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§ 8-1 Principles of heat flow

Chemical reaction :

System : reactants and products.

Surroundings : the vessel in which the reaction takes place and the air or other
material in thermal contact with the reaction system.

State property (F= 4 ET) :
Any thermodynamic property whose value for the process is independent of
the path. It depends only on the state of the system. — [EETZ=FIREAIRIFEE I Ef%
=k Ilﬁ}% Jf:pﬁ R 5‘1%‘%

7191 = composition, T and P
] : 50.0gof H,O() at 507, latm
3

50.0gof H,0() at 80°C, latm

DX = Xina = Kinitia

Heat flow (Z4. El; ) is not a state property (non-state property); its magnitude

depends on how a process is carried oui.

Non-state property of asystem : — EETS=E A2 . 11 =T (work; w);
29l (heat flow; g

§ Direction and Sign of Heat Flow :

Heat flow (q)
q: ” +“ when heat flows into the system from the surroundings. =2
q : ” - “when heat flows out of the system into the surroundings. %

An endothermic(f~£) process (q > 0)
7]+ H,O(s) %% H,0() q>0
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An exothermic(kvZ) process (g < 0)
7] * CH,(g) + 20,(9) ﬁ CO,(g) +2H,0(9) Q<0

CeEE Tl

§ Magnitude of heat flow:

q: i 3 k3
lca =4.184J 1 kcal =4.184 kJ
q=C ~ DT (OT =T - Tiitia)

C : heat capacity of the system

B Yk

The amount of heat required to raise the
temperature of the system 1K.

For a pure substance of mass m

q=m’ ¢’ DT c : specific heat capacity FZ3t
c : the amount of heat required to raise the temperature of

one gram of a substance one Kelvin. J XK

C=m’ ¢

Table 8.1

H,O(l): c=4.18 J . H,0(g): c=1.87 J

g’ g

Ex 8.1. Compare the amount of heat given off by 1.40 mol of liquid water when it
cools from 100.0°C to 10.0°C to that given off when 1.40 mol of steam
cools from 200°C to 110°C.



Ans. qgqu=m ¢~ DT c value from Table 8.1.
=(18.02x 1.40) ©~ (4.18) = (10.0- 100.0)
= (25.228) x (4.18) x (-90.0)
=-9491J
=-9.49 kJ

g2=m ¢ DT
=(18.02x 1.40) ~ (1.87) = (110- 200)
= (25.228) x (1.87) x (-90)
=-4246 J
=-4.25kJ
Steam gives off less heat than water when it cools.

§ 8-2 M easurement of Heat flow; Calorimetry &
Calorimeter 5t * ™ LY Bl » B[] 1 Ay =T IERE T,

TR IR B 2 SR B

Oreaction = = Yealorimeter
qcalorimeter = Ccal ’ DT
qreaction =" Ccal ’ DT

=-m” c, DT

§ Coffee-cup Calorimeter



[ FIGLAE 0.2
| Cosffen-cup

Fig 8.2. #E&4 "], polystyrene foam cup [* JFA»*/J‘ » JF RS FHE R

Oreaction = =M ’ Ceal - Dt
=-m~ 418 DT

Ex 8.2. Calcium chloride, CaCl,, isadded to canned vegetables to maintain

the vegetables’ firmness. When added to water, it dissolves:
CaCl,(s) %% Ca**(aqg) + 2CI" (aq)
A calorimeter contains 50.0 g of water at 25.00°C . When 1.00 g of calcium
chloride is added to the calorimeter, the temperature rises to 28.51°C .
Assume that all the heat given off by the reaction is transferred to the water.
(a) Calculate g for the reaction system.
(b) How much CaCl, must be added to raise the temperature of the solution
9.00C ?
Ans:



(@ dyo=m" cy = DT
=50.0" 4.18 " (28.51 - 25.00)
=734
Oreeciion = ~ G0
=-734]
(5) Ggen =-M " € * DT
=-50.0" 418" 9.00
=-1.88" 10°J
1.00:-734 =M, :-1880
Me,q, =2.560

§ Bomb calorimeter wﬁg—pﬁ
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7] = — ~EhvE 93.3kJ - i) Bomb calorimeter #| 3kl 1 20.00°C = 30.00C

-933kJ=-C_, ~ DT
=-C_, ~ (30.00-20.00)

Ex 8.3. Hydrogen chloride is used in etching semiconductors. It can be prepared by
reacting hydrogen and chlorine gases.
H,(g) + Cl,(g) =e 2HCI(g)
It is found that when 1.00 g of H; is made to react completely with Cl, ina
bomb calorimeter, the temperature in the bomb (heat capacity = 9.33 kJ/K)
rises from 20.00°C to 29.82°C . How much heat is evolved by the reaction?

Ans:
Oreacion = Cea ~ DT
=-9.33 © (29.82 - 20.00)
=-91.6 kJ

§ 8-3 Enthalpy {ﬁ; H

At constant pressure (P = C), the heat flow for the reaction system is equal to the
difference in enthalpy (H) between products and reactants.

P = C1 qreaction - DH - é. H fé&gl;j{ﬁg - é. H f = i
Reactants Products
DH < 0#pEv> s DH >0 prz2ve s
T T
Products Reactants
reaction path reaction path
[71:CH,(g) + 20, %3 CO,(g) +2H,0(g) [71: H,0(s) %% H,O(I)

DH < 0 hrzEv~ e DH >0 [RENIE



1.00g H,0() (25T, latm) =e 1.00g H,O() (267, 1am)
DH =4.18J

“—=c; FE

§ 8-4 Thermochemical equations :

A chemical equation also shows the enthalpy relation between products and
reactants.

The colid pack ronf i Fen W'hen the sl sparatng e Sniguareea L
wpmarab: fOEvparimeeT; an Eecher Har Blimibng efidothoeeale heuc o Soouis
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réspa

HH, M) —= MH, g & RO lagh AN = o201 K

FIGLIRE 8.5
Endgthermic eaction in & cold pack

NH,NO,(s) %3 NH; (aq) + NO; (aq)
1.00g NH,NO,  Ghegion = 351J
DH =351J=0.351kJfor 1.00g NH,NO,

for 1 mole NH,NO,

DH =(0.351) ~ (80.05) = +28.1 kJ

NH,NO,(s) %3 NH; (aqg) + NO; (aq) DH = +28.1 kJ

H,(g) +Cl,(g) %3® 2HCI(g) DH = -185 kJ



Thermochemical equations :

1. P=C, DH “+“endothermic [z i
“ _« exothermic Hyzvs

@Tﬁ B % mole g
1mo|e H,(g) +1mole Cl,(g) %e® 2mole HCl(g) DH
RN TR R e e,

3. WP & @?Uﬁ&%iﬁﬁﬂ’p%@? (1), (), (9), (a0).
4. DH -~ 4RI o 5 25 TR

§ Rules of Thermochemistry

=-185kJ

1. The magnitude of DH isdirectly proportional to the amount of reactant or

product.
H,(g) +Cl,(9) ¥2%® 2HCI(g) DH =-185 kJ
1 1 1.
> H,(g) + Ec:lz(g) %3 HCI(g) DH = > (-185 kJ) = -92.5kJ

Ex 8.4. The Bunsen burners in your labs are fueled by natural gas, which is mostly
methane, CH,. The thermochemical equation for the combustion (burning in

oxygen) of methane is

CH,(g) +20,(g) ® CO,(g) + 2H,0(l) DH =-890.3 kJ

Calculate DH when
(@) 5.00 g of CH,4 react with an excess of oxygen.

(b) 2.00 L of O, at 49.0°C and 782 mmHg react with an excess of methane.
(c) 2.00 L of CH, react with 5.00 L of O, in areaction vessel kept at 25°C

and 1.00 atm. Followed the ideal gas behavior.
Ans:



(@) DH = 5.00 . -8903 _ 278 kJ
16.04 1mol CH,
() ng, = PV _ (782/ 7,60) 2.00 _ 0.0778 mol
RT  0.0821 " (49 + 273)
DH = 00778 ~2203K) _ 316k
2 mol O,
(0 P=CandT=C; V¥ n
‘N, =1:2 '\ CH, isthelimiting reagent.

nCH4' 0,
Ney = PV = 1'09 2.00 =0.0817 mol
4 RT 0.0821 "~ (25+ 273)
-890.3

DH =0.0817 ° —— =-72.7kJ
1mol CH,

S e |  heatof fusion DH

| we g heatof vaporization DH,,, p Table8.2

H,0(s) %® H,0() DH = +6.00kJ

b H,0() %%® H,0(s) DH =-6.00 kJ

Ex 8.5. Given
2H,(g) + O,(g) %% 2H,0(l) DH =-571.6 kJ
Calculate DH for the equation
H,O() %% %Oz(g) +H,(9)

Ans :

-5716 _ 285.8 kJ

H,(9) + %Oz(g) .3 H,0() DH =

H,0() %% %Oz(g) +H,(g)  DH =-(-2858) ki= +285.8k]

3. Thevalueof DH for areaction isthe same whether it occursin one step or ina
series of step.
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DH = & Hy, - AH ., TFEURIG b ANEL.

f EX % f = i 1

Hess’s law: p fundamental basis of thermodynamics as applied to chemical
reactions.

I Specific chemical changes are accompanied by a characteristic change in
energy.

I New chemical changes can be devised by combing known chemical
changes. Thisis done algebraically.

I Thechange in energy of the combined reaction is the equivalent
algebraic combination of the energy changes of the component chemical
reaction.

Hess’s law I 2t
1) "R Y R AR L S T
2) BNTE SRR 4 [ I PR

Ex 8.6. Carbon monoxide, CO, is a poisonous gas. It can be obtained by burning
carbon in a limited amount of oxygen. Given

@) Ce+0y(g) %@ CO() DH, =-3085KJ
(2 200(g) +Q(g) ¥a3 200,(g)  DH,=-366.0k]
Calculate DH for the reaction
s + %Oz(g) we CO(g) DH =7
Ans:

1 (1)- (2):

N

C(s) + 0,(9) me CO,(9)

CO,(9) we CO(G) + 0,(0)

Cls) + %Oz(g) me CO(g DH =1  DH,- DH,

1.
2
=1 (-3935)-
= -110.5 kJ

(-566.0)

N -

1



. T [ :
Thermochemistry gl%ﬁfﬁ

1. DHR [P & a4 B ey [
2 D|_|a D”E _Dl_l PUSE ]

3. DHE"i@F‘Eﬂ?@ ﬁjﬁj 1515"1@%1':@: F JIETJ

§ 8-5 Enthalpies of For mation:

FIR I WA TR IR D DH

DH® = & DH}, .. —a DH|

f gy

§ Meaning of DH ,°

Standard molar enthalpy of formation FR¥EE ! & Y25
The enthalpy change when one mole of compound isformedat P=1atm, T =
25°C fromthe elements.

Ag(s) (257C) +%Clz(g) (Latm, 25°C) me AgCl(s) (25°C) DH =-127.1kJ

0 = - kJ
DH{ AgCl(s) =-127.1K)/

%Nz(g) (1atm, 25C) + 0O,(g) (Lam, 25C) e NO,(g) (1atm, 257C)
DH =+332kJ, DH} NO,(g) =+332K/

Table 8.3 DH®
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TABLE K. 3

Aghiny 00,4 Calhl B Hal i 1414 HH Hyial LY
Aplie) 1271 ol 12TH: HizlHY| mLA WO SR
Al &l8 i) A1 HylBaifl 1478 Widyig) +13.2
AgWOsE 1244 U U | HaSig M Hailylp otk
AgE D s 1434 | FERSTHIT| T Walin} iR
TR U T i ol I |"|.r.l:-.| 1A MakdK ETAN
Balllsts) RAA.& iy eLE -} Kl 3993 HMalkHisi 250
BalTHy05) 1188 sl (TE (om (i1} 4187 M) BT
el ER1E i 1573 WAR L WLT (L= ] 287
B i80 [Ty e Cw T, 0] | ol iy [iow [ T 4428 PealZ1giab P LA
CoL 1354 Er ] LU KN AE Peelis) zida
CHELH 1345 oy e 11 MO 1 Py A
CHg 1B Cakats] 7714 ML BRI L -]
Calin 2HGT Eerii i pisd AZLA Melpgilin .7 P00 b ]
CaHdin S BLE Fealhyln AsE et O s8] LB ki BiinE
Tyl BT Fuegk byl LLER.A niggSLH 10 FFLTR Skl Sap,
gl 11k HEo g ok Sl (SLh] Whi 0.0
CH O 1.7 B wra i S g ]

CyHeHIT i ) (H1575] 2.1 4n.1 Znlsis) - B
COg 1168 Hig) +265 5t Enik 4y
CINE 1815 Ll L7l 44 Enli Al

Catlons

A g + fOEA 711 e
A" g 5310 r-3 B TR
L) SAT ifin A 44
ey MR 1204 Ml
Cd* TR T4l L 1646
O +T17 s 208,40
0 " s A 440 Fan T
I i Wil L7 T
P g SRS A S i1
H* tagh 11 TR 550 M

ﬁjiﬂﬁj’gﬁ (latm, 25C) » BrERREAFEA S VR & sg:ﬁ -0

DH! Br,(I) = DH} O,(g) =0

§ Calculation of DH°standard enthal py change.
— & DH®

f reactants

DH® = & DH

0
f products

Thermite (éﬁf,?‘zﬁﬂ) :

2AI(s) + Fe,0,(s) me 2Fe(s) + Al,O,(s)

o

_ 0
e a DH; ey

b

€2 DH!Fe(s)+DH! ALO,(S) — [2” DH? Al(s) + DH ! Fe,0,(s)]
= (-1675.7) — (-824.2)
=-851.5kJ

T 4 R
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2AI(s) +3Cu®*(aq) me 2AI*(ag) + 3Cu(s)

0 — 2 0 Q 0
DH® = §DH!,, —&DH! .,

=2  DH!A*(@ag) — 3~ DH}Cu*(aq)
=2  (-531.0)-3 * (+64.8)
=-1256.4 kJ

Ex 8.7. Benzene, CgHg, used in the manufacture of plastics, is a carcinogen affecting the
bone marrow. Long-term exposure has been shown to cause leukemia and the
blood disorders. The combustion of benzene is given by the following equation:

CH (1) + 1—2502(9) me 6CO,(g) +3H,00) DH® =-3267.4kJ

(a) Calculate the heat of formation of benzene.

(b) Calculate DH° for the reaction
12C0,(g) + 6H,O(I) ® 2CH(I) + 150,(9)

(c) Caculate DH® for the reaction
15
CeHe(g) + 302(9) wwe 6CO,(g) +3H,0(9)

Giventhat DH,,, for benzeneat 25°C is33.6 kJ/mol ;
DH,,, for water at 25°C is44.0 kJ/mol .

Ans:
(a) DH® = @DH{, ., —aDbHi ..
DH®= |6~ DHCO,(g) +3" DH!H,O()|- [DHCH, ()]
-3267.4= [6" (-393.5)+3" (- 285.8)]- DHC,H,(l)
DH{CgHy,, = [(-2361) +(- 857.4)] + 3267.4
=+49.0 K/ |
(b) [C.H, () + 1_2502(9) me 6CO,(g) +3H,000] x (-2)

b 12CO,(g) + 6H,0() ® 2C,H,(l) + 150,(g)
DH® = (-3267.4) * (-2) = +6534.8 kJ

14



© (1) CH, () + 1_2502(9) e 6CO,(g)+ 3H,0() DH® =-3267.4kJ

(2) H,O0() e + H,O(g) DHJ = +44.0 kJ
(3  CH,) me CH(9) DH; = DH,,, = 336KJ
1 )+3° (2 -1 (3):

15
CeHsll) + —0,(0) wme 6CO,(g9) +3H,0(!)

+ 3H,0() me + 3H,0(9)

+ CeHq(9) e + CiH ()

15
CeHo(9) + —0,(9) mo 6C0O,(g) +3H,0(9)
DH° =1 DH) +3° DH! -1 DH?

=(-3267.4) +3 = (44.0) - (33.6)
=-3169.0 kJ

Ex 8.8. Sodium carbonate is a white powder used in the manufacture of glass. When
hydrochloric acid is added to a solution of sodium carbonate, carbon dioxide
gas is formed. The equation for the reaction is
2H*(ag) + CO,* (aq) ¥%a¥® CO,(g) +H,O(l)

(@) Calculate DH® for the thermochemical equation.
(b) Calculate DH°® when 25.0 mL of 0.186 M HCI is added to sodium
carbonate.

Ans :

(a) DH® = §DHY,  — &4 DH!

[DH €O, (g) + DH 2 H,0()|- |[2DH? H * (ag) + DH COZ (aq)]

[(- 393.5) + (- 285.8)] - [2” (0.00) + (- 677.1)]

15



=-2.2kJ

(b)
N =N,.=V M= 2590 - 4 186 = 0.00465 mol
H 1000
DH® =0.00465mol H™ ~ 'Z'Zk{ =-51" 10°kJ
2mol H

§ 8-6 Bond enthalpy %ﬁfﬁ Fa R+ il

When one mole of bonds is broken In the gases state.

H,(g) %% 2H(g) DH°=436kJ  H-H bond enthalpy = 436 kJ

Cl,(g) %% 2Cl(g) DH°=243kJ Cl-Cl bond enthalpy = 243 kJ

§ 8-7 TheFirst law of Thermodynamics  £]18#57— EE

Thermochemistry is a branch of thermodynamics.

Thermodynamics distinguishes between two types of energy one of these is heat
(q); the other iswork (w). Work includes all forms of energy except heat.

The law of conservation of energy : Fuglj NETRSE

DUsystem = - DUsurroundings

The first law of Thermodynamics :

In any process, the total change in energy of asystem, DU is equal to the sum of
the heat, g, and the work , w , transfer between the system and the surroundings.
DU =qg+w

heat work

[~ b (_j
systen

(-] +—1 — (+)

q [+)

For an isolated system, the total energy of the system remains constant.

16



DU =q+Ww

Isolated system B}~ =5 A system does not allow matter or energy come in or

get out of the system.

Ex 8-9: Calculate DU of agas for aprocessinwhich the gas.

a) absorbs 20 J of heat and does 12 J of work by expanding.
b) evolves 30 J of heat and has 52 J work done on it as it contacts.

Ans: DU =q+w
a) g=+20J w=-12]
DU =+20+ (-12) =+8J
b) g=-30J w=+52J

DU =-30+52=+22J

CH,(9) +20,(g) me CO,(g) +2H,0() DU =-885kJ
DU q w

R e -885 kJ -890 kJ +5kJ

P -885 kJ -665 kJ -220 kJ

I I -885 kJ -67 kJ -818 kJ

* I fiﬂﬁﬁﬁ , R

§ DH versus DU

Coffee-cup calorimeter P=C DH

Bomb calorimeter V=C w=0 DU-=gq,

H=U+PV 1 mole25C
Pv=1" 0.0821 = (25+273)
=245L-aam -~ 0.1013 kJ
=248 kJ
1L-atm=0.1013 kJ

DH = DU + DPV

17



= DU + [(PV)4 - (PV)e ]

DH = DU + Dn,RT Dn, S B PIETEL = g gl

25C™ » CH,(g) +20,(g) %3® CO,(g) + 2H,0() DU =-885kJ
Dn, =1- (1 +2) =-2mol

R:8.314 J/mol_k T: 298K

DH =DU + Dn,RT
=(-885kJ) +(-2) ~ 8314~ 298
=(-885kJ) + (-5.0" 10° J)
= (-885kJ) + (-5.0kJ)

=-890 kJ
DH =-890kJ, DU =-885kJ

e How T E] 1% it 20,

Ex 8.10. Calculate DH and DU at 25°C for the reaction takes place when an
oxyacetylene torch is used.

5
C,H,(9) + S0,(9) %38 2CO,(g) +H,0(0)

Ans :

_ A 0
a DH f iy

DH = §DHj, .

54

|2” DH¢CO,(g) + DH °H,0(g)|- [DH °C,H, (9)]

[2 (-393.5) + (- 241.8)] - (226.7)
=-1255.5kJ
on, =(2+1)-(1 +g) = -0.5 mol

DH = DU + Dn,RT

18



DU = DH - Dn,RT

=-12555-(-0.5) °© (8.314) © (25+ 273)
=-1255.5 kJ + 1.2 kJ
= -1254.3 kJ
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