Chemistry 09-106: Modern Chemistry 11 Carnegie Mellon University

Lecture Notes M: Chemical Equilibrium V

Consider the reaction:
2 H,S @ T O, (2) > 2 S(S) + 2 H,O (2) AH =-221.19 kJ/mol

Concept
If O, (g 1s added to the reaction vessel, what happens to the amount of S)?

a) It increases b) It decreases c¢) Nothing

If the volume of the vessel is cut in half, what happens to the ratio of Pypo/ Ppas?

a) It increases b) It decreases c¢) Nothing

If the temperature is increased, what happens to the equilibrium constant K?

a) It increases b) It decreases c¢) Nothing

If Ss) is added to the reaction, what happens to Py20?

a) It increases b) It decreases c¢) Nothing
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Concept
Consider a mixture of Cl, g and I, () in a sealed vessel at 750°C. The following reaction is in equilibrium:

Chg + Lo 2IC

What happens to the ratio of Py / Pci, when the volume of the vessel is decreased?

a) It increases b) It decreases ¢) Nothing

Concept
If the density of graphite is about 2 g/mL and that of buckyball is about 1.5 g/mL, in which direction would the
application of high pressure drive the equilibrium?

A) toward formation of graphite

B) toward formation of buckyball
C) neither would be formed preferentially

Concept
Consider the gaseous equilibrium:

Hy gt Lg>2Hl

The sketches below show the pressures, P, of these three gases as a function of time during an experiment. Only
one is real, i.e. is consistent with Le Chatelier’s principle. Which one is it?
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Concept

Consider the following two systems:

System 1 System 2 4————__ Piston with
1 kg weight.
] 1 kg
H,0 CHy |
Ne CH,
> Ne H,0
€O H, ==t CO p,

Assume the following reaction is at equilibrium:
CHy(g) + H20(g) <> CO(g) + 3 Ha(g)

A relatively large amount of Ne is introduced into both systems, keeping the temperature constant.

For system 1:

a) Introduction of the Ne forces the equilibrium to the left.

b) Introduction of the Ne forces the equilibrium to the right.

¢) Introduction of the Ne has no effect on the position of the equilibrium.
d) Can’t tell from the available information.

For system 2:

a) Introduction of the Ne forces the equilibrium to the left.

b) Introduction of the Ne forces the equilibrium to the right.

¢) Introduction of the Ne has no effect on the position of the equilibrium.
d) Can’t tell from the available information.

Concept
|_| Consider the system shown at the left.
ks Assume the following reaction is at equilibrium:
CHa(g) + HoO(g) <> CO(g) + 3 Hx(g) + heat
When the bunsen burner is used to heat up the system,
CH, O, a) the equilibrium will shift to the left
CO, H,0 b) the equilibrium will shift to the right

¢) there will be no effect on the position of the equilibrium
d) can’t tell from the available information

(7 <

Bunsen Burner
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1) Van’t Hoff equation
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2) Deriving the equilibrium condition from thermodynamics

Dependence of AG on the pressure of a gas

Dependence of AG on the concentration of a solution
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AG for a gas reaction
aAgt bBgpe ¢ Cyt dDg

AG

aA +bB > ¢cC +dD

Pa Pp Pc Pp
1 atm 1 at Pp
AG= aRT In| =— — bRT Ip/- M _ Pc — -D
[PA] AG In Pn AG= cRTIn| - C AG =d RT ]“mm)

latm 1 atm !,_.“GO latm 1 atm

aA + bB » cC +dD
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a b c d
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P, P, latm ) { latm P, Py
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