ST {ceht

THERMODYNAMICS

ELE

T Usheh o 31T oF 915 3T

o T wd uftawr wsi =t THen Woh;
o 3, Gaon UH foga T H 3R+

N\

Hehl;

. mﬁ%wﬁ,wwmaﬁw

e[

o SoATIfdeR! o TUH f1a\ i oo
[T TS 3HHT R Y forg TR
o yHEfTE el | Sei-uftadd i
w1 TE S o ANEH o w9 H

qfieRfetd sY Hehl;

o IEEA-%eH U, H &! 9Hg Tehl;
e AU UH AH H Hd#] TAfYa T Tohl;
e AU UWd AH 1 Y=ifiles WOA &3

HohTl;

e AH o U A 3Teren =i giiafia

— \.\;

o faft= TR =1 sAfufswanei o fag
TSt gRadd 1 T Y FeRl
e 3G o fep-o Gwed fm =

T SR STITAN T T

o fodiivl ud TeT UN H S F Tk
o Tod: dl ITEd: FAfdd WRHI R

qRefd T Feh;

o Tl I FEHNAh! STTL-HeT oh
Y ¥ TR 2R TR STIFAT B

e[

o TFI-Foll UREH (AG) ! THS Tobl;
o TN 3R AG T AG 3R |

frerier H Heer wnfud e Teh|

11084CHO6

Tg WA Jade] A FacT Hitaw fagrd &, fwar fog § wqe §
fe 3@k wiferer fagial s 37eht SUGaar o UTeIY B 4T THRT T8
ST Gl 1

arcae 3B

e €e S8 B T, TE TG A1 kel g6 § ok ©, df IaEfis
sfafEn % A e ¥ WEw TEEhE S e % w A
e gt B1 ST9 Tk $o § S Sordl €, 99 TEEtR el it
S B T A A e S A e el s e i
T HIA T TH YRR o1 o fafa w9 fae aRfeemat o -
TR Y WER Tl 89 & T T 9§ T T H a5 S Fehd
&1 51 Fol-EBUON T I € SN R faw-asg
SN o o Tge e, R sga-9 o] g §, 9 et
e €, 7 o gew frepri 9, fod 9gd 1 219 8 €1 Fomidsht
39 91d 4 Gatad T8l @ T 3 Uiedy ol Te R < 9§ swEited
B4 B I8 GRedTehrl f9m i qRfves e iy srereen ¥ Hefia
& SeAmTfaeRt o frem st @n) e €, S e wemeeen | i
T A1 U AT ¥ T g ¥ S 2 R e o v
o1 (SH— @ T A1) e o 9 o 91 uiatdd T8l g
£ 59 Teheh § §H HWIIhT o HIEAH ¥ o Heequl Yol oh ST
T H T RN A

Tk THETE AR/IEE § 89 Sei-ufedd o freifd
FA T ? T8 INEdH BN AU TR Teh Ut AT gsHH
*9 Ifa B 27 vt sifufwan forg S o =t 27
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SEATTAeRT

6.1 SSHTTIAeht oF deh-lehl ITex
TN Scgehal qEEfes sifufswansti & 39 gHaret
F-qREdl i S 1 Bl ® 3Heh faw
IHfAeRT H Yga B ATt FS dehdhl IR
ST B TRl A0 e e e @

6.1.1 g wa ufawr
Foraet § e &1 e wEis % 39 9 4 €,
TR Yeror fory S @ aen sHeRt 9w Wi ‘afesr’
e &1 UG § TRt i Sigwt Ua o Wit
21 frehm wd ufEe- <A free) sEre o 2
e + afew = w=e

e 9 srfafea dqol srene fema o gieret
RedAl @ genferd =t i 81 Eifery gt st o
oI seTe 1 9@l W, S e 9 sfafean s €,
gftast & &9 ¥ e S 2l

A GHRE &1 9% &7, S (ehTd o ST
B B, ufew o farid feran S 2

3T o fau— g g0 uw die H sufeed
ye1eff A Ud B i eAfufsman w1 e w1 @ i,
tent (Toem srfufsran-fagon €) fFere® m wd waw
(fsme st ®) aftEsr =1 & swam (e 6.1) 1

E————— =
— —

fore 6.1 : IR9 Tq (A

oI ®© o frebm ifass dimeil (S8t =
WEel) | qRefed fhan s Tk @ a1 T § T
fafy=a eI o wrdig fewmen (Cartesian coordi-
nates) éﬁﬂ'ﬂﬁﬂ (set) ﬁvﬁmﬁaﬁwmﬂw%l

TG SETIF © foh ™ 1 ardfas a1 sy
AR A HH o N IR ¥ YAk |iel Sl 9%

159

R, <t R Te aREe  gerek It €, Cafm
(Boundary) Feerdl 81 aRE g &1 o™ &
e 3 e FoF qe1 Sl oh GOl | Al wE
Uferd Y FWehd €l

6.1.2 ™ % &R

379 TH $4 TH o1l o GoRUl o AR W 617 &
aifferd hid B

1. Gell e (Open System)

& o faE ¥ el ud §3-gH &1 e @
ufest & "o fafm@ (Exchange) @ Hehdl €l
SN — T ThRF T Tl st o ferdt sl

2. s & (Closed system)

a% T o f1om wd ufew o 7 g1 =1 fafma
Goe el €, g Sl 1 At e wehdr 21 e
feer o diee | ferd sl

3. Tacitia erta (Isolated system)

& faafa e o e vd ufew & 921 5= ud
Fell— S o1 € fafma e T2 g 21 Semond—
e T ovE v o fod W) o 6.2 |
fafi= yeR & T <ie T )

.

faT 6.2 : gan, a5 Tg faafia [&E

* gfe gH ohae stfafwen faeor i e wH, @ Stet it SR giEw @1 wE s
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6.1.3 R = 3TaFeT

frelt ot Somaest ferm 1 9o % TN, SE-
T (p), FFA (V), T4 (D W FwE & goed
(Composition) &I ff<® (Specify) Fer fohan S
21 &8 Frenra ol affia e o forg 37 Toi 61 aRed
¥ 7@ g weEn e wE ved 71 e ifasw
e | ugl g foh At § fordt T &t arfores
sreer &t e g o 9t ger-fagett o 3@
&o1 W Tefd We a7 o SMUR W T S &1 SN
T STIET 1 Ueh e TS WAl €9 G&drfad foham T
21 SO Yok U1 1 TIid o fosgd I T SAEvIhdl
T 2, Hifer el g e o Siga wo g T
1 T4 L & BH TR Rl STeRe Rl ‘S TeaT-the
I ‘raEAT-Tll’ % g A H &

ST | T &1 3Tewen &1 9uiF 3Tk
HIOET 19 Tl U o g1 TRl ST ®1 @ W U
TG T ST HT IHF W (p), TG (V), AW (D),
AN (r) S © o055 Hehd Bl p, V, T o1 STeET =7
R 79 HTa B, 7 o g9en! U e o alien W foRelt
1 &1 1a%en ! qui €9 9 qRefid & o foag
et & Geft T[T 1 AU HH HT STEvIR el B,
Fifer P 01 & W w9 § uRafdd & gwd 21
TON <t T R 1 Wehtd W R et €1 e AR
%A 9 Y TS H 57 T TN i 99 H 54 S, @
T HR T 1 O @ a8 S )

6.1.4 IMANER FHisll : Teh STACAT-Te
e BH S THER eRtl i ==l e €, T s
&1 Tt =1 Yo Bl €, 99 89 W UM O
AR it €, S e w1 St a1 gfaffe
F BN TE el @A, agd a1 AifE Sl @l
Tohdl T T Heht A € fE w1 oAt @ /)
Fras! § 9 ofider el U ed 21 g IRafia
eIt 7, S

o T H (™ ¥ yow = AR e e,

o T W= @ g7 & T T E,
o i H 5= 1 yaAw A HH BT B

e fagm

(=) &

qad Yedl g9 HE wH R ™ w1 ondfin e o
B ot IRed 1 SiTe | g Tk | e o
T, e e o vk a1 SR st | S
T A1 21 39H TR ue URewr & Hem oA
HaTe el B, UH R i &9 HgIW (Adiabatic)
T wEd 2 W T o areeenr-ufteds @t
HEIH UehH hed ol 390 e e ufew & g
Fi2 Fo-fafma &1 gt T8l | @ 1@ afaw
F Yo HEAE R egE G’ e ¥
(o 6.3)1

forT 6.3: ©F wgiw faera, fogd aidtar © - fafrme
g 781 8l

319 g9 (T N T8 M Heh sHh! TaRE
ol o ufterds # g1 wen T e w1 e
ST A € TS THHT AU T, A1 AN el U, T
5T T TerEeN i < Foh R § TREfd Y Hehd ©—
YR YHT—AM T B Ued § el i HoeHL &4
1kJ & & €, Toed e w1 1 sfereen A B
TS IWH! A T, T W | AE 3@ T fE T,> T,
Hd: 99 H Rerd AT = T,-T, | |l el B H
iafeh H= U, §, @ SAaRE e H Ui,
AU=U-U,
fgdta gep—o1d 20 S@@ § T fidseH B
(Immersion Rod) STefeh 3d-l il é@a Eqp] (1kJ)
F © T e ¥ qu-ufiedd 92 w5 21 8w oEd
€ fr a-uRaeq g & waE T,-T, € @ R

el H TS TAN SLAL. S[A 5 U 1845 oK
e fhan o o 3= U fok e W fwen
T Fafvea & e &t otk § wHH 9Rede o
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SEATTAeRT

g, TR & Rt oft yHR (W) 5 R S, S
&l W Y o qREdH gRI 3@l T 2

Id: Ig WK fe@al € fo ww ud wf,
MARer el U, 1 gRefia fean sme, fge 9=
et 1 STeren w1 SAFHeTeioTen 81, STEl TG Wehd
H fopan w1 wrE w, < SrEeens | U ufledd o 4,
U AU=U,- U =w_, &l

31q: T 1 eTiafier Fell T SFeee-held 2l

THEH FFThT § JUPAC THI oh 3TIER
YT T o € foF & w, fehmr T fomam
2 9o e &1 Sfiafe e 9¢ S 21 35 THR 9§
Ife fremr g0 & ffen S, @ w, RO B
Fiifer e 1 eTialtes ol wH & Sl

F1 31 Tt 31 ufifed STawen-wal o Ay
Il Hehd 2 V, p U6 T o 1= URfed STaeel-thef
gl 3T o fou- A g9 frdt frh & qm o
25°C ¥ 35°C d 9@ &, @l ar-aRadd 35°C—
25°C = +10°C BN =18 ¥4 Eie €1 35°C d ¢ &1
ﬁWﬁWWW(Degree)WB@Tﬁﬁ
fir ferma =t 2ifam a9 (35°C) dF o WU 39 YR
T Teh SFAoE-Whe 21 a9 o IRed e T e =&
AT 81 Teh qleltsl § AT ol ST Teh SAeree-her
2, ik geh Sl & FdT H qREdd 39 9 W
R 7& whean @ fop drene o S T B W g,
TeTRd FRT AT I gHII
(@) s
70 fomm o forw oft ofewr 9 o ot = aRkast &t
ST L Teh hT 1 Tder el 8 ufadd &
Gehd 81 T€ Hel-Tafw, S qraial sl aRon €, e
q e 1 T T UE ddial o & forg [qd o
e 6.14 (F) H 90 STIER TE IRMWE TH 3
Y] S TG SER w1 SUe ST e Sen
(fo1 6.4) BRI %o & e 9§ B 8, T fa=m &4

o fom a1 T e (et eR s
e €) ¥ T, a9 W o o T o
92 Fe, fSwe a7, T ¥ W 7 e (S)
SN SEWMNG S g I A9-IREdd T,-T, g

161

o 6.4 : T 7, (794 TRETH] 3 $TR-9R A 1 JaT8
g 2l

AT S Hehell ©1 T8I W A Afafies o § qied,
AU = g B, Safeh feer e @ g & &l fman
T2

TEEh FEFIhT § JUPAC THI oh 3TIER
e @ S T TH 6@ § 81 W g &F S
B & 3R Fepm 1 Sl agdl © Wd ol o e
¥ g i AR TR BH W q o gl ©
Roma: e St Sl % B S )
(1) "= feerfa
T T AW feafd W foam &Y, Safew oafe s
o oftad 3T € ThRI (T HToh TE 1T
) 11 39 frufq § e oafew et ° uftadd &1 9
YR forE T B

AU=q +w (6.1)

& fafdre sreeen-ufeds o qfiedd o YR o6
ITER q T8 w o M 9 81 Tohd €, W g+ w =
AU had IR 1§ ifam staen w AR & a8
IRedH & YRR § @A ¢l AR oA A w1 ok &Y
H Fefl-uiadd 9 8 (foafia fem) steiq afk
w=0Td q=0, 8 AU=0 ®

GHIHRIT 6.1 A AU = q + w, SHNTThT oh
ver o w1 iUt e #1 gem e & oER,
“ter Taerfia frerma @t st sraRed=ia gt 817

* qgel frhr W T STH a1t 1 S RO o SR FRE g fRT M el wE w1 wAeRes Taee femn e e sifaent
H gEehl W ord ot S WERT 1 SIERU € W1 € FEf [UPAP A i Tt fa wWeR @ fawiier @1 R
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Tene i T Tl fer @ o1a: fem = =
TR G off el S Gehdl 2 aeliS i Sl STuRad-g
21 WA 39 ISl o HRerT o fagia’ wEd §,
Ao Feil T Al T KT S Hhdl T IR T & 5w
gor foman <1 weha 2
e : T FHNGR A 0T (SH-Fs1) T Th AH
T (SE—SfEeA) § STl Bl @1 vH Tt fawiw
STeedl | ST 1 af Ul (Absolute) AM fAfse
T Hehd &, T SR Sl w1 Fder A e e
F Wehd §, FJAMY Aier Sl § IRed" AU
o S Hehel B

IETEITT 6.1

T TR 1 oA St | uied <R, afg—

@) e g ufew @ o srewifua T2 e,
R 6™ W (w) &1 fman smu) e &6t
ar 9 YHR *T Bir?

(i) TR W FIE & T fohan ST, TR 3o
HT G g T 9 ufew & % < Sl
frea #t <eR fFg gwR &1 7l

(iti) 1P SR w AN &1 1 a1 SN UE g
e hT oA e & S IR fRE
YR o1 e g2

&

@) AU=w,, SaR TS B

(ii) AU = - g, <OR S garersh il
(iii) AU = q - w T€ =% Fm B

6.2 TTUHANT

FE TOEteE Afufwaet § T Saw o ©, S
T 7 HE A S I HE W HEH Bt 2
3 YRaddl o 9RET & AT U9 3R STidie
Fll-giedHl ¥ Heag w1 Hewqul 21 <@ fF e
Y Bl 2

6.2.1 I

FEgeH Tk fer g fohT T e 1 Yehfd W EH
WIS &1 TH Shac itk i, 3Tefiq IS
FE W fo=m w3

e fagm

Pex

=
E ‘c{lﬂ:pexAV

. pexg ()
k—1—

faT 6.5 (%) faferex 4 feerq a7evf 39 W T 92 o feor
§e <19 P, GR1 &1 T G
SIARR &5 §RI <9er T &

T[F-3TFA 1 I GHSH o oL 9 S9oRfed
e fafder W faem o 2, food & A
et T 9 g€ T 79 R ot T Vo ud fafeet
¥ H1 @ p T AR TR @ p, 7, S p W A
g, @ fes ik &1 3R 99 ae TIfd &4, 59 ah
AR & p, oh UL B Q| A TR 78 e
TF 9% H T € qen Sifam s v oA R
ope o T 1l 7 hear € U foe o1 ruey
&Fel A © (foa1 6.5 &)1

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

W%ﬁﬁ%WWZ%

Id: eI Wad =p_. A

g A 9am § fm | foan = &8 w
g,
w = 9d x faeema =p, Al
=p,-FAV)=-p AV=-p (V.-V) (6.2)
Tl HUTcHs g & gHfery eevas € fw
RUrE! (Convention) & AR Hdled ¥ & W

2019-20



SFT T

M B T R, S UARHE EW RS (V- V) A
FUTHS BN STe SE0TcHs: | UM 1 T[0T &I,
@ w HT HAE HAHE B S|

g Hpad o T U8 W @ feer 7 81 o
2 IRHa U8l W wEeral @, d@f el H1d qHE I8
¥ gU wE 1 A BN TE — Y pAV % qed B
[fers 6.5(@) ]!

Iz 3@ feer 7 71 Td 39 YR a<e @ % 9w
TN B 1 oF 3 W sTagen Sfue e, @ wope
o Y% U8 H STEAH SHAgsH " dV ST 39
feafa ® 79 g forw T v =7 oM B FrefefEa
T ¥ A B R T

vy
w = —jpede

i

(6.3)

Vi ST (V) v

forT 6.5 (@) SRR &7 9Rfya 9st o 5erd gu S7feer
9 W IRIYH a7 & ifaq e7Fad d&
T ° fBar 7 5 qar 8l

G § p_ T&AF U8 W (p, +dp) F T S
[feat 6.5-11]1 @ wRfeufaal o gowor § mr <«
Alae <& | gHA FA B, F4iq p,_=p, - dp
Wmﬁﬁmmgﬁpex=[pmi dp) e
A ‘ISHATIE YhH' hEdd

163

Vs 3 (V) v,

ferd 6.5 (1) pV a% & RIS $EaT V, d V, %
TgT & fore Serguitd IRl | ermar
T3ETd gU SRR 31 W 37d Y&l 7 foman 7
&7 DGR & F <9 T gl

Tk WehW o1 URads auft ‘Schuuita wehrd'
HEATT ¢, 5o 30 ferelt oft aror arfagen aled=
o T Sehidd (Reversed) foham ST HeR| Th
SERIUTTE UohH ohg rTaeeell § oaqen i |
3H UK T st ¢ T Frepm wa uftaer gaon
T WrETEen ¥ TEd €)1 SoRAUiE WshW o
afafiad o7 AR WehHl Wl TERUUNT WehH
FEd &

TR e | agd © v wwend et €, fa
gl T ok foru &, U8 3R feRe & el <
o IR e i STEvde usdl 2l

TH gHIT 6.3 1 FAfafad &R 9 faest
IehuviE aRfEfd o &R &l Tdie @ | 99s
T Thd B
Wiy == f P dV == f (p,, £dp)dV = - f pndV

(dfeh dp x AV &1 7 g ?)

Wi == [ PudV 6.4)

@ G & @ p, F eyl wEE g
TGeh G o YRl H e TR S Gehdl g1 TR
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S 19 o n Gl o fT (pV = RT)

nRT
S>p=—

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

vy 74
jnRTd—V: —nRTIn -~
; v

W =

vV,
=-2.303 nRT log %

(6.5)

HFIYEIT : T 1 faid | JR’ (p = 0) Jo TE
FHeldl &1 el TGl o g ERer § g HrE e
BT et 2 UfoRa Shuvi 81 A SR, (THII
6.2 T 6.3)1

378 TH HHIAI 6.1 i fafs TehHl o TER
F% THR 9§ fore Thd o

w=-p AV (THIHI 6.2) i FHHT 6.1 H
YT & W

AU=q-p AV

e Yorw TEeR AFaT WM € (AV=0), 99 AU
=dqy 4, ¥ URh v (Subscript v) Tt @ for o
feer 3MFd W 9gE 1 T 2
311l i T Yo TG GHATIT GEIOT
T IR W A G TH HHAME WEOT U
(T= feeriw) &, w=0 2, Fiifer p, =0 21 St = Fmii
g fraiRa fran &F q =07, safew AU = 0 BRI

THHW 6.1, (AU = g + w), &I FHATHH
ICHAV Tol STISHHUNE YehHl oh fOIT 3H FehR oK
fopa = Wehel 2—
. GYAMHE STIGRATIT YhH o fag

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

Vs Vs
g=-w=nRTIn v, =2.303 nRT log %
3. TGS Y ok fetg, g =0
AU =w,_,
IETEATT 6.2

10 atm T 3R 25°C A9 W frdt eeel 71 o
T feae Tmadia w9 9 fafa § a9 a9 39ia
B &, Sd T ST el A 10 faw 7 @
M| 39 TSRO H Rl e sEeifid B @
we feraan w1 feren S @2

e fagm

Y
TASNHE frg=-w= p, (10-2)=08) =0
1S 1 T a1 8 TS I ST i Tel
Bt 2

IR 6.3

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

&

TS & fhg=-w=p, (8)=1x8
=8 L atm

IR 6.4

7T IO 6.2 B TS FEROT ISHAUT ©9 9 &
qr = ghm?

&

&9 5 ¥ fF g=—w= 2.303 X nRT log%

=2.303%x1x0.8206 ><298><10g§

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

6.2.2 Q"ﬁ?‘ﬁ Enthalpy (H)

() Tk SUART AT STAXAT-heT
T WA © for TEeR ST Wt Sremiiita o efidiien
ot | R o qed, eiq AU = g, Bt €, W
srferenTer TamfTe sifufsrame feer st W A g
TR, TG g § feer agHedd 39 W gt
g1 37 uRfefaai & fou e ©h g srewen-wer &1
STEvIhT BT

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

YRR STaE i UIRI 1 § Td 3ifqd stawen
1 2 ¥ WA €l

T ST HHISHI0 i 39 TR fora Hehd ©—

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

T Fafeqd HH W

q,= U, +pV)-(U,+pV)

(6.6)
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SFT T

e Y Th 3N FOHANIAR] el i g
T THd ¢, T el (e v Cweifewed’,
former a9l ‘T wE W safifed e B @)
Fed

H=U+pV
3 THERL (6.6) B Sl 8:

a,=H,- H,=AH

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

feer 3@ W uRfia aRadHi o fou g 6.7
w1 foran s St 2

AH = AU + ApV it p feerisr 8, 31a: &9
o Hehd &

AH=AU + pAV (6.8)
oo € for o feeR e W oA SrEwiia et
2, @ =ened o en Toedt o ufieds A ®© e g

% W R AH = g FeR g W e
T 2

Fomadt arfiferametl & faw AH U
2T &, Set IRaTRaT & ST ST St gt
2 T Fegi stfufwane & fU AH aTEw
EIAT &, gl URA9T | HOAT Rl AAINTOT BIeT 2

TeeR & (AV=0) WAU = q,, 3Td: FHIH
6.8 B Sl 81 AH=AU=q,

5 s, S heiel S 1 g et A
T AH Ud AU o T TR Aiefeh &1 giar, Fifeh 3
TS gl B TRH 3 W T | iz a9 e Tt
Bl A e erae 8, @ g SfaY wiefeh Bl S
21 &9 wH U sffme W fomar i ?, foed 1
wfee €1 feer 3@ v @9 W v, e sifafwaet o
TSV, T IR T Fe AFTH # ql n, A€
SAfafoehi T n, T SRS & el w1 g @,
ar emeel T R % SER—

pV,=n,RT

e JhX pVB=nBRT

(6.7)
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I pV,-pV, = n,RT-nRT= (n,—n,)RT
p(V,-V)=(n,-n)RT
pAV=AnRT (6.9)

7l An, TR ScaRl o Al w1 e ud e
fferarehl o HIcl 1 F& H A 2l

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

AH =AU + An RT (6.10)

THHIOT 6.10 T ST AH G AU AU AH
1 O A B | T S 2

3alelul 6.5
a1 AR TH HEA W 100°C TE 1
bar ¥ W TH HIA A o AR §
Tfedd 41kJ mol™’ UM ATl STAReR
S-9REdT i TMUET HIfSTT, & 1 A ST
%l 1 bar 3@ T§ 100°C W arediehd foha
S

'

H,0(1) — H,0(g) Radd o fag

AH = AU + An,RT

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

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

(@) fawitol o T o

foreefiol el et T ® 95 e wn 21 ool o @
o1 2, Freert 7 e § Sufterd ge & wE/emE
(ArEs) R FAsi e 21 SR o fer-germH,
I, SR Srotl, et Srommenfiar enfg ferdiof
T §
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3 T, S TR | U 554 i HE/SThR
(Trest) R R T ¥, T O FEAd 2
I ok TeIU— 19, e, S1d A1 e 07 &1 Hiek
o1 ¢, Tohet fehm o T Wil o 701 o 7 % g

2 &1 7 5o H I 0 W, W A =, S
1 A W W6 21 T ILE Her A V, T
HeR Ferefiar ¢ 21 forefiol wef e 1o # R 7w
Teh T ] SR V o U6 H T A9 T ekt Y Hehd
g (fa7 6.6 ®)1

V. T

(=)

e fagm

Ifg ¢ R B, @ SO 9 qrdig gig e gt
B We1 w1 oA tfues ®, sueht 37 9% ® fom
THHT 19 FGH ok foTT agd e el =neul

C v=ief Y A o e g @1 feret ugred
! Aol SR Cm =% Teh HIcA Tl SEATRAT

21 I€ SOA1 1 9 AG0 €, S Tk el g5l 1
s feift dfcem@ (1w ohfeed) sleM & fau
erTEeh Bt 21 fafyre o, f59 ‘ fafyre s’
ff hEd €, 98 S €, S SohTE AT o ToRel T

NI<
ﬂ
NL<
ﬂ

(@)

T 6.6 (F) 79d7 V U9 a9 T R TF 19, (@) [G915/% & R S79d &1 S7e1 &1

3@ AR faureish oF g/ STEae ol & faan
Y (et 6.6-@) , & o1a e V/2 @1 S @,
W I8 9 T & T 7| o: T € o eae
ferdiol o1 2, Steifer d@mq e T 2l
(1) FeTETREar
T STEE | g9 <@ € for frehm ot efafta o o
AT S {1 A R 5 S T ST S, @ 9%
a9 o gfig o w9 § gt g el

A o iy fafid woa o FHEu Bl 2l

q =TT x AT

UM 1 A TR/ o TR, Feed T8 Uehfd
W et e 21 39 B TW ywR ot faw wed €,
'‘q=CAT

Tel Tk C I FEEiEr wed €

TH YR SHEHTHIRAT F1d 81 TR g0 d1d gfg =l
AT R YA ST TG FR Tehd &

1 a9 T feilt dfeqad (A Uk Hfcad) seM &
fau ermavas et @1 fre ugiel @1 A" ser %
IEXA W AR FH g FA F o A€ Gref H
fafsre A1 C 1 89 SEEA m T dq9-Redd AT

3§ o F F, e

q=cxmxAT =CAT
(9) T oewt | & faw ¢, e ¢, # wam
FoIRA %1 fEer $EaT W ¢, ¥ T R g™ W
c, ¥ Sifhd Fd 21 379 &W S H Hee @ H 2
q & fau feer smEa g foe gwd 2—

q,= C,AT = AU

T fer 5@ Wq = C,AT = AH

st W & faw ¢, W, % W= ow =
TR FA feRal S Tehel B—

(6.11)
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SEATTAeRT

T Aol TRy 19 o It AH = AU + A(pV)
= AU + ART)
= AU+ RAT
.. AH =AU+ RAT
AHTE AU A @A ™
C,AT = C,AT +RAT
C,=Cy+R
c,-C, =R

(6.12)

(6.13)

6.3 AU TS AH <hT HIUA :
Shentata

TR TE e YRl o Heifea i, fted i
(Calorimetry) Wﬁ%l %ﬁﬁﬁﬁfﬁwwmﬁ
foran s 2, 5/ Shediiiet’ sed &1 SheRiHie T
%9 o JI AT § S @Al 71 5 hi SN To
HARIHIZ T SOHAIRAr T €F W - uRed ok
IMUR W YehH W Icq= HoH1 1 1 ST Fehell €1 HIIA
T feafeai o fore o €

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

(%) AU T |G

TErEfe stfaferaneti o forg feer strds W eraenfia
] T WO oH ShelHIeX (Bomb calorimeter) i
foran <1 ® (ot 6.7) T=l ww Eiet %1 9 (M
SHARIHI) et W g Sl €1 Lid 99 § StferdieH
JaTfed S Saaeiel Ufaest (Sample) i STl STl
21 afufren H Scm S STl 1 3faid 8 S 2
IHF TR IS H A A B o S 2| e o
HARIR quida o, © o7d: THoR A W IS
ufed T g 3R wiE FwE T2 fRan s 21 =Rt
e o TrEl o et wamEtte sifafmare o of @i
1 & B iR AV=0 Bl 81 R 6.11
TR U A shi FOHIRET 1 EF TR da-dfereH
# q, § TRaf e S 2

167

|

T 6.7: a9 et

(@ )AH T HUA

feeR & (AT ArgHed qd) T SHeH-aREd
ot 6.8 ® <Y T4 SHeARTe gRI AAT S ekl €
&0 WA & foF AH = g (feer <@ W) | o7: feer 3@
TR IHSId STfal STavifyd woA1 g, fafshan o
ol fafeRar TAedt A H FHear ¢

sfygferan fagm

forT 6.8 : &R 3@ (FrgHESHT 316) W FH-IREAT qr9+
& ferg ahendigiex
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Foad sfafwanst § o fes Bidt © qen
frerm & ofisr # o w5 weE B 2 sHle g
SRUTCH BN 92 A H it SROTcH &Ml 36l @
ST ifufcrenel # S sterwitia gl o g
SR AH T oA F

IV 6.6
frfefad @i & oER, 1g U®Ee @i
SIS 1 3TfUehdl § latm @ TF 298 K W
9 SheAHI | <@ S S 2

C ( =S ) +0, (g — CO, (9
srfufsran o <R g 298 K § 299 K de sl
21 9 a7 SheRIHIe &1 Soareniiar 20.7 kJ/K
B, @ S sifuferan o faT 1 atm 3@ W@
298 K W TEedt qited == gim?

&

M AT | 9 ST g To ShelRIHIET i

FEENAT €, 8, T ShallHI g Taifod

SHTHT,

q=C,x AT

rfaferan | Wi ST ST W SHE 8RN, W fow

FHUMCHE BN, it frepma (Afafswan-fagmor)

SN Y HOT hoARIHIE §RT T80T i T8 oAl

o ged g

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

(7T RoTcHe g eif¥fnan o Somerdt g i

i w3 ©)

37d:1 g IhTee & T@H & I AU=-20.7 kJK

| A UHTEE o <@ oh Ty

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

= e

=-2.48 x10” kJ mol "

Iel An, =0

« AH-AU=-2.48 x 10°kJ mol "

e fagm

6.4 FATTeRaT o ToT w=eredt

e, A H 1faferan wEedt
Tt sAfafra o sifafwaes sar o sead 21 59
Ui 1 TH YR U o— AR — IR
sifaferan o IRA Toedi-uftedd stfafmar-Tsiedt
FHEA 2| AR fafEa § Toed-ufedT A H
fog 9 < S 2

A H = (S6) ot Tl 1 ) — ( sifafshaent
H1 Tt w1 4n)

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

fehan ST € TS a, T b, WIfera THIRTOT § SHE:

Affshaehl Td ScARl o WEfRAFIST T &1 ST

o foru— fefafed sfufsan #-

CH, (g + 20,(8 — CO,(g +2H,0 ()

AH=YaH..—->bH_.

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

(6.14)

2H, (0,, g)]
el H, HieR THed €1 Teedi-afiedd T a5
SuAnh ¥ {1 s9eht 99 fer @ W R siifr
TEEfe Afafshan o s A1 ide i Arel a9
o STavash T SUhT STEvTehdl A el 1 ardie
fefear 1 oA A o Ted R
(= )arfaferan st ameR et
foreht Tramaten stfufsran ot et uftfeafi w fask
F 1 3T TE ST § for 79 o Ak it
i e )| Toret Tamate srfaferar s o
T 9 T ulads &, wia o1fufesrar & amm
T |t uaTe ST A staetadl | g
fereit uarel it U staren Tt fafde am
T IHHT 98 I ®7 &, S 298 K 1 bar 16 W
T ST €1 SR % fau- %9 oM wt O
3TN 298 K TS | bar W YF 59 el &1 <l 1
A -3TTEA 500 K TS 1 aR (bar) T IE S Bl
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SEATTAeRT

21 3ffhe WH: 298 K W forq Sid €1 Aeeh wikfeerfaat
H AH ‘TIT'T’JT'EF © (Superscript) @R FH T
ST €1 3 ok feu- AHC
(@) UTEReT ®UIUT § THedr-uiac=
el qierdd § Si-gieadd W Bidl ¢l Seelol o
o 9% 1 frere™ o fofe 3o &6t eTravaehan gt
2| EREE o w1 fyser fer g (arHEeE
) W Bl @ a1 TEe-uiea Bid g9F arg feer
Tl B
H,0(s) - H,0(1); A ;,,H® =6.00 kJ mol ™
2I%TAquHe T STerl H e T 81 9
STl 9 | geeldl §, df 3ok Toudid U BT © a
Sal & A oA aftewr § el S 2
ufd diet 3@ uaTed o e | gierel Toedt
Tfads A U=t W e Tt a1 Wi e
T A, He TFET A €
SIEl T T ORI Bl §, ofd: Wl e
TOfeTd] eMTeHeR et 81 STet o SToeReol | o1
ST BNl 2| THF FAUAR T, T TEeR <@ W
H,O(l) - H,0(g): A,,,H® =+ 40.79kJ mol
A, H® SToFEE A e 2
(T, SR T, HERN: eIk TS FaLHIH 1)
forell 591 oF T W1 @ ReX I TS A &
(19R) W Sk St oF foTT STaweieh o1 ohl SHehl

169

Feduad 2/ @Y € T H 95t 9 21239
e SESATHAES A1 [ dh (dry ice) A_ H® =
25.2kJ mol "' & WY 195 K W Feduifead gl 2|
el oy e-efit sresurfaa Bt @, frmes fag
A, ,H®=73.0kJmol !

forelt 3 & T Wi A feR A T "
TE (1 9X) W FeAqrad § g arelt et
UREdT Al SHehl AMeh SHeauTaT Tt shed B
T -IRedT 1 7 39 usred & fay-stofas set
F1 ga W R a2, g geeen-ufeda 8@
T B SET0T o feIu— Sl o STufAl o Hed Sufterd
T BIESISH 9 SHhT 59 AL § S o STU[3Tl &l
Haerdl § 91 @A §| etk 5a (SH- UEen)
SiR-eTfvae fgya-feya o= foran fovw €9 @
Toel Bl 81 39 WohR THeh | Hicl ok arsdichd BH |
ST oF 1 Il bl ATSdiehd B ohi Y& HH ISAT Hi
SEgFshl Bl €1 WROM 6.1 W o el i e T
ARl T HFH Toedt & TE )

IETET 6.7

e el (Pool) H feretl ek shilel 18 g T
%1 T ¥ @1 (TMen) 1 TE T Bl 298 K W
aiftad g9 o fo fohaet o eTawass gi?
298 K W STSHIehUT i AT el bl IO
Al

T T A AR AT TICW A HEFEd B
AU 6,1 T TG a0 o {10 AHeh T¥redt aRerds am

Substance TJ/K AfusHG/ (kJ mol’) | T,/K AMPHOI(kJ mol?)
N, 63.15 0.72 77.35 5.59
NH, 195.40 5.65 239.73 D335
HCI1 159.0 1.992 188.0 16.15
CO 68.0 6.836 82.0 6.04
CH,COCH, | 177.8 5.72 329.4 29.1
CCl, 250.16 2 349.69 30.0
H,0 273.15 6.01 7315 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 eIy 208 KW A, H = 44.01 kJmol’
&

FISNEHIT o YhH hi §H IH TR TSR H
Hhd o—

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

1 mol S oF 298 K W ar™qq o fou < <A
A Fo = nAmpHe =1 molx44.01 kJ Mol *

=44.01 kJ

(& 9 U Toh arod 31eet T o WHH SIeRR i
2
(S} O
A U =A H-anRT
vap vap g
1 mol a1 & faT
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)
=44.01 kJ - 2.48 kJ

=41.53 kJ

IETEAT 6.8

STl arsd Wi TRy TE WA gY MO shifey fw
100°C 99 3R 1 bar @ W 1 mol Se-aT5q i
0°C a9 &t o § aga H AR ol § foha
IRedd emm? & © fh oh w1 Tem wored
6.00 kJ mol ' IR et &t SoATaT 4.2J /g T 21

'
Ifads f TR 9 g 2

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

Tt IRedT AH,

e fagm

=T - 2
1 mol H,0 (1, 0C) — 1 mol H,O (s, 07)
Tt aREdT AH,
% T giads g

AH= AH, +AH,

AH = -(18 x4.2x100) J mol '
7560 J mol '
-7.56 kJ mol "

AH,= 6.00 kJ mol '

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

T STIET W I Iaee H yRedd sF W
AFTA § T10g gfedq g § oAdi—
PAV=AnRT=0
=AU =AH

=-13.56 kJ mol '

(M) AeR fare T A He
fereit =ifiteR o Teh HicT Al SHek &F dxall, St 310
ol Wt wu # fed e oE (W w9 @
‘gaof-arawen’ o weq €), ¥ W fwfoq + W
E ATl UTFeh Tt TRerd sl SHeht WIFeh Ao
fore Toeh A He el S g

SEl ugieh f' s o wefud Aifien o
| Hiet SHek awall, Sl 31+ Tad TRl w9 | €, § W
o ST 81 e e etfufwarg St T ot
Hie” et & WY & T g

H, (g) + %0, (g) — H,0();

A H® = -285.8kJ mol™

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

2C (WL, s) + 3H, (g) + %0, (g) —» C,H,OH(1);
A H® =-277.7kJmol
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SEATTAeRT

TET 9% T Tewul € foR A fove e,
AH®, A He %1 T T feorfa 8, fomrd 1 ot =ifirer
T el W S 81 S S o sAfufemanst ° <,
YA e TR § § Yk T | Wil S @)

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

T ol sk Soerdt et o Tied-aRed
hfceem wEie i fawen Toed T €, Wit s
g HEiHe 30 qwel 9 T T w O AR o
a1 B FreAfafaa sfufear o fog off woed-afeda
HBr (g) 1 7% T fawa wéierdt A HowE 2,

171

dfew T i woed B

H,(g) + Br, (1) - 2HBr(g);
A H® =-72.8kJmol "
Tel TR IS o ek Hict k1 3TU&T S Wiet 7o
a9 ¥, A, H® =2A H°
Hfera FHieRo o IHE T[unehl 1 2 § fawtea
% HBr(g) o o= el o forq @it 5q
Yo foran S Wk 8-

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

WUt 6.2 TS T FY YA Wl 298 K W AR Hiow fewer THed, A HO

uaret AsH' [ (kJ mol-?) qaret A;H'/(kJ mol-1)
Al203(s) -167.5 HI(g) +26.48
BaCOs(s) -1216.3 KCI(s) -436.75
Br2(l) 0 KBr(s) -393.8
Bra(g) +30.91 MgO(s) -601.70
CaCOs(s) -1206.92 Mg(OH)a(s) -924.54
C (&) +1.89 NaF(s) -573.65
C (Jwre) 0 NaCl(s) 411.15
CaO(s) -635.09 NaBr(s) -361.06
CHa(g) -74.81 Nal(s) -287.78
C2Ha(g) 52.26 NHs(g) -46.11
CH30H()) -238.86 NO(g) +90.25
C2HsOH(l) -277.69 NO2(g) +33.18
CesHil(]) +49.03 PCls(l) -319.70
CO(g) -110.525 PCls(s) -443.5
CO2(g) -393.51 SiOa(s) (=F=rest) -910.94
C2He(g) -84.68 SnCla(s) -325.1
Cla(g) 0 SnCls(l) -511.3
CsHs(g) -103.85 S0xz(g) -296.83
n—[CsH1o(g)] -126.15 SOs(g) -395.72
HgS(s) -58.2 SiHa(g) +34
Ha(g) 0 SiCla(g) -657.0
H20(g) -241.82 Clg) +715.0
H20(l) -285.83 H(g) +218.0
HF(g) -271.1 Cl(g) +121.3
HCl(g) -92.31 Fe,0,(s) -824.2
HBr(g) -36.40
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FS TRl i 298 K W WM Aier foa=r
T A He Wl 6.2 H & 2
Rl o FTEN, Tk qee b GaH Al
e i oTaen | (TRY-e7a%en) AHe fatem
Tt A He A Y fen s 2
M ST T 319 T shiehel SR &
AR S e ® o afg ar usre et A
e ¥ ¥ ThfcHad e i I T Hle
eReAFEe ¥ faufed &0 & fau fea som
FT AEIYIHAT B,
CaCO,(s) - CaO(s)+ CO,(g);A, H® =?
TET & Teh Toer TEedt h SUAN Y Fehdl
& ud erfuferan o1 e uReadd aienford o Fehd
B T qRerd w1 oA i o e gw e
YT THIRTOT 1 STAM HT Hhd B
a,H® = ) s HY (30R) - ) ba HY (afafwas)
l 1 (6.15)
STet wi%ﬁ HFO Ha U6 b HAW:
rfaferaenl T IRl o TN §1 ST THIHTOT
1 ShicHaH hTeie o foeed T AN Hid & T8l
a Wb M1 Bl e:
A,H® =A,;H®°[CaO(s)]+ A ;H[CO, (g)]
— A, HP[CaCO,(s)]

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

= 178.3kJ mol!

3d: CaCO,(s) 1 fasres sroAmdt stfwfsran
21 a1d: 3food Scue U U o fou sTgeR! =9
TRH T BT
() FERTATIMS AHIRT0T
Toh Hferd TR iR, e 36k A H %
oH i femn T 8, ST IR e
21 B9 UH g o uerel i odifaen steemd
(3TREY ofeeen & @) off ffee &@ 2
IR o feAu—

e fagm

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

ST gk ffad dM wd T WS
TS 1 S W1 ©1 Toedt e 1 oS
g < © foF @@ wh Somad stfufsen 2

FEEEME TR o wad H ffatea
Raifeal i A @A AEvTE B
1. Hqfad qEEte THe | e sifufsmaent

T IRl &A@l (SR Hi ) & FRRE

F 2
2. A, H® 1 TN 7 TR gRY Ui o wie

#1 g & T3 ° g 81 ok et aied

AH® HT THE kJ mol ' BT B

ST GO i 9 o fore gn fe=fafea
sifaferan o fore stfufFa—<sm &1 oA W -
Fe,O, (s)+3H, (g) — 2Fe(s)+ 3H,0(1),

e Toeer T i ERol (6.2) W EH q[ §-

A,H® (H,0,1) =-285.83 kJ mol;

A,H® (Fe,0;,s) =-824.2 kJ mol;

AH® (Fe, s)=0Td

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

- 1(-824.2 kJ mol)

= (-857.5 + 824.2) kd mol!

= -33.3 kd mol!

& © T 37 oSt W 9gE O Y§ He
2 S 3faa wifrafafa UM (Stoichiometric coef-
ficients) % & §1 A H® F1 T kJ mol! 8, et
a1ef arfafran 1 9fd A €1 W9 B9 SWEA YRR 9
A G o Eferd Y oid 8, 9 78 SitatRa
o Tk HicT 1 TR Hr 1 70 Heieheor 1 fir=
TR 9 Hferd id &1 ST -

1 3 3

EFeQO3 (s) +§H2 (g) > Fe(s) +§H20(1)

qa iR =t 8 O Wb | Afufsran g
T A H® B
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SEATTAeRT

AH, = g(—285.83 kJmol ™)

1 -824.2kJmol™
2

=(-428.7 +412.1) kJ mol!

=-16.6 kJ mol'' = Y%A H
7Y T gl € foh e wwh fawdiol ufyn @)
3. w4 ford e T ol Sae foran S
2, T AH® % UF & fag ff 9=a S 2l
I o -

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

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

(=) 3| & frem

<feF T T STT-Tho €, 3Td: Tedt qied
RIeh erareen (fehrenl) Sifam stereen (Scmel) i
W A o U W WA e ¢ W R B TH
sifafsran =@ Tk WS W = A HE Y& w1 @ |,
Tt qfitgdT guE T #1358 ‘' e’ o w9 d
9 YhR e Tohd -

3Tk UaT H g arelt Terdt Tramaten sthirfsrar
i AR T 37 |t srfuferanet st T A
W A AUt st O gt &, foed g4 oot
arfaferar =t fawfaa faar T et 21

3N, B9 39 799 &1 He<d T S0 o g
gl Frefafead sttt § woed-ufeds « foamm
HF Fi-

c(ﬁrcmz)+%02 (g) > CO(g);AH® ="

A CO (g) T9@ SIS 7, Wy 39 aAfafeman o
B CO, T FH I Bl €1 37 ST Sffeman
& fou & Toed-ufadT &1 @ o w A e
FI Thd| A% 79 1= WE AfufeRard ge weh, foe

173

Heiferd TSt 2, 9 ST gHieto § Teed-gRedT
1 ufirer foran S Skl 2
o9 g9 fr=Afafaa sifafeaet w faem #:@
T
C (ierzz,s)+ O, (g) - CO, (g);
A H® =— 393.5kdmol™" (i)

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

A, H® =-283.0kdJmol ™" (i)

T SUUT THIHON i 5@ TR T Hd ©

o sfoza e1fufsran o &1 ST <% 3R T& A

CO(g) W FH o foTu TRl (if) i TH STl HLd

g, fod ==t e 2H 6t s srawiifoa gt 2l
d: TH AH° o M &l f8 95 <d T

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

A H® =+283.0kJmol ™ (iii)

HHEROT (i) TS (iii) T SISHT 9 SHosd THIHIO T
Y B

(e 5)+ 0, (g) - CO(g);

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

2Ok €9 H ARG Tk AARAT A B &
faq ©h w9 el et uftedT A H ® ud
TR AN ¥ A H,, AH,, AH,.. S9 3K B
g ¥ fafs woef-ufteadi 1 gfafifaea s
g,
AH=AH +AH,+AH,..

7 3@ &9 | 7 foman S Hehar 2

(6.16)

A

H
[A]———[B]

lArHl TArHS

[c]—"2[D]
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6.5 fafita uer =t afaferamen
& fau ot
sfufraeti & TR+ e wd g woedt w=
THHTOT HET AU Bl 2l
() e e TISH A_H®
TEq AT Yepfa o Somed Bt B 3 SEm,
Tehe, foum Te Sfad o 371 Jeqet ° Hewaqul Bl
2| UM <8 e i 38 YRR YR e S
2 o5 e forddt uared &1 ofa Aie a9 el afada
2, S THF <T@ & Hoawy BNl §, S AR
sifufsraess T 3@R T fafire a9 w oo 99
sreeenati o B B
M M el 9 o fafere § ged: oA
(C,H,) T Bt &1 2 o Toh Hidt o & § 2658
kJ S Frea 2idt 21 3Heh fau en st
AffsHen 1 3@ YR for@ wehd 8-

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

A.H® =-2658.0 kJ mol ™

T YR T o 38d ¥ 2802.0 kJ/mol
o fdea Bt 7, foges forg e 23—

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

TR YRR § +ff <87 o YW i @ dioH 9
FST I Bl §, Tl AfqH ScATg e YehR oh Sife
So-TEEfTn afafmaret i goft @ aa ®,
TSI 1 WA Bl

IR 6.9
1 o 1 " 1 389 298 K TH 1 atm W
Il B1 8 o SWId CO,(g) T H,O (1) 5 &
qM 3267.0 kJ FoA1 Frfed @it &1 d=fA
fere AR e TIed T TR IR CO,(g)

e fagm

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

T

g1 w1 fomm fF=fafas gdeor 9 fan
ST B—

6C (¥1e) + 3H, (g) » CoH, (1);
A H® =?.. (i)
| Hid S o fon g woiedt 2

06H6(1)+§02 5 6CO, (g)+3H,0(1);

A.H® =-3267kJ mol ... (ii)
1 W CO,(g) o forw forem Toewht 38—

C (em2) + 0, (g) — CO, (g);
A,H® =-393.5kJ mol ... (iii)

1 Hid H,0 (1) % fae for=m woed &
1
H, (g)+502(g) — H,0(1);

A H® =-285.83kJ mol ... (iv)
IR §ii Tl 6 F T iv ! 39 TOM HH |
6C (imre) + 60, (g) — 6CO, (g);

A,H® = -2361kJ mol ™
3
3H2(g)+502(g) _>3H20(1);

A, H® =-857.49kJ mol ™
SIS AT THIHIN hi Sigd T

6C (ez, )+ 3H, (8)+2 0, (€) > 6CO, (&)

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

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

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

(@) HIF TIST A_H®

3TEW, TTERIZSISA o UM oh 3H IR0 W foaam
o

H, (g) — 2H(g); A, H® =435.0kJ mol™

39 2@ Fohd € T 39 Wk H SEEREeH %
H-H 9 o 224 § H ] 9 eid 81 36 Fieha
H BN 9 THed-uferd w HUH T, A He
HEd €| 98 T srereen § frelt off ugref o wh Hia
o ufeerd meel ! guid: diesh? TR | ke W
B el Toed-uftada €1 S T T SRS ST
S fguATTs STusti i HUM Tl SR e
e Toedt oft gt 31 v T % 9 3T
SerERn frefortad 8-

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

Ig M 37 A 91 € & e SR vt T
e W ¢ 3R H TRAm] B

Na(s) — Na(g); A H° = 108.4 kJ mol!

TH ST | HUF Tl SR S Ted
T g 2
(1) oy T A, H°
A fafsmeret § TEmEte oTeY 22d T o
aTree T2 ok TIT STl Bl SArEgehdl Bl © 3TN e
a9 | St e et 21 foRe ot sifafen 1 e
% qEEE STEH o6 22 Td 994 | B arel SHeii-
TRed G gl S Hehal g1 TEEE ST g2
T -RedAl o fau Swmfdes § 9 o u”
IR BId B—

(@) ererer foriem woed
(ii) " STEY Tt

175

Y A ITAT T g T A
supsti o Hey | w
fgaearorer o1y : | frefefaa gfwan w faem %
T Ul eRereSH | faude gt ey e -

H,(¢) — 2H(g): A, ,H° =435.0 kJ mol!

™ gfemar ® eF e Teedt-ufedt H - H
S IcRRCalC CORERISE] Q"QFCI“T (Bond Dissociation
Enthalpy) 2

arrsler oo et 5@ uferar ® EF aren
TR oF Tk WA STEe TgaRt TEE SamE aHl

o 2 foh 78 Ted-uRede iR SEergeH i
FHUH T T T 21 3= et fguenys stued
& fau of 77 9 71 SSremed-

Cl(g — 2Clg); A, H° =242 kJ mol

0,8 — 20(g); A, H®° =428 kJ mol™

TEIHAIE U] H 3TE fosH el 1 AH Th
o) & fi= 94 o o fa=r g 2
SgUTHIUIh 37U] (Polyatomic Molecules) : TH
T TEWANE Y (S¥- CH,) W fa=r & g
THoh UM o TIU SoAUHElTeR STafshal 39 TR <
STt B
CH, (g) — C(g) + 4H(g):;

A, H® =1665 kJ mol ™’

O H W/ C-H 31 q9H €| 3afery, e 310]
H gt C-H T&dl &1 AEY-g8 @ ay-Fei ot
T HHA §, AU Y&eh C-H 37w i digd & fog
AETTH S -foet €, A @ T B
CH,(g) - CH,(g) +H(g):A,,,,H® =+427 kJ mol ™

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

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

379 B9 CH, H C-H &l shi 3o maier Teredt
TR e -
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CH, = (A H®) = 4 (1665 kJ mol ™)
=416 kJ mol!

B0 3@ € o 499 ° C-H 59 &1 oid erey
Tt 416 KJ/mol ©1 7 uran 7 ok fafe 2ifment,
S¥— CH,CH,Cl, CH,NO, 31 & C-H 9% 1 3f&a
ey el W Th-gER § digl T g g1 Wy
T O H SAfeR S ST Sl 29 o6 T W ST
FT oh SEY TICH I TUAT i S Wehdl B FO
Tehet 3R SgeTe w el groft 6.3 § Suersd 2l
At Tt agd HewyYl Bt B, FTE Te TR
& o T2 WA AT A& oF a9 o RO & e
et B1 A e fafve areiy wOfeqal 9 & d i
sfereen o fopelt oft erfufren =1 woh 9@ w1 w0
Gehdll ©1 T eraeen o Afdfsman i A Teed
AHP ST Te stfufspaent i eteiy weifeudt o 5
TR Helfed it 8-

e fagm

A HO=Y ey Tt o e T
(6.17)**
TE Hay 3@ Gy foviy Sugnht g @, S«
A H® 1 °F A A el fedt stfufma g
T uRted 59 arfufwan o sifufrass stoet o
geft 3Tl i died o faU STavas Sell U SRl
o T[T o Geft oTrEE i dig ok foTT STavTe Sl
1 R 2l 21 A ® T 78 Heie oo Tl 81 a8
U GEA AN BEN, S AR § |t s
(sTfafshaes Td S@R) T stewen | )
() STeter Tt
TH AR Al # o Tl o7 Ted
e €, STe Teh Hiel At ek T atereen o
Ao Al o et Bt B

ARUN 6.3 () 298K W FB Tehel A&l o 48a Tt 7 (kJ mol! #)

H C N (@) 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 2113 2
213 251 213 = S

243 218 209 Cl

192 180 Br

151 I

WRUT 6.3 (@) 298K W FB 3iHa sgaay THedt A (kJ mol )

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

611
837
741
1070

O =0 498

* Jlg - ey [FFT TSIeY a9 Siigd STay TSIeYl & o1 GHIA fag &1 YN fEEr S 8
oy g ey fave Tt (AHP, ) F OWAT W, SO wEs R fH FHER % UH A S a9 H

q:%q?—wﬁaa% gl, @@ AH® = zAin‘ccrméF ST _zAfH;ﬁW' ¥ oy
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<fer Tersh Tl S w5 e [
FHYE ®, 36: g9 U W faf % SwEn e ©,
el T el oM@ WM B SH aiH-ge] oIk
(Born-Haber cycle) gl STl 2 (fax 6.9)1

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

NacCl(s)

T 6.9 NaCl &7 Sieish T=ieqt & fou Teieql siE

3T, &9 fAfafed 9)f § Na'Cl- &t S
T Y TUAT HE B
1. Na(s) > Na(g) Wifeam g T Fedurad,
A, H® =108.4 kJmol ™’
2. Na(g) - Na*(g) + e '(g) HfeaH T HT AT
T

AH® =496 kJmol ™

3. %Clz(g)HCI(g)aaﬂﬂ'wr 1 fodem 39 eAfufwman
FHT T Ay foRieT et w1 e 7

% Ao H® =121 kJ mol ™

177

4. Cl(g)+e ' (g) >Cl (g) FANH T FN T
TR olfed| TE Wisha § SoieRi ey Tt

A H®=348.6kJmol

MO Teheh 3 T ST Tl qefl Selei aifey
Tt o SR H g1 €1 orad § A U SSAnaeh! o
& fed U R TR T Ul KT e I Sell U
ST Al IRl T YA foham Siar o (S <fEm)

ST el TS Soiae el Ta1 hl TR ¥ aqH=
R it foren e ©1 foret o1 araEe W g
U ATTRTIR] T STE] hl ST hi TRl
Y uitesfera fran s wekar 21 Frefafaq sfafwa o

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

A T R Tedt gfeds 9= fore e =
Herra § ufterfod feran S Hehar e—

T
AH°(T)=AH(0) + [A,C2dT
(o)

I SAfETEt § 9 o © Yo uSie
FEEE C,.5/2R (C,.3/2R) 1 sHfeT
ACS=+5/2R (3 & fem)

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

TH THR

AH® (ST THER) = E, (SMFHH o)

+5/2RT A H°=-A (SCRHaYd) —5/2RT

5. Na'(g)+Cl (g)— Na* CI (s)
7 fafa= o =1 %9 o= 6.9 o @i @ 2
TH %W i ‘dH-BeX Wk’ HEd & 5 Wk
e 7 8 fF 38 R o ¥ Toedt-ufed
g 1
79 | & egERr
A HO =411.2+108.4+121+ 496 - 348.6

e =+ 788 kJ

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

A
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30 Yiman o fou smafle <o 399 2 RT &4
BN (FfeR An, =2 ), St + 783 kJ mol™. 3 T

Euf
39 B9 39 STk el o W I WerEdl 9
forer woedt o1 ufiehed & THRd 2

AsolHe :AlarticeHe +Ahdee
NaCl(s) & T& Hia & foau Seer weoed
Ay H® == 784 kJ mol™ (FH-T&h ©)

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

39 Y&R NaCl(s) ®1 faea-ufshan o sgd ®d
Fofl- Ul BT 2
(=) foream-Toedt A, He
et uqred a1 faermA-Tdedt 97 wed-ufEda
2, Sl 3Hh U Wi i faeras w1 e @ o
Se W R #) o T W e e 9
Tedt-ufted 7, 9 usrel i faemaes w1 s "
# wie W€, S e o (A faew o st
%) T A TR T gl

e Ueh AT Aifien i faetes | =ien s
2, qd 3ok 3 fopiget et o erort frafia feorfa
1 B 3 21 79 3 forerm § sifereh e B €, W
3T T T STl w6 faeasRiE T (s 9d o
STefrreRTeT) St B 21 39 T At AR AB (s)

o fou smea w9 o < T 2
AB (s) —>A5"lH A'(aq) + B(aq)

A H® AraH®

lattice

A'(g) + B9

3d: 9 § AB(s) 1 faead e A H Td
SeATFeR Toedt, A, H o WMl 5N 39 YR 6
HT S Fwdl T

e fagm

A H = Ayyice H + Ay H

sol

sAferenter smmafter ATl o folw A # oFTHS
BIdl 81 SEifere atferents Afient &1 sial o feoretar a9
G W TEdl g1 A% et Toedt agd Sl €,
Aqifier 1 foerad & o1 ?1 9gd W weiNEe
FANESl w1 ofien % foo w B €7 Teed
TRl o STHM STEY Setetl (Tefeudt) Te St
Feetl (THfewr) w1 arfvE & ST g few
Tehd &
(B) IR T
e T € for foe-oedt, fier @™ 9 @ W
faea &t fordt faftre amn i faemas 1 f&
fafyre oen § Hied @ 89 oo Ted giteda
Bl 1 U8 A oS W GIUA o W5 fRet off
foemes o fau @ e s @@ €1 e
gEgH % 10 mol %! 10 mol 9l ¥ e 9
B a7l Teiedt afiqen frefafad g g1
for@n s werar @1 gfaen o fow e wid 1 aq.
9 TR &

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

ey &n frefafad wiedt uRed i & aqe
H 3R =M )

(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 kd / mol

(S-3) HCI(g) + oo aq. —» HCI. o0 aq.

AH =-74.85 kJ / mol

AH & 9 78 Jeiid i € for foem-weed
1 G T foe@a 1 A et @1 Se-oy
faoea #1 oIfus AEN sWEE # S R,
foerm-Toedt S 9 e TgEd St @ A
S WA G AghIUl el HH| BEgEich
T & faU T® S THIRW (S-3) § fea
T AH %1 7H 2l
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SEATTAeRT

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

eI (S-1) W1 df BH W erar 8-

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

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

=-0.76 kJ / mol

AH 1 78 HM (- 0.76 kJ /mol) TR0 i Tt
2 TE g€ T ¢ S faerm § 3R et
foreareh THe T ordere 9 ot st 21 faere
o IR0 KT T foerad # ga disar sk
e T foremees w1 wEn W AR S 7

6.6 4. Udfddar

SRR 1 Jod oM & fhet fermr g sremtifom
S TS 39 W AYET STk gN fhT U & § Hay
A 1 T8 HOH1 o WalTE i 9 W i wiise el
S €, Sfesh SO 1 YaE $ed ard o e A e
3R THiEe B B1 arkd | Wiehfaeh &9 § giHeel
Gft et o1 ifden YhH T € e w1 3R o
e Tfya 81, a:yaiid il 330 o fau— T
9 o1 YT TIM I W o Tl TELOT, HiEe
SRS § SoToh e SRR a1 S|

T o1 ST a%] W TRY 9] i 3T W Tl
T T I § W T S wE A i gpfaa
&l T A R SESAAEES Wd: e 31 SRS
¥ ufafqa =& grftl s8 YR o 3T W%
TenTeeiia afterds swiid €1 379 99 Saal @ foh wo:
@WW#WWW (Driving Force) <=1
2?7 U wd: YA HI e 9 fifa e 22 o
@e H B9 31 YhHl o fag Ause iR i fe 3
e ® HWehd € A1 T

B BH HHFAI AfeT o T Tafid YhH
T2 9 W ¥Y ¥ W 9hd ¥ fF w@aEfi
THEte SAfufsa 98 €, S ATWehNeh! o Hueh 9
W & B ol 21 B SRS TS SIEgeH o HaAn
%1 Tefa =1 oid €1 37 7160 1 HH & a9 1 e
Heh 3MF aut a& foa fordt oo afads &
T S WAl g1 gafy 39w afafEa 8 @ e,
R agd & i a9 38 q@ off ‘waafia
srfaferan’ € hed €1 o1d: Lo wetdd s 1 31 ©

179

fodt a1 WeM (Agency) F1 foAT WeTar o foRdt
YhH o B &I UM BEI FEfy S99 SAfufswar @
WohH o B I X 1 Tl AL Hordl g1 Td gatdd
TRHI o TR TEE] § &H @ ¢ R 3 T ST fawm
Y IohiHa el 8l Fehd & Lo Hafdd YshHl o fag g
o9 o g g © foh —

& aTIT T Ua SThUTe U §iaT &1

Ig fowdt @@ G (Agency) & GRT &t

Sehltd fohar ST @ehar &1

(%) & T T hH BT EdHaidar ot
AR 872
IfE B9 e TeTet S — YerEl 9 Wl R a1 s
R TeeR A &) gfganeti | fa=ar X, 99 <@ f&
TohH %1 feen § e w1 feufas w1 § &t gt 2
T YR B9 T Thd © T Th THENS Ataiman
39 feen o w@ayafda e, 5w feen o e o &+
B, S oAt erfufmaet o g €
IO o feru—

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

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

m@+%@®emmm
A, H° =-285.8 kJ mol™!
fordt oft omerdt e1fferan o foe s1feint 9
IAR & T W T § 3E HH hl TH Tt
am@ (T 6.10 (6)) ® <90 ST Heell B

Al |y
I g
T AH
H
el Tt
ATRRE IR
sifuferan fdemie

T 6.10 (%) Foaieldt sifulEar & fou Teled-sma
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379 T YT JHIUN oF SR W §H I8 STILRUN
a1 Whd § T feet vt afafwen o fou
Q‘wﬁ?ﬁ Y 27 HH YR Weh 9 (Driving force) %I

19 gu Frefataa sfufsmanet w fomr s 8-
B N,(g) + O,(g) — NO,(g);

A, H=+33.2 kJ mol™
C %R, s) + 2 S() — CS, (I);
A H° +128.5 kJ mol™!

3 HffRaTT Tord gafdd YhH Td oA 2
woedt ¥ gy @l uw Teedfi-amE g s W R
(foa1 6.10 (@)

®I Fd
o

1 P
Tt

T 6.10 (@) SIS Sl & foru Teloqi-emia

T SSEIN W I8 T Bl € o wiedt o et
T yafdal & fau Tk gfoueEs R 7, W T8
gsft yerHl & fou g & 2
(@) Tt T wa:yaf
Toh T Hafd weha St T feen § 9 4R =i /2
oMEU, B9 Uh udr frufq &1 etewmm e, fed
AH =0 , 1iq Toedt § 1 ufigds 7 ¢, R oft
sfafsran =1 yH waaia 2

U TH 9% U o 9REw 9 foafia (Isolated)
2,9 < i 5 Tl w €, S = 6.11 o gwikn
e

Y AT B, MR FEAN: w1 wd vEd
fagent @ <wifan o ® den wh fausi @ g famen
T 2 (fo 6.11 %) S fause gern <l @
(fost 6.11 @), 7 19 9w | fa@la e o 2l
&% THF YET e ot g S 2l

e fagm

fag 6.11 7 41 #7 faeww

3Te TH 59 WohW 1 318 hid 2| foeo 9 o
IfE &1 91 A o f&ed © 9 o v &l fepren,
@ Ffy=a &9 9 3 719 A o 8| 3H YRR A 79 <L
S % Feet § o) e, @ 3 g B % ) @
TR A favrsie ged o 9] A kel SQ, @ 84
e IR R T e "awd 2 TR fashren e e1o) T
A H ® A T B H1l €4 %e Ghd © o Fem@ wa
TN 1 ST SeFafierd 8l T 2

9 T Y SEUROT W §: Th faafm
T & fehma 1 o1 o g Sk sTemafeed e
# y9gf et B Te WA gafddr i TH wIE @
el 2l

TE B9 Th 3T SN et i &id i ©,
S/ ‘Tt 8’ wed ¥ SWeK STeTee T i
sAfirerfe 21 Uk AHfES 9 S & fog uw st
el Tkl € foh Tt feneit forehrr o stezrereen i HoH
T U forafia freera o ot stferes srezreren &l st
& oifuw TR THM BRI Wl a% Uk THEfe
rfferan o1 99 €, Tt e wRArpRt steren i
* TH Ut (fulREH) ¥ ¥ W (SAR) § E:
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rafterd B 81 af% el G fRaehieRt
T ¥ 3ifieh STerafied grt, df Tt § uRomda: afg
BTt ek TR sifaferan B widt | Tonetes aftedH
sffshan o e qerell ki HEE o SR W STAIA
fopan ST 21 e | FEftaa o Hed o ot © e
1 & Th UG % U 3 STEwen =Aad Tl
(Heiferer fafia) ot erawen ®, Sefh 9 ofEwl
AR T 1 ST 2|

319 B9 T i | (Quantify) ®9 <d &
3TULsTl | St o foaiur ¥ Teewe &i AT i o6
fau wh fafy wiferst 2, it 39 g6 &1 g d W
&1 gl fafa sg sifufwan & g9 ot Swr-ofed= 9
Sirea w1 fafy €, < T=rdt 1 SSmfaeh! Hed A
21 I SHMGHRT e, SE—3TdRe Sl U a1
Tl H 1 0 T o T SOANTaeh! STeE
Tl Bl 98 AS UihA o 9y W s T e

S ot fore fepm &1 o < St @, 99 T8
AT T 1 TG e/ &1 STeaeel a1 3t 2
T UK SO (q) Terma ® areyewen sQ@ @t
THTE Tl B 1 84 AS i q o Helfed Fehd 2?2
I9e e € foh Soft o1 forawor S@ g W el
3l €, TSI o <) St €1 Tk S A o R
o f7=1 amg & TR/ &t qo | sifue steaen Bt
21 37q: fordt ferm =61 19 9ok HUI 1 Sl
Tfa 1 e g1 Fe ae W et s @ T
o 3 R 1 3= A W TE IaA & e
1 G | SAfieh a1 ROl oAl ¢ SE Il
<Al € o Tt afteds o S[ehEard g 2l

IThHUNT Tl oF fall 0 AS &hiq Td a9 T
Y 34 YR Hefod H Ghd B

qrev
AS = drev )
T (6.18)

Tt T@d: yafda A o fag fem wa afe
F T T qiEd (AS,, ) Frefafad wetew
SN fean S Hamar 21

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

& Tk ehT™ Treen | 7, @ Tt SAfushad
Bl @ W& T ¥ ufedd AS = 0 @1
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TY %% Thd © [ UH Td:gafqd UH i
T 9 gfg q@ q% B @Wdl €, V& % 98
SR ad = 1 ST SrmEeel | Trdt | qiedd I
e B Sfh T UH el U ¥, o: Th
ISHHUN YehH o SR BH T-9Red &1 oM
Freferfad geieror 9 g0 T Hehd B—

_ qsys,rev

AS

B9 WA ¢ Tor gearde aRfefad o seraoia
Td ShAUTE—SHl THl & fIw AU =0 2l 8, TRg
ASyw I (AS,, +AS,,,) IHTE TFH F
foTw 31 =81 €1 39 YR AU |, STchATIE Td Sehavie
e H fauig & sl €, Sefh AS fa9g e 2

IETEIUT 6,10
way, for fFfafed ¥ 9 feed w=id st /
Hedl B
(i) T Fo 1 9 L H GRed Bl 2l
(ii) T el 3 HT AT OK T 115 Kdh
TG Sl B

(iii) 2NaHCO, (s) - Na,CO, (s) +

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

&

(i) oSN 3T # IReR BH o 918 319 et
R W Y &, o7d: T2t T 2l

() 90K W Gt 379] feer B B ora: T
=99 eIt 81 A% 919 115 K d @
ST, T 3T0] T HEAT AR F 2 B T
Y TrEATEEe | <o HYd § SR
afferen srerafierd &1 Sl 81 31: T2t g
S 1

(iii) SRR NaHCO, 3 € Td 3oah! Tt
1 2| SR § TH 39 AN < T B o
IR 3=d Tt it feafa &1 gfaffua
F 2

(iv) 8T Teh 319] ] TRHIY] a1 €, A Hol hi
o St @1 H TR o & Hid eRgee
310] o T HiA i gordl ¥ 31k it
@ 2
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ISTEITT 6,11
e o AR

4Fe(s)+30,(g) - 2Fe, 0, (s)
Tt afed —549.4 JK ' mol ' € (298 KA

)

g srfafewren ® =it ufedd o 8H o
IR off sl w@a: yafda =i 82

(37 srfafean o fau
AH® =-1648x10° J mol™)
35!

T rfferan =t Toaafaa

AS = AS,, +AS,,, % MER W T T
AS,, . 1 O & o fau g6 afew gm
1A HoAT W fo=R & 80, S —A_H®
% qod 81 T M W qRae 1 T o gieda
—A H®
T
(-1648x10° Jmol ™)
298K

g AS,, = (feer T ™)

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

=4980.6 JK 'mol™
Y ke Bl & Tor erfufewen wd:yafdd 2

(“)ﬁﬁﬁf@w:ﬁ%

T @ 9% ¢ fF el frem & fag ool & ga
IREd AS,,, [HE URA w1 @ayafaa &1 o
FA T R AR T@EtE stfuafEand s fhm
T ga e 1 goft F et &) sw: s
aifafanett § Tidt v T — <A | ofted e
FE e §F T e W e = R R A
whael Tedt | @t iR 7 € T o gy w@a:
vafdd w1 feen fuifa = gewdt 21

e fagm

3 YA 2 B9 U AU SENIAhT Her fiTea
Tt 41 filest ®eH G i 39 YhR qRIT Hid 8—

G=H-TS (6.20)

fiest wit, G ok foreiiol wol stareen o7 21

e 1 it Sl o 9fedA AG,,, I 3§
YR foran S wehdl

AGg, = AH TAS,,s — S AT

SyS_ SyS_ Sys Sys
R @™ W AT =0

. AGgys = AHy, — TAS

Il 9IEie (subscript) o™ &l Bigd g
THIH T 70 YRR feaed -

AG = AH - TAS 6.21)

39 Y ity Sefl o IREadH = Toed | gRadH
- qUEE x T § uRadd a8 S fies
GO’ o &Y H ST S §, S THE 9 ok At
Hewqul TR & ¥ Tk 1 TRl g Ty adr o
eI ST I=i wh me-Ty foren € S (AH o
H) TH TR AS (TSR HT W) | S g o
T T 2| forte SneR W faver ol S W e U
g fF AG 1 9T STl 1 THE Bt §, Wi AH
TH TAS Ml Foft 1% € [ TAS = (K) (J/K) = J]

19 g1 foeR htd € foF AG e wehr etfufsman
1 Lo yefdar ¥ Hefua 21

T 9 € fF AS,, = AS, + AS,,

Ife fepra, aftast & @9 qrdig w= | 2,
qfaer &1 a9, ™ o 99 % 9EE & el e
e s Toed | gfg frepm # woed | wt ok
A BN

3T : UfEw 1 T H uiedd

AH
AS,,, = 2w _ 2
T T

AH,,
AS i = ASys + ——

SUH FHIHIOT 1 GH: AR HH |
TAS,, = TAS, -AH_,
;>0 HAad:

total

wWd: YA o fau AS

total

2019-20



SEATTAeRT

-(AH,,, - TAS,,,)>0
THRTOT 6.21 1 SYINT HEH T SIS THIHIT 39
YR foet s gEdt -

-AG >0
- AG=AH-TAS<0 (6.22)
AH, sfafean &t wiedh # ot € 1as 98
TSl &, Sl SUErTt T o foTu Suers e B1 39 YRR
AG ST @ o fau 92 Sl ® U 39 UK g
Sl 1 7O B 39 HROT T8 Afulhan w1 ga St
off gl ST 2l
AG TR T@ T a9 W wWd:ydafdar i
FHE 2
@) 9% AG RUTHS (< 0) ¥, 6 WehH T&d: qafd
B B
(i) IR AG =& (> 0) T8 WhH T&ad: Yot
BT
femuft— =fs stfufsman o foru weed aiad s
B Te Tt uftedq off e 7, @ eifufewen as
w@d: g, 1@ TAS &1 0 AH & A9H 9 31 =
M| I <& YR 9 B FHAl 2
() YHTcHS =it gfiedq A f, @t 3| feafa o 7
1fer g1 =feul (@) oTeHs Terdt uRad s1feres
g, @t 39 feafa o 7w e =ifeu) we aren SR
& odr § foh safeemiyr sfafspame S=a a9 W o
Huifed 1 St 81 GO 6.4 § rfafsmansti & wr:
Yafadr 9 d19 o G99 sl Heifud (Summarise) f&=1
T R
(9) W=t 3 FeAnTfaent st gET fem
T WA © Tk Tt faafim fem o faw s
ufed™ fifvea @@ 21 TEfe, 39 9K & e |
Tt 1 &1 T9d: IR i warHIfaesh fen aaed
2| aTEd W T SN Rl SHY R @) v e
o ¥AH TR fem & off fafv= g § foman =
ekl B SOHANTIeRT o1 O o e ot ® o
T erdl Soierdt eiffsrand o ot o Bl 2
oerdt erfufsrenedi § fehell el aTqeRoT | Teaen

183

a1 3 € SR el iRt TRt giede s Tee B
T S stfuferen =1 T wafdd o < B

(=) e T=idt 2T Somiaent 1 T fam
ot arel ok ooy Wil W o fRdt oft R Mfa R
Tohd T, 98 WL HI TE U H Tohel © IR U
o errey fgw iR facpg wehd €1 et @t = it
ST TR T, O T Tl ShaHE TG sheardt
T 579 Rt 1 AT9HE Sl € o e TiaE S $u
g S § SR TR §g W #1 gE SR e 9
TSR S ® A TR FH B S #1 fwRdt vg
foreferm uated o1 amM SR-S W I A 3R
TEAT & T-IN T ot I Y AW aEet 315
FHTIeRT ahT ERT 5w shgd 21 TEn gafor e
& iifer T Y W fored § Gyl %y e 81 9
HU el G Thfaa 3G a% difi € s
gifass aeh IR grifiTes yamr guiid & fof faeami ok
srfaefiaferd sat i T=rdt 0 K W I &1 Bidt| der
1 1 Hew THfe € T T haet ST oTishel o
SR W Y5 Tl o FRder Tt 7 aRenferd &
A ek B 81 g5 w9 & fau 9w 0 K ¥ 298
Kaisq;;” gfgal &1 Siig X U v S wahat
2| A T 2H-T99 YR o qieher g e
Tt aiads gResfad & & fau seme &1 S
Tkl T
6.7 Tiresy S=tt—uftads wa

HTH=TAEAT
T 2@ Toh © T 39 YRR T Sl o TUg TE
aferor- i & R o frefafed SRt < -
() THEte sifufwar &t wa gafad o1 gEigHE|
(i) THETR Affoha ¥ U B Wehd dtel YA

FE 1 qAIIA|

319 T BH STchAuiE Sfafmanstl § g Sl
IReRHl W R R Tk €1 o1 BH Sehdia tfufsmanet
o g Soll-qiade @t St S 2
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‘SerHoiiEdl’ § SRR Tk faiy ufifeefy €,
S T YHH *1 39 YHR T S 2 R e
U ST uREw ¥ Yufa: W H W IRt
sifaferanati o deod o ‘Scrauliaar’ 1 a1ef § foF R
T Afafsran ST faenet o wer-wrer =« wehd
2, ford fop arer Tenfa &1 9ok | 389 wdta g @ T
srfaferan AT feemetl & gaa e § & % WY =9
Tk, S IHYE Tdid B Bl g quft gud ®, 5
Qe W R R e Sl ad gl At uE
T2 =1, @ T @a: g wH g e i feafd o
qfafda gl S|

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

AG=0

fordt sifuferan, foad a9t sifvsRe 1@ 3R
Hreh st | e, @ fss S A Ge, W
feoier @ eAfafiga gietor g0 Gafea gl 8—

0=AG°+RTInK
FAYNMA G® =-RTIn K

AIAMA G° =-2.303 RTlog K (6.23)
T a8 ot 9d © R
AG® =A H®°-TAS®° =-RTInK (6.24)

Tarel HEATENST SAfafshanet & faw A He =61 9
fereh W eFTeHeR Bial B1 3 gRfefaEl o K w1 /e
| ¥ 9gd Y TN UG A9fha H e 3] A
1 wafd T8t M| Femardt sAfufseanet § A HE #
A Afoeh SART T SRUMCHE BT A2 A GO T A
atfereh W SeoTcHeR Heriferd @1 59 uRfefaa ¥ K

e fagm

TH 1 ¥ 9gd A4 SR TH Yool SHsiadt sifafshanst
o fu =9 K &1 M0 X §hd & TS Aqfeman
TR qof & Wehdl B1 A Ge T HH A S° % HH W
of feik shean @1 afg srffran o weidh aitad i of
2§ T WIE, 96 K 1 99 21 Afafswan ot g
TH oA § YHfed B foh A Se 1 HE AHE A1
FOTES T
THFHT (6.24) T T HH |
() AH® Wa AS® o HIO9 ¥ AG® &1 A STIAI
ek, frdl off 99 W fFwmEd ®9 9 SR i
Hiftd o foTt K o /M 1 TOMT 1 ST Hehel 21
(i) afc varmmen ® K dien & w0 faen s,
fordt oft o371 A9 W AG® & HH i TUFT Hi
S Heh B

ISR 6,12
298 K W AT o Teiid H ®91alol

gOZ(g) - O4@eh fau AG® o #WH 1
UM hifSEl 9 SAfafshan o ferg K 1 HH
2.47x107 2%

&

T S € fF A,G®=-2.303 RTlog K, T8 R
=8.314 JK ' mol’

SAd:

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

= 163000 J mol!
= 163 kd mol!

Arferent 6.4 3ffhar ot WA yafaar o a1q &1 a9

AH®  AS° A G° Ui

- + - et 99 W sfafsran w@a gafia
- N - (f= a9 M) =1 a9 R eAfufra @ et
- - + (3=9 9 W) I=9 A9 T AfafRan seed gafaa
+ + (f A @) e qa W sAfafsean stead wafaa
+ - (3= A9 W) I=d A" R AffsRan T yafad
+ = + (| A@ ) et qr9 W sfafran sreaa yafaa

* U3 e @9 UF I a1 goricad 21 fwdt fawiy sifafmer & fow 3= arg sitad #WR # arg it @ aehar g
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SFT T

ISR 6,13
frafafea sfufean & fau 298 K ® am=
el &1 9M A1G Hifse—
2NH, (g) + CO, (g) = NH,CONH, (aq)

+H,0(1)
ST @ 99 | A fiest S A GS &1 °H
~13.6 kJ mol! 21
'

A G®

SIEREG locs K=——x—
& & log 2.303RT

(—13.6 x10% J mol-l)

2.303(8.314 JK™' mol ') (298K)
= 2.38

K = antilog 2.38 =2.4 x 10°

33T 6.14

60°C MY W SEAEISH LIRS 50% foifSid

T 3| T SIgHed I@ U6 39 d9 W 9HH
T Soll-URade 1 TOHT it

185

'

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

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

X —1_0'5'x _2x0.5
Nos 1405 N 1405

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

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

AG°=-RTInK,

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

9T

SR TEERTE T HAifdn TR W Sei-uRed § Gae Wt €1 98 31 uRedEl 1wl S1ega
T T ST STAA T § eH HerEd Sl 71 37 Hil o fu e s i fee ud aiewn # et
FXd T TEERTR T Aifdh ThE ST (q) S A1 R ok @i B €, foeht hw 9w we (w) §
T S Fehell B1 A TRE SN o Wad F&\ AU = q + w 51 Geiferd gt 81 AU 9Rf9eh T sifam
e X TR Y1 B AU U ST e B, Selih g U w U W R d € qe Sferee hel Tl 2l
T g w ok o fog o) o1 oer & €, 9% 5= frehm 1 f&en s a3 e foe 39 € 8m
o1 o Teh TeRTE § I TR | Tl b1 6O T Fehd €, fe arg | aRed| g 21 arvme |
g o1 = U1l 1 SEHEIRA (C) W R T B1 31d: S a1 SeafSid ST q = CAT Bial 81 Afg
T T JEROT B E,  HE BT WU W= —p AV ¥ F | SHAUE THH § TG ok ST e
% T p_ = p 1 AF W@ Thd T W W= -pdV TH TN H TH T FHIHT pV = nRT T FAM
FT ghd 2l

fEoR ST R w =0T AU = q, 218Ifq 78 fEer STa R TIMARa o 71 =g Temafe sifafsmane
o NI % U en W feer S o €1 eH U SR STawl-hel Tredt i R i €
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186 WA faam

THTH-afadd AH = AU + An,RT 1 0199 €tg feer <@ R oa-ufted § fan s wehan €, a=f
AH=q, |

TR -aftedal o F% YHR B gl URadd (S—TTer, Srsdienio] U HEaurdd ) | e
9 W B 2, T2 amrers woedft-uftads 9§ sifvafad fran s 21 foem wdedt, <7 ot te o=
wHfer | uferdd 21 o e o1 S w6 96 TR S g 71 TEEter sfafwaet § wded-ufted

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

T s § A HC =) (SR #1 ey ei) —y, (IR BT ST o)

SN o1 Jorm a9 qamEt eifafean &t fen & ar # g6 FRiva 981 &ar, deiq 98 Tef
ATl o TERETR SAffHa o1 Wk ol 9o 21 forefia fem o faw Ay = o B 314: &9 39 % % fou
T FE-TeH, S, T aRefid i 1 T=idt sTegereen 1 419+ &1 Uk Td: Fafdd ehH o fag
el T2l qRede GFTeHeh Bidl 1 Teh fareifita ek o folt AU = 0,AS > 0 1 31a: T2idt uferds &oa:
Hafdd WehH i fasfea el 8, Selfeh St qRerd el el SchHviid Wehd o foie Tidt qied--Seienor

Aszqr% Y 9 fFan s g =1 q%v g9 T AR & Fw 2

e srferhier TETEfTR AfafRa feor I@ R Ed €, o1: 70 qEU SHRe-e fiew st G
Refod w3 §, S R o TR e weed e @ e A G = A H-TAS 3N GEfed 7

T YR o fAg AG,, <0 TF drEeel | AG,,, =0
e fiTest Sil-ufiad™ 9 femid ¥ A G° = -RT In K THIH0 ¥ Heifed 2

THH! WEEW H A,GS W B W K H HH WA A ST WA €1 AGS T HNM HHIR
A,G® = A H® - TA .S° ¥ T fRal S 9ehdl 81 THIAOT | 19 Th Hewqul FReh 81 S T
URedHaTel ¢ SAffHare, S A A9 W S Yafid 8, 3% 94 a9 R WA:afia S ST SR ¢

A

61  HEl W Y-
SN e e TF 0 €,
@) S FE-gRed & o v e 2
(i) fSEer oM 9 W FeR & e 2
(iii) S S-S HE T T FE H gIF S 2
(iv) TSrEer 7F heaet @9 W R e 2l
6.2 T YA & ®grd gRftufee o R o fom—
@ AT=0 (i) Ap=0
(iii) g=0 (iv) w=0
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6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

geft el 1 Tt ST Hed-sraeen ¥ g B

i) soE (i) 3=

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

U o T8 o T AUS &1 91 -X kJ mol™! 81 38 faw AH® &1 | eim—
@) =AU° (ii) > AU®

(iii) < AU® (iv) = 0

Ao, YHTEE TS TEEESSH o fot 298 K W g8 Tedt & 7 wH9l: ~890.3 kJ
mol™!, ~393.5kJ mol! T ~285.8 kJ mol ' €1 CH,(g) 1 forer Tt @@ 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 aferdy eacds 9= T A8
sifuferan Faa grft—

() =9 A9 W (ii) sFae f= 99 ™

(iii) et off a9 @ == (iv) et off a9 =™

Tk WA W TR g 701 J ST STEeiifa Bl € o 394 J s fehar s 71 59
YA H TN Solt § feRan ufterd= gm?

TS 9 ShelHeX § NH,CN(s) 1 Tfehan Srestiaiion o e 1 T T§ AU &
UM —742.7 KJ mol™ 91 T (298 K W) | 36 A o fo1y 298 K W Toredt
REdd Fa Fife—

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

60.0 g Tf=m &1 a9 35°C ¥ 55° C & o foau fvdd fwal S[@ o &t
AT B2 Al &1 HieR SoAEiar 24 J mol™! K

10.0°C W 1 Hiel Sl &1 9% —10°C T SHH T Tedi-ufed shi oM it
A, H=6.03 kJ mol! 0°C I,

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

C, [H,0(s)] = 36.8 J mol! K™!

CO, F1 &7 T ~393.5 kJ mol™! €1 T Te ffaiis ¥ 35.2 g CO, T W
Eicincica fea kv cificaisi

CO(g), CO, (g), N,0(g) T& N,O,(g) 1 faa Taedt Fw1: -110,-393, 81 T
9.7 kJ mol-'&1 i1 N,0,(g) + 3CO(g) - N,O(g) + 3CO,(g) & faw A H *
HH Fd IS

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

frefafea e & CH,OH(1) ®T AM®-forad Toiedt wma ifae—

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

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

1
H,(g) + 2 0,(g) > H,0() : A,H® = -286 kJ mol ™.
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188 e CE M ERIE

615  CCl,(g) — C(g) +4Cl(g) =rfafsran & foy wéedt-ufad™ 7 sifsg s CCl, o
C - Cl &1 a1 TSedt &1 T shifu—
A, H°(CCl) = 30.5 kJ mol .
AH® (CCl) =-135.5 kJ mol™.
A_He (C) = 715.0 kJ mol™!, @&l A _HC %V THedt 2|
A _H® (CL,) = 242 kJ mol™!
6.16 TH faafta e & faw AU = 0, 39 faw AS =1 gim?
617 298 K™ ifafwal 2A + B - C & fou
AH =400 kJmol™" T AS =0.2 kJ K 'mol™
AH T8 AS o1 a9-fawar # feer 7 d gu aarst fo form a0 w sifafsran waa: gim?
6.18  afafsman 2Cl(g) — Cl,(g) o faw AH & 0SQ o fo= == =i1?
6.19  sffRa 2A(g) + B(g) — 2D (g) & Tt AU® =-10.5 kJ T AS® = —44.1JK!
aifafsran o faw pAge &1 O HITST 3 warey fF = sifafean o yafda &
kel &2
620 300 W U IAfufwar o fauw W T 10 B AGe w1 WM S B
R=8.314 JK! mol*
621 frafatea stfafsransti & TuR W NO (g) o SSAFTdeR! €emfae W feoft sifse—

1 1
5 M@+ 50, > NO@; AH>=90kJ mol’

NO(g) + % 0,(g) > NO,(g): A H°=-74kJ mol™*
622 <@ 1.00 H& H,0(1) &1 He wftfearftai # forfaa s €, 7o wfew o weii-ufteds
1 TUAT RS- A H® = -286 kJ mol ™
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