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_f Ll Cp= 9] :(Molar heat capacity) u'/ li{
ol < Y] Jv/'],« »le quf/d/Vu(/}"
Sl {(u}l/(u( L) J‘/L/d/'/) Jv/'].»}:g J)"l
£, (Specific Heat](}/'i Lf)’ - dr;(» ¢J. L g/'/
T (}Uw’/ Lf{ (Specific Heat Capac1ty)uJ li{dﬂf Lf}’
J‘/L/d/’/)u(uhw’{dg’JD)L}?L/LWU}U(V/']
_‘LL}KJKJ;QLLL/:’V’K(UM 1L)

/60 “i Z d__/r,.ﬁl.a' o~ =7 o0 Z d_—/s'g
/}'m:«.{:{C:«/VJ}]JMLﬂcééd’_/jiwq:«/lf

E L/u/"a, ATY K & 700
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AHg= - 6.00 k J mol™

e

AH = -7.56 kJml” +(-6.00 kJ mol”)

= -13.56 k J mol” .

. o b 3
e g F g TR e e e tlo o
cdx

¢
P AV=Ang RT=0 i}
=/AH= AU =-13.56 kJ mol”

P Al 9l g 5 (D)

(Extensive and Intensive Properties)

4}’/5' (Extensive Properties) J+~°b o~ \:IE‘(;]
.f < L"la L«fJ/u"' (Intensive Propertles]u;’i G
L‘}ngtu"ﬂkuldd/gf}auf‘buu/‘b(‘f)
Boefeady # L Jo e i e st
U CV)D/)LJJV(L}/V:UJW’ deiy

A bbb LB
(Intensive Propertles)u"“ lp,u/:u* u'“ / 27|
)Mco/} 1% S =700 4 WL JV o dﬂv‘(
L& v 1t et u*JJVJuy‘b
%m —~& chuLW o)l./’/_a//dd/xuﬂ’b(f)d/ﬂb)
/rm v, f/r Jt J“w/-a u“/f’/ 1§ ool
& L' (Molar Heat Capacity)C,, ‘_f VKL}/’/
qu{’fd"///!‘}“iéc‘f‘U/Uf U206 4 &l
-[6. 6(a)y] < L u’“u.:/ JLV(;/ Tu/'/:u’
Shessor St Sl LA ALE
Kf;méu/:(;gw/u!u!awffﬂu"uf"
,J/UJJ Kajdﬂ fu’u/’])/)dg‘a fuy i
.w/ﬂauf‘la@?u((;fatb//lbuu;u” T
-‘auf.‘lw,g,vugu/’/

V. T

wf&%‘ﬁTQJ‘}" a5 5 VW:G.G(a)p
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-(e. 7& ) & db dL U% (Bomb Calorimeter) /4
3 Ut Water Bath) 4 s () e ¥ T o] Ul
LS L ST bl 22 STy et
féuwu‘”/.,mfrc. mmiwu‘w;/
S Teask 1571 K6 L ./_ujtpu"’wvd/u“_;n/ﬂ
L6 bbbl T T A §S it
< dbx J’*de oL A7l st g s
/d/)‘.’.{(’f}f-a (}la J(}’/JHJV;AZ: sl
e SO e K e bk JF
SANISE wdwuf&wuwaw
ety AP R S S e
b et G S A P L i
;/JL/LS/}L’((}}’LV Z’.uc': JL’JJ{(AV O]j}f
SIS PG Bz S G S S et e
“at‘lgy/gjjiuﬁquc;;AJG.llabbfzé.n

FE
e LS5 /\
3 | igoFT
=K

;y@,ltfﬁzeﬂ‘_}is

=77

(6.11) q=cx mx AT = CAT

ey ot S Cy 331 Cy B S o Jie S ()

(The relationship between Cp and Cv for
an Ideal Gas)

5L)J&AA’LL’%M/U;LC /(;J&A/Cjb’fgﬂf
-u/p‘#//u“umu!at e bbUrbe c ey
wémﬂuviéqu‘/ﬁﬁ" %
q, = C,AT = AU
g, =C,AT = AH,,L,J‘M,,,

< Py il ey cp‘“iéut%m{
&L Ur L Ay AH = AU + ApV)

=AU + A(RT)
=AU + RAT
S.AH = AU + RAT

¢, & 88 AUSIAH
C,AT = C,AT + RAT

(6.12)

C=C, +R

(6.13) C,-C, =R

Ok e P AHLIAU 6.3
(Measurement of AU and AH
Calorimetry)

GF O S ke § Q3 e UM P B

- &MCalorimetry)(jg, AL, Je =* b?«tzi—u'i
ez Ul “l/uﬁ 7 h-g‘jf:/ - ég, 4

(Liquid)él. L (; r)L’” ug P sle C‘U»zf (Calorimeter)

AU ISR S A e b st

onidn w ()J"”L fli/&/'fpf/v d/:"’(/ﬂ Jjbf

e g ot S LS P Sk e

Qe $eZL et il e PiS o

a, /f; JM ()

qpff,fk:f" (i)

(AU Measurements) _yd\ost 65 AU (a)

dj)&f(/’wgﬁd’]é}’[uﬁ{ (g%“ié alﬁb’ﬁék‘;{
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AL F Tl s K Gl f Lo 1
L Jbr L abb‘d:’gzﬂ{fly JWI /21298K
:C‘-t'l.p

c(er.)) +0,(@ - Co, (@

299K J o4 298K w7 0 cuss L JU
&< 20.7KJ/K J‘L/ JMJ }fd»gﬁ/ﬁ-g.blgn
&ﬁuﬁl&"ﬂl{fbéw 1/}'298KJJL;UL.?JM?
?Jng

S

‘« q:ul/dl) L J’ibc o/.‘TJ@.f:c{gf/
L/b'f d/:g/?“g Cy, jVﬂ}/VJ/bf d/}y/ul
q=C, xAT :uvfd;jgzj./}

28 86 S S ez ds vt P = S5
J@/l};ﬁ&rw}‘&ﬂuwdg«fnub{
2L RS 5L T S5
e G L SIS

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

(e Sl b § e ted k)
AL LGL 1 Leryfed
~12.0 gmol™ x(-20.7 kJ)

1g
=—2.48 x10? kJ mol!

Ang=0 i =
AH=AU=-2.48x10°Kjml "'
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(AH Measurements) 5% & AH (b)
LIPS a,God )i S~
ZbAe VWbt sae G Ut o
&nuf?wnvkéw‘AH=qp(gft)dl""%fu?
“j;;,A/JJ@gcAvJJL’l(/?fpj“‘” ) q, 5

-‘L@Mf AH
Ost Lig el et B (Exothermic) 1 cl” L
gndt)qp“&u’l_‘aL"/'/J;ﬁ/:ul/uﬁd!/!crlbﬁul%
# e UL S e &S aH b
e wdqe &5t e it 7 Uk S (Endothermic)

Bl AH

/ y3Y.

Jb '”/Uz/bjlag’

uﬁ la?’tlJb?-ArH&);«Uj PSS 6.4
(Enthalpy Change,A _H of A Reaction-
Reaction Enthalpy)

sl s S AU e b2l b S5 3L
e b & b s pmme

& S b OUls S (3o S 3o (s 6.8 S

e S 5kS
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e Jy él, u“’L;/? 35 1 barezdl Gules £ 298K

sl e Mﬂq 1barcl (Sl2ry 500KJ‘¢;JJ;3
b 208K Pl

Ui s AHe e e 290 (S Suse Sler

- AH® Uv"":c‘- Jla u(Z:/:;L'H §o(Superscript) =1k

obhild Algal 0193 _S o slibd S ()

(Enthalpy Changes During Phase

Transformations)
d/ JU; ‘f/ J (Phase Transformatlons)U}’L,v oA
d,mKu .«A/ié&(/u/ > dr JVuLi,v

sl L/(}L)dW)/}L}J‘WAc/)’ lin

(/273K) aLrJJWL«/V,qu»LJMd/W

H,O(s) —» H,0(l); A , . H® =6.00kJ mol ™
3 e U es Ut el Glare A HY Ul
Db ol ol Sesrme tonth f e (2
- dla/JM

Jr 1 £ A o Gz 250
sl et fesific dudl L &5 2
-adl}( A H® ujla’“'i)y‘

el gt Jbear o ¥ s
Lf{i Z:[Evaporatlon)/; d/dt u*d/wujlw""
Ju/ y (Boiling Pomt)Ji ] L'-L d}’/ Kol
/}L)m}l T, & 7.00

H,0(1) - H,0(g); A,,,H® =+40.79kJmol '
e LS S DT

UL 1) 3 Goler sl i 7,50 Jw‘ﬁ/lﬁ"u Seilr
“ anﬁ)“idié./d)?’uﬁ :«'ﬁ'/g)rugdiél./?
e O A B o A GE e S F S

el aly J)"b{ S J> < Jf 03 (Sublimation),fg*‘j
4 195K .@gcozu’;ﬁ.+ s iU c:«'f.l'%c
S uﬂw_§_ dostusd AL Ay H® =25.2 kJmol
A H® =78.0 kJmol ' L fipie (e rynd

c«(f]]

(Reactants)e bz»— e M (Products)

G oS ds Ln A L S
i

d/ﬂlﬁc AH MW‘UE/&’U.J,W" JJG}J.‘:{"Q

-0t
Ky a2l - (o 6 1§ enb)
A H:(J}f

(6.14) - Z a products Z b reactants

JL Y et U Ut e ble B it
/lelﬁ"tw/tf ol a; /}lady'dlff’ié("j
(Stoichiometric 5/,./ dkj. h-.v‘/L/CC o bl
:“& L J Wy s JC’*-U} Coeffiicents)

CH, (@) + 20, (g) > CO, () + 2H,0()

AH = Za, - Zb, A—

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

m

+2H_(0,, g)]
e By H,

AL e T e L1 4
/J@é,%/@yvgd:‘z%‘%&%::’)waﬂ/}d/
LL/'/(/’;uﬁ/'ﬁ@!w"éééul;/./?c«ﬂ/,?ndlw
Z (}E‘/‘L‘)J’;&/}/”JJ’-LL &n ajﬁ/"‘d/é_/'ﬁ
- &Zup’u:LéuL) K/Lj’/?:u’/.?/)
P s S Dbl (a)

(Standard Enthalpy of Reactions)
uaibéﬁﬁcﬁ:‘a/ﬁ;{)ﬁﬁuluﬁﬁt JJL;LQ
GEGk s A Gnfr d U1eg b U UG
wd LSS SU LIy S
Gl Gl il (P Lnd oo o dur i
~Un e/l

1 bare/b Gy .:«J']gugfr‘gugcd/ul.u/
J(Ethanol)di (F éh ‘Bﬁ'-‘a fudla Ju’l; 1%



vaporisation

H,0()

H,0(9)

_%)’ﬁd/d/uﬁ Hzo(l)('/IS
__ 18g
18 gmol ™

Jt!?{Jﬂ!}iLﬁ%zgs K/ 3L 18g
= nxAyap Ho
=(1 mol) x (44.01 k J mol!

= 4401 kJ

A i u e S
(‘c&/’;bpﬁﬂg

~ pAV =A,,H" — An RT

=1mol

Vv
AUHPU = AUapH
A,,H® —An,RT = 4401 kJmol™

—(1(8.314 JK'mol™)(298K)(10°kJJ ™)
A,,U® = 44.01 kJ mol™ —2.48kJ mol ™

=41.53 kJ
6.8 .

Ses B 2 a_/ﬂgfdv/ulflé 3t
/dL L1y 1oooc/;l;LuL1/LtﬁuL> KJy
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ad‘,vu JUJW"AsubHe UJV"'UJL*‘ JM
Jc‘:;)hu’//(lbar):LJd/Lvmu/V.wa‘J
-gdrﬂd/d;”
J/-/Ju’“g;l.u)uuﬂ KwdeJMw
.,stu}fu’LLuLw*u:uwz:wa(,w
JJ’UV/MC UL dL o/ #L JV-L/ (Strength)
- u*L/&ﬁtaub/"u"mdLu‘dwu}uAL
U~ (Acetone) ¥ Lf I <% (Organic L1qu1d)dl. (}VL
/))’Lgd'bf L{jbj))_ub}» (Intermolecular) e UL ¢
Sl g ![Jm&uy& 'Lw Ut s B,
LSSt I E Qe s d LS
m;/d"G ld),w LJ’[JLLW‘LH/’]/{/)AZ:
_u*d/d)u’/,d(fuyj’quLf”ld/l,vd///)'ww/d/u»l.

o —

6.7 k-
’f&)é(bJJdL/é/LLVUJ/J
c/298K/dL JI-<18g L«/uu KJ’:c_
QJ//KAVAJJQJ.LL/JM ~u'f’

_LQHVKGU)’J”)J//QQS C

—e bWt S 0oc
e A e o A, H° = 40.66kJmol ' 998k L (it
12 yge i Ird S
-Lat’ngbc'_fi_/’g,}:)'gjﬂfg&/? ugé/}wé%}djijy’ﬁfdfﬂ
u“&/.;ujtﬁ’:ld/yu $Enesu 6.1
& Tf/K  |Aus HO/(kd mol ™| Tp/K | ApapHO/IcI mol™)

N, 63.15 0.72 77.35 5.59

NH, 195.40 5.65 239.73 23.35

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 2.5 349.69 30.0

H,O 273.15 6.01 373.15 40.79

NaCl 1081.0 28.8 1665.0 170.0

C.H, 278.65 9.83 353.25 30.8

(~uzjﬁﬁnl&!fﬁ%f"ﬂl, T, 4 T, )
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=-7560Jmol "' =7.56 KJmol"
AH, =—6.00KJmol ™

13
AH =-7.56 KJmol™ + (—.00KJmol™)
=—13.56KJmol™

Skt e alla Gused e clla g,
LR B LAy e azs gl 90
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pAv=AngRT =0
AH =AU =-13.56KJmol"

1k,

i il (00ca1) Jr 14 (100°C )H0 Jr'1

AH,

2.y

(0°CS) H,0 J 1 < (0°C1)H,0 U1
AHy Lt i)
ks et oS

AH= AH,+ AH,

AH, =—-(18x4.2x100)Jmol"

@}Lw”%u)rd/l;uJJ:@;zgsxg.Lgﬁl_;?‘/::ts.zdw

2 AH’/ (kJ mol™) 2 AH®/(kJ mol™)
Al203(s) -1675.7 HI(g) +26.48
BaCOs(s) -1216.3 KCl(s) -436.75
Bra(l) 0 KBr(s) -393.8
Bra(g) +30.91 MgO(s) -601.70
CaCOs(s) -1206.92 Mg(OH)a(s) -924.54
C () +1.89 NaF(s) -573.65
C (wr)) 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
CH3OH()) -238.86 NO(g) +90.25
C2Hs0H()) -277.69 NO2(g) +33.18
CesHel(l) +49.0 PCls()) -319.70
CO(g) -110.53 PCls(s) -443.5
COs(g) -393.51 Si0a(s) (51 910.94
C2He(g) -84.68 SnCla(s) -325.1
Cla(g) 0 SnCla(l) -511.3
C3Hs(g) -103.85 SO2(g) -296.83
n-CsHio(g) -126.15 SOs(g) -395.72
HgS(s) red -58.2 SiHa(g) +34
Ha(g) 0 SiCla(g) -657.0
H20(g) -241.82 C(g) +716.68
H20(]) -285.83 H(g) +217.97
HF(g) -271.1 Cl(g) +121.68
HCl(g) -92.31 Fe,0, (s) -824.2
HBr(g) -36.40




H,(g)+ Br,(l) » 2HBr(g);
A H® =-72.8kJ mol™

‘a/gJ:@Jm,?Jdr.,géJ"L‘;/vugﬁ
AH® =20 H® ({5

L/(:“’szgﬁvﬂﬁutuwuﬂ?:;w
o de e S S S

VoH, (@) + Yo Br, (1) - HBr{g);
A H® =-36.4kJ mol™

—duteade den ST s
Jig JJ’ cd//’..g c&flb‘é(Convention))bﬂ/“
SR F e LBl gt

-& Qe d g BH G

Sre bl sl M@g{,@_jfﬁéJ/
JE T 35 ksl (time) iz /q;y,%(fi’
"U‘"fu? ‘J}’ZJKJ) cdl/u;(ié(Decompose)L/
S Gl G

CaCO,(s) » CaO(s) + CO,(g); A, H® =? ‘

JGs g 2165 15 G JJ:@"(«uk
ST ST r N -l (R ST r
> G’Clg SISl $f S 5oind L

AH® =Y a,A H° (products) - > b,A H° (reactants)

(6.15)
L bl sl o (2 U sl 15D ssla Uz
St KA ot ooz T 2S00 e
gl s gE
& Ul-ur Hlekiudnbslacs AUl

AH® =A ,H°[CaO(s)] + A ,H°[CO,(g)]

— A H®[CaCO,(s)]

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

e S8 etz L1 JE§ Cacoy(s) oL i
St S 1L L TS e v
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el 6l S LS55 (C)

(Standard Enthalpy of Formation)

i o § LRI 2 L NS Jr
(Reference States)gj? LIPS 2) U e U}'ﬂ la(?‘
drde e d £ USF2 5L (g QWS
AH® oo § e Q8 BY A Sl S LE”
e S atd S S e U e
Z L it 2o Gl N JES U L6 U
U}"‘lﬁ(?za)&)c b/d/Cl;’! cﬁ,!/lf,}z/?ﬁ'_ &n 23
St (15, 2L JE_ gt 4501 barsi2s CU
(/‘J’) u@ﬁfﬂ'ui/l{(u%:/f’é’ﬁulba JHZ P g
~ U Senombic 431 Coraphite <Jf 0, i/l <u£j b §
L AL WA L (§ A e
H,(g) +%20,(g) - H,0(1);
A H® =-285.8kJ mol™
C(graphite, s) + 2H, (g) —» CH, (g);
A H° =-74.81kJ mol™
2C(graphite, s) + 3H, (g) + 120, (g) > C,H,OH(1);
A H® =-277.7kJ/mol ™’
AH® A H® ujgﬁ;/yd,@JJ:@:(‘aﬂuu{;
e PRSI L UG e LS
[P WS Ut Uil U 04 e b JE e fT6
Sre— Un (EthanolU}j (Fl sl (Methane)ﬁ&& J< <
Sz oditbr & e b SES i
CaO(s) + CO,(g) » CaCO,(s);
A H® =-178.3kJmol
A SIS el e dund £
u’f}'//“;lZ’ ’%,l‘a e c«LI/G/» &j/}f/grf?{f)ﬁ/‘a
e oL st Sy S e
_ﬁ;uf A H® ujta?’:ldzl;vu@:@“iéHBr(g)
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6 Pl o PELL NS NS S
§AH oL U Al Bk 2t
,Q_Jy & ;Jﬁlx%bﬂw/ Ku’z:‘a kJmol ™ JKI
it E it g L6 L el JLd Aa
e e B SIS o Fee S S e
et Sty bl el AS)
%F%Os(s) " gHz (&) - Fe(s) + gHZO (1)

i AHE sl Qs U LIS i, SJ6
&w Jj

2 (-285.83 kJmol ™)

Aere = 5

—%(—824.2 kJmol ™)

=(-428.7 +412.1) kJ mol™’

=-16.6 kJ mol ™' = %A,H?

_‘am.&@?ugujwf‘amﬂw:,w
58 AH St U el (L s 23
< 57 duu;d;,wﬂc‘". d &J'c/lf‘lé e
{»&CJC”*
N, (g) + 3H,(g) » 2NH,(g):
A.H® =-91.8kJ mol’
2NH,(g) - N, (g) + 3H,(g);
AH® =+91.8kJ mol ™'

Q}J\Btfﬁtfzjws?)\;&)&.ﬂm (e)
(Hers's Law of Constant
Heat Summation)

S e S LSl A
Z (20 o STl (o) b (LTS 4
iin’Ju"uﬂg/»-aw/‘f/ab(}Vu
LfJ’{f&/..fJLﬂuala Jyul,fd’yuju;"l
(Hess's U)’UL u’”:—’-}’gj’;u”&’uféf/
- Lﬁb guyéj)bd)gjyu:&JLaw)
SOk STt Jt S SO

ok’/}/

) gt (oS (5 7 ()
(Thermochemical Equations)
A feebls QL i LT AL 5S AH G
< L}Un{ (Thermochemical Equatlon)ubl/dl//
(Allotropic JEGMJJ’]JEJ&JLU"VEVJ(Z
//)bé Jl/-u* L/JLJ: J [m’l/LStae)
C,H.OH(]) + 30, (g) - 2CO, (g) + 3H,0() :
A,H® = -1367kJ mol !

£J:jLﬁ‘*’éh{f&»aﬂ/g/;%a’ﬁvngﬂ
S B/G:lﬁwwftf&iui%-c‘-&/ukﬁ']”
—e B,

SN PS5 prier Ut £ Ul &Lff A
Ut §s8/° U515, (Conventions)
JEA ST AUt e lile G Gl -1

&Ul/))u;d/u;’/‘ccaﬂ*"tulaub’?Lbé_n

LSS
L?'u}/ﬁé/)i abbfujdu&d/ AH® _o
cednd LUy

e Kamol™ 1§ AH° L B
Z J@J}'g/ﬂé’.—ﬂéé S eolo d//r‘ju’l
Iu{@,if K@/’/JJ@'“L

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

Ji(au:“’a (6.2)Jug d/:ujlﬂ'-’d/?d/dig A H°®
‘e b
A,H® (H,0,1)=285.83 KJmol "
A,H® (Fe,0,,5)=-824.2 KJ mol™
Also A H°(Fe, s) =0 and
A,H° (H,,g) = 0 as per convention
A, H? =3(-285.83 kJ mol ')
~1(-824.2 kJ mol ')
=(-857.5 + 824.2) kJ mol ™
=-33.3 kJ mol™!



Ze tn LB
AH=AH +AH, +AH, ..

:‘L Cpl'ﬁy//"wdﬁhcl
AH
[A]|——

lArHl TArHS

A H,

r—2>@
Guud Lowsl FUE 6.5

(Entholpies For Different Types

(6.16)

of Reactions)
LGS L F i st 2]
e G
(AH® ey gl 6 jban S 3 2! (a)
(Standard Enthalpy of Combustion
Symbol:A,_H°)

U Enlieie L =BG e §7
il e u;:’&u”/;/»ﬁ di‘);;! L//g P
SLAUI S SO 7 bl
e w33V Ur 8E U Sede
2 P Lo 2 sl b sl b 51716
S RUF G Gl

s Fookd U F S g e G G U Ui
SL v i Butane-< (b (CiHio) (Butane)
LU fie 3l =17 2658 Kkgbn L 171
GEI S Gl

C.H,(@) + %oz (8) > 4CO,(g) + 5H,0(1);
A H® =-2658.0 kJ mol !

s eolr 2802.0 kdmol™ (3171 648 ¢ b 51

el Pl L P
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l[ff.ﬁ.{ &7 o0 o’l/d'l#’“u: «J"J"/U)JU’ ‘U:w’
- (3)’?,&)‘{‘(0: BH e Jr‘L Cﬁla
-u:faj_/;‘i Je Lot Sy 1T
Sl el L oo

C(graphite,s) + %OZ (g) > CO(g);AH® =

S8t S U e S (Major) /T CO@) Ul
S ol Ute G of cos
au@'z_/ﬁ;éia{ﬂflgjﬁé ,:«L’uﬁ‘";wbg'/. J;J;
Ul i Fen S U (species)aﬂi!qiuﬁu?:u:c/})’”
e el L

NN SO |

. C(graphite, s) + O, (g) — CO, (g);
(@) AH® = - 393.5kJmol ™’

1
CO(g)+§O2 (g) > CO,(g):
A, H® = -283.0 kJ mol ™

LS ESE LA B U Uy e A
Hor LK co@i b -2 bn Jo JU. s
=P e SO bl el LS
IDNEY:s (7.4 J’cdi’ib.u:g (el inlill
e lesl

(i)

i) CO,(g) > COlg) + -0, (9)

A, H® =+283.0kJmol ™

S =l 2t LSS i) 1) e sl
i

C (graphite.s) + éoz () > CO(g);

AH® =(-393.5+283.0) ) L /.

=-110.5 kJ mol™

Lagun § asB U Gf Lt Py
e Wl AH, AH,, AH, ... sle AH £ 2|

J’ﬁl. d‘)c&bg/»(f/a JUI"L//ZLP/UJ..V&'J
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3
3H2 (g) +§Oz (g) - 3H20(1);
A H® =-857.49kJ mol”!

£ 2SI Ul i
6C (graphite) + 3H, (g) + %@ (g) - 6CO, (g)
+3H,0(1);
e
4i!f(ii)¢!;u

6CO,(g) + 3H,0(l) — C,H, (1) + % 0,:

A H® =-3218.49kJ mol™!

A,H® =3267.0 kJ mol" ... (vi)

4L/”£/(vi);>bb‘m(v)obbf

6C (graphite) + 3H, (g) - CsH;(1);
A,H® = 48.51 kJ mol !

2

g S s
(Anthalpy of Atomization SymbolA H®)
JL’:“ DILA J[Atomization)(ﬁ”//b}i’.’ d/cj}wf@ J’)"
:q/,bbu-
H,(g) > 2H(g) ; A,H® = 435.0 kJ mol
S HAH U Py 315 i S gp 22 s T
g Suiour 2y JESE L 232 Bonas)
0 pmce Ol AH® (0 § F e
LkéiL/f@f!uﬁwJ{/:ﬁ‘L&i(jﬁW!
) - Bnd')wu}c‘:z)’_;/?/)’g}?:drl
(}’f#c(Diatomic Molecules]c«UL’u‘;UJ
G116 § FAs (Je G 6 2 Pkl
< JM uﬁ (Bond Dissociation Enthalpy) (f,“ (¥
S air s S A
CH, (g) - Clg) + 4H(g); A, H° = 1665 kJ mol’
=i uﬁi’ug ﬁILHch/.:,qu/ﬁJ
-’&f}aulﬂj’}g/ﬂgl-uzuﬁ

CsH,,04(g) + 60,(g) — 6CO,(g) + 6H,O(1);
A.H® =-2802.0 kJ mol ™!

o Qo1 2L Jie 3me 16 1
ML bl (j.lf{.'/(}.l?? oalr UP.JJ/!JLW+ i
- L}’:Jlf; (Enzymes);/l}uﬁd?:uz "&M&&'

6.9 L~

11 298K 31571 6 Uy {1 L (Benzene) o 7
H,0(1) 44/ CO,(g) 4! L JI 7l b 4 latm
4 Cf e Qs Tsb L7 3267.0KJ sl S
L@l ¥ AR G Gl § SE
?gﬂg‘uj B Gl S JES H,0(l) ./ CO,(g)
- —285.83kJmol " 44/ -393.5 kJmol ™
S

SISy

6C(graphite) + 3H,(g) » CsH, (1);
AH® =2... (i)

e QUHEOAL U1 Ly
C.H, (1) + %02 5 6CO, (g)+ 3H,0(1):
A.H® =-3267kJ mol ... (ii)
:$9e 7SS U1 L o,

C(graphite) + O, (g) —» CO, (g):
A,H® = -393.5kJ mol ... (i)

£ S KES U g1 1,00
1
H, (g) +§Oz (g) > H,0(1);
A,H® =-285.83%J mol ... (iv)
.,«/’LS:((iv]c:«l;l/ulaﬁf(iii)obl/

— t‘}’ZJilau:ﬂf/?Z.‘_)
6C (graphite) + 60, (g) —» 6CO, (g);
A H® =-2361kJ mol™



Jel _aw@ z J;’U%iu:. e bl g T
g s
&,/i’géﬂfwu?:ggfdsg/p Ol ooyl 93
B2l L ) A

H,(g) — 2H(g);A,, ,H®° = 435.0 kJ mol

G G Semnad o dun Je ot S
Aline &t LI e
Z (Gaseous Covalent Compound)b/’}.:)/ u.{ /"
et SL 2L Jr (L S L
-‘L&}’ZJ:@.J&M

UL«.(UJ,, ﬁ'u%‘//h}?.’ Jd?ufb’g J'f/}'dfu:/_b]
flf"‘_‘a u/;ééout/u‘%mu{c&,-w
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Na(s) — Na(g); A, H° =108.4 kJ mol ™

ce GBS pdre (B (BHSE AL L
(Apond® 1) Hlgz) B (c)

[Bond Enthalpy(Symbol: A.,,qH® )]
L5 59 e JECmt K o s (L
Ao esb 07 ety Ko e (b i
LL J'O 5!(_)’5,«/ &VKKVJ’]JJL’J,J/L u'c:a
sl £ L}Q{-ﬁb l:’/‘/b//c uybfdw..@r_
S b ool s e L7 19 L ki () 5%
U & ¥
(Bond Dissociation Enthalpy) U,J. lﬂ'&’u“’)'} L @)
(Mean Bond Enthalpy) UJ“ Px] J/v Ll (id)

( o kJmol ™) d He ol »;lf:IG.S(a) Jug

1 Br Cl S P Si F O N C H
H 297 368 431 339 318 293 569 464 389 414 436
C 238 276 330 259 264 289 439 Bl 293 347
N - 243 201 - 209 - 272 201 159
O 201 - 205 - 351 368 184 138
F - 197 255 327 490 540 159
Si 213 289 360 226 213 176
P 213 272 331 230 213
S - 218 251 213
Cl 209 218 243
Br 180 192
I 151
(U kImol 138 ¥4 2 hsl, :6.3(b) o
498 O0=0 611 CcC=C 418 N=N
837 C=C 946 N=N
741 CcC=0 615 C=N
1070 C=0 891 C=N

-Lé@/JL&lufquiLu’n«?‘wmmu@m?&u?wfu/.ﬁ *

He g4

ut SES vl £ Ao fie w2 S e A HC QS p i

A, H° = Z A fH Z Abeondsofreartanfs

bonds of products




189

G e S U At e T T
sl el € AHT o § e g £
J;.wm:_ u;/,dd/ujlaf’",v:u” g/f-/:d/ul}"’l.

LL :—"/
A.H® = bond enthalpies, s

- bond enthalpies

products

(6.17)**

S aH® PN SV PPV TNV
/ﬁm JJ:‘JJUJ“ Py JJ@.@-U}'M%J?’)Q»&/K»
u;; Jt@{ﬁ“&é i L S (Net value)
- J-‘{;L-c. d/l:!?/KmJ.Z:Lj?ﬁ f:ﬁ oUVJ’ﬁL
J Y2 & e u’) Uil (approx1mate]d /’//

(Lattice Enta]py}dg\.@:.q\ od(d)
ETfiz e dare S s ¥ 3T
APt kT 1 U 1L
- (3;': 8!; UD»L Py

Na“Cl™ (s) —» Na'(g) + Cl" (g):

A e H = +788kJ mol
(k’éu‘égf}/ugu S AL NEA7g
S LA ey (AL e B18
S ot 2 g Lt 1B v A U

(6.9« 31 Born-Habor Cycle)
ok oK Y Na Tl ) f i 2 T

RSP SR

drnds S Olas 05 g A, H® =108.4 kJrno‘l"1 -1
Na(s) — Na(g)

i (LU FTAH =496 KJmol ! _o
Na(g) > Na'(g) +e ' (@) )5 o1 S o

U S L)~ CME) 31315 s 3

;»g/]

Cl, (@) - 2C1(g): A, , H® = 242 kJ mol”
0,(g) - 20(g):A,_,H® =428 kJ mol™’

UL UL 6 G191 o £ sl (1

ce A L ez s Ut
CHu@ifﬁ‘Jt/uﬁlu/ng;J r Ol ol S
< lals &l‘a‘.{/} (}/V(fr{ d/u)::"//l.;;’.‘é J! -u:/'//f{

= J’J',?//Cf
CH,(g) —» Cl(g) + 4H(g);
A, H® =1665 kJ mol”
(Bond du UZV 3 QU}’:,V C- HU}/lw 19 0n

uﬂ{ /5 ug - Zw (Identlcal)J (e UL Length)
(},L";Jgj)éj. J L/"?}Q&C—Hu’)ﬁﬂuﬁ&/]!;’vg/z
e (i
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®° = +347 kJ mol™’

LU

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

ZSeig u?’zmmiJAC-Hﬂ e U S
e L lOL AU Ap HE i CH, [t

Ao ,H®° =  (A,H°)= (1665kJ mol™)

=416 kdmol™

416kJmol ™ ijﬂ,qc-m/,tuf %‘;-":’/%“LW
e ._«J}.,guftf"’y C-HbA S lﬂpj"“‘: <
CH,CH,CLCH,NO, oZ Qor S5 S8 i
2S5 K b 3 S S U
W Si oo e S
Ut A e g S8t 6.3Ume 0
EEray 2_'4:? J 37‘}5},@;;} Juy}gul,.fyf
&%w&uﬁ/ﬁ.uj Bnuu»zié_gdzgiﬁam



A H? =411.2+108.4 +121 + 496 — 348.6

Ao HE = +788kJ
NaCl(s) - Na'(g) + Cl (g)
»I(An, =2 frf)‘a fazRT/ﬁJJt'?J"b:“iL
-~ $slrL + 783KJmol

L g s o Je16 3 S Ut A
W2 LN T IV T L%

Aot H® = Ao HO + Ay HO

< L JrLiLNacl(s)
o U = +788KJmol
Ay g H® = ~784KJmol™ (o il d&«d/ )

A H® =+788KJmol ™" — 784KJmol™

sol

= +4KJmol™

d/d%’/}’ét’?dj(@T
= u‘;gizﬁl(lonization Energy) ét'? UJ{J,,T
(Absolute Zero) /‘”J'w 2 /7 d/ (electron Affinity)
B el cp w7 o0 ufuj_‘a 3lp J{
LS5 auir K tSSE S UES Q7§ e vl
L,{,Lp’é‘l Jg&@é
M(g) - M'(g) + e (L L 6T
Mg +e M (g) (L LUl i)

L Te700

T
AH®(T) = A, H°(0) + [A,COdT
(0]

< 5/2R 8 Sepd LEis ot Jo il o
& UI1-(CV=3/2R)

ACS =+§R (L L.y

Lt ace = —gR (L LU

A, H (QWHE Ky D= E, (075K T)+5/2R
A H® (A2 2D =-A( 5145 /2R

e IS QTG
lAbdee =121KJmol
2
JW(U'}?!;{.J}L u;.iiu:ug

Na'(g) + Cl(g)
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- /]
[=) e —
& 1/2 AbondH I's
2 B A H
= 2|7
Na'(g) + 1/2CL(g) e
N >
s e |
E | AH
2
©
8 Na'(g) +CI (g)
M
Na(g) + 1/2CL(g)
<t %/ AsubHe
0 g
S n
+ Ao H
a(s) +1/2ClL(g)

AH

-411.2
=i
/kJ mol

NacCl(s)

P85 ezl I S M) 2 SNacl 6.9 S

Cl(g) + e '(g) - Cl(g)
el S 0LSH A H® =-348.6 kJ mol!
e £ g oD s FyT T
;«l{]]f&lpﬂb‘id J‘m_ug cf_mz J:S&Wui'
Al Jw}d/(cﬂ% = U=t Tl
uf” Ot JoI = b <! (Electron  Affinityl=
_(_"&(;u{i&m)
Na‘(g) + Cl (g) > Na'Cl (s)
2o O b b § el e
‘-‘gﬂj/%:/ el Son J-« &vaﬂwd
—albw B = Ku,q,&,«fgal}uf/ugzg
—e b S )KL Ut

-4

-5
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oA 2’%! (Flourides)Z L f_2_To ot fs
s v Ul gk S { Ut & £ (Chlorides)
A BN U Siceed £ s e Snks?

S E L 8L e (U LS S

(Enthalpy of dilution) sl S 342 (0

L..a»‘;&fu’ww&wwﬁﬁfwau(
¢ g o u((soule) J’f/ 3oyl w7 on S 22
y- drc; L/JVJ’/’MMJ(SOIV(&HOJJ;

AL AL L SES K (i) S
L3S r L 0k 8 gy A F
Jj;,?/,w &,«,ﬂuﬁwl Qo tae < &S S Jr 10
LLyAtfedebre Frd e el
_ZQ’/JW’ (Qf)aquw
HCI(g)+10aq*HCI1-10aq
AH = — 69.01 KdJ/mol

S B b S sk T

HCI(g) + 25 aq. » HC1.25 aq.

AH =-72.03 kJ / mol
HCI(g) + 40 aq. — HC1.40 agq.

AH =-72.79 kJ / mol

HCI(g) + o aq. » HCI. oo aq.
AH =-74.85 kdJ / mol

UKJ}grLé &b JJWUL&:‘ULJ JJ'VU.:/,G J AH
&y }J;)L (Limiting Value) 3 élj! ._f UJL/Z'“'I
_.J/ Jygu,vb é/,«.’u"d;g&)ufﬂ fuﬂra
-ad/(j;u"(S S)Vbl/‘;,dﬂd/AHéj.
/(S 1.,&»)@)(/&"(/ U”JJJL:/MLU)%V
Ltffb!:u’/u‘dc;u”(s ZVDV)va(j/u
HCL.25aq+15aq?HC1.40 aq
AH = [-72.79-(-72.03)] KJ/mol
= -0.76 KJ/mol

(S-1)

(S-2)

(S-3)
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-

e Bnd wlertentin FLNacHs)
(A H® o) (gl S J s (o)
(Enthalogy of Solution(Symbol: A_,H®)
Jr1lize degendwn SURL S ¢
Yy &;% g uﬁ/lﬁfuf:‘ L d/ (Solvent]J)f i
ujta?“l'l iy uju?’zu g J# (infinite Dilution) o dis
,{r/?rc‘:_ &n4 i;fuﬁﬂ,&'fuﬁﬂ JJ*{/Z_@_ J;/J‘
-ugjl}l}jdfl?(c«l)v& J"E)qu"&uwéuﬁ
044 i tonie Compound)ty (& Tfi
24* 7 &1 £ (Crystal Lattice)u”? JSET <
LTl s B I o ¥t Ll e A
«(hydration) divtﬁ (Solvation) b UsTul d?-uj
LG Tl te oy d'u’f(c‘-&gay//'
—c VWS 5 1 15 aBs) e

o

A H
AB(s) —=" 35 A'(aq) +B(aq)
AlamceH ° AhydI_I °

A'(g) + B(g)

&/’7ﬂw&£‘AsmHe uJ W ¥ AB (9)
L ApgH® U.J,w" JJ/&TU/U}%T/” BpeeH° §9
e dedptaiz
A yH® = A H + Ahde@
S b Mt L L e Tt
LS Sattsiut i e b e s S
§% AL 1 & =7 0 (Solubility) Sy % S

MK-///J/A;. Cﬁn‘ P 31 c;;(/j d/uj" Py J‘&J/ﬁ-f‘.
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s S LI tb UA S LS UG,
Jﬂuwu/d' lLiJ’fLJw;iAJ/LﬂM/u
R E SIS e
/)’c. (Irreversible Process)djdvz 4 J Jf 5
- Lﬁlp 1> (rever51ble)u")/d‘a’.u£ f’d}/ u/‘/cJ

§ 23 )55 3 Ul 8 oo dlgmal LS (a)

(Its Decrease in Enthalpy a Criterion
for spontanity?)
it £ ¥l e Sl 2efb )]
Qo3 et er S sy Ly AT ot
- &" (Net Decrease) U{ < u.’f (Potential Energy)
G ASG e LS L e S
flf;?:‘a dse ufui' Jtl?fx.(:‘a b 220 e
ﬂf"-‘a byt e e bl e sl?
éNQ(g)g

+ H2 (g) == NH3 (g];

A H® =-46.1 kJmol

5 Ha(8)+ 5 CL(g) = HCl (&)

AH® =- 92.32 kJ mol
H,(g)+ %Oz[g) > H,0() ;

AH® =-285.8 kJ mol ™
S LT B EE e b = bl
2 5L u/Cu ujwt,(i Lo fs
_au/wfu*es 1(a)ffw‘¢gcwuf
co}LﬁJJéé:Jb’dk{ung)/”déw
J-’G'/? sk d/u;féi Jyl:‘a G’C}’Ea—,.?} d/u(ﬂ élﬂ?
- (Cr 25
W N I
éNZ(g) +0,(g) > NO,(g); A, H® = +33.2kJmol
C(graphite, s) + 2 S(/) - CS, (1);

AH® =+128.5 kJ mol ™!
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—e G 6€0.76 KI/modesd,§ AH
u/’fdfdc'_)/'/}ﬂ/ A_/Jl/d%)/u“ J:L;
u"u”/}'/&/’id}gd/li|rujlafl"d/5ﬁ£dﬁu/(¢

-§_dL£/'wJJ%¢£~£Jv/: 7

(Spontaneity)$/63#J! 6.6

V2L el etz bn e SR IG Wy K e\
L%Loﬂ/,:-ta L"t::/“/ufté,»k{zfé4rw
G il K e gF e A St 3 e
23 f/ & &7 2005l L;‘:LE» < {7 (Unidirectional)
b :J‘?L‘ZLU Ln4 s (3/,3 M-t d/;w’]
(kI (Spontaneously) / /)’;?)l:dfb L unégrf
FEL LA ey L St Zn St er
b TS Tk e

J.?;«TQJ.J/JKF//L ﬁ;ﬁ.@aﬂ]@g
St S LsFas A G g A Ut e S
ST 0 5d ST K S S
ug’.idb SISy 3V d/u et sl ‘f.’-di.) J.’.Q
STy YL ig’{j A=t &n At SRy
J&ﬂ?)}{)}?vg ?‘a L}/gc«}u’u/é' Z u;;}’.,«;db
sl T L uM At U S S e
L Q/&(Criterion)/?é}(/j& Z v

Clee K S ST e 2 T
e JUB LS E Byl Ju.t,»(u o
Zib 3 § L fb (Contact)bls ¢ s PSR
/(Combmatlon]}l{l Z ‘fjuﬂ Jﬁjﬁ Lo bl
Lj//{ v/’],?/)é— /L/'//.l.; /,"VgKU)’(w‘.é
AT N PR AT S g
f@%c/“ufgld?:§. Lot SO g & ol LUl
N PRI E 1
J?-L'}’FQ:’WJ&"/. ZT1l s JU’E{’L}J/; Lf(/:'}.J/‘L
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—2<[6. 11(a)J¢]¢L7L)/'/wJ‘c,g/»Jz’_/5
u"g/»..f(u/:’:[G 11(b)f]at"lal)lm’jb’;
-Lt’la/gj‘”(}”ﬂﬂéu’uf//:’at'la/c;/)ﬂ

(b)

Sl $L L G A S e T
AT ML e S S NS
AALASI g WL T a  SE 2 (e
SALRAE IS e S
bt S tia bt el A B S8 £
= ULy LbLLﬁlfifuﬁ/Lﬂﬂuhfd;
B A Lol Lav?
e fufnnlile éf

U J:@“ (Postulate)~2s/4 4 » LI !
6§ $017 U U U (isolated)in & L
e L low A fn | P mlies S b 2
e Pl £ o

& g U S S G QU 7 Ul

=77

Lyl _wrius uﬂ{% o s aﬂ]ffcall'bg:/
23 L85 S S Uf B g e U
—e VWS U 61000 F Lo (FL U6

u(c« L H
uju?'ﬂlf
AH
H VAT
j;”j; TH AN =720
5%

= = 2
P
2 K15 sl o S oSl | ol > 16.10(a) JSb

Jete Tp
guaf |
el |,
G f ~

PS5 ) I S edlad ;2 )~ 16.10(b) S

de};nm@t uju?’z'fca s sy :4. Jl
-~ Ml O Jg§. Cﬁ}fugc 44

IS SN
(Entropy and Spontaneity)

LT tbd ol Ut ern s Sop il 4
’J u*gjw,@”m AV
-miﬂ:d’f u’/ /5 o Sy
J=bDiffusion) s ¥ ULy U o el flee T
gV Y103 1 FS en oS ee Jrle2
/%<LU}W,WA'LK.«//LBA’AU/J/ J"‘J/
L(Movable Part1t1on)/'z‘).f/~:{ui¢/m:ug U‘/U(
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e P Tt bl S st B ez
JU(VJVU/JJV/V/V:A [ULMU*(U@JJ i
o LL@»Z_/, S ul,f d/d/Jl// N7 203 05l A
L}L#L}:’ﬁ’fc‘; L}’(}L‘”LJ‘_JG//'& Q‘/'Lu’l,z
~<— (Inversely Proportional)e—~ t;b.«}t{” Sy 1700

:‘L:fﬁ/LT/}’qK AS:%Z: Jlﬂ“ G’}/.«g

AS = v
T
(ASpta )&/é’(}“lﬁld/dil./;l(w]:éé Jf}]’wg
- deds
(6 19] Astotal = ASsystem 5 ASsurr > 0

sl QLA T e b U2 1Y 2o p B T 2
AS =0« J,«}Ulf‘u,hg Jds(Maximum)

Ueie G Vciifi/lu(fu*éf(
e uL ’/"JU/U’JLUNLL}L:/M/’M,J/J
SO G5 i e et o i Q15 5 e
:@iéc’é}d}@cf*awﬂ“guﬁéﬁl
T

e =
FUn 5% F 2L e L L
DS+ 88, S5 M JF AU =0 L3t L
UHG2 ARGl e S LS5
_‘LV/AS,?.L"/J.?}Q)IJ

6.10. 4
QI e U S i S
-d// uf/@'JL‘al
S PRGN o
S 15K/lw/c_0 K700 KJ/JL’J (ii)
e lll
2NaHCO, (s) — Na,CO, (s)+ (iii)
CO, (g)+H,0(g)
H, (g) > 2H(g) (iv)
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£ L//ll;:,s;’/ﬂ Jr i(Entropy]Q'f”
L YA S e VS
J(u@ SES g ES AL L o S
qu‘ﬂbg/éupbf - JJJ)LJ/L
LI EUl7 - u(/ubdéu’lfd!/’ld/u’ch/o)L/u’/
ur:l:&ydd/@ﬁ'f‘auflg%‘}‘efwwdg
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S L Qlﬁ'?cta sl e uﬁLG‘»é
Qs s uu»é u&b}“ J&{.(Vg-é'zﬁwuﬁ (Resultant)
Sl S Ui ot SO F G s g
Regularity of Jx6t S sl —o (Fo 105 1
d)" s L L3 e d'/"lc. ulb/‘ Kofu" Structure)
— (Crystallme Solid State)’ bu’}”’/(fb id:d_
— b g{(-9 &ukup; ) YA fe
-~ Jquf‘me
-u/u“/JL//WJ‘dm/dw ez T
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JL’”’” K (Statistical Methods) U+ ) (}L/VC._J. L
el 1T S d Ll on 17 (e
Ll t Sl S e 3 by £ e
bl p? dl,f/ﬂ.f)@/'i:gla lrj/(/l’,-f:’/é— L7
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(-1648x10° Jmol ™)
298K
=5530JK 'mol ™

dadpfL LJoud o

A,S i = 5530 JK 'mol " +(-549.4 JK 'mol )

=4980.6 JK 'mol ™’
—e SOAILSOU g S b6

$33353) 33 G5 o~ (©)

(Gibbis Energy and sponlaneity)
L2 (A8, Ged B S & o
T RS PGS PN VAP oA
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