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q=cx mxAT= CAT

=77
el L gl g 5 (D)
,3/03/51 (Extensive Properties) J+~°b Er ol[]]
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Iujémgabl/ééqc«/lft{, f;%ﬂ
q, = C,AT = AU

0= CAT=0H i,

LSS L eyl ol & ufdlﬁ»..,g
QLLJ%VQLJQL?»‘ AH = AU + A(pV)

= AU + A(RT)

= AU + RAT

- AH = AU + RAT

?4 éjujusd/AUulAH
C,AT = C,AT + RAT

(6.12)

C=C,+R

(6.13) C,-C, =R

ke e AHLIAU 6.3
(Measurement of AU and AH
Calorimetry)

307 o o sk § o9 o = UH 2L B
(Calorimetry) (jg. AL e ZE _;L‘éu'é ..g
Ol

bR e bo Ut i .QJ‘; o dg: o7
(Liquia) 2L £ £ L2 e bl (Calorimeten
Ut VWIS BV Sea b s Ut
onedn Zn oo L F Qur § 2 6l P
a7 s vl S Fuo LS Jg Suskar a7
0z Qo JJL;,WJ%U?},,-%J'WP
ay4 f JM (@
RIS
St S AU (@)
d/).’.r(:’ugcu!ién o FL}B’/:”&L < bl JE{
(67 < 3t U¥ (Bomb Calorimeter) /<
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6.6

S df‘_‘jTuJLJUf/)‘fd/)‘.’.{(: ..gf_»/@/lg
e Jbr Ll @!)VJ)gJﬂ45§J6W1/)!298K
= Cl

c(er ) +0,(g) - CO,(g)

299K S w4 < 298K w7 o elss L S
A Qs & 2 6k A e b
O 1 9 298K § S U e J¢ 20.7KJ/K

AT P EE

S
c‘ch«A/db é_ndllac; a/,‘l’ul'l;f“éu‘/
L/"’f d/).'./;“é Cy JTLJ&/VJ/'{ djﬁ‘.’.’(ul

q=C, XAT :c,/l/g?i{.?,jgé,/}

28 S S S ez d v S = S

d/@/lééﬁirlﬁi:fnuiuwdg:fnu%

2L (D 5L TS G5

_%d;b—*é:ét!?fd/gjll:

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

(e S o b eSStk F )
s L LGl 1 LesySd
~12.0 gmol™ x(-20.7 kJ)

- v
=-2.48 x10? kJ mol!

GeHJo-a B £SO 6.4
(Enthalpy Change, A.H of A
Reaction - Reaction Enthalpy)

sl en S LU e 02 e bl S (L L
-LLCJ:('P&'(/[@L%/J"}.;JJWL‘

=7

b (S AH (b)
21l S, Gods, e in
2 A ChUesfire (b St A
gjn l&gén.,jg“i JI<AH = qp(/?ﬁg;d.‘.“:") St
e E SO eSO 50 ) g
‘c;—aﬂff AH

&5t g 7 et U (Exothermic) 1) esl?
Knd’”"qpcj. - t/f/a;l;ut.su/bi‘rwj,uc‘«_
T S (RN Y N (I 77 & & AH
< o Qe 3;/5 — o7 e J’ ( (Endothermic)

Bred AH
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J ~/u/!).fbf

O
&
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]
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& S b 0Lhs Sy (3o L) 3o (s 6.8 S
Ser S5k
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« Ji él. u%/? 33 1 bar el Sular £ 298K

S . Hu‘dl}{: lbar:c)lad/.tgf/? SOOKG/‘L}JJ);’
“t bl 208K Pl

SOOIV AN (S P T SuP Sl

- AH® U:"f‘L(Eb JL/GL}I € o (Superscript) =1k

ol odlgml 01y 90 S o shidbd i ()
d/ élﬁ!? uﬂ{ J% (Phase Transformations) ulf}’oﬁ' o
Ao eird L8050 g dnJEuds
sle by €19 d/l.«d){ 1% Ja}}.ubrlo Ji/ K&f-c‘-
(4273K)-+ t{/%ﬁdl/,?ﬂ Sys (};ﬁb(c:«é?’

H,0(s) — H,O(l); A, ,H® =6.00kJ mol ™
&gﬁ-% uju?%l Sesw Ut Mo Solere A HO Ul
AR I chvmkg s Jf;‘L W4
-‘aélenjﬁ

Jr 1 L sl Bt b Sl 22 uﬁ,«;ujt;'h 23
Ses L@t Seswc dni L& L
e QW A HO (N

e d s Joseas b ¥
Lf{“i e (Evaporation) /:?rd/ L}L - &n o d (X
F*L (Boiling Point) Jﬁ,ﬁg‘:‘:_l_‘a Qe s 7
:45g;%;l T, el 7.00

H,0(1) - H,0(g); A,,,H® = +40.79kJmol *

ce GG $F A, HE

LD 3 Solre sl il Z 00 J;“’A;Z/Iﬁfu Seir
e Gnbnd LSt 1/ r L0y
QU A H I S L4 S S S
-

el ol U e S+ (Sublimation) ey
£ 195K S5 COp e blost Pt e Az
. ufu?‘?.g;. QoI AL A, H® = 25.2 kJmol™
A H® =73.0 kdmol ' & e (e ey

sub
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(Reactants) < bz — & [F( (Products)

G oS ds L AL S
i

J/;U:'c, AH uwc&ﬁdW!JJ@&Q{Vg

-<-db
Kt § e o) - (of ¥ it § eu)
AH= (s

(6.14) = Z aH products Z b H,cociants

Fo (D) Y et Uy Ut el G 157 L
1l M2 uj’ﬂL b, sl a; »le &n Jl.’:‘"!éé o}
(Stoichiometric oz~ (}/g, e L bl
:"i i J %Y 4 WL J e ¢ Coeffiicents)

CH,(g) + 20,(g) —» CO,(g) + 2H,0()

AH =Y aH s = 2 bH cacians
=[H,(CO,. g)+ 2H, (H,0, )]-[H, (CH,. g)
+2H,(0,, g)]

—e WA H, Ul

:«L)’”d//!ﬁfu’!-aaﬂﬁuﬁgpﬂ.,g&idlﬂﬂ
WAL Tl e Qe viensd
L L/?fuﬁjlﬂ,)b‘“& Z é//!/“/. L= on JEV
Z J}pu)l;ou/} JJ"‘L (En Y d/d_/’,t@b’
— 82(}”&&.6.«9 KJL‘;'/?G«J‘],.?/}
P! Gl S Hles (a)
J@wa;bfibjﬁgfcta/‘;’/?ﬁy‘U!Ujb’&lJJL’:"VQ
B Sl e S Ul bl
Wl L JoU @ Gl (UL
UMb o Gl P b o e i
U

1 bar«=/b 6/&»‘4 <720 Lf!‘;ug cJuL U,K
S (Ethanol) Js 5+ ét. e Fr JJ14 q%
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S
W i& be %}J}.ﬁﬂ;ﬁfuf(’?

18gH20(l) vaporisation 18gH20(g)
eI Urut 100 1S 18
= &_1 =1mol
18 g mol

AuapU = AuapHV — pAV = AuapHV — AngRT
SA A L e s S
(LL d)jb)"lg
A, H® = An RT = 40.66 kJmol™

vap
—(1)(8.314 JK'mol™)(873K)(10°kJJ ™)
A,,U° =40.66kJ mol™ —3.10kJ mol™

=37.56 kJ mol™

Pl ibrs (5SS ()
whic o § QB2 2L 1SSy
(Reference States) U 119 S %) Ust U2 U;J(a(?/
el e L £ UF2 5L (G S
A HE et § U e QU A Gt S S

;vW]

-

< (,{A,f’v Juju’&l‘ A, H® u:%! Jj.lgv‘ J@j
VQLLJLJ)‘?{(Ibar)fp(5/&#/)!:«/!/,.?/)&:”%
e 8}?4}5&,)}"
&iag’ﬂf:;:t NS 60 S J&ﬁd%!
=Ab Ju}fu‘"‘gLu vl UL e us
diuwi UL d& 4 s J"““%é (Strength)
Lo 2 e B e ke P
U~ (Acetone) u; (f.i & (Organic Liquid) él. &Q‘L
U J’ G'Jj (7 L U{%)-U%J (Intermolecular) « UL~ ¢#
St P S ysSid U1eur s By
L//Jiuﬁ al}h@/l Z L},[; 760 rg’.:ﬁ /S
A6 1de-c dnftd bl enknd £
- fd;q/ﬁd/uy}iuf BH e J/.:i;;!;,él/«@/u»l.

6.7 .k
mﬁ:fc(uugd/&g{‘é/zgcgﬂjf,g
298K ¥ 3L U1-c18g L Fun b e
ot s er F L LS Jwr e

-’gbﬁgul{@mi&"ﬂ;u(};lomc
A, H® = 40.66 kJmol ™ 4373k

D

uﬁL&,v“uf LTI P SEnes 6.1

& Tf/K  |Afus HS/(kd mol ™| Tp/K | ApapHOMIcI 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
co 63.0 6.836 82.0 6.04
CH,COCH, | 177.8 5.72 3294 29.1
ccl, 250.16 2.5 349.69 30.0
H,0 273.15 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

(~@Jﬁﬁ/}l&!{ﬁgﬂl{ T, - Tf)



2C(graphite, s) + 3H, (g) + 120, (g) —» C,H,OH(1);

e /L’,“,{{}Li’ﬂzﬁ JIUG eSS
(Pl WS U UFslr U 0y i b JE U L6

GG S SF 208k L L BIFL 6,200

e A;H°/ (kJ mol) 2 A;H/(kJ mol™)
Al2Os(s) -1675.7 HI(g) +26.48
BaCOs(s) -1216.3 KCI(s) -436.75
Bra()) 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 (e 0 NaCl(s) -411.15
CaO(s) - 635.09 NaBr(s) -361.06
CHa(g) -74.81 Nal(s) -287.78
C2Ha(g) 52.26 NHa(g) -46.11
CH3OH(l) -238.86 NO(g) +90.25
C2Hs0H()) -277.69 NO2(g) +33.18
CsHel(1) +49.0 PCl5(]) -319.70
CO(g) -110.53 PCls(s) -443.5
CO2(g) -393.51 SiOa(s) (A1) 910.94
C2Hs(g) -84.68 SnCla(s) -325.1
Cla(g) 0 SnCla(l) -511.3
CsHs(g) -103.85 S0z(g) -296.83
n—CaHio(g) -126.15 S0s(g) -395.72
HgS(s) red -58.2 SiH4(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,O, (s) -824.2
HBr(g) -36.40

A,H® =-285.8kJ mol™

C (graphite, s) + 2H,(g) - CH, (g);

A;H® =-74.81kJ mol™

A,H® =-277.7kJ /mol”

AH®, A H® ujwﬁt/rd/y»&}:@:fg A,
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Gl St S PP Se (E fertb Uiz o
s wu:yw/ngu:@"wugm
uﬂu(ﬁ;gjaqgfc&u;_wm{?‘a &44/5
SRt dis g L JE_Up 43101 barsi2soC Uk
() i st e T3 st o b, el i
Ut Sunome 131 Carie <2 0, ec P o 17 §

i LSS5 A L (A S e

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



181

éJ!_ujug:ugu]»b/;la%/}u%
A,H° =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 Sk war g JE S cacoys) oL
ot L L S S bl b
Lo gl SleS” )1~ ()
7L el QL i LT A3 S Al g
31 (Thermochemical Equation) elsts (e
:Jla(}:;/f JJ’] c)lwu’)bu(é’_ u:ﬁa’}lr"ug(:-‘é
L Jegp &S eolon § 1AL (Allotropic Stae)

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

LI i et zon F oty e
S &)}kﬁuwdg"&&ﬂjw&u% S A3
N S
S IS5 onier St & UPls QL L
S 4 | (Conventions)
JEAE ST Ut el QL Gyl 21
o St £ a2l sl bl Lis O
TP AN
LGS o2 5L eneudboud AHS 2
-LLJn“iL;w?Juﬂr
e amol” 361 A H° 4 S
LSS somurz T L& Sarlon§P
SO ober S Sl
Fe,O, (s)+3H, (g) - 2Fe(s) + 3H,0(1),
Fo e 6.2) e S G SUF 4,12

e W

=77

;& U2 (Ethanol) U954l (Methane) 25« S
JL;J |J@/VVg:JU}/.Z:u’L‘L &n ‘J:QJJ}/‘VQL hrg
CaO(s) + CO,(g) — CaCO,(s);

AfH@ =-178.3kJmol "

JjUjW;’JJo@J&J/X/K%&EUjWL@LL

&[};!212"_19&;c&(/;/ngbjuf/g(.%(fx'./ta

Sttt SO L Lot Sy Se o
-Lau:f AHP GG FE) £ uprg

H,(g) + Br, (1) - 2HBr(g);

A H® =-72.8 kdmol™

9,gJ:@"Jy,;,§JJng£ (P
) AH® =24, H® S (52t

L/ﬂ.’“ﬂazf%/‘ug/; o .:,ul/uju“f:; !
=+3%u’€aJVJUiWQ’JJ5@JHBr(g)/?

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

_ugfdJuﬁ6.2J)yu:Lw’?~!d/k@J?!(bf:
JVU(J"J/‘:'&»{ ‘&WL(Convention))lyl/“
S P e Sl Gt

-& Qb pg G
f‘{." Ll nlt //»‘{’ék‘{vgv”f..éui/
J.’.L{u: fb/lszél:" /8 1! (lime) Z.:Z /&jj}f/gﬁ%’{;
(L?fu? fd/n‘/ 62 cu!/(}{p/“ié (Decompose) L//
S Gl BT
CaCO,(s) — CaO(s)+ CO,(g);A,H® =? '
SGs g 26 5 e szgﬁugg
Lot e Edoosd el S
:‘gGCngJWlol)b‘d}ijgzﬂéL
AH® =% aA H® (products) - ) b,A H® (reactants)
(6.15)
Lo lhb> sl e 2 e e lslsr (JI5b ssla J
J&j){/ggfc«b\/ﬂ@g/ﬂ’%‘f_uj L/G;Uv/ux./f
gl L
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“i Z Jlfjugu: uﬂg/»_‘a Jf/{ &l (}.l(w
LnJ’Kuﬁ&/ugJ@w‘alg‘fn ub?&iuitﬁ'
(Hess's uiu“é Ut w J‘(ui' E”..gé: Jal/
e Pk gt i st S Law)

SOk St e bn Ft i S5 L]
(e el SIS Pl e
o Qe KB See

LU L Je et Sy db e T

b el £SO

C(graphite, s) +éOz (g) > CO(g);AH® =2

S SE U “ S Majon) /¢ colg) £k
GG et 1o Fan o coyl
c«ll:@;/»d“uﬁ:ﬁ/’%igg_i b.:!tu:‘:/b“ﬁ/’/g’/. U%,/‘;
W ke Jem S (Species)(/t)tdiutu%‘f/r}’"
e ok L5
:d&&@d}'yzﬂi@f

. C(graphite, s) + O, (g) — CO,(g);
(@) A H® =~ 393.5kJmol

1
CO(g) +50: (g) = CO,(g);
A,H® =-283.0kJ mol™

SR ESE LN G U U e B
S Jr L6 col J/ufb-é.lgﬂ S Sk
e e T Wbl el L8
JM}J A H® (’Zé J!:Jn_/jg LL{L b
e lesle

(ii)

(iii) CO,(g) —» CO(g) + éOz (g):

A,H® =+283.0 kJ mol*

Jlo bl 02 ST (i) 1) ol
o o

C(graphite, s) + 302 (g) — CO(g);
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A,H® (H,0,1)=285.83 KJmol™
A H® (Fe,0O,,s) =-824.2 KJ mol™
Also AfHe(Fe, s) =0 and
A H® (H,,g) = 0 as per convention
A Hf =3(-285.83 kJ mol ™)
-1(-824.2 kJ mol™)
=(-857.5+824.2) kJ mol™*
=-33.3 kJ mol™!
sk P PEL it P NS S d
J A H® _ugd;l/L u;;/ég; ./L?:al:»'%mcqr
Aldpe b S Jol e gJ}«“_ kJmol ™ L;K’
it 2S5 o P e bls BLd A
e e 3 S0 S B Fee P S e
e gUJ’P{J)bJﬁ;/&’}VL (7/’7

1 3 3
5 Fe,O,(s) + ) H,(g) — Fe(s) + 5 H,O(1)

e AHS yf 8}'? J}"ug dec/lﬁ": JJG"J
dwe )3
AHJ = §(—285.83 kJmol )
2

—%(—824.2 kJmol™)

=(-428.7 +412.1) kJ mol ™

=-16.6 kJ mol ' = %A,H?

-Lazlﬁf@?bg(f:w&lf%t%ﬂwcgﬂ
B8 AH Jee b U el QL i -3
- 5% d‘u,a duu;léa d :)la.z@!é )
/?MLJC'?
N, (g) + 3H,(g) —» 2NH,(g);
A,H® =-91.8kJ mol™
2NH,(g) - N, (g) + 3H,(g);
A.H® =+91.8kJ mol™

OB e 5 o s0mms Iyl o Jens (o)
VUL Ul S LGS L A
(e 12l) Mo S8 () o $I6TS 47
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C¢H,,04(g) + 60,(g) » 6CO,(g) + 6H,0(1);
A.H® =-2802.0 kJ mol™’

o Qui, 2 sl S A Gime e d v
LML =l 3 e ogs e 2L bl et
_uzLﬂJU?(Enzymes]g/@u:&‘ug "&,OJL&'

6.8 .+
21 298K J1771 € Uy L1 £ (Benzene) ¢ 7
H,0(1) s/ CO,(g) £ L 171 by latm
& o - 3 il et? 3267.0KJ s Jf 2=
20§ AE i e § S
A e SHES 1,00 41 €O, ()

-¢ —285.83 kdmol " 43/ -393.5 kdmol ™

S
S E S o

6C(graphite) + 3H, (g) » CsH, (1);

AH® =2... (i)
e QBHETIE U1 Ly

C.H, (1) + %oz 5 6C0, (g)+3H,0(1):

A .H® =-3267kJ mol ... (ii)
NI J:Qd/ Jr1Z Co,(g
C(graphite) + O, (g) — CO, (g);
A H® =-393.5kJ mol ... (iii)

2w S E S Ur L 1,00
1
H, (g)+ 502 (g) > H,O(1):
A,H® =-285.83kJ mol ... (iv)
.,«/3;3/(iv)al)V/;Ic6](iii)al:V
- C'MJ‘EJ:‘Z:/?’%;
6C (graphite) + 60, (g) —» 6CO, (g);
AfH@ =-2361kJ mol™*
S
3H2 (g) + 502 (g) - 3H20(1);
A,H® =-857.49kJ mol™

=77

AH® = (-393.5+283.0) L L >

=-110.5 kJ mol™

L wH § ass BB At Py
=Wl AH,, AH,, AHy ... slee AH 21

ijtdjc"cl/g/»u{'_dzuz“c/;;tﬁ/dlﬁ"&!d/

et LB
(6.16) AH=AH +AH,+AH, ..
<~ Cﬁlgkf/;u;dn"gﬂ
AH
Al——

lArHl TArH3
AH,

2]

LWL L =L FE 6.5
WSSl L f:’.ﬁf’fﬁuiz;_)(tdnu/ujwﬁu
— St
(A H® 1) (sl S bne (S 31 ) ()
2 Enleie L e B 5= §i
ol e u::”&‘@/g/»cﬁ di’)ul A./CL? PR
SU NI S e SO LS
< d e 03D Jr EE U1 Be
2 e WPl sl e o sl b 121607
Y0481 TV L (DRI

st UG S G U Uit
J'; p J}" ug Z Butane - L}}'Z (C,H,,) (Butane)
LUif-e 3t Bl el” 2658 KJ s Ji7
g Z S ool bl

C,H,, (@ + %02 (&) - 4CO, (g) + 5H,0(1);

o]

A.H® =-2658.0 kJ mol™!

23 =sl7 2802.0 kJmol ™' J1 7/ S IR
Z‘Labbﬂf‘g.égﬁc‘a
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(AponaH® 1) gl LU ()
L5390 e JE Lt 6 =t (L
e e b b e B (e
il L& i?:ﬁké%(gﬂ]&f@f%dc;aa
st i QLU Fte ke JUiie
S e b oo ay o 77 e 19 L uy}y“uf B
01t 8;4
(Bond Dissociation Enthalpy)uj WLIJ!?!A (@)
(Mean Bond Enthalpy) (§ W4 ksl (i)

S U o B e e b llbet 1 2T
JSes Ut
S %\ &lfuf gﬁ:&g)fgj;}.yﬂ Ol ok 9
2 el Jr 0L 1) of
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