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(system)
(surroundings)
(state property)
(specific heat)

(heat transfer)
g =mx Cx At
(c = specific heat unit :JK-g or J°C-q)
C=mx c: heat capacity




MastertonHurley, Chemisiry: Principles and Reactions, 4e
Table 8.1

TABLE 8.1  Specific Heats of a

Few Common Substances

c()/g-°C) c()/g-°C)
Bra(l) .474 Cu(s) 0.382
Clalg) (L.478 Fe(s) (.446
CaHsOHIf) 2.43 H20ig) .67
CgHgll) 1.72 H-O(l) 4,18
CO.(g) 0.843 NaCl(s) (0.866
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20°C  15.0¢ (c=4.18Jg-°C), 6521
?

652 J
4.18Jg-°Cx150¢g

At = =10.4°C; final t=30.4°C

. (9>0), ;
(a<0)




(Enthalpy)

dp = AH =(Hfina —Hinitia)

Endothermic System

4= 8H >0 S 5

H,O(s) — H,0O(l) LI i

Heaction palh =t

Enthalpy, H —=

Edothermic $ystem

Surroun dings

CH,(9) + 204(9) H\ .»

— CO,(g) + 2H,0 Freihucka

Enthalpy, H —*




Fguss il

Coffee cup : T
AH of thereaction=-q,4,,« (0 =-0 ) o || —
412 g 20.12 29.86°C
AH ?
qwater = 4.18 —J_ x 4.12 g x 9.74°C = 1.68 x 103 J

g-°C

AH =-1.68 kJ
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(Bomb calorimeter):
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1.60 g CH,

5.14°C (C = 17.2 kJ°C) ?

calorimeter

q =-17.2 kJ°C x 5.14°C =-88.4 kJ
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(Thermochemical Equations)

H,(g) + Cl,(g) — 2HCI(g); AH=-185kJ
2 HCI 185 kJ

2HgO(s) — 2Hg(l) + O,(g); AH= +182 kJ
2 HgO 182 kJ
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1)1 6.00 kJ . AH = +6.00 kJ.
19 . AH ==6.00 kJ¥18.02 = +0.333 kJ.

2) H,(g) + Cl,(g) — 2HCI(9) AH =-185kJ
1.00g Cl,

AH=1.00gCl2x 1M Cl 18K _ 561kJ
70.90 g Cl, 1 mol Cl,
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3)

H,0(s) — H,O(l) : AH = +6.00kJ; 6.00 kJ

H,O() — H,O(S) ; AH =-6.00kJ 6.00 kJ
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m

A,

S B

Hess
1+ 2= 3

AH; = AH; + AH,
AH AH , AH

AH,

- AH

Cle + 120(g) — CO(@ AH,=?
CO(g + 120,(y - CO,(g AH,=-283.0kJ

AH, = -110.5 kJ
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§(s) + %z Doig) + Ho0 )

AHy= =296 8 kJ

S0z(g) + = 0z(g) + Hz0 (&)

pi &Hz==989k

S0x(g) + Hz0 ()

AHg ==528.2 ki

AHpperg = &Hy + AHz + AHg =
(=298 0k + (=93 9k + (=528 2kl = -923 9kl
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(Heats of For mation)

(AH°) :
1 AH

2AQ(s) + Cl,(g) — 2AgClI(s) AH® =-254.0 kJ

AH:° AgCl(s) =-127.0kJ

HgO(s) - Hg (1) +1/20,(g)  AH° = +90.8 kJ

AH° HgO(s) =-90.8 kJ
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AH® = ZAH;° products - XAH:° reactants

( ) O

CH4(g) + 20,(9) — COLQg) + 2H,0

AH® =AHf° CO2(g) + 2AHf° H20(g ) - AHf° CH4(Q)

-393.5 kJ + 2(-285.8 kJ) - (-74.8kJ)
-890.3 kJ
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Masterton/Hurley, Chemistry: Principles and Reactions, 4/e
Table B.3 (part 1)

TABLE 8.3 Standard Enthalpies of Formation at 25°C (k}/mol)

of Compounds at 1 atm, Aqueous lons at 1T M

Compounds
AgBr(s) - 100.4 CaClais) -795.8 H,0(g) -241.8 NH,NO(s) ~365.6
AgClis) -127.1 CaCOyis) -1206.9 H:O01) -285.8 MNOg) + 90,2
Agl(s) ~61.8 CaO(s) ~635.1 H204(1) ~187.8 NOs(g) +33.2
AgNO;(s) ~124.4 Cal{OH}a(5) ~986.1 H28(g) ~20.6 N,O,4(%) £9.2
Aga0is) -31.0 CaS0y(s) ~1434.1 H3504(1 ~-814.0 NaCl(s) -411.2
Al Osfs) -1675.7 CACla(s) -391.5 HzOis) ~90.8 NaF(s) ~573.6
BaClaix) ~B5H.0 CdiO(s) -258.2 KIr(s) -393.4 MNaOH(s) - 425.0
BaCOy(s) -1216.3 Cray(5) -1139.7 KCls) ~436.7 MO (5] -239.7
BaO(s) —553.5 CuDs) ~157.3 KCIO5is) ~397.7 PbBra(s) ~278.7
BaSO,(x) -1473.2 CuaO{s) = 168.06 KCIO(s) -432.8 PhClais) -359.4
CClLyth —135.4 Cus(s) —53.1 KNO4is) —494.6 PbOs) -219.0
CHCl(1) ~134.5 Cu,S(s) ~79.5 MgCla(s) ~641.3 PbOa(s) ~277.4
CHyig) -74.8 CuSOyis) -771.4 MgCO4(s) = 1095.8 PCl3ig) -287.0
CaHaig) +226.7 Fe(OH)ais) —-B23.0 Mgis) —&a01.,7 PCls(g) —-374.9
CyH,(g) +52.3 FeaOsis) -824.2 Mg(OH)a(s) ~924.5 SI0,(s) ~910.9
CaHgis) -84.7 FesOyls) -1118.4 MgS0O4(s) -1284.9 SnOs(s) - 580.7
C3Halg) ~103.8 HBr(g) ~36.4 MnOi(s) -385.2 SOa(g) ~296.8
CH5OH( - 238.7 HClig) -92.3 MnOais) =520.0 StHig) =395.7
CaHsOH() —-277.7 HFig) =271.1 MNHaig) —d46.1 fnlals) —208.0
COlg) ~110.5 HI(g) +26.5 N H,(l) +50.6 Zn0(s) ~348.3
COg) ~303.5 HNO(I) ~174.1 NH,Cls) ~314.4 ZnSis) ~206.0
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Mastertan/Hurley, Chemistry: Principles and Reactions, d/e
Table 8.3 (part Z)

TABLE 8.3 standard Enthalpies of

Formation at 25°C (k])/mol) of Compounds
at 1 atm, Aqueous lons at 1 M

Cations
Ag*lag) + 105.6 Hg** (aq) +171.1
ALY (ag) -531.0 K™ (ag) —252.4
Ba®* {aq) 537.6 Mg (ag) 466.5
Ca** (aq) —542.8 Mn® (ag) —220.8
Cd2* (et ) PR Ma*(aqg) 2401
Cu ™ {ag) +71.7 MH " {ag) —132.5
Cu?* (ag) + 648 Nit " (ag) ~54.0
Fel*{ag) 89.1 b (ag) 1.7
Fet* {ag) -48.5 Sn* {ag) -8.8
H* {aq) 0.0 Zn*(aq) 153.9
Anions
Br - {eg) -121.6 HPO 2 (ag) -1292.1
CO:2 (aq) —677. H5Oy ™ () —887.3
L0 ) =1&6/7.2 I (eng) — 3.2
CIOy ™ (ag) 104.0 MOy~ () 541.4
C10, (ag) -129.3 NO3 ™ (ag) —-104.6
CrOy® (ag) HE1.2 N0~ (ag) 205.0
Cra072 () —1490.3 OH ~{aq) ~230.0
F~iaq) ~-332.6 PO (ag) 1277.4
HCO: " (ag) 692.0 S {aq) +33.1
HalPOy () 1296.3 SO (ag) 909.3
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Zn(s) + 2H"(aq) — Zn*(aq) + Hy(g)
AH° H*(aq) =0

AH° = AH;° Zn**(aq) = 152.4 kJ
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(Bond Energies)

B.E.: 1 AH

Cl,(g) — 2CI(q) AH = B.E. CI-Cl : 243 kJ
N,(g) = N(g) AH=B.E. N=N:941kJ

CC :347kJ C=C:612kJ C=C:820kJ
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480

400

320

240

160

80

2H(g)
AH = +436 kJ
= H-H bond ,
enthalpy /
AH = +243 kJ .

= CI-Cl bond

enthalpy /

H,(9) Cl,(9)

2Cl(g)

>0
H—H Bond Energies
H-H =43¢ kl/mal
EI_[:I C1-Cl1=243 kJ/maol

H-C1=431 kl/mal

AH® = +679 k.
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AE=q+w

Surroundings

Heat |
(+) q|

System

Heat |
=11

Work

(+) w

(=) w

AE
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AH=q, : AE=q( w=0)
AE =q- A(PV)
AE =q,- PAV at const. P

AH = AE + A(PV)

A(PV)
P\/

CH,4(g) + 20,(g) — CO,(9) + 2H,0(l)
AH = AE-2RT ; RT=5.0kJat 25°C

( PV=nRT = 1mol X0.0821 L atnymol- K X 298K
0.1013kJ/L- atm)
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