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SURROUNDINGS

Heat absorbed

by system—

endothermic

g>0
g<0

Heat released

by system—
exothermic

Sian conventions for g and w.
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Compression (volume decreases)

Expansion (volume increases)

Work is done by the surroundings on
the system, so the sign of = is

positive

V, is less than Vi, s0 AV = (J, — V) is
negative

w = —P Al s positive
XS S |

(FIX(H) X () =+
Can be due to a decrease in number of
moles of gas (An negative)

Work is done #y the system oz the
surroundings, so the sign of w is
negative
I, is greater than V), s0 AV = (V;, — V)
is positive

w = —P A} is negative

i R
(F)X(F)X{(H) = -

Can be due to an #oresse in number of
moles of gas (A#n positive)
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15-11 Relationship Between AH and AE
The fundamental definition of enthalpy, H, is
H=E+ PV

Fora process at constant temperature and pressure,
AH = AE + PAV  (constant T'and P)

From Section 15-10, we know that AE = ¢ + w, so
AH=g4+w+ PAV  (constant Tand P)

At constant pressure, w = —F AV, so
AH =4+ (-PAV) + PAV
AH =g, (constant T and P)
The difference between AE and AH is the amount of expansion work (P AV work) that
the system can do. Unless there is a change in the number of moles of gas present, this dif-
ference is extremely small and can usually be neglected. For an ideal gas, PF" = #RT. At con-

stant temperature and constant pressure, P AV = (An)RT, a work term. Substituting gives

AH=AE+ (Am)RT or AE=AH—(AwRT (constant Tand P)

Pressure P,

Pressure Py,

1)) Y : b )
W Burners
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(b} Stopcock open
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Increasing disorder
Increasing energy dispe
Increasing entropy, '

Figure 15-16 M, Asasample changes from solid to liquid to gas, its particles become increasingly
more disordered, allowing greater dispersal of energy, so its entropy increases.
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Figure 15-19 # When water, H,0, and propyl alcohol, CH-CH,CH,OH (feff) are mixed to form a
solution (right), disorder inaeases. AS > 0for the mixing of any two molecular substances.
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Il Table 15-6 Entropy Effects Associated with Melting and Freezing
. (Magnitude of AS, ;) ASup =
£ Compared with AS. + AS.
Change Temperature AS,;  AS,;  (Magnitude of AS.,) ” el Spontaneity
1. Melting > mp + - > >0 Spontaneous
(solid — liquid) = mp + - = =0 Equilibrium
< mp + = < <0 Nonspontancous|
2. Freezing > mp = + > <0 Nonspontancous
(liquid — solid) = mp = + = =0 Equilibrium
< mp = + < >0 Spontaneous
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G=H-1TS
AG=AH - TAS (constant T and P)

Spontaneity of Reaction

AG (constant T and P)
AG is positive Reacton is nonspontaneous (reactant-favored)
AG is zero System is at equilibrium
AQ is negative Reaction is spontancous (product-favored)
— 0 +
|
AG <0 AG >0
Reaction is spontancous Reaction is not spontaneous
Product-favored reaction Reactant-favored reaction
Forward reaction is favored Reverse reaction is favored
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15-17 The Temperature Dependence

of Spontaneity

AG., = AH_, — TAS,, or 0=AH_,, — TAS,

AH
ASi

AH__ =TAS., or T=

(at equilibrium)
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AG = AH - TAS {constant temperature and pressure)
1. AH = — (favorable) AS = + (favorable) Reactions are product-favored at all
temperatures

2. AH = — (favorable) AS = — (unfavorable) Reactions become product-favored
below a definite temperature

3. AH = + (unfavorable) AS = + (favorable) Reactions become product-favored
above a definite temperature

4. AH = + (unfavorable) AS = — (unfavorable) Reactions are reactant-favored at all
temperatures
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0OH>0) NOT SPONTANEOUS

T—

{0H<0)
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B Table 15-7 Thermodynamic Classes of Reactions

Class Examples

2H,0,(¢) — 2H,0(¢) + Oy(@)
Hy(g) + Bry(¢) —> 2HBr(g)

1

2H,5(g) + SO(g) — 35(s) + 2H,0(¢)

NH,Cls —* NHs(g) + HCl(®)
CCly(¢) — C{graphite) + 2CL(g)

2ZH,0(¢) + Oy(g) — 2H,04(¢)

2 {NH;(g) + HCKg) —> NH,CIs)
{302(8’) — 205(@®)
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AH
(kJ/mol)

—-196
-728

=176
—233

+176
+135

+196
+285

AS
(J/mol - K)  Temperature Range of Spontaneity

+126 All temperatures

+114 All temperatures

—-285 Lower temperatures (< 619 K)

—424 Lower temperatures (< 550 K)

+285 Higher temperatures (> 619 K)

+235 Higher temperatures (> 517 K)

-126 Nonspontaneous, all temperatures

-137 Nonspontancous, all temperatures
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C(graphite) + O,(g)

110.5 k]
CO(g) +304(g)

393.5k]

283.0 kJ

COy(g)

Y 4

Above is a schematic representation of
the enthalpy changes for the reaction

Clgraphite) + 30,(g) ——> CO(g).
The AHvalue for each step is based
on the number of moles of each
substance indicated.
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Hess's Law
- standard enthalpies of formation AH}

Fe,O, + 3CO —> 2F + @CO,
AH; (Fe,0,) AHS(CO) AHS(Fe)=0  AHS(CO,)
2Fe, 1.50, 3C,150, 2Fe 3C,30,

AH, =@ AHS(CO,) -3 AHS(CO) — AHS (Fe,0,)

AH, =3--393,5-(3--110,5-822,5) = -26,5 kJ/mol
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B Table 15-1 Selected Standard Molar Enthalpies of Formation at 298 K

Substance AH? (k]/mol) Substance AH?Y (kJ/mol)
Bry(¢) 0 HgS(s) red —58.2
Bry(g) 30.91 Hy(2) 0
C(diamond) 1.897 HBr(g) —36.4
C(graphite) 0 H,O(¢) —285.8
CH,(g) —74.81 H,0O(g) —-241.8
C,Hy(g) 52.26 NO(g) 90.25
C:Hy(0) 49.03 Na(s) 0
C,H,OH(¢) -277.7 NaCl(s) -411.0
CO(g) —110.5 Oy(g) 0
CO,(g) —393.5 SO, (g) —296.8
CaO(s) —635.5 SiH.(g) 34.0
CaCOy(s) —1207.0 SiCly(g) —657.0
Cly(g) 0 Si1O,(s) -910.9
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