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THERMODYNAMICS

ELE

3H Teheh oh 318 oh oI5 30—
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Tohl;
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39 & feer-woq Hehod 99 @
el ST STIANT HT ol
fordiol W e O | AR X Feh;
Td: del STEd: Ydfdd WehHl Rl
qﬁﬂfﬂﬁ%‘{ﬂéﬁ?ﬁ;

T2TY} ol SSANTIAHT STaE-The oh
w9 o Rt 3R SEehT ST T
Tohl;

Te-oll URE (AG) 1 THE Hebl;
T sl R AG 991 AG 3R €
feeier o Way Tenfud X TehT|

11084CHO6

Tg W faen Sdaatq 1 Feer witves Ragia &, foaar forg & wqe &
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el S ST WA T, TEIE T A1 shived g § Serd ©, al et
arfufean o SR eropell © WuEd TEERT e S % &9 o
fefert Bt 21 56 Teh g | Te et €, qe TR Sl A1
% | T 8 Hehdl © A1 oo da1 (o det) Terge el
YeF HA B 39 YRR ol ok fafa= &9 favy afifeerasi § wh-
TR Y WER Feifd ed & U Tk &9 U T &9 § 95l o Tehd
Tl 31 FO-BA@ON HT I € SHMIGR H1 fa-asg 2
FHNTRART o o Tyt Freapmal, o oga-4 o1 e §, 9 Heifera
e €, 7 for gew freprl o, f9 wgd 7 9] e | SRt
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? o U ArerEE ¥ SOl wreEeee § S @) et freee & e
o7 (SH— TE T ) e § 9 o Wil uiatad T8l g
&1 39 Toheh § B9 ST o HIeAH ¥ FD Hedqul YeAl o I
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T @At AffEa TRy o gH Seli-ufidad ohd fruifa

H & ? I8 UREdA B e TE1? Uk qEEieh Afafma g
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SEATT AT

6.1 SHNTIdeRT ok deh-chl 9T

BN Icgehdl TEEe sAfuafsranstl wa 39H gerd
Fo-uferdAl Sl S I B ® SEeh fery ed
SHMGRT | Yo 8 a1l FS kIl YRl i
ST BT Skt aui e fean T 2

6.1.1 e wa ufR@wr

SR § 7o &1 7o wee & 3@ WM ¥ ®,
S Yero fFT ST € Ao @Rt 9w o afaw’
el &1 IRES § R i Sigat He 9 diwfed
21 Frepm w uREw— T et serre s @)
e + aftem = swrE

frerr 9 arfafie |qul e fehma § =ierel
ufterd=l @ gefaa = gt €1 sEifere Wit %t o
T srame &1 9E 9, S e 9 SidfRa S g,
et o &9 § e S 2l

MG : T &1 98 &, S e oF e
B B, afewT o farid fern S 2

IR o feru— afk g0 T e | Iufeerd
Tt A T B 1 Afafwen &1 s1egas R @ 'L @
et (e arfufsran-fagon 2) freee 2 o 9w
(forsf sfept ) afasr =1 & swam (o 6.1)1

e ®© T Tren siifaes St (Si—diet =
WEeA) § qRid feman < wehdr € 1 wete § uh
fafy=a 2mads o e fesment (Cartesian coordi-
nates) ED ==Y (set) | gfitefea foran < gehan %I
TE AT ¢ T ™ &l aredfass a1 wediien

IR 1 H o R IREw | YUk el S| 9%
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R, St Frerra we ke i gk s €, CafEm
(Boundary) HEdd %I i gr g9 e &
3T N 9e 554 qM Sl o H=l 1 e
Uferd X TR 2

6.1.2 ™ oF U

379 TH S TH ol o GoRul o SR W 61T i
aifferd i B

1. @Tﬁm (Open System)

& g e ¥ el @ sm-gH w1 e ud
ufEr o #ew fafma (Exchange) ® @&l 2l
3TN — AR RE T ol iR § ferd S

2. € /o™ (Closed system)

a% T o T wd ufew o 7 57 &1 fafma
e el €, Wy Sl 1 fafma g g 21 SiE—
e &g diet | o Sl

3, Taefita erta (Isolated system)

T faafa e § e vd ufiEds & 9 59w
Foti— =T o1 € Tt wee e B 1 S —
AR T oie v | fod W) o 6.2 |
fafer=1 W o e <eig g €

Hl I ,r\-“’/—\/

fas 6.2 : gan, 93 TF fafia &

* fe g1 haw stfafwen fagor & fem oW, @ et & <R 9fiEw w1 s S
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6.1.3 R =l 3Ta%e

ot off Swmfas! e =1 it = T, SH-
@ (p), FFA (V), T (D) T FwE G
(Composition) =l fafse (Specify) ETCRCDIRSIG
21 & Frenra w1 affid 3 ok forw & it w1 gied
¥ gd wd gy e w5 ggar @1 e wifaes
e | vet g T At o Rt e w6t erforen
sTaEeN i e em & 9dt se-faget & 3§
&o1 W Tefdl Wel a7 o SR W T Sl €1 FOHNTAeRT
T o &1 Teh 3Tl Ud el ®Y9 g&arfed feram man
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Tl ®, Fifer ==l g0 fem & ofiga wo =g o
T WA Hd & BH TR i STaeel i ‘STeRaT-thetAl’
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STTfdeh T | TRt 1 STawe &1 9uH 39
HIOEAT STere Tl O o g TRl Sl 1 €W Th
T HT STTEN T SHh I (p), IFAA (V), M9 (7).
AN (r) 37 @ a0f T Hehd Bl p, V, T o1 3TaET =R
TS el FEd &, ik STRT HIF Tt w1 afereen
TR T B, 7 o 39eh! 9 e o alier W TRl
e &1 s1a%en ! qui ®9 9 qRefid & o6 fag
et o Tedt T[T 1 IO S HT AR TEl BT,
FiifF % T F A T 9 A
o7 1 e R @ gt W e St 81 T aR
%A 9 Y TS H T T TN i 99 L e S, @
TR TR IO 1 W o e g1 S 2l
6.1.4 3Tder Hsll : Ueh STALAT-WheAT
e BH S THEh Rt whi == e €, o st
1 1@ o1 goe B €, 99 B W Tw @
SATERTFA B ©, S T 1 Sl 1 faftue
X Bl T8 Sl TEETTh, oF[ A1 A el 8l
Fehdl 81 37 Heeh AN & FR™ w1 Sl Bl 2l
TR | 39 STl Tl U #ed &1 98 Jiafdd
Tl B, Sfafeh
o T & T | waw = e g @,

o 1@ W = o g0 & f&a T E,
o T d 57 =1 w9 = e =@ Bl

WA fagm

(%) e

Ted Tgel B9 1A i W A 1 snafed e o
B ot IREdA 1 Sie 1| g Tk T e o
T, oo u o ek a1 S diet § Sl
T UE 21 TEH (TR TE URew o HeT SO
ware &l €, T8 1™ %1 g9 g™ (Adiabatic)
frerma wEd ) TR e § srerenr-ufteds ot
HgIT Uk Hhed &1 T80 fem ud ufaw & Aen
Fi2 Foa-fafa =l el a8l | @ wd afew
F YUF FHHAE IR ‘g faR’ FHeAr @
(fo= 6.3)1

ferg 6.3: ©F w5 faer, fogd Retar @ swr-fafmg
g 7&l 21

319 B9 T N F© &1 Heh 90! TdRE
ot o ufed= ® €1 w9 R e @ Wi
ST A ¥ TS THHT MU T, T AR el U, B
feRTl 1 STereell shi < WehR o IREfdd T Hehd &—
TIq YRR —TH fF B Uead ¥ St 1 HUFR €
1kJ % w7 &, food faspm &1 72 syeen o1 B
TS T A T, T W 1 FE 3@ T E > T,
Hd: d9 H URerA AT = T,-T, | |l el B H
Siafes = U, 8, @ ofafe o § ged,
AU= U-U,
fgda ueR-3@ g9 Sa d Tk fidesa s
(Immersion Rod) TI@& 31 & ogd &1 (1kJ)
FW ¢ TF ™ § q9-9Redd A ®@ ¢l 89 e
€ fr am-uRaeq g & wAe T,-T, € @ R

el H TS TAN L. S 5 T 1845 oK
sTHuE e e ol 3=iA arn fob fea W R

oo

Ty fafy= w1 e it et o W YR o
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SEATT AT

2, =R &H et ff yeR (TH) g R S, S
& W A1 o qREdd gl @ T 2

Id: TE SUYH fe@al € fr ww we wf,
AdRer et U, i aRkefoa foran e, fSeent am
e oY eraren 1 AfiyenerftTs B, STel TSI Yhd
H fofen T FRw_, ] sTEEns § U 9ReRkH o 47,
S AU = U, U, =w_,?|

37d: Fm F oTidle o1 T STowe-Te ¢l

qEEfTR FERAHRT H [UPAC WO o TR
v g o ¢ T & w, frem R o mn
2 qen T 1 eTiafies Sl 9g St 21 36 YRR 9
Ife f@ g0 & fvan SQ, @ w, ROTHSE B
Fiifer frem w1 sTales el w8 8 S 2

F1 39 TRl 311 URfad STaee-waeHl o A
I Hehd 82 V, p U6 T 9 1= URfad STaee-thefd
& el & fau- afx ww fRdl e & a9 o
25°C ¥ 35°C d% TRad= &, q ard-9iead 35°C—
25°C = +10°C BN =% & Hie € 35°C T ¢ =
ﬁmaﬁm@'ﬂwmegree)ﬁ@ﬁﬁ'{
R fenma 1 @ifqm 19 (35°C) o o ST 39 YR
T U STaeq-Wher g1 a9 | giadT qef W e e
FAT ¢ | T e H I T ST Toh SToeel-ho
2, Fife THh Sl & A W qREdd 39 o W
et &Y e ® T diema Sh9 9 T B— WRe g,
ESEER-CURIE -
(@) &=
7 fa & forw off afRaer & o TRt = aRasT &
S I Th ™ &1 o1ale S | 9iad &
THd 1 T8 Fll-fafma, S a1 R €, e
q el B 379 BH UM AR o ok forw [qd °
G 6.14 (%) H JaU 3ER & IRfI 1§ Afm
] S EgoH SERl w1 U S =i San
(o1 6.4) ER1 o1 o e 9 Bl 2, W = w3

ol T dfe 1 T T (RS9t S Sy
e §) W OT, a9 W Sa fam o @ uw
T2 e, fSmet @ T, 31 ¥ W ¥ feE (99)
SN AT FH g 1 qU-IREd T,-T, g

161

forT 6.4 : T f[b1g, (999 TRGHT & IR-YR ST &7 JaT8
gy 8l

AT S Hehel 1 T8l W of At e § uied,
AU = q &, Siefer feer a1md W 1 = &t fman
T 2

qEEfTR SRS H [UPAC WO o 3T{AR
R ¥ T T TIFAIRU TR/ | M W g &FHS
Bl © 3R e 1 ol Sl € T o1 o e
¥ qET 1 3R TFEIRd 8 W g oA il 8
afoned: e 1 e w9 8 S 2l
(1) "= fearfa
TH T 9 feafq W fa=m &Y, Safe ofaie et
Y gfterda Ml & IR (ST hich Te S OHT-TIHIqI0T)
BN &l 39 frafa o g9 enafie e ¥ ufiads & 29
YR for@ dend B

AU=q+w (6.1)

T fafire srewen-qfiady o qRad= o YR &
Wq@w?ﬂﬁfﬂﬁﬁmé,ﬁq+w=
AU had IR T8 ifaq oaen w) R &um 78
GRerd o TR § s B1 A FO A HE o 'Y
H Fefi-ufadd 7 8 (foafia ) steiq afk
w=0Td q=0, 7 AU=0 @I

GHIHIT 6.1 A AU = q + w, SHFITR] ok
werm T 1 I e 1 wem e o eTER,
“Ter Taafita Frerra @t Tt osTaREd=a gt 217

* qgel e W fRT S arel w1 & EoTcHs fae SR fre g fRT SR Al % w1 ueress faee fean e em sfaent
1 el W ot off El GO 1 SO0l € W1 © AEf [UPAP A Wt el fa W w1 fawiiier w1 2
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wee i U faefia e € o@: fag =1 =
R | ot el ST Fehdl ©— SRS hi Soll SRS
21! WHETA Y Sl o Gl T g’ ed ©,
i Sl 7 A T KT ST TRt & SR T & gqH
ge T ST kel B
e : TH FEAEHE O (SR-Fl) T T AR
T (SE-eTEE) | R F 21 en e faww
STeedl | SAFaH 1 @ U (Absolute) AM fAfSe
T Hehd &, T SRR Sl o1 Fder A e e
H GHd ¢, A Aales S § glEdd AU T
e ST Hehel 2

IETEIT 6.1

T e &t Tafes S H gRade saRy, afk—

() T R ufewr | o staenfa el &,
Y ™ R (w) & fopan smw) fem &6t
i frd YR & B2

(i) T R FE w1 7T foman e, Wy Fe
F1 qE g e @ ufEw w2 & Sy
frm = {oR 59 TR F1 gm?

(iii) F1oFT SR w TN &1 w1 foha SW UE g
o= w1 S e & & W) uw few
YR T T B2

&

@) AU=w,, @R TEr i

(i) AU = - g, <oR o9 Gerersk 2|
(iii) AU = q - w 7€ =% 4 21

6.2 STTUANT

%% qEEte sAfufmaet § W oSow B €, S
T T HE A S I HE H HeH Bt 2
3 YRaddl o URAT & TOMT W 3R SAdReh
Fl-giedl ¥ Heag wE Hedqul ¢ <@ fF e
Y Bl B

6.2.1 A

Teem T R g1 fohT Y #1 wepfa W g
WehTSl STeid B 1 BH Sherel A1eh hrdl, 37efid <re-3TeraH
F1d W fo=m i

WA fagm

T =pey AV

&AF, P

5

k— 11—
foT 6.5 (%) faferst § Reyd a7eel 319 W U ug 7 ek

§el <19 P, GR1 61 T GHEd g
BRIRR &5 §RT F9rr T 8

TE-3AH 1 il 95 o T &9 =euRfed
g faferer W faer &@ 2, food & d9ia
el T ol g 71 79 w1 g e v, e fafaer
¥ 79 &1 9 p T AR 9@ W p, 7, S p W Afw
B, @ fIed 3igt &1 3R 9@ o TIfd &am, 5 T
AR & p, ok SR B S| HA foh 78 dfterd
TH 9T H F § ¢ SAem e v A s
oo § foreed 1 a7 el B U e o erwee
gt A ® (3 6.5 %)

qe A W U = [xA=AV=(V, - V)

%ﬂ%’ﬁﬁﬂﬁ%ﬁﬁ?ﬁ:%

Id: A Wad =p . A

Ffg fed = @™ ¥ o W fwan ™ w1 w
I
w = x foeqd = p_ ALl
=P, AV)=-p AV=-p (V.-V) (6.2)
Tl RUTHS Tog 1 THiY SMEvas € T
iUl (Convention) o AR Hdled H ™ W
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AT AT

P B @, S U B A (V,- V) A
FUMHS BT STd UM § UM 1 T[0T &,
T w 1 HF A & S|

Ife = o Tod® U8 W 3@ Lo 7 8 T
%3 afifd oal o sead @, O e w1 gEe ag)
H gL &M@ HT AN AN TI — Y pAV o I BT
[fe= 6.5(@) ]I

If g fEor 7 81 T 39 YR 9k 8l fh 7'
TN € T % @ W SFHIgeT AfuF ©, 99 Hep=A
o Y% TS H STEAA SHAYEH " dV S 39
feafa & g gr1 forw e e 1 o 7w FrEfatad
ey ¥ A FR Tohd B

(6.3)

7 ST (V) v

forT 6.5 (@) SRR &7 9Rfyd 7al 4 a5erd gu Sifeer
3@ R YR SFaT ° Sifam FaT a%
= d fomar 7 1 qwiar 2

Hepe W p, I 98 W (p,, + dp) o T B
[fes 6.5-71]1 Tum uRftafqal & 7o o 9@y <«
AN <@ | BHIN HH BN, AU p_=p, - dp
= ¥ § &H forg 9ohd € 7R p_=(p, + dp) T

Yo ‘ISHTI YFH' e o
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v 3R (V) v,

ferg 6.5 () pV a% & JRI9H Fd V, § V, %
TgT & foq Seravitd uRfEfa & aar
F3ETd GU SRR 31 W 37d Ya1 7 foma 7
14 SRR &7 T <9 T 2

Teh WehW o7 URads auft ‘Schuuia wehd’
FHEATAT &, o 30 Topelt oft ot arfagen aRed=
% GRT Schidd (Reversed) Teham T Wkl T
ITRAUIT UghH ohs ATETERAT3N § Taged Tfa |
TH UT I wgar & T Fremma wa ufaer ghon
T AT | Tgd 2| SeRAUIE WehH R
afafied 3™ @R WehHl &l ITERUUIT Wehd
FEd 2

TP 9 | wgd O UE geed ot @, 5
T G o fau &, 98 IR e o ofiafiess @
o IR e i SAEvge gl 2l

T GHIH 6.3 i F=Afafad geR 9 fomet
Schavia aifeafaal o wrd &1 o7afis <@ 9 g9
Y Fehd B—

Vi Vy Vy
W, = [ pudV == [ (p, dp)dV =~ p,dV
Vi Vi Vi
(dfF dp x av &1 TF T T)

Vs
Wiev = _J. pde (6.4)

mﬁaé?%apinaﬁmﬁﬁamm
T AT o Ual H oo TR S Gekdl ¢ foReh
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eyl T % n die % Y (pv = RD)

nRT
>p=——

37d: Tk FReR A (FHaTdT TehH) W

Vy
dv \%
W = jnRT—:—nRTln S
; %

rev —

i

Vf
=-2.303 nRTlog

(6.5)

: T o1 fafa § TEROT (p,_= 0) TRl TERW

e 81 S TG o Yo TEROT § HiE el
B et B Ufohal IChHU 81 A1 STIhHu, (FHIR
6.2 T8 6.3)1

379 TH WHIRI 6.1 i fafsa TehHl o6 TR
%2 ThR 9§ forg ged 8-

w=-p AV (FHIHIT 6.2) 1 FHHT 6.1 F
T & W

AU=q-p AV

I wehH TEeR TaT W B 8 (AV=0), 98 AU
=q, qVﬁWV(Subscriptv)?{QﬁﬂT%ﬁW
feeR e W 9SE H1 TR 2
TSt I T Yok T GHATIT FEIOT
TH Ry T 1 G UE GHAME GO T
(T=feeri®) §, w=0 2, ifk p, =0 21 a1 A Wi
gr fawifta fman foF g = 0, &few AU = 0 =l

FHET 6.1, (AU = q + w), 1 FHAIA

WA fagm

Fal
e W € g=-w= p, (10-2)=0(8) =0
1S S TEl el & T IS FoA1 ST Tl
B 21

33Ig{0l 6.3

I oo goRoT § feeR 9 91« 1 atm @, @
ZRm?

'

TS E Bhg=-w=p_(8)=1x%8
=8 L atm

ITEITT 6.4

g 3T 6.2 H & THROT ShATI ®9 9 &/
qr 1 Brm?

'

T WY ¥ 7 g =—w= 2.303 x nRT log“//—f

=2.303%x1x0.8206 x298><10g§

=2.303%x1x0.8206 x298 x1og5
=2.303%x0.8206 x298x0.6990
= 393.66L atm

6.2.2 Tl Enthalpy (H)

(R ) Teh SUART AT STARAT-heA
TH WA 2 fof feer sTrred WX srawifid o stiafter

SCHATIE Td STGhAUIET YohHl o Tl 36 YR e
o <1 Hehdl B—

1. FHAME STIGRHTNT YohH o faT
q=-w=p,(V,-V)
2. UMY ShHUIE YA o fau

\% \%

J J
g=-w=nRTIn % =2.303 nRT log %
3. TG YHH ok faw, q =0
AU=w_,
3aT{0T 6.2

10 atm T R 25°C T4 R G et 79 %
3 fotex wwarda €9 9 frafd o a9 9% gaRka
Bid &, S I SEhT el A 10 Tt 7 @
WU T YOO § fohel o Srawiifi et €
Ts o wr faran s 82

ot § e o g, 3t AU = g, B 8, /g
arferrier TEmafen stfafwand feer staem W T g
TeATEh, WEHe i o feeR amgHed™ 3@ W gt
21 = il o fou g5 wh U stereer-thel i
STEvIR T BT

&H FHIFTT (6.1) 1 R 6 WAU= g -pAV
% w9 # fa@ o g, &l g, Fem gr srawfoa
T T -pAV M g T T weo-w 2l

RIYeR STIE ol Uik 1 9 TS 3Afan st
1 2 ¥ WA 2

B ST THIHIU 1 39 YR fora Hend &

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

T Fafeqd s W

a,= (U,+pV,)-(U,+pV) (6.6)
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AT AT

379 BY TH IR FHNIGR] Herd bl g
F Hhd §, T T (i v CwSifer’,
ot a1 ‘g ' W sfafifed s B ®)
Fed Bl

H=U+pV
a1d: G (6.6) B S R

a,=H,- H,= AH

Tl q T e e[ we ©, qefd g v 9@
TS 1 T H U SeRq-%er ¢ (H.U, pT8 V
1 He ¢ A Gt STeE-the €) | 39 YR AH 99
E=ERUSRS

feeR g@ W aRfia 9l o fag awieon 6.7
w1 foman s gehar 2

AH = AU + ApV it p T ®, om@: &a
forg wehd 2

AH= AU+ pAV (6.8)
Seoi@Ha ® for S frer <@ W o sraeifia g
2, @ =ened o en oedt # qfiads " © e g

I W R AH = g R q@ W sreeifd
AT B

TGt SRt o U AH Ut
TraT &, FET ITTRaT & S ST et gt
% T st rfufsmnedt & fow AH TR
BIaT &, &l URAST | FOT T AAINTUT BT 2

feeR 3T (AV=0) WAU = q,, 31d: GHIHT
6.8 B Wt B AH=AU= q,

3 T, TS ohoret 319 o1 58 Jrered gl @
T AH Td AU o e 3T Aiefeh 21 gian, Fifh 3
T 56 § TRH HH W A B hig fowy giedq Tef
B AfE W sraen B, 9 399 ofaw wiefw @ s
21 &9 T U et W fomr e ® fomd T
et 21 feer 3 o @ W v, T sttt
TSV, T IR H A SAEA B q n, T
SAfafoel T n, T SRl & Hiel w1 g @,
Al eTee T TRl o STER—

pV,=nRT

39 GhX pVB=nBRT

6.7)
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a0 pV,-pV, = n,RT-nRT= (n,—n,)RT
p(V,-V)=(n,-n)RT
pAV= AngRT (6.9)

ﬁAngﬁ@'q SRl & Al 1 TE TS
ffeparenl o Al 1 F@ *1 AR 2

THET (6.9) ¥ p AV &1 AH THHWT (6.8)
¥ W@ W

AH = AU + An RT (6.10)

THIFHTT 6.10 T ITAT AH T AU AUY AH
1 O A HE | oA s 2

SETEIUT 6.5

AT 1 e T HHT W 100°C TS 1
bar T W TH WA A o AR o
gfedd 41kJ mol' AT TEN SATAH
F-YEdd i TOMT SHifeT, Se 1 | ST
%l 1 bar 36 Td 100°C W arodeRd fopan
M)

'

H,0(l) - H,0(g) uRera & fau

AH =AU + An RT

A AU=AH- An RT
M W@ T
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 '

(@) fewdiof wa &= o

foreiiol el et T ® 95 e e 21 ool o7 9w
o1 €, TSRt i Frepm o Sufterd 5o i W/
(Test) R R = T ST o fAu-somE,
ST, 7T Srsll, Todt, Seamenfiar onfg fadof
o1 €l
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3 701, S R | 3Iufier 557 i AE/STRR
(We) W PR A W E, TR O Fen f
3BT ok TeAu— 1Y, S, S 317K T 0T § | Hiek
o1 ¢, Tohet fepm o T el o 07 o A o gl
el 1 AR 7o F A 0 A, A A =, S5
FT A Y WA 7| S SR HeR A VT
HeR STt ¢, 2 forefiof we e o # oiw 7w
Teh 19 i 3TFa V o 951 | T a9 T eeh? L Hehd
g (fa5 6.6 F)I

V. T

(=)

WA fagm

Ife ¢ e B, @ S 9 qrdig gig e gt
21 S B S it §, gEeR o1ef 97 § f
THHT A9 FGH oF T 9gd e el =ned|

C =tef Y A o A g @1 et agred

1 Aol SN Cm =% T HIcT h1 SOATETT

2| IE FOA1 1 9 HEN ©, S U Hie g 1 A
wn et dfeed (1 & o) @M & faw
e et =1 fefyre o, fsg fafyre o’
ot FEd &, 98 ST ©, S SR1S SoAHM o fehdl qered

nol<t
bﬂ
vl <
bﬂ

(@)

I 6.6 (F) 79d7 V Uq a9 T W TF 19, (@) G979 & R S7aa &1 ST &1

319 Afs favsie o g oA ofen R fea
Su (fo 6.6-@) , S99 &7 f@ad v/2 & S g,

1 A9 T Teilt Afedad (I U hfcad) s8¢ &
fau ermavas e @1 fee ugied @1 a9 se %

g TE a9 GHH & TEdl B oFd: T € TR et
ferfiof o1 2, Staifer 19 e 0T 2
(1) FemTeTREar
79 SUEE | eH <@ € o fren i sfaita som sl
AT S 71 A R 3R S Tew T S, 9 9%
A ¥ gfg % w9 § uRafd g 8l

A o gfig fafa Fo1 o FHE gl 2l

q =TT x AT

UMk 1 A 7™ o 3TehR, Feed TF Uohfd
W e w21 39 B9 39 yehR ot fom weRd €
'‘q=CAT

Tl ok C i ‘Feeniar’ wed 2l

TH YR SOHIEIRAT A B W gH i g ol
AT FT YIT HOAT G FX TR T

32 U SERIF FH g T H o faw gered a1
faftre o1 ¢ =i &9 SEAH m Td d9-9Radd AT
T o Y €, Sl

q=cxmxAT =CAT (6.11)

() T oewt | & foaw ¢, e ¢, # wam
FOIRAT %1 FEeR $FaT W ¢, ¥ TE R g
c, ¥ #ffFa w21 379 7H 2 H Fa J| W 2
q % fau fer ema | g fora g 28—
q,= C,AT = AU
wd feer 7@ Wq = C,AT = AH
st W & faw ¢, W C, % A= F® =

Yo T foRam ST Gehdl 28—
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SEATT AT

Tk Aol TRy W o oIt AH = AU + A(pV)
= AU + A(RT)
= AU+ RAT
- AH=AU+RAT
AHTE AU A @A ™
C,AT = C,AT + RAT
C,=Cy+R
C,-C, =R

(6.12)

(6.13)

6.3 AU TS AH <Rl HIUA :
Shentata

@R e wifieh T § Felfer s, qiede @l
fSr grifies deheion g1 91 i €, 39 e’
(Calorimetry) %ﬁ%l %ﬁﬁﬁlﬁfﬁW@Wﬁ
oo o 8, 59 Sraiiet’ FEd 1 A T
%9 o Hd TG § S @l &1 Kol hi ST To
ShElIHIET o1 SOATENGT G 8 T qa-9ied o
SMYR R YA § Icq o1 J1d R S Tkl &1 7O
T feafqai o fopw s B

(i) ferR-amad W, g, (i) feR T@ |, g

(%) AU T |

TEEfe stfaferansti o forg feeR sTads W sTaenfia
WWWWW (Bomb calorimeter) i
forean s € (ot 6.7) =T Tk el &1 9 (99
HARIH) STet § geEn Sl 1 @il 99 § e
Jafed S Saeeie Fiagel (Sample) i ST STl
21 sl § Scm S STl 1 Sfdaia 8 S 2
Ik A% ST T A9 HA R foran S 21 <fm 9
AR quiqar i, ¥ oFd: SO AT H I
e & eran 3R FE wE Tl fwman S @1 g=t
% for T @ Heifa wEmEtTes efatmaet o off i
1 & Bl iR AV=0 Bl &1 T 6.11 i
FET § ShARIHIE shi HOHTEIA T EF T Arq-areeH
& g, § Tfafid # fen s 2

167

|

fer 6.7: 9 SHeiHieT

(@ )AH T |HIOA

TR T@ (AMIa aHetd T@) T SHoH-IRadA
o 6.8 & <TT T heAHIe SR AIGr S ehell B
T S € foF AH = g, (feer a8 )| o7: feer <@
R IAd 3Teral STavifyd oA g, stfafwan e
stor iR TAEd A H Fgar ¢l

srfaferan fagm

forT 6.8 : ReR 3@ (FrgHEed 319) W FH-IREdT A9
& fo7q et
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et srfafsmaneti ® som e gt € qen
e & wfEw & o 1 e B 8l sElan g
SRUCHe: BT 921 AH I BUTcHe BN 36l W@
o AR & S steenfud e o g
SR AH T e g

IEEATT 6.6
frefefaa et & SHER, 1g U%Ee &
RIS 1 IRl B latm @ T 298 K W
T hellHiet | <@ e S €l

C ( %12 ) +0, (g — CO, (9
Affsran o SR @9 298 K § 299 K e el
21 AR o heARIHIET 1 FOHEIRAT 20.7 kJ/K
B, @ S fafwar & faw 1 atm <@ T
298 K W TSedt qiad s gmm?

&'

T iR | 9 S g T SheriETe i

TR €, §, T SheRIHe gRI T

T,

q=C,X AT

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

FUTCHS BT, Hith e (stfafsman-fason)

SR USH HOA ShelRIHIet gRI TeU &1 T HeAl

o qod e

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

(Tl ok fog eifufsran & Somedt g =

W &% ©)

3d:1 g UhTEe o T8 & o AU= -20.7 kJK

1 Hiet Ih1ge o e @ fag
(12.0 gmol ™) x(-20.7kJ)
1g

=-2.48 x10°kJ mol
'Qﬁ Ang =0
- AH-AU=-2.48 x 10°kJ mol "’

WA fagm

6.4 FATTeRaT o foT w=eredt
uftae T, A H 1Rt wEredt
Tt sfafwan § sifufras s § aged 81 39
i 1 3@ TSR T - AfafEIE — IR
sifaferan o SA Toed-ufteda stfafewmar-wded
el &1 Tt fafwar § Toeh-ufadT A H
fog & <vitan s 2
A H = (3R} 1 T3 1 2nm) — (efufmasi
F1 e w1 Fn)
=2 aHee = 2 PiH iy
7@ Y (fan) fog &1 Swm Sied & fem
fefan ST € TS a, T b, TIferd THIETT F HE:
Afufsraren] Te SRl o WEHAMIE ol €| I
o fou— fr=fafea sifafean -
CH, (g + 20, (g — 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 Toedt €1 Toedi-ufteds T g
I e 21 Rt T frer A W R sienfies
T stfufsen § S 91 Yided i s a1 H
T e B THH] SATIH e feeier w1 ardi
fefzar =1 oA S A o T R
(= )rfuferam s Areh TEeUt
ol TrEfer atfufsman s e aRtfeufaal w fsk
FA B T TS ATTF © 70 P Ak aRfeafaai
1 faf§e =1 fordt Tamater srfufsrar st a=er
et ag Toed afiteds ¢, e arffsrar § W
T Gt ueTe STUAT Wieh aTareral o gl
Tt uatel st UreR ataen Tt fafde ama
W U 9% I[E U &, S 298 K 1 bar 9 W
AT AT &1 ISR o fqu— §a THiA &1 HH
3TN 298 K TS | bar W I 59 el &1 AR 1
THH-3FEA 500 K TS 1 R (bar) | IE 3T 2l
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AT AT

21 Sfiehg W: 298 K W forw S €1 #res aitfearfa
H AH W'{Hﬁe (Superscript) @R = foman
ST €1 SR ok feu- AH®
(@) UTaRaT ®UIAOT # T -uieads
yrereer aferdd § Fei-ufadd ot g 21 3= &
forw otk =1 fasre o fou S 1 sTevaehdr Bt
2| RO ot 1 fyser fer g (argHge
T W Bl @ Ul TEe-uied Bid g9 a9 fEer
Tl 2l
H,0(s) - H,0(1); A ;,,H® = 6.00 kJ mol*
Tl A, He AE e # e weedt 21 A
S 9 § aeerdl €, a1 3Heh faudid YshH Bl § ael
Ia & A woA afew § el S 2
ufe Wt 31 uaTed & e § gierel Tt
Ufted= @t ueted @t T TEed 91 Gier T
Tl A, He FET W ¥
Gl T T ORI Bl §, ofd: @l T
THfeTE! oA Bt 81 STel o SRl § SOAT
STITIHAT BT &1 THoh FaeMleh T, T fEer & W
H,O(l) — H,0(g): A,,,H® =+ 40.79kJ mol™
A, H® ST A T 2
(T, SR T, HERT: TEHIR T FIE 1)
TRl 59 oF T AT S R AW TS AR 9
(19I) W ardiep S o ToTq 3TIaTwereh SorT ohl SHeht

169

FeEue § 3 WY € T § o5 S 81 2
e SESATFAES a1 [ o (dry ice) A, H® =
25.2kJ mol "' & H¥ 195 K W Sedqifad gl 2l
T A B - e B, fon e
A, ,H®=73.0kJ mol !

fordit 319 & U Wiet ol i) aT ud uee
TE (1 9)) W FEuET | g arel Tt
UREd Rl SUehl HIMeh SHeduTas TEedt shgd 2l
TEedt-afiada 1 7 39 geref o SfaX-eavfae Sat
1 e W R s €, e weeen-uieda @
&1 21 I o feIu— Tt o SIu[A o Hex Uik
oI TR a9 $Heh! 59 STa€l H 5cl oh 73T hl
Haerdl @ oY @d B w59 (SH- UEieE) |
siqR-snfvask fgya-foya s foven fomm &9 §
I BN 21 TH R THoR | Hiel o arvdiehd e o
el ok 1 HIcT hl STSdTehd BIM ohi 3T&T hH FSAT i
ATl Bl €1 WO 6.1 § o Uil i Ter e
AR T HAH Toedt & T 2

ISR 6.7

T qrel (Pool) ¥ THehell dUreh il 18 g Y
%1 WA © o1 (Mer) €1 W I 298 K W
Fftqd &M o fou foraet o1 Stewaes Bii?
298 K WR STSHIeR0T i AR el hi TUMT
Al

T T o AR A0 Tt A, H O wEd
ARUM 6.1 T Td amodd o feT aMes TEedt aited= 7

Substance TJ/K AfusHG/ (kJ mol) | T,/K |A,, pHO/(kJ mol?)
N, 63.15 0.72 77.35 5.59
NH, 195.40 5.65 239.73 23.35
HCI 159.0 1.992 188.0 16.15
co 68.0 6.836 82.0 6.04
CH,COCH, | 177.8 5.72 329.4 29.1
ccl, 250.16 2.5 349.69 30.0
H,0 273.15 6.01 373.15 40.79
NaCl 108.10 28.8 1665.0 170.0
CH, 278.65 9.83 353.25 30.8
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el % el 208 KW A, H = 44.01 kJmol’

'
IR0 oh YhH hi BH 39 TR TR
Hehd B—
H,0()— T 1 0(g)

18g
18gmol™
=1mol

18g H,O (1) ® Hidl &1 ¥& =

1 mol S oF 298 K W oo o fou <& 5H
e St = nAmpHe =1 molx44.01 kJ Mol "

=44.01kJ
(7€ A gY for aTon eMeet T o WHE e el

2
A U =A H-anRT
vap vap g
1 mol a9 & 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 kd

IETEATT 6.8

STl arSd i STRY NH WA gU UM shifee fw
100°C @9 3R 1 bar <€ W 1 mol Sel-aTsd i
0°C d9 &1 9% | a3 H TRk ol § e
e Bm? fem © R ah W e Ceoed
6.00 kJ mol ' 3R el &1 Forfiar 4.2J/g € ©

&l
aftads =1 TR 9 e -

BT - 1
1 mol H,0 (g, 0C) — 1 mol H,0 (1, 07)

Tl e AH,

ECIDE R CEIE]

=T - 2
1 mol H,0O (I, 0C) — 1 mol H,O (s, 0T)
Tl e AH,
e Tt qiads g
AH= AH, +AH,
AH = -(18 x4.2 x100) J mol '
= -7560 J mol
= -7.56 kJ mol '

AH,= 6.00 kJ mol '

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

39 oTEEeN ¥ I e H URedd g W
AT | T0d gRadT Bl § e i—
pPA V=AngRT=O
= AU =AH
=-13.56 kJ mol '

(M e forem T A He
ferdit <ifiten o TeR HicT oAl SHek &1 dxall, Wi 2709
ol Wt wut § fed Tw e (W w9 A
‘Havt-arawar’ ot wga &), ¥ ¥ fafoa s+ w
FHETA HIeh Tt TREd shl SHehR! A HIeR
fore Toeh A He e @ 8

Sl Ui ‘f W @ fe defua dife w6
1 Hict Gk e, S 9 Fad el w9 | €, 9 U
foran <t 21 e P erfafward SRt A fatem
HieR Toedt & e § T g

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

A;H® =-285.8kJ mol™

Cc (A%, s) +2H,(g) - CH,(g);
A,H® =-74.81kJmol ™

2C (I%T1EL, s) + 3H, (g) + %0, (g) — C,H,OH(1):
A H® =-277.7kJmol ™’
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AT AT

&1 I8 THgHl Hew ! € fon wes o o,
AH®, A H® %1 T faem frorfq 2, g 1 e iR
A Y S B S SWe o stfafswmaet | 5,
T Td A W 9 Yk T 1 Hied ol 2

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

T T Tk Fomerdt affran o et uferH
Shewan e i foer Toed T €, it seH
gy HEHe 30 qwl 9 T THHT T AR o
o1 B Frfafad sfafwan & fog ff woed-ufted
HBr (g) 1 W Tt fowert wéierdt A Howé 2,

171

dfeeh A fafsran Tt 2

H,(g) + Br, (1) - 2HBr(g);
A H® =-72.8kJmol ™’
TET W I o Tk HIcT hi STURT I Hie 3T
d@l ¥ o §, A H® =2A,H°
Hfed THeRT0T | THEd oTeh! i 2 9 fawfea
#X HBr(g) & foed Toedt & forg wfieor 39

g foren S Hekdl 28—

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

WOl 6.2 S T FY Ul Wl 298 K W AR Aiow fewer Thed, A He

garet AH' [ (kJ mol-1) garet A;H'/(kJ mol-1)
Al>O3(s) -167.5 Hl(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)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
CHsOH(]) -238.86 NO(g) +90.25
C2HsOH(]) -277.69 NO2(g) +33.18
CsHi()) +49.03 PCls(l) -319.70
CO(g) -110.525 PCls(s) -443.5
CO2(g) -393.51 SiOa(s) (FaEsT) -910.94
C2He(g) -84.68 SnCla(s) -325.1
Clz(g) 0 SnCla(l) -511.3
CsHs(g) -103.85 S0z(g) -296.83
n—[C4H10(g)] -126.15 S0s(g) -395.72
HgS(s) -58.2 SiHa4(g) +34
Ha(g) 0 SiCla(g) -657.0
H20(g) -241.82 Clg) +715.0
H20(]) -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 | AHSF Hior fo=m
Tt A He T 6.2 7 S T R

IR o SER, TH q<d o o 3Afuen
I 1 oTaeel H (HgH-Ta%en) "M fated
TR A He T A YA for S gl

M ST foh 319 T hfied SRR &
AR ST =ed B fop At ar ugred et A
el B B Al Shfedam HTaie 1 g1 Td Hraq
TrsiEe | faufed & o fau fea o
i ATEIHA B,
CaCO,(s) - CaO(s)+ CO,(g);A H® =?

&l &H T Torer Toedt o1 ST o Hehd
T 1 e 1 Ted IRedd IRenfod T S
B et uRed i T i o e en Fefataa
Y GHIeRT0T 1 STAN Y Hehd e—
8, H® =) aa HY (30R) - ) ba HY (afafeas)

(6.15)

Sel Gafed FHIHT Ha TS b HE:

Afufshorehl Td ScaEl o TOTH 21 ST IR0

1 ShicHaH e o foeed T @] %id €1 a8t
a T b I 1 ) e

A.H® =A H®[CaO(s)]+ A ;H°[CO,(g)]
— A H®[CaCO4(s)]

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

= 178.3kJ mol!

Fd: CaCO,(s) 1 farere Froamiet stfwfsman
21 37d; Tfovd IR U G % foU MU 29
TH KT B
() FHTHAE THIHTOT
Teh Hferd THrRfeR iR, fSEH 39eh A H %1
T ot {53 T |, S T’ e
Bl B9 T T | qerel i ofifaen sraend
(STEY rae o i) it ffée s 2
30T o feu—

WA fagm

C,H,OH(l) + 30, (g) — 2CO, (g) + 3H,0(1) :
A.H® =-1367kJ mol ™"

S gHIEO Mf¥=d 99 Td @ W 59
TIATA 1 <8 SuIil &1 TSied! giEd w1 SR
oz zwifan @ for o8 ww Fomed sifufwan 21

SIS TRl o §ed W fefafed
Rarfeat st A @Al TS -

1. Sqfaa TEEte g | qone Afafsheeh!
Td IR o HEl (SR H g & RRE
# B

2. A H® 1 TG 99 iR R qRie oF Al
1 T o Hed ° gl 81 7 T qieds
AH® ®T THE kJ mol ' Bl B
I GO i 9 oF foe g fefafea

sAfufsren o fau sifafma-se &1 ToMT #id g—

Fe,O, (s)+3H, (g) - 2Fe(s) + 3H,0(1),

TR forem Tt St EROT (6.2) ¥ EH U -

A,H® (H,0,1) =-285.83 kJ mol ;

A,H® (Fe,0;,s) =-824.2 kJ mol;

AH® (Fe, s)=0Td

AH°(H,, g =0, IR o FIER
qd,
A H =3(-285.83 kJ mol™)

~1(- 824.2 kJ mol)

= (-857.5 + 824.2) kJ mol!

= -33.3 kJ mol!

2 ® TR 371 ToAeT § 9 ok G §EA
2 5 3fea wifeatafd TuTishi (Stoichiometric coef-
ficients) % qa 2 A H® 1 THTE kJ mol! %\‘ IEESED
el erfafwan &1 9fd A €1 59 e ST YRR 9
AT THIRT0T 1 Fdferd L ofd &, e g8 stffman
o Teh el h! IR HLal &1 &9 THIeR i fa=
TR U Hferd hid B SEEone—

1

3 3
EFeZO3 (s) +§H2 (g) > Fe(s)+ EHZO(I)

qa Afaferan &t I8 A U A Af9fean g
T A H® B
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AT AT

AH, = §(—285.83 kJmol™)
2

—%(—824.2 kJmol ')

=(-428.7 + 412.1) kJ mol!

= _16.6 kJ mol'' = 1A Hy
THY T B § T et we fawdiol af¥n 2
3. w4 fordl TemEfTe T ol Sae foran S
%, 99 AH° o UH & fug off 9 S 2
3T o fern—

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

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

(=) 39 o1 Tram

e Tl Tk STee-ther 7, o1: Tl e
TRIe atereen (fehen) 3ifam st (Sai) i
W F o U Y WA B ¢ W O 4 TH
srfuferan =R T 9% § B A HE YRl HI @l H,
Tt qitede T T €1 9 2h e % w9 o
TH YR 8 Hehd B—

3Tieh ST T B arelt Terdt Tramaten arfrfsran
i W Tt 37 [t srfufsramstl it wur @
W AHeh TOfeual st 9 gt &, foem 3| wut
srfufaman ot fawfaa farar < wewar 21

313U, B9 39 999 1 Hewd Ueh 3R o §N
el Frefafed st § woed-uiads w foamm
HE -

C(ﬁm‘lsz)+%02 (g) > CO(g):AH® =2

A CO (g) TIE SR 7, Wy 39 aAfafeman o
FB CO, T FH 3¢9 BNl €1 37 STt SAffeman
& fou e woed-ufadT &1 @ o9 R T T
FR Thd| A% 79 o= W fufrart ge ek, o

173

o Teist 2, @ STRied THie § Tied-giad
1 gkl fohan ST Hehdl 2
o9 &9 fafafea sifufsenet w faer =@
T
C(¥wm=e.s)+ 0, (g) > CO, (g):
AH® =- 393.5kJmol™ ()

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

A H° =-283.0kJmol ™" (i)

TH WIS THIHON i 39 YR HIH I &

o sfoa ifufsran &1 SU <€ IR T A

CO(g) <l ¥ o AT THIHIT (ii) Tl TH I

g, forad ==t e BH 6t ooi sraeiifea gt 2l
d: TH AH° o WM &1 fog 95 <4 €l

€O, (g) - CO(g) + 0, (g):

A H® =+283.0kJmol (iii)

THIHIO (1) TS (iii) T TEHL 9 SFed THHI0 Jrd
Hd B

C (e, s)+%02 (g) - CO(g):

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

ek ®9 B ARG Tw fafham A B h
faq & A 9 o Tl ufedd A H @
TR AR ¥ AH,, AH,, AH,.. §q 3% B
g ° fafvs woedfi-ufeada) 1 gfafafucs w3
g,
AH=AH +AH,+AH,..

T 3@ &9 | T foman S Hehar 2

(6.16)

AH

[A]l———[B]

lArHl TArHS

[—2% 5[5
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6.5 Tafiter uerw =t riTfeRaet
o oo TSt

aAfufranet & g w1 fffe w3 gr wed &

A[Hh {U] ch Al gﬁml\ﬂ"l‘* %ﬁ?ﬂ %l

() Uk T8 TASH A _H®

g Afafwae wepfa o Somed et 81 3 s,
Uohe, fomm Tal Sfiad o 3171 Ugqell | Hewqul il
&1 A% <@ Tl w39 YRR gRefd fhar S
2 o =g el axed =1 9fa A 9 et ufieda
2, Sl 3@ @1 & Baawd g g, & GE
siffsrae & IR T faftre M w st A
arereenell § B B

AT U™ Al T o fafiaet o ged: =g
(C,H,) T Bt &1 2 o Tk Hict o 6 § 2658
kJ S5 Fa et 21 3Heh fau e et
AfufHen 1 3@ YR for@ wed 8-

13
C4H10(g) + ? 02 (g) — 4C02 (g) + 5H20(1);

A.H® =-2658.0 kJ mol™

T YRR TRM h Ted § 2802.0 kJ/mol
o T gt @, fomren fora weftentor 2—

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

AR YRR H +ft <8 o TohH &I TE e d
FeT S Bl €, Tl AfqH Searg HE YhR oF e
Sta-TEEtTen efafmaret w1 9ot @ 9 @, fow
T=TEY 1 IYAN Bl 2

3ETEITT 6.9
11 o 1 "I A1 389 298 K TH 1 atm W
Il B1 T84 o SWId CO,(g) T H,O (1) 5 &
A 3267.0 kJ FoA1 Fiefer et @1 i ok
T Aok foRer T T T SIS CO,(g)

WA foagm

T H,0 (1) & fau ume fa=m woedt &
UM %E9: —393.5 kJ mol ' Td -285.83 kJ
mol %I

&

a1 *1 foem ffafaa w9 fe=
ST B

6C (iwre) + 3H, (g) — CH, (1);
A H® =2?.. (i)

1 A a1 o6 foe <@ Teied 8-

C6H6(1)+§02 5 6C0, (g)+3H,0(1);

A H® = -3267kJ mol ... (ii)
1 9 CO,(g) & fore foem woedt 3

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

1 Hid H,0 (1) % fo famad wéedt 8-
H, (g) +%Oz (g) = H,0(1);

A H® =-285.83kJ mol ... (iv)
G iii T 6 ¥ T iv Al 3 TN & R
6C (i) + 60, (g) — 6CO, (g);
A,H® = -2361kJ mol’
3
3H, (g) + 3 0, (g) > 3H,0();

A H® =-857.49kJ mol™
SR I FHHON Fl Sg T

6C (3122, s) + 3H, (g)+%02 (g)—6CO,(g)
+3H,0(1);
A, H® =-3218.49kJ mol” ... (v)
THIHI ii Tl I HH W
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AT AT

6CO, (g)+3H,0(1) - C,H (1) +§02;

A,H® =3267.0 kJ mol! ... (vi)
TN v T vi ! ST W B U ©

6C (Iw12e) + 3H, (g) — C,H, (1)
A H® =48.51 kJ mol

(@) ®IF TIST A_H®
3T, SIZETZSSM oF UM oh 30 33U W R
ai
H, (g) - 2H(g); A, H® =435.0kJ mol™

MY 2@ Thd & o 30 9fha § SEeEgSH &
H-H a4 o 224 ¥ H W] 9 eid 81 56 Fieha
¥ 2R o Ted-uRadd & wUE T, A_H°
FEd 81 7€ e sreeen § fret off ugrel & &
o ufeerd mee ot quid: dres TRt | a5e W
B ATl TOef-uieds 1 S <3l U SREREe S
S fgwATes St 1 wUA el TRl Sy
o Ted off Bidt 21 FUM Tedt o Fw 3T
Sere Trefafed §—
CH,(g) - C(g) + 4H(g); A H® = 1665 kJ mol!

g oM 3 A1 91 @ To6 TET IS heet T
e ® ¢ 3R H WA €

Na(s) — Na(g); A H° =108.4 kJ mol!

TH SEE H HUH T IR Heaue Teedt
TH TAM B
(1) s TS A, HO
g Attt § qamEfTe ared 22d i 9 d 2l
STe T2 o foTT St T ST B @ SR ST
T H ot frdaa gt @) forht oft sifafemean 61 s
i qEEMAE STEH o6 <2 Ta 94 | B aTel SHeli-
el | Sl S Hehdl 1 THEfR S 9 e
TeR-yead o folt SwmfaRt o & 3t ug
IR BId B
() ey faaem e
(ii) HTEA ey T

175

SET T ST = fGweE e TR
U o Hed H )
fgararoren o1y : | frefefaa gfwan ® faam %
T Hiel SREEeeH W faeHe wuft ensiy z2d -

H,(g) — 2H(g): A, ,H° =435.0 kJ mol™

79 iema ® e oo Coedi-uRedd H - H
aTeY F1 3TE foe e (Bond Dissociation
Enthalpy) 2

sy fadiem T 39 ufeRan ® gF aren
ett-uftads €, faat fdt e aeaases
TR & Tk W Tee Teahd T Sarg |

&I % T I8 Toed-ufied 3 SEerger &t
FHUA TACH T T 21 31 Tt ooy syosti
& forg «ff 7% T 71 SSreRonei—

ClL(g) — 2Cl(g); A, H° =242 kJ mol!

0,(g — 20(g); A, H° =428 kJ mol!

TEIHAIIE U] H 3TE foisH el ol AH Th
o] o = el o fow fae g 2
SgUTHIUIS: 31U] (Polyatomic Molecules) : H
T TEIENE Y (SE- CH,) W fa=r W@ g
Tk UM o folu SHoREmES Afafwan 39 R
STt &
CH,(g) — C(g) +4H(g);

A,H® =1665 kJ mol ™

T H W) C-H 31 q9H 8| 3afery, 9 1]
H |l C-H &l i EY-g0 T Aae-Fei ot
Teh THM €, AU Ye¥eh C-H 3T i died o fog
AEYTH S -foet €, S = & T g
CH, (g) — CH,(g) +H(g); A, H® =+427 kJ mol ™

CH,(g) — CH,(g) + H(@): 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 &i¢l shi 3 3mmsier T-eredt

gRtsfea e g
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CH, = V(A H®) = Y (1665 kJ mol™)
=416 kJ mol!

T 2@ € foh WO | C-H o¢ &1 3ed ey
Tt 416 KJ/mol €1 7€ urn e b ferfe wifirent,
S¥- CH,CH,Cl, CH,NO, 3T & C-H 5t &1 3f/&a
el Tl I UH-gE ¥ el T g 21 wRg
1 9M ek 3R 8T a1l 79 o I 1 3T
FT o STEY THTH I TUAT i S Wehdl 81 FO
Tehel 3R STl w1 et ol 6.3 § Suere 2
srfufsman Toedt Tga weweyel el ©, Fifs 78
el o T2 T AT A o T o R € S
Bt 81 =g B fafvm ey weifeqsl 9 & af e
sraeen | ferelt oft erfafepan &t woedt @ w1 w0
ehdt B1 T erEen § stfufmer w1 A T
AHP SR Te stfafsmaent i etey weifeusi o 5
TR Helfrd eidt 8-

WA fagm

A HO=Y e Tt o e TR
(6.17)**
TE Hay 3@ GHY fomiv YA Bl @, S«
AH® &1 91 A A el TRt srfufwma w1 g
Tedt-ufedT 59 srfafwen o sifufwas sroge &
geft 3Teell i digH o AU STavas Sel Ud Sedrel
o T[T oF Geft oTE il drg ok Ty AT Sl
1 SR B 21 AH ® TF U8 Hee o Tal Bl 98
St g @] B, 9 sifufear F |t uned
(arfufsros Td SaaR) T rerwen § gl
() STeter Tt
T AR A * Soeh Toedl 98 e
Rerde &, ST Uk Hiel e AT T staeen o
3o sl § ferifoa e 2

ARUMN 6.3 () 298K W &S Tehdel @l o i0d 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

12 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 12
213 251 213 = S

243 218 209 Cl

192 180 Br

151 I

ARUT 6.3 (@) 298K W FB 3iHa Sgaae THedt 7 (kJ mol* ¥)

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

611
837
741
1070

O =0 498

* Jie F- oy faaieT TEIGY o Sied STEY TEIed & 7T 9EA 98 &1 9IS 8l
* Afy 7T oEy faved TR (AHP, ) F AT FR, St AT wErget gu f geR & TF A sy ai #

Tl aiadT &, qa AHT =Y AH o =D A H
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AT AT

<feh STTeteh Tl 1 JanT gr1 e F1a w
G B, oTd: TH Toh Wil fafy 1 9 i €,
el T TOdl oN@ S €1 SH aiH-ge eIk
(Born-Haber cycle) gl STl 2 (a7 6.9)1

Na'(g) + Cl(g)

1/2 ApgH

= 121 kJ mol”

Y]

‘(g) + 1/2CL(g)

-348.6 kJ mol™

(°]

AH

Na’(g) +Cl'(g)

+495.6 kJ mol"

Nal(g) + 1/2ClL,(g)
E Asub He

=}

AH

NacCl(s)

T 6.9 NaCl &1 Sioish Tieq} & fau T=sieq} sIRE

afrze, &9 fr=fafad 9si ¥ Na*Cl 1 el
T T AT F -

177

4. Cl(g)+e ' (g) >Cl (g) FANH T N UM
TR Al 39 Uhal | Soiee ofed Toredt

A H®=348.6kJmol

MO Teheh 3 | ST TEed! qen geleei wfe
Tt & aR § g1 g1 arkde | 4 U SNt @
& for@ Y €1 Ue T WS i e S el T

SIS SEAl YRl BT TN fohan S o (St <fan)

T Fsll e FoTa el
ST Soll TS Seiare el 981 sl T ¥ aqHH
TR it femen e 21 et T qroEE W SR
T ITRRebT T SRS 1 SHEHATNRAT T FETIa
Y ufishfera fman s Henan 21 Frefafiaa stfufsan o

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

IO T W THedt giads 99 fo@ geieon &t
Herdl ¥ ufteRfad fwan s dehar a—

T
AH°(T)=A,H®(0) + [A,C2dT
()

I rfufsraeti 9 & W e =it &t
FeERA C,.5/2R (C,.3/2R) 81 gET
ACS=+5/2R (& & fem)

ACg =-5/2R (3R A=l o forq)

T FHN

AH® (ST TER) = E, (3MFAH Sei)

+5/2RT A H®°=-A (00iRHeYd) —5/2RT

1. Na(s) > Na(g) Wifeam g &1 Heduad, S

A, H® =108.4 kJmol ™’

2. Na(g) - Na'(g) + e\ (g) HfeaH T T AT
o

AH® =496 kdmol ™

3. %Clz(g)%CI(g)omlfm =1 fogrem 39 srfafsman
F TR oy foeisH Tt wT Ml 2

% A, H® =121kJmol™

2022-23

Na'(g)+Cl (g) > Na' Cl (s)
7 fafe=1 wei 1 %9 o1 6.9 o <wifan @ Bl
TH S 1 'SH-BeR W’ Hed 2| 3@ T h
e T8 ¢ T 30 R w%h H Tedt-uRed g
B B
29 fom & ST ER
A H°=411.2+108.4 +121+496 - 348.6
Ay HE =+788KkJ

NaCl (s) - Na*(g) +ClI"(g) NaCl & ferg,
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39 Ui o fau odfie o 399 2 RT %A
B (FAfF An,=2), S + 783 kJ mol . & TR
B

e BH TH ok THed o W 1 el 9§
oo Toeh 1 IRehe ®T TFd

A H® =A 0 H® + AdeHe
NaCl(s) & T& Hial & fou e Toedt
Ay H =—784 kJ mol ™ (HeH-T&1h 9)

s A,H® =788kJmol " —784 kJ mol™
=+4kJmol™

9 Y&R NaCl(s) &1 faea-ufshan o aga +d
Tt - et gt 2
(=) faeram-Taedt A, HO
ot e w1 faerEA-woedt 97 wred- e
2, W sU% Th Wi i foeme @ fide e |
TeH R e {1 o g R faera-dedt o7
TEeh-afeda €, 5 ge1el i faeams # ea o
H Sl San ®, Sieh STl o (A faer o st
o) A A foRar oA

S T ArEfw A ot faemae o wen S
2, 79 TU% 3T fReee siore § oot frafia feefa
1 Brg 3d 21 79 A forera o tfures oy B §, Wy
I 99T 39 Al 1 faemasdiE (faemas @ o

SefteeRtor) off Bil B1 36 ek AR AR AB (s)

o oy emEE &9 § gwiiar 7o B
AB (s) —>AS°IH A'(ag) + B(aq)

© S]
Alam'ceH Ahde

A'(g) + B(g)

3q: 5 H AB(s) 1 o wiedt A g
SefFeRto T, A, H o OHl 5N 39 YR 16
1 S G B

WA fagm

A H = Aygice H + Apyg H

sol

arferenter emrafer Aifiehl o forq A H oFTeHs
Bie 21 SEifery erferenren SRl w1 v o faetgan @
TG W Tl ¢ A et Tl dgd S €,
Aifier o1 foeem @ oFar 21 9gd 9§ weiNES
FANES! ®1 Uen wH food F B 87 Toed
el o SAM ST el (THfeqEl) T S
Fetiel (o) w5 RivEl o STE g fey S
Tehd €
(8) TTHOT A Tt
Iz T ¢ T foerm-wdedt, feer a9 9 @ W
faera =t fordt fafere aen i faemees +t fed
fafyre oen & Hier @ 8 o TOed qied
B B U8 HUA oS W WU o g fRet ot
faems o fau @m e s @ @1
gEge % 10 mol ! 10 mol il ¥ sie 9
T ATl Tl qfiqen frefeiead S g
for@n s werar €1 gfaen o forw e wid 1 aq.
9 yRidfd

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

ey &h frefafad woedt afedHl & aqe
FH 3R A <

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

(S-2) HCI(g) + 40 aq. » HC1.40 aq.
AH=-72.79 kdJ / mol

(S-3) HCI(g) + o0 aq. —» HCI. ~ aq.

AH =-74.85 kdJ / mol

AH & AWM T Yeiid & ¢ o foem-woed
1 q sl forerm o /e B 81 S-S
foera &1 sAfesr AT TEHENT 1 S,
foerA-Toedt S o9 a9 TgEdr St @ A
3 HEl T AU Al HH| BRI
A o folu 7% SwWEa e (S-3) § fea
T AH % HH B
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SEATT AT

I FH TR FHRW (S-2) H § gl

THIHTOT (S-1) T ¥ df B U e 8-

HCIL.25 aq. + 15 aq. -» HCI1.40 aq.

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

=-0.76 kJ / mol

AH 1 78 HM (- 0.76 kJ /mol) T shi Tt
2l TE g€ T € S faerH § e afuew
foreTareh Tie WX ordero 9 ot st 21 faerm
o IR KT T foead w1 ga disar siR
e T foremees T WEn W AR w7

6.6 d:USfadar

SSMIeRT 1 Yo v &d fordt fepma g stawtifa
S Td 3T W ALY 3T gN fhY T wE H Hee
A €1 TE ST o WaTE i TEeN W g Hiaae el
I ], Wi SO o1 YelE e ard ¥ 7 g i
AR TR B 1 arkd o Wiehfaeh &9 9 giHeel
Gefy TRl o1 i eHH T € e @ A fred
e Tfd 81, @a:yaiid gifl 330 o fau— T
9 1 IUTed WM F T & 70 FEOT, FHTeHA hT
AT T STeAsh? hied SEARES a1 3T

TR S 3T A ¥ A aE hI 3R @d: Tl
T T U Tl T fRe wiH o wa: St
&l it = he SrEATEE WA hieH 3R SfeRdieH
¥ ufRafda & grftl S YR % o Wd:UsH
THfEsiTa qiEd g9 €1 76 WY I3d1 © TR w@a:
%ﬁﬁmﬁqﬁaﬁémmw (Driving Force) =1
2?7 U Ta: ThH 1 faen ok il et 22 3w
@< | g1 31 YohHl o fau "rage fHuifa w3 f6 3
Gaa ® Wehd € = el

Bl BH HHE ey foh Tod e YhH @l
22 9 WEE FY Y W W4 ¢ fF wwgatia
TarEfTe SfafEwan o' €, S eifWeRreR! o Hueh 9
W & e Il © 1 B ARSI T eIggISi o FaAn
w1 Teorfq 1 o €1 57 T 1w o a9 fHiE
FHeh 3HF aul a foa fordl SeeiaHa Iiadd &
@ S el 2| Tl T ned sAfafEa 8 W e,
R dgd & i a9 z® q@ o ‘waataa
sfafsran’ € wed B o1 o yetdd qH 1 31 ©

179

forelt a1 WY (Agency) &1 foeT T o foRe
YohH o B W1 Yga sMT Fufa sed sifafewar =
ohH o B I L 1 TaT T Hordl g1 Tod gdfdid
TRHI o TER Uee] § &W <& € & 3 T oo fem
Y Iehild T8l B Tehd 21 Td gafdd el o foru 89
TEq o g "hd ¢ 6 —

@A gatid Tehd Tk SITeRHUNT Uehd giar 1

g fepdt @ @I (Agency) & §RT &1

Iehldd ferar T @ekar 21

(%) T TS T kA EFT Ea:Haidar ot
HAET 87
7fE B9 el et S — werEl 9 W iR a1 s
R Jeer i &) gfepaett W faar &%, 90 <@
s &1 e # e w1 feafas =1 o e 26t 21
TH UHN BH HE Fhd © 1o T THEMS Afafman
39 feen # @a.yafda arft, 5w foen o =it o &t
B, SE SeEd srfatmee | e 2
IO o feru—

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

1 1
5 H@+ 5 CL(@ — HCL(g:
A, H° = -92.32 kJ mol!

H,(g) + % 0O,(g) —» H,00) ;
A He = -285.8 kJ mol™!
fordt o Somert erfufsran o o iyt 9
IAE o I W T § 3E HH I T T
am@ (fo1 6.10 (%)) & <9 <1 Hevell €

Al |y
1 FA
et AH
H
IO hT L H, -V
et Tt
ATTRRE IR
srfufewan fdeme

T 6.10 (%) Fowieldt sAfufear & fou Telel-siia
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379 q U YHTON o SR W 89 I8 STALR0N
o Whd § fr feet vt aifufwen o foc
el | a1 FH IHHT Wk e (Driving force) B
19 g9 frefafaa sfafmanet w fomr ot B—
5 N,(g) + O,(g) — NO,(g);
A, H=+33.2 kJ mol™
C @%TEe, s) + 2 S() — CS, ();
A H° +128.5 kJ mol™!
3 srfaferant w@q:yafda YsH Te S S
et ¥ 9 F T TIh-ImE R wter w3 2
(fo= 6.10 (@)

N

WW._HP
w1 P
Q‘vﬁ?ﬁ AH
SARl |y
w1 P X
Tt ARTRRH
sAfuferan e
T 6.10 (@) Fwrent sifufewar & fog weledt-aRia

T RN § U8 W B @ T et | w5
Tord el o ol Tk gfoueEeh wRe 8, W T
st weHl & fau g 72 2
(@) Tt U Ta:yaf
T T yafad weha T faen ¥ h9 4R el 2
amey, ' TH ud fufa w1 e e, faud
AH =0, 31efq woredt § ¢ qiteda 7t €, fhe o
sAfufren = gsH @aaia 2

M U 9% 9 = uRav 9 foaf i (Isolated)
2,9 < e w1 forafta #ed €, S fost 6.11 § <@
= R

Y N A T B, f9¢ FAI: el TS vod
fagerl @ <witen e ® qen w TS 9 gurek fRe
T § (fF 6.11 %) v faue® ge@n S @
(fe 6.11 @), 7 T a9q ¥ famfg 2 ot 21
&9 quF g faawor qui e S 2l

faT 6.11 7 Gl &7 fagwo

376 €9 39 YW 1 e W §1 faeo @
g g9 o1 3R o &= 9 T4 o e i ke,
Al fifye &9 9 3 79 A o B TR Al e <0
3R o &= 9 o7v] Ferterd, @ 3 79 B o 219] B
g A fawsies e o 9] 19 feprel S, @ &9
e IR W el e Tehd € fo ke w0 o) T
A 1% I 79 B %1l 89 e Ghd ¢ T b w9
W A1 Al Srerateerd g T 2l

e W qEA SEUNOT S R: UH foaf
e o TR 1 et § SR SAfue sTeafied g
# g B B Te T yalda ®1 TH wGE @
ekl B

I BH Ueh 3 SOHNIGh] e i a1 i o,
50 “T=idt S’ wEd € SWed e T
rfireafer €1 Toh W S99 oM o Tt Tk St
et Hehdl ¢ Toh Tt ferelt Foierrr o etezrareen =1 I
2 T Tt frem | e s1fuer sTeremen 2, 3o
& oI ST T e SRl deh Uk TEEh
ATHfeR= o1 99 €, T UReda TRamopEt Steren S
F TH U (AulEEH) W ¥ W (3AR) § E:
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AT AT

efterd B 81 4fC S i G TRaRREn] o
G | sifyen sTeafierd B, df Trerdl § uRona: Jfs
BT T TR STfafshan ® Tidr H ot 9RerH
FAfufsran 9 g qerell w1 SEEAT o STHR W STFAIT
fepen S €1 e | Frfien o e o ot B i
I T Tk T9Y oF folu S STae =JAaH Tt
(Helfeer fRfid) ot ofeen ©, Sefeh 119 e
iRy TGt ot afereen B

e B9 Tl ol A (Quantify) T 3d B
TSl | et o ool 9§ sTeewe &l AT i o6
fau wh fafy wiferst 2, St 3@ g &1 9 d )
&1 gt fafer 5@ srfafwan & € arel So-aied o
Sirea w1 fafer €, s T2rdt i SSmTfeh! Held st
Bl 3 TN Herl, SH—3fdle H U A
TYEd H 1 @@ T ot Tk SR STere
T €1 o AS UiHA % q¢ W s e g

g ot fre frerm =1 o € St @, 99 a8
AT T 1 G TehT™ 1 el ag1 3t 2|
T YRR SO (g) Trema § sremewar s @
UHTS Tt 81 1 80 AS 1 q W Helford Tehd 872
IwE 9l @ T St 1 faaor 3@ @ W fasik
Yl 2, T Fo & St @1 Uk S A ok e
H 11 a9 o freem o6t qor | Sifeeh sTeereen Bidl
21 o7 frdt frerm &1 A ST w Ol @ stfrfid
Tfa w1 Ao @1 Fre qm )R fee e
S 3H TR i ST a9 W < E ST & S
1 G H ik STeTaE] w1 HIROT S dl 81 SHH el
=Tetdl @ foh Tt ufterds a9 o S[ehATurd! g 2l

ICHAVTT YAl o fIl 89 AS Hlq T a9 T
Y 39 YR Hellerd Y Tohd B:

q
AS = =% 6.18
T ( )

fordt T yafda g o fou fema wa ufew
F P T aiEdd (AS,,) Frefafaa wem
SN fean S Hemar 21

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

& Tk fTeR™ Treen | 81, @ Tt sifuehay
Bl € Td TR § 9ReEdd AS = 0 ®

181

W e Hhd € [ UH w@ayaiid WhH &l
= ¥ gfg q@ q% B Wdl €, W4 q% 98
STehad = 1 ST |remeel W Tt § 9iedy =
el 21 Wik Wi Uw Sremen O ¥, ofd: Uk
ISHUT ek oF SN BH TId-9iede shi oM
freferfiad SHieror 9 9 Y Hehd B

AS — qsys,rev

T S © for guarda aiffad § Sl
TS SChATTI—SHI TehHi o fIq AU = 0 €rl 8, T0g
AS,, FU (AS,, +AS,,,) SIHAUMA THH %
W'\T’Hﬁ%l 39 9 AU | d{j@hquﬂq T STHHIN
e ¥ fadg & wed @, St AS fadg w2
SETEIUT 6.10
Fary foe frfafea 5 9 feed T sedt /
oedt 8-
(i) Th 5 1 39 STEE H ufedd gl 2l
(i) T fFeeeia S FTaM OKF 115 KT
G Sl 2
(iii) 2NaHCO; (s) —» Na,CO, (s) +
CO, (g) + H,0(g)

&

() 3 TEEN H UREdH g o 915 3TY] e
e YT T ©, 3 T2 e 2l

(i) 90K Feft 370] feer e 21 o7 Tt
=T B €1 A q 115 K T agrn
ST, q 3] T HET SN W 2 T
T FrETER | <o i § iR R
HAfereh eafterd 81 Sl 21 37d: T2l 5@
S 21

(ili) HRRF NaHCO, 39 T TS THhT T2t
%9 2| AR 9 TH 3 3R & 9 B 31:
IR =4 Mt i feufd w1 wfafafee
F 2

(iv) 8T Teh 3T9] ] U] el §, 3Fef N hi
o St ®1 H IRt % < Hiel gEge
3T0] o T Wil i gl § SAfees Tt
@ 2
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IIEITT 6.11

e oh SRR

4Fe(s)+30,(g) — 2Fe,0,(s)

T IRedd —549.4 JK ' mol ' & (298 K a4
)

7g sifafepen & w=idt 9fads womes 8 %
Sqva oft erfuferan Toa: yafda == 82

(39 sAfufsran & fa
AH° =-1648x10° J mol ")
T

T Sfafwa 1 w@ayafad

AS = AS,, +AS,,, % IFMUR | T 2
AS,,, & T FH % faw 7 ufEw g
ST S R fo=R T 8, St —A He
o qed €1 T A W g9l 1 T2t | gRed

_ S
¥ 48, =S5 (feom <@ W)

(-1648x10° Jmol ")
298K

=5530JK 'mol™’

3rd: Ifuferan o foru el T=id-uRada

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

T Yehe Bl § TR erfuferan aayafia 2

(1) firesr =t wE T

T @ % § fr e T % TR ¥ e
e AS,,, [Rdl ThH &1 @ayafdar 1 o
Tl B W ARty Tt sifafmand §g fee
T g T w5 goft o eyt €1 era: stfeemiw
et 3 Terd Te Tl — < A aRed o
gl d @ i T foeem 9 9w e ® R A A
Fad Tl § wH IR A & T ¥ gfg w@a:
yafdd geral a1 feen i@ #= gwdt 2

WA foagm

9 YIS 84 9 T U SEAFTORT el fies
TSt 1 e %o G i 39 TR gRfia id 8-
G=H-TS (6.20)
e Seil, G T Tl T sraen o 2
freera =t fires e § 9Reda AG,,, &l 39

g Toran S gehar 2—

AGyys = AHgyg — TAS, s — SgyAT
feeR A W AT =0

+AGgys = AHgyo — TAS

GE=Iad ISl (subscript)ﬁa?rqiﬁ‘vﬁ?gﬁ@
THIH T W YRR foaed &

AG = AH - TAS (6.21)

39 YR firest Sott § qfterdd = Tt § qitadA
- qYEE x TR H 9Radd I8 e fies
GHfteRor’ oF &Y § ST Sl €, S T 9 o 3t
mEeyul THIRON | 9 Uk €1 Fel g9 Lo g &
o g 7=l we-Ty fore € ;S (AH o e
H) T TR AS (3TeFER HT W) | SEr gd o
T T 2| forie SneR W Tl S W e U
g T AG &1 THE ol HI THE BT §, HH AH
Td TAS Tl Foft 1% € [€f TAS = (K) (J/K) = J]

19 g9 =R & © 6 AG fvd ger stfufsman
1 T gafaar 9 Hefed

T 9 € fF AS, = AS, + AS_,

Ife e, afast & @y adig w1 o €,
qfaer &1 am, fe™ & d9 % 9uE g el e:
IRy & Tl ° gfg fE w5t woed § o
T Bt

37 : RS 1 Tt ° gRedd

AH
ASSLUT = AHsurr [ Sys
T T

AH
A‘Stotal = ASsys +| - T

ST HHIHTOT I G SHARed H T
TAS,,, = TAS, -AH_,

total

T@d: WhA o faT AS,,, >0 ¥:
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SEATT AT

-(AH,,, - TAS,,,)>0
THIHIOT 6.21 1 TN HE W YT THHLOT 39
g foret S gerdt 28—

-AG >0
. AG=AH-TAS<0 (6.22)
Al sfafen 1 wied § wiadE & Tas T
TS €, Sl STErtt T o fo SueTsd e B1 39 YRR
AG ST w1 o fou 2 ST @ Ud 39 YN g
Folt’ o1 W9 €1 39 RO 39 ATAfHA T e ol
off gl ST 2l
AG TER T@ W a9 W @a.afadr &1
FHEE B
@) 9% AG RUTHS (< 0) ¥, 96 YhH T&d: gafdd
Bl 2

(i) I AG ¥FARHE (> 0) 99 YehH 3T&dd: Fdfad
Rl

feuuft— =fg srfufman o fau Twoed aReds sHes
Bl ud werdt ufteds ot eMremes =, ar stfufewen af
@d: BN, ST TAS &1 AM AH o AH 9 2ifues &
MW I8 Y YR 9 B Tohdl o—

(%) ¥ Trdt e #A &, arsg feafa 5 1
aifes BT =Ifetl (@) oFTcHesh Terdt Uiads STfeeh
31, @ 39 fafd & T%H S =il 9ge aret SR
T Faral € T ety sfufrare =9 9 W A
TOIfed 1 St 81 WRoi 6.4 W srfafmanet wi w@a:
Yafadr T a9 ok 999 i Heifyd (Summarise) f&=1
T R

(9) T=iar i SEmTiient s guaT faw

T W @ TR fedl foafa fem o fau s
Red ffy=a @ 21 safee, 59 R o e o
T T FA1 T6d: Iia ohi TaTHfae e aderar
B e | 98 SN 1 T FEm #1 vem fram
o ¥ TR fem & off fafv= g § foman s
Tehdl &1 TOANTART 1 380 o oo &ear € fw
T Yol soedt stfafwend sat et =l E #)
et stfafsranett o fepett ot ardarRon § sTeawen

183

31 <t B 3R pel ety Tt ieds wiedsh el
2 5 stfufra = @a: vafda o <@ 2

(=) TRuer T=idt 3T SoamTfaent et Rt foem
forelt uered o o] Wit W@ ° fRelt off iR fd R
e €, 98 WL HI TE YU H Tehel © SN Ui
o sy T 3R fiashs wend B STupetl 1 =g Tifal
ST TAARYT T, O 7T Tal ShomM T shgadl
T v TehT 1 ATHE Sl € A e iEl st Su
B S € SR T o St g1 TE iR W
TS W § Al TR %W @ et @)1 fedr v
Tereefam uatd o1 qU S-S@ WH I @6t 3l
G § AN-AW T ff I A ol wedt 13
FOTTeRt Rt HERT FEm wgd € U st g
€ oFiifsh WA Y W fped § Gyl %A e 81 9
U heel Y5 (el Sl ae difd ® it
Tgifereh ek 3R wrifiTe g <9t € fob Tl i
sifaefiaferd sai i T=rdt 0 K W I 781 Bidt| de
1 o1 Wew TEley € T =8 shael St stihel o
SR W Y5 Tl o ey Tt 7 aRenferd e
o e el ¢ Us el o o 98 0 K ¥ 298
K @& qT gfgal &1 Siig X I fhan <1 S
21 O T 29-TM YR o afisher g1 Hi e
U=l 9iedq 9o & o fau & i S
Gehelt
6.7 Tiss s=i-—uftads wa

HATHTAE=AT
B 3@ g € Th W TR G Soll &1 fag W
iAottt o ar o frefeieg e < 2-
() Tt sifafewar &t wd gafaa o1 gEgaE|
(i) TEEfTe Afufshen @ W & 9 o SUAr

HE T qATIAI

e qeh BH TIhAva SAfisHane | qer Sl
TReRHl W R R ek ¥ o1d 1 SchHvia sifufmarst
4 g ST 9w
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‘IerAviEa’ § SSEaRT T foer aiferfd ©,
S Tk WA 1 39 TR A S € fop fee
YN T UREw § gula: W H W qEEfe
sfafsanet o Hed § ‘Sepmvigar’ w1 a1df ® 6 T
T Afafsran JHT faeneti ® wrer-wre = wehd!
2, form for g wenfiyd et wok| 399 wdid er @ T
sifafsran 3T feemeti o Sl § &HI oF W =9
ok, S 3G9 Ydid el B U8 qfl Hee ®, S«
e H e 1 qe Sl gAaH B Afs g
Tl B, @ FeRr Tord: € g Soil i feefd |
qfafaa & sl

Iq: G o foiT et B
A+B=C+D

AG=0

fordt erfaferan, food wft sifveis wd 3a@R
A e | e, @ files S A Ge, wrEere
feoier @ frefafiaa R g0 Sefud g 8—

0=AG°+RTInK
FAYNMA G® =-RTIn K

FAYAA G° =-2.303 RT'log K (6.23)
T a8 ot 9a © R
AG® =A H®°-TAS°=—-RTInK (6.24)

Tarel HEATEST SAfafshaet o fefg A He =61 9
ferer o oTeeh BIa €1 3 IRfeefad § K o1 A7
1 9 9igd % BN Td Afafohan H AfereR S oA e
1 ygfd &l sif| Semedt stfafswanstt § A _H® &1
A A SN TS SRUMCHe BT Gl A GO %1 |1
Hfoek o e Hewiferd @1 39 uifeafaa § K

WA fagm

T 1 9 9gd A4k Sl §H Yool Seanardr stfafsnansti
o foIu =9 K &1 370 ¢ Gohd © W8 Afafswan
TR i & Tehel B1 A Ge T HH A S° % HH W
off el shean 21 Afg stfufwan o werdt afteds =i ot

M § W@ WU, 99 K &1 761 a1 i &t

TH o1 W gl BN TR A SO T A e A
FOTHE 2
FHHTO (6.24) T FAN HEH W

() AH® TF AS® o AT ¥ AG® &1 HH SATAI

Teh, fordl ot 99 W foread w9 9 3 i

YIftd o foIT K o HF 1 TOMT 1 ST Hehell 2

(i) A garmemen o K Hen &€ @ o S, o

frdt «ft o= A9 W AG® o HE HT UM hi

ST Eehdl Bl

3alglul 6.12
208 K W TS oF 3TeiH d &1l

goz(g) - 0,@e fau AG® o WH w1
U SHITST) 39 SAfafshen ok ferw K1 HH
2.47x107 %]

&'

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

SAd:

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

= 163000 J mol!
= 163 kd mol!

ATferert 6.4 ITATRAT i WA USTAqT UT T hT A9

AH®  AS° A G° Ui

- + - [t a0 W AR @ gafda
_ - — (f7=1 am m) =1 am R stfafsean @@t
- - + (3=9 9 W) I=9 A9 WX AffeRan % gafaa
+ + (fF=1 A ™) = am W sifaferen o yafaa
+ — (3= A9 W) I=d A" R AR Ta yafad
+ - + (|t 99 W) [t a0 W AfafsRar o yafad

* qg 75 9 9 3=

a1y qeried® & bl a9y ifafsman & forg S=e arg sitga ## &1 a9 9t & gl 2l
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ISTEIUT 6.13 -
freafafea sAfafsren & fau 298 K W &=

N,O, (g) = 2NO,
feerish 1 W 9 HifTT- 20:(8) (e

Ifk N,0,50% faaifaa grar €, at <A gerei
2NH, (g) +CO, (g) — NH,CONH, (aQ) e 3_{3_[ ST

+H,O0(1)
1-0.5 2x0.5

fau T a9 W G fiey St A,GO T AN

X, = = Xyo =
NyO, > ANo,
~13.6 kJ mol! = 1+0.5 1+0.5

A 0.5 1

. —A.G® Py o, ZEX1atm’pNoz:EX1 atm
%ﬁﬁﬂﬁ%ﬁﬁlogf{:zsasm : :

' = feegie

(-13.6 x10° J mol ™) ,
~ 2.303(8.314 JK ' mol ) (208K) g Pro) 15
- 238 ? Pyo, (157 (0.5)
K = antilog 2.38 =2.4 x 10° = 1.33 atm.
I 6.14 k&2
60°C T W SEARISH RS 50% faaifs A,G°=-RTIn K,
Bl B T agHee <@ Td 39 a1 W qEE AGE = (-8.314 JK mol) x (333 K) x
T SHeli-died @i TOMET i) (2.303) x (0.1239) = - 763.8 kJ mol '

|IT

FHAfGRT TEEE T Aifdd THA § SS-uiedd 9 oy Wl 21 F8 57 IRadHl 1 " ST
T T SYATT STFAM T H eH Tl e 81 57 il o oIy g9 sl w1 e wd uitesn § fastsa
T B | TR Te ifder TehH SO (Q) IS I1 a0 o | e €, frwent o wm e (w) §
Al S Wehdl 21 3 R SoTiereh oF TAH FE™ AU = g + w g1 Gaif¥d gt 21 AU IRiwes T sffam
e W T © 991 U Yol Her ©, ek g U8 wIY T e hed © e sferen wer el 2
T g w ok e fog oftard) o1 oo i €, 9 3= Fehm 1 & S d 3= oA o 3d €2
o1 o Teh TR 9 g TR | T 61 69 T Fehd €, fed arg | oRed| g @1 arvme |
gig 1 O T 1 SR (C) W R Har 21 r: STesiitd a1 Seafsa ST q = CAT il €1 A
T T JEIOT B B, q HE BT WO W= —p AV H F 2| STHAVIE ThH H I o SFAY] Te
% T p,_=p &1 79 W THd 2| 0 W= -pdV T TN ¥ B9 19 THH pV = nRT 1 FAM
T Thd

fEoR ST R w =0T AU = q, 312iiq 78 TEeR ST TR LA S 81 W Jemfies sifufmanst
o g % foIU en Qe fer S o €1 8H U S STawl-Thed Toredt i R s €
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186 WA foRE

THER-ufEd AH = AU + An, RT &1 719 €4 feor 3@ W Foa-uftads § foan 51w 2, =l
AH=q, ?

TR -afiedal o %% YRR 2| qraee qiedd (-7, arsiiehi] T8 Seaua) S fer
9 W B 2, = ot woeft-uftada 9 stfvated fwan Sar 21 forem woiedt, 529 woed e o
e | ufedd 28 o e 1 ST S 9 R ST g 71 TEEteR sfatmaret § woedt-uftedd

ArH i Z (aiAprroducts ) i Z (biAereactions )
J i

T e § A HO = (AfTwRe 1 ey o) -y, (IR BT A o)

SEMeRT 1 Yo from Tt Afafsran &t faen oF ar o g6 FRRE 81 s, e1uiq 78 &t
Tl for TErETR SfafEmen w1 W o @ 2 faefia e % fau Ay = o 21 3%: 6 39 % % fag
TO -, S, T2t qRefod shed &1 T=Tdt STedeen o1 |9+ 81 Uk &d: Yafid shd oh forg
T T2 IR S B 81 T foafta @ & fau AU = 0,AS > 0?1 #1d: T qied @a:
Feifdd TehH oh fasifed a1 €, Stelfer it IRed el hidll SEhHvTT JehH o foiq T2t aied=-geieton

Aszq% Y 9d fFan s g = q%v g9 X st 78 & 2

e erfershier TETERTR AR feor @ R F €, o1: 79 g0 SHE-e fiew o=t G
R e €, S Fep o TR woedt aiedH @ g A G = A H-TAS S Hefed 2l

A :gafid H o T AG,,, <0 TH ¥l W AG,,, =0
e fiTest Soil-uftadd 9 feemis § A G° = —RT In K THI0 ¥ Heifod 2

TR WEEd Y AGS T BH W K H UM A6 R ST TRl 81 AGS HI UH G
AG® = A H® - TAS® ¥ T fhan S Tehal T1 THIRROT ¥ 19 Toh Hewqul HReh ¢ ST T2t
URedHeTel ¢ SIfufHare, S A Y W SREd: Jafid 8, 3% S99 a9 W WA:yafid S ST Hehdr |

A

6.1 el IW G-
TN SFeee el Tk TR €,
@) S so-uRedd & fau W e 2
(i) fSrEer oM 9y W FsR T2 e 2
(iii) S - HE HTOA FE H T e 2
(iv) TSrEer AF heet @9 W R e 2l
6.2 T YA o wgrd gRfufee o g o fou—
@) AT=0 (i) Ap=0
(i) 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 e F1 T ITRT GeH-3TeEen § B B

@) e (i) T

(i) <O (iv) Gt et o ferg fart eredt 2

U o <ed & fa AU® &1 91 —X kJ mol™! 81 38 faw AH® &1 | eim—
@ =AU° (i) > AU®

(iii) < AU® (iv) =0

HoH, IhTee UF TEEReSH & AT 298 K W 38 THied! % WM %I ~890.3 kJ
mol™!, ~393.5kJ mol! T ~285.8 kJ mol' € CH,(g) 1 foter Tt Fan 22
(i) -74.8kJ mol? (i) -52.27 kJ mol!

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

T fufen A+B—>C+D+q & foau w=id uRadd eres 9= T 98
srfuferan gaa grft—

() =9 a9 W (ii) eFee = a9 W

(iii) fordr «ft a9 W) T (iv) TRt ot a9

T WohH | TR g 701 J SO STERiiid et € T 394 J s fehan s 21 59
YohH | Tl Sel § feran afteds gmm?

TS H ShelHeX § NH,CN(s) 1 Siffehan Srestiomiion o el %1 T & AU &
UM —742.7 KJ mol™! 9l T (298 K W) | 3§ 3Afufsan o foiy 298 K W et
TREdd Fa Fifse—

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

60.0 g TqfH=™ &1 d™ 35°C ¥ 55° C & o fau fvad fwal S@@ o &t
AT B2 Al 1 HieR SoAEar 24 J mol! K

10.0°C W | Hiel SeA &1 9% —10°C T AN W Ted-ufed= &1 TMET i)
A, JH=16.03 kJ mol"! 0°C R,

C, [H,00)] = 75.3 J mol ' K™!

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

CO, 1 T Tt ~393.5 kJ mol™! 81 & TH sfieiis ¥ 35.2 g CO, a1 W
IS ST ST ITOET SHifSUl

CO(g), CO, (g), N,0(g) T N,O,(g) 1 faa wiedt ww1: -110,-393, 81 T
9.7 kJ mol 21 4= N,O,(g) + 3CO(g) - N,O(g) + 3CO,(g) & et AH &
M 1 hiferg)

N,(g) + 3H,(g) > 2NH,(g); A,H® = -92.4 kJ mol NH, 79 % #Fs o=
Tt B2

frfafed sifel & CH,OH(1) %1 A% -forem Téiedt T Hifsm—

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

C(IFTee) + O,(g) = CO,(g) ; A H®° =-393 kJ mol™*

1
Hy(@ + 5 0,(g) - H,0) ; A H® = -286 kJ mol .
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6.15

6.16
6.17

6.18
6.19

6.20

6.21

6.22

CCl,(g) — C(g) + 4Cl(g) wifufeman o foru Tedi-uRer= = #ifsT wd CCl,
C — Cl &1 1] Tl &1 MO shiferg—

A,,,H(CCL) = 30.5 kJ mol ™.

AH® (CCl,) =-135.5 kJ mol .

A He (C) = 715.0 kJ mol™!, @&l A HC HUH THedt 2|

A _He (CL) = 242 kJ mol™!

& faafia e o fau AU = 0, 38k faw AS = grm?

298 K W 31fufeha 2A + B - C o fag

AH =400 kJmol™ T AS =0.2 kJ K 'mol™

AH T AS @l au-fowar o feer A gu sy ff form a0 w sifaferen woa: grft?
sifafsran 2C1(g) — Cl,(g) & faw AH wd 0SQ o o= = =i1?

sffRn 2A(g) + B(g) — 2D (g) & Tt AU® = -10.5 kJ T AS® = —44. 1JK™
sifaferan & faw Age &1 7o wifsT R saEy R s stfufwan w@a: vafda &
kel &2

300 W TH AAfET o faw @ feemis 10 81 AGe 1 HE RN BI?
R=8.314 JK! mol!

frefafaa sfafsransti o sTuR W NO (g) o SsFTdent wefae W feuuft spifsu—
% N,(g) + %Oz(g) — NO(g); A H°®=90kJ mol!

NO(@ + 5 0,(@ - NO@: A H=—74kJ mol"
w4 1.00 e H,0(1) %1 Ak uftfeerfrt & forfaa s €, 7@ afee & Teii-uftedy
1 TUAT SHIfST— A H® = -286 kJ mol ™
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