQ vuqlkj ,slk laHko ugha gSA bl izdkj
gkbMªkstu ijek.kq dk cksj ekWMy u osQoy bysDVªkWu osQ nksgjs O;ogkj dh mis{kk djrk gS] cfYd gkb”ksucxZ vfuf'prrk
fl¼kar dk Hkh fojks/ djrk gSA

lu~ 1926 esa bjfou Jks¯Mtj us ,d lehdj.k fn;k] ftls ̂ Jks¯Mtj lehdj.k* dgk tkrk gSA blosQ }kjk f=kfoe
esa bysDVªkWu osQ forj.k vkSj ijek.kqvksa esa vuqer ÅtkZ Lrjksa dk o.kZu fd;k tk ldrk gSA ;g lehdj.k u osQoy ns czkWXyh
osQ  rjax&d.k okys nksgjs y{k.k dh ladYiuk dks è;ku esa j[krk gS] cfYd gkb”ksucxZ osQ ̂ vfuf'prrk fl¼kar* osQ Hkh
laxr gSA tc bl lehdj.k dks gkbMªkstu ijek.kq esa bysDVªkWu osQ fy, gy fd;k x;k] rks bysDVªkWu osQ laHko ÅtkZ&Lrjksa
vkSj laxr rjax iQyuksa (tks xf.krh; iQyu gksrs gSa) osQ ckjs esa tkudkjh izkIr gqbZA ;s DokafVr ÅtkZ&Lrj vkSj muosQ laxr
rjax&iQyu tks rhu DokaVe la[;kvksaµ eq[; DokaVe la[;k n, fnxa'kh; DokaVe la[;k l, vkSj pqacdh; DokaVe la[;k ml

osQ }kjk igpkus tkrs gSa] Jks¯Mtj lehdj.k osQ gy osQ ifj.kkeLo:i izkIr gksrs gSaA bu rhu DokaVe la[;kvksa osQ ekuksa
ij izfrca/ Hkh Jks¯Mtj&lehdj.k osQ gy ls Lor% izkIr gksrs gSaA gkbMªkstu ijek.kq dk DokaVe ;kaf=kdh; ekWMy mlosQ
LisDVªe osQ lHkh igyqvksa dh O;k[;k djrk gS vkSj mlosQ vfrfjDr oqQN ,slh ifj?kVukvksa dks Hkh le>krk gS] tks cksj
ekWMy }kjk Li"V ugha gks ldhaA

ijek.kq osQ DokaVe ;kaf=kdh; ekWMy osQ vuqlkj cgq&bysDVªkWu ijek.kqvksa osQ bysDVªkWu&forj.k dks dbZ dks'kksa esa ck¡Vk
x;k gSA ;s dks'k ,d ;k vf/d mi&dks'kksa osQ cus gq, gks ldrs gSa rFkk bu mi&dks'kksa esa ,d ;k vf/d d{kd gks ldrs
gSa] ftuesa bysDVªkWu mifLFkr gksrk gSA gkbMªkstu vkSj gkbMªkstu tSls fudk;ksa (mnkgj.kkFkZµ He

+
, Li

2+
 vkfn) esa fdlh

fn, x, dks'k osQ lHkh d{kdksa dh leku ÅtkZ gksrh gS] ijarq cgq&bysDVªkWu ijek.kqvksa esa d{kdksa dh ÅtkZ n vkSj l osQ
ekuksa ij fuHkZj gSA fdlh d{kd osQ fy, (n + l ) dk eku ftruk de gksxk mldh ÅtkZ Hkh mruh gh de gksxhA ;fn
dksbZ nks d{kdksa dk (n + l ) eku leku gS] rks ml d{kd dh ÅtkZ de gksxh] ftlosQ fy, n dk eku de gSA fdlh
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ijek.kq esa ,sls dbZ d{kd laHko gksrs gSa] rFkk muesa ÅtkZ osQ c<+rs Øe esa bysDVªkWu ikmyh osQ viotZu fl¼kar (fdlh
ijek.kq esa fdUgha nks bysDVªkWuksa dh pkjksa DokaVe&la[;k dk eku leku ugha gks ldrk gS) vkSj gqaM osQ vf/dre cgqdrk
fu;e (,d midks'k osQ d{kdksa esa bysDVªkWuksa dk ;qXeu rc rd izkjaHk ugha gksrk] tc rd izR;sd d{kd esa ,d&,d
bysDVªkWu u vk vk,) osQ vk/kj ij Hkjs tkrs gSaA ijek.kqvksa dh bysDVªkWfud lajpuk bUgha fopkjksa ij vk/kfjr gSA

vH;kl

2-1 (i) ,d xzke Hkkj esa bysDVªkWuksa dh la[;k dk ifjdyu dhft,A

(ii) ,d eksy bysDVªkWuksa osQ æO;eku vkSj vkos'k dk ifjdyu dhft,A

2-2 (i) esFksu osQ ,d eksy esa mifLFkr bysDVªkWuksa dh la[;k dk ifjdyu dhft,A

(ii) 7 mg 14C esa U;wVªkWuksa dh (d) oqQy la[;k rFkk ([k) oqQy æO;eku Kkr dhft,A

(U;wVªkWu dk æO;eku = 1.675 × 10–27 kg eku yhft,)

(iii) ekud rki vkSj nkc (STP) ij 34 mg NH3 esa izksVkWuksa dh

(d) oqQy la[;k vkSj ([k) oqQy æO;eku crkb,A

nkc vkSj rki esa ifjorZu ls D;k mÙkj ifjofrZr gks tk,xk\

2-3 fuEufyf[kr ukfHkdksa esa mifLFkr U;wVªkWuksa vkSj izksVkWuksa dh la[;k crkb,µ

Sr Fe Mg O C 88
38

56
26

24
12

16
8

13
6 ,,,,

2-4 uhps fn, x, ijek.kq æO;eku (A) vkSj ijek.kq la[;k (Z) okys ijek.kqvksa dk iw.kZ izrhd fyf[k,µ

(i) Z = 17 ,  A = 35.

(ii) Z = 92 ,  A = 233.

(iii) Z =  4 ,   A =  9.

2-5 lksfM;e ySEi }kjk mRl£tr ihys izdk'k dh rjax&nS?;Z (λ) 580 nm gSA bldh vko`fÙk (ν) vkSj
rjax&la[;k ( )ν  dk ifjdyu dhft,A

2-6 izR;sd ,sls iQksVkWu dh ÅtkZ Kkr dhft,&

(i) tks 3 × 1015 Hz vko`fÙk okys izdk'k osQ laxr gksA

(ii) ftldh rjax&nS?;Z 0.50 Å gksA

2-7 2.0 × 10–10 s dky okyh izdk'k rjax dh rjax&nS?;Z] vkòfÙk vkSj rjax&la[;k dh x.kuk dhft,A

2-8 ,slk izdk'k] ftldh rjax&nS?;Z 4000 pm gks vkSj tks 1 J ÅtkZ ns] osQ iQksVkWuksa dh la[;k crkb,A

2-9 ;fn 4 × 10–7 m rjax&nS?;Z okyk ,d iQksVkWu 2.13 eV dk;ZiQyu okyh /krq dh lrg ls Vdjkrk
gS] rks

(i) iQksVkWu dh ÅtkZ (eV esa) (ii) mRltZu dh xfrt ÅtkZ vkSj (iii) izdk'kh; bysDVªkWu osQ osx
dk ifjdyu dhft, (1 eV= 1.6020 × 10–19 J)A

2-10 lksfM;e ijek.kq osQ vk;uu osQ fy, 242 nm rjax&nS?;Z dh fo|qr~&pqacdh; fofdj.k i;kZIr gksrh
gSA lksfM;e dh vk;uu ÅtkZ kJ mol–1 esa Kkr dhft,A

2-11 25 okWV dk ,d cYc 0-57 µ m rjax&nS?;Z okys ihys jax dk ,do.khZ izdk'k mRiUu djrk gSA
izfr lsoaQM DokaVk osQ mRltZu dh nj Kkr dhft,A

2-12 fdlh /krq dh lrg ij 6800 Å rjax&nS?;Z okyh fofdj.k Mkyus ls 'kwU; osx okys bysDVªkWu
mRl£tr gksrs gSaA /krq dh nsgyh vko`fÙk (ν0 ) vkSj dk;ZiQyu (W0 ) Kkr dhft,A
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2-13 tc gkbMªkstu ijek.kq osQ  n = 4 ÅtkZ Lrj ls n = 2 ÅtkZ Lrj esa bysDVªkWu tkrk gS] rks fdl
rjax&nS?;Z dk izdk'k mRl£tr gksxk\

2-14 ;fn bysDVªkWu n = 5 d{kd esa mifLFkr gks] rks H ijek.kq osQ vk;uu osQ fy, fdruh ÅtkZ dh
vko';drk gksxh\ vius mÙkj dh rqyuk gkbMªkstu ijek.kq osQ vk;uu ,UFkSYih ls dhft,A
(vk;uu ,UFkSYih n = 1 d{kd ls bysDVªkWu dks fudkyus osQ fy, vko';d ÅtkZ gksrh gSA)

2-15 tc gkbMªkstu ijek.kq esa mÙksftr bysDVªkWu n = 6 ls ewy voLFkk esa tkrk gS] rks izkIr mRl£tr
js[kkvksa dh vf/dre la[;k D;k gksxh\

2-16 (i) gkbMªkstu osQ izFke d{kd ls lacaf/r ÅtkZ  –2.18 × 10–18 J atom–1 gSA ik¡posa d{kd
ls lacaf/r ÅtkZ crkb,A

(ii) gkbMªkstu ijek.kq osQ ik¡posa cksj d{kd dh f=kT;k dh x.kuk dhft,A

2-17 gkbMªkstu ijek.kq dh ckej Js.kh esa vf/dre rjax&nS?;Z okys laØe.k dh rjax&la[;k dh x.kuk
dhft,A

2-18 gkbMªkstu ijek.kq esa bysDVªkWu dks igyh d{k ls ik¡poha d{k rd ys tkus osQ fy, vko';d ÅtkZ
dh twy esa x.kuk dhft,A tc ;g bysDVªkWu ryLFk voLFkk esa ykSVrk gS] rks fdl rjax&nS?;Z dk
izdk'k mRl£tr gksxk\ (bysDVªkWu dh ryLFk voLFkk ÅtkZ –2.18 × 10–11 ergs gS)A

2-19 gkbMªkstu ijek.kq esa bysDVªkWu dh ÅtkZ E
n
 = (–2.18 × 10–18)/n2 J }kjk nh tkrh gSA

n = 2 d{kk ls bysDVªkWu dks iwjh rjg fudkyus osQ fy, vko';d ÅtkZ dh x.kuk dhft,A izdk'k
dh lcls yach rjax&nS?;Z (cm esa) D;k gksxh] ftldk mi;ksx bl laØe.k esa fd;k tk losQA

2-20 2.05 × 107 m s–1 osx ls xfr dj jgs fdlh bysDVªkWu dk rjax&nS?;Z D;k gksxk\

2-21 bysDVªkWu dk æO;eku 9.1 × 10–31 kg gSaA ;fn bldh xfrt ÅtkZ 3.0 × 10–25 J gks] rks bldh
rjax&nS?;Z dh x.kuk dhft,A

2-22 fuEufyf[kr esa ls dkSu le&vk;uh Lih'kh”k gSa] vFkkZr~ fduesa bysDVªkWuksa dh leku la[;k gS\

Na+, K+, Mg2+, Ca2+, S2-, Ar

2-23 (i) fuEufyf[kr vk;uksa dk bysDVªkWfud foU;kl fyf[k, µ

(d) H– ([k) Na+ (x) O2– (?k) F–

(ii) mu rÙoksa dh ijek.kq&la[;k crkb,] ftuosQ lcls ckgjh bysDVªkWuksa dks fuEufyf[kr :i esa
n'kkZ;k tkrk gS µ

(d) 3s
1 ([k) 2p

3  rFkk (x) 3p
5 ?

(iii) fuEufyf[kr foU;klksa okys ijek.kqvksa osQ uke crkb, µ

(d) [He] 2s
1 ([k) [Ne] 3s

2 3p
3 (x) [Ar] 4s

2 3d
1.

2-24 fdl fuEure n eku }kjk g d{kd dk vfLrRo vuqer gksxk\

2-25 ,d bysDVªkWu fdlh 3d d{kd esa gSA blosQ fy, n, l vkSj m
l
 osQ laHko eku nhft,A

2-26 fdlh rÙo osQ ijek.kq esa 29 bysDVªkWu vkSj 35 U;wVªkWu gSaA (i) blesa izksVkWuksa dh la[;k crkb,A
(ii) rÙo dk bysDVªkWfud foU;kl crkb,A

2-27 H2
+, H2 vkSj O2

+ Lih'kh”k esa mifLFkr bysDVªkWuksa dh la[;k crkb,A

2-28 (i) fdlh ijek.kq d{kd dk n = 3 gSA mlosQ fy, l vkSj 2m
l
 osQ laHko eku D;k gksaxs\

(ii) 3d d{kd osQ bysDVªkWuksa osQ fy, m
l
 vkSj l DokaVe la[;kvksa osQ eku crkb,A

(iii) fuEufyf[kr esa ls dkSu ls d{kd laHko gSa µ

1p, 2s, 2p vkSj 3f
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2-29 s,p,d laosQru }kjk fuEufyf[kr DokaVe la[;kvksa okys d{kdksa dks crkb, µ

(d) n = 1, l = 0

([k) n = 3; l = 1

(x) n = 4; l = 2

(?k) n = 4; l = 3

2-30 dkj.k nsrs gq, crkb, fd fuEufyf[kr DokaVe la[;k osQ dkSu ls eku laHko ugha gSa µ

(d) n = 0, l = 0, m
l
  =   0, m

s
 = + ½

([k) n = 1, l = 0, m
l
  =   0, m

s
 = – ½

(x) n = 1, l = 1, m
l
  =   0, m

s
 = + ½

(?k) n = 2, l = 1, m
l
  =   0, m

s
 = – ½

(Ä) n = 3, l = 3, m
l
  = –3, m

s
 = + ½

(p) n = 3, l = 1, m
l
  =   0, m

s
 = + ½

2-31 fdlh ijek.kq esa fuEufyf[kr DokaVe la[;kvksa okys fdrus bysDVªkWu gksaxs\
(d) n = 4, m

s
 = –½ ([k)  n = 3, l = 0

2-32 ;g n'kkZb, fd gkbMªkstu ijek.kq dh cksj d{kk dh ifjf/ ml d{kk esa xfreku bysDVªkWu dh
ns&czkXyh rjax&nS?;Z dk iw.kZ xq.kd gksrh gSA

2-33 He+ LisDVªe osQ n = 4 ls n = 2 ckej laØe.k ls izkIr rajx&nSè;Z osQ cjkcj okyk laØe.k
gkbMªkstu LisDVªe esa D;k gksxk\

2-34 He+ (g) g He2+ (g) + e– izfØ;k osQ fy, vko';d ÅtkZ dh x.kuk dhft,A gkbMªkstu ijek.kq
dh ryLFk voLFkk esa vk;uu ÅtkZ 2.18 × 10–18 J atom–1  gSA

2-35 ;fn dkcZu ijek.kq dk O;kl 0.15 nm gS] rks mu dkcZu ijek.kqvksa dh la[;k dh x.kuk dhft,]
ftUgsa 20 cm LosQy dh yackbZ esa ,d&,d djosQ O;ofLFkr fd;k tk ldrk gSA

2-36 dkcZu osQ 2 ×108 ijek.kq ,d drkj esa O;ofLFkr gSaA ;fn bl O;oLFkk dh yackbZ 2.4 cm gS]
rks dkcZu ijek.kq osQ O;kl dh x.kuk dhft,A

2-37 f”kad ijek.kq dk O;kl 2.6 Å gS µ (d) f”kad ijek.kq dh f=kT;k pm  esa rFkk ([k) 1.6 cm

dh yackbZ esa drkj esa yxkrkj mifLFkr ijek.kqvksa dh la[;k dh x.kuk dhft,A

2-38 fdlh d.k dk fLFkj fo|qr~ vkos'k 2.5 × 10–16C gSA blesa mifLFkr bysDVªkWuksa dh la[;k dh x.kuk
dhft,A

2-39 fefydu osQ iz;ksx esa rsy dh cw¡n ij pedrh X&fdj.kksa }kjk izkIr LFkSfrd fo|qr~&vkos'k izkIr
fd;k tkrk gSA rsy dh cw¡n ij ;fn LFkSfrd fo|qr~ vkos'k –1.282 × 10–18C  gS] rks blesa
mifLFkr bysDVªkWuksa dh la[;k dh x.kuk dhft,A

2-40 jnji+ QksMZ osQ iz;ksx esa lksus] IySfVue vkfn Hkkjh ijek.kqvksa dh iryh iÙkh dks α d.kksa }kjk ceckjh
dh tkrh gSA ;fn ,syqfefu;e vkfn tSls gYosQ ijek.kq dh iryh iUuh yh tk,] rks mijksDr ifj.kkeksa
esa D;k varj gksxk\

2-41 79
35Br  rFkk 79Br izrhd ekU; gS] tcfd 35

79 Br  rFkk 35Br ekU; ugha gSA la{ksi esa dkj.k crkb,A

2-42 ,d 81 æO;eku la[;k okys rÙo esa izksVkWuksa dh rqyuk esa 31.7% U;wVªkWu vf/d gSA bldk ijek.kq
izrhd fyf[k,A

2-43 37 æO;eku la[;k okys ,d vk;u ij ½.kkos'k dh ,d bdkbZ gSA ;fn vk;u esa bysDVªkWu dh rqyuk
esa U;wVªkWu 11.1% vf/d gS] rks vk;u dk izrhd fyf[k,A
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2-44 56 æO;eku la[;k okys ,d vk;u ij /ukos'k dh 3 bdkbZ gSa] vkSj blesa bysDVªkWu dh rqyuk esa 30-4% U;wVªkWu
vf/d gSaA bl vk;u dk izrhd fyf[k,A

2-45 fuEufyf[kr fofdj.kksa osQ izdkjksa dks vko`fÙk osQ c<+rs gq, Øe esa O;ofLFkr dhft, µ

(d) ekbØksoso vksou (oven) ls fofdj.k

([k) ;krk;kr&laosQr ls =k.kef.k (amber) izdk'k

(x) ,iQ-,e- jsfM;ks ls izkIr fofdj.k

(/) ckgjh fnd~ ls dkSlfed fdj.ksa

(p) X-fdj.ksa

2-46 ukbVªkstu ys”kj 337.1 nm dh rjax&nS?;Z ij ,d fofdj.k mRiUu djrh gSA ;fn mRl£tr iQksVkWuksa dh la[;k
5.6 × 1024 gks] rks bl ys”kj dh {kerk dh x.kuk dhft,A

2-47 fuvkWu xSl dks lkekU;r% laosQr cksMks± esa iz;qDr fd;k tkrk gSA ;fn ;g 616 nm ij izcyrk ls fofdj.k&mRltZu
djrh gS] rks

(d) mRltZu dh vko`fÙk ([k) 30 lsdaM esa bl fofdj.k }kjk r; dh xbZ nwjh (x) DokaVe dh ÅtkZ rFkk
(?k) mifLFkr DokaVe dh la[;k dh x.kuk dhft, (;fn ;g 2J dh ÅtkZ mRiUu djrh gS)A

2-48 [kxksyh; izs{k.kksa esa nwjLFk rkjksa ls feyus okys laosQr cgqr de”kksj gksrs gSaA ;fn iQksVkWu lalwpd 600 nm osQ
fofdj.k ls oqQy 3.15 × 10–18J izkIr djrk gS] rks lalwpd }kjk izkIr iQksVkWuksa dh la[;k dh x.kuk dhft,A

2-49 mÙksftr voLFkkvksa esa v.kqvksa osQ thoudky dk eki izk;% yxHkx usuks lsoaQM ijkl okys fofdj.k lzksr dk mi;ksx
djosQ fd;k tkrk gSA ;fn fofdj.k lzksr dk dky 2ns vkSj Liafnr fofdj.k lzksr osQ nkSjku mRl£tr iQksVkWuksa dh
la[;k 2.5 × 1015 gS] rks lzksr dh ÅtkZ dh x.kuk dhft,A

2-50 lcls yach f}xqf.kr rjax&nS?;Z ̄td vo'kks"k.k laØe.k  589 vkSj  589.6nm ij ns[kk tkrk gSA izR;sd laØe.k
dh vko`fÙk vkSj nks mÙksftr voLFkkvksa osQ chp ÅtkZ osQ varj dh x.kuk dhft,A

2-51 lhf”k;e ijek.kq dk dk;ZiQyu 1.9 eV gS] rks

(d) mRl£tr fofdj.k dh nsgyh rjax&nS?;Z ([k) nsgyh vko`fÙk dh x.kuk dhft,A ;fn lhf”k;e rÙo dks
500nm dh rjax&nS?;Z osQ lkFk fodh£.kr fd;k tk,] rks fudys gq, iQksVksbysDVªkWu dh xfrt ÅtkZ vkSj osx dh
x.kuk dhft,A

2-52 tc lksfM;e /krq dks fofHkUu rjax&nS?;ks± osQ lkFk fodh£.kr fd;k tkrk gS] rks fuEufyf[kr ifj.kke izkIr
gksrs gSa µ

λ (nm) 500 450 400

v × 10–5 (cm s–1) 2.55 4.35 5.35

nsgyh rjax&nS?;Z Iykad fLFkjkad dh x.kuk dhft,A

2-53 izdk'k fo|qr~ izHkko iz;ksx esa flYoj /krq ls iQksVksbysDVªkWu dk mRltZu 0.35V dh oksYVrk }kjk jksdk tk ldrk
gSA tc 256.7 nm osQ fofdj.k dk mi;ksx fd;k tkrk gS] rks flYoj /krq osQ fy, dk;ZiQyu dh x.kuk dhft,A

2-54 ;fn 150pm rjax&nS?;Z dk iQksVkWu ,d ijek.kq ls Vdjkrk gS vkSj blosQ vanj c¡/k gqvk bysDVªkWu
1.5 ×107ms–1 osx ls ckgj fudyrk gS rks ml ÅtkZ dh x.kuk dhft,] ftlls ;g ukfHkd ls c¡/k gqvk gSA

2-55 ik'ku Js.kh dk mRltZu laØe.k n d{k ls vkjaHk gksrk gSA d{k  n = 3 esa [kRe gksrk gS rFkk bls v = 3.29

× 1015 (Hz) [ 1/32 – 1/n2] ls n'kkZ;k tk ldrk gSA ;fn laØe.k 1285 nm ij izsf{kr gksrk gS] rks
n  osQ eku dh x.kuk dhft, rFkk LisDVªe dk {ks=k crkb,A

2-56 ml mRltZu laØe.k osQ rjax&nS?;Z dh x.kuk dhft,] tks 1.3225 nm f=kT;k okys d{k ls vkjaHk vkSj 211.6

pm ij lekIr gksrk gSA bl laØe.k dh Js.kh dk uke vkSj LisDVªe dk {ks=k Hkh crkb,A
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2-57 ns czkXyh }kjk izfrikfnr æO; osQ nksgjs O;ogkj ls bysDVªkWu lw{en'khZ dh [kkst gqbZ] ftls tSo v.kqvksa vkSj vU;
izdkj osQ inkFkks± dh vfr vkof/Zr izfr¯cc osQ fy, mi;ksx esa yk;k tkrk gSA bl lw{en'khZ esa ;fn bysDVªkWu dk
osx 1.6 × 106

 ms–1 gS] rks bl bysDVªkWu ls lacaf/r ns czkXyh rjax&nS?;Z dh x.kuk dhft,A

2-58 bysDVªkWu foorZu osQ leku U;wVªkWu foorZu lw{en'khZ dks v.kqvksa dh lajpuk osQ fu/kZj.k esa iz;qDr fd;k tkrk gSA
;fn ;gk¡ 800pm dh rjax&nS?;Z yh tk,] rks U;wVªkWu ls lacaf/r vfHkyk{kf.kd osx dh x.kuk dhft,A

2-59 ;fn cksj osQ izFke d{k esa bysDVªkWu dk osx 2.9 × 106ms–1 gS] rks blls lacaf/r ns czkWXyh rjax&nS?;Z dh x.kuk
dhft,A

2-60 ,d izksVkWu] tks 1000 V osQ foHkokarj esa xfr dj jgk gS] ls lacaf/r osx 4.37 × 105 ms–1 gSA ;fn 0.1 kg

æO;eku dh gkWdh dh xsan bl osx ls xfreku gS] rks blls lacaf/r rjax&nS?;Z dh x.kuk dhft,A

2-61 ;fn ,d bysDVªkWu dh fLFkfr dks ± 0.002nm dh 'kq¼rk ls ekih tkrh gS] rks bysDVªkWu osQ laosx esa vfuf'prrk
dh x.kuk dhft,A ;fn bysDVªkWu dk laosx h/4πm ×0.05 nm gS] rks D;k bl eku dks fudkyus esa dksbZ dfBukbZ
gksxh\

2-62 N% bysDVªkWu dh DokaVe la[;k uhps nh xbZ gSA bUgsa ÅtkZ osQ c<+rs Øe esa O;ofLFkr dhft,A D;k buesa ls fdlh
dh ÅtkZ leku gS\

1. n = 4, l = 2, m
l = –2 , ms = –1/2

2. n = 3, l = 2, m
l = 1 , ms = +1/2

3. n = 4, l = 1, m
l = 0 , ms = +1/2

4. n = 3, l = 2, m
l = –2 , ms = –1/2

5. n = 3, l = 1, m
l = –1 , ms = +1/2

6. n = 4, l = 1, m
l = 0 , ms = +1/2

2-63 czksehu ijek.kq esa 35 bysDVªkWu gksrs gSaA blosQ 2p d{kd esa N% bysDVªkWu] 3p d{kd esa N% bysDVªkWu rFkk 4p

d{kd esa ik¡p bysDVªkWu gksrs gSaA buesa ls dkSu lk bysDVªkWu U;wure izHkkoh ukfHkdh; vkos'k vuqHko djrk gS\

2-64 fuEufyf[kr esa ls dkSu lk d{kd mPpizHkkoh ukfHkdh; vkos'k vuqHko djsxk\

(i) 2s vkSj 3s, (ii) 4d vkSj 4f  rFkk (iii) 3d vkSj 3p.

2-65 Al rFkk Si esa 3p d{kd esa v;qfXer bysDVªkWu gksrs gSaA dkSu lk bysDVªkWu ukfHkd ls vf/d izHkkoh ukfHkdh;
vkos'k vuqHko djsxk\

2-66 bu v;qfXer bysDVªkWuksa dh la[;k crkb, (d) P ([k) Si (x) Cr (?k) Fe (Ä) Kr

2-67 (d) n = 4 ls lacaf/r fdrus midks'k gSa\

([k) ml midks'k esa fdrus bysDVªkWu mifLFkr gksaxs] ftlosQ fy, = −
1
2

ms  ,oa = 4n  gSaA
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,dd 3

bl ,dd osQ vè;;u osQ i'pkr~ vki µ
• thou osQ fofHkUu {ks=kksa esa jlk;u foKku osQ

egÙo dks le> losaQxs_
• rÙoksa osQ xq.kèkeks± osQ vkèkkj ij muosQ

oxhZdj.k dh ladYiuk }kjk vkorZ lkj.kh
osQ fodkl ls voxr gks losaQxs_

• vkorZ&fu;e dks le> losaQxs_
• vkorhZ oxhZdj.k osQ fy, ijek.kq&la[;k

rFkk bysDVªkWfud foU;kl osQ vkèkkj dh
lkFkZdrk dks le> losaQxs_

• 100 ls vfèkd ijek.kq&Øekadokys rÙoksa
osQ fy, IUPAC uke fy[k losaQxs_

• rÙoksa dks s, p, d ,oa f CykWd esa oxhZÑr
dj losaQxs vkSj muosQ eq[; vfHky{k.kksa dks
crk losaQxs_

• rÙoksa osQ HkkSfrd ,oa jklk;fud xq.kèkeks± esa
vkorhZ y{k.kksa dks igpku losaQxs_

• rÙoksa dh vfHkfØ;k'khyrk dh rqyuk dj
losaQxs vkSj mUgsa mudh izÑfr esa mifLFkfr
ls lac¼ dj losaQxs_

• vk;uu ,aFkSYih ,oa èkkfRod y{k.kksa osQ
chp lacaèk crk losaQxs_

• ijek.kq ls lacafèkr oqQN egÙoiw.kZ xq.kèkeks±]
tSls µ vk;fud] ijek.kq f=kT;k vk;uu
,aFkSYih] bysDVªkWu] yfCèk ,aFkSYih] fo|qr~
Í.kkRedrk vkSj la;kstdrk ls lacafèkr
fopkjksa dks O;Dr djus osQ fy, lgh oSKkfud
'kCnkoyh dk mi;ksx dj losaQxsA

rÙoksa dk oxhZdj.k ,oa xq.kèkeks± esa vko£rrk
CLASSIFICATION OF ELEMENTS AND PERIODICITY IN PROPERTIES

vkorZ lkj.kh izekf.kr rkSj ij jlk;u 'kkL=k dk vR;ar egÙoiw.kZ fopkj
gSA izfrfnu fo|kFkhZ dks blls lgk;rk feyrh gS] [kkstdÙkkZvksa dks ubZ fn'kk
feyrh gS vkSj O;ofLFkr :i esa laiw.kZ jlk;u 'kkL=k dk laf{kIr o.kZu feyrk
gSA ;g bl ckr dk ,d vn~Hkqr mnkgj.k gS fd jklk;fud rRo vO;ofLFkr
lewg esa fc[kjh gqbZ bdkbZ ugha gksrs] vfirq os O;ofLFkr lewgksa esa lekurk
iznf'kZr djrs gSaA tks yksx ;g tkuuk pkgrs gSa fd nqfu;k NksVs&NksVs va'kksa ls
oSQls cuh] muosQ fy, vkorZ lkj.kh cgqr mi;ksxh gSA

Xysu Vh lhcxZ

bl ,dd esa ge orZeku vkorZ lkj.kh dk ,sfrgkfld fodkl ,oa vkèkqfud
vkorZ&fu;e dk vè;;u djsaxsA rÙoksa dk oxhZdj.k ijek.kq osQ bysDVªkWfud
foU;kl dk ifj.kke gSA var esa ge rÙoksa osQ HkkSfrd rFkk jklk;fud xq.kksa dh
vkorhZ izo`fÙk ij fopkj djsaxsA

3-1 rÙoksa dk oxhZdj.k D;ksa vko';d gS\
vc rd ge ;g tku pqosQ gSa fd rÙo lHkh izdkj osQ inkFkks± dh ewy bdkbZ
gksrs gSaA lu~ 1800 esa osQoy 31 rÙo Kkr FksA lu~ 1865 rd 63 rÙoksa dh
tkudkjh gks xbZ FkhA vktdy gesa 114 rÙoksa osQ ckjs esa irk gSA buesa ls gky
esa [kksts x, rÙo ekuo&fufeZr gSaA oSls] vHkh Hkh u, rÙoksa dh d`f=ke jpuk
osQ iz;kl tkjh gSaA brus lkjs rÙoksa vkSj muosQ vla[; ;kSfxdksa osQ jlk;u dk
vè;;u vyx&vyx dj ikuk cgqr dfBu gSA bl dfBukbZ dks nwj djus osQ
fy, oSKkfudksa us rÙoksa dk oxhZdj.k djosQ bl vè;;u dks laxfBr fd;k
vkSj vklku cuk;kA bruk gh ugha] bl laf{kIr rjhosQ ls lHkh rÙoksa ls lacafèkr
jklk;fud rF;ksa dk vè;;u roZQlaxr :i ls rks dj gh losaQxs] Hkfo"; esa
[kksts tkus okys vU; rÙoksa osQ vè;;u esa Hkh enn feysxhA

3-2 vkorZ lkj.kh dh mRifÙk
rÙoksa dk oxhZdj.k lewgksa esa vkSj vko£rrk fu;e ,oa vkorZ lkj.kh dk
fodkl oSKkfudksa }kjk vusd voyksduksa rFkk iz;ksxksa dk ifj.kke gSA loZizFke

mís';
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teZu jlk;uK tkWu MkWcsjkbuj us lu~ 1800 osQ izkjafHkd
n'kdksa esa bl ckr dh vksj laosQr fd;k fd rÙoksa osQ xq.kèkeks±
esa fuf'pr izo`fÙk gksrh gSA lu~ 1829 esa mUgksaus leku HkkSfrd
,oa jklk;fud xq.kksa okys rhu rÙoksa osQ lewgksa (f=kdksa) dh
rjiQ è;ku vkdf"kZr djk;kA mUgksaus ;g Hkh ik;k fd izR;sd
f=kd esa chp okys rÙo dk ijek.kq&Hkkj 'ks"k nksuksa rÙoksa osQ
ijek.kq Hkkj osQ vkSlr eku osQ yxHkx cjkcj Fkk (lkj.kh 3-1
dks ns[ksa)A lkFk gh] eè; okys rÙo osQ xq.kèkeZ 'ks"k nksuksa rÙoksa
osQ xq.kèkeks± osQ eè; ik, x,A

MkWcsjkbuj dk ̂ f=kd dk fu;e* oqQN gh rÙoksa osQ fy,
lgh ik;k x;kA blfy, bls egt ,d la;ksx le>dj bldk
fopkj NksM+ fn;k x;kA blosQ i'pkr~ Úkafllh HkwxHkZ'kkL=kh
,-bZ-ch- Mh pSudksjVksbl (A.E.B. de Chancourtois) us
lu~ 1862 esa rÙoksa dk oxhZdj.k djus dk iz;kl fd;kA
mUgksaus rÙoksa dks muosQ c<+rs gq, ijek.kq&Hkkj osQ Øe esa
O;ofLFkr fd;k vkSj rÙoksa dh o`Ùkkdkj lkj.kh cukbZ] ftlesa
rÙoksa osQ xq.kèkeks± esa vkorhZ iqujko`fÙk dks n'kkZ;k x;kA ;g Hkh
vfèkd è;ku vkd`"V ugha dj ldkA vaxzsT+k jlk;uK tkWu
,ysDtsaMj U;wySaM us lu~ 1865 esa v"Vd fu;e (Law of

octaves) dks fodflr fd;kA mUgksaus rÙoksa dks muosQ c<+rs
gq, ijek.kq&Hkkj osQ Øe esa O;ofLFkr fd;k rFkk ik;k fd
fdlh Hkh rÙo ls izkjaHk djus ij vkBosa rÙo osQ xq.k izFke
rÙo osQ leku Fks (lkj.kh 3-2 ns[ksa)A ;g lacaèk mlh izdkj
dk Fkk] tSlk vkBosa lkaxhfrd Loj (eight musical note)

dk lacaèk izFke lkaxhfrd Loj osQ lkFk gksrk gSA U;wySaM dk
v"Vd fu;e fliQZ Ca rd osQ rÙoksa rd lgh izrhr gqvk]
gkyk¡fd ml le; bl èkkj.kk dks O;kid ekU;rk ugha feyh]
ijarq ckn esa jkW;y lkslk;Vh (yanu) }kjk lu~ 1887 esa
U;wySaM dks Msoh ind }kjk iqjLÑr dj muosQ dke dks
ekU;rk nh xbZA

:lh jlk;uK nfe=kh esaMyho (1834&1907) rFkk
teZu jlk;uK yksFkj es;j (1830&1895) osQ lrr~ iz;klksa
osQ iQyLo:i vkorZ&lkj.kh osQ fodkl esa liQyrk izkIr gqbZA
Lora=k :i ls dk;Z djrs gq, nksuksa jlk;uKksa us lu~ 1869 esa
izLrkfor fd;k fd tc rÙoksa dks muosQ c<+rs gq, ijek.kq&Hkkjksa
osQ Øe esa O;ofLFkr fd;k tkrk gS] rc fu;fer varjky osQ
i'pkr~ muosQ HkkSfrd rFkk jklk;fud xq.kksa esa lekurk ikbZ
tkrh gSA yksFkj es;j us HkkSfrd xq.kksa (tSlsµ ijek.oh; vk;ru]
xyukad ,oa DoFkukad vkSj ijek.kq&Hkkj osQ eè; oØ vkysf[kr
(curve plotting) fd;k] tks ,d fuf'pr leqPp; okys
rÙoksa esa lekurk n'kkZrk FkkA lu~ 1868 rd yksFkj es;j us
rÙoksa dh ,d lkj.kh dk fodkl dj fy;k] tks vkèkqfud
vkorZ&lkj.kh ls dkiQh feyrh&tqyrh Fkh] ysfdu mlosQ
dke dk fooj.k nfe=kh esaMyho osQ dke osQ fooj.k ls igys
izdkf'kr ugha gks ik;kA vkèkqfud vkorZ lkj.kh osQ fodkl esa
;ksxnku dk Js; nfe=kh esaMsyho dks fn;k x;k gSA

gkyk¡fd vkorhZ lacaèkksa osQ vè;;u dk vkjaHk MkWcsjkbuj
us fd;k Fkk] ¯oQrq esaMyho us vkorZ fu;e dks igyh ckj
izdkf'kr fd;kA ;g fu;e bl izdkj gS µ

 rÙo ijek.kq&Hkkj rÙo ijek.kq&Hkkj rÙo ijek.kq&Hkkj

Li 7 Ca 40 Cl 35.5

Na 23 Sr 88 Br 80

K 39 Ba 137 I 127

lkj.kh 3-1  MkWcsjkbuj osQ f=kd

lkj.kh 3-2  U;wySaM osQ v"Vd

rÙo Li Be B C N O F

ijek.kq&Hkkj 7 9 11 12 14 16 19

rÙo Na Mg Al Si P S Cl

ijek.kq&Hkkj 23 24 27 29 31 32 35.5

rÙo K Ca

ijek.kq&Hkkj 39 40
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¶rÙoksa osQ xq.kèkeZ muosQ ijek.kq Hkkjksa osQ vkorhZ
iQyu gksrs gSaA¸

esaMyho us rÙoksa dks {kSfrt iafDr;ksa ,oa ÅèokZèkkj
LraHkksa esa muosQ c<+rs gq, ijek.kq&Hkkj osQ vuqlkj lkj.kh esa bl
rjg Øe esa j[kk fd leku xq.kèkeks± okys rÙo ,d gh
ÅèokZèkj&LraHk ;k lewgksa esa LFkku ik,¡A esaMyho }kjk rÙoksa dk
oxhZdj.k fuf'pr rkSj ij yksFkj es;j osQ oxhZdj.k ls vfèkd
foLr`r FkkA esaMyho us vko£rrk osQ egÙo dks iw.kZ :i ls
le>k vkSj rÙoksa osQ oxhZdj.k osQ fy, vfèkd foLr`r
HkkSfrd ,oa jklk;fud xq.kèkeks± dks vkèkkj ekukA fo'ks"k :i
ls esaMyho us rÙoksa }kjk izkIr ;kSfxdksa osQ ewykuqikrh lw=kksa
(empirical formula) rFkk muosQ xq.kèkeks± dh lekurk dks
vkèkkj ekukA og ;g tkurs Fks fd ;fn ijek.kq&Hkkj osQ Øe
dk iw.kZr% ikyu fd;k tkrk] rks oqQN rÙo muosQ }kjk fn,
x, Øe esa vkorZ&lkj.kh esa ugha j[ks tk ldrs FksA mUgksaus
leku jklk;fud xq.k n'kkZus okys rÙoksa dks vkorZ&lkj.kh esa
mfpr LFkku nsus osQ fy, muosQ ijek.kq&Hkkjksa osQ Øe dh
mis{kk dhA mnkgj.k osQ rkSj ijµ vk;ksMhu] ftldk ijek.kq
Hkkj lewg VI osQ rÙo ̂ VSywfj;e* ls de Fkk] dks lewg VII

esa Ýyqvksjhu] Dyksjhu] czksehu vkfn osQ lkFk xq.kèkeks± esa
lekurk osQ vkèkkj ij j[kk x;k (fp=k 3-1)A mUgksaus leku
xq.kèkeks± okys rÙoksa dks ,d lewg esa j[kus dh izkFkfedrk dks
vkèkkj ekurs gq, ;g izLrkfor fd;k fd oqQN rÙo (tks [kksts
ugha x, Fks) osQ fy, lkj.kh esa oqQN fjDr LFkku NksM+ fn,
x,A mnkgj.k osQ fy,µ tc esaMyho dh vkorZ&lkj.kh
izdkf'kr gqbZ] rc xSfy;e (Gallium) rFkk tesZfu;e

(Germanium) rÙoksa dh [kkst ugha gqbZ FkhA mUgksaus ,syqfefu;e
vkSj flfydkWu osQ uhps ,d&,d fjDr LFkku NksM+k vkSj bu
rÙoksa dk uke Øe'k% ,dk&,syqehfu;e (Eka-Aluminium)

rFkk ,dk&flfydkWu (Eka-Silicon) j[kkA esaMsyho us u
osQoy xSfy;e vkSj tesZfu;e rÙoksa osQ gksus dh izkxqfDr dh]
cfYd bu rÙoksa osQ oqQN HkkSfrd xq.kèkeks± dk C;kSjk Hkh fn;kA
ckn esa [kksts x, bu rÙoksa osQ izkxqDr xq.kèkeks± rFkk izk;ksfxd
xq.kèkeks± dks lkj.kh 3-3 esa lwphc¼ fd;k x;k gSA esaMyho
dh ek=kkRed izkxqfDr;ksa vkSj dkykarj esa mudh liQyrk osQ
dkj.k mUgsa vkSj mudh vkorZ lkj.kh dks dkiQh izflf¼
feyhA esaMyho dh lu~ 1905 esa izdkf'kr vkorZ lkj.kh dks
fp=k 3-1 esa n'kkZ;k x;k gSA

3-3 vkèkqfud vkorZ&fu;e rFkk vkorZ
lkj.kh dk orZeku Lo:i

;gk¡ ;g ckr è;ku nsus ;ksX; gS fd tc esaMyho us vkorZ
lkj.kh dk fodkl fd;k] rc jlk;uKksa dks ijek.kq dh
vkarfjd lajpuk dk Kku ugha FkkA chloha 'krkCnh osQ vkjaHk
esa voijek.kqd d.kksa dk fodkl gqvkA lu~ 1913 esa vaxzsT+k
HkkSfrdh oSKkfud gsujh eksT+kys us rÙoksa osQ vfHkyk{kf.kd
X- fdj.k LisDVªeksa esa fu;ferrk ikbZ vkSj ns[kk fd ν

(tgk¡ ν  X-fdj.k dh vko`fÙk gS) vkSj ijek.kq&Øekad (Z)
osQ eè; oØ vkysf[kr djus ij ,d ljy js[kk izkIr gksrh
gS] ijarq ijek.kq nzO;eku rFkk ν  osQ vkys[k esa ljy js[kk
izkIr ugha gksrhA vr% ekstys us n'kkZ;k fd ijek.kq&æO;eku
dh rqyuk esa fdlh rÙo dk ijek.kq&Øekad ml rÙo osQ xq.kksa
dks n'kkZus esa vfèkd l{ke gSA blh osQ vuqlkj esaMyho osQ

xq.k ,dk ,syqfefu;e xSfy;e ,dk flfydkWu tesZfu;e
(Hkfo";lwpd rÙo) ([kkstk x;k rÙo) (Hkfo";lwpd rÙo) ([kkstk x;k rÙo)

ijek.kq&Hkkj 68 70 72 72.6

?kuÙo / (g/cm3) 5.9 5.94 5.5 5.36

xyukad /K fuEu 302.93 mPp 1231

vkWDlkbM dk lw=k E
2
O

3
Ga

2
O

3
EO

2
GeO

2

DyksjkbM dk lw=k ECl
3

GaCl
3

ECl
4

GeCl
4

lkj.kh 3-3  esaMyho }kjk ,dk&,syqehfu;e (xSfy;e) rFkk ,dk&flfydku (tesZfu;e) rÙoksa dh izkxqfDr
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jlk;u foKku
lewgksa rFkk Jsf.k;ksa esa rÙoksa dh vko£rrk

fp=k 3-1% esaMyho }kjk izdkf'kr vkorZ lkj.kh
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vkorZ fu;e dk la'kksèku fd;k x;kA bls vkèkqfud vkorZ
fu;e dgrs gSaA ;g bl izdkj gS µ

^rÙoksa osQ HkkSfrd rFkk jklk;fud xq.kèkeZ muosQ
ijek.kq&Øekadksa osQ vkorhZ iQyu gksrs gSaA* (The physi-

cal and chemical properties of the elements are

periodic functions of their atomic numbers.)

vkorZ fu;e osQ }kjk izkÑfrd :i ls ik, tkus okys
94 rÙoksa esa mYys[kuh; lekurk,¡ feyhaA ,sDVhfu;e vkSj
izksVksDVhfu;e dh Hkk¡fr usIV~;wfu;e vkSj IywVksfu;e Hkh
;wjsfu;e osQ v;Ld fip CySaM esa ik, x,A blls vdkcZfud
jlk;u 'kkL=k esa izksRlkgu feyk vkSj Ñf=ke vYik;q okys
rÙoksa dh [kkst gqbZA

vki igys i<+ pqosQ gSa fd fdlh rÙo dk ijek.kq
Øekad ml rÙo osQ ukfHkdh; vkos'k (izksVkWuksa dh la[;k) ;k
mnklhu ijek.kq esa mifLFkr bysDVªkWuksa dh la[;k osQ cjkcj
gksrk gSA blosQ i'pkr~ DokaVe la[;kvksa dh lkFkZdrk vkSj
bysDVªkWfud foU;klksa dh vko£rrk dks le>uk ljy gks tkrk
gSA vc ;g Lohdkj dj fy;k x;k gS fd vkorZ fu;e rÙoksa
rFkk muosQ ;kSfxdksa osQ HkkSfrd rFkk jklk;fud xq.kksa dk iQyu
gS] tks rÙoksa osQ bysDVªkWfud foU;kl ij vkèkkfjr gSA

le;&le; ij vkorZ&lkj.kh osQ fofHkUu :i izLrqr
fd, x, gSaA oqQN :i rÙoksa dh jklk;fud vfHkfØ;kvksa rFkk
la;kstdrk ij cy nsrs gSa] tcfd oqQN vU; bysDVªkWfud
foU;kl ijA bldk vkèkqfud Lo:i (ftls vkorZ lkj.kh
dk nh?kZ Lo:i dgrs gSa) cgqr ljy rFkk vR;ar mi;ksxh
gS vkSj bls fp=k 3-2 esa n'kkZ;k x;k gSA {kSfrt iafDr;ksa (ftUgsa
esaMyho us ^Js.kh* dgk gS) dks vkorZ (periods) dgk
tkrk gS vkSj ÅèokZèkj LraHkksa dks oxZ (group) dgrs gSaA leku
cká bysDVªkWu foU;kl okys rÙoksa dks ÅèokZèkj LraHkksa esa j[kk
tkrk gS] ftUgsa ̂ oxZ* ;k ̂ ifjokj* dgk tkrk gSA IUPAC osQ
vuqeksnu osQ vuqlkj] oxks± dks iqjkuh i¼fr IA...VIIA, VIII,

IB...VII B, osQ LFkku ij mUgsa 1 ls 18 rd dh la[;kvksa esa
vafdr djosQ fu:fir fd;k x;k gSA

vkorZ&lkj.kh esa oqQy lkr vkorZ gSaA vkorZ&la[;k

vkorZ esa rÙo dh vfèkdre eq[; DokaVe la[;k (n) dks
n'kkZrh gSA izFke vkorZ esa 2 rÙo mifLFkr gSaA blosQ ckn osQ
vkorks± esa Øe'k% 8] 8] 18] 18 vkSj 32 rÙo gSaA lkrok¡
vkorZ viw.kZ vkorZ gSA lS¼kafrd :i ls NBosa vkorZ dh rjg
blesa rÙoksa dh vfèkdre la[;k DokaVe la[;kvksa osQ vkèkkj
ij 32 gh gksxhA bl :i esa vkorZ&lkj.kh osQ NBosa ,oa lkrosa
vkorZ osQ Øe'k% ysUFksukbM vkSj ,sfDVukbM osQ 14&14 rÙo
uhps vyx ls n'kkZ, tkrs jgs gSaA*

3-4 100 ls vfèkd ijek.kq&Øekad
okys rÙoksa dk ukedj.k

iwoZ esa ijaijkxr :i ls u, rÙoksa dk ukedj.k mu rÙoksa osQ
'kksèkdrkZvksa osQ uke ij dj fn;k tkrk Fkk rFkk izLrkfor uke
dk leFkZu vkbZ-;w-ih-,-lh- (International Union of

Pure and Applied Chemistry) }kjk dj fn;k tkrk FkkA
ijarq gky gh esa bl eqís ij fookn gks x;kA mPp ijek.kq&Øekad
okys u, rÙo brus vfLFkj gksrs gSa fd mudh osQoy lw{e
ek=kk (vkSj dHkh&dHkh rks osQoy oqQN ijek.kq ek=k gh) izkIr
gksrh gSaA bu rÙoksa osQ la'ys"k.k vkSj fo'ks"k xq.kksa osQ vè;;u
osQ fy, eg¡xs rFkk vkèkqfud midj.kksa vkSj iz;ksx'kkyk dh
vko';drk gksrh gSA fo'o dh oqQN gh iz;ksx'kkykvksa esa LièkkZ
dh Hkkouk ls ,slk dke gksrk gSA dHkh&dHkh oSKkfud fcuk
fo'oluh; vk¡dM+s bdV~Bs fd,] u, rÙoksa dh [kkst dk nkok
djus osQ fy, ykykf;r gks tkrs gSaA mnkgj.k osQ rkSj ijµ
vesfjdh vkSj :lh] nksuksa gh ns'kksa osQ oSKkfudksa us 104
ijek.kq&Øekad okys rÙo dh [kkst dk nkok fd;kA vesfjdh
oSKkfud us bls ^jnjiQks£M;e* (Rutherfordium) rFkk
:lh oSKkfudksa us bls ^oqQj'kkVksfo;e* (Kurchatovium)

uke fn;kA bl rjg dh dfBukbZ dks nwj djus osQ fy,
IUPAC us lq>ko fn;k fd tc rd rÙo dh [kkst fl¼ u
gks tk, vkSj uke dk leFkZu u gks tk,] rc rd 'kwU; ,oa
1 ls 9 rd la[;kvksa osQ fy, la[;kRed ewy (numerical

root) dk iz;ksx djrs gq, buosQ ukeks a dks ijek.kq
Øekadksa osQ vkèkkj ij lhèks fn;k tk,A bls lkj.kh
3-4 esa fn;k x;k gSA

* Xysu Vh lhcxZ osQ  dk;Z dh 'kq#vkr chloha 'krkCnh osQ yxHkx eè; (lu~ 1940) esa IywVksfu;k dh [kkst ls gqbZA blosQ ckn ;wjsfu;e osQ ckn
okys (94 ls ysdj 102 rd) rÙoksa esa vkorZ&lkj.kh esa cnyko vk;k vkSj ,sfDVukbM dks ySUFksukbM osQ uhps j[kk x;kA lu~ 1951 esa lhcxZ dks
jlk;u 'kkL=k dk ukscsy iqjLdkj muosQ dke osQ fy, fn;k x;kA mUgsa vknj nsus osQ fy, rÙo&la[;k 106 dk uke ^lhcfxZ;e* (Sg) j[kk x;kA
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jlk;u foKku

fp=k 3-2 rÙoksa osQ ijek.kq&Øekad rFkk ryLFk voLFkk bysDVªkWfud foU;kl osQ lkFk vkorZ lkj.kh dk nh?kZ :iA lu~ 1984 osQ IUPAC osQ vuqeksnu
osQ  vuqlkj oxksZa dks 1 ls 18 rd n'kkZ;k x;k gSA bl izdkj dk laosQru oxks± I A–VIIA, VIII, I B–VII B ,oa O ls iznf'kZr djus dh iqjkuh i¼fr
dks izfrLFkkfir djrk gSA
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ewyksa dks vadksa osQ Øe esa ,d lkFk j[kk tkrk gS]
ftlls Øekad izkIr gksrk gS rFkk var esa ̂ bve* (ium) tksM+
fn;k tkrk gSA 100 ls Åij ijek.kq Øekad okys rÙoksa osQ
IUPAC uke lkj.kh 3-5 esa n'kkZ, x, gSaA

bl izdkj] u, rÙo dks igys vLFkk;h uke vkSj rhu
v{kj okyk izrhd fn;k tkrk gSA ckn esa gj ns'k osQ IUPAC

izfrfufèk osQ ernku ls LFkk;h uke rFkk izrhd fn;k tkrk gSA
LFkk;h uke esa ml ns'k dk ;k izns'k dk uke gks ldrk gS]
tgk¡ bl rÙo dh [kkst gqbZ gS vFkok J¼k izdV djus osQ
fy, fdlh izfl¼ oSKkfud dk uke gks ldrk gSA ijek.kq&Øekad
118 rd rÙoksa dh [kkst gks pqdh gSA lHkh rÙoksa osQ vf/Ñr
IUPAC ukeksa dh ?kks"k.kk gks pqdh gSA

lkj.kh 3-4  rÙoksa osQ IUPAC ukedj.k gsrq laosQru

vad uke laf{kIr :i

0 nil n

1 un u

2 bi b

3 tri t

4 quad q

5 pent p

6 hex h

7 sept s

8 oct o

9 enn e

ijek.kq&Øekad uke izrhd IUPAC vf/Ñr uke IUPAC izrhd

101 Unnilunium Unu Mendelevium Md

102 Unnilbium Unb Nobelium No

103 Unniltrium Unt Lawrencium Lr

104 Unnilquadium Unq Rutherfordium Rf

105 Unnilpentium Unp Dubnium Db

106 Unnilhexium Unh Seaborgium Sg

107 Unnilseptium Uns Bohrium Bh

108 Unniloctium Uno Hassium Hs

109 Unnilennium Une Meitnerium Mt

110 Ununnilium Uun Darmstadtium Ds

111 Unununnium Uuu Rontgenium  Rg

112 Ununbium Uub  Copernicium Cn

113 Ununtrium Uut                  Nihonium Nh

114 Ununquadium Uuq  Flerovium Fl

115 Ununpentium Uup                  Moscovium Mc

116 Ununhexium Uuh  Livermorium Lv

117 Ununseptium Uus                  Tennessine Ts

118 Ununoctium Uuo                 Oganesson Og

lkj.kh 3-5  ijek.kq&Øekad 100 ls vfèkd okys rÙoksa dk ukedj.k

mnkgj.k 3-1

120 ijek.kq Øekad okys rÙo dk IUPAC uke rFkk
izrhd (symbol) D;k gksxk\

gy

lkj.kh 3-4 osQ vuqlkj 1] 2 rFkk 0 vadksa osQ fy, ewy
(root) Øe'k% un, bi rFkk nil gksaxsA vr% 120
ijek.kq&Øekad okys rÙo dk uke Unbinilum rFkk
izrhd Ubn gksxkA
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3-5 rÙoksa osQ bysDVªkWfud foU;kl rFkk
vkorZ&lkj.kh

fiNys ,dd esa geus ;g tkuk fd fdlh ijek.kq esa bysDVªkWu

dh igpku pkj DokaVe la[;kvksa ls dh tk ldrh gSA eq[;

DokaVe la[;k (n) ijek.kq osQ eq[; ÅtkZ Lrj] ftls ^dks'k*

(shell) dgrs gSa] dks O;Dr djrh gSA geus ;g Hkh tkuk fd

fdl rjg ijek.kq esa bysDVªkWu fHkUu&fHkUu mi&dks'kksa esa Hkjs

tkrs gSa] ftUgsa ge s, p, d, f  dgrs gSaA ijek.kq esa bysDVªkWuksa osQ

forj.k dks gh mldk ^bysDVªkWfud foU;kl* dgrs gSaA fdlh

rÙo dh vkorZ lkj.kh esa fLFkfr mlosQ Hkjs tkusokys vafre

d{kd dh DokaVe&la[;kvksa dks n'kkZrh gSA bl Hkkx esa ge

nh?kkZdkj vkorZ lkj.kh rFkk rÙoksa osQ bysDVªkWfud foU;kl

osQ eè; lhèks lacaèk osQ ckjs esa tkudkjh izkIr djsaxsA

(d) vkorZ esa bysDVªkWfud foU;kl

vkorZ eq[; ÅtkZ ;k cká dks'k osQ fy, n dk eku crkrk
gSA vkorZ lkj.kh esa izR;sd mÙkjksÙkj vkorZ (successive

period) dh iw£r vxys mPp eq[; ÅtkZ Lrj n=1, n=2

vkfn ls lacafèkr gksrh gSA ;g ns[kk tk ldrk gS fd izR;sd
vkorZ esa rÙoksa dh la[;k] Hkjs tkusokys ÅtkZ&Lrj esa miyCèk
ijek.kq&d{kdksa dh la[;k ls nqxquh gksrh gSA bl izdkj izFke
vkorZ (n=1) dk izkjaHk lcls fupys Lrj (1s) osQ Hkjus ls
'kq: gksrk gSA mlesa nks rÙo gksrs gSaA gkbMªkstu dk foU;kl
(1s1) rFkk ghfy;e (1s2) gSA bl izdkj] izFke dks'k
(K dks'k) iw.kZ gks tkrk gSA nwljk vkorZ (n = 2)  yhfFk;e
ls vkjaHk gksrk gS (Li=1s2,2s1)] ftlesa rhljk bysDVªkWu 2s

d{kd esa izos'k djrk gSA vxys rÙo csfjfy;e esa pkj
bysDVªkWu mifLFkr gksrs gSaA bldk bysDVªkWfud foU;kl (1s2,2s2)

gSA blosQ ckn cksjkWu rÙo ls 'kq: djrs gq, tc ge fuvkWu
rÙo rd igq¡prs gSa] rks 2p  d{kd iw.kZ :i ls bysDVªkWuksa ls
Hkj tkrk gSA bl izdkj L dks'k fuvkWu 2 6(2s  2p )  rÙo osQ
lkFk iw.kZ gks tkrk gSA vr% nwljs vkorZ esa rÙoksa dh la[;k
vkB gksrh gSA vkorZ lkj.kh dk rhljk vkorZ (n = 3)

lksfM;e rÙo osQ lkFk izkjaHk gksrk gS] ftlesa bysDVªkWu  3s

d{kd esa tkrk gSA mÙkjksÙkj 3s ,oa 3p d{kdksa esa bysDVªkWuksa
osQ Hkjus osQ i'pkr~ rhljs vkorZ esa rÙoksa dh la[;k lksfM;e
ls vkWxZu rd oqQy feykdj vkB gks tkrh gSA

pkSFks vkorZ (n = 4) dk izkjaHk iksVSf'k;e ls] 4s d{kd

osQ Hkjus osQ lkFk gksrk gSA ;gk¡ ;g ckr egÙoiw.kZ gS fd 4p

d{kd osQ Hkjus ls iwoZ gh 3d d{kd dk Hkjuk 'kq: gks tkrk

gS] tks ÅtkZRed (energetically) :i ls vuqowQy gSA

bl i zdkj ] ge s a  rÙok s a  dh 3d l aØe.k&J s. k h

(3d  transtitian series) izkIr gks tkrh gSA ;g LosQfUM;e

(Scandium : Z = 21) ls izkjaHk gksrh gS] ftldk bysDVªkWfud

foU;kl 3d1 4s2 gksrk gSA 3d  d{kd fTakd ( 30)Zn, Z =

ij iw.kZ :i ls Hkj tkrk gS] ftldk bysDVªkWfud foU;kl
10 23d  4s  gSA pkSFkk vkorZ 4p d{kdksa osQ Hkjus osQ lkFk

fØIVªkWu (Krypton) ij lekIr gksrk gSA oqQy feykdj pkSFks

vkorZ esa 18 rÙo gksrs gSaA ik¡pok¡ vkorZ (n = 5)  :fcfM;e

ls 'kq: gksrk gS] pkSFks vkorZ osQ leku gSA mlesa 4d bfVª;e

(ytrrium, Z=39) ls 4d laØe.k Js.kh (4d transition

series) 'kq: gksrh gSA ;g vkorZ 5p d{kdksa osQ Hkjus ij

thukWu (Xenon) ij lekIr gksrk gSA NBosa vkorZ (n = 6)  esa

32 rÙo gksrs gSaA  mÙkjksÙkj bysDVªkWu 6s, 4f, 5d rFkk 6p

d{kdksa esa Hkjs tkrs gSaA 4f d{kdksa dk Hkjuk lhfj;e

(cerium, Z=58) ls 'kq: gksdj Y;wVhf'k;e (Lutetium,

Z=71) ij lekIr gksrk gSA bls 4f  vkarfjd laØe.k Js.kh

;k ysUFkSukW;M Js.kh (Lenthanoid Series) dgrs gSaA

lkrok¡ vkorZ (n=7) NBosa vkorZ osQ leku gS] ftlesa

bysDVªkWu mÙkjksÙkj 7s, 5f, 6d  vkSj 7p d{kd esa Hkjrs gSaA

buesa Ñf=ke fofèk;ksa (artificial methods) }kjk ekuo&

fufeZr jsfM;ksèkehZ rÙo gSaA lkrok¡ vkorZ 118osa ijek.kq Øekad

okys (vHkh [kksts tkus okys) rÙo osQ lkFk iw.kZ gksxk] tks

mRÑ"V xSl&ifjokj ls lacaf/r gksxkA

,sfDVfu;e (Actinium, Z = 89) osQ i'pkr~ 5f  d{kd

Hkjus osQ iQyLo:i 5f vkarfjd laØe.k&Js.kh

(5f inner transition series) izkIr gksrh gSA bls ̂ ,sfDVukW;M

Js.kh* (Actinoid Series) dgrs gSaA 4f rFkk 5f vkarfjd

laØe.k&Jsf.k;ksa dks vkorZ lkj.kh osQ eq[; Hkkx ls ckgj j[kk

x;k gS] rkfd bldh lajpuk dks v{kq..k j[kk tk losQ vkSj
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lkFk gh leku xq.kèkeks± okys rÙoksa dks ,d gh LraHk esa j[kdj

oxhZdj.k osQ fl¼kar dk Hkh ikyu fd;k tk losQA

mnkgj.k 3-2

vkorZ lkj.kh osQ ik¡posa vkorZ esa 18 rÙoksa osQ gksus dh
O;k[;k vki fdl izdkj djsaxs\

gy

tc n=5 gksrk gS] rks l=0,1,2,3 gksrk gSA miyCèk
d{kdksa 4d, 5s vkSj 5P dh ÅtkZvksa osQ c<+us dk Øe
bl izdkj gSµ 5s<4d<5d esa oqQy feykdj 9 d{kd
miyCèk gSaA buesa vfèkdre 18 bysDVªkWu Hkjs tk ldrs
gSaA blhfy, vkorZ 5 esa 18 rÙo gksrs gSaA

([k) oxZokj bysDVªkWfud foU;kl

,d gh oxZ ;k ÅèokZèkj LraHk esa mifLFkr rÙoksa osQ la;kstdrk
dks'k bysDVªkWfud foU;kl leku gksrs gSaA buosQ cká d{kdksa
esa mifLFkr bysDVªkWuksa dh la[;k ,oa xq.kèkeZ Hkh leku gksrs gSaA
mnkgj.k osQ fy, oxZ 1 osQ rÙoksa ({kkj èkkrqvksa) dk
la;kstdrk dks'k bysDVªkWfud foU;kl ns1 gksrk gS] tSlk uhps
fn[kk;k x;k gSA bl izdkj ;g Li"V gks tkrk gS fd fdlh
rÙo osQ xq.kèkeZ mlosQ ijek.kq&Øekad ij fuHkZj djrs gSa] u
fd mlosQ lkisf{kd ijek.kq&nzO;eku ijA

3-6 bysDVªkWfud foU;kl vkSj rÙoksa osQ
izdkj (s,p,d, f CykWd)

vkorZ oxhZdj.k dk lS¼kafrd ewykèkkj ̂ vkWiQckÅ dk fl¼kar*
(Aufbau Principle) rFkk ijek.kqvksa dk bysDVªkWfud foU;kl
gSA vkorZ lkj.kh osQ ÅèokZèkj LraHkksa (vertical columns)

esa fLFkr rÙo ,d oxZ (Group) vFkok ifjokj (family)

dh jpuk djrs gSa] vkSj leku jklk;fud xq.kèkeZ n'kkZrs gSaA ;g
lekurk blfy, gksrh gS] D;ksafd bu rÙoksa osQ ckáre dks'k

esa bysDVªkWuksa dh la[;k vkSj forj.k ,d gh izdkj dk gksrk
gSA bu rÙoksa dk foHkktu pkj fofHkUu CykWdksa s,p,d vkSj f
esa fd;k tk ldrk gS] tks bl ckr ij fuHkZj djrk gS fd
fdl izdkj osQ d{kd bysDVªkWuksa }kjk Hkjs tk jgs gSaA bls fp=k
3-3 esa n'kkZ;k x;k gSA

bl izdkj osQ oxhZdj.k esa nks viokn ns[kus dks feyrs
gSaA igyk viokn ghfy;e dk gSA mls s - CykWd osQ rÙoksa esa
lac¼ gksuk pkfg,] ijarq bldk LFkku vkorZ lkj.kh esa oxZ 18
osQ rÙoksa osQ lkFk p-  CykWd esa gSA bldk vkSfpR; bl vkèkkj
ij gS fd ghfy;e dk la;ksth dks'k (valance shell) iwjk
Hkjk gqvk gS (He=1s2), ftlosQ iQyLo:i ;g mRÑ"V xSlksa
osQ vfHky{k.kksa dks izn£'kr djrh gSA nwljk viokn gkbMªkstu
dk gSA blesa osQoy ,d s- bysDVªkWu gS (H=1s1)A bl izdkj
bldk LFkku oxZ 1 esa {kkjh; èkkrqvksa osQ lkFk gksuk pkfg,A
nwljh vksj] ;g ,d bysDVªkWu xzg.k djosQ mRÑ"V xSl
(ghfy;e) dk bysDVªkWfud foU;kl izkIr dj ldrh gSA bl
izdkj bldk O;ogkj oxZ 17 (gSykstsu ifjokj) dh Hkk¡fr gks
ldrk gSA pw¡fd ;g ,d fo'ks"k fLFkfr gS] vr% gkbMªkstu dks
vkorZ lkj.kh esa lcls Åij vyx ls LFkku nsuk vfèkd
roZQlaxr ekuk x;k gS (fp=k 3-2 vkSj 3-3 dks ns[ksa)A

vc vkorZ lkj.kh esa fn[kk, x, pkj izdkj osQ rÙoksa osQ
eq[; y{k.kksa dh ppkZ ge djsaxsA bu rÙoksa osQ ckjs esa vfèkd
tkudkjh dk fooj.k ckn esa fn;k tk,xkA muosQ y{k.kksa dh
ppkZ djus osQ fy, ftl 'kCnkoyh dk mi;ksx fd;k x;k gS]
mldk oxhZdj.k Hkkx 3-7 esa fd;k x;k gSA

3-6-1 s– CykWd osQ rÙo

oxZ 1 osQ rÙoksa ({kkjh; èkkrqvksa) rFkk oxZ 2 osQ rÙoksa ({kkjh;
ènk èkkrqvksa) osQ ckáre dks'k osQ lkekU; bysDVªkWfud foU;kl
Øe'k% ns1 rFkk ns2 gSaA bu nksuksa oxks± osQ rÙo vkorZ lkj.kh
osQ s– CykWd ls lac¼ gSaA ;s lHkh fØ;k'khy èkkrq,¡ gSaA buosQ
vk;uu ,aFkSYih osQ eku de gksrs gSaA ;s rÙo ljyrkiwoZd

ijek.kq&la[;k izrhd bysDVªkWfud foU;kl

3 Li 1s22s1 vFkok [He]2s1

11 Na 1s22s22p63s1 vFkok [Ne]3s1

19 K 1s22s22p63s23p64s1 vFkok [Ar]4s1

37 Rb 1s22s22p63s23p63d104s24p65s1 vFkok [Kr]5s1

55 Cs 1s22s22p63s23p63d104s24p64d105s25p66s1 vFkok [Xe]6s1

87 Fr [Rn]7s1
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jlk;u foKku

fp=k 3-3 fofHkUu d{kdksa osQ Hkjus osQ vkèkkj ij vkorZ lkj.kh esa rÙoksa osQ izdkjA rRoksa dks eksVs rkSj ij /krq
( ) iz/krq ( ) ,oa mi/krq ( ) ds :i esa n'kkZ;k x;k gSA
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ckáre bysDVªkWu R;kxus osQ i'pkr~ 1$ vk;u ({kkjh; èkkrqvksa
esa) ;k 2$ vk;u (ènk  {kkjh; èkkrqvksa esa) cuk ysrs gSaA oxZ
esa uhps dh vksj tkus ij bu èkkrqvksa osQ èkkfRod y{k.k rFkk
vfHkfØ;k'khyrk esa òf¼ gksrh gSA vfèkd vfHkfØ;k'khy gksus
osQ dkj.k os izÑfr esa 'kq¼ :i esa ugha ikbZ tkrh gSaA yhfFk;e
vkSj csjhfy;e dks NksM+dj s– CykWd osQ rÙoksa osQ ;kSfxd
eq[; :i ls vk;fud gksrs gSaA

3-6-2 p-CykWd osQ rÙo
vkorZ lkj.kh osQ p- CykWd esa oxZ 13 ls ysdj oxZ 18 rd
osQ rÙo lfEefyr gSaA p- CykWd osQ rÙoksa vkSj s- CykWd osQ
rÙoksa dks la;qDr :i ls fu:id rÙo (Representa-

tive elements) ;k eq[; oxZ osQ rÙo (Main Group

Elements) dgk tkrk gSA izR;sd vkorZ esa budk ckáre
bysDVªkWfud foU;kl ns2, np1 ls ns2, np6 rd ifjo£rr
gksrk gSA izR;sd vkorZ ns2, np6] mRÑ"V xSl osQ bysDVªkWfud
foU;kl osQ lkFk lekIr gksrk gSA mRÑ"V xSlksa esa la;ksth dks'k
esa lHkh d{kd bysDVªkWuksa ls iwjs Hkjs gksrs gSaA bysDVªkWuksa dks
gVkdj ;k tksM+dj bl LFkk;h O;oLFkk dks cnyuk cgqr
dfBu gksrk gSA blhfy, mRÑ"V xSlksa dh jklk;fud
vfHkfØ;k'khyrk cgqr de gksrh gSA mRÑ"V xSlksa osQ ifjokj
ls igys vèkkrqvksa osQ jklk;fud :i ls nks egÙoiw.kZ oxZ gSaA
;s oxZ gSa 17osa oxZ osQ gSykstsu (Halogens) rFkk 16osa oxZ
osQ rÙo ^pkYdkstsu* (Chalcogen)A bu nks oxks± osQ rÙoksa
dh mPp ½.kkRed bysDVªkWu yfCèk ,aFkSYih (negative

electron gain enthalpy) gksrh gSA ;s rÙo vklkuh ls
Øe'k% ,d ;k nks bysDVªkWu xzg.k dj LFkk;h mRÑ"V xSl
bysDVªkWfud foU;kl izkIr dj ysrs gSaA vkorZ esa ckb± ls nkb±
vksj c<+us ij rÙoksa osQ vèkkfRod y{k.kksa esa o`f¼ gksrh gS rFkk
fdlh oxZ esa Åij ls uhps dh rjiQ tkus ij èkkfRod y{k.kksa
esa o`f¼ gksrh gSA

3-6-3 d- CykWd osQ rÙo (laØe.k rÙo)
vkorZ lkj.kh osQ eè; esa fLFkr oxZ 3 ls oxZ 12 okys rÙo
d - CykWd osQ rÙo dgykrs gSaA bl CykWd osQ rÙoksa dh
igpku buosQ vkarfjd d - vk£cVy esa bysDVªkWuksa osQ Hkjs tkus
osQ vkèkkj ij dh tkrh gSA ;gh dkj.k gS fd ;s rÙo
d–CykWd osQ rÙo dgykrs gSaA bu rÙoksa dk lkekU;
bysDVªkWfud foU;kl 1–10 0–2(n -1) d ns  gSA ;s lHkh rÙo
èkkrq,¡ gSaA bu rÙoksa osQ vk;u izk;% jaxhu gksrs gSa rFkk ifjorhZ
la;kstdrk ,oa vuqpqacdh;rk izn£'kr djrs gSa] vkSj mRizsjd
osQ :i esa iz;qDr gksrs gSaA Zn, Cd rFkk Hg  osQ lkekU;

bysDVªkWfud foU;kl 10 2(n -1) d ns  gksrs gq, Hkh ;s èkkrq,¡
laØe.k rÙoksa osQ cgqr&ls y{k.kksa dks izn£'kr ugha djrh gSaA
d-CykWd osQ rÙo jklk;fud rkSj ij vfrfØ;k'khy
s-CykWd osQ rÙoksa rFkk de fØ;k'khy 13osa rFkk 14osa oxks±
osQ rÙoksa osQ chp ,d izdkj ls lsrq dk dk;Z djrs gSaA blh
dkj.k d-CykWd osQ rÙoksa dks ^laØe.k rÙo* Hkh dgrs gSaA

3-6-4 f- CykWd osQ rÙo

(vkarfjd laØe.k rÙo)

eq[; vkorZ lkj.kh esa uhps ftu rÙoksa dks nks {kSfrt iafDr;ksa
esa j[kk x;k gS] mUgsa ySUFksukW;M (

58
Ce – 

72
Lu) rFkk

,sDVhukW;M (
90

Th – 
103

Lr) dgrs gSaA bu Jsf.k;ksa osQ rÙoksa
dh igpku buosQ lkekU; bysDVªkWfud foU;kl [(n–2)f 1–

14(n–1)d0–1ns2] }kjk dh tkrh gSA bu rÙoksa esa vafre
bysDVªkWu f mi&dks'k esa Hkjrk gSA blh vkèkkj ij bu Jsf.k;ksa
osQ rÙoksa dks f- CykWd osQ rÙo (vkarfjd laØe.k rÙo)
dgrs gSaA ;s lHkh rÙo èkkrq,¡ gSaA izR;sd Js.kh esa rÙoksa osQ
xq.k yxHkx leku gSaA izkjafHkd ,sDVhukW;M Js.kh osQ rÙoksa dh
vusd laHkkfor vkWDlhdj.k voLFkkvksa osQ iQyLo:i bu
rÙoksa dk jlk;u buosQ laxr ySUFkSukW;M Js.kh osQ rÙoksa dh
rqyuk esa vR;fèkd tfVy gksrk gSA ,sDVhukW;M Js.kh osQ rÙo
jsfM;ksèkehZ (Radioactive) gksrs gSaA cgqr ls ,sDVhukW;M rÙoksa
dks ukfHkdh; vfHkfØ;kvksa }kjk uSuksxzke (Nenogram) ;k
mlls Hkh de Hkkx esa izkIr fd;k x;k gSA bu rÙoksa osQ jlk;u
dk vè;;u iw.kZ :i ls ugha gks ik;k gSA ;wjsfu;e osQ ckn
okys rÙo ^ijk;wjsfu;e rÙo* dgykrs gSaA

mnkgj.k 3-3

ijek.kq Øekad 117 ,oa 120 okys rÙoksa dh [kkst vc
rd ugha gks ikbZ gSA crk,¡ fd bu rÙoksa dk LFkku vkorZ
lkj.kh osQ fdl ifjokj@oxZ esa gksuk pkfg, rFkk izR;sd
dk bysDVªkWfud foU;kl D;k gksxk\

gy

fp=k 3-2 esa nh xbZ lkj.kh ls Li"V gS fd ijek.kq
Øekad 117 okys rÙo dk LFkku vkorZ lkj.kh esa
gSykstsu ifjokj (oxZ 17) esa At osQ uhps gksxk rFkk
bldk bysDVªkWfud foU;kl [Rn]  5f

14
6d

10
7s

2
7p

5

gksxkA ijek.kq Øekad 120 okys rÙo dk LFkku oxZ 2
({kkjh; e`nk èkkrq,¡) esa Ra osQ uhps gksxk rFkk bldk
bysDVªkWfud foU;kl [Uuo] 8s

2
 gksxkA
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3-6-5 èkkrq] vèkkrq vkSj mi&èkkrq

rRoksa dssa s-,p-,d rFkk f-CykWdksa esa oxhZdj.k ds vykok buds
xq.kksa ds vk/kj ij ekSVs rkSj ij bUgsa /krqvksa rFkk vèkkrqvksa esa
foHkkftr fd;k tk ldrk gS (fp=k 3-3)A Kkr rÙoksa esa 78
izfr'kr ls vfèkd la[;k èkkrqvksa dh gS] tks vkorZ lkj.kh dh
ckb± vksj fLFkr gSaA èkkrq,¡ dejs osQ rki ij lkekU;r;k Bksl
gksrh gSaA [eoZQjh bldk viokn gS] xSfy;e vkSj lhft;e osQ
xyukad Hkh cgqr de] Øe'k% 303K vkSj 302K gSaA] èkkrqvksa
osQ xyukad ,oa DoFkukad mPp gksrs gSaA ;s rki rFkk fo|qr~ osQ
lqpkyd gksrs gSaA ;s vk?kkroè;Z (gFkkSM+s ls ihVus ij iryh
pknj esa <kys tk ldus okys) rFkk rU; (ftlosQ rkj [khaps
tk ldrs gSa) gksrs gSaA nwljh vèkkrq,¡ vkorZ lkj.kh osQ nkb± vksj
fLFkr gSaA nh?kZ vkorZ lkj.kh esa fdlh oxZ esa rÙoksa osQ èkkfRod
xq.kksa esa Åij ls uhps dh vksj tkus ij òf¼ gksrh gS vkSj vkorZ
esa ckb± vksj ls nkb± vksj tkus ij èkkfRod xq.k de gksrs tkrs
gSaA vèkkrq,¡ d{krki ij Bksl ,oa xSl gksrh gSaA buosQ xyukad
rFkk DoFkukad de gksrs gSa (cksjksu vkSj dkcZu viokn gSa)A
;s rki rFkk fo|qr~ osQ vYi pkyd gSaA cgqr ls vèkkfRod
Bksl Hkaxqj (Brittle) gksrs gSaA ;s gh v?kkr vkSj rU; ugha gksrs
gSaA rÙoksa osQ èkkfRod ls vèkkfRod xq.kksa esa ifjorZu vlayXu
(abrupt) ugha gksrk gS] cfYd ;g ifjorZu Vs<+h&es<+h js[kk
(Zig-Zag line) osQ :i esa ns[kus dks feyrk gSA (fp=k 3-3)
vkorZ lkj.kh ls fod.kZ (Vs<+h&es<+h) js[kk osQ lhekorhZ fLFkr
tesZfu;e] flfydkWu] vklsZfud] ,sUVseuh rFkk Vsyqfj;e rÙo]
èkkrqvksa ,oa vèkkrqvksaµ ^nksuksa osQ vfHky{k.k n'kkZrs gSaA bl
izdkj osQ rÙoksa dks mi&èkkrq* (Metalloid) dgrs gSaA

mnkgj.k 3-4

ijek.kq Øekad vkSj vkorZ lkj.kh esa fLFkfr dks è;ku
esa j[krs gq, fuEufyf[kr rÙoksa dks muosQ c<+rs gq,
èkkfRod y{k.k osQ Øe esa O;ofLFkr dhft,µ
Si, Be, Mg, Na ,oa P

gy

vkorZ lkj.kh osQ oxZ esa Åij ls uhps dh vksj tkus ij
rÙoksa osQ èkkfRod xq.kksa esa o`f¼ gksrh gS rFkk vkorZ esa
ckb± ls nkb± vksj c<+us ij èkkfRod xq.kksa esa deh gksrh
gSA bl vkèkkj ij fn, x, rÙoksa osQ c<+rs gq, èkkfRod
y{k.k dk Øe bl izdkj gksxkµ

P < Si < Be < Mg < Na

3-7 rÙoksa osQ xq.k&èkeks± esa vko£rrk
vkorZ lkj.kh esa ;fn ge Åij ls uhps dh rjiQ tk,¡ ;k ckb±
ls nkb± vksj tk,¡] rks rÙoksa osQ HkkSfrd rFkk jklk;fud xq.kksa esa
,d izk:i fn[kkbZ nsrk gSA mnkgj.kkFkZµ fdlh vkorZ esa
jklk;fud fØ;k'khyrk izFke oxZ osQ èkkrqvksa esa cgqr T+;knk
gS] eè; rd igq¡pdj ;g de gks tkrh gS vkSj oxZ 17 osQ
vèkkrqvksa ij igq¡pus ij c<+dj cgqr T;knk gks tkrh gSA blh
rjg fu:id rÙoksa osQ lewg esa (tSlsµ {kkjh; èkkrqvksa esa)
vkorZ lkj.kh esa Åij ls uhps tkus ij fØ;k'khyrk c<+rh gS]
tcfd vèkkrqvksa osQ lewg esa (tSlsµ gSykstu ifjokj) Åij
ls uhps tkus ij fØ;k'khyrk ?kVrh gSA rÙoksa osQ xq.kèkeks± esa
,slk D;ksa gks jgk gS vkSj bl vkofrZrk dks ge oSQls le>k,a\
bu lHkh iz'uksa osQ mÙkj nsus osQ fy, gesa ijek.kq dh lajpuk
osQ fl¼kar ,oa ijek.kq osQ xq.kèkeks± dh vksj è;ku nsuk gksxkA
bl Hkkx esa ge HkkSfrd ,oa jklk;fud xq.kèkeks± dh vko£rrk
dh foospuk djsaxs vkSj mUgsa bysDVªkWu dh la[;k rFkk
ÅtkZ&Lrj dks ysdj le>k,¡xsA

3-7-1 HkkSfrd xq.kèkeks± dh izo`fÙk

rÙoksa osQ dbZ HkkSfrd xq.k (tSlsµ xyukad] DoFkukad] lay;u ,oa
ok"ihdj.k) Å"ek] ijek.kohdj.k&ÅtkZ vkfn lHkh vkorhZ ifjorZu
n'kkZrs gSaA bl vuqHkkx esa ge ijek.kq ,oa vk;fud f=kT;k,¡] vk;uu
,aFkSYih (Ionization Enthalpy), bysDVªkWu yfCèk ,aFkSYih
(Electron Gain Enthalpy) vkSj bysDVªkWu ½.kkRedrk
(Electronegativity) esa vkorZ izo`fÙk dk vè;;u djsaxsA

(d) ijek.kq f=kT;k

ijek.kq osQ vkdkj dk lgh&lgh fuèkkZj.k cgqr gh tfVy gS]
tcfd ,d xsan dh f=kT;k vklkuh ls ukih tk ldrh gSA
D;k vkidks bldk dkj.k ekywe gS\ igyh ckr rks ;g gS fd
ijek.kq dh f=kT;k cgqr NksVh (ek=k 1.2×10–10m)

 
gksrh gSA

ijek.kq osQ pkjksa vksj bysDVªkWu vHkz (electron cloud) dh
dksbZ Li"V lhek fuèkkZfjr ugha gSA vr% ijek.kq dk vkdkj
lgh rjg ls fuèkkZfjr ugha fd;k tk ldrkA nwljs 'kCnksa esaµ
ijek.kq f=kT;k lgh ugha ukih tk ldrhA izk;ksfxd fofèk osQ
vkèkkj ij ijek.kq osQ vkdkj dk fuèkkZj.k laHko ugha gSA
la;qDr voLFkk esa ijek.kqvksa osQ chp dh nwjh dh tkudkjh
osQ vkèkkj ij ijek.kq&vkdkj dk vkdyu fd;k tk ldrk
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gSA ,dy vkcaèk (Single Bond) }kjk tqM+s gq, lgla;kstd
v.kqvksa (covalent molecules) esa mifLFkr nks vèkkfRod
ijek.kqvksa osQ ukfHkd osQ chp dh nwjh Kkr dj yh tkrh gS
rFkk bl (nwjh) osQ vkèkkj ij lgla;kstd f=kT;k (covalent

Radius) dk vkdyu fd;k tkrk gSA mnkgj.k osQ rkSj ijµ
Dyksjhu v.kq osQ fy, caèk nwjh (bond length) dk eku
198 pm fuèkkZfjr fd;k x;k gSA bl eku dk vkèkk] (99
pm)] Dyksjhu dh ijek.kq f=kT;k gksxhA èkkrqvksa dh èkkfRod
f=kT;k (Metalic Radius) dk eku èkkfRod fØLVy esa
fLFkr èkkrq dksjksa oQh varjk ukfHkdh; nwjh (Internuclear

distance) dk vkèkk gksrk gSA dkWij èkkrq esa nks layXu dkWij
ijek.kqvksa osQ chp dh nwjh 256 pm gSA  vr% dkWij osQ fy,
èkkfRod f=kT;k dk eku 256 pm dk vkèkk] vFkkZr~ 128 pm

gksxkA bl iqLrd esa lgla;ksth f=kT;k rFkk èkkfRod f=kT;k osQ
fy, osQoy ijek.oh; f=kT;k (Atomic Radius) dk iz;ksx
fd;k x;k gSA pkgs og rÙo gks ;k èkkrq ;k vèkkrq] ijek.oh;
f=kT;k dks x-fdj.kksa rFkk vU; LiSDVªksLdksfid fofèk ls ukik
tk ldrk gSA

oqQN rÙoks a osQ fy, ijek.kq f=kT;k dk eku lkj.kh
3-6 (d) esa fn;k x;k gSA

nks izdkj dh izo`fÙk;k¡ Li"V :i ls ns[kus dks feyrh
gSa] ftudh O;k[;k ge ukfHkdh; vkos'k rFkk ÅtkZLrj ls dj

ldrs gSaA vkorZ esa nkb± vksj c<+us ij ijek.kq&vkdkj ?kVrk gS]
tSlk f}rh; vkorZ osQ rÙoksa osQ ijek.kq&vkdkj ls Li"V gS
(lkj.kh 3-6 d dk voyksdu djsa)A bl izo`fÙk dk dkj.k
;g gS fd vkorZ esa nkb± vksj c<+us ij cká bysDVªkWu ,d gh
la;ksth dks'k esa fLFkr gSa] ijarq muosQ ukfHkdh; vkos'k esa gqbZ
o`f¼ osQ iQyLo:i cká bysDVªkWuksa dk vkd"kZ.k ukfHkd dh
vksj c<+rk tkrk gS] ftlosQ dkj.k ijek.kq f=kT;k ?kV tkrh gSA
vkorZ lkj.kh osQ oxks± esa ijek.kq&Øekad osQ lkFk&lkFk ijek.kq
f=kT;kvksa esa Hkh fu;fer :i ls o`f¼ gksrh gS] tSlk {kkjh;
èkkrqvksa rFkk gSykstsu rÙoksa osQ fy, lkj.kh 3-6 ([k) esa
n'kkZ;k x;k gSA oxZ esa tc ge uhps dh vksj c<+rs gSa] rks eq[;
DokaVe la[;k (n) dk eku c<+rk gS rFkk la;ksth bysDVªkWu
(valence electron) ukfHkd ls nwj gksrk tkrk gS] blfy,
fd vkarfjd ÅtkZ&Lrj bysDVªkWuksa ls Hkjs gksrs gSa] tks dop osQ
:i esa cká bysDVªkWuksa ij ukfHkd dk vkd"kZ.k de dj nsrs
gSaA iQyLo:i ijek.kq dk vkdkj c<+rk tkrk gS] tks ijek.kq
f=kT;k osQ :i esa ifjyf{kr gksrk gSA

è;ku nsus dh vko';drk gS fd ;gk¡ mRÑ"V xSlksa dh
ijek.kq f=kT;k ij fopkj ugha fd;k x;k gSA ,dy ijek.kq gksus
osQ dkj.k mudh vcafèkr f=kT;k cgqr vfèkd gSA blfy,
mRÑ"V xSlksa dh rqyuk nwljs rÙoksa dh lgla;kstd f=kT;k ls
u djosQ okUMjokYl f=kT;k ls djuh pkfg,A

lkj.kh 3-6 (d)  vkorZ esa ijek.kq f=kT;k osQ eku (ihdksehVj) (pm)

lkj.kh 3-6 ([k)  oxZ esa ijek.kq f=kT;k dk eku (ihdksehVj)

ijek.kq (oxZ I) ijek.kq f=kT;k ijek.kq (oxZ 17) ijek.kq f=kT;k

Li 152 F 64

Na 186 Cl 99

K 231 Br 114

Rb 244 I 133

Cs 262 At 140

ijek.kq (vkorZ II) Li Be B C N O F

ijek.kq f=kT;k 152 111 88 77 74 66 64

ijek.kq (vkoZr III) Na Mg Al Si P S Cl

ijek.kq f=kT;k 186 160 143 117 110 104 99
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([k) vk;uh f=kT;k

;fn ijek.kq ls ,d bysDVªkWu fudky fn;k tk, rks èkuk;u
curk gS] tcfd ,d bysDVªkWu fey tk,] rks ijek.kq ½.kk;u
cu tkrk gSA vk;uh f=kT;k dk vkdyu vk;fud fØLVy esa
fLFkr èkuk;uksa ,oa ½.kk;uksa osQ chp dh nwjh osQ fuèkkZj.k osQ
vkèkkj ij fd;k tk ldrk gSA lkèkkj.kr;k rÙoksa dh
vk;uh f=kT;k Hkh ijek.kq f=kT;k dh izo`fÙk gh n'kkZrh gSA
èkuk;u vkdkj esa vius tud ijek.kq (parent atom) ls
NksVk gksrk gS] D;ksafd blesa bysDVªkWuksa dh la[;k de gksrh gS]
tcfd ukHkdh; vkos'k] tud ijek.kq tSlk gh jgrk gSA
½.kk;u dk vkdkj tud ijek.kq ls vfèkd gksrk gS] D;ksafd
,d ;k vfèkd vfrfjDr bysDVªkWu gksus ls bysDVªkWuksa esa
izfrd"kZ.k c<+rk gS vkSj izHkkoh ukfHkdh; vkos'k esa deh
vkrh gSA mnkgj.k osQ rkSj ijµ ÝyqvksjkbM vk;u dh vk;uh
f=kT;k ( ) 136

−
F  pm gS] tcfd Ýyqvksjhu dh ijek.kq

f=kT;k osQoy 64 pm gSA nwljh vksj] lksfM;e rÙo dh
ijek.kq f=kT;k 186 pm vkSj Na+ vk;u dh f=kT;k dk eku
95 pm gSA

tc ijek.kqvksa rFkk vk;uksa eas bysDVªkWuksa dh la[;k
leku gksrh gS] rks ;s lebysDVªkWuh Lih'kh”k (Isoelectronic

species)* dgykrs gSaA lebysDVªkWuh Lih'kh”k osQ mnkgj.k gSa
O2–,F–,Na+,Mg2+,O2–A izR;sd Lih'kh”k esa bysDVªkWuksa dh
la[;k 10 gSA izR;sd Lih'kh”k dh f=kT;k,a fHkUu&fHkUu gksaxh]

D;ksafd izR;sd dk ukfHkdh; vkos'k fHkUu gSA vfèkd èkukosf'kr
èkuk;u oQh vk;uh f=kT;k dk eku de gksxk] D;ksafd buosQ
ukfHkd rFkk bysDVªkWuksa osQ chp vkd"kZ.k vfèkd gksxkA vfèkd
½.kkosf'kr ½.kk;u dh vk;uh f=kT;k dk eku vfèkd
gksxk] D;ksafd bysDVªkWuksa osQ chp laiw.kZ izfrd"kZ.k dk izHkko
ukfHkdh; vkos'k ls vfèkd gks tk,xk rFkk vk;u dk vkdkj
c<+ tk,xkA

mnkgj.k 3-5

fuEufyf[kr Lih'khT+k esa fdldh f=kT;k vfèkdre rFkk
fdldh f=kT;k U;wure gksxh\

Mg, Mg
2+

,Al, Al
3+

gy

vkorZ esa ckb± ls nkb± vksj c<+us ij ijek.kq f=kT;k dk
dk eku ?kVrk gSA èkuk;u dk vkdkj mlosQ tud
ijek.kq dh rqyuk esa NksVk gksrk gSA lebysDVªkWfud
Lih'kh”k esa vfèkd ukfHkdh; vkos'k okyh Lih'kh”k
dh f=kT;k NksVh gksrh gSA

vr% vfèkdre vkdkj okyh Lih'kh”k Mg rFkk U;wure
vkdkj okyh Lih'kh”k Al

3+ gksxhA

(x) vk;uu ,UFkSYih

rÙoksa }kjk bysDVªkWu R;kxus dh ek=kkRed izÑfr ^vk;uu

fp=k 3-4 ([k) ijek.kq Øekadksa osQ lkFk {kkjh; èkkrqvksa rFkk gSykstsuksa
dh ijek.kq f=kT;kvksa esa ifjorZu

fp=k 3-4 (d) f}rh; vkorZ esa ijek.kq Øekad osQ lkFk rÙoksa dh
ijek.kq f=kT;k esa ifjorZu

* lebysDVªkWuh Lih'kh”kµ nks ;k nks ls vf/d Lih'kh”k ftuesa v.kqvksa vkSj oSysUlh bysDVªkWuksa dh la[;k leku gks rFkk leku lajapuk gks pkgs rRoksa dh dksbZ Hkh izòQfr gksA
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,UFkSYih* dgh tkrh gSA ryLFk voLFkk (Ground State)

esa foyfxr xSlh; ijek.kq (Isolated Gaseous Atom) ls
ckáre bysDVªkWu dks ckgj fudkyus esa tks ÅtkZ yxrh gS] mls
^rÙo dh vk;uu ,UFkSYih* dgrs gSaA nwljs 'kCnksa esaµ rÙo
(X) dh izzFke vk;uu ,UFkSYih dk eku jklk;fud izØe 3-1
esa ,UFkSYih ifjorZu ∆i H  osQ cjkcj gksxkA

X(g) → X
+
(g) + e

–
(3.1)

vk;uu ,UFkSYih dks lkekU;r;k fdyks twy izfreksy
(kJ mol–1) bdkbZ esa O;Dr fd;k tkrk gSA lokZfèkd f'kfFkyrk
ls caèks nwljs bysDVªkWu dks i`Fko~Q djus osQ fy, nh xbZ ÅtkZ
dks ̂ f}rh; vk;uu ,UFkSYih* dgrs gSaA bl ,UFkSYih dk eku
jklk;fud izØe (3-2) osQ laiUu gksus esa iz;qDr ÅtkZ osQ
cjkcj gksrk gSA

X
+
(g) → X

2+
(g) + e

–
(3.2)

ijek.kq ls bysDVªkWu dks i`Fko~Q djus esa ges'kk ÅtkZ dh
vko';drk gksrh gSA vr% vk;uu ,UFkSYih ges'kk èkukRed
gksrh gSA rÙo osQ f}rh; vk;uu ,UFkSYih dk eku mlosQ izFke
vk;uu ,UFkSYih ls vfèkd gksrk gS] D;ksafd mnklhu ijek.kq
dh rqyuk esa èkukosf'kr vk;u ls bysDVªkWu dks i`Fko~Q djuk
vfèkd dfBu gksrk gSA blh izdkj r`rh; vk;uu ,UFkSYih dk
eku f}rh; vk;uu ,UFkSYih osQ eku ls vfèkd gksxkA ̂ vk;uu
,UFkSYih* in dks ;fn fofufnZ"V (Specified) ugha fd;k x;k
gS] rks bls izFke vk;uu ,UFkSYih le>uk pkfg,A

ijek.kq Øekad 60 rd okys rÙoksa dh izFke vk;uu
,UFkSYih dk oØ fp=k 3-5 esa n'kkZ;k x;k gSA xzkiQ esa vko£rrk
vlkèkkj.k gSA bl fp=k ls ;g Li"V gS fd oØ (curve) osQ
mfPp"B (maxima) ij mRÑ"V xSlsa gSa] tks iw.kZ bysDVªkWu
dks'k (closed electron shell) j[krh gaS rFkk buosQ
bysDVªkWfud foU;kl cgqr gh LFkk;h gSaA nwljh vksj oØ osQ
fufEu"B (Minima) ij {kkjh; èkkrq,a fLFkr gSa rFkk bu èkkrqvksa
dh vk;uu ,UFkSYih dk eku de gksrk gSA ;gh dkj.k gS fd
{kkjh; èkkrq,a vfr fØ;k'khy gksrh gSaA blosQ vfrfjDr ge
ns[ksaxs fd vkorZ esa ckb± ls nkb± rjiQ c<+us ij rÙoksa osQ izFke
vk;uu ,UFkSYih osQ ekuksa esa lkekU;r;k òf¼ gksrh gS rFkk tc
ge oxZ esa uhps dh vksj c<+rs gSa] rc muosQ ekuksa esa deh
vkrh gSA bl izdkj dh izo`fÙk f}rh; vkorZ osQ rÙoksa rFkk
izFke oxZ osQ {kkjh; èkkrqvksa esa Øe'k% fp=k 3-6 (d) vkSj
3-6 ([k) esa Li"V :i ls fn[krh gSA bldk dkj.k nks rF;ksa

ij vkèkkfjr gSµ (i) ukfHkd rFkk bysDVªkWuksa osQ eè; vkd"kZ.k
vkSj (ii) bysDVªkWuksa osQ eè; izfrd"kZ.kA

rÙoksa esa ØksMh; bysDVªkWuksa (core elctrons) dh fLFkfr
ukfHkd rFkk la;ksth bysDVªkWu osQ chp vk tkus osQ iQyLo:i
la;ksth bysDVªkWu ukfHkd ls ifjjf{kr (shielded) ;k vkofjr
(Screened) gks tkrk gSA bl izHkko dks ^ifjj{k.k&izHkko*
(shielding Effect) ;k ^vkoj.k&izHkko* (Screening

Effect) dgrs gSaA vkoj.k&izHkko osQ dkj.k ijek.kq osQ la;ksth
bysDVªkWuksa }kjk vuqHko fd;k x;k izHkkoh ukfHkdh; vkos'k
(Effective Nuclear charge) ukfHkd esa mifLFkr okLrfod
ukHkdh; vkos'k (Actual Nuclear charge) ls de gks
tkrk gSA mnkgj.kkFkZµ yhfFk;e dk ckáre 2s bysDVªkWu
(la;ksth bysDVªkWu) mlosQ vkarfjd 1s ØksM bysDVªkWuksa }kjk
vkoj.k&izHkko dk vuqHko djrk gSA iQyLo:i yhfFk;e dk
la;ksth bysDVªkWu okLrfod $3 èkukos'k ls de izHkko dk
èkukos'k vuqHko djsxkA vkoj.k&izHkko ml ifjfLFkfr esa
vR;fèkd izHkkoh gksrk gS] tc vkarfjd dks'k osQ d{kd iw.kZ
:i ls Hkjs gksrs gSaA bl izdkj dh fLFkfr ge {kkjh; èkkrqvksa
esa ikrs gSa] ftlesa ,dkdh ns1 bysDVªkWu (n = ckáre dks'k)
ls igys dks'k esa mRÑ"V xSl dk bysDVªkWu&foU;kl gksrk gSA

tc ge f}rh; vkorZ esa yhfFk;e ls Ýyqvksjhu dh
vksj c<+rs gSa] rc Øe'k% bysDVªkWu ,d gh eq[; DokaVe
ÅtkZ&Lrj osQ d{kdksa esa Hkjrs gSa rFkk ukfHkd ij vkarfjd
ØksM bysDVªkWuksa (Inner Core Electrons) }kjk Mkys x,
vkoj.k&izHkko esa bruh o`f¼ ugha gksrh fd ukfHkd rFkk
bysDVªkWu osQ chp c<+rs gq, vkd"kZ.k dks iwfjr (compen-

fp=k. 3.5 1 ls 60 ijek.kq&Øekadksa okys rÙoksa osQ izde
vk;uu ,saFkSYih osQ ek=kksa esa ifjorZu
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sate) dj losQA ,slh ifjfLFkfr esa c<+rs gq, ukfHkdh; vkos'k
}kjk ckáre bysDVªkWu ij Mkyk x;k vkd"kZ.k&izHkko
vkoj.k&izHkko dh rqyuk esa vfèkd gks tkrk gSA iQyLo:i
ckáre bysDVªkWu vfèkd n`<+rk ls caèk tkrs gSa rFkk vkorZ esa
vkxs c<+us ij rÙoksa osQ vk;uu ,UFkSYih osQ ekuksa esa òf¼ gksrh
tkrh gSA oxZ esa uhps dh vksj c<+us ij ckáre bysDVªkWu
ukfHkd ls vfèkd nwjh ij jgrs gSa rFkk vkarfjd bysDVªkWu osQ
dkj.k ukfHkd ij vkoj.k& izHkko vfèkd gksrk gSA ,slh n'kk
esa oxZ esa uhps dh vksj c<+us ij ukfHkdh; vkos'k dh rqyuk
esa vkoj.k&izHkko vfèkd egÙoiw.kZ gks tkrk gSA bl dkj.k
ckáre bysDVªkWu dks fudkyus osQ fy, de ÅtkZ dh
vko';drk gksrh gS rFkk oxZ esa uhps dh vksj c<+us ij rÙoksa
osQ vk;uu ,UFkSYih dk eku ?kVrk tkrk gSA

fp=k 3-6 (d) ls Li"V gS fd cksjkWu (Z = 5) osQ izFke
vk;uu ,UFkSYih dk eku csfjfy;e (Z = 4) osQ izFke vk;uu
,UFkSYih osQ eku ls de gS] tcfd cksjkWu dk ukfHkdh;
vkos'k vfèkd gSA tc ge ,d gh eq[; DokaVe ÅtkZ&Lrj
ij fopkj djrs gSa] rks s–bysDVªkWu p–bysDVªkWu dh rqyuk esa
ukfHkd dh vksj vfèkd vkdf"kZr jgrk gSA csfjfy;e esa
ckáre bysDVªkWu] tks vyx fd;k tk,xk] og s–bysDVªkWu
gksxk] tcfd cksjkWu esa ckáre bysDVªkWu (tks vyx fd;k
tk,xk] og) p − bysDVªkWu gksxkA mYys[kuh; gS fd ukfHkd
dh vksj 2s–bysDVªkWu dk Hksnu (penetration) 2p– bysDVªkWu

dh rqyuk esa vfèkd gksrk gSA bl izdkj cksjkWu dk 2p–

bysDVªkWu csfjfy;e osQ 2s–bysDVªkWu dh rqyuk esa vkarfjd
ØksM+ bysDVªkWuksa }kjk vfèkd ifjjf{kr (Shielded) gksrk gSA
vr% csfjfy;e osQ 2s– bysDVªkWu dh rqyuk esa cksjkWu dk
2p– bysDVªkWu vfèkd vklkuh ls i`Fko~Q gks tkrk gSA vr%
csfjfy;e dh rqyuk esa cksjkWu osQ izFke vk;uu ,UFkSYih dk
eku de gksxkA nwljh vfu;ferrk gesa vkWDlhtu rFkk
ukbVªkstu osQ izFke vk;uu ,UFkSYih osQ ekuksa esa ns[kus dks
feyrh gSA vkWDlhtu osQ fy, izFke vk;uu ,UFkSYih dk eku
ukbVªkstu osQ izFke vk;uu ,UFkSYih osQ eku ls de gSA bldk
dkj.k ;g gS fd ukbVªkstu esa rhuksa ckáre 2p–bysDVªkWu
fofHkUu p–d{kdksa esa forfjr gS (gqaM dk fu;e)] tcfd
vkWDlhtu osQ pkjksa 2p–bysDVªkWuksa esa ls nks 2p–bysDVªkWu ,d
gh 2p–vk£cVy esa gSaA iQyr% bysDVªkWu izfrd"kZ.k c<+ tkrk
gSA iQyLo:i ukbVªkstu osQ rhuksa 2p–bysDVªkWuksa esa ls ,d bysDVªkWu
dks ìFko~Q djus dh ctk; vkWDlhtu osQ pkjksa 2p–bysDVªkWuksa esa ls
pkSFks bysDVªkWu dks vyx djuk vklku gks tkrk gSA

mnkgj.k 3-6

rhljs vkorZ osQ rÙoksa Na, Mg vkSj Si dh izFke
vk;uu ,UFkSYih ∆i H  dk eku Øe'k% 496] 737 vkSj
786 k J mol

–1 gSA iwokZuqeku dhft, fd ,syqehfu;e
dk izFke ∆i H  eku 575 ;k 760 kJ mol

–1 esa ls
fdlosQ vfèkd ikl gksxk] bldk mfpr dkj.k crkb,A

Fig. 3.6 (d) f}rh; vkorZ osQ rÙoksa osQ izFke vk;uu ,aFkSYih eku] mu rÙoksa osQ ijek.kq&Øekad dk iQyu ([k) {kkjh;
èkkrqvksa osQ izFke vk;uu ,aFkSYih eku muosQ ijek.kq dk iQyu

3-6 (d) 3-6 ([k)
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gy

;g 575 k J mol
–1 osQ vfèkd ikl gksxkA ,syqehfu;e

dk eku eSXuhf'k;e osQ eku ls de gksuk pkfg,]
D;ksafd ukfHkd ls 3p – bysDVªkWu 3s – bysDVªkWuksa osQ
}kjk ifjjf{kr gksrs gSaA

(?k) bysDVªkWu yfCèk ,UFkSYih

tc dksbZ mnklhu xSlh; ijek.kq (X) bysDVªkWu xzg.k dj
½.kk;u (anion) esa ifjo£rr gksrk gS] rks bl izØe esa gq,
,UFkSYih ifjorZu dks ml rÙo dh ̂ bysDVªkWu yfCèk ,UFkSYih*

eg( H)∆  dgrs gSaA  ;g ,UFkSYih bl rF; dh eki dgh tk
ldrh gS fd fdl ljyrk ls ijek.kq bysDVªkWu dks xzg.k
djosQ ½.kk;u cuk ysrk gSA ;g lehdj.k 3-3 esa n'kkZ;k
x;k gSµ

X(g) + e–  →  X
–
(g) (3.3)

ijek.kq }kjk bysDVªkWu xzg.k djus dk izØe Å"ek{ksih
(exothermic) vFkok Å"ek'kks"kh (endothermic) gksxk]
;g rÙo osQ LoHkko ij fuHkZj djrk gSA cgqr&ls rÙo tc
bysDVªkWu xzg.k djrs gSa] rc ÅtkZ fueqZDr gksrh gSA ,slh
voLFkk esa bysDVªkWu yfCèk ,UFkSYih ½.kkRed gksxhA mnkgj.kkFkZµ
17osa oxZ osQ rÙoksa (gSykstu) dh bysDVªkWu yfCèk ,UFkSYih
dk eku vR;fèkd Í.kkRed gksrk gSA bldk dkj.k ;g gS fd
ek=k ,d bysDVªkWu xzg.k djosQ os LFkk;h mRÑ"V xSl dk
bysDVªkWfud foU;kl izkIr dj ysrs gSaA blh rjg mRÑ"V xSlksa
dh bysDVªkWu yfCèk ,UFkSYih dk eku vR;fèkd èkukRed gksrk
gS] D;ksafd bysDVªkWu dks orZeku DokaVe Lrj ls vxys DokaVe

Lrj esa izos'k djuk iM+rk gS tks cgqr gh vLFkk;h bysDVªkWfud
foU;kl gksxkA mYys[kuh; gS fd mRÑ"V xSlksa osQ igys tks
rÙo vkorZ lkj.kh esa nkb± rjiQ Åij dh vksj fLFkr gSa] muosQ
fy, bysDVªkWu yfCèk ,UFkSYih dk eku vR;fèkd ½.kkRed
gksrk gSA

vk;uu ,UFkSYih dh rqyuk esa bysDVªkWu yfCèk ,UFkSYih
osQ ifjorZu dk Øe de fu;fer gSA lkekU; fu;e osQ
vuqlkj vkorZ lkj.kh osQ vkorZ esa tc ge nkb± rjiQ c<+rs
gSa] rc c<+rs gq, ijek.kq Øekad osQ lkFk bysDVªkWu yfCèk
,UFkSYih vfèkd Í.kkRed gksrh gSA vkorZ lkj.kh esa ckb± ls
nkb± vksj tkus ij izHkkoh ukfHkdh; vkos'k esa o`f¼ gksrh gSA
iQyLo:i NksVs ijek.kq esa bysDVªkWu dk tksM+uk ljy gksrk gS]
D;ksafd çfo"V gqvk bysDVªkWu èkukosf'kr ukfHkd osQ lfUudV
gksxkA oxZ esa uhps dh vksj c<+us ij bysDVªkWu yfCèk ,UFkSYih
dk eku de Í.kkRed gksrk tkrk gS] D;ksafd ijek.kq vkdkj
c<+rk gS rFkk çfo"V gqvk bysDVªkWu ukfHkd ls nwj gksxkA blh
izdkj dh izo`fÙk lkekU;r;k vkorZ lkj.kh esa ns[kus dks feyrh
gSA (lkj.kh 3-7) ;gk¡ ij bl rF; dk mYys[k djuk
egÙoiw.kZ gS fd vkWDlhtu rFkk Ýyqvksjhu osQ fy, bysDVªkWu
yfCèk ,UFkSYih dk eku Øe'k% mUgha osQ oxks± esa vkxs okys
rÙoksa ls de ½.kkRed gSA bldk Li"Vhdj.k bl izdkj
gSµtc vkWDlhtu rFkk Ýyqvksjhu ijek.kqvksa esa bysDVªkWu izos'k
djrs gSa] rc xzg.k fd;k x;k bysDVªkWu fuEu DokaVe la[;k
okys ÅtkZ Lrj (n = 2) esa izos'k djrk gSA bl izdkj blh
DokaVe ÅtkZ Lrj esa mifLFkr bysDVªkWuksa }kjk vfèkd izfrd"kZ.k
gksrk gSA DokaVe Lrj n = 3 (S ;k Cl) esa izos'k djk;k x;k

lkj.kh 3-7  eq[; oxZ osQ oqQN rÙoksa oQh bysDVªkWu yfCèk ,UFkSYih* (kJ mol–1)

H – 73 He + 48

Li – 60 O – 141 F – 328 Ne + 116

Na – 53 S – 200 Cl – 349 Ar +  96

K – 48 Se – 195 Br – 325 Kr + 96

Rb – 47 Te – 190 I – 295 Xe + 77

Cs – 46 Po – 174 At – 270 Rn + 68

oxZ 1 ∆∆∆∆∆
eg
H oxZ 16 ∆∆∆∆∆

eg
H oxZ 17 ∆∆∆∆∆

eg
H oxZ 0 ∆∆∆∆∆

eg
H

*cgqr lh iqLrdksa esa jklk;fud izØe 3-3 esa n'kkZ, x, ,UFkSYih ifjorZu osQ Í.kkRed eku dks bysDVªkWu&caèkqrk (Electron Affinity) (A
e
)

osQ :i esa ifjHkkf"kr fd;k x;k gSA ijek.kq }kjk bysDVªkWu xzg.k djus ij tc ÅtkZ fueZqDr gksrh gS] rc bysDVªkWu caèkqrk dks èkukRed n'kkZ;k
tkrk gS] tks Å"ekxfrd dh ifjikVh osQ foijhr gSA ;fn fdlh ijek.kq esa bysDVªkWu nsus osQ fy, ckgj ls ÅtkZ nsuh iM+rh gS] rc bysDVªkWu caèkqrk
dks Í.kkRed n'kkZ;k tkrk gSA bysDVªkWu&caèkqrk dks ije 'kwU; ij ifjHkkf"kr fd;k tkrk gSA
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bysDVªkWu] fnd~LFkku (space) esa vfèkd LFkku ?ksjrk gSA bl
izdkj bysDVªkWu&bysDVªkWu izfrd"kZ.k cgqr de gks tkrk gSA

mnkgj.k 3-7

P,S,Cl rFkk F esa ls fdldh vfèkdre ½.kkRed
bysDVªkWu yfCèk ,UFkSYih rFkk fdldh U;wure bysDVªkWu
yfCèk ,UFkSYih gksxh\ O;k[;k dhft,A

gy

vkorZ esa ckb± ls nkb± vksj c<+us ij bysDVªkWu yfCèk
,UFkSYih vfèkd ½.kkRed rFkk oxZ esa uhps dh vksj
c<+us ij de ½.kkRed gksrh gSA 3p –d{kd (tks cM+k
gS) mlesa bysDVªkWu izos'k djkus dh rqyuk esa tc
2p –d{kd esa bysDVªkWu izos'k djk;k tkrk gS] rc
bysDVªkWu&bysDVªkWu izfrd"kZ.k vfèkd gksrk gSA vr%
lokZfèkd ½.kkRed bysDVªkWu yafCèk ,UFkSYih Dyksjhu
dh gksxh rFkk lcls de bysDVªkWu yfCèk ,UFkSYih
iQkWLiQksjl dh gksxhA

(p)  fo|qr~ Í.kkRedrk

ijek.kq osQ jklk;fud ;kSfxd esa lgla;kstd vkcaèk osQ
bysDVªkWu ;qXe dks viuh vksj vkdf"kZr djus dh ;ksX;rk dk
xq.kkRed eki fo|qr~ ½.kkRedrk gSA vk;uu ,UFkSYih vkSj
bysDVªkWu yfCèk ,UFkSYih dks ekik tk ldrk gS] ¯drq fo|qr~
½.kkRedrk ekius ;ksX; ugha gSA fiQj Hkh rÙoksa
dh fo|qr~ ½.kkRedrk osQ fy, dbZ la[;k&lwpd
iSekus (tSlsµ ikWkfYakx iSekuk] eqfydu T+kisQ iSekuk]
vyMZ jkpks iSekuk vkfn) dk fodkl gqvk gSA
ikWfYakx iSekuk lcls T;knk mi;ksx esa vkrk gSA
vesfjdh oSKkfud yhfu;l ikWfYakx us lu~ 1922
esa Ýyqvksjhu dh fo|qr~ Í.kkRedrk dks 4-0
vk¡dkA bl rÙo dh bysDVªkWuksa dks viuh vksj
vkdf"kZr djus dh {kerk lcls vfèkd gSA oqQN
rÙoksa dh fo|qr~ ½.kkRedrk osQ eku lkj.kh 3-8
(v) esa fn,x, gSaA

bysDVªkWu ½.kkRedrk fdlh fn, x, rÙo
osQ fy, fLFkj ugha gS% bldk eku bl ckr ij
fuHkZj djrk gS fd ;g rÙo fdl nwljs rÙo ls
tqM+k gSA gkyk¡fd ;g ekius ;ksX; jkf'k ugha gS]

fiQj Hkh nks ijek.kq vkil esa fdl izdkj osQ cy ls tqM+s gSa]
bldh izkxqfDr djus dk vkèkkj nsrh gS] ftlosQ ckjs esa vki
vkxs tkusaxsA

lkèkkj.kr;k fo|qr~&½.kkRedrk vkorZ lkj.kh esa vkorZ
esa ckb± ls nkb± rjiQ (Li ls F) tkus ij c<+rh gS rFkk oxZ
esa uhps (F ls At) tkus ij de gksrh gSA ;g izo`fÙk oSQls
le>kbZ tk,\ D;k fo|qr~&½.kkRedrk dks ijek.kq f=kT;k ls
lacafèkr ekuk tk ldrk gS] tks vkorZ esa ckbZ ls nkb± vksj tkus
ij ?kVrh gS rFkk oxZ esa uhps tkus ij c<+rh gSA vkorZ esa
ijek.kq f=kT;k osQ de gksus ls la;ksth bysDVªkWuksa vkSj ukfHkd
esa vkoZQ"k.k c<+rk gS rFkk fo|qr~&½.kkRedrk c<+rh gSA blh
vkèkkj ij tc ge oxZ esa uhps tkrs gSa] rks tSls&tSls ijek.kq
f=kT;k c<+rh gS] oSls&oSls fo|qr~&½.kkRedrk de gksrh tkrh
gSA ;g izo`fÙk vk;uu ,UFkSYih osQ leku gSA

vc vki fo|qr~ ½.kkRedrk ,oa ijek.kq f=kT;k dk
lacaèk tku x, gksaxsA D;k vc vki fo|qr~ ½.kkRedrk vkSj
vèkkrqvksa osQ chp lacaèk dh dYiuk dj ldrs gSa\

vèkkrq rÙoksa esa bysDVªkWu yfCèk dh izcy izo`fÙk gksrh
gSA blhfy, fo|qr~&½.kkRedrk dk lhèkk lacaèk vèkkrq rÙoksa
osQ xq.kèkeks± ls gSA bl izdkj vkorZ esa rÙoksa dh fo|qr~
½.kkRedrk c<+us osQ lkFk gh vèkkrq xq.kèkeks± esa o`f¼ gksrh gS
(;k èkkrq xq.kèkeks± esa deh gksrh gS)A blh izdkj oxks± esa uhps
tkus ij rÙoksa dh fo|qr~&½.kkRedrk de gksus ls vèkkrq

fp=k 3-7 vkorZ lkj.kh esa rÙoksa dh vkorZ izo`fÙk
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xq.kèkeks± esa deh vkrh gS (;k èkkrq xq.kèkeks± esa o`f¼ gksrh gS)A
bu lHkh vkorZ izo`fÙk;ksa dks la{ksi esa fp=k 3-7 esa

n'kkZ;k gSA

3-7-2 jklk;fud xq.kèkeks± esa vkorZ izo`fÙk

rÙoksa osQ jklk;fud xq.kèkeks± esa cgqr lkjh izo`fÙk;k¡ (tSlsµ
fod.kZ lacaèk (diagonal relationship), vfØ; ;qXe  izHkko
(Inert pair effect), ySaFksukW;M laoqQpu izHkko (effect of

lanthanoid contraction) bR;kfn ij ppkZ ge vkxkeh
,ddksa esa djsaxsA bl Hkkx esa rÙoksa dh la;kstdrk esa vko£rrk
,oa nwljs vkorZ esa (Li ls F rd) vlkekU; xq.kèkeks± dk
vè;;u ge djsaxsA

(d) la;kstdrk esa vko£rrk ;k vkWDlhdj.k
voLFkk,¡

la;kstdrk rÙoksa dk egÙoiw.kZ xq.kèkeZ gSA bls rÙp osQ
bysDVªkWfud foU;kl osQ vkèkkj ij le>k tk ldrk gSA
fu:id rÙoksa (Representative Elements) dh la;kstdrk
lkekU;r;k (gkyk¡fd vko';d ugha gS) ml rÙo osQ ckáre
dks'k esa mifLFkr bysDVªkWuksa dh la[;k osQ cjkcj gksrh gS ;k
vkB dh la[;k esa ls ckáre bysDVªkWuksa dh la[;k ?kVkus ij
tks la[;k izkIr gksrh gS] ogh ml rÙo dh la;kstdrk
dgykrh gSA la;kstdrk osQ LFkku ij vc vkWDlhdj.k

voLFkk in dk iz;ksx gksrk gSA ,sls nks ;kSfxdksa ij fopkj djrs
gSa] ftuesa vkWDlhtu gS OF

2
 vkSj Na

2
OA bu ;kSfxdksa esa rhu

rÙo 'kkfey gSa] ftudh fo|qr~&½.kkRedrk dk Øe F>O>Na

gSA Ýyqvksjhu dk cká bysDVªkWfud foU;kl 2s22p5 gSA
bldk izR;sd ijek.kq 2OF  v.kq esa vkWDlhtu osQ ,d
bysDVªkWu osQ lkFk la;kstu djrk gS] Ýyqvksjhu dh vkWDlhdj.k
voLFkk -1 gS] D;ksafd bl v.kq esa nks Ýyqvksjhu ijek.kq gS
vkWDlhtu dk cká bysDVªkWfud foU;kl 2s2 2p4 gSA ;g
Ýyqvksjhu ijek.kq lkFk nks bysDVªkWuksa dk la;kstu djrk gSA
blhfy, bldh vkWDlhdj.k voLFkk +2 gSA 2Na O  v.kq esa
vkWDlhtu ijek.kq vfèkd fo|qr~ ½.kkRed gksus osQ dkj.k
bysDVªkWu xzg.k djrk gS rFkk izR;sd lksfM;e ijek.kq ,d
bysDVªkWu nsrk gSA vr% vkWDlhtu vkWDlhdj.k voLFkk &2 dks
n'kkZrk gSA nwljh vksj lksfM;e (ftldk cká bysDVªkWu
foU;kl 3s

1 gS) ,d bysDVªkWu vkWDlhtu dks nsrk gS vkSj bl
izdkj bldh vkWDlhdj.k voLFkk +1 gSA bysDVªkWu ½.kkRedrk
dk è;ku j[krs gq, ,d fo'ks"k ;kSfxd esa rÙo osQ fdlh
ijek.kq }kjk vU; ijek.kq osQ vkos'k dh la[;k xzg.k djus dks
mldh ^vkWDlhdj.k voLFkk* dgrs gSaA

gkbMªkbM rFkk vkWDlkbM esa rÙoksa dh la;kstdrk dh
vkorZ izo`fÙk (Periodic Trend) dks lkj.kh 3-9 esa n'kkZ;k
x;k gSA rÙoksa osQ jklk;fud O;ogkj esa bl rjg dh vkorZ
izÑfr;ksa dks bl iqLrd esa vU;=k Hkh ppkZ dh xbZ gSA cgqr

ijek.kq (vkorZ II) Li Be B C N O F

fo|qr~&Í.kkRedrk 1.0 1.5 2.0 2.5 3.0 3.5 4.0

ijek.kq (vkorZ III) Na Mg Al Si P S Cl

fo|qr~&Í.kkRedrk 0.9 1.2 1.5 1.8 2.1 2.5 3.0

lkj.kh 3-8 (d)  fo|qr~&½.kkRedrk dk eku (ikWfYakx iSekuk)

ijek.kq (oxZ I) fo|qr~&Í.kkRedrk dk eku ijek.kq (oxZ 17) fo|qr~&Í.kkRedrk dk eku

Li 1.0 F 4.0

Na 0.9 Cl 3.0

K 0.8 Br 2.8

Rb 0.8 I 2.5

Cs 0.7 At 2.2

lkj.kh 3-8 ([k)  fo|qr~&½.kkRedrk dk eku (ikWfYakx iSekuk)
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ls rÙo ,sls Hkh gSa] tks ifjorhZ la;kstdrk (Variable

Valency) izn£'kr djrs gSaA ifjorhZ la;kstdrk laØe.k rÙoksa
,oa ,sDVhukW;M rÙoksa dk ,d fo'ks"k vfHky{k.k gSA bldk
vè;;u ge ckn esa djsaxsA

mnkgj.k 3-8

vkorZ lkj.kh dk mi;ksx djrs gq,] fuEufyf[kr ;qXeksa
okys rÙoksa osQ la;ksx ls cus ;kSfxdksa osQ v.kq&lw=k dh
izkxqfDr (prediction) dhft,µ (d) flfydkWu ,oa
czksehu vkSj ([k) ,syqfefu;e rFkk lYiQj

gy

(d) flfydkWu vkorZ lkj.kh osQ 14osa oxZ dk rÙo
gS] ftldh la;kstdrk 4 gSA czksehu] tks 17osa oxZ
(gSykstu ifjokj) dk lnL; gS] dh la;kstdrk 1 gSA
vr% ;kSfxd dk v.kqlw=k 4SiBr  gksxkA

([k) vkorZ lkj.kh esa 13osa oxZ dk rÙo ,syqfefu;e
gS] ftldh la;kstdrk 3 gSA lYiQj 16osa oxZ dk rÙo
gS] ftldh la;kstdrk 2 gSA vr% ,syqfefu;e rFkk
lYiQj ls cus ;kSfxd dk v.kq lw=k 2 3Al S  gksxkA

([k) f}rh; vkorZ osQ rÙoksa osQ xq.kèkeks± esa vlaxrrk
izR;sd oxZ osQ izFke rÙo oxZ 1 (yhfFk;e)] oxZ 2 (csfjfy;e)

vkSj oxZ 13&17 (cksjkWu ls Ýyqvksjhu) vius oxZ osQ vU;
lnL;ksa ls vusd igyqvksa esa fHkUu gSaA mnkgj.kkFkZµ yhfFk;e
vU; {kkjh; èkkrqvksa ls rFkk csfjfy;e vU; {kkjh; e`nk
èkkrqvksa ls fHkUu ;kSfxd cukrs gSa] ftuesa fuf'pr rkSj ij
lgla;kstd caèk gksrs gSa] tcfd vU; lnL; izèkkur;k
vk;fud ;kSfxd cukrs gSaA okLro esa yhfFk;e rFkk csfjfy;e
Øe'k% vxys oxks± osQ f}rh; rÙo (tSlsµ eSxuhf'k;e vkSj
,syqfefu;e) ls vfèkd feyrs gSA vkorZ xq.kèkeks± esa bl rjg
dh rqY;rk dks ̂ fod.kZ lacaèk* (Diagonal Relationship)

dgrs gSaA
s - vkSj p - CykWd osQ rÙoksa osQ lewg esa vU; lnL;ksa

dh rqyuk esa izFke rÙo osQ fHkUu jklk;fud O;ogkj osQ D;k
dkj.k gks ldrs gSa\ budk vlkekU; O;ogkj bu dkj.kksa ls
gksrk gSµ rÙoksa dk NksVk vkdkj] vfèkd vkos'k@f=kT;k vuqikr
rFkk vfèkd fo|qr~&½.kkRedrk oxks± osQ izFke lnL; esa fliQZ
pkj la;kstd d{kd (2s vkSj 2p) caèk cukus osQ fy, izkI;
gksrs gSa] tcfd oxks± osQ f}rh; lnL; gsrq 9 la;kstd d{kd
gksrs gSa (3s, 3p, 3d)A iQyLo:i gj oxZ osQ izFke lnL; osQ
fy, vfèkdre lgla;kstdrk pkj gSA mnkgj.kkFkZµ cksjku
osQoy [BF

4
]– cuk ldrk gS] tcfd oxZ osQ vU; lnL;

vius la;kstd dks'k dk foLrkj bysDVªkWuksa osQ pkj ls vfèkd
tksM+ks a dks LFkku nsus osQ fy, dj ldrs gSaA mnkgj.kkFkZµ
,syqfefu;e [AlF

6
]3– cukrk gSA bruk gh ugha] p -  CykWd

lewg 1 2 13 14 15 16 17 18

la;kath bysDVªkWu dh la[;k 1 2 3 4 5 6 7 8

la;kstdrk 1 2 3 4 3,5 2,6 1,7 0,8

lewg 1 2 13 14 15 16 17

gkbMªkbM LiH B
2
H

6
CH

4
NH

3
H

2
O HF

dk lw=k NaH CaH
2

AlH
3

SiH
4

PH
3

H
2
S HCl

KH GeH
4

AsH
3

H
2
Se HBr

SnH
4

SbH
3

H
2
Te HI

vkWDlkbM Li
2
O MgO B

2
O

3
CO

2
N

2
O

3
, N

2
O

5
–

dk lw=k Na
2
O CaO Al

2
O

3
SiO

2
P

4
O

6
, P

4
O

10
SO

3
Cl

2 
O

7

K
2
O SrO Ga

2
O

3
GeO

2
As

2
O

3
, As

2
O

5
SeO

3
–

BaO In
2
O

3
SnO

2
Sb

2
O

3
, Sb

2
O

5
TeO

3
–

PbO
2

Bi
2
O

3
    –   –

lkj.kh 3-9  ;kSfxdksa osQ lw=kksa }kjk n'kkZ, x, rÙoksa dh la;kstdrk esa vkorZ&izo`fÙk
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osQ rÙoksa esa lewgksa osQ izFke lnL; Lo;a ls ,oe~ f}rh;
vkorZ osQ vU; lnL;ksa ls p

π
– p

π 
caèk cukus dh izcy

;ksX;rk j[krs gSa (tSlsµC = C, C ≡ C,  N = N, N ≡ Ν,

C = N, C ≡ N), tcfd oxks± osQ mÙkjorhZ lnL; ,slk ugha
dj ikrs gSaA

mnkgj.k 3-9

D;k ,syqfefu;e osQ ;kSfxd Al [Cl(H2O)5]
2+ esa

,syqfefu;e dh vkWDlhdj.k voLFkk (oxidation

state) vkSj lgla;kstdrk leku gS\

gy

,syqfefu;e dh vkWDlhdj.k voLFkk +3 vkSj lgla;kstdrk
6 gSA

3-7-3 jklk;fud vfHkfØ;k'khyrk rFkk
vko£rrk

geus oqQN ekSfyd xq.kksa (tSlsµijek.kq ,oe~ vk;uu f=kT;k]
vk;uu ,UFkSYih] bysDVªkWu yfCèk ,UFkSYih vkSj la;kstdrk) esa
vkorZ izo`fÙk dk vè;;u fd;kA vc rd ge ;g tku x,
gSa fd vko£rrk bysDVªkWfud foU;kl ls lacafèkr gSA HkkSfrd
,oa jklk;fud xq.kèkeZ rÙoksa osQ bysDVªkWfud foU;kl dh
vfHkO;fDr gSA rÙoksa osQ bu ekSfyd xq.kksa vkSj jklk;fud xq.kksa
esa lacaèk [kkstus dh dksf'k'k vc ge djsaxsA

ge tkurs gSa fd vkorZ esa ckb± ls nkb± vksj tkus ij
ijek.kq ,oa vk;fud f=kT;k ?kVrh gSA iQyLo:i vkorZ esa
vk;uu ,UFkSYih lkèkkj.kr;k c<+rh gS (oqQN vioknksa dks
NksM+dj] ftldk fooj.k Hkkx 3-7-1µd esa fn;k gS) rFkk
bysDVªkWu yfCèk ,UFkSYih vkSj vfèkd ½.kkRed gks tkrh gSA
vkorZ esa lcls ckb± vksj fLFkr rÙo dh vk;uu ,UFkSYih
lcls de gS vkSj lcls nkb± vksj osQ rÙo dh bysDVªkWu yfCèk

,UFkSYih lcls vfèkd ½.kkRed gSA (uksVµ
mRÑ"V xSlksa esa iw.kZr% Hkjs dks'k gksrs gSaA
mudh bysDVªkWu yfCèk ,aFkSYih dk eku èkukRed
gksrk gS)A vkorZ lkj.kh esa nksuksa Nksjksa ij lcls
vfèkd vkSj eè; esa lcls de jklk;fud
fØ;k'khyrk gksrh gSA bl izdkj lcls ckb± vksj
vfèkdre jklk;fud fØ;k'khyrk ({kkjh; èkkrqvksa
esa) bysDVªkWu [kksdj èkuk;u cukdj izn£'kr gksrh
gS vkSj lcls nkb± vksj (gSykstu ifjokj) bysDVªkWu
izkIr dj ½.kk;u cukdj izn£'kr gksrh gSA bl
xq.k dk lacaèk rÙoksa osQ vip;u rFkk mip;u

O;ogkj ls djsaxs] ftls vki ckn esa i<+saxsA rÙoksa dh èkkfRod
rFkk vèkkfRod fo'ks"krk dk blls lhèkk lacaèk gSA vkorZ esa
ckb± vksj ls nkb± vksj tkus ij èkkfRod xq.k esa deh vkSj
vèkkfRod xq.k esa c<+ksrjh gksrh gSA rÙoksa dh jklk;fud
fØ;k'khyrk mudh vkWDlhtu vkSj gSykstu ls fØ;k djkdj
izn£'kr dh tk ldrh gSA ;gk¡ vkWDlhtu ls rÙoksa dh
vfHkfØ;k ij ge fopkj djsaxsA vkorZ osQ nksuksa fdukjksa osQ
rÙo vkWDlhtu ls ljyrkiwoZd la;ksx djosQ vkWDlkbM cukrs
gSaA lcls ckb± vksj osQ rÙoksa osQ lkèkkj.k vkWDlkbM lcls
vfèkd {kkjh; gksrs gSa (mnkgj.kkFkZµ Na

2
O) vkSj tks lcls

nkb± vksj gSa] muosQ vkWDlkbM lcls vEyh; (mnkgj.kkFkZµ
Cl

2
O

7
) rFkk eè; osQ rÙoksa osQ vkWDlkbM mHk;èkehZ

(mnkgj.kkFkZµ Al
2
O

3
,
 
As

2
O

3
) ;k mnklhu (mnkgj.kkFkZµ

CO, NO, N
2
O) gksrs gSaA mHk;èkehZ (amphoteric) vkWDlkbM

{kkjksa osQ lkFk vEyh; vkSj vEyksa osQ lkFk {kkjh; O;ogkj
djrs gSa] tcfd mnklhu vkWDlkbM esa vEy ;k {kkj dk xq.k ugha
gksrk gSA

mnkgj.k 3-10

ty ls jklk;fud vfHkfØ;k }kjk n'kkZ,a fd Na2O

,d {kkjh; ,oa Cl2O7 ,d vEyh; vkWDlkbM gSA

gy

Na2O ty ls vfHkfØ;k djosQ izcy {kkj cukrk gS]
tcfd Cl2O7 izcy vEy cukrk gSA
2Na + H2O →  2NaOH

Cl2O7 + H2O →  2HClO4

{kkjh; ;k vEyh; xq.k dk ijh{k.k vki fyVel i=k ls
dj ldrs gSaA

xq.k rÙo

èkkfRod f=kT;k M/ pm Li Be B

152 111 88

Na Mg Al

186 160 143

Li Be

vk;uh f=kT;k Mn+
 / pm 76 31

Na Mg

102 72
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fu:id rÙoks a dh rqyuk es a laØe.k èkkrqvks a
(3d Js.kh) dk vkorZ esa ijek.kq f=kT;k dk ifjoZru cgqr
de gSA ijek.kq f=kT;k esa ifjoZru vkarfjd laØe.k èkkrqvksa
(4f Js.kh) osQ fy, vkSj Hkh de gSA vk;uu ,UFkSYih s- vkSj
p -  CykWd osQ rÙoksa osQ eè; gSA ifj.kkeLo:i ;s rÙo oxZ
1 vkSj 2 dh èkkrqvksa dh rqyuk esa de fo|qr~èkuh; gSaA

eq[; oxZ osQ rÙoksa esa muosQ ijek.kq&Øekad c<+us
ls lkekU;r;k ijek.kq rFkk vk;uh f=kT;k c<+rh gSA iQyr%

lkjka'k

bl ,dd esa vkius vkorZ fu;e vkSj vkorZ lkj.kh osQ fodkl dk vè;;u fd;k gSA esaMyho vkorZ lkj.kh ijek.kq æO;eku
ij vkèkkfjr FkhA vkèkqfud vkorZ lkj.kh esa rÙoksa dh O;oLFkk muosQ c<+rs gq, ijek.kq Øekad osQ Øe esa lkr {kSfrt iafDr;ksa
(vkorZ) vkSj 18 ÅèokZèkj LraHkksa (oxZ ;k ifjokj) esa dh gSA vkorZ esa ijek.kq Øekad Øe'k% c<+rk gS] tcfd oxZ esa
og ,d iSVuZ ls c<+rk gSA ,d oxZ osQ rÙoksa esa leku la;ksth dks'k (Valence Shell) bysDVªkWfud foU;kl gksrk gSA blhfy,
;s leku jklk;fud xq.kèkeks± dks n'kkZrs gSaA ,d gh vkorZ osQ rÙoksa esa ckb± ls nkb± vksj tkus ij bysDVªkWuksa dh la[;k esa
o`f¼ gksrh gSA vr% budh la;kstdrk (Valencies) fHkUu gksrh gSA vkorZ lkj.kh esa bysDVªkWfud foU;kl osQ vkèkkj ij pkj
izdkj osQ rÙoksa dh igpku dh xbZ gSA ;s rÙo gSaµ s- CykWd rÙo] p- CykWd rÙo] d- CykWd rÙo rFkk f- CykWd rÙoA
1s d{kd esa ,d bysDVªkWu gksus osQ dkj.k vkoZr lkj.kh esa gkbMªkstu dk LFkku vf}rh; gSA Kkr rÙoksa esa 78 izfr'kr
ls vfèkd la[;k èkkrqvksa dh gSA vèkkrqvksa dh la[;k 20 izfr'kr ls de gS] tks vkorZ lkj.kh esa nkb± vksj 'kh"kZ ij fLFkr
gSaA ,sls rÙo] tks èkkrqvksa vkSj vèkkrqvksa osQ lhekorhZ gSa] vèkZ&èkkrq,a (Semi metals) ;k mi&èkkrq,a (Metaloids) dgykrs
gSa (tSlsµ Si, Ge, As)A oxZ esa uhps dh vksj c<+us ij rÙoksa osQ èkkfRod xq.kksa esa o`f¼ gksrh gSA ckb± ls nkb± vksj tkus
ij vkorZ esa èkkfRod xq.k esa deh vkrh gSA rÙoksa osQ HkkSfrd rFkk jklk;fud xq.k muosQ ijek.kq Øekad osQ lkFk vko£rr
gksrs gSaA

rÙoksa osQ ijek.kq vkdkj] vk;uu ,UFkSYih] bysDVªkWu yfCèk ,UFkSYih] fo|qr~ ½.kkRedrk rFkk la;kstdrk esa vko£rrk
dh izo`fÙk ikbZ tkrh gSA ijek.kq f=kT;k vkorZ esa ckb± vksj ls nkb± vksj tkus ij ?kVrh gS vkSj oxZ esa ijek.kq&Øekad c<+us
ij c<+rh gSA vk;uu ,UFkSYih izk;% vkorZ esa ijek.kq&Øekad c<+us ij c<+rh gS rFkk oxZ esa uhps tkus ij ?kVrh gSA fo|qr~

½.kkRedrk dh Hkh ;gh izo`fÙk gksrh gSA bysDVªkWu yfCèk ,UFkSYih lkèkkj.kr;k vkorZ esa nkb± vksj pyus ij vkSj vfèkd
½.kkRed rFkk oxZ esa uhps tkus ij de ½.kkRed gksrh gSA la;kstdrk esa Hkh vko£rrk ikbZ tkrh gSA mnkgj.k osQ rkSj
ijµ fu:id rÙoksa esa la;kstdrk ;k rks ckáre d{kdksa esa bysDVªkWu dh la[;k osQ cjkcj vFkok vkB esa ls bu bysDVªkWuksa
dh la[;k ?kVkdj Kkr dh tkrh gSA jklk;fud fØ;k'khyrk vkorZ osQ nksuksa fdukjksa ij lcls vfèkd vkSj eè; esa lcls
de gksrh gSA vkorZ esa lcls nkb± vksj jklk;fud vfHkfØ;k'khyrk bysDVªkWu dks R;kxus dh lqxerk (;k de vk;uu
,UFkSYih) osQ dkj.k gksrh gSA vfèkd fØ;k'khy rÙo izÑfr esa Lora=k voLFkk esa ugha feyrsA os izk;% ;kSfxdksa osQ :i esa
feyrs gSaA fdlh vkorZ esa ckb± vksj osQ rÙo {kkjh; vkWDlkbM cukrs gSa] tcfd nkb± vksj osQ rÙo vEyh; vkWDlkbM cukrs
gSaA tks rÙo eè; esa gSa] os mHk;èkehZ vkWDlkbM ;k mnklhu vkWDlkbM cukrs gSaA

èkhjs&èkkjs vk;uu ,UFkSYih ?kVrh gS vkSj bysDVªkWu yfCèk
,UFkSYih esa fu;fer deh (oqQN viokn rhljs vkorZ osQ
rÙoksa esa gSa] ftUgsa Hkkx 3-7-1µ?k esa n'kkZ;k x;k gSA)
gksrh gSA bl izdkj oxZ esa uhps tkus ij èkkfRod xq.k
c<+rk gS vkSj vèkkfRod xq.k ?kVrk gSA bl izo`fÙk dks
muosQ mip;u rFkk vip;u osQ xq.k ls tksM+k tk ldrk
gS] ftls vki ckn esa i<+asxsA laØe.k rÙoksa dh izo`fÙk
blosQ foijhr gSA bls ge ijek.kq vkdkj vkSj vk;uu
,UFkSYih ls le> ldrs gSaA

Rationalised 2023-24



95rÙoksa dk oxhZdj.k ,oa xq.kèkeks± esa vko£rrk

vH;kl

3-1 vkorZ lkj.kh esa O;oLFkk dk HkkSfrd vkèkkj D;k gS\

3-2 esaMyho us fdl egÙoiw.kZ xq.kèkeZ dks viuh vkorZ lkj.kh esa rÙoksa osQ oxhZdj.k dk vkèkkj cuk;k\
D;k os mlij n`<+ jg ik,\

3-3 esaMyho osQ vkorZ fu;e vkSj vkèkqfud vkorZ fu;e esa ekSfyd varj D;k gS\

3-4 DokaVe la[;kvksa osQ vkèkkj ij ;g fl¼ dhft, fd vkorZ lkj.kh osQ NBosa vkorZ esa 32 rÙo gksus
pkfg,A

3-5 vkorZ vkSj oxZ osQ inksa esa ;g crkb, fd Z=14 dgk¡ fLFkr gksxk\

3-6 ml rÙo dk ijek.kq Øekad fyf[k,] tks vkorZ lkj.kh esa rhljs vkorZ vkSj 17osa oxZ esa fLFkr gksrk gSA

3-7 dkSu ls rÙo dk uke fuEufyf[kr }kjk fn;k x;k gS\

(i) ykWjsUl coZQys iz;ksx'kkyk }kjk

(ii) lh cksxZ lewg }kjk

3-8 ,d gh oxZ esa mifLFkr rÙoksa osQ HkkSfrd vkSj jklk;fud xq.kèkeZ leku D;ksa gksrs gSa\

3-9 ^ijek.kq f=kT;k* vkSj ^vk;uh f=kT;k* ls vki D;k le>rs gSa\

3-10 fdlh oxZ ;k vkorZ esa ijek.kq f=kT;k fdl izdkj ifjo£rr gksrh gS\ bl ifjorZu dh O;k[;k vki
fdl izdkj djsaxs\

3-11 lebysDVªkWfud Lih'kh”k ls vki D;k le>rs gSa\ ,d ,slh Lih'kh”k dk uke fyf[k,] tks fuEufyf[kr
ijek.kqvksa ;k vk;uksa osQ lkFk lebysDVªkWfud gksxhµ

(i) F–

(ii) Ar

(iii) Mg2+

(iv) Rb+

3-12 fuEufyf[kr Lih'kh”k ij fopkj dhft,µ

N3–, O2–, F–, Na+, Mg2+ & Al3+

(d) buesa D;k lekurk gS\

([k) bUgsa vk;uh f=kT;k osQ c<+rs Øe esa O;ofLFkr dhft,A

3-13 èkuk;u vius tud ijek.kqvksa ls NksVs D;ksa gksrs gSa vkSj Í.kk;uksa dh f=kT;k muosQ tud ijek.kqvksa
dh f=kT;k ls vfèkd D;ksa gksrh gS\ O;k[;k dhft,A

3-14 vk;uu ,UFkSYih vkSj bysDVªkWu yfCèk ,UFkSYih dks ifjHkkf"kr djus esa foyfxr xSlh; ijek.kq rFkk
^vk| voLFkk* inksa dh lkFkZdrk D;k gS\
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3-15 gkbMªkstu ijek.kq esa vk| voLFkk esa bysDVªkWu dh ÅtkZ –2.18 × 10–18J gSA ijek.kfod gkbMªkstu
dh vk;uu ,UFkSYih J mol–1 osQ inksa esa ifjdfyr dhft,A

¹laosQr µ mÙkj izkIr djus osQ fy, eksy ladYiuk dk mi;ksx dhft,Aº

3-16 f}rh; vkorZ osQ rÙoksa esa okLrfod vk;uu ,UFkSYih dk Øe bl izdkj gSµLi< B<Be<C<O<N<F<NeA
O;k[;k dhft, fd (i) Be dh ,∆

i
H B  ls vfèkd D;ksa gS\

(i) O dh ,∆
i
H N  vkSj F ls de D;ksa gS\

3-17 vki bl rF; dh O;k[;k fdl izdkj djsaxs fd lksfM;e dh izFke vk;uu ,UFkSYih eSXuhf'k;e
dh izFke vk;uu ,UFkSYih ls de gS] ̄ drq bldh f}rh; vk;uu ,UFkSYih eSXuhf'k;e dh f}rh;
vk;uu ,UFkSYih ls vfèkd gSA

3-18 eq[; lewg rÙoksa esa vk;uu ,UFkSYih osQ fdlh lewg esa uhps dh vksj de gksus osQ dkSu ls dkjd gSa\

3-19 oxZ 13 osQ rÙoksa dh izFke vk;uu ,UFkSYih osQ eku (KJ mol–1) esa bl izdkj gSaµ

B A1 Ga In T1

801 577 579 558 589

lkekU; ls bl fopyu dh izo`fÙk dh O;k[;k vki fdl izdkj djsaxs\

3-20 rÙoksa osQ fuEufyf[kr ;qXeksa esa fdl rÙo dh bysDVªkWu yfCèk ,UFkSYih vfèkd Í.kkRed gksxh\

(i) O ;k F

(ii) F ;k Cl

3-21 vki D;k lksprs gSa fd O dh f}rh; bysDVªkWu yfCèk ,UFkSYih izFke bysDVªkWu yfCèk ,UFkSYih osQ leku
èkukRed] vfèkd Í.kkRed ;k de Í.kkRed gksxh\ vius mÙkj dh iqf"V dhft,A

3-22 bysDVªkWu yfCèk ,UFkSYih vkSj bysDVªkWu Í.kkRedrk esa D;k ewy varj gS\

3-23 lHkh ukbVªkstu ;kSfxdksa esa N dh fo|qr~ Í.kkRedrk ikÅfyax iSekus ij 3-0 gSA vki bl dFku ij
viuh D;k izfrfØ;k nsaxs\

3-24 ml fl¼kar dk o.kZu dhft,] tks ijek.kq dh f=kT;k ls lacafèkr gksrk gSµ

(i) tc og bysDVªkWu izkIr djrk gSA

(ii) tc og bysDVªkWu dk R;kx djrk gSA

3-25 fdlh rÙo osQ nks leLFkkfudksa dh izFke vk;uu ,UFkSYih leku gksxh ;k fHkUu\ vki D;k ekurs
gSa\ vius mÙkj dh iqf"V dhft,A

3-26 èkkrqvksa vkSj vèkkrqvksa esa eq[; varj D;k gS\

3-27 vkorZ lkj.kh dk mi;ksx djrs gq, fuEufyf[kr iz'uksa osQ mÙkj nhft,µ

(d) ml rÙo dk uke crkb,] ftlosQ cká mi&dks'k esa ik¡p bysDVªkWu mifLFkr gksaA

([k) ml rÙo dk uke crkb,] ftldh izo`fÙk nks bysDVªkWuksa dks R;kxus dh gksA

(x) ml rÙo dk uke crkb,] ftldh izo`fÙk nks bysDVªkWuksa dks izkIr djus dh gksA

(?k) ml oxZ dk uke crkb,] ftlesa lkekU; rki ij èkkrq] vèkkrq] æo vkSj xSl mifLFkr gksaA

Rationalised 2023-24



97rÙoksa dk oxhZdj.k ,oa xq.kèkeks± esa vko£rrk

3-28 izFke oxZ osQ rÙoksa osQ fy, vfHkfØ;k'khyrk dk c<+rk gqvk Øe bl izdkj gSµ

Li Na K Rb Cs;< < < <  tcfd oxZ 17 osQ rÙoksa esa Øe

F>Cl>Br>I gSA bldh O;k[;k dhft,A

3-29 s–, p–, d– vkSj f– CykWd osQ rÙoksa dk lkekU; cká bysDVªkWfud foU;kl fyf[k,A

3-30 rÙo] ftldk cká bysDVªkWfud foU;kl fuEu gS] dk LFkku vkorZ lkj.kh esa crkb,µ

(i) ns2 np4] ftlosQ fy, n=3 gSA

(ii) (n–1) d2 ns2, tc n=4 gS rFkk

(iii) (n–2)f 7 (n–1) d1 ns2, tc n=6 gSA

3-31 oqQN rÙoksa dh izFke ∆i 1H  vkSj f}rh; ∆i 2H  vk;uu ,aFkSYih (kJ mol–1 esa) vkSj bysDVªkWu yfCèk
,aFkSYih (∆

eg
H) (kJ mol–1 esa) fuEufyf[kr gSµ

rÙo ∆H
1

∆H
2

∆
eg

H

I 520 7300 –60

II 419 3051 –48

III 1681 3374 –328

IV 1008 1846 –295

V 2372 5251 +48

VI 738 1451 –40

Åij fn, x, rÙoksa esa ls dkSu&lh

(d) lcls de vfHkfØ;k'khy èkkrq gS\

([k) lcls vfèkd vfHkfØ;k'khy èkkrq gS\

(x) lcls vfèkd vfHkfØ;k'khy vèkkrq gS\

(?k) lcls de vfHkfØ;k'khy vèkkrq gS\

(Ä) ,slh èkkrq gS] tks LFkk;h f}vaxh gSykbM (binary halide)] ftudk lw=k

MX
2
 (X = gSykstu) gS] cukrk gSA

(p) ,slh èkkrq] tks eq[;r% MX (X = gSykstu) okys LFkk;h lgla;ksth gSykbM cukrh gSA

3-32 rÙoksa osQ fuEufyf[kr ;qXeksa osQ la;kstu ls cus LFkk;h f}vaxh ;kSfxdksa osQ lw=kksa dh izxqfDr dhft,µ

(d) yhfFk;e vkSj vkWDlhtu

([k) eSxuhf'k;e vkSj ukbVªkstu

(x) ,syqehfu;e vkSj vk;ksMhu

(?k) flfydkWu vkSj vkWDlhtu

(Ä) iQkWLiQksjl vkSj Ýyqvksjhu

(p) 71ok¡ rÙo vkSj Ýyqvksjhu
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3-33 vkèkqfud vkorZ lkj.kh esa vkorZ fuEufyf[kr esa ls fdldks O;Dr djrk gS\

(d) ijek.kq la[;k

([k) ijek.kq nzO;eku

(x) eq[; DOkkaVe la[;k

(?k) fnxa'kh DokaVe la[;k

3-34 vkèkqfud vkorZ lkj.kh osQ fy, fuEufyf[kr osQ lanHkZ esa dkSu lk dFku lgh ugha gS\

(d) p–CykWd esa 6 LraHk gSa] D;ksafd p–dks'k osQ lHkh d{kd Hkjus osQ fy, vfèkdre 6
bysDVªkWuksa dh vko';drk gksrh gSA

([k) d–CykWd esa 8 LraHk gSa] D;ksafd d–mi&dks'k osQ d{kd Hkjus osQ fy, vfèkdre 8 bysDVªkWuksa
dh vko';drk gksrh gSA

(x) izR;sd CykWd esa LraHkksa dh la[;k ml midks'k esa Hkjs tk ldusokys bysDVªkWuksa dh la[;k
osQ cjkcj gksrh gSA

(?k) rÙo osQ bysDVªkWu foU;kl dks Hkjrs le; vafre Hkjs tkusokys bysDVªkWu dk mi&dks'k mlosQ
f}xa'kh DokaVe la[;k dks izn£'kr djrk gSA

3-35 ,slk dkjd] tks la;kstdrk bysDVªkWu dks izHkkfor djrk gS] ml rÙo dh jklk;fud izo`fÙk Hkh
izHkkfor djrk gSA fuEufyf[kr esa ls dkSu lk dkjd la;kstdrk dks'k dks izHkkfor ugha djrk\

(d) la;kstd eq[; DokaVe la[;k (n)

([k) ukfHkdh; vkos'k (Z)

(x) ukfHkdh; nzO;eku

(?k) ØksM bysDVªkWuksa dh la[;k

3-36 le bysDVªkWfud Lih'kh”k F–, Ne vkSj Na+ dk vkdkj buesa ls fdlls izHkkfor gksrk gS\

(d) ukfHkdh; vkos'k (Z)

([k) eq[; DokaVe la[;k (n)

(x) cká d{kdksa esa bysDVªkWu&bysDVªkWu vU;ksU; fØ;k

(?k) Åij fn, x, dkj.kksa esa ls dksbZ Hkh ugha] D;ksafd mudk vkdkj leku gSA

3-37 vk;uu ,UFkSYih osQ lanHkZ esa fuEufyf[kr esa ls dkSu lk dFku xyr gS\

(d) izR;sd mÙkjksÙkj bysDVªkWu ls vk;uu ,UFkSYih c<+rh gSA

([k) ØksM mRÑ"V xSl osQ foU;kl ls tc bysDVªkWu dks fudkyk tkrk gS] rc vk;uu ,UFkSYih
dk eku vR;fèkd gksrk gSA

(x) vk;uu ,UFkSYih osQ eku esa vR;fèkd rhoz òf¼ la;kstdrk bysDVªkWuksa osQ foyksiu dks O;Dr
djrk gSA

(?k) de n ekuokys d{kdksa ls vfèkd n ekuokys d{kdksa dhs rqyuk esa bysDVªkWuksa dks vklkuh
ls fudkyk tk ldrk gSA
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3-38 B, Al, Mg, K rÙoksa osQ fy, èkkfRod vfHky{k.k dk lgh Øe buesa dkSu lk gS\

(d) B Al Mg K> > >

([k) Al Mg B K> > >

(x) Mg Al K B> > >

(?k) K Mg Al B> > >

3-39 rÙoksa B, C, N, F vkSj Si osQ fy, vèkkrq vfHky{k.k dk buesa ls lgh Øe dkSu lk gS\

(d) B C Si N F> > > >

([k) Si C B N F> > > >

(x) F N C B Si> > > >

(?k) F N C Si B> > > >

3-40 rÙoksa F, Cl, O vkSj N rFkk vkWDlhdj.k xq.kèkeks± osQ vèkkj ij mudh jklk;fud vfHkfØ;k'khyrk dk
fuEufyf[kr esa ls dkSu lk rÙoksa esa gS\

(d) F Cl O N> > >

([k) F O Cl N> > >

(x) Cl F O N> > >

(?k) O F N Cl> > >

Rationalised 2023-24



100 jlk;u foKku

bl ,dd osQ vè;;u osQ i'pkr~ vkiµ
• jklk;fud vkcaèku dh dkWlsy ywbl

voèkkj.kk dks le> losaQxs_

• v"Vd fu;e rFkk bldh lhekvksa dh
O;k[;k dj losaQxs rFkk lkèkkj.k v.kqvksa
dh ywbl lajpukvksa dks fy[k losaQxsA

• fofHkUu çdkj osQ vkcaèk cuus osQ dkj.k
crk ldasxs_

• oh- ,l- bZ- ih- vkj fl¼kar dk fooj.k
ns losaQxs rFkk ljy v.kqvksa dh T;kfefr
dh çkxqfDr dj losaQxs_

• lgla;ksth vkcaèk osQ la;kstdrk vkcaèk
fl¼kar dh O;k[;k dj losaQxs_

• lgla;kstd vkcaèkksa osQ fn'kkRed xq.kksa
dh çkxqfDr dj losaQxs_

• fofHkUu çdkj osQ mu ladj.kksa osQ chp
varj Li"V dj ldasxs] ftuesa s, p rFkk
d d{kd lfEefyr gksa rFkk v.kqvksa dh
vkÑfr;ksa dks vkjsf[kr dj losaQxs_

• leukHkdh; f}ijek.kqd v.kqvksa osQ
vkf.od d{kd fl¼kar dh O;k[;k
dj losaQxs_

• gkbMªkstu vkcaèk dh ladYiuk dh O;k[;k
dj ldasxsA

jklk;fud vkcaèku rFkk vkf.od lajpuk
CHEMICAL BONDING AND MOLECULAR STRUCTURE

oSKkfud fujarj u, ;kSfxdksa dh [kkst dj jgs gSa] muosQ rF;ksa dks Øe esa

O;ofLFkr dj jgs gSa] fo|eku tkudkjh osQ vkèkkj ij mudh O;k[;k dh

dksf'k'k dj jgs gSa] u, rF;ksa dh O;k[;k djus osQ fy, çpfyr èkkj.kkvksa

dks la'kksfèkr dj jgs gSa ;k u, fl¼karksa dks fodflr dj jgs gSaA

æO; ,d ;k fofHkUu çdkj osQ rÙoksa ls feydj cuk gksrk gSA lkekU; fLFkfr;ksa
esa mRÑ"V xSlksa osQ vykok dksbZ vU; rÙo ,d Lora=k ijek.kq osQ :i esa
fo|eku ugha gksrk gSaA ijek.kqvksa osQ lewg fof'k"V xq.kksa okyh Lih'kh”k osQ :i
esa fo|eku gksrs gSaA ijek.kqvksa osQ ,sls lewg dks ^v.kq* dgrs gSaA çR;{k :i
esa dksbZ cy v.kqvksa osQ ?kVd ijek.kqvksa dks vkil esa idM+s jgrk gSA fofHkUu
jklk;fud Lih'kh”k esa muosQ vusd ?kVdksa (ijek.kqvksa] vk;uksa bR;kfn) dks
layXu j[kusokys vkd"kZ.k cy dks ̂ jklk;fud vkcaèk* dgrs gSaA pw¡fd jklk;fud
;kSfxd fofHkUu rÙoksa osQ ijek.kqvksa oQh fHkUu&fHkUu fofèkvksa ls la;qDr gksus
osQ ifj.kkeLo:i curs gSa] vr% blls dbZ ç'u mRiUu gksrs gSaA ijek.kq la;qDr
D;ksa gksrs gSa\ osQoy oqQN la;kstu gh laHko D;ksa gSa\ D;ksa oqQN ijek.kq la;qDr
gksrs gSa] tcfd oqQN vU; ,slk ugha gksrs gSa\ v.kqvksa dh fuf'pr vkÑfr;k¡
D;ksa gksrh gSa\ bu lHkh ç'uksa osQ mÙkj nsus osQ fy, le;&le; ij fofHkUu
fl¼kar lkeus vk, gSaA ;s gSa dkWlsy&ywbl fl¼kar] la;kstdrk d{k bysDVªkWu
;qXe çfrd"kZ.k (oh-,l-bZ-ih-vkj) fl¼kar] la;kstdrk vkcaèk fl¼kar rFkk
vkf.od d{kd fl¼karA

la;kstdrk osQ fofHkUu fl¼karkas dk fodkl rFkk jklk;fud vkcaèkksa dh
çÑfr dh O;k[;k dk lhèkk lacaèk okLro esa ijek.kq&lajpuk rÙoksa osQ
bysDVªkWfud foU;kl rFkk vkorZ lkj.kh dks le>us ls jgk gSA çR;sd fudk;
vfèkd LFkk;h gksus dk ç;kl djrk gSA ;g vkcaèku LFkkf;Ro ikus osQ fy,
ÅtkZ dks de djus dk çkÑfrd rjhdk gSA

mís';

,dd 4
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4-1 jklk;fud vkcaèku dh dkWlsy&
ywbl voèkkj.kk

bysDVªkWuksa }kjk jklk;fud vkcaèkksa osQ cuus dh O;k[;k osQ
fy, dbZ ç;kl fd, x,] ysfdu lu~ 1916 esa dkWlsy vkSj
yqbl Lora=k :i ls larks"ktud O;k[;k nsus esa liQy gq,A
mUgkasus loZçFke la;kstdrk (Valence) dh roZQ laxr O;k[;k
dhA ;g O;k[;k mRÑ"V xSlksa dh vfØ;rk ij vkèkkfjr FkhA

ywbl ijek.kqvksa dks ,d èku vkosf'kr vf"V (vkarfjd
bysDVªkWu ,oa ukfHkd;qDr) rFkk cká d{kdksa osQ :i esa
fu:fir fd;kA cká d{kdksa esa vfèkdre vkB bysDVªkWu
lekfgr gks ldrs gSaA mlus ;g Hkh ekuk fd ;s vkBksa bysDVªkWu
?ku osQ vkBksa dksuksa ij mifLFkr gksrs gSa] tks osaQæh; vf"V dks
pkjksa rjiQ ls ?ksjs jgrs gSaA bl çdkj lksfM;e osQ cká d{k
esa mifLFkr ,dy bysDVªkWu ?ku osQ ,d dksus ij fLFkr jgrk
gS] tcfd mRÑ"V xSlksa esa ?ku osQ vkBksa dksuksa ij ,d&,d
bysDVªkWu mifLFkr jgrs gSaA bysDVªkWuksa dk ;g v"Vd ,d
fo'ks"k LFkk;h foU;kl fu:fir djrk gSA ywbl us ;g
vfHkx`ghr fn;k fd ijek.kq ijLij jklk;fud vkcaèk }kjk
la;qDr gksdj vius LFkk;h v"Vd dks çkIr djrs gSaA mnkgj.k
osQ fy,µ lksfM;e ,oa Dyksjhu esa lksfM;e viuk ,d
bysDVªkWu Dyksjhu dks ljyrkiwoZd nsdj viuk LFkk;h v"Vd
çkIr djrk gS rFkk Dyksjhu ,d bysDVªkWu çkIr dj viuk
LFkk;h v"Vd fu£er djrk gS] vFkkZr~ lksfM;e vk;u (Na

+
)

,oa DyksjkbM vk;u (Cl
–
) curs gSaA vU; mnkgj.kksa (tSls&

Cl
2
, H

2
, F

2
, bR;kfn) esa ijek.kqvksa esa vkcaèk ijLij bysDVªkWuksa

dh lgHkktu }kjk fu£er gksrs gSaA bl çfØ;k }kjk bu v.kqvksa
osQ ijek.kq ,d cká LFkk;h v"Vd voLFkk çkIr djrs gSaA

ywbl çrhd % fdlh v.kq osQ cuus esa ijek.kqvksa osQ osQoy
cká dks'k bysDVªkWu jklk;fud la;kstu esa fgLlk ysrs gSaA ;s
buosQ la;kstdrk bysdVªkWu (Valence Electron) dgykrs
gSaA vkarfjd dks'k bysDVªkWu (Inner Shell Electron) vPNh
çdkj ls lqjf{kr gksrs gSa rFkk lkekU;r% la;kstu çfØ;k esa
lfEefyr ugha gksrs gSaA ,d vesfjdh jlk;uK th-,u- ywbl
us ijek.kq esa la;kstdrk bysDVªkWuksa dks fu:fir djus osQ fy,
ljy laosQruksa dks çLrkfor fd;k] ftUgsa ywbl çrhd
(Lewis Symbol) dgk tkrk gSA mnkgj.kkFkZµ nwljs vkorZ
osQ rÙoksa osQ ^ywbl çrhd* bl çdkj gSaµ

ywbl çrhdksa dk egÙo % çrhd osQ pkjksa vksj mifLFkr
¯cnqvksa dh la[;k ijek.kq osQ la;kstdrk bysDVªkWuksa dh la[;k
dks n'kkZrh gSA ;g la[;k rÙo dh lkekU; vFkok lewg
la;kstdrk osQ ifjdyu esa lgk;rk nsrh gSA rÙo dh lewg
la;kstdrk ;k rks ywbl çrhd esa mifLFkr ̄ cnqvksa dh la[;k
osQ cjkcj gksrh gS ;k 8 esa ls ¯cnqvksa vFkok la;kstdrk
bysDVªkWuksa dh la[;k dks ?kVkdj bls ifjdfyr fd;k tk
ldrk gSA

jklk;fud vkcaèku osQ lacaèk esa dkWlsy us fuEufyf[kr
rF;ksa dh vksj è;ku vkd£"kr fd;kµ
• vkorZ lkj.kh esa mPp fo|qr~~&½.kkRedrk okys gSykstsu

rFkk mPp fo|qr~&èkukRedrk okys {kkj èkkrq ,d nwljs
ls mRÑ"V xSlksa }kjk i`Fko~Q j[ks x, gSaA

• gSykstsu ijek.kqvksa ls ½.kk;u rFkk {kkj ls èkuk;u dk
fuekZ.k lacafèkr ijek.kqvksa }kjk Øe'k% ,d bysDVªWku
xzg.k djus rFkk ,d bysDVªWku eqDr gksus osQ iQyLo:i
gksrk gSA

• bl çdkj fu£er ½.kk;u rFkk èkuk;u mRÑ"V xSl osQ
LFkk;h bysDVªWkfud foU;kl dks çkIr djrs gSaA mRÑ"V
xSlksa esa ckáre dks'k dk vkB bysDVªWkuksa okyk (v"Vd)
foU;kl ns

2
np

6] fo'ks"k :i ls LFkk;h gksrk gSA
ghfy;e bldk viokn gS] ftlosQ ckáre dks'k esa
osQoy nks bysDVªkWu (M;wIysV) gksrs gSaA

• ½.kk;u rFkk èkuk;u fLFkj oS|qr vkd"kZ.k }kjk LFkkf;Ro
xzg.k djrs gSaA

mnkgj.kkFkZµ mi;qZDr fl¼kar osQ vuqlkj] lksfM;e rFkk
Dyksjhu ls NaCl dk cuuk fuEufyf[kr :i esa n'kkZ;k tk
ldrk gSµ

Na → Na
+
 + e

–

[Ne] 3s
1

[Ne]

Cl + e
–

→ Cl
–

[Ne] 3s
2
 3p

5
[Ne] 3s

2
 3p

6
 vFkok [Ar]

Na
+
 + Cl

–
→ NaCl vFkok Na

+
Cl

–

CaF
2
 dk cuuk bl çdkj n'kkZ;k tk ldrk gSµ
Ca → Ca

2+
  +  2e

–

[Ar]4s
2

[Ar]

F  + e
–

→ F
–

[He] 2s
2
 2p

5
[He] 2s

2
 2p

6
  vFkok [Ne]

Ca
2+

 + 2F
–

→ CaF2  vFkok Ca
2+

(F
– 
)2
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èkuk;u rFkk ½.kk;u osQ chp vkd"kZ.k osQ iQyLo:i
fu£er vkcaèk dks ̂ oS|qr~ la;kstd vkcaèk* (Electrovalent

Bond) dk uke fn;k x;kA bl çdkj oS|qr la;kstdrk
(Electrovalency) vk;u ij mifLFkr vkos'k dh bdkb;ksa
dh la[;k osQ cjkcj gksrh gSA vr% oSQfYl;e dh èkukRed
oS|qr la;kstdrk nks gSa] tcfd Dyksjhu dh ½.kkRed la;kstdrk
,d gSA

bysDVªkWu LFkkukarj.k }kjk vk;u dk cuuk rFkk vk;fud
fØLVyh; ;kSfxdksa osQ cuus osQ ckjs esa vkèkqfud ladYiuk,¡
dkWlsy dh vfHkx̀ghrksa (Postulates) ij vkèkkfjr gSaA vk;fud
;kSfxdksa osQ O;ogkj dks le>us rFkk mudks Øec¼ djus esa
dkWlsy osQ fopkjksa ls mYys[kuh; lgk;rk feyhA lkFk gh
lkFk mUgksaus bl rF; dks Hkh Lohdkj fd;k gS fd vusd
;kSfxd mudh voèkkj.kkvksa osQ vuq:i ugha FksA

4-1-1 v"Vo~Q fu;e (Octet Rule)

lu~ 1916 esa dkWlsy rFkk ywbl us ijek.kqvksa osQ chp
jklk;fud la;kstu osQ ,d egÙoiw.kZ fl¼kar dks fodflr
fd;kA bls ̂ jklk;fud vkcaèku dk bysDVªkWfudh fl¼kar*
dgk tkrk gSA bl fl¼kar osQ vuqlkj] ijek.kqvksa dk la;kstu
la;kstd bysDVªWkuksa osQ ,d ijek.kq ls nwljs ijek.kq ij
LFkkukarj.k osQ }kjk vFkok la;kstd bysDVªkWuksa osQ lgHkktu
(Sharing) osQ }kjk gksrk gSA bl çfØ;k esa ijek.kq vius
la;kstdrk dks'k esa v"Vd çkIr djrs gSaA bls ̂ v"Vd fu;e*
dgrs gSaA

4-1-2 lgla;ksth vkcaèk

lu~ 1919 esa ySaxE;wj us ywbl vfHkx`ghfrvksa esa la'kksèku
fd;kA mUgksaus fLFkj ?kuh; v"Vd dh vkoèkkj.kk dk ifjR;kx
fd;k rFkk ^lgla;kstd vkcaèk* (Covalent Bond) dk
ç;ksx fd;kA ywbl&ySaxE;wj osQ fl¼kar dks Dyksjhu v.kq
(Cl

2
) cuus osQ mnkgj.k ls le>k tk ldrk gSA Dyksjhu

ijek.kq dk bysDVªkWfud foU;kl [Ne]3s
2
 3p

5 
 gS] vFkkZr~

Dyksjhu ijek.kq esa vkWxZu osQ foU;kl dks çkIr djus osQ fy,
,d bysDVªkWu dh deh gSA Cl2 v.kq osQ cuus dks nks Dyksjhu
ijek.kqvksa osQ chp ,d bysDVªkWu ;qXe osQ lgHkktu osQ :i
esa le>k tk ldrk gSA bl çfØ;k esa nksuksa Dyksjhu ijek.kq
lgHkkftr bysDVªkWu ;qXe esa ,d&,d bysDVªkWu dk ;ksxnku
djrs gSa rFkk buosQ ckÞ; dks'k djhch mRÑ"V xSl] vFkkZr~
vkWxZu dk v"Vd foU;kl çkIr dj ysrs gSaA

;k Cl — Cl

nks Dyksjhu ijek.kqvksa osQ chp lgla;ksth vkcaèk

;gk¡ ¯cnq bysDVªkWuksa dks fu:fir djrs gSaA ;s lajpuk,¡
^ywbl ¯cnq lajpuk,¡¡* dgykrh gSaA

vU; v.kqvksa osQ fy, Hkh ywbl ̄cnq lajpuk,¡¡ fy[kh tk
ldrh gSa] ftuesa la;qDr gksus okys ijek.kq leku vFkok fHkUu
gks ldrs gSaA blosQ fy, eq[; fu;e fuEufyf[kr gSaµ
• çR;sd vkcaèk dk fuekZ.k ijek.kqvksa osQ eè; ,d

bysDVªkWu ;qXe osQ lgHkktu osQ iQyLo:i gksrk gSA

• la;qDr gksus okyk çR;sd ijek.kq lgHkkftr ;qXe esa
,d&,d bysDVªkWu dk ;ksxnku nsrk gSA

• bysDVªkWuksa osQ lgHkktu osQ iQyLo:i la;qDr gksus okys
ijek.kq vius ckÞ; dks'k esa mRÑ"V xSl foU;kl çkIr
dj ysrs gSaA

bl çdkj] ty rFkk dkcZu VsVªkDyksjkbM osQ v.kqvksa esa
vkcaèkksa osQ fuekZ.k dks ge bl çdkj fu:fir dj ldrs gaSµ

,d bysDVªkWu ;qXe }kjk la;qfXer nks ijek.kq ,dy
lgla;ksth vkcaèk (Single Covalent Bond) }kjk
vkcafèkr dgykrs gSaA dbZ ;kSfxdksa esa ijek.kqvksa osQ chp
cgq& vkcaèk (Multiple Bonds) mifLFkr gksrs gSaA cgq&vkcèkksa
dk fuekZ.k nks ijek.kqvksa osQ eè; ,d ls vfèkd bysDVªkWu
;qXeksa osQ lgHkktu osQ iQyLo:i gksrk gSA nks ijek.kqvksa osQ
eè; ;fn nks bysDVªkWu ;qXeksa dk lgHkktu gksrk gS] rks
muosQ chp dk lgla;ksth vkcaèk ̂ f}&vkcaèk* (Double

Bond) dgykrk gSA mnkgj.kkFkZµ dkcZu Mkb& vkWDlkbM
v.kq esa dkcZu rFkk vkWDlhtu  ijek.kqvksa osQ eè; nks
f}&vkcaèk mifLFkr gksrs gSaA
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blh çdkj ,Fkhu (Ethene) osQ v.kq esa nks dkcZu
ijek.kq ,d f}&vkcaèk }kjk cafèkr gksrs gSaA

C
2
H

4
 v.kq

tc la;ksth ijek.kqvksa osQ eè; rhu bysDVªkWu ;qXeksa
dk lgHkktu gksrk gS] tSlk N2 v.kq osQ nks ukbVªkstu
ijek.kqvksa osQ eè; ;k ,Fkkbu esa nks dkcZu ijek.kqvksa osQ
eè; gS] rc muosQ eè; ,d f=k&vkcaèk curk gSA

            N2 v.kq

           C
2
H

2
 v.kq

4-1-3 ljy v.kqvksa dk ywbl fu:i.k (ywbl
lajpk,¡)

ywbl ¯cnq lajpukvksa }kjk lgHkkftr bysDVªkWu ;qXeksa
rFkk v"Vd fu;e osQ vuqlkj v.kqvksa ,oa vk;uksa esa
vkcaèku dk fp=k.k fd;k tkrk gSA ;|fi ;g fp=k.k v.kq
esa vkcaèku rFkk mldh çÑfr dks iw.kZ :i ls Li"V ugha
djrk] ijarq blosQ vkèkkj ij v.kq osQ fojpu (Formation)

rFkk mlosQ xq.kksa dks i;kZIr lhek rd le>us esa lgk;rk
feyrh gSA vr% v.kqvksa dh ywbl ¯cnq lajpuk,¡¡ vR;ar
mi;ksxh gksrh gSaA bUgsa fuEufyf[kr inksa osQ vkèkkj ij fy[kk
tk ldrk gSA

• ywbl lajpuk fy[kus osQ fy, vko';d oqQy bysDVªkWuksa
dh la[;k la;qfXer gksus okys ijek.kqvksa osQ la;kstdrk&
bysDVªkWuksa osQ ;ksx }kjk çkIr dh tkrh gSA mnkgj.kkFkZµ

CH4 v.kq esa oqQy vkB la;kstdrk bysDVªkWu (4 dkcZu

ijek.kq ls rFkk 4 gkbMªkstu osQ pkj ijek.kqvksa ls)
miyCèk gksrs gSaA

• la;kstdrk bysDVªkWuksa dh oqQy la[;k esa ½.kk;uksa osQ

fy, izfr ½.kkos'k ,d bysDVªkWu tksM+ fn;k tkrk gS]

tcfd èkuk;uksa osQ fy, çfr èkukos'k ,d bysDVªkWu
?kVk fn;k tkrk gSA mnkgj.kkFkZµ −2

3CO  vk;u osQ fy,

dkcZu rFkk vkWDlhtu  osQ la;kstdrk&bysDVªkWuksa osQ

;ksx esa nks bysDVªkWu tksM+ fn, tkrs gSa −2
3CO  vk;u ij

mifLFkr nks ½.kkos'k ;g n'kkZrs gSa fd bl vk;u esa

mnklhu ijek.kqvksa }kjk fn, x, la;ksth bysDVªkWuksa ls nks

bysDVªkWu vfèkd gSaA +

4NH  vk;u ij mifLFkr $1
vkos'k ,d bysDVªkWu dh gkfu dks n'kkZrk gSA vr%

+

4NH  vk;u osQ fy, mnklhu ijek.kqvksa }kjk fn, x,

la;ksth bysDVªkWukas esa ls ,d bysDVªkWu ?kVk;k tkrk gSA

• la;qDr gksus okys ijek.kqvksa osQ jklk;fud çrhdksa rFkk

v.kq dh vkèkkjHkwr lajpuk (Skeletal Structure),

vFkkZr dkSu ls ijek.kq fdu ijek.kqvksa osQ lkFk vkcafèkr

gSaµ bl ckr dk Kku gksus ij ijek.kqvksa osQ chp lHkh

bysDVªkWuksa dk forj.k vkcafèkr lgHkkth bysDVªkWu ;qXekas
osQ :i esa rFkk laiw.kZ vkcaèkksa dh la[;k osQ vuqikr esa

ljy gks tkrk gSA

• lkekU;r% v.kq esa U;wure fo|qr~~ ½.kkRedrk okyk

ijek.kq osaQæh; ijek.kq dk LFkku ikrk gSA gkbMªkstu rFkk
Ýyqvksjhu osQ ijek.kq lkèkkj.kr;k varLFk LFkku (Ter-

minal Position) ikrs gSaA tSls NF
3
 rFkk −2

3CO  esa

Øe'k% ukbVªkstu rFkk dkcZu osaQæh; ijek.kq osQ :i esa
fy[ks tk,¡xsA

• ,dy vkcaèkksa osQ fy, lgHkkftr bysDVªkWu ;qXe fy[kus

osQ i'pkr~ 'ks"k bysDVªkWu ;qXeksa dk mi;ksx ;k rks cgq&

vkcaèku osQ fy, fd;k tkrk gS ;k os ,dkdh bysDVªkWu

;qXeksa osQ :i esa jgrs gSaA vkèkkjHkwr vko';drk ;g gS

fd çR;sd vkcafèkr ijek.kq esa bysDVªkWuksa dk vkWDVsV
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(v"Vd) iwjk gks tk,A oqQN v.kqvksa rFkk vk;uksa dh
ywbl ¯cnq lajpukvksa dks lkj.kh 4-1 esa fn;k x;k gSA

lkj.kh 4-1  oqQN v.kqvksa rFkk vk;uksa dh yqbl lajpuk,¡¡

* çR;sd H ijek.kq ghfy;e dk foU;kl (bysDVªkWuksa dk M~;wIysV)
çkIr djrk gSA

mnkgj.k 4-1

CO osQ v.kq dh ywbl ¯cnq lajpuk fy[ksaA

gy

in 1 % dkcZu rFkk vkWDlhtu ijek.kqvksa osQ la;ksth
bysDVªkWuksa dh oqQy la[;k dh x.kuk %
dkcZu rFkk vkWDlhtu  ijek.kqvksa osQ ckÞ; (la;kstdrk)
dks'k osQ foU;kl Øe'k% 2s

2
 2p

2
 rFkk 2s

2
 2p

4 gSaA
vr% miyCèk la;kstdrk bysDVªkWuksa dh la[;k
= 4 + 6 = 10

in 2% CO dh vkèkkjHkwr lajpuk % CO

in 3% C rFkk O osQ chp ,d ,dy vkcaèk cuk,¡
(vFkkZr~ ,d lgHkkftr bysDVªkWu ;qXe fy[ksa)

vkWDlhtu  osQ ijek.kq ij v"Vd iw.kZ djsaA

cps gq, nks bysDVªkWu] C ij ,dkdh bysDVªkWu ;qXe osQ
:i esa n'kkZ,¡

ijarq bl lajpuk esa dkcZu dk v"Vd iw.kZ ugha
gksrk gSA blfy, C rFkk O osQ uhp cgq&vkcaèk dh

vko';drk gksrh gSA bu ijek.kqvksa osQ eè; f=k&vkcaèk
fy[kus ij nksuksa ijek.kqvksa osQ fy, v"Vd fu;e dk
ikyu gks tkrk gSA

ç'u 4-2

ukbVªkbV vk;u] 
2NO−  osQ fy, ̂ ywbl lajpuk* fy[ksaA

gy

in 1 % ukbVªkstu rFkk vkWDlhtu ijek.kqvksa osQ
la;kstdrk bysDVªkWuksa dh la[;kµ

N(2s
2
 2p

3
), O (2s

2
 2p

4
)

5 + (2 × 6) = 17

bdkbZ ½.kkos'k osQ fy, ,d bysDVªkWu tek djus ij
bysDVªkWuksa dh oqQy la[;k

17 +1 = 18

in 2% NO
2

– vk;u dh vkèkkjewr lajpuk dks ge bl
çdkj fy[k ldrs gSaµ

O N O

in 3% ukbVªkstu rFkk çR;sd vkWDlhtu osQ chp ,d
,d vkcaèk cukus (vFkkZr~ ,d lgHkkftr bysDVªkWu ;qXe
fy[kus) rFkk vkWDlhtu osQ ijek.kqvksa osQ v"Vd iw.kZ
djus ij ukbVªkstu ij mifLFkr nks bysDVªkWu ,d
,dkdh bysDVªkWu ;qXe cukrs gSaA

pw¡fd bl çdkj ukbVªkstu ijek.kq ij v"Vd iw.kZ ugha
gksrk gSA blfy, N rFkk O osQ chp cgq&vkcaèk dh
vko';drk gksrh gSA ukbVªkstu rFkk vkWDlhtu osQ
fdlh ,d ijek.kq osQ chp ,d f}&vkcaèk cukus ij
gesa fuEufyf[kr ywbl ¯cnq lajpuk çkIr gksrh gSµ

;k

;k
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4-1-4 iQkWeZy vkos'k

ywbl ̄ cnq lajpuk,¡¡ lkekU;r% v.kqvksa dh okLrfod vkÑfr
ugha n'kkZrh gSaA cgq&ijek.kqd vk;uksa esa laiw.kZ vkos'k fdlh
fo'ks"k ijek.kq ij mifLFkr u gksdj iwjs vk;u ij fLFkr gksrk
gSA gkyk¡fd çR;sd ijek.kq ij iQkWeZy vkos'k n'kkZ;k tk ldrk
gSA cgqijek.kqd v.kq ;k vk;u osQ fdlh ijek.kq ij mifLFkr
iQkWeZy vkos'k n'kkZ;k tk ldrk gSA cgqijek.kqd v.kq ;k
vk;u osQ fdlh ijek.kq ij mifLFkr iQkWeZy vkos'k dks mlosQ
foxfyr (Isolated) fLFkfr (vFkkZr~ eqDr ijek.kq voLFkk)
esa la;kstdrk bysDVªkWuksa dh oqQy la[;k rFkk ywbl lajpuk esa
ijek.kq dks çnÙk bysDVªkWuksa dh la[;k osQ varj osQ :i esa
ifjHkkf"kr fd;k tk ldrk gSA bls bl çdkj vfHkO;Dr fd;k
tkrk gSµ

1

2

  
    = −      

   

−

eDq r ijek.kq esaywbl lja puk esa
vukca/h (,dkdh ;xq e)

fdlh ijek.k q ij l;a kstdrk bysDVªkWuksa
bysDVkª uW ks a dh oqQy l[a ;k

dh oQq y l[a ;kiQkWeZy vko's k

vkcfa /r (lgHkkftr)
bysDVkª uW ka s dh
 
   oQq y la[;k

iQkWeZy vkos'k dk ifjdyu bl vo/kj.kk ij vkèkkfjr
gS fd v.kq vFkok vk;u esa lacafèkr ijek.kq ij çR;sd
lgHkkftr ;qXe esa ls ,d bysDVªkWu rFkk ,dkdh ;qXe osQ nksuksa
bysDVªWku mifLFkr jgrs gSaA

vkb,] vksT+kksu (O
3
) osQ v.kq dks ysaA O

3
 dh ywbl

lajpuk dks bl çdkj fy[kk tk ldrk gSµ

vkWDlhtu  osQ ijek.kqvksa dks 1] 2 rFkk 3 }kjk fpfÉr
fd;k x;k gSµ
• 1 }kjk fpfÉr osaQæh; O ijek.kq ij iQkWeZy vkos'k

1
6 2 (6) 1

2
= − − =

• 2 }kjk fpfÉr varLFk O ijek.kq ij iQkWeZy vkos'k
1

6 4 (4) 0
2

= − − =

• 3 }kjk fpfÉr varLFk O ijek.kq ij iQkWeZy vkos'k
1

6 6 (2) 1
2

= − − = −

vr% O3 osQ v.kq dks iQkWeZy vkos'k osQ lkFk bl çdkj
n'kkZ;k tkrk gSµ

;gk¡ ij è;ku nsus ;ksX; ckr ;g gS fd iQkWeZy vkos'k]
v.kq esa okLrfod vkos'k i`Fkdu çdV ugha djrs gSaA ywbl&
lajpuk esa ijek.kqvksa ij vkos'k dks n'kkZus ls v.kq esa la;kstdrk
bysDVªkWuksa dks ys[kk&tks[kk j[kus esa lgk;rk feyrh gSA iQkWeZy
vkos'k dh lgk;rk ls fdlh Lih'kh”k dh dbZ laHko ywbl
lajpukvksa esa ls fuEure ÅtkZ dh lajpuk dk p;u djus esa
lgk;rk feyrh gSA lkèkkj.kr% U;wure ÅtkZ okyh lajpuk
og gksrh gS] ftlosQ ijek.kqvksa ij U;wure iQkWeZy vkos'k
gksA iQkWeZy vkos'k dk fl¼kar vkcaèku dh 'kq¼ lgla;ksth
çÑfr ij vkèkkfjr gS] ftlesa vkcafèkr ijek.kqvksa osQ
eè; bysDVªkWuksa dk lgHkktu leku :i ls gksrk gSA

4-1-5 v"Vd fu;e dh lhek,¡

;|fi v"Vd fu;e vR;ar mi;ksxh gS] ijarq ;g lnSo ykxw
ugha fd;k tk ldrk gSA ;g eq[; :i ls vkorZ lkj.kh osQ
f}rh; vkorZ osQ rÙoksa ij ykxw gksrk gS rFkk vfèkdka'k
dkcZfud ;kSfxdksa dh lajpukvksa dks le>us esa mi;ksxh gksrk
gSA v"Vd fu;e osQ rhu çeq[k viokn gSaµ

osaQæh; ijek.kq dk viw.kZ v"Vd

oqQN ;kSfxdksa esa osaQæh; ijek.kq osQ pkjksa vksj mifLFkr
bysDVªkWuksa dh la[;k vkB ls de gksrh gSA ;g eq[;r% mu
rÙoksa osQ ;kSfxdkas esa gksrk gS] ftuesa la;kstdrk bysDVªkWuksa dh
la[;k pkj ls de gksrh gSA mnkgj.k osQ fy,µ LiCl, BeH2

rFkk BCl3 ysrs gSaA

Li Cl H Be H Cl B Cl

Cl

, ,

;gk¡ ij Li, Be rFkk B osQ la;kstdrk bysDVªkWuksa dh
la[;k Øe'k% 1] 2 rFkk 3 gSA bl çdkj osQ vU; ;kSfxd
AlCl

3
 rFkk BF

3
 gSaA

fo"ke bysDVªkWu (Odd-Electron) v.kq

mu v.kqvksa ftuesa bysDVªkWuksa dh oqQy la[;k fo"ke (Odd)

gksrh gS (tSlsµukbfVªd vkWDlkbM] NO rFkk ukbVªkstu Mkb&
vkWDlkbM] NO

2
)] esa lHkh ijek.kq v"Vd fu;e dk ikyu

ugha dj ikrsA

N O , NO
+

O
–

çlkfjr (Expanded) v"Vd

vkorZ lkj.kh osQ rhljs rFkk blosQ vkxs osQ vkorks± osQ rÙoksa
esa vkcaèku osQ fy, 3s rFkk 3p d{kdksa osQ vfrfjDr 3d
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d{kd Hkh miyCèk gksrs gSaA bu rÙoksa osQ vusd ;kSfxdksa esa
osaQæh; ijek.kq osQ pkjksa vksj vkB ls vfèkd bysDVªkWu gksrs gSaA
bls çlkfjr v"Vd (Expanded Octet) dgrs gSaA Li"V gS
fd bu ;kSfxdksa ij v"Vd fu;e ykxw ugha gksrk gSA ,sls
;kSfxdksa osQ oqQN mnkgj.k gSaµ PF

5
, SF

6
, H

2
SO

4
 rFkk  dbZ

milgla;ksth ;kSfxdA

jkspd rF; ;g gS fd lYiQj ijek.kq ,sls vusd
;kSfxd Hkh cukrk gS] ftuesa v"Vd fu;e dk ikyu gksrk gSA
mnkgj.kkFkZµ lYiQj MkbDyksjkbM esa S ijek.kq osQ pkjksa vksj
bysDVªkWuksa dk v"Vd mifLFkr gksrk gSA

v"Vd fu;e dh oqQN vU; dfe;k¡

• ;g Li"V gS fd v"Vd fu;e mRÑ"V xSlksa dh
jklk;fud vfØ;rk ij vkèkkfjr gS] ijarq oqQN mRÑ"V
xSlsa (tSlsµ T+khukWu rFkk fØIVkWu) vkWDlhtu  rFkk
Ýyqvksjhu ls Hkh la;ksftr gksrh gSa rFkk dbZ ;kSfxd
cukrh gSaA tSlsµ XeF2, KrF2, XeOF2 bR;kfnA

• v"Vd fl¼kar v.kq dh vkÑfr Li"V ugha djrk gSA

• ;g v.kq dh ÅtkZ] vFkkZr~ mlosQ lkis{k LFkkf;Ro osQ
ckjs esa oqQN Hkh laosQr ugha nsrk gSA

4-2 vk;fud ;k oS|qr~ la;ksth vkcaèk
vk;fud vkcaèk fojpu dh dkWlsy rFkk ywbl voèkkj.kk ls
;g fu"d"kZ fudyrk gS fd bl vkcaèk dk fojpu eq[; :i
ls fuEufyf[kr rF;ksa fuHkZj djsxkµ
• mnklhu ijek.kq ls lacafèkr èkuk;uksa ,oa ½.kk;uksa osQ

cuus dh ljyrk rFkk

• èkuk;uksa ,oa ½.kk;uksa dh Bksl esa O;ofLFkr gksus dh
fofèk] vFkkZr~ fØLVyh; ;kSfxd dk tkyd (Lattice)

fu£er gksus dh fofèkA

èkuk;u dk cuuk vk;uhdj.k] vFkkZr~ mnklhu ijek.kq
esa ls ,d ;k ,d ls vfèkd bysDVªkWuksa osQ fu"dklu }kjk
laiUu gksrk gSA blh çdkj mnklhu ijek.kq }kjk bysDVªkWu xzg.k
djus ls ½.kk;u çkIr gksrk gSA

M(g) → M
+
(g) + e

–
 ; vk;uu ,aFkSYih

X(g) + e
–

→ X 
– 
(g) ; bysDVªkWu yfCèk ,aFkSYih

M
+
(g)  + X 

–
(g) → MX(s)

bysDVªkWu yfCèk ,aFkSYih] ∆∆∆∆∆egHHHHH] xSl çkoLFkk esa
ijek.kq }kjk ,d bysDVªkWu xzg.k djus osQ iQyLo:i gksus
okyk ,aFkSYih ifjorZu gS (,dd 3)A bysDVªkWu yfCèk çfd;k
Å"ek'kks"kh vFkok m"ek{ksih gks ldrh gSA nwljh vksj vk;uu
lnSo Å"ek'kks"kh gh gksrk gSA bysDVªkWu&yfCèk osQ iQyLo:i
gksus okys ÅtkZ&ifjorZu dk ½.kkRed eku bysDVªkWu caèkqrk
(Electron Affinity) gksrk gSA

;g Li"V gS fd vk;fud vkcaèk fuEu vk;uu
,aFkSYih rFkk vis{kkÑr fuEu bysDVªkWu yfCèk ,aFkSYih
okys rÙoksa osQ chp vfèkd ljyrk ls curs gSaA

vfèkdka'k vk;fud ;kSfxdksa osQ èkuk;u èkkfRod rÙoksa
ls rFkk ½.kk;u vèkkfRod rÙoksa ls fu£er gksrs gSaA nks
vèkkfRod rÙoksa ls cuus okyk veksfu;e vk;u ,d viokn
gSA ;g vusd ;kSfxdksa esa èkuk;u osQ :i esa gksrk gSA

vk;fud ;kSfxdksa osQ fØLVy esa èkuk;u rFkk ½.kk;u
f=kfoeh; :i esa fu;fer :i ls O;ofLFkr jgrs gSaA ;s vk;u
dwykeh vU;ksU; (Coulombic Interaction) cyksa }kjk
ijLij tqM+s jgrs gSaA vk;uksa osQ vkdkj muosQ fu;pu (Pack-

ing) Øe rFkk vU; dkj.kksa osQ vkèkkj ij ;s ;kSfxd fofHkUu
fØLVyh; lajpukvksa esa fØLVfyr gksrs gSaaA mnkgj.k osQ
fy,µlksfM;e DyksjkbM] NaCl ([kfut ued) dh fØLVy
lajpuk uhps n'kkZbZ xbZ gSA

[kfut ued lajpuk
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vk;fud Bksl osQ fy, bysDVªkWu yfCèk ,aFkSYih rFkk
vk;uu ,aFkSYih dk ;ksx èkukRed gks ldrk gSA ,sls esa
fØLVy lajpuk dk LFkkf;Ro mlosQ tkyd osQ cuus esa
mRiUu eqDr ÅtkZ osQ dkj.k gksrk gSA mnkgj.k osQ fy,µ
Na èkkrq ls Na

+ vk;u osQ cuus dh vk;uu ÅtkZ 495.8

kJ mol
–1 gS] tcfd Cl(g) ls Cl

–
(g) cuus dh bysDVªkWu

yfCèk ,UFkSYih osQoy –348.7 kJ mol
–1 gSA bu nksuksa dk

eku 147.1 kJ gksrk gSA ;g ifjek.k (Value) lksfM;e
DyksjkbM osQ fojpu tkyd ,UFkSYih osQ eku (–788 J) dh
vis{kk vfèkd çfriwfjr gksrh gSA blh çdkj laiw.kZ çØeksa ls
çkIr gksus okyh ÅtkZ 'kksf"kr ÅtkZ ls dgha vfèkd gksrh gSA
vr% fdlh vk;fud ;kSfxd osQ LFkkf;Ro dk xq.kkRed
eku ml ;kSfxd osQ fojpu tkyd ,UFkSYih osQ Åij
fuHkZj djrh gS] u fd xSlh; voLFkk esa ml vk;fud
Lih'kh”k }kjk vkWDVsV çkfIr ijA

pw¡fd vk;fud ;kSfxdksa osQ fojpu esa tkyd ,UFkSYih
egÙoiw.kZ Hkwfedk fuHkkrh gS_ vr% vkb,] ge bl fo"k; esa
oqQN vkSj tkudkjh çkIr djsaA

4-2-1 tkyd ,UFkSYih (tkyd ÅtkZ)

fdlh vk;fud Bksl osQ ,d eksy ;kSfxd dks xSlh;
voLFkk esa la?kVd vk;uksa esa i`Fkd djus osQ fy,
vko';d ÅtkZ dks ml ;kSfxd dh ^tkyd ,UFkSYih*
dgrs gSA mnkgj.k osQ fy,µ NaCl dh tkyd ,UFkSYih
788 kJ mol

–1 gSA bldk vFkZ ;g gS fd ,d eksy Bksl
NaCl dks ,d eksy Na

+
(g) rFkk ,d eksy Cl

–
(g) esa vuar

nwjh rd i`Fko~Q djus osQ fy, 788 kJ ÅtkZ dh vko';drk
gksrh gSA

bl çfØ;k esa foijhr vkos'k okys vk;uksa esa vkd"kZd
cy rFkk leku vkos'k okys vk;uksa esa çfrd"kZ.k cy&nksukas
Hkkx ysrs gSaA pw¡fd Bksl fØLVy f=kfoHkh; gksrk gS] vr%
osQoy vkd"kZ.k rFkk çfrd"kZ.k cyksa dh vU;ksU; fØ;k ls gh
tkyd ,UFkSYih dk ifjdyu djuk laHko ugha gSA fØLVy
T;kfefr ls lacafèkr dkjdksa dks Hkh blesa lfEefyr djuk
vko';d gSA

4-3 vkcaèk çkpy
4-3-1 vkcaèk yackbZ

fdlh v.kq esa vkcafèkr ijek.kqvksa osQ ukfHkdksa osQ chp
lkE;koLFkk nwjh ̂ vkcaèk yackbZ* dgykrh gSA vkcaèk yackbZ
LisDVªeh] ,Dl&fdj.k foorZu rFkk bysDVªkWu foorZu (Elec-

tron Diffraction) fofèk;ksa dh lgk;rk ls Kkr dh tkrh
gSA bu rduhdksa dk vè;;u vki mPp d{kkvksa esa djsaxsA
vkcafèkr ;qXe dk çR;sd ijek.kq vkcaèk&yackbZ esa ;ksxnku nsrk
gS (fp=k 4-1)A lgla;ksth vkcaèk esa çR;sd ijek.kq dk
;ksxnku ml ijek.kq dh ^lgla;ksth f=kT;k* dgykrh gSA

vkcafèkr voLFkk esa fdlh ijek.kq osQ ØksM] tks
layXu ijek.kq osQ ØksM osQ laioZQ esa gksrk gS] dh f=kT;k
mldh lgla;ksth f=kT;k ekuh tkrh gSA lgla;ksth f=kT;k
,d gh v.kq esa vkcafèkr nks le:i ijek.kqvksa osQ chp dh

nwjh dk vkèkk Hkkx gksrh gSA okaMjoky f=kT;k vukcafèkr
voLFkk esa la;ksth dks'k lfgr ijek.kq dk lexz vkdkj
fu:fir djrh gSA okaMjoky f=kT;k Bksl voLFkk esa fofHkUu
v.kqvksa osQ nks le:i ijek.kqkvksa osQ chp dh nwjh dk vkèkk
Hkkx gksrh gSA Dyksjhu v.kq osQ fy, lgla;ksth rFkk okaMj oky
f=kT;kvksa dks fp=k 4-2 esa n'kkZ;k x;k gSA

fp=k 4-2% Dyksjhu osQ v.kq gsrq lgla;ksth ,oa okaMjoky f=kT;k,aA
vanj osQ o`Ùk Dyksjhu osQ ijek.kq dk vkdkj bafxr djrs gSaA
(r

vdw
 ,oa r

c
 Øe'k% okaMjoky vkSj lgla;ksth f=kT;k,a

n'kkZrs gSa)A

fp=k 4-1% lgla;ksth v.kq AB esa vkcaèk yackbZ
R = rA + rB] tgk¡ R vkcaèk yackbZ gS rFkk rA o rB

Øe'k% A o B ijek.kqvksa dh lgla;ksth f=kT;k,¡ gSaA
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oqQN ,dy] f} rFkk f=k vkcaèkksa dh vkSlr yackb;k¡
lkj.kh 4-2 esa nh xbZ gSa_ oqQN lkekU; v.kqvksa dh vkcaèk
yackb;k¡ lkj.kh 4-3 esa nh xbZ gSa] tcfd oqQN lkekU; rÙoksa
dh lgla;ksth f=kT;k,¡ lkj.kh 4-4 esa Øec¼ dh xbZ gSaA

4-3-2 vkcaèk&dks.k

fdlh v.kq osQ osaQæh; ijek.kq osQ vklikl mifLFkr vkcaèku
bysDVªkWu ;qXe dks èkkj.k djus okys vkWfcZVyksa osQ chp cuus
okys dks.k dks ̂ vkcaèk dks.k* dgrs gSaA vkcaèk dks.k dks fMxzh
osQ :i esa O;Dr fd;k tkrk gS rFkk çk;ksfxd rkSj ij LisDVªeh
fofèk;ksa }kjk Kkr fd;k tkrk gSA vkcaèk dks.k v.kq osQ osaQæh;
ijek.kq osQ vklikl vkWfcZVyksa osQ forj.k dh tkudkjh nsrk
gSA vr% blls gesa v.kq@tfVy vk;u dh vkÑfr dks Kkr
djus esa lgk;rk feyrh gSA tSlsµty osQ v.kq esa H–O–H

vkcaèk dks.k dks bl çdkj fu:fir fd;k tkrk gSA

4-3-3 vkcaèk ,UFkSYih

xSlh; fLFkfr esa nks ijek.kqvksa osQ chp fof'k"V vkcaèkksa osQ ,d
eksy dks rksM+us osQ fy, vko';d ÅtkZ dks ^vkcaèk ,UFkSYih*
dgrs gSaA vkcaèk ,UFkSYih dk ek=kd kJ mol

–1 gksrk gSA
mnkgj.kkFkZµ gkbMªkstu osQ v.kq esa H – H vkcaèk dh vkcaèk
,UFkSYih 435.8 kJ mol

–1 gksrh gS] vFkkZr~

H
2
(g) → H(g) + H(g); ∆

a
H
V
 = 435.8 kJ mol

–1

blh çdkj] cgqvkcaèku okys ijek.kqvksa (tSlsµ O2

rFkk N2) osQ fy, vkcaèk ,UFkSYih gksxhµ
O2 (O = O) (g) → O(g) + O(g);

∆aH
V
 = 498 kJ mol

–1

N
2
 (N ≡ N) (g) → N(g) + N(g);

∆
a
H
V
 = 946.0 kJ mol

–1

;g rF; egÙoiw.kZ gS fd ;fn vkcaèk fo?kVu ,UFkSYih
vfèkd gS] rks vkcaèk vfèkd çcy gksxkA HCl tSls ,d fo"ke
ukfHkdh; f}ijek.kqd v.kq osQ fy,

HCl (g) → H(g) + Cl (g); ∆aH
V
 = 431.0 kJ mol

–1

cgqijek.kqd v.kqvksa esa vkcaèk&lkeF;Z dk fuèkkZj.k
vfèkd tfVy gksrk gSA mnkgj.kkFkZµ H

2
O v.kq esa nks O – H

vkcaèkksa osQ foPNsnu gsrq vko';d ÅtkZ leku ugha gSA

lkj.kh 4-2  oqQN ,dy] f} rFkk f=k vkcaèkksa dh vkSlr yackb;k¡

vkcaèk dk lgla;ksth vkcaèk yackbZ
çdkj (pm)

O–H 96

C–H 107

N–O 136

C–O 143

C–N 143

C–C 154

C=O 121

N=O 122

C=C 133

C=N 138

C≡N 116

C≡C 120

lkj.kh 4-3  oqQN lkekU; v.kqvksa dh vkcaèk yackb;k¡

v.kq vkcaèk yackbZ
(pm)

H2 (H – H) 74

F2 (F – F) 144

Cl2 (Cl – Cl) 199

Br2 (Br – Br) 228

I2 (I – I) 267

N2 (N ≡ N) 109

O2 (O = O) 121

HF (H – F) 92

HCl (H – Cl) 127

HBr (H – Br) 141

HI (H – I) 160

lkj.kh 4-4  lg la;ksth f=kT;k,¡* rcov/(pm)

* fn, x, eku ,dy vkcaèkksa osQ fy, gSaA vU; çdkj osQ vkcaèkksa dks dks"Bd esa
n'kkZ;k x;k gSA (vkorhZ ço`fÙk osQ fy, ,dd 3 Hkh ns[ksaA)
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H2O(g)  →  H(g) + OH(g); ∆aH1

V
 = 502 kJ mol

–1

OH(g)  →  H(g) + O(g); ∆aH2

V
 = 427 kJ mol

–1

∆H
V ekuksa esa varj ;g n'kkZrk gS fd ifjofrZr jklk;fud

ifjfLFkfr osQ dkj.k f}rh; O – H vkcaèk esa oqQN ifjorZu
vkrk gSA ;gh dkj.k gS fd O – H vkcaèk dh ,aFkSYih fofHkUu
v.kqvksa (tSlsµ C

2
H

5
OH ,sFksukWy) rFkk ty esa fHkUu gksrh

gSA blhfy, cgqijek.kqd v.kqvksa esa ekè; vFkok vkSlr
vkcaèk ÅtkZ uked in dk ç;ksx fd;k tkrk gSA bls
çkIr djus osQ fy, oqQy vkcaèk fo;kstu ,aFkSYih osQ eku dks
foPNsfnr vkcaèkksa dh la[;k }kjk foHkkftr fd;k tkrk gSA

mnkgj.k osQ fy,µ ty v.kq esa O – H vkcaèk dh
vkSlr vkcaèk ,aFkSYih

502 427

2

+
 = 464.5 kJ mol

–1

4-3-4 vkcaèk dksfV

lgla;ksth vkcaèk dh ywbl O;k[;k osQ vuqlkj fdlh
v.kq esa nks ijek.kqvksa osQ eè; vkcaèkksa dh la[;k vkcaèk
dksfV (Bond Order) dgykrh gSA mnkgj.k osQ fy,µ H2

(ftlesa ,d lgHkkftr bysDVªkWu ;qXe gS)] O
2
 (ftlesa nks

lgHkkftr bysDVªkWu ;qXe gksrs gSa) rFkk N
2
 (ftlesa rhu

lgHkkftr bysDVªkWu ;qXe gksrs gSa) esa vkcaèk dksfV Øe'k% 1]
2 rFkk 3 gSA blh çdkj CO esa] tgk¡ ij dkcZu rFkk
vkWDlhtu  osQ chp rhu lgHkkftr ;qXe gSa] vkcaèk dksfV 3
gSA N2 dh vkcaèk dksfV 3 gS rFkk bldk ∆aH

V eku 946

kJ mol
–1 gS] tks fdlh f}&ijek.koh; v.kq osQ fy,

lokZfèkd gSA

lebysDVªkWuh v.kqvksa rFkk vk;uksa esa vkcaèk dksfV
leku gksrh gSA mnkgj.k osQ fy,µ F2 rFkk 

2
2O −  esa

vkcaèk dksfV 1 gSA

blh çdkj N2, CO rFkk NO
+ dh vkcaèk dksfV 3

gSA v.kqvksa osQ LFkkf;Ro dks le>us osQ fy, ,d mi;ksxh
lkekU; lglacaèk ;g gS fd vkcaèk&dksfV c<+us ij vkcaèk
,aFkSYih c<+rh gS] tcfd vkcaèk yackbZ ?kVrh gSA

4-3-5  vuqukn lajpuk,¡¡
çk;ksfxd fuèkkZfjr çkpyksa (Parameters) osQ lanHkZ esa
fdlh v.kq osQ fu:i.k osQ fy, ,d ywbl&lajpuk dbZ ckj
i;kZIr ugha gksrh gSA mnkgj.kkFkZµ vksT+kksu v.kq dks fuEufyf[kr

lajpukvksa (I o II) }kjk leku :i ls fu:fir fd;k tk
ldrk gSµ

nksuksa gh lajpukvksa esa ,d O – O ,dy vkcaèk rFkk ,d
O = O f}vkcaèk mifLFkr gSaA O – O ,dy rFkk f}vkcaèkksa dh
lkekU; vkcaèk yackb;k¡ Øe'k% 148 pm rFkk 121 pm gSA
ç;ksx }kjk Kkr gksrk gS fd O

3
 v.kq esa nksuksa O – O

vkcaèkksa dh yackbZ ,d leku 128 pm gksrh gSA vr% O
3
 osQ

v.kq esa vkWDlhtu&vkWDlhtu vkcaèk] ,dy rFkk f}vkcaèkksa dk
eè;orhZ gSA vr% mi;qZDr ywbl lajpukvksa I rFkk II esa ls dksbZ
Hkh ,d lajpuk O

3
 v.kq dks fu:fir ugha dj ldrhA

O
3
 tSls v.kqvksa dh okLrfod lajpuk dks Li"V djus

osQ fy, vuqukn ladYiuk (Resonance Concept) dks
çLrkfor fd;k x;kA bl dYiuk osQ vuqlkj tc fdlh
v.kq dks osQoy ,d ywbl lajpuk }kjk fu:fir ugha
fd;k tk losQ] rks leku ÅtkZ] ukfHkdksa dh leku
fLFkfr;ksa rFkk leku vkcaèkh ,oa vukcaèkh bysDVªkWu ;qXeksa
okyh dbZ lajpuk,¡¡ fofgr (Canonical) lajpukvksa osQ
:i esa fy[kh tkrh gSaA bu fofgr lajpukvksa dk vuqukn
ladj (Resonance Hybrid) v.kq dh okLrfod fLFkfr
dks fu:fir djrk gSA vr% O

3
 dh mi;qZDr nks lajpuk,¡¡ (I

o II) mldh fofgr lajpuk,¡ gSa rFkk mudk ladfjr :i
(lajpuk III) mldh okLrfod lajpuk dks fu:fir djrk gSA
vuqukn dks nks fljksa okys rhj }kjk n'kkZ;k tkrk gSA dkcksZusV
vk;u rFkk dkcZu MkbvkWDlkbM v.kq vuqukn lajpuk osQ nks
vU; mnkgj.k gSaA

fp=k 4-3 O3 v.kq dh vuqukn lajpuk,¡¡ [lajpuk I o II nks fofgr
(Canonical) :i n'kkZrs gSa] tcfd lajpuk III vuqukn
ladj (Resonance Hybrid) :i n'kkZrh gSa]

O

III
O O

1
28

 p
m

1
48 p

m

O

I

O O

1
48

 p
m

12
1 pm

O

II
O O

1
21

 p
m

14
8 pm
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mnkgj.k 4-3

CO
3

2– vk;u dh lajpuk dh O;k[;k vuqukn }kjk
dhft,A

gy

dkcZu rFkk vkWDlhtu ijek.kqvksa osQ eè; nks ,dy
vkcaèk rFkk ,d f}&vkcaèk okyh ywbl&lajpuk dkcksZusV
vk;u dh okLrfod lajpuk dks fu:fir djus osQ
fy, vi;kZIr gS] D;ksafd blosQ vuqlkj rhu dkcZu&
vkWDlhtu vkcaèkksa dh yackbZ fHkUu gksuh pkfg,A ijarq
çk;ksfxd ifj.kkeksa osQ vuqlkj dkckZsusV vk;u osQ rhuksa
dkcZu&vkWDlhtu vkcaèkksa dh yackbZ leku gksrh gSA
vr% dkckZsusV vk;u dh okLrfod lajpuk dks fuEu&
fyf[kr rhu fofgr lajpukvksa (I, II, rFkk III) osQ
vuqukn ladj osQ :i esa n'kkZ;k tk ldrk gSµ

fp=k 4-4 CO
3

2– osQ v.kq dh lajpuk I, II vksj III rhu
fofgr lajpuk,¡

mnkgj.k 4-4
CO

2
 v.kq dh lajpuk dh O;k[;k djsaA

gy

CO2 osQ v.kq esa dkcZu&vkWDlhtu vkcaèk dh yackbZ
dk çk;ksfxd eku 115 pm gSA lkekU; dkcZu&
vkWDlhtu f}&vkcaèk (C = O) rFkk dkcZu&vkWDlhtu
f=kvkcaèk (C ≡ O) dh yackb;k¡ Øe'k% 121 pm rFkk
110 pm gSaA CO2 esa dkcZu&vkWDlhtu  vkcaèk dh
yackbZ (115 pm), (C = O) rFkk (C ≡ O) dh lkekU;
yackb;kas osQ chp gksrh gSA blls ;g Li"V gksrk gS fd
CO

2
 v.kq dh okLrfod lajpuk dks osQoy ,d ywbl

lajpuk osQ vkèkkj ij çn£'kr ugha fd;k tk ldrkA
vr% ;g vko';d gks tkrk gS fd blosQ fy, ,d ls
vfèkd ywbl lajpuk,¡¡ fy[kh tk,¡ rFkk CO2 dh
lajpuk dks bu fofgr lajpukvksa (I, II rFkk III) osQ
ladj osQ :i esa çn£'kr fd;k tk,A

fp=k 4-5 CO
2
 v.kq esa vuqukn lajpuk,¡¡ I, II, rFkk III

rhu fofgr lajpukvksa dks n'kkZrs gSaA

lkekU; :i ls ;g dgk tk ldrk gS fd
• vuqukn v.kq dks LFkkf;Ro çnku djrk gS] D;ksafd

vuqukn ladj dh ÅtkZ fdlh Hkh fofgr lajpuk dh
ÅtkZ ls de gksrh gSA

• vuqukn osQ dkj.k vkcaèkksa osQ y{k.k vkSlr eku çkIr
djrs gSaA bl çdkj O3 v.kq esa vuqukn ladj :i III
dh ÅtkZ] osQukfudy :i I rFkk II dh ÅtkZ osQ eku
ls Hkh de gksrh gSA

vuqukn ladYiuk ls lacafèkr dbZ Hkzk¡fr;k gSa] ftudk
fuokj.k vko';d gSA vkidks Lej.k jgs fdµ
• okLro esa fofgr lajpukvksa dk dksbZ vfLrÙo

ugha gksrk gSA
• ,slk ugha gksrk fd v.kq oqQN le; osQ fy,

fdlh fofgr lajpuk osQ :i esa mifLFkr jgrk
gS] tcfd vU; le; fdlh nwljh fofgr lajpuk
dks viukrk gSA

• fofgr lajpukvksa esa pyko;oksa (dhVks rFkk bukWy)
osQ eè; ik, tkus okys lkE; tSlk dksbZ lkE;
ugha gksrk gSA

• okLrfod :i esa v.kq dh osQoy ,d lajpuk
gksrh gS] tks fofgr lajpukvksa dh vuqukn ladj
gksrh gSA mls osQoy ,d ywbl lajpuk }kjk
çn£'kr ugha fd;k tk ldrk gSA

4-3-6 vkcaèk&/zqo.krk
fdlh vkcaèk dk lkS çfr'kr vk;fud ;k lgla;ksth gksuk
,d vkn'kZ fLFkfr gSA ijarq okLro esa dksbZ Hkh vkcaèk ;k
;kSfxd iw.kZ :i ls lgla;ksth ;k vk;fud ugha gksrk gSA ;gk¡
rd fd nks gkbMªkstu ijek.kqvksa osQ chp cuus okys lgla;ksth
vkcaèk dh çÑfr Hkh vkaf'kd :i ls vk;fud gksrh gSA

tc lg la;ksth vkcaèk nks leku ijek.kqvksa osQ chp]
(tSlsµ H

2
, O

2
, Cl

2
, N

2
 rFkk F

2
) curk gS] rc la;ksth

bysDVªkWu ;qXe nksuksa ijek.kqvksa }kjk leku :i ls vkd£"kr gksrk
gSA blosQ ifj.kkeLo:i bysDVªkWu ;qXe nks leku ukfHkdksa osQ
Bhd eè; esa mifLFkr gksrk gSA bl çdkj çkIr vkcaèk
^vèkzqzqoh;  lgla;ksth vkcaèk* dgykrk gSA blosQ foifjr HF

tSls fo"ke ijek.kqd v.kq esa nks ijek.kqvksa osQ chp la;ksftr
bysDVªkWu ;qXe Ýyqvksjhu dh vksj foLFkkfir gks tkrk gS]
D;ksafd Ýyqvksjhu dh fo|qr~~ ½.kkRedrk gkbMªkstu dh vis{kk
vfèkd gksrh gSA bl çdkj fu£er H–F vkcaèk ,d èkzqoh;
lgla;kstd vkcaèk gSA
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èkzqo.k osQ dkj.k ,sls v.kq esa f}èkqzo vk?kw.kZ (Dipole

Moment) mRiUu gks tkrk gSA f}èkzqo dks vkos'k osQ eku rFkk
èkukRed vkSj ½.kkRed vkos'kksa osQ chp dh nwjh osQ
xq.kuiQy osQ :i esa ifjHkkf"kr fd;k tkrk gSA bls lkekU;r%
xzhd 'kCn ^µ* }kjk n'kkZ;k tkrk gSA bls fuEufyf[kr
lehdj.k }kjk O;Dr fd;k tkrk gSµ

f}èkzqo vk?kw.kZ dk eku 6.17 × 10
–30 

Cm [ID = 3.33564 ×

10
–30 

Cm] gksrk gS] tks nks O—H vkcaèkksa osQ f}èkzqoksa osQ
vk?kw.kks± osQ lfn'k&;ksx ls çkIr gksrk gSA

O O

H
H

H H

(d)

vkca/ f}/zq.kZ

([k)

ifj.kkeh f}/qzo vk?kw.kZ

oqQy f}èkzqo vk?kw.kZ] µ = 1.85 D

= 1.85 × 3.33564 × 10
–30 

C m

= 6.17 × 10
–30

 C m

BeF
2
 osQ fy, f}èkzqo vk?kw.kZ dk eku 'kwU; gksrk gSA

,slk blfy, gksrk gS fd bl v.kq esa nks leku vkcaèk f}èkzqo
foijhr fn'kk esa gksrs gSa rFkk ,d nwljs osQ çHkko dks lekIr
(Cancel) dj nsrs gSaA

F FBe

BeF2 v.kq esa

vkca/&vk?kw.kZ

+ )(

BeF2 v.kq dk dqy

f}/zqo vk?kw.kZ

BF3 tSls prq"d ijek.kqohd v.kq esa f}èkzqo vk?kw.kZ
'kwU; gksrk gS] ;|fi bl v.kq esa B – F vkcaèk 120° osQ dks.k
ij gksrs gSaa bl v.kq esa nks vkcaèk&vk?kw.kks± osQ leku rFkk
foijhr fn'kk esa gksrk gSA blosQ iQyLo:i rhuksa vkcaèk&vk?kw.kks±
dk oqQy lfn'k&;ksx 'kwU; osQ cjkcj gksrk gSA

 =  0BF

F

F

+ )(

(d) ([k)

BF
3
 v.kq (d) vkcaèk f}èkzqo dk fu:i.k ([k) ifj.kkeh

f}èkzqo vk?kw.kZ dk fu:i.k

vkb,] NH3 rFkk NF3 osQ v.kqvksa dk ,d jkspd
mnkgj.k ysaA nksuksa v.kqvksa dh fijkfeMh; vkÑfr gksrh gS]
ftuls ukbVªkstu osQ ijek.kq ij ,d ,dkdh bysDVªkWu ;qXe
mifLFkr gksrk gSA gkyk¡fd Ýyqvksjhu] fo|qr~ ½.kkRedrk
ukbVªkstu dh vis{kk vfèkd gksrh gS] ijarq NH3 dk
ifj.kkeh f}èkzqo vk?kw.kZ (4.9 × 10

–30
 Cm) NF3 osQ f}èkzqo

vk?kw.kZ (0.80 × 10
–30

 Cm) dh vis{kk vfèkd gksrk gSA ,slk

Mp jlk;uK ihVj fMck, dks lu~ 1936 esa
muosQ X-fdj.kksa osQ foorZu rFkk f}èkzqo vk?kw.kZ ls
lacafèkr muosQ dk;Z osQ fy, ukscsy iqjLdkj fn;k
x;kA mudks lEekfur djus osQ fy, f}èkzqo vk?kw.kZ
osQ eku dks fMck, ek=kd esa fn;k tkrk gSA

f}èkzqo vk?kw.kZ (µ) = vkos'k (Q) × vkos'k ìFkDdj.k dh
nwjh (r)

f}èkqzo vk?kw.kZ dks lkekU;r% fMck, (Debye) ek=kd
(D) osQ :i esa O;Dr fd;k tkrk gSA

1D = 3.33564 × 10
–30 

C m

tgk¡ ij C oqQykWe rFkk m ehVj gSA
blosQ vykok f}èkzqo vk?kw.kZ ,d lfn'k jkf'k gSA ijaijk

osQ vuqlkj bls ,d NksVs rhj }kjk n'kkZ;k tkrk gS] ftldk
iqPNy fljk ½.kkRed oasQæ ij fLFkr gksrk gS rFkk vxz fljk
?kukRed osaQæ dh vksj mUeq[k jgrk gSA ijarq jlk;u esa f}/zqo
vk?kw.kZ dh mifLFkfr v.kq dh ywbl lajpuk osQ mij ozQkWl
rhj ( ) }kjk n'kkZbZ tkrh gSA rhj dk ozQkWl v.kq osQ
?kukRed fljs ij vkSj 'kh"kZ ½.kkRed fljs ij gksrk gSA
mnkgj.k osQ fy,µ HF esa f}èkzqo vk?kw.kZ dks bl çdkj n'kkZ;k
tk ldrk gSµ

H F

;g rhj v.kq esa bysDVªkWu ?kuRo osQ cnyko dh fn'kk
crykrk gSA è;ku nhft, dh ozQkWl rhj dh fn'kk f}/zqo
vk?kw.kZ osQ lfn'k dh ikjEifjd fn'kk osQ foijhr gSA

cgqijek.kqd v.kqvksa esa f}èkqzo vk?kw.kZ osQoy vkcaèkksa osQ
vius f}èkzqo] ftUgsa ̂ vkcaèk vk?kw.kZ* dgk tkrk gS] ij gh fuHkZj
ugha djrk] vfirq ;g fofHkUu vkcaèkksa dh LFkkfud O;oLFkk
ij Hkh fuHkZj djrk gSA ,sls esa f}èkqzo v.kq osQ fofHkUu
vkcaèkksa osQ f}èkzqo vk?kw.kZ v.kq osQ fofHkUu vkcaèkksa osQ f}èkzqo
vk?kw.kksZ dk lfn'k&;ksx (Vector sum) gksrk gSA mnkgj.k osQ
fy,µ ty osQ v.kq] ftldh vkÑfr cafdr gksrh gS] osQ nks
O – H vkcaèk 104.5° osQ dks.k ij gksrs gSaA bl v.kq esa oqQy
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blfy, gS fd NH
3
 esa ukbVªkstu ijek.kq ij mifLFkr ,dkdh

bysDVªkWu ;qXe dk d{kd f}èkzqo vk?kw.kZ rhu N – F vkcaèkksa osQ
f}èkzqo&vk?kw.kks± osQ ifj.kkeh f}èkzqo&vk?kw.kZ dh foijhr fn'kk esa
gksrk gSA d{kd f}èkzwo vk?kw.kZ ,dkdh bysDVªkWu ;qXe osQ dkj.k
N – F  vkcaèk&vk?kw.kks± osQ ifj.kkeh f}èkzqo&vk?kw.kZ osQ çHkko
dks de djrk gSA blosQ iQyLo:i NF

3
 osQ v.kq dk f}èkzqo

vk?kw.kZ de gksrk gSA

oqQN v.kqvksa osQ f}èkzqo vk?kw.kks± dks lkj.kh 4-5 esa fn;k x;k gSA
ftl çdkj lgla;ksth vkcaèk esa vkaf'kd vk;fud

y{k.k gksrk gS] mlh çdkj vk;fud vkcaèk esa Hkh vkaf'kd
lgla;ksth y{k.k gksrk gSA vk;fud vkcaèkksa osQ vkaf'kd

lgla;ksth y{k.k dh foospuk iQktkUl (Fajans) us
fuEufyf[kr fu;eksa osQ vuqlkj dhµ
• èkuk;u osQ vkdkj osQ ?kVus rFkk ½.kk;u osQ vkdkj osQ

c<+us ij vk;fud vkcaèk osQ lgla;ksth y{k.k esa o`f¼
gksrh gSA

• èkuk;u rFkk ½.kk;u ij vkos'k dh ek=kk c<+us ls
vk;fud vkcaèk osQ lgla;ksth y{k.k esa o`f¼ gksrh gSA

• leku vkdkj rFkk vkos'k osQ èkuk;uksa esa ls ml èkuk;u
dh èkzqo.k&{kerk vis{kkÑr vfèkd gksrh gS] ftldk
bysDVªkWfud foU;kl {kkj rFkk {kkjh; ènk èkkrqvksa osQ
èkuk;uksa osQ mRÑ"V xSl foU;kl ns

2
 np

6
  dh vis{kk

laØe.k èkkrqvksa osQ vuq:i (n – 1) d
n
ns

o gksrk gSA

èkuk;u] ½.kk;u osQ bysDVªkWuh; vkos'k dks vkd£"kr dj
mls èkzqfor djrk gSA iQyr% muosQ eè; vkos'k dh ek=kk c<+rh
gSA ;g çfØ;k lgla;ksth vkcaèk fuekZ.k osQ vuq:i gS] ftlesa nks
ukfHkdksa osQ eè; bysDVªkWuh; vkos'k ?kuRo esa òf¼ gksrh gSA èkuk;u
dh èkzqo.k&{kerk] ½.kk;u dh èkqzork rFkk ½.kk;u osQ èkzqo.k dh
ek=kk bR;kfn os dkjd gSa] tks lfEefyr :i ls fdlh vk;fud
vkcaèk dh lgla;kstdrk osQ çfr'kr dks fuèkkZfjr djrs gSaA

lkj.kh 4-5  oqQN p;fur v.kqvksa osQ f}èkzqo&vk?kw.kZ

v.kq dk çdkj mnkgj.k f}èkzqo&vk?kw.kZ vkÑfr
(AB)

HF 1.78 jSf[kd
HCl 1.07 jSf[kd
HBr 0.79 jSf[kd
HI 0.38 jSf[kd
H

2
0 jSf[kd

(AB
2
)

H
2
O 1.85 eqM+k

H
2
S 0.95 eqM+k

CO
2

0 jSf[kd

(AB
3
)

NH
3

1.47 f=kleurk{k&fijkfeM
NF

3
0.23 f=kleurk{k&fijkfeM

BF
3

0 f=kleurk{k&lery

(AB
4
)

CH
4

0 prq"iQydh;
CHCl

3
1.04 prq"iQydh;

CCl
4

0 prq"iQydh;
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4-4 la;kstdrk dks'k bysDVªkWu ;qXe
çfrd"kZ.k fl¼kar

tSlk igys crk;k x;k gS] ywbl voèkkj.kk v.kqvksa dh vkÑfr
dh O;k[;k esa vleFkZ gSA oh- ,l- bZ- ih- vkj- fl¼kar
lgla;ksth vkÑfr dks le>us osQ fy, ,d ljy dk;Zfofèk
miyCèk djkrk gSA ;g fofèk loZçFke lu~ 1940 esa fltfod
rFkk ikWosy (Sidgwick and Powell) us ijek.kqvksa osQ
la;kstdrk dks'k esa mifLFkr bysDVªkWu ;qXeksa osQ chp çfrd"kZ.k
vU;ksX; fØ;kvksa osQ vkèkkj ij çfrikfnr dh FkhA bl fofèk
dks ukbgkse rFkk fxysLih (Nyholm and Gillespie) us lu~
1957 esa vkSj vfèkd fodflr rFkk la'kksfèkr fd;kA

oh- ,l- bZ- ih- vkj- fl¼kar dh ewyHkwr èkkj.kk,¡ gSaµ
• v.kq dh vkÑfr] osaQæh; ijek.kq osQ vklikl mifLFkr

la;ksthdks'k bysDVªkWu ;qXeksa (la;ksftr vFkok vla;ksftr)
dh la[;k ij fuHkZj djrh gSA

• osaQæh; ijek.kq osQ la;kstdrk dks'k esa mifLFkr bysDVªkWu
;qXe ,d&nwljs dks çfrd£"kr djrs gSa] D;ksafd muosQ
bysDVªkWu vHkz (Electron Cloud) ij ½.kkRed vkos'k
gksrk gSA

• ;s bysDVªkWu ;qXe f=kfoe esa mu fLFkfr;ksa esa vofLFkr
gksus dk ç;Ru djrs gSa] ftlosQ iQyLo:i muesa
çfrd"kZ.k de ls de gksA bl fLFkfr esa muosQ eè;
vfèkdre nwjh gksrh gSA

• la;kstdrk&dks'k dks ,d xksys osQ :i esa ekuk tkrk gS
rFkk bysDVªkWu ;qXe xksyh; (Spherical) lrg ij ,d
nwljs ls vfèkdre nwjh ij fLFkr gksrs gSaA

• cgqvkcaèk dks ,d ,dy bysDVªkWu ;qXe osQ :i esa rFkk
bl cgqvkcaèk osQ nks ;k rhu bysDVªkWu ;qXeksa dks ,dy
lqij ;qXe le>k tkrk gSA

• ;fn v.kq dks nks ;k vfèkd vuqukn lajpukvksa }kjk
n'kkZ;k tk losQ] rks bl fLFkfr esa oh- ,l- bZ- ih- vkj
ekWMy ,slh çR;sd lajpuk ij ykxw gksrk gSA

bysDVªkWu ;qXeksa osQ chp çfrd"kZ.k vU;ksU; fØ;k,¡ fuEu&
fyf[kr Øe esa ?kVrh gSaµ
,dkdh ;qXe & ,dkdh ;qXe >,dkdh ;qXe &vkcaèkh ;qXe >

(lp)  (lp) (lp) (lp)

> vkcaèkh ;qXe & vkcaèkh ;qXe
(bp)   (bp)

ukbZgkse rFkk fxysLih us bysDVªkWuksa osQ ,dkdh ;qXeksa rFkk
vkcaèkh ;qXeksa osQ egÙoiw.kZ varjksa dh O;k[;k djrs gq, oh- ,l-
bZ- ih- vkj- ekWMy esa lqèkkj fd;kA ,dkdh bysDVªkWu ;qXe
osaQæh; ijek.kq ij LFkkuxr (Localised) gksrs gSa] tcfd
çR;sd vkcaèkh ;qXe nks ije.kqvksa osQ chp lgHkkftr gksrk gSA
vr% fdlh v.kq esa vkcaèkh bysDVªkWu ;qXe dh vis{kk ,dkdh
;qXe vfèkd LFkku ?ksjrs gSaA blosQ iQyLo:i ,dkdh bysDVªkWu
;qXeksa osQ chp ,dkdh ;qXe&vkcaèkh ;qXe rFkk vkcaèkh ;qXe&
vkcaèkh ;qXe dh vis{kk vfèkd çfrd"k.kZ gksrk gSA bu çfrd"kZ.k&
çHkkoksa osQ dkj.k v.kq dh laHkkfor vkÑfr esa fHkUurk gksrh
gS rFkk v.kq osQ vkcaèk dks.kksa esa Hkh varj vk tkrk gSA

oh- ,l- bZ- ih- vkj- ekWMy dh lgk;rk ls v.kqvksa dh
T;kferh; vkÑfr;ksa dk iwokZuqeku yxkus osQ fy, v.kqvksa dks
nks Jsf.k;ksa esa ck¡Vk tkrk gSµ
(i) os v.kq] ftuosQ osaQæh; ijek.kq ij oQksbZ Hkh ,dkdh

;qXe mifLFkr ugha gksrk gSA

(ii) os v.kq] ftuosQ osaQæh; ijek.kq ij ,d ;k ,d ls
vfèkd ,dkdh ;qXe mifLFkr gksrs gSaA

lkj.kh 4-6 esa ,dkdh ;qXejfgr osaQæh; ijek.kq A osQ
pkjksa vksj bysDVªkWu ;qXeksa dh O;oLFkk rFkk AB çdkj osQ oqQN
v.kqvksa vFkok vk;uksa dh T;kfefr;k¡ n'kkZbZ xbZ gSaA lkj.kh 4-7
esa oqQN mu ljy v.kqvksa rFkk vk;uksa dh T;kfefr nh xbZ gS]
ftuosQ osaQæh; ijek.kq ij ,d ;k ,d ls vfèkd ,dkdh ;qXe
mifLFkr gksrs gSaA lkj.kh 4-8 v.kqvksa dh T;kfefr esa fo:i.k
(Distortion) dh O;k[;k djrh gSA

tSlk lkj.kh 4-6 esa n'kkZ;k x;k gS] AB
2
, AB

3
, AB

4
,

AB
5
, rFkk AB

6
 çdkj osQ ;kSfxdksa osQ v.kqvksa esa osaQæh;

ijek.kq A dh pkjksa vksj bysDVªkWu ;qXeksa rFkk B ijek.kqvksa dh
O;oLFkk Øe'k% bl çdkj gSµ jSf[kd] f=kdks.kh; lery]
prq"iQydh;] f=kiQydh;&f}fijkfeMh rFkk v"ViQydh;A
bl çdkj dh T;kfefr;k¡ BF

3
 (AB

3
), CH

4
 (AB

4
) rFkk

PCl
5
 (AB

5
) v.kqvksa }kjk n'kkZbZ tkrh gSaA bu v.kqvksa dh

T;kfefr;ksa dks xsan&MaMh (Ball-stick) ekWMyksa }kjk uhps
çn£'kr fd;k x;k gSµ

fp=k 4-8 fcuk ,dkdh ;qXe okys osaQæh; ijek.kq ;qDr v.kqvksa dh
vkÑfr;k¡
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lkj.kh 4-6 ,dkdh ;qXejfgr osaQfær ijek.kq ;qDr v.kqvksa dh T;kfefr
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lkj.kh 4-7  oqQN ljy v.kqvksa@vk;uksa dh vkÑfr;k¡ (T;kfefr)] ftuosQ osaQæh; ijek.kq ij ,d ;k ,d ls vfèkd
,dkdh bysDVªkWu ;qXe mifLFkr gSaA
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lkj.kh 4-8  vkcaèkh&;qXe rFkk ,dkdh ;qXe okys oqQN v.kqvksa dh vkÑfr

v.kq osQ vkcaèkh ;qXeksa ,dkdh ;qXeksa bysDVªkWuksa vkÑfr èkkfjr vkÑfr
çdkj dh la[;k dh la[;k dh O;oLFkk dh O;k[;k

AB
2
E 4 1 eqM+h gqbZ lS¼kafrd rkSj ij bldh vkÑfr

f=kdks.kh; leryh gksuh pkfg,] ijarq
okLro esa ;g v.kq eqM+k gqvk vFkok
V-vkÑfr dk gksrk gSA bldk dkj.k
;g gS fd ,dkdh ;qXe&vkcaèkh ;qXe
osQ chp çfrd"kZ.k] vkcaèkh ;qXe&
vkcaèkh ;qXe çfrd"kZ.k ;qXe vkcaèkh
;qXe çfrd"kZ.k dh vis{kk dgha vfèkd
gksrk gSA iQyLo:i vkcaèk dks.k dk
eku 120° ls ?kVdj 119.5° gks
tkrk gSA

AB
3
E 3 1 f=kdks.kh; fijkfeMh ;fn ,dkdh ;qXe osQ LFkku ij vkcaèkh

&;qXe gksrk] rks v.kq dh vkÑfr
prq"iQydh; gksrh] ijarq ;gk¡ ,d
,dkdh ;qXe mifLFkr gSA blfy,
,dkdh ;qXe&vkcaèkh ;qXe osQ chp
çfrd"kZ.k osQ dkj.k (tks vkcaèkh
;qXe&vkcaèkh ;qXe dh vis{kk) vfèkd
gksrk gSA vkcaèkh ;qXeksa osQ chp vkcaèk
dks.k 109-5° ls ?kVdj 107° gks
tkrk gSA

AB
2
E

2
2 2 eqM+h gqbZ ;fn lHkh bysDVªkWu ;qXe&vkcaèkh ;qXe

gksrs] rks v.kq dh vkÑfr prq"iQydh;
gksrh] ijarq nks ,dkdh ;qXeksa dh
mifLFkfr osQ dkj.k bldk vkdkj
foÑr prq"iQydh; ;k dks.kh;
eqM+kgqvk gksrk gSA bldk dkj.k ;g
gS fd ,dkdh ;qXe&,dkdh ;qXe
çfrd"kZ.k vkcaèkh ;qXe&vkcaèkh ;qXe
dh vis{kk vfèkd gksrk gSA bl çdkj]
vkcaèk dks.k 109.5° ls ?kVdj 104.5°

jg tkrk gSA
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oh- ,l- bZ- ih- vkj- ekWMy dh lgk;rk ls vusd
v.kqvksa] fo'ks"k :i ls p&Cykd osQ rÙoksa }kjk fu£er ;kSfxdksa
dh T;kfefr;ksa dk iwokZuqeku lgh :i ls yxk;k tk ldrk
gSA ;gk¡ rd fd laHkkfor lajpukvksa esa ÅtkZ dk varj de gksus
ij Hkh blosQ }kjk okLrfod lajpuk dk iwokZuqeku liQyrkiwoZd
yxk;k tk ldrk gSA vkf.od  T;kfefr ij ̂ bysDVªkWu ;qXe*
çfrd"kZ.k osQ çHkko osQ fo"k; esa oh- ,l- bZ- ih- vkj- ekWMy
dk lS¼kafrd vkèkkj Li"V ugha gSA bl fo"k; esa vHkh Hkh 'kadk,¡
mBkbZ tkrh gSa iQyr% ;g foospu dk fo"k; cuk gqvk gSA

4-5 la;kstdrk vkcaèk fl¼kar
tSlk vki tkurs gSa ywbl voèkkj.kk ls v.kqvksa dh lajpukvksa
dks fy[kus esa lgk;rk feyrh gS] ijarq jklk;fud vkcaèk cuus
dh O;k[;k djus esa ;g vleFkZ gSA mDr voèkkj.kk ;g Hkh
Li"V ugha djrh fd v.kqvkas dh vkcaèk fo;kstu ÅtkZ,¡
(Bond Dissociation Energies) rFkk vkcaèk yackb;k¡
tSlsµ H

2
 (435.8 kJ mol

–1
, 74 pm) vkSj F

2
(150.6 kJ

mol
–1

, 144 pm) fHkUu D;ksa gSa] tcfd nksuksa gh v.kqvksa esa

v.kq vkcaèkh ;qXeksa ,dkdh ;qXeksa bysDVªkWuksa dh vkÑfr èkkfjr vkÑfr
çdkj dh la[;k dh la[;k O;oLFkk dh O;k[;k

AB
4
E 4 1 <saoqQyh vkÑfr (d) esa ;qXe v{kh; fLFkfr

esa gSA bl dkj.k bl vkÑfr esa 90°

ij rhu ,dkdh ;qXe&vkcaèkh ;qXe
çfrd"kZ.k gksrs gSa] ijarq T;kfefr ([k)
esa ,dkdh ;qXe fo"kqorh; fLFkfr esa gS
vkSj bl fLFkfr esa 90° ij osQoy nks
,dkdh ;qXe&vkcaèkh ;qXe çfrd"kZ.k
gksrs gSaA blfy, T;kfefr ([k) vfèkd
LFkk;h gSA ([k) esa nh xbZ vkÑfr dks
fofHkUu uke fn, x, gSa] tSlsµ foÑr
prq"iQyd] ofyr (Folded) oxZ
vFkok <saoqQyhA

AB
3
E

2
3 2 T&vkÑfr T;kfefr (d) esa ,dkdh ;qXe

fo"kqorh; fLFkfr esa mifLFkr gSaA blfy,
bl T;kfefr esa ,dkdh ;qXe&vkcaèkh
;qXe çfrd"kZ.k vU; T;kfefr;kas ftuesa
,dkdh ;qXe v{kh; fLrfFk esa gS dh
rqyuk esa de gksrh gSaA blfy, T;kfefr
(d) lcls LFkk;h gSA vr% ClF

3
 dh

lajpuk T-vkÑfr dh gSA
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lacafèkr ijek.kqvksa osQ chp ,d bysDVªkWu ;qXe osQ lgHkktu
osQ iQyLo:i ,dy lgla;ksth vkcaèk curk gSA ;g ekWMy
cgqijek.kqd v.kqvksa dh vkÑfr;ksa dh fofHkUurk ij Hkh
çdk'k ugha MkyrkA

blh çdkj oh- ,l- bZ- ih- vkj- fl¼kar ljy v.kqvksa
dh vkÑfr osQ ckjs esa tkudkjh nsrk gS] ijarq ;g mudh
O;k[;k ugha dj ldrk FkkA bldk mi;ksx Hkh lhfer gSA bu
dfe;ksa dks nwj djus osQ fy, nks egÙoiw.kZ fl¼karksa dk
çfriknu fd;k x;k gS] tks DokaVe ;kaf=kdh (Quantum

Mechanical) fl¼kar ij vkèkkfjr gSaA ;s fl¼kar gSµ
la;kstdrk vkcaèk fl¼kar rFkk v.kq&d{kd fl¼kar
(Molecular Orbital Theory)A

la;kstdrk vkcaèk fl¼kar dks loZçFke gkbVyj rFkk
yaMu (Heitler and London) us lu~ 1927 esa çLrqr fd;k
Fkk] ftldk fodkl ikW̄ yx (Pauling) rFkk vU; oSKkfudksa
us ckn esa fd;kA bl fl¼kar dk foospu ijek.kq d{kdksa]
rÙoksa osQ bysDVªkWfud foU;klksa (bdkbZ 2)] ijek.kq d{kdksa osQ
vfrO;kiu vkSj ladj.k rFkk fopj.k (Variation) ,oa
vè;kjksi.k (Superposition) osQ fl¼karksa osQ Kku ij vkèkkfjr
gSA bu lHkh igyqvksa osQ ifjis{; esa la;kstdrk vkcaèk fl¼kar
dk xw<+ foospu bl iqLrd dh fo"k;&oLrq ls ckgj gSA vr%
bl fl¼kar dk o.kZu osQoy xq.kkRed n`f"V ls rFkk xf.kr dk
mi;ksx fd, fcuk gh fd;k tk,xkA vkb,] çkjaHk esa ljyre
v.kq] (H2) osQ fojpu ij fopkj djrs gSaA

eku yhft, fd gkbMªkstu osQ nks ijek.kq A o B]
ftuosQ ukfHkd Øe'k% N

A
 o N

B
 gSa rFkk muesa mifLFkr

bysDVªkWuksa dks e
A
 vkSj e

B
 }kjk n'kkZ;k x;k gS] ,d nwljs dh

vksj c<+rs gSaA tc ;s nks ijek.kq ,d nwljs ls vR;fèkd nwjh
ij gksrs gSa] rc muosQ chp dksbZ vU;ksU; fØ;k ugha gksrhA
T;ksa&T;ksa nksuksa ijek.kq ,d&nwljs osQ ikl vkrs tkrs gSa] R;ksa&R;ksa
muosQ chp vkd"kZ.k rFkk çfrd"kZ.k cy mRiUu gksrs tkrs gSaA

vkd"kZ.k cy fuEufyf[kr esa mRiUu gksrs gSaµ
(i) ,d ijek.kq osQ ukfHkd rFkk mlosQ bysDVªkWuksa osQ chp

N
A
 – e

A
, N

B
 – e

B

(ii) ,d ijek.kq osQ ukfHkd rFkk nwljs ijek.kq osQ bysDVªkWuksa
osQ chp NA – eB, NB – eA

blh çdkj çfrd"kZ.k cy fuEufyf[kr esa mRiUu gksrs gSaµ

(i) nks ijek.kqvksa osQ bysDVªkWuksa osQ chp eA – eB rFkk
(ii) nks ijek.kqvksa osQ ukfHkdksa osQ chp N

A
 – N

B
A

vkd"kZ.k cy nksuksa ijek.kqvksa dks ,d&nwljs osQ ikl
ykrs gSa] tcfd çfrd"kZ.k cy mUgsa nwj djus dk ç;kl djrs
gSa (fp=k 4-7)A

çk;ksfxd rkSj ij ;g ik;k x;k gS fd u, vkd"kZ.k cyksa
dk eku u, çfrd"kZ.k cyksa osQ eku ls vfèkd gksrk gSA blosQ
ifj.kke& Lo:i nksuksa ijek.kq ,d&nwljs osQ djhc vkrs gSa
rFkk mudh fLFkfrt ÅtkZ de gks tkrh gSA varr% ,slh fLFkfr
gS] usV vkd"kZ.k cy rFkk çfrd"kZ.k cy osQ cjkcj gks tkrk
gS vkSj fudk; dh ÅtkZ U;wu Lrj ij igq¡p tkrh gSA bl
voLFkk esa gkbMªkstu osQ ijek.kq ^vkcafèkr* dgykrs gSa vkSj
,d  LFkk;h v.kq  cukrs gSa] ftldh vkcaèk yackbZ 74 pm

gksrh gSA
pw¡fd gkbMªkstu osQ nks ijek.kqvksa osQ chp vkcaèk cuus

ij ÅtkZ eqDr gksrh gS] blfy, gkbMªkstu v.kq nks i`Fko~Q
ijek.kqvksa dh vis{kk vfèkd LFkk;h gksrk gSA bl çdkj eqDr
ÅtkZ ̂vkcaèk ,aFkSYih* dgykrh gSA ;g fp=k 4-8 esa fn, x,

fp=k 4-7 H2 v.kq osQ fojpu esa vkd"kZ.k rFkk çfrd"kZ.k cy
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vkjs[k esa U;wure osQ laxr gksrh gSA foykser% H
2
 osQ ,d

eksy v.kqvksa osQ fo;kstu osQ fy, 435.8 kJ ÅtkZ dh
vko';drk gksrh gSA

H2(g) + 435.8 kJ mol
–1 

→ H(g) + H(g)

fp=k 4-8% H
2
 v.kq osQ fojpu osQ fy, H ijek.kqvksa osQ chp

varjkukfHkd nwjh dh lkis{k fLFkfrt ÅtkZ dk vkjs[k]
vkjs[k esa U;wure ÅtkZ fLFkfr H

2
 dh lokZfèkd LFkk;h

voLFkk n'kkZrh gSA

4-5-1 d{kd vfrO;kiu voèkkj.kk
gkbMªkstu v.kq osQ fojpu esa bl voLFkk esa U;wure ÅtkZ
voLFkk çkIr gksrh gSA bl voLFkk esa nks ijek.kq brus djhc
gks tkrs gSa fd muosQ ijek.kq&d{kd vkaf'kd :i ls varjHksnu
^ijek.kq&d{kd vfrO;kiu* dgykrk gSA blosQ ifj.kkeLo:i
bysDVªkWu la;qfXer gksrs gSaA vfrO;kiu dh lhek lgla;ksth
vkcaèk dh çcyrk dks fuèkkZfjr djrh gSA lkekU;r% vfèkd
vfrO;kiu nks ijek.kqvksa osQ chp çcy vkcaèk cukus ls
lacafèkr gSA bl çdkj] d{kd vfrO;kiu voèkkj.kk osQ
vuqlkj nks ijek.kqvksa osQ chp lgla;ksth vkcaèk dk cuuk
la;kstdrk d{k esa mifLFkr foijhr pØ.k (Spin) okys
bysDVªkWuksa osQ la;qXeu osQ ifj.kkeLo:i gksrk gSA

4-5-2 vkcaèkksa osQ fn'kkRed xq.kèkeZ
tSlk vki tkurs gSa] lgla;ksth vkcaèk ijek.kq d{kdksa osQ
vfrO;kiu ls curs gSaA mnkgj.k osQ fy,µ gkbMªkstu dk v.kq
cuus esa blosQ nks ijek.kqvksa osQ la;kstu esa muosQ 1s d{kdksa
dk vfrO;kiu gksrk gSA

CH
4
, NH

3
 rFkk H

2
O tSls cgqijek.kqd v.kqvksa esa

vkcaèk cuus osQ lkFk&lkFk v.kq dh T;kfefr Hkh egÙoiw.kZ
gksrh gSA mnkgj.k osQ fy,µ CH

4
 osQ v.kq dh vkÑfr

prq"iQydh; D;ksa gksrh gS vkSj HCH vkcaèk dks.k dk eku
109°28' D;ksa gksrk gS\ vFkok NH

3
 v.kq dh vkÑfr

fijkfeMh D;ksa gksrh gS\

^la;kstdrk vkcaèk fl¼kar* osQ vkèkkj ij CH
4
, NH

3

H2O vkfn cgqijek.kqd v.kqvksa dh vko`Qfr] muesa vkcaèk
fojpu rFkk muosQ fn'kkRed xq.kksa dks ijek.kq d{kdksa osQ ladj.k
rFkk vfrO;kiu dh lgk;rk ls Li"V fd;k tk ldrk gSA

4-5-3 ijek.kq d{kdksa dk vfrO;kiu

tc nks ijek.kq vkca/ fopj.k osQ fy, ikl vkrs gSa] rc
muosQ d{kdksa dk vfrO;kiu èkukRed] ½.kkRed ;k 'kwU; gks
ldrk gSA ;g vkW£cVy rjax iQyu osQ vk;ke (amplitude)

dh fno~QLFkku (Lisl) esa fn'kk vkSj fpÉ (-isQ”k) ij fuHkZj
djrk gS (fp=k 4-9)A lhek& lrg vkjs[kksa ij n'kkZ, x,
èkukRed vkSj ½.kkRed fpÉ rjax iQyu dk fpÉ (-isQ”k)
crykrs gSaA budk vkos'k ls dksbZ laca/ ugha gksrkA vkca/
cukus osQ fy, vkW£cVyksa dk fpÉ (-isQ”k) vkSj vfHkfoU;kl
,d leku gksuk pkfg,A bls èkukRed vfrO;kiu dgrs gSaA
s rFkk p ijek.kq d{kdksa osQ èkukRed] ½.kkRed ;k 'kwU;
vfrO;kiu dh fofHkUu voLFkk,¡] fp=k 4-9 esa n'kkZbZ xbZ gSaA

fp=k 4-9 s rFkk p ijek.kq d{kdksa osQ èkukRed] ½.kkRed rFkk
'kwU; vfrO;kiu
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lgla;ksth vkcaèk osQ fojpu osQ eq[; dkjd osQ :i
esa vfrO;kiu dh dlkSVh leukfHkdh; fo"keukfHkdh;
f}ijek.kqd v.kqvksa rFkk cgqijek.kqd v.kqvksa ij leku :i ls
ykxw gksrk gSA ge tkurs gSa fd CH4, NH3 rFkk H2O v.kqvksa
dh vkÑfr Øe'k% prq"iQydh;] fijkfeMh rFkk eqM+h gqbZ
gksrh gSA vr% la;kstdrk vkca/ fl¼kar dk mi;ksx djosQ ;g
tkuuk jkspd gksxk fd D;k bu T;kferh; vkÑfr;ksa oQks
d{kd&vfrO;kiu osQ vkèkkj ij Li"V fd;k tk ldrk gSA

vkb,] loZçFke ge esFksu (CH4) osQ v.kq ij fopkj
djrs gSaA ryLFk voLFkk (Ground State) esa dkcZu dk
bysDVªkWu foU;kl [He] 2s

2
 2p

2 gS] tks mÙksftr voLFkk esa
[He] 2s

1
 2px

1
 2py

1
 2pz

1 gks tkrk gSA blosQ mÙkstu osQ
fy, vko';d ÅtkZ dh iwfrZ ladfjr d{kdksa rFkk gkbMªkstu
osQ chp vfrO;kiu osQ iQyLo:i eqDr vfrfjDr ÅtkZ ls
gksrh gSA dkcZu osQ pkj ijek.kq d{kd] ftuesa ls çR;sd esa
,d v;qfXer bysDVªkWu mifLFkr gksrk gS] pkj gkbMªkstu
ijek.kqvksa osQ ,d&,d bysDVªkWu;qDr 1s d{kdksa osQ lkFk
vfrO;kiu dj ldrs gSaA ijarq bl çdkj fu£er pkj C – H

vkcaèk le:i ugha gksaxsA dkcZu osQ rhu 2p d{kdksa osQ eè;
90° dk dks.k gksus osQ dkj.k bu d{kdksa }kjk fu£er vkcaèkksa
osQ chp HCH dks.k dk eku Hkh 90° gksxk] vFkkZr~ rhu
C – H vkcaèk ,d&nwljs osQ lkFk 90° dk dks.k cuk,axsA
dkcZu dk 2s d{kd rFkk H dk 1s d{kd xksyh; lefer
dk gksus osQ dkj.k fdlh Hkh fn'kk esa vfrO;kiu dj ldrk
gSA vr% pkSFks C – H vkcaèk dh fn'kk vfuf'pr gksxhA ;g
fu:i.k CH

4
 dh okLrfod vkÑfr ls esy ugha [kkrk gS]

ftlesa pkjksa HCH dks.k prq"iQydh; gksrs gSa rFkk çR;sd dk
eku 109.5° gksrk gSA blls Li"V gksrk gS fd osQoy d{kdksa
osQ vfrO;kiu osQ vkèkkj ij CH

4
 osQ vkcaèkksa osQ fn'kkRed xq.kksa

dks Li"V ugha fd;k tk ldrk gSA bUgha rdk±s osQ vkèkkj ij
NH3 rFkk H2O v.kqvksa esa HNH rFkk HOH dks.kksa osQ eku
90° gksus pkfg,] tks okLrfod rF;ksa osQ vuq:i ugha gSA NH

3

rFkk H
2
O esa okLrfod vkcaèk dks.k Øe'k% 107° rFkk

104.5° gksrs gSaA

4-5-4 vfrO;kiu osQ çdkj rFkk lgla;ksth
vkcaèk dh çÑfr

d{kdksa osQ vfrO;kiu osQ çdkj osQ vkèkkj ij lgla;ksth
vkcaèk osQ nks çdkj gksrs gSaµ
(i) flXek (σ) vkcaèk rFkk (ii) ikbZ (π) vkcaèk
(i) flXek (σσσσσ) vkcaèkµ bl çdkj dk lgla;ksth vkcaèk]

vkcaèkh d{kdksa osQ varukZfHkdh; v{k ij fljsokj

(Head on) vfrO;kiu ;k v{kh; (axial) vfrO;kiu
dgrs gSaA bl çdkj dk vkcaèk] ijek.kq d{kdksa osQ
fuEufyf[kr esa ls fdlh ,d çdkj osQ la;kstu }kjk
çkIr fd, tk ldrs gSaµ

• s–s vfrO;kiuµ bl çdkj osQ la;kstu esa nks
vèkZ&Hk`r (Half Filled) s-d{kd varukZfHkdh; v{k
ij vfrO;kiu djrs gSa] tSlk uhps fn[kk;k x;k gSµ

• s-p vfrO;kiuµ bl çdkj dk vfrO;kiu ,d
ijek.kq oQh vèkZ&Hk`r s-d{kd rFkk nwljs ijek.kq oQk
vèkZ&Hk`r p-d{kd osQ chp gksrk gSA

• p-p vfrO;kiuµ bl çdkj dk vfrO;kiu nks
ijek.kqvksa osQ vèkZ&Hk`r p-d{kdksa osQ chp gksrk gSA

(ii) ikbZ (πππππ vkcaèk)µ ikbZ vkcaèk osQ cuus osQ vkf.od
d{kd bl çdkj vfrO;kiu djrs gSa fd muosQ v{k
,d nwljs osQ lekarj rFkk varukZfHkdh; d{k ls yacor
gksrs gSaA bl çdkj ik'oZ vfrO;kiu osQ iQyLo:i
fu£er d{kd esa ijek.kqvksa osQ ry osQ Åij rFkk uhps
nks IysVuqek vkosf'kr vHkz gksrs gSaA

4-5-5 flXek rFkk ikbZ vkcaèkksa dh çcyrk

ewyr% vkcaèk dh çcyrk vfrO;kiu dh lhek ij fuHkZj
djrh gSA flXek vkcaèk esa d{kdksa dk vfrO;kiu vfèkd gksrk
gSA blfy, flXek vkcaèk] ikbZ vkcaèk (ftlesa de vfrO;kiu
gksrk gS) dh rqyuk esa vfèkd çcy gksrk gSA blosQ vykok
;g tkuuk Hkh egÙoiw.kZ gS fd nks ijek.kqvksa osQ chp ikbZ
vkcaèk dHkh vosQyk ugha ik;k tkrk gSA ;g lnSo flXek
vkcaèk osQ lkFk gh gksrk gSA ;g lnSo mu v.kqvksa esa ik;k tkrk
gS] ftuesa f}vkcaèk ;k f=kvkcaèk mifLFkr gksrs gSaA
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4-6 ladj.k
CH4, NH3, H2O tSls cgqijek.kqd v.kqvksa dh fof'k"V
T;kferh; vkÑfr;ksa dks Li"V djus osQ fy, ikW̄ yx us ijek.kq
d{kdksa osQ ladj.k dk fl¼kar çLrkfor fd;kA ikW̄ yx osQ
vuqlkj ijek.kq d{kd la;ksftr gksdj lerqY; d{kdksa dk
lewg cukrs gSaA bu d{kdksa dks ladj d{kd dgrs gSaA vkcaèk
fojpu esa ijek.kq 'kq¼ d{kdksa osQ LFkku ij ladfjr d{kdksa
dk ç;ksx djrs gSaA bl ifj?kVuk dks ge ladj.k dgrs gSaA
yxHkx leku ÅtkZ okys d{kdksa osQ vkil esa feydj ÅtkZ
osQ iqu£orj.k }kjk leku ÅtkZ rFkk vkdkj okys d{kdksa dks
cukus dh çfØ;k dks ladj.k dgrs gSaA mnkgj.k osQ fy,µ
dkcZu dk ,d 2s d{kd rFkk rhu 2p d{kd ladj.k }kjk
pkj u, sp

3 ladj d{kd cukrs gSaA
ladj.k osQ egÙoiw.kZ y{k.kµ ladj.k osQ eq[; y{k.k bl
çdkj gSaµ
1- ladj d{kdksa dh la[;k ladj.k dh çfØ;k esa Hkkx

ysus okys d{kdksa dh la[;k osQ cjkcj gksrh gSA
2- ladj d{kd lnSo leku ÅtkZ rFkk vkdkj osQ gksrs gSaA
3- ladj d{kd LFkk;h vkcaèk cukus esa 'kq¼ d{kdksa dh

vis{kk vfèkd l{ke gksrs gSaA
4- ladj d{kd LFkk;h O;oLFkk ikus osQ fy, f=kfoe esa

fof'k"V fn'kkvksa esa funsZf'kr gksrs gSaA blfy, ladj.k dk
çdkj v.kq dh T;kfefr n'kkZrk gSA

ladj.k dh eq[; ifjfLFkfr;k¡
(i) ijek.kq osQ la;kstdrk d{k osQ d{kd ladfjr gksrs gSaA

(ii) ladfjr gksus okys d{kdksa dh ÅtkZ yxHkx leku gksuh
pkfg,A

(iii) ladj.k osQ fy, bysDVªkWu dk mÙkstu vko';d ugha gSA
(iv) ;g vko';d ugha gS fd osQoy vèkZ&Hk`r d{kd gh

ladj.k esa Hkkx ysaA dHkh&dHkh la;kstdrk d{k osQ
iw.kZ&Hk`r rFkk [kkyh d{kd Hkh ladfjr gks ldrs gSaA

4-6-1 ladj.k osQ çdkj
s, p rFkk d d{kdksa osQ ladj.k fuEufyf[kr izdkj osQ gksrs gSaµ
(I) sp ladj.k bl çdkj osQ ladj.k esa ,d s rFkk ,d p
d{kd ladfjr gksdj nks leku sp ladj d{kdksa dk fuekZ.k
djrs gSaA z-v{k ij ladj.k d{kdksa dks ikus gsrq] sp ladj.k
osQ fy, s rFkk p

z
 d{kd mi;qDr gksrs gSaA çR;sd sp ladj

d{kd esa 50% s-y{k.k rFkk 50% p-y{k.k gksrk gSA ;fn
fdlh v.kq esa osaQæh; ijek.kq osQ la;kstdrk d{k osQ d{kd
sp ladfjr gksrs gSa rFkk nks ijek.kqvksa ls vkcaèk cukrs gSa] rks

v.kq dh jSf[kd T;kfefr gksrh gSA bl çdkj osQ ladj.k dks
^fod.kZ ladj.k* Hkh dgrs gSaA

sp ladj d{kdksa osQ nks mHkjs gq, èku yksc (ikfy)
rFkk vR;ar NksVs ½.k yksc foijhr fn'kkvksa esa z-v{k dh vksj
n`"V gksrs gSaA blosQ dkj.k çHkkoh vfrO;kiu gksrk gS] ftlosQ
iQyLo:i çcyrj vkcaèk fu£er gksrs gSaA
sp ladj.k okys v.kqvksa osQ mnkgj.k
BeCl2µ ryLFk voLFkk esa Be dk bysDVªkWuh foU;kl 1s

2

2s
2 gksrk gSA mÙksftr voLFkk esa ,d 2s bysDVªkWu fjDr 2p

d{kd esa Be dh f}&la;kstdrk osQ dkj.k çksUur (Pro-

mote) gks tkrk gSA ,d 2s d{kd rFkk ,d 2p d{kd
ladfjr gksdj nks sp ladj d{kd cukrs gSaA ;s 180° dk
dks.k cukrs gSaA çR;sd sp ladj d{kd Dyksjhu osQ 2p

d{kd ls v{kh; vfrO;kiu }kjk nks Be – Cl flXek vkcaèk
cukrs gSaA bls fp=k 4-10 esa n'kkZ;k x;k gSA
(II) sp

2 ladj.kµ ladj.k osQ bl çdkj esa ,d s d{kd
rFkk nks p d{kd ladfjr gksdj rhu leku sp

2 ladj
d{kdksa dk fuekZ.k djrs gSaA mnkgj.k osQ fy,µ BCl3 osQ
v.kq esa osaQæh; cksjkWu ijek.kq dh ryLFk voLFkk foU;kl 1s

2

2s
2
 2p

1 gksrk gSA mÙksftr voLFkk esa ,d 2s bysDVªkWu fjDr
2p d{kd esa çksUur gks tkrk gS] ftlosQ ifj.kkeLo:i cksjkWu
esa rhu v;qfXer bysDVªkWu mifLFkr gksrs gSaA rhu (,d 2s

fp=k 4-10 (d) s rFkk p d{kdksa }kjk sp ladj d{kdksa dk
fuekZ.k

([k) BeCl2 jSf[kd v.kq dk fojpu

rFkk nks 2p) d{kd ladfjr gksdj rhu sp
2 ladj d{kd

cukrs gSaA rhu ladj d{kd f=kdks.kh; leryh O;oLFkk esa
gksrs gSa rFkk Dyksjhu ijek.kqvksa osQ 2p d{kdksa ls vfrO;kiu
}kjk rhu B – Cl vkcaèk cukrs gSaA blfy, BCl

3

(fp=k 4-11) v.kq dh f=kdks.kh; leryh T;kfefr gksrh gS]
ftlesa Cl-B-Cl vkcaèk dks.k 120° dk gksrk gSA
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fp=k 4-11 sp
2 ladj d{kdksa rFkk BCl

3
 v.kq dk fuekZ.k

(III) spspspspsp
3 ladj.kµ bl çdkj osQ ladj.k dh O;k[;k

CH4 v.kq osQ mnkgj.k }kjk dh tk ldrh gSA blesa lgla;ksth
d{k osQ ,d s d{kd rFkk p d{kdksa osQ ladj.k ls pkj sp

3

ladj d{kd curs gSaA ;s d{kd leku ÅtkZ rFkk vkdkj osQ
gksrs gSaA çR;sd sp

3 d{kd esa 25% s-y{k.k rFkk 75%

p-y{k.k gksrk gSA sp
3 ladj.k }kjk çkIr pkj sp

3 ladj
d{kd prq"kiQyd osQ pkj dksuksa dh vksj gksrs gSaA tSlk fp=k
4-12 esa n'kkZ;k x;k gS] sp

3 ladj d{kdksa osQ chp dks.k dk
eku 109.5° gksrk gSA

fp=k 4-12 dkcZu osQ s, p
x
, p

y
 vkSj p

z
 ijek.kq d{kdksa osQ lfEeJ.k

ls sp
3 ladj d{kdksa dk fuekZ.k rFkk CH4 dk fojpuA

NH
3
 rFkk H

2
O dh lajpukvksa dh O;k[;k Hkh sp

3

ladj.k }kjk dh tk ldrh gSA NH
3
 esa ukbVªkstu ijek.kq dk

ry:i voLFkk bysDVªkWuh foU;kl 2s
2 
2p

x

1 
2p

y

1 
2p

z

1
  gksrk

gSA sp
3 ladj d{kdksa esa rhu sp

3 ladj d{kdksa esa v;qfXer
bysDVªkWu gksrk gS] tcfd pkSFkss sp

3 ladj esa ,d ,dkadh
bysDVªkWu ;qXe gksrk gSA ukbVªkstu osQ rhu sp

3 ladj d{kd
rhu gkbMªkstu ijek.kqvksa osQ 1s d{kdksa osQ lkFk vfrO;kiu
}kjk rhu N–H vkcaèk fu£er djrs gSaA ge tkurs gSa fd
,dkadh ;qXe rFkk vkcaèkh ;qXe osQ chp vkcaèkh ;qXe dh
vis{kk çfrd"kZ.k vkcaèkh ;qXe vfèkd gksrk gSA blosQ ifj.kke
Lo:i NH

3
 osQ v.kq esa vkcaèk dks.k 109.5° ls ?kVdj

107° gks tkrk gSA ,sls v.kq dh T;kfefr foÑr gksdj
fijkfeMh gks tkrh gS] tSlk fp=k 4-13 esa n'kkZ;k x;k gSA

ty osQ v.kq esa vkWDlhtu  ijek.kq osQ pkj la;kstdrk
d{k] d{kd (,d 2s rFkk rhu 2p) sp

3 ladj.k }kjk pkj
sp

3 ladj d{kd cukrs gSaA buesa ls nks ladj d{kdksa esa

,d&,d ;qXe gksrk gSA ;s pkj sp
3 ladj d{kd prq"ViQydh;

T;kfefr çkIr djrs gSa] ftlesa nks dksuksa ij gkbMªkstu ijek.kq
vkcafèkr gksrs gSa rFkk vU; nks dksuksa ij ,dkadh bysDVªkWu ;qXe
mifLFkr gksrs gSaA bl v.kq esa vkcaèk dks.k 109.5° ls ?kVdj
104.5° gks tkrk gS (fp=k 4-14) rFkk v.kq V-vkÑfr vFkok
dks.kh; T;kfefr xzg.k djrk gSA

fp=k 4-14 H
2
O v.kq dk cuuk

fp=k 4-13 NH3 v.kq dk cuuk
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4-6-2 sp
3
, sp

2
 rFkk sp ladj.k osQ vU;

mnkgj.k
C

2
H

6
 v.kq esa sp

3 ladj.kµ bFksu osQ v.kq esa dkcZu osQ
nksuksa dkcZu sp

3 ladfjr gksrs gSaA dkcZu ijek.kq osQ pkj sp
3

ladj d{kdksa esa ijek.kq ls ,d] vU; dkcZu ijek.kq osQ ,d
sp

3 ladj d{kd ls v{kh; vfrO;kiu }kjk sp
3
 – sp

3

flXek vkcaèk cukrs gSa] tcfd çR;sd dkcZu ijek.kq osQ vU;
rhu sp

3 ladj d{kd gkbMªkstu ijek.kqvksa osQ 1s d{kdksa osQ
lkFk sp

3
–s flXek vkcaèk cukrs gSaA blosQ ifj.kkeLo:i

bFksu esa C – C vkcaèk yackbZ 154 pm vkSj C–H vkcaèk
yackbZ 109 pm gksrh gSA
C2H4 esa sp

2 ladj.kµ ,Fkhu v.kq osQ cuus esa dkcZu
ijek.kq dk ,d sp

2 ladj d{kd ls v{kh; vfrO;kiu }kjk
C – C flXek vkcaèk cukrk gS] tcfd çR;sd dkcZu ijek.kq
osQ vU; nks sp

2 ladj d{kd gkbMªkstu ijek.kqvksa osQ lkFk
sp

2 
– s flXek vkcaèk cukrs gSaA ,d dkcZu ijek.kq dk

vladfjr d{kd 2px  vFkok 2py nwljs dkcZu ijek.kq osQ

leku d{kd osQ lkFk ik'oZ (Sidewise) vfrO;kiu }kjk
nqcZy π vkcaèk cukrk gS ftlesa dkcZu rFkk gkbMªkstu
ijek.kqvksa osQ ry osQ Åij rFkk uhps leku bysDVªkWu vHkz gksrk
gSA

bl çdkj ,Fkhu v.kq esa C–C osQ eè; ,d sp
2
–sp

2

ladfjr d{kdksa esa flXek (σ) vkcaèk rFkk ,d ikbZ (π)
vkcaèk (ftldh yackbZ 134 pm gksrh gS] tks p-d{kdksa osQ
eè; gksrk gS) ladj.k esa ç;ksx ugh gksrs ,oa v.kq osQ ry osQ
yacor gksrs gSaA C–H vkca/ esa (sp

2
-s) flXek (σ) vkcaèk

dh yackbZ 108 pm gksrh gS ,oa H–C–H ,oa H–C–C

vkcaèk dks.k Øe'k% 117.6° 121° gksrk gSA
,Fkhu v.kq esa flXek (σ) ,oa ikbZ (π) vkcaèkksa dk

cuuk fp=k 4-15 esa n'kkZ;k x;k gSA
C

2
H

2
 esa sp ladj.kµ bFkkbu v.kq osQ cuus esa nksuksa dkcZu

ijek.kq sp ladj.k n'kkZrs gSaA muij nks&nks vladfjr (2py rFkk
2p

x
) d{kd gksrs gSaA

fp=k 4-15 ,Fkhu esa flXek rFkk π- vkcaèkksa dk cuuk
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,d dkcZu ijek.kq dk sp ladj d{kd nwljs dkcZu
ijek.kq osQ sp ladj d{kd ls v{kh; vfrO;kiu }kjk
C – C flXek vkcaèk cukrk gSA cps gq, ladj d{kd
gkbMªkstu osQ vèkZ&Hk`r 1s d{kdksa ls v{kh; vfrO;kiu }kjk
flXek vkcaèk cukrs gSaA nksuksa dkcZu ijek.kqvksa ij mifLFkr
nks&nks vladfjr d{kd ik'oZ vfrO;kiu }kjk nks ikbZ&vkcaèk
cukrs gSaaA bl çdkj bFkkbu esa nks dkcZu ijek.kqvksa osQ chp
mifLFkr f=k&vkcaèk] ,d flXek rFkk nks ikbZ vkcaèkksa ls cuk
gksrk gS] tSlk fp=k 4-16 esa n'kkZ;k x;k gSA

4-6-3 d-d{kdksa okys rÙoksa esa ladj.k

r`rh; vkorZ rÙoksa esa s rFkk p d{kdksa osQ lkFk&lkFk d

d{kd Hkh mifLFkr gksrs gSaA bu d d{kdksa dh ÅtkZ 3s 3p

,oa 4s, 4p d{kdksa dh ÅtkZ osQ lerqY; gksrh gSA 3p vksj
4s d{kdksa dh ÅtkZ esa vfèkd varj gksus osQ dkj.k 3p, 3d

,oa 4s d{kdksa dk ladj.k laHko ugha gSA
s, p rFkk d d{kdksa osQ ladj.k osQ eq[; çdkjksa dks

;gk¡ uhps lkjka'k esa fn;k x;k gSµ
(i) PCl5 dk cuuk (sp

3
d ladj.k)µ iQkWLiQksjl ijek.kq

(Z = 15) dh ryLFk voLFkk bysDVªkWuh foU;kl dks uhps
n'kkZ;k x;k gSA iQkWLiQksjl dh vkcaèk fuekZ.k ifjfLFkfr;ksa esa
3s d{kd ls ,d bysDVªkWu v;qfXer gksdj fjDr 3d

z

2 d{kd

esa çksUur gks tkrk gSA bl çdkj iQkWLiQksjl dh mÙksftr
voLFkk osQ foU;kl dks bl çdkj n'kkZ;k tk ldrk gSµ

ik¡p Dyksjhu ijek.kqvksa }kjk iznÙk bysDVªkWu ;qXeksa }kjk Hkjs x,

sp
3
d ladfjr d{kd

bl çdkj ik¡p d{kd (,d s] rhu p rFkk ,d d

d{kd) ladj.k osQ fy, miyCèk gksrs gSaA buosQ ladj.k }kjk
ik¡p sp

3
d ladj d{kd çkIr gksrs gSa] tks f=kdks.kh; f}&fijkfeM

osQ ik¡p dksuksa dh vksj mUeq[k gksrs gSa] tSlk fp=k 4-17 esa
n'kkZ;k x;k gSA

fp=k 4-17 PCl
5
 v.kq dh f=kdks.kh; f}&fijkfeMh T;kfefr

v.kq@vk;u ladj.k ijekf.od mnkgj.k
dh vkÑfr dk çdkj d{kd

oxZ&leryh dsp2 d+s+p(2) [Ni(CN)
4
]2–,

[Pt(Cl)
4
]2–

f=kdks.h; sp3d s+p(3)+d PF
5
, PCl

5

f}fijkfeMh

oxZ fijkfefM sp3d2 s+p(3)+d(2) BrF
5

v"ViQydh; sp3d2 s+p(3)+d(2) SF
6
, [CrF

6
]3–

d2sp3 d(2)+s+p(3) [Co(NH
3
)
6
]3+

fp=k 4-16 ,Fkkbu esa flXek rFkk ikbZ&vkcaèkksa dk cuuk
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;gk¡ ;g è;ku nsus ;ksX; ckr gS fd f=kdks.kh; f}fijkfeMh
T;kfefr esa lHkh vkca/ dks.k cjkcj ugha gksrs gSaA PCl

5
 esa

iQkWLiQksjl osQ ik¡p sp
3
d ladj d{kd Dyksjhu ijek.kqvksa osQ

v/Z&Hk`r d{kdksa ls vfrO;kiu }kjk ik¡p P – Cl flXek&
vkca/ cukrs gSaA buesa ls rhu P – Cl vkca/ ,d ry esa gksrs
gSa rFkk ijLij 120° dk dks.k cukrs gSaA bUgsa ^fo"kqorh;
vkca/] (Equatorial) dgrs gSaA vU; nks P – Cl vkca/
Øe'k% fo"kqorh; ry osQ Åij vkSj uhps gksrs gSa rFkk ry ls
90° dk dks.k cukrs gSaA bUgsa v{kh; vkca/ (Axial) dgrs gSaA
pw¡fd v{kh; vkca/ bysDVªkWu ;qXeksa esa fo"kqorh; vkcèkh&;qXeksa
ls vf/d izfrd"kZ.k vU;ksU;fØ;k,¡ gksrh gSa] vr% ;s vkca/
fo"kqorh; vkca/ksa ls yackbZ esa oqQN vf/d rFkk izcyrk esa
oqQN de gksrs gSaA blosQ ifj.kkeLo:i PCl5 vR;f/d
fØ;k'khy gksrk gSA

(ii)(ii)(ii)(ii)(ii) SFSFSFSFSF
66666
 dk cuuk (spspspspsp

33333
ddddd

22222 ladj.k)µ SF6 esa osQanzh;
lYiQj ijek.kq dh ryLFk voLFkk bysDVªkWu foU;kl 3s

2
 3p

4

gSA mÙksftr voLFkk esa miyC/ N% d{kd] vFkkZr~ ,d s]
rhu p rFkk d d{kd v/Z&Hk`r gksrs gSaA ;s ladj.k }kjk N%
sp

3 
d

2 ladj cukrs gSa] tks ,d lev"ViQyd osQ N% dks.kksa
dh vksj izf{kIr gksrs gSaA ;s ladj d{kd Ýyqvksjhu ijek.kqvksa
osQ v/Z&Hk`r d{kdksa ls vfrO;kiu }kjk N% S – F flXek
vkca/ cukrs gSaA bl izdkj SF

6
 v.kq dh ,d lev"ViQydh;

T;kfefr gksrh gS] tSlk fp=k 4-18 esa n'kkZ;k x;k gSA

fp=k 4-18 SF6 v.kq dh v"ViQydh; T;kfefr

4-7 vkf.od d{kd fl¼kar
vkf.od d{kd fl¼kar ,iQ- gqaM rFkk vkj-,l- eqfydu }kjk
lu~ 1932 esa fodflr fd;k x;kA bl fl¼kar osQ eq[;
y{k.k fuEufyf[kr gSaµ
(i) ftl çdkj ijek.kq esa bysDVªkWu fofHkUu ijek.kq d{kdksa

esa mifLFkr jgrs gSa] mlh çdkj v.kq esa bysDVªkWu
fofHkUu vkf.od d{kdksa esa mifLFkr jgrs gSaA

(ii) vkf.od d{kd rqY; ÅtkZvksa ,oa mi;qDr lefefr
ijek.kq d{kdksa osQ la;ksx ls curs gSaA

(iii) ijek.kq d{kd esa dksbZ bysDVªkWu osQoy ,d gh ukfHkd
osQ çHkko esa jgrk gS] tcfd vkf.od d{kd esa
mifLFkr bysDVªkWu nks ;k nks ls vfèkd ukfHkdksa }kjk
çHkkfor gksrk gSA ;g la[;k v.kq esa ijek.kqvksa dh la[;k
ij fuHkZj djrh gSA bl çdkj ijek.kq d{kd ,dyosaQæh;
gksrk gS] tcfd vkf.od d{kd cgqosaQæh; gksrk gSA

(iv) cus gq, vkf.od d{kdksa dh la[;k la;ksx djus okys
ijek.kq d{kdksa dh la[;k osQ cjkcj gksrh gSA tc nks
ijek.kq d{kdksa dks feyk;k tkrk gS] rks nks vkf.od
d{kd çkIr gksrs gSaA buesa ls ,d ̂ vkcaèku vkf.od
d{kd* vkSj nwljk çfrvkcaèku vkf.od d{kd
dgktkrk gSA

(v) vkcaèku vkf.od d{kd dh ÅtkZ de gksrh gSA vr%
mldk LFkkf;Ro laxr çfrvkcaèku vkf.od d{kd ls
vfèkd gksrk gSA

(vi) ftl çdkj fdlh ijek.kq osQ ukfHkd osQ pkjksa vksj
bysDVªkWu çkf;drk forj.k ijek.kq d{kd }kjk fn;k
tkrk gS] mlh çdkj fdlh v.kq esa ukfHkdksa osQ lewg osQ
pkjksa vksj bysDVªkWu çkf;drk forj.k vkf.od d{kd
}kjk fn;k tkrk gSA

(vii) ijek.kq d{kdksa dh Hkk¡fr vkf.od d{kdksa dks Hkh
ikmyh fl¼kar rFkk gqaM osQ fu;e dk ikyu djrs gq,
vkWiQckÅ fu;e osQ vuqlkj Hkjk tkrk gSA

4-7-1 vkf.od d{kdksa dk fuekZ.k % ijek.kq&d{kdksa
dk jSf[kd la;ksx

tSlk vki tkurs gSa] rjax ;kaf=kdh osQ vuqlkj ijek.kq d{kd
dks ,d rjax iQyu (ψ) osQ :i esa n'kkZ;k tk ldrk gSA ;g
iQyu bysDVªkWu rjax osQ vk;ke (Amplitude) dks n'kkZrk gS
rFkk bls Jks̄ Mxj lehdj.k osQ gy }kjk çkIr fd;k tkrk gS]
ijarq ,d ls vfèkd bysDVªkWu okys fudk; osQ fy, Jks̄ Mxj
lehdj.k dk gy ugha fd;k tk ldrkA blfy, vkf.od
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d{kd] tks v.kqvksa osQ fy, ,d bysDVªkWu rjax iQyu gS] dks
Jks̄ Mxj lehdj.k osQ gy ls lhèks çkIr djuk dfBu gSA bl
dfBukbZ dk fujkdj.k ,d lfUudV (Approximation)

fofèk osQ lgkjs fd;k tkrk gSA bl fofèk dks ̂ ijek.kq d{kdksa
dk jSf[kd la;ksx* (Linear Combination of Atomic

Orbitals, LCAO) dgrs gSaA

vkb,] ge ,d leukfHkdh; f}&ijek.kqd v.kq] H
2

ij bl fofèk dk vuqç;ksx djsaA eku ysa fd gkbMªkstu v.kq
nks gkbMªkstu ijek.kqvksa A rFkk B ls cuk gSA nksuksa ijek.kq ,d
leku gh gSa] osQoy lqfoèkk osQ fy, mUgsa A rFkk B ls fpfÉr
fd;k x;k gSA çR;sd gkbMªkstu ijek.kq dh ewy voLFkk esa
mlosQ 1s d{kd esa ,d bysDVªkWu gksrk gSA bu ijek.kq d{kdksa
dks ge rjax iQyuksa ψ

A
 rFkk ψ

B
 }kjk çn£'kr dj ldrs gSaA

xf.krh; :i ls vkf.od d{kdksa dks ijek.kq d{kdksa osQ
jSf[kd la;ksx O;fDrxr ijek.kq d{kdksa osQ rjax iQyuksa ψ

A

rFkk ψB osQ ;ksx ;k varj }kjk fd;k tkrk gS] tSlk uhps
n'kkZ;k x;k gSA

ψ = ψ ± ψMO A B

bl çdkj nks vkf.od d{kd σ rFkk σ∗ çkIr gksrs gSaA
σ = ψA + ψB

σ* = ψA – ψB

ijek.kq d{kdksa osQ ;ksx ls cuus okys vkf.od d{kd
σ dks vkcaèku vkf.od d{kd rFkk ijek.kq d{kdksa osQ
varj ls cuus okys vkf.od d{kd] σ∗] dks ^çfrvkcaèku
vkf.od d{kd* dgrs gSa (fp=k 4-19)A

xq.kkRed rkSj ij vkf.od d{kdksa dk cuuk la;ksx
djus okys ijek.kqvksa osQ bysDVªkWu rjaxksa osQ jpukRed
(Constructive) rFkk fouk'kh (Destructive) O;frdj.k
(Interference) osQ :i esa le>k tk ldrk gSA vkcaèku
vkf.od d{kd osQ fuekZ.k esa vkcaèkh ijek.kqvksa dh nks
bysDVªkWu rjaxsa ,d nwljs dks çcfyr djrh gSa] vFkkZr~ buesa
jpukRed O;frdj.k gksrk gSA nwljh vksj çfrvkcaèku vkf.od
d{kd osQ fuekZ.k esa ;s bysDVªkWu rjaxsa ,d&nwljs dks fujLr
djrh gSa] vFkkZr~ buesa fouk'kh O;frdj.k gksrk gSA buosQ
ifj.kkeLo:i vkcaèku vkf.od d{kd esa vfèkdka'k bysDVªkWu
?kuRo vkcafèkr ijek.kqvksa osQ chp vofLFkr gksrk gSA
ukfHkdksa osQ chp çfrd"kZ.k cgqr de gksrk gS] tcfd
çfrvkcaèkh vkf.od d{kd esa vfèkdka'k bysDVªkWu ?kuRo
nksuksa ukfHkdksa osQ chp osQ {ks=k ls nwj vofLFkr gksrk gSA
okLro esa nksuksa ukfHkdksa osQ eè; ,d fuLian ry (Nodal

Plane) gksrk gSa] tgk¡ ij bysDVªkWu ?kuRo 'kwU; gksrk gSA vr%
ukfHkdksa osQ chp mPp çfrd"kZ.k gksrk gSA vkcaèkh vkf.od
d{kdksa esa mifLFkr bysDVªkWu ukfHkdksa dks ijLij ckaèks j[kus
dh ço`fÙk j[krs gSaA vr% ;s v.kq dks LFkkf;Ro çnku djrs
gSaA bl çdkj ,d vkcaèku vkf.od d{kd mu ijek.kq
d{kdksa ls lnSo de ÅtkZ j[krk gS] ftuosQ la;ksx ls og
curk gSA blosQ foijhr çfrvkcaèku vkf.od d{kd esa
bysDVªkWu v.kq dks vLFkk;h dj nsrs gSaA bysDVªkWuksa ,oa
ukfHkdksa osQ chp vkd"kZ.k bl d{kd esa bysDVªkWuksa osQ chp
ijLij çfrd"kZ.k ls de gksrk gS vkSj blls ÅtkZ esa ldy
o`f¼ gksrh gSA

;gk¡ è;ku nsus ;ksX; ckr ;g gS fd çfrvkcaèku d{kd
dh ÅtkZ la;ksx djus okys ijek.kq d{kdksa dh ÅtkZ ls mruh
ek=kk esa vfèkd gks tkrh gS] ftruh ek=kk esa vkcaèku vkf.od
d{kd dh ÅtkZ de gksrh gSA bl çdkj nksuksa vkf.od
d{kdksa dh oqQy ÅtkZ ogh jgrh gS] tks nks ewy ijek.kq&d{kdksa
dh gksrh gSA

4-7-2 ijek.kq d{kdksa osQ la;ksx dh 'krs±

ijek.kq d{kdksa osQ jSf[kd la;ksx ls vkf.od d{kdksa osQ
fuekZ.k osQ fy, fuEufyf[kr 'krs± vfuok;Z gSaµ
1- la;ksx djus okys ijek.kq d{kdksa dh ÅtkZ leku ;k
yxHkx leku gksuh pkfg,A bldk rkRi;Z ;g gS fd ,d
1s d{kd nwljs 1s d{kd ls la;ksx dj ldrk gS ijarq 2s

d{kd ls ugha] D;ksafd 2s d{kd dh ÅtkZ 1s d{kd dh

fp=k 4-19 nks ijek.kq Øe'k% A rFkk B ij osaQfær ijek.kq d{kdksa
ψ

A
 rFkk ψ

B
 osQ jSf[kd la;ksx ls vkcaèku (σ) rFkk

çfrvkcaèku (σ*) vkf.od d{kdksa dk fuekZ.kA
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ÅtkZ ls dgha vfèkd gksrh gSA ;g lR; ugha gS ;fn ijek.kq
fHkUu çdkj osQ gSaA
2- la;ksx djus okys ijek.kq d{kdksa dh vkf.od v{k
osQ ifjr% leku lefefr gksuh pkfg,A ifjikVh osQ vuqlkj

z-v{k dks vkf.od v{k ekurs gSaA ;gk¡ ;g rF; egÙoiw.kZ gS
fd leku ;k yxHkx leku ÅtkZ okys ijek.kq d{kd osQoy
rHkh la;ksx djsaxs] tc mudh lefefr leku gS] vU;Fkk%
ughaA mnkgj.kkFkZµ2pZ ijek.kq&d{kd nwljs ijek.kq osQ 2pZ

fp=k 4-20 (d) 1s ijek.kq d{kdksa ([k) 2p
z
 ijek.kq d{kdksa rFkk (x) 2p

x
 ijek.kq d{kdksa osQ la;ksxksa ls cus vkcaèku ,oa çfrvkcaèku

vkf.od d{kdksa dh :ijs[kk rFkk mudh ÅtkZ,¡
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d{kd ls la;ksx djsxk] ijarq 2px ;k 2py d{kdksa ls ugha]
D;ksafd mudh lefefr;k¡ leku ugha gSaA
3- la;ksx djus okys ijek.kq d{kdksa dks vfèkdre
vfrO;kiu djuk pkfg,A ftruk vfèkd vfrO;kiu gksxk]
vkf.od d{kdksa osQ ukfHkdksa osQ chp bysDVªkWu ?kuRo mruk
gh vfèkd gksxkA

4-7-3 vkf.od d{kdksa osQ çdkj
f}&ijek.kqd v.kqvksa osQ vkf.od d{kdksa dks σ (flXek)] π
(ikbZ)] δ (MsYVk) vkfn }kjk ukfer fd;k tkrk gSA bl
ukedj.k esa flXek vkf.od d{kd vkcaèk v{k osQ ifjr%
lefer gksrs gSa] tcfd π vkf.od d{kd lefer ugha gksrsA
mnkgj.k osQ fy,µ nks ukfHkdksa ij osaQfær 1s d{kdksa dk
jSf[kd la;ksx nks vkf.od d{kdksa dks mRiUu djrk gSA tks
vkcaèk v{k osQ ifjr% lefer gksrs gSaA bUgsa σ

1s
 rFkk σ

1s*

vkf.od d{kd dgrs gS a [(fp=k 4-20(v)]A ;fn
varjukfHkdh; v{k dks z-fn'kk esa fy;k tk,] rks ;g
ns[kk tk ldrk gS fd nks ijek.kqvksa osQ 2p

z
 d{kdksa osQ

jSf[kd la;ksx ls Hkh nks flXek vkf.od d{kd mRiUu
gksaxsA bUgsa σσσσσ2pz rFkk σσσσσ*2pz ls fu:fir djrs gSa
[fp=k 4-20 [k]A

2p
x
 rFkk 2p

y
 d{kdksa osQ vfrO;kiu ls feyus okys

vkf.od d{kd vkcaèk d{k osQ ifjr% lefer ugha gksrsA ,slk
vkf.od ry osQ Åij èkukRed yksc rFkk vkf.od ry osQ
uhps ½.kkRed yksc gksus osQ dkj.k gksrk gSA ,sls vkf.od
d{kdk s a dk s π vk S j π∗ }kj k fpfÉr djr s g S a
[fp=k 4-20 x]A vkcaèku vkf.od d{kd esa varjkukfHkd v{k
osQ Åij ,oa uhps vfèkdre bysDVªkWu ?kuRo jgrk gS] ijarq
çfrcaèku vkf.od d{kd π∗ esa ukfHkdksa osQ eè; ,d uksM+
gksrk gSA

4-7-4 vkf.od d{kdksa dk ÅtkZ&Lrj vkjs[k
geus ns[kk fd nks ijek.kqvksa ij mifLFkr 1s ijek.kq d{kd
la;ksx }kjk nks vkf.od d{kdksa dk fuekZ.k djrs gSa] ftUgsa
σ1s rFkk σ

∗
1s ukfer fd;k tkrk gSA blh çdkj nks

ijek.kqvksa osQ vkB ijek.kq d{kd (2s rFkk 2p) jSf[kd
la;ksx }kjk fuEufyf[kr vkB vkf.od d{kdksa dk fuekZ.k
djrs gSaµ

çfrvkcaèkh vkf.od d{kd σ∗2s, σ∗2p
z
, π∗2p

x
,

π∗2py vkcaèkh vkf.od d{kd% σ2s, σ2pz, π2px, π2py

bu vkf.od d{kdksa osQ ÅtkZ&Lrj çk;ksfxd rkSj ij
LisDVªeh fofèk }kjk çkIr fd, tkrs gSaA f}rh; vkorZ osQ rÙoksa
osQ leukfHkdh; f}ijek.kqd v.kqvksa (O2, F2) osQ vkf.od
d{kdksa dh ÅtkZ dk c<+rk Øe bl çdkj gSµ
σ1s < σ*1s < σ2s < σ*2s <σ2pz<(π 2px = π 2py)

< (π *2p
x
= π *2p

y
)<σ*2p

z

f}rh; vkorZ osQ 'ks"k v.kqvksa (tSlsµ Li
2
, Be

2
, B

2
,

C2, N2) osQ f}ijek.kqd v.kqvksa osQ fy, vkf.od d{kdksa
dh ÅtkZ dk Øe Åij fn, x, Øe ls fHkUu gksrk gSA
mnkgj.k osQ fy,µ B2, C2, N2 vkfn f}ijek.qd v.kqvksa osQ
vkf.od d{kdksa dk çk;ksfxd rkSj ij fuèkkZfjr ÅtkZ&Øe bl
çdkj gSµ
σ1s < σ*1s < σ2s < σ*2s < (π 2p

x
 = π

 
2p

y
) <σ2p

z

< (π *2px= π *2py) < σ*2pz

vkf.kod d{kdksa dh ÅtkZ osQ Øeksa esa egÙoiw.kZ varj
;g gS fd σ2p

z
 d{kd dh ÅtkZ π2p

x
 rFkk π2p

y
 vkf.od

d{kdksa ls vfèkd gksrh gSA

4-7-5 bysDVªkWuh foU;kl rFkk vkf.od O;ogkj
fofHkUu vkf.od d{kdksa esa bysDVªkWuksa dk forj.k ̂ bysDVªkWfud
foU;kl* dgykrk gSA bysDVªkWuksa dks d{kdksa dh ÅtkZ osQ c<+rs
gq, Øe esa Hkjk tkrk gSA

v.kq osQ bysDVªkWfud foU;kl ls v.kq osQ ckjs esa
egÙoiw.kZ lwpuk çkIr gks ldrh gS] tSlk vkxs foosfpr gSA
v.kqvksa dk LFkkf;Ro % ;fn vkcaèkh vkf.od d{kdksa esa
mifLFkr bysDVªkWuksa dh la[;k Nb rFkk çfrvkcaèku d{kdksa esa
la[;k N

a
 gks] rks

(i) v.kq LFkk;h gksxk] ;fn N
b
 > N

a
 gks

(ii) v.kq vLFkk;h gksxk] ;fn Na > Nb gks
(i) esa vkcaèku bysDVªkWuksa dh la[;k vfèkd gksus osQ dkj.k
vkcaèkh çHkko çcyre gksrk gS] ftlls ,d LFkk;h v.kq çkIr
gksrk gSA nwljh vksj (ii) esa çfr&vkcaèku çHkko çcy gksrk gS]
ftlosQ ifj.kkeLo:i v.kq vLFkk;h gksrk gSA

vkcaèk dksfV (Bond Order) %

vkcaèk dksfV dks vkcaèkh vkf.od d{kdksa ,oa çfr&
vkcaèkh vkf.od d{kdksa esa mifLFkr bysDVªkWuksa dh
la[;k osQ varj osQ vkèks osQ :i esa ifjHkkf"kr fd;k
tkrk gSµ

vkcaèk dksfV
1

( )
2

= −b aN N
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vkcaèk dksfV fdlh v.kq esa mifLFkr lgla;ksth
vkcaèkksa dh la[;k crkrh gSA ;fn N

b 
> N

a
 gks] rks vkcaèk

dksfV èkukRed gksxh rFkk v.kq LFkk;h gksxk vkSj ;fn vkcaèk
dksfV ½.kkRed (Nb < Na) ;k 'kwU; (Nb = Na) gks] rks v.kq
vLFkk;h gksxkA
vkcaèk dh çÑfr
tSlk crk;k x;k gS] vkcaèk&dksfV fdlh v.kq esa mifLFkr lgla;ksth
vkcaèkksa dh la[;k crkrh gSA mnkgj.kkFkZµ ;fn vkcaèk dksfV 1] 2
;k 3 gks] rks mlesa Øe'k% ,dy] f} vFkok f=k vkcaèk gksaxsA
vkcaèk&yackbZ
lkekU;r% fdlh v.kq esa nks ijek.kqvksa osQ chp vkcaèk dksfV
vkcaèk yackbZ dk ,d lfUudV eki gksrk gSaA vkcaèk yackbZ
vkcaèk&dksfV osQ O;qRØekuqih gksrh gSA tSls&tSls vkcaèk dksfV
c<+rh gS] oSls&oSls vkcaèk yackbZ ?kVrh tkrh gSA
paqcdh; LoHkko
;fn fdlh v.kq osQ lHkh vkf.od d{kd f}&iwfjr ;qfXer
gksa] rks inkFkZ çfrpaqcdh; (Diamagnetic) gksrk gSA ,sls v.kq
paqcdh; {ks=k esa çfrd£"kr gksrs gSa] ijarq ;fn fdlh v.kq osQ
,d ;k vfèkd vkf.od d{kdksa esa v;qfXer bysDVªkWu gksa] rks
og v.kq vuqpaqcdh; (Paramagnetic) gksrk gSA ,sls v.kq
pqacdh; {ks=k esa vkd£"kr gksrs gSaA

4-8 leukfHkdh; f}ijek.kqd v.kqvksa
esa vkcaèku

bl [kaM esa ge oqQN leukfHkdh; v.kqvksa esa vkcaèku dh
ppkZ djasxsA
1- gkbMªkstu v.kq (H

2
) % ;g gkbMªkstu osQ nks ijek.kqvksa osQ

la;kstu ls curk gSA çR;sd gkbMªkstu osQ 1s d{kd esa ,d
bysDVªkWu gksrk gSA vr% gkbMªkstu osQ v.kq esa oqQy nks bysDVªkWu
gksaxs] tks σ1s vkf.od d{kd esa mifLFkr gksaxsA gkbMªkstu
v.kq dk bysDVªkWfud foU;kl gksxkA

H
2
: (σ1s)

2

gkbMªkstu v.kq dh vkcaèk dksfV dks bl çdkj ifjdfyr
fd;k tk ldrk gSA

vkcaèk dksfV
2 0

1
2 2

− −
= = =b aN N

bldk vFkZ ;g gS fd gkbMªkstu v.kq esa gkbMªkstu osQ
nks ijek.kq ,d&nwljs ls ,dy lgla;ksth vkcaèk }kjk vkcafèkr
gksrs gSaA gkbMªkstu v.kq dh fo;kstu ÅtkZ 438 kJ mol

–1 ikbZ
xbZ gS rFkk vkcaèk yackbZ dk çk;ksfxd eku 74 pm gSA pw¡fd
gkbMªkstu v.kq esa dksbZ v;qfXer bysDVªkWu ugha gS] blfy, ;g
çfrpqacdh; gSA

2- ghfy;e v.kq (He2) % ghfy;e ijek.kq dk bysDVªkWfud
foU;kl 1s

2 gSA çR;sd ghfy;e ijek.kq esa nks bysDVªkWu gksrs
gSa] vFkkZr~ He

2
 v.kq esa oqQy pkj bysDVªkWu gksaxsA

;s bysDVªkWu σ1s rFkk σ1s vkf.od d{kdksa esa Hkjs
tk,¡xs rFkk He

2
 dk bysDVªkWfud foU;kl gksxkA

He2 : (σ1s)
2
 (σ∗1s)

2 rFkk
He

2
 dh vkcaèk dksfV = =

1
(2 – 2) 0

2
pw¡fd He

2
 osQ fy, vkcaèk dksfV 'kwU; gS] vr% ;g

v.kq vLFkk;h gksxk rFkk bldk vfLrRo ugha gksxk! blh çdkj
;g n'kkZ;k tk ldrk gS fd Be

2
 v.kq [(σ1s)

2
 (σ∗1s)

2

(σ2s)
2
 (σ∗2s)

2
]
 Hkh ugha cusxkA

3. yhfFk;e v.kq (Li2) % yhfFk;e dk bysDVªkWfud foU;kl
1s

2 
2s

1 gSA yhfFk;e osQ çR;sd ijek.kq esa rhu bysDVªkWfud
gksaxsA blfy, Li

2
 v.kq dk bysDVªkWfud foU;kl gksxkµ

2 2 2
2Li : ( 1 ) ( *1 ) ( 2 )σ σ σs s s

bl foU;kl dks KK (σ2s)
2 }kjk Hkh çnk£'kr fd;k

tkrk gS] tgk¡ KK, iw.kZ K dks'k jpuk ( )σ σ2 2( 1 ) ( *1 )s s

n'kkZrk gSA

Li
2
 v.kq osQ bysDVªkWfud foU;kl ls Li"V gS fd blesa

pkj bysDVªkWu vkcaèkh vkf.od d{kdksa esa rFkk nks bysDVªkWu
çfrvkcaèkh vkf.od d{kd esa mifLFkr gSaA vr% bldh
vkcaèk dkVh = =

1
(4 – 2) 1

2
 gksxhA bldk vfHkçk; ;g gS

fd Li2 v.kq LFkk;h gSA pw¡fd blesa dksbZ v;qfXer bysDVªkWu
ugh gS] blfy, ;g çfrpqacdh; gksxkA okLro esa ;g ik;k
x;k gS fd ok"i çkoLFkk esa Li

2
 v.kqvksa dk vfLrRo gksrk gS]

tks çfrpqacdh; gksrs gSaA

4. dkcZu v.kq (C2) : dkcZu dk bysDVªkWfud foU;kl
2 2 21 2 2s s p gSA (C2) osQ v.kq esa oqQy 12 bysDVªkWu gksaxsA

rFkk bldk bysDVªkWfud foU;kl gksxkA
σ σ σ σ π π=2 2 2 2 2 2

2C :( 1 ) ( *1 ) ( 2 ) ( * 2 ) ( 2P 2P )x ys s s s

vFkok σ σ π π=2 2 2 2KK ( 2 ) ( * 2 ) ( 2P 2P )x ys s

C
2 
dh vkcaèk dksfV = =

1
(8 – 2) 2

2
 rFkk

C2 dks çfrpqacdh; gksuk pkfg,! oLrqr% ok"i voLFkk
esa C2 çfrpqacdh; gS C2 osQ v.kqvksa esa nksuksa vkcaèk
ikbZ&vkcaèk gksrs gS] D;ksafd nks π.vkcaèku vkf.od d{kdksa esa
pkj bysDVªkWu mifLFkr gksrs gSaA vfèkdka'k vU; v.kqvksa esa
f}&vkcaèk] ,d flXek rFkk ,d ikbZ vkcaèk ls cuk gksrk gSA
leku :i ls N

2
 v.kq esa vkcaèku dks le>k;k tk ldrk gSA
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5.5.5.5.5. vkWDlhtu v.kq (O(O(O(O(O
22222
) : ) : ) : ) : ) : vkWDlhtu ijek.kq dk bysDVªkWfud

foU;kl 1s
2
 2s

2
 2p

4 gSA pw¡fd çR;sd vkWDlhtu ijek.kq esa
8 bysDVªkWu gksrs gSa] vkWDlhtu v.kq esa oqQy 16 bysDVªkWu gksaxsA
O

2
 v.kq dk bysDVªkWfud foU;kl gksxkµ

2 2 2 2 2
2O : 1 *1 2 *2 2 z( s) ( s) ( s) ( s) ( p )σ σ σ σ σ

( ) ( )π π π π≡ ≡
2 2 1 1

 2  2  * 2 * 2x y x yp p p p

vFkok

( ) ( )π π π π

 σ σ σ
 

≡ ≡  

2 2 2
z2

2 2 1 1
y x y

KK ( 2 ) ( * 2 ) ( 2 )O :

2 2 , * 2 * 2

s s p

p p p p
x

O
2
 osQ bysDVªkWfud foU;kl ls ;g Li"V gS fd blesa

10 bysDVªkWu vkcaèku vkf.od d{kdksa esa rFkk 6 bysDVªkWu
çfrvkcaèku vkf.od d{kdksa esa mifLFkr gksrs gSaA vr% bldh

vkcaèk&dksfV gksxhµ

vkcaèk&dksfV [ ]= = − =
1 1

(Nb – Na) 10 6 2
2 2

blfy, O
2
 osQ v.kq esa vkWDlhtu ijek.kq ,d f}&vkcaèk

}kjk tqM+s gksrs gSaA blosQ vkWDlhtu v.kq osQ π *2p
x
 rFkk π *2p

y

vkf.od d{kdksa esa ,d&,d v;qfXer bysDVªkWu mifLFkr gksrs
gSaA blosQ vuqlkj] vkWDlhtu v.kq dks vuqpqacdh; gksuk
pkfg,A ,slk çk;ksfxd rkSj ij ik;k Hkh x;k gSA bl
çdkj vkf.od d{kd fl¼kar vkWDlhtu osQ vuqpqacdh;
O;ogkj dh O;k[;k djus esa leFkZ gSA

blh çdkj vkorZ lkj.kh osQ f}rh; vkorZ osQ vU;
leukfHkdh; f}ijek.kqd v.kqvksa osQ bysDVªkWfud foU;kl
fy[ks tkdrs gSaA B

2
 ls Ne

2
 rd osQ v.kqvksa osQ fy, vkf.od

d{kd foU;kl rFkk vkf.od xq.k fp=k 4.21 esa fn, x, gSaA

fp=k 4-21 B
2
 ls Ne

2
 rd osQ fy, vkf.od d{kd rFkk vkf.od xq.k
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vkf.od d{kdksa dk Øe rFkk muesa bysDVªkWuksa dh la[;k
n'kkZbZ xbZ gSA vkcaèk&ÅtkZ] vkcaèk&dksfV] pqacdh;
xq.k rFkk la;ksth bysDVªkWu foU;kl d{kd vkjs[kksa osQ uhps
çnk£'kr gSaA

4-9 gkbMªkstu vkcaèku
ukbVªkstu] vkWDlhtu rFkk Ýyqvksjhuµ;s rhu vR;fèkd fo|qr~
½.kkRed rÙo tc ijek.kq lgla;kstd vkcaèk }kjk gkbMªkstu
ijek.kq ls tqM+s gksrs gSa] rc lgla;ksth vkcaèk osQ bysDVªkWu
vfèkd fo|qr~  ½.kkRed rÙo dh vksj LFkkukarfjr gks tkrs
gSaA iQyLo:i çkIr vkaf'kd èkukosf'kr gkbMªkstu ijek.kq
fdlh nwljs fo|qr~ ½.kkRed ijek.kq osQ lkFk ,d u;k vkcaèk
cukrk gSA bl vkcaèk dks ^gkbMªkstu vkcaèk* dgrs gSaA ;g
vkcaèk lgla;ksth vkcaèk ls nqcZy gksrk gSA mnkgj.kkFkZµ HF

esa ,d v.kq osQ gkbMªkstu ijek.kq rFkk nwljs v.kq osQ Ýyqvksjhu
ijek.kq osQ chp gkbMªkstu vkcaèk curk gSA bls bl çdkj
n'kkZ;k tk ldrk gSµ

δ+ δ− δ+ δ− δ+ δ−− − −.......H F .......H F .......H F

;gk¡ ij gkbMªkstu vkcaèk nks ijek.kqvksa osQ chp ,d lsrq
dk dk;Z djrk gS] tks ,d ijek.kq dks lgla;kstd vkcaèk
rFkk nwljs dks gkbMªkstu vkcaèk }kjk tksM+dj j[krk gSA
gkbMªkstu vkcaèk dks MkWVsM js[kk (-------) }kjk n'kkZrs gSa]
tcfd lgla;kstu vkcaèk dks Bksl js[kk (–) }kjk n'kkZrs gSaA
bl çdkj gkbMªkstu vkcaèk dks ml vkd"kZ.k cy osQ
:i esa ifjHkkf"kr fd;k tk ldrk gS] tks ,d v.kq osQ
gkbMªkstu ijek.kq dks nwljs v.kq osQ fo|qr~ ½.kkRed
ijek.kq (F,O ;k N) ls ckaèkrk gSA

4-9-1 gkbMªkstu vkcaèk cuus dk dkj.k

tc gkbMªkstu ijek.kq fdlh çcy fo|qr~ ½.kkRed rÙo 'X'

ls vkcafèkr gksrk gS] rks lgHkkftr bysDVªkWu ;qXe gkbMªkstu
ijek.kq ls nwj gks tkrk gSA ifj.kkeLo:i gkbMªkstu ijek.kq

nwljs ijek.kqvksa 'X' osQ lkis{k vR;fèkd fo|qr~ èkukRed gks
tkrk gSA pw¡fd bysDVªkWu 'X' ijek.kq dh vksj LFkkukarfjr gks
tkrs gSa] blfy, gkbMªkstu ijek.kq vkaf'kd èkukRed vkos'k
δ +( ) xzg.k djrk gS] tcfd X ijek.kq ij vkaf'kd ½.kkRed
vkos'k δ( –)vk tkrk gSA blls ,d f}èkzqoh v.kq çkIr gksrk gS]
ftlosQ chp fLFkj oS|qr cy gksrk gSA bls bl çdkj n'kkZ;k
tk ldrk gSµ

δ δ δ δ δ δ+ ++ – – –

H— X ......H— X ......H— X

gkbMªkstu vkcaèk dk ifjek.k ;kSfxd dh HkkSfrd voLFkk
ij fuHkZj djrk gSA Bksl voLFkk esa ;g vfèkdre gksrk gS rFkk
xSlh; voLFkk esa U;wureA bl rjg ls gkbMªkstu vkcaèk ;kSfxdksa
dh lajpuk rFkk xq.kèkeks± dks çcyrk ls çHkkfor djrs gSaA

4-9-2 gkbMªkstu vkcaèkksa osQ çdkj
gkbMªkstu vkcaèk nks çdkj osQ gksrs gSaµ
(i) varj&v.kqd gkbMªkstu vkcaèk
(ii) varjk&v.kqd gkbMªkstu vkcaèk
(i) varj&v.kqd gkbMªkstu vkcaèkµ ;s vkcaèk leku
vFkok fofHkUu ;kSfxdksa osQ nks vyx&vyx v.kqvksa osQ chp
curs gSaA mnkgj.kkFkZµ HF v.kq] ,YdksgkWy ;k ty osQ v.kqvksa
osQ chp gkbMªkstu vkcaèkA
(ii) varjk&v.kqd gkbMªkstu vkcaèkµ ;s vkcaèk ,d gh
v.kq esa mifLFkr gkbMªkstu ijek.kq rFkk vfèkd fo|qr~ ½.kkRed
ijek.kq (F,O,N) osQ chp curk gSA mnkgj.kkFkZµ o-ukbVªks
fiQukWy esa gkbMªkstu] tks vkWDlhtu osQ eè; jgrk gSA

fp=k 4.22  o-ukbVªksI +kQhukWy v.kq esa varj&v.kqd gkbMªkstu vkcaèk
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lkjka'k

bysDVªks èkuk;uksa rFkk bysDVªks ½.kk;uksa osQ fojpu dh fØ;kfofèk dks loZçFke dkWlsy us lacafèkr vk;u }kjk mRÑ"V xSl
foU;kl dh çkfIr osQ lkFk lacafèkr fd;kA vk;uksa osQ chp oS|qr vkd"kZ.k osQ dkj.k LFkkf;Ro mRiUu gksrk gS] tks oS|qr
la;kstdrk dk vkèkkkj gSA

ywbl us loZçFke lgla;ksth vkcaèku dh O;k[;k ijek.kqvksa }kjk bysDVªkWu ;qXe osQ lgHkktu osQ :i esa dhA bl
çfØ;k }kjk lacafèkr ijek.kq mRÑ"V xSl foU;kl çkIr djrs gSaA ywbl ¯cnq fpÉ fdlh rÙo osQ ijek.kq osQ la;kstdrk
bysDVªkWuksa dks n'kkZrs gSa rFkk ywbl ¯cnq lajpuk,¡¡ v.kqvksa esa vkcaèku dk fp=k.k djrh gSaA

vk;fud ;kSfxd èkuk;uksa rFkk ½.kk;uksa dh fuf'pr Øe esa f=kfoeh; O;oLFkk gksrh gS] ftls ̂ fØLVy tkyd* dgk
tkrk gSA fØLVyh; xSlksa esa èkuk;u ,oa ½.kk;u osQ eè; vkos'k larqfyr gksrk gSA fØLVy tkyd dk tkyd fojpu ,aFkSYih
}kjk fLFkjhdj.k gksrk gSA

nks ijek.kqvksa osQ chp ,dy lgla;ksth vkcaèk dk fojpu ,d&,d bysDVªkWu ;qXe osQ lgHkktu }kjk gksrk gS] tcfd
nks ;k rhu bysDVªkWu ;qXeksa osQ lgHkktu osQ iQyLo:i cgq vkcaèk fu£er gksrs gSaA oqQN vkcaèkh ijek.kqvksa ij ,sls bysDVªkWu
;qXe mifLFkr gksrs gSa] tks vkcaèku esa Hkkx ugha ysrsA ;s ^bysDVªkWuksa osQ ,dkdh ;qXe* dgykrs gSaA ywbl ¯cnq lajpuk
v.kq esa çR;sd ijek.kq ij vkcaèkh ;qXeksa rFkk ,dkdh ;qXeksa dks n'kkZrh gSA jklk;fud vkcaèkksa osQ oqQN çeq[k çkpy]
tSlsµvkcaèk ,aFkSYih] vkcaèk dksfV fo|qr~ ½.kkReDrk rFkk vkcaèk /zqo.krk ;kSfxdksa osQ xq.kksa dks çHkkfor djrs
gSaA

cgqr ls v.kqvksa rFkk cgqijek.kqd vk;uksa dks ek=k ,d ywbl lajpuk }kjk çn£'kr ugha fd;k tk ldrk gSA ,slh
Lih'kh”k osQ fy, vusd lajpuk,¡¡ fy[kh tkrh gSa] ftuosQ <k¡ps dh lajpuk leku gksrh gSA ;s lHkh lajpuk,¡¡ lfEefyr :i esa
v.kq ;k vk;u dh okLrfod lajpuk çn£'kr djrh gSaA ;g ,d egÙoiw.kZ rFkk vfr mi;ksxh voèkkj.kk gS] ftls ̂vuqukn*
dgk tkrk gSA ;ksxnku nsus okyh fofgr lajpukvksa dk vuqukn ladj v.kq ;k vk;u dh okLrfod lajpuk çn£'kr djrk gSA

oh- ,l- bZ- ih- vkj- ekWMy dk mi;ksx v.kqvksa dh T;kferh; vkÑfr;ksa osQ iwokZuqeku osQ fy, fd;k tkrk gSA ;g
ekWMy bl dYiuk ij vkèkkfjr gS fd v.kq esa bysDVªkWu ;qXe ,d&nwljs dks çfrd£"kr djrs gSaA bl ekWMy osQ vuqlkj]
vkf.od T;kfefr ,dkdh ;qXe&,dkdh ;qXe] ,dkdh ;qXe&vkcaèkh ;qXe rFkk vkcaèkh ;qXe&vkcaèkh ;qXe çfrd"kZ.kksa ij
fuHkZj djrh gSaA bu çfrd"kZ.k cyksa dk Øe bl çdkj gSµ lp-lp > lp-bp > bp-bp

lgla;ksth vkcaèku dk lgla;kstdrk vkcaèk fl¼kar lgla;ksth vkcaèk cuus osQ ÅtkZ&foKku ij vkèkkfjr gS]
ftlij ywbl rFkk oh- ,l- bZ- ih- vkj- ekWMy çdk'k ugha MkyrsA ewyr% VB fl¼kar d{kdksa osQ vfrO;kiu ij vkèkkfjr
gSA mnkgj.kLo:iµH

2
 v.kq dk fojpu nks gkbMªkstu ijek.kqvksa osQ ,d bysDVªkWu okys 1s d{kdksa osQ vfrO;kiu osQ

iQyLo:i gksrk gSA nks gkbMªkstu ijek.kq tSls&tSls fudV vkrs gSa] oSls&oSls fudk; dh fLFkfrt ÅtkZ de gksrh tkrh gSA
lkE; varukZfHkdh; nwjh (vkcaèk yackbZ) ij fudk; dh ÅtkZ U;wure gksrh gSA ukfHkdksa dks vkSj lehi ykus ij fudk;
dh ÅtkZ rsth ls c<+rh gS] vFkkZr~ v.kq dk LFkkf;Ro de gks tkrk gSA d{kd vfrO;kiu osQ dkj.k nksuksa ukfHkdksa osQ chp
bysDVªkWu ?kuRo c<+ tkrk gS] ftlosQ dkj.k ukfHkd vkil esa ikl&ikl vk tkrs gSaA ijarq ;g ik;k x;k gS fd osQoy
vfrO;kiu osQ vkèkkj ij vkcaèk ,aFkSYih rFkk vkcaèk yackb;ksa osQ okLrfod eku çkIr ugha gksrs gSaA blosQ fy, oqQN vU;
dkjdksa ij Hkh fopkj djuk vko';d gSA

cgqijek.kqd v.kqvksa dh fof'k"V vkÑfr;ksa dks Li"V djus osQ fy, ikW¯yx us ijek.kq d{kdksa osQ ladj.k dh
voèkkj.kk dks izLrqr fd;kA Be, B, C, N rFkk O osQ ijek.kq d{kdksa osQ sp, sp

2, sp
3 ladjksa osQ vkèkkj ij BeCl

2
, BCl

3
,

CH
4
, NH

3
 rFkk H

2
O vkfn v.kqvksa dk fojpu rFkk mudh T;kferh; vkÑfr;k¡ Li"V dh tk ldrh gSaA blosQ vkèkkj

ij C
2
H

2
 rFkk C

2
H

4
 vkfn v.kqvksa esa cgq&vkcaèkksa dk fuHkkZ.k Hkh Li"V fd;k tk ldrk gSA

vkf.od d{kd fl¼kar ijek.kq d{kdksa osQ la;ksx ,oa O;oLFkk ls laiw.kZ v.kq ls lac¼ vkf.od d{kdksa osQ cuus
osQ :i esa vkcaèku dk o.kZu djrk gSA vkf.od d{kdksa dh la[;k la;ksx djusokys ijek.kq d{kdksa dh la[;k osQ cjkcj
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gksrh gSA vkcaèkh vkf.od d{kd ukfHkdksa osQ eè; bysDVªkWu ?kuRo c<+k nsrs gSa rFkk budh ÅtkZ O;fDrxr ijek.kq d{kdksa
dh ÅtkZ ls de gksrh gSA çfrvkcaèkh vkf.od d{kd esa ukfHkdksa osQ eè; 'kwU; bysDVªkWu ?kuRo gksrk gSA bu d{kdksa dh
ÅtkZ O;kfDrxr ijek.kq d{kdksa dh vis{kk mPp gksrh gSA

v.kqvksa dk bysDVªkWu foU;kl vkf.od d{kdksa esa bysDVªkWuksa dks ÅtkZ osQ c<+rs Øe esa Hkjrs gq, fy[kk tkrk gSA
ijek.kqvksa dh rjg ;gk¡ Hkh ikWmyh viotZu fu;e rFkk gqaM osQ fu;e ykxw gksrs gSaA ;fn v.kq osQ vkcaèkh vkf.od d{kdksa
esa bysDVªkWuksa dh la[;k çfr&vkcaèkh vkf.od d{kdksa esa mifLFkr bysDVªkWuksa dh la[;k ls vfèkd gksrh gS] rks v.kq LFkk;h
gksrk gSA

tc ,d gkbMªkstu ijek.kq nks vR;ar fo|qr~ ½.kkRed ijek.kqvksa (F, N, O) osQ chp gksrk gS] rks mlesa gkbMªkstu vkcaèk
cukrk gSA ;g varj&v.kqd (leku ;k fHkUu v.kqvksa osQ vyx&vyx v.kqvksa osQ chp) ;k varjk&v.kqd (,d v.kq esa gh) çdkj
dk gks ldrk gSA gkbMªkstu vkcaèk dbZ ;kSfxdksa dh lajpukvksa rFkk xq.kèkeks± ij çcydkjh çHkko Mkyrs gSaA

vH;kl

4-1 jklk;fud vkcaèk osQ cuus dh O;k[;k dhft,A

4-2 fuEufyf[kr rÙoksa osQ ijek.kqvksa osQ ywbl ¯cnq çrhd fyf[k,µ

Mg, Na, B, O, N, Br.

4-3 fuEufyf[kr ijek.kqvksa rFkk vk;uksa osQ ywbl ¯cnq çrhd fyf[k,A

S vkSj S2–, Al rFkk Al3+, H vkSj H–

4-4 fuEufyf[kr v.kqvksa rFkk vk;uksa dh ywbl lajpuk,¡ fyf[k,µ

H
2
S, SiCl

4
, BeF

2
, 2

3CO − , HCOOH

4-5 v"Vd fu;e dks ifjHkkf"kr dhft, rFkk bl fu;e osQ egÙo vkSj lhekvksa dks fyf[k,A

4-6 vk;fud vkcaèk cukus osQ fy, vuqowQy dkjdksa dks fyf[k,A

4-7 fuEufyf[kr v.kqvksa dh vkÑfr dh O;k[;k oh- ,l- bZ- ih- vkj- fl¼kar osQ vuq:i dhft,µ

BeCl
2
, BCl

3
, SiCl

4
, AsF

5
, H

2
S, PH

3

4-8 ;|fi NH
3
 rFkk H

2
O nksuksa v.kqvksa dh T;kfefr foòQr prq"iQydh; gksrh gS] rFkkfi ty esa vkcaèk

dks.k veksfu;k dh vis{kk de gksrk gSA foospuk dhft,A

4-9 vkcaèk çcyrk dks vkcaèk&dksfV osQ :i esa vki fdl çdkj O;Dr djsaxs\

4-10 vkcaèk yackbZ dh ifjHkk"kk nhft,A

4-11 2–
3CO  vk;u osQ lanHkZ esa vuqukn osQ fofHkUu igyqvksa dks Li"V dhft,A

4-12 uhps nh xbZ lajpukvksa (1 rFkk 2) }kjk H
3
PO

3
 dks çn£'kr fd;k tk ldrk gSA D;k ;s nks lajpuk,¡¡

H
3
PO

3
 osQ vuqukn ladj osQ fofgr (osQukWuhdy) :i ekus tk ldrs gS\ ;fn ugha] rks mldk dkj.k

crkb,A
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4-13 SO
3
, NO

2
 rFkk –

3NO  dh vuqukn&lajpuk,¡¡ fyf[k,A

4-14 fuEufyf[kr ijek.kqvksa ls bysDVªkWu LFkkukarj.k }kjk èkuk;uksa rFkk ½.kk;uksa esa fojpu dks
ywbl ¯cnq&çrhdksa dh lgk;rk ls n'kkZb,µ
(d) K rFkk S ([k) Ca rFkk O (x) Al rFkk N

4-15 gkyk¡fd CO
2
 rFkk H

2
O nksuksa f=kijek.kqd v.kq gSa] ijarq H

2
O v.kq dh vkÑfr cafdr gksrh gS]

tcfd CO
2
 dh jSf[kd vkÑfr gksrh gSA f}/zqo vk?kw.kZ osQ vkèkkj ij bldh O;k[;k dhft,A

4-16 f}?kzqo vk/w.kZ osQ egÙoiw.kZ vuqç;ksx crk,¡A

4-17 fo|qr&½.kkRedrk dks ifjHkkf"kr dhft,A ;g bysDVªkWu caèkqrk ls fdl çdkj fHkUu gS\

4-18 /wzoh; lgla;ksth vkcaèk ls vki D;k le>rs gSa\ mnkgj.klfgr O;k[;k dhft,A

4-19 fuEufyf[kr v.kqvksa dks vkcaèkksa dh c<+rh vk;fud çÑfr osQ Øe esa fyf[k,µ

LiF, K
2
O, N

2
, SO

2
, rFkk ClF

3

4-20 CH
3
COOH dh uhps nh xbZ <k¡pk&lajpuk lgh gS] ijarq oqQN vkcaèk =kqfViw.kZ n'kkZ, x, gSA ,sflfVd

vEy dh lgh ywbl&lajpuk fyf[k,µ

4-21 prq"iQydh; T;kfefr osQ vykok CH
4
 v.kq dh ,d vkSj laHko T;kfefr oxZ&leryh gS] ftlesa

gkbMªkstu osQ pkj ijek.kq ,d oxZ osQ pkj dksuksa ij gksrs gSA O;k[;k dhft, fd CH
4
 dh v.kq

oxZ&leryh ugha gksrk gSA

4-22 ;|fi Be–H vkcaèk èkzqoh; gS] rFkkfi  BeH
2
 v.kq dk f}èkzqo vk?kw.kZ 'kwU; gSA Li"V dhft,A

4-23 NH
3
 rFkk NF

3
 esa fdl v.kq dk f}/qzo&vk?kw.kZ vfèkd gS vkSj D;ksa\

4-24 ijek.kq&d{kdksa osQ ladj.k ls vki D;k le>rs gSaA sp, sp2 rFkk sp3 ladj d{kdksa dh vkÑfr
dk o.kZu dhft,A

4-25 fuEufyf[kr vfHkfØ;k esa Al ijek.kq dh ladj.k voLFkk esa ifjorZu (;fn gksrk gS] rks) dks
le>kb,µ

− −→3 4AlCl + Cl AlCl

4-26 D;k fuEufyf[kr vfHkfØ;k osQ iQyLo:i B rFkk N ijek.kqvksa dh ladj.k&voLFkk esa ifjorZu
gksrk gS\

→3 3 3 3BF + NH F B.NH

4-27 C
2
H

4
 rFkk C

2
H

2
 v.kqvksa esa dkcZu ijek.kqvksa osQ chp Øe'k% f}&vkcaèk rFkk f=k&vkcaèk osQ fuekZ.k

dks fp=k }kjk Li"V dhft,A

4-28 fuEufyf[kr v.kqvksa esa flXek σ( ) rFkk ikbZ π( )  vkcaèkksa dh oqQy la[;k fdruh gS\

(d) C
2
H

2
 ([k) C

2
H

4

4-29 x-v{k dks varukZfHkdh; v{k ekurs gq, crkb, fd fuEufyf[kr esa dkSu ls d{kd flXek σ( )

vkcaèk ugha cuk,¡xs vkSj D;ksa\

(d) 1s rFkk 1s ([k) 1s rFkk 2p
x
 (x) 2p

y
 rFkk 2p

y
 (y) 1s rFkk 2s
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4-30 fuEufyf[kr v.kqvksa esa dkcZu ijek.kq dkSu ls ladj d{kd ç;qDr djrs gSa\

(d) CH
3
–CH

3
 ([k) CH

3
–CH

 
= CH

2

(x) CH
3
–CH

2
–OH (?k) CH

3
CHO

(M+) CH
3
COOH

4-31 bysDVªkWuksa osQ vkcaèkh ;qXe rFkk ,dkadh ;qXe ls vki D;k le>rs gSa\ çR;sd osQ ,d mnkgj.k }kjk
Li"V dhft,A

4-32 flXek rFkk ikbZ vkcaèk esa varj Li"V dhft,A

4-33 la;kstdrk vkcaèk fl¼kar osQ vkèkkj ij H
2
 v.kq osQ fojpu dh O;k[;k dhft,A

4-34 ijek.kq d{kdksa osQ jSf[kd la;ksx ls vkf.od d{kd cuus osQ fy, vko';d 'krks± dksa fy[ksaA

4-35 vkf.od d{kd fl¼kar osQ vkèkkj ij le>kb, fd Be
2
 v.kq dk vfLrRo D;ksa ugha gksrkA

4-36 fuEufyf[kr Lih'kh”k osQ vkisf{kd LFkkf;Ro dh rqyuk dhft, rFkk muosQ pqacdh; xq.k bafxr

dhft,µ + –
2 2 2O , O , O  (lqij vkWDlkbM) rFkk 2–

2O  (ijvkWDlkbM)

4-37 d{kdksa osQ fu:i.k esa mi;qDr èku ($) rFkk ½.kk (&) fpÉksa dk D;k egÙo gksrk gS\

4-38 PCl
5
 v.kq esa ladj.k dk o.kZu dhft,A blesa v{kh; vkcaèk fo"kqorh; vkcaèkksa dh vis{kk vfèkd

yacs D;ksa gksrs gSa\

4-39 gkbMªkstu vkcaèk dh ifjHkk"kk nhft,A ;g okUMjokYl cyksa dh vis{kk çcy gksrs gS ;k nqcZy\

4-40 ^vkcaèk dksfV* ls vki D;k le>rs gSa\ fuEufyf[kr esa vkcaèk&dksfV dk ifjdyu dhft,µ
+

2 2 2N , O , O  rFkk –
2O
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,dd 5

bl ,dd osQ vè;;u osQ ckn vkiµ
• fudk; ,oa ifjos'k inkssa dks le>k losaQxs_
• can] [kqyk ,oa fo;qDr fudk; esa varj dj

losaQxs_
• vkarfjd ÅtkZ] dk;Z ,oa Å"ek dks le>k

losaQxs_
• Å"ekxfrdh osQ çFke fu;e dks O;Dr dj

losaQxs ,oa bldk xf.krh; :i fy[k losaQxs_
• jklk;fud fudk;ksa esa ÅtkZ&ifjorZu dks

dk;Z ,oa Å"ek osQ ;ksxnku osQ :i esa
ifjdfyr dj losaQxs_

• voLFkk&iQyu U, H dks le> losaQxs_
• ∆U ,oa ∆H esa lacaèk LFkkfir dj losaQsxs_
• ∆U ,oa ∆H dk çk;ksfxd ekiu dj

losaQxs_
• ∆H osQ fy, ekud voLFkk dks ifjHkkf"kr

dj losaQxs_
• fofHkUu çdkj dh vfHkfØ;kvksa osQ fy,

,UFkSYih ifjorZu dh x.kuk dj losaQxsA
• gsl osQ fLFkj&Å"ek ladyu fu;e dks

O;Dr vkSj vuqç;ksx dj losaQxs_
• foLrh.kZ ,oa xgu xq.kksa esa varj dj losaQxs_
• Lor% rFkk vLor% ço£rr çØeksa dks

ifjHkkf"kr dj losaQxs_
• ,UVªkih dks Å"ekxfrdh voLFkk&iQyu osQ

:i esa ifjHkkf"kr vkSj bldk vuqç;ksx dj
losaQxs_

• eqDr&ÅtkZ ifjorZu (∆G) dks le> losaQxs_
• Lor%ço£rrk vkSj ∆G rFkk ∆G vkSj lkE;

fLFkjkad esa lacaèk LFkkfir dj losaQxsA

Å"ekxfrdh
THERMODYNAMICS

;g lkoZf=kd varoZLrq dk osQoy HkkSfrd fl¼kar gS] ftlosQ fy, eSa larq"V g¡w
fd blosQ ekSfyd fl¼karksa dks mudh mi;qDrrk osQ çkèkkj esa dHkh udkjk ugha
tk ldrk gSA

vYcVZ vkbULVhu

tc b±èku tSls esFksu xSl] jlksbZ xSl ;k dks;yk gok esa tyrs gSa] rks jklk;fud

vfHkfØ;k osQ nkSjku v.kqvksa esa laxzghr jklk;fud ÅtkZ Å"ek osQ :i esa

fueqZDr gksrh gSA tc ,d batu esa b±èku tyrk gS] rc jklk;fud ÅtkZ ;kaf=kd

dk;Z djus esa ç;qDr gks ldrh gS ;k xSYouh lsy ('kq"d lsy) fo|qr~ ÅtkZ

çnku djrh gSA bl çdkj ÅtkZ osQ fofHkUu :i fo'ks"k ifjfLFkr;ksa esa ,d&

nwljs ls ijLij lacafèkr gksrs gSa ,oa ,d :i ls nwljs :i esa cnys tk ldrs

gSaA bu ÅtkZ&:ikarj.kksa dk vè;;u gh Å"ekxfrdh dh fo"k;&oLrq gSA

Å"ekxfrdh osQ fu;e LFkwy fudk;ksa] ftuesa cgqr&ls v.kq gksrs gSa] ls lacafèkr

gksrs gSa] u fd lw{e fudk;ksa ls] ftuesa cgqr de v.kq gksrs gSaA Å"ekxfrdh

bl ckr ls lacafèkr ugha gS fd ;s ifjorZu oSQls ,oa fdl nj ls dk;kZfUor

gksrs gSaA ;g ifjorZudkjh fudk; dh çkjafHkd ,oa vfUre voLFkk ls lacafèkr

gSaA Å"ekxfrdh osQ fu;e rHkh ykxw gksrs gSa] tc fudk; lkE;koLFkk esa gksrk

gS ;k ,d lkE;koLFkk ls nwljh lkE;koLFkk esaa tkrk gSA fdlh fudk; osQ LFkwy

xq.k (tSlsµ nkc ,oa rki) lkE;koLFkk esa le; osQ lkFk ifjo£rr ugha gksrs

gSaA bl ,dd esa ge Å"ekxfrdh osQ ekè;e ls oqQN egRoiw.kZ ç'uksa osQ mÙkj

nsus dk ç;kl djsaxsA tSlsµ

,d jklk;fud vfHkfØ;k@çØe esa ge ÅtkZ&ifjoZru oSQls fuèkkZfjr

djrs gSa \ ;g ifjorZu gksxk vFkok ugha\ ,d jklk;fud vfHkfØ;k@çØe

oSQls çsfjr gksrk gS\ jklk;fud vfHkfØ;k fdl lhek rd pyrh gS\

mís';
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5-1 Å"ekxfrdh osQ rduhdh 'kCn
gekjh mRlqdrk jklk;fud vfHkfØ;kvksa ,oa muesa gksusokys
ÅtkZ&ifjorZuksa dks tkuus dh gksrh gS blosQ fy, gesa
m"ekxfrdh esa iz;qDr gksus okys oqQN rduhdh 'kCnksa dks
tkuuk gksxk budk o.kZu uhps fn;k x;k gSµ

5-1-1 fudk; ,oa ifjos'k

Å"ekxfrdh esa fudk; dk vFkZ czãkaM osQ ml Hkkx ls gS]
ftlij isz{k.k fd, tkrs gSa rFkk bldk 'ks"k Hkkx ^ifjos'k*
dgykrk gSA ifjos'k esa fudk; dks NksM+dj lc oqQN lfEefyr
gSA fudk; ,oa ifjos'kµ nksuksa feydj czãkaM curk gSA
fudk; + ifjos'k = czãkaM

fudk; ls vfrfjDr laiw.kZ czãkaM fudk; esa gksusokys
ifjorZuksa ls çHkkfor ugha gksrk gSA blhfy, çk;ksfxd dk;k±s osQ
fy, czãkaM dk ogh Hkkx] tks fudk; ls var£Ø;k djrk gS]
ifjos'k osQ :i esa fy;k tkrk gSA

lkekU;r% lef"V dk og {ks=k] tks fudk; osQ vklikl
gksrk gS] ifjos'k osQ varxZr fy;k tkrk gSA

mnkgj.k osQ fy,µ ;fn ge ,d chdj esa mifLFkr nks
inkFkks± A ,oa B dh vfHkfØ;k dk vè;;u dj jgs gksa] rks
chdj (ftlesa vfHkfØ;k&feJ.k gS) fudk;* gksxk ,oa dejk
(ftlesa chdj gS) ifjos'k dk dk;Z djsxk (fp=k 5-1)A

fp=k 5-1 % ifjos'k ,oa fudk;

è;ku jgs fd fudk; HkkSfrd lhekvksa (tSlsµchdj ;k
ij[kuyh) ls ifjHkkf"kr fd;k tk ldrk gS ;k lef"V esa ,d
fuf'pr vk;ru osQ dkrhZ; funsZ'kkadksa (Cartesian coordi-

nates) osQ leqPp; (set) ls ifjHkkf"kr fd;k tk ldrk gSA
;g vko';d gS fd fudk; dks okLrfod ;k dkYifud
nhokj ;k lhek osQ }kjk ifjos'k ls i`Fko~Q lkspk tk,A og

nhokj] tks fudk; ,oa ifjos'k dks i`Fko~Q djrh gS] ̂ ifjlhek*
(Boundary) dgykrh gSA ifjlhek }kjk ge fudk; osQ
vanj vkSj ckgj æO; rFkk ÅtkZ osQ lapj.k dks fu;af=kr ,oa
çsf{kr dj ldrs gSaA

5-1-2 fudk; osQ çdkj
vc ge æO; ,oa ÅtkZ osQ lapj.k osQ vkèkkj ij fudk; dks
oxhZÑr djrs gSaµ

1- [kqyk fudk; (Open System)

,d [kqys fudk; esa ÅtkZ ,oa æO;µnksuksa dk fudk; ,oa
ifjos'k osQ eè; fofue; (Exchange) gks ldrk gSA
mnkgj.kkFkZµvfHkdkjd ,d [kqys chdj esa fy;s tk,¡A

2- can fudk; (Closed system)

can fudk; esa fudk; ,oa ifjos'k osQ eè; æO; dk fofue;
laHko ugha gS] ijarq ÅtkZ dk fofue; gks ldrk gSA tSlsµ
vfHkdkjd can chdj esa fy;s tk,¡A

3- foyfxr fudk; (Isolated system)

,d foyfxr fudk; esa fudk; ,oa ifjos'k osQ eè; æO; ,oa
ÅtkZµ nksuksa dk gh fofue; laHko ugha gksrk gSA mnkgj.kkFkZµ
vfHkdkjd ,d FkeZl ÝykLd esa fy;s tk,¡A fp=k 5-2 esa
fofHkUu çdkj osQ fudk; n'kZk, x, gSaA

fp=k 5-2 % [kqyk] can ,oa foyfxr fudk;

ifjos'k

ifjos'k

* ;fn ge osQoy vfHkfØ;k feJ.k dks fudk; ekusa] rks chdj dh nhokj ifjos'k dk dk;Z djsxhA
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5-1-3 fudk; dh voLFkk

fdlh Hkh Å"ekxfrdh fudk; dk o.kZu oqQN xq.kksa] tSlsµ
nkc (p)] vk;ru (V)] rki (T) ,oa fudk; osQ la?kVu
(Composition) dks fu£n"V (Specify) djosQ fd;k tkrk
gSA gesa fudk; dks o£.kr djus osQ fy, bu xq.kksa dks ifjorZu
ls iwoZ ,oa i'pkr~ fu£n"V djuk iM+rk gSA vkius HkkSfrd
'kkL=k esa i<+k gksxk fd ;kaf=kdh esa fdlh fudk; dh {kf.kd
voLFkk dh O;k[;k fudk; osQ lHkh æO;&¯cnqvksa osQ ml
{k.k ij fLFkfr ,oa osx osQ vkèkkj ij dh tkrh gSA Å"ekxfrdh
esa voLFkk dk ,d vyx ,oa ljy :i çLrkfor fd;k x;k
gSA blls çR;sd d.k dh xfr osQ foLr̀r Kku dh vko';drk
ugha gS] D;kasfd ;gk¡ ge fudk; osQ vkSlr ekiu ;ksX; xq.kksa
dk ç;ksx djrs gSa ge fudk; dh voLFkk dks ̂voLFkk&iQyuksa*
;k ^voLFkk&pjksa* osQ }kjk O;Dr djrs gSaA

Å"ekxfrdh; esa fudk; dh voLFkk dk o.kZu mlosQ
ekiu;ksX; vFkok LFkwy xq.kksa osQ }kjk fd;k tkrk gSA ge ,d
xSl dh voLFkk dk mlosQ nkc (p), vk;ru (V), rki (T),

ek=kk (n) vkfn ls o.kZu dj ldrs gSaA p, V, T  dks voLFkk pj
vFkok iQyu dgrs gSa] D;ksafd budk eku fudk; dh voLFkk
ij fuHkZj djrk gS] u fd bldks çkIr djus osQ rjhosQ ijA fdlh
fudk; dh voLFkk dks iw.kZ :i ls ifjHkkf"kr djus osQ fy,
fudk; osQ lHkh xq.kksa dk o.kZu djus dh vko';drk ugha gksrh]
D;ksafd oqQN xq.k gh Lora=k :i esa ifjo£rr gks ldrs gSaA bu
xq.kksa dh la[;k fudk; dh çÑfr ij fuHkZj djrh gSA ,d ckj
de ls de la[;k esa bu LFkwy xq.kksa dks r; dj fn;k tk,] rks
ckdh lkjs xq.kksa dk eku Lor% fuf'pr gks tkrk gSA

5-1-4 vkarfjd ÅtkZ % ,d voLFkk&iQyu

tc ge mu jklk;fud fudk;ksa dh ppkZ djrs gSa] ftuesa ÅtkZ
dk fudkl ;k ços'k gksrk gS] rc gesa ,d ,sls xq.k dh
vko';drk gksrh gS] tks fudk; dh mQTkkZ dk çfrfufèkRo
djrk gksA ;g ÅtkZ jklk;fud] oS|qr ;k ;kaf=kd mQTkkZ gks
ldrh gSA bu lcdk ;ksx gh fudk; dh mQTkkZ gksrh gSA
mQ"ekxfrdh esa bls vkarfjd mQTkkZ U dgrs gSaA ;g ifjo£rr
gksrh gS] tcfd

• Å"ek dk fudk; esa ços'k ;k fudkl gksrk gks]
• fudk; ij ;k fudk; }kjk dk;Z fd;k x;k gks]
• fudk; esa æO; dk ços'k ;k fudkl gksrk gksA

(d) dk;Z
lcls igys ge dk;Z djus ij fudk; dh vkarfjd mQtkZ esa
gksus okys ifjorZu dh tk¡p djsaxsA ge ,d ,slk fudk; ysrs
gSa] ftlesa ,d FkeZl ÝykLd ;k mQ"ekjksèkh chdj esa ty dh
oqQN ek=kk gSA blesa fudk; ,oa ifjos'k osQ eè; mQ"ek dk
çokg ugha gS] ,sls fudk; dks ge #¼ks"e (Adiabatic)

fudk; dgrs gSaA ,sls fudk; esa voLFkk&ifjorZu dks
#¼ks"e çØe dgrs gSaA blesa fudk; ,oa ifjos'k osQ eè;
dksbZ mQ"ek&fofue; ugha gksrhA ;gk¡ ij fudk; ,oa ifjos'k
dks i`Fko~Q djusokyh nhokj ^#¼ks"e nhokj* dgykrh gS
(fp=k 5-3)A

fp=k 5-3% ,d #¼ks"e fudk;] ftlesa ifjlhek ls mQ"ek&fofue;
laHko ugha gSA

vc ge fudk; ij oqQN dk;Z djosQ bldh vkarfjd
mQtkZ esa ifjorZu djrs gSaA ekuk fd fudk; dh çkajfHkd
voLFkk A gS ,oa bldk rki T

A
 rFkk vkarfjd mQtkZ U

A
 gSA

fudk; dh voLFkk dks nks çdkj ls ifjo£rr dj ldrs gSaµ
çFke çdkjµekuk fd NksVs iSMy ls ty dks eFkdj ge
1kJ dk;Z djrs gSa] ftlls fudk; dh ubZ voLFkk ekuk B
,oa mldk rki T

B
 gks tkrk gSA ;g ns[kk x;k fd T

B 
> T

A

vr% rki esa ifjorZu ∆T = T
B
–T

A
 A ekuk voLFkk B esa

vkarfjd mQtkZ U
B
 gS] rks vkarfjd mQtkZ esa ifjorZu]

∆U= U
B
–U

A

f}rh; çdkjµvc ge ty esa ,d fueTtu NM+
(Immersion Rod) Mkydj mruk gh oS|qr dk;Z (1kJ)

djrs gSa ,oa fudk; esa rki&ifjorZu uksV djrs gSaA ge ns[krs
gSa fd rki&ifjroZu iwoZ osQ leku T

B
–T

A
 gh jgrk gSA

;FkkFkZ esa mijksDr ç;ksx ts-ih- twy }kjk lu~ 1845 osQ
vklikl fd;k x;k FkkA mUgksaus ik;k fd fudk; ij fd;k
x;k fuf'pr dk;Z fudk; dh voLFkk esa leku ifjorZu ykrk

ifjos'k
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gS] pkgs dk;Z fdlh Hkh çdkj (çØe) }kjk fd;k tk,] tSlk
;gk¡ ij rki osQ ifjorZu }kjk ns[kk x;k gSA

vr% ;g mi;qDr fn[krk gS fd ,d ,slh jkf'k]
vkarfjd mQtkZ U, dks ifjHkkf"kr fd;k tk,] ftldk eku
fudk; dh voLFkk dk vfHkyk{kf.kd gks] tgk¡ #¼ks"e çØe
esa fd;k x;k dk;Z w

ad
 nks voLFkkvksa esa U ifjorZu osQ rqY;]

vFkkZr~ ∆U = U
2 
– U

1 
= w

ad 
gSA

vr% fudk; dh vkarfjd mQtkZ ,d voLFkk&iQyu gSA

jklk;fud mQ"ekxfrdh esa IUPAC ijaijk osQ vuqlkj
èkukRed fpÉ* crkrk gS fd dk;Z w

ad
 fudk; ij fd;k x;k

gS rFkk fudk; dh vkarfjd mQtkZ c<+ tkrh gSA blh çdkj  ls
;fn fudk; }kjk dk;Z fd;k tk,] rks w

ad
 Í.kkRed gksxk

D;ksafd fudk; dh vkarfjd mQtkZ de gks tkrh gSA
D;k vki fdUgha vU; ifjfpr voLFkk&iQyuksa osQ uke

crk ldrs gSa\ V, p ,oa T oqQN vU; ifjfpr voLFkk&iQyu
gSaA mnkgj.k osQ fy,µ ;fn ge fdlh fudk; osQ rki esa
25°C ls 35°C rd ifjorZu djsa] rks rki&ifjorZu 35°C–

25°C = +10°C gksxkA pkgs ge lhèks gh 35°C rd tk,¡ ;k
fudk; dks igys oqQN va'kksa (Degree) rd BaMk djsa vkSj
fiQj fudk; dks vafre rki (35°C) rd ys tk,¡A bl çdkj
T ,d voLFkk&iQyu gSA rki esa ifjorZu iFk ij fuHkZj ugha
djrk gSA ,d rkykc esa ikuh dk vk;ru ,d voLFkk&iQyu
gS] D;ksafd blosQ ty osQ vk;ru esa ifjorZu bl ckr ij
fuHkZj ugha djrk gS fd rkykc oSQls Hkjk x;k gSµ ckfj'k }kjk]
uyowQi }kjk ;k nksuksa }kjkA

([k) mQ"ek

ge fcuk dk;Z fd, Hkh ifjos'k ls mQ"ek ysdj ;k ifjos'k dks
mQ"ek nsdj ,d fudk; dh vkarfjd mQtkZ esa ifjorZu dj
ldrs gSaA ;g mQtkZ&fofue;] tks rkikarj dk ifj.kke gS] mQ"ek
q dgykrk gSA vc ge leku rkikarj ykus osQ fy, ¹iwoZ esa
[kaM 5-14 (d) esa crk, vuqlkj ogh çkjafHkd ,oa vafre
rkiº tks :¼ks"e nhokjksa dh vis{kk Å"eh; pkyd nhokjksa
(fp=k 5-4) }kjk Å"ek osQ pkyu ls gksrk gS] ij fopkj djsaxsA

ekuk fd rk¡cs dk ,d ik=k (ftldh nhokjsa mQ"eh;
pkyd gSa) esa T

A
 rki ij ty fy;k x;k gSA bls ,d

cM+s oaqQM] ftldk rki T
B
 gSA esa j[krs gSaA fudk; (ty)

}kjk vo'kksf"kr mQ"ek q dks rki&ifjorZu T
B
–T

A
 }kjk

ekik tk ldrk gSA ;gk¡ ij Hkh vkarfjd mQtkZ esa ifjorZu]
∆U = q gS] tcfd fLFkj vk;ru ij dksbZ dk;Z ugha fd;k
x;k gSA

jklk;fud mQ"ekxfrdh esa IUPAC ijaijk osQ vuqlkj
ifjos'k ls mQ"ek dk LFkkukarj.k fudk; esa gksus ij q èkukRed
gksrk gS vkSj fudk; dh mQtkZ c<+rh gS ,oa mQ"ek osQ fudk;
ls ifjos'k dh vksj LFkkukafrfjr gksus ij q ½.kkRed gksrk gS
ifj.kker% fudk; dh mQtkZ de gks tkrh gSA

(x) lkekU; fLFkfr

ge ,d lkekU; fLFkfr ij fopkj djsa] tcfd vkarfjd mQtkZ
esa ifjorZu nksuksa gh çdkjksa (dk;Z djosQ ,oa mQ"ek&LFkkukarj.k)
}kjk gksA ml fLFkfr esa ge vkarfjd mQtkZ esa ifjorZu dks bl
çdkj fy[k ldrs gSaµ

∆U = q
 
 + w (5.1)

,d fof'k"V voLFkk&ifjorZu esa ifjorZu osQ çdkj osQ
vuqlkj q ,oa w osQ eku fHkÂ gks ldrs gSa] ijarq q + w

  
=

∆U osQoy çkjafHkd ,oa vafre voLFkk ij fuHkZj djsxkA ;g
ifjorZu osQ çdkj ls Lora=k gSA ;fn mQ"ek ;k dk;Z osQ :i
esa mQtkZ&ifjorZu u gks (foyfxr fudk;) vFkkZr~ ;fn
w = 0 ,oa q = 0, rc ∆U = 0 gSA

lehdj.k 5-1 vFkkZr~ ∆U = q
 
 + w, mQ"ekxfrdh osQ

çFke fu;e dk xf.krh; dFku gSA çFke fu;e osQ vuqlkj]
¶,d foyfxr fudk; dh mQtkZ vifjorZuh; gksrh gSA¸

fp=k 5-4 % ,d fudk;] ftlesa ifjlhek osQ vkj&ikj mQ"ek dk çokg
laHko gSA

* igys fudk; ij fd, tkus okys dk;Z dks Í.kkRed fpUg vkSj fudk; }kjk fd, tkus okys dk;Z dks /ukRed fpUg fn;k x;k FkkA HkkSfrdh
 dh iqLrdksa esa vc Hkh blh ijaEijk dk vuqlj.k gks jgk gS ;|fi IUPAP us Hkh u;h fpUg ijaEijk dh flI+kQkfj'k dh gSA
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cãkaM Hkh ,d foyfxr fudk; gS vr% fu;e dks fuEu
izdkj ls Hkh dgk tk ldrk gSµ^cãkaM dh ÅtkZ vifjorZuh;
gSA* lkekU;r;k bls ^mQtkZ osQ laj{k.k dk fl¼kar* dgrs gSa]
vFkkZr~ mQtkZ u rks u"V dh tk ldrh gS vkSj u gh bldk
l`tu fd;k tk ldrk gSA

uksV % ,d mQ"ekxfrdh; xq.k (tSlsµmQtkZ) ,oa ,d ;kaf=kd
xq.k (tSlsµvk;ru) esa varj gksrk gSA ge fdlh fo'ks"k
voLFkk esa vk;ru dk rks fujis{k (Absolute) eku fu£n"V
dj ldrs gSa] ijarq vkarfjd mQtkZ dk fujis{k eku fu£n"V ugha
dj ldrs gSa] ;|fi vkarfjd mQtkZ esa ifjorZu ∆U Kkr
fd;k tk ldrk gSA

mnkgj.k 5-1

,d fudk; dh vkarfjd mQtkZ esa ifjorZu crkb,] ;fnµ

(i) fudk; }kjk ifjos'k ls mQ"ek vo'kksf"kr ugha gks]
ijarq fudk; ij (w) dk;Z fd;k tk,A fudk; dh
nhokjsa fdl çdkj dh gksaxh\

(ii) fudk; ij dksbZ dk;Z ugha fd;k tk,] ijarq mQ"ek
dh ek=kk q fudk; ls ifjos'k dks ns nh tk,A
fudk; dh nhokjsa fdl çdkj dh gksaxh\

(iii) fudk; }kjk w ek=kk dk dk;Z fd;k tk, ,oa q
ek=kk dh mQ"ek fudk; dks nh tk,A ;g fdl
çdkj dk fudk; gksxk\

gy

(i) ∆U = wad' nhokjsa #¼ks"e gksaxhA
(ii) ∆U = - q, nhokjsa mQ"eh; lqpkyd gksaxhA
(iii) ∆U = q - w ;g can fudk; gSA

nkc&vk;ru dk;Z dks le>us osQ fy, ge ?k"kZ.kjfgr
fiLVu;qDr fl¯yMj ij fopkj djrs gSa] ftlesa ,d eksy
vkn'kZ xSl Hkjh gqbZ gSA xSl dk oqQy vk;ru V

i
 ,oa fl¯yMj

esa xSl dk nkc p gSA ;fn cká nkc p
ex
 gS] tks p ls vfèkd

gks] rks fiLVu vanj dh vksj rc rd xfr djsxk] tc rd
vkarfjd nkc p

ex
 osQ cjkcj gks tk,A ekuk fd ;g ifjorZu

,d in esa gksrk gS rFkk vafre vk;ru V
f 
gSA ekuk fd bl

laoqQpu esa fiLVu l nwjh r; djrk gS ,oa fiLVu dk vuqçLFk
{ks=kiQy A gS (fp=k 5-5 d)A

rc vk;ru esa ifjorZu = l × A = ∆V = (V
f 
 – V

i 
)

ge ;g Hkh tkurs gSa fd nkc 
cy

{ks=kiQy
=

vr% fiLVu ij cy = p
ex 

. A

;fn fiLVu pykus ls fudk; ij fd;k x;k dk;Z w
gks] rks
w = cy x foLFkkiu = p

ex.
A.l

   = p
ex
 . (–∆V ) = – p

ex
 ∆V = – p

ex 
(V

f
 – V

i 
)       (5.2)

;gk¡ Í.kkRed fpÉ nsuk blfy, vko';d gS fd
ifjikVh (Convention) osQ vuqlkj laihMu esa fudk; ij

5-2 vuqç;ksx
dbZ jklk;fud vfHkfØ;kvksa esa xSlsa mRiÂ gksrh gSa] tks
;kaf=kd dk;Z djus ;k mQ"ek mRiÂ djus esa l{ke gksrh gSaA
bu ifjorZuksa osQ ifjek.k dh x.kuk ,oa bUgsa vkarfjd
mQtkZ&ifjorZuksa ls lac¼ djuk egÙoiw.kZ gSA ns[ksa fd ;g
oSQls gksrk gSA

5-2-1 dk;Z

loZçFke ,d fudk; }kjk fd, x, dk;Z dh ço`Qfr ij ge
çdk'k Mkyrs gSaA ge osQoy ;kaf=kd dk;Z] vFkkZr~ nkc&vk;ru
dk;Z ij fopkj djsaxsA

fp=k 5-5 (d) fl¯yMj esa fLFkr vkn'kZ xSl ij ,d in esa fLFkj
cká nkc Pex }kjk fd;k x;k laoqQpu dk;Z
Nk;knkj {ks=k }kjk n'kkZ;k x;k gSA
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dk;Z gks jgk gS] tks èkukRed gksxkA ;gk¡ (V
f
 – V

i 
) dk eku

½.kkRed gksxkA tc Í.kkRed ls Í.kkRed dk xq.kk gksxk]
rks w dk eku èkukRed gks tk,xkA

;fn laoqQpu osQ çR;sd in ij nkc fLFkj u gks ,oa
dbZ ifjfer inksa esa cnyrk jgs] rks oqQy dk;Z leLr inksa

esa gq, dk;k±s dk ;ksx gksxk ,oa − ∑ p V∆ osQ rqY; gksxk

¹fp=k 5-5([k)ºA

;fn nkc fLFkj u gks ,oa bl çdkj cnyrk gks fd ;g
ges'kk gh xSl osQ nkc ls vuarlw{e vfèkd gks] rc laoqQpu
osQ çR;sd in esa vk;ru vuarlw{e ek=kk dV ?kVsxkA bl
fLFkfr esa xSl }kjk fd, x, dk;Z dh x.kuk ge fuEufyf[kr
lacaèk ls Kkr dj ldrs gSaµ

= −  
2

1

w

V

ex

V

p dV                                              (5.3)

fp=k 5-5 ([k) Nk;knkj {ks=k ifjfer inksa esa cnyrs gq, vfLFkj
nkc ij çkjafHkd vk;ru ls vafre vk;ru rd
laoqQpu esa fd;k x;k dk;Z n'kkZrk gSA

laoqQpu esa p
ex
 çR;sd in ij (p

in
 + dp) osQ rqY; gksxk

¹fp=k 5-5&xºA leku ifjfLFkfr;ksa esa çlj.k esa cká nkc
vkarfjd nkc ls ges'kk de gksxk] vFkkZr~ p

ex 
=

 
p

in
 – dp

O;kid :i esa ge fy[k ldrs gSa fd p
ex
 = (p

in 
+  dp)  ,sls

çØe ^mRØe.kh; çØe* dgykrs gSaA

,d çØe ;k ifjorZu rHkh ^mRØe.kh; çØe*
dgykrk gS] tc bls fdlh Hkh {k.k vuarlw{e ifjorZu
osQ }kjk mRØfer (Reversed) fd;k tk losQA ,d
mRØe.kh; çØe dbZ lkE;koLFkkvksa esa vuarlw{e xfr ls
bl çdkj vkxs c<+rk gS fd fudk; ,oa ifjos'k ges'kk
yxHkx lkE;koLFkk esa jgrs gSaA mRØe.kh; çØe osQ
vfrfjDr vU; lkjs çØeksa dks vuqRØe.kh; çØe
dgrs gSaA

jlk;u 'kkL=k esa cgqr lh ,slh leL;k,¡ vkrh gSa] ftUgsa
gy djus osQ fy, dk;Z] in  vkSj fudk; osQ vkarfjd nkc
osQ ikjLifjd lacaèk dh vko';Drk iM+rh gSA

ge lehdj.k 5-3 dks fuEufyf[kr çdkj ls fy[kdj
mRØe.kh; ifjfLFkfr;ksa esa dk;Z dks vkarfjd nkc ls lac¼
dj ldrs gSaµ

= − = − ± = −∫ ∫ ∫w ( )
f f f

i i i

V V V

rev ex in in

V V V

p dV p dp dV p dV

(pw¡fd dp × dV dk eku ux.; gS)

wrev

V

V

d

i

f

= − ∫ p Vin                                     (5.4)

vc xSl osQ nkc p
in
 dks vkn'kZ xSl lehdj.k }kjk

blosQ vk;ru osQ inksa esa O;Dr fd;k tk ldrk gSA fdlh

fp=k 5-5 (x) pV oØ tc çkjafHkd vk;ru Vi ls Vf rd
igq¡pus osQ fy, mRØe.kh; ifjfLFkfr;ksa esa yxkrkj
cnyrs gq, vfLFkj nkc ij vuar inksa esa fd;k x;k
dk;Z Nk;knkj {ks=k ls n'kkZ;k x;k gSA
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vkn'kZ xSl osQ n eksy osQ fy,  (pV = RT)

⇒ =p
n T

V

R

vr% ,d fLFkj rki (lerkih; çØe) ij

w rev = − = −∫ n T
dV

V
n T

V

V

f

iV

V

i

f

R R ln

 = –2.303 nRT log 
f

i

V

V
(5.5)

eqDrçlj.k % xSl dk fuokZr esa çlj.k (p
ex
 = 0) eqDr çlj.k

dgykrk gSA vkn'kZ xSlksa osQ eqDr çlj.k esa dksbZ dk;Z ugha
gksrk Hkys gh çfØ;k mRØe.kh; gks ;k vuqRØe.kh;] (lehdj.k
5-2 ,oa 5-3)A

vc ge lehdj.k 5-1 dks fofHkÂ çØeksa osQ vuqlkj
dbZ çdkj ls fy[k ldrs gSaµ

w = –p
ex

∆V (lehdj.k 5-2) dks lehdj.k 5-1 esa
LFkkfir djus ij

∆U = q - p
ex

∆V

;fn çØe fLFkj vk;ru ij gksrk gS (∆V = 0)] rc ∆U

= q
V
, q

V
 esa iknkad V (Subscript V ) n'kkZrk gS fd mQ"ek

fLFkj vk;ru ij çnku dh xbZ gSA
vkn'kZ xSl dk eqDr ,oa lerkih; izlj.k
,d vkn'kZ xSl dk eqDr ,oa lerkih; çlj.k ,d
(T = fLFkjkad) esa] w = 0 gS] D;ksafd pex

= 0 gSA twy us ç;ksxksa
}kjk fuèkkZfjr fd;k fd q = 0 gS] blfy, ∆U = 0 gksxkA

lehdj.k 5-1] (∆U = q + w), dks lerkih; mRØe.kh;
,oa vuqRØe.kh; çØeksa osQ fy, bl çdkj O;Dr fd;k tk
ldrk gSµ
1- lerkih; vuqRØe.kh; çØe osQ fy,

q = – w = p
ex 

(V
f
 – V

i 
)

2- lerkih; mRØe.kh; çØe osQ fy,

q = – w = nRT ln 
f

i

V

V
= 2.303 nRT log 

f

i

V

V

3- #¼ks"e çØe osQ fy,] q = 0

∆U = w
ad

mnkgj.k 5-2
10 atm nkc vkSj 25°C rki ij fdlh vkn'kZ xSl osQ
nks fyVj lerkih; :i ls fuokZr esa rc rd çlfjr
gksrs gSa] tc rd bldk oqQy vk;ru 10 fyVj u gks
tk,A bl çlj.k esa fdruh mQ"ek vo'kksf"kr gksrh gS
,oa fdruk dk;Z fd;k tkrk gS\

gy
ge tkurs gSa fd q = – w =  p

ex
 (10 – 2) = 0(8) = 0

dksbZ dk;Z ugha gksrk gS ,oa dksbZ mQ"ek vo'kksf"kr ugha
gksrh gSA
mnkgj.k 5-3
;fn blh çlj.k esa fLFkj cká nkc 1 atm gks] rks D;k
gksxk\
gy
ge tkurs gSa fd q = – w =  pex (8) = 1 × 8

    = 8 L atm

mnkgj.k 5-4
;fn mnkgj.k 5-2 esa fn;k çlj.k mRØe.kh; :i ls gks
rks D;k gksxk\
gy
ge tkurs gSa fd q = – w =  2.303 × nRT log

f

i

V

V

= × × × ×

= × × × ×

= ×

2 303 1 0 8206 298
10

2

2 303 1 0 8206 298 5

2 303 0

. . log

. . log

. .. .

.

8206 298 0 6990

393 66

× ×

= L atm

5-2-2 ,UFkSYih Enthalpy (H)

(d) ,d mi;ksxh u;k voLFkk&iQyu

ge tkurs gSa fd fLFkj vk;ru ij vo'kksf"kr mQ"ek vkarfjd

mQtkZ esa ifjorZu osQ rqY;] vFkkZr~ ∆U = q
V
 gksrh gS] ijarq

vfèkdka'k jklk;fud vfHkfØ;k,a fLFkj vk;ru ij u gksdj

ÝykLd] ij[kuyh vkfn esa fLFkj ok;qeaMyh; nkc ij gksrh

gSaA bu ifjfLFkfr;ksa osQ fy, gesa ,d u, voLFkk&iQyu dh
vko';drk gksxhA

ge lehdj.k (5-1) dks fLFkj nkc ij ∆U = q
p
-p∆V

osQ :i esa fy[k ldrs gSa] tgk¡ q
p
 fudk; }kjk vo'kksf"kr

mQ"ek ,oa -p∆V fudk; }kjk fd;k x;k çlj.k&dk;Z gSA

çkjafHkd voLFkk dks iknkad 1 ls ,oa vafre voLFkk
dks 2 ls n'kkZrs gSaA

ge mijksDr lehdj.k dks bl çdkj fy[k ldrs gSaµ
U

2
–U

1
 = q

p
 – p (V

2
 – V

1
)

iqu% O;ofLFkr djus ij
q

p
 = (U

2
 + pV

2
) – (U

1 
+ pV

1
) (5.6)
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vc ge ,d vkSj mQ"ekxfrdh iQyu dks ifjHkkf"kr
dj ldrs gSa] ftls ,UFkSYih (xzhd 'kCn ^,UFkSfYi;u*]
ftldk vFkZ ^xje djuk* ;k ^varfuZfgr Å"ek* gksrk gS)
dgrs gSaA

H = U + pV (5.7)

vr% lehdj.k (5-6) gks tkrh gS%
q

p
= H

2
 – H

1
 = ∆H

;|fi q ,d iFk vkfJr iQyu gS] rFkkfi q
p
 iFk ls

Lora=k gSA Li"Vr% H ,d voLFkk&iQyu gS (H.U, p ,oa V
dk iQyu gSA ;s lHkh voLFkk&iQyu gS)A bl izdkj ∆H iFk
Lora=k jkf'k gSA

fLFkj nkc ij ifjfer ifjorZuksa osQ fy, lehdj.k 5-7
dks fy[kk tk ldrk gSA

∆H = ∆U + ∆pV D;ksafd p fLFkjkad gS] vr% ge
fy[k ldrs gSaµ

∆H = ∆U + p∆V (5.8)

mYys[kuh; gS fd tc fLFkj nkc ij mQ"ek vo'kksf"kr gksrh
gS] rks ;FkkFkZ esa ge ,UFkSYih esa ifjorZu eki jgs gksrs gSaA

;kn j[ksa fd ∆H = q
p
 fLFkj nkc ij vo'kksf"kr

mQ"ek gSA
mQ"ek{ksih vfHkfØ;kvksa osQ fy, ∆∆∆∆∆H  Í.kkRed

gksrk gS] tgk¡ vfHkfØ;k osQ nkSjku mQ"ek mRl£tr gksrh
gS ,oa mQ"ek'kks"kh vfHkfØ;kvksa osQ fy, ∆∆∆∆∆H èkukRed
gksrk gS] tgk¡ ifjos'k ls mQ"ek dk vo'kks"k.k gksrk gSA

fLFkj vk;ru (∆V = 0) ij ∆U = q
V
, vr% lehdj.k

5-8 gks tkrh gSA ∆H = ∆U = q
V

os fudk;] ftuesa osQoy Bksl ;k æo çkoLFkk,¡ gksrh gSa
esa ∆H ,oa ∆U osQ eè; varj lkFkZd ugha gksrk] D;ksafd Bksl
,oa æoksa esa xje djus ij vk;ru esa dksbZ fo'ks"k ifjorZu ugha
gksrkA ;fn xSlh; voLFkk gks] rks buesa varj lkFkZd gks tkrk
gSA ge ,d ,slh vfHkfØ;k ij fopkj djrs gSa] ftlesa xSlsa
'kkfey gSaA fLFkj nkc ,oa rki ij V

A
 xSlh; vfHkfØ;dksa dk

,oa V
B
 xSlh; mRiknksa dk oqQy vk;ru gks rFkk n

A
 xSlh;

vfHkfØ;dksa ,oa n
B
 xSlh; mRiknksa osQ eksyksa dh la[;k gks]

rks vkn'kZ xSl lehdj.k osQ vuqlkjµ

pV
A
 = n

A
RT

bl çdkj pV
B
 = n

B
RT

;k pV
B
 – pV

A
 = n

B
RT – n

A
RT = (n

B
–n

A
)RT

p (V
B
 – V

A
) = (n

B
 – n

A
) RT

p ∆V = ∆n
g
RT (5.9)

;gk¡ ∆n
g
 xSlh; mRiknksa osQ eksyksa dh la[;k ,oa xSlh;

vfHkfØ;dksa osQ eksyksa dh la[;k dk varj gSA
lehdj.k (5-9) ls p ∆V dk eku lehdj.k (5-8)

esa j[kus ij
∆H = ∆U + ∆n

g
RT (5.10)

lehdj.k 5-10 dk mi;ksx ∆H ls ∆U ;k ∆U ls ∆H

dk eku Kkr djus esa fd;k tkrk gSA

mnkgj.k 5-5

tyok"i dks vkn'kZ xSl ekuus ij 100°C ,oa 1
bar nkc ij ,d eksy ty osQ ok"ihdj.k esa
ifjorZu 41kJ mol

–1 ik;k x;kA vkarfjd
mQtkZ&ifjorZu dh x.kuk dhft,] tc 1 eksy ty
dks 1 bar nkc ,oa 100°C ij ok"iho`Qr fd;k
tk,A

gy

( ) ( )2 2H O H O g→l  ifjorZu osQ fy,

R∆ = ∆ + ∆ gH U n T

;k ∆U = ∆H – R∆ gn T

eku j[kus ij
1

1 1

41.00 kJ mol 1

8.3 J mol K 373 K

−

− −

∆ = −

× ×

U

1 1= 41.00 kJ mol 3.096 kJ mol− −−

= 37.904 kJ mol
–1

([k) foLrh.kZ ,oa xgu xq.k

foLrh.kZ ,oa xgu xq.kksa esa Hksn fd;k x;k gSA foLrh.kZ xq.k og
xq.k gS] ftldk eku fudk; esa mifLFkr æO; dh ek=kk@vkeki
(lkb”k) ij fuHkZj djrk gSA mnkgj.k osQ fy,µæO;eku]
vk;ru] vkarfjd mQtkZ] ,UFkSYih] mQ"ekèkkfjrk vkfn foLrh.kZ
xq.k gSaA
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os xq.k] tks fudk; esa mifLFkr æO; dh ek=kk@vkdkj
(lkb”k) ij fuHkZj ugha djrs gSa] xgu xq.k dgykrs gSaA
mnkgj.k osQ fy,µ rki] ?kuRo] nkc vkfn xgu xq.k gSaA eksyj
xq.k C

m
 fdlh fudk; osQ ,d eksy osQ xq.k osQ eku osQ rqY;

gksrh gSA ;fn æO; dh ek=kk n gks] rks m

χ
χ =

n
] tks æO;

dh ek=kk ls Lora=k gSA vU; mnkgj.k eksyj vk;ru V
m
 ,oa

eksyj mQ"ekèkkfjrk C
m
 gSA foLrh.kZ ,oa xgu xq.kksa esa varj ge

,d xSl dks vk;ru V osQ ik=k esa T rki ij ysdj dj ldrs
gSa (fp=k 5-6 d)A

;fn C T;knk gS] rks mQ"ek ls rkih; o`f¼ vYi gksrh
gSA ty dh mQ"ekèkkfjrk vfèkd gS] bldk vFkZ ;g gS fd
bldk rki c<+kus osQ fy, cgqr vfèkd mQtkZ pkfg,A

C inkFkZ dh ek=kk osQ lekuqikrh gksrh gSA fdlh inkFkZ

dh eksyj mQ"ekèkkfjrk Cm =
  
    

C

n
 ,d eksy dh mQ"ekèkkfjrk

gSA ;g mQ"ek dh og ek=kk gS] tks ,d eksy inkFkZ dk rki
,d fMxzh lsfYl;l (;k ,d osQfYou) c<+kus osQ fy,
vko';d gksrh gSA fof'k"V mQ"ek] ftls ̂ fof'k"V mQ"ekèkkfjrk*
Hkh dgrs gSa] og mQ"ek gS] tks bdkbZ æO;eku osQ fdlh inkFkZ

fp=k 5-6 (d) vk;ru V ,oa rki T ij ,d xSl] ([k) foHkktd osQ }kjk vk;ru dk vkèkk gksuk

 (d)  ([k)

vc ;fn foHkktd osQ }kjk vk;ru vkèkk dj fn;k
tk, (fp=k 5-6&[k)] ftlls vc vk;ru V/2 gks tkrk gS]
ijarq ;g rki leku gh jgrk gSA vr% Li"V gS fd vk;ru
foLrh.kZ xq.k gS] tcfd rki xgu xq.k gSA

(x) mQ"ekèkkfjrk

bl mi[kaM esa ge ns[krs gSa fd fudk; dks varfjr mQ"ek oSQls
ekih tkrh gSA ;fn fudk; }kjk mQ"ek xzg.k dh tk,] rks ;g
rki esa o`f¼ osQ :i esa ifjyf{kr gksrh gSA

rki esa o`f¼ varfjr mQ"ek osQ lekuqikrh gksrh gSA
q = xq.kkad x ∆T

xq.kkad dk eku fudk; osQ vkdkj] la?kVu ,oa ço`Qfr
ij fuHkZj djrk gSA bls ge bl çdkj Hkh fy[k ldrs gSa]
'q = C ∆T

;gk¡ xq.kkad C dks ^mQ"ekèkkfjrk* dgrs gSaA
bl çdkj mQ"ekèkkfjrk Kkr gksus ij ge rkih; òf¼ dks

uki dj çnÙk mQ"ek Kkr dj ldrs gSaA

dk rki ,d fMxzh lsfYl;l (;k ,d osQfYou) c<+kus osQ
fy, vko';d gksrh gSA fdlh inkFkZ dk rki c<+kus osQ
mn~ns'; ls vko';d mQ"ek q Kkr djus osQ fy, inkFkZ dh
fof'k"V mQ"ek C dks ge æO;eku m ,oa rki&ifjorZu ∆T

ls xq.kk djrs gSa] vFkkZr~

= × × ∆ = ∆q c m T C T                         (5.11)

(?k) ,d vkn'kZ xSl osQ fy, C
p
 ,oa C

V
 esa lacaèk

mQ"ekèkkfjrk dks fLFkj vk;ru ij C
V
 ls ,oa fLFkj nkc ij

C
p
 ls vafdr djrs gSaA vc ge nksuksa esa lacaèk Kkr djrs gSaA

q osQ fy, fLFkj vk;ru ij lehdj.k fy[k ldrs gSaµ

q
V
 = ∆ = ∆VC T U

,oa fLFkj nkc ij q
p 
= ∆ = ∆pC T H

vkn'kZ xSl osQ fy, C
p
 ,oa C

V
 osQ chp varj bl

çdkj Kkr fd;k tk ldrk gSµ
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,d eksy vkn'kZ xSl osQ fy, ∆H = ∆U + ∆(pV )

= ∆U + ∆(RT )

= ∆U + R∆T

R∴ ∆ = ∆ + ∆H U T                       (5.12)

∆H ,oa ∆U osQ eku j[kus ij

R∆ = ∆ + ∆p VC T C T T

R= +p VC C

R− =p VC C                                             (5.13)

5-3 ∆∆∆∆∆U ,oa ∆∆∆∆∆H dk ekiu %

oSQyksjhfefr

jklk;fud ,oa HkkSfrd çØeksa ls lacafèkr mQtkZ] ifjorZu dks
ftl çk;ksfxd rduhd }kjk Kkr djrs gSa] mls ̂ oSQyksjhehVj*
(Calorimetry) dgrs gSaA oSQyksjhfefr esa çØe ,d ik=k esa
fd;k tkrk gS] ftls ̂ oSQyksjhehVj* dgrs gSaA oSQyksjhehVj ,d
æo osQ Kkr vk;ru esa Mwck jgrk gSA æo dh mQ"ekèkkfjrk ,oa
oSQyksjhehVj dh mQ"ekèkkfjrk Kkr gksus ij rki&ifjorZu osQ
vkèkkj ij çØe esa mRiÂ mQ"ek Kkr dh tk ldrh gSA ekiu
nks fLFkfr;ksa esa fd, tkrs gSaµ
(i) fLFkj&vk;ru ij] q

V
(ii) fLFkj nkc ij] q

p

(d) ∆∆∆∆∆U dk ekiu

jklk;fud vfHkfØ;kvksa osQ fy, fLFkj vk;ru ij vo'kksf"kr

mQ"ek dk ekiu ce oSQyksjhehVj (Bomb calorimeter) esa

fd;k tkrk gS (fp=k 5-7) ;gk¡ ,d LVhy dk ik=k (ce

oSQyksjhehVj) ty esa Mqcks;k tkrk gSA LVhy ce esa vkWDlhtu

çokfgr dj Toyu'khy çfrn'kZ (Sample) dks tyk;k tkrk

gSA vfHkfØ;k esa mRiÂ mQ"ek ty dks varfjr gks tkrh gSA

mlosQ ckn ty dk rki Kkr dj fy;k tkrk gSA pw¡fd ce

oSQyksjhehVj iw.kZr;k can] gS vr% blosQ vk;ru esa dksbZ

ifjorZu ugha gksrkA vkSj dksbZ dk;Z ugha fd;k tkrk gSA ;gk¡

rd fd xSlksa ls lacafèkr jklk;fud vfHkfØ;kvksa esa Hkh dksbZ

dk;Z ugha gksrk D;ksafd ∆V = 0 gksrk gSA lehdj.k 5-11 dh

lgk;rk ls oSQyksjhehVj dh mQ"ekèkkfjrk Kkr gksus ij rki&ifjorZu

dks q
V
 esa ifjo£rr dj fy;k tkrk gSA

fp=k 5-7% ce oSQyksjhehVj

([k)∆∆∆∆∆H dk ekiu

fLFkj nkc (lkekU;r;k ok;qeaMyh; nkc) ij mQ"ek&ifjorZu
fp=k 5-8 esa n'kkZ, x, oSQyksjhehVj }kjk ekik tk ldrk gSA
ge tkurs gSa fd ∆H = q

p 
(fLFkj nkc ij)A vr% fLFkj nkc

ij mRl£tr vFkok vo'kksf"kr mQ"ek q
p vfHkfØ;k mQ"ek

vFkok vfHkfØ;k ,UFkSYih ∆
r
H dgykrh gSA

fp=k 5-8 % fLFkj nkc (ok;qeaMyh; nkc) ij mQ"ek&ifjorZu ekius
osQ fy, oSQyksjhehVj
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mQ"ek{ksih vfHkfØ;kvksa esa mQ"ek fueqZDr gksrh gS rFkk
fudk; ls ifjos'k esa mQ"ek dk çokg gksrk gSA blfy, q

p

Í.kkRed gksxk rFkk ∆
r
H Hkh Í.kkRed gksxkA blh rjg

mQ"ek'kks"kh vfHkfØ;kvksa esa mQ"ek vo'kksf"kr gksxhA vr% q
p

vkSj ∆
r
H nksuksa èkukRed gksaxsA

5-4 vfHkfØ;k osQ fy, ,UFkSYih
ifjorZu] ∆∆∆∆∆

r
H  vfHkfØ;k ,UFkSYih

jklk;fud vfHkfØ;k esa vfHkfØ;d mRikn esa cnyrs gSaA bl
çfØ;k dks bl çdkj n'kkZrs gSaµ vfHkfØ;d → mRikn
vfHkfØ;k osQ nkSjku ,UFkSYih&ifjorZu vfHkfØ;k&,UFkSYih
dgykrk gSA jklk;fud vfHkfØ;k esa ,UFkSYih&ifjorZu ∆

r
H

fpÉ ls n'kkZ;k tkrk gSA
∆

r
H = (mRiknksa dh ,UFkSfYi;ksa dk ;ksx) µ (vfHkfØ;dksa

dh ,UFkSfYi;ksa dk ;ksx)

= −∑ ∑ai i

i i

H b HmRikn vfHkfØ;d (5.14)

;gk¡ Σ (flXek) fpÉ dk mi;ksx tksM+us osQ fy,

fd;k tkrk gS ,oa a
i
 rFkk b

i
 larqfyr lehdj.k esa Øe'k%

vfHkfØ;dksa ,oa mRiknksa osQ LVkbfd;ksehVªh xq.kkad gSaA mnkgj.k
osQ fy,µ fuEufyf[kr vfHkfØ;k esaµ
CH

4
 (g)  +  2O

2
 (g)   →   CO

2 
(g)  + 2H

2
O (l)

∆ = −∑ ∑a br i i
i i

H H HmRikn vfHkfØ;d

= [H
m
 (CO

2 
,g) + 2H

m
  (H

2
O, l)]– [H

m
 (CH

4
 , g) +

   2H
m 

(O
2
, g)]

tgk¡ H
m
 eksyj ,UFkSYih gSA ,UFkSYih&ifjorZu ,d cgqr

mi;ksxh jkf'k gSA bldk Kku fLFkj rki ij fdlh vkS|ksfxd

jklk;fud vfHkfØ;k esa mQ"eu ;k 'khryu dh ;kstuk cukus
esa vko';d gSA bldh vko';drk lkE; fLFkjkad dh rkih;
fuHkZjrk dh x.kuk djus esa Hkh iM+rh gSA

(d)vfHkfØ;k dh ekud ,UFkSYih

fdlh jklk;fud vfHkfØ;k dh ,UFkSYih ifjfLFkfr;ksa ij fuHkZj
djrh gSA vr% ;g vko';d gS fd ge oqQN ekud ifjfLFkfr;ksa
dks fu£n"V djsaA fdlh jklk;fud vfHkfØ;k dh ekud

,UFkSYih og ,UFkSYih ifjorZu gS] tc vfHkfØ;k esa Hkkx

ysusokys lHkh inkFkZ viuh ekud voLFkkvksa esa gksaA

fdlh inkFkZ dh ekud voLFkk fdlh fu£n"V rki

ij mldk og 'kq¼ :i gS] tks 298 K 1 bar nkc ij

ik;k tkrk gSA mnkgj.k osQ fy,µ æo ,FksukWy dh ekud
voLFkk 298 K ,oa 1 bar ij 'kq¼ æo gksrh gSA yksgs dh
ekud&voLFkk 500 K ,oa 1 ckj (bar) ij 'kq¼ Bksl gksrh

mnkgj.k 5-6

fuEufyf[kr lehdj.k osQ vuqlkj] 1g xzSiQkbV dks
vkWDlhtu dh vfèkdrk esa 1atm nkc ,oa 298 K ij
ce oSQyksjhehVj esa ngu djok;k tkrk gSA

C ( xzSiQkbV ) + O2 (g) →  CO2 (g)

vfHkfØ;k osQ nkSjku rki 298 K ls 299 K rd c<+rk
gSA ;fn ce oSQyksjhehVj dh mQ"ekèkkfjrk 20-7 kJ/K

gks] rks mijksDr vfHkfØ;k osQ fy, 1 atm nkc ,oa
298 K ij ,UFkSYih ifjorZu D;k gksxk\

gy

ekuk vfHkfØ;k ls çkIr mQ"ek q ,oa oSQyksjhehVj dh
mQ"ekèkkfjrk CV gS] rc oSQyksjhehVj }kjk vo'kksf"kr
mQ"ek]

q = CV × ∆T

vfHkfØ;k ls çkIr mQ"ek dk eku leku gksxk] ijarq fpÉ
Í.kkRed gksxk] D;ksafd fudk; (vfHkfØ;k&feJ.k)
}kjk çnÙk mQ"ek oSQyksjhehVj }kjk xzg.k dh xbZ mQ"ek
osQ rqY; gksxhA

= 20.7 kJ/K (299 298)K

                  20.7 kJ

Vq C T− × ∆ = − × −

= −

(;gk¡ Í.kkRed fpÉ vfHkfØ;k osQ mQ"ek{ksih gksus dks
bafxr djrk gS)

vr% 1 g xzSiQkbV osQ ngu osQ fy, ∆U = -20.7 kJK
–1

1 eksy xzSiQkbV osQ ngu osQ fy,
( ) ( )112.0 gmol 20.7kJ

=
1g

− × −

= – 2.48 ×10
2 
kJ mol

–1

;gk¡ ∆ng = 0

∴ ∆Η – ∆U = –2.48 × 10
2
kJ mol

–1

Rationalised 2023-24



147Å"ekxfrdh

gSA vk¡dM+s çk;% 298 K ij fy, tkrs gSaA ekud ifjfLFkfr;ksa
dks ∆H ij ewèkk±d 0 (Superscript) j[kdj O;Dr fd;k
tkrk gSA mnkgj.k osQ fy,µ H∆ V

([k) çkoLFkk :ikarj.k esa ,UFkSYih&ifjorZu

çkoLFkk ifjorZu esa mQtkZ&ifjorZu Hkh gksrk gSA mnkgj.k osQ
fy, cI+kZQ dks fi?kykus osQ fy, mQ"ek dh vko';drk gksrh
gSA lkèkkj.kr;k cI+kZQ dk fi?kyuk fLFkj nkc (ok;qeaMyh;
nkc) ij gksrk gS rFkk çkoLFkk&ifjoZru gksrs le; rki fLFkj
jgrk gSA

1
2 2H O(s) H O( ); 6.00 kJ molfusl H −→ ∆ =V

;gk¡ ∆
fus

Η 0 ekud voLFkk esa xyu ,UFkSYih gSA ;fn
ty cI+kZQ esa cnyrk gS] rks blosQ foijhr çØe gksrk gS rFkk
mruh gh ek=kk esa mQ"ek ifjos'k esa pyh tkrh gSA

çfr eksy Bksl inkFkZ osQ xyu esa gksusokys ,UFkSYih
ifjorZu dks inkFkZ dh xyu ,UFkSYih ;k eksyj xyu
,UFkSYih ∆∆∆∆∆

fus
Η Η Η Η Η 00000 dgk tkrk gSA

Bkslksa dk xyu mQ"ek'kks"kh gksrk gS] vr% lHkh xyu
,UFkSfYi;k¡ èkukRed gksrh gSaA ty osQ ok"ihdj.k esa mQ"ek dh
vko';drk gksrh gSA blosQ DoFkukad T

b
 ,oa fLFkj nkc ij%

−→ ∆ = + 1

2 2H O( ) H O(g); 40.79kJ molvapl H V

∆
vap

Η 0 ok"ihdj.k dh ekud ,UFkSYih gSA
(T

f
 vkSj T

b
 Øe'k% xyukad ,oa DoFkukad gSA)

fdlh æo osQ ,d eksy dks fLFkj rki ,oa ekud nkc
(1 ckj) ij ok"ihoQ̀r djus osQ fy, vko';d mQ"ek dks mldh
ok"iu ,UFkSYih ;k eksyj ok"iu ,UFkSYih ∆

vap
Η 0  dgrs gSaA

mQèoZikru esa Bksl lhèks gh xSl esa cny tkrk gSA Bksl

dkcZu MkbvkWDlkbM ;k 'kq"d ciZQ (dry ice) ∆
sub

Η 0  =

25.2kJ mol -1 osQ lkFk 195 Κ ij mQèoZikfrr gksrh gSA

usÝFkyhu ok;q esa èkhjs&èkhjs mQèoZikfrr gksrh gS] ftlosQ fy,

∆
sub

Η 0 = 73.0 kJ mol -1

fdlh Bksl osQ ,d eksy dks fLFkj rki ,oa ekud

nkc (1 ckj) ij ÅèoZikru esa gksus okyh ,UFkSYih

ifjorZu dks mldh ekud ÅèoZikru ,UFkSYih dgrs gSaA

,UFkSYih&ifjorZu dk eku ml inkFkZ osQ varj&vk.fod cyksa

dh {kerk ij fuHkZj djrk gS] ftldk çkoLFkk&ifjorZu gks

jgk gSA mnkgj.k osQ fy,µ ty osQ v.kqvksa osQ eè; mifLFkr

çcy gkbMªkstu caèk bldh æo voLFkk esa ty osQ v.kqvksa dks

çcyrk ls ckaèkss jgrs gSaA dkcZfud æo (tSlsµ ,slhVksu) esa

varj&vkf.od f}èkzqo&f}èkqzo vU;ksU; fØ;k fo'ks"k :i ls

nqcZy gksrh gSA bl çdkj blosQ 1 eksy osQ ok"iho`Qr gksus esa

ty osQ 1 eksy dks ok"iho`Qr gksus dh vis{kk de mQ"ek dh

vko';drk gksrh gSA lkj.kh 5-1 esa oqQN inkFkks± dh xyu ,oa

ok"ihdj.k dh ekud ,UFkSYih nh xbZ gSA

mnkgj.k 5-7

,d rky (Pool) ls fudyk rSjkd djhc 18 g ikuh
dh ijr ls <dk (xhyk) gSA bl ikuh dks 298 K ij
okf"ir gksus osQ fy, fdruh mQ"ek vko';d gksxh\
298 K ij ok"ihdj.k dh vkarfjd mQtkZ dh x.kuk
dhft,A

lkj.kh 5-1  xyu ,oa ok"iu osQ fy, ekud ,UFkSYih ifjorZu eku

Substance T
f
/K ∆∆∆∆∆

fus
H00000/(kJ mol–1) T

b
/K ∆∆∆∆∆

vap
H0/(kJ mol–1)

N
2

63.15 0.72 77.35 5.59

NH
3

195.40 5.65 239.73 23.35

HCl 159.0 1.992 188.0 16.15

CO 68.0 6.836 82.0 6.04

CH
3
COCH

3
177.8 5.72 329.4 29.1

CCl
4

250.16 2.5 349.69 30.0

H
2
O 273.15 6.01 373.15 40.79

NaCl 108.10 28.8 1665.0 170.0

C
6
H

6
278.65 9.83 353.25 30.8

Rationalised 2023-24



148 jlk;u foKku

ty osQ fy, 298 K ij ∆VapΗ 0= 44.01 kJ mol
-1

gy
ok"ihdj.k osQ çØe dks ge bl çdkj çn£'kr dj
ldrs gSaµ

H O l H O g2 2( ) ( )ok"ihdj.k →

18g H2O (1) esa eksyksa dh la[;k =

=

−

18

18

1

1

g

g mol

mol

1 mol ty osQ 298 K ij ok"iu osQ fy, nh tkus
okyh mQtkZ =  n ∆

vap 
Η 

0  
=1 mol×44.01 kJ Mol 

-1

             = 44.01 kJ

(;g ekurs gq, fd ok"i vkn'kZ xSl osQ leku O;ogkj djrh
gSA)

      ∆
vap

 U
0

 = ∆
vap

 H
0_∆n

g
RT

    1 mol ok"i osQ fy,
      ∆

vap
 H

0

 = (1 mol) (44.01 kJ mol
-1
)

       = 44.01 kJ

              ∆n
g
 = (1 mol — 0 mol) = 1 mol

â∆
vap

 U
0

 = ∆
vap

 H
0_∆n

g
RT

  = 44.01 kJ - (1 mol) (8.314 JK-1 mol-1)(298 K)

          = 44.01 kJ - (8.314 JK-1)(298 K)

          = 44.01 kJ - (0.008314 kJK-1)(298 K)

          = 44.01 kJ - 2.48 kJ

  = 41.53 kJ

mnkgj.k 5-8
ty ok"i dks vkn'kZ xSl ekurs gq, x.kuk dhft, fd
100°C rki vkSj 1 bar nkc ij 1 mol  ty&ok"i dks
0°C rki dh ciZQ esa cnyus esa vkUrfjd mQtkZ esa fdruk
ifjorZu gksxk\ fn;k gS fd ciZQ dh xyu ,UFkSYih
6.00 kJ mol

-1 vkSj ty dh mQ"ek/kfjrk 4.2J/g °C gSA

gy
ifjorZu fuEu izdkj ls gksrk gS&

pj.k & 1
1 mol H

2
O (g, 0°C) → 1 mol H

2
O (l, 0°C)

      ,UFkSYih ifjorZu ∆Η1

pj.k & 2
1 mol H

2
O (l, 0°C) → 1 mol H

2
O (s, 0°C)

      ,UFkSYih ifjorZu ∆Η2

 dqy ,UFkSYih ifjorZu gksxk
 ∆H

 
=  ∆H

1 
+ ∆H

2

 ∆H
 1 

=  -(18 × 4.2 × 100) J mol
-1

 =  -7560 J mol
-1

 =  -7.56 kJ mol
-1

 ∆H
 2 

=  6.00 kJ mol
-1

 â ∆H
 
=  ∆H

1 
+ ∆H

2

 =  -7.56 kJ mol
-1
+

 
(-6.00 kJ mol

-1
)

 =  -13.56 kJ mol
-1

nzo voLFkk ls Bksl voLFkk esa ifjorZu gksus ij
vk;ru esa ux.; ifjorZu gksrk gS vr%µ
 p

 
∆ V

 
= ∆n

g 
RT = 0

 ∆U
 
  = ∆H

        = -13.56 kJ mol
-1

(x)  ekud fojpu ,UFkSYih ∆∆∆∆∆
f 
Η Η Η Η Η 00000

fdlh ;kSfxd osQ ,d eksy dks mlosQ gh rÙoksa] tks vius

lcls LFkk;h :iksa esa fy;s x, gksa (,sls :i dks

^lanHkZ&voLFkk* Hkh dgrss gSa)] esa ls fojfpr djus ij

gksusokys ekud ,UFkSYih ifjorZu dks mldh ekud eksyj

fojpu ,UFkSYih ∆∆∆∆∆
f 
Η Η Η Η Η 00000 dgk tkrk gSA

tgk¡ iknkad ^f * crkrk gS fd lacafèkr ;kSfxd dk
1 eksy mlosQ rÙoksa] tks vius lcls LFkk;h :i esa gSa] ls çkIr

fd;k tkrk gSA uhps oqQN vfHkfØ;k,a mudh ekud fojpu
eksyj ,UFkSYih osQ lkFk nh xbZ gSaµ

2 2 2H (g) ½O (g) H O(1);+ →

1285.8kJ molf H −∆ = −V

C (xzSiQkbV, s) 2 42H (g) CH (g);+ →
174.81kJmolf H −∆ = −V

+ + →

∆ = −
2 2 2 5

–1

2C , s 3H (g) ½O (g) C H OH(1);

277.7 kJmolf H V

(xizS QkbV )
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;gk¡ ;g le>uk egÙoiw.kZ gS fd ekud fojpu ,UFkSYih]
∆

f 
Η 0] ∆

r 
Η 0 dh ,d fo'ks"k fLFkfr gS] ftlesa 1 eksy ;kSfxd

vius rÙoksa ls curk gSA tSls mijksDr rhu vfHkfØ;kvksa esa ty]

esFksu ,oa ,FksukWy esa ls çR;sd dk 1 eksy curk gSA

2 3CaO(s) CO (g) CaCO (s);+ →
−∆ = − 1

r 178.3kJmolH V

blosQ foijhr ,d mQ"ek{ksih vfHkfØ;k esa ,UFkSYih&ifjorZu

oSQfYl;e dkcksZusV dh fojpu ,UFkSYih ugha gS] D;ksafd blesa

oSQfYl;e dkcksZusV vius rÙoksa ls u cudj nwljs ;kSfxdksa ls

cuk gSA fuEufyf[kr vfHkfØ;k osQ fy, Hkh ,UFkSYih&ifjorZu

HBr (g) dh ekud ,UFkSYih fojpu ,UFkSyih ∆
f 
Η 0 ugha gS]

cfYd ekud vfHkfØ;k ,UFkSYih gSA

2 2

1

H (g) Br ( ) 2HBr(g);

72.8kJmolr

l

H −

+ →

∆ = −V

;gk¡ ij mRikn osQ ,d eksy dh vis{kk nks eksy vius

rÙoksa ls curs gSa] 2r fH H∆ = ∆V V

larqfyr lehdj.k esa leLr xq.kkadksa dks 2 ls foHkkftr
dj HBr(g) osQ fojpu ,UFkSYih osQ fy, lehdj.k bl
çdkj fy[kk tk ldrk gSµ

2 2

1

½H (g) ½Br (1) HBr(g);

36.4 kJ molf H −

+ →

∆ = −V

lkj.kh 5-2  oqQN pqus gq, inkFkks± dh 298 ΚΚΚΚΚ     ij ekud eksyj fojpu ,UFkSYih] ∆∆∆∆∆
f 
Η Η Η Η Η 00000
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oqQN inkFkks± dh 298 K ij ekud eksyj fojpu
,UFkSYih ∆

f 
Η 0 lkj.kh 5-2 esa nh xbZ gSA

ifjikVh osQ vuqlkj] ,d rÙo osQ lcls vfèkd
LFkkf;Ro dh voLFkk esa (lanHkZ&voLFkk) ekud fojpu
,UFkSYih ∆

f 
Η 0 dk eku 'kwU; fy;k tkrk gSA

eku yhft, fd vki ,d osQfedy bathfu;j gSa
vkSj tkuuk pkgrs gSa fd ;fn lkjs inkFkZ viuh ekud
voLFkk esa gSa rks oSQfYl;e dkcksZusV dks pwuk ,oa dkcZu
MkbvkWDlkbM esa fo?kfVr djus osQ fy, fdruh mQ"ek
dh vko';drk gksxh]

3 2CaCO (s) CaO(s) CO (g); ?r H→ + ∆ =V

;gk¡ ge ekud fojpu ,UFkSYih dk mi;ksx dj ldrs
gSa ,oa vfHkfØ;k dk ,UFkSYih ifjorZu ifjdfyr dj ldrs
gSaA ,UFkSYih ifjorZu dh x.kuk djus osQ fy, ge fuEufyf[kr
lkekU; lehdj.k dk mi;ksx dj ldrs gSaµ

                (5.15)

tgk¡ larqfyr lehdj.k es a ,oa b Øe'k%
vfHkfØ;dksa ,oa mRiknksa osQa xq.kkad gSA mijksDr lehdj.k
dks oSQfYl;e dkcksZusV osQ fo?kVu ij ykxw djrs gSaA ;gk¡
a ,oa b nksuksa 1 gSaA vr%

2

3

= [CaO(s)] [CO (g)]

[CaCO (s)]

∆ ∆ + ∆

− ∆

r f f

f

H H H

H

V V V

V

1 1

1

=1( 635.1 kJ mol ) 1( 393.5 kJ mol )

1( 1206.9 kJ mol )

− −

−

− + −

− −

= 178.3kJ mol–1

vr% CaCO
3
(s) dk fo?kVu mQ"ek'kks"kh vfHkfØ;k

gSA vr% bfPNr mRikn çkIr djus osQ fy, vkidks bls
xje djuk gksxkA

(?k) mQ"ejklk;fud lehdj.k

,d larqfyr jklk;fud lehdj.k] ftlesa mlosQ ∆
r
H dk

eku Hkh fn;k x;k gks] ̂ mQ"ejklk;fud lehdj.k* dgykrk
gSA ge ,d lehdj.k esa inkFkks± dh HkkSfrd voLFkk,¡
(vij:i voLFkk osQ lkFk) Hkh fu£n"V djrs gSaA
mnkgj.k osQ fy,µ

2 5 2 2 2

1

C H OH( ) 3O (g) 2CO (g) 3H O( ) :

1367 kJ molr

l l

H −

+ → +

∆ = −V

mijksDr lehdj.k fuf'pr rki ,oa nkc ij æo
,FksukWy dk ngu n'kkZrk gSA ,UFkSYih ifjorZu dk Í.kkRed
fpÉ n'kkZrk gS fd ;g ,d mQ"ek{ksih vfHkfØ;k gSA

mQ"ejklk;fud lehdj.kksa osQ lanHkZ esa fuEufyf[kr
ifjikfV;ksa dks ;kn j[kuk vko';d gSµ
1- larqfyr jklk;fud lehdj.k esa xq.kkad vfHkfØ;dksa

,oa mRiknksa osQ eksyksa (v.kqvksa dks ugha) dks funsZf'kr
djrs gSaA

2- ∆
r 

Η 0 dk xf.krh; eku lehdj.k }kjk inkFkks± osQ
eksyksa dh la[;k osQ lanHkZ esa gksrk gSA ekud ,UFkSYih
ifjorZu ∆rΗ 0 dh bdkbZ kJ mol

-1 gksrh gSA

mijksDr èkkj.kk dks le>kus osQ fy, ge fuEufyf[kr
vfHkfØ;k osQ fy, vfHkfØ;k&mQ"ek dh x.kuk djrs gSaµ

( ) ( ) ( ) ( )2 3 2 2Fe O s 3H g 2Fe s 3H O l ,+ → +

ekud fojpu ,UFkSYih dh lkj.kh (5-2) ls ge ikrs gSaµ

( )2H O,∆ f H lV  = –285.83 kJ mol–1;

( )2 3Fe O ,s∆ f HV  = – 824.2 kJ mol–1;

∆
f 
H 0  (Fe, s) = 0 ,oa

∆
f 
H 0 (H

2
, g) = 0, ifjikVh osQ vuqlkj

rc]

1r H∆
V

= 3(–285.83 kJ mol–1)

– 1(– 824.2 kJ mol–1)

         =  (–857.5 + 824.2) kJ mol–1

             =  –33.3 kJ mol–1

è;ku jgs fd bu x.kukvksa esa ç;qDr xq.kkad 'kq¼ la[;k,a
gSa] tks mfpr LVksfd;ksfefr xq.kkadksa (Stoichiometric coef-

ficients) osQ rqY; gSaA ∆
f 
Η 0 dh bdkbZ kJ mol-1 gS] ftldk

vFkZ vfHkfØ;k dk çfr eksy gSA tc ge mijksDr çdkj ls
jklk;fud lehdj.k dks larqfyr dj ysrs gSa] rc ;g vfHkfØ;k
osQ ,d eksy dks ifjHkkf"kr djrk gSA ge lehdj.k dks fHkUu
çdkj ls larqfyr djrs gSaA mnkgj.kkFkZµ

( ) ( ) ( ) ( )2 3 2 2

1 3 3
Fe O s H g Fe s H O l

2 2 2
+ → +

rc vfHkfØ;k dh ;g ek=kk ,d eksy vfHkfØ;k gksxh

,oa 
r H

Θ∆  gksxk
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( )1
2

3
= 285.83 kJmol

2

−∆ −r H
V

  ( )11
824.2kJmol

2

−− −

= (– 428.7 + 412.1) kJ mol–1

= –16.6 kJ mol–1 =  ½ 1r H∆
V

blls Li"V gksrk gS fd ,UFkSYih ,d foLrh.kZ jkf'k gSA

3- tc fdlh jklk;fud lehdj.k dks myVk fy[kk tkrk

gS] rc 
r H

Θ∆  osQ eku dk fpÉ Hkh cny tkrk gSA

mnkgj.k osQ fy,µ

( )2 2 3

1

N (g) 3H g 2NH (g);

91.8kJ molr H
−

+ →

∆ = −V

3 2 2

1

2NH (g) N (g) 3H (g);

91.8kJ molr H
−

→ +

∆ = +V

(p) gsl dk fu;e

pw¡fd ,UFkSYih ,d voLFkk&iQyu gS] vr% ,UFkSYih ifjorZu
çkjafHkd voLFkk (vfHkdkjdksa) vafre voLFkk (mRiknksa) dks
çkIr djus osQ iFk ls Lora=k gksrh gSA nwljs 'kCnksa esaµ ,d
vfHkfØ;k pkgs ,d in esa gks ;k dbZ inksa dh  Ükà[kyk esa]
,UFkSYih ifjorZu leku jgrk gSA bls ̂ gsl fu;e* osQ :i esa
bl çdkj dg ldrs gSaµ

vusd inksa esa gksus okyh fdlh jklk;fud vfHkfØ;k

dh ekud ,UFkSYih mu lHkh vfHkfØ;kvksa dh leku rki

ij ekud ,UFkSfYi;ksa dk ;ksx gksrh gS] ftuesa bl laiw.kZ

vfHkfØ;k dks foHkkftr fd;k tk ldrk gSA

vkb,] ge bl fu;e dk egÙo ,d mnkgj.k osQ }kjk
le>saA fuEufyf[kr vfHkfØ;k esa ,UFkSYih&ifjorZu ij fopkj
dfj;s djsaµ

( ) ( ) ( )+ → ∆ =2

1
C O g CO g ; ?

2
rHxiSz QkbV V

;|fi CO (g) çeq[k mRikn gS] ijarq bl vfHkfØ;k esa
oqQN CO

2 
xSl ges'kk mRiÂ gksrh gSA vr% mijksDr vfHkfØ;k

osQ fy, ge ,UFkSYih&ifjorZu dks lhèks eki dj Kkr~ ugha
dj ldrsA ;fn ge vU; ,slh vfHkfØ;k,a <w¡< losaQ] ftuesa

lacafèkr Li'kht gksa] rks mijksDr lehdj.k esa ,UFkSYih&ifjorZu
dk ifjdyu fd;k tk ldrk gSA

vc ge fuEufyf[kr vfHkfØ;kvksa ij fopkj djrs
gSaµ

( ) ( ) ( )+ →2 2C s O g CO g ;xiSz QkbV]

1393.5kJmol−∆ = −rH
V (i)

( ) ( ) ( )2 2

1
CO g O g CO g ;

2
+ →

1283.0kJmol−∆ = −rH
V (ii)

ge mijksDr lehdj.kksa dks bl çdkj la;qDr djrs gSa
fd bfPNr vfHkfØ;k çkIr gks tk,A nkb± vksj ,d eksy
CO(g) çkIr djus osQ fy, lehdj.k (ii) dks ge mYVk djrs
gSa] ftlesa ÅtkZ fueqZDr gksus dh ctk; vo'kksf"kr gksrh gSA
vr% ge ∆rH

V  osQ eku dk fpÉ cny nsrs gSaA

( ) ( ) ( )2 2

1
CO g CO g O g ;

2
→ +

                   1283.0kJmolr H
−∆ = +V          (iii)

lehdj.k (i) ,oa (iii) dks tksM+dj ge bfPNr lehdj.k çkIr
djrs gSaA

( ) ( ) ( )+ →2

1
C s O g CO g ;

2
xSiz QkbV]

blosQ fy, ( )= 393.5 283.0r H∆ − +V

= – 110.5 kJ mol–1

O;kid :i esa ;fn ,d vfHkfØ;k A B→  osQ
fy, ,d ekxZ ls oqQy ,UFkSYih ifjorZu r H∆  gks ,oa

nwljs ekxZ ls ∆ ∆1 2,r rH H ] 3r H∆ --- leku mRikn B osQ
cuus esa fofHkÂ ,UFkSYih&ifjorZuksa dk çfrfufèkRo djrs
gksa] rks
∆

r
H = ∆

r
H

1
 + ∆

r
H

2
 + ∆

r
H

3
 ... (5.16)

bls bl :i esa çn£'kr fd;k tk ldrk gSµ

A B

C D

∆
r
H

1

∆
r
H

2

∆
r
H

3

∆
r
H
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5-5 fofHkÂ çdkj dh vfHkfØ;kvksa
osQ fy, ,UFkSYih

vfHkfØ;kvksa osQ çdkj dks fu£n"V djrs gq, ,UFkSYih dk

ukedj.k djuk lqfoèkktud gksrk gSA

(d) ekud ngu ,UFkSYih ∆∆∆∆∆
c 

Η Η Η Η Η 00000

ngu vfHkfØ;k,a çÑfr ls Å"ek{ksih gksrh gSaA ;s m|ksx]

jkWosQV] foeku ,oa thou osQ vU; igyqvksa esa egÙoiw.kZ gksrh

gSaA ekud ngu ,UFkSYih dks bl çdkj ifjHkkf"kr fd;k tkrk

gS fd ;g fdlh inkFkZ dh çfr eksy og ,UFkSYih ifjorZu

gS] tks blosQ ngu osQ iQyLo:i gksrk gS] tc leLr

vfHkfØ;d ,oa mRikn ,d fof'k"V rki ij viuh ekud

voLFkkvksa esa gksrs gSaA

[kkuk idkus okyh xSl osQ fl¯yMj esa eq[;r% C;wVsu

(C
4
H

10
) xSl gksrh gSA C;wVsu osQ ,d eksy osQ ngu ls 2658

kJ Å"ek fueZqDr gksrh gSA blosQ fy, ge Å"ejklk;fud

vfHkfØ;k dks bl çdkj fy[k ldrs gSaµ

4 10 2 2 2

1

13
C H (g) O (g) 4CO (g) 5H O(1);

2

2658.0 kJ molcH
−

+ → +

∆ = −V

blh çdkj Xywdksl osQ ngu ls 2802.0 kJ/mol

Å"ek fueqZDr gksrh gS] ftlosQ fy, lehdj.k gSµ

6 12 6 2 2 2

1

C H O (g) 6O (g) 6CO (g) 6H O(1);

2802.0 kJ molcH
−

+ → +

∆ = −V

gekjs 'kjhj esa Hkh ngu osQ çØe dh rjg Hkkstu ls

ÅtkZ mRiÂ gksrh gS] ;|fi vafre mRikn dbZ çdkj osQ tfVy

tSo&jklk;fud vfHkfØ;kvksa dh Js.kh ls curs gSa] ftuesa

,U”kkbe dk mi;ksx gksrk gSA

mnkgj.k 5-9

csUT+khu osQ 1 eksy dk ngu 298 K ,oa 1 atm ij

gksrk gSA ngu osQ mijkar CO2(g) ,oa H2O (1) curs gSa

rFkk 3267.0 kJ Å"ek fueqZDr gksrh gSA csUT+khu osQ

fy, ekud fojpu ,UFkSYih dh x.kuk dhft,A CO2(g)

,oa H2O (1) osQ fy, ekud fojpu ,UFkSYih osQ

eku Øe'k% –393.5 kJ mol
–1 ,oa –285.83 kJ

mol
–1 gSaA

gy

csUT+khu dk fojpu fuEufyf[kr lehdj.k ls fn;k
tkrk gSµ

( ) ( )
( )

+ →

∆ =

2 6 66C 3H g C H l ;

?... if H V

(xzSiQkbV)

1 eksy csUT+khu osQ fy, ngu ,UFkSYih gSµ

( ) ( ) ( )

( )

6 6 2 2 2

-1

15
C H l O 6CO g 3H O l ;

2

3267 kJ mol ... iicH

+ → +

∆ = −V

1 eksy CO2(g) osQ fy, fojpu ,UFkSYih gSµ

( ) ( )
( )

+ →

∆ = −

2 2

-1

C O g CO g ;

393.5 kJ mol ... iiif H V

(xSziQkbV)

1 eksy H2O (1) osQ fy, fojpu ,UFkSYih gSµ

( ) ( ) ( )2 2 2

1
H g O g H O l ;

2
+ →

( )-1285.83kJ mol ... iv∆ = −f H
V

lehdj.k iii dks 6 ls ,oa iv dks 3 ls xq.kk djus ij

( ) ( )+ →

∆ = −
2 2

-1

6C 6O g 6CO g ;

2361kJ molf H
V

(xzSiQkbV)

( ) ( ) ( )2 2 2

–1

3
3H g O g 3H O l ;

2

857.49kJ molf H

+ →

∆ = −V

mijksDr nksuksa lehdj.kksa dks tksM+us ij

( ) ( ) ( )

( )
( )

2 2 2

2

-1

, s
15

6C 3H g O g 6CO g
2

3H O l ;

3218.49kJ mol   ...  vf H

+ + →

+

∆ = −V

(xSiz QkbV )

lehdj.k ii dks myVk djus ij
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( ) ( ) ( )

( )

2 2 6 6 2

-1

15
6CO g 3H O l C H l O ;

2

3267.0 kJ mol   ...  vif H

+ → +

∆ =V

lehdj.kksa v ,oa vi dks tksM+us ij ge ikrs gSa %

( ) ( )2 6 6

-1

6C 3H g C H l ;

48.51 kJ molf H

+ →

∆ =V

(xizS QkbV)

([k) d.ku ,UFkSYih ∆∆∆∆∆
a 

Η Η Η Η Η 00000

vkb,] MkbgkbMªkstu osQ d.ku osQ bl mnkgj.k ij fopkj
djsaµ

1

2H (g) 2H(g); 435.0kJ molaH −→ ∆ =V

vki ns[k ldrs gSa fd bl çfØ;k esa MkbgkbMªkstu osQ
H – H caèkksa osQ VwVus ls H ijek.kq çkIr gksrs gSaaA bl çfØ;k
esa gksus okys ,UFkSYih&ifjorZu dks d.ku ,UFkSYih] ∆

a
H0

dgrs gSaA ;g xSlh; voLFkk esa fdlh Hkh inkFkZ osQ ,d eksy
esa mifLFkr vkcaèkksa dks iw.kZr% rksM+dj ijek.kqvksa esa cnyus ij
gksus okyk ,UFkSYih&ifjorZu gSA Åij n'kkZ, x, MkbgkbMªkstu
tSls f}ijek.kqd v.kqvksa dh d.ku ,UFkSYih budh vkcaèk
fo;kstu ,UFkSYih Hkh gksrh gSA d.ku ,UFkSYih osQ oqQN vU;
mnkgj.k fuEufyf[kr gSaµ
CH

4
(g) → C(g) + 4H(g); ∆

a
H0  = 1665 kJ mol–1

;g è;ku nsus ;ksX; ckr gS fd ;gk¡ mRikn osQoy xSlh;
voLFkk esa C vkSj H ijek.kq gSaA

Na(s)  →  Na(g) ;  ∆
a
H0  = 108.4 kJ mol–1

bl mnkgj.k esa d.ku ,UFkSYih vkSj ÅèoZikru ,UFkSYih
,d leku gSaA

(x) vkcaèk ,UFkSYih ∆∆∆∆∆
bond

 H
00000

lkekU; vfHkfØ;kvksa esa jklk;fud vkcaèk VwVrs ,oa curs gSaA
vkcaèk VwVus osQ fy, ÅtkZ dh vko';drk gksrh gS vkSj vkcaèk
cuus esa ÅtkZ fueqZDr gksrh gSA fdlh Hkh vfHkfØ;k dh Å"ek
dks jklk;fud vkcaèkksa osQ VwVus ,oa cuus esa gksus okys ÅtkZ&
ifjorZuksa ls tksM+k tk ldrk gSA jklk;fud vkcaèkksa ls tqM+s
,UFkSYih&ifjorZuksa osQ fy, Å"ekxfrdh esa nks vyx in
ç;qDr gksrs gSaµ
(i) vkcaèk fo;kstu ,UFkSYih
(ii) ekè; vkcaèk ,UFkSYih

vkb, ge mudh ppkZ f}ijek.kqd ,oa cgqijek.kqd
v.kqvksa osQ lanHkZ esa djsaA
f}ijek.kqd v.kq % esa fuEufyf[kr çfØ;k ij fopkj djsa
,d eksy MkbgkbMªkstu esa fo|eku lHkh vkcaèk VwVrs gSaµ

H
2
(g)  →  2H(g) ;  ∆

H–H
H0  = 435.0 kJ mol–1

bl çfØ;k esa gksus okyk ,UFkSYih&ifjorZu H – H

vkcaèk dh vkcaèk fo;kstu ,UFkSYih (Bond Dissociation

Enthalpy) gSA
vkcaèk fo;kstu ,UFkSYih ml çfØ;k esa gksus okyk

,UFkSYih&ifjorZu gS] ftlesa fdlh xSlh; lgla;kstd
;kSfxd osQ ,d eksy vkcaèk VwVdj xSlh; mRikn cusaA

è;ku nsa fd ;g ,UFkSYih&ifjorZu vkSj MkbgkMªkstu dh
d.ku ,UFkSYih ,d leku gSaA vU; lHkh f}ijek.kqd v.kqvksa
osQ fy, Hkh ;g lR; gSA mnkgj.kkFkZµ

Cl
2
(g)  →  2Cl(g) ;  ∆

Cl–Cl
H0  = 242 kJ mol–1

O
2
(g)  →  2O(g) ;  ∆

O=O
H0  = 428 kJ mol–1

cgqijek.kqd v.kq esa vkcaèk fo;kstu ÅtkZ dk eku ,d
v.kq esa fHkUu caèkksa osQ fy, fHkUu gksrk gSA
cgqijek.kqd v.kq (Polyatomic Molecules) : ge
,d cgqijek.kqd v.kq (tSlsµ CH

4
) ij fopkj djrs gSaA

blosQ d.ku osQ fy, Å"ejklk;fud vfHkfØ;k bl çdkj nh
tkrh gSµ

4

1

CH (g) C(g) 4H(g);

1665 kJ mola H −

→ +

∆ =V

esFksu esa pkjksa C-H vkcaèk leku gSaA blfy, esFksu v.kq
esa lHkh C-H vkcaèkksa dh vkcaèk&nwjh ,oa vkcaèk&ÅtkZ Hkh
,d leku gS] rFkkfi çR;sd C-H vkcaèk dks rksM+us osQ fy,
vko';d ÅtkZ fHkÂ&fHkÂ gSa] tks uhps nh xbZ gSaµ

1
4 3CH (g) CH (g) H(g); 427 kJ molbondH −→ + ∆ = +V

1

3 2CH (g) CH (g) H(g); 439kJ molbondH −→ + ∆ = +V

1

2CH (g) CH(g) H(g); 452kJ molbondH −→ + ∆ = +V

−→ + ∆ = + 1CH(g) C(g) H(g); 347kJ molbondHV

vr%
−→ + ∆ = + 1

4CH (g) C(g) 4H(g); 1665kJ molaHV

vc ge CH
4 
esa C-H caèk dh vkSlr vkcaèk ,UFkSYih

ifjHkkf"kr djrs gSaµ

Rationalised 2023-24



154 jlk;u foKku

1

4CH = ¼( ) = ¼ (1665kJ mol )aH −∆ V

                              = 416 kJ mol–1

ge ns[krs gSa fd esFksu esa C-H caèk dh vkSlr vkcaèk
,UFkSYih 416 KJ/mol gSA ;g ik;k x;k fd fofHkÂ ;kSfxdksa]
tSlsµ CH

3
CH

2
Cl, CH

3
NO

2
 vkfn esa C-H caèk dk vkSlr

vkcaèk ,UFkSYih eku ,d&nwljs ls FkksM+k fHkÂ gksrk gSA* ijarq
bu ekuksa esa vfèkd varj ugha gksrkA gsl osQ fu;e dk mi;ksx
dj osQ vkcaèk ,UFkSYih dh x.kuk dh tk ldrh gSA oqQN
,dy vkSj cgqvkcaèkksa dh ,UFkSYih lkj.kh 5-3 esa miyCèk gSA
vfHkfØ;k ,UFkSYih cgqr egÙoiw.kZ gksrh gS] D;ksafd ;g iqjkus
vkcaèkksa osQ VwVus ,oa u, vkcaèkksa osQ cuus osQ dkj.k gh mRiÂ
gksrh gSA ;fn gesa fofHkÂ vkcaèk ,UFkSfYi;k¡ Kkr gksa rks xSlh;
voLFkk esa fdlh Hkh vfHkfØ;k dh ,UFkSYih Kkr dh tk
ldrh gSA xSlh; voLFkk esa vfHkfØ;k dh ekud ,UFkSYih

rH∆ 0  mRiknksa ,oa vfHkfØ;dksa dh vkcaèk ,UFkSfYi;ksa ls bl
çdkj lacafèkr gksrh gSµ

r H∆ = −∑ ∑V

mRiknvfHkfØ;dvkcèa k ,UFkSYih vkcaèk ,UFkSYih

(5.17)**

;g lacaèk ml le; fo'ks"k mi;ksxh gksrk gS] tc

f H∆ 0  dk eku Kkr u gksA fdlh vfHkfØ;k dk oqQy
,UFkSYih&ifjorZu ml vfHkfØ;k esa vfHkfØ;d v.kqvksa osQ
lHkh vkcaèkksa dks rksM+us osQ fy, vko';d ÅtkZ ,oa mRiknksa
osQ v.kqvksa osQ lHkh vkcaèkksa dks rksM+us osQ fy, vko';d ÅtkZ
dk varj gksrk gSA è;ku jgs fd ;g lacaèk yxHkx lgh gSA ;g
mlh le; ykxw gksxk] tc vfHkfØ;k esa lHkh inkFkZ
(vfHkfØ;d ,oa mRikn) xSlh; voLFkk esa gksaA

(?k) tkyd ,UFkSYih
,d vk;fud ;kSfxd dh tkyd ,UFkSYih og ,UFkSYih
ifjorZu gS] tc ,d eksy vk;fud ;kSfxd xSlh; voLFkk esa
vius vk;uksa esa fo;ksftr gksrk gSA

* uksV djsaµ vkcaèk fo;kstu ,UFkSYih rFkk vkSlr vkcaèk ,UFkSYih osQ fy, leku fpÉ dk ç;ksx fd;k tkrk gSA
** ;fn ge vkcaèk fojpu ,UFkSYih (∆

f
H0

bond
) dk iz;ksx djas] tks xSlh; ijek.kqvksa }kjk fdlh çdkj osQ ,d eksy vkcaèk cuus dk

,UFkSYih&ifjorZu gks] rc ∆ = ∆ − ∆∑ ∑r f fH H HV V V

mRikn osQ vkc/a vfHkfØ;dkas osQ vkc/a

H C N O F Si P S Cl Br I

435.8 414 389 464 569 293 318 339 431 368 297 H

347 293 351 439 289 264 259 330 276 238 C

159 201 272 - 209 - 201 243 - N

138 184 368 351 - 205 - 201 O

155 540 490 327 255 197 - F

176 213 226 360 289 213 Si

213 230 331 272 213 P

213 251 213 - S

243 218 209 Cl

192 180 Br

151 I

lkj.kh 5-3  (d) 298K ij oqQN ,dy vkcaèkksa osQ vkSlr ,UFkSYih eku (kJ mol–1 esa)

N = N 418 C = C 611 O = O 498

N ≡ N 946 C ≡ C 837

C = N 615 C = O 741

C ≡ N 891 C ≡ O 1070

lkj.kh 5-3  ([k) 298K ij oqQN vkSlr cgqvkcaèk ,UFkSYih eku (kJ mol–1 esa)

Rationalised 2023-24



155Å"ekxfrdh

pw¡fd tkyd ,UFkSYih dks ç;ksxksa }kjk lhèks Kkr djuk
vlaHko gS] vr% ge ,d ijks{k fofèk dk mi;ksx djrs gSa]
tgk¡ ,d ,UFkSYih vkjs[k cukrs gSaA mls ckWuZ&gscj pØ
(Born-Haber cycle) dgk tkrk gS (fp=k 5-9)A

fp=k 5-9 NaCl dh tkyd ,UFkSYih osQ fy, ,UFkSYih vkjs[k

vkb,] ge fuEufyf[kr inksa esa Na+Cl– dh tkyd
,UFkSYih dh x.kuk djrs gSaµ
1- Na(s) Na(g)→  lk s fM;e èkkr q dk ÅèoZikru]

–1108.4 kJmolsubH∆ =0

2- –1Na(g) Na (g) e (g)+→ +  lksfM;e ijek.kq dk vk;uu

,UFkSYih
–1496 kJmoliH∆ =0

3- →2

1
Cl (g) Cl (g)

2
Dyksjhu dk fo;kstuA bl vfHkfØ;k

dh ,UFkSYih vkcaèk fo;kstu ,UFkSYih dh vkèkh gSA

–11
121kJmol

2
bondH∆ =0

4- –1 –Cl (g) e (g) Cl (g)+ → Dyksjhu ijek.kqvksa }kjk xzká

bysDVªkWu yfCèkA bl çfØ;k esa bysDVkWu yfCèk ,UFkSYih
–1348.6kJmolegH∆ =0

vkius ,dd 3 esa vk;uu ,UFkSYih rFkk bysDVªkWu yfCèk
,UFkSYih osQ ckjs esa i<+k gSA okLro esa ;s in Å"ekxfrdh ls
gh fy;s x, gSaA igys bu inksa dh txg vk;uu ÅtkZ ,oa
bysDVªkWu caèkqrk inksa dk ç;ksx fd;k tkrk FkkA (ckWDl nsf[k,)

vk;uu ÅtkZ ,oa bysDVªkWucaèkqrk

vk;uu ÅtkZ ,oa bysDVªkWucaèkqrk inksa dks ije 'kwU; rkieku

ij ifjHkkf"kr fd;k xk;k gSA fdlh vU; rkieku ij budk
eku vfHkdkjdksa rFkk mRiknksa dh Å"ekèkkfjrk dh lgk;rk
ls ifjdfyr fd;k tk ldrk gSA fuEufyf[kr vfHkfØ;k esa

(vk;uu oQs  fy,)–M(g) M (g) e+→ +

(byDs Vkª uW  oQs  fy,)– –M(g) e M (g)+ →

rkieku T ij ,UFkSYih ifjorZu uhps fy[ks lehdj.k dh
lgk;rk ls ifjdfyr fd;k tk ldrk gSµ

T

O

(T) (O) d∆ = ∆ + ∆∫r r r PH H C T0 0 0

mijksDr vfHkfØ;kvksa esa Hkkx ys jgs çR;sd inkFkZ dh

Å"ekèkkfjrk ,5/2 RPC  ( ,3/2 R)νC  gSA blfy,

5/2 R∆ = +
r P
C
0 (vk;uu osQ fy,)

– 5/2 Rr PC∆ =0 (bysDVªkWu yC/rk osQ fy,)

bl çdkj

∆r H
0  (vk;uu ,UFkSYih) = E

0
 (vk;uu ÅtkZ)

5/2RT+  – A∆ =r H
0  (b.ysDVªkWucaèkqrk) – 5/2 RT

5- – –Na (g) Cl (g) Na Cl (s)+ ++ →

bu fofHkUu inksa dk Øe fp=k 5-9 esa n'kkZ;k x;k gSA
bl Øe dks ^ckWuZ&gscj pØ* dgrs gSaA bl pØ dk

egÙo ;g gS fd bl iwjs pØ esa ,UFkSYih&ifjorZu 'kwU;

gksrk gSA

gsl fu;e osQ vuqlkj

latticeH 411.2 108.4 121 496 – 348.6∆ = + + +0

latticeH 788kJ∆ = +0

–NaCl (s) Na (g) Cl (g)NaCl+→ +  osQ fy,]
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bl çfØ;k osQ fy, vkarfjd ÅtkZ blls 2 RT de

gksxh (D;ksfd gn 2∆ = )] tks + 783 kJ mol–1. osQ cjkcj

gksxhA
vc ge bl tkyd ,UFkSYih osQ eku dh lgk;rk ls

foy;u ,UFkSYih dk ifjdyu dj ldrs gSaA

sol lattice hydH H H∆ = ∆ + ∆0 0 0

NaCl(s) osQ ,d eksy osQ fy, tkyd ,UFkSYih
–1– 784 kJ mollattice H∆ =0 (lanHkZ&iqLrd ls)

–1 –1

–1

788kJmol –784kJmol

4kJmol

∴ ∆ =

= +

0

sol
H

bl çdkj NaCl(s) dh foy;&çfØ;k esa cgqr de
ÅtkZ&ifjorZu gksrk gSA

(p) foy;u&,UFkSYih ∆∆∆∆∆
So1

 H00000

fdlh inkFkZ dh foy;u&,UFkSYih og ,UFkSYih&ifjorZu
gS] tks blosQ ,d eksy dks foyk;d dh fu£n"V ek=kk esa
?kksyus ij gksrk gSA vuar ruqrk ij foy;u&,UFkSYih og
,UFkSYih&ifjorZu gS] tc inkFkZ dks foyk;d dh vuar ek=kk
esa ?kksyk tkrk gS] tcfd vk;uksa osQ (;k foys; osQ v.kqvksa
osQ) eè; vU;ksU; fØ;k ux.; gksA

tc ,d vk;fud ;kSfxd dks foyk;d esa ?kksyk tkrk
gS] rc blosQ vk;u fØLVy tkyd esa viuh fu;fer fLFkfr
dks NksM+ nsrs gSaA rc ;s foy;u esa vfèkd Lora=k gksrs gSa] ijarq
mlh le; bu vk;uksa dk foyk;dhdj.k (foyk;d ty esa
tyh;dj.k) Hkh gksrk gSA bls ,d vk;fud ;kSfxd AB (s)

osQ fy, vkjs[kh; :i esa n'kkZ;k x;k gSA

vr% ty esa AB(s) dh foy;u ,UFkSYih ∆
so1

H  ,oa
tyh;dj.k ,UFkSYih] hyd H∆  osQ ekuksa }kjk bl çdkj Kkr
dh tk ldrh gSµ

=sol lattice hydH H H∆ ∆ + ∆

vfèkdka'k vk;fud ;kSfxdksa osQ fy, ∆
so1

H  èkukRed
gksrk gSA blhfy, vfèkdka'k ;kSfxdksa dh ty esa foys;rk rki
c<+kus ij c<+rh gSA ;fn tkyd ,UFkSYih cgqr T;knk gS] rks
;kSfxd dk foy;u ugha curk gSA cgqr ls ÝyqvksjkbM
DyksjkbMksa dh vis{kk de foys; D;ksa gksrs gSa\ ,UFkSYih
ifjorZuksa osQ vuqeku vkcaèk ÅtkZvksa (,UFkSfYi;ksa) ,oa tkyd
ÅtkZvksa (,UFkSfYi;ksa) dh lkjf.k;ksa osQ mi;ksx }kjk fd, tk
ldrs gSaA

(N) ruqdj.k dh ,UFkSYih
;g Kkr gS fd foy;u&,UFkSYih] fLFkj rki o nkc ij
foys; dh fdlh fof'k"V ek=kk dks foyk;d dh fdlh
fof'k"V ek=kk esa  ?kksyus ls gksus okyk ,UFkSYih ifjorZu
gksrk gSA ;g dFku FkksM+s ls la'kks/u osQ ckn fdlh Hkh
foyk;d osQ fy, ykxw fd;k tk ldrk gSA xSlh;
gkbMªkstu osQ 10 mol dks 10 mol ty esa ?kksyus ls
gksus okyk ,UFkSYih ifjroZu fuEufyf[kr lehdj.k }kjk
fy[kk tk ldrk gSA lqfo/k osQ fy, ge ty dks aq.

ls iznf'kZr djsaxsA

HCl(g) + 10 aq. → HCl.10 aq.

      VH = – 69.01 kJ / mol

vkb, ge fuEufyf[kr ,UFkSYih ifjorZuksa osQ lewg
dh vksj è;ku nsaA

(S-1) HCl(g) + 25 aq. → HCl.25 aq.
∆H = –72.03 kJ / mol

(S-2) HCl(g) + 40 aq. → HCl.40 aq.
∆H = –72.79 kJ / mol

(S-3) HCl(g) + ∞ aq. → HCl. ∞ aq.

∆H = –74.85 kJ / mol

 ∆H osQ eku ;g iznf'kZr djrs gSa fd foy;u&,UFkSYih
dh lkekU; fuHkZjrk foy;u dh ek=kk gksrh gSA tSls&tSls
foy;u dh vf/d ek=kk bLrseky dh tkrh gS]
foy;u&,UFkSYih lhekUr eku rd igq¡prh tkrh gS ;kfu
vuUr ek=kk rd ruqdj.k okyk ekuA gkbMªksDyksfjd
vEy osQ fy, ;g mijksDr lehdj.k (S-3) esa fn;k
x;k ∆H dk eku gSA
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;fn ge nwljs lehdj.k (S-2) esa ls igyk
lehdj.k (S-1) ?kVk nsa rks gesa izkIr gksrk gSµ

HCl.25 aq. + 15 aq. → HCl.40 aq.
VH = [ –72.79 – (–72.03)] kJ / mol

= – 0.76 kJ / mol

∆H dk ;g eku (– 0.76 kJ/mol) ruqdj.k dh ,UFkSYih
gSA ;g og Å"ek gS tks foy;u esa vkSj vf/d
foyk;d feyus ij okrkoj.k ls yh tkrh gSA foy;u
osQ ruqdj.k dh ,UFkSYih foy;u dh ewy lkanzrk vkSj
feykbZ xbZ foyk;d dh ek=kk ij fuHkZj djrh gSA

5-6 Lor%ço£rrk
Å"ekxfrdh dk çFke fu;e gesa fdlh fudk; }kjk vo'kksf"kr
Å"ek ,oa ml ij vFkok mlosQ }kjk fd, x, dk;Z esa lacaèk
crkrk gSA ;g Å"ek osQ çokg dh fn'kk ij dksbZ çfrcaèk ugha
yxkrk gS] cfYd Å"ek dk çokg mPp rki ls fuEu rki dh
vksj ,dfn'kh; gksrk gSA okLro esa çkÑfrd :i ls gksusokys
lHkh jklk;fud ;k HkkSfrd çØe ,d gh fn'kk dh vksj ftlesa
lkE; LFkkfir gks] Lor%ço£rr gksaxsA mnkgj.k osQ fy,µ ,d
xSl dk miyCèk LFkku dks Hkjus osQ fy, çlj.k] dkcZu dk
vkWDlhtu esa tydj dkcZu MkbvkWDlkbM cuuk vkfnA

ijarq Å"ek BaMh oLrq ls xje oLrq dh vksj Lor% ugha
cgsxhA ,d ik=k esa j[kh xSl fdlh dksus esa Lor% laoqQfpr
ugha gksxh ;k dkcZu MkbvkWDlkbM Lor% dkcZu vkSj vkWDlhtu
esa ifjo£rr ugha gksxhA blh çdkj osQ vU; Lor%çØe
,dfn'kh; ifjorZu n'kkZrs gSaA vc ç'u mBrk gS fd Lor%
gksusokys ifjorZuksa osQ fy, çsjd cy (Driving Force) D;k
gS\ ,d Lor% çØe dh fn'kk oSQls fuèkkZfjr gksrh gS\ bl
[kaM esa ge bu çØeksa osQ fy, ekinaM fuèkkZfjr djsaxs fd ;s
laHko  gks ldrs gSa ;k ughaA

igys gesa le>uk pkfg, fd Lor%izo£rr çØe D;k
gS\ vki lkekU; :i ls lksp ldrs gSa fd Lor%izo£rr
jklk;fud vfHkfØ;k og gS] tks vfHkdkjdksa osQ laioZQ ls
rqjar gh gksus yxrh gSA ge vkWDlhtu ,oa gkbMªkstu osQ la;ksx
dh fLFkfr dks ysrs gSaA bu xSlksa dks dejs osQ rki ij fefJr
djosQ vusd o"kks± rd fcuk fdlh mYys[kuh; ifjorZu osQ
j[kk tk ldrk gSA ;|fi buosQ eè; vfHkfØ;k gks jgh gS]
ijarq cgqr gh èkheh xfr lsA bls rc Hkh ^Lor%izo£rr
vfHkfØ;k* gh dgrs gSaA vr% Lor%izofrZr çØe dk vFkZ gS

fdlh cká lkèku (Agency) dh fcuk lgk;rk osQ fdlh
çØe osQ gksus dh ço`fÙk gksukA ;|fi blls vfHkfØ;k ;k
çØe osQ gksus dh nj dk irk ugha pyrk gSA Lor%izofrZr
çØeksa osQ nwljs igyw esa ge ns[krs gSa fd ;s Lor% viuh fn'kk
ls mRØfer ugha gks ldrs gSaA Lor%izofrZr çØeksa osQ fy, ge
la{ksi esa dg ldrs gSa fd µ

Lor%izofrZr çØe ,d vuqRØe.kh; çØe gksrk gSA
;g fdlh cká lkèku (Agency) osQ }kjk gh
mRØfer fd;k tk ldrk gSA

(d) D;k ,UFkSYih dk de gksuk Lor%ço£rrk dh
dlkSVh gS\

;fn ge ,slh ?kVukvksa tSls µ igkM+h ls ty fxjus ;k tehu
ij iRFkj fxjus dh çfØ;kvksa ij fopkj djsa] rc ns[ksaxs fd
çØe dh fn'kk esa fudk; dh fLFkfrt ÅtkZ esa deh gksrh gSA
bl çdkj ge dg ldrs gSa fd ,d jklk;fud vfHkfØ;k
ml fn'kk esa Lor%izofrZr gksxh] ftl fn'kk esa ÅtkZ esa deh
gks] tSlk Å"ek{ksih vfHkfØ;kvksa esa gksrk gSA
mnkgj.k osQ fy,µ
1

2
N

2
(g) + 

1

2
H

2
(g)  → NH

3
(g) ;

                                       ∆
r 
H0 = – 46.1 kJ mol–1

1

2
 H

2
(g) + 

1

2
Cl

2
(g)  → HCl (g) ;

                                    ∆
r 
H0 = – 92.32 kJ mol–1

H
2
(g) + 

1

2
 O

2
(g) → H

2
O(l) ;

                                   ∆
r 
H0 = –285.8 kJ mol–1

fdlh Hkh Å"ek{ksih vfHkfØ;k osQ fy, vfHkdkjdksa ls
mRiknksa osQ cuus ij ,UFkSYih esa vkbZ deh dks ,d ,UFkSYih
vkjs[k (fp=k 5-10 (oQ)) ls n'kkZ;k tk ldrk gSA

fp=k 5-10 (d) Å"ek{ksih vfHkfØ;k osQ fy, ,UFkSYih&vkjs[k
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vc rd çkIr çek.kksa osQ vkèkkj ij ge ;g voèkkj.kk
cuk ldrs gSa fd fdlh jklk;fud vfHkfØ;k osQ fy,
,UFkSYih esa vkbZ deh mldk çsjd cy (Driving force) gSA

vc ge fuEufyf[kr vfHkfØ;kvksa ij fopkj djrs gSaµ
1

2
 N

2
(g) + O

2
(g) → NO

2
(g);

∆
r 
H = +33.2 kJ mol–1

C (xzSI +kQkbV, s) + 2 S(l) → CS
2
 (l);

∆
r 
H0 +128.5 kJ mol–1

;s vfHkfØ;k,a Lor%izo£rr çØe ,oa Å"ek'kks"kh gSaA
,UFkSYih esa o`f¼ dks ,d ,UFkSYih&vkjs[k }kjk n'kkZ;k x;k gS
(fp=k 5.10 ([k))

vc ge bl çØe dk vè;;u djrs gSaA folj.k ls iwoZ
;fn ge ckb± vksj osQ fgLls ls xSl osQ v.kqvksa dks fudkyrs]
rks fuf'pr :i ls ;s xSl A osQ gksaxsA blh çdkj ;fn ge nkb±
vksj osQ fgLls ls v.kq fudkyrs] rks ;s xSl B osQ v.kq gksaxsA
ijarq ;fn foHkktd gVkus osQ ckn v.kq fudkys tk,a] rks ge
fuf'pr rkSj ij ugha dg ldrs gSa fd fudkyk x;k v.kq xSl
A dk gS ;k xSl B dkA ge dg ldrs gSa fd fudk; de
çkxqDr ;k vfèkd vO;ofLFkr gks x;k gSA

vc ge nwljh voèkkj.kk cukrs gSa% ,d foyfxr
fudk; esa fudk; dh ÅtkZ esa ges'kk vfèkd vO;ofLFkr gksus
dh ço`fÙk gksrh gSA ;g Lor%ço£rrk dh ,d dlkSVh gks
ldrh gSA

;gk¡ ge ,d vU; Å"ekxfrdh iQyu dh ckr djrs gSa]
ftls ^,UVªkWih S* dgrs gSaA mijksDr vO;oLFkk ,UVªkWih dh
vfHkO;fDr gSA ,d ekufld ǹ'; cukus osQ fy, ,d O;fDr
lksp ldrk gS fd ,UVªkWih fdlh fudk; esa vO;oLFkk dk ekiu
gSA ,d foyfxr fudk; esa ftruh vfèkd vO;oLFkk gksxh] mruh
gh vfèkd mldh ,UVªkWih gksxhA tgk¡ rd ,d jklk;fud
vfHkfØ;k dk ç'u gS] ,UVªkWih ifjorZu ijek.kqvksa vFkok vk;uksa
osQ ,d iSVuZ (vfHkfØ;d) esa ls nwljs (mRikn) esa iqu%

fp=k 5-10 ([k) Å"ek'kks"kh vfHkfØ;k osQ fy, ,UFkSYih&vkjs[k

(d)

([k)

fp=k 5-11 nks xSlksa dk folj.k

bu mnkgj.kksa ls ;g Li"V gksrk gS fd ,UFkSYih esa deh
Lor%ço£rrk osQ fy, ,d çfrlgk;d dkjd gS] ijarq ;g
lHkh çØeksa osQ fy, lR; ugha gSA

([k) ,UVªkWih ,oa Lor%ço£rrk

,d Lor%izo£rrk çØe nh xbZ fn'kk esa oSQls  çsfjr gksrh gS\
vkb,] ge ,d ,slh fLFkfr dk vè;;u djsa] ftlesa

H 0∆ = ] vFkkZr~ ,UFkSYih esa dksbZ ifjorZu ugha gS] fiQj Hkh
vfHkfØ;k ;k çØe Lor%çsfjr gSA

ge ,d can ik=k tks ifjos'k ls foyfxr (Isolated)

gS] esa nks xSlksa dks folfjr djrs gSa] tSlk fp=k 5-11 esa n'kkZ;k
x;k gSA

nks xSlsa A ,oa B] ftUgsa Øe'k% dkys ,oa 'osr
fcanqvksa ls n'kkZ;k x;k gS rFkk ,d foHkktd ls i`Fko~Q fd;k
x;k gS (fp=k 5-11 d)A tc foHkktd gVk;k tkrk gS
(fp=k 5-11 [k)] rc xSlsa vkil esa folfjr gksus yxrh gSaA
oqQN le; i'pkr~ folj.k iw.kZ gks tkrk gSA
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O;ofLFkr gksuk gSA ;fn mRiknksa dh lajpuk fØ;kdkjdksa dh
lajpuk ls vfèkd vO;ofLFkr gksxh] rks ,UVªkWih esa ifj.kker% òf¼
gksxhA ,d jklk;fud vfHkfØ;k esa ,UVªkWih esa xq.kkRed ifjorZu
vfHkfØ;k esa ç;qDr inkFkks± dh lajpuk osQ vkèkkj ij vuqekfur
fd;k tkrk gSA lajpuk esa fu;ferrk osQ ?kVus dk vFkZ gS ,UVªkWih
dk c<+ukA ,d inkFkZ osQ fy, Bksl voLFkk U;wure ,UVªkWih
(lokZf/d fu;fer) dh voLFkk gS] tcfd xSl voLFkk
vfèkdre ,UVªkWih dh voLFkk gSA

vc ge ,UVªkWih dks ek=kkRed (Quantify) :i nsrs gSaA
v.kqvksa esa ÅtkZ osQ forj.k ls vO;oLFkk dh x.kuk djus osQ
fy, ,d fofèk lkaf[;dh gS] tks bl iqLrd dh lhek ls ijs
gSaA nwljh fofèk bl vfHkfØ;k esa gksus okys Å"ek&ifjorZuksa ls
tksM+us dh fofèk gS] tks ,UVªkWih dks Å"ekxfrdh iQyu cukrh
gSA vU; Å"ekxfrdh iQyuksa] tSlsµvkarfjd ÅtkZ U ;k
,UFkSYih H dh rjg ,UVªkWih Hkh ,d Å"ekxfrdh voLFkk
iQyu gSA og ∆S çfØ;k osQ iFk ij fuHkZj ugha gksrkA

tc Hkh fdlh fudk; dks Å"ek nh tkrh gS] rc ;g
vk.kfod xfr dks c<+kdj fudk; dh vO;oLFkk c<+k nsrh gSA
bl çdkj Å"ek (q) fudk; esa vO;oLFkk c<+kus dk
çHkko j[krh gSA D;k ge ∆S dks q ls lacafèkr ldrs gSa\
vuqHko n'kkZrk gS fd ÅtkZ dk forj.k ml rki ij fuHkZj
djrk gS] ftlij Å"ek nh tkrh gSA ,d mPp rki osQ fudk;
esa fuEu rki osQ fudk; dh rqyuk esa vfèkd vO;oLFkk gksrh
gSA vr% fdlh fudk; dk rki mlosQ d.kksa dh vfu;fer
xfr dk ekiu gSA fuEu rki ij fdlh fudk; dks nh xbZ
Å"ek mlh fudk; dks mPp rki ij nh xbZ mruh gh Å"ek
dh rqyuk esa vfèkd vO;oLFkk dk dkj.k curh gSA blls irk
pyrk gS fd ,UVªkWih ifjorZu rki osQ O;qRØekuqikrh gksrk gSA

mRØe.kh; çØeksa osQ fy, ge ∆S dks q ,oa rki T
ls bl çdkj lacafèkr dj ldrs gSa%

revq
S

T
∆ = (5.18)

fdlh Lor% ço£rr çØe osQ fy, fudk; ,oa ifjos'k
dk oqQy ,UVªkWih ifjorZu (∆S

total
) fuEufyf[kr lehdj.k

}kjk fn;k tk ldrk gSA

total system surrS S S 0∆ = ∆ + ∆ > (5.19)

tc ,d fudk; lkE;koLFkk esa gks] rks ,UVªkWih vfèkdre
gksrh gS ,oa ,UVªkWih esa ifjorZu ∆S = 0 gSA

ge dg ldrs gSa fd ,d Lor%ço£rr çØe dh
,UVªkWih esa o`f¼ rc rd gksrh jgrh gS] tc rd ;g
vfèkdre u gks tk, lkE;koLFkk ij ,UVªkWih esa ifjorZu 'kwU;
gksrk gSA pw¡fd ,UVªkWih ,d voLFkk xq.k gS] vr% ,d
mRØe.kh; çØe osQ nkSjku ge ,UVªkWih&ifjorZu dh x.kuk
fuEufyf[kr lehdj.k ls ge dj ldrs gSaµ

∆S
sys

 = 
,sys revq

T
ge tkurs gSa fd lerkih; ifjfLFkfr;ksa esa mRØe.kh;

,oa vuqRØe.kh;µnksuksa çØeksa osQ fy, U 0∆ =  gksrk gS] ijarq

totalS∆  vFkkZr~ sys surr( S S )∆ + ∆  vuqRØe.kh; çØe osQ
fy, 'kwU; ugha gSA bl çdkj U∆ ] vuqRØe.kh; ,oa mRØe.kh;
çØe esa foHksn ugha djrh gS] tcfd S∆  foHksn djrh gSA

mnkgj.k 5-10

crkb, fd fuEufyf[kr esa ls fdlesa ,UVªkWih c<+rh @
?kVrh gSµ
(i) ,d æo dk Bksl voLFkk esa ifjorZu gksrk gSA
(ii) ,d fØLVyh; Bksl dk rki 0 K ls 115 K rd

c<+k;k tkrk gSA

( ) ( ) ( )
( ) ( )

3 2 3

2 2

iii 2NaHCO s Na CO s

CO g H O g

→ +

+

gy

 (i) Bksl voLFkk esa ifjorZu gksus osQ ckn v.kq O;ofLFkr
voLFkk çkIr djrs gSa] vr% ,UVªkWih ?kVrh gSA

(ii) rki 0 K ij lHkh v.kq fLFkj gksrs gSaA vr% ,UVªkWih
U;wure gksrh gSA ;fn rki 115 K rd c<+k;k
tk,] rc v.kq xfr djuk vkjaHk dj nsrs gSa ,oa
viuh lkE;koLFkk ls nksyu djrs gSa vkSj fudk;
vfèkd vO;ofLFkr gks tkrk gSA vr% ,UVªkWih c<+
tkrh gSA

(iii) vfHkdkjd NaHCO3 Bksl gS ,oa bldh ,UVªkWih
de gSA mRiknksa esa ,d Bksl vkSj nks xSlsa gSaA vr%
mRikn mPp ,UVªkWih dh fLFkfr dk çfrfufèkRo
djrs gSaA

(iv) ;gk¡ ,d v.kq nks ijek.kq nsrk gS] vFkkZr~ d.kksa dh
la[;k c<+rh gS] tks vfèkd vO;oLFkk dh vksj
ys tkrh gSA H ijek.kqvksa osQ nks eksy gkbMªkstu
v.kq osQ ,d eksy dh rqyuk esa vfèkd ,UVªkWih
j[krs gSaA
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mnkgj.k 5-11

yksgs osQ vkWDlhdj.k

( ) ( ) ( )2 2 34Fe s 3O g 2Fe O s+ →

,UVªkWih ifjorZu –549.4 JK
–1

 mol
–1 gS (298 K rki

ij)

bl vfHkfØ;k esa ,UVªkWih ifjorZu Í.kkRed gksus osQ
mijkar Hkh vfHkfØ;k Lor% çofrZr D;ksa gS\

(bl vfHkfØ;k osQ fy,
3 1

rH 1648 10 J mol−∆ = − ×0 )

gy

,d vfHkfØ;k dh Lor%ço£rrk

total sys surrS S S∆ = ∆ + ∆ osQ vkèkkj ij gksrh gSA

surrS∆ dh x.kuk djus osQ fy, gesa ifjos'k }kjk

vo'kksf"kr Å"ek ij fopkj djuk gksxk] tks 
rH−∆ 0

osQ rqY; gSA T rki ij ifjos'k dh ,UVªkWih esa ifjorZu

gS r
surr

H
S

T

−∆
∆ =

0

 (fLFkj nkc ij)

( )3 11648 10 Jmol

298K

−− ×
= −

1 15530 JK mol− −=

vr% vfHkfØ;k osQ fy, oqQy ,UVªkWih&ifjorZu

( )1 1 1 15530 JK mol 549.4 JK molr totalS − − − −∆ = + −

1 14980.6 JK mol− −=

blls çdV gksrk gS fd vfHkfØ;k Lor%ço£rr gSA

(x) fxC”k ÅtkZ ,oa Lor%ço£rrk

ge ns[k pqosQ gSa fd fdlh fudk; osQ fy, ,UVªkWih esa oqQy

ifjorZu totalS∆  fdlh çØe dh Lor%ço£rrk dk fu.kZ;

djrk gSA ijarq vfèkdka'k jklk;fud vfHkfØ;k,¡ can fudk;

;k [kqys fudk; dh Js.kh esa vkrh gSaA vr% vfèkdka'k

vfHkfØ;kvksa esa ,UVªkWih ,oa ,UFkSYih µ nksuksa esa ifjorZu vkrs

gSaA iwoZ [kaM esa dh xbZ foospuk ls ;g Li"V gS fd u rks

osQoy ,UFkSYih esa deh vkSj u gh ,UVªkWih esa o`f¼ Lor%

çofrZr çØeksa dh fn'kk fuèkkZfjr dj ldrh gSA

bl ç;kstu gsrq ge ,d u, Å"ekxfrdh iQyu fxC”k
ÅtkZ ;k fxC”k iQyu G dks bl çdkj ifjHkkf"kr djrs gSaµ

G = H - TS (5.20)

fxC”k ÅtkZ] G ,d foLrh.kZ ,oa voLFkk xq.k gSA

fudk; dh fxC”k ÅtkZ esa ifjorZu G∆ sys  dks bl
çdkj fy[kk tk ldrk gSµ

=sys sys sys sysG H T S S T∆ ∆ − ∆ − ∆

fLFkj rki ij T 0∆ =

=sys sys sysG H T S∴ ∆ ∆ − ∆

lkekU;r;k iknkad (subscript) fudk; dks NksM+rs gq,
lehdj.k dks bl çdkj fy[krs gSaµ

G H T S∆ = ∆ − ∆                                   (5.21)

bl izdkj fxC”k ÅtkZ esa ifjorZu = ,UFkSYih esa ifjorZu
& rkieku × ,UVªkWih esa ifjorZu ;g lehdj.k ^fxC”k
lehdj.k* osQ :i esa tkuk tkrk gS] tks jlk;u 'kkL=k osQ vfr
egÙoiw.kZ lehdj.kksa esa ls ,d gSA ;gk¡ geus Lor%ço£rrk osQ
fy, nksuksa inksa dks lkFk&lkFk fy;k gS % ÅtkZ (∆H osQ inksa
esa) ,oa ,UVªkWih ∆S (vO;oLFkk dk ekiu)A tSlk iwoZ esa
crk;k x;k gSA foeh; vkèkkj ij fo'ys"k.k djus ij ge ikrs
gSa fd ∆G dh bdkbZ ÅtkZ dh bdkbZ gksrh gS] D;ksafd ∆H

,oa T∆S  nksuksa ÅtkZ in gSa [pw¡fd T∆S = (K) (J/K) = J]

vc ge fopkj djrs gSa fd G∆ fdl çdkj vfHkfØ;k
dh Lor%ço£rrk ls laacafèkr gSA

ge tkurs gSa fd ∆S
total

 = ∆S
sys

 +  ∆S
surr

;fn fudk;] ifjos'k osQ lkFk rkih; lkE; esa gS] rks
ifjos'k dk rki] fudk; osQ rki osQ leku gh gksxkA vr%
ifjos'k dh ,UFkSYih esa o`f¼ fudk; dh ,UFkSYih esa deh osQ
rqY; gksxhA

vr % ifjos'k dh ,UVªkWih esa ifjorZu

=
∆∆

∆ = − syssurr
surr

HH
S

T T

sys

total sys

H
S S

T

∆ 
∆ = ∆ + − 

 

mijksDr lehdj.k dks iqu% O;ofLFkr djus ij
T∆S

total
  = T∆S

sys
 – ∆H

sys

Lor% çØe osQ fy, 0∆ >totalS  vr%
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( )− ∆ ∆ >– 0sys sysH T S

lehdj.k 5-21 dk mi;ksx djus ij mijksDr lehdj.k bl
çdkj fy[kh tk ldrh gSµ

G 0−∆ >

∴ 0∆ = ∆ − ∆ <G H T S                                   (5.22)

∆H
sys 

vfHkfØ;k dh ,UFkSYih esa ifjorZu gS T S∆  og
ÅtkZ gS] tks mi;ksxh dk;Z osQ fy, miyCèk ugha gSA bl çdkj
∆G mi;ksxh dk;Z osQ fy, usV ÅtkZ gS ,oa bl çdkj ̂ eqDr
ÅtkZ* dk ekiu gSA bl dkj.k bls vfHkfØ;k dh eqDr ÅtkZ
Hkh dgk tkrk gSA

G∆  fLFkj nkc ,oa rki ij Lor%ço£rrk dh
dlkSVh gSA
 (i) ;fn G∆  Í.kkRed (< 0) gS] rc çØe Lor% ço£rr

gksrk gSA

(ii) ;fn G∆  èkukRed (> 0) rc çØe vLor% ço£rr
gksxkA

fVIi.khµ ;fn vfHkfØ;k osQ fy, ,UFkSYih ifjorZu èkukRed
gks ,oa ,UVªkWih ifjorZu Hkh èkukRed gks] rks vfHkfØ;k rHkh
Lor% gksxh] tc T∆S dk eku ∆H osQ eku ls vfèkd gks
tk,A ;g nks çdkj ls gks ldrk gSµ
(d) èkukRed ,UVªkWih ifjorZu de gks] rks bl fLFkfr esa T
vfèkd gksuk pkfg,A ([k) èkukRed ,UVªkWih ifjorZu vfèkd
gks] rks bl fLFkfr esa T de gksuk pkfg,A igys okyk dkj.k
;g crkrk gS fd vfèkdka'k vfHkfØ;k,a mPp rki ij D;ksa
laikfnr dh tkrh gSaA lkj.kh 5-4 esa vfHkfØ;kvksa dh Lor%
ço£rrk ij rki osQ çHkko dks la{ksfir (Summarise) fd;k
x;k gSA

(?k) ,UVªkWih vkSj Å"ekxfrdh dk nwljk fu;e
ge tkurs gSa fd fdlh foyfxr fudk; osQ fy, ÅtkZ
ifjorZu fuf'pr jgrk gSA blfy,] bl izdkj osQ fudk; esa
,UVªkWih dk c<+uk Lor% ifjorZu dh LokHkkfod fn'kk cryrk
gSA okLro esa ;g Å"ekxfrdh dk nwljk fu;e gSA izFke fu;e
osQ leku nwljs fu;e dks Hkh fofHkUu izdkj ls fy[kk tk
ldrk gSA Å"ekxfrdh dk nwljk fu;e Li"V djrk gS fd
Lor% izorhZ Å"ek{ksih vfHkfØ;k,¡ bruh vke D;ksa gksrh gSaA
Å"ek{ksih vfHkfØ;kvksa ls fudyh ÅtkZ okroj.k esa vO;oLFkk

c<+k nsrh gS vkSj oqQy feykdj ,UVªkWih ifjorZu /ukRed gksrk
gS tks vfHkfØ;k dks Lor% izo£rr cuk nsrk gSA

(p) fujis{k ,UVªkWih vkSj Å"ekxfrdh dk rhljk fu;e

fdlh inkFkZ osQ v.kq lh/h js[kk esa fdlh Hkh vksj xfr dj

ldrs gSa] og yV~Vw dh rjg ?kw.kZu dj ldrs gSa vkSj v.kqvksa

osQ vkca/ f[kap vkSj floqQM+ ldrs gSaA v.kqvksa dh ;g xfr;k¡

Øe'k% LFkkukUrj.k xfr] ?kw.kZuh xfr ,oa oaQieku xfr dgykrh

gSaA tc fudk; dk rkieku c<+rk gS rks ;g xfr;k¡ vf/d mxz

gks tkrh gSa vkSj ,UVªkWih c<+ tkrh gSA nwljh vksj tc rki

?kVk;k tkrk gS rks ,UVªkWih de gks tkrh gSA fdlh 'kq¼

fozQLVfyr inkFkZ dk rki tSls&tSls ije 'kwU; dh vksj

c<+rk gS oSls&oSls ,UVªkWih Hkh 'kwU; dh vksj c<+rh gSA bls

mQ"ekxfrdh dk rhljk fu;e dgrs gSaA ,slk blfy, gksrk

gS D;ksafd ije 'kwU; ij fØLVy esa laiw.kZ Øe gksrk gSA ;g

dFku osQoy 'kq¼ fØLVfyr Bkslksa rd lhfer gS D;ksafd

lS¼kafrd roZQ vkSj izk;ksfxd izek.k n'kkZrs gSa fd foy;uksa vkSj

vfr'khrfyr nzoksa dh ,UVªkWih 0 K ij 'kwU; ugha gksrhA rhljs
fu;e dk egRo blfy, gS fd ;g osQoy Å"eh; vkadM+ksa osQ

vk/kj ij 'kq¼ inkFkks± osQ fujis{k ,UVªkWih eku ifjdfyr djus

esa lgk;d gksrk gSA 'kq¼ inkFkZ osQ fy, ;g 0 K ls 298

K rd revq

T
  o`f¼;ksa dks tksM+ dj izkIr fd;k tk ldrk

gSA ekud ,UVªkWfi;k¡ gsl&fu;e izdkj osQ ifjdyu }kjk ekud

,UVªkWih ifjorZu ifjdfyr djus osQ fy, bLrseky dh tk

ldrh gSaA

5-7 fxCt+ ÅtkZ&ifjorZu ,oa
lkE;koLFkk

ge ns[k pqosQ gSa fd bl çdkj eqDr ÅtkZ dk fpß ,oa

ifjek.k&vfHkfØ;k osQ ckjs esa fuEufyf[kr tkudkjh nsrk gS&

(i) jklk;fud vfHkfØ;k dh Lor%ço£rrk dk iwokZuqekuA

(ii) jklk;fud vfHkfØ;k ls çkIr gks ldus okys mi;ksxh

dk;Z dk iwokZuqekuA

vc rd ge vuqRØe.kh; vfHkfØ;kvksa esa eqDr ÅtkZ

ifjorZuksa ij fopkj dj pqosQ gSaA vc ge mRØe.kh; vfHkfØ;kvksa

esa eqDr ÅtkZ&ifjorZu dh tk¡p djrs gSaA
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^mRØe.kh;rk* esa Å"ekxfrdh ,d fo'ks"k ifjfLFkfr gS]
ftlesa ,d çØe dks bl çdkj fd;k tkrk gS fd fudk;
ges'kk vius ifjos'k ls iw.kZr% lkE; esa jgsA jklk;fud
vfHkfØ;kvksa osQ lanHkZ esa ̂ mRØe.kh;rk* dk vFkZ gS fd ,d
jklk;fud vfHkfØ;k nksuksa fn'kkvksa esa lkFk&lkFk py ldrh
gS] ftlls fd lkE; LFkkfir gks losQA blls çrhr gksrk gS fd
vfHkfØ;k nksuksa fn'kkvksa esa eqDr ÅtkZ esa deh osQ lkFk py
losQ] tks vlaHko çrhr gksrk gSA ;g rHkh laHko gS] tc
lkE;koLFkk esa fudk; dh eqDr ÅtkZ U;wure gksA ;fn ,slk
ugha gks] rks fudk; Lor% gh de eqDr ÅtkZ dh fLFkfr esa
ifjo£rr gks tk,xkA

vr% lkE; osQ fy, dlkSVh gSµ
A B C D+ +�

∆
r
G = 0

fdlh vfHkfØ;k] ftlesa lHkh vfHkdkjd ,oa mRikn
ekud voLFkk esa gksa] rks fxCt+ ÅtkZ ∆

r
G0, lkE;koLFkk

fLFkjkad ls fuEufyf[kr lehdj.k }kjk lacafèkr gksrh gSµ
0 = ∆

r
G0 + RT ln K

vFkok∆
r
G0 = – RT ln K

vFkok∆
r
G0 = – 2.303 RT log K                      (5.23)

ge ;g Hkh tkurs gSa fd

 = R lnr r rG H T S T K∆ ∆ − ∆ = −V V V          (5.24)

çcy Å"ek'kks"kh vfHkfØ;kvksa osQ fy, ∆
r
H0 dk eku

vfèkd ,oa èkukRed gksrk gSA bu ifjfLFkfr;ksa esa K dk eku
1 ls cgqr de gksxk ,oa vfHkfØ;k esa vfèkd mRikn cukus
dh ço`fÙk ugha gksxhA Å"ek{ksih vfHkfØ;kvksa easa rH∆ 0  dk
eku vfèkd T;knk ,oa Í.kkRed gksxk rFkk ∆

r
G0 dk eku

vfèkd ,oa ½.kkRed laHkkfor gSA bu ifjfLFkfr;ksa esa K dk

rkfydk 5-4  vfHkfØ;k dh Lor%ço£rrk ij rki dk çHkko

∆∆∆∆∆
r
H00000 ∆∆∆∆∆

r
S00000 ∆∆∆∆∆

r
G00000 o.kZu*

– + – lHkh rki ij vfHkfØ;k Lor%ço£rr
– – – (fuEu rki ij) fuEu rki ij vfHkfØ;k Lor%ço£rr
– – + (mPp rki ij) mPp rki ij vfHkfØ;k vLor%ço£rr
+ + + (fuEu rki ij) fuEu rki ij vfHkfØ;k vLor%ço£rr
+ + – (mPp rki ij) mPp rki ij vfHkfØ;k Lor%ço£rr
+ – + (lHkh rki ij) lHkh rki ij vfHkfØ;k vLor%ço£rr

* in fuEu rki ,oa mPp rki rqyukRed gSaA fdlh fo'ks"k vfHkfØ;k osQ fy, mPp rki vkSlr dejs dk rki Hkh gks ldrk gSA

eku 1 ls cgqr vfèkd gksxkA ge çcy Å"ek{ksih vfHkfØ;kvksa
osQ fy, mPp K dh vk'kk dj ldrs gSa ,oa vfHkfØ;k
yxHkx iw.kZ gks ldrh gSA ∆

r
G0 dk eku ∆

r
S0 osQ eku ij

Hkh fuHkZj djrk gSA ;fn vfHkfØ;k esa ,UVªkWih ifjorZu dks Hkh
è;ku esa j[kk tk,] rc K dk eku ;k vfHkfØ;k dh lhek
bl ckr ls çHkkfor gksxh fd ∆

r
S0 dk eku èkukRed ;k

Í.kkRed gSA
lehdj.k (5-24) dk ç;ksx djus ij

(i) ∆H
0 ,oa ∆S

0 osQ ekiu ls ∆G
0 dk eku vuqekfur

djosQ] fdlh Hkh rki ij fdiQk;rh :i ls mRiknksa dh
çkfIr osQ fy, K osQ eku dh x.kuk dh tk ldrh gSA

(ii) ;fn ç;ksx'kkyk esa K lhèkk gh eki fy;k tk,] rks
fdlh Hkh vU; rki ij ∆G

0 osQ eku dh x.kuk dh
tk ldrh gSA

mnkgj.k 5-12

298 K ij vkWDlhtu osQ vks”kksu esa :ikarj.k

2 3

3
O (g) O (g)

2
→ osQ fy, ∆rG

0 osQ eku dh

x.kuk dhft,A bl vfHkfØ;k osQ fy, Kp dk eku
2.47×10

–29 gSA

gy

ge tkurs gSa fd ∆rG
0 

= –2.303 RT log Kp ,oa R
= 8.314 JK

–1
 mol

–1

vr%
∆

r
G

0
 =

– 2.303 (8.314 J K–1 mol–1)
                      × (298 K) (log 2.47 × 10–29)

= 163000 J mol–1

= 163 kJ mol–1
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lkjka'k

Å"ekxfrdh jklk;fud ,oa HkkSfrd çØeksa esa ÅtkZ&ifjorZu ls lacaèk j[krh gSA ;g bu ifjorZuksa dk ek=kkRed vè;;u

djus rFkk mi;ksxh vuqeku yxkus esa gesa lgk;rk djrh gSA bu dk;ks± osQ fy, ge czãkaM dks fudk; ,oa ifjos'k esa foHkkftr

djrs gSaA jklk;fud ,oa HkkSfrd çØe Å"ek (q) mRltZu ;k vo'kks"k.k osQ lkFk gksrs gSa] ftldk oqQN Hkkx dk;Z (w) esa

cnyk tk ldrk gSA ;s jkf'k;k¡ Å"ekxfrd osQ çFke fu;e ∆U = q + w }kjk lacafèkr gksrh gSaA ∆U çkjafHkd ,oa vafre

voLFkk ij fuHkZj djrk gS rFkk U voLFkk iQyu gS] tcfd q ,oa w iFk ij fuHkZj djrs gSa rFkk voLFkk iQyu ugha gSA

ge q ,oa w osQ fy, fpÉ ifjikVh dk ikyu djrs gSa] ;fn bUgsa fudk; dks fn;k tk, rks bUgsa èkukRed fpÉ nsrs gSa]ge

Å"ek osQ ,d fudk; ls nwljs fudk; esa LFkkukarj.k dk ekiu dj ldrs gSa] ftlls rki esa ifjorZu gksrk gSA rkieku esa

o`f¼ dk eku inkFkZ dh Å"ekèkkfjrk (C) ij fuHkZj djrk gSA vr% vo'kksf"kr ;k mRl£tr Å"ek q = C∆T gksrk gSA ;fn

xSl dk çlj.k gksrk gks] rks dk;Z dk ekiu W = –p
ex

∆V ls djrs gSaA mRØe.kh; çØe esa vk;ru osQ vR;.kq ifjorZu

osQ fy, p
ex
 = p dk eku j[k ldrs gSaA vr% W 

rev 
= –pdV bl voLFkk esa ge xSl lehdj.k pV = nRT dk ç;ksx

dj ldrs gSaA

fLFkj vk;ru ij w = 0 rc ∆U = q
v
 vFkkZr~ ;g fLFkj vk;ru ij LFkkukarfjr Å"ek gSA ijarq jklk;fud vfHkfØ;kvksa

osQ vè;;u osQ fy, ge lkekU;r;k fLFkj nkc ysrs gSaA ge ,d vksj voLFkk&iQyu ,UFkSYih dks ifjHkkf"kr djrs gSaA

mnkgj.k 5-13

fuEufyf[kr vfHkfØ;k osQ fy, 298 K ij lkE;
fLFkjkad dk eku Kkr dhft,µ

( ) ( ) ( )
( )

3 2 2 2

2

2NH g CO g NH CONH aq

H O

+

+

�

l

fn, x, rki ij ekud fxCt+ ÅtkZ 
rG∆ 0  dk eku

–13.6 kJ mol
-1  gSA

gy

ge tkurs gSa fd rGlog K
2.303RT

−∆
=

0

=  
( )
( ) ( )

3 –1

–1 –1

–13.6 10 J mol

2.303 8.314 JK mol 298K

×

=   2.38

K = antilog  2.38 = 2.4 × 10
2

mnkgj.k 5-14
060 C  rki ij MkbukbVªkstu VsVªkDlkbM 50% fo;ksftr

gksrk gSA ,d ok;qeaMyh; nkc ,oa bl rki ij ekud
eqDr ÅtkZ&ifjorZu dh x.kuk dhft,A

gy

2 4 2N O (g) 2NO (g)�

;fn 2 4,N O 50%  fo;ksftr gksrk gS] rks nksuksa inkFkks±

dk eksy va'k gksxkµ

22 4
NON O

1 0.5 2 0.5
;

1 0.5 1 0.5

− ×
= =

+ +
x x

= × = ×
22 4

NON O

0.5 1
1 atm, 1 atm

1.5 1.5
p p

lkE; fLFkjkad

2

2 4

2
NO

2
N O

( ) 1.5

(1.5) (0.5)
=p

p
K

p

=  1.33 atm.

pw¡fd

∆rG
0
 = –RT ln Kp

∆
r
G

0
 = (–8.314 JK

–1 
mol

–1
) ×  (333 K) × (2.303)

× (0.1239) = – 763.8 kJ mol
–1
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,UFkSYih&ifjorZu gH U n RT∆ = ∆ + ∆  dk ekiu lhèks fLFkj nkc ij Å"ek&ifjorZu ls fd;k tk ldrk gS] ;gk¡

pH q∆ = gSA

,UFkSYih&ifjorZuksa osQ dbZ çdkj gSaA çkoLFkk ifjorZu (tSlsµxyu] ok"ihdj.k ,oa ÅèoZikru) lkekU;r;k fLFkj
rki ij gksrs gSa] ftUgsa èkukRed ,UFkSYih&ifjorZu ls vfHkyf{kr fd;k tkrk gSA fojpu ,UFkSYih] ngu ,UFkSYih ,oa vU;
,UFkSfYi;ksa esa ifjorZu gsl osQ fu;e dk mi;ksx djosQ Kkr fd, tk ldrs gSaA jklk;fud vfHkfØ;kvksa esa ,UFkSYih&ifjorZu

( ) ( )products reactions∆ = ∆ − ∆∑ ∑r i f i f

f i

H a H b H

xSlh; voLFkk esa rH∆ =  0 (vfHkdkjdksa dh vkcaèk ÅtkZ) −∑  (mRiknksa dh vkcaèk ÅtkZ)

Å"ekxfrdh dk çFke fu;e jklk;fud vfHkfØ;k dh fn'kk osQ ckjs esa gesa funsZf'kr ugha djrk] vFkkZr~ ;g ugha
crkrk fd jklk;fud vfHkfØ;k dk çsjd cy D;k gSA foyfxr fudk; osQ fy, U 0∆ =  gSA vr% ge bl dk;Z osQ fy,
nwljk voLFkk&iQyu] S, ,UVªkWih ifjHkkf"kr djrs gSaA ,UVªkWih vO;oLFkk dk ekiu gSA ,d Lor% ço£rr çØe osQ fy,

oqQy ,UVªkWih ifjorZu èkukRed gksrk gSA ,d foyfxr fudk; osQ fy, U 0, S 0∆ = ∆ >  gSA vr% ,UVªkWih ifjorZu Lor%

ço£rr çØe dks foHksfnr djrk gS] tcfd ÅtkZ ifjorZu ugha djrkA mRØe.kh; çØe osQ fy, ,UVªkWih ifjorZu&lehdj.k

revq
S

T
∆ =  ls Kkr fd;k tk ldrk gSA revq

T
 iFk ij fuHkZj ugha djrk gSA

pw¡fd vfèkdka'k jklk;fud vfHkfØ;k,a fLFkj nkc ij gksrh gaS] vr% ge nwljk voLFkk&iQyu fxC”k ÅtkZ  G

ifjHkkf"kr djrs gSa] tks fudk; osQ ,UVªkWih ,oa ,UFkSYih ifjorZuksa ls lehdj.k r r rG H T S∆ = ∆ − ∆  }kjk lacafèkr gSA

Lor%ço£rr çØe osQ fy, sysG 0∆ <  ,oa lkE;koLFkk ij sysG 0∆ =

ekud fxC”k ÅtkZ&ifjorZu lkE; fLFkjkad ls 
rG RT In K∆ = −0  lehdj.k ls lacafèkr gSA

bldh lgk;rk ls 
rG∆ 0  Kkr gksus ij K dk eku Kkr fd;k tk ldrk gSA 

rG∆ 0  dk eku lehdj.k

r r rG H T S∆ = ∆ − ∆0 0 0  ls Kkr fd;k tk ldrk gSA lehdj.k esa rki ,d egÙoiw.kZ dkjd gSA èkukRed ,UVªkWih

ifjorZuokyh dbZ vfHkfØ;k,a] tks de rki ij vLor% ço£rr gksa] mUgsa mPp rki ij Lor%ço£rr cuk;k tk ldrk gSA

vH;kl

5-1 lgh mÙkj pqfu,µ

Å"ekxfrdh voLFkk iQyu ,d jkf'k gS]

(i) tks Å"ek&ifjorZuksa osQ fy, ç;qDr gksrh gSA

(ii) ftldk eku iFk ij fuHkZj ugha djrk gSA

(iii) tks nkc&vk;ru dk;Z dh x.kuk djus esa ç;qDr gksrh gSA

(iv) ftldk eku osQoy rki ij fuHkZj djrk gSA

5-2 ,d çØe osQ :}ks"e ifjfLFkfr;ksa esa gksus osQ fy,µ
(i) ∆T = 0 (ii) ∆p = 0

(iii) q = 0 (iv) w = 0
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5-3 lHkh rÙoksa dh ,UFkSYih mudh lanHkZ&voLFkk esa gksrh gSµ

(i) bdkbZ (ii) 'kwU;

(iii) < 0 (iv) lHkh rÙoksa osQ fy, fHkUu gksrh gSA

5-4 esFksu osQ ngu osQ fy, ∆U0 dk eku –X kJ mol–1 gSA blosQ fy, ∆H0 dk eku gksxkµ

(i) = ∆U 0 (ii) > ∆U 0

(iii) < ∆U 0 (iv) = 0

5-5 esFksu] xzSiQkbV ,oa MkbgkbMªkstu osQ fy, 298 K ij ngu ,UFkSYih osQ eku Øe'k% –890.3 kJ

mol–1] –393.5kJ mol–1 ,oa –285.8 kJ mol–1 gSaA CH
4
(g) dh fojpu ,UFkSYih D;k gksxh\

(i) –74.8 kJ mol–1 (ii) –52.27 kJ mol–1

(iii) +74.8 kJ mol–1 (iv) +52.26 kJ mol–1.

5-6 ,d vfHkfØ;k A B C D q+ → + +  osQ fy, ,UVªkWih ifjorZu èkukRed ik;k x;kA ;g
vfHkfØ;k laHko gksxhµ

(i) mPp rki ij (ii) osQoy fuEu rki ij

(iii) fdlh Hkh rki ij ugha (iv) fdlh Hkh rki ij

5-7 ,d çØe esa fudk; }kjk 701 J Å"ek vo'kksf"kr gksrh gS ,oa 394 J dk;Z fd;k tkrk gSA bl
çØe esa vkarfjd ÅtkZ esa fdruk ifjorZu gksxk\

5-8 ,d ce oSQyksjhehVj esa NH
2
CN(s) dh vfHkfØ;k MkbvkWDlhtu osQ lkFk dh xbZ ,oa ∆U dk

eku  –742.7 KJ mol–1 ik;k x;k (298 K ij)A bl vfHkfØ;k osQ fy, 298 K ij ,UFkSYih
ifjorZu Kkr dhft,µ

NH
2
CN(g) +  

3

2
O

2
(g) → N

2
(g) + CO

2
(g) + H

2
O(l)

5-9 60.0 g ,syqfefu;e dk rki 35°C ls 55° C djus osQ fy, fdrus fdyks twy Å"ek dh
vko';drk gksxh\ Al dh eksyj Å"ekèkkfjrk 24 J mol–1 K–1 gSA

5-10 10.0°C ij 1 eksy ty dh ciQZ –10°C ij tekus ij ,UFkSYih&ifjorZu dh x.kuk dhft,A

∆
fus

H = 6.03 kJ mol–1 0°C ij]

C
p
 [H

2
O(l)] = 75.3 J mol–1 K–1

C
p
 [H

2
O(s)] = 36.8 J mol–1 K–1

5-11 CO
2
 dh ngu ,UFkSYih –393.5 kJ mol–1 gSA dkcZu ,oa vkWDlhtu ls 35.2 g CO

2 
cuus ij

mRl£tr Å"ek dh x.kuk dhft,A
5-12 CO(g), CO

2
 (g), N

2
O(g) ,oa N

2
O

4
(g) dh fojpu ,UFkSYih Øe'k% -110,-393, 81 ,oa

9.7 kJ mol–1gSaA vfHkfØ;k N
2
O

4
(g) + 3CO(g) → N

2
O(g) + 3CO

2
(g) osQ fy, rH∆  dk

eku Kkr dhft,A

5-13 N
2
(g) + 3H

2
(g) → 2NH

3
(g); 1

rH 92.4 kJ mol−∆ = −0  NH
3 
xSl dh ekud fojpu

,UFkSYih D;k gS\
5-14 fuEufyf[kr vk¡dM+ksa ls CH

3
OH(l) dh ekud&fojpu ,UFkSYih Kkr dhft,µ

CH
3
OH (l) + 

3

2
 O

2
(g) → CO

2
(g) + 2H

2
O(l) ; ∆

r
H0 = –726 kJ mol–1

C(xzSiQkbV) + O
2
(g) → CO

2
(g) ; ∆

c
H0 = –393 kJ mol–1

H
2
(g) + 

1

2
 O

2
(g) → H

2
O(l) ; ∆

f 
H0 =  –286 kJ mol–1.
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5-15 4CCl (g) C(g) 4Cl(g)→ +  vfHkfØ;k osQ fy, ,UFkSYih&ifjorZu Kkr dhft, ,oa 4CCl  esa

C – Cl dh vkcaèk ,UFkSYih dh x.kuk dhft,µ

∆
vap

H0(CCl
4
) = 30.5 kJ mol–1.

∆
f
H0 (CCl

4
) = –135.5 kJ mol–1.

∆
a
H0 (C) = 715.0 kJ mol–1 ,  ;gk¡ ∆

a
H0 d.ku ,UFkSYih gSA

∆
a
H0 (Cl

2
) = 242 kJ mol–1

5-16 ,d foyfxr fudk; osQ fy, ∆U = 0, blosQ fy, ∆S D;k gksxk\
5-17 298 K ij vfHkfØ;k 2A B C+ →  osQ fy,

1H 400 kJmol−∆ =  ,oa 1 1S 0.2 kJ K mol− −∆ =

H∆  ,oa S∆  dks rki&foLrkj esa fLFkj ekurs gq, crkb, fd fdl rki ij vfHkfØ;k Lor% gksxh\

5-18 vfHkfØ;k 22Cl(g) Cl (g)→  osQ fy, ∆H ,oa ΟSQ osQ fpÉ D;k gksaxs\

5-19 vfHkfØ;k 2A(g) B(g) 2D (g)+ →  osQ fy, U 10.5 kJ∆ = −0  ,oa 1S 44.1JK−∆ = −0

vfHkfØ;k osQ fy, G∆ 0  dh x.kuk dhft, vkSj crkb, fd D;k vfHkfØ;k Lor% izofrZr gks

ldrh gS\
5-20 300 ij ,d vfHkfØ;k osQ fy, lkE; fLFkjkad 10 gSA ∆G0 dk eku D;k gksxk\

R = 8.314 JK–1 mol–1

5-21 fuEufyf[kr vfHkfØ;kvksa osQ vkèkkj ij NO(g) osQ Å"ekxfrdh LFkkf;Ro ij fVIi.kh dhft,µ

1

2
 N

2
(g) + 

1

2
O

2
(g) → NO(g); ∆

r
H0 = 90 kJ mol–1

NO(g) + 
1

2
O

2
(g) → NO

2
(g): ∆

r
H0= –74 kJ mol–1

5-22 tc 1-00 eksy H
2
O(l) dks ekud ifjfLFkfr;ksa esa fojfpr tkrk gS] rc ifjos'k osQ ,UVªkWih&ifjorZu

dh x.kuk dhft,µ 1
f H 286 kJ mol−∆ = −0
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,dd 6

bl ,dd osQ vè;;u osQ ckn vki –
• HkkSfrd ,oa jklk;fud izfØ;kvksa esa lkE;

dh xfrd izÑfr dks igpku losaQxs_
• HkkSfrd ,oa jklk;fud izfØ;kvksa osQ lkE;

osQ fu;e dks O;Dr dj losaQxs_
• rFkk lkE; osQ vfHky{k.kksa dks vfHkO;Dr

dj losaQxs_
• fdlh nh xbZ vfHkfØ;k osQ fy, lkE;

fLFkjkad O;atd fy[k losaQxs_
• K

p
 ,oa K

c
 osQ eè; laca/ LFkkfir dj

losaQxs_
• vfHkfØ;k dh lkE;koLFkk dks izHkkfor

djusokys fofHkÂ dkjdksa dh O;k[;k dj
losaQxs_

• vkjsfu;l] czkULVsM&yksjh ,oa ywbl /kj.kkvksa
osQ vk/kj ij inkFkk±s dks vEy vFkok {kkjksa
esa oxhZÑr dj losaQxs_

• vEy rFkk {kkjksa osQ lkeF;Z dh O;k[;k
muosQ vk;uu fLFkjkadksa osQ :i esa dj
losaQxs_

• oS|qr~ vi?kV~; rFkk levk;u dh lkanzrk
ij vk;uu dh ek=kk dh fuHkZjrk dh O;k[;k
dj losaQxs_

• gkbMªkstu vk;u dh eksyj lkanzrk dk pH
LosQy osQ :i esa o.kZu dj losaQxs_

• ty osQ vk;uu ,oa bldh vEy rFkk {kkj
osQ :i esa nksgjh Hkwfedk dk o.kZu dj
losaQxs_

• ty osQ vk;fud xq.kuiQy (K
W
) rFkk

pK
W
 esa foHksn dj losaQxs_

• ciQj foy;uksa osQ mi;ksx dks le> losaQxs
,oa

• foys;rk xq.kuiQy fLFkjkad dh x.kuk dj
losaQxsA

lkE;koLFkk
EQUILIBRIUM

vusd tSfod ,oa i;kZoj.kh; izfØ;kvksa esa jklk;fud lkE; egÙoiw.kZ gSA
mnkgj.kkFkZµ gekjs isQiQM+ksa ls ekalisf'k;ksa rd O

2
 osQ ifjogu ,oa forj.k esa

O
2
 v.kqvksa rFkk gheksXyksfcu osQ eè; lkE; dh ,d fu.kkZ;d Hkwfedk gSA blh

izdkj CO v.kqvksa rFkk gheksXyksfcu osQ eè; lkE; CO dh fo"kkDrrk dk
dkj.k crkrk gSA

tc fdlh can ik=k esa ,d nzo okf"ir gksrk gS] rks mPp xfrt ÅtkZ
okys v.kq nzo dh lrg ls ok"i izkoLFkk esa pys tkrs gSa rFkk vusd ty osQ
v.kq nzo dh lrg ls Vdjkdj ok"i izkoLFkk ls nzo izkoLFkk esa lekfgr gks
tkrs gSaA bl izdkj nzo ,oa ok"i osQ eè; ,d xfrt lkE; LFkkfir gks tkrk
gS] ftlosQ ifj.kkeLo:i nzo dh lrg ij ,d fuf'pr ok"i&nkc mRiÂ gksrk
gSA tc ty dk ok"iu izkjaHk gks tkrk gS] rc ty dk ok"i&nkc c<+us yxrk
gS vkSj var esa fLFkj gks tkrk gSA ,slh fLFkfr esa ge dgrs gSa fd fudk;
(System) esa lkE;koLFkk LFkkfir gks xbZ gSA ;|fi ;g lkE; LFkSfrd ugha
gS rFkk nzo dh lrg ij nzo ,oa ok"i osQ chp vusd fØ;kdyki gksrs jgrs
gSaA bl izdkj lkE;koLFkk ij ok"iu dh nj la?kuu&nj osQ cjkcj gks tkrh gSA
bls bl izdkj n'kkZ;k tkrk gS

H
2
O (nzo) l H

2
O (ok"i)

;gk¡ nks v/Z rhj bl ckr dks n'kkZrs gSa fd nksuksa fn'kkvksa esa izfØ;k,¡
lkFk&lkFk gksrh gSa rFkk vfHkfØ;dksa ,oa mRiknksa osQ lkE;koLFkk ij feJ.k dks
^lkE; feJ.k* dgrs gSaA HkkSfrd izØeksa rFkk jklk;fud vfHkfØ;kvksa nksuksa
esa lkE;koLFkk LFkkfir gks ldrh gSA vfHkfØ;k dk rhoz vFkok ean gksuk
mldh izÑfr ,oa izk;ksfxd ifjfLFkfr;ksa ij fuHkZj djrk gSA tc fLFkj rki
ij ,d can ik=k esa vfHkfØ;d fØ;k dj osQ mRikn cukrs gSa] rks mudh
lkanzrk èkhjs&èkhjs de gksrh tkrh gS rFkk mRiknksa dh lkanzrk c<+rh jgrh gSA
¯drq oqQN le; i'pkr~ u rks vfHkfØ;dksa osQ lkanz.k esa vkSj u gh mRiknksa
osQ lkanz.k esa dksbZ ifjorZu gksrk gSA ,slh fLFkfr esa fudk; esa xfrd lkE;
(Dynamic Equilibrium) LFkkfir gks tkrk gS rFkk vxz ,oa i'pxkeh
vfHkfØ;kvksa dh njsa leku gks tkrh gSaA blh dkj.k bl voLFkk esa
vfHkfØ;k&feJ.k esa mifLFkr fofHkÂ ?kVdksa osQ lkanz.k esa dksbZ ifjorZu ugha

mís';
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gksrk gSA bl vkèkkj ij fd lkE;koLFkk igq¡pus rd fdruh
vfHkfØ;k iw.kZ gks pqdh gS] leLr jklk;fud vfHkfØ;kvksa
dks fuEufyf[kr rhu lewgksa esa oxhZÑr fd;k tkrk gSµ
(i) izFke lewg esa os vfHkfØ;k,¡ vkrh gSa] tks yxHkx iw.kZ

gks tkrh gSa rFkk vfHkfØ;dksa dh lkanzrk ux.; jg tkrh
gSA oqQN vfHkfØ;kvksa esa rks vfHkfØ;dksaa dh lkanzrk
bruh de gks tkrh gS fd mudk ijh{k.k iz;ksx }kjk
laHko ugha gks ikrk gSA

(ii) f}rh; lewg esa os vfHkfØ;k,¡ vkrh gSa] ftuesa cgqr
de ek=kk esa mRikn curs gSa rFkk lkE;koLFkk ij
vfHkfØ;dksa dk vf/drj Hkkx vifjofrZr jg tkrk gSA

(iii) r̀rh; lewg esa mu vfHkfØ;kvksa dks j[kk x;k gS] ftuesa
vfHkfØ;dksa ,oa mRiknksa dh lkanzrk lkE;koLFkk esa
rqyuk ;ksX; gksA

lkE;koLFkk ij vfHkfØ;k fdl lhek rd iw.kZ gksrh gS
;g mldh izk;ksfxd ifjfLFkfr;ksa tSlsµvfHkfØ;dksa dh
lkanzrk] rki vkfn) ij fuHkZj djrh gSA m|ksx rFkk iz;ksx'kkyk
esa ifjpkyu ifjfLFkfr;ksa (Operational Conditions) dk
b"Vrehdj.k (Optimize) djuk cgqr egÙoiw.kZ gksrk gS]
rkfd lkE;koLFkk dk >qdko bfPNr mRikn dh fn'kk esa gksA
bl ,dd esa ge HkkSfrd rFkk jklk;fud izØeksa esa lkE; osQ
oqQN egÙoiw.kZ igyqvksa osQ lkFk&lkFk tyh; foy;u esa
vk;uksa osQ lkE;] ftls vk;fud lkE; dgrs gSa] dks Hkh
lfEefyr djsaxsA

6-1 HkkSfrd izØeksa esa lkE;koLFkk
HkkSfrd izØeksa osQ vè;;u }kjk lkE;koLFkk esa fdlh fudk;
osQ vfHky{k.kksa dks vPNh rjg le>k tk ldrk gSA izkoLFkk
:ikarj.k izØe (Phase Transformation Processes)

blosQ lqfofnr mnkgj.k gSaA mnkgj.kkFkZµ
Bksl  nzo
nzo  xSl
Bksl  xSl

6-1-1 Bksl&nzo lkE;koLFkk

iw.kZ:is.k jks/h (Insulated) FkeZl ÝykLd esa j[kh cI+kZQ ,oa
ty (;g ekurs gq, fd ÝykLd esa j[ks inkFkZ ,oa ifjos'k esa
Å"ek dk fofue; ugha gksrk gS) 273 K rFkk ok;qeaMyh;
nkc ij lkE;koLFkk esa gksrs gSaA ;g fudk; jkspd vfHky{k.kksa
dks n'kkZrk gSA ge ;gk¡ ns[krs gSa fd le; osQ lkFk&lkFk ciZQ

rFkk ty osQ nzO;ekuksa dk dksbZ ifjorZu ugha gksrk gS rFkk rki
fLFkj jgrk gS] ijarq lkE;koLFkk LFkSfrd ugha gSA cI+kZQ ,oa ty
osQ eè; vHkh Hkh rhoz izfrfØ;k,¡ gksrh gSaA nzo ty osQ v.kq
ciZQ ls Vdjkdj mlesa lekfgr gks tkrs gSa rFkk cI+kZQ osQ oqQN
v.kq nzo izkoLFkk esa pys tkrs gSaA ciZQ ,oa ty osQ nzO;ekuksa
esa dksbZ ifjorZu ugha gksrk gS] D;ksafd ty&v.kqvksa dh ciZQ
ls ty esa LFkkukarj.k dh nj rFkk ty ls ciZQ esa LFkkukarj.k
dh nj 273 K vkSj ,d ok;qeaMyh; nkc ij cjkcj gksrh gSA

;g Li"V gS fd ciZQ ,oa ty osQoy fdlh fo'ks"k rki
,oa nkc ij gh lkE;koLFkk esa gksrs gSaA ok;qeaMyh; nkc ij
fdlh 'kq¼ inkFkZ osQ fy, og rki] ftlij Bksl ,oa nzo
izkoLFkk,¡ lkE;koLFkk esa gksrh gSa] inkFkZ dk ^ekud
xyukad* ;k ̂ ekud fgekad* dgykrk gSA ;g fudk; nkc
osQ lkFk osQoy FkksM+k&lk gh ifjofrZr gksrk gSA bl izdkj ;g
fudk; xfrd lkE;koLFkk esa gksrk gSA blls fuEufyf[kr
fu"d"kZ izkIr gksrs gSa –

(i) nksuksa fojks/h izfØ;k,¡ lkFk&lkFk gksrh gSaA

(ii) nksuksa izfØ;k,¡ leku nj ls gksrh gSaA blls cI+kZQ ,oa ty
dk nzO;eku fLFkj jgrk gSA

6-1-2 nzo&ok"i lkE;koLFkk

bl rF; dks fuEufyf[kr iz;ksx osQ ekè;e ls le>k tk
ldrk gSA ,d U vkdkj dh ufydk] ftlesa ikjk Hkjk gks
(eSuksehVj)] dks ,d dk¡p (;k IykfLVd) osQ ikjn'khZ ckWDl
ls tksM+ nsrs gSaA ckWDl esa ,d okp Xykl ;k iSVªh fM'k esa
futZyh; oSQfYl;e DyksjkbM (;k iQkWLiQksjl isaVkvkWDlkbM)
tSlk ty'kks"kd j[kdj ckWDl dh ok;q dks oqQN ?kaVksa rd
lq[kk;k tkrk gSA blosQ i'pkr~ ty'kks"kd dks ckgj fudky
fy;k tkrk gSA ckWDl dks ,d rjiQ Vs<+kdj mlesa tylfgr
,d okp Xykl (;k isVªh Mh'k) dks 'kh?kz j[k fn;k tkrk gSA
eSuksehVj dks ns[kus ij irk pyrk gS fd oqQN le; i'pkr~
bldh nkb± Hkqtk esa ikjk /hjs&/hjs c<+rk gS vkSj varr% fLFkj
gks tkrk gS] vFkkZr~~ ckWDl esa nkc igys c<+rk gS vkSj fiQj
fLFkj gks tkrk gSA okp Xykl esa fy;s x, ty dk vk;ru Hkh
de gks tkrk gS (fp=k 6-1)A izkjaHk esa ckWDl esa tyok"i ugha
gksrh gS ;k FkksM+h lh gks ldrh gS] ̄ drq tc ty dk ok"iu
gksus ls xSlh; izkoLFkk esa ty&v.kqvksa osQ cnyus osQ dkj.k
ok"i&nkc c<+ tkrk gS] rc ok"iu gksus dh nj fLFkj jgrh gSA
le; osQ lkFk&lkFk nkc dh o`f¼&nj esa deh gksus yxrh gSA
tc lkE; LFkkfir gks tkrk gS rks izHkkoh&ok"iu ugha gksrk gSA
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bldk rkRi;Z ;g gS] fd tSls&tSls ty osQ v.kqvksa dh la[;k
xSlh; voLFkk esa c<+us yxrh gS] oSls&oSls xSlh; voLFkk ls
ty osQ v.kqvksa dh nzo&voLFkk esa la?kuu dh nj lkE;koLFkk
LFkkfir gksus rd c<+rh jgrh gSA vFkkZr~~µ
lke;koLFkk ij % ok"iu dh nj la?kuu dh nj

H
2
O (ty) H

2
O (ok"i)

lkE;koLFkk esa ty&v.kqvksa }kjk mRiÂ nkc fdlh fn,
rki ij fLFkj jgrk gS] bls ty dk lkE; ok"i nkc] (;k ty
dk ok"i&nkc) dgrs gSaA nzo dk ok"i&nkc rki osQ lkFk
c<+rk gSA ;fn ;g iz;ksx esfFky ,sYdksgkWy] ,slhVksu rFkk bZFkj
osQ lkFk nksgjk;k tk,] rks ;g izsf{kr gksrk gS fd buosQ lkE;
ok"i&nkc fofHkUu gksrs gSaA vis{kkÑr mPp ok"i nkc okyk
nzo vf/d ok"i'khy gksrk gS ,oa mldk DoFkkukad de
gksrk gSA

;fn rhu okp&Xyklksa esa ,slhVksu] ,fFky ,sYdksgkWy ,oa
ty esa izR;sd dk 1 mL ok;qeaMy esa [kqyk j[kk tk, rFkk
bl iz;ksx dks ,d xje dejs esa bu nzoksa osQ fHkÂ&fHkÂ
vk;ruksa osQ lkFk nksgjk;k tk, rks ge ;g ik,¡xs fd bu lHkh
iz;ksxksa esa nzo dk iw.kZ ok"ihdj.k gks tkrk gSA iw.kZ ok"iu dk
le; (i) nzo dh izÑfr] (ii) nzo dh ek=kk rFkk (iii) rki ij
fuHkZj djrk gSA tc okp Xykl dks ok;qeaMy esa [kqyk j[kk
tkrk gSA rks ok"iu dh nj rks fLFkj jgrh gS] ijarq ok"i osQ
v.kq dejs osQ iwjs vk;ru esa iSQy tkrs gSaA vr% ok"i ls
nzo&voLFkk esa la?kuu dh nj ok"iu dh nj ls de gksrh gSA
blosQ ifj.kkeLo:i laiw.kZ nzo okf"ir gks tkrk gSA ;g ,d
[kqys fudk; dk mnkgj.k gSA [kqys fudk; esa lkE;koLFkk dh
LFkkiuk gksuk laHko ugha gSA

can ik=k esa ty ,oa ty&ok"i ,d ok;qeaMyh; nkc
(1.013 bar) rFkk 100°C rki ij lkE; fLFkfr esa gSaA
1.013 bar nkc ij ty dk lkekU; DoFkukad 100°C gSA

fdlh 'kq¼ nzo osQ fy, ,d ok;qeaMyh; nkc (1.013

bar) ij og rki] ftlij nzo ,oa ok"i lkE;koLFkk esa gksa]
^nzo dk lkekU; DoFkukad* dgykrk gSA nzo dk DoFkukad
ok;qeaMyh; nkc ij fuHkZj djrk gSA ;g LFkku osQ mUurka'k
(mQ¡pkbZ) ij Hkh fuHkZj djrk gSA vf/d mUurka'k ij nzo dk
DoFkukad ?kVrk gSA

6-1-3 Bksl&ok"i lkE;koLFkk

vc ge ,sls fudk;ksa ij fopkj djsaxs] tgk¡ Bksl ok"i voLFkk
esa ÅèoZikfrr gksrs gSaA ;fn ge vk;ksMhu dks ,d can ik=k esa
j[ksa] rks oqQN le; i'pkr~ ik=k cSxuh ok"i ls Hkj tkrk gS
rFkk le; osQ lkFk&lkFk jax dh rhozrk esa o`f¼ gksrh gSA ijarq
oqQN le; i'pkr~ jax dh rhozrk fLFkj gks tkrh gSA bl fLFkfr
esa lkE;koLFkk LFkkfir gks tkrh gSA vr% Bksl vk;ksMhu
ÅèoZikfrr gksdj vk;ksMhu ok"i nsrh gS rFkk lkE;koLFkk dks
bl :i esa n'kkZ;k tk ldrk gS –

I
2
 (Bksl)  I

2
 (ok"i)

bl izdkj osQ lkE; osQ vU; mnkgj.k gSa%
diwj (Bksl)  diwj (ok"i)

NH
4
Cl (Bksl)  NH

4
Cl (ok"i)

6-1-4 nzo esa Bksl vFkok xSl dh ?kqyu'khyrk&
laca/h lkE;

nzoksa esa Bksl

ge vius vuqHko ls ;g tkurs gSa fd fn, x, ty dh ,d
fuf'pr ek=kk esa lkekU; rki ij yo.k ;k phuh dh ,d lhfer
ek=kk gh ?kqyrh gSA ;fn ge mPp rki ij phuh dh pk'kuh cuk,a
vkSj mls BaMk djsa] rks phuh osQ fØLVy i`Fkd~ gks tk,axsA fdlh
rki ij fn, x, foy;u esa ;fn vkSj vf/d foys; u ?kqy
losQ] rks ,sls foy;u dks ^lar`Ir foy;u] (Saturated)

fp=k 6-1% fLFkj rki ij ty dh lkE;koLFkk dk ok"i&nkc ekiu
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dgrs gSaA foys; dh foys;rk rki ij fuHkZj djrh gSA lar`Ir
foy;u esa v.kqvksa dh Bksl voLFkk ,oa foys; osQ foy;u esa
v.kqvksa osQ chp xfrd lkE;koLFkk jgrh gSA
phuh (foy;u) ���⇀

↽���
 phuh (Bksl)

rFkk lkE;koLFkk esa]
phuh osQ ?kqyus dh nj = phuh osQ fØLVyu dh nj

jsfM;ks,sfDVork;qDr phuh dh lgk;rk ls mijksDr njksa
,oa lkE;koLFkk dh xfrd izÑfr dks fl¼ fd;k x;k gSA ;fn
ge jsfM;ks,fDVorkghu (Non-radioactive) phuh osQ lar̀Ir
foy;u esa jsfM;ks,sfDVork ;qDr phuh dh oqQN ek=kk Mky nsa]
rks oqQN le; ckn gesa nksuksa foy;u ,oa Bksl phuh] ftlesa
izkjaHk esa jsfM;ks,sfDVork ;qDr phuh osQ v.kq ugha Fks] ¯drq
lkE;koLFkk dh xfrd izÑfr osQ dkj.k jsfM;ks,sfDVork;qDr
,oa jsfM;ks,sfDVorkghu phuh osQ v.kqvksa dk fofu;e nksuksa
izkoLFkkvksa esa gksrk gSA blfy, jsfM;ks,sfDVo ,oa jsfM;ks,sfDVork;qDr
phuh v.kqvksa dk vuqikr rc rd c<+rk jgrk gS] tc rd ;g
,d fLFkj eku rd ugha igq¡p tkrkA

æoksa esa xSlsa

tc lksMk&okVj dh cksry [kksyh tkrh gS] rc mlesa ?kqyh gqbZ
dkcZu MkbvkWDlkbM xSl dh oqQN ek=kk rsth ls ckgj
fudyus yxrh gSA fHkUu nkc ij ty esa dkcZu MkbvkWDlkbM
dh fHkUu foys;rk osQ dkj.k ,slk gksrk gSA fLFkj rki ,oa nkc
ij xSl osQ vfoys; v.kqvksa ,oa nzo esa ?kqys v.kqvksa osQ chp
lkE;koLFkk LFkkfir jgrh gSA mnkgj.kkFkZµ

CO
2
 (xSl)  CO

2
 (foy;u esa)

;g lkE;koLFkk gsujh osQ fu;ekuqlkj gSA ftlosQ vuqlkj]
¶fdlh rki ij nh ,d xbZ ek=kk osQ foyk;d esa ?kqyh
gqbZ xSl dh ek=kk foyk;d osQ Åij xSl osQ nkc osQ
lekuqikrh gksrh gSA¸ rki c<+us osQ lkFk&lkFk ;g ek=kk
?kVrh tkrh gSA CO

2
 xSl dks lksMk&okVj dh cksry esa vfèkd

nkc ij lhycan fd;k gSA bl nkc ij xSl osQ cgqr vfèkd
v.kq nzo esa foys; gks tkrs gSaA tSls gh cksry [kksyh tkrh gSA
oSls gh cksry osQ nzo dh lrg ij nkc vpkud de gks tkrk
gS] ftlls ty esa ?kqyh gqbZ dkcZu MkbvkWDlkbM fudydj
fuEu ok;qeaMyh; nkc ij ubZ lkE;koLFkk dh vksj vxzlj
gksrh gSA ;fn lksMk&okVj dh bl cksry dks oqQN le; rd
gok esa [kqyk NksM+ fn;k tk,] rks blesa ls yxHkx lkjh xSl
fudy tk,xhA

;g lkekU; :i ls dgk tk ldrk gS fdµ

(i) Bksl Ü nzo] lkE;koLFkk osQ fy, ok;qeaMyh; nkc ij
(1.013 bar) ,d gh rki (xyukad) ,slk gksrk gS]
ftlij nksuksa izkoLFkk,¡ ikbZ tkrh gSaA ;fn ifjos'k ls
Å"ek dk fofue; u gks] rks nksuksa izkoLFkkvksa osQ
nzO;eku fLFkj gksrs gSaA

(i) ok"i � nzo] lkE;koLFkk osQ fy, fdlh fuf'pr rki
ij ok"i&nkc fLFkj gksrk gSA

(iii) nzo esa Bksl dh ?kqyu'khyrk osQ fy, fdlh fuf'pr
rki ij nzo esa Bksl dh foys;rk fuf'pr gksrh gSA

(iv) nzo esa xSl dh foys;rk nzo osQ Åij xSl osQ nkc
(lkanzrk) osQ lekuqikrh gksrh gSA

bu fu"d"kks± dks lkj.kh 6-1 esa fn;k x;k gS –

lkj.kh 6-1  HkkSfrd lkE;koLFkk dh oqQN fo'ks"krk,¡

izØe fu"d"kZ
 nzo � ok"i fuf'pr rki ij 

2H Op  fLFkj
 H

2
O (l) � H

2
O (g) gksrk gSA

 Bksl � nzo fLFkj nkc ij xyukad fuf'pr
 H

2
O (s) � H

2
O (l) gksrk gSA

 foys; (Bksl) � foys; foy;u esa foys; dh lkanzrk
       (foy;u) fuf'pr rki ij fLFkj gksrh gSA

 phuh (Bksl) � phuh
       (foy;u)

 xSl (g) � xSl (aq) ¹xSl (aq)º/¹xSl (g)º
fuf'pr rki ij fLFkj gksrk gSA

 CO
2
 (g) � CO

2
 (aq) [CO

2
 (aq)]/[CO

2 
(g)]

fuf'pr rki ij fLFkj gksrk gSA

6-1-5 HkkSfrd izØeksa esa lkE;koLFkk osQ lkekU;
vfHky{k.k

mijksDr HkkSfrd izØeksa esa lHkh fudk;&lkE;koLFkk osQ lkekU;
vfHky{k.k fuEufyf[kr gSa%
(i) fuf'pr rki ij osQoy can fudk; (Closed System)

esa gh lkE;koLFkk laHko gSA

(ii) lkE;koLFkk ij nksuksa fojks/h vfHkfØ;k,¡ cjkcj osx ls
gksrh gSaA buesa xfrd] ¯drq LFkk;h voLFkk gksrh gSA

(iii) fudk; osQ lHkh ekius ;ksX; xq.k&/eZ fLFkj gksrs gSaA

(iv) tc fdlh HkkSfrd izØe esa lkE;koLFkk LFkkfir gks
tkrh gS] rks lkj.kh 6-1 esa o£.kr ekinaMksa esa ls fdlh
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,d dk eku fuf'pr rki ij fLFkj gksuk of.kZr
lkE;koLFkk dh igpku gSA

(v) fdlh Hkh le; bu jkf'k;ksa dk eku ;g n'kkZrk gS fd
lkE;koLFkk rd igq¡pus osQ iwoZ HkkSfrd izØe fdl
lhek rd vkxs c<+ pqdk gSA

6-2 jklk;fud izØeksa esa lkE;koLFkk&xfrd
lkE;

;g igys gh crk;k tk pqdk gS fd can fudk; esa dh tkus
okyh jklk;fud vfHkfØ;k,¡ varr% lkE;koLFkk dh fLFkfr esa
igq¡p tkrh gSaA ;s vfHkfØ;k,¡ Hkh vfxze rFkk izrhi fn'kkvksa
esa laiÂ gks ldrh gSaA tc vfxze ,oa izrhi vfHkfØ;kvksa dh
njsa leku gks tkrh gSa] rks vfHkdkjdksa rFkk mRiknksa dh lkanzrk,¡
fLFkj jgrh gSaA ;g jklk;fud lkE; dh voLFkk gSA ;g
xfrd lkE;koLFkk vxz vfHkfØ;k (ftlesa vfHkdkjd mRikn
esa cny tkrs gSa) rFkk izrhi vfHkfØ;k (ftlesa mRikn ewy
vfHkdkjd esa cny tkrs gSa) ls feydj mRiÂ gksrh gSA bls
le>us osQ fy, ge fuEufyf[kr mRØe.kh; vfHkfØ;k ij
fopkj djsa (fp=k 6-2)–

A + B � C + D

le; chrus osQ lkFk vfHkdkjdksa (A rFkk B) dh
lkanzrk ?kVrh gS rFkk mRiknksa (C rFkk D) dk lap;u gksrk gSA
vxz vfHkfØ;k dh nj ?kVrh tkrh gS vkSj izrhi vfHkfØ;k
dh nj c<+rh tkrh gSA iQyLo:i ,d ,slh fLFkfr vkrh gS]
tc nksuksa vfHkfØ;kvksa dh nj leku gks tkrh gSA ,slh fLFkfr
esa fudk; esa lkE;koLFkk LFkkfir gks tkrh gSA ;gh lkE;koLFkk
C rFkk D osQ chp vfHkfØ;k djkdj Hkh izkIr dh tk ldrh
gSA nksuksa esa ls fdlh Hkh fn'kk ls bl lkE;koLFkk dh izkI;rk
laHko gSA A + B � C + D ;k C + D � A + B

fp=k 6-2 % jklk;fud lkE;koLFkk dh izkfIr

gkcj&fof/ }kjk veksfu;k osQ la'ys"k.k esa jklk;fud
lkE;koLFkk dh xfrd izÑfr dks n'kkZ;k tk ldrk gSA gkcj
us mPp rki rFkk nkc ij MkbukbVªkstu rFkk MkbgkbMªkstu dh
fofHkÂ Kkr ek=kkvksa osQ lkFk vfHkfØ;k djkdj fu;fer
varjky ij veksfu;k dh ek=kk Kkr dhA blosQ vk/kj ij
mUgksaus vfHkfØ;k esa 'ks"k MkbukbVªkstu rFkk MkbgkbMªkstu dh
lkanzrk Kkr dhA fp=k 6-4] (ist 173) n'kkZrk gS fd ,d
fuf'pr le; osQ ckn oqQN vfHkdkjdksa osQ 'ks"k jgus ij Hkh
veksfu;k dk lkanz.k ,oa feJ.k dk la?kVu ogh cuk jgrk gSA
feJ.k osQ la?kVu dh fLFkjrk bl ckr dk laosQr nsrh gS fd
lkE;koLFkk LFkkfir gks xbZ gSA vfHkfØ;k dh xfrd izÑfr
dks le>us osQ fy, veksfu;k dk la'ys"k.k mUgsa djhc&djhc
izkjafHkd ifjfLFkfr;ksa (mlh vkaf'kd nkc ,oa rki ij)] ̄drq
H

2
 dh txg D

2
 (Deuterium) ysdj fd;k x;kA H

2
 ;k

D
2
 osQ lkFk vfHkfØ;k djkus ij lkE;koLFkk ij leku

la?kVuokyk vfHkfØ;k&feJ.k izkIr gksrk gS] ¯drq
vfHkfØ;k&feJ.k esa H

2
 ,oa NH

3
 osQ LFkku ij Øe'k% D

2

,oa ND
3
 ekS”kwn jgrs gSaA lkE;koLFkk LFkkfir gksus osQ ckn

nksuksa feJ.k (ftlesa H
2
, N

2
, NH

3
 rFkk D

2
, N

2
, ND

3
 gksrs

gSa) dks vkil esa feykdj oqQN le; osQ fy, NksM+ nsrs gSaA
ckn esa bl feJ.k dk fo'ys"k.k djus ij irk pyrk gS fd
veksfu;k dh lkanzrk vifjofrZr jgrh gSA

gkyk¡fd tc bl feJ.k dk fo'ys"k.k nzO;eku LisDVªksehVj
(Mass Spectrometer) }kjk fd;k tkrk gS] rks blesa
M~;wVhfj;e;qDr fofHkÂ veksfu;k v.kq (NH

3
, NH

2
D, NHD

2

rFkk ND
3
) ,oa MkbgkbMªkstu v.kq (H

2
, HD rFkk D

2
) ik,

tkrs gSaA blls ;g fu"d"kZ fudyrk gS fd lkE;koLFkk osQ ckn
Hkh feJ.k esa vfxze ,oa izrhi vfHkfØ;k,¡ gksrs jgus osQ dkj.k
v.kqvksa esa H rFkk D ijek.kqvksa dk O;kfeJ.k (Scram-

bling) gksrk jgrk gSA lkE;koLFkk LFkkfir gksus osQ ckn ;fn
vfHkfØ;k lekIr gks tkrh gS] rks bl izdkj dk feJ.k izkIr
gksuk laHko ugha gksrkA

veksfu;k osQ la'ys"k.k esa leLFkkfud (Deuterium)

osQ iz;ksx ls ;g Li"V gksrk gS fd jklk;fud vfHkfØ;kvksa esa
xfrd lkE;koLFkk LFkkfir gksus ij vfxze ,oa izrhi vfHkfØ;kvksa
dh nj leku gksrh gS rFkk blosQ feJ.k osQ la?kVu esa dksbZ
izHkkoh ifjorZu ugha gksrk gSA

lkE;koLFkk nksuksa fn'kkvksa }kjk LFkkfir dh tk ldrh
gS] pkgs H

2
(g) rFkk N

2
(g) dh vfHkfØ;k djkdj NH

3
(g)

izkIr dh tk, ;k NH
3
(g) dk fo?kVu djkdj N

2
(g) ,oa

H
2
(g) izkIr dh tk,A
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xfrd lkE;koLFkkµNk=kksa osQ fy, ,d iz;ksx

HkkSfrd ;k jklk;fud vfHkfØ;kvksa esa lkE;koLFkk dh izÑfr ges'kk xfrd gksrh gSA jsfM;ks,sfDVo leLFkkfudksa osQ iz;ksx }kjk
bl rF; dks izn£'kr fd;k tk ldrk gSA ̄drq fdlh fo|ky; dh iz;ksx'kkyk esa bls izn£'kr djuk laHko ugha gSA fuEufyf[kr
iz;ksx djosQ bl rF; dks 5&6 fo|k£Fk;ksa osQ lewg dks vklkuh ls fn[kk;k tk ldrk gS –

100 mL osQ nks ekiu fl¯yMj (ftuij 1 rFkk 2 fy[kk gks) ,oa 30 cm yach dk¡p dh nks ufy;k¡ yhft,A ufy;ksa dk
O;kl ;k rks leku gks ldrk gS ;k muesa 3 ls 5 mm rd fHkÂrk gks ldrh gSA ekiu fl¯yMj&1 osQ vk/s Hkkx esa jaxhu
ty (ty esa iksVSf'k;e ijeSaxusV dk ,d fØLVy Mkydj jaxhu ty cuk,¡) Hkjrs gSa rFkk fl¯yMj&2 dks [kkyh j[krs gSaA
fl¯yMj&1 esa ,d uyh rFkk fl¯yMj&2 esa nwljh uyh j[krs gSaA fl¯yMj&1 okyh uyh osQ Åijh fNnz dks vaxqyh ls can djsa
,oa blosQ fupys fgLls esa Hkjs x, ty dks fl¯yMj&2 esa MkysaA fl¯yMj&2 esa j[kh uyh dk iz;ksx djrs gq, mlh izdkj
fl¯yMj&2 ls fl¯yMj&1 esa ty LFkkukarfjr djsaA bl izdkj nksuksa ufy;ksa dh lgk;rk ls fl¯yMj&1 ls fl¯yMj&2 esa ,oa
fl¯yMj&2 ls fl¯yMj&1 esa jaxhu ty ckj&ckj rc rd LFkkukarfjr djrs gSaA tc rd nksuksa fl¯yMjksa esa jaxhu ty dk Lrj
leku gks tk,A

;fn bu nks fl¯yMjksa esa jaxhu foy;u dk LFkkukarj.k ,d ls nwljs esa djrs] rks bu fl¯yMjksa esa jaxhu ty osQ Lrj esa vc
dksbZ ifjorZu ugha gksxkA ;fn bu nks fl¯yMjksa esa jaxhu ty osQ Lrj dks ge Øe'k% vfHkdkjdksa ,oa mRiknksa osQ lkanz.k osQ :i
esa ns[ksa rks ge dg ldrs gSa fd ;g izfØ;k bl izfØ;k dh xfrd izÑfr dks bafxr djrh gS] tks jaxhu ty dk Lrj LFkk;h
gksus ij Hkh tkjh jgrh gSA ;fn ge bl iz;ksx dks fofHkÂ O;klokyh nks ufy;ksa dh lgk;rk ls nksgjk,¡] rks ge ns[ksaxs fd bu
nks fl¯yMjksa esa jaxhu ty osQ Lrj fHkÂ gksaxsA bu nks fl¯yMjksa esa jaxhu ty osQ Lrj esa varj fHkÂ O;kl dh ufy;ksa osQ dkj.k
gksrk gSA

fp=k 6-3 xfrd lkE;koLFkk dk izn'kZu (d) izkjafHkd voLFkk ([k) vafre voLFkk
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fp=k 6-4% vfHkfØ;k N2(g) + 3H2(g) l 2NH3(g) dh
lkE;koLFkk dk fu:i.k

N
2
(g) + 3H

2
(g) l 2NH

3
(g)

2NH
3
(g) l N

2
(g) + 3H

2
(g)

blh izdkj ge vfHkfØ;k H
2
(g) + I

2
(g) l 2HI(g)

ij fopkj djsaA ;fn ge H
2
 ,oa I

2
 osQ cjkcj&cjkcj izkjafHkd

lkanz.k ls vfHkfØ;k 'kq: djsa] rks vfHkfØ;k vfxze fn'kk esa
vxzlj gksxhA H

2
 ,oa I

2
 dh lkanzrk de gksus yxsxh gS ,oa HI

dk lkanzrk c<+us yxsxh] tc rd lkE;koLFkk LFkkfir u gks
tk, (fp=k 6-5)A vxj ge HI ls 'kq: dj vfHkfØ;k dks
foijhr fn'kk esa gksus nsa] rks HI dh lkanzrk de gksus yxsxhA
rFkk H

2
 ,oa I

2
 dh lkanzrk rc rd c<+rh jgsxh tc rd

lkE;koLFkk LFkkfir u gks tk, (fp=k 6-5)A

;fn fuf'pr vk;ru esa H ,oa I osQ ijek.kqvksa dh
oqQy la[;k ogh gks] rks pkgs ge 'kq¼ vfHkdeZdksa ls
vfHkfØ;k 'kq: djsa] ;k 'kq¼ mRiknksa ls ogh lkE;koLFkk
feJ.k izkIr gksrk gSA

6-3 jklk;fud lkE;koLFkk dk fu;e rFkk
lkE;koLFkk fLFkjkad

lkE;koLFkk esa vfHkdkjdksa ,oa mRiknksa osQ feJ.k dks ^lkE;
feJ.k* dgrs gSaA ,dd osQ bl Hkkx esa lkE; feJ.k osQ
la?kVu osQ laca/ esa vusd iz'uksa ij ge fopkj djsaxsA ,d
lkE; feJ.k esa vfHkdkjdksa rFkk mRiknksa dh lkanzrkvksa esa D;k
laca/ gS\ izkjafHkd lkanzrkvksa ls lkE; lkanzrkvksa dks oSQls Kkr
fd;k tk ldrk gS\ lkE; feJ.k osQ la?kVu dks dkSu ls
dkjd ifjofrZr dj ldrs gSa\ vkS|ksfxd n`f"V ls mi;ksxh
jlk;u tSls – (H

2
, NH

3
 rFkk CaO) osQ la'ys"k.k osQ fy,

vko';d 'krks± dk fu/kZj.k oSQls fd;k tkrk gS\
bu iz'uksa osQ mÙkj osQ fy, ge fuEufyf[kr lkekU;

mRØe.kh; vfHkfØ;k ij fopkj djsaxs –
A + B l C + D

;gk¡ bl larqfyr lehdj.k esa A rFkk B vfHkdkjd
,oa C rFkk D mRikn gSaA vusd mRØe.kh vfHkfØ;kvksa osQ
izk;ksfxd vè;;u osQ vk/kj ij ukWosZ osQ jlk;uKksa oSQVks
eSfDlfefy;u xqycxZ (Cato Maximillian Guldberg)

,oa ihVj okts (Peter Waage) us lu~ 1864 esa izfrikfnr
fd;k fd fdlh feJ.k esa lkanzrkvksa dks fuEufyf[kr
lkE;&lehdj.k }kjk n'kkZ;k tk ldrk gSµ

[ ][ ]
[ ][ ]
C D

A B
cK = (6.1)

;gk¡ K
c
 lkE; fLFkjkad gS rFkk nkb± vksj dk O;atd

^lkE; fLFkjkad O;atd* dgykrk gSA bl lkE;&lehdj.k
dks ^nzO; vuqikrh fØ;k dk fu;e* (Law of Mass

Action) Hkh dgrs gSaA
xqycxZ rFkk okts }kjk izfrikfnr lq>koksa dks vPNh rjg

le>us osQ fy, ,d eq¡gcan ik=k (Sealed Vessel) esa 731

K ij xSlh; H
2
 ,oa xSlh; I

2
 osQ chp vfHkfØ;k ij fopkj

djsaA bl vfHkfØ;k dk vè;;u fofHkÂ izk;ksfxd ifjfLFkfr;ksa
esa N% iz;ksxksa }kjk fd;k x;kµ

H
2
(g) + I

2
(g) l 2HI(g)

1 eksy 1 eksy 2 eksy
igys pkj (1] 2] 3 rFkk 4) iz;ksxksa esa izkjaHk esa can

ik=kksa esa osQoy xSlh; H
2
 ,oa xSlh; I

2
 FksA izR;sd iz;ksx

fp=k 6-5% H
2
(g) + I

2
(g) l 2HI(g) vfHkfØ;k esa jklk;fud

lkE;koLFkk fdlh Hkh fn'kk ls LFkkfir gks ldrh gSA

Rationalised 2023-24



174 jlk;u foKku

gkbMªkstu ,oa vk;ksMhu osQ fHkÂ&fHkÂ lkanz.k osQ lkFk fd;k
x;kA oqQN le; ckn can ik=k esa feJ.k osQ jax dh rhozrk
fLFkj gks xbZ] vFkkZr~~µlkE;koLFkk LFkkfir gks xbZA vU; nks
iz;ksx (la- 5 ,oa 6) osQoy xSlh; HI ysdj izkjaHk fd, x,A
bl izdkj foijhr vfHkfØ;k ls lkE;koLFkk LFkkfir gqbZA
lkj.kh 6-2 esa bu lHkh N% iz;ksxksa osQ vk¡dM+s fn, x, gSaA

iz;ksx&la[;k 1] 2] 3 ,oa 4 ls ;g ns[kk tk ldrk gS
fdµ vfHkÑr H

2
 osQ eksy dh la[;k = vfHkÑr I

2
 osQ eksy

dh la[;k = ½ (mRikn HI osQ eksy dh la[;k)
iz;ksx&la[;k 5 rFkk 6 esa ge ns[krs gSa fdµ

[H
2
(g)]

eq
 = [I

2
(g)]

eq

lkE;koLFkk ij vfHkdkjoQksa ,oa mRiknksa dh lkanzrk osQ
chp laca/ LFkkfir djus osQ fy, ge dbZ laHkkoukvksa osQ fo"k;
esa lksp ldrs gSaA uhps fn, x, lkekU; O;atd ij ge
fopkj djsaµ

[ ]
[ ]

eq

2 eq 2 eq

HI(g)

H (g) I (g)  

lkj.kh 6-3  vfHkdeZdksa osQ lkE; lkanzrk&laca/h O;atd
H

2
(g) + I

2
(g)  2HI(g)

lkj.kh 6-3 esa fn, x, vk¡dM+ksa dh lgk;rk ls ;fn ge
vfHkdkjdksa ,oa mRiknksa dh lkE;koLFkk&lkanzrk dks mijksDr
O;atd esa j[ksa] rks ml O;atd dk eku fLFkj ugha] cfYd
fHkÂ&fHkÂ gksxk (lkj.kh 6-3)A ;fn ge fuEufyf[kr O;atd
ysaµ

[ ]
[ ]

2

eq

2 eq 2 eq

HI(g)

H (g) I (g)  
(6.1)

rks ge ik,¡xs fd lHkh N%] iz;ksxksa esa ;g O;atd fLFkj
eku nsrk gSS (tSlk lkj.kh 6-3 esa fn[kk;k x;k gS)A ;g ns[kk
tk ldrk gS fd bl O;atd esa vfHkdkjdksa ,oa mRikn osQ
lkanz.kksa esa ?kkr (Power) dk eku ogh gS] tks jklk;fud
vfHkfØ;k osQ lehdj.k esa fy[ks muosQ jllehdj.kferh;
xq.kkad (Stoichiometric Coefficients) gSaA lkE;koLFkk esa
bl O;atd osQ eku dks ^lkE;koLFkk fLFkjkad* dgk tkrk gS
rFkk bls 'K

c
' izrhd }kjk n'kkZ;k tkrk gSA bl izdkj vfHkfØ;k

H
2
(g) + I

2
(g) � 2HI(g) osQ fy, K

c
, vFkkZr~~ lkE;koLFkk

fLFkjkad dks bl :i esa fy[kk tkrk gSµ

[ ]
[ ] [ ]

2

eq

2 2eq eq

HI(g)

H (g) I (g)
=cK (6.2)

Åij fn, x, O;atd] lkanzrk osQ iknkad osQ :i esa tks
'eq' fy[kk x;k gS] og lkekU;r% ugha fy[kk tkrk gS] D;ksafd
;g ekuk tkrk gS fd K

c
 osQ O;atd esa lkanzrk dk eku

lkE;koLFkk ij gh gSA vr% ge fy[krs gSaµ

[ ]
[ ][ ]

2

2 2

HI(g)

H (g) I (g)
=cK (6.3)

lkj.kh 6-2  izkjafHkd ,oa lkE;koLFkk ij H
2
, I

2
, ,oa HI dh lkanzrk,¡
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inkad 'c' bafxr djrk gS fd K
c
 dk eku lkanz.k osQ

ek=kd mol L–1 esa O;Dr fd;k tkrk gSA
fn, x, fdlh rki ij vfHkfØ;k&mRiknksa dh lkanzrk ,oa

vfHkdkjdksa dh lkanzrk osQ xq.kuiQy dk vuqikr fLFkj jgrk
gSA ,slk djrs le; lkanzrk O;Dr djus osQ fy, larqfyr
jklk;fud lehdj.k esa vfHkdkjdksa ,oa mRiknksa osQ jl
lehdj.kferh; xq.kkad dks mudh lkanzrk osQ ?kkrkad osQ :i
esa O;Dr fd;k tkrk gSA

bl izdkj ,d lkEkkU; vfHkfØ;k aA + bB l cC +

cD osQ fy, lkE;koLFkk fLFkjkad dks fuEufyf[kr O;atd ls
O;Dr fd;k tkrk gSµ

c d

a b

[C] [D]

[A] [B]
cK = (6.4)

vfHkfØ;k mRikn (C ;k D) va'k esa rFkk vfHkdkjd
(A rFkk B) gj esa gksrs gSaA izR;sd lkanzrk (mnkgj.kkFkZµ [C],

[D] vkfn) dks larqfyr vfHkfØ;k esa jllehdj.kferh;
vuqikr xq.kkad osQ ?kkrkad osQ :i esa O;Dr fd;k tkrk gSA
tSlsµ 4NH

3
 + 5O

2
 (g) � 4NO(g) + 6H

2
O(g) vfHkfØ;k

osQ fy, lkE;koLFkk fLFkjkad dks ge bl :i esa O;Dr
djrs gSaµ

4 6
2

4 5
3 2

[NO] [H O]

[NH ] [O ]
cK =

fofHkÂ vo;oksa (Species) dh eksyj&lkanzrk dks mUgsa
oxkZdkj dks"Bd esa j[kdj n'kkZ;k tkrk gS rFkk ;g ekuk tkrk
gS fd ;s lkE;koLFkk lkanzrk,¡ gSaA tc rd cgqr vko';d u
gks] rc rd lkE;koLFkk fLFkjkad osQ O;atd esa izkoLFkk,¡
(Bksl] nzo ;k xSl) ugha fy[kh tkrh gSaA

ge jllehdj.kferh; vuqikr xq.kkad cny nsrs gSa]
tSlsµ ;fn iwjs vfHkfØ;k lehdj.k dks fdlh ?kVd (Fac-

tor) ls xq.kk djsa] rks lkE;koLFkk fLFkjkad osQ fy, O;atd
fy[krs le; ;g lqfuf'pr djuk pkfg, fd og O;atd ml
ifjorZru dks Hkh O;Dr djsA

vfHkfØ;k H
2
(g) + I

2
(g) � 2HI(g) (6.5)

osQ lkE;koLFkk O;atd dks bl izdkj fy[krs gSaµ
2

2 2

[HI]
x

[H ][I ]
cK = = (6.6)

rks izrhi vfHkfØ;k 2HI(g) � H
2
(g) + I

2
(g) osQ fy,

lkE;koLFkk&fLFkjkad mlh rki ij bl izdkj gksxkµ

2 2

2

[H ][I ] 1 1

[HI] x
c

c

K'
K

= = = (6.7)

bl izdkj]

1
c

c

K'
K

= (6.8)

mRØe vfHkfØ;k dk lkE;koLFkk fLFkjkad vfxze
vfHkfØ;k osQ lkE;koLFkk fLFkjkad osQ O;qRØe gksrk gSA

mijksDr vfHkfØ;k dks bl :i esa fy[kus ij

½ H
2
(g) + ½ I

2
(g) l HI(g) (6.9)

lkE;koLFkk fLFkjkad dk eku gksxkµ

K″c  =  [HI] / [H
2
]1/2[I

2
]1/2  = x1/2 = K

c
1/2        (6.10)

bl izdkj ;fn ge lehdj.k 6-5 dks n ls xq.kk djsa]
rks vfHkfØ;k nH

2
(g) +  nI

2
(g) l 2nHI(g) izkIr gksxh

rFkk blosQ lkE;koLFkk&fLFkjkad dk eku K
c
n gksxkA bu

ifj.kkeksa dks lkj.kh 6-4 esa lkjkaf'kr fd;k x;k gSA

lkj.kh 6-4  ,d lkekU; mRØe.kh; vfHkfØ;k osQ lkE;koLFkk
fLFkjkadksa ,oa muosQ xq.kdkas esa laca/

jklk;fud lehdj.k lkE;koLFkk
fLFkjkad

a A + b B   c C + dD K
c

c C + d D   a A + b B K′
c
 =(1/K

c 
)

na A + nb B   ncC + ndD K′″
c
  = (K

c

n )

;gk¡ ;g è;ku j[kuk pkfg, fd K
c
 o K'

c
 osQ vkafdd

eku fHkÂ gksrs gSaA blfy, ;g vko';d gS fd lkE;&voLFkk
fLFkjkad dk eku fy[krs le; larqfyr jklk;fud lehdj.k
dk mYys[k djsaA

mnkgj.k 6-1

500 K ij N2 rFkk H2 ls NH3 cuus osQ nkSjku

lkE;koLFkk esa fuEufyf[kr lkanzrk,¡ izkIr gqb±%

[N2] = 1.5 × 10
–2 

M, [H2] = 3.0 ×10
–2 

M rFkk

[NH3] = 1.2 ×10
–2 

M. lkE;koLFkk fLFkjkad dh x.kuk

dhft,A

gy

vfHkfØ;k N2(g) + 3H2(g)   2NH3(g) osQ fy,
lkE; fLFkjkad bl :i esa fy[kk tk ldrk gSµ
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( )

( ) ( )

2

3

3

2 2

NH g
 = 

N g H g
cK

  

      

( )
( ) ( )

2
2

3
2 2

1.2 10
= 

1.5 10 3.0 10

−

− −

×

× ×

= 0.106 × 104  = 1.06 × 103

mnkgj.k 6-2

800 K ij vfHkfØ;k N2(g) + O2(g) �  2NO(g)

osQ fy,  lkE;koLFkk lkanzrk,¡ fuEufyf[kr gSaµ
N2=3.0 × 10

–3
M, O2 = 4.2 × 10

–3
M

rFkk NO = 2.8 × 10
–3

M

vfHkfØ;k osQ fy, K
c
 dk eku D;k gksxk\

gy

vfHkfØ;k osQ fy, lkE; fLFkjkad bl izdkj fy[kk tk
ldrk gSµ

[ ]
[ ][ ]

2

2 2

NO
 = 

N O
cK

( )
( ) ( )

2-3

3 3

2.8 10 M 
= 

3.0 10 M 4.2 10 M− −

×

× ×
= 0.622

6-4 lekax lkE;koLFkk
fdlh lekax fudk; esa lHkh vfHkdkjd ,oa mRikn ,d
leku izkoLFkk esa gksrs gSaA mnkgj.k osQ fy,µxSlh; vfHkfØ;k
N

2
(g) + 3H

2
(g) � 2NH

3
(g) esa vfHkdkjd rFkk mRikn

lHkh lekax xSl&izkoLFkk esa gSaA
blh izdkj
CH

3
COOC

2
H

5
 (aq) + H

2
O (l) �  CH

3
COOH (aq)

+ C
2
H

5
OH (aq)

rFkk Fe3+ (aq) + SCN–(aq) �  Fe(SCN)2+ (aq)

vfHkfØ;kvksa esa lHkh vfHkdkjd rFkk mRikn laekx
foy;u&izkoLFkk esa gSaA vc ge oqQN lekax vfHkfØ;kvksa osQ
lkE;koLFkk&fLFkjkad osQ ckjs esa i<+saxsA

6-4-1 xSlh; fudk; esa lkE;koLFkk fLFkjkad ( K
p
 )

geus vHkh rd vfHkdkjdksa ,oa mRiknksa osQ eksyj lkanz.k osQ
:i esa lkE;koLFkk fLFkjkad dks O;Dr fd;k gS rFkk bls
izrhd K

c
 }kjk n'kkZ;k gSA xSlh; vfHkfØ;kvksa osQ fy,

lkE;koLFkk fLFkjkad dks vkaf'kd nkc osQ :i esa izn£'kr djuk
vf/d lqfoèkktud gSA

vkn'kZ xSl&lehdj.k (,dd&2) dks ge bl :i esa
O;Dr djrs gSaµ

pV = nRT

;k

= R
n

p T
V

;gk¡ nkc (p) dks bar esa] xSl dh ek=kk dks eksyksa dh
la[;k 'n' }kjk vk;ru] 'V' dks fyVj (L) esa rFkk rki dks

osQfYou (K) esa O;Dr djus ij R
ν
 

= = 
 

n
p c T c  fLFkjkad

'R' dk eku 0.0831 bar L mol–1K–1 gksrk gSA
tc n/V dks ge mol/L esa O;Dr djrs gSa] rks ;g

lkanz.k 'c' n'kkZrk gSA vr%
p = cRT

fLFkj rki ij xSl dk nkc mlosQ lkanz.k osQ lekuqikrh
gksrk gS] vFkkZr~ ~ p α ¹xSlº vr% mDr laca/ dks
p = ¹xSlº RT osQ :i esa Hkh fy[kk tk ldrk gSA

lkE;koLFkk esa vfHkfØ;k H
2
(g) +  I

2
(g)  �   2HI(g)

osQ fy,
( )

( ) ( )

2

c

2 2

HI g
 = 

H g I g
K

  

      

vFkok
( )

( ) ( )
2 2

2

HI

c

H I

p
K  = 

p p (6.12)

pw¡fd ( )HI HI g Rp T=    ( )
2H 2H g Rp T=   

rFkk ( )
2I 2I g Rp T=   

blfy,

( )
( ) ( )

( ) [ ]
( ) ( )

2 2

2 22

HI

2 2H I

HI g R
 = 

H g R . I g R
p

Tp
K

T Tp p

  =
      

( )
( ) ( )

2

2 2

HI g
= 

H g I g
cK

   =
      

(6.13)

mijksDr mnkgj.k esa K
p
 = K

c
, gSa vFkkZr~~ nksuksa lkE;koLFkk

fLFkjkadksa osQ eku cjkcj gSa] ̄ drq ;g ges'kk lR; ugha gksrk gSA
mnkgj.k osQ fy, µ vfHkfØ;k N

2
(g)  +  3H

2
(g)  �

2NH
3
(g) esa
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( )
( ) ( )

3

2 2

2

NH

3

N H

p

p p
pK =  

( ) [ ]

( ) ( ) ( )

2 2

3

3 3

2 2

NH g RT

N g RT. H g RT

  =
      

( ) [ ]
( ) ( )

( )
2 2

23

c3

2 2

NH g RT
K RT

N g H g

−

−  = =
      

vFkkZr~~ ( ) 2

p cK K RT
−

= gksxkA (6.14)

bl izdkj ,d lekaxh xSlh; vfHkfØ;k

a A  +  b B  �   c C  +  d D

( ) ( )
( ) ( )

[ ] [ ] ( )( )

[ ] [ ] ( )( )

dc c d c d

DC
p a b a b a b

BA

p p C D RT
K

p p A B RT

+

+
= =

[ ] [ ]
[ ] [ ]

( )( ) ( )
c d

c d a b

a b

C D
RT

A B

+ − +
=

[ ] [ ]
[ ] [ ]

( ) ( )
c d

p ca b

n nC D
K RT K RT

A B

∆ ∆
= = (6.15)

;gk¡ larqfyr jklk;fud lehdj.k esa ∆n = [(xSlh;
mRiknksa osQ eksyksa dh la[;k)µ(xSlh; vfHkfØ;dksa osQ eksyksa
dh la[;k)] gSA ;g vko';d gS fd K

p
 dh x.kuk djrs

le; nkc dk eku bar esa j[kuk pkfg,] D;ksafd nkc dh
izkekf.kd voLFkk 1 bar gSA ,dd 1 ls gesa Kkr gS fd 1
pascal, Pa = 1 Nm–2 rFkk 1 bar = 105PaA

lkj.kh 6-5 esa oqQN p;fur vfHkfØ;kvksa osQ fy, K
p

osQ eku fn, x, gSaA

mnkgj.k 6-3

500 K ij PCl5, PCl3 vkSj Cl2 lkE;koLFkk esa gSa rFkk
lkanzrk,¡ Øe'k% 1.41 M, 1.59 M ,oa 1.59 M gSaA

vfHkfØ;k PCl5 �  PCl3 + Cl2 osQ fy, Kc  dh
x.kuk dhft,A

gy

mijksDr vfHkfØ;k osQ fy, lkE;koLFkk fLFkjkad bl
:i esa izdV fd;k tk ldrk gSµ

[ ][ ]
[ ]

( )
( )

2

3 2

c

5

PCl Cl 1.59
1.79

PCl 1.41
K = = =

mnkgj.k 6-4

bl vfHkfØ;k osQ fy,  800 K ij K
c
 = 4.24 gSµ

CO (g) + H2O (g)  �  CO2 (g) + H2 (g)

800 K ij CO2 ,oa H2, CO rFkk H2O osQ lkE;
ij lkanzrkvksa dh x.kuk dhft,] ;fn izkjaHk esa osQoy
CO rFkk H2O gh mifLFkr gksa rFkk izR;sd dh lkanzrk
0.1 M gksA

gy

fuEufyf[kr vfHkfØ;k osQ fy,%

CO (g) + H2O (g) �  CO2 (g) + H2(g)

izkjaHk esa %
0.1M 0.1M 0 0

lkE; ij
(0.1–x)M (0.1–x)M xM xM

tgk¡ lkE; ij CO2 rFkk H2 dh ek=kk x mol L
–1 gSA

vr% lkE; fLFkjkad dks bl izdkj fy[kk tk ldrk gSµ
K

c
 = x

2
/(0.1– x)

2
 = 4.24

x
2
 = 4.24(0.01 + x

2 
– 0.2x)

x
2
 = 0.0424 + 4.24x

2 
– 0.848x

3.24x
2 
– 0.848x + 0.0424 = 0

a = 3.24, b = – 0.848, c = 0.0424

,d f}?kkr lehdj.k osQ fy, ax
2 
+ bx + c = 0,

( )2b b 4ac
x

2a

− ± −
=

x =  0.848

lkj.kh 6-5  esa oqQN p;fur vfHkfØ;kvksa osQ lkE;koLFkk
fLFkjkad K

p
 osQ eku
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± 2(0.848) 4(3.24)(0.0424)/(3.24 2)− ×

x = (0.848 ± 0.4118)/ 6.48

x1 = (0.848 – 0.4118)/6.48 = 0.067

x2 = (0.848 + 0.4118)/6.48  = 0.194

eku 0.194 dh mis{kk dh tk ldrh gS] D;ksafd
;g vfHkdkjdksa dh lkanzrk cryk,xk] tks izkjafHkd
lkanzrk ls vfèkd gSA

vr% lkE;koLFkk ij lkanzrk,¡ ;s gSa]

[CO2] = [H2-] = x = 0.067 M

[CO] = [H2O] = 0.1 – 0.067 = 0.033 M

mnkgj.k 6-5

bl lkE; 2NOCl(g) � 2NO(g)  +  Cl2(g) gsrq

1069 K rki ij lkE; fLFkkjkad Kc dk eku 3.75 ×

10
–6 gSA bl rki ij mDr vfHkfØ;k osQ fy, K

p
 dh

x.kuk dhft,A

gy

ge tkurs gSa fd
Kp = Kc(RT)

∆n

mijksDr vfHkfØ;k osQ fy,]
∆n = (2+1) – 2 = 1

K
p
 = 3.75 ×10

–6
 (0.0831 × 1069)

Kp = 0.033

6-5 fo"kekax lkE;koLFkk
,d ls vf/d izkoLFkk okys fudk; esa LFkkfir lkE;koLFkk
dks ̂ fo"kekax lkE;koLFkk* dgk tkrk gSA mnkgj.k osQ fy,µ,d
can ik=k esa ty&ok"i ,oa ty&nzo osQ chp LFkkfir
lkE;koLFkk ^fo"kekax lkE;koLFkk* gSA

H
2
O(l) �H

2
O(g)

bl mnkgj.k esa ,d xSl izkoLFkk rFkk nwljh nzo
izkoLFkk gSA blh rjg Bksl ,oa blosQ lar`Ir foy;u osQ chp
LFkkfir lkE;koLFkk Hkh fo"kekax lkE;koLFkk gSA tSlsµ

Ca(OH)
2
 (s) + (aq) � Ca2+ (aq) + 2OH–(aq)

fo"kekax lkE;koLFkkvksa esa vf/drj 'kq¼ Bksl ;k 'kq¼
nzo Hkkx ysrs gSaA fo"kekax lkE;koLFkk (ftlesa 'kq¼ Bksl ;k
'kq¼ nzo gks) osQ lkE;koLFkk&O;atd dks ljy cuk;k tk
ldrk gS] D;ksafd 'kq¼ Bksl ,oa 'kq¼ nzo dk eksyj lkanz.k
mudh ek=kk ij fuHkZj ugha gksrk] cfYd fLFkj gksrk gSA nwljs
'kCnksa esaµlkE;koLFkk ij ,d inkFkZ 'X' dh ek=kk oqQN Hkh gks]
[X(s)] ,oa [X(l)] osQ eku fLFkj gksrs gSaA blosQ foijhr ;fn
'X' dh ek=kk fdlh fuf'pr vk;ru esa cnyrh gS] rks [X(g)]

rFkk [X(aq)] osQ eku Hkh cnyrs gSaA ;gk¡ ge ,d jkspd ,oa
egÙoiw.kZ fo"kekax jklk;fud lkE;koLFkk osQfYl;e dkcksZusV
osQ rkih; fo;kstu ij fopkj djsaxsµ
CaCO

3 
(s)  �  CaO (s) + CO

2 
(g) (6.16)

mijksDr lehdj.k osQ vk/kj ij ge fy[k ldrs gSa fd

( ) ( )
( )

2

3

CaO s CO g

CaCO s
cK

      =
  

pw¡fd [CaCO
3
(s)] ,oa [CaO(s)] nksuksa fLFkj gSaA blfy,

mijksDr vfHkfØ;k osQ fy, ljyhÑr lkE;koLFkk fLFkjkad
K'

c
 = [CO

2
(g)] (6-17)

;k 
2

 = p COK p (6-18)

blls Li"V gksrk gS fd ,d fuf'pr rki ij CO
2
(g)

lkE;koLFkk fLFkjkad osQ ek=kd

lkE;koLFkk K
c
 dk eku fudkyrs le; lkanz.k dks mol L–1

esa rFkk K
p
 dk eku fudkyrs le; vkaf'kd nkc dks Pa,

kPa, bar vFkok atm esa O;Dr fd;k tkrk gSA bl izdkj
lkE;koLFkk fLFkjkad dk ek=kd lkanzrk ;k nkc osQ ek=kd ij
vk/kfjr gSA ;fn lkE;koLFkk O;atd osQ va'k esa ?kkrkadksa dk
;ksx gj esa ?kkrkadksa osQ ;ksx osQ cjkcj gksA vfHkfØ;k
H

2
(g) + I

2
(g) �  2HI, Kc rFkk Kp  esa dksbZ ek=kd ugha

gksrkA N
2
O

4
(g)  �  2NO

2
 (g), Kc dk ek=kd mol/L

rFkk Kp dk ek=kd bar gSA
;fn vfHkdkjdksa ,oa mRiknksa dks izekf.kd voLFkk esa

fy;k tk, rks lkE;koLFkk fLFkjkadks a dks foekghu
(Dimensionless) ek=kkvksa esa O;Dr djrs gSaA vfHkdkjdksa

,oa mRiknksa dks izkekf.kd voLFkk esa 'kq¼ xSl dh izkekf.kd
voLFkk ,d bar gksrh gSA bl izdkj 4 bar nkc izkekf.kd
voLFkk osQ lkis{k esa 4 bar/ 1 bar = 4 gksrk gS] tks
foekghu gSA ,d foys; osQ fy, izkekf.kd voLFkk (C

O
) 1

eksyj foy;u gS rFkk vU; lkanzrk,¡ blh osQ lkis{k esa ekih
tkrh gSaA lkE;fLFkjkad dk vkafdr eku pquh gqbZ izkekf.kd
voLFkk ij fuHkZj djrk gSA bl izdkj bl iz.kkyh esa Kp

rFkk Kc nksuksa foekghu jkf'k;k¡ gSa ̄ drq mudk vkafdd eku
fHkÂ izekf.kd voLFkk gksus osQ dkj.k fHkÂ gks ldrk gSA
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dh ,d fuf'pr lkanzrk ;k nkc CaO(s) rFkk CaCO
3
(s)

osQ lkFk lkE;koLFkk esa jgrk gSA iz;ksx djus ij ;g irk
pyrk gS fd 1100 K ij CaCO

3
(s) ,oa CaO (s) osQ

lkFk lkE;koLFkk esa mifLFkr CO
2
 dk nkc 2.0 × 105 Pa

gSA blfy, mijksDr vfHkfØ;k osQ fy, lkE;koLFkk fLFkjkad
dk eku bl izdkj gksxkµ

2

5 5
CO 2 10 Pa/10 Pa 2.00pK p= = × =

blh izdkj fuoSQy] dkcZu eksuksvkWDlkbM ,oa fuoSQy
dkckZsfuy osQ chp LFkkfir fo"kekax lkE;koLFkk (fuoSQy osQ
'kqf¼dj.k esa iz;qDr) lehdj.k µ

Ni (s) + 4 CO (g)  �  Ni(CO)
4 
(g)

esa lkE;koLFkk fLFkjkad dk eku bl :i esa fy[kk tkrk gSµ

( )

[ ]
4

4

Ni CO

CO
cK

  =

;g è;ku jgs fd lkE;koLFkk LFkkfir gksus osQ fy, 'kq¼
inkFkks± dh mifLFkfr vko';d gS (Hkys gh mudh ek=kk FkksM+h
gks)] ¯drq muosQ lkanz.k ;k nkc] lkE;koLFkkµfLFkjkad osQ
O;atd esa ugha gksaxsA vr% lkekU; fLFkfr esa 'kq¼ nzo ,oa 'kq¼
Bksl dks lkE;koLFkk&fLFkjkad osQ O;atd esa ugha fy[kk tkrk
gSA vfHkfØ;kµ
Ag

2
O (s) + 2HNO

3
 (aq) �  2AgNO

3
 (aq) + H

2
O (l)

esa lkE;koLFkk fLFkjkad dk eku bl :i esa fy[kk tkrk gSµ

[ ]
[ ]

2

3

2

3

AgNO
 = 

HNO
cK

mnkgj.k 6-6

vfHkfØ;k CO2 (g) + C (s)  �  2CO (g), osQ fy,

1000 K ij Kp dk eku 3.0 gSA ;fn izkjaHk esa

2
= 0.48COp  bar rFkk 

CO
p = 0 bar gks rFkk 'kq¼

xzsiQkbV mifLFkr gks] rks CO rFkk CO2 osQ lkE; ij
vkaf'kd nkcksa dh x.kuk dhft,A

gy

bl vfHkfØ;k osQ fy,µ

;fn CO2 nkc esa deh x gks rksµ

CO2 (g) + C (s) � 2CO (g)

izkjaHk esa % 0.48 bar 0

lkE; ij % (0.48 – x)bar 2x bar

2

2
CO

p

CO

p
K

p
=

Kp = (2x)
2
/(0.48 – x) = 3

4x
2
 = 3(0.48 – x)

4x
2
 = 1.44 – x

4x
2
 + 3x – 1.44 = 0

a = 4, b = 3, c = –1.44

( )2b b 4ac
x

2a

− ± −
=

= [–3 ± 2(3) – 4(4)(–1.44)]"/2 × 4

= (–3 ± 5.66)/ 8

(pw¡fd x dk eku ½.kkRed ugha gksrk] vr% bl eku
dh mis{kk dj nsrs gSaA)

x = 2.66/8 = 0.33

lkE; ij vkaf'kd nkcksa osQ eku bl izdkj gksaxsµ

CO
p = 2 x = 2 x 0.33 = 0.66 bar

2CO
p = 0.48 – x = 0.48 – 0.33 = 0.15 bar

6-6 lkE;koLFkk fLFkjkad osQ vuqiz;ksx
lkE;koLFkk&fLFkjkad osQ vuqiz;ksxksa ij fopkj djus ls igys
ge blosQ fuEufyf[kr egÙoiw.kZ y{k.kksa ij è;ku nsaµ
d- lkE;koLFkk&fLFkjkad dk O;atd rHkh mi;ksxh gksrk gS]

tc vfHkdkjdksa ,oa mRiknksa dh lkanzrk lkE;koLFkk ij
fLFkj gks tk,A

[k- lkE;koLFkk&flFkjkad dk eku vfHkdkjdksa ,oa mRiknksa
dh izkjafHkd lkanzrk ij fuHkZj ugha djrk gSA

x- fLFkjkad dk eku ,d larqfyr lehdj.k }kjk O;Dr
jklk;fud fØ;k osQ fy, fuf'pr rki ij fof'k"V gksrk
gS] tks rki cnyus osQ lkFk cnyrk gSA

?k- mRØe vfHkfØ;k dk lkE;koLFkk&fLFkjkad vxzorhZ
vfHkfØ;k osQ lkE;koLFkk&fLFkjkad osQ eku dk O;qRØe
gksrk gSA

Ä- fdlh vfHkfØ;k dk lkE;koLFkk&fLFkjkad K ml laxr
vfHkfØ;k osQ lkE;koLFkk fLFkjkad ls lacaf/r gksrk gS
ftldk lehdj.k ewy vfHkfØ;k osQ lehdj.k esa fdlh
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NksVs iw.kk±d ls xq.kk ;k Hkkx nsus ij izkIr gksrk gSA
vc ge lkE;koLFkk fLFkjkad osQ vuqiz;ksxksa ij fopkj

djsaxs rFkk bldk iz;ksx fuEufyf[kr ̄ cnqvksa ls lacaf/r iz'uksa
osQ mÙkj nsus esa djsaxsA
• lkE;koLFkk&fLFkjkad osQ ifjek.k dh lgk;rk ls vfHkfØ;k

dh lhek dk vuqeku yxkukA

• vfHkfØ;k dh fn'kk dk irk yxkuk ,oa

• lkE;koLFkk&lkanz.k dh x.kuk djukA

6-6-1 vfHkfØ;k dh lhek dk vuqeku yxkuk

lkE;koLFkk&fLFkjkad dk vkafdd eku vfHkfØ;k dh lhek
dks n'kkZrk gS] ijarq ;g tkuuk egÙoiw.kZ gS fd lkE;koLFkk
fLFkjkad ;g ugha crykrk fd lkE;koLFkk fdl nj ls izkIr
gqbZ gSA K

c
 ;k K

p
 dk ifjek.k mRiknksa dh lkanzrk osQ lekuqikrh

gksrk gS (D;ksafd ;g lkE;koLFkk&fLFkjkad O;atd osQ va'k
(Numerator) esa fy[kk tkrk gS) rFkk fØ;kdkjdksa dh
lkanzrk osQ O;qRØekuqikrh gksrk gS (D;ksafd ;g O;atd osQ gj
(Denominator) esa fy[kh tkrh gS)A lkE;koLFkk fLFkjkad
K dk mPp eku mRiknksa dh mPp lkanzrk dk |ksrd gSA blh
izdkj K dk fuEu eku mRiknksa osQ fuEu eku dks n'kkZrk gSA

lkE; feJ.kksa osQ la?kVu ls lacaf/r fuEufyf[kr lkekU;
fu;e cuk ldrs gSa%

;fn Kc > 10
3 gks] rks mRikn vfHkdkjd dh rqyuk esa

T;knk cusaxsA ;fn K dk eku dkiQh T;knk gS] rks vfHkfØ;k
yxHkx iw.kZrk osQ fudV gksrh gSA mnkgj.kkFkZµ

(d) 500 K ij H2 rFkk O2 dh vfHkfØ;k lkE;koLFkk gsrq
fLFkjkad Kc = 2.4 × 10

47A
([k) 300 K ij H2(g) + Cl2(g) → 2HCl(g);

K c = 4.0 × 10
31

(x) 300 K ij H2(g) + Br2(g) → 2HBr(g);

Kc = 5.4 × 10
18

;fn Kc < 10
–3] vfHkdkjd dh rqyuk esa mRikn de

gksaxsA ;fn Kc dk eku vYi gS] rks vfHkfØ;k nqyZHk voLFkk
esa gh laiÂ gksrh gSA fuEufyf[kr mnkgj.kksa }kjk ;g Li"V gks
tkrk gSµ

(d) 500 K ij H2O dk H2 rFkk O2 esa fo?kVu dk
lkE;&fLFkjkad cgqr de gS Kc = 4.1 × 10

–48

([k) 298 K ij N2(g) + O2(g) l 2NO(g);

K c = 4.8 ×10
–31

;fn Kc 10
–3 ls 10

3 dh ijkl (Range) esa gksrk gS]
rks mRikn rFkk vfHkdkjd nksuksa dh lkanzrk,¡ larks"ktud gksrh
gSaA fuEufyf[kr mnkgj.k ij fopkj djus ijµ

(d) 700 K ij H2 rFkk I2 ls HI cuus ij Kc = 57.0 gSA

([k) blh izdkj ,d vU; vfHkfØ;k N2O4 dk NO2 esa
fo?kVu gS] ftlosQ fy, 25°C ij Kc = 4.64 × 10

–3]
tks u rks de gS vkSj u T;knkA vr% lkE; feJ.k esa
N2O4 rFkk NO2 dh lkanzrk,¡ larks"ktud gksaxhA bl
lkekU;hdj.k dks fp=k 6-7 esa n'kkZ;k x;k gSA

6-6-2 vfHkfØ;k dh fn'kk dk cks/

vfHkdkjd ,oa mRiknksa osQ fdlh vfHkfØ;k&feJ.k esa vfHkfØ;k
dh fn'kk dk irk yxkus esa Hkh lkE;koLFkk fLFkjkad dk
mi;ksx fd;k tkrk gSA blosQ fy, ge vfHkfØ;k HkkxiQy
(Reaction Quotient) 'Q' dh x.kuk djrs gSaA lkE;koLFkk
fLFkjkad dh gh rjg vfHkfØ;k HkkxiQy dks Hkh vfHkfØ;k
dh fdlh Hkh fLFkfr osQ fy, ifjHkkf"kr (eksyj lkanz.k ls Q

c

rFkk vkaf'kd nkc ls Q
p
) fd;k tk ldrk gSA fdlh lkekU;

vfHkfØ;k osQ fy,
a A + b B l c C + d D (6.19)

Q
c
 = [C]c[D]d / [A]a[B]b (6.20)

;fn Q
c
 > K

c
 gks] rks vfHkfØ;k vfHkdkjdksa dh vksj

vxzlfjr gksxh (foijhr vfHkfØ;k)
;fn Q

c
 < K

c
 gks] rks vfHkfØ;k mRiknksa dh vksj

vxzlfjr gksxh]
;fn Q

c
 = K

c
 gks] rks vfHkfØ;k feJ.k lkE;koLFkk

esa gSA
H

2
 osQ lkFk I

2
 dh xSlh; vfHkfØ;k ij fopkj

djrs gSaµ
H

2
(g) + I

2
(g) l 2HI(g)

700 K ij K
c
 = 57.0

ekuk fd geus [H
2
]
t
=0.10M, [I

2
]
t
 = 0.20 M

fp=k 6-6 Kc ij vfHkfØ;k dh lhek dk fuHkZj djuk
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vkSj [HI]
t
 = 0.40 M. fy;k

(lkanzrk laosQr ij iknkad t dk rkRi;Z ;g gS fd
lkanzrkvksa dk ekiu fdlh le; t ij fd;k x;k gS] u fd
lkE; ijA)

bl izdkj] vfHkfØ;k HkkxiQy Q
c
 vfHkfØ;k dh bl

fLFkfr esa fn;k x;k gSµ
Q

c 
= [HI]

t
2 / [H

2
]
t
 [I

2
]
t
  = (0.40)2/ (0.10)×(0.20) = 8.0

bl le; Q
c
 (8.0), K

c
 (57.0) osQ cjkcj ugha gSA vr%

H
2
(g), I

2
(g) rFkk HI(g) dk feJ.k lkE; esa ugha gSA blhfy,

H
2
(g) o I

2
(g) vfHkfØ;k djosQ vkSj vf/d HI(g) cuk,¡xs

rFkk muosQ lkanz.k rc rd ?kVsaxs] tc rd Q
c
 = K

c
 u gks

tk,A
vfHkfØ;k&HkkxiQy Q

c
, rFkk K

c
 osQ ekuksa dh rqyuk

djosQ vfHkfØ;k&fn'kk dk cks/ djus esa mi;ksxh gSaA
bl izdkj] vfHkfØ;k dh fn'kk osQ laca/ esa ge

fuEufyf[kr lkekU; /kj.kk cuk ldrs gSaµ
• ;fn Q

c
 < K

c
 gks] rks usV vfHkfØ;k ckb± ls nkb± vksj

vxzlfjr gksrh gSA
• ;fn Q

c
 > K

c
 gks] rks usV vfHkfØ;k nkb± ls ckb± vksj

vxzlfjr gksrh gSA
• ;fn Q

c
 = K

c
 gks] rks usV vfHkfØ;k ugha gksrh gSA

fp=k % 6-7 vfHkfØ;k dh fn'kk dk cks/

mnkgj.k 6-7

2A � B + C vfHkfØ;k osQ fy, K
c
 dk eku

2 × 10
–3 gSA

fn, x, le; esa vfHkfØ;k&feJ.k dk la?kVu [A] =

[B] = [C] = 3 × 10
–4

 M gSA vfHkfØ;k dkSu lh fn'kk
esa vxzflr gksxh\

gy

vfHkfØ;k osQ fy, vfHkfØ;k HkkxiQy 2

[B] [C]

[A]
=cQ

[A] = [B] = [C] = 3 × 10
–4

 M

4 –4

4 2

[3 10 ] [3 10 ]
1

[3 10 ]

−

−

× ×
= =

×cQ

bl izdkj Q
c
 > K

c
 blfy, vfHkfØ;k foijhr fn'kk esa

vxzflr gksrh gSA

6-6-3 lkE; lkanzrkvksa dh x.kuk

;fn izkjafHkd lkanzrk Kkr gks] ysfdu lkE; lkanzrk Kkr ugha
gks] rks fuEufyf[kr rhu inksa ls mls izkIr djsaxsµ
in 1 : vfHkfØ;k osQ fy, larqfyr lehdj.k fy[kksA
in 2 : larqfyr lehdj.k osQ fy, ,d lkj.kh cuk,¡] ftlesa
vfHkfØ;k esa lfÂfgr izR;sd inkFkZ dks lwphc¼ fd;k gks%
(d) izkjafHkd lkanzrk
([k) lkE;koLFkk ij tkus osQ fy, lkanzrk esa ifjorZu vkSj
(x) lkE;koLFkk lkanzrk

lkj.kh cukus esa fdlh ,d vfHkdkjd dh lkanzrk dks
x osQ :i esa] tks lkE;koLFkk ij gS dks ifjHkkf"kr djsa vkSj
fiQj vfHkfØ;k dh jllehdj.kferh; ls vU; inkFkks± dh
lkanzrk dks x osQ :i esa O;Dr djsaA
in 3 : x dks gy djus osQ fy, lkE; lehdj.k esa lkE;
lkanzrkvksa dks izfrLFkkfir djrs gSaA ;fn vkidks oxZ lehdj.k
gy djuk gks] rks og xf.krh; gy pqusa] ftldk jklk;fud
vFkZ gksA
in 4 : ifjdfyr eku osQ vk/kj ij lkE; lkanzrkvksa dh
x.kuk djsaA
in 5 : bUgsa lkE; lehdj.k esa izfrLFkkfir dj vius
ifj.kke dh tk¡p djsaA

mnkgj.k 6-8

13.8 xzke N2O4 dks 1 L ik=k esa j[kk tkrk gS rks bl
izdkj lkE; LFkkfir gksrk gSµ

N2O4(g) � 2NO2(g)

;fn lkE;koLFkk ij oqQy nkc 9.15 bar ik;k x;k]
rks Kc, Kp rFkk lkE;koLFkk ij vkaf'kd nkc dh x.kuk
dhft,A

gy

ge tkurs gSa fd pV = nRT

oqQy vk;ru (V) = 1 L
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v.kqHkkj (N2O)4 = 92 g

xSl osQ eksy = 13.8 g/92 g
= 0.15

xSl&fLFkjkad (R) = 0.083 bar L eksy–1
 K

–1

rki = 400 K

pV = nRT

p × 1 fyVj = 0.15 eksy × (0.083 bar L

mol
–1

 K
–1) × 400 K

p = 4.98 bar

N2O4 � 2NO2

izkjaHk esa 4.98 bar 0

lkE; ij (4.98  – x) bar 2x bar

vr% lkE; ij poqQy 2 4 2N O NO= +p p

9.15 = (4.98 – x) + 2x

9.15 = 4.98  +  x

x = 9.15 – 4.98  =  4.17 bar

lkE;koLFkk ij vkaf'kd nkc]

2 4N Op = 4.98 – 4.17 = 0.81bar

2NOp  = 2x = 2 × 4.17 = 8.34 bar

( )
2 2 4

2

 = /p NO N OK p p

= (8.34)
2
/0.81 = 85.87

K
p
   = Kc(RT)

∆n

85.87 = Kc(0.083 × 400)
1

K
c
 = 2.586 = 2.6

mnkgj.k 6-9

380 K ij 3.00 eksy PCl5 dks 1 L can ik=k esa j[kk
tkrk gSA lkE;koLFkk ij feJ.k dk la?kVu Kkr dhft,

;fn Kc = 1.80 gSA

gy

     PCl5 l PCl3 + Cl2

izkjaHk esa 3.0 0 0

eku yhft, PCl5 osQ çfr eksy esa lss x mol fo;ksftr
gksrs gSaA rc&
lkE; ij (3-x) x x

K
c
 = 

3 2

5

[PCl ][Cl ]

[PCl ]

1.8 = x
2
/ (3 – x)

x
2
 + 1.8x – 5.4 = 0

x = [–1.8 ± √(1.8)
2 
– 4(–5.4)]/2

x = [–1.8 ± √3.24 + 21.6]/2

x = [–1.8 ± 4.98]/2

x = [–1.8 + 4.98]/2 = 1.59

[PCl5] = 3.0 – x = 3 –1.59 = 1.41 M

[PCl3] = [Cl2] = x = 1.59 M

6-7 lkE;koLFkk fLFkjkad K, vfHkfØ;k
HkkxiQy Q rFkk fxCt+ ÅtkZ G esa laca/

fdlh vfHkfØ;k osQ fy, K
c
 dk eku vfHkfØ;k dh xfrdh

ij fuHkZj ugha djrk gSA tSlk fd vki ,dd&6 esa i<+ pqosQ
gSa] ;g vfHkfØ;k dh Å"ekxfrdh] fo'ks"kr% fxCt+ ÅtkZ esa
ifjorZu ij fuHkZj djrk gSµ

;fn ∆G ½.kkRed gS] rc vfHkfØ;k Lor% izofrZr
ekuh tkrh gS rFkk vxz fn'kk esa laiÂ gksrh gSA

;fn ∆G /ukRed gS] rc vfHkfØ;k Lor% izofrZr ugha
gksxhA bldh ctk; izrhi vfHkfØ;k gsrq ∆G ½.kkRed gksxkA
vr% vxz vfHkfØ;k osQ mRikn vfHkdkjd esa ifjofrZr gks
tk,¡xsA

;fn ∆G 'kwU; gks rks] vfHkfØ;k lkE;koLFkk dks izkIr
djsxhA

bl Å"ekxfrd rF; dh O;k[;k bl lehdj.k ls dh
tk ldrh gSµ

∆G  = ∆G0 + RT lnQ (6.21)

tcfd ∆G0 ekud fxCt+ ÅtkZ gSA
lkE;koLFkk ij tc ∆G = 0 rFkk Q = K

c
 gks] rks

lehdj.k (6-21) bl izdkj gksxhµ
∆G = ∆G0 + RT ln K = 0 (K

c
 osQ LFkku ij K ekurs

gq,)
∆G0 = – RT lnK (6.22)
lnK = – ∆G0 / RT

nksuksa vksj izfry?kq xq.kd ysus ijµ
– /R=e ∆G TK

V
(6.23)

vr% lehdj.k 6-23 dk mi;ksx dj] ∆G0 osQ inksa osQ

:i esa vfHkfØ;k dh Lor%izofrZrk dks le>k;k tk ldrk gSµ

;fn ∆G
0
 < 0 gks] rks –∆G

0
/RT /ukRed gksxkA vr%

1−∆ >Ge
0  gksus ls K > 1 gksxk] tks vfHkfØ;k dh Lor%izofrZrk
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dks n'kkZrk gS vFkok vxz fn'kk esa ml lhek rd gksrh gS
ftlls fd mRikn vkf/D; esa cusA

;fn ∆G
0
 > 0 gks] rks –∆G

0
/RT ½.kkRed gksxkA

vr% / 1−∆ <G RTe
0 , gksus ls K < 1 gksxkA tks vfHkfØ;k

dh vLor%izofrZrk n'kkZrk gS ;k vfHkfØ;k vxz fn'kk esa
ml lhek rd gksrh gS] ftlls mRikn U;wure cusA

mnkgj.k 6-10

Xykbdksykbfll esa Xywdksl osQ iQkWLiQksjkbys'ku osQ
fy, ∆G

0 dk eku 13.8 kJ mol
–1 gSA 298 K ij

Kc dk eku Kkr djsaA

gy

∆G
0
 = 13.8 kJ mol

–1 = 13.8 × 10
3 J mol

–1

∆G
0
 = –RT lnKc

ln K
c
 = –13.8 × 10

3
J/mol

(8.31 J mol
–1 

K
–1

 × 298 K)

ln Kc = – 5.569

Kc = e
–5.569

Kc = 3.81 × 10
–3

mnkgj.k 6-11

lwØksl osQ ty&vi?kVu ls Xywdksl vkSj ÚDVksl
fuEufyf[kr vfHkfØ;k osQ vuqlkj feyrk gSµ

lwØksl + H2O � Xywdksl + ÚDVksl

300 K ij vfHkfØ;k osQ fy, lkE;koLFkk fLFkjkad
K

c
, 2 × 10

13 gSA 300 K ij ∆G
0 osQ eku dh x.kuk

dhft,A

gy
∆G

0
 = – RT lnKc

∆G
0
 = – 8.314 J mol

–1 
K

–1

× 300K × ln(2×10
13

)

∆G
0 

= – 7.64 ×10
4
 J mol

–1

6-8 lkE; dks izHkkfor djus okys dkjd
jklk;fud la'ys"k.k osQ izeq[k mís';ksa esa ls ,d ;g gS fd
U;wure ÅtkZ osQ O;; osQ lkFk vfHkdkjdksa dk mRiknksa esa
vfèkdre ifjorZu gks] ftldk vFkZ gSµ mRiknksa dh
vf/dre yfC/ rki rFkk nkc dh eè;e ifjfLFkfr;ksa esa gksA
;fn ,slk ugha gksrk gS] rks izk;ksfxd ifjfLFkfr;ksa esa ifjorZu

dh vko';drk gSA mnkgj.kkFkZµ N
2
 rFkk H

2
 ls veksfu;k osQ

la'ys"k.k osQ gkcj izØe esa izk;ksfxd ifjfLFkfr;ksa dk p;u
okLro esa vk£Fkd :i ls egÙoiw.kZ gSA fo'o esa veksfu;k dk
okf"kZd mRiknu 100 fefy;u Vu gSA bldk eq[; mi;ksx
moZjdksa osQ :i esa gksrk gSA

lkE;koLFkk fLFkjkad K
c
 izkjafHkd lkanzrkvksa ij fuHkZj ugha

djrk gSA ijarq ;fn lkE;koLFkkokys fdlh fudk; esa vfHkdkjdksa
;k mRiknksa esa ls fdlh ,d osQ lkanz.k esa ifjorZu fd;k tk,]
rks fudk; esa lkE;koLFkk ugha jg ikrh gS rFkk usV vfHkfØ;k
iqu% rc rd gksrh jgrh gS] tc rd fudk; esa iqu%
lkE;koLFkk LFkkfir u gks tk,A izkoLFkk lkE;koLFkk ij rki
dk izHkko ,oa Bkslksa dh foys;rk osQ ckjs esa ge igys gh i<+
pqosQ gSaA ge ;g Hkh ns[k pqosQ gSa fd rki dk ifjorZu fdl
izdkj gksrk gSA ;g Hkh crk;k tk pqdk gS fd fdlh rki ij
;fn vfHkfØ;k osQ lkE;koLFkk&fLFkjkad dk eku Kkr gks rks
fdlh izkjafHkd lkanz.k ls ml vfHkfØ;k osQ vfHkdkjdksa ,oa
mRiknksa osQ lkE;koLFkk esa lkanz.k dh x.kuk dh tk ldrh gSA
;gk¡ rd fd gesa ;fn lkE;koLFkk fLFkjkad dk rki osQ lkFk
ifjorZu ugha Hkh Kkr gks] rks uhps fn, x, yk&'kkrsfy,
fl¼kar dh enn ls ifjfLFkfr;ksa osQ ifjorZu ls lkE;koLFkk
ij iM+usokys izHkko osQ ckjs esa xq.kkRed fu"d"kZ ge izkIr dj
ldrs gSaA bl fl¼kar osQ vuqlkj fdlh fudk; dh lkE;koLFkk
ifjfLFkfr;ksa dks fu/kZfjr djusokys dkjdksa (lkanz.k]
nkc ,oa rki) esa ls fdlh esa Hkh ifjorZu gksus ij
lkE;koLFkk ml fn'kk esa vxzlj gksrh gSA ftlls fudk;
ij yxk;k gqvk izHkko de vFkok lekIr gks tk,A ;g
Hkh HkkSfrd ,oa jklk;fud lkE;koLFkkvksa esa ykxw gksrk gSA ,d
lkE; feJ.k osQ la?kVu dks ifjofrZr djus osQ fy, vusd
dkjdksa dk mi;ksx fd;k tk ldrk gSµ

fuEufyf[kr mi[kaMksa esa ge lkE;koLFkk ij lkanz.k]
nkc] rki ,oa mRizsjd osQ izHkko ij fopkj djsaxsµ

6-8-1 lkanzrk&ifjorZu dk izHkko
lkekU;r;k tc fdlh vfHkdkjd@mRikn dks vfHkfØ;k esa
feykus ;k fudkyus ls lkE;koLFkk ifjofrZr gksrh gS] rks
bldk vuqeku ^yk&'kkrsfy, fl¼kar* osQ vk/kj ij yxk;k
tk ldrk gSµ
• vfHkdkjd@mRikn dks feykus ls lkanzrk ij iM+s ncko dks

de djus osQ fy, vfHkfØ;k ml fn'kk dh vksj vxzlj
gksrh gS] rkfd feyk, x, inkFkZ dk miHkksx gks losQA

Rationalised 2023-24



184 jlk;u foKku

• vfHkdkjd@mRikn osQ fu"dklu ls lkanzrk ij ncko dks
de djus osQ fy, vfHkfØ;k ml fn'kk dh vksj vxzlj

gksrh gS rkfd vfHkfØ;k ls fudkys x, inkFkZ dh iwfrZ
gks losaQ vU; 'kCnksa esaµ

¶tc fdlh vfHkfØ;k osQ vfHkdkjdksa ;k mRiknksa esa ls
fdlh ,d dk Hkh lkanz.k lkE;koLFkk ij cny fn;k tkrk gS]
rks lkE;koLFkk feJ.k osQ la?kVu esa bl izdkj ifjorZu gksrk
gS fd lkanz.k ifjorZu osQ dkj.k iM+usokyk izHkko de vFkok

'kwU; gks tk,A¸

vkb,] H
2
(g) + I

2
(g) � 2HI(g) vfHkfØ;k ij fopkj

djsaA ;fn lkE;koLFkk ij vfHkfØ;k feJ.k esa ckgj ls H
2

xSl Mkyh tk,] rks lkE;oLFkk osQ iqu% LFkkiu osQ fy,
vfHkfØ;k ml fn'kk esa vxzlj gksxh ftl esa H

2
 miHkksfxr

gks vFkkZr~ vkSj vf/kd H
2
 ,oa I

2
 fØ;k dj HI fojfpr

djxh rFkk varr% lkE;koLFkk nkb± (vfxze) fn'kk esa
foLFkkfir gksxh (fp=k 6-8)A ;g yk&'kkrsfy, osQ fl¼kar
osQ vuq#i gS ftlosQ vuqlkj vf/dkjd@mRikn osQ ;ksx dh
fLFkfr esa ubZ lkE;koLFkk LFkkfir gksxh ftlesa vfHkdkjd@mRikn
dh lkanzrk mlosQ ;ksx djus ds le; ls de rFkk ewy feJ.k

ls vf/d gksuh pkfg,A

fp=k 6-8 2 2H (g) I (g) 2HI(g)+ �  vfHkfØ;k es a

lkE;koLFkk ij H2 osQ Mkyus ij vfHkdkjdksa ,oa mRiknksa osQ
lkanz.k esa ifjorZu

fuEufyf[kr vfHkfØ;k HkkxiQy osQ vk/kj ij Hkh ge
blh fu"d"kZ ij igq¡p ldrs gSaµ

Q
c
 = [HI]2/ [H

2
][I

2
]

;fn lkE;koLFkk ij H
2
 feyk;k tkrk gS] rks [H

2
] c<+rk

gS vkSj Q
c
 dk eku K

c
 ls de gks tkrk gSA blfy, vfHkfØ;k

nkb± (vxz) fn'kk dh vksj ls vxzlj gksrh gSA vFkkZr~~ [H
2
] rFkk

[I
2
] ?kVrk gS vkSj [HI] rc rd c<+rk gS] tc rd Q

c
 = K

c

u gks tk,A vFkkZr~ ubZ lkE;koLFkk LFkkfir u gks tk,A
vkS|ksfxd izØeksa esa mRikn dks vyx djuk vf/drj cgqr
egÙoiw.kZ gksrk gSA tc lkE;koLFkk ij fdlh mRikn dks vyx
dj fn;k tkrk gS] rks vfHkfØ;k] tks iw.kZ gq, fcuk lkE;koLFkk
ij igq¡p xbZ gS] iqu% vfxze fn'kk esa pyus yxrh gSA tc
mRiknksa esa ls dksbZ xSl gks ;k ok"iho`Qr gksus okyk inkFkZ gks]
rks mRikn dk vyx djuk vklku gksrk gSA veksfu;k osQ
vkS|ksfxd fuekZ.k esa veksfu;k dk nzohdj.k dj osQ] mls
vyx dj fy;k tkrk gS ftlls vfHkfØ;k vfxze fn'kk esa
gksrh jgrh gSA blh izdkj CaCO

3
 ls CaO tks Hkou m|ksx

dh ,d egÙoiw.kZ lkexzh gS] osQ vkS|ksfxd fuekZ.k esa HkV ðh ls
CO

2
 dks yxkrkj gVkdj vfHkfØ;k iw.kZ djkbZ tkrh gSA ;g

;kn j[kuk pkfg, fd mRikn yxkrkj gVkrs jgus ls Q
c
 dk eku

K
c
 ls ges'kk de cuk jgrk gS] ftlls vfHkfØ;k vfxze fn'kk

esa gksrh jgrh gSA
lkanzrk dk izHkko&,d iz;ksx
bls fuEufyf[kr vfHkfØ;k }kjk izn£'kr fd;k tk

ldrk gSµ
3 – 2Fe (aq) SCN (aq) [Fe(SCN)] (aq)+ ++ �

ihyk jaxghu xk<+k yky

K
Fe SCN aq

Fe aq SCN aq
c =

[ ]
  

+

+

( ) ( )

( ) (�

2

3 (6.25)

,d ij[kuyh esa vk;ju (III) ukbVªsV foy;u dk 1mL

ysdj mlesa nks cw¡n iksVSf'k;e Fkk;kslkbusV foy;u Mkydj
ij[kuyh dks fgykus ij foy;u dk jax yky gks tkrk gS] tks
[Fe(SCN)]2+ cuus osQ dkj.k gksrk gSA lkE;koLFkk LFkkfir
gksus ij jax dh rhozrk fLFkj gks tkrh gSA vfHkdkjd ;k mRikn
dks vfHkfØ;k dh lkE;koLFkk ij feykus ls lkE;koLFkk dks
vfxze ;k izrhi fn'kkvksa esa viuh bPNkuqlkj foLFkkfir dj
ldrs gSaA [Fe3+]/[SCN–] vk;uksa dh deh djus okys
vfHkdkjdksa dks feykus ij lkE; foijhr fn'kk esa foLFkkfir
dj ldrs gSaA tSlsµvkWDtsfyd vEy (H

2
 C

2
 O

4
), Fe3+
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vk;u ls fØ;k djosQ LFkk;h laoqQy vk;u [Fe(C
2
O

4
)
3
]3–

cukrs gSaA vr% eqDr Fe3+ vk;u dh lkanzrk de gks tkrh gSA
yk&'kkrsfy, fl¼kar osQ vuqlkj Fe3+ vk;u dks gVkus ls
mRiUu lkanzrk ncko dks [Fe(SCN)]2+ osQ fo;kstu }kjk Fe3+

vk;uksa dh iw£r dj eqDr fd;k tkrk gSA pw¡fd [Fe (SCN)]2+

dh lkanzrk ?kVrh gS] vr% yky jax dh rhozrk de gks tkrh
gSA tyh; HgCl

2
 feykus ij Hkh yky jax dh rhozrk de

gksrh gSA

D;ksafd Hg2+ vk;u] SCN– vk;uksa osQ lkFk vfHkfØ;k
dj LFkk;h laoqQy vk;u [Hg (SCN)

4
]–2 cukrs gSaA eqDr

SCN– vk;uksa dh deh lehdj.k [6.24] esa lkE; dks ckb±
ls nkb± vksj SCN– vk;uksa dh iw£r gsrq foLFkkfir djrh gSA
iksVSf'k;e Fkk;kslkbusV feykus ij SCN– dk lkanz.k c<+ tkrk
gSA vr% blfy, lkE;koLFkk vxz fn'kk esa (nkb± rjiQ) c<+
tkrh gS rFkk foy;u osQ jax dh rhozrk c<+ tkrh gSA

6-8-2 nkc&ifjorZu dk izHkko
fdlh xSlh; vfHkfØ;k esa vk;ru ifjorZu }kjk nkc cnyus
ls mRikn dh ek=kk izHkkfor gksrh gSA ;g rHkh gksrk gS] tc
vfHkfØ;k dks n'kkZus okys jklk;fud lehdj.k esa xSlh;
vfHkdkjdksa osQ eksyksa dh la[;k rFkk xSlh; mRiknksa osQ eksyksa
dh la[;k esa fHkUurk gksrh gSA fo"kekaxh lkE; ij yk&'kkrsfy,
fl¼kar] osQ iz;qDr djus ij Bkslksa ,oa nzoksa ij nkc osQ
ifjorZu dh mis{kk dh tk ldrh gSA D;ksafd Bksl@nzo dk
vk;ru (,oa lkanzrk) nkc ij fuHkZj ugha djrk gSA fuEufyf[kr
vfHkfØ;k esaµ

2 4 2CO(g) 3H (g) CH (g) H O(g)+ + 

xSlh; vfHkdeZdksaa (CO + 3H
2
) osQ pkj eksy ls mRiknksa

(CH
4
 + H

2
O) osQ nks eksy curs gSaA mijksDr vfHkfØ;k esa

lkE;koLFkk feJ.k dks ,d fuf'pr rki ij fiLVu yxs ,d
fl¯yMj esa j[kdj nkc nksxquk dj mlosQ ewy vk;ru dks
vkèkk dj fn;k x;kA bl izdkj vfHkdkjdksa ,oa mRiknksa dk
vkaf'kd nkc ,oa blosQ iQyLo:i mudk lkanz.k cny x;k
gSA vc feJ.k lkE;koLFkk esa ugha jg x;k gSA yk&'kkrsfy,
fl¼kar] ykxw djosQ vfHkfØ;k ftl fn'kk esa tkdj iqu%
lkE;koLFkk LFkkfir djrh gS] mldk irk yxk;k tk ldrk
gSA pw¡fd nkc nqxquk gks x;k gS] vr% lkE;koLFkk vxz fn'kk
(ftlesa eksyksa dh la[;k ,oa nkc de gksrk gS) esa vxzlj
gksrk gSA (ge tkurs gSa fd nkc xSl osQ eksyksa dh la[;k osQ
lekuqikrh gksrk gS)A bls vfHkfØ;k HkkxiQy Q

c
 }kjk le>k

tk ldrk gSA Åij nh xbZ esFksu cukus dh vfHkfØ;k esa

[CO], [H
2
], [CH

4
] ,oa [H

2
O] fØ;kfHkdkjdksa dh lkE;koLFkk

osQ lkanz.k dks izn£'kr djrs gSaA tc vfHkfØ;k feJ.k dk
vk;ru vk/k dj fn;k tkrk gS] rks muosQ vkaf'kd nkc ,oa
lkanz.k nqxqus gks tkrs gSaA vc ge vfHkfØ;k HkkxiQy dk eku
lkE;koLFkk dk nqxquk eku j[kdj izkIr dj ldrs gSaA

[ ] [ ]
[ ] [ ]

[ ][ ]
[ ][ ]

4 2 4 2 c
c 3

2 2

(2 CH (2 H O ) CH H O4
Q

(2 CO )(2 H ) 16 CO H 4
= = =

K

pw¡fd Q
c
 < K

c
 gS] vr% vfHkfØ;k vxz fn'kk esa vxzlj gksrh

gSA 2C(s) CO (g) 2CO(g)+   vfHkfØ;k esa tc nkc
c<+k;k tkrk gS rks vfHkfØ;k foijhr (;k mRØe) fn'kk esa
gksrh gS] D;kasfd vxz fn'kk esa eksyksa dh la[;k c<+ tkrh gSA

6-8-3 vfØ; xSl osQ ;ksx dk izHkko

;fn vk;ru fLFkj j[krs gSa vkSj ,d vfØ; xSl (tSlsµ
vkWxZu) tks vfHkfØ;k esa Hkkx ugha ysrh gS] dks feykrs gSa rks
lkE; vifjofrZr jgrk gSA D;ksafd fLFkj vk;ru ij vfØ;
xSl feykus ij vfHkfØ;k esa Hkkx ysus okys inkFkZ dh eksyj
lkanzrkvksa vFkok nkcksa esa dksbZ ifjorZu ugha gksrk gSA vfHkfØ;k
HkkxiQy esa ifjorZu osQoy rHkh gksrk gS tc feykbZ xbZ xSl
vfHkfØ;k esa Hkkx ysus okyk vfHkdkjd ;k mRikn gksA

6-8-4 rki&ifjorZu dk izHkko

tc dHkh nkc ;k vk;ru esa ifjorZu osQ dkj.k lkE; lkanzrk
fo{kqC/ gksrh gS] rc lkE; feJ.k dk la?kVu ifjofrZr gksrk
gS] D;ksafd vfHkfØ;k HkkxiQy (Q) lkE;koLFkk fLFkjkad (K

c
)

osQ cjkcj ugha jg ikrk] ysfdu tc rkiØe esa ifjorZu gksrk
gS] lkE;koLFkk fLFkjkad (K

c
) dk eku ifjofrZr gks tkrk gSA

lkekU;r% rkiØe ij fLFkjkad dh fuHkZjrk vfHkfØ;k osQ <H

osQ fpÉ ij fuHkZj djrh gSA
• Å"ek{ksih vfHkfØ;k (<H ½.kkRed) dk lkE;koLFkk

fLFkjkad rkiØe osQ c<+us ij ?kVrk gSA

• Å"ek'ks"kh vfHkfØ;k (<H /ukRed) dk lkE;koLFkk
fLFkjkad rkiØe osQ c<+us ij c<+rk gSA

rkiØe esa ifjorZu lkE;koLFkk fLFkjkad ,oa vfHkfØ;k
osQ osx esa ifjorZu ykrk gSA

fuEufyf[kr vfHkfØ;k osQ vuqlkj veksfu;k dk mRiknu

2 2 3N (g) 3H (g) 2NH (g);+  

–1H – 92.38kJmol∆ =

,d m"ek{ksih izØe gSA ^yk&'kkrkfy, fl¼kar* osQ
vuqlkj] rkiØe c<+us ij lkE;koLFkk ckbZ fn'kk esa LFkkukUrfjr
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gks tkrh gS ,oa veksfu;k dh lkE;koLFkk lkanzrk de gks tkrh
gSA vU; 'kCnksa esa] de rkiØe veksfu;k dh mPp yfC/ osQ
fy, mi;qDr gS] ysfdu izk;ksfxd :i ls vR;f/d de rki
ij vfHkfØ;k dh xfr /heh gks tkrh gS] vr% mRizsjd iz;ksx
esa fy;k tkrk gSA
rki dk izHkko & ,d iz;ksx
NO

2
 xSl (Hkwjh) dk N

2
O

4
 xSl esa f}r;u (Dimerization)

dh vfHkfØ;k osQ }kjk lkE;koLFkk ij rki dk izHkko izn£'kr
fd;k tk ldrk gSA

2NO
2
(g) l N

2
O

4
(g); ∆H=–57.2kJ mol–1

(Hkwjk) (jaxghu)

lkanz HNO
3
 esa rk¡cs dh Nhyu Mkydj ge NO

2
 xSl

rS;kj djrs gSa rFkk bls ,d fudkluyh dh lgk;rk ls 5mL

okyh nks ij[kufy;ksa esa bdV~Bk djrs gSaA nksuksa ij[kufy;ksa esa
jax dh rhozrk leku gksuh pkfg,A vc ,jYMkbV (araldit)

dh lgk;rk ls ij[kuyh osQ LVkWij (stopper) dks cUn dj
nsrs gSaA 250mL osQ rhu chdj buij Øe'k% 1, 2 ,oa 3
vafdr djrs gSaA chdj ua- 1 dks fgedkjh feJ.k (Freezing

mixture) ls chdj ua- 2 dks dejs osQ rkiokys ty ls ,oa
chdj ua- 3 dks xje (363K) ty ls Hkj nhft,A tc nksuksa
ij[kufy;ksa dks chdj ua- 2 esa j[kk tkrk gS] rc xSl osQ Hkwjs
jax dh rhozrk ,d leku fn[kkbZ nsrh gSA dejs osQ rki okys
ikuh esa 8 - 10 feuV rd ij[kufy;ksa dks j[kus osQ ckn mls
fudkydj ,d ij[kuyh dks chdj ua- 1 osQ ty esa rFkk
nwljh ij[kuyh dks chdj ua- 3 osQ ty esa jf[k,A vfHkfØ;k
dh fn'kk ij rki dk izHkko bl iz;ksx ls fpf=kr fd;k tk
ldrk gSA de rki ij chdj ua- 1 esa Å"ek'kks"kh vxz
vfHkfØ;k }kjk N

2
O

4
 cuus dks rjthg feyrh gS rFkk NO

2

dh deh gksus osQ dkj.k Hkwjs jax dh rhozrk ?kVrh gS] tcfd
chdj ua- 3 esa mPp rki ij mRØe vfHkfØ;k dks rjthg
feyrh gS] ftlls NO

2
 curk gSA ifj.kker% Hkwjs jax dh

rhozrk c<+ tkrh gSA

fp=k 6-9 % vfHkfØ;k 2NO2(g) l N2O4(g) dh lkE;koLFkk
ij rki dk izHkko

lkE;koLFkk ij rki dk izHkko ,d nwljh Å"ek'kks"kh
vfHkfØ;k ls Hkh le>k tk ldrk gSA
Co(H

2
O)2+

6
 (aq)+4Cl–1(aq) l CoCl2–

4
 (aq)+6H

2
O(l)

xqykch       jaxghu        uhyk

dejs osQ rki ij 2–

4[CoCl ] osQ dkj.k lkE;koLFkk

feJ.k dk jax uhyk gks tkrk gSA tc bls fgedkjh feJ.k esa
BaMk fd;k tkrk tkrk gS] rks feJ.k dk jax [Co(H

2
O)

6
]3+ osQ

dkj.k xqykch gks tkrk gSA

6-8-5 mRizsjd dk izHkko

mRizsjd fØ;kdkjdksa osQ mRiknksa esa ifjorZu gsrq de ÅtkZ
okyk u;k ekxZ miyC/ djokdj vfHkfØ;k osQ osx dks c<+k
nsrk gSA ;g ,d gh laØe.k&voLFkk esa xqtjus okyh vxz ,oa
izrhi vfHkfØ;kvksa osQ osx dks c<+k nsrk gS] tcfd lkE;koLFkk
dks ifjofrZr ugha djrkA mRizsjd vxz ,oa izrhi vfHkfØ;k osQ
fy, lafØ;.k ÅtkZ dks leku ek=kk esa de dj nsrk gSA
mRizsjd vxz ,oa izrhi vfHkfØ;k feJ.k ij lkE;koLFkk
la?kVu dks ifjofrZr ugha djrk gSA ;g larqfyr lehdj.k esa
;k lkE;koLFkk fLFkjkad lehdj.k esa izdV ugha gksrk gSA

NH
3
 osQ ukbVªkstu ,oa gkbMªkstu ls fuekZ.k ij fopkj

djsa] tks ,d vR;ar Å"ek{ksih vfHkfØ;k gS blesa mRikn osQ
oqQy eksyksa dh la[;k vfHkdkjdksa osQ eksyksa ls de gksrh gSA
lkE;koLFkk fLFkjkad rkiØe dks c<+kus ls ?kVrk gSA de rki
ij vfHkfØ;k osx ?kVrk gS ,oa lkE;koLFkk ij igq¡pus esa vf/
d le; yxrk gS] tcfd mPp rki ij fØ;k dh nj
larks"ktud gksrh gS] ijarq yfC/ de gksrh gSA

teZu jlk;uK Úhl gkcj us n'kkZ;k gS fd ykSg mRizsjd
dh mifLFkfr esa vfHkfØ;k larks"ktud nj ls gksrh gS] tcfd
NH

3
 dh lkE;koLFkk lkaærk larks"ktud gksrh gSA pw¡fd mRikn

osQ eksyks dh la[;k vfHkdkjdksa osQ eksyksa dh la[;k ls de
gSA vr% NH

3
 dk mRiknu nkc c<+kdj vf/d fd;k tk

ldrk gSA

NH
3
 osQ la'ys"k.k gsrq rki ,oa nkc dh vuqowQyre

ifjfLFkfr;k¡ 500°C ,oa 200 ok;qeaMyh; nkc gksrh gSA

blh izdkj] laioZQ fof/ }kjk lYÝ;wfjd vEy osQ
fuekZ.k esa

2SO
2
(g) + O

2
(g) l 2SO

3
(g); K

c
 = 1.7 × 1026

lkE;koLFkk fLFkjkad osQ ifj.kke osQ vuqlkj vfHkfØ;k
dks yxHkx iw.kZ gks tkuk pkfg,] ¯drq SO

2
 dk SO

3
 esa
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vkWDlhdj.k cgqr /heh nj ls gksrk gSA IysfVue vFkok
MkboSusfM;e isUVkWDlkbZM (V

2
O

5
) mRizsjd dh mifLFkfr esa

vfHkfØ;k osx dkiQh c<+ tkrk gSA

uksV% ;fn fdlh vfHkfØ;k osQ lkE;koLFkk fLFkjkad
dk eku dkiQh de gksrk gks] rks mlesa mRizsjd cgqr de
lgk;rk dj ikrk gSA

6-9 foy;u esa vk;fud lkE;koLFkk
lkE; dh fn'kk ij lkanzrk ifjorZu osQ izHkko okys izlax esa
vki fuEufyf[kr vk;fud lkE; osQ laioZQ esa vk, gSaµ

3+ – 2Fe (aq) SCN (aq) [Fe(SCN)] (aq)++ �

,sls vusd lkE; gSa] ftuesa osQoy vk;u lfEefyr gksrs
gSa ;gk¡ ge mu lkE;ksa dk vè;;u djsaxsA ;g loZfofnr gS fd
phuh osQ tyh; foy;u esa fo|qr~~ /kjk izokfgr ugha gksrh gS]
tcfd ty esa lk/kj.k ued (lksfM;e DyksjkbM) feykus
ij blesa fo|qr~~ /kjk dk izokg gksrk gS rFkk yo.k dh lkanzrk
c<+us osQ lkFk foy;u dh pkydrk c<+rh gSA ekbdy iSQjkMs
us inkFkks± dks mudh fo|qr~~ pkydrk {kerk osQ vk/kj ij nks
oxk±s esa oxhZÑr fd;kµ ,d oxZ osQ inkFkZ tyh; foy;u eas
fo|qr~~ /kjk izokfgr djrs gSa] ;s ̂ fo|qr~~ vi?kV~;* dgykrs gSa]
tcfd nwljs tks ,slk ugha djrs] oS|qr vu vi?kV~; dgykrs
gSaA iSQjkMs us fo|qr~ vi?kV~;ksa dks iqu% izcy ,oa nqcZy oS|qr
vi?kV~;ksa esa oxhZÑr fd;kA izcy oS|qr vi?kV~; ty esa
foys; gksdj yxHkx iw.kZ :i ls vk;fur gksrs gSa] tcfd
nqcZy vi?kV~; vkaf'kd :i ls vk;fur gksrs gS aA
mnkgj.kkFkZ&lksfM;e DyksjkbM osQ tyh; foy;u esa eq[;

:i ls lksfM;e vk;u ,oa DyksjkbM vk;u ik, tkrs gSa]
tcfd ,slhfVd vEy esa ,lhVsV vk;u ,oa gkbMªksfu;e
vk;u gksrs gSaA bldk dkj.k ;g gS fd lksfM;e DyksjkbM dk
yxHkx 100% vk;uu gksrk gS] tcfd ,slhfVd vEy] tks
nqcZy] fo|qr~&vi?kV~; gS] 5% gh vk;fur gksrk gSSA ;g è;ku
jgs fd nqcZy fo|qr~ vi?kV~;ksa esa vk;uksa rFkk vuk;fur
v.kqvksa osQ eè; lkE; LFkkfir gksrk gSA bl izdkj dk lkE;]
ftlesa tyh; foy;u esa vk;u ik, tkrs gSa] vk;fud lkE;
dgykrk gSA vEy] {kkjd rFkk yo.k oS|qr~ vi?kV~;ksa osQ oxZ
esa vkrs gSaA ;s izcy vFkok nqcZy oS|qr vi?kV~;ksa dh rjg
O;ogkj djrs gaSA

6-10 vEy] {kkjd ,oa yo.k

vEy] {kkjd ,oa yo.k izÑfr esa O;kid :i ls ik, tkrs gSaA
tBj jl] ftlesa gkbMªksDyksfjd vEy ik;k tkrk gS] gekjs
vkek'k; }kjk izpqj ek=kk (1-2&1-5 L@fnu) esa Ïkfor gksrk
gSA ;g ikpu izfØ;k osQ fy, vfr vko';d gSA fljosQ dk
eq[; vo;o ,lhfVd vEy gSA uhcw ,oa larjs osQ jl esa
flfVªd vEy ,oa ,LdkWfcZd vEy rFkk beyh esa VkVZfjd
vEy ik;k tkrk gSA vf/dka'k vEy Lokn esa [kV~Vs gksrs gSa]
ySfVu 'kCn Acidus ls cuk ̂ ,flM* 'kCn buosQ fy, iz;qDr
gksrk gS] ftldk vFkZ gS [kV~VkA vEy uhys fyVel dks yky
dj nsrs gSa rFkk oqQN /krqvksa ls vfHkfØ;k djosQ MkbgkbMªkstu
mRiÂ djrs gSaA blh izdkj {kkjd yky fyVel dks uhyk
djrs gSa rFkk Lokn esa dM+os vkSj Li'kZ esa lkcquh gksrs gSaA
{kkjd dk ,d lkekU; mnkgj.k diM+s /ksus dk lksMk gS] tks

iSQjkMs dk tUe yanu osQ ikl ,d lhfer lk/u okys ifjokj esa gqvk FkkA 14 o"kZ dh mez eas og ,d n;kyq
ftYnlkt (Book binder) osQ ;gk¡ dke lh[kus yxsA mlus mUgsa mu fdrkcksa dks i<+us dh NwV ns nh FkhA
ftudh ftYn og ck¡/rk FkkA HkkX;o'k Msoh og (Davy) dk iz;ksx'kkyk lgk;d cu x, rFkk lu~
1813&1814 esa iSQjkMs muosQ lkFk egk}hi dh ;k=kk ij pys x,A ml ;k=kk osQ nkSjku os ml le; osQ dbZ
vxz.kh oSKkfudksa osQ laioZQ esa vk, vkSj muosQ vuqHkoksa ls cgqr lh[kkA lu~ 1825 esa Msoh osQ ckn os jkW;y
laLFkku iz;ksx'kkykvksa (Royal Institute Laboratories) osQ funs'kd cusa rFkk lu~ 1833 esa os jlk;u
'kkL=k osQ izFke iqQysfj;u vkpk;Z (First Fullerian Professor) cusA iSQjkMs dk igyk egÙoiw.kZ
dk;Z&fo'ys"k.k jlk;u esa FkkA lu~ 1821 osQ ckn mudk vf/drj dk;Z fo|qr~~ ,oa pqacdRo rFkk vU; oS|qr
pqEcdRo fl¼karksa ls lacaf/r FksA mUgha osQ fopkjksa osQ vk/kj ij ̂ vk/qfud {ks=k fl¼kar* dk izfriknu gqvkA lu~ 1834 esa mUgksaus
fo|qr~ vi?kVu ls lacaf/r nks fu;eksa dh [kkst dhA iSQjkMs ,d cgqr gh vPNs ,oa n;kyq izÑfr osQ O;fDr Fks mUgksaus lHkh lEekuksa
dks ysus ls badkj dj fn;kA os lHkh oSKkfud fooknksa ls nwj jgsA os ges'kk vosQys dke djuk ilan djrs FksA mUgksaus dHkh Hkh lgk;d
ugha j[kkA mUgksaus foKku dks fHkÂ&fHkÂ rjhdksa ls izlkfjr (Disseminated) fd;k] ftlesa muosQ }kjk jkW;y laLFkku esa izkjaHk
dh xbZ izR;sd 'kqØokj osQ 'kke dh Hkk"k.kekyk lfEefyr gSSA ̂ eksecÙkh osQ jklk;fud bfrgkl* fo"k; ij vius fØlel O;k[;ku
osQ fy, os iz[;kr FksA mUgksaus yxHkx 450 oSKkfud 'kks/i=k izdkf'kr fd,A

ekbZdy iSQjkMs
(1791–1867)
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/qykbZ osQ fy, iz;qDr gksrk gSA tc vEy ,oa {kkjd dks lgh
vuqikr esa feykrs gSa] rks os vkil esa vfHkfØ;k dj osQ yo.k
nsrs gSaA yo.kksa osQ oqQN lkekU; mnkgj.k lksfM;e DyksjkbM]
csfj;e lYisQV] lksfM;e ukbVªsV vkfn gSA lksfM;e DyksjkbM
(lk/kj.k ued) gekjs Hkkstu dk ,d eq[; ?kVd gS] tks
gkbMªksDyksfjd vEy ,oa lksfM;e gkbMªkWDlkbM dh fØ;k ls
izkIr gksrk gSA ;g Bksl voLFkk esa ik;k tkrk gS] ftlesa
èkukosf'kr lksfM;e rFkk ½.kkosf'kr DyksjkbM vk;u vkil esa
foijhr vkosf'kr Lih'kh”k osQ eè; fLFkj oS|qr vkd"kZ.k osQ
dkj.k xqPNs cuk ysrs gSaA nks vkos'kksa osQ eè; fLFkj oS|qr cy
ekè;e osQ ijkoS|qrkad osQ O;qRØekuqikrh gksrk gSA ty
lkoZf=kd foyk;d gS] ftldk ijkoS|qrkad 80 gSSA bl izdkj
tc lksfM;e DyksjkbM dks ty esa ?kksyk tkrk gS] rc vk;uksa
osQ eè; fLFkr oS|qr vkd"kZ.k cy 80 osQ xq.kd esa nqcZy gks
tkrs gS] ftlls vk;u foy;u esa eqDr :i ls xeu djrs gSaA
;s ty&v.kqvksa osQ lkFk ty;ksftr gksdj i`Fkd~ gks tkrs gSaA

fp=k 6-10 ty esa lksfM;e DyksjkbM dk fo;kstuA Na
+ rFkk Cl

–

vk;u /zqoh; ty&v.kq osQ lkFk ty;ksftr gksdj LFkk;h
gks tkrs gSaA

ty esa gkbMªksDyksfjd vEy osQ vk;uu dh rqyuk
,slhfVd vEy osQ vk;uu ls djus ij gesa Kkr gksrk gS fd
;|fi nksuksa gh /zqoh v.kq gSa] fiQj Hkh gkbMªksDyksfjd vEy
vius vo;oh vk;uksa esa iw.kZ :i ls vk;fur gksrk gS] ijarq
,slhfVd vEy vkaf'kd :i ls (<5%) gh vk;fur gksrk gSA
vk;uu dh ek=kk buosQ eè; mifLFkr ca/ksa dh lkeF;Z rFkk
vk;uksa osQ ty;kstu dh ek=kk ij fuHkZj djrh gSA iwoZ esa
fo;kstu rFkk vk;uu in fHkÂ&fHkÂ vFkks± esa iz;qDr fd, tkrs
jgs gSaA foys; osQ vk;u] tks mldh Bksl voLFkk esa Hkh
fo|eku jgrs gSa] osQ ty esa i`FkDdj.k dh izfØ;k dks
^fo;kstu* dgrs gSa (mnkgj.kkFkZ&lksfM;e DyksjkbM)] tcfd

vk;uu og izfØ;k gS] ftlesa mnklhu v.kq foy;u esa VwVdj
vkosf'kr vk;u nsrs gSaA ;gk¡ ge bu nksuksa  inksa dks varcZny
dj iz;qDr djsaxsA

6-10-1 vEy rFkk {kkjd dh vkjsfu;l /kj.kk&

vkjsfu;l osQ fl¼karkuqlkj vEy os inkFkZ gSa] tks ty esa

vi?kfVr gksdj gkbMªkstu vk;u (aq )H+  nsrs gSa rFkk {kkjd os

inkFkZ gSa] tks gkbMªkWfDly vk;u –
(aq)OH  nsrs gSaA bl izdkj

ty esa ,d vEy HX dk vk;uu fuEufyf[kr lehdj.kksa esa
ls fdlh ,d osQ }kjk izn£'kr fd;k tk ldrk gS&

+ –HX (aq) H (aq) X (aq)→ +

;k –
2 3HX (aq) H O(L) H O (aq) X (aq)++ → +

,d eqDr izksVªkWu] H+ vR;f/d fØ;k'khy gksrk gSA
Lora=k :i ls tyh; foy;u esa bldk vfLrRo ugha gSA
;g foyk;d ty v.kq osQ vkWDlhtu ls caf/r gksdj
f=kdks.kh; fijkfeMh gkbMªksfu;e vk;u] H

3
O+ nsrk gS

(ckWDl ns[ksa)A ge H+(aq) rFkk H
3
O+(aq) nksuksa dks gh

ty;ksftr gkbMªkstu vk;u] tks ty v.kqvksa ls f?kjk gqvk
,d çkssVkWu gS] osQ :i eas iz;ksx esa ykrs gSaA bl vè;k; esa
bls lk/kj.kr% H+(aq) ;k H

3
O+(aq) dks varcZny dj

iz;ksx djsaxsA bldk vFkZ ty;ksftr izksVkWu gSA

blh izdkj MOH ln`'; fdlh {kkjd dk v.kq tyh;

gkbMªksfu;e ,oa gkbMªkWfDly vk;u
gkbMªkstu vk;u] tks Lo;a ,d izksVkWu gS] cgqr NksVk
(O;kl =10–13cm) gksus ,oa ty v.kq ij xgu fo|qr~ {ks=k
gksus osQ dkj.k Lo;a dks ty&v.kq ij mifLFkr nks ,dkdh
;qXeksa esa fdlh ,d osQ lkFk tqM+dj H

3
O+ nsrk gSA bl

Lih'kh”k dks dbZ ;kSfxdksa (mnkgj.kkFkZµH
3
O+Cl–) esa Bksl

voLFkk esa igpkuk x;k gSA tyh; foy;u esa gkbMªksfu;e
vk;u fiQj ls ty;ksftr gksdj H

5
O

2
+, H

7
O

3
+ ,oa H

9
O

4
+

ln`'k Lih'kh”k cukrh gSA blh izdkj gkbMªkWfDly vk;u
ty;ksftr gksdj dbZ ½.kkRed Lih'kh”k H

3
O

2
–, H

5
O

3
–

rFkk H
7
O

4
– vkfn cukrk gSA

 H
9
O

4

+
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foy;u esa fuEufyf[kr lehdj.k osQ vuqlkj vk;fur
gksrk gSµ

—MOH(aq) M (aq) OH (aq)+→ +

gkbMªksfDly vk;u Hkh tyh; foy;u esa ty;ksftr
:i ls jgrk gS (ckWDl ns[ksa)A ijarq vkjsfu;l dh vEy&{kkjd
/kj.kk dh vusd lhek,¡ gSaA ;g osQoy inkFkks± osQ tyh;
foy;u ij gh ykxw gksrh gSA ;g veksfu;k tSls inkFkks± osQ
{kkjh; xq.kksa dh Li"V ugha dj ikrh gS] ftuesa gkbMªkWfDly
lewg ugha gSA

6-10-2 czULVsn yksjh vEy ,oa {kkjd
Msfu'k jlk;uK tksgkUl czULVsn (1874&1936) rFkk vaxzst
jlk;uK FkkWel ,e- yksjh (1874&1936) us vEyksa ,oa
{kkjdkas dh ,d vf/d O;kid ifjHkk"kk nhA czkULVsn&yksjh
fl¼kar osQ vuqlkj os inkFkZ] tks foy;u esa izksVkWu H+ nsus esa
l{ke gSa] vEy gSa rFkk os inkFkZ] tks foy;u ls çkssVkWu H+

xzg.k djus esa l{ke gSa] {kkjd gSaA
la{ksi esa vEy izksVkWunkrk rFkk {kkjd izksVkWu xzkgh

gSaA
;gk¡ ge NH

3
 osQ H

2
O esa foy;u osQ mnkgj.k ij

fopkj djsa] ftls fuEufyf[kr lehdj.k esa n'kkZ;k x;k gS]

gkbMªkWfDly vk;uksa dh mifLFkfr osQ dkj.k {kkjh;
foy;u curk gSA mijksDr vfHkfØ;k esa ty izksVkWu  nkrk gS
rFkk veksfu;k izksVkWuxzkgh gSA blfy, bUgsa Øe'k% czULVsn
vEy rFkk {kkjd dgrs gSaA mRØe vfHkfØ;k esa izksVkWu 

4NH+

ls OH
– dks LFkkukarfjr gksrk gSA ;gk¡ 

4NH+  czULVsn vEy ,oa
OH

– czULVsn {kkjd dk dk;Z djrs gSaA H
2
O ,oa OH

– vFkok

4NH+  ,oa NH
3
 ln`'k vEy vkSj {kkj osQ ;qXe] tks Øe'k%

,d izksVkWu dh mifLFkfr ;k vuqifLFkfr osQ dkj.k nwljs fHkÂ
gSa] la;qXeh vEy&{kkjd ;qXe dgykrs gSaA bl izdkj H

2
O

dk la;qXeh {kkjd OH
–
 gS rFkk {kkjd NH

3
 dk la;qXeh vEy

4NH+  gSA ;fn czULVsn vEy izcy gS rks bldk la;qXeh {kkjd
nqcZy gksxk rFkk ;fn czULVsn vEy nqcZy gS] rks bldk la;qXeh
{kkjd izcy gksxkA ;gk¡ è;ku nsus ;ksX; ckr ;g gS fd la;qXeh
vEy esa ,d vfrfjDr izksVkWu gskrk gS rFkk izR;sd la;qXeh {kkj
esa ,d izksVªkWu de gksrk gSA

ty esa gkbMªksDyksfjd vEy osQ vU; mnkgj.k ij
fopkj djsaA HCl (aq), H

2
O v.kq dks izksVkWu nsdj vEy dh

Hkk¡fr ,oa H
2
O {kkjd dh Hkk¡fr O;ogkj djrk gSA

vkjsfu;l dk tUe LohMu esa milkyk osQ fudV gqvk FkkA lu~ 1884 esa mUgksaus milkyk
fo'ofo|ky; esa fo|qr~~ vi?kV~; foy;u dh pkydrkvksa ij 'kks/ xzaFk (Thesis) izLrqr fd;kA
vxys 5 o"kks± rd mUgksaus cgqr ;k=kk,¡ dha rFkk ;wjksi osQ 'kks/ osaQnzksa ij x,A lu~ 1895 esa os uo
LFkkfir LVkWdgkse fo'ofo|ky; esa HkkSfrdh osQ vkpk;Z in ij fu;qDr fd, x, lu~ 1897 ls 1902
rd os blosQ jsDVj Hkh jgsA lu~ 1905 ls viuh e`R;q rd os LVkWdgkse osQ ukscsy laLFkku esa HkkSfrdh
jlk;u osQ funs'kd in ij dke djrs jgsA os dbZ o"kks± rd fo|qr~&vi?kV~; foy;uksa ij dke djrs
jgsA 1899 esa mUgksaus ,d lehdj.k] tks vkt lkekU;r% vkjsfu;l lehdj.k] dgykrk gS] osQ
vk/kj ij vfHkfØ;k&nj dh rki ij fuHkZjrk dk o.kZu fd;kA

mUgksaus dbZ {ks=kksa esa dke fd;kA izfrj{kk jlk;u (Immuno Chemistry), czãkaM foKku
(Cosmology), thou dk Ïksr (Origin In Life) rFkk fge&;qx osQ dkj.k (Cause Of Ice Age) laca/h {ks=kksa esa mudk
egÙoiw.kZ ;ksxnku jgkA os ,sls izFke O;fDr Fks] ftUgksaus ̂ xzhu gkml izHkko* dks ;g uke nsdj bldh foospuk dhA lu~
1903 esa fo|qr~&vi?kV~;ksa osQ fo?kVu osQ fl¼kar ,oa jlk;u foKku osQ fodkl esa bldh mi;ksfxrk ij mUgsa jlk;u foKku
dk ukscsy iqjLdkj feykA

LokaVs vkjsfu;l
(1859-1927)
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mijksDr lehdj.k ls ns[kk tk ldrk gS fd ty Hkh
,d {kkjd dh Hkk¡fr O;ogkj djrk gS] D;ksafd ;g izksVkWu
xzg.k djrk gSA tc ty HCl ls izksVkWu xzg.k djrk gS] rks
H

3
O+ Lih'kh”k dk fuekZ.k gksrk gSA vr% Cl– vk;u HCl

vEy dk la;qXeh {kkjd gS ,oa HCl, Cl– {kkjd dk la;qXeh
vEy gSA blh izdkj] H

2
O Hkh H

3
O+ vEy dk la;qXeh {kkjd

,oa H
3
O+, H

2
O {kkjd dk la;qXeh vEy gSA

;g jkspd rF; gS fd ty ,d vEy rFkk ,d {kkjd
dh rjg nksgjh Hkwfedk n'kkZrk gSA HCl osQ lkFk vfHkfØ;k
esa ty {kkj dh rjg O;ogkj djrk gS] tcfd veksfu;k osQ
lkFk izksVkWu R;kxdj ,d vEy dh Hkk¡fr O;ogkj djrk gSA

mnkgj.k 6-12

fuEufyf[kr czULVsn vEyksa osQ fy, la;qXeh {kkjd D;k
gS\

HF, H2SO4 rFkk HCO
–

3

gy

izR;sd osQ la;qXeh {kkjdksa esa ,d izksVkWu de gksuk
pkfg,A vr% laxr la;qXeh {kkjd Øe'k% F–

, HSO
–

4

rFkk HCO
–

3 gSaA

mnkgj.k 6-13

czULVsn {kkjdksa NH2

–
, NH3 rFkk HCOO

– osQ fy,
laxr czULVsn vEy fyf[k,A

gy

la;qXeh vEy osQ ikl {kkjd dh vis{kk ,d izksVkWu
vf/d gksuk pkfg,A vr% laxr la;qXeh vEy Øe'k%
NH3, NH

+

4 rFkk HCOOH gSaA

mnkgj.k 6-14

H2O, HCO3

–
, HSO4

–
  rFkk NH3  czULVsnvEy rFkk

czULVsn {kkjd&nksuksa izdkj ls dke dj ldrs gSaA izR;sd
osQ fy, laxr la;qXeh vEy rFkk {kkjd fyf[k,A
gy

mÙkj fuEufyf[kr lkj.kh esa fn;k x;k gSµ
Lih'kh”k la;qXeh vEy la;qXeh {kkjd
H2O H3O

+
OH

–

HCO3

–
H2CO3 CO3

2–

HSO4

–
H2SO4 SO4

2–

NH3 NH4

+
NH2

–

6-10-3 ywbl vEy ,oa {kkjd

th-,u- ywbl us lu~ 1923 esa vEy dks ̂ bysDVªkWu;qXexzkgh*
rFkk {kkjd dks ̂ bysDVªkWu ;qXenkrk* osQ :i esa ikfjHkkf"kr
fd;kA tgk¡ rd {kkjdksa dk iz'u gS] czULVsn&yksjh {kkjd rFkk
ywbl {kkjd esa dksbZ fo'ks"k varj ugha gS] D;ksafd nksuksa gh
fl¼karksa esa {kkjd ,dkdh bysDVªkWu ;qXe nsrk gS] ijarq ywbl
vEy fl¼kar osQ vuqlkj] cgqr ls ,sls inkFkZ Hkh vEy gSa]
ftuesa izksVkWu ugha gSA de bysDVªkWu okys BF

3
 dh NH

3
 ls

vfHkfØ;k bldk ,d fof'k"V mnkgj.k gSA bl izdkj izksVkWujfgr
,oa bysDVªkWu dh deh okyk BF

3
 ;kSfxd NH

3
 osQ lkFk

fØ;k dj mldk ,dkdh bysDVªkWu ;qXe ysdj vEy dk dk;Z
djrk gSA bl vfHkfØ;k dks fuEufyf[kr lehdj.k }kjk
izn£'kr fd;k tk ldrk gSµ

BF
3
 + :NH

3
 → BF

3
:NH

3

bysDVªkWu {kqnz Lih'kh”k] tSls µ AlCl
3
, Co3+, Mg2+

vkfn ywbl vEy dh Hkk¡fr O;ogkj djrh gSa] tcfd H
2
O,

NH
3
, OH

– Lih'kh”k tks ,d bysDVªkWu ;qXe nku dj ldrh
gS] ywbl {kkjd dh rjg O;ogkj djrh gSA

mnkgj.k 6-15

fuEufyf[kr dks ywbl vEyksa rFkk {kkjdksa esa oxhZÑr
dhft, vkSj crkb, fd ;s ,slk O;ogkj D;ksa n'kkZrs gSa\

(d) HO
–  ([k) F

– (x) H
+  (?k) BCl3

gy

(d) pw¡fd gkbMªkWfDly vk;u ,d ywbl {kkjd gS]
vr% ;g bysDVªkWu ;qXe nku dj ldrk gSA

([k) pw¡fd ÝyqvksjkbM vk;u ywbl {kkjd gS] vr%
;g pkjksa bysDVªkWu ;qXe esa ls fdlh ,d dk nku
dj ldrk gSA

(x) pw¡fd izksVkWu ywbl vEy gS] vr% gkbMªkWfDly
vk;u rFkk ÝyqvksjkbM vk;uksa] tSlsµ {kkjdksa ls
bysDVªkWu ;qXe ys ldrk gSA

(?k) pw¡fd cksjksu VªkbDyksjkbM BCl3 ywbl vEy gS]
vr% veksfu;k vFkok vehu v.kqvksa vkfn {kkjdksa
ls bysDVªkWu ;qXe ys ldrk gSA

6-11 vEyksa ,oa {kkjdksa dk vk;uu
vf/drj jklk;fud ,oa tSfod vfHkfØ;k,a tyh; ekè;e
esa gksrh gSaA bUgsa le>us osQ fy, vkjZsfu;l dh ifjHkk"kk osQ
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vuqlkj vEyksa ,oa {kkjdksa osQ vk;uu dh foospuk mi;ksxh
gksxhA ijDyksfjd vEy (HClO

4
) gkbMªksDyksfjd vEy (HCl),

gkbMªksczksfed vEy (HBr) gkbMªksvk;ksfMd vEy (HI), ukbfVªd
vEy (HNO

3
) ,oa lYÝ;wfjd vEy (H

2
SO

4
) vkfn vEy

^izcy* dgykrs gSa] D;ksafd ;g tyh; ekè;e esa laxr vk;uksa
esa yxHkx iw.kZr% fo;ksftr gksdj çkssVkWunkrk osQ leku dk;Z
djrs gSaA blh izdkj yhfFk;e gkbMªkWDlkbM (LiOH), lksfM;e
gkbMªkWDlkbM (NaOH), iksVSf'k;e gkbMªkWDlkbM (KOH),

lhf”k;e gkbMªkWDlkbM (CsOH) ,oa csfj;e gkbMªkWDlkbM
Ba (OH)

2
, tyh; ekè;e esa laxr vk;uksa esa yxHkx iw.kZr%

fo;ksftr gksdj H
3
O rFkk OH– vk;u nsrs gSaA vkjsfu;l

fl¼kar osQ vuqlkj] ;s izcy {kkjd gSa] D;ksafd ;s ekè;e esa
iw.kZr% fo;ksftr gksdj Øe'k% OH– vk;u iznku djrs gSaA
fodYir% vEy ;k {kkj dk lkeF;Z vEyksa ,oa {kkjdksa osQ
czULVsnykSjh fl¼kar osQ vuqlkj ekik tk ldrk gSA blosQ
vuqlkj] ^izcy vEy* ls rkRi;Z ^,d mÙke izksVkWunkrk* ,oa
izcy {kkjd ls rkRi;Z ^mÙke izksVkWuxzkgh* gSA

nqcZy vEy HA osQ vEy&{kkj fo;kstu lkE; ij
fopkj djsaµ

2 3HA(aq) H O(l) H O (aq) A (eq)+ −+ +�

      vEy       {kkjd     la;qXeh vEy  la;qXeh {kkjd

[kaM 6-10-2 esa geus ns[kk fd vEy (;k {kkjd)
fo;kstu lkE; ,d çkssVkWu osQ vxz ,oa izrhi fn'kk esa
LFkkukarj.k ls ;qDr ,d xfrd voLFkk gSA vc ;g iz'u mBrk
gS fd ;fn lkE; xfrd gS] rks og le; osQ lkFk fdl fn'kk
esa vxzlj gksxk\ bls izHkkfor djusokyk izsjd cy dkSu lk
gS\ bu iz'uksa osQ mÙkj nsus osQ fy, ge fo;kstu lkE; esa
lfEefyr nks vEyksa (;k {kkjdksa) osQ lkeF;Z dh rqyuk osQ
lanHkZ esa fopkj djsaxsA mijksDr of.kZr vEy&fo;kstu lkE; esa
mifLFkr nks vEyksa HA ,oa H

3
O+ ij fopkj djsaA gesa ;g

ns[kuk gkssxk fd buesa ls dkSu&lk izcy izksVkWunkrk gSA izksVkWu
nsus dh ftldh Hkh izo`fÙk vU; ls vf/d gksxh] og ^izcy
vEy* dgyk,xk ,oa lkE; nqcZy vEy dh fn'kk esa vxzlj
gksxkA tSls] ;fn HA, H

3
O+ ls izcy vEy gS] rks HA çkssVkWu

nku djsxk] H
3
O+ ughaA foy;u esa eq[; :i ls A– ,oa

H
3
O+ vk;u gksaxsA lkE; nqcZy vEy ,oa {kkj dh fn'kk esa

vxzlj gksrk gS] D;ksafd izcy vEy izcy {kkj dks izksVkWu
nsrs gSaA

blosQ vuqlkj] izcy vEy ty esa iw.kZr% vk;fur gksrk
gSA ifj.kkeh {kkjd vR;ar nqcZy gksxk] vFkkZr~~ izcy vEyksa osQ

la;qXeh {kkjd vR;ar nqcZy gksrs gSaA izcy vEy tSls ijDyksfjd
vEy HClO

4
, gkbMªksDyksfjd vEy HCl, gkbMªksczkfed

vEy HBr, gkbMªksvk;ksfMd vEy HI, ukbfVªd vEy HNO
3
,

lYÝ;wfjd vEy H
2
SO

4
 vkfn izcy vEyksa osQ la;qXeh

{kkjd ClO
4
–, Cl–, Br–, I–, NO

3
–  vk;u gksaxs] tks H

2
O ls

vf/d nqcZy {kkjd gSA blh izdkj vR;ar izcy {kkj] vR;ar
nqcZy vEy nsxk] tcfd ,d nqcZy vEy] tSlsµ HA v.kq
mifLFkr jgsaxsA ukbVªl vEy (HNO

2
), gkbMªksÝyqvksfjd vEy

(HF) ,oa ,flfVd vEy (CH
3
COOH) izrhdkRed nqcZy

vEy gSaA ;g ckr è;ku j[kus ;ksX; gS fd nqcZy vEyksa osQ
la;qXeh {kkjd vR;ar izcy gksrs gSaA mnkgj.k osQ fy,] NH–

2
, O2– ,oa H– mÙke izksVkWuxzkgh gSA vr% H

2
O ls vR;ar izcy

{kkjd gSA fiQukÝFkkyhu] czkseksFkkbeksy Cyw vkfn ty esa
foys; dkcZfud ;kSfxd nqcZy vEyksa dh Hkk¡fr O;ogkj djrs
gSaA buosQ vEy (HIn) rFkk la;qDr {kkj (In–) fHkUu jax
n'kkZrs gSaA

2 3HIn (aq) H O(l) H O (aq) In (aq)+ −+ +�

vEy lwpd la;qXeh vEy la;qXeh {kkj
jax&d jax&[k

,sls ;kSfxdkas dk mi;ksx vEy {kkj vuqekiu esa lwpdksa
osQ :i esa H+ vk;uksa dh lkanzrk fudkyus osQ fy, fd;k
tkrk gSA

6-11-1 ty dk vk;uu fLFkjkad ,oa bldk
vk;fud xq.kuiQy

geus [kaM 6-10-2 esa ;g ns[kk fd oqQN inkFkZ (tSls  ty)
vius fof'k"V xq.kksa osQ dkj.k vEy ,oa {kkjdµ nksuksa dh rjg
O;ogkj dj ldrs gSaA vEy HA dh mifLFkfr esa ;g izksVkWu
xzg.k djrk gS ,oa {kkjd dh rjg O;ogkj djrk gS] tcfd
{kkjd B– dh mifLFkfr esa ;g izksVkWu nsdj vEy dh rjg
O;ogkj djrk gSA 'kq¼ ty H

2
O dk ,d v.kq izksVkWu nsrk gS

,oa vEy dh rjg O;ogkj djrk gS rFkk ty dk nwljk v.kq
,d izksVkWu xzg.k djrk gS ,oa mlh le; {kkjd dh rjg
O;ogkj djrk gSA fuEufyf[kr lkE;koLFkk LFkkfir gksrh gSµ

H
2
O(l)  +  H

2
O(l)   �   H

3
O+(aq)  +   OH–(aq)

vEy {kkjd la;qXeh vEyla;qXeh {kkjd
fo;kstu fLFkjkad dks ge bl rjg izn£'kr djrs gSaµ

K = [H
3
O+] [OH

–
] / [H

2
O] (6.26)

ty dh lkanzrk dks gj ls gVk nsrs gSa] D;ksafd bldh
lkanzrk fLFkj jgrh gSA [H

2
O] dks lkE; fLFkjkad lfEefyr
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djus ij u;k fLFkjkad K
w
 izkIr gksrk gS] ftls ty dk

vk;fud xq.kuiQy dgrs gSaA
Kw = [H+][OH–] (6.27)

298 K ij izk;ksfxd :i H+ vk;u dh lkanzrk
1.0 × 10–7 M ikbZ xbZ gS vkSj ty osQ fo;kstu ls mRiUu H+

vkSj OH– vk;uksa dh la[;k cjkcj gksrh gS]
gkbMªkWfDly vk;uksa dh lkanzrk] [OH–] = [H+] =

1.0 × 10–7 M

bl izdkj] 298 K ij K
w
  dk eku

K
w
 = [H

3
O+][OH

–
] = (1 × 10–7)2 = 1 × 10–14 M2

(6.28)

K
w
 dk eku rki ij fuHkZj djrk gS] D;ksafd ;g

lkE;koLFkk fLFkjkad gSA
'kq¼ ty dk ?kuRo 1000 g/L gS vkSj bldk eksyj

nzO;eku 18.0 g /mol gSA blls 'kq¼ ty dh eksyjrk ge
bl rjg fudky ldrs gSaµ

[H
2
O] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.

bl izdkj] fo;ksftr ,oa vfo;ksftr ;ksftr ty dk
vuqikrµ

10–7 / (55.55) = 1.8 × 10–9 or  ~ 2 in 10–9

(bl izdkj lkE; eq[;r% vfo;ksftr ty osQ v.kqvksa
dh vksj jgrk gSA)

vEyh;] {kkjh; vkSj mnklhu tyh; foy;uksa dks
H

3
O+ ,oa OH– dh lkanzrkvksa osQ lkisf{kd ekuksa }kjk

foHksfnr fd;k tk ldrk gSµ
vEyh; % [H

3
O+] > [OH– ]

mnklhu % [H
3
O+] = [OH– ]

{kkjh; % [H
3
O+] < [OH–]

6-11-2 pH LosQy

gkbMªksfu;e vk;u dh eksyjrk esa lkanzrk dks ,d y?kqxq.kdh;
ekiØe (Logarithmic Scale) esa ljyrk ls izn£'kr fd;k
tkrk gS] ftls pH LosQy dgk tkrk gSA

gkbMªkstu vk;u dh lfØ;rk 
H

(a )+  osQ ½.kkRed
10 vk/kjh; y?kqxq.kdh; eku dks pH dgrs gSaA de lkanzrk
(<0.01M) ij gkbMªkstu vk;u dh lfØ;rk] la[;kRed
:i ls bldh eksyjrk] tks (H+) }kjk izn£'kr dh tkrh gS] osQ
rqY; gksrh gSA gkbMªkstu vk;u dh lfØ;rk dh dksbZ bdkbZ
ugha gksrh gS] bls bl lehdj.k }kjk ifjHkkf"kr fd;k tk
ldrk gSµ

H
a + = [H+] / mol L–1

fuEufyf[kr lehdj.k pH ,oa gkbMªkstu vk;u lkanzrk
esa laca/ n'kkZrk gSµ

pH = – log a
H+

 = – log {[H+] / mol L–1}

bl izdkj HCl osQ vEyh; foy;u (10–2 M) osQ pH

dk eku = 2 gksrk gSA blh rjg NaOH osQ ,d {kkjh;
foy;u] ftlesa [OH–] = 10–4 rFkk [H

3
O+] = 10–10 M dh

pH = 10 gksxhA 'kq¼ rFkk mnklhu ty esa 298 K ij
gkbMªkstu vk;u dh lkanzrk 10–7M gksrh gS] blfy, bldk
pH = –log (10–7) = 7 gksxkA

;fn dksbZ tyh; foy;u vEyh; gS] rks mldk pH 7

ls de ,oa ;fn og {kkjh; gS] rks mldk pH 7 ls vf/d
gksxkA

bl izdkj]
vEyh; foy;u dh pH < 7

{kkjh; foy;u dh pH < 7

mnklhu foy;u dh pH = 7

vc 298K ij iqufoZpkj lehdj.k 6-28 ij djsaµ
K

w 
= [H

3
O+] [OH

–
] = 10–14

lehdj.k osQ nksuksa vksj dk ½.kkRed y?kqxq.kd ysus ij%
–log K

w
= – log {[H

3
O+] [OH–]}

= – log [H
3
O+] – log [OH–]

= – log 10–14

pK
w

=   pH + pOH = 14 (6.29)

è;ku nsus ;ksX; ckr ;g gS fd ;|fi K
w
 dk eku

rkiØe osQ lkFk ifjofrZr gksrk gSA rFkkfi rkiØe osQ lkFk
pH osQ eku esa ifjorZu brus de gksrs gSa fd ge vdlj
mldh mis{kk dj nsrs gSaA

pK
w
 tyh; foy;uksa osQ fy, egÙoiw.kZ jkf'k gksrh gSA

;g gkbMªkstu rFkk gkbMªksfDly vk;uksa dh lkanzrk dks fu;af=kr
djrh gS] pw¡fd budk xq.kuiQy fLFkjkad gksrk gSA vr% ;g
è;kuor jgs fd pH ekiØe y?kqxq.kd gksrk gSA pH osQ eku
esa ,d bdkbZ ifjorZu dk vFkZ gS [H+] dh lkanzrk esa xq.kd
10 dk ifjorZuA blh izdkj ;fn gkbMªkstu vk;u lkanzrk
[H+] esa 100 xq.kd dk ifjorZu gks] rks pH osQ eku esa 2
bdkbZ dk ifjorZu gksxkA vc vki le> x, gksaxs fd D;ksa rki
}kjk pH esa ifjorZu dh mis{kk ge dj nsrs gSaA

tSfod ,oa izlk/u&laca/h vuqiz;ksxksa esa foy;u osQ
pH dk ekiu vR;f/d vko';d gSA pH isij] tks fofHkÂ
pH okys foy;u esa fHkÂ&fHkÂ jax nsrk gS] dh lgk;rk ls
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pH osQ yxHkx eku dk irk yxk;k tk ldrk gSA vktdy
pkj iV~Vhokyk pH isij feyrk gSA ,d gh ij fHkÂ&fHkÂ
ifV~V;k¡ fHkÂ&fHkÂ jax nsrh gSa (fp=k 6-11) pH isij }kjk 1-

14 rd osQ pH eku yxHkx 0.5 dh ;FkkFkZrk rd Kkr
fd;k tk ldrk gSA

fp=k 6-11% leku pH ij fHkÂ jax nsusokyh pH isij dh pkj
ifV~V;k¡

mPp ;FkkFkZrk osQ fy, pH ehVj dk mi;ksx fd;k
tkrk gSA pH ehVj ,d ,slk ;a=k gS] tks ijh{k.k&foy;u osQ
fo|qr~~&foHko ij vk/kfjr pH dk ekiu 0.001 ;FkkFkZrk
rd djrk gSA vktdy cktkj esa dye osQ cjkcj vkdkjokys
pH ehVj miyC/ gks x, gSaA oqQN lkekU; inkFkks± dh pH

lkj.kh 6.5 esa nh xbZ gSµ

mnkgj.k 6-16

is; inkFkZ osQ uewus esa gkbMªkstu vk;u dh lkanzrk
3.8 × 10

–3
M gSA bldk pH D;k gksxk\

gy

pH = – log[3.8 × 10
–3

]= – {log[3.8] +

log[10
–3

]}

= – {(0.58) + (– 3.0)} = – { – 2.42} = 2.42

vr% is; inkFkZ dk pH 2.42 gS ;g vEyh; gSA

mnkgj.k 6-17

1.0 × 10
–8

M
 
HCl foy;u osQ pH dh x.kuk djsaA

gy

2H2O (l) l  H3O
+
 (aq)  +  OH

–
(aq)

Kw = [OH
–
][]  = 10

–14

ekuk x=[OH
–
]= ty ls izkIr H

3
O

+
 A

H
3
O

+  lkanzrk (i) tks ?kqfyr HCl ls izkIr gksrh gS tSlsµ
HCl (aq) + H2O (l) l H3O

+
 (aq)+Cl

–
 (aq) rFkk

(ii) ty osQ vk;uhdj.k ls izkIr gksrh gSA ;gk¡ nksuksa
H

3
O

+ mn~xeksa ij fopkj djuk gksxkµ
[H

3
O

+
] = 10

–8
 + x

Kw = (10
–8

 + x)(x) = 10
–14

vFkok x2
 + 10

–8 
x – 10

–14
 = 0

[OH
– 
] = x = 9.5 × 10

–8

vr%  pOH = 7.02 rFkk pH = 6.98

6-11-3 nqcZy vEyksa osQ vk;uu fLFkjkad

vkb,] tyh; foy;u esa vkaf'kd :i ls vk;fur ,d nqcZy
vEy HX ij fopkj djsaA fuEufyf[kr lehdj.kksa esa ls fdlh
Hkh lehdj.k }kjk vfo;ksftr HX ,oa vk;uksa H+(aq) rFkk
X–(aq) osQ eè; LFkkfir lkE;koLFkk dks izn£'kr fd;k tk
ldrk gSA

HX(aq) + H
2
O(l) l H

3
O+(aq) + X–(aq)

izkjafHkd lkanzrk (M)

c                                0               0

ekuk α vk;uhdj.k dh ek=kk gSA
lkanzrk esa ifjorZu (M)

-cα            +cα          +cα

lkj.kh 6-5  oqQN lkekU; inkFkks± dh pH osQ eku

nzo osQ uke pH nzo osQ uke pH

NaOH dk lar`Ir foy;u ~15 dkyh dkWiQh 5.0

0.1 M NaOH foy;u 13 VekVj dk jl ~4.2

pwus dk ikuh 10.5 e`nq is; inkFkZ rFkk fljdk ~3.0

feYd vkWiQ eSXuhf'k;k 10 uhcw&ikuh ~2.2

vaMs dk lisQn Hkkx] leqnzh ty 7.8 tBj&jl ~1.2

ekuo&#f/j 7.4 lM HCl foy;u ~0

nw/ 6.8 lkanz HCl ~–1.0

ekuo&'ys"ek 6.4
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lkE; lkanzrk (M)

c-cα          cα               cα

tgk¡ c = vfo;ksftr vEy HX dh izkjafHkd lkanzrk
rFkk α = HX osQ vk;uu dh ek=kk gSA

bu laosQrdksa dk mi;ksx dj osQ ge mi;qZDr vEy
fo;kstu lkE; osQ fy, lkE;koLFkk fLFkjkad O;qRiÂ dj
ldrs gSaA

K
a
 = c2α2 / c(1-α) = cα2 / (1-α)

K
a
 dks vEy HX dk fo;kstu ;k vk;uu fLFkjkad

dgrs gSaA bls oSdfYid :i ls ge bl izdkj eksyjrk osQ :i
esa izn£'kr dj ldrs gSaµ

K
a
 = [H+][X–] / [HX] (6.30)

fdlh fuf'pr rki ij K
a
 dk eku vEy HX dh

izcyrk dk eki gS] vFkkZr~~ K
a
 dk eku ftruk vf/d

gksxk] vEy mruk gh vf/d izcy gksxkA K
a
 foekjfgr

jkf'k gS] ftlesa lHkh Lih'kh”k dh lkaærk dh ekud&voLFkk
1M gSA

oqQN pqus gq, vEyksa osQ vk;uu&fLFkjkad lkj.kh 6-6 esa
fn, x, gSaA

gkbMªkstu vk;u lkanzrk osQ fy, pH ekiØe bruk mi;ksxh
gS fd bls pK

w
 osQ vfrfjDr vU; Lih'kh”k ,oa jkf'k;ksa osQ

fy, Hkh iz;qDr fd;k x;k gSA
bl izdkj]

pK
a
 = – log (K

a
) (6.31)

vEy osQ vk;uu fLFkjkad K
a
 rFkk izkjafHkd lkanzrk c

Kkr gksus ij leLr Lih'kh”k dh lkE; lkanzrk rFkk vEy osQ
vk;uu dh ek=kk ls foy;u dh pH dh x.kuk laHko gSA

lkj.kh 6-6 298K ij oqQN pqus gq, nqcZy vEyksa osQ vk;uu
fLFkjkad osQ eku

vEy vk;uu fLFkjkad (Ka)

gkbMªksÝyqfjd vEy (HF) 3.5 × 10–4

ukbVªl vEy (HNO2) 4.5 × 10–4

iQk£ed vEy (HCOOH) 1.8 × 10–4

fu;klhu (C5H4NCOOH) 1.5 × 10–5

,slhfVd vEy (CH3COOH) 1.74 × 10–5

csUtksbd vEy (C6H5COOH) 6.5 × 10–5

gkbiksDyksjl vEy (HCIO) 3.0 × 10–8

gkbMªkslk;fud vEy (HCN) 4.9 × 10–10

iQhukWy (C6H5OH) 1.3 × 10–10

nqcZy oS|qr~vi?kV~; dh pH bu inksa ls fudkyh tk ldrh
gSµ
in&1 fo;kstu ls iwoZ mifLFkr Lih'kh”k dks czWULVsn yksjh
vEy@{kkjd osQ :i esa Kkr fd;k tkrk gSA
in&2 lHkh laHkkfor vfHkfØ;kvksa osQ fy, larqfyr lehdj.k
fy[ks tkrs gSa] tSlsµLih'kh”k] tks vEy ,oa {kkjd nksuksa osQ
:i esa dk;Z djrh gSA
in&3 mPp K

a
 okyh vfHkfØ;k dks izkFkfed vfHkfØ;k

osQ :i esa fpfÉr fd;k tkrk gS] tcfd vU; vfHkfØ;k,a
iwjd vfHkfØ;k,a gksrh gSaA
in&4 izkFkfed vfHkfØ;k dh lHkh Lih'kh”k osQ fuEu
ekuksa dks lkj.kh osQ :i esa lwphc¼ fd;k tkrk gSµ
(d) izkjafHkd lkanzrk] c
([k) lkE; dh vksj vxzlj gksus ij vk;uu dh ek=kk α osQ

:i esa lkanzrk esa ifjorZu
(x) lkE; lkanzrk
in&5 eq[; vfHkfØ;k osQ fy, lkE;koLFkk fLFkjkad
lehdj.k esa lkE; lkanzrkvksa dks j[kdj α osQ fy, gy
djrs gSaA
in&6 eq[; vfHkfØ;k dh Lih'kh”k dh lkanzrk dh x.kuk
djrs gSaA
in&7 pH dh x.kuk

 pH = – log [H
3
O+]

mi;qZDr fof/ dks bl mnkgj.k ls le>k;k x;k gSµ

mnkgj.k 6-18

HF dk vk;uu fLFkjkad –43.2 10×  gSA 0.22M

foy;u esa HF dh vk;uu dh ek=kk dh vkSj foy;u
esa mifLFkr leLr Lih'kh”k (H3O

+
, F

– rFkk HF)
dh lkanzrk rFkk pH dh x.kuk dhft,A

gy

fuEufyf[kr izksVkWu LFkkukarj.k vfHkfØ;k,a laHko gSaµ

(1) HF + H2O l H3O
+
 + F

–
  Ka = 3.2 × 10

–4

(2) H2O + H2O l H3O
+
 + OH

–

           Kw = 1.0 × 10
–14

D;kasfd Ka >> Kw, eq[; vfHkfØ;k

HF   +   H2O  l  H3O
+
   +     F

–

izkjafHkd lkanzrk (M)

             0.02                         0             0     (0)

lkanzrk ifjorZu (M)
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             –0.02α                +0.02α    +0.02α

lkE; lkanzrk  (M)

            0.02 – 0.02 α       0.02 α    0.02α
lkE; vfHkfØ;k osQ fy, lkE; lkanzrkvksa dks izfrLFkkfir
djus ij
Ka = (0.02α)

2
 / (0.02 – 0.02α) = 0.02 α

2
 / (1

–α) = 3.2 × 10
–4

gesa fuEufyf[kr f}?kkr lehdj.k izkIr gksrk gSµ
α

2
 + 1.6 × 10

–2
α – 1.6 × 10

–2
 = 0

f}?kkr&lehdj.k dks gy djus ij α osQ nks eku izkIr
gksrs gaSµ
α = + 0.12  vkSj –0.12

α dk ½.kkRed eku laHko ugha gSA vr% α = 0.12

Li"V gS fd vk;uu ek=kk] α = 0.12 gks rks vU;
Lih'kh”k (tSlsµHF, F

– rFkk H3O
+) dh lkE; lkanzrk,¡

bl izdkj gSaµ
[H3O

+
] = [F 

–
] = cα = 0.02 × 0.12 =

2.4 × 10
–3

 M

[HF] = c(1 – α) = 0.02 (1 – 0.12) =

17.6 × 10
-3

 M

pH = – log[H
+
] = –log(2.4 × 10

–3
) = 2.62

mnkgj.k 6-19
0.1M ,dy {kkjh; vEy dk pH 4.50 gSA lkE;koLFkk
ij H

+
,A

– rFkk HA dh lkanzrk dh x.kuk dhft,A
lkFk gh ,dy {kkjh; vEy osQ Ka rFkk pKa osQ eku
dh Hkh x.kuk dhft,A

gy

pH = – log [H
+
]

[H
+
] = 10 

–pH
 = 10

–4.50
= 3.16 × 10

–5

[H
+
] = [A

–
] = 3.16 × 10

–5

Ka = [H
+
][A

-
] / [HA]

[HA]lkE; = 0.1 – (3.16 × 10
-5

) ∫  0.1

Ka = (3.16 × 10
–5

)
2
 / 0.1 = 1.0 × 10

–8

pKa = – log(10
–8

) = 8

oSdfYid :i ls ^fo;kstu izfr'krrk* fdlh nqcZy
vEy dh lkeF;Z dh x.kuk dk mi;ksxh ekiØe gSA
bls bl izdkj fn;k x;k gSµ

= [HA]fo;ksftr/[HA]vkjafHkd × 100% (6.32)

mnkgj.k 6-20

0.08 M gkbiksDyksjl vEy (HOCl) osQ foy;u osQ
pH dh x.kuk dhft,A vEy dk vk;uu fLFkjkad
2.5 × 10

–5 gSA HOCl dh fo;kstu&izfr'krrk Kkr
dhft,A

gy

HOCl(aq) + H2O (l) � H3O
+
(aq) + ClO

–
(aq)

izkjafHkd lkanzrk (M)

  0.08                0               0

lkE;koLFkk osQ fy, ifjorZu (M)

    – x  + x        +x

lkE; lkanzrk (M)

 0.08 – x                             x         x

Ka = {[H3O
+
][ClO

–
] / [HOCl]}

=  x
2
 / (0.08 –x)

x
2
 / 0.08 = 2.5 × 10

–5

x
2
 = 2.0 × 10

–6
, bl izdkj] x = 1.41 × 10

–3

[H
+
] = 1.41 × 10

–3
 M.

vr%

fo;kstu izfr'krrk = {[HOCl]fo;ksftr / [HOCl]vkjafHkd}

× 100 = 1.41 × 10
–3

 × 10
2
 / 0.08 = 1.76 %.

pH = –log(1.41 × 10
–3

) = 2.85.

6-11-4 nqcZy {kkjdksa dk vk;uu

{kkjd MOH dk vk;uu fuEufyf[kr lehdj.k }kjk izn£'kr
fd;k tk ldrk gSµ

MOH(aq) �M+(aq) + OH–(aq)

vEy vk;uu lkE;koLFkk dh rjg nqcZy {kkjd (MOH)

vkaf'kd :i ls /uk;u M+ ,oa ½.kk;u OH– esa vk;fur
gksrk gSA {kkjd vk;uu osQ lkE;koLFkk&fLFkjkad dks {kkjd
vk;uu&fLFkjkad dgk tkrk gSA bls ge K

b
 ls izn£'kr djrs

gSaA lHkh Lih'kh”k dh lkE;koLFkk lkanzrk eksyjrk esa fuEufyf[kr
lehdj.k }kjk izn£'kr dh tkrh gSµ

K
b
 = [M+][OH–] / [MOH] (6.33)

fodYir% ;fn c =  {kkjd dh izkjafHkd lkanzrk vkSj
α = {kkjd osQ vk;uu dh ek=kk
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tc lkE;koLFkk izkIr gksrh gS] rc lkE; fLFkjkad
fuEufyf[kr :i ls fy[kk tk ldrk gSµ

oqQN pqus gq, {kkjdksa osQ vk;uu&fLFkjkad K
b
 osQ eku

lkj.kh 6-7 esa fn, x, gSaA

lkj.kh 6-7 298 K ij oqQN nqcZy {kkjdksa osQ vk;uu&fLFkjkad
osQ eku

{kkjd     K
b

MkbesfFky,sfeu (CH
3
)
2
NH 5.4 × 10–4

Vªkb,fFky,sfeu (C
2
H

5
)
3
N 6.45 × 10–5

veksfu;k NH
3
 or NH

4
OH 1.77 × 10–5

fDouhu (,d okuLifrd mRikn) 1.10 × 10–6

fijhMhu C
5
H

5
N 1.77 × 10–9

,sfuyhu C
6
H

5
NH

2
4.27 × 10–10

;wfj;k CO (NH
2
)
2

1.3 × 10–14

dbZ dkcZfud ;kSfxd ,sehUl dh rjg nqcZy {kkjd gSaA
,sehUl veksfu;k osQ O;qRiÂ gSa] ftuesa ,d ;k vf/d
gkbMªkstu ijek.kq vU; lewgksa }kjk izfrLFkkfir gksrs gSaA tSlsµ
esfFky,sehu] dksMhu] fDouhu rFkk fudksfVu] lHkh cgqr
nqcZy {kkjd gSaA blfy, buosQ K

b
 osQ eku cgqr NksVs gksrs gSaA

veksfu;k ty esa fuEufyf[kr vfHkfØ;k osQ iQyLo:i OH–

vk;u mRiÂ djrh gSµ
NH

3
(aq) + H

2
O(l) l NH

4
+(aq) + OH–(aq)

gkbMªkstu vk;u lkanzrk gsrq pH LosQy bruk mi;ksxh gS
fd bls vU; Lih'kh”k ,oa jkf'k;ksa osQ fy, Hkh iz;qDr fd;k
x;k gSA bl izdkj

pK
b
 = –log (K

b
) (6.34)

mnkgj.k 6-21

0.004 M gkbMªsthu foy;u dk pH 9.7 gSA blosQ

K
b
 rFkk pK

b
 dh x.kuk dhft,A

gy

NH2NH2 + H2O l NH2NH3

+
 + OH

–

ge pH ls gkbMªkstu vk;u lkanzrk dh x.kuk dj

ldrs gSaA gkbMªkstu vk;u lkanzrk Kkr djosQ vkSj ty

osQ vk;fud xq.kuiQy ls ge gkbMªkWfDly vk;u dh

lkanzrk dh x.kuk djrs gSaA bl izdkj]

[H
+
] = antilog (–pH) =  antilog (–9.7)

= 1.67 ×10
–10

[OH
–
] = Kw / [H

+
] = 1 × 10

–14
 / 1.67 × 10

–10

= 5.98 × 10
–5

laxr gkbMªsthfu;e vk;u dh lkanzrk dk eku Hkh
gkbMªkWfDly vk;u dh lkanzrk osQ leku gksxkA bu nksuksa
vk;uksa dh lkanzrk cgqr de gSA vr% vfo;ksftr {kkjd
dh lkanzrk 0.004 M yh tk ldrh gSA bl izdkj]
Kb= [NH2NH3

+
][OH

–
] / [NH2NH2]

= (5.98 × 10
–5

)
2
 / 0.004 = 8.96 × 10

–7

pKb= –logKb = –log(8.96 × 10
–7

) = 6.04.

mnkgj.k 6-22

0.2M NH4Cl rFkk 0.1 M NH3 osQ feJ.k ls cus
foy;u osQ pH dh x.kuk dhft,A NH3 foy;u dh
pKb = 4.75 gSA

gy

NH3   +   H2O    l    NH4

+
     +      OH

–

NH3 dk vk;uu fLFkjkad

Kb = antilog (–pKb) vFkkZr~~]
Kb = 10

–4.75
 = 1.77 × 10

–5
 M

NH3   +   H2O   l    NH4

+
     +      OH

–

izkjafHkd lkanzrk (M)

0.10 0.20 0

lkE;koLFkk ij ifjorZu (M)

–x +x +x

lkE;koLFkk ij (M)

0.10 – x 0.20 + x x

Kb= [NH4

+
][OH

–
] / [NH3]

= (0.20 + x)(x) / (0.1 – x) = 1.77 × 10
–5

Kb dk eku de gSA 0.1M ,oa 0.2 M dh rqyuk esa
x dks ge misf{kr dj ldrs gSaA
[OH

–
]= x = 0.88 × 10

–5

blfy, [H+
]= 1.12 × 10

–9

pH = – log[H
+
] = 8.95

6-11-5 K
a
 rFkk K

b
 esa laca/

bl vH;kl esa ge i<+ pqosQ gSa fd K
a
 rFkk K

b
 Øe'k% vEy

vkSj {kkjd dh lkeF;Z dks n'kkZrs gSaA la;qXeh vEy&{kkj ;qXe
esa ;s ,d&nwljs ls ljyre :i ls lacaf/r gksrs gSaA ;fn ,d
dk eku Kkr gS] rks nwljs dks Kkr fd;k tk ldrk gSA NH

4
+
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rFkk NH
3
 osQ mnkgj.k dh foospuk djrs gSaµ

NH
4
+(aq) + H

2
O(l) �  H

3
O+(aq) + NH

3
(aq)

K
a
 = [H

3
O+][ NH

3
] / [NH

4
+] = 5.6 × 10–10

NH
3
(aq) + H

2
O(l) �  NH

4
+(aq) + OH–(aq)

K
b
 =[ NH

4
+][ OH–] / NH

3
 = 1.8 × 10-5

usV% 2 H
2
O(l) �  H

3
O+(aq) + OH–(aq)

K
w
 = [H

3
O+][ OH– ] = 1.0 × 10–14 M

K
a
 NH+

4
 dk vEy osQ :i esa rFkk K

b
, NH

3
 dh {kkj

osQ :i esa lkeF;Z n'kkZrk gSA usV vfHkfØ;k esa è;ku nsus ;ksX;
ckr ;g gS fd tksM+h xbZ vfHkfØ;k esa lkE; fLFkjkad dk eku
K

a
 rFkk K

b
 osQ xq.kuiQy osQ cjkcj gksrk gSµ

K
a
 × K

b
= {[H

3
O+][ NH

3
] / [NH

4
+ ]} × {[NH

4
+ ]

[ OH-] / [NH
3
]}

= [H
3
O+][ OH–] = K

w

= (5.6 ×10–10) × (1.8 × 10–5) = 1.0 × 10–14 M

bls bl lkekU;hdj.k }kjk crk;k tk ldrk gSµ nks ;k
T;knk vfHkfØ;kvksa dks tksM+us ij mudh usV ;k vfHkfØ;k
dk lkE;koLFkk&fLFkjk ad izR;sd vfHkfØ;k osQ
lkE;koLFkk&fLFkjkad osQ xq.kuiQy osQ cjkcj gksrk gSA

K
usV
 = K

1
 × K

2
 × …… (6.35)

blh izdkj la;qXeh {kkj ;qXe osQ fy,
K

a
 × K

b
 = K

w
(6.36)

;fn ,d dk eku Kkr gks] rks vU; dks Kkr fd;k tk
ldrk gSA ;g è;ku nsuk pkfg, fd izcy vEy dk la;qXeh
{kkj nqcZy rFkk nqcZy vEy dk la;qXeh {kkj izcy gksrk gSA

oSdfYid :i ls mi;qZDr lehdj.k K
w
 = K

a
 × K

b

dks {kkjd&fo;kstu lkE;koLFkk vfHkfØ;k ls Hkh ge izkIr
dj ldrs gSaµ

B(aq) + H
2
O(l) �  BH+(aq) + OH–(aq)

K
b
 = [BH+][OH–] / [B]

pw¡fd ty dh lkanzrk fLFkj jgrh gS] vr% bls gj
ls gVk fn;k x;k gS vkSj fo;kstu fLFkjkad esa lfEefyr
dj fn;k x;k gSA mi;qDr lehdj.k dks [H+] ls xq.kk
djus rFkk Hkkx nsus ijµ

K
b

= [BH+][OH–][H+] / [B][H+]

={[ OH–][H+]}{[BH+] / [B][H+]}

= K
w
 / K

a

K
a
 × K

b
 = K

w

;g è;ku nsus ;kX; ckr gS fd ;fn nksuksa vksj y?kqxq.kd
fy;k tk,] rks la;qXeh vEy rFkk {kkj osQ ekuksa dks lacaf/r
fd;k tk ldrk gSµ

pK
a
 + pK

b
 = pK

w
 = 14 (298K ij)

mnkgj.k 6-23

0.05 M veksfu;k foy;u dh vk;uu ek=kk rFkk pH

Kkr dhft,A veksfu;k osQ vk;uu&fLFkjkad dk eku
rkfydk 6-7 esa fn;k x;k gSA veksfu;k osQ la;qXeh
vEy dk vk;uu fLFkjkad Hkh Kkr dhft,A

gy

ty esa NH3 dk vk;uu bl izdkj n'kkZ;k tk
ldrk gSµ

NH3  +  H2O   �   NH4

+
    +    OH

–

(6-33) lehdj.k dk mi;ksx dj osQ ge gkbMªksfDly
vk;u dh lkanzrk dh x.kuk dj ldrs gSaµ

[OH
–
] = c α = 0.05 α

Kb = 0.05 α
2
 / (1 – α)

α dk eku de gS] vr% lehdj.k esa nkb± vksj osQ gj
1 dh rqyuk esa α dks ux.; eku ldrs gSaA

vr%

Kb = c α
2
  or   α = √ (1.77 × 10

–5
 / 0.05)

= 0.018.

[OH
–
] = c a = 0.05 × 0.018 = 9.4 × 10

–4
M.

[H
+
] = Kw / [OH

–
] = 10

–14
 / (9.4 × 10

–4
)

= 1.06 × 10
–11

pH = –log(1.06 × 10
–11

) = 10.97.

la;qXeh vEy {kkj ;qXe osQ fy, laca/ iz;qDr djus ij

Ka × Kb = Kw

rkfydk 6-7 ls izkIr NH3 osQ Kb
 dk eku j[kus ij ge

NH4

+ osQ la;qXeh vEy dh lkanzrk fudky ldrs gSaA
Ka = Kw / Kb = 10

–14
 / 1.77 × 10

–5

= 5.64 × 10
–10

6-11-6 f} ,oa cgq {kkjdh vEy rFkk f} ,oa cgq
vEyh; {kkjd

vkWDlsfyd vEy] lYÝ;wfjd vEy ,oa iQkLiQksfjd vEy

vkfn oqQN vEyksa esa izfr v.kq ,d ls vf/d vk;fur gksus
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okys izksVkWu gksrs gSaA ,sls vEyksa dks cgq&{kkjdh ;k ikWfyizksfVd
vEy osQ uke ls tkuk tkrk gSA mnkgj.kkFkZµf}{kkjdh; vEy
H

2
X osQ fy, vk;uu vfHkfØ;k fuEufyf[kr lehdj.kksa }kjk

n'kkZbZ tkrh gSµ

H
2
X(aq)   H+(aq) + HX–(aq)

HX–(aq)   H+(aq) + X2–(aq)

rFkk laxr lkE;koLFkk lehdj.k fuEufyf[kr gSµ

1aK = {[H+][HX–]} / [H
2
X] (6.16)

rFkk
2aK = {[H+][X2-]} / [HX-] (6.17)

1aK  ,oa 
2aK dks vEy H

2
X dk izFke ,oa f}rh;

vk;uu&fLFkjkad dgrs gSaA blh izdkj H
3
PO

4
 tSls f=k{kkjdh;

vEy osQ fy, rhu vk;uu&fLFkjkad gSaA oqQN ikWyhizksfVd
vEyksa osQ vk;uu&fLFkjkadksa osQ eku lkj.kh 6-8 esa vafdr gSaA

lkj.kh 6-8  298 K ij oqQN lkekU; ikWyhizksfVd vEyksa osQ
vk;uu&fLFkjkad

bl izdkj ns[kk tk ldrk gS fd cgq izksfVd vEy osQ
mPp dksfV osQ vk;uu ( )

2 3a a,K K  fLFkjkadksa dk eku fuEu
dksfV osQ vk;uu&fLFkjkad (K

a
) ls de gksrs gSaA bldk dkj.k

;g gS fd fLFkj fo|qr~&cyksa osQ dkj.k ½.kkRed vk;u ls
/ukRed çkssVkWu fu"dkflr djuk eqf'dy gSA bls vukosf'kr
H

2
CO

3
 rFkk vkosf'kr HCO–

3
 ls çkssVkWu fu"dklu ls ns[kk tk

ldrk gSA blh izdkj f}vkosf'kr HPO
4
2– ½.kk;u ls H

2
PO–

4

dh rqyuk esa çkssVkWu dk fu"dklu dfBu gksrk gSA
cgq izksfVd vEy foy;u esa vEyksa dk feJ.k gksrk gS

H
2
A tSls f}izksfVd vEy osQ fy,] H

2
A, HA– vkSj A2– dk

feJ.k gksrk gSA izkFkfed vfHkfØ;k esa  H
2
A dk fo;kstu

rFkk H
3
O+ lfEefyr gksrk gS] tks fo;kstu osQ izFke pj.k ls

izkIr gksrk gSA

6-11-7 vEy&lkeF;Z dks izHkkfor djusokys dkjd

vEy rFkk {kkjdksa dh ek=kkRed lkeF;Z dh foospuk osQ
i'pkr~ ge fdlh fn, gq, vEy dks pH eku dh x.kuk dj
ldrs gSaA ijarq ;g ftKklk mRiÂ gksrh gS fd oqQN vEy vU;
dh rqyuk esa izcy D;ksa gksrs gSa\ bUgsa vf/d izcy cukusokys
dkjd D;k gSa\ bldk mÙkj ,d tfVy rF; gSA ysfdu eq[;
:i ls ge ;g dg ldrs gSa fd ,d vEy dh fo;kstu dh
lhek H – A ca/ dh lkeF;Z ,oa /zqo.krk ij fuHkZj
djrh gSA

lkekU;r% tc H – A ca/ dh lkeF;Z ?kVrh gS] vFkkZr~~
ca/ osQ fo;kstu esa vko';d ÅtkZ ?kVrh gS] rks HA dk
vEy&lkeF;Z c<+rk gSA blh izdkj tc HA vkca/ vf/d
èkzqoh; gksrk gS] vFkkZr~~ H rFkk A ijek.kqvksa osQ eè;
fo|qr~&½.krk dk varj c<+rk gS vkSj vkos'k i`FkDdj.k
n`f"Vxr gksrk gS] rks vkca/ dk fo;kstu ljy gks tkrk gS] tks
vEyh;rk esa o`f¼ djrk gSA

ijarq ;g è;ku nsus ;ksX; ckr ;g gS fd tc rÙo A
vkorZ lkj.kh osQ mlh lewg osQ rÙo gksa] rks ca/ dh /zqoh;
izÑfr dh rqyuk esa H – A vkca/ lkeF;Z vEyh;rk osQ
fuèkkZj.k esa izeq[k dkjd gksrk gSA oxZ esa uhps dh vksj tkus
ij T;ksa&T;ksa A dk vkdkj c<+rk gS] R;ksa&R;ksa H – A vkca/
lkeF;Z ?kVrh gS rFkk vEy lkeF;Z c<+rh gSA mnkgj.kkFkZµ

vkdkj esa o`f¼

HF << HCl << HBr << HI

vEy lkeF;Z esa o`f¼
blh izdkj H

2
S, H

2
O ls izcyrj vEy gSA

ijarq tc ge vkorZ lkj.kh osQ ,d gh vkorZ osQ rÙoksa
dh foospuk djrs gSa rks H – A vkca/ dh /zqo.krk vEy&lkeF;Z
dks fu/kZfjr djus esa egÙoiw.kZ dkjd gks tkrh gSA T;ksa&T;ksa
A dh fo|qr~~½.krk c<+rh gS] R;ksa&R;ksa vEy dh lkeF;Z Hkh
c<+rh gSA mnkgj.kkFkZµ

A dh fo|qr~~½.krk esa o`f¼

CH
4
 < NH

3
 < H

2
O < HF

vEy lkeF;Z esa o`f¼

6-11-8 vEyksa ,oa {kkjdksa osQ vk;uu esa le
vk;u izHkko

vkb,] ,slhfVd vEy dk mnkgj.k ysa] ftldk fo;kstu bl
lkE;koLFkk }kjk izn£'kr fd;k tk ldrk gSµ
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CH
3
COOH(aq) � H+(aq) +  CH

3
COO– (aq)

vFkok HAc(aq)  �  H+ (aq) + Ac– (aq)

K
a
 = [H+][Ac– ] / [HAc]

,slhfVd vEy osQ foy;u esa ,slhVsV vk;u dks
feykus ij gkbMªkstu vk;uksa dh lkanzrk ?kVrh gSA blh izdkj
;fn cká Ïksr ls H+ vk;u feyk, tk,¡] rks lkE;koLFkk
vfo;ksftr ,slhfVd vEy dh rjiQ foLFkkfir gks tkrh gS]
vFkkZr~~ ml fn'kk esa vxzlj gksrh gS] ftlls gkbMªkstu vk;u
lkanzrk [H+] ?kVrh gSA ;g ?kVuk le vk;u izHkko dk
mnkgj.k gSA fdlh ,sls inkFkZ osQ feyus ls tks fo?kVu lkE;
esa iwoZ ls mifLFkr vk;fud Lih'kh”k dks vkSj miyC/
djokdj lkE;koLFkk dks foLFkkfir djrk gS] og ^le
vk;u izHkko* dgykrk gSA

vr% ge dg ldrs gSa fd le vk;u izHkko yk&'kkrsfy;s
fl¼kar ij vk/kfjr gS] ftls ge [kaM 6-8 esa i<+ pqosQ gSaA

0.05 M ,slhVsV vk;u dks 0.05 M ,slhfVd vEy
esa feykus ij pH dh x.kuk ge bl izdkj dj ldrs gSaµ

HAc(aq) �  H+(aq)   +  Ac–(aq)

izkjafHkd lkanzrk (M)

    0.05      0          0.05

;fn x ,slhfVd vEy esa vk;uu dh ek=kk gksa] rks
lkanzrk esa ifjorZu (M)

–x      +x           +x

lkE; lkanzrk (M)

0.05-x       x       0.05+x

bl izdkj
K

a
= [H+][Ac– ]/[H Ac] = {(0.05+x)(x)}/(0.05-x)

nqcZy vEy osQ fy, K
a 
de gksrk gS x << 0.05

vr% (0.05 + x) ≈ (0.05 – x) ≈  0.05

1.8 × 10–5 = (x) (0.05 + x) / (0.05 – x)

= x(0.05) / (0.05) = x = [H+] = 1.8 × 10–5M

pH = – log(1.8 × 10–5) = 4.74

mnkgj.k 6-24

0.10 M veksfu;k foy;u dh pH dh x.kuk dhft,A
bl foy;u osQ 50 mL dks 0.10 M osQ HCl osQ
25.0 mL ls vfHkfØ;k djokus ij pH dh x.kuk

dhft,A veksfu;k dk fo;kstu fLFkjkad Kb = 1.77 ×

10
–5  gSA

gy

NH3 + H2O → NH4

+
 + OH

–

Kb = [NH4

+
][OH

–
] / [NH3] = 1.77 × 10

–5

mnklhuhdj.k ls iwoZ
[NH4

+
] = [OH

–
] = x

[NH3] = 0.10 – x  ; 0.10

x
2
 / 0.10 = 1.77 × 10

–5

x = 1.33 × 10
–3

 = [OH
–
]

blfy, [H+
] = Kw / [OH

–
] = 10

–14
 /

10
–14

/(1.33 × 10
–3

) = 7.51 × 10
–12

pH = –log(7.5 × 10
–12

) = 11.12

25 mL 0.1M HCl foy;u (vFkkZr~~ 2.5 feyh eksy
HCl) dks 50 mL 0.1 M veksfu;k foy;u (vFkkZr~~
5 mL eksy NH3) esa feykus ij 2.5 feyh eksy
veksfu;k v.kq mnklhuhÑr gks tkrs gSaA 'ks"k 75 mL

foy;u esa vuqnklhuhÑr 2.5 feyheksy NH3 v.kq
rFkk 2.5 feyheksy NH4

+ jg tkrs gSaA
NH

3
    +    HCl    →    NH

4

+
 +  Cl

–

2.5           2.5              0          0

lkE;koLFkk ij
0              0             2.5         2.5

ifj.kkeh 75 mL foy;u esa 2.5 feyheksy NH4

+

vk;u (0.033 M) rFkk 2.5 feyheksy vuqnklhuhÑr
NH3 v.kq (0.033 M) jg tkrs gSaA lkE;koLFkk esa ;g
NH3 bl izdkj jgrk gSµ
NH

4
OH       �     NH

4

+
   +     OH

–

0.033M – y               y              y

tgk¡ y  =  [OH
–
]  =  [NH4

+
]

ifj.kkeh 75 mL foy;u] mnklhuhdj.k osQ i'pkr~
2.5 feyheksy NH4

+ vk;u (0.033 M) ls ;qDr gksrk
gSA vr% NH4

+ dh oqQy lkanzrk bl izdkj nh tkrh gSµ
[NH4

+
] = 0.033 + y

pw¡fd y de gS]  [NH4OH] ∫ 0.033 M rFkk [NH4

+
]

∫ 0.033M.

ge tkurs gSa fd
Kb = [NH4

+
][OH

–
] / [NH4OH]

= y(0.033)/(0.033) = 1.77 × 10
–5

 M

vr%  y = 1.77 × 10
–5

 = [OH
–
]

[H
+
] = 10

–14
 / 1.77 × 10

–5
 = 0.56 × 10

–9

pH = 9.24
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6-11-9 yo.kksa dk ty&vi?kVu ,oa buosQ foy;u
dk pH

vEyksa rFkk {kkjdksa osQ fuf'pr vuqikr esa vfHkfØ;k }kjk cuk,
x, yo.kksa dk ty esa vk;uu gksrk gSA vk;uu }kjk cus èkuk;u]
½.kk;u tyh; foy;u esa ty;ksftr gksrs gSa ;k ty ls
vfHkfØ;k djosQ viuh izÑfr osQ vuqlkj vEy ;k {kkj dk
iquZ:Riknu djrs gSaA ty rFkk /uk;u vFkok ½.kk;u ;k nksuksa
ls gksus okyh vU;ksU; izfØ;k dks ̂ ty&vi?kVu* dgrs gSaA bl
vU;ksU; fØ;k  ls pH izHkkfor gksrh gSA izcy {kkjdksa }kjk fn,
x, /uk;u (mnkgj.kkFkZµ Na+, K+, Ca2+, Ba2+ vkfn) rFkk
izcy vEyksa }kjk fn, x, ½.kk;u (mnkgj.kkFkZµ Cl–, Br–,

NO
3
–, ClO

4
– vkfn) osQoy ty&;ksftr gksrs gSa] ty&vi?kfVr

ugha gksrs gSaA blfy, izcy vEyksa rFkk izcy {kkjksa ls cus yo.kksa
osQ ?kksy mnklhu gksrs gSaA ;kuh mudk pH 7 gksrh gSA ;|fi
vU; izdkj osQ yo.kksa dk ty vi?kVu gksrk gSA

vc ge fuEufyf[kr yo.kksa osQ ty&vi?kVu ij
fopkj djrs gSa%
(i) nqcZy vEyksa ,oa izcy {kkjdksa osQ yo.k] mnkgj.kkFkZµ

CH3COONa

(ii) izcy vEyksa ,oa nqcZy {kkjdksa osQ yo.k] mnkgj.kkFkZµ
NH4Cl, rFkk

(iii) nqcZy vEyksa ,oa nqcZy {kkjdksa osQ yo.k] mnkgj.kkFkZµ
CH3COONH4

izFke mnkgj.k esa CH
3
COONa, nqcZy vEy

CH
3
COOH rFkk izcy {kkj NaOH dk yo.k gS] tks

tyh; foy;u esa iw.kZr;k vk;fur gks tkrk gSA
CH

3
COONa(aq)   →  CH

3
COO– (aq)+  Na+(aq)

bl izdkj cus ,slhVsV vk;u ty osQ lkFk ty
vi?kfVr gksdj ,slhfVd vEy rFkk OH– vk;uksa dk fuekZ.k
djrs gSaµ
CH

3
COO–(aq)+H

2
O(l) l CH

3
COOH(aq)+OH–(aq)

,slhfVd vEy ,d nqcZy vEy gS (Ka = 1.8 × 10–5)]
tks foy;u esa vuk;fur gh jgrk gSA blosQ dkj.k foy;u esa
OH– vk;uksa dh laknzrk esa o`f¼ gks tkrh gS] tks foy;u dks
{kkjh; cukrh gSA bl izdkj cus foy;u dh pH 7 ls T;knk
gksrh gSA

blh izdkj nqcZy {kkjd NH
4
OH rFkk izcy vEy

HCl ls cuk NH
4
Cl ty esa iw.kZr;k vk;fur gks tkrk gSA

NH
4
Cl(aq) → 

4NH+ (aq)  +Cl– (aq)

veksfu;e vk;uksa dk ty vi?kVu gksus ls NH
4
OH

vkSj H+ vk;u curs gSaA
NH+

4 
(aq) + H2O(l) l NH

4
OH(aq) + H+ (aq)

veksfu;e gkbMªkWDlkbM (K
b
 = 1.77 × 10–5) ,d

nqcZy {kkjd gSA ;g foy;u esa vuk;fur jgrk gSA blosQ
ifj.kkeLo:i foy;u esa H+ vk;u lkanzrk c<+ tkrh gS vkSj
foy;u dks vEyh; cuk nsrh gSA vr% NH

4
Cl osQ ty esa

foy;u dk pH 7 ls de gksxkA
nqcZy vEy rFkk nqcZy {kkjd }kjk cuk, x, yo.k

CH
3
COONH

4
 osQ ty&vi?kVu dks ns[ksaA blosQ }kjk fn,

x, vk;uksa dk vi?kVu bl izdkj gksrk gSµ
CH

3
COO– + NH

4
+ +  H

2
O  CH

3
COOH +

NH
4
OH

CH
3
COOH rFkk NH

4
OH vkaf'kd :i ls bl

izdkj vk;uhÑr jgrs gSaµ
CH

3
COOH   l   CH

3
COO–  +  H+

NH
4
OH   l   NH

4
+    +   OH–

H
2
O   l   H+  +  OH–

foLrkj ls x.kuk fd, fcuk dgk tk ldrk gS fd
ty&vi?kVu dh ek=kk foy;u dh lkanzrk ls Lora=k gksrh gSA
vr% foy;u dk pH gSµ

pH = 7 + ½ (pK
a
 – pK

b
) (6.38)

foy;u dk pH 7 ls T;knk gksxk] ;fn varj/ukRed
gks rFkk pH 7 ls de gksxk] ;fn varj ½.kkRed gksµ

mnkgj.k 6-25

,slhfVd vEy dk pKa rFkk veksfu;e gkbMªkWDlkbM
dk pKb Øe'k% 4-76 vkSj 4-75 gSA veksfu;e
,slhVsV foy;u dh pH dh x.kuk dhft,A

gy
pH = 7 + ½ [pKa – pKb]

= 7 + ½ [4.76 – 4.75]

= 7 + ½ [0.01]  = 7 + 0.005  = 7.005

6-12 ci+ Qj&foy;u
'kjhj esa mifLFkr dbZ rjy (mnkgj.kkFkZµjDr ;k ew=k) osQ

fuf'pr pH gksrs gSaA buosQ pH esa gqvk ifjorZu 'kjhj osQ

Bhd ls dke u djus (Malfunctioning) dk lwpd gSA

dbZ jklk;fud ,oa tSfod vfHkfØ;kvksa esa Hkh pH dk

Rationalised 2023-24



201lkE;koLFkk

fu;a=k.k cgqr egÙoiw.kZ gksrk gSA dbZ vkS"k/h; ,oa izlk/uh;
la:i.kksa (Consmetic Formulation) dks fdlh fo'ks"k
pH ij j[kk tkrk gS ,oa 'kjhj esa izfo"V djk;k tkrk gSA ,sls
foy;u] ftudk pH ruq djus vFkok vEy ;k {kkjd
dh FkksM+h lh ek=kk feykus osQ ckn Hkh vifjofrZr jgrk
gS] ^ciQj&foy;u* dgykrs gSaA Kkr pH osQ foy;u osQ
vEy dks pKa rFkk {kkjd osQ pK

b
 osQ fofnr ekuksa rFkk

vEyksa vkSj yo.kksa osQ vuqikr ;k vEyksa rFkk {kkjdksa osQ
vuqikr osQ fu;a=k.k }kjk cukrs gSaA ,sflfVd vEy rFkk
lksfM;e ,flVsV dk feJ.k yxHkx pH, 4.75 dk ci+ Qj
foy;u nsrk gS rFkk veksfu;e DyksjkbM ,oa veksfu;e
gkbMªkWDlkbM dk feJ.k pH, 9.25 nsrk gSA ci+ Qj foy;uksa
osQ ckjs esa mPp d{kkvksa esa ge vkSj vf/d i<+saxsA

6-12-1- cIk+Qj foy;u cukuk
pK

a
, pK

b
vkSj lkE;fLFkjkad dk Kku gesa Kkr pH dk

cI+kQj foy;u cukus esa lgk;rk djrk gSA vkb, ns[ksa
fd ge ;g oSQls dj ldrs gSaA

vEyh;&c-iQj cukuk
vEyh; pH dk cI+kQj cukus osQ fy, ge nqcZy vEy
vkSj blosQ }kjk izcy {kkj osQ lkFk cuk, tkus okys
yo.k dk mi;ksx djrs gSaA ge pH, nqcZy vEy osQ
lkE; fLFkjkad K

b
 vkSj nqcZy vEy vkSj blosQ la;qfXer

{kkjd dh lkanzrkvksa osQ vuqikr esa lEca/ LFkkfir djus
okyk lehdj.k LFkkfir djrs gSaA ,d lkekU; fLFkfr esa
tgk¡ nqcZy vEy HA ty esa vk;uhÑr gksrk gS]

HA + H
2
O l H

3
O

+
 + A

–

blosQ fy, ge fuEufyf[kr O;atd fy[k ldrs gSa&

K
a
  =  

–+
3[H O ] [A ]
[HA]

mijksDr O;atd dks iquZO;ofLFkr djus ij

+

3
[H O ]   =  K

a –

[HA]

[A ]

nksuksa vksj dk y?kqqx.kd ysus osQ ckn inksa dks iquO;ZofLFkr
djus ij gesa izkIr gksrk gS&

–
[A ]

p pH log
[HA]

a
K = −

vFkok
–

[A ]
pH = p log

[HA]
Ka + (6.39)

–
A[ ]

pH = pK + log
[ HA]

a 

l;a qfXer  {kkjd] 

vEy] 
    (6.40)

O;atd (6.40) gsUMlZu&gklsycY[k lehdj.k dgykrk

gSA 
–

[A ]

[HA]
 , la;qfXer {kkjd (Í.kk;u) vkSj feJ.k esa

mifLFkr vEy dh lkanzrkvksa dk vuqikr gSA vEy nqcZy
gksus osQ dkj.k cgqr de vk;uhÑr gksrk gS vkSj lkanzrk
[HA], cI+kQj cukus dks fy, x, vEy dh lkanzrk ls
ys'kek=k gh fHkUu gksrh gSA lkFk gh] vf/drj la;qfXer
{kkjd] [A–], vEy osQ yo.k osQ vk;uhÑr gksus ls izkIr
gksrk gSA blfy, la;qfXer {kkjd dh lkanzrk yo.k dh
lkanzrk ls osQoy ys'kek=k fHkUu gksxhA blfy, lehdj.k
(6.40) fuEufyf[kr izdkj ls :ikarfjr gks tkrk gS&
      

 

[ ]
pH = pK + log

[ ]
a

yo.k

vEy

;fn lehdj.k (6.39) esa] [A–] dh lkanzrk [HA] dh
lkanzrk osQ cjkcj gks rks pH = pK

a
 gksxk] D;ksafd log1 dk

eku 'kwU; gksrk gSA blfy, ;fn ge vEy vkSj yo.k
(la;qfXer {kkjd) dh eksyj lkanzrk cjkcj ysa rks cI+kQj
dk pH vEy osQ pK

a
 osQ cjkcj gksxkA vr% visf{kr pH

dk cI+kQj cukus osQ fy, ge ,sls vEy dk p;u djrs
gSa ftldk pK

a 
visf{kr pH osQ cjkcj gksrk gSA ,slhfVd

vEy dk pK
a 
eku 4.76 gksrk gS] blfy, ,slhfVd

vEy vkSj lksfM;e ,slhVsV dks cjkcj ek=kk esa ysdj
cuk, x, cI+kQj dk pH yxHkx 4.76 gksxkA

nqcZy {kkjd vkSj blosQ la;qfXer vEy ls cus
cI+kQj dk ,slk gh fo'ys"k.k fuEufyf[kr ifj.kke nsxk]

       (6.41)
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cI+kQj foy;u osQ pH dk ifjdyu] lehdj.k pH

+ pOH =14 dk mi;ksx djosQ fd;k tk ldrk gSA
ges a Kkr gS fd pH + pOH = pK

w 
vkSj

pK
a
 + pK

b
 = pK

w
A
  
bu ekuksa dks lehdj.k (6.41)  esa

j[kus ij bldk fuEufyf[kr :ikarj.k izkIr gksrk gS&

                         
w w a

+[ BH ]
p  – pH= p – p + log

[ B]
K K K

l;a qfXer vEy] 

{kkjd] 

vFkok

a

+[ BH ]
pH = p  + log

[ B]
K

l;a qfXer vEy] 

{kkjd] 
      (6.42)

;fn {kkjd vkSj blosQ la;qfXer vEy (/uk;u) dh
lkanzrk cjkcj gks rks cI+kQj foy;u dk pH {kkjd osQ
pK

a 
 osQ cjkcj gksxkA veksfu;k dk  pK

a 
eku 9.25 gksrk

gS] vr% 9.25 pH dk cI+kQj ,d leku lkanzrk okys
veksfu;k foy;u vkSj veksfu;e DyksjkbM foy;u ls
cuk;k tk ldrk gSA veksfu;e DyksjkbM vkSj veksfu;e
gkbMªkWDlkbM ls cus cI+kQj foy;u osQ fy, lehdj.k
(6.42)  dk Lo:i gksxk&

+
[ BH ]

pH = 9.25 + log
[ B]

l;a qfXer vEy] 

{kkjd] 

cI+kQj foy;u osQ pH ij ruqdj.k dk vlj ugha
iM+rk D;ksafd y?kqx.kd osQ varxZr vkus okyk in
vifjo£rr jgrk gSA

6-13 vYifoys; yo.kksa dh foys;rk
lkE;koLFkk

gesa Kkr gS fd ty esa vk;fud Bkslksa dh foys;rk esa
cgqr varj jgrk gSA buesa ls oqQN rks brus vf/d foys;
(tSls oSQfYl;e DyksjkbM) gSa fd os izÑfr esa vknzZrkxzkgh
gksrs gSa rFkk ok;qeaMy ls ty&ok"i 'kksf"kr dj ysrs gSaA
oqQN vU; (tSls yhfFk;e ÝyqvksjkbM) dh foys;rk
bruh de gS fd bUgsa lkekU; Hkk"kk esa ̂ vfoys;* dgrs gSaA
foys;rk dbZ ckrksa ij fuHkZj djrh gS] ftuesa ls eq[; gS]
yo.k dh tkyd Å"ek (Lattice Enthalpy) rFkk foy;u

esa vk;uksa dh foyk;d ,aFkSYih gSA ,d yo.k dks
foyk;d esa ?kksyus osQ fy, vk;uksa osQ eè; izcy
vkd"kZ.k cy (tkyd ,aFkSYih) ls vk;u&foyk;d vU;ksU;
fØ;k vf/d gksuh pkfg,A vk;uksa dh foyk;d ,aFkSYih
dks foyk;dh;u osQ :i esa fu:fir djrs gSa] tks lnSo
½.kkRed gksrh gSA vr% foyk;dh; izfØ;k esa ÅtkZ eqDr
gksrh gSA foyk;dh;u ÅtkZ dh ek=kk foyk;d dh izÑfr
ij fuHkZj gksrh gSA v/zqoh; (lgla;kstd) foyk;d esa
foyk;dh;u ,aFkSYih dh ek=kk de gksrh gS] tks yo.k dh
tkyd ÅtkZ dks ijkFko (Overcome) djus esa l{ke ugha
gSA ifj.kkeLo:i yo.k v/qzoh foyk;d esa ugha ?kqyrk gSA
;fn dksbZ yo.k ,d lkekU; fu;e ls ty esa ?kqy ldrk
gS] rks bldh foyk;dh;u ,aFkSYih yo.k dh tkyd
,aFkSYih ls vf/d gksuh pkfg,A izR;sd yo.k dh ,d
vfHkyk{k.kh; foys;rk gksrh gS] tks rki ij fuHkZj djrh
gSA izR;sd yo.k dh viuh fof'k"V foys;rk gksrh gSA ;g
rki ij fuHkZj djrh gSA ge bu yo.kksa dks budh foys;rk
osQ vk/kj ij rhu oxks± esa foHkkftr djrs gSaµ

oxZ I foys; foys;rk > 0.1 M

oxZ II oqQN de foys; 0.01 < foys;rk < 0.1 M

oxZ III vYi foys; foys;rk < 0.01 M

vc ge vU; foys; vk;fud yo.k rFkk blosQ
lar`Ir tyh; foy;u osQ chp lkE;koLFkk ij fopkj djsaxsA

6-13-1 foys;rk xq.kuiQy fLFkjkad

vkb,] csfj;e lYisQV ln`'k Bksl yo.k] tks blosQ lar`Ir
tyh; foy;u osQ laioZQ esa gS] ij fopkj djsaA v?kqfyr Bksl
rFkk blosQ lar`Ir foy;u osQ vk;u osQ eè; lkE;koLFkk dks
fuEufyf[kr lehdj.k }kjk izn£'kr fd;k tkrk gSµ

BaSO
4
(s)  Ba2+(aq) + SO

4
2–(aq),

lkE;koLFkk fLFkjkad fuEufyf[kr lehdj.k }kjk izn£'kr
fd;k tkrk gSµ

K = {[Ba2+][SO
4
2–]} / [BaSO

4
]

'kq¼ Bksl inkFkZ dh lkanzrk fLFkj gksrh gSA
vr% K

sp
 = K[BaSO

4
] = [Ba2+][SO

4
2–] (6.43)

K
sp
 dks ^foys;rk xq.kuiQy&fLFkjkad* ;k ^foys;rk

xq.kuiQy* dgrs gSaA mijksDr lehsdj.k esa K
sp
 dk izk;ksfxd

eku 298 K ij 1.1 × 10–10 gSA bldk vFkZ ;g gS fd
Bksl csfj;e lYisQV] tks vius lar`Ir foy;u osQ lkFk
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lkE;koLFkk esa gS] osQ fy, csfj;e rFkk lYisQV vk;uksa dh
lkanzrkvksa dk xq.kuiQy blosQ foys;rk&xq.kuiQy fLFkjkad
osQ rqY; gksrk gSA bu nksuksa vk;uksa dh lkanzrk csfj;e lYisQV
dh eksyj&foys;rk osQ cjkcj gksxhA ;fn eksyj foys;rk
'S' gks] rks

1.1 × 10–10 = (S)(S) = S2  ;k S = 1.05 × 10–5

bl izdkj csfj;e lYisQV dh eksyj&foys;rk
1.05 × 10–5 mol L–1 gksxhA

dksbZ yo.k fo;kstu osQ iQyLo:i fHkÂ&fHkÂ vkos'kksa
okys nks ;k nks ls vf/d ½.kk;u ;k /uk;u ns ldrk gSA
mnkgj.k osQ fy,µ vkb,] ge ftdkZsfu;e iQkWLisQV (Zr4+)

3

(PO
4

3–)
4
 ln`'k yo.k ij fopkj djsa] tks pkj /ukos'kokys

rhu ftdkZsfu;e vk;uksa ,oa rhu ½.k vkos'kokys 4 iQkLisQV
½.kk;uksa esa fo;ksftr gksrk gSA ;fn ftdkZsfu;e iQkLisQV dh
eksyj&foys;rk 'S' gks] rks bl ;kSfxd osQ jllehdj.kferh;
vuqikr osQ vuqlkj

[Zr4+] = 3S rFkk [PO
4
3–] = 4S gksaxsA

vr% K
sp

 = (3S)3 (4S)4 = 6912 (S)7

;k S = {K
sp

 / (33 × 44)}1/7 = (K
sp

 / 6912)1/7

;fn fdlh Bksl yo.k] ftldk lkekU; lw=k p q
x yM X

+ −

gks] tks vius lar`Ir foy;u osQ lkFk lkE;koLFkk esa gks rFkk
ftldh eksyj&foys;rk 'S' gh] dks fuEufyf[kr lehdj.k
}kjk O;Dr fd;k tk ldrk gSµ

M
x
X

y
(s) l xMp+(aq) + yXq– (aq)

(;gk¡ x × p+ = y × q–)

rFkk bldk foys;rk&xq.kuiQy fLFkjkad fuEufyf[kr
lehdj.k }kjk O;Dr fd;k tkrk gSµ

K
sp

= [Mp+]x[Xq– ]y = (xS)x(yS)y (6.44)

= xx . yy . S(x + y)

S(x + y) = K
sp

 / xx . yy

blfy, S = (K
sp

 / xx . yy)1 / x + y (6.45)

lehdj.k esa tc ,d ;k vf/d Lih'kh”k dh lkanzrk
mudh lkE;koLFkk lkanzrk ugha gksrh gS] rc K

sp
 dks Q

sp
 ls

O;Dr fd;k tkrk gS (ns[ksa bdkbZ 7-6-2)A Li"V gS fd
lkE;koLFkk ij K

sp
= Q

sp
 gksrk gS] ̄drq vU; ifjfLFkfr;ksa esa

;g vo{ksi.k ;k foy;u (Dissolution) izfØ;kvksa dk
laosQr nsrk gSA lkj.kh 6.9 esa 298 K ij oqQN lkekU; yo.kksa
osQ foys;rk&xq.kuiQy fLFkjkadksa osQ eku fn, x, gSaA

lkj.kh 6-9  298K ij oqQN lkekU; vk;fud yo.kksa osQ
foys;rk&xq.kuiQy fLFkjkad K

sp
 osQ eku
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6-13-2 vk;fud yo.kksa dh foys;rk ij le vk;u
izHkko

yk&'kkrfy, fl¼kar osQ vuqlkj] ;g vk'kk dh tkrh gS fd ;fn
fdlh yo.k foy;u esa fdlh ,d vk;u dh lkanzrk c<+kus ij
vk;u vius foijhr vkos'k osQ vk;u osQ lkFk la;ksx djsxk rFkk
foy;u ls oqQN yo.k rc rd vo{ksfir gksxk] tc rd ,d ckj
iqu% K

sp
 = Q

sp
 u gks tk,A ;fn fdlh vk;u dh lkanzrk ?kVk nh

tk,] rks oqQN vkSj yo.k ?kqydj nksuksa vk;uksa dh lkanzrk c<+k nsaxs]
rkfd fiQj K

sp 
= Q

sp
 gks tk,A ;g foys; yo.kksa osQ fy, Hkh ykxw

gSa] flok; blosQ fd vk;uksa dh mPp lkanzrk osQ dkj.k Q
sp
 O;atd

esa eksyjrk osQ LFkku ij ge lfØ;rk (activities) dk iz;ksx
djrs gSaA bl izdkj lksfM;e DyksjkbM osQ lar`Ir foy;u esa HCI

osQ fo;kstu ls izkIr DyksjkbM vk;u dh lkanzrk (lfØ;rk) c<+
tkus osQ dkj.k lksfM;e DyksjkbM dk vo{ksi.k gks tkrk gSA bl
fof/ ls izkIr lksfM;e DyksjkbM cgqr gh 'kq¼ gksrk gSA bl izdkj
ge lksfM;e vFkok eSXuhf'k;e lYisQV tSlh v'kqf¼;k¡ nwj dj
ysrs gSaA HkkjkRed fo'ys"k.k esa fdlh vk;u dks cgqr de foys;rk
okys mlosQ vYi foys; yo.k osQ :i esa iw.kZ:is.k vo{ksfir
djus esa Hkh le vk;u izHkko dk iz;ksx fd;k tkrk gSA bl izdkj
ge HkkjkRed fo'ys"k.k esa flYoj vk;u dk vo{ksi.k flYoj
DyksjkbM osQ #i esa] isQfjd vEy dk vo{ksi.k isQfjd gkbMªkWDlkbM
osQ #i esa rFkk vo{ksi.k csfj;e vk;u dk csfj;e lYisQV osQ :i
esa dj ldrs gSaA

nqcZy vEy osQ yo.kksa dh foys;rk de pH ij c<+rh
gS] D;ksafd de pH ij ½.kk;u dh lkanzrk blosQ
çkssVkWuhdj.k osQ dkj.k ?kVrh gS] tks yo.k dh foys;rk
dks c<+k nsrk gSA blls K

sp
 = Q

sp 
gesa nks lkE;ksa dks ,d

lkFk larq"V djuk gksrk gS] vFkkZr~~ K
sp

 = [M+] [X–],

HX (aq) l H+ (aq) + X– (aq);

( ) ( )
( )a

H aq X aq

HX aq

+ −      =
  

K

[X –] / [HX] = K
a
 / [H+]

nksuksa rjiQ dk O;qRØe ysdj 1 tksM+us ij gesa izkIr
gksxk

[ ] a

a

HX X H

X

K

K

− +

−

   + +   =
  

iqu% O;qRØe ysus ij gesa izkIr gksxk [X–] / {[X–] +

[HX]} = f = K
a
 / (K

a
 + [H+])A ;g ns[kk tk ldrk gS

fd pH osQ ?kVus ij 'f' Hkh ?kVrk gSA ;fn nh xbZ pH

ij yo.k dh foys;rk S gks] rks

K
sp

 = [S] [f S] = S2 {K
a
 / (K

a
 + [H+])} ,oa

S = {K
sp 

([H+] + K
a
 ) / K

a
 }1/2  (6.46)

vr% S, [H+] osQ c<+us ;k pH osQ ?kVus ij foys;rk
c<+rh gSA

mnkgj.k 6-26

;g ekurs gq, fd fdlh Hkh izdkj osQ vk;u ty ls
vfHkfØ;k ugha djrs] 'kq¼ ty esa A2X3 dh foys;rk
dh x.kuk dhft,A A2X3 dk foys;rk xq.kuiQy Ksp

= 1.1 × 10
–23 gSA

gy
A2X3 → 2A

3+
 + 3X

2–

Ksp = [A
3+

]
2
 [X

2–
]
3
 = 1.1 × 10

–23

;fn S = A2X3, dh foys;rk] rks
[A

3+
] = 2S;  [X

2–
] = 3S

bl izdkj Ksp = (2S)
2
(3S)

3
 = 108S

5

= 1.1 × 10
–23

vr% S
5
 = 1 × 10

–25

S = 1.0 × 10
–5

 mol/L.

mnkgj.k 6-27

nks vYi foys; yo.kksa Ni (OH)2 ,oa AgCN osQ
foys;rk&xq.kuiQy osQ eku Øe'k% 2.0 × 10

–15 ,oa 6
× 10

–17 gSaA dkSu lk yo.k vf/d foys; gS\

gy
AgCN l Ag

+
 + CN

–

Ksp =  [Ag
+
][CN

–
] = 6 × 10

–17

Ni(OH)2 l Ni
2+

 + 2OH
–

Ksp = [Ni
2+

][OH
–
]
2
 = 2 × 10

–15

;fn [Ag
+
] = S1, rks [CN

-
] = S1

;fn [Ni
2+

] = S2, rks [OH
–
] = 2S2

S1

2
 = 6 × 10

–17
 , S1 = 7.8 × 10

–9

(S2)(2S2)
2
 = 2 × 10

–15
, S2 = 0.58 × 10

–4

AgCN ls Ni(OH)2 dh foys;rk vf/d gSA
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mnkgj.k 6-28

0.10 M NaOH esa Ni (OH)2 dh eksyj foys;rk dh
x.kuk dhft,A Ni (OH)2 dk vk;fud xq.kuiQy
2.0 ×10

–15 gSA
gy
ekuk fd Ni (OH)2 dh foys;rk S mol L

–1 osQ foys;
gksus ls Ni

2+ osQ (S) eksy ,oa OH
– osQ 2S mol L

–1

eksy fyVj curs gSa] ysfdu OH
– dh oqQy lkanzrk OH

–

(0.10 + 2S) mol L
–1 gksxh] D;ksafd foy;u esa igys ls

gh NaOH ls izkIr 0.10 mol L
–1 mifLFkr gSA

Ksp = 2.0 × 10
–15

 = [Ni
2+

] [OH
–
]
2
 = (S) (0.10 +2S)

2

pw¡fd Ksp dk eku de gSA 2S << 0.10 vr% (0.10 +

2S) ≈ 0.10

vFkkZr~~  2.0 × 10
–15

 = S (0.10)
2

  
S = 2.0 × 10

–13
 M = [Ni

2+
]

lkjka'k

;fn nzo ls fudyusokys v.kqvksa dh la[;k ok"i ls nzo esa ykSVusokys v.kqvksa dh la[;k osQ cjkcj gks] rks lkE; LFkkfir
gks tkrk gSA ;g xfr'khy izo`Qfr dk gksrk gSA lkE;koLFkk HkkSfrd ,oa jklk;fud] nksuksa izØeksa }kjk LFkkfir gks ldrh gSA
bl voLFkk esa vxz ,oa i'p vfHkfØ;k dh nj leku gksrh gSA mRiknksa dh lkanzrk dks vfHkdkjdksa dh lkanzrk ls Hkkx nsus
ij ge izR;sd in dks jllehdj.kferh; fLFkjkad osQ ?kkr osQ :i esa lkE; fLFkjkad K

c
 dks O;Dr djrs gSaA

vfHkfØ;k a A + b B l c C +d D osQ fy, K
c
 = [C]

c
[D]

d
/[A]

a
[B]

b

fu;r rki ij lkE;koLFkk fLFkjkad dk eku fu;r jgrk gSA bl voLFkk esa lHkh LFkwy xq.k tSls lkanzrk] nkc vkfn
fLFkj jgrs gSaA xSlh; vfHkfØ;k osQ fy, lkE;koLFkk fLFkjkad dks K

p
 ls O;Dr djrs gSaA blesa lkE;koLFkk fLFkjkad in esa

lkanzrk osQ LFkku ij ge vkaf'kd nkc fy[krs gSaA vfHkfØ;k dh fn'kk dk vuqeku vfHkfØ;k HkkxiQy Q
c
 ls yxk;k tkrk

gS] tks lkE;koLFkk ij K
c
 osQ cjkcj gksrk gSA ̂ yk&'kkrsyh, fl¼kar*] osQ vuqlkj rki] nkc] lkanzrk vkfn dkjdksa esa ls fdlh

,d esa ifjorZu osQ dkj.k lkE;koLFkk mlh fn'kk esa foLFkkfir gksrh gS] tks ifjorZu osQ izHkko dks de ;k u"V dj losaQ
mldk mi;ksx fofHkUu dkjdksa tSls rki] lkanzrk] nkc] mRizsjd vkSj vfØ; xSlksa osQ lkE; dh fn'kk ij izHkko osQ vè;;u
esa fd;k tkrk gS rFkk mRikn dh ek=kk dk fu;a=k.k bu dkjdksa dks fu;af=kr djosQ fd;k tk ldrk gSA vfHkfØ;k feJ.k
osQ lkE;koLFkk laxBu dks mRizsjd izHkkfor ugha djrk] ¯drq vfHkfØ;k dh xfr dks u, fuEu ÅtkZ&iFk esa vfHkdkjd
ls mRikn rFkk foykser% mRikn ls vfHkdkjd esa cnydj c<+krk gSA

os lHkh inkFkZ] tks tyh; foy;u esa fo|qr~ dk pkyu djrs gSa] ^fo|qr~ vi?kV~;* dgykrs gSaA vEy] {kkjd rFkk
yo.k ̂ fo|qr~ vi?kV~;* gSaA ;s tyh; foy;u esa fo;kstu ;k vk;uu }kjk /uk;u ,oa ½.kk;u osQ mRiknu osQ dkj.k fo|qr~
dk pkyu djrs gSaA izcy fo|qr~ vi?kV~; iw.kZr% fo;ksftr gks tkrs gSaA nqcZy fo|qr~ vi?kV~; esa vk;fur ,oa vuk;fur
v.kqvksa osQ eè; lkE; gksrk gSA vkjsfu;l osQ vuqlkj] tyh; foy;u esa vEy] gkbMªkstu vk;u rFkk {kkjd] gkbMªkWfDly
vk;u nsrs gSaA laxr la;qXeh vEy nsrk gSA nwljh vksj czkUlVsM&yksjh us vEy dks izksVkWunkrk osQ di esa ,oa {kkjd izksVkWuxzkgh
osQ di esa ifjHkkf"kr fd;kA tc ,d czkULVsM&yksjh vEy ,d {kkjd ls vfHkfØ;k djrk gS] rc ;g bldk laxr la;qXeh
{kkjd ,oa fØ;k djus okys {kkjd osQ laxr la;qXeh vEy dks cukrk gSA bl izdkj la;qXeh vEy&{kkj esa osQoy ,d izksVkWu
dk varj gksrk gSA vkxs] ywbl us vEy dks lkekU; :i esa bysDVªkWu ;qXexzkgh ,oa {kkjd dks bysDVªkWu ;qXenkrk osQ :i
esa ifjHkkf"kr fd;kA vkjsfu;l dh ifjHkk"kk osQ vuqlkj] nqcZy vEy osQ fo;kstu osQ fy, fLFkjkad (K

a
) rFkk nqcZy {kkj osQ

fo;kstu osQ fy, fLFkjkad (K
b
) osQ O;atd dks fodflr fd;k x;kA vk;uu dh ek=kk ,oa mldh lkanzrk ij fuHkZjrk rFkk

le vk;u dk foospu fd;k x;k gSA gkbMªkstu vk;u dh lkanzrk (lfØ;rk) osQ fy, pH ekiØe (pH = -log[H+])

izLrqr fd;k x;k gSA rFkk mls vU; jkf'k;ksa osQ fy, foLrkfjr fd;k (pOH = – log[OH–]) ; pK
a 
= –log[K

a
] ; pK

b
 =

–log[K
b 
rFkk pK

w
 = –log[K

w
] vkfn) x;k gSA ty osQ vk;uu dk vè;;u djus ij ge ns[krs gSa fd lehdj.k pH +

pOH = pK
w 
ges'kk larq"V gksrh gSA izcy vEy ,oa nqcZy {kkj] nqcZy vEy ,oa izcy {kkj vkSj nqcZy vEy ,oa nqcZy

{kkj osQ yo.kksa dk tyh; foy;u esa ty&vi?kVu gksrk gSA ciQj foy;u dh ifjHkk"kk rFkk mlosQ egÙo dk laf{kIr o.kZu
fd;k x;k gSA vYi foys; yo.kksa osQ foys;rk lacaèkh lkE;ksa dk o.kZu ,oa foys;rk xq.kkad fLFkjkad (K

sp
) dh O;qRifÙk djrs

gSaA bldk laca/ yo.kksa dh foys;rk ls LFkkfir fd;k x;kA foy;u ls yo.k osQ vo{ksi.k ;k mlosQ ty esa foys;rk dh 'krks±
dk fu/kZj.k fd;k x;k gSA le vk;u ,oa vYi foys; yo.kksa dh foy;srk osQ egÙo dh Hkh foospuk dh xbZ gSA
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vH;kl

6-1 ,d nzo dks lhycan ik=k esa fuf'pr rki ij blosQ ok"i osQ lkFk lkE; esa j[kk tkrk gSA ik=k dk

vk;ru vpkud c<+k fn;k tkrk gSA

(d) ok"i&nkc ifjorZu dk izkjafHkd ifj.kke D;k gksxk\

([k) izkjaHk esa ok"iu ,oa la?kuu dh nj osQls cnyrh gS\

(x) D;k gksxk] tc fd lkE; iqu% vafre :i ls LFkkfir gks tk,xk rc vafre ok"i nkc D;k gksxk\

6-2 fuEu lkE; osQ fy, K
c
 D;k gksxk] ;fn lkE; ij izR;sd inkFkZ dh lkanzrk,¡ gSa [SO

2
]= 0.60M,

[O
2
] = 0.82M ,oa [SO

3
] = 1.90M

2SO
2
(g) + O

2
(g) � 2SO

3
(g)

6-3 ,d fuf'pr rki ,oa oqQy nkc 105 Pa ij vk;ksMhu ok"i esa vk;rukuqlkj 40% vk;ksMhu
ijek.kq gksrs gSaA

I
2
 (g) �  2I (g)

lkE; osQ fy, Kp dh x.kuk dhft,A

6-4 fuEufyf[kr esa ls izR;sd vfHkfØ;k osQ fy, lkE; fLFkjkad Kc dk O;atd fyf[k,µ

(i) 2NOCl (g) �  2NO (g) + Cl
2
 (g)

(ii) 2Cu(NO
3
)
2
 (s) �  2CuO (s) + 4NO

2
 (g) + O

2 
(g)

(iii) CH
3
COOC

2
H

5
(aq) + H

2
O(l) � CH

3
COOH (aq) + C

2
H

5
OH (aq)

(iv) Fe3+ (aq) + 3OH– (aq) �  Fe(OH)
3 
(s)

(v) I
2
 (s) + 5F

2
 �  2IF

5

6-5 K
p 
osQ eku ls fuEufyf[kr esa ls izR;sd lkE; osQ fy, K

c 
dk eku Kkr dhft,µ

(i) 2NOCl (g) �  2NO (g) + Cl
2
 (g);  K

p
= 1.8 × 10–2 at 500 K

(ii) CaCO
3
 (s) �  CaO(s) + CO

2
(g);  K

p
= 167 at 1073 K

fo|k£Fk;ksa osQ fy, bl ,dd ls lacaf/r funsZf'kr fØ;k,¡

(d) fo|kFkhZ fofHk=k rktk iQyksa ,oa lfCt;ksa osQ jlksa] e`nq is;] 'kjhj inkFkks± nzoksa ,oa miyC/ ty osQ uewuksa
dk pH Kkr djus osQ fy, pH isij dk mi;ksx dj ldrs gSaA

([k) pH isij dk mi;ksx fofHkUu yo.kksa dk foy;u dh pH Kkr djus esa Hkh fd;k tk ldrk gSA og ;g
irk dj ldrk@ldrh gS fd ;s izcy@nqcZy vEyksa ;k {kkjksa ls cuk, x, gSaA

(x) os lksfM;e ,lhVsV ,oa ,lhfVd vEy dks fefJr dj oqQN ciQj foy;u cuk ldrs gSa ,oa pH isij
dk mi;ksx dj mudk pH Kkr dj ldrs gSaA

(?k) mUgsa fofHk=k pH osQ foy;uksa esa fofHk=k jax izsf{kr djus osQ fy, lwpd fn, tk ldrs gSaA
(Ä) lwpdksa dk mi;ksx dj oqQN vEy {kkj vuqekiu dj ldrs gSaA
(p) os vYi foys; yo.kksa dh foys;rk ij le vk;u izHkko dks ns[k ldrs gSaA
(N) ;fn fo|ky; esa pH ehVj miyC/ gks] rks os blls pH eki dj mldh pH isij ls izkIr ifj.kkeksa ls

rqyuk dj ldrs gSaA
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6-6 lkE; NO (g) + O
3
 (g) � NO

2
 (g) + O

2
 (g) osQ fy, 1000K ij K

c
 = 6.3 × 1014 gSA

lkE; esa vxz ,oa izrhi nksuksa vfHkfØ;k,¡ izkFkfed :i ls f}v.kqd gSaA izrhi vfHkfØ;k osQ fy,
K

c
 D;k gS\

6-7 lkE; fLFkjkad dk O;atd fy[krs le; le>kb, fd 'kq¼ nzoksa ,oa Bkslksa dks misf{kr D;ksa fd;k tk
ldrk gS\

6-8 N
2 
,oa O

2–
 osQ eè; fuEufyf[kr vfHkfØ;k gksrh gSµ

2N
2
 (g) + O

2
 (g)  �   2N

2
O (g)

;fn ,d 10L osQ ik=k esa 0.482 eksy N
2 
,oa 0.933 eksy  O

2 
j[ksa tk,¡ rFkk ,d rki] ftlij

N
2
O

 
cuus fn;k tk, rks lkE; feJ.k dk la?kVu Kkr dhft, K

c
= 2.0 × 10–37A

6-9 fuEufyf[kr vfHkfØ;k osQ vuqlkj ukbfVªd vkWDlkbM Br
2 
ls vfHkfØ;k dj ukbVªksfly czksekbM

cukrh gSµ

2NO (g) + Br
2
 (g) �  2NOBr (g)

tc fLFkj rki ij ,d can ik=k esa 0.087 eksy NO ,oa 0.0437 eksy Br
2
 fefJr fd, tkrs

gSa] rc 0.0518 eksy NOBr izkIr gksrh gSA NO ,oa Br
2
 dh lkE; ek=kk Kkr dhft,A

6-10 lkE; 2SO
2
(g) + O

2
(g) � 2SO

3
 (g) osQ fy, 450K ij K

p
= 2.0 × 1010 bar gSA bl rki

ij K
c 
dk eku Kkr dhft,A

6-11 HI(g) dk ,d uewuk 0.2 atm nkc ij ,d ÝykLd esa j[kk tkrk gSA lkE; ij HI(g) dk vkaf'kd
nkc 0.04 atm gSA ;gk¡ fn, x, lkE; osQ fy, Kp dk eku D;k gksxk\

2HI (g) �  H
2
 (g) + I

2
 (g)

6-12 500K rki ij ,d 20L ik=k esa N
2
 osQ 1.57 eksy] H

2
 osQ 1.92 eksy ,oa NH

3
 osQ 8.13 eksy

dk feJ.k fy;k tkrk gSA vfHkfØ;k N
2
 (g) + 3H

2
 (g)� 2NH

3 
(g) osQ fy, K

c
 dk eku

1.7 × 102 gSA D;k vfHkfØ;k&feJ.k lkE; esa gS\ ;fn ugha] rks usV vfHkfØ;k dh fn'kk D;k gksxh\

6-13 ,d xSl vfHkfØ;k osQ fy,

[ ] [ ]
[ ] [ ]

4 5

3 2

4 6

2

NH O

NO H O
=cK  gS] rks

bl O;atd osQ fy, larqfyr jklk;fud lehdj.k fyf[k,A

6-14 H
2
O dk ,d eksy ,oa CO dk ,d eksy 725 K rki ij 10L osQ ik=k esa fy, tkrs gSaA lkE;

ij 40% ty (HkkjkRed) CO osQ lkFk fuEufyf[kr lehdj.k osQ vuqlkj vfHkfØ;k djrk gSµ

H
2
O (g) + CO (g) �  H

2
 (g) + CO

2
 (g)

vfHkfØ;k osQ fy, lkE; fLFkjkad dh x.kuk dhft,A

6-15 700K rki ij vfHkfØ;k H
2
 (g) + I

2
 (g) �  2HI (g) osQ fy, lkE; fLFkjkad 54.8 gSA ;fn

geus 'kq: esa HI(g) fy;k gks] 700K rki lkE; LFkkfir gks] rFkk lkE; ij 0.5 mol L–1 HI(g)

mifLFkr gks] rks lkE; ij H
2
(g) ,oa I

2
(g) dh lkanzrk,¡ D;k gkasxh\

6-16 ICI, ftldh lkanzrk izkjaEHk esa 0.78 M gS] dks ;fn lkE; ij vkus fn;k tk,] rks izR;sd dh lkE;
ij lkanzrk,¡ D;k gkasxh\

2ICl (g)  �  I
2
 (g) + Cl

2
 (g);   K

c 
= 0.14

6-17 uhps n'kkZ, x, lkE; esa 899 K ij K
P
 dk eku 0.04 atm gSA C

2
H

6 
dh lkE; ij lkanzrk D;k
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gksxh ;fn 4.0 atm nkc ij C
2
H

6 
dks ,d ÝykLd esa j[kk x;k gS ,oa lkE;koLFkk ij vkus fn;k

tkrk gS\

C
2
H

6
 (g) �  C

2
H

4
 (g) + H

2
 (g)

6-18 ,FksukWy ,oa ,slhfVd vEy dh vfHkfØ;k ls ,fFky ,slhVsV cuk;k tkrk gS ,oa lkE; dks bl izdkj
n'kkZ;k tk ldrk gSµ

CH
3
COOH (l) + C

2
H

5
OH (l) � CH

3
COOC

2
H

5
 (l) + H

2
O (l)

(i) bl vfHkfØ;k osQ fy, lkanzrk vuqikr (vfHkfØ;k&HkkxiQy) Qc fyf[k, (fVIi.kh % ;gk¡
ij ty vkf/D; esa ugha gSa ,oa foyk;d Hkh ugha gS)

(ii) ;fn 293K ij 1.00 eksy ,slhfVd vEy ,oa 0.18 eksy ,FksukWy izkjaHk esa fy;s tk,a rks
vafre lkE; feJ.k esa 0.171 eksy ,fFky ,slhVsV gSA lkE; fLFkjkad dh x.kuk dhft,A

(iii) 0.5 eksy ,FksukWy ,oa 1.0 eksy ,slhfVd vEy ls izkjaHk djrs gq, 293K rki ij oqQN
le; i'pkr~ ,fFky ,slhVsV osQ 0.214 eksy ik, x, rks D;k lkE; LFkkfir gks x;k\

6-19 437K rki ij fuokZr esa PCl
5 
dk ,d uewuk ,d ÝykLd esa fy;k x;kA lkE; LFkkfir gksus ij

PCl
5 
dh lkanzrk 0.5 × 10–1 mol L–1 ikbZ xbZ] ;fn K

c
 dk eku 8.3 × 10–3 gS] rks lkE; ij

PCl
3 
,oa Cl

2 
dh lkanzrk,a D;k gksaxh\

PCl
5
 (g) �  PCl

3 
(g) + Cl

2
(g)

6-20 yksg v;Ld ls LVhy cukrs le; tks vfHkfØ;k gksrh gS] og vk;ju (II) vkWDlkbM dk dkcZu
eksuksDlkbM osQ }kjk vip;u gS ,oa blls /kfRod yksg ,oa CO

2
 feyrs gSaA

FeO (s) + CO (g) �  Fe (s) + CO
2
 (g);  Kp = 0.265 atm at 1050K

1050K ij CO ,oa CO
2
 osQ lkE; ij vkaf'kd nkc D;k gksaxs] ;fn muosQ izkjafHkd vkaf'kd

nkc gSaµ

p
CO

= 1.4 atm ,oa 
2COp  = 0.80 atm

6-21 vfHkfØ;k N
2
 (g) + 3H

2
 (g) �  2NH

3
 (g) osQ fy, (500 K ij) lkE; fLFkjkad Kc =

0.061 gSA ,d fo'ks"k le; ij feJ.k dk la?kVu bl izdkj gSµ

3.0 mol L–1 N
2
, 2.0 mol L–1 H

2 
,oa 0.5 mol L–1 NH

3
 D;k vfHkfØ;k lkE; esa gS\ ;fn

ugha] rks lkE; LFkkfir djus osQ fy, vfHkfØ;k fdl fn'kk esa vxzlj gksxh\

6-22 czksehu eksuksDyksjkbM BrCl fo?kfVr gksdj czksehu ,oa Dyksjhu nsrk gS rFkk lkE; LFkkfir gksrk gS%

2BrCl (g) �  Br
2
 (g) + Cl

2
 (g)

blosQ fy, 500K ij K
c
= 32 gSA ;fn izkjaHk esa BrCl dh lkanzrk 3.3 × 10–3 mol L–1 gks] rks

lkE; ij feJ.k esa bldh lkanzrk D;k gksxh\

6-23 1127K ,oa 1 atm nkc ij CO rFkk CO
2
 osQ xSlh; feJ.k esa lkE;koLFkk ij Bksl dkcZu esa

90.55% (HkkjkRed) CO gSA

C (s) + CO
2
 (g) �  2CO (g)

mijksDr rki ij vfHkfØ;k osQ fy, K
c
 osQ eku dh x.kuk dhft,A

6-24 298K ij NO ,oa O
2
 ls NO

2
 curh gSµ

NO (g) + ½ O
2
 (g) �  NO

2 
(g)

vfHkfØ;k osQ fy, (d) ∆G0 ,oa ([k) lkE; fLFkjkad dh x.kuk dhft,µ
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∆
f
G0 (NO

2
) = 52.0 kJ/mol

∆
f
G0 (NO) = 87.0 kJ/mol

∆
f
G0 (O

2
) = 0 kJ/mol

6-25 fuEufyf[kr esa ls izR;sd lkE; esa tc vk;ru c<+kdj nkc de fd;k tkrk gS] rc crykb, fd
vfHkfØ;k osQ mRiknksa osQ eksyksa dh la[;k c<+rh gS ;k ?kVrh gS ;k leku jgrh gS\

(d) PCl
5
 (g) �  PCl

3
 (g) + Cl

2
 (g)

([k) CaO (s) + CO
2
 (g) �  CaCO

3
 (s)

(x) 3Fe (s) + 4H
2
O (g) �  Fe

3
O

4
 (s) + 4H

2
 (g)

6-26 fuEufyf[kr esa ls nkc c<+kus ij dkSu&dkSu lh vfHkfØ;k,¡ izHkkfor gksxh\ ;g Hkh crk,¡ fd nkc
ifjorZu djus ij vfHkfØ;k vxz ;k izrhi fn'kk esa xfreku gksxh\

(i) COCl
2
 (g) � CO (g) + Cl

2
 (g)

(ii) CH
4
 (g) + 2S

2
 (g) � CS

2
 (g) + 2H

2
S (g)

(iii) CO
2
 (g) + C (s) �  2CO (g)

(iv) 2H
2
 (g) + CO (g) �  CH

3
OH (g)

(v) CaCO
3
 (s) � CaO (s) + CO

2
 (g)

(vi) 4 NH
3
 (g) + 5O

2
 (g) �  4NO (g)  +  6H

2
O(g)

6-27 fuEufyf[kr vfHkfØ;k osQ fy, 1024K ij lkE; fLFkjkad 1.6 × 105 gSA

H
2
(g) + Br

2
(g) �  2HBr(g)

;fn HBr osQ 10.0 bar lhy;qDr ik=k esa Mkys tk,¡] rks lHkh xSlksa osQ 1024K ij lkE; nkc
Kkr dhft,A

6-28 fuEufyf[kr Å"ek'kks"kh vfHkfØ;k osQ vuqlkj vkWDlhdj.k }kjk MkbgkbMªkstu xSl izko`Qfrd xSl ls
izkIr dh tkrh gSµ

CH
4
 (g) + H

2
O (g) �  CO (g) + 3H

2
 (g)

(d) mijksDr vfHkfØ;k osQ fy, K
p
 dk O;atd fyf[k,A

([k) K
p
 ,oa vfHkfØ;k feJ.k dk lkE; ij la?kVu fdl izdkj izHkkfor gksxk] ;fnA

(i) nkc c<+k fn;k tk,

(ii) rki c<+k fn;k tk,

(iii) mRizsjd iz;qDr fd;k tk,

6-29 lkE; 2H
2
(g) + CO (g) � CH

3
OH (g) ij izHkko crkb,µ

(d) H
2
 feykus ij

([k) CH
3
OH feykus ij

(x) CO gVkus ij

(?k) CH
3
OH gVkus ij

6-30 473K ij iQkWLiQksjl isaVkDyksjkbM PCl
5 
osQ fo?kVu osQ fy, Kc dk eku 8.3 ×10-3 gSA ;fn fo?kVu

bl izdkj n'kkZ;k tk,] rks PCl
5
 (g) �  PCl

3
 (g) + Cl

2
 (g)   ∆

r
H0 = 124.0 kJ mol–1
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(d) vfHkfØ;k osQ fy, K
c 
dk O;atd fyf[k,A

([k) izrhi vfHkfØ;k osQ fy, leku rki ij K
c 
dk eku D;k gksxk\

(x) ;fn (i) vkSj vf/d PCl
5
 feyk;k tk,]  (ii) nkc c<+k;k tk, rFkk (iii) rki c<+k;k

tk,] rks K
c 
ij D;k izHkko gksxk\

6-31 gkcj fof/ esa iz;qDr gkbMªkstu dks izko`Qfrd xSl ls izkIr esFkSu dks mPp rki dh Hkki ls fØ;k
dj cuk;k tkrk gSA nks inksaokyh vfHkfØ;k esa izFke in esa CO ,oa H

2
 curh gSaA nwljs in esa izFke

in esa cuus okyh CO vkSj vf/d Hkki ls vfHkfØ;k djrh gSA

CO (g) + H
2
O (g) �  CO

2
 (g) + H

2
 (g)

;fn 400°C ij vfHkfØ;k ik=k esa CO ,oa Hkki dk leeksyj feJ.k bl izdkj fy;k tk, fd

2CO H O 4.0 bar= =p p , H
2
 dk lkE;koLFkk ij vkaf'kd nkc D;k gksxk\ 400°C ij K

p
= 10.1

6-32 crkb, fd fuEufyf[kr esa ls fdl vfHkfØ;k esa vfHkdkjdksa ,oa mRiknksa dh lkanzrk lqizs{; gksxhµ

(d) Cl
2
 (g) �  2Cl (g) K

c
 = 5 ×10–39

([k) Cl
2
 (g) + 2NO (g) �  2NOCl (g) Kc = 3.7 × 108

(x) Cl
2
 (g) + 2NO

2
 (g) �  2NO

2
Cl (g) Kc = 1.8

6-33 25°C ij vfHkfØ;k 3O
2
 (g) �  2O

3
 (g) osQ fy, K

c 
dk eku 2.0 ×10–50 gSA ;fn ok;q esa

25°C rki ij O
2 
dh  lkE;koLFkk lkanzrk 1.6 ×10–2 gS] rks O

3 
dh lkanzrk D;k gksxh\

6-34 CO(g) + 3H
2
(g) �  CH

4
(g) + H

2
O(g) vfHkfØ;k ,d fyVj ÝykLd esa 1300K ij

lkE;koLFkk esa gSA blesa CO osQ 0.3 eksy] H
2
 osQ 0.01 eksy] H

2
O osQ 0.02 eksy ,oa CH

4
 dh

vKkr ek=kk gSA fn, x, rki ij vfHkfØ;k osQ fy, K
c
 dk eku 3.90 gSA feJ.k esa CH

4
 dh ek=kk

Kkr dhft,A

6-35 la;qXeh vEy&{kkj ;qXe dk D;k vFkZ gS\ fuEufyf[kr Lih'kh”k osQ fy, la;qXeh vEy@{kkj crkb,µ

HNO
2
, CN–, HClO

4, 
F –, OH–, 2–

3CO  ,oa S2–

6-36 fuEufyf[kr esa ls dkSu ls ywbl vEy gS\

H
2
O, BF

3
, H+ ,oa NH

4
+

6-37 fuEufyf[kr czULVsnvEyksa osQ fy, la;qXeh {kkjdksa osQ lw=k fyf[k,µ

HF, H
2
SO

4 
,oa HCO

—

3

6-38 czULVsn{kkjdksa NH–
2
, NH

3 
rFkk HCOO– osQ la;qXeh vEy fyf[k,µ

6-39 Lih'kh”k H
2
O, HCO

3
–, HSO

4
– rFkk NH

3
 czULVsnvEy rFkk {kkjdµnksuksa dh Hkk¡fr O;ogkj djrs

gSaA izR;sd osQ la;qXeh vEy rFkk {kkjd crkb,A

6-40 fuEufyf[kr Lih'kh”k dks ywbl vEy rFkk {kkjd esa oxhZo`Qr dhft, rFkk crkb, fd ;s fdl izdkj
yqbZ vEy&{kkjd osQ leku dk;Z djrs gSµ (d) OH– ([k) F– (x) H+ (?k) BCl

3

6-41 ,d e`nq is; osQ uewus esa gkbMªkstu vk;u dh lkanzrk 3.8 × 10–3 M gSA mldh pH ifjdfyr
dhft,A

6-42 fljosQ osQ ,d uewus dh pH, 3.76 gS] blesa gkbMªkstu vk;u dh lkanzrk Kkr dhft,A

6-43 HF, HCOOH rFkk HCN dk 298K ij vk;uu fLFkjkad Øe'k% 6.8 × 10–4, 1.8 × 10–4 rFkk
4.8 × 10–9 gSA buosQ laxr la;qXeh {kkjdksa osQ vk;uu fLFkjkad Kkr dhft,A
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6-44 iQhukWy dk vk;uu fLFkjkad 1.0 × 10–10 gSA 0.05M iQhukWy osQ foy;u esa iQhukWysV vk;u dh
lkanzrk rFkk 0.01M lksfM;e iQhusV foy;u esa mlosQ vk;uu dh ek=kk Kkr dhft,A

6-45 H
2
S dk izFke vk;uu fLFkjkad 9.1 × 10–8 gSA blosQ 0.1M foy;u esa HS– vk;uksa dh lkanzrk

dh x.kuk dhft, rFkk crkb, fd ;fn blesa 0.1 M HCl Hkh mifLFkr gks] rks lkanzrk fdl izdkj
izHkkfor gksxh] ;fn H

2
S dk f}rh; fo;kstu fLFkjkad 1.2 × 10–13 gks] rks lYiQkbM S2– vk;uksa

dh nksuksa fLFfr;ksa esa lkanzrk dh x.kuk dhft,A

6-46 ,flfVd vEy dk vk;uu fLFkjkad 1.74 × 10–5 gSA blosQ 0.05 M foy;u esa fo;kstu dh ek=kk]
,slhVsV vk;u lkanzrk rFkk pH dk ifjdyu dhft,A

6-47 0.01M dkcZfud vEy (HA) osQ foy;u dh pH, 4.15 gSA blosQ ½.kk;u dh lkanzrk] vEy
dk vk;uu fLFkjkad rFkk pK

a
 eku ifjdfyr dhft,A

6-48 iw.kZ fo;kstu ekurs gq, fuEufyf[kr fofy;uksa osQ pH Kkr dhft,A

(d) 0.003 M HCl ([k) 0.005 M NaOH

(x) 0.002 M HBr (?k) 0.002 M KOH

6-49 fuEufyf[kr foy;uksa osQ pH Kkr dhft,µ

(d) 2 xzke TlOH dks ty esa ?kksydj 2 fyVj foy;u cuk;k tk,A

([k) 0.3 xzke Ca(OH)
2
 dks ty esa ?kksydj 500 mL  foy;u cuk;k tk,A

(x) 0.3 xzke NaOH dks ty esa ?kksydj 200 mL foy;u cuk;k tk,A

(?k) 13.6 M HCl osQ 1mL dks ty ls ruqdj.k djosQ oqQy vk;ru 1 fyVj fd;k tk,A

6-50 czkseks,lhfVd vEy dh vk;uu dh ek=kk 0.132 gSA 0.1M vEy dh pH rFkk pK
a
 dk eku Kkr

dhft,A

6-51 0.005M dksMhu (C
18

H
21

NO
3
) foy;u dh pH 9.95 gSA bldk vk;uu fLFkjkad Kkr dhft,A

6-52 0.001M ,uhyhu foy;u dk pH D;k gS\ ,uhyhu dk vk;uu fLFkjkad lkj.kh 7.7 ls ys ldrs
gSaA blosQ la;qXeh vEy dk vk;uu fLFkjkad Kkr dhft,A

6-53 ;fn 0.05M ,slhfVd vEy osQ pK
a
 dk eku 4.74 gS] rks vk;uu dh ek=kk Kkr dhft,A ;fn

bls (v) 0.01M (c) 0.1M HCl foy;u esa Mkyk tk,] rks fo;kstu dh ek=kk fdl izdkj
izHkkfor gksrh gS\

6-54 MkbesfFky ,ehu dk vk;uu fLFkjkad 5.4 × 10–4 gSA blosQ 0.02M foy;u dh vk;uu dh ek=kk
dh x.kuk dhft,A ;fn ;g foy;u NaOH izfr 0.1M gks rks MkbZeksfFky ,ehu dk izfr'kr
vk;uu D;k gksxk\

6-55 fuEufyf[kr tSfod nzoksa] ftuesa pH fn xbZ gS] dh gkbMªkstu vk;u lkanzrk ifjdfyr dhft,µ

(d) ekuo is'kh; nzo] 6.83 ([k) ekuo mnj nzo] 1.2

(x) ekuo #f/j] 7.38 (?k) ekuo ykj] 6.4

6-56 nw/] dkWiQh] VekVj jl] uhcw jl rFkk vaMs dh lisQnh osQ pH dk eku Øe'k% 6.8, 5.0, 4.2,

2.2 rFkk 7.8 gSA izR;sd osQ laxr H+ vk;u dh lkanzrk Kkr dhft,A

6-57 298K ij 0.561 g, KOH ty esa ?kksyus ij izkIr 200 mL foy;u dh gS pH, iksVSf'k;e]
gkbMªkstu rFkk gkbMªkWfDly vk;uksa dh lkanzrk,¡ Kkr dhft,A

6-58 298K ij Sr(OH)
2
 foy;u dh foys;rk 19.23 g/L gSA LVªkaf'k;e rFkk gkbMªkWfDly vk;u dh

lkanzrk rFkk foy;u dh pH Kkr dhft,A
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6-59 izksisuksbd vEy dk vk;u fLFkjkad 1.32 × 10–5 gSA 0.05M vEy foy;u osQ vk;uu dh ek=kk
rFkk pH Kkr dhft,A ;fn foy;u esa 0.01 M HCl feyk;k tk, rks mlosQ vk;uu dh ek=kk
Kkr dhft,A

6-60 ;fn lkbfud vEy (HCNO) osQ 0.1M foy;u dh pH, 2.34 gks] rks vEy osQ vk;uu fLFkjkad
rFkk vk;uu dh ek=kk Kkr dhft,A

6-61 ;fn ukbVªl vEy dk vk;uu fLFkjkad 4.5 × 10–4 gS] rks 0.04M lksfM;e ukbVªkbV foy;u dh
pH rFkk ty;kstu dh ek=kk Kkr dhft,A

6-62 ;fn ihjhfMuh;e gkbMªkstu DyksjkbM osQ 0.02M foy;u dk pH 3.44 gS] rks ihjhMhu dk
vk;uu fLFkjkad Kkr dhft,A

6-63 fuEufyf[kr yo.kksa osQ tyh; foy;uks osQ mnklhu] vEyh; rFkk {kkjh; gksus dh izkxqfDr dhft,µ

NaCl, KBr, NaCN, NH
4
NO

3
, NaNO

2 
rFkk KF

6-64 Dyksjks,lhfVd vEy dk vk;uu fLFkjkad 1.35 × 10–3 gSA 0.1M vEy rFkk blosQ 0.1M

lksfM;e yo.k dh pH Kkr dhft,A

6-65 310K ij ty dk vk;fud xq.kuiQy 2.7 × 10–14 gSA blh rkiØe ij mnklhu ty dh pH

Kkr dhft,A

6-66 fuEufyf[kr feJ.kksa dh pH ifjdfyr dhft,µ

(d) 0.2M Ca(OH)
2
 dk 10 mL + dk 0.1M HCl dk 25 mL

([k) 0.01M H
2
SO

4
 dk 10 mL + 0.01M Ca(OH)

2 
dk

 
10 mL

(x) 0.1M H
2
SO

4
 dk

 
10 mL + 0.1M KOH dk

 
10 mL

6-67 flYoj ØksesV] csfj;e ØksesV] isQfjd gkbMªkWDlkbM] ysM DyksjkbM rFkk eD;qZjl vk;ksMkbM foy;u
dh lkj.kh 6.9 esa fn, x, foys;rk xq.kuiQy fLFkjkad dh lgk;rk ls foys;rk Kkr dhft, rFkk
izR;sd vk;u dh eksyjrk Hkh Kkr dhft,A

6-68 Ag
2
CrO

4 
rFkk AgBr dk foys;rk xq.kuiQy fLFkjkad Øe'k% 1.1 × 10–12 rFkk 5.0 × 10–13

gSA muosQ lar`Ir foy;u dh eksyjrk dk vuqikr Kkr dhft,A

6-69 ;fn 0.002M lkanzrkokys lksfM;e vk;ksMsV rFkk D;wfizd DyksjsV foy;u osQ leku vk;ru dks feyk;k
tk,] rks D;k dkWij vk;ksMsV dk vo{ksi.k gksxk\ (dkWij vk;ksMsV osQ fy, K

sp
 = 7.4 × 10–8 )

6-70 csUtksbZd vEy dk vk;uu fLFkjkad 6.46 × 10–5 rFkk flYoj csUtks,V dk K
sp 

2.5 × 10–13

gSA 3.19 pH okys ciQj foy;u esa flYoj csUtks,V ty dh rqyuk esa fdruk xquk foys; gksxk\

6-71 iSQjl lYisQV rFkk lksfM;e lYiQkbM osQ leeksyj foy;uksa dh vf/dre lkanzrk crkb, tc muosQ
leku vk;ru feykus ij vk;ju lYiQkbM vo{ksfir u gksA (vk;ju lYiQkbM osQ fy,
K

sp
 = 6.3 × 10–18)

6-72 1 xzke oSQfYl;e lYisQV dks ?kksyus osQ fy, de ls de fdrus vk;ru ty dh vko';drk gksxh\
(osQfYl;e lYisQV osQ fy, K

sp
 = 9.1 × 10–6)

6-73 0.1M HCl esa gkbMªkstu lYiQkbM ls lar`Ir foy;u dh lkanzrk 1.0 × 10–19 M gSA ;fn bl
foy;u dk 10 mL fuEufyf[kr 0.04M foy;u osQ 5 mL Mkyk tk,] rks fdu foy;uksa ls
vo{ksi izkIr gksxk\ FeSO

4
, MnCl

2
, ZnCl

2
, ,oa CdCl

2
.
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,l-vkbZ- ewy jkf'k;ksa osQ ek=kdksa dh ifjHkk"kk,¡

ifjf'k"V I

ehVj % ehVj] ftldk laosQr m gS] yackbZ dk SI ek=kd gSA bldh ifjHkk"kk] fuokZr~ esa izdk'k osQ pky
c  osQ fu;r la[;kRed eku dks 299792458 ysdj] ftls ms–1 ek=kd esa O;Dr fd;k tkrk gS] tgk¡
lsoaQM dks lhft+;e vko`fÙk ∆VCs 

 ds inksa esa ifjHkkf"kr fd;k tkrk gS] nh xbZ gSA

fdyksxzke % fdyksxzke] ftldk laosQr kg gS] nzO;eku dk SI ek=kd gSA bldh ifjHkk"kk] Iykad fu;rkad
h dk fu;r la[;kRed eku 6.62607015×10–34 ysdj ftls Js ek=kd esa O;Dr fd;k tkrk gS] tks kg

m2s–1 osQ leku gksrk gS tgk¡ ehVj vkSj lsoaQM dks c vkSj ∆VCs 
osQ inksa esa ifjHkkf"kr fd;k tkrk gS] nh

xbZ gSA

lsdaM % lsoaQM] ftldk laosQr s gS] le; dk SI ek=kd gSA bldh ifjHkk"kk] lhft;e vko`fÙk ∆VCs 
,

tks lhft;e–133 ijek.kq dh v{kqC/ ewy voLFkk vfrlw{e laØe.k vko`fÙk gS] dk fu;r la[;kRed eku
9192631770 ysdj ftls Hz ek=kdksa] tks s–1 osQ cjkcj gksrk gS] esa O;Dr fd;k tkrk gS] nh xbZ gSA

,sfEi;j % ,sfEi;j ftldk laosQr A gS] fo|qr&/kjk dk SI ek=kd gSA bldh ifjHkk"kk] ewy vkos'k e dk fu;r
la[;kRed eku 1.602176634×10–19 ysdj] ftls C ek=kd tks As osQ cjkcj gksrk gS] tgk¡ lsoaQM dks

∆VCs 
 osQ inksa esa ifjHkkf"kr fd;k tkrk gS] esa O;Dr fd;k tkrk gS] nh tkrh gSA

osQfYou % osQfYou ftldk laosQr K gS] Å"ekxfrd rki dk SI ek=kd gSA  bldh ifjHkk"kk] cksYV~leku
fu;rkad] k dk fu;r la[;kRed eku 1.380649×10–23 ysdj] ftls JK–1 ek=kd esa] tks kg m2s–2k–

1 osQ cjkcj gksrk gS tgk¡ fdyksxzke] ehVj vkSj lsoaQM dks h, c  vkSj ∆VCs  
 osQ inksa esa ifjHkkf"kr fd;k

tkrk gS] O;Dr fd;k tkrk gS] nh xbZ gSA

eksy % eksy (mole) ftldk laosQr eksy (mol) gS] inkFkZ dh ek=kk dk SI ek=kd gSA ,d eksy esa Bhd
6.02214076×1023 gh ewyHkwr d.k gksrs gSaA lg la[;k] vkoksxkæks fLFkjkad] N

A 
dk fu;r la[;kRed eku

gksrk gS tc mls mol–1 ek=kd esa O;Dr fd;k tkrk gS vkSj bls vkoksxkæks la[;k dgk tkrk gSA fdlh fudk;
osQ inkFkZ dh ek=kk] laosQr n] fof'k"V ewy d.kksa dh la[;k dk vkeki gksrh gSA ;s ewy d.k ,d ijek.kq]
v.kq] vk;u] bysDVªkWu] dksbZ vU; d.k ;k d.kksa dk fof'k"V lewg gks ldrs gSaA

osaQMsyk % osaQMsyk ftldk laosQr cd gS] nh xbZ fn'kk esa T;ksfr&rhozrk dk SI ek=kd gSA bldh ifjHkk"kk]
540×1012 Hz vko`fÙk okys ,do.khZ fofdj.k dh nhIr izHkkfodrk] K

cd 
dk fu;r la[;kRed eku 683

ysdj tc mls lm·W–1  osQ ek=kdksa esa O;Dr fd;k tk, tks cd·sr·W–1, ;k cd sr kg–1 m–2s3 osQ cjkcj
gksrk gSA tgk¡ fdyksxzke] ehVj vkSj lsoaQM dks h, c vkSj ∆VCs 

osQ inksa esa ifjHkkf"kr fd;k tkrk gS] nh
xbZ gSA

(;gk¡ fn, x, izrhd varjjk"Vªh; ekU;rk izkIr gSa] fdlh nwljh Hkk"kk ;k fLØIV esa bUgsa ifjofrZr ugha djuk
pkfg,A)

Rationalised 2023-24



214 jlk;u foKku

rÙo laosQr ijek.kq eksyj
Øekad nzO;eku

                                                                  (g mol–1)

,sDVhfu;e Ac 89 227.03

,syqfefu;e Al 13 26.98

,sesfjfl;e Am 95 (243)

,sUVheuh Sb 51 121.75

vkWxZu Ar 18 39.95

vkWlsZfud As 33 74.92

,sLVSVhu At 85        210

csfj;e Ba 56 137.34

cjosQfy;e Bk 97 (247)
csfjfy;e Be 4 9.01

fcLeFk Bi 83 208.98

cksgfj;e Bh 107 (264)

cksjkWu B 5 10.81

czksehu Br 35 79.91

oSQMfe;e Cd 48 112.40

lhf”k;e Cs 55 132.91

oSQfYl;e Ca 20 40.08

oSQfyiQksjfu;e Cf 98 251.08

dkcZu C 6 12.01

lhfj;e Ce 58 140.12

Dyksjhu Cl 17 35.45

Øksfe;e Cr 24 52.00

dksckYV Co 27 58.93

dkWij Cu 29 63.54

D;wfj;e Cm 96 247.07

M~;wcfu;e Db 105 (263)

fMLizksfl;e Dy 66 162.50

vkbULVhfu;e Es 99 (252)

v£c;e Er 68 167.26

;wjksfi;e Eu 63 151.96

iQ£e;e Fm 100 (257.10)

Ýyqvksjhu F 9 19.00

Úsafl;e Fr 87 (223)

xSMksfyfu;e Gd 64 157.25

xSfy;e Ga 31 69.72

tesZfu;e Ge 32 72.61

xksYM Au 79 196.97

gSiQfu;e Hf 72 178.49

gSfl;e Hs 108 (269)

ghfy;e He 2 4.00

gksfYe;e Ho 67 164.93

gkbMªkstu H 1  1.0079

baMh;e In 49   114.82

vk;ksMhu I 53   126.90

bjhfM;e Ir 77 192.2

vk;ju Fe 26 55.85

fØIVkWu Kr 36 83.80

ySUFksue La 57 138.91

ykWjsfU'k;e Lr 103 (262.1)

ysM Pb 82 207.19

yhfFk;e Li 3 6.94

Y;wVhf'k;e Lu 71 174.96

eSXuhf'k;e Mg 12 24.31

eSaxuht Mn 25 54.94

feVSfu;e Mt 109 (268)

eSaMsyhfo;e Md 101 258.10

ejdjh   Hg 80 200.59

ekWfyCMsue Mo 42 95.94

uh;ksfM;e Nd 60 144.24

fu;kWu Ne 10 20.18

uSIVwfu;e Np 93 (237.05)

fuoSQy Ni 28 58.71

fu;ksfc;e Nb 41 92.91

ukbVªkstu N 7 14.0067

ukscsfy;e No 102 (259)

vkslfe;e Os 76 190.2

vkWDlhtu O 8 16.00

iSysfM;e Pd 46 106.4

I+kQkLI+kQksjl P 15 30.97

IySfVue Pt 78 195.09

IywVksfu;e Pu 94 (244)

iksyksfu;e Po 84 210

iksVSf'k;e K 19 39.10

izSft;ksfMfe;e Pr 59 140.91

izksesfFk;e Pm 61 (145)

izksVSfDVfu;e Pa 91 231.04

jsfM;e Ra 88 (226)

jsMkWu Rn 86 (222)

jhfu;e Re 75 186.2

jksfM;e Rh 45 102.91

:fcfM;e Rb 37 85.47

#Fkhfu;e Ru 44 101.07

jnjiQks£M;e Rf 104 (261)

lSesfj;e Sm 62 150.35

LoSQfUM;e Sc 21 44.96

lhcksZfx;e Sg 106 (266)

flyhfu;e Se 34 78.96

flfydu Si 14 28.08

flYoj Ag 47 107.87

lksfM;e Na 11 22.99

LVªkWfU'k;e Sr 38 87.62

lYiQj S 16 32.06

VSUVsye Ta 73 180.95

VsDuhf'k;e Tc 43 (98.91)

Vsywfj;e Te 52 127.60

V£cve Tb 65 158.92

FkSfy;e Tl 81 204.37

Fkksfj;e Th 90 232.04

Fkwfy;e Tm 69 168.93

fVu Sn 50 118.69

VkbVsfu;e Ti 22 47.88

VaxLVu W 74 183.85

vuvufc;e Uub 112 (277)

vuvufufy;e Uun 110 (269)

vuvuvuh;e Uuu 111 (272)

;wjsfu;e U 92 238.03

oSusfM;e V 23 50.94

ftukWu Xe 54 131.30

bV£c;e Yb 70 173.04

bfVª;e Y 39 88.91

¯”kd Zn 30 65.37

”kdksZfu;e Zr 40 91.22

rÙo laosQr ijek.kq eksyj
Øekad nzO;eku

 (g mol–1)

dks"Bd esa fn;k x;k eku lcls vf/d Kkr v/Z&dkyokys leLFkkfud dk eksyj nzO;eku gSA

rÙo] mudh ijek.kq&la[;k vkSj eksyj&nzO;eku

ifjf'k"V II
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d. 298 K vkSj ,d ok;qeaMyh; nkc ij dqN inkFkks± dh fof'k"V ,oa eksyj Å"ek/kfjrk

inkFkZ fof'k"V Å"ek/kfjrk eksyj Å"ek/kfjrk
 (J/g)  (J/mol)

ok;q 0.720 20.8

ty (nzo) 4.184 75.4

veksfu;k (xSl) 2.06 35.1

gkbMªkstu DyksjkbM 0.797 29.1

gkbMªkstu czksekbM 0.360 29.1

veksfu;k (nzo) 4.70 79.9

,sfFky ,sYdksgkWy (nzo) 2.46 113.16

,sFkyhu Xykbdksy (nzo) 2.42 152.52

ty (Bksl) 2.06 37.08

dkcZu VsVªkDyksjkbM (nzo) 0.861 132.59

DyksjksÝyksjks dkcZu (CCl
2
F

2
) 0.5980 72.35

vkstksu 0.817 39.2

fuvkWu 1.03 20.7

Dyksjhu 0.477 33.8

czksehu 0.473 75.6

vk;ju 0.460 25.1

dkWij 0.385 24.7

,syqfefu;e 0.902 24.35

lksuk 0.128 25.2

xzsiQkbV 0.720 8.65

[k. dqN xSlksa dh eksyj Å"ek/kfjrk (J/mol)

Gas Cp Cv Cp - Cv Cp / Cv

,d ijek.kqd*

ghfy;e 20.9 12.8 8.28 1.63

vkWxkZu 20.8 12.5 8.33 1.66

vk;ksMhu 20.9 12.6 8.37 1.66

ejdjh 20.8 12.5 8.33 1.66

f}ijek.kqd †

gkbMªkstu 28.6 20.2 8.33 1.41

vkWDlhtu 29.1 20.8 8.33 1.39

ukbVªkstu 29.0 20.7 8.30 1.40

gkbMªkstu DyksjkbM 29.6 21.0 8.60 1.39

dkcZu eksuksvkWDlkbM 29.0 21.0 8.00 1.41

f=kijek.kqd †

ukbVªl vkWDlkbM 39.0 30.5 8.50 1.28

dkcZu MkbvkWDlkbM 37.5 29.0 8.50 1.29

cgqijek.kqd †

,sFksu 53.2 44.6 8.60 1.19

*osQoy LFkkukarjh; xfrt ÅtkZ
†LFkkukarjh;] daiu vkSj ?kw.kZu ÅtkZ

ifjf'k"V III
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HkkSfrd fLFkjkad

izrhd ijaijkxr ek=kd ,l-vkbZ- ek=kd

xq#Rokd"kZ.k dk Roj.k g 980.6 cm/s 9.806 m/s

ijek.kq nzO;eku ek=kd (1/12 amu 1.6606 ´ 10-24 g 1.6606 ´ 10-27 kg

nzO;eku dk 1@12)  or u

vkoksxknzks fLFkjkad NA 6.022 ´1023 6.022 ´ 1023

particles/mol particles/mol

cksj f=kT;k ao 0.52918 C 5.2918 ´ 10-11 m

5.2918 ´ 10-9 cm

cksYV~T+eku fLFkjkad k 1.3807 ´ 10-16 erg/K 1.3807 ´ 10-23 J/K

bysDVªkWu osQ vkos'k ,oa 1.758820 ´l08 coulomb/g 1.7588 ´ 1011 C/kg

nzO;eku dk vuqikr e/m

bysDVªkWfud vkos'k e 1.602176 ´ 10-19 coulomb 1.60219 ´ 10-19 C

4.8033 ´ 10-19 esu

foJke&voLFkk esa me 9.109382 ´10-28 g 9.109382 ´10-31 kg

bysDVªkWu dk nzO;eku 0.00054859 u

iQSjkMs&fu;rkad F 96,487 coulombs/eq 96,487 C/mol e-

23.06 kcal/volt. eq 96,487 J/V.mol e-

xSl&fu;rkad R 0 8206.

L atm

mol K
8 3145

3

.

kPa dm

mol K

1 987.
cal

mol K
8.3145 J/mol.K

eksyj&vk;ru Vm 22.710981 L/mol 22.710981 ´ 10-3 m3/mol

22.710981 dm3/mol

foJke&voLFkk esa mn 1.674927 ´ 10-24 g 1.674927 ´ 10-27  kg

U;wVªkWu dk nzO;eku 1.008665 u

Iykad&fLFkjkad h 6.6262 ´ 10-27 ergs 6.6262 ´  10-34 J s

foJke&voLFkk esa mp 1.6726216 ´10-24 g 1.6726216 ´10-27 kg

izksVkWu dk nzO;eku 1.007277 u

fjM~cxZ fLFkjkad R
¥

3.289 ´ 1015 cycles/s 1.0974 ´ 107 m-1

2.1799 ´ 10-11 erg 2.1799 ´ 10-18 J

izdk'k dh xfr c 2.9979 ´ 1010 cm/s 2.9979 ´ 108 m/s

(fuokZr esa) (186,281 ehy@ls-)
  p = 3.1416  2.303 R = 4.576 cal/mol  K = 19.15 J/mol K

 e = 2.71828  2.303 RT (at 25°C) = 1364 cal/mol = 5709 J/mol

 ln X = 2.303 log X

ifjf'k"V IV
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nzO;eku vkSj Hkkj osQ lkekU; ek=kd
1 ikSaM = 453.59 xzke

1 ikSaM = 453.59 xzke = 0.45359 fdyksxzke
1 fdyksxzke = 1000 xzke = 2.205 ikSaM
1 xzke = 10 Mslhxzke = 100 lsaVhxzke

 = 1000 feyhxzke
1 xzke = 6.022 ´ 1023 ijek.kq nzO;eku ek=kd
1 ijek.kq nzO;eku = 1.6606 ´ 10–24 xzke
1 ehfVªjd Vu = 1000 fdyksxzke

           = 2205 ikSaM

vk;ru dk lkekU; ek=kd
1 DokV~t+Z = 0.9463 fyVj
1 fyVj  = 1.056 DokV~t+Z

1 fyVj = 1 ?ku MslhehVj = 1000 ?ku
lsaVhehVj = 0.001 ?kuehVj
1 feyhfyVj = 1 ?ku lsaVhehVj = 0.001 fyVj

    = 1.056 ´ 10-3 DokV~t+Z
1 ?kuiQqV = 28.316 fyVj = 29.902 DokV~t+Z

      = 7.475 xSyu

ÅtkZ dk lkekU; ek=kd
1 twy = 1 ´́́́́ 107 ergs

1 Å"e jklk;fud osQyksjh**
=  4.184 twy
= 4.184  ´ 107 ergs

= 4.129 ´ 10–2 fyVj ok;qeaMy
= 2.612 ´ 1019 bysDVªkWu cksYV
1 ergs = 1 ´ 10–7 twy = 2.3901 ´ 10–8 osQyksjh
1 bysDVªkWu oksYV = 1.6022 ´ 10–19 twy

          = 1.6022 ´ 10–12 erg
          = 96.487 kJ/mol†

1 fyVj&ok;qeaMy = 24.217 osQyksjh
   = 101.32 twy
   = 1.0132 ´109 ergs

1 fczfV'k Å"ek dk ek=kd = 1055.06  twy
= 1.05506 ´1010 ergs

= 252.2 osQyksjh
yackbZ dk lkekU; ek=kd
1 b±p = 2.54 lsaVhehVj (lfVd)

1 ehy = 5280 feet = 1.609 fdyksehVj
1 xt = 36 inches = 0.9144 ehVj
1 ehVj = 100 centimetres = 39.37 bap

= 3.281 iQhV
= 1.094 xt

1 fdyksehVj = 1000 ehVj  = 1094 xt
= 0.6215 ehy

1 ,axLVªkWe = 1.0 ´ 10–8 lsaVhehVj
       = 0.10 uSuksehVj
       =  1.0 ´ 10–10 ehVj
       = 3.937 ´ 10–9 bap

cy* vkSj nkc osQ lkekU; ek=kd*

1 ok;qeaMy = 760 feyhehVj ejdjh dk
 = 1.013 ´ 105 ikLdy
 =  14.70 ikSaM izfr oxZbap

1 ckj = 105 ikLdy
1 Vkj = 1 feyhehVj ejdjh dk
1 ikLdy = 1 kg/ms2 = 1 N/m2

rki SI vk/kfjr ek=kd osQfYou (K)

K  = -273.15°C
K  =  °C + 273.15
°F = 1.8(°C) + 32

F 32
C

1.8

 
 

* cy: 1 U;wVu (N) = 1 kg m/s2, 1 U;wVu og cy gS] tks ,d lsdaM yxkus ij 1 fdyksxzke nzO;eku dks 1 ehVj
izfr lsdaM dk osx iznku djrk gSA

** Å"ek dh og ek=kk] tks 1 xzke ty dk rki 14.50C ls 15.50C rd c<+kus osQ fy, vko';d gksrh gSA
† è;ku jgs fd vU; ek=kd izfrd.k gSa] ftUgsa 6.022 ´1023 ls xq.kk djuk gksxk] rkfd lgh&lgh rqyuk gks losQA

dqN ykHkizn :ikarj.k&xq.kkad

ifjf'k"V V
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vdkcZfud inkFkZ

inkFkZ laHkou ,aFkSYih] fxCl laHkou ÅtkZ] ,aVªkWih,*
DDDDDfH

⊖⊖⊖⊖⊖/ (kJ mol–1) DDDDDfG
⊖⊖⊖⊖⊖/ (kJ mol–1) S

⊖⊖⊖⊖⊖/(J K–1 mol–1)

,syqfefu;e
Al(s) 0 0 28.33

Al3+(aq) – 524.7 –481.2 –321.7

Al2O3(s) –1675.7 –1582.3 50.92

Al(OH)3(s) –1276 — —

AlCl3(s) –704.2 –628.8 110.67

,sfUVeuh
SbH3(g) 145.11 147.75 232.78

SbCl3(g) –313.8 –301.2 337.80

SbCl5(g) –394.34 –334.29 401.94

vklsZfud
As(s), gray 0 0 35.1

As2S3(s) –169.0 –168.6 163.6

AsO4
3–(aq) –888.14 –648.41 –162.8

csfj;e
Ba(s) 0 0 62.8

Ba2+(aq) –537.64 –560.77 9.6

BaO(s) –553.5 –525.1 70.42

BaCO3(s) –1216.3 –1137.6 112.1

BaCO3(aq) –1214.78 –1088.59 –47.3

cksjku
B(s) 0 0 5.86

B2O3(s) –1272.8 –1193.7 53.97

BF3(g) –1137.0 –1120.3 254.12

czksehu
Br2(l) 0 0 152.23

Br2(g) 30.91 3.11 245.46

Br(g) 111.88 82.40 175.02

Br–(aq) –121.55 –103.96 82.4

HBr(g) –36.40 –53.45 198.70

BrF3(g) –255.60 –229.43 292.53

oSQfYl;e
Ca(s) 0 0 41.42

Ca(g) 178.2 144.3 154.88

Ca2+(aq) –542.83 –553.58 –53.1

(tkjh)

 298 K ij Å"ekxfrdh; vk¡dM+s

ifjf'k"V VI
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oSQfYl;e
CaO(s) –635.09 –604.03 39.75
Ca(OH)2(s) –986.09 –898.49 83.39
Ca(OH)2(aq) –1002.82 –868.07 –74.5

CaCO3(s), osQYlkbV –1206.92 –1128.8 92.9
CaCO3(s), vkxksZukbV –1207.1 –1127.8 88.7

CaCO3(aq) –1219.97 –1081.39 –110.0
CaF2(s) –1219.6 –1167.3 68.87

CaF2(aq) –1208.09 –1111.15 –80.8
CaCl2(s) –795.8 –748.1 104.6
CaCl2(aq) –877.1 –816.0 59.8

CaBr2(s) –682.8 –663.6 130
CaC2(s) –59.8 –64.9 69.96

CaS(s) –482.4 –477.4 56.5
CaSO4(s) –1434.11 –1321.79 106.7
CaSO4(aq) –1452.10 –1298.10 –33.1

dkcZu**

C(s), xzsiQkbV 0 0 5.740

C(s), Mk;eaM 1.895 2.900 2.377
C(g) 716.68 671.26 158.10
CO(g) –110.53 –137.17 197.67

CO2(g) –393.51 –394.36 213.74
CO3

2–(aq) –677.14 –527.81 –56.9

CCl4(l) –135.44 –65.21 216.40
CS2(l) 89.70 65.27 151.34

HCN(g) 135.1 124.7 201.78
HCN(l) 108.87 124.97 112.84

lhfj;e
Ce(s) 0 0 72.0
Ce3+(aq) –696.2 –672.0 –205

Ce4+(aq) –537.2 –503.8 –301

Dyksjhu
Cl2(g) 0 0 223.07

Cl(g) 121.68 105.68 165.20

Cl–(aq) –167.16 –131.23 56.5

HCl(g) –92.31 –95.30 186.91

HCl(aq) –167.16 –131.23 56.5

dkWij
Cu(s) 0 0 33.15

Cu+(aq) 71.67 49.98 40.6

Cu2+(aq) 64.77 65.49 –99.6

Cu2O(aq) –168.6 –146.0 93.14

CuO(s) –157.3 –129.7 42.63

CuSO4(s) –771.36 –661.8 109

CuSO4.5H2O(s) –2279.7 –1879.7 300.4

(tkjh)

inkFkZ laHkou ,aFkSYih] fxCl laHkou ÅtkZ] ,aVªkWih,*
DDDDDfH

⊖⊖⊖⊖⊖/ (kJ mol–1) DDDDDfG
⊖⊖⊖⊖⊖/ (kJ mol–1) S

⊖⊖⊖⊖⊖/(J K–1 mol–1)

** dkcZfud ;kSfxdksa osQ fy, vyx lkj.kh blh fujarjrk esa vkxs nh xbZ gSA
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M~;wVhfj;e
D2(g) 0 0 144.96
D2O(g) –249.20 –234.54 198.34
D2O(l) –294.60 –243.44 75.94

Ýyqvksjhu
F2(g) 0 0 202.78
F–(aq) –332.63 –278.79 –13.8
HF(g) –271.1 –273.2 173.78
HF(aq) –332.63 –278.79 –13.8

gkbMªkstu (M~;wVhfj;e Hkh ns[ksa)
H2(g) 0 0 130.68
H(g) 217.97 203.25 114.71
H+(aq) 0 0 0
H2O(l) –285.83 –237.13 69.91
H2O(g) –241.82 –228.57 188.83
H2O2(l) –187.78 –120.35 109.6
H2O2(aq) –191.17 –134.03 143.9

vk;ksMhu
I2(s) 0 0 116.14
I2(g) 62.44 19.33 260.69
I–(aq) –55.19 –51.57 111.3
HI(g) 26.48 1.70 206.59

vk;ju
Fe(s) 0 0 27.28
Fe2+(aq) –89.1 –78.90 –137.7
Fe3+(aq) –48.5 –4.7 –315.9
Fe3O4(s), esXusVkbV –1118.4 –1015.4 146.4
Fe2O3(s), ghesVkbV –824.2 –742.2 87.40
FeS(s,a) –100.0 –100.4 60.29
FeS(aq) — 6.9 —
FeS2(s) –178.2 –166.9 52.93

ysM

Pb(s) 0 0 64.81
Pb2+(aq) –1.7 –24.43 10.5
PbO2(s) –277.4 –217.33 68.6
PbSO4(s) –919.94 –813.14 148.57
PbBr2(s) –278.7 –261.92 161.5
PbBr2(aq) –244.8 –232.34 175.3

eSXuhf'k;e
Mg(s) 0 0 32.68
Mg(g) 147.70 113.10 148.65
Mg2+(aq) –466.85 –454.8 –138.1
MgO(s) –601.70 –569.43 26.94
MgCO3(s) –1095.8 –1012.1 65.7
MgBr2(s) –524.3 –503.8 117.2

inkFkZ laHkou ,aFkSYih] fxCt laHkou ÅtkZ] ,aVWªkih,*
DDDDDfH

⊖⊖⊖⊖⊖/ (kJ mol–1) DDDDDfG
⊖⊖⊖⊖⊖/ (kJ mol–1) S

⊖⊖⊖⊖⊖/(J K–1 mol–1)
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eD;wZjh
Hg(1) 0 0 76.02
Hg(g) 61.32 31.82 174.96
HgO(s) –90.83 –58.54 70.29
Hg2Cl2(s) –265.22 –210.75 192.5

ukbVªkstu
N2(g) 0 0 191.61
NO(g) 90.25 86.55 210.76
N2O(g) 82.05 104.20 219.85
NO2(g) 33.18 51.31 240.06
N2O4(g) 9.16 97.89 304.29
HNO3(1) –174.10 –80.71 155.60
HNO3(aq) –207.36 –111.25 146.4
NO3

– (aq) –205.0 –108.74 146.4
NH3(g) –46.11 –16.45 192.45
NH3(aq) –80.29 –26.50 111.3
NH+

4 (aq) –132.51 –79.31 113.4
NH2OH(s) –114.2 — —
HN3(g) 294.1 328.1 238.97
N2H4(1) 50.63 149.34 121.21
NH4NO3(s) –365.56 –183.87 151.08
NH4Cl(s) –314.43 –202.87 94.6
NH4ClO4(s) –295.31 –88.75 186.2

vkWDlhtu
O2(g) 0 0 205.14
O3(g) 142.7 163.2 238.93
OH–(aq) –229.99 –157.24 –10.75

iQkWLiQksjl
P(s), white 0 0 41.09

P4(g) 58.91 24.44 279.98

PH3(g) 5.4 13.4 210.23

P4O10(s) –2984.0 –2697.0 228.86

H3PO3(aq) –964.8 — —

H3PO4(1) –1266.9 — —

H3PO4(aq) –1277.4 –1018.7 —

PCl3(1) –319.7 –272.3 217.18

PCl3(g) –287.0 –267.8 311.78

PCl5(g) –374.9 –305.0 364.6

iksVSf'k;e
K(s) 0 0 64.18
K(g) 89.24 60.59 160.34
K+(aq) –252.38 –283.27 102.5
KOH(s) –424.76 –379.08 78.9
KOH(aq) –482.37 –440.50 91.6
KF(s) –567.27 –537.75 66.57

(tkjh)

inkFkZ laHkou ,aFkSYih] fxCt laHkou ÅtkZ] ,aVªkWih,*
DDDDDfH

⊖⊖⊖⊖⊖/ (kJ mol–1) DDDDDfG
⊖⊖⊖⊖⊖/ (kJ mol–1) S

⊖⊖⊖⊖⊖/(J K–1 mol–1)
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iksVSf'k;e
KCl(s) –436.75 –409.14 82.59

KBr(s) –393.80 –380.66 95.90

KI(s) –327.90 –324.89 106.32

KClO3(s) –397.73 –296.25 143.1

KClO4(s) –432.75 –303.09 151.0

K2S(s) –380.7 –364.0 105

K2S(aq) –471.5 –480.7 190.4

flfydu
Si(s) 0 0 18.83

SiO2(s,a) –910.94 –856.64 41.84

flYoj
Ag(s) 0 0 42.55

Ag+(aq) 105.58 77.11 72.68

Ag2O(s) –31.05 –11.20 121.3

AgBr(s) –100.37 –96.90 107.1

AgBr(aq) –15.98 –26.86 155.2

AgCl(s) –127.07 –109.79 96.2

AgCl(aq) –61.58 –54.12 129.3

AgI(s) –61.84 –66.19 115.5

AgI(aq) 50.38 25.52 184.1

AgNO3(s) –124.39 –33.41 140.92

lksfM;e
Na(s) 0 0 51.21

Na(g) 107.32 76.76 153.71

Na+(aq) –240.12 –261.91 59.0

NaOH(s) –425.61 –379.49 64.46

NaOH(aq) –470.11 –419.15 48.1

NaCl(s) –411.15 –384.14 72.13

NaCl(aq) –407.3 –393.1 115.5

NaBr(s) –361.06 –348.98 86.82

NaI(s) –287.78 –286.06 98.53

NaHCO3(s) –947.7 –851.9 102.1

Na2CO3(s) –1130.9 –1047.7 136.0

lYiQj
S(s), jkkWfEcd 0 0 31.80
S(s), eksuksfDyfud 0.33 0.1 32.6
S2–(aq) 33.1 85.8 –14.6
SO2(g) –296.83 –300.19 248.22
SO3(g) –395.72 –371.06 256.76
H2SO4(l) –813.99 –690.00 156.90
H2SO4(aq) –909.27 –744.53 20.1
SO4

2–(aq) –909.27 –744.53 20.1
H2S(g) –20.63 –33.56 205.79

H2S(aq) –39.7 –27.83 121

SF6(g) –1209 –1105.3 291.82

inkFkZ laHkou ,aFkSYih] fxCt laHkou ÅtkZ] ,aVªkWih,*
DDDDDfH

⊖⊖⊖⊖⊖/ (kJ mol–1) DDDDDfG
⊖⊖⊖⊖⊖/ (kJ mol–1) S

⊖⊖⊖⊖⊖/(J K–1 mol–1)

(tkjh)
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fVu

Sn(s), liQsn 0 0 51.55

Sn(s), /wlj –2.09 0.13 44.14

SnO(s) –285.8 –256.9 56.5
SnO2(s) –580.7 –519.6 52.3

¯”kd
Zn(s) 0 0 41.63
Zn2+(aq) –153.89 –147.06 –112.1
ZnO(s) –348.28 –318.30 43.64
Zn(g) +130.73 +95.14 160.93

*O;fDrxr vk;uksa osQ fy, muosQ foy;uksa esa ,aVWªkih dk eku ty esa H+ osQ fy, 'kwU; ekudj fu/kZfjr fd;k tkrk gS vkSj rc leLr vk;uksa
dh ,aVªkWih blosQ lkis{k ifjHkkf"kr dh tkrh gSA blfy, Í.kkRed ,aVªkWih og gS] tks ty esa H+ dh vis{kk de eku dh gSA

dkcZfud ;kSfxd

inkFkZ ngu laHkou fxCt laHkou
,aFkSYih] ,aFkSYih] ÅtkZ] ,aVªkWih]

DDDDDcH
⊖⊖⊖⊖⊖/ (kJ mol–1) DDDDDfH

⊖⊖⊖⊖⊖/ (kJ mol–1) DDDDDfG
⊖⊖⊖⊖⊖/ (kJ mol–1) S

⊖⊖⊖⊖⊖/(J K–1 mol–1)

gkbMªksdkcZu

CH4(g), esFksu –890 –74.81 –50.72 186.26

C2H2(g), ,Fkkbu (,lhVyhu) –1300 226.73 209.20 200.94

C2H4(g), ,Fkhu (,FkkbZyhu) –1411 52.26 68.15 219.56

C2H6(g), ,Fksu –1560 –84.68 –32.82 229.60

C3H6(g), izksihu (izksikbyhu) –2058 20.42 62.78 266.6

C3H6(g), lkbDyksizksisu –2091 53.30 104.45 237.4

C3H8(g), izksisu –2220 –103.85 –23.49 270.2

C4H10(g), C;wVsu –2878 –126.15 –17.03 310.1

C5H12(g), isUVsu –3537 –146.44 –8.20 349

C6H6(l), csUthu –3268 49.0 124.3 173.3

C6H6(g) –3302 — — —

C7H8(l), VkWywbZu –3910 12.0 113.8 221.0

C7H8(g) –3953 — — —

C6H12(l), lkbDyksgsDlsu –3920 –156.4 26.7 204.4

C6H12(g), –3953 — — —

C8H18(l), vkWDVsu –5471 –249.9 6.4 358

,sYdksgkWy vkSj fiQuksy

CH3OH(l), esFksukWy –726 –238.86 –166.27 126.8

CH3OH(g) –764 –200.66 –161.96 239.81

C2H5OH(l), ,FksukWy –1368 –277.69 –174.78 160.7

C2H5OH(g) –1409 –235.10 –168.49 282.70

C6H5OH(s), I+kQhukWy –3054 –164.6 –50.42 144.0

(tkjh)

inkFkZ laHkou ,aFkSYih] fxCt laHkou ÅtkZ] ,aVªkWih,*
DDDDDfH

⊖⊖⊖⊖⊖/ (kJ mol–1) DDDDDfG
⊖⊖⊖⊖⊖/ (kJ mol–1) S

⊖⊖⊖⊖⊖/(J K–1 mol–1)

Rationalised 2023-24
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dkcksZfDlfyd vEy

HCOOH(l), iQkWfeZd vEy –255 –424.72 –361.35 128.95

CH3COOH(l), ,slhfVd vEy –875 –484.5 –389.9 159.8

CH3COOH (aq) — –485.76 –396.64 86.6

(COOH)2(s), vkWDlsfyd vEy –254 –827.2 –697.9 120

C6H5COOH(s), csUt+ksbd vEy –3227 –385.1 –245.3 167.6

,sYMhgkbM vkSj dhVksu

HCHO(g), esFksuSy –571 –108.57 –102.53 218.77

(formaldehyde)

CH3CHO(l), ,FksuSy –1166 –192.30 –128.12 160.2

(,slhVsYMhgkbM)
CH3CHO(g) –1192 –166.19 –128.86 250.3

CH3COCH3(l), izksisuksu –1790 –248.1 –155.4 200

(,slhVksu)

'kdZjk

C6H12O6(s), Xywdksl –2808 –1268 –910 212

C6H12O6(aq) — — –917 —

C6H12O6(s), ÚDVkst+ –2810 –1266 — —

C12H22O11(s), lwØksl –5645 –2222 –1545 360

ukbVªkstu ;kSfxd

CO(NH2)2(s), ;wfj;k –632 –333.51 –197.33 104.60

C6H5NH2(l), ,sfuyhu –3393 31.6 149.1 191.3

NH2CH2COOH(s), Xykblhu –969 –532.9 –373.4 103.51

CH3NH2(g), esfFky,sehu –1085 –22.97 32.16 243.41

inkFkZ ngu laHkou fxCt laHkou
,aFkSYih] ,aFkSYih] ÅtkZ] ,aVWªkih]

DDDDDcH
⊖⊖⊖⊖⊖/ (kJ mol–1) DDDDDfH

⊖⊖⊖⊖⊖/ (kJ mol–1) DDDDDfG
⊖⊖⊖⊖⊖/ (kJ mol–1) S

⊖⊖⊖⊖⊖/(J K–1 mol–1)

Rationalised 2023-24
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oS|qr~ jklk;fud Øe esa 298 K ij ekud foHko

vip;u v/Z vfHkfØ;k E
⊖⊖⊖⊖⊖/V

H4XeO6 + 2H+ + 2e– ¾® XeO3 + 3H2O +3.0

F2 + 2e– ¾® 2F– +2.87

O3 + 2H+ + 2e– ¾® O2 + H2O +2.07

S2O
2–
8 + 2e– ¾® 2SO

2–
4 +2.05

Ag+ + e– ¾® Ag+ +1.98

Co3+ + e– ¾® Co2+ +1.81

H2O2 + 2H+ + 2e– ¾® 2H2O +1.78

Au+ + e– ¾® Au +1.69

Pb4+ + 2e– ¾® Pb2+ +1.67

2HClO + 2H+ + 2e– ¾® Cl2 + 2H2O +1.63

Ce4+ + e– ¾® Ce3+ +1.61

2HBrO + 2H+ + 2e– ¾® Br2 + 2H2O +1.60

MnO
–
4 + 8H+ + 5e– ¾® Mn2+ + 4H2O +1.51

Mn3+ + e– ¾® Mn2+ +1.51

Au3+ + 3e– ¾® Au +1.40

Cl2 + 2e– ¾® 2Cl– +1.36

Cr2O
2–
7 + 14H+ + 6e– ¾® 2Cr3+ + 7H2O +1.33

O3 + H2O + 2e– ¾® O2 + 2OH– +1.24

O2 + 4H+ + 4e– ¾® 2H2O +1.23

ClO–
4 + 2H+ +2e– ¾® ClO–

3 + 2H2O +1.23

MnO2 + 4H+ + 2e– ¾® Mn2+ + 2H2O +1.23

Pt2+ + 2e– ¾® Pt +1.20

Br2 + 2e– ¾® 2Br– +1.09

Pu4+ + e– ¾® Pu3+ +0.97

NO–
3 + 4H+ + 3e– ¾® NO + 2H2O +0.96

2Hg2+ + 2e– ¾® Hg2+
2 +0.92

ClO– + H2O + 2e– ¾® Cl– + 2OH– +0.89

Hg2+ + 2e– ¾® Hg +0.86

NO–
3 + 2H+ + e– ¾® NO2 + H2O +0.80

Ag+ + e– ¾® Ag +0.80

Hg2+
2 +2e– ¾® 2Hg +0.79

Fe3+ + e– ¾® Fe2+ +0.77

BrO– + H2O + 2e– ¾® Br– + 2OH– +0.76

Hg2SO4 +2e– ¾® 2Hg + SO2–
4 +0.62

MnO2–
4 + 2H2O + 2e– ¾® MnO2 + 4OH– +0.60

MnO–
4 + e– ¾® MnO2–

4 +0.56

I2 + 2e– ¾® 2I– +0.54

I
–

3 + 2e– ¾® 3I– +0.53

vip;u v/Z vfHkfØ;k E
⊖⊖⊖⊖⊖/V

Cu+ + e– ¾® Cu +0.52

NiOOH + H2O + e– ¾® Ni(OH)2 + OH– +0.49

Ag2CrO4 + 2e– ¾® 2Ag + CrO2–
4 +0.45

O2 + 2H2O + 4e– ¾® 4OH– +0.40

ClO–
4 + H2O + 2e– ¾® ClO–

3 + 2OH– +0.36

[Fe(CN)6]
3– + e– ¾® [Fe(CN)6]

4– +0.36

Cu2+ + 2e– ¾® Cu +0.34

Hg2Cl2 + 2e– ¾® 2Hg + 2Cl– +0.27

AgCl + e– ¾® Ag + Cl– +0.27

Bi3+ + 3e– ¾® Bi +0.20

SO4
2   – + 4H+ + 2e– ¾® H2SO3 + H2O +0.17

Cu2+ + e– ¾® Cu+ +0.16

Sn4+ + 2e– ¾® Sn2+ +0.15

AgBr + e– ¾® Ag + Br– +0.07

Ti4+ + e– ¾® Ti3+  0.00

2H+ + 2e– ¾® H2  0.0 by

ifjHkk"kkuqlkj
Fe3+ + 3e– ¾® Fe –0.04

O2 + H2O + 2e– ¾® HO–
2 + OH– –0.08

Pb2+ + 2e– ¾® Pb –0.13

In+ + e– ¾® In –0.14

Sn2+ + 2e– ¾® Sn –0.14

AgI + e– ¾® Ag + I– –0.15

Ni2+ + 2e– ¾® Ni –0.23

V3+ + e– ¾® V2+ –0.26

Co2+ + 2e– ¾® Co –0.28

In3+ + 3e– ¾® In –0.34

Tl+ + e– ¾® Tl –0.34

PbSO4 + 2e– ¾® Pb + SO2–
4 –0.36

Ti3+ + e– ¾® Ti2+ –0.37

Cd2+ + 2e– ¾® Cd –0.40

In2+ + e– ¾® In+ –0.40

Cr3+ + e– ¾® Cr2+ –0.41

Fe2+ + 2e– ¾® Fe –0.44

In3+ + 2e– ¾® In+ –0.44

S + 2e– ¾® S2– –0.48

In3+ + e– ¾® In2+ –0.49

U4+ + e– ¾® U3+ –0.61

Cr3+ + 3e– ¾® Cr –0.74

Zn2+ + 2e– ¾® Zn –0.76

(continued)

ifjf'k"V VII

(tkjh)
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vip;u v/Z vfHkfØ;k E⊖⊖⊖⊖⊖/V

Cd(OH)2 + 2e– ¾® Cd + 2OH– –0.81

2H2O + 2e– ¾® H2 + 2OH– –0.83

Cr2+ + 2e– ¾® Cr –0.91

Mn2+ + 2e– ¾® Mn –1.18

V2+ + 2e– ¾® V –1.19

Ti2+ + 2e– ¾® Ti –1.63

Al3+ + 3e– ¾® Al –1.66

U3+ + 3e– ¾® U –1.79

Sc3+ + 3e– ¾® Sc –2.09

Mg2+ + 2e– ¾® Mg –2.36

Ce3+ + 3e– ¾® Ce –2.48

vip;u v/Z vfHkfØ;k E⊖⊖⊖⊖⊖/V

La3+ + 3e– ¾® La –2.52

Na+ + e– ¾® Na –2.71

Ca2+ + 2e– ¾® Ca –2.87

Sr2+ + 2e– ¾® Sr –2.89

Ba2+ + 2e– ¾® Ba –2.91

Ra2+ + 2e– ¾® Ra –2.92

Cs+ + e– ¾® Cs –2.92

Rb+ + e– ¾® Rb –2.93

K+ +e– ¾® K –2.93

Li+ + e– ¾® Li –3.05

226 jlk;u foKku
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y?kqx.kd
lkj.kh I

N 0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

 10 0000 0043 0086 0128 0170 5 9 13 17 21 26 30 34 38

0212 0253 0294 0334 0374 4   8 12 16 2O 24 28 32 36

 11 0414 0453 0492 0531 0569 4  8 12 16 20 23 27 31 35
0607 0645 0682 0719 0755 4 7 11 15 18 22 26 29 33

12 0792 0828 0864 0899 0934 3 7 11 14 18 21 25 28 32

0969 1004 1038 1072 1106 3 7 10 14 17 20 24 27 31

13 1139 1173 1206 1239 1271 3 6 10 13 16 19 23 26 29
1303 1335 1367 1399 1430 3 7 10 13 16 19 22 25 29

14 1461 1492 1523 1553 1584 3 6 9 12 15 19 22 25 28
1614 1644 1673 1703 1732 3 6 9 12 14 17 20 23 26

15 1761 1790 1818 1847 1875 3 6 9 11 14 17 20 23 26
1903 1931 1959 1987 2014 3 6 8 11 14 17 19 22 25

16 2041 2068 2095 2122 2148 3 6 8 11 14  16 19 22 24
2175 2201 2227 2253 2279 3 5 8 10  13 16 18 21 23

17 2304 2330 2355 2380 2405 3 5 8 10 13 15 18 20 23
2430 2455 2480 2504 2529 3 5 8 10 12 15 17 20 22

18 2553 2577 2601 2625 2648 2 5 7 9 12 14 17 19 21
2672 2695 2718 2742 2765 2 4 7 9  11 14 16 18 21

19 2788 2810 2833 2856 2878 2 4 7 9 11 13 16 18 20
2900 2923 2945 2967 2989 2 4 6 8 11 13 15 17 19

20 3010 3032 3054 3075 3096 3118 3139 3160 3181 3201 2 4 6 8 11 13 15 17 19

21 3222 3243 3263 3284 3304 3324 3345 3365 3385 3404 2 4 6 8 10 12 14 16 18

22 3424 3444 3464 3483 3502 3522 3541 3560 3579 3598 2 4 6 8 10 12 14 15 17

23 3617 3636 3655 3674 3692 3711 3729 3747 3766 3784 2 4 6 7 9 11 13 15 17

24 3802 3820 3838 3856 3874 3892 3909 3927 3945 3962 2 4 5 7 9 11 12 14 16

25 3979 3997 4014 4031 4048 4065 4082 4099 4116 4133 2 3 5 7 9 10 12 14 15

26 4150 4166 4183 4200 4216 4232 4249 4265 4281 4298 2 3 5 7 8 10 11 13 15

27 4314 4330 4346 4362 4378 4393 4409 4425 4440 4456 2 3 5 6 8 9 11 13 14

28 4472 4487 4502 4518 4533 4548 4564 4579 4594 4609 2 3 5 6 8 9 11 12 14

29 4624 4639 4654 4669 4683 4698 4713 4728 4742 4757 1 3 4 6 7 9 10 12 13

30 4771 4786 4800 4814 4829 4843 4857 4871 4886 4900 1 3 4 6 7 9 10 11 13

31 4914 4928  4942 4955 4969 4983 4997 5011 5024 5038 1 3  4 6 7 8 10 11 12

32 5051 5065 5079 5092 5105 5119 5132 5145 5159 5172 1 3 4 5 7 8 9 11 12

33 5185 5198 5211 5224 5237 5250 5263 5276 5289 5302 1 3 4 5 6 8 9 10 12

34 5315 5328 5340 5353 5366 5378 5391 5403 5416 5428 1 3 4 5 6 8 9 10 11

35 5441 5453 5465 5478 5490 5502 5514 5527 5539 5551 1 2 4 5 6 7 9 10 11

36 5563 5575 5587 5599 5611 5623 5635 5647 5658 5670 1 2 4 5 6 7 8 10 11

37 5682 5694 5705 5717 5729 5740 5752 5763 5775 5786 1 2 3 5 6 7 8 9 10

38 5798 5809 5821 5832 5843 5855 5866 5877 5888 5899 1 2 3 5 6 7 8 9 10

39 5911 5922 5933 5944 5955 5966 5977 5988 5999 6010 1 2 3 4 5 7 8 9 10

40 6021 6031 6042 6053 6064 6075 6085 6096 6107 6117 1 2 3 4 5 6 8 9 10

41 6128 6138 6149 6160 6170 6180 6191 6201 6212 6222 1 2 3 4 5 6 7 8 9

42 6232 6243 6253 6263 6274 6284 6294 6304 6314 6325 1 2 3 4 5 6 7 8 9

43 6335 6345 6355 6365 6375 6385 6395 6405 6415 6425 1 2 3 4 5 6 7 8 9

44 6435 6444 6454 6464 6474 6484 6493 6503 6513 6522 1 2 3 4 5 6 7 8 9

45 6532 6542 6551 6561 6471 6580 6590 6599 6609 6618 1 2 3 4 5 6 7 8 9

46 6628 6637 6646 6656 6665 6675 6684 6693 6702 6712 1 2 3 4 5 6 7 7 8

47 6721 6730 6739 6749 6758 6767 6776 6785 6794 6803 1 2 3 4 5 5 6 7 8

48 6812 6821 6830 6839 6848 6857 6866 6875 6884 6893 1 2 3 4 4 5 6 7 8

49 6902 6911 6920 6928 6937 6946 6955 6964 6972 6981 1 2 3 4 4 5 6 7 8

ifjf'k"V VIII
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y?kqx.kd
lkj.kh I (Øe'k%)

N 0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

50 6990 6998 7007 7016 7024 7033 7042 7050 7059 7067 1 2 3 3 4 5 6 7 8

51 7076 7084 7093 7101 7110 7118 7126 7135 7143 7152 1 2 3 3 4 5 6 7 8

52 7160 7168 7177 7185 7193 7202 7210 7218 7226 7235 1 2 2 3 4 5 6 7 7

53 7243 7251 7259 7267 7275 7284 7292 7300 7308 7316 1 2 2 3 4 5 6 6 7

54 7324 7332 7340 7348 7356 7364 7372 7380 7388 7396 1 2 2 3 4 5 6 6 7

55 7404 7412 7419 7427 7435 7443 7451 7459 7466 7474 1 2 2 3 4 5 5 6 7

56 7482 7490 7497 7505 7513 7520 7528 7536 7543 7551 1 2 2 3 4 5 5 6 7

57 7559 7566 7574 7582 7589 7597 7604 7612 7619 7627 1 2 2 3 4 5 5 6 7

58 7634 7642 7649 7657 7664 7672 7679 7686 7694 7701 1 1 2 3 4 4 5 6 7

59 7709 7716 7723 7731 7738 7745 7752 7760 7767 7774 1 1 2 3 4 4 5 6 7

60 7782 7789 7796 7803 7810 7818 7825 7832 7839 7846 1 1 2 3 4 4 5 6 6

61 7853 7860 7768 7875 7882 7889 7896 7903 7910 7917 1 1 2 3 4 4 5 6  6

62 7924 7931 7938 7945 7952 7959 7966 7973 7980 7987 1 1 2 3 3 4 5 6 6

63 7993 8000 8007 8014 8021 8028 8035 8041 8048 8055 1 1 2 3 3 4 5 5 6

64 8062 8069 8075 8082 8089 8096 8102 8109 8116 8122 1 1 2 3 3 4 5 5 6

65 8129 8136 8142 8149 8156 8162 8169 8176 8182 8189 1 1 2 3 3 4 5 5 6

66 8195 8202 8209 8215 8222 8228 8235 8241 8248 8254 1 1 2 3 3 4 5 5 6

67 8261 8267 8274 8280 8287 8293 8299 8306 8312 8319 1 1 2 3 3 4 5 5 6

68 8325 8331 8338 8344 8351 8357 8363 8370 8376 8382 1 1 2 3 3 4 4 5 6

69 8388 8395 8401 8407 8414 8420 8426 8432 8439 8445 1 1 2 2 3 4 4 5 6

70 8451 8457 8463 8470 8476 8482 8488 8494 8500 8506 1 1 2 2 3 4 4 5 6

71 8513 8519 8525 8531 8537 8543 8549 8555 8561 8567 1 1 2 2 3 4 4 5 5

72 8573 8579 8585  8591 8597 8603 8609 8615 8621 8627 1 1 2 2 3 4 4 5 5

73 8633 8639 8645 8651 8657 8663 8669 8675 8681 8686 1 1 2 2 3 4 4 5 5

74 8692 8698 8704 8710 8716 8722 8727 8733 8739 8745 1 1 2 2 3 4 4 5 5

75 8751 8756 8762 8768 8774 8779 8785 8791 8797 8802 1 1 2 2 3 3 4 5 5

76 8808 8814 8820 8825 8831 8837 8842 8848 8854 8859 1 1 2 2 3 3 4 5 5

77 8865 8871 8876 8882 8887 8893 8899 8904 8910 8915 1 1 2 2 3 3 4 4 5

78 8921 8927 8932 8938 8943 8949 8954 8960 8965 8971 1 1 2 2 3 3 4 4 5

79 8976 8982 8987 8993 8998 9004 9009 9015 9020 9025 1 1 2 2 3 3 4 4 5

80 9031 9036 9042 9047 9053 9058 9063 9069 9074 9079 1 1 2 2 3 3 4 4 5

81 9085 9090 9096 9101 9106 9112 9117 9122 9128 9133 1 1 2 2 3 3 4 4 5

82 9138 9143 9149 9154 9159 9165 9170 9175 9180 9186 1 1 2 2 3 3 4 4 5

83 9191 9196 9201 9206 9212 9217 9222 9227 9232 9238 1 1 2 2 3 3 4 4 5

84 9243 9248 9253 9258 9263 9269 9274 9279 9284 9289 1 1 2 2 3 3 4 4 5

85 9294 9299 9304 9309 9315 9320 9325 9330 9335 9340 1 1 2 2 3 3 4 4 5

86 9345 9350 9355 9360 9365 9370 9375 9380 9385 9390 1 1 2 2 3 3 4 4 5

87 9395 9400 9405 9410 9415 9420 9425 9430 9435 9440 0 1 1 2 2 3 3 4 4

88 9445 9450 9455 9460 9465 9469 9474 9479 9484 9489 0 1 1 2 2 3 3 4 4

89 9494 9499 9504 9509 9513 9518 9523 9528 9533 9538 0 1 1 2 2 3 3 4 4

90 9542 9547 9552 9557 9562 9566 9571 9576 9581 9586 0 1 1 2 2 3 3 4 4

91 9590 9595 9600 9605 9609 9614 9619 9624 9628 9633 0 1 1 2 2 3 3 4 4

92 9638 9643 9647 9652 9657 9661 9666 9671 9675 9680 0 1  1 2 2 3 3 4 4

93 9685 9689 9694 9699 9703 9708 9713 9717 9722 9727 0 1  1 2 2 3 3 4 4

94 9731  9736 9741 9745 9750 9754 9759 9763 9768 9773 0 1 1 2 2 3 3 4 4

95 9777 9782 9786 9791 9795 9800 9805 9809 9814 9818 0 1 1 2 2 3 3 4 4

96 9823 9827 9832 9836 9841 9845 9850 9854 9859 9863 0 1 1 2 2 3 3 4 4

97 9868 9872 9877 9881 9886 9890 9894 9899 9903 9908 0 1 1 2 2 3 3 4 4

98 9912 9917 9921 9926 9930 9934 9939 9943 9948 9952 0 1 1 2 2 3 3 4 4

99 9956 9961 9965 9969 9974 9978 9983 9987 9997 9996 0 1 1 2 2 3 3 3 4

Rationalised 2023-24
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N 0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

00 1000 1002 1005 1007 1009 1012 1014 1016 1019 1021 0 0 1 1 1 1 2 2 2

.01 1023 1026 1028 1030 1033 1035 1038 1040 1042 1045 0 0 1 1 1 1 2 2 2

.02 1047 1050 1052 1054 1057 1059 1062 1064 1067 1069 0  0 1 1 1 1 2 2 2

.03 1072 1074 1076 1079 1081 1084 1086 1089 1091 1094 0 0 1 1 1 1 2 2 2

.04 1096 1099 1102 1104 1107 1109 1112 1114 1117 1119 0 1 1 1 1 2 2 2 2

.05 1122 1125 1127 1130 1132 1135 1138 1140 1143 1146 0 1 1 1 1 2 2 2 2

.06 1148 1151 1153 1156 1159 1161 1164 1167 1169 1172 0 1 1 1 1 2 2 2 2

.07 1175 1178 1180 1183 1186 1189 1191 1194 1197 1199 0 1 1 1 1 2 2 2 2

.08 1202 1205 1208 1211 1213 1216 1219 1222 1225 1227 0 1 1 1 1 2 2 2 3

.09 1230 1233 1236 1239 1242 1245 1247 1250 1253 1256 0 1 1 1 1 2 2 2 3

.10 1259 1262 1265 1268 1271 1274 1276 1279 1282 1285 0 1 1 1 1 2 2 2 3

.11 1288 1291 1294 1297 1300 1303 1306 1309 1312 1315 0 1 1 1 2 2 2 2 3

.12 1318 1321 1324 1327 1330 1334 1337 1340 1343 1346 0 1 1 1 2 2 2 2 3

.13 1349 1352 1355 1358 1361 1365 1368 1371 1374 1377 0 1 1 1 2 2 2 3 3

.14 1380 1384 1387 1390 1393 1396 1400 1403 1406 1409 0 1 1 1 2 2 2 3 3

.15 1413 1416 1419 1422 1426 1429 1432 1435 1439 1442 0 1 1 1 2 2 2 3 3

.16 1445 1449 1452 1455 1459 1462 1466 1469 1472 1476 0 1 1 1 2 2 2 3 3

.17 1479 1483 1486 1489 1493 1496 1500 1503 1507 1510 0 1 1 1 2 2 2 3 3

.18 1514 1517 1521 1524 1528 1531 1535 1538 1542 1545 0 1 1 1 2 2 2 3 3

.19 1549 1552 1556 1560 1563 1567 1570 1574 1578 1581 0 1 1 1 2 2 3 3 3

.20 1585 1589 1592 1596 1600 1603 1607 1611 1614 1618 0 1 1 1 2 2 3 3 3

.21 1622 1626 1629 1633 1637 1641 1644 1648 1652 1656 0 1 1 2 2 2 3 3 3

.22 1660 1663 1667 1671 1675 1679 1683 1687 1690 1694 0 1 1 2 2 2 3 3 3

.23 1698 1702 1706 1710 1714 1718 1722 1726 1730 1734 0 1 1 2 2 2 3 3 4

.24 1738 1742 1746 1750 1754 1758 1762 1766 1770 1774 0 1 1 2 2 2 3 3 4

.25 1778 1782 1786 1791 1795 1799 1803 1807 1811 1816 0 1  1 2 2 2 3 3 4

.26 1820 1824 1828 1832 1837 1841 1845 1849 1854 1858 0 1 1 2 2 3 3 3 4

.27 1862 1866 1871 1875 1879 1884 1888 1892 1897 1901 0 1 1 2 2 3 3 3 4

.28 1905 1910 1914 1919 1923 1928 1932 1936 1941 1945 0 1 1 2 2 3 3 4 4

.29 1950 1954 1959 1963 1968 1972 1977 1982 1986 1991 0 1 1 2 2 3 3 4 4

.30 1995 2000 2004 2009 2014 2018 2023 2028 2032 2037 0 1 1 2 2 3 3 4 4

.31 2042 2046 2051 2056 2061 2065 2070 2075 2080 2084 0 1 1 2 2 3 3 4 4

.32 2089 2094 2099 2104 2109 2113 2118 2123 2128 2133 0 1  1 2 2 3 3 4 4

.33 2138 2143 2148 2153 2158 2163 2168 2173 2178 2183 0 1 1 2 2 3 3 4 4

.34 2188 2193 2198 2203 2208 2213 2218 2223 2228 2234 1 1 2 2 3 3 4 4 5

.35 2239 2244 2249 2254 2259 2265 2270 2275 2280 2286 1 1 2 2 3 3 4 4 5

.36 2291 2296 2301 2307 2312 2317 2323 2328 2333 2339 1 1 2 2 3 3 4 4 5

.37 2344 2350 2355 2360 2366 2371 2377 2382 2388 2393 1 1 2 2 3 3 4 4 5

.38 2399 2404 2410 2415 2421 2427 2432 2438 2443 2449 1 1 2 2 3 3 4 4 5

.39 2455 2460 2466 2472 2477 2483 2489 2495 2500 2506 1 1 2 2 3 3 4 5 5

.40 2512 2518 2523 2529 2535 2541 2547 2553 2559 2564 1  1 2 2 3 4 4 5 5

.41 2570 2576 2582 2588 2594 2600 2606 2612 2618 2624 1  1 2 2 3 4 4  5  5

.42 2630 2636 2642 2649 2655 2661 2667 2673 2679 2685 1 1 2 2 3 4  4 5 6

.43 2692 2698 2704 2710 2716 2723 2729 2735 2742 2748 1 1 2 3 3 4 4 5 6

.44 2754 2761 2767 2773 2780 2786 2793 2799 2805 2812 1 1 2 3 3 4 4 5 6

.45 2818 2825 2831 2838 2844 2851 2858 2864 2871 2877 1 1 2 3 3 4 5 5 6

.46 2884 2891 2897 2904 2911 2917 2924 2931 2938 2944 1 1 2 3 3 4 5 5 6

.47 2951 2958 2965 2972 2979 2985 2992 2999 3006 3013 1 1 2 3 3 4 5 5 6

.48 3020 3027 3034 3041 3048 3055 3062 3069 3076 3083 1 1 2 3 3 4 5 6 6

.49 3090 3097 3105 3112 3119 3126 3133 3141 3148 3155 1 1 2 3 3 4 5 6 6

izfry?kqx.kd

lkj.kh II
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230 jlk;u foKku

izfry?kqx.kd

lkj.kh II (Øe'k%)

N 0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

.50 3162 3170 3177 3184 3192 3199 3206 3214 3221 3228 1 1 2 3 4 4 5 6 7

.51 3236 3243 3251 3258 3266 3273 3281 3289 3296 3304 1 2 2 3 4 5 5 6 7

.52 3311 3319 3327 3334 3342 3350 3357 3365 3373 3381 1 2 2 3 4 5 5 6 7

.53 3388 3396 3404 3412 3420 3428 3436 3443 3451 3459 1 2 2 3 4 5 6 6 7

.54 3467 3475 3483 3491 3499 3508 3516 3524 3532 3540 1 2 2 3 4 5 6 6 7

.55 3548 3556 3565 3573 3581 3589 3597 3606 3614 3622 1 2 2 3 4 5 6 7 7

.56 3631 3639 3648 3656 3664 3673 3681 3690 3698 3707 1 2 3 3 4 5 6 7 8

.57 3715 3724 3733 3741 3750 3758 3767 3776 3784 3793 1 2 3 3 4 5 6 7 8

.58 3802 3811 3819 3828 3837 3846 3855 3864 3873 3882 1 2 3 4 4 5 6 7 8

.59 3890 3899 3908 3917 3926 3936 3945 3954 3963 3972 1 2 3 4 5 5 6 7 8

.60 3981 3990 3999 4009 4018 4027 4036 4046 4055 4064 1 2 3 4 5 6 6 7 8

.61 4074 4083 4093 4102 4111 4121 4130 4140 4150 4159 1 2 3 4 5 6 7 8 9

.62 4169 4178 4188 4198 4207 4217 4227 4236 4246 42S6 1 2 3 4 5 6 7 8 9

.63 4266 4276 4285 4295 4305 4315 4325 4335 4345 4355 1 2 3 4 5 6 7 8 9

.64 4365 4375 4385 4395 4406 4416 4426 4436 4446 4457 1 2 3 4 5 6 7 8 9

.65 4467 4477 4487 4498 4508 4519 4529 4539 4550 4560 1 2 3 4 5 6 7 8 9

.66 4571 4581 4592 4603 4613 4624 4634 4645 4656 4667 1 2 3 4 5 6 7 9 10

.67 4677 4688 4699 4710 4721 4732 4742 4753 4764 4775 1 2 3 4 5 7 8 9 10

.68 4786 4797 4808 4819 4831 4842 4853 4864 4875 4887 1 2 3 4 6 7 8 9 10

.69 4898 4909 4920 4932 4943 4955 4966 4977 4989 5000 1 2 3 5 6 7 8 9 10

.70 5012 5023 5035 5047 5058 5070 5082 5093 5105 5117 1 2 4 5 6 7 8 9 11

.71 5129 5140 5152 5164 5176 5188 5200 5212 5224 5236 1 2 4 5 6 7 8 10 11

.72   5248 5260 5272 5284 5297 5309 5321 5333 5346 5358 1 2 4 5 6 7 9 10 11

.73   5370 5383 5395 5408 5420 5433 5445 5458 5470 5483 1 3 4 5 6 8 9 10 11

.74 5495 5508 5521 5534 5546 5559 5572 5585 5598 5610 1 3 4 5 6 8 9 10 12

.75 5623 5636 5649 5662 5675 5689 5702 5715 5728 5741 1 3 4 5 7 8 9 10 12

.76 5754 5768 5781 5794 5808 5821 5834 5848 5861 5875 1 3 4 5 7 8 9 11 12

.77 5888 5902 5916 5929 5943 5957 5970 5984 5998 6012 1 3 4 5 7 8 10 11 12

.78  6026 6039 6053 6067 6081 6095 6109 6124 6138 6152 1 3 4 6 7 8 10 11 13

.79 6166 6180 6194 6209 6223 6237 6252 6266 6281 6295 1 3 4 6 7 9 10 11 13

.80 6310 6324 6339 6353 6368 6383 6397 6412 6427 6442 1 3 4 6 7 9 10 12 13

.81 6457 6471 6486 6501 6516 6531 6546 6561 6577 6592 2 3 5 6 8 9 11 12 14

.82 6607 6622 6637 6653 6668 6683 6699 6714 6730 6745 2 3 5 6 8 9 11 12 14

.83 6761 6776 6792 6808 6823 6839 6855 6871 6887 6902 2 3 5 6 8 9 11  1314

.84 6918 6934 6950 6966 6982 6998 7015 7031 7047 7063 2 3 5 6 8 10 11 13 15

.85 7079 7096 7112 7129 7145 7161 7178 7194 7211 7228 2 3 5 7 8 10 12 13 15

.86 7244 7261 7278 7295 7311 7328 7345 7362 7379 7396 2 3 5 7 8 10 12 13 15

.87 7413 7430 7447 7464 7482 7499 7516 7534 7551 7568 2 3 5 7 9 10 12 14 16

.88 7586 7603 7621 7638 7656 7674 7691 7709 7727 7745 2 4 5 7 9 11 12 14 16

.89 7762 7780 7798 7816 7834 7852 7870 7889 7907 7925 2 4 5 7 9 11 13 14 16

.90 7943 7962 7980 7998 8017 8035 8054 8072 8091 8110 2 4 6 7        9 11 13 15 17

.91 8128 8147 8166 8185 8204 8222 8241 8260 8279 8299 2 4 6 8 9 11 13 15 17

.92 8318 8337 8356 8375 8395 8414 8433 8453 8472 8492 2 4 6 8 10 12 14 15 17

.93 8511 8531 8551 8570 8590 8610 8630 8650 8670 8690 2 4 6 8 10 12 14 16 18

.94 8710 8730 8750 8770 8790 8810 8831 8851 8872 8892 2 4 6 8 10 12 14 16 18

.95 8913 8933 8954 8974 8995 9016 9036 9057 9078 9099 2 4 6 8 10 12 15 17 19

.96 9120 9141 9162 9183 9204 9226 9247 9268 9290 9311 2 4 6 8 11 13 15 17 19

.97 9333 9354 9376 9397 9419 9441 9462 9484 9506 9528 2 4 7 9 11 13 15 17 20

.98 9550 9572 9594 9616 9638 9661 9683 9705 9727 9750 2 4 7 9 11 13 16 18 20

.99 9772 9795 9817 9840 9863 9886 9908 9931 9954 9977 2 5 7 9 11 14 16 18 20
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mÙkjekyk
oqQN pqus gq, iz'uksa osQ mÙkj

,dd 1

1.17 ~ 15 × 10–4 g , 1.25 × 10–4 
m

1.18 (i) 4.8 ´ 10–3 (ii) 2.34 ´ 105 (iii) 8.008 ´ 103 (iv) 5.000 ´ 102 (v) 6.0012

1.19 (i) 2 (ii) 3 (iii) 4 (iv) 3 (v) 4
(vi) 5

1.20 (i) 34.2 (ii) 10.4 (iii) 0.0460 (iv) 2810

1.21 (d) xqf.kr vuqikr dk fu;e ([k) (i)  (10
6 

mm, 10
15 

pm)

(ii)  (10–6 kg, 106 ng)

(iii)  (10–3 L, 10–3 dm3)

1.22 6.00 ´ 10–1 m =0.600 m

1.23 (i) B lhekar gSA (ii) A lhekar gSA
(iii) dksbZ ugha (iv) B lhekar gSA
(v) A lhekar gSA

1.24 (i) 2.43 ´ 10
3 

g (ii) gk¡

(iii) gkbMªkstu vfHkfØ;k ugha djsxh; 5.72 × 10
2
g

1.26 nl vk;ru
1.27 (i) 2.87 ´ 10–11m

(ii) 1.515 ´ 10–11 m

(iii) 2.5365 ´ 10–2kg

1.30 1.99265 ´ 10–23g

1.31 (i) 3 (ii) 4

(iii) 4

1.32 39.948 g mol–1

1.33 (i)  3.131 × 10
25

 ijek.kq (ii)  13 ijek.kq (iii)  7.8286 × 10
24

 ijek.kq

1.34 ewykuqikrh lw=k CH, eksyj nzO;eku 26.0 g mol
–1

, v.kq lw=k C2H2

1.35 0.94 g CaCO3

1.36 8.40 g HCl

,dd 2

  2.1 (i) 1.099 × 1027
 bysDVªkWu

(ii) 5.48 × 10–7 kg, 9.65 × 104C

  2.2 (i) 6.022 × 1024 bysDVªkWu
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(ii) (d)  2.4088 × 1021 U;wVªku
([k)  4.0347 × 10–6 kg

(iii) (d)  1.2044 × 1022 izksVkWu
([k)  2.015  × 10–5 kg

  2.3 7,6: 8,8: 12,12: 30,26: 50, 38

  2.4 (i) Cl (ii) U (iii)  Be

  2.5 5.17 × 1014 s–1, 1.72 × 106m–1

  2.6 (i) 1.988 × 10–18 J (ii)  3.98 × 10–15 J

  2.7 6.0 × 10–2 m,  5.0 × 109 s–1 ,oa 16.66 m–1

  2.8 2.012 × 1016 iQksVkWu
  2.9 (i) 4.97 × 10–19 J (3.10 eV); (ii) 0.97 eV (iii) 5.84 × 105 m s–1

2.10 494 kJ mol–1

2.11 7.18 × 1019s–1

2.12 4.41 × 1014s–1, 2.91 × 10–19J

2.13 486 nm

2.14 8.72 × 10–20J

2.15 15 mRltZu js[kk,a
2.16 (i) 8.72 × 10–20J (ii) 1.3225 nm

2.17 1.523 × 106 m–1

2.18 2.08 × 10–11 ergs, 950 Å

2.19 3647Å

2.20 3.55 × 10–11m

2.21 8967Å

2.22 Na+, Mg2+, Ca2+; Ar, S2– ,oa  K+

2.23 (i)  (d)  1s2 ([k)  1s2 2s2 2p6; (x)  1s22s22p6 (?k)  1s22s22p6

2.24 n = 5

2.25 n = 3; l = 2; ml = –2, –1, 0, +1, +2 (dksbZ ,d eku)

2.26 (i) 29 izksVkWu
2.27 1, 2, 15

2.28 (i)   l ml

0 0

1 –1,0,+1

2 –2,–1,0,+1,+2

(ii) l  = 2; m1=–2, –1,0,+1,+2

(iii) 2s, 2p

2.29 (d) 1s,   ([k)  3p,  (x)  4d  rFkk  (?k)  4f

2.30 (d), (x) rFkk (Ä) laHko ugha gSA

2.31 (d) 16 bysDVªkWu   ([k)  2 bysDVªkWu
2.33 n = 2 ls n = 1

232 jlk;u foKku
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2.34 8.72 × 10–18J izfr ijek.kq
2.35 1.33 × 109

2.36 0.06 nm

2.37 (d) 1.3 × 102 pm ([k) 6.15 × 107 pm

2.38 1560

2.39 8

2.40 gyosQ ijek.kq osQ NksVs ukfHkd gksus osQ dkj.k vfèkd   d.k ikj gksrs gSa] rFkk gyosQ ukfHkd ij de /ukos'k gksus
osQ dkj.k de   d.k fo{ksfir gksrs gSaA

2.41 fdlh fn, x, rÙo osQ leLFkkfudksa esa izksVkWu dh la[;k leku rFkk leku ijek.kq Øekad osQ fy, nzO;eku la[;k
fHkUu gks ldrh gSA

2.42
35

81
Br

2.43 37 1
17 Cl

2.44 56 3
26Fe 

2.45 dkWfLed fdj.ksa  > X–fdj.ksa > =k.kef.k (amber) jax > ekbØksrjax > ,iQ-,e-
2.46 3.3 × 106 J

2.47 (d) 4.87 × 1014 s–1 ([k) 9.0 × 109 m (x) 32.27 × 10–20 J (?k) 6.2 × 1018

2.48 10

2.49 8.28  × 10–10 J

2.50 3.45 × 10–22 J

2.51 (d) nsgyh rjax nSè;Z 652.46 nm ([k)  fofdj.k dh nsgyh vko`fÙk 4.598 ×1014 s–1

(x) fudys gq, -iQksVksbysDVªkWu dh xfrt ÅtkZ 9.29 × 10–20J,  -iQksVksbysDVªkWu dk osx 4.516 × 105 ms–1

2.52 530.9 nm

2.53 4.48 eV

2.54 7.6 × 103 eV

2.55 vojDr, 5

2.56 434 nm

2.57 455 pm

2.58 494.5 ms–1

2.59 332 pm

2.60 1.516 × 10–38 m

2.61 ifjHkkf"kr ugha fd;k tk ldrk D;ksafd lgh eku vfuf'prrk ls de gSA
2.62 (v) < (ii) = (iv) < (vi) = (iii) < (i)

2.63 4p

2.64 (i) 2s (ii) 4d (iii) 3p

2.65 Si

2.66 (d) 3 ([k) 2 (x) 6 (?k)  4 (Ä)  zero

2.67 16

233mÙkjekyk
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,dd 5

5.1 (ii)

5.2 (iii)

5.3 (ii)

5.4 (iii)

5.5 (i)

5.6 (iv)

5.7 q = + 701 J

w = – 394 J, D;ksafd fudk; }kjk dk;Z fd;k x;k gSA
DU =  307 J

5.8 – 743.939 kJ

5.9 1.067 kJ

5.10 DH = –7.151 kJ mol–1

5.11 – 314.8 kJ

5.12 D
r
H = –778 kJ

5.13 – 46.2 kJ mol–1

5.14 – 239 kJ mol–1

5.15 326 kJ mol–1

5.16 DS > 0

5.17 2000 K

5.18 DH Í.kkRed gS (vkca/ ÅtkZ eqDr gksrh gSA) rFkk DH Í.kkRed gSA (v.kqvksa esa ijek.kqvksa dh rqyuk esa de
vO;oLFkk gksrh gSA)

5.19 0.164 kJ,  vfHkfØ;k Lor% izofrZr ugha gSA
5.20 –5.744 kJ mol–1

5.21 NO(g) vLFkk;h gS] fdarq NO
2
(g) cusxk

5.22 q
surr

 = + 286 kJ mol–1

DS
surr  

= 959.73 J K–1

,dd 6

6.2 12.229

6.3 2.67 × 104

6.5 (i) 4.33 × 10–4 (ii) 1.90

6.6 1.59 × 10–15

6.8 [N
2
] = 0.0482 molL–1, [O

2
] = 0.0933 molL–1, [N

2
O] = 6.6 × 10–21 molL–1

6.9 NO osQ 0.0352 mol rFkk Br
2
 osQ 0.0178 mol

6.10 7.47 × 1011 M–1

6.11 4.0

6.12 Q
c
 = 2.397 × 103. ugha] vfHkfØ;k lkE;koLFkk ij ugha gSA

234 jlk;u foKku
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6.14 0.44

6.15 H
2
 rFkk I

2 
 izR;sd dk 0.068 mol L–1

6.16 [I
2
] = [Cl

2
] = 0.167 M, [ICl] = 0.446 M

6.17 [C
2
H

6
]
eq
 = 3.62 atm

6.18 (i) [CH
3
COOC

2
H

5
][H

2
O] / [CH

3
COOH][C

2
H

5
OH]

(ii) 3.92  (iii) Q
c
 dk eku K

c
 ls de gS] vr% lkE;koLFkk ugha LFkkfir gksxhA

6.19 nksuksa osQ fy, 0.02molL–1

6.20 [P
CO

] = 1.739atm, [P
CO2

] = 0.461atm.

6.21 ugha] vfHkfØ;k }kjk vf/d mRikn cusaxsA
6.22 3 × 10–4 molL–1

6.23 0.149

6.24 (d) – 35.0kJ, ([k) 1.365 × 106

6.27 [pH2
]
eq
 = [pBr

2
]
eq
 = 2.5 × 10–2bar, [P

HBr
] = 10.0 bar

6.30 ([k) 120.48

6.31 [H
2
]
eq
 = 0.96 bar

6.33 2.86 × 10–28 M

6.34 5.85×10–2

6.35 NO
2
–, HCN, ClO

4
, HF, H

2
O, HCO

3
–, HS–

6.36 BF
3
, H+, NH

4
+

6.37 F–, HSO
4
–, CO

3
2–

6.38 NH
3
, NH

4
+, HCOOH

6.41 2.42

6.42 1.7 × 10–4M

6.43 F
–
= 1.5 × 10–11, HCOO–= 5.6 × 10–11, CN–= 2.08 x 10–6

6.44 [iQhukWysV vk;u]= 2.2 × 10–6, µ = 4.47 × 10–5, lksfM;e iQhukWysV foy;u esa µ = 10–8

6.45 [HS
–
]= 9.54 × 10–5, in 0.1M HCl [HS–] = 9.1 × 10–8M, [S2–]= 1.2 × 10–13M, in 0.1M    HCl [S2–]=

1.09 × 10–19M

6.46 [Ac–]= 0.00093, pH= 3.03

6.47 [A–] = 7.08 x10–5M, K
a
= 5.08 × 10–7, pK

a
= 6.29

6.48 (d) 2.52 ([k) 11.70 (x) 2.70 (?k) 11.30

6.49 (d) 11.65 ([k) 12.21 (x) 12.57 (?k) 1.87

6.50 pH = 1.88, pK
a
 = 2.70

6.51 K
b
 = 1.6 × 10–6, pK

b
 = 5.8

6.52 a = 6.53 × 10–4, K
a
 = 2.35 × 10–5

6.53 (d) 0.0018 b) 0.00018

6.54 a = 0.0054

6.55 (d) 1.48 × 10–7M,    ([k) 0.063     (x) 4.17 × 10–8M     (?k) 3.98 × 10–7

6.56 (d) 1.5 × 10–7M,      ([k) 10–5M,    (x) 6.31 × 10–5M     (?k) 6.31 × 10–3M

6.57 [K+] = [OH–] = 0.05M, [H+] = 2.0 × 10–13M

7.58 [Sr2+] = 0.1581M, [OH–] = 0.3162M , pH = 13.50
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6.59 a = 1.63 × 10–2, pH = 3.09. dh mifLFkfr esa 0.01M HCl, a = 1.32 × 10–3

6.60 K
a
 = 2.09 × 10–4 rFkk vk;u dh ek=kk = 0.0457

6.61 pH = 7.97. ty fo;kstu dh ek=kk = 2.36 × 10–5

6.62 K
b
 = 1.5 × 10–9

6.63 NaCl, KBr foy;u mnklhu NaCN, NaNO
2
 rFkk KF foy;u {kkjh; NH

4
NO

3
 foy;u vEyh; gSA

6.64 (d) vEyh; foy;u pH = 1.9 ([k) yo.k foy;u dh pH 7.9

6.65 pH = 6.78

6.66 (d) 12.6    ([k) 7.00    (x) 1.3

6.67 flYoj ØsesV S= 0.65 × 10–4M; Ag+ dh eksyjrk = 1.30 x 10–4M

CrO
4

2– dh eksyjrk = 0.65 × 10–4M; csjh;e ØksesV S = 1.1 × 10–5M; Ba2+ rFkk CrO
4
2– izR;sd dh eksyjrk =

1.1 × 10–5M; iQsfjd gkbMªksDlkWbM S = 1.39 × 10–10M;

Fe3+  dh eksyjrk = 1.39 × 10–10M; [OH–] dh eksyjrk = 4.17 × 10–10M;

ysM DyksjkbM S = 1.59 × 10–2M; Pb2+ dh eksyjrk = 1.59 × 10–2M

Cl– dh eksyjrk = 3.18 × 10–2M; ejD;wjl vk;ksMkbM S = 2.24 × 10–10M;

Hg
2
2+ dh eksyjrk = 2.24 × 10–10M rFkk I dh eksyjrk = 4.48 × 10–10M

6.68 flYoj ØksesV vf/d foys; gS rFkk eksyjrk dk vuqikr = 91.9

6.69 dksbZ vo{ksi ughaA

6.70 flYoj csatks,V 3-317 xquk T;knk foy; gSA

6.71 foy;u dh vf/dree eksyjrk 2.5 × 10–9M

6.72 2.43 yhVj ikuh

6.73 osQMeh;e oyksjkbM foy;u esa iz{ksi.k gksxkA
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