Answers to Study Questions and Problems

1. a.

K - [NO,J*
INH,)*[O,)
K = H;ONCNT]
[HCN]

_ [PCL)ICL)
T (PCL]
K= [CO,
k=19

[0,)°

K = [H,0")[ OH
K= 2P
[Fe3*)2

H,O(!) isaliquid and therefore not included.j

H,O() is the solvent and is not included,

CaCO,(s) and CaO(s) are not included.

H,O¢) s the solvent and is not included.

Zn(s) and Fe(s) are not included.
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o==d ! ——[Nozl‘

¥ MO@ + 30,6 = NOK K = mopiey
2
(NO,)?

b NOE + 320,60 = MOW K, = [roysm

(N,0)*(0,)°

e NOMp = W0 + 30,0 Ky= —h T
2

K] = (K?')Z :md Kl = (Ks)-l and Kz = (Ka)-uz

[H,0][CO]
K= =22 =(0.5x3.00/(1.5x2. = 0.40
TALN (0.5 % 3.0)/(1.5 x 2.5)
2
o _cn? _Pa
K, = K (RT)*" = 0.55 x 0.08206 x 3273K = 148 x 102 = I’:i

(=
and therefore Py = 14.9 atm

Hp + LE < 2HIg
I |Inical 0.25 0.25 0.375
C |Change +X +X -2x
E |Equilibrium 0.25+x 0.25+x 0.375-2x
2
o B L QBTS2 L 502
[Hzl “3] (0-254'!)(0-25*!)

(0.375-2x) = (0.25+x) x 0.1414 sox=0.159
the equilibrium concentrations are:

(H,) = 0.41 moles liter!

(] =0.41 moles liter™!

[HI] = 0.058 moles liter™!

The equilibrium constant for the combination of two suceessive equilib-

ria is the product of the equilibrium constants for the two steps.
K. =K, x K,

< LS <

Ans |
an increase of one mole of gas

Remember always to use
concenlralions {or partial
pressures).

Convert amounts given In
moles 10 concentrations by
dividing by the volume.

Remember that the change Is
always In the stolchiomelrc
ratio.

If you doa't know which way
the system will move, just
choose a direction arbitrarily,
then see If x turng cut to be
negative or positive.

Look out for the opportunity to
take the square root of both
sides<H avolds the quadratic.
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Chapter 16|
g‘;“r: :‘;n";m’::: :“&Y‘“& 7 CS,@® 3CLE = SChiy + CClp
have 1o be; there's no need for I | Inicial 2.0 4.0 0.0 0.0
S Sgevcain e prpbiee. C | Change -0.30 -0.90 +0.30 +0.30
1 030 motes of CCl are E | Equilibrium |17 3.1 0.30 0.30
formed, then the changes In the
olher concentralions can be
calculated directly from the
stolchlometry.
Remember always 10 use 8. COo® + H,@ = C# + HOR
otz il I | Initial L5 1.5 3.0 0.0
Convert amounts given In C | Change -X -X +X +X
moles 1o concentrations by E | Equilibrium | 1.5-x 1.5-x 3.04x X
diviging by the volume.
Nete that C(s) s not included In = [H,0) = (x) = 4.0, therefore x = 1.0
'&?&T’ﬁ'}flﬁm‘iﬁ? l:sg{ul [COllH,]  (1.5-x)(1.5-x) which is the cqmllbnum |
to Include the quantities In the concentration of water |
ieinaod of o the 50 being
licelt 2 =
Gt v, 5 2NOCIp = ANO@ + Cl(g
a Q= _Lx_PQL = (43% x 23)/ 675% =0.093
Ploct
b. No, Q, is greater than K ; ie. there is too much product present.
¢. The system will move to the left.
2NOCl(g) = NO@E + CLE
Sotving higher order equations -
ke thi s using algebra Is é g‘:‘d 6;5 4; 23
not especlally easy. An Heratlve ange: +aX —&X =X
method using a good calculator E | Equilibrium [ 67542x 43-2x 23-x
ora spreol:’s::e:’ ;‘s highly 3 7
recommended. Using a
spreadshect for example, enter P, Jy e 3\&#&. 25 (43_2,¢)2(23_x)/(675+2x)2 = 0.060
Symae " o
redese another e r X
Then ot vk e6 oy ¢ 1 8ot cof x = 2.90 so the partial pressure of NOCI at equilibrium = 681 torr
::::,';:: ;’;‘23“,',33 ,y:,e;;?u and the partial pressure of NO = 37 torr -
able 1o narrow the value for x and the partial pressure of Cl, = 20 torr
10 a sufficlent number of sig. fig.
MR 10. SOCLg = SO + CLE
SO,Cl, 2.0grams MM = 134.97 g mol-1 Moles = 0.0148
SO, 0.17gram MM =64.064 gmol-1  Moles = 0.0027
s O 019gam MM=7091gmol-l  Moles=0.0027
a. Qp= (0.0027)210.0148 =493 x 104,
b No, the system is not at equilibrium. Q does not equal K.

¢. Q, istoo small, the reaction will move toward product.
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1L

12,

13,

14.

NHClG) = NH,@ + HClp
The expression for K, is:

Kp=pNH3 x PHCl = 0-640

Since the partial pressures of ammonia and hydrogen chloride must be
cqual to one another, cach must equal 0.80 atm.

The rotal pressure is cthe sum of the partial pressures, so the total pressure
= 1.60 aum,

Brig) + Ch@ = 2BCly
[ | Inital 0.060 0.060 0.0
C| Change —x -X +2x
E | Equilibrium 0.060-x  0.060—x +2x
_[BCl)? {2x)? 36.0
" [BrllCl]  (0.060-x)(0.060—x) ‘
x = 0.045
So the concenrtration of BrCl produced = 2x = 0.090 mol L.
Quanticy produced = 0.090 mol L*! x 3 L = 0.27 mol = 31 grams.
NH, + H,0 & NH; + OH-
I | Inidal 0.200 0.0 0.0
C| Change -X *X +X
E| Equilibrium 0.200—x X +X
% i 2
K NECNORY. . 82 . o 1o
[NH,] (0.200—x)

x = 1.90 x 107> M —this is the concentration of hydroxide ion.

Tit) + 2CLGE = TiCl + hea
The yield of the produce TiCly is increased by moving the system to the
right:
a. remove hear; cool the system down.
b. remove TiCl ().
c. add chlorine gas Cl,(g).
d. increase the pressure (or decrease the volume).
Note that:

adding more Tis) has no effect,
adding a catalyst has no effect.

The amount of NH, present
must equal the amount of HC|
present since onc cannot be
made without the ¢ther.
Therefore thelr partial pressures
are equal.

Remember 10 change amouris
to concentrations,

Toke the squate root of both
sides.

Don't assume x 15 the deslred
answer to the prodleml In this
<ase the required quantity is the
concentration of B1Cl (whikh Is
2x) and the total amount of BrCl
(which Is the volume of 3 liters
x {his conceniration).

Remember to convert amounts
Into concentralions—1's easy to
forget,

Can assume thal 0.200-x Is
near enough 10 0 200



