Homework-7, Problems: 4, 6, 7, 8 in chapter 5

5.4) ACTIVE TRANSPORT

Ap = p(sap) - p(pond) = t log[n(sap)] - 1t log[n(pond)]

4

T log[n(sap)/n(pond)] = t log 10

At T = 300K: t = 0.0259 eV. Hence 1 = 0.238 eV. Because
potassium is singly ionized, this corresponds to a voltage

of 0.238 V.

2.6) GIBBS 5UM FOR A TwWO LEVEL SYSTEM

{a) There are three states:

Qccupancy N: O 1 1
Energy: 0O 0 E
=1 + A + A oexpl=e/1) . {(T6)
(b) <N> :_§Anx1 & 1xh + 1xA exp(-£/1)]
= (MF) L + exp(-&/1)] (77)

{c) The thermal average occupancy of the state at energy
£ 1s given by the last term in the exXpression for <N>,

=

cN{e)> =2 = expl-e/1) . (78)

(d) U =1%{ﬂxl v O%A +  exh exp(-£/1)]

S

= (eA/5 ) exp(-e/1) = <N{e)>c



(e} Adding a state with occupancy N = 2 and energy
£ + 0 = g contributes an additional term hzexp{-sftj

e

FT=1+ A+ A expl-e/1) + Alexp(-e/1)

= (1+A)[1+hexp(-c/1)]. (79)

This has the form 7 = Fo 7 of the Gibbs sum for two
independent systems, one with the fixed energy 0 indepen-
dent of occupancy, and one with the energy 0 if empty and
£ 1f occupied. Both systems can be occupied with either
zero or one particle, and the occupancy of one is inde-
pendent of the occupancy of the other.

5.7) STATES OF POSITIVE AND NEGATIVE IONIZATION

N 0 1 1 2
E 3 =62 =hF2 +A 72 +§5 /2

5 = exp(8/21) + Alexp(a/21)+exp(-4/21)] + AZexp(-86/21)

“N= = (] + hexplas2t )texp(-As2T)] + EHEEHP{-GKEI},

To obtain <N»* = 1 the right-hand sides of the two last
lines must be egual: hzexp(-ﬁfit] = exp(+6/21), or

A2 = exp(s/1)

Because of (60) this implies p = &§/2. The guantity A has
dropped out.

5.8) CARECN MONOXIDE POISONING

With the abbreviations x = hﬂexp{—zﬂft] and vy = hBexp
{-EBftl we have the Gibbs sum 5 =1 + x + y. The frac-
tion of sites occcupied by 0 is

£ = xSy = ®S(l+x+y) . {51)



fta) Noe CO means AB =0, ¥=0; hence x = fg{l-f} -
0.9/0.1 = 9, and Ep = = T lcg[xfuﬂ} = = 1 log(9%=107)

= =13.7 1 = 0.366 eV, where we have used t© = B.62x10
1« 310 K = 0.0267 eV.

S
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(b) We solve (51) for ¥: y = ®/f = (1+x) = B0. Thus, £n
= =1 lug{yth] = -1 lﬂg{EDKlU?] = =20.5%1 = = 0.548 eV.
We see that CO is more tightly bound by about 6.8 1. This
means that a relatively small concentration of CO can make
the binding sites inaccessible to ﬂz. This 1is why CO 1s

such a poison.



