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4.18

4.18/1

1000

Joule
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Calorie



Chemical energy:

Element : »aisl)

il ) B LaS B jha < )3 £ ga AN (e dal g £ g Ao o gt AT Bale ALy pualal) i g
J8 (B Aians Jay) g 1 Lgdans oo At e 330 9 95 (0 3 91 Gl ol salig) S ALl
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Compound : <S4
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Vander valls
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()



Law of Conservation of energy :



C(s) + OZ(g) —> COz(g) + Heat
2H2(g) + Oz(g) —> 2H20(l) + Heat

Cy +

o p—
. |1
Potantial Raoartants |1 Hasat e lact o
Lol PR A D L I I Tl b 1o 1%l L
Enelrnu |1 tha enrranmm
=y I I Rl 15 w2LA] ) WXL al
w7
e PP
AL

Reaction Pathway

ZS(S) + Heat —> CSz(s)

NZ(g) + OZ(g) + Heat — > ZNO(g)

2H,0)

+ Heat —> Hz(g) + Oz(g)
11



2HgO, + Heat > 2Hgg + Oy

| PP [
Frouaucts

— ﬂ Heat is taken in from
|| thesurroundings
||

B R el

Reactants

Reaction Pathway

: (AH) (H)
Heat Content & Change in Heat Content
( )



( AH)

AH = H products ~ H reactants

mwgJ\ﬂ\@M\—@‘ﬂgJ\ﬂ\@M\=4J\ﬂ\dw\g§ﬂ\

AH

(1)

393.5

Ciraphity + Oz — P> COyq + 393.5KJ

393.5
(-393.5)
(AH)



AH = H products — H reactants
- H [ (COzg)] = [ (Cgraphite)) + (O2g)) 1 -393.5 kJ

C(graphite) + Oz(g) —> COz(g) . AH = - 393.5KJ

Activalion energy

Cerphicy + Oz »  COyy + 393.5k
et ks (-393.5)+ 3935
gron = L
EPSER 23 il

(AH)

C(graphite) + Oz(g) —> COz(g) , AH = - 393.5KJ



kJ

51.9
Hz(g) + 12 (@ —> 2HI(g) + 529kJ

( AH)
Activation energy
Final enthalpy
- Producls
Initial AH is positive
ent?almf Y Heat absorbed
Reactants

5all Gale Jelial 48Ual) Jakaie

H, + I, — 2HI |,

(2)

59.1

AH = 52.9KkJ



2H, 9 + O —> 2H0g
2H2 ) + OZ(g) —> 2H20(l)

S t Oz —> S0, g

S t Oz — SOz

, AH =-483.6kJ
, AH=-571.7kJ

, AH =-296.9KJ

, AH =-268.9KJ

()

(

)



: el Joladl)
Ao liial) 3 gal) ciliy ja B33 93 sall Jad g 1 S 0 B jle Al Albansh) Jo il G g
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(CL) (H;)
(HCI)
(CI-CI) Cl, (H-H) H,
( )
436
242
H, e — 2H(g) N AH = 436kJ
Clz(g) —> 2Cl(g) ) AH = 242kJ
863

2H + 2Cl1 —» 2HCl , AH =863 kJ

W sél.d\C;Ah\\gd}dé&,\\j\DMJHSJLJM\;\A\.H\J\&A";a.hgj\ul.h
_ab&l\whl.ﬁﬂ\ﬁﬂh.ag&aihguﬂé& el g




678 = 242 + 436=
(CI-Cl) (H-H)
678 - = HCI
185 - =678+ (863 -) = (AH )

AH =-185kJ
HCI
185 Cl, H,
Hyy + Cly — 2HCl, , AH =-185KkJ
~185 _
2
92. 5-
-1
(AH ) -2
H-H 104] CI-CI 58] CH;—H 104
H-F 136 F-F 38| CH;-F 108
H-Cl 103| Br-Br 46 | CH; - CI 84
H-Br 88 -1 36| CH; -1 56
H-1I 71

AH
CH3 + C12 - CH3 —Cl +HCI




H;C-H + CI-Cl - H;C-Cl + H-Cl
104 58 84 103
162 187

25 - =162 + 187- =

( 104.5) 25-=AH .
:( )
-5
-6
-7
-8
-1

Molar Heat Solution :



Hydration

NaOH+aq
NH;NOs (g

AH= -51KkJ
AH= 25Kk]
NH4NO; +aq

NaOH (aq)

NH4NO3(S) +Water(1) - NH4NO3(aq) AH= 25kJ
NaOH(S) + Water(l) )y —™ NaOH (aq) AH= -51kJ

H,O0 Water




3l al cla e G x A sl L)) A x dalal) Al = Laiaal) gf Adlaial) 5 al) dpag

Thermometer

Folystyrene Cup

w Feactants

o /
- / 4.18 =

L / 4.18 =



cm

.17 C°

X X =

17 x4.18 x 1000 =

71060=

71.06 =

( ) 1M
71.06
6
25.08:
(CuSOy) ( )

CUSO4.5H20 (
CuSO, + water —» Cu*' + SO/, AH=-57 kJ
CuSO,. 5H,0 + water — Cu*" + SO,*, AH=+10 kJ

1000

1000 cm®



(69.49 -)

69.49 - 10 + HCI 1
72.27 - 25+ HCI 2
73.02 - 40 + HCI 3
74.2 - 200 + HCI 4
75.14 - % + HCI 5
() (5)
(1)
—75.14 - = (5)

5.56 -



Heat of reaction :

2H2(g) + Oz(g) —> 2H20(l) N AH=-572 kJ
Nz(g) + Oz(g) —> ZNO(g) o AH =+ 180.6kJ

)

AH’

AH’

C(graphite) + 20 — COZ

- (
298 25 C°
.(25C° 1)
(1)
( )
(formation f)
AH’ =-393.5 KJ



393.5
/ 393.5- - CO, ( AH%)

HZ(g) + F2(g) — 2HF AH’ = -546 KJ
2 546

273—:¥ = (AH%) HF

C U — C Ug) » AH’ = Zero
HZ(g) - HZ(g) ) AH’ = Zero
)

(Z\.\emd\ Jgall) (AH%) - ( dasy Jsall) AH; =AH®




242- H,O H,
286 - H,O0 C
297- SO, 110.5- CO
20.5 - H,S -393.5 Co,
273 - HF 275 CH,
HCl CS
168 - 117 2
H,SO - NH
907.5 - B 46 ?
HBr 90.3 NO
36-
HI 33.2 NO,
26 0,

Heat of neutralization :

HCl —>H +CrI

NaOH — Na' + OH

(1)




H +CI'+ Na' +OH — NaCl +H,0

H" + OH — H,0

/ 57.3
HCl(aq) + KOH(aq) N KCl(aq + Hzo o AH = -57.3 kJ
KOH@uq + HNOj3 3 > KNO3,q + H,Oq , AH=-57.3kJ
( ) 75.5

HCN,, + NaOH,, — NaCNgy + H,0, AH=-10.45k]

HCl,, + NH,0H,, — NH,Cl +H,0, AH=-53.17kJ

HCN,, + NH,OH,; — NH,CN + H,0 ,AH=-543kJ



S 3 a+ (H + OH) Jolail 3 ja = Ldail) Jolaih 5 a

/ 57.5

/ 10.45

HCN > H +CN , AH=x

HCN(aq) + NaOH(aq) — Na CN(aq) + HZO N

AH= - 10.45kJ
( )
H + OH > H,0 , AH=-57.5kJ
+(H" + OH) =
x + - 575 = - 10.45
10.45 + 57.5- = (x)
47.05 =
Heat of Precipitation : -2

AgNO3qq + NaClyy — AgClug + NaNOsqq |, AH=-53.6kJ



Heat of Combustion : -3

Caraphitey + Oz — COs » AH = - 393.7 kJ
393.7
850
CHyy + 205, — COyg +2H,0 , AH =- 850 kJ
1367
C;HsOHy +30; — 2 COyq +3H,04 , AH =- 1367 KJ

/ 850 (CH4)
1=H 12=C 160

16 = (1x4 ) + 12 = ( CHy) 1
CHyg t 2025 — COyg +2H20(
850 — ( 1) 16



160x850 _
16

8500 =

X




172 -

92-

energy

36-

26 :

(1)
HF,HCLHBr,HI

HI< HBr<HCI<HF
HI HF

:(2)



822-:

1669.8-

2Al +Fe203 —>A1203 + Fe
(-822) (-1669.8)

Spontaneous Reactions :

AH” -

AH’ -



88

AH®
2H,() + Oy — 2H20,

2/1x%
Hz ) + 202 — H20g,

CHyg + 20, — COy +

, AH =-572KkJ
, AH =-286 kJ
(1-) x AH

CH,
2H20(l) ) AHO =-890.5 KJ

COz(g) + 2H20(1) — CH4(g) + 202(g) s AH0 =890 KJ

CHyg) + 20, — COz + 2H,0y

, AH =-802.5 KJ

-890.5 802.5-

2H,0p— 2H,0

(Hess's Law) : (

AH =88 kJ

— 1840 G.H. Hess
AH®



( AH? )
( ) AHyeace =AH; + AHy 4 AHs s ...
(CO)
(CO,)
. CO, (CO)
CO
ZCO(g) + 02 e 2C02 ©® AH’ =-566 KkJ ( )
C (graphite) + 02 0 g C02 ) ) AH® =-393.5kJ ( )
() 2 %
2C (graphite) + 202 @ 2002 @) ,AHO = - T787kJ
OOZ @ — ZCO(g) + 02 © ,AH0 =+566kJ
2C (graphite) + 02 e ZCO(g) ,AHO "= -221kJ
/ AH’ *
AH®
/ 110.5 = CO AH;°

(D)



C (graphitey T 02 = COz (g

C (diamond) T 02 = CO2 (g

C (graphitey T O2¢) > CO2 (g

AH®
AH°=-3935kJ ()

AH® =-3954kJ ()

AH® =-393.5 kJ

o_
CO; g — C diamona) + Oz g) AH" = +395.4kJ
o _
C (graphite) — C (giamond) AH" =19 kJ
1(2)
ZnSO4
AH’ =-966kJ/mol—
I : il
Zn(s) + S[s) —* Zns(s) L ZHS(S) ok 202@) o ZHSO,;(S]
AHj = -168 KJ/mol AH) = 798 KJ/mol
AHC= AH; + AH = - 966 KJ/mol
Lngy ZnSO0.(s)
St Znis) + Sy + 209y — ZnSQys) AH = - 966 Ki/mol M&;ﬁ“
Oyp
ualial
g "

1 2

4

by i
N

Znio#7209g>Zn0g
AH; =-361.2 KI/mol

—>| !

Sig*0ag) 2S04
AH; =-294 KI/'mol

-

S02g*+720(+S03)
AHz =-88.2 KJ/mol

803(9)"'2!10(5)‘ » ZnSO,;(S,
AHy=-222.6 KJ/mol

AHP= AH, + AH) + AH; + AH, = - 966 KJ/mol



{0

AH’
CyHyg) + Ha) — CoHe)
C2H4(g) + 302 g — 2C02 (2 + 2H20(1) +1410kJ -
C2H6(g) + %OZ © — ZCOZ( + 3H20(l) + 1460kJ -
C (graphity T Q2 — CO; (g +393.5kJ -
Hy + % 0, — H,0q +286 kJ -
C2H4(g) + 3H2(g) — C2H6(g) AH® =-236kJ
CS, ) + 30, ) — COz(g) +2$Oz(g) + 975 kJ -
C (graphity T Q299 — COz (g +393.5kJ -
S(S) + Oz(g) — SOz(g) + 247 kJ -
C (graphitey T 2S¢y  — CSa ) AH® = +87.5kJ
- 1
C2H4(g) +3 /02 (2) —2C /02 (g) + 2H /20(1) ,AHO

1410kJ



2C0O; g +3H 04 — CyHge + % 0,y AH® = +1460kJ

Hy  + %02 ©— H;0q AH® = - 286 kJ
C2H4(g) + Hz(g) — C2H6(g) AHO =-236kJ
: (2)
2 X

OOz(g) +2S/02(g) - CSZ (s) + 30/2 (3} AHO =+975 kJ

C (graphite) + 0/2 @ OOZ (2) AHO = -393.5kJ
ZS(S) + 20/2(g) — ZS/Oz(g) AHO =-494 KkJ
C (graphite) + ZS(S) — CSz (s) AHO = +87.5kJ
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90 20
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20
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