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Tered g oLl o Zohie § THehd ©1 Sefteis
fes Afetent Shefts fertor Aferent et 21 e, el
TpEie U fadiet aaref o iftd e € |
o wfadi & ?

(i) foepq iR gaanra & it eruferfa o 3 frol
et feom o T w2

(v) fagd ok gewia &= w1 suftafs o e
TRt 1 =ERR HUMERT HUT oh  STufed
SRR & THM el €, S 7 fag w2 fw
whefig feol  momafia o BW B, TS
TR FE €|

(v) cheie-fHeol (soiee) & el helie oo
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HTh TSR o I ST (e) IR T (m) T
= T &t " (Fa 2.2) | o T &= &t
IufRefd ® soaR oTR Y 9 fadafad gt fag A

(fost 2.2) W hore forto e & et 21 26

YR ohacl Gk & i Sufeafd ® soee g

C W helie oAl @ 2o 81 fagq ek

JIRE &F HI JEadl o FEgHgds dged 9

ARl i ST T T SH 9Y W A9H AR

ST Henel B1 59 W 98 T & i eruteata o e

e Ig 9 W fag B 9 e €| UiWEA 4 98 ok

fon fF A TR AR e g AE

Iufeafa H solaeil o o1 Uy 9 foge™ &1 #@mn

frefafea ol W fe e 8-

(i) U IR HOTER H T HE T W fagg qe
e & o WY A TR 9 Sl @ 56
R feraer atfues g 2

(i) U H FTHAF-HU ok ookl dH G faeeH
ffures g 2l

(i) Torgd e AR &5 HI Yool RIS T
Jieedl 1Al FFIhE & H1 Ydadl g o
TSR 1 gl Ud § e 98 S )

R IE I CRIE

oI & 1 Yeord a1 g &3 1 gereral §
o fordt T 1 3uftafd o el o fa=em &1 A
1 TE-TE WY ek 3N IEh UHU W e,
e/m o A %1 LR HT Foh—

e

= 1.758820 x 10'! C kg (2.1)

W& m_ TR B A kg § OIR 39 W
&9 Fed (C) | 21 Hfeh seiae HUmEfE B €,
3A: ST W ATEdfersh (SRUT) 3TEY —e @

2.1.3 TAGRET U ATAIT

AR, Tl (1868-1953) F Soiae W &Y o
frericor o ferg s fafy dam #1, < 9ot 9e wEn
(1906-14) Heaw |

IEA T S SR W SEY -1.6 X 10-19C,
fagq 3Teer &1 F=a9 OF 1.602176 x10°19C &1
ATHHA o e/m_ STUI o A ¥ 37 qROmH sl 9
ek A H geadE (m) fAeifa feam

e  1.602176 x 10 '°C
1.758820 x 10''C kg

m =
€ e/ mg

=9.1094%103' kg (2.2)
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T georan W R Fw T 9 w1 IR # I W
TRl &5 YaeIa o S W1 e " T fHfesh
3 gz T femen & 91 W fagq smw (q) @
TR THeN oA e, () T O Bl €, Ui
q=ne, @ n=1,2,3...

ferg 2.3 sawr ‘e’ w97 & forg fafers @1 da &1 g5
SRV Fegh | MAEE T FT 55 T BIARRT
aT: TecAw Y, fogq &7 & RO Agqeias

T I AT ST

2.1.4 WEH a1 <A sht @it

ufafda shete faeor afes o few T faq
foqsi 9 vEft w0 W @ g, N e
et oft sher ST 21 39 eFEfiTa ol o stfirererr
aferfiad € -

31

() <heire foReon o faud, vAmafiT o 1 gemm
hefre fertor Afas o Sufterd 719 1 wepfa W
freft s B1 A WeRe eEEfe T emE
B

(i) HON o AN IR FHTE T STIC 3H T R
el ot €, TS 3 3= B 2

(iii) F© YAERE FH1 fo AE I A THE ok
T B T

(iv) deshra den fagq &= ¥ 39 Ful * HRBR
TR 1E hele fohtur R Uferd AR %
fauda 21
G Bl 3R el €9 EA SRS d Ww

B A1 T W ded B 3@ YO S

TR Ul 3R THok S&T0T 1 gfte T 1919 A & o

% W YA W Ueh ogd SIEH U1 ki ST

Hegd 1 TE| 39 0T 1 Tl T 1932 H ok 3

AT T oc UM o6 T8N H Hi| 59 YeH o R 9

Fo s ¥R A fagq sae w5 frifia gl

IR g7 HUN 1 G el 371 Jol FHUI o Heweqol

o7 |t 2.1 ® faw g 2

2.2 UIHTUT HISST

e T H AT T YT S 9T Yeon § I8 HId gl

o STeed o Afaea W] § M 1 U

e AT HI-YHY] (sub-atomic) W%ﬁ%l
STAHIUEe O Y WIS o o1g ARl oh

g freafataa ger g of -

() TXEIY] o T T SIS

() e o O A Hifder @ WA TEeR i
g

(i) fafs= st o daeE 9 fafvs ger &
TSl o S i ST q°l,

(iv) TRETORT §RI SAANNfud steran Scdferd fafdme
o gosta fafweor &t 3cafa qen w&fa =i
T
T ST HN o TRA[S | foaaeor i S

FE o fau fafa= o] died gwafaa few )

Ay 371 ¥ B HISH g U o T sl s

TE HT S WHI TAH W UH Aled Sl ATHEA §N

R O SR IS g T f&har @ geh

foraror sTRt ez T 2 -
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R IE I CRIE

WROT 2,1 A HUN ok 0T

2.2.1 UIHTU] kT LHEAT HISHA

T 1898  SI.9I. oA 7 It foRan foh owemo] T
T e e (e eFeT 10-°m) g R,
e e w9 w9 9 faafa @ 21 38 W
TR 39 TR o B € foF SHE Tl feer S
el W €l St € (Forst 2.4) | 39 wiget i fafia=
TR & T T T T SIeRome— m YET (plum
pudding)] LSk e (raisin pudding) 318 S
(watermelon) Hied| 39 Higd i LA o O
1 GRET el WS % GWH WA T €, foeH
TR HH: WIH Al oS 1 e Iufted &1 39
Hied H1 Th Hewqul a0 I 7 o 398 wRAm] &
AT QU RA] R GAM &9 F s g3 T T 2
Taft I8 Wied WA h1 fagq SEEHar ® T
X o, forg o8 wfos o gA o qRomHl oF I
T qrE T e 1 HA 1906 § Aifqewt § Tt
foregq werehar R dgifaw wd yEife S & fog
o R ¥ TEIa fowar 1@

CEIREERI G

N\

<— T

feard 2.4 THET] &1 91997 Hled

1951 Wt o TR srefw ¥ fafe=1 ger & foReon
%1 @ ggl faeed U= (Wilhem Roentgen,
1845-1923) = & 1895 W Tuiian o eheiig fervor
Toit | SUfted Ui ¥ ThiH W Soleed Ut
Y0l S Y ®, S ohelie fohtor Telt & Wt
™ gfasra (fluorescent) &Y ¥ wfasifa sca=
F FHA 21 ek Teod &I A Rl w ufa
W qaT & o, oT: 3 3% X- foR¥on 1AM
fe, St ome ot yefed 21 W@ @ T R
TRl oh Sif¥e BMd e U1 UAE dsd |
T % HRO gAEn X-fRl Se= Bt ?1 X-
ool fagq den gasia &= 9 fasfia (deflect)
T e T o Tl % uwe § efa w=
eIl (penetrating power) et ®1 F@l
FNU ? for aeqel o ondlte etemed ® 1 feReon
F OIWA B F o fETON w; w-eA
(wavelength) =gd #%H el © (0.1 nm) 3R
JEA-gIHIT FIRR W § (TS 2.3.1)]

W g% (Henri Becqueral 1852 —1908)
3 <@ for o o fafwn w1 SEsH wE w #
IEH 0 fEeT i eAfaeaar (radioactivity)
FE qel ga fF W@ @ HeAnfea o
FEAW 21 TH &4F H W Fh, R i e
qe weler et 4 fasfaa fean s99 dF TR
F RN, o, B dA ¢ HT IESH I@T T
TIHEE 3 9 T o fFon & QIR oA
AAY R IR THE WA FAHH T I Sl
FU e &1 S Te frewd freen &R oo w
diferam s eid §, Eifer < gl o Wil
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et o U1 e @ 9= ww@ TP R
TRl o TWHM RUMCHS 69 el %0 B 2l
y TRl X-feoll & gum 3=a e fafeeor gidt
g, fo et gpfa Saeia et @ eIk foreht ig
HUT TE BN WS &HAT HaW wH o RN a6,
3Geh A% B fRTon (o0 HOM H 100 T AfueR)
o g ek y ROl & (o FO " 1000
T SAfR) e 2l

2.2.2 TEIHIE SR ATTHERIT U] HigHA

THIE 3R Uk ot 4 (39 7R ek e
AEeA) 7 9gd Ydel @ &1 9= (gold foil) W
O~ TN &1 SIBR | TIHRIE & FTETG o-H01 THT0
AN i fom 2.5 ° @ @ R

M 1 qaet 9= (100 nm HI2E) T 3T e
F¥eh Teh ASAUfFd B 9 3=d el arel T HUT
H OGS TN TH UACl U= I BRA U FATHT
yfasifasiial (fluorescent) {5 GewEe T T Shid
TN TN S RIS ST K0T 59 BhiT W THTC B, ol
TR 1 TRREIE (flash) Sea=1 @it 21

ehIva STYART o aRomy HTRT eFuferd ol
AT oF TAY] Hied o IUR Tt § Iufked 9
o Ueh TLATY] 1 SHM T IRHT] T T THH €9
Y <21 3 BT AMET| ACHT HON | STl a1 Afersh
2t 2 Toh o goau o UH TEE faar &1 ot @Y R
Y S| = 37U off foh Uxit | T o 1% Ol
1 TIfa el 81 Sl 3R SRt e wgd % v 9
] ST 3= 3@ fh—
(i) STeRTY T & 91 i Tt 9 faafia gu

IERIREET R

— d

SEfcol el

(h) TGS & FHI9T F9T

33

(i) g HT H FHU B FHv ¥ fa&ifu gu)

(i) =&d & @IS 1 (20000 § & 1) S 1 AR e
ST TR 180° o h10T H 3T Ta&d0T g3l
T Y& o TR T TEIHIS + WA T A

& IR o Freafafea feed feme-

(i) ORE] ok e SAfureRiyr T e eian €, it
MUY STEHT 1 HH 1 Tl ol TR HT S B

() P & wERE o o faef@ 2 g 9
g st g STty wfaendor a9 (repulsive
force)é]?W%ﬁTﬂlsﬂ'@ﬂ%’WW%%
Afrge o foam o faudia waT] o S1eR e
TAA €9 U de1 gl &l T UFe 9gd HA
ST oh S Hehfsd 21 =1fet, Te™ gamefim
3T U o1 Fidertor AR faeivor gan el

(iii) TEXHIE 7 VAT ek @R foh AW 1 TR,
TR oF e ST i gorl | 3Td HH ()
B 21 WEY] FY B e 10°m B R,
Safes A 1 BRA SR 105 m Bl
3THR o T AR HT 3 3H a1 § T 5T
Gehal ® o afE ek o1 fopehe ot Tig e =
ST, @ TTATY] Y R S 5 km 2R

faafua -

(@) 94 i 9= 1 TS o

g 2.5 WIBIS & TH10 J9NT &7 @i 931 519 G &1 T gaeit 96 T 76T (o) 01 #1 §I8R (shot) &7
St 8, at SgH @ ST FUT GG §U o TN H R FX W &, el Fo H [Feiqor g s
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IUeRT GeTuT S IO o SHR W IR
= URHTY] HT AIRT Al UK TRl 39 Aled
o SR~
(i) TIAIY] ST G qoAl ST SHHAM Teh 3Tfd

3T & § Shisd a1 €1 T ok 39 31 eTeu

AN & TIRE F i’ Fall
(i) 9w o IR AR oM JAR A, o=

THET (orbit) F w1 &, | agd dsil ¥ IA B

Iq: WIHIE 1 WA Aied GRASA @

foretan-S[eran &, fores g =i o g9 g @

AR TE AHH SeeRi o §HH B 2
(i) TR IR TR oG ¥ eAehT0 % frer e

Tl % g oY Twd €
2.2.3 UTHT] H&AT qAT FIATT HE&AT
e T HEYT Ik FISAl % RN Bl 1 S
TE TfUd B YT €, WA W A& SoAa{ ok
O o aeR, ifer faqda fag w1 eiar 81 g8eh
a1ef 71g © o ifyer o Sufter dieiql 1 g
TEA (2) o TR BRI € AU WMl ®T HEm
TESISH AMWE H 1 SR Hifeqw § 11 g6 ©, o:
STRT TXATY] ShHTeh ShHST: 1 QT 11 BT URET] <l
A T WA F AU IHH SRl il HeE,
el I TEn (WHV] &N Z) o el gl
IIEON— BTG qe Tifead W] § Seiaeiql o
G HHY: 1 qel 11 Bt B

TTHI] AT (Z) = ULEIUL ok AE W

U &l §&w
= 3ITEH Ty o
& (2.3)

TR 1 HAERT SHH WA o SR B €,
TR AR 1 FAAME T2l a9 B 3T IaHH ol
(a9 9 &1 SIAM W2 o S9M o o
e Bl €) o RO Bl g1 T S Rl h
R (n) Fed | ATR | Sufeerd WAl iR =it
6lﬁ7*-‘;(%!633—1‘77\':[(nucleons)7>|%ﬁ%l ?{W\%ﬁaﬁ
ol AT hi TR 1 FFHM GET (A) FEd T
FEEN W& (A) = WE & §& 7 (2)+

e[ ht @& (n) (2.4)

R IE I CRIE

2.2.4 QUEATH T QUATRH

foret ft TE] & TEeA W a@ o Wik (X) g
eI < R 7, ford o iR uek gd-or famn
S ®, S AT S WSl (A) Bl €1 o S A
SFIATE kT H A Hen (z) ferelt 9w g,
AU 4 X FAWTRe: THF So2ME Hel, g 9=
TRHTY] HEA o TCATY] BiHT; IEEONA— 14 C den N |
eI R o WA Bd &, et T ge (2)
TAM T S e (A) T gt 81 g vl
THIHIN 2.4 & AR, Tg W ¢ fF gueenfii ®
3T T RO AHE | Iufked f9=-fo= =gt &t
T €1 30T o foru foh § BEgie T i ©|
99.985% BTESISH WHIIST § ohelel Weh e &Il ¢,
o wifeam ('H) Fed 21 99 eEgeE T ¥ |
et B B ggeiiaw (2D,0.015% ), forad
1 T T 1 =52 B § 3R 2rgfeam (Tritium,°T),
SR 1 Wiei qen 2 =g B 21 Treferm gedt o o
G H G S B | el o e o Sl o
&; S— e, fSEd 6 el o ateren 6,7 @ 8
= ('2¢,9C, 40) T T; FARM WA, faed 17
WAl o T 18 [ 20 g2 (B¢l ¥7Cl) B &

Trentehi o foma  sifaw ool = =% @
o TEAT[EAl o TEERE O SeRMl Rl W@ 5N
et e €, s s | el w1 wen gr it
Bt 21 s o TEEfae o W el w1 ge &
YIS §gd A Bl €| 3Td: TEEeh eAfutmensti o
Tl gHEeneR Tk | S¥Eer <uId 2

ISR 2.1
SOBr H WA, Il 1 SeiaRHl hl Gl I
qfehetd i)

&'A

Z& ¥Br, Z = 35, A = 80, TS I T
JIHl S G&A = ToiaRHl &1 9= = Z = 35
Il i T&AT = 80 — 35 = 45 (FHIHI 2.4)
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SETRIUT 2.2
TRt wielT o sorae, WM qen =52l i S
FEI: 18, 16 A 16 Bl THHI YIS Udlh
fafeu)

'
TH] G&A-HISH i T& = 16
IE q7d GeHL (S) 7
T SHATH G&A = YieHl i &

+ 2l I "E

=16+ 16 =32
TR H &N % W T 2l T TH
RO (SRUTETT) €, TSrent et soseii o
MY o SIeR € = (18 - 16 = 2) THeh] Talh
2SRl

e : AX Hopd %1 TN FE ¥ T8 I8 Tl
R o fr I wiefis SSEH wEm) & etemEn
T A1 RO ©| A A% ST WA |, @
TRt (2.3) A €, foo

TRl i T = SeaRHl ohi Tl = TTHIY] HE&
B ¢ A Tieis N B, @ 9e feifa
Hifoe foh WAl HT TN Solel St GEn 9
R & A1 HH IS ek § @ SherEd (HAEA)
3R A 7, A T (FUTE) BT =2 St Je
T A-Z 9§ & W €, =R Ty S @l
e 2T @l

2.2.5 (ST Hiee o S

ST fF ST S goR § WIS 1 ARTRE Hied
YA %1 Tk B2 ®9 o, forqe s 1 9 g
1 TE SR TSI hl Booh el b1 a¥e el T4 o
e GRAEE TR TerEra Fitent* i on] feren s €
A g Fea ® 5 ' g % =R SR fafvea wee

35

% g fean S wehl 81 ST m, 31K my, FoH, 137
STl o |9 w3 G ey feerier g
21 39 fagia O el *1 waneil o 9N o Tel-T&l T
1 S Gehdl ©, S YR W9 9@ Hel @il 2l

grusd 3R TiWhd digd o FHEd 9§ 98
gera foeran © f selaeiq ifas o =)l @i fafv=a
wHenet § A A T, THh oifafem soleR SR
WWQFWWW kq,q,/1°) @W%,Gﬁql
3ﬁ'{q2 W,rﬁmﬁ%qwaﬁaﬁi‘iﬁ?k
ST R €1 el et TR 9 § Tecrehyor
91 o TUM Bl 81 TRy 5 hiE fug el wman o i
W%ﬁ%ﬂﬁw (acceleration)%ﬁTﬂTl%‘Ql RIS
g fret e o feer 3 9 7ifa &2 @1 &, o off faun
TREd oF TR0 ITH @01 BT A1eU| 3Td: Aehi™
Hied H wensti ¥ IAd US HT We sl w1 ot
@ BT iUl Hedee o fagd geskia fagid &
STIER, @Rd ST Holl i fora-gaswa fafeo
HT IS HET MY (T o e @ Wiy T
BT, TR o ST T&l BI) | sty fonedt e
Sufeer golae 9 fafeor scafsa g z@ fafeor
o foTq Sl Sotaieh TIfd O 9T BTl 39 YRR hedl
(orbit) BT BIdl ST | TOHTET § =18 qaT werd ¢ o
séagﬁﬁﬂﬁaw (spiral)@ﬂf%ﬁqgﬂﬁﬁ
108s o, fohq ora o W@ €l 2ar 21 39 YRR
IS SR hi I SRl FoRewd ekt qen faeq-gesh ™
fgTd o SITER v fhan ST, @ Il 1 T
Tiea fRelt TXAT] o T S AT @l &Y T
21 3T I8 YD Tehd € Toh A henafi § gerael i
T & TR SRR B S €, @ o e 6 getaiHl
1 ATk o =N AR fEer oM ©id 82 %R0 98 ¢ T
g gl 1 for 7Mn S ©, A Tefus e
e TR 3R et o s feer deq s o
T SoaeHl ! AfE 1 AR Wiw o, fed aiee
THIY] Hiedd 1 Tk o5 ®9 U 20

TIHE o W] Hied H TH a0 TR I
7% ? o g wAEh ®1 selaeite e o SR W
Fo ot gui &l wr, ST SEE F% Ul el e
o Toie e o =R IR ford YR faemm & 3l

mlmZ j

H ¥rd €1 Tel & o Ty §el i (G- 2

STRT Sl T 272

*Ferreerd =TT Agifaes faam 2, i =12 & ‘i & frei’ W enuiid 21 9 Toe axgal & ‘T & e’ =1 guerd 2
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2.3 SR oF UIHIU] Hise o faehmd
Rl A
faeifas €9 H 53 o Wy fafeo &1 ==
foramstl o ST W U URomH W et ud
ULl 1 WLE °oh HaY H STAMH o W gal
Hi R 7 34 RO w1 ST Lk "IES GR
giqared Aied ® uR R aR o6 W] died o
o o < fagedt =1 een gffew W R
() Tor-seesra i &1 g =eer g, feew
ardf 77 B fon fafercor o den o1 <A ok T
TR w2
(i) ORETY] WEH W Hafdd Y 9oy
e g fagd g fafeo o §d Faer &1 ==
AN IH] WFH ok YEfTE qRomH i w9« e
2.4 | &t ST
2.3.1 Taera-gaasta fafewror st @
Wehfa
IEel Wt o wem o sifenifesl 3 TRA oeqge o
STERNTT TS Icdfsid 8 arel fafetor &1 dferaar &
e TR 37 fafeon i e fafwtor ser s
21 S Tg W 1 I w1 fom Foda fafwo
fohed o B1d €1 o1 98 el — wifq 3 € foh wwia
JHTE T G T B § TE SR M SFeeRomaR
W MG © S fop S=iaelt 9t & w2 a6 7 e
off| Foita fafexor o fomi @1 wduem wfsraar o
AT 1850 H g3 1870 oh AR H STH Fleh
Hogae | ge fagia fasfaa fran for fagq ge
T AR HON g S et 81 39 THgia W
TR e A% H 2 729 3 foram wet 7 for
Jasa fafwwo o fava § o qeai & ST S
Hagdel (T 1870) = o Teel Taferd et o o=
=11 femamatl 1R Toel WR R foreqq qen ekl &
o FOER i AT &l 381 I8 g g f&
farge A ol w1 S fid fohan s €, At TR
fagd @ gawta & S B €, 78 &7 fagq
ﬂﬁﬁﬂ'ﬂﬂ@ﬁ(waves)%@ﬁﬂ?ﬁﬁ@ﬁ%,ﬁ%
?ﬁg@aﬁwaﬁmﬁm—wm
|

R IE I CRIE

TehTe it fafentor =61 s w9 2, fSraen! Senrt
oot g A F S e e A e g g A
TS I IR *T T H (FJA) THTT HI HI
(o, corpuscles) T ST g WA ST AT
199 TTTeal | YehTRT i TRT-Uh{d Afqariad gel

Bl IR Hegael = S foh wehrer a%i <
ferga e g9 =aer § Gt g € (Fost 2.6),
eIy SEA-gae T T I T B GH Sted e 2,
wfer g9 el 2 9M T W faEm S

z
N

&3
fagﬂl/m
Y/ HE
JahI & TH 1 fem
fad 2.6  fagq-gasig @1 & fagq a1 gawi &7

| 4 Few GHA F-554, 3ghd, T a9
3 a1t §id €, fhg 9 Tk gER @ oleaq
adl 4 ey #d Bl
() <OEEE AR wUl §N Ica fagd ae
Teh1g & T SHL o ofsed B 21 3 S aw
o ROl 1 e o off oiere 2R 2 fea- g
T 1 Uk WA ®9 o 2.6 H @ v
(i) =AM AYer SA-am o fouda faga-gas
T I FRE HIEam 1 ATl TEl el 3K
3 frafa o nfa 2 Tt €

(ili) 379 T T T e T & g1 ¢ o g
oo 9 TeIfehTol g WehR o €I €, TSTeht aar-gead
T g Tk T W f B 2T T Ay
e faeq-gaia Teen s € (fot 2.7)1
TerzA o - & o fom-fa 9w 21 g
I & %%aﬁ—a@ﬁr (radiofrequency) &,
(10°Hz o TTT) , fSrEeRt SYART JERoT § fopan
STl %; H&H T (microwave) &7, 102Hz &
), et swm R H few S €
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3TeX (infrared) &3, (10'3Hz o TR1S) , et
IUGN TRH T B 94 W (ultraviolet)
&, 106 Hz o ST+, it T ot fafezor 1 wah
9T BT 1 ORI 10'° Hz o oS ¥ &
YR S99 (visible) T Hed €1 heel e
g & 7, SR Tt oife < (wgfed X)) wehdt
g, 915%9 &1 1 Y= o fou fawi WehR o
I3 T SERTHA Bl 2

forga-gasta fafeor &t qoi o oo fafa=
YHN oF W 1 SUAM TR Sl g1 e
fafereoll w1 emgfa (v) den @<= () g0
wReE fran s €1 emgfa (v) 1 SI A
A e<d & W W Tl € (Hz.s)| THH
TN 1 39 T&N o ®9 ° qRfya fean S
3 5 f f B v S TR 3

TO-<EH o U oelE o Heeh g =ieul
TITd: ST AT HeR (m) | St 81 <k foregg-gaeh i
fafertor o BT -5 &1 a0 Bl 81 35 forg B
ki w1 TEvdehal gl & oma: fom 2.7 o fafu=
-l e engfel areft fae-fae weRR
S T 1 P )

frafa § |t vR o fagd-gaswia fafeo,
R ST A0T-3od P ot €, Th wuE i, g

(iv)

37

3.0%10°m s (2.997925 x 108 m s™') ¥ =eid 21 36
T Sl WeRTST &Rt 7T (speed of light) &d g3 ¢
g 4 <uiid €1 e (v) TO-<=d (L) 941 Tl ok
AT () ! F=fafaa gedteo (2.5) g7 gafid &
E
c=VvA (2.5)
A 1 SqH ok fole Tk SR Y, s
(V) &1 STam fwan S @1 9id g o o,
?1'{."'[—%93? H & i GT-GE&AT (wave number)
HEd B| TRl T qUI-<eA o WG b1 kA
Ffq m! BT ], SR WA FE B ol Heieh
cm! (SI R &) 2

2.3.2 faerq-—gaaa fafetur &t ot
UHfd : Wlich 1 _a=ien THgida
forerd= (diffraction) 9 AR ** (interference)
St o wrEifTer afEeiet i faeq-geenta fafemor
1 T ThTa g HEHE S Gehdl €, Alh HO
Tero ki 19 wraet & e fomE (S aRufEs
Fifcreh!’ e €) o fogq-gae fagid s g
Q off aforq &t feran S ekl A Yeror fefertea §—
() m fie ¥ fafeor =1 Ieq  (Hitoren
fafertul black body radiation);

L(Hz)

A(m)

400

500
TR A (FHER)

600

T 2.7 (%) FrEq-ga%19 [t 1 @agq (@) 599 @aga) § Tagq &1 T 9ie q1 97 39987 g &

* fopdt oMo o STHT T o g i faedw wed €l

** T TAM Sgfa arelt < a6 faert Tk T @ St 2, fomen Gfem § yoe fig w fasiy, v @@ & 39 fag W
faeiis =1 sfsforda =1 |feer @ giar 81 Ol 1 39 YR 1 GASH SAfqeuT SEdl Bl
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3ISTEITT 2.3
sita sfean ear (fReett) o1 fafay 9Rdt =
1,368 KHz (fohell B<si) i eTgfd W JER0
FId 21 TORE (transmitter) ER ScETSd
for SR e 1w T
Ig Torgga-gereh i Wegd o fohd & o Haifud 272

&'A
-3, A =%

et e ¥ foreg-ger fafwor 1 3 sk
v g g1 KT T wE o gfaeenfua e W

A=

S

1%
_3.00x10°ms™!
1368 kHz
_3.00x10°ms™!
1368 x 10%s™!
=219.3m

5 el v 1 Afenafies - 2

IS 2.4
99 TFH o T84 1 W ST (400 nm)
Y el (750 nm) T 1 37 T i STt
(Hz) ¥ 9oe HINT (Inm = 10" m)!

&

GHIRTOT 2.5 o STER, STHI Y191 1 g
c _3.00x10°ms™"

V =—
A 400 x 10°m

=7.50 x 10'* Hz
A GehTRT <hi 3Tgfd

=il
V=S=3'OOX108mS =4.00x 10" Hz

A 750x10°m
9 T 1 W Tgfd & €9 | 4.0x 10"
¥ 7.0x 10" Hz % 2|

30T 2.5

5800 A° TUI-3e4 el el fefertor sl ()
T-HEA R (@) Mg 1 T Shife

R IE I CRIE

T
(%) TEO-F&A (V) i TOM
A=5800A=5800 % 10°® cm
=5800 x 10 °m

1_ 1
A 5800x10°m

T/:
=1.724x10°m™!
=1.724x10* cm™

(@) smgfda (v) &1 T

3x108ms!

5800)(10710 =5.172x1014 871
m

V:S:
A
(i) ®Tq ! Hag ¥ fafeh¥or o TR T Sorael
TR (TeRTer-fogd 9+me) ;
(iii) 3 H AIEE o e oh ®Y H SEATRGAT i
e,
(iv) ToRITeR BTEgIeM o §]H # T[S H <@ T
& weH|
3 ftereard gfir el @ o R she feedt
foreiy o | € el o "ehar €1 @i wefaa Heid
TG AT IS A8l kT S Fehel |

g &AM A dielt o © fF T 1900 ® e
ik g1 TaY U SWI Sealiad HitreRt foehior
1 s 3F AT hi Te| T eH Teat 39 TR
1 GHFH 1 YT T 3 e e )

T ¢ feregd T W ferge ki a-SeAt
o fafetor Scafsa &t €1 s a0 W fafetor &
ST WM A o g¥9 | W Bl § Se ard ser
ST € o @ <= (Hven yemrer) s wen o
I Bl €| SR o forg St fonell iR 1 % i
T2 | TH FXA €, T THHT T Teet goohl ol il
21 SH-SI9 a9 TGdl Sl 7, oH-od =8 A o
B ST B1 W 3H SR TRA R = ®, a9 el
e aell fafertor =1 1 9% 8 S © SR S
A9 SEd i Bl ®, qd 98 el g Sl €1 gEeh
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o 7% ? o ot fafewor fordht faom @ = eifeen
g e € qen g foRdt a9 R A fafewr sifuw
e e B ererfq T aegen grn Seafsia fafae
et o Taferton =t dierar sreqeti o ara W e
211850 o 3id 7% I€ T & o1 o Tk fafa= st
g fffa squ afg fafs= araf = & = @t ot fafa=
e | fefertor Scafsia st 81 3Heh tfafie 78 ot
for @ et o #1 9de W v (foga goe
faferzon) faferfia feran tman 2 at fafenfa e &1 9o
AT Q& Wi gl 8, o W0 i e €
T 9T U B ST €1 STqUl TSSO 1 HRT
7g ¢ o Fremeer R gl fafso w5t st
Y9I el 2

T TE Ry fie S e WhR i omgfa o
fafenoll i Teh THH SeAfSa qen SFeia i €,
FOTRT (black body) FE@M ¢ del 39 fig @
I ferfertor i wHftorent fafervor wed € araa
H UE h1E e T el i sieh ORI Shitueht %
g G Bl 81 HO0TehT 1 Tk 371 ifeeh dfehe
e 3% g9 U T B ¢ [fee 2.8 ()] o T
fo5% o STcTeN 31 HIE R Rl BTl Ta1 H 8% | wew
I aett wig ot RO eT i sfiad ARl ¥ wefad
Bl el © 3R @1 W 7T %1 SeR gry Sfewiita e St
21 ok, ferfereolt it
1 oTee TR oF B
s Lies Retcyl
1Y IRAYT o WY
= H Bt 21 e fRw e
9 H T SRl aha |
I Sl TR L ©

for 28 (%) P f9at 394 uRaw 9
STERNG S offl il ¥ IHfod Ul i A
(fafereor =t o) o 3T aed | faaor shaa
39k a9 W R e 81 Ry T amee w, s
fafertor ot o T-<ed o " o WY wedl ¢l TR
T WI-<4 W e Aehad el €, STk oI q-<ed
% 3R TgH W IE T Y Bl ¢, S o 2.8 (W)
¥ fe@mn e 21 sEeh Afdafe S-S 1 "l € ok
1 SFeS (maxima) oY TUT-<54 1 IR TFARA 8
S €1 fafor 6t diskr 1 qaEigEE o % ferg

39

faferor &1 el 1 -3 o W o €9 H W
FH & 3TH T g

TR o T FAGIa oF SMYR W I TROTH i
TS oA el ki ST Tkl Hed ik 4 T
Tl o SUR W HameHe giom g fean R
fafereor o1 sraeioer IR Scas Sferl (Hftoepr i
ARl & WA ¥ T BN ¢ T8 AR T
Jaaig fafewwon o e o Ty el H1 ARH-USH
F ®d € @ik 3 g A4 fR At i st o
fafaer (discrete) 9T | sier ST Gehdl 21 Hod wlidh
J A o aE) iR 219 Sheret fafaeR (discrete)
e | el SedtSd (A SEwiita) #%d €, 7 TR
3TeRd &9 H| faga-gasa o & &9 1 Se1 &t
TSR =Jee A 1 SedsiA (A SeRi) B §, 59
WWW(quantum)WﬁWWlWﬂTaF
Teh FAICH i Soll (E) 3Heh! TG (v ) o FHIgaw
Bt B1 39 Wi (2.6) G ek femal e &
E=hy (2.6)

T,>T,

drgar

1000 2000
— s F-=mm)

ferT 2.8 (@) T1-3=4 diggar qa

STUIfaeRdl feerish, h, i wiieh fXeRier el
S @ SR SHRT UH 6.626x10°% Js BIdl B

FAT2IH0T T o Hifedl | @S T & &l T
2 HE o = difedl o frdt ot 9rRE W Ee
Bl Wehdl & W SHoh oI Wl o < UEREl o |
o wel B w9a el @1 Sl b1 we e
T W 9 1S off 8 Tehdl @ W 37 WMl % o
o wHIE 9H T8I 8 Gkl
E = 0, hv, 2hv, 3hv, ... nhv...

3000
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39 fagid & oI uR, wiise Hfwek ¥ fafvy=
i W Idfoa fafetor & daa-faaon #t smgfa
1S U5 % WM o €I T AR L Goh|

o0 &
(1858-1947)

R el Tk S SifceRT SRR
g1 I\ T 1879 H Hf@
favafaeme @ Sgifasw Gfawt o
.S T UMY TS0 il I T
1888 H wfer fovafommem &
sfeage e ferifesa fRfSe (Institute of
theoretical Physics) ® e fga fee mu
3ok gN XU TN Faren fagia o fo 3% &1 1918
o ofifqent § oo R ¥ FEIa e T
I ST SR Afqewt ok o &= § oft
el e A

LEINEEECREIC]

T 1887 H TH. T2H 7 Uk 9gd &l foraed Jam foa,

o o angetl (S8 weferem, wfeay, difaem,

TS i Fdg T 3T G a1l Fehtel Slad T

S fos 2.9 § fe@mn T 7, soEe e ) 39

U 1 weRteT T wumE ®Ed 21 39 wET 9

I AR 3 YRR E—

(i) g ! Fd8 ¥ RIS oh T & 36 Hag |
TR ke €, e org 1 98 9 goleiq
FTehTE T Fde W YhTRIYS| oF Thi oh o
FIE THI-HAWA (time lag) & BIal

(i) TreRIfaa Solaeil &1 W& Y1 i el &
A et €

(iif) IR ©1g o foIw Tk sifqenerfirer = stefa
Bt 2, i <geft 39 (threshold frequency)
FEd € IR 5@ w1 egfa R ehmer-fag v
TR T B 1 v>v STaf R e see
1 FS TS Hetl Bl 21 Tt ol T TehTeT
1 A o S o WY Fedl 2l
I GR TR0 1 oAred IRYe Hifaeh o

el o SR W T2 1 ST ekt | 39 Il o SR,

WehT¥T ohi TRT0T ST ST T HIET TR i diodl W

R IE I CRIE

EEJR
EERR] 41 T
forep /)

‘Tr‘ﬁ(P ﬁﬁﬁﬁﬁﬁ?ﬂ
II|||

%2.9Wﬁgq—yw$wwwakmm/w
frafq #& & T 41q H 9F Ga§ W T A=
g arcll g HT [0 ewvdt 81 4ig @
gl (1 &l &1 3 U g G fird st
g S It AT FoAl w1 AT F @

et meclt B1 g wrsst |, Frrhifaa geteriAl 6t e
3R S8 Helferd TS o1 shi S YISl 1 diieral
Y oY S Gehdl 71 FEfd G <@ T € T et
Tl o1 HEAT Yol 1 el T 79 et €, eifer
T Sl 1 TSt Sl dterer W fs e e 2
I o forw, WM o T W Al fepedt off e
1 AT T 1 FehT¥ [v= (4.3 §4.6) X 1014 Hz] s Hel
T STl ST, <t off 1S YRR Seraei ol FhTaq
&l el 8, Wq 9 & diel 11 1 HH el 1 Tl
v=5.1¥5.2x 10" Hz Tf@Ed W el S 2, d
eI feoregd e fR@rE 3ar ?1 dieferm urg o forg
Tgeft 3T (v ) 5.0x10% Hz B

foreq-gasTa fafeior o e o Faren fagi
1 TN i g R (1905) TehreI-Tor[q g+
I THSH | %A gul

g I Fde W YHE G F THIA Hl HUI
(BIEAT) o YT o1 ST THS ST Fehell €1 579 1S
T Fell ATl WA ¢ oh UXETY] ok Solded o
THAA 7, 1 I TAFH Kl THI] F X e R
<1 21 IS i ol TSl SAfeen B, Sat € Sl
T Seig i S 3R Fehifad Seieei= w1 Tiast it
3t & sifereR BT S vl o, FsRIfed sereei i
TSt Sotl Toefq-gaehia fafertor st sTgia o A
BIiH| <ok T Al I i St hy @ IR geee
1 k1 e o foTu sfaeares =<ad st hy, (59
FHEEAT, W, ft HEd ©) T H FR (hv - hy)
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QAT i HCEH

aeae MR
(1879-1955)

SR & a1 gu smafeR! sifaet
R Tee S fawa o
e ifderT SRRt o ¥ TH AH
W Tl (SER AR 0 =g
&)1 99 1905 #, 519 o 51 H TH
T 9o ofthe o dehiel erEs o, 99 fowm
STTeTeh e, STSHT i 3R yehrer-fagg w9 o =Y
7ok A Su-= A it & forehrd w1 g gife
e 38 99 1921 H YeRme1-fogyq ue & S o

fau difert § Aied [WERR 9 gt faman

PR I TS el TFEIARd 8 St g1 il
o &I (conservation of energy) & = &
STIER0 ¥ g FTshifad soiae@ @i Tifast St
TR 2.7 B & A 2

hv =hv, + émev2 2.7

STel m, TR T SN € 3T v THH o €
3iq o, sifues daar arel YT H WAl St GE
s B o) aRommeesy e soeel i
e off 39 T & gorn § At ennt, e g
el F W1l T STEM fRA T B
faea-waera fafetor @1 ga sgaer
WhTST 1 U1 HHH Fehfd 3 SAThT o AHA STEHT
1 Teafa a1 Y <1 Tk T o 5@ HioorehT Terferton
3R YehTI-foreq 9uTd k1 oSS SARAT i, W
HAfTHIOT 3 GREAS Ft RSN HI S Fehall o,
o T FfRETd T8l oAl 39 S i 5 H F Th
& S o fop 9w feran sy o wenmet o & 37
T A S U B B AU Wi W gd SHeeR
B 81 WA o SMUR T 89 U € foh Jehter @ @
01 & GHM HGER Hdl €| e 54 ok @1t fafenor

41

1 I TR el €, 99 T wu S e weie
A1 S| e fAfeRTor 1 Gl 2l @, 9 I8 au S
o1 (SAfaR SR fgad=) geriar 1 5o oI fafewo
%1 Fafad URIST &l <@d gL I8 Heheddl Thad T8
off| ST h1 3 THR HH § HIBT THI | ST
AT AN W, F GeH HU (S -golaq) off
TR Il 6 HRR FEE F ©

IETEIT 2.6
5 x10" Hz 3Tgfd ame fafeor o T A
TISH 1 o1l 1 TUAT SIS

&

T T &1 e () FeAfafad g g/
9 S 2

E =hvy

h =6.626 x10™*J s

v =5x10" s7! (f=m 7=

E = (6.626 x10°* J s) x (5 x10'* s
=3.813x10°4J

Teh A Il i Soll

= (3.313 x107'? J) x (6.022 x 10** mol™)
=199.51 kJ mol™

ISR 2.7
100 afe &1 TF ed 400 nm T T-25 T
THIU YehTel ST HIdl &1 ded g U
Tehg IS HISHl sl F&AT i TUMT hifeTd|
'

dod 1 forRpd-wfek = 100 @ = 100 Js™
Teh HieH &l Sl = E = hv = he/A

_6.626x10* Jsx3x10° ms™
400x10°m

AW 2.2 FT At o AU wEwEEE & WA

&g Li Na

K Mg Cu Ag

W, /eV 2.42 2.3

2826 3.7 4.8 4.3
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=4.969x107°J
IS HIAl i T&

100 J s™

Zoeoxio=g 2lL2x10ts
. X

ITTEI 2.8

S 300 nm dT-<=4 1 fafevor wifeaw Og
%1 a8 T ZHAA 7, @ 1.68 x10°J mol et
TS ol TR ScAfSd B4 Bl Hifedd o
AR o T o fau w9 @ w9 fha
Foll AEAE BN? fREt g soiee o
IS o foau siftreran a-<=d @ Bh?

BA
300 nm FRH FT el (E) 39 TR 3 STt 2—
hv =hec /)
_6.626x10°* Jsx3.0x10°m s
300x10°m

=6.626 x 10'°J
Teh A Bl i Soll
=6.626 x10° J x 6.022 x10%° mol’
=3.99 x 10° J mol "

Hifesm ¥ T A soiaeHl o sk o foag
STMETIH =LAAH Hol
=(3.99-1.68) 10° J mol "’
=2.31 x 10° J mol*
Teh oo oF folu STaedeh =9 Sl
_ 2.31x10°J mol™
~ 6.022x10% electrons mol™
=3.84x10"°J
THHT GG TIT-354 39 YR Sfi—
ke
E
_ 6.626x10J sx3.0x10°m s~
- 3.84x107°J

= 517nm (FE B T o Y § Hafdd 21)

A fagm

IS 2.9

forelt g 1 <eelt oMM v, 7.0x10 s 21 A
v=1.0 x10"° 7" agfa aren faferzor &g =t
Gde ¥ THUA €, al ScArId Seia{ i s
il 1 TUMET FHifST

&
S oh FHIHIU o STAR Tas SHeil

=1 meV2=h(v— v,)
= (6.626 x10°* J s)

(1.0 x 10 s'-=7.0 x10" s™)
= (6.626 x10°* J s)

(10.0 x10"s"'= 7.0 x10"*s™)
=(6.626 x10°*J s) x (3.0 x10"*s™)
=1.988 x10°J

2.3.3 gdifed* sAai-eh Sal &R ok
fau guror : uoTiiaes WeRT

ThTST T T S HIEAH i Wehfd W AR et ®
R =18 ToRe! B1 Uk H1eAE ¥ g d H W TR
Ht FRTOT ST g U W g Wt © e Srudfdd
(refract) KIS %I

S S P e 5 e g e
@1 T foh HH -5 ) qU del a-o8d i al
#1 o | eifuss g S €, Eifen FEme gt
T H 99 WE H gl q-<s ol 9@l et 2l
e YRS 1 Teortor TA el 1 U et | el
Trﬂ'cﬁ% ﬁlﬁ!ﬁaa:n (spectrum)ﬁﬁ %I e,
et T-osd gag sk Bl ©, 1 foaeer ged
FH N G HH W94 ol 1 T feee
o Afueh BT €1 Whe T o Yeh1yl, S B4 f&@rg <
2, % TegH 1 W 7.50 x10"*Hz o ST W ¥
AT 4 x10"*Hz o el T dh Bidl 8| 36 TeH i
Hdd @E@TI (continuous spectrum) HEd %— Hdd
gEfT, wRifer T 41 el T H SR e @ 8w o
fireran €1 o= 1 o W oft wE € B §1 S S
T SRey ol ©, e off U € e e a1 81 A
Fau foh 3va gohmen fagd-gahia fafeton 1w @ga

* ferelt Tored o faw fafes (discreat) @i o Gfdsy @i FEiETEOT wEd €
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e wmt g € (o 2.7)1 @ fegq-garhia fafemo
T4 o WY AR TR el 7, df T 1R ST 3
Froll shT STEIITOT T Tehd & TS So Soll T W TG
A 1 S Sl TR OW Y STl srEeen § g g1 A
e T Sl Al tfuen Tl ey e ¥ eled
g, @ o fogq-gaa ez & fafu= &5 & fafeo
I e
IS qAT TAINTUT WeaT
et w1l © Sl STARI0T o 918 Icdtord fafehTor st
T Sea T’ HEeAdl 1 TLHTI] ST0] AT ST
fafertor o sEwive W Sufed @ WK 2 ScdsH
TR W i o fau fme wfaest = ™a wh
tore faferfor ek Sott <t St & SR < gfagef
SN STl b1 FToehiier shdan €, d Scafera fafezor
1 T-<sd (A ) wi Repie T fern s 2l
STORINEU] TFH ICTSA WaH o HIeThE
frifea =t @ a1 81 <& Uk gad fafeor w1 giags

43

W STl Sl €, @ 98 TRl w1 e ai-oud @
STIIOT R AT &1 oA G STeRnfoa fafshaor it Tma
A T-<5f =TT Had e § et T i W@
& &7 ¥ 7 e 2l

IS AT TSN TS o STEF hl Tarraa!
(spectroscopy) F&d g1 S SR Faq= W%\'W
ThTST kT TIFLH Hqd Bl &, ik STH 39T YR
H ol ¥ O qen gl qer-ded sufterd gl )
THeh Toadia T erereen ® TRATOLST 1 Scasi Wed
A W S qT-3eA | o ®9 9 YL e R
?, g S8 sheel o qr-3=Al el gehr Seafe
B €, fSieh ofte o whrel T ed €1 S eRH i
Icaferd fafertor wiaen o aWehiel (@etl & ®9 |
WA B € (F 2.10) 1

SRR LAl o 3T § Wl-Scdei Tiaey
%1 Qi Hew Bl 81 Todeh a1 ST U fawiy

ﬁp—«qm

T 2.10 (&) TTHTUENT ST : BRI WATSH (1 4l i aw) @ Sferd Ghieel R ScAfSTT JHIT H1 T
o0 @ TRER fafeed @n-35 1 3@ 4 gere fHar Sar &1 37d: Seqsid TIagH, S e a-a5]
BICHITHTT Gg= i1 &, %1 ‘3@ TWazq’ el Sl 1 ot e SR & qfaqel o agd i e @ )
gid &1 greiife HIE T WA 9 Uh GHg W O & 9o e d g ekl €, fohg warpei & gqg §
gt Gora STy ST gt €, 5 4 QEI] e Seil-TR WS €, A Scaford YT 9 Wagd I g 2
(@) THUNT ETNT: 5 G GHT 6l STalord grEgie WA @ fahdt d@nfes (slit) ik ey fisw
T TIRT SIAT 8, @ 91 gl § e @-a=a (S A 2,10 % F Scafoid g5 off) @t digar &1 s g S
21 78 ggfua waeq 4wk @ Wazy gl @ iR e Wagd &1 BIerEd ifed glar &
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@1~ Scs T Bl 21 TEEte fageron o qrem)
TFeH ht SARTATEATR [T ST WA T TE=
o fory S&ft YR S o W@ W ®, TN geR
S o e A= &l 9earH o fog s |
AT S €1 A e o WA o Scasi Tagh i
el w1 gened faem o ufasel i Eed 9
Tl &l TEaH oF fow Ja g9 (1811-1899)
gagem R

wdlfean (Rb), §ifam (Cs), dfermm (11), Feam
(In), TIfer@m (Ga), 3R whfgaw (Sc) 3Nk a1
TS 79 gg off, ST 3eh @Sl a1 TareH! faveror
e e ol @ H S (He) 0 &1 Sufterfa o
werzH! fafyr g w@ &1 T ef

BIESISH ol 1@ WagH

< gregre T H far famst yenfed foran s 2, @@
H, 31] foiifor it 3= Ssll arel BTeg ST WA <
€, S ferfarer et aren forga-gsenra fafentor safsa
F 2| TS Seaed | et & wE St e §,
S8 e SMTThIeh! o 19 & ST ST &1 & A T
1885 H WM Yol oF STER W sam@ o afg Teredt
{@sTl & WT-H@ (v) oF €9 H H 2 fRAl AT,
1 i A e AT ] ] e

T G T ST Hhal E—
v=109,677 [z—lz—n—lz) em Y 2.9)

Sl n ek quifr €, TSRt 94 3 =1 3 @ erfen
e ®, AUfd n=3,4,5... €l &

39 3 51 Af01q @nstl i ‘arR 9o’ (Balmer
seﬂes]ww%lg@mwffaﬁﬁgﬁﬁﬂﬁ
1 Y@ form-gae Tagd & 5w &5 § wd et
Bl TWied & TH SagHl deitaeh Sierd gt |
Farn o eRgeH Waed & |edt gfvei w @

e 9 g < S Hendt 2
v=109,677 ~_ L om
= ) n12 ng (2.9)

G|%an1=1,2 ........ %\'Gﬁ'{n2=n1+l,nl+2 ......

109,677 cn! o A Wi TegeH &1 Rgant
Terien (Rydberg constant)%ﬁ % n=1234

R IE I CRIE

AR 5 arelt Yenst w1 ufe Sl wwwn eEda
(Lyman), 9THY (Balmer), 917 (Pashen), She
(Bracket) 921 %€ (Fund) STl seard 21

ROt 2.3 | eSS WaeH wi 3 S @
€ &1 fo 2.11 o STESISH WA S wEH, 9 AR
IR S o HeRHo w1 femrn T R

HRUT 2,3 UTHTU] BTSN aht Wee 3@l

Sroft n, n, WeHr a7
AEHA 1 23....| W
AT 2 3,4.... e
RINE 3 45.... ST
ECT 4 5,6.... ST
TS 5 6,7% STk
) ekl aleledelededeieke. el — el nzZy
n=>5
n=4
*VV TR S0t |( STeRER)
n=3
TR AT (3T
n=2
EREE
AEHA ST (T
YYVVY n=1

ferT 2.11 gI3gieT WA § 392 & GHAI (TeT
GFEAT F EEA, ST SN 9 A
fraré 7F &
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TIA] HT G

TISSISH o1 ET Taeq gft awall oF @ Teey
FI gor H Fed Tl el €1 TR e 1 3@
Ty A wfed giar €, g it Y@ Waedt
FT AA THH B 1 - (i) Tk axd 1 L@l
Tegn foei™ YR 1 BT 1 (i) Y% ad o @l
Teen o frafad gt 21
39 T8 U 31 © Toh Uk S T A0 BT A
HROT B Tehdl 87 1 ST Gaiel 3 el o TRAroetf
1 Selaifeh G W BT €2 39 YN o YAl oh
IW A TG 81 8 A W R 37 e & I
Y gH 3 qwl o WETet i Soldeitieh dLEl i
qaeH o gfaen gl
2.4 TSI UHI] o feu |) Aise
TIESISH TXHTY] i G191 9k TaH o HH=I
AN HT TEEA HHATHS AT e 9 7 99 1913
T | S ik oh ol oh IR0 i STFLRIT
w1 3TN fean gafy ar fagia snyfe FEien
iRt TET o, TN RATY] TLE qun T H HE
Al 1 TEhETd ©9 § THH H ST TN fohan 5
ehel ©1 SR o1 Aise fefafad sfmeldl o s
T
() TEGNE WA § SoaeH, Ae o 9’ WE
fafera forean IR it ot JarRR weli H S| Hehr
21 31 IR U 1 B shel o1 TR sre
T AT Sl &R Fed &1 A FHed AfaE ok
IR SR Gehela &9 | oFafed gl 2|
(ii) el H Soiae i el THA o WY TR gRatad
Bt 7, qenfa i sotde e Toml T 9 5=
TR TR R T S, 5 98 ATA9IH Sell hl
STARIYUT HUM AT T o Iod TR TR
Y 19 T W T & 918 sl 1 Scds el
(THRTT 2.16) | Heli-9REd Faq alieh § a1
g 1
(i) AEF S FTC & TR SToensti & GhRAU
& THY ITERNG Ster Scafed fafwver
fefefea w9 o fean s " 2-

_AE _E,-E
h h

(2.10)
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RUSHCIEY

(1885-1962)

2w difqert omifTs Hier ar |
T 1911 H iUTei foeaforme™
Y diU= S, T I T&0 | SEH
% I N ARG N I
TEIHIE o WY TH 9 foaqman 99 1913 H o ST
e, et o Sfewd @1 7=l 1920 § sfe=ge ih
ToriRfeshel fthister ok foereh o+ YoM fovers =
AR IR A TAY F o a0l ST o fag
Wﬁ'ﬁﬁﬁ Frd foranl 3% ¥ 1957 ¥ 'Atoms for
Peace' THM W 371 T 1922 § 9K ! ifqent &
e JRERR | FHEIG fohan

Sl E, 99 E, %E: 7 3R 3= o7gma St
et €| 39 GHIHIU 1 S Rl M
frem et s 21

(iv) SoioR 1 VT Ho eeifed s ®, <1 g3
T sTaen H 3 feAfafad SHie o N
< ST ekl B

nh
myvr=— n=1,23.... 2.11)
27

Sl ‘m,’ SR H SemE, v A qen
39 Feql &1 e 7 e solae gEa )
3Td: Uh Soiae haiel S-&1 hell § A Tehal €,

S I Haw 1 7F h/2n 1 Ul 0T BRI
TheH A § HIUNT HAT Feifed el 21 S s
vl T o el T Faifed T hi B T
M W shial € dl fafehTon sl STariiooy S1efe Sedsid

RV HaT

59 YR $o7| M (m) SR W@ 37 (v) T [UHw
Yaes Ha Bl ®, SH YR hivid Ta (angular
momentum) ST TE (1) 3R FHI0HT T () T
TUFEE BT 81 m, TN a1 e o fa, S
ek o = 3R (r) B 1 gareR Fan ° 5|
@ R

IV GAT = Ix o
?Rﬁﬁh‘1=mer2 3ﬁ?w=v/r3ﬁvi’f@iﬁaﬂ%\

3d: HIvT HeTl = mr?xv/r=myvr
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Bl 81 31 Heree o1 Torga Skt figid @i @

Tl e T€ wRU ® TR P ffvea wer & emma

B 81 9 T T st 1 St ok foreer o

faoa & < T faegd SRR ST! Sfedt @1 3Td: SH

ST Y heqeT | HHeAr S| 9R fagid o $TER

TEgIST WA < fefe—

(%) Soie o foru womft sterensti &1 n=1,2.3...
o SN T fRA T R T YUl i qE
Fdied W& (principal quantum number)
FE A 7 (TS 2.6.2)1

(@) Tt staeened i st & fr=fafed €9 4§
e feran S 2-

r. =n’aq (2.12)
Sl a,=52.9 pm 9 YHR gl TRl sewe,

5 “9IR e’ el Sl 2, 1 B 52.9 pm @i 21

YR BRGNS WA § Serareid 6 el (n= 1)

o U1 S 1 n o 9G4 o G r ol A aedl 21 T

sl W, gl A ¥ X suferd B B

(1) T W Fefed Tod Heweyul o1 TRt steer
1 Sl ¢l 38 FreAfoad g gry fean s 8-

1
)
n

Tvl%'T R, ED ﬁ?ﬁﬁ Teerian, (Rydberg constant)
Fed 81 THH! WM 2.18 x 10'8J Bl gl Freaw
STTET, S ‘Jorer eteren’ (ground state) ot sed

e n=1,2.3.... (2.13)

. 1
2, % S E,=-2.18x1078 (137) =-2.18 X105 &
n=2 al T sEe o fau s E, =-2.18 x

1 .
107 (57 )=-0.545 x 10718 J. gl fes 2,11

TIEgIS WY i fafe=1 Tt steenati o Sefl-wl
F1 Sertell w1 K@ T 71 TEh! (e wR)osma’
el Sl 2l

Sa TR TR o YWE 4 Yo Bl 2, qd
Foit 1 A I fomn S 21w feafa | seieea
&I G n = co 1 TR 3fereen § Hafad il ©
TN AT ETEGIS UTHIU] FHEA &1 el Selaei
ek gRT ARt il € 9 5 hen W Sufterd gl

R IE I CRIE

2, T9 Soll 1 SeES Bl © 3R hh! el e
S &1 TR (2.13) W 3R fag 6 Rl e @
SR THERT I o w1 TR SR FA n=o0 H
ey § gEeh T i 9 B

TESS WA & fIU RUTee getagiieh
it (E,) a1 o ot 272

BRI TRAT] | B H9a el | ol o AF o
v Tog Bl 8 (T 2.13) | 7€ k01 g &=
Turten 2 38 0 foag #1 oref 7w ? fom Ay
AT 1 SHoll [ER 3T H Toad soiae ° Y
21 TR (rest) 1o § TG TR 98 SoeRH
Bl ®, S TR W od g0 W el SEehT o i
¥ W o S 21 i § sgen ol 9 © R
THH (2.13) H n = W1 W, 599 E_= 0
T B 21 S § SoieRA AR o I S ©
(SR— n ¥ ©), 99 & E, 1 Uy w9 g
Sl ® SR g8 3ffeeh OTcHsh Bl STl 81 W n
=1 B, q9 Sl bl 9 HaIQ 31 HOMHS BIar
2 @R ' wen wag Afue w@rEfh e 21 eH 3o
‘qeTey ST’ wed B

(¥1) TTEESISH TAT] H SURd Toh Seiegiq o HAH,
I AT, T ohelel Teh gl Bl 8, W At
R % Tagid 1 @] feman < Hehdr 71 Sreonsd -
He* Li?*, Be®* 3| 39 YhR o 3T (BTESSH
o T TN wedd €) W HelHd T
sraenstl i Heid frefetea g g
ST W% :

s Z
E,=-2.18x107"* [F]J (2.14)

e 1 Frefafed g gr fean S 8—
52.9(n?)

a 7 (2.15)
Sl 7z wEv] gen ?1 dferm ik ofifm
TRAET o foIT SR A HHW: 2 S 3?1 ST
iRt o I fafsa ® & Z & sig & W Sl B
M 31fush e el Sl @ qen B &9 &1 S
21 58 @1l 7% ¢ fon soieeia iy 9 ggdrgde s
g /1

pPm
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QAT i HCEH

() 2 FHeqstl § T Fd g geiaei o o i 0T
#E f w9 ®, T e foy T w9l
TR0 =1l el fean e {1 oncHes &9 9 s
T ORI o S o 1Y el 1 AT Sadl ©
A A FeH WAl o 9 o WY I8 el 8

2.4.1 BTSN oh IET WaEH shi ST

TR o Hise 1 SYAN Hich @ 2.3.3 H Fd T
TIEGISH AT ok 1@T TeeH &1 AT A &4
T 1 S Hehell 81 S o 1R (ii) o SR, e
Y 3= g J@ICH &N H1 el § T HH W
fafepzor (=) o1 erEeivo g €, Sefeh fafenor
(SST1) T IS SoIaRH o Sed | T e &1 2R
TR 1 T A W Il €| ] hened o |ie oh
Sl o Al TH HHIHOT gRI A1 S Wehal B

AE=E, -E (2.16)
FHIHTOT 2.13 3T 2.16 H1 Agd W

R R .
AE=[—H—S] —[—n—‘;j (STl n, T n, SHET: STRAR
: ,

1

3R sifem e =1 REE FW@ §)

1 1
AE=R,|— - —
H[? n?

1

—r
A

B 1
J: 2.18x10 ISJ[? - ][2.17)

THISHT (2.18) T YA shich HIEH o R0l
TN SeHs W Fefed g (v) o qeieh foha S
T 2

~218x10"J (1 1 (2.18)
6.626x10**Js(n?> n;
=3.29x10" (%—%JHZ
1 (2.19)
TG qE-HEA () T8
Sy Ry1 1)

3.29x10%s' (1 1
3x10°ms™ \n? n?

1

47

1 1} »
5~ 5 (M
oy Iy (2.21)

W@Wmﬁnpqﬁmﬁﬁﬁ
MG ¥R il © al Sl 1 STETOT Bl €
T AR IS TaeH § > n 861 R, AE HUTHS
B B q1 Soll g Bl 2l

wefiertor 2.17 Rgert gfiewtor 2.9 & S g,
59 SU 999 W Suas Y Sieel gN Wi
R T o1 ek STl BISgIS URHTY] oh STEeIyul
oIl IS WA | YIS WaRH W@l T fowm
GHUU & WA B B hE BEGSH TR %
T TR H e G9e HHAT 3@ S T § 31
I8 T T W@y e €1 foret et
F1 ford 39 ad W R Fw@ 7 Rt wEe
T3 1 egi ol feRad Whie SteNfd
RS

IEEITT 2.10
TIEGISH T | n=5 Tl ¥ n=2 3T&Tq

A HHHU oh SN SRS HieH Wi S

3R -<=4 F Fhl?

=1.09677 x107 (

'
Hifh ni=53ﬁT n.=2,

37d: 39 GHHU 9 9FR AU B Teh TIH W@
I Bt 2

TR (2.17) @

AE = 2.18><1018J[5L2—2i2}
=-4.58x107"°J

T2 IS el 2

TISH i ST (el &I IRATT & &9 9 o
BU) 39 YR & ST Fehell B—

AE
V=—
h

Rationalised 2023-24



48

_ 4.58x101°J
6.626x107 Js

=6.91x10'* Hz

IETEIOT 2,11
He™ &l 999 el 9 Gafed ol bl 0T
FIT) IR =T 5 59 Han o1 Bean 0 grft?

BA
2.18x107'8J)z>
E, L 5 ) atom”'
n
He'svfauw, n=1,2=2
-18 2
g, =-218x10 JZ)_ g 7551089

12
GHiRTOT 2.15 9§ e w1 B S 2
r - (0.0529 nm)n?

" Z

Jfh n=1 3R z=2

r - (0.0529 nm)1?

" 5 =0.02645 nm

2.4.2 9 AleA ht €@

30 1S Glg 7l fF BESeH WA &1 SR Hied

TIHIE o AR Aled W dgaX o1l SRS AT

A THR W I el (SE— He', Li2*, Be®*

TAME) o W Teed 3R wfde % e 9

Hehdl o, Wfeh 9R &1 Afed F=fafaa fagst i

AT &I hY Heh|

() OREHA TEH TR G A BRSO T
T g&H GGl [f§F (doublet), 3Teiiq IE-TH
feorg < Y] 1 e w6 H fawd ®1 9w
TiEd 2RSS oh STaal 3T THIV[S o Tiaed
F A HH H ATHY @I ST o+ o,

R IE I CRIE

Eiferem weamy, fSaw oheet 31 gefeei[ 8 §, 4R
o1 fagid gashia & | Tagdt T & faaeq
(S worE) @1 fagq e et sufefd o
TegHt @t o faured (Weh-9are) &l T
wE H O fawa @
(i) ofd ®, I8 TV & qHETH STEH g ST
TAM HT AT B RS Tl HL Gh|
TR IR H, ST AR st 1 e o @
T WA o H&A AN I AT HL Honl

2.5 UTHIU] o Felieq AfAehtd AiSe i TR
9N Aled 1 S H AW H Wd g WA 6
fau eifuss Suga iR GeRY Aied o fokm %
T foRT MU 59 WER % Ated & o # 59
wewEqUl qeti w1 SAfush AR T, 3 ffafed 8-

(%) & 1 gd HTER
(@) BTESer &1 STffe=dar =1 fagra

2,51 g 1 gd HAER

i i S < sl 3 T 1924 H gfaifd
foran o faferto &1 @ 5o 1 ot g0 Feer v
FHEAT AME, 3T FA § HU 9 TT— A & oh
07 BF wieT)| s 1 7e B TR 5w @ wie w0

o 2 st
(1892-1987)

TR i SRR e < il
4 ¥ 1910 o IE § H@H N
R 3fae™ venl yem favaas o
A ed-TaRo & forg Skt
g g1 ST 9. faam &
9fd IT! ¥fa SFA 8 Tl 91
1924 ¥ 311 URE foreafoame™
q SLug-H. & 3wy 9 H
T 1932 © AT STEhRR W § T 1962 T o
IR favafaeme # o=r R

T 1929 ¥ 3% wifqent § eel [EHR Y HL ok
Frrfa TR =
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TIA] HT G

o Ue a2 B €, SHY dE geleiq il W WA
3R -2 g =R ivelt 4 39 deh o MU’ W
ot arel o o1 o foa -3 (1) @ Ho (p)
o o= Fefafaa gay Far—

Ao v _h

mv p

SEl m U H SEEM, v SEHT AT R p SHHI
Fam B 2 sifvelt o 34 o=l e gfte wE g o g,
e e 2@ T o gee o gl ol faada B,
S 1 AR #1379 fagid o STHR W gt
GeHEEl Bt T 1 T, S TSl o T S SRR
W IE YRR S 7, FoRT Jeahi Tremor gewset shi
Tl GRS 1 a1 Yepfd W M ©1 myfTeR
SRR we-hr H goeR geueeil uw Hewul
TR B, s so9 et erfaged @%q w150
ARG T TS HIh @1 S ekl T

TE oA < AT od € foh % sifvelt o 3TER
Yo el o W a0 oF IeT0l B B IR
g3l 1 IUE FTHEH T oh RV 399 Hefud
- gt H el € Toh ok o S Tl 1 vl
TE =t T, T el 3 3T SIS T,
fSTeRT So7AM o5 FH el €, T Heiferd q@r-<eaf 1
T R e S 21 gel § ¥y T aftors g
ToTeRs &9 9 fag W 2l

(2.22)

IEEIUT 2,12
0.1 kg So7MM 3R 10 ms ™' o7 ¥ 7fd < W&
T T H - T A2

&

3 el FHIRTO (2.22) o SIER

h  (6.626x10 °*Js)

~mv  (0.1kg)(10 ms™))

=6.626 x 10°*m (J = kg m*s™)

ISEAUT 2,13
Teh Sola 1 FAAME 9.1 x 10 kg B AR
AT TS Sl 3.0 x 107 ®, A gHH
- 7 g

49
T
T i = omyv?

v (2><777"FIFIWJ”2

m

(2x3.0x10Pkg m*s> )"’
9.1x10°" kg

=812ms™

A=—
mv

6.626x10* Js
(9.1x10°" kg)(812ms ™)

=8967%x10°m
=896.7nm

ISR 2.14
3.6 A° TUT-254 &g aTcl U Bl o SHM
i T SIS
'
A=3.6 A=3.6x10"m
IS T AT = Y1 T o7
h 6.626x103*Js
m=—=
Av  (83.6x10°m)(3x10° ms™)

—29

=6.135% 10 > kg

2.5.2 EgSAEl Rt Tfyeaar fagia
g AR TafeRur o 2e SRR o HoRa®y Tdh A
ifder IR R eEsert 3 9 1927 H arffyeraar
st Togia <o sooh o1qan, fordl e 1 wel
feorfa 3TR &Y a1 o1 Feior W e e sYe 2

h
AXXAp, > —
Py an

(2.23)
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3o AxxA(va]Zi R AX XAV, > h
4n 41m

wEl Ax w1 i feufd § sifafemmar iR Ap,
(Ap) AT (F1era ) H Afrefaadr €1 THF TR,
ot gotarei w1 =ene feerfq afw gened o w1 frafo
Tk 19 HET G T TR VR H, I g w1
faoerar Tel frorfd @ 8 (Ax 9 ), d9 SoiaH o
a1 | sfHfEar (Av) s Brfl g @, afg
TF w1 9 fIegd ¥ 96 © (Av, FH ®) @
T 1 feerfa (Ax tfusk) = =it el 39 TR
IfE sotee i feorfq stuen a1 W % wifds @
o <Imd, ot 5ok aRkoTe THY F ST & e B
sTfyaam f9gid 1 T 3] oF §R agd Tos!
TE TH S Fehal 1 WA Aoy fop Hiex o foreht
Afafed T @ fordl ®r &1 GeE 7 % fag
AITY YN Sl &1 T W GRomH el e 2 e
%1 WK WE-El WA ok o1y S9eh] TS i
e ¥ ¥ SHE Al Fafgd STRT 1 ST HIAl
BT 39T YR soiae i frafa =t fuifa +6 &
T amaeR! U UH UM 1 SrEveshar e, fwen
YR SoiaR i famreti ¥ S Wl | 8l seiae
o1 fearfd T 3 o6 fow 34 39 vermet = foegq-geehia
fafertor gRI WeTe AT BT YR WehTRT Y AR5,
SeiaeA i faHiel | &H B 96T, T UH Yehmel oh
TISH &I Tell 9gd Y BRfl TH TRRT 6l 3=

. h y y s
o [Iij Tl ISl SR | ThTUA W STeh

ot § gfeds & < fredde 39wk 9@ '™
o i feafa @t S-S fauifa w3 @, g
THTA T UfhAT o ITA BH STk o o aR H Fgd
FH SRR B
rtfYeraar fagia ot "<

FTEsar oh STfveaa w1 T wewyul ffeard
7 ® o 7 fram fafvsa anf =1 geiw g (trajecto-
ries) % Afkde 1 @ed il 21 fret fie 1 weu
Ty f=-fa= s W sHet frufa wd an 9 fauifa
foman Tan €1 4fg ed fdl fowm e W ww fUg @

R IE I CRIE

feafq wa o qen 39 W 3T &40 1 FI W© dal hi
SRR 81, 9 98 ol Tehd @ fop 9= o fRel wHg
¥ firg el W 8 31a: 0 98 oy feed €
foret e =1 feafq wa a9 9@ 391 gerg-vy fafvem
B I B ik soeeH S Rl -y fig
o fou U 1 3Tt ferfa ua o &1 e fedt
&7 Frenefan o fordt aifsd &< qo dd = 81 gaferg
TR o HEU-UY o SR | o weA H9g Tl 2l

Bsa STfEdar fagid &1 uaE shad g
fiel =t 7fa o forw 2; Tya fiei & fau 95 g9
AT BT 21 39 SV H TS UL ST Tehell &

g T e (10°kg) SEHH a@ fie W
stffeedar fagra @ fean e, A

h

4n.m

6.626x107°%* Js
AV.AX = =
4x3.1416%107 kg

AV.AX =

~1 0—28m2s—1

WS Av.Ax 1 HH SEE H9 To 709 2|
THfeIT 718 el S Hehell © foh fiefumm e & fiet
(I 399 we fief) & fau faemr w999 dag
rffyeaand frdl arsdfaess aftom &1 72t 2l

TH TH seiaeH o 9AM Y& e & fore ura
UM 6T (o el 81 UE SAHiv=adnd arsdass
o & B §1 ST - TH 9.11 x 10°kg
SHAM aTC] Selae oh TTg gleser] SAffy=aan fagid
o IFIAR-

AV.AX = h
4mt.m

B 6.626x107* Js
4x3.1416%9.11x10*' kg

=10*m?2s™

o ATgE Te § TR Afg soeeE W wel
fegfa 108m =t s1fafy=aar 9 S 1 99 S
FHIA S, O o H AMREAd Av w1 HH BRI

10*m?s™

10° ~10*ms™
m
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TIA] HT G

g sffv=ad gat aifers ® T soiee &1 AR
HefaTl H T hIar gl T i (v STAERen i
SAYTITOTR e Y Weh| 3rd: guent aref g § TR
T ot Teafa wa wam o ufieg wew @t
UIfehar sheM | Ufawernfua T R, ST U
TR TIU T T T He W T 2l W E
A o i FiteRt Aige | el B

3aTUT 2,16

T TIe i 7% 1 SATH 40g T T 45m/s
21 3 T AT 206 T F ST TG S TRl
7, < feafa o sifafysaar &1 o sifsa

T
T H 206 1 SAffrEEar 7, sty

51

T g ((1901-1976 )
R B Y = fvafererer
9 1923 ® ifdent & dros e,
T UMY YT h1| I=IH q9 Teh
o Herg & o 1 BT o ae
T e 1 U9 B | et SR

e oA & B 1927 | 1941
ek it T o sifaest o wrheR @1 fgda favegs
o SN 9 AV 99 R ST U % J9H &)
TG & 9% 5= TS | ifdehT o Her wiish GeIH
w1 e Mfea foran 7o 3 T SH-A gdaRiE!
91 9 1932 § S Hifqent o Feiel [EhR 98 fan
T

3Tl 2,15

Teh YEUREN SUGHd HiH! 1 STANT hich Tohe
Y] | e &l 0.1 A T o Sidd STt
fearfa A o foTw wge g €1 39 o9 HIOA
o sfafifea stffeemar s 22

T

Ax. Ap=4£ or Ax. mAV=4£
T T

h

Av =
4. Ax. m

6.626x107* Js

Av= “10 31

4x3.14%0.1x107°m x9.11x10% kg
=0.579x10' m s (1J =1 kgm’s ™)
=579x10°m s’

45 x i=0.9ms‘1
100

TR0 2.23 T STAT Heh

h
4tm

Ax =

N 6.626x107°* Js
4% 3.14x40gx10° kg g ' (0.9ms™)
=1.46x10"°m

S gEd QAT Afh o AT T AT
10'° of 9T 1 ST UES S ST gl € 9%
ol o T Affredar fagia aRys Ao &t
Fig srefquf g fawifa T = 2

T A bl TAHAAr oF IO
39 IR Higd &1 fIherdl o HROT i A9 TH Hohd
g1 IR Higet W Uk T i Tk TERI H1 o &Y
o ifeek o 9/ SR Ffk=d gaeer wae § gwd
B T S 8| 59 Wied H oo o qii-o1efol W
FE faer 7 fvan T 21 3@ v w g w®e qsft
uRkenfra fohan < Hehen €, S solee 1 Tel feufa
AR W& AT— HI TH WY A6 Bl gESeT o
Tagia o ER, o G9e T B1 39 YR BEeiSH
AN FT SR Hied 7 Had 9 o e FIBR i
ARG XA 7, Sfeeh ‘gTgee AT fagid o
fawdia o 21

T YR 1 T&s HHSN b HRUT IR ASH hi
3T T[S W AR] T foRA S WeRTl 3T TAI]
HCEHT o aR H U9 fa=ri &t stavasd o, 518 ura
T Hed FeA o WI-h01 ol qel SHaER 3R
‘rgsia Sy fagid’ o STIEY =il TE Felied
IRt o6 I g 9 g3l
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2.6 UTHTUT SRl FAeH HAfAhd HigeT
<1 gd G H sqetrEn T €, ged o Cfd o
o fUR W fowfaa faama it gr st uemeff
(S9— fRd 8T WeeR, weRt o 8¢ UEl offR),
ST SAEeR U1 I 2Idl €, T T 1 Therargds
quia feran <1 "ewar 7, fRg o190 39 oifa gem o
(SHE— gerarHl, STt @Ik warEt) W ooy fwe
ST ®, @ Fe foher & S 81 GHl 8 1 Rl 98
2 fr FoRama ! 559 T W SR FHU o
el RN T HehoTaT qeN Y= o &1 Suaf
Tl 81 o7 o el HFER i A | W@k i
fogm =1 Faten afrent (quantum machanics)
Fed
1fq gew aegett 1 Mfaat 1 steE foman S €, S
T R FH A F O @A | AE T e w
T o el o1 Ffyed st €1 S saien ARt i
Ty g (Fek forg qafa o eifamg B ) W
o] foan i €, qe Feraea it o wfomt s9
2 gftoms 9 B 2

T 1926 H o eeHe SR 3 gifesr g
ST 3T FalleH AR o1 farenra feman 7| =@ ™
W dAifssr gR1 faskfaa ‘s@ien At W & ==t
Y, S TN R T o forl 9T e 2

Faieq AR H1 o THRW SfEsR gm
wfearfea femen o sHek forg = @ 1933 W wifdert
T oA R YSE fHa1 T g8 gHieRwn, | ]
Sl g ST T U % O R qT ATl <l
HIER I A W WAl €, HIhI Sed 81 R e
FH o fou s=a Tiforq 1 aRue 9 B STavash
21 39 g i i fermEl ) o] +6 & 9"
< Bell oh IR H AT 3N T e H TRl

W R (SH— Teh AT A1 370, FSEeht Sl
Tag % G uREfdd T et ®) o fau sifes
GHfiHI0T 1 TH TR for@r S 2—

Hy =Ey
el H s TdE Gahre (operator) 2, 5@
‘efeeifEa’ wed B gifesy 3 wamEn 6 e =5

R IE I CRIE

T ol o ek U 3T FHNH H HY ferar o
kel 71 fordit fehm 1 el Sooll, ST STTRAITS
FHU (S IR feR) T TSt St Seiel qen
TRl oF o9 STRY T gfdesl fave 9 gafua
21 39 THI0 % T © E 91 ¢ % WM WK e &

EISGIST UTHTY] q&AT STTSSR WHiehTuT

T4 SAifESR THHRTO F TR WA o forw gd
e Sl ®, a9 SHH SoeRi o H9E Seli-&R 3R
Ik HTA - (y) T el 21 A Faifed Sofi-
TR qAT 39k TG TT-Held AfSsH-THIH o g
& HAEET TE B §l 3R A Feq-Geai-
[f&4 FEH-E& n (principal quantum num-
ber) farett Feiey d&n l(azimuthal quantum num-
ber) T Jaeh!a FleH TE&A, m, (magnetic quan-
tum number)]mﬁﬁgﬁ?mw%,ﬁ sgifest
G0 o Wihideh 8 § U Bl 81 5d Seieria
et Sl W) o war @, A Uk T -t H
TARME o a8 H WS THe fammE wd 2l
TI-HeH Teh T ®ed €, fget 7w o
golae o fadensrl W T war ®1 gEe wiE
difger o1ef T e 21 wEgeE iR SE% gAM
TSl & UH U Soaed al-Hod @i IET]
*e&h ' (atomic orbitals]sﬁﬁ %I T YHR Teh
AR TP o OT-Wad Tdh SaaeHl &/

e Aifesr sifegan & sdifdent

o SR 91 SweiH §1 1910

H gifoes difqt & form
fovafaerea @ @ TaEl &t

S T Y| Ak ok hed

W G 1927 H IoH dfed

fovafaere™ & wis & 9]

FEIR Fe T 1933 |

feeer 3R Asht 1 Hifear o

foiy & o HROT A BIEHT T 1936 H 99
A dlie Tu) e W S o SHH % 9
S 3= 7= % U% 9 g A T e, 3§ el
(Safer) =t T, el 9 T Wi 9 @1 H 1933
o 5% My T, fete o w1 wge &9 9 ifieht o
o qERR ¥ TG foRa T
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TIA] HT G

FeAd &1 T ] | fore fog W geleei™ o sIH
F Wb 39 fag W |y % T ed 2
TSI W] o fau Faied AfAHT g7 uw
RO TTEge AV o Waed & 9t Teqst &
FheldIgash N (predict) Y €1 $&eh Afdier
Tg 31 F qREeet w1 ff e w3 ®, S AR
Hied g T &I ki ST Hehl |

ATESR FHIHTIT ! Tg-Feloed T[S T AN
FH T U FD RIS E A 2| Tg-gelari
TS o fau Aifgsk Tt &1 Fened (exact)
A @I A S gehdl o1l $9 Hfcds &l Af-idhed
fafy o5 I9FRT g0 X fohall 7M1 S | MO HH
W Ul =o€ TR eregeT o SAfdiien v wAnget
o HEF TEGSH WA o FHEH § dgd AU
i1 et &1 57 g faera e o o s o
RO Bl €1 held: heeh 9 B 8 W g 3T
3TN oF IUWST 2.6.4 AT 2.6.5 | TeH foh Fg-Saiae
THET o Heeh] i SSU n AR [ Fied e
W R Fxclt 7, SR TRGIoH WHIY o HeETh! F
TSl hael n wEEd Al W W w2

UTAT] o FElEH AfAha IS o UHE &

YA <1 FAIEH Ffeh1T AiSel LATI-HTET1 1 58

o & S wemet W gifest gt an] w9

W eIl €, WA % FeieH AR Hied o

Tewqul weon frefated §-

| THET § SeiRil H S aaied e § (St
TH hadl P fa9 A & 8 Fehd ) | SR
o feru—sfa AR o e e ¥ &Y 2 €

2. SoTERHI oh TR S U % RO Felfed e
Foll-TR 1 AR T IR AIfESR
eI % A B e 2l

3. el W] ¥ seered &1 wel feerfa den 9@t o
1 Tk T 1 el fha1 S Hehal @ (@Tgant
sTfeea fagia) or: fordt wam o soieeq &
w1 o grfrea T T foman s gk ?1 sEiferg
79 W] ok fafy= foge W seree & g &1
WIfgeRaT (probability) 1 Heeadl o aR ¥ a1
Fd T 38k 9N 9 A TR

4. Torelt TRuTor ® gelaR % aUT-Ted Y
“URHTO] ek’ hEd &1 59 Th T-Fed 5N

53

et ToeRA 1 STen # Sl 2, 9 8W g
Fed € T o9 3H werek § Sufterd 71 i
fendit goierei o foTT wIgd © aT-Whetd & Hehd &,
3Ff: TATY] W S UXATY] ek B §| TRArIE
%1 SRR e, 37 T Soiae hardh auTl-
el A1 ekl TR g SMeIRd 1 Uedsh sheteh |
TS 1 SHoll v erdt 21 Rt off hereh o
2 Y 31 SoEg TEl T Tehd 2 TRl wg- g
] | Tl o 9ed gU %A | fafy=r weeht
TAHRA W WA ¥ o: 9% oA WA |
YAF ISR oh (AT Uk halsh qiT-%eld gial
2, S S ek 1 fenafves g €, fored
TS SURYA Bl 1 WA | Sl o aR
T O TFHIE SHh heleh q-held y |
Iufterd Bt € qen FeH AR % g ¥ H T
ST T WS HAT G 8 a2

5. forelt oemm) o forelt fog W sereRi o Sufeerd B
%1 Wifaehdl 39 fog W H&eh T-Had o o o
FAAR Bl ¥, e 59 fiig W |y?| < wfemar
¥ (probability density) el Sirdl IR
THYN AT gl ¢ fendlt wwmmoy o fafie

fargell W |y’| o W | Tk & W elT
IE & T Ul AT G9e &, &l UX Sela
& UIT S St AW 3tfeeh g

2.6.1 haTeh 3T F=Aleq H&AT

et wam] ¥ o etk W9 B ©| [ONCHR ®9 o
31 herhl | Ieh MR, Ml IR afafa=mg &
YR T 3T a1 S ekl €1 BIS 3MHN o halh
%1 31¢f Ig ® fop ek oF UMY SoieRi o U1 ST
Wiferen 1fer 81 SEl YR, STehia 3R arfafa=ra
Ig I 2 T gl aIe ST ki wifgeRar et gad
feam Y erven w foen o atfues €1 Faien wEmet gu
AT Shereh] T SR TRl ST Hehdl 81 eieh heteh i
T Sren @St n, 1SR m, gRI ST S €
T e W& 'n', Toh I qUlieh Bl 2|
TR T 12 3...... M B Tohell T A Faleq T
Y heeh oh R 3 HIH! 88 qh SHb! Holl o &)
T 91 =erl 21 BRSNS 3R 39 S e (He', Li
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a7fE) o foTT I8 3Tehe €Y heTeh o SR a2 St bl
feifia an &1 g wdich G& | H (shell) 1 o
Tl STl Bl n T HH dGH o WY ST Herhl whi
e off Sedt 71 38 'n? gR & St €1 n o fAfeed
T T A o faw @it Fwaeh ] 1 TH R S
g1 3% frefofaa sreri grr <witan s 8-
n =1 2 3 4
M=K L M N
& F1eH WeA ft g+ o T e T HR
Tl 81 T YR H, seied i ¥ ¥ feord 7 €
<t T RO TeiaeA wI FERE AR ¥ R
B o foTT Sl 1 STEvdehal Bidl €, 31d: n o g
H Hesh I Soll agil
Tty sraien W& ‘1’ HeTh FoeH G,
THeeh HIvNE o (orbital angular momentum) a1
g Faien GE (subsidiary quantum number)
ofi ed €| 98 Herh o Hfeid fehR 1 R
FA BRI N T AR & fAT 1 F 0 W n— 1 d%
n OF 8 "ehd 71 FAfq n % KT T A ok forg 1
A 0,1,2,...(n—1) B Gohd Bl
IG5 n =1 Bl €, 1 | 1 helel Tk
08 8 n=2 % faq | & Gwa AH 0 @
| 1 Ehd € n=2 o foTu [ o H9a 7 0,1 3N 2 Bl
YAF HIY H Uk A 3YH IURNT (sub-
shells) 1 SU-&R (sub-levels) Bd 21 foHddl q&
I W STRIN H1 G, o SR Bl 1 S0 —
T H (n=1) § hdel T IU-HRT B 2, S 1
=0 % 9T TN T TH YRR (n=2) HE F q
IT-&RT (1=0, )n=3 ® I 34-F (1=0, 1, 2)
B Bl p o 3 HA ob fa off T fon st g
21 Tl =191 o SU-hivl o1 fEwei seien W (1)
R ORI A N AC IR 1 sl e ol e
1 frefafed fogl g sofan s 8-
1% 9M : 0 1
IU-FHE & g
HohaH (notation) s p df g h...
grelt 2.4 B Y TE g F9ien g o fAu [
Huel T 3R G SY-HITN oh Hehed 4T 7T B

R IE I CRIE

HeTT, ek TS Ikl HE
‘men’ e ‘eheren’ T e WEM R €1 e (TS
AR A gfqufed foman) e o =/l 3R T Jaehi
9o B 2, TSy getaeiT T whear 21 eEseT o
sfead fasia’ o TTER, seegM o 39 99 &
& fuftor e g @1 ord: SR Y Hensd w6
H1E arEdtesh 31¢ TE 81 3ok e i et off
TART R 3T AT ST Hehall| 5k AU etk Uh
FeH FHE RN T Te WA W fRd T
TAHRA & - Y T U H 21 3 A
e NS (n, 1, m) SR GERA fohan < wehel
B SEHT A Seler oh Tewnierl T TR e 21 o
Ay w1 B sifaes eref T g ], Wy W

o o, st |y[* b e oot € €, et Ty
o fopdt fog W |y|” 39 fog W wiferdl s &1 79
@ €, Wiaeha o |y|” 9 s ST i
F AH A B |y SR TH B e (W

AT STIId FE I &) H RS SAFA B
IH I o T S HT GRSl o5 L 2
(Tl W AT O H TF R0 T8 2 o |y
o Fifem & Tk & ¥ e & | kel @l €, W
T B TP 999 § $Heh HH &l feR AM =
eha ®) | Teret T 7 e s o seiee o
T ST e IR || SR W S st
o HOE UGS i SIS WIS 1 S Fehdl &1 W
YR fordt wefeh o Hefad soigeld faawor 1 aar
A e B

W'q Heh FEH HE&T (magnetic or-
bital quantum number) ‘m ¥H<ET AA EUG
werehl & fafom sfafama & R S 3 2
ferelt Su-1 o fAU m, & 20+ 1 9 F99 21 39
T T YR e S 2

m =-L-(-1),-(1-2)....0,1....(1-2), (- 1), 1

HA: (=0 ° AU m, 1 TH & W@iFd A1
0 BN ¥, AU 2(0)+ 1= 1, Th s Hewh Bl &
1=1 % T m=-1,0,+1 B ¥&a ¢ [2[1]+1=3p
Heh]| (=2 F AT m=-2,-1,0,+1 T +2 (4
d &) B HhAl | TROE & foF om, %k AH | W@
AR | % AE o W W@ B B
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TR 2.4 SU-RIIT Hehdd

n l SR FehaT
1 0 1s
2 (0] 2s
2 1 2p
3 0] 3s
3 1 3p
3 2 3d
4 0 4s
4 1 4p
4 2 4d
4 3 af

fereit oA H Yk FEF nl 3R m, THE R
T=e gRI gt femen e @1 e1a: Faen gemsi
n,=2,1=1, m=0 5N A0 FHerh TH Harh e ¢,
St TR W F p SEEW F A @ W @
AIfetent & IT-I9T 3R 3T Taferd Hereh! w1 FE
&1 "oy faan mn 8-

EakiiG] ol1 2134 |5
YT Gehdd s |pldlrlg |n
HeThl hi T 13|57 |9 |11

TR UeIshUT g : Tohell WA shefh oF fog
fafed <l soien WEmel i ST Seil, TR 3R
sfufarre &1 R w0 § W BT ST 9 €
Tfeh ag-gore THET H <@ U - e S
FE H ¥ Feien el e T 8 T s W 5w ([
T aE-T) 9 B @ e (@9 ae-u)
B <1 A e Tt gR STHIT it o ST I8
T AN Fol-Tl ! U T Toba HLl B

T 1925 T Stst 3%@'—@%" (George Uhlenback)
#R @'ﬂ?ﬂa e (Samuel Goudsmit) 3 Teh

55

‘TSIl FEleH W@ (m) e T Th
TR 30 318 W 3l 99 & TEHU il §, S
T & IR IR FERY FHed IHF YA 3T 3 W
TR HIA B TR VR B Toiae[ o STE R
TAM oh AT EE| (intrinsic) 9dsh Ul RO T
@W%IWWWE@TWWW&tOﬂT@T
21 3ok Ferel T gU 3181 o wrder I eifufa
Ted €, 9 § eeku Felen W@ m % 5N 9%
fohan S Tehal €1 m_ 1 HH +1/2 A1 -1/2 & el
%I ﬁséagﬁaﬁﬁw ST (spin states) ot
Fed €1 W R RS IR 1 (S94 T=6T, spin up)
3R | (Fr=rel 9=, spin down) §RT ST S B
fafi=t m w1 a1t 3 el (T +1/2 SR gE
~1/2) faudia g ot Fean g fHd wasw 8
Y Afuek goae S B TR €; T I SoeRAl
foqdia =R g1 =)

T ¥ 30 I8 % Thd ¢ % AR F1e0 TEAm

frefafad SHeRIREr adt 5—
@) n 9 I w1 G Bl 81 TE HaTh 1 HR S
FHIHT B doh o1l Tuifd Lar =l

() n® B H n SI-H A S| 1, HEH I i
AN €| Y& FehR o SU-h191 | (21 +1) heTh
B €, 1Ufiq Uk SU-hIT H Uh s heh (1=
0), & p e (1= 1) 3R 5d H&F (1= 2) &
Thd €| | FD oS dF 9§~ IO WA h
etk 1 Soil w1 o i wea ?)

(it) m, FeH & A= F TR B E L H
feu T forelt A 6 faw m, & (21+ 1) W9 B
21 Ta € W Y SU-%Iv H hee| &
Biet 21 Hen1 27ef 7 ® Ton herenl 1 @A ST
srfafa=mal o qiiehl o SR Bl 2

(iv) SR o TRl o AT &l m_ s 2l

ISTETTT 2.17
& Jdled 9@ (n = 3) ¥ Hafd ekl &l
el WA 1 et 272

B
n=3 7% fag, [ o 0, 1 a1 2 AF §¥a 2l
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UL Tk 3s HeETw Bl 7, fres faw, n=3,
=0 3R m,=0) B ¥; 9 3p Fawh T 2,
fSeh felt n=3,1=1 3R m, =-1,0, + 1)
e B1 36 YR Ui 3d %eh B €, e
faun=3,1=2 3R m=-2.-1,0,+ 1, +2 &
ghdal 21 3AfAU wHewl w1 A qE=A
=1+3+5=9 T & G&A = n’, 374q 3
=9 HWaY & ITAN HLeh o TAE TF 9=
fohT w1 wehd B

SETELOT 2,18
s.p.d.f Gehd" T YAM ek =fafEd Faiey
s dret el o 9 H Sdgi—
(F) n=21=1 (|) n=41=0,
(M) n=51=3 (A) n=31=2
&
n l h&ch

(=) 2 1 2p

(@) 4 0 4s

(m 5 3 5f

(=) 3 2 3d

2.6.2 UTHTU] heTehl ohi ITTehfaal

TRt TR | Solae oh & qUT-Hhad S1E v
1 T ATH i difder 272f &1 el 81 I8 shoel
sﬁaaﬁ o feeTent (coordinates) bl T BT
g 71 Fafy fafa= warei & fau - (Tifaew 3 @)
o HeH o B9 § FId qU-%e ARE 9= g B
(a5 2.12 (F) Ism=1,1=0)7n2s (n=2,1=0)
THeThl o TH YT o TN hi e Hdl 2]

S Hifqer TR g @ 3 waren T fadt
fog W qT-%ed &1 o (Ui y? ) 39 fag W
TAFTT o T 1 UIRehdl 1 switan @1 [fas 2.12
(@)] H 1s T 2s HeTh oh g WQQFTTﬁa?f'*T?ﬁ
rh ®od oh ®9 W A T B | e 9 3@ Hehd
g o 1s a1 2s o oo 9= | I€ <@ S Fehal @

R IE I CRIE

160
() 40

120 30

w(n)

=
w()
8

(E)SOOO 300

4000 240

T 3000

N

> 2000
1000 60

04 0.8 0 0.4 0.8

r(nm) r(nm)

fag 212 (F) Fe&HE WI-%ed  yY(r) & IRE
(@) 15 TF 2s Fe&7H] & (78 r & HerT & &Y
o Gl A i (r) H TRadq o sIRd|

% 1s e o fore wifehar sH@ A W Afehan
2, Sl ek | S W e S 2 e AR, 28
FHeeh oh AL JIFehdl o 98a oSt | ¥ T6
Tedl ®, fht age1 9RY Blal §1 S@-S9 r 1 °H
m%a@—éﬁww Afyehad (small maxima)
% Y 98 YA: Y[ o e qoh Tedl €1 9 &,
el 78 Wfashdl S ¥ B 5l €, ‘Fied gag' @
‘e’ Syl B WHEIE: ns e o (n -1) e
B €, S1ufq g e & n o @i el &1
T 95 Wl 81 T IR |, 25 ek o forg et
1 GEA Tk qU1 3s ok forg <1 2t &1 317 o shefeh
o fou off 78 sl wehR Tgdt 21 3 wifshar s
URedA A - 1Y o TR H gug W1 gehd 2 (Fo=
2.13 %) 1 37 foolf | fogett (dots) 1 =My 39 &5
o gelee Wiewdr sHe i 2

FHefhl i THfa i fafg= werpl & fag
feer Wifehar o aTet HH-9ag @l (bound-
ary surface diagrams) R %! ¥l &1 9 YR
foman S wehar 21 39 frwaur | fodt e & fow
Teh Q’Fﬁ gREdHT-gag A ‘TFT‘I% (contour surface)
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. ; —
1s 2s

ford 2.13 (%) 1s UF 2s THY F&h! & [0 Fiferesar
T SIRG (oI5 1 T 3T &7 7 seiaeiT
UT §H @ Gidl-gAe & geilal g
(@) 1s TF 2s FH&Hl & [o7q TRAH- a8
IRG

=1 sfEd forn <t 2, o whresa wae [y @
oM feer 21 Hgifaes & ¥, el wee o fou t
% IREH-Hde STE F9el B §, W fohdt 5y 7y
FHesh o fou feerR wifgealr =M@ o head 9
IRE-Td8 ARG & Hed B TR oh 3T
fregor A W ®, fores gr1 feifa & an e
TR oF UIT S W1 Iehdl Rl SATEeR (S
90%) Tt 81 15 Td 25 hemehl o fory qREm-Hae
sl =i fet 2.13(@) o <9ian 7/ €1 319 U9 Hehd
g o =9 um uiys em@ w T o ®, foew
TAFRH U ST o1 WIfIehal 100% B1?7 ST S| T8
2 for iy @ forcht fafeea gt W ot soee o T
ST HT h Wehdl 19 Bl 8, 9o & SHHT °H
9gd &H F A B Hfae Mea R & ™
Rt -gae SRl 1 S G9e T2 2, fier siet
TOHH oh UTT SIH i WITIehdl 100% &l s HeTH oh

57

o afiean waqe 1 s@ Tield g €, e g
o s 21

< formati # 7 el Th 9 1 aE @ <
21 39 Tt 1 IR & 31T ol & qIT ST i
Il 909 Bt 2

TH YT 1s U1 25 HeTeh TeAld SHid o 2
areqd § Gl s hereh Tieita gEfafd o 8 1
off <@ T ® TR n 9@ oF WY s ek @ SR
off 9 S €, @1iq 45 > 35 > 25 > 1s IR &I
FATH WA o 9 oh WY SAd AN § W
ST B

o 2.14 5 @ 2p F&hl 1=1) o GREH-
g oM@ femm T € 3 sl | Tifaew qa g
W B € A&l s Heehl o faudid, uREw- Hag
NG TR T 8d €1 SHhT T4l Ye&ish p- o
T W B €, TR ‘uiferl” (lobes) el S@T €1 3
TR @ TR a1t q o ST 3R feera €)1 STt <At
wiferal Tk S kT Taef Al F, 3 qo W HIiRan
e ®eld Y Bl 71 Al p ReTRl &1 ST
3R 1 Tk GHH Bl B A etk chadt Wil o
srfafemmat o emam | fa= e €, =i 3 wiferat
Xy A z A& F AR = A S Hewdr
Tl = 2p, 2p, A 2p, TR AN W T TG
I SeaieH i & T m, & 9 (<1, 0 3R +1)
AU xy AR , el o o= wIE G T 21 R
fo = == T Wi € fF SfF m, & @\
M B ¥, o1: @ p etk B, feh ater e
o TH T o oAd9d e &1 s hewhl Hi W&, p
Fehi o fou ot g=7 Faien 9@ & dagd o 91y
THeThl 1 MR SR FHofl =g &1 3r: fafq= p
Hefeh] 1 3R 3 Fsll 4p > 3p > 2p ®H U B
215Uk Nfafied s wethl o THM, p Hewhl &
WIfhdl- e el i I | ToRd g1 el &1
@ n- 25/ § Wl 2, $1iq 3p weh & fag
550 91 T, 4p & AU I iR o o ot T
%9 ¥ e 2

*Afz Wi e |y|” T & gE W W el 21 a3 wae W |y| oft wmh g |yt i y| o fo uftdm-ad

TH gaH B
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2p, 2p,
z z
A N
i /-\/ P P /
o
“4\ y/
y
2p,
z
1

forT 2.14 @7 2p F&H & IRAH-Tag STRG

1= 2 o o0 ek, d Heish hedl ¢ 3K &
FeH &I (n) 1 9 3 Bl &, i [ 1 91 n
~ 1 9 sifues T 8 "ehar 21 599 m, o W HE B
T (-2,-1,0+ 1 3K +2) 311 39 YR = d HeTh
B B d werehl & IREm-gae @ o 2.15 #
femamy g 2

qiel d HeThl H d, . d,, d. dy T d, FE
Sl €1 TB R d e h1 SR Tk SHl Bl @
R ufee d2 Wt o Bt 2, e et shatel w6
T aUe gdl 81 n > 3 A d HETH!
(4d, 5d, ) T FHFA SR Bit &, Tiieh Hofl ae
R fir= g €

=g el (IUiq 5ia wiaesha-a9@ ®er I
é)@Wnp@Tnda?W$mm—W
T a9 W I B €1 I8 AT U ToRd §T e T
s 3l €1 S o o, p, Faw W xy I Aed
T 21 d, FEE ° TAE 9 TR g N 2- 81 W
Xy G 1 95d EC & Aed ad B | 3R ‘R
e’ el Sl & R whIviE el w1 Hea 19§ S
8, NG p Herehi o fIT Tk, d merhl o forg & e
31 o foTu SEt b vl Hig B &1 Sl il et
& (n -1), 3toiq wivig g 1 K e 9
(n-1-1) =T JT BT

R IE I CRIE

faT 2.15 9r9 3d F&H & TRAH-GIE IRG

2.6.3 hHaThl eht ST

TR W] H Sea™ &1 el had & Fdied
e g Teifia eidt ©1 31a: eTggrst WA § shefhi
H1 el fEfatEad w9 § Sed 8-

1s < 2s =2p < 3s =3p = 3d < 4s = 4p
=4d=4f< ..., (2.24)

3R 5= fot 2.16 o <wifan 0 B) Bl 25 R 2p
SHeTeh| i ST 9= it ©, TR oft 57 Sl hereh
2s A 2p H Suftufd goiaeld &1 ol SR B
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5w sa |4 =
_3_,;
3s
2s 2p “2p
_25
_ls _1s
(%) (9)

7 2.16 (%) TESI WA 3iR (@) Tg-saei RArei
& FT AT B F Holl-TR SR A JTT
1o BT WA & [0 TaM geT Faeq-qe&
8q fr=1-fy=7 fgmrelt Fareq 9@ g W o 391
il GH gidt @1 Fg-gelaeia WHIE J Ga geT
FI12H GEAT qT6 FHErhl BT Foil (97 Z797 Fareq
T ar werhl @ g = gidl gl

THH o1l ol el ol THEIT (degenerate) chgl
S &1 S U8 Sl T 7, RSN WA | Js
etk Tad TRl feufq o W B 81 U8 dereer
3T (ground state)WFﬁ%l TH Hhed § SuRer
SIS e g Helifesh Yererdl § AR @dl @
BIEgISF WY H 25, 2p A1 S=d Hewhl § UM
3@3@77[ 1 ITS ST (excited state) 4 wel
S 2

RISSISH A1 o Tooia Teh o geiereiA AT
% IAFE HI Tl ohadl A A Fied HeAl
(RIT) W& e, dfceh HeTeh FoieH G&r (ST-hIT)
W off fasR St 21 ereiq § T e Feien wen o
Ws,p,d,f...aﬁwﬁﬁ?:f%ﬁ?ﬁ%lfm”@ﬁw
T FAICH WA | Heehl bl sl 1 H s> p>d> f
B 1 T8 Foll Tl | IE SR 3A(ueh eial 81 heteh!

59

F H H TE HH dSES] hdl © I B
45 < 3d 3R 6s<5d=4f<6p M| SU-H &
=1 Seristl &1 RO Tg-SAa A TATIST H SerargiHl
o g | gl w1 sufefd 81 eegeH W] o
SRV Seleri 3 e A1feh o o= Syl
ThTH g S TR €1 ag-selaei et ®
TS A AT o e SR o STefrel T §
Iqfkerd Teh Seiee o1 R © Wiaeruor off g 21 59
YhR Ueh Sg-3iag WA § Seided 1 T
HieRtoT 1 o | atfueh SRt s A €
Yd: el 9§ Sy Soldei o S
TSR W HiaeRtu S foRher sifeeh wewegel
TEA AR A | G (Ze) 91 o HRUT Seiarel
o SRt 3= TR wedl €1 SieT vl § Suferd
TAFHl o HRU S W HT oG ANTER b
A (Ze) T W e Teg@ &l FL UM T, g
STANER SeiaeAl gII A oh EHTeeT TX ST STaR0
o U1 TH AL 1 Y& G0 Te1 ISl 36 STaiek
AT R SRl Tl T AT § ufiweruT
(shielding) e1 STl & 3R e 1 el a9, <
TolFE TR YHTE Al €1 WATe AR 31aT Z, e
(effective nuclear charge) shecildl %I ATIRE 3@3@'@
BRI URI&UT o desE AR STeNT | gfg o |
Rl IS gN HegH fhan sTeRdu-e =g S 2l
TR vl o, AR 3R g & die e T
1 ol (S HEh Holl) TWHIY] FE&AT (2) h T
o WY T (37T ek Huesk &) W
STMeRYUT TS Tfaehyvl, IF1 ST=IRT foRae il o
TR T IHH YR THefeh i Ahfd (o soaem
Iofeerd 7) R fR it E1 S & fou- TR
3TPfd o TRV, s Hefeh | IURYA Tl p Hesh o
SUfeerd goieM T gl B Sed SeiaeHl T A 9
TfREEroT 3R Tl aieh W LT €1 6 YRR, p heteh
o Sufterd goeM d el i gorl | fus afeem
FW §, 9% A qeft Ferh Tk & B H €1 T STl
T & I | TR 3R o HRT s FHaeh Sl
p HeTh A I ol | IR p hemh oA d e
T T orl | ek o I Sifieh THg ol il
T TR v B R T w1 (YO Fiew We) &
o feieht sFfizd Wt (1) <@ o W Seidg g Hedd
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fohan Z,, ¥ ST €, 319 p heh Y GO H s HEh
3R d T GoH | p hereh Mk O e gaar ¥ wen
Tl € p Heh & SoidF hi ol H s helh o
TR 1 3R d Helh o SR i ol H p e
& oz F S w7 € 3, T <n A %
e 1 wen f-fae ekl o faw R 2R R
37: Th & DRI (YT FaleH &) o sl &l i
faareT (splitting) @1 STl €, S7efd ST Weel s ST
hT €, Heieh T SURd Seiel ot Soll n 92l [ o |
W R @ B ORI €9 W on SR | W HewEhT i
Tt st FeRar st Sifeet B ©, wifeh n e 1o
TRt A o foIT U et 7w 1 (n + 1) 1 A TS
=1 Er Ferr w1 e ot Ia € A e Al
hefehi o T (n + 1) o1 AF 99H &1, d F79 n o A9
Il hefh i Sell 7 BT |RON 2.5 H (n+ 1) FrA
T T © @R ot 2.16 H SE-geR ARt & Sl
T T B A < A o1 7 o ® fon fendll foeiw s
o faf=1 39 el (Sg-gersR THE ) T SHeig
f=-fi1 el §) Brciiteh BrRSeH WA | g Seig
T 2Rl €1 3 W T aqen Sfea g R e wen
(Z,,) 91 o W T SU-HR del HER i HAC
FH Sl STl 2| SR % AT TSI WA % 25
ek i SHoll, THUTH o 25 HEh i ol H TEeh
Bt 3R Wifeam 6t qor | <iferm st Sl iferk git
T M f W @S-

E,(H) > E, (Li) > E, (Na) > E, (K).
2.6.4 UTATU] W heTehl Rl AT ST
faf\r= ReTysTl o wefenl | Soige Sihdrs, o o
ITER R W B ‘3ffhers Faw’, qeelt sqges
f&51d (Pauli's exclusion principle), o Afeshan
Fgehdl 1M (Hund's maximum multiplicity rule)
3R Ferhi w1 AU Seistl W THIRE T
3MwaTs: g
ST AT o stfhars’ W W eref g ‘fmfor g
‘shereh w1 THHTOT’ B W 31ef 8— Rl W SRl
g 90 T 39 R % STgER-— ‘uREmuleTt @t
AT STSRT U, Shafehl ehl STeh! Soll o igd thil
T T AT #

LGIPERERIE]
| 2.5 (n + [) 0 o 3R WX St Sl oF At

HeTohl hi ST
n <hl
HYR 1 n+l
| <hl AT <hl HIA
1s 1 0 1+0=1
2s 2 0 2+0=2
2p 2 1 2+1=3 | 2p (n=2)sh
ol 3s @
EL R
3s 3 0 3+0=3 3s (n=3)
3p 3 1 3+1=4 | 3p(n=3
1 Holl 49
et ©
4s 4 0 4+0=4 4s (n=4)
3d & 2 3 +2 5 3d (n =3) st
Fol 4p |
%4 et €
4p 4 1 4+1=5 | 4p(n=4)

T VR T ToHRE Ted TEaH HE el are
U etk H S © SR Skl W o oIS 3= Sholl
a hEehl 1 WA €1 3T Ig 9 g € fo TR
hefeh i Tl FHE AR AN R R w7 3R
fafi= YR & herenl W @R qiEr fa= e @
THfAT TE i ot TR e T © S wel WAt o
fore @@t 21 qenfy Swewenl i St o1 Afarad g
W, Aiq STh! SN S 1 HH ST STAT B

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, bp, 4f, bd,
6p, 7s...

T8 %0 &l T 2.17 # fewi  fafy g o=
el S Hehel 31 U SN U Y& i g N I
fE9m herehl o WA 1 A Tl €1 STed Warstehdl
ol o fau a® A 9l e o fag
IRV €9 T T T S0 ok forg wforem o
STl Seiaei oh oIt 3d 3R 4.5 herehl 1 ferehed
? R St fop 39 o W g feman ST HeRar €,
TE TR 4s HEH W I ST © SUUK A h
e TR H WA & AU FHEAS ANRIE AT
e Sgd IR Hereh! T Foll WR THerd—Seran g
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faT 2.17 F&HT &1 T T FH

© ST A T T § Sesh—H URedd Hameh o
G oh ohH W URer ol Wehal €1 U8 B4 gu ol
ST A LAY KT SeieRl S foed o faw
TF IR AR € Al aw AR wen S fE s
YIS B Fehd B
TSl 3TuaSi— agid
fafirt sparehl § T ST aTC! TerR 1 T SIS
fagia gru e et ©, o siifegen o siiesh asett
AT T o+ fn o 39 fagia & STER—
ot ooy o Sufter St @Al @t =Rl
FET WEATE Teh WA TET BT Hehell| TSeA STqarsH
fgia &1 39 TR ot Fe1 S Hehal 2
“Iaet A FAR TH FEEF H T T B
T SolaRiHl oF WelshUT faudia g e’ sush
et # foF A e T A Fen wemd, n,l ae
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m, T U B Tl &, TR STRT F=HTT Faie
e f9=1 gt =ifew) fordt weh & ol o
et evers fagia g @men e fEee fed
IY-HIY H ST SeiaeAl hi &Hdl i A hd |
TEEF el §1 SN o o, 1s H Tk hersh gl
2139 YR 1s SU-HIT H SeiagHi 1 feshan Ten
T B Wehdl €1 p AU d SU-HI U Iffeehad wEA
FHHL: 6 T 10 T Fohell 7, TN T TG 3T ThR
TN ST Hehel B—

& Fled & n 9Tt RIvT B S ot
WG 22 o RIS Bl 2
TS Rl STT¥hdd dgahdl ohl faw
g 99 T & IU-HI9 ¥ Fafd Herehl hl T ok
U <m] feman ST 21 57 FHearehi w1 Folt Se et
%I I gHYY HEH (degenerate orbitals)ﬁﬁ%l
7% f17 39 TR € Tk € SU-RIVT F heTehRt o
TGl T IOAT a9 ek TEI BT §, Wel aeh
3@ IU-HIVT oF AT HeTh! § Th-Uh sagT
3T S

T A p, OfF d o1 T fHaF B 2, I
p. d 3R f el § HA HUeT: =Y, B39 R 3
TR % W W YRY BN I8 @ T © fm e
R 3R T N TAYY Fefhl w1 LN 37T Tafafa
o HROT AU T T 3W (TS 2.6.6)
2.6.5 UTHIULRT Rl Tolaieh (o=Td
THUST oF hHefhl W Soigeidl oh IRl @l 3!
Eﬁai‘jﬁﬁﬁ fa=ma (electronic configuration) &gl
ST B A% fafi= ] harhl § g o W W
q wafyd g ol &1 w=m § @ s, @ fatee
RS o Selaeiie famaral i sTaE o feran s
Gehell Bl

RATIRT o golaieh fo=mE & & alieh d
freftd feran s wehar 21 & 8-
() S p° Ao Hepad
(i) HEH-INE
o S o C T T 1T 11
s p d
Tedl Hohad § SU-hIW hi Gd 1R fog 9
frefua fepan Sar @ SR Su-shiwr o Sufterd gl
aﬁﬂwaﬁﬁﬂﬁ?a,b,c ......... TS o &9 | T
g1 faf= =l o fau fefia wo@ su-m &
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favisd 3Tk W Y- o WA Y& FieH &
1 faet fFa1 S B g Gohad W SU-FIY h
Yo el hl Uk died g <A Sl § 3R
TR o HF-TIhUT Rl T S A 3 SRSl
H | 9 dR W g S gEd g1 U8 Hehdd Wi
o | T GoheH 1 o9 I8 € fF o 9w Faren
TSt shi 9T S Gehdl B

BIESISH TWHIY] | helel Ueh &1 ol Bidl ©, il
Tl FH Sl oIl etk | S €, S 1s wee
ed B 37d: TIESISH LAY o Felari(eh fa=md 1s!
B 21 sheht @1ef qg B T 3Ueh 1s wesh B U
TR BIal 1 Eferan (He) o1 O gaisei off 1s
weh W S Hehdl @1 o7d: Elferdd w1 SeleRitTe
fa=IrE 152 BT €1 S| SO S T - < selae
TH-TR Y famlid 7= # 2 €1 39 FHerh omE o
@l T Fehdl Bl

H He [N ]
ls ls

wfeEm (Li) &1 90 Sl USell SAuds
fogId & &R 1s HeH | &I S Fhdll 37d: T8
TSl Hefh 2s W SNl 81 TH YHR oAlform
ORI fa=ma 1s22s! gl

2s FHF § TH soige N 3 Fehal 21 374:
A T 1 = 152252 Bl © (RO 2.6
H Tl o GEATIE o goeieh [oaarel il <) |

3T B: Tl H 2p Hefh Uh-Teh Hhich T I
S| 37: 39 qeell 1 SR a9 39 YR ol 6—

TR (B, 1s22s22p'),

FEA (C, 1522522p?),

AEISH (N, 1522522p7),

SIS (O, 1522522pY),

T (F, 1522522p9),

9319 (Ne, 1522522 p9).

2p HEH B A FHI GlehA AT W TR
AT Bl B1 T dawell o men-fae e guify Tw E)

Hifead (Na, 1s22s22p°3s!) ¥ 3T (Ar,1s?
2s22pf 352 3pf) dh ok AW T o WS H
SRl fom=rd &1 9Efd Li 9 Ne T o awdl o
FOM Bl ©| T8l 3T shelel 7€ Biel § foh 379 3s Tl
3p e R A | TH A 1 T o ST Hehell
2, 99 U8l < IS o el TSRl 1 3 (Ne)

u (N
Be [N [N [ [ | |
B[N J[N] [P ] [ ]
c [N ] L[] |
N[N IN] LT
oMN|[N| [Nt ]
FINJIN] [NIN] T
Ne | N [ [N ] [NIN]N]
1s 2s 2p

T o 1 § fefya fen s difeam 9 e a%
o gt foorg @l UW o ST wehar -
(Na, [Ne]3s!), (Ar, [Ne] 3s23p°) | UI €9 & R Il
o TRl ‘IS SR’ FEd B, 3R A golaR,
I ITEaU YT FEieH HEAT o TSRl eh v |
W A &, GASTRT TAGE HEelld & | ST
fli— Ne o SeisH, Hig ol & 3R Na ¥ Ar
Tk Soler ST Soirg &1 diefrEm (K) qen ohfedem
(Ca) § 3d & &I IO H 45 Hefh hl Sell hA
B oh HROT g AR 5 selagla wuwn: 45 FHaw
o o B

TWhiedy ¥ 9RY & W TH F91 A0 e
<A1 €1 3 HeTh i STl 4p ek H1 ol § %A e
o U1 THH TR Ted WX B | URuTHEeEy ST
T Teeli— Whigad (Sc), T (Ti), aRfesm (v),
I (Cr), HTHIST (Mn), 3T (Fe), e (Co),
et (Ni), SIW (Cuw) e TSk (Zzn) ¥ =l 3d hemehi
H golaeH SR R I &1 eH T8 T Afehd 8l
Tehd € foh hifHaw qen iR § 3d ek § =R ae
T AT 1 SR HEI: U AR TH TAFA Bl 2
TR FRO T8 ¢ fF oMY TS [ R wew A
TRt B ®, AT SRt ST W Bl B1 pB pb, b,
dio, f, f4 et fomm, fomm weres = @t e =1 q
W ¢, Afees Tl B €1 3T: HIfEm qe siw |
P 3R o Tl w1 Wtk firetdl € (WS 2.6.6) 1
o ¥ fF everg off fger ?
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TIA] HT G

3d ekl oh WA % WK W™ (Ga) ¥ 4p
Heeh! 1 9 P& Bl € 3R Fomee (Kr) W g0 2l
21 3T 18 Teeli— ®ellfead (Rb) ¥ A (Xe) T
5s, 4d TN 5p e o T 1 T& Ygid el €, 5
4s, 3d 3R Ap HeThi &1 oft| SHeh 9% Bs HEH] hl
G YR Bial B1 WM (Cs) 72 9fem (Ba) W 3H
ek W HHY: T 3R § T B &1 SHeh 9%
AT (La) § Wbl (Hg) G Af 3N 5d herhi o
T W S €| Uk 1% 6p, 7s N Fdd: 5 fTS
6d HEHT HI W S 21 RAFE (U) & 9% & qd
1 TR B ® SR 3% W ®Y ¥ W e S
21 GROMt 2.6 W T dwall o gelaRien foere (SeeHt
faferli g fwifta) feo o €

AT IT IS Thd 7 foh oMfer 33 fa=ami =1
SHEA W F o g7 STy e fou ok
AT W [UETR AUeR % THeH IR SHE!
R I H oo T 1 B STER |1 STl
21 3TN & U o T, S— | A @ Al
TRATY] st 9] A S €2 IS axd €1 S
37T A BIaT 82 He 92 Ar 519 o< fepameiier o=t
Tl B &, i gl Sy aw A B B o
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Ta o IW S o= o SR W T S Fehdl
T STee & THI] Hied ¥ g TSR TE R
ST Hehdlll 37q: MYk WA faa™ o6 % 9eqst &l
el YR §HeH o fau soieeie W & 9
SRR B @A aTreveeh €

2.6.6 YUTEUUT gRka U Teiufia Su-hion

T T

Tohelt a7 T qoTEd ST Soiaeiieh [a-ard SHeh!
ZAAH Sl o Heiferd Tereer gt 71 furenter warogei
o TRl T 9T 2.6.5 H U qaya from
1 TR Fd &1 R FS awl (S€8— Cu d Cr
o, &l < ST-HI (4s T 3d) &1 Heisti d F4
SO BT §) TH TG FH ol A STRW s §
Ao ol aTel SUHIY W TG B Sl 8, a9
Y TIMIALT | IYHIY o Gl =9 Fell dcl HeTh
9T Bf, S qUigRa A1 STEgRa 811 81d: Crdem Cu
% AN Saaie fa=amd ®asT: 3dP, 4s! qA
3d°, 4s! B, 7 foh 34, 42 A 3°, 452 TH =T
T B TR 51 ot Tl o erfafte st
B B
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A fagm

3TEYRT qAT YUIRA SU-2hIFN oF TATFI oF SHIOT
UIGRA e STEIYRA STRRI o Tl oF ShRul fefead
=

1. Gl Rl Tt faavor : 97 weit-«ifq fafga
 for wmfaf wenfre gem #T @) ofa: W g
ST ITRTN H el 1 faawer Afaq B 2
3Td: 4 Ak Tl B € TE & s § (TRt
3d) Torel &1 el GHE B 7, WY sEe e
foaor =1 2 §1 HoRa®y 3 TH-SW H uferh
®Y 9 U IR HLd € a1 Sele[ AHE g
Afereh yarerdl ¥ STehita 8l Wi €

2. Tafma et : g% T 99e a9 S g
2, 5@ QT Y ek soie (F9er Y=o SHE
B0 ) U SURIY oh THYY Herehl § Sufterd g
E1 A gt 1o T fafme e w5t ygi W@
g 79 fafma o wro gaa S, ‘ot st
(exchange energy) Heard 21 Guifaa fafmaf
T T q9 AfIHTH Bl 7, ST IY-HIW YoIT: R
T FfYRA (half filled) B4 € (Fo 2.18)1 39k
TerEaEy fafe St stferhad il © qen s8t TR
e oft atfuehan e 2

39 W fF TE Sl €5 o R 1 SR €,
15 STTHR— TH SHell oF hefehl W SHaETe
TG o JATHTS AT TeIehUT B B
I w |, FAYRA U YoigRa SRR H
T (i) MU €9 9 67 9Red, (i) 9
HcAfareh GiaehsuT Sell qel (iii) 3= faf=m si
o &R 2 71 fafa et & fama o faer
Y 39 STTel hefeT | geH|

TR 4 g 1 fafme

ferT 2.18 d° fa=ra 29 @i fafma
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6s 6p 6d 7s

5s 5p 5d 5f

4p 4d 4f

3p 3d| 4s

3s

ARUN 2.6 dcl o TSR fa=amrd

< 10

© >~ 0

© © ©

10
10
10
10
10
10

AANN

2s 2p

A ANANANANAN

© © ©

AANAN

1s

AANANANANANAN

N OO

10
11
12
13
14
15
16
17

axdq
Na
Mg
Si
P

— 5]
SMMOZ0Z

QAT i HCEH

18
19
20
21
22
23
24
25
26

Ti
Cr*
Mn

27
28

, Fe
Co
Ni

29
30
31
32
33
34
35

Cu*
Zn
Ga
Ge
As
Se
Br

Kr
Rb
Sr

10
10
10
10
10
10

6
6

10

10
Rationalised 2023-24

2
2

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

Zr
Nb*
Mo*
Te
Ru*
Rh*
Pd*
Ag*
Cd
In
Sn
Sb
Te
Xe

*STYMA SR fa=mg aret acd



66 WA foagm
aa VA 1s | 2s 2p 3s 3p 3d 4s 4p 4d 4f | 5s 5p 5d 5f | 6s 6p 6d 7s
Cs 55 2 2 6 2 6 10 2 6 10 2 6 1
Ba 56 2 2 6 2 6 10 2 6 10 2 6 2
La* 57 2 2 6 2 6 10 2 6 10 2 6 1 2
Ce* 58 2 2 6 2 6 10 2 6 10 2 2 6 2
Pr 59 2 2 6 2 6 10 2 6 10 3 2 6 2
Nd 60 2 2 6 2 6 10 2 6 10 4 2 6 2
Pm 61 2 2 6 2 6 10 2 6 10 5 2 6 2
Sm 62 2 2 6 2 6 10 2 6 10 6 2 6 2
Eu 63 2 2 6 2 6 10 2 6 10 7 2 6 2
Gd* 64 2 2 6 2 6 10 2 6 10 7 2 6 1 2
Tb 65 2 2 6 2 6 10 2 6 10 9 2 6 2
Dy 66 2 2 6 2 6 10 2 6 10 10 |2 6 2
Ho 67 2 2 6 2 6 10 2 6 10 11 (2 6 2
Er 68 2 2 6 2 6 10 2 6 10 12 (2 6 2
Tm 69 2 2 6 2 6 10 2 6 10 13 (2 6 2
Yb 70 2 2 6 2 6 10 2 6 10 14 (2 6 2
Lu 71 2 2 6 2 6 10 2 6 10 14 (2 6 1 2
Hf 72 2 2 6 2 6 10 2 6 10 14 (2 6 2 2
Ta 73 2 2 6 2 6 10 2 6 10 14 (2 6 3 2
w 74 2 2 6 2 6 10 2 6 10 14 (2 6 4 2
Re 75 2 2 6 2 6 10 2 6 10 14 (2 6 5 2
Os 76 2 2 6 2 6 10 2 6 10 14 (2 6 6 2
Ir 77 2 2 6 2 6 10 2 6 10 14 (2 6 7 2
Pt* 78 2 2 6 2 6 10 2 6 10 14 (2 6 9 1
Au* 79 2 2 6 2 6 10 2 6 10 14 (2 6 10 1
Hg 80 2 2 6 2 6 10 2 6 10 14 (2 6 10 2
. Tl 81 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 1 .
Pb 82 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 2
Bi 83 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 3
Po 84 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 4
At 85 2 2 6 2 6 10 2, 6 10 14 (2 6 10 2 5
Rn 86 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6
Fr 87 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6 1
Ra 88 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6 2
Ac 89 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 1 2
Th 90 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 2 2
Pa 91 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 2 6 1 2
U 92 2 2 6 2 6 10 2 6 10 14 (2 6 10 3 2 6 1 2
Np 93 2 2 6 2 6 10 2 6 10 14 (2 6 10 4 2 6 1 2
Pu 94 2 2 6 2 6 10 2 6 10 14 (2 6 10 6 2 6 2
Am 95 2 2 6 2 6 10 2 6 10 14 (2 6 10 7 2 6 2
Cm 96 2 2 6 2 6 10 2 6 10 14 |2 6 10 7 2 6 1 2
Bk 97 2 2 6 2 6 10 2 6 10 14 (2 6 10 8 2 6 1 2
Ccf 98 2 2 6 2 6 10 2 6 10 14 (2 6 10 10| 2 6 2
Es 99 2 2 6 2 6 10 2 6 10 14 |2 6 10 11 2 6 2
Fm 100 2 2 6 2 6 10 2 6 10 14 |2 6 10 12 2 6 2
Md 101 2 2 6 2 6 10 2 6 10 14 |2 6 10 13 2 6 2
No 102 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 2
Lr 103 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 1 2
Rf 104 2 2 6 2 6 10 2 6 10 14 |12 6 10 10| 2 6 2 2
Db 105 2 2 6 2 6 10 2 6 10 14 |2 6 10 11 2 6 3 2
Sg 106 2 2 6 2 6 10 2 6 10 14 |2 6 10 12 2 6 4 2
Bh 107 2 2 6 2 6 10 2 6 10 14 |2 6 10 13 2 6 5 2
Hs 108 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 6 2
Mt 109 2 2) 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 7 2
Ds 110 2 2 6 2 6 10 2 6 10 14 (2 6 10 14| 2 6 8 2
Rg** 111 2 2 6 2 6 10 2 6 10 14 | 2 6 10 14 2 6 10 1

#4112 9 3G Afueh TA-HSA Il I F14 ¢, R TThT T fo=me et e fan w2
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QAT i HCEH

|9

TRATY] qdll oF TS AT B €1 A a7 o U8 s 9 €, S a9t R | 9n o @)1 gem g
fgia, f5r S Sieed 3 1 1808 W Widwifea o, o SHR wA] el o TH Heldl B 01 B §, T
iR faenfea = foran S epen 21 S=Hael vt & 3fd | wA g g8 YHI 2 e foh awe) faans
? T o < g1 Holl (Telag, Wi 9o =I2H) SR S Bl €1 S 319 - Uil i @ie o o1%
HIY] T HEEAT i T HI o A0 9gd § WA0] Hied T Ry T

T 1898 H ATHHA o el foh WA Tk GHM e TR 69 orell T el g §, f99 W
TSR UMM B €1 9% Hisd, SEW W] 1 SoME W WY R Tk GHH fodid JE T o, 69
1909 H IS o Hew@qul o-H01 o Feh10H FAT g1 Terd foeg 83711 TXwhie o 98 fend frrehren for o
% % H 9gd SIS MHR H1 YAERE TR Bl € 3R 9 30 IR 3R AR well § T Hd
Bl THIE Aied, S Grdee 9 fierar-Sorar o, ffvea 9 9 S died ¥ S8 o1, Wy 98 W]
1 feorar &1, 319fq 98 59 o1 1 <A T R qrE o o e o 9 e iR S €2 g9ek steren
g TTHTY] K1 AR GO, S7eiiq ek o =R @I Selagiql o faauor iR St Sl & IR o 9
TE 1 HehT| WIHIE HISd i 51 HicAedl &l 1 1913 | 1 IR 7 TESSH WA o6 304 died o
T foran qen Te wEdfad foran o ifass o 9Ri iR JarRR walf § Toee@ Tfa wd €| had 5 Hel
o1 € A B Tkl 8 A1 Tish hell shi fHiv=a Soil it ¢ o) 3 fafi=t shefl § seiaei= ot Soif &1
T T IR Yedeh el o fere e SiX Soiagq 1 g 1 3Thor fha gieiifh IR Hied gRgisH &
TIFH i GG TR HIAT o1, AR I8 Tg-Forae ITHTIST oF THFH ohi AT &1 T T THHT
FHRUT Fgd Se & TG & T AR Hied § Teiaeid & AT o 91 3R Uwh fYed JuhR e # T
T U A F1 oF TG H G A1 11 THH STk T S AN o SR H T G T4 o1 T Hal
s ffi=a 9 g ® iR 39 Uy 1 gi awg asft qRefia /e S wehdl €, S6 T € 9Hd W gee
1 Tel fefd @ik W&l am o el eEene % Ay fagid’ o SER UE W9 T ?1 36 YR
TTESISH TRATY] T SR TS 7 ol Seidei o Iel FFER 1 SUT il ¢, Sfesh erEsient A=
fgra =1 oft foRi &g 21

T 1926 H e AfESR 3 T gefieheor o, g ¢ sifesk wefierton’ shet <l 81 g6eh gy foifem
o golaela o e ST wArget | S1Hq Sl Wi o1 90 foman ST Hehal 81 98 GHIHT0 | Sheet < sl
% AT Fel Qe AL HI GeheUdl i &I | W@l €, Sfceh grgsien ob  SAffyeaar fagia’ o ot
A B1 ST 36 THIHOT 1 BESISH WAIT] § Toiae o foq el foman T, af Seleei o Hwd Soll-&l
R H T Bl (S I Wl B €) o 9R H SRR W g2 A deifed Sel- & IR Sk |
TI-FeH S T Feled HEsi— TeA Fen Fe n, feiia Jaren @ |, 3R g9 J6ied §e m,
% gN TedH S €, TSR il o gl o URUMHEEY W €id €1 59 diF aeied st o Jml
R yfqee off Sifes-aHiwor & g ¥ a: U B 2| SESIeH YHIY] i deien (kg Higed 3@eh
Tagd & Gl TEge w1 AT w1 © SR SHoh Sifdfiad o UE uftmeAtel &l off Twemr €, S 9K
Tied §R T &l & Tl

Y] S FAH AR Aieel o STTHR Tg-Seiaei1 AT o e~ foeol &1 & el | drer
T B A I Tk A1 A ST-HIT o 54 T B Tohd € AU T ST-HIT H Tk A1 M(UF hersh & Hohdl
2, Tod soieei Sufted ean 21 eEgieH S gEeH w9 feml (Seewnd— He', Li anfe) & fedt
fRu U wrer o T werhi R TEE S B €, WY Tg-Ieia WHSH H Ferhi ki Sl n 3R [ H
ol W fei B1 foRe et o fAT (n + 1) 1 A AT 9 B SEes! Sei o Sat € % e At
SHIE < HERI BT (n + ) TH T B, df 9 Heh 1 SNl wA eit, TGk faw n w1 71 w9 21 R
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A fagm

WA | UH ¥ Herh THG Bl €, G901 S0 Soll oh wgd W H goie UISel oh eivesid fagid (fRet
wAT] B Rl 1 el R TRl FeleH-G@A 1 HH GHH T & ehdl €) 1R g€ o sAfushan sgshdl
1 (T USRI F FHerhl | golagHl h1 I q9 q% URY TEl ST, S I YAt hesh § Th-Th
T | 3 W) ok R TR W W &1 THI[SA 1 gelari-eh Sl Sl el W a2l

2.1

22

2.3

2.4

2.5

2.6

2.7
2.8
2.9

2.10

2.11

2.12

A

(i) UH UM IR ¥ Tl &t T &1 Iieher Hifeg|
(i) T T TRl o SeIHM 3R STENl 1 Uieher it
(i) HIF o T O | SR STl i &A1 1 URehe HifeTd)
(i) 7 mg"“CH =Ml & (F) Fa & A (W) Fa SAAE T HISC
(R HT =T = 1.675 x 10”7 kg A <ifeiw)
(iii) M T SR I (STP) R 34 mg NH, ¥ Frfi 1
() el Gl 3R (W) hel FeAHH Sy
TE SR A H qfedd ¥ 1 S ufietdd 8 Sam?
foretfefian e § suftera =gl @R Wer A gE aaEe-
'3C, 130, 13 Mg, 50Fe, 53Sr
e X TTT TRAT] FHAA (A) 3R TRA] G (2) STt WA 1 qof wefieh ferfan—
() Zz=17, A=35.
(i) Z=92, A=233.
(i) Z= 4, A= 9.
Gifeam oIty gRI St diet Jeh1et 1 @1-354 (A) 580 nm 71 TEHT MR (v) 3R
TE-H&A (v) 1 IRk HIQ)
TAF UQ W &I o1l G HIfeTT-
(i) S 3 x 10" Hz 3Mgfa a1l YhT¥T o GG &l
(ii) forrert T@1-<=4 0.50 A =i
2.0 x 107'° s TeT ITeit YT AR 1 T1-454, Mg IR TIT-G& T T Hiferu
T FeRTeT, TSRt -<54 4000 pm @ SR S 1J Sl <, o Bl 1 HEA SarEy)

IR 4 x 107 m TEI-34 Gl Tk HieH 2.13 eV G ol o1q 1 9de ¥ 2k
g, @

(i) HRMA & el (eV H) (i) Soas I Tiast HeT A (iii) TR Siar o af
%1 fRehe™ HIfST (1 eV= 1.6020 x 107°J)I

Tifeam WA o A o fAT 242 nm -S54 T for-gaewta fafsmor gt e
21 Fifeqw #) @A Folt kJ mol ' H T Hife)

25 S 1 Tk ed 0.57 pm -S54 arel diel T 1 Thul GehTer Seq= il 2|
Tfq Yehe FAeT o IS hi X A HifoUl

forell o 1 T W 6800 A TI-3=4 Al fafertor e ¥ I 9 A geie
3R B &1 o1g 1 <8l T (v,) IR FEEE (W,) [ F:ifsu)
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QAT i HCEH
2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

2.24
2.25
2.26

2.27
2.28

e BTESINH WAV % n=4 o1 & ¥ n=2 S &R A selgeH o ®, 9 fhe
TO-25 T GRTY IR B?
I TeiaeA n = 5 HEw H I B, A H TV o 3 o fau forat =1 =t
SETIHA BM? S ST HT ol FRGSH WA & A Tt ¥ Hify)
(I Ted n= 1 F&F Y S &I (TheN o T fewaes 1 el 21)
e BIEge Y] § SRS Selae n = 6 @ g oTawen § Sl €, @l Ui Seafed
TEstt i fshan e # B ?
(i) TTESSH o YUY Hefh § Fetud F -2.18 x 107° J atom™ 81 WEE wEH
U gafyd el aaqrsy)
(i) TTESISH T o Ured SR Herh hi 5 H TvE Sifem)
BIESISH LAY 1 ST S0 o ferehan aiiT-<54 el Teh|UT 1 q1-FE&AT 1 O]
Eainiy
BIESIS TLATY] H SieRi ol Tgell shel | U=l el deh of I o ol STavaeh Sl
I S T FIU S TE AT T e ¥ diedl 7, @ fRg qir-<ed
RSl SCHTST BIM? (S shi qoreel Taeel Sei —2.18 x 107! ergs ®)I
TEGeH WA § TARE # IS E, = (-2.18 x 10™%)/n? J 50 & S 2l
n =2 FHE Y sAFA & U e e o fau sAewess S i TUHT hifTT FehmT
1 T wal W-5A (cm W) 21 €, TSR 9T 39 HhHo | feRan ST Heh|
2.05x 10" m s o7 § TG HT ® e Seiee[ 1 qw-<=4 o g
TAHR 1 549 9.1 x 10 kg €1 AfE gHT Tt St 3.0 x 102 J @, ol 3Teh
T3 T MOAT Hif
frafafed & & 9 gu-smart v 2, stefq fe soeeAl +1 Tam g 72
Na', K', Mg*, Ca®, S*, Ar
(i) fr=fafea A @1 soies fo=me fafaw —
() H (@) Na* (m 0™ (=) F
(i) 39 T HI WEN-GEA TR, SR Ty aed sesel s FEfated 9 |
i s € —

(%) 3s' @ 2p® dem (M) 3p°?
(iii) Fr=fafaa fa=ral aret wamet & W TRy -
(%) [He] 2s' (@) [Ne] 3s” 3p° (T [Ar] 4s® 3d".

9 1100 n A1 g g Had I AR STgAd B2
Th Toiae fhHl 3d Herk | 71 38k U n, [ 31k m, & T9a 7 i)
fordt @ & WA § 29 3ela SR 35 =g € () UH WMl w1 gEn SR
(i) o< 1 SARIE fo=rg aaEy)
H;, H, 3R O} Tfefis ¥ Sufterd seiaeii %! ¥ear sarsu)
(i) foret T HEE F1on= 3 B IHH AT 1R 2m, & TW AE H B2
(i) 3dF&F & SR ok AT m, 3R | FEH T@ABH o TH TR
(i) FrefafEad § ¥ S 9 Faw 999 © —
1p, 2s, 2p S 3f
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2.29

2.30

2.31

2.32

2.33

2.34

2.35

2.36

2.37

2.38

2.39

2.40

2.41
2.42

243

s.p.d Hhad )1 FAfafed aien St o ®aehl &l gaRy —

(%) n=1,1=0

(@) n=3;1=1

M n=4;1=2

(7)) n=4;1=3

HWU A g TR fon Frefefaa Feien e o % ¥ °F gad 1@ E -

(®) n=0, =0, m = O, m =+ Y%
(@ n=1, =0, m, = O, m =-Y%
(M n=1, =1 m = 0, m =+ Y%
(&) n=2, =1, m = 0, m =-1%
(¥) n=3, l=3, m, =-3, m =+ %
("¥) n=3, =1, m = O, m =+ Y%
P I T S s s ) e et
(®) n=4,m=-% (@) n=3,1=0

g 3T foF SRS TAN] Y 9R) FHell hi IR IH Hal § a9 goia= hi
TSt qRr-3ed w1 qof ure e R

He' @A & n=4 9 n=2 W TFA0 ¥ W@ a0T-2ed & ae el Sl
BIZgIe Tagd | 1 ghm?

He'(g) - He™ (g) + e Wfha o foTu Taeeh o1l bl TUMT TS| BISSIS URHTY]
FI TAL AN H T o 2.18 x 107° J atom™

I RIS TRATY] 1 =418 0.15 nm T, Al 7 e RAET 1 G T T Hife,
5= 20 cm Thet T TATE | ThH-Th hich SAdEdd a1 ST Hehall B

e o 2 x10° WA Tk HaR § afeed 21 A 39 =Iawe 1 @aE 2.4 cm T,
T HTE GTATY] o SATH hi TUMET HifSQ

e 7] 61 A9 2.6 A ® — (%) e o] 1 =0 pm @ 9o (@) 1.6 cm
FT FAE § FHIR H MR UG TATST i H& I T0MET Hifew

ferelt =t =h1 feeR T oMot 2.5 x 1071°C 21 398 SUfkerd gelagiAl i &A1 &1 oM
HifsT)

faferra & 9 & dot 1 98 R SHHd Xl g ara Wi faeq-smaw g
fopa ST B1 9 HI 98 W Ak wifdss fogd omEw —1.282 x 10-15C ¥, df sE@H
SUfeerd SiaRAl &1 F&AT i AT HifsTul

YT S T A, W S S A F e T o w5 A
1 S B1 Al Cogffam onfk S ook W] 1 vl gl oft S, o SoRie gt
¥ N AR T2

JoBr Tl °Br ¥di® W1 €, e 50 Br 9o $Br W T &1 Heyd # HRO S@sy
T 81 FATH GE&AT It q H Wi 1 qor | 31.7% 2 Aok T1 THRT T
Tdter faf@u)

37 SSAHM TEA 91l Teh 31T TR F U9 1 Th 3T &1 AfE 31 § gelagi i gor
T =2 11.1% aifus €, @ 5 o1 gt fafe)
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QAT i HCEH

2.44

2.45

2.46

2.47

2.48

2.49

2.50

2.51

2.52

2.53

2.54

2.55

2.56

56 STAAM HEAT ITel Tk ST W HFORT h1 3 IHE ¢, 3R T e w1 qor | 30.4% =2
siferer €1 39 P 1 Yo fofey)

frafafea fafeon o gl &1 eTgfd & 9ed T %1 | Hafked Hifag —

(F) HEHEd 3o (oven) T faferor

(@) A@EE-Hohd | AN (amber) FhTeT

(M) TETE. e ¥ e fafezor

(o) el ok @ wigfes fmol

(F) X-fortoi

e SR 337.1 nm 1 -5 W TH faferior S it 21 A ScHfS wie w1 Hen
5.6 x 1024 1, A 39 TSR 1 &GHA1 I TUET FHifSC

et 1 1 e ohd Siet | W TR S 21 9K 98 616 nm R Yo 9 fafho- s
w7, @

(F) IS HI G (@) 30 e ¥ 39 faferwor g0 @ &1 T g (1) Flen & Sl qen
(9) Sufterd Faled w1 G&A S T0AT I (AR 78 2J FT Sl Scq=1 w4l 7)1

Tt Yeronl & T a)i @ oM ool Gohd 9gd HAESR 8 §1 9f% e 999 600 nm
fafertor ¥ et 3.15 x 107'°0 W <@l 7, A GYFF N U G h1 GE&A1 T TUMAT HifoC)
SIS STeensti | STU[sti o Sfaehiel 1 A UR: TS 11 Tohe T aTel fafehion Jid &1 3T

F¥eh T s 21 A faferor 9 o1 #Tel 2ns 3R wifed fafwor 9 o SR el e &1
T 2.5 x 10'° 7, @ G 1 ST w1 TUMAT FHifSU

o el fgrfor ae-3ed fen steioe HH0r 589 3R 589.6nm W @ Al €1 T HHHI
1 gl 3R T Sfor Sfeeesti o e Sl o a1 AT HITS

Wi A %1 FHEEA 1.9 eV 7,

() Scafsa fafetor &1 geft w34 (@) Feelt s &1 o SIS 3 difvan oo #5
500nm %1 TI-54 o T fashifir foman S, o ferel gU HieEeta 1 Tias S 31 o &1
TUAT SIS

o Hifeam u1g i fafe=t a-<s o @i foskiftia feren wmar @, @ frefefaa oiom g
| E -

% (nm) 500 450 400

vx 10° (cm s™) 2.55 4.35 5.35

Teell q-3od wte feerier shi TOMT iU

TeRTel faeq UHa WA H foeer o1 ¥ WieEaee w1 s 0.35V i deedl §RI UehT ST Hehdl
219/ 256.7 nm % Tafehor 1 ST fohan S 2, faoer o1g & forw wrfter 1 o shifsw)

e 150pm -S54 1 HIREH TH WA ¥ THTA ¢ AR T@eh A o A golwH
1.5 x10"ms ' a7 ¥ STeX Feheral € o SH Sl ! UM shifery, Ted og e 9 o1 gan 2|
Y STt T IS HHA 1 He W AN B 21 F n=3 H @A Bl © a1 T8 v = 3.29
x 10" (Hz) [ 1/3% - 1/n% @ <0 <1 @bl 21 4f% AU 1285 nm W Ufed gar 2,
n % HME &I T HISC U1 TaEH T &5 FqEt

IH IS THHT o qI-<=4 R MO BT, S 1.3225 nm 51 ot el § a1 3R 211.6
pm W G Bl 21 TH HHHAU I 00 H1 AW SR WaeH H &3 off wawy
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2.57

2.58

2.59

2.60

2.61

2.62

2.63

2.64

2.65

2.66
2.67

A fagm

2 FIE gR AfTIfEd 5 o el SAARR W ot YaHaw i @i g2, fE S STt o
R o a1l k1 @it arafifa wfdfee o fore SuEn & @ S 1 56 geueel § Afg goee @
M 1.6 x 10° ms™ 2, 9 39 SoieA W Gafdd 2 sell auT-osd &1 Ul Hife)

TieA foada & gam =g faada gersell #1 srpe #1 g & Feion § yge e St 2
7% ==l 800pm 1 TI-354 oft ST, A =2 ¥ Gaferq siferenafone: o &1 ToMT FHifS)

IS S o FoH el | gl 1 o 2.9 x 10°ms ™' ®, 1 TEE Helfud 2 sivel! ai1-54 &1 MO
HifsT)

T 2, S 1000 V ok fawarat § 7if o< @1 8, @ Fefud o7 4.37 x 10° ms ™ €1 9% 0.1 kg
S 1 Elehl 1 Tg 3H o1 W TiGHE €, @ THE afud qa-<sd i MOl shifsu)

I Wk geree[ 1 fefd sl 1+ 0.002nm 1 Ysal 9 A STt B, i Selsr o W § Sty
T U KIS AfE TeieeiT 1 W h/4n, x0.05 nm &, T 1 36 HH i e o HiE wferg
a2

T: SATA 1 FeH T A G TE BN SR ol o 9gd hH H oaieerd w5 o fepet
T Sl T 7?2

=2, m=-2,m =-1/2

=2, m=1,m =+1/2

, =1, m=0,m,=+1/2

=2, m=-2,m =-1/2

=1, m=-1,m =+1/2

. n=4,1=1,m=0,m =+1/2

S TR 35 Tl BId 1 THh 2p helh W ©: Solagid, 3p ek | ©: oA a1 4p
etk | Uie goiae B Bl TAH W i W Yo Aad FHE AR e S il ©2
freafefaa & @ S 9@ e STt TR Ay SHEE w2

(i) 2s 3R 3s, (i) 4d AL 4f T (iii) 3d 3N 3p.

AL T Si ¥ 3p Heweh | YA ol BId 1 i TN Seiaq ek § fersh qoe AR
AT STI9T M2

T SFfq el i Wem aay (F) P (@) Si (1) Cr (¥) Fe (¥) Kr

(%) n=4 ¥ Gafud foraT ITRET 8?2

(@) 39 IT&FT ¥ fhad seree Sufeem g, fowen fa ms=—%®r’n=4 2l

= 3 3 3 =3
LI [ | B
W W b W s

o ok -
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11084CHO3

ATl T SIIGRTUT TS OISl O ATafear

CLASSIFICATION OF ELEMENTS AND PERIODICITY IN PROPERTIES

ELE

9 THheh oh AFIF o TN 39 —

Sited o fafs=r =i o W foam o
ﬂ%ﬁaﬁww;

Tl b TUIEHl o SER W Ik
THRLOT T Fehodl R 3TTEd RO
o foerTd W STavTd = Hohl;
mﬁﬁ—ﬁmaﬁww;

Tt afieRor o folt TREm-ge
A eI fa=TE o STER
Tefehdl i THY Fohl;

100 ¥ 3Tfeeh TRET]-ShHTh T awall
o o [UPAC 4 for@ geh;
Tl *l s, p, d TS f Al | afiehd
WETQFJBI;

el o i o TEEte oreEt |
et AT T YeE Fohil;

Tl i sTfafwamsiiera 1 e &
HohTl 3R 378 ST Yl H Sufeefd
@'FI'EITS'EF{'FIT;F:T;

AE Ted WH ifeaesh @l o
o= e o1 Teh;

T | HeAfod o Hewqul qoTeHT,
S — e, W] e e
e, g, dfed woedt, faga
HONCHeRAl 3R Garshdl 9 qafa
ToRRi B e e o fore et Stk
YISETaE hT SYANT HT Fahl|

T AR YA |iT 9T YA YA T 3TId Hgvaqut o
&1 ufafe feremef & s6Q WeTgar ferdt &, @isiewien @l 78 faom
firert & 3iiv sgafierd wg & Wquf TATE 9 T Qiere aui fierar
&1 77 39 AT HT T QYA ISTENVT & Toh EIAIE e sreaateerd
g o fearant g¥ g el gia, fuq 3 afkgd aqgl & qarar
gefvia &a &1 St @i 9g ST =TEd & fon gl sid-wie o @
& &, 3% fo7T 3Tad AR Sgd SuEnit &

o 2t et

39 Tshe | BH IaHM e ARl o1 e foe™ Te styfe
STEA-TIH T STEFH | T R SR XTI oh Seiaieh
fa=ra =1 aftomm 21 3fd o &9 awdl ok wifde qen TEmEtes o w5
Tt ygfd W fa=ar &

3.1 d<dl ol SIIehI0T Rl STMEAIAH &2

39 T &H IE 9 ok & foh I Teft YRR o gl Y 0ol TS
B €1 T 1800 H heret 31 d7d A <1 T 1865 dF 63 <l
ST 81 TS off| 2TISTehel B 114 el o 9R ¥ qa1 1 399 9 B
o @S MU ae ga-fafia €1 99, sreft oft 7w a1 Rt w
o TAE SR €1 SaH GR el 31K Soh 3TEEd AR oh THEH
T STAT- 3TN HT YT g i3 B1 39 HISTE Fl W HH &
U AfeR] 3 qal T SO ek 39 SR W GUSd TRl
R G =N 3 &) e, 3 Sk adieh @ weft el o Welfea
O L T T ThATd €9 § a1 H & Gohl, o §
TS WM o 3T qel o oremad | oft ueg foeri

3.2 3TTad ARUN <kt Safa
<l 1 fieRor gl H SR Syefdar fraw ud efad wRoft @6
forenTa SRITTRI BT ek STerclienHl de TA 1 GRmy 81 Teyerd
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WROMT 3.1 SAEW o feh

e fagm

a0 YTHTIT-HTT daxd YTHTIT-HTT daxd YTHTIT-HTT
Li 7 Ca 40 Cl 35.5
Na 23 Sr 88 Br 80

K 39 Ba 137 I 127

SHA AR S S A 9 1800 °h YRR
TYRT § 39 91 i TR Hond fohan foh awall o T[urerdl
¥ fafead vafa eidt 21 97 1829 ¥ 3= 99 “Hifasw
Td TR o are OF awt o el (el @6t
TE S TR U1l 3% a8 ot 91 o g
5 | e 9t < 1 WAT-9R 99 IH a6
TATY] IR o 3 HH o RIS SISk o (HROf 3.1
i @) | T E, T 9l 9 o O 99 <M aedi
o TUTEHET oF WA 9T Q)

e *1 Tk &1 o’ o & a@l & fag
TE U T SH(AY $H HES Th HAN THEAHL SHAT
foar Big fean T sueh wwE wifed e
E.'s:.iﬁ. Al %ﬂaﬁ@w (A.E.B. de Chancourtois)af
T 1862 H Tl T RO HIA 1 T TRl
3EIM Tl i 3Tk F@d gU WHV-9R % %A H
Tl oF TOTEHT | 3Tad! gAUgd Sl g9e T A off
3y &AM o= T8 HT Tehll U WEAS Sl
TATRieX Jeie 7 T 1865 H a1 & (Law of
octaves) i fasfaa fean 3= I &1 37k d&d
U THEN-9R o %9 ¥ Fafead fwan qeon amn f
fodt off T ¥ URY & W ARE a o 07 N
T o F9F o (ARUT 3.2 7)) | I8 HaH IH THR
<kl QJTQW 3134 Giifaes @R (eight musical note)

1 Gee JUH Hitlifaeh TR oh WY Bl 81 FAS H
st I f9% Ca @& o T d Wal Udid gal,
BIcAlTh 39 THI 39 HRON ! SATqS A=l -8l hef,
W 9] H UgA SRl (ded) R OE 1887 H
eie w1 Sl USH TR TWEHA X ST HH H
A= & TR

wH WEAT I deetd (1834-1907) e
STHA AR A B (1830-1895) o Had gl
o Hora®E Y SAad-9Rui o foeh™ H Therdl u g3l
T &Y § 1w gL A EARA A T 1869 H
TEdItad fohan foF 5@ awal sl 3ok aed g IRHTY]- ARI
o %0 H oafterd foran sman 7, 79 frafia sfwa &
YT 3k ifdeh qe TEEttE Ton H gHE a8
S B1 TR W A ofiferh O (S8 TRATvE S,
TTefish Wel sFeieiieh SR AT 9R o Heal ogh el
(curve plotting) feh, St we ffeem =T EI]
Tl H HAM S A1 T 1868 Teoh LR H=R A
Tl 1 Uh ARON &1 fomm X fa=n, s enygfe
STEA-IRT & HThRT fHead-Sadr of, ofeh 39k
&M 1 foeror s deelia & wm o foero 9 ugd
YeRTIOTd &1 Bl Ir| STYfeh 7o dRvft oh faehre
AN 1 99 3 deda @ e w2

TTCATeh 3Teil! Felelf o STETH h1 AR SR
J fan o, forg Hecfa 4 oo om0 &1 Teelt aR
HeRTeTa TRl ore e 38 TR € —

ARUN 3.2 AT ok A=H

daxd Li Be B C N o F
WTUE—W 7 9 11 12 14 16 19
a Na Mg Al Si P S Cl
YIHUT-9R 23 24 27 29 31 32 35.5
a0 K Ca

YIHIUT- AT 39 40
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el H AR T O H e

“aeal & TUTIH ISk UTHTI] RT3 TS
werT gid 21”7

Heofla 3 dwil i afast dfeal ©d Featar
WAl H 3k 9gd §T THI]-9R o TR IR § 39
e ®9 H W@ o 99F U 9w 9 T d
FeAER-TT 1 FEl § TF 1| Heeld R e
Ffiertor Fferd AR W dleR HaR o iR 9 sifireh
forga ol Hedla o Sfafadl o Hew @l quf &9 9
T SR q o iR o o stfess fawga
fifqer e TR TToreEl 1 eeR wEn fasiy w5
Y dedfid 7 T g W AR S gerrgard g
(empirical formula) T 3ek TOTEHT T FHA i
YR THTN 98 I8 W & for afs Tm-9r & &1
1 Uid: UTe fHa S, @ F9 T Sk gRI KU
T A | STEd-uRef # @ W S whd 1 3=
UM TEEAE T LA et Tl bl STEd-gRet o
3fad M 39 & fau 39eh WE- IRl % wH I
UL 1| SIEI0T ok AR W A, ForaerT qeam]
IR THE VI o a7 ‘SAfEm’ @ w1 o, Sl 99E VII
T TR, A, 9 enfs oF | Turem o
AT o YR T W@ T (9 3.1) 1 3= §69H
T Tt Il SRl Teh THE H @A i Wil i
STYR A gU I8 U&dItad foarl foh s T (S @St
T M o) ok fow Wil § $9 Rew @ sig g
MU I[E oh fau— SE Hea i SAe[-Gren
YRYd g2, qd @™ (Gallium) qem SEfTEH

75

(Grermanium]?k_cﬁ‘clﬁ@xlx_rleﬁgf’@'sc ﬁl‘oﬁﬁﬂﬁﬁ?ﬁ'ﬂq
AR faferni= o T= Tw-us o F Bier &)
Tl SRl A HHL: ThI-UGHITEH (Eka-Aluminium)
qel Tehl-fafeis (Eka-Silicon) @1l Heed o
eheret Tferam 3R S awel o e &1 9N &,
dfeh 37 aeell o pw wifass qoredl w1 =0 ot feam
% H @iel T g d<dl ok N[ TUTEHT qef Wi
ToT 1 AR 3.3 H geas fRA e ¥ dedda
1 A Rl 3R heliad § Seh! Thefdl o
FROT 3% AR TR AEd GRON i wwT grafyg
Tirefl| Heeld w1 ¥ 1905 H YhIRTd 3fed |t o
o= 3.1 o ertan T R

3.3 3 aa-f=m agr 3mad
ARUT k1 FdUE W&EET

el 9% 91 M <A ang © foh 9 Heeld 3 ot
groit &1 faE o, @ e & TwE] S
SAeh FEAT 1 I TeT o1l S9ell ¥Rt o SARY
H STIUHAIE w1 fohE g3Tl &1 1913 | 31
qifcehl o=TTeR BRI Wistel = deell o Afernerirn
X- fotor Weent & frafaaa o€ ok @1 f&
(STl v X-Tortor &1 o1rgfa ©) iR THm-shwish (Z)
o He g ATfEd HE W Uh T W@ 9 gt
%, W W] TAAE Ay, o M@ B W Wl
T ST S oTd: Hisel A S R Ty geme
1 o | TRl a 1 THN]-hHIS 39 a<d ok 01
&1 qe H sifush gem ?1 T o ST{ER Heeld %

ARUlt 3.3 el gRT Temr-Uepitam (diferaw ) qen uehr-fafeesrm (sifem ) awt @t wrrfea

T[uT Tt UeAfufrem Tiferam e Tafer St
(wfa=ges aw) | (@t T A ) | ( Sfesdes av) | (@i T AR )
YIHTUL- TR 68 70 72 72.6
TS / (g/cm?) 5.9 5.94 5.5 5.36
e ieh /K = 302.93 3= 1231
ATFATZS T G E,O, Ga,0, EO, GeO,
FANEE & GT ECl, GacCl, ECI, GeCl,
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el agr Afore W aval i STafaar

SERIES GROUPS OF ELEMENTS
0 I II III IV Vv VI VII VIII
Hydrogen
1 - H - -
1.008
Helium Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine
2 He Li Be B C N (0] F
4.0 7.03 9.1 11.0 12.0 14.04 16.00 19.0
Neon Sodium | Magnesium | Aluminium Silicon | Phosphorus Sulphur Chlorine
3 Ne Na Mg Al Si P S Cl
19.9 23.5 24.3 27.0 28.4 31.0 32.06 35.45
Argon Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel
4 Ar K Ca Sc Ti A4 Cr Mn Fe Co Ni (Cu)
38 39.1 40.1 44.1 48.1 51.4 (7. J B30 55y B9 B9
Copper Zinc Gallium | Germanium Arsenic Selenium Bromine
5 Cu Zn Ga Ge As Se Br
63.6 65.4 70.0 72.3 75 79 79.95
Krypton Rubidium Strontium Yttrium Zirconium Niobium Molybdenum Ruthenium Rhodium Palladium
6 Kr Rb Sr Y Zr Nb Mo - Ru Rh Pd (Ag)
81.8 85.4 87.6 89.0 90.6 94.0 96.0 101.7 103.0 106.5
Silver Cadmium Indium Tin Antimony Tellurium
Ag Cd In Sn Sb Te Iodine
7 107.9 112.4 114.0 119.0 120.0 127.6 I
126.9
Xenon Caesium Barium Lanthanum | Cerium
8 Xe Cs Ba La Ce = = =
128 132.9 137.4 139 140
9 - - - - - - -
Ytterbium Tantalum Tungsten Osmium Iridium Platinum
10 - - - Yb - Ta w - Os Ir Pt (Au)
173 183 184 191 193 194.9
11 Gold Mercury Thallium Lead Bismuth
Au Hg Tl Pb Bi - -
197.2 200.0 204.1 206.9 208
12 Radium Thorium Uranium
= = Ra = Th = 18}
224 232 239
HIGHER SALINE OXIDES
R RoO RO RO3 RO 2 RoOs RO3 RoO7 RO,
HIGHER GASEOUS HYDROGEN COMPOUNDS
RH4 RH3 RH2 RH

farT 3.1: dseila grT g3 ead groit
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el H AR T O H e

e frr w1 wene foRan T SH enegfe ammad
Frrem #ed 21 T8 W AER ® -

‘vt o oifaer qem TETEfeR TuTed 39
TRUTUT-hUTeh! ok 3Tl Wt Bid &1’ (The physi-
cal and chemical properties of the elements are

periodic functions of their atomic numbers.)

e | o gN UIhfde 9 9 U S e
94 Tl H IectEHg guEard fhelll TRt Sk
TeEfEm # difa Tegtem R Wt s
T o e e =i o O T SO SThTeie
WEE e o g firen sk S steur o
el i @ gl

M Ted UG ok & b fordl a1 WA
I IH T ok AT STET (HSHI T F&A) a0
I W] § IR SOl i HEAT oh SE
BIT B| Heh UYHT deieH HEAst i wiefehdr SR
TR fa=ardl st SAEfar ohi THSAT T Bl Sl
21 379 T TlRR T foran 7o ® foh aerd e el
A1 I7eh ARl o ifeh qe TEER Ol 1 o
2, S el o SeleRifen forarE WS Bl

HI-9HT T TEd-9Rvit o fafy= &9 g&qa
fohT U B 1w & Al i TEEtTn sifafmene qen
TAShdl R 9 0§, Tk FB T ARIH
fo=ma W o Ny we (99 etad |rutt
o €id ey wEd §) Tgd W q91 T STAnT
2 I T fo 3.2 W <wifen wn 7 difast oot (5=
Heofta 3 ‘9uft’ wel ®) 1 e (periods) el
W%ﬁ'{gfﬂtﬂ?ﬁﬁfaﬁaﬁ(group)mélw
e TR fo e aTel dedl 1 el el |
w1l ®, T8 ‘e’ @ ‘aftER’ et S €1 [UPAC o
3THIGT o 3T9ER, T sl QAT USH IA...VIIA, VIII,
IB..VIIB, % T4 W 3= 1 ¥ 18 T i GEAl |
ifera ieh fefaq feen T 2

HEd-GROT § el WA A B S-S

77

3TEd | awd &l SAfshan T J9ied 9= (n) &l
Tt B1 U STEd § 2 el SUfkerd ©1 gHeh WIE o
e o wH: 8, 8, 18, 18 3R 32 awd B Wiaal
ot Tt e 31 i T @ wed o # Aw
Y q<dl it Iferehay & FdieH RIS o SER
TR 32 € BN 39 T H TEd-9RU o B39 T Grag
e o HUY: RS SR RS o 14-14 a0
H= 1o 9§ 3T S| ® B

3.4 100 § 3Tfereh UIHTUI-shHTeh

ATy daval okl ATHERIUT
Td § WA €9 9 7T Tl 1 AR 39 a7l oh
TMeRdistl o6 A W T T San o aen gwaifer 919
HT YA 311'5‘.1‘?[.@@. (International Union of
Pure and Applied Chemistry) §RI s T ST 1|
TR T & H 39 T, R {96 = T =9 TAI-hHih
aret AU a7 3a AR B € fF St Shaw ged
AGN (R wefi-mefi il eheaet o 9] 46 &) qw
Biet €1 37 Al o Hyewor 3R a9 ol o st
o fou 7ET qen snyfie STHTOT IR AT i
TEgEehal Bt €| forve 1 e € wEnTeIene § wyet
FT Al Y UH HH B &1 wef-wef dmnfren fo
foramrta sfieg sheg fof, TQ Tl &1 @i &1 T
FH o U drenfad g s €SS % 4R W
ARl 3R &, I & W oh SRRl 3 104
TH]-SHHIS dTel T i @ISl 1 FaT R STHRERT
AaeR 3 TH ‘TEWIeTH’ (Rutherfordium) 9o
=g aﬁfﬁ'cl—ﬁ 3 3@ ‘Wﬁ'ﬂ'ﬁ' (Kurchatovium)
M feEm T8 WE # FfeTE R R A F A
IUPAC 7 ggia fsan fe 59 o o &1 @ fag A
Bl ST SR A w1 qHelA 7 g WY, 99 q% T TS
1@9WF@T3ﬁ$WWH§T(numerical
root) &1 TAM HId T Aok A Hi TH]
FHHHI oh YR W Y g S os9 wwref
3.4 H fean o 2

* 75 I Wil & H D1 YT FGE] VARl & T HE (T 1940) H TRl H1 @S ° g1 59 915 TAIH & aR
At (94 @ @HT 102 qF) Tl SEd-GRoN T F5ea S SR UfaAEe FceEe % Hre w@r @ g 1951 1 diet
TR I HT b [TEHR 375 B & o8 731 1 3% ST 37 & [o7q aw@-g&n 106 &1 98 ‘&g’ (Sg) W@ Tl
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. Representative elements Noble
Representative gases
elements GROUP NUMBER ]
GROUP 18
NUMBER 1 0
1 2 H 2
| Is' 13 14 15 16 17 | pe
[A 1IA B IVB VB VIB VIB| ;¢
3 4 d-Transition elements 5 6 7 3 9 10
2 Li Be B C N (0] 17 Ne
2! 25? | GROUP NUMBER | |L2f2t | 2927 | ot | acpt | 250 | 28
AT I 0 T R SO NS S LR - 0 A et B B I
a g 1
B o 5 | ITA IVA VA VIA VIA VIII 1B 1B | 5| agnp| 3y | 30yt | 3035 | 3%
= 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
24| K | C | S | Ti | V | Ct | Mn| Fe | Co | Ni | Cu | Zn | Ga | Ge | As | Se | Br | Kr
n 45! 45 | 3d'4s’ | 3d45" | 3d%s’ | 3d%s' | 3d%s | 3d%s | 3d4s* | 3d'st| 3d%s | 3dUs | 4s4p | asdpt | asap’ | 4s4pt | as4p’ | 454y’
o 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
25| Rb | St | Y | Zr | Nb| Mo| Tc | Ru| Rh | Pd | A2 | Cd| In | Sn | Sb | Te | 1 | Xe
~ 55" 552 | 4d'5s’ | 4ad’ss’ | 4d'ss' | 4d’Ss' | 4dSs' | ad'ss'| 4d'ss' | 4d’ | 4ad'ss'| 4d"ss| s8sp' | 585p | 585p | 555p' | 555p | 555
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
6| Cs | Ba | La*| Hf | Ta | W | Re | Os | Ir Pt | Au | Hg| T/ | Pb | Bi | Po | At | Rn
6s' 652 | 5d6s® [4f'5d%6s| 5865 | 5d%st | 5d%6st | 5d%st | 5d6s | 5d%s | 5d%s' | 5d"%s*| 6s’6p' | 656 | 65%6p | 6s6p' | 656y | 65°6p°
&7 88 89** 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
7| Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
7s" 75> | 6d'7s

f-Inner transition elements

x . 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanoids Ce | Pr | Nd | Pm | Sm | Eu | Gd | T | Dy | Ho | Er | Tm | Yb | Lu
4/°5d"6s 4£5d°6s”| 4F'5d’6s 41 5d'6s| 4r5d'6s’| 4°5d%6s’| 4f 5d"6s”| 415d'6s’| 4f'sd'6s larsd s \af s 6s | 4f Sd 65 ar 5 d6s* a5 d 65 lf 5 65"
o 90 91 92 93 94 95 96 97 98 99 100 101 102 103

Actinoids Th | Pa| U | No | Pu | Am | Cm | Bk | Cf | Bs | Fm | Md | No | Lr
5f6d" s 5£%d"7s*| 5£%6d" 7’| 51°6d"1s’ 51b6d"Ts | 5£%d"1s*|5176d" 15|15 6d 72|51 64" s> |51 64 15" |51 64 15|51 264" |5 26" s |5F H6d"Ts |51 6d TS

ford 3.2 T & WH-FAF T GO ST Seiaei-h = & qrel S7ad GRvil &7 315 &9/ T 1984 % IUPAC 3 ST7HIRT
@& IFER o $I 1 G 18 T Il T B1 59 YHR HT Gahad 7 [ A-VIIA, VI, [ B-VII B Tq O T =¥ &34 &1 [T dgfd
&1 glaeerifya #ar 8l

Rationalised 2023-24

ElEb| bRIRY



el H AR T O H e

3ch

qH

|RUMT 3.4 AvAl oF IUPAC AHERTUT Bq Wohad

Hfera

nil
un
bi
tri

79

yfafafe o Haee @ Tt A qen gt o S 2
Tl AW W IE W HT AT U9 BT AW B Gehel €,
el 39 a1 WISl g8 ¢ Al HG Y I ok
T forelt it Sifeh ot =1 €1 Tehell | THIT-hHish
118 T <l ! @il & bl &1 Gt awall ok anferspa

quad
pent
hex
sept
oct
enn

© 0N s W+~ O
o 0w T L ~+T S B

Teil 1 ARl o HH W TH WY W@ Sl €,
ST shHish W Bial @ a4 3id | ‘33’ (ium)
fean S 21100 ¥ SR AT HHIF o qwdl b
IUPAC 79 §RUl 3.5 § S91iQ 7T 2|

TH YR, T a7 ! Yged STEAER T8 SR A
&R STl Yeiteh T wiran 21 &g ® 8 291 % [UPAC

IUPAC <THi &1 SO 1 geh! 2|

ST 3.1

120 TRHTY] ShHish aTcl q<a &1 [UPAC 19 qefl
Tdlsh (symbol) FT B2

Ky

RO 3.4 o STHR 1, 2 T 0 3R] o feIC 7
(root) H: un, bi T nil BT 3Fd: 120
THIY]-SHI aTcl T &1 A Unbinilum 21
Yk Ubn &R

WRUT 3,5 ULHIU[-SHHIsh 100 | 3Tfereh aTet dval et ATHeRTuT

THTU]-hHTh ™ Teiteh IUPAC 3TfIhd M9 | TUPAC Wditeh
101 Unnilunium Unu Mendelevium Md
102 Unnilbium Unb Nobelium No
103 Unniltrium Unt Lawrencium Lr
104 Unnilquadium Ungq 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
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3.5 A<l o A Heh fa=amd aeIm
Tad -|oit

frsdt T | T4 g S TR Rt Ry sl
1 TEEH WX FeicH Heel W i S Gehdl 21 gE&A
FAieH HE&A (n) WA & & o wr, o ‘e’
(shell) %&d €, ! =9 HTdl 81 80 g oft 51 o
e T W] H o fa=-Ta 3u-mm | R
S ®, T €9 s, p, d, fhed €| W] § el o
foraeor =1 €1 S ‘gl fa=r’ wed B TRt
T &1 3Aad greht § feafq 39 R SHar sifan
el 1 FAlCH-@A i <eidl 31 39 90 H e
refeh R 3Ted WRON def a<dl oh Soaei-eh fa=ard
o A WY ey o 9 § SRR Wa H|
(eh) 3ad W Seleien fa=mg

3TEd & Sl A1 9@l RN o fAC n 1 HH S
%\'I fEd RO | Y SAUm e (successive
period)aﬁ‘lﬁf WWH@JWW n=1, n=2
s @ Gefed it B1 T 3@ < Gl € & g

e fagm

N A (n = 4) B IRY W W, 45 FHerw
o W o WY T 1 ¥R 98 9 Hewgul € R 4p
FHeh o W | T8 &1 3d HEh 1 9 IE & ol
g, S Sl (energetically) ®9 9 Sdehd 2l
39 YHNR, W dw@ HT 3d FHAV-AUM
(3d transtitian series) 9T & STt 21 I8 whfeam
(Scandium:Z=21)@91Tﬁ%ﬁ?ﬁ%,WSﬁﬁ|§TﬁEF
fa=ma 3d! 4% B B1 3d Hew 5k (zn, Z=30)
w ol &9 ¥ W A 7, T ot o
3d 10 452 ) B e 4p FEHT F TH % Y
i (Krypton) ® TATE Bl 81 el THeah e
ed § 18 a9 BId | UiEel 3ed (= 5) ©iateam
T Y& Bl €, Y SeEd o THE 2| SHY 4d 3w
(ytrrium, Z=39) T 4d FHAT 071 (4d transition
seﬂes]%%ﬁ?ﬁ%lqgaqﬁﬁ5paﬁaﬁa5ﬂﬁﬂ
TTl'i"ﬂv'*l(Xenon)‘fl'{“él'l:ITl?f%ﬁ?ﬂ%I@Bﬁi‘ﬁlﬁﬁf(n=6)ff
32 a7 B €1 SRR TR 65, 4f, 5d A1 6p

a7ad | dl i G, R SHAe Sell-&R § U
TRA-Shereh! H1 G W T Bl 81 39 THR JUH
A (n=1) T YRY Td f9al TR (1s) o T 9
& a1 21 SEH T a7 B 2| SRS i fa
(1s') den Efe=m (1s?) 81 39 WK, &H hig0
(K sh19T) ol &1 Sl €1 S84 8o (n=2) oliform
Y IR Bl € (Li=1s22s!), Foraw diem saiee 2s
Heeh W oY il Bl 3w diferE™ H WR
ToioR SUMEd B &1 SHeRT SeiRiTh o (1s2,252)
21 T 9% SR a9 Y i gC 9 89 e
T I T €, df Zp ek Ul ®U A oAl 9@
R S B TH YR L 191 i (252 2p°) a7
e Ul B I 1 ST SO STad o a1 G
S Bl B1 SEd WRUT 1 AE Ed (n=23)
Hifea qwe o WY YRS gl ©, forew gelde[ 3s
Hefeh W Sl 1 ST 3s We 3p hefeh! o gelaal
o 9 o U¥EN dER STad | qwl ol He Hifead
T A q el TR S 8 Sl 2

Hefhl H W A B1 Af HeTRl w1 W EiEH
(cerium, Z=58) g RIS ET Fﬂ?ﬂﬁﬂm (Lutetium,
Z=71) W HHS Bl €1 TH 4f 3Ndfeh HhAT SIuft
7 RIS Suft (Lenthanoid Series) Fed %I

el e (n=7) D e & quE 7, ford
TR W 7s, 5f, 6d 3R 7p Heeh § W Bl
T W fafert (artificial methods) g1 HMHA-
fafifa featedt aw 1 Hdel eTad 1189 AT i
e (A @S S 9rel) dw o e el g, S
Septe TH-uReaR @ Faferd g

W= (Actinium, Z = 89) % I¥= 5f e
T I BATIEY 5f ATAeh HeRWUT- AU
(5finner transition series) W< 2t %I '5115[ ‘ﬁ%ﬂ?ﬁg
AU’ (Actinoid Series) Fed 2l AfA 5f 3TANER
HhHUT- AT 1 3Tad TR o6 & 96 9 9l Wi
T 2, feh SEeh! T h1 SRV @ ST Heh 3R
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el H AR T O H e

11 & A TOTEE a1l awd i Th & W9 H Whl
FfeRTeT o fagia &1 ot e feen < =Rl

30T 3.2

3Ted HROT o Uiee SAed | 18 dwell o B i
AT 39 fhd TohR 1?2

&

S n=5 @l €, @ 1=0,1,2,3 Bl ¥ SUCTeH
FHEH 4d, 55 3N 5P HT Hetisll o TG HT HH
TH YR 8— 5s<4d<5d ¥ el THelsh 9 ek
U €| 3T AfUshad 18 Soiag= W S Tehd
2 gHifere emmad 5 @ 18 a7 e €

(@) aiar SeaEieh fa=ma

Teh & ol a1 Seaier W § SURRId d<al o Garsiehdl
I TeIRIeh fo=ITe THM Bid &1 Teh el herehi
o Sufterd setegHi 1 G ud e off g9 B €
I[N F faw e 1 oh awell (@R oiget) @
TASTRAl 1Y SR fa=e ns! BT §, S| A9
@ T B1 3@ YR ¥ T ® ol @ T feed
T oh U ek WAl W R # €, |
for 39h Aufeesn TRHET-SAHE W

3.6 SIERIHeh fa=ma 3T a<al o
Ychi¥ (s9p,d9f$ﬁ’a;)
AT STiehuT kT Yegifeeh TemeR ¢ Sitherss i fagia’
(Aufbau Principle) T2 WIS 1 Seiaieh fa=ama
%\'I 3Terd GRUM o SHedier ol (vertical columns)
T feom = Teh T (Group) A« qREr (family)
1 T L, ST FHM TEE o < §) 98
THMAT AT It 2, FAifeh 3 el o SeIad i

81

T gl 1 G SR T T € YR & e
21 31 a1 faurer =R fafe=1 stent s,p,d 30T _fF
o fopan <1 Gehar B, S 39 o1q W R @ @ fw
fohe TR o ek SoieRl gRT W W W@ B 3 fa
3.3 ® <urtan T R

T YR ok TR0l § < 3T9aTE 3@ i fierd
T TEel UETE Eferad 1 €1 SH s- wlish o awdl |
elg BT A6V, TG TR €A fad qof | a9 18
o el o WY p- =l | ¢ SHeRT SAfEe 39 MR
ELS % & Eferam =1 gash s (valance shell) TU
9 g ® (He=1s?), T5TEeh Foreasd 98 Scpe 19
o feterT i YRR el T SH STIAE BTEgeH
%1 2| ST had] T s- ToeRA ¢ (H=1s)| 39 TR
IS TAE o | H G 91get o W gE1 =ifeul
T SR, T8 UH TAHIH TSV Hich Sche Y
(Siferam) 1 Sererien fome 9 Y Tehdl €1 39
YehT ST SHEER o 17 (Eeisi IHER) i wifd &
Tkl 1 ik 78 T fau fearfa 2, ora: segem w1
e AR | W SR ST W T <A Afuh
e W T B (T 3.2 iR 3.3 W1 @) |

319 e AR | @ T IR YR o6 a6
T AT i ==l g9 ST 37 awall o aR | 31U
SRR 1 faawor a8 ® fean S 3ok Aot i
== i o forg 59 srsgrearedt w1 SqanT fohen T €,
IR RO AT 3.7 | feRan w2

3.6.1 s— soligh o o<

i 1 o qeell (&R Ggel) qen = 2 o qwl (qRE
T]1 ¥1q3T) oF STRIaH Shivl oh HIHT SoleRieh o=y
ShHIT: ns! dA nsz%lﬁﬁa‘ﬁa?ﬂﬁaiﬂaﬁw
& s =lich @ Heg B 3 el femarsiict eqd #1 h
AT Tl & AH HH B9 F| A I WAdEE

THTIT-HEAT Yeiteh TARI R fa=ma
S Li 1s%2s! 3T [He]2s?
11 Na 1522522 pf3s! 3TAT [Ne]3s!
19 K 152252pf3s23p°4 s! U [Ar]4s!
37 Rb 1522522 pf3523p63d1°4 524 ps5s! ITACT [Kr]5s!
55 Cs 152252263523 p®3d'°4 524 pf4 d'°5s25pf6 st AT [Xe]6s!
87 Fr [Rn]7s!
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ferT 3.3 faf=1 Ferl & A & FUR W AEd G F aedl & §BRI dcdl # A G WUl
(COrC ) 999 (] ) U9 3949 () & &9 § {9ar 7 &
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el H AR T O H e

FRIAH Seiae @R o 99 1+ 3T (R wrgst
o) o 2+ A (YR T erget W) S o g1 e
T e &l IR §H W I GIgel o i ae qen
sAfafspareiiaa o 9fg et 81 sifusw sifufpaia g9
o %R0 o FHfa H Y5 ®9 H & € e €1 oAferem
3R feram il BIEH s— ieh o awal o AR
& &9 ¥ e B 2

3.6.2 p-sieh o o<

3TEd AR o p- &l B o 13 © TR a1 18
#WW%Ip—W%WﬁTS—W%
Tl ol §gF ¥4 ¥ %Us a9 (Representa-
tive elements) a1 &I T F dd (Main Group
Elements) <hgl SIdl %I T 3Tad ° ohl dl=’IdH
ORI a8 ns?, np! ¥ ns?, np® I% URATdd
W%Immnsz,npﬁ,mﬁ'ﬁ@m
o= o |1 HE B €1 Septe W | A R
F |eft Fa soEe @ | W BN Bl seEel #
gIHT AT TEHY TH TR T il F_a daga
wfed @ 2 sEife P W w1 THETE
sAfafsmameficrar sgd w1 g 81 Ipw TG & TaR
T Il AR o THETR €9 Y & wewey o g
I i %\' 179 =t ok %Fﬁ@'*[ (Halogens) deI 169 it
o dd =ETehie (Chalcogen)l%‘lﬁﬁ‘ﬁ@ﬂﬁ
1 ITU RUNHE Solged dfed Tedl (negative
electron gain enthalpy) 2t 21 3 T @ 9
FHI: TH I 3 IR TV B LR Ik g
TR T Wi & ofd €1 3ed | o1 9 <
3R g+ TR el o telfeareh et | ghg Bt & qen
fordt o7t § SR & = H /E T W Gifcas ason
o gfg et 21

3.6.3 d- sfeh oh A< ( WehHUT a<d )
3TEd WRON o Hed H e & 3 9 o 12 9 @
d-<AF o T HEAW ¢l T sk o qwl i
YEdM 3k STk ¢ - STaed | soiael o X S+
& YR W & A g T kRO F fR A T
d-Aieh o A HeAl T T al w1 G
AR o (n-1)d"ns®? B A @ a7
Ty €1 57 el o 3P Y T B § qen ufed
% ®9 ¥ 9% B €1 Zn, Cd A1 Hg o GHEM

83

séagvrﬁmi%mm (n-1) d"ns? %ﬁ@q‘*ﬂﬁ%ﬂ@f
GHHOT Aol o agd-9 AN ! YA T w2
d-sth o dv TEEe di T At
s-&cleh o Al aef A fhamha 139 a1 149
o el o e U YR § Uq 1 1 Hid &1 gl
RO d-scifeh o el sl “HeRHUT avar’ ot wed 2|
3.6.4 f &tk oh a<d
( eTTafer WehUUT a<H )

A ad ROt | = 5 a1 < aifast dfera
H w T R, 3% eeMEe (Ce - Lu) T
TR (, Th - L) %&d g1 3 9foe & qeal
F TEIM IAh MM SR O [(n-2)f"
U(n-1)d>'ns?] GRI i W Bl & awdl # sifaw
TR fSU-HIT A Rl &1 S SR W 37 Sfvr
& Tl I _f-&llh oh dva (T HWHHT q)
FEd €1 A Tft I oigd ®1 yAE 9ot § q
TOT SIS THE 2| IR WS St o el ot
3k FIfad STATRIu STaeensti o wora®y o
el o1 TEEA 3ok W oS SOt o el et
o | sreafee Sfedt i 81 iHge 9t & T
et (Radioactive)%ﬁ %I dgd g Qﬁlﬂﬂﬁ@ awal
i TfeRiE stffwaet g Bl (Nenogram) &
IEY ot H 9 H e oA T €1 g9 el o T
w1 e It w9 G TEH B IR 71 R % AR
e q CREREE qw’ e 2

IETETTT 3.3

TXHI] A% 117 TG 120 aTct Gl bl @IS 37d

ek el 81 Ui B o fo 37 el b1 T S

gt o forg afar/eant o g1 =ifen don uois

1 SR fa=ard = g2

&

o 3.2 4 & T grolt @ T @ R o
HHE 117 I q@ HI TIE TE GROT H
Bare RER (et 17) | At oh < @ qen
TUHT SARIHH fa=a™ [Rn] 51 '6d'°7s°7p°
BT IRHIY] Shifieh 120 el a7 oh1 T&IH a7 2
(e g1 oqe) H Ra o < €T AT SEehT
SR f9=I4 [Uuo] 8s” &M

Rationalised 2023-24



84

3.6.5 T, 3TuTq AR IU-oIq
Tl & s-,p-,d AT f-5cATh] B IIHL0T o STETEl T
O o SR W A R T 3R Ut qen sterqet o
fgfsa feran s wehar @ (F971 3.3) 1 3 Tt ® 78
wfaer o iferek G rgeti 1 ®, S efred WRoft i
a1 @R feerd €1 Uy W o 99 W WA 3
Bt 21 [Weh THeRT TR €, e iR Hifsem o
Tl oft 9gd %1, HAI: 303K 3R 302K &) wrge
o Tl T FeHh So B €1 3 a9 qen T o
gErer B €1 3 ofEraesd (gedie | ded W udel
=T | Qe S Foh aret) qen a4 (freeh ar @iw
1w ) B g s e W % A i
feera &1 el atrerd WOl o ferelt ot # qxal o enfeaen
T S S A A P S s e
o o1 3R ¥ 36 R 9 R efek 01 w9 Bd 9
T 7Y Ferd W 39 TE 1 Bl &1 g6k el
T FALAIR HH B & (TR SR e SR ) |
3 g qon foR o 37y @Ieid 21 9gd § stenfed
3 9T (Brittle) g1 €1 ¥ & o194 IR a1 &1 B
& Tl o uifersh © Srertfedsh ToNl H URede e
(abrupt)ﬂﬁm%,mﬂ%méﬂﬁ—ﬂﬁi@
(Zig-Zag line) % &9 ¥ @ &1 et 21 (97 3.3)
e Wl 9 ferehol (31-He) T o HEme feerd
Sy, fafasia, s, TR 9o SqRem o ,
uTgett T Stegeti— ‘IHI o stfieter <wid B 39
TR o el bl SU-oq’ (Metalloid) F&d 2l
IETEITT 3.4
TH] Al SR e wRon | fefd wi e
B e
uifcreh @YU oh HA H HATEYA hifsli—
Si, Be, Mg, Na Td P

'

3fTed IR o o H S99 9 i 3R SH W
el o ek MO | gfg Bt € qen eed o
SIS R et e T T
21 39 SMUR W &Y T awdll o Sed g Hifersh
LI T HH TH YRR M-

P<Si<Be<Mg<Na

ECIREICRIE]
3.7 A<l ok TUT-SHT W IMAfdar
e AR § A 79 S F A= R TR E AT
T <€ AR W, ol o ifaer qen et Ton o
T yed RER a1 Seweond - fed emed o
T foRamefiaa gem avf o «1gstl H 9gd saml
2, U q%h Tl U€ W B Widl @ S A 17 ok
AN R TETH W TR Fgd SR & S F| g
we v ol & ugE ° (SH- e et o)
e Rl § SR 9§ A9 S W frewied sed ©,
SR TGS o WE W (SH— TAE IRER) SR
¥ 9 WM W fRamier Tedt #1 ol o ot o
TH i 2 @I € SR W AR i 79 hy HHe?
3T A Rl o W <A o foT g qeA] i W
o fHgid & WA o Uil Ht SR A <A ghm
0 9§ gH Hifqe o TEEtes qoreEt 5t et
# foEe w0 R S' TOeR %l GEn ad
Fel-&R i TR G|
3.7.1 itfaes JUTEEl W WA
el o ohg ifcreh TOT (SR— e, a2, Hela Td
SO ) AT, TRHIIETHTU-Sosfl TS T S IReH
T €1 39 STA § §H WA Tel SRR B, S
@Fﬁ (Ionization Enthalpy), 3@3@'77[ KIE] Qﬁ?‘ﬁ
(Electron Gain Enthalpy) R SASR SR UTCHehT
(Electronegativity) ¥ 3Ted o 1 AT FH
(eh) uxHmg fr=n

A o SR T el Fei sga & wifed 2,
Safer Tk T 1 e smEr o A S geRdt 2l
T Y] THHT HRU A 2 Tl 91 @t I8  foh
A 1 B 9Ed B (| 1.2X10°m) Bl €1
I o =N 3R E@'OFQ'T"T AY (electron cloud)aﬁ
w1 e g fAeifi F& 21 o1 W) @ SR
&t a W fauifa 7=t foran s weRanl g YIRS B
T oo W&t el A S weRdt| s fafy ok
R W WA] o 3R 1 el Hag @l R
T ST H T[S o = i U hl SRR
o YR T THT]-STHR T ke fhal S Fehal
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el H AR T O H e

21 Ushd 3TEY (Single Bond) 5N S8 &U HeG e
3Tﬂ3ﬁ (covalent molecules) T 3ufeerd g etenfas
AL o AR % ot 1 g S ol S @
qr 39 (%ﬁ) % N T TEEASToh T=r (covalent
Radius) T 3T fohaT ST 81 SIEI0T & IR |-
FARM 310] o faw 94 €8 (bond length) T HH
198 pm i@ fan a1 21 5@ @ &1 emen, (99
pm), FAR i THT0] 521 BhMT| ergst &1 e
1 (Metalic Radius) &1 AF ifaes feea o
feorq o1 R o1 A TR gl (Internuclear
distance]aﬂwmm%laﬁ'q?%ﬁﬁww
AT % s 1 Tl 256 pm Bl ¥ HIR ok foAg
HTfceteh 511 3T A 256 pm T ST, 3721 128 pm
ZNMI 39 Tsk | Hewdrst e qen enfas e o
foTe ohael wRHvE 592 (Atomic Radius) 3T 3R
foha T 21 AR 9% q B AN €1 AT ST, WA
52 o1 x-Tertont qen o1 SRkt fafa @ =
ST Gkl B

TS dl o faw a5 &1 3 9ret
3.6 () o fear w2

T YRR 1 Ggiaal T2 Y § @A hi et
&, et e &0 Tfehia SE a2l Sl o Y

85

Tohd 21 3T | € SR g T TRA- 3R Sl 2,
S fgdftar amed o el o THII-3TRR § T ®
(IRUTt 3.6 % HT TR HY) | 9 g AT HR
Tg ¢ T ofrerd § T SR sed W 9l SR U €
TS v o o ¥, T $ep AR TE9 | g2
i o weEEY Rl Selael 1 SATHY AMTH hi
3R weal w1 €, feh sRor wam] o w2 St 2
e AR oF a7 | IRHTI]-ShHih o H1Y-HTl TLHTT]
et ® off frafg w9 9 9fg B ®, S el
yrgetl qen BedoH el o fow @reft 3.6 (@) H
gt T 21 ot W S gH A a5 R 9ed §, a g
FAlCH T (n) 1 AF Sedl © a9l Hast selaeH
(valence electron) Tifer | EQ BIdT ST %\' Eﬂm
foh STafeh Fof-TR solaeHl & TR B §, S Fad o
w9 | 9l soael W ANHE 61 SMHY0 HH T <d
T TheReRsY TCHTY] T SHR 9gdl Sl §, S TCHTI]
51 o &9 o ufeferd g 2

& < ! SAEvThdl € foh T8l Scpte i i
] e R fomm 7@l o T 81 uehel W) g
o SNl ST Sdfud B wga e @1 sEfey
Ipt TG T ol S Al 1 gedass B 9
T FHeh areEed B 9 & @feul

WRUT 3.6 (W) 3Mad ¥ YA B oF ° (WhiHieY ) (pm)

RHTIT (TS 1T ) Li Be c N o F
RGeS 152 111 88 77 74 66 64
O] (MEqMI) | Na Mg Al si P s cl
RGeS 186 160 143 117 110 104 99
WRUT 3.6 (@) o ® URH] B 1 WA (Ui )
ATy (SR 1) Ty e Ty (& 17) RGeS
Li 152 F 64
Na 186 cl 99
K 231 Br 114
Rb 244 I 133
Cs 262 At 140
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Li

80} C N
OF

a0 o
T FHH(2)
ferT 3.4 (&) fadia sad § WA w91 o 1o Tl &t
A e 7 gRadT

(@) e B
e WA § TH 3R (el <o S df &eee
ST €, STelfeh Weh Seigeid THel ST, il AT oM
T ST 2| ST 5 1 SMreher e fheea o
feerq oMl e ToTEAT o St g o feir o
YR W A S Gehdl ¥ WHRUEAT el i
A e oft o) B w1 wgih € e 2
¥FE SRR H 3T9H S Y] (parent atom) ¥
Safeh AYHTI AL, Sk GH] S & @ 2l
SO 1 SRR S WA Y 3Afaes 8 2, #iife
Th A Afeh S gelde[ B W gelwl H
Hiaertur Sgar € SR WHEl AW ey W
T 81 ST F AR W FANES 3@ 1 ST
90 (F)136 pm ©, S TS i WA
55 Had 64 pm 1 A MR, Hifegw a1 &1
AT 5591 186 pm 3R Na* 318 &1 51 1 A
95 pm

SE R[S qel A W Solael i He
T Bt % aa Hqséqﬁvl:i RN (Isoelectronic
species)* HEA %I Hqséaﬁ:ﬁ T oF 3ETT %
0% ,F,Na*,Mg?,0> | Y Tieis § soiaeiqi =i
@& 10 81 Yieh et i e fr-fae i,

e fagm

Cs(262)

K(231) Rb(244)

g
8200~
E Na(186)

150 Li(152)
E //’/‘1“33]

100 Br(114)

Cl1(99)
50 F(72)
| | | [
TIHU] AT (Z)
fere 3.4 (@) WA FHHHI & GreT R eigei e gens
1 g st ¥ uRad

iR Yedeh o1 AT TEeT T 21 21fueh eRefm
$FIA Shi ST 551 1 A ¥ 81, FifHR TR
e TN ST o oI SATH YU 3Tk BT Afereh
TOMART O i ST e 1w sy
T, iR Sl oh e TU Yfaswu S g
YR STERT | SAfeeh 81 ST Tl 3 h1 SAHR
% S|

SETEIOT 3.5
Frfafea wdtefs § frae! oo sifusan qen
fordent oo =Aaw Brir?

Mg, Mg2+,A1, AP

&

3TEd | 9% 9 6 IR a8 T I B
1 HE Tl B YA 1 SRR IHeh SR
W] 1 A H Bl el | HHSAeR
e | siferer ARt sTaeT areft TReiT
1 B B B B

31 SAfRRdH SRR aTelt TSt Mg a2 =[FdH
SRR aTelt Thest A1°" g

(TT) I TSredt
qwdll g T N i HEAHE Yhfd ‘ STEAA

* HrgeraHl TSI 3 =1 < 9 ek wftefier S Tupeil 3R SO goierel i T WA B 9o G ST 81 9 el i g off yehfd 2l
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el H AR T O H e

T’ HET S B T S (Ground State)
¥ foafia i T (Isolated Gaseous Atom) Ee)
AR el hi STed Fiehter o S Sl orrel 8, 39
‘T HT A TR FEd © T U H- q
(X) T HH EH Ted! 1 0 THEE FhH 3.1
o woedt ufedt A H o SRIe e

X(g - X'(@ +e (3.1)

AEFH Tl Sl WA fohal S giaH
(kJ mol™) SehTE W =kt fepan STl €| Hefifures farforerar
Y o9 T TAHH i gUEh G & fAw T S
1 ‘fgdtar e el wed €)1 38 Tt w1 Ae
TEEE YhT (3.2) & GUA B H YgH ol ok
ERER
X'(@->X"(@+e (3.2)

TR | TG ! YTk i § SHIM Ho1l i
STl Bt §1 o7c: ST Tedt BHYN GcHeh
Bl 21 qd oh fgdta e Tt o1 6 SEeh gd
A T ¥ sAfuer B §, i IS R
Fi g § GERG STEE | goiaed ol gk
et HfaT B 21 76 YR gdF A=A T
oM fgdia a7 9 2t g ¢ e
Tt Uz &1 Atk fafaf{e (Specified) T e w
2, o 3H YoM A el wHgE =neu

T FHHIE 60 T dTel qwall i GUH TR
Tt 1 o Fast 3.5 H it T #1 W W eyt
FERY 21 39 o @ 78 W ® fF 9% (curve) &
3feTs (maxima) W S 1F €, < gof gorere
IS (closed electron shell) Tt % adn 3‘@7
TR fommg ogd & w1 gEd SR 9%
AT (Minima) W & e1qe feera € den g7 emgeit
1 S T 1 W HH Bl 81 TET HRT § fh
A ure oA framiial gt 81 sueh erfaftem =m
2@ TR oTad | a1 9 T W d6 W dwll o g
AP T o qHE § FHAEGE ghg B © ae Se
g9 o ® A= 1 3N 9gd €, 99 S "Hl o wHl
A T 38 YRR 1 g g emmad o qeelt qen
Her ot o e gl o wHen: o 3.6 (%) 3R
3.6 (@) ¥ T ®9 4 fK@dt B1 a1 wRO & dei
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2500 [~ e

2000 =

1500 4

1000 [~

AH/kJ mol”

500 =

TIHU]-ShHIh
fera. 3.5 | T 60 RET-FAHI aict Tl & THT
AT Qe & Al § aRed

T SeE B— (i) A qe SosRl o HeT RNl
AR (if) SR o HeA Hlaeshyon|

ai | hie 3@3%:7‘13[ (core elctrons)?ﬁ feafa
fTes e FarSh Soiaeid ob o9 o7 SH o Hhelaey
AT getae A § Uffed (shielded) a1 Safa
(Screened) &1 Sdl ©1 39 YHE & “GRITOT-goTa’
(shielding Effect) = * SrEaur-gre (Screening
Effect) Fed &1 STeRU-E o SR THY] S Farel
TSR gRI STwE foRan T gt MRt smaw
(Effective Nuclear charge) s H§ SUferd amfoeh
IR AT (Actual Nuclear charge) T $9 8
Sl ?1 SerEvoned— efifer w1 aRAd 2s soeRH
(TS SeaRM) IHeh ST 1s HiS Soiael g/
STTERUT-HTe T ST9E Hdl ¢ oGy = o
AT TSR ardide +3 AR ° HH YAE H
YR STINE M| STERU-I9E 3§ gRfeafd #
Tl el Bl 8, el SAdfieh hIeT o hereh qoi
®9 9 W B 21 39 FhR 1 fefd en e urget
o urd B, FSEm TRl ns! Soie (n= STEAH h19T)
Y YgA T H SR T 1 SeieA- T Biar 2l

g gq fgda oed # fiferm § T ie i
AR Fed ©, 9 FHAY: TolRH Tk & GEA FoieH
Foll-TR o HEh § W § qe e WA
S 3@3@'@ (Inner Core Electrons) sl | g
SMEU-g9d | sat gfg &l Bt foh e den
W%Wa@ﬁ@qwaﬁiﬁﬁ(compen—
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2500 |-
Ne

_ 2000 |- (2080)
3
g
2 1500 |
T
<

1000 |

500 |,

3.6 (%)
Fig. 3.6 (%) 517 37ed & aval & 999 3977 Tl 4, 37 aedl & WHI-%Hl% & o (@) &rid

gTqgeTl & FH SFAT Tedt WA Sk YA HT HeAT

sate) T ok | Ut aRfEfd o sgd gu Tifveta stmem
T dRAH S W STl A SRS UI-GTE
STTERUT-JATd i ol | 31fesh 81 Sl 81 herea®y
AR Se Al el W WY S § qe 3fed o
AT g W Al oh A T & AH § gig et
St g1 ot H Al R S WS geleeH
Tfass | eifersk T W /A & qen e ol o
FHROT e T AR G Aok il g1 WE g9m
T o o e #t AR dgd W AN SEwT i g
H YeR0-ge Atk Hewqul 81 Sl €1 39 HR
TRIAY Sae[ I e o fau &8 el &t
YTl Bl & qe ot o e Y 3 dgd W e
o FE e 1 A SEd Sl 2

o1 3.6 (%) 4 w2 € foF 9 (2= 5) & vem
S Tt 1 HF SRfeTad (Z = 4) & 99 STEH
T o WH W HH €, Sl dRA BT AR
A Afeh T S 79 T § g Feled Sil-wR
W R Y ®, @ -3 p-gelad i qor
T w1 SR A ARt T ¢ oifeEd o
STEITH SR, Sl STer foRar S, 9% gl
B, Safeh SRA A SR Seee[ (S st fea
ST, 98) p— Sl BN Seci@d © foh ifes
HT AR 23—3@'@@7‘[ T 98 (penetration) 2p—3@'°|‘g"vl=l

e fagm

550"

500

4501

A,H/kJ mol”

400}
(419)
Cs(374)
350 | | 1 1 1 1
0O 10 20 30 40 50 60
60 TTHTY] HHIh (2)

3.6 (@)

FT g W Ak B ?1 39 YR AR H 2p-
SO dRfe™ o 2s-Saiaed @i g B SR
FIT SoFRAl gN Sifus R (Shielded) BT 21
31d: aRfT™ oF 2s- Solge™ i ol § IR 6l
op- TR RIS 9 gUeh B Wl g1 oF:
Aftfe™ &1 o § 9 o Yu| S e
U % o U SfafHad gH i den
TESSH oh YO I T o Al § @ i
firetdlt B 1 Stferdioi o forw yem e et 1 aH
LS o YOH S Tl % 0H G FH 2| 3HH
HR0 TE € b AgeeH | Al SeeE 2p-soieeH
fafe=1 p-wepl o faaf@ & (g &1 fom), w&f®
Wﬁ%ﬂﬁ2p—3ﬁﬂ§ﬁfﬁ@ﬁ2p—3ﬁﬂ§ﬁ@
& 2p-3Mfdeal § 8| Teld: Soie Siqehyul §¢ Sl
2| TheTEEy SIS o <l 2p-SeieiFl § ¥ Ush geiee
%l Gk T hi TSI SRS o @RI 2 p-Seiagi H o
N TR I ST HAT A B S 2

ITTEITT 3.6

d ered % avdl Na, Mg 3R Si 1 gem

A Tt A H 1 B HHT: 496, 737 3R

786 kJ mol ™ &1 qaIAM T o Tepehifam

T YA AH TH 575 A 760 kJ mol ' H ¥
foruen s1faesh I BT, 9T 3o SRl SaETl
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el H AR T O H e

&

g 575 kJ mol ' o Af¥H U I TEFTEH
1AM THREE o 9F W %9 e ey,
FHifr MY ¥ 3p- THRH 3s— ARl H
SN IR B 2

(o) ot oifer wOedt

S hIE SIEF T WA (X) SoldR TeU HT
W(anion)ﬁtlﬁﬁrﬁﬁm%,ﬁwwﬁ@
Tt qREd 1 39 qd i gl ate T’
(A H) &ed ¥ a7 Tocdt 39 e i 1Y Hel o
Thdl € fop fohe oXoiar O WA ol Rl TR
Yok RUTEA S ol 81 F8 TRl 3.3 | g9
T B

X(g +e — X (g (3.3)

TTATY] GRT SR TR HTA 1 WohH SoHTardy
(exothermic) 3 ST (endothermic) B,
T a7 o @ W e Far 21 Sga-d a5
TR TEU K ¥, qd Sell FgEd e 21 o
e | gl e TRied SoTcHeh Bl | Seretune—
178 ot o el (BellSH) i SoeR afed et
T A STAfHF FOTHE eIl 2| THHRT HRV 78 & T
TGl Tk SAeRA TeUl ieh o TRl Sepe T
TR T Wiwd Y oid €1 36 N8 Septe i
1 Tl ey Tt 1 0 STAfeeh e Bl
2, ifeh Selaeiq o1 oqu Felied &R Y ST e

89

TR H YE A Tl € S ogd g Sl o
fa=ma gnm Seoie ® foh Sope 9l & wed S
e 3fferd RO § o€ N S T SR feurd €, 59k
oI gt wfed e o1 9 STy SR
Bl B

I e 1 o o gl afed T
o TiEdd 1 %H %9 (g 81 g e o
3TER 3T YR ok 37ad | o 89 8 & agd
€, 99 9gd §U WHY] %Hih o WY Sela wfed
T stfuen Fomers Bt 21 ofed anel § o °
TE AR A W GHE TS @y ° ghg Bt
TR B W] H Seia(T 1 SISl 9Ll Bl €,
Fiifh Ffase g7 Seiae EER AIHe o Hf-Tdhe
B ot | A T SR ded W Seiee ate Teedt
1 U HH FMCHE Bl Sl 8, Fifeh THTI] ThR
Tl & q WS g gee A ¥ 9T el g
YR i Y AHTET 2Tad IR § 3@ i et
g1 (WOl 3.7) W@ W 3H 92T 1 Sooid wTAl
Teaqul € fof Sfadis qon wgeida & fau seiae
wfed Tt 1 W HHY: I o a § S ared
el W hH HUMHS | SHRT TRIHW TH ThR
Tfa SRS qT TS WA W goeR yaw
F B, 99 TeU1 fha T s e seien wem
Al ol & (n=2) § Y9l il 21 56 YR 36
FeH Toll TR H IUTEd serareil gr Afersh wfaemor
B 1 FeH ®R n=3 (S Cl) H YoIeT e T

ARUM 3,7 & & o %D dval ol T dfed TEed* (kJ mol)

i1 A H 1 16 A H i 17 A H o A H
H - 73 He + 48
Li - 60 o - 141 F - 328 Ne +116
Na - 53 s - 200 cl - 349 Ar + 96
K - 48 Se = 185 Br - 325 Kr + 96
Rb - 47 Te - 190 I - 295 Xe + 77
Cs - 46 Po - 174 At - 270 Rn + 68

*Igd G JEawl ° TGEAE T 3.3 ° F9T Y weicyt GRadd & HONHE T Hl SoHaeiT-a4al (Electron Affinity) (A,)
& &Y F qROIGT fFar mEr @1 WEr GRT $oFia T XA W Se Sl (14 gidl &, qe seiaeia Syl Fi e 39
ST &, St S 1 aRaret & fawdd &1 afs fFE waEr) d geagia 34 @ 9T @Y @ el 341 gdl 8, a9 gelaeia aydr
& FUIHE SO ST 81 FAFA-TYd H WE YA W GRYIGG fEA Srr #

Rationalised 2023-24



90

Sﬁi&"ﬁ, ﬁihj@%ﬁ (space)  aAferer T Bl %I ERS)
YehR SeIeRA-Selo(a et sgd & & Sl 2l

ISTEIUT 3.7
P,S,Cl @1 F ¥ 9 forue! siferan momeaen

ToiTe wfeer Tt qo foReent <A o
wfer Tt 2it? e Hife)

&

aed | & ¥ [ R g W Solaeq dfed
Tt eifren SRR den o | A Rt 3R
TG T HH FUMCHH il 81 Sp—herh (S 5er
?) SUY SR TEY HH HI o § o
2p e W SR YAY HUAl WAl ®, a9
TARA-SoRA fakur afs BiaT ©1 S1a:
Heliferer SROMcHe Soieri oifed Toedl sl
1 B qel Wed HH Soigg ofed TEed!
IR i B

(=) faga FwomersRdar
WA & qEEtE Gfie | egdth ey o
S ) S S SRR R AR
ol |19 fered SeomeHeRal 81 STaA Tt @ik
TSR e el W1 W S Hehal 7, g g
FUTCHFA HIOH I7g = &1 fR oft aeaf
%1 foR[q HoMcHehdl o oI e Her-ga
M (S— WiferT YHmT, Hfersha St YA,
A TE A oK) 1 AR gew 2l
wifer T ge Ser A B ST 2
SUTRERT SR e ifer 5 w1 1922
T S &1 TRl RomcHehal i 4.0
3fehTl TG qX I TRl I T 3R
TR FHT FT e Tag Aferw T Fw
Tl i Tag ucTehd o HM 9RO 3.8
(31) ¥ fawm 2

SelaR FucHehdl fhdl XU T4 T
o fou feer & ©: 39T 9 39 od W
AR F@ 2 fF o T A @ T @
ST B BTt T@ WO Ay i A= e,

ﬁl’%’d d
TqeHTY]

e fagm

T off < T TE o fohe YR o 9o 9 I8 ®,
THHT TR T 1 MR <t €, Torgep o) & a1
ST ST

HIEROTA foRq- R oeTehdl STad RO | 3Terd
oo 9 wWE (Li @ F) M W agdt @ qen a1
o e (F 9 At) 91 R &9 2t 81 98 g9 4
U SC? 1 o[- RuneTehal w1 qwATy] oo 9
Geiferd | ST Hehal §, S 3ffed W W | e 3 S
W oHEd © du i § A oM W sed! g1 e o
WA 5 o wH B G AT goeHl SR A
o 3ehvoT Sl © qen fagd- S ocashdr dgdl &1 36
AR W S B o W A= W €, d SE-s W]
e et B, 98- farega-omcHenal %9 eIl S
21 78 Wg AP Toedt o uE 2l

379 39 fogq RUMTcHshdl Tel ILHTY] e hi
ey S T B A o1 Y fd Smumeshar 31k
AU o o= GaY BT HedT B Wehd ©2

YT Yl H T dfed @i Yed Wgra gidt
21 gEifery fere-Sumeashel =1 Fie Geer 1emq ol
& ToeEl ¥ ¥ TE YRR AEd W qw wt fagg
SFEUTCHeRd Sg- o Tl &1 37elTg e | gig gl ©
(= org ToreEt | e g ®) 1 g wehR o o e
SH W dwl i agd- RNl FH BH W ST

= AN
:
:

[ o wlfed To

>

| AP T

el _afe et

g canun

T

| g

fera 3.7 s7ad Grvit § Tl &1 ead ggfa
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el H AR T O H e

91

ARt 3.8 (%) Tae@-woncrehdr w1 A ((uifer durr)

AT (31T 10) Li Be B c N o F
farea-uTeTehar 1.0 1.5 2.0 2.5 3.0 3.5 4.0
YT (3TTeTd 110) Na Mg Al si P s cl
farea-uTeTehar 0.9 1.2 1.5 1.8 2.1 2.5 3.0
ARUit 3.8 (@) faeq-wunareRar @t we (Oifert due)

TIHTT (&R ) fa=A-RuTeTehal &1 AHM|  UXHIO] (01 17) fa=a-RuTeTehar st A

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

ToTeE H e ST © (A g qoreEt | gfg et )1
1 9l ofad ygfaal &t e H fad 3.7 o
T 2
3.7.2 UHEEe TOTEHT | ATEd ugtd
el o TEEfTen el ¥ agd 9 g (S
foremul Gag (diagonal relationship), 312 g8 g4
(Inert pair effect), GERIDES ‘\:@'_EFT T4 (effect of
lanthanoid contraction) WTFC: ™ I §H AT
Tehehl H | 39 9T H dxll sl Garsiohdl | ST
Td S 3TEd H (Li § F %) STHHI TOred!
3T B9 H|
() TWASThdT ® ITEfdar ar TR IoT
STaTq
FASRaT Il 1 Hewqul uEH ¥ W a9 o
TRl forare & SMER W HHH S Ghdl 2
ey I (Representative Elements) EAR3EISETI]
YA (ETeilieh 3Teede 6l ©) S9 awd o STeIaH
HI9 § U sial 1 H@N & ek gl @ A
373 HT WA | § dQIAH Seiael &1 §&A ¥eM W
FEA! Bl HASThA oh TIH W e SRR

e TS T AT 2l 71 T < AifiTeRi W foem
&, S fferiisT 8 OF, 3IR Na, 01 3 AifiTehi o i
< I €, ForToh! IR oTeehel 1 %8 F>O>Na
21 WIRIOE 1 9 Soleite o= 2s22ps Bl
IR Y& TN OF, 310 H SfadisH & Th
TS o W1 G il 8, TS shi Aferdihaom
e -1 €, iR 39 A W T TSN T §
AR 1 oI SRl foamd 252 2p* B1 T8
TSN TRATY] W XY eiFiA k1 HASH H g
THIfT gHeh! SAfeRdienor feren +2 81 Na,O 319
e wHTY] itk o[ RomcHe B oh ROl
TR TR I B qUl Yk Wfeqw W] Th
TS ST B 3T SIS SATeRIehoT STareer 2 i
vl 31 T SR wfeT (R T e
=g 3s' ¥) T ToigR S i 31 7 3R 39
TR SEeHT SRS e +1 B Sl UMl
FT I W g T foniy A § qw o fRd
TRHT] §RT 3T ULAIY] S 3G i HEAT TG0 Hld ohl
IHehT * AferEfieRToT ST’ wed 2l

TESRS a1 AFAEE W Tl bl GaArSThdl i
3113??9?{&[ (PeriodicTrend)aﬁWTUﬁ 3.9 § guIen
T ?1 d<dl o TEEfR TaeR § g9 aWE i STed
Wi o 39 qEask o s o == @ T 21 wgd
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e fagm

I 1 2 13 14 15 16 17 18
HaTSt AL ekt W& 1 2 3 4 5 6 7 8
GASTHAT 1 2 3 4 3,5 2.6 1,7 0.8

@W@ﬁ%,ﬁquwwaﬂable
Valency) T&f¥Td ¥ &1 qRer Harstendl Hshaol qeei
T USRS qwl o T [ Sfqeso 81 sHen
I B9 9] H 3l

AR et 13-17 (SR ¥ TIetA) 0H o o o=
T | 3 Teqe ® fue € Seeoned - iferm
3 R uiget ¥ don aRfeem o= e’ 9w
argetl o fa= s s ®, fo ffyea dR

ISTEITT 3.8
3TEd RO 1 YA i gu, FeAfafaa gt
I qell o TAT 9 S AR o ST0-gH H
AR (prediction) FISE— () fafes= T
S SR (@) Tt qen Gewt

&

(%) fafas omad 9roft & 149 aff &1 I
8, TSEsh! warstenar 4 @1 s, St 179 ot
(RASH URER) HT S T, hi TSIl 1 T
31q: Afeh 1 STYHA SiBr, el

(@) ferd |Reft § 139 a9 1 e gt
2, ST WSl 3 B1 WewT 169 o 1 ax
2, fmat gasear 2 21 or: Uqfafem e
TeHL 9 o Aifi H1 0] g ALS, B

(@) Tgdrar 21ad oF a<al oF TUTeEt § STHITAAT
Heeh a1 ob WoH el o 1 (efiferm) , orl 2 (aRferem)

qeaS §Y Bld €, Ve o HIE W
TrfTer AifiTes s B areda | eliform qen aftferam
FHHI: ST = o fgdia aed (S9— AR SR
tgfafae) 9 sifek oo 21 emmad ol | 39 @e
1 goadl =1 ‘ faemut Hay' (Diagonal Relationship)
Fed 2l

s- R p-=Aieh o el & GUE H 3 TSl
1 ol § UUH a7 o 91 THEfeh Se8R o &=l
HROT 8l Fhd B2 SToh1 STHMERI HGER 9 HROl o
Il B~ el 1 Bl SAHR, ek A9/ B I
qen 31feren fagq- R oTcHehal ol oh U US| faw
R HASTh Hefeh (2s W 2p) e =M ok forg W
e B, Safeh ol oh fgdiar ose 3q 9 GalNish hersh
e € (3s, 3p. 3d) | HerET®y e o o JUH HEH 6
fau eiferran HegaSehal 9 €1 SeEwned— anH
Sad [BF,] &1 9okl €, s o o 31 WeE
37T HAISIoh hI¥T ol IR SAaHl oh 9R § 1fyes
Sl 1 T 2H o foT T Hehd &1 Sereuned—
AT [ALF,)* 91 21 30 € TEY, p- s

ARUit 3.9 Hifitent o Gl gRT S9N 7MW avall oht HaAISehdl § ITad-gia

g 1 2 13 14 15 16 17
ESIES] LiH B,H, CH, NH, H,0 HF
EAREl NaH CaH, | AlH, SiH, PH, H,S HCI
KH GeH . AsH, HZSe HBr
SnH, SbH, H,Te HI
HEE Li,0 MgO B,O, CoO, N,O., N,O, -
EIIRSE Na,O CaO AlLO, SiOo, PO.P,O,, SO, Cl, 0,
KO SrO Ga 0O, GeO, As,O,, As,O, SeO, -
BaO In,O, SnO, Sb,0,, Sb,O, TeO, -
PbO, Bi,O, - -
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. - Tl A sfud w81 (-
s Tl ® gofa: W wir g P

ifcerh 521 M/ pm Li Be B mg@lﬁlﬁ?ﬂﬁﬂ@ﬁmmw
152 111 88 @W%)I&Wﬁﬂﬂ”ﬁﬁﬁ@ﬁﬁﬂw

Na Mg Al | gf ok T § waY w9 TOEtE

186 160 193 | framfierr 2t 31 30 7R w=@ =1 SR

Li Be A TamEf i (e amget

Al BT M™ / pm 76 31 T) TR @Rt I SR YRISTd eiet
Na Mg 2 3R 9eg T IR (ToloH IReR) selaeH

102 72 WS T SRUTEA Sy WIS et 81 39

o Tl | Sl oh YW 9 W § wad fgdA
AEd o T WS W p - p 99 M Hl GEA
I Wd § (W8-C=C,C=C, N=N, N=N,
C=N, C=N), Sdfeh o7 o STlad! qe&g THT &l
FHT UM B
IR 3.9
1 UgfatEE % Afie Al [Cl(H,0)° ¥
UAfEH i SAfedlehiol 3eel (oxidation
state) 3R HEHASHA TN 872

T

et ot SHerdiehoT e +3 SR HEHATEh
6 T

3.7.3 AR rfaferarsiear aur
srafaar

T D Hifersh O (SE—TRA] Taq @A e,
I T, Soier ofed Tt 3 Garsindr) |
3TEd Yt 1 AAIA fhanl 3d o 89 I8 9T ¢
T for oafda soieeiter fa=me © Hafd ©1 wifdw
& THEH® TUHH qel o ol faeare i
AAfireafa 21 awdi o 37 Tifer oI 3R TEEfTR oI
T Gy WieH i HINE 76 &0 S|

B0 O € foF ormad | o @ € iR 9 W
WA Td At B wedt @1 horewy oted o
AT THd RO Sl € (B TIaEl hl
Breh, @ faewor am 3.7.1—% o feon 2) qen
TR dfed Tt 3R 3tfuss ST 81 Sl 2
e wad o R feerd axe 1 A Tt
G Y ¢ 3T Gad ¢ 3R o el i Seierie wfed

U 1 FaY a@l ok STIEEA qAl SUEIA
=ZEER 9 &1, 99 319 9% ¥ 9eil| Il i =ifceh
qen renfeareh Toroar o1 SEE Hen ey 21 afed o
o 3R ¥ T AR WM W e o # R SR
sefeder o1 H d@d Bl €1 axdl w1 I9Efse
foranefierar Skt StferdisH 3R gaie o T et
YRS 1 ST Gehdl €1 FE SIS W awel o
srfufrar | g1 faar 30 smad & A ol &
T TS | EIATgash A shich ifedse o
Tl Gag o AN % a7 oh HUNU SFHHES Fad
e &Y B € (S - Na,0) R St Tod
T 3N B, I SMfoIZe Had TR (ST —
CLO,) T HeA oh Tl o SRS IHAHH
(ITETM— ALO,, As,0,) I IEEA (ITTET0Me—
CO, NO, N,0) &l €| S9as! (amphoteric) e
AR o WY ITlld SR Tl oF WY T STEER
YA &, Veleh ST AeFge | et =1 &R 1 01 Tl
Bl 2

IETEIW 3.10
S § THEtE Sl g1 <R fF Na,O
TH T TF CLO, Th TAd 3Toes 2l
Ky

Na,O e § SAfAfHa1 ieh Jael &R sl €,
SHfeh CL,0, ¥el 3T ST ¢

2Na + H,0 — 2NaOH

CL0, + H,0 - 2HCIO,

&I A1 ST T[0T h1 TIeT0T 7Y fofens o 9
FI G &
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fT&Us® d<al &1 qadl B HHHAU el
(3d oft) @1 3Tad H TXE] e o1 uREdd sgd
%0 21 T B o oRddq nafies enmur emgatt
(4f9oft) o faw iR oft &9 81 e Tt s- 3R
p- dish o qdl o HeA @) qRumHeEY 3 q o
1 3R 2 i ergeti &1 qor § %9 fagaea 2|

& o & q@l B Sk WHV-HHG a6
T I THIY] GOl ST B Sedt ©1 erd:

e fagm

f-R P el wedl ® SR gole oo
wedt § fraffd w6 (F8 swaR dm aed &
ol o ¥, 5= W 3.7.0-9 § swi wn ?)
B Bl 39 YRR o H A SH W enfees T
agdl © SR ofeifeoeh YOI el €1 TH Wgfa el
IR IUFIF qAT TT=IF o U1 F ST S Fehal
2, 9 @ 9] § W@ "WeHu dawel e ygta
Tk faqdid 21 38 BH WA SHR SR EH
et ¥ T ghd ®

RI9T

T Teheh W S0 371 T @IR a1 Troft o faehE i sterrE R B Heeld S GRull W] gerHE
W SeIa ot ST e WRol § el ot SAaE Sk g U WHIY] Al o ShH § Wl Alfast diekE
(37erd) 3R 18 Feater wioli (ot a1 qfiam) & 1 21 Ao H WRA] ik HAY: TGl €, ek o §
o€ Th Yo W wgdl 1 Uk ol o el § WHH TS i9 (Valence Shell) Seiarii-eh fomd gt €1 s&iferg
3 GHM @At oreEl w1 g9l € Th g oed & qwel § o9 9 S R S W seldHl S ge §
gfg eidl B1 37d: b1 HaASTdl (Valencies) T gidl €1 1ed AROM # getareiien fa=e o STER W 91
YR o el i UEEM HI TE €1 F a7 ©— s- sl awd, p- ik v, d- cieh avd a9 f- selish el
1s & | T Soae BF & R0 e GO § BESST o1 T SAfgdi™ 81 9 o<l | 78 gfae
Y atfereh G urgel i @1 eregetl St e 20 g @ % 7, S sfed grolt # <€ o v w feom
%I Q’@T‘Ir_clﬁﬁ %Ilﬁerﬁ SﬁT 33{‘611@3ﬁ a?@ﬂ'la?ﬁ%\ 3‘[@—‘&1@@ (Semi metals]'QT‘o“q—%ll'l'g’Q (Metaloids) HEd
& (S8— Si, Ge, As)| @ ¥ =19 &1 3R og7 W awdl o eifeorsh o0 ° gfg Bt 1 W | T AR A
W d § eifedeh U1 H HHT ST B el o ifth qen THEfes 0 Sk THIY] ik o | et
B 2

Tl oh IRHETY] AR, S TEIedl, Selagiq oifeel et o Seolcrerar qel arstehal | Stefdd
1 yafa wE S €1 ey e ead H o $iR ¥ I iR S W Hedt € i o | Wik Sed
W Sgdl 81 SEA e Y SAad | WA Sed T Sedl @ qe o | e o W sed 81 faga
SROTcHshdl 1 ot &1 T Bl 81 Seiee eifed el WURoEa fed o S 3R JoH W 3R St
SEOUTCH ql o § A9 M W HH SEOTCHE eidl B HASehdl § o Srefddr I St 21 3SR o dr
R F1EUF T | WAl A1 9 SIRIAH FHeTh] H Solae i U o SRIeR ALl 38 | 9 37 Seae
1 G ST 1 T ST €| TR fShamgiierar i o < fhRl R Fad 3ifueh oiX 0e § gead
FH Tl T T ¥ Ged I R TErEfh sifufmareiierdr soieA 1 @ w1 gHal (A %Y SEH
Tt ) o HIOT B 7| ik feheriier e Wepta W T otereen W & fHerd| 9 9 Al o w9
firerd 21 fondll e | o1 3R oh qd &R SIS S, Sieieh 1% 31 oh v STdld SHeEs o
T S T " | ©, 3 SYaEH! SfieES A SaA S 9 B
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3.1

32

33

34

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

A

3 GRof § orereen 1 Hifdew SHR R 2

Head A fhe Hewaqul [oTeH i ST ST ST § qeel o PRIl S STTHR a-E1?
F1 9 W TG ® I

Heelia o e Fom iR anyfier e fem o Hifers sfax @ 82

FleH TEmstl o MR W 7% g s for ated arvft o Sed oad | 32 7 'F
=fgul

e 3R o o TR | ¥ ey R z=14 waf fem g

I a1 WA sk feray, S sed wron § e e @i 178 ot o feed € R
FH ¥ a1 A8 Frefefaa gr fEan T 2

(i) TR Fehcl JARTIIE 511

(ii) ¥ 9F 9 g7

T & i o Sufterd qeell o ifde SR @t o gEe =@ g &2

‘e e’ SR ‘R e’ | ey e wHEe 2?2

forelt ot =1 arrerd o weeT] B fope wehR wRafid Bidt 27 39 aRed w1 sme o
fre TR 4?2

HrgIEReh Tl § o9 o THEd €2 Wk UE wei b1 A fafey, s fefate
AT AT STl o WY GuSeiaRi R ghi—

i) F-

(ii) Ar

(iii) Mg>*

(iv) Rb*

frfafea v W faur i

N*, 0>, F, Na*, Mg> & Al

(/) BT FA GHMACT 87

(@) T= Mo 5o o 9gd ®A | afed wif)

YT ST SR TRATS W B A B § ST HUmEAl 1 e Sk e TRATIpR
=1 e 9 arferen o4 2t €2 =men sifsu)

A Tt 3R Sl dfe Tt i uRefyd w1 § foefia fidfg ) den
‘T ST’ WSl 1 Wiefehal A 72
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3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

3.25

3.26

3.27

e fagm

TIEGISH TRANY] H 37 Fereel H ol i Sl 2,18 x 10-18J | WA eEgisH
1 AT TNt J mol™ o TaI H URehferd it

[Hohd — ST U i o foIq el HehedaT &1 SYAI Hitedl ]

Tt oTed o el H ok ST TIed! 3l H 36 TR 8- Li< B<Be<C<O<N<F<Ne|
e FINT fF () Be &1 A H, B © aifu 372

(i) OF AH,N 3R FH &0 7 &7

M9 39 929 &1 AT o6 YR K o difeqd &1 gom e Teed deiirm
1 9o AFH Toedl @ w9 €, fhg Taen fgdia omeee oo Siiferam Y fada
I T ¥ e 2

e Hue el | ST Tl o TRl THE | e i SR W BF o i U SR €7
ol 13 o q<dl i YW A e o WM (KJ mol) H 39 TR B

B Al Ga In Tl

801 577 579 558 589

M= ¥ 39 faged 1 ygfa &1 men o ey YR 2

vl o frfatad gl § o v &1 selaq afed Toedl stfush o enil?
() OAF

(i) Fa1Cl

Y 1 Fierd § T O 1 T setei oifed Toiet e soieR elfel Tiedt & wHE
YA, ATHH FOMHSE A1 HH FUMHS BH17 30 IW H1 e Fifs)

TAHH e Ted SR TR SRUTCHeRdl § o1 Hol 3R B2

Gft reeisT AT § N 1 Foe Romcashdl TS G0 W 3.0 |1 39 36 HYA T
31O o gfdfeRan <2

39 fagra %1 avia i, St oAy w1 e 9 gt g 2

() S 9% TS W B B

(ii) 9 o SeigRi 1 N Hdl B

forelt Txal o < TEEAITTeRT 1 WUH SEH Ted WHH BN A fa? S @ wed
&2 o W H gfie Hifsw)

urqel oI srrgetl § g SR A 22

3T AR T ST I g e J9Al o SR i

(%) U < 1 W a2, {58 9=l SU-H § Ui Seiae[ Sufeerd @il

(@) 39 T &1 9 Jary, et ygia 3 seae w1 A &1 gl

(A1) 3IH T H AW IRy, {SEHT ggfa s R W wH H B

(1) 39 ol 1 AW ey, TEE WHE A WO, ST, g9 3R T Sareed @
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3.28

3.29

3.30

3.31

3.32

weorg ol o el o ferq stfufemarsiicra 1 sgdl g1 9 36 YR &
Li< Na <K <Rb < Cs; W& a7 17 o awi 4 &H

F>CI>Br>I €| SHh! S shifery)

s, p-, d— 3 £~ =leh o el 1 HET o@l g fomrd fafey)
<, Foraet a1 el faare e ©, %1 T eted |t § s
(i) nsznp‘*,ma?f?'fr{n=3él

(i) (n-1) d? ns?, & n=4 8 a1

(iii) (n-2)f7 (n-1) d' ns?, S n=6 Tl

T el i ¥OH AH, 3R fgdia A H, 31PFH Gedt (kJ mol ™ #) 3T geiagi wfed
Tt (A H) (kJ mol! #) Freferfed 8-

el AH, AH, A H
I 520 7300 -60
11 419 3051 48
i 1681 3374 -328
v 1008 1846 -295
\% 2372 5251 +48
VI 738 1451 -40

T U U e ¥ 9 wE-d
(%) T %8 fafwaEia o 82
(@) R R SR a3
() weH sifeek srfafmarsiier e1urg 872
(%) " %y Arafmanie o1arg 872
(%) UH uIg 3, St T feih SomEe (binary halide), fSFehT I
MX, (X = €@ISH) €, 9 2
(%) T ¥rg, S gEEE: MX (X = TalsH) o6 @l gegarst dare s 2
el o fefefaa i o g o 9 <o fgerht Aifert o oo w1 wfe S
(%) fiferem iR siaieH
(@) WHIEE R AEgeE
(M) Ui $iR smEeE
(7) fofasi @ik sieieH
(T) HITHRE R wgaiA
(&) 719 T 3R wAEE
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3.33

3.34

3.35

3.36

3.37

ayfer e gRoft o errad Frefafad § 9§ frge! e e €2

(%) T &M

(@) W] FHA

()  Y=A FEieH wEe

(w)  fereft s G

ayfer eTad arot o fag frefefea & g § |9 @ wom 9 T 22

(%) p=dis | 6 W9 B, Fifh p-hiw o Gff H&F 9 o foau ifmad 6
TR 1 SETTRAT Bl 2

(@) d-soiie ¥ § w9 &, ek d-SU-HI13 o H&fh T o oIQ tferehay 8 seieql
H STEvIHAl Bl 7

() Y% Ak § WAl I TN 3 RN H R A hAATe TSl i G
o SR B 2

() < o SR O i A 99 SAfqq SR SAHeT Soiae 1 SU-hIv 3Tk
fgreht sen Gem &1 weidE e 2l

UH R, S STl e i YA hidl 8, SU qwdl i TEEHH gt off

yoiferd s 81 Frefeiad § & i | Reh SRl 9 Wi GIfed el shiar?

(%) HASH I FeH §&A (n)

(@) AfT®E e (2)

(M) AR g

(%) i gl i WeE

Y geieRieh TS F-, Ne 3R Na* &1 SR 70 § e woffed erar €2
(%) IR T (2)

(@) Y= F&ed &1 (n)

(1) TR FEhl H SeraR-geae A= TR

(%) TR & U HRoT § @ HE off T, Fifh S SR TAA B

T Tl o Hael o frefefad § 9 s o1 weF T @2

(F) TIF ST TARA T 3T T Ll B

(@) i S 119 o Torard § S goisreiA shi Teptell Sl 8, e STEE et
1 A AAEE Bl

() SFH T o U Y STt g iy SRl Seieil o Teilla whi SeR
T 2

() HT nAFAT Hehi G A n AFETG Ferehl Hi o § SoiaeHl Sl STEHT
Y fehTen W1 Fehd 2
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338 B, Al Mg, K Tl o foq enfeaes S1faeieror 1 9&t | $78 i 91 2?2

(%) B>Al>Mg>K

(@) Al>Mg>B>K

(71 Mg>Al>K>B
() K>Mg>Al>B
339 @@ B, C, N, F 3R Sioh foIu o1erq eifreteror 1 o9 © T&l %9 % 91 22
(%) B>C>Si>N>F
(@) Si>C>B>N>F
(M F>N>C>B>Si
() F>N>C>Si>B

340 @@l F, Cl, O @R N @ Siatierul el o 16X W Seh! T@Ers sifafswarsiierar
frefafaa & @ #H o i § 82
(%) F>Cl>0>N
(@) F>0>Cl>N
(M Cl>F>0>N
() O>F>N>Cl
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TR MELT a9 Tudeh 9= T

CHEMICAL BONDING AND MOLECULAR STRUCTURE

AFTeh FRav T Gfrent &t @isT & @ &, 39 aeal &t q
SEARIT FT @ &, faemm Sent & SR uv 37T Srer @t
FHITITIT T @ &, TT T8 T AT I+ o (70 geiferd aromsit
&I GINTIT &7 @ & a1 70 fagial @t faehfad &7 @ 21

ELE

9 Theh oh STAIT o UvEN SI—
o TEEME MEYT &I HiHd Ed

STAYNON ! U Fohil;

eeh o qen sEeht et &t
A T HebTl T HIER0T UL
FT TEH ST &l foa we

fafsr= YR o5 3TEY o7 o RO
T Ghl;

9t. Tg. 2 M. 3R Tagia &1 faa
T WA qA TS 3T i Sfhfa
T YRR T TR

TEEIIS 3TEY o HalSTehdl STa e
Tagia =1 =ame T 9o,
Hegars TeHl o feemers o
Tﬁ;l! aawzq%ﬁ;

faf\=1 yR o 9 Gl o o
R T K Gehl, 574 s, paen
d hersh HitAferd 8l aem SFugst i
afrRfaa i SRfEd T Toh;
AR fGIENEs ST ok
oTfUesh et faSId ol e
_OI'T{W%;

BESISH 3TeY i HehodHT i SR
R G|

%4 Weh 1 i WehR o el W THerss a1 el 21w feerfaa
o Iopte Tl o STl IS 3 dve Uk LA WA o ®9 H
feremm & e €1 e o wqe fafire o ol e &% &g
¥ foemE g 81 AR % U8 WHE Wi )’ wed € Wode &
¥ i oot ST o T WETIET i aE | uehe el ¢l fafa=
TEEf TS § 3ok 3T weah] (TXHTIST, STEHl SNf) ohi
T Tl TR0 el oh1  TEEfeh e’ e €1 Tieh THEfTeh
it fafe= ol o wArgEt o1 f=-fae fafuet @ g9 g9
o IROTHEEREY o4 €, 37 : SEY e U9 ScI= BId & AT HeR
i B ©? Shael h FASH & G Al €7 F pw ] T
i gt 82 T Feft oAl & S| < o foau gmm-gmg R fafi=
fagia g o 21 3 € Fia-ogd fagia, Gasshd wel seiae
T gigeuu (AuEEde) fagia, Sasehar sTEy fagia ae
aTfueeh e Tagidl

HarseRdl o6 fafy= fagral o1 faema den qomafes stael i
Yhfd I AR H1 Gel oY Iad § TE-HEA el o
TR forme qen 3Trerd HRof w1 THe 9 @l 2| Yos e
Afer Tt BH T WA w1 21 A s wfae U ok fag
ST i HH HT H Gehiaeh e Bl
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4.1 TETAh 3T skl hidcT-
T TR

AR g THERS SEdl o a9 i A o
fau = yar fhu Tu, AT 91 1916 ® w18 3R
TqeH W €9 9 Haree A <4 H g% gul
IR FAYIH TSIl (Valence)aﬁﬂﬁi?@'lﬁm
1| I A ek TE o1 3Afeharar W aenia of|

T WRHTIST il Tk o7 AR 3ifte (STl
Sorae Ud AfYeRgad) qe STel hefehl o &9 H
frefya foan s weel ¥ ifusan e Solee
afed B Hehd 81 S8 7 off 7 5 3 o1l el
¥ o TSl il TR Sufterd B €, Sl shsi St
W WE ¥ W T T TH YRR HfEAT ok aR ke
H Sufterd Tl Soiaeia oF & T i R o
2, St S 6 | 59 % S8l FHl W TH-TH
T SURd WA Bl Tolael T g RS TH
o sl fammm fefra & 21 oge 3 T
AR fean foh aeA0] wem qEEis e g
T BT 70 TR 3Tk Rl U i B | SR
& fau— difeqw wd sk ¥ difeaw 190 T
TAR FARIA 1 TSl JehY ST T Teh
W FXAT € qA FARH Tk ToeR W I ST
TRt sreesh Aff e 7, ererfq Gifeam e (Na')
T FAREE A (CI) 90 1 31 SRl (S9-
Cl,, H,, F,, T1%) H TCAMO[eT # 3Tey TRER seaei
*1 gewreH g1 i g €1 39 uferan grT 5 sqopet
o THIY] Ueh STEl T 3Tk STee] WiW whid R
TS Welleh : fordlt 310 o a9 o EATSH ok hdd
el I gl qEEtTeh gaeH o fewm o €1 3
ﬁmﬁm (Valence Electron) Fgald
%I AR WS@EF;'T:T (Inner Shell Electron) =St
TR 9 Qe Bid € 99 gea: gasE gl o
Tfferd 7 gid &1 Tk St Weee SO, gy
J AT H HASTR sersRl i fefid i o fog
WA Heheadl @l g&Ifaa foran, =2 o9 Udie
(Lewis Symbol) @ Sl 1 SSER0nef— ol 37rerd
o el o ‘oEE Wl 39 WehR B

. . ) e oo oo
eBe eCe oNe :O: : F: :Ne:
° ° ° o0

L]
Li Be
L]
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T VAR W e : WE ¥ S SR e

fogatl =1 HE W] o HAISiohdl Seiaeil sl HE

1 U T TE WA q@ F| HEA U6 WS

ISRl o URehe | Ferd It g1 HI TS

TATSThal A1 @ TR Tdieh § 3Ufeed fagsti &1 e

o e B T A1 8 H 9 fage sreren SR

Tl H1 WM I SR 39 Uehterd fRAl ST

Tehal 21

TR 3TTEeA oF Gad ¥ hider 3 fefatad

qel ol ST e 3MeRiia ferar—

®  IEd WRUl H I=9 fagq-uneTehdl ael sallsi
T I=a Tagq- FTeHeRal arel &R oTg Tk S
¥ I T g yuE W W

o TS RAMET W FUMEE 91 &R ¥ ¥ H
fomior Geiferd WAET R HEN: Th ol
TEUT T A1 eh el Yokl BIH oh Thereared
g 2l

* g YR ffia HUMEH qen ¢FEA Sohte T o
TR g T ol U Hid B S
T T STEIH 19T T TS FeIsRMl oietl (375
sznpﬁ,mwﬁwmél
e g9 rvaR B, fSeh aead Siw o
eheel q1 oA (Sgwie) B g

®  SHUTHA Qe YFIEA TEeR S STl g wfe
TR0 Hd 2
ITEM— ITYeR Fagid o STIER, |ifead aen

FARM ¥ NaCl &1 a1 f=fafad €9 o ggiien sn

kel &—

Na —y Na'+e

[Ne] 3s' [Ne]

Cl + e_ — Cl_

[Ne] 3s” 3p5 [Ne] 3s” 3p6 YAl [Ar]

Na" + CI’ ___, NaCl 319/€ Na'Cl°
CaF, 1 91 39 YR ST ST Tehell &—

2+ -
+ 2e

Ca — Ca
[Ar]4s® [Ar]
F +e

[He] 25’ 2p5

Ca® +2F

. F
[He] 25’ 2p6 YT [Ne]
, CaF, 312181 Ca” (F),
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YA T RO oF Sie STRUU o hoeasd
fffa sty =t ‘éﬂ?[ww €Y’ (Electrovalent
Bond) &1 9™ f&& T 39 YR dgd Al
(Electrovalency) 3T& 9 IYFEA ATET i S'OI—TIS'&IBI
1 WA o SR Bl 81 3Td: hiewaH i EHH
A HAISTehdl B €, STelfeh AR i SRUTcHeh FTSTehdl
T 2

Tl TMIARUT §R 3T 1 -1 a2 7 feh
foreeclta Aifiehl o a1 & 9N o 3o HeheuaTd
HITA afmgﬁ?h (Postulates) W 3TERd %\‘I A
AlfiTeh] oh SHOEN i THZH qU1 STeh] hAag & o
FHiUd o foul ¥ SeoiEdg gerd et @y &
Y I=H 3@ qeF h W iR A ® R emew
iR ST STAURONSA o 3TTEY T |

4.1.1 3t=er =W (Octet Rule)

1 1916 H HiEA A1 EE 1 TN & o=
THEH FASH o Tk "yl fagid ol fashfed
o 38 ‘TraTafteR TR W e ehT Tagia’
el Sl 21 39 Tagid o STUR, WATYST 1 FareH
A SoleeMl o Ush O] § TER WHY] W
TGO oF GRI STl GASIeh SoiaHl oh HgursH
(Sharing) % R Tl €1 39 Wik § WA 31
STl hIT W 3T W ohid &1 39 ‘ areeh T’
FEd 2l

4.1.2 WEEAST TET

T 1919 § WTER 7 o9 sifudifaet # geiem
foran 3= feer =+ 3T i SR 1 TRATT
foren e ‘HeHAS @Y’ (Covalent Bond)
T R RS- TeR % fagid # FdE e
(CL) T4 o 3T ¥ THA S Fehel 2| FAA
AT 1 TR fa=E [Nel3s® 3p° B, e
FARH AT § 314 o foa=m &1 ara & & foag
T Solde w1 AT 1 Cl, 3TU] o o I & FARA
AT o ST Teh Selr I oh WeWSH o &Y
o e S Ghdl B1 TH UHA § I S TRA]
FEASTA AR JH H Th-Teh el 1 AR
FIA § T R e HIY HAS Spe T, g
AN o1 ereeen Ta=me Wi T o 2

e fagm

*Cle + :Cle —>

G

8e” 8e”
I Cl— Cl
3 FEIRIT WATSA F ST GEqarei e
TEt fog soeRl & Trefua wta €1 3 geEn
‘o139 forg G’ wmEert €

311 Ul o foru off ofgd foig Seamd foedt <
Tkt &, fo Hge e ool T quH st e
8 Thd 21 38 forw g fram frefafea €
* UYIAF AEY T FH WAMRT % HHA TH

TR T & TEWSH & ey Bl Bl
* YW B T Y% WA Hedifed T A

TH-TF TR 1 ANEH 1 2
® TRl oh WEWISH oh Hea®y WY B Tl

T 39 I Y A Ieh 19 T e

F o 2

Y YR, ST qAT HIeH HARIGEE oh T[Tl
sTe o FAEiOT 1 &9 39 YRR el Y Hehd §-

5
- B~

H 9eHTY] FefiAl ol Sgie T A TR FAG TG
(Tgh) e 7d & (He formame) : T 9 yd%, ToaH oTeE W
ol SiASH AR A HFA |l e B

Teh SR I gRT GIFUd 1 UTHru] Tehet
'Hm?ﬂ‘ ) (Single Covalent Bond) gRT
eI wEeld B FE AR o AR o i
ag- IS (Multiple Bonds) Il B %I - &
o1 fmtor < et oF wem uw § oifud ot
T o TEHSH o ThoRa®y gl &1 &1 UTaTuLeil &
Te gfg aF olaRi gl ol WEHISH BT ¢, o
Ik o<1 Rl WEEAISH 3Teer ‘fg-a1mee’ (Double
Bond) HEcTal &1 SN~ HTeA - MRS
30 A wIEA ql SATedieM  WRETS oh Hew
fg-araey Sufted g 2
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T YR TAH (Ethene) o A9 § & HTeH
WA T fg-emsiy g fua e €

§ 65 et

8e” 8e” 8e”
CO, 31 ¥ fg-3may
H H
\C = C/
/ N
H H
C2H4 3:|Tl1
T HAST WHTILST oF Wed i g aret

T HEWTSH BT &, SIET N, 3707 & &7 TIgerem
TRATULAT o We A1 TATG § AT shrai UTATI o

e B, 99 3ok Ued Ueh TI-M&ie oaT B

GG = e

8e” 8e-
N, S
N, 37

e

8e” 8e”
CZHZN
413 WX AR w1 FH &UU (9
H=y )
Tw fag wrormett grT wewifvm goraeia Il
qqr e AWM & AR AUl UH ItE H
e ot TermoT fomam Sirar &1 7=ifa =g fasror a1
H SfEYd q IHh! R i U €4 § W T
AT, TR THh YR R 379] o fai= (Formation)
T 3Heh TUN I YA HHT qoh GHEH W HErdr
faerdt @1 ord: STupeH I oEd fog WA ercdd
St et €1 3% frafafad 1 & R W fera
W Fehell 2l
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e G foare o o stawaes o seieeHl
F FEA T B Alel THTYST o6 Farsiehdl-
T o AT GRI W 1 Wt 1 SSreuned -
CH, 3] ¥ &l 373 HASThdl eiee (4 hieH
T W Tl 4 TESSH o @R WHST W)
3T B T

HASThdl STl 1 el T&N H FOMIAl ok
Safeh oAl o faT gfq e T SoeeH
e fa S €1 e - co? e % fory
FTe dAqT AR GANSTRA-SAg Al o
I H ) 3o Sig KT 9K € co2 e W
SfEerd 3 HUEY I7 9 © R oW oA o
S TRATgEl g1 KT T HeArSit getsriAl 9 <
T fee §1 NH, TR R SUfeerd +1
O Teh FAGA i I ol <0l €1 37
NH; % o fog S aeAmgsti g fau g
Gl geERl § ¥ T Soide el Sl gl
Y M aTel WSt o THIATTeR Ydeh! ae
3] Ea) SR G (Skeletal Structure),
a1efd =hiF | AT fohe qRAETUEt o @l et
&~ 3 914 HT 9 BH W WA & o= gft
SeraRel oh! foaeor STEfya weTS Seide iHl
o &9 § qo1 9l TS w1 F@A o T o
A B S 2

= 319 H Aan foregq RomcHehal are
TRATY] S AT ShT T U1 81 STEge qel
TS o TLHT] WILROTAAT STqeel T (Ter-
minal Position) 9 €1 S/ NF, @1 CO> ¥
HHIT: AL AT HIeH hed W] & &9 §
o smim

Tkl el o foIu Hewifed selaeia 3 forem
o YA ¥ Seiaeid gOHI hl ST A1 @ -
e o T fohan S ® o1 9 Tehieh! Seleiq
T oh &9 H Td &1 SR SAEvIHdl T ¢
o y&® AEfyd WA | Solael ol sfde
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(T=®) U B SN FS AU3T q1 A F
o9 fag wweel i groft 4.1 § = @ 2l

ARUN 4.1 FT SMURN qAT AT Hi AW =AY

STUT /3T g9 G feuur
H, H:H H-H
o, :0::0: :0=0:
A0 Ny
© 0.0 Q/O\.Q:_
NF, F N F F I}I—F
F :H:
o :ﬁ: i
COSZ’ O ¢ O O—C—O
LoE
HNO, o :Q:H T
:Q:_

* g% H TR %ﬁ%ﬁm 1 foramg (SRl 1 ggwie)
T Il R

SETEATT 4.1
CO @ 3] & g9 fag W= forg
&'
1 : e qA TS GHTILST oGSt
TR I A GEAT HI AT
SHIe q SRS TS o 9 (GrSTehn)
1Y o fa=me was: 2% 2p” a4 25° 2p* Bl
37d: ST HASIRAl SeFAl I T
=4+6=10
Ug 2: CO il SMERYd HE= : CO
Ug 3: C 91 O & " TH THa 3TaH
(@1eifq uh wEwife selae g ford)
c:o
SIS o ITHIY] W 3T2eh Ui il
Cc:0:
= g J SARM, C T THE sew T %
w9 H T9IC

CO’JT C—O

W T G W hle shi 3 Ui Tl
T 81 TWEAT C @2 O o e ag-3Tae i

e fagm

STTEvIhl Bl 81 37 TATIST o He f-arey
fere W Al wReTett & foru st fem @
T Bl ST 2

GG e

91 4.2
TR M, NO, o fau ‘o 9=’ foel
T

1 : RSN qAl SIS WIS
GATSTohdl STl i HEAT—

N(@2s®2p°), O (25 2pY

5+(2%6)=17
TS RUMET o oI Toh gofse STHT Tl W
TR T T e

17 +1 =18
g 2: NO, I ! €A G 6l 80 36
TR fore g &

ONO

Ug 3: ESISH q Ydsh Afedis o i Th
T STEY T (ST Uk TR s g
fora) qen SfeRiiSi o TEATIEl o Tseeh Ui
FW W AELOH W UG A IORE Th
THE FEFR I T 2

<feh 39 YRR TeeioH WA W T YU TEl
Bl 81 TEAT N @ O o ot ag-3Te i
HERTHA Bl €| TEeSH ael SAeRdSE ok
el T T o o9 TH fg-sTEy sH W
e frefaled ogd fog e W gt 8-

BxN:SJ
-

6N [f8-¥-5]
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4.1.4 GO ATIAIT
24 g SR A= st i arkdfae SThfd
Tl gwiidt €1 sg-wRavE el § gyl e fapd
forers weaTY] R Iufierd 7 et R STA W o g
2| BTeiTeh Teieh TRHIY] W WhiHel STeT S S HWehel
2| TEAHTI[ S70] 1 S ok ferdll TRaTy] W Sufeer
HIHE STEYT WA S Tehdl ©1 SR 0]
3T oF ToRdl IXHIY] W Ifeerd HiHa STeel Sl 39k
fomiferd (Isolated) feerfa (etefq qa TXATY] ofereen)
T Gl Seiael ohi ol HEA Tl e aa §
THTY] i YA ToaHl i @ ok 3R F &I H
uRkefera e < Tehar €1 39 39 YRR Stfyere fapan
ST B
FEIEA | TR | g
S T R
1| eTiferd (F@wiST)
_E[Wﬁﬁ%m}
ThiHE STEET 1 TR 56 STEURUM T S
? T o] eroran oreM H Gefud WA W yES
HRUIfSId g8 | ¥ Teh Seieg q UhTeh! I oF <Al
TR SUfked ©d B
T, A (0,) & Y H Al O, FT ™
Waﬁsﬂw%@ﬁw%—
I H

tfeRdis o TRETU[SH 1 1, 2 qen 3 gN fafed
fepan T 2
* | 3| Tafed s O TH] W HIHA T

:6—2—%(6]:1
e g fafed ia¥Y O WA W HiHA &
=6—4—é(4)=o
e 3 g fafed 3id¥y O WA W ®iHA @S
1
=6-6-_(2)=-1

3d: O, h 31U] %! HIHA AT oh 1 39 TR
WW%— o+o

O ...
g7 e
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Tel W &AM 7 9 91 e 7 foh wida e,
3] § IRdfaeh e YUHT he &l i € -
GTE § GOSN TR ST Rl S © A0 H HaArSThdl
TR i oREl-SiEl e | HerHdl fHerd 81 widd
3Tl i Terd | fodl Tfefis &1 &% 999 <9
et ® § 119 el &1 9= 1 99T w |
el faerd €1 eruTa: <Aas St arelt JerT
e Bt &, Tder TRamurstt uT gaan widet Smar
TN TRIGET TATT ol gia STeie it Y5 wedarst
Ugfa W ameniia €, food ansfaa uwamoEy &
e TASRRAT o WIS WA ®T ¥ Eiar 2

4.1.5 oT=eh THaw w1 €

Tafy eres oM oreid STANT €, Wg T8 9ed o]
T R ST TehaT 31 98 B Y A6 R 5
fada oMo oF qwi W AR T @ qen st
SHTeieh AMTeh] 1 LI ! THZH § STAT gl
21 a1k o & A Y@ STueE B

ST UTHTUT ShT 3TYUT 3Teh

T Afhl o Shedlg 0] & 9 AR Sufeerd
TRl FT TE@ S W A Tt B1 TE qEud: S
adl o AifeR! | g 2, fH GarRdr saeel
& =R ¥ %W Bl 81 3@ ok fAU- LiCl, BeH,
Je BCl, T4 T

Cl
Li:Cl. H:Be:H.Cl:B:Cl
T&f W Li, Be 921 B % Hawohal Toiaeidl @l
T HHY: 1, 2 91 3 B 3@ YR o 3 Al
AICL, 9T BF,
Tfauw Eﬁiﬁj'_-f (Odd-Electron) 3107
37 st fo sl 1 et e fom| (Odd)
B B (SU—EfeF RS, NO 991 T8esH <13-
HlF1EE, NO,), W |t W] 31k = <1 e
TEl T U
V=5, =5
gara (Expanded) 3T%ch
3fTad HROM o dIER qAT $Heh 3T oh 3fadi o axell
T Ty o folu 3s @ 3p Herehl o Sifafed 3d

Rationalised 2023-24



106

Feeh off IUASH BId &1 3 Il o ek ARl §
ST THI] o WX SR 7S W AUk selee B 2
74 TETRA 9T (Expanded Octet) F&d 2| T ©
for g “Aifienl W eres oM @ A& e #1 1@
TR oF FB I §— PF,, SF,, H,SO, T ¢
YGRS AfieR|
F F 10
. '/ |/ h—5 85—
F F :0:
PF, SF,
P WA % WR AR S qimm] % AR SRS WHW] & 9w SR
10 3@ 12 3PEA § 12 3§

Uoreh 924 I ® o Tow W] u§ eHe
ik oft e ©, o ereees w1 re g 21
ITRN— T SEFANEE H S THV] o =R 3R
TSRl T 3Tk Iufterd el 2l

a Cl

H,S0,

Cl—S—Cl S Cl

e Tam =t 9 o= wiuar

e w® ww ? fo ored fom Sopw W #i
TEERTH e W AHRd €, Wy Fo S
T (S9— ST don foreld) siadis qen
T W off waf gt & aen e s
AR T S XeF,, KrF,, XeOF, S|

° e fagid 1] 1 Ffa Toe T L 2l

®  IT 3] HI Fell, 1Afq Tk WY TAfAA K
TR H pw ff Hend 7l 2l 2l

4.2 MITeR AT e WAIST 3TTser

ST 3TEY foR= 1 Hida A TEH STEHERI §

7 Frehd Frremerar @ T 59 e o1 foer A &9

b fAfafaa qei fadt -

* I WAV ¥ Hafyd oAl TH FOMAAl oh
I T WA qefl

®  YEIFl UH HUMEH i 3 H Fafked g &1
fafy, srefq freeela Aifies 1 sTas (Lattice)
ffia &1 =1 fafu

e fagm

YA T AT SRR, STefq IS 9RHTT]
T 9T A UF 9 s o o fsheE g
=1 Bl 81 T YR SIEH TRATY] GRI SR T8l
W W HOMFA W el €l

M(g) — M'(g) + e ; 3T Tt

X(@+e - X (g) ; SO e Th

M'(@ +X (g — MX(s)

o Afer TS, A H, T wewen #
TRHIY] R UH TR TSV HH oF HorRawd B
el Tt IRede @ (Theh 3) | Seigei afe gfehan
ST STl SSIEH & Wehell T TEA AR ST
ed SO & Bl B geiee-olfe o hereasy
B ATC HS-9REdd 1 HUTcHh T Solee a4l
(Electron Affinity) B %I

Tg e ¢ fo smafe sy fre smaem
Tt qur stieea e SRl e gt
AT el o sitel AT WITr ¥ oS &

TR SR ATl o eFTEA eifeareh el
Y qU HOTEA ek axel © fAffa e €1
AefTfeaes a9 o9 oTell STHIHIH TP T A9dTS
21 T8 e Alfehl § 4= o ®9 F Bl 2

s ARt o foreeet o MR 9 SRomEE
ifedia =g # fafia w1 @ srafted w©d €1 3 A
H@THQT A (Coulombic Interaction) 9 g
TR S @d 1 3P o SR Sk F1a=M (Pack-
ing) Y T 311 HRON o ER R & Aifies fafq=
fredia wwEmel § frefad g €1 Ssew &
fou—wifeaq seitEe, NaCl (@S 9 ) &1 fhea
T A g T R

5 2 P
A , >
H—F
y N T
\}" y ) )—
\’ -
,\)‘ prs P
»
¢ “—¢
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AR S o fau sorRlT wfed Tl qen
A USd 1 AN oA B Gehal B U9 H
forea 9 &1 wWifTd 3Tk S o o |
IO G Sl o HRU BT ¢ ST ok fau-
Na 91g ¥ Na' 3T o a1 i 3T el 495.8
kJ mol" ¥, Si&fF Cl(g) | Cl(g) s ! seiaeH
wfe Tl sheel —348.7 kJ mol ' &1 3 < 1
M 147.1 kJ 81 1 g8 URA (Value) @ifeam
FANES o Toer Seieh Toedl o O (-788 J) &l
TveT Sifush UfARd eIt ©1 SE YR wqol w9
el B ol Sl SN Sofl § el sffush el 2l
ara: Tt amafses difier & Tenfae =1 U
M 36 i % foRe Sieeh Tt oF W
frdfr adt 8, 7 fop et avereer ® 5@ smafaw
FIiisT gRT 3ffeee i W

<fer sttt Afienl o fatem o o et
Tewaqul ffent furh 2; ord: o3y, en 39 fawa o
FD R AR W |

4.2.1 STAek TSl (SATeAeh SHet)

Tt smafer 3 & Tw Wie i W g
ERYT W Wuesh M H YAk HA o+ g
JMEYAF Foll S 3H AR i STeTeh T’
HEA T IR o fAT— NaCl i STeieh Toedt
788 kJ mol ' 2| & 21 I © T T Hict 99
NaCl ! Ts Hidl Na'(g) 91 T Hid Cl(g) ¥ od
T T G T o AT 788 kJ Sl i STE¥THR
Bl B

39 gfshan o faudta oast ot oA § 3Ttk
T 9 FHE SAEY 9Tl A ° Yfqehuur Iel-gEi
g o 21 Hfe 3 e fifadia g ?, em:
hael SAHYT T HqhHOl Sl i 3T fopen 9 &1
St Tl 1 IReherd i G99 Tl 8l e
Sfafg @ Hefd wRep! ol ot 3Hd wimfad
AETTH 2
4.3 AT UTe(A
43,1 A& TS
fereft o101 § srraifera weATOLeH o fEeRl o St
ATEATERT G ‘TS TaTg ' Fhgerrdt 1 ST Tars
TegHt, TaH-foRtur foada aen e faad (Elec-
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tron Diffraction) faferai =1 g 9 @ &1 S
21 T TR 1 AL AT = wenet § |
STETA I 1 Yeh TLATY] STEE-TaTs § AR <l
g (foa 4.1)| veEast omey o Yot W]
IS 3T CAM] HT  FEHE e’ weendt 7
Tafa srawen § foret wmoy & wiE, &
W= UAIU] o RIS o Wueh ¥ gl €, i freen
IUehT TS Fear art St €1 geHarst e
T & A § STEfd S UHEY WAV o o

Ty Iy

| ! I
1 | l
)

|
1 | 1
| |
| |
|
1
1
|

A B
ferd 4.1: GgqarSit 319 AB H 3794 TTals

R=r, +rg 8T R SW‘UHW?\HQNrAarB

FAV: A 9 B WA HT Geqai e g
0 T e A B 21 aieare e ammsitaa
areRe § WIS hIvT WiEd URHTI] T WHT THT
Tt ot 21 it = 2 staeen | fafa=
31U oF 3 HEY WA oh o9 hi G 1 ST
AT Bl B 1 A 3T0] o foIu TegErst qen diet o
et &1 fomr 4.2 o <wrfan @ 2

ferT 4.2: 3R & 379 89 Teqae TF areiare A
3 & g9 FARIT o WA FT 3R 37T T &
(ro, T r, FG: FETA 3R Gegared e
39rld €)1
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% T, fg qen &1 erEel #1 siea warsar
ol 42 B @ W ¥ F5 W st w1 oTey
weTgal gRoft 4.3 § & 7 ¥, Tafr o g awt
F TeEAs T 9RO 4.4 § HHAGE H T B

4.3.2 3TSI—<hITUT

foRelt o7 oF Shgld TXATY] o STEUE IURd STaeH
AR I I YRV A Alel Affeiea o oid a7
At 10T hi * 3T 10T’ hed &) e o i fedt
o ¥4 H oo feran ST © qe Wi AR o wegH
faferml grr o feran STan €1 STeier v 319 o el
TRATY] ok MU 3tifeeal o faawor &1 SRl <
21 ord: THY e eTuy/Sifeel 3P Wi STl i
FH o gErEar et §1 S-S o 319 § H-O-H
TS 101 i T YR efud feran s 21
HOR

PN
H H

4.3.3 IS TEredt
et fearfa o < wATOpet o ot fafire el o T
et i e o TeTq Teeaeh Sl i ‘ eTee et
Fed T M€Y T w1 AR kJ mol | BT B
I — BIZSISH o 310 § H - H 3T/l i 3Tee]
et 435.8 kJ mol ' Bl §, @7eifq
H,(g) — H(g) + H(g); A,H® = 435.8 kJ mol '
TH YRR, TG e WEE (- 0,
qM N,) ok foq stee woedt gl
0, (0=0) (g) — O(g) + Olg):;
A H® =498 kJ mol '
N, (N=N) (g) — N(g) + N(g);
A H°=946.0 kJ mol '
Ig e Tyl § fo Afg e fase oo
atfuer ®, al ey 31feeh geiet BT HCL S T favm

Tfeertar fguRamper o] o fag
HCI (g) — H(g) + Cl (g); A,H® = 431.0 kJ mol
TERHAE AU H STEy-wmed w1y
aAfersh et g1 81 SERomed-H,0 0 ¥ & O-H
el o faesad 7 Tavas St que T )

ECIREICRIE]
AR 4.2 B Tehed, Tg aen fir arreiet @t oivwa wergat

e T TGS 2ATaer TaTg
HhlT (pm)
O-H 96
C-H 107
N-O 136
c-0 143
C-N 143
¥ 154
Cc=0 121
N=0 15
c=C 133
C=N 138
C=N 116
C=C 120

AR 4.3 D AT 0 @t TS Hangar

7] S FAaTg
(pm)
H, (H - H) 74
F, (F-F) 144
Cl, (C1-Cl) 199
Br, (Br — Br) 228
LI-1) 267
N, (N = N) 109
0, (0=0) 121
HF (H - F) 92
HCI (H - C)) 127
HBr (H - Br) 141
HI (H-1) 160

AR 4.4 WE WASH Beumd™ r /(pm)

cov

H 37

C 77(1) N 74(1) O 66(1) F 64
67 (2) 65(2) 57 (2) Cl 99
60(3) 55(3)
P 110 S 104(1) Br 114
95(2)
As 121 Se 104 I 133
Sb 141 Te 137

* fEU T 0 Uehe el % fAu €1 o YR o enel 5 e o
Turtan T 21 (3Tt ggfh o fow wehe 3 o 3@)
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H,0(g) — H(g) + OH(g); A H} = 502 kJ mol '

OH(g) — H(g) + O(g); A, Hy = 427 kJ mol '
AHHH | iR 7% <eriar § fo afafda et
RfEafd & ®R fgd@ O - H ey § $s aRadd
3T 31 7€ W1 o O — H 31ey &1 et faf=
gl (- C,H.OH UgHTeT) den wiat # o= gielt
21 THITTT SEURATULER 27Ul W Wieq areram 3iiee
MEET SHell T0eh IS T WANT fepam Srem &1 29
W s o foIT opet e oo qeedt o A
foeafea emeiel ) " g fawfsa feman s 21
ITE o fau— S 310 § O — H & i
fra sTree Tt
502 + 427

2

=464.5 kJ mol

434 IMET hife
HEGAST ATE i og@ ST o I aR fordt
3707 | Y URHTOLA oF W Ml shi WET TS
T:l'ﬁﬁ‘(Bond Order)mﬁlma?m— H,
(foed s wewfem et g™ ©), o, (foww =
Teuiea e W B ©) ao N, (fFed 3=
TEISId Toi9e I Bt €) H ST hife FHA: 1,
2 @ 3 B T YHR CO H, SEl W wEd adl
TS ok s i Teaferd 7w €, erey whife 3
21 N, 1 Y HIfE 3 T dq 3GH1 A H® A 946
kJ mol” ¥, S f&Et fg-wmmeia e & faw
Faifess 2|

HOZAEE ! STUTAl AT STl ¥ ATEE hife
U et §1 SEeXur & few- F, qar oF o
TS HIfE 1 71

T U N,, CO T NO' i 3Taiel whife 3
21 oTupstl o wenfae it wHE o fe we SwEnh
AT TEEse 9 ¢ foh smeig-hife aga w s
Toed waedt ¢, et orEe wag wed B

43,5 IS WTEATE

it fAuifa gt (Parameters) & ged o
forelt o1 o &9 o foau T TEE-9EAT &t aR
vt &l el €1 SN S 31 & Frefafed
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FEART (19 1) g0 ¥9H ®9 9 fefya fean s
el 8-

%Q@ © ]‘9{0 \Q@ O ’%:o

\V/ \@ < > / \@

0t 0 o .0
I oI

N7

NG,
& / \O)
0 @)

11

g 4.3 0, 77 &1 SR Q=AW [Feer 1 9 1 3 fafea
(Canonical) &Y g91d &, STafer GeaqT I RIS
G (Resonance Hybrid) &9 geifdl 8]

T & TEIST B Tk O — O Tshet 3Tse 9 T
0 = O fgemeiy Sufkerd 1 0 - O e qen fgersial &t
YT ST ATgal HH9T: 148 pm 91 121 pm 2|
T g 9@ @ § fF o, o H I 0 -0
ST T TS T THE 128 pm B g1 3F: O,
3T H SHTeRTST - ATeRdTSI 3T, Tehel el fgeTrael o1
Heedt &1 o1 ST ofgd SISt [ 9o 11 6 § i
off T T O, 319 ol FT&fud Fal L Fehell|

0, S8 STl &1 STEfas AT Hl T HIA
= foq SIRGIE YhHeUdl (Resonance Concept) En|
T foha TN $6 Hed oF ITTEN S R
30T Al Shelel Teh 3@ GToMT gRT Frafua &t
fear S @R, @ @uE Wi, e W wuE
Waﬁmﬁlﬁ?wanonicanma?
w®q U et st 21 37 fafeq gt &1 o
HHhT (Resonance Hybrid) 3U] @1 ar«fas feefd
%1 Frefud w3 71 o1@: 0, Hi ST J T (1
9 1) SHH! fafed GoaAd € qen Sl Hehiid &9
(T 111) SEh! aTEdfaeh G= i Fefid o 8
AR I T ATt IR GRS S @) e
ST AT e SEATFARS U] AR L= ok |
3T S &
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IS 4.3
COY A &! W& &l &A@ IR g1
Hifs|
&
e qAT SIS WS oh HeA & Tkl
3TEY T Toh f5- 76 aTell oEd-Hal hEre
EE 1 ardfdeh G &l e & &
fau st €, wFifer SUeh STER i -
SifefiS sl i e f9=1 8 =fewl TR
YIAIfTeh AR oF STER SHTai-e 3 o -l
T 3TferdISH STael 1 e GHE B Bl
3d: SIS AT i ardfde G shi -
fafea @= fafeqd St (@ I, do0 1) &
TR HehY o &Y W I S Fehell B—

:0: :0: e

I «—> | «— |
_ /C\ _ //C\ _ _../C\\,
0 :O: :0: :0: :0 .O-
I 11 111
ferg 4.4 COZ & o7 Ht T L 1 SR 11 @7
fafea Fe=mmd
ISR 4.4

CO, 31U] T HEAT i AT Hi

&

CO, o Y § He-ATfiS 3Tae i s
%1 AR W 115 pm €1 FHA shieH-
STFESH fg-3TeY (C = O) AT HIA- SRS
HeTeer (C = 0) T AamEal HAI;: 121 pm A
110 pm &l CO, & e~ oo  3TaeT
@l (115 pm), (C = O) el (C =0) il |HHA
SeTgdl o w9 eidl 21 398 9% W g @ T
CO, 7] F Frferh A %l shadl Teh 5d
G o STUR W YRR 78l fopan s dehanl
37d: € SAELIH & Sl & Toh Heh Toq T 9
Afe ogH WA faet ST 9 co, &t
HE &1 39 fafed ST (1, 11 den 101) o
YRt o6 ®9 § YRRG fohan STl

105:C 0; <>:0:Cii0: <> :0ticio;

I 11§ 11
ferT 4.5 co, 77 # S1gAIR =AW 1, 10, a9 1T
di fafga weaarst i qord 21

e fagm

WO ®O § 9 el 1 Fehal & TR

* AR U] i T USH wl €, Hifw
TR WL i Toil fovelt off fafed dw=m &t
TS @ % el 2l

® IS o HRUT A o eI Ed W U
F3d €1 T YHR O, 3] T AR Tk &Y 111
I Holl, AR &9 [ T 11 1 el o AH
g ot w9 B 2

AT Feheu 1 § Hefed e difaan ¢, TSeeh
e aTaveeh B Sl TRl @ fh—

* grxa ¥ fafed WISt &1 &5 At
&l g 1

o Um & B T o] w T o fou
fordt fafeq w1 & &9 o 3ufted @
2, Steifer 311 T fepelt gl fafea e
%1 ST 2

o fofed Tx=Iet & wceal (el a i)
o HEq Y SH oTel 9 STE i a9
&l g 21

® gr«fa® ®9 H 0 FHI had Uh &l
Bl Tl SH had TH g WA 5N
e et feran s Fehar 21

43,6 ATSAL-YAUTAT

ot aeier 1 Ot faera srafTeR =1 GEEaArSt g
T TRy feufa ®1 Wy a%dd H wE ot e
Fifiter qof &9 T egarst a1 st T B 71 7Rt
o foh 1 BTESISH THIVET oF o o alel Teadrsi
e HT Yepfa off e7ifver ®9 @ et B €

S HE HAS STEY & FHHE AR & &,
(S/- H,, 0,, Cl,, N, T F,) =1 &, qa Tarsft
TSR T A TRESH R HE E9 Y ST g
21 3T URUTTEEY Seiaei™ 71 S GHM e o
3% e § Sufterd ET B T AR WK e
‘STYFT FegaArS Sy’ HE ¢ 39 faufid HF
S fovm TR o] o < wAmst o s gaifea
TR I TSN #1 SR faenfi @ S €,
Fiifeh TR 1 TIE TR TESS i TUeT
affuess et 21 38 whR fffd H-F 1ey T e
TEEASE e B
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§av1 o %R TH 37] § fgga Mgt (Dipole
Moment) S &l Sl 81 fgyd 1 37& & A qo
YT 3R UMk TERl o W™ k1 T
U oF &9 § GG feRan ST 21 39 W
e wisx ‘p’ R gwiEn S @1 3@ fefafed
TeieRToT gRI oAk feRan Sl @

9 WEAT WX feae # 97 1936 F
37 X Tl o foardT aerm fgya smor &
G 37eF 1 o foTq TeeT [REBR foa
T 3R] T XA o foTq Gga ST
& T %! fEarT A 4 3 S 2l

foya sl () = STewT (Q)x ST YoFRRTT i
EUNY

fega et i wm=rE: feame (Debye) W&
(D) o ®9 H el Tehan STl 2

1D = 3.33564 x 10°°C m

SRl W C Fed qe m HX 2l

3Eeh e fgya el ue wfew uf €1 W
o R T TF BR IR gRI 90 S €, forgem
qesd Tl oAk ohg R feerd giar @ qen s faw
A S5 1 3R @ Tl 81 W WA ° fgya
STEUl bl IURIfq ST0] &Y SEd WEHl o SW g
T () g IE S T AR FT R A H
Teash f W SR S smomeres fR W g 2
I & feu— HF ¥ fya ool ol 39 YR 20
S Tkl &

+—.
H—F:

TE IR 3] § IR T o aRald i fEum
TaeTal 81 e ST i shid dX i feen fgyE
ol o |iew 1 uREiiss e o faoda 2

TR T[T H fgya STl shaa ST oh
o faya, £ * emreier arepof’ shet <man €, W & sk
W ot R war ?1 @ A gy e & fafue
sl o fgya st o) o fafw=r sl & fgya
wwﬁaﬂqﬁw—ah (Vectorsum)%ﬁﬁT%lWéE
foau— <t o 370], forgart apfa aiferd &t €, & &
O-H 31&9 104.5° o v W & &1 39 10 | Fef

111

fgga el &1 WM 6.17 x 10°°Cm [ID = 3.33564 X
10°°Cm] B T, St & O—H el & fgeai o
AT ok WRY-T T I B

H H
) RN
0O — O+—
) (@)
ey Tyt qfeom fgga st

Fd fgga smel, p=1.85D
= 1.85 x 3.33564 x 10°°C m
=6.17x10° Cm
BeF, & fort fgya el 1 7 3= & 2
T safer g © R 39 o1 ° 1 gEe erey fgya
fauda faen & & € qen Tw S & 99 H gHw
(Cancel)sh_{aﬁ%l

F—Be—F (¢— + +—)
<— +—>
BeF, 310] H BeF, 310] &1 &l
3T ST fgya s

BF, S =% W 7] § fgya el
I B ®, FEfU 39 319 § B-F /e 120° o 0
W B € 3 0 W q -l ok WA el
faadia feem o i 31 59 BoRa®y Al 3T
1 Pl TRT-AM I &+ SR el 2
F

/
F<—=B+—> (e—++ +>)=0
AN
@ F (@)

BF, 37 (%) 394 fgyd @1 fA&q0 (@) qRomHE
feya sl &1 fF&q0

3MET, NH, e NF, o 3TU[31l &1 Teh U=
SREX0T | <A Aupe R et B R,
TS eSS o TRATY] W Teh Thih! Teiae= ™
Sufterd BT 21 Bleliter ofeia, fagq smomershan
qESSE KT erden eAfeek Bt €, Wg NH,
gfomHt fgga el (4.9 x 10°°° Cm) NF, o fgya
3ot (0.80 x 10°° Cm) = 37deN tfueh gl &1 T
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T & o NH, ¥ Teeis T W Sufierd THTh!
SeiaeA ITH 1 Hheeh Tgyd S0l o N— F 3T oh
faya-smeont o aftomt faya-smeet @t fauda faen
Il 81 ek T5yE STHYl USThT o g o R
N-F 3Tay-3Teul o IRt fgya-3meet o ga@
1 H HAT 2| Tk Fera®d NF, o 310 &1 fgyd

WTIT%I
! V!
N S

NF, & qftomdt fgya-smeof
=0.80 x 10°Cm

NH, # uftomt fgya et
=4.90 x 10°Cm

T A ok fgya ST i "R 4.5 | fear o 21

o9 R gegdrst sty H onfde smafte
AL Bl ®, SH YR AR ey § ot a1
TEEAST 80 Bl g1 A M€l oh e

e fagm

Hegarst @0 &1 fae=d N (Fajans) A
foretferfn o & STar -
® A ok STHR ok T qAT FMIA oh STHR
TG W A 6 o Feadrst a0 | gig
Bt /1
® yARE TA HBUMEH W AEY HI A d@T o
AR e & Tegast de ¥ gy et 2
® AN TR AT E oF HARH H | 39 &
HT YA ST ik B 7, foe
SolRieh o &R de1 & ga1 oigsti ok
W?W%Wnsznpﬁ HT TUET
Tehu Hqel o SEY (n - 1) dns® B B
R, SROTEH oh Soieea 3Teel <kl STeh{td i
IU gferd Sl 1 Hold: Sk HeA SORT hi = Sl
B 78 Wishan wewasl e v o ey ¢, o €
Rl o HeA SRHIA SO Sl | Ifg Bl &1 &1
T AU~ &THAT, FEUMH hi YAl a0 oF gal i
A A o R €, S afwferd &9 9 Rt smafes
I 1 TEHANR o Ufaed i i s

ARUMT 4.5 FHS TEHT RN ok fgga-mgut

U T YhR ISTEI0T fgga-smgut TRt
(AB)
HF 1.78 kieea
HCI 1.07 kiseea
HBr 0.79 kiseea
HI 0.38 kiseea
H, 0 faw
(AB,)
H,0 1.85 LS
H,S 0.95 LS
Co, 0 kiseea
(AB,)
NH, 1.47 rewane-foafae
NF, 0.23 rewane-foafae
BF, 0 [ERLE LIRS LR
(AB))
CH, 0 EGEavce]
CHCL, 1.04 EGEavce]
CCl, 0 EGEavce]
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4.4 QIATSTRdT ShivT ST TH
ufaersur fagia

ST Tt ST 1§, gH STRON S0 1 TR
1 oaren o @) . W € 0. e fagi
HEGArS SThid Sl IHH o Ay U WA HrEifary
3T AT 71 I fafer gegem 9 1940 & fasifas
qel died (Sidgwick and Powell) 5 TRHI[SA ok
el 191§ Sufer TeERi FrEl % e g
I fopaneti o oMaR R gfaifed &t offl 39 fafy
Sl ArEad au feredt (Nyholm and Gillespie) q REN
1957 ® IR eiferer faenfaa qen genfua femam)

dt. T@. €. 0. 3R, fagia @t gy grond & -

® 37U I ATHIA, HET W] oF STIURT IUfeerd
A o g (A ST SR
1 G T A w2

* i Y] o HANSTRdl HIST H SURT geia
B
Sﬁfﬁfﬁ Y (Electron Cloud) W R UMHh AT
Bl B

o 9 TomR o fafm H o ferfr  smer
BH @1 I i B, SHeh Bowawy S
Jfqehdl A ¥ ®Y 8| 39 feafd ° 376 7
sAfermam i eIt 2l

®  TANSIHA-HIT I Th el & &G H T Sl ©
T Sl T el (Spherical) Hd8 T TH
TR W arferhad g0 W feer g 2

® WS i Th Thol Seiogi 979 o &4 H 901
TH SgITEY o < AN A Serde I Rl Thd
Y I HEHA @ 2

* IR U & F A AR ATR TS G
IFTr S Tk, o 39 feafq o & wE. € W, e
igel UE Jedeh GOl R @ gl 21

TolaR( I ok sitel UieRsur 3 feRamd -

fefiaa w0 o Tedt §—

ThTh! I - ThTh! JH > THIh! JH - 3Tel g1 >

(Ip) (Ip) (Ip) (Ip)
> Al T - a3
(bp) (bp)

113

TR qo feredt 7 golagii o TshTe! Il qe
STE I oF HEwerqUl STaRl i SATEAT id §U 4. TH.
3 W R Hied ® gUR o Uwehl soleed g
Shel9 THEIY] W T (Localised) Bd €, Wellh
Tk STt T < WHET o oY Hewifid g 2l
31q: fordll 10 o STrall Seiaei T8 i STUET TehToh!
T 31feeh TM =R &1 $Hoh ThoRa®q Tehidh! ol
T o S ThToh! FrH-TER 0 qen et -
afTelelt o T TN STk FiieR ol gl €1 S Wi
el o HROT 3T0] Ht Gefad eekfa | Fa=ar gt
@ 1 ] o oTed vl off Sfa¥ o S B

=t T 3 f. R Aied &I WeEd ¥ U &
ST STl 1 JaTA™ T oh folg STogstl i
< et o sfer S 28—

@ & 37y, fer Sl ey WS oft TRt

T Iufterd TE g 21
(i) o 3707, FTeR g™ URHIU] WX Ueh o1 Tk ©

atfereh TeRteRt g Sufiera g 2

RO 4.6 H TehTeh! AT hard THT] A oh
AN 3T el JTHI i AT Tl AB UHR o TS
gl Sreren ST ki senfufEl <9iE T €1 Wrol 4.7
H o 39 WA AU qe Al ) sty 9w 2,
S 1eh sl TR W T A1 U G 37ferh Thhl I
IUfkerd eid 81 WROM 4.8 3{upe shi st o faeqor
(Distortion) i =& &Yl 2l

I "Rt 4.6 H <9I T4 €, AB,, AB,, AB,,
AB,, T AB, YR o MMt o s o S
] A T =R IR ST JrHl qe B WA i
el HAY: 3W YRR - @k, i guad,
TIqoheeh g, e ia-fefafiel aun sewashia|
TH YR &I SAfEfE BF, (AB,), CH, (AB,) el
PCl, (AB,) 33T BT T St €1 39 1opef i
sifafaal @l fig-SLt (Ball-stick) #iedl gR1 A<

wefSta fmar T B
180° 00°
120°
BF; CH, PCly

BeCl,

foT 4.8 for1 TTH1 7 oI hRIT WHIY JH ST BT
s
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e fagm

TR 4.6 ThIh FTAIET FHigd UTHTI] Jokd LT i Sriafe

AR Tl TSR Tl EIMIEED ITTEIUT
=t e Y ST et

180°

2 L a N B—A—B BeCl,, HgCl,
Recipl Recipl

3 BF,

CH,,NH,

4

5 PCly

6 SF,

* T T 1 STAR Shad WYUl S i 9 o faw e w0 ;3 sneet w wE qwid €
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ARUMT 4.7 FO T UL /ATIA St MRfaatr (wafata), T7or FHga WAy W Tk o Th § A
TeRTah! g I Sufterd )

37T F
TR

ot
Ht T

TehTent Tl
Ht &

TR

T

TR

ABE

S

SO,, O

29

ABE

Prartuita furfust

NH

AB,E

272

S

H,0

2

ABE

SF,

AB.E

3772

CIF,

AB.E

-t

BrF,

AB,E

4772

i T

XeF,
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e fagm

WRUT 4,8 IMEER-TH AT TehToh! ITH ST FS S0 Tt TR

i STaEAT

Ht G Wl W&

TR 3Tehfd

i ST

AB.E

ABE

272

T

' 1 y y

S
(AN 20N

oo 1195 & O O

Ugifaer dR W gHHT 3Tl
formToiT T S e,
E | Ig 319 HeT g3 Ao
V37T 1 Bl €1 THeRT HROT
T% ? foF THTRT gro-eTeeh g
o o9 Gfaeyur, STeE -
sTEe I giaeRsor g aAat
I FIREOT i STUET el Aok
BI €| HoTerey ST HioT
TE 1200 W FTHEI 119.5° &
ST R

IS THRT T o TM TR TR
g FCl, S HT ST
FSFEEE BN, WY AT TH
TR T SURted 1 ey
THh! JrH-3TEE I o o
AR oF HROT (S SATee
ST T T 7o) A
BT 21 sl i o <fter eTrery
FHUT 109-5° H FEHL 107° B
S R

Ifs gt st grH-ameeh 3w
&, T Y B SR FGheThI
B, WG & THHT JH
IR o HRU THRT SMHR
faghd aqsFa®a a1 RO
e Bl &1 ST HRUI T8
2 for THE FE-UmE T
FiaehuT STEEl JH-eTEH
T STeT 31 B B 39 YR,
&Y R0 109.5° H FEHT 104.5°
w® S R
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aw o g e A wwe A o s
Core w WSt WE e Eale e
AB,E 4 1 . cpeft ST (%) 7 Im Aafia feafa
oo ~F f"/ﬁ # 21 39 FRU W A | o0°
@ F S\F F_\S\I W A TR grE-aEe 7w
[TF feriol 2 €, g st (|)
F F H wehTeh! g fergerda feofa & @
- F AR 7w fefa & 90° W ke &1
| L |,/17 WW—Mﬁwuﬁwﬁm
(=) ‘S/ Q S ! %ﬁ%lwﬁlﬁﬁ‘l('@) &icy
U, |.~§_~-F ot $1 (@) & & T el
| F fafe= A faw e ¥, SR fagd
F TqHAR, AfAd  (Folded) o
el S|
5 F
AB.E, 3 2 | &4\ T SfAfd (F) H THET g
. | _JCI—F forgerciia feorf  Sufeer €1 fen
@ a—r @ < s TR - s
| F 7w giasdor o1 senfafaar fos
TR af feafy § 7
F o B e B ¥ T et
. A (%) T8 TR R 37: CIF, i
| /Qii \\\\\ AT T-3ATH H 2
@ /‘9.1 i
F
F
N E _§or
() PN ?} \ F.:\ Cl i
F \6§%

. TE 3 W IR HAied &I TRl § 3w
upett, faeie &9 ° p-scites o el g1 Ffia Aifirent
1 SAfHfqEl 1 qaigaH 98l €9 ¥ I S Hehdl
21 7l qok o Henfard Tamet ® ol 1 3fd 9 e
TR+ 5ok §NI AKifoeh LT SRl Yo HHedIgaeh
M ST Gkl €| iU SAfAfd W gelaey g’
HieRY0T o geTrel oh foo H ol TE. 5. 0. AR Hied
1 Tgifaeh MR T 76 1 39 fowa o eneft o wioprd
33K St € Wera: 78 fad=m %1 fawm 5 gen 2

4.5 GArAehdr Taer fagia

ST 39 S € 29 STaURON | S0 ) Gearet
&1 fore o Herar e €, Wy THmEfTen s o
F e FE W g7 w21 S SFAHR I8 W
e T wedl f eTuet i erey oo il
(Bond Dissociation Energies) el ey W‘I%Tﬁ

SRi— H, (435.8 kJ mol ', 74 pm) 3R F,(150.6 kJ
mol ™, 144 pm) =1 == %\' SEIERRIN ﬂaﬁ o
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Haftrd AN o o Uk Sl I o G
o oY Tshel HEEAS| €Y ol ¢ J8 Hisd
TEIHE AU I ApfaAl i fafa=ar @ of
TRIST &l STerdll

U YR o1 wE. 3. 0. AR fagia e oAue
I APId & IR H RN 2l B, W T8 AR
S F&1 L Gehdl A1l SHH1 3T o ka1 3
HA F R FwA & fau I g g #
WWW%E}WW (Quantum
Mechanical) fagia 9T smenia %I 3 fagia %—
qateehal ey Tagia qen Tv-whetsd fagla
(Molecular Orbital Theory)|

HaSTehal 3TTeler fagia &1 Ty eeer qon
e (Heitler and London) 3 b7 1927 i T&d e
o1, forgent @ difer (Pauling) 9@ 7= ST
4 9] H TR 39 fagid &1 faa=a s wer,
Tl oh Seigeieh ol (SIS 2) , TLHTT] heThi oh
AfgeTA IR Hehtor qen fe=RUl (Variation) W&
STEAR (Superposition) o gl oF 91 T SEma
21 37 Teft veqgel o uftied ° Gasehar e fagia
1 TG Toa=r 58 T i foaug-a%g ¥ aed 81 o5@:
39 f951d 1 vl Shaa U 3fte | T 70T
ST foru fomm € foren SITam e1ET, YRY ¥ Weaw
], (H,) o foem W foem a2

e cfifse fF gegeM o § WE] A 9 B,
fSeh fyeh A9 N, 9 N, & den 3 Sufter
SﬁmﬁeASﬁTeBmWW%,W@aﬁ
R F5d &1 59 A I WA Th TR G FARF g3
W B €, q9 Sk e g = fepan TE B
S-S ST TR Uh-gE o O 3 W €, ol
Ieh T SRYOT G Yiaehtul 9e 39 Bld S 2

SR o Frfafed § e 82—
() T TXETY] F AMAE qAoT Uk Tl o s

N,-e,, Ny—¢g
(i) T TLAY] ok AN qo1 S TLATY] h Seraeil

av‘Tﬂﬁ?[NA—eB,NB—eA

T YR iR 9t FrAfaied | S 8k -
@) T TS % Seleel o a9 e, — e, A
(i) = TCAEH o ARl o " N, - Nl

e fagm

54
/77
7 ___-E{ﬁm
e, —— "¢ 9§
SR FA
<A D ®-5>
H, H,
gfgerdor ot

faT 4.7 H, 377 & foavaq & W qe gfaetor e

STREUl F& IHI TRATIST i TH-THR o I
o €, Sefeh Jfawdor 9o 3% W HE HT G FW
& (e 4.7)1

TR IR W T8 9@ T R fR AU SR aei
1 UM T Wit el o A W 3T g 1 36eh
RO~ WET M THT] TH-SH ok HAT A T
qN Sh1 ferfast il | @ St #1 ofdq: T feafa
8, 2 ST gl q FiqeRor del o SE g Sl
2 3R R/ &1 Fell = W W TEH S 8 gH
e H BIESISH o IHTY] ‘ SAETA’ hed § 3R
Th T o] SN €, TGl ey oo 74 pm
I 71

<Ifer BTEgIeH o ] WAV ok w9 STEY S
W S G T T, ST eEgeH 1] q gerch
THIOS BT STven Sifirek TRl B B1 59 YRR
Tl ‘aTreier Gedt’ weard 21 98 ot 4.8 kg mw
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@ ¥ =Aad & I et 2| faema: Hy % T
e st o fouied o faw 435.8 kJ Fei i

YT Bt 2
H,(g) + 435.8 kJ mol ' — H(g) + H(g)

« @ o

ERECTUIE]

—> S (kJ mol’)

Y H
435.8

Y S, 74 pm

faT 4.8: H, 317 & for= & fau H wwamoeh & e
SRy § BT qrde Refas Hei #1 SR,
oG d =Aaq F fefd H, &1 qaifye et
e Tt 2

siaifus® i —>

4.5.1 heToh 3TfdeaTu_ 3TALRUM

BEEISM o1 o foed o 3§ ofewe ¥ =Aaq el
e YT Bl €1 39 e § & Y] S e
B W B o Soh TRuTI]-heren SR T ¥ SRR
‘RTI]-heTeh AT’ Feldl 81 STk URUTHETEY
TR GIfHa B €1 stfaearad i e gedErs
e 1 eleral i Feifia et 21 gma: i
ifqears < wEpst o Wi Yad STEd e M |
Tafud T 39 URR, Hew oA SEERIT %
3TER T WHV[S o e Heddisi & HT o
ARl & W Iufeerd fawid 9shul (Spin) T
TRl oh WA o UROTHEET Bial €l

4.5.2 &Ll o TaymcAeh UTEH
S Y WM €, WedlS ST WA Herhl o
oA T 5 71 SER0T o Tt~ e1ggier 1 317
T H THH A AR oF HASH H 37 1s Hefeh!
1 AfereT g 2l

CH,, NH, @ H,O S¥ JgWHm v o
STEY a9 o Y- 0] i SAMHG o FEwrgot
Tt §1 ST % fAU- CH, o 3T HI MHid
ORIk W il € 3R HCH 3T/e¥ il 1 0
109°28' i Bl ©? AT NH, 39 ! STHfa
frfaet @ it €7
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‘GAISTeRal sTre fagid’ o SR W CH,, NH,
H,O 3Tf SguANE U i 3Tehfd, ITH 3Ty
T e 3ok feemeTeh U1 ohl TRHTY] Shefeh] oF TRl
A AT T HeEdl ¥ W fhA S Hehdr 1

4.5.3 UTHTU] ehglehl oAl STfqeamds

e < WA ey foerer o forw o e €, e
Tk HeTehi o1 TSI &I, FUTHS a1 I &l
Tkl B| 7€ 3fifeeet 01 e & M (amplitude)
1 feepeeam (w9) 7 fom ik fog (1) W fAsR
#ar ® (fast 4.9)1 Hiw- Haqe @l W g9 Ty
YIS SR FUIA g W e & o ()
A 1 TR AT W HIE Heo T il Sfe
T & fou siifdeat &1 fag (1) @R sifufa=mg
T GHM B SIET| S8 UMTeHe (e ed B
s T p U] hHehi oh ¥AICHS, FUMHS A1 I
e w1 fafa= sreeend, fasr 4.9 9 zwiiE T )

i) T

: (% 3TeTT w

gFTeeh 3TeraT e § affaeamus . o 2r)
OO~ -OTDD~

(a) (e)

o — - )—
p. p. S

N

+

2 S
(b) ®
p, p, (© (}i‘,} @
()

7 i

P, Py

N
N

©
z
;U%

I e (T g W
X ugem it o ® erfufa=ma
STETT €M oF SHIUT STfaeanus el grr)

B Q¢
., 9F

ferd 4.9 s @1 p WA F&H & HIHE, FUHE a7
9 sifaeraT
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TeHarst ay o fat=d o &1 FReh oh &4
o erfqearad &1 wdE wEfvshig faweir T
TEURATI SOt qe SguRAT STUeT W ¥HE &9
SN B €1 ¥ WA ¢ foh CH,, NH,, 91 H,0 373t
1 3TMepfd HAI: Aqoharhia, FRIHST qen 42t g8
Bt B o7 GaASIhal oTaY fagia 1 STANT ik 98
ST e BN foh F s SAIfHdiE sTeRfaAi aht
HeTh- AT & YR W T fhar S Gk 21

3T, WEUYH 89 HeH (CH,) & 37 W fomr
H %I dAE AIEA (Ground State) T e
TR fa=md [He] 25 2p° ®, S Sxifora sreen o
[He] 2s' 2p,' 2p ' 2p,' & W 21 Tk ST &%
o eTrervash St i gfd Gehfid Herhl qe qEgee
o de AT o herawd g fafied e |
B 1 I o TR A hereh, T 9 g o
Th MG Soiee SURUd Bl B, 9N EEgH
T[S o Th-Ueh TARI 1s Hefhl o 91
AfeeaTT Y Tehd €1 g 79 ¥R Fffd ¥R c - H
TS THEY & 87| hTeA o O 2p HEH| o qLA
90° T VT B o HRUT 3 herehi gra FAffa sterer
o &9 HCH iU &1 AF o 90° B, 37eiiq T
C - H 39 TH-THR oF 19 90° 1 hHI0] TG
e T 25 THeh a1 H &1 1s haeh Moty THHd
%1 BH o SR fohelt o fem o sifqeamed s gt
21 31 WY C - H o7&y *1 fEen siffyea e ==
f&qu CH, ®1 o Ffa o Aa & @ €,
e =R HCH 101 =SvFeihid 81d & a2 Jeish
T 109.5° BT T Y T B & foh hoel hefh
o HAfdEATTH o STER W CH, oh 37 b feirete om
1 T T foRa o Gehdr 21 TR dehl % SER W
NH, @1 H,0 393l § HNH e HOH Uil oh A
90° BH =IfET, it arEafaes deai o S19&q & 81 NH,
M H,0 H oI&dfosh e 0 HHL: 107° T
104.5° 2 &
4.5.4 IfqATUT oF UehX dqAT WgEATSH

ML eht Uk

FHehl oh AfTAI oh YHR oF STER W Fggarst
e ok I YR B E—
@) T (o) ST&Y T (i) I (m) STEY
(i) T (o) TEEr— 9 YHR T TSt AE,

STEEt hefepl oF S e e W fERER

e fagm

(Head on) AT A1 3184 (axial) fdeamd=
#ed &1 TH YHR h1 37e, THIY] Heehi o
frafafed § 9 fFdt ©F TR o GAeE gR
o feRu ST " -

® s IfdATTT— 3H YHR & GaoH H
314-9d (Half Filled) s-h&dh 3Tqienta 3781
W AfaeaT W §, S A e ™ -

e - W

s<h&h s-h&h s-s AfqeaT=

® sp IfAEATUT— T YR H AT TH

TV 1 AH-9q s-THeh A THL THT]
aef-93d p-herh o < B R

VP W PP
SHEE pFEE s-p ST
® pp IfaATT- TH THR H1 Afqeaoq
AR % AH-9d p-hemehl & oF e 2l
<+ D — D€ ) D
pRER PR p-p ST
(i) TS (7w ATSE )— UE T ok o o ST
Fefh 39 URR STeATTT w3 © T Soh o1
Teoh SHL o FHIGL G AT el W eferd
BId 21 39 YRR UYd Afdeadd o hora®y
faffa e o WSt o 9 oF S| e "

| weTH PR Y B 2

-

L+ L - XX om ——

v

9

pFeH  pHER p-p AT
4.5.5 Tammr qor arg ITsEn St Weerar

Terd: ST 1 Yaoral Afqerad i dm | [
Tl 81 Fmn ateie o sherehi w1 Afdearan stferes g
21 gHfore T sy, o e (R & sifqers
Bl 8) 1 o § ATk Yael Bl @1 gHeh SYeral
g WA Sft Hewqol ® fF < wemet & | W
ey Hf Tehen TRl U Sl 1 UE Ged Ty
aTrier o 1T S B €1 TS Tsd 3 AU H g S
2, fome feemaa = fremsie sufterd e 21
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4.6 Heh{UT
CH,. NH,, H,0 ¥ 9guAms e 1 fafere
ST STRfaal i T T ok foTw gifert = Tear]
FHeTehl o HRUT 1 Tagia gEartoa fohanl difer ok
STHR TR hefeh FAlSId BIehY HHCH H&hI I
T T 1 7 FHeh! F Geht hdleh hed ¢l 3TEY
foR=M o 9] Y[E hefeh] oF T W Hhid Heeh!
1 YA HG 21 39 GRES I BH WO Fed 2
T AN SHell alel shedshi o a9 § it el
o YAfTAROT §RT THM o1l e TR dlel hHefehi i
T HT URRAT T WeRTUT hed &1 ST ok foru—
e T Toh 25 Heh q T 2p FHeeHh Ghl GRI
R Y sp” WehY hHefeh T B
HRTUT o HETAYU! ALUT— THIUT o T A0 5
ThR E—
1.  HHL FHehl DI G R HI G H 90
T AT HEH] B FEA o e Bl
2. HeRt hereh Hed WHM el 9ol SN o Bl 2
3. TR HEh R ey 9 H H G HEhI Hl
e SAfreh @erd B 2
4. YR FHeyh R Fae uH o foau ffaw o
faferee fensti & ffvra 21 &)1 gafery gehor o
W 3T0] T SATHIG < 2
TWeRIUT ht g afifeerfaar
(i) TRE] o Gl el o Heih Ghid B
(i) HHRRA B ATl HeTeh! hi Holl AT THE BT
=ifgul
(iii) HHYUT oF ToTT ScieRe oh1 SIS SAEYTH =&l 2l
(iv) T8 3Mevash & B foh ohael ered-9d e &
GO § 9 | FA-FH FAShA HE F
of-9d qem @eft Hew St G & T 7
4.6.1 HHIUT oh UhL
s, p T d eTehi o Hetol Ffeiiiad Weh o6 Bl g—
(I) sp GhIUT 30 YR o HHW H Th s 90 Th p
%WWWﬁWspWW&%ﬁWW
F E 2-318T T GHIUT HeTh! i TH Bq, sp HHl
a*msﬂmpzﬁﬁwwmglmspw
e H 50% s-TI&0 T 50% p-<I&iv Biel B A
forelt o10] H s TR o HAShdl &l o HeElh
sp HRid B4 & qe & TRt 9§ ey S §,
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Tv] %t e fafq gt €1 39 JHR o TR0
“foepl wetor' ot wEd 2

sp THT HEHI & I SW T ¥ oAF (TfA)
e AT B F01 A foradia feemsti o 23181 61 AR
T B B1 THeh HIOT G e g €, fees
h ey Ydoidql \'qu.ﬂ ﬁﬁﬁﬁ %)Iﬁ %|
sp WeRTUT AT STUT3T oF ST
BeCl,— Tl 316w § Be 1 Seiarl fo=md 1s°
2% Bl | ST sree | U 2s g e 2p
FHedh H Be hi fg-FAShal o HRU F=d (Pro-
mote) B STl €1 T 2s Hefh qe Th 2p Hefeh
Gehfid Bt & sp Wl hemeh o &1 A 180°
HIU TG &1 Y sp HHT HeH FANT B 2p
Feh | T Afqeard 5] & Be — C1 fawn a1ay
A &1 39 o 4.10 o g9itEn T R
() sp® WHIUT— GH0] h $H THR H Th s HEH
H%Tﬁp?%ﬂ?ﬁﬁ@ﬁﬂﬁﬂﬂﬁspzw
Herhi w1 FHT HW ¥ S ok faw- BCl, o
3T0] H SHEI IR qLAIY] ohi doreel staee fo=rmg 1s
2% 2p" BIA1 81 S STaee ¥ Th 2s gt e
2p HEH B W= 8 Sl 2, foraeh afomesy s
A f s TSR SURe B #1 A (T 2s

X X
y
Z 4
(=)

— O 36—

o9

sp 9HhL HEH

cl,
(@) © Becl, &
forT 4.10 (F)s T p F&H GRT sp TGHT H&H BT
frefor
(@) BeCl, g 370 FT far=T

T A 2p) FHeF A ShT A sp” HHhL Helh
T €| A HeRT heteh BeRIvig wwdel e o
BId € q1 FA THIISTT o 2p HeErehl W Sl
g fM B - Cl @Y 9@ €1 3T BCl,
(F=1 4.11) 379] 1 Frepoiia wHdel sfufd e €,
S C1-B-Cl 3f/e® 01 120° 1 Bl B
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faT 4.11 sp” & F&a a9 BCL, 377 &1 {7

() sp’® GWHIUT— TH YhR oF HHIU i A
CH, 317] o SIEI01 GRI &1 S Fehell &1 THH Tewars
e o Th s H&eh qU1 p &l o Hh § 91 sp’
ThY hefeh o 1 A helsh THM Soll a0 SHR ok
Bd &1 TS sp” Herh ° 25% s-A8T0 AU 75%
p-awzﬁm%| sp’ HHW G U IR sp° Tt
HeTeh FqUheSh o JR Al i SR Bl 2| S fo
4.12 W I T B, sp® HeR meeh] oh € iU A
A 109.5° Bl 21

109.5°

S+p,+P,*P,

CH, 310]

T 412 W&'s,px,py ﬁpzqw%‘aﬁ#&@ﬁ?’w
G sp’ TH HegHl H [FE0T 791 CH,, %7 fre

e fagm

NH, T2 H,0 ! |=st 1 =me o sp’
T GRT k1 S Tehell 1 NH, H E2Io TRATT]
qEY ] Al o= 25 2p, 2p, 2p, @€l
%I sp‘"’Wa@aﬁaﬁﬁ?ﬂﬂ spswa?ﬁiﬁﬁiﬁﬂm
TS Bl §, Stk WY sp® Wt W Uk Tl
TR I Bl €| TGS o diF sp® Wl el
T BTEgIe WHTIRT o 1s Herehl o |1 StfqeamH
g0 @9 N-H oe faffia #xd 21 &0 w9d @
Wehleh! 00 A T g oF o9 STEt I i
3TUen wiaeRtu el T S e ©1 sEeh ity
&Y NH, o 310 | {8 $i0 109.5° H =
107° B Sl @1 UW 319 i senfhfd fasd gt
et et Wit €, St et 4.13 ® <@ e 2l

S o 70 H TS IXATY] o AR HaASTehdl
Fel, HeTh (T 2s A1 dF 2p) sp” Wil I AR
sp’ G ek S E1 3 @ I A heehl o

Ip

ST, NH,

forT 4.13 NH, 317 &1 a7
Tsh-Teh 8 el €1 ¥ R sp” Gt hefeh TqLHh
safafd o e ¥, f9e < Sl W STEgeT TwA
ETE BId € AT 3179 T ShiAl W Uehiehl goler I8
Sufterd Bid €1 39 310 § 3T 01 109.5° ¥ SEHT
104.5° B STl @ (T 4.14) @ 319] V-37ehfa 3teren
Hroit sfafa Tew war 2

faT 4.14 H,O 319 &1 77
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4.6.2 sp°, sp> aAT sp TIUT ok I
SR LUT

C,H, 310 ¥ sp® Wah{UT— 387 o 370 § FHiad o
ﬁWspSWﬁﬁ%’IWW%WSpS
HhY HEh! H T | Th, 3T Hed AV & Th
sp’ HR FEd 9 Aafg SAfaqerds gu sp’ - sp”
o erreer S €, Sfeh Y e THIY & 3T
T sp’ Tt FHeTh BEGISH TLATIST oF 15 Hefehl oh
WY sp’—s o ofeY a6 €1 gHeh uRuTHEEEY
39 H C - C 31y o 154 pm 3R C-H &Y
Eﬁ]’s‘lOmeﬁ%l

02H4'efsp2'H%F€W— wefq 19 o S H ehred
TH] &1 Teh sp” Gl hefeh § &l STfaeama gr
C - C fammr ey s 7, Seifeh Ycish e KA
o T T sp” WHL HETH TEGISH IHST o WY
sp’— s Tamn emEy A €| TH HET WA H
SRR hefh 2p, Ul 2p, TH HEH THT 6
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YAM e o WY UNE (Sidewise) AT §RI
e 1 e S © fSEH b e eiggied
TR o de o SR qel A U Solae 1Y gl
2l

9 YR T 370 § C-C o HEA T sp’—sp’
Herid el § fqm (o) e aen Tk e (n)
ey (TSt derE 134 pm%ﬁ?ﬁ % Sl p—?*m?ﬁ ED
T Bl €) Hehol § YA el Bid o 319 % el
e Bid B C-H 31eel § (sp’-s) T (o) afe
# @ 108 pm Bl € TS H-C-H Td H-C-C
STISET 10T SHAT: 117.6° 121° BHl &1

Tl o1 § T () T WE (n) A #
o fost 4.15 o g9t T R
C,H, H sp HHIUT— 3157 7] & I | IHI e
THIY sp HHTT R &l IR -3 STHHAT (2p,, T2
2p,) HEF T

2p, 2p,
‘ ) T ‘ )
H\C (e} /H
H—, NH
T

()

farT 4.15 w7 9 a7 aor o s« &1 S99
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e fagm

UL/ HeRTuT AT e IETEXUT

Eilican) Eal O wHeqH

Tt dsp? d+s+p(2) [Ni(CN),]>,

[Pt(C1), ]

Bt spd s+p(3)+d PF,, PC,

= ffafe spPd? s+p(3)+d(2) | BrF,

SRR spic? s+p(3)+d(2) | SF,, [CrFJ*
d’sp? d(2)+s+p(3) [Co(NH,) ]

ferT 4.16 wersT & ey aer wrE-anael 1 a1

Teh A TIATT] 1 sp HhY Heleh SHL HIeH
THIY] o sp GHI HYw 9 3afF Sfdeaad g}
C - C famn emeiy =AE@T B 99 gY HRL Hew
TS o AY-9d 1s Hemehi § 7T AfqeadT g
o ermeer oA €1 A SR TATOS W STieer
- FHHKT FHersh U e grI 3 qrE-eTe
T 1 T YHR 3 T T wieA WAt & o=
Iufeerd f-emmey, us formn qen < wig eree & w
B ®, i@ o 4.16 § g9 T 2

4.6.3 d-HeTeh! T dvdl H HHRIOT
A 3ead awdl H s A p eI o G- d
ek off Sufterd B €1 39 d e i ol 3s3p
@43,4pmaﬁﬁwa€wgwéﬁ%| SpGﬂT
45 HeThl I Holl ° AfH AR B o SR 3p, 3d
Te 4s HeThl 1 HehiUl H9E Tl 2

s, p A1 d &I o Fh0T oh T YRl hl
el = " o e g
(i) PCl, &7 &7 ( sp°d HHIUT )— THIEHRH T
(Z = 15) I TORY STEEAT AR o= &l
T T B WBIERRE Wi ey o gifeefaar o
3s HEH  Teh soioe gHd Bt o 3d. hah

¥ O=d & STl B 39 YRR HIEHIE 1 Sdfed
JTaEeN o a9 &1 39 YN <Y ST Gehdl 2—

p(wr s (][44 [T [ []
3s 3p 3d

p(sifmm smen (4] [A[A[A] AL LT 1]

e, i NININ] N T T ]

cl clcc cl
sp’d GHia Here
TU YHR UiE ke (Th s, 9 p 901 TF d
HeTeh) Hehiol oh foIu et Bid €1 $7eh Hehiul g
whspdemwwéﬁ%,ﬁﬁﬁvﬂa%—mﬁqg
o U I H R YW B €, 5@ o 417 ®
<9It T 2l

Cl

Cl ’ Cl

Cl
ferT 4.17 PCl, 317 %1 frawivig fz-foafaet sanfafa
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Tel 78 M <A 9 91 7 for ki ffafad
safafa & geft eeiy wvr SR & E € pel, §
TITHRE o U4 sp’d HHhR Heleh TR RAT[SH o
31d-9Jd el 9 AfqeAds g7 9= P - ¢l fammr-
e S €1 3TH | A P - Cl 3T T qt § 2l
g T WER 120° 1 U T &1 3% faged
MY, (Equatorial) Wﬁ%l 39 T P - Cl ey
HOIT: Tageda a1 o S R = B € 9o 9 °
90° T FHIUN T T 3% & T (Axial) FEd T
<Ifer 31efir eTreier gt Al | fagada sest-gmi
T erferer gfaehtur Srafmard Bidt €, ord: 3 ey
foyadta oTadl ¥ ofars § e Sifue qen Yol |
Y HT B T T URUTEEEY PCl, SAfH
fepamefiar e 2
(i) SF, & T (sp’d’ T#UT)— SF, H
Y TLAI] i ToIe 3TaE Serded foa=d 3s” 3p’
21 SuRSTa eraeen o SUee ©: Herh, AUl T s,
@ p qe d ek a2 €1 A G gN e
sp’ & FHL T €, S Teh HHITEHeh o B HI0N
1 A T Bid ©1 A Heh heteh TelSiiie TRATE
% Ad-qq FefeRl 9 Sifqeaod g B: S - F far
3T S &1 9 THR SF, 77 i Th HHeTHAh
sofhfa it €, St fost 4.18 ® gwitEn e 2

S (qered sra) A L]
3s 3p 3d

s (s e [4] [A[A]F] [(PIAL T T

——————————————

1
SF, : NN N!/N,li HE
g __T_1T_71T___T 4
F F F F F F
sp3d2W

a7 4.18 SF,, 317 &1 s7ewereh ! SHIHld
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4.7 ITTudeh haleh fagia

STfvaeh e TaGId Th. g8 a0 AR TH. Jfctehd g1
T 1932 ® fasfaa fean om0 fagia & 4=A
e Freferted -

() o9 yR wmEm] § goiae faf= qmm weeht
o Sufted ®d €, S YRR o1 H goleeH
fafa= snfras wererl o Sufterd wd 2

(ii) STfUeh Hefh qod SHeliell T8 TP T
THTY] ekl o WAN H oA B

(ili) TCHTY] ST H hIE IR oheiel Teh @ I
& g H @Al ®, Wdfh oMfvas wheeh o
IR oo & A1 | S el g
goiferd Bidr €1 T8 T 310 H Wt ot TEe
W 1R i 81 5 YR TRATY] hefeh Thelohg
BIl 8, Selfeh iU el agohsid el 2l

(iv) & BT TfUeh hefenl s FEAT HART i ard
TRATY] HeTehl k1 GEAT o XER Bl 21 S §
TCATY] Shefeh] shi THeTEl Sl ®, dl /I ek
Feh Y B0 21 ST U Th ‘ITeEr 1fueeh
wmyh’ IR W UldeTeEd oMU weh
FHESTAT 2l

(v) TS fUesh etk 1 ol A Bl &1 37d:
IYh! LA |1 GfasTae sfveh weeh o
stfues g 21

(vi) 59 gR et T & ifae & 9r 3R
Tl Wifgehdr faaRor A werk R fEa
ST €, S WehR Rt 370) # iferhi o wE
TR AR Zelae= Wifaehar faawor enfias wereh
SR T S 2

(vii) TRHTY] hefRi ki ifq ofvas werhi i o
3t fagia ao g€ o 7o &1 9o #d gU
Alhers 20 o STTEN 90 ST 2|

4.7.1 3TTUeeh ShgTehi oA TTHIUT : UTHTUT-ShaTehl
&1 aes Fam
SHET 31T ST €, T ARl o STER WA hHefeh
1 T T Held (y) o €9 § S0 S Hehell 21 T8
W S T8 % ST (Amplitude) 1 S0 ©
A 3 AITETR qHfisho ok gel gRI 91w fehanl el &,
WY TH § 3ifek soree are T & fau gifer
HHRTOT T Bl &I fRan S Hehall sHfeT ofifUeeh
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hereh, S T[S o foIu Ueh Seleid o %o €, i
ATER et o 1 | WY WKl A1 hicd €1 3
T>h"r3_*ﬂ's: %1 R T 9f-dhe (Approximation)
fafyr o wer feman S €1 3@ fafe sl wwam] et
w1 s G’ (Linear Combination of Atomic
Orbitals, LCAO) wed %I

Y, B Toh HHANHR T Tg-IwHIH 310, H,
R 39 fafe &1 sgyam w79 o % eEgee &1
< ETESISH T A T B © &1 21 S HI] Th
T & ¥, hadt giaen & faw 3% A o1 B @ fafed
oo T R1 U TIEgeM TR kT ot ofeeen H
3Tk 1s ek | Ueh Selar2 Bidl 1 S TCHTT] SHefehi
I TH TN HEN y, Ay, BRI TR BT TR B
TR 9 W offUash hefeh] hl UXHIY] hHERI oh
g Ham AT TH] wEhi o T By,
A g, AT A SR G TR S 7, S A=
Tgrta T R

WVmo = Va TV5

TH Y & AU Heleh ¢ qel o+ U< 8id &

O =Y, + Yy

C* =Y, - Yy

THI] SheThi oh AN W I aTel STfvdeh HeEh
C i SMELT 3Gk heTeh Ul HIY] Hehi o
AW T T aTe NUash FHelh, o+, il WidATaET
anfuaes R’ wed ¢ (Fast 4.19)1

gfasTe¥ ek
TSRt <l T
Fegent 9 Afuw §

ST ke fadent
TSl UATY] HEThi
H Foll W FH 2

ferT 4,19 3 T FHI: A T B W P57 TWHT FHefahl
v, @y, & UEH AT G ST (o) a9
TGS (0%) STfvad wereh! &1 (3]

e fagm

e I R 3T shefehl ol o1 Ham
FHE A GHTS o SAde aN oh &S
(Constructive) formst (Destructive) SATdEHTIT
(Interference) ?WﬁWWW%I IR
snfvaess e o fmf o eeeh wuoeH @i
TARIA T Teh TER i Felferd edl 7, ereifq 3w
TS AR Bl 81 T 3R fdsteier snfoaes
e S Tl 3 e W T 5
Fdl €, erfq s oAl safqeor giar §1 e
TROTHEEEY 376 T hafh | ARSI seiae
Tcd e IO o | etk el Bl
et o o9 gfqedur Wgd wH Bl @, Sefw
gfdeTast oTfash wereh | AR Serae o e
A AIfTRT o e % e @ X sfaferd g @
red | gHl ARl % Te Tk (5] 9 (Nodal
Plane) B €, Sf&l W seigei ¥ YT Bl 81 37
st o o= oo wfassor giar 1 eTel snfres
FHeTeh! H UM Soiae AIfeh] i TEIX aiel Y@
1 ggfa wad g1 o7d: A 0] H1 i YSH Hd
2| TH YhR U IMEEH SNfaes hefh 39 WH]
Herehl ¥ Fee HH Sl W@dl €, Ter g4 9 o
T | 3Hen faudia wfastee effvaes: wereh o
TR U I Ul w3 B saeeEl ud
el ok o= STHYU 38 Heldh | Saiael o ara
TER YiARH0 ¥ FH B @ I 3T e § gehd
gfg Bt 2

el M 34 9 o1d 98 ¢ o ufdetee wew
ST Al S S e S s A 0 A
e o e B St @, Sl 7 o st anfuaes
Feh H1 Foll HH T Bl TW YRR A MU
Hefehl hi el Soll 6! @ell 2, S < ol THTI]-Sheiehi
1 et B

4.7.2 UTHTU] SheTehl oF GIRT ekt ITd
TRHTY] Herhl o aeh HAN W oMfUaeh wmerhl oh
frmtor o faw frefafea s eifed 8-

1. HAW A ATl UTHTI] SHeTehl Sl Sl THI a1
TR |HE B S0 S5 aed 98 @ fF U
1s Fe&h TR 1s HeF T G F Gohel © T 2s
hefeh 9 TEl, Fifh 25 HEH HI Holl 1s HEh H
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1 1
SATfraR- h aTeh
cls
* B
1s 71
il
cls
3TfUeeh et
|
—
o2p
AT
HETH
i,
o2
3Tfvges Helh
N 1
TLHTY] i3,
FeTh
@™
2in

Q-

TLHTT]
1s
1s
Q -
1ls
LAY
h&h
2p,

_!4. +
2p,

“h&lh

0 -C0-Ce
—e +  — |+ .- - o+
2p, 2p,

-8
S .
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el
0%

1s cls
aye farmr
3TfUgeh. eheTsh
0-O
1s cls
gfqetaeE farm
3Tfodes Helh

p’\
_ﬁ +
o2p

ST
3Tfodes el

: /-’ b
R G
U

2p, S 2]

EIGEIECEET
37IfUereh haTeh

+ QDO
8-%
U harh

8. &

e 728

foT 4.20 (%) 1s WA F&Hl (@) 2p, THY FHeH] a2 (7) 2p, WA F&hl & QI 4 a7 a4 G FfaenaeT
TS FHerhl HT BRET TAT ITHT FoNT

Sl 9 wel Ak Bl B1 98 Ted el € 9% WA

= 9HR & B

2. GANT A ATA UTHTUT hafehl aht STTTUdh 3187
o ufta: gur gafafa gt =nfge) 7Rt & saEr

2-3181 1 MUk 31e1 T €| F8T g qed Hewgul §

o UM o1 AT FHE Feil a6l TH] Heh shad
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Hereh ° HAM M, W 2p, A 2p, Ferwhl ¥ T,
Fifer 3eh! THTHTaE g9H & €

3. HAM WA AT UXHTU] heTehi R 3Tfuehan
rfaeamus e =few) 5o sifres sifqeama &,
anfUaeh shefehl oF TYeh! o o9 SR S 3al
g At gl

4.7.3 3N{Udeh halehl oh U

fg-umTureR STupsH ok sTfvask warehi i o (famn), n
(TE), § (Swar) enfs g ifhd feman Smar 21 39
AR o g enfuass Fereh odY 31el o Ufa:
GufHd B4 7, Stafeh n anfvesh e SHfd T8l Bl
IS o fau— = el W s 1s el @
e FAT € ik FHEghl F ST H Bl S
e 317 o Ua: §Efad B 81 3% o, 99 o,
afass et wed ® (Tt 4.20(30))1 afe
AR 3187 ol z-faom o foram e, o =g
@ W HehaT & oF = TWAIUge % 2p, wereRt
g wa@m | o I faar snfuas wyew SO
g g2 o2p, 9 o*2p, W Tefua =@ ¥
[ferr 4.20 @I

2p, T 2p, Herhi ok AfdeAre d e o
aMfoash shereh STEY el o Ufd: THfHd T8t gidl T
ek o U YFICHS ole qe 3Tfvaes aal o
H= SEUTcHR e BF o IOl Bl 81 Y 3ffuees
FeIhl H o T o+ g fafed w@ 2
[fe= 4.20 )| eTeeA MU et § AT 3787
% SW TE e Afuewan Toe T w8, WY
iqae oTfUash Heteh mx H AR o e Th A8
Bl 2

4.7.4 3N{Udeh heleh! ohl HSl-F1 3IRG
T <@ T 3§ TRt W Sufed 1s W] et
AN gR | 3Mfverh sherehl o1 Fmio e €, 5=
cls @1 o'ls 7fHd fean smr g1 s 9&hR |
T[S oh 3G WA Hewh (2s q¢l 2p) aw
Ham g fefafad e enfvas wemehi o1 fafo
F B

yfastisiEt AfUeeh w&eh o+2s, 0%2p,, T+2p,,
nx2p, S MU Fefh: 625, 62p,, 12p,. 12p,

e fagm

3 enfuaeh wetehl o Sell-&R YEeh dr W
et fafy grn Wi fore S 81 fgdfar evrerd o aeall
o GEATT R fgawe STst (O, F,) o 3ffvae
heTehl 1 STl 1 Ggdl HH TH ThR B—
6ls <0*1s < 062s < 6*2s <02p,<(n 2p,= 7 2p,)
<(n*2p=m*2p)<c*2p,

fgdiar swed o 9 STUEH (S™- Liy, Be,, B,,
C,, N,) o fgRH 10w o foru ofifverh sharhl
H S B HH SN Y T HH 9 9= e 2
S % fIU- B, C,, N, 3% fguwamues srueti o
aMfterh hefen! o1 WA dR W Feiia Sei-%a 39
TR B—
6ls<0*1s<02s<0*2s< (n2p, = 7r2py) <62p,
<(r*2p=rm*2p) <oc*2p,

3fUTaek Shefehl i Holl oh Al H Aol W
e 8 F o2p, FF H T n2p, AN n2p, fvH
Herehl ¥ e gl 2
4,7.5 SO Ta-=aTd a9T MU TR
fafsr=1 sfverh sharehl o Sererl okl T ‘sl eh
o’ ShEeldl 81 TRl i hefeh! i el o Sed
LA § 9 S 2

3] o Tolgei-e o ¥ o] % W o
Hewqul e W & Wehdl €, S ol faafea 2
UL T TS ¢ AR A snfvas wmah 9
3UfErd SelaReil ohi TEA N, el UfasTeer waenl o
e N, @,

(@) 7] T 'MW, 4fK N, > N, @

(i) 379 sTEmf BT, A N_ >N, @

() W STeeA TRl i GEAT 31fus g o HRU
el g Yererad =i 2, frad weh Tt o1 g
eI B SO AR (if) W HTd- AT G Ferel gl €,
STeeh qioTeEersy 370] el e 2|

T Fife (Bond Order) :

MMEY RIfE T e Mivaer wmeren Td ufd-
Eelt anfUaes wmetenl W SURYE goeRl i
W@ & T oF MY o ®U W ufterfya femam
T &

Y ﬁﬁ:':%(Nb -N,)
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ey wife el v # Iufeed deqarsh
ST w T Fa 81 A N, > N, #, @ ey
Hife oo BTl den S70] TR B R Al ey
Sife FOMHF (N, <N ) a1 I (N, =N_) &, @ 377
ST B
ML Tt Wehfer
S SR TR €, ST-ehife ferelt 3] o Sufter wewErt
3SRl A S ¢l SRR A S Hife 1, 2
3 T, A ST HE: U, fg ereen B ey g
ATee-aTg
grr=rd: fRdt 31o) o 3 WA % & eTEy wife
Y AT T Teh WhTehe WY BIl &1 3T efelrs
e -hife o FRAE Bl T S-S 3T Hife
qGdl €, AU-dY €Y e Sedl Wl 2
Teehtd T
Ifs forelt 310 o Aft snfvas waek f5-9fa gfima
ﬁ,ﬁﬁﬁm (Diamagnetic) %ﬁ?ﬂ%l Q’@ S|
<ehia &5 | faekita g 8, wq afg frdt a70] o
ek A1 Aferen onfvaes hefehl § STgTHd 3ot &f, df
98 3] aaﬂaaﬂa (Paramagnetic) B %I ‘i’@l SR
R & § SR e €
4.8 GUATIIRIT TgUTATITEh STUTeTi

o TaE
T @ U TH § AR AU H AELA hi
== S|
1. ETESINIT 3] (H,) : T TTESISH oF a1 TR
G © o1 81 Ik BIESSH o 1s Hefeh o Th
TSR BT 21 31d: BIESISH % 7] H ohel & SeieRi
B, S ols 3TfUah Heeh H AR 3| TEgH
310] T elaeii-eh fo=ra g

sz(csls)2

TISSISH 37U] i ST SIS 1 T8 TR Tehierd

IERIAS IEC S

N, - N, 2—0
Y Hife= =1

Waﬁ%%ﬁsm@mmﬁ%@m%
< AN -6 ¥ Tohal Feads| aY gRl Tefd
B € TEeIeH o19] 1 faaeH S 438 kJ mol ' TE
T B QT ST AeE k1 WEITR I 74 pm 21 HfR
TSN o1 | ¥ egfHd e el 7, Tufere 98
Siagaeta 2|
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2, iHferam 3797 (He,) : Eifc=m WA 1 el
fa=mg 1s” 31 g Eiferem ) § < goli[ B
€, a1efd He, 310] ® el =R Seiarz &hll

I TARM ols AU ols 3Mah Hehl § W
ST qe He,, 31 SoarRieh fa=mg il

He, : [csls)2 [cs*ls]2 aan

He, %1 3T& Hife -Lo-2-0

<k He, & fou omee shife 9= 7, om: 7@
3T0] STEATAT I e S8ehT Sifaded =& 2! T8t YR
Ig I S TR © TR Be, 3 [(019) (6%18s)’
(625)” (6+25)°] ft &I =
3. FITIE® 37T (Li,) : <o 1 eierii-eh fo=amd
1s%2s' B <liform & gcieh wum] § i st
T THfET Li, 310 w1 Soiaeies fomamd grm—

Li, : (o1s)’ (o *1s)* (62s)*

39 fo=Id &l KK (02s)” 1 o J_1f¥ fohan
S €, el KK, 90 K i WA ((o1s)? (o * 1s)?)
TeTian 2l

Li, 379 o Soiaeifer fomamg @ v ? for gad
IR TN e Sivaeh wmerehl § qem q golaeH
uﬁraw’%ﬁaqﬁwaswﬁwﬁ%%ww THRT
maaﬂ'&=—(4 2) =1 gnil| g AU =8 B
ﬁuﬁm@ﬂ?%%s@ﬁé&qﬁmsﬁw
&l €, TEfeT 7 Wiageshia Bl awde § T8 I
T % R STod wiere H Li, ST0je o1 St g €,
S wfaeehta i €
4. FHET AT (C,) : FHEA H o o=
1522s%2p2T1 (C,) o 319 H Fel 12 TAFA M|
T THRT SRR fa=amd gl
C, :(o1s)* (0 *1s)* (62s) (0 * 2s)* (72P7 = 72P7)

FAYal KK (02s)” (0 * 2s) (72P7 = 72P7)

C, %1 3TaY hife ~1g-2)=2

C, ! YfagaeTa BIA1 =1fET) oReqd: aTod 3fereel
4 c, ufageshia & C, o e W S ey
E- 3T B €, e J . A Snfoaeh ekl o
IR T Sufted eid € stfuenier s eruped o
fg-ameer, Won Toren qen W Ui ey @ & g 2l
T &9 Y N, 319 | S HT THAEN S Gehell B
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5. TS 3] (0,) : SRS A T SerareiTeh
fa=ma 1s” 2s” 2p ®1 S T Sifais wRam §
8 TR 2id €, Stferdier 319] ® et 16 Tia Bl
O, 3T7] 1 SRl o BIm—

0,: (o1s)*(c*15)*(625)*(c*25)* (62D, )?

(z2p*=72p?) (z*2p, =7*2p,)
rera

KK (62s)’(c *2s)*(62p, )’
(72p? =72p}).(z*2p, =7 *2p})

0, % soiaie fa=mg 9 I8 o< ¥ fo sod
10 SR STeeA STfUad Heehl § qo1 6 Soiei
yfasTrsier STfvereh ekl o SUfeerd B 81 37d: SHH!

O, :

e fagm

3MEY-hife Bi—
~Lno0-6]=2

-z = (Nb - Na) =

THAT O, F AT ¥ SifeioH TR T f5-3Tay
W I BN €1 36k e S0 % 1+ 2p, TN 1+ 2p,
IfUeTsh shefehl W Teh-Teh (AT SeiergiA SUTeerd eid
& THoh TN, ATeRAIST 31U] <hl ITeeehId BT
=fETl TET WEfiTes 9 o urar off T g1
YR 3TfUeeh ek fagid Siedfisd o Sggasid
EER &1 e & ° guef g

T YR oA GRolt o fgd@ omad &
guAIIRE TS oTupsti o soieeite fa=rd
ferd Sehdt €1 B, ¥ Ne, Tk o 310t o fere sufoaes
wHereh foramg qen enfoaes 1o fo 4.21 ° fu 7w 2

2S-2p &1 fagmor g8 W 2S-2p &1 TasToT TE g9 W
B2 C2 N2 02 FQ N62
N R N
o | [ ] [N [] [] o’
v | 11 L1 11|l odtd Ut
r ] ] [ O I i i
~ | [T17] BN | o
o o,
L oo o,
£ g
< 9004 o7 L 150
131 143 E
E 600— 0 1=t — 100
o 629 208 R
E 300 L 50 %
] 290 159 o
B IECEEAC 1 2 3 2 1 0
Hhd 0 | g |Fiageeh ¥ | gfagasta | Sgdesh i | gfageshia | -
Q.Th\_rﬂ; (02s)2 (0*25)2 (G2s)2 (0*25)2 (625)2 (6*25)2 (025)2 (0_*25)2 (G2s)2(6*2s)2 (625)60*25)2
ﬁ P (Tczp)2 (szp)4 (7':213)4 (Gzp)2 (62p)2(n 2p )4 (GQp)Z(n2p)4 (Gzp)2(7':2p)4
(n*Zp)Z (Tt*zp)4 (Tt*Zp)z‘(G*Qp)Z

forT 4.21 B, @ Ne, @& @ [7Q Sfvash shefer ae sffoae o1
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STfUash Hefehl 1 HH AT ITH SAaHl Sl G
e T 21 AEY-FW, EH-Hife, A
U1 qUT FATST Soiee faard weh @l o A=
T €l

4.9 BISZISH IS

AEeisH, ST a0 FTRA—3 0 Tafues foeq
FUTCHS < Sa TRATY] HeHaIsrh 3Tee R B
T F I TId ¥, 99 GeHal ey o geiae
ifeen ol UM a7 i TR THIARA @l S
gl hokeey U SR UEiyd gIggie UHI]
foRdT THY forR[q SR 9T o T1% Teh 1 STa
T 1 39 SAEY I TS e’ wed ol U8
e Fedars ey U gl gial 81 STend— HF
H T AU o BIREISH THIY T TR 319 F TG
THIY] o S EEgISH @Y ol 81 36 TH YR
<1 ST Hehel -

TRl R BTEGSH 3Te I TRA[S o e Teh §g
1 HTE I €, S b WA hl HEEASTH 3T
q T I TESM SEY gR Siesl T@dl B

Safeh HEGASH €Y i 39 W@l (—) g &9 2
TH WehR BIISISH IS hl SH ATHEUT ot o
wq ¥ gRurfya feram ST Herar &, S Tk 107 R
ETEEIS UTUIU] Rl gER 70] o Toed Honees
TIWIT (F,0 ITN) & Siere g

4.9.1 EZSISH IS S Rl hIRUT

9 gTEge W] fRdt yaa fagq womers o X
T e el €, df Feufed Solaeq T gEger
THY] ¥ B Wl 81 YRUTHEEY gEge WA
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T TE[S X' o WUE STcAfuesh foagd oheTe 8
STl @1 Hfeh ol X TRAM] i 3R TFEARE 8
(5+) TEUT Sl ©, STefeh X TRHIY] W ¥R SHOcHeh
AL (5-) 3T ST T 398 U Fyelt 370] o =il &,
foreh s feer Sgd 91 i1 ?1 39 39 YRR s9ie
ST ekl B—

5+ 5- +6 -0 +0 5-

R T 1 2 ST | U AR B © ae
el sTereen W =FaH| T e 9 eEeisH s AfeR]
1 G AT TOEH! 1 Jeerdl § YHIfed i 2
4.9.2 EZSISE IS o UehT

BIESISH 31T & Wb o id 2—

() ARSI BTG ST

(ii) SATT-3TU[H TEGIeH TE

() ST-TUH BIEINA IMEAT— I T HHAM
steran fafig= TRt o <7 SToT-TeRT STUst o i
T4 €1 SIS~ HF 1], Toehleiet a1 Siel b 37upeAf
* o TGN AEY|

(ii) STT-ITUTh TIESINA ATET— F T TH &
3T0] § IURErd STEgS TXHTY] ae 37feeh TRl SkomeTh
T (F,O,N) o st sl 81 Sgeioned— o-Arge
firier o BEeSH, S SARASH % wed @l B

I

N\
:
!

o

ferT 4.22 o-TEIFHIT 379 H STR-3T0F §ISIST STay

Rationalised 2023-24



132

e fagm

RI9T

TR AT QT SRl RO o foe i fehataiy ol Teyed vl 3 Heita e g Seht 19
fomma =t wifta & @ Gefoa fRan erai o ot S ST & RO T Sea= Bl €, S aed
HEISTeRdT 1 ST T

TE 7 WAL HeEaArS STt i A WHIS g s g7 o WeWSH o €9 H @il 39
HhAT gRI Felfed ] Sepwe 19 fore e #d ¥ o fog fag foRdt v o WRAT] oF Harsehdl
TelRHl 1 I B 1 g fag WO SAueti # eree 1 femr st €

AR TR ST qon Fomei w1 i w0 o fifada e ed 2, {58 s Sos’ e
STl 21 fopeeetia Tl & ©FeE e SRoeE o Hed ST Hgferd eidl 81 TRt Seteh <l Seteh foer weiedt
g1 Teerdisheon g )

< TRATEH o S Uohel THAST T 1 R Toh-UF Soide g7 o HeeH 511 Bl 7, Safh
T A1 A T T o GETSH o holawy a9 ST Ffid eid &1 Fw s et w UE o
T Sufeerd B €, S ereed H 9 e W) 3 sesel o TR g’ hedl ¢ ogd fag wee
370] H Yook TRATY] T ATt TR A Thieh! T R S 81 AR ATEEl o S WHE WTeid,
S —3TTee T, STTeiel Shife o[ SHUTeTerT q9T T auTar AifiTehl o TUT skt qTfad i
g

oEd W SUET qe SEURAITS SAF ol W Uk ogd HEAl §R WS el fhan S wehdn €1 wH
Tfelist o forq 3meh weemd forel STt &, ok 2= 1 91 99 it €1 3 qeft geemnd fwfoa w9 §
3T0] A1 3P 1 Aok T FRETd Lt €1 98 Ush Hewaqul qen 31fq suantt sraumon €, e ‘e’
el STl €1 AEH 3 ool fafed Tristl 1 SIS Weht 210 71 I ki Sredfesh STl YSET HLdl 2

o, @, € d. SR Hied H1 STEN YU w1 ST SMpiaEl o qaiqEE & o fha s @1 98
HEA TH FOUA W AN € o 0] 7 golg T TH-TR H Fhiod F €1 39 Hed o AR,
Mfeeh SATTHG TehTeh! JTH-TahTRT ITH, TehTeh! JTH-TEEN 0 TNl A JrH-Taet g0 qfqewson =
e et €1 7 SRl well 1 %9 3@ ¥R ©— lp-lp > Ip-bp > bp-bp

TEGAS e 1 WeHarstehdl ey fHgla Tegdis ey o7 o Sell-ToeM T eid €,
TSI <9 @ off. TH. 5. 0. 3T Afea TRl Tl STed| 7o VB fasia sarhl o stfaeamd oX afenfia
2| SRR —H, 370] 1 To=q < BESISH TRAS o Ueh YIa ol 1s Hemeh oh e o
HAETEY Bl 81 X TEgieH WA SE-Si ke o ¥, 99-99 freer 1 feofast it 6 et St 2
e AT g (3TeY Fag) W @ w1 Sl =Aan gl 21 el w1 SR Ty o W e
1 Sl dsft Y Sl €, 7l 310] 1 A U & Sl B heih ATeAT o HRU A AT Sk S
TSR S g Sl €, TTHoh Ror A oqd § Urg-ur o7 W €1 TRy ¥ U v ? R ohedt
AT o YR W 3 Uedt qe1 e aTgal o arediaes 71 9 T8l eld &1 36eh o oo 31
FH W of fo=R w1 a2

TEAAN[H AU i faftTe TRfde 1 T & o foau oiferm 3 9] wHeehl o SR &
SEIHRON 1 TEd 631 Be, B, C, N A1 O o T Fafhl oh sp, sp’, sp® Thl o6 TR R BeCl,, BCL,
CH,, NH, T H,0 37X ST0ai o1 fofem qon S S Sehfaal T &1 ST Tehell 21 39oh TR
™ C,H, T C,H, 3% 3Tusti § sg-smaelf ot fasior o vy fofen <1 wahan 2

TTfUaeh Theteh Tagia TRHTY] FHafehl o GaN Ua aeel ¥ §q01 319 § Hag SfIfUeh Hhafehi o o
o ®Y H S HT T HIA T AUeh herehl i GG GAN HIAAI THIT] FHefehi w1 T o SR
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TS, AEET qal Afvash  GXe

Bt 71 SRt Snfvash etk AR o e Teiae S 91 9 § 9T SR Holl SATHRRTT YT HEThT
1 o1 ¥ HA Bl 8| WiaeTae anfversh ek W W] o TeA YA TS T Bil 81 7 HeEH| B
il ARG TCHTY] Fefehi H1 37U = eIdl ¢

IS 1 TS O Afvesh sherehl W Selagial bl Sl o Sgd ®H W 9Rd g foran S 2
T H TE T ot wSelt v e qon g2 o e o g #)1 3k o) o el enfuesh et
Y goreAl 1 gen uia-sree nfiesh ekl § Sufterd goieAl %1 Wem 9 Stk et €, i 31 T

B 2l

e Teh BISSISH TRATY] & 3Teeid T SRoMcHeh WA (F, N, O) o siel 8l 2, ol SUH EIggre e
T B T8 ARSI (M 1 T AU o STo-STenT S1upeti o sie) A S-S (T 1] H &) YRR
1 & Tehell 31 BEGNH 3Ty %2 AR w1 TS d1 ol R Yeorhil J919 S 2

4.1
42

4.3

44

45
4.6
4.7

4.8

4.9
4.10

4.11
4.12

A

TERIE T o a9 1 AR Hifad|

frefafad Tl o WAt & g f6g T fafe-

Mg, Na, B, O, N, Br.

Frfafed T a0 STl o oEd fog wdie fafau)

S 3R S>, Al @1 A%, H 3R H-

freAfafed st den e i oEd e fafen—

H,S, SiCl,, BeF,, CO%", HCOOH

sreer T o) IRt SIS qen 39 faw & wew iR dimed =1 fafen)
SR S S % ey, TR SRR fera

frefafaa s #1 stefa 1 =aren ot @, € W R fagid & SET St
BeCl,, BCL, SiCl,, AsF,, H,S, PH,

Zafd NH, T2 H,0 <M S1[sH 1 sefafa foerd aquhereh @ aidt 8, 7oy et # s7ee
O] AT T 70T HH Bl B fora=r whifery)

TS YTl sl AEYU-TFIC o €9 § 7 fhT YHR e H1?

3TEY g i qRare e

CO* ¥ o 3 § IR oh A= Teqstl &l T Hifa|

= < T WSt (199 2) g/ H,PO, i WA foRam < wehar 21 R0 9 < e
H,PO, & STTE Heh3 o fafed (SFarishet) &9 AF ST Tehd 87 Af% T, 1 S9ehT HR0T
Ly

H
H:O:P:O0'H H:0:P:0.H
:0: :0:

x
(1) (2)

Rationalised 2023-24

133



134

413
4.14

4.15

4.16
417
4.18
4.19

4.20

4.21

422
423
424

4.25

4.26

4.27

4.28

4.29

e fagm

SO,, NO, @ NO; %! $AR-|=mm fafau)
FrAfafaa TEmst ¥ SeiaeiE TGl §RI SFEEl a9l Bomaal o fok= &t
Y faIg-udishl &1 TeEd ¥ <o
(%) KaAS (@) Ca q1 O (1) Al qN
geifer CO, de H,0 IFl HaRam® o1 €, W H,0 17 &1 3Thfd sfhd el T,
SEfh CO, 1 s g et €1 faya oyl & TaR W Heh! =men Hifsm)
foga emyol % wewaUl ST Sl
forga- R oTcHeRar 1 URIf T 78 seiagq Syar 9 g yhR fa= 22
ool HEES S ¥ Y N qEEd €7 SeevHied el Sy
frefafea st i steel &1 aedt smafte yefa o w0 o fafen—
LiF, K,0, N,, SO,, 7T CIF,
CH,COOH %1 =19 it T &fa1-wiem Wl €, Wy F9 o7 Ffequt <wfe mu &1 ufafe
A 1 Wl opH-gE fafean—

H :0:
H—e—t—o—n

JI
TR ST & STl CH, 319 1 Toh IR o sefafd o -wmaet 8, foaw
TIESISH o 9 WA Toh off oh 9R HFl W B ¢ WA HifSY & CH, &1 317
Tl -gmaedt e e 2
TEfT Be-H 3Tl 4o 7, 24 BeH, 319 %1 fgga el 3= €1 ¥ &ifSw)
NH, 9o NF, % fo@ o1 &1 fgya-omol aifek € o =2
TRHTY]-hefehl o TeRIUl § MY 1 HHE B sp, sp? AU sp® TehT HeTeh i STehid
1 A HifT
frfafea sfafwan & Al WA &1 Gehtor sraeen § uied (9% i €, )
HHATRY~
AICL, + CI” — AICI,
1 frefafaa sifufwan o wesesy B ao1 N TETI[sti i Hehiul-3Taeern | iadd
g 772
BF, + NH, — F,B.NH,
C,H, @ C,H, 37Ul H e qwArv[sti o o= shHw: fg-awmeer qen Hi-swmee o fmion
EREER-RE A IS
fefafea s o fam (o) den W (r) oT ®1 g Fen fea 72
(%) C,H, (@) C,H,
x-318] 1 FATHAT 31 A gC a8y o FreAfetiad o &iF 9 ek fam (o)
e T S 3T w2
(&) 1sTA 1s (@) 1sde 2p, (1) 2py?'[911 2py (1) 1s @ 2s
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TS, AEET qal Afvash  GXe

4.30

4.31

4.32
4.33
4.34
4.35
4.36

4.37
4.38

4.39
4.40

freAfefaa sropei ® hree THT] i ¥ Tkl hersh TG hid €7

(%) CH,-CH, (@) CH,-CH= CH,

(71) CH,-CH,-OH (¥) CH,CHO

(¥) CH,COOH

TS o A T AT TRk g W A9 F1 U B2 TAF o Ush S 5N
T HIFT|

T qen Wi o7y H S T wifSul

ARl Y fHgTd o SER W H, 370] & fat=m 1 e st

TRHIY] et oh g HAN 9 Aok sheteh o o foly 3fagdsh vl i ford|
ek hareh THGIA o SER T HHARY & Be, 310] o1 Afeded =l &l gl
Frfafea Tiefs o smifees Tenfa &1 a1 FifST a1 39eh gaid o1 3R
FIT— 0,, 0}, O, (R AFES) qM 02 (RIATFES)

Hefehl o TEUul § SUgHE oA (+) a1 mon (-) Rl o wn Hewd e €2
PCI_ 377] H Hh01 1 90 10| 309 1aftar straer forqerdta starel =61 sraan sifes
e

TESISH ST 1 aRe S 98 IreteTed Sl i STUa od i @ I gea?
‘e wife’ @ Y F GHe 72 FrEfafed o sre-wife w1 afeher wif-
N,, 0,, O, T O
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E2 R G CA

THERMODYNAMICS

ELE

39 Thdh o 319 o oI5 M-

%, el ud foagad e 5 o &%
T,

fiafies Solt, T8 Td ST i THA
T,
SOANTIAeRT o W9 799 1 e X
T T 3T TS ®9 forg T,
ot el § Si-gieds @
#Ed TE SO ok AEH & 'Y H
qfehferd Y Fohil;
FTEA-Thed U, H 1 9951 Fohl;
AU Td AH ¥ Gae1 Tenfig oY |ehil;
AU W8 AH &1 YHEIfR A &
T,

AH o faq Ores efaer i aftfd
Wﬂéﬁﬁ;

fafy= g =t Afafmanet o foau
et afterds 1 M T Heh |
39 o fer-om 9% a9 i
e SR YA Y Fehl;
W@anwmw,
Td: del STEd: Ydfdd WehHl Rl
qﬁﬂﬁﬁ?ﬂ{ﬂéﬁﬁ;

T Sl FSAIAHT STaEen-He o
w9 o gRwt 3R SEehT ST T
T,

TF-Foll URe (AG) T THH Hobl;
T YAt 31 AG 9 AG 3R 9
feeier ® daer Tenfya & Tk

11084CHO6

TE ek Sidelvg @l hael difeh fregia &, foraar forg & dge §
T zaar Hifere faegTal T Skt SUGeIdr o TeT & 4T THRT 78T
ST Tl 8

afcae 3BT

S $o SIE HEH T, THIE 719 A1 hiFel ol § Seid ®, o THEeh
srfaferan o <A eropetl W WUEA UEEtR SN S o ®9
e Bt B1 19 Tk $o § S SToraT €, 79 TEEtR Sl it
7 T TR @ wd § o e S (e der) fore o
TR T 31 T R A & e v fae i § T
T Y R Gefd e € T TF ®9 Y g ®Y H F5el S Tohd
g1 31 Sol-EUON T I € SN H1 faw-asg
SN o o Te e, f sgd-9 o10) e §, 9 waifea
B 2, 7 o gew frepri 9, fo=d 9gd 9 219 g €1 Fomiaeh!
39 9d 9 Gatad T8 @ foh 3 Uiedd oy Te fRY o 9§ swEited
B €1 T8 IRl fent o1 URf9es W fam sreren 9 Heifua
& Swmfash! o fm qsft @ B €, S e arEeen § e
T o1 U T ¥ R e ¥ S 2 fmE fee & T
o1 (SH— @ T A1) dreEee § 96 o el uiEfid T@él g
&1 38 T | g0 SEEf! & WY U F9 Hee ol 99 o S
T H TG H| -

T TR AR/ THE W 89 Sell-uiead ohd i
FA © ? T8 UNEdH BN AUl TEl? Uk TSR SAaiwa s
*9 Ifa B 227 vt sifufwan forg S o =t 27
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ST AT

5.1 SHSANTdeht oF deh-lehl 9T
TN Scgehal qEEfTes ifufwansti w3 gHar
F-uferdal &l S H el § SHeh ferg BH
IHfaeRT H YgE M ATt S dehdlhl I
ST B ShT At e feEn T @

5.1.1 e wa uf@aer
ot § R w1 e sRie % 39 WM 9w,
TR Yero fory S & aen sHeRt 9w Wi ‘afesr’
FHEA &1 TRe o e 1 Siea) Ud 9 aftHfer
B frpma w e AT faoreRt SeIe e 2l
e + afew = s=re

frem 9 srfafiea dqui e e § gere
RerdAl | weferd =Tt g €1 SEifery wrEifien et o
o srere w1 @@l W, S e 9 stdfean s €,
qftast & &9 ¥ e S 2l

MG : 9 1 98 &, S 1 o e
B 2, ufew o farid feran S 2

3T o fau— afg g0 uw i H sufted |
et A Td B i eAffsman @1 teme o) ®©
tent (Torem srfufsmran-fagmn €) Fere® B e waw
(fsrw st ®) aftasr =1 & swam (fast 5.1)1

w7 © T Trerr diifaes dimet (SE—die =0
WEA) § TR feran ST wehdr © 1 gete § wh
fafy=a eI o wdig fesen (Cartesian coordi-
nates) %E’ﬂﬁl’i{ (set) ﬁqﬁmﬁqﬂmww%
TE OIS ¢ T e i ordfoss o1 shiedten
AR A HH o N RS ¥ YAk |iel Sl 9%

137

R, <t T Te uRkEst i gerep e €, Cufker’
(Boundary) Feerdl 81 aRE g &4 e &
e 3 e FoF q1 Sl oh el i el wE
Uferd Y FWehd €l

5.1.2 ™M™ % &R

379 BH T A Sl oh Gl o STER R e &l
aifferd hid e

1. QW'F*IW (Open System)

& o faE ¥ el @ §3-gH &1 e @
ufewt & "o fafma (Exchange) @ Tehdl €l
3N —ATH RS Tk ol e § fed sl

2. 9 o™ (Closed system)

ag fema o f1om wd ufew o 7 g1 &1 fafma
e el €, g Sl 1 fafma e wehdr 21 SiE—
arfireres o et | ferd sl

3. Taerfia e (Isolated system)

& faafia e o frem@ ud ufast o 99 53 19
Feli— S o1 € Tafma see T2 g 21 Semond—
e T ovE v | fod W) fem 52 A
fafi= YR o e Tie T &)

: = e ‘Tﬁﬁ'ﬂ

.

"

() foafi[ feem

faa 5.2 : gan, a5 Tg faafa &E

* gfg gH ohae stfafwen fagor & feem wF, a1 et H1 <R 9iew w1 s S
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5.1.3 R & 31a%en

frelt ot Soamaes! ferm w1 9o % T, SE-
@ (p), FFA (V), 9 (1) T @ G
(Composition) %I ff<® (Specify) Fer foham S
21 &Y Tt =i affia &3 o foaw 57 7ot ot aied=
¥ qd U gy fAfde w5 gear @1 e wdifaw
e | Uel g T it § foRdt e &b erforen
sraer &t e e o et sa-fageti & 3§
g7 I el we a7 o SER T HT Sl ¢ SR
T 3Tl 1 Ueh 3TeT Ud TRl ®Y J&aifad foman
21 ST Yok U1 1 T o osgd I T SAEvIhdl
T €, it el g0 TR o Siga wo g T
T WA hd & BH TR i STaeel i ‘STeRaT-thetAl’
T “STRAT-TRL’ & GRI ekl HLd B

SN | TR 1 1w &1 9uiF Iqh
HIOTETE 1l Tl U o g TRl ST B1 8H U
TG T ST HT IHF W (p), TG (V), AW (T),
AN (r) 37 © a0 T Hehd Bl p, V, T o1 STeET =R
T R o ®, 7 oS! Uied e oF diieh T TR
e &1 s1aen ! qui ®9 9 qRefid & o fag
et o Geft T[T 1 AU H HT TS el B,
Fiifeh o 01 & Tidsl ®9 W qREfdd 8 Fehd 81 5
TOT <t T R 1 Wbt W R et €1 e AR
%A 9 Y TS H T T TN i 99 H 4 S, @
T HR T 1 O @d: FivEa 8 S )
5.1.4 3Tder Sell : Ueh STAEAT-WheAT
e B9 3 TER TR bt == i ©, T ot
%1 R a1 YA Bl ®, 99 ¥H UH UH O I
TRl Bl €, S R 1 St w1 wlatfere
F BN TE el TEE, agd a1 AitE el @l
Gehdl B1 T Goehl AN € R w1 Sl el 2l
FHNTIGRT W 3 STideh ol U whed 2| T qiafid
B ©, el
o T H ™ § yow A AR e e,
o frem W = feE g #E fFa T A,
o M@ ¥ g1 &1 yAw A T B 7

R IE I CRIE

(%) e

qad Yeol g9 w1 wH W R w1 ondfin et o
B el Uiadq &1 g w1l 80 U UE e o
T, ot o ek a1 S diet | S
9 A1 21 T9H TR ue uRewr & Hem oA
HaTe &l B, UH R i &9 HgIeW (Adiabatic)
T wEd 2 W T o areeenr-ufteds @i
HEIH UehH had ol 390 T we 9fiEw & ueg
Fi2 Soa-fafma &1 gt g8l | e v ufew
F Yo FEAE GO egE daR wEerd §
(fat 5.3)1

fora 5.3: ©F wgiw fr, fgd gRdar @ ssr-fafma
g 781 81

319 B9 (T N F© F1 Hich 9] STARH
Tl § ueadT e €1 A TR freeE gt
ST A € TS THHT AU T, A1 AN Fell U, T
TR T TerEeN i & WohR § REfad Y Hehd ©—
YR YT —AM foF B Ued 9 Sl ! g2 89
1kJ & & €, Tood e 1 = 3ferwen A B
TS IEH! AT T, T W 1 FE 3@ T fE > T,
Hd: 99 H RerA AT = T,-T, | |l el B H
iafeh H& U, ®, @ oAaRE e W ufied,
AU=U-U,
fgdta gep—o1d 20 9@ § T fidse s
(Immersion Rod) Sleish 3d-l il é@a Eqp] (1kJ)
F T T e ¥ qu-ufiedd 92 % 21 8w SEd
€ for am-uiaeq 9o & wEE T,-T, € @ R

el H TS TAN L. S[A 5N U 1845 oK
I e o om 3= U fok e W e
TN fafyea & e 1 st § 9ue uftads o
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ST AT

g, 9R *r foRet ft TR (WRT) g1 R S, St
&1 W 9 o Yadd g <@l T 2l

Id: Ig UK femal € f ww ud wf,
Mafe e U, i gRefua feen sme, fSges am
et T 3Teren w1 SAFeneioTen B, STl TG Wehd
H fepant o el w, J1 SFereenetl | U ierdq o 4,
Ul AU=U,- U, =w,_, &I

31q: T 1 Al el T Sfere-thed 2

THMAH FFMhT § JUPAC THI oh 3TIER
YT T o € fof &l w, Fehr o) femam
2 qon e #1 ofiafe Sl o Sl 21 36 YRR 9§
Ife frem g0 & ffen S, @ w, RO BT
Fiifer T 1 eTiales sl wH & Sl

F1 3 Tt o1 URfad STaee-waeHl o A
o Fhd B2 V, p T T 5s 311 URfa STaee-thefd
gl 3T o foau- At z9 frdt frh & qm &
25°C ¥ 35°C T URadd e, d a9-qiadd 35°C—
25°C = +10°C BRI =R &H WY & 35°C % a1
ﬁwﬁﬁ@ﬂ?ﬁmegreaﬂiﬁ@ﬁﬁ'{
fire fema =1 3ifaw A (35°C) T o S| 39 YR
T Teh SFAE-TheH 21 a9 o IRed 9o 9 fei =&
AT 21 ek qrelsl § T ol ST Teh SToreel-her
2, ik gEeh Sl & FdT H qRadd 39 o W
R 7E whean @ fop drens v 9 T g— IR g,
ENEEE-CUR I AR
(@) s
70 fom o fopw oft aftasr ° oA ol A afewt i
T HL Teh ht™ 1 Aideh el H URadd &
Gohd €| I8 Foll-faf-ma, S qdie] <t Roms §, S
q e 1 T T UE ddick o o forg [qd o
e 5.14 (%) H FAC FIER G YR TE AR
Y] S TG SER 1 S SO e e
(fo1 5.4) R o1 o =er § gl 8, W fo=m wi)|

o o die &1 T 9 (et <en ey
o §) ® T, 99 W S o e ?os@
a2 e, fome am T, 21 # W ) fem ()
SN JEWMG FH g 1 AY-UReH T,-T, §NW
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forT 5.4 : T o, f79d REHET & 3IR-9R 97 6T FaTE
q9q 2

TG S Hehel B1 T8I W f Aiafen e § gfed,
AU= q &, S TR 31 W =i % T2 fman
T R

THREH SFIhT § JTUPAC THI oh 3TIER
REST ¥ ST T THIARYT 961 | 8H T g &FHS
B & 3R Fepm 1 St agdl © T oAl o R
¥ qiEe 1 A TERd 8F T g SBoHS el 8
RoTHa: e Y Sl % 8 S 2
() wmr= feerfa
U T 9 feafq m foum &, Sefe safes e
T R 1 €1 YRRl (T hich TS SvSHT-TAHIaR0T)
)1 B 39 feufa o &9 snidfes et o Uftedd & 3|
TR fora Tehd B

AU=q +w (5.1)

T fafire srewen-ufiada o qiady o YR &
IR q T8 w o AM 9 81 Tohd €, W q+w =
AU 9a YRfae 1d 2ifag stewen W ek swam =g
RedH & YR @ LA 21 AR S A1 1 ok &Y
H Fe-uiadd 9 8 (foafia fee) steiq afk
w=0Td g=0, 8 AU=0 @]

GHIRIOT 5.1 A AU = q + w, SHFITR] ok
verg e o1 iUt e #1 gem e % SER,
“ter Taerfia frerma @t st sraRed=ia gt 817

* qgel frrrg W T ST a1et 1 ) STk fae oI fRr g foRT SR ol o @ eATeHes faes feEn T em ifaent
FI Gl W ord oft 3 e T SO @ W1 © g9l [upAP A ot Tl fam w1 fawifer #51 2
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wee i W faefia e € om: fam 1 f=
TR G off el ST Fehdl 2— SIS i Soll STaREd-r
21 WA 39 ISl o HXe o fagia’ wEd ©,
ufq el 7 d A HT ST Hehell @ 3R A & SR
o fohan <1 Wb 2
e : T FHNGHRE 0T (SH-Fs1) T T AH
T (SE-STEeE) O Bl @1 &9 fed fowiw
7ol | STFad 1 @ FRUe (Absolute) AM fAfse
T Hehd &, T SR Sl w1 Fdey O e e
F Whd §, T Aaies Sl § IRed" AU
o S Hehel B

IETEUT 5.1

e TR 1 oA St § ufierd <R, k-

@) e g ufew @ o sewifug = @,
R 6™ W (w) &1 fman sl e &6t
ar 9 YHR *T Br?

(i) TR R FE *d T fohan ST, WY 3o
FT AE g T 9 afew & < < S
frea #1 <eR fF9 gwR &1 7l

(iti) F1F™ E0 w AT 1 & fRA ST W g
e &1 oA e & S aw fRE
YRR o1 e gim?

&

@) AU=w,, 3R T5 S|

(i) AU= - q, IOR S garesh gl
(iii) AU = q - w 78 &% Fiam B

5.2 TUANT

#% qHEtE sfafEwst § N6 Iaw B 2, S
Tt T FE A S I HE H HEH Bt 2
T gRadl o R &1 M1 TS 3R STaie
Fell-giedHl ¥ Hag wE Hedqul B <@ fF e
Y Bl B

5.2.1 i

HEYeH Teh TR g1 fohT T T 1 Yepfd W e
WIS &1 W hacl Fifeh kT, 3Tl e ST
FE W fT=aR 3

R IE I CRIE

‘c{lﬂ:pexAV

&Aw, P

pexg ()
k—1—

fag 5.5 (%) faferer 4 Refd o7e9f 19 0t 92 9 feor
§/&l </ P, BRI a1 T T e
EER &3 g)T 9 T 8l

T3 & il GHSH o ol 89 J9oRfed
e fafder W faem +wd 2, food s o
et T 9 gE ®1 9 1 e o vV, U fafereR
¥ 9 H1 @ p T AR TR A p, 7, S p W A
B, @ fRed iR &1 IR 9@ % T HAW, 59 qH
e 4 p, o &R Bl WC| 4E foh 78 aiEd
TF 9% H e € qen Sfqw s v oA R
g ® T 150 77 el € U foe o1 Sruey
gt A & (F 5.5 &)1

qe A H URE =[x A= AV = (V, - V)

7 e S E T e

Ia: A Med =p_. A

I e 9 9 e |/ ™0 =8 w
g,
w = 9 x foarmd =p, Al
=Py CAV)=—p AV=-p_(V,~V) (5.2)
el oI o & wHfU SEwE § TR
qRUrE! (Convention) o AR Hdled ¥ ™ W
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SFT T

1 B TR, S EARHE B RS (V- V) A
FUMCHS BT STd UM o T T T[0T &,
q w T T HFCHS & Sa|

Ifg Tpad o TS U8 W IE ) 7 8 W
%3 Rt uel o sead @, a w1 gEe qg
H gU 1A &1 I B T - Y pAV o qod Bl
(o= 5.5(@) ]I

g 3@ R 7 8 6 39 YR 98l & fh I8
TSN & N % <@ W aged ifen €, q9 G
o Y% U8 H STEAH SHAgEH "l dV ST 39
fearfa o Tw gro Ty g e w6 o B e
ot W A HT Hehd B—

w =- p,dV

i

(5.3)

4 R (V) v

forg 5.5 (@) SRR &7 gRfyd 7sl o a5ed gu Sifeer
3 W RIS SFaT 9 3o SFaT a%
g H [ohar 7 e 9iar g

A W p, &% 98 W (p,, +dp) % I B
[fea 5.5-7]1 oM uRfeafaal o oo o 9wr |
STaRes @ W THIM HH BT, aﬂﬁpe)fpm—dp
Wwﬁﬁmm%ﬁpex=[pmi dp) Q’@[
o SChATE WehH' hEeld Bl
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7 3R (V) Vi

ferd 5.5 (1) pV 9% & GRIY% $Fa V, § V, %
TgT & foq Schavtg U § R
F3e7d U SIReR J1F W 31d YaI H fohar T
&% BIGER &7 § <9 T gl

Teh WehW o7 URads auft ‘Schuuia wehd'’
FEAT &, 7 30 FeRet off arur aragen uftads
o T Schidd (Reversed) feham ST HeR| Th
ITHAUITT YehH why ATETERTSTt U 3aged Tfa &
39 TR T aga € fon Frem we ufiaer when
T WrEeRen ¥ TEd €)1 Sohuvi WekW o
fafiad o7 AR Wkl @i TERUUNE WehH
Fed €

T wre | agd | UE geed o €, R
T & o ToU %1, 1T 3R M o fidie <«
o IR e i SEvge usdl ¢l

T TR 5.3 i f=fafad ger 9 foeer
Schavia uiifeafaal § w1 & oTafte <@ 9 dag
FL GHI o

Vi

v, v,
Wi =~ J- pede:— J‘ (pm idp)dv :_J- pindV
Vi Vi

Vi

(dfeh dp x AV 1 5 0 ?)

Vy
Wiev = _I pde (5.4)
V.

379 79 % T p, I AT T GHR gR
TG 3G o Ual H e TR S Gehdl g1 TR
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et 9 % n WA % U (pV = RT)

nRT
S>p=—ro

d: T fEeR a9 (FHAUET UhH) W

Vi
dav \%4
W, =—[ nRT =~ =-nRTIn—
; % v

i

Vf
= -2.303 nRTlog 7,

(5.5)

HFIYEIT : T 1 faid § R/ (p, = 0) Jok TE
FHeldl &1 el TGl o g gERer § g e
BT e S Ufoha ShAvIY BT A1 STIGHAUIA, (TR
52 Td 5.3)1

378 TH HHiAI 5.1 i fafss yehHl o T ER
%% YR U for@ Tehd B—

w=-p AV (HHH 5.2) I GHHT 5.1 F
YT & ™

AU=q-p AV

I yohH TR 3P Wl ® (AV=0), T8 AU
=q, qvﬁWV(Subscript v)?ﬂf’cﬂ%ﬁﬁm
feer 3TFd W 98 1 T 2
3t 9 T GorT TS WHATIT TR
TH IR TG 1 e TS WHAME WOl U
(T= feeisp) ®, w=0 8, #fifes p, =0 B 5[ A FAH
g fFwifa fFen fF q= 0%, safew AU =0 B

HHII 5.1, (AU = g + w), Sl THATIE SGhAT
TS TIGhAUIY Yl o U 39 YR = fhar ST
ekl &—
1. A STIGRATIE TehH o fag

q=-w=p,(V,-V)
2. IHAMYE IEHAUIE YW o fau

\% \%

b i
g=-w=nRTIn % =2.303 nRT log %
3. TG Y9 o felw, g =0
AU=w,_,
IETEIT 5.2

10 atm @ 3R 25°C M9 W ferelt eyl 19 &
3 forex gHamda & 9 fefd o 99 9% yaia
B &, Sd T ST el A 10 fak 7 @
ST 36 GOl § TRl S Sttt et @
Td fepe s fepen ST 272

R IE I CRIE

T

B0 A & fF q=-w= p, (10-2)=0(8) =0
1S 1 T a1 8 TS i ST S el
Bl 2l

IR 5.3

IfE T TR0 § feeR 91)I <@ 1 atm &, @ FA
BR?

&'

THIIE fhg=-w=p_(8)=1x8
=8 L atm

3ETEATT 5.4

g IO 5.2 B TS JEROT IhHACT 9 9 &
qr = 'rm?

'

T T R g =—w = 2.303><nRTlog“/;—f

=2.303%x1x0.8206 ><298><10g§

=2.303%x1x0.8206 x298 xlog5
=2.303x0.8206 x298x0.6990
= 393.66L atm

5.2.2 TSl Enthalpy (H)

(R ) Teh SUART AT STAXAT-heT
T W4 © foh TeeR et W erawiiftg o eniaies
ol § URedd & qod, Ul AU = q, Bt §, W
siferenTer TmEfTe sifuframe feer st 7 g
TARS , TEet 3Tfg § feR argreed @ W gl
21 27 uitfeerfaal o fou 89 W T eeeq-ther &
STETIh BN

&H FHIHIT (5.1) i FoR @ W AU=q-pAV
%wﬁmm%,aﬁqpﬁwmmﬁﬁ
T T -pAV @ gR1 R T gEo-aE 2

YRR STIE ! Ui 1 9 TS 3Afan e
1 2 ¥ <A 2

T ST HIHI0 i 6 TR fora Hehd ©—

U-U=q,-p(V,-V)

T Fafeqd s W

q,= (U, + pV,) - (U, + pV) (5.6)
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SFT T

6 Y Th 3N FOHANIAR] el sl g
T HHd ¢, T el (e v Cweifewed’,
former a1ef ‘T wE @ sfafifed e B @)
Fed

H=U+pV
3 THERLO (5.6) B S 8:
a=H,- H,=AH

Tt q T 9 SAfE@ wer §, aenfd g 9 @
sl B I H Ueh Sfeee-%e 8@ (H.U, p W& V
1 Her S| A G STeE-thed €) | 39 YR AH U9
Tods TR B

feer 3@ W ufifia uRadHi o foe g 5.7
%! feran s Fehar 2

AH = AU + ApV it p feeriss €, om: &9
@ Hehd &

AH= AU+ pAV (5.8)
SeciEHd ® fop o feer <@ W o srawifia g
2, @ =ened o en oedt # qiads "9 ®© e g

IR W R AH = g, feR <@ W s
T 2

FeTadr rfferams o fow AH RO
grar &, et tfuferan o SR wo St Br
% Td wwmit srfufsraeti o faw AH SR
EIAT &, gl URA9T | FOAT T JTAINTUT BIeT 2

TeeR 3T (AV=0) WAU= g, 3Fd: FHIHT
5.8 B S €1 AH=AU= g,

3 e, T oherel 319 a1 g Wy et ©
T AH Td AU & A9 AR 1efe & giar, Fife 39
TS gall B TRH 3 W AT | iz {9 aRedq Tt
BI| A e erae 8, @ g ST wiefer 81 S
21 B0 ww U st W famr w ® foed T
wfee €1 feer 3@ v a9 W v, 5 sifafwaet s
TSV, W IR BT P ST B A n, T
SAfafeehl Te n, A SRS % Hie w1 g @,
ar emeet T e % SHR—

pV,=nRT
e JhX pVB=nBRT

(5.7)
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a pV,-pV, =n,RT-nRT= (n-n)RT
p(Vy-V)=(n,-n)RT
pAV = AngRT (5.9
Tl An, Tl SRS % Hiel w1 HEen T 1
sfafsraent o Al 1 TN H AR B
THET (5.9) W p AV HT qH THIHWT (5.8)
¥ W ™
AH = AU+ An RT (5.10)
THIHIOT 5.10 T YA AH 9 AUT AU AH
1 OF 6 HE | R S 2

SETEIUT 5.5
a1 e T 7MY W 100°C TE 1
bar @ W TH HA A o AHHO o
gfedd 41kJ mol ' URET AT STAfR
Sl-9REdT i TUAT HifSTT, S& 1 Hid ST
%l 1 bar §€ Td 100°C R ardiehd fopan
S

'

H,0(1) — H,0(g) 9Radd & fag

AH = AU + An,RT

A AU=AH- An,RT
A @ W
AU =41.00 kJ mol ™" -1

x8.3 J mol 'K x373 K
=41.00 kJ mol™' —3.096 kJ mol™!
= 37.904 kJ mol '

(@) feredtof el &= TOT

foreeiiol el et T ® 95 e e 21 ool o7 @
o1 2, Fraert 7 e ¥ Sufterd g & A/
(W) W R e @1 S o feu—germ,
I, SAldeh Sott, T, Soameniiar affe ferediof
T 2
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3 T, S TR | 3Iufer 54 i HE/STRR
(TrEst) R AR T ¥, T O FEAd 2
I ok TeIu— 19, See, <1 S1fE T8 707 €| Wier
o1 ¢ fordt fepm o T Hie o 01 o HE o gl

o 17 5 H A 0 B, W A =, S
T A § WA 1 S IR HER S V, T
HeR Fetefiar ¢ 71 fadiof wd e o # i 7w
Teh T ] SR V o U6 H T A9 T ekl Y Hehd
g (fas1 5.6 ®)1

V. T

(=)

R IE I CRIE

Ife ¢ ST €, A S W adE gfg 3t Bl
21 S B FoAeniar st §, gue o1ef U7 § f
THHT A9 FGH o T 9gd e el =ned|

C wSred Y H o A g @1 et agred
I AeR SR Cm -< T Hict i SR

n

21 € SoA1 &1 9 AGN €, S T Hiel 91 1 a
s feift fcem® (o & ohfeed) sem & fau
ek Bt 21 ey wvomn, 5 fafyre. Somrentiar’
off ed &, I8 SO €, Sl SohTE SeATH o Tondl deref

i<
ﬂ
pol<
H

(@)

T 5.6 (&) 37d7 V U9 a9 T W TF 19, (@) G975/ & R S7ad &1 S7e1 &1

31§ Afs favsie oF g oTEaA ofen A fea
i (Fet 5.6-@) , e 316 3t v/2 @ S g,
W I8 9 T & T 2| o: T € e
forediol o1 2, Srefer dmg TeT o 2l
(1) FeTETREr
39 3UES T BH 2@ © T Tk ol o7dfid o Sy
I S 1 AR T SR S e T W, @ 9w
a9 o gfg oF w9 § qieterd Bl 2l

a9 o iy fafd S o FHE el 2l

q =TT x AT

UM 1 A T/ o TR, Feed Td ehfd
W et e 21 39 B TW ywR ot faw wed €
'‘q=CAT

Tel Tk € H ‘FEeIfEr’ wed )

39 YR SOIEIRA A1 8 W &H i g
AT R Y| ST A1 F Gehd &

1 A9 T feilt Afedad (3 U Hhfcad) S8 &
fau eravasd e @1 fE ugel w1 A" ser %
XA W AR FH g I B b foaw g
fafere =1 C & &W AN m TE q9-9Red AT

F o w3, e

qg=cxmxAT =CAT
() T 31ewt W & fag ¢, v ¢, # wam
FOIRA 1 fEeR e W ¢, | T fEer g W
C, ¥ offehd e §1 o1 B9 T # Wy A H 2
q o fou feer stEdT W aHie form wehd B—

q,= C,AT = AU

T feer 5@ W g = C,AT = AH

st W % fag ¢, W C, % ¥\ o® ™
TR FA feme S ekl 2—

(5.11)

Rationalised 2023-24



ST AT

T Al AR W o faw AH = AU+ A(pV)
= AU + A(RT)
= AU+ RAT
.. AH =AU+ RAT
AHTE AU AF @A W
C,AT = C,AT +RAT
C,=Cy+R
c,-C, =R

(5.12)

(5.13)

5.3 AU TS AH <Rl HIAT :
Shentata

AT Te e TehHl § Gated i, IRed i
(Calorimetry) Wﬁ%l Wﬁﬁﬁwwmﬁ
foran s €, 5/ Shediieiet’ wed 81 sheliiHiel T
%9 % F AT H S @l 71 5 hi SHEEIENGT To
HARIHI T SOHIRAr T BH W - uiedd o
SMUR W YehH T Icq= HoH1 1 1 ST Gehell €1 AT
T feafeai & fore o €

(i) feer-emad W, g, (i) feR @ |, g
(&) AU T °OF

TErEfe stfaferansti o forg feeR sTras W sraenfia
] ST HIOT oH ShelRiHeX (Bomb calorimeter) q
o s © (fe 5.7) o=l ©% Sa &1 9= (99
HARIHI) STt W g S €1 LI 99 § Ao
Jallfed o Saeeia Ufasel (Sample) sl STl ST
21 e H Scm SO STl 1 Sfala @ S 2
3Hh 91K S H1 AW Ad H fern S 21 S o
HARIHR QUi o, € oFd: THR AT W hIg
ufads & B SR i€ wE T R S 21 Fw
e o e o et Tt stfafmanet § off wig
% T B iR AV=0 Bl 81 eI 5.11 i
T Y FARIHIS shi FOTERA T EF R Arq-aRedH
Wl g, § Rafda wX faan s

145

mﬁ,ﬂa\ﬁ
HERT e
_ \
) L
o TIY-ER
\ \
yfaest
EL Fr
<T@ Ffed
CiEaSEl
i \" 9
fora 5.7: a9 ST

(@ )AH T |HIAA

TeeR T (FH=Ia SRgHSEd Td) T AT TRedd
o= 5.8 H <wiiT T heARITeR g AN ST Tkl
TH S € fF AH = g, (feer 3@ R) | 37a: feor 3@
R IHId el STanifyd oA g, stfafran e
o fafeRar TIedt A H FHeard 2|

sfygferan fagmn

fera 5.8 : ReR 3@ (FrgHEEAT 31) W FH-IREAT A9
& forg el
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oA sfafwaneti § o feds et € qen
frerm @ ofier # o 5 weE @ 21 sHlen g
SRUTCH BN 9 A H it SRUTcH &Ml 36l @
STt ifuforenet # S sferiiia gl o g
SR AH T e g

ISR 5.6
frfefad afieor & oFER, 1g U®Ee @l
SIS 1 3TUehdl § latm @ T 298 K W
9 heAHI | <@ HIEE S 2l

C ( IR ) + 0, (9) — CO, (9)
srfufsrar o <R T 298 K H 299 K de el
21 9 a7 SheRIHIe ST SoaTeniar 20.7 kJ/K
B, @ S sifuferan o faT | atm 39 W
298 K W TEedt qited == eim?

&

T AT | U ST g Te SheARIHe i

FHENAT €, 8, T ShellHIe g STaeiifoad

SHTHT,

q= Cyx AT

1faferan 9 Wi ST ST HF SEE BN, W)y fow

FHUMCHE BN, FAifeh e (Afafswan-fasorn)

SN Y HOT hoARIHIEX §RT U8 i T8 oAl

o god B

q =— C, xAT =-20.7 kJ/K x(299 - 298)K
=-20.7kJ

(TE moTeHe Tom atffenan o Somed g i

i w3 ©)

37d: 1 g IhTee o T8 & I AU=-20.7 kJK

1 |t AHTEE o Sed & fau

_(12.0 gmol ") x(—20.7kJ)

= =

=-2.48 x10%kJ mol ™"

B An, = 0

. AH-AU=-2.48 x 10°kJ mol "

R IE I CRIE

5.4 stfaferan ok fau wEed

uftad, A H 1fuferan wEedt
Tt At o sifafwae sk o seed 81 59
Ui 1 TH YR U o— AMARIFR — IR
sifaferan o SRA Toed-ufteda stfafemar-wied
FHEA 2| AR fafEa § Toed-ufedT A H
fog 9 Twifen S 2

A H = (S&) st Tl 1 ) — (sifafshaent
HT Tt w1 4n)

=2 aHoge = Y D H
el Y (famn) fog &1 3w Sied & fau

fohan S & TS a, T b, WA THIHT F HHA:

Afaferaehi To SRl & WEfRAHI oT &1 ST

o fau— frefafeq sifafean 9

CH, (g + 20,(g — CO,(® +2H,0 (I

AH=YaH_.—-YbH,_.

=[H, (CO,.,g +2H_ (H,0, Dl-[H, (CH,, g +

(5.14)

2H_(O,, g)]

W&l H_ HieR THed €1 Teedi-ufiedd T a5
I T 21 SR T frer A W R sienfien
qaEtIe ifafshan | SeaA A1 viide i A a1
o 3{rervaeh 81 SEh! Sevshal Ui TEeieh i ardig
fefear =1 oA A o Tedt ©)

(= ) 3tfafsran =t Ares et

ol Tt stfufsman s e aRfeafaal w fsfk
FA T 3T g AT § fo 79 o Ak it
i fafése Y| Tt Tramafer stivrferar =t e
T a8 U uleadd &, wia o1fufsrar § |
AT @t uaTe STUAT Wieh atererai W gl

Tt uarel it e sraven fadt fafde am
T 3T 9% I[E ®U 8, W 298 K 1 bar I W
T ST B 3SRl o feu- 59 TSt S+ A
3R 298 K TS | bar W Y 59 el &1 <AlR 1
A -3TTEA 500 K TS 1 R (bar) T YE S Bl
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SFT T

21 3ffhe WA: 298 K W Tty s €1 wen uffeerfaat

% AH R g8 © (Superscript) @& e TR

ST €1 3N ok feu- AH

(T@) UTERaT ®UOT # T -uieds

e IRede § Soli-uftedd i erar €1 SEe o

fore o =1 T o foe S 61 eavaehdr gt

2| R ot w1 fyser fer <@ (argHEe

TE) W Bl ® a1 TEe-uiedd Bid g9 a9 fEer

Tl B

H,0(s) - H,0(1); A ,,H® =6.00 kJ mol ™
2I%TAquHe O ST | o T 71 afe

Sl ot § aerdl €, 1 SHeh Toadid WehH Bl € el

Ial & A oA afiewr § el S 2

o oot 318 veTed o e § e T
gftads & ueted @ oM GO A1 Wer e
T A, He FET I €

3G AT O S B §, o7 W e
TfeTal eTeHe Bt €1 STe o TRt H AT hi
SAITIRAT Bl &1 THoR FaeMIh T, T fEeR @ W:
H,O(l) - H,0(g): A,,,H® = + 40.79kJ mol™

A, H® ST Y A T 2

(T, 3R T, F9R1: ToMF T Feia g1)

TRt 59 F Uk AT Bl o) A0 Ud AFeR 91
(19R) TR STSiiehd ol o ToTT STTEgereh STOHT <hl SHehl
A T A AR S0 T A, H O Hhed §l
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Feduad | 2/ @Y € T H 95t 9w @1 23|
e SESTHAES A1 [ o (dry ice) A_ H® =
25.2kJ mol "' & WY 195 K W Feduifad gl 2
Juerel oy H ef-efit Sresurfaa B @, frmer o
A, H®=73.0kJ mol !

fopelt 3 & T W A eR A wE "
TE (1 9X) W FeAured ¥ g areit et
qREdT o SHHT A SeauraT TIedt Fad ol
TEedt-afada 1 7 359 ge1ef o SYai-Safae Sat
1 emar W fAei wear €, et gaeen-ufited @
@1 21 S o fau— et o Squpedl o Hem Sufeerd
I BIESIS a9 SHhT §9 TaE § St o ST[3Tl i
Haordl § oY @d B et g9 (SH- UEieE) |
Sim-aTfves fgya-feya == fohan foviw €9 @
qdot Bl 81 39 YR 3Tk | Hiel & oodiehd e o
ST oF 1 il i ATvdiehd B ohi Y& HH ST Hi
TrEgshdl Bl €1 |Roft 5.1 | o ugiel i Mo e
AR T AR Toedt & TE 2

30T 5.7

T dTel (Pool)  fehetl dreh i 18 g Tt
%1 T © @l (TMen) BT T hl 298 K W
iftad g9 o fo fohaet oA eTawass gi?
298 K WR STSHIeh0T i AR Sl ahi TOMT
Al

AU 5,1 oM TG a0 o {0 qeh Toedt aReds 9=

Substance TJ/ K A fusHe /(kJ mol?) | T,/K AmpHO/ (kJ mol?)
N, 63.15 0.72 77.35 5.59

NH, 195.40 5.65 239.73 23355

HCl 159.0 1.992 188.0 16.15

Cco 68.0 6.836 82.0 6.04
CH,COCH, | 177.8 5.72 329.4 29.1

CCl, 250.16 215 349.69 30.0

H,0 273.15 6.01 7315 40.79

NacCl 108.10 28.8 1665.0 170.0

C,H, 278.65 9.83 353.25 30.8
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el o eIy 298 K™ A, H = 44.01 kJmol’
Fal

TSN o YhH hi §H TH TR TSR HX
Hhd B—

H,0() ————— > H,0(g)
18¢ H,0 (1) § e #1 wem - 158
18 gmol™
=1mol

1 mol S oF 298 K W orsqq o fou <& 5H
A Foit = nAmpHe =1 molx44.01 kJ Mol ~*

=44.01 kJ

(& 9 g o arod 3Test T o WHH SIeRR
2

A U =A H-AnRT
vap vap g
1 mol a9 & foTu
Ay, H = (1 mol) (44.01 kJ mol )
=44.01 kJ
An, = (1 mol — O mol) = 1 mol
A U=A H -AnRT
vap vap ]
=44.01 kJ - (1 mol) (8.314 JK-! mol)(298 K)

=44.01 kJ - (8.314 JK')(298 K)
=44.01 kJ - (0.008314 kJK)(298 K)
=44.01 kJ - 2.48 kJ

=41.53 kJ

IETEAT 5.8

Sl arsd Wi SRy NE WA gU MU shifey f
100°C 99 3R 1 bar @ W 1 mol Se-aTq i
0°C a9 &t o § age | ANk ol § foha
TRedd erm? & € fb o @ Ter wed
6.00 kJ mol ' 3R St w1 Fearenfir 4.2J /g °C @1

'
Tfiads f TR 9 g 2

BT - 1
1 mol H,0 (g, 0C) » 1 mol H,0 (1, 0C)

Tt IRedT AH,

R IE I CRIE

=T - 2
1 mol H,0 (I, 0°C) — 1 mol H,0 (s, 0C)
T IREd AH,
% T gieds gm
AH= AH, +AH,

AH = -(18 x 4.2x 100) J mol '
= -7560 J mol '
= -7.56 kJ mol '

AH,= 6.00 kJ mol '

. AH= AH, +AH,
= -7.56 kJ mol '+ (-6.00 kJ mol )
= -13.56 kJ mol '

T SfFET W I ITaee H giEdd sF W
AFTA § F10g IR e § oAdi—
PAV=An,RT=0
=AU =AH

=-13.56 kJ mol '

(M e farem T A He
et <ifiteR o TeR Tt AT SHak €1 dxal, W 3709
o Wl wu ¥ fed T oE (W ®U
‘Hau-orerar’ of wed B), ¥ ¥ forfom 7 W
FHETe ATeh TEredt Uftads ol SHeht Bk Hie)
fore Tl A He et S g

Sl a7 S @ fR gefud d@ife @
| HieT ST o, S 310 T Tl w9 § €, 9 g
foran <t 21 e pw erfufwarg SRt A fate
HieR et & e T g

H,(g) + 20,(g) - H,0(1);

A H® = -285.8kJ mol™

C (¥TE2, 5) +2H,(g) — CH, (g);
A H® =-74.81kJmol ™"

2C (%L, s) + 3H, (g) + %0, (g) —» C,H,OH(1);
A H® =-277.7kJmol

Rationalised 2023-24



SFT T

TET 9% T Hewul € foR A fove e,
AH®, A He Ft T e feorfa 3, o 1 ot =iffrer
I el W S B S S e stfafmansti § v,
U e TIAT § § Y 1 | el ol @)

CaO(s)+ CO,(g) —» CaCO4(s);
A H® = -178.3kJmol ™"

T T T Fomerdt afurfran o w¥edt-ufterH
hfewem wEie i fawen Toed T €, it o
gy HEiHe 30 qwel 9 T T wT A AR o
a1 B FreAfafaa sfufwar o fog ot woed-ufRada
HBr (g) 1 7 T fowe wéierdt A Howe 2,
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dfosk W st TEed B

H,(g) + Br, (1) - 2HBr(g);
A H® =-72.8kJmol ™"
Tel W SIS o ek Hict k1 3TU&T S et 7o
qw & 59 ¥, A, H® =2AH°
Hqferd TR0 | qHE o] i 2 9 faafea
¥ HBr(g) o foted Toedt & forg wfienor 59
Yo foran S Wk 8-

%H, (g) + ¥2Br, (1) —» HBr(g);
A H® =-36.4kJ mol™

TNl 5.2 TS TA T URTEl Wi 298 K W WHR Hien feve Tod, A H

garet AsH' [ (kJ mol-?) qaret A;H'/(kJ mol)
Al2O3(s) -167.5 HI(g) +26.48
BaCOs(s) -1216.3 KCI(s) -436.75
Bra(l) 0 KBr(s) -393.8
Bra(g) +30.91 MgO(s) -601.70
CaCOs(s) -1206.92 Mg(OH)z(s) -924.54
C (&) +1.89 NaF(s) -573.65
C (Jwre) 0 NaCl(s) 411.15
CaO(s) -635.09 NaBr(s) -361.06
CHa(g) -74.81 Nal(s) -287.78
C2Ha(g) 52.26 NHs(g) -46.11
CH30H()) -238.86 NO(g) +90.25
C2HsOH(l) -277.69 NO2(g) +33.18
CsHi()) +49.03 PCls()) -319.70
CO(g) -110.525 PCls(s) -443.5
CO2(g) -393.51 SiOa(s) (FTET) -910.94
C2He(g) -84.68 SnCla(s) -325.1
Cla(g) 0 SnCla(l) -511.3
CsHs(g) -103.85 S0xz(g) -296.83
n—[CsH1o(g)] -126.15 SOs(g) -395.72
HgS(s) -58.2 SiHa(g) +34
Ha(g) 0 SiCla(g) -657.0
H2O(g) -241.82 C(g) +715.0
H20(l) -285.83 H(g) +218.0
HF(g) -271.1 Cl(g) +121.3
HCl(g) -92.31 Fe,0,(s) -824.2
HBr(g) -36.40
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FS TAT HT 298 K T A HioR fo=m
T A B TROlt 52 # @ E 2

TRl o SFTEN, Th qee o Gad Afen
T ol oTaen H (Hesf-tawen) e fat=
Tt A P A Y fern S 2

T ST o 319 Tk ohfiehel SRR &
3R S wed B fob afg an weref sroet W
e | € df chfedam e i =1 T e
gretiase | faufed & o foau feat om
FT ATEIYIHAT BT,
CaCO,(s) - CaO(s)+ CO,(g);A, H® =?

TRl & e Toer Toed! oh1 SN o Tehd
& ud stfufsran v el aRtedy uRenferd Y gend
T T3t e i M i o fore gn Fefetaa
G THIHTT 1 STEN T Fehd B
A H® - Z:alAfHV Zb Ava(aﬁqW)

(5.15)
STet “El'g:r?i'cl qH#O Ha U6 b HAW:
sAfaferaen T SRl o oNE T SIS THIH
1 ShicHaH e o fooeT W @] % 21 F8]
ald b 31 %I 3d:
A,H® =A,H®°[CaO(s)] + A  H[CO, (g)]
— A, H°[CaCO,(s)]

=1(-635.1 kJ mol™)+1(-393.5 kJ mol ™)
-1(-1206.9 kJ mol‘l)

= 178.3kJ mol!

3d: CaCO,(s) 1 fasres Foamet stfwfsman
21 o7d; sfond IS U & o fow S9! =9
TRY AT B
(&) ST THRIOT
Toh Hferd THrRfeR SR, fSreH 59 A H %1
= ot fean o @, S SR’ e
21 B9 U G | ugel i difde steeend
(AT Fraeq o qY) Ff FEe W 2
3T o fera—

R IE I CRIE

C,H,OH() + 30, (g) — 2CO, (g) + 3H,O(1) :
A H® =-1367kJ mol™

IWFd e ff¥=d a9 @ 9 W 349
T T S ST B1 Toedt Ufied 1 oS
fag <uifal ® fF I8 Tt St sttt =1
SIS Tl & wed o fefafea
ftarfedt i AR W AevEE T
.  Hqfad qEEtTe T | e sifafeheen
Td SRl o Hial (rupett 1 el @ fFfe
Hd B
2. A H° w1 TR WA HHi R gl e
el # e ¥ §ed H g g1 Aee et
ufedd A B 1 3T kJ mol ' Bl @I
IWFd RN hi THAN o foaw gx F=fafea
sfafsran o foru stfufmar—somr 1 oM | 8-
Fe,O, (s)+3H, (g) = 2Fe(s)+3H,0(1),
T foe et i anelt (5.2) 9§ 8 U B
A,H® (H,0,1) =-285.83 kJ mol;
A,H® (Fe,O,,
AfH0 (Fe, s) =
AHO(H,. g =
qad,
A H = 3(-285.83 kJ mol ™)
- 1(- 824.2 kJ mol)
(-857.5 + 824.2) kJ mol!
-33.3 kdJ mol!
& © TR 37 TSt W 9gE O Y§ Her
2 S 3faa wifrafufa TRl (Stoichiometric coef-
ficients) % & €1 A P 1 TS kJ mol” ¥, fwat
a1ef ﬁmwgﬁﬁa%lmwmwﬁ
A TRl o1 Ffeld s od €, 7d I8 SAfsha
o Teh HicT ! IR Hal &1 &H THIR i fa=
TR 9 Hferd hid &1 SIeIone—

1 3 3
EFezo3 (s) +§H2 (g) > Fe(s)+ §H20(1)

s) =-824.2 kJ mol;

0, URUE & STTER

qa Afaferan 1 7% AE T Ad Afafean g
W A H® B
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AH; = E(—285.83 kJmol™)
2

1 -824.2kJmol™
2

=(-428.7+412.1) kd mol!

=-16.6 kJ mol'' = Y%A H
T8 Ty g @ fF oot we fawdiol afin 2
3. w4 ford e T ol Sae foran S
%, T AH® % UF & fag ff 9=a S 2l
I o -

N,(g)+3H, (g) — 2NH,;(g);
A,H® =-91.8kJ mol™

2NH,(g) - N, (g) + 3H, (g);
A H® =+91.8kJ mol ™

(=) 7| & frem

<JfeF T T ST €, 3Td: Ted qieda
RIeh erereen (fehrehl) Sifcm stereen (Scml) i
W A o 9 W WA el g1 g TR H- Th
sifafsrar 9 T 9% H = A HE TR T @A H,
T aRedd HE el 1 39 ‘29 T’ o w9 o
T YhR e Tohd -

3Tk TSI § B aTetl ferdt Tameiies arfaferam
i AR Tt 37 At srfuferameti it T A
W ureR fewEl st AT gt €, T 3| waot
atfferan ot fawfsm femar s Hemar 21

32T, B9 39 79 1 He<d U 3T o g
gl Frefafead sfafer § woed-ufiads w fo=m
w01

c(frwz)+éo2 (g) > CO(g);A,H® ="

A CO (g) T9@ SR 7, Wy 79 ifafeman o
FB CO, T THI I Bl 21 27: ST Afsham
& fou & Toed-ufadT &1 @ a9 T T2
FI Thd| A% 79 o= W ifufmart ge e, o

151

Heiford Taefist =, df Sued GHiertor H THed-uftad
1 ufiher foran S Eehal 2
19 g9 ffafea sifafsenet w foaer =@
%\’_
C(iF1=z.s)+ O, (g) > CO, (g):
A,H® =- 393.5kdmol™" (i)

COo(g)+ %OZ (8) > CO,(g):;

AH® =-283.0kJmol ™ (ii)

T SRIFd THIHN i 38 YR GIo hid ©

for sfoa arfufsran o &1 wu <€ IR TH A

CO(g) W FH o foTu THiehTon (if) i TH STl HLd

g, ford ==t e 2R 6t oo eraeiifoa gt 2l
3Td: TH A HC o WM &I fog 9 <4 €l

CO, (g) - CO(g) + 5 0, (g):

A H®=+283.0kJmol ™ (iii)

HHERT (i) TS (iii) I STSHT F Srosd THIHIO I
3 B

(e 5)+.0, () - CO(g);

39k faw A H® = (-393.5+283.0)
=-110.5 kd mol!

e &9 ° A Th Ifufea A 5B &
faq wh w9 e oot uftedt A H ® ud
TR AR ¥ A H,, AH,, AH,.. Sq 3K B
g ¥ fafys woef-uftead 1 gfaffiea s
g,

AH=AH +AH,+AH, ...
T 3@ &9 | 7 foman S Hehar 2

(5.16)

AH
[A]———[B]

lArHl TArHS

[c]—2% [5]
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5.5 fafyta uere =t arfuaferamen
o oo TSt
sfufmanet & gR w1 ffée wtd gu wed &
0T HET AU Bl 8
(%) AHH SET TIST A_H®
T AR Tpid § FEd B €1 3 S9N,
Jone, fomm wd Sie o 311 eqsti § Hewayul gt
2| UM <8 Ted i 39 YRR TR e S
2 o5 e forddt vared &1 wfa diet 9 woedt ufads
2, S TH% e & HoEY Bl 8, 6 GHE
sifufsraes T IR T fafire a9 w eTo AFE
sreenati o B B
G TeRE drelt 19 o faferer o gemd: oA
(C,H,) T Bt &1 2 o Tk Hict o I § 2658
kJ S fe et 21 3Heh fau en et
srfafeman =1 39 YR forg wehd &

1
CiHyo(g)+ 33 0,(g) > 4C0, (g) + 5H,0(1);

A.H® =-2658.0 kJ mol ™

T YR M F T8d ° 2802.0 kJ/mol
o fdaa et ], foger forn e 23—

C.H,,04(g) +60,(g) - 6CO,(g) + 6H,0(1);
A _H® =-2802.0 kJ mol !

AR YRR A oft <87 o YA i e 9o 9
Tl Scuel Bidl §, Ty 3ifam Scurg e WeRR @ Sffeal
Sg-THEte sfafEmest w9l ¥ w9d ¢, T
TTEH 1 I Bl 2

3ITEUT 5.9
A=A o 1 A 1 389 298 K T 1 atm W
Il B1 8 o SWid CO,(g) T H,O (1) 5 &
qM 3267.0 kJ FoA1 T @it @1 Si=fA
fore e forem TR &1 T ST CO,(g)

6C (3T, s) + 3H, (g)

R IE I CRIE

TS H,0 (1) & foau o9 foed Toeht &
TF HH: -393.5 kJ mol ' T8 -285.83 kJ
mol ™ %I

T

aie 1 fatem feAfafead o @ fon
Sl 8-

6C (iree) + 3H, (g) — CoHg (1);
A H® =?.. (i)

| A die o6 foe < weedt g

CGH6(1)+%02 5 6C0, (g) +3H,0(1);

A.H® =-3267kJ mol ... (ii)
1 Wi CO,(g) F forw foer Tl 28—

C (3w=e) + 0, (g) — CO, (g);
A H® = -393.5kJ mol ... (iii)

1 i H,0 (1) % foe for=m woedt 8-
1
H, (g)+ 502 (g) = H,0(1);

A H® =-285.83kJ mol ... (iv)
IR §ii Bl 6 F T iv ! 39 TN HH N
6C (i) + 60, (g) — 6CO, (8);

A,H® = -2361kJ mol ™
3
3H2 (g) + 502 (g) - 3H20(1);

A, H® =-857.49kJ mol™
ST AT FHIHIN hi Sigd T

15
+302(g)—>6002(g)

+3H,0(1);
A H® =-3218.49kJ mol™ ... (V)
THRTOT ii Rl ST HE T
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6CO, (g) +3H,0(1) = C,H, (1) +§og;

A,H® =3267.0 kJ mol™" ... (vi)
WWVQ‘O[W@WW%‘?W%

6C (I%Te2) + 3H, (g) — CxHy (1);
A H® =48.51 kJ mol™

(@) HIF TIST A_H®

3B, TTEEESISH o HUH o 39 S R fo=ur
—

H, (g) — 2H(g); A H® =435.0kJ mol™

3 2@ Hehd © T 39 UiHa § SEeEgSH %
H-H 9 o 224 ¥ H 1] 9 eid 81 56 Fieha
H BN 9 TOed-ufer™ w HUH T, A He
HEd €| I8 T srereen § frelt off ueref & wh Hid
o ufeerd mee ! quid: diesh TAET | 5o W)
B el TEed-ufied 81 $I <MY T SRS eH
S fguATes STueti i UM TEedt gART Sy
e Toedt ot B 31 U TIed o 5w o1
SereRu Frreferad 2
CH4(g] — Cl(g) +4H(g);AaHe = 1665 kJ mol!

Ig M 37 g 91 € 5 7=l SR Shaet 16
e W ¢ 3R H R B

Na(s) — Na(g); A H° =108.4 kJ mol!

TH ST | HUF Tl SR SeEua Tedt
T g9 2
(1) amEE T A, HC
A fafsmerel § TEEte ey 22d T W g
afee] 224 o ToIq SoTl o1 STTeeehal il © 1R afrere
a1 H ot e gt @1 foreht oft sifafemen 61 s
F) TR AE 7 TE T e A e
B e Rl e e e
T -ufieddl o fay FHmfaRT W < ST U]
IR BId B—

() ererer foriem wroedt
(ii) HeA STEY T

153

S A ITAT == A T TGS
sTupst o Hey | wi
fguraroyes a0y : ® fefafed gfear ) faar w3
% A SEERgSH | faeme gt ey ged T

H,(¢) —» 2H(g): A, ,H° =435.0 kJ mol!

3 ik H BN aren Teied-ufedT H - H
A& i ey foem Q‘é’j?cﬁ (Bond Dissociation
Enthalpy) 2

ey faaem Tt 3| ufshar ® g arer
et-uftedw €, foad frdt e wegase
iR oF Tk WA e et THT Sere ol

o 2 foh 78 Ted-aRede iR SEergeH i
HUH T T T 21 ST Tt oy sTupsti
o forg «ff 7" T B SSreRone -

Cl(g) — 2Clg); A, H° =242 kJ mol"

0O,(g — 20(g); A, H® =428 kJ mol™

TEIHIIE U] H 3TEY foisH el ol AH Th
ooy & fig= S o o fa=r g 2
SgUHIUIh 3707 (Polyatomic Molecules) : TH
T TEWHNE A9 (SE- CH,) W fa=R &W@ g
THoh UM o TIT SOAHElTeR Safshal 39 TR <
ST B
CH,(g) — C(g) +4H(g);

A, H® =1665 kJ mol ™’

I | 9R C-H 31eY TAF €1 38y 7eH 370]
H |l C-H A&l Fi SMEY-g0 T Aae-Fel ot
Teh HHA §, AU Y&ieh C-H 3T 1 digd o foag
AETTH S o-foet €, A & T B
CH,(g) - CH,(g) +H(g):A,,, ,H® =+427 kJ mol ™

CH,(g) - CH, (g + H(g);A,,,,H° =+439kJ mol
CH, (g) — CH(g) + H(g); A, ,H® = +452kJ mol
CH(g) — C(g)+H(g);A,,.,H° =+347kJ mol ™
3d:

CH, (g) — C(g) + 4H(g);A_H® = +1665kJ mol "

379 B9 CH,H C-H &&l shi 3o amaier Toredt
TR F T
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CH, = (A H®) = 4 (1665 kJ mol ™)
=416 kJ mol!

TH @A © T WO § C-H oY w1 3l ey
Tt 416 KJ /mol €1 7 urn 7 ok fafew 2ifimet,
S¥— CH,CH,Cl, CH,NO, 31 & C-H &% 1 3f&d
ey Tl WH Th-gER § gl fe g g1 Wy
T O H SAfeR AR T B 79 o T 1 3w
T oh SEY THEH I TUAT i S Wehdl 81 HO
Tehet 3R SgeTe w el rolt 5.3 § Suersd 2l
rfuferan Toedt Tgd weweyel el 2, Fiifh T8
& o I TE AT AEHl o T o RO F I
et B1 A e fafve areiy wOfeqsl 9 & d e
srereen | ferelt oft erfufsren &1 O 9@ w1 W
Tohdt &1 TE eragen o stfufmer S A e
AHP SRl U stfafwraent it ey weiferal @ 5
TR Gafed erdl 8-

R IE I CRIE

A HO=Y oy Tt o S et T
(5.17)**
Te gy SH wHd fagim SwEh g §, S«
AH® &1 9 A A @l TRt sAfufwa w1 g
T -uRted sq erfafwan o sifufwas sropet o
geft 3Teell i digd o AU STavas Sel Ud Sedml
o TSt oF Al oTEHl i A ok foTu Tewah e
1 IR Bl 21 oA ® T 78 Heier ame Tl 21 a8
St g @] B, S9 sifufeRar # |t uned
(Ifafsraes Td S@R) T stewen | )
() Teter Tt
Th AEME AN S Aos Tl 98 T
IRedA 8, STe Weh Hiel SAfeh ATk Tt sreeen o
o el o i e 2

ARUM 5.3 () 298K W FB Tehel M@l o 3idd TIedt W (kJ mol #)

H C N o F Si
435.8 414 389 464 569 293
347 293 351 439 289

159 201 272 -
138 184 368
155 540
176

P S Cl Br I

318 339 431 368 297 H
264 259 330 276 238 C
209 = 201 243 = N
351 & 205 = 201 o
490 327 255 197 = F
213 226 360 289 213 Si
213 230 331 272 213 B2
213 251 213 = S

243 218 209 Cl

192 180 Br
151 I

WRUT 53 (@) 298K W F HGd sgaay THedt 7 (kJ mol )

N=N 418 c=c¢C
N=N 946 c=C
C=N 615 c=0
C=N 891 Cc=0

611
837
741
1070

O =0 498

* J - ey [FFT TSIeY qor Silgd STEY TSeY & o1 G fAg &1 YN fEar S 8
oy g e fave TS (AHP, ) F WA W, SO WAel g7 FER 3 TH AT e a #

Tiedt-RadT &1, aa AH® =) A HS

(e}
H e 5 e~ A H it 5 s
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<fer STTeteh Tedt 1 JanT g1 e 91w
FHYE B, 36: g9 U W faf # 3w e €,
BT T Ol SN@ S €1 SH aiH-gel eIk
(Born-Haber cycle) gl STl 2 (fax 5.9)1

Na'(g) + Cl(g)
s . )
g 1/2 AporqgH 'IB
2 E | A H
2 2 eg
Na'(g) + 1/2CL(g) g
- N <
B &
g | AH
2
©
g Na'(g) +CI'(g)
e
Na(g) + 1/2CL(g)
?“. % Asub He
% g
-
: '& Alatricr’HS
a(s) +1/2Cl,(g)
5| AH
- £
=
¥ 2

NacCl(s)

forT 5.9 NaCl #1 Sias TSieqt & foru T-eieql siRE

3meu, g0 f=fafed 9= § Na'Cl- &1 See
T Y O B E—
1. Na(s) - Na(g) Wifeam g T Fedurad,
A, H® =108.4 kJmol™’
2. Na(g) - Na*(g) + e '(g) HfeaH T T AT
T

AH® =496 kJmol™

3. %Clz(g)ﬁCI(g)a@ﬂ'—r 1 fodiem| 59 Afufwman
FH T Ty foRieE e w e 7

% Ao H® =121kJ mol ™

155

4. Cl(g)+e ' (g) >Cl (g) FANH T N TTE
TR Afe| 39 Wishan | geteRi wfed e

A H®=348.6kJmol”

MO Teheh 3 | ST TEIed! qen gl wfed
Tt o SR H YeT 8 arad § 4 U SOAndent @
& ford T ¥ Tee T TS kI e S et TS
SR Adl Rl T YA foham Siar o (S <fEm)

T Fell ol gelagaear
ST el TS Soiae el Ta1 hl TR YT qaH=
R gftefia foram e 21 forelt o= a9 SR
O ITYhRh] U1 ST hi SHOHIETRAT i Tl
9 uRenfera fran s wekar 81 frfafag stfafwa o

M(g) - M (g) + ¢ (3T o o)
M(g) + €& — M (g) (3TN & fau)

TOEE T R Tedt giads 919 fo@ gieon &t
e § UReRfad foRa s dehar a—

T
AH°(T)=A,H°(0) + [A,CRdT
(o)

I sifufrareti 9 & W ySw et &b
S C,,5/2R (C,.3/2R) 1 THfAT
ACS =+5/2R (& & faw)

ACS =-5/2R (3ARMA A= o ferq)

TH YHR

AH® (ST TT) = E, (SMFHH %)

+5/2RT A H®°=-A (CdRHaYd) -5/2RT

5. Na“(g)+Cl (g) > Na' Cl (s)
7 fafg=1 wei =1 % T 5.9 o <wifan @ 2
TH %W i ‘dH-BeR Tk’ HEd | T Tk
Ted 7 8 fF 38 R o ¥ T¥edt-ufed 3
g 1
79 | & egERr
A HO =411.2+108.4+121+ 496 - 348.6
A, eH® =+788kJ

NaCl (s) - Na'(g)+Cl (g)NaCl & faw,
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g yfep o foaw o7iafe e 399 2 RT %Y
BN (Ffeh An,=2), St + 783 kJ mol™. 3 T
BT

39 B9 3@ Sefh Tl o | 1 HerEal 9§
foreraa Tt 1 Iieher w Ghd B

A H = Ao H® "'AhyazHe

NaCl(s) o T&H Wil oF faq el Toredt
Ao HE =784 kJ mol ™ (FEH-J&I% H)

o A,H® =788kJmol™ -784 kJ mol™
=+4kJmol™

39 YR NaCl(s) Fi faea-ufshan & @ga &d
FeT-afierde g 2l
(=) faeram-Taet A, HO
fret Tqd #1 ool o' wed-uiEdH
2, S THeh Th Wil i Toremaer w1 e wmn o
HeH R e {1 e agan R faerr-rdedt o7
T ufte €, S aete i foemas # "
o ST Sl §, St Sl o (AN foer o e
%) Te = TR T Ell

S Ueh AR AifiTeh i faeiaes o sier s
2, 79 3Heh T foheed Siets § 319t fafia feafa
1 Bl 3d 1 79 A foer § atferen o e €, Wy
I THT 3 A 1 fIeeh i (faemes Sia |
STeftreRtor) off elal B1 39 Ueh Sk ATk AB (s)

% o sm@a w9 § 9t T 2
AB (s) —>A5"lH A'(ag) + B(aq)

A H® AraH®

lattice

A'(g) + B9

3Td: I § AB(s) 1 faead T A H Td
SR e, A, H o WMl 5N 39 YR 16
HT S FHdl o

R IE I CRIE

A H = Ayyice H + Ay H

sol

sAferenter emmafter AfTehi o foaw A A oFcS
BI 2| gHifeT arferehter Fifitent w6t se1 o fereteran a9
IGH W agdl ¢ A ek Toedt agd S 2,
Aqifier 1 foerEd & a1 ©1 9gd W weiNEe
FANZEl 1 oien U faeid i B 22 Ted
RedH & SAM ey Settell (TAferal) T S
Fetted (Tfewdr) w1 grivE & STEm g fey S
Tehd &
(B) TIHT S T
e T € for foer-oedt, fer @™ 9 T@ W
faea =+t fordt faftre amn =i faomas =1 fFd
fafyre aen & Hier @ 8 o Toed qied
B B T8 U S W weud o o5 feRe oft
oo o fau @ e s @ @1 e
gEegeM o 10 mol &l 10 mol 9@ H e 9
B ATl Tl qiiden fefaiead SR gr
for@n =1 wehan 21 gl o fow 29 S 1 aq.
g yRidfd

HCI(g) + 10 aq. - HCI.10 agq.
AH = - 69.01 kJ / mol

arrey &n frefafad woedt aRedHl & aqe
H 3R &AM )

(S-1) HCI(g) + 25 aq. —» HC1.25 aq.
AH =-72.03 kd / mol

(S-2) HCI(g) + 40 aq. - HC1.40 aq.
AH=-72.79 kd / mol

(S-3) HCI(g) + oo aq. —» HCI. o0 aq.

AH =-74.85 kdJ / mol

AH & HF 98 YeRid & © 6 faee-woed
1 | Fsfar foerm 6t A7En B 81 S-S
foera &1 eifuss wEn WS 1 S ©,
foerA-Toedt S o9 a9 TgEd St @ A
CTE B G s o or ) M | e s TS A Bl Ry
A & folu o7 SWea e (S-3) | e
T AH % HH B
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ST AT

I B TR FHRW (S-2) F § &l

THIHT (S-1) T § o e W e g

HCI.25 aq. + 15 aq. — HC1.40 aq.

AH=[-72.79 - (-72.03)] kJ / mol

=-0.76 kJ / mol

AH®1 7€ M (- 0.76 kJ /mol) TN shi Tt
2 TE gE T ¢ S faeEd H S etfusw
foreareh THe WX ardero 9 o st 21 oo
o TR HI Tedt foaerE w1 ger wigda iR
e T e w1 wEn W AR w7

5.6 &4 :Udfddr

SRR 1 Jord fom g frdt ferm g1 statifta
T TS W W A 3T N HT T FE A Hely
A 1 T8 HOH1 o WalTE i 9N W i whiser el
S €, Sifesh SO 1 YeE $ed arq o e A et
3R THIESE B B1 arkd | Wiehfaeh &9 § giHeel
Gft TEEteR o1 ifder TehH T € e w1 3R e
e Tfa 81, @a:yarda gill 330l o fau— T
9 o1 YT TIM i W o Tl THOT, Hied i
SIS H STeteht hie SEsiieRIes a1 TS|

T o1 3T a5 W TRY 9% i SR T T
T T I § W T e wR A @ Gpfaa
&l T A R SEATRAEES Td: hs 3R Ao
¥ ufafqa =& grl 9 YR o 3T Wd:U%H
TenTeeiia afterds wiid €1 379 99 Sodl ® T wm:
@WW@FWWW (Driving Force) <=1
22 UF TA: YA HI fen hd fuifa et 22 T
@e 1 89 3 YAl o foau A fuifa &3 fw 3
e ®l HWehd € A1 T

B BH HHE =fet of T wafad W w0
?? 9 WEE FY Y WY T4 ¢ fF w@gati
qEEtTs Afafwa 9 ®, S SAfWehRenl o Tk 9
T & B ol B B SRS TS eIggeH o HaAm
=1 Tefa =1 oid €1 37 190 1 H & a9 1) fufya
Hh 3MF aul a% foa fordt Seoiaa 9Rad &
T S Hehdl &1 TEf s Hew sifafEA B @R,
R Fgd & i a9 W q@ off ‘wasgafia
sfafsran’ & wed B o1 T yetdd gH &1 31 ©

157

foret a1 WeH (Agency) &1 foaeT WemEal o fohdt
YohH o B I U B FEfy S99 SAfufswar @
ThH & BH I L HT Idl &l =ordl €1 Lo yaid
TRHI o TR TEE] § &H @ ¢ R 3 T oTo famm
T Ihfird 7Y 81 Tehd €1 Td et gl ok forg e
e e Gehd ® foh —

& aTIT U Ua SThaOTe Uoha giaT &1

ag fordt oTgl 4rE1 (Agency) &F g7 gt

Sahlud fepar ST 9t &l

(%) & T T kA BT Ea:Haidar ot
AR 872
7fE B9 el TeTet S — YerEl 9 Sl R a1 s
R TeeR A &) gfewansti W faar X, 99 <@ f&
T 1 faen § frerm w1 feorfas o= o &4 et 21
TH YR 8H e Fehd ® (o Wb THERS Stfafhan
39 foon o wa.yafda g, foa foon 9 o= § &
B, S oAt eAfufswaet o g €
I o fera—

1 1
5 N,(g) + 5 H,(g) — NH,(g) ;
A H® =-46.1 kJ mol”

1 1
5 H,(g) + 5 Cl,(g) — HCl(g);
A H°P =-92.32 kJ mol™

m®+é@®emmm
A H° =-285.8 kJ mol™
fordt oft Somerdt 21faferan o fou eifierani 9
IAR & T W T § 7€ HH H Th T
am@ (fo= 5.10 (6)) ® <9 <1 Hevell 2

Al |y
1 P
et AH
H
el Tt
Sk eaten S
arfafsran fdems

T 5.10 (%) Foaieldt sfufear & foru Telel-simia
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379 Tk UT JHIUN o YR W §H T8 TR0
o Hehd © T Tl vt sfafean o faw
Q‘ﬂ’ﬁ?ﬁ Y 2 HH YR Weh a9 (Driving force) %I
319 &9 Trefefaa stfufsmanet © foam & B—
B N,(g) + O,(g) — NO,(g);
A H=+33.2 kJ mol
C A%, s) + 2 S() — CS, (I);
A H°P +128.5 kJ mol™!
3 AfAfHAT o gafad ThH TE SIS B
woedt ¥ gy &l u Teedfi-smE g < W
(fo= 5.10 (@)

®I Fd
o

1 FA
Tt

g 5.10 (@) SN ST & 1T Teleyl-siRE

T SSEIN W I8 T Bl ¢ o Ted o et
@ yafiar & fau ww wfawers w1 €, W T
geft yerHl & fou g & 2
(@) Tt e w@a:yatad
Toh T yaf weha St T feen ¥ 9 4R =i 82
oMU, 'H UH ud feafq w1 oremem X, fowd
AH =0 , 1ffq Toedt § %1 ufads & €, fee ot
sfafsran =1 yHH @aaia 2

U TH 9% UF o 9Rew 9 foafi (Isolated)
2,5 < i 5 forafia w ©, S feet 5.1 ¥ gwitn
T 2

Y I A @ B, e HH: & T oA
forgatl | <wfen o 7 qen Tk faue 9 gerep faan
T (fas 511 %) Sa fa9sSe gemn S @
(fest 5.11 @), = 19 9w | fa@la e ot 2
9 GHF gy faaeer qof e s 2l

for 5.11 < 41 @71 foreo

379 BN 3 WohW 1 19 hid B | foero ¥ o
af 7 A R & e § i % s B e,
@ Tfe=d &9 9 3 719 A o 8| 36 YRR A 79 <[
S % Fee @ o] e, @ 3 g B % ) @
TR A faaree e o 9] 9] fehred SQ, af &9
e IR R T e and 2 TR fashren o e1o) T
A I ® 91 9 B il €9 68 Hehd € (o e/ &H
TN 1 ST SeFafierd 8l T 2

9 TH Y SEUROT AW §: Tk fowfi
T o fehma it o1 o g Sk sTemafed e
# ygfa Bl B e Toayalid s Th HAE @l
Herdl 2l

5} 79 U 31 SRR HoE H 9 FW E,
S/ ‘Tt 8’ wed € SWed STeTEen T i
sAfirerfed 21 Uk AHfEs 9 s & fog T st
el Fehell ® Tor Wt fomrelt e o regereen w1 o
2 T foafia Freem o fa efues sresaeen 29T, ot
& ofuw TR T B SRl O U TR
rfufeman =1 999 €, T IRed TRATg e S
& TH U (AfulREH) ¥ ¥ W (SAR) § T
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SFT T

Srafterd B 81 ik SRl w G At 5t
G ¥ 3ifyen STeafierd Bl @ el | uRermea: Jts
BTt e Tt sifuferan B Tt | Tuneres ufteH
sifafeRan H Tga Tl i WA o STER W ST
fehan ST ©1 G | Frafhaan & sed @ ot € wd
1 T Tk QY F folu S STaR AaH Tt
(Heiferer fafia) ot orawen B, Sefh 9 Sfewe
AR T Y ST 2|

e B T ! A (Quantify) T &d B
373 | el o ool ¥ STeewel &l AT i o6
fau wh fafy wiferst 2, it 39 T&ds &1 g 9
&1 gad fafy sg srfafman & € a1l So-aiterdi o
Sirea w1 faft 8, s Trdt 1 Swrfeh! weld e
21 I SN e, SE—3Tidie e U A@
Tl H 1 T T i Tk SOATITeh! STereer
Tl g1 98 AS UihA o 9y W s Y e

Ste off fepelt fepma i o & S €, q 9
AT T 1 TG e & STeaeel 981 31 2|
3@ UK SO (q) Terma ® areyewen sgm
THTE Tl B 1 8H AS i q § Helfed Fehd 2?2
I9e e € foh St o1 forawor S®@ @ W el
3l €, TR o <) St €1 Tk S=4 A1 o (R
H =1 a9 o R 61 gor o sifies sTeqaTen gt
21 o7q: ferdt ferm@ &1 a9 9ok wol 1 i
IR e AN e i et T e i B
SO 39 T i S=9 A R G T I B S
1 G H Sk STeTaE] w1 IO S dl g1 SHH el
<ol € o Tt afteds g o S[ehaard g 2l

ITHHINT TRl oF T 7 AS &hiq Td a9 T
Y 39 YR Hefed H Thd 2

qrev
AS = =% .
T (5.18)

forelt Tom: vafaa yeH o6 o freem Te afiae
w1 FA T ufEd (as, ) Fefafed e
g &= < g 2

AS,, = ASsystem +AS,,, >0 (5.19)

9 e fehTa raEen | @, @ vt arfirenay
Bt 8 Td T # ufEda AS =0 R

159

TY HE Thd ¢ (% Th w@d:garfdd WHH i
T ¥ gfg 9@ d% Bl Wdl €, W4 q% 98
SR ad = 1 ST WremEeel W Tt § 9iedy =3
e 21 gieh TR U erEen Ol ¥, om: U
ICHAUIT YohH o SN 8 TIUi-Uads i T
frefafiad T ¥ 89 T TWehd 8-

_ qsys,rev

AS

B9 WA ¢ Toh guarde aRifeefad § Sehquia
TS SFIHAIA—H Yehdl o Tl AU = 0 =ial @, W
AS, T (AS,, +AS,,) FTIHTUE ThH 6
foTT 31 781 21 30 TR AU | SR T8 SRl
e H faui & wwdl €, Sefh AS fa9g el B
SETEIUT 5.10
Farsy, fr fFefafead & 9 fFad Tt sedt /
T B
(i) T S H 3G e H giedA B
(i) Th foF=cla M T AT OKH 115 Kdsh
TG ST B |
(iii) 2NaHCO, (s) —» Na,CO, (s) +
CO, (g) +H,0(g)

&

(i) SN 3o # IRexH BH o 9] 319 SHafeed
S W T &, I7c: T2t T 2l

() 90K W gt 379] feer Bt B o W
<A B T AR A 115 K TF @R
ST, T S70] A HET AT H 2| © T
Y TrETeEe | <o wid § SR
atferen srerafierd &1 Sl 81 o1d: T2t =g
S 1

(iii) 3IF9HRE NaHCO, 3 & T gaah! T=2idh
%1 B SURl H T 39 IR I T 71 o7
IE I=d W2t il feerfd w1 gfdfafae
F 2

(iv) 8T Teh 1] ] U] el §, 3Fef HON hi
o St @1 H AR o & Hid eRgee
3T0] o Weh HIAl i ol | AT Trdt
@ 2
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ISR 5.1
Tle o SRR

4Fe(s)+30,(g) - 2Fe, 0, (s)

T gfeR —549.4 JK ' mol ' € (298 Kdd

)

39 Afufern  w=rdt ufadq o e o6
SWa ot erfafwan a: yafda F=i 22

(39 Afuferan o fau
AH® =-1648x10°J mol ™)
'

T Afafsran 1 @ gafad

AS = AS,, +AS,,, % MER W T

AS,, 1 O & o fau g6 afew gm

1A oA W fo=aR & 8, S —A_H°

@ qed €1 T a9 W 9REs &1 Tt o qfteds

~A,H®
T

T AS,,. = (feer T W)

(-1648x10° Jmol ')
298K

=5530JK 'mol™’
31d: SAfafsran o foT opel Terdi-aRada
A,S, =5530JK 'mol ™ +(-549.4 JK 'mol ')

=4980.6 JK 'mol™
399 e Bl ¢ T i o yatdd 2

("T)ﬁﬁﬁf@'{aﬁzﬂm

a0 g E T faE T e erd 6 e
qREdd AS,,, [hdl YohH H1 Wagafdar 1 o
F B Ry AR TEEfE ket o fem
T g T # goit o et €1 era: stfuekiw
sAfafewanet § Tl @ Tiedt — <A ufedy o
g1 d @ ° i T foeem 9 qg e @ R A A
sad Tl § wH SR 7 & ud ¥ 9fg wa:
yafdd gepal 1 feen i@ o gedt 21

R IE I CRIE

39 YAISH ¥q 89 T T SAFAhT Her fiss
St 41 filest ®eH G i 39 YhR qRI Hid 8—

G=H-TS (5.20)

e Ssil, G T fawdiol T sraen o 2

freera &t fiest el ¥ 9Redd AG,,, &l 39
YR foran S wehdl -

AGqys = AHgy — TAS s — Sy AT

feeR A9 W AT =0

- AGgys = AHg, — TAS

Il 9IEI (subscript) ™ &1 Bigd g
THIH T W YRR foaed -

AG = AH - TAS (5.21)

39 Yo it Sefl o uRadH = woedt | gfadH
- qUHE x T § uRadd U8 gt ‘s
GHieRoT’ o &Y § ST S €, S T 9 oh 3t
el THIHON H ¥ Tk 2| F8T S T vt o
I ST I=i wl we-T o € ;S (AH o 9
o) T TR AS (STeHER % W) | SEr g o
T T 2| forite SMeR W faver ol e W B U
g fF AG 1 9T ST H1 THE Bl §, i AH
TS TAS SHT Soll 1% € [ TAS = (K) (J/K) = J]

319 &Y faam ot ® fF A e yer stfafeman
1 Lo yelfdar ¥ Hefud 2|

T 9 € fF AS,, = AS, + AS,,

Ife fepra, aftewt & @iy qrdg = | 2,
fEwr 1 a9, fehE & 99 o 99 € s e
IR & et | giyg e w1 T § we %
e B

37 : YRS 1 Tt o uRedd

AH
ASSL”T = AHsurr — Ssys
T T

AH
AStotal = ASsys +| - T

SUI FHIHIO 1 GH: FaRed HH |
TAS,,, = TAS, -AH__

total

@d: WhA o faT AS,,, >0 ¥F:
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ST AT

-(AH,,, - TAS,,,)>0
TR0 5.21 1 SYANT i T SIS THIHIOT 39
YR foet s gEdt -

-AG >0
- AG=AH-TAS<0 (5.22)
AH, sfufsmen #1 Toed & oftad & 1as 98
Foit 7, S ST % o fu Suersd & €1 39 UK
AG ST w1 o fou e ST @ TS 39 YN g
Foll’ 1 /G 1 39 SR 30 AR T g Sl
off gl ST 2l
AG TR <@ T 99 W wd:¥dfdar &l
FHE 2
@) 9 AG RUTHS (< 0) ¥, 6 YehH T&d: gafid
Bl B
(i) I AG ¥FHE (> 0) 96 YhH 3T&d: Jafad
BT
femuit— =fg srfufman & foa wed gRedT s
B T T ufteda oft eFeHes =, d eifufswen asf
w@d: g, 1@ TAS &1 5 AH o AF 9 3ifes =
MU FE | YRR 9 B Hehall B—
() ¥FTcHe T=2rdt aiads &A e, al g9 fafa d 1
31fes g1 =feul (W) oHTeHe T=rdt aRead sAfereh
g, @ =9 fafa § TH g =ife) g aren SR
e dr § foh sifepyr stfafspame S=a aig W
Huifed 1 St 81 GOl 5.4 § fafemensti s wor:
Yefadl 9 a9 <k 9979 sl Haifd (Summarise) f&=1
T R
(9) W=t 3T FeAnTfaent st et fem
T WA © T forelt foafim fem & fag s
e fifyea w21 gEfe, 39 YR & fem o
T 1 @1 T : IR i TaTHTiaeh S aqerd
2| aTEd W g SOHNTRT ol SHY R #1 v e
o §AE W fem & off fafv= g § fomar s
Tehdl B SOANTIeR! o1 O o oo el @ fom
T Werdl Soierdt eiffsrard o et e Bl 2l
oerdt eIfufsraneti § fehell el aTqeRoT | sTeeen

161

a1 3 € SN e THetrent TR qReds s eHes Bl
T S stfufsren =1 T wafdd o < B

(=) e T=idt 3T SoAmTfaent st et foeEm
forelt urel o oo et Y@ A faelt oft oM wf
Tohd T, 98 WL HI WE U FX Tohel © IR U
o errey fgw o fachg Tehd €1 erupet &t @ wifEt
ST TAARRYT T, FOMT T Ta Shae T ke
T 57a TehT 1 AIHE Sl € A TE TiaE St U
B W SR T 9 St 21 gEd iR S a
OIS IS B b e R TR i
forefera ueted o1 amM SR-S W I A 3R
AT & AY-N T oft I Y SR st $1 3
FHNTfehT oAl AT F1aw shgd &1 e gqfery g
& iifer T Y W fped ¥ Gyl %W e 21 9
HUA ohoel YG THefad S|l q difd © it
Tgifass oo IR qrEifTes yar guiid & fF faaamt ot
srfaefiaferd sai i T=rdt 0 K W I &1 8idt| der
o 1 Hee gHfery € o 98 shael St el o
SR W Y5 Tl o FRuet Tt 7 aRenferd e
A e B 81 U5 w9 & fau 9w 0 K ¥ 298
qu;; gfgal =1 Siig X I fhan < Teha
2| ek TRITE! 26 Yeh o qieher R T
Tt aiads qRepfad & & fau s &t S
TRt 2l
5.7 Ties Sori-afiada ua

HTH=TAEAT
T 2@ b § T 36 WhN U Sl ol [98 T
aferor-srfferan & R o frefafead SRt < -
() TEEfe sifafwa 1 T gafaar s gergaH|
(i) THETR SAf9foha ¥ U B Wk dtel YA

HE 1 qATIAI

319 T BH STchuvia sifafshanstl | qgea el
TReRHl W R R e §1 o1 g1 SchAvia sifufmast
T o SSl-ede 1 Sie w8
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‘SERHOTRET W SRR T o uRferfd 2,
fSEd T YHH H1 39 YR T S 2 R e
THY o0 UREY ® Yufa: w H W qEEte
srfferanati o geof o ‘ScraviEar’ w1 ol € 6
TR sTffsran <1 femstl o we-we =/ |ehdt
2, foraa T wrer wenfia &1 @eh | 399 wdid eiar €
srfaferan AT feemeti & gaa e § & & WY =9w
ek, S IHYE Tdid B Bl g quft dud ®, 5
Qe W R R e Sl ad gl At uE
Tt &, @ R wa: & &9 g e & ferfa
qfafda gl S|

3d: W o T wEE 2
A+B=C+D

AG=0

fordt sifuferan, foad gt sifvens T SR
A sfereet | e, @ files S A Ge, wrere
feoier @ TeAfafiga gientor g0 Gaifea gl 8—

0=AG°+RTInK
AIAMA G° =-RTIn K

AN A G° =-2.303 RTlog K (5.23)
T a8 ot 9d © R
AG® =A H®°-TAS®° =-RTInK (5.24)

Tarel HEATeNST SAfafshanet & fog A He =61 9
At Td IS Bl 1 3 uRkfefaE § K % 9
1 ¥ 9gd ¥ B ud ifufhRar H sAfie IR M
T Yofa 81 BIM| HeAiedt sifAfharet § A H® 1
A Afeeh ST T SROMCH BT a0 A G 1 HA
At T FomcHR Henferd @1 3 IRfeorfaat & K

R IE I CRIE

T 1 ¥ 9ga A4k SNl TH Yael Seaiardt stfafsnansti
o folu 3= K &1 30 ¢ Gehd © W8 aAfafswan
TR i B TRt €1 A Ge HT HHE AS® o A W
off et smear 21 Afg erfaferan o et afteds =1 ot

M W W ST, 99 K o1 94 91 ifafear =t |

TH 9§ YHfed B foh A Se 1 HE oA Al
HOTHF 2
FHRTO (5.24) T FAN HEH W

@) AH® T AS® & A | AG® T °H T4

FHTep, TRl ot 99 R fRwmEd 9 9 3T i

wiftq o 7T K o T 1 70T 1 ST Ghdl B

(i) A garmemen o K den &€ w9 foan s, o

fret oft o= 919 W AG® o HE &1 AT hi

S Hehe B

ISR 5,12
298 K W 3fadlSH o 34 H w9l

20,0 0,@% faw AT # WA #
U hifeTl 39 SAfafRAl o ferg K 1 HH
2.47x10° %]

&

¥ S @ % A,G°=-2.303 RTlog K, Td R
=8.314 JK ' mol’

S

AG® =
-2.303 (8.314 J K" mol))
x (298 K) (log 2.47 x 10°%9)

= 163000 J mol!
= 163 kd mol!

qrferert 5.4 3tfuferar ot Wa:yafdar T a1q &t 9T

AH®  AS° A G° Ui

- + - gt a9 W sfafeRan o gafaa
_ 5. — (f7=1 a w) =1 am R sifafsran @@ wafia
- - + (3=9 AT W) I=9 q9 W Afafra s gafia
+ + (fm=1 a9 W) =1 99 R sAfufean sreaa At
+ - (3= 99 W) I=d A" W AffRa wayafad
+ - + (|t 99 W) geft a9 W AfafRan % gafaa

* g3 f7e7 99 T 3=

a9 gorIE® &1 fhet et sifafwar & fog s= a9 sifad &W &7 a9 9t g g &
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SFT T

ISRITT 5.13
frafafea sfafean & fau 298 K ® @
el &1 A F1 Shifee—
2NH; (g) + CO, (g) = NH,CONH, (aq)

+H,0(1)
ST @ 99 W " fiest S A G T °H
~13.6 kJ mol! 21
'

A G®

SHd @ log K=—=
& & log 2.303RT

(-13.6 x10° J mol ™)

2.303(8.314 JK™' mol ') (298K)
= 2.38

K =antilog 2.38=2.4 x 10”

SETEIUT 5.14
60°C T R TEEESH SZHEE 50 % feriferd

T 31 T STgHed I@ U6 39 99 W OEE
T Soll-URade 1 TOHT it

163

Egl

N,0,(g) = 2NO,(g)

Ifg N,0,50% fo@ifs gar 2, o i aeref
T A 3T BhT—

X —1_0'5'x _2x0.5
Noi 1405 TN 1405

Pyo :O;le atm, py,, :Lxl atm

1.5 1.5
= fes
2
K, (Pno,) _ 12.5
DPn,0, (1.5)° (0.5)
= 1.33 atm.
kG2

AG°=-RTIn K,

AG°=(-8.314JK 'mol ') x (333K) x (2.303)
% (0.1239) =-763.8 kJ mol '

QIIIT

FOHNTIAeRT TEERTH T ifdeh Fehdi § SHofl-qiad o Teel W@l €1 T 9 qRedAl sl A STeqe
T TN ST SFAH T § eH HerEdl il 21 37 Hil o foiu g s w1 e ud aitew ¥ faefe
Fd T TEERTE T Aifidh TehT S (q) S A1 TR o il B €, freh v an #wE (w) §
Al S Gkl 21 3 R SoTTieeh oF TAH FE™ AU = g + w g1 Faifd Bidt 21 AU IR T sffam
e X TER Y1 ® U1 U ST e B, Selh g U w U W R d € qen Sferee e Tl 2
B g woh o fog oRare o1 oo e €, 9 3= e w1 & S A 5% e o 3d €2
S o Uk e | TR TR W TR 1 IO Y Tehd €, e @ § qied e ©1 argae |
g o1 | U1l 1 SEHAEIRAT (C) W R a1 21 31d: a1 Seafid $1 q = CAT Bial 81 Afg
9 BT JEROT B F, A HE BT WO W= —p AV H FW 2| SOHIUIE T H I o ] TREd
% faT p_ = p & IF W@ Tk T 3 W= -pdV TH TN H TH T FHIHT pV = nRT T FAM
T TR 2|

fEoR ST R w =0T AU = q, 312iiq 78 TEeR ST TR TMiand S 81 W et sifufmanst
o NI o U en W feer S o €1 eH U SR STawl-Theld Wredl i R i €
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164 ECIREICEIE]

THEd-afadd AH = AU + An,RT 1 7199 §tg feer T R Soa-ufted § fan s g €, aaf
AH=q, 2|

TR -afedal o %% YRR 7| grae qiedd (-7, ariiehiu] T8 Seaua) S fer
9 W B B, T2 amrers woeft-uftada 9 stfvafad fan sar 21 foem woiedt, 329 woed e o
wHfer | uRedd 28 o e 1 S w0 96 TR ST ged 71 TEEtes sifafweet § woedt-uftedd

ArI—I i z (aiAprroducts) i Z (biAereactiuns)

J i

g e § A H® = (SRR Y ey ) -y, (SR HY A o)

SHFTIRT o1 Jod 1 qamEtTs sifafea 1 fSen & aR o o6 fRiva 781 S, stofq 97 =t
Tl o TERfTER Afafmen &1 W o @ 2| faefia fem &y Ay = o 21 316: 89 39 & & foau
T FE-The, S, T aRefid i 1 T=idt STeaareen &1 "9+ 81 Tk d: yafdd o o fag
el T2l qRede G Bidl ©1 Ueh faeifit e o ffe AU = 0,AS > 0 @1 1a: T2idt aieds &oa:
Feifdd TehH b fasifEd a1 €, STelfer il TRerd el Hidll SEhAvg YehH o foiq Tt gied=-Seiehton

Aszqr% Y 9 fFan s g =1 q%v o R e 78 e 7

e srferhier TETERTR AR for @ R F €, 91: 70 g0 SHE-ed fiew st G
TRefod w3 §, S R o TRt e T ufiedH @ g A.G = A H-TAS 3N Tafed 7

T WA o T AG,, <0 TF drEeel | AG,,, =0
e fiTest Soil-ufiad™ 9 feri® ¥ A,G° =-RT In K THi0 ¥ Heifod 2

THH WEEW § A,GS WA B W K 1 HN WA A ST WAl €1 AGS W HM HHIH
AG® =AH® - TAS® ¥ T fhal S Tehal T1 THIRION 10 Toh Hewqul %R ¢ ST T2t
Ufearel %2 sfufwa, St #5 A W sREq: yafid ©f, 3% Se9 99 R WA yaiid S ST Gehdl 2

SRS I

51 8l SW -
TN STeee el Th TR E,
() S SH-uRedH & foe W e 2
(i) TSrEer oM 9y W FeR & e 2
(iii) S S-S HE BT MO FE H GgE B 2
(iv) TSrEer 7F heet a9 W R s 2l
52  UH U o wgr uiferfa § @9 o feru—
@ AT=0 (i) Ap=0
(iii) g=0 (iv w=0
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5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

5.13

5.14

el el Bt T ST W -arerwen § et e

@ zhE (i) 3=

(i) <O (iv) Tft aai & forg fa= Bt 2

S o <@ o T AU® &1 7 —X kJ mol™! 81 38ek faq AH® &1 | gim—
@) =AU° (ii) > AU®

(iii) < AUO (iv) = 0

HeH, IhTEe T TEEEgeH & ot 298 K R <84 T o UM %991: ~890.3 kJ
mol™!, ~393.5kJ mol! T ~285.8 kJ mol' € CH,(g) 1 forem Tt 1 272
(i -74.8kJ mol?! (ii) -52.27 kJ mol!

(iii)) +74.8 kJ mol™! (iv) +52.26 kJ mol.

T AR A+B—>C+D+q o fau T=rd aRedd ecaes 9@ T a8
sifaferan dea grfi—

() =9 A9 W (i) =Faa =1 a9 W)

(iii) et off a9 o 7 (iv) forslt of A ™

T YA H T g1 701 J 1 SE9ifid it @ T 394 J % foha s #1 5
YA H T So § feRan ufkerd= gem?

TF 9H et § NH,CN(s) ®T sifferan essifase & @ &1 T 1 AU &
qH —742.7 KJ mol™ 9@ T (298 K W) | 36 3iffhan o forg 298 K R Tied
REdd Fa Fife—

NH,CN(g) + goz(g] - N,(g) + CO,(g) + H,O(l)

60.0 g TGfa=m &1 a9 35°C ¥ 55° C & o foau fvad fhalt S o &t
ATEYIRAl B2 Al 1 HieR SSAreiar 24 J mol™? K 21

10.0°C W | Hiel A &1 o ~10°C W M W TEedi-qied ®1 Tl Hifs)
A, H=6.03 kdJ mol! 0°C |,

C, [H,0()] = 75.3 J mol K'!

C, [H,0(s)] = 36.8 J mol ! K!

CO, &1 &7 T ~393.5 kJ mol™! €1 T Te sfaiis ¥ 35.2 g CO, T W
IS ST ST UM SIS

CO(g), CO, (g), N,0(g) T N,O,(g) F faa Tiedt ww1: -110,-393, 81 T
9.7 kJ mol-'&1 ikt N,0,(g) + 3CO(g) - N,O(g) + 3CO,(g) & faw A H *
HH A HIfS

N,(g) + 3H,(g) > 2NH,(g); A,H® = -92.4 kJ mol NH, 7 % ¥ o=
Tt = 82

frefafea siwei & CH,OH() ®1 Aew-foxad Tedt am Hifse—

3
CH,OH () + 3 O,(¢) - CO,(@) + 2H,0() : A H° =726 kJ mol "

C(I%TEe) + 0,(g) — CO,(g) ; A H® =-393 kJ mol™!

1
H,(g) + 5 0,(g) —» H,0() ; AH® = —286 kJ mol.
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515  CCl,(g) - C(g) +4Cl(g) =rfafshan & fory wéedt-ufad™ 7 sifsg s CCl, o
C - Cl &1 1 el &Y MO SHifeTg—
A, H°(CCl) = 30.5 kJ mol "
AH°® (CCl) =-135.5 kJ mol .
A_He (C) = 715.0 kJ mol ™, =&l A_HC % Tt B
A _HP® (CL,) = 242 kJ mol™
516 Us foa@fia fem o faw AU = 0, 39 faw AS &1 gm?
517 298 K W 31fufspan 24 + B — ¢ o fow
AH =400 kJmol ™' T AS =0.2 kJ K 'mol™’
AH T AS ol a9-foar ® feer 7d g sy for fovd aa R eifaferan w@m: grm?
518  sfafsan 2Cl(g) — Cl,(g) o faT AH Ta 0SQ o fog == 8i1?
519 sffsRa 2A(g) + B(g) — 2D (g) & Tt AU® = -10.5 kJ T AS® = —44.1JK!
Al & faw AGe 1 UM HIfST 3R warsy fo s sifafman w@a: vatdd 8
Tehell 22
520 300 R UH Afufmar o fow W feemis 10 1 AGe w1 WM @ EN?
R=8.314 JK! mol™!
521  frafafea stfafsransti & TuR W NO (g) oF SRR €emfae W feouft shifsu—

1 1
2 M@+ 50,0 > NO@: AH=90kJ mol

NO(g) + % 0,(g) > NO,(g): AH°=-74kJ mol!
522 @ 1.00 " H,0(1) %1 #eh uftfeerfai # forfad s €, 70 uftem o Teii-ufteds
1 TUAT SHIfST— A H® = -286 kJ mol™
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HEITEAT
EQUILIBRIUM

ELE

39 Theh oh 1T o 9% AT —

wAifder w& qEmEteE giEwmet § 9=
1 Tfdes THfa H1 Te= o
g Ta qEmEte gfwast & 9=
qq AT o Ao i 31fiyemea
T Hohl;

frdt § T efafer o foau 9=
feoien =St for 9a;

K, ™ K & g Hay Td
W;

Afafsran 1 ArAEEn Sl gIfed
e TafTe Hehl i =
T

ST, FRLS-T Ta g9 HRonsii
o MR W YA bl 3T AT &I
naﬂﬁ%ww

T qAT AR o WA Hi AR
36k ST Ferishl & ®9 H &Y
T

YA ST AT THIAIA HT Higel
TR SEFA bl U hi TSR ohi =AmEe
EsC
m@mwﬁwwaﬂpH
hel o ®9 H gUiF Y Fohl;
w&wwwﬁmaww
iﬁgﬁaﬁ%ﬁ JfirhT &1 Ui HR

w%mﬁam( )T
pK,, ¥ fa%e =T weh;
WW&?WWWEW

ﬁwwﬁwﬁwﬁmm
ekl

11084CHO7

I Sfeeh T gAteRoi giheare § wemEte qr qewgt €
RN — AR Sl § HHURE q O, o Uiered ud foawor §
0, 3T To ETHFefer o HeA T i U oitass fiesT 21 5
YR CO T[T G SHHiallier o Hed | CO i famermar &
O] ST B

el forelt &€ U § weh g aifoud B ©, S TSt Sl
A1t 319 S i Tde W a1 Y § 9ol S § Al 3k Sl oh
3] 5 k1 Tde Y THUHT dT5T W U 59 Frowen H guifed &
S B1 39 WehR Sd el a1 o §eA ek TS W €I 8 S
, ToTeeh qRoTHEEY 59 1 Hdg W T THivea oroq-gre Scoel gl
1 STe STt <1 a9 YR Bl S €, qel STel o1 arsq-S1d sig ol
T 3R ofd ¥ feer = S 21 e feufa o w9 wed © o frem
(System) H TrEeen Tfad € T €1 FEfy T8 9 wifqw T
@ 1 S8 1 Wag W el TS 1% o S ek {hAheld B @
&1 T YR HEATErEe R o9 w1 ST HeA-SX o SR 8l Sl 2l
T4 39 YehR 9 Sl ©

H,O (59) == H,0 (dr™9)

75l < @1 d 39w i <vild € fom S feemed & wiwamd
HU-H1 Bl & qe SATAThaeh] o Scarel o Trerereen W faeor s
‘e fustor’ wed €1 ifaes weral qen qEmEtes stfafsmanet <=t
o e @iy 8 wehdl €1 tfufhar 1 e steEr wg e
IUHT THa Te i gRftefa w AR #ar 81 we fer a
W UF d9€ IS § Al TR % g s €, A St
Higdl #R-¢R w7 el S © U SR Hi Figdl gedt @t 2
forq o THF qvE T a1 sifafwaenl & @igu ¥ R T & SRl
o HiZ0 § g qiedd e 21 G feufq o e o wiivers e
(Dynamic Equilibrium) Tnfa g S 7 qen o TS EEIH
srfafmanetl 1 X w9 Sl €1 T hRU 3H erEen o
srfafmen-fagor o Sufeerq fafve w2t & digor o =18 afitedq =1
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Bl 81 39 SMUR W R rereen wged ask Tl
Afafewan gof & Gt 8, Iu TEEtE stk
1 Frefafaa @ agel o affera feran smar 28—
@) vom T ¥ 9 sifafemand et €, S omrer gof
Bl St ® e SATufshaen! o1 Figan T10g @ St
2 o afufret § @ sifufrst w1 g
Tt A Bl Wt € TR SR wdleror v gm
G el e a2
() fofa oge o 9 sifufeand ot €, fod @rga
#Y WEN W SR od € ael S W
FAfafsresl @1 siferra i STafafdd & S
(i) T TE W S rfulemenat st @ e €, f
sifuferaenl Td IR HI Tigal G |
o A
Qe W AR fohe wn qe gof et @
IE SR gEifer il SH—stfufsweRl &
igdl, O enfe) W R St €1 S qen yEnmeen
T uftareq aftfeafaat (Operational Conditions) <l
TRAHIHTU (Optimize) T 9gd Hewlqul €l @,
qIfeh TTE=Teen 1 3hTd 3fesd SeaR i fem # &l
T Theh | & 4ifde a1 THEtie ThAl § 9 o
TP HEEYUl TS o WU-"Y Weid fowed o
AP o T, T otrafeR W ®Ed ©, ot
qftgfea wa
6.1 ¥iifeer Wernl ® ATRTAEET
it WehHl o STeAIA NI GreEeeen o Rt feRa
o AN I T TR T T Fehell T WAL
®YIAL0T YohH (Phase Transformation Processes)
o gfafed ST €1 Semeoned -
3 = sd
sd s T
3IM —— T

6.1.1 3E-Id ATEATIEAT

Wﬁ%ﬁ (Insulated) WW'&T@H‘@TQE{
S (I8 O 8T foh Torreh o W usre ue ufEae §
o &1 fafrg 7€ g ®) 273 K den agHedE
T W ErEER | B €1 78 e s safererl
o1 9l 31 B9 I8l <@d ¢ foF g o -y o

e fagm

T STl o SoAHHI ol h1E Tiede &l eidl € aen
flor Tea €, W S Wits 7€ 21 9% T S
o e areft oft i wfaferand gt 21 <9 < & e
I T THTH IHY GHITEA &1 S € 901 5k ok b
0] 59 g H 9l 9 21 o U St o seaqH
o 1S uftedd &l B €, Fifh Sel-31oet @ 9t
Y S H TG0 i &L T ST § 9% § TR0
F R 273 K 3R T IHSA @ W =K Bl 2l

g T € for ot Ud St oherel TRt T g
Td @ W E G | g ) agHesed e 0
ot 315 vate o for =, fowor 3 e 5=
ey @rEraken ¥ g §, usted @ ‘uren
eI AT Uk femies’ wgerar &1 98 e 3@
o 1Y ohelel TST-| € URafid eIl 81 39 YRR 78
frerma Tfaer @reEen W e 1 3Ed e
foeep e B ® -

@) < Tl wiead me-wy e €
(i) < fwATd THE R E €1 T 9% TE W
1 T TEeR @l 2

6.1.2 SId-di™q QEATTEAT

39 T i TTefafad JA6 oF Aead o FEen S
Gehdl 81 Toh U AR 1 Afetent, Tew a0 s &
(FAIHeR) , 1 T SiE (31 @IEF) o IRES s
Y Wig <d B o § Tk arE T A1 uel few o
sieit ehfewam NS (A FIEHRY YIHFES)
S ST TR i H GG H FS Hel dh
@M Sl 81 39k I SR ol SeX Fente
o a1 1 SR sl Tk W el SN Sodied
Teh o T (A1 U €ten) ki ity W@ e s 2l
A 1 3@ W g4l Tord € % 9 gma g
THHT T ol | IR - oear § SR fad: fer
B ST €, i S H I TR Tl € @R f
o B Sl 1 9= T ford T Sl R ST o
%9 8 W © (Fo1 6.1) | IR o sifeq o Serarsy e
Bt € = oSt T e Tkl ©, fehq STl Wel 1 aou
B W T rerwen | Siol-31uEti o SEe o SRl
A1 &G Sl 8, a9 o1 g w1 ST fEer el 2l
TH o -9 T H1 gig- H HH e e 2
el | Teqifud B S € o e el g 2l
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THHT a8 2, o S-S w1 o Srupet ant Hem
et afereen W o ol ®, S9-a9 T sreen 9
ST oF T[S hi F-3TaEA H oA i I AT
Ty B dF et Tedt |1 teiq—
HHATEE 9L ; 0 i W ——  HoFT &l &L
H,0 (W¥d) —— H,0 (3™)

qrererEen | S-S g 30 <@ fohet
aTq W R TEdl €, 39 STl o W 9 <, (A1 S
HT ACA-E) Fed &1 KT HT G-I AW =
Tl 21 9% 7e FA Afvet Ueskreia, M o ek
o T A S, q I Uferd el ® R 3ok are
arq-gre fafe=1 g €1 STveiiehd Seu o <& el
39 ek STSTEicl BT © TS SHR FEOMIR FH
g 1

I rE-TaE § THeH, e tehisia u
S H U H1 1 mL agHSA | ol W@l S qe
T WA H TH WA HW H T g0 o f9=-fim
ST o T <A S A g9 g% uid fo g gt
v H 59 1 qof TSR € S 1 gof arse 6
AT (i) T 1 Ghid, (i) T T HAGT qAT (i) T R
et tar @1 W9 9 T i SHed § gar @i
ST €1 Al STSY sl SR al fEeR et €, wg arod ok
] HH oF R A | el S §| Fd: oaH W
FI- TN H HeAA k1 X AT HY R W HH BT T
TH% IROTHEEY Tl 59 S1fSqd &1 S 21 98 T
ol e 1 S @1 Gt R o e i
TG B Hord e 2

&% U W Sl T STel-ar T agHedd g
(1.013 bar) @& 100°C @M W & feafa o €
1.013 bar T W Sl 1 E F62MHish 100°C &l

_\

169

92 feur # S@
feorT 6.1: R @19 W ST F1 Grraee] &1 arq-31a {97

el s %9 o forq & agHee™ <@ (1.013
bar) W 38 aM, SR 59 & arss e ¥ g,
‘Sd T U FELFIR HEC 8| FS Rl FAYHTR
agHeed 6 R 9 FAr 81 T8 TWE o S
(F9E) W off R w7 21 Aforer S=Taie W g &0
YR T B

6.1.3 STH-aToT ATRATIEAT

a1d & U9 el W fomm i, S8l S oy efeen
o Seduifad g €1 3% en i &t o9 ue o
W, 9 FT THY GTA T A o9 S S ©
T HHA o WE-F1 T H el § g it 81 oW
D THT I 1 1 i feer e S @1 59 feafa
o greeEy it e S g1 ofd: S ST
FeATIied elehl SIS oTod el © AT Weereel i
T &Y § 9 < Gehdl ® -
L, (3) ——1, (ar™)
TH TR oF G oh 3T SR B
FR (M) — FR ()
NH,Cl (3¥) —— NH,Cl (=)

6.1.4 T8 ® SI9 ITdT 9 HI Tevier-
Taet are

gal | 3|

B T 39 W T WA ¢ foF &y U 5ot ) u
fafy=a o o I arg W 9o 9 =i S T i
A & Serd €1 A1 B0 S a9 0 = R = S|
3R 39 Se1 Y, i =it o feheed g 81 s fhd
A W fiu U fgerm o aft o) eifuss faeia 9 g
W, ar Q’@I faera =t ‘W‘H T, (Saturated)
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Fed 2| faeid =1 faeiga v w feR e 21 Hgw
ot o s1upeti &t 319 eTeeen 14 faera o fooraa o
UL o e Tiden SrEER B

4 (Fem) —— = (3)

qoI T |,

= o geH Bl W = HHA o fhed &l

feamtfaeaageaa =+ FeEar 9 SR <A
el WETE 1 Mok Yehtd i Tag feman o 21 Afg
%‘?i‘%ﬁ@ﬁ%ﬁﬂﬁ‘l (Non-radioactive) %ﬂ'—ﬁQEF’Tj‘H
oo o Weanifaeaar goa =i+t =1 &2 461 2« <,
T F© I9F 9% TH M faeed TE 3 =i+, oy
IR o AeAdfoead Jaa = o6 1] & o, fhg
[reTEeel i Tfdeh Yhfa o RO Aeanfradgs
e fednfraaEE == & e w1 fafEy g
Trereene 8 2 71 gafery eanfd ud feanfradgs
=it ST 1 ST T T FGa Bl ¢, T T TS
T feeR A q% FEl Tg" S
gal o
e Grel-aeR 1 didel Sielt St 7, dd S9H Heit g8
He SEAFAEES T B FH AG dS G Wl
e ot 81 o=t <9 W S | e esiiaaEe
1 for factadr & SRor @ g 71 feer qm ud <=
W TG % Afger AU Te w9 o ol s ok o=
e Tfyd TEdl 1 SSreRone—

co, (™) — co, (fama ®)

I QT B o AR #1 fSeh o9ER,
“ferelt A0 W &t T TE AT o faemaes W get
% T ot wen foemas & W W % g %
HUMUTA Erdt 817 A9 g o W-Te qg A=
el St 1 CO, T i Hie-aeX T aeet § ek
@ R sk 7 8 39 9 W T ok a5 Ak
3] g | o & S 81 S € et @ieft st
I € e ok 59 H g W @ TS FH & S
2, T wia o Feit g8 e SEeiieEe et
= agHed™ @ W TS THEEA $i IR SRR
Bt B A WeT-ae 1 39 diqed i FT GHI Th
g1 o gell Big f&an o, df 39 @ @ g
IRETGAS il

IE WHFT ®9 § FEl S Ghdl © T

e fagm

() O ~ 5o, g o for argHecd @ W
(1.013 bar) Tk € a9 (o) TH Bl €,
o Al yreemd o S 71 A ofew o
o &1 fataa 9 @, @ SH wawenstt &
T e B 2

() o™ = 34, grmeE o fau fedt ffyea au
W ared-<e fer e 2l

(i) I H 39 i Fomehera o forg fedt ffeem
T W FA H S w1 foetgar HivE Bt 2l

(v) %9 ® 9 & fooiTar 59 % W T % @
(A1) o HHHE Bl
7 fremel w1 |roft 6.1 | fean wn @ -

ARUTt 6,1 wifcen ArTERen @t %o fagand

WehH =)
Tl = o™ e a9 W p,, R
H,0 () = H,0 (g = 2
IW = 5d e <@ W e e
H,0 (s) = H,0 () = 2
faog (3m) = foeia | fooram o fooia =t digar
(foemm) | ffved a9« feer 2 2
= (W) = =i
(faerm)
T (@ = ¥ (aq) [ (aq)1/ [T (g)]
ffved a9 W fer g 2
CO, (g = CO, (ag) |I[CO, (ag)l/ICO, (g)]
ffved a9 W fer g 2
6.1.5 ¥ifdes UehHl H WTETERAT o GHRT

ITFeTeroT
S ifeh el § Feft FHepm-areee o 9
sfeter frefafed B
(6] fafy=a a9 W ot &g e (Closed System)
o & e 99 2
(i) QTR W S foedt stfafwand e 3 9
Bl ©1 T Wiiaen, fohq Tl srerern Bl €
(i) R o @t WA A qo-ue fer B €
(v) & fRel difdes wwa o e i 8
St ®, 9 "gRof 6.1 | aftd Aagel o 9 fReh
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AT ERAT

Th w1 A e 91w fer g afiia
TreAEE i e

) T oft gag o ufvEt o 9 T i @ fw
YR dh UgeH o gd odifas wehd e
i1 T 3 GG Rl B

6.2 THETA UshAl H ATETSEAT-Tdeh
e

Ig Tet & FqrEn <1 g ¢ fF §g fea § w6 9w
el Tt SfafRaTd siqa: arreeen ) feafa o
wge Wt €1 3 rfufeward off sifim qen wdta faeme
o HOA B Gl 81 59 UH we gdig stfafmae o
<X FAM 81 S 2, @ STRIRNeRT qe ScTel S |igand
feor et B I8 TEEE W hl e 8 U
Tifaer ArEaen 3w Afufean (g 1faeRes 3ag
H 95t 9 ®) qen gdig ifafwen (e sas ga
AR o 9edl S ©) § THerert Sci Bt 21 38
g o fau gn fafafea Soraeia eifafsan w—
faar = (e 6.2)-
A+B=C+D

T didd oF @Y IfYERenl (A den B) Wi
Higdl Fedl © 91 SRl (C 941 D) &1 W=E 2l 2
31 sfaferan w1 <0 Tedt St @ SR wdty st
%1 T el Sl &1 Hereerwy Teh UEr feerfq et €,
el gHT eAffsanet i X wHE 81 St ¢ uHt feerfa
o frepr o HreraEe Tiftd B Sl 21 el W
C T D & o= Af9feran et off WIed ohi ST dehlt
21 9 Tt off foen @ 59 e w1 wrerd
UG 2 A+B=C+D I C+D=A+B

C 3Ydl D

HEa —>

A AYAl B

THY —> qHEERr

T 6.2 : U@ qreETaTe wi gife

171

BeR-Tafy g1 7w oF Hyemor ® qEEfE
AT h1 TMideh Wehfd shi ST ST Tehall B1 BTeR
q IT9 A9 qAT @ W SRS 0 SRR Hi
fafsm ama AEnett oF @ sifafsean wae Fafia
SIAA T STHIMAT T T F | 3Hh STER T
I AfAfRan ® U9 SEAESE AU SEERS S i
g T w1 o 6.4, (U 173) <@ € T wh
fAfeea ama o 9% F© SITHeREl o 39 T W off
I T QK0T T faS0T 61 Gered o & el B
fhsror o eed 1 feear 59 o1d 1 Hehd 2l © b
e wefua 8 ¢ ?)1 eifufwmen i gpfd
i THEH o feTq ST 1 v 3% wiE-Hdd
IR aRfeafaal (I s 3@ @ @9 ), fhg
H, &1 ST& D, (Deuterium) ©eh{ foha 0 H, =1
D, & W Af4fsran U T HEEe WOgHN
gereTaren afafsa-fasor gy wtar €, g
Hfufsran-fH#o1 § H, Ta NH, o M T %A D,
TS ND, HISE T&d ¢ TR i g o 9%
T fagor (999 H,, N, NH, @1 D, N,, ND, B
?) ® g | e o g9 % fau oig 2 8
o o =6 g0 &1 favelun S W gl e ¢ 6
AR Y Tigar Tufafdd wdt 2

BTciiieh <1 39 TS0 ot foveiaur SomM St
(Mass Spectrometer) gl IE RIS %\ ar sﬂﬁ
egifemye fafm smif=n 319 (NH,, NH,D, NHD,
T ND,) T STgelsglsH 319 (H,, HD 1 D,) Y
S €1 399 78 frehd fererar € o @mameen & @g
o fasror & 1fim e wedig sifafewand g &= o R
U W H a1 D TEV[S &1 SMHH (Scram-
bling) BT Tdl 81 AreAree Tiftd gH o a5 4%
srfufsran TaTa e St ®, @ 39 WehR k1 fhsmn g
B Heya @l g

i o gyewur o gueenfie (Deuterium)
o AN O I T w1 § TR e sttt §
e FRETErE T 817 W STAM TF T sifwmeanstt
*1 3 GUMH it & 9T 39 g & geved § FiF
guret TRed el glar g1

grereEe S faenstl g Tenfyd st S Hehdt
¥, ¥’ H,(@) T N,(9) 1 Ifafshan #Ie NH,(g)
W Shi ST 31 NH,(g) 1 o Ut N,(g) T
H,(g) I i S
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e fagm

Tfeh ATATERAT-BTE % fAT TR TERT

ifer =1 THEfTR SAfAlmane § e w1 Yt euwn i Sl 81 FEA e Tueeht o FET g
79 927 ! YSRT foran ST gk 21 fong Ferelt foremera =kt waremen & @ Wi e woa T 21 Frefatea
TN Yok 9 AL i 5-6 TEl o GHE i a9 @ S ushr § —

100 mL & < Aqq faferet (f@ 1 qen 2 for@n @) Wd 30 cm <Adt i i <1 et s et @
E A1 Al T B Hehal € 91 S0 3 ¥ 5 mm % el 8l Wehdl ¢ Wio faferet-1 o e W # aie
S (ST | qreREd WHTE %1 U e et Ui Sid 99d) s @ e fafaet-2 5 @l @ B
faferet-1 o s 7oft qon faferet-2 & o 7oft T 21 faferes-1 arelt el o S0 fog ol el @ &g A
Td 3 el TR § R T S w6l faferet-2 ® el fafet2 § @it el w1 wE S gu @ weR
faferer-2 & fafere-1 ¥ 9o THiaia #3139 YR I Al st gerar 9 fafe-1 9 fafae-2 5 wd
faferet-2 @ faferet-1 o Ui ST 9R-9R q d% TMIARd L 21 S qe6 el Tafaed § OiF Sd 1 &1
TAE & S|

I 37 7 fafered o T foeam o1 TIMIER T 9 W 9 &, af 37 fafered J TfiF 9 & &R | 3@
g gfed et g AfE 37 <t fafed 5 ¥ STat & &R i 80 A9 ATERE] Td SRl & Hig0 & &9
o 3@ o N e Wehd © 1o I8 WihA W WihA 1 ek Wehid i ST Sl €, S A STt b1 T Tt
TR W off S w21 A TW 39 T ) i st &) Aol w1 gerd 9 s, 9 8 2w fh 5
3 fafed ® ¥ a1 o WX f9a 8171 39 < fafered & TiF ot & &R # o fa = &) feai & wro
Bl B

=y T2 =y T

(=) (=)

ferT 6.3 Tfde Qraraee] &1 9599 (F) RIS 37aeer (&) SiaH S7awer
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\wsslssﬂmd (ATTFRE)

oeR digd@m —>

SRS (AfHRI®)

I Saus

gqg —>

e 6.4: s7f4fsar N,(g) + 3H,(g) = 2NH,(g) &7
Grereree] 1 &9
N, (g) + 3H,(g) = 2NH,(g)
2NH,(g) == N, (g) + 3H,(g)
TH YR BH SATfRA H(g) + L(g) = 2HI(g)
W o Y| Al B9 H, Tol 1, o SRIeR-ael GRf9H
qigor 9§ sifafran & &L, @ Afaferan s1fim feem o
SRR B H, TF 1, 1 W& %H 8H @ ¢ T HI
T WA TG TN, 56 qeh STl Ty 7 gl
ST (91 6.5)1 TR 84 HI § Y& & TAfRan i
foadra feom o g9 <, @ HI 1 9igal &9 gH TR
T H, To I, sl Higal 9 T dedl @I S qoh
qregrereer TAItad 9 8 e (o7 6.5)1

HI

Ear —>

HI

g ———>  qEEen — T

faT 6.5: H,(@) + 1,(g) = 2HI(g) ¥f#a1 # THEfaH
qreeEe el ot fon @ wnfyd 8 et 8

173

g fAfeea saaT & H T 1 o TEsT &
Fa HE& FE B, A IR TH Y ATRHGI o
sfafsran g€ =X, I Ys IR T8 remeen
g e g 2

6.3 ATAeh QTEATEET il fam aer
[rRTaeen feria
e § ARl Td SRl o S0 i H
g’ ®ed 1 The o 3@ WM § 9 fagr o
e & Gy § 3 Yvl W 89 faur &3 T
A= fasgor & Afieiean! e SRl i Figdredt §
ey B2 RiYeh Figaistl 9 9 Sigaisd i hd 30
fman <1 "ol 27 9 fHgr o HEed &l % 9
F TRAfdd FX gehd 72 SiEifie sfic o swaEmh
TEEA ¥ — (H,, NH, T CaO) % Heel & fag
SMEYTH Tl h1 TuRe oh9 feren Sar 872
T U9 O I o o g9 f=fafed amm=
IRt srfufsran W famm w3 —
A+B=C+D
el 39 Hdfera iR & A qe B 3R
Tl C 991 D IS 21 3k Schuvuit tfafsmaneti o
TR e oh STYR W Afe o TEEERl ohel
Hfeafafer e (Cato Maximillian Guldberg)
Qﬁ‘fﬂ?{_orlﬁ (Peter Waage) af“v'FL 1864 | gfqurfed
e & fedt fago o wigaet & f=fafed
- HehT0T GRT ST ST Hehell T
[C][D]
K ~TalB]
78T K 9 feorid € qon <€ SR 1 e
‘e feeier oo hEddl €1 TE AT -HHIeRTuT
H ‘g oIgut fwen @1 M’ (Law of Mass
Action)‘lﬂ_clﬁﬁgl
T[] A1 ATt g HfadTisd geral i oT=st TE
W%WWWW(SeaIedVessel)ﬁ?Sl
K W T H, T 153 1, & o= sifafern ) fae=r
| 39 srfuferan o1 sterem fafie wrnfites aRfarfaat
¥ B: TR g fRen -
Hf@ + L@ <= 2HIg
1 9 1 | 2 T
Tl W) (1,2, 3 T 4) ¥ & URY § 5%
wE | hee T H, T T 1, 91 &S A

(6.1)
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174 W fogm
ARt 6.2 YRFWE TE WETERen W H,, I, T& HI %t |igand
IR W& IMfteh |igar /mol L' WIEERAT G |igdr /mol L'
[H2(g) ] [I2(g) ] [HI (g) | [Hz2(g) ] [12(g) ] [HI (g) |
1 2.4x 102 | 1.38 x 10 0 1.14x10° | 0.12x 107 2.52 x 107
2 2.4x% 102 | 1.68 x 10 0 0.92x 102 | 0.20x 107 2.96 x 10~
3 2.44x 107 | 1.98 x 1072 0 077 x 102 | 0.31x 10° 3.34x 10
4 2.46 x 102 | 1.76 x 10 0 0.92 x 10~ 0.22 x 10” 3.08 x 1072
5 0 0 3.04x 10~ | 0.345 x 10° | 0.345 x 102 | 2.35x 10
6 0 0 758 x 102 | 0.86 x 102 | 0.86 x 10° 5.86 x 10~

gEgoH Ud e o faa-fie |igor o @iy e
T S GHI 9% 9% 95 H HHO o W1 H Ao
feoR = T, Stufq-grEmaen wfd @ T e
AN (. 5 Te 6) ohelel T HI oot R4 fer Ty
9 YR faqdia sifuferen ¥ wrmemen wonfya gsl
et 6.2 § 3 G ®: W@ o sifee fRu T g
TAN-HEA 1,2, 3 T 4 | I8 @1 S Gl @
fh— eAfoiehd H, o Al 1 H& = Af9hd 1, o A
T & = Y (IR HI o Tl Fi G&A)
TAN-HEA 5 q 6 W BH 2@ © fh—
[H,(g]., = L],
e R AMMEHNR] T SRl i Fisdl oh
e Hev Tnfyd & o fag 9 &8 gemamnst o fom
¥ W9 Ehd 21 e U T e obSe W Ogd
foam -
[HI(g)],,
[H,(9),, |[L@)],
TR 6.3 3ITNTHNh o AT Aigal-Gael Sisleh
H,(g) + I(g) = 2HI(g)

N [HI(g)], [HI(@)]Z,
[Hy(8)leq 1(@)leq [ [Ha(g)leq [12(@)]eq
1 1840 46.4
2 1610 47.6
S 1400 46.7
4 1520 46.9
5 1970 46.4
6 790 46.4

IRt 6.3 T fU TT Aiehel @i Ferd ¥ Ak gy
AR RepT Td IR T AATTET-HISAT hl SUUR
ek § W, @ 39 sk 1 99 fer &, afew
fim-fim gm (EReit 6.3) 1 afs g9 f=fafaa s
S

[HIQL,
[H, ()., |[L©@)],
@ &9 adn o weft ®:, vE o g7 e feen
M 3 & (S| gl 6.3 ° fe@mn wn @) | 7e @
S Tehal @ T 39 oo YRRl Te Ig o
jEﬂ?{”ﬁﬁsﬂﬁ(Power) aﬂmaﬁ%aﬁwﬁm
ifaferan o TR o fod 3o TqEHIeR oI
TW (Stoichiometric Coefficients) %I TrETeER o
TH oE oF WM ) ErEEe e’ el S @
A T K Welieh GRS ST 81 36 Wb At
H,(g) + L(g) = 2HI(g) = fau K, sreifq wremereen
frerisr 1 39 ®9 § foran s 2—
_ [HI@L,
© L@, [Le@],
W U 7T e, WS o I_Ih o6 €9 § Sl
'eq'%@w%,%ﬂw:ﬁ%@w%,wﬁ
I A ST € R K % oS H WiEdl w1 HE
e W §)1 ord: gH forad -

[HIg)]
K=—r+—""_
© [H@]LE] 6.3)

(6.1)

(6.2)
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AT ERAT

R ¢ 3w € fF K T W EiEm %
A mol L ¥ =k foran T 21
feu e fohdt am w Afafsmar-samsl =t gisar e
SRR T Fxdl o OGS 1 3T FER @ar
21 TH I A Wigdl oF H o fou Hferd
THEE T H ARl TS SARl o ™
YHIHIOIAAT TN i STh! HGdT & =ik o6 €9
o s fopan S 21
Y YhR Wk 9T AfAfshan aA + bB = cC +
cD o foru arerazen feemis w1 f=fafed =9 9
e foran < B—
K _lCr
[A] [B]
sifuferan 3R (C a1 D) A9 ¥ o AfYHhRH
(A @1 B) B H e 81 Yo Higal (S¥eoned- [C,
[D] 3TfR) =1 Hdfera sAfafran o oA
I Uik o Wl o ®9 § e {ehal Sl 2
S— 4NH, + 50, (g) = 4NO(g) + 6H,0(g) tfwfewan
% o wrereEen feeri® = 89 3@ ®9 § o9
T B

(6.4)

_[NOJ* [H,0)°
¢ INH,I'[O,P
faf\= sre=al (Species) Tl HIeR-9IEdl i 3=
TSR HISeh H TR I ST € 1 28 HAT STl
2 for 3 wreeren Wigad €| W6 o wgd SEvash
B, 99 dh wree feeis o ofee § gt
(39, 5@ = T\) T fae S g
T T SO UNE Sed 29 €,
SH- afg R fafwar gefiror w fFE S (Fac-
tor) § TOT Y, A HrATeRe feerie o faw e
fored a7 =g gHt=a w3 =fee fF 9% s 39
fadad 1 ot e H

afafshan H,(g) + L(g) = 2HI(g) 6.5)
o WO oS i 368 YN forad -
[HIP
== (6.6)

¢ H L]
a1 wdta SAfAfshan 2HI(g) = H,(g) + L(g) o fag
e Tt SH 99 W 39 YHR Bhm—
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, HL] 11
Ke=Tmr "Xk €7
T TR,
1
K.=% 6.8)

SohA ATATRaT ot wrETaen ferie 7 1fim
arfuferar oF wreETaRen fRedie & IeRT BT £
IR rfaferan =i 39 w9 ° famd w

15 H,(g) + % 1,(g) = HI(g) (6.9)
wreTerEer feerier 1 M Bm—
K= [HI] / [H)'?[L]'/? =x!/>=K?  (6.10)

39 UHR AT T THIH 6.5 il n F TOT &,
@t sffsan nH,(g) + nl(g) = 2nHI(g) W< 3R
T THh WrEeR-feudi 1 WM K» Bl g
RO T RO 6.4 | R fRAn T 2
WU 6.4 Teh WHT SGRAUITS TTATHAT oF WT=TaeeT
Teerishl W S71ok TUTERT © Haier
TETAeh AHRTOT |TETEET
feertian
cC+dD K

C

K =(1/K)

aA+bB
cC+dD

aA+bB

naA+nbB ncC + ndD

78T I8 A W =T fF K 9 K% ST
7 it g1 €1 38ie a7 stewes € o ar-stawen
e @1 AM forad w9 Hqfad TE™te SHiH
&1 SeerE H
3ATEIUT 6.1
500 K ® N, 91 H, ¥ NH, s o IRH
e o et |igard 9w g9
[N,] = 1.5 X 10° M, [H,] = 3.0 X107 M @l
[NH,] = 1.2 x10 > M. Sr=ereer feeries &1 oM

ifsTa|

&'A
sifafsran N,(g) + 3H,(g) 2NH,(g) & foT
e feotis 39 &9 § for@n S wehdl g

K7 =(K"
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_ e (9T
[N, (¢)][H, (2)]
(1.2x10?)’
(1.5x102)(3.0x10)°
=0.106 x 10* = 1.06 x 10°
I 6.2
800 K T 31fHAfRAT N,(g) + O,(g) = 2NO(g)
o feru  QremaEen gigand fFefafad -
N,=3.0 X 10°M, 0, =4.2 x 10°M
AN NO = 2.8 x 10°M
sifafsran o forT K, w1 @9 @1 B2

&
sifuferan o foru wr feemis 39 Y& foran s
Tehell &

_ _[noP

° N,][O,]

. (2.8x10°M )’

" (3.0x10°M)(a.2x10°M) ~0:622

6.4 QU QTSR

frat gum frem 7 94t AfeRe Td 38 TH
THM JoEe | 2 €1 331l ok feru— e sifafwen
N,(@ + 3H,(@) = 2NH,(¢) ¥ Sk e 3cI<
geft T -y § 2

T THR

CH,COOC,H, (aq) + H,0 () = CH,COOH (aq)

+ C,H,OH (aq)
del Fe®* (aq) + SCN-(aq) = Fe(SCN)** (aq)
afafeenett ® |t AfUsRs qen S gHm
forera-wraren o € o190 B0 S guin fafwansti o
AT feefid & aR | TRl
6.4.1 g Tepra H wwETERer fori® (K)
T Al Ik AR RR! T SISl o HieRk |ig o
®q | Hree feoris & o feer © oaen =9
T K g @il 21 e sifafwerst & fo
e fEeie i AT @ o ®9 ° YR T
ek Geemse 2|

e fagm

St TE-FHiToT (Theh-2) i 89 38 ®9 4
= A B

pV = nRT
a0
n
= —RT
b \%

aﬁm(p)ﬁbarﬁ,ﬁﬁﬁwaﬁnﬁfﬁ
T 'n' g SEEH, 'V i Tt (L) ° qen 919 i

Hfead (K) B o & | p=cRT(%=0) ESRED

'R’ %1 | 0.0831 bar L mol'K Bl B

S n/V %! 84 mol/L H = &Y &, dl T8
IS ¢’ S ] 374

p=cRT

feeR qI9 W T 1 I IR [KI S FEU
g €, FAT p o [(E] ord: Sod Hay ol
p= [T9] RT & &9 § *f foran s gea 21

Hreereen H SR Hy(g) + L@ = 2HI(E

_ [T
* K T, T (@]

(Pr)’
Py, ) (Py,)

3121_O|TK0_(

(6.12)

%ﬂkag Py = [Hl(g)] RT Py, = |:H2 (g)] RT
dqar py, = [12 (g)] RT
FHfeTT

w o ) _ [H(@T[RTT
" (pw,)(p,) [H(2)]RT.[L (2)]RT

_ Mm@l
[H,(g)][L(g)]

ST ST H K =K, § $7eiq 3 S
feeRiont o I SR ¥, fhg g% =8 T T 2 R
SR W fog — sfafeEa Ng + SH@ =
2NH, (@) |

(6.13)
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(pw,) [NH,(g)T [RTT

" (py,)(P,)” [N, (g)]RT.[H,(g)] (RT)’

_[NH, (g)] [RTT”
[N, (9)][H, (8)]
i K, =K, (RT) &l (6.14)

9 YR Tk gar T sifafewen
aA+bB = cC+dD

K. (RT)”

K:

(S L) A
[A]'[B]

K, = 1P (gpyen _ i (geree
" [A]'[B]

781 Hqfem THEfTR R § An = [(TE
eI % e # we) (i st % e
F Hem)| 21 T TewE € R K o s
T @ FT AH bar H WAl =AfeT, Fifdk <& I
YrIfoTeR STEEe 1 bar 21 The | § &1 WA © fF 1
pascal, Pa=1Nm= d 1 bar = 10°Pal

el 6.5 | pw AT AfHiRaAT o o K
@& o+ f&T T R

WU 6.5 W FB FAa STAfhATST oF armaer

(6.15)

feorties K, EoReIE
arfufsran A /K K,

Na(g) + 3Ha(g) = 2NHs 298 6.8 x10°

400 41

500 3.6 x10
2502(g) + O2(g) = 2S0s(g) 298 4.0 x10*

500 2.5 x10"°

700 3.0 x10"
N2Os(g) = 2NO2(g) 298 0.98

400 47.9

500 1700
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SETETUT 6.3

500 K R PCl,, PCl, 3R Cl, T | & qeT
Tt HAY: 1.41 M, 1.59 M T 1.59 M T
sfafshan PCl, = PClL,+ Cl, & AU K, 1
U hifSTTl

'
IR Afufsran o fou wmamezen feris =9
®q | e foha S Hehdl o—

_[peL][cL,] _ (1.59) _ 2o
¢ [PCL] (1.41)

SETEIT 6.4

= fufean & fau 800K W K, =4.24 &—
CO (g) + H,0 (g) = CO, (g +H, (g

800 K W CO, Td H,, CO M H,0 & |

T FIEHS T T FHISE, A IRA H ohore

CO a1 H,0 B 3ufEerd Bl e Yoieh i Tigdl

0.1 M =l

'

frafafea sifafsan o fau;

CO (g) + H,0 (g) = CO, (g) + Hy(g)
YT H

0.1M 0.1M 0 0
g I
(0.1x)M (0.1xM xM xM

W&l " R CO, T H, %1 W51 xmol L 2l

314 g feeier 1 39 YR foran ST Hehel 2—

K, =x"/(0.1-%" = 4.24

x> =4.24(0.01 + x> - 0.2x)

x> =0.0424 + 4.24x”— 0.848x

3.24x°-0.848x +0.0424 =0

a=3.24,b=-0.848, c = 0.0424

T fgamd Tl o fatax®+ bx + ¢ = 0,
(—biM)

2a
x= 0.848

X =
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+./(0.848)” — 4(3.24)(0.0424) /(3.24 x 2)
x=(0.848 +0.4118)/ 6.48
x, =(0.848-0.4118)/6.48 = 0.067
x,=(0.848+0.4118)/6.48 =0.194
HM 0.194 1 SUT 1 ST Fehell B, Fifeh
igar § e 2
A HrEEE W HiEda] 3
[CO,] = [H,] =x=0.067 M
[CO] = [H,0] = 0.1 -0.067 = 0.033 M

3ATEIUT 6.5

39 9= 2NOCl(g) = 2NO(g) + Cl,(g) 3q
1069 K d9 W ¥+ feqiieh K, 1 A 3.75 X
10° 81 38 99 W 3= sAfafmn % faw K,
TUMT I

T

T 9 € R

K, = K RD"

S sifafsran & fa,
An=(2+1)-2=1
K,=3.75x10" (0.0831 x 1069)
K,=0.033

e foRier o ATES

HreerEd K ol | fHeRied S5 S0 1 mol L
H @ K <1 W fehterd 9 ek <19 F Pa,
kPa, bar 319@T atm ¥ =7 61 ST ¢ 39 TR
[reaen fEeish 1 AT Wigdl A1 {16 o [EE T
R €| IS WreTaee S5k o AW W Wil
I B H SRl ok A °oF aWeR efl stfufema
H,(g) +L(¢) = 2HL K d K, H s "l el
gl N,O,(g) = 2NO, (g). K. 1 A mol /L
qeM K, %1 5 bar 2

g AfYhReh] TH IR ! THI0TH STawen |
fam wmu @ grerewen feeriwl wt famEA
(Dimensionless) A= § =a 3 ¢ STTRNER]

e fagm

TH SR Rl JEIUR SFereen H Y 19 R qrEifores
FETE T bar il 21 36 YR 4 bar <@ JHE0H
37X o WU | 4 bar/ 1bar=4%ﬁ?ﬂ%,3ﬁ
fommeia 21 Tk forer o ferg wmmifores stereen (C) 1
HIeR foera & 9o o= Tixand s6t o |rder o ardt
STt €1 |reEfeRis 1 Sfifhd 7 g gg qraes
sToe T AR a1 21 39 YRR W WA ¥ K,
qe K, <1 Tl it € fohg et enferes A
ot yHIfoTeh STareen B o RO e B gk 2l

6.5 Ta9HTT QTE=TIEAT

T © 3Tk grereen arel e o wonfud ammersen
1 * FeroHiT GreTeEen’ el S §1 SKE0 o fau-uw
9% U W WA-ar TE SA-59 oh dfd Tefaa
qrereree *ferorei wreeRe’ €l

H,O(l) = H,0(g)

T W H UH AW gEwRr a1 g 5
e €1 T TE 39 U 3ok Gqw foerdd & ot
Toqifre ST ot T W 1 S

Ca(OH), (s) + (aq) = Ca** (aq) + 20H (aq)

TorsmT AreTaenst ® SAfued IS 3 A IS
59 9T o §1 T wreEmeen (g 3 3| =@
IS 59 B) oh HEAERA-Fh h W A S
Thdl B, FifF g 39 TF G %9 T HeR K0
It Al W et 72 e, afess fre grar @1 g
IR H— T R U IS X i A 5w o @,
[X(s)] T [X()] o HH fEer g 1 sueh faudia A
X' T T feRet fAfee s & agerd €, @ [X(@)]
TN [X(aq)] o AH ft et €1 78T ¥9 TH Toeh TS
TETqUl faoHT TEEh Areee shfcHad Hare

& i foe @ foamr -
CaCO,(s) = CaO (s) +CO,(g (6.16)
ST IR & MR R &9 forg wehd € &
_[CaO(s)][CO, (g)]
‘ [CaCO, (s)]

<l [CaCO,(s)] T [CaO(s)] THI fEeR F| zafery
I rfuferan o fou oRefieha areamawen feris
K =[CO,(@)] (6.17)
q K, = Peo, (6.18)
T T B ¢ 6w fAfvea 9w W co,(g)
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AT ERAT

%1 T Ti¥=Id Higdl 1 <@ CaO(s) &1 CaCO,(s)
o WY qreEEen ¥ @dl §1 WA S WO adl
e © T 1100 K W CaCO,(s) T CaO (s) &
T FrEerl § 3 CO, %1 < 2.0 X 10° Pa
2| ZHfT Swlie sAfafsren o foru wremereen feenis
T O 30 YR BAM—

K, = Pco, =2x10°Pa /10° Pa =2.00

Tt YRR fendt, e AHieTRaEe Td fehd
SHTeiTTel oh sie Tefyq faom areeeen (fohet o
YfgHT o Ug) FHIHR —

Ni(s) +4 CO (g = Ni(CO), (9

o wrereren feeri® 1 A 39 w9 H for@n s -

[Ni(CO), ]
[col’

g oI @ T aramaeen wnfia g9 o foe g
wrell w1 Suftefa eavaes ® (9ol € St /e eiet
8l), forg 3Tk W01 A1 <@, ArAeEe— e o6
=ies | 7 g o1a: " feafd o 3s %9 @ s
3T ! G- el oF o § @l for@n Sl
21 arfafran—

Ag,0 (s) + 2HNO, (aq) = 2AgNO, (aq) + H,0 (1)
T e feemisrs %1 79 9 w9 § forwn S 8

c

K = [AgNOS]2
°  [HNO,T’

I 6.6
sf4afshan CO, (g) + C (s) = 2CO (g), h fag
1000 K W K, &1 AH 3.0 1 A% e o
Pco,= 0.48 bar ® p_, = 0 bar & 71 s
IThTEe U &, @ CO Tl CO, & " W
31T Jr& Y O i)
&
g fuferan & fou—
I CO, 3@ H HHT x Bl q—

CO, (g +C(s) ==2CO (g
YRY H : 0.48 bar 0
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H W : (0.48 —x)bar 2x bar

_ p(Z:o
% Pco,
K,=(2x)?/(0.48 -x) = 3
4x” = 3(0.48 - x)
4x>=1.44 - x
4x> +3x-1.44=0
a=4,b=3,c=-1.44

(—b ++b? - 4ac)

2a

X =

=[-3+ (3P - 4(4)(1.44)]"/2 x 4
= (-3+5.66)/ 8
(<if x 1 I FUICHS TE B, 37 9 °H
1 30 R T T1)
x=2.66/8=0.33
e T SRR STE o6 A 39 YRR Bl
Po,=2x=2x0.33=0.66 bar

Po, =0.48 -x=0.48 - 0.33 = 0.15 bar

6.6 TR ek oF U

greraen-feeris & yar W faur 9 ugd

T 3Hoh fAfafEd Fewayel aau W e 3

%, AEEN-feRi® &1 SF9e ad STEr B €,
T AfTHRE] TF I i Higal GrmeEen W)
feer =1 Sy

@, grEel-faelie w1 oM YRl U IRl
=1 R Tigar W e & we 2

T femi® &1 AM TH Had THH R e
T T o fon ffvea am w= fafirse g
2, Sl A9 "o o WY agerdl 2

H 3opd Afuferan w1 armewen-ferd  eadt
sifuferan o ArTERe-feris o WF &1 kA
Bl B

T, fordr erfufsran 1 grameaen-fefis K 39 97d

aAfafenan o wrEreeen feris § Hefud e @
Torent Tt o sAfufshan o6 qeieeo o et
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I quIfh F TOT AT AT < W W Bl B
319 T qreEae feried o Sy W foer
FHT qA THRT FAN FAfared foget 9 dafud gei
o IW 3 H w4
o TrEATIE-feerish o URAT T TeTHar W e
1 HHT 1 STTHE T

o fYferan &1 fSem &1 war o TS
o TEATEEA-HIZUT i UM HIAT|

6.6.1 3TFATSRAT aht TIMT ST TTHTT TR

TrTae- TRl &1 oAffeher AW AffRan &t i
1 1 €, W F ST Hewequl @ foR wreeen
T @1 &1 e foF armaen fee R 9 g
T 2K, K 1 IR SR] T WS 3 FEr
B © (R Te reRe-fenie FANEH &
(Numerator) ¥ forar S @) den ferarement &1
Tl o SFHHA el € (Fifh I8 SHoih o &
(Denominator) ¥ fer@t STt ?) | wreeEey fems
K &1 3= A S| &1 S=d Wigdl & 9ids &l 36
R K 1 F101 9 Sl o =1 | sl gwifan 21

= fasor o Heed 9 ey fefafaa e
ﬁwwm%

I} K, > 10° &I, a1 SAI§ AfYhReh &l o o
ST S| AR K T WA ] ST 7, SArafme
T quidr o fehe B B SereToned-

(%) 500 KW H, @ O, F1 AfHfha Frameen 8

feeih K, = 2.4 x 10"1

(@) 300 KW H,(g) + Cl,(g) — 2HCI(g);
K.=4.0x 10°'

(1) 300 K| H,(g) + Br,(g) — 2HBr(g);
K.=5.4%x10"

AT K, < 107, AMTHERE &l o § IR FH
B A% K, 1 O 79 ¢, @ sAfafwar goiv stamen
o & Hue et 81 Frefafad seewl g 98 T @
ST 8-

(%) 500 K W H,0 &1 H, a1 O, # foered =1
- frerieh 9gd FH € K.= 4.1 x 10°*®

(@) 298 K W N,(g) + 0,(g) = 2NO(g);
K.=4.8x10""

e fagm

If% K, 10° ¥ 10° 1 WY (Range) ¥ Tl T,
@ IS q AR R AT T WigdTd Hardseh it
2| FrefafEa S W foaEm s W

(%) 700 K W H, 71 I, ¥ HI 1 R K, =57.0 T

>W

a:rq»‘”rw| K,
sifuferan wfeT 1(|)_3 J 1(|)3 sifaferan emT qofar =T
9 &t 7 AR S A ¥

sifet® qen fRaThas -
A R Sufatad §

forT 6.6 K, W Af4fshar &1 Gir 1 (747

(@) 3l TR T 3= sfafsRan N,0, &1 NO, H
faere 8, forger faw 25°C WK =4.64% 107,
ST @ HE T SR T SR o 9 fagon o
N,O, T NO, FT HiZd HdrTsmeh sl 39
AE=F 1 o 6.7 B g@itan T 2l

6.6.2 3tfferam =t faom =1 e
PR W Sl o fordt stfuferan-fasmor o eifufsran
Hi feom &1 Uar I § ot wreraRen femis @
SuAn feran ST ©1 39k forw g arffeRar Wit
(Reaction Quotient) 'Q’ 1 TOFT hTd B | e
e &1 € W ifuferan vrmwa &1 ot sfafsan
w1 forett oft feurfa & foe aftfim (der wism 9 g
qen sAifers <@ @ Q) R S Wkt 21 et T
arfuferan & fog
aA+bB=c¢cC+dD (6.19)
Q.= [CI’[D]* / [AP[B]® (6.20)
e @ > K @, Afufshan sAfdesienl &1 3
swEfa grft (foadia sifafsean)
e g < K #, o i 3Rl # s
smrEftd e,
g @ =K @, qf sifafswan o armeen
o Bl
H, & @ I, & T afafea | faeEr
T B
H,(g) + L(g) = 2HI(g)
700 KW K_=57.0
AT fob g9 [H,]=0.10M, [L], = 0.20 M
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AT ERAT

SR [HI], = 0.40 M. fern
(Fisal Fehd | UK t K1 q0d TE T TR
Tiganeti 1 Ao R TwE ¢ W e T g, 9
e W)
3H N, ATAfhal AR @ Afufhan w39
feafa & feam o &
Q.=[HI?2 / [H,], [L,], =(0.40)/ (0.10)x(0.20) = 8.0
T T Q (8.0), K_(57.0) & SR &l 71 370
H,(9), 1,(g) T Hi(g) 1 fasmor @ o 7 1 gehferg
H,(9) 9 L(g) Tfafsan ook iR sifesh Hi(g) smds
T Ik HIKU q9 qh W, S q% Q =K 7 &l
B
AffFa-9IThel @, 94 K o WMl 1 o
Fxoh aAfafewan-faen &1 g w @ o swEnt €
39 YR, SAfufRan &1 e & day # &H
et gmm= ¥R S Fehd §—
o AR Q <K, B, e sAfufwa o€ 9 [E AR
AR et 2
o AR Q,>K B, e afuf € ¥ 96 AR
AR et 2
. aﬁQﬁKﬁ,aﬁzaﬁﬂW%;f%ﬁﬁ“r%l

>
1 5

AfiRE —> IAR AERE RN SAERS <— SR
I gremaEe |

fa - 6.7 Afuferar &1 feom 7 &ty

K,

3alg0l 6.7

2A = B + C #f4fean & fau K, &1 w1
2 x 107 R

feu T o | stfafeman-fasor 1 g9 [A] =
[B] = [C]=3x 10 M ®| eifafeman =i &t fen
T emufaa Brm?

T

sifafsran < fom sifuferan srree Qﬁliizcl

181

[A]=[B]=[C]=3x10"M
_[3x107*][8x107%] _
- [3x107*P B

39 YR Q> K, gafery sAfufsean fawdia feen o
sfad it 2

1

Q.

6.6.3 WTEY HiEAT3Tl okl TUMET

g, @ freafafed 9= 9 38 a wa-
ug 1 : sifafean o fou wqfaa g foat
Ug 2 : Fferd THieh0n o fore weh grof AT, foes
sifafsren o fafed yoisr usred i geteg e e
(&) IRfyer Frgan
(@) FreerEen W S o e |igar § giedT i
(T7) ETTEERA Higdl
ARt 99 H fRE uE AfueRe i digar &

x o ®q H, S GrEEE W e i aReifig SR
frr erfaferen =1 EHeiada 9 o = et i
il &l x o ®Y H o Hil
US 3: x ! 8 H o T AT THIEHWO H 9T
g sl Giaeeiid wid &1 A S9! o7 gHieto
A 1 B, A T€ A T g, TS qEEfE
a1e 2|
TS 4 : YRepfad UM o SR W 9T HigaieT i
AT I
Ug 5: 3= G gHtew o wiqeenfud & o
RO 1 S

3JaIgLUl 6.8

13.8 UM N,0, &I 1L I | TN 5l © df 39

RN T w©fid e e—

N,0,(g) = 2NO,(g)
Ife Greareel W el T@ 9.15 bar TR A,
dl K, K, 91 Sremeee B SAifireh T i o1

Al

&

g9 WA € f% pV=nRT
e A (V) =1 L
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3UER (N,0), =92 g

Tq o At =13.8 g/92 g
=0.15
T9-feei® (R) = 0.083 bar L Hie ' K
a9 = 400 K
pV = nRT

px1 faeX =0.15 A x (0.083 bar L
mol ' K') x 400 K

p=4.98 bar
N,O, = 2NO,
YRY H  4.98 bar 0

W W (4.98 -x) bar  2xbar
$d: W W po = Pu,o, T Pro,
9.15=(4.98 - x) + 2x

9.15=4.98 + x

x=9.15-4.98 = 4.17 bar
TIETEEe I AfH e,
Pu,0,=4.98-4.17 = 0.81bar
Pro, =2x=2x4.17 = 8.34 bar

2
K, = (Pro,) / Pro,
= (8.34)°/0.81 = 85.87
K, =K/RD"
85.87 = K (0.083 x 400)'

K,=2.586=2.6

I 6.9
380 K W 3.00 HId PCL, i 1 L &% 915 H W@l
ST | HEATerE W fH07 1 GEed W Hifse
If% K. =1.80 ®I

&
PCl, = PCl, + Cl,

TRIH 3.0 0
WWPCI%Q‘%Wﬁ@meIWﬁH
B 1 qE-

¥ T (3x) X X

[PCL, ](CL, ]
K.= "IpcL

e fagm

1.8=x"/(3-%)
x+1.8x-54=0

x=[-1.8 +V(1.8)°- 4(-5.4)]/2
x=[-1.8+V3.24 +21.6]/2
x=[-1.8 +4.98]/2
x=[-1.8+4.98]/2=1.59
[PCL]=3.0-x=3-1.59=1.41 M
[PCL] = [CL] =x=1.59 M

6.7 wArHETaEAT Treier kK, ITFOfeRaT
WNTReT g der fiest Sl ¢ | Haer

et sifafsran o6 fae K o1 w4 sAfafsean &6 wifdent
R et T He 21 S R T THe-6 ¥ T 4
g 5 sfaferen w1 SeAmfaet, fova; fisg et 9§

Redd T e e 8-

I AG RUTH® B, a9 SATHHAT Tod: yafid
A S € den 3w e o wue g

G AG U ©, T ATl Tord: eifdd &l
BRI TR ST TeiT9 TR 89 AG 20T Bl
37d: 379 Affehan o6 3] SAfveRRa H aRafda =i
Sl

I AG I B @, AAlha ArEEen wt uw
AN

Y SHM(AE qeF i R 39 FHIHTT T i
I TR B

AG =AG® +RTInQ 6.21)

Sefeh AGS T fies St 2

el WS AG=0 9¢1 Q = K ',
THIHTT (6.21) 3@ YR B

AG=AG°+RTIn K=0 (K, % ¥M WK A

[
AG® =-RTInK (6.22)
InK = - AG® / RT

T AR Yfders ToTH T R—

K=e AGS/RT (6.23)

37d: THIHIU 6.23 HT YA H, AG® & Tl &
wq o AUl ) Tord yafdd sl GHEE S Hehdl 6—

I AG® < 0 %I, A —AG®/RT ¥ BN 37d:
e3¢ 51 BH Y K> 1 B, S tfaferan ot o afdar
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w1 Ul ¢ sreren o fawm ® S® dw 9% @ @
99 for 3R snfie | o)

IR AG® > 0 B, A -AG°/RT FUTeT® B
3: pac°/RT 1, BH W K< 1 B S Afafehan
F1 T yafdar Juiar & a1 sifufeer em fgem d
39 W dF e T, e S| gFam s

183

1 SRR 8 IIEMI— N, T2 H, ¥ ST o
HYII0T o B UohH H UEifieR uRftefa w1 =
Ireqa | o1k w9 ¥ Hewqul 21 fova et @
aiftier Seare 100 Tofer 27 81 g9e1 g1 sum
ST o B9 H Fa 2

wrepreree feertiss K aRfveh wigarel o e e

SETEIUT 6.10
TATShICTEAH H T oh HIChRISTRE o
faw AG® &1 M 13.8 kJ mol ' 81 2908 K W
K, 1 | T i
&
AG® =13.8kJ mol ' =13.8x 10> J mol™"
AG® = -RT InK,
In K, =-13.8 x 10°J /mol

(8.31Jmol 'K ' x 298 K)
In K, = - 5.569
KC — e—5.569

K =3.81%x10"°

IS 6.11
T o TA-30E ¥ TG 3R TR
freferfaa sifafsman o ear fiea 28—

T + H,0 = T + HeRd

300 K W afAfshan & fau dnarewen feems
K, 2x 10" 21 300 K | AG® & H I UM

ifsTa]

BA
AG® = - RTInK,
AG® =-8.314J mol ' K"

x 300K X In(2x10"%)
AG®=—-7.64 x10* J mol*

6.8 T hl THTTAT A a1 Hleh

TEERTE GYAUY % Y@ el W W U 98 © f
A HS oh AT o WY SYRReRT HT IRl o
sfereham afterds @f, fomer el 8— sa|l &1
STf¥ehae Afed TT9 2N 3@ &1 Heaw qRfEfa 9 8
Ife T 7L e ®, @y gitfefas o aiteds

el B T A Arerereeieet fohdt frenma o etfirerrent
71 IR | ¥ fhdt TH ok @xu § giedd fean S,
At Frrena o rereen € @ it @ qen He sifafman
T q9 qh el @dl ©, S dh (e § O
HreTeeel Tfud < Bl SU| Yraeel qrareaeel | g
1 Y99 TF 3l i faeEd & 91 § 89 Yed € U8
9o €1 81 78 ot 3@ 9ok € foh a1 afeda frg
TR Bl €1 @ ot S S wehl @ o foRet qm W
af eifuferan o AraraEen-feeris =1 9= I @
fordl arfer w0 9§ 39 SAfufshan o SAfehen] T
IR} o GrEERe § QKT k1 T I S TRl F
Tl qeh o g A G feerisr o1 a9 & @Y
Ifads F& o 9 @, @ A= fku T er-vmafen
fagia &1 4 9 uRfeafaal & uftads 9 gremegen
TR YT Y9TE o 91 H oM R g1 9 e
Tehdl 21 39 Togid o S1aR ferdt frerma ot wreereen
ufifarfaat = fuifta wee™ wre (|,
TE U aw) § | el ¥ off ufedT g w
HrETaeen 3@ faon # awew gt 21 e frem
T TN E3T YA T YT GHIA &1 AW T8
off ofiferer T TR TrEATEES | @ g €1 Th
g fagor & Heed &1 yiafda @ & fau e@ s
FHRFH F1 ITAN AT S HehaT B

frfafad SuEsl ¥ g0 grmEeen Wi,
T, A9 TE IAE oF J9E W faam -

6.8.1 Wigal-URadT T T

A S9 foedl SAfYeReR/3eg & sifufean o

fre =1 e § wreErereen gREfdd B ©,

THHRT ATAA - fogia’ o SER T o

ST ehdl B—

o IYFHRH/IER & fHAH ¥ Higd | I8 I9E I
1w o foru eifufean 39 fSen =61 oIk 3R
Bt €, difer fHeire 7wt <1 3UET € Tl
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o AfYHRH/IAR o TR ¥ Higdl W a6 Hl
FH H o fou Afafshan 39 fom &1 3R TR
Bt ® aifer safaferen o faerel @ aaref 6 ofd
Bl ok 3T ISRl H—

“Sta Tt stfafshan o eifireRrent = SaRl | @
foprelt Wk 1 off Wigo HrEerEen W e faan S §,
qr GreraEen s o Heed | 39 YR qiadd s
2 for Higor URerd= o 0T TE-eTeT THE HH S
3= = Sy

3T, H,(g) + L(9) = 2HI(g) fufrar W fom=m
H| AR | WAt fagor § 9T ¥ H,
9 Sefl WU, A WrEeRdl % [H: T o oy
Hfufsren 37 foen o smrex gnit fom 9 H, Suifi@
B a1 SR iferes H, w1, R w HI ferfem
HON q 3da: e IR (Afm) foem o
foenfua grft (o1 6.8)1 I8 en-vMafee o6 fagra
o 31eY ® TSEeh oguR SIfeHNeh/SE o AN i
fearfa o =€ T Tenfud entt oo Sifveren/3ag
%1 HZd IHeh AN i & THF ¥ T a1 g Hg0
q sifys g =few)

e fagm

Frefafea sifafsran arre o SR ot &0

ot frekd W UEE Hhd B
Q. = [HIP/ [H,IIL)]

IfE FrEeen W H, faemn S, @ [H,)] Ted
T SR Q 1 F K ¥ %7 & S €1 zafe sifafwan
T () o R AR W SR A T S [H,] qen
[1,] et € 3R [HI] 79 T &l €, 59 % Q =K,
T B WU SIAfq AT WreEeRen Tfyd 9 @ Sl
AT YRl § SEUIE ol 3Tl il SAferehal oga
Hewqul Bidl €| STl TrArere] W R Searg w1 Srer
T fen S €, siffsran, S ot gu fomn amememen
R UgE TE ¥, [ M K § wer vl @1 S«
IR H 9 R 19 8 A1 ardieha g e ueref @,
Al SR T S HET MG B T ST
sfrenfer fmfo & smifan &1 gdiwr = &, 9
e R foan s @ foeg sifufwan sifom faem o
it @t 21 T THR CaCO, ¥ CaO St 9o &M
1 T T A ¥, % s e § g
CO, Fi TR ek Afafehar qoi w3 et ¢1 9%
I T =AMfeT fof TR AR Berd ©H | QT °H
K, U A o Tear 8, foem stfafsman sifym feen
H et T 2

WigdT T HTE-Teh TN

30 frfafed sfafea g wel¥@ feem s
Tehdl &

Fe™ (aq)+SCN" (aq) = [Fe(SCN)F" (aq)

et TR el &t

[Fe(SCN)f" (aq)

<" [Fe3+ (aq)][SCN (aq] (6.25)

T @ | SARA (111) e foet@™ 1 1mL

[H] b
1 ——_
[HI
T8 o T
W T E
H, STeH ™

fa 6.8 H,(g)+L(g)=2HI(g) sfufeEar 7
e W H, & S W SRS 19 3Rl &
Tz F gRadT

A 3TH Y % W e faere e
A ! fee™ W T o1 1 ol 8 S €, St
[Fe(SCN)J?* S+ o shRUT BIdl €| el @iy
B T T 1 e TEeR 81 S 81 SRR A1 3
o1 srfuferan it arETEEen W e | |rreen &
ST =1y femstl # oo seegER fawenfua &
Hhd &l [Fe*]/[SCNT =l &1 & & ol
rfireRrent =1 faam ® ar= fauda faen o fowenfua
F Thd B SH—feiterR 3 (H, C, 0,), Fe®*

2 2 4
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A 9 R seh Wl 9 SRA [Fe(C,0,),1%
T &1 o7d: GoRd Fed* M i Tigdl &4 & Sl 2|
ATy, fagid o STER Fe® A &1 g2q 9
3T FIgdl a6 i [Fe(SCN)]2* o foisH gRI Fes*
A Y gfd ) g feban S 21 =R [Fe (SCN)P2*
1 Hgal Sl €, o7: el U1 1 digal 8 2l Sl
1 Sefa HgCl, faam | <t ara 1 &1 o %A
B 21

Fiifeh Hg?* 38, SCN- 3T o ®ef Afafepan
FT TE Hpd A [Hg (SCN), 2 91 &1 o
SCN- Il &1 HH THIHI [6.24] H AT hl a8
T [ 3 SCN- Tl 1 g 2 forenfaa et 21
W AR e W SCN- 1 WK 95 Sl
21 31: sy wreEEE 3 foen o (€ W) 9g
STt @ e faerad o 11 w1 died s Sl @l

6.8.2 SMA-URdT ohT THTS

fordlt et erfufsan o e 9Reads g <« ager
Y IR H1 AN GAIfEd Sl €1 98 a9t Bl €, S
sfafsran o1 <N ol TEmEfE S § e
AFTRTER] o Hicdl 1 G qe TEE el o Hidl
%1 G | f=ran et 21 T | W en-sdtae
fogid, o 9ga HE W 3 TE Fa W I@ ok
IR 1 IUET HT S HehAl 2| R SE/EH H
A (TS Higdl) Ta R R 7 e 21 Frefafaa
arfaferan H-
CO(g) + 3H,(g) CH, (g) + H,0(g)

T sifassRl (CO + 3H,) o WR Hid § SRl
(CH, + H,0) % I Hidf o &1 ST sifaferan o
TrrEee s it fHfvea a9 | e o
fafeTet § @& @ IR HL 3T A AT Rl
aen Y T T 39 UER AfFReRl Ug ARl Hi
AR <19 T 39k Hola®y SehT TIg0T 98] T
21 o1a g grerereen | Tl ®© T ® 1 -9
fagia, @m] weh sAfafwan 5w fen & s e
Hrereree]] TAITid SHedt ®, SHhT a1 S S Hehdl
21 <feh <@ T e T T, o7 wrEeen o fen
(e el =1 TN T @ %Y el ®) W STR
B 81 (B9 Sd € Tk <@ T o diell 1 @ o
QU e €)1 38 sifufka whd Q5N we
ST Gehdl B SW & T WA oW 1 fdfmar o

185

[CO, [H,], [CH,] W& [H,0] fshaf¥ehrehi sl Tremereen
o WZU i FEE I €| Se eafdfeman s
AT STl A T S @, @t ok oifvies < ue
TSV A & 9 #1376 7H AfAfeRar qrhe %1 Oe
e 1 A HH @Rl Wi T Hehd
_(2[cH,]2[H,0) _ 4 [CH,]H,0] K,
° (2[cop2[H,]? 16 [CO|H,] 4
IfF Q, <K, 7, ora: ifuferan smr faon o s eidt
2l C(s)+ CO,(g) 2CO(g) fufsman o w& T
1 ST @ q ertafsman faada (a1 SoRA) faen o
2l B, wifer 31w feen § Hiel %1 Hen 9g St el

6.8.3 3TfehT T & ANT & YU

g e fier wad ® SR TH SAfRE T (SE—
i) St erfufswan & am 7E ot €, i fre €
e eafEfda @ar 21 it fEer s W fne
e foe W erfafswan § 9m o are ggef %1 der
gl S1efe Sl § hiE ufiedd el et 21 Stfufsman
qThel § IRed eharel a4l Bl © S/a THelrs T8 7Y
srfafwan § W o9 9N SAfYERE a1 SR Bl

6.8.4 AMI-UadT hl THTS

Sa Fft e AT A H uREdd o RO A HWigdl
faerer Bt ®, a9 g g &1 weed uRafda e
, Fifew stfafsan s (Q) wrmaEen feer® (K)
o SR Tl T UMl Sifhd 5@ ardehd H IRedd siar
2, wreAreen feeish (K) 1 HF 9Rafdd g S )
M q9shA W feemies w1 fefar sifafewan & AH
o fag o faedt st 2
o ZoErdr STfAfRAT (AH FOTCH ) T AT
fteriehr qIUshH o 9g W Hedl B
o ToATEH UfRA (AH YIS ) T ATATIE
fteriehr qIUshH & 97 W wedl &

AR | e arreaen feris e stfafea
o a7 § qfteds o 2l

Frfafea sifafsran o STTER THif= 1 Scared
N,(g) + 3H,(g) 2NH,(g);
AH=-92.38 kJ mol™

TH ST e ©1 ‘er-wmaiery fagid’ o
IR, AYHH S TR TR o &9 o THmaia
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Bl S © TS ST Y WreTeren |igdl S 81 S
21 3 =Rl |, U qI9H S h) 3= Al F
AT S ©, Wifehe Wi &9 9 STcfees %9
T eAfafman ) Tia il e S €, o1 S T
o fomn s =

AT A Y9 - Teh TART

NOZﬁH (‘{{Df) Rl N204ﬁ'ﬂﬁ@ﬂ'ﬂ? (Dimerization)
1 srfaferar oF gRT ArTeEeT W A9 1 99e WSE
o < gl B

2NO,(g) = N,0,(g); AH=-57.2kJ mol!

(1) (TEH)

Tx HNO, ¥ Td &1 Fier Srerht &9 NO, 14
TR T © A1 38 Tk (HRreell 1 GeEdl § 5ml
el WA o 3231 A & <Al W §
T ! dedl GUE SFT A1feTl 376 TeeEe (araldit)
aﬁﬂm@lmﬂ?ﬁ%@m(smpper)aﬁﬁaﬂ
4 Tl 250mL F o ST TR FA: 1, 2 T 3
sffend ed €1 ML . 1 1 fensrt fag (Freezing
mixture) ¥ SFH 7. 2 HI FH & AU A § TG
T F. 3 I /A (363K) A ¥ R e & ST
AT w1 et |, 2 W T W €, a6 T %
1 1 dierar Toh ToE K@ <t 81 o a1 o
It | 8 - 10 T2 9% WAt i W o a1k 39
TRt T TEAell i ST A, 1 o Sid | qel
THA @A Wl SR 1. 3 o S | {@u) sfsRan
&1 feen W arg 1 g9e 39 wan 9 fafha fe s
Hehdl B HH A9 W AR 7. 1 H SOARIN 31U
IR BRT N,O, & 1 Telg fierdt € T NO,
FT FHH EH F HRO R T FT Ao Tt T, et
HT A, 3 H ST a9 W 3Iopd AR i aeie
fredt 2, 9@ NO, =war 81 ufomHa: s T

T

femendt fasror HH ® Y (363 K) T S

AT ST (298 K)
(270 K) RISEN|

fa 6.9 : affwEar 2NO,(g) = N,O,(g) &1 Fr=aeer
W dT9 F 9T

e fagm

rATEEl W A9 1 Y6 Teh GO SHSHTIS
sfafsran | off g9 ST gear B
Co(H,0)% (aq)+4Cl''(aq) = CoCl% (aq)+6H,0(1)
TSt TR e
FHH F AU T [CoCl,]> F HRUT AL
frasror =1 ¥ et @1 <1 1 5 9 fewer fago o
31 feran St S 2, @ fason 61 9T [Co(H,0) 1 T

HROT T[eAe 81 S 2l

6.8.5 SUTeh ohT THTT

SO TohamRRal o IRl § IREdA B ®H ol
AT T AF SUcTed TRt AR o a7 ! a@1
<1 €1 T8 Weh & HehHUI- 3T § oA ol 37 e
it stfufsmameti & S 1w <1 €, Seifsh Qe
! afEfdd &t Tl IERb T TS Jag Affepan o
fau dfpeor ot # wuE e § w6 w2 2
IO W Td a9 AfafRan fasm W arEreen
oA o qiEfda et widl B 98 Gqferd THte o
7 g feeris Tl § yehe el Bl 2

NH, o ATgIsH ol gggrer d ffor w fa=m
X, S T cd et srfufmar @ sy S ok
ol Hiedl 1 & SAHHREH] o el § H et
e feeis qusd 1 oM § Ted g1 w9 a
R AR ST Al © U e R ugeH o 3ty
% GHA Ol ®, S Sed A W fEA & R
Garosieh Bl €, T ofed ¥ gl &l

S TEEAR B e A <@ ¢ R ol Sae
o1 Sufeerfa o rfafsran Haioses 52 9 el 2, Safsh
NH, ! TTeel Higdl Haroe e sidl €1 i e
o Hiel 1 &I AMTFR] o Al i T& § HH
€1 37: NH, 1 3cqe q@ agreh sfues fapan
Tehal 21

NH, & H¥IY0 B 19 o <6 1 STJperaq
Rfefaai 500°C W& 200 aFHEAT @ B 2l

T UHR, 9ueh fafy g7 SeRfRe o o
frmfor o

250, (g) + 0,(g) = 2S0,(g); K = 1.7 x 10%

qreeeer feemie o qRomd oF ST ER ifufema

%! THT gl g S =fey, fRg SO, w1 SO, #
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AT ERAT

SHIFHIH dgd it R ¥ g 71 wife st
TEUHfETH TRl (V,0,) SR &1 Sufefd |
st o HTRT &% ST 2

e af fedt sifafwan & AramaRen feris
1 T FHIBT 6T B B, O ITH IH 9gd hd
HEal T Il 2

6.9 Tae@" o smafer Ar=TaweT

e T R W Aiga 9Radd o 99 arel g9T |
g FreAferfiaa et 9 o Hueh o ST -
Fe’ (aq) + SCN™(aq) = [Fe(SCN)**(aq)
& el B9 37 W o e | g watated ¢ 6
< o Sttt et o fag om0 wafed &t et €,
Safeh ST H HER T (Hiferw FaEe) faam
W THY fogd ¥R T YaTE BT § 9o a0l shi Al
aG o WY foIerd w1 Aetehdl dedl 81 WEshd hie
3 urefl 1 SR TR TTeTshal AT & STHR W &
M | Tfieha foha— Wk ot o us1ed et faerem o
fered a0 wenfed ed €, 3 ‘o s9eea’ seen €,
Safer TR S UET e I, A 3 ST9EA e
&1 e 7 foe oTTeeal i YH: Yol e geel aga
srqeredl  afiepd femanl Welel SR STUeed WA o
fae et e gof &9 @ i @] ¥, wefE
@ sryeed oriferr w9 @ smaftd w2
IR -HifeaH FANES o Sl faoed d§ g=A

187

w9 W Hfgan PF 6 FNEeS P UT WK
Safs THfed o § THRe oM TS sEefTEm
M B &1 THHT R 7% ? T Gifead wiwgs #
T 100% ST Bl &, Sieifeh UHifesk 31, <
geic, Torga-31aeed 8, 5% € @t gl 81 98 &AM
® T gda fogq stumeal o ool dun et
g o T W Tfud B ©1 59 YRR kT 9T,
e STefta foeem o 31 arg o #, aiafien an
FHEA | 3T, &TReh AT A oEd STTeAl b o
o o Bl 3 Yool S1al gl dEd STIeEAl i e
HTER Hd &

6.10 3T, §h TS Ul

3TRA, &Teh We oe01 Yehid | o419k ®4 § UIT = 2
SR §R IR A6 (1.2-1.5 L/fe) o &nfad gran
21 78 U= Wik o T eifa eaves 21 faen @
& 19Pd THifed ot T g T HR kW H
fafew ot Ud UEhifae oTrl qeN HeN H TR
T IR ST €| SAhiY 37 T@E W @ B ®,
ifed 718 Acidus @ 51 ‘T’ WIsg g Tl e
gran §, forent e1ef ® wee et it ferewd &l o
F A € a9 FD ergeti W Afafar ek SReEgeH
I H E| THI YR &R o feleHd ol e
# € qu1 @R H whed 3 Tyl § WA | 2l
&R 1 Tk QA S FHIS €H T Giel 7, <

TS 1 9 oS o I T Gifd WieE el 9RER § g3 o1l 14 96 %1 39 § 9% U 341
fSieg@ (Book binder) & I@l %W WG ol S8 3= 39 fohdmel i g i B2 I ofi|
et fSe] a7 e oml wrEes €et 98 (Davy) 1 YERRIE §eEe S T el He
18131814 H IS 3ok WY HEIEIY 1 a1 W el T 3T A6 o SR o SH GHT & g
SO SR o Goeh § MU 3R Sk Sw7al 9 =gd @ 99 1825 H 2ot & =% o o
HEIM JAREensl (Royal Institute Laboratories) & fRem® o+ e 91 1833 | o T@RH
I o YUH Peilad e (First Fullerian Professor) sH1 %€ =1 dgel eIl
T -fITeror A | ol 9 1821 ok SR S SAfushar 1 e ud g qe 31 Sgd
I fagTdl 9 Hafaa o 321 o fa=mi o ouR W ey &= fagia’ 1 gfqaes gem 9 1834 H 3=
foregq eToerea @ weifua <1 el 1 @ie #11 HIE Tk 9gd & o8 U 341 Wb o sfe o s wedt ge
i O W ghR HY A o weft ARt feml @ R @1 A g STehel S T UGS e 9 SR el off weEs
&l @ Seiq fogm &t faa-fie a9 y9iika (Disseminated) fwar, foad 39ep g/ Ul 9em@ o 9”9
1 T Yeish YhaR o Y9 ki SToreTen Sftaferd €1 ‘ Jivemit o Tamafes s’ fama o framg s
o TeIT 9 T 9| S TNIAT 450 S TS YRy fRu

HqEFT Hare

(1791-1867)
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YT o fTU Y il 21 STl 37ed T &Rk ol TEt
Iurd | e €, a1 o e1rag o sifufewman o & w9
@ &I @il & FP GHFT ST FifeqH FANEE,
Ife ethe, Hifeam Mede ofk 71 Wieaw FrEe
(HIRT 79 ) TR HISH 61 Tk &7 ¥ €, S
TSI 3T Td Tifedy TRgIFdRE &t foha 9
W el 21 98 39 eraeen ® U S ©, fomw
YA Hifea™ T HUMARM FANES A 399 |
faudia emafera wfieis o wea feer de@ vl o
HROT o o1 od €1 3 STael o e fer dgd =
HMeqH o qeEdl o SohHAl Bl B Sl
reifser foetae €, fSieen weRm 80 21 36 R
9 Hifeam NS &1 Sid § =il S S, 79 e
o e feord e STeRYUT St 80 o U W gl @l
S 2, fored a1 foerad o g &9 9 T A 2
J AUl & Tl Seifed gkl gUe 8l W 2l

]
o O
oo N O
o9 9 o
0 cr vo
(+)®(_BF\ < g cl
\J( Cl N Néi- -
00 ClNg
Q Cl
. é o
oo L
(8 N& ’)ﬁ) : oo
© o y cr(\
0O

fora 6,10 5e7 9 wifsaw aFaiise &1 faaisi Na© a9r CU
ST Yt STeT-379] & |Ie STeTiferd glahs Tt

gl wrd g1
A H TR T o SEEA i gor
tHfifes ot & A ¥ 3 W B F6 e ¢ 1%
Tafy <l & gt o) ®, R ot el e
AU SFaFet el § ol w9 9 st e B, 0
tHfifew et TR &9 W (<5%) B ERE e 2l
ST T AT oh Hed UMY S 1 |med qen
APl o St Aen W R et @1 gd o
o qen o o8 fim-fam steff o ygea foe s
® B o o oA, S SUH! 39 staeen § off
foem™ wd ®, % S W YUFH HI iR i
‘foraer’ whed € (SRR -gifer FiREe), SHEfh

e fagm

AR o8 ek <, Forae S o1 foere o e
Ao S <A € TRl 79 3 M R I A
FH Y B

6.10.1 3T qAT &Neh ohi TRTTIT UTT-
RfEE o Fagager ot 9 wged &, S 5o o
STEfed B BIegie oM Hi,) 30 & 9o &R o

T ¥, S EEeifede @ OHy, 34 1 39 &R
S ° T 3T HX &1 319 fefafad aieon o
T et T o 3 W A w1 g @

HX (aq) — H"(aq) + X" (aq)
q HX (aq)+H,O(L) -» H,O"(aq) + X (aq)

Th g WieH, HY Srcatues fpemier g )
e w9 U wel foeee | sEeh st T/ 2
78 foomoe Si@ 1] o offedlse § Sfud gt
frepiii fofret ergifEm oM, HO* 2@
(afed 3@)| B9 H'(aq) @=M H,0*(aq) I i &
S gEge 3TEM, St Sidt Tupstl § o gam
T WEH B, o B9 H WA § @6 §| W e o
TH WIMRUM: HY(ag) a1 H,0%(aq) i 3Adesd T
AT w4 EeR A St e 2

3T kR MOH 999 fohdl & o1 377] Seita

TIESIEH T EEgadet I
(3™ =10""%cm) B T& Sl 310 W T foeq &=
T o HRU W T SA- 3] TR IY(EAT I THTRT
gl § foRdl Tk & WY JeR H,0* I 71 W
iRt 1 g TR (ST -H,0"Cl) # 2
e § Y T B | SeAtd T o ety
A R | Sterifsd gl H.O;, H O @& H 0}
Ty TS WA €1 SE YR BTSSR
SIS it g Seoeres wfieist H,0,7, H.O,~
a1 H,0; 1t = <1
/q—H~...
../‘H Qs
JO( 5, /S*
& % ,9/ \~Z~

HO'
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@i ARI4

(1859-1927)

1 AEd SR e

NPT &1 9 TWed | IuHen & e gom onl W 1884 H I UMl
foeafaemea # fagq sToeey faea i arehdsti T Y T (Thesis) T&d fhal
3TTE 5 OO T SRi Sgd AE i qel T o WY SRl W T T 1895 H I T
T wihem favafaemed & difawt o e 18 R e fre 1T o1 1897 9 1902
% o 39k W ot W T 1905 W 3T G % o Wicheld o Aoiet JeH 8 fifeert
WA o fR9e 98 W M Hd W S 9 qoh agd-3TIEed faerdql W &M S
W1 1899 W I=IH Tk TR, S TS THIG: NG R0, FHeam &, &
MR T AMfRa-3T sl a9 W Fsfar =1 gl fwam

ERdE| Eh_sp &5 | R fowam gforen w@EE (Immuno Chemistry), ERIEACEIE]
(Cosmology), Stta &l id (Origin In Life) TN fgH-F7 o &R (Cause Of Ice Age) Faelt &=l H I7eh
TEYUl ANRH @1l d TH g =fed o, 9l ‘I 389 g9@’ i 98 A I ! foe=l il 91
1903 ¥ forga-sTereai o forerest o figia T W fom o6 foaermd o sdent STAfTar W 3= WA faam

foerma @ frafafea ofieon & oar emaf
T &
MOH(aq) - M"(aq) + OH™ (aq)

Teifod oaq ft Sefa faoem | et
T Y @l © (9 ) | T SR Y -
YO 1 3 HEW 2| TE had Sl o Sl
faem ® & on] et 31 T it S8 sl %
& O ) T TR Y urd €, o e
g Tl B
6.10.2 AT AR A TG &k
9T WS SR =28 (1874-1936) @l 3
W 9FE TH. @ (1874-1936) A Tl U9
QIR hl Teh A oAT9eh TR < SRLs-ar
fagid o TIOR3 ued, S faeram § e He 39 |
e ¥, ot € den o ugred, & faeree @ e 1Y
Ul L | WeW ¥, e

g9 H TR WieHaal aul & Wed Ul
&l

T2l B9 NH, & H,0 ¥ fae@d o 3@ |
foam ¥, frg Frefafead gt § <ot w2,
I—uﬁ'—rém%
NH,(ag) + H,00) = NI} (ag) + OH (ag)
e A TgfAq o/ HEHd &N
|—9ﬁzﬁﬂaa4T

F 2

BEifad ool &1 3IufEAfd o &RU &RA
forea ol €1 STl SAfufswan § Sl Wield g @
q STHIE W €1 sufe 3R wHE: SRS
T AU IRk hed &1 Schd AR § W NH
¥ OH ! TIFIANG Bl &1 F87 NH, S5 37ret Tol
OH FRT &R &l w1 ¥ &1 H,0 Tl OH 37erl
NH; TS NH, T3 37 3R &R o I8, S A
Teh WIS i Iuferfa = stqufertd o &R 3R fvm
g, GO T- ek I HEAd & W UHR H,0
T G RF OH © 92 &Rk NH, 1 TIHT 37t
NH! 21 af% ST 31 Walel & l gkl Gl &lkeh
T BT AT A LT ST e ©, Al ST T
&IRe Wt BN 8T 4 34 4 91 I8 € o g
o H ek Afafer WIS Brn ® qen yoish Hgr &R
o Th Wi ®H el B

S H TR T oh I SR R
fa=am &1 HCI (aq), H,0 3T7] i WieiH 3T 37 i
i T& H,0 &R I i =eeR i 2l

I—uﬁzﬁﬁm%l

HCllag + H,00 = Had (ag + Cl(ag)
qgfd e 9T e

Sahadl &
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SRIFT TR F @M S Tk 7 R St of
TR Il B S S HCl § WA Tg0 shdl 2,
H,O* Tf¥fist &1 fmio1 g €1 31: Cl 37 HCl
3 1 G &k € T HCL, Cl &R 1 Fgret
S €1 T R, H,0 i H,0" 377 ol T &
TS H,0, H,0 &% %1 T 37 €|

T T 924 € foF STt U 31t qe U &R
1 @e el it <wiar 1 HCl o @ eifafewan
H ST &N 1 Te IR &idl &, Sefh T &
T WIS TR Teh 37 i Wifd sFeer il €|

ISR 6,12
frafafad a2 stl & fau S e =
€2

HF, H,SO, T2 HCOj
T
Yo o W R W U WM wH E
=fEW 37d: FId HIH &k HAIM: F, HSO,
T HCO; T
SERAUT 6,13
FLT &N NH,, NH, d@1 HCOO™ & fam
T seE o fafem)
T
Tl 3T °h UM & ohi STUET Tk Wi
STfeh BT =1feU| 3Td: T |TH 378 Shuel:
NH,, NH, @& HCOOH |
SEEAUT 6.14
H,0, HCO,, HSO, T NH, S==83Td el
FRT AREH-SHl IR H F1H HR Tohdl ¢ | TIh
o feIT WA WY el de ek farau)
T

S Trefortad aroft o fean @ 2
H,0 H,0" OH
HCO, H,CO, coZ
HSO, H,SO, SO;
NH, NH, NH,,

e fagm

6.10.3 T3H 3T Td &k

SH.UA. TR A 99 1923 H T Sl ‘TASR e’
AT &I okl ‘SolaR JTHSTAT o &0 U Uiy
Temam STef as &a 1 997 €, TRS-alld &k el
9 aRE | &g faem iR T 2, FifE A A
fagidl o &TReh ThTeh! TiaA I A1 7, Wq
e Togid o STER, 9gd 9 UQ uqe off e 2
S e & ¥1 w9 Teieei 91 BF, %1 NH, 9
Affsran sHeRt Tk fafiTe ST €1 39 YR dRiRfEd
TS TS ®1 KH o BF, AR NH, o 91
ToRaT Y SUHT THThT Seae JTH Tl 3T hl T
I Bl 39 eAfufean @ Frefafaa wieo g
Wt TR ST Hehar 2

BF, + :NH, »BF,:NH,

Toae &R TeiS, S — AICL, Co*, Mg
AR 58 T & Wifd IaRR Xl &, S H,O,
NH,, OH ¥iilst Sl T el I8 < T Fehell
2, oY &% I TWE HIEN H 2|

IR 6.15
frefafed 1 g9 el 9o gRenl § fihd
HIFSTL 3R ST foF 3 T Herer i q9id 22
(%) HO (@) F (1) H (%) BCL
'

(%) = TSR PH TH EH &RF 3,
3d: T8 TAHA FH TH HT Gohal T
(@) Ik TIIANEE P T §RE T, T
7E =N seiRi W | 9§ fRE @ # aE
T Hehal 2l

() S W[ o o €, o1: wEeied
R T TSNS T, S — & o
TR T o Hehdl 2

() T IRF TRFARES BCl, EE 3T T,
3T STHITAT ST 3THI STUfsti o1 eTehi
Y AR I o Gkl 2l

6.11 3TN Ta &Rl oAl ST
it TEmEfTeh o Siferer Afafshamd Sefta wesm
o el €1 3% wHeH o forg emifae w5t g &
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AT ERAT

STIER 3Tl T &R oh STF9 i foe=m Iuamt
B | WA 377 (HCIO,) BEgleiliieh 317 (HCI),
BRSBTS T (HBr) TESRTAfSH T (HI), TRfeh
Rl (HNO,) Td HeHeh 1= (H,S0,) 3 a7
‘Y1’ e §, FFifeh I8 Selld wied W Wi STl
H e quia: foifsia st Wielaemn o §AE *E
Y &1 TH YHR HfuEn BEeieEe (LIOH), difead
TGS (NaOH), W™ eEge™Es (KOH),
e gEgieEe (CsOH) Ud afFm grRgieEs
Ba (OH),, Seital /1&g H S Al | o qoid:
fo@ifsd gl H,0 9o OH- 3T < ¢ smfva™
fagid & o9UR, 3 Yoot &R €, Fifer A weam o
wuiq: foaifsd el uer: OH- 3TPF WM &Y &
fasheud: o7 o1 @R 1 G Tl Ud eRehi o
TN fagid o SER Wl ST Wehdl €1 Eh
SR, ‘Yad T’ | dedd U 399 WeHRal’
Yo ek ¥ qeqd ‘39 SieuEl’ gl

oA I HA o -8R foris | W
formm -

HA(aq) + H,0(1) = H,0'(aq) + A (eq)

A aRh T Tl WY R

@ 6.10.2 H T <@ fo oA (A &RF)
foae" 9= UF WM o oW ud ydrm feem o
TAHIAROT H Jokd Ueh TIfcieh ST €1 376l 78 U9 Sl
2 for =fe @ ik @, 1 o w9 & wiy TR feam
o e BIM? 39 qHIferd Hidren Uk Sl i |
22 3 YTl % SR <4 o forg g9 femiem W o
gfmfad g ol (A1 §Rehl) oF T &1 ger
Hof o foar 371 Sie afvia st fadiem o= o
Sufeerd € 3wl HA T H,0" W fo=R 3| &4 I8
@A B fF 0§ HIA-91 Yeel WEHe 21 WeH
W #1 fEt o ygfa o= @ eifuss B, 9% ‘e
3T’ ST Ud | Soel 377 ohl 9 H TR
B S, A€ HA, H,0* ¥ 79 37 ¢, df HA Weid
TE HAM, H,0* T8l fooaa ¥ 4= &9 9 A
H,O" 3P B |2 gaa o7 Ta &R i fen o
TR Bl B, iR Werel 3TReT Uelel &) Rl Wi
4 2

Tk STIHR, Yool 3T Sl H quid: STafTd e
21 IRt e STed o B, STl Weet STl oh

191

G &R 3T goel Bl &1 Yool 37l S TRekAlieh
T HCIO,, TEEHIN 3 HCl, BEgets
317 HBr, BRgISTETSS 37 HI, TE(H 3 HNO,,
TR Rl H,SO, AME Wael arwedl o W
& ClO;, CI, Br-, I, NO; 3= @i, St H,0 ¥
1fieh 3ol ek €1 S WehR 3Tid Welel &R, 3Tef
qdot 3 M, Selfeh Ueh gl o7, - HA 7]
Iufterd @ AEZH 37 (HNO,), BIEgIHsiifish 7
(HF) Td uffess et (CH,COOH) WdlehicHe geiel
e B1 e A A e A @ T gee el o
T N Td Jad eld 1 S0 ok fAu, NH-
,» 0% T H- 3TH WMl 81 31: H,0 ¥ 3Ted e
I I | 2 [ B 2 2 1 M W || O [ e
foeta shTeifen ifiTeh geet el sl Hifd =TaeR wid
g1 T 3 (HIn) 91 S &R (In) =1 <
Teri )
HIn (aq) + H,0(1) = H,0"(aq) + In"(aq)
A gIH L ST T R
-k -9
T TRl T ST T §R STTAGA H Gefh
% ®9 H H* T & @igd Feprerd o fag e
S

6.11.1 ST AT I fleiar wd SW@aht
AR UHAEA

T WE 6.10.2 H e @1 for P el (S S)
310 fafdrse Toif o6 HRT 37 TE &RSF— Il i /@
TR H Fehd €| 3T HA 1 Sufeafa o =g e
TS0 Al © T &N 1 T RN Ll 8, Selih
§ B~ ! 3Ufefd ¥ 9% e[ Ioh 3T i 0@
SRR T €1 G Wl H,0 1 Tk 370 W a1 2
TS STFed 1 T HFER HIAl € 91 STt 1 T 3]
TH W TEU A & TS I THA &NF H WE
BN Hidl 8| FreAfeaa wrereeen enfd et e—
HZO(I) + HzO(l] = HSO*(aq] + OH-(aq)
8RR T[T ST A
foare feeri® #i 39 39 We WRRh w2
K=[H,0°] [OH ] / [H,0] (6.26)

STl 1 igdl ol e W B A B, i gHeR!
Tz fEer @t 71 [H,0] F o ot wfmfad
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FH W T feRid KWW B 2, oS @
IR U Fed 2|
K, = [H*][OH] (6.27)
298 K W YRR ®4 H* 3T &I @igdl
1.0x 107 M % T ® 3R 5Tt o fardier 9 e H
3R OH P &1 H& aer Bl 2,
BEgfoA STl i ®igdl, [OH] = [H] =
1.0 x 107 M
TH TR, 298 K W K 1 AN
K, =[H,0*[OH ] =(1x 10722 =1 x 10* M2
(6.28)
K, & 99 a9 ® fRk & 7, wifE a8
e feetis 2
IS STt %1 T 1000 g/L & 3TN $HRT Hier
FH 18.0 g /mol 1 THY Y[F el 1 ekl &1
T4 e el Wehd B
[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.
9 YR, fouifsa wa sifoeifsa aifsa sia &1
S
107 / (55.55)=1.8 X 10%0r ~2in 107°
(39 YR 9 g&Id: Sifadiftsd Siat o STugsti
FT A T 21)
T, e 3R SIA Weltd oo
H,O0* W& OH ! HWigdisdl o @i #El gh
fasfea foran w1 wehar 2—

A [H,0] > [OH"]
ST [H,0"] = [OH ]
& ¢ [H,0°] < [OH]

6.11.2 pH &FeA

BRI AT 1 HieRkdl § Wisdl i Th TLHE
HYshH (Logarithmic Scale) T et 9 y=i¥a feran
S 7, 59 pH @het el Sl 2l

BRSSP 1 Gihadl (a,,) o RUMHS
10 3T TR T HH i pH Hed 2| HH Figdl
(<0.01M) W TESSH ATH &1 Tfehad, TETHS®
Y § HHT Ao, S (HY) 51 G 1 S 2,
e Bl | BISQISH 3TIA 1 ARl 1 shig gohle
Tl B T, T 39 G g uReifiE feRe S
ekl B—

e fagm

a,. =[H"]/ mol L
Foreferfian et pH TS TEEISH S i
¥ ey quifar 2
pH =-1log a,, =-1log {{H"] / mol L'}
39 YR HCI & 3™ fae@ (102 M) & pH
F1 HH =2 T T T WE NaOH & Th &4
forers, fS/e [OH ] = 10 991 [H,0°] = 10'° M 1
pH = 10 TRl Y& A STEHH 5 H 298 K W
BIEEISH 19 1 Tigdl 107M eidl 8, Safery gehi
pH = -log (107) = 7 &I
e hig Seltd faem el 2, @ SHe1 pH 7
¥ #1 T@ A 9% &K T, 9 SUH pH 7 U Ak
BT
ERREI
st foera &t pH< 7
T o= #1 pH < 7
I fae=A &t pH=7
319 298K T AR FHIHII 6.28 T FHi—
K, =[H,0*] [OH] =104
GHifRor o M 3R T FMCHS 0 o W
log K, = log {[H,0'] [OH]}
= —log [H,0"] - log [OH]
=—-log 1074
pK,= pH+pOH= 14 (6.29)
M 3 A 9 ue § fR wmfy K s am
ATIHH o T qRafdd g &1 qenfa qrosR o e
pH & #M ¥ URede 3a 7 e § T 8 Sl
IqHT YT HT I
pK_ Setta T o fee aewerf ufer g 8
g BIESIoM aT BESIaae STl it @igal 1
T §, Hfeh SR UGS R el ?1 ord: IE
e @ Toh pH WI9shH o0k eial 81 pH o HM
o T 3ohTE qiEdH 1 e © [HY] 1 Eiga § s
10 &1 9RedA| S& YR 9f BESeE SEA |igdl
[H] ® 100 T[UI& o1 GRedd &, d pH o A1 ¥ 2
THTS 1 TREH ST 3Tal 379 T9e T ght o a0 arg
§N pH W 9Rerd= 1 el &9 T 3d 2|
Siferer T gEreA-HeEt eyEnt ¥ oo &
pH &1 A9 STcafreh eagdeh €1 pH IR, S fafim
pH =Tt foerad & fom-fom 41 a1 €, 1 wewa 9
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AT ERAT

pH o SN T 1 Al AN ST Hehell €1 STTSTehed
IR gl pH YR foed B1 0% € R fe-fe
ufeea fm-fo w1 3t & (f5 6.11) pH TR ER 1-
14 T o pH AM T 0.5 I JAfd dk A1
fopa ST weman 21

o 1 2 3 4 6 &6 7 & 9 10 11 12 13 14
il
i;t-:l. .
- REEENR
i
fara 6.11: T pH W 7 37 {Harc pH IR &1 9]
qfeear

<

Iea Feqeddl o faU pH WieX &1 S9Am foman
ST €1 pH e Tk TH 43 7, S wlero-faerad o
forga-fava W aaia pH &1 AI9H 0.001 e
T YAl & STSTehel SSIR § sheld o ser SR Rare
pH HieX 39a=d e U €| F5 9m= g 1 pH
IR 6.5 W & T 7

IETRAUT 6.16
T Y o T H BTSSR i "isdl
3.8 x 10°°M | THT pH I T2

kgl

pH = - 10g[3.8 x 10°]= - {log[3.8] +
log[107°]}

=—{(0.58) + (- 3.0)} =— { - 2.42} = 2.42

37d: U9 uSred T pH 2.42 ® I8 1A 2l

193

IS 6.17
1.0 x 10 "M HCI feret@ o pH 1 T0FT &)

A

2H,0 () = H,0" (aq) + OH (aq)
K,=[OH][] =10"*

A x=[OH |= Sl ¥ 9r<i H,0" |

H,O" Wiz (i) S 9fefd HCL ¥ Wt et & S/—
HCI (aq) + H,0O () = H,0" (ag)+Cl (aq) T=T
(i) STel oF STEAIRTOT | Wi Bl &1 T8l <Al
H,O" 3Tl W 9= & 8-
[H,0'1=10"°+x

K,=(10°+x)x) =10"

FUal x° + 10°x- 104 =0

[OH ]=x=9.5x%x10"°

317d: pOH = 7.02 7 pH = 6.98

6.11.3 g 3T oh I ek
RN, At faerad | o1iftres &9 9 trafia T geia
37 HX W fomr 3| fr=fafaa s o o fodt
ot gefteRtor g0 eifaifd HX Wd 3T@Fl He(aq) den
X-(aq) o TeA Tonfud Grereen & g feen sn
ehell 2|
HX(aq) + H,0(l) = H,0*(aq) + X*(aq)
YRR Higdl (M)

c 0 0]
M o ST 1 AGT B

igar ¥ qRadq (M)

-CO +Cco +Cco

ARUMT 6.5 FS AER Ut @ pH & HH

gd ok AW pH g9 o AH pH
NaOH 1 9q« foeraa ~15 ST HRIHT 5.0
0.1 M NaOH farerd 13 THRT H ™ ~4.2
[ HT g 10.5 g U7 a1t qen fawe ~3.0
foeeh st Fr=fferan 10 -t 2,0
31 1 WHE WF, TR 5 7.8 - ~1.2
RISCERIEL 7.4 IM HCI e ~0
ECl 6.8 Hig HCL ~1.0
EIEER L | 6.4
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e Figdl (M)
C-COl (¢{04 CcCol
el ¢ = Afaaife ot HX 1 9Rfwe digar
Mo = HX o 3TEH 1 AGI B
T Hohdehl 1 SYAM HI o TH ITYF T
fodrem W o fau grmeen femis Jod a1
Hohd 2
K =c*?/ c(1-0) = co® / (1-a)
K_ o 377 HX %1 Taasm an omaee feerion
ed ¢ T4 dehfcush B9 § 81 39 YehR Hieldl & &Y
o yefi Y Wehd B
K, =[H'][X"]/ [HX] (6.30)
fordit Taf¥era @0 WX K &7 W1 oTRT HX &t
WaIeTdT T HIG §, ATgiq K, o A T st
BT, 3T%A S € ik Wit ehm K, famfea
T3 &, Forad weit ieiier et Higar ot aeR-3TewEn
1M &1
FS I gU Al oh STIA-TEuis WRO 6.6 H
faw T ¥

BISGISH AP Wigal o fIq pH ATeHH 3a1 SHATT
g for 38 pK, o sifafd o= wivefis s fer o
fau o yga feman w2
'Y UK,
PK, =-1log (K) (6.31)
37 o I feeid K e IR @isdl ¢
A BF W I TS T A Gl qe ST o6
AP BT AT W faer@d w1 pH 1 O H9E 2

AR 6.6 298K W FB T TU gaicT 31Tl oh I

Teertier o A=

A A feeiss (Ka)
BESHNE T (HF) 3.5% 104
TELH A (HNO,) 4.5x104
HIfHew 3T (HCOOH) 1.8 x 10~
= (C,H,NCOOH) 1.5% 105
uHifesw e (CH,COOH) 1.74 % 1075
=g 3T (C,H,COOH) 6.5 x 1075
BEIFARE 3 (HCIO) 3.0x 108
TS 3T (HCN) 4.9 x 10710
T (C,H,OH) 1.3x 10710

e fagm

gt AYASTIA FT pH 3 U1 A Fewtell ST Heht
T
ug-1  foue @ gd 3ufeerd wfefs &l sRes Al
TR/ oF ®9 W T fRan S B
ug-2  aeft geifer sifufsransti o foa wgfera TR
forg S €, Se—wfiefis, St et Ue &R < o
®Y § ®F w2
Yg-3 I=d K, el AfAima -l mefhe st
& w9 | fafed fan sman 7, wefew o= sifafwang
T Afafewar Bl #)
uyg-4 wAhs Afafean &t it winis o =
A 1 GRON o &Y H el A S 2
() IR Figd, c
(@) I &t AR SR TH W AT &1 A1 o o
&9 ¥ gixar § g
(7T) A Higal
Ug-5 HEd Afafran o fau wrmeen Remis
TR | G Wigasl o WHl o o fau '
H 2
Ug-6 & AfRaAT Tl TS Sl Fgdl Sl 7M1
F 2
UE-7 pH I T0H
pH = - log [H,07]
ST fafer 1 30 I ¥ qHArRT T -

34TEIUT 6.18

HF 1 o4 fo® 3.9x10% &1 0.22M
forer § HF &1 T3 &1 |76 1 31 T
o 3uferq @ wfiefis (H,0', F~ 9 HF)
1 Higdl qA1 pH ki TUAT HifST

'
frafafea gie TR sfafwa g9 g
() HF + H,LO=H,0 +F K, =3.2x10"
(2) H,0 + H,0 = H,0" + OH"
K,=1.0x10"
Hifh K, >> K, 987 aifafshan
HF + H,0 = H,O + F
YRR Fisdr (M)
0.02 0 0 (0
Higdl IREd (M)
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-0.020. +0.020, +0.02a
e s (M)
0.02 - 0.02 « 0.02 o0 0.020

T Stfferan o fow wm Aiganeti =1 gfaeenfua
FEH R

K, =(0.020)” / (0.02 - 0.020) = 0.02 o / (1
~) =3.2%x 10"

&Y frefafaa fgoma S g giar 28—
o’ +1.6%1070-1.6%107=0
oo i ol i &6 % W o o I qE I
B B
o=+0.12 3R -0.12
o, T SRUTCHe W §9e &l 1 &Fd: o= 0.12
e ¢ f W 9, o= 0.12 ¥ a3
TS (SR—HF, F~ qe H,0") ! T igemd
TH THT B—
[H,0']=[F ]=ca=0.02%x0.12 =
2.4x10°M
[HF] = c(1 - ) = 0.02 (1 - 0.12) =
17.6 x 10° M
pH = - log[H'] = -log(2.4 x 10°) = 2.62

3aTEIUT 6.19

0.1M Tehel &I 37reA 1 pH 4.50 &1 Hremereer
T H',A™ ¥ HA ! Higdl s AN SHIfSQ)
Y Bl Thdl fRF 37 o K, a1 pK, o AN
St o TUET FHINT

E)

pH =—log [H']
[H]=10"""=10""=3.16 x 107
[H]=[A]=3.16%x 10"

K, =[H']IAT] / [HA]
[HA],=0.1-(3.16 X 10°) = 0.1
K,=(3.16%x10°7/0.1=1.0%x 10"
pK, =-10g(10°) =8

danfeqs &9 4 ‘foaieH wiaeaar fadt goa
3T HY | ST UM T STANT HIOHH B
30 39 YR fea T B

195

= [HAle e/ [HA], o X 100% (6.32)
SETETUT 6.20

0.08 M ERUHRARY T (HOCI) o fae=d
pH @I UMl HINQ| 37T 1 AT Rerish
2.5 x 10° 21 HOCI &1 fqaism-ufama
Al
&
HOCl(aq) + H,O () = H,0"(aq) + ClO (aq)
YR Higd (M)

0.08 0 0
grreEe & fog aiEdd (V)

- X + X +xX

e Higdl (M)

0.08 -x X X
K, = {[H,0"[CIO] / [HOCI]}
= x° / (0.08 —x)
x*/0.08=25x%x10"
X =2.0x107° 30 Y$R,x=1.41 x 10
[H]=1.41%x10° M.
SAd:
fereist gferTaat = {(HOCl] ... / [HOCI],

-
x100=1.41%x 10°x 10° / 0.08 = 1.76 %.
pH =-log(1.41 x 10°°) = 2.85.

6.11.4 I QR AT AT

§Reh MOH b1 3TaA fefarfad dtentor g wei¥a
e ST TR T
MOH(aq) = M*(aq) + OH (aq)

TR ST TN i TRE 3ol &R (MOH)
o7f¥Teh ®9 9 ¥F™EA M* Ud HUPH OH- H STafd
BT 81 &N 3E oh Hrrereef-Teeish ol ek
3T ferieh et ST 81 39 W K, ¥ TR s
21 gt wiefis s e Higd ok | fefted
GURTOT g YRS i St B—

K, =[M*][OH] / [MOH] (6.33)

foshedd: A€ c= &N 1 RS Figdl 3R
o= &R o AT Ht AT
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S G WW el @, qd 9 fenis
frefafed w9 9 foman <1 "ehar 28—

TS g1 U &I o AETH-Teeieh K, o A
groft 6.7 | faw w7

AR 6.7 298 K W FB T Nehi o STT-Eeich

* "
&eh K,
SEHAEHA (CH,),NH 5.4 x 10+
TRUHEE (C,H),N 6.45 x 10°
STHIFE NH, or NH,OH 1.77 x 10°
et (T aefas o) 1.10 x 10
frfi€ c . HN 1.77 x 10°
Ufefd C,H,NH, 4.27 x 1071
IR CO (NH,), 1.3 x 10
2 FHTefTh ANTH TH HT TE oA &R &

T it &% ofew €, T koW eifuss
TIEISH TAY] 31 gl 5N giaeenfua g &) S8
foretd=, #IEH, foed= qan feifed, 9 aga
I &N €| T 39 K, o T 9gd B B &
it Sia | frefafaa eifufsran o werasa OH-
A S HIA B—

NH,(aq) + H,O(l) = NH,*(aq) + OH"(ag)

TIESIST ST Higal g pH Thel a1 STANT ©
o 39 o= wieis v i o6 fore off e fohan
T #1 T8 YER

pK, = -log (K)) (6.34)

IETETTT 6.21
0.004 M EESSH foe™@™ &1 pH 9.7 81 38k
K, T pK, 1 T Hif)

&'

NH,NH, + H,0 = NH,NH," + OH"

T pH ¥ TR 3T¥H HIgdl i O FT
Tohd &1 TIEGISH S igdl Td hieh 3R <l

o AAM® [UARA § H SRSIRIA ST i
Higal w1 TOMT L 21 39 THK,
[H'] = antilog (-pH) = antilog (-9.7)

=1.67 x10™"°

WA o

[OH]=K,/[H1=1%x10"/1.67x 10"
=5.98x10°

Gq BESSaY 3TFH i Higdl &1 AF ot
TIESIoRIal 3T i Tigdl oh FHM M| $ I
TR 1 TGl 9gd FH T 37d: Ao &R
1 Wigdl 0.004 M ot S Fehell B1 39 K,
K,= [NH,NH,'|[OH ] / [NH,NH,)]

=(5.98 x 10°)* / 0.004 = 8.96 x 10’

pK,=-logK, =-10g(8.96 x 10”') = 6.04.
IETEATT 6,22

0.2M NH,CI T2 0.1 M NH, < fasor § a1
fore@ o pH I TUMT SIfSTl NH, foe= &t
pK, = 4.75 ®|

T

NH, + HO = NH, + OH

NH,, 1 373 feerie

K, = antilog (-pK,) 3‘[%‘??[,

K,=10""=1.77%x10°M

NH, + H,O = NH, + OH"
R Higdr (M)

0.10 0.20 0
e W qiEdd (M)

—X +xX +xX
HreTeEe R (M)

0.10 -x 0.20 +x X

K, = [NH, |[OH] / [NH,]

=(0.20+x)(x) / (0.1-x) =1.77x 107

K, %1 OF %% €1 0.1M TS 0.2 M ! qor |
x I g9 Uferd X Thd €l
[OH]=x=0.88x 10"

zaferT [H']= 1.12 x 10™°

pH =-log[H'] = 8.95

6.11.5 K, 92T K, § daie

T 1V W B9 U 9 ¢ [ K, 1 K, I 3T
3R ek 1 wHed 1 wid &1 HgrH - e g
T 3 Th-gER W Welad ®9 9 Heifd g 21 A T
1 A TG 8, @ G H A FHA ST HRA 1 NH;

Rationalised 2023-24



AT ERAT

q NH, o 3T 1 fqe=m & 8-

NH,"(aq) + H,0() &= H,0*(aq) + NH,(aq)

K, =[H,0"][NH,] / [NH,"] = 5.6 X 1071

NH,(ag) + H,O() &= NH,*(aq) + OH(aq)

K =[NH,"][OH]/NH, = 1.8 x 10

F€: 2 H,0() = H,0*(aq) + OH(aq)

K, =[H,0[OH]=1.0x 10 M

K_NH; 1 371 o ®9 § a1 K, NH, &1 &
o &Y o wmed giar €1 e stfafwan o eI < Ay
a1 7 ® fop St ¢ stfufran o @ feerie w1 W
K, @ K, o {0 & SR el e
K xK, ={H,0"[NH,] / [NH,*]} x {INH,* ]

[OH] / [NH,]}

=[H,0"][ OH] =K
= (5.6 X109 x (1.8 x 10%) = 1.0 x 104 M

T 39 YE=AeoT gRT A ST Gehdl 8— a1 4T
et ATfufeRamatt st Sg W Seht we o SrfufgRen
w1 grEraeen-fretes y@ew srfirfewar o=
AreETeer-feerieh & UHEA & sHIek gl g

K, =K XK, X.... (6.35)
U YR ST &R I o fau
K xK, =K, (6.36)

I Tk 1 HAH TG B, A S R A fRAT S
Tohdl B1 I€ &AM <1 =IfET foh geet o1ret 1wl
&R el M et 3T 1 HYTH &R Walel ©idl 2l

JehfeTh &9 § STYH HHHEW K = KX K,
i e -fods wmameen Afafshan 9 «f 89
F Thd &

B(aq) + H,0() == BH’(aq) + OH (aq)

K, =[BH'][OH] / [B]

S W F WEA fER w6 L oW W W
Y g G o ® SR femem femie o wimfea
F e T 1 Suged gl i O[HY] 9 T
FE qAl M A W

K = [BH'][OH][H"] / [B][H']

={[ OH'[H*I{[BH"] / [B][H*]}
=K_/K,

K. XK, =K,

197

T M < A o1 2 T A S SR epperes

foren S, @ ST ST qe &R °h Wl bl Sarud
fepan ST Wkl B

pK, + pK, = pK_ =14 (298K®T)

IETEAUT 6.23

0.05 M ST foe@q i STEEA 7 91 pH
TSI STHIET o ST-H-Eerie &1 AF
affast 6.7 ® fean T 21 emitn o wgr
3T T A feeaiar ot Fa wifsu)

Kyl
S H NH, & & 39 YR <M S
el 3
NH, + H,0 = NH,” + OH
(6.33) THIHTOT T ITANT T o BH BIES T
I T TiFAl i TN X Gohd! &
[OH]=ca=0.05a
K, =0.050"/ (1 -a)
oo T T HH €, 37: FHIHI0 H € 3R & &
1 &1 qel § o 1 g OF T 2
SIRK
K,=ca® or a=V\(1.77 x 10° / 0.05)
=0.018.
[OH]=ca=0.05x0.018=9.4 x 10 ‘M.

[H'1=K, /[OH] =10"/(9.4%107
=1.06x 10"
pH = -log(1.06 x 10'") = 10.97.

G 3T &R T o foTq Heel TRt i W
K, x K, =K,

dfeterl 6.7 | W< NH,, o K, 1 9 W@ W &4
NH, o TgH et &t il Fehret Tehd 2
K,=K,/K, =10"/177%x10"
=5.64x10"°

6.11.6 fg Td ag aent 3t aern fg o =g
I AR

sTfce 3T, eI 3T T HIEhING T

3 F ol | Ufd 9] Tsh o Afyues afa g
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ATl W2 el 81 UW STl ohl Sg-&Tehl A1 diferditeeh
3T o I W1 ST @1 Seretoned—fgementa e
H,X o T s stfafsean frefefed i gra
TS SAeft B
H,X(ag)  H'(aq) + HX(aq)
HX(aq) H*(aq) + X*(aq)
AT HI HreTerEe GHieR Frefated 8-

K, ={HHX]} / [HX] (6.16)

dar K, ={H1X*]} / [HX] (6.17)

K, TS K, &l 31 H,X 1 9o 19 fgd

ST fEorieh e €1 38 THR H,PO, S Framerra

T o foq dF SEA-Teewis 1 e dieliies

el o - et & /M gRolt 6.8 H sifnd B

WRUT 6,8 298 K W S WA Ulciylieeh 3Tl o
ST

A Ka, Ka, Ka,

e 3T
TEhTfeeh TR
HERRH T
e 3T
TSl 3T
wifeen o
THIEhING 3T

6.4 x10°
1.6 x 107
6.4 x 107
1.2 x 107
5.6x 10
1.7x10°
6.2 x 107

5.9 x 1072
74x10*
1.7x 10
S
43%107
74x10"
75107

4.0x 107
42x1078

TH YehR @I S Gehal @ foh og difess ot &
S=a Fife o I (K, K,,) et & 7 fm=
Fife & SEA-fer® (K) ¥ %9 89 €1 59 HR0
7 ¢ for oo foge-cil o RO UM 3PF 9
YT Wiei Fsehiied e qehel 21 39 S
H,CO, @@l AEfR[ HCO; | Fef ke | <@ s
TRl 81 36 WK f3emeiE HPOZ 9P ¥ H,PO;
1 go | Wi 1 fshied e i 2

g Wiew o7t faerem o el &1 fhsor g 2
H,A ¥ fggifes e o fome, H A, HA- 3iR A2 &
fagor g 21 mufoew sfufwan & HA &1 foem
qe H,0* Wfmfea g 8, i foasr & yerm =xo 9
T B 2

e fagm

6.11.7 TFA-AHS hl AT FAATA HRh

ST qUT &Rehl i HETHS Aqed & fag=T &
TyaTq g9 TRt fSu gu o7t &1 pH OH &1 0T %
Tohd 21 Ty T T Scue Bt ® foF opw ot o=
F1 ol § Yool I eid 87 3% Afesh Yo ST
FRE FI &2 TUHT I Teh Sifect q27 81 aAfeh ge
®9 W B € e ohd ¢ Toh Ueh 70 &1 e s
T H- A 99 & 9Wed T8 gauar | R
Fdl B

A ST H - A &% 1 G sedl €, st
a9 o faaem § sreavas Sei ged ®, @ HA @
IA-gmed wgal €1 S YR e HA ey Afeeh
gy B ¥, i H T A WHNRN % Hed
fIq-RUMl #T FR T T IR AW JUFH
gfterd e €, i eay w1 ferier el 8 S €, S
et | gfg &L 2l

W T8 A 3 A o 98 @ fR oW av A
S ARl o6 3T WHE o a7 8l, A 99 HI Y
Ypfd I o H H - A @Y gyl STl o
freftor o wq@ wRe B B o o 9w SR S e
T S-S A T SR Gl 8, -l H- A &
gmed wedl © a3l qHed Sedl Bl Seretoned—

HHR | g
HF << HCI << HBr << HI

s/ 9l H gfg
T YHR H,S, H,0 ¥ Jaam 37 ¢
T & §H 3Aed AR o Teh & S7ed o adl
1 e e € dl H- A STsidl 1 eoran 3eet-gmed
1 freifa w6 o mewyel wRe @ S {1 -
A Y fagRom sgdt ©, & o7 w1 qmed st
Tl &1 IS —
A = faggRa | gfs
CH, < NH, < H,0 < HF
s/ 9l H gfg
6.11.8 3T WA &Wehl o I W HW
3T YHTT

3TEN, UHifesw 3Tt o1 IR0 o, fTgeht ot 39
e gR1 WEi o ST Fehal 2—

Y

-

-
>
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RESIERS|f

CH,COOH(aq) = H*(aq) + CH,COO (aq)
AYAl HAc(aq) = H*(aq) + Ac (aq)

K, = [H'][Ac"] / [HAC]

Tdifess o o fooem o wHiRe oA &
e W BESISH APl 1 Figdl Tedl ¢ 36 YR
I e |d 9 1 e fuerny S, @ grereren
siferifo Ueifesw et o1 o foreenfud & St 2,
teiq =9 foon ® owRR B 7, food grEeer o
Higdl [HY] St €1 TE S WH A YA
3T 21 ot v uered o T @ S fersres @
¥ ud o Sufterd emafie wiefi 1 SR Sy
FIETHY e 1 faeerfud il ©, 98 |d
T TS’ el 2l

31 B9 HE Hohd ¢ Toh TH ST Y9G SAI-Sdferd
fagia W emafi@ 2, 79 &0 @ 6.8 § 9 g% €l

0.05 M UHeZ 3T¥F i 0.05 M THIfewh 31
o el W pH 1 TUMT €9 39 YR Y Fehd &—

HAc(aq) &= Hf(aq) + Ac(aq)

RIS FEar (M)
0.05 0 0.05
g x THifewh 7 U A=A ki °E0 B, o
Figar | giEdq (M)
—X +X +X
g qigdl (M)
0.05-x X 0.05+x
T YHR
K = [H'][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-X)
et o7 o felg K W B § x << 0.05

31: (0.05 +x) = (0.05-x)~ 0.05
1.8 % 105 = (x) (0.05 +x) / (0.05 - x)
=x(0.05) / (0.05) =x = [H'] = 1.8 x 10-°M
pH =—1log(1.8 X 105) = 4.74

33T 6.24

0.10 M 3THIT foe@ st pH ! TOAT hifstu)
39 @@= o 50 mL &l 0.10 M 3 HCl o
25.0 mL ¥ A9fsha F@™ W pH HT TOMET
HifSTT) eI 1 forrem feedis K, = 1.77 x
10° 2l
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'A

NH, + H,0 — NH, + OH

K, = [NH,'[OH] / [NH,] = 1.77 x 10
EECIRIERUIIC G|

[NH,"] = [OH] =x

[NH,] =0.10 -x =0.10
x*/0.10=1.77x 10"
x=1.33%x10°=[OH]

gafely [H'] = K, / [OH] = 107" /
10'*/(1.33 x 10°%) =7.51 x 102
pH =-log(7.5 x 10 = 11.12

25 mL 0.1M HCI faem (31eiq 2.5 faeft da
HCI) ! 50 mL 0.1 M 3T faera (37eaiq
5mL Hd NH,) H faam W 2.5 fielt dia
ST 310] ST & S €1 99 75 mL
foeeA ¥ eTREed 2.5 fHei|a NH, 319
qen 2.5 foeliHiel NH, @© S 2

NH, + HCl — NH;+ CI

5

2.5 25 0 0]
HHITETEAT T
0 0 2.5 2.5

ROl 75 mL faere | 2.5 faemiel NH,
3TFH (0.033 M) a2 2.5 et

NH, 319 (0.033 M) & W & Treqreeen ¥ 78
NH, 39 YR T&dl 28—

NH,OH = NH; + OH
0.033M -y y y

Tfl%\i'y = [OH] = [NH4+]

RO 75 mL faed, SR & 9eEn

2.5 fiefiiiel NH, 3T (0.033 M) § JoK il
1 374 NH, ! 5 T 36 TR < S 8-

[NH,']=0.033 +y

<fh y %9 7, [NH,OH] =0.033 M 3T [NH,]
-0.033M.

& W ® T

K, =[NH,'I[OH] / [NH,OH]
=y(0.033)/(0.033)=1.77x 10° M
3:y=1.77 x 10° = [OH |
[H]1=10"/1.77%x10°=0.56 x 10
pH=9.24
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6.11.9 TIEUN Rl STeA-3TTHE UG 3Tch Taeta
<hl pH

TRl A &R o Tf=ra 1ama o eifwferan g/ s
T AU 1 STt | ST BIell 1 3T gRI s &A1,
FUEA Seltd faeEd § Serited B 2 A S 9§
sifaferan ¥k Ut Yehfd o STTER 7% A1 &R 1
SIS Hid &1 STel 91 P S1Fe SO A1 <A
Qe el ST ieHa i Siel-2TqseA | Fed &1 39
T TR & pH w1ferd et ©1 Weiet &Tiehi g1 fRu
T ARA (3TN — Na*, K, Ca2t, Ba2* 7f]) den
Yo STl g ST T KA (I[EIm- Cl Brr
NO;, CIO; 3% et STa-Aferd i &, STet-3Tqefed
TET B4 T | ST Yool 7wl a2 Yeel & © & e eol
o =iel SIEH B €1 A SR pH 7 Bt 21 Fafy
3= YR o ol o1 STl ST Bl

3@ W fAfafad @& & Sa-3Tqeed W

foe 5 €

() TS Tl UF Yol &I oh a0, IIEL0Mmed—
CH,COONa

(i) el STl o Jecl &Reh] oh oidvl, IRRLue—
NH,CI, qe

(iii) JoCT ST TS o1 &Rehl oh U], IR —
CH,COONH,

Y| 3B H CH,COONa, Tdd 3+
CH,COOH Tl Yol &R NaOH 1 @@ &, Sl
Sfefter ferera o guiqen emafia g St )

CH,COONa(aq) — CH,COO (ag)+ Na‘*(aq)

T YR T4 THIRS A &d o WY S
STqeEfed gl UHifesh 3T e OH- I 1 ffoy
F &

CH,COO-(aq)+H,0(l) = CH,COOH(ag)+OH-(aq)

THfifer o7t U geet A © (K, = 1.8 X 109),
it forera & srm@fd & T €1 59k SR faeree §
OH" 317l &1 Figar ® gfg & <t 2, < o= =
AT oA B1 39 YR o9 foerad 1 pH 7 9 S
Bt 2

T YR A &Rk NH,OH T Jaa o7
HC1 § 9 NH,Cl 5@t § qufean smafa &t s 21

NH,Cl(aq) - NH; (ag) +CI" (aq)

e fagm

SATTEH A 1 S T8 89 ¥ NH,OH
3R H* 1 & €l
NH, (aq) + H20(]) = NH,OH(aq) + H* (aq)
AT BEGHAES (K, = 1.77 x 10°) TH
Tool AN €1 F8 foeee o oFEfa wd @1 56
R faerds o H SEE Higdl 96 Sl 8 31
foema™ =i sl o It €1 e1: NH,Cl & 5ia
foeras &1 pH 7 ¥ &9 gl
To STFA A A &Rk G ST T A0
CH,COONH, o Tel-399e &l 38| 36 51 &Y
T ST T ST T6 YR Bl e—
CH,COO + NH; + H,0 « CH,COOH +
NH,OH
CH,COOH @l NH,OH ¥ ®9 ¥ 39
YT TR Ed B
CH,COOH = CH,COO + H*
NH,OH = NH, + OH-
H,O0 = H'+ OH
faear @ o fepu fon e 1 Gehar © T
STe-3T9EA 1 A foera 6t digdr 9@ s gl 2l
31q: fere™@ =1 pH e—
pH=7+% (pK - pK) (6.38)
foeT@ =1 pH 7 | ST B, A} ST
8l @ pH 7 ¥ ¥ B, A% A FOMHS -

IETEITT 6.25
UHifesh 3T 1 pK, 1 AHITEH BESIFES
F1 pK, HEM: 476 IR 4.75 T SHIEH
THee faer@™ &1 pH &1 TUMT Sifaq)

T
pH=7+ Y% [pK, - pK,]
=7+1[4.76 - 4.75]
=7+ %[0.01] =7+ 0.005 =7.005

6.12 IRI-Tae ™=

IR Iufted g W (ITEONA—TK AT ) F
f4fyea pH B €1 37k pH o goN IRed IR o
3% 9 FH T FE (Malfunctioning) T {3 %I
#% THEte T Sfae efdfmaet ¥ st pH W
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I S Tewyul i €1 w2 ST ue g
TEquTf (Consmetic Formulation) =i fordt foeim
pH W @1 Sl € e IER | gl @ S 81 i
faerem, TSRt pH O & 19T 30T a1 &Rk
T At AT e oF @1 ot staRafda e
2, ‘aw-faereq’ wEed &1 9 pH & faoeH o
ST I pK, T & % pK ok fafcd #HT den
Il 3R oeul o ST A TRl qel &Il o
U & e g s € ufafek e qen
Hifeaw wfgee &1 AU @ pH, 4.75 HT TH
faeraa a1 € den Srifan aoiRiEe wd S
TIESIFIZE 1 990 pH, 9.25 &l B 9% fererrmt
o a1 | S=a sl | g9 3R et 9e

6.12.1. IHT TI™=T ST

pK_, pK IR HEfteries %1 9F &8 T pH &
A fIerE o9R § WEEdl S B AR 2@

f &9 I8 Y FT THd B

TA-SRT ST

3TA pH 1 %R 99 o oL &0 goa o
3R TH% §W WAE &R & WY aC S e
AF0 1 SUAN Hd &1 B pH, A A &
qre feoish K #iR gefel ot #iR g@eh wfe
& 1 Wigdlel o TI[ H Ty LAd wE
el TR T hd &1 U g feefa o
el ool 9TRA HA STl § STEisha i €,

HA+H,0 = H,0 +A

T foru wn frefofed e foe g9od 8-

_ [HO'][AT]
K= TTHA]

ST ASTeh 1 JAAaYd el T
[HA]
KA
T TR T AU T o 918 TaI ! AeAafeerd
FH W TH I T 3

[H,0"] =

201

[A]
K =pH-1
pK,=pH-log (HA]
[A7]
H=pK,, +]1
e pH=pK,+ Og[HA] (6.39)
B [Ggfma &m&, A7)
pH =pK, +log (o1, HA] (6.40)

ST (6.40) BSUT- BT HIHTT Haeldl
%|%,a’gﬁqaw(w) 3t fagor o
IufEerd eTret T FIEAIStl 1 STUE 21 3T ot
B o SR 9gd HH TR Bl § SR FiEdl
[HA], % a9H &1 fau Q@ o1t &1 @igar 9
e € T Bk ®1 Wy €, etfueRar wefied
NF, [A], 3 & G0 o AFHIhd BH T W
eI B T TfTd Rk Wi WSl o0 hi
sl ¥ ohael o = grf safee Feienor

(6.40) T=fcfad R ¥ ®UEka &1 S o-
[T ]
pH =pK, +log
[em=]

g TR (6.39) H, [A-] ST Hixdl [HA] Tt
gl o aUeR B @ pH = pK_ B8R, Ffh logl
M I B 1 TEiT A gH o SR ofe
(Fgf9a &Reh) i AeR Fixdl SR o a T
%1 pH 377 ok pK_oh SR BN 37d: 374fard pH
1 T T o T g0 T ST &1 =TT A
& Foreh1 pK_ 3TUfard pH o SeR giar €1 Uifee
ST T pK, M 4.76 B €, THfGT UEifesw
3T iR wifeaq tHiee &1 SR AT H Sl
AT T IH T pH T 4.76 B

gecl @ 3R 3Heh WfHd o § &
IR T T F favemy frefafa afems S,

[Gafra e, BH |

[&, B]

pOH = pK, + log (6.41)
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TR Toera o pH &1 dRehe, THIH pH
+ pOH =14 <h1 3YANT <hich rchfﬂ ST Hehdl %l

g9 9 2 f% pH + pOH = pK_ X
pK, + pK, = pK_| 37 HAl &l GHH (6.41)

W@ R e FEfafad 960 9 g 2o

[wafima e, BH)
K_—pH=pK_ —pK +1lo
P&, —pO=DpA,—DPK, g (5%, B]
a7ere
Hf +
pH =pK, +log [ <, BH ] (6.42)
[emeR, B]

Ife e SR TEeh GYfHa ofe (YFEM)
il aUeR & a@ 9w o™= &1 pH &R o
pK, oF SEX BN STHIMAT 1 pK, A 9.25 Bl
2, 3d:9.25 pH & a9 T F9H Higdl o

e fagm

o el w1 faemas woedt B UH @@ o
foamees ® oied o fau A o U9 gad
STHYT g (et Tedt) | STH-Taemaes ==
foman etferen g1 =fEw) 1t w1 foemaes qoed
! faemeea & w9 4 fef| &9 ¢, st 92
FOTcH eIt 21 37a: T ta gfswan & Sl g
Bl B | Taetentad St 1w foemas ®1 gehid
R faft et 21 sy (weEasw) faams o
foremaesh o et &1 A0 %9 erdl ©, S el i
SINERCEIREIRC U] (Overcome) HE | 9. el
B | uRuHEEy Tavr sy faame § Tl sera §|
Ifg ST T Tk IE 20 ° S § ga g
2, 9 TE®! faamEsia TSl oo wi Sl
Tt 9 erfuek BT AfEUl Yedeh @e0 H1 Uk
sAfgeneia facad eidt €, st a9 W et S
21 U @aul 1 ot faferse factaar eidt 21 =
A R ek w2179 3 qEv i AT faeE
o YR W o o fawifed s g

It faermm @R st wiEs fooee 9
TR ST Hehdl 81 STHIEY FANES SR ST
TESFERE ¥ a1 IR faeaq o foau g
(6.42) T TEY BT-

. +
pH=9.25 + log L3 &t BHT]
(57, B]

TR ToeE o pH W TR0 T STER &l
ISl Hifch U oh SAqd STH ol U]
Tfafdd e 7

6.13 TCUTTAT U okl Taei=ar
HIETTE=AT

Y 9@ € T oo ® eratae Sl 1 factmar o
ogd 3R a1 21 30 § o dl gad et faea
(318 hfeaam FarEe) © fo 3 yofa o sdanmet
Bid € du1 argHed § Sa-ard wifad R wd €l
FO I (S8 A wqsivEe) w1 feer
Ta %1 2 foh 3% g 9o erfaea’ wed 7
foretaar % aral W frdt s 2, fov 9 g v,
AN I etk ST (Lattice Enthalpy) a2 faeraa

il | faem foc=ada > 0.1 M
| S *A faem 0.01 < faera <0.1 M
it 11| 31y faom faetTd < 0.01 M

9 80 9 faog oraftes <@ur qen sEeh
Hqw Seita faeem o 9 aramEeen | fa=ar &

6.13.1 Taeraar oHwe e

Sefta faem & dueh o 7, W foeaR 1 srefed 3|
oIl Sk T faerae o 3T oh Hed WTmaeel i
frfafad w5 v fhar s 8-

BaSO,(s) SN Ba**(aq) + SO,*(aq),

e feris frefatad g i weiém

fopan wman 28—
K = {[Ba*][SOZ1} / [BasO,]

35 39 g w1 igar fer e 2
Ad: KSP=K[BaSO4] = [Ba*'][SO?Z] (6.43)

K, 1 ‘focad qomse-feeris’ a1 ‘ foerad
‘I“F'W ' Ed ¢ ST T H K 1 AR
T 298 K T 1.1 x 100 3| 351 @1¢f a5 &
W AEH Hehe, S T Hgw faeew o @y
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el | 7, o fou g qun Gothe SEal &

203

AR 6,9 298K W TS WM AR AUN oh

Higaistl 1 [UHAE $Heh foretadi-ToHhe feeriss farcraar-Ture feois K, o A
% o BT 21 37 AT S T Hisa IfEm gethe T - =
&1 Aier-factzar & ser grf| afg Ao faerad foeeR simrEe AgBr 5.0 x 10-13
|Sl gﬁ- Fﬁ fgw qﬂ@ﬂﬁz Ag2C03 8.1 x 10-12
’ R v AgsCrOq4 1.1 x 10-12
1.1X1010=(S)(S)=S? A S=1.05% 107 gﬁgé AgCl 1.8 x 10-10
Agl 8.3 x 10-17
39 YR dRFH Fothe i HioR-faerad T R A:SOs 1.4 x 105
1.05 x 10 mol L' gl m %’gm AllOH)s 13x 104
_ ; dfm Fethe BaF. 1.0 x 10-6
FIE A0 fadeH & woaey fod-fom e RS S 11 x 10-10
o < A E W AfME O A AP | Hehdl B me = 2 Sl
3ET o fau— 3w, B9 fSehif1am wiehe (Zr*), oo sitatee c::(cg)H)2 554106
: Ffeaam gehe CaC20 4.0 x 109
(PO,*), FFW a0 R forai Y, Sl =R e1eerare e gég‘m‘{gg CaSOs 9.1 x 106
I fSRifem STl T 9 R0 STeREe 4 HEhe hefim TS CdOHp | 25x 1014
3 . % e = HIHTH TEGIFIES Ccds 8.0 x 10-27
ol | foeifsa | TSIt ke T SHES Cr(OH)s 6.3 x 10-31
Tl Ik FEHE CuB 5.3 x 109
- 'S' g)[, ?ﬁ sq '5ﬁ'ﬁ'17=h_ a; WWWTWTI W CECE)S 1.4 x 10-10
W a; W W 2301 1.7 x 10-6
. erEe (OH)z 2.2 x 1020
[Zr*] = 3S T [PO,*] = 4S &M TS Cul 1.1x 1012
TG FHEH CuS 6.3 x 10-36
ad: K, = (35)° (45)* = 6912 (S)° T TGRS F:COs 3.2 x 10-11
TSI,/ XA, 09 | oy | 1k
S 3 .0 X -
et a0, FSaeT 9T Dt o4~ T THES FeS 6.3 x 10-18
i 3 ’ o My Xy TR FIANES Hg:Br» 5.6 x 1023
q, S T Wy foerad o T wreeen ¥ g aen W@m fu 1310
g2l .5 x 10
forgent Arer-faeraar 's' &, &t fF=Afafad s TewTEe Hg»SOs 7.4 % 107
SR Had fRan S TRl B Hrfiir e Hes 1.0 107
T TREE MgCOs 3.5 x 10-8
= + - Y T MgF: 6.5 x 1092
M,X (s) = xMr*(aq) + yX* (aq) w il M§((§H)g o
TXXpr=yXq e MgC20 7.0 x 107
() p =v*a) e TEFES MnCQOs4 1.8 x 10-11
q 91 facada-Tomwe feris f=fafea ot T MnS 2.5 x 10-18
bt eEgleEe Ni(OH)2 2.0 x 10-15
GHIRTOT R oAk feRan S B A NiS 4.7 x 105
= [MPE[XE P = (xS)X(yS)Y (6.44) WS RS PbBr2 4.0 x 10-5
S FHEHe PbCO3 7.4 x 10-14
=x*.y’ .Sk g; FAES PbCla 1.6 x 10
S[X+y) =K / XX . yy ‘1?:[,3}33 PbF2 7.7 x 10-8
sp SEREEIER I EES Pb(OH)2 1.2 x 10-15
i S=(K_ /x*.y)l/x*y (6.45) TS RS Pbl, 7.1 x 109
P oS Tothe PbSOs 1.6 x 10-8
T H 9 Teh A1 37fereh TSNS ohi Tisdl ﬁéﬁws% PbS 8.0 x 102
X -28
ST T Wigd & et 8, 76 K H QW e £ R oo
g R ST § (3 TEE 7-6-2)1 W ¢ | wiw awe s Lot
T. O X u
| WK = Qi 8, g et aRfeerfo | %” N S50, 32 x 107
T FEAYY A1 e (Dissolution) WfwaneT &1 E FEe %21’ ?; x 186
x 10-4
;%ém%mmﬁagﬁzgsa;{mww?wﬁ UMM 1 65 % 10%
foreraa-TUH%ae feerishl oF WM | i Fae ZnCo 1.4 x 101
ﬁ{q ™ N TSRS Zn(og)z 1.0 x 10-15
IEEAR GRS ZnS 1.6 x 10-24
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6.13.2 3Tk AN eh THAIAT U T 3=
PoICH

- Iafers fagTd o STIER, J8 319 &1 <t © fo afg
ot a1 foretam o fordt T 3Tae it |igd e W
ST 39 TAORIT STeeT oF ST oF | TANT hOm qel
oo 9 o @av a9 9o STaeifud B, 59 7o T 9R
K, =Q,, T8 S A fordll et <kt Fisar s
qfeh fRL K, =Q,, B ST 7 forerd el ok fer +ft @
2, forerr 55h o STl 1 3 Wisa o o Q| o
H el oh T W H Hishad (activities) 1 TN
F €1 39 YRR Tifea FARIEe o Gqw e 5 HCI
& ToriIer 9 T FARTES ST 1 Higdl (Hishad) g
S oh R WIS FANES T SFET0 81 Sl 21 36
fafu @y Fifeam Feikres o8d €1 IS B 81 39 TR
&0 Hifeaw steren Hrferam gothe St sTgfgal W
A €| IR fargeiyor o et 31 st argd 1 faetma
ATt 3Gk 3Ty foaeia oar o ®9 | quieyor srasifad
T H o T S q9TE 1 A R S €1 56 bR
TH RIS foveroo § faeer 3TeM o1 sTaamu faeer
FANZS o €U H, TReh 375 o1 AL Bk TESFARS
o T H G STae90] JfEm 3T 1 JfE| Hethe o &9
o Y e B
3o 3T oF IaUN i faerddl ®H pH T agdl
2, Wifh %7 pH W RUMT 1 Wgdl 6
WEHIHTOT o RO Sl B, S el i faetad
F T RN T K = QT A W H TH
1T I HEAT Sl § Fiq K, = IM*] [X],
HX (aq) = H* (aq) + X (aq);

_[H'(2q) ][X (aq) |
* [HX(aq)]

X717/ [HX] =K, /[H']
T R T FhH TR | SgT W EH W
B

x] ]

X ] X +1
[HX]+[ X | _ [H"]+K,
[X7] K,

e fagm

TH: FhH o T EH W B [X] / {[X] +
[HX]) ==K,/ (K, + [H'])| 7€ 3@ ST Thal ¢
o pH o =23 W f ot 521 21 afg <t T pH
R dqu &I faeEa s &,

K, =I[SIIfS]=$* (K, / (K, + [H])}

S=IK, (H1+K,) /K, " (6.46)
3: S, [HY] & @@+ A pH & ¥ed W foema
et Bl

ISR 6,26

g AMd BT foh el off TR o oA S d
sifafshan 81 3d, Y 5T H A X, 1 feretard
1 TOMI HIU A,X, 1 Foead oEwe K
=1.1x 107 ®

T

AX, — 2A° + 3X°

K, = AP X P =1.1x 107

R S = AX,, 1 foema, a

A% =2s; [X*1=3S

W THR K, = (29)°(35)° = 108S°
=1.1x107°

:  S°=1x107

S=1.0x 10° mol/L.

ISTEAUT 6,27

T ofeq foerg @Ol Ni (OH), T3 AgCN oh
foeRIa-TUHwe o WM HH: 2.0 10 P TE 6
x 1077 €1 % T Tau At faea 72

T

AgCN = Ag’ + CN*

K, = [Ag'[CN]=6x 10"

Ni(OH), = Ni*" + 20H

K, = [Ni"][OH]* =2 x 107°

If [Ag]=S,, W[CN] =S,

I [Ni*"] =S, @ [OH] = 2S,
s’=6x10",s, =78x10"
(S,)2S,)°=2x107"°,S,=0.58 x 10
AgCN ¥ Ni(OH), = faciaar sifus

4
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3IITE 6.28 e faeX o €, élﬁh—vr OH_ 1 el Wizl OH
0.10 M NaOH H Ni (OH), 1 Hier faerrar &1 (0.10 +28) mol L™ Bl Fifeh foerer  weet #

2 NaOH 9 I 0.10 mol L™ 3Jufterd 21
AT HifST Ni (OH), &1 ™S [OAwA
e K,,=2.0x10"°= [Ni*'] [OH” = (S) (0.10 +2S)*

2.0 x10™° @l .

= =i K,, 1 W1 F9 21 25 << 0.10 37: (0.10 +
25) =0.10

H fF Ni (OH), %! faer=d S mol L™ & faet 3?’4)1& e ,

B ¥ Ni** o (S) #idi U6 OH ®h 2S mol L™ 2010 ©=9(0.10)

S=2.0x 10" M = [Ni*]

9T

% 59 @ FieheHaret st #1 G a9 @ 59 § dieddr STl 1 Ge o ae 8, dl O wefi
Bl Sl | TE Tiiel Feptd w1 eial ¢ Wreereen Hifdes T THEten, <l YR R T 81 Hehdl
TH ST W 3 S U ARl i U HHH Bidl 81 ScUTRl shi WIKAl i SATWehReh! 1 Higdl ¥ TN <
W B Yk TS ] THHHIHHAS e o =0 o ®9 § | fedie K H 9 S 2

AT aA+bB = ¢ C +d D % frw K = [CID]*/IA]'[B]”

7 T R W et w1 HF R Wd §1 39 oTeen | qeft T U S Wigdl, 9 oK
feerm Ted 21 et sifufsran o forg wraewen feoms 1 K ¥ =1 FEd 81 39H wreaeen fenis oy J
gl o TIH W &0 A0 <9 fored 1 ifaferan &1 feen 1 oam sifafwan wme @ & o i
&, Sl T W K, % SeR B 81 - 9ee fagid’, o STER q, <, Figdl oK SR § 9 R
T H qREd o R0 |reraen SH fewn § fawenfuq Bt 2, S uRerdd % UWE H HH A1 T H G
THHT SYAN Taf= HRehl SIH 19, W, <76, Sk 3R 3Afha 6 o Tt 1 G W 996 o 77
T feman S @ e SCAIS shi TS b1 (70507 59 heh! b1 B ieh Teoman S @kl 21 fafeman fasmo
o HrETeEel Hied i I UHfad Tt e, forg siffsran st fa &t T 11 Soi-99t H AR
T SR g1 et SR ¥ SAfThRes W a5 9 2l

9 gl wered, St Sl faerem o ford 1 =eH S €, oy oraeed’ see €1 oTd, &N qel
oo * fergg STTera’ €1 A et forerad § st 91 SIE g1 UFIEA Td SROTEA o Sedlsd o ShRul g
1 e H €| Jool e eraeed quid: fomifsa e s &)1 gefet faga erased o emafid ue ot
UL o WL G el €1 SR o AR, Sl faete o e, giEgier STeH qe &N, BIggieTel
A 39 T W HET ST <l 71 H S SIS -wli 3 37 i WSSl % U H Ue &IReh FeuTel
o w9 B IR fohan e Tk SRRE-AR 3T Ush ke 9 SIfafehar el ], 99 I8 THeRl §d gt
&Rk Te a1 i dTel &1 o G Tt 37ret ki ST €1 39 bR GTH oTrd- &R § Shelcl Teh Fiei
1 AW BT T AW, oG A A I WH T H oA JHUR T &R H Sela+ JHII o &Y
o witefea foran s &1 9 o STIER, 3aa o o fodie o fau feemis (K) 9o 3@ &R &
ferars ok e feeriesn (K) o =St 1 foskfaa feran o STae &t Ao e 39kt Wisdl W i qen
TH 3 1 o= fohan T #1 TS e Wt wigal (Wiwad) o T pH HIUEH (pH = -log[H'])
TEA R T €1 e S T v & o famafi@ fFA (pOH = - loglOH)) ; pK, = -logK ] ; pK, =
—loglK, 71 pK_ = -log[K_] 37f%) 71 §1 Sel & S 1 12799 % W g9 3@d § foh efieeor pH +
pOH = pK_ T Hq= Bl T ol 370 T qoiet &R, Jocl 37Fet T Ul &R 1R qaiet o7l 0o 3o
& o N Rl Sl e § Siel-STuee el @1 IR foerae i qRee qe SUsh Hew & Gfee Ju
o T 21 S1e e e 3 forcrran weieht Tl 1 vl ud faea o feerrs (k) 1 At w
T gHH Hey il 1 ferera  wenftd fopan | faere | @ & Sraeur A 35 Sl § foerrar i v
i1 it o T 1 Hw S U oty foeid w1 faord & Hewd w1 oft fad 5 E 1
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e fagm

faenfére & fow 3@ weher W dHeifm Fdfym foramd

(%) foeneff fafiys o wal wa Afssal o6 Wi, 95 99, IR 9810 3ol 6 3T S oF T
%1 pH T1d %3 o fAw pH TR 1 ST HT Fohd 2l

(@) pH YR &1 S9N fafq=t <iao =1 faee &) pH o & o ff fman S dehar 21 98 7@
T R Hehdl/Eehdl € o A gac/gee sl O ARl W s e )

(1) ° Hifeqn wHite e wHifew 3 1 i W 5w a6t fae@d o ¥ehd € T pH W
1 STANT HT SAHT pH A HT Tohd 2l

() 3= fafis pH & faerai ® fafus a1 9ferd w0 o forg goek f&u <1 9shd 2

(T) guH! H1 SYAN Y D A &R AT HT Fohd 2l

(9) 9 27eq foeid @eu 1 faeiaa W EH A Y96 Hl 3@ Thd 2l

() AR fomnmera # pH HieX 3ua=d &1, @ o $§H pH A9 &Y 3Uh! pH TR ¥ I IRomH &
T T T B

6.1

6.2

6.3

6.4

6.5

A

T g9 & Hoee ue ¥ fifved a9 W ges arsg & WY 9 § W@ S g U 6
A SR el e S

(F) ar9-3@ URads &1 IR aRomg = grm?
(@) YRY § o9 e GoAA 1 T hY agerd! 272
(1) T, 59 TR 9 qA: Sifon ®9 9 T@fud g ST qd Sifw ST S@ 3 g2

et @ o fee K # 0T, afk 9 W g gered Rt aiEerd € (SO, J= 0.60M,
[0,] = 0.82M T [SO,] = 1.90M

250,(g) + O,(g) =250,(g

T ff=a d9 td Fd @ 105 Pa W AEEN as] H STRETAHER 40% EEH
] B B

L@ <= 21(g

e & faw K, 1 O i)

frerferfed & 9 vois afufwar o forg o femi® K, @1 =i fafae-

(i) 2NOCI(g) = 2NO (g +Cl, (g

(i) 2Cu(NO,),(s) = 2CuO (s) +4NO, (g) + O, (g)

(iii) CHSCOOC2H5(aq) + HzO[l) = CH,COOH (aq) + C,H,OH (aq)

(iv) Fe® (aq) + 30H (aq) = Fe(OH),(s)

) L (s) +5F, = 2IF,

K % " @ fefatad & 9 yeish 9 o faq K 1 9 9 R

@ 2NOCl(g = 2NO (g +Cl, (g K=1.8x 102at 500 K

(i) CaCO,(s) = CaOl(s) + CO,(g); K =167 at 1073 K

Rationalised 2023-24



6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16

6.17

T NO (g) + O, (g) == NO, (g) + O, (9) & faT 1000K R K_=6.3 X 10™ 2|
g § o1 Uy S stfufsmard werfies w9 @ fgeroes €1 wdiw sifufeman ok ferg
K_r 2?

g feerieh o1 =St forad e 99=sT o s 5di Td Sl o1 Sufard o fehan s
Tehal 87

N, O, & " frfafaa sifafwan sid &—

2N, (g) + O, (g = 2N,0O (g

I T 10L % 919 ¥ 0.482 Hi@ N, T 0.933 "t O, 7@ ¢ qen T am, foram
N,O & &2 S ot ®r=r fHe707 =1 Hered 3 hifow K= 2.0 x 10771

frefafaa stfufsan o sgar Efer sAfwEe Br, ¥ sifufsa w2 TEdfaa amss
T B

2NO (g) + Br, (g) = 2NOBr (g

e feer A9 W U &€ 9 H 0.087 Hiel NO T 0.0437 Hiel Br, fafs fohg s
€, @ 0.0518 W@ NOBr W< @it €1 NO TS Br, %1 | W6 91 #ifsw|
|1 250,(9) + O,(9) = 280, (g) F fAT 450K W K = 2.0 x 10" bar #1 38 a9
WK 1 A A ity

HI(g) 1 T T 0.2 atm T T T Gk H T@l S €1 § W HI(g) 1 37ifereh
T4 0.04 atm 1 =l T T W= % fAC K, 1 A @@ em?

2HI (g) = H, (@ +1, (g)

500K @4 W % 20L 9= # N, & 1.57 Hiel, H, % 1.92 Hiel T NH, & 8.13 Hiel
=1 fago femn ST 21 Affswan N, (g) + 8H, (g) = 2NH, (g) & faq K &1 aM
1.7 x 102 % = stffsran-fasmn @ = 82 af Tef, o e sifafsren =1 fem = B2

T 1 At & fag

~[Nof (o &
9 5k oh fag Hfera qEmatTes g fafau)

H,O &1 T Hid 6 CO %1 T Hid 725 K ad W 10L % 7 | faw v 21 5
W 40% Sl (RIS ) CO o @1l FAferiaa THiehtor o SgaR stfufman s 8-

H,0 (g +CO (g) = H, (g + CO, (g
arfferan o fore wm feies &1 7o wifsy
700K @9 R Sfafwan H, (g) + 1, (g) = 2HI (g) & fore o feeris 54.8 1 3k

B & ¥ HI(g) fo=n 81, 700K A9 | €=1fad &1, de | W 0.5 mol L HI(g)
Safterd =, @ 9 W H,(g) T L,(g) & Wigand == si?

ICI, TSt Tizar ged % 0.78 M €, 1 fE | W 37 fan S, ot yeoeh bt &
T Higane = Bl?

2ICl(g) = L, (@ +Cl (g); K=0.14

I i U § 899 K W K, %1 9 0.04 atm €1 C,H, &1 HF T Higdl &

c

Rationalised 2023-24
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6.18

6.19

6.20

6.21

6.22

6.23

6.24

i A 4.0 atm @ W C,H, %I T Tk H W T 8 T A |

ST &2

C,H, (@ = C,H, (g +H, (g

et T UHifesk et 1 erfufenan © e T SR ST @ U 9 i 39 YR

QI ST Gehdl B—

CH,COOH (I) + C,H_OH (I) = CH,COOC_H_ () + H,O ()

@) 3§ wfafren o fou wiza st (sifafwan-amrea) Q, fafaw (feoof : =@t
W St enfus | e € ue e off = )

(i) @ 293K ™ 1.00 A TEifesh 37 TF 0. 18 Al AT IR H ford Se @t
afferm g fagor & 0,171 dict Tt Teiee €1 | feeris w1 o wife)

(iii) 0.5 A/ TIATA TE 1.0 9t THifesh 377 ¥ YRY id g 293K 9 W FD
I 99 A TEee & 0.214 Wid 9 T O = | w©fad 8 T

437K 19 W feid @ PCL, 1 Teh T T Felresh # fera 21 | Tifid gF w

PCI, %1 Wizl 0.5 X 10" mol L' o 7, afk K_ 1 7F 8.3 x 10738, @ ¥ W

PCL, W Cl, %! Higarg =1 eitii?

PCl, (g) = PCl,(g) + ClL,(g)

e Tk ¥ @ 90 99 S sl g §, 97 SR (I1) SAfdEe 1 wed

HHIFTEE o g1 ST € T 369 wifes @ie T CO, faerd 2

FeO (s) + CO (g) = Fe (s) + CO, (g); K,=0.265 atm at 1050K

1050K W CO Wd CO, = | W AMMH <@ 1 B, Al S¥eh GRI9h 37iferen

T B

Peo= 1.4 atm T p,, = 0.80 atm
sfafssan N, () + 8H, (g) = 2NH, (g) = fau (500 K W) &= feri® K, =
0.061 3| T fagis g9g o fagor 1 HoeT 36 YR 2—

3.0mol L' N,, 2.0 mol L' H, W& 0.5 mol L' NH, 1 siffsan @ o 22 3k
&, @ = Tefuq s o o stfafwen fee faen o s ghi?

A THeTEe BrCl faufed g sidie T aae a1 ¢ aen 9 wenfud g 7
2BrCl (@) = Br, (@ + Cl, @

3Tk fIT 500K W K = 32 ¥1 3k TR9  BrCl &1 9zl 3.3 X 10° mol L' &1,
g W g0 § SHRT Figdr = B2

1127K & 1 atm @ R CO @1 CO, o T fasmn H wraemen | S #ieq §
90.55% (9R) CO 2l

C(s) +CO, (g = 2CO (g

IWe q9 R Al % fag K o6 A7 &1 10 i)
298K ® NO T O, ¥ NO, adt &—

NO (g) +'2 0, (g = NO,(g)

sAfufsran o faq () AGe wa (@) 9= feemiss =1 ORI Hifsu—

Rationalised 2023-24

e fagm



6.25

6.26

6.27

6.28

6.29

6.30

AG° (NO,) = 52.0 kJ/mol
AG° (NO) = 87.0 kJ/mol
AGe (O,) = 0 kJ/mol

e § o gt 9 W S STEde 9G] <16 S ShA1 Sl €, 99 Saersy
Al o SIS o Hill w1 HEA dgdl @ A1 T @ A qHH Wal 2

(®) PCI (g = PCl, (g) + Cl, (g
(@) CaO(s) +CO, (gl = CaCoO, (s)
(1) 3Fe (s) +4H,0 (g) = Fe,O, (s) + 4H, (g)

frefafad § 9 < 9gM R SF-®E d Afufmard yarted enf? 98 o gard f&F e
qiedd 0 W AfAfran 3w =1 wdtg fen § fqas gi?

(i) COCL (g =CO (g +CL (g

(i) CH, (g +2S, (g =CS, (g +2H,S (g

(iii) CO, (g +C(s) = 2CO (g

(ivy 2H, (g) +CO (g = CH,OH (g

(v) CaCQ,(s) &= CaO (s) + CO, (g

(v 4 NH, (g) + 50, (g = 4NO (g) + 6H,0(g)

frefafea sifufwman o forw 1024K ® 9= feeri® 1.6 x 10° 21

H,(g) + Br,(g) = 2HBr(g)

If% HBr % 10.0 bar Hiegs o ¥ /el oY, of 9ft 6l o 1024K W 9 &
A HifsTl

frrfefiaa S sffHen o STaR S g SEeRgeH 19 yrefaw 16 4
WS T ST B

CH, (g) + H,0 (g) = CO(g) + 3H, (g

(F) ST sfufshan = fere K 1 =i fafem)

(@) K, srfafman fem 1 9 R H9ed foh g gehr gefed g, 4t
@) =@ e fear s

(i) a9 s fan S

(i) 3UH TgF fRa SMQ

™= 2H,(g) + CO (g) = CH,OH (g) T 94T &~

(%) H, frem =

(@) CH,OH frem ®

(A1) CO®TH W

(%) CH,OH®H W

473K W FEHRY Yeacige PCL % famed & faw K, &1 71 8.3 10581 4z fomes
39 WhR SR WY, df PCL (@) = PCL (g) + Cl, (¢) AH° = 124.0 kJ mol!

Rationalised 2023-24
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6.31

6.32

6.33

6.34

6.35

6.36

6.37

6.38
6.39

6.40

6.41

6.42
6.43

e fagm

(%) sAfufsran = fag K =1 =sa fafay

(@) Wi AR o fg ¥9H a9 W K %1 7H F= S

(M FfR (i) 3R ek PCL et ST, (i) 1@ TG0 S0 9T (i) @ agrE
ST, @ K 9 9 G B

TR fafer o woe e1gSIST i Wiehfaeh 19 W W WO bl $vd 19 i 99 9 T

T AT ST 81 J GRere sAfufsRer § ger e § CO e H, St 81 3§ 9% § Wem

oS § S deft CO AR wfush g o sifafmar w2

CO(g +H,O(g) = CO, (g +H, (g

T 400°C R Af49fhan 95 & CO T 9 1 FHARK H501 30 YR foen sy fo

Pco=Pi,o=4.0bar, H, 1 |l W S <16 91 &2 400°C WK = 10.1

Farsy for fAfafed o 9 foea sfafsran o s1fyerenl e SRl i Aisa gued M-
(F) Cl, (g = 2Cl(g) K, =5 %10

(@) Cl, (g +2NO (g) = 2NOCl (g) K.=3.7 x 10®

(7))  Cl, (g) + 2NO, (g) = 2NO,CI (g) K.= 1.8

25°C W 1fafm 30, (g) = 20, (g) & T K &1 71 2.0 X108 A% 9]
25°C A9 W O, 1 e gl 1.6 X 1028, a O, 1 Higdl w1 BFf?

CO(g) + 3H,(g) = CH,(g) + H,0(g) =1fufswan s feiex % d 1300K T
TR ¥ €1 389 CO % 0.3 i, H, % 0.01 Wid, H,0 % 0.02 el T CH, &
T W 71 KU T qm R sfafwn o fow K 1 7E 3.90 21 fasm ¥ CH, %1 A
BRI

G eTeA-oTR g o 9 o1 @2 fefefaa wiefis & forg ggredt srey/am saee—
HNO,, CN-, HCIO, F -, OH~, CO} TiS?*

frafafad & & #1 9 o o 27

H,O, BF,, H* & NH

ot s o fag S arehl o 3 ferfen—

HF, H,SO, ™ HCO,

T NH,, NH, o1 HCOO™ & Tt ena fafan—

TR H,0, HCO;, HSO; T2 NH, F=2=37 T &Reh—ari &! A el &
g1 Yo o T 3T e el SISy

Frefafaa Theis & 79 o7 T &N | afiehd hitelg a2 Jarsy ff 3 fFe TR
TE ST-&NE o §OH w1 FW - (F) OH- (@) F- (1) H* (%) BC,

T g U9 & T H eEgeH AP F1 FiEdl 3.8 X 10°M 21 SH*T pH uiehfaa
HifSTl

foReh & U T *1 pH, 3.76 €, 3TN TESeH AFH HT FiEdl [ it

HF, HCOOH @& HCN =T 298K W 319 feerish shAl: 6.8 x 1074, 1.8 x 10-*del
4.8 x 10T TToF TId TIH! QRi o A fLerieh [ Hifsu)

Rationalised 2023-24



6.44

6.45

6.46

6.47

6.48

6.49

6.50

6.51
6.52

6.53

6.54

6.55

6.56

6.57

6.58

HHTet 1 SE feRi® 1.0 X 1071021 0.05M HHA o fao@ § wilele sma &1
rzar a1 0.01M Hifeam ®ine faoae o I6eh & &1 A7l 91 Hifa)
H,S W1 J2iM ST feeri® 9.1 x 10481 3k 0. 1M faeem § HS- st &1 i
T UM HITC qe Farsy fF afs 89 0.1 M HCI ot 3ufeerd 81, @ wigd e TR
wofiferd BT, AfE H,S =1 fgdt fomism feerisn 1.2 x 107181, @ Hewige S A=l
T IAI feefaal & Higar H1 T0MET FifS)

ufHfesh 3t T ST TEeish 1.74 x 10-5%1 39eh 0.05 M ferers | ferier st we,
THIee 3TF Tigdl ae pH &1 9Rehe &ifsal

0.01M Sfieh 37 (HA) o faer@d 1 pH, 4.15 21 $8eh 0 &1 Higdl, 37
1 A feerieh den pK_ A qiehierd shifsiq)

vl faers W gu fefafea fafes i & pH 3@ i)

(%) 0.003M HCI (@) 0.005M NaOH
(7)) 0.002 M HBr (1) 0.002 M KOH
Frefafed faee o pH 3 shifsu—

(%) 2 7MW TIOH & 9 ¥ =ieeht 2 feex faeem s sy

(@) 0.3 U™ Ca(OH), =l S | =ietsht 500 mL feferda smrn s

(71) 0.3 IM NaOH =i 5@ ¥ =@t 200 mL faes = sy

() 13.6 M HCl1 & 1mL &l & § T ek el e 1 e fepen sy
SHICHifee 37 T ST 1 A1 0.132 10. 1M 37 &1 pH q2 pK, 1 A4 T
it

0.005M &EH (C H, NO,) faer %t pH 9.95 7| 3! o feerish T Hife)

18 21

0.001M Tl féera &1 pH 1 22 Tl &1 1A feerie arolt 7.7 9§ & gahd
T 39 W ST 1 S fReRleR | hifS)

af< 0.05M TEiife 37 & pK, 1 HH 4.74 8, W ST 1 761 A0 Hism) afg
T8 (21) 0.01M (F) 0.1M HCI faeram & gren S, @ fase &1 461 f7g gaR
goiferd gt 82

TR THA &1 A s 5.4 X 104281 39 0.02M fore™M &1 T &1 90
1 AT hifSu| If€ g8 faetaa NaOH 9fd 0. 1M 8 o SEAIfA THHE 1 giaee
AT T BAM?

frefafaa St ai, i pH & ¢ €, 1 SrReisH 1a" Wigdl ufehiord shife—
(%) HHEE W 54, 6.83 (@) ¥Ma 374, 1.2
(77) THa wR, 7.38 (9) ¥9Mg @R, 6.4

TY, I, TAR WM, 719 T 201 31 &1 ¥hal & pH &1 91 %A 6.8, 5.0, 4.2,
2.2 91 7.8 31 Y% & HTd H* 3@ 1 Higdl T Hiferg)

298K W 0.561 g, KOH ¥iel # e | 9 200 mL faera= &1 & pH, weferm,
BIESISTH AT BIZSIToRTel STl i WIEATd 1 i)

298K W Sr(OH), forerr =t focrar 19.23 g/L 71 Wi qen g s &1
qrgar den faee &t pH F1d &l

Rationalised 2023-24
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6.59

6.60

6.61

6.62

6.63

6.64

6.65

6.66

6.67

6.68

6.69

6.70

6.71

6.72

6.73

WUgeR 3T 1 ST TEerieh 1.32 X 105 81 0.05M 31 o= o 1@ i asl
T pH I &ifsw| Af foe=a 5 0.01 M HCI fHarn ST af 36 STEH &1 A6
EIRECIEI

IfE " 37 (HCNO) & 0.1M faerd &1 pH, 2.34 1, @ 37 oh 3T feeien
eIl ST i AT H1G S

i Mg2H 3T 1 SFA feeir 4.5 x 1048, a1 0.04M Hifeaw "reerse fae 1
pH T SIS 1 AT A1 i

Iz diifefam eEgiem FEe & 0.02M fae@a %1 pH 3.44 €, @ €M &
S feerish T1d FifSTl

Frefafed oo o Sefa foeet oF IEH, STl qe S 8 i IR hifu—
NaCl, KBr, NaCN, NH,NO_, NaNO, 7 KF

FARITE IR 31t o1 EH Teeiss 1.35 x 10381 0.1M 1= a2 366 0.1M
Hifeam @01 i pH I1d &S

310K W S 1 (e UH%a 2.7 X 1071431 gH dr9shd W S wet 1 pH
EIRCIEI

frafafaa fason &1 pH 9Refaa Fifsm—

(%) 0.2M Ca(OH), %1 10 mL + %1 0.1M HC1 %125 mL

(@) 0.01M H,SO, &1 10 mL + 0.01M Ca(OH), %110 mL

(7)) 0.1M H,SO, %110 mL + 0.1M KOH %110 mL

faeer e, IRad HiHe, hie TEglEe, T FaNEs a0 TRd THeEs faeaq

T AR 6.9 ¥ U T foerar ToAwa femis &1 Ferd 9 faerar 1 sifae qen
YAE I HT Hiowdl 9 A Hisa)

Ag,CrO, 1 AgBr &1 faetal uHwet fEerisr A 1.1 x 10712941 5.0 X 10718
21 S9oh Wgw TIo 1 HioRdl 1 S 6 S

I 0.002M HiEaET Hifean e a2l ek FARE foiera o HHM TR ohi THe
ST, <l A1 <RI A h1 ST EAN? (IR e & UK =7.4 X 10°)
Sl STt k1 ST fEeri 6.46 x 10757 faeer S &1 K 2.5 x 1071
21 3.19 pH el I foerm & fea S=iwe il 1 qorn o fohan T faem gm?
T Hethe A WITESTH HehISe o THAICR foeraHi w1 Stfehad Figdl Sarsy el 3ok
M AFqd AN W STRA SowEe aefad 7 8l (TPRT 9ewiEE o fag
K =6.3x10"%)

| T ShieEed Tethe i SieiH o foIq H § & feha- STaa STl w1 Sagaehal git?
(hfewam Fethe & fag K =9.1x 109)

0.1M HC1 ¥ TESiSH TewiEe § Hqw faemm 1 @igar 1.0 x 109 M 21 9% 39
foer@™ 1 10 mL f=fafed 0.04M fae@a & 5 mL St s, @ foe faeam 9
a8 9l em? FeSO,, MnCl,, ZnCl,, T CdCl,.

Rationalised 2023-24
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TRfdTe 1

T ST, W T % T w5

HreT : HieY, {99kt Tohd m €, < 1 SI U 21 THET g, Fafq & weher o =
c o Fd A A 1 299792458 TR, T8 ms ! W § e fRan S €, Sl
Yo ®1 Hifeem emafa A/, & T& § ufenfyd feman s 2, & 2

feretuma : ferctium, fSTgeht Gehd kg €, SA9H o1 SI A 81 $8eh! IR, wiish Fadis
h &1 f71a G@Ies: UH 6.62607015%10-% Ae f5 Js A o =Fad fohan S €, i kg
m?s! o GHF Fa1 & Sel et iR Yohe H ¢ IR AV, % wai § gRefid e S R, &
T 2

Yk : Tohe, fomeRt Wopd s B, THA 1 SI A &1 THHT IR, Hiwwm s A,
St HifTEH-133 TRAT] Yt 3tefed Tl STere sifaged Gkl g €, 1 foa gers uH
9192631770 WY TS Hz AHehI, St s o SRR Bidl 8, § oFed fehern ol €, €t 8?1

Ut : Ufer fgent dohd A ®, faga-omt &1 SI A €1 591 R, Tt 3Te9 ekl foa
T | 1.602176634x1071° Wk, T8 C #1h Sl As & seR €l €, W8l Uehe i
NV, o W | ofefoq fean st @, # s fmen s g, & Sl €

ohfeam : Shfcar et Hehd K &, SOATIGe 19 1 SI A 21 SUh! TR, Sie@mH
fradi®, k&1 a0 9&m® 7M 1.380649%10 2 @ik, 5 JK! 715 ®, S kg m2s2k-
1 3 SR B @ Wl R, e 3R ehe &l h, ¢ SR AV, o T W gRefud fmar
ST €, oA TR S ®, T 2

'&lﬁztﬁﬁ(mole)ﬁlﬂwmﬁﬁ(mol) %,Wﬁaﬁmm&m%%ﬁaﬁaﬂiﬁ
6.02214076x10% & FAYT U1 B &1 T8 HEAT, STETMR fEerish, N, 1 o e 7=
Il © 519 3H mol! HES H = fohal ST € 31X 38 SIS S et S 71 ot frehma
o ugred T W, Gehd n, TafiTe 9ol SN 1 @ 1 AW el 81 3 G w1 Th GWH],
0], M, AR, hIE 3T HU1 A1 FI k1 fafere a9e e g B

IO : Sheell SEeRT Tohd od B, & T fen § Swfa-diorar 1 SI AT @1 gHeRT i,
540%102 Hz S dred Qeharofl fafetor shi <iw qeierehal, K, =1 190 S&Acsh JH 683
TR 59 IH Im-W-! ok Al H e fohdl S S ed-sr-W-!, AT ed sr kg ' m2s® o aUeR
= 81 Wl fohaim, MeX oiR wehe B h, ¢ SR A, T § oRwfyd fen s g, @
T R

(7T feu e ydieh Sfaursdia = are €, ferelt gadt a1 fepe o 3% uftafda 7t e
=feul)

Rationalised 2023-24
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v, STeh! UTHTI-HEAT 3T WeR-geqde

W fogm
qRfyTe I

a HeRd TR o™ a Tehd RACIE e

(g mol—l) [g mol‘l)
AP Ac 89 227.03 T Hg 80 200.59
fafe Al 15 26.98 HiferseTq Mo 42 95.94
ot Am 95 (243) raifeam Nd 60 144.24
T Sb 51 121.75 frerma Ne 10 20.18
e Ar 18 39.95 JefrEm Np 93 (237.05)
Y S As 33 74.99 forehet Ni 28 58.71
s A 85 210 IRRIERE] Nb 41 92.91
afem Ba 56 137.34 IS N 7 14.0067
e Bk 97 (247) reiferas No 102 (259)
S Be 4 901 m Os 76 190.2
foremer Bi 83 208.98 ST o 8 16.00
St B 5 10.81 TRIERIE P 15 30.97
S Br 35 79.91 wifeT™ Pt 78 195.09
Frefrm cd 48 112.40 eIt Pu 94 (244)
e Cs 55 132.91 RURIEELS Po 84 210
feam Ca 20 40.08 referm K 19 39.10
e cf 98 251.08 sfeeifefmm Pr 59 140.91
Fr c 6 12.01 wrferm Pm 61 (145)
Hifem Ce 58 140.12 Trefrfrm Pa 91 231.04
Fer cl 17 35.45 feam Ra 88 (226)
Hifwm cr 24 52.00 A Rn 86 (222)
Flaree Co 27 58.93 Gfram Re 75 186.2
FIR Cu 29 63.54 RUERE] Rh 45 102.91
Ffem Cm 926 247.07 wfafean Rb 37 85.47
gEtEm Db 105 (263) wefifrm Ru 44 101.07
fewgifaem Dy 66 162.50 TIHITETH Rf 104 (261)
aTEAfEm Es 99 (252) Tafem Sm 62 150.35
stfiem Er 68 167.26 whirgan Sc 21 44.96
ERUERE] Eu 63 151.96 wratfrem Sg 106 (266)
Wiy Fm 100 (257.10) foaefifran Se 34 78.96
TSR F 9 19.00 fafas Si 14 28.08
wigay Fr 87 (223) feer Ag 47 107.87
Treifafem Gd 64 157.25 Tifeam Na 11 22.99
Tiferm Ga 31 69.72 it Sr 38 87.62
sefEm Ge 32 72.61 HoHT S 16 32.06
Tieg Au 79 196.97 e Ta 73 180.95
faeen Hf 72 178.49 EcaiiNpE] Te 43 (98.91)
2w Hs 108 (269) efem Te 52 127.60
2iferam He 2 4.00 feremg Tb 65 158.92
gifemam Ho 67 164.93 Sferay Tl 81 204.37
BT H 1 1.0079 Cliten) Th 90 232.04
ESpE In 49 114.82 PIGRE Tm 69 168.93
A I 53 126.90 foa Sn 50 118.69
it Ir 77 192.2 <z Ti 22 47.88
SRS Fe 26 55.85 A w 74 183.85
e Kr 36 83.80 EESEICRr Uub 112 277)
i Ia 57 138.91 sreTferE Uun 110 (269)
Rt Lr 103 (262.1) EEELE LD Uuu 111 (272)
s Pb 82 207.19 e U 92 238.03
wiferrm Li 3 6.94 Tfeam v 23 50.94
wiferam Lu 71 174.96 IEEIE] Xe 54 131.30
Hrfife Mg 12 24.31 zefirm Yb 70 173.04
a"'l‘ﬁﬁ Mn 25 54.94 g‘[;c:q'q Y 39 88.91
fafrem Mt 109 (268) o Zn 30 65.37
Heefifam Md 101 258.10 EEaiE e 7r 40 91.99

Fie T o T A Ga S 1 orel-shrorarel FEe 1 Aok SeUHH B

Rationalised 2023-24
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gfRifyree m

%. 298 K 3T Ueh IS 16 W 3 utel o fafyre ud dier serenfar
uaret fafore swrenfar HieW HEATTREr
J/g) (J/mol)

g 0.720 20.8
5 (59) 4.184 75.4
st (1) 2.06 35.1
TSN FANES 0.797 29.1
TIESH SHIES 0.360 29.1
it (59) 4.70 79.9
ot Tehteia (59) 2.46 113.16
WA TeEhia (59) 2.42 152.52
5 (39) 2.06 37.08
FHTE IFANEE (5) 0.861 132.59
FARFAR T (CCL F ) 0.5980 72.35
CISIE| 22 0.817 39.2
IREIE 1.03 20.7
FARA 0.477 33.8
S 0.473 75.6
AR 0.460 25.1
AL 0.385 24.7
TgtaftEm 0.902 24.35
ikl 0.128 25.2
THTEE 0.720 8.65
@ HD M i A SEATTRAT (J/mol)
Gas c, C, C,-C C,/C,
Teh UTHIUh*

Biferm 20.9 12.8 8.28 1.63

AT 20.8 12.5 8.33 1.66

SEEH 20.9 12.6 8.37 1.66

EECni| 20.8 12.5 8.33 1.66
Tguamore f

HEESH 28.6 20.2 8.33 1.41

SAferds 29.1 20.8 8.33 1.39

RIECEE] 29.0 20.7 8.30 1.40

TSN FARES 29.6 21.0 8.60 1.39

e HHISATFIES 29.0 21.0 8.00 1.41
Frazamore f

BIECAt it | Cati Y 39.0 30.5 8.50 1.28

HTET SIS 37.5 29.0 8.50 1.29
FEAHTITH

D5 53.2 44.6 8.60 1.19
*ehae] TAMIAUE TSl it

FEIMIaE, 9 3R ol S

Rationalised 2023-24



216 ECIREICEIE]
ufRifdre Iv
TEETRYU HT @] g 980.6 cm/s 9.806 m/s
T SoFHH JEeR (1/12 amu 1.6606 x 1024 g 1.6606 x 1027 kg
SSIHE Rl 1/12) or u
CICIIRESNED N,  6.022 x10%3 6.022 x 1023
particles/mol particles/mol
RSeS| a,  0.52918 A 5.2918 x 10! m
5.2918 x 10° cm
SieesHM feeris k 1.3807 x 10716 erg/K 1.3807 x 1023 J/K
TR ok SAeRT T 1.758820 x108 coulomb/g 1.7588 x 10! C/kg
THHM Rl ST e/m
SRR ST e 1.602176 x 1072 coulomb 1.60219 x 1019 C
4.8033 x 10719 esu
fasma-staen o m,  9.109382 x1028 g 9.109382 x103! kg
AR T SAIH 0.00054859 u
wre-Fredis F 96,487 coulombs/eq 96,487 C/mol e
23.06 kcal/volt. eq 96,487 J/V.mol e
. L atm kPa dm3
-t R 0.8206 83145—————
mol K mol K
cal
1.987 8.3145 J/mol.K
mol K
Ao~ T V.~ 22.710981 L/mol 22.710981 x 103 m3/mol
22.710981 dm3/mol
fasmm-atereen o m,  1.674927 x 1024 g 1.674927 x 1027 kg
=[ZF w1 FHAM 1.008665 u
iR ferieh h 6.6262 x 1027 ergs 6.6262 x 103*J s
fargm- stareen # m, 1.6726216 x102* g 1.6726216 x10%7 kg
e 1 FHH 1.007277 u
Rear feemis R,  3.289 x 10'5 cycles/s 1.0974 x 107 m'!
2.1799 x 10°!! erg 2.1799 x 10718 J
YT &1 T c 2.9979 x 10%cm/s 2.9979 x 108 m/s
(Frata &) (186,281 Hia/d.)
n=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
In X =2.303 log X

Rationalised 2023-24
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qRIYT v

HP AHYS TUIGUT-T[UTIh

FHAM T | & G HIAh
1 diT = 453.59 U

1 9fe = 453.59 UM = 0.45359 feHamm™
1 feetm = 1000 T = 2.205 Ui
1 T = 10 SHUM = 100 H3u™
= 1000 fhefumy
1 T = 6.022 x 1023 WAV SoHH HHh
1 THY] $eFHM = 1.6606 x 10724 TH
1 Wifet 29 = 1000 et
= 2205 die

TG hT |HT WTTh
1 TS = 0.9463 fetet
1 feex = 1.056 FaTES

1 forex = 1 =@ iR = 1000 ==

WIHR = 0.001 FFHK

1 foefiferer = 1 =9 FdH = 0.001 faX
= 1.056 x 103 FAS

1 ¥HE = 28.316 foleX = 29.902 Fares|
= 7.475 oM

STt Rl |THT |
15 =1 x 107 ergs

1 S5 TEEE Sheari+*
= 4.184 5@
=4.184 x 107 ergs
=4.129 x 102 farX agHeA
=2.612 x 1019 SHRMA diee
1 ergs =1 x 107 9@ = 2.3901 x 108 THart
1 SO diee = 1.6022 x 107195

= 1.6022 x 10712 erg
= 96.487 kd/molf

1 foret-amgHed = 24.217 ARt
=101.32 5@
=1.0132 x10° ergs
1 fofeer o1 w1 @15 = 1055.06 S
= 1.05506 x10'° ergs
= 252.2 HAR
TETS Rl WA |
1 $91 = 2.54 WHeT (Afew)

1 Hel = 5280 feet = 1.609 fHaHI
1 TS = 36 inches = 0.9144 HX
1 "X = 100 centimetres = 39.37 4
= 3.281 B
= 1.094 TS
1 fel™iex = 1000 HR® = 1094 T
=0.6215 Hid
1 UM = 1.0 x 108 HIHX
= 0.10 SR
= 1.0 x 10710 TR
=3.937 x 10239

T+ AT IF F WA HIHF

1 9gAEd = 760 fheie Tl &1
= 1.013 x 105 UT&hdl
= 14.70 die ufq =fEw

1 SR = 105 YT&hd

1 2R = 1 el w1

1 9% = 1 kg/ms? = 1 N/m?

AT SI 3T A hiead (K)
K =-273.15C

K = °C +273.15

°F = 1.8(°C) + 32

_°F-32

T 1.8

°C

* Tt 1727 (N) = 1 kg m/s2, | =27 98 91 8, Sl Th Yohs @H R | fheiimg sequm &1 1 et

gfd dehe 1 A Y Hl B

* FOA] 1 o W, S | UH Sl 1 99 14.5°C ¥ 15.5°C @ SgH o fo eEvas et 2l
t oM ® T o A ufaeu €, = 6.022 <1023 @ TN %A1 e, difeh GEl-GEl ge €l wehl

Rationalised 2023-24
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W fogm
TRy VI

298 K W FWNqehid 3TThs

AT eh gared
; . e, : . i i
AH®/ (kJ mol™) AG®/ (kJ mol™) S°/(J K* mol™)

y 3
Al(s) 0 0 28.33
Al**(aq) -524.7 -481.2 -321.7
Al,O4(s) -1675.7 -1582.3 50.92
Al(OH),4(s) -1276 — —
AlICl4(s) -704.2 -628.8 110.67
Tt
SbH,(g) 145.11 147.75 232.78
SbCl,(g) -313.8 -301.2 337.80
SbCl,(g) -394.34 -334.29 401.94
THfF
As(s), gray 0 0 35.1
As,S,(s) -169.0 -168.6 163.6
AsO} (aq) -888.14 -648.41 -162.8
Elre)
Ba(s) 0 0 62.8
Ba®(aq) -537.64 -560.77 9.6
BaO(s) -553.5 -525.1 70.42
BaCOj(s) -1216.3 -1137.6 112.1
BaCOs(aq) -1214.78 -1088.59 -47.3
R
B(s) 0 0 5.86
B,05(s) -1272.8 -1193.7 53.97
BF5(g) -1137.0 -1120.3 254.12
Fr
Br,(l) 0 0 152.23
Br,(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
BrF,(g) -255.60 -229.43 292.53
Fleaaq
Ca(s) 0 0 41.42
Cal(g) 178.2 144.3 154.88
Ca*'(aq) -542.83 -553.58 -53.1

Rationalised 2023-24

(ST)
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gfiifeTe 219

Tated HeaT e, fiem dyaT o, iy, *
AH®/ (kJ mol™) AG®/ (kJ mol™) S°/(J K mol™)

Fleaaq
CaO(s) -635.09 -604.03 39.75
Ca(OH),(s) -986.09 -898.49 83.39
Ca(OH),(aq) -1002.82 -868.07 -74.5
CaCOy(s), shedrEe -1206.92 -1128.8 92.9
CaCOy(s), 3FTHREE -1207.1 -1127.8 88.7
CaCO;(aq) -1219.97 -1081.39 -110.0
CaF,(s) -1219.6 -1167.3 68.87
CaF,(aq) -1208.09 -1111.15 -80.8
CaCly(s) -795.8 -748.1 104.6
CaCl,(aq) -877.1 -816.0 59.8
CaBr,(s) -682.8 -663.6 130
CaC,(s) -59.8 -64.9 69.96
CaS(s) -482.4 -477.4 56.5
CaS0,(s) -1434.11 -1321.79 106.7
CaSO0,(aq) -1452.10 -1298.10 -33.1
BT
C(s), UFTEE 0 0 5.740
C(s), SHHE 1.895 2.900 2.377
Clg) 716.68 671.26 158.10
CO(g) -110.53 -137.17 197.67
CO,(g) -393.51 -394.36 213.74
CO3 (aq) -677.14 -527.81 -56.9
CCl,() -135.44 -65.21 216.40
CS,(1) 89.70 65.27 151.34
HCN(g) 185.1 124.7 201.78
HCN(1) 108.87 124.97 112.84
iRag
Ce(s) 0 0 72.0
Ce**(aq) -696.2 -672.0 -205
Ce*(aq) -537.2 -503.8 -301
FARN
Cly(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
HITT
Cu(s) 0 0 33.15
Cu*(aq) 71.67 49.98 40.6
Cu®*(aq) 64.77 65.49 -99.6
Cu,O(aq) -168.6 -146.0 93.14
CuO(s) -157.3 -129.7 42.63
CuS0,(s) -771.36 -661.8 109
CuSO0,.5H,0(s) -2279.7 -1879.7 300.4

“ Telfeh AR o foq e wroft g6t fRawar & am & w2 (1)



220 WA faae
waTe Twram T, s dwam o, T, *
AH®/ (kJ mol™) AG®/ (kJ mol™) S°/(J K mol™)
Na
D,(g) 0 0 144.96
D,O(g) -249.20 -234.54 198.34
D,O0(1) -294.60 -243.44 75.94
q@, \7
F,(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
gIeere (SFeiRam it 3@)
H,(g) 0 0 130.68
H(g) 217.97 203.25 114.71
H(aq) 0 0 0
H,O0(l) -285.83 -237.13 69.91
H,O(g) -241.82 -228.57 188.83
H,0,(1) -187.78 -120.35 109.6
H,0,(aq) -191.17 ~134.03 143.9
-
I,(s) 0 0 116.14
I,(g) 62.44 19.33 260.69
I'(aq) -55.19 -51.57 111.3
HI(g) 26.48 1.70 206.59
STTIRA
Fe(s) 0 0 27.28
Fe?*(aq) -89.1 -78.90 -137.7
Fe*(aq) -48.5 -4.7 -315.9
Fe,0,(s), T e -1118.4 -1015.4 146.4
Fe,0,(s), EHeEe -824.2 —742.2 87.40
FeS(s,a) -100.0 -100.4 60.29
FeS(aq) — 6.9 —
FeS,(s) -178.2 -166.9 52.93
ae
Pb(s) 0 0 64.81
Pb**(aq) -1.7 -24.43 10.5
PbO,(s) -277.4 -217.33 68.6
PbSO,(s) -919.94 -813.14 148.57
PbBr,(s) -278.7 -261.92 161.5
PbBr,(aq) -244.8 -232.34 175.3
HriferH
Mg(s) 0 0 32.68
Mg(g) 147.70 113.10 148.65
Mg**(aq) -466.85 -454.8 -138.1
MgO(s) -601.70 -569.43 26.94
MgCO,(s) -1095.8 -1012.1 65.7
MgBr,(s) -524.3 -503.8 117.2

Rationalised 2023-24
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R 221
Taret HeaT e, fitest wwerd S, i, *
AH®/ (kJ mol™) A:G®/ (kJ mol™) S°/(J K mol™)
7
Hg(1) 0 0 76.02
Hg(g) 61.32 31.82 174.96
HgO(s) -90.83 -58.54 70.29
Hg,Cly(s) -265.22 -210.75 192.5
.
N,(g) 0 0 191.61
NO(g) 90.25 86.55 210.76
N,O(g) 82.05 104.20 219.85
NO,(g) 33.18 51.31 240.06
N,O,(g) 9.16 97.89 304.29
HNO,4(1) -174.10 -80.71 155.60
HNO,(aq) -207.36 -111.25 146.4
NO; (aq) -205.0 -108.74 146.4
NH,(g) -46.11 -16.45 192.45
NH,(aq) -80.29 -26.50 111.3
NH; (aq) -132.51 -79.31 113.4
NH,OH(s) -114.2 — —
HN,(g) 294.1 328.1 238.97
N,H,(1) 50.63 149.34 121.21
NH,NO,(s) -365.56 -183.87 151.08
NH,CI(s) -314.43 -202.87 94.6
NH,C1O,(s) -295.31 -88.75 186.2
s
0,(g) 0 0 205.14
0,(g) 142.7 163.2 238.93
OH (aq) -229.99 -157.24 -10.75
FIEHERT
P(s), white 0 0 41.09
P,(g 58.91 24.44 279.98
PH;(g) 5.4 13.4 210.23
P,0,0(s) -2984.0 -2697.0 228.86
H,PO,(aq) -964.8 — —
H,PO,(1) -1266.9 — —
H,PO,(aq) -1277.4 -1018.7 —
PCL,(1) -319.7 -272.3 217.18
PCl,(g) -287.0 -267.8 311.78
PCl(g) -374.9 -305.0 364.6
\ g\ %
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
(ST



222 ECIREICEIE]

Tated e T, fiss deram S, i, *
AH®/ (kJ mol™) AG®/ (kJ mol™) S°/(J K* mol™)

KClI(s) -436.75 -409.14 82.59
KBr(s) -393.80 -380.66 95.90
KI(s) -327.90 -324.89 106.32
KClO4(s) -397.73 -296.25 143.1
KCI1O,(s) -432.75 -303.09 151.0
K,S(s) -380.7 -364.0 105
K,S(aq) -471.5 -480.7 190.4
faferep1
Si(s) 0 0 18.83
Si0,(s,a) -910.94 -856.64 41.84
faear
Ag(s) 0 0 42.55
Ag'laq) 105.58 77.11 72.68
Ag,0(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
Agl(s) -61.84 -66.19 115.5
Agl(aq) 50.38 25.52 184.1
AgNO,(s) -124.39 -33.41 140.92
aifsam
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
NacCl(s) —411.15 -384.14 72.13
NacCl(aq) -407.3 -393.1 115.5
NaBr(s) -361.06 -348.98 86.82
Nal(s) -287.78 -286.06 98.53
NaHCO,(s) -947.7 -851.9 102.1
Na,CO4(s) -1130.9 -1047.7 136.0
G
S(s), Wik 0 0 31.80
S(s), HHIfATTR 0.33 0.1 32.6
S*(aq) 33.1 85.8 -14.6
S0,(g) -296.83 -300.19 248.22
S0,(g) -395.72 -371.06 256.76
H,SO0,(1) -813.99 -690.00 156.90
H,S0,(aq) -909.27 —744.53 20.1
SO} (aq) -909.27 -744.53 20.1
H,S(g) -20.63 -33.56 205.79
H,S(aq) -39.7 -27.83 121
SF,(g) -1209 -1105.3 291.82

Rationalised 2023-24
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Taret HeaT e, fitest wwerd S, g, *
AH°/ (kJ mol™) A:G®/ (kJ mol™) S°/(J K™! mol™)
feT
Sn(s), T 0 0 51.55
Sn(s), Y& -2.09 0.13 44.14
SnO(s) -285.8 -256.9 56.5
SnO,(s) -580.7 -519.6 52.3
ECa
Zn(s) 0 0 41.63
Zn*'(aq) -153.89 -147.06 -112.1
ZnO(s) -348.28 -318.30 43.64
Zn(g) +130.73 +95.14 160.93

*IfTa STl o feau ek foera i o T 1 5M S § HY o fau 3 e fuifa fean s @ ok a9 gas st
1 Ui THer W URWIfE w1 S 1 SHfeTY SEUTCHs Urdt @ ®, i Sl § H w1 o7en & 9 & 2l

Hreer AR

Tared qTA Haaq et wwem

AH°/ (kJ mol™") AH®°/ (kJ mol™) A;G°/ (kJ mol™") S°/(J K™ mol™)
gTSSIahTa T
CH,(g), A& -890 —-74.81 -50.72 186.26
C,H,(g), T (uHieedr) -1300 226.73 209.20 200.94
C,H,(g), wefF (uemsef) -1411 52.26 68.15 219.56
C,Hy(g), A -1560 -84.68 -32.82 229.60
CyHy(g), 9= (Urdmeed) -2058 20.42 62.78 266.6
CsHg(g), T —2091 53.30 104.45 237.4
CsHglg), WIoA -2220 -103.85 -23.49 270.2
C,H,(g), =LA -2878 -126.15 -17.03 310.1
C.H,,(@), T=A -3537 -146.44 -8.20 349
CHgll), S=f= -3268 49.0 124.3 173.3
CeHglg) -3302 — — —
C,Hgll), A -3910 12.0 113.8 221.0
C,Hg(g) -3953 — _ _
CeH o (1), TR -3920 -156.4 26.7 204.4
CeH,5(g), -3953 — _ _
CgH (), 3R -5471 -249.9 6.4 358
Tehlgic? SR forrer
CH,OH(l), #eHrd -726 -238.86 -166.27 126.8
CH,OH(g) —764 -200.66 -161.96 239.81
C,HOH(l), T -1368 -277.69 -174.78 160.7
C,H, OH(g) -1409 -235.10 -168.49 282.70
CH5OH(s), Wi -3054 -164.6 -50.42 144.0

(ST)

Rationalised 2023-24
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uaref EEa] RG] firsst wyvem

T, T, T, T,

AH°/ (kJ mol™) AH®°/ (kJ mol™?) AG®/ (kJ mol™) S°/(J K™ mol™)

FTalfFAfcT 35T
HCOOH(l), ®ifHer 31 255 -424.72 -361.35 128.95
CH,COOH(l), THifesw 31 -875 -484.5 -389.9 159.8
CH,COOH (aq) — -485.76 -396.64 86.6
(COOH),(s), 3ifufas o 254 -827.2 -697.9 120
CzH;COOH(s), J=ilzh 3T -3227 -385.1 —245.3 167.6
doeteree ik #iaH
HCHO(g), Hga 571 -108.57 -102.53 218.77
(formaldehyde)
CH,CHO(l), e -1166 -192.30 -128.12 160.2
(THRewETRTES)
CH,CHO(g) -1192 -166.19 -128.86 250.3
CH,;COCH,(l), Wra=H -1790 —248.1 -155.4 200
(TEer)
IHT
CeH ,,04(s), TEHE -2808 -1268 -910 212
CeH;,04(aq) — — -917 —
CeH ,,04(s), RIS -2810 -1266 — —
C,,H,50,,(s), T -5645 -2222 -1545 360
CO(NH,),(s), Jfen -632 -333.51 -197.33 104.60
C H NH, (1), tfefd -3393 31.6 149.1 191.3
NH,CH,COOH(s), T@gd= -969 -532.9 -373.4 103.51
CH,NH,(g), Hfererasi -1085 -22.97 32.16 243.41

Rationalised 2023-24
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qfefors 225
TfRfdre vII
SEA TETEfe RH W 298 K W UM fawa
aTuerae atel arfafsran E°/V aTuerae atel arfuafsran E°/V
H,XeO, + 2H" + 2¢ — XeO, + 3H,0 +3.0 Cu'+e — Cu +0.52
F, + 2 —> 2F- +2.87 NiOOH + H,0 + e — Ni(OH), + OH~ +0.49
O, +2H" + 2¢ —> 0, +H,0 +2.07 Ag,CrO, +2e — 2Ag + CI‘O? +0.45
S,0% + 26 — 2505 +2.05 O, + 2H,0 + 46" — 40H o
Ag +e— s Ag' +1.98 CIO; + H,0 + 2¢” —> CIO; + 20H +0.36
Co™ + ¢ 3 Co?* +1.81 [Fe(CN)g* + € — [Fe(CN)(* +0.36
H,0, + 2H" + 2¢" —> 2H,0 +1.78 Cu”g+ 26 —> Cu 34
At b e Au +1.69 Hg,Cl, + 2¢” —> 2Hg + 2CI +0.27
Pb* + 2~ — 5 Pb2* +1.67 Ag3(+21 +e — Ag + CI +0.27
9HCIO + 2H' + 26— Cl, + 2H,0  +1.63 Pl g B +0.20
- o SO? + 4H" + 2¢' —> H,SO, + H,0 +0.17
Ce+e——Cer +1.61 Cu®+e — Cu' +0.16
2HB1:O + 21:1 + 2_e — BI;% +2H,0 +1.60 Sn* + 2¢ — 5 Sn2* +0.15
Mn30+4 + _8H + 5e 2+—> Mn™ + 4H,0 +1.51 AgBr+ e — > Ag + Br +0.07
Mn3 +e —— Mn +1.51 Ti** + e —s Ti** 0.00
Au® + 3¢ —> Au +1.40 OH' + 26— H, 0.0 by

Cl, +226_ — 2CI° +1.36 'qﬁqq]w
Cr,07 + 14H" + 66 — 2Cr*" + 7H,0  +1.33 Fe® + 3" — > Fe _0.04
Oy + H,0 + 2¢ — O, + 20H +1.24 0, + H,0 + 2 — HO, + OH -0.08
O, +4H" + 4¢’ — 2H,0 +1.23 Pb** +2¢ — > Pb -0.13
ClO, + 2H" +2¢” — CIO; + 2H,0 +1.23 Intf+e —> In -0.14
MnO, + 4H' + 2¢' — Mn*" + 2H,0  +1.23 Sn* + 2 —— Sn -0.14
Pt> + 2e" —— Pt +1.20 Agl+e —>Ag+ 1T -0.15
Br, + 2 — 2Br’ +1.09 Ni** + 2" —— Ni -0.23
Pu* +e — Pu* +0.97 V¥ +e — VvV -0.26
NOj; + 4H" + 3¢ — NO + 2H,0 +0.96 Co* + 2¢"— Co -0.28
2Hg* + 2¢ — > Hg? +0.92 In* +3¢ — In -0.34
CIO™+ H,0 + 2¢ —> CI” + 20H +0.89 T +e — Tl -0.34
Hg® + 2¢ — Hg +0.86 PbSO, + 2 —> Pb + SO -0.36
NO; + 2H' + € — NO, + H,0 +0.80 Ti" + e — Ti* -0.37
Ag +e —> Ag +0.80 Cd> +2e — Cd -0.40
Hg?+2¢" — > 2Hg +0.79 In23+++ e'_—> In*2+ -0.40
Fe® + ¢ — Fe?' +0.77 Cr2+ +e —> Cr -0.41
BrO™ + H,0 + 2¢ —> Br + 20H" +0.76 e +2e ——Fe ~0.44
Hg,SO, +2¢”— > 2Hg + SO +0.62 I+ 2¢ — In 0.44
MnOZ?+ 2H,0 + 2" — MnO, + 40H" +0.60 ISn: -2+ee-—_>>81n2+ :;ig
MnO;, jr e - MnO7 +0.56 U™ + e s U —0:61
I? L 2em— 21 +0.54 Cr¥ +3e —> Cr -0.74
I, +2e — 3I' +0.53 7 + % — 5 7n 076

()
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Cd(OH), + 2 —— Cd + 20H" -0.81 La%" +3e —— La -2.52
2H,0 + 2e” — H, + 20H" -0.83 Na*+e — Na 2.71
Cr’*+2e —> Cr -0.91 Ca?" +2¢— Ca -2.87
Mn?* + 26— Mn -1.18 Sr?* + 2¢"— Sr -2.89
V2P + 26—V -1.19 Ba’* + 2e"—— Ba -2.91
Ti®* + 26 —> Ti -1.63 Ra?" + 26— Ra -2.92
AIP" + 3¢ —— Al -1.66 Cs"+e ——>Cs -2.92
U +38¢ —>U -1.79 Rb*+ e —— Rb -2.93
Sc3" + 3¢ — Sc -2.09 K" +e— K -2.93
Mg?* + 2" —— Mg -2.36 Li*+e —> Li -3.05
Ce3* + 3¢ —— Ce -2.48

Rationalised 2023-24
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N o 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 3438

0212 | 0253|0294 [ 0334 | 0374 | 4 8 12 16 20 24 | 28 3236

11 [0414 [ 0453 | 0492 | 0531 | 0569 4 8 12 16 20 23 | 27 3135

0607 | 0645|0682 | 0719 | 0755 | 4 7 11 15 18 22 | 26 2933

12 10792 | 0828 | 0864 | 0899 | 0934 3 7 11 14 18 21 | 25 2832
0969 | 1004{1038(1072| 1106 | 3 7 10 14 17 20 | 24 2731

13 1139 (1173 | 1206 | 1239 | 1271 3 6 10 13 16 19 | 23 2629
1303 | 1335|1367 | 1399 1430 | 3 7 10 13 16 19 | 22 2529

14 | 1461 | 1492 | 1523 | 1553 | 1584 3 6 9 12 15 19 | 22 2528
1614 | 1644|1673 | 1703 | 1732 | 3 6 9 12 14 17 | 20 2326

15 (1761 [1790| 1818 | 1847 | 1875 3 6 9 11 14 17 | 20 2326
1903 | 1931|1959 | 1987 | 2014 | 3 6 8 11 14 17 | 19 2225

16 |2041 |2068 | 2095 | 2122 | 2148 3 6 8 11 14 16| 19 2224
2175 | 2201|2227 [ 2253 | 2279 | 3 5 8 10 13 16 | 18 2123

17 |2304 | 2330 | 2355 | 2380 | 2405 3 5 8 10 13 15| 18 2023
2430 | 2455|2480 2504 | 2529 | 3 5 8 10 12 15 | 17 2022

18 |2553 | 2577 | 2601 | 2625 | 2648 2 5 T 9 12 14 | 17 1921
2672 | 2695|2718 (2742 | 2765 | 2 4 7 9 11 14 | 16 1821

19 |2788 |2810 | 2833 | 2856 | 2878 2 4 7/ 9 11 13 | 16 1820
2900 | 2923|2945 2967 | 2989 | 2 4 6 8 11 13| 15 1719

20 |3010 |3032| 3054 | 3075 | 3096 | 3118 | 3139|3160 |3181| 3201 | 2 4 6 8 11 13 | 15 1719
21 3222|3243 | 3263 | 3284 | 3304 | 3324 | 3345|3365 |3385| 3404 | 2 4 6 8 10 12 | 14 1618
22 |3424 | 3444 | 3464 | 3483 | 3502 | 3522 | 3541|3560 | 3579 | 3598 | 2 4 6 8 10 12 | 14 1517
23 |3617 | 3636 | 3655 | 3674 | 3692 | 3711 | 3729|3747 | 3766 | 3784 | 2 4 6 7 9 11 13 1517
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 1415
26 |4150 |4166 | 4183 | 4200 | 4216 | 4232 | 4249|4265 | 4281 | 4298 | 2 3 5 7 8 10 | 11 1315
27 |4314 |4330| 4346 | 4362 | 4378 | 4393 | 4409|4425 | 4440 | 4456 | 2 3 5 6 8 9 11 1314
28 | 4472|4487 | 4502 | 4518 | 4533 | 4548 | 4564|4579 | 4594 | 4609 | 2 3 5 6 8 9 11 1214
29 4624 |4639 | 4654 | 4669 | 4683 | 4698 | 4713|4728 |4742| 4757 | 1 3 4 6 7 9 10 12138
30 | 4771|4786 | 4800 | 4814 | 4829 | 4843 | 4857|4871 |4886| 4900 | 1 3 4 6 7 9 10 11138
31 |4914 | 4928 | 4942| 4955 | 4969 | 4983 | 4997|5011 | 5024 | 5038 | 1 3 4 6 7 8 10 1112
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 1011
35 | 5441 | 5453 | 5465 | 5478 | 5490 | 5502 | 5514|5527 | 5539 | 5551 | 1 2 4 5 6 7 9 1011
36 |5563 |5575| 5587 | 5599 | 5611 | 5623 | 5635|5647 | 5658 | 5670 | 1 2 4 5 6 7 8 1011
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 16232 | 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

Rationalised 2023-24
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9
RO I (hEDT: )
N (1] 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 | 723