Unit 2, Homework No. 1: Chemical Equilibria – SOLUTIONS
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4. 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

5. 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: 


7. 
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52.

Shift to left

Shift to right; because the reaction is endothermic (heat is a reactant), an increase in
temperature will shift the equilibrium to the right.

No effect d. Shift to right

Shift to right; because there are more gaseous product molecules than gaseous reactant
molecules, the equilibrium will shift right with an increase in volume.
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79.

For HyCeHsOs. K, =7.9 x 107 and K, =1.6 x107%. Because K, >>K, . the amount of
H" produced by the K,, reaction will be negligible.

1mol H,C4HO4
176.12 g
0.2000L

0.500g x

[H2CeHsOglo = =0.0142 M

HyCeHsOs(aq) — HCeHeOs (aq) + H'(aq) Ka‘:7.9x 107

Initial 0.0142 M 0 ~0
Equil. 0.0142 - x x x
Xz Yz
Ka‘: 79%x107°= —— = L x=11x107; assumption fails the 5% rule.

00142—x 00142

Solving by the method of successive approximations:

2

79x107= —————
00142 1.1 x 10~

., x=1.0 x 107 M (consistent answer)

Because H' produced by the K,, reaction will be negligible, [H']=1.0 % 10~ and pH =
3.00.
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9L

NaN; — Na"+ N3~ Azide (N3") is a weak base since it is the conjugate base of a weak acid.
All conjugate bases of weak acids are weak bases (Ky < Ky < 1). Ignore Na™.

-14
N o+ HO = HNy+ OH  Ky= ow - LOXI0T 55 400
1.9 x 10
Initial 0.010 M 0 ~0
x mol/L of N5 reacts with H,O to reach equilibrium
Change —x - +x
Equil. 0.010 —x x x
HN,][OH™ 5 5 )
Kp= [HN;][OH™] . 53x100= _r X (assuming x << 0.010)
N,] 0.010-x 0.010
1.0x107™

x=[0H]=23x10"°M; [H]= =43 %107 M; assumptions good.

23x107°

[HN3]=[OH]=23 x 10°M: [Na']=0.010 M; [N57]=0.010-2.3 x 10°=0.010 M
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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.
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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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78.

0.10 1H,A P
50.0 mL x % = 5.0 mmol H,A initially

To reach the first equivalence point, 5.0 mmol OH™ must be added. This occurs after addition
of 50.0 mL of 0.10 M NaOH. At the first equivalence point for a diprotic acid, pH =

(pK,, +PK,,)/2 =8.00. Addition of 25.0 mL of 0.10 A/ NaOH will be the first halfway point
to equivalence, where [H,A] = [HA ] and pH = pK, =6.70. Solving for the K, values:

PK,, =6.70. K, =10°7°=20x 10"

K, + pK 6.70 + pK
PRa ¥ PRe g0, ZP 2 =8.00. pK,,=9.30. K, =10°°=50x10"°
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80. a HA"=H +A” K,=1x10" when[HA]=[A™], pH= pK, =8.00.

The titration reaction is A* + H” — HA™ (goes to completion). Begin with 100.0 mL x
0.200 mmol/mL = 20.0 mmol A*. We need to convert 10.0 mmol A* into HA" by
adding 10.0 mmol H*. This will produce a solution where [HA] = [A*] and pH =
PK,, = 8.00.

10.0 mmol = 1.00 mmol/mL x V, V =10.0 mL HC1

b. At the second stoichiometric point, all A> is converted into H,A. This requires 40.0
mmol HCI, which is 40.0 mL of 1.00 M HCL.

[HAlo= M =0.143 M, because Ka‘ >> Kh‘ H>A is the major source of H".

140.0 mL
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HA = H* + HA

Initial 0.143 M 0 0
Equil. 0.143 —x x x
Xz Xz
K, =———, 1.0x10° ~ . x=0.012M; check assumptions:
T 0143 -x 0.143
0.012

ey % 100 = 8.4%; can't neglect x. Using successive approximations:

x=0.0115 (carrying extra sig. figs.): [H]=0.0115 M and pH = 1.94
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88.

AgS04(s) = 2Ag'aq) + SO (aq)

Initial s = solubility (mol/L) 0 0
Equil. 2s s

Ky =12x107 = [Ag T[S0 ] = (25)’s =4s”, s =14 x 102 mol/L

ApSOs) = 2Ag7(aq) + SO (aq)
Initial s = solubility (mol/L) 0.10 M 0
Equil. 0.10 +2s 5

Ko =12 %107 =(0.10 + 25)%(s) = (0.10)%(s), s=1.2 x 10~ mol/L; assumption good.

AgS04(s) = 2Ag'aq) + SOs(aq)
Initial s = solubility (mol/L) 0 0.20 M
Equil 2s 020+s

1.2 x 107 = (25)%(0.20 + 5) ~ 45%(0.20), s=3.9 x 10~ mol/L; assumption good.

Note: Comparing the solubilities in parts b and c to part a illustrates that the solubility of
a salt decreases when a common ion is present.
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102. Mn** + C,04 = MnC,04 Ki=7.9x10°
MnC,0; + C,0,7 = Mn(C,0,),” K,=7.9x 10

Mn*(aq) + 2 C,04"(aq) = Mn(C,04),"(aq) Ki=KiK, =62 10°
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112.  a Agl(s) = Ag'aq) + T(aqQ) K,=[Ag[]=1.5x10"

Initial s = solubility (mol/L) 0 0
Equil. s s

Kp=15x10"" =5 5=1.2x10° mol/L

1.5x107'¢
7% 107

b. AgI(s) = Ag +T
Ag"+2NH; = Ag(NH),"

Agl(s) +2NHs(aq) — Ag(NH;),"(aq) +I(aq) K=K, xKe=2.6x 107

Agls) + 2NH; = AgNHy)," + I

Initial 3.0M 0 0
s mol/L of Agl(s) dissolves to reach equilibrium = molar solubility
Equil. 3.0-2s s s
+ — 2 2
SN, ] & 610 S 5—15%10% molL
[NH, ] (3.0-2s) (3.0)
Assumption good.

c. The presence of NH; increases the solubility of Agl. Added NH; removes Ag" from
solution by forming the complex ion, Ag(NH;),". As Ag™ is removed, more AgI(s) will
dissolve to replenish the Ag” concentration.
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21.

K, = K(RT)**, where An = sum of gaseous product coefficients — sum of gaseous reactant
coefficients. For this reaction, An=3 - 1=2.

[COI[IL T _ (0.24)1.1)°

= 1.9 mol’/L?
[CH,OH] (0.15)

K=

K, = K(RT)* = 1.9(0.08206 L atm K™ mol™ x 600. K)* = 4.6 x 10° atm’
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3L

CaCOs(s) = Ca0(s) + COsx(g) K,= Peo, = 1.04 atm

We only need to calculate the initial partial pressure of CO, and compare this value to 1.04
atm. At this temperature, all CO, will be in the gas phase.

584gC0, 008206 am
nco,RT — 44.01g/mol K mol
N 50.0L

x 1173K

a. PV=1RT, Q= Py, =
255 atm > K,

Reaction will shift to the left because Q > K,: the mass of CaO will decrease.
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_ (23.76)(0.08206)(1173)

=1.04 atm =K,
(44.01)(50.0)

Q= Pco2

At equilibrium because Q = K;: mass of CaO will not change.

Mass of CO, is the same as in part b. P =1.04 atm = Kp. At equilibrium: mass of CaO
will not change.

_ (4.82)(0.08206)(1173)

=0211am <K,
(44.01)(50.0)

Q= Pco2

Reaction will shift to the right because Q < K,: the mass of CaO will increase.
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Before

Change
After

Change
Equil.

K=1.1

Fe*(aQ) + SCN(aq) = FeSCN*(aq) K=1.1x10°

0.020 M 0.10 M 0
Let 0.020 mol/L Fe** react completely (K is large; products dominate).
—0.020 —0.020 — +0.020 React completely

0 0.08 0.020 New initial
x mol/L FeSCN** reacts to reach equilibrium

+x +x <«

x 0.08 +x 0.020 —x
10 = [FeSCN*] _ 0.020—x _ 0020

[Fe"][SCN"]  (x)(0.08+x)  (0.08)x

x=2x10"M: xis 1% of 0.020. Assumptions are good by the 5% rule.

x=[Fe*]=2x 10" M; [SCN]=0.08 +2 x 10 =0.08 M

[FeSCN*]=0.020 — 2 x 107 =0.020 M




