ST (cTeht

THERMODYNAMICS

ELE

TH Teheh o 1EATH o 5 30—

o 9@ Ud uftewr Ul =1 THem Hohl;
o o, Gell Ud fogea e o sfa X

Gohl;

o 27afleh Soll, TH TH SO i THA

Hehl;

o SOATIfdeR! oF TUM T1aW i =
TohT T 39T T B9 forg weh;
o TEEM® Tl § Fei-qiedd
w4 T S % AMEH o &I H

qiienferd Y Hohil;

o IEEN-ad U, H <! THZ Hohl;
e AU TF AH ¥ Haer i T Gohil;
e AU Wd AH <1 UHEIfTsh HIY9 T

Heh;

e AH o fou AFer sterzen =i gftafid

_— \‘\;

o faft yr =1 sifufswaneti & faw
Tt gREdd i TR T Hehil|

e 39 & fep-aom Gwom fEm =

o Towiivl Ud T TON | ST H Tk
o Tod: dYl AWd: YAfdd UHHl i

Uﬁﬂﬁﬁﬁ@gﬂ}l;

o Tl T FEANTIART STaEA-Thel oh

w9 F g ST T ST

e

o TH-Foll URAH (AG) I TH Tohl;
o WA YAM 3R AG U1 AG 3T 9

frerier § Haer wenfud T Teh|

Taheh 6

TE ATl STaaey T Faet ditaew fagid &, frwa fog & wqe §
for gaah Tifereh fagial et 37eht SUFerIar o UTET § &t ThRT 78T
ST \HAT Bl

e T

Ta o SY A9 19, W T A Figen g § Sl 7, 9 THEtTs
sAfafpan & A gl § wuda TEEfe Se S % w9 o
rfert eIt 21 ST Teh g9 W SeF ot €, qe THEfeh Sl A5k
% HH | gg 8 bl © A oo Il (Tow dot) fage e
e FA 81 TH YRR FHel o i w9 foere gfifeeds § we-
TR Y WO Gefd e & T T ®9 Y g F9 H §€el o Ghd
&1 37 Fol-FUOl HT I € SR w1 famg-agg R
FoTfehT o T Tt frenml, fe sga-4 o1 B ¥, 9 geifed
e 2, 7 for gew frepel 9, A ogd w9 @19 € €1 St
T 9 § Farud T8 ¢ fF 3 9Radd oY e R 9 swrited
T 71 e IRedHRR e it YR Te eifa steen | gefua
& SeAmTfaet & frem qeft @) e €S9 e arrewen # i
? 1 U Hreere § o e § S €1 forelt e o g
07 (S8 3@ TE dY) e § 9H % 91 aiatid @l g
%1 59 Uheh H TH SHMIGH] % HeAH U F Heqol IeHi o S
T B T HA| A

Tk TEtE AfafEa/gEs § 5 Sel-uRdat w9 fifa
Fd & 2 98 uRkedq e stean TE? u wEEt sifufman g
=y URd e 82 vaEtes sifafwan fra i o word 82
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6.1 ST deht o deh-lehl ITex
TAN Iehdl T Afuferanst T 3 e
F-ufedl &l S H el € SHeh faq gd
SHTIfdRt § YgEd M A FS dheiehl IR hl
ST BT SRt St A T e @

6.1.1 Trerma wa ufiasr
Fomaet § R &1 3o sEie % 39 WM 9 ®,
T Jeror fFu S @ qen sHeRT 9w WM ‘i’
e 21 uREw H Freh i sigw e o it
B frohma e ufEe- <A freeR seie o 2
o + ufew = w=s

freem @ stfaftea dqol swere frem 6 gHar
RerdAl @ gerferd et B €1 SEifere Wit s ok
T wr=rE *1 9E A, S e 9 SidfEa w e,
qftast o ®9 ¥ e S 2l

WM : U 1 98 &, S e o6 STead
B B, Ue o faria feran S 2

IR F fau— afk g0 wh e o sufeea
Tt A Td B i eAffsman w1 oo ) @ Bl
stert (e arfufswan-fasgm 2) fee* e we waa
(foree sftent ®) 9ftEe &1 e wam (Fo 6.1) |

o

faT 6.1 : 9Raw T ([

oy @ foh Trerra siifaes dmedl (Se—dite
WEE) § URWING foran S 9ehdl ¢ o1 9Afe § T
fHfy=a e o s fAeemeRl (Cartesian coordi-
nates) E\b‘ﬂ'ﬂﬁrﬂ (set) @‘Tﬁﬂﬁﬁﬁﬂ[ﬁﬂﬁﬂ%l
TE AETIH ¢ Tk T i ardfosh 91 hiediiedh
IR A H\ o R R ¥ YAeh |iel S| 9%
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e, S T Te IS i geres sl €, Cufei’
(Boundary) HEcdr %I i g g9 ™ o
3ieT 3R AT 354 a1 Sel o "ol o Frfa @
Uferd T Fehd 2

6.1.2 oF™ &% U

379 B9 §7 UG ol o HeRUl o SMER W & i
affepd i B

1. Getr RCap) (Open System)

T g e | el @ §3-]E @ TRE @
Rewr & #eA fafmE (Exchange) @ @Wehdl 2l
SN —TFRF T G et § e sl

2. 9 e (Closed system)

a5 frm # f1m wa afiawt o 7 51 @1 fafta
e e B, W Sl 1 G @ wehr g1 S
sifqepRer o5 e | foa Sl

3. faerfita TerTa (Isolated system)

T foafia fem | e wd ufew & g 5o wd

Feli— <1 1 &1 fafma gve E) B 81 Semnei—
sfyre TH g wres o o W) fe 62 |
fafe= yR o frm e T

- ufEw

(m) fafm fFem

faT 6.2 : gowr, 93 TG faaafia e

* gfe g0 ohaw rfufean fagor &1 fe@ oW, @ et &1 <R 9iew w1 w1 S
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6.1.3 er ™ I a31a=e

et oft SAmTiaeRt frepma 1 o 5w TN, -
T (p), A (V), A9 (1) TE T o FeEe
(Composition) &1 Ff% (Specify) ek T ST
21 & Trenm ! affid e ok forg g7 7ot ol uftedH
¥ 7 @ gy e N ged@ 21 e i
I | Uel g T aifaet ¥ foedt e w1 erforen
sTEe i e Hem & 9t s-fagst o 3|
&1 7 feerfg Te 97 % SMER W T S 1 FANTAeh]
T ST 1 Ueh 3TN TS ORal ®9 grfaq fohan =
213U Y U1 1 T o fosgd I T STEvEehal
&l ®, it =gl g0 fem & ofiga "o g o
1 TN hTd & BH T1ehT 1 SToreell i “STaeaT-theral’
N ‘aTaRAT-oRl’ % gR A FW
SHNARE | Tt 1 31w &1 9uiq 39k
HIOET STere €Il O o GRI feRan ST ®1 €9 T
T T ST HT IHh I (p), SFT (V), 99 (D),
TN () SA1TE © a0 L Hehd &1 p, V, T 1 STaTEAT =7
TR HTa1 ®, 7 o 6okt e i ob ciieh W TRt
e =1 eTeen =1 qui 9 9 qRf[ e o fag
fenmar o @sft Tl 1 U A hT STETEH TR B,
ifeh o 01 & Tad €9 | uRafdd g g €1 3
TON 1 e TR i qepfa W R i §1 T 9
%A U Y T H 37 T O i 99 H g7 =g, @
TR ER TN 1 A T a8 S R
6.1.4 3Tder Holl : Ueh ITALAT-TheTd
e B 39 TRl e ot ==l w §, oA ot
1 Tt =1 Yo Bl €, 99 e Th UH U1 &
SEYIHAT Bl ©, S FrRr &1 It w1 gfaffu
FA €l T8 Sl TEETTh, SEd A1 A el @l
bl &1 31 Heht A & R w1 el B 2l
AT § 3 SiaRer el U wed 8| 98 Iiafid
Bl €, Sfeifeh
o Tom &1 Fre d wawr = e Bl @,

o frm w7 Ao g & foan T E,
o 1 A g0 1 wow W R/ = B

A fagm

(%) &

Tl T8 89 HE Hid W ™ Ht Aafis o o
B TS URedE &1 wiE w1 §9 T U9 e o
T, e T o weeh a1 SR die | Sl 6
T U 21 TEH (TR TE IR o HeT SO
vare & ¢, W9 %™ F 9 “5™ (Adiabatic)
e wEd 2 W@ T o sreren-ufteds &t
FE WeRH whed &1 36 TR T uiew & W
FE For-faftma & gt T'l | e e ufEw
F YU FHEAC] FAR ‘THeE JoR' wEAd @
(o 6.3)1

fa 6.3: & g &, a9 kg @ sr-fafma
gy 78T 81

379 TH Mo R 8 i Htch sHh! Aaieh
TSl § gfteds @ &1 7 TR fem o) aifiaes
ST A § TS THHT A9 T, T NARE Fsi U, B
T W1 ofereen 1 € YRR § uRefdd H gahd -
YU UHR—H T B¢ Yot § Sl 1 AR B
1kJ %18 w3 ¢, Toed frerm =) 72 s1een 7M1 B
TS ITH A9 T, B S S| TS @ T E T,> T,
3q: a9 H UReRT AT = T,-T, | A & B |
it oSt U, %, A ot S § uREd,
AU= U-U,
fgdg UehR—-21@ ¥4 @ ® Th ised ©%
(Immersion Rod) STeteh 3dl Kl a'ﬂ'd Eqp] (1kJ)
FW E T ™ § de-uadd 9 W g1 g9 e
€ fr a-uiad qd & wam T,-T, € @ 2

el H I TAN LA S[A 5 9 1845 oK
e foran e em 3= U fR frem e

o

T fy=a = R ot sTeren § 99 Uiedy o




ST

2, 9’ w1 fore ff 9eR (H) ) R e, S
el W A9 o Ufedd g <@ T 2

Id: TE SUgH fe@ar € 6 wh ue uf,
Mafe e U, i uRenfya feen s, foges 9=
FrepT 1 3T @ Afenaifiter B, STel S5 WehH
o foparn o Rl w, J1 Steeensti § U e o g,
U AU= U,- U, = w,_, &I

31d: Frrm & eTafier ol U STee-Hed Bl

Ao ST H [UPAC WO o STTER
YT T oI ¢ fof & w, Frohrr W fomanm mrn
2 qen 91 &1 ofiaftes ol 9g Sl ©1 36 YR 9
Ife fem g0 wM@ ff ST, @ w, ROMHER B
Fiifer frem #1 atfafies s w1 8 Sl 2

F1 27 for=t o= ufifea staen-wemi o M|
A WHA B2 V, p T T o 31 URIa STaeel-hel
&1 ST o fou- =g w9 foret freh & qm o
25°C ¥ 35°C % URadd &3, d aa-ufada 35°C—
25°C = +10°C BN =18 B9 Ee €t 35°C q ¢ =1
Wﬁmwmﬁmegree)ﬁwaﬁﬁ?
Rt frehma =1 ifqm a1 (35°C) a9 o ST| 39 TR
T T SFere-Wheld 21 a9 § gieds gef W e e
YT &1 Teh el § T 1 S Teh STaee-ther
2, Fifh THh 9 & T § qRedd 39 9 W
Feit &Y e © T drere g W T B Wit g,
TAHT G A1 I gHII
(@) Fo
7 fom = fFu off ufew @ o ot a1 afast &t
FH IH T FHg F1 Tales St § gfiexdT
Tehd &1 TE Foli-Te-1ea, S qrqicd 1 IROMT 2, oA
q eI B 379 TH UM AR o o forw [qdf H
TE 6.14 (F) H FaT AR & IRFIw To ifw
] St Tgrw Rl w379 S W ari
(o1 6.4) R o1 o <o © gl 8, W fo=m w4

g T did &1 Tw 9o (RS9t Ser S
e §) W T, A9 W WA fam TR T
T2 e, fowem a9 T, B H W §) FeE ()
BN SPeRNfod oA g 1 dO-uRedd T,-T, &R
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forT 6.4 : ww 7, fogd TREir & 3TR-9R F7 T Ja8
q9q 8l

AT S Hehel B1 T8I W f 3Tafieh e § aRed,
AU= q &, Sefer feeR 31&ae W i & &l feman
T 2l

TEREH ST § [UPAC T o TR
RETT ¥ ST T TFRY 961 | 8H T g &FAS
B 2 3R e 1 Tl St € T oA o Frenm
Y qfEs %1 A TFifRd 89 W g SRoTHs el @
ROTHA: R Y ST % Bl S 2
(1) "= fafa
W T 9 feafq W fomm &, safs stiafe =i
o qfade <A & ThRi (S ek T S-S
g B 39 feufq o &0 onidfes o o Ufted i 39
YR fore wehd B

AU=q +w 6.1)

T faftte srexen-ufads o 9fiadq o TR &
TR q T w o 0 & 81 Thd €, Td g+ w =
AU Shaet YRfae Td sifqq steeen w faik sam) =g
IRedT o FhR W Tods €1 A oA A1 HE o &Y
H Sei-uRadd 9 @ (foaf@ fem) steiq afs
w=0Td g=0, T AU=0 %I

HHIHI 6.1 A AU = q + w, SHANGHRT o6
v frem o1 o oM 21 em R o STER,
“ueh Taaifia frer ot Sl srafeda gt 217

* ygel T W fFT 91 arat %@ 1w fa IR e g1 Rt SR orel ®r 1 wAes faee fean e e sifaent
H Gedshi W ore o SE T o e @ W1 © T JUPAP A o Tl fa W w1 fawie w1 2
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e Wt Tt e 2 ora: frm w1 =
YR W ot HET S Hehell T TS HT STl IR
21 G 39 el o w1 fgid’ Fed w7,
Pt ol | A T BT S whA T AR T & gw
gs T ST Geha B
AT : Toh FHNTGHE 07 (SU—Fol) T Th (6w
T (SE-eTFaE) H SR B 21 g9 fRdt fasi
Jraee | e 1 fRUeT (Absolute) #F A=
T Thd &, T Sk Sl o e we e @
HY Gohd §, UM AR S § IRead AU
fran 1 wehar =1

IETEAT 6.1

T T &t 3Taftes st § uRads adRy, afs—

(i) T gr ufewr | o stawnfaa el @,
Y ™ W (w) wE foran @) e 6t
AR g JHR HT B2

(i) ™ R FE w1 7T fman e, W Fo
F1 A6 g ™ @ ufEw % Wy
fra =1 far fF9 gR * B

(iii) F1ehT™ S0 w AT 1 &1 fRan ST TE g
o 1 e e w1 & S uw e
YR T T B2

&

@) AU=w,, S9R 5 2|

(i) AU= - q, SR =g garerh i
(iii) AU = q - w g8 =% e 2|

6.2 TTUANT

#% Ot sfufEmet § W Som et §, W
i T HE A S I HE H FeH Bt 2
3 qfadHi o 9RET & TOMT U 3R oAidReh
Fl-giadAl ¥ Heg w1 Hewql B <@ fF aw
Y Bl B

6.2.1 A

HegH T 1R g fohT T e 1 Jehfd W en
ThTT ST €1 W et ATk hrE, STelf] a3
F W TR 3

A fagm

=)

faT 6.5 (F) faferet § Red o7eel 319 9 T 97 § feery
s F9 P, 5N TR T g w
BERR &5 5’ 904 T4 8l

TF-3TAH w1 H GHeH o o g9 wduRfed
fre e faferey W faer #@ 2, food & 9
el T ol g 71 T w1 g e v, e fafaer
¥ 719 1 I p 71 AR TR @ p,_ T, S p W Aferk
B, @ e iR 1 IR a9 a% TG wHAW, 59 q6
e T p, ok U B S HA for 278 qfed
T TR H e € qun Sifam e v @1 W fE s
g | foe [ 7 il @ U T o1 ey
&kl A & (fo31 6.5 )1

e AFdH H URE =[x A=AV =(V,- V)

%ﬂ%%ﬁaﬂﬁ%‘ﬁw=%

ad: A WA =p_. A

Afg fred e ¥ e | fea ™ &1 w
FI|
w = dd x o =p, Al
=P CAV)=-p AV=-p_(V,-V)  (6.2)
el wumeHs fog 3 TEfery omevasw © f
TRUE (Convention) & ITER Tded H e W




ST

& B @€, S e Em A (V- V) A
U BT Sd HOcH © UMH T T[0T B,
@ w T T EEeTR B ST

g Hepad o s 98 W @ fFer 7 81§
%3 IR 9= F S_ad @, @ Fd w1 9HE 98
H g KM A B T —Y pAV o qed B
[fes 6.5(@) ]

Ffe T feek 7 31 T 39 YRR 9= @ fF a8
BN € T ok <@ W SHagen AUk e, a9 Hepu
% Y U8 W SIAH STHGYEH WAl dV I 39
feafq & 9 g forw 1w =6 &1 oM B Frefated
Tatr ¥ T H T &

Vo
w =~ [p.av (6.3)

Vi

1%

ST (V) L

forT 6.5 (@) BMERR &7 Rfyd 95 7 agerd gu sier
3E W GRS SEa & S7faq sFad ad
= o oA 7 3w 2

= | p,_ ek U W (p, +dp) o T G
[foa 6.5-71]1 TaH uRfefaal § 7o § 9= <«
AN <@ W BHIN HH BN, AUl p_=p, - dp
= &9 H 79 fora whd 6 p_=(p, + dp)
YohH ‘SHAUIE Yo' HEAd B
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v, A (V) v

ferg 6.5 () pV a% & §RI9H @G V, § V, @
TgT & foq Serauita yRfkfEl § TR
FeoTd gU SR 3 T 37d Ia1 H fohar T
*7Y SRR &7 T VAT T 2

Teh WehW o1 URads auft ‘Seruuia uehd’
HECTT &, 5o 30 ferdlt off &rur arfagen witeds
o GRT Schidd (Reversed) f&wam =T Wahl T
ITHAUIE YehH ohg WIETARAT3N § THa9sd Tfa |
TH R I wgdr § for Frera wd wftaer gaem
T AR ¥ Ted ¥ SohUviE UeRH o
orfafiad ot AR Wk I 3T GRUUIE Uehd
FEd 2

TEEE e | agd | uE geed o €, R
B W & e &1, 98 IR e o orafe gE
o YRER GeY i SEvIe qSdl ¢l

T THIRIOT 6.3 i fAfafad geRr 9 faaest
Schavia uifeafaal § = &1 oAl <@ 9 gag
L HFhd T

vy vy vy
Wreu == J‘ pede:_ J- (pin id“lo)Cl‘/ = _J. pindV
v, \ Vi

(It dp x dV =1 9F 7109 ©)

W= | ppdV (6.4)

mﬁu#%ﬁapmaﬁmﬁﬂunﬁwgm
T ST o Ual § e fopan S Gehdl ¢l fordt
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el 79 o n Hidd o faT (pV =RD)

nRT
>p=—m—

3d: T fEeR a9 (WA ThH)
Vj V

W = nRT Y — _pRTIn-L

V. 4 Vi

\%

= -2.303 nRTlog 7 (6.5)

G : 719 1 fafd § TR (p, = 0) Yo TR
el €1 TEY TGl oF g W0 | hig we TEl
BT 9l € Hfoha SChHU Bl A1 STk U, (SR
6.2 Td 6.3)I

319 T HHIR 6.1 i fafee Tohdl o STIER
F2 YR 9 fora ged B

w=-p AV (FHH 6.2) I FHHT 6.1 H
Torfid 3 ™

AU=q-p AV

I YehH e 3T W B 8 (AV=0), 76 AU
=4 q, T qIgieh v (Subscript v) NI % & o
fer 3P W UEHE & T R
3Tl 39 T Gord T GHATIIT FETOT
Th Y N H o TE GHATE YEOl U
(T= feeri®) %, w=0 2, ik p,=0 21 5 3w
g it fomen o g = 02, zferw AU =0 &M

THET 6.1, (AU = g + w), i FHATHH
SGHATIE TE STGHHUNE TshHl o faT 36 YR e
fopal ST Wehel B—
1. HHATIE STIRAIE YohH o fog

q=-w=p,(V,-V)
2. AT IRATIE hH o fau

vy Vs
g=-w=nRTIn 7i=2.303 nRT log %
3. 5™ YHH & fau, =0
AU=w_,
3Gl 6.2

10 atm T@ 3R 25°C a9 R fHet eel 19 &
3 faeX gradia w9 9 feiq § 99 9% gaf@
B ®, S o SHRT el A 10 faet 7 @
MU 39 GO0 § fhat o sraeifid et ©
wd fRa w1 foran s 22

A fagm

&
& o4 € B g=-w= p, (10-2)=0(8) =0
g 1 T BIA1 ® TS HIS IOAT AN T8l
B 2

33Ul 6.3

g Tt TRoT o feer 91’1 3@ 1 atm @1, @ F
BA?

'

T E fFg=-w=p, (8)=1x8
=8 L atm

3STETT 6.4

g 3T 6.2 H 2 T ISHATI €9 9 &
qr F Brm?

&l

%‘?G’I‘Iﬁ%ﬁﬁq:—w= 2.303anT10g%

=2.203x1x O.SQOGXQQSXIDg%

=2.2302:x 1= 0,8208x208x%logh
=12 303 0,8208x 908 0,900
=38366 L atm

6.2.2 E‘-ﬁ?‘iﬁ Enthalpy (H)

() Teh SUART -7 TEEAT-Thel s
B9 W4 B for feeR e W it o enfafies
Sl § UReds & qed, Seiq AU = g, B €, g
AfeRTeT TEie Tfafshame feer e W T 8
TARR , TEAE 3fE H fEer angHedd 3@ W gt
21 27 yfifeurfaa o foq g9 W U STere-theld i
STETIEHAT BT |

&H HHHTT (6.1) i FR @ WAU=q-pAV
% w1 7 fo@ ¥ €, el q, Fohm gr srawifom
T T -pAV T gR1 fRan T gEo-a ©

YR 3TaRen i Uk 1 ¥ TS Afqy stawen
i 2 W <A 2

T ST FHHI0 1 3 YR forg Fehd B—

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

[ FARed HH TN

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

(6.6)
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319 BH T IR SN B 1 gReia
T THd ¢, o8 TR (e v wreifewE,
frmem a1ef ‘T wE @ ‘sfafifed se’ g ®)
FEd B

H=U+pV
I THIRT (6.6) B Sl e

a=H,-H,=AH

Tl g T v [ Fe ©, AU g v W
TS &1 T H U Sae-%e ® (H.U, pT& V
1 Her 21 F Felt SYerel-Ther ®) | 39 YhR AH Y
A TR 2

feer g@ W ufifaa 9fedA o fau gt 6.7
%! feran s Fehar 2

AH = AU + ApV Hifsh p Teeis 2, o1d: &9
for g -

AH= AU+ pAV (6.8)
SeciEg B for oe feer <@ W o Stemifa et
2, g o 79 el § 9Red |9 © B 2

IR W & AH = q, fer @ W e
T B

et tfufsrarett & fau AH o
TraT &, SRt TRTeRar & SN ST Sedtsa gt
% T wmidt srfufsranedt & fow AH TR
TIaT &, SeT URAeT § SO T STATIEUT BT £

TEeR I (AV=0) W AU= q,, 3Td: FHIHT
6.8 B Wl 81 AH=AU= q,

3 frerma, fo9 ot 319 o1 5 wrereend 2idt &
" AH T AU o 91 SR el =&l g, Fifr 3
Td ol B TRY T W A H HIE o uiedy T@él
B =g e oreren e, @ g X weden = S
21 80 T U rfufmer w e ww €, faew
wnfe €1 feer @ T a R v, T sfafmaet @
TSV, T SRl 1 el ST B a9 n, A
ARt T n, T SRS % Wl w1 9en o,
Al ey T R o STER-
pV,=nRT
BH Jh X pV, = n,.RT

6.7)
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a1 pV, - pV, = n,RT- n,RT = (n,-n,)RT
p(V,-V)=(n,-n)RT
p AV =AnRT (6.9)

el An, T SRl o =l w5 gen e
sAfafswaen] & Al ®1 H@&T # AR 2

THFT (6.9) ¥ p AV &1 AH THIHT (6.8)
T W W

AH =AU + AngRT (6.10)

THIFIT 6.10 T YA AH & AUT AU AH
1 U A6 HE W R S 2

IETEIT 6.5
a1 37eY TG "E W 100°C T 1
bar € W TH HIA A o AR H
gfedd 41kJ mol ' URT ATl ST
Soll-9Racdd hi T SHIfST, & 1 | ST
%! 1 bar §9 Td 100°C R arediera foha
St

'

H,0(1) - H,0(g) ufedq = fog

AH = AU + An,RT

A AU=AH- An,RT
M 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 '

(@) ferediof el &= uT

fordiiot we e it ® s fepan o 21 ool ot 9w
o1 2, foreert 7 frepr o Sufterd go7 &Y wE1/STEN
(|rEst) W R e B SEE o fe—germn,
I, SAdes i, T, Soameniar anfe fordiof
T 2
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3 77, S R | Sufterd 521 i AE/STRR
(@) W fefR T w §, T o wean g
3T o feu— a9, =, I 31K e 07§ Wer
0 ¢ fordt freem o T A o 0 o 7 o gl

2 21 AR A H A 0 AW =, S5
FT AE ¥ WA 21 ST I Her S V. TE
HeR Feefiar ¢ 21 forefiot wef e 7o # 7R &
Teh T o ST V o U1 T A9 T ekl Y Fehd
g (7 6.6 %)

V. T

(=)

A fagm

Ife ¢ SR §, @ SO G A gfg e Bt
21 ST FY FoHRar SAfes B, TheR Y u © f
P! A9 g oh ¢ 9ga sifash el reul

C wered Y T o G g @1 e agred

I AR FEATRm Cm(= % Teh Hic ] oAt

21 T€ SoH1 1 9 HEN ©, S U Hid g9 %1 a
& felt dfcaad (A ww Ffeed) seM & fou
ey g 2t 81 Tt s, fg ¢ forfyree sromenfiar’
ft FEd §, 98 T 2, S THTS FATH o Fhdt qered

SIS
~
<
;.ﬂ

(@)

fr7 6.6 (F) sFa7 V T @19 TR F 19, (@) fa997% & R S7aT &7 3741 g1

319 Af faaSie o g eTEEA o R fEan
e (faat 6.6-@) , FSIEd 1@ 3Ead v/2 8 3 &,
WY T8 A9 T € @l g1 o e g R e
farediol ot 2, Steifer @9 T&A 07 2
(1) FEHTETRET
39 UGS W g9 2@d ® foh e b1 afafta so e
Trdt St 21 A FeR R S TR0 T S, @ I
a9 ¥ gfg o w9 § gRerter B 2l

a9 H ghg Sfafd Ho1 o FHEUE et 8

q = TUTIh X AT

T[Tk 1 T M o TR, Foe Td Yehfd
TR R w1 39 BH 36 WeR o for@ wed ¥,
'q=CAT

el sk C I FAEEr Hed €

T YR SHEATHIRA A1d 81 W §H A4 ghg &l
Y T IS ST A6 H Fehd &

%1 a9 T feilt Afewsm (31t hfea) sgH o
fau srevas B 21 et wered @1 a9 agH o
ST | RIS F g T F o faw wqref Hf
fafetse AT C *1 B9 §FEH m @ qU-9Rewd AT

T T W ¥, Il

q=cxmxAT = CAT (6.11)

() T Evl W & faw ¢, w@ C, ¥ wam
SRl 1 fer EdT W ¢, ¥ o feem g W
C, ¥ i W 21 379 T A § Fae J| FA
q o fau feer smaaT W g fora wehd 8-
q,= C,AT =AU

T feer 5@ W g = C,AT = AH

aet % fom ) T C, ¥ A sm
TR T4 foa S Hehdr 2—



ST

T Hiet e T % Y AH = AU + A(pV)

= AU + A(RT)

= AU + RAT

.. AH =AU +RAT

AHTE AU AH W@ W

C,AT = C,AT + RAT
C,=Cy,+R
c,-C, =R

(6.12)

(6.13)

6.3 AU T AH <hT HIUT :
Shertata

TEEF T ifas TR 9 Gt e, giedd
fora grifiTes qehieh SN0 10 3 &, 39 Shaariey’
(Calorimetry) T=%@f%l Wﬂﬁqﬁrﬁwqmqﬁﬁ
feran wTman €, for ‘ ShereieX’ hed B1 ShariHiel Th
39 % T TG H ST Wl B1 59 1 SO
ShEHIET 1 SOATEIET T €M W ard-gferd oh
YN T GHH H I o1 J1d H1 ST Gehell &1 A9
T feurfeai o fopu S 8-

(i) feer-emad W, g, (i) feR @ |, g

(h) AU <htT HIUA

T Afafeaneti o fau fer s w e
Fo1 T |9 SH helldiHiet (Bomb calorimeter) H
foren smar & (o 6.7) @&l U Wiel &1 9 (S
HARIHR) wet | g Sl B1 WA 99 § s
Yerfed s Saeeiiel 9faest (Sample) sl ST STl
21 sfafr o Scm oA Sl 1 3fafa 8 S 2
U 91K A H1 A9 TG H e S @1 wfw o
AR golqan &%, § or: 9ok oMad H wie
e &Y Bl 3R i T fepen St @1 =l
T fo Tl 9 Heifua Tt st § off w5
% & gran iR AV =0 g1 1 eI 6.11 1
FETHl Y FARHIet 1 FHERA T EF T AI9-aRedH
g, ¥ TRafia w2 famn s
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T 6.7: a9 FariHiew

(@ )AH T |HIUA

fEeR @ (VMIa aHed T@) T SHSH-TRadA
o1 6.8 & ST TU heAHIX g1 ATAr S el B
T S € & AH = g, (feer 3@ R) | 370 feor 3@
T IAd el Tauifyd woa1 g, sifafshan e
stor Afafsan TOTd A H Feermd 2

forT 6.8 : o) 3@ (FgHEEAT 3/@) W FHT-TRETT 7T
& foTq SheariHiet
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Fomedt sifufsmaneti § o fje et @ qen
frem @ ofiew # FoN 1 yEE e ¥ sl g
RUTCH BN de A H ot RomcHs 8l 3t @@
ST SfufcRetet W e sreritua gt 3T g
R AH T o g

ST 6.6

frefafaa afieto & oER, 1g T®Ee @l
SIS i TfYehdl § latm @ T 298 K ™
T heAIHIE | <@ a2l

C ( I%EE ) + 0, (g — CO, (g)
arfaferan o6 <R 19 298 K9 299 K ek agdl
21 AR o1 heArHIe 1 o 20.7 kJ/K
B, @ SWad fafsrar & faT 1 atm @ T
298 K W T¥edt qied == Bim?

&

UM AT W W SO g TS SheliHIel i

SR €, €, T halHI R STaeifi

T,

q=C,x AT

arfaferan 9 W FSH1 T HF S B, )] g

WS BN, il e (Ifafsran-fasor)

TR Ye SOHT heA It § U801 1 T oAl

o qed Bl

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

(T= womeT fog stfaferan o Somad 8 i

3 & ?)

37d:1 g YRS o T&H o fI AU=-20.7 kJK '

| "t TH1Ee o e & fag

_(12.0 gmol ) x(-20.7kJ)

= v

=-2.48 x10"kJ mol”’

el Ang=0

- AH-AU=-2.48 x 10°kJ mol "

A fagm

6.4 Irfuferar o fog Tt
ufted=, A H tfufemar weedt

TEEf Afafwan o sifafwras 3ok | o95ad 7139
TR T TH YRR G E- fufEas — SoR
Afaferan o IR Tedt-aiadT sifafmar-weied
FHEA 8| THEAR AAH  TIeh-aRadT A H
fog o <wifan s 21
A H= (I 1 w3 st ) — (stfufswmesni
1 TAfewdt w1 am)
= 2.8 e = 2 D H iy
TRl Y (famn) fog =1 3wam Sied & faw
fohan ST & TS a, 9o b, Tferd THIHTT § HHI:
Afufenaeri T SRl o WEframriel o & ST
o fou— fr=fafaa sifafean -
CH, (g + 20,(® — CO,(g +2H,0 (D

AH=YaH.—YbH_.

(6.14)

=[H,_(CO,.g +2H_ (H,0, DI-[H_(CH,, g) +
2H_(0,, 9l
ST H HieR TEedt 81 Teiedt-aRed Tk agd
ST AR 1 EeR 9 R qv W feRd siifien
ot Afafwan o e a1 ide & AieE a9
T STEvaF T TTS] SAavTeRdl e freris 1 ardi
frefeat =t oM o gt 2
(& ) erfuferar st ues Tt
ot Tramaten stfufsran o) et uftfeerfaal w fefk
A B oT: TE ST § fon e e Ak it
w1 fafde =R Tt Tamater sriufsrar =it aren
TEet o et ufteds €, e arfuaferar o
T [t varel U HeeR aTaetstt | g
Tordt uared st ares arawen fadt fafde am
T 3T 9E IG ®U €, S 298 K 1 bar I W
T AT 1 SR o fou— 59 UM+ A
3TN 298 K TS | bar W I 59 el &1 <Al &1
T -7 500 K T 1 IR (bar) W IS 39 Bt




ST

B 3fishg A: 298 K W forw s €1 ares aifeerfaat
ED AHWH\W © (Superscript) T@HT K AT
ST #1 SSE0 * fAu- AH®
(T ) WTEaT ®AAR0T H TEredt-aierd=
yrereen IRadd W Seil-ufterds off Biar 81 3 %
e a% & fyerem o faw s &1 eTeveshdr gt
B RO 9 w1 fyeer fer g (e
T) W B € 9l Wrere-uftedd eid w9 g fien
T 2|
H,0(s) > H,O(1); A ;,,H® =6.00 kJ mol ™'
TRl A, HO W ST § e et 81 A
Sl 9t | aeerdl €, 1 SHep TeIaiia WehH elal ® el
It & wnn § e et # =l St 2
wfer Hiet 31E uared o T | giHeTel Tt
fteds sl uared @t e GOt 91 Wer e
T A, H° el I 2
SIEl T T ORI B €, oAd: | e
TAfeqdl eees Bt &1 Sl o STSdiehTor H ST
ST Bt 1 THF FALAIR T, T LR T W:
H,0(l) —» H,0(g): A,,,H® =+ 40.79kJ mol™*
A, H® AOHET FY A T B
(T, 3R T, FH1: TeMF Td FeAF 21)
Torelt 7a o T AT o ReR a0 Td AFeh S
(19R) W areliehd S o ToIT 3TTayeieh SToAT <kl Saeht
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Fedued o S Y € T ¥ Sgd S @1 3|
T SESATFAES A1 [ ah (dry ice) A_,H® =
25.2kJ mol "' & WY 195 K W Feduifad gl 2
el AT F et e B 3, for for
A ,H®=73.0kJmol "

fordlt 39 & T Tl @t fer @ e A
TE (1 9W) W ST ¥ g arelt et
UiEd sl SHeh! A SeauraT TIedt shed &1
TIedt-afed 1 A 39 TSt o ST sfash Sl
wI gud W R w7, foweht ween-ufted= &
@1 2| ST o fAu— 5ot o S1upet o Hex Sufeerd
I TESISH 9 TIH! 39 ST § 5 o STU[T i
Faedl ¥ 99 ©d 21w g (Ha— Tden) |
siq-aTfoaes fgya-foya o= foren foviw &7 ®
Tael eIl B 39 YR S8k | Hiel o orodiehd BH |
S oh 1 A i ATSHiehd B hi 3TU&T THH ISAT Hi
SATEYThl il 81 GROM 6.1 H s ugrefl o T
AR T AFH Tl < T R

ISR 6.7

Teh e (Pool) ¥ Tehetl dreh il 18 g T
1 WA § g1 () €1 T I h 298 K W
9ifsqd 8 oF fau ferat o1 STEvEe Bhi?
298 K W STSHIeRUl i AR el i 0T
EAlE

A T A WER Ao T A, H° FEd 2
ARUT 6.1 T Td amoid o fIT UMes TEedt aiteds o

Substance T/K AfusHel(kJ mol?) ( T,/K AmPHO/(kJ mol?)
N, 63.15 0.72 77.35 5.59
NH, 195.40 5.65 239.73 23.35
HCI 159.0 1.992 188.0 16.15
CcO 68.0 6.836 82.0 6.04
CH,COCH, | 177.8 5.72 329.4 29.1
CcCl, 250.16 2.5 349.69 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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et o o 298 KW A, H = 44.01 kJmol '

'
IR0 o YohH kil BH 39 THR TP T
TqFd o
H,0() — ™, 1 0o(g)

18g
18gmol™
= 1mol

18g H,O (1) ¥ Hidl &1 §& =

1 mol 571 oF 298 K W o & fau & wIH
A Sl = nAuapHe =1 molx44.01 kJ Mol *

=44.01 kJ

(& T Y TR amoa 31ieet T o T SRR it
21

A U =A H-AnRT
vap vap g
1 mol 99 & fau
Ay H = (1 mol) (44.01 kJ mol )
=44.01 kJ
An = (1 mol — O mol) = 1 mol
A U=A H-ARRT
vap vap ]
=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 kJd

3qTEYUT 6.8
STl AT Wl RY W WA gT MO shifey fw
100 T @9 W 3R 1 bar <€ R 1 mol STl i
0T A9 W 9% § a€e o 3Taieh ol 0 foha
gied= erm? & € fp o @1 Tem woed
6.00 kJ mol ™ 3IR Sl &1 Seefidr 4.2J/g C R
&
qRerd =1 SR 9 e -
=T - 1
1 mol H,0 (g, 0°C]—>1m01H20 1, 07)

T Ui A,

WA fagm

=T - 2
1 mol H,0 (1, 0C) » 1 mol H,O (s, 0C)
T R AH,
el el TRed gm

AH= AH, +AH,

(18 x 4.2 x 100) J mol '
= -7560J mol
= -7.56 kJ mol

AH

1

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

a9 AT W 3T X § R g1 W
AFTA § TG IR g § o1di—
PAV=AnRT=0
AU =AH

=-13.56 kJ mol '

(M) Wk foem Tl A He
Terelt difiTeR oF Ten Wit oAl STk &1 axall, ST 370
o W wul ¥ ol T oE (W wW Hr
‘gof-araren’ oft wed €), ¥ ¥ farfoa 0 w
EHETel Aok THedt Titads shl SHeh! HIeh Tel
forem Tl A He wET S g

Sl ureie ‘! o @ fR gefua difies
| et & e, S 30 el o w9 H €, 9 W
foren St 21 e P Ay SRt A e
Hier Tedt % e € T -

H,(g) + 20,(g) — H,0(1);

A;H® = -285.8kJ mol ™’

C (Iw1e, s) +2H,(g) - CH,(g);
A H® =-74.81kJmol ™’
2C (IT82, ) + 3H, (g) + 10, (g) - C,H.,OH(1);
A H® = -277.7 kJmol™



ST

el TE THgH Hew gl § foh A e e,
AH®, A H® % T fore feerfa 2, fred 1 i i
T Tl § Sl B S SRR o stffsmanet | e,
I Td T | ¥ Y 1 | Hiel &l 2

CaO(s) + CO,(g) » CaCO4(s);
A H® = -178.3kJmol ™’

T T T Soendt sifrfran o w¥ied-ufeH
ShieEan e i foem Toed &t 8, Fitn 3od
hieaan HEHe 31T qwll ¥ 7 s T AfThi @
T B Frfafaa stfafwan & fog o woedi-uRterd
HBr (g) ®1 A Tt foe wéerdt A Hoe 2,
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dfek HE sfafwEa THed B

H,(g) + Br, (1) »> 2HBr(g);
A H® =-72.8kJmol ™"
Tl T 3K o Tk Hic i STH&T I T 3T
q@l ¥ 9 8, A H® =2A H®
Hferd TR | HE o] ! 2 | faaifea
% HBr(g) o o= Toedt & fog weieno &
e foran S wehar 28—

%H,(g)+ ¥%Br, (1) > HBr(g);
A H® =-36.4kJ mol

Rl 6.2 F® T W T At 298 K W AR Hiorw fater Toeh, A HO

LEiR] AH' [ (kJ mol1) TaTef AH '/ (kJ mol1)
Al203(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 (B +1.89 NaF(s) -573.65
C (IrFmEe) 0 NaCl(s) -411.15
CaO(s) -635.09 NaBr(s) -361.06
CHa(g) -74.81 Nal(s) -287.78
CoHa(g) 52.26 NHas(g) -46.11
CH:0H(]) -238.86 NO(g) +90.25
C2HsOH(l) -277.69 NO:(g) +33.18
CesHe(l) +49.03 PCl3(1) -319.70
CO(g) -110.525 PCls(s) -443.5
COz(g) -393.51 SiOa(s) (FarEsT) -910.94
C2He(g) -84.68 SnClz(s) 3251
Cla(g) 0 SnCla(l) -511.3
CsHzsl(g) -103.85 S02(g) -296.83
n—[CaHio(g)] -126.15 S0a(g) -395.72
HgS(s) -58.2 SiHs(g) +34
Ha(g) 0 SiCls(g) -657.0
H20(g) 241,82 Clg) +715.0
H20(]) -285.83 H(g) +218.0
HF(g) -271.1 Cl(g) +121.3
HCl(g) -92.31 Fe,O,(s) -824.2
HBr(g) -36.40
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FS TRl T 298 K T T AeR fo=r
, B8 hA He w62 ® < T 2
9ROl o ER, TH a7 o Had Al
Tonfoee i ofaeen § (Hs-3fawen) A fav=m
TR A e F AR Y forn s 2
A ST T 319 T shflrher SfR ©
3R S =ed € fr afe R ugred stoe A
o ¥ ¥ qi chfewd™ el ! JA1 T e
greAaaEe | faufeqd & o fau feat o
FT STETIHAT BT,
CaCO,(s) —» CaO(s) + CO,(g); A, H® =?
e B AR Torer Tl 1 SUEN o Hehd
& e afferen o1 et uRed aReRfer s Hehd
B Tl aierdd whi U S o e g w e
T THIRTO 1 STEN T Gehd B
A H® - Za s HY (3e ZbA H (stfafa)
(6.15)
W&l Tgfad T Ha Ud b HEW:
Afaferahi T ARl o IO T SR FHIRTT
1 Thieqaw Hiaie o fased T o] % 21 7Tl
a T b IE 1 21
A.H® =A H°[CaO(s)] + A {H?[CO,(g)]
—AfHG[CaCOS(s)]

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

= 178.3kdJ mol!

3d: CaCO,(s) 1 farere sroment stfwfsran
Bl 37 Sfovd SR WK i oh oIy SM9hi 39
TRY T T
(&) ST R THhRTuT
Tk Hdferd TErEfTn g, feH SHeh A H
e ot feon T @, SR ST’ et
21 B9 TH iR H uerel w1 o stereemd
(3TREY a7 & @) Ff ffEe W 2
ST o fau—

A fagm

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

ST gt fafysd a9 @ @ W sd
I 1 <@ g9l 21 Tedt gied 1 SR
fog <uid @ fF a8 wF Sonadt sttt 21

SRS gHEwn o g9 § fr=fafea
R 1 AE T SEvaE -

1. Hqfaa qEEtTe T | Tone stfafween

T AR & He (rupst wt Tl @ R

F B
2. A,H® 1 RS W TR gRT Rl o He

H1 e o Geo § Bl 1 ek Tt afterds

AH® Y 3T kJ mol' BT B

IS ERON i G o fow gq fr=fafea
sifferan o fore sfufFa—<sm 1 7oA & o
Fe,O, (s)+3H,(g) » 2Fe(s)+3H,0(1),

e foed Toed #1 9roft (6.2) § 9 U1 &

A,H® (H,0,1) =-285.83 kJ mol™;

A, H® (Fe,O;,s) =-824.2 kJ mol;

AfHO (Fe, s) =

AHO(H,, g) = 0, R o THR
dd,
A H; =3(-285.83 kJ mol™)

- 1(- 824.2 kJ mol™)

= (-857.5 + 824.2) kJ mol™!

= -33.3 kJ mol!

2 @ foh 37 ToIsT # W U YE ST
%\; S 3faa wifwatafa 1IU'I'I<'=|':JI ( Stoichiometric coef-
ficients) #ﬂ?ﬂ%l A H® H T kJ mol! B, Fraem
e SR 1 AR T 1 S 3 SR R
TR el sh1 Eferd Y o €, 06 98 SAisha
o ek Tl 1 YRAMI hidl &1 TH eIl i fo=
TR § Tferd ed €1 Sereeoned—

1 3 3
EFezO3 (s)+ §H2 (g) > Fe(s)+ EHQO(I)

qa Afafean 1 I Jen T Ad Afafean g
T A H® B



ST

AH, = §(—285.83 kJmol ')
2

r

—é(—824.2 kJ morl)

=(-428.7 + 412.1) kJ mol!

= _16.6 kJmol'= 1% AH,
QT B ® T et we fawdiol af¥n 2
3. & frdt TaEtTe aHteRer i e foman S
®,q9 A H° % WA % fag i o€ S
IS0 o et

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

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

(=) 29 =t fam

wfer TOTH Th - €, 37d: Tl IRed
YRATER steen (Afyemierl) sifm stazen (SAR) i
W F o 9 Y WA g B S 9l - Th
sfufsran =® Tk % W B A FT W&l &1 @ H,
Tl fadT g9 e 7139 ‘' fem’ o w9 |
TH YR HE Wehd B—

3Tk TSl W BN arelt foRwt Tt atfferan
T AR Tt 37 At srfuferameti it T A
W ue e @ A At €, feed gw wgot
srfrferan i ferarfora femam T Heha 21

3TN, B9 39 799 &1 He<d Teh ST o+ g
el frefafea sifafra § woedt-9fieads | =R
HRE F—

C(ﬁ%‘lsz) + éo2 (g) > CO(g):A,H® =2

T CO (g) THE SR 8, W 39 Afafwan §
S CO, W T I Bl €1 37 STt Sfafeman
& fore & wded-ufads #1 @ w99 T T
T AR T o U R de we, frd
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Heiferd Tefist 2, df Suied it § TSed-giad
1 qRehe fhal 5T wahdl ¢
o9 &0 fefafag Afafeaet ® foar s
%’_
C(ﬁw,s) +0,(g) > CO,(g):
AH® =- 393.5kdmol™ (i)

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

AH® = -283.0kJmol ™" (i

T SIS THIHON i 39 YR HIH I &

for sfema efufran o @1 wu <€ IR T 9w

CO(g) W A o oIt TERT (i) i T 3T Hid

g, fome ==t e €9 1 oo sraeiifa gt 2l
IF: T A H° o HH 1 fog a5 < 2

CO, (g) > CO(8) + 50, (&);

A,H® =+283.0kJ mol ™ (iii)

THIRIT (i) TS (iii) T TSR &H 3fod TR0 I
F 2

C ez, s)+éO2 (g) > CO(g):

3heh faw A H° =(-393.5+283.0)
=-110.5 kJ mol™!

e ®9 § A ww Afufem A B &
T s A 9 ol Tt ufEedd A H 8w
TR 9 § A H,, AH,, AH,.. SAH 3UE B
T ¥ fafvs woed-uftada &1 sfaffua w@
g,

AH=AH +AH,+AH,..
T 39 &9 | Wi foman S Gehar 2

(6.16)

AH
[A]l———[B]

lArHl TArHS

AH,

[C]l——=—[D]
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6.5 fafita uere =t srfafsramen
o oo =St
Afaferaneti & gwR 1 Ffie w1 gu Tl w
AHHTT HTAT GraUseh g 2|
(%) Ak FET TIST A_H®
Ted AfIfFaT wpfa o Femad Bt ¥ A s,
Tere, fomm wa Sie o 311 weqetl o Hewqul it
&1 A e TOOd i W YR TR TR s
2 fF e Tt uared &1 ofa Aie o et aiada
2, S THF @A & HoRa®y Bl €, S AR
sifufsraess T 3] T fafime a9 W s 7k
arereenati H B B
@M1 HH el 19 o faferex § gera: o
(C,H,,) 9 Bft 81 &7 o T Wict o &7 ¥ 2658
kJ o e et B1 5o fou en et
faferan =i 38 YR for@ wehd 8-

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

A H® =-2658.0 kJ mol

TH YR T o 389 ¥ 2802.0 kJ/mol
Fo1 e gt €, Treen faw wefetor 32—

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

TR YRR H ot <89 o YohH &I e oo 9
Fell 3o B 7, Tl Sifqd SIS FE YRR o Sfed
Se-THEtTE SfatEmest & gvit § W €, T
TTEH &1 SYART S 2

3ITE 6.9
Si4 o 1 T 1 384 298 K T 1 atm T
T 21 T o STWIA CO,(g) T H,0 (1) 7 ©
qq 3267.0 kJ FoA1 Fefer et B it ok
foTT AR formm TIedt Y AT SIfTI CO,(9)

A fagm

TS H,0 (1) & fau ume fa=d woed &
T %A -393.5 kJ mol ' T8 -285.83 kJ
mol ! %I

A

g1 1 forem frafafes i 9 fen
ST 8—

6C (iw=e) + 3H, (g) - CsH, (1):
A H® =?..(i)

| Hied a1 o foiu gg et 8-

C.H, (1)+ %02 5 6CO, (g)+3H,0(1);

A H® =-3267kJ mol ... (ii)
1 5 CO,(g) o fau faer Toedt &

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

| Wi H,O (1) & fau foem woed &
1
H, (g)+§O2 (g) > H,0(1):

A, H® =-285.83kJ mol ... (iv)
HHISOT iii 1 6 ¥ TF iv i 3 W TON HH W
6C (Ier2) + 60, (g) — 6CO, (g);

A H® = -2361kJ mol™
3
3H, (g) +§O2 (g) > 3H,0(1);

A,H® = -857.49kJ mol™'
SIS AT GHIHIN i S T

6C (i, ) + 3H, (g)+%02 (g)—>6CO, (g)
+3H,0(1);
A, H® =-3218.49kJ mol ! ... (v)
G ii 1 A HH W



ST

6CO, (g)+3H,0(1) > C,H, (1) + %oz;

A,H® =3267.0 kJ mol" ... (vi)
G v T vi i Sgd W 8 U ©

6C (3wrE2) + 3H, (g) > CsHg (1):
A H® =48.51 kJ mol ™’

(@) &I TAS A H®

3TN, TTZEESISHF o UM o 39 3@ R fa=r
i

H,(g) » 2H(g); A ,H® =435.0kJ mol™’

39 2@ T & T 39 gfwan o SEeResH &
H-H =& % 229 9 H WA W eid &1 39 Wihan
T BN 9 TeH-ufedd w HUH T, A He
Fed 2| T8 N6 stereen § forelt off wgred o ek HiA
T YT STl ! JUid: ASeh TA[S H I8eH =
BN ATl THef-uRadT 21 9 <3IT U S EREeSH
S fEmREE e W UM Tl Sl STy
fertiem el off Bt 81w Tl o F I
e Frefetad 2—

CH,(g) - Clg) + 4H(g); A_H° = 1665 kJ mol™*

o€ &AM 3 I oI ® foh F8T I ohael T
e ¥ ¢ 3R H WA

Na(s) - Nal(g) ; A H°® =108.4 kJ mol™!

3 IR H HUH T R SEET Tt
T TAE 2
() ey T A, H°
g fafmeanet § TeEte oeY 22 T O 2
MY T2 o TeTq sl shi STevshel el & 3R 37ee
T ot e Bt @1 fere oft sifafewmen w6t o
1 TEERTR el o 224 Q6 o1 § g oTel Sl
IRedH ¥ Sigl S Gehdl &1 TEERE e 4 g2
Ted-uiaddl & fou Swmfaest § & e U
I B B
(@) e e o
(ii) HTE STEY T
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STEW &H 3IRT =l TETR g
ST o §eH ° &
fguvarores a0y ¢ ® freAfafed wfswan W faam w3
Toh Hiel SEERSSH W faude gt ey T2d €

H,(g — 2H(g); A, ,H° =435.0 kJ mol

9 gieman ® e o Coedt-uRedt H - H
&Y &1 e fodem Q‘—Qél?‘ﬁ (Bond Dissociation
Enthalpy)

ey faaem oot S| uishar ® gM aren
HifiTer o Teh WA TS TRt TG g |

M < foF 98 TOh-aierd= 3R SEereieT 1
FHUH Tt Tk TAE 71 311 Gl fgawamores sropet
& forw oft 8 9 21 Semwone—

Cl(g — 2CIQ; A,  H° =242 kJ mol™

0,(@ — 20(g); A, H® =428 kJ mol™

TEIRHTI 3T0] H 3T fadisH el 1 01 Th
o § T " o fag fa=1 e 7
AgUTHIUIh 31U] (Polyatomic Molecules) : TH
TH TEREF 7 (SH- CH,) R foor & T
THoh UM o ToT, SOAUEETTeh Safshal 36 TR &
Sl &
CH,(g) — C(g) + 4H(g);

A,H® =1665 kJ mol™’

I | 9R C-H 1Y TaM €1 3afery BeM 370]
H |l C-H &gl Fl SEY-g0 T AaH-Ss ot
Teh G9H B, AT Yk C-H 3Te4 % e o fag
eI Sl Tom-fom €, S A & T #-
CH, (g) - CH,(g) + H(g); A, ,H® = +427 kJ mol ™

CH, (g) - CH, (¢) + H(g);A,, . H® = +439kJ mol
CH,(g) — CH(g) + H(g); A, ,H® = +452kJ mol
CH(g) - C(g) + H(g); A, ,H® = +347 kJ mol
JAd:

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

39 B9 CH,H C-H &ier shi 3o msier weredt
aRefeE e B
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CH, = Y(A,H®) = V4 (1665kJ mol™)
=416 kJ mol!

B0 @A € T WA W C-H 94 1 3fed ey
Tt 416 KJ/mol €1 71 urn e b ferfemt wifirent,
S¥- CH,CH,Cl, CH,NO, 3T ¥ C-H 3t &1 378
e TITd A TH-g W ofier fo g 21 TRy
T OAl | AfeR AR TS S 39 o W 1 3w
T oh Y Tl HI UM HT ST FWehdl €1 FD
Tehet 3R ageTeel &t Tl groft 6.3 § SUesd 2l
arfafemn oo sgd wewqul gl €, Fiifw 98 [
aTeHl o T2 TF Y STl o o o R & S
Bt 81 =g g fafve ey woifeqsl 9 & af i
sraeen ¥ forelt ot stfuferean ) woed w1 S
bl B1 TE sraen o arfufmar w1 A T
AH° SRl Ud sAfafwaet w1 ety Toferal 9 5
R Gaiferd ert 8-

A fagm

A HO=Y ey wtedt oS et T
(6.17)*
TE ey 3@ GHY fomiv SUEN B €, S«
AH® &1 WA A 7 E TR sfufwn w1 g
TOd-uitad S| erfafwan o srfufswas et o
it efell i digd o Ty SEvas S U SRl
o UL oF Gl TSl i qrg ok T STavTe el
1 SR B 21 AH ® oF 7 Hee o wal 81 98
U 999 @] s, 99 eAfufwan ¥ @t ured
(Afafsraer Td SaR) TE staRen | =
(T) STeteh Tt
T St A # SeE Tl o' Toed
e , S/ Uk HieT SR Aifieh 6 e o
I A | faRifsa g 2

ARUM 6.3 (F) 298K W FB Tehel a8l o i@d TIedt A (kJ mol )

H C N 0 F Si P s Cl Br I
435.8 414 389 464 569 293 318 339 431 368 297 H
347 293 351 439 289 264 259 330 276 238 C
159 201 272 - 209 - 201 243 - N
138 184 368 351 - 205 - 201 O
155 540 490 327 255 197 - F
176 213 226 360 289 213  Si
213 230 331 272 213 P
213 251 213 - s
243 218 209 ClI
192 180  Br
151 1
ARUT 6.3 (W) 298K W FF iad sgaae TIedt 7 (kJ mol ™ #)
N=N 418 c=cC 611 0=0 498
N=N 946 c=cC 837
C=N 615 c=0 741
C=N 891 c=0 1070

* Fg - FEY [GFNT TG g siigd TEYy Teledl & fo7T GHA fug &1 gANT fEa S gl
Ay g oy fare TR (AHS,, ) F WA FR, S AT WAt gu fH §RR & TF A o T #

(rnvi)w?—qﬁa?ﬁ g, a9 AH® = zAin?qﬁ ¥ arEy _ZAfH

(S}

sifufsrasl o ot




ST

<fer STersh TEedt S A g e A H
THYE €, 37d: B9 T Wi fafy 1 SwEn W ®,
el T el oR@ oM B S aiH-ge} ©Ich
(Born-Haber cycle) &gl Srdl 2 (fox 6.9)1

Na'(g) + Cl(g)

. e
1 /Z "'\hond H

= 121 kJ mol”

i)

a’(g) + 1/2CL(g)
N

-348.6 kJ mol”

=]

AH

Na'(g) +CI'(g)

+495.6 kJ mol” |

Na(g) + 1/2CLl(g)
WA LH

sub

oy

+108.4
o kd mol

(s) +1/2CL(g)

AH

-411.2
kJ mol™

<
T~

NaCl(s)

1T 6.9 NaCl %71 Sioie Tieqt & faT T=eieqt sIRE

ameq, 79 frafafed 9= § Na*Cl- &1 STash
Tt T O B B
1. Na(s) » Na(g) Hifeawm Mg &1 Headum@d,
A, H® =108.4 kJmol

2. Na(g) - Na'(g) + e'(g) FfSaH AT I AT
T

AH® =496 kJmol ™

3. %CIQ(g)%Cl(g)aaﬁﬂ'vr =1 foiem 39 eAfafwmean
FHT T ey foier Tl #1 el R

%Abdee =121kJ mol™

177

4. Cl(g)+e'(g) >Cl (g) FANH THET TN IR
TR dfedl| 39 Ui § Soiee afel Tt

A,H® =348.6kJ mol™

MO Toheh 3 H T Toed! qefl Seiei ey
Tt o 9 | UgT 8| arad § ¥ Ug SOt @
& o T €1 ve 3 YRl Y S AR Sel o
Toige ST TR 1 FAT foRa S o (st 3fEn)

M Sl TS A ASEET
I S Ual Seiaeietdl Ul ol WA I qaHH
R R foram T 21 R ot araEE W e
M ARTHRR] T SR I SHEATRGT T TR
¥ yfiewfora foran st gerar 71 Frefafea stfafean o

M(g) > M’ (g) + e (3 o faw)
M(g)+e — M (g) (TReM o fan)

O T R THedt 9iadd 99 fa@ gdieon &t
e § UfRfed o s Hehar 2—

A H°(T)=A H°(0) + }A,cng

SR Afufraet & am o ® yow e #i
FEERA C,.5/2R (C,.3/2R) @1 3T
ACS =+5/2R (3T & faw)

ACs =-5/2R (3R A=l o foq)
T THR
AH® (I TOTh) = E, (SMFH o)

+5/2RT A H°=-A (30e@RMaYd) -5/2RT

5. Na“*(g)+Cl (g) > Na" Cl (s)

2 fafq=1 wai =1 % o1 6.9 o <wifan @ 2
TH %W i ‘dH-Be Tk’ HEd ¢ T Tk
7o e ¢ foh 30 R ok ° Toed-aiedd g
B B

39 M & eTgERr
A H® =411.2+108.4+121 + 496 - 348.6
A HE =+ 788 kJ

lattice

NaCl (s) - Na'(g) + C1 (g) NaCl o faw,
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0 Yiehen & fau omdafe e 399 2 RT%H
Frt (FAfF An,=2), S + 783 kJ mol !, F R

Euil
319 B9 39 Soth Tt & HH ] GeEd 9
e ToTd %1 IRehe FX TFd o

AsolHezAlmfl‘iceHe—"_A)”lydI_Ie
NaCl(s) % TH Tl & fofu <o o)
Avice H® == 784 kJ mol ™! (HEH-TT H)

o A,,H® =788kJmol " -784 kJmol ™
=+4kJmol™

$9 YR NaCl(s) &1 faea-ufsean # aga &H
St -afterds g 2
(=) foeram-Toedt A, He
fret Tge # faeE-Toed o' Toed-uitad
2, S THeh Th Wil i Toemaes w1 = wmEn o
HieH W B ®1 $Fd aqd W faern-weedt 9
Te-ufteda 8, S T i foeiae w1 era wen
o Sl S ®, Stk A o (A T o sroget
%) A = e T

Sa Tk STt AR i e | s S
S, 79 39 3 foheeel Sereh | a7t Frafia feafa
1 Big < € a9 A foerad § siferss e e €, Wy
I TEA A A T faemas it (foemas s |
St FeRToT) ot el 21 W U At AfTh AB (s)

% foru st w9 o <t w2
AB (s) A"—Hea A'lag) + B(aq)
o i
A'(g) + B(g)

3d: A W AB(s) &1 foed Toedt A H Td
SefiEeRtor T, A, H o AH R 39 YR 9
H ST G B

A fagm

AsolH = Ala_tticeH + AhyﬁlH

rferehier aTfen ARl o QA H oA
Br B | Eifery, srferenter Aifitent w1 wia o faeigan am
qGH W Tl g1 A% etk Toedt agd S €,
Aifirer w1 foeaa & a1 ?1 9gd 9 weiNEe
FAREES! w1 orden wH foom # en ¥2 T
Rl o SFEE STy et (TAfeTEl) T etk
Fettel (Tfewdl) 1 gRiE o STEn g fRy S
T B
(B) IR Tt
78 9@ € T foera-eedt, feer 9 9 3@ W
foera =t fet fafere wmn =1 faames =1 o
fafsre oen & Hie @ B ol Tl aftadA
B B T8 HUT A4S W WU o g fnet ot
oo o fau @m e s @@ 21 A=
gEgSH o 10 mol &I 10 mol 5l ¥ e 4§
B el e ufide fFrefafEa e g
for@n <1 wehan B1 gl o fow g9 St W aq.
g yefefa i

HCIl(g) + 10 aq. » HCI1.10 aq.
AH =-69.01 kJ / mol

ey &n frefafad woiedt aRadHl o aqe
F AR &M T

(S-1) HCIl(g) + 25 aq. > HCIL.25 aq.
AH =-72.03 kJ / mol

(5-2) HCI(g) + 40 aq. » HC1.40 aq.
AH=-72.79 kJ / mol

(S-3) HCI(g) + o0 aq. » HCI. ~ aq.

AH =-74.85 kJ / mol

AH & 9 I8 Teffd w € & faemm-woed
1w Teiar forer w1 A e 81 Se-sw
faeram &1 sifuss 91 THWA HT W @,
faerA-Tedt dmr 99 9 Tgadr St § A
3 Ul T qIRE o HHI SESeRRe
3 o fau 9% IWe e (S-3) H k&
T AH %1 OH 2l



ST

IS &9 TR FHHRT (S-2) H ¥ Tl

T (S-1) ¥ < Al H W e @

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

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

=-0.76 kd / mol

AH%T 7€ HH (- 0.76 kJ /mol) T &1 Tt
2l TE W€ oM € S faeem e etfusw
foreTaeh fieM I arderoT § ot St @1 faerm
o TR k1 T faeEd # qa disdr stk
fiyerg ¢ foemaes 1 " W AR w2

6.6 I :Udfddr

SNt 61 Yo frem g fhdt ferm i1 sttt
T TS $H W Y 3T g fHT T wE F Hefy
AN Bl I8 SO o olE hi U W 1S Wiaser Tel
S §, Sfesh SO %1 Yae $ed ard o e A e
3R TTeeiig B 21 odd § Wiehfaeh ®9 ¥ gHerel
it qEEte 1 Hifan TohH T € e 1 3R e
[ Tenfud B, Wayafaa gl S o fau— T
19 o1 STl TIM I W o ol FELOT, hia i
RIS | TeThl Hie- SEAFIES o= TS|

T ST ST a5 W TRY I hi IR T T
T Tk U H @ T R wE A e
TE BNl A1 He SEHFHES TId: e 3T s
4 ufafda =& gril s YR & 3 Wau%H
TehTesia aRedT e €1 319 99 Sodl @ T wm:
@WW%WWW (Driving Force) =1
?? U T@a: Uy i fen o fuifa et 22 3w
@ T TH 37 YRl oh faq AruRe a3 f 3
e E Wehd € A1 e

Tecl BH 9HSH 18T foh Tod gafad 9hH &=
2?2 Y W ®Y 4 O Gd © 6 T gatad
TR Sfafsma 9 B, S fYhRenl o Hueh W
W € e Al 21 TH ARSI T eIEgIS o AN
%1 fefa 1 oid €1 37 16 =1 HW % a9 W) e
Hh IFF 96 qe fo fRdt Seaag aiads &
T S "Rl 21 TEf S9op WeA St 8 @ R,
R dgd & o i W oW q9 ft ‘wdyafid
Afufsren’ & wed 21 o1: Ta:yaiid a1 1ef §
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fordt 1 WEM (Agency) ®1 foeT Fera o fodt
YT o B &1 g e Tt sag sifufwer @
W o B Wi < 1 Al el =l €1 T yatd
Tl % T Uee] § &H <@ € i A T e fen
T Iehfia el 81 Tehd B | T e bl o forg 81
ey ¥ wE Thd § R -

A gatdd Tehd ek TTehAvNT Uehd EiaT &1

g fHrl @gl WEF (Agency) & GRT &1

Skt Tohar ST erar &

() o T T wA BT @ Haidar <l
FHrET §7?
Ife g9 T TeTst S — YeTEl § Sl R =1 s
R eeR A &) ufewansti ® fa=ar X, 99 <@ f&
o 1 foen § frerma &1 feorfast et o %9 2 21
T YN BH HE Fhd © [ T THEHS Afafman
39 feun o wwayafda en, o foon o <ot o =t
B, SE e srfatwmenst | g 2
3TN o fera—

1 1
5 No(@ + 5 Hy(@ — NH,(@);
A_HP = - 46.1 kJ mol"!

1 1
5 Hy(@+ 5 Cllg —> HCl(g):
A H° = -92.32 kJ mol™!

H,(g) + é O,(g) » H,0(0) ;
A H°P = -285.8 kJ mol™!
foret oft Ssomerdt erfferan o fou eifiereni 9
IAE & T W Tl | T HH I Tk T
s (57 6.10 () © <wf <1 Hhel B

B Earcal _L;—fr
ai—PT W M
Tt AH

H
TRl H | H, —
Tt

B Eeaca EIE -
S T

T 6.10 (%) Fsaialdt sfferan & forw welodt-aia
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379 I W JHIUN oF TR W §H I STILRN
T "W © T fRdt wemte afafwan & fag
Ted W 37 S ST Wk oA (Driving force) €1
19 &Y Frefafea sfafwanst w foreamr w8
5 N,(g) + O,(g) - NO,(g);
A H = +33.2 kJ mol™!
CAFEE, ) + 2 S(1) > CS, (I;
A H° +128.5 kJ mol™
3 AFIfRATT T yafid Wk TE HwE
Tt # 9fs 1w wied-em g s w2
(fo 6.10 (@)

T 6.10 (@) Fwrens sifufewar & T Tiedt-aRa

3 SN ¥ 98 T Bial ® foh et o et
T yafaar o fau T gfaeeEE RS €, Wy I8
st gHHl o fore g e R
(@) Teidt ©& Ayt
Teh Lo syl wehd &) T faen ® e 9fa gl 22
aeu, '9 Uh A feafq w1 oemmm Y, fowd
AH =0, 3tofiq Tedt ¥ ¢ ofteda 7 2, fre of
sifafsran =1 gshH T aRa 2

TH U 9% U S URaw ¥ faafa (Isolated)
2,1 < i = forafid w €, S =5 6.11 9 gwfn
T R

Y N A T B, N HEI: w TE ved
fagen @ <wifan 7o B den wh faweiw @ gue fwan
T (9 6.11 %) Sa a9 germn S @
(forst 6.11 @), 70 T aq@ § forafid 8 ot 21
9 g9 g faawor qof e St 2

A fagm

(@)

foT 6.11 < 4 @7 forawor

379 BH 3H WohW 1 1T hid 2| foreRe ¥ qd
IfE &0 o 1R o f&e 9 9 o vt 1 e,
4l ffyed &9 9 3 19 A o 2T 55 wehR Al B <
3R o fewd 9 o7v] feprerd, a1 3 719 B & 2] @)
R A fa9STeh geM o 9% 1] Feprel M, @ &9
e R W &Y e wehd ® T fehren T et T
A 1 ? I 9 B F1l TH %e THhd ¢ T @ w7
TR A1 S STeFEtid B T B

9 TH EU SEUNOT S99 §: Th fowfm
frema o frermr it Sott o woem siftre steafie M
# ygfa Bl B T8 A FEiid 1 Th HAE @
et 21

&1 &9 Ueh 31 TR Fe HI G B €,
0 ‘Tl S’ wed €1 ST STeHeE T
Afireafert &1 Tk HHRHR §39 S % foT Tk St
et Heha € fop G fenelt Frrenm o ateeren 1 Ao
B T Torefi o o TSt eferen eresearen Bl ot
& eAfer SHe! TRl BRI SRl a9 U TEEfs
rffsman o1 999 €, Tt IRede TRATg teren S
& TH U (rfufrad) ¥ ¥ W (SAR) § T




ST

Al e 21 A% SRl i Gl fwRashrent i
a9 S sTeafie B, A T & uRomd: gt
ERit Tk qEEfe eifafsran | T § TN ke
SAfafshan H TgeR qerell 1 WAl o SER T STAIT
Toren ST 1 S o FRifhaar o Hed o el © T
F Tl Th QY F A W ST =<Aan Tl
(Telifusr frafd) =t saen 2, Safe 9 smEe
AR T 1 e 2|

e B9 Tl ! AEH (Quantify) T A 2|
STU[T H Tell o fIaR0T § STHEERN i VAT H3A oK
e we fafy wiferes! €, i 5@ T&as &1 @0 9§ W
21 gEd fafy 5@ arfafewan o € arel So-aiedr o
Sires w1 fafy €, S T2rdl i SoHrTiash! Held et
21 3 SHAGH Worl, S9—3Taies s U A
T H 1 9@ T i T SHAMIAeR] STereen
e B 98 AS WA % 9y R fAeRk & e

St ot fopddt frpa 1 Fo <t ot ®, 99 I
afrorfersk TR 1 TR TR 1 STeere Sigl a2
T UHN T (q) T ® sroaawar g™ @l
YHTS T@ §1 901 89 AS 1 q § Helfod Tehd 8?2
I quiian @ fop St 1 faawor s@ qm W fasl
Tl €, TSR Fo € St 81 Tk S A ok Freh
o f7=1 a9 o fRm &t qo o stfere steaRen gt
21 ora: forel Frepm &1 919 S@eh Hull &1 SrfEfha
Tfa w1 "o ?1 e A W et W
o1 3 R 1 =9 a9 W A TE A & e
1 G H 3T STeHEel 1 SN o dl €1 SEd el
wordl € o Tt qfed= a9 o S[ehead! Bl 2l

ITHHUNT TRl o AL 9 AS hiq Td a9 T
¥ TH YR Gl H Thd e

q
AS — rev . 1
T (6.18)

forelt Toa: yafaa yehd o fae fem w@ 9fiew
F T T qlEd (aS,, ) Frefafad wetew
BN & <1 g R

Astotal = ASsystem +Assurr >0 (6.19)

W& U e araEen | @, @ Ui sifieRad
Bt § T TR § uRadd AS = 0 B
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TH HE Thd € [ Th Td:yatad b i
wrd § gfg 9 9k B @ ?, 9 dF 9%
SIeham 7 B ST ArereEen W U=l § qRadd =
g1 B Hfh TR U oreen Ul R, I: UHh
ISHHUNE YhH o SF B9 Tidi-ufierds i oMl
frreferfed TR § B9 T Tehd 8—

qs s,rev
AS = 22
sys

T
T S € for gnamie ufifefwl § Soria
T SR HUA—<H TohHi o fIT AU = 0 &1 ©, 7g
ASw TR (AS,, +AS,,,) STIHTE THH

fore g1 7 %1 39 ¥R AU |, SHchAvE e Seheuia
A | fase 78 wed ©, SafE AS fasg & 2

IETEIUT 6,10
Ay, foh FeAfafea 5 9 fFad Tt sedt /
Hedt B—
(i) T 5o 1 SE el | Red B 2l
(ii) T TP I HT AT OKH 115 K dh
TN Wl B

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

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

&

(i) oM TN § URadH BH o a8 37T e
L W T ©, 3d: TG Tt 2

(i) 90K W Gt 37u] feer g €1 ora: Tt
= Bt 81 A AT 115 K T g
ST, q 3] T HET SN W B T
SO e § e id @ 3R e
fuer STeFafterd 81 Sl 1 31d: T2l 56
St B

(i) 3IFTHRF NaHCO, W B TS TTh! T2t
%Y 2| AR § T 3 3R = 19 21 3:
IR 3T Td i Regfa w1 wfafafie
H B

(iv) 8T Tk 370] < TRAIY] a1 €, A Hol i
o It @1 H TRER o 3 Hid eRge
310] % e HIA i ol § 3ifen it
T 2
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I 6.1
e o AR

4Fe(s)+30,(g) - 2Fe,0,(s)
T gfedd -549.4 JK ' mol ' ® (298 K a9

)

9 Afufwen o Tt aRedq oA 8H &
3Ia ot srfafwren w: yafia & 22

(9 stfufeman o fou
AH® =-1648 x10° J mol ™)
'A

T Afafewan 1 W gdfad
AS,u = AS,, +AS,,, o MER W Tl 2
AS,,, &I AT & o faw g6 i@ gm

STERNd Ho R fo=R & 86, s —A He
o qed €1 T A T IReer i T o afteds

_A%He (TeeR @ M)

% ASSLII'I‘ =

(—1648><103 Jmol-l)
298K

=5530JK 'mol ™

31 AfafsRan o faw o Terd-aRery

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

THY T B ¢ TR sifufwran wa et 7

() firss ot wa @A yataan

B4 <@ ok B T fopdlt e o forg Gl & e
qierdd AS,,,, [FEl Yshd i T&dydfdar w1 o
AN 71 W AR TR tfufmard | Freem
T g fm 1 o F et &) s sk
Afufrnat # T v wedt — S ofteds e
I qd e d w W A A gw W € Al
hae TOEd § et 3R 7 € Tt ¥ 9fg w@a:
yafdd wedi 1 feen feifa #% gehdt 21

A fagm

TG YAISH B 89 T AU SEANThT Her firss
St o1 e ®er G ol 36 YRR IR i 2

G=H-TS (6.20)

fitsst Soif, G T fariiol el erareen o7 2|

frem =1 fies o § 9Redd AG,,, &l 39
YR foran S Hehdl g

AGgys = AHgy — TASyyq — S,ysAT

sus sys ~ Ssys
e a9 W AT =0

<. AGgys = AHgys — TAS

WA 9IEIs (subscript) Fe™ i 8igd g
GOl 1 3H YR forad g—

AG = AH — TAS (6.21)

=] T T S TR - T R
- AU x T B ORadd I8 e fiss
HfieRor’ o &Y H S Sl @, S THEA IS ok 3t
Hewqul FHIRROT & ¥ T 1 el e Tyt o
T <1 ST T Tt T § ;S (AH & WS
o) T Tt AS (3TeFEE w1 HIGA) | S| gd |
T T 2| T SeR W fovei ol e W B U
g T AG 1 T o1l i T BT €, i AH
TE TAS T S TR © [IfF TAS = (K) (J/K) = J]

31e B foeR % € fF A ford wenr stffsman
1 T Fataar 9 Heted 2

T W § 6 AS,, = AS, + AS,,,

Ife e, aftEsr & @y adig = ¥ 2,
qfast &1 a1, f™ & a9 o gEE € ' e
Reer 1 T | giy Fe w1 woed | wt ok
T TRl

3 : URET &l T § ieda

AH
Assurr — AHsurr — _ Sys
T T

sys

AH_
A‘St:otal = A‘Ssys +| - T

ST HHIR i H: AT HH W
TAS,, = TAS_ -AH_,

total

@A: YA % faT AS,,, >0 3:



ST

-(AH,,, - TAS,,,)>0
GHIEHOT 6.21 T IYAN HH W YT THHLOT 39
g el s Tedt 2—

-AG >0
" AG=AH-TAS<O0 (6.22)
AH, s #1 T # ot & Tas 98
Tl ®, S STERT e oh Ty SueTed T B1 39 YRR
AG STEnTt & o fau 92 o @ T 39 YRR ‘g
Foll’ <1 AIGF B1 39 HRO1 30 Afdfeman ) g Sl
off er < 2l
AG TR T@ wd 99 W w@a:gafaar &1
CRsicil S
() A AG FUTEF (< 0) 7, T YohH Td: Fafd
2T 2l
(i) IR AG ¥HE (> 0) T8 WehH T&Fd: Fdfad
ZATII
femuft— afs stfufswan o foe woedt aiad oA
Bl T Tt uRedd o e B, @ stfafean A
A BN, S TAS &1 AF AH o AF 9 31fa =
S| 78 & YR Y & Hehal B
(F) o Wit ufeda w e, s fafa A T
arferes &1 =fel (@) uFTeHes Wit afede eifie
7, @ 9 Rufa § T%A g =1feul wE aren SR
€ Fqal © Toh eafemy Stfafspae = a9 W =i
Huifed i Sl 81 GRON 6.4 | arfafsmanen i w@a:
Jafdar 9 19 oF FTe ! Taifad (Summarise) f&a1
T B
(9) T=T 3T FeAnTiaent o1 gEaT fem
T WA © TR Tt faafim fem & fag s
Red" e war 1 gafen, 39 YR o e |
Tt T FGAT ¥9d: IRed i Taneifoeh e aderan
B e ® I8 SoANTaeRT o1 gE fEm #1 vem frem
o 9 W T w1 off fafv= yer § faen w0
Tehdl &1 SHSHNINERT 1 O oM oI it €
A: Yo SoET AafEard ol | A el 2
et Afafohanst ¥ et el aTqaRl H§ sTeaeen
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a1 2t © SN et ety Gt e weTenes gl
2 5 sifufra = @a: vafda o a1 2

(=) Ty T=idt 3T SeAmTfaent e fream
forelt agrel o o1o] Wieft Y@ | Rt ot o i =
& eray fgw oI facrg Tehd €1 ettt @t = it
SRS AR TIfd, Uit 71 Tal shaae Tifd ke
B e hTa 1 M Sl € o e TiE STt Su
B I § oI T §g Wt ®1 gE IR S d
TS S ® A TR HH B SR #) fRd v
Torefera uared &1 am SH-S® WH I @t e
Tl ¢ -9 Tt ot 9 ot 31} wgdt 215
Tk ST T T wEd &) T sufe
2 it T T R e § 9yl %u e 21 9
FU et Y5 frefad S a% difim ® Fifs
Ygifeer qeh 3R TrEifiTer gmor <9iid € fof faeremt ok
sifefiafard gaf st T 0 K W I 7 gt e
o 1 e gHfeny € o 98 ohaet S el o
SR W IG5 Il o FRUs Tt A aRehfad &
o HerTs B 81 g5 e & fau 98 0K 9 298
K % qT gfgal &1 Sie *X e fohan s e
B M TEIMEl 29-90 YehR o qehe gRI e
Tt 9Reda uRefad w0 & fau swae &t
Tkl B
6.7 firssy =tt—ufRads

HIHETAEAT
T 2@ Yoh ¢ T 39 YRR o Sell ol fag o
RHTOT- AR o R H frefeied SRl < -
() Tt stfafswan w1 w@d:gafadr 1 qagaH|
(i) TEEfeE Afafwar § w8 T A 9Ent

R &1 GEgAA|

e qh BH cRAvia Afufswanst | g e
TReH W RN Y e B 37 B Sohuuie sttt
o o Foll-aREde w1 St i B
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‘ST T SN T vy uffefd @,
S T YHH *1 39 YHR T S 2 R e
T o ufEy ® oia: = A w1 TRt
srfaferensti o ded | ‘SchAviiEar’ &1 ol € fF T
e Afafshan IAT faeneti ® wrer-wre = wehdl
2, forqa fo arer wenfia &) 9ok 399 wdid g @
arfafran ST fometl & goa ot § & o @1 =9
Goh, S IHWE Wdid Bl Bl qE ql W9 ®, 5
e o TR 1 qE Sl =ad g At U
TS &, @ e wa: & %9 g e @ fofa §
qfafad &t S|

;W o foT a2
A+B=C+D

AG=0

fordt arfuferan, foad g+t s1fuyesns @ 3R
e sraee | e, a s s A Ge, |
feorger 9 fefafiad geieor g Gafa Bt 8—

0=AG°+RTInK
UAMA G° =-RTIn K

AYAA G° =-2.303 RTlog K (6.23)
T qg off 99§ R
A.G° =A H®° -TA S° =-RTInK (6.24)

Yo SRS stfafsranel o fag A He &1 9H
Ak TS TR Bl #1 3 IRfeefet § K 1 Ae
1 ¥ 9gd %A T TS Afafsran § SAfek IR s
1 gafd &l g1 Heaardt sAfafsranet § A HO W
M SAferh ST T SRUMCHR BT A2 A GO 1 HH
At Td FumeHeR Geifad €1 3 uRkfeerfaal 8 K

A fagm

T | | 9gd 3TfHeh S 80 Jadt Ssnerd stffsmansti
% fau =9 K &1 30 X §ehd © o aAfafswa
TR qUT BT Hehell T A Ge T A A S° % AN W
off faefk sear 21 afg srfaferan o werd afteds =t ot
2 U T WIE, 96 K o1 99 a1 Afafsean st g
39 oG § Y Bt foh A Se 1’ eAeHeE A1
SRUTHF B
THFT (6.24) T FAT FH T
(i) AH® TE AS® & AT § AG® &AM ATAA
ek, frdt o 99 W fFwrEd ®9 9 SRl &t
yiftq o foTT K o o 1 70T 1 ST EeRd! 2
() afc yarmRmen o K dien € @ famn s, o
fordt oft =1 a9 W AG® & HH HT T Hi
EIE=Coil

3BT 6.12
298 K W RIS o TSl H ®91alol

goz(g)aos(g)a‘a faw AG® o WH @
U SHITST) 39 SAffsha ok ferw K a1 HH
2.47x10 %

&l

T 9 § 7 A,G°=-2.303 RTlog K, T R
=8.314 JK ' mol

SI

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

= 163000 J mol
= 163 kJ mol!

Arferert 6.4 3TffeRar o Wa:uafdar Ut aq T TN

AH®  ASP® A G® o
= + - [t a0 W AffsRan @ yafaa
- - - (f=1 9 W) e a9 W sAfafsean word et
_ _ + (=9 99 W) 3=9 a9 R Afufsran 1q yafad
+ + (/=1 a9 ) =1 a9 W sAfufshan sread gafad
- (3=9 d9 W) =g AM R faferan w@a gafad
= + (|t A9 W) [t a9 R iR srEa yafaa

* ug {7 @9 UF S @19 qoricAs g1 [l fawie oifufsmar & forw e a1y silgd #ER %7 arg 9 gl geal gl




SHETfdehT

SETEIUT 6.13

fAfafaa sifufen o fae 298 K W am=

el 1 O A HifsE—

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

fET T a9 W qHE s F A,GS T HH

-13.6kJ mol” @

&l

=0 W ¥ i log K = G
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°

SATEXT 6.14

60°C T TR SEAEISH S2EHIES 50% fadifsa

Bl 1 U agHeHd <« T 39 99 W 6ES
ol SSll-9Redd i TUAT hifsal
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'A

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

Ifg N,0,50% foaifer e €, @ < aerel
T A ST BT—

X _1—0.5_x _2x0.5
N0 1405 N 1405

N %x L atm, py,, = %x 1 atm
= feerisn
K, (Pyo,)” _ 12.5
Pn,o0, (1.5)" (0.5)
= 1.33 atm.
I

AG”=-RTIn K,

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

Q9T

ST TEER Ta Hifsh T W Sl qed" § Gae W@l 81 7€ T URedl h1 Al e
T TN ST STTAA M § eH TR it 1 37 Hil o e e s i e ud uiee | fafsa
F &1 THERER To difdeh T SO (9) ScESH I STl o WY B 2, T 5w 9 w1 (w) §
Al ST Gehall 21 3 URTET SoAiaes o U FE™ AU = g + w 1 Gafdd eidl &1 AU R e aifom
e T TR HYal B AU U SN el ©, S q U w U W R Hd € qe Sferee e el 2l
B qUS woh foq Tog aRuEt o1 oiem & €, 9K 3% Fen ol f&an S ot 3% e To <d © B W
SO o Teh TR W SO Tep o TR0 1 AIeE o Gehd €, fored ara o qfteda erar 21 qroee o
gfg 1 A w1l T SR (C) W A9 war B1 o1d: STEifyd =1 SefSd $ q = CAT =il #1 Afg
T T JEOT B B, A FE BT W W = -p AV § F 2| ISHAUG TH § AT ok ST e
% fAU p_=p & AH W@ FHhd F| 30 W =-pdV TH 1o | W 19 HHW pV = nRT H1 T
T Thd B

TEOR STRITH | w =09 AU = q, 372iiq 9% fEoR TR TR TMIARG <o €1 W Temafeh sifafhanst
o 1T o fou en THadl feRr T@ o € 30 U SR SToRel-Teld THedt i IR # €




186 WA fagm

THef-ufed® AH = AU + An,RT 1 7199 He feoR q@ R S-Tieds § ffar ST ol €, a8
AH=q, ?I

Tef-Radal o 2 YehR 2| Treeen IRadd (SH—TTe, STsdiehi] e Headra) SrHm=iaan feer
T W B &, T2 errenes wiedt-ufteds 9 sifvrafaa fman sirar 21 foaem oot <eq woedt wd o=
e | ufterdy 29 o T o1 ST weh [ R ST Hehd | TEEe sfatmaet § e aied

ArH : Z (aiAprroducts) i Z (biAjHreacﬁons)
S i

i ot § A H® = (Afere! &1 omay o) -y, (STRS BT A FHe)

FEATTTART 1 YoM fram TEmte sAfafwan &t fen & ar o e fRfva @) &, sieiq a8 et
AT Toh TEER SATafsHa o1 9tk o w1 21 T e/ o Tt Ay = 0 B 31: B9 39 %d oh fag
T -, S, T2idl gRefd d €1 T=Tdt STeqeen 1 419+ 81 Tk &d: Yafid Whd o forg
el T2t IRede GFTeash il 81 Teh faetfit e o fIe AU = 0,AS > 0 B 37d: T=idt ufted &a:
Weifdid WehH o faafed shedn €, STfeh STl Uiierd el il Sehavid Wehd o folg Tt qRed"-geieho

Aszq;;“ 9§ Fd foFa ST g 2 qf%wmﬁr%ﬁqﬁm%l

<Ifer sifuee TETEfTE SfafFag fer I@ W e €, o: 71 @ Swen-Hed fies st G
IR e &, it Fep o TR e woedt qftedH @ g A.G = A H-TAS SN Gefed 2l

Toayafad A o faT AG,,, <0 Td FrmeRe W AG,, =0
Ak fiTest Sofl-ufiadd 9 feemi® ¥ A, G° = -RT In K THIH0T ¥ Hefod 2

THH! WEEdM ¥ AG° W FH W K H UH AW fFA S TR T AGS HN UH
A,G® =AH® - TA,S° ¥ T fal 1 Hehal 81 TR0 | 19 T Hewoul HReh g1 I Tt
UReaTet ¢ Afufware, S H 99 W SREd: Yafid #, 3% Se9 a9 W WA yEid S S Sl gl

AHETH

6.1 el IW G-
SR TR Held T T T,
() S Fo-RerdH & fog wge et 2
(i) e 7@ 9y w fsk 72w =
(iii) S S-SFH HE BT T FA F g B R
(iv) TSret oM sheer a9 W sl #a 2
62  UH YhH o ®groA gRfEafadl ® g9 o fau-
@) AT=0 (ii) Ap=0
(iii)) g=0 (iv) w=0



6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14
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qoft el Bt T ST T arerwen ¥ et 2

6 e (i) ¥

(i) <O (iv) @t el o T foe et @)

U o T8 o faw AU® &1 7 —X kJ mol™! 81 3Hek T AH® &1 0 8-
() =AU° (ii) > AU®

(i) < AU° (iv) =0

TS, YHTEE T SEEESISH o ol 298 K W T8+ Toed! o i HHTl: ~890.3 kJ
mol!, -393.5kJ mol™! T -285.8 kJ mol' & CH,(g) &I fo=r T3t 1 grir?
(i) -74.8kJ mol? (ii) -52.27 kJ mol?!

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

TH AR A+B—>C+D+q o fau =it uRadd o+s 90 @ a8
srffsran g gri—

(() I=9 A9 W (ii) e f= a9 W

(iii) Tl off 99 W ==F (iv) forslt ot a9 ™

T wohd | TR gR1 701 J SO STeRiii et € o 394 J wE e S 21 59
YA § ST St H R uftedq g

TH 99 Shemel § NH,CN(s) ®1 $1ffsran restiafior o @l &1 T 16 AU &
M —742.7 KJ mol! 1 T (298 K W) | 39 sifafewan & forw 298 K W et
R A hifsa—

NH,CN(g) + g 0,(g) - N,(g) + CO,(g) + H,00)

60.0 g Tfafm =1 d9 35°C § 55° C & & fau fhad fohel S o =1
SATEYTRal B2 Al &1 HieR SSIEar 24 J mol! K121

10.0°C W | Hiet S &t % —10°C T WM W THedi-qRed &1 oA it
AH = 6.03 kJ mol! 0°C R,

C,[H,00)] = 75.3 J mol* K!

C, [H,0(s)] = 36.8 J mol ™ K!

0162 1 78T THTH ~393.5 kJ mol! €1 e T e § 35.2 g CO, a1 W
IR ST T TUMAT HifTT|

CO(g), CO, (g), N,0(g) T N,O,(g) &1 fowe Tt %aw: -110,-393, 81 T
9.7 kJ mol-'#1 s1f¥fFan N,O,(g) + 3CO(g) —» N,O(g) + 3CO,(g) & T A H =
M Ad HiSg)

N,(g) + 3H,(g) - 2NH,(g); A,H® =-92.4 kJ mol™* NH, ¥ & A% faw=m
Tt = 82

frefafea sitwel & CH,OH(l) T HMew-fo=d Toed aa Hife-

3
CH,OH () + 5, 0,(g) > CO,(@ + 2H,0() : A H° = 726 kJ mol”

CIwER) + O,(g) - CO,(g) ; A H®° =-393 kd mol™!

1
Hy(@) + 5 0,8 - H,0) ; A;H® = 286 kJ mol ™.
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6.15

6.16
6.17

6.18
6.19

6.20

6.21

6.22

CCl,(g) > Clg) + 4Cl(g) wifafewman o fory e -ufked= T wifsT & CCl,
C - Cl &1 3Tey T &1 MO shifsu—

A, He(CCl) = 30.5 kJ mol™.

AH® (CCl) =-135.5 kJ mol .

A He (C) = 715.0 kJ mol™!, =&l A _H° %V T 8

A H® (C1,) = 242 kJ mol™!

e faafma fem o faw AU = 0, 35eh fofu AS &= grm?

298 K W #1fufs 24 + B » C & fau

AH =400 kJmol ™" Td AS =0.2 kJ K 'mol™’

AH T AS ! am-faear o feer Ard gu SRt ff fha ara w sifufwan wom: g2
sifafsan 2Cl(g) — Cl,(g) o faT AH & 0SQ o fo= = =iM?

sfufsFar 2A(g) + B(g) —» 2D (g) & T AU® = -10.5 kJ T AS® = —44.1JK!
aifaferan o faw pAge &1 UM SIS 3R "aey 6 = afafean wa: yafda &
kel 872

300 W TH AfAfEE & faw G femi® 10 B1 AGe ®1 HE N B?
R =8.314 JK! mol™

Frefafea sfafsranet o sTUR W NO (g) o HANTaeh! Tt W feomft sifse—

1 1
5 Na(@ + 5 0,(@ > NO(@: AH® =90 kJ mol™

NO(g) + % 0,(g) > NO,(g): A H°=-74kJ mol!
=& 1.00 Het H,O(1) %1 7Fe affeerfat # forfaa smar 8, 7@ aftert o weii-afe
%1 TOAT HifsTT— A, H® = -286 kJ mol™

A fagm



