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H,(g)  +; Oz(g) - H,O(g) + 57.8 kcal

%(g) +; O,(g) - H20(l)  + 68.3 kcal

2Zn(s)  + 02(g) - 2ZnO(s)  + 166 kcal

Zn(s)  + + 0263) ----+  &O(s)  + 83 kcal

2HgO(s)  + 43.4 kcal - 2t-W)  + O,(g)

HgO(s)  + 21.7 kcal  --+ M(l)  +; O,(g)

N2(g)  + O,(g)  + 43.2 kcal - 2NW)

i N2(g)  ++ 02(g)  + 21.6 kcal - NO(g)
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H,O(g) + C(s) + 31.4 Kcal - CO(g) + Hz(g)  . . . . . . . (la)

nirbl‘bvluos  Water gas r~erau”osn”Pr~~~~~n~~~~~~~  2 nJ@EerlGo

CO(g)  + f WI) - COz(g)  . . . . . . . . . . . . . . (2)

LLA:: Hz(g)  +; O,(g) - H,O(g) . . . . . . . . . . . . (3)

~Jfji%~i  (2) bbat  (3) Gh.d~~3uini~naia~?au  RalsJ~~oa~Ri~oan~i~~~i~~~~

HP(g)  + C(s) - CO(g) + H,(g) ........................ (1)

CO(g)  +; 02(Q) - COz(g) ......................... (2 )

Hz(g)  + + O,(g) - W(g) ......................... (3)

¶J&%m.J  : C(s) + O,(g) - CWJ) .............. T.. ........ (4)
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6’mJaJ~~~ H LLMuwmJ~aUnlubMI~  (heat content)

A btnuwa~iJvPsa~?i%rucilncji7j

AH a~nU~178ljaU~LPI~UlbLtLj8JqUEj~~Pi

!&?!a  A H = (heat content 91DJ  products) - (heat content YIaJ  reactents)  M% A (R?lU

iavmOhmmaJ  products) - (TmJ~aunlUh.WVIIaJ  reactants)

01naaJfl15  (1)

A H ,  = (H YaJ products) - (H 1109  reactants)

= ho + HH~]  - D-b  + h-,Z~l  = Hco + t-&- Hc - HI+O

= +31.4  kcal

rBuuaami5  (I)  hAXh-4

C(s) + f-W(g)  - CO(g) + H,(g) AH, = +31.4  kcal  . . . . . . . (lb)

A H, &iiLiluu?nrLwcilJil  heat content “UaJ  products iklc$VKil heat content YaJ

reactants ktwmL~OuRUni’b (lb) 6diaun”lJmnlr  (la) ynL!XXIT

C(s) + H,O(g)  + 31.4 kcal ---+  CO(g) + l-&(g) . . . . . . . . . . . . . . . . . . . . . (la)

1HmJfm  (2)

A Hz = Hco2  - Hco- HI
+

= -67.6 kcal

A Hz ddlLha¶J  LKifi~Ji?  heat content WlJ  products dtilhnil  heat content II04

reactants ua-,t~,,,,ni,~~~‘l~i~~
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-C02(g) A H2 = -67.6 kcal  . . . . . . . . . . . . (2b)

CO(g)  + + WI) ---+ CO,(g) + 67.6 kcal . . . . . . . . . . . . . . . . . . . . . . . . (2a)

luaarnis  (3)

Hz(g)  +$02(g)  - H,O(g) A H3 = -57.8 kcal  . (3b)

Hz(g)  +; O,(g)  - H,O(g) + 57.8 kcal . . . . . . . .._._...........  (3a)

hufm  (4)

C(s)  + 02(g)  - CO,(g) A H4 = -94.0 kcal  . . . . . . . . . . . (4b)

C(s)  + 02(g)  - CO,(g)  + 94.0 kcal . . . . . . . . . . . . . . . . . . . . . (4a)

&$w?I  A H L%JWUI  &I heat content YOJ products Lfi%.Ji$U  (h!JfW~W

n&n?iarfaur$l'bd)  ~g~rr7w?n~anl~~~l~~n~~~~l~~a~  bra~ni  A H L~~URU  &I

heat content ~IOJ  products RWW  (~~~nl~~lU~?1B1~~Uaanbll)  E]@%lW??l~~~O

¶J~iipu1~lu~alu~au  &uan92~L~uLiiu~~~lu  q rG?ld

CM 111 297



9.1.4 ngnlsaaudl~ai~~~uao~~~~~~~ (Law of Additivity of Reaction

Heats M% Hess’s Law of Constant Heat Summation)

r31eJ”oun~~EIId~(i17~19~  9.1 waniJ~?iui~wZunl-rw~~~t~~ni~~~  Water

gas ~U&IIOJ  A H 8nntJJHdJ

H20(g)  + C(s) --b  CO(g) + Hz(g) A H, = +31.4  kcal.......  (lb)

CO(g)  + $02(g)  + ww A H2 = -67.6 kcal . . . . . . . (Zb)
I

Hz(g) + f O,(g) + W(g) A H3 = -57.8 kcal . . . . . . . (3b)

lgj~u11au  : (1) + (2) + (3)

C(s)  + w.l) + Cwl) A H4 = -94.0 kcal  . . . . . . . . .(4a)

XEd%&%l A H4 = A H, + A H2 + A H3

= 31.4 + (-67.6) + (-57.8)

= 31.4 - 67.6 - 57.8
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Trl9-l , (Heat of reaction)

(kcallmol  VaJ  product)

H,kd  +; O&d

Hz(g)  +; O,(g)

S(s)  + 02(g)

H2kl)  + S(s)  + 202(g)

;  N&)  +; O,(g)

f  b(g)  + 02(g)

3 N&Q  + f  b(g)

C(s)  + $02(g)

C(s)  + 02(g)

2’33) + W(g)

3C@) + 4H&)

; H&d  +; NO

- W(g)

-

-

-

-

-

-

-

-

-

-

-

H2W

SO2(!3)

H,SO,(I)

NO(g)

NO,(g) +8.1

NH,(g)

CO(g) -26.4

CO2b) -94.0

C2Hdg) -20.2

w+ekd -24.8

Wg) +6.2

-57.8

-68.3

-71.0

-194.0

+21.6

-11.0

WlF’ilWJlXJ~6UYOJ~~~“Tu7  (heat of reaction) ~UW17?7J~  9.2 P.J~QlXUl$i?ad7J&l~~~

hxiwnd  9.1 ~J~l~~l~~a~21aJnl~~~l~21aJ~~~~naan~CdA

NO(g)  + + 02(g) - NO,(g)  A H  =  ?

9cI  0am7 QlnmTlJ~  9.2

NO(g)  - ; b(g)  +; 02(g) A H, = -21.6 kcal . . . . . . (1)

; N,(g)  + 02(g) - NO,(g) A H2 = +8.1  kcal . . . . . . . . . . . (2)

(1)  + (2) NO(g)  + + 02(g)  - NO&d AH3 = -13.5 kcal . . . . . . . . . . . (3)
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AH3  = AH, +A&

= (-21.6) + (+6.1)  = -13.5 kcal

&I

G?-(1)

; f%(g)  + ; O,(g) - NOWA  H1 = +21.6 kcal ...................... (1)

$ b(g) + 02(g) - NO,(g) A H, = +6.1 kcal ...................... (2)

NO(g)  + + O,(g)  - NO,(g) AH3  = -13.5 kcal......................  (3)

A H3 = A H2 - AH,

= (+6.1)  - (+21.6)

= +6.1  - 21.6 = -13.5 kcal

NH,(g)  + $0&i)- NO,(g)  + f H,O(g)  A H = ?

(3) x; :

; b(g)  + 02(g) - NO,(g) A H, = +8.1  kcal ................. (1)

f NM + 5 b(g) w NH,(g) A H2 = -1 I .O  kcal ................. (2)

HA9 +$02(g) w H,O(g) A H3 = -57.8 kcal ................. (3)

5 HA) +  a O , ( g ) - + W(g)  A H4 = : (-57.8) = -86,7  kcal ... ..(4)

oln (2): NH&d --P  i N2(g)  +i H,(g) A H5 = +I 1.0 kcal ........... (5)

(l)+(4)+(5) NH,(g) +; 02(g)  - NO,(g)  +f H,O(g) A He = -67.6 kcal ............ (6)
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A Hs = AH, + AH4 + AH5

= (+8.1) + (-86.7) + (11.0) = -67.6 kcal

2W + W(g) - W-b(g) AH,  = -20.2 kcal.........  (1)

C(s)  + 02(g) - CO,(g) A H,  = -94.0 kcal  _._.._,.  (2)

Hz(g) + + Qdg) - H2W A H3 = -68.3 kcal  . . . . ...(3)

(1) nth?hJ  C2H6(g) ------+ 2W)  + W4g) A H4 = +20.2  kcal  .._._  (4)

(2) x 2 : 2c + 202&l) - 2COz(g)

(3) x 3 : 3H,(g)  +;  O,(g) d 3H@(i)

(4) + (5) + (6)

A H5 = -188.0 kcal  . . . ...(5)

A H6 = -204.9 kcal  . . . ...(6)

Cd-b(g)  +;  o,(g)  - 2CO2W  + WW A H, = -372.7 kcal.....(7)

A H7 = A H4 + A H5 + A H6

= (+20.2)  + (-188.0) + (-204.9)

= -372.7 kcal

CS2U)  +302(g) - CO2k-l)  + 2SO2&l)

fhyIU(jl

C(s) + 2S(s) - CS2N A HP = +21.0 kcal.:.......(l)
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C(s)  + O,(g) - C%(g) A H ;  = -94.0 kcal . . . . . . . . (2)

S(s)  +02(g) - SO,(g) A Hi = -71.0 kcal . . (3)

i11n  (l)n&~jiruiJ CS2(I) - C(s) + 2S(s) A Hi = -21.0 kcal.........  (4)

(2) ml&J C(s)  + 0264 - CO,(g) AH;  = -94.0 kcal ........ (5)

MO + f O,(g) - 2SO2k-l) AH; = 2(-71.0) kcal.......  (6)

(4) + (5)  + (6) ‘=2(I)  + 30,(g) - CO,(g)  + 2SO2@)

AH; = AH: +AH;  +AH;

= (-21.0) + (-94.0) + (-142.0)

= -257.0 kcal

HAg) +; O,(g) - H&W AH = -57.8 kcal

@~aia.~~au  94.0 kcal/mol  lla~  CO,(g)  &&I6rW  M%n?i%J~aPc  57.8 kcallmol YaJ H20(g)

~~~aanui  &Jn~aLWTil  heatofformation ?.IaJnixi%  CO,(g)  1 hJcJ  da H,O(g)  1

hn ma~th%  LLmuflozl~tln~a~~~dil  mwiauuaJ?.@?xIl  (heat of reaction) mmn

41 heat  of formation ~~l~ldlU?~~1~l~1l~~a~~aJ~~~~l~lJ  q ?&il?jW%.L~ntJk-JEJ

uan%aJ heat of formation 21631  products auii?owau?nVaJ  heat of formation IlaJ

reactants U~6aJb.h%J~l  heatofformation YaJlTl?dlJ "] dfilLb$&Wa
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WYJ%~  9.3 Heat of Formation (kcal/mol)  at 25°C 1 atm

BaCO,(+)

: -..

‘W(g)

_”

CH,OH(I)

0

VW

-66.0

. .
-73.2

”
-205.4
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ALPI  0
a5n1 NO(g)  + 3 02(g)  - NO,@)

AH = c Hf 1]aJ  products - c Hf 21aJ  reactants

= (+%I)  - ((+21.6)  + 0)

= +8.1  - 21.6

= -13.5 kcal

P4 0

1iiVll NH,(g)  + 3 O,(g) - NO,(g)  + 5 f-W(g)

AH = c Hf llaJ products - c Hf YaJ  reactants

= {(+8.1)  + 5 (-57.8)) - ((-11 .O)+O)}

= +&I -86.7+  11.0

= -67.6 kcal

P4 0

aiim ~d-h(g)  +; 02(S)  - 2CO2kN  + 3WW

AH = c H, llaJ products - c Hi llaJ reactants

= {2(-94.0) + 3(-68.3)) - ((-20.2) + 0)

= -188.0 - 204.9 + 20.2

= -372.7 kcal

AL4 0am7 CC,(I)  *302kl) - CO2(9)  + 2SO2kJ)

AH = c HF 2104  products - c H F VaJ  reactants
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= [(-94.0) + 2(-71.0)]  - [(+21.0)  + 0]

=. -94.0 - 142.0 - 21.0

= -257.0 kcal

TheI ~mometer

veight of
material

Stirring rod

Inner cup

==4JJ  \ I, Outer cup

$4  9.1 Calorimeter

%KI&&/ 9.9 L&~FIl@IXW  1.008 63.J  tilI.@jn”shiJFMa%h  bomb calorimeter

qnW$$&Wtn  25.OO’C  61 29.24’ C calorimeter ! heat capacity 210 call’ C un:n?u

1%  calorimeter .Gii7  5.000 i%m%
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Hz(g)  + Wd - 2HCI(g)  + 44.2 kcal
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P4(red) + 5oZ(g) 4 P4010  (crystal) A H = -702.4 kcal
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C6H1206(S)  + 602(g) - 6CO,(g)  + 6H,O(I) + 673 kcal
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1. '4JMlFrm.JiaUYaJ~~~rJl  : 3C(graphite)  + 4H2(g) -WMg)

fhnuol~

(1)  W,(g)  + 50,(g) B 3C02(g)+4H20(1)  AH p = -220.1 kJ/mol

(2) C(graphite) + O,(g) ___* COz(9) AH: = -393.5 kJ/mol

( 3 )  Hz(g)  +$02(g) -W(I) AH; = -285.8 kJ/mol

(WIIJ AH = - 103.6 kJ)

2. WMI)  + 2H202(U - N,(g) + 4ti,o(I):  AH = ?

smihp :

‘W-W  + O,(g) - N2(g)+2W(l) AH, = -622.33 kJ/mol

H2  + f O,(g) - HO,(I) AH2  = -285.85 kJ/mol

Mg)  +0,(g) - H202(1) AH3  = -187.78 kJ/mol

(@MI  AH = - 818.47 kJ)

3. 95%~ heat of formation YEN  CO :

Ws)  + O,(9) - 2CO(9)

hrhnum  :

C(s) + O,(9) -CO,(g) AH: = -94.05 kJ/cal

2CO(9)  + 02(g) - 2CO2(9) AH ; = -135.26 kJ/cal

(tilau  AH: = -26.42 kcallmol)

4. wMi~;1?lUiauuad~%~l  : Fe,O,(s)  + 4Zn(s) -3Fe(s)  + 4ZnO(s)

(VEIlI  AH = -65.8 kcal)

5. owifwaJiauuad@%!~  : SO,(g)  + H202(l) -Sods)  + H2W

(WaxI AH = 47.0 kcal)
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