AT coh

THERMODYNAMICS

ELE

ESl

Teheh o 3T&9 o 915 3TT—
T wd ufterer val i Twen weh;
%, Gell 14 fagea fem o S &
Hoh;

AR Solt, hTE T ST hl THA
T
SOANT{AeR! oF Jm a0 i =9
TS TS SHehT TURITE 9 forg Te;
TErEfe el § Sei-uafedd
w1 T§ SO F AEH F T H
Wﬁaw%ﬁaﬂw‘m'ﬁ;
FTEAT-Tel U, H &1 995 Tohl;
AU Td AH ¥ e Tenfug T ehi;
AU Td AH &1 YHEifiles A1 &
T

AH o T qrer 21eren =t gitsfia
Eﬁiﬂéﬁf;

fafa= &R &1 AfafsRanet o fag
e afterds &1 UM T Hehl|
¥ o feer-oom daem fam &
e AR STIANT HT Fohil;
forsfiol wel e N F TR X Toh;
TA: 97 SFSd: Watad UhHl ki
R T Fehil;

TTHT i ST STaeel-Hel o
w9 ° R 3R HehT STIANT T
Hoh;

To-sll UReH (AG) 1 THE Hebl;
T YA 31 AG a1 AG 3R |
feeier o Harer Tenfud =Y Hah|

11084CHO6

TE W siddg HT Fact it fagid &, @ fo & gge §
1o zaa wifereh faegial st STeht SUGeRTAT o W & 4t ThRT 721
ST \HAr &l

e gt

S Se S8 B T, T T A1 el g6 ¥ o §, 9 q9atis
afaferen o SR STl W WUETA THEtTR S SO o &9 o
Tejert Bielt 1 STl ek o W Te STordl ©, el TR Sl Aeh
T S TR # A B e S e e
TSH H T T YRR Foit oh fafe=1 w9 fagm ulkfeomat § ww-
TR U R Ged e € U6 Tk ®9 ¥ T &9 a5 S b
&l 37 Fo-FUMON HT AT & SR i faTI-owg 2l
FoNTeRT o e el feral, fd aga-9 o10] e €, @ waifua
e 2, 7 for gew frenmel o, f50 wgd W 0] B €1 SoHAmTTehT
T a1 9 Heifd T € TR A qied" hE w fRe ) @ wEifea
B B1 T URedTRRY g 1 URfiTek T stfm staen @ eifid
& SeArTfaeRt o fam 9ot anp B €, S fee greEreen | g
? 1 U e ¥ gud W o S €1 et e o T
o1 (S— <@ T 1Y) e ¥ g9a o 91 giefid T8l g
%1 59 Tk U gH SNIGHRT o HeqH @ §9 Hewqul FeAl o ST
T F FAE B G-

T @At Atk ¥ 7 Sei-ufdat w9 fuifa
A T ? I8 INEdH BN SAUEl TE1? Uk Ut SAima g
58 Uia g 2 THEt eifdtmen e Hid qen werdt 22
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SSTTdeh T

5.1 SSHTTdeRl oF deh-iehl IS
TN gl Tt stfafemansti wd 398 gHard
Fo-gREdHl w1 SEE # B © IHeh fau wd
IHTIART H Y B Al S Aehleh] EAl o
ST BN ST |l A9 fem e -

5.1.1 e wa ufasr

SO § R @1 o1df e o 39 9 9§ ®,
AT Y& fopy STd € qen &R 39 9 e’
e &1 TReRT W R o Sigat Ta o it
B frohm wd ufE- SHT fieret srere s 21
g + ufEw = sEe

frerm 9 srfafiea dqul srene fem @ gHeTe
TRerdAl © geferd et B 21 SEifery wrEifien et o
T sree &1 @@l 9, S e 9 Sfafea w2,
ey & &9 ° e s 2

WM GHRE &1 98 &7, S (™ o ST
B 2, uiew o sfarta foran S 2

I & foru- af &0 wwh e | sufeerd &
el A TS B 1 aafufwan 1 temed Y @ =, @
et (forem erfufsman-fagor ®) feemr 8 we s
(foree <ftent ®) uftae =1 el swam (Fo 5.1)1

e @ fop T siifaen et (S—shent =
TEAer) | R feran S wehar € 1 wie § uw
faf=a stmaaa o wrdig fAdeent (Cartesian coordi-
nates) éwg-ﬁm (set) @Wﬁmﬁﬁﬁmmmél
TE ERIE ¢ T e i ordfosh o1 et
AR A1 H\ o R GREw ¥ gep |iel Wl 9%

137

e, St e we afeer 1 g et €, Cafdmr
(Boundary) gt 21 uftdmn g ew fee &
37eT 3R TR TA qAT S & HAOl I FELE T§
fd FT TR B

5.1.2 M &% UK

379 Y ¥ U il oh GOl o SER R 613 &l
aiffpd i B—

1. Wﬁm (Open System)

TF ol @ ¥ el Td 5A-3H H1 feE
ufayr o Hed faf™a (Exchange) & Fehal 2
SN TR T o s | ferd S|

2. g8 fHerra (Closed system)

5% fepma | fehm wg ufiawn & 7 s o1 fafma
e T B, W ol 1 Tt 8 " 21 e
fiehReh &5 it § ford |

3. Taefa e (Isolated system)

T foata e o fem 1o ufew & 7w 5 wd
Feli— < o1 € T gwa @1 g 21 seetoned—
AR Th o9iE Foreh d fod W) fa 5.2 o
fafs= yR o frerm <3iT U 2

./ d

S e

fa 5.2 : gan, 95 TF fqara A&

* gfe g0 chaa arfufsar fagmr =1 fem 7, @ S &1 <R 9fEw &1 s ™ sl
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5.1.3 fHer @ &t staeT

freht oft Seamfaest e 61 9ol % TN, SH-
qE (p), AP (V), 99 (D) T e o Hee
(Composition) =l fAfde (Specify) ETCAC LIRS
21 &8 e 1 affa s & for g Ton 1 ufEd
Y 7d wd v e w3 gear @1 e ofifae
T ¥ 9@ BN foh Aifent o forelt R &t arfores
AT HI AR TRE o @l go-fageti & =9
&o1 W Teeifd We AT ok YR W T S B SOANTIeRT
T 3aEeql 1 Ueh 3TeT Ud TRl ®Y F&aifad fowan
21 THY Teh HU1 i TIid o ToRgd o i STEvIhl
Tl ®, ifer gel &0 fem o sffda AreE Fwe Tl
1 T LA & BH TR hl e Wl QTeRT-theTl
T ‘TaeAT-oli’ & gRI oA Hd ©l

SN | TRt 1 31w 1 99 3Tk
HITTERE 37276 Tl TN o gRI fehan <l €1 ed T
9 1 TR T SHeh &9 (p), S (V), 99 (1),
AT (r) ST & 0 T Hehd €1 p, V, T 1 STl =X
W et e ®, 7 foh g@en! Wit e o adier qu TRt
1T 1 31aen 1 qoi &9 ¥ qRefa & 6 fog
et o Tl T[Tl <1 SOl S Y STl TEl BT,
Hifh Fo 01 & T €9 H uRafid e gehd €1
TON <t HEA TRt Wi Weptd W R et 71 TR 9N
FH 9 HH G | 37 A UN i 79 A = S, @
TRT TR T 1 A T e g o 2
5.1.4 ATdReh Holl : Ush STAET-Theld
e &H 39 TR el i == e ©, o sl
1 T I yaw g €, a9 6 Th UH 0
TRl Bl €, S f9ehrd w1 Fstl o1 gfaffere
HX Bl TS ol THERTR, Sga A1 A el @l
Tkl 81 39 Gaehl A & FRE w1 Sl el 2
SN W 5 STdRer Sl U ed B 98 Jidfid
Bl ©, Sfaifeh
o Toa 1 M@ | waw A1 R B @,

o i@ W = o g & fhan T =,
o o™ A 59 1 AN A R B Bl

R IR CRI

(%) =

Ty Ted 89 1 hid W e &1 eAiafis s o
B 91e aftad &1 Sitg | g9 T uE e o
2, o we o v o Sl | § S
&9 A B T A 6 UREY % e Sl b
warE Tl €, TH R 1 g9 Ggin (Adiabatic)
fremma wega 21 U0 TR W srerer-ufed= @t
FEIH UehH hed &l TEH Teha Td 9iewr & aeq
#2 Foa-fafma ==t e 7l | e o ufew
F YU HHAEA AR THH AR’ wEAr @
(fa= 5.3)1

:

e

!»

e

forT 5.3: T S5 @, fogd aRkEr § sea-fafma
ga 7&T &

319 &1 6™ R F FE HIch TR STdh
Tt H uferdd wtd 21 A R e o aife
ST A T T THHT AT T, T SRk Sl U,
RT3 1 TaE Wi B THR § GREfd Y Hehd B—
U WRR—HM T B Yea 9 ST &l AYUH 89
1kJ & *W@ €, T fem 1 ¢ stereen 991 B
TS IHHT A9 T, B S B TS 3@ W E > T,
3d: 9 | URedd AT = T,-T, | W &€ B |
iafsh F& U, €, W ARG Hoi H gREd,
AU= U-U,
fgdg yaR-31d 84 9@ § TH e 88
(Immersion Rod) STAH 31 & oFd &M (1kJ)
F € o (9 § ar9-gRedT T % ¢ ¥9 e
g fr am-ufds 7o % E T-T, & W 2

Feef ¥ IS JAN SLA. S[A SR T 1845 oK
e foh=n T em 3= urn fR fem w feen
T FAfvea o feema &t stewen o wuE uRed
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SSTTdeh T

7, = % et oft yhR (Yop|) 51 foRan S, St
& T A1 ok qREdd gRI @l T R

Iq: TE SUgH fe@ar € b wh uE ufy,
afiales et U, o1 aRefua fean S, e wm
TRt 1 afereen 1 SATenerivren &1, el S5t THhd
o foran T wE w, q stEEens # U aREdd % e,
S AU=U,- U, =w_

a1 TeRTa =1 STidfer Sl Uk STeree-%er 2l

THEER SRR H [UPAC T o STTIR
vTees fag o @ o & w, e ® fFn mn
& o frep &1 e7iafies Sl 9 S 81 3 YR 9
Ife frem g0 & ffen Smw, @ w, BT B
Fifer Frwm 1 eTialer st &9 2 St 8

F1 319 forl o1 URfad STaeen-werl o A
o Hehd 8?7 V, p T T 9 317 TRied Seeel-ther
Bl seew & fou- @k en freht feea & am o
25°C ¥ 35°C & URadd &<, @ ar-uRedd 35°C—
25°C = +10°C BRI ¢ B9 Hiel €1 35°C Tk S 1
ﬁwﬁmwwmegree)w@ﬁﬁ'{
fir fema =1 3ifqm Q9 (35°C) 7% o S| 39 YR
T T HEE-%eld 2| a9 § ieds 9 q¢ et =&
A S| T ATl | G T S T ST - e
2, FifF U S & A H IRadd 39 a1 W
e 72 whear @ fof dree o S T B— Wi g,
JAFT FW AT T 5
(@) o
0 fo & fohu off aftemt 9 o oo a1 9ResT i
ST <L Tk ™ i s Foi | qiedT o
Gehd 21 T8 Hel-fafTe, S draial i aRem €, S
q FEA B 31 TH UE ddick o o fow [qd o
TE 5.14 (%) H 90C SFER IE URMEE TE 3
qY] S TG el w1 e FEE =eE ar
(o 5.4) BN SO & 9eF 9§ B §, W fa=n &4

o fob dfd 1 Tk e (et e sy
oo ?) W T, W W WA o ¥ uw
2 e, fowe @ T, 31 H W ¥ fem (5)
BN RN SoH g &l dO-uRedd T,-T, g
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forT 5.4 : T fera, foqH qREHT & SIR-TR ST T JaI8
q9q gl

AT ST ekl €1 T8 W o efafeh et o qie,
AU= q &, Sifer TeeR 3d W 2w el fopan
T R

TEES FHATAHT H [UPAC TIU o 3TIER
TREST | FOHT T T 6@ § 81 W g &FcAs®
Bl € SR 1eh w1 Sl sl © T oH1 ok TR
Y e 1 AR TMIRd 81 T g BT el &
gftomed: fepm 1 oS w9 8 S
() wma= feafa
0 T g feafq W faeamr &, Safe orafe st
T 9facH 3HT €1 TR (T Hieh TG o1 TIHIaT)
) 11 39 feufq § e ovafew st o uftads #i 9
YR fora wehd B—

AU=q +w (5.1)

T fafyre srezen-uftedq o aftadd & YR &
Wq@wﬁv‘qﬁfﬂﬂ%}fm%,qﬁ qg+w=
AU et YRfae ud sifqm sremen w AR wam I
URedd % YR @ T 21 A S A1 i o &Y
4 Fefi-uferdd 7 8 (faafa feem) stefq afs
w=0Td g=0, 9 AU=0 2

GUIRIT 5.1 A AU = q + w, FEANIGHRT ok
weorg fam 61 TS e #1 vem Frem & oER,
“wep Taefita frerma @t et eruftadta gt 817

* q5e M@ W fFU 91 o9 @ 1 HOTcTE To 3R TR g fhU SH aTel % & HAITE T o T el SiifdeRt
F TH § o W T e w1 FTE 8 W1 2 F@fd [UPAP A it R fae wer @t fawiiw &

Rationalised 2023-24



140

TN ot uwh e e ® ora: e w1 =
YR H ot el ST Gehdl ©— FEIS HI TS UREd
21 = 39 S o GHerol s T’ wed ©,
SAofq Fll A Al A T S ekl ¥ AR T & gqew
go fopan ST wehe 21
AT : Th FHNTH o1 (SH-Hi1) T T AR
o (SR-TEE) W TR T 71 wW feRd favm
STIET H 3T 1 O FRUET (Absolute) IH ffEs
G €, W SARH el w1 Fder 7 ffdse &
F Hhd B, T Ade e | qfedd AU F@
fan < Gl 2

IETEAT 5.1

T R &t AR e | uRade saRe, Af—

() T gro afEer 9 Soar eranfa =& e,
g ™ R (w) FE fohan STQ) e &t
R g YHR H1 BH?

(i) TR W *E w1 TET foRan ST, WG o
& Al g e ° ufew & < § S
1 &t eR fFa &R *1 3?2

(iii) TTpTa ST w HE1 1 & fhar AW W& g
A 1 T @ & S g e
Y&R 1 M g2

&1

@) AU=w,, 3R S5 B

(i) AU= - q, IR FEHE g s
(iii) AU = q - w T€ &% T/ 2|

5.2 STAHRT

FE quEtE sfafEwst § W Sem g €, S
i FE FE A S IO FE W G&H B B
T ufladl o ufEmmr &t MM U9 3R oAl
Sol-Te ¥ Hag w1 wEEU 71 38 fF U
+Y B 2l

5.2.1 A

FegeH Teh TR g1 fohT T e i Fepfd W EH
YhTYl I €1 BH Shele itk i, 1 <1 ST
FE W fa=Emr w4

ECICEIRCRIE]

P

SEl =peXAV

5

k— 11—
faT 5.5 (&) faferey § foa o77=9f 19 W tF 95 § o)

&l T P, §R1 B T dpEd e
BERR &3 G T T 2

T[E- ST 1 I T o faw g9 seuRfEd
freTga fafrer W foer %@ 2, oo & A@ia
el 9 i gE €1 W 1 e ST V, TH faferet
¥ 79 &1 3@ p T AR @ @ p, 7, S p W ek
B, df fRes 37T &1 9k 99 T TIfd T, & TH
AR S p, o SR B S A R T qierd
TF 9% H B AN e ST V21 W e
Tope o faed 150 79 +¥ar € e faeed 1 STy
ghel A € (Fa 5.5 &)1

T e W qRed = [x A= AV=(V, - V)

%ﬂ%’ﬂaﬂﬁ%ﬁFWZ%

Fqa: A Wed =p_. A

Ife fored 9am 9 fem W fwan 7o &1 w
|
w = 9d x o= =p, Al
=p, - FAV)=-p AV=-p (V,-V) (5.2)
el Fomer fog N @i sevas € fE
TRAE (Convention) & AR Hded H e W
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M B TR, S U 2T (V- V) A
FUTCHS TN STd FHOTcHe o JE0TcH <1 70T B,
@ w T T EATR B ST

afg Gp= o A® U% W I feer 7 8
%% IRfAd wel ¥ agad @, d@ o w g 9al
H g HME w1 AT B TE — Y pAV o qed B
[fe= 5.5(@) ]I

g I@ o) 7 8 T8 39 YR J8adl 8l fh I8
TN € T % @ W SHAgeH A 71, 99 e
% % U8 H ST STaYsH "l dV RS 39
fearfa & 79 gro frw @ 5 w1 o Bw FrefafEa
TeY ¥ 6 H Gohd B

w=- p,dV

Vi

(5.3)

L

Vi AT (V) v

forT 5.5 (@) ®ERR &7 TRfFd 7ef 4 aqerd gu SifteR
3F W RIS ST © Sifaq ST a@
Hep=r F fowar 7o w1 qir g

e H p, Fo¥sh 9% W (p,, +dp) o G B
[fe= 5.5-7]1 9o aiferfaal & goror o 9@ 3«
AN <@ | THIM HH B, A p, =p, —dp
Wwﬁgﬂﬁ'@m%ﬁﬁpex=[pmi dp) ™
T SSHANT YA e B
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p

7 TR (V) V.

ferd 5.5 () pV a% 9 IRIG T V, 9V, d%
TgT & forg Seravig yRfEfaE & R
FeeTd gU SRR J1d WX 379 Tl H foherr
&9 SRR &7 9 <9 7 2l

Teh WehH AT URad" awft ‘Seruvia werd'’
HEATT &, T T Terdlt oft &T01 Sragen uitads
% GRT Schidd (Reversed) fehaT ST Wekl Ueh
STRUUTTE WohW ohg T3l § THaged Tfa
39 YR T wgar & T Frama wd wfiast s
TN AR § TEd §1 SehUUiE WehH o
rfafied 3T WR WehHl ohl ITIGHAUIE WehH
FEd £

TP e W wgd | v gmed o €, iR
A ®6 o fau &, 18 3R Fh ok efiaf <@
o YREAfie Gee i SEvIEI uSdl 2l

0 gt 5.3 @ Frefafed yer 9 faaes
Scpquita giifeafaal § sl &1 sTde s« 9@ Hag
T Thd B

Vi vy vy
W= [ PodV == [ (p, +dp)dV =~ | p,dV
v v v,

(SffF dp x AV 1 HH T 7)

vy
Wrev = _J. pl’ndV (54)
V.

o9 9 % @ p, H AR W FHE 5N
U A % TS § oFed feRal ST Hehdl o feReht
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et 79 o n W & U (pV = RT)
nRT

%

d: T fReR a9 (THATIE YehH) W

=Sp=

Vf V
| RTY - L RTIn—L
; % %

i

W =

rev

\%

= -2.303 nRTlog 7~ (5.5)

HFRIWERUT : 71 o1 Fafd § R (p, = 0) o FERT
el &1 el TGl o T TEOr § HhiE wrd T
BIT e & Uieha ShAvi 81 A1 STIGhHUNE, (THIhI0T
52 Wd 5.3)1

319 TH GHIHI 5.1 Wi fafs Yehel o6 STIER
%% YR ¥ for@ wehd B

w=-p, AV (FHi&I0T 5.2) I GHIHTOT 5.1
Tfid & ™

AU=q-p AV

A% YehH LR I W8Il € (AV=0), 96 AU
=q, 4, T qISieh v (Subscript v) =N 2 T o
feer MFd W 9gH &1 T 2
TSl I T Yo TS QAT TAXOT
TH ARyl T T Yo UH WHATME Y0 TH
(T= feemisr) ©, w=0 %, it p,=0 T St = =i
gr iR fohan &6 g = 0 7, s&fery AU =0 =i

THIHT 5.1, (AU = g + w), Tl THATIT SCHATT
Td SRS YAl o fou 39 YR =ea fhan <
Tehell B
1. THATE STIGHAUIT YA o fag

q=-w=p,(V-V)
2. HHATHE IERAVIE YR o fag

Vy Vy
q=-w=nRTIn % =2.303 nRTlog %
3. TS YT ok fa, q=0
AU=w,_,
IETEAT 5.2

10 atm <@ 3R 25°C a9 W fordt areel 19 o
3 faeX Tmamda w9 9 fafd § 9 9% yaia
Bid €, a0 qeh SEehT el SEaA 10 ferex 7 @
ST 29 YEOT § Rl S sraenfid it ©
w§ fRaT w1 fomen S 22

R IR CRI

&

TS S g=-w= p, (10-2)=0(8) =0
1 HE Ll BT & T hIE HoAT G T
Brt

IAEI 5.3

g 4 JER0T | feeR 9T I 1 atm =, @1 A
B2

&

TS E fhg=-w=p_(8)=1x8
=8 L atm

3STET 5.4

g 3307 5.2 H & TR0 IShAI €9 9 @
qi I g2

&l

T E R g=-—w= 2.303><nRT10g‘;—f

=2.303%x1x0.8206 x 298 x logg

=2.303%x1x0.8206x298 xlogb
=2.8303x0.8206 x298x0.6990
= 393.66 L atm

5.2.2 'Q:‘—aT"Iﬁ Enthalpy (H)

(R ) Teh SUART AT STAXAT-FeA
B9 W4 © o Teer e W erawiiftg o eniaies
ol § uRedd & qed, S19fd AU = g, et §, W
srfereRTer EmEfTR sTfaferamt fer stds | 9 g
TR, T Mg § feer agHed™ 39 W gt
g1 = uftfeerfem o forq g6 weh U sreen-wer
STEISRA BT

& HHH (5.1) I fEeR 6 W AU= g -pAV
% w1 ¥ fomm wed €, SRl o, Fom g srawifia
T T -pAV TR gr R Ty R

YR STaeel i Uk | ¥ TS 3ifay staeen
i 2 W <A B

T YU HHIHTOT i 36 TR o Fehd B

UU, = q,-p(V,~ V)

T9: Fared & |

a,= (U, +pV) - (U +pV) (5.6)
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9 BY Th 3N FOHANIAR] o i g
F TR §, R T (e v weifewea,
former a1¢f ‘T e’ A sfafifed w0 e ®)
Fed

H=U+pV
q: GHHTT (5.6) B S B

a,= H,- H, = AH

7Y g T WY A wem €, qenfy g v @
S &1 T H U Sae-%e © (H.U, pT& V
1 e ¢ 3 HH STEEq-ther ®) | 38 YR AH U9
Tords TR 2

feor 3@ W uRfad uRRad i o foae T 5.7
%! feran s Fehar 2l

AH = AU + ApV i p feeisr ®, o7: &9
o wehd e

AH = AU + pAV (5.8)
Sedi@ g & for wa feer <@ W o Sresifia it
2, @ wened ® g0 et # uftads "9 @ B B

I W R AH = g TR @ ® srEwifa
B

Foadt arfaferatstt & folw AH RUTTe
BT, Tef AT o SN T St i
% U et srfuferametl & fow AH TR
BT &, et ufa9T § ST w0 STEvNuT BT B

TeeR e (AV'=0) W AU = g, 3Ad: FHIHT
5.8 B S Bl AH=AU= q,

3 e, T oherel 219 a1 5o Wt et ©
H AH TF AU & 94 3iq Aol &1 gian, Fifeh 39
TS 5al § TRY i R 3 § g fagiy gfeds =l
B Al T ST €, @ 3T e @nefen Bl S
21 &0 Th U erfafen @ faem w €, e g
wfee €1 feer <@ T A R v, e stfafmaet @
TSV, T IR BT e SAFT B q n, T
sAfafsrash! T n, T SRS o HiE w FE @,
al aeel T e o SHR—

pV,=nRT

9 JhX pVB=nBRT

(5.7)
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Il pV,-pV,=n,RT-nRT= (nB—nA]RT
p(Vy,-V)=(n,-n)RT
pAV= AngRT (5.9)
aﬁmgﬁ@‘qs—rqﬁé?mﬁﬁﬂwmﬁw
sifafsraent o Hicl 1 &N 1 R B
THET (5.9) § p AV T AF THHI (5.8)
T W W
AH = AU+ An RT (5.10)
THIFHOT 5.10 T STAT AH & AUT AUHE AH
1 T A HE | TR S 2

SETEYUT 5.5
SeTam™y Wi e T HME W 100°C T 1
bar I W TH A WA o aAHHOT o
gfedd 41kJ mol ' WRET ATl STAReR
F-REdd Sl UM SHIfST, Se 1 | ST
1 1 bar 36 W& 100°C R arsdigra fohan
St

&l

H,0(1) - H,0(g) Radd o 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 '

(@) ferediof wal e o

Tt wa e T H A% feran 71 fadof o 97
o7 2, TSRt 7 T | Sufkerd 54 i WIS/
(|rEs) W HER S @1 SR o fau—gern,
I, AR i, Tt , Soarefiar anfe fadiof
o
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3 707, St e W Iufied 527 i AE/STRR
(Te) R AR T w0 T, T O FEA
I ok TeAU— 19, e, S A T8 07 &1 Hiek
o1 ¢, Tt fepma o Tk |l o 0 "H o qed

Bl 1 AR T A 2 W, A A = o T
FT AT W WA 7| ST IR HeR SR VT
HeR S ¢, 71 fawdiof e e o o 7
T 9 1 SEE V o T3 | T a9 W Wt L Tehd
g (ot 5.6 )1

V. T

(%)

R IR CRI

IR ¢ A 7, A S W a9 e1ed e
B STl T TRl Atk B, sEent el 98 ® TR
TSR] A9 9gH oF o 9ga s el =reul

C W1 1 | o FHEA Bl €1 Tt uered

! Hiel S Cm =% Tk Hicl 1 SEATEI

21 € FOA1 &1 9 AN €, S U Al gered w1 qrg
w feift dfewmm (I w wfeaq) @@ o fag
AaYTF Bt &1 fafire wvo, f59 fafire o’
off 8d &, 98 SO 2, SN SHTE SoAAE o TR wred

vol<
ﬂ
pol<
H

(@)

forT 5.6 (F) 37997 V U5 @9 TR T 19, (@) (G975 o gRT Fa &1 34T 811

o afs faseiss o gR1 efEad e &Y fean
Su (fe 5.6-@), foa9 e 3 v/2 & 5 &,
WY F€ A9 gHH & @l g1 1 W € o ey
fereediol o1 €, Srafer 9 TR Ol R
(1) FEATETET
39 UGS U B4 3@d § foh R i Siafiq o okl
T S 21 A R GRS TR % S, @ A
a9 o gfg o w9 § yRered el 2

a9 ¥ gfg fafa oA % FHEAE Bl 2|

q =TOTIh x AT

T[Tk o1 HH M o TR, Feled o Yehfd
T fret #ear 21 39 BH 39 TR o fow wed €,
'‘q= CAT

el TNk € I CFEEEr wed

39 YR SCATEIRAT T1d B OX BH A ghg i
Y T Y& FT A HT Hohd B

F1 a9 T feilt Afewzm (3t Hfea) s@H o
fau emavaes g B fRE weiel w1 a9 sgH %
IRV Y AORIF FOHN g 1A B ob fag g=1ed i
fafete o1 € H T §EEE m @ q9-IRAdT AT
T ToT W €, Al

q=cxmxAT =CAT
(°) T amewt | * fAw ¢ wd c, ¥ wam
FEEET 1 fer e W C, ¥ T fEer g W
C, ¥ eifra w1 o gw I H w9\ FW 2
q o foru feer 1 W wHieRor fora wehd &

q,= C,AT = AU

TS fer q@ Wq = C,AT =AH

st | % faw ¢ @ ¢, % #= iw W
R J1 foha ST Rl 2

(5.11)
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T Hiel Y 9 o T AH = AU + A(pV)
= AU+ ART)
= AU+ RAT
.. AH=AU+RAT
AHTE AU AF @A T
C,AT = C, AT +RAT
C,=C,+R
c,-C, =R

(5.12)

(5.13)

5.3 AU TS AH <hT HIUA :
Shrertata

TEEtTR T ifaes T @ Geifed Sl gied
ST grifiTeh Teheieh g1 910 d €, 3§ Shariwe’
(Calorimetry) Eﬁﬁ%l aﬁﬁﬂ'ﬁqﬁﬁW@Wﬁ
fopen ST €, o/ ‘ Sheiiiefiet’ shed €1 shelliHiel Teh
59 o 10 A § g1 Tedl ¢ 5 hi HEAIar T
ShEAHIET 1 Hoeniar 9 e T ard-ufierd o
IR W YohH | Sl o1 T 1 ST Fehell &1 IO
T feufel o fpu s B

(i) ferR-amad W, g, (i) R @ |, g,

() AU T HIUA

TErEfe stfafewansti o fore feer staam W stawmfia
maﬂnmanﬁo—cﬁﬁﬂﬂa (Bomb calorimeter) i
fepan sen ® (Fet 5.7) @&l wh @A &1 U (I
AR STt § garan S ¢ Wiel 90 H SiedisT
Jalfed o Saeeie Ufassl (Sample) i STl STl
B fferan § Scq oA STl Wl AT B S B
IHF AR A F AW T HL e e 21w
eI qufdan %, § oTd: THeh EdH W hiE
Rerd= & BTl iR i e TEl frar s 1 gt
e for i § e wEmEtTs stfafswanet o off g
1 &l BId iR AV= 0 Bil €1 THIeh0T 5.11
HEIAl § heAEe i FOHHRe 1 8F W aa-ufe
g, ¥ uRafda & fermn s 2

145

THI M)
wER ol AN
ﬁm\
\
BIcE
99

i

fer 5.7: 79 SariHe
(@ )AH T ATIA
TR T (AMIaa agHed J@) T SsH1-TRad
o1 5.8 | Z9T MU SheAHIT gRI |91 S Hehall T
T 9 € fF AH = g, (feer 3@ )| o1 feer 3@
R IR Teran STaenfoa e g, Afafsran e
tera Afaferan Ted A H FHEermd 21

fgfeRan s

farT 5.8 : fEeR 379 (ArgHSAT F19) W FH-TRIdT A9
& fo7q SariHie
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womerdt stfufswanet & o feea Bt @ qen
e o wfaw & s &1 yerE e 21 gElen g
SRUCHe: BT T AH St RO 81l 36 1@
S siffraed  Svon srereifid gt oFd: g
SR A H T o i

IR 5.6

frfefea e & ITER, 1g IhEe i
SATeRAST bl 2ferehal H latm @ TF 298 K W
T heAIHI | <@ HLEEn Sl 2l

C (IR ) +0, (@ — CO, (g
Afafsran o SR @9 298 K ¥ 299 K T agdl
21 AT 91 haliHel F1 HeAemiar 20.7 kJ/K
B, @ SR fufen & faw 1 atm <9 @
298 K W TEedl qRed a1 gmm?

&l

U AT | U ST g TS SheliHIel

SR C, §, 9 SholIHI g1 STargifod

T,

q=C,x AT

rfafshan © 9 FeAT 1 B GEE B, Wy e

TS BN, il e (eAfafsman-fason)

SN Y ST ShelRIHIeX G UEUl i TS SoAl

o qed B

q =- C, xAT = -20.7kJ/K x(299 - 298)K
=-20.7kJ

(Tl RoTcHeh Torg atffsran o Fomad 8 i

i wa 8)

37d: 1 g YA o T&d o T AU=-20.7 kJK '

| Hiet IhTEe o €@ o g

_(12.0 gmol ") x(-20.7kJ)

= =

=-2.48 x10%kJ mol '

Jel Ang=0

. AH-AU=-2.48 x 10°kJ mol '

R IR CRI

5.4 Irfiferan o faQ w=eedt
uftae™, A H Stfafsrar Tt
AR iR | AfafsHae S § 9o 21 39
YfsHa H W YHR A 2 AffRas — SR
Al & A Toed-uRadd sAfafma-weed
FHEAM ¢ TEEt R o weed-ufedT A H

o 9 <witan s 2|
A H= (3cIs} st Tt 1 ) — (stfmaent
H1 Tfew 1 9n)

=2 aHear = 2 DH
el Y (famn) fog &1 ST Sied & o

fohan S € WS a, T b, HWqferd e § A

sAfufsmareni Td el o Rl oS g e

& foru— fefafaa stfafsean 35—

CH, (@ + 20,(® — CO,(® +2H,0 ()

AerzaiHW_zbiHaﬁvﬁw

=[H_(CO,.,g) +2H_ (H,0, )l-[H_(CH,, g +

(5.14)

2H_(0,, gl
el H, Hier Teed 81 Teedi-uitadd s agd
SqFRTt AT 21 gEeRt I feer A W feRdlt sienfies
TarEafes Afafsan o o= a1 Sfide i FieT S
T Sfegge 21 S| TEvdehdl U Teemish i ardE
e 1 o W A o gt R
(= ) arfaferan st ArFes oot
foreht TrEmates stfufsman ot woed aitfefaal o sk
FH Bl 27 T eI € o ed o ure kil
F1 fafe =11 Tt Tamater stiufsram st ureR
Tt o el ulted €, We tfirferar § am
T Tt gaTet STt AeR araeetai | B
ferdt uatel it UTeR sraren ferdt fafds ama
T SHHT IE YE ©U &, S 298 K 1 bar IH W
T AT &1 3SR o fau- 59 U B A
e 298 K TS 1 bar W TS 59 Bl &1 @8 i
HHH-3TEA 500 K TS 1 aR (bar) T IE 34 Bl
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B 3ffre 9E: 298 K W forg s €1 Ares afifeerfaa

ﬁAH‘HTﬂﬁ © (Superscript) W@ = fha

ST 21 ST ok feau- AH°

(T WTeEeT TR ¥ T -afted=

e e H Sel-aiada ot el 21 S o

fou o =1 fase o fau o 1 sTevgehar gt

B WEROE ot 1 s fer g@ (aHee™

TE) T BN B a1 G- Bid THg arg fEeR

Tl B

H,0(s) - H,0(); A ;,,H® =6.00 kJ mol ™’
el A, HO A sl ¥ e weedt 21 At

Sl 9% W deeidl §, O $oh Touiid Uk BiaT © a

ot € Aen § o giew § el St 2l

ufe Wet 31 vt % e § garel Tt
e @ uaTd T TS A Wer T
T A, He TET ST B

Al 1 e oA g ®, ofd: qeft e
ATl eTeHes il €1 STel o STodTeRTor | o1 i
ST Bt 2| 3Tk FaLMIh T, TS fEor @ W:
H,O(l) - H,0(g); A,,,H® = + 40.79kJ mol™

A, HC AT A T 3|

(T, 3R T, FoR1: i T FeMF 21)

TRt 3 % T A o R AW O W T
(191%) W aTudiehd o~ ok TeA, SMTergereh SveAT ohl SEehl

A T o AR A T A H O &hed 8

147

Fedued o 39 e € g o 9ga S 21 S
HTe SEHAFES A Yh o (dry ice) A HS =
25.2kJ mol "' & WY 195 K W FHeAulad el 2l
ueredt g § - wesurfad et 2, frmes forg

A, H®=73.0kJ mol "

foret 319 oF T HWie sl e a7 T A
TE (1 OX) W HeAuraT H g oot Tredt
URerd T ol SR WMk SHeaduTas THredt hegd &1
et qReade b1 A 39 uSred & SieR- ot sl
1 emar W FeR war €, e gewen-aiada @
@1 81 SSTEX01 o oAU et o S1ujsii o Hed Sufeerd
I TS d¢ SHhT Ta AT § SIcA oh STU[3Tl &l
Haerdl ¥ o8 @A 21 Hreh g6 (S— THer) o
sa-anfvesh fgya-foga s foran fovly &9 9
T Bl 81 T YHR 9ok 1 HidA & arsdihd eF |
Sl o 1 TICT Sl STSHTehd B ohi 3TU&T hH SoAT i
STl el €1 ARl 5.1 W o qiel i e e
ATHTHTOT T TR T € T 2

IR 5.7

T dTel (Pool) © fehetl ek sl 18 g I
1 WA G @kl () 21 3 I R 298 K W
aifoad g o for feaet oA STaAs BIT?
298 K WX ATSHIeh0T i STIdfeh Freil i IO
gl

ARUN 5.1 oM T arod o feT Ueh Toedt qited 1

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 23.35

HCl1 159.0 1.992 188.0 16.15

CO 68.0 6.836 82.0 6.04
CH,COCH, | 177.8 BL.7% 329.4 29.1

CCl, 250.16 2.5 349.69 30.0

H,0 273.15 6.01 373.15 40.79

NaCl 108.10 28.8 1665.0 170.0

C.H, 278.65 9.83 353.25 30.8
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el o Tt 298 KW A, H=44.01 kJmol '

3yl
TSR0 oF YohH ki 89 39 YR TR X
Hehd B

Vap

H,0() — =, 11 o(g)
18g H,0 (1) ¥ et %1 e - 198
18 gmol ™
= 1mol

1 mol ST oF 298 K W % o fau & S
e o = nA,,H =1molx44.01 kJ Mol

=44.01 kJ

(7€ A B o ao7 o1est T o WM SHeRR i
1)

A U =A H-AnRT
vap vap g9
1 mol a9 & foTu
Ay H = (1 mol) (44.01 kJ mol )
=44.01kJ
An, = (1 mol — O mol) = 1 mol
A U=A H-AnNRT
vap vap g
=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 kd

ISTEATT 5.8

Sl AT el ARy W WA gY Ul shiteg f
100°C @M 3R 1 bar <€ T 1 mol So-ars i
0°C A9 &I 9% H S€eH | ANk st § foha
IRedT g2 fem © fF ah @l e weied
6.00 kJ mol ' 3 Se1 1 ST 4.2 /g °C B

'
feds =1 YR 9 BT o

=T - 1
1 mol H,0 (g, 0C) — 1 mol H,O (1, 0C)

T TiEdT AH

R IR CRI

=T - 2
1 mol H,0 (I, 0°C) - 1 mol H,0 (s, 0C)
T IRed AH,
el Tl e g

AH= AH,+AH,

AH,= -(18 X 4.2 X 100) J mol '
-7560 J mol '
-7.56 kJ mol '

AH.= 6.00 kJ mol '

2
. AH= AH, +AH,
= -7.56 kJ mol '+ (-6.00 kJ mol )
= -13.56 kJ mol '

9 SfaTe ¥ 39 e H uiadd gH W
e B AT gRerdd B @ et i—
pAV=An,RT=0
=AU =AH

=-13.56 kJ mol '

@M Wk favem Tt A He
fersit drfiten & Tes Wit st SHek &1 dwal, St 3T
o Wt w a9 § fol ww @ (W ww oW
‘wgei-araTen’ ot wEd &), ¥ ¥ fafom &+ w
AT Weh Tt TR sl SHeht W Wer
oo Tt A, He T W R

Sl ueiw f' warn @ T Gsfud Aifen @
| Al 39k e, S S0 Had ol ®9 W ¥, 9 ww
fopen S 81 e P ATAHaT SRt W fore
Hier Tt o T & T g

H,(g) + %0, (g) - H,0(1);

A,H® =-285.8kJ mol™

C (U%1Ee, s) +2H,(g) - CH,(g);
A;H® =-74.81kJmol ™'

2C (A%, s) + 3H, (g) + %0, (g) —» C,H,OH(1);
A H® = -277.7 kJmol ™’
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TET 9% T HewoUl ¢ o A e T,
AH®, A H® %1 T for feafa 2, e | vt <ifires
T el W ST €1 S ST o siffshenet | S,
B T T W W Yeeh 1 | HiA ST

CaO(s)+ CO,(g) —» CaCOg4(s);
A H® = -178.3kJmol™!

Tooh feradial e Foedt Sifufsen o T -aRedH
hfedem wEe #t faer Toed & 2, wifn s
hieqaq HEHe 30 qwll ¥ T IR T AR 9
a1 B Frefatea sifafwan o foag ff woed-aiads
HBr (g) &1 e Toedt foem wierdt A Howe 2,

149

Sfesh e St TREd

H,(g) + Br, (1) - 2HBr(g);
A H® =-72.8kdJmol ™’
& W IS o Teh HIcl 1 379N < Wiel 37
d@l ¥ a9 €, AH® =2A,H®
Hqfera TRt 9% oMl i 2 ° faafed
T HBr(g) o foeq ool & fou g 54

g forar s gehar 2—

%H, (g) + ¥2Br, (1) - HBr(g);
A H® =-36.4kJ mol™

WRURt 5.2 F© I gL URTEl @i 298 K W e Wien fave T, A _HO

L) AH'/ (kJ mol-1) uatet A;H'/(kJ mol-1)
ALO3(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 (Zm) +1.89 NaF(s) -573.65
C (I1Ee) 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
CH3OH(]) -238.86 NO(g) +90.25
C2HsO0H(]) -277.69 NO2(g) +33.18
CeHo(1) +49.03 PCls(1) -319.70
CO(g) -110.525 PCls(s) -443.5
CO2(g) -393.51 SiOa(s) (FaTEsT) -910.94
C2Ho(g) -84.68 SnCla(s) -325.1
Clz(g) 0 SnCla(l) -511.3
CsHs(g) -103.85 S02(g) -296.83
n-[C4+Hio(g)] -126.15 S0s(g) -395.72
HgS(s) -58.2 SiHa(g) +34
Ha(g) 0 SiCla(g) -657.0
H20(g) -241.82 C(g) +715.0
H20(1) -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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FO TR HT 298 K W A Hier fat=m
Tt A B Aol 5.2 H & T 2

IRAE o ITAR, T a@ o 99 fEd
Tonfaee i 7T § (Hef-sterwen) O fo=m
TR A B FAF Y R S R

A ST for 319 Tk e SR &
3R ST =Ted @ for Ak Or usred stoeft A
SFaEen | € d chfedad e 1 IA1 TS e
TeAHaEe o foufed & o fau fea o
FT TR B,
CaCO,(s) —» CaO(s) + CO,(g); A, H® =?

&1 & e forer Tl 1 ST R Hehd
T e SAffmar #1 T URedE Ui i TR
B T TRed T TR o for e refraa
Y GHIEHT0T H1 ST Y Hehd e
a,H - Za s HY (30 Zb s (H" (afafwaes)

(5.15)
Sl dqfeld Tl W a TS b HEA:
sAfaferaeh Td SRl o U 1 ST FHIHIT
1 ShicTTH HTEE o oo T ] i &1 Fel
a T b THl 1 71 ¥m@:
AH®=A;H°[CaO(s)]+ A ;H°[CO,(g)]
— A H®[CaCOy4(s)]

=1(-635.1 kJ mol™)+1(-393.5 kJ mol™)
—1(-1206.9 kJ mol™)

= 178.3kJ mol!

3d: CaCO,(s) 1 Torerz Fonamet eAffshan
Bl 37q: 3fo0d ScUE Wi i o oy S9! 34
TRY T BT
() FERTATI R HHIRTUT
T Hferd THrEfes qetentor, e 38k A H 1
aH off o 0 ), SR gHieRr wEer
21 B9 UH GO H Uil ot fifae steeend
(3T 37ewel o @) 0 fRe w@ 2
IO oF ferg—

R IR CRI

C,H.OH(l) + 30, (g) — 2CO, (g) + 3H,0() :
A H® =-1367kJ mol™

I THFW ffYed 99 @ T@ W Fa
AT T <@ Sl €1 el URede w1 e
g <uiar & fF a8 ww Swmed sifafEe 2

SIS gl o Eed H frefafed
uRarfeat st == @A STEvah -

1. Sgfad qEEfe SHeRor § T Sifafhaehi

Td SR % HEl ([ Hi ) i RRE

F 2l
2. A H° I T A GHRO R qeel ok

el &1 g o Hed ¥ g 21 A et

ufedd A 1 3T kJ mol ' Bl B

IS UROT i G o fow gq f=fafaa
stfafran o fore eAfaferen-<ooar &1 TOFT 3 B
Fe,O, (s)+3H, (g) = 2Fe(s)+3H,0(1),

T e et wRe (5.2) W EH U §-

A,H® (H,0,1) =-285.83 kJ mol™;

A, H® (Fe,0,.s) =-824.2 kJ mol™;

AH° (Fe, s)=0Td

AH(H,, g = 0, RUEl o TER
qd,

A H =3(-285.83 kJ mol )

- 1(- 824.2 kJ mol)
(-857.5 + 824.2) kJ mol"!
-33.3 kJ mol™!

2 ® T 37 ToIeT § Yge U IS 9t
, S Sfea Wiferaiffa Tomei (Stoichiometric coef-
ﬁc1ents)agg?3l%lAIPaﬁ37ﬂ'§kJmoll% IEEED
B L R
TR T i Hgferd R oid §, ael gg sifufsman
o Weh HieT i IR Hear 1 g9 FHiehor i =
TR 9 Hferd i §1 SIioned -

%Fe203 (s) +§H2 (g) - Fe(s) +§H20(1)

9 affsran 1 a8 9 Tw Awe stfufwan g
T A H® B
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AH, = E(—285.83 kJ mol ')
2

—é(—824.2 kJmol )

=(-428.7 +412.1) kJ mol!

=_16.6 kJ mol' = %A H
U T T € o oedt wh Tl wfi 2
3. o fordt T T i Seer foman S
?, @9 AH° % WA &1 fug off s<at S R
3T o fau—

N,(g)+3H, (g) — 2NH,(g);
A H® =-91.8kJ mol™’

2NH, (g) - N, (g) + 3H, (g);
A,H® =+91.8kJ mol™

(o) &9 =1 Tam
e Tl U STEe-TeH €, 37d: Ted aRed
YRfTeR 3taen (ifasRent) Sifam staen (Smsl) i
W FHE ok T Y WA Bl 8 W IR A T
fafsran 9 T S A B A HE UGS hI @ H,
Tt IRed guM el 71 39 ‘29 e’ o w9 o
TH YR HE Hehd B—

TR Ua1 H BN aTett ferEl Tramart+ien 21RTfshan
ot UFeh Tt 37 |t stfirferanstt ot gam arg
W AR TEATeuat s 9 gt €, T 3@ wgut
arfurferan at fawfoa faam < | &1

3TN, B9 39 799 &1 He Uk IR F g
93| Frefefed sfafea § Toedi-ufeds w fomm
T w—

C(ﬁw)+%02 (g) > CO(g);A,H® =2

TEM CO (9) T9E SR ¢, Wy 39 rfufeman o
B CO, T THN I Il 2| 37 S ATafman
& fau &0 Toed-aiad wt @Y 7Y #) e T
FR Thd| A% 79 3T W stfufkare e weh,

151

Heiferd Trefst &, df Sude wie § Toedi-uftad
1 IRee TR S gehdl 2
o9 &Y fafafea sifufewaet ® faar @
T
C (12 s)+ O, (g) - CO, (g):
AH® =- 393.5kJmol™" (i)

CO(g)+ 50, (g) > CO, (g):

A,H® =-283.0kdmol™" (i)

TH SIS FHIHON 1 36 FohR W HLd ©

& sfeza oifufean o &1 Sl < IR T A

CO(g) I T o feTu THIRIoT (i) T &H STl HId

g, food ol fdem @9 1 s erawifed g 2|
3d: B0 A HP o WM I fog o9& <d 2

€O, (g) > CO(g) + 5 0, (&):

A, H®=+283.0kJmol ™’ (iii)
THIHI (i) T (iii) T SHNSHL H Shodd THHI0 I
H B
1
C(T?rqﬂsz,s)+502 (g) = CO(g);

gk faw A, H® = (-393.5+283.0)
=-110.5 kJ mol!

e ®Y § Afs s AfufeEar A B &
for wh ol @ e ool qftedd A H B T
TR AW | AH,, AH,, AH,.. 994 3E B
T o fafew woed-ufiedat w1 gfafafue #a
g, @

AH=AH +AH,+AH,...
™ 3@ ®9 H TR A S gk 3

(5.16)

AH
[A]———[B]

lArHl TATHS
AH,

[c]l———[D]
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5.5 fafius e =t rtafsRaren
& fau oSt

srfufspaneti & gR ®1 fFfée w@ g el @@

THHTO] HET G Bl 2l

(%) A gET TAS A_H®

@ AMIHAT Yepfd @ FoEd et €1 3 sE,
Jope, fomm & e & o1 weqstl | wewul gt
E1 Ao <8 TIed whi 39 YRR IR fehan S
2 fr o et voref =1 ufa A 9% Toem uRad
2, S 3Eeh TEd o WOEEq Bl 2, @ A
AT 19 SR Teh fafvTe a9 T 319+ A
arereerati 7 e B

M1 U Al 19 o faferex § qerm: oA
(C,H,) 4 Bt 81 ¢ & TH Hi o 57 ¥ 2658
kJ So1 T el ®1 sEeh fou g9 SsEEtn
sAfafsman i 59 yhR fo g &

13
C,Ho(g)+ ?Oz(g) — 4CO,(g) + 5H,0(1);

A H® =-2658.0 kJ mol™

T YHR @M oF T81 ¥ 2802.0 kJ/mol
o1 Frefer et @, foees fae gefe 2

C.H,,0,4(g) +60,(g) —» 6CO,(g)+ 6H,0(1);
A H® =-2802.0 kJ mol ™!

TAR IR § oft T8 o Y Ft e dioH 9
Foll 300 Bt ©, T SAfaH S FE YRR & Sied
Sg-waEter sfafEast #1 9o | 9w ®, e
TTEH 1 SYART Bl 2

3TEI 5.9
S o 1 "I 1 %89 298 K TS 1 atm T
Bl 21 T8 o SWId CO,(g) T H,O (1) o+ &
qAq 3267.0 kJ Fo1 T et ®1 Sl o
fere e fora wriedt w1 o I CO,(g)

R IR CRI

i H,0 (1) % fou am& fored wiedt &
UM HAN: -393.5 kJ mol ' Td -285.83 kJ
mol ™ %I

'

a1 fomq fefafeg a9
ST B

6C (%) + 3H, (g) — C4H, (1);
A H® =?..(i)

| A a9 o fau <8 et B

c6H6(1)+%oz 5 6C0, (g)+3H,0(1);

A H® =-3267 kJ mol ... (ii)
1 Hidd CO,(g) o fau forer Teiedt 3—

C %) + 0, (g) > CO, (g);
A H® =-893.5kJ mol ... (iii)

| Hidd H,0 (1) % e fomer woedt 3
1
H, (g)“'aoz (g) = H,0(1);

A H® =-285.83kJ mol ... (iv)
[T iii T 6 ¥ T iv &l 3 TN &HH R
6C (i) + 60, (g) — 6CO, (g);

A, H® =-2361kJ mol
3
3H, (g) +§Oz (g) = 3H,0(1);

A, H® =-857.49kJ mol™
ST FHI FHHTON i SigT |

6C (IwrEe, s) + 3H, (g)+%02 (g)—>6CO,(g)
+3H,0(1);
A H® =-3218.49kJ mol" ... (v)
THT i i ST FH R
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6CO, (g)+3H,0(1) - C,H, (1) +%02;

A,H® =3267.0 kJ mol" ... (vi)
G0N v T vi ! e W EH UM ©

6C (I%Te2) + 3H, (g) — C.H, (1);
A H® =48.51 kJ mol™

(@) *U T A _He

3T, SEEESISH o HUH o 39 330 R fa=ur
B

H, (g) - 2H(g); A, H®° =435.0kJ mol™’

MY 3@ Fohdl © T 59 wieRan H SEeEeSH %
H-H a¢i o 224 § H WA 91 8 €1 39 Wisha
T B Al Ted-aiEd ® RN T, A He
HEd €| I8 T sraeen o fohet off uered & ww A
o 3ufeerd smeeli sl quid: dewt A | a5e ™
B oTell Toedt-uftedd §1 S < T S EeResH
S fEAsh S I HUH TOEd SRl aTe
fgaeH Tt ff gt 21 FIF T &k F9 o
Seren FreAfafed &

CH,(g) - C(g) + 4H(g): A H® = 1665 kJ mol

T M 3 Arg 91 ¢ T el S s T
e § ¢ 3R H WA )

Na(s) — Nal(g); A H® =108.4 kJ mol™*

TH SR W HUF T 3R Sedua T
T TOM T
(1) 3mEg T A, H
T Afafewanetl o TEEte ey 220 T o 2
ey 223 o FIw Sell o STegHeRdl B € IR Ty
o | it e Bt @1 et of srffran w1 o
+ TR S % T T R A A
IRed @ gl S Hehal g1 THEAE ST § 2
TOe-uReddl o foau Soamiast § & e U]
I Bl B
Q) ers o e
(i) TeA S Tt

153

Y 7 3T = A v A
S o T H H|
fgavaTures 77 : | frfafead ufean w faam w
T Hiel SEEEgeH H famde gt ey zed €

H,(¢) —» 2H(g): A, ,H° =435.0 kJ mol!

39 Wl W BN aen Teied-ufedT H - H
aTEY k1 3TeY foie Q‘v«"ﬁ?ﬁ (Bond Dissociation
Enthalpy) 2|

ey Taiem Toedt S| ufghan W g aren
THeit-ufads €, T fedt Tnfn wegases
ifiTeh & Tk WeT TS TgeRt T Seare |

& ¢ fop 78 Ted-ufied iR SEegieH &1
FUA TR TF q9H 1 o= gl fgoRanoysr sropetf
& fau of 7 ¥ 31 Sewome—

Cl(g) — 2Cl(g); A, H° =242 kJ mol™

0,lg) - 20(g); A, H° =428 kJ mol”!

TEIRHTI 3T0] H 3T fadisH el &1 91 Th
o] o fo=t s & forg foe= e 2
SgUYHIUIh 30T (Polyatomic Molecules) : &H
TH TERANE ] (S¥— CH,) W foam & T
THh HUM o folu e ifafsran 39 R <
ST B
CH,(g) — C(g) + 4H(g);

A, H® =1665 kJ mol™’

HIA # W/ C-H 37ee q9M €| 38ferg 49 319
o 9t C-H el i TEu-g0 T SEg-Sel o
T YA €, 91U Yk C-H 3TE i died o feg
YIRSl Toe-foet €, S e & T B

CH, () —» 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 ™
SAd:

CH, (g) — C(g) + 4H(g); A H® = +1665kJ mol *

39 B9 CH,H C-H ST ot it ammaier Tt
aftafo e §-
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CH, = %(A,H°) = v (1665kJ mol™)
=416 kJ mol!

T 2Ed ¢ fF 999 H C-H 99 %1 siied smEy
Tt 416 KJ/mol €1 78 @ T fo ferfem <ifirent,
S®— CH,CH,CI, CH,NO, 3% ® C-H 3t o1 3w
e Tt O TH-g@ 9 el foe giar 21 g
T A | 31y ST &t BTl 79 o F1Im &1 S5
F ok SEY THTH HT TN HI S Fehdl B B
Tehel 3R SgaTeel 1 el qRof 5.3 | Sy @)
At Tedt aga Heeryu et 8, Wit 7@
T o 22 Ta T ST o 99 o HROT E I
Bt 71 AfE = fafvm eeiy wofew T 8 qf e
s H foret off sifaferan &7 Tl T w S
Hadl 21 g saeen | sAfufwan &1 qme woed
AHP SRl T stfafewashi S etey wofeudt o 5@
YRR Gafud st o—

R IR CRI

A HO=Y ey Tedt o oTe Tt
(5.17)**
Te Hay 3§ wHg faew swh g ®, S@
AH® =1 HA T 7 8l R sfafwen w1 g
T -uRerd 59 erfufman § sifufpas stopet &
gt o7l i digd & fau STavas St Ud SR
o STU[3T oh W TS S qred oh foTw sTawdeh el
1 SR Bl 8| e © T I8 Heie e e ¥ 98
SHl 999 @] s, 99 eAfufwer o 9+ uwie
(sAfuferas Td 3aR) T staeen § =
(9) STeteh Tt
T FEtE AfE F See Tl 98 T
Redd €, ST Teh Hiet @i Afites 6 sraeen §
Ao Al e g 2

WRUM 5.3 () 298K W B Tehel M8l o H0d Tt A (kJ mol T )

H © 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 = B
213 226 360 289 213 Si
213 230 331 272 213 P
213 251 213 = S

243 218 209 Cl

192 180 Br

151 I

WRUT 53 (@) 298K W FB 3iHa sgTee TIT o= (kJ mol* &)

N=N 418 C=C
N=N 946 cC=C
C=N 615 CcC=0
C=N 891 Cc=0

611
837
741
1070

O =0 498

* FT F— oMEY faFiT TEeY qeT Sgd STy TSIeY & o7 GO fag &1 FANT [ S
Ay 7 oy fovEd TR (AHP, ) FT T R, S A wrel gR fRe gER % wF Ak ey @t w5

Q'r«%q?—qﬁaa%r 5"}, GE ArHe = ZA,/'HE—@K ¥ ey _ZAJH:@W‘ F oy
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=fr e Tt 1 T g S FhFA 4, Cl(g)+ el () >Cl () FA AN FR R
I 7, 31: W Th W fafy w1 swEm w1 T, o Afsd| 39 UREA § SoieelT afe T
el Tk Tl @ W 21 S SiA-ge’ ©Ish

A, H®=348.6kJmol™*
(Born-Haber cycle) &@l SITdl 2 (=1 5.9)1 “

MO Teheh 3 W ST Toed! qer gy afey
Ne'lg) + Clig) TOedt & IR H Ye1 B1 arkd W ¥ U% Swnast 9

_ & fot T R e T W B W S el ud
E{1/2 ApgrgH° 5 ToIaRR SEAl YRl o1 YA fohan S ol (afe <fa)
2 8| A H
) E “ ] @ q
Na'(@ + 1/2CL(@ o ST Frolt T FraTTem
A W R fefen e §1 R ST A W g
3| T ARIhReT qe SRT H1 Sl S GerE
: Ne'(g) +Clg) A aftepferd fepan it e ) feferan st o
+ M(g) > M’ (g)+e (3T & o)
Nl 1/2CL Mig)+e — M (g) (39 & ferm)
;g A H O T T Tt gieds 9 fo@ gt 1
=3 HErEdl W iehfad R ST Hehar 2—
* A
a(s) +1/2Cl,(g) T
— AH°(T)=A,H°(0)+ [A,C3dT
o
N—g AH® SR AfARRDT & 9 @ W yw Ukt Hi
52 SR C,.5/2R (G,.3/2R) 1 F@faq
ACS®=+5/2R (394 o femw)

NacCl(s)

ACS=-5/2R (3R d&dl & Q)
ferT 5.9 NaCl &1 siieis Teiedt & foq Tedl sIRe ¥H FRR
AH® (ST THT) = E, (ST Hol)
e, B frefafed w&f § Na'Cl- &1 STerh e o .
/2RT A H®=-A (SUciRMaEd) —5/2RT
T T A I B
l. Na(s) > Na(g) wifeaw eq &1 e+, 5. Na'(g)+Cl(g) - Na' Cl(s)

A,,H® =108.4 kJmol ™ 7 fafa= o &1 %u fo= 5.9 ® <wian wn R
2. Na(g) - Na*(g) + e (g) GIfSaH TRAIT] T A 79 HH 1 'S Wk’ HEd T 5 Th
Tt Te T8 ¢ T 38 T =% H TIed-ufady 3=
AH® = 496 kJmol ! e 21
> %Cl"(g)_)a(g)w 1 Tl < A Tﬁ;jijajios 4+121+496-348.6
1 TR el foieH wedt w1 et 2 e T ' '
Ao H® =+788 kJ

lattice

1 _ -1
58bne 7 =121 kI mol NaCl (s)— Na*(g) + Cl (g) NaCl & feg,
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9 gfehan o fau o1iaRe e 399 2 RT %4
BN (AR An,=2), S + 783 kJ mol. T TR
BT

19 B9 39 STelh Tl o 9 1 F&Ed 9
faerad el 1 ufieed #T THd B

At HE = Ao H® + Ay HP

NaCl(s) & TH Tl o oy o Toed
Ay H® == 784 kJ mol™ (HEH-J&I% H)

o A,H® =788kJmol ™ -784 kJ mol™
=+4kJmol™!

9 YHR NaCl(s) &1 foea-ufsran & sga +4
FS-qiEd g 2
(o) faeraa-wdedt A, He
frdt Tge #1 faeE-Tdedt o' Twoed-uReda
2, S THeh Uh Wil ! o #1 e wen o
HieH R e 81 o qgd W foeEH-weedt @
T -uRerde €, w/a wered i ot i ara wnn
o S Sl §, S Al o (A foe o eqoped
%) A = fRar T gl

S U SR AT b1 faeiaes o wie S
?, 79 THeh 3T Toheedl Siete § 379 fafq fearfa
1 Bl 3d 21 79 3 foerad § eifereh Lo B €, IRy
I T A A 1 faaEe i (faamees S o
SeftereRtor) it il 81 38 Tk S A AB (s)

o forg emda w9 o <witar w2
B 2 g+ Blag
Ay H® AH®
A'lg) + B(g)

37d: 9ot § AB(s) %1 foersd woedt A H T
SefreRtor woedt, A, H % WH gRI 39 YHR T
FT S THd T

R IR CRI

A,H=A

sol lattice

rferenter strafTer ARl & faw A/ oA
BIAT 81 SEifeTT Aferensn Alfien] &1 S/l o fereteran arg
qGH W Tl 8 Al etk THedt wgd e ®,
Aifier 1 foerEd & o B 9gd @ WeANES
FANES! w1 oUen %4 foom @ B 27 T
URerdH o SAE ey Seiet (o) e e
Ferietl (TSfeqdr) o g o suEn g feRu s
T 2l
(B) IR R T
e 6 B Toh foemm-wedt, feer 9 9 <@ ™
faer =t fordt fafvre aen it faams +t fe
fafere oen & e 9 e aren T e
Bl Bl U8 HYA oIS U WA o o5 fepd off
faoa o fauw @ fear s gkar @1 T
gEeeE o 10 mol &l 10 mol i | sieH 9
B el et qitaen Frefataa gt ga
for@n < wenal €1 e o forg g9 STt W aq.
g wefefa wa

HCI(g) + 10 aq. - HCI1.10 aq.
AH =-69.01 kJ / mol

ey &n Frfatad Toed aitedHt o e
F AR &M <

(S-1) HCI(g) + 25 aq. —» HC1.25 aq.
AH=-72.03 kJ / mol

H+AH

(S-2) HCI(g) + 40 aq. —» HCL.40 aq.
AH=-72.79 kJ / mol
(S-3) HCI(g) + co aq. - HCI. o aq.

AH=-74.85 kdJ / mol

AH % AF 98 Wkl ® © & foera-wded
I e R foerA @ 9 e 71 Se-se
foer &1 oAfus AN TRHE ®T ST ©,
foerA-Tedt e A qe TgeEd S © A
S A Gk qgR0 Al AH| SRSk
oA & fau 7' SWed e (S-3) § 5
T AH %1 5M 2
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I T TR FHRW (S-2) H | wgal

G (S-1) 2 ¢ A BH Ui el e

HCIL.25 aq. + 15 aq. - HC1.40 aq.

AH =[-72.79 - (-72.03)| kJ / mol

=-0.76 kJ / mol

AH 1 7€ HM (- 0.76 kJ/mol) IR0 1 T
B UE O FH ¢ S faerEd H SR iy
foreoreh el W aTdrersr 9 off St 81 faerm
o IR0 Kl TOed faersd 1 Het @igar #iv
e ¢ T w1 A WA R B

5.6 &d:Udfddr

SEMIfaeRT 1 gorg g &d fordt fep gru staeifia
T U 39 W AU Uk g fhT T w1 H e
AT € TE HO1 o Y i a9 T IS Fiaaw el
I ®, Sfesh SO 1 Y@ I=d 9 ¥ = g
AR THiETE B 21 aredd § Wiehfae &9 9 e
gt a1 ifde wRE T g e @ iR e
g Tenfud |, T yafad gl 38l % fau- T
9 1 ST T 1 9 o Tl Y&, A
S § STeAeht hle- SRS a4 TS|

TG SO St A% W TRA TG bl AR @a: 7
T TH U H @ T R e ¥ g
& 2Tl A HIe SEAFAZES T : HleH IR RIS
¥ ufafda & sri s YRR &% o WauwH
Tefeeia uReds uid &1 379 Uee ISl © T
WW$WWW (Driving Force) <=1
?? U T@A: YHH 1 a9 hy fHiid gidt 87 5|
We § g9 3 Yl o fou Amce fauifa &3 fF 3
H9e B "Wehd € A1 e

B BH HHE wifeT foh weayafaa weRH @
2?7 Y 9 w9 § 99 994 © T et
qEEtTs SAfafsan o B, S AfHeRl o Gk 9
W € e A 21 B SfeRd e U grEgie o Han
F1 feefg 1 od €1 37 16 1 FW & a9 ®)
Fih e aul qeh fo fohdl Seorag qRady o
T S e §| T T HeA st 8 @ T,
R dgd & o i W osw 99 ff wEayafad
sAfafan’ & w'd 21 o7 @agatdd YHH &1 33 2

157

forelt 9@ WEA (Agency) &1 foAT TRl o6 TRl
URH oF B &1 Ugfd sH1 @iy g9 stfafswer
WhH o B i < 1 Tl el ol B Ty
TRHT % T U] H eH 3T © TR 3 Ta: T fawm
Y Sohfia el 8l Fehd €| Lo Hafdd Ykl o forg 8n
U H e Wehd § T —

Ed:yafdd Ueht Uek I chAYI Uehd EIaT &1

9§ ferdl @ A9 (Agency) & GRT &1

IR foar ST qahar &

(%) o T T /W G @a-gatdar i
w87
7fE B9 T wreiel S — werEl @ 5o A = sea
T e A &) wfpeneti w fo=m o, 99 <@v fo
ToRH 1 foen W fer &1 feafast st | s g 2
39 YR TH HE Ghd © T Th THENE Aaima
39 feen o waa.yafda g, foa faon § oot o & @
B, SiET SoAEdt sAfafemenet o g 2
3TN0 o fau—

1
S N@+ S H,(® - NH(@:
A H° = - 46.1 kJ mol

1 1
5 H@+ 5 CLE > HCL@:
A _H° =-92.32 kJ mol™!

H,(g) +é 0,(g) » H,0() ;
A H° =-285.8 kJ mol™!
fordt of Somerdt eifufsren o o eifasrent 9
IAR &F T W TR 78 FH ol Th T
@ (fot 5.10 (eF)) 9 <z ST Hehal B

AR |y
1 P
et AH
H
SR T - H,
el TR
SRR I
srfaferan fdeme

forg 5.10 (%) et sififerar & forw Teledi-omia
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19 Tk T THION oh SR W g4 I8 TILROT
T THd © T frd wamfe sifufean o fou
el H 1 e SHH Yk & (Driving force) B
19 en Trefafaa sfufwast « foar o 8-
5 N,(g) + O,(g) — NO,(g);
A H=+33.2 kJ mol™!
C A%, s) + 2 S(1) — CS, ();
A _H° +128.5 kJ mol™
3 ffeHaTT Lo gafdd YshH Td SO
woedt ¥ gfig & U Teedi-am g gwiten e @
(fo= 5.10 (@)

wqw._ﬂp
F1 '
Q‘vﬁ?‘ﬁ AH
e 9
CEMIIEK
SRl Ly Y '?@T
w1 Fd
T AR AR

st o
faT 5.10 (@) SR A9FHT & 7T Tole-9RE

T SERN W I8 T Bl ¢ o Tedt § et
Wy & fau T gfagers wRE 7, W a@
et yeHHl o foru T T8 2
(@) Tt T&@ @yt
Tsh ol yafdar ehH < T fawn H k9 Ufa gt 2
3MeY, B9 W uH fufa @1 st WY,
AH =0 , 31 Toed & whig aReds =2l 8, iR ot
sAfafwen a0 yH @aafa 2

TH Th &8 U 1 gfEsr ¥ fadfm@ (Isolated)
2,9 < el o forfta s B, S fae 5.1 | <t
T R

Y 1H A w B, R W w @ ved
faigeti @ <wifen o @ qen weh fawrss o geres feRan
T (fas 5.11 %) 59 fawsis g S e
(fe 5.11 @), 79 T a9 o faafa @9 ot 2
&9 guF gy foeRor gof gt S 2

fa 5.11 3 914G 1 fageo

379 &9 39 YohH 1 17 i 21 faewer 9 g
e g9 o1 AR o 6w W 719 o 1uget 1 e,
@ ffv=d &9 9 3 19 A & 81 36 YR A 7 <
3R o feed ¥ @] fererd, @ A 719 B o o19] Bl
WY A fausteh e o 9] 319 feprel ST, @ &9
e IR W T Fe Thd € o fapren T o10) T
A 1 ® o1 TG B 1| €9 e Tohd & foh e w1
TR A A SeEied & T R

9 TH @ SEYR SN §: Th faaf
T o fema &t oot o g Sk sTemafeed e
#1 Y el B I8 T AEtddl Hi Tk el @l
Tt 2

T U T 3T ST Fed i a1 F &,
S ‘Tt 8’ wed € SWed TeTewEn T &
AfFeafeR €1 Uk HHERGS S99 S o folg T ot
O Fehel & for W) forelt T o stesraren o1 AoH
B U Tt e o ot stferr sremareen Brft, 3ot
& eAfeer SHe! TR BRI SRl d% Uh JEEts
Afufera 1 99 €, Tl aRed TAE st S
& T Ui (efufmas) # ¥ @ (SAR) H T

Rationalised 2023-24



SR

rafted g €1 A SRl i GEAT AR
T Y SAfees teafierd Brft, @ Tl H aRomd: ot
TR Uk qEEte Afafwar o Tt o s afiteH
sAfufshan W W Te1ell 1 HEAT o STER W STHI
fepan S €1 G § frafiaar & s i ot © whd
1 FGT Tk 99 oF AU S sTeen =AaH Tt
(welifuer Fafaa) o1 sfeen €, SWfh 9 s
Ao TR Y e B

e B T o AT (Quantify) &9 3 B
3Ll H o1l o foaRor W STeEeen i TUHT A o
e w fafy wiferst €, st 58 g5 &1 @ 4 )
&1 gudt fafer g erfuferan o e arel Soa-uRedHi o
SreA i fafy €, St T2l o1 Ssmaes! e st
21 T SWNGR! Horl, S-Sl s U o1
THedt H ®1 ¥ T2 ot T SR e
TelF Bl 98 AS UiEHA o gy AR T2 g

S ot fordt freRa 1 T @ S 2, 99 T8
AToTfee T ) ST FeRTa 1 sTegere si@l ol |
TE U ST (q) Terma o areyerer @™ ot
U9 T 1 I EH AS H g W Hafd Wehd 2
v el @ for St 1 faaor 39 am | R
3l 2, TS o & St 81 Tk $=a ar o R
o f7=1 a9 o 7R *t ga o eAfere sterazen gidt
21 ora: forelt fr &1 919 SHek U w1 S
Tfa 1 T @1 Fe qm )R feee o T
o 3 R Al 3= A W T Ia & e
1 g § ATk e 1 HROl St 81 SHY Tl
werdl ® foh Tt ufterds a9 o sgehAuTdt e 2

IEHIUNT YAl o foll 0 AS &l q T @9 T
¥ T YhR Heled ¥ Tehd B:

qrev
AS = —rev.
T (5.18)

forelt Ta: yafia wehw ok o feem wa ufee
® P TG Il (AS,,) FEfeiEd i
g o S gean 2

AS,, = ASsystem +AS,,, >0 (5.19)

N6 T o S | g, @ Tt sifieRad
B ® Td T ® ufadT AS =0 2

159

B0 %he Thd € T TH Waafid 9HH
T2 ¥ 9fs 99 9% B Wl ©, W& 9% I
HAfererdd 7 8l STy e T Tt § 9fierdq 3=
g B dfer TR Uw oreRen U ¥, o: U
ISHHNE YehH o QA B9 Tdi-ufiedd i Mo
fefefaa g @ eq R Tehd B

AS — qsys.reu

%ﬂaﬂﬁ%\‘%uﬂﬁrﬁaq&&uﬁﬁﬁw
TS SRS YAl o faT AU =0 =l €, W
AS,,, I (AS,, +AS,,,) STICHHUIE WhH
T 31 781 €1 39 TR AU, SRl Te SRl
ot o faug T el B, S AS g w2

IEEI 5,10
Fary fo fefafed & o fead =i aedt /
Tt B
(i) T F9 1 B9 FEEA § geEds g 2
(ii) Tk fF=ca S HT AT 0K 115 Kdh
ECRIS I

(iii) 2NaHCO, (s) —» Na,CO, (s) +

CO, (g)+H,0(g)

(i) oM TaEen ¥ uRadd g o a8 o7 Fafed
L e HI ©, Ad: TG T 8

(i) 90K @ 2] feer g €1 3r: T
A Tt €1 A qW 115 K 7% agre
S, e 270 T LT 3RA Y 3d € o
T HrETEE ¥ e i B 3R R
atfyen Srerafierd 8l Sl €1 31d: Tt a5
St B

(iii) 3FHFRF NaHCO, 39 ¢ TH ot T2t
%4 21 IR Th 319 SR g 1Y ) e
IERE 3=d T &1 feafa &1 gfaffua
H B

(iv) &l U S10] <) A &l 7, e Hol
o St 21 H TREEt o &1 Hid eEgeH
3TU] oF TS HIA i gl H i T=idt
W R
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ITEI 5,11

IR ok 3ifeRIeRTu

4Fe(s)+30,(g) - 2Fe, 0, (s)

T 9iEd -549.4 JK ' mol ' & (298 K4
™)

3g Afufear o T2t afeds Fomes B9 %
IUA off sfafsren w@a: afda w9 22

(39 sifafsman & fag

AH® =-1648 x10° J mol™")

&l

T Afufmar #1 o yafda

AS,, =AS,, +AS_, T YR W B 2
AS, T T ®H o fau gH ufEwr gm
STaefod o W fa=m e 8, S A He
o qed €1 T A9 T IRET shi Tidt § uieds

—A H°
AS,,., =—
% surr T

(-1648x10° Jmol )
298K

(TeeR 3@ W)

=5530JK 'mol™
31d: sifafshan o foau et wrdi-ufeds
A,S e =5530JK 'mol ™ +(-549.4 JK 'mol )

=4980.6 JK 'mol™
THH e Bl 7 TR sAfafmen @ayatad B

() fires =it Ua wa:wataan

TH 3@ Yoh ¢ T fondlt frohma o fag weidt & oot
qREdd AS,,, [hdl Yo" 1 wa:yafdar &1 o
A 7| W AR TEEE iR 5% R
o g Frm w gof A e ¥ e s
sifufeansti § Tl e T — ST o oftedd e
T Ee H H E R A T w= g A
WQ‘WﬁWﬁT?ﬁR@ﬁg@wﬁ;
yafda wehal 1 fen feifia # gehdt 21

R IR CRI

9 YIS 2q B9 T U SHNTOh! e fies
Foll 1 filsd BoM G 1 39 YHR IR Hd T

G=H-TS (5.20)

fitsst 3ol G e foreeiiol wol sereent o1 21

freem &t files & # ofedq AG,,, &l 39
YR foan s Hehdr 2—

AGygys = AHy,o — TAS g — S, sAT
feeR @9 W AT =0

< AGgys = AHgys — TAS

HHT dTelh (subscript)ﬁwﬁ?ﬁgﬁ‘gq
iRt i 39 ThN foed 8-

AG = AH - TAS (5.21)

70 YN firest St o IRede = oo # aftedH
- TUEE x T § uRedd a8 g ‘e
HHierto’ o ®Y § S Sl 2, S CHEA Y06 o 3
ool FHeheon & T ek B | FRT § T et o
o ST el & me-wy foren § ;S (AH % 9q)
H) Td T AS (STeHER &1 o) | SEr gd o
A T ) T SeR W fove el e W g U
2 fF AG 1 THIE ol &1 36T Bl ©, ik AH
TS TAS 3HI %ol 9% € [FfF TAS = (K) (J/K) = J]

319 &9 fTaR & © 5 A fFd v stfufewan
1 T gafdar 9 Hafid 2

79 W € TR AS,, = AS_ + AS

Ife T, aftawr & @iy ardig w= | ?,
qfaer &1 a9, T % d9 o g9 g gl e:
e it T § gfg Fem w woedt § %
T At

3d : REe 1 T ¥ aftedy

AH
Assun- = AI_Isurr - _ sys
T T

AH_
ASipiq = ASgys +| — T

IR FHRW Hl YA AR HH R
TAS,,, = TAS,. -AH,

total

w@d: YA 6 AT AS,,, >0 :
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SR

-(AH,,, - TAS,,)>0
THIHIOT 5.21 T YA HH T SIS FHIHIOT 39
TR ferd ST Hedt o
-AG >0
. AG=AH-TAS<O0 (5.22)
AH, #fafean #1 Tiedt § e § tas
TSl 2, S Sy Rl o fore Suetey ET B1 39 YR
AG STERTt %1 o fou 42 ot € 9 39 YRR ‘ga
Sl o1 HIG B 56 HROT 39 SAFAfenan st o Sl
off el Sl B
AG TER 3@ wd a9 W w@a.gafaar @i
FHErE Bl
(i) A AG RUHS (< 0) T, I8 YshH T&d: Jafdd
Bl B
(ii) € AG ¥HS (> 0) 96 YA 3TFd: Hafad
BRI
feoquft— =fs stfufsren o fae et afed o
B W T ufteds o oA B, sifafwen qdf
@d: e, 9i& TAS &1 OH AH o O § 31 &l
ST 98 < YN 9 B Hehel ©—
(F) o T2t ufteds &8 8, at 39 Rafa § T
aiferen BT =fel (@) oM TRt aiad ifies
7, @ 39 fafa § 7w g =ifen) g aren SR
g war € o erfespy sifufepad s=a a9 W
Huifed =i STt &1 WROf 5.4 | srfafsmanet @ To:
Jafadl W A9 oF 9919 i G&fud (Summarise) fwan
T R
(T) = 3T SsAnTfeent &1 ga Fem
T WMd ¢ Tk fodl fooifim fem o fog s
TRerde ffy= @ar 21 SHiCY, 39 YR o e o
T o1 S@A1 Tod: IREd ohi Tt o saerd
2| oTEd W Tg SOETh! sh1 SO e 21 werm frem
& g9 TR fem &t ot fafis yer 9 foman sn
Tehell &1 SANTERT o1 SO o T el § fR
;e Soerdt eAffsmard ot o = et 2
SoAerdt eTfufsraneti @ frerelt el aTdeRor H sTerewen

161

a1 It B R pe THershy Tt qied HeTenes B
2 = srfufr & wd: vafdd o a2

(=) Froer T=idt 3iv SeamTfaent st dRT fam
fordt weref o6 o1y et Y@ A fRdt of oIk i wT
Tohd &, I8 oeg HT Te IO H Fohd 7 SR ot
o esiy fagw iR fagre Tehd €1 e1uget 1 9 it
SR : TMFRIOT TR, SOHT 1 Tel S| 71 g
g1 5 TehT o1 ATOHE el € ql g8 Wi stk 3
B W € SR T 9% W 21 gEd iR W A
YR W ® Al T %E B S ) fRdt v
Torefom uard @1 au S-S W I EE SR
T & FA-IY T o v SR a1
FHTTAeRT T TeRT o wed €1 T safan g
? wiifr g W feea § gl % g 21 9
F had g frefad 2@l 9 difiq @ wifw
Hgiferen aeh 3R W wHOT <9l € fo faremml oik
stfaefiafera el ol Tidt 0 K W ¥ &1 il deR
1 o1 Hew gafoy © T 9% Shael S STl o
3MYR T IS T1eA oF e Tt A4 9fiehfaa &
o werTsw B 81 U5 e & o 98 0 K 9 298
qu%;” gl &l g w9 fopan s wehal
B | T2ITE! 26T WehR o TReher g1 /e
T qied IRehfad & o Tt s&me &l S
el T
5.7 Titss Seti-ulada o

HIHEITATELAT
T <@ b § b 3@ UhR o Sl 1 g
gfeHTor-erffeman o IR o frefeiad SRt < g-
() TR stfafswan i w@d:gafdar w1 qagaH|
(i) ot Afufwar § 9 8 e e ST

HE 1 qATAA|

39 T B STIehAvia Afufswansti | qa S
UREHT TR TSR o Tk 21 o7 B Schuui sttt
o g SeTl-9Rede 1 Si" e 2l
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‘SRHTE’ B ST Tk fae afifefy ©,
e Tk 9H ®1 3@ YR TR W @ T e
U o9 UfEY W Yola: "= W w1 IR
sfafsranet o Hed § ‘SerAviiEd’ @ o1 @ % w
T Afafsran SHT feeneti o wrer-wrer =a wehd!
2, fore for wren Tenfi €1 @oh | 399 wdtd giar € T
sifaferan < feomedl o g Sot § wH o @i =
e, S orEYd did el ?1 g et Hed ®, e
gremaen ¥ R w1 ged Sl g g A T
T &, @ R w@a: & #9 goa e & feafa §
Tfafad g smam

Iq: = o foU HERl B
A+B=C+D

AG=0

fordt sifuferan, foad gt sifveRe 19 3R
A feree | ', A fles] Sl A Ge, |reEE
fromisr @ fefafad wefietor g0 Hefod Bt 2—

0=AG®+RTIn K
FAYNMA G® =-RTIn K

FAYAMA G° =-2.303 RT'log K (5.23)
&1 I ff S §
A,G® =A H®°-TAS®° =-RTInK (5.24)

o HRMS stfafseansti o faw A He &1 A4H
AAfereh o FTeHes eral ¢ 31 uRiefad | K w1 |
1 ¥ 9gd %Y T Ud ifafRar | Afe IR S H
1 Yghd @l Bhf| SHeAadt sifafhRanstt § A _H® o
HA 3T ST T RUMHS B qel AGE 1 HH
AAfereh Td moTcAs Hofed @1 9 uiifefaa § K @

R IR CRI

T 1 | 98 AfHek 2T 80 Yool Headt stfafsrane
o T 39 K &1 30 &Y §ehd & W i
TR qOf B Tehell 21 A G HT HH AS® o HH W
ot faeft san 21 afg stfafsran o wrdt uftad = ot
2 H W@l ST, 99 K &1 A4 a1 Af9fswan 1 g
TH 9 | Yo Brf foh A SO HA eFCHS A
RO 2
TR0 (5.24) FT AT FEH W
() AH® W AS® o OITH ¥ AG® &1 9 STHI
ek, fordt off a9 W fordadt 9 9 ScEl &
yiftd o fIT K o /1 1 TOMT 1 ST Hehell 21
(i) afc warmmen # K dien & O oo S, ot
fordt oft 271 a9 W AG® % TE H1 T HI
SIE=Coiled

3Ialgldl 5,12
298 K W 3 oh 3Nl H Tl

0@~ 0,@% fw AGY & W
Tl HITSTT) 58 SAfafwan o fau K w1 A
2.47x10 %I

&l

T S € 6 4,G°=-2.303 RTlog K, T R
=8.314 JK ' mol ™

3d:

AG® =
-2.303 (8.314 J K mol™)
x (298 K) (log 2.47 x 10%9)

= 163000 J mol™
= 163 kJ mol!

ATfeTeRT 5.4 ATTRAT At T AEfdar UT d1T hT A9

AH®  AS° A.G® Ui

_ + - TRt 99 R Afaferan wa et
- — - (fr=1 9w w) =1 W afafwen @ gafda
_ - + (3=9 A9 W) I=9 A9 T Affsran e yafia
+ ¥ + (/= A" ) = a R sifaferan sraa yataa
+ + - (3=9 99 W) I=9 99 R A T yafda
+ - + (|t 99 W) Tt a9 W) aAf9fer s yafda

* ug [ 919 ©F S=9 a9 goricA® 81 fehdl faviy oifufsmar & forq S= arq sitgd #E @1 arq 4t g gekar gl
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ISR 5.13

frafafaa sifufsear & fau 298 K W 9=

e 1 O FA Sifse—

2NH, (g) + CO, (g) = NH,CONH, (aq)
+H,0(1)

fRu @ 99 | A fies St A.GS T AH

~13.6 kJ mol ! 2

'

&0 9d © T log K = ~A.G7
2.303RT

(-13.6 x 10 J mol ™)

2.303(8.314 JK™' mol™) (298K)
= 2.38

K =antilog 2.38=2.4 x 10”

30T 5.14

60°C MY W SEARSNSH RS 50% faaifsm

Bl €| Tk SHEE <6 Td 39 d9 W A
T Sell-9Rade 1 AT el

163

&

N,0O,(g) = 2NO,(g)

7fg N,0,50% femifsa grar €, @ = weref
T HicT 39T BIT—

X _1—0.5_x _2x0.5
N0 1405 TN 1405

=O;5><1 atm, pyo, =%xl atm

N0 1.5

e feerieh
. (Pxo,)” _ 15
" pno, (1.5)* (0.5)
= 1.33 atm.
k&2

S _
AG° = -RTIn K,

AG®=(-8.314JK 'mol ') x (333 K) X (2.303)
% (0.1239) = - 763.8 kJ mol '

SN TAEE T8 Hifde THE § Sel-uRadd 9 699 W@ ¢ 98 5 URadHl 1 aeeas ST
T TN ST STTAM o | g6 Her@d hidl €1 7 %l o o 86 Selie i epr ud aiew | T
Fd T THER TE Hifdeh YehH SO () ScHSH 91 SRl & WY B €, fEen w9 & (w) |
el S Hehdl 21 3 TR ST % Tad ™ AU = g + w 51 Gafud g 81 AU 9rfaes we sifam
e W TR YAl © 9U1 U ST e ©, St o w U W R hd € qe e el Tl 2l
T q U w o e fog aRaet &1 wer w3 €, 9% 5% e w61 i st 3 e o 3o € e
o1 o ek TeRTE § SE TR W TGO 1 IO Y Hehd €, T A o ufted erar 21 amaEe |
gfg o1 A w1l 1 FEEIRAr () W R Har ] 31 et A1 ScHfS ST = CAT Bl 1 AR
T T JEROT B @, o hE BT WG W = —p_AV ¥ FX & SChAUIT T H TG ok ST Ufe
% faU p_ =p &1 O W@ TH | A W, = -pdV TH SN § B 9 FHHEW pV = nRT FT TAT

FT FHd B

fEOR ST R w =07 AU = q 312iiq I FEeR ST W TIFARd S 1 Ry Tt sifafsmans
o T % foIu en FeE fer T o €1 g9 Uw S STee-tho TRl i qRefid w2l
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164 WA faae

THef-uftEdt AH = AU + An, RT &1 A1 e feer g/ = For-ufted @ faen s g 2, @
AH=qp%|
TIeh-IRadal & &2 YR | Tewel IRade (SH—TeH, arsfiehu] T8 Seaarad) = fer

9 R e €, 9= et Toiedt-aiteda @ sifirafaa feran s 21 forer wdiedt, e wdedt wd o=
e | ufterds 89 o T o1 SUAN w9k T o S Hehd & TR stfufwast § wded-uftad

ArH:z(aiAprroducts)_Z(biAereactions)
i i
T e § A H® = (IRl 1 SEy Se) -y (IR BT STEH St
FoAfAeh! 1 Yo fem wemfTe sifafsran =6t faen o R | &d FRRE 781 s, suiq 98 76l
S foh TErfTE stfafsran w1 9 o 901 2| faafi[ fem & fu Ay = o 21 3%: 89 39 &6 & fou
T -, S, T2l g shd &) T2t STedeee &1 6 €1 Ueh T@d: Jaidd JohH o fog
Hel TG g e8Il 81 T forafita e & T AU = 0,AS > 0 B 31a: Tidt afed &o:
Vaifdd WehH b1 Tasifed a1 €, STelfeh Sofl Tierd el hidl|l SEhHvE Jeh o folq T2t Gied=-Seienton

AS:CI’% 9 3d foran s wekar 21 q#ﬁ“qamﬁﬁzqﬁm%l

e ferehrer TEERE AfAfFEAT fer I@ R F €, o9 79 U STER- e fisy sl G
TR R &, S FhE o T o woedt ot @ gl A G = A H-TAS §N Fefid 2
T yafad WA % faT AG,, <0 T& §remEeet | AG,,, =0
A fiTes Soil-ufiend™ @ feeoriss 9 A, G = -RT In K FHew § Tafed 2|

THH! WEEW § A,G° FW eW W K H UH T fHA ST W@ €1 A,GS T HM HHIR
AG® = A H® —TAS° § T fFal ST Gahal B FHieh0 H A9 TF Hewq0l wRe% gl SHIHR T2t
UREHETE ®E AfHRATT, St %1 A9 W 3T5d: Fafid @, 3% S=9 99 W T :aiid S S ghd g

CIRSIRS]

5.1 e W -
FENITRT SR Hed T T B,
() S SH-uRerH % fau W e 2
(i) oEe oF v | fsR 78 #ar 21
(iii) S -3 S HT MO HH H T et 2
(iv) TSRt oM kel g W fAsi s 2
52 W% UH o wged gifeafadl o g9 o fau-
i) AT=0 (ii) Ap=0
(i) g=0 (iv) w=0
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5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.12

5.13

5.14

165

Tft el BT TR ST T -ereen H B 2

i) soE (i) T

(i) <O (iv) Gt el o ferg fort et 21

U9 o & & Ty AU® 1 9 -X kJ mol! 81 56k foq AH® &1 9 grm—
@) =AU° (i) > AUO

(iii) <AU° (iv) =0

A9, IhTee UF SEERSSH & fot 298 K W 384 Ted & WM %H: ~-890.3 kJ
mol, -393.5kJ mol! T -285.8 kJ mol' | CH, (g) #! fawem Teedt wr 2rft?
(i) —-74.8kJ mol! (i) -52.27 kJ mol!

(iii) +74.8 kJ mol™! (iv) +52.26 kJ mol'.

T sfafea A+B > C+D+q & fau T=rdt afedd s e 9= &0 9%
srffepan G enii—

(i) =@ a9 W (ii) =Faat =1 a9 W

(iii) et of a9 W 7= (iv) freft off @ =

Tk Wk W R g 701 J ST STaEifia Bl @ o 394 J e oA S 21 59
YA B T ot § fohaan aRad grm?

TF 99 SheiHe § NH,CN(s) 1 Sifafhan Sesiieis o e &1 T T AU &
M —742.7 KJ mol™ 9@l T (298 K W) | 36 ifafhan o fory 298 K W wiedt
TREdd d Sifse—

NH,CN(g) + 202(g) — N,(g) + CO,(g) + H,0()

60.0 g TgfAf=m &1 aM 35°C § 55° C & & fau fhad fhell @ o0 =+t
TRl B2 Al %1 HieR oAl 24 J mol™! K B

10.0°C W | Hiel il &1 % ~10°C T SHH T Ted-qfieds 1 01 Hifs)
A,H=16.03 kJ mol! 0°C ,

C, [H,00)] = 75.3 J mol! K

C, [H,0(s)] = 36.8 J mol ! K!

CO, 1 Te Tt ~393.5 kJ mol! 21 T 1o SifsH § 35.2 g CO, T T

IS ST ST UM HifSl
CO(g), CO, (g), N,0O(g) T N,O,(g) ®T forem weeht %aer: -110,-393, 81 T

9.7 kJ mol ¥ sl N,O,(g) + 3CO(g) > N,0(g) + 3CO,(g) & ferw A H 1
M @ HifS

N,(g) + 3H,(g) » 2NH,(g): A.H® = -92.4 kJ mol” NH, 79 &I #re forar
Tt = 82

frfafed siiwel § CH,OH(l) &1 A s-fatad Toedt I Hifse—

3
CH,OH () + 3 O,(g) — CO,(¢) + 2H,0() : A H° = ~726 kJ mol"

C(IFTe) + O,(g — CO,(g) ; A H®° =-393 kJ mol

1
H,(g) + b) O,(g) — H,0() ; AH® = -286 kdJ mol™.
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5.15

5.16
5.17

5.18
5.19

5.20

5.21

5.22

CCl, (g) — C(g) + 4Cl(g) s o fou Ceedi-uRed™ 1 Hifse ©d CCl,
C - Cl % 315y TSedt 1 7oA FHifsu—

A,,,H?(CCl)) = 30.5 kJ mol ™.

AH® (CCl) =-135.5 kJ mol .

A He (C) = 715.0 kJ mol!, T8l A H° UM Tt 2|

A_He (Cl,) = 242 kJ mol !

e faafma fem & faw AU = 0, 9% fau AS @1 grm?

298 K R 19 9A + B — ¢ & fau

AH =400 kJmol™ T AS =0.2 kJ K 'mol™

AH T8 AS o dO-fawr # feer 9rd gu sy i fhg a w stfuafswan w@m: grft?
sifafeman 2Cl(g) — Cl,(g) & faU AH T 0SQ & fag &1 &i?

R 2A(g) + B(g) — 2D (g) & T AU® =-10.5 kJ T AS® =-44.1JK
afferan o faIw Age &1 U SHIfST 3R aaree for s sifafsren wa: yafdd @
Tehell 2

300 W TH AfHA o fow @ fedi® 10 ©1 AGe T WM BI?
R =8.314 JK! mol!

freafafea sfafsransti & emeR | NO (g) o SsarTfaet Tenfae W feoqof wifsu—

% N,(g) + % 0,(g) - NO(g); A H° =90 kJ mol"!

NO(g) + %Oz(g) —NO,(g): AH°=-74kJ mol!
S 1.00 i H,0(1) &t Aeh gRfeerfaa # forfad s 2, a0 wfew o Terdt-ufiees
1 TUAT SHIfST— A H® = -286 kJ mol™
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