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(6.11) g =cx mx AT = CAT

ady omle S CyyiCy o S S Jo S (@)

(The relationship between Cp and Cv for
an Ideal Gas)
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?{ Zi// LJ:J,GJAU/}’AH

(6.13)

J};. aﬂ/:fg JAH»IAU 6.3
(Measurement of AU and AH
Calorimetry)
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[quuld]dl. L (; (}J‘” .f < ula ¢ M (Calorimeter)

drdUte y/gg)//{d»&fu: Sl e bl st

onind w ")1’”2: gf/lif&/’id/}f d/).’.r/ﬂ Lﬂf’/

el L ot S LI P Suda e

:uz&lgd/ﬁéavlaﬁuu?g,:_cadj’?t/?)”

at B0

RIS TR

(AU Measurements) x5 S AU (a)

d/:':.’((:’vgcu’fén‘*lg{’ (;%“&LQJ}QL}L«{'./



6.6 L+

S L F Tolit R SKE L ere S 1g
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c(erw)) +0,(g) - ct‘)ﬂé)

299K S w4 < 298K w7 o «lss L S
< 20.7KJ/K u"”/ [}/vd/ /’u’d/)/(.ﬁ-‘atlgn
(,{ij&,{s;)éw 151298K Sl oues 3
/ s

S

«w qe7h i S 0TSO SE
Z 6 G 0, T Q7 12 5
q=C, xAT :aﬂ/é’i{_ﬂ@{./}

28 e S §en7 B vt Fo = SV
J@l}a.{_/}é:(lbj:difugwwu‘gd@ul/f
25 26U 5L TS B3
e L ST

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

(e M de Blrear et Uy
AU L Lol e/ 1 syt
~12.0 gmol ™ x(-20.7 kJ)

g
= - 2.48 x10* kJ mol™

AH=AU=-2.48x10°Kjml "

LHSP-A HE LGSO 6.4
(Enthalpy Change,A_H of A Reaction-
Reaction Enthalpy)
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(AH Measurements) (%= S AH (b)
d,,'vgtjjg.Ja;ﬂ/&i{(%}&hﬁ/?/}(u)fpy
2l b6 s e (e St A
6;4 l,”«,;gén_,jgé JI<AH = qp(/?ig;f") S
MBI FA G2 IR PR AE

~93Mv’f AH

3}7 Lo =7 o J & (Exothermic) I &7 ug
éﬂj}qpéu”-%t’/jﬁ/.:dl]u:bj’/’lr(lk'}/ﬂ‘a
e LU S B & & AH

< o g, R — o il 7 - J ¥ (Endothermic)

/

_Ered AH

%
Jeg Atz

'y
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« J# 3 él. u‘Jl}4 351 baresJb d/gw? 298K

sl e Q}JU‘JG{. 1barc=/b Silzey BOOKLS/LL;JJ:;’
~ b 208K PPl

ST U AHeA e /}b(u ses S U Sl

- U-'r'"‘a (}(o d/ L/’/; ILe) (Superscript) ek

ol (Al 0195 S sekield S (D)
(Enthalpy Changes During Phase
Transformations)

d/ GU; Lf{ u" (Phase Transformatlons)u,vl‘/-f e

d}’/gj)uj’]L Lﬁi}(b}/ 1 J d/ Jl/uu/v
sle Eae (30 de)/;L; J““/a/)’ L J{/ K&f,

(/273K) < L/'/Wu/’]i/)d’/”é&#(fw

A e sl Ut eIl Gl e
DA i $or Sz o blon ) f T L2
-Ldlp/d“

Jr 1 sl Pt M Sl 22 oL,vquaf"lu
d/w!/‘w:u"ldjk»d/..olﬁa dra’t«i&fﬁ
_L(}M uJLd"‘l/y‘

S el e Jb ez o ¥

uﬂ{i L(Evaporatlon]/ u(dt Ul d/bﬂu)lﬁj”
J“W‘ Z (Boiling Pomt)u? L L’-L (}}UK» =7

/)L}J'W/J)’

=700

T

L1 3k Golarssl el 700 ‘}B‘”gﬂﬁf,,, Seilr
e Qs L5 St et 15 r L Ely
-3 L LI TE
el ol UP U < S (Sublimation)ts
4 195Kx VGL cogu;ﬂur L“lgmf/af"uf :«l}.! &
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(Reactants)e > — = M| (Products)
W S G L AL S
v

Sbe  ertdrdwn S dud
- db
K6y § et - (of € 8 i)
(o
(6.14)

Fo ) ek Ulg Ut e lsls (L 15
Mt o e Gedel LG
(Stoichiometric .«,:/ é‘lf,’, .,/l‘:é o bl

243. Z J b)"‘{ W JL’:’&U} Coeffiicents)
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(Standard Enthalpy of Reactions)
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HZO(l) vaporisation Hzo(g)

W SUrt H00 o1 18
__ 188
~ 18gmol!
Jtl?{Jﬁl}é’.L};zgs K/ 0L 18g
= nxAyap Ho
=(1 mol) x (44.01 k J moll

= 4401 kJ

SrepS A Lo s S )
(A

AU =AH' = pAV = A, HY — An,RT

=1mol

A, H® = An,RT = 44.01 kJmol™
-(1)(8.314 JK'mol™)(298K)(10°kJ J™")
A,U° = 44.01 kJ mol ™ —2.48KkJ mol

=41.53 kJ
6.8,

oy s 2w 2 P A Jee S £ Gy
}’/L}L Ll IOOOC/}'jL)/Ll/Lngy KJ’

- t‘lggd/yu"b:/.JOOC

-<-6.00kJ mol-lujtﬁ! J&I/JJ/.J/‘&L)

-c-4.2 Jgec P Jg
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e dunddun. U oS4z
JL(.)LJ//(lbar))LJJJLvvaV,.’wJ”/J
- GIMJJV
(}y.«f“”u*z_)l.futfi K/,ddu&d/&yujw*'
S UHFL Ll L UL Ui o
Sl =L dL g1t JE_c /(Strength)
- U*L/&ALLL}’WU“MdLUﬁ:Mu}uAL
U~ (Acetone) ¥ U/ | &% (Organic quuld)dl. (}VL
/)L'LL;JB JfftUL}})_UA}»(Intermolecular)vuv F
aut et P LS siogr Lsenf Bty
LSS o S ez £ i)
/U*G 1J!M~Ld/(d&b}‘£uﬂ]]gj}éjv£

! (f/d;u’/,dd/uyl’yuj W’dzbf‘f/ﬂiwagfu»h

6.7 S
v@,,L(“JJdL/Jé/L:,JJ/J
c/298K}’/dL Ul-<18g L2 K‘f‘a
Sureir Fd £ S i e A

-géuumuyd’bd///zgs C
A, H® =40.66kJmol ' 998K 56&

S
B E S BN

UL LG § s 6.1 s

& Ti/K  |Aus HO/(kd mol )| Tp/K | ApapHO/(lc mol ™
N, 63.15 0.72 77.35 5.59
NH, 195.40 5.65 239.73 23.35
HCl1 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,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

£ . s o
(-@Jﬁﬁmp}l/,&}@i/g T, T, )



=—-7560Jmol "' =7.56 KJmol"

AH, =—6.00KJmol '

13

AH =~7.56KJmol" + (—.00KJmol )

=—-13.56KJmol "
S e ol o cla s,

-dj\&\)ﬁdglﬁui,gd_ﬁw?quubjd

13

pAvV =AngRT =0
AH =AU =-13.56 KJmol"
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1.k,

s el (00ca) Jr 14 (100°C DH0 Jr1

AH,
2oy

(0°C«S) H,0 J 1 < (0°C1)H,0 Jr1

AHy Luaxi g
sk el 35

AH=AH,+ AH,
AH, =—(18x4.2x100)Jmol™

uj A Gl S w@'{ 208K LI A 6.2

o AH[ (kJ mol™) o A;H°/(kJ mol™)
Al2Os3(s) -1675.7 Hi(g) +26.48
BaCOs(s) -1216.3 KCI(s) -436.75
Bra(l) 0 KBr(s) -393.8
Bra(g) +30.91 MgO(s) -601.70
CaCOs(s) -1206.92 Mg(OH)z(s) -924.54
C U +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
CH30H(]) -238.86 NO(g) +90.25
C2HsOH()) -277.69 NO2(g) +33.18
CeHe(l) + 49.0 PCl3() -319.70
CO(g) -110.53 PCls(s) _443.5
COs(g) -393.51 Si0a(s) (1) -910.94
C2Hs(g) -84.68 SnCla(s) -325.1
Clz(g) 0 SnCla(l) -511.3
CsHs(g) -103.85 S02(g) -296.83
n-CqHio(g) -126.15 S0s(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(1) -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
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e 8yl S S5 (0)
(Standard Enthalpy of Formation)
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b 6o PLL NS et NS g S
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Heat Summation)
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(Thermochemical Equations)
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(Allotropic J‘Pd}/”JJ’]debJL JVDVJ([
(L S L S e lon § 1AL Stae)

L3183 e zon P il e
S Qe S el e (UL D7
- Jb)“ljg'u']ugd
S MNIS 3 ien S i & gl (L B
s WCJL (Conventions)
SEUE S AUt el Ll Grsdl 1
:«UV)J’EJQ}V&;«MM;«M&LB Py
LA
LGS g2 5L etr b e S 2
- L}ﬂq}.éﬂﬂd/uﬂr

< dod  drdergle

Z JQJ")',?//W/%T‘“&LL/ML@ J/y‘ju”
Iu:/é./lﬁ K&/VJJ@%

Jlla Sie (6.2) Jug d/:d BH Sl d/d.’.@’

« (W3



St SoB
(6.16)
el e
A—2 s [E]
lArHl TArH3

c—% o]
dwlééau@'ér}ﬁ 6.5

(Entholpies For Different Types

of Reactions)
J S ES WL L b1
e Suety

(A H® M) Jlgzul 6 jlas S B 2 (a)
(Standard Enthalpy of Combustion
Symbol: A, H°)
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3
3H2 (g) + 502 (g) - SHZO (1);
A,H® =-857.49kJ mol™

£ L3RIl Ul e
6C (graphite) + 3H, (g) +§02 (g) - 6CO, (g)
+3H,0(1);
A,H® =-3218.49kJ mol" ... (V)
£ &1 (i) e sls

6CO, (g) + 3H,0(1) > CH, (1) + §02;

A,H® =3267.0 kJ mol! ... (vi)

42.1»?/ (i) e sl ssf (v) e faLs

6C (graphite) + 3H, (g) » CsHg (1)
A, H® =48.51 kJ mol™

P! (S el (b)

(Anthalpy of Atomization SymbolA H®)
Je DK J(Atomization)cﬁf‘//t,&l d/cﬁ,/j{é, &j
S Bl

4 H-H s Sasi| dis fi!H S EL =

s Sou 2y JESE L 2 3L Bonas)
s - Ol G § A da g
Lad Lo S Pefigt eagfoe dedvy
/ o GnChumd 23 AW U
dlfér(Diatomic Molecules)e Ul (551 1)

G114 6 § A7 (Je B § ) Pk
- al}z‘( uﬂ{ (Bond Dissociation Enthalpy) U,ﬁlﬁ""’

0t Siomen Aesd S S

A J:i’ 91 ﬁlLH/ﬂCJ/oM,ﬂ[/&j
WS et

S Qi3 2 s L S B i
2L i3 Qb ogm e b2 F b et
- Lndlf’ (Enzymes)G/GUfuerug "&M’&E’

6.9 4

1 298K 31771 € Jv L1 £ (Benzene) o 72
H,0(1) s/ CO,(g) # L 171 bt/ latm
J P st Ll 7 3267.0KI1 U 2
26 o ¥ AE G e §SE
A SHES H,00) 41 CO,
- —285.83 kJmol ' 24/ -393.5 kJmol '
S

SOy

6C(graphite) + 3H,(g) —» C;H, (1):

AH® =2... (i)
e QEHEGIE U1 Ly

C.H, (1) + §o2 5 6C0, (g)+ 3H,0(1):

A H® =-3267kJ mol ... (ii)
:$9e7SHES U1 L o, (g
C(graphite) + O, (g) — CO, (g):
A H® =-893.5kJ mol ... (iii)

2 S ES UL B,00
1
H, (g) + 502 (g) > H,0(1):
A,H® =-285.83kJ mol™... (iv)
e 35 (i) lrssle 65 (i) e fsls

- by J’i 2 u.‘."z‘/? >
6C (graphite) + 60, (g) — 6CO, (g);
A H® =-2361kJ mol™
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ce G pdne GaBHSAALIEL b
(Apand® 1) (g L (0)

[Bond Enthalpy(Symbol: Ay,,qH® )]
L 533 foe JECImb e el 3L
[}n tb Jtl?}"‘a L“QJ:@,V —ale &n/@&t!?é
SN AER IR N CRPRE P
sy e A &l;*.‘.'/_gla g-(f//l?:jzc U}:,&,?JL"?J"L
Jl.’::”' e b Ubel s agfia Ll w}/uﬁ ¥
Ut ‘3;4
(Bond Dissociation Enthalpy) d %'J'}"’k (i)
(Mean Bond Enthalpy) ({ B4 _f: ksl (i)

(U kJmol™) (,g’ WH ez uhs sl s 16.3(a) Uise

I Br Cl S P

H 297 368 431 339 318
C 238 276 330 259 264
N = 243 201 = 209
(@) 201 = 205 = 351
F

- 197 255 327 490
Si 213 289 360 226 213
213 272 331 230 213
213 251 213

Cl 209 218 243

Br 180 192

n
1

Si F (0] N © H
293 569 464 389 414 436
289 439 351 293 347

= 272 201 159
368 184 138
540 159
176

I 151
(U kJmol™? Q.’u;‘,{ le'f"’;lk/.&t‘(b;l/: :6.3(b) dug
498 0=0 611 C=C 418 N=N
837 C=C 946 N=N
741 C=0 615 C=N
1070 C=0 891 C=N

-‘Léfduhﬁ&“luwu&gééd%lkkf}l/}!&tl?u"!}}!kr@/&j *
e bt S I L L £ P fie e ooy S 8,1 s S UE L i Sl e

o _ S o
ArH - Z A f Hbonds of products Z A f Hbonds of reactants
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A H® = Zbond enthalpies, s ‘
- z bond enthalpies s
(6.17)**
J Yzﬁat’n,&‘flj{/?/)bdiub“:”u/';ﬁ/:’

AP e e SO s s s
Eou5ksd £ & 3L el o (Net value)
» ﬂg_9ét1}/6:¢£LJJMKLQUVJﬂL
J (EENE & e = (§ lsle (approximate)d’ﬂ:@
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ug’Lta(?
A,G® =-2.303RT log K,
R=8.314 JK' mol™
Ly
A,G° =-2.303 (8.314 J K" mol™)
x (298 K) (log 2.47 x 107°)

=163000 Jmol ™!

=163 kJmol™
6.13 .~
S nId £ S5 a4 298K
e

e

2NH, (g) + CO, (g) = NH,CONH, (aq)
+H,0(1)
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~e M4 5L AG=AH-TAS

eblrie e FunTbE 30T S AG,,, = 0 4t aG,,, < 02 L& 8

A,G° = -RT InK
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SR EL byl sl o
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‘%&MJW1~L£L/?PU“L£,;&AJK @)
_+uf}5;aujjﬁJJ? (ii)
"g&nJW@LL/}}WKfﬁ;m (iii)
ce e B S T )

e bieond Lo wluntele UL Sl 62

AT=0 (i)
Ap=0 (i)

q =0 (iii)
w=0 (iv)

J@“AL/"/;_@:&mu:u%d/yuu’unq/ﬁujw’:d/w& 6.3
(JK!)&»} (@
i)
<0 (i)
L L4 w)

-‘a/ﬁd/ AH® i (-xkJmol ) & AU® & L3171 (Methane) a5 64
=AU® (i)
> AU® (i)
< AU® (iii)
=0 (iv)

~890.3kJmol” 2P (8 G & O § Pl G oS w208k 65
10@05 EEN Jig CH,(g) -Jf —285.8kJmol ™ »/ -393.5kJmol
-74.8 kdmol™ (i)

-52.27 kdmol™ (i)
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+74.8kJmol ™" (iii)
+52.26 kJmol ™" (iv)
J@-q.gé‘&jéﬁ%iJA +Bo>C+D+q il
Knug/? =l ()
Knu@ eAont S )
u:’u’:'{ e 57 i)
- JC'{ =700 ug L (iv)
Z wa-g_ ¥ 30402 L e At e 77010215 E 8L S
e i St deidied
14 J AU 4298K 4l “Lfy/c_ u?:ft’ Jls A d/):(ﬁ JU ¥ NH,CN(S) XU tL
N Ku&/iu;‘ B L J@4298K-Jn(}‘“‘ ~7492.7 kJmol "
NH,CN(g) + g 0,(g) - N,(g) + CO,(g) + H,0(])
Eh e G 6oL Sk £ ez nd L3 by F 55°Ca 35°C il om 6 EE M 60g
e 24mol K2 FE 7 @
A 4.H = 6.03kJmol ™ (0°C) - &g > Kg{,«;g,{u"ﬂluﬁé_m/?—10°0¢ 10°C fUJs1 L[}g
C,[H,0()] = 75.3Jmol 'k *
C,[H,0(s)] = 36.8Jmol 'k’
(¢f35.2£ CO, Jfﬁft’éubnw&% -393.5kJmol " uf e JJ!}?lu: co, L 8
P Y A TP Y0 4 J:QJ
:SB-Uf 9.7kJmol ! 2/81¢-393 :-110?;?;@;/3@ B JJ:@"J N,0(g)<CO,(g)<CO(g)
&S e L N,0,(@)+300() - N,0(g) +3C0, (@)
¢ N,(g) + 3H,(g) - 2NH,(g) ¢ A, H® = -92.4kJmol " & |»
e Y S S U N
Pk uf BH G i J:g 14 CH,OH(l) & Us Tt 50000

CH,OH(I) + goz(g) — CO,(g) + 2H,0(1)

AH® =-726 kJmol

C(g) + 0,(g) - CO,(g) ; AcH® =-393 kdmol ™'

Hy(g) + %Oz(g) — H,0(1);A H® = -286 kJ mol™
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A, H°(CCL,) = 30.5 kJ mol™
A;H®(CCI,) = ~135.5 kJ mol™
(g.uju”%uu(u“%it;;u AH® UR)
A,H®(C)=715.0 kJ mol™!
A, H®(Cl,) = 242 kJ mol ™
e oS ASAU = 0‘45(%5(;}'”)&%4_/@4
AS =0.2kJ K'mol ™ ¢« AH = 400 kJmol ™ =c“’.£2A +B—> C:J’GJ4298K
?nggﬂ)};}lJ Iy o/lig/:gf/;c&lgyuhﬁ;//? cul/g/):ab?":’/ASAlAH/ﬁl
?J un U assiaHL £ 2cig) - Cl(g) : SV
¥ aG° L L S5 AS® =-44.10K™ sl AU° =-10.5kJ < L 2A(g)+B(g) - 2D(g) }i
Ut JOSZE s e L
T =300K ¢ R = 8.314 JK 'mol ™ ?u@ WS ace - 10 i3 £ Jol
e b A eI Q7L Nolg)

%Nz(g) N %Oz(g) 5 NO(g) : A H® = 90 kJ mol™*

NO(g) + %Oz(g) 5 NO,(g) : A H® = ~74 kJ mol"

_ugaws@"dm.ooé HLO0) ¢4 Wb (Soor B 2 Bl K I U2 DL

A,H® = -286kJ mol'
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