ST {cTeht

THERMODYNAMICS

ELE)

3T T o TTH oh a1 3MI—

o fog U4 ufiEdsr Ui &I TH G ;
o 3, Gaonl Ud foga e # s &

Tk

o 37aRes Sell, ®TH TH ST i THA

Tkl

o  IHNIfAeR! o o a9 i = &
N Forr = for T
o Yt famEl ¥ Sei-uftedq i
F@ T S o ANEE % w9 o

qRehfeTd e dohil;

o IEEN-%od U, H sl 995 Gohl;
e AU U AH o He Tenfyd sl Tohil;
e AU W AH 1 YEIfTer H99

* AH & foaq OMer 31a%en sl gRenfia

— \.\;

o faf= gR T Affmanet o fou

T qfada T T T Foh|

e 39 & feep-awA Hoed 9 =

e ST STIANT HT Gonl;

o ool wd e TN | SR T Wk
o Tod: Il 3TEd: WAfdd WhHl R

TR HT okl

o TMU I FEAFIIHT STaT-hed o
Y H YR SR TR STIIA B

HEF?I;

o HH-Toll URAH (AG) I THH Fl;
o WA yafddl 3R AG A1 AG 3R I

frerier § e Tenfud s Teh

11084CHO6

Tg Wi Tadeq 1 ahaet silfae Rigia &, foraar forg & wqe &
fo 3@ wiferer fagTal st 37eht SUTaIar & UTET & et THRT 78T
ST G &l

areae T

el S SR WA T, THIE T A1 shivel gl S §, ql TEEts
sAfafewran o IRE 7o ¥ GUEG TEEfE Sl SO % w9
fefert Bt 21 ST Teh g5 | Se et €, el THEfeh Sell A
1w T TR € Wehell 8 A1 oo Tl (I det) e S
e A 71 39 YRR Sl o fafa= w9 fagy afifeerasi § wh-
TR ¥ WER Fefd g € T Tk &9 § TR §9 H 95l o Gohd
&1 37 Fol-TA@ON HT eI € SR w1 fama-agg R
ST o f1am Tt e, foms sga-9 o) e €, 9 gafea
e €, 7 fop gem freprl 9, fSew o %8 o19] B9 1 SoAmTTaeh!
TH 9 W Hetd T8l 2 TR A qiedd e e e 9 st
B € I8 URede i et 1 WRiWes Te i atereen @ Heifua
&1 SoAmfaest & frem qsft @n] B ¥, 59 e wrereen | g
? 1 U Qe 9 g e | S 2 et frenr o s
o7 (SH— @ T ) e § 6 o @il it Tel g
T 38 Uheh © eH SN % HeAH W i Heequl el o S
3 T FAE HU| A

Tk THEE AffE/IEs ¥ 79 Feli-uidad Sy freffa
FA 2 ? T8 UREdH BN AUdl TEl? Uk qdrEtieh sfufma s
Y URd B 87 TEEte stfafsan fee w9 et 272
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5.1 SHNT(dehl o deh-lchl 9T
TN Iehdl T Afufewranst e 3 gHam
Fol-ufeddl &1 Y % B ® s9eh faw ®H
SHRIGR § T B A6 HS aehih] WSl
ST B 9T A A9 fEE e -

5.1.1 @ wa ufawr

ST § 6@ %1 e sEe % 3§ WM 9 T,
S Yeror fory S0 © e ST 99 9 CgiEsr’
FHEAM 21 IRaw H e i Sigwt 99 o gfmfad
Bl fhm we ufEe— <A e sere o 2
o + afew = s=s

e 9 eifafea 9qui e e § g
itad | geiferd el gran 21 SEifere yrEfies Sl oh
AU =TE 1 TR A, S e 9 STt I €,
qftast o ®9 § e S 2

HMId: TR &1 98 &7, S (™ o ST
BT €, IS o Siaria feren S 2l

3T F fau— afk g9 uw i o sufed S
el A Ta B i afufsran 1 stemaa X | 'L,
et (Torad arfafsman-Thgmo 8) fe™ rm ud saa
(TS <ftepe ®) uftas &1 & swam (o 5.1)1

o 5.1 : 9k T (A

o7 @ Top Tera fifies dmredl (Sie—siee =
W) § aRea fRan ST Sl © o 9t | &
fafs=a eI o wrdig fewmen! (Cartesian coordi-
nates) &Fﬂﬁ'ﬁ (set) @vﬁﬂﬁamwm%
TE OIF T 1ok TTehTa i ordfersh o1 shiediieh
er 1 W % g UREw § YU |iel SUl o9
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e, St FerTa T aReer 1 gerek et €, i’
(Boundary) gl 21 IR g ew e ok
31eT 31X aTeR 337 qN Sl & Wl & FEfa @
Yfard & Td B

5.1.2 MR &F UK

379 TH 554 TH o1l o TR0l o MR W 613 &
aiffepd Hid B

1. '@;TflTﬁGTI’J (Open System)

& gol o™ ¥ el Td 5A-3H &1 e @
ufEw & Hem fafwa (Exchange) 3 g&al e
3TN - A THRF T ol a9 § ferd S

2. g e (Closed system)

o< fa ° fo wd ufEw & 9e 59 =1 fafma
e el €, WY ol 1 fatmd g wehdr 21 Sd—
AfehRe &g it ford |

3. faeifia Tertar (Isolated system)

T faafia e o e ud ufew & 9 5o wd
FST— S o1 € Tl gee T2 B €1 Semond—
AR Th 9ig Fores | fod ol fo 5.2 o
fafs= yeR & frrm <3 T g

() foerfia frerm

fera 5.2 : g, 95 Tq facfia @

* gfe g9 haa fufewen fago o e 99, @ it &1 R 9fEs w1 i s
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5.1.3 TR & a3raen

fopelt off SAmTiaeRt fehma 1 o % T, SH—
TE (p), T (V), 9 () @ @ o Heed
(Composition) EQREIEL (Specify) ek T S
31 %9 T B AT T & fere 39 O 1 wREd
T 7d wd wwEE ffde w3 ved 71 e ifas
e | ugl g T At o Rt e o6t etforen
a1 e fwm & gt se-faget & 3§
&0 W el We a7 o SMUR T T STl €1 STkt
T 3T T Ueh 3TeT Ud TRl ®Y Faaifad foan
2| SEY Y U1 1 T o faEgd I T SAEvAHA
T 2, it =l g0 b & sfgd woE e o
1 T A © TH IR Y ST Sl ‘STt
T ‘STeaRAT-=R’ % §N oA i &
SHNaERE | TRt 1 1o &1 9uiF 3qh
HIOETE ST Tl U o g TRl STl B1 W T
9 1 TR T SHeh & (p), AF (V), @9 (D),
TS () 3AME 9 G0 T Gehd &1 p, V, T 1 Tereeq =%
R st e 2, 7 fo 5! U 6 o alieh W TRt
1T &1 eTaen 1 qui 9 § Refa &E & fag
T o Tt T[T BT AU HIA T ST TN B,
Fifer o 01 & Wi ®Y § uRafid e ehd 21 3
TN 1 S TR 1 Wepfa W R e §1 T WR
FH | T @A | 37 T 0N I 77 H 7 e, @
et TR O 1 W wa: a8 s @)
5.1.4 3TdRer Hsll : Ueh ITAEAT-Thed
S BH S TEEeh (Rl 1 == w2, e et
1 f1ME a1 g9 B €, 99 &6 Tw U@ 0
STl Bl €, S TRt 1 Sotl o1 WAt
FX Bl T8 Sl TEERTE, SE[ A1 A Fel @l
Tehdl B1 ST Gaeh! A € R w1 el el €l
TN W TH 3fdeh ol U ed | T8 qiafdd
Bl ¥, Sfeifeh
o T & ™ ¥ vow = e g e,

o THom W =1 fromm g & foan T w,
o 1™ A T3 1 yow = e/ = =l

ECIPEIRERIE]

(%) &

o Ugd B9 w1 i W @ #) enafied e |
B et IREdA i S H31| 80 Th T e o
S, forad T i v o SR ST | S i
& W1 21 TEH (e Te URewl o HeT SO
yaTE &l ¢, W9 1™ # g0 “g™T (Adiabatic)
frera wgd 1 @ Fem o srewer-ufiads wr
HgI™ WehH hed 2l 30 e Td 9fEaw & 9o
Fig Fo-fafma & il 98l | e wa ufEw
1 YUk HATC FER ‘TG aR’ weemd §
(o= 5.3)1

JU——

fa 5.3: % w5 A, faad okt @ For-fafma
Tya 781 81

319 &0 ™ M T8 w1 Hoh sT&! Takeh
ol § ufterd & 81 " T e w1 iRl
ST A T UG U A9 T, T SARE TSl U, B
RT3 1 Tereen 1 & YR 9 qREfda HT ehd 2—
U WRR -0 fF B Jee | Sl &l AYH &Y
1kJ ®1 o €, Forag Fepm 1 72 sraeen 991 B
TS IHHT A T, T W 2| AR @ W fE > T,
3d: A9 H qRedT AT = T,-T, | | 3%l B 4
st ot U, 2, @ otdfE e W uRed,
AU=U-U,
fgdta gep—o1d 30 9@ 4 U fioseH B
(Immersion Rod) S Sal & o &M@ (1kJ)
FW ¢ TS (M H qr9-uedT e % 21 g9 2Ed
€ fr a-uiadq 9 & e T,-T, € @ R

Feef ¥ IS JAN S S R T 1845 oh
e TR T om =i urn f e W e
en fafyea & e ot st § gue ufteds @
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ST

2, 9® w0 fre off yeR (wew) g R e, S
& W A ok e g @ T 2

Id: gg SUgH fe@ar € fr we ud wfar,
Al e U, i uRenfya feen e, fSaer 9
fepT Tt eTeen 1 AfereIoTR B, el TS50 Whd
H foran T wE w, T SrEeens H§ U 9o o I,
SUlq AU = U,- U, = w,, 2|

31 TR o1 STidfeh el Teh STeren-theld 2|

TR SRR § [UPAC TI o 3TIER
v fog @ ¢ foF & w, frem ® foman
2 a1 Frenma &1 Sfiafies S og St 21 36 YRR |
Ifz 1™ g & fFa ST, @ w, RO BRT
Fiifer Frer #1 atales o w9 8 S

F1 31 fort 1= uRfaa staen-weHl o
o Hehd €2 V, p T T F9 37 IRfea STawe-wher
g 3SR o fau- afg ww fRd e & 9w o
25°C ¥ 35°C & TR &, d a9-qiadd 35°C—
25°C = +10°C BRI 918 §9 Ere € 35°C % ¢ &1
ﬁwﬁmwmmegree)w@ﬁﬁ'{
ftrt fren 1 3ifqm A (35°C) T & SU| 39 YhR
T T SETEA-FeH 21 a9 § aiedd 9 7€ fasft =2
FIA B T qrelrd § UMY ] ST T STaedl-he
2, i THeh Sl o A H YREdd 39 o1 W
el &Y ot ® foF dieme h9 9 T B «RE g,
TFeTET GRT AT I G
(@) o
7q fo & foru off ufaer 9 o o = afkas =
FH I T T &l 3Mder o o qiedd &
Gehd Bl TE H-Taf9a, Sl dIdial h1 9RO €, S
q FEC €1 79 B0 §HF iR o ok forg [gd |
e 5.14 (F) H 9AU FIER T8 yRE TS A
] S EwgoH ERl i STUeT S S <a
(Tet 5.4) R o1 o <o § gl 8, W fo=m i

o e dfe 1 T U (RSEet <o ey
e §) H T, a9 W S o w2 os®
2 e, fwe am T, 81§ T ¥ fem (S)
BN SEAMNG S g H AY-URedA T,-T, SN
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ford 5.4 : & 7, (7G4 GREH o STR-9R AT %1 JaTe
g 2l

AT S Hehel ©1 F@T W oA i e § e,
AU= q B, Safe TR e W & & T2 T
T 2

TEAR FFART § [UPAC WO oh 3TIER
TRERT @ o1 T TIHIR0T 61 ° 8F W g &FHs
B & 31 FehT & Sl aedl © TE o % e
Y 9REe ®1 3IR TMifaia 89 W g RoTeTE B @
uRtomed: fem 1 S w8 8 S el
(1) "\ fefa
T U gm frufa | foem &, sefs safes i
H qfade <Hi & YRRl (T ek T ST TR
) 11 39 feufq ¥ & orafew St § uitad &l 59
TR fora Fehd B

AU=q +w (6.1

& fafvre sraen-ufeds o ufadq o YR &
AR q T8 w o HM 9% 8 Tohd €, W q+w =
AU had IR Td SAfqg staeen ® feRk sam 98
URed % YR § A €1 AR oA A HE ok &Y
A Sei-ufedd 7 8 (faafa feem) s =l
w=0Td g=0, 98 AU=0 2|

YR 5.1 A AU= q + w, SHAFIART
Her e w1 T e @1 vem M % SER,
“Tre Taafita Frerra @t wett sTafad=ia gt 217

* qgel fepr W foRT SIH a1el 1 W1 BUTcHS Tog 3R ThE g1 T SIH aTel 618 w1 uHIcHeh (o8 fean T ol sfifdent
F GEah H ord o S W 1 SR 8 W@l © q@f [UPAP A ot R fam w1 fawifier w2
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weEne ot U faetia fem € om: fa =1 =
TR G ot HET S Gehell 8 RIS HT Shell AR
21 TR 39 IS o HRE % fagia’ #Ed ©,
Ao Sl | @ T FT ST Tt 7 R T & g@n
g fohan =1 Wkl 2
e : Tk ST o1 (SE—FHs) T T i
T (SE-EA) | oI B #1 w9 fRe fewiw
3Tee H e o1 o FRUT (Absolute) AF fafde
T Hehd &, T ARk Sl o1 Feder A e e
F Hehd B, JUMY e Foil § GRedd AU o1
o S Hehel 2

IETEITT 5.1

T o™ 1 27aRe e o aRadd saRy, afc—

() o™ g ufew @ o erewifaa =T e,
Y e R (w) &E foran Sw) feem &0t
i frd TR *T B2

(i) T W FE w1 7T fRa ST, Wy Fo
& 7S g T 9 uf@w w < G Sy
frm &t ER fR9 YHR HT B2

(iii) 76T T w AT &1 S fRA SN wF g
e St S ™ & <t S TE feg
ThR 1 Fhm grm?

'

@) AU=w,, <R &g gl

(i) AU= - q, SaR Swia gameeh i
(iii) AU = q - w T€ % e 21

5.2 TTUANT

FT qEEE AtaEet § 6 Saw B §, S
Tk HE H A FO ST FE H G Bl B
3 ufledl o ufEmmr &t oM Te 3= Sl
Fe-ufadHl § Heg A Hew ol g1 @ fF 7w
Y Bl B

5.2.1 A

TeYeH Tk TR g1 forT TT e ot Yehfd W e
YT I &1 TH Shecl itk i, 37efiq e
F W fo=R &

e fagm

EW:peXAV

gAEA, P

A, V

&0

k— 11—
o 5.5 (%) faferex 7 feerg o7evf 39 W T 93 O e

g/ /9 P, GRT e T qgad &1
BIARR &4 GRSt T 8l

TE-ATTAT h1 hl T o AW 89 SHURfEq
freTge fafaey W foom & €, food = A
el T W gE 71 T w1 o e v, U fafaer
¥ 79 &1 9 p T AR @ I p, T, S p W AeE
g, @ e iR &t IR a9 7 T waW, & q6
3tk T p, oF SRR Bl S| HH1 foh 2@ qierd
TH 9% H € qe Sfam s v o e
Geper o e [0 a7 il @ T e o1 sy
& A ® (o 5.5 &)

e AT H qRed = X A=AV = (V, - V)

T 9% ff 94 § T <@ =%

Fa: T Wad =p_. A

I fied 9 9 e | foean T &1 w
g,
w= dd x fawamm =p, Al
=p,-(FAV)=-p AV=-p (V.-V) (5.2)
a2l FoTeEE fog A safan s @ e
9RAE (Convention) & TR Hded # ™ W
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ST

T B W R, S HAEE B AR (V- V) A
FUMCHSE S| STd F0TcHe o 0T <1 T[0T g,
@ w T T EFIETS g ST

Ifg Gp=d o TS 98 W @ fer 9 8 1@
%% IRfHq R ¥ S_aal @, d@ Fd w1d g9 91
H g M &1 A0 B TS —Y pAV o qed B
[ 5.5(@)]1

e T feer 7 81 e 39 YR a=erd B 6 a8
U & T ok I W SHaged Afus €, 99 e
% % TR H ST STAAYEH WA dV S| 39
feorfa & 71 g0 fop T w1 oM B fEfafed
TaY | A HT THd o

W = - pede

Vi

(5.3)

Vi ST (V) K

forg 5.5 (@) BERR &7 9Rfya vsi 9 a5erd gu Sifeer
3@ W RIS SFaT @ Sifam AT ad
Gperd d B 71 i g 2

Hepe | p, Wl U8 W (p, +dp) o I B
[fe= 5.5-71]1 Tom gRfafaal o goxor o 9w 3«
AR <@ W BHIM HH BN, AU p_=p, - dp
=% &9 ¥ g9 fore o € R p,_=(p, + dp) @
YT I YHH' HEAd B
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\Z 3 (V) V.

fa 5.5 (7) pV % 59 IRIYSF 7Fd7 V, #Vfazﬁ
g & forq Sehavitd gRfEfaE & R
FaCTd g SR 376 T 3770 Gal A foar T
1 DERR &5 | Far T4 g

Teh WehH o1 URed asft ‘Seruvia weha'’
HEATT &, 5o 39 Terdlt oft ot ariagan ufteds
% GRT Sohidd (Reversed) femam < Wkl T
ITRAUTE UghH ohy WIETGRAT3N § THaged Tfa |
T W 3T wigar & for Frerma wa uftast gdem
T OTETERIT § Ed & Shuuid UshH o
arfafiem 3™ WR WehHI i ITERUUNT WehH
FEd 2

T I W wgd o U wwerd ot €, TR
A H & g &1, U8 IR e & orafe gE
o eI Gee Wi eI uSdl 2

T HIFO 5.3 &1 frefafad vaR 9 foea
Ichavig aifeafaal § e & oTdie <9 9 Hag

F T o
Vy Vy Vy

W, == | PdV == [ (p, +dp)dV =~ | p,dV
v, Vi v,

(% dp x AV 1 W T )

Wrev:_fpindv
o9 W % @ p, B A T FHE g
TGk G o Ual § U fohar S gehdl ol Tt

(5.4)
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St 9 % n WA % AU (pV = RT)
=>p=7
d: U ferR a9 (9HadE 9%H) W

Vi
dv \%4
W == | RRT=—— = -nRTIn—
; % v,

i

\%

= -2.303 nRTlog 7 (5.5)

AT : 79 1 aid § TR (p, = 0) Jo TER
e Bl S TG o o TEROT § hiE e el
BT TS & Uieha ShAvI BT A1 STIhAvE, (TR
52 T 5.3)1

39 B9 iR 5.1 o1 fafve wehHl o STgER
%% YR 9 for@ Tehd B—

w=-p, AV (FHHI 5.2) 1 FHEHT 5.1 H
TNfYa & ™

AU=q-p, AV

¢ Wb TEeR TG W B[ € (AV=0), 76 AU
=4, qVﬁWV(SubscriptV)W%ﬁW
e e W 9EHE #1 T 2
TG I T YT TF GHATIT FEROT
Th R W H G Ud SHATIE WU T
(T= feemisr) ®, w=0 &, =iifer p, =0 B 5 Wi
g i fean 7 g = 07, s@feiw AU = 0 =il

THE 5.1, (AU = g + w), h! THATE Schyoi™
Td STIHHUIT JehHl o Tt 39 YR =e fhan
ekl B—
1. HHAH STIGRAIE YA o fag

q=-w=p,(V,~V)
2. GUATIE IHAUIE WA o o

\% \%

f I
g=-w=nRTIn % =2.303 nRTlog %
3. TS yw9 & faw, q=0
AU=w,_,
3QTg{UT 5.2

10 atm T 3 25°C 19 W foret eef 79 o
T freX gadia w9 9 frafa § a9 9o g9@ia
B4 ®, 59 qh SHh el Ead 10 Tt 7 @
ST 39 FEOT § et e staeifid et ©
S TR & foren S @2

WA faam

k3l

Y A € fh g=-w= p, (10-2)=0(8) =0
1 o TEl eIl & T IS HoA1 i e
Bt 2l

IAEI 5.3

7fg 3 yERor § feer 9l <@ 1 atm @, @
Brm?

'

TSI € fFg=-w=p_(8)=1x%x8
=8 L atm

3ETEATT 5.4

g 30T 5.2 H 5 JERO1 IhAE ®9 9 &
qv = Bm?

'

AR E R g=—w= 2.303><nRTlog“//—f

=2.303x1x0.8206 x298x10g§

=2.303%x1x0.8206x298x1og5
=2.303%x0.8206 % 298 x0.6990
=393.66L atm

5.2.2 'Q"v@l?dbf Enthalpy (H)

(R ) Teh SUART AT ITARAT-FeA
Y W4 ® o Teer et W srasiiftg o eviaies
ol H URedd & qed, AU AU = g, Bt §, WY
Aferepter it eAfaferamd feer o w9 g
TR, WEAe e | fer arHed g@ W g
21 27 yiferfaal o fou 26 W T Seee-thel &
AR BT

&H THIRTOT (5.1) I fEeR <6 W AU=q -pAV
% w1 7 fa@ o €, &l g, Fem ga srawfoa
T TS -pAV e g TR T geRo-h 2

YRR STl i URIH | ¥ TS Sifqd oTareen
1 2 9 T 2

T YU THIHIO 1 39 YRR fora Heahd -

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

[ Fafed FH W

q,= (U, + pV,) - (U, + pV)) (5.6)
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39 B T SR FHNIGHRT Her i gRefiE
F THd B, T Tl (e v Cwsifew,
e o7ef ‘TRE HE' W ‘sfafifed s e ®)
FEd

H=U+pV
Id: THEHLO (5.6) B Sl 8
a,=H,- H,= AH

T g TF T e[ Her €, qefa g v @
TS &1 T H U Saeq-%ed ® (H.U, pT& V
1 e 81 3 Gt ST ®) | 39 YR AH U
Tords TR B

feeR q@ W uRfaa 9= o fau gt 5.7
%1 for@n ST wehar 2

AH = AU + ApV i p feomis 2, 31d: &9
forg wehd B—

AH = AU + pAV (5.8)
SediEd © fop S feer g oA sraeita gt
2, @ =ened ® eH el # ufads " © e g

IR W & AH = g, fer @ w e
T 2

Ferat rfuferamen & fau AH FHoTw
2T &, W&t TR & SR T St gt
% Td st erfufsranedt & faw AH sFTER
BT &, et uRasT | T w7 TaiNuT Bl B

feeR A= (AV=0) WAU= q,, 3Ad: FHIHL
5.8 B W 81 AH=AU= q,

3 T, T oherel 219 a1 g W et ©
T AH T AU & 9 3t Tiefes <61 gin, it 3
Td 5dl § TRY ¥ W AT | Hig a9 aftedy Tt
B FfE T sraen B, 9l 399 Sfaw @iefe @ s
21 21 U UE srfafea W fomr €, e T
wfeet 21 feer 3 wd @ W v, e sttt
TSV, T SR 1 el SAGH B qq n, A
SRR T n, T SRS o Wl F 9en @,
at eeyl g g % STER-

pV,=nRT
9 Jeh X pVB=nBRT

(5.7)
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a0 pV, - pV, =n ,RT-nRT= (n,—n)RT
p(Vy-V)=(n,-n)RT
pAV= AngRT (5.9)
el An, e IeqRl % Hiel i Hew ud T
Affeharhl o Al 1 F& & AR 2
THEOT (5.9) § p AV T qH THIHWT (5.8)
T W ™
AH = AU+ An RT (5.10)
THHIOT 5.10 T STAMT AH 9 AUT AU AH
% WH @ FE W R S R

JETEIUT 5.5
e Wi el 9 HF W 100°C T 1
bar € W TH HA S oh AR o
Tfedd 41kJ mol ' 9T ATl STARER
S1-9REdT i TUAT HIfST, STe 1 T ST
%l 1 bar 3@ T 100°C T arsdiehd feham
S

'

H,0(1) » H,0(g) 9Radd & fag

AH = AU + An,RT

T AU=AH- An,RT
AH W@ W
AU =41.00 kJ mol™* -1

x8.3 J mol'K'x373 K
=41.00 kJ mol™" - 3.096 kJ mol™’
= 37.904 kJ mol '

(@) faxiot T &= o

foriiot wef e o | i feman o 21 ool ot 9w
o1 &, foreert e frenm o Sufterd go3 &Y qE1/STHE
(W) W R g1 SSE o fau—gern,
I, SR Sell, T, Sroarenfiar afife forediof
o 7
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3 707, S e H Ifierd T2 hi AE/STHRR
(Trest) W R TE wW §, T M wean g
IR o fAu— AT, e, <@ SIS T o1 € Hier
o1 ¢ Tt fepm o Tk Hiel o 701 o HH o Iod

2l &1 AR 7o B A 0 A, A A = 2, S5
T AN § WA 1 ST IR HeR S VT
HeR SR ¢ 21 fordiof ue e 1o # ik = |
Teh 9 1 S V o U H T a9 W ekl Y Tehdl
g (fas1 5.6 ®)1

V. T

(=)

e fagm

Ife ¢ wa=1 2, @ S @ adE gfg St Bt
21 5 B HoArar Tt §, Tue o1ef 9% © f
THH] A9 dgH ok U aga i el =reul

C U1 T A o GHEEU el &1 fere ered

] Hiel S Cm =% Tk HIT h1 SCATTET

21 I€ SOA1 &1 9 HAGN ©, S T Hiel 9 1 A
s feilt Sfcea® (1 & ohfeed) seM & fau
SerTaeh Bt 21 ferfyre svomr, 59 farfyre. somentar’
ff FEd €, o SO 2, S 3hTE AT ob fepdl uered

Nol<t
ﬂ
vl
ﬂ

(@)

T 5.6 (F) 797 V U5 a9 T R T% 19, (@) [G9s/% & g/ a7 &1 o767 i1

31§ Afg fauSieh o6 gN STEEA o Y fEa
S (fast 5.6-@), TS99 31a 3Eaq v/2 81 S e,
W F€ A9 OE & @ ¢ o T € fH e
fereediol o1 €, Seifer @9 e o 2l
(1) FeTETEar
39 UGS U B 3@d § foh Tepm ol 3fdfta wom g
At St B1 A PR gRI S T80 1 S, @ T
a9 gig o &9 § qRerE e 2l

a9 § gfg Sfafiq S o GEEU gt 2

q = T[0T x AT

Ui ST T oM™ o TR, Feied T Yehfd
W R e 21 3 B9 39 yeR ot fo gehd ®,
'q= C AT

Tl U C I HEIRAl’ wed €

TH YR STSATHIRAT 910 8F W &H a9 gfg i
Y T YA SO T H Tehd

&1 a9 T feilt Afewem (1w Hfeaq) s@H o
fau srevas B @1 et wered @1 A sgH ok
I W SAERAF FH g A4 H b foIg T
fafere = ¢ *1 T9 §HUM m T Aq9-IRadd AT
T T FW T, i

g=cxmxAT =CAT (5.11)

(%) T amavt W & fow C, we C, ¥ weim
FoeTRar i feR ST W C, | TE fEer g W
C, ¥ i F T o7 T T Fae J@ A ¢
q o fou feer et W wHie for@ Fehd B—
q,= C,AT = AU

g feer @ Wq = C,AT =AH

aeel W % faw ) w C, % ¥ W T
TR FA TR S kel 2—
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ST

TS A ey 19 % U AH = AU+ A(pV)
= AU + ART)
= AU + RAT
. AH =AU +RAT
AHTE AU AF W@H W
C,AT = C, AT +RAT
C,=C, +R
C,-C, =R

(5.12)

(5.13)

5.3 AU TS AH <kl HIAT :
SRartata

TR e ifae g 9 Hafd i, afteds
51 qrfiTer el R T Y €, 39 ¢ chelHe
(Calorimetry) W%I Wﬁ?ﬁrﬁquﬁﬁ
fopen STTan €, o shetreiet’ shed 81 shelliiet T
39 % T1d STFA | a1 WAl | X FT SHONA T
HARIHIZ 1 SOATEIRAr T € 0 qrq-9Red ok
R T bW § ST oA TG 1 ST Fehel | AT
T feafqdi o fre s B—

(i) feerR-emad™ W, g, (i) feR @ |, g

(%) AU & HOF

TErEfe stfafewanet o forg feer stads W eremnfia
FOHT T HIOH 9H ShallgTel (Bomb calorimeter) T
e St ® (o1 5.7) == @ Eid &1 e (99
HARHIEY) STl W gaE Sl €1 Widd a6 § SATerier
JaTfed S Saaeiel Ufast (Sample) 1 STl STl
21 Afufsran § Scq= Fo STl 1 3fdid & Sl 2l
IHF TR S H A9 Ha B o S 21 S o
hARIR quidar &, € ofd: THoh A W IS
e =& eranl iR g e el T S @1 Fwt
% To el o Heta THEte srfafmaet § o @i
1 & Bl iR AV=0 Bl &1 Tl 5.11 i
TR U AR i FOHHIRE 1 BF T Aa-gfer
1 g, ¥ IREfia & fean s 2

145

IS ()
wERT e N
1 FEne
\
TA9T-ER
\ \
it
Eu| s
3@ Hied
STt
. G s
faT 5.7: 99 el

(@ )AH T YA

oo 3@ (W= SgHEeE T@) W HH-TRed
oot 5.8 § =9IfY T SheARHieT g1 AT ST Hehell 2
T S § foh AH = g, (feor 3@ W) | 37: feor <
T IAFTd Tefal STaenfud o1 g, sifafshan e
ol i T A H Feamrd 2|

SIEIERIREEL

ferd 5.8 : fXeR 3@ (FFASHT /@) W FA-IREdT 797
& forg shendiHiex
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Fomedt sifufsmanet § o ffs et € qen
frerm @ ofiet # o 1 yeE B 2 sEla g
SRUTCH BT de A H ot RoTcHs Bl g TE
ST sifufcRateti W S srewiiia g ;g
SR A H T oA g

IR 5.6

frefefea Tt & o ER, 1g U%Ee i
SIS 1 TUhdl H 1atm @ T 298 K W
T hARHE § T8 @l S gl

C (3% ) +0, (g — CO, (9
Afuferan o SR a9 298 K § 299 K e el
21 A o1 eI 1 o 20.7 kJ/K
B, @ SR Affswan & o | atm <@ wd
298 K W Tedl qiad 1 gnm?

&

T AR ¥ I SO g TS oheliHel i

TR €, §, T AR gRI T

ol

q=C,x AT

sifafshan | W ST ST HH WHE BN, W)y fow

HUMHS e, Fife e (Afafwan-fason)

TN UET FOT SheAHIT g TE0T i TE Hod

% g BN

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

(7T otk Torm erfufsman o Somedt g

& 2)

37d: 1 g YHIES o T8 o fll AU=-20.7 kJK '

| Hiel FhTEe o @ ok ferg

_(12.0 gmol™')x(—20.7kJ)

= e

=-2.48x10”kJ mol '

Jel Ang= 0

~ AH-AU=-2.48 x 10°kJ mol '

e fagm

5.4 srfuafewar o fow ot
uftad, A H rfuferar et
Tt sfafEa § sfufEae 3@ § aeed §l 39
A 1 3@ TSR W B— AATHAE — IR
Ffaferan oF SRA Toed-uiteda stfafsmar-Ted
FHEE & THEE Afafwa § Teed-afed A H

g o <wifan = @)
A H= (3cIR} ot et ot am) — (fufmasnt
F1 Tt ®1 4T
= 8 o = 2 bH
&l Y (fammn) fog &1 Swam sied & fog
fohan ST & TS a, T b, WA THIHTT F HH:
SAfafHaer! To Searel o Wil o &1 SER
% fau— ffafeaa eifafean d-
CH, (g + 20,(@ — CO,(g +2H,0 ()

AH = zaiHW = zbiHaqﬁ;ﬁmav

(5.14)

=[H, (CO,,g) + 2H_ (H,0, DI- [H, (CH, , g) +
2H_(O,, g)]
el H, Hier T €1 Toedi-ufteds T agd
IugRtt Tfer 21 gueRT A feR @ R et sienfin
TErEfe Afafshan o e A1 Side i Aiel a9
o SfEvTe 21 SEHT STEvThdl W Lot i ardig
foefar =t o e o ot vedt 21
(= )rfuaferam st Areh Tt
el Tt stfufswan w1 woed aitftufaal w fsk
F 21 3T TE YT § fon w0 o Ak it
i e )| Twdr TEmEte fafwar @ aFeh
Tt o7 Tt uftadH €, S srfaferan o
TS Gt ueTe ST WieR aTaernal o gl
Tereit uarel st UeR ataren Tt fifde am
W ISHHT 9% I ®U &, W 298 K 1 bar & W
T STl 1SS0 o folu— o UM 1 A
3 298 K TS | bar W G %9 el &1 @8 &1
TS -TEA 500 K TS 1 IR (bar) W IF 3 2Kl
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ST

21 3ffhS WA: 298 K W Ty Sd €1 Areh wffeerfaa

HI AH q?'ﬁ[fﬂﬁ © (Superscript) @Y A fha

ST B S ok feau- AH®

(@) W TR0 § T -uieds

Wi qRedA | Sroli-qiedd o gl €1 S0 ok

fo oth =1 faee™ o fau S 1 sTevgehdr gt

B RO St 1 fUserr fer <@ (arHEedE

) T BT © AUl We-qiea gid T A fEer

Tl 1

H,0(s) - H,0(1); A ;,,H® = 6.00 kJ mol '
Tl A, HO TS ST § Mo Tt 31 A

Sl otk § aeerdl ©, a1 $Heh foIadid YshH Bl © el

I € wEn § e qiEe § =l Sl @l

ufer At 31 uaTel & e W giHeTel Tt
Ufted= @t ueted Wit T TEed 91 Hier T
T A HO ET AT

SIEl 1 T ORI Bl €, o7d: @l e
THfeTE! ¥TeHeR Bl 21 STel o STodeR{ul | o7
ST BN 2| THF IR T, TS TEeR T@ W:
H,0(l) — H,0(g); A,,,H® =+ 40.79kJ mol™

A, H® AEHET F A T 2
(T, #AR T, A Tl T T 21
ot 59 F Teh AIGT oAl FReR A9 TS HFeh &Tal

(191R) W SSAichd ot oF Ty, 2Tageeh ST okl SHehl

147

Feued o 3 WY € T o o5 S 81 3
1o SEAFAES 1 I o (dry ice) A, H® =
25.2kJ mol ' & WY 195 K W Fedurfad it 2|
et g | -k Heduifad gt €, frme oy
A, H®=73.0 kJ mol "

fordlt 319 o Teh Wil ot e A0 & A
TE@ (1 9X) W FeAured | g areit et
TREdT o ST AT BT GO FEd
edi-ufiedT 1 °H 39 ugied o SfaR-3Afaes Feli
1 el W R e €, et ween-ufied e
@1 €| ST o TeIu— el o U3l o Hed Sureerd
I TGS a9 THh! 59 STaT H 5cl oF T3 i
e | oY wd ¢ FErE 39 (SE— TEeN) o
siqR-3ivask fgya-feya s foren fovm €9 §
gael Bidl 81 39 Wb 3ok | Hiel oh arodiehd 8 |
el o | HICT hi ATSHSRd BIF hi 3TUeT hH ST i
ARl Bl €1 WROT 5.1 § pw Uil i e e
AR HT HAS Tt & TE )

SEMEXT 5.7

Teh dTet (Pool) | ket ek e 18 g Il
1 WA W et () €1 W Il 298 K W
qiftad BF o fau foraet o stewas g?
298 K WX STSHIeh 0T i SATqRe Sl bl UM
Al

A T A1 AeR Ao TIed A H O whed 81
WRUT 5.1 I UG a1 o {0 WM TEedt aiteds ue

Substance Tj/K AfusHQ/(kJ mol™) | T,/K AvapHO/(kJ mol?)
N, 63.15 0.72 77.35 5519
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
CcCl, 250.16 R 349.69 30.0
H,O0 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
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el o Tt 298 KW A, H=44.01 kJmol

'
ORI oF YhH i §H 3T FhR TS HT
Tod 8-

Vap

H,0() — T 1 0(g)
18¢ H,0 (1) ¥ Tell 1 Tem — 198
18 gmol ™
=1mol

1 mol STl = 298 K W &% o fetq &t <1
e Foi = nA,, H =1 molx44.01 kJ Mol '

=44.01 kJ

(T& I BT R aToT STeet TR oF WM HeeR S
2
A U =A H-AnRRT
vap vap g
1 mol a4 & foag
Ay H = (1 mol) (44.01 kJ mol’)
=44.01 kJ
An, = (1 mol — O mol) = 1 mol
A U=A H-AnRT
vap vap 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)
=44.01kJ -2.48 kdJ
=41.53 kd

3ETEATT 5.8

Sl AT i RS TH WD €Y MU ity T
100°C @9 3R 1 bar ¥ W 1 mol Se-aToq i
0°C a9 &I 9% H s€e™ B T=IReh ol | foham
iedq gm? fem @ 6 9% w1 Ter weed
6.00 kJ mol ' 3R ST 1 SoAIRar 4.2 /g °C B

'
Ifadd 7 TR ¥ g 2

=T - 1
1 mol H,0 (g, 0°C) — 1 mol H,O (1, 0°C)

T UREdT AH,

W fagm

=T - 2
1 mol H,0 (1, 0°C) - 1 mol H,O (s, 0C)
T e AH,
el T e e

AH= AH,+AH,

AH = -(18 X 4.2 X 100) J mol '
= -7560J 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 '

a7 W 3G Xl H URedq g1 W
Fd § TG gRed g § otdi—
pAV=AngRT=O
= AU =AH

=-13.56 kJ mol '

(M) AR fatem Tl A He
foreit dfiten ok Tek WIeT whl SHek &1 awal, ST 310
a8 wrEft wu § ol g (W ' @
‘Had-srawen’ off wgd §), ¥ ¥ farfom w1 W
EMaTe! ek THreUl Uiacd™ sl SHeht ek Hie)
foer wdwd A He et S £

el g f' S © o geitea AT
| HieT 3Heh qell, S 1o Hel e w4 ¥, 9w
fopan s 21 e P erfafewag SRt A faem
TR THedt % @Y & T e

H,(g) +120,(g) —» H,0(1);

A;H® =-285.8kJ mol™

C (Y%L, 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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ST

TET 98 THeH1 el € foR AR foter e,
AHe, A He % T fag feufa €, fomrd | wier 2ifires
A Tl W S B S SWie e stfafsmaet | v,
U TS ST § 9§ Yk 1 1 Hied Sl B

CaO(s)+ CO,(g) - CaCO,(s);
A H® = -178.3kJmol ™

Tooh Torodi U Sromendt sifuferan o - afted
hfee e i faer Toed T €, wifn saw
ey HreHe T Tl T T S T AR 9
o1 B Trfatad sifafswan o forg off weed-ufted
HBr (g) ®1 Ao Tt foert ot A Howe 2,

149

dfees A sifaferan el B

H,(g) + Br, (1) - 2HBr(g);
AH® =-72.8kJmol ™’
Tl TR SIS o Teh HicA i T9&T 31 T 37
d@l ¥ o ¥, A H® =2A,H°
e FHhTo o T Tlehl bl 2 9 fawfem
X HBr(g) o fotem Toedi o forg wefieor 3o
TR Toran S Rl 2

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

TROft 5.2 % A FY UL w298 K W AR Hiew oo T, A HO

garet AsH' [ (kJ mol?) qaref AsH'/ (kJ mol1)
AlxO3(s) -167.5 HI(g) +26.48
BaCOs(s) -1216.3 KCl(s) -436.75
Bra(l) 0 KBr(s) -393.8
Bra(g) +30.91 MgO(s) -601.70
CaCOs(s) -1206.92 Mg(OH)a(s) -924.54
C (&) +1.89 NaF(s) -573.65
C (IPTEe) 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 NHa(g) -46.11
CHsOH(]) -238.86 NO(g) +90.25
C2HsO0H() -277.69 NO2(g) +33.18
CsHil(l) +49.03 PCls(l) -319.70
CO(g) -110.525 PCls(s) -443.5
CO2(g) -393.51 SiOa(s) (FaresT) -910.94
C2He(g) -84.68 SnCla(s) -325.1
Cla(g) 0 SnCla(l) -511.3
CsHs(g) -103.85 SO2(g) -296.83
n-[CsHio(g)] -126.15 SOs(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(1) -285.83 H(g) +218.0
HF(g) -271.1 Cl(g) +121.3
HCI(g) -92.31 Fe,O, (s) -824.2
HBr(g) -36.40
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FS TAT BT 298 K R AMS Hier fow=d
TR A B ROl 52 # @ 2

URUE o SER, Th el o Had S
Teqforee 1 oTaxen | (Tey-etaxen) AFe fatem
TR A B A Y feen S 2

T ST fF 319 Tk ohfhehal SRR &
3R ST =Ted ® fop afe an aared eroet wes
e | € d chfeda e i =1 Td he
eeAadEe | faufed = o fau feaht oo
1 SMETIHAT B,
CaCO,(s) —» CaO(s)+ CO,(g); A, H® =?

TRl &H e Toer Toed! o1 ST o Eehd
T e AR F T IRed TRefad e Hed
B T aRedd i TR R o fore g Frefefiad
G THIRLT 1 STEN T G B
8,H® - Y aa HY (3ER) - ) b H (afafsae)

(5.15)
Sl Hqfeld il W a Td b HAW:
Afufshoreni T Searel o TOTeh B1 STk THIHTOT
1 Shicwan Hiaie o fased T &N #d 21 7Tl
a T b A 1 Bl e:
A,H® =A ;H®°[CaO(s)] + A ;H[CO, (g)]
— A;H®[CaCOy,(s)]

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

= 178.3kJ mol!

3d: CaCO,(s) 1 farere sromendt stfwfsran
21 31d: =food ScuE W H & foU sTYeR! 39
TRH ST BT
(9) FERETE e THeRTuT
T Hferd wHrEfeR e, fSeH 6o A H 6
= ot e T @, SR SR e
21 BH T G | uerel i difae steeend
(T Fraeeq & |@Y) Ff ffEe W 2
I & fau-

e fagm

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

SWFd e fyed a9 @ 9 W 39
ST W1 T ST 81 el IREd 1 SR
g <vial & T o8 & somedt stfafsan 2

SRS TN & Hed ° frefafea
gRarfeai =1 4 e SEvas e
1. Sqfea TEEtTR g | qone SAfafsheeh!

Td ARl o Hial (AU & TEl) hi R

FW 2
2. A H® W T A RO 5N R o

Tl 1 S % §ed § Bl 8| O T

REdT A H° #T 5T kJ mol ' BT 2

ST RN hi THAN o fau gx F=fafea
sifafsran o foru stfafman-sesm &1 o e B
Fe,O, (s)+3H, (g) —» 2Fe(s)+ 3H,0(1),

ek forca Toedt w1 | el (5.2) 9 8H U B

A,H® (H,0,1) = -285.83 kJ mol ;

A, H°® (Fe,0,,s) =-824.2 kJ mol™;

AH° (Fe,s)=0Td

AHC(H,, g =0, Rl o T8R
qd,

A HY = 3(-285.83 kJ mol ™)
- 1(- 824.2 kJ mol™)

= (-857.5 + 824.2) kJ mol"!

= -33.3 kJ mol!

M @ foh 37 ToIstl H Wge Ul E S
, S Sfea Wifsraifafa omerl (Stoichiometric coef-
ficients) o I 2l A FP 1 3HTE kJ mol’! 2, Tome
1 Afuferan 1 9fq die 81 S 89 ST YR °
Tk Tl o1 Fdferd s od €, e 98 Siffshan
o Teh Hied ! IR e 1 &H T &l =
TR § Tgferd i €1 SereTone—

%F%os (s) +§H2 (g) - Fe(s) +§H20(1)

qa rfaferan 1 a8 AN UH Wi tfafsmen sl
W A H® B
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ST

AH, = E(—285.83 kJmol ™)
2

—%(—824.2 kJmol ™)

=(-428.7 +412.1) kJ mol!

=_16.6 kJmol'' = Y% AH,
Y T Bl @ T Toedt we fawdiol ufn 2
3. w4 fordt TamEfte T o 3ae foman S
2, T AHC % WF 1 fug o s<et S 2
IO o feru—

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

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

(=) 29 s Fem

<feh Tl T STawT-he €, 37d: Ted qied
R eTaen (31fyehRert) sifam staen (Seml)
W Y o U Y Wdd B Bl S 9l H- T
sifafsran =e Tk U H B A FE TR HI JEern H,
et qiad guM wa #1392 e’ % ' e |
TH YN HE Hohd 8-

3k US W g arell Terdt Tremaften arfurfeman
Tt UTFeh THedt 3 |t srfuferamei st wum @
W WHeh TEfeual =t 9 giet &, fomw 3| wout
stfurferar @ fawfaa foram <1 wewar 21

=T, &9 39 799 1 He<d Ush ST o g
3| Frefafea stfafwan § woed-uRads w fa=r
HF F—

C(ﬁw)+%02 (g) > CO(g):AH® =2

TEM CO (g) 7Y@ IS §, W 39 Afafewan o
FB CO,TH THM e B T 3T: SRt SAfsafeman
o foru &n woed-aiadT &1 @Y a9 T T
F Thd| A% &9 o Tt Afufward g weh, fomd

151

Hefurd Taefist =, df Sued gHiet § Toed-uftad
1 UReher TRl S gehdl
o9 g9 faeafafea sifafsenet w faemr =@
F o
C (¥ .s)+ 0, (g) - CO, (g);
AH® =- 393.5kJmol™ (i)

CO(g)+0, () - €O, (g):

A, H® =-283.0kJmol™" (i)

TH SIS FHIHN i T YRR T I B
for sfesa arfuferen o & wul <€ 8 W @
CO(g) W ¥ o foTu T (ii) i TH Tl HLd
&, foes worl fje 81 &1 o Sfaeifa et 2
3d: B0 AHP o HM &I fog a5 <4 €l
CO, (g) > CO(g) + 5 O, (g):

A, H®=+283.0kJmol ™" (iii)

THERTT (i) TS (iii) ! SR &9 Trosd THIHI0 Jrea
F B

C (e, s)+%02 (g) —» cO(g);

TOeh fw A H® = (-393.5+283.0)
=-110.5 kJ mol!

ek ®9 W Afg Tk A an A B
faq s 9 9 o Tl ufedd A H @l
TR UF § A H,, AH,, AH,.. 994 3¢E B
g o fafss woef-ufted= &1 sfafifra w@
s,
AH=AH +AH,+AH, ...

7 3@ &9 | 7 feman S Hehar 2

(5.16)

AH
[A]l———[B]

lArHl TArHS

[—2% o
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5.5 fafita uere =t arfuaferamen
o fom TSt
afufmanei o yeR 1 ffée =t gu el
AHHIOT AT GrAUTSeh el 2|
(%) ATk ST TIST A_H®
TEA AR wehfa § Swedt B g1 A s,
Uehe, faam e Sfe o 311 weqstl | Hewyul et
&1 A 8 TOeW i 39 YRR TR fema s
¢ 5 e foredt oened &1 ofd Aie 9 et ufadw
2, S THH TEd & Ho®d Bl €, 6 WA
sAffshaer wd IR T faferse d™ W sToer Ak
st | B B
M M drelt 19 o faferet § gemd: oA
(C,H,,) 9 Bt 31 #[27 & TF Wit o T84 H 2658
kJ SoA1 fe et 21 5o fou en SeREEts
sifaferan #1 39 YR fo@ ded o

C,H,(g)+ g 0,(g) - 4CO,(g) + 5H,0(1);

A H® = -2658.0 kJ mol™
TH YRR M o 381 ¥ 2802.0 kJ/mol
o Frdea et ®, foraes fore wfienor 8-

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

AR YRR | ot <871 o YA &I e 9o d

Sl S0 il B, TR S SeTg e WehR o el
Se-qEEfTen Afaimaet w guit ¥ a €, o
TTEH &1 SYART gl 2

3ITE 5.9

S o6 1 Al 61 384 298 K TA 1 atm W

BT ¥1 T o STIA CO,(g) T H,0 (1) 54 &

qeM 3267.0 kJ FoA1 Frfer @it @1 ot o6

fore aFe formm Teiedt &1 oM ST Co,(g)

e fagm

TS H,0 (1) & fau g9 foed Toed &
M %H: -393.5 kJ mol ' T8 -285.83 kJ
mol %I

'

=i o1 faem FeEfafeg gdeor 9 fgn
ST B—

6C (Iez2) + 3H, (g) — CoHq (1);
A H® =2?... (i)
| At i ok foT ged et B

C.H, (1) +§02 5 6CO, (g) +3H,0(1);

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

C () + 0, (g) > CO, (g);
A,H® =-393.5kJ mol ... (iii)
| Hid H,0 (1) % for faem woed 8-

H, () + 5 0, (¢) > H,0(1);

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

A H® =-2361kJ mol
3
SHz(g)"'Eoz(g) _>3Hzo(l);

A,H® =-857.49kJ mol™
SIS S FHIHIN hi S T

6C (i, ) + 3H, (g)+§oz (g)—> 6CO, (g)

+3H,0(1);
A,H® =-3218.49kJ mol™ ... (V)
HHIHIT i i I HH |

2024-25



ST

6CO, (g) +3H,0(1) - C,H, (1) +§02;

A,H® =3267.0 kJ mol" ... (vi)
HHT v T vi i Sied T EH UM ®

6C (3%132) + 3H, (g) — CsHy (1);
A,H® =48.51 kJ mol’

(@) U TS A_H®

MW, SEEESISH o HUH o 39 330 R fa=Er
o

H,(g) - 2H(g); A, H® =435.0kJ mol™

3T 2@ Hd ¢ T 9 IR § SEeESSE &
H-H s % 224 ¥ H WA W eid 81 39 Wik
¥ BN 9 TACH-ufeR™ R HUH T, A He
Fed &1 9% T e ¥ Rt ff wered % ww O
o Iufeerd STEHl ! qUid: dresh TS H e W
B oTell Toel-ufiedd €1 SW ST Y STZEESH
S fEREE e w1 HUH T SRl STE
faem o ot Bt 71 UM TR & P o=
I TefefEd B—
CH,(g) — C(g) + 4H(g); A H® = 1665 kJ mol"!

g M <A A o1 @ T T8l Scas sheet T
s ® ¢ 3R H WA €

Na(s) — Na(g); A H° =108.4 kJ mol™!

TH 31 H UM T S SeEur Toedt
T GHM T
(1) IEE TASH A, H
g rfuafwaretl § TaEte aey 22d T o 2
3TTee T2 o TeTT ol shi STIeRshel eidl & 3IR 37ael
T | St e B @1 et oft erfafemen w6 o
S A e v A A e
REdEl ¥ Sl ST Hehdl ¢ I9EE s ¥ S
Toefi-ufiedl o fau FmfaRt § @ ofem U
IR Bl e
() eey fadem e
(i) HEA STEY TS

153

ST A ITAT = AR T g
3Tuel o weH # &
fguraroyes a0y : ® feafafed gfwar | faar &
T Hiel SRS S | foeme g ey e B

H,(g — 2H(g); A, H° =435.0 kJ mol

70 URa § BN A TOed-uRedd H - H
AT 1 3TeY faRe Q‘@l?‘ﬁ (Bond Dissociation
Enthalpy) T

anser oo et s9 ufghan ® g arer
edt-ufteds €, foa fordt T we@dee
ifiTeR o Tk WA e <gaht 6T e ol

M % T I Tel-ufted iR SEerger &1
FHUH Tl T THF B 311 Gl fgaeemres sropet
o forg off o8 T 21 SSewong—

Cl(g) — 2Cl(g : A, H® =242 kJ mol*

0,(8 — 20(g); A, H®° =428 kJ mol™

TR 3T0] H 3T fadisH Sell 61 99 Th
] § Tt w6 o fag f9= e R
FgUTHIUIS 31U] (Polyatomic Molecules) : TH
T IERANF 317 (SH- CH,) R fomr & T
THoh UM o ToIT SAUHET Sfhal 36 TR &
ST &
CH,(g) - C(g) +4H(g);

A, H® =1665 kJ mol™

HeH H =R C-H ey TAM €1 38ty HeH 370]
H |l C-H &l & MEY-g4 T Tae-Sell ot
T HHA §, AU Y&eh C-H 3T 1 dig o fag
evEF e fa-fim 2, St A= @ T 2
CH,(g) - CH,(g) + H(@); A, H® =+427 kJ mol

CH,(g) — CH, (g +H(g);A,,,,H® =+439kJ mol
CH,(g) — CH(g) + H(g); A, ,H® = +452kJ mol

CH(g) — C(g)+ H(g); A, ,H® = +347kJ mol !

HAd:

CH, (g) — C(g) + 4H(g); A _H® = +1665kJ mol !
379 9 CH,® C-H & oY 3fraa eTTeier Teredt

TR w4 B
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CH, = V(A H®) = % (1665kJ mol™)
=416 kJ mol!

B9 3@ © fF 999 § C-H 99 #1 3id emEy
T 416 KJ/mol 81 T8 ur T Tk fefirm Aifirent,
S¥— CH,CH,Cl, CH,NO, 3T & C-H 9% &1 37/&d
ey Toedt OF THh-gE 9 gl foe g #1¢ Wy
T Ol | 2ifue 3T 7l BTl 29 o fEm w1 3w
T % Y THEd H1 MOET H ST Gehdl B F
Tohel 3R SgeTe i Tl GrRolt 5.3 § Suers 2l
srffeman et sgd Hewqul Bl €, Fifh I8 [H
T % I TH T S % I o FHRT & I
Bl 1 Ffe B fafvs erey wofews T e qf e
sraeen | e ot stfuferen 1 woed I =1 =0
Herdl 1 T sraen § sfufwa w1 weew woed
AH° ScRl T stfufsraet &t ety wefeqal @ 59
YHR Heud Bt 8—

ECIPEIRERIE]

A HO=Y e Tt " e Ted
(5.17)**
IE Hay 39 gHF famiv SUERh B §, S«
AH® w1 HA T 7 'l feE sfafwa w1 e
Toedt-uftad 39 rfufwar | erfufras sroge &
qeft el 1 died o fou Tavas el e Scmsl
o 3TU[eT oF 9ol STEHl i qe ok foTy e el
1 3 B 2| &I © o T Teiel oe wel B 9
S HF N B, S& Afdfe H |t e
(erfferae Tt SaR) T s | @
() reTeh et
TF AR AR w1 oE Tl 98 T
IREd &, S9 T Wil SR AT T e o
A A | ferifea gt 2

ARU 5.3 () 298K W FB Tehe! ATeel oh f@d TIR W (kJ mol* #)

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

159 201 272 =
138 184 368
155 540
176

P S Cl Br I

318 339 431 368 297 H
264 259 330 276 238 C
209 = 201 243 = N
351 = 205 = 201 o
490 327 255 197 = F

213 226 360 289 213 Si
213 230 331 272 213 P
213 251 213 = S

243 218 209 Cl

192 180 Br

151 I

ARUM 5.3 (@) 298K W F Ed sgeae TIedt 7 (kJ mol! §)

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

611
837
741
1070

O =0 498

* qie F- ey faaieT TEIeY o Sed STaY TEIed) & ford HA a8 &1 9A fEEr S gl
AR 7 aEy e TR (AHP, ) F T FR, St AT WA g R FRR & TF A oy T #

Tiet-yRadT &, aa AH® =) AHS

©
IR F STE _ZAJ‘HWW?% s
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<fer STereh Toedt i w5 e | e
Iy B, ord: gH T W fafy s SuEn e €,
el T Tl oR@ S €1 SH aiH-gel wIeh
(Born-Haber cycle) gl STl ? (o7 5.9)1

Na'(g) + Cl(g)

1/2 ApongH

= 121 kJ mol”

a’(g) + 1/2CL(g)

-348.6 kJ mol™

o

AH

+495.6 kJ mol” |

Na’(g) +Cl'(g)

Z

a(g) + 1/2CL(g)
Asub He

41|

+108.4
o kJ mol

(s) +1/2Cl,(g)

AH

-411.2
kJ mol™

NaCl(s)

o7 5.9 NaCl &1 e/ Tledt & faq Teiet siRE

amee, gA fefafed 9&f § Na*Cl- &1 e
Tt 1 O B B
1. Na(s) > Na(g) Wifeam g T Fedurad,
A, H® =108.4 kJmol™
2. Na(g) > Na'(g) +e'(g) Tfead THIT] I AT
Tt

A,H® = 496 kJmol ™

3. %Clz(g)%CI(g)aﬂﬁﬂ? &1 T 59 srfafswan
FHT T ey forie Tt w1 e 71

%AbmH9 =121kJ mol™

155

4. Cl(g)+e ' (g) >Cl (g) FANH TR N T
TR Afed| T8 Yisha § Soiee afel Toed

A,,H® =348.6 kJmol™

M Teheh 3 | ST Toed! qer gelei afe
Tt oF SR H a1 ¢ O § ¥ U SOANqeR! 9§
& ford U €| UEel T YRl I S A Sel o
TR ST TRI 1 WART fohan S e (Sfe 3fEn)

T Hlt TS gelaeaEar
ST Sl Ua Soiagaedl a1 i TH Y& q9HE
o gfRerfg foram e 21 forelt ot araEE W g
T SATTH ] T SIET I SHEATRGT i &
9 yfterfera foran s gerar 71 Feafafed stfaferan o

M(g) - M’ (g) + e (3TF o ferw)
M(g)+e — M (g) (STRRH o fow)

qEEH T R TEedt gfigdd 9= fore g w1
eI § UReRfad foram S Hehdl 6—

T
A H°(T)=A,H°(0) + [A,C2dT
o

SWE fufspastt & 9 F ® yew gwed &b
FeEfia C,.5/2R (C,.3/2R) B gEfer
AC3=+5/2R (& & faw)
ACg=-5/2R (3R A=l & foan)

34 R

AH® (3 THTR) = E, (3MaH &)

+5/2RT AH®°=-A (S0o@Hayd) -5/2RT

5. Na'(g)+Cl (g) > Na" Cl (s)

2 fafe=1 wei =1 %9 T 5.9 § <wifan w2
TH HH 1 ‘SH-BeR W’ Hed | 3@ Th h
e e ¢ 70 R =% H Ted-uftedd
g 1

79 9 & IR

A H° =411.2+108.4 +121 + 496 - 348.6
A, H = +788KkJ

lattice

NaCl (s) - Na*(g) + CI'(g) NaCl & ferg,
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39 yferan o fau o7iafie e 399 2 RT®H
BN (FAfF An,=2), S + 783 kJ mol!. T TR
Fl

39 BH TH Sl TOed o W 1 erEal 9§
oo O 1 Ui w Tehd B

A H® = Ao H® + A, H®

NaCl(s) o Th Hid o fau e e
Ay H® == 784 kJ mol™ (HEH-J&0% ¥)

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

39 YHR NaCl(s) &1 fae@-ufshan & sga &d
St -uferd et 2

(=) faem-Tdedt A, He

fadt uged ) foorA-Toedt o' woed-uRed
2, S THeh Uh Wil i Toemaes &1 = g o
HieH W e 81 S agan R faern-roed o8
Tef-ufed 8, Sta vere & faeraes 1 tHd "/
o Sl Sl ®, Stk Sl o (A fae o sroget
%) e = fRar g gl

S Tk AR AR I foaeraes | sl S
2, 79 T 3T fReee siore § ofot Frafya feefa
1 Big < € a9 A forera o sifersh o € €, Wy
I THT 1 A 1 faemEs e (faemes S |
SefiaeRton) oft g1 21 T8 U AT AT AB (s)

% fou smda w9 § <9 w2
AB (s) L A’(ag) + B'(aq)

=) e
A Lam'ceH Ahy dH

A'(g) + B(g)

37d: A W AB(s) 1 foead T A g Td
SIEAFRT T, A, H o Ol 5N 39 YHR T
FT S Fwd T

e fagm

A H = Ayyice H + Ay g H

sol

AferehTer At ATt & faw A, A o
Bi 21 gElifery erferhrn Fifeni w1 vl o faetgan qm
qGH W dGdl 1 9 sk T agd el €, @l
Aqifies 1 foom T @ ?1 9gd U wRiNES
FANEE! ®1 oien wH faod # B €7 Toed
URedH o A STy el (TOferEl) T S
Fetistl (TAfewar) w1 arfore & ST g fRe S
Thd B
(B) TIHROT T Tt
e T ¢ fop Toemm-oedt, fer a9 5@ w
fae =+t frdt fafdre amn &1 faemas &t fod
fafsre wen & Sier @ B ol el qitad
Bl €1 TE HUT A U HIEA F o5 feper off
oo o fow @y e s s @1
gEgSH % 10 mol %I 10 mol 5@ | HieH 9
B ol T uftde frfafaa g g
foran <t wenan 81 gfaen & faw g9 S #i aq.
T weiE w3l

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

e &n frefafad wiedt aRedi & @qe
HI 3R &AM )

(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) + oo aq. —» HCI. ~ aq.

AH =-74.85 kdJ / mol

AH % 9F 98 ERid i & foh faee-woed
1 T e foaerm #1 aen B 21 Se-sy
oo ®1 aifues AWET SEEE ®1 Sl R,
oA~ el Jm 9 9 Tgedt S © A1
3 HE Toh g0l Al "I BRgeRieh
T o U 7' SWied THi (S-3) H fEa
T AH %1 99 2
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ST

I TH T FHHR (S-2) H ° ggel
YR (S-1) T < A BH W g 8-

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

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

=-0.76 kJ / mol

AH ! 7€ T (- 0.76 kJ/mol) 0T &1 el
B W€ a8 T & W foeEm § iR erfues
foremaes el @ orderor | o St ©1 faera
o TR FT TR fgeEE F ga | iR
fiems T foremees w1 wEn W AR S 2

5.6 T&d:Udfddr

STkt 1 gerg T ey fodt fem g stawifya
S Td 39 W ALY 3T gN fFY T HE H dey
AT 21 T SO o YollE shi TEu W hiE Haaer el
T €, Sfesh SO o1 YaE $ed qiq o e A e
AR THTeeig B 1 e § Wiehfaeh ®9 9§ gl
it TEEteR =1 Hifaew THH T € e i SR o
T Tfud 1, T@d:gdiad gl SSel o fau— e
9 o1 YT TIM i W o fely TEOT, HiEA
AT | AR e SEAFIEES a1 Sl

TR o1 3t A% | TH I hi AR T T/l
T T U W T TR i o i St
TE1 Bl o1 e SESAFIES T He SN s
¥ gfafda &l sl S YR o T Td:sd
Tieeiia afterds siid €1 379 99 Saal @ foh Ta:
%ﬁmétrﬁaﬁﬂ‘féamﬁwaa (Driving Force) =1
2?7 T Td: YHH & fewn o9 faeifa e 22 39
TS U ¥ 3 YAl o fou Age i =i fo 3
H9e Bl EWehd € A1 T

Bl B GHe Afeq fR w@amafad weH @
22 MU WEMT ®Y W G Wehd © T et
Tt SAfafHa 98 ©, S ATVHNEh] o Huh 9
T & R o 81 B Safior Ue wiggeH & WA
1 feorfq w1 o T 5 T W wH % a9 T
FTh o aul qe fo fRdr Seoag aiads &
T S WAl &1 TEf T He SitatEA 8 @ R,
R 98 ° € U " T 9@ o ‘Eauafia
HAfufwen’ & #ed 21 o7 @a:yafdd gHa &1 ef §

157

fordl e TWEH (Agency) i fomT w@R & fodt
T o T &I g B FEfd S99 eAfufwar @
TR o B W1 < 1 Al &l werdl 8 T et
TRl o TR TEe] § &H <Ed © R 3 T oTo famm
T Iehfird e €1 Wehd €1 Ta et bl ok ferg e
Y § e ghd & T -

A qaldd UehH Uk STTehRAvINE Uehd giar &1

gz feordl @ @res (Agency) & gNT &

Sehiid fear ST Ganar g1

(%) 1 T H1 HU T AT
AR 37
Ife 79 T TeTst S — YeTEl § Sl R o1 S
R weeR f &) gfewansti ® faar &, 99 <@ &
ToRH %1 feen § e =1 feufas o1 § e Bt 2
3 YR B %e Gehd © 1o Uk TEMEe
39 feen o @ayafda ent, o foen o <=t o %t
B, S Soaiedt sAfafwaet | g 2
I & feu-

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

1 1
5 M@+ 5 CL(g — HCL(g):
A_HP = - 92.32 kJ mol"!

H,(g) + % 0O,(g) —» H,0() ;
A, HP = —285.8 kJ mol"!
fordt oft Somerdt 21fferan o fou e1fereni 9
IAR] F T W TR § 18 FHH I Th T
sm@ (T 5.10 (3F)) ® <9 <1 Hehell 2

Afverdl |y
&1 et
T AH
H
IRl L H, —
el Tt
Sk Eaten IR
arfufsran fdenes

faT 5.10 (%) Foaieldt sifufewar & foT wsledl-siRia
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379 e YTl YT o6 STER W 9 I8 STTERn
o Hhd © for Tt vt sifafea o faw
TI:??IF‘TT g S HH SHHT Wk 9 (Driving force) %I
19 & Frefefiea sfafwanst w foer s 8-
5 N,(g) + O,(g) = NO,(g);
A H =+33.2 kJ mol"!
C @%TEe, s) + 2 S() — CS, ();
A, HP +128.5 kJ mol™!
3 Afafrard wa:gafid Jhe TS S €
et # g Th Toed- e gr <t T @
(fo= 5.10 (@)

w1 FA
TSt

&d
et

fr7 5.10 (@) SN SIf9fHaT & o0 Teledi-omRa

T ISEIN W UE T2 Bl ¢ fob ot | e
T yafdd o Tl T Siaeeres ®Re 8, Wq 98
T+t veREl o faw 9 & 2
(@) Tl o wa:yafdar
Teh Lo ydfaar wehe T fawn § 9 Ufa gl 22
ameu, ¥9 Uh udr feafq w1 oremm X, fowd
AH =0 , 37 Toedt  wig afteds el €, fhe off
sfafsran =1 wehH TaRa 2

M U 9% U o uRawt ¥ foafa (Isolated)
2,9 < Tl w1 formfia s €, s fos 5,11 | et
T B

T ™ A @ B, R FHn: e T
faigert @ <rtan o B A1 U faw @ gues fRe
T 7 (fas 511 &)1 Sa fauss gemn S @
(fast 5.11 @), 99 19 o9 o faufa eF o 2
&% GHF v faaeer i g1 S 2l

fa 5.11 3 41 @71 foraeor

37e EH W TohH 1 ST i €1 foreRw 9 ud
g g9 o1 IR o &= 9 T4 o e i ke,
@ Ffy=d &9 9 3 719 A o S| 36 YRR A 79 <
3R o &= 9 o7v) Felord, @1 3 79 B o 219 B
R A fa9Seh ger & 9% 1] fehrel C, @ &9
e IR W T e Tehd & fom ke T et) T
A I ? A 9 B | €0 HE Tehd © [ hE HH
YN A Afeeh sTeratied € T 2

I TH T SEUNOT S € U fgefi|
T o e 1 o1 o BN Sifek sTemafiud €
#1 Yot Bl B € Lo Fatidl i TH HAE @l
Herdl 2

IR &1 T T SR G Hi a9 F9 E,
50 “T=idt S’ wed € SHE e T
HAfverfem 81 Uk AHTEH 99 M o g s e
G Hehell ® Top Wt forelt e o 1egereen w1 oo
21 U Toerfia Frerm | oot stferer sreereen B0l a1
g orfeeh U WO enill SRl 9 Uk JEEie
ATHfeRa o1 W9 €, Tl Red wRampEt steren e
& TH e (IfufETs) § 9 R (SOR) H g
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ST

Al e €1 AT SRl whi Tl fheehieh] i
T ¥ 3ifeeh STerafied grt, df Tt o uRomda: afg
BTl Tk et sifufswar § Tt § Toners ufted
siffshan o T a1 Rt ST o STER W STHIG
fopa ST 21 Heem | Frafhaar o sed o6 o1 © uedt
1 TG Tk 99 o fAU W sTEwen =Aan Tt
(welfuer fFraftd) #1 sEwen 2, Safe 9 smEen
A TR 1 ST 2

37a B9 T %1 A (Quantify) 9 3d B
3Lt § o1l o TRl § STeHEwel i UMl i ok
fau ws fafy wiferen! €, i 58 g &1 @9 8 W
g1 3ol fafy 5@ erfufpan § @ orel S ofted =t 9
SreA w1 fafer €, S T2rdt i SmTfeh ! Bl st
2| I FENGHRT T, SH—STARe® S U
THed H 1 6 T A Teh SOAMTAeR] STereer
T €1 98 AS WA % qY W TR e g

o oft ferelt frep i S € S €, 99 Te
AToTfereR IR %1 AGTERT FIRTa W1 STeaeen siel ot 2|
TE U SO (q) Trorma o areuaren @™ ot
UHTe TGl T 1 81 AS Wi q o Helfed Fehd €2
Iy <l ® T St &1 faaror Sq A w sk
F 7, T o € St 81 U S=a ad o e
o f7=1 a9 o fRm &t qa o stferes steaRen Bt
21 o7 frdlt ferm &1 A9 S"eh w1 StfEfHd
Tfa w1 7o @1 Fe qm W Rt o T
o 3 T 1 3= a9 W TE IaT & e
1 G § ST STSEE 1 SR ol S| SEd Tl
<ol @ fop T qfads a9 & SJehaard g 2

ISRV YAl o fTT 80 AS Hiq TS A9 T
Y 39 YR Helled L Tohd B:

Drev
AS =2 5.18
T (5.18)

et Toa: yafaa wed o o freem Te afiEw
F PA TG qEaT (AS,,) FEfafEd g
g @ ST HeRar 21

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

9 U fehma e | B, @ Ui sifienad
B § T TR ¥ gfEdT AS = 0 B

159

Y %% THd © (% UH @d:9afdd YHH hi
w2 gfg q9 @ et Wdl €, 5§ % 98
TfeeRa 7 B1 ST AreTereen W Uil § gRedd I
BT B Wk WM U oreRen O ¥, Id: Uk
ISHHUN YhH o SN BH TRI-9Red 1 T
frefafad T § 80 # gd -

AS — qsys.rev

@W%Tﬁrwﬁav&mﬁa‘fﬁmﬁa
TS SGHHUTE—aH YHl & T AU = 0 2l 8, g
AS,. FEM (AS,, +AS,,,) IGHIUA TFH &
foTT 91 81 81 36 YR AU | SR T8 Sehuoia
o H faue & wedl €, Sefh AS faug w2

IETEIT 5,10

waree fF ffafaa o 9 feed werdt agdt /

Tt g

(i) Tk = 1 39 Fereen ¥ gRed giar 2l

(i) T FFeelia S #T aM OK ¥ 115 KTk
ECRES I RS

(iii) 2NaHCO, (s) — Na,CO, (s)+
CO, (g) + H,0(g)

'

(i) o TaEN H UREd BH o 918 3T7] AT
TN U HYd €, 3d: T w2

() @90 KW @t 7o) feer Bt €1 ora: T
= Bl €1 9% 99 115 K % Sl
ST, T S70] T BT AT H A & T
SO TrETERE W el hid @ 3R e
Afereh eafterd 81 Sl 21 31d: T2l 5
STt B

(i) SIIFRE NaHCO, 3 & T THh! T2t
%9 ¢ SRl § T 9 3R T 19 B e
IR 3= TZd i Reqfa o1 wfafafie
F B

(iv) Tl e 310] & TRAI] <Al ©, AT HO I
o St @1 H WAt o S Hid et
31U] oF Teh HIA i qorl | 3ifeh Tt
W Bl
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IETEIUT 5,11
e o ST

4Fe(s)+30,(g) — 2Fe,0, (s)
TG 9REd -549.4 JK ' mol ' ® (298 K a9

)

g Afufren § w=idt 9Redq oncAs g§H
IH off i w@a: yefda =i 22

(38 srfafwan & fau
AH® =-1648x10° J mol ™)
T

Teh Ak 1 T Fafadn

AS,., =AS_, +AS_ & MER W T 2l
AS,,, F A FH o fau & ufEw gw
ST o W fa=m & B, S —A _HO
% qed 81 T W 9Rae &1 T2l # qied

_A’THG (feer 3@ W)

% AS surr =

(-1648x10° Jmol ™)
298K

=5530JK 'mol ™’

31d: Afaferan o foru el Tidt-uRada

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

T yehe Bl ¢ R eifufsmen T etad B

() fiest oot wd @@ ydtaan

= 2w T ¥ fr TR T ¥ o T § g
e AS,,, fRdl Ushd &1 w@agdfdar 1 o
F 7| WY Afeewte TEEtTs sfafeand s e
I g e w g § oemdt €1 era: stfremiw
sifafswenstt ¥ Tl U woied — I H wited o
g1 qd we § & T faeem ¥ 9w e ® fR oA d@
shael el | Wt 3R 7 € weid A gfg w.:
yarfdd wehal i feen feifa o dewdt 21

LGSIPEERIE]

T YANH 2 89 U U SNIdeh! e fies
FS1 41 il W G i 39 YhR qRIT Hid 8—

G=H-TS (5.20)

firss Soft, G Weh fardiol wel erareen o 2|

e =1 fies i H 9femdd AG,,, &l 39
TR foran ST Hehdl 2

AGiys = AHgyo — TAS s — Sqys AT
feR 9™ W AT =0

+AGgys = AHgyo — TAS

M1 UIEIe (subscript) e i 8igd g
GOl 1 3 YN forad g

AG = AH - TAS (5.21)

39 YR firsst Sotl § afierdd = Toedt § afted
- qUEE x T § uRads gg gt ‘s
GO o &Y § S S ©, S THE e ok At
Hewaqul Hieheo | W T B TRl g wd afid o
foru <=1 wel w1 Tt fomn § S (AH & W8
H) T TR AS (3TeFEEn w1 HIgA) | S| gd |
A 1 2| T SeR W fove e S W e U
g foh AG 1 THE ol &1 TS BIAT B, TR AH
TS TAS T %Sl 9% B [Ff TAS = (K) (J/K) = J]

319 g1 foeR td © foF AG e g stfufsman
1 Tod gataar 9 Hefed 2

T W § R AS, = AS, + AS,,

Ife e, aEwt & @1y adig = ¥ ¢,
et w1 a9, ™ & 9 o 99E g el o:
IRe & et | g e w1 woed § weH o
A Bl

31 : ufew 1 T | uftedq

AH AH

ASsurr = M= — —
T T

m

AH,,
AS,,q =ASgs +| — T

SR HHIOT I YA Hafed HH T
TAS,,, = TAS, -AH_,

total

T@d: YA o faT AS,,, >0 3:
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-(AH,,, - TAS,,)>0
THHIOT 5.21 T YA FHH TR SR THHT 39
TR foret S gendt 2—
-AG >0
.. AG=AH-TAS<O0 (5.22)
AH, e 51 Toed § oREd § s T
TS, S SUERTt % & foT U TR 21 39 YRR
AG STERT % o fau 42 o @ T 39 YR g
Sl T T €1 39 R 3 AR w1 g ol
off gl S 2l
AG TR T@ wd 99 W @ayatadar &l
FEE 2
() A AG FUTHSE (< 0) €, 79 WehH Tod: Fafdd
Bl B
(i) IR Aq ¥HE (> 0) 96 ThH 3T&@d: Wafaa
ZATII
femuft— afs stfufswan o fore el aiad oA
B U T gftedq oft eFeEes =, d erfufwen asf
T BN, STd TAS &1 AF AH o AH 9 ifus &
S| 7€ ] YR G B Fehdl T
(F) oS T2t gied A e, dsa feafa o 7
aiferen B =ifenl (@) oFTeeR Tt aftada efien
g, @ 39 feafd § THA g =1feu) vEe aren SR
IE Fardl ¢ foh sifuerter sfufeae s== 99w
Huifed &1 St 81 9ROl 5.4 § rfafemensti w1 wor:
Yerfddr T 19 o G hi TaIfd (Summarise)m
T B
(o) T 3K Fwmhaent @ ga fem
B WA © Tk fordt faafim fem & faw s
Rerde ffvea @ 21 'y, 39 YR o e o
T T FA1 T Iie i Fanefoe f<en aderar
2| aTEqel H e SOHANTThT w1 8N TR §1 wem e
% 99 W fem & off fafv= R § faan w0
Tehel B1 ST 1 EX o0 T w4l €
T Y] SoAiedt stfafward o | = el B
Soerdt erfufsranet | ferell Soil ardero | sTeewen

161

31 2l € SN e et Tidt e weTees Bl
2 S stfufsran =1 Tora: wafdd = < 2

(=) TRUer =it 3i SeamTeent st T fem
fordt waref o6 oo Tt Y@ | fRdt off e g
Thd &, I8 <L I TE UM HT Tohdl © 3R LAl
o sy faw 3R fasps wend &1 STupetl &1 =g Tifal
ST TAFRROT 1A, SO 71 Tel shoem i ket
&1 ST TRt o1 AHA Sl @ dl e T St 3
B S € SR T 9% S #1 TEd iR W am
TSR S ® A T wE 7 SR ?1 fwRet v
foreeform uard 1 A0 S-S WH I @ IR
AT & - TR off 9 @ oI wadt 130
STt T AT e wEd §) T st @
2 Fifs T I R fhee § gyl %u g 21 7'
FUH el 5 fhefad S a% difir ® ifs
sifeeftafera gaf st Tt 0 K W I =& gl e
o =1 TEc Sy € ToF 718 shael S STihgl o
SMYR W Y5 Tl o FRUs Tl 7 aiewfad &
¥ e il ?1 g5 1w o faw a8 0 K ¥ 298
Kamq%li” gl & g w9 fohan s Fehar
21 A T 29-Fem YR % qfteher gR Heh
=it ey ufiefod w3 & fau swde &t S
Tehdll B
5.7 fiesy s=tt-ufRads wa

HHETAE=AT
TH 2@ b ¢ 1% 3@ YRR g Sl ol T8 Td
ufwror-srfafsan & oR o fefafaa SHewrt <ar 8-
() Tt sifafswan &t Tod gafdd 1 gErgaE|
(i) TEEe Afafsrar 9 9 B ey ol S

FE T qAHAI

319 Tk BH SThHvI Arafshanstt & o el
URERT TR forem o ok €1 376 1 Sehdui sifufmanst
T gt Foll-qiede &1 Sie Hd B
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‘IhHOTEAr’ § SRR T faer gRief €,
99 T UHH &I TH YHR R 9§ R e
T T UREW ¥ YUla: W W W qEEe
sifafranet o ded o ‘Seruvitaar’ w1 319 ® fF uh
T Afafsran JHT faeneti o wrer-wre =e wehd!
2, fore for o wenfyd et Uoh| 389 wdid i @ T
sifafsran <1 feemet o oot § & o Wy =9
Toh, S IHWE Wi Bl Bl qE ql W9 ®, 5
e o R it gad e gAad el A wE
T2 =1, @ T @a: g wH g e i fefd o
gftafdq & s

I: = o fou HERl B
A+B=C+D

AG=0

fordt sifuferan, foad gt sifvens T SR
A SrEee | e, @ fss s A Ge, |
froir 9 TeAfafigd geietor g0 Gafed gt 8—

0=AG°+RTInK
AFAMA G® =-RTIn K

AYAA G° =-2.303 RTlog K (5.23)
T I8 off 99 © R
A,G® =A H®°-TAS®° =-RTInK (5.24)

Hael oA Sfafshee o faw A He &1 HH
sif¥eh Td oAk BT @1 39 uRiefadl § K 1 "M
1 ¥ 9gd %49 B ud ifufwan H Afe IR oA e
1 Ygfa T8l Bl Sewadt sAfafeanstt § A HO
A Afeeh SART T SRUMCH BT A1 A GO T A
ferer Te SO G 1 9 aRfefa § K @

e fagm

T 1 9 9gd 31Uk B §9 Yo Seatadt stafshansti
% fu 3= K 1 390 ¢ Ghd © g sAfafwan
T ol & Wehdl €1 A G I AM AS® % HH R
off e e 21 Afe srfaferen § werdt afteds =1 ot
F H T WIE, 96 K 1 99 a1 Afafswan o1 g
39 A 9 gAifad B fF A SC w7 e Al
RO 2
THFO (5.24) T TN FH WV
i) AH® TS AS® & A | AG® & °H T4
&k, fordt ot 99 W foread w9 9 3R Hi
yiftq o ot K o W 1 70T 1 ST Gehdl B
() I warwmen § K dien € @ foen s, o
fordt off 371 A9 W AG® o HE T MM Hi
S Heht 2

ISR 5.12
298 K W 3AlRAIST o TSl H  ®Uralon

20,0 0,@% fw AG° % T #
UM HITSTI 59 AR o fotw K 1 /M
2.47x10 2RI

&

T € 7 AG°=-2.303 RTlog K, T R
=8.314 JK ' mol

3d:

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

= 163000 J mol!
= 163 kd mol!

ATfeToRT 5.4  ITATHAT i WA USTddar U 91T hT A9

AH®  ASP AGP Ui+

- + - [t a9 W AR wa gafaa
— — - (f/=1 a9 W) = a9 R sifafsran woa yafad
_ > + (3=9 19 W) I=9 9 W AR ST Fefad
+ + (=1 a9 =) e d9 W srfufswan sraa yafdd
+ - (3=9 A9 W) 39 q9 R AR a wafaa
i - + (|t 99 W) [t a9 W AR T yafad

* ug {57 a9 UF S a9 goricad 8 fREl a9y sifufkar & 70 S=a arq g R @1 ar9 4l 8 gl g
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3ETEI0T 5,13

frafafaa eifafear o fau 298 K W wm=

el &1 A F1d hifed—

2NH; (g) +CO, (g) = NH,CONH, (aq)
+H,0(1)

feu @ 99 W " firsst S A Ge w1 °H

~13.6 kJmol! 2l

'

_ (S]
B9 S ® o log K = A.G

2.303RT
(-13.6 x10° J mol ™)

2.303(8.314 JK™' mol™) (298K)
= 2.38

K = antilog 2.38=2.4 x 10

3<TeIUT 5.14

60°C MY T SRR 2R 50% faaifsm
Bl 81 T agHSHd T T 39 @Y W HHAH
T Sl URede 1 ITUAT it

163

k3l

N,0,(g) = 2NO,(g)
Ifg N,0,50% foifs e €, @ < aere
T A 3T BhM—

» _1—0.5_X _2x0.5
NO: 1+05 Y 1+05

0.5 1
%0, ZEX1 atm, py, ZEX1 atm

g ferie
2
K, (Pro, )™ _ 12.5
Pyno, (1.5 (0.5)
= 1.33 atm.
k2

S _
AG°=-RTInK,

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

QRI9T

SN TEMETS T ifder Fehell § SHol-aiad o Tee W@l €1 T8 37 qRedAl sl A Ao
T AT SYAT SFAA T H TH el FI 81 37 HrEl o o g9 s i e ud uftes § faafsa
F &1 THEfTE TS difde UhH SO (9) SchSiA I1 STl & 9@ B 7, feht Fw A s (w) §
T S Hehel 21 A TRTE SN o TIH FR—W AU = q + w 51 Faiferd it 81 AU 9Rf9eh T ifam
el W X a1 € 9 U Yo Her €, el g Ud w IY W R hid © e sfereen wer el 2
B q U w o T fog afurdt &1 oreq & 2, afs 3= e o6t fean Se @t 3= oA o <9 € EE
T % TH FhE ¥ TR @ | T 1 9w "whd 7, TEE a9 o ufeda g 81 ameee o
gfg 1 A w1l w1 SRR (C) W e FEar 21 31d: SEifud a1 SefSid $I q = CAT Biar #1 Afg
T T JELOT BT B, q HE BT WO W =—p AV § H 2| STHAVIE T H STEH b A e
% fT p,_=p &1 IF W THA 2| 3@ W= -pdV 39 TN ¥ B 19 THIH pV = nRT 1 FAM
F Thd T

fEoR ST T w =0T AU = q, 312iiq 78 TEeR ST TR Tiand S 81 W Temfies siffmanst
o 1T & iU &n G fer S o €1 8F T S STa-The Tedl o uReifig w €
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164 e fagm

Ted-aftadd AH = AU + An,RT &1 A9 €t feer @ W Foa-ufeds 9 fean 1w €, 7=
LI iq

TOed-REdAl o 2 YhR 7| Uraeen IRadd (SH—TTer, STsdiehil Tel Headra) Srr=raan feer
T W B, TR errens woedt-ufterds 9 stfiafaa foean St 21 faea woiedt, <8 oo e s
wfeqa § uftedd 29 o T o1 SUan s Td fohT ST ged ©) TR sfatmast | woed-uRed

ArH i ; (aiAprroducts ) m Z (biAereactions )

T s § A HO = (AR 1 ey ) -y (SRS BT A He)

SN o1 Yo o TemtTe sifufwan &t foen & aR o &6 R 78 s, stefq 98 =@t
ST Toh TEMER SATafHa o1 Utk oo 1 21 Tl e/ o T AUy = 0 ®1 27d: 89 39 %14 o fag
T TE-ThoH, S, T2idt qRefod 3d &1 T=rdt STeqaeen 1 419+ 81 Uk &d: Yafid shd o fag
el Tdt IRede oTeeh gl 81 Ueh faafia e & fu AU = 0,AS > 0 B 31d: Tt ufedd &a:
Yaifdd WehH ol fasifed shidl €, Steifer ol afed el shidll Schuvig Yehd o Ty T2idt gRed"-awiento

AS:qr% 9 9 fRan ST gk 2 q+;f gy X s & e 2

Jfer siferhier TETERTR SAfIfRAT fer I W F €, o1: BH qHU SToR-Wer fied et G
TRefod wXd &, S e o TR U Tt uftendHl ¥ e A.G=AH-TA,S 3N afud

T i WA o T AG,, <0 TF FrEeet | AG,,, =0
e fiTest Soil-uftadd @ feemis § A G° = -RT In K SHIsT ¥ Hafod 2

TEE] WEEd § A,G® WA T W K F AN WA fRA ST WhA B AGS 1 AN HHIH
A.G® =AH® - TA.S° § T fFal S Fehal 21 T | 9 U Hewq0l wReh 2| Scash Tl
UREdaTe ®E SAfafeRamd, St w9 A9 R 3TEd: Yafid 8, 3% S99 99 R WA :gafdd s ST Gl ¢

AEH

5.1 el IW -
FHNIGRT STaE el T TR €,
() S SoH-uRedH & fau wE e 2
(i) fSrEes oM vy W fsR T2 e 2
(iii) S <@-31a % H TOAN HH H G et 2
(iv) TSEeT A oheret @9 W R s 2
52 W& UhH o wgrew gRfefaed ¥ gH o fou—
@ AT=0 (ii) Ap=0
(@i g=0 (iv) w=0
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54

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

5.13

5.14

g} qeal 1 TR TR Hed-sraeen H gl B

@ w=E (i) I

(i) <O (iv) Gt et o forg fa=t gt 2

T o T8 o Tt AU® &1 AF -X kJ mol ™! 81 3Heh felt AH® &1 AF erl—
@ =AU° (i) > AU®

(i) < AU® (iv) =0

Ao, YHTES Td SEEREISH oh Ty 298 K W Te T¥iedt & M HHel: ~890.3 kJ
mol!, -393.5kJ mol! T ~285.8 kJ mol™ €l CH,(g) ! for=r woictdt o grir?
(i -74.8kJ mol! (ii) —-52.27 kJ mol!

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

T AR A+B—-C+D+q & fau T=rdt afedd oas 9@ @ 398
srfafsan Huer erfi—

() =9 A9 W (ii) Faat =1 a9 W

(iii) fordl «ft a9 W 7= (iv) Tt «ft a9 =

Tk YohH | TR g1 701 J oA STEsiifvd et € e 394 J & e s 21 59
YA T 3altes Seit o e aftads gm?

T 9 SheHe § NH,CN(s) 1 1fhan Srestiaiion o el 1 T & AU &
AM —742.7 KJ mol™! 91 T (298 K W) | 38 i o fory 298 K W wéredt
e T Rifsa—

NH,CN(g) + goz(g) - N,(g) + CO,(g) + H,00)

60.0 g TgAF=m &1 a9 35°C § 55° C & o fau fohad forell S[@ o
STTFHAT B2 Al 1 Hier S 24 J mol! K ®1

10.0°C R 1 Hiet SeA i 9% —10°C T AN R TIed-ufed= &1 7M1 Hifs)
A, ,H=6.03 kJ mol! 0°C W,

C, [H,0(1)] = 75.3 J mol* K*!

C, [H,0(s)] = 36.8 J mol ! K™!

CO, # T& THelt ~393.5 kJ mol™! €1 %I TH sfieiis ¥ 35.2 g CO, o W
IS S 1 MU FHifTd|

CO(g), CO, (g), N,0(g) T N,0,(g) 1 faad wedt ww1: -110,-393, 81 T
9.7 kJ mol '€l &4k N0, (g) + 3CO(g) - N,O(g) + 3CO,(g) & faw A H &
M F1d hifeg|

N,(g) + 3H,(g) > 2NH,(g); A,H® = -92.4 kJ mol NH, 74 ® #Fe faw=r
el R 22

frfafed siisel @ CH,OH(l) #t AM®-forem Téied T Fifm—

3
CH,OH () + 5 O,(g) - CO,(g@) + 2H,0() : A H° = ~726 kJ mol"

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

1
H,(g) + 9 0,(g) > H,0() ;: A,.H® = -286 kJ mol".
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5.15

5.16
5.17

5.18
5.19

5.20

5.21

5.22

CCl,(g) — Clg) + 4Cl(g) #ifafewman o foru Tedi-uRed= s #ifsw wd CCl,
C - Cl &1 31y Tl &1 MO shifsu—

A,.,H°(CCL,) = 30.5 kJ mol ™.

AH° (CCL,) = -135.5 kJ mol .

A HP (C) = 715.0 kJ mol!, =&l A HO FUH Tiedt 21

A H° (CL) = 242 kJ mol™!

e faafma e & faw AU = 0, 9o faw AS @1 grm?

298 K W afafeal 24+ B —» C & fau

AH =400 kJmol™ T AS =0.2 kJ K 'mol™

AH T As @i d9-fowar o fer Amd gu st f g am w eifufswan wd: grf?
sifafsran 2C1(g) — Cl,(g) & faw AH & 0SQ o fag = 3ii?

iR 2A(g) + B(g) — 2D (g) & FT AU® = -10.5 kJ T AS® = 44, 1JK
arfaferan o faw Age w1 O SifST iR warey o o srfafeman Lo yafda &
Tk 372

300 W UH AqfHA o fou @ i 10 21 AGe %1 "M S BNm?
R=8.314 JK! mol"

frefafea sfafsansti & sTuR W NO (g) oF SEAFTIaeR!T Tt W feomft ifse—

é N,(g) + %Oz(g) — NO(g); A H®=90KkJ mol™!

NO(g) + %Oz(g] — NO,(g): AH°=-74kJ mol!
w4 1.00 A H,0(1) %1 Ak wftfeerfaa & forfaa s €, @@ ofew & Teii-uftedy
%1 UM HIfST- A, H® = -286 kJ mol ™’
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