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ELE

39 Thdh o 319 o oI5 M-

%, el U foagad e 5 o e
e,

fiafies Solt, ShTd Td ST i THA
e,
SOANTIAeRT o Y9 799 &1 e X
TShT T 3T MU ®9 forg T
et el § Si-dieds @l
#E TE SO ok AEH & 'Y H
qiehfetd Y Fohil;
FTEA-Teld U, H 1 9951 Fohl;
AU Td AH ¥ Gae1 Tenfud &Y |ehil;
AU TWa AH &1 YRR A &Y
e,

AH o T Ores efaer st aftfud
Wﬂéﬁﬁ;

fafy= yor =t Afafeanet o foau
ot afterds &1 M T Heh |
39 o feer-om d$ed a9 i
e SR SHAN B Fehl;
W@anwmw,
Td: del 3TEd: Ydfdd WehHl Rl
qﬁﬂﬁﬁ?ﬂ{ﬂéﬁf;

T Sl SRR STaEe-hed o
w9 o gRwt 3R SEehT STTAT T
T,

T-sll URe (AG) T THH Hobl;
Tofd YA 31 AG @9 AG 3R 9
feeier ® daer Tenfya & Tk

11084CHO6

TE ATk Sideltq @l hael Yl Rrgia &, oraar forg & dge §
fo% zaaF Hifere faegTal T Skt SUGeIr o TN & 4T THRT 78T
ST Tl 8

acae 3BT

S $o SIH HEH T, THIE 719 A1 hiFel 8ol § Seid ®, d THEe
srfaferen o <A eropetl W WUEA UEMEtR SN S o ®9
e Bt B1 <19 Tk S § S ot €, 99 TEEtR Sl it
) T E e E oW e S (v ) e
TR FA B T R S % e v fa oRfe § T
T ¥ R Gefd e € T TH ®9 Y g T H o<l S Tohd
g1 31 SON-EUON T I € SR H1 faw-asg R
SN o o Te e, f sga-9 o10) e §, 9 waifea
e €, 7 o gew frepri 9, fod 9gd 9 o1 g €1 Fomiih!
39 9d 9 Gatd T8 @ foh 3 Uiedd ol Te fRy o 9§ swEited
B €1 T8 IRl fent o1 URf9es W afam sreren 9 Helfua
& Swmfash! o fm qsft @ B €, S e arEeen § e
T o1 U T ¥ R e ¥ S 2 fmE fee & T
o1 (SH— @ T A1) dreEee § 96 o el uiEfid T@él g
&1 38 T | g0 SEEf! & WY U F9 Hee ol 99 o S
T H TG H| -

T TR AR/ THE W 89 Sell-uiead ohd i
FA © ? T8 UNEdH BN AUl TEl? Uk TSR SAaiwa s
*9 Ifa B 227 vt sifufwan forg S o =t 27
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ST AT

5.1 SHSANTIdeRt oF deh-lehl 9T
TN Scgehal qEEfTes ifufwansti wd 3 gHar
F-uferdal &l S H el § SHeh ferg BH
IHfaeRt H Yga M ATt S dehdihl IR
ST B ShT aie A feEn T @

5.1.1 e wa uf@wr
Foraet § R w1 e sRie % 39 WM 9 €,
SRR Yeror fohy Sd @ aen sHeRt 9w Wi ‘afesr’
FHEA &1 TRe § e 1 Siga) Ue 9 aftHfer
B frpma w ke S faoreRt sere e 2l
e + afew = s=e

frem 9 srfafiea dqui srene e 9 gere
RerdAl | weferd =TEt g €1 SEifery wEifien st o
o srere 1 @l WM, S e 9 sAdfean s €,
qftast & &9 ¥ e S 2l

MG : T 1 98 &, S e o e
B ®, ufiew o farid feran S 2

IR o fau— afg g0 uw i H sufted &
yereff A Ud B i eAffsman @1 teme o) ®©
tent (Torem srfufsran-fagmn €) fere® B & waw
(fsmw st ®) aftasr =1 & swam (fast 5.1)1

w7 ® T Trerr difaes dimet (S—die =
WEAe) § TR feran S wehdr © 1 gefte § uh
fafy=a eI o wdig e (Cartesian coordi-
nates) %E’ﬂﬁl’i{ (set) ﬁqﬁmﬁqﬂmww%
TE OIS ¢ o e i oredfoss o1 shiedten
AR A HH o N RS ¥ YAk |iel Sl 9%
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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 o™ % &R

379 TH T Ud Sl oh FoRUl o STER R e &1
aifferd hid B

1. 'G;FIT'F'IW (Open System)

& gd MaE ¥ el g §3-gH &1 e @
ufest & "o fafms (Exchange) @ Hehel €l
SN —Ah R Th ol e § fed sl

2. 5 o™ (Closed system)

ag T o f1om wd ufew o wen g1 =1 fafma
Goa TEl €, g Sl o At g wehdr 21 Sid—
arfreer o et | ferd wmd)

3. Taerfia e (Isolated system)

& faafia fem o fem@ ud ufast o 99 53 1§
Feli— T o1 € Tafma dee T2 g 21 Semond—
e T ofe v ® fod W) fem 52 |

() foefia fem

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 =t 31a%en

frelt ot Somaes! e 1 9o % TN, SE-
@ (p), FFAA (V), 9 (1) T @ o G
(Composition) @1 ffEs (Specify) &¥eh fohan Smar
21 &Y T =i 9t e o foaw 57 7o o1 aied=
¥ 7d g wEn e wE ved 21 oemH ifasw
e | U@l g TR At o foRdt e ot afores
sraer &t e e o et sa-fageti & 3w
g I el we a7 o SMER T HT Sl ¢ SR
T Tl 1 Uk 3TeT Ud TRl ®Y J&anfad foman
2| ST Yok U1 1 TIid o f&gd I T SAEvIhdl
T 2, it el g g o Siga W g T
1 WA T & BH TR i 7ol i ‘STaReaT-thetAl’
T “STRAT-=RL’ & R ekl HLd B

SN | Rt 1 1w &1 9uiF Iqh
HIOTETE SISl U o g feRan ST B1 W U
T HT TR HT IHb I (p), FG (V), 99 (D),
AN (r) SME Y a0 T Hehd Bl p, V, T o1 STaET =R
T R o 8, 7 oS! Ured e oF ddieh Tl foRe
e &1 s1aen i qui ®9 9 qRfid & o fag
et & @edt T[T 1 AU HH HT TR TEl B,
Fifer o 01 & W w9 A IRafid 8 gwd g1
TOT <t HE TeR 1 Wt W R et 21 e A
%A 9 Y T H 37 T TN i a9 L A S, @
T HR T 1 O @ a8 S )
5.1.4 3Tdier Sell : Ueh STTEAT-WheAT
e B9 3 TEE TR bt == i ©, T ot
o1 Tt =1 Yo Bial €, 99 86 UH UH O @
TRl Bl €, S R w1 St w1 wlafafere
F BN TE el TEEH, agd a1 AitE el @l
Gehdl B1 T Goehl AN € R w1 Sl el 2l
SN W 3 STideh Soll U whed 2| T qiafid
B ©, el
o W H ™ ¥ yEw A AR g e,
o feE W = feE g7 #E fFa T A,
o M@ ¥ g1 &1 yAw A T B 7

R IE I CRIE

(%) e

a8 Tedl g9 w1 wH W R w1 ondfie et o
B el Uiadd st g 1| 80 U uE e o
T, ot o ek a1 S diet | Sl
9 A1 21 39H TR ue IRewr & Hem oA
HaTe el 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 | @ v ufew
F Yo HEAE R egE daR e §
(fa=t 5.3)1

fora 5.3: @ wgiw fr, fgd gikdar @ ssr-fafma
Tya 781 81

319 g9 T N F© F1 Hlch sT&! SARH
Tt § uReadd e €1 A TR freem w5t wifies
ST A € TS THHT AU T, A1 AN Heil U, T
eI T 7ol i & WohR § REfad Y Hehd ©—
YR YT —AM foF B Ued § Sl ! g2 89
1kJ & & €, Tood e 1 = 3ferwen A B
TS IEH! AT T, T W 1 FE 3@ T fE > T,
Hd: 99 H RerA AT = T,-T, | |l el B H
iafeh H& U, ®, @ oAaRE e W ufied,
AU=U-U,
fgdta gep—o1d 20 9@ § T fidsed B
(Immersion Rod) STeish 3d-l il é@a Eqp] (1kJ)
F © T e ¥ qu-ufiedd 92 % 21 8W SEd
€ for am-uiaeq 9o & wEE T,-T, € @ R

el H TS TAN L. S[A 5 U 1845 oK
S fRan o o 3= U fk e W fwen
TN fafyea & e i stewen § 9ue uftads o
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g, 9R *r foRet ft TR (WRT) g1 R S, St
&1 W 9 o Yadd g <@l T 2l

Id: Ig UK femal € f ww ud wf,
Mafe e U, i gRefua feen sme, fSges am
et T 3Teren w1 SAFeneioTen B, STl TG Wehd
H fepant o el w, J1 SFereenetl | U ierdq o 4,
Ul AU=U,- U, =w,_, &I

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

THMAH FFMhT § JUPAC THI oh 3TIER
YT T o € fof &l w, Fehr o) femam
2 qon e #1 ofiafe Sl o Sl 21 36 YRR 9§
Ife frem g0 & ffen S, @ w, RO BT
Fiifer T 1 eTiales sl wH & Sl

F1 3 Tt o1 URfad STaee-waeHl o A
I Fhd B2 V, p T T 5s 311 URfa STaee-thefd
gl 3T o fou- A 79 frdt frb & qm &
25°C ¥ 35°C T URadH e, d a9-qiadd 35°C—
25°C = +10°C BRI =18 ¥4 ©e € 35°C T ST &1
ﬁwﬁﬁ@ﬂ?ﬁmegreaﬂiﬁ@ﬁﬁ'{
fire fema =1 3ifaw A (35°C) T o S| 39 YR
T Teh SFAoE-WheH 81 a9 o IRed 9o o8 f9ei e
YT 21 Teh qrelsl § T ohl ST Teh SToreel-her
2, ik gEeh Sl & FdT | qiEdd 39 o W
R & whtan @ fop dres v 9 T E— WY g,
ENEER-CUR I AR
(@) s
70 fomm o fopw oft afasr 9 oA ol 2 afewt i
T L Teh hT™ 1 Aideh el H Uieadd &
Gohd §| I8 il fafma, S qdic] <t Roms &, S
q e I 3T T HUE ddick o & forg [qd o
Ge 5.14 (%) H FAC FIER G IR To A
Y] S TG SER 1 SUE ST = e
(fo1 5.4) R %1 o =er © gl 8, W fo=m w4

a6 did &1 T I (et <en ey
o §) ® T, 99 W S o e os@
a2 e, fome @ T, 31 # W ) e ()
SN JEAMG FH g 1 AY-UReH T,-T, §W
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forT 5.4 : U o, (799 REHE1 & 3IR-9R ST 61 JaTE
g9 2

TG S Hehel B1 F81 W of niafen e § e,
AU= q &, Sdfeh TeeR 31 W =i % T2 fman
TR

THEh SEAFTThT § JUPAC T oh 3TIER
RS @ ST T THIARYT 961 | 8H T g &FHS
B € 3R Fep 1 St agdl © T oAl o R
¥ qEe 1 AR TFEAR 8 T g SB0HS il 8
RoTHa: e Y Sl % B S )
() wmr= feerfa
U T 9 feafq W foem &%, Sefd snafes e
T R 1 €1 YRR (T hich TS SvSHT-TAHIaRT)
)1 B 39 feufa o &0 snidfes St o Ufedd & 3|
TR fora wehd B

AU=q +w (5.1)

T fafire srewen-ufiada o qiad= o YR &
TN q T8 w o M 9 81 Tohd €, W q+w =
AU aa YRfae ud 2ifag stewen w ek swam =g
IRedH & YR @ LA 21 AR S A 1 ok &Y
H Fol-uiadd 9 8 (foafia feem) steiq afk
w=0Td g=0, 8 AU=0 @]

IO 5.1 A AU = q + w, SHFIGR] ok
verg e o1 TfUrdte e #1 gem e % eER,
“ter Taerfia frerma @t st sraRed=ia gt 817

* qgel frrrg W T STH a1ed 1 @) ek fae o R g foRT SR ol i R eATeHess foes fean T em ifaent
FI Gl W ord oft 3 e T SO @ W1 © g9l [upAP A ot Tl fam w1 fawifer #51 2
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wee i W faefia e € om: fam 1 f=
TR G off el ST Fehdl 2— SIS i Soll STaREd-r
21 WA 39 ISl o HXe o fagia’ wEd ©,
ufq el 7 d A HT ST Hehell @ 3R A & SR
o fohan <1 Wb 2
e : T FHNGHRE 0T (SH-Fs1) T T AH
T (SE-STEeE) O Bl @1 &9 fed fowiw
7ol | STFad 1 @ FRUe (Absolute) AM fAfse
T Hehd &, T SR Sl w1 Fdey O e e
F Whd §, T Aaies Sl § IRed" AU
o S Hehel B

IETEUT 5.1

e TR 1 oA St § ufierd <R, k-

@) e g ufew @ o sewifug = @,
R 6™ W (w) &1 fman sl e &6t
ar 9 YHR *T Br?

(i) TR R FE * T fohan ST, W 3o
FT WG g T 9 afew & < < Sl
frema #1 <eR fF9 gwR &1 7l

(iti) 1™ E0 w AT 1 & fR ST W g
e &1 oA e & S Iw fRE
YRR o1 e gim?

&

@) AU=w,, 3R T5 S|

(i) AU= - q, IOR S o gl
(iii) AU = g - w 7€ &% Fanm B

5.2 TTUANT

w% qHEtE sfatEast § N6 Saw B 2, S
Tt T HE A S I FE H HEH Bt 2
T gRadl o R &1 MMl TS 3R STaieh
Fll-giedHl ¥ Hag wE Hedqul B <@ fF e
Y Bl B

5.2.1 R

HEYeH Weh TRt g1 fohT T T 1 Wepfd W e
WIS &1 H hacl Fifeh kT, 3Tl e S
FE W fa=aR 3

R IE I CRIE

‘c{lﬂ:pexAV

&Aw, P

pexg ()
k—1—

fag 5.5 (%) fafere 4 Refd o779l 319 0t 92 9 feor
§&l </ P, BRI 61 T G g
EGRR &3 g)T 90 T 8l

T[T & i GHSH o ol €9 J9oRfed
e fafder W faam +wd ®, food s o
et T ¥ gE ¥ T 1 e o vV, e fafereR
¥ 9 H1 @ p T AR TR @ p, 7, W p W A
B, @ fiRed 3isX &1 IR q@ % T HAW, 59 qH
e @ p, o SER Bl WC| 4 foh 78 aiEd
TF 9% | T € qen Sfqm s v oA R
g ® T 150 77 el € U T o1 Sruey
gt A ® (F 5.5 &)1

qe T H URE = [X A= AV = (V, - V)

R LR

Ia: A Med =p_. A

I e 9 9 e |/ ™0 =8 w
g,
w = 9 x foarmd =p, Al
=Py CAV)=—p AV=-p_(V,~V) (5.2)
el oI o & wHfU SEwE § TR
qRUrE! (Convention) o AR Hdled ¥ ™ W
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SFT T

1 B TR, S EARHE B RS (V- V) A
FUMCHS BT STd UM o T T T[0T &,
q w T T HFCHS & Sa|

Ifg Tpad o TS U8 W IE ) 7 8 W
%3 Rt uel o sead @, a w1 gEe qg
H gU 1A &1 I B T - Y pAV o qod B
(o= 5.5(@) ]I

g 3@ R 7 8 6 39 YR 98l & fh I8
TSN & N % <@ W aged ifen €, q9 G
o Y% U8 H STEAH SHAgEH "l dV ST 39
fearfa o Tw gro Ty g e w6 o B e
ot W A HT Hehd B—

w =- p,dV

i

(5.3)

4 R (V) v

for 5.5 (@) SRR &7 gRfyd 7sl 4 a5ed gu Sifeer
3 W RIS SFaT § o SFaT a%
g H [ohar 7o e 9iar g

A W p, T&F 98 W (p,, +dp) F I B
[fea 5.5-7]1 oM oRfeafaal o oo o 9wr <@
STaRes @ W THIM HH BT, aﬂﬁpe)fpm—dp
Wmﬁﬁmm%ﬁpex=[pmi dp) Q’@[
o SChAUE WehH' hEeld Bl
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7 3R (V) Vi

ferd 5.5 (1) pV 9% & GRIY% $Fad V, § V, %
TgT & foq Schavig uRfEfie § R
F3e7d U STeR J1F W 31d YaI H 1ok T
&7 BIGER & § <9 T gl

Teh WehW o7 URads auft ‘Schuuia uehd’
FEAT &, 7 30 FeRet off arur aragen uftads
o T Schidd (Reversed) TRl T HeR| Th
ITRAUITT UehH why ATETERTST U 3aged Tfa &
39 TR T aga € fon Frem e ufiaer when
T WrEeReT ¥ TEd €)1 SoRuvi WekW o
fafiad o7 AR Wkl Wi TRV WehH
Fed €

T wre | agd | UE geed o €, R
T & o ToU %1, 1T 3R M o fidie <«
o IR e i SEvge usdl ¢l

T TR 5.3 i f=fafad ger 9 foeer
Schavia uiifeafaal § w1 & oTafte <@ 9 dag
FL GHI o

Vi

v, v,
Wi =~ J- pede:— J‘ (pm idp)dv :_J- pindV
Vi Vi

Vi

(dfeh dp x AV 1 5 0 ?)

Vy
Wiew = _I pde (5.4)
V.

379 79 % T p, I AT T GHR gR
TG 3G o Ual H e TR S Gehdl g1 TR
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et 9 % n WA % U (pV = RT)

nRT
=>p=——ro

d: T fEeR a9 (FHAUET UhH) W

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

i

Vf
= -2.303 nRTlog 7,

(5.5)

HFIYEIT : T 1 faid § R/ (p, = 0) Jok TE
FHeldl &1 el TGl o g gERer § g e
BT e S Ufoha ShAvIY BT A1 STIGHAUIA, (TR
52 Td 5.3)1

378 TH HHiAI 5.1 i fafss yehHl o T ER
%% YR U for@ Tehd B—

w=-p AV (HHH 5.2) I GHHT 5.1 F
YT & ™

AU=q-p AV

I wohH TR 3P Wl ® (AV=0), T8 AU
=q, qvﬁWV(Subscript v)?ﬂf’cﬂ%ﬁﬁm
feer 3TFd W 98 1 T 2
3t 9 T GorT TS WHATIT TR
TH IR TG A e UH WHATME WO U
(T= feeisp) ©, w=0 &, #lifer p, =0 B 5[ A FAH
g fFwifia fFen fF q= 0%, safew AU =0 B

HHII 5.1, (AU = g + w), Sl THATIE SGhATY
TS TIGhAUIY Yl oF U 39 YR = fhar T
ekl &—
1. TS STIGRATIE TehH o fag

q=-w=p,(V,-V)
2. IHAMYE IEHAUIE YW o fau

\% \%

b i
g=-w=nRTIn % =2.303 nRT log %
3. TG Y9 o felw, g =0
AU=w,_,
IETEIT 5.2

10 atm @ 3R 25°C qM9 W ferel eyl 19 &
3 forex gHamda &9 9 e o 99 9% yaia
B &, STd T STl el A 10 feak 7 @
ST 36 GOl § ol S st et @
TS fepe s fepen ST 272

R IE I CRIE

T

B0 A & fF q=-w= p, (10-2)=0(8) =0
1S 1 T a1 8 TS i ST S el
Bl 2l

IR 5.3

IfE T TR0 § feeR 91)I <@ 1 atm &, @ FA
BR?

&'

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

3ETEATT 5.4

g IO 5.2 B TS JER01 IShHACT 9 9 &
qr = 'rm?

'

T T R g =—w = 2.303><nRTlog“/;—f

=2.303%x1x0.8206 ><298><10g§

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

5.2.2 TSl Enthalpy (H)

(R ) Teh SUART AT TAXAT-FeA
T W4 © for TeeR ermra W erawiiftg o eniaies
ol § URedd % qod, Ul AU = q, Bt §, W
siferenTer TamafTe sTfufsramd feer st W 7 g
TAR , TEelt 3Tfg § feR argreed g@ W gl
21 27 uitfearfaal o fou 89 W T Seeq-theld &
STEvIRT BT

&H FHIHT (5.1) i FoR @ W AU=q-pAV
%wﬁmm%,aﬁqpﬁwmmﬁﬁ
T TE -pAV T gR1 R T gEo-E 2

RIS STIE ! Uik 1 9 TS 3Afan e
1 2 ¥ <A B

T ST HHIHI0 i 3 TR fora Hehd ©—

U-U=q,-p(V,-V)

T Fafeqd HH W

q,= (U, + pV,) - (U, + pV) (5.6)
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SFT T

6 Y Th 3N FOHANIAR] el sl g
T HHd ¢, T el (e v Cweifewed’,
former a1ef ‘T wE @ sfafifed e B @)
Fed

H=U+pV
3 THERLO (5.6) B S 8:

a=H,- H,=AH

Tt q T 9 SAfE@ wer §, aenfd g 9 @
sl B I H Ueh Sfeee-%e 8@ (H.U, p W& V
1 T S| A G STeE-Thed €) | 39 YR AH 99
T TR R

feer 3@ W ufifaa aRadHi o foru e 5.7
%! feran s Fehar 2

AH = AU + ApV i p feeriss €, om: &4
@ Hed &

AH = AU + pAV (5.8)
SeciEd ® fop o feer <@ W o sraeifia g
2, @ =ened o en Toedt | qiads "9 ®© e g

IR Wk AH = g, fer <@ W s
T @

FeTagr rfferamet o fow AH RO
grar &, et tfuferan o SR wor St Br
% Td wwmnt srfufsraneti o faw AH SR
EIAT &, gl URA9T | FOAT T JIAINTUT BIeT 2

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

3 T, T oherel 39 a1 g Wy et ©
T AH Td AU & A&F R iefes & giar, Fifd 39
TS gall B TRH 3 W AT | iz a9 afeds Tt
Bl A e erae 8, @ g SfaY wiefeh 81 S
21 &0 ww U st W faer ww ® foed T
e & feer 7@ T d R v, 6 sifafmaet
TSV, T IR BT P ST B A n, T
SAfafoehl e n, T SRS % Hie w1 g @,
ar emeet T R & SHR-

pV,=nRT
eH JhX pVB=nBRT

(5.7)
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aq pV,-pV, =n,RT-nRT= (n-n)RT
p(Vy-V)=(n,-n)RT
pAV = AngRT (5.9
Tl An, Tl SRS % Hiel i HEen T 1
fafsraent o Al H1 TN H AR B
THET (5.9) § p AV HT qH THIHWT (5.8)
¥ W@ ™
AH = AU+ An RT (5.10)
THIHIOT 5.10 T YA AH 9 AUT AUYE AH
1 TF 6 HE W R S 2l

SETEIUT 5.5
SaT™T i e T 7MY W 100°C TE 1
bar @ W TH H@ A oh AHHTT o
gftedd 41kJ mol ' URET AT STAfR
Sl-9REdT i TUAT HifSTT, S& 1 Hid ST
%l 1 bar §€ Td 100°C R ardiehd fopan
S

'

H,0(1) — H,0(g) 9Radd & fag

AH = AU + An,RT

A AU=AH- An,RT
A @ W
AU =41.00 kJ mol ™" -1

x8.3 J mol 'K x373 K
=41.00 kJ mol™' —3.096 kJ mol™!
= 37.904 kJ mol '

(@) feredtof el &= TOT

foreeiiol el et T ® 95 e e 21 ool o7 @
o1 2, Fraert 7 e ¥ Sufterd g & A/
(W) W R e @1 S o feu—germ,
I, SAldeh Sott, T, Soameniiar affe ferediof
T 2
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3 T, S TR | 3Iufer 54 i HE/STRR
(TrEst) R AR T ¥, T O FEAd 2
I ok TeIu— 19, See, <1 S1fE T8 707 €| Wier
o1 ¢ fordt fepm o T Hie o 01 o HE o gl

o 17 5 H A 0 B, A A =, S5
T A § WA 1 S IR HER S V, T
HeR Fetefiar ¢ 71 fadiof wd e o # i 7w
Teh T ] SR V o U6 H T A9 T ekl Y Hehd
g (fas1 5.6 ®)1

V. T

(=)

R IE I CRIE

Ife ¢ ST €, A S W adE gfg 3t Bl
21 S B FoAeniar st §, gue o1ef U7 § f
THHT A9 FGH o T 9gd e el =ned|

C wSred Y H o A g @1 et agred
I AeR SR Cm -< T Hict i SR

n

21 € SoA1 &1 9 AGN €, S T Hiel 91 1 a
s feift fcem® (o & ohfeed) sem & fau
ek Bt 21 ey wvomn, 5 fafyre. Somrentiar’
off hed &, I8 SO €, Sl SohTE SeATH o Tendl Terek

i<
ﬂ
pol<
H

(@)

T 5.6 (F) 379d7 V U9 a9 T W TF 19, (@) @975/ & R S7ad &1 S7e1 &1

3@ At favsie o g STEaA ofen A fea
i (Fest 5.6-@) , TSTE@ a9 e v/2 @ S g,
W I8 9 T & T 2| o: T € o eI
farediol o1 2, Srefer dmq e o 2l
(1) FeTETREr
39 SUES T BH 2@ © T Tk ol o7dfid o Sy
I S 1 AR T g S FE v T W, @ A4w
o gfig o w9 § qieterd gl el

a9 o iy fafd S o FHE gl 2l

q =TT x AT

UMk 1 A T/ o TR, Feed Td ehfd
W 9ot e 21 39 B TW ywR ot faw wed €,
'‘q=CAT

Tel Tk € H CFEeIfEr’ wed ¥

39 YRR HOIEIRAT A1 8 W &H i g
AT R Y[ S G FR Tehd &

1 a9 U feilt Afeaad (N U hfcad) S8 &
fau emavasd et @1 fee ugel @1 A" ser %
YA § AR FH g T B o6 foaw T
fafete w1 C *I &W FFAM m TE q9-9ReT AT

T w3, e

qg=cxmxAT =CAT
() T 31ewt W & fag ¢, v ¢, # wam
FOIRA 1 fEeR e W ¢, | T fEer g W
C, ¥ offehd e §1 o1 B9 T # Wy A H 2
q o fou feer stEdT W aHie form wehd B—

q,= C,AT = AU

wH 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 HIUA :
Shentata

AT Te ifder TehHl ¥ Gated i, IRed i
(Calorimetry) Wﬁ%l %ﬁﬂﬁlﬁﬁwwqﬁﬁ
foran s 2, 5/ Shediieiet’ wed 81 sheliiHiel T
%9 o F TG H S @l 71 5 hi SHEEIENGT To
HARIHI T SOHEIRAr T BH W - ufied o
IMUR W YehH T TG HoH1 1 1 ST Gehell €1 AT
T feafeai o fore o9 €

(i) feer-emad W, g, (i) feR @ |, g
(&) AU T °1OF

TErEfe sTfaferansti o forg feer sTas W sreenfia
] ST WO H ShelRiHieX (Bomb calorimeter) i
o s © (fe 5.7) =&l ©F Ea &1 9= (99
HARIHI) STt W g a1 €1 i 99 § Ao
Jallfed o Saeeia fasel (Sample) sl STl ST
21 e H Scom SO STl W1 3fala @ S 2
U 91K S H1 AW A H fen S 21 S o
HARIHR quida o, € oTd: THh AT W hIg
ufads & B SR i€ wE T R S 21 aw
e o TIEl o et Tt stfafmanet § off wig
% & B iR AV=0 Bl &1 TRl 5.11 i
T § FARIHIS sh1 FOHTEA T EF R Arq-aRedH
&l q, ® Rafda wX faan s
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mﬁ,ﬂa\ﬁ
HERT e
_ \
) L
o TVI-R
\ \
yfeest
EL Fr
<@ Ffed
SiEaSE
i \" 9
forT 5.7: a9 SaRiHieT

(@ )AH T |HIAT

TeeR T (T SRgHSE 1) T IEAT-TRedd
o= 5.8 H <wiiT T heARITHeR g AN ST Tkl 7
T S € fF AH = g, (feer 3@ R) | 37a: feor 3@
TR IHId Teral STavifyd oA g, stfafran e
ol fafeRan TIedt A H FHear 2|

srfyferan fagon

fera 5.8 : ReR 3@ (FrgHEEAT 31) W FH-IREAT A9
& forg el
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oA sfafwaneti § o feds et € qen
frerm @ ofier # o 5 weE @ 21 sHlen g
SRUTCH BN 9 A H it SRUTcH &Ml 36l @
STt ifuforenet # S sferiiia gl o g
SR AH T e g

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

C ( I ) + 0, (9) — CO, (9
srfufsrar o <R T 298 K H 299 K de el
21 9 a7 SheRIHIe ST SoaTeniar 20.7 kJ/K
B, @ S sifuferan o faT | atm 3@ W@
298 K W TEedt qiied == eim?

&

M AT | 9 ST g Te ShelRIHe b

FHENAT €, 8, T ShellHI g 3Taeifoad

SHTHT,

q=Cyx AT

1faferan 9 W ST ST HF SEE B, Ry fow

FHUMCHE BN, Fifeh e (Afafswan-fasorn)

SN Y HOT hoARIHIeX §RT U8 i T8 oAl

o ged B

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

(TE moTeHe Tom atffenan o Somed g i

i w3 ©)

37d: 1 g IhTee o @A & I AU=-20.7 kJK

1 |t AHTEE o e & fau

_(12.0 gmol ") x(—20.7kJ)

= =

=-2.48 x10%kJ mol ™"

B An, = 0

. AH-AU=-2.48 x 10°kJ mol "

R IE I CRIE

5.4 srfuaferan ok fau wEed
uftad, A H 1faferan wEedt
Tt Afafra | sfafeae sar o seed 81 59
Ui 1 TH YR U o— AMHIHR — IR
sifaferan o IRA Toed-ufteda stfafewmar-wed
FHEA 2| AR fafEa § Toed-ufedT A H

fog 9 Twifen S 2
A H = (SR} 1 w3 1 2mm) — (eifufpasi
H1 Tt w1 4n)

=2 aHoge = Y D H
el Y (famn) fog &1 3w Sied & fau

fohan S € TS a, T b, WA THIET F HHA:

sAfaferaehi To SRl & WEfRAHIE o &1 33T

o fau— frefafea sifafean 9

CH, (g + 20,(g — CO,(® +2H,0 (I

AH=YaH_.—-YbH,_.

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

(5.14)

2H_(O,, g)]
el H_ HieR Toed €1 Teedi-ufiedd T a5
I TR B Rt T frer A W R sienfien
TaEtIe ifafshan | SeaA A1 viider i ASH a9
T 3{rervaeh 81 SEh! Sevshal Ui TEeieh &1 ardig
fefear =1 oA A o Tedt ?)
(= ) 3tfafsran =t Ares et
ol Tt stfufsman s e aRfeafaal w fsfk
FA T 3T g AT § fo 79 o Ak it
i fafése Y| Tt Tramafer stivrferar =t e
T a8 U uleadd &, wia o1fufsrar § |
AT @t uaTe STUAT Wieh atererai W gl
Tt uarel it e sraven fadt fafde am
T 3T 9% IE ®U 8, W 298 K 1 bar I W
T AT &1 SSEl & feAu- 9 TSt i A
3 298 K TS | bar W YG 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 3N ok feu- AHC
(T@) UTERaT ®UOT # T -uieds
e IRede § Soli-uftedd i erar €1 SEe o
fore otk i fyeee & faw s &) sTevashdr gt
2| R ot w1 fyser fer <@ (argHEe
TE) W Bl ® a1 TEe-uiedd Bid g9 a9 fEer
T |
H,0(s) - H,0(1); A ,,H® =6.00 kJ mol ™
2I%TAquHe e ST | o T 71 afe
Sl o § aerdl €, 1 SHeh Toadid WehH eIl € el
Sa & A oA afewr § el S 2
ufe Wt 31 uaTed & e § grerer Tt
gftads & uetd @ oM GO A1 Wer e
T A, He TFET I €
Gl o1 T SHOARIS Bl §, ofd: Wl e
THfeqd] TR it 1 STel o ST eRtor H oAl i
ST BNl 81 THF FAUAH T, T FEer @ w:
H,O(l) - H,0(g): A,,,H® = + 40.79kJ mol™
A, H® ST Y A T 2
(T, 31 T, F9R1: ToMF T Feia g1)
TRt 59 F Uk AT Bl o) A0 Ud AFeR 9
(19R) TR STSiiehd ol o ToTT STTEgereh STOHT <hl SHehl
A T A AR S0 T A, H o Hed §l

147

Feduad 3/ @Y & T H 95t 9 21 23|
e SESATHAES A1 Ik o (dry ice) A_ H® =
25.2kJ mol "' & WY 195 K W Feduifad gl 2
el o H efR-efit resfurfaq B @, frmer o
A, ,H®=73.0kJmol !

Tt 3 & T Wi A feR A T "
T (1 9X) W FeAured | g areit THedr
qREd= o SHHT A SeauraT Tt Fagd 8l
TEedt-afada 1 7 359 gered o Sfai-eafae st
F1 ga W R a2, g yeeen-ufiada @
@1 21 ST o fau— 5ot o Squpedl o Hem Sufeerd
I BESIS a9 SHhT 59 TaE § St oh ST[3Tl &l
Yot ¥ oY @d B etk g9 (SH- UEieE) |
Sim-aTfvas fgya-feya == fan foviw &9 @
qdot Bl 81 39 R STk | Hiel & oodiehd g o
ST oF 1 Il hl ATvdiehd B hi Y& HH ST Hi
TrEgshdl Bl €1 |Ront 5.1 | o Uil i Mo e
AR T HAH Toedt & TE )

3MIUT 5.7

ek a1 (Pool) | ket ol il 18 g Tt
%1 T ¥ @1 (TMen) B TE T hl 298 K W
aiftad g o fo fohaet o eTawass gi?
298 K WR STSHIeh0T i AR Sl ahi TOMT
Al

AU 5,1 T TG o0 o {0 Aeh Toedt e 9=

Substance TJ/ K A fusHe /(kJ mol?) | T,/K AmpHO/ (kJ mol?)
N, 63.15 0.72 77.35 5.59

NH, 195.40 5.65 239.73 23355

HCl 159.0 1.992 188.0 16.15

CcoO 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 felt 298 K™ A, H = 44.01 kJmol’
Fal

TSN o YhH hi §H IH TR TSR HX
Hohd B—

H,0() ————— > H,0(g)
18¢ H,0 (1) § e #1 wem - 158
18gmol™
=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 Toh arod 31est T o WHM SHeRR
K1)

A U =A H-AnRT
vap vap g
1 mol a9 & foTu
A, H = (1 mol) (44.01 kJ mol )
=44.01 kJ
An, = (1 mol — O mol) = 1 mol
A U=A H _AnRT
vap vap ]
=44.01 kJ - (1 mol) (8.314 JK-! mol})(298 K)

=44.01 kJ - (8.314 JK')(298 K)
=44.01 kJ - (0.008314 kJK)(298 K)
=44.01 kJ - 2.48 kJ

=41.53 kJ

IETEAT 5.8

Sl arsd Wi SRy NE WA gY MU shifey fw
100°C @9 3R 1 bar ¥ W 1 mol Se-aT5q i
0°C A &t o § age | ANk ol § foha
e erm? G 2 fb o @ Tem wed
6.00 kJ mol ' 3R St w1 Fearenfir 4.2J /g °C @1

35!
Tfiads f TR 9 g 2

BT - 1
1 mol H,0 (g, 0C) » 1 mol H,0 (1, 0C)

T IRed AH,

R IE I CRIE

=T - 2
1 mol H,0 (I, 0°C) — 1 mol H,0 (s, 0C)
T IRade 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 '

T SFFET W I ITaee | yiEdd sF W
AT § F10g IR gl § oAdi—
PAV=AnRT=0
=AU =AH

=-13.56 kJ mol '

(M e farem T A He
et <ifiteR o TeR Tt AT SHak €1 dxal, ST 3709
o Wt wu ¥ fed T oE (W ®U A
‘Hau-orerar’ of wed B), ¥ ¥ forfom 7 W
FHETe! ATk TEredt Uftads ol SHeht Hieh Hie)
fore Toeh A He et S E

Sl Ui ‘f S T defua wAifies a6
| HieT ST ol S 310 T Tl Y § ¥, 9 g
foran <t 21 = P eifufwarg SRt A fate
HieR et & e T g

H,(g) + 20,(g) - H,0(1);

A H® = -285.8kJ mol™

C (I1E2, 5) +2H,(g) — CH, (g);
A H® =-74.81kJmol ™"

2C (AW, 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 it T e feorfa 8, o 1 ot =ifirer
O el W S B S SWie e stfafmensti § v,
U e TIAT § § Yk 1 | el ol @)

CaO(s)+ CO,(g) —» CaCO4(s);
A H® = -178.3kJmol ™"

T T T Fomerdt afurfran o w¥edt-ufterH
hfewem wEie i fawen Toed T €, it o
gy HEiHe 30 qwel 9 T T wT A AR o
a1 B FreAfafaa sfufwar o fog ot woed-ufRada
HBr (g) 1 W T fowe wéierdt A Howe 2,

149

dfesk W i Toed 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 8, A, H® =2AH°
Hqferd TR0 | THE o] i 2 9 faafea
#X HBr(g) o foted et & oy wfiehor 39
Yo foran S Wk 8-

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

TNl 5.2 S oA T URTEl Wl 298 K W AR Hien feve Towd, 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
Br2(l) 0 KBr(s) -393.8
Bra(g) +30.91 MgO(s) -601.70
CaCOs(s) -1206.92 Mg(OH)z(s) -924.54
C (&) +1.89 NaF(s) -573.65
C (Jwre) 0 NaCl(s) 411.15
CaO(s) -635.09 NaBr(s) -361.06
CHa(g) -74.81 Nal(s) -287.78
C2Ha(g) 52.26 NHs(g) -46.11
CH30H()) -238.86 NO(g) +90.25
C2HsOH(l) -277.69 NO2(g) +33.18
CsHs()) +49.03 PCls()) -319.70
CO(g) -110.525 PCls(s) -443.5
CO2(g) -393.51 SiOz(s) (FrET) -910.94
C2He(g) -84.68 SnCla(s) -325.1
Cla(g) 0 SnCls(l) -511.3
CsHs(g) -103.85 S0xz(g) -296.83
n—[CsH1o(g)] -126.15 SOs(g) -395.72
HgS(s) -58.2 SiHa(g) +34
Ha(g) 0 SiCla(g) -657.0
H2O(g) -241.82 C(g) +715.0
H20(l) -285.83 H(g) +218.0
HF(g) -271.1 Cl(g) +121.3
HCl(g) -92.31 Fe,0,(s) -824.2
HBr(g) -36.40
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FS TAT HT 298 K T A HioR fo=m
T A B TROl 52 # @ E 2l

Rl o FTEN, Th qwe b Gad A
T 1 ofaen H (Hgs-tawen) e fat=
Tt A P A Y fern S 2

T SfifSIT o 319 Tk ohfiehel SRR &
R S wed B fob afg an ueref sroet wree
e | € df chfedam e i =1 T Hre
gretiase | faufed & o foau fea om
FT YR B,
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 H#O Ha U6 b HAE:
sAfaferaen T SRl o oNE T SIS THIH
1 ShicHaH e o foeeT W @] % 21 78]
ald b 31 %I 3d:
A,H® =A,H®[CaO(s)]+ A  H°[CO, (g)]
— A, H°[CaCO,(s)]

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

= 178.3kJ mol!

3d: CaCO,(s) 1 fasres FoAmt stfwfsman
21 o7d; sfond IUE U & o fow S9! =9
TRY AT B
(&) ST THhRIuT
Teh Hferd THrRfeR SR, fSreH 9o A H %1
= ot fean T B, ¢ S SR’ e
21 B9 U G | qgel i wdifde steeend
(A& sraeeq o qY) Ff FEe W 2
I 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 ST B1 Toedt Ufied 1 oS
fag <uifal ® fF I8 Tt St sttt =1
SIS Tl & wed o fefafea
ftarfedt i AR W AevEE T
.  Hqfad qEEtTe T | e sifafeheen
Td SRl o Hial (rupett 1 el @ fFfe
Hd B
2. A H° = TR WA HHi R gl o
el #1 gen % §ed H g g1 Aee et
fedd A H° 1 3T kJ mol ' BT @I
WG RN hi THAN o fow gx fF=fafea
sfafsran o foru stfafmar—somr 1 oM | -
Fe,O, (s)+3H, (g) = 2Fe(s)+3H,0(1),
e foe e i anolt (5.2) 9§ 8 U B
A,H® (H,0,1) =-285.83 kJ mol;
A, H® (Fe,O,,
AfH0 (Fe, s) =
AHO(H,. g =
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 Y§ Her
2 S 3faa wifrafufa TRl (Stoichiometric coef-
ficients) % & €1 A FP 1 TS kJ mol”* ¥, fwaht
a1 ﬁmwgﬁﬁa%lmwmwﬁ
A TRl o1 Ffeld T od €, a0 I8 SAfsha
o Teh HicT ! IR HLal &1 &H THIeR i fa=
TR 9 Hferd hid &1 SIeIone—

1 3 3
EFeQO3 (s) +§H2 (g) > Fe(s)+ §H20(1)

s) =-824.2 kJ mol;

0, URUE & STTER

qa Afaferan 1 7% AE T Ad Afafean g
W A H® B
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AH; = E(—285.83 kJmol™)
2

1 -824.2kJmol™
2

=(-428.7+412.1) kd mol!

=-16.6 kJ mol'' = Y%A H
T8 Ty g @ fF oot we fawdiol afin 2
3. w4 ford e T ol Sae foran S
%, T AH® % UF & fag ff 9=a S 2l
I o -

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

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

(=) 7| & frem

<Jfer T T STET-ThoH €, 3Td: Ted qieda
RIeh STereen (fehrehl) Sifcm stereen (Scaml) i
W A o 9 W WA el g1 g TR H- Th
sifafsrar 9 T 9% H = A HE TR T @A H,
T uftedd M el 1 39 ‘29 T’ o w9 H
T YhR e Tohd -

3Tk TSI § B aTetl fedt Trameiies arfferam
i AR Tt 37 At srfuferametl it T A
W ureR GfewEl st AT gt €, T 3| waot
atfferar ot fawfsma femar s Hemar 21

32T, B9 39 799 1 7 U 3T o g
el Frefafead sfafer § woed-ufads w foemm
w01

c(frwz)+%o2 (g) > CO(g);AH® =7

Ul CO (g) T9Q SR 7, Wy 79 aAfafeman o
FB CO, T THI I Bl 21 37: ST Afshan
o fou & Toed-ufadT &1 @ a9 T T2
FR Thd| A% 79 1= W fufrart ge e, o

151

Heiford Taefist =, df Sued GHiertor H THed-uftad
1 ufiher foran S Eehal 2
19 g9 ffafea sifafsenet w foaer =@
%\’_
C (ie1=z,s)+ O, (g) > CO, (g);
AH® =- 393.5kdmol™" (i)

cO(g) +%o2 (8) > CO,(g);

AH® =-283.0kJmol ™ (ii)

T SRIF THIHN i 38 YR GIo hid ©

for sfoa aifufsran o &1 wu <€ IR TH A

CO(g) W ¥ o foTu THiehIon (if) i TH STl HLd

g, ford ==t e 2R 6t oo erawiifoa gt 2l
Td: TH A HC o WM &1 fog 95 <4 €l

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

A H®=+283.0kJmol ™ (iii)

[HERT (i) TS (iii) P! SISHT H Srosd THIHIO T
3 B

(e 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 ©h wnl @ el 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 uer =t arfuaferament
o oo o
sfufmanet & gR a1 ffée wtd gu wedt &
THHTOT HET AU Bl 8
(%) Ah SET TIST A_H®
e AR Tpia § FoEd g €1 3 sE,
Jone, fomm wd Sie o 31 Teqsti | Hewayul gt
2| UM <8 e il 39 YRR YR e S
2 o5 e forddt vared =1 wfd diet 9 wodedt ufads
2, S TH% TEd & HoEEY Bl §, 6 GHE
sifufsraess T IR T fafere a9 w eIo AFs
st H B B
A Y drelt T o faferer o gemd: oA
(C,H,) T Bt &1 e o Tk Hidt o I8 § 2658
kJ S fe et 21 3Heh fau en et
srfafeman =1 39 YR fora wehd &

1
CHyo(g)+ 33 0,(g) > 4C0, (g) + 5H,0(1);

A.H® =-2658.0 kJ mol ™

T YRR M h T81 9 2802.0 kJ/mol
o fdea et ], foger forn e 23—

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

AR YRR A +ft <87 o YA i e 9o
Tl Scuel Bidl §, Ty 3tfam Scurg e WeRR @ et
Sg-THEte sfafmest w gl ¥ w9d ¢, T
TTEH 1 I Bl 2

3ITEUT 5.9
A=A o 1 Al 1 389 298 K T 1 atm W
Il B1 8 o SWid CO,(g) T H,O (1) 5 &
qM 3267.0 kJ FoA1 Ffe @it @1 S=fA
fore e forem TR &1 oM ST CO,(g)

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

R IE I CRIE

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

T

aie @1 fatem feAfafad o @ fon
ST 8-

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

| A di o6 foe < weedt g

06H6(1)+§02 5 6C0, (g)+3H,0(1);

A.H® =-3267kJ mol ... (ii)
1 Wi CO,(g) F forw foem Toeht 38—

C (3w=e) + 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, (g);

A,H® = -2361kJ mol ™
3
3H2 (g) +§Oz (g) - 3H20(1);

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

15
Eoz(g)—>6002(g)

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

Rationalised 2023-24



SFT T

6CO, (g) +3H,0 (1) = C,H, (1) +§og;

A,H® =3267.0 kJ mol" ... (vi)
WWVQ‘O[W@WW%‘?W%

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

(@) HIH TIST A_H®

3B, TTEEESISH o HUH o 39 S R faur
—

H, (g) — 2H(g); A H® =435.0kJ mol™

3 2@ Hehd © T 39 UiHa § SEeEgSH %
H-H 9 o 224 ¥ H ] 9 eid 81 56 Fieha
H B 9 TUed-ufer™ w HUH T, A He
HEd €| 98 T srereen § frelt off uerel & wh Hid
o ufeerd mee ot quid: diesh? TAET | 5o W)
B el TEed-ufied 81 $I <MY T SEeRSeH
S fguATes STustl i UM TTdt TART Sy
faaeH Toedt «ft gt 31 U TEed % 5w 3T
SereRu Frreferad 2
CH4(g] — Cl(g) +4H(g);AaHe = 1665 kJ mol!

Ig =AM 37 4G 91 € 5 TRl SR Shaet 6
e W ¢ 3R H R B

Na(s) — Na(g); A H° = 108.4 kJ mol!

TH ST H HUF Tl SR SeEua Tedt
T g9 2
(1) amEE T A, HC
T fafsenet § TEEtes ey 22d T o g
afeier 224 o ToIq SsTl o1 STTEeehal il © 1R afrelel
a1 H St e gt @1 fereht oft sifaferen o6t s
&I qEES STEH o6 <2 Td a1 | B alel SHeli-
i e R i e e e
Tl -ufieddl o fay FHmfaRT W < ST U]
IR BId B—

() ererer foriem wroedt
(ii) HEA STEY T

153

S A ITAT == A T TGS
sTupsti o Hey | wi
fguraroyes a0y : ® fefafed gfwar ) faar w3
% Hie SEERgSH | faeme gt ey ged T

H,(¢) —» 2H(g): A, ,H° =435.0 kJ mol!

3 ik H BN aren Teied-ufedT H - H
A& i ey fodem Q‘é’j?cﬁ (Bond Dissociation
Enthalpy) 2

ey faaem Tt 3| ufshar ® g arer
e-ufteds €, foad fdt e weaase
ifiTeh oF Tk WA e et 6T Sare |

o 2 foh 78 Ted-aRede iR SEergeH i
FHUHA TACH T T 21 3= T oy sTupsti
o forg «ff 7" T B SSeRone -

Cl(g) — 2Clg); A, H° =242 kJ mol"

O,(g — 20(g); A, H® =428 kJ mol™

TEIRHAIIE U] H 3TEY foisH el ol AH Th
ooy & fig= S o o fa=r g 2
SgUHIUIh 3707 (Polyatomic Molecules) : TH
T TEWHNE A9 (SE- CH,) W fa=R & g
THoh UM o TIU SoAHElTeh Safshal 30 TR <
ST B
CH,(g) — C(g) +4H(g);

A H® =1665 kJ mol™’

I | 9R C-H 31eY TAF €1 38y 7eH 370]
H |l C-H A&l Fi SMEY-g0 T Aae-Fel ot
Teh HHA §, AU Y&ieh C-H 3T 1 digd o foag
AETTH S o-foet €, A & T B
CH,(g) - CH,(g) +H(g):A,,, ,H®° =+427 kJ mol ™

CH,(g) - CH, (g +H(g);A,,,,H° =+439kJ mol
CH, (g) — CH(g) + H(g); A, ,H® = +452kJ mol
CH(g) — C(g)+H(g);A,,.,H®° =+347kJ mol ™
3d:

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

379 B9 CH,H C-H &&l shi 3o amaier Toredt
TR F T
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CH, = (A H®) = 4 (1665 kJ mol ™)
=416 kJ mol!

TH @A © T WO § C-H oY w1 3l ey
Tt 416 KJ /mol €1 7 urn 7 ok fafew 2ifimet,
S¥— CH,CH,Cl, CH,NO, 31 & C-H &% 1 3f&d
ey Tl WH Th-gER § gl fe g g1 Wy
T O H SAfeR AR T B 79 o T 1 3w
T oh SEY THEH I TUAT i S Wehdl 81 HO
Tehet 3R SgeTe w el rolt 5.3 § Suersd 2l
rfuferan Toedt Tgd weweyel el 2, Fiifh T8
& o I TE AT AEHl o T o RO F I
et B1 A e fafve areiy wOfeqsl 9 & d e
srereen | ferelt oft erfufsren &1 O 9@ w1 W
Tohdt &1 TE eragen o stfufmer S A e
AHP SRl U stfafwraent it ey weiferal @ 5
TR Gafed erdl 8-

R IE I CRIE

A HO=Y oy Tt o e TR
(5.17)**
Te gy SH wHd fagim SwEh g §, S«
AH® &1 91 A A @ TR Afufwa w1 g
T -uRted sq erfafwan o sifufwas sropet o
geft 3Teell i digd o AU STavas Sel Ud Sedml
o TSt oF Al oTEHl i A ok foTu Tewah e
1 IR Bl 21 oA ® T 78 Heier ame Tl 21 a8
St g @] B, S9 sifufeRar # |t uned
(Ifafsraes Td S@R) T stewen | )
() Teter Tt
Th HAEME AN H Aos Tl o8 e
RedA &, Se Ueh Hiel SAfeh ATk Tt sreeen o
o el o i e 2

ARUR 5.3 () 298K W FB Tehel M@l o 3idd Tt 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 é 205 = 201 o
490 327 255 197 = F
213 226 360 289 213 Si
213 230 331 272 213 B2
213 251 213 = S

243 218 209 Cl

192 180 Br
151 I

WRUT 53 (@) 298K W F HGd sgaay THedt 7 (kJ mol )

N=N 418 c=c¢C
N=N 946 c=C
C=N 615 c=0
C=N 891 Cc=0

611
837
741
1070

O =0 498

* Jl - ey [FFT TSIeY aor Silgd STEY TSeY & o1 G fag &1 YN fEar S 8
oy g ey fave TS (AHP, ) F WA W, SO wEel R fHH FHER 3 TH AT e aH #H

Tiedt-RadT &, aa AH® =) A HS

(e}
H e 5 e~ 2 H ot 5 s
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<fer STTeteh Tedt 1 JanT g1 e 91w
FHYE B, 36: g9 U W faf # 3w e €,
BT T Ol SN@ S €1 SH aiH-gel eIk
(Born-Haber cycle) gl STl 2 (fax 5.9)1

Na'(g) + Cl(g)
= . )
= 1/2 AbondH I'B
2 E|aH
2 2 eg
Na'(g) + 1/2CL(g) E
- N <
B &
g | AH
2
©
g _Na'(g) +CI(g)
o
Na(g) + 1/2CL,(g)
?“. % Asub He
Q g
-
: '& Alatricr’HS
a(s) +1/2Cl,(g)
5| AH
- £
=
¥ 2

NacCl(s)

frT 5.9 NaCl #1 S TSieqt & foru T-eied siRE

3meu, 76 f=fafed 9= § Na'Cl- &l See
T Y O B E—
1. Na(s) > Na(g) Wifeam g T FHedurad,
A, H® =108.4 kJmol™’
2. Na(g) — Na*(g) + e '(g) Hfead T T AT
T

AH® =496 kJmol™

3. %Clz(g)ﬁCI(g)a@ﬂ'—r 1 fodiem| 59 Afufwman
FH T Ty foRieE T w 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 8 arad § 4 U SOAndent @
& ford T ¥ Tee T TS kI e S et TS
ST Adl Rl T YA foham Siar o (S <fEm)

T Fell ol gelagaear
ST el TS Soiae el Ta1 hl TR T qaH=
R gftefia foram e &1 forelt o= a9 SR
O ITYhReh] T STRT i SHOHIETRAT i Tl
Y uRtefer fran s wekar 81 frfafag stfafwa o

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

TOEE T R THedt giads 99 fo@ geieon &t
e § UfeRfad foRam s dehar a—

T
AH°(T)=A,H°(0) + [A,CRdT
(o)

I ifufseaeti § am & ® ySw et &b
SR C,,5/2R (C,.3/2R) 8 THfAT
ACS =+5/2R (& o fa)

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

TH YHR

AH® (ST TT) = E, (3MFHH o)

+5/2RT A H®°=-A (30cidHayd) -5/2RT

5. Na“(g)+Cl (g) > Na' Cl (s)
7 fafg=1 wei =1 % T 5.9 o <wifan @ 2
TH %W i ‘dH-BeR Tk’ HEd | T Tk
Ted 7 8 fF 38 R o ¥ T¥edt-ufed 3
g 1
79 | & egERr
A HO =411.2+108.4+121+ 496 - 348.6
A, H® =+788kJ

NaCl (s) - Na'(g)+Cl (g)NaCl & faw,
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g yfep o foaw o7iafe e 399 2 RT %Y
BN (Ffeh An,=2), St + 783 kJ mol™. 3 T
BT

39 B9 3@ Sefh Tl o | 1 HerEal 9§
foreraa Tt 1 Iieher w Ghd B

A H = Ay H® "'AhyazHe

NaCl(s) o T&H Wil oF faq el Toredt
A HE == 784 kJ mol ™ (FEH-J&I% H)

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

39 YR NaCl(s) Fi faea-ufshan & @ga &d
FeT-afierde g 2l
(=) faeram-Taedt A, HO
fret Td #1 ool o' wed-uiEdH
2, S THeh Th Wil i Toremae w1 ff<e wmn o
HeH R e {1 e aa R faerr-rdedt o7
T ufte €, S gate i femas # "
o ST Sl §, St Sl o (AN foer o SrugE
%) Te = TR T el

S Ueh AR AifiTeh i faeiaes o sie s
2, 79 3Heh 3T Toheed Siets § 319 fafia feafa
1 Bl d 21 79 A foera § atferen o e €, Wy
I THT A A k1 IR (faemes Sia |
STeftereRtor) off elal B1 39 Ueh Sk ATk AB (s)

% o sm@a w9 § 9t T 2
AB (s) —>A5"lH A'(ag) + B(aq)

A H® AraH®

lattice

A'(g) + B9

37d: T § AB(s) &1 faead T A H Td
SR e, A, H o WMl 5N 38 YR 6
HT S FHdl o

R IE I CRIE

A H = Aygice H + Ay H

sol

sAferenter emmafter AfTehi o foaw A H oFcS
BI 2| gHifeT arferehter Fifitent w6t se1 o fereteran a9
IGH W agdl ¢ A ek Toedt agd S 2,
Aqifier 1 foerEd & a1 ©1 9gd W weiNEe
FANZEl 1 oien U faeid i B 22 Ted
RedH & SAM ey Settell (TAferal) T S
Fetted (Tfewdr) w1 grivE & STEm g fey S
Tehd &
(B) TIHT S T
e T € for foe-oedt, fer @™ 9 T@ W
faea &t fordt faftre amn =i faomas =1 e
fafyre amen & Hie @ B o Toed qied
T Bl T8 U oS W weud o o5 fed oft
oo o fau @ e s @ @1 T
gEege o 10 mol &l 10 mol 9@ ® e 9
B ATl Tl qfigen fefaiead gHwmr gr
foran =1 wehar 21 gl o fow 29 S 1 aq.
g yeidfd

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

ey &n frefafad woiedt aRedHl & 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 & AWM T8 YeRid & © 6 faee-woed
1 qr sl foerm 6t A7En B 81 S-S
foera &1 eifuss wEn WS 1 S ©,
foerA-Toedt S o9 a9 TgEd St @ A
CEe B O o or M | e s T A Bl R )
T & folu o7 SWea e (S-3) ° e
T AH % HH B
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ST AT

I B TR FHRW (S-2) F § &l

THIHT (S-1) T § o e W e g

HCI.25 aq. + 15 aq. — HC1.40 aq.

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

=-0.76 kJ / mol

AH®1 7€ M (- 0.76 kJ /mol) TN shi Tt
2 TE gE T ¢ S faeEd H S etfusw
foreareh THe WX ardero 9 o st 21 oo
o TR HI Tedt foaerE w1 ger wigda iR
e T e w1 wEn W AR w7

5.6 A :Udfddr

SRR 1 Yo fom g fhdt ferm gr1 et
T TS W W A 3T N HT T FE A Hely
A &1 T8 HOH1 o WalTE i 9N W i whise el
S €, Sfesh SO o1 Yae $ed qrq o e A et
3R THIES B B arkd | Wiehfaeh &9 § giHeel
it et o1 ifden TehH T € e w1 3R e
e Tfa 81, @ayarda il S3e o fau— T
9 o1 YT T i W o eIy THOT, Hied
SIS H STcteht hie SEsiiees a1 S|

T o1 3T a5 W TRY 9% I R T T
T T I § W T 5 wR A @ Gpfaa
&l i A R SEATRAEE Td: he 3R Ao
¥ ufafqa =& grl s YR o 3T Wd:U%H
TenTeeiia afterds swiid €1 79 999 Soa1 ® T wrm:
@WW@FWWW (Driving Force) <=1
22 UF TA: YA Hi fgen k9 fuifa e 22 T
@e 1 g9 3 YAl o foau A fuifa 3 fw 3
g ® HWehd € A1 T

B BH HHEA =fet fof o wafad whH
22 9 WEE FY Y WY T4 ¢ fF w@gati
TEEfTR Afafwa 9 ®, S StfWehRenl o ek 9
T & B ol B B SRS TS eIggeH o HaAm
=1 Tefa =1 oid €1 37 719 1 H % a9 1) e
Heh 3ME aul a% foa fordt Seetaa 9Rad &
T S Hehdl B T@f s He SifafEA B @ R,
R agd & i a9 3w q@ off waafia
sfafsran’ & wed B o1 T yetdd gH &1 31 ©

157

foret a1 WeH (Agency) &1 T WeTEal o fohdt
YhH o B HI U BEI FEfy 399 eAfufswar @
ThH o B I L HT Idl &l =erdl €1 Lo yaid
TRHI o TR TEE] § BH @ ¢ R 3 T ST famm
T Ihfird 7Y 81 Tehd €1 Td yafdd gl ok forg e
Y § e Gehd ® foh —

& AT U Uah SThavTe Uoha giaT &1

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

Sahlud fepar ST 9ahar &l

(%) & TS T hH BT Ea:Haidar
AR 872
IfE B9 Ul et S — YerEl ¥ Sl R a1 s
R TeeR A &) gfewaneti W faar X, 99 <@t f&
T 1 faen § frerm w1 frorfas o= o %4 et 21
T YR B9 HE Thd © T T THETH SAfaiman
39 feen o @a.yafda erft, oo foen o =it o &t
B, S oAt eAfufwaet o g €
3T o fera—

1 1
5 N,(g) + 5 H,(g) — NH,(g) ;
A H® =-46.1 kJ mol”

1 1
5 H,(g) + 5 Cl,(g) — HCl(g);
A H°P =-92.32 kJ mol™

m®+é@®emmm
A H° =-285.8 kJ mol™
fordt oft Somerdt 21faferan o fou eifierani 9
IAR & T W T § 7€ HH H Th T
am@ (fo= 5.10 (6)) ® <9 <1 Hevell 2

Al |y
1 P
T AH
H
el Tt
AR RR I
arfafsran fdemss

T 5.10 (%) Foaieldt sfufear & foru Telel-simia
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379 Tk UT JHIUN o YR W §H T8 TR0
o Hehd © T Tl vt sfafean o faw
Q‘ﬂ’ﬁ?ﬁ Y 2 HH YR Weh a9 (Driving force) %I
319 &9 Trefefaa stfufsmanet © foam & B—
B N,(g) + O,(g) — NO,(g);
A H=+33.2 kJ mol
C A%, s) + 2 S() — CS, (I);
A H°P +128.5 kJ mol™!
3 AfAfHAT o gafad ThH TE SIS B
woedt ¥ gy &l u Teedfi-smE g < W
(fo= 5.10 (@)

®I Fd
o

1 P
Tt

g 5.10 (@) SN ST & 1T Teledi-siRE

T SSEIN W I8 I Bl ¢ o Ted o et
et & fau ww wfawers wRE €, W T
gsft yerHl & fou g & 2
(@) Tt ud w@a:yatad
Toh T yafd weha St T fien ¥ 9 4R =i 82
oMU, 'H UH ud feafq &1 oremmm w, fowd
AH =0 , 1ifq Tedt § %1 ufads & €, fee oft
sfafsran =1 yHH @aaia 2

U TH 9% UF o 9Rew 9 foafi (Isolated)
2,9 < i 5 forafia e ©, S feet 5.1 ° gwitn
T 2

Y G A @ B, e FH: & T oA
forgatl & <wfen Mo 7 qen wk faue 9 g fawan
T (Fas 511 %) Sa fa9Se gern S @
(fest 5.11 @), a8 19 eqw | fa@ia e ot 2l
9 GHF gy faaer qof e s 2l

farT 5.11 < 41 @71 foreo

376 BN 39 WohW 1 S1e9H hid B 1 foero ¥ o
af 7 A R & e § i % s B e,
@ Tfe=d &9 9 3 719 A o 8| 36 YRR A B9 <[
S % Fee @ o] e, @ 3 g B % ) @
TR A fauree e o 9] 9] bl SC, af &9
e IR R T e and € TR fashren o e10) T
A I ® 91 9 B Il €9 $E Hehd € [ e A
TN 1 ST SeFafierd 8l T 2

9 TH Y SEUROT AW §: Tk fowfi
T o fehma it o1 o g Sk sTemafed e
# ygfa Bl B e Toayalid s Th HAE @l
Herdl 2l

5} 79 U 31 SRR HoE H 9 FW E,
S/ ‘Tt 8’ wed € SWed STeTEen T i
it 21 Uk AHfs 9 S & fog U st
el Hehell ® Tor Wt ferelt e o a1egereen w1 oo
2 T foafia Freem o fa eifue sremaeen 29T, ot
& oifuw TR THA B SRl O U TR
rfufeman =1 999 €, Tt aRed TRATg stee S
& TH U (AfulEEH) ¥ ¥ W (SAR) § E:
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Srafterd B 81 ik SRl w G At 5t
G ¥ 3ifyen STeafierd Bl @ el | uRermea: Jts
BTt e Tt sifuferan B Tt | Tuneres ufteH
sifafeRan H Tga Tl i WA o STER W ST
fehan ST ©1 G | Frafhaan & sed @ ot € wd
1 T Tk QY F folu S STaR AaH Tt
(Heiferer fafia) ot orawen B, Sefh 9 Sfewe
AR T Y ST 2|

e B T ! A (Quantify) T &d B
373 | el o ool ¥ STeewel &l AT i o6
fau wh fafy wiferst 2, it 39 T&ds &1 g 9
&1 gad fafy sg srfafman & € a1l So-aiterdi o
Sirea w1 faft 8, s Trdt 1 Swrfeh! weld e
21 I SN e, SE—3Tidie e U A@
Tl H 1 T T i Tk SOATITaeh! STerer
Tl g1 98 AS UihA o 9y W s Y e

St off fepet fepma i o & S €, q
AT T ] TG e & STeaeel a1 31 2|
TE UK SO (q) Terma ® areyewen sQm ol
UHTE Tl B 1 8H AS i q § Helfed Fehd 2?2
I9e < € foh St b1 forawor S®@ @ W el
3l €, TSR o <) St €1 Tk S A1 ok R
o =1 a9 o e 61 gor o sifies steqaTen gt
21 o7q: ferdt ferm@ &1 a9 9ok woll 1 i
a1 o g1 Fe A W e e W @ T
SO 39 T i S=9 A R T I B S
1 G H ik STeTEE] w1 IO S dl g1 SHH el
<Al € o Tt afteds dqrq o S[ehHard g 2l

ITHhHINT TRl oF T 7 AS &hiq W& a9 T
Y 39 YR Hefod H Thd 2

qrev
AS = =% .
T (5.18)

forelt To: vafaa yeH o6 o freem Te afiEe
w1 A T ufEd (as, ) Fefafed e
g &= S gea 2

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

S e fehTa Traen | @, df vt arfirenay
Bt § Td T # ufeda AS =0 ®

159

TY HE Thd ¢ (% Th w@d:garfdd WHH i
T ¥ gfg 9@ d% Bl Wdl €, W4 q% 98
SR ad = 1 ST WremEeel W Tt § 9iedy =3
e 21 gieh TR U erEen Ol ¥, om: U
ICHAUIT YohH o SN 8 TIUi-Uads i T
frefafiad T ¥ 89 T TWehd 8-

_ qsys,rev

AS

B9 WA ¢ Toh guardg aRfeerfad § Sehquia
TS SFIHAIA—SH Yehtl o Tl AU = 0 =ial @, W
AS,m T (AS,, +AS,,) TIHTE ThH o6
foTT Y1 781 21 36 TR AU | SR T8 SR
e H faeig & wedl €, Sefh AS faug e B
SETEIUT 5.10
Farsy. fr fFefafead 5 9 fFad werdt sedt /
T B
(i) T S H1 3G e H giedq B
(i) Th foF=cl™ M T AT OK Y 115 Kdsh
TG ST B
(iii) 2NaHCO, (s) - Na,CO, (s) +
CO, (g) +H,0(g)

&

(i) SN 3T # IRexH BH o 9] 319 SHafed
S W T &, I7c: T2t T 2l

() 90K W gt 379] feer Bt B o W
<A B T AR A 115 K TF @R
ST, T S70] A HET AT H 2| © T
Y TrETeEe | <o wid § SR
atferen srerafierd &1 Sl 81 o1d: T2t =g
S 1

(iii) 3IF9HRE NaHCO, 3 & T gaah! T=2idh
%1 B SURl H T 39 IR I T 71 o7
IE I=d W2t il feerfd w1 gfdfafae
F 2

(iv) 8T Teh 1] ] U] el §, 3Fef HON hi
o St @1 H AR o & Hid eRgee
3T0] o Weh HIAl i ol | AT Trdt
@ 2
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ISR 5.1
Tle o SRR

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

T gfeR —549.4 JK ' mol ' € (298 Kdd

)

39 Afufern  w=rdt ufadq o e o6
SWa ot erfafwan a: yafda F=i 22

(39 Afuferan o fau
AH® =-1648x10°J mol ™)
'

T Afafsran 1 @ gafad

AS = AS,, +AS,,, % MER W T |

AS,, 1 O & o fau g6 afew gm

1A HoA1 W fo=aR & 8, St —A_H°

@ qed €1 T a9 W 9REs &1 Tt o qfteds

~A,H®
T

T AS,,. = (feer T W)

(-1648x10° Jmol ')
298K

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

=4980.6 JK 'mol™
399 e Bl ¢ T i o yafdd 2

("T)ﬁﬁﬁf@'{aﬁzﬂm

a0 g E E fae T e Terd e
IREdd AS,,, [dl YohH HI W@agafdar 1 o
F B R AR TEERE ket o fem
I g T w1 goit o e €1 era: stfueRiw
sAfafewanet § Tt @ wiedt — <A ufiedy o
g1 vd @ ° i T foeem 9 qg e @ R oA
sad Tl § wH SR 7 & ud ¥ 9fg w@a:
yafdd geral 1 feen i@ o gedt 21

R IE I CRIE

39 YAISH ¥q 89 T T SAFAhT Her fiss
St 41 filest ®eH G i 39 YhR qRI Hid 8—

G=H-TS (5.20)

e Ssil, G T fawdiol T sraen o 2

freera &t fies el § 9Redd AG,,, &l 39
YR foran S wehdl -

AGgys = AHgy — TAS s — Sy AT

feeR A9 W AT =0

- AGgys = AH,, — TAS

Il 9IEie (subscript) o™ &1 Bid g
THIH T W YRR foaed -

AG = AH - TAS (5.21)

39 Yo firsst Sefl o uRadH = woed | gRadH
- TUHE x T H uRadd U8 gt ‘e
GHfiRor’ o &Y § ST S €, S T 9 o 3t
el TN H ¥ Tk 7| F8T S T vt o
T gl Iei wt we-Ty o € ;S (AH o 96
o) T TR AS (STeHER HT W) | @ g o
T T 2| forfte SneR W faver ol S W By U
g TF AG 1 ZHE STl H1 THE Bl §, iR AH
TS TAS SHT Soll 1% € [Hf TAS = (K) (J/K) = J]

319 &Y faam ot ® fF A e yer stfafeman
1 Lo yefdar ¥ Hefud 2|

T 9 € fF AS, = AS, + AS_,

Ife fepra, aftest & @iy qrdg = | 7,
fEwr 1 a9, feE & 99 o 99 € s e
IR & el | gig e w1 woed § we o
e B

37 : YRS 1 Tt o uRedd

AH
ASSL”T = AHsurr — Ssys
T T

AH
AStotal = ASsys +| - T

SUI FHIHIO 1 GH: FaRed HH |
TAS,,, = TAS, -AH__

total

@d: WhA o faT AS,,, >0 ¥:
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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, e &1 T & 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:ydfddar &l
FHE 2
@) 9 AG RUTHS (< 0) ¥, 6 YehH T&d: gafid
Bl B
(i) I AG ¥FHE (> 0) 96 YhH 3T=Ed: Jafad
BT
femuft— afs stfufswan o foe Toed qiadT oA
B Ue Tl uftedq oft eFeEes =, d eifufswen asf
w@d: g, 1@ TAS &1 5 AH o AF 9 3ife =
MU F% | YhR 9 B Hehall B—
(F) oHIcHS T2idt g +H of, dt 3| feafa o 7
1fes g1 =feul (@) oHTeHe T=rdt aRad stfereh
g, @t 39 feafa § 7w g =ifeu) vget aren SR
g dr § foh afemyr stfafspame S=a aig W
Huifed 1 St 81 GOl 5.4 § fafemenst s wor:
Yefadl 9 a9 ok 9979 sl Haifd (Summarise) f&=1
T R
(9) W=t 3T FeAnTfaent st et fem
T WA © Tk Tt foafim fem & fag s
e fifyea @ 21 gfe, 39 R & fem o
Tt 1 &A1 T : IR i TarHTiaeh S aqerd
2| aTEd W g SHNTRT ol SHY R #1 v e
o §AH W fem & off fafv= ger § foman s
ekl B SOHANTIeR! 1 SO o oo el @ o
T Werdl Soierdt eiffsrand o et A sl 2l
oerdt erfufsreneti § fehell el aTqeRoT | sTeEwen

161

a1 3 € SN e THetrent TR qReds s eHes Bl
T S stfufsren =1 T wafdd o < B

(=) e T=idt 3T SoAmTfaent st et foeEm
forelt urel o oo et Y@ A faelt oft oM wf
Tohd T, 98 WL HI WE U FX Tohel © IR U
o errey faw iR fachg Tehd €1 etupet ot @ wifEt
ST TAARRYT T, FOMT T Ta Shaa T haged
T 5a TehT 1 AIHE Sl € A Te TiaE St Su
B W € SR T 9 S 21 gEd iR S a
OIS S B e e R TR L i
forefera ueted o1 amM SR-S W I A 3R
AT & AY-N T oft I Y SR st $1 3
FHNTfehT oAl AT F1aw shgd &1 Ta gqfery g
& iifeh T Y W fpeed ¥ gyl %W e 21 9
HUA ohoiel (G THefad S|l q difgd © it
Tgifasr oo IR qrEifTes yar guiid & fF faaamt ot
sifaefiaferd sai i T=rdt 0 K W I &1 8idt| de
o 1 Hew gHfery € o 98 shael S effanel o
SR W Y5 Tl o Fdey Tt 7 aRenferd e
A e B 81 U5 i o fau 9w 0 K @ 298
qu;; gfgal =1 Siig X I fhan < Teha
2| TR TITE! 26 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 [9g T
aferor- e & R o frfefed SRt < -
() THEteR stfafwar &1 wa gafad o1 gEgaE|
(i) THEtTR Affsha ¥ U B Wehd Atel SUANH

HE 1 qATIAI

e qh &H FAThAv(g AfAfsmane | qger Sl
TReRHl W R R ek ¥ o1 BH SahAvia sifufmast
o o SSl-ede 1 Sie w8
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‘SERHOTRET W SRR T o uRferfd 2,
fSEd T YHH H1 39 YR T S 2 R e
THY o0 UREY ® Yufa: w H W qEEte
srfferanati o geof o ‘ScraviEar’ w1 ol € 6
TR sTffsran <1 femstl o we-we =/ |ehdt
2, foraa T wrer wenfia &1 @eh | 399 wdid eiar €
srfaferan AT feemeti & gaa e § & & WY =9w
ek, S IHYE Tdid B Bl g quft dud ®, 5
Qe W R R e Sl ad gl At uE
Tt &, @ R wa: & &9 g e & ferfa
qfafda gl S|

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

AG=0

fordt sifuferan, foad gt sifvens T SR
A sfereet | e, @ files S A Ge, wrere
feoier @ TeAfafiga gientor g0 Gaifea gl 8—

0=AG°+RTInK
AIAMA G° =-RTIn K

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

Tarel HEATENST SAfafshanst & fau A He =1 w4
e Td IS Bl 1 3 uRkfefaE § K %1 9e
1 § 9gd ¥ T ud ifufhRar | SAfie IR R
T Yofa &1 B Heaiad] sifAfhanei § A _H® 61
A Afeeh SIET T SRUMCH BT a2 A GO 1 A
At T FomeHeR Henferd @1 37 IRfeorfaat & K

R IE I CRIE

T 1 ¥ 9ga A4k STl TH Yael Seaiardt stfafenansti
o foIu =9 K &1 30 ¢ Gehd © W8 Afafswan
TRt B TRt €1 A Ge HT HHE ASe % HH W
off feft sman €1 Afe arfaferan o et afteds =1 ot

M W W ST, 99 K o1 94 91 ifaferar =t |

TH 9§ YHfed B foh A Se w1 HF oA Al
HOTHF 2
FHRTO (5.24) T FAN HEH W

@) AH® T AS® & A | AG® T °H T4

FHTep, frE) ot 99 R fRemEd ®9 9 3T i

wiftq o 7T K o T 1 70T 1 ST Ghdl B

(i) A garmemen o K @en &€ w9 foan s, o

frdt oft o= 919 W AG® o HE &1 AT hi

S Hehe B

IS 5,12
298 K W 3fadlsH o 3= H w9l

20,0 0,@% faw AT # WA #
UM hifSTl 39 SAfafRal o ferg K 1 HH
2.47x10° %]

&

T S @ % A,G®=-2.303 RTlog K, Td R
=8.314 JK ' mol’

S

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

= 163000 J mol!
= 163 kd mol!

qrferert 5.4 3fuferar &t Wa:yafddr T a1q &t w9t

AH®  AS° A G° Ui

- + - gt a9 W sfafeRan o gafaa
_ - — (f=1 a w) =1 am R sifafsean @@ wafaa
- - + (3=9 AT W) I=9 q W Afafra s gafia
+ + (/=1 a9 W) =1 99 R sAfufwan sraa At
+ - (3= 99 W) I=d A W AffRa wa et
+ - + (|t 99 W) geft a9 W AfafRan % gafaa

* g3 f7e7 99 T 3=

a9 gorIES &1 fRet et sifafsar & fog s= a9 sifad &W &7 a9 9t g gHdr &
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SFT T

ISTIUT 5.13
frafafea sfufean & fau 298 K ® @
el &1 A9 1 Shifed—
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”

SETEIUT 5.14
60°C T R TEEESH SZHEE 50 % feriferd

T 3| T STgHed 39 U6 39 d9 W OEE
T Soll-URade 1 TUHT it

163

Egl

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

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

X —1_0'5'x _2x0.5
Noi 1405 TN 1405

Pyo :O;le atm, py,, :Lxl atm

1.5 1.5
= fes
2
K, (Pno,) _ 12.5
DPw,0, (1.5)° (0.5)
= 1.33 atm.
kG2

AG°=-RTIn K,

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

HIIIT

FOHNTIAeRT TEETTH T ifder Fehdi § ol qiad= o Tael @t €1 T 9 qRadAl sl A STeqe
T TN ST STFAH T § eH HerEd il 21 37 Hidl o fou g s w1 e ud aitew ¥ faefe
FTd T TEERTR T Afdh TehT S (q) S A1 TR o el B €, freh v an #wE (w) §
Al S Gkl 21 3 TR SR oF TAH FE™ AU = g + w g1 Haifed Bt 21 AU IR T sffam
e I TR Y1 ® U1 U ST el B, Selh g Uo w U W R d € qe Yo el Tl 2
T g woh o fog o 1 o s €, 9 3= e w1 & S Al 5% enee o 3d €2
S o Tk ehtd W TR TR W TR T A9 Y Tehd €, e @ § qied e €1 argae |
g o1 | Uil 1 SOHAEIRAT (C) W R a1 B1 31d: a1 Seafsid $1 q = CAT Bial 81 Afg
9 BT JEROT B B, A HE BT WO W= —p AV H F 2| SOHIUIE T H I o FeA] TRed
% T p_ = p 1 IF 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, 312iiq 78 TEeR ST TR THiand S 81 W 8t sifafmanst
o NI o U en W feer T o €1 eH U SR STawl-Theld Tredl i R i €
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164 ECIREICEIE]

THEd-afadd AH = AU + An, RT 1 7199 €tg feer T R Soa-ufted § fan s g €, aaf
AH=q, 2|

TR -afedal o %% YRR 7| grae qiedd (-7, ariiehiu] T8 Seaua) S fer
9 W B B, T2 amrers woeft-uftada 9 stfvafad fan sar 21 foem woiedt, 329 woed e o
wHfer | uRedd 28 o e 1 S w0 96 TR ST ged 71 TEEtes sifafweet § woedt-uftedd

ArI—I i z (aiAprroducts) i Z (biAereactiuns)

J i

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

SHFTIRT o1 Jod 1 qamEtTs sifafea 1 fSen & aR o o6 fRiva 781 S, stofq 97 =t
Tl o TERfTR Afafmen &1 W o @1 2| faefia fem &y Ay = o 21 31d: 9 39 & & foau
T Lo, S, T aRefid w1 1 T=idt STeaareen &1 49+ ?1 Tk d: yafdd o o fag
el T2l qRede G Bl §1 Ueh faetfita e o ffe AU = 0,AS > 0 @1 1a: T2idt aieds &oa:
Feifdd TehH b fasifEd ear €, Stelfer Sofl URerd el Hidll SEhHvT JehH o foiq Tt gied=-Seiehton

Aszqr% Y 9 fFan s g =1 q%v o R e 78 e 71

e erfershier TETERTR AR feor @ R F €, 91: ¥W U STHE-Whed fiew st G
TRefod w3 §, S R o TR e T ufedH @ g A.G = A H-TA S 3N Tafed 7

T A WhH o T AG,, <0 TF drEeel | AG,,, =0
e fiTest Soil-ufiads 9 feri® ¥ A,G° =-RT In K THi0 ¥ Heifod 2

TEH WEEW § A,GS W B W K 1 HH WA A ST WA €1 AGS W HM HHIH
A.G® =AH® - TAS® ¥ T fhal S Tehal T1 THIRROT H 19 Toh Hewqul %R 1 ST T2t
Ufearet %2 sfufwa, St #5 A W sREq: wafid @, 3% Se9 9 R WA yaiid S ST gehdl 2

SRS

51 8l SW -
TN STeee el Th TR E,
() S SeH-uRedH % foe W e 2
(i) TSEes oM 9y W FeR & e 2
(iii) S S-S HE BT MO FE H GgE B B
(iv) TSrEer 7F heaet @9 W R s 2
52  UH U o wgr uiferfaa § g9 ok fera—
@ AT=0 (i) Ap=0
(iii) g=0 (iv w=0
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5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

5.13

5.14

el el Bt T ST W -arerwen § et e

@ zhE (i) 3=

(i) <O (iv) Tft aai & forg fa= Bt 2

S o <@ o T AU® &1 7 —X kJ mol™! 81 38ek faq AH® &1 | gim—
@) =AU° (ii) > AU®

(iii) < AUO (iv) = 0

HeH, IhTEe T TEEEgeH & ot 298 K R <84 T o UM %991: ~890.3 kJ
mol™!, ~393.5kJ mol! T ~285.8 kJ mol' € CH,(g) 1 forem Tt 1 272
(i -74.8kJ mol?! (ii) -52.27 kJ mol!

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

T AR A+B—>C+D+q o fau Tl aiemdd ocaes 9@ T 9%
sifaferan dea grfi—

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

(iii) et off a9 o 7 (iv) forsl of A ™

T YA H T g 701 J 1 SE9ifid it @ T 394 J % fohan s 21 5
YA H T Soi § feRan ufkerd= gm?

TF 9H el § NH,CN(s) ®T stfferan essifaise & @ &1 T 1 AU &
qH —742.7 KJ mol™ 9@ T (298 K W) | 36 3iffehan o forg 298 K R Tiedt
REdd Fa Fife—

NH,CN(g) + goz(g] — N,(g) + CO,(g) + H,O(l)

60.0 g TGfa=™ &1 a9 35°C ¥ 55° C & o foau fvad fwat S o &t
SATEYIRal B2 Al 1 HieR SSTEar 24 J mol™ K 21

10.0°C W | Hiel A &1 % ~10°C W FHM W THedi-qied &1 T it
A, H=6.03 kdJ mol! 0°C |,

C, [H,0()] = 75.3 J mol K'!

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

CO, &1 &7 T ~393.5 kJ mol™! €1 T Te sifaiis ¥ 35.2 g CO, T W
IS ST T UM SIS

CO(g), CO, (g), N,0(g) T& N,O,(g) F faa Taedt ww1: -110,-393, 81 T
9.7 kJ mol-'&1 i1 N,0,(g) + 3CO(g) - N,O(g) + 3CO,(g) & faw A H *
HH A IS

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

frefafea siwei & CH,OH() ®1 AHew-foxad Tedt ama Hifse—

3
CH,OH () + 5 O,(g) - 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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166 e CE M ERIE

515  CCl,(g) - C(g) +4Cl(g) =rfafshan & fory wéedt-uftad™ o sifsg s CCl, o
C - Cl &1 1 el &Y MO SHifeTg—
A, H°(CCl) = 30.5 kJ mol "
AH°® (CCl) =-135.5 kJ mol .
A_He (C) = 715.0 kJ mol ™, =&l A_HC % Tt B
A _HP® (CL,) = 242 kJ mol™
516 Us foa@fia fem o faw AU = 0, 39 faw AS &1 gm?
517 298 K W 31fufshan 24 + B — ¢ o fow
AH =400 kJmol ™' T AS =0.2 kJ K 'mol™’
AH T AS ol a9-foar ® feer Ad g sy for ford aa R eifaferan wm: grm?
518  sfafsRan 2Cl(g) — Cl,(g) o faT AH Ta 0SQ o fog == 8i1?
519 sffsRa 2A(g) + B(g) — 2D (g) & Tt AU® = -10.5 kJ T AS® = —44.1JK!
Al & faw AGe 1 UM HIfST 3R wasy fo #o sifafman w@a: vatdd 8
Tehell 22
520 300 W UH Afufmar o fow W feemie 10 1 AGe w1 WM @ EN?
R=8.314 JK! mol™!
521  frafafea stfafsransti & TUR W NO (g) oF SRR €efae W feouft shifu—

1 1
2 W@+ 50,0 > NO@: AH=90kJ mol

NO(g) + % 0,(g) > NO,(g): AH°=-74kJ mol!
522 <@ 1.00 H@ H,0(1) %1 #eh uftfeerfai # forfaa s €, 70 ufew o Tei-ufteds
1 TUAT HIFST— A H® = -286 kJ mol™
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