FOHTTT Rt

THERMODYNAMICS

ECR

TH U o AIEA o 96 -

TR TF 9IS IS 1 A HE
a7, e vA g T 9
FmifasT & wos T &1 =98 w51
ufiRfer 1 H

Ao U, H %1 598 T,
AU TH AH § s wefn e ws,
AU w§ AH =1 AT o9 &7
AH = e Jre Aae & e
FL HH;

e ofrEd w1 MO T e
8 o fer-sen g Tag i
= A AR

feredon el TR o A e w1 wE,
TR &) SIS AT &
=Y ¥ A S s AT
e

- A (AG) T T
@ warm A AG A9 AG 3R A
e H H99 =g & 5901

ThF 6

TF BTt arAe W AT Wit foare &, frads o F T g
for gweF wiferen fagrat 1 ST SUgarar & e § i THAT T8
@7 Tt &l

seaE ST

A TR S e T, T W ween v Wew 8, 1 T
sfufmer & S0 e W Hud THrates sl s oh ®9 1
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6.1 SNSRI oF deh-ehl ITe2
TE-UEEE B W FI BE & IR ferm @
s e = A o e 1 2 e o i e e
S B g A A e T 2—
6.1.1 frepma wa afrawr
s § e &1 w1 9ae % 59 9m 9§,
Tz Heor fofu 9 ¥ 99 TEeT W wE i’
FEar &1 UE b e T sEs v 5 s
%1 Frpm we ufEw- 9 foeret s o9 2
a1 + 9fEy = gz

frm 9 sifafem ool o= feem § 2ree
wfed & nafEa = g 21 sEfey wEifTE w6
o sres W = um, W Trew W oS w2,
frEm & wu ¥ form wm 7

A=A T F1 5% &9, 7 fom % e
w1 2, ufEyr & sfaid femn s 21

I F o A T U S H wuiE 9
TEl A TA B &1 AT EHT o AVTH FL R &,
Hrent (Foreri aifaferan-fosor €) fem® gm we w0y
(Foom ot ©) of|w =1 = = (e 6.1)1

fera 6.1 : wfeaer nq femg

e @ T e difaes dimed (S8—diw
TR ) T fente e S T § A wEie § s
fafrsm =19a7 = TR FE3F (Cartesian coordi-
nates) = Y=Y (set) ¥ UREIHG a0 1 Hah 2l
IF SAEYAF # 6 TR % avdfas 91 weatTs
e 71 | o g 9T ¥ gy " W) 98

A =

e, i e S IR e w ¢,
{(Boundary) FeeEt ¥ U 5W TH @
ey A7 AT 557 a9 o & Hew i e v
e T T 2

6.1.2 T & w=mT

379 TH 5o4 UE 9l o ol & SNEE TR T @
affgd Fw -

1. '{E:_l'l' T (Open System)

™ g9 fem ¥ 5 ™ 3=-a o e ™
afEy & e fafaee { Exchange ) 2 TEa #
SEETe - afETE T g A o ferd sl

2, 5¢ TeRTd (Closed system)

=% T ¥ f%m@ v ufEy = 587 557 &1 fafma
doE 78 7, o e fafa @ g 31 98-
sAfeerra @5 4rHt 4 fod )

3, famfa g (Isolated system)

% faeifma fom o fem od 9fey & 79 5 @
F9— FFI % B AT W T8 F 8 Seremei—
ST U 9HE ok W ferd W) fue 6.2 d
fafor= wen & fam =3 T E

for 6.2 : |om, @5 UF fa@in e

# ot 59 Faw @t fFam = T wE, A # ® AR uRem = owE w10
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6.1.3 T =6t araeer
ot o somfa=T frem &1 9= 2 7, S99
A4 (p), FFE (V), T (D) uH e F e
(Composition) =1 e [Specify) w5
21 &1 fem &1 affi & <5 fore 9 T i uiEa
q @ v qrErR R wE uEa f o gt
vire ¥ vzl i f At | feed e =5 aftre
s i =ren fEE & w9 se-faga o o5
wor R frufe o A o oem W ET W §) S
W w1ETY] o1 UF e U e w9 WEEd A =
21 30 e 0 & 1 o fagd 9 R e
T €. T Tef 70 e o siEe WeE e o
1 YN I F T e %1 e e - e
7 WEen-=l’ F g e w

ST T FehTd i == & 9vi9 35
WY 19 T T o 5 5 9 T 0
T W1 ST 1 SEE g6 (p), WA (V), 4 (1),
T (n) % § S0 FL TS El p, V. T o a0
ot et e €, A o goen] wrel e o iR T T
T =1 s &t qu =1 8 wfonfog w9 o fom
Fepra o6 Toft 7ol o1 9ol e Y STevasha AR e,
i =pw 0 91 e w9 ° ufEfdE @ g6 6
7 1 T fm w1 v W e w5 g T an
T Y G § 9 T T i ad e S, @
AR TR O w1 WA = e A 2
6.1.4 TAfter el : Udh FTEAT-THeH
w4 79 39 7ot e 1 o= w £, fad =t
w1 fFm 1 wem Ee #, 9@ B9 uw uE U
T B AE Tl qGEiR, SEd A1 i el 2l
HEAl €1 5T "WEE A A e sl el w5 2
FEEERT H 3 i FEl U FEd 1 9 uiEid
« T ¥ FEE ¥ y@m @ e wm .
o fopE oW TR g wE TR T
o  ToEm ¥ T W wEw @ R e e
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(&) =M

T e 70 w1 w0 W e w1 oamahE el o
F A 9fEds @7 S w01 9 T O e e
3, o T 9EE TATE @ TR A | o &
T HA 1 39H (A UE 9RET oA S
vaRE TE ¥, Y fF@ #1 79 SE (Adiabatic)
e wed €1 T8 e O srawar-ufigad &
Foel UshH shed &1 500 fRE U9 ufem & e
w1 Fom-fafamg 78 2 9wl W e afEm
F 9YF FEAE SR o e weer €
(fa4 6.3)1

forT 6.3: TF TG e, (o aREE § -t
w5a TET B

9 79 1 W S2 w1 wieh SHE S
FEl W UiEdd & 2| 99 f6 e s g
HEE A 3 UH T 99 T, 74 A w0 U, #)
T =1 e 1 A WER B e w1 i
WM YERR—TM fF B T2d ¥ w6 T 99 7w
1kJ = =% £, faud frem 91 € s=en a7 B
TS IHH A9 T, F A I AT @ T E T, > T,
;A9 F UERE AT =TT, | 9 3% B ¥
Afer st U, ¥, @ wiabeE s d ufe,
A["I:I"'IY!;_Ui\
fgda UsN-39 70 9@ H UF fH9ead o%
(lmmersion Rod) EE®L 3a41 & aﬂﬂ =HE (1)
w0 # U e § au-uiEds A s E EE sad
& o5 a-viwes yd % W9 T-T, 8 @

T F T TEM S S B WA 1845
e fEa T W s e e w feen
T =m0 fm =7 ey 8 oes wieas wm
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T, 9w Tl off weRw (W) R0 TR S, S
77l W A9 % UfEET 5 S T T

Id: T% I9gE femen € R ww w afd,
stafer o= U, = whfrs e s, e we
T T araeer 7 sfrenatoes 71, S8 Ta WER
H foFon 0w w2 sEEeE § U ofed F 7,
aulq AU= U,- U = w, I

a7 FFT &7 o7l T UF S-%er

U e aar & & % w,, Fm w e
T ¥ 3 T A e g e e S, A w
FEOIEHS 2T

w1 2 foReE = witfern sreeen-ther & A
T THE €2 V. p W T FB A7 ofifaa aremer-we
¥ SaEm & fou- afc g9 fal fepra & a9 W
25°C § 35°C TF U= &L, 9 au-uftEdy 35°C—
25°C = +10°C #1918 ¥4 §r8 B 35°C weh = 41
Wﬁ%ﬁﬂﬁﬁ[Degme]ﬁEﬁTﬁ&ﬁ?
T M &1 31Ty amM (35°C) a% o 0| 56 T
T T - ¢ A ¥ wiEds vy 7 frfr e
A 1 TF e G I ] A U SR
T, FTH THF T oF e § A T AW W
sz & e & Fon arema 39 S T E- A g,
Feepd 5 A1 gFl g
(@) Fom
=0 fom = o ff uftesr 5 v @t a1 ufies &6
T THT UF TS FT AT T § 9iadd #
wFa ¥ 97 wei-fafmg, = A w0 ufoE #,
T  HECT £ HF gH 9EH aia @ o ey
[ o @2 6.14 (F) ¥ 900 48R 9651 wiEs wd
sfam am] S w5 Ser # ee FuE geE
<ran (97 6.4) B %00 & =9 O 2, W
|

o TR A w1 T o (T e e
e §) ¥ OT, WU OW S e o % oW U
a2 =, fomm @w 7, 31§ @ 7 FEm (5)
U Evied S g & Au-ufERE 1T, 3
AW S WA T WS W aafE e W ufiEes,
AU= g &, af® fen ames @ #% & T8 &
T #

A =

T 6.4 : UF %@, (o TRE & i8-8 S @1 99w
T &

feEe | SO 1 T R W R W g
YRR B € U S O ETE W UNEY W R
wAfafE 27 W g BT E 2
() g feafa
0 s T frufa w foan %, safE anafs o=
+ fteds g €1 WY (e ek T - T
zmm 711 =9 frofa 9 70 el o= o v w ™
v fera THY §—

AU=g +w (6.1)

um Tafire stemer-ufieds o ofieds & v o
ST q U6 w % 7 i 2 e 8, W g+ w =
AU =ae rfigr o sifem e i = w=
TfET & TR A T 1A O W FE % F
H Foi-ufEes 7w (Taatma fem) eruiq afs
w=0Td g=0, 7@ AU=0 %I

TR 6.1 WA AU = g + w, SHFIGHRT 5
TR @ TS FeA 15U AW S eEn,
“gep Tt TFTa &1 F1 mufiEAEE B 17

W T T W wWem w1 fagE we €
Sui F A @ T F S FhA 7 A A & G
gor faan s wshar 31
e : U FEAARE T (FE-FH) TH OF ATF
T (SHE-HEA) § e @il 31 #H fae fawm
FIER § WMo o W ROE (Absalute) ®H fAfE=
FTHA ¢, W Aiatw S o gy A ffee T2
FT AFA €. TE0 AalE w0 9fEed AU 9@
fean =1 wepl &
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ISR 6,1

w A H eaie sl ¥ 9ftedd =aEy,

qf"r"'_

() fm gra ufEn © e sEeifae w9 8,
g TR T (w) ST feRa =g AT
an e gHE w1 E?

(i) Fhr T = T R S, s
1 A g w9 e w2 E
e #1 <= 79 wR #1 w?

(i) FRTT ST w TP 1 T PR S O g
T F e T w5 S e A e
U = 9w 2m?

Bl

W AU=w,, S&R TZoF 2

(i) AU= - q. &N FoiE geme 2

(iii) AU = q - w 7% 93 fm 7

6.2 STAUHNT

o210 1 ol ) oo o e e s o e B
FH T W T TNT FH G WLW TR
i o o 1 T e S states S aiEd
A Hag 0 wewyyl 71 %E fF q W we R
6.2.1 HTH

HemeH U e 510 T T e w1 weptd W oEE
W STe £ B9 ohae A W, AT aE- e
i W feEE &)

SF-3TaeE = o HEee o fen g e
o faferet ™ famr w0 2, fomd wF e
el i ol gd #1 T g AmE voud fafiet
# i w1 T p 1A @ p, ¥, S op H afers
AATE TE p, F A B S A 7w At
TF T% F A ¢ 9 Sfed e vE A e
e H T (g w9 %9 8 v foeA o e
e A E (F99 6.5 )

T AEET H MREH =[x A=AV=(V, - V)

T 4% 0 W E T uE ~ T
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11—
sm: A Wad =p_ . A

fag 6.5 (&) fafest 4 fem syl it 9 o 95 9 e
T w4 P 5 T agEd wr
PR 47 G A T A
#fe frees gome & fasm T fae T Fd w
7,
w=d0 x fH =p Al
=p. FAV)=-p AV=-p (V-¥) (6.2
72l W fag & sofer smeavew @ fE
TR (Convention) & #THAR Hdr2q ¥ f=hm @
® A W E, S s wm oA (V- V)
T M| S HONEE | EUNSE 1 0T TR,
A w H A EERE g ST
ufg Wepad & Ui U W 9 fee A 3 ud
@3 IfET usl ¥ =gerdr @, 9 el w1 gue 0wl
o g0 FTE 1 AT BOT U Y pAV T qed &
[fa7 6.5(@) ]I
#fs = fror 7 71 U9 39 ¥R Feer B fF 9%
TH A1 TH % 4 W SN AE 7, 7 S
F U T H AFA SHGYE WE dVOHT 3H
feufs % g g0 forg 0w F1 oM e Frefafee
TEY F T\ F TE T
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(6.3)

=

v,

Vi afra (V)
FrT 6.5 (@) RN 47 WiGT v § 9500 g0 R
9 W WA sFa | ST sEad

Hg= § A w0 wE g 2

v AEE (V) v

faF 6.5 () pV 5% 59 FE AT V, § V, 7@
TETH & fIq STRAVIT SR # o
TR BU AR F9 T ST YA G e

w7 ETEER &9 e T
THETT H p, WAH T T (p,, +dp) F TFEM
[fe= 6.5-71]1 =am offeefedl & 9900 § =@ 59

A =

AT <9 ¥ T HH &, \'ﬂ‘ifﬂpl_lzpm—dp
=1 w9 ¥ g6 ford ¥ € 1 p = (p,+ dp) T
THH S T FEA &

U WehH o1 Uftad| avil ‘Swhuviea W'
el €, Wa 3 Tl of g aragen ufteds
% EAT IahAd (Reversed) ol =T Wkl U
ITHUVIT VR 3 WnETERTed ¥ oagen v o
W WEE 3T wga & TR Teea v oftgwr sam
T ArArERdT ¥ Ted §1 SeRWviE wwe %
sfaftad 3= AW Wl R STGRUUNT WeRH
wed B ‘

TEEE e wge | O g, A,
7w % fou wE, 7" dn fem % e 9|
o URETE HaH w AETIE 9Zdl 7

TH FEE 6.3 7 fetafms v 9 faese
Seeavits afifeafet o =9 %1 Al 5w ¥ das
FT THA

v

’ 7 vy
W, == [ padV=- [(p, tdp}dV =~ p,av
0 v, ¥
(% dp x dV 71 91 7T §)

v,
W =~ I plr.‘dv (644]
by,

4 T % 2@ p, A awRy i g
T WTOAR o TR § =red fE 1 mea o1 fEe
AEH @ & n A\ F 7 (pV =R
nRT
v
FA: TH =R a9 (FEAHE WhE)

v,

! dv Vi
W =— _[ NRT —— = —nRT In —-

LV v,

v
=-2.303 nRTlog (6.5)
i

TSRITETUT : 7T 1 T 3T (p = 0) W
T 21 SR T o g T ¥ e
B 9l F WihAl SSREUE B A SR, (FEE
6.2 T 6.3)|

T TH THE 6.1 F faiE wEE o s
%% ywR 4 form wwe 2-

w=-p, AV (FHF 6.2) H THH 6.1 F
TYE W
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AU=gq-p AV

7f% e for o W A E (AV=0), 7@
AU =g,. q\,ﬁm v (Subscript v E{W‘%ﬁ?
oy frn g W WE w1 O
gyl i\ &7 ga UF gHarde gmv
TF ARY W H YR US guan W s
(T= feori®) 4, w=0 2, Tt p,=0 2 5
T gr fAuif fFn 7 g = 0 %, T8fam AU=0
el

TR 6.1, (AU= g+ w), T TGN SShATA
T TN T % o 5w ven weEe e e
Al B
I THaMTE TR WhE & fam

g=-w=p,(V-V)
2, THAMHME SEEAUIY WA & e

Ve

g=—-w=nRTIn v

v
=2.303 nRTlog ‘1‘;‘
‘ i

3. 5 WRH & AT, =0
AU=w_,

SR 6,2
10 atm ¥@ T R el g % S fee
Heanit wu 9 fafa 9 9a o yeiE B 5, 5
T T el AT 10 Teiew T @ 9w |
ey § el T sEvifa B 2 e feam
Fd o w22

e
W 9 € T g=—w= p,_ (10-2)=0(8) =0
g i E A 2 UH B T AN TE
2 2

FETET0T 6.3

ofe 5w | foon e =19 1 atm #, 9@ &40
B2

Tt

&4 WG fg=-w=p, (8)=1x8=8L
atm

FATET 6.4

3f% T8 W1 IEEAUIE w9 W E SR AEaET 10
L&l @ &9 22

o

A E fHg=—w= 2.303 x 10 log?
=16.1 Latm
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6.2.2 TS Enthalpy (H)
(%) TR SUANT TET STEAT- e
7 W # o fer s W Ay s st
w9l o ufEdd F g, #9H AU= q, 39 €, v
AferRTy TEAAS 2AfafFan feom o W T 3
VAT, TREAE! e ¥ frn apmEd 5| WO
¥ 7 affeufar & fon 29 wF U sTEen-wer W
ST 7

TH WA (6.1) T 9 @ W AU= g -pAV
& w0 ¥ fora @d 7, 9a1 o, feem g st
Fo1 Ud -pAV T g fwar e wEo-wE 2

RS e R MR | H UE s s
F 2§ T9

TH T A i TH W fom wewe T

UrUi=q,-pV,- V)

TA: FafER F79 W

4, = (U, + pV,) = (U, + pV) (6.6)

9 ¥H UF N FEENIGE! BEr w1 qienhe
F OHEG €, TH Tl (W we wEfereR
forgent @19 ‘Tw o’ w sfatited woa g §)
FEd Bl

H=U+pV
aF: THE (6.6) B SR T

q=H,-H, =AH

7l g Uh g AT wed €, AU g 9 9§
AT £ TIEA: H UF e & (H.U pTE V
&1 Ter B 4wl Steedr-wer §) 1 38 WEE AH
w=aa T 2

foops a1 7 nfefae AT S S AT o
=1 formn o T 71

AH = AU+ ApV #if®s p feags 2, om@: &
ferE T B—

AH= AU+ pAV (B.8)
seeEg ¢ o o9 R <@ W s deifaa s
7, @ 3d o 79 wHed § qfEed A w© e 2

e W & AH = g, o 3@ W @il
T E

8.7)
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wEIE arfalsRansii & AU AH U
BT &, WeT Tfulehan & SR ST SoafAd Bt
¥ S ST safEaet % fav AH g
AT &, FET UNEY § T & A€ g )

TroR 519 (AV=0) T AU = q,, 37 THET
6.8 T W Fl AH=AU=q,

3 fm, fod Sam 210 1 59 Tewend B
W AH TS AU T Weq #iq HIEE e v, HiE o
TE 59§ WH FH T ATEE ° F faiy ufees @i
71 A g s B, @ T om medw B oI
T| 79 UH UHI @fdiEa W aER w §, oy
v €1 e 3 ve A W v, e statEas &
& v, T SR F FE S 8 adn n, 6
afafFas! 16 n, T IR F HE F S @,
A eyl T i o AT

pV,=nRT

FHUFER pV, = nHRT

a PV - pV, = n,RT- nRT = (n,-n)RT
pV,-V)=(n,-n)RT
paVs= t'lmyRT 6.9

7l An, T e % A F1 Hen o 6y
AfafmamsT = "ol H e H Fa 2

HAEF (6.9) | p AV &1 W GHEF0 (6.8)
T @ W

AH= AU+ AnRT (6.10)

THFIOT 6.10 T FTAM AH T AUT AUE AH
w1 WA 96 w9 § fE R

FETEAUT 6.5
SEET ATy TH WA W 100°C T 1 bar
T W UF WA TG FOAHE § I
41kJ mol™ T T AR Sol-aREk S

T HifeTE, e
(1) | H Sl %1 1 bar 319 T 100°C T
amfera fFn =)

(ii) | W 99 w1 9% H wiEfE S
Bl
(i) H,0(l) > H,0(g) ufad & feomg

A =

AH =AU + An RT
A AU=AH- An,RT
HH T T
AU =41.00kJ mol™' -1

x8.3 Jmol 'K x 373 K
=41.00 kJ mol ' -3.096 kJ mol !
=37.904 kJ mol '
(i) H,O(l) - H,0(s) Wfeda = forg stmas
Tyl S = #1 #i@: 89 pAV = An,RT =0
@ wEd ¢l 7 frufa A
AH = AU
@ AU = 41.00kJ mol™

(@) fawdrel wa e T
Fareiiol el T A H g o e ) e
1 £, e W T § Fufied o1 &1 Ay s
(Ts) W A w21 IS % fe-geame,
T E

7o, 5 frerg | Sufies 5= W AeaTsn
(TEw) W R = wW ¥, TR T wwem )
FaRE % feu— Ary, W, 2| o A 1 ) e
T ¢, foel (e % T 6 & 0 S A 6 g
2 21 A wmm F A o W, A L -ﬁ'@ﬂﬁw
1T W EGH § A S Hew A Vv
TR T ¢ #1 Tl ue e T 6 o A
TF 19 ) AFT V& U H T 9 WS gH
£ (5 6.6 %)

W

fa7 6.6 (F) #aaa V U5 am T T 0F 19
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faT 6.6 (@) fForas & 5RT S0 &1 A9 g

o Afe A= F g @A o =T fam
S (fest 6.6-), Fomml 2/ a9 v/2 3 9§,
T TE A H9HE € Bl §1 H; ' # fE s
fereeiol 1 &, Srafek A9 wEA O #
(1) e
TH IWEE | ¥H 4 € (% (e w1 2dia s g
il S B A T g T R S 9, @ 7
o 4 ofs & w0 4 uftefag w9 2

M H iy afm T T A 7

q=7\[rfﬂ'$xﬂ.']"

TN 1 WH (FHE T SER, WHA UF Uehia
T 9T wT ¥ TH wW TE v o ferg wed E
'g=CAT

Tal TOTE C H1CFEE w1

TH YET FHEHING 710 8H T 50 a9 g
Y HT GEE T A F GHA £

afz ¢ = ¥, 7 T T e 9f 2 S
2 T F oo afus L TAm ek t
T A "gH & T Aga wifum s w=feu)

C IEI W WO % HAEE e ¢ Rl e
a.‘ln‘lmmmﬁmcml_=g] TF TE F wEE

n

21 9E O B T AGT §, W OF Aid 9ae %
wF foiit afermm (7w SFfem) m=n 5 fom
AT Bar ¢l fefyre s, forg ‘fafre ot
i =h7d ¥, T T §, W THE 7oA o TR vee
1 A U Teil Gfewe (a uw sfead) 99 &
oo, sEvEes Bl 8 TR Te w0 A9 WeE &
LIV { AEEE FH g T FHE oF o g2 #
fafer= =9 C % T0 FHAN m 7@ q9-IEwqT AT
| TN FE E, H

g=cxmxAT =CAT (6.11)
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(H)EWW?WCPWC‘,ﬁWu
o i o e woC, § vE o Tm W
c, ¥ =fwa F ¥ 2@ T I § Hay 79 w9 T
q % o from omaes w g forg o &
q,= C,AT = AU
Td fer @@ W, = C,AT = AH
et % fow ¢, W ¢, % d T
T TE TR W T i
T | SRy T % A AH = AU+ A(pV)
= AU+ A(RT)
= AU+ RAT
5 AH =AU+ RAT
AH TS AU AF &1 T
C,AT = C,AT +RAT
C,=C, +R
C,-C, =R

(6.12)

(6.13)

6.3 AU US AH ohT HIYT :

ToEtE UE ifaE T O watea e, uieEs ®
forg wrerfirer wepites 30 S % ¥, 99 ‘Shemaier’
(Calorimetry) FEd 2| SheliTEE | T U= 9 i
fop s &, o Sherrfiey’ wed €1 e U
wA % T AT H g A F1 5 B S o
FEARIHE B FEEME T 24 W an-uiEdd &
AR W WHH § I SO T TS T T W
a1 fefai o forg o €—

(1) Fer-3maed W, g, (i) R @ |, g,
() AU =T |HGA

TEEE At & fam fer smm 7 sEim
FTH] = HIUA 9§ chelRiHeL (Bomb calorimeter) ¥
o = € (797 6.7) 781 T =re @ W (9
FATTERT) S 9 A 9 E) e 99 g A
yEIEd F TEerviel Waey (Sample) T ST S@
EAR i (o R e e B e B B
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IHS 915 Wl I A a F for s g1 4w 9
il g o), ¥ om: T T § o
oftadT TE 2 S w5 w9 e e g
e o i @ gafua vamt afafeans § F #8
T4 WET Fi iR AV =0 B &1 HHE 6,11 &
TR U ST S FOHIE 6 e T A Ui
F g, # TrETE w1 e W g
HHMHET

AN T

o 6.7; 79 SeitiEiet

(& )AH <R AT
Teop s (AT FEHEEAE TE) T - g
99 6.8 § =T U FEAREEL SR AT W HEA
T8 9 € fF AH= g, (fer 3@ 7)1 o1 fer 3@
T Ieafaa weE avifys Fem q, afafEn s
G il TRel A H FEemdl 21

woqEd safEmal § sem Fjs aa & aen
b | ufte § w1 AR @ 1 gEE g,
FUCHF B q41 A H A BEOIHEE T TR
i sfEae § s st g e g,
S A H T oo g

o 6.8 : foow /@ (Frggeas 5/@) W FWr-9hET oA
& A eI

TR 6.6

fasfefad gfee & ogER, 1g e #

Ffadie F1 @fveal O latm 349 U9 298 K 91

W FHEN § T HEE @ 2

C( IFEZ ) + 0, (g — CO, (g

a1 = S0 @7 298 K ¥ 299 K A wge

21 7% =W S F T 20.7 kJ/

K &, @ I35 sfufeean & & | atm @ &

298 K W et uitEke #4 gim?

L]

T AT U g UE She el H

FHAIE C, #, T8 HerHe g i

e,

gq=Cyx AT

fafeEa @ W T w1 WA WM B, W

98 HOHF B, Pl T ( SafE-Taem)

BT WEA ST ST 5T e M o

= gea 2l

q =- C, « AT = -20.7 kJ/K (299 - 298)K
=-20.7kJ
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(el e Tag i & swred 29 #
=R &7 ©)
;1 g TTge & %@A o T AU= -20.7 kK
| Tt IwEe & 8 &+ fey
(12.0 gmol ') » (-20.7kJ)
1g
=-2.48 x10” kJ mol '
Tl Ang:O
o AH-AU=-2.48 x 10°kJ mol”’
6.4 sifaferan & oo ot
ufted,A | Afaferan v
TEETTE st 4 afufrrs sar 3 95w §
A A TW TR @i - AfEaE — 3R
sfaf@Ea & I e-nfEd stEE- e
Feerd ¢ Tt afafwa § wdedi-ufed A H
fom & v < 71
A H = (ST 1 CHferst o Am) — (At
w1 Tt o)

= zauﬂaﬂm _ZbuH:fﬁ?fii.-'ﬁ
I i

6.14)

a3l Y (Formn) o &1 swm g+ & ferg
foman s % UF o o b wgfe RO ¥ o
sfferer ue Tl o RfEARE 1 7 ST
¥ fou- Freferfas sfefen -
CH, (g) + 20,(g) — CO,(g) +2H,0()

AH = ZarHTn'rr-.' - Zer.eN#.w
i [}

= [H, (CO,.9) +2H, (H,0.D]- [H, (CH,.g) +
2H,_ (0,. g)]

el B, Ao T ) G- ufend T g
T afer 1 gEeE §F R 9y W R sl
TEEE AHTEAT § FEEA A1 e & A FA
o AT £ THH SAEyARal W e wi anda
faefear &1 O FE F G T 3
(&) zafaferar =1 o= T
Tl T e %1 vded uRfefE v FHR
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T ¥ 3F6: TF AGTF ¢ TF 79 D A qrfefa
&1 fafewe 1) fedt omafwa sfafswar =1 o=er
T R R ufteeT &, ww s F am
T [t uate S1ot wren atewanad o g
Teoralt umndl & oTeR st fad fafde am
W I 9 WE T E, W 298 K 1 bar ™ W
T W §) SR & - ¥ weAE S oo
ST 298 K U5 | bar T I[E 59 o T #E &I
k- ST 500 K Td | 91 (bar) T 35 29 26
T =iEE WA 208 K T o SR 21 A it
1 AH T 9% o (Superscript) TH 1 {0
ST &1 3AE % feu- AH
() WEEeT AT T -
yrere gftee o wal-ufiE g 21 see &
¥ HEEIEE At o faeer feR gm (ArHeeE
F[F) WA E T WTER-UitEa B e A e
T &
H,0(s) > H,O(l): A ., ,H” =6.00 kJ mol "

T A, M T S W e el g1 A
S ath U aSerdl €, af g9k faTid U 2l § au
gt &1 U A e RE | wel W 2

TR T e e B e e
ufteds = e 1 TeE I A gen T
Tl A o SR A R

I F T SO e €, & A e
wiferEl e T ¥ W o A H o By
STEvIEA T 21 THF F@OAE T, UF e wE
H,O(l) > H,O(g); A, ,H =+ 40.79kJ mol '

-
A, H° AT F W T 2
(T, R T, &9 TaHiF U6 FHAF 2)
fordll 59 & Uk Hie 1 fgy @9 gd A
@ (1 A7) U Greiiehd &1 % T srEvads
T Sl TR AT T a1 Wi aree TRedt
A, H wES B
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A =

" 6.1 T Ud A o e wees wied aftads e

Substance | T/K A, H/(kJ mol) | T/E |A,_ HO/(kJ mol’)
N, 63.15 0.72 77.35 559

NH 195.40 5.65 239.73 23.35

HCl 159.0 1.992 188.0 16.15

co 68.0 6.836 82.0 6.04
CH,COCH, | 177.8 5.72 3294 29.1

CCi, 250.16 2.5 349.69 30.0

H.,O 273.15 6.01 373.15 40.79

NaCl 108.10 28.8 1665.0 170.0

C.H, 278.65 9.83 353.25 30.8

e o 9 d@id # T G age 5 E) 2m
HEA SEAFEE A I AF (dry ice) A H= =
25.2kJ mol ' % WY 195 K T FeAqfad &l 7
Joueia =g ° oo st v T, fawe fomg
A, H"=73.0 kJ mol !

Tt 2/ & T O 8 fer @ o o
IE (1 AT) W FETE o g Al wededt
Tiee =h SHeR! UHeh SEUTae ool Thed &l
Tl aftEd T WA 3H WSy & Hal- e ae
HT g W e e 2 e wee-uited 8
@1 21 SEE & felu— Sl % AU 5 HeT Ul
VA TEEEA 94 TEHT 5A AT § el & SV F
Yoo § A8 WA € w5 (- wEEE) o
Fa-Ffved feye-fae s fan favm =7 =
el Bl ¥1 39 YW THE | Wil oF arvdigd aF W
St % | Hiel 1 Aviieha 219 1 37Ul Y WO R
AETER B &1 G 6.1 § T uEe e O
AR T I TR & g E

AW 6.7

T O (Pool) | FohaT G0 %@ 18 g T
T W U T () ¥ TE U w298 KW
=fgs B o o fral om e 307
100°C X SIoHaRI0T i SAER Sl i T
Hifam

¥ o foTe 373 KT A, A =40.66 kJ mol'

el
AR o YW Rl ®H 39 YR WEMm H
T B—

18 H,00) — T _, 186H,0(g)

18¢ H,0 (1) ¥ A &7 Heen

= llii =1mol
18 gmol
AU =A HY —pAV=A H® —An RT

(7% WFY 2T T =g anmevl T & T sEEn
T E)

ApH — An,RT = 40,66 kJmol *
- (1)(8.314 JK 'mol ')(873K) (10 *kJJ )

Aupl” =40.66kJ mol™' —8.10kJ mol™!
=37.56kJ mol !

(M e farem T A M

Terdt fTes & Ues Wi & 38R g 9w, S 30
wEH T wN W A T g (T o'W &
‘Hed-srawar’ off wea §), ¥ ¥ farfom &0 w
FrETer O Tt aREd Y SHE e e
forem wéedt A, 40 @@ A

wE i ' W g Hata dife wm
| T 35 A, S A wEd T v g, W e
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O 6.2 W WA T wETAl WY 298 K U W wew faree weed, A e

u=Ted A-H / (kJ mol?) =Tt A H [ (kJ mol-1)
AlOa(s) -187.5 Hifg) +26.48
BaCOs(s) -1216.3 KCl(s) -436.75
Bra(l) 0 KBr(s) -393.8
Bralg) +30.91 MgO(s) -601.70
CaCOs(s) -1206.92 Mg(OH)a(s) -924 54
C (8 +1.89 NaF(s) -573.65
C (FwEe) 0 NaCl(s) -411.15
CaQ(s) -635.09 NaBr(s) -361.06
CHa(g) 74,81 Nal(s) _287.78
C2Ha(g) 52.26 NHa(g) -46.11
CH3OH(l) -238.86 NO(g) + 90,25
CzHsOH(l) -277.69 NO:2(g) +33.18
CaHis(l) +49.03 PCla(l) -319.70
colg) -110.525 PCls(s) -443.5
COalg) -393,51 8i0a(s) (F@Z=) -010.94
C:Hi(g) -84.68 SnCla(s) -325.1
Clalg) 0 SnCla(l) -511.3
CaHalg) -103.85 SO:(g) -296.83
n—[C4Holg)] -126.15 SOs(g) -395.72
Hgs(s) -58.2 SiHa(g) +34
Hzig) 0 SiCL(g) -657.0
H20(g) -241.82 Cla) +715.0
H20(l) -285.83 Hlg) +218.0
HF{g) -271.1 Cllg) +121.3
HCl(g) -92.31 Fe,0,(s) -824.2
HBr(g) -36.40

e s 21 A9 g afufean st weE fae
Wi T e T E

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

AH" =-285.8kJ mol”’

C (FF1E2, s) +2H,(g) — CH,(g):
AH =-74.81kJmol '
2C (%122, 5) + 3H, (8) + %0, (g) - C,H OH(1):
A H® = -277.7 kJmol™
T8 4% HWE weyul & fF A A
THET, A B, A HO T U fawm feafa €, fom )

ol i T ae W A ¥ 9™ STER 9
Afafsmet 9 5@, 997 v e ¥ |/ W w9 o
o w1 F1 TR Tavia v e afatm
CaO(s)+ CO,(g) —» CaCO,[s):
AH® = -178.3kdmol™!

Y wied-ufiedd e FEEe # fae
el TE 2, i S0 ey FwEr A g
& 7 = g AR § = 21 fefatan sfafs
o o THed-9iET HBr (9) 1 AFs SO
forem woerdl A H=7E ¥, afew weE sifufE
wied
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H, (g) + Br, (1) —» 2HBr(g):
AH" =-72.8kJmol™!

TR W IS F UF W BT ST9 T T ST
awl W a #, AH =24 H”

Hfea THEI | TR TSl 2 T et
%7 HBrlg)  fo=m woed & fon w5
W foran s s 3
eH, (g) + %Br, (1) - HBr(g);

AH® =-36.4kJ mol™

T T F 298 K W AAE #er farew
et o f- Wl 6.2 W & T R
qfe & FAIER, UH O o Had SAthE
wifoe &) oaen o (Hag-sgawen) g fared
TR A A F AR Y fern S
T i faF 219w Himewe et § e
T WA € At w v e wee e o
& Sfegan FMiAe B g7 U9 e SEsiase §
foafen #13 & o0 forar sum =1 2revasar 2,
CaCO,(s) - CaO(s)+CO,(g): A H =?
TR T A T TR U T T
¥ g wfafEn = T ufEd o w1 T
F1 wedt wftad # Toe wE % o en Frefetae
T WAL 6 STEN FEH e
AH =3 aA H (W) - Y b H (sfufw)
(6.15)
et wiafer THE Fa T b T AR
uH IRl % N E1 S Tl W hfeaan
A & faHeT W o] % €1 98 a €8 b & |
G
AH"=A H"[CaO(s)]+ A H[CO,(g)l
- A H"[CaCO,(s)]

=1(-635.1 kJ mol ')+ 1{(-393.5 kJ mol !)
-1(~1206.9 kJ mol ™)
= 178.3kJ mol™!

A =

A CaCO (s) F1 a2 el st 21
#A: 300 IR WM 01 6 [ &9 3H A
A B
() HermEEf—s aaERr
T e TEEAE wEE, T 3eE A H A
o o fea wen B, seuEEiid gHEr waer
3 T um THEI A R @ difds srEeend
( SToTET sl % We) off ffEe w #
sarE & fau—
C,H,OH(l) + 30, (g) - 2CO,(g) + 3H,0(1) :

A H" =-1367 kJ mol™!

I HHR fAfved 9 TE TW W o3A
UEHTE 1 TEA S §1 T uitEd 1 He
fag =vifar & % 98 uF womgtt sfufeEa 1

FIHEAE AHEET F e W fetEtea
Rz AT T AETE i
I TP T T § o i
TH IAE F O (e ) = R
= 2
A H- W IO W REE B g o
el 1 e & w0 w1 A e
W\"i‘lﬂ,ﬂ"'ﬁﬁﬁlﬁkﬂ mol ™! zH@T F1
I 9RO T WEEH & fau #w fetataa
Afafgen & o sfafma-son &1 T w9 5-
Fe,O, (s)+3H,(g) —» 2Fe(s)+3H,0(1),

e e el IRl (6.2) T EE TE -

A, H® (H,0.1) =-285.83 kJ mol ';

)

A;H" (Fe,0,.5) =-824.2 kJ mol™;

AH® [Fe.s) =0

AHC(H,, g =0, IRIET o TR
EER
A H[ =3(-285.83 kJ mol)

= 1(-824.2 kJ mol')

= (-857.5 + 824.2) kJ mol”!

= -33.3 kJ mol"'

=M 7 fF 37 e v T 1S S
%, W 3faq wifEHAmafa TR (Stoichiometric
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coefficients) & qed gl AH" #1 3% kJ mol ' §,
e w1l afaferan @1 fa W 21 S| T 9
TR A TEECE TEEw H g w1 od £, 9@
TF AfATEN F TF W w AT w5 31 FW
HHE i {99 g 9§ ddferd w # | gsmome—

1. 3 . 3
E}'e203[s)+§H2(g}—rhe{s}+51-l._:0[])
da aAfalsrar =1 g @ v dic sifafman g
TF A HY EM

AH, = g(—zss.as kdmol ')

~é{—824.2kdmo]“}
= (-428.7 +412.1) kJ mol”

=-16.6 kJ mol'= %A H,

THH T2 E ¢ fO wHedl uw Tl uiy )

3. oE T amfaE g Fi Iere fermn s
2.0 AH"F UA # 98 o 9" 5w
SErEA ok e

N, (g) + 3H, (&) — 2NH,(g):
AH" =-91.8kJ mol

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

(=) &9 = fram
A el U Hae-wer ¢, Ad: THed i
YR Ao ( ATHRReRT) e e (SeUET)
W I % U Y w6 il @) g v i U
A= =% Uw TR W B W wE TR B SEen H,
e TiEE TEE e €1 5E e W o we H
T TEN FE T 1

3Tk UET W g el feRdt et srfufsar
T TR et =9 |t arfafmanedt % o
T TR W w A g ¥, fae gw wgot
sfufan =1 faarfaa fear s @ 21

Y, 79 39 W 1 W TS TR °F 59
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T FrefafEs sifufs 4 vded-ufedm W fEEn
B F-
C(ﬁ?ﬁe)+éoz(g]—>00(g):ﬁrﬂ =7

aft CO (g) vg@ 3095 7, W 79 afafwa §
FT CO, T THI I Tl 71 57 SO Al
% fom 79 woed-ufada = "9 99 F FE AE
L e | A5 B9 A= UH Sf9fEa se wen, T
e TR 2, a9 SUE AR H e -
1 Wi o W w

19 ¥w ftferfiaa sfuafFnsd o foew & §-
C (dwzz,s)+ 0, (g) > CO,(g):

A H" =- 393.5kJmol™" @)

CO(g)+ —; 0,(g) = CO, (g):

AH" =-283.0kJmol™ (i)
o sfemm wfafrma o & 9 =€ o ™ Ao
CO(g) W T oh ToTT WHET (if) Tl 79 30al &l
a9 T A\ H T AR w1 T 7= R
€O, (#) - CO(&) +5 0, (¢):

AH =+283.0kJmol (iii)
TR (i) TH (i) 1 SEHT B9 3o wEm o
w4 Fl

C(ﬁrﬁm.s)+%02 (g) = CO(g):

T fom A H- = (-393.5+283.0)
=-110.5 kJ mol”
=0 B0 H gf% Tk aAfafmEam oA g & fau
T O W T Tl ufEe A HO# TE ZE §
¥ AH, AH,, AH,. 991 30K B ¥ ¥
Tl weedfi-ufadai & ufafiue & @,
AH=AH +AH,+AH,... (6.16)
4 39 w9 ° wefin e o wew -
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JH_,

S

i,@

6.5 Tafua wem =t sfuafemarst
& fog wdedt

Afafs & vwr # ffie w6 gy eded &=
TAFT FA G B
(%) OFF TET TEET A H O
A STTEIT T T e B E1 A =,
o, Fomr e e % v e § TEe a
| AR e e H1 T TR uRefen e s
% o e frdt e #1 ofd Wi o T ufted
3 S wF T S wowmen B §, v wwE
Afafras T8 e T fafime @9 T S wEE
e 4 7 F
a T A e % et § e R
(C,H,,) T 2l & 723 F U i & 329 ¥ 2658
kJ o fiE T 7 T fem v SRt
Afafsman #t e9 vwn fom w5 2
C,H,,(g)+ %O-Ag} — 4CO0,(g) + 5H,0(1);
AH" =-2658.0 kJ mol ™’
T WER T ¥ TET W 2802.0 kJ/mol
o forje @t #, forr forg wefimTT $-

C,H,,0,(g)+ 60, (g) = 6CO, (g) + 6H,0(1);
AH" =-2802.0 kJ mol !

THR YA W ot 35T & W H A A o
St SeqA B §, 72l S see wE wmn  sfed
Y-t staEe oA | e, fen
T=AEA I ST €Al 2




EASUIGEA

6C (TrEz. s) + 3H, (g)"'%oz (g)=6CO,(g)
+3H,0(1);
A H® =-3218.49kJ mol” ... (v)
HHEHI ii T ITET HA T

6C0, (¢) +3H,0(1) > CyH, (1) +>0,;

A H® =3267.0 kJ mol! ... (vi)
FHEN v TS vi ®l STed T FH 9N 6
6C (i) + 3H, () = CyHy (1):
A,H" = 48.51 kJ mol’'

(=) =0 W A A

e, TELEEEA F FHUA & T A W faan
i

H,(g) —» 2H(g): A,H™ =435.0kJ mol’

A9 2@ wFd § T 29 ufEa 1 ensReeE &
H-H =i % g2 & H Twm] urd w1 31 78 wiean
§ 9 THeT-fEdT w U T, A H-
FEd 3| AE T Hawen ¥ e | e &% uw A1
W Tufys a1 I AEET T 4 aue I
2 = T -uiEeT 1 S ST T SReEe e
S0 fewmns smE # wvE wded Tl sy
e wedt off 2 21 U v S ge 3=
T ATt -

CH_ () - Clg) + 4H(g): A H* = 1665 kJ mol"!
srEe 4 ¢ R H 9] )

Na(s] — Nalg): A H" = 108.4 kd mol™*

= SEE ¥ FH0E et A s vt
UF FHA )

() sy et A B

A= SfafEEl T auE ey g v 9 E
Y T2 7 forg S5 =1 SavEd B 7 5w sy
T H e g 2 2 e o afafwa =5 s
T TEAE SEE O 22A uE 5 W e e el
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qftedl & WEr W T g1 It e | e
TP -ufEEAl & T FEeaE ¥ % om0
T B A
(i) = e T
(i) e ATEY T
T T IE T WO Ud sgmmE
U = HEY § &)
femmrura a0y ¢ © fAefataa wfiwa w faam w1
% Hie SEIENA U fHREE Wl e Zed i—
H,(g) — 2H(d): A, H =435.0kJ mol
™ ufE § TR e T9R-uiEe H- o
AT T aEe T H,_-EIF'ﬂ (Bond Dissociation
Enthalpy) 2l
sty fepiem woetdt =g ufshar ® 21 aren
wHedt-ufteds &, Taot fadt nda aeddses
AT % U WA ad ZEed i swe ad
o1 2 i 72 Teh-nRads o emeree
FI T TE T ¥ e wedt fgmes s
% fom +ff 7% w=1 ¥ S —
Cl(g — 2CI(g; A, H =242 kJ mol”
0,8 — 201g); A, H" =428 kJ mol”
TEIAVE W] H A e Sl s oE U
s # for At 2 fom firs 2 20
HEATHTIIE 30T (Polyatomic Molecules) : TH
T EEEE A7 (- CH,) W fER %W T
T FA o fau sewmmaEtn afam @ v 9
Elcil
CH,(g) —» C(g) +4H(g):
A,H™ =1665 kd mol ™'
T | AW C-H A&y H9F F| 3Efer 96 @
g 9t C-H smasl o) sEu-of ud srEu-set i
U HAM &, 9410 Ui C-H A4 1 digd & fa
sEvTs e faa-fam F S 9 9 W -
CH, (g) > CH, (@) + H(@): A, H =+427 kJ mal ’
CH,(g) - CH, () + H(g): A, . H™ = +439kJ mol”'
CH, (g) > CH(g) + Hg):A,,,,H = +452kJ mol '

CH(g) — C(g) + H(g): A, ,H =+347kJ mol’
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A
CH, (g) — C(g) + 4H(g):A H = +1665kJ mol '

¥ B9 CH, % C-H &9 & 3{a 37ae Tedt
e we i
CH, = Y(A,H") = Y (1665kJ mol ™)

=416 kdJ mol"!

7H 2@ ¢ 6 9 ¥ C-H9u #1 siEa s
T 416 Ko /mol B 72 9 T T s A,
SH— CH,CH,CI, CH,NO, 318 % C-H a% %1 3irge
m’&;qﬁ?ﬁ'ﬁﬂ@—@i"é ﬂﬁ%_'lfﬁﬂﬁ?l‘l%l“ﬂ'{'ﬂ
= A § @i @ T s 79 5 fem w5 e
FF AN THER F O F W FEA 7| T
e AR SgAEY w1 el gl 6.3 § 99ere §
Al o 22 UF 9 @G F T4 o HEV ¢ I

A =

=1 &1 7z 74 fafm Aeyg Tiferl 9 3 o e
e 0 oot M e 1 o S 5 e M I e
A £ e seren | afafEn = e T
AH SR TE ST H1 Ay e 9 5|
TR HATE T E

AH =Y s et S e et o
(6.17)*

T® Ay IW WWF TaUiw IR ' B, WA
AH @ HA FE A BN e afafEa w5 g
TR -UREe 59 afafea o afafeas awet =
Tl s w1 g & fon wevas T ud S
o U] & [T A= F A F (A AEvas T
1 S B 21 A R o g gae ey 98l #)aw
IH wEA @ g, WW oaAfdfEe d \d T
(sffsFas Ud 3as) TEE s 9 g

WU 6.3 (%) 298K T % Udhtl ATHHT o 3788 TUedt 9 (kJ mol™ #)

H C N o] B Si
435.8 414 389 464 569 293
347 293 351 439 289

159 201 272 -
138 184 368
155 540
176

E 5 Cl Br I
318 339 431 368 297 H
264 259 330 276 238 C
209 - 201 243 - N
351 - 205 - 201 6]
490 327 255 197 = F
213 226 360 289 213 S
213 230 331 272 213 p
213 251 213 - S
243 218 209 Cl
182 180 Br
151 I

AW 6.3 (@) 298K U7 FB 3iTHA agATE" T 4 ( kJ mol? H)

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

611
837
741
1070

0 =0 498

S A S e 1 o e O 1 e e s 1
Ay g sy e waed (\HE, ) oW E, 91 e wEe g G g & 0 W @y aT w

y T = _ - i 5
T~ a7 &, 7 AH _-id'\fH‘-'_mis e E‘\lﬁshﬁmmiﬁrsmu




EASUIGEA
(&) fame -Taedr o, B
fasdt wmd 1 faerm-vdedt @8 wed-aiEd
3, W T UF TE i faerE 51 e e o
e T OEE Bl @ o W fEed-ueed 97
TFT-uiEd §, 98 TR & faerE S o W
3 Hher W %, S S S (7 e A s
GE en N SaveRess B0

e Ueh AT AR T feengen o e s
%, 7@ TH% T T e E A frafae freafg
F1 BT %1 71 79 9 favEe § i e v £, T
TH W 27 A F EeEsm i (fFeras §e o
et W FE 2T T At AT AB (s)
% fomn ety =1 § =9 T 2

=)

AB (s) —pﬂ’“H A'laq) + B (aq)
‘ﬁ"mru-He qu.riH ®
A'(g) + Blg)

#A4: T H AB(s) FT foe7E IR A H TE
FeAIF T, A, H % A g 39 TR T
F W HEA B

asc:EH = dk«(é\'{'H + lfli‘iyd 'r-f

aAferwia smafee e & faw A H uAew
#rar 21 gefifers siferien Fifel %1 5= § foaergan A
T W agdl ¢ A e Tl agd s €, A
A w1 faeea T8 aaW ¥ 9gd § TEAnss
FANEE & WA FH faem #@ T £ TS
IR =5 SATAE S el (feTEl) U S
Fetad (wfer) w7 AnfrEl & ITE gr fEr
HFA F
WAl Tt
T amatE AT W TeE TEe ww T
fEds 2, 99 U 9 st AT 6 smen 9
ST A o fetem g 2
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i e Tl i wE g e FE w e
AT ¥, Ad: TH UF G0E fal w OS99 E,
gl U T s " 3 SH ae-geT O
[Bom—[—labcrcycle}ﬂ*:‘t’»'lw% (95 6.9)1

Na'lg] + Clg)

N
-]
1/2 8yoraH

2 121 kJ mol”

a'lg) + 1/2CL(g
I\

-34E.6 kJ mol”

AH

Na'(g) +Cl ()

+495.6 kJmol’ ‘
~

Nalg) + 1/2CL(g)
LALLH

3 I ¢
Nais) +1/2C1(g)

+108.4

&

A

411.2
kd mal '

P
~

NaClis)

forg 6.9 NaCl %7 e T & fon weiedt s
aeu, T0 fAefafad 7= 4 NaCl =1 S
et F T
I. Nals) » Nalg) Hifzgu eng =1 HedumEd,
Ay H™ =108.4 kJmol™
2. Nalg) > Na'(g) + e '(g) Fifeaq T F1 AFH

Tt

AH" =496 kJmol ™!

3 %Clzlg}acllglaﬂﬁq 7 Ferisrn =T s
T TR A e Tl oA E

éﬁww H =121kJmol"

4. Cllg)+e”'(g) =Cl (g) FHHA TEM A TTel
ol ol | 39 WAl O Seiged wied Tt
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A H" =348.6 kJ mol™

ST T 3§ AR T e o o
wHied % AR ygl §) aEd § 4 U Fenasr 8
7 for o ) wew ¥ W6 # wE SAEE e o
FoldRI SR WS o TA R S an (|t Bfan)

ST Sl UG SeiagiTata Al S 9 I e
= ufisfie feran e 21 fRdl s qoaE T R
A SATHETF A9 SERT F1 SHHIE HT FeTdm
F fEwfem o s wa &) Frfaten sttt 9

Mig) M (g) +e (A = )
Mig) + € — M (g) (Se0=H = fem)

AIE T R T gitges < el wHie 5
TEFI | e R o HEd i

T
AH(T)= A H*(O)+ [ A, GdT
et e e ) e s e e o ol 1 =
T C,.5/2R (.3/2R) % zafan
AG =+5/2R (&= = fau)

AC; =—5/2R (ZeiFM @@l = Tou)
=0 FEN
AHT (TR THEW) = B, (AEET F90)

+5/2RT AH =-A (37eegieyd) -5/2RT

5. Na’(g)+Cl'(g)— Na' Cl'(s)
= fafw= v %1 %9 (94 6.9 9 TwiEn ™
™ FA H GHE TF Fed §THTF H
e AT ¥ T8 U ww o e -ufe e
T 81
W W & IHER
Ao =411.2+108.4 +121+496 - 348,6
ApeH® =+788kJ
NaCl (s] — Na'(g) + CI'(g) NaCl o feru,
™ wfEd & forg eais Wl 39 2 RTHA
TN (A An, =2 ), T + 783 kJ mol !, T TR
gl

A =

a9 BW T WIok TIedl % W &) werdd A
faera wUEH &1 WEwe HT T £
AH = A H + Ay H'
NaCl(s) & T&% Wl & fou wom wéed
\pu H ==784kJmol ! (FEH-T7% 4)

oo AT =788kJmol” =784 kJmel ™
=+4kJmol™

TH YFN NaCl(s) &1 faem-ufwa § agg =4
Fell- A 2 21
6.6 T UAfadar

FHAMfaE! & vuw o w6 fedt e g sewifma
T U 39 W el 35 g U T F T A Hey
oAl €1 T O o WeTE S T W ufaey e
A £, afew T &% yaw 3= 99 9 fae A w
A wHfEia g 21 e § WeElaE w9 4 e
W T A1 i WeRn U A fean & o9 e
Hr= a7, EE atad 21 SEeE o e U
T T BTG T hl W4 o 10 WERT, Shiee o
HieFdra T Sorht FEq SEHFES a9 itz

g T SE A% W T T HI AT = T
a2 TH oA H @ e e B e "
T 2T = T SRS =6 FE A s
4 ufiafaa =0 B0 36 UEN S #9 wE=ESA
usHfeyia it geia &) 9@ wve sea § R
Fiaet TiEdAl o fére T @19 (Driving Force) =T
27 TF T TEA &1 o o fifE e 27 o
oT H 70 [ wFE o fom meE w10 w9
e TET £ W T

Tew T AWeE wien fF @ mEg wRe Fm
27 & AW B W UM O%d © T Edsuafad
T afafEa g €, W wfiensl o g |
A € TF @ T T AT T e & mam
w1 Teofd &1 & &1 59 T =7 w9 & 99 7 ot
@ A WA £ FEfa e wa sfatEe 7 @ E,
g Fgd = i 1 9 3 e o} EwEta
sfafaan’ &1 #ed 31 o Waualda uen = ad 2
Tl @ A (Agency) ®1 a1 TEwE & R



EASUIGEA

U & §H H 9g e Faf e sfErE
W % TH H T H YO TR AOA ¢ TEE A
WorHl o gAY el © 2H R@d © R 4 W e fawn
W Ferima TR 71 W ¥ =0 yatd YAl o e 7
Hew § e W § T -
IE fEl @@ @ (Agency) & FRT BT
Inh T faar o gear £

() & TSIl o1 @A EAT Eauaftaan ol
HHET §7
#fe 70 Tl w=st S — TerEl § 9 e @
T e e &7 wfwanes w foEr &1, 7 T fF
weFw 1 fawn 4 frera %1 frofes ot o =it T €
T UHN ¥H %F HHA ¥ % U qamtts atatm
39 faun o wayatda 2, fow fam 9 == § =45
2, S et afafmmst d g B
ZER o feru—

1 1
o M@ + 5 H,(0) - NH(@)
A HF = - 46.1 kJ mol

1 1
5 H,(@+ 3 CLE - HCl(g):

A H* = -92.32 kJ mol”

1
H,(@) + 5 0,(g) > H,00);

A H =-285.8 kJ mol!
el ft Somerdt stfafern = fom sfwermenT |
TR A W TR § AR wH I Um U]
A (F7 6.10 () & =wifm =1 g=a 1
ST T WIS FHI 5 STHT UL FH TS ST
T T § fF fae Tt afaftEwm 5 fom
wSed # aé FH FHE 9 99 (Driving force) Bl
@ 70 Fefefaa afafwEna o faEr w3 i-
3 V(&) +0,(8) > NO,(@);
A H=+33.2 l&J mol”
C (I#TEe, 5) + 2 S(1) = CS, ();
A, H* +128.5 kJ mal™!
4 AfafFam e melaa THH T8 SEE
Tl 6 gE B TF TEe- S0 5 SEer T E
(fo= 6.10 (@)
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SAfeThTERT tHr STy
=1 g
et AH

H
IEE HT LH, — ¥
el T

s ET I &
aifvfsrn s

FoT 6,10 (F) T Sfafesr & fan wesie-ane

SRR | Hy

for 6,10 () SwIT ATET & fon TET-amE

T SRR A TE T o ¢ fE wded § w
Al & fay uF wfeweEs w7, W 9
Tt g F fau wer A #)

(@) T=d uE = arear
U A AEfad WehE 4 W fren ¥ W e e 77
@Y, ' wh uE feifa w ostermm oW, faad
AH = 0, 319t et § 7 it 721 2, fer off
afafen = wFa =aAtE

U U &% U W 9iEy 9 faEid (Isolated)
2,8 2 T fouf wa S g o1 F mat
T

W A uF B, T FOv: wE U v
fagatl & <wiian 0 & aur © fau 9 gag e
T E (Fem 611 F)| w4 {99 g2 WM e
(fad 6.11 @), 78 W aram o fagfa a1 ot 21
T T YvEE T gof @ 9 g
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(®)

(=)

fax 6.11 3 ot &7 fameor

9 T TH THW F A F € famm i
77 A @R e B i s w P,
i fafeea w9 4 9 79 A & 2 35 wew Ak wE s
AR & o & a1 fprer, & 4 T B % #9] g
Wy Afg [AueE g2 & 95 9] e 9, @ 8w
fAfead A8 W TET ®E Hehd @ T N T ] i
A 1 & T 9 B Fl 9 %% Ghd & 16 [HE B
WA N AT FeEle @ T A

3F TH TE SENET W O U faeine
Traera | frema =1 F=1 A T wifrs amrafs o=
F1 vEF T € 7% R uEES B T e A
T 2

WET ¥0 U S SENTaE] Her & an w g,
o4 T=Idt 8' FEd F T IR TR &
e ¥1 vF TAES 7 TH F o uE =
T T T T T few e e A
1 fomta frms H foert atfirn roramen 20, 5o
T fE TR T T W A % e
aAfafaran 1 997 7, TEid ftadd T seEr s
F W A () W T (SER) ¥ O
Eeion i ol i il ootk e s Bieico e el

A =

WA § Y A BRi, @ v § i @i
TR e AT SR B TR § T Yiee
sifafsrar | v el S W F SR W st
Tl =1 B Eee § Fafaaa & He o A 7w
& agl UF s o fau S sewn =EaE we
(Teiffer THAHd) 1 SEen €, Weih T sEed
ATy Tl & sEE 3

A4 FH T F] WERES (Quantify) F9 59
st | S o faoe | seaen & T e S
fere uw fafa wifers! 2, =i 76 T&F =1 9 8 W
%1 gt fafy 5 sifafen o o At s ufed |
S=a = fafy &, <t w1 St e St
21 I FwrfaE worl, S9-amatE e U @
TR H W aw T o uF swmfast s
e B g8 AS WfE F vy W s T

5 off fel frepra &1 o € Wl €, 99 qE
e e T "R T T e w7 A
T UET T (q) TR U arerErar "ee e
T TEA &1 TH AS Bl q ° Hetad Tohd 37
Ve T € fF S # faee =y am W fae
w &, famr o & St ¥ U 9= A & fe
= f= a9 & Frwm = 9o ° afus sregeen g
2| 1a: frel Trm =1 A 39 SO =1 st
fa &1 "E 21 e aw W fae e s o
T 3 M = I A WA T I &
F1 ol T AF ST F RN G 2 | T
e ¢ fiF Tt TfEes qm o SR e 2

TR hEl % T 89 AS Fiq uE A9 T
T 59 wEn Hatva w1 T 6

AS = “T (6.18)

Tt w=a; vafia 7%y o oy e o gfem
F1 FE TR ufEd (aS,, ) FeEfafEs i
I ' W w T

AS i = AB ey + 05, >0 (6.19)

A W TR wreEen | 3, @ e Attt
Bl # UF Uil § Ui AS =0 #

T FE A ¢ TR TH wEEd WEE w
=it 4 gfg 7@ 9% T Wl F, ™ A% a2

total



FHmTRT

AferHan 7 gl A W T e ¥ ufe 3=
e % % WM uE wmer M R, uE: TH
IR YA F A0 78 TR-uiEA @ e
ffofaa T 30 T 5 o

Yoy e

&Sm =

wm-&%mmﬁﬁﬁm
us sERTiE-2H wwE % e AU=0 =W E,
W AS,,, FAE (AS,. +AS,,.) HATEEOTE FHH
% fom ¥ T £ T ¥ER AU, sHeEAvia mE
IRV whn ¥ fady 79w €, wafw S fadg
ETCil1l
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(71) T =l Ug @yt

T @ 9% ¢ fF el frem & fog w=rd ¥ g
e AS,,, & wEA 7 mamefim w5 e
FI T TG A TEEtE atatEa =) e
W gE fEE w0 § e £l am: s
A Tt e A S T
#  wE § A e §oaw e § A
yafde wskEl =1 faon fwifa s g 21
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39 YAIEE 39 ¥9 UF AC ST Her e
S A 59 FeE G F ITF WER Ui 5

G=H-TS (6.20)

filest ell, G U ool we s7EEe 0 2

frem #1 fiss ool & wfmd AG,, #T 39
gl e

AGgy= AHg ~ TAS o — S, AT
feaw 9 ™ AT =0

5 AGgs = AH . ~TAS,

HAA T (subscript) F7M 1 9124 T
T 39 UER foad #-

AG = AH -TAS (6.21)

7 TR s et A Wi = e § e
- WA x T § ufEd A weEEm fres
HHET & Y H S W, S a9 % A
ol FEE A U ¥ 7R v e et o
o =t s F ey f £ S (AH % uR
H) T T AS (I W) | SE 9 o
A e ) e R o faveren 9 O Y
F 5 AG F THE ol #1 3w g, =69 AH
T TAS = el W 7 (S TAS = (K) (J/K) = J]

o1 ¥0 foem w0 £ G o wam st
w1 A wEa § a2

BH A 8 6 AS, = AS__ + AS_

#fe frwm, ufEw o Wy 94 9= ° 2, &
fEm &1 9, e & a9 & "ue & s a9
i # e § gy fAEE w5 ed ¥ S o
ekl

oq ; afEY w wid | i

AH AH

AS =L surr o
sLIT T T

sy

( AH,

&Smmr = As.q_;s k \_‘ T

IUE TR & QA e e W
TAS,, = TAS, -AH,,

=h: ¥FE % fem AS,,, >0 @

tatal

(o

A =

—(AH,, -TAS,.)>0
THEI 6,21 F AT FE W ST FHET TH
W ferdl =1 A B
~AG >0
5 AG=AH -TAS<O0 (6.22)
AH, =T 21 Tt # sied © s 9w
T 2, S STAT wH ¥ fom Sues T F T YR
AG TN = & o A Sl § ud TW e (g
Al & AT 81 §H R0 58 A w5 He el
ot el A B
¢ for T@ @ A9 W owEE-Efi w
Excical
() o \¢ FUEF (<0) ¥, 79 THn = vatm
B B
(i) I8 AGq THF (> 0) T WEH 2TEd: WEtd
Bl
fewuit— afe sufean & fom et afer s
=z U W ufteds e ), & sfafEwa ae
= F00, 99 TAS 1 4F AH & 949 | o 8
M| qE & UEE G B R B
(%) HAAS Uil ited &9 8, o 39 @ v o7
s e wifew) (@) ¥eenE T aiEes st
T, 9 33 frafg § TEW T =i e amn S
e "aa £ e afumin afafeam 5= am w e
Hofea #1 W #1 WO 6.4 ° afafEme w1 e
TAfad W A 2F U9E i WAUT (Summarise) TR
peifd!
6.7 Tires swi-ufiads g
HIETI=T
™ 3\ g% ¢ F @ wen g e @ g
i afafn & an § frefaten s & i-
() TEEtE sAfafEm =1 =aaEtaa w5 EEEl
(i) At Afafemn ¥ wa @ 9% 99 S
wr =1 g
4 q% B0 AT ATETe § g s
ftad W foER 2 9% €1 @@ o0 Sermi sifufmmed
T g SEl-uiEd =1 St w5 §



EASUIGEA

‘TerTviTal’ § S T e ity §
for % w=A %1 30 TEE fEa 9 ¢ e
Fogn evA ofEwm ®@ gola: @ o | et
sfafEaet % e § ' areeim = o R e T
TaETE AfaiEa SE fGme § my-my 99wl
2, Fored for wrr wonfue =1 ook oA WaTe 2 2 TR
sfafsn A1 feenetl & 5o =i § &5 o Wy =|
|, | SEVE wdW A 21 AE 9 wea F, s
AR ® T w1 HE T gEae w0 gfE e
T F, @ Em = @ g e #i ffa o
wfEfEa 71 s

ad: W@ & o FHE E-

A+BL C+D
é:G=U

et arfuferen, fomm it sfvens @ saR
o st A E, @ s T A Ge. wrEmEn
ferrs § faefefas a9 g7 Harem g e

0=AG +RTInK
HIMAG® =-RTIn K

YA A G = - 2.303 RT log K (6.23)
W AE O WA £ fE
AG =AH -TAS =-RTlmK (6.24)

wae et sifafEmet & faw a H %1 9
Hferr T HARAF T 1 39 s 4 Ke e
| ¥ 9E3 9 T 18 At o wfys 3o
w1 o T8 Eri wemad afvfEnea § a0 W
T AfHEF AR TH FOEE EW AN A GE F A
S UH e HAIE §1 g et § K
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A | | 9gd S 3 B vae et sfafwmme
F U 39 K F1 30 % 9%a © ug e
s qof g1 Wehdl 81 A G H AM AST W W W
ot faeft stan 31 Ay sifaferen o vt afeds =i 4
A 4 T S, 79 K 96 A afgfE = 9oy
| @ owfem E fe A S W WA e A
FEOEAE E

THE (6.24) F TN FH W
AH™ TH AS™ % HITH | AGT T A ST
e, frdt 4 o u fewadt 9 9 sl &
WiE % faw K3 99 =1 T #1919 B
#fe yEPTEIEn ¥ K Hian ¥ oAm fem S, |

(i)

(ii)

&5« 2799 919 T AG™ & UE T A HI

5 TFA E

FEEIT 6.11
208 K T el o sitad | &9raeon

So@-0,0% fow ac” M
T w7 Al & fan K w1 aE
2.47x10 7%

£

T 9 € fF A,G7=-2.303RTlog K, T R
=8.314 JK ' mol’’
&
AG =
—2.303(8.314J K mol™)
x (298 K) (log 2.47 x 10%)
= 163000.J mol!
= 163 kJ mol!

ArfereRT 6.4 SATATeRaT & Ea-vafdar a7 a1 s gErd

AH>  AS® AGo qui
= + - |4l qm . HiafET a0 mafiE
= = — (f7=1 @9 @) =1 @ o sAfafsa w=aaatad
= = + (3=9 M W) F=d a1 W AFEEA S maftda
+ (= am @) = a0 afafera sreamafm
— (3= 919 ) F=g a4 W AITEA Tt
= + (=t a9 Tl 919 T AR A

* g 9 @9 Ug Te9 aly godorE £ fedl fae sifufee % g gea @i stad s &1 @ S gl awar £
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EASUIGEA

TiEl-ufiEdd AH = AU + An,RT &1 97 & fer 2@ W sw-ufiads 9 fF o w2, et
\H=q, I
T T-TfEde] o e W & Wiakl Wi (ST, SO U S TeE) Heel i
A9 W W £, % oA weed-ufed ) afaefan fen s 81 e el gee weled) e o
e e # o e w1 T w0 T R W T o Tt sifafeme ¥ veed-afEd
AH =S @A o) = 30 (BA H o )
; i

TR et H A H =Y (afaswE oy =) -y (3FRT H e s

FEATAeRT =1 wem T et wfafsen w1 fom & =m0 W 20 fEfem =, s w8
AT T AT SfatE % T A 2 v e e e Ay = 0 ) o B9 58w o e
T SE-FeE, S, TR ufafin s #1 weidt s w1 A #1 U e vt wEe % fE
ool U UREET AT B €1 e T T A e AU = 0,AS > 0 B 3 W ufiEds w=h:
Wefd WebH =i TESiad S §, Sl e Wi e T SehaviE WhH o oIy Ul Y- HE e
_\S=q—,r“iﬁmfarma1m%|3,}“lwmfﬁmaﬁm%:

<t ity ot afafrmd fer 5@ W ad € o 29 e sEen-wer few sl G
R T €, S i ud veed fieEe o wie A G =AH-TA,S W dafia gl

=Ry WA o f AG,, < 0 TF EEEeEn WOAG,, =0
A s S -fer o foeri® @ A GT = -RT In K T 9 w6 2
TWHE WEEd B OAGT WM ¥ W K F A W S wwa ¥ A G F AW wHiEm

\GT=A\H -TAS ¥ TW & 1 5w g1 W § AN UF e S0 €] e T
ftEdTATed w5 afafEd, SowY q W eEa: W 8, 5 99 9 W et S e s wEa gl

6l HE I -
ST SraEe FEA T A E,
M = wEn-ufEel  fo w2
(i) T 7= 99 7 fvi 75 = 2
(iti) S IE-SA FH & FH G O e g
(iv) Tooer =M et a9 R favi = #
62 U YEH % ward iifef d g6 o e
(i) AT=0 {ii) Ap=0
(iif) g=0 (iv) w=0

17
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63

6.4

6.5

.ty

6.7

6.8

6.10

6.1

6.13

014

weft T et ] - s 7 F -

(i) 3*E (i) ==

i) <0 (iv) B9 7 & o fort 2t 2

A9 F 72T F T AUS T 9F X kJ mol ! #1399 o AHC =1 A B
(i} =AU (i) > AL

(iii) =< AU® (iv) =0

e, IR U5 2eneeE & fom 298 K W 527 T9Fd % A Fhe: -890.3 kJ
mol"!, ~303.5kJ mol"! TH-285.8 leJ mol"' &1 CH () 1 forerm vt n 2nft?
il -74.8kJmol! (i) -52.27 kJ mol™!

(i) +74.8 kJmol! (iv) +52.26 kJ mol .

T AHFEN A+B > Ca4D+q o A0 =M 9fEd oAeE uE T a8
s v BT

il THTIW (ii) = = om =

(iii) T 1 am W =T (iv) foFdl off M W

TF wEH § e g 701 J FUn sEvifa 61 2 ua 8394 J w1 Re s 21 5w
TN o WAt w0 fEa s e

wF an Ferr § NH,CN(s) #1 sffen srsfadon % @y %1 w6 o AU =1
qH -742.7 KJ mol™ urn w1 (298 K9t} 23 zifafrn & fou 208 K @ w=ied)
NH,CN(g) + 202[;:{] - N,(g) + CO,(g) + H,0(1)

60.0 g Tefifm &1 1 35°C § 55° C % % fau faed feell 5@ 3= =)
SETFERA Bri? Al F1 Hier SO 24 J mol! K

10.0°C T | Hi& 96l A% —10°C W SHA W uetedt-ufiade w1 o sifay)
A H=6.03 k) mol! 0°C®,

C,IH,0(l)] = 75.3 J mol ' K'!

€, [H,0(s)] = 36.8 J mol! K'!

CO, F1 =81 T&ed —393.5 kJ mol-! ¥l F1E 18 a4 35.2 g CO, &R W
e T T T S )
CO(g), CO, (), N,O(g) T8 N,O,(g) F1 fata weiedr w91 -110,-393, 81 T
9.7 kJ mol '@ #1fif&= N,O,(g) + 3CO(g) - N,0(g) + 3CO,(@) F fow o H
HH A )

N,(g) + 3H,(g) —» 2NH,(g): \ H =-92.4 kJ mol ' NH;"m F] W fErEA
T = 20

frefafam «Fe 9 CH,OH(1) F1 W o w9 7 Fim

3
CH,OH (I) + 5 O,(@) —» CO,(g) + 2[L,O() : A H" = ~726 kJ mol "
C(ImmE) + 0,(g) - CO,(g) : A H =-393 kJ mol"'

1
H,(8) + 5 O,(@) - H,0() ; A H" = ~286 kJ mol".

A =



615

6.16
617

6.19

6.20

6.21

622

CCl,(g) - Clg) + 4CN(g) wAfafsman % fog éedt-afam s wifsg i@ CCl, &

C - Cl =1 =TEs THeT F T w e

A, H7(CCL) = 30.5 kd mol™,

AH" (CCl)=-135.5 kJ mol ',

A H" (C)=715.0 kJ mol !, Tl A H® Fvr Tt €

A H(Cl,) = 242 kJ mol™

o faetm fwm & fam AU = 0, 79 fom AS =1 e

208 KW sifaf#? ga B ¢ & fom

AH =400 kJmol™ TF AS=0.2 kJ K 'mol™

AH TS As i am-fawan 9 feer 9 g0 aaee & fra am w sfufwen @, 22
#fafE 2C1g) — Cl(g) = fou AH T8 0SQ & == #1 22

s 2A(g) + B(g) — 2D (€) F W AU~ =-10.5 kJ T AS™ = —44.1JK !
sfafm & I Ao 1 T Fifem 3T FaEu fF @ stafEm wa. vt o
Tl 7

300 W UF sAfafEm % fau " ferid 10 81 AGS ® WM # B
R=8314JK"' mol

Trefafaa afafFEasl & AR W NO (g) = FoArfaes wnfEes o fza ifsm—

1 1
9 N,(g + 502(33 - NO(g):; A H"=90lkJmol”!

1
NO(@ + 5 0,(@ - NO,(@: AH*=-74 kJmol"
ST 1.00 FE H,O(1) %1 7 fifefi § ffam s 2, m iy & ueifl-ofied
%1 Tl RifTU- A H™ = -286 kJ mol '
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