Chemistry 231 Tutorial #2
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1. Prove T [a_pj [G;V] = pyT
or j,\eéT ), K

2
VT
2. Use the general relation C, — C, = p to calculate Cpp — Cym at 25 °C and 1.00 bar for
K

a) anideal gas

b) liquid water (8 = 0.000204 K™', x = 0.0000459 bar™’, p = 0.997 g em™).

3. Calculate (8p/6T)y at 25 °C and 1.00 bar for a) an ideal gas

b) liquid water

4. a) Give a brief definition of a “Joule-Thomson (JT) expansion”
b) Give two important practical applications of JT expansions.
¢) What is the significance of the “inversion temperature” in JT expansions?

d) Why would you expect ammonia to show a larger JT effect than methane?

5. Use the expression wyr = —Vw(l - B7)/Cpom  derived in class to calculate the JT coefficient for

a) helium (assumed to be an ideal gas)

b) liquid water at 25 °C and 1.00 bar (Cpm = 75.3 TK™ mol™)

6. Calculate ¢, w, AU and AH for the combustion reaction CHu(g) + 20,(g) > CO4(g) + 2H,0())
a) at 25 °C and a constant pressure 1.00 bar
b) at 25 °C and constant volume (reactants initially at 1.00 bar).
Data at 25 °C: AHP(CH,, 8) = -74.6kJ mol™

AHP(Os,8) = 0 (why?)
AH{(COs, g) = —110.5 kI mol ™



10.

11.

12.

AHP(H,0, ) = —285.8 kI mol™ (...page2)
Calculate AH® for the reaction

Hy(g) + Fog) — 2HF(g)
a) at25°C

b) at 1000 °C (state any approximations you make)

Data at 25 °C: AH(H,,g) = 0 Com (Ha, g) = 28.8) K mol™
AHP(Fp,8) = 0 Com’(F2,2) = 31.3JK ! mol™
AHF(HF, g) = -273.3kImol”  Cow’(HF,g) = 29.1JK ' mol’

Estimate the adiabatic flame temperature for the reaction of equimolar amounts of Hx(g) and
Fo(g) initially at 25 °C. Use data from the previous question.

Why are combustion reactions in an oxygen atmosphere generally much hotter (and much more
dangerous) than combustion reactions in air?

Why are AU and AH nearly identical for many chemical reactions involving liquids and solids?

Partial differential equations can be useful for calculating experimental errors.
To demonstrate this application, suppose the number of moles of ideal gas in a tank is to be
determined by measuring the temperature and pressure of the gas and the volume of the tank and
using

n = pVIRT
to calculate the number of moles of gas. If 7, p, ¥ and their errors are

310.5 (£ 0.5) K 11.7 (£ 0.2) bar 50.00 (+ 0.05) L

estimate the resulting error in the calculated value of n. Suggestion: Start with

dn = (al) dT + [6—"J dp [a—"] av
oT ), op ry o Jr,

To illustrate current research in thermochemistry, with important industrial and biochemical
applications, visit the website of Prof. Peter Tremaine at the University of Guelph.

http://tremaine.cs.uoguelph.ca/peter-tremaine
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