Chemistry 231  Assignment #6 (due Tuesday 10 November, in class)
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5.00 moles of liquid water initially at 20 °C is heated at 1.00 atm constant pressure to form water
vapor at 100 °C (the normal boiling point of water). Calculate g, w, AU, AH and AS.

Suggestions: Divide the process into two steps: i) heating H2O(/) from 20 °C to 100 °C,
ii) vaporizing H,O(/) at 100 °C. Ignore the small volume of H>O(/) in the work calculation.

Data:  Cpn(H20,l) = 75.29 JK~! mol ™! AHyapm(H20, ) = 48.15 kJ mol-!
. . K3 1 V . . . .
The isothermal compressibility ¥ = ——| — | gives the negative fractional change in
. V\ op
volume with pressure at fixed T. T
1(oV L ; .
The adiabatic compressibility defined as «,, = —-;(5—) is similar, but gives the negative
P ad

fractional change in volume with pressure under adiabatic conditions (q = 0). The two
compressibilities are related by x = ykaa where y = C,/Cr, the heat capacity ratio.

a) For He (assumed to be an ideal gas), show xaa = 3/(5p). Hint: Recall k= 1/p for ideal gases.

b) For N2 gas molecules that are translating and rotating, but not vibrating, show xa.q = 5/(7p).

a) Suggest why kag might be more useful than x for the analysis of sound waves. Hint: Sound
is a series of fast compression/expansion waves propagating through a system.

b) The speed of sound c and the adiabatic compressibility are related by c = /1/(px,,) where

p = M/Vn is the density. Does the speed of sound increase with temperature for an ideal gas?
Justify your answer.

c¢) Does the speed of sound increase with pressure for an ideal gas? Justify your answer.

d) Calculate the speed of sound in air at 1.00 bar and 300 K. Assume air is an ideal gas mixture
of N2 (mol fraction 0.800) + O (mole fraction 0.200) with Cym = 5R/2.

The wavelength (1) and frequency (v = number of waves per second) of sound are related by
¢ = Jv. Most people can hear sound at frequencies from about 20 to 20,000 Hz. (1 Hz=1s™).

a) Using ¢ =340 m s~! for the speed of sound, calculate the wavelength
i) atv=20Hz ii) at v= 20,000 Hz.
b) What is ultrasonic imaging?

c¢) Ultrasonic imaging employs sound waves with much higher frequencies than audible sound,
up to several GHz. Why?
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This question refers to the relative stabilities of

H Cl H H
X / \ /
C=C Cc=C
/ \ / \
Cl H Cl Cl
trans-1,2-dichloroethylene cis-1,2-dichjoroethylene

a) According to organic chemistry and the rules of steric hindrance, which isomer is likely to
be more stable? Explain.

b) Calculate g and AS at 25 °C and 1.00 bar for conversion of the cis isomer to the trans isomer.
trans-1,2-dichloroethylene (/) - cis-1 ,2-dichloroethylene (/)

Data at 25°C:  AHg°(trans-1,2-DCE, [) = —23.14 kJ mol™! Sw’(trans-1,2-DCE, ) = 195.85 J K™! mol™!
AHp%(cis-1,2-DCE, I) = —27.60 kJ mol! Sm°(cis-1,2-DCE, ) = 198.41 J K™! mol™

¢) According to the Second Law of thermodynamics, the entropy of an isolated system can never
decrease. Use the Second Law to decide which isomer is more stable. Hint: The reaction is not
isolated, so be careful to include the entropy changes of the isomers and the surroundings.

Question 5 shows that one of the isomers of 1,2-dichloroethylene is unstable. Yet pure trans-1,2-

dichloroethylene and pure cis-1,2-dichloroethylene can be purchased from chemical companies!
How is this possible?
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