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: The reaction of aqueous Ag* with aqueous Cl- to yield solid AgCl is an exothermic
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Fig, 2 z The enthalpy change for the reverse of a process is the negative of the enthalpy change

for the forward process at the same temPffi
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Fig. 3 : When we heat a System, w-e ma\e use of a difference in temperature between it and the

surroundings to induce "rr".g, 
to flow ttrougt-ite walls of the system' Heat flows from high

to low.
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Fig.4:Whenenergyleavesasystemasresultofatemperaturedifferencebetweenthesystemand
the surroundings , we '";il";;il 

tytt"- nT. l;;';tgy as heat' This transfer of energy simulates

il ile i;o"tion of mtlecules in surroundi





: (Specific Heat) ol[;+e;Jl orlrrdl
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L irL r-r sl_l tl} -DJIF 4+Jr e_, L_))Jl ',JlJFll arx" (Ja l-.'olu (S) 4iej',ll i-.1|;rJl
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Specific heat capacities of common materials

specific heat capacitY
J/e. oC material

101 air: rljall

1.05 benzene: .ry+ll
0.37 brass

0.3 8 96ppg1; 9"Ul
2.42 ethanol: ,,!1a)l,Jr.sll
0.78 slass (Pvrex): ab-il
0.80 granite

0.84 marble

2.3 polyethylene: J,!+l Jlll
0.51 stainless steel: ' , 'l' ll

2.03 water/solideli /etJl
4.184 water /liquid.J.,u / 't.lt
2.01 water/vapor-.rE+ /rUt
0.887 aluminium : 6ya1^3JYl

0.787 sand : &-!l
0.774 NaCl : e\.LtlCI"
0.531 C : cr-rl-Fl!
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0.13 1 Au :.+o.ll
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Fig. 5 : Heat caPacitY is

than a small object (toP)
an extensive property, so a large object (bottom)

made of the same material'

has a larger heat caPacitY
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4d$l ;."rldlatJl
(Molar Heat Capacity)

ijg-rll ir_rldl ;rll
Molar Heat Capacig'
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.gr,-lli+ .r'. ,,lr ;-;l-,!l ', '' ls 
'(92.5 "C) Jl (25 "C) e' \aJ;l;r= i+JJ
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m: 18.5 g

q=ll70J
Lt=92.5-25:67.5'C

=q:S x m x At

1170J=S x (18.59) x (67'5 "C)
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J.lt
q=S'm'At

s=
m. At

s - 9.98

18.69 (27 - l0)

S = 0.0314 Cal / g "C

<ot dE*

1000 J,.,..,i(l ljj 25 "C $c rlitJl o\ll ry 150 g l4Ikill 'DJlll 4+Jr.':""-l
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q = s.m. (t, -t,)
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q^:SmAt
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-:;--i ,"r-itt 4;c,il -"JtJFll gi -USs.ip.lll a;cCl -oJlll ,ri+ J+ fuJl:Lll LDj'

.!3J e 6s.,; k -,1> a;-.11 Lh+J;Jl!l r.J.r'o Bi*.a:J^S U,.l-i^l ,-tJj CS!:
pLqiliH grbrll rJil.*ll g* .lLs
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'D-,lll ;i ,', t- riu .1Ze.A "C) Jl 6sr: ,tlt 'otl-r= i+-r. ,-t!" '(25 "C) ;;l.p i';-2r

.g '-Jl d:pCl;Jl!l ,.,."-E (4.184 J/g.'c) t'rl-., elll i.pCl

dcl

: ptll: gu.ll i-.;l-nJl 8Lr.-.;J uP ,-iUyjl

, (lt),* ,u,:29.8 - 90:- 60.2 "C

(At)n,o =29'8-25=4'8 'C !

;ryiiJl ;Jl!l 4J^Sl ( - )
, ,,lL- -rJlj!+ ri.oi-ll ,i ;rrUtt 'oJlJ'll +;'S gtq LgJir-J

.a.i-ll 'DJlJFll {i.Sl ( + )''+-9* 
''-,r1.3,J-r '(ailti'll)

Ld crl-1LaY! 1!)rll e+liS ,is+

![,retul: - 9Hro

(S , m x At),n.,ur:- (S x m x At)r,o

-(Srm' At)r,o 
-e:'umetar 

(m x At)x Atl
,, metal

Q=umetal

- [roo+.tolo - t^-- "--).=0.667 Jlg"CDmetar - 

=15051-

f .J+ cx 6r3i6Jl EJlJn,ll 4:'"s

(rtJl) r-,1$l
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t,tl rllj*
'AJl-JFll drl\S lrLi ,20 oC r.rc oUl r-r 30 g y 50 oC $' (Ag) i..aiJt U 9-25 g 1.:r

: g!r.sl'i 20.5'C e-r"ll4ikill
.(r1ll tH-,isl-l i.-ailt ld.ii,*31) ilrLi.ll ;JlJFll +rS ((.+ .a'-aill 4JgJXI''Jl!l (i

.(4.184llgoC) g31j 'lll iPrill 'oJlll 0U t^l'

Jrll

: i,.hill (S) 4dcCl 6Jl..JFll .Jl-,^ (i
; i-il,Jl L.J"i Ut nfu

9Rg: - 9u'o

[s, (t,-t,)]o* : - [s rn (t,-t,)]r,o

[s ie.zs; (20.s -s0)]o, : - [+'t84 x 30g x (20'5 -20)]r,o

S x 9.25 x (-29.5)=-(62,76)

t: ffi:0.23J/g"c '

; ,ra i;iJt Wrie,rill 'o.1t.;sll4+"S (?

q=SmAt
q :0.23 x 9.25 x (20'5 - 50)

q= - 62'76l
: pl-oll t{d.4isl sill 6JlJrll4rL.sJ

q=SmAt
q= 4.184 x 30 x (20.5 - 20)

q:62'76 J

.clJl le i""i<l .,XI'DJlll +s Lr-rt-3 a;Jl dr;:3iil1 ;Jl!l nvs oil=)j-l

' 
;iElg.le

dr^ dli Wi ,oJ,., )3 r'or iL'DJlll LJi q5''*.l a'ill lirii ;]l JlJFll iJ"S d-i (-) ;Jl'iYl '
J ,.rr* t-tr-I ,l^ gJ,-! !i! ;JLi'il alYr's .Jill .t' el'i -o-.rl> +;"s 59 N Ji'-ll

4Jd>4

all^ u+ g l-oS ar^,is-'DJlJFll n*S Oi si'l lrA ,-.rl'i c++J^'Ul!l a+"S;Jt'i! 
'-l-# 

L:-: o

.oLll

(1) Jtie

r-6:;, i;iJl dJ. Lg;i a,!s 15 "C k .;l> i+-,rr: 15 g k'-l-l LJ..'l-jll LJ* a'J.s r'r'" 3

J*f .*, ? et.OidJ, ll arr. kJl -oJlJ'll i-=-;r '-r"'=Li '60 
oC 'o'rl> a+l r:t 30 g

(Sor: 0.23 JlgoC, Sc,: 0'38 J/g "C) : ,-lL Lb '!Pll -o.rl>

eLJl i-.L-l3r ar-,3S-ll (q) 6J1!l iJ.S) - : i.5ll e,";r-eiLll (q) 6Jl!l iJ'S
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(,-r,L=rlt cJ+ ,.1^ A,.r-is.ll 'DJlll 4J"S) - : i;ill ,J+ ,-*'or3iiJl ''JlJ'=ll 4:J"S

qor: -(9., )

[s * (,, - t,)]^r: - [s m (tr-t,)].,

[O.Z: ,. 30 (t2 - 60)]o, = - [0'38 x 15 (t,- t5)].,

6.9 t, - 474: - (5.7 t, - 85'5)

6.9t2 -414-- -5.7 t2 + 85'5

6.9 t, + 5.7 tr:414 + 85'5

39.64oC ;:nr,-ll a..,i- kill '"JlJEll i+-l: trF.Jti\,

, (1') Jua

dr50g&rt.*'-'E!iY:.0'6J/g"Ci+'-dla5-11-,;r390"C:ror;r'Jl'r5g
, +kJl 'o-1lll ','"'-,?.184'Jig'C-4P-dl ai:l->-r 25 "C:ic eill

J.Jl

a

1*

12.6t2:499.5
499.5

L2 
D.6

tz:39.64'C

l

25.92 "C : +lgall





Heat of Reaction,JrBill 6.ll.P

JJLi: l-sc (exothermic) ;-)l Jl (lr-,11t) IJ'.r'E (dUr#l' +ij]' -,1; ;g'st &.*' J*
.iri4;G*rj.rrsri,r-rlp oll!, .h'll Jl rlxll *.',lfl ..r'+r's

,-r^ 
-otl-r= 4J.s dJ;:Jl ;.* u.t lendothermic) ;Jl!l t-y .r$ll &liil*l. J$+ \-+

.ri1 -i-l- &Uill oL"-l tji elh', 'LJ- 
Jl

; gi 
"''r-

.'.JlJsll ["'Lte i:- &l5ll ,*, '
.oJl

r=13 .r-"l.p eqE &1"+ Lri' "ii'-r^ll-:i- : 
.&$ll :l-9." La:r.=3'11-r c.t.o 165l

'o:L gn s-iJ+ eLtE.- -o:L .l^ rfl.F eqa&Ei urrt (AH ) 'Js)r or -l;'xt oe si

.&Ell ilrL- l-or'-i r1-.1'clt tt'-=i

, elfr{ olltb er){rtgJ;Jjri

: JSI dielllll'4iJ '
CHo(g) + 2or(g)--+ Co'(g) + 2H'zo(L) o = - 89'0-]<J

: UBI ;J Jl ,rlc il':\'-Jl ' ''i<'l -,l

CHo(g)+20r(g)--+C
.'DJl !-Il:'f-L rjcl-ilJLi CUI!, '890 kJ

'o-.rl> 64 NaOH c..llJj-:,:tt 
q-'s-e=p;a gr cl

HCI(aq) +NaOH(aq) ---+NaCl(aq) +H'zO(L) q = - 57'5 kJ

: a'rl$l;; Jl ,Jc qiS rl

HC(aq) +NaOH(aq) ---+NaCl(aq) + H'zO(L) + 57'5 kJ

oll1lelJ SrLe rr)bliiJ ;Jii

, JSI &u6ll 'iJJ '
2HgO(s) ----->2HEQ)+O,(g) q:+ 181'6ld 

ri

2HgO(s) + 181 '6kJ ---+ZHg(L) + O'(g)

.'DJl Jl gr-l- &ErJl gts j\1!3 r I $

;tr-= ]t Uo-, (Oz) cr+'SYt r..'P" (0'5

1/2Nr(g) + ll2o2(g)----+No(g) q: + 90'37 kJ

1i2N, (g) + | l}O,(s) + 90'37 kJ ----+No(g)

Jl

a





g.,bJl.rtIU

lEnthalpy .^r,Jlijllt
d.=l4I!-tslJ arib^i<\l c-rl-ui:ll +'- c.lr.i

s#Ujtl dr-Jri

lLll" JA gtt>ll dJls-'ll 3i ' /EiYl
dss ,1--.tt, illsl\S Ll-.,; ;rUJ;-;-
;rUl g*,J)J^s .6ll-ll i5 

"Ic 
6ltJJ
'orlJl

.JSl) arL,ll ir$ d ./tl)t dli .rJ'll frL"1 "'iE 
J'L: ':ic 1aH) ,/B)l .,s rEcill ,-rA-r

'..ri 
gi (.)DEiJl

tr,
tull.lll JJc ,.JuY' rill

.4j\-rll rlll rJa alcEi^ll rlFl ;1l4 &uLl m J:'iXl .Jf-,,=,isa

.6)-cliL .ji Reactants ,# R '.err +i Products ./'J P

.aUf:ijf :liJt crY-v lc : nR 'i-=iUll 
:l3Jl cr)-9" lc I IIp

.rJ)-cli:^ll drSr , (m)- 'el:Xt .JtIt :(l}t),

.'o:L!l ga:=lj cJ3'i fuJiit al\}ll cj'*lt OS+3

tulll 4#U'r"t 
'alir'i+ tiJr3 WF arljS sca

: ..td$l equation)

r-j! 6Jcl3iJl oF Cs!: (AH: - 890 kJ) +LJtl ,Jsll 6 J:.,lI i^+ 
'J-eYl 

&Lllll ''/
:i.D,]l {EJ abliiJl rl3Jl .J\!r c,. dli a^jull llll .,=tltsl ..lJ<J a+: .6.)l.r:l]

AH: H, - H'

.44l+)l Jjl)li4P Hi .4IkJl ,Jull)l i+S Hr ''l-
,',r\f L:.' :i' aC;r rJN. L.:^f,r -li eil];^lr ;:l;r=ll +:u+ o+lui:)l *r -F:ll-r

C.rii -Li; -:rc ;;l-;Jl q"S ;

s)lsliill 
^H 

s#Ui}l a.+ ulda

I





AH:)nr(AH), -)n*(AH)*
\-----v.- \-------v.-

(AH: + 131.6 kJ) A++-r^ (&u:tt ;-,rl>) o+ttl)t ,J ;*.,tt a^+ OF itst dcti:Jl sF-,

:tll 4llir:l J" Jsi aiull :l_eJl 6JE:l c.r!-ite i:-_r r-o;1 Jl t-t- o:! &Liill (.tl" JElL-.,
: i-6).ll Gr abE1.ll

aii!-l+ill orlll albg AH pi

!jL; ,(L) alrl- ,(s) iJ-. ) i+iull ri alcriiJl rl3Jl Lr.'orL .ei ill= J# y AH # -*s
.((aq) d:t=- lG)
: g.+ig dli.

1.....CHr(e) + 20r(g)---+ COr(g) + 2HrO(L) AH = - 890 kJ

2.....CH0(g) +,2Or(g)---+ CO,(g) + 2HrO(g) AH = - 802 kJ

dr-F AH 6_.rti!_r .'"Jl!l -0.:_.1u,Jl cr)-cli:ll ilL i ;Jl!l J^ 1rs ((.iltx) JJSji (\
.L'll-

.is_r. dJF AH -o_,r1;l_l r;-,11_>ll a-ul n)-ctiill all- .s-l 
-,Jl!l dr ++S r'.r.i (Y

; 'a:lJJ AJ-Sll d-r-.,tll :rc ;- &l-ijl mt # sl.j (r
.clli,-i)i,Jc ilL*Jl C L, ,J C t- (P : 1 attn, T:25oC)

: -i r-ll v--z el dlllr &Eill ,rr ;r3;ll .l/l 4+!-;sJl alUl -F ( t' J (- 
'o:tJl j'; t+ (s, g. L, aq)

: Xi^i iiEll: iloLill rlll o)1.,+ AH i+ $,ir
H,(g) + ll2Or(g)-----+HrO(g) AH: - 242kt

Hr(g) + ll2Or(g)---+HrO(L) AH = - 286 kJ

: i."Jill 9*, ,E 1.,J,,sJi AH i-;i;t LJF &Lixl {lj!p6 '"'"'(' l3l (o

Hr(g) + ll2Or(e)+HrO(g) AH: - 242kI

HrO(g)--+Hr(g) + ll2Or(g) AFI: * 242k1

I )Li .iJclji*Jl rlll ils,+ ,rit ^Sll &tiill i AH a'";s rs (1

:242kJ laJ$ a-6U e.: ,-'l+-r-.,q6.1t ,y (1 mol) &li:
Hr(g) + 1/2Or(g)----->HrO(g) AH: - 242kJ

: (2 x242:484 kJ) e+ ur+Jr+dt a (2 mol) &1i1 t-+

AH:! n,(AH), -I n*(AH)^
--- products Reactanls

ir..rlFl Ajh.SJl rrlrldl qt5 rrb)thrl

products Reactants

ilrJt ; L+j, 4+131 aJJl i (88 kJ) -)l]ii^, 
,''.' i:.il ('oJl!l !x) .Jt3lyl 1ys 6ili-X

Xjt- f i.t ilrlJl , j l-l+r ,1\V (2\ ilrUt .J eill ei ', '''"'.' , .,J3)l

a

I





2Hr(g+ Or(g)---+2HrO(g) AH: - 4841rJ

LrJi.^lt j -,Jijll *Jlj '''iE-I=L.b '-'-i ,-Jc:,f ii Lri 
"r'3 

a'-L^ll Ji a.siUll (q) i-,,rt-.,plt 4)"S (V

1lr; {!ie

l5l JtXl &liill i+Jx orH3) tr-r)l u (g07 kg) urs+ u$c; a:iltl^ll ;JlJFll i-gl .:'"-l
. ,''jE L:.' :rc.:t-J tllS

Nr(g) + 3Hr(g)---)2NH,(g) AH: - 91'8 kJ

(N: 14, H: 1) 4iJ!l diisll JL ut'

drll

y &uij ,-lt+-r *:ll cl^ cj-r r=13 ;i JJii! ,cJYJ^]l .r' -.r+- Aji+lJl ilrL-ll i (:)-tJl /}ri
df .S H LaJl-rL ;JlJ.ll dr 1J.S iqltr3J -,1r\'lJl u^ tJ)J^ gi+ ctl+:-.r*lt. t-* (3 moles)

J-"r, gJ)J. Jt iJ ,-l_r., clJrl3 ,d.rLl-;,sjL'orL- " aliJl ,J (tr-r)t)-;rl-il1 1yS3

, la-u'll

n : m*'' (B)

"NH' Mw (g mol-')
' 

-,;st-,3,jJt 
dl)-r rrc Lii C13!-,

h : m*'(g) 
="NH' Mw (g mol-')

: C X iJ:l.^!l ,-!", .U.)! ir<ll o.o e$i ,-* ailti^ll -aJlll iJ.S a-iJ,- i6+ Ea cl"-r

53352.94 mol NH, ------r AH

(- e1.8 kr):_(s!?s4 xot)_=
=AH 2fiot
AH= - 2448899.946kJ=-2.45x 106kJ

11ry jEr

byl:L'DJlll dr 4*"S ,',iill.il, )-1S tllJi-l Jr+"S)l LF J+ d CHa Oti1^ll LrA
.t;-Sll d_r;lEll j 890 kJ/mol

.&uill lrsl :Jlll +iU+ltilrUl c,lsi (i

dJElll ry 3 mol ,jl-,;.r=l ar 4+iElli-6lJ'll '.'^"-l (+
.;$l ;.36 g L!> dP i+illl'oJlJFll a..,.S 

"''"-l 
(e

.(H: 1, C: 12 : 4+JJl disll)

Qo: AII

a



)F



fa

ddl

: !.,,lelli,ir.r i<ll iJltr'Jl (i

CHo(g) + 20r(g) --+ COr(g) + 2H2O(L) AH : - 890 kJ

or

CHr(g) + 2Or(g)--> COr(g) + 2H2O(L) + 890 kJ

890 kJ b-11.r6,.'o-1|.,p. C4 OqiJl dr''r'll cj-r cll-,ritl gl'i ilrk'Jl il" (u

1 mol CHo ---+ - 890 kJ

3 mol CHo --+AH

AH: 3mg1 x (-890kJ)
= -2670k1

I mll
;gr4Jt c,,. 36 g dl-irl ir. 4t'tJl.;ltlt 4# (q

: drY-r !l oUt',p.!f1;:tJf t+ .fl-l + ilrlJl ora clsl Jr)l ''-J"ill

tu.ru = 36 :2.25 mol
"cHo MwcHo (12+4xl)

1 mol CH. -----> - 890 kJ t

2.25 mol CH, ----+AH

AH:
- 890 kJ x 2.25 mli = - 2002.5 kJ

1m91

11oy jUl

CaO(s) + HrO(L) ----)Ca(OH)r(s) AH = - 350 kJ : Ju'll Lloli$l 
"'"'-

Ca(OH)2 dr 100 g etii) ir=L-llr tJ-n-il$! iiUl &Elll i_ll-;'' L

(Ca:40.1, H:1,O:16 :4+JIl dlisll)

: &tiill ,,,."- (HCOOQ etrt-dl 
";-"= 

U12 g Lglj'l ari+iulli-)l-)Jl '',',"'-l

HCOOH + ll2o2 -----+cor+ HrO + 270kJ

(H: 1, C:12, O: 16 : +J!l dllsll)

drJt

: g)-:rll Jl dJl-lJ+ll ,-* cly-,,-lill .;-"= 4J'S .JJJ'I Ll" + Y

AH: - 473 kJ : +ls+ll

r!11 JEo

tl.ll



tl

i



rrHCooH (l+12+2 x 16+7)

l2
trucooH

z+o

trHcoou : 0.261 mol

I mol HCOOH ---+ -270kJ

0.261 mol HCOOH---+AH

-270k1 x 0.261 m4l

-l-\n I m4l

AH=-70.47kl

,r\

. ,.G -lElL.!V!g

g

11b Jg.

CuH,rOu + 9Or----+6CO, + 6H2O AH: - 2820 kJ ' Lt- t5Jl ilrUl '''"'^
.'DJlJFll U 47 kJ 6E:Y L-pJl CoHrzOo j-FiiJl ffi ' ' '' '- |

1C:12,H: 1, O : 16) : q-,r$l .J''slt ol'l t"l'

drlt

Jg.
tajhL;Jl Jl dJ- i.+"S j*lLijj #+J)l Lli -F ,.# LE GlJl=l CsHs L!:-dl jli L9 n+

2220 kllmol
.fu-ljyJl qJfll i-u\-r- r<ll iJ:Ut ', i<l (i

.,-r!-l-,r+ll dr 10 g t l-i=l ar aiui^ll 'DJlFl 
"''"-l 

(?
.(H: 1, C : 12 4JJJI dlsll)

: +lJ+ll





ata-

aFqdl ,5+lgill slr$
Standard Enthalpv Changes

otldJ |rrhfl aJH'

6rtJl Lr.ric J+r o.rJl (qJu ,iL,L ,Ll-) ++U;itt iltJl l#l+ 6rUJ a,;-,!iJl i.lLrll dji
,y'-r (25 'C) 'o-.rl> i+-.rrl (1 atm) :=l-.r g;-r+ L:" ri' lJl 'il-l -,Ki + OrS ds+

.hJii arJJl 6_.rt> i-=Jr dij d: e9g K) drrltSt+

.(ltt') Irt. r.t :i (aH;,,) -*;U.rpt ,=#lriiyt ,;'lJ;2_,
.cll5 uD: .& 

"n,l J l- (298 K) ;rt- i+_,r: s (O') #,# L;:L;,

.JrliiJl rll.llp 6lgji

J.liiJl ij*

r.'li .,-^+ (AH.,o.".,,) a+iull rl-1r"Jl ;JlJs-l(AH*.u.o,,.) alruill rljrJl -o:l-r=.t+ 
G_,rrll_i

.&liill-o-,1l>+
iltJl oira dJ ,rglJYl la r-l-rc 0,. 

-DJli 
#JS3 4+L,l f .,-1. o r9tl>ll rj;jll IJA .t:! .16_l

,-3lJi=l i-i!J ri-l* g-,1l5.ll 'Jxll hA .-t:! li .",3.r$ill EJltst' r=stl>ll J:rijll clJJ *^+
",r^-ri r-orcl-i3 L!:.i.:. ct:+ cjrl-.i'+J fl-l*.-tA:i 6rtcllAYl lJl>tt,-"-,+i LirL

.lrSa_r ... r"l.llriJl 6_;l.,;s

: &Lill itl_.ll plgii eai o"_l
Heat of Formation g}J-6ill'DJl> (l

Heat of Combustion JlJl=Yl'oJl-1. (Y

Heat of Nettralization clrt-jJl;Jl> (f
heat of Solution LlrYl'oJlf (f

Heat of Dilution . rriiill6_,;l-)s (o
Heat of Formation of Gaseous Atoms Lrta ot-1r .-,1iJS3 iJtJ.= (1

Heat of formation of ions in Solutions .tUl J-J--ll ,..i .:Lr4)l 4$r;-,;l_p (V

Heaiof Hydrogenation c+J+ll'oJl> (A

Heat of fusion _.11x.;yt 'DJl> (1
Heat of Vaporization uir6ll 'DJI-r= (1 ,

Heat of sublirnation *fljll ;JIJE (\'l
+-rll-r ,(LrlJi=Yl 6tl> .sr Sill ;_,rl>) ;l:)l d,,-'lll r+r .,-rt c,U+Ur_, C-,,;J! J J"ij-J

.cll.J e_d! )-lS dtill c# o+i

."4-lJ^J(lll+l:_.,11 t-llF_r #tJ .p ijtill i-61-J..ll erl ux il. \rr .r.r Lleliljl 6JIJF

&Li:ll ,o<j!l te .',+ e nqjJl u. rrc &Ur1 t-.i' L,;; ri 
'.t-U:: 

jtf ;rf;f i1^S,

a

!

l





,!\,

Heat of Forrnation g-rfJf erbr <t

(;-i-l ,i a:uitry .Jti,)t C J+:JI ,i 6'uat "o-rl-r- t+! (lrt;) iusSll ill;n ei,S

kJ/mol kj:-.r-: .4J-!ill kill- "t',41ll-iYt 
LAJ-Uc g* L'orL ,-r blJ cJ3' rl-Fi t's"'

.U,a gJr*.j !-,Sll t{llL,/ }olnJl C*t(q) aU Oi cSSl $'l-l

1 atm = 76 cm Hg) !i;.ll j ,(25 oC:298 K) ,/tr 6rtJl q-,t+dl ill-ll

sr1iS dg*

: j$ia$E ,Je s..s O+-rsYl (l
(O3) c.uj:Yl ,(O2).=+!l oJ+JYl , (O) g;rJlop."sYt

: ,-j, JEIL-r (l atm)sl ) Lt1=. L'.' r (298 K) $c I-rl 'i]-l JisYl (O, JJ+."S)I J+r+r

AH;(O3) + 0, AHi(O) + 0, AHi(O,):0
:OJls.^n,.J" +sJ Oj;.Fll (l

(298 K) $c IJI ,iii-l -.rtsYl 
,',ri1;l J:6+r,(diamond),rUij(graphite) c+l>

AHI(C, diamond) + 0, AHi(C, graphite):0 ; rJi i+ l:r3 ,:.rt3 63pJ-i.;j
, :aet b

: t++ !.u! 'orL 6Y +-:s:lt ilrh-o tus Cf+
.U +-6:lt'o_.:l>.:\,;l rl-/l'o.rUl g* d-:^E d i+:titt'orlJl (l

o.ra g3S Ji!J+ .kt UFlt 'o_.ll> rlrll rl_./l '.rlll ij S^ll J,-U,ll ,=a iJcliill rlll (Y

.a;-SllAJLJl .,.i ,.oLull

CO I OJ-9S5JI 
'o-ll-t=,-r1-.,=l JEll &Uill alrri."l aS.J Y X-!

C(e) + ll2Or(g)-+Co(g)
.agjli ,',..'rl3 aJ- alL=.+ 0A tr+lJt dL= # JlJSll rJ) clr,

, aF.iS aJi*i

: HCI ''++-r-,,++ll +-.r:lsla;r$l;JlJ'= (\
Hr(g) + Clr(g)----+HCl(g) AH: - 925kJ

: H2O 'UJ tJtJslll 'oJlf (Y

H,(g) + U2Or(g --+HrO(g) AH: - 242kJ

: co c,r-l+-,r$l +I"sY aJsll;Jl> (r
C(s)+ ll2o2(g) 

-+CO(g) 
AH:- 110kJ

: COz JlJSll +I"Si dB d11r$ll'oJlF (1

C(s) + O,(g) -->CO,(g) AH = - 393.5 kJ

: FeS II +i=ll +JSl drJ-9SJl;_.rl> (o

Fe(s) + S(s) -->FeS(s) AH: - 95.4kI

: C:Hs .t!-r} iH-9nll;Jl> (1

3C(s) + 4Hr(e) -->C,H,(g) AH: - 104 kJ

i

a





1\

: NH3 (S-rYt) ;:lJnJl arcF'DJIF (v

1/2N,(g) + 3lZHr(g) 

->NH,(g)
AH=-104kJ

: CuSOa (-t,l-j]l cjqJ.6l dD-Fll'oJlJ. (A
Cu(s) + S(s) + 20, (s) -->CuSOo(s) AH: - 771.4k1

,jrrJ.J-rlJ l:lUgIl3 Jr..Lt rr AHi {+S:t r.l:Sill 6yl-.;rr : (t) J-l+
Formula AH" (kJ/mol) Formula AH" (kJ/mol)
rf(uq) 0 HF(e) - 273
H(e) 218.0 HCOr - (ao) - 691.1

Hz(e) 0 CFIu (e) - 74.9
Na*(e) 609.8 CzH+(g) 52.s
Na*(aq) - 293.7 CzHe(e) - 84.7
Na(e) 107.8 CrHs(e) - 103.5
Na(s) 0 HCHO - tt6
NaCl(s) - 411.1 CHrOH(L) -238.6
NaHCO:(s) - 947.7 CSz(e) 117
NauCOr(s) I 130.8 CSz(s) 87.9
CaO(s) - 635.1 HCN(s) 135
Ca2*(aq\ - 543.0 CCI+(e) - 96.0
Ca(s) 0 CC14G) ' -139
CaCOr(s) - 1206.9 CHTCHO(e) - 166
C(g) 716.7 CzHsOH(L) - 277 .6
C(sraphite) 0 Si(s) 0
C(diamond) 19 SiOz(s) - 910.9
co(g) - 110.5 SiF+(e) - 1548
Coz(e) - 393.5 Pb(s) 0
N(g) 473 PbO(s) - 219
Nz(e) 0 PbS(s) - 98.3
NHr(s) - 45.9 CI-(aq) - 167.5
NH+*(aq) 132.8 cl(g) 121.0
o(g) 249.2 Clz(s) 0
Oz(e) 0 HCI(e) - 92.3
Or(g) 143 Br(e) - 218.9
OH-(aq) - 229.9 Br(aq) - 120.9
Hzo(g) - 241.8 B12G) 0
HzO(L) - 285.8 I-(g) - 194.7
s(g) 279 I-(aq) - 55.9
Sz(g) 129 Iz(S) 0
Ss(rhombic) 0 Ag*(g) 1026.4
Ss(monoclinic) 2 Ag*(aq) 105.9
Soz(e) - 296.8 Ae(s) 0
HzS(e) -20 AeF(s) -203
F-(e) - 255.6 AeCl(s) - 127.0
F-(aq) - 329.1 AeBr(s) - 99.s
Fz(g) 0 Ael(s) - 62.4

a





:j;l*ll gr-tsrJl ,lrl.re dC* o+ el5r)b
.,Jt" i;ijJl yLrll gsjSi 611..;s ('\

.'.Jl!l ,rl+_.rr cE -r,c I;i- qe31j (Cu(s), Nz(g), Fe(s), Na(s), Clz(g), Hg(L))
r-j},,,I[tl e+ U-rYl oJ.:tic 0- c+S-,;,.]l +:S Oi ,.ri+ l:a-e ++lU.tl-6It-o-.ll-r= +,- (\

.;-,rl:J
.gJi--ll u) cIr, (.Ib) IJI i]-l -#i OrS ;-1t 

'--ll 
rlt L6..,;F r. rrl I ,-ill 6l-SJ,.il (f

j 1.S4+S-,.l i Alilil r-Lr,ll qJtlt sl;ri--ll L-r- dr dii eLill c,S-,;'.X ,J-1l-nlt

(...cH3oH, cHa
: (+S$s ,='-. J) etill +!l oLn rl-.,y aiilti^ll i!lJ..ll o:l-.,1 l.]s ( i

NaCl(- 413) > CH3OH(- 238)> CCl4(- 134)> C,Hu(- 84.5) > CH4(74.9)

: (+SrS 1.J*) t$!l c.,S 
"E 

l-K a.-l*ll eiu.ll drrlj u\<

HI(+ 26)> NOr(+ 34) > N,O (81.5) > NO (90.4)

aFl{l #tsiJl o.ll.p sLo

11 11 jljro

C(graphite) + Or(g)----+COr(g) AHo: -393.5 U:Jl3l icl-iilt'.,tr:'I

arirSjJl ol-ll-,ls. L-r+- rgrq (.+Slt 
"Jm)t 

i J+]JI) (or") tl-Uill &uill ;-.rl-r= e+-r

rilcliiJl rtlt 6-;J 4J-Sll i,JJSill d.rl-,1l-.p L-r- a." L=r-.,1l. i+itill rtj,"]t 6r.-.1 4J-Sll

:,'!-
&lnjl6_.rt-)= : AHo

,i-i[;rL.s) c.,Vlt rrc iflp
.aJcEL'orL g;Y crYll lc I rrR

,i-ilJl 'orUl ;* r-l-l dl dIJSJI 
-o_.rl_r= :(AU;),

.alc,U3^ll 'orUl U^:=l-l d_rl AJS3JI-o-rl_r= :(m;)_

C(graphite) + Or(g)------+COr(g) AHo: - 393.5 kJ : &tiill dli JBt+_r

: .j! 1-S ALGL'orL 6Y drFJl 'rtl-r= ri ,.1c.U::t 'o:l-r= .-L,,= uS^J

AHo:[or; (co,(e))] - [or; (c(graphite)) + lH; (o,(e))]

- 3s3.s t<l =[nH;1co,)] - [o + o]

- 393.5 kJ: AH;(COr)

COz(g) ..,=S-*X iJ-Sll Jl-gSll 'o_.rl> r=e:UAH" i;-Sll &liill 'o:l_r= gi , .l+ t:a,

AH" : Inr(Mi), -In* (AFt;)*
L--

Products Reactants

(





AH' :f n,(AHi). -ln*(AHi)*

-Y--v-aH":[AH;(co,) + 2AH;(H,o)] - [ory cH,+ 2AH;(o,)]

AHo = [{- :e:.sy +z(- 28s.8)l-[(-74.e)+2(0)]

AHo=-890.2kJ

CHr,-*,, ,rttjI:
C(s) + 2Hr(d-> CH, (g) : kJ ir=-r+ Ol3;.}l tr-lill aD-FJl 'otl>

(H : l, C: 12: 4JJJI tKll)

d.ll

&fn it aj.iEll d1;3$l 'o-,rl-r= qr-r,J +.lll 4J-Uill JJ-9SJI 
-r:l-r= +1."- ili..,Jl ,.,!,,,lLJ I iJ^

.;rLll ;* r=l_l c)_r

: dr)y ;l UJ-j JS!_r rgtilJl Ly I g I +:S:ll i-.rl-r= 1r.rl^. i il'lJl ,rs,

,r^,, :3''
Ln4 

Mwcno

n^',:- l8
Ln{ (12+4 x 1)

nar, : I
l6

n.r,: 0.0625 mol

: OF,rlElL.s

14,

lrYy {H*

CH4G) +2O,(g)--+COr(g)+2HrO(L) , JBI AI{" &tilll 'o-)l-.;s 

"'"'-l
: .r-6Xl *;lt5t ;! LIc

AH;(CH4(g)): -74.9kI

^H;(o,(e)) 
= 0

AH;(CO,(g)): - 393.5 kJ

AH;(HrO(L))=-28s.8kJ

Jrlt

: &ljlll .Jc a-D,ll J+,1"1,

CHo(g) + ZO r(E) -+CO, (g) + 2H,O(L)





0.0625 mol (CH4) -----+ - 4.675kI

I mol CH, ---+ AHi

AHi : -4.675kJ x lm/l : -74.8 kJ/mol
0.0625 m4l

lrty jEr
sc. iiLti-ll aiU.ll ,.'.,,-ti (- 413 kJ/mol) .9rLj trJJi-ll +t3'l( DrS5 aiU ;i c-,^t tit

2Na(s) + Cl, (g) 
-+2NaCl(s) 

: NaCl A 20 g ,JJF
(Na: 23, Cl: 35.5 : 4JJII Ll'iSll)

J.Jl

w,

:NaCl

h : ffiNrct

"Nact M*"ra,

20
flNucr: 

@ + 3r,
20

h=_

"NaCl 5g.5

flNucr= 0.342mol

U 20 g (r)3r ', r"'- i

: OF Jt:Jt..l
I molNaCl -----+- 413 kJ

0.3 42 mol NaCl ------+ AH

^,, _ (- 413) x (0.312)
ar I - ------l---

AH: - 14t.2kl

1ro; iJt&r

cH o (e) + 20 2(e) _+ c o, (e),.Jd 
[?, j}.f,fll"r;*;

(rur; 1cH, ): -74.e,AH; (co, 1: - zsi.s,Art; (H,o) : - 2s6)

Jdl
AF1 = !lHi(Products) - ) m;6eacrants)

or: [(- 3s3.s) + (2 x - 286)] - lt-ru.1+ (2 x 0)]

AH = [- e65.s] - | -t+.el: - 8e0.6 kJ





Heat of Combustion [ljs}l iflrr tf . .

L cSJ^ ry s=l-r cj-r ,3lfl gn (ailtu^ll) Li. lll 'DJlll Sq 4J..Sll dlJirYl 6-1l.,;r lil '
,rfo-.-r. .- iuVr ,-* ,>:) i,J+."sYl u. r+ J )^Ls IllJi=l iJ-$l 4ill- ;

.(1 atm) L;.-br(25'C)
ft 

(or:) a* otu ,jl-i=)l :'+ilr ,iJlx;Jlll 0i '''J-r ' (on8) -F-'\ '-31-i=)l 
;-rl>l v-Er

.Uu oF
&,ii ge- . grl+tg Ogr.f sJs ,rti{ dJl ll+ll !bi&l

+I"Si .;E -tis eix l4!, )-tS GlJi=l Lii a++r;r;r: ,-.,-l+-f & +:- .,l]l rl3*ll dlJi:l $c !
.otJtj (COz) ,-,,r_6ll

,-,+-l-.,+ell: ..t-r+-,rSll g.= dJ-iJl (L9lJ3=)l &tii) &li3ll ,/ *-s a-.,.s iu+.sYl '+:: cli ','i;-t
.oL: r-,r:+-,rSl, 'r'"ti,"/U Jl ,'

: 6gljrll c').eti:l ili"i '

CH.G) + zO,(g)----+COr(g) + 2H,O(L) AHI = - 890 kJ

1S

c6Ho(L) * !o,(g)------6co,(g) + 3H,o(L) AH: = - 3268 kJ

CH3CHTOH(L) + 3Or(g)-----+ 2COr(g)+ 3HrO(L) AH: = -l367kI

K)&.trs..Jl.ll 6-.rl> eP: (r) cjs\

substance AH'C
(kJ/mol)

substance AH'C
(kJ/mol)

Carbon. C(eraphite) - 394 Formaldehvde. CHzO(e) - 5',11

Hydrogen, H2(g) -286 Formic acid, HCOOH

Acetic acid. CHTCOOH - 87s n - Heptane, CzHro(L) *-4811*

Acetone. CHTCOCHTG) - 1790 n-Hexane, CoHr+G) - 4163

Acetylene, CzHzG) - 1300 Methane, CH+(e) - 890

Benzene. CrHrG) - 3268 Methvl alcohol. CHIOH(L) -'127

Benzoic acid. CTHsCOOH(s) - 3227 Naphthalene, CroHs(s) - 5154

Diethvl ether (CHrCHz)zO (L) - 2751 Nicotine, CroHr+ (L) *- 5974*

Dimethvl ether. (CHr)zO(e) *- 1454* n-Octane. CsHrs (L) *- 5451*

Ethane, CzHo(g) I 560 n-Pentane. CsHrz(g) - 3536

Ethvl alcohol. CHTCHzOH) 1367 n-Pentane. CsHrz (L) - 3509

Ethvlene. CrHa(e) - t41t Propane, CsHs(g) +- 2220*





Amouni lrl cncrg)"
necdcd h) a.'litotc
lho torwnrd rclctiol

Rc3clanB I'rodrruts

ol tcactirrr

Fig.6 : The difference between the potential energy of the reactants-one mole of CHa(g) and,two
moles of Oz(g) - and that of the products --one mole of COz(g) and two moles of H2O(L) - is the

amount of heat evolved in this exothermic reaction at constant pressure, For this reason, it is 890
kJ/mol of reaction. Some initial activation, for example by heat, is needed to get the reaction slarted
ln the absence of such activation energy, a mixture of CFIa and 02 can be kept at room temperature
for a long time without reacting,. For endothermic reaction, the final level is higher than the initial
level.

a

:
,l*

: JlSl cJti^ll cr" e^:+ t.S ++:S;_,rl-r= .-rL.ol L C.IS-I. ,jlj=l -o_,rl-,1= i4! 
,lrr';..,1 iSi+,

1rr; jEr
'o-rl-r=4+-.rr s (- 1367 kJ) g;Jlj (C2H5OH) 

"t&yt 
d*Stt ,-3l-,,1*=l 

-o-.rl>;i ,',J" ljl
.ftj +-qS.l-,rl-r= drils lil .+-,,J1 o.:a $c ql:)l o r-l-rc dr 4+JS 6-,rl-r=,.,.,,-t,s (298 K)
AH;(COr) : - 393.5 kJ/mol, AH;(HrO)L: - 285.8 kJ/mol : L^a oLll-9 LrlJsll 'i..'<i

d.Jl

: d &liillilrt -
CH3CH2OH(L) + 3Or(g)+ZCOary(B) + 3H,O(L) AH: = -1367 kl

;i.J:l=Jl J+tiir
AH" :()nr(^Hi),) - (Ir*(aui)*)

products Reactants

:&ti:ll ,,-Ic.

-z/ ' v -





lz ryt@tve Lr.u- t - - -' .

-1367 =l-7 87- 8s7.4] - [AH; (CH3CH'OD + 0]

-1367 = -1644.4 - LH; (CHTCHTOH)

AH;(CH3CH,oH) : - 1644.4 + 1367

AH;(CH3CH,OH) = -277.4 kJ/mol

lrry jEr

oLJl: t-.r-r+-6ll ',J."<i eE ju e.J,*'S)l ,v 1|"S,"f (C2H22O11) ''=-'L-lt JS-ll L'A
: 5626klimll r"-rr-,i'oJlll dr tJ"S JLtiir '25 "C 'o-.rl> i+-.rt $ dllir L):lJl

C,rHrrO,,(s)+ l2or(g) ----+12COr(g)+ llHrO(g) AH: - 5626kI

.,.,1. ll S-Jl 
'* 95 g ct-r= dr i+iEll 'DJlJsll iy( ' , ""-l

lC: l2,i: l, O: 16 : !;r:Jl &slt o! t'b)

d.ll

, C X c.,Y-r Jl drLlJ+lt,'rs-Jt1Ys dJ-'
mc,rHrro,,

Ilc,rHrro,, - M-a"r"q
95

t rcrzHrro,, (l2x12+22x l+11 x 16)

95
ucr2Hrro,' 

342

nc,rHrro,,: 0'28mol

l mol.,rrrro,, 5626kJ

0.28 mol--->AH

^rr- 
0.28 x (-5626)

orr 
1

AH: - t57s.28kl

. ,',Li -lElL o.9. g

I

,l*

t





r.r.liiJl 6rff (* 6i$l rJ.llrJl

.&lnll clJi l^:jc + ,,3l -i, $ll3 ,gl'cl-ilJl

(cr1E .hi; ji

4*$ts ileUi.lt rljrll gr #J 4#l+JJdl aJLrJl (r
, C.iigiJl

(E{E liiCi rlli re+r; .FtiiJl hrir .:,q g.Il righll 11

.dJljli & 1.l"j.,i: sill .-l)clilll all.= i..J#S 1t-i 4l a[Ul hAr

L: .. ll t;_-) J+X t._iL fiJiill .,'li1; ;i L^l ,,',ili !i; ,''-i ,-sJ.i dl ijlJl +tbill .,ss

,..Ji6llJ .tAE .+_,,81 -ti.--bll 4+b ,+ oLi) d &Uill (:, -J ,i ,ic+E -ti-: :i-i r=s-,+.)l

el-l ur (AFf) +tt>:l Lrri=^ll d ,:>dt .lt .rj-: ''' r[ L: ' ]rc + &tnJ,J.llFl

JJ+ r9jill .rJl c+U FS Jjc + &lljj gtl-nJl uillt csj+ L.+ .alLilJl :l Jl-e &lnll
.abtii ll :ll1!il:.ll crlllLll L_r+ _r &lnll AilJjl4ililJl gtltlll t-r-

: Olr (AE) -*-,1! arLlJl aitLll U;-1 lSlj

(qu: AE) ' ''','ll ,+: $c ''Jl!l

(qr:AH) '''iE L: ' $c 
"Jl-Fl

el:.Q._r LJ-! tL ) iiii x) L e 
Lr> Ct a-il,lt

, ,trr-

!i;Jl ;p
FJI d u*:ll :AV

E{E ,.,-l . r 6.Jl a+-ll j '}xll gl-i ,-tii a-Bl- Ji irl- rl-:r. 
"Jr 

d..lJ Cl dr)cl-iiX i.r-rlt+J. .=' l'

-ti--bll d,A C t-) (AV = O) , u\ ql,e.lL"al nS.J tji i+-,,J iri f LJ"'r'o:tc ;3-S.)ctjill
(aH = nE) : rt!-s \iir-r ( I.+ I-,,$

YJ IJ+S FJI '+ 
+;Ult O+! LILJI ora *.s +rF rcrljl-c .,.Ic 1l3.$: .,i!l cDctilJJ i,..nltr Li

: ,-j, Jh -ltXl ;i e-Hs ralLal i'(+
AH=AE+PAV
AH: AE + P(V, - Y)
AH: AE + PV, - PY

LvJ

Products Rcactilts

AH: AE * nrRT - n,RT

AH=AE*(g - ] )nr
Products Reactmts

AH: AE + AnRT

.!ii 4JjUJlill.=ll j;r3;jJl3 i.lcEi.ll rljJl3 elCl crY-r :l:'i os J*i5ll dii (m) e+

| .,

a

t

ar\

AH:AE+PAV
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(o-:.rUf 6).cELll crY-r .:r-c s3l4 a+jHf elrjll 6Yr''ll lr ,ei; (An = O) O,S; Lr"-l
. (au : ar) : cJr

ibliitl rlgll;;C 1r

ert_.)l-Jsi , ilcli34ll :lll el1x 6^ I+r-A i;-l-r33 (ij,ri:t ,i a.-:-tt; &uill 'o-'rl> 
'-r^"Eii

..r^ iiff-ff ,i i.;. tt ',JlFl crl-+^S cricl-:i 3i crrt; , llcliill rlll cr!"S '''i-l-51 -ri

.&lnll

si*s JU'

UrtJI G+ (68.32 Cal) Lr-1S -o-.rl> 4l.S ,jJlJ dl-i rcl+-e;r:e lt U (2 mol) ol;F=l r:'
2Hr(e)+Or(g) ---+2HrOQ) AH=- 68.32Ca1 :UBl

l,a-.1r!;-,1l-.;,= i+"S 
"+l]'.,i 

4jF (4iilJl a$ll ' i- " ) .l+-i-.r+dl J- (4 mol) ot-!=l $c l-i
: 136.64 Cal

4Hr(g + 2Or(g) ---->4HrO(L) AH : - 136'64 Cal

;Jl L=llaJ^s. i,-.' ctF.r+-r-r-\#f .r^ (4 mol) ,jli=l .r.rc i:iltr^lt6JlFl ++XOi .ri
e, I .S ,+ .ilJll &Uill 'o;l r-.. Ji ,S-9; l.a-r ."u+-r-.r+dt .x (2 mol) ,jJj=l '!c ailt-ll

, .ilcl-ii.ll rlfl
4fUJl9 3&llill rlgllOe ,5J d+lgdliltrll tr

t'_,rl-r-lt J+xll ,;c, J+S iil l-sl i+u ,i alrui,-'it! el3s;rLJ.l+rr:t9;ilI ill.ll LJi r=.3 ril
.&lljll ,.,-l*llJ s:LJl

(rr+aS dU.

rx i+X .:cl-:11 ,i!Ul LltJl ,+-! clJl g;;Sl ;53-1+*ll jlcJ aU+JYl jl; &Li: r;
;r;Jl3l crYrl--Jf LJ. e--i: t-S 4;jtJl A.llJt .=-i cUl uJiii :r. iiltill el51.p JlSi''Jl!l

Hr(g) + ll2Or(e) -->H,O(g) + 58.0 kcal

H,(g) + rl2Or(g)----)HrO(L) + 68.0 kcal

.qjUJl ilLll Jl a-ElJl dlt- u. ;Jsi.ll clJl glrr; i l-a.r,; .!;il1 '-sll(i"'l ''''r-

802 kl
tt90 kJ

(.o,(g) + 2l{.0(B)

C02(g) + 2I{2o(l)

Fig.7: This diagrarn shows howthe value of the reaction enthalpy depends on the physical states

a product. When water is produced as a vapor rather than as a liquid in the combustion

methane, 88 kJ remains stored in the for every 2 mol HzO produced.





L^6+ $Jill3 .dJJ-'Lr"ll d+J$ll Gl-F=l'o-.11-> Ue r+Jt c+JSl ,-31}.=l'oll-,1= ' ili:'i dUS'J

.u'.SJl -ei ,..e-;j;*ll Jl .si$l d+J$t d:-'otl-,;s' ep 6-!"

' tltrrll ssJlgi tlgCl d+r9iJl olpl 1t
;JlJ'=Jl 6ls.tr eJJ .5J Ll+ ,lti i.,rll l<ll.l4Jt+-1;dl ol-r+i:ll .,lc '.JlJFll LFl. iol J'.-liJ Y

.r.. ;i
'orl-Jl g. r-13 pl-.p. 

-o-.rl-r= 4+Jr ej L-pll 'UlJSll ig( rr t6i! ilt-l41e-',rlt lJlJsJl .iF_r
t;.l-Fll t+j+ll 9lj3)l rxl*i *-b dJ+'orlJl # sLrl ..,-ll Oi L+: .116r-:.13 a+g i+l
'*2;.2,, a+.Cl -"Jl!l u- 6tl+ u*: ,1+j+ll JJlJslla.,-.,J| dL",j-l i)-Jl crs (cryyft;

.'orLIJ .ra;rall Oj_dl .+
s-lJ+ ctp)+ i-,;l_:,= {+Jr ej L_pJl 'oJl Jl i-r-S,' : t#t+ 4+j+lt !.,1t_,plt ir..Jt .t-,;,*.,3

,y' a+-ll>ll a-*Jl 'ar-:j3 ."6ljr-ll 'DJl !-=ll i5-.1.) r',. -o:-=13 ++;- i+l'orlJl i,- r-=.13

.(J/mol "C) ,i (Callmol .C)

: + l-S t1-!-,,+tl_.,J1 L-Jl dtc, u+:ll iQ3
c: q

dT
;31*ll ,',r:- .,, lSLi .,-'il3+ ri o+u,ess ria (4+l!l) i+-hJl a+.ll_*rl L*Jl c,r+J c6-__l
JS-J (Cv) ,'',,[ -ss rt t+j+ll 4-JJlJFll a,-.Jl Oli .f 1jE I 6 i- la:-rc dp+ r-!rj'!. ,., -i

t^S t+!_r l.6;r 
-U+,ill

.d:jlihll i-6lJ.Jl ;rt-r_lri a--L^Jl 'oJlll Yl (Cv) ,',iEJl FJI $c 4JJlll i,*,Jl Lr_jFj y3
;JlJ'.ll ,- ,rl fu*y'* ,JJ-i W) (Cv) ,y Jisi er# (Cp) ,-+rj L:,.' rie !tt_r-lt 4*..Jt l-i
4.-.Jl f ,rSi (Cp) ,',rlj Lr .' tu a+-,,t-=lf i*if OF .Jr:fq, .*^lJl i ,.J_rr*lf dE jilt JhL;Jl '.ll A+_,,. e6j l-r i. 3r ^'ill d cj_.rl+ll dliill Z.+"S ,t.i* (Cv) dttj ,s: r ia qJllf

.'or=13 !:- i+_,rr 
-,,11l"+

dF JSi i-rX r'o:tJl O* t!,- iJ:S;rt- a+_,,. C_! e_* ,.+Li L.,. r.,.;[ , 
"_];_tr*=,

: g+-i 4!LJt ilrl-Jl Jl-i AT ,Jc. L-Gll_,r
AH: AE + PAV

AH AE PAV_ =_+_AT AT AT

a

t

' 
,F (c,: ffi ) 

: ,ri a=-r)'(*=#

(\-9v-laEl -aE"v-dr-larl,-dr
,-,.,[ L:.' Sc a;_21_.,!lar*,,J| Li

t\_9p_lanl _rur
'p - dr - l.l,- dr

.,'',,[ ,- e e_] ojll olE dF JSi-oJlll
: ,Ji r+., ,jtc O. r=l_l cjd Z,r^.,jltrJ

AH: AE + PAV

a





Y

;

AH AE . PAV+-
AT AT AT

PAV
Cr: Cv+ 1,

: ,-j, slj6!t1..=l-r d. jUJl g3l1-! u^3

"Y" j^-!! CP/C, i'uJl;;,

(16) JU.

.,-,.,,-f.,s ,2.98 q*.;,,;-,1rllq:l.i eljlJl Cv 4: (R: 1.987) ;i c''"t' trt

T(+ C'(i
rl.ll

1i

Cr:Cu *R
cp =2.980 + 1.987

C, = 4.967

(+

v- =1.67
2.98

PAV =RAT

PAV_-
AT

Cr=Cr+ S
Cp: Cv+ R

C, -Cu =R

a

(R : I .987 Callmol K : 8.314 J/mol K) #l 6ljlill.d+E I R '
a+-,,l-=ll i,*.Jl 4^t, * ,Si OrS *g -Ur.. ,it ,Jfi. -,,U dr r=lJ ,JrJ +-,;l-r=lt c'-'Jl Oi uti

.R-.1l& '''ll3 C+- $c +!
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Heat of Reaction Measurement : irlirill 6rlp 
'ftli

,lfirlP url# gfu r#lsltdi;ill Or Obgi elUe

.++-l*-.F-r-.,Xll :lll .-3l-,,1'r=l i 1-S 1..+tj ;g' J=;Gll) JlJi=)l dl)E'lii (l
.:clyill_e ,91"=Yl clrl-i o)-clj3 & 1c+U L' .' .i') Jlii=Yl JP r:)-ctii (Y

.6*ll! *-.,rnr g-r,fr Jl L-n-.,Jt cIs-Jr (LelJ3=Yl c,)cLi3) LJ3Y! g..,Jl ,Jc Ii! -,rS,,--r

fl;rll 'irYrlii 
6llP ,rF

Jr*ll ,r-; L,lr-i.,,L cJJr3.&E -s Jlc LJ,,l,6i:L,fi ,jlJi- y a-;:: t-)l-=ll dJliiill
.(Bomb Calorimeter) (a-l-iJt 'l,*) (Calorimeter)

(d,+i"lt ,i a.::*tt ;Jl!l a:.S) ttt_Fl CJl 
'Jxll ** ,**-;I.=,.'."1j'dd;::

lil uj,-+,s*j-2:^Jl jl: l<ll &tiill tC I,j4*lr:'i*l u:l-L^ll ,.rf;f ;l,*ll f9r:-rs!3
aiLtl^ll'oJlJFll ,yt=tiJ e:.i-1 a.l.l.lill J'*J .crE,+- $c + ei ,-+UL;.; :.rs p+ &tiXt 9S

..jl-F=yl ,:t$"c, ,l-ii ;
FrUlb+ &S

: qJ^ (\ Y - A) dts,i)! yyg t^S -'orl-c g:l-r=Jl -F-'"lt UJS1J

.eEYl hA 6-tls 3i cJ=l: r-r.;JlJFll .;-,-r eli A I.+ !-,rl> \* d:P,FJLi. eEl (\

.9rll el.,ejJl q '^'J 
,',r- 3{!! dJjrl L}'- otJl ,-r^ q:,- 1l"S cr}JLiJt eUYl lra € ee:

.&l5ll ! iJ-
.;JlJAll +-JrJ LJ'.,liL (Y

.LJI-.i)U-,;r:" (\"

.clJS- (f

Fig.12:Abombcalorime
occurring at constant volun
and taken into account.

I nsulu(c.cl

0uler
ctlnLainer

.Steel

corrtailer

Sumplc
dish

Stcol
honttr

'or absorbed by a reaction
ignition wires is measured

ter measures qu, the amount of heat given of
ne. The amount of energy introduced via the
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Heat of Reaction Measurement : itlJill o.rl.p +l*
, hfufP |Jrg 0* sFUl ctbtliJl s* gl-$ dJl&

.a+-,+JS-iJ+ell :lll ,jl-,;l=l # l-S (.+t5 * Ii;ll) GlJi=Yl dD'ciii ('\

.:cl3iJlj 
"+t-.=)l 

dri,j ci)cli3 & (.+ti L'.' .j.).Jlj=Yl J:+ (J).clji (Y

.F!q .=..,tifr lrrff Jl L-r-!r ,rli( olr (LJlJl=)l 6)c,ui) djYt 1!l ,Je .tii -5,,--l

*}ljrll .r)bl8 Srlf .#l*

Jr,*ll .=-J t^,1r11..,1-r dlll3 s,',,,$ F-s lrc g*Lli'o:L,#i ,jl-i= y a'*;:: o+-,,t-=ll 
'lJtcill

.(Bomb Calorimeter) (al,iJl ry) (Calorimeter)

Gi.,ifr ,i a.-:-tt ;Jl!l +ys) t-)t>ll dJlJrcill LrlJil r*: jk+ +ll>ll ''*lti
.4iil+4$l 6)cLiill ir=t*ll

lil d,-+ .g*_e-,:-ll ib:<rt &uill tJ.,l Ir43 4-lr:.i "1 ql_;Jt-ll ,J-)l>ll ''*ll L.r.++-l
:;if-UUf -,Jl!l ,yG- e& a.l.,lill J'*J .,'','tj ,ss $c + ci c+U Lt " :,. 3+ &tiXl 9lS

.,-!l-i-)l 6liloc ,$i ;

JllljLf &9
: LJ. (\ Y - A) dts-,iY! *y g l.s -'o:Lc +;-)l-nJt -p*lt e3fu

.cl-rYl lra 6-tl^ ji dil.:,-r'UlJsJl +-,r-i Cl"J,F It:+ L-.,1> 1* d-lj-,tsJl-- eUl (\
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Fig. 12 : A bomb calorime
occurring at constant volut
and taken into account.
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Fig. g : Diagram of a bomb calorimeter for measuring the heat evolved at constant volume (M )
in a combustion reaction.'The reaction is carried out inside a steel bomb, and the heat evolved is
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I C l" 6rb llirl af+ alJhill etl1rll {#lil uf
: cllhill

ol,r: d eis (WlJl=l 'o-ll> U'.,I+i slJ'"ll) eJc'l;1Jl 6rUl g" aI-\ ai:'- +*"S Ojy (l
.&liill

.cll- t^:.' ,',-i .,,J+.S)l jUC &ti3ll pl.c3 )-J (Y

.cJ3-1*^lt ,Lcrl i &Eill etca e;34 (f
ds-t- or-s d 6..j9 6rJl-e i-Er 'us-s-t^ cUl 6^ i!,- 1J.! ( ''*ll) &Liill eV j -sa (t

.LE lf
+:+ y a-ibi^ eLJl ',Jlf i+-1r ,-,r-F Ol ,J+i .-r (Stiner) (d>) LJii'r eLJl dr.1 (o

.j*ll ,lj|+i

.(t1) cFl-r (i+ll i-lt> a+-.rt) 4+l.:3;yl aor"-ll 'o-.rl> e;J: L!-i (1

,JJ6 ,sn..,) -osLlJ ,i,x5:r iiSJr, ,l ,.1UVt J; il-lr (L9l)=yl !l^') &Wll i+ (V

.(;:Lll ./ e3*
ir.j.-ll 6_.rl_> '+_,p 6$:_l {uF: }*.ll cjp ,-* &ti3ll a-rx aiui^ll '.Jl!l r'-3^3 (A

.(tr) ++blt 6Jl!l a';Jr d""i ri
t_r+- g,tj (Ct) l,lsll a+:l-r=ll a*^,,11 iJF'DJlJFll ,+ {Jl-e clJl 9" )S ,-li ''U- (1

: ,-,ri 19i elllJ J"-*ll4JJlll a*..J1

C,o,rl :Crro *C"u,

.a-=-.f,6+- l.S 41c-illl oLJl ;-.11-.pr,rri "Jl pLJl aIS so r-r"'-i, el^ll4JJlll a"'Jl I Cr,o





:,+Jli J,-.ll ;-.11-.p. a+-ll d ill;-.,/l ,-r''!l' Clli: LrLc =p63 tJ"'*ll q-.;l-tJl i*"Jl ' Ccut

.'oJlJFll il^ t3-r- tri;.S+ 4i;i-l

i;r!-.,f1 ,-r"-r (Ct) z'JSll qJlJFll A,*.Jl g,p r."''-i (q) qJ.ilt 
'i'i 

ailti^ll iJlll a''^S (\ '
; il.:LJl alrri..,1-, (tz - tr) ;-21-!l i;1

ri q:ct at
.t$lt t-1t_,,Jl i,*,Jl : Ct

.6JlJ=ll a+-,;r dr.3'lsJl lt =1, -1,, J

1ro1 jlie

'oJlJFll i-=-,;r d.r,r5-;Li ,pLJl v 1.2Kg & ,f-l^: (6)l)= =l*,J,tS &lii.s-Pi
.&tiill d,;c iJlll '.Jl!l ir^S '. '"'-l , 25 "C dt ZO oC dr

4.1g4 Jlg . "C d oH 4+'Cl 'DJlFlr 2.21kJl"C,.r' J,*X +tl-=lt i..,Jl O\ Lb

ddl

: tl$l a.E),ll+ all".lt 'ra dl=-jS^i

q:C, At

:,,,\L-;Jl;)l e^5 lnu ;Jld :-.1\t &tiiJl oi Lq-r

q: - (Ct At)

.;Jl.rJl rJl} Llcl.isll ;,iilXrU
;i-D*ll ora L+ g.al-f:ll+-l

q=- (c, at)

o 
: - [(c,,o 

+ c"r)(t,- t,)]

e 
: -[(ts , m),,o + (c.,))(t,-t )]

c = - [((+.rs 
4ltg'c x (1.2 x 10' g) + (z.zr x to'll"c)) .(2s'2q)

q: -l(7Bo 8)"(s)]

q = - 36154J

q: - 36.154 kJ

,Jl'aJl 
'sllaJ^S gJL,3 (q) cJ-tSlt 'o-.11 r-= riu+-, ,.r-t-i4+J!+ a:i--tt or-o A irs+3

g: _ (gr,o + g.r), u\ qlelll Lej.t,*31 6Jl!l a..,x hilj i*ll tG. 1ol

: ,+ w k# L.i"F dul!-,

j





+.".i,}. ll,J,l*ll

,-.Jti .rie &llXl6.,rle,y$l rsisllJrsll : 1) d.s,j.

a





,l*

o=- [c,,o]*[( q*)]
q: -[S x m (t, - t,;]+[c.r1tr- t,)]

e :-[(+.rs+J/g"c) * (t.zx l03g) x (25 -zo "cl]+[(2.21 x 1o3lt"c)1zs-zo)]

e =- ([zsto+]+[ttoso])

q=-36154J
q=-36'154kJ

1r1y jUr

(3 g) ,',-.' r lslr (C6Hr2O6) jrS*Jl jlJirl ei" ijiltr^lt 'oJlJ':ll gl,tJ;l aliill ry er.]+
S(,,elJl g*(1.5 Kg) eAqg.rllj,!i.-:c,'-iOc+."SYl+rJtrJl ',*ll =3 

j-frl+lt ,-r
.(19 "C),r' 4#l+Yl 

";l-!l 
i'-,,r

,,--ll-o-,l r-.4+_,rr ..,-s'ort+j &Li:ll ,,,J..J .,:ll.,,lt-r,iisll ,i+i*jltr &UiJl LJl:.ll ,iJi=l
(2.21 kJl"C) ,+ ryX !-.rl-.,Jl L-Jl Oi cr^Ic lilr ,(25.5 "C) Jt  il+ris-r

u/ os 4;ccl;Jl!l Jl+ ["Ic) j-6JLJl ur r=lt cJ-r r!> Jie iiltr"ll '.Jl!|i16(,.'.--l
.(4.184 llg'C)

' dlcl

iJSJbll ry (3 g) ciF 1,," LJ. tll 'UlJrll4+.s 0!! dfu.tJllli,*Jt C .3lJ6ill crc gt,.lt+

q: - 55159 J

' q: - 55'159 kJ
: cj.:t+.g:Jlj .:=13 J_r ,-t^i'iltj*ll ;JlFl +:.S Ol-s.JUl!,

Mw (C6HrzOo): $ x 12)+ (12 x 12) + (6 x 16): 180 g/mol
: JHI Flll ,,Jc +rl-,,- ifu (180 g/mol )

3g-----+-55.159kJ

180 g->q
- 55.159 kJ x 180y'mol-lq: 

3g
q: - 3309.54 kJ/mol

1rv; jlir
,,lc +-r-: crli ,+- rb qs d (CloHs) ,rlUUlt crs-l. 1J^ (1.435 g) 13;rr=l li!

.;i cr"L lr!-i (25.84 'C) Jt (20.17 "C) ,y 6.:;-,rl>11 4+-,rr ulr eul ur (2000 g)
, (4.184 kJ/g'C) ,l^ll ljcrill 'orlllr (1.80 kJfC) frllj (C*r) ',*X 4:Jl!l i,-.Jl

...,."-13 (c: l2,H: l) lJJl dEsllr

.#lffil r-r bl_r cj_r cllj=l i++x ailtr-ll;-1l;>Jl(+ .JlJLYla=,x ailti^ll''JlJFll 1i

drll

: a-6),Jl 6;rr ,.dts:lt A I .435 g ol-p=l ei" ijilt ^lt ;Jl!l i..,.S .-.,r ..,- l 1i

.(oUl3 j*ll d+ .l^ 'i..,1( Jl 'DJlll ii^S) - : JlJi=Yl i+::: ;:-fill 'oJlJJl 4:i"S

a

t





;

e=- (er,o +e.,)

q= - [(s. m. At) + (c".r AtI

e = -i[1+.rs+ J/g "c) x (zooo g) * (zs.a+ - 20.17 "c)]+ [(r'to ' 103 v'c)(2s'84 - 20'17)]]

q= -l+tua.se+ to2o6]

q= - 57652'56 J

q=- s7'6s kr 
.ddHl dr (1.435 g) dl-,,;l'l .J^ Liu (q : - 57 '65kJ) i^;iJ.t 

'ra.J

4J,s.!r=.,L1-,J;ls,I*' L =lr1i Or;=r u, iilLi"lt ;JlJJl i.,5 '-rt"'-13 (c;
- 

, oJtXr a-U,Jl elsi-L: crY-r Jl (1.435 g) c+lJt ld\iirJl

Dc,oH, =

1.435 g
DcroHr:

(10 x 12+ 8x l)gmol-'

1'435g.-o.ot12mol
n.*,.: iTfEilor

+ys ol.l cl3!: (57.65 kJ) kr. e+ wl-F=l ric (0.0112 mol) dJJ/l-ar +ysjl o:ra-r
7- u)'- 5 - 

)]ul .*'lr ;lfi,!,y5o:g}lil -', 
,J- H iilti^I -oJr-.,srr

I mol 
-+q- 57.65 kJ x I Eolq:" o.otlz vtol

q= - 5147.32k1

(- S. f + , I 03 kJ ) Or- #ltja.!l ur .sl-l c]-r .31-,,=l dr iJull 'o,lJ'sll irs! 15!

,J-r ffi "t- d'rLl=!i+ (.dt5i.i]l ,-* .J-r +vS ,-l' -+5ll! 4+iull ''Jl!l !"S 'i"'= oS^JJ

: t5l r 128 g .;r1-; ilJll.3i:Jl ,Y sl-r
1.435 g C,6H, ------+- 57.65 kJ

128 g -----> q

- 57.65 kJ x 128 g
o= -' 1.435 g

q: -5t42.3kJ

lrrt; jlil

,l-Jl ,y 2000 g .,Ic. +-l-+ t-41i 6- rrc u* u/NzH+ +jl-,rqll J'0.01 mol ,j-,;rl=l

,JJt; ,-..-, a]rr;r L-,lr ;ri cdc. lrLi ,23.3 oC ,)l ZO.1 
oC u" C''> 6-,rl-r.ll a+-l: ol-l

I ,-r.,=ti 1.6 kJfC
.jlj-yl '..+il 

aiJti.ll'.JlJFll iJ.S (i

.gcjl-,rr*ll ur^ r-ll cj-r 6l>=l ;'+i! ai]tr^ll -oJlJrll 4*.s (9
.(4.184 J/g'C) ,lll lJeCl 'orlll '(H: l, N : 14) !!t clslt

I





ddt

1r1; jUr

I 4+J:j 43LL..lr iJlJEll 4r.S (i

- 3189760 J 63u irJilJ+{Jl cr cjy dli'|1+# lil}u ll 'o-;l;nJl tys (t

JF*"ll r-tK: c+E FS rrc -.,1n*",,s OJ+.SYI U. J+ d CH+ Otj*Jl ur r=l-r elJ+ LgJi=l til

i,*,Jl Oi c.hlc liti 30 oC Jt ZO oC J. e> 6-.,1-,,J1 i+-.:J ul-i eul J^ 1200 g ,+ ,JA
4.184 Jlg"C rl-X 4:;'rill 'oJlJ.llr 840 J/"C g;rlj ''*X q:l-*ll

,-!l-F=)l A-rij lil-ti^ll'oJl-iJl,,'"'- I (i

.,lE+.ll cl :=l-i Jj. ,3lJi=li.++:i iilt.rll;Jl!l ',""-l (.J

drll
- 58608 5 : gril Jl ir .t ls el-1;l dlJi.Yl 4i=iij +itlrlt 6Jl;'all (i

- 937728 J : OrlJ 'tl c.r r.l: cj-r cilAl 1++x ;il}, ll 'o-ll>Jl (+

(t.) dlio

uLS lrtA ,1769 J/"C Ul-.dl 4i-- -.;n*.d 0.1375 g kiES Mg rrFill rt- qp c..,rii

:X'd':S :ffi ;:j -:H i'*'t, -*, j*** l

4.'4"r;=ffi#ldi
di{l

: - 246.69 kJ : +l-r+ll

1t 1y jLi*

a:r*, c+tj --s $c -r,* ,J c.'!Ji=l 128 glmol ;+-xJl t+iJ !J.:c -orL ;,. 0.5 g
,)l 25.3"C uF;JlJFll i-=_;: cr,-i3_;l-i elll u 1200 g .J. +_r*: 1.6 kJ/"C +_,,1-rll

27.4'C
4.184 Jlg'C r;rlj elll lPr'ill -,Jl!l 

;ri ''' l' liLr

, '.,,-l
Jl-F=)l 4++ aiUt^ll ',JlJrll (i

13903.68 J : +ls+ll

4J-.G,ll 'orUl g^.:=lj d3 ,-!l-i=l i+JX allLll -'Jl!l
3559342.08 J:3559.3 kJ : +ls+ll

.a





1f ry JE*

a+-,rr d LE-lll ,.,."-li ,I232kcallmol t' C,oH, Lr'i"Eill qllj=l i-.rl-p 6i c''"t' trt

-.Jl!iOir-,c ruJEilll UO.242g u6;r=i lil !-- €br-r 'L 1'025 kg 'o-1l-

.!;! etll 'otl> 4+Jr ej r't or-i 'l i+ilXl

(H: l, C: l2,O: 16) : !-.,!l d:Slt Oi+ t^b
(l call g"C) r,e3U,LJl 4Prill'oJlll

dct

: drY-r Jl klr-i r+ #16l U0.242 g LelJi=l dr i+..tjll-'Jl!l q'S 1:i Lr+"sj

ffic'oH*
ll^ rr 

: 

-

urons 
Mwa,or,

!

0.242 g
ilc,oHr:

(10 x 12+8 x 1)

0.242
ll^ ri

"":,:,: 
,.f: ro.3 mol

1 mol C,rH, -+ - l232kcal

'1.9 x 10-3 mol C,oH, --+AH
(r.l* toa mll,) x (-tzzzkcal)

AH:
lmgl

AH: - 2.34kCal
: 19i rLll .J,,9,J. r''' irl ou 6-,1l.,pJletu.S3

q=S x m x At

2.34 x 103 Cal =1l Callg"C) x (l .025x 103 g) At

At=
2.34 x rc3 CFI :2.283'C

(lc4llg "C) x (1 .025 x l0' g)

: 0F,rJr:I+-,

t

I





€,{[fl' 6_rlFl rJ.L{ rJ.+a egili
Hess's Law of Constant Heat Sum

,l\
,.u OF :ii rd.r).c\iill s-rltjj)l rh+! ct-lre r"il- trll-i ,-rl--:ll ,;r-+ dJ#U+Sll ,i-h
a-rll. , a+jlt^ J#l tilSll 

"r:.*r 
eS ,i \i-l;: l.6r- '''' 'r dl t*lU I+ a\r" i:)'cliill

.qltsll cJ).cliill

: ti#+ tiJ;s, LS*,S Jr{ ':+F 
i.,.r -'t1 iJlJlll {5 '-tu ''t r-'tl O..rE fq

.aj-t-,;: -,;$i '''.r-.' &liill +$ A (1

.4+-J!-ll llfl ,,,iI=., k* +-:r-r Uc rl-f AXI "J+8.:r)stsl.-:rr= ri 1f

aSl-: UJI JLJI ,rJc '' &.j Y a:^$ .ei; lt-tt eE ,F+ll5Yl d J+*xl ,_t-.lS y i4 hAr

.(++t+ilt iltJlr +lqyl aJJl {Jc r&i t^llr &liill
f(.,l.,.^rt ,Jc,.r-d.r y aiolJ iJrsll gri (AH) eJuijYt ,l t+lt 0i .+ Ci.e (u"

' gti,,l+a OytSl filL-l

AHo:AH, +AH2 +AH3

#;r-r ,l ,.,rr ,s>l;-t^ (A) Jl J (D) , (c) .(B) * (olil lI f;t...s;
AH, + AH, + AH, +(-lHo)= 0

.u"gA LJ}E G: AH, a AHz + AHr LJ - fJL-j AH, OY

\-,

: gr;0 Olli gi
-. +s d)i'.JJ!- &liill ,i:= clj*,4i11i+ ,JJtj Jt - ,t!*1i &tr31qlsll &tiill 'o-,;l r="

.'rd.rl Joill rF rro gDi ji i:=t,

rdr.rri _.1lrL dl+45 &tii ,JY (AH) JljJ)l ,./ J}ijlI uLi ,'oJl Jl i+-r:: lGll ots-.i."

i+iLnlt alcr;i Jl rlll o_is: Ji lJ4 rnl-:t-= i-c o.o+- ji ;.:=13 ;3-ti os &liill lra i elj-

; LIS.,ill LJ^

AH4
A D

AHI AH3

B

AH2

t 1 ,ls.i

(A) .r.6-6!^ (D) ,lrsJ 
"Jti.,)t 

cJ:; AHo

,

I





,lb

: Ur+h OgiE ai.fl

l(iL,,,.,r."., r.riJl d b-ll-n! dJs-J Y cr)eu3l sJnYl cllJ+jii,.,L.,- al)\i,-r Js^J (\
.+$ll

.4J+B el, t-#i sill n).etijl 
"+ttl)l 

,.+ J,riiJI r-rt.,.l4-atr:"i"'l OS^J (Y

:grrl s$li i+o! (,rr+491 JU.

.r+,-r ,,-1,; S! ;)-i:Jl dis^lll (C diamond) ,-*tJl-r (C graphite) c+lJ+ll ds+ (r
Jf+,j!-.qrLJl ,.93,;..11 L:.'ll -i:>L '''-r-,15Si -'rilJl ds.'ill +r (f=ill) ''';il:#l cli

J! (,-*uyr gil kt-F iil* uY 4-J-Sll *-,rb-i dJt! ,3l, 91+ .r::,4 ) ,ruVt
.O+Jl ;g)- riii '''lll-

C(diamond) Jlller-"ry*+ C@raPhite)

g:ll U^-;Jl ,.,r . ",, .!;Ul &Eill dtS)t ,*.s -*Xt #l re f J\ cc gl < .l L j' ' ll ,-r CF ,JtX!,
.alr^-br-lt ou ,rJc, ','liill d.ll+ l-rra .*:a t-.r-ft! t-Fll .4!Jni+

; 
-or- & a-r4 6+ i**iYl nCctiill ,-*,JSl +tl,r-lt dri-ll i J5jlI O! C'l

1..........C(diamond) + Or(g) -------+COr(g) AH: - 395.4 kJ

2...........C(Eraphite) + Or(g) +COr(g) AH = - 393.5 kJ

: sJe cI.aJ (2) aJlrr.lf u."se lil

3"""""'COr(g) 
--+C(graphite) 

+ O, (g) AH: * 393'5 kJ

3 LstL.ttiJrb-.ll * )o; (1,3) OEgrtLell ei-J
1..........c(di'amond) + /r1g) ------+ /or(g AH = - 395.4 kJ

1.........../Or(g) -----+C(graphite) + A, G) AH = + 393.5 kJ

C (diamond) ------+ C(graphite) AH: - 1.9 kJ

.iJlJSll'or-.11-t i-rLc u+ C.r;il-1; ;l U'.lJl cJ3=: Ar-; t:t

oJ.otic dJ. L!^r (CO) JlJSll +rSi cJli s3SiJ ' , '-t ' Jl s+ltXYl .J -p.Xt '.'1 ' "- ,-L-1+ (Y

c1g,"phir"1 + 7/zo2(E)- > co,r, or 5*!l: 
.l-l+-Fll : u:)l

.(CO) Jl 4it;Yl+ (COz) o5+ Oi ,-,r-rr (Oz) dJ+JY| L|4 r+,.+ (C) o-r= d++ +,i ''!-
fll3Yl os,.ab O. CO OJJSI sJlijYl eP ..;grrll r-r. L.r, [f.c; , il<i f]1

: +lg+ll.l
: CO2 

"}-;J 
)-lS tllJi-l OlJSll ,jlj=lL.ii aiU-ll ;Jl!l ,,'"'-t (1

C(graphite) + Or(g) -----+COr(g) AH,= - 393.5 kJ

: L-r+i" CO2 Jl CO 6l-1l=lr.i+iiailli-ll 'DJl Jl ,.'.,,-i (Y

CO(g) + llZOr(il->COr(g) AHr: - 283 kJ

: &G:ll ,Jr d.,--ll (]fuJ
C(graphite) + I l2O r(g)+ CO(g)

ll-dll ,J aj:r,. C.+lt 41l^e ,jJsll L_pll cDlJrrill ,lJ+J 6. (Y ,I ) d.,J+Ul dr+leliill 6^; (Jl.

: &lijll Jl





t?,

C(graphite) + I l2O r(g)---> CO(g)

Jl iJlll O. (110.5 kJ),ill=l: 4Jlr)l o,-Uc. ar CO ry sl-r,J-r,-r:S+ dli lte-r

..t;'-ll

1t{1 5JUo

C (graphite) +z1r(g) --+CHo@) AHo :? : Jt3I &ulll-o-,115 '='"'-l

:4J[,]l dD.cLiill d-blc lil

1..............c (graphite) + o,(g)------+cor(g) AHI: - 393'5 kJ

2..............H,(g)+ tl2Or(g)-----+H,O(L) AH;: - 285'9 kJ

3..............CH4G)+ 20,(g)------)CO,(g)+ 2H,O(L) AH;: - 890 kJ

: &l,iill ',-F!^.Jr::)r C -Ffr .y- J,l
C (graphite) + 2Hr(g) --+ CHo(g)

r1++l ;S+ ,-Fl: ,.lgjJJ+xll c.,!S-r^;^ L:k l'-+lt A+ g;;3-.1qll3 d.,j-,Sll &ti: O)

$e t6l .r+1tr)l cJl ,}il Lltj, 0S^J Cl liJlJl ,jl-i-)l cJ).clii u^ Lleliill hd AHo

!t+ll j krJ ;- ,=,J.*;J e)rk^ll cllr,Je dr)+$ll cA q-t+.ti .J:1-: .oJ-sJl -i-r-rEll
I iJrlJl

: (- 75.3 kJ) *a a+Jtt'"lt &Uill'o-.rl-r= rl}-i 'kl &tiXl'o-.rl->

C(graphite) + zHr(g) ----r CHo (g) AHo: - 75-3 kl

ltoy jlir
: J6l &tiill 'o;15 ,, '"'-l

2C (graphite) + H, (g)-->CrHr(g) AH"=?

.Jc.trill .!&ill t!! c.,)otiXl AH, KJ .:!lrill + el)oLilll AH, KJ

,,$ Y c(graphite) + o, (8) ----+ co, (e) - 393.5 C(graphite) + O, (g) -----+ CO, (e) - 393.5

,.r!
&Liilt

CO(g) + | l2o,(C) 
-)CO, 

(g) -283 co, (e) ----+ Co(g)+ 1 l2O.(e) + 283

eJ"-ll fJ'+-Jl C(graphite) + l/2O, (c) ----+ CO(c) ll05

C (graphite; + 2H,(g) ---+CHo(g)

c!r*ill .!&ill ;p d.ctilll AH dJ)+&ill + o)e61ll AH

dlr.i J c (graphite) + or(B)----+ co2G) - 393.5 c(grcphite) + o2G) --+co2(g) - 393.s

+tE
d.leltl

)
H2G)+ 1t2O2G)-) H2O(L)

- 285.9
2H 2G) 

+ O 2G) 
---) 2H 

2 
O(L)

- 57r.8

C*St:

&uIt
CH4G) + 2O2G)----) Cor(e) + 2Hzo(L) - 890 co2 G) + zHro(L) 

-> 
cuo (e) + zo, G) + 890

p .--.ll
33';^ft c(graphite) + zu 2(E) -+ cua G) - 75.3

,.,L,- ,-r;J-t^ll ilrt--ll ,stJl L-,pJl3 tx;1c Og:;.ll ol>! :+ (f r Y r I ) g)rtJl F .,lJ

,





,l+

1 ............C (graphite) + O, (g) ----+ CO, (g)

,............rrr9) + t l2O,(g) ---+ H,O(L)

3 ...........2C zH, (g) + 5 O, (g) ----+ 4CO r( g) + 2 H, O (L)

'i ' Jt lil' ul qlr

AH"= - 393.5 kJ

AHo: - 285.9 kJ

AH"= - 2598.8 kJ

25 (S) + 3O2 G) ---+2SO,(g)

1t1; jE*

AH: ? : Jlnl &Uill iilL,.',.,-l

; 9l; t-Jc,

AH: - 291 kIS(s) + Or(g) ---+SO,(g)

2SO,(g)-----+2SOr(g) + Or(g) AH: - 198 kJ

J.ll
: qlHl drl Uiill k+!. ,+-,+r,-,,i .+ CU+LJI dJCclilll a^+ Ui ,,,iJ cj-r)l &liill .,Jc ,J..:=U

J .::,Jl ,J cJ_lYl &Uill .J "5 (i
: it5.ll &liill Li,s,j (,-,J

2S(s) + 2O,(g) --+2gor(g) LH:2(-297)kJ

zgor(il + or(g)-------+2So,(g) AH: + 198 kJ

25 (s) + 3O,(g) -------+2SO,(g) AH: - 396kJ

C(s) + HrO(g) 
-J 

CO(g) + H, (e)

1f v; 5ftie

AH= ? :.rJUJt cj.ls3.l1frU.,.,,.,-l

: Ji ,''"1. lil
l. C(s) + U2Or(g) +CO(g) AH = -26.4kcal

2. Hr(g) + rl2Or(g-----+HrO(g) AH = - 57.79kcal

deil

: e.+ .;;J &LiillailJ.,+ ,J_l'-^tt

(1) &w:t 1i

(2) &tstt ,rrS,- (+

1.

2.

rlrll
,,L$ill c!.rr:ll .jrl cr)slilll AH, KJ crlu:Jl + a)ttiill AH, KJ

lPt
2e

c(graphite) + o2(C) ----+ co2 (B) - 393.5 zc (graphite) +zor(E) ---+zco2(E) - 787

.!!: Y H, (s) + 1 tzo 2(g) ----) H2o(L) - 285.9 H2(e) + U2o2(g)-) H2o(L) - 285.9

U-S!3

rfig
2,+

2c 
2H 2(E) 

+ s 02 G) ----+ 4co2 GF 2H 
2 
o(L)

- 2598.8
z cor(g) + Hr(L) ---+ c2q2i€)) + snoz@)

+ 1299.4

e *lt 2c(gTaphite) + H 2(9----sc2u2(C) + 226.5

I





C(S) + rlzg,(s) ----+CO(g) AH: - 26'4kcal

HrO(g)-+H,(g) + ll2gr(g) 
^H: 

* 51.79kca1

C(S) + H,O(g) ----+CO(g) + Hr(g) AH = 31'39 kcal

1tA; jti*

; 9l1t^lc

drll :

aHcl(g) ------+211,G) + ZCt,(g) LH: 2 (+ 184.9 kJ)

zllr(g + or(g)-----+ 2HrO(g) AH : - 483.7 kJ

: JBI dr\iill i!U,'.'"'-l

aHcl(g) + Or(g) 
--+2C1,(s) 

+ 2H,O(g) AH = ?

l. Hr(g) + Cl,(g) ---->2HCl(g) AH = - 184.9 kJ

2. ZHr(g+ Or(g)--+2HrO(g) AH = - 483.7 kJ

:t^+J J*lJl &liill .Jo J-..-=X

Z J\: * dr)l &liill ,-* 6- (i

: ,r,rllJl r..1cU:lt (+

 HCI(g) + Or(g) ----+ZClr(g +2HrO(e) AH = - I13.9 kJ

1r1; jLio

: JBI &liill a.eu.,.'..,-l

CrHo(g) + H,O(L) ---+C2H5OH(g) 
AH: ?

; sl4 LJc

1. CTHsOH(I-) + 3Or(g) 
--+3H,O(L) 

+ 2COr(g) AH: - 1367 kl

2. CrHo(g) + 3Or(g)-+2COr(g)+zHrog-) AH: - 1411 kJ

Jrlt

: t^j &lJl &tiill sJc LL,^X
drYl &liill uPrS,- (i

,;till jcliXl (+

/uroe) + /gor(g ------+c,H,oH(L) + z/r(g AH = + 1367 kJ

c,Ho(e) + 39,(s)------+ /EO,(g + fi{,o(L) AH : - l4l 1 kJ

CrHo(g) + HrO(L) --+CrHrOH(g) AH: - 44 kJ





ro.l J9*

' 
JBI &uill a-IUo'''"'-l

3Fe(s) + 4HrO(g) 

-)FerOo(s) 

+ 4Hr(g) AH: ?

: c,;l; t"lc.

l. FeO(s) + Hr(g) -+Fe(s) + H,O(g) AH = * 247 kI

2. 3FeO(s) + ll2Or(il-+FerOo(s) AH: - 317 '6kl

3 . H, (g) + 1l2O ,(g)-+ HrO(g) AH = - 241 '8 kJ

J.tl

: e.+J JrtJl &liill (.5]c d"..:=X

3 rr*ll ut' cJl)l &uill .r & (i

;r3r &tiXt (+
eJBl &iiill LJP,JS,- (e

3Fe(s) + 3HrO(g)->3F'PO(') + 3H,(g) AH = 3(- 247 W)

3FpO(, +tl2flr($--+FerOo(s) AH:-317.6kJ

H,O(g)+Hr(g) + tl^brE) AH: * 24l.8kJ

3Fe(s) + 4HrO(g) -----)Fe,Oo(s) + 4Hr(g) AH: - 816.8 kJ

tu

6C(S) + 3H2 (g)--+ C6H6(L)

1ot;5llie

AH: ? : JBI &lnll AH r+ri

:O\G
L C(s) + O,(g) 

-+COr(g) 
AH = - 393.5 kJ

2. Hr(g) + 112O,(g)----->HrO(L) AH = - 285-6 kJ

3. C6H6G) + l5l2Or(g)---+6COr(g) + 3H2O(L) AH : -3280-2kJ

d.fl

:g^; Jit-ll &lnll AH .,Jc d-.,:=ll
6 .J t+l;** cJjYt &tiXt 1i

I .::,J16 !_l_,r: 
"-rtill 

qJct-iXt (+
e,ffill &liill u,,JS- (€

t





6C(s) + e/,G) --+69O,(e)
3H,(g) + 3/2O,(g) ---+ fErO(t-)

6go,(s) + zfl ,O1r1 ----1C6H6 G) + t 5 tzg rG)

AH = 6 (- 393.5 kJ)

AH = 3 (- 285.6 kI)

AH = * 3280.2kJ:
1*

6C(s) + 3Hr(g) 

->CuHu(L)
LH= 62.4kJ

2NH,(g) + 3NrO(g) ------+4Nr(g) + 3HzO(g)

1or; {E*

AH:? :tElt &tiill iiu,.'.^,-l

:,-tl+ k
i. 4NHr(g) + 3Or(g) 

->2Nr(g) 
+ 6HrO(g) AH = - 1531 kJ

2. Nro(g) + Hr(g)------+Nr(g) + Hro(g) AH: - 367.4kl
3. Hr(g) + ll2Or(g)----->H,O(g) AH: - 285.9 kJ

J.ll
: c^++ J+lJl &tiill (.5lc, LL.:-X

2,+ clYl &tstt r-*"L (l
I rs'.ll *+ dBl &lnJl erts (u

3 s,Jl j ):-s &lElt &lijll ul Sr_ (e
2M,(g) +S/2/,(d +Nr(g)+3H,O(g) AH=_ 765.skl
3NrO(g) + 3fi2E)----->3N,(g) + 3fr,O(il AH : 3 (_ 367.4kJ)

314,o(g -------+ 3H,@) + s t2fr ,(e) AH:+857.1kJ

2NH,(g) + 3NrO(g) 
--+4Nr(g) 

+ 3HrO(g) AH: _ l0l0 kJ

a

a

if

a

a





Bond EnergY SJqUl ;Jb

F, (g) -----+ 2F(g) AH':(BE.-o): * 155 kJ

H-F>H-CI>Cl-C1>F-F

qlgrl +e elt Sy rs& \tgi5i'rlit-r*
Molecules with onlY one-tYPe bond

,(#StU.
JIJS'a-,1t1 ,.1=..-u.:ro crl-2r gl-ri Jl (CH4) o15:.ll eLt.-. '31'r(;rl LJ)'ll a3u1l 

'rl1665 kJ t,ert;

CHo@)--+C(g) + 4H(g) AH"=1664 kJ

.rf€ll !-.tlJii-' Y s/s ud+i's 4hlJll 'rl<e'r i!$ pliSuij

..,J1 ,=ll i-t- i:il^,-i ihl_ll ,-sl(;i Li r'';l-rJl'o:-.11J. !J.c ihl-il1 U-F Ol

6rxs L4i ihr-,r r-* L-pJr * 
fi fl*3 ;.frtri, H'.I} ;J,,f.;

1oA1 {!ie

: JSK d -,rjilf ,t-ri-: r.tl+-e-;qJl .f-.,5 .x ihl-ll a'6U'-'Jc lil

(nE6-n;: 158 kJ/mol' BE(H-H) :436 kJ/mol)

flJl !ii-t _,,3si (Hr, Fz) u+l:lt +G

drll

i;-Hl {..,1i ._.ulill i-)5 ,* ihlJll i!\t .-* -.,$i C)Jr-r-., ll iJi d,,# 4}+lil a^eu dJl t^;

.(F-F) ,,,e-#l tJ^ IJI 'ci-l J3si (H-H)

loty jljr

; ei ,', Jr lil (F-F, H-F, H-Cl, cl-cl) dr-6n aH" u+ e.r-.tt!

H(g) + F(g)----+HF(g) aH":(BEHF): - sos tl
H(g) + Cl(g)----+HCl(g) AH":(BEH.,): - 431 kJ

Clr(g)----+2cl(g) AH":(BEc'.'): r 565 kJ

a

:'
I

rJ.ll

: al+l-! allJ. Op 4!lJlAH" # ar

: iL+t..;,lti-3t-U

t', '** 
L-pJliitJ.ll on

.BE j'JlU U ',^:-l '(iJri'5^ JJr+)

."p-,r3 .l+ ihl-, dF LP Lilll a'UJl ,r'-l

a

D





L.s .;.illl \r.' q ;c ' i\iri i:= ,rlc, (C-H) ur'al+\: tS ''\:(L''\ L-1)\)\ 'aiLI\ gi +3 $3

if oi !=)-ll ,-Fl: .crtidl eqe-n d 6-Cl; ,Jrtll .=+ iIl Jr'o (C-H) L'l:il &r'=
fLii-Jl r-i +tO kJmol-r ,rJq l(i, r=lr \:l )-r ail:;- k+-r (AU;,lH;,AH;,AH;)

.9r=l r*,S.ri L.:t a+:FYl a-iEsll (rearrangement) Cl.,:;rtcl &l\ Jl el-l dlt (e

"+ 
l+l:_!t djc )s , ;li-i wi u i-rsl<io aJiJj-ll l+ll_,,11 oi ,-* e.it ,;c c!-l dJ:.! r.LrlJ_il

, (CH:) ,s .!+l:jr Oc ' iti:'i (CH) -r (CHz) d l+l-r-!l ;!s c!^l!-r rQ[{o eli;'Jl *g>
'(CHa)

{#$ ds.

t-r" bll.J-r:.tl+-l-.r+dl 6lJr ,-* ,J-r Y eLteY ;Lill t-r" cj-r \ 'sl(;r qJEJliJ:tJl )J'lj
; 

"u+3;+rll 
ol-1r

NH,(e) ----+:H(g) + N(g)

; iJrlJl dr.4SSi3l L-,flJ| i-lt.tll r-i..,= Ofu cll+J

^H:: [:m; 619) + 
^H;(N(s)] 

-[m; g'ur, G)]

AHi: [l 1zts.o; + 472.6] - [+o.tt]

cr c1_r,,., (3N-Hi,Ii;1ffi1T'-* crrr-=y L_,)Jr a6u.lr arx tt72.2py a^.,i, cJi;-r
' a.,jll p!5 ,',ll Lll1+ l-S -plinJl

1172'7 
-390.9 kJ

3

.-,;rLi,rll eLg3.d N-H) l+1:-.r ar dy' LJil a^6U"!-ri'

a-lUll L-Ji- t+!(lH;,, .,r) o'rt''o' :-:c 6Lr;j;'ll 
"+ 

l+-tll Lllla L'"9^ -"ijtj t ii<'rr

UJiSll +iJl LJrj .'gj+Jl ,f l+l:jt r-:c (.slc' i-L Cllj tt crt4-!t v d:^ 'rl<iil Lj)ll
gr-J ,:l.i,ill ec!;'+ .(lH;,) lr-!t il+l-rll 'sl<il a-6ur(AHL.*r) Lrjl aiu l-:i cr*

: USI sYrL-ll 4i:pi ljs ihl-,ll ,-,l(;i\i-rili trU qi^ js.lcJtrl: (Jlc 'rl<iill

a

I

i

' ,l.r L- ,''Jirtg. v...

,4<i1rl &Lii AH:i,, kJ

CH.G)->CH,(g) + H(g) AHi: + 427 kJ mol-l

CH, (g) ------+ CH,(g) + H(g) AHi= + 439 kJ mol''

CH, (g) -----+ CH(g) + H(g) AH;: + 451 kJ mol-'

CH(e)--+C(g) + H(g) AHi: + 347 kJ mol-'

,rr<ir11 
"lcLii

AH:i,, kJ

NH,(g) 
--+NH,(g) 

+ H(g) 431

NH,(g)---+NH(e) + H(e) 381

NH(g) ------+ N(g) + H(g) 360





F, ,.r; d al+tjl i!\.t, -t-rl 9s , 391kJ ejxl 4I !-3r' 1b-r

qfgjf o. sgr +e ,5i L* ggi'l tltir-.l+
Molecules with more than one - type of bond

t? cr.its lil ihl-,ll ,g,lrrr..,l-r gs,- jcf.ii.l (AH) ,.',ll!)f ,=+ JSI ri &li1lt 'o-.rl> JJJ6 dJS'J

i-6t..1,Jl ie3L,l (aH) #t3yr i J9;.II Oi e.ri= ,J.ii a;-lult alul i 4+i\.Jl-r i-IcLiiJl rlll
,$: 

'.,I6j1 
L l)ll ilLtll a:- [=r-.$- aloEj^ll JIJJI drl+j+ 6 ]+t3-!t f J}Isj] 4'j)ll

r' ' J' 
, u\ el i?itill 'llL!!5i-H-r-!l

<1.1 rJEl

: e!l-|l all} 4!A Ctill dlc'liill 'o-.11-.,1s ', '"'-1

Hr(g) + Clr(g)----+2HCl(g) AHo= - 184'6 kJ

(ne6-ry = 435.8 kJ, BE(CI-C l):243kJ, BE (H-Cl) = 431 kJ ) : thtJt lltJ' 6L LL

J.lt

H, (g) + Cl, (g) --+ 2HCl(g)

aH" = [BE(H-H) + BE(cl-cl)] - [zse1u-ct;]

og": [435 .s + 2$) - lzl+tt1)= - I 83 '2 kJ

a

a

a

6s":)n(BE)n -l{s"E),
Reactants Products

kJ/mol .J-r JS &+ J'!.rSl- tJ -oJ$';rJLjJl+lJjJSll!13-!l ur;r+

Sinsle Bonds ; !.lLrllllj=;
H C N o S F CI Br I

H 436

C 416 348

N 386 30s t6'7

o 459 3s8 201 142

S 363 272 226

F 565 485 283 190 284 158

CI 431 327 313 218 225 249 243

Br 362 285 201 217 249 216 190

I 295 213 201 278 208 175 t49

N{rlttpl. B"rds : 4i'"E }]J-.r

.ilcLii.ll rljJl LI5^r ;p ri;l-rJl :lyJl LE"i :P c+=

I

C:C 619 C=N 61s C:O 799

C=C 835 C=N 887 C=O 1012

N:o 607 S=O(inSOz) 532N:N 418

N=N 942 o:o 494 S: O (in SOr) 469





n

-UlFlJ i.or- O-r$ cr)elilll .Fr; iri d','i "ll #,/ lcu i'lijl i'Et-b iri 6refs (.r
.631 ,sll h-i-L;AYl .iu+'ll3

G

rlll gt! alcEj.ll .rlll o1-!; ,r= l-eJo drEi i.+illll rlll .:14; g+ -t+tjjl dllts lrl ( \

d &liill ..p$: alolii-ll rl3Jl i-ElJ. dr,,1.i OrS3 l{j!U O!, cll.l rl-1l Gi-l -rt<i OF i+iull
.;Jl '=ll 

Tr_,1U. iJt.=J| ou

(6;l-rX -:;1! glcl-iLll) U-r-.r -----)'4-f L il:-.1 AH < 0

:lj,"Jl gls illJl ora .+-r &l-i:lt LJ.^'jl Err-i 
";; 

iJlll Oi .+ .,j L4i e,* u",$llJ (Y

, ,i t'iilc,;iJl rl3Jtiltt dr Ll6iiiu,,.J' ,J-;.: i.:tjll

.(ilcli3.ll rl_eJl i-6lJ. e- i+iEll -rljJl 4!tl) IJI Jii-l iltJl ou d 4+..,Ell rl3,"ll LJJS33

, (1t) dE

CrH,r(g)$CoHr(g) + CrH,o(g) : oJult &uill elrJ els lrl

: Al+l-1ll ailJ. # dri d."l' lll &Uill hd,r+ll'3l)l d -.,)gt:tt 
,.,..-1.,s

(nE1C - C) = 348 kJ/mol, BE(C - Fr) = 416 kJ/mol, BE(C: C):619 kJ/mol)

dril

6s":[7BE(c - c) +r8 BE(c - D]-[5BE(c - c) + BE(c: c) + 18 BE(c - D]
AHo:2BE(C - C) - BE(C = C) = 2(348) - (619) :77 kJ

11f y {Ee

Hr(g) + I,(g) ------+2HI(g) : JLilt &iiill aitl '''"'-l
, C x.* d-r. I d* J5;o-rll+l:-!l c.,lllLJ.-Ji.;,i ,''^1. lrls

(H-H 435,I-I l5l,H-1297 kJ/mol)

d.lt

H,(g) + I,(g) ------+2HI(g)

aH":)l@E)* -ll(s_E),
Reactets Products

AHo: [eeiH-ry + BE0-r)]-[2 BE(H-r)]

AHo = [en1+:s; + BE(r 5 1)]- lz enpnl]
AH": - 8 kJ

3

i

_i,
a

.(6-,1l!l crL &ti:ll) qj L il:-l +4i#Li L il-ll AH' > 0

)

I

)



l

\I



(1r) Jg.
: .,Jl3t &lilll d1c a+iulli^61}ll ,,,."-l

CH,CI(g) + Hr(g) -----> CHo G) + HCI(g)

: .+ ll .* d-r / d-n JS ;t=-r+ ]+l-r,ilI el-ElL !-ri^ OL Ll'
c-H 415, H-H435, C-Cl 330, H-Cl432

.r,JJ-Jl Sl g" 6.,rldl .r.1t! pi tj.al- &tiill & ir# t

J.lt

CH,CI(g) + H" (g) ------+ CHo G) + HCI(g)

6P1":), n(BE)* -t n(BE),
Reactants Products

aH":[3 BE(c - H) + BE(C - cl) +BE(H - H)]-[4 BE(c - H) + BE(H - cl)]

AH":[3(4ls) + (330) + (4ls)] -[4 gr\ + (a3\]

AHo: - 82 kJ 
;JlJ+ll.:-1tJ. glcr;ll ,i!" !.,ltJrt (*") -+ oi L+-r

11f I rlti*
CH4G) + 2Clr(g) 

->C(S) 
+ 4HCl(g) ' 'JSll u. r+ ,j uEj-ll dl,.il! s'

, i s! lx s+ kJ/mol 'or=34 iJ.rl-!l .1^6U-t-Ji.;i '''J. lj[i
BE(C - H) : 415, BE(CI - Cl) =243, BE(H - Cl): 432

._.,JSll jl- dF 4#lS 11^S 6. (0.5 mol CH+) glcti:J a-=fl1l-eU.ll ,.'."-\.,1s

d.Jt

CHo(g) + 2Clr(g) ---->C(s) + 4HCl(g)

6s":) n(BE)n -ll(e"E),
- 

t 

^arar-r, 
Producrs

aH":[4 BE(c - H) + 2 BE(cl - cr)]-[4 BE(H - cD]

os' : [:14 l s) + 2(z$)]-l+1+tz1l

AHo:418 kJ

.'DJl J Ll.t- &liilLi ell.l.+l! (m") i+ Oi Lc_,

: _r_rKll jli dr 4;rts 1ls e ctE+lt dr (0.5 mol) &Liil L_.flJ1 iltul ,-11-,-.13

I mol CHo +418 kJ

0.5mol CHo +AH

4g: o'5 x 418 :2o9kJ
I

3

1

.Fa

a.

v

i
I

I

a

\

a

4



A



,{r,

1loy {Bt

t USI s)eLiill Cl" 4t'ulli3tllt ,'+.,,.rt

1. ZCrIHu(g)+ 7Or(g) --+4COr(g) + 6HrO(L)

2. ZCrHr(g) + 5Or(g) 

->4COr(g) 

+ 2H,O(L)

3. CrH,r(g) + 8Or(g)->5COr(g) + 6HrO(L)

: + t^S .+ ,J-:^ / d-n rl$ ;''=-l+ l+l-:-!l eL6U' l-JE" JL t.lc

(C-H 415, O:O494, C=O 724, O-H 463, C-C348,C=C 837)

,Jrll

AH": -2562k1 ; HlJell (i
AH"= - r84o kJ : +ls+lt (+
AH": -2472t1 : +lsill

111y jU*

, JSI &Liijl ,.,.-- Q : C ahljl iil! ':'"-l
CrHo + 30, --+ 2COz+ 2H2O AHo : - 955 kJ ,

: s,li L^S ...+ .J-r / d-n ;JrS ;r=3a l+l-r-ll crl-6lJ. -t-Ji' 0L t.Jc

C - H 415, O: O 494, C: O 724, O -H 463

drll

CrHo + 3C,, 
-+2COr+ 

2H2O AHo : - 955 kJ: fugjs.ll 4#Edlt4Jj. !"511 ijrlr.ll

crHo + 3C, ----+2CO2+ 2H2O AH" = - 955 kJ

^H"=IHP-Ir,,3r:l'
- ess =l4BE(c-H) + BE(c = c) + 3 BE(o: o)l-[2 (z anlc : o)) *z (z nElo- ttl) ]
- sss-- [+ 1+ts; + BE(c : c) + 3 (494))-12(2 x724) + 2 (2 x a63)]

-ess: ftr+z + BE(c : c)l-[4748]

-99s -3142 + 4748: BE(C:C)

BE(C:C)=6ll kJ

11Y; {Ur

XeF, + Hz12HF + Xe AHo = - 430 kJ : qlBl q-,1t-=ll 4Jll+.SllilrUl '-'"'-
l.S ,ra |y / dr JS ;.:=3s l+l-r-ll crl!U.I-ji" Ot+ t"l' (Xe - F) itll-ll i-ElJ. .s3i

(H - H 435, H-F 563) :,j
rrcl

:130.5 kJ : +ls+ll
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