Unit 2, Homework No. 1: Chemical Equilibria – SOLUTIONS

1.  To get reaction (3), we need to reverse reaction (1) and multiply it by 0.5, and then add it to reaction (2) multiplied by 0.5. The new reactions and their equilibrium constants are shown below.


(1)				


(2)				


(3)		

Therefore, the new equilibrium constant is 

Let’s now prove the above expression using the standard free energy changes.

For (1) we have multiplied by 0.5 and reversed the reaction.




For (2) we just multiplied it by 0.5.




The total free energy change is the sum of the two free energies.
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3. Calculate the initial partial pressure of ammonia (assuming it to behave like an ideal gas).


		

NH4HS(s)	↔	NH3(g)		+	H2S(g)
	Initial:					2.43 atm		0
	Equilibrium				2.43 – x		x

Activity of the solid is 1. The equilibrium constant is K = 1.6 × 10-4 = (2.43 – x)x = 2.43x – x2
Rearranging: x2 – 2.43x + 1.6 × 10-4 = 0. Solving the quadratic equation yields x = 6.6 × 10-5 atm. 
Equilibrium concentrations are:	NH3, P = 2.4 atm
					H2S, P = 6.6 × 10-5 atm

4. Note: The reaction occurs at constant V and T. Therefore, the pressures are directly proportional to the number of moles. It is therefore appropriate to use moles in the calculation.

2 N2O(g)	+	3 O2(g)		↔		4 NO2(g)

Initial (moles):		0.0200			0.0560				0	
The change:		- 0.0100		-0.0150			+0.0200
Equilibrium (moles):	0.0200	- 0.0100	0.0560 – 0.015		0.0200

	Answers:	0.0100	mol		0.0410	mol			0.0200 mol

(a) You can present your equilibrium concentrations as above in terms of the number of moles. Alternatively, equilibrium partial pressures are acceptable (as in problem 2). I will make it clear which to present in your exam.


The equilibrium constant: 


5. 
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Before the addition of HCI:

10055 M
08040 M

pH = 4.76 1
=490

The addition of 0.10 mole of HCI produces 0.10 mole of H* ions. Originally, 0.40
mole of CH3COOH and 0.55 mole of CH3;COO™ were present. After
neutralization of the HCI acid by CH3COO™, which we write

CH3;COO + HT — CH3;COOH
0.10 mol 0.10 mol 0.10 mol

so that the pH of the buffer becomes

(0.55 — 0.10) mol

PH = 4.76 + log {6 26370.10) mol

=4.71

COMMENT

Because the volume of the solution is the same for both species, we replaced the
ratio of their molar concentrations with the ratio of the number of moles present.




image16.png
From Table 11.1, we have

H3PO; = HY + HhPO; K. =75x10" - pk! =213
H,PO; = H* +HPO}™ K'=62x10"% pK"=1721
HPO;~ = HY+PO;~ K’=48x10"" pK"=1232

The most suitable of the three buffer systems is the HPOE’ /H2POj couple,
because the pK value of the acid H;POj is closest to the desired pH. From
Equation 11.16, we write

[HPO? |
740 =721 +1lo ~
& [H,PO; |
or
[HPO;"] | .
[HoPO;]

Thus, one way to prepare the buffer is to dissolve disodium hydrogen phosphate
(Na,HPO4) and sodium dihydrogen phosphate (NaH,PO,) in a mole ratio of
1.5:1.0 in water to make up a buffer solution of desired volume and pH.
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