EXAM 1
28 September 1999

IMPORTANT: Write clearly and neatly. Make sure that you give some reasoning or working for
each answer. Full marks will NOT be awarded for the final answer by itself, UNLESS it is supported
by a brief justification or explanation.
Give units for all quantities!

Some data: R =8314JK'mol' 1atm=101325Pa N, =6.022 x 10* mol”

(1) 33 points

a) 1 mol of gas follows the equation of state

p:&
V-b

Use this information to derive the second and third virial coefficients for the gas. HINTS: The virial
equationisp=RT/V {1+B/V+C/V*+ _}and I/(1-x)=1+x+x*+ ...

b) Given that b =4 x 10° m’® for 1 mol, estimate the molecular diameter of the gas molecules.

¢) Deduce the compression factor for the gas when V=2 x 10* m’ and T = 300 K. In a few lines,

explain in terms of a molecular interpretation why your answer 1s greater than or smaller than the
value expected for an ideal gas.
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(2) 34 points |
C, for 1 mol of an ideal gas obeys the equation C, = (13 + 500/T) J K* where T is absolute
temperature in kelvin. Calculate g, w, AU and AH when the temperature is reversibly raised from 298

to 500 K
a) At constant volume. é:-‘u? Cxoveise.  2o- \l)
b) At constant pressure.
c¢) Adiabatically.
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(3) 33 points
Use the following information all at 298 K to predict the enthalpy of fonnaﬂon of Si,H,(g) at 400 K.

C,(Si(s)) =20 J K™ mol™. - C(Hy(g)=25] K* mol”,  C(Si,H(g)) =35 IK" mol™.
AH for H,(g) + % O,(g) ~ H,0(]) -242 k¥ mol™.

AH for Si(s) + O,(g) - SiO,(s) -400 kJ mol™.

AH for Si,Hy(g) + 3% O,(g) ~ 3H,0()) + 2Si0,(5)  -1300 kJ mol™*.
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