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4: Chemical reactions: production of Ammonia
The commercial production of ammonia from nitrogen and hydrogen is an

example of a reaction that occurs the gaseous state:

Nz i 3Hz <+ 2N Hg

a) Write down the equilibrium constant, K, in terms of the pa,rtial pressures

oi ttr" nitrogen, hydrogen, and ammonia. (You may take Po : t atm')

b) Using the data tables at the back of Schroder (on our website under "Re-

,á*""ri link) please confirm that at T : 298K, K :5'9 x 105 '

c) Please draw a quantitatively accurate plot of logK vs- Llf . Flom this

plot or in some other way, find K when T :773K. (This is 500oC which is

apparently a good temperature at which to run this reaction, using a catalyst to

speed it up.)

d) Will you drive the equilibrium toward more ammonia, or more nitrogen

and hydrogen, if you increase ??
e) Same question, if you increase the pressure?
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lnKdata = {{1 /29e.0, 13.2775}, {7/773.0, -9.587}}

i{0.0033557 t t3.2775}, {0.00129366, -9.587}}

Àplot = LigtPlot[InKdata]
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Absorption onto a surface
Suppose a surface has M distinguishable sites, each of which can absorb at
most one indistinguishable gas molecule. Say that an absorbed gas molecule
has an energy of -e compared with an unabsorbed molecule. The molecules
have chemical potential ¡; both in the gas phase and on the surface. (This
is what it means for the gas phase to be in equilibrium with the absorbed
phase.)
a) Show that Z(T,V, tt) : (l + eøk+Ð)M
b) Find the equilibrium fraction, /, of sites that have absorbed molecules.
In other words, if N, molecules are absorbed, then / : NolM.
c) By equating ¡¿ with the chemical potential of an ideal gas at pressure P
and temperature 7, show that

't - P¡P¡7)
and find an" expression for Pr(f). Hint: Po wi,ll also depend on e, the mass of
the gas parti,cles, ønd constants of nature.

Absorption Onto a Surface

Suppose a surface has M distinguishable sites, each of which can absorb at most one indistinguishable
gas molecule. Say that an absorbed gas molecule has an energy of -e compared with an unabsorbed
molecule. The molecules have chemical potential p both in the gas phase and on the surface. (This
is what it means for the gas phase to be in equilibrium with the absorbed phase.)

¿Ê) Show that Z(T,V, tù : Q ¡ ¿Ê(e+ø)¡u
Well, while the gas molecules are indistinguishable, the surface is distinguishable, so we can use

B 8¿ B 2L.25,
Z¡,¡ : (Z)N

Since there are two states, 0 and -e, the probability for one would be

h:Ð"-Þ(Es-uN")
,9

- t t --þ(-u-p)

:1¡ sÞ(e*u)

ZM:(L+eþG+t"\M frr br;ü...#
- ,/ t:--
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Problem 6.21. The chemical potelrtial.

(a) Estimate the chemical potential of one mole of an ideal monatomic classical gas at standard tempera-

ture and pressure and shont that ¡r ( 0.

Solutíore Weuse(6.115)withF/y =P/kT andPn:Lx10õN/m2and?æ273K.Thus,k?ev(1.38x
L0-23 JIK)271K:3.77 x 10-21 J. We consider an a,rgon atom, which has a mass of (39.95)(1.66 x
10-2?) nv 6.63 x 10-26 kg. Thus, in SI units

n: -6 x 1o-2o J, (S6.65c)

which is æ -6013.77 æ -L6kT. Thus, compared t'o kil, ¡t' is la,rge in magnitude and negative.

(b) Show that iÍ can be expressed as [see (6'tta)]

F_ v
À3

eþþ,

t,: krtnl#e#)"''l
æ r.77 x 1o-2,' t("!#iîË 1 ffi ) ""1

p(T,V)- -k"rnoh,

(S6.65a)

(s6.65b)

(6.116)

(6.117)

(6.114)

and hence

where P: N/V

Thus,

Equation (6.114) is

ñ1r,v,¡r¡:Y n1,

2"Fp( )"'" "u'
Flom (6.2) we have

^: ('"t*u)'''.

ñ (r,v, ¡t) - v 
^-s 

eþP = # "u'

(6.2)

(c) In Section 6.1 we argued that the semiclassical limit À 11 p-rls t*" (6.1)] implies that nt ( 1; that

is, the mean oumber of particles in any single particle enerry state i8 vev ¡mall. u*_llf expression

1o.rrz¡ for ¡.r. and (6'87) for nr to show that the condition ñr ( L implies that À 4 p-ru o'

solution Equation (6.87) is 
ñy_ ¿_F(eu_rn) (s6.62)

If ñr ( 1, then þp 11 O, which impliee that ln(l/pÀt) > O. Hence, pÀ3 < 1, 13 ( P-1, and

À < P-'/".

(s6.66)

-.--,) ..,
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problem 0.22. Show that ,Ð : (g/2)NkT and pll : Nk? from the results of this section.

Solution. Flom (6.121) and (6.122) we have

P:{unø,-À3

and

The ratio of these two equations yields
P k:T

ñ- v'

": -(#) u,,: #"uu

(6.121)

(6.122)

(s6.68)
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