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o TF-Fell UREH (AG) 1 THH Fohl;
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Tg Tre e Sideeg T ehaet Yt fagia &, faes fog & aqe &
foh gwak wifersh Fagial st 3ThT SUGFAAT o WTER A FHHT THRT T&T
ST T Bl

arcae 3B

e S SR WA T, TEIE 19 A1 kel g § S ©, @ qEratin
sAfafsran o A ervpel § Huda TEEte Se S % w9 o
o gt B1 19 Tk S § S STordT €, 99 TEEtR Sl it
# o T 8 Gehdl & A oo T (Ih deA) R Sl
TR HIA T TW YRR e o fafa w9 faem aifeemdt o -
T ¥ R Gefd e § T TF ®9 Y g ®Y H o€l o Tohd
g1 31 Hol-BUON T I € SR H1 faw-aeg R
SN o o Te e, f sga-9 o10) e §, 9 waifea
e €, 7 o gew frepri 9, fo=d sgd 9 o1 g €1 Fomiah!
39 91d 4 Gatad T8 @ foh 3 Uiedd ol Te fRY o 9§ sEited
B €1 T IRl fent o1 URf9es W afam sreren 9 Helfua
& Swmfash! o fm qsft @ B €, S e arEeen § e
T A1 U T ¥ R e ¥ S 2 fhE fee & T
o1 (SH— @ TE A1) e § 96 o el it T@él g
%1 38 T | g0 SEEf! & WeAg U F9 Heequl 99 o S
T H TG H| A

T At AfafEa aEe o gH Seli-ufdad ohd fuifa
Fd 7 ? T ufadq e st A2 us qEEties sifafwanusn
oy URA B 87 TEEte stfufwan fee w9 werd 272
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SEATTAeRT

6.1 SSHNT Aeh! ok doh-iehl I
TN Scgehal Tt ifufwansti wd 3 gHam
F-qREdl Sl S 1 B @ 3HeR faw e
IHfaeRT H Yga M ATt S qehelhl IR i
ST B SehT aie A feEn T @

6.1.1 e wa ufigsr
Fomaet § R w1 e sRie % 39 WM 9 ®,
SRR Yero fory S @ aen sHeRt 9w Wi ‘afesr’
FHEA &1 TRe § e 1 Siga) Ue o aftHfer
B frpmg w ke ST faoreRt SeIe e 2l
e + afew = s=re

frem 9 srfafiea dqui e e 9 ere
RedAl @ geniferd el eiar 21 sEifere wrEifies sl o
o srere w1 @@l W, S e 9 sAdfean s €,
qftast & &9 H e S 2l

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

IR o - afg g0 uw dier | sufted
yereff A Ud B i eAffsman @1 teme o) ®@
et (Toe stfufsran-fason €) fer® em e wua
(fsrw st ®) dftEsr =1 & swam (fas 6.1)1

"~

t—

e —— =
— ~_

forT 6.1 : IR9 Tg [

oM @ o e difass dimmed (St =
WEel) | qRefid fRar s Tk § 1 gAfe §
fafy=a eI o wrdig fesme (Cartesian coordi-
nates) awaaa (set) ﬁqﬁmﬁqﬂmww%

TG SETIF © foh Tt &1 arfass a1 ey
AR A HH o N RS ¥ YAk |iel Sl 9%
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R, <t T Te uRkEst i gerep e €, Cufker’
(Boundary) Feeldl 81 aiE g &4 e &
e 3 e FoF q1 Holl oF el i el wE
Uferd Y TR €l

6.1.2 ™M™ % U

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

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

& o MaE ¥ el @ §3-gH &1 e @
ufewt & #en fafm@ (Exchange) @ Hehdl €l
3N —AHRF Th ol e § ferd sl

2. s Mo (Closed system)

ag T o f1om wd ufew o 7 g1 &1 fafma
Goe el €, WY Sl 1 fafmd g wehdr 1 SE—
firerer o diee | ferd wmd)

3, Taafia e (Isolated system)

& faafia e o frem ug ufast o g9 53 1§
Feli— T o1 € Taf e dee T2 g 21 e —
e T ode v | fod W) e 6.2 |

farT 6.2 : gan, a5 Tg faafa f&E

* gfg gH ohae stfafwen fazor i feem o, o et 1 <o) 9iew w1 s S
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6.1.3 R =l 3Ta%e

frelt ot Somaes! fepm w1 9o % TN, SE-
T (p), FFA (V), T4 (D W wE & goed
(Composition) %I ff<® (Specify) Fer fohan S
21 &Y T =i 9t e o foaw 57 7o o1 aied=
¥ 7d g wEn e wE ved 21 e ifasw
e | U@l g T At o foRdt e o6t afores
sraer &t e e o et sa-fageti o 3w
&o1 W Tefd We a7 o SMUR W T Sl €1 SRR
T STIET 1 Ueh oW U9 Wal €9 Y&foq fohan T
2| ST Yok U1 1 T o orsgd I T SAEvIhdl
T 2, Hifer 7l g e o Siga wo g T
1 TN Shed & B T1enTd shi STerell ol “STaeeT-thetal’
T ‘FTERAT-ZR’ & §N Fe H &

SR | R T STl &1 auid 38k
HIOTETE SISl U o g TRl ST B1 8H U
T HT TR HT IHk I (p), AFG (V), 99 (D),
AN (r) SMTE © a0 T Hehd Bl p, V, T o1 STaEq] =7
T R e €, 7 o 5! Ui e ob adieh W et
e &1 s1aen &l qui €9 9 qRfid & o fag
et & Gedt T[T BT AU S HT STEvIR TEl B,
Fiifer o 01 & A w9 A uRafid 8 gwd g1
TON <t T R 1 Wehtd W R et €1 e an
%A 9 Y TS H T T TN i 79 L 54 S, @
T HR T 1 O @ a8 S )

6.1.4 3Tder Hsll : Ueh ITALAT-WheAT
e B9 3 TEER TR bt == e ©, T st
o1 Fepm =1 Y& Bial €, 99 6 UH UH O
TRl Bl €, S R 1 St w1 Wt
FI BN TE el TEE, agd a1 AifE el @l
Gehdll B1 T Goehl AN € R w1 Sl el 2l
FHNTIGRT W 30 Sfideh Sell U whed 2| T qiafid
B ©, el

o T H ™ ¥ yow = R e e,

o frwE W = frm g & fwen A,

o M@ ¥ g1 &1 yAw A e Bl 7

wreE fagm

(=) wr

a8 Yedl g9 w1 wH R ™ w1 ondfin et o
B et IR 1 S 31| 0 Th o e o
T, oot o ek a1 S diet | Sl
9 A1 21 39H (TR Ue URewr & Hem oA
HaTe el 8, UH R i &9 HgIeW (Adiabatic)
T wEd 2 W T o areeenr-ufteds @i
HEIH UehH hed ol 390 T we 9fEw & ue
Fi2 Foa-fafma &1 gt g8l | @ v ufew
F Yo FEAE R egE darR wEerd §
(o 6.3)1

forT 6.3: T wgiw fAr, fogd gRdar @ ssr-fafaa
g 781 81

319 g9 (T N F© F Hch s9&] SARH
Tl § ueadT w €1 A TR freem wt wifies
ST A € TS THHT AU T, A1 AN Heil U, T
f5oRTT T TerEeN i & WohR § el Y Hehd B—
YR YHT—AM foF B Ued § Sl ! g2 89
1kJ & & €, fSed e w1 = 3fereen A B
TS IEH! AT T, T W | AE 3@ T fE > T,
Hd: 99 H Rerd AT = T,-T, | |l el B H
iafeh H& U, ®, @ oAaRE He W ufRed,
AU=U-U,
fgdta gep—o1d 20 9@ § T fidse
(Immersion Rod) STeieh 3d-l il é@a Eqp] (1kJ)
F © T e ¥ qu-ufiedd 92 % 21 89 2Ed
€ for am-uiaeq 9o & wEE T,-T, € @ R

el H TS TAN SLAL. S[A 5 U 1845 oK
S fRan o o 3= U fok e W feen
TN fafyea & e 1 stewen § 9u uftads o
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SEATTAeRT

g, TR & foRet ft TR (W) g1 R S, St
&l W A o e gRI 3@l T 2

Iq: I8 SUgH fe@ar © f6 ww uwh ufd,
MaRer el U, 1 gReifya fean sme, foae am
et T 3Teren w1 SAfeneiiten B, STl TSI ehd
H fopan w1 wrE w, T SrEeensd § U 9ierdq o e,
FAq AU =U,- U =w_, &l

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

THMEH FFMhT § JUPAC T oh 3TIER
YT T o € fof &l w, Fehmr @R femenm
2 9o e &1 Sfiafe Sl o¢ St 21 36 YRR §
Ife fremr g0 & ffen S, @ w, RO BT
Fiith THehTa 1 Ader ol %4 8 Sl 2l

F1 3 Tl 1= URfad sTaee-waeHl o A
o1 Hehd 82 V, p U6 T o 1= URfed STaee-thefd
gl 3T o foau- At 79 fadt frh & qm o
25°C ¥ 35°C d 9REdd &, @ ar9-aRad 35°C—
25°C = +10°C BN =18 T4 Eie €t 35°C dh ¢ =1
ﬁwﬁﬁ@ﬂ?ﬁmegreaﬂiﬁ@ﬁﬁ'{
firr ferma =t 2ifqm QM9 (35°C) a9 o SU| 39 YR
T Th SFAoE-WheH 21 a9 o IRed e 7 el e
AT 81 ek qleltsl § AT ol ST Teh STereel-her
2, ik eh Sl & FdT | qREdd 39 o9 W
R & wtan @ fop drens o9 9 T E— iR g,
ENEER-CUR I AR
(@) s
7 fa & forw off ufaer ° o @Rt = aRkast &
T L Teh ht 1 Tde el B ufeadd &
Gehd B1 T8 H-Taf9a, Sl drdial 1 9RO €, S
q e I 3T T UE diak o & forg [qd o
e 6.14 (F) H 90T IER I& URMWE TE A
qY] S TG SER w1 U SO e Sen
(o1 6.4) BRI o1 o =e 9 Bl 2, W foremr i)

o o6 die &1 T I (et <en sy
s €) § T, a9 W W o o2 s
92 Fe, fSwem am T, ¥ ¥ W 7 feE (S)
SN SEWMNG S g I q9-IREd T,-T, g

161

forT 6.4 : T o, f79d 9REIET & 3IR-YR 97 6T FaTE
q9q 2

AT S Hehel B1 F8T W f 3nfafer e § e,
AU = q B, Seifeh feer e @ g e T2 foan
T R

THMEH FFThT § JTUPAC T oh STIER
REST @ 1 T TH 6 § 81 W g &F S
B € 3R Frepm 1 St agdl © T oAl o (R
T qEe 1 3 TFEIRd 8 W g B0 el 8
RoHa: e Y Sl % 8 S @)
(1) | feerfa
W T 9 feafq W foem &, Sefe safes e
o oftad 3 € ThRI (T FToh TE SHo1- T
)1 B 39 feufa o &9 snidfes St o Uftedd & 3|
TR fora wehd B

AU=q +w (6.1)

T fafire srewen-ufada o qRady o YR &
AR q T w & AF 99 & Tehd €, W g+ w =
AU et YR Td SAfam efaen X AR =am 7'
IRedH & YR @ LA 21 AR S A 1 ok &Y
H Fefl-uiedd 7 8 (foafia feem) steiq afk
w=0Td qg=0, @ AU=0 ®|

GHIHRIT 6.1 A AU = q + w, SHRITR] ok
verg e o1 oIt e #1 gem e % eER,
“em Tarefita e &t st staftad=ia gt 217

* qgel frrrg W T STH a1ed 61 @) BTk fae SR R g foRT SR ol i eATeHes faes feEn T em ifaent
HI GEThl W ord oft S WO T SO @ W@l © g9l [upAP A St R o w1 fawifer #51 2
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wee o W faefia feme € om: faw 1 f=
TR G off el S Fehdl 2 TS i Soll STaRad-r
21 WA 39 ISl o HXe o fagia’ wed ©,
Aufq ol 7 @ A HT ST Hehall @ 3R A & SR
gor fohal < Wbl 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 SRR Sl w1 Fedey O e e
F Wehd §, FJAMY Aaier Sl § IRedT AU F1d
o S Hehel 21

IETEITT 6.1

e TR 1 oAl St § uied <R, afk—

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

(i) TR R FE & T fohan ST, WY 3o
FT G g ™ 9 gfew & % < Sy
frema &1 <eR fF9 gwR &1 gl

(iti) 1™ SR w AN &1 w1 TR SW Ud g
e &1 oA e & S aw fRe
YR 1 e gim?

&

@) AU=w,, SaR TS B

(i) AU= - g, OR S gares gl
(iii) AU = q - w T€ =% Fm B

6.2 TTUHANT

#% qHEtTE sfatEwst § N6 Iaw B §, S
T T FE A S I FE W HEH Bt 2
3 YRaddl o GRET & UM W R SATdReh
Fl-giedHl ¥ Heag wE He™qul B <@ R ae
Y Bl B

6.2.1 I

HEYeH Teh TR g1 fohT T e 1 Yepfd W e
T I &1 W Shacl Fifeh kT, Teliq e S
FE W fo=m w3

wreE fagm

‘c{lﬂ:pexAV

&Aw, P

. pexg ()
k—1—

fag 6.5 (%) fafere 4 Rerd a7re9f 319 0 T 92 9 feery
§&l <19 P, BRI &1 T Ggad g
EER &5 g’ 90 T 8l

TE-AIAA FE H THSH & AU g0 FHURfEd
e fafer W faem +wd ®, food s o
et T R g€ €1 79 1 et ST Vo ud faferet
¥ 1 q@ p T AR TR @ p, 7, S p W A
g, fies ik &1 3R 9@ o TIfd &4, 5« qh
AR & p, ok SR B S| HA o 78 dfterd
TF 9% | T € qen Sfqw s v oA R
g o foee 1l 7 hea @ U foe o1 Sruey
gFel A © (fe1 6.5 &)

T ARG | IR = [XxA=AV = (V, - V)

7 e S E T g

Id: T Wad =p_. A

g foea 9am § fem | fwan = & w
g,
w = 9d x faeema =p, Al
=p,-FAV)=-p AV=-p (V.-V) (6.2)
Tl HUTeHs g & gHfery eevas € fw
qRURE! (Convention) o AR Hdled ¥ ™ W
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Ea G Cal

1 B W R, S RS B R (V- V) A
FUTHS BN STe S0TcHs o SEUTcHeh <h1 T[0T B,
d w T T YA & Sa|

Ifg Tpad o TS U8 W I ) 7 8 W@
%2 TRfad Il ¥ SRerdl |, 9 el e gued ugi
H g HME 1 A B T — Y pAV & qed BT
[fa= 6.5(@) ]I

g 3@ R 7 8 6 39 YR 98l & fh I8
TSN & N % <@ W Iaged e e, q9 G
o Y% U8 H STEAH SHAgEH "l dV ST 39
fearfa o w0 gro forw g e w6 o B e
ey ¥ G F Tohd B

Va
w = —jpede

Vi

(6.3)

Vi I (V) Vi

forT 6.5 (@) SRR &7 gRfyd 7sl # a5eid gu Sifeer
T W YRy 3T 4 ifaq sgad d%
T d fHar 7 FF g &

Hpad § p_ T&F U8 W (p, +dp) F T B
[fe 6.5-1]1 ¥ uRfeerfaal H y&eor  am@r g«
AR <« W A FH B, HAq p, =p, - dp
= ¥ § &H o Tohd & R p_=(p, + dp) T
A ‘ISHATIE Yo' HEdd

163

Vs 3 (V) v,

ferd 6.5 () pV a% & GRIY% 8@ V, d V, a%
YgeH & [T SewHvitg aRfkefaEl | ermar
TN gU STEeR J1F W 379 GGl H [T T
#1d SRR &7 9 I9Ar T

Tk WehW o7 URads auft ‘Schuuia yehd’
THEATT ¢, 5 30 feredt oft &ror aragen ufteds
o T Schidd (Reversed) foham ST HeR| Th
ITHAUITT UehH why ATETERSTl U 3aged Tfa &
39 TR T wga € fon Frem e ufiaer when
T WrEeReT ¥ @A €)1 Sohuvi WekW o
fafiad o7 AR Wkl Wi TSRV WehH
Fed €

T e | agd | UE geed o €, R
T H o ToU ®1E, 1T 3R M o ofidi <
o IR e i SEvge gl ¢l

TH THE 6.3 1 TAfafEd 5aR 9 foast
Schavia uiifeafaal § = &1 o1afte <@ 9 d9ag
FT Hehd B

Vs Vi v,
Wrev = J‘ pede:— J‘ (pm idp]dV :_J‘ pindV
14 14 14
(e dp x dV &1 5 0T )

(6.4)

@ G & T p, Y T FE 5w
TGeh 3G o Ual H e TR S Gehdl g1 TR

vy
Wi = _I pindV
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S 19 o n Gl o fT (pV = RT)

nRT
S>p=——

3d: Toh FeR a9 (FHAHE 9shH) W

vy \74
jnRTd—V = _nRTIn-L
; v

W =

V,
=-2.303 nRT log v

(6.5)

HFIYEIT : T 1 faid § R (p = 0) Jo TER
FHeldl &1 e TGl o g gERer § wiE e
BT et € Ufoha ShTu Bl A1 SR U, (THIR
6.2 T 6.3)1

379 TH HHIRI 6.1 i fafsm yehHl o TER
FE YR § forg Fhd B—

w=-p, AV (FHIHI 6.2) 1 FHHT 6.1 |
T & ™

AU=q-p AV

e Yoht TEeR A Wl € (AV=0), 99 AU
=dq, q, T URIH v (Subscript v) T9itar @ for e
feer 3T W g 1 T 2
TSIl 39 AT Gerd TS GHATHIT FETOT
TH AR TG T e TS WHATTE WEOT U
(T= feeriw) &, w=0 g, Fifeh p, =0 21 St = Frii
g fauifa fFen f&F ¢ = 0%, s8few AU =0 =l

FHHW 6.1, (AU = g + w), I FHATNH
ISHAVI Tol SR TohHl oh fIT 36 JhR =K
o S Hehal B—
. FYAME STIGRHTNT YohH o faT

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

Vs Vs
g=-w=nRTIn % =2.303 nRT log %
3. TG Y9 ok felw, g =0
AU=w,_,
IETEAT 6.2

10 atm T 3R 25°C A9 W fre eyl 19 o
T feae Tmadia w9 9 fafa § a9 9 39ia
B &, S I STl el A 10 fa 7 @
M| 39 TSRO H R e sEeifid B @
we foraan w1 feren S 22

wreE fagm

Y
TS E frg=-w= p, (10-2)=0(8) =0
1S 1 T a1 8 T I ST S el
Bt 2

IR 6.3

IfE Tt TR0 § feeR 1)1 <@ 1 atm &, @ FA
BR?

&

TS § fhg=-w=p, (8)=1x8
=8 L atm

IR 6.4

T IO 6.2 B TS JEROT ISHATT €9 9 &
qr = Brm?

&

&9 o ¥ fF g=—w= 2.303 X nRT log“//—f

=2.303%x1x0.8206 ><298><10g§

=2.303%x1x0.8206 x298 x1og5
=2.303%x0.8206 x298 x 0.6990
=393.66L atm

6.2.2 11‘-@@'1 Enthalpy (H)

(R ) Teh SUART AT STARAT-el
T W4 ® for TeeR evmra W erawiifte o eniaies
ot H R o ged, Seiq AU = g, Bt €, W
siferenTer TamafTen sTfufsrame feer st W A g
TR, T TS H fEer angHee™ 3@ W gt
21 27 uitfeerfaal o fou 89 W T Seee-ther &
STEYIR BN

&H FHIHTT (6.1) 1 R 6 WAU= g -pAV
% w9 7 fa@ ¥ €, &l q, Fam gr erawifoa
T T -pAV TR g R T gE-e 2

YR STIE ! Uik 1 9§ TS Afan e
1 2 ¥ <A 2

T ST HHIHI0 i 3 TR fora Hehd ©—

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

T Fafeqd s W

q,= (U, + pV,) - (U, + pV)) 6.6)
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Ea G Cal

E BH Th 3N FOHANIAR] el sl g
T HHd ¢, T el (e v Cweifewed’,
former a1ef T wE W safifed e B ©)
Fed

H=U+pV
3 THEHLO (6.6) B S 8:

q,=H,-H,=AH

AT q T 9o e[ we ©, qenfd g v @
TS B T H U See-%er ¢ (H.U, pTs V
1 T S| A G STeE-the §) | 39 YR AH 99
Tods TR B

feer 3@ W ufifa aRadHi o fou g 6.7
%! feran s Fehar 2

AH = AU + ApV it p feerisr 8, o1a: &9
@ Hed &

AH=AU + pAV (6.8)
JeciEHd ® fop o feer <@ W o sraeifia e
2, @ @ened ¥ 79 el § yRed |9 ®© B 2

% W R AH = g R <@ W e
T 2

Fegd srfufrarel o faw AH wUTeTE
grar &, et tfuferan o SR wor Seate ar
2 Ua wegi stfufwatel & faw AH T
EIAT &, gl URAyT | HOAT T JTASNTUT BIeT 2

FeeR S (AV'=0) WAU = q,, 3Td: FHIH
6.8 B Il 81 AH=AU=q,

3 e, TS99 oherel 319 =1 5o grarerd Bt @
T AH TS AU o AeF S Tefesh €1 gran, FHifeh 3
TS gall H TRH 3 W AT | iz {9 aRedq Tt
BIdl1 FfE T sraEe B, qf 399 A @iefe @l s
21 B0 T U i W famr w ® fomd T
wffe & feer <@ T a R v, e sifafmeet
TSV, T IR T e AFTH B ql n, T
SAfafoei T n, T SRS % el w1 g @,
ar eyl T e % SHR—

pV,=n,RT

e JhX pVB=nBRT

(6.7)

165

Rl pV,-pV, = n,RT-nRT= (n,—n,)RT
p(V,-V)=(n,-n)RT
pAV=AnRT (6.9)

el An, T ScURl o Hiel w1 Hen ue e
sfafsraent o Tl H1 TN H AR B

THET (6.9) W p AV HT AH THHWT (6.8)
¥ W W

AH = AU + An RT (6.10)

THHIOT 6.10 T ST AH G AU AU AH
1 OF 6w | R S 2l

SETEIUT 6.5
AT Wi AR T 7 W 100°C TE 1
bar @ W TH HA A o AHHTT o
gfedd 41kJ mol ' W& TENI SATAH
S-9REdT i AT HIfST, S& 1 Hidd ST
%l 1 bar 3@ T 100°C W arodiehd foha
S

'

H,0(1) — H,0(g) IRadd & 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 '

(@) fawitol ©df T ur

foreiiol el et T # 95 e 21 ool o7 9w
o1 2, Fraert 7 e § sufterd g & wE/emE
(A1) R fAei ear 21 SEe o feru-gerH,
ST, SR Sotl, Toedt, Sromrefiar enfg ferdiol
o1 §
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3 T, S R | 3Iuferd 554 i HE/STRR
(TrEst) R R T ¥, T O FEAd 2
I ok Telu— a1, e, 1@ S1fE T8 707 § | Wier
o1 ¢, Tt fepm o W el o 707 o HE o gl

2 17 5 H I 0 B, W K = S
1 A W W6 21 T IR WO A V, T
HeR Ferefiar ¢ 2 forefiof oo e ol # Si 7w
Teh T 1 SR V o U6 W T A9 T ekl oY Hehd
g (fa7 6.6 ®)1

V. T

(=)

wreE fagm

Ifg ¢ R B, @ SO 9 qrdig gig ey gt
21 S B Foeniar st §, gue o1ef U7 © f
THHT A9 FGH oh T 9gd SAfeh el =ned|

C =tef Y A o e g @1 fere agred
! Aol SERA Cm =% Teh A i SEATRAT

21 I€ SOA1 &1 9 HG0 €, S T Hiel 91 1 a
s feift fcem® (o & ohfeed) seM & fau
ek Bt =1 ety wvomn, g farfyre. Somentaar’
off hEd €, o8 SO €, S SohTE SoAHH oh feRdl ugre

NI<
ﬂ
NL<
ﬂ

(@)

I 6.6 (F) a7 V U9 a9 T R TF 19, (@) [G975/% & R S7ad &1 S7e1 &1

3@ Afs favSie o g oTEaA ofen R fga
T (Tt 6.6-@) , & o1&l 1@ v/2 @ S €,
W I8 I T & T 2| o: T € eI
farediol o1 2, Srefer dmg e o 2l
(1) FeTETREr
79 3uEs | g1 <@d € R fa &1 sfafa s e
AT S {1 A R 5 e Tew 1 W, 9 9%
a9 o gfig oF w9 § qieterd B el

a9 o iy fafd S o FHEA gl 2l

q =TT x AT

UM &1 A R/ o TR, Feed Td ehfd
W et e 21 39 B TW ywR ot faw wed €
'‘q=CAT

Tel Tk C I FEEEr Fed €

39 YRR SOEIRA A4 8 W &H e g
AT R YA S A1 FR Tehd &

1 a9 T feilt Afedad (3 U Hhfcad) S8 &
fau ermavass e @1 fee ugel @1 a9 ser %
IR U TEvIH FH g T4 H o faw g=ed
fafsre A1 C &1 89 SEEA m T d9-9Radd AT

3 Ton = , wrer

q=cxmxAT =CAT
() T oewt | & faw ¢, e, # wam
FoEiEr 1 feeR e W C, | Te fer g w
c, ¥ Sifhd Fxd 21 379 &H S H HelH @ W 2
q o fau feer smEa e foe ghd 2—

q,= C,AT = AU

T fer g W q = C,AT = AH

st W & faw ¢, W, % d= ow =
TR JT Tohall S Skl ©—

(6.11)

2020-21



SEATTAeRT

T Hiel 3Ry W o It AH = AU + A(pV)
= AU + ART)
= AU+ RAT
.. AH =AU+ RAT
AHTE AU A @A W
C,AT = C,AT +RAT
C,=Cy+R
c,-C, =R

(6.12)

(6.13)

6.3 AU TS AH <hT HIUA :
Shetata

AT Te ifder TehHl ¥ Gated i, IRed i
(Calorimetry) Wﬁ%l Wﬁﬁﬁwwqﬁﬁ
foran s 2, 5/ Shediieiet’ wed 81 sheliiHiel T
%9 % F TG H S @l 71 T hi SN To
HARIHI T SOHARIREr I eF W arg-Red o
SMUR W YehH T Icq= HoH1 1 T ST Fehell €1 AT
T feafeai o fore S €

(i) Feer-emad W, g, (i) ferR @ |, g
(%) AU T |G

TErEfe stfafewansti o foru feeR stras W sraenfia
] ST WO oH ShalIHeX (Bomb calorimeter) i
foran <1 & (ot 6.7) T=l U Wiel 1 9 (SH
HARIHI) STt W g Sl €1 L 99 o Ao
JaTfed S Saaeiiel Tfaasl (Sample) i STl STl
21 afufren H Scm SO STl 1 3faa 8 S 2
SHh 91K S H1 AW A F e S 21 i o
HARIHR quida o, € oFd: THR AT W hIg
s & BT SR i€ wE T R S 21 Fwt
e o TIEl o Gefa et stfafmanet § off wig
% & B iR AV=0 Bl 81 G 6.11 i
T Y FARHI shi FOATERE T EF R Arg-qRerd
&l g, ¥ ufafdd & femn s 2
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AT ()
HrERT ofe AN
o L
\
JAT-ER
\ \
PINE
Er| P
<@ Ffed
CiEaiSEl
mi 9
T 6.7: a9 SariHieT

(@ )AH T HIOT

TeeR T@ (T SgHSE 1) T AT TRed
o1 6.8 | WU T HeARITHeR R AGN ST Tkl
&0 W & fof AH = g (feer <@ R) | o7: feer 3
R IHd el STavifyd oA g, stfafan e
ol fafeRan TIedt A H FHeard 2|

sfygferan fagmn

forT 6.8 : ReR 3@ (FrgHEEHT J1) W FHH-IREdT qra
& ferg el
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Foad sfafwanet § o frede et € qen
frerm @ ofier # w1 weE @ 2 sHle g
SRUTCH BN 9 A H i SRUTcH &Ml 36l @
STt ifuforenet # S sfewiiia gl o g
SR AH T o g

IR 6.6
frefefad @il & oER, 1g U®Ee @l
SRS 1 3TUehd § latm @ T 298 K W
9 SheAHI | <@ I S 2l

C ( =S ) + 0, (g — CO, (9
srfufsrar o <R T 298 K H 299 K de sl
21 9 a7 SheRIHIe &1 SoaTeniar 20.7 kJ/K
B, @ S sifuferan o faT 1| atm 3@ W@
298 K W TEedt qiied == gim?

&

T AT | 9 ST g Te helRHIe i

FHENAT €, 8, T ShallHIe g STaeifoad

SHTHT,

q=C,x AT

1faferan 9 Wi HS1 ST HF SEE B, W)y g

HUMCHE BN, Fifeh e (Afafswan-fasorn)

SR Y HOT ShoARIHIE GRT T80T ht T8 oAl

o ged B

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

(F&l SoTcHer Tom tfafswan o Soad en =l

i w3 ©)

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

| Al UHTES o <@ oh fag

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

= e

=-2.48 x10” kJ mol "

Iel An, =0

« AH-AU=-2.48 x 10°kJ mol "

wreE fagm

6.4 ATTeRaT o ToT w=eedt
e, A H 1fuferan wEedt
Tt sAfafra | sifafeas sar o seed 81 59
Ui 1 TH YR U o— AMAHIR — IR
sifaferan o SRA Toed-ufedd stfafewmar-wied
FHEA 2| AR falEa § Toed-ufedT A H

fog 9 Twifen S 2
A H = (SR} 1 w3 o1 2nm) — (eifufmasi
HT Tt 1 4n)

= ZaiHm - ZbiHafW
el Y (famn) fog &1 3w Sied & fa

fehan ST € TS a, T b, WY THIHTT F HHA:

Affshaehi Td el o WEfRAmE onE € SEEI

o fau— frefafea sifafsan 9

CH, (g) + 20,(8) — CO,(g +2H,0 ()

AH=YaH_.->bH_/.

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

(6.14)

2H, (0,, g)]
el H HieR Toed €1 Teedi-ufiedd T a5
STl ¥ {1 suh 9 feer g Wt strifre
e Afafshan o oA A1 ide i Fiel 9
o STavash B SUhT STEvTehdl A fLeriw 1 ardie
fefear =1 oA A o Tedt R
(= )arfaferan it areR et
foreht Tramaten atfufsran o) e uftfearfaal w fsk
F 1 3T g AT § T 79 o Ak it
=i e )| fodt Tamate siuafear = A
Tt a8 TOeU uieadd §, wia oafufsrar § |
AT Feft uerel U HeeR araernstt W g
fereit uarel st uTeR staren feret ffde am
W IHHT 9E I U &, I 298 K 1 bar 16 W
T ATl 81 SR % fau- %9 oA wi O
3R 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 fery S €1 wren uffeerfaat
%l AH R g8 © (Superscript) @& e TR
ST €1 3N ok feru- AHC
(@) T T § THedt-ufieds
e IRede § Soi-uftedd i erar €1 SEe o
fore otk i fyeem & faw s &) sTavashdr gt
2| R ot w1 s fer g@ (argHEe
TE) W Bl & 1 TEe-uiead Bid g9 a9 fEer
T 2
H,0(s) - H,0(1); A ;,,H® =6.00 kJ mol ™
2I%TAIUSHe T STl | e T 81 9
Sl 9 | Seeldl ©, o 39oh Toradid YehH BId1 © qell
Sal & A H oA afewr § el S 2
ufer Wt 31 uaTed & e § grerer Tt
Tfads A U=t w e Tt A HieR e
T A, He FET I g
Sl T T FEARTH S B, 7 W Ter
TOIfeqd] eFTeHeh et 81 STel o STTeR<ol | o1
STIYIR 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, SR T, HERT: TeHIR T FEIE 1)
TRt 59 oF Tk AT AT ReR A0 Ud Aok 91
(19R) W Suiiehe St oF foTT STayEeh SO Shl SHehl

169

Feduad | 3/ @Y € T H 95t 9 #1239
e STESATHRAES A1 [ o (dry ice) A_ H® =
25.2kJ mol "' & WY 195 K W Feduifad gl 2
el oy H ef-efit Sresurfaq B @, frmer fag
A, ,H®=73.0kJmol !

Tt 3 & T Wi A feR A wd "
A (1 7)) W HeEuaT ¥ B aret Tt
qREd= o SHHT A SeauraT Tt Fad &l
T -Red 1 7 SH Uil & SFaR-eufae wol
1 emar W FAeit wear €, e graeen-ufted @
@1 21 SN o fau— St o vt o Hem Sufeerd
T BEgIe a9 SHhT §9 AT § St oF ST[3Tl &l
Haerdl | 918 @d 2| e gd (- UEeH) o
SiR-eTfvaen fgya-feya o= foean favw €9 ©
gdot Bl 81 39 YR $Uh | Hiel & odiehd e o
A oF 1 Il i ATSdiehd B ohi 3TU&T HH ST i
gkl Bl €1 oM 6.1 | hw Ul i Mo e
AR T AR Toedt & TE 2

3qMEIT 6.7

Tk dTet (Pool) ¥ fehetl dUe i 18 g Tt
%1 T ¥ @1 (TMen) B T T hl 298 K W
aiftad g o fo fohaet o eTawass gi?
298 K W STSHIeh0T i AR el ahi TOMT
Al

O T A AR A0 TICW A HEFEd B
HRUM 6.1 oM T e o feIT UMeh TEedt aited= 7

Substance TJ/K AfusHG/ (kJ mol’) | T,/K AmpHOI(kJ mol?)
N, 63.15 0.72 77.35 5.59
NH, 195.40 5.65 239.73 23.35
HCI1 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
CcCl, 250.16 2.45) 349.69 30.0
H,0 273.15 6.01 71 40.79
NaCl 108.10 28.8 1665.0 170.0
C.H, 278.65 9.83 353.25 30.8
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el % eIy 208 KW A, H = 44.01 kJmol’
&

TSN o YohH hi §H IH TR TSR HX
Hhd o—

H,0()— T 1 0(g)
18¢ H,0 (1) § wie #1 wem - 158
18 gmol™
=1mol

1 mol S oF 298 K W a9 o folu <& 5H
A Fot = nAmpHe =1 molx44.01 kJ Mol *

=44.01 kJ

(T A U T a0 oTeel 79 o THM SRR
1))
(S} (S}
A U =A H-anRT
vap vap g
1 mol a1 & faT
By H = (1 mol) (44.01 kJ mol )
=44.01 kJ
An = (1 mol — O mol) = 1 mol
A U=A H_-AnRT
vap vap g
=44.01 kJ - (1 mol) (8.314 JK! mol })(298 K)

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

=41.53 kJ

ISR 6.8

Sl arsd Wi STRY NE WA gY MU shifey fw
100°C @9 3R 1 bar @ W 1 mol Se-aT5q i
0°C a1 &t o § age | AR ol § foha
e erm? G € fb o @ Tem wed
6.00 kJ mol ' IR STet &t SeATT 4.2J /g T 21

35!
Tfads f TR 9 g 2

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

T IRedT AH,

wreE fagm

=T - 2
1 mol H,0 (1, 0C) — 1 mol H,O (s, 07)
T IREd AH,
% T giada gm

AH= AH, +AH,

AH = -(18 x4.2x100) 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 STIET W I IEee | yREdd sF W
AFdA § T10g IRed g § ofdi—
PAV=An,RT=0
=AU =AH

=-13.56 kJ mol '

(M A farem T A He
ferelt Tifiten oF TeR Wit <hl STk &1 dvall, ST 310
ol W wut § fod g (W 'w W
‘Hau-srerar’ of weEd B), ¥ ¥ forfom 7 W
FHETe! AT TEredt Uftad ol SHeht Hieh Hie)
foem Toeh A He e @ g

Sl a7 S @ f gefua dife @
| HieT ST ol S 310 T Tl Y § €, 9 g
foren S 21 e e etfufwars St A ot
Hier Tl & e & T &

H, (g) + 20,(g) —» H,0(1);

A H® = -285.8kJ mol™

C (¥TE2, 8) +2H,(g) — CH,(g);
A H® =-74.81kJmol ™"

2C (I®1EL, s) + 3H, (g) + %0, (g) —» C,H,OH(1);
A H® =-277.7kJmol
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TET 9% T Hewul € fo e fore e,
AH®, A He %1 T T fearfa 3, fomrd 1wt =ifirer
T el W S B S SWie e stfufsmensti v,
U e TIATA § § Yk 1 | il o @)

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

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

171

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 § 99 ¥, A, H® =2A H°
Hferd FHieRTo | HE o] i 2 9 faafea
%X HBr(g) o o= Toedt & forg et 59
Yo foran S Wk 8-

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

ROt 6.2 TS TA EY U Wl 298 K W AR Hiow fewer TheH, A H

uaret AsH' [ (kJ mol-?) qaret A;H'/(kJ mol-)
ALOs(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
CesHil(]) +49.03 PCls()) -319.70
CO(g) -110.525 PCls(s) -443.5
CO2(g) -393.51 SiOa(s) (F=rEst) -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 SO3(g) -395.72
HgS(s) -58.2 SiHa(g) +34
Ha(g) 0 SiCla(g) -657.0
H20(g) -241.82 Clg) +715.0
H20(1) -285.83 H(g) +218.0
HF(g) -271.1 Cl(g) +121.3
HCl(g) -92.31 Fe,0,(s) -824.2
HBr(g) -36.40

2020-21



172

FS TSIl T 298 K W WM Aier foa=m
T A He Wl 6.2 H & 2

Rl o SFTEN, Th qeel oh Gad A
T 1 o7aen H (Hesf-tawen) e fat=
Tt A He AR Y fern s 2

T SfifSIT o 319 Tk ohfiehel SRR &
R S wed ® T afg an ueref sroet wee
e | € df chfeda e i =1 T Hre
greetiase | faufed & o foau feat om
FT YR BT,
CaCO,(s) — CaO(s)+CO,(g);A . H® =?

TRl & e Toer ot o1 SN o Tehd
& ud stfufsran v el aitedy uRenferd Y gend
T Tt e w1 M i o e gn Fefetaa
YT THIHTOT 1 STEN T Fhd B
a,H® = ) aa HY (30R) - ) ba HY (afafas)

(6.15)
STet ﬂgi‘m HFO Ha U6 b HAW:
sAfaferaen T SRl o oNE T SIS THIH
1 ShicHaH e o fooeT W @] % €1 78]
ald b 31 %I 3d:
AH®=AH®[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 ™)

=178.3kJ mol!

3d: CaCO,(s) 1 farsres Sroamit stfwfsman
21 o1d: 3foad Scue W I o fou sTgeR! =9
TRH T BT
(9) FERTHTI S AHIRTUT
Tk Hferd THrRfe iR, fSreH 9o A H %1
oH i femn T 8, S IR e
21 B9 Th e o uerel i i sreremd
(3TREY afeeen & 1) off fffe &@ 2
IR o feAu—

wreE fagm

C,H,OH() + 30, (g) — 2CO, (g) + 3H,O(1) :
A H® =-1367kJ mol™

S g Hfyed 99 @ @ W 3a
AT T <@ Sl €1 Tedt qieEde 1 SRl
g <l © fo6 o8 wh Somad stfufswen 2

FHEEE gHeEEn o Hed § fmfated
uRarfeat st =g W@l AEvas -

.  wqfad qEEtTe T | e sifafheen
Td ARl o Aial (AU @ T8l) i R
Y B

2. A, H® 1 T 6 S gRT R ok wie
1 GEA & Hed | B 1 W Toed! ufted
AH® ®T THE kJ mol ' BT 7
IS HROT i GHSH o fow eq ffafed

srfaferan o forq stfufmrean—svear w1 oM | &

Fe,O,; (s)+3H,(g) — 2Fe(s)+3H,0(1),
ek Torcar Toedt st |rolt (6.2) © &H U B—
A,H® (H,0,1) =-285.83 kJ mol;

A, H® (Fe,0,,s) =-824.2 kJ mol;

AH® (Fe, s)=0Td

AH(H,, g =0, IR = FIER
qd,

A H =3(-285.83 kJ mol ™)

- 1(- 824.2 kd mol™)

= (-857.5 + 824.2) kJ mol!

= -33.3 kd mol!

= @ Toh 37 oISt | W Ul g ST
€, St sfaa wifematata TUTehT (Stoichiometric coef-
ficients) I 2l A H® 1 THTE kJ mol! %TTTI'FI'OFI
a1ef srfaferan 1 9fd Hia €1 W9 B9 SWed YRR 9
A TRl o1 Ffeld T od €, a0 I8 STfsha
o ek Hict ! IR hedl €1 TH LT Rl f
TR 9 Hferd hid &1 ST —

1 3 3

EFeQO3 (s) +§H2 (g) — Fe(s) +§H20(1)

q9 Afaferan 1 7% AE T Ad Afafean g
W A H® B
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AH, = g(—285.83 kJmol ™)

1 -824.2kJmol™
2

=(-428.7 + 412.1) kJ mol!

=-16.6 kJ mol'' = Y%A H
T8 Ty g @ R oot we fawdiol afi 2
3. w4 fordl TemEfTe T ol Sae foran S
2, T AH® % UF & foag 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™

(=) 3\ o1 Tram

<Jfer T T STET-The €, 3Td: Ted aied
RIeh Srereen (fehrehl) Sifcm stereen (Scumel) i
W A o 9 W WA e g1 g R H- Th
sifafsrean =@ Tk WS W = A HT U& R JEen |,
Tt qftgd gu wa @1 2 ‘2 e’ % ' v |
T YhR e Tohd -

3T U H B arett et Tramaten arfaferar
i AR T 37 |t srfuferanet ot T A
W ureR GfeuEl st AT gt €, T 3| waot
stfufaman ot fawfaa farar < wewar 21

3N, B9 39 799 &1 Ue<d Uk S0 oh g
el Frefafead sttt § woedi-uiads w fomm
Fo1

c(ﬁrcmz)+%02 (g) > CO(g);A,H® =7

Tl CO (g) T9@ SR 7, Wy 79 aAfafeman o
B CO, W TH I BNl &1 37 STt Safafeman
& fou & Toed-ufads &1 @ a9 T T
FR Thd| A% 70 1= W fufrart ge ok, o

173

Heiford Taefist 2, 9 Sute GHiertor H Toed-uftad
1 ufirer foran S Hehal 2
19 &9 fAfafea sifufsenet w faer =@
g\‘_
C(¥erze,s)+ 0, (g) - CO, (g);
A,H® =- 393.5kdmol" (i)

CO(g) +%o2 (g) » CO, (g):

A,H® =-283.0kJmol™" (i)

T SRIF THIHN i 38 YR GIo hid ©

for sfoa arfufsran o &1 wu <€ IR TH A

CO(g) W ¥ o foTu THiehTom (if) T TH STl Hid

g, ford ==t e 2R 6t oo sraeiifoa gt 2l
d: TH AH° o WM &1 fog a5 <4 €l

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

A H® =+283.0kJmol ™ (iii)

[HERT (i) TS (iii) I STSHT F Srosd THIHIO I
Y B

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

39k faw A H® = (-393.5+283.0)
=-110.5 kJ mol!

=9 &9 ° A Th ifafRa A 5B &
fq wh w9 e oot ufedT A H ® ud
TR AR ¥ A H,, AH,, AH,.. S9 3K B
g ¥ fafys Toefi-ufted 1 gfaffre =
g,
AH=AH +AH,+AH,..

T 3@ &9 | 7 foman S Hehar 2

(6.16)

A

H
[A]———[B]

lArHl TArHS

[c]—"2[D]
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6.5 fafita uere =it rfafsmaren
& fau ot
sfufmanet & gR a1 ffée wd gu wedt &
THHTOT HET AU Bl 8
() e e TIS A_H®
@A AMTHAT Ypfa @ Tomed et €1 A SE,
Jone, fomm wd Sie o 31 Teqsti | Hewayul gt
2| UM <8 e i 39 YRR TR e S
2 T 7= fordll urel =1 9 o o Toedt afterd
2, S TH% e & HoEY Bl §, 6 GHE
sifufsraess T IR T fafere a9 w efo AFs
st o B B
A TehE drelt 19 o faferer o gem: oA
(C,H,) T Bt &1 2 o Tk Hict o 6 § 2658
kJ S Fe et 21 3Heh fau e et
srfafeman =1 39 YR fora wehd &

1
CiHyo(g)+ ?3 0,(8) > 4C0, (g) + 5H,0(1);

A.H® =-2658.0 kJ mol ™

T YR M h T8d § 2802.0 kJ/mol
o fdaa et ], foger forw g 23—

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

AR YRR A +ft <8 o YA i e 9o
Foll S0 et B, T Sifan Scug hE YRR ok e
Sg-THEte fafEmest w gl ¥ wd ¢, T
TTEH 1 I Bl 2

IR 6.9
19 o 1 "I A1 389 298 K TH 1 atm W
Il B1 T84 o SWid CO,(g) T H,O (1) 5 &
qM 3267.0 kJ FoA1 Ffe @it @1 Si=fiA 6
fere wres forar Tréiedt 1 UM SIS CO,(9)

wreE fagm

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

T

I~ w1 fomm fefafaa gt 9 o
ST B—

6C (¥w1e) + 3H, (g) — CoH, (1);
A H® =?.. (i)
| " S o fou < weied 2

06H6(1)+§02 5 6C0, (g) +3H,0(1);

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

C (¥w=2) + O, (g) = CO, (g);
A, H® = -393.5kJ mol ... (iii)

1 Hid H,0 (1) % foe for=m woed 8-
1
H, (g) +§O2 (g) = H,O(1);

A H® =-285.83kJ mol ... (iv)
IR §ii I 6 F T iv ! 39 TN HH N
6C (iwre) + 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

6C ez, )+ 3H, (g)+, 0, (€) > 6C0, (&)

+3H,0(1);
A H® =-3218.49kJ mol™ ... (v)
THRTOT ii Rl ST HE T
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6CO, (g) +3H,0(1) — C.H, (1) +§02;

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

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

(@) HIF TIST A_H®

3B, TTEEESISH o UM oh 39 S R fo=ur
—

H,(g) — 2H(g); A H® =435.0kJ mol™

39 2@ Fhd ¢ T 39wl o SEeEgeH o
H-H 9 o 224 ¥ H ] 9 eid 81 56 Fieha
H BN 9 TUed-ufer™ w HUH T, A He
HEd €| T8 T srereen § Tl off uerel & wh Hie
o Iufeerd mee ot guid: dresh TAET | a5ed W
B ATl TOT-aiiede B S <3 7T SEEEg S
S fguATes STusti i UM TETdt gART Sy
e Toedt ot gt 31 U TIed o 5w o
SerERu frreferad -

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

Ig M 3 A 91 € 5 7=l SR Shaet 6
e W ¢ 3R H ] B

Na(s) — Na(g); A H° = 108.4 kJ mol!

TH ST H HUF Tl 3R SeEua Ted
T g9 2
(1) oy T A, H°
T rfafsmeretl ® TEEte oeY 22d T W g
aTree] T2 ok TIT STl Bl STrEgehdl Bl @ 3R e
a9 | St e gt 21 foRe ot sifafen 1 e
F TR S % 7 TE A e e e
TRed G gl S ka1 {1 TEEAF e I
TOed-ufedl o fay FmfaRT W < ST U]
IR BId B—

() erere foriem wroedt
(ii) HTEA ey T

175

STEY BH 3TRT = fEe R we g
sTupsti o Hey | w
fguraroyes a0y : ® fefafed gfwar ) faar w3
% Hie SEERgSH | faeme gt ey e T

H,(¢) —» 2H(g): A, ,H° =435.0 kJ mol!

T Uk A TR o T¥ed-uRed T H - H
A& i ey foiem Q‘é’j?cﬁ (Bond Dissociation
Enthalpy) 2

ey faaem Tt 3| ufshar ® g aren
et-uftedw €, foad fdt e weaee
TR o Teh Wit STee Zeaht THE g ol

& 2 foh 78 Ted-aReade iR SEergeH i
FHUH TACH T T 21 ST Tt foemoyes syupsti
& fau of a7 9 7)1 SSremed-

ClL(g) — 2Cl(g); A, H° =242 kJ mol

0,8 — 20(g); A, H®° =428 kJ mol™

TEIHAIE U] H 3TEY foisH el ol AH Th
o) & fig= S o e fa=r g 2
SgUTHIUIh 31U] (Polyatomic Molecules) : TH
T TEWHNE Y (SE- CH,) W fa=R &W@ g
THoh UM o TeIT SoAHElTeh afshal 39 TR <
STt 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 &l Fi MEY-g0 T Aae-Fel ot
Teh HHA §, AU Y&ieh C-H 3T i digd o fag
AETTH S o-fot €, S 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, = V(A H®) = V4 (1665 kJ mol )
=416 kJ mol!

TH @A © T WO § C-H oY w1 3l ey
Tt 416 KJ /mol €1 7 arn ok fafew 2ifiment,
S¥— CH,CH,Cl, CH,NO, 31 & C-H &% 1 3f&d
ey el H Th-gER 9 gl foe g g1 Wy
T O H SAfesR AR T B 79 o T R 3w
T oh SEY TITH I TUAT I S Wehdl g1 FO
Tehet 3R SgeTe & el ot 6.3 § Suersd 2l
rfaferan Toedt Tga weweyel el 2, Fiifn T8 T
& o T2 TE A AEHl o T oF HROT F I
et B1 A e fafve areiy wOfeqal 9 & d i
srereen | ferelt oft srfufsren &1 wOTh @ w1 W
Tohdt &1 TEE eragen § stfufmer w1 A e
AHP SRl Te stfafsmaent i eteiy weifeudt o 5
TR Gafed erdl 8-

wreE fagm

A HO=Y ey Tt o e Tl
(6.17)*
Te g SH wHY favim SwEh g @, SW
AH® &1 91 A A @l TR aAfufwa w1 g
T ufted sq erfafwan o sifufwas sropet o
geft 3Teel i digd o AU Tavas: Sel Ud Scdmel
o STUsTl oF At oTEHl i A ok foTu STewash e
1 IR Bl 21 oA ® T 78 deie ame Tl 81 a8
I §EE Ar] B, w& eAfdfeRr H o9l uwred
(sfuferas T SaR) e stewen §
() Teter Tt
Th AEME AN S Aes Tl 98 e
e €, STe U Hiet At Afies T srewen o
o el o i g B

ARURN 6.3 () 298K W FB Tehel A€l o 40 TIedt 7 (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

ARUT 6.3 (@) 298K W FB 3iHa Sgaay THedt A (kJ mol* )

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

611
837
741
1070

O =0 498

* J - ey [FFT TSIeY aor Silgd STEY TSeY & o1 G fag &1 YN fEar S 8
oy g ey fave gt (AHP, ) F WA W, St wEel g7 fH FHER % U A Sy a9 H

qa%q?—qﬁaa‘v gl, 9 AH® = ZAIH;W& ST _zAfH;ﬁW' ¥ oy
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<fer STersh TEIedt S w5 e |
FHYE ®, 36: g9 U W faf # SwE e €,
el T el oM@ W9 2 SH SiH-gel ©leh
(Born-Haber cycle) &gl STl 2 (fo7 6.9)1

Na'(g) + Cl(g)
t . )
g 1/2 AporqgH v'a
2 E | A H
2 2 eg
Na'(g) + 1/2CL(g) g
-~ <
- 5P
g | AH
2
©
§ E*(g] +CI'(g)
a
Na(g) + 1/2CL(g)
?“. "_O‘ Asub He
% g
el
¥ & A H
a(s) +1/2Cl,(g)
a'g| AH
- g
-
¥ 2

NacCl(s)

T 6.9 NaCl &1 STois TSiedt & [T T=sieq} ke

ammeu, &9 fAfafead 9k § NaCl- &t St
T HT A F B
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
Tt

AH® =496 kJmol ™

3. %Clz(g)HCI(g)aaﬂﬂ'—r =1 fodiem| 39 Afufman
FH T Ay foRieT e w1 ane 7

% Ao H® =121kJ mol ™

177

4. Cl(g)+e ' (g) >Cl (g) FANH T BN T
TR il 39 Wihan | goleRi wfed e

A H®=348.6kJmol

MO Teheh 3 | ST TEIed! qen gl wfed
Tt o SR H YeT € arad § 4 9% SOATaent 9
& fod MU R TR T IR R e A S W
ST ddl IRl T YA fohan Sirar o (S <fEm)

T Fell el gelagaear
ST el TS Seiae el Ta1 hl TR ¥ AqH=
T aRefye feran e @1 feRdt o= dr9ae W SR
T SAMTHRR] qAT SET I SEATRGT i TR
Y ufisrfera fman s Hevan 21 Frefafea stifafswan o

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

O T R Tedt giads 919 fo@ gieon &t
e § UReRfad foam s dehar a—

T
AH°(T)=A,H®(0) + [A,C2dT
(o)

I SAffETet § 9 o © Yo uee
FEEE C,,5/2R (C,.3/2R) 8 THfT
AC®=+5/2R (33 & fem)

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

TH YHR

AH® (ST ) = E, (SMFHH %)

+5/2RT A H®=-A (SCRHeYd) —5/2RT

5. Na'(g)+Cl (g)— Na* CI (s)
7 fafu= o= 1 % fost 6.9 | <wifan @ )
TH %W i ‘dH-8eR Tk’ HEd €| T Tk
Ted 7 8 fF 38 R o ¥ Tedt-ufed 3
g 1
79 o & egERr
A HO =411.2+108.4+121+ 496 - 348.6

e =+ 788 kJ

NaCl (s) - Na'(g)+Cl (g)NaCl & faw,

A
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39 Ufha o fau ondfies o1 399 2 RT %A
BN (Ffeh An, =2 ), St + 783 kJ mol. 3 T
BT

39 B9 39 Sefh Tl o | i HerEal 9
foreraa Tt 1 IReher H Ghd B

A H® = Ay H® +Ahdee

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

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

9 YHR NaCl(s) &1 faea-ufshan o aga +d
FSl-qed e B
(=) foremam-Toedt A, He
et ugref A faermA-Tedt 98 wed-ufada
2, Sl 3Hh UH Wi &l faerEs w1 ffe aen o
S W R #) o W e e 9
T -ufterda 8, <& gsred o foeirae i erd |
F w2, S e o6 (A e & st
%) T A=A T Ao gl

e Ueh AT Aifien i faetes o =ien s
T, 79 36k 3T foRee ek | erot fafad feerfa
1 B 3 21 79 3 forer # stferer e 2 €, Wy
3T T T ST 1 e (fed o §
STefrreRToT) St B 81 39 T At AR AB (s)

& fau smea w9 § <wfan T 2
AB (s) —>A5"lH A'(ag) + B(aq)

A H® AaH®

lattice

A'(g) + B9

3d: I W AB(s) &1 faead T A H Td
SeATFeRT T, A, H o HHl 5N 39 YR 16
HT S FHdl T

wreE fagm

A H = Aygice H + Ay H

sol

sAferenter emmafter AfTehi o foaw A H oFS
BIdl 81 SEiferT ferenie Afient st Sie § feoretaan A
IGH T agdl ¢ A% Sk Toedt agd S 2,
Aqifier 1 foerEd & o1 ©1 9gd W weiNEe
FANES! w1 ofUen %Y foo w B €7 Teed
TRl o STTHM STy Setist (TAfeqal) e werh
Feetl (THfeudr) w1 GrfurE o ST gR few S
Tehd &
(B) TIHT S T
e T € T foe-oedt, feer a9 o g@ W
faea =+t fordt faftre amn =i faomas =1 e
fafyre omen & Hied @ 8 o Toedt qiedH
Bl B T8 U oS W WU o o5 fRe ot
faemes o fau @ e s @ €1 e
gEgeE o 10 mol &1 10 mol 9@ H e 9
B ATl Tl qfiqen frefafad gHeRmr gr
for@n =1 wehan 21 gl o fow 29 S 1 aq.
g yRifd

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 T8 Yeiid & © o foem-woed
1 | sl foerm ot A7En B 81 S-S
foerm &1 oifuss AN TAE @ ST ©,
foerA-Toedt S o9 de TgEdr St @ A
CTe B G o or) M | e s T A Bl R )
A & folu 7% SWEa e (S-3) § fea
T AH % HH B
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SEATTAeRT

IfE TH T FHIRWT (S-2) H | 9_el

THIHT (S-1) T § o e W el -

HCl1.25 aq. + 15 aq. - HC1.40 aq.

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

=-0.76 kJ / mol

AH 1 78 HM (- 0.76 kJ /mol) TR0 shi Tt
2 TE TE T ¢ S faeEm H SR etfusw
foreareh Tie WX arder 9 o st 21 oo
o TR HI Tedt foaeEE w1 ge wigd iR
e e foemees w1 wEn W AR w7

6.6 A :UAfddr

SSTIeRT 1 Yerd T &d fodt fem g stawiifya
S TS 39 W AYST 3Tk g HT T 1 § Hee
A 1 T8 HOHI o WalTE i 9N W i wheser el
S €, Sifesh SO 1 Yee $ed ard o e A et
AR Ui B 21 orEde § Wiehfaeh ®9 9§ gl
ft TEEteR o1 ifder TehH T € e i 3R e
T Tfud @1, @d:gdiad gl Seel o fau- e
9 o1 YT T i W o Telq TEOT, Hied i
SIS H STeteht hie SEseIEs a1 sl

T o1 3T a5 W TRY 9] i IR A T
T T U H W T R wE A w@a: g
&l T A he SESATHAEE Td: he 3R Ao
¥ ufafqa =& grfl 9 YR o 3T Wd:U%H
TenTeeiia afterds gwiid €1 379 99 Saal @ Tk wm:
@WW@?‘WWW (Driving Force) =1
22 UF TA: A I fen k9 feifa e 22 T
@ T TH 3 Ul oh fog ArRe Muifa w31 fe 3
g ® HWehd € A1 T

Teol TH HHSMT =feT f Toayafda gwH =
2?7 MY GEME ®Y W @9 Wed © f6 @ afid
TEEfTR SAfafha o ®, S ifWehienl o Tk 9
T & B ol B B SRS TS eIggeH o HaAm
%1 Tefa =1 oid €1 37 7190 1 H & a9 1/ e
ek 3MF aul a% o fordt Seeiaa 9iad &
T S HeRdl B TEf s He SifafEA B @ R,
R agd & i afd 91 3w q@ o wasgafia
arfferan’ €1 ed 2| 31d: Td Fatdd ehd 1 33 ©

179

foret a1 |eH (Agency) &1 foeT WeTEal o fodt
YhH o B HI UM B FEfy 399 eAfufswar @
ThH o BH I L HT Tdl & Hordl €1 Lo yafid
TRHI o TR TEE] § &H 3@ ¢ R 3 T STo famm
Y IohiHa T8l 8l Fehd €| Lo Hafdd JehHl o forg g9
o9 o g hd © foh —

- aTI U Ua SThaOTe o giaT &1

Ig fowdt amg aregq (Agency) & GRT gt

Sahlud fepar ST 9ahar &l

(%) & Tt T kA BT Ea:Haidar ot
AR 872
7fE B9 Ul et S — YerEl ¥ S R a1 s
R TeeR A &) gfeansti W faar &, 99 <@ f&
T 1 faen § frem w1 feorfas o= o 4 et 21
T YR B9 e Thd © T T THEE SAtaiman
39 feen o @ayafda erft, 5w foen o =it o &t
B, S oAt erfufswaet o g €
3T o feru—

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° =-92.32 kJ mol™

m®+%%®emmm
A, H° =-285.8 kJ mol™!
fordt oft Somerdt 21faferan o fou iRt 9
IAR & T W T § 7€ HH ol Th T
am@ (o1 6.10 () ® <9 <1 Hevell 2

Al |y
&I g
Tt AH
H
el Tt
AR I
arfafsran fdems

T 6.10 (%) Fomieldt Afufear & fou Teleyl-simia
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379 T YT JHIUN oF SR W 4 I STILRN
T Whd § T feet waEfe afafwen o fou
Q‘ﬂ’ﬁ?ﬁ Y 2 HH YR Weh 9 (Driving force) %I
a1 gu ettty sfafmanet ™ fomar ot 8-
B N,(g) + O,(g) — NO,(g);
A, H=+33.2 kJ mol™
C A%, s) + 2 S() — CS, (I);
A H° +128.5 kJ mol™!
3 HffRaTT Tord yafdd YohH Td SOARIS! &
woedt ¥ gy &l u Teedfi-smE g S W e
(fo71 6.10 (@)

=+ Fd
e

1 P
Tt

T 6.10 (@) SN Sl & 1T Tele-siRa

T SSEION W I8 oI Bl ¢ o wiedt o et
et & fau ww wfawerms w1 €, W T
gt yerHl & fou g & 2
(@) Tt ud @A yafdar
T T yafd weha St TE fien ¥ 9 9Rd =i /2
oMEU, 'H UH ud feafq &1 oremem #, foww
AH =0 , 1iiq Toedt § 1 ufiads 7 2, R oft
sfafsan =1 yHH waaia 2

U TH 9% UF o 9fEw 9 foafia (Isolated)
2,9 < 1 5 forafia w@ B, S T 6.1 ° gwitn
T 2

Y T A W B, R FHN: w6 T vEd
forgatl & <@ o § qen wk faue 9 e fawan
T (fas 6.11 &)1 Sa fa9ss ge@n S @
(fost 6.11 @), 7 19 9w | fa@la e ot 2l
9 GHF gy faaer qof e s 2l

wreE fagm

faT 6.11 7 41 #7 faeww

376 &9 9 YohH 1 e i §1 foreRw @ ud
IfE g9 a1 A o f&ed @ T o 1t i e,
at fifeed 9 @ 3 T A o e g gR Al 7w <
SR % Feet @ o] e, @ 3 g B % ) @
TR A favree e o 9] 9] bl SC, af &9
e IR R & e and 2 TR fashren o e10) T
A F1 T A 79 B F1l ¥9 %8 Thd ¢ 6 Faa &1
TN 1 ST SeFafterd 8l T 2

9 TH Y SEUROT AW §: Tk fowfi
e o frerm 1 et o SR Afere sTerafied gH
1 Y9 el 81 TE el i T HER 8
Tehell 21
S Tt S’ wed B S STeFee T
iyt 81 U AFTEh 99 9 o fog s =t
el Tkl € Top G2t fendlt Forehr o sterereen 1 |
B e foafia freer o foraelt aiferes svezrereen 2Rl St
& oifus TR THA B SRl O U TR
rfrferan o1 99 €, T RerA wRArpRt steren i
& TH U (AulEEH) ¥ ¥ W (SAR) § E:
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rafeerd e 71 A% SR} ki WA fRARRT i
G 9 SAfues steafierd Rl @ Terdl § uRomed: g
EATT| Tk e sifufwan § TR § T ufted
siffshan o T aRiel ot ST o STER W STHIG
fepan ST ©1 G | Frafhaan & sed @ ord € wd
1 T Tk T9Y h fou S STER AaH Tt
(eifer fafim) =t oreRen B, Sefh MW el
AR T 1 ST 2|

379 B TG 1 A (Quantify) €9 34 €
TS | Sl o ool ¥ STeewel &hi AT i o6
fau w fafy wiferet 2, it 39 T&ds &1 g d
&1 gEdt fafyr gm0 erfufewan o e aret So-uiEdal 9
Sirea w1 faftr 8, s T=rdt 1 SmTfieh! Held e
21 I SR e, SE—3Tidie e U A
Tl H 1 T T i Teh SOANITeh! STereer
Tl Bl 98 AS UihA o 9y W s Y e

Ste off fepet fepma i o & S €, 9 9
AT T 1 TG e & STeaeel a1 3t 2
TE UK SO (q) Terma ® areyewen sQm T
UHTE Tl B 1 8H AS i q o Helfed Fehd 2?2
I9e e € foh St o1 forawor S@ g W el
3l €, TSR o <) St €1 Tk Swe A ok R
H f7 a9 o fRm &t qa | Afie sTeaRen gt
21 o7q: fordt ferma &1 a9 9k woIl 1 i
a1 e g1 Fe ae W e frem W @ T
SO 39 e i S== a9 R T I B S
1 G H ik STeTaE] w1 IO S dl 8| SHH el
<Al € o Tt aftads qrq o S[ehHardt g 2l

IHINT TRl oF T 87 AS i q W& a9 T
Y 34 YR Hefod H Thd 2

qrev
AS = rer ,
= 6.18)

forelt To: vafaa geH o6 o feem Te afiae
F1 T T2l qiEd (AS,, ) Fefafed gt
g &= < g 2l

AS, ., = ASsystem +AS,,, >0 (6.19)

9 e fehT TreaEen | 2, @ vt aifirenay
Bt ® Td T # ufEdd AS =0 R

181

TY HE Thd ¢ (% Th w@d:gafdd WHH i
T ¥ gfg 79 9% e W@ ¢, 99 a% a8
HfthaH 7 B S Hrmeee W T H e =
e 21 gie TR U erEen Ol ¥, om: U
ICHAUIE YohH o SN B TIdi-9ads i oA
frefefad Tiehor o &0 Y Tehd &

_ qsys,rev

AS

B9 WA ¢ Toh guardg aRfeefad § sehqoia
Td ShAUTE—SHl THl o flt AU = 0 2l 8, 11g
ASyw I (AS,, +AS,,,) IHTE TFH &
T 3= 78l €1 39 YR AU |, Sehuvig e Sehuoie
e H fauig & wedl €, Sefh AS faug e ©

3ETEIUT 6,10
Fare foe ffafed 5 o fead Tt aed /
Hedt B
(i) T 5o 1 W Fereen § gRed giar 2l
(ii) T el 3 HT AT 0K T 115 Kdh
TG ST B

(iii) 2NaHCO, (s) — Na,CO, (s) +

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

&

(i) o TaEn H URed oM o 9R 3T7] e
S W Y &, I7d: T2t Tt 2l

() 90K W G 379] feer Bt B o W
<A B T AR A 115 K TF @R
ST, T ST0] T HET AT H 2| & T
Y TrETeEe | <o wid § iR
Afereh STeraftord 81 ST €1 37d: T2l g
S 1

(iii) SRR NaHCO, 3/ € Td 38ah! T=idh
%4 2| SR § T 3 3R < T B 3r:
IR 3=d Mt 1 feufd w1 wfdfafec
F 2

(iv) 8T Teh 3T9] ] U] el §, 3Fef HON hi
o St @1 H TR o & Hid eRgee
3T0] oF T A i gordl ¥ 3Tk Tt
@ 2
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IETEIUT 6.11

TIe o SR

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

Tt gfeR —549.4 JK ' mol ' € (298 KA
)

g srfufewmen o =it uRedd o 8H o
S o stfferan w@: yafda = 22

(38 sfafsran & fag

AH® =-1648x10%J mol ")

&

T Afufsran &1 ad yafad

AS = AS,, +AS,,, % MR W T I
AS,, & AT &W & fau 9 afew ga
1AM HoA1 W fo=R & 8, S —A_H°
@ qed €1 T a9 W 9REs &1 Tt o qfteds
—A H®

T
(-1648x10° Jmol ™)
298K

g AS,, = (feer @ ™)

=5530JK 'mol ™

31d: SAfafsran o foaT el Terd-aRada

A,S, =5530JK 'mol ™ +(-549.4 JK 'mol ')
=4980.6 JK 'mol ™

39 gk B € fR sifufren w@wafia 2

(“)ﬁﬁﬁf@w:ﬁlﬁﬁm

= *m T & B TR T % A e e
IREdd AS,,, [hdl YohH H1 W@ayafaar 1 o
F B R AfereRTe TEERE skt o fem
T g T w goft o et €1 sra: stfeeRiy
aifafpanett § Tidt v et — S o uftedy
P Ee i A w e fF T @
et TEEd H wH SR T & = ¥ gfy @
veifdd gehal w1 feen feifa & g 2

wreE fagm

38 YA 2q 89 U U SSNTdh! e e
Ssit o1 filed ®eM G I 39 YR RO H &

G=H-TS (6.20)

fiest wit, G ok foreiiol wol syareen T 2

e 1 fitsd St o 9ferd AG,,, I 39
YR foran S wehdl -

= AH TAS,,s — S AT

AGSyS - Sys - Sys Sys
TR @9 W AT =0

- AGgys = AH,, — TAS

HHEITAT 18Ik (subscript)ﬁﬂv‘l’qaﬁgﬁgﬁgq
THIH T W YRR foaed -

AG = AH — TAS 6.21)

39 YN ity Sefl o uRadH = oot | gfadH
- qUEE x T H uRadd Ue gt ‘e
GHffRTor’ o &Y § ST Sl €, S T 9 oh 3t
el TN H ¥ Tk 2| F8T §HY T i o
foIq gHT T=i wt wre-Ty o € S (AH o 9
H) TH TR AS (TSR HT W) | ST g
T T 2| forfte SneR W faver ol e W B U
g fF AG 1 T Soll i Tl BT €, i AH
TS TAS IHl Foft 9% € [ TAS = (K) (J/K) = J]

19 g1 fomR ohtd € foF A e wen etfufsman
1 Lo yefdar ¥ Hefud 2

T 9 € fF AS, = AS, + AS,,

Ife e, aiast & @1y g w1 o ¢,
Ew 1 d9, fehE & a9 o 99 € s e
IR & et | gig e w1 woed § we
e uil

3T : UfEw 1 T H uRedd

AH,,,  AH,,

ASSL”T — SUuIT J—
T T

AH,,
AS i = ASys | ———

ST FHIHOT I IA: FARYT H TN
TAStotal = TASsyS_AHSyS

@d: WhA o faT AS,,, >0 ¥:

total
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SEATTAeRT

-(AH,,, - TAS,,,)>0
TR0 6.21 1 STANT I T SIS THIHIOT 39
YR foet s gEdt -

-AG >0
- AG=AH-TAS<0 (6.22)
AH, #fafean 1 Tieh # ot & 1as 98
TSl &, Sl SuErtt T o fou Suersd e B1 39 YRR
AG ST w1 o fou 2 oS @ TS 39 YN g
Sl 1 /G 1 39 HROT W AT T g Sl
off gl ST 2l
AG TR <@ T 99 W wd:ydfdar &l
FHE 2
@) 9 AG RUTHS (< 0) ¥, 96 WehH T&d: gafid
Bl B
(i) IR AG ¥THE (> 0) T WhH T&&d: Hafda
BT
femuft— afs sfufsman o foe Toed aiad orras
B T Tt uftedq oft eFeHes =, d eifufswer asf
w@d: ghMt, 1@ TAS &1 A AH & AF 9 3ifa =
MU F% | YRR 9 B Hehall 2—
() oA T=rdt aRad A e, arsd fRafa d 1
1fes g1 =feul (W) oHTeHe T=rdt gRadq sAfeeh
g, @ 39 feafq § 7w g wifenl vee aren SR
e dr § foh eifemiy sfafspae S=a a9 W
Haifed 1 St 81 GO 6.4 § Afafsmanst s wr:
Yefadl 9 a9 ok 999 sl Haifd (Summarise) f&=1
T R
(9) T=idt 3R FeAnTiaent st et fem
T WA © Tk Tt faafim fem & fag s
e fifyea @@ 21 gEfen, 39 IR & fem o
Tt 1 &1 T : IR i TarHTiaeh S aderd
21 aTEd § T SN ol SHY R @1 v e
o §AF W fem & off fafv= g § foman s
ekl B SOANTIeR! o1 O o oo ol ® fom
T gl Soaiedt SAfufwand o 3| i el 2
oerdt erfufsreneti § fehell el aTqeRoT | Teeen

183

a1 3 € ST e THetrent TRt qReds e Bl
T S stfuferen =1 T wafdd o < B

(=) e T=idt 3T SoAmTfaent et Rt fem
ot arel ok ooy Wil W o fRdlt oft R Mfa R
Tohd T, 98 WL HI WE U HX Tohel ¢ IR U
o errey fgw o fachg Tehd €1 etupet &t @ wifEt
ST TAARRYT T, SO T Ta Shae T ke
T 59 T 1 AI9HE Sl € A e TiaE St Su
B W € SR T 9 St 21 gEd iR S drg
oIS S B e I TR o i
foreferm ueted o1 amM SR-S W I A 3R
TEAT & AY-IN T oft I Y oI wedt $1 3
FOHTIeRT ahT dERT o whgd 81 UEn safag e
& iifeh T Y W fped ¥ Gyl %A e 21 9
HUA ohodl (G THfad S|l q difgd © it
Ygifass e IR qrEifTes yamr guiid & fF faeaamt ot
sifaefiaferd sai 1 T=rdt 0 K W I &1 8| der
o 1 A Tfery € o 98 Shael S il o
SR W Y5 Tl o Fder Tt 7 aRenferd e
A e B 81 g5 w9 o fau 9w 0 K ¥ 298
Kaisq;;” gfgal =1 Siig X I fhan s Tk
2| TR TEITE! 2H-Fm YehR o qieher §R Hieh
Tt aiads qRepfad & & fau s &t S
TRt 2l
6.7 Tires Ssti-uafReads o

HTH=TAEAT
T 2@ b § T 36 WhN U Sl ol [9g T
aferor- e & R o frfafed SRt < -
() THEteR stfafwar &1 wa gafad o1 gEgaE|
(i) THETR SAffoha ¥ U B Wk dtel YA

HE 1 qATIAI

e qoh &H AIhAvg Affsmane | qer Sl
TReRHl W R R ek ¥l o1 BH SahAvia sifufmast
o o SSI-gede 1 Sie w8
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‘SERHOTRET W SRR T o ufRferfd 2,
fSEd T YHH H1 39 YR T S 2 R e
THY o0 UREY § Yufa: wr H W qEmEte
srfaferanati o g2 o ' ScraoiiEar’ w1 o € fF
TR sTfferan <1 femstl o we-we = Fehdt
2, fora T wrer wenfia =1 @eh| 399 wdid eiar €
srfaferan AT feemetl & gaa e § & % WY =9
Tk, S IHYE Tdid B Bl g quft dud ®, 5
Qe W R R e Sl ad gl At uE
T2 =1, @ T @a: g w8 g e i et o
qfafda gl S|

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

AG=0

fordt sifuferan, foad gt sifvens T SR
A sferee | e, @ files S A Ge, wreere
feoier § feAfafiga geietor g0 Gafea gt 8—

0=AG°+RTInK
FAYNMA G® =-RTIn K

AIAMA G° =-2.303 RTlog K (6.23)
T 8 ot 9d © R
A,G® =A H®°-TAS®° =-RTInK (6.24)

Tarel HEATENST SAfafshanet & fw A He =61 w4
Aferh T TR BT 71 3 aRfefaE ® K 1 Ae
| ¥ 9gd Y B UG Afafhar § sifue IR A
1 wafd T8t M| FeAardt sAfufseaet § A He
A Afeeh ST T SRUMCH BT a1 A GO 1 A
Aferh T TSR Hefad 1 3 aRfefaE § K

wreE fagm

T 1 ¥ 9ga A4k STl §H Yael Seaiardt stfafenansti
o flu =9 K &1 3T T Gehd © g Afafswan
TR i & Tehell B1 A Ge T HH A S° % HH W
off feit s 21 Afg arfaferan o et aftedy =1 ot
2§ T WE, 96 K 1 99 a1 Afafswan ot g
TH 9§ YHfed B foh A Se 1 "M oA Al
RO 2
THFHT (6.24) T TN HH T
() AH®° W AS® o HIO9 ¥ AG® &1 A STIAG
ek, frdl off 99 W fFwEd ®9 9 SR i
yiftd & foTT K o /M 1 TOHT 1 ST Hehell 2
(i) afc varmmenr ®§ K dien € # fa=n s,
fordt oft 371 A9 W AG® & HM HT UM hi
S Heh B

IS 6,12
298 K W (IS o 3Tl H & a0l

20,0 0,@% fw A" % WA #
UM hifel 39 SAfafRar o ferg K 1 HH
2.47x10°%)

&

T S € 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 6.4 fufewrar &t Wa:yafddr T a1q &1 w9t

AH®  AS° A G° Ui

- + - gt a9 W Afafohan T afaa
_ - — (/=1 9™ ™) e qm = sifafsran woa gafaa
- - + (3=9 AT W) I=9 q9 W Afafsra s gafia
+ + (fm=1 a9 W) =1 99 R sAfufwan sreaa A
+ - (3= A9 W) I=d A W AffRa wa et
+ - + (|t 99 W) geft a9 W AfafeRan steem gafaa

* U3 e 919 UF 3= a1 goriEd 21 fHdt ey sifufwar & fow 3= a9 sitgd F 1 arg o g g @
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Ea G Cal

IETEIT 6.13
frfafea sifafear & faw 298 K M 9=
feerier T A A1 hifSTT—
2NH; (g) + CO, (g) = NH,CONH, (aq)

+H,O(1)
ST @ 99 W " fies S A Ge &1 °H
~13.6 kJ mol" @I
&'

A,G°

SHd @ log K=—=
& & log 2.303RT

(—13.6 x10°% J mol-l)

2.303(8.314 JK™' mol ') (298K)
= 2.38

K = antilog 2.38 = 2.4 x 10°

33U 6.14

60°C MY W SEAEISH LIRS 50% foifsid

B 81 Th aHSHd @ TE 39 a9 W A
T Soll-URade 1 AT it

185

'

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

Ifg N,0,50% fo@ifsa gar 2, o <l aeref
T Ui 39 B—

X —1_0'5'x _2x0.5
Nos 1405 N 1405

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

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

AG°=-RTInK,

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

9T

AN TEMETS T ifdes Fehdli o Sofl-qiad= d Teel W@t €1 T 9 qRadAl sl A STeqe
T TN SUANT STAA T § e HerEdl idl 21 37 il o foIq e Sl W Fep e uitewt o Tt
F%d T TEERTE T Afdh ThE S (q) S A1 e o 1ol B €, freh v an #wE (w) §
A ST Fehal 21 3 TRHET SN o WIH FE\ AU = q + w 51 Gaifed gl 81 AU R el 3ifom
e X TER LT ® U1 U ST e B, Selih g U w U W R d € qe Sferee el Tl 2
T q T w ok foe fog ol o1 oo e €, 9 3= e w1 & S dl 5% e o 3d €2
T % Th T @ SR Hm | Triaon s 9w gehd ®, Ted a9 o afed| g 21 deEe o
g o1 | Uil 1 SEHAEIRAT (C) W R a1 21 31d: a1 Seaftd $1 q = CAT Bial 81 Afg
T T JEROT B E, A HE BT WO W = —p AV H FW 2| STHIUIE T H I o Y] TREd
% faT p_ = p 1 IF W@ Tk T 3 W= -pdV TH TN H TH T FHIHT pV = nRT 1 FAM
T Thd B

fEoR ST R w =0T AU = q, 312iiq 78 TEeR ST TR THiand S 81 W 8t sifufmanst
o eI o foIu en W feer S o €1 8H U S STawel-Thel Tredt i R i €
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186 ECIREICRIE]

THef-afeds AH = AU + An,RT 7 9199 Hi fer <@ R So-uftads § foan 1 gar €, a8
AH=q, 2|

TR -afedal o %% YRR 2| grae qiedd (-7, ariiehiu] Td Seaua) S fer
I W BN 2, T2 amrets woeft-uftada 9 stfvafad fran sar 21 forem woiedt, 329 woded ue o
wHfer | uRedd 28 o e 1 S w0 96 TR ST g 71 TEEte siffweet § woedt-uftedd

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

T o § A HO =) (SAfhReR 1 ey Sel) —y, (IR BT A )

SETIeRT 1 Yo from Tt Afafsran &t faen oF ar o g6 R 761 s, e1uiq a8 7=t
Tl o TERfTR Afafmen &1 W o 1 2| foefia fem &y Ay = o 21 316: 89 39 & & foau
T FeE-The, S, T aRefid i 1 T=idt eTeaareen &1 "9+ 81 Teh d: Jafdd o o fag
el T2l qRede G Bl ©1 Ueh faetfita e o ffw AU = 0,AS > 0 1 1a: T2id aied &o:
Feifdd TehH b1 fasifed a1 €, Stelfeh il TRerd el Hidll SEhHvT JehH o folq Tt GRed=-Seiehton

AS:CI% Y 9 fFan s g =1 q;TeV 79 T AR & @ B

e erfershier TETERTR AR for @ R F €, o1: 70 gEU SHen-ed fisw st G
Refod w3 §, S R o TR e Tt ufedH @ g A G = A H-TA,S 3N Gafed B

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

THH! WEEW § A,GS W B W K H HN WA A ST WAl €1 AGS T HM HHIH
AG® =AH® - TAS® ¥ T fha S Tehal T1 THIRON H q19 Toh Hewqul %R 1 oM T2t
e %2 sfufward, St #5 A W sREq: wafid ©f, 3% Se9 9 R WA:yaiid S ST gehdl 2

A

61 8l W -
TN STeree el Tk TR 2,
() S SeA-uRedH & foe W e 2
(i) fSEer oM 9 W FeR & e 2
(iii) S S-S HE B MO FE H GgE B 2
(iv) TSrEer AF heaet @9 W R e 2l
62  TH UhH % BgroA uRfefaal ¥ g o fora—
@ AT=0 (i) Ap=0
(iii) g=0 (iv) w=0
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6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

geft T FT TOTH ITRT G-I § B T

@ zhE (i) 3=

(i) <O (iv) T+ft T & forg fa= Bt 2

U9 o <8 & fa AUS &1 99 -X kJ mol™! 81 38k faw AH® &1 | &im—
@ =AU° (ii) > AU®

(iii) < AU® (iv) = 0

T, JohTee T TSN o few 298 K W 387 THewt o 7 %He: ~890.3 kJ
mol, -393.5kJ mol™! T -285.8 kJ mol™ &l CH,(g) ! for= Tiedt w1 2rit?
(i -74.8kJ mol! (ii) -52.27 kJ mol!

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

T AR A+B—>C+D+q o fau T=rd aien eaes 9@ T ag
sifaferan daa grfi—

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

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

Tk kA W TR g0 701 J ST SrEeiifa Bl € o 394 J e feher S 1 3w
YA H T So § feRan ufkerd= grm?

TF 99 AR § NH,CN(s) T sAfaferan ssifaise & @ &1 T 1 AU &
oM —742.7 KJ mol! 9@ T (298 K W) | 36 3iffwan o ferg 298 K W Toiedt
REdd Fa Fife—

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

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

10.0°C W | Hiel A &1 % —10°C TR M W TEedi-qied &1 T Hifs)
A, H=6.03 kJ 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 Tef sifaiis ¥ 35.2 g CO, o W
IIfSId ST T UMD hifSq)

CO(g), CO, (g), N,0(g) T& N,O,(g) 1 faa Tiedt 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 HIS

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

frefafea siwel & CH,OH() ®1 we-foxad Tiedt ama Hifse—

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

C(IwTEe) + 0,(g) - CO,(g) ; A H® =-393 kJ mol™!

1
H,(g) + 5 0,(g) - H,0() ; AH® = —286 kdJ mol™.
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188 e CE M ERIE

615  CCl,(g) — C(g)+4Cl(g) arfafshan & fory wéredt-ufad™ 7 sifsg s CCl, o
C - Cl &1 e el &Y MO SHifTg—
A,.,H°(CCl) = 30.5 kJ mol ™.
AH® (CCl,) =-135.5 kJ mol ™.
A_He (C) = 715.0 kJ mol™!, @&l A _HC %V THedt 2|
A _H° (Cl) = 242 kJ mol™!
6.16 U& faafa fwm@ & faw AU = 0, 9k faw AS = grm?
617 298 K™ IfafFa1 9A + B — ¢ & faw
AH =400 kJmol ' T AS =0.2 kJ K 'mol™’
AH T8 AS 1 aO-fawar # feer 7 gu sy fo fhe a0 R sifafwan wa: grf?
6.18  sfafsRan 2Cl(g) — Cl,(g) & faw AH & 0SQ o o= == =i?
6.19  sffRa 2A(g) + B(g) — 2D (g) & Tt AU® =-10.5 kJ T AS® = —44.1JK!
aifafsran o faw pAge &1 O HITST 3 warey fF = sfafean o gafda &
Tehell 22
620 300 W TH IAfufwar o fauw wem T 10 B AGe w1 WA ST B
R=8.314 JK! mol!
621  frafatea stfafsransti & TuR W NO (g) oF SN €efae W feouft shife—

1 1
5 M@+ 50, > NO@: AH=90kJ mol’

NO(g) + % 0,(g) > NO,(g): A H°=-74kJ mol™
622 <@ 1.00 H@ H,0(1) %1 e uftferfai # forfaa s €, 7o uftem o Teit-ufteds
1 TUAT SHIfST— A H® = -286 kJ mol™
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