PHYSICAL CHEMISTRY 5200
QUIZ 1
September 24, 2020

Please write neatly and clearly, and show all working. Allocate time to each question in

proportion to the available credit. Keep any explanations brief and to the point.

COLOTONC

SOME POSSIBLY USEFUL INFORMATION:

Na or L =6.022 x 10* mol’ R=8.314JK" mol”
k or kg = R/Nu

dU=dq+dw H=U+pV

dw = -pex dV y=Cy/Cy

Perfect gas: pV =nRT and Cp-Cy=nR

van der Waals gas: p = nRT/(V-b) — a(/V)?



1) 20 points
a) The compression factor for ethylene is about 1.3 at p = 300 bar, about 0.6 at p = 100 bar, tends

to 1 as p tends to zero. Explain this, briefly, in terms of molecular properties, and use pictures if
they would help.

b) The excluded volume b for NH; is 3.7 x 10 dm> mol™. Justify the idea that, per molecule, the

excluded volume is (16/3) 7 1* where r is the molecular radius. Use this result to estimate the
radius of NH; molecules. 3
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2) 15 points

Consider samples of He (4 g/mol) and Ar (40 g/mol) at 298 K and 10° Pa. Calculate

i) The average kinetic energies of the He and Ar atoms.

ii) The ratio of the root mean square velocities Cye/Cay -

iii) In effusion experiments, under the same conditions, and unknown molecule effuses 2.5 times
more slowly than Ar. Estimate the molar mass of the unknown molecule.
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3) 15 points
The 1enthalpy of combustion of propanal C,HsCHO(J) to make HyO(?) and CO;(g) is -1817 kJ
mol™.

The enthalpy of combustion of propanone (acetone) CH;COCH; (1) to make H,O(7) and COy(g) is
-1769 kJ mol ™.

The enthalpy of formation of H,O(J) is -286 kJ mol™.
The enthalpy of formation of CO,(g) is -394 kJ mol™..
All the data are for 298 K and can be assumed not to vary with T.

Use the above data to deduce

a) AUxgs for the combustion of C;HsCHO(I).

b) AtHyes for propanone, CH3;COCHj3(7).

¢) AHaos for the isomerization of C,HsCHO(J) to CH3;COCHj3(7).
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