E2 R G CA

THERMODYNAMICS

ELE

39 Thdh o 319 o oI5 M-

freorma wd uftewr 9t 1 9| g
%, el ud foagad e 5 o &%
Hehl;

fiafies Solt, STd Td ST i THA
Hehl;
SOANTIAeRT o W9 799 &1 e
[T T 3R MO T for@ Ten;
T el § Sel-ufiedd i
w1 TE SO ok ANEH o w9 o
qfehferd Y Fohil;
FTE-%e U, H 1 988 Goh'l;
AU Td AH ¥ a1 Tnfud Y Tehil;
AU Td AH &1 9T AH= &
Hehl;

AH o faQ Ores efaer i gl
Wﬂéﬁﬁ;

faf= yer &1 sAfafswenet & foag
Tl afierds T IO T Heh|
3?9 & fer-som d9&ed 9 &t
e SR STHAN HY Fehl;
W@Wﬂﬂ'ﬁﬂwmﬂﬁ?ﬁ,
Tod: del 3TEd: Wafdd WehHl Rl
TR T Teh;

T Sl FEFAhT STaEe-he o
w9 | R 3R ghenT Sy
Hehl;

TF-oll UREd (AG) T THE Hobl;
Topd yeIfddl 31 AG 9 AG 3R 9
feeiar ® daer Tenfya & Tk

11084CHO6

TE WA ] A FAcT Hitaw fagra &, fwar fog § @qe §
1o 5T wifereh Faegial ot S7et SUGFAAT & WIS H H4T THRT TaT
ST Tl 8

arcae 3B

S $o SIH HEH T, THIE 719 A1 hiFen ol § Seid ®, d THEe
sAfafsran o A g § wuda TEEte e S % w9 o
et 2t 21 S Tk g5 | $o ot €, q9 TR Sl A1k
& wE T T 8 Wehdl & A1 oo T (Ih deA) e St
YoM Al €1 39 YhR TSl oh T &9 fore afifeerqal o wem-
T ¥ R Gefd e € T TF ®9 Y g ®9 H F€el S Tohd
g1 T7 FSON-EUON T I € SR H1 faw-asg R
SN o o Te R, f sgd-9 o10) e §, 9 waifea
e €, 7 o gew frepri 9, fod 9gd 9 o1 g €1 Fomiaeh!
79 91 9 gefud 7€ ? R 3 uftedt 59 wd R ) 9 s
B 21 78 URadehr e skl URfer ue stfeam steen @ Geifed
& Swmfash! o fm qsft @ B €, S e wrEeen § e
& 1 U e § ol wreree | S 2 R e o st
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 At AfafEa aRe o gH Seli-ufdad ohd fuifa
F € 2 I8 qRad g stuen TE? U q|Etin sififma g
Y URA B 87 TEEe stfufwan fee dmr 9 e 272
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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@gsr
ot § R w1 e sRie % 39 WM 9w,
TR Yeror 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 =&t g €1 SEifery wEifien et o
o srere w1 @l W, S e 9 sAdfean s €,
qftast & &9 ¥ e S 2l

MG : T &1 98 &3, S (61 o6 STeud
B ®, afaw o farid feran S 21

3TN o fau— afg 20w oo | sufted
yereff A Ud B i eAfufsman @1 teme R w©
st (Toe stfufspen-fason €) fer® em @ wua
(TS st ®) aftasr =1 & swam (fast 5.1)1

fore 5.1 : 9RA9 T [

w7 © T Terr siifaes dimet (S—die =
WEA) § g feran S wehdr © 41 gete § uh
fafy=a etaa o wdig e (Cartesian coordi-
nates) awaaa (set) ﬁqﬁmﬁqﬂmww%
TE OIS ¢ Toh e i oredfosh o1 shiedren
AR A HH o N R § Yk |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 e & U

379 BH T A Sl oh Gl o STER R e &l
aifferd hid e

1. Gell e (Open System)

& ga MaE ¥ el @ §3-gH &1 e @
ufest & "o fafma (Exchange) @ ®ehdl €l
3N —Ah R Th ol e § fead sl

2. &g Ma= (Closed system)

ag T o f1om wd ufew o wea g1 =1 fafma
e el €, g Sl 1 fafma e wehdr 1 SiE—
feRes o oot | ferd wmd)

3, Tacfia e (Isolated system)

& faafia e o frem ug ufast o 99 53 19
Fell— S o1 € faf e See T2 g 21 e —
e T odE v ° fod W) fem 52 |
fafi= YR o T Tie T )

RG]

-

"

() 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 9t e o forw 54 7o 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 | R 1 sTawe &1 9uiF Iqh
HIOTETE S1erl Tl U o g TRl ST B1 8H U
TG T ST HT IHF I (p), TG (V), AW (D),
AN (r) 37K © a0 T Hehd &1 p, V, T o1 STaET =1
T R e €, 7 o 5! Ui e ob adieh W e
T &1 s1aen ! qui ®9 9 qRfid & o fag
et o @edt T[T 1 I S Y STEvIR el B,
Fiifeh o 01 & Tl ®9 W qRafd 8 Fehd 81 5
TOT <t T eR 1 Wehtd W R et €1 g AR
%A 9 Y TS H T T TN i 99 H g4 S, @
T HR TN 1 O @d: FivEa 8 S @)
5.1.4 3Tder Sell : Ueh STIEAT-Wheld
e B9 3 TERR TR bt == e §, T st
%1 R a1 YA Bl ®, 99 BH Uw UH O I
TRl Bl €, S fTehr w1 Sotl a1 wlaffers
F BN TE el TEEH, Sgd a1 AitE el @l
Gehdl B1 & Goehl AN € R w1 Sl el 2l
FHNTIGRT W 3 Sfideh el U shed 2| T qiafid
B ©, el
o T H ™ ¥ yow = AR e e,
o frw@ W = frm g & fwen 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 Uiadd &1 g w1l 80 U uE e o
T, ot o ek a1 S diet | Sl
9 A1 21 T9H TR ue uRewr & Hem oA
HaTe &l 2, UH R i &9 HgIW (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 R egE darR wEerd §
(fat 5.3)1

ford 5.3: @ sgiw fAr, fgd gRdar @ ssr-fafma
g 781 81

319 B9 (T N F© F1 Hlch 9! STARH
Tl § ueadT w €1 A TR fe wt wikfies
ST A € TS THHT AU T, A1 AN Feil U, T
f5oRTT 1 TerEeN i < WohR § el Y Hehd ©—
YR YHT—AM T B Ued 9 Sl ! g2 89
1kJ & & €, Tood e 1 = 3ferwen A B
TS IEH! AT T, T W | AE 3@ T fE > T,
Hd: 99 H URerd AT = T,-T, | |l 3ol B H
iafeh H& U, ®, @ SAaRE e § ufRed,
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 U TAN SLAL. 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 SAfHeneioTen B, STel TG Whd
H fepan o i w, J1 SFereenetl | U dfierdq o qed,
Ul AU=U,- U, =w,_, &I

31q: T 1 Al el T Sferee-thed 2

THREH FFMhT § JUPAC TH oh 3TIER
YT T o € fof &l w, Fehrr @R famam e
2 9o e #1 ofiafe el o St 21 36 YRR §
Ife frem g0 & ffen S, @ w, RO B
Fiifer T 1 eTiaftes ol wH & Sl

F1 3 Tl o1 UfRfad STaee-waeHl o A
T Hhd B2 V, p T T Fs 311 URfa STaee-thef
gl 3T o fou- At 79 frdt frb & qm o
25°C ¥ 35°C T URad e, d a9-9iadd 35°C—
25°C = +10°C BRI =18 §9 &e € 35°C e ST &1
ﬁwﬁﬁ@ﬂ?ﬁmegreawﬁaﬁﬁ'{
fir fema =1 3ifaw A (35°C) T o S| 39 YR
T Teh SAoE-WheH 21 a9 o IRed e 3¢ e =&
AT 1 ek qrelsl § AT ol ST Teh SToeel-her
2, ik gEeh Sl & FdT H qREdd 39 o9 W
R & wtan @ fop drene ohd 9 T E— WIRY g,
ENEER-CUR I AR
(@) s
70 fom o fopw oft ofasr 9 oA ol = aRewr i
T L Teh ht 1 Ade el B Ui &
Tohd €| I8 il faf-ma, S qdic] i Roms &, S
q e T T T UE dick o & forg [qd o
Ge 5.14 (%) H FAC FIER a8 IR TE AR
qY] S TG Er w1 U SO e e
(fo1 5.4) R o1 o e § gl 8, W fo=m wi|

o T die 1 T I (et <en sy
s §) H T, 99 W S o e 2 ow@
a2 e, fome @ T, 21§ W ) fem ()
SN SEAMG FH g H AY-UReH T,-T, §NW

139

forT 5.4 : U o, (799 9REIET & 3IR-YR ST 67 FaTE
q9q 2

AT S Hehel B1 F8T W f Mafer el § gied,
AU= g &, Sdfeh TR o1 W i % T8 fman
T 2

TEREh SR § JUPAC T oh 3TIER
TRERT @ ST T THIRY 961 | 8H T g &FHS
B & 3R Fepm 1 St agdl © T o1 o R
¥ qEe i A TFEARd 8 T g SB0HS el 8
RoTHa: e Y Sl % B S )
() "= feerfa
W T 9 feafq W foem &, Sefs safes e
o gftad 3 € ThRI (T HToh TS SHo1- T
)1 B 39 feufa o &9 sndfes et o Uftedd & 3|
TR fora Tehd B

AU=q +w (5.1)

T fafire srewen-ufada o qRady o YR &
TN q T8 w o M 9 8 Tohd €, W q+w =
AU 9a YRfae ud 2ifag stewen W ek swam =g
IRedH & YR @ A 21 AR S A 1 ok &Y
H Fel-uiadd 7 8 (foafia feem) steiq afk
w=0Td g=0, 8 AU=0 @]

GHIHRIOT 5.1 A AU = q + w, SFHFIGR] ok
verg e o1 TfUrdte e #1 gem e % STER,
“wer Taerfia frerma @t st sraRed=ia gt 817

* qgel frrrg W T ST a1ed 1 S ek fae SR R g foRT SR ol i R eATeHes faes fean T em ifaent
FI Gl W ord oft S e T SO @ W1 © g9l [upAP A ot Tl e w1 fawifer w51 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 Fedey O e T
F Whd §, FJAMY Aaier Sl § IRedd 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 *E T foha ST, WY 7o
FT WG g T @ afew & < < S
frema #1 <eR fF9 gwR &1 7l

(iti) 1™ E0 w A 1 & fR ST W g
e &1 oA e & S IR fRe
YRR o1 e gim?

&

@) AU=w,, 3R 5 S|

(i) AU= - q, SaR ST g i
(iii) AU = g - w 7€ =% Finm B

5.2 TUANT

#% qHEtE sfafEast § NE Iow B §, S
T T HE A FH I FE W HEH Bt 2
T URadl o UREmT &1 UM TS 3R STiaieh
Fell-giedHl ¥ Hag wE Hedql B <@ fF e
Y Bl B

5.2.1 R

FEYeH Teh TR g1 fohT T T 1 Yepfd W e
TR I &1 W haicl Fifeh kT, Teli e S
FE W fo=m w3

R IE I CRIE

Pex
<
E ‘c{lﬂ:pexAV
Vi Vip s, vV
.’ ' Pex
. pexg ()
k—1—

fag 5.5 (%) faferex 4 Rerd o7re9f 319 Wt 92 9 feor
g/l 3@ P, 5R1 far o qgad &
BEER &3 g’ 9 T 8l

T[T H1E I GHSH o ol €9 J9oRfed
e fafder W faem +wd ®, food w o
et T 9 g€ 71 T 1 e o vV, T fafereR
¥ 19 H @ p T AR TR @ p, 7, S p H A
g, @ fiRed ik &1 IR 9@ % TG HaW, 59 q6
e @ p, o SER Bl WC| 4 foh 78 aiEd
TF 9% | € qen Sfqm s v oA R
g | T 150 77 e € U T 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
=p,..CAV)=-p AV=-p (V,-V) (5.2
7 e o 3 gEfan srevew § fE
qRUrE! (Convention) o AR Hdled ¥ ™ W
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SFT T

1 B TR, S EARHE B RS (V- V) A
FUMCHS BT STe TS o T T T[0T &,
 w T T YACHS & Sa|

g Hpad o Todsh U8 W @ feel 7 81 1§
%3 Rt uel o sead @, a w1 gEe qg
H g HTE H1 AN B TE Y pAV o T B
[fos 5.5(@) 11

I @ feer 7 8 T 39 YR a5ad 8 % 9
TSN & N % <@ W aged ifen €, q9 G
o Y U8 H STEAA STHAYEH Wl dV ST g
fearfa o 19 gr1 fepw @ 6l &Y o B W fefafe
ot W A T Hehd B—

w = —
Vl

p.dV (5.3)

Vi ST (V) v

forg 5.5 (@) SRR &7 R 7s1 4 a5ed gu Sifter
T W Ry T 4 3ifaq engad a%
T d fHar 7 F g &

Hpad § p_ T&F U8 W (p, +dp) F T B
[fe 5.5-1]1 ¥ uRfeerfaal H geeor | <@ g«
AR <« W A FH B, G p, =p, - dp
= ¥ § &H o Tohd & 7R p_=(p, + dp) T
A ‘ISHATIE YhH' HEdd

141

Vs 3 (V) v,

ferd 5.5 (1) pV 9% & GRIYS &Fd V, d V, %
YgH & fo7Q SewAvitg aRfkefaEl | ermar
T3 gU STEeR JM6 T 379 3T H [l T
1 SRR &7 9 AT T 2

Tk WehW o1 URads auft ‘Schuuia uehd’
HEATT &, 5o 39 ferdlt off gror arfagen afted=
o T Sehidd (Reversed) foham ST HeR Th
ITRAUITT UehH why ATETERSTt U 3aged Tfa &
30 TR 3 wgar € fon Frerm wa ufider e
T WrEeRen ¥ TEd €)1 SohuviE WehW o
fafiad o7 AR WehHWl Wi TSRV WehH
Fed €

T wre | agd | UE geed o €, R
T H o ToU ®1E, 18 3R M o oAidis <«
o URER HaH 1 SEvgE gSdl 2l

TH THE 5.3 &1 fTfafad 5eR 9 foaest
Schavia uiifeafaal § = &1 oTafis <@ 9 dag
F Hehd B

Vi

Vf Vf
Wiy =~ J- pede:— J‘ (pm idp]dV :_J- pindV
v v

Vi

(dfeh dp x AV 1 5 0 ?)

Vy
W, = =] PadV (5.4)
V.

379 79 % T p, I AT T GHR gR
TGeh 3G o Ual H e TR S Gehdl g1 TR
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et T % n WA % T (pV = RT)

nRT
S>p=—Ho

d: T R a9 (IHAUET UhH) W

Vi
dav \%4
W, =—[ nRT =~ =-nRTIn—
; % v

i

Vf
= -2.303 nRTlog 7,

(5.5)

HFIYEIT : T 1 faid § R/ (p, = 0) Jo TER
el ¢ e TG o qord TGO | hiE e el
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
FE YR § forg Fhd B

w=-p AV (HHH 5.2) I GHHT 5.1 F
YT & ™

AU=q-p AV

e Yep LR e W8Il € (AV=0), 6 AU
=q, qvﬁWV(Subscript v)?%ﬁ'cﬂ%ﬁﬁm
feer 3TFd W 98 1 T 2
TSIl 39 AT GeiT T GHATHIT FETOT
TH AR TG T e TS WHATTE WEOT U
(T= feerger) &, w=0 %, it p,=0 21 5[ = wAmi
g fFwifi fFen fF q= 0%, gafem AU =0 B

HHII 5.1, (AU = g + w), Sl THATIE SChATT
TS TIGhAUIY YAl o U 39 YRR =Fad fhar ST
ekl &—
1. A STIGRATIE TehH o fag

q=-w=p,(V,-V)
2. GHATIT IHAUT YA o o

\% \%

f f
g=-w=nRTIn % =2.303 nRT log %
3. TG Y o felw, g =0
AU=w,_,
3qlelul 5.2

10 atm ¥ 3R 25°C 9 W ferel eyl 19 &
3 forex wHarda &1 9 fefa o 99 9% yaia
B &, S I ST el A 10 fak 7 @
ST 36 TR0l § fohdl Sl Sttt et @
T fepe s fepen ST 272

R IE I CRIE

T

T W € fF g=-w= p, (10-2)=0(8) =0
i T TE B TS HIE HOT TN TN
B 21

3qlelul 5.3

IfE Tt TR0 § feeR 91’1 ]9 1 atm &1, @ FA
BR?

&'

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

3ETEATT 5.4

g IIEIOT 5.2 H TS JEROT IShHAUT ©9 F &
qr = 'rm?

'

TSR ¥ RFg=—w= 2.303><nRTlog“//—f

=2.303x1x0.8206 ><298><10g§

=2.303%x1x0.8206 x298 xlog5
=2.303x0.8206 %298 x0.6990
= 393.66 L atm

5.2.2 WEGUT Enthalpy (H)

(R ) Teh SUARTT AT STARAT-eA
T W4 ® for TeeR e W erawiiftg o eniaies
ol § uRedd & qod, i AU = g, Bt §, W
srferenTer TamfTe srfufsrame feer st T g
TARS , TEat 3Tfg § feR argreed g@ 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 §, 9o g 9 @
Torsl B T H Ueh Sfeee-Te 8 (H.U, pT& V
1 Her S| A Gt STeE-thed §) | 39 YR AH 99
Tods TR B

feer 3@ W ufifa afadHi o o e 5.7
%! feran s Fehar 2

AH = AU + ApV it p feerier €, om: &9
@ Hed &

AH= AU+ pAV (5.8)
JeciEd ® fop o feer <@ W o sraeifia g
2, @ =ened o en Toedt # qiads " © e g

IR W ok AH = g, TR <@ W e
T @

FETagr rffeRamett o fow AH RO
grar &, et stfuferan o SR wor St ar
? Td st srfufsraned o faw AH SR
T &, W&l URAST | FOT T FAINTUT BaT 2

TeeR 3 (AV=0) WAU= g, 3Fd: FHIHIT
5.8 B S €1 AH=AU=q,

3 Teprar, fS oheret 319 =1 5o Wy Bt &
T AH Td AU & A&7 AR d1efes e sia1, Fife 39
TS gal B TRH 3 W A | hig a9 aledd Tt
Bre| A e eraren 8, @ g ST wiefe 81 S
21 B9 T U i W famr w ® foed T
wfee €1 feer 3@ T @9 W v, 5 sifafwaet s
TSV, T IR BT P ST B qel n, THE
SAfafoei T n, T SRS % Hiel w1 ger @,
ar emeet T e & SHR-

pV,=nRT
eH JhX pVB=nBRT

(5.7)
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a0 pV,-pV, =n,RT-nRT= (n-n)RT
p(Vy-V)=(n,-n)RT
pAV=AnRT (5.9)

Tl An, Tl SRS % Hiel i HEen w1
sfafsraent o Al #1 TN H AR B

THET (5.9) W p AV HT qH THIHWT (5.8)
¥ W W

AH = AU+ An RT (5.10)

THIHIOT 5.10 T YA AH 9 AUT AU AH
1 T A B | oA s 2

SETEIUT 5.5

SaT™T i e T 7MY W 100°C TE 1
bar @ W TH HA SA o AHHOT o
gfedd 41kJ mol ' U= ATl STAfR
SI1-9REdT i AT ifSTe, STe 1 Hid ST
%l 1 bar ¥ Td 100°C TR arsdiera foha
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 ferdiol o7 9w
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 felu— a1, Seel, 1@ S1fE T8 707 €| Wier
o1 ¢ TRt fepm o T Hie o 07 o HF o gl

o 17 5 H A 0 B, A A =, S5
T A § WA 1 S IR HER S V, T
HeR Ferefiar ¢ 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
! AIeR SR Cm -< T Hict i SEATERA

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 hEd €, o8 SO €, S SohTE AT ob feRdl ugre

Nol<
H
vol<
ﬂ

(@)

T 5.6 (&) 79d7 V U9 aid T R TF 19, (@) G975/ & R S7ad &1 S77e1 &1

31§ Afs favSie oF g ST ofen Y fea
i (Tt 5.6-@) , e ere 3@ v/2 @ S g,
W I8 99 T & T 2| ;T € e
farediol o1 2, Srefer dmg e o 2l
(1) FeTETREr
39 3UES T BH 2@ © T Tk ol o7dfid o Sy
I S 1 AR T SR S WE v T W, @ 9w
A o gfig oF w9 § qieterd g 2l

a9 o iy fafq Ho o FHE gl 2l

q =TT x AT

UMk 1 AH M o TR, Feed Td ehfd
W et e 21 39 B TW ywR ot faw wed €,
'‘q=CAT

Tel Tk C R FEIfEr’ wed )

39 YRR SOEIRA A1 8 W &H i g hi
A9 HT YSd SH A FL Ghd

1 a9 T feilt Afedqad (N U hfcad) s@M &
fau ermavass el @1 fee ugiel @1 A" ser %
3T W ETIH FH g TG F b I T&1ed H
fafete w1 C * &W FFAM m TE q9-9RedT AT

T Tom Y €, Sl

qg=cxmxAT =CAT
() T 31ewt W & fag ¢, v ¢, # wam
FOIRA 1 fEeR e W ¢, | T fEer g W
C, ¥ oifehd et §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)
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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 Td AH <Rl HIAT :
Shentata

AT Te e TehHl § Gated i, IRed i
(Calorimetry) Wﬁ%l Wﬁﬁﬁwwmﬁ
foran s 2, o/ ‘ Shediieiet’ wed 81 sheliiHie T
%9 o T TG H S @l 71 5 hi SN Tol
HARIHI 1 SOATIRAr I €F W arg-9Red o
SMUR R YehH W Icq= HoAT 1 1 ST Fehell €1 HIIA
T feafeai & fore o €

(i) feerR-emad W, g, (i) ferR @ W, g
(&) AU T °OF

TErEfe stfaferansti o forg feeR staas W eTemnfia
] ST HIOT oH ShelIHeX (Bomb calorimeter) i
foran <mar ® (fet 5.7) @@l ww Wiel &1 9 (SH
HARIHI) STt W g S €1 L 99 o Ao
JaTfed T Saaeiiel Ufaasl (Sample) i STl STl
21 e # Scom S STl 1 3faid 8 S 2
SHh 91K S H1 A9 A F e S 21 i o
HARIHR QUi o, € oFd: THR MFdH W IS
ufads & BT 3R i€ wE T R S 21 awt
e o TIEl o et Tt stfafmanet § off wig
% T B iR AV=0 Bl &1 eIl 5.11 i
TR § FARIHIS ohi FOHTERAT T EF R Arq-aRed
&l g, § Rafda wX faan s

145

mﬁ,ﬂa\ﬁ
HERT e
_ \
) L
o TIY-ER
\ \
yfaest
EL Fr
<@ Ffed
CiEasSEl
mia (5 9
fag 5.7: 99 Seddiet

(@ )AH &7 |HaAT

TeeR T@ (T SgHSd 1) T IS TRedd
o= 5.8 ® 39T T SheARiTeR gR AMGr ST Tkl 21
T WA § foF AH = g (feer <@ W) | o7: feer 3
R IHId el STavifyd oA g, stfafran e
o fafeRan 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 w5 weE @ 21 sHle g
SRUTCH BN 9 A H i SRUTcH &Nl 36l @
STt ifufcranet # S sferiiia gl o g
SR AH T e g

ITEIW 5.6
frfefad @il & oER, 1g U®Ee @l
SIS 1 3TUehd § latm @ T 298 K W
9 SheAHI | <@ HIEE S 2l

C ( IR ) + 0, (8) — CO, (9
srfufsrar o <R T 298 K § 299 K deh el
21 9 a7 SheRIHI &1 SoaTeniar 20.7 kJ/K
B, @ S sifuferan o faT 1 atm 3@ W@
298 K W TEedt qiied == eim?

&

T SATHT | 9 SOAT g Te SheRIHe i

FHENAT €, €, T ShellHIe g Taifoad

SHTHT,

q= Cyx AT

1faferan 9 Wi ST ST HIF SEE BN, W)y g

FHUMCHE BN, Fifeh fepma (Afafswan-fasorn)

SN USK SOAT ShelIHIeX gRT T&UT i 1§ SHoaT

o god B

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

(TE moeHe Tom tffsnan o Somed g i

@ w3 ©)

37d: 1 g IhTee o T8 & T AU=-20.7 kJK

1 |t AHEE ok @ & fau

_(12.0 gmol™')x(-20.7kJ)

= v

=-2.48 x10”kJ mol ™"

B Ang = 0

« AH-AU=-2.48 x 10°kJ mol "

R IE I CRIE

5.4 stfaferan ok fau wEed

uftad, A H 1faferan 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 Tt 1 ) — ( sifafsharent
HT Tt w1 4n)

= ZaiHm - ZbiHafW
Fel Y (famn) fog &1 3w Sied & fau

fohan ST € TS a, T b, T THIETT F HHA:

Affshaehl Td SRl o WERRAE onE € eI

o fau— frefafed sifafean d-

CH, (g + 20,(8) — CO,(g +2H,0 ()

AH=YaH. . ->bH,_.

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

(5.14)

2H_(O,, g)]
el H, HieR THed €1 Teedi-ufiedd T a5
I U 21 e T feer A W R sienfien
qaEtTer ifafsran | SeaA A1 viider i ASH a9
T 3{evaeh 81 SEh! Sevshal U TEeieh i ardig
fefear 1 oA A o Tedt ©
(= ) 3tfafsran =t Ares et
ol Tt stfufsman w1 e aRfeafaal w fsfk
FA T 3T g AT § fo 79 o Ak it
i fafése Y| Tt Tramafes stivrferar =t e
Tt a8 TOeU uleadd §, wia oafuferar § |
AT @it uaTe STUAT Wieh aterernad W gl
Tt uarel it wHes sraven fadt fafde am
T 3T 9% IE ®U 8, W 298 K 1 bar I W
T AT B 3SRl & feu- 59 Ut #i A
3 298 K TS | bar W Y 59 el &1 <Al &1
A -3TTEA 500 K TS 1 aR (bar) T YE S Bl
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21 3ffhe WA: 298 K W Tty s €1 wen uffeerfaat

% AH R g8 © (Superscript) @& e TR

ST €1 3 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 ToIadid WehH Bl € el

Ial & A oA afiewr § el S 2

ufe Wt 31 uaTed & e § grerer Tt
gftads & ueted @ oM TIS A1 Wer e
T A, He FET A €

Al T T SHOARIS Bl §, ofd: Wl e
TOfeTd] eTeHeR Bt 81 STel o SToeR<ol | oAl
STITIHAT BT &1 THoh FaLMIh T, T FEoR 6 W
H,O(l) - H,0(g): A,,,H® = + 40.79kJ mol™

A, H® STOFET Y AAE T 2

(T, SR T, HERT: eIk TS FEIE 1)

foredt g9 o T AT T ReR 9 U AR T
(19R) W SUAiehe St oF foTT STayeh o1 ohl SHehl
A T o AR S0 T A, HOHed 8

147

Feduad | 2/ @Y € T H 95t 9w @1 23|
e SRS A1 [ o (dry ice) A_ H® =
25.2kJ mol "' & WY 195 K W Feduifead 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
qREd= o SHH! A SeauraT Tt Fad &l
TEedt-afiads 1 7 359 ge1ef o Sfai-eaufae Sat
1 emar W FAei wear €, et waeen-ufed @
@1 21 ST o fau— et o S1upei o Hem Sufeerd
T BISSIS a9 SHhT §9 AT § St oF ST[3Tl &l
Haerdl § oY @d 21 et g9 (SH- UEieE) |
SiR-anfvaen fgya-feya o= foean fave €9 &
qat Bl 81 39 YR $Heh | Hiel & oodiehd e o
ST oF 1 il i TSdiehd B ohi Y& HH ST Hi
frEgshl Bl €1 |Roft 5.1 | o ugel i Mo e
AHRTOT T HFH Toedt & TE )

3TUT 5.7

Teh A (Pool) | ket ol il 18 g Tt
%1 T ¥ @l (TMen) 1 T T hl 298 K W
iftad g9 o fo fohaet oA eTawass gi?
298 K WR STSHIeh0T i AR Sl hi TOMT
Al

WU 5.1 I TG o0 & {0 qeh Toedt aied 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 D3SH

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’
T

TSN o YhH i §H TH ThR TSR H
Hhd B—

H,0() ————— > H,0(g)
18¢ H,0 (1) § e #1 wem - 188
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 TRy NE WD €U MU shife fw
100°C @9 3R 1 bar ¥ W 1 mol Se-aTq i
0°C a9 &t o § age | Ak ol § foha
TR erm? G 2 fb o @ Tem wed
6.00 kJ mol ' 3R St 1 Fearenfir 4.2J /g °C @1

'
Tfads 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 gieda 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 '

S STIET W I Iae H yRedd sF W
HFTA § T10g IRed gl § o1di—
PAV=AnRT=0
=AU =AH

=-13.56 kJ mol '

(M) Ares forem Tl A He
feret <ifiten o TeR It AT SHak €1 dxal, ST 370
o Wt wu ¥ fed T oE (W ®U A
‘Hau-srerar’ of weEd ?), ¥ ¥ forfom 7 W
FHETe AT TEredt Uftads ol SHeht Bk Hie)
foem Toeh A He a1 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 (ITE2, 5) +2H,(g) — CH, (g);
A H® =-74.81kJmol ™'

2C (AL, s) + 3H, (g) + %0, (g) —» C,H,OH(1):
A H® =-277.7kJmol
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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 SWie e stfafsmansti § 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
hfceem wEie i fawee 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,

149

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 & 9 &, A, H® =2AH°
Hferd FHieRTo | HE o] i 2 9 faafea
%X HBr(g) o foed Toedt & forg et 59
Yo foran S Wk 8-

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

TRl 5.2 S TA T URTEl Wi 298 K W W Hien feve Toed, 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)a(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
H20(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

Reprint 2025-26



150

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
Tretiase | faufed & o foau feat wom
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 HEO Ha U6 b HAEW:
sAfaferaen T SRl o oNE T SIS THIH
1 ShicHaH e o foeeT W @] #id 21 78l
ald b 31 %I 3d:
A, H® =A H®[CaO(s)]+ A H°[CO, (g)]
—A;H®[CaCOy,(s)]

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

= 178.3kJ mol!

3d: CaCO,(s) 1 fasres Sroamdt stfwfsman
21 o7d; Sfond e U & o folw S9! 39
TRY AT B
(&) SERETEeR qHIeRIuT
Toh Hferd THrRfeR iR, fred 9o A H %1
= ot fean o @, ¢ SR SR’ e
21 B9 U G | ugel i wdifde steeend
(AT Fraeq o qY) Ff FEe W 2
3T o fera—

R IE I CRIE

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

IWFd e ff¥=d a9 @ 9 W 349
T T S W1 1 Toedt URed 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 Ui o
Tl %1 S % §ed § 21 81 O T
ufed A B 1 3 kJ mol ' Bl 21
SR ¥ROM hi THAH o foau g9 f=fafea
st o foru stfufmar—sroar 1 ToMT | 8-
Fe,O, (s)+3H, (g) - 2Fe(s)+ 3H,0(1),
e foe e 1 Aol (5.2) 9§ 89 U B
A,H® (H,0,1) =-285.83 kJ mol;
A,H°® (Fe,0,,
AfH0 (Fe, s) =
AHO(H, g =
qd,
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 Ys He
2 S 3faa wifrafufa TRl (Stoichiometric coef-
ficients) % & €1 A P 1 TS kJ mol” ¥, feat
a1ef ﬁmwgﬁﬁa%lmwmwﬁ
TEEh TR o1 Ffeld T od €, a0 J8 STfsha
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 feau—

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

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

(=) 7| & frem

<feh T T ST €, 37d: Ted qied
RIeh STereen (fehrehl) Sifcm stereen (Scumel) i
W A o 9 W WA e g1 g s - Th
sifafsrar 9 Tk 9% H = A FE TR HT @A H,
T ufedd M el 71 39 ‘29 fem’ o w9 o
T YFR e Tohd -

3TN Ut H B arett ferdt Tramaten srfaferar
i AR Tt 37 |t srfuferametl it W A
W ureR feuEl st A gt €, T 3| waot
atfferar ot fawfsa femar ST Hemar 21

32T, &9 39 79 1 A< U 3T o g
gl Frefafead stfaferan § woed-uiads w fo=m
HIEF H—

c(ﬁm)+éo2 (g) > CO(g);A,H® ="

Tl CO (g) T9@ 3SR 7, Wy 79 aifafeman o
FB CO, T THI I Bl 21 37: ST Afsham
& fou & Toed-ufadT &1 @Y a9 T T2
FR Thd| A% 79 1= W fufmard ge e, o

151

Heiford Taefist =, df Sued GHiertor H THed-uftad
1 ufiher foran S Eehal 2
19 &9 ffafea sifufsmenet w foer =@
%\’_
C(ier=z,s)+ O, (g) - CO, (g);
A,H® =- 393.5kdmol™" (i)

Co(g)+ %OZ (8) > CO,(g):;

AH® =-283.0kJmol™" (i)

T SUUE THIHN i 38 YRR G I ©

for sfoa aifufsran o &1 wu <€ R T A

CO(g) W ¥ o foTu THiehTun (if) i TH STl Hid

g, fod ==t e 2H 61 oo sraeiifoa gt 2l
Id: BH A HP o WM I fog 9= <4 €l

CO, (g) - CO(g)+ 5 0, (g):

A H®=+283.0kJmol ™ (iii)

HHERT (i) TS (iii) T SR F Srosd THIHIO I
W B

Gt 5)+.0, (g) - CO(g);

g9k faw A H® = (-393.5+283.0)
=-110.5 kd mol!

=9 &9 ° A5 Th Ifafea 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 & g ®1 fffe w5 wedt &
THHTOT HET AU Bl 8
(%) AHH SET TIST A_H®
T AR Tpid § FoEd B €1 3 sE,
Jone, fomm wd Sie o 311 eqsti § Hewayul gt
2| UM <8 Ted i 39 YRR TR e S
2 o5 e forddt uared =1 wfd At 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 & § 2658
kJ S fe et 21 3Heh fou en et
srfafeman =1 39 YR forg wehd &

1
C4Hyo(g)+ 33 0,(g) — 4C0, (g) + 5H,0(1);

A.H® =-2658.0 kJ mol ™

T YR M h T8d ¥ 2802.0 kJ/mol
o fdaa et 7, fogen forn e 32—

C.H,,04(g) +60,(g) - 6CO,(g) + 6H,0(1);
A _H® =-2802.0 kJ mol™’

TR YRR H ot S8 o YohH &I e Ao ¥
Tl Scuel Bidl §, FEfy 3ifam Scurg e WehR @ Sffeat
Sg-THEte sfafEmest w gt ¥ 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 T84 o SWid CO,(g) T H,O (1) 5 &
qM 3267.0 kJ FoA1 Ffe @it @1 Si=fA 6
fore e forem TRIed &1 UM ST CO,(g)

6C (IwTe, s) + 3H, (g)

R IE I CRIE

TS H,0 (1) & foau o9 food Toeht &
TF HHI: -393.5 kJ mol ' T8 -285.83 kJ
mol ™ %I

T

aie 1 fatem feAfafead o @ fon
Sl 8-

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

| A aie o6 foe < weedt g

CGH6(1)+%02 5 6CO, (g) +3H,0(1);

A.H® =-3267kJ mol ... (ii)
1 W& CO,(g) F forw forem Toetht 38—

C (dwme) + 0, (g) - CO, (g);
A, H® =-393.5kJ mol ... (iii)

1 Hid H,0 (1) & foe for=m woedt 8-
1
H, (g)+502 (g) = H,0(1);

A H® =-285.83kJ mol ... (iv)
IR §ii Sl 6 F T iv ! 39 TN HH N
6C (i) + 60, (g) — 6CO, (8);

A,H® = -2361kJ mol ™
3
3H2 (g) + 502 (g) - SHZO(I);

A, H® =-857.49kJ mol™
ST AT FHIHIN hi Sigd T

15
+3O2(g)—>6002(g)

+3H,0(1);
A H® =-3218.49kJ mol™ ... (V)
THRTOT ii Rl ST HEH W
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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%

GC(a g2) +3H, (g) — CgH, (l)i
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 o o 224 ¥ H ] 9 eid 81 56 Fieha
H B 9 TAed-ufer™ w HUH T, A He
HEd €| I8 T srereen § frelt off gl & wh Hid
o ufeerd mee ot quid: dieshy TAMET | a5e W
B ATl TOT-afiede 81 S <Y 7T SEEEg s
S fguATes STuetl i UM el ST Sy
e Toedt «ft gt 31 U T % 5w 3T
SereRu Frreferad 2
CH,(g) - C(g) + 4H(g); A H® = 1665 kJ mol!

Ig =AM 37 A 91 € 5 TR SR Shaet THE
e W ¢ 3R H A B

Na(s) — Na(g); A H° =108.4 kJ mol™!

79 ST H HUF Tl 3R SeEua Ted
T g9 2
(1) amEE TS A, HC
A fafsmeretl  TEmEte ey 22d T W g
aTee] 224 o ToIq STl o1 SRl il © 1R afrelel
a1 H ot e gt @1 ferelt oft sifafemen 61 s
F) TR AE T TE T e A e
TRed G gl S ka1 {1 TEEAF e I
TOed-ufedl o fay FomfaRT W < ST W]
IR BId B—

() erere foriem wroedt
(ii) HTeA ey T

153

S A ITAT A AR T g
supst o Hey | wi
fguraroyes a0y : ® fefafed gfear ) faar w3
% A SEERgSH | faeme gt ey e T

H,(¢) —» 2H(g): A, ,H° =435.0 kJ mol!

3 ik ® e aren Teied-ufedE H - H
A& i ey foaem Q‘é’j?cﬁ (Bond Dissociation
Enthalpy) 2

ey faaem Tt 37 ufshar ® g aren
e-ufteds €, foad fdt e weaee
iR oF Tk WA e et THT e ol

& 2 foh 78 Ted-aReade iR SEergeH i
HUHA TACH T T 21 ST Tl o Tupsti
o forg «ff 7% T B1 SSreRoned—

Cl(g) — 2Clg); A, H° =242 kJ mol"

0O,(g — 20(g); A, H® =428 kJ mol™

TEIHAIE U] H 3TEY s el ol AH Th
a1y & = 94 o o fa=r g 2
SgUTHIUI: 37U] (Polyatomic Molecules) : TH
T TEIWHNE Y] (S¥- CH,) W fa=R &w g
THoh UM o TIU SoAHElTeR STafshal 30 TR <
STt B
CH,(g) - C(g) +4H(g);

A, H® =1665 kJ mol ™’

I | 9R C-H 31eY TAF €1 3afag 7eH 370]
H |l C-H &l Fi SMEY-g0 T Aae-Fel ot
Teh HHA §, AU Y&eh C-H 3T i digd o fag
AETTH S o-foet €, S e & 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 e 7 ok fafew 2ifmet,
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 SAfYR 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 ©, 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 ST Te stfufspaent i eteiy weifeudi o 5
TR Gafed erdl 8-

R IE I CRIE

A HO=Y oy Tt o e T
(5.17)**
TE Hay IE GHY faniv SUEn Bl ®, S«
AH® &1 9 A A @l TRt sAfufwa w1 g
T -uRted sq erfafwan o sifufras st o
geft 3Teell i digd o AU STavas Sel Ud Sedml
o TSt oF Al oTEHl i A ok foTu Tewah e
1 IR B 2| &AM © o e Taiel o we 1 9w
U §EE Ar] B, w&@ eAffeRr H o9l uwred
(sIfafshaes Td S@R) T sewen | )
() Teter Tt
TH St A # See Tl o' Toed
IRedA ®, 56 Teh Hiel SA(eh ATk Tt sreen o
A A | it gia 2

ARUM 5.3 () 298K W B Tehel A&l o 3idd TIR 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

WRUMt 5.3 (@) 298K W F G 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

* gz F- ey fFEe TEedt qUr iiad SEy Tt & 7Y GHH g @1 gANT e S gl
oy g orae faved TS (AHP, ) F WA W, St AT wAel g7 FHER 3 TH AT e a7 #H

Tiedt-RadT &, aa AH® =) A HS

(e}
H e 5 e~ A H ot 5 s
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<fer STTeteh Tedt 1 JanT g1 e 91w
FHYE B, 36: g9 U W fafd # SwE w1 €,
BT T TOd oN@ S €1 SH aiH-gel eIk
(Born-Haber cycle) gl STl 2 (fax 5.9)1

Na'(g) + Cl(g)
t . )
g 1/2 AporqgH 'IE
2 E | A H
2 2 eg
Na'(g) + 1/2CL(g) g
-~ <
- P
g | AH
2
©
5 Na'(g) +CI'(g)
a
Na(g) + 1/2CL(g)
?“. % Asub He
% g
o
¥ & Ao H
a(s) +1/2Cl,(g)
5| AH
- g
-
¥ 2

NacCl(s)

forT 5.9 NaCl #1 Sias TSieqt & foru T-eieql siRE

3T, &9 fAfafed 9 § Na*Cl- &t S
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) HfSaH T T AT
T

AH® =496 kJmol ™

3. %Clz(g)—ml(g)a(—vﬁﬂ'—r 1 fodiem| 59 Afufwman
FH T Ay foRieE e w1 ane 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 € arad § 4 9% SOATaent 9
& ford T ¥ Tee T TS kI e S et TS
S Sdl Rl T YA fohan Sirar o (S <fEm)

T Fell ol gelagaear
ST el Td Soiae el Ta1 hl TR ¥ qaHH
R gftefia foram e &1 forelt o= aroe W SR
O ITYhReh] qUT STURT i SHOHTETRAT i Tl
Y uRtesfera fran s wekar 81 Freafafeaq sfafwa o

M(g) - M (g) + ¢ (3T o faw)
M(g) + € — M (g) (3TN & fau)

TOEE T R Tedt giads 99 fo@ geieon &t
e § UReRfad feam s dehal a—

T
AH°(T)=A,H®(0) + [A,C2dT
(o)

I ifufsraetil 9 & W e et &b
FEEE C,,5/2R (C,.3/2R) | THfAT
ACS=+5/2R (T & o)

ACS =-5/2R (3R A=l o foiq)

TH YHR

AH® (ST TT) = E, (SMFHH o)

+5/2RT A H®°=-A (CdRHaYd) -5/2RT

5. Na“(g)+Cl (g) > Na' Cl (s)
3 fafe=1 wei =1 % T 5.9 o <wifan @ 2l
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 (Fifeh 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® "'Ahdee

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 & sga *d
FeT-afierde g 2l
(=) faeram-Taet A, HO
fret Tqd w1 foeEA-Ted o' wed-uiEdH
2, S THeh Uh Wil i Toremae w1 e wmn o
Hed R e {1 e agan R faern-rdedt o7
T ufted €, 5 oated i faemas w1 e W
o ST Sl §, St S o (A foer o SrogEt
%) Te F= TR T Ell

S Uk AR AT i faeaes o =ien s
2, 79 3Heh T foheed Siete § 19 fafia feafa
1 Bl 3d 1 79 A foer o atferes o e €, Wy
I THT A A 1 faee i (faemes Sia |
STeftreRtor) off el B1 39 Ueh STk Afieh AB (s)

% fau smEa w9 o <wfan T 2
AB (s) —>A5"lH A'(ag) + B(aq)

A H® ApaH®

lattice

A'(g) + B9

3d: 5 § AB(s) 1 faoed woedt A g
SeATFeRT T, A, H o WMl 5N 38 YR o6
HT S FHdl T

R IE I CRIE

A H = Ayyice H + Ay H

sol

sAferenter emmafter AfTehi o foaw A H oFS
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 o SAM ey Settell (TAfeTal) T S
Fetted (Tfewdr) w1 grivE & STEm g fey S
Tehd &
(B) TIHT S T
e T € T foer-oedt, feer @ 9 g@ W
faoa &t fordt faftre amn =i faemas =1 fFd
fafyre omen & Hie @ B ol Toedt qiedH
Bl B T8 U S W GIUA o o5 fRd oft
foems o fau @ e s @@ @1 T
gEgH % 10 mol i 10 mol 9l § e &
B ATl Tl qfiden frefafead SR gr
for@n =1 wehar 81 gl o fow 29 S 1 aq.
9 TR &

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

ey &n frefafad woedt aRedHl o aqe
H 3R =M )

(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 faem-woed
1 | ffar foerm 6t A7En B 81 S-S
foer &1 eifuss wEn WS 1 S ©,
foerA-Toedt S o9 a9 TgEd St @ A
3dd HMEAT doh ddeh Ul dlcAl HHAI 6|$§|°K’1|r{°h
A & folw o7 SWea e (S-3) ° e
T AH % HH B

Reprint 2025-26



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 THeM WX arder 9 o st 21 faerm
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
AR THieeha B 1 orEdel § Wiehfaeh ®9 9§ gl
ft TEEteR o1 ifder TehH T € e i 3R o
e TfYa 8, ayaiad il 330 o fau— T
9 o1 YT TIM i W o Telq TEOT, hieA
SIS H STeteht hie SEsiieIEs a1 S|

T o1 3 a5 W TRY 9% I IR T T
T T I F W T R wE A w@a: g
&l it A he SESATHAEE T his 1R Ao
¥ ufafqa =& grfl 9 YR o 3T Wd:U%H
TenTeeiia afterds gwiid €1 379 99 Soal ® foh wm:
@WW@FWWW (Driving Force) <=1
22 UF Ta: A i fen k9 feifa e 22 T
@e 1 g9 3 YAl o foau Amce fuifa 3 fw 3
e ® HWehd € A1 Tl

B BH HHEAl =fet ff T wafad W
2?2 9 W FY Y AW T4 ¢ fF w@gati
qEEfTR SAfafwar o ®, S SifWehienl o Eeh 9
T & B ol B B SRS TS eIggeH o T
%1 Tefa =1 oid €1 37 790 61 HH % a9 1/ e
Hh 3ME aul a% foa fordt Seetaa aiada &
W S "Rl 8| TEf s Hew sifafEA B @R,
R agd & i afd 91 3w q@ off ‘wagafia
sfafsran’ & wed B o1 T yefdd 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 yafdd
TRHI o TR TEE] § &H @ ¢ R 3 T oTo famm
Y IohiHd T8l 8l Tehd €| Lo Hafdd Jehl o fore gy
e e Gehd ® foh —

& aTI U Ua SThvTe Uoha giaT &1

ag fordt oTgl 4rE1 (Agency) &F g7 gt

Sahlud fepar ST 9t &l

(%) & Tt T hH BT Ea:Haidar
AR 872
7fE B9 el TeTet S — YerEl 9 Sl fRA o1 s
R TeeR A &) gfewansti W faar X, 99 <@ f&
T 1 faen § frer w1 feorfast =1 o % et 21
TH Wb 8H e Fehd ® [ Ueh THERS stfafhan
39 feun o @ayafaa erft, 5o foen o =it o &t
B, S oAt erfufsmaet o g )
I o feru—

1 1
5 N,(g) + B 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 eifereni 9
IAR & T W T § 7€ HH H Th T
am@ (fes 5.10 (F)) ® <9Mi@n <1 Hevell 2

Al |y
1 P
et AH
H
el Tt
Sk eaten S
arfafsran fdems

T 5.10 (%) Foaieldt sfafear & foru Teley-simia
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379 T YT JHIUT oh STUR W §H I8 SATERON
o TWhd © T fedt wemfe sifufen & faw

Q‘ﬂ’ﬁ?ﬁ Y 2 HH YR Weh a9 (Driving force) %I
a1 gu ettty sfafsmanet ™ foar ot 8-

A H=+33.2 kJ mol

1
B N,(g) + O,(g) — NO,(g);
A H°P +128.5 kJ mol™!

C A%, s) + 2 S() — CS, (I);
3 HffRaTT Lo yafdd YehH Td SOARIS! 2
woedt ¥ gy &l u Teedfi-smE g < W

||| r|||r, |
/ .
g-l, | |II|||

‘i"llm ’( |

(fo1 5.10 (@)
o)
e
ferT 5.11 3 Wl 7 faeRor
3Te BN 39 WohW 1 S1eFH hid B 1 foero ¥ qd
Ifg &9 91 A o f&ed @ T o 1t i e,
a1 ffYed &9 9 3 79 A & B 36 YR 9 en <
S % Fee @ o] e, @ 3 g B % ) @

1 P
Tt
aafufsran fdems
foaT 5.10 (@) S AMFT & fau Teled-3RE
R IS faursie g2 o a1% oT9] Tt ST, af g9
e IR R & e and € TR fashren e e10) T
A I ® 91 9 B %l €9 $8 Hehd € (o e/ &H

T SR ¥ I T B § foh e o e
T el o fol Wb giodeds wRe €, W 98
TN 1 ST SeFafierd 8l T B

9 TH Y SEUROT AW §: Tk fowfi

gt gl o foru g e ©)
(@) Tt T wa:yaf
T To yafid wehe & T e # o ufkd B €2
3N, 89 TH U fufa &1 e e, faud
AH =0, 31ffq Toedt | #ig uftads 7€t ®, ffe oft  forepra o Frenra &t ot o goem siferen srerafied B
# ygfa Bl B e Toayalid s Th HAE @l
Tehell 21
&l &9 Uh 311 SR Bei bl o W €,
S ‘Tt 8’ wed € SWed STeTEEn T i
sAfirerfed 21 Uk AHfEs 9 s & fog T st
el Tkl € Toh Tt fendlt forehr o stezrereen 1 |

3 T Tt e o fa sifues steeren 2rf, St
& oI SEH! T el SRl d% Uk J@Ee
rfrferan o1 99 €, T e wRArpRt steren i

sttt =1 vee o 9Ra B
Y Ueh &5 95 S 9iEwt ¥ f9afid (Isolated)
& TH U (AfulREH) ¥ ¥ W (SAR) § T

2,9 < i 5 forafia w ©, S T 5.1 ¥ gwtn
T 2
Y T A w B, R wHI: w TE ved
foigert o <wrian o 7 den U fauih @ gerek R
T (Fas 5.11 &)1 Sa fa9se gern S @
(fest 5.11 @), a8 19 eqw | fa@la e o 2l

9 GHF qve faaer qof e s 2l
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rafeerd e 71 A% SR} ki WA fRARRT i
G 9 SAfues steafierd Bril, @ Terdl § aRomed: g
BT Tk e sifufman § TR § Tk ufted
sifafshan & T aRiel Rt ST o STER W STHIG
fehan ST ©1 G | Frafhaan & sed @ ot € wd
1 T Tk QY F folu S STaR AaH Tt
(eifeer fafim) =t oeRen ®, Sefh MW e
AR T Y ST 2|

379 B T 1 AT (Quantify) €9 34 €
373 | el o ool ¥ STeewel &l AT i o6
fau wh fafy wiferst 2, it 39 T&ds &1 g d )
g1 ot fafyr gm0 erfafmen o e ot Som-aiEdal 9
Sirea w1 faft 8, s Trdt 1 Swrfeh! weld e
21 I SN e, SU—3Tidie e U A
Tl H 1 T T i Tk SOATITaeh! STereen
Tl g1 98 AS UihA o 9y W s Y e

Ste off fepet fepma i o & S €, 9 9
AT T ) TG o™ & STeaeel 9a1 31 2|
TE UK SO (q) Terma ® areyewen sgm T
UHTe Tl §1 91 81 AS i q § Helfed Fehd 2?2
I9e < € foh St o1 forawor S| g W el
3l €, TSI o <) St €1 Tk S A o (R
H f7 a9 o fm &t qa | Afie sTeraRen gt
21 o7q: ferdt ferm &1 a9 9ok Holl 1 i
a1 o= g1 T ae W e e W @ T
SO 39 e i S=9 a9 R T I B e
1 G H ik STeTaE] w1 IO &dl 8| SHH el
<Al € o Tt aftads g o SehHard g 2l

IhHUNT TehHl oF T 87 AS &hiq Td a9 T
Y 34 YR Hefod H Thd 2

qrev
AS = =% .
T (5.18)

Tt Tad: yafad e o fau fem wa afe
w1 A T ufEd (as, ) Fefafed e
g &= < g 2l

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

9 e fehT reaEen | B, @ vt aifirenay
Bt ® Td T # ufEda AS =0 R

159

TY HE Ghd ¢ (% Th w@d:gafdd WHH i
T ¥ gfg 79 9% e W@ ¢, 59 a% a8
Hfthad 7 B ST Hrmeee W T H e =
e 21 Hieh TR U erEeen Ol ¥, om: U
ICHAUE YohH o SN 8 TIdi-9ads i T
frfefad Tiehor ° &0 Y Fehd &

_ qsys,rev

AS

B9 WA ¢ Toh guardg aRfeefad § sehqoia
Td ShAUTE -3l THl & flt AU =0 2l 8, g
ASyw I (AS, +AS,,,) IHTE TFH &
foTT Y1 781 21 30 VR AU | SR T8 SR
e H faeig & wedl €, Sefh AS faug el 2

3ETEI0T 5,10
Ty fr fFefafad 5 9 fFad werdt sedt /
Hedt B
(i) T S 1 3E Fereen § ged giar 2l
(ii) Th forecll@ 3 HT AT 0K T 115 Kdh
TG Sl B

(iii) 2NaHCO, (s) - Na,CO, (s) +

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

&'

(i) oM TaEn H URad oM o 9R 3T7] e
S W Y &, 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
Afereh STerafterd g1 S €1 37d: T2t 5g
S 1

(iii) SRR NaHCO, 3@ € Td 3! T=idh
%4 2| SR W T 3 3R < T B 3r:
IR 3=d Trdt 1 feufa w1 wfdfafec
F 2

(iv) 8T Teh 1] ] U] el §, 3Fef HON hi
o St @1 H TR o & Hid eRgiee
31U] o T A i gorl ¥ 3Tk Terdt
@ 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

)

g Ifafsran o =it uReds womeas 89 &
IR off sl w@a: yafda =i 22

(39 Afafean & fog
AH® =-1648x10° J mol ™)
&

T Afafsran 1 @ gafad

AS = AS,, +AS,,, % MR W T T

AS,, . 1 O & o fau g6 afew gm

1A oA W fo=aR & 8, St —A_H°

@ qed €1 T a9 W 9REs &1 Tt o qfteds

~A,H®
T

g AS,, = (feer @ ™)

(-1648x10° Jmol ™)
298K

=5530JK 'mol™’
31d: SAfafsran o foaT opel Terdt-uRada
A,S, =5530JK 'mol ™ +(-549.4 JK 'mol ')

=4980.6 JK 'mol™
39Y e Bl ¢ T i o yafda 2

-

("T)ﬁﬁﬁf@'{aﬁﬂaﬁm
= Fm T & B TR T A T e
qREdd AS,,, [hdl YshH H1 Wayafaar 1 o
Fd 81 W AR TEEte sfufmard |9 fem
T g T w1 goit o et €1 era: stfeeRiw
sifafranst § T=If T Toied — < ufted
gl d @ ° i T foeem 9 9w e @ oA
whael et | @t iR 7 € weid A gfg w@a:
yafdd geral 1 feen i@ o gedt 21

R IE I CRIE

3 YA 2q 89 U U SENTAh! e e
Foft a1 fifed e G i 39 YRR gRefod Hed &

G=H-TS (5.20)

fiest wit, G ok foreiiol wo stareen T 2

e &1 fiss St # 9fitadd AG,,, I 39
YR foran S wehdl -

AGqys = AHgy — TASys — SqysAT

feeR A9 W AT =0

- AGgys = AH,, — TAS

Il 9IEie (subscript) T 1 BiEd T
THIH T W YRR foaed -

AG = AH - TAS (5.21)

39 Yo fitsst Tefl o g = et | gfadH
- qUEE x T H uRadd gg gt ‘e
GHHTOT o &Y § S S €, S T 9 oh 3t
el THIHON § ¥ Tk 7| F8T §HA Tt o
e ST I=i Ty o € ;S (AH o &
o) T TR AS (3TeFeR HT )| SEr g o
T T 2| forite SneR W fovei ol S W By U
& fF AG 1 T Soll i T BT €, i AH
TE TAS Ml Foft 95 € [Hf TAS = (K) (J/K) = J]

19 g1 foeR htd € foF AG ohE wer etfufsman
1 T yefdar ¥ Hefud 2|

T 9 € fF AS, = AS, + AS,,

Ife fepra, aftast & @iy g = | 7,
fEwr 1 a9, feE & 99 o 99 € s e
IR & el | giyg e w1 T § we %
e uil

3 : UREw *1 TR o uftedd

AH
AS,,, = 2ar _ 2w
T T

AH,,
AS i = ASys +| ———

ST FHIHOT I IA: FARYd HH TN
TAS,, = TAS, -AH_,

total

@d: WhA o faT AS,,, >0 ¥:
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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 Tiedh & 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 Aq ¥FHSE (> 0) G YehH 3TEd: Yafdd
BT
femuft— =fs stfufsman o forg et aitads s
B T Tl uftedq oft eFeHes =, d eifufwer asf
w@d: g, 1@ TAS &1 5 AH & AF 9 3ifas =
MU F% | YhR 9 B Hehal 2—
() ¥FTcHe T=rdt aRad A e, arga fafa d 1
1fes g1 =feul (W) o T=idt aRad stfereh
g, @t 39 fafa § TFH g =ifen) g aren SR
e dr § foh safeemiyr sfafspae S=a a9 W o
Huifed 1 St 81 GOl 5.4 § fafemenet w1 wr:
Yefadl 9 a9 <k 9979 sl Haifd (Summarise) f&=1
T R
(9) W=t 3T FeAnTiaent st et fem
T WA © T Tt faafim fem & fag s
ufted" fifyea @@ 21 gfe, 39 YR & fem o
Tt 1 &1 T : IR i TaTHTiaeh S aderd
2| aTEd W g SN ol SHY R #) v e
o ¥AH TR fem & off fafv= g § foman s
ekl ©| SOANTIeR! o1 O o oo el @ fom
T gl Soaiedt SAfufwand ot o i el 2l
ot eIfufsreneti § fehell el aTqeRoT | Teewen

161

a1 3 € ST e iRt T qReds e Bl
T S stfuferen =1 T wafdd @ < B

(=) e T=idt 3T SoAmTfaent aat et THeEm
foret ured o oo et Y@ A faelt oft oM il
Tohd T, 98 WL HI e U HX Tohel ¢ IR U
o erey fgw o fachg wehd €1 etupet &t @ wifEt
ST TAARRYT T, SO 71 Ta Shaw T ke
T 5a T 1 AIHE Sl € A e TiaE St S
B W € SR T 9 St @1 g 3R Se drg
TSR S ® A T wH B S #1 fRdt v
forefera ueted o1 amM SR-S W I A 3R
AT & AW-N T oft I Y I wedt $1 3
FOHfeRT ahT AERT Tom whgd 21 UEn safaT e
¢ oiifsh TH Y W fed § Gyl %A e 81 9
HUA oheel YG Thefad S|l q difgd © it
Tgifass ek IR grRifTes yam guiid & fF faeaamt ot
sifaefiaferd sat 1 T=rdt 0 K W I &1 Bidt| der
o 1 A gHfery € o 98 Shael St il o
SR W Y5 Tl o ey Tt 7 aRenfeard e
A ek B 21 U5 e o fau 9w 0 K ¥ 298
qu;; gfgal =1 Siig X I fhan < Teha
2| TR TEITE! 2H-F Yeh o qieher R e
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 frfefed SRt < -
() oAt sifafwa 1 T gafaar s gErgaH|
(i) TR Affeha ¥ U 81 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
U o0 UREY ® Yufa: w H W qEmEte
srfferanati o geof o ‘ScraviEar’ w1 ol € 6
TR sTffsran <1 femstl o we-we =/ |ehdt
2, fora T wrer wenfia =1 @eh| 399 wdid e €
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
T2 =1, @ T @a: g wH g e i feafd o
qfafda gl S|

3d: W o T HEE 2
A+B=C+D

AG=0

foret srfyferan, foad g+t sifvyeres wd s
A sfereet | e, @ files S A Ge, wrere
feoier @ feAfafiga geientor g0 Gaifea Bl 8—

0=AG°+RTInK
FAYNMA G® =-RTIn K

AIAMA G° =-2.303 RTlog K (5.23)
T a8 ot 9d © R
AG® =A H®°-TAS®° =-RTInK (5.24)

Tarel HEATES SAfafshanstl & foe A He =61 9
At Td IS Bl 1 3 uRkfefeE § K % 9e
1 ¥ 9gd ¥ T Ud ifufear H Afie IR A A
T Yofa &1 BIM| Hemiadt efafwane § A _H® &1
A Afeeh ST T SRUMCH BT a4l A GO 1 A
At T FomeHR Henferd €1 3 IRferfaal & K

R IE I CRIE

T 1 ¥ 9gd A4k SNl §H Yael Seaiardt stfafspansti
o fIu 3= K &1 370 T Gehd © W8 Afafswan
TR i B TRt €1 A Ge HT HHE AS® o A W
off et smear 21 Afg erfaferan o et afteds =1 ot
2§ T WE, a6 K &1 99 a1 Afafsan ot g
TH 9§ YHfed B foh A Se 1 HE oA Al
RO 2
THIFHT (5.24) T T HH |
i) AH® Wa AS® o HIT9 ¥ AG® &1 A STIAI
ek, fRdl off 99 W fFwmEd ®9 9 SRl i
yiftd o foTT K o /M 1 TOAT 1 ST Hehell 2
() afc varmmen ® K gien € wv faen s,
fordt off 371 A9 W AG® o HE I UM Hi
S Heh B

ISR 5.12
298 K W 3AfdIS o 3Tsiid H & qaol

gOZ(g) - O0,(@eh fau AG® & wF i
UM hifeEl $H SAfafha o ferg K 1 HH
2.47x107 %]

&

T4 9d € fF A,G°=-2.303 RTlog K, T8 R
=8.314 JK ' mol’

SAd:

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 fuferar ot Wa:yafddr T a1q &t 9T

AH®  AS° A G° Ui

- + - gt a9 W sfafeRan o gafaa
_ - — (f=1 a w) =1 am R sifafsran @@ wafia
- > + (3=9 T 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

* U3 e 19 UF 3= a1 g 21 fHdt ey sifufwar & fow 3= a9 sitgd FAR @1 arg o g gl @
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IRITT 5.13
frafafea sfufean & fau 298 K ® @
el 1 A 1 hifee—
2NH; (g) + CO, (g) = NH,CONH, (aq)

+H,0(1)
ST @ 99 W " fiest S A G &1 °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”

33Ul 5.14

60°C T W SEARISH LIRS 50% faifsd
B 81 Th aHSHd @ TE 39 a9 W HAHH
T Soll-URade 1 TUAT it

163

'A
N,O,(g) = 2NO,(g)

Ifg N,0,50% fo@ifsa gar 2, o i aeref
T A 3T BhT—

1-05

v - _2x0.5
N:0: ] 4+ 0.5

X =
N 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.
=

AG°=-RTInK,

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

9T

ORI TEETTS T ifdeh Fehdll | SHofl-aiad= o Teel W@t €1 T 9 qRadAl sl A STeqe
T TN AN SFTAA T § e HerEdl il 21 39 il o foIq e Sl W Fep e uiterwt § Tt
FXd T TEERTE T Aifidh TehT SO (q) S A1 TR o 1ol B €, freh v oant #wE (w) §
Al S Gkl 21 3 R SoTTieeh oF TAH FE™ AU = g + w g1 Faifd Bidt 21 AU IRiwes T sffam
e X THER Y1 ® U1 U ST el B, Selih g U w U W R Hd € qe Yo el Tl 2
T g w ok o fog o) &1 oo e €, 9 3= e w1 & S dt 3% e o 3d €2
S o Uk e | TR TR W TR T IO Y Tehd €, e @ § qied e @1 argae |
g o1 | U1l 1 SEHAEIRAT (C) W R a1 1 31d: a1 Seafstd $ q = CAT Bial 81 Afg
T T JEROT BT B, A HE BT WO W = —p AV H FW 2| SOHIUIE T H I o FeA] TRed
% faT p_ = p 1 9F W@ Tk T 3 W= -pdV TH TN H TH T FHIHT pV = nRT T FAM
T Thd B

fEoR ST R w =0T AU = q, 31eiiq 78 TEeR ST TR Tiand S 81 W 8t sifafmanst
o eI o U en W fer S o €1 eH U S STawl-Thel Tredl i R i €
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164 ECIREICEIE]

THTH-afadd AH = AU + An, RT 1 7199 &g feer T R oa-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

AI‘H i z (aiAprroducts ) m Z (biAereactiuns )
i i

T s § A H® = (SRR Y ey ) -y, (SR HY A o)

SETIeRT T Yo from Tt Afafsran &t faen oF ar o g6 FRRE 781 &, e1uiq I8 7=t
Tl o TR Al &1 W o @1 2| faefia fem &y Ay = o 21 31d: 9 39 & & fau
T Lo, S, T aRefid i 1 T=idt STeaaeen &1 49+ 81 Tk d: yafdd o o fag
el T2l qRede G Bl ©1 Ueh faetfita e o ffe AU = 0,AS > 0 @1 1a: T2id e &oa:
Feifdd TehH b fasifEd a1 €, STelfeh it TRerd el hidll SEhHvT JehH o folq Tt Iied=-Seiehton

Aszqr% Y 9 fFan s g =1 q%v g9 T AR & @ 2

e erfershier TETERTR AR feor @ W F €, o1: ¥0 g0 SH-e fiew st G
TRefod w3 §, S R o TR e weedt ufiedH @ e A G=AH-TAS 3N Gafed 7

T A WA o T AG,, <0 TF drEeel | AG,, =0
e fiTest Soil-ufiadd 9 feris ¥ A,G° = -RT In K THiH0 ¥ Heifod 2

TEH WEEW § A,GS W B W K 1 HN WA RO ST WA €1 AGS W HM HHIH
A.G® =AH® - TA.S® § T fhal S Tehal T1 THRROT H 10 Toh Hewqul %R 1 ST T2t
el %2 sfufwa, St w5 A W sREd: Tafid @, 3% Se9 99 R WA yaiid S ST Gehdr 2

A

51 el W -
TN STeee el Th TR E,
() S SeA-uRedH % foe W e 2
(i) fSrEer oM g W FeR 2w 2
(iii) S S-S HE B MO FE H GgE S 2
(iv) TSrEer 7F heet @9 W e e 2l
52 UH U o wgr ufferfaa § @9 ok 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 a=ai & 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 forer Tt 1 2rir?
(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 Tl e o9es 9@ T a8
sifaferan dea grfi—

() =9 A9 W (i) sFaa =1 a9 |

(iii) et off a9 o 7 (iv) forelt of A ™

T YA H T g 701 J o SE9ifyd it @ w394 J % fRar s #1 5
YA H T Soll § feRan ufkerd= grm?

TF 99 e § NH,CN(s) &1 s1fferan essifaise & @ &1 T 1 AU &
M —742.7 KJ mol ! 9@ T (298 K W) | 36 ifferan o ferg 298 K W Tiedt
REdd Fa Fife—

NH,CN(g) + goz(g] - N,(g) + CO,(g) + H,0()

60.0 g Tf=™ 1 a9 35°C ¥ 55° C & o foau fvad fhal S@@ o &t
SATEYIRAl B2 Al 1 HieR SSATEEr 24 J mol™ K 21

10.0°C W 1 Hiel A &1 9% —10°C W M W THedi-qied &1 T Hifs)
A, H=6.03 kdJ mol™! 0°C T,

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 HEAT T TOET HITST

CO(g), CO, (g), N,0(g) T& N,O,(g) 1 fa= Tiedt ww1: -110,-393, 81 T
9.7 kJ mol-'&1 skt N,0,(g) + 3CO(g) - N,O(g) + 3CO,(g) & faw A H *
A [ IS

N,(g) + 3H,(g) > 2NH,(g); A,H® = -92.4 kJ mol NH, 7 & ¥ o=
Tt 82

frefafea sitwel & CH,OH() ®1 Aeh-forad Tiedt ama Hife—

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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5.15

5.16
5.17

5.18
5.19

5.20

5.21

5.22

R IE I CRIE

CCl,(g) — C(g) + 4Cl(g) @ifufeman o foru Tedi-uRed= = it wd CCl,
C - Cl &1 1 el &Y MO SHifeTg—

A,H°(CCl) = 30.5 kJ mol .

AH°® (CCl) =-135.5 kJ mol .

AHe (C) = 715.0 kJ mol ™, =&l A_HC % T B

A _HP® (CL,) = 242 kJ mol™

T faafma @ & faw AU = 0, 35 faw AS =1 grm?

208 K R 31fuferan oA + B —» ¢ & fag

AH =400 kJmol™' T AS =0.2 kJ K 'mol™

AH T8 AS 1 aO-fawar # feer 7 gu sy fo e a0 R sifufwan wa: grf?
sifafsran 2Cl(g) — Cl,(g) o faT AH Ta 0SQ o fo= == 87?

sffRa 2A(g) + B(g) — 2D (g) & T AU® = -10.5 kJ T AS® = —44.1JK!
aifafsran o faw pAge &1 oA HITST 3R warey fF = sifafean o gafda &
Tehell 22

300 W UH A9l o fau @ feei® 10 21 AGe T WM S Erm?
R=8.314 JK! mol!

frefafaa sfufsransti o sTuR W NO (g) o SsFTdeh! Tefaa W feuuft sifsu—

1 1
2 W@+ 50,@ - NOg: AH®=90kJ mol

NO(g) + % 0,(g) > NO,(g): A H°=-74kJ mol™!
& 1.00 "t H,O(1) %1 AFe afifeafaat # forfaa i 8, qa oot o wei-afe
1 TUAT RIS A H® = -286 kJ mol ™
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