of the factor (n — 1) in the exponent of the above equation, where n can be greater
than 10?; this resulted in explosions in the early days of polymer chemistry.

(¢) The van’t Hoff relation gives (approximately)

Oln K Ar® (n—1)Ag

oT kT2 kT2

so the slope of In K versus T' gets steeper as n gets larger. Hence, the formation of
longer chains is more sensitive to temperature than that of shorter chains.

6. Hydrogen ionization.

K, = Qutde” —Aeo/kT
qu

gy IcT)3/ 2 (27rmekT)3/ ? o~ Aco/KT

= kT( " P

h2

( 2mmy kT ) 3/2
h2

3/2
_ kT <27TmekT> e—AEO/kT

h2

(8.21 x 107> m? atm K—' mol ") (5000 K)
6.02 x 1023 molecules mol !

(27)(9.11 x 103 kg)(1.38 x 10~23 JK~1)(5000K)|** —a11,000/9635
(6.626 x 1031 J 5)2
= (6.82 x 107 m®atm)(8.53 x 10*°m~%)(2.54 x 107)

= 1.48 x 107" atm.
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8. Pressure denaturation of proteins.

We assume here that with the added 10,000 atm pressure, Ky = 1 = Apg = 0. Therefore,
following Example 13.8,

RT(In Ky —In K RT <——Aug—%>
Av = vp—vy=-— (In K> —In 1):_ RT RT

Ap Ap

(0 +10,000) calmol ™" (8.21 x 107" m? atm K~ mol !
10,000 atm 2cal K™t mol™*

y 1010 A\ ° 1 mol
1m 6.02 x 1023 molecules

= 68 A3 molecule™.

Since a protein may have about 100 amino acids, and each amino acid has a volume of about
100 Ag, the volume of a protein is about 10* A3, Hence, Av is a small change.

9. Clusters.

(a) Use Equation (13.15) of the text with a =m, b =0, ¢ =1 to get pu, = mu;

(b) Equation (13.17) gives K = (q_z> e~ A/KT
q1
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Chapter 14
Phase Equilibria

1. Applying the Clausius—Clapeyron equation.

P2 Ahvap ( 1 1 )
a In{—= ] =— — = —
(a) <p1> R T, T

— L%)) (1.987 cal m01_1> = —Ahyap

1L
373 300

= Ahy,, = 10.653 keal mol ™!

(b) Since
Zw
_7 - Ahvapa
w o= —A};V&p ~ —5.3kcal mol .
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8. Sublimation of graphite.

Equation (14.22) of the text applies to sublimation as well as to vaporization, so

Ahsub = - ZU;AA .

In graphite, carbon is in the sp? hybridization state, with three bonds and a delocalized
bond. For simplicity, we take z = 4 neighbors, so

Ahsub

5= —358.35kJmol ! = —85.6 kcal mol !

waa = —

The experimental value of a C—C single bond is —342kJmol™!, but it can typically vary
from about —300 to —400 kJ mol~!, depending on neighboring bond substituent effects.

9. Surface tension of mercury.

Was, _ 2
WAA, gi!
4

= WaAy, = (%) (5kcalmol ™) = 33 keal mol .

10. Squeezing ice.

P2 T2
/ qP Ah dT

P T Mvln T
Ah T,
PQ—P1+Eln<T1>

The melting temperature of water at 1atm is 273.15 K.
6.008 x 10%J N <263.15)
—1.64 x 10~6m? 273.15/"

1 atm
T012 - 105 Pa | = 0. k —3.
1.013 x 105 pa> 1348 atm = 0.137kJ cm

P, =1.013 x 10° Pa +

P, =1.366 x 10° Pa(
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