Chemistry 231 Tutorial #1

1.

Explain, in words, why the energy of an ideal gas depends only on the temperature.

a) Cym for He, Ne, Ar, Kr, Hg and other monatomic ideal gases is 3R/2. Why?

b) Cym for Oz, N2, CO,, CH, and other polyatomic ideal gases is larger than 3R/2 and
increases as the temperature is raised. Why?

The van der Waals a coefficient (representing attractive forces) for NO molecules might be
expected to be approximately equal to the average of the van der Waals a coefficients for N, and
0O, molecules. In fact, in units of L2 bar mol ™, the a coefficients for the molecules are:

a(Ny) = 1.37
a(0,) = 1.38
a(NO) = 1.67

Why is a for NO significantly larger than a for N; and O,?
5.00 moles of helium at 300 K and 50.0 bar expands to a final pressure of 1.00 bar. Assuming
hélium is an ideal gas, calculate g, w, AU and AH if the expansion is

a) reversible and isothermal

b) irreversible (Pextemal = 1.00 bar) and isothermal

¢) reversible and adiabatic

d) irreversible (Pextemar = 1.00 bar) and adiabatic.

Calculate ¢, w, AU and AH for the reaction
CHi(g) + 202(g) — COi(g) + 2H0()
at 25 °C and 1.00 bar:

Data: AHP(CHs g) = —-74.6kJmol™

AHP(O3,8) = 0 (why?)
AH(CO,, g) = —110.5 kI mol ™’
AHPMH,0,0) = -285.8 kI mol™

density of liquid water = 0.9971 gem™ (=997.1 kgm™ in SI units)

Why can the volume of liquid water be omitted from the work calculation without serious error?
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Determining the units of a physical quantity (dimensional analysis) can be useful.

a) Show that -pdV (the differential of reversible expansion/compression work used in
thermodynamics) has the same units as energy.

b) Use dimensional analysis to convert 55.0 L bar to units of Joules.

¢) The pressure exerted by a gas is well known to be the force exerted per unit area, but the
pressure can also be interpreted as the energy per unit volume. Use dimensional analysis to show

that pressure in SI units of Pa has the same units as J m™.

d) An equation is wrong if the units of the left side do not equal the units of the right side. Use
dimensional analysis to show the equation (8U/é¥V)r= T(6T/0p)y cannot be correct.

a) For any substance, prove
oc, ) _ (&’p
ov ), or’

b) Use the result from part a to show

2’C,\ _
v ),

for an ideal gas. (Hint: The order of partial differentiation “doesn’t matter”.)

temperate and volume, then calculate Cy at other
volumes (and pressures) without calorimetry.

J Application: Use calorimetry to measure Cy at one
v

Liquid-in-glass thermometers are widely used: the different thermal expansion of the liquid and
the glass capillary tube causes the meniscus to move if the temperature is changed. Many other
kinds of thermometers have been developed, especially for scientific and technical applications.
Briefly describe how each of the following thermometers are used to measure the temperature.

(Suggestion: Use Wiki, and a sketch if helpful.)
a) bi-metallic strip
b) thermocouple

¢) electrical resistance thermometer

d) infrared thermometer



For an ideal gas that dimerizes to a small extent, show that the second virial coefficient is
B(T) = RIK,
where K,, is the equilibrium constant

p
KP(T) = —Ag
Pa

for the dimerization reaction

A(monomer) + A(monomer) = Ay(dimer)

This result illustrates that the second virial coefficient is sensitive to the interaction of pairs of
gas molecules (in this case, the formation of an A-A bond).

Use the following data for ammonia at 473 K to calculate the second and third virial coefficients
(B(T) and C(T), respectively) at this temperature. Show that the fourth virial coefficient can be

omitted from the calculations.

p/atm Ve ! (L mol™) Z=pVu/RT
10.0 3.8056 0.9805
20.0 1.8651 0.9611
30.0 1.2184 0.9418
40.0 0.8945 0.9219
60.0 0.5706 0.8821
80.0 0.4081 0.8411
100.0 0.3108 0.8008

Suggestion: The virial equation
BT) , c@ , D)

7z N

Z =1

rearranges to

c(T) D(T)
+

14 v:

m

Z - )V, = B{T) + +

If the fourth virial coefficient D(T) is negligibly small, a plot of (Z— 1)V, against 1/V,is a
straight line with intercept B(T) and slope C(7).
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