Chemistry 12 Unit 2 - Chemical Equilibrium
.Worksheet 2-3 -- Sec 2.7 and 2.8

Calculations Involving the Equilibrium Constant (Keq ).

1. Given the equilibrium equation below:
Axg) T Ba) &= 2AB(g)

If, at equilibrium, the concentrations are as follows:

[Ay]=3.45M, [B,]=5.67M and [AB]=0.67M

2
a) Write the expression for the equilibrium constant, Keq ¥\ QCV = Eﬂ@
BDURYN

b) Find the value of the equilibrium constant Keq at the temperature that the experiment

was done. {O LO—_‘—}
P s

Answer Q g ). S \O- :

2. Given the equilibrium equation:

Xoe) + 3Y2e) € 2XY3(g)

at a temperature of 50°C, it is found that when equilibrium is reached that:

[X,]=037M, [Y,]=0.53M and [XY3]=0.090 M

a) Write the equilibrium constant expression (K¢q ) % - X\B

AR

b) Calculate the value of K¢q at 50°C.

. (0.090Y
ben, R

Answer C) \6

3.  For the reaction: Az + B € 2C(y

it is found that by adding 1.5 moles of C to a 1.0 L container, an equilibrium is established in
which 0.30 moles of B are found.

p‘ + %2_ = aC \‘Ol'.
T o O S G S o = ot

—

[ -
C +03% .5 -0-

L 0% 03 6.9

a) What is [A] at equilibrium? Answer O % M
b) What is [B] at equilibrium? Answer O.D M
¢) What is [C] at equilibrium? Answer N.Q] M

d) Write the expression for the equilibrium constant, Keq .

bheg, - Y
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Chemistry 12 Unit 2 - Chemical Equilibrium

e) Calculate the value for the equilibrium consfant at the temperature at the experiment was done.

Answer \/\E% __O\
4.  Considering the following equilibrium:
2AB3(g) & Axg) T 3B

If 0.87 moles of ABj are injected into a 5.0 L container at 25°C , at equilibrium the final [A,] is

found to be 0.070M A%':) I Q‘Z - 3%2
(3 -0 — oA o

5L C 2N\
-0 WM Y0010 * O
01H% E o.04 00O O

y 1

a) Calculate the equilibrium concentration of ABj3. Answer O ) 5"'\ H
b) Calculate the equilibrium [A,]. Answer 0.010 H

c) Calculate the equilibrium [B,]. Answer C) . 62 \ ﬂ

5.  Consider the reaction:

Ag * B & C
a) In an equilibrium mixture the following concentrations wete found:

[A]=0.45M, [B] =0.63M and [C] = 0. 30M Calculate the value of the equilibrium constant for
this reaction.
j Vo= (CY 0.3
Answer \ 06?) &3(@ @~ ‘0‘5)( 0 ‘-‘5)

b) At the same temperature, another equilibrium mixture is analyzed and it is found that
[B]=0.21 M and [C] = 0.70 M. From this and the information above, calculate the

equilibrium [A]. O 1

(o )

nswer . 503N 0.8%: 01 A=3% 03
v (R CEES

¢) In another equilibrium mixture at the same temperature, it is found that [A] = 0.35 M and
the [C] = 0.86 M. From this and the information above,.calculate the equilibrium [B].

A + B = C

1= (O 80D
OB

Answer 995 H QB&S% O 2)b




Chemistry 12 Unit 2 - Chemical Equilibrium

6.

Two mole of gaseous NH3 are introduced into a 1.0 L vessel and allowed to undergo partial
decomposition at high temperature according to the reaction:

2NH3g) &= Ny + 3Hp)
At equilibrium, 1.0 mole of NH3(g) remains.

ST o o
C -\O b06 1.9

C 1O 05 NS
a) What is the equilibrium [N5]? Answer O 6 M
b) What is the equilibrium [H,]? Answer \ @ [t

c) Calculate the value of the equilibrium constant at the temperature of the experiment.

. > Y S e W T
¥‘e@ ;L-—/’l“’gmg . QEO) e

Ansv\:eor‘v ’ \-—\

At a high temperature, 0.50 mol of HBr was placed in a 1.0 L container and allowed to
decompose according to the reaction:

ZHBr(g) = Hz(g) + Brz(g)

At equilibrium the [Br;] was measured to be 0.13 M. What is Keq for this reaction at this

emperature? at o
t¥\€pcp__t (O_\’s‘)((),ﬁ\ - &gb‘g = \f\Z_) v O_‘

0.0 C-D - 0.0 »O0.\3
o8 o oD

Answer hﬁ - ( )aﬁ -

When 1.0 mol of NH3(g) and 0.40 mol of Ny(g) are placed in a 5.0 L vessel and allowed to reach
equilibrium at a certain temperature, it is found that 0.78 mol of NHj3 is present. The reaction is:

2NH3(g) = 3H2(g) + No(g) c“\\a“: % =0
()

o fndg -0t 003
C-00M  10.000 30022 5
G 090 0.0 O 102 [NeDe = 0-\0e

a) Calculate the equilibrium concentrations of all three species.
nNisl- Ol YA 1= 0 .0blg™ -0 \OM

b) Calculate the value of the equilibrium constant at this temperature.

3
Yy, - 0 .\02) (0.06)
Answer M - Q‘)( 2!9

(0 \9e)?
¢) How many moles of Hj are present at equilibrium?
OOblbed , 50L = (53>
-

amsver_ .33 o) Py

d) How many moles of N are present at equilibrium?
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Chemistry 12 Unit 2 - Chemical Equilibrium

10.

b)

Answer (') . 5 mg] !\l 2.

When 0.40 mol of PCls is heated in a 10.0 L container, an equilibrium is established in which 0.25
mol of Cl, is present. (Be sure to read all questions a-d before making your table!)
%\5 g ?C\') a Cly
PClsg 2 PClyy + Chy L 0cHA O O
C-0.025 *0.028 +0 025
a) Calculate the equilibrium concentration of each species. C 001 002% 0.025

pclsl=_0.0\O M [pcl=-_ 005 M [chi= 0.029 M

b) Calculate the value of the equilibrium constant, Keq at the temperature of the
experiment.

_ (0.023)(0.015)
\('a’t' L’ © .OVS)

Answer \Létv‘ = OD"\ 8

¢) What amount (moles) of PCl3 is present at equilibrium?
\

0,085 m: x 10 1

Answer ng_) ‘\'\0\

d) What amount (moles) of PCls is present at equilibrium?

O-O\f)ﬁ_‘ % O L

L Answer (), \: ) ma&

A mixture of H, and I, is allowed to react at 448°C. When equilibrium is established, the
concentrations of the participants are found to be: .

[Hy] =046 M, [[]=0.39M and [HI]=3.0M.
The equation is: Hy + I & 2Hly

a) Calculate the value of K¢q at 448°C.

ik,
SeY!
- (50)7— Answer& : 60. ‘%‘
(0H6X02A) oo 55
%

In another equilibrium mixture of the same participants at 448°C , the concentrations of I and Hp
are both 0.050 M. What is the equilibrium concentration of HI?

S0= X*
(56)0.03)
m :\);t Answer ( ):555 H
X: O3
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Chemistry 12 Unit 2 - Chemical Equilibrium

11.  The Keq for the reaction: ka;‘, - EC|13CPC\ ‘b‘
PCls) @ PClyg + Chyy [ersh
at 250°C is found to be 0.042. In an equilibrium mixture of these species, it is found that
[PCls] =0.012 M, and [Cl,] = 0.049 M. What is the equilibrium [PCl3] at 250°C ?
0.049 = (0 0N (X
(0 012)
) 0005 = O.OH%¥ x 20-010
0.044 0.0“"q Answer _ () ( WO ™
12. At a certain temperature the reaction:
CcO + 2Hp < CH30H ?
(2) (2 (2 Qo’} f_' H '3
has a Keq = 0.500. If a reaction mixture at equilibrium cpntains 0.210 M CO and
0.100 M H» , what is the equilibrium [CH30H]?
09500=__X% )
(e (eRY
< ‘ \O D
X 0 (p 5 Answer \ (f) 2od ) M
13. At a certain temperature the reaction: CO(g) + HO(g) P COyg + Hyp
-~ mac‘raﬁ*)c our
has a Keq = 0.400. Exactly 1.00 mo? of each gas was placed in a 100.0 L vessel a ixture was
allowed to react. Find the equilibrium concentration of each gas. Y\‘
CO v+ pPo0 = COy * We SO-"\ (0 V=)~
_I oo\ 00\ 0-O0\ (o293 ] Co o\ 4% 2
- - -~ X
C r¥ (Ve ad >r 0,039~ 00!
C 0.0\iy g.0Mx o1y 09-, OOV *¥
Answer[CGYIOY = 0012 A (UYWA= 0.00T7 O - 0031 0,632~ 20043
- O 00032 -0.00632
14. The reaction: XY & Xog + Y | .0 XZ= O.00%8
K= 0.0027%
has a Keq = 35 at 25°C. If 3.0 moles of XY are injected into a 1.0 L container at 25°C , find the
equilibrium [X3] and [Y>]. kec = [YAEX"
MY S Xz * \ll. C‘l\ll‘z

T 3
C -ax

© o {359 x* "
b ¥ ;i(S‘QY

C 3ax X % Dbl = _x

3-ax
(5.9%)(3-a» = *

19— 11.889 % = X%
17 18\\\!.9574 AW Y2

o 1 l—\-ls -~ 1.3
19 o> L 12- @32 Answer [Xo] = VUM [Y:]=_| &M

x = ). 3k
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Chemistry 12 Unit 2 - Chemical Equilibrium

\

15. The equilibrium constant for the reaction:

Ha) + I <= 2Hly) at 448°C is 50.
a) If 1.0 mol of Hj is mixed with 1.0 mol of I in a 0.50 L container and allowed to react at
448°C , what is the equilibrium [HI]? N\ WA\ TOTN =2x
E\»‘B=_‘_'§ :d W2 x J = 281 g, : 0 (3 o voe
0 B J o 0 G2 - § Ol
[..-S‘D.'E’:L C -« =X 32x 1{50 = (2:)" Go1l So
0% € 2-w 2-¥ + ¥ (a—‘v)?' \. 5 = X
’-\ O1= ‘a_:_
_ 8- Cw1d= >
Answer C\\-\] =3\ 7.0UD D)= D> a(\‘;bs

1404 -T.0Tx 28" , 3 )

b) How many moles of HI are formed at equilibrium? (Actual yield)

Answer \‘55-2 M(ﬂ Qi L -\ b

16.  Given K¢q for the reaction:
PCls(g) = PCl3g) + Clyg)

1s 0.042 at 250°C , what will happen if 2.50 mol of PCls, 0.600 mol of Cl, and 0.600 mol of PCl;
are placed in a 1.00 flask at 250°C ? (Will the reaction shift left, right, or not occur at all?)

Q=N @2y —p iR keq v kg

TPCis) o C*x0 wil) okl
= (0.L) (0L ety 20 PAsI® ond
k) (PC\s) and DY
Answer 5\\!(-\ Q(-\-
17. Given the equilibrium equation: Hyo) + D <= 2Hly

ontainer at 448°C, will a reaction occur?
Q:(\“‘-\‘ Teio\ Weg £ \‘4%
G so shf cl%m s VI3 ad

= (A = 3 w2\ and(T 3V
&5

Answer \\e S If so, which way does the reaction shift?
<\ €Y (‘I%V\\

18. Given the equilibrium equation: Hyo) + Iy < 2Hly

ﬁ 448°C, Keq = 50. 1f 3.0 mol of HI, 2.0 mol of Hp, and 1.5 mol of I are placed in a

at 448°C, Keq = 50. 1f 5.0 mol of HI, 0.7071 mol of Hy, and 0.7071 mol of I, are placed in
container at 448°C, will a reaction occur? (Round any answers off to 3 significant digits!)

G = Iy . _
(——-——'“a ﬂ ;\ /6\6\\ \‘«', H m
- 5"
(010 ™O W™ -
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Chemistry 12 Unit 2 - Chemical Equilibrium

Answer_\YD (%N
If so, which way does the reaction shift? '\\ \N\\\ (\Q\

19. Determine the equilibrium constant for the reaction: Hy) + Iz = 2Hl(y)

given that an equilibrium mixture is analyzed and found to contain the following concentrations:
[H2]=0.0075 M, [I2] = 0.000043 M and [HI] = 0.0040 M

ARy
AT D \4eq,= Hq .

=0 ,Ool-\)z
(0 05BX 0.oV3)

Answer \"Qq, : ©0

20. Given the equilibrium equation: 3A(g) + B = 2C(y

If 2.50 moles of A and 0.500 moles of B are added to a 2.00 L container, an equilibrium is

established in which the [C] is found to be 0.250 M. EA-S‘I. = 9.9 Sy - (_.');_5
o
a) Find [A] and [B] at equilibrium. - _
_ r B =T A 125 =083
Y \.25 .29 O

C-0815 -0\ +0.250
E 0215 025 0aso

Answer i‘& FQ.E% M CE’=OE\3 ™M

b) Calculate the value of the equilibrium constant Ke .

_ L ~ %0
e o%ﬁﬂ - (g™ (012%)

Answer ('5 ,_15 .

21. At 800°C, the equilibrium constant Keq , for the reaction:

M = Q‘O-s C“zO'S
D ats)

COye) + Hpg @€ CO(g + HyO(g) is 0.279

If 1.50 moles of COg and 1.50 moles of H, are added to a 1.00 L container, what would the [CO] be

at equilibrium? 5 | = X
Cog + W\, = Cg Y 3,0 0N 15 x)*

g
T 1% o 0129~
C X -« X X 0990 - v;-x ,i'.,?:é",.w;
€ 15w 8% x ¥ 0sis-dex - 051® = x
03970 9LBx * (6010<

Answer O\ = OSI\

22.  Given that the equilibrium constant Keq for the reaction:
A *+ By = Ce *+ Dy is 0.015 at 250C,

if 1.0 mole of each gas is added to a 1.0 L container at 250C, which way will the equation shift in
order to reach equilibrium?

: A\ QR
ke OB QY ke S0 (o

_ c(?z(ch et} o (eadn Vg, .
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Chemistry 12 Unit 2 - Chemical Equilibrium

Answer 6“\ C‘ \QCL

23. Calculate the equilibrium constant K¢q for the following reaction:

2A2(g) + 3B2(g) P4 2A2B3(g)

given that the partial pressure of each substance at equilibrium is as follows:

Partial Pressure of A2 = 20.0 kPa, Partial Pressure of B2 = 30.0 kPa, Partial Pressure of A2B3 =
5.00 kPa. 2

’:(\7,0,)1 = S
M sy S

.

Answer < \UD

24.  Consider the following equilibrium system: A + By &= Cg

1.0 mole of A and 2.0 moles of B are simultaneously injected into an émpty 1.0 L container. At
equilibrium (after 5.0 minutes), [C] is found to be 0.20 M. Make calculations and draw graphs to
show how each of [A], [B] and [C] change with time over a period of 10.0 minutes.

(HINT: You have to make a table first.)

A » % =2C
T | 2 o
C _02 -0.2 iog
E 09 \¢ 0.2

| o0 ~—]
Concentration
M)
(o
L\
(A
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Chemistry 12 Unit 2 - Chemical Equilibrium
TIME (minutes)

25. Given the reaction:

4HClg)y + Oy €=2H0(y) + 2Cly AH=-113kJ
How will the value of the equilibrium constant Keq at 550°C compare with it's value at
4500C? YLQQ wil) &cjggg
Explain your answer. SsY\CQ, He OxO 1% e@%(m.\c‘ QN \NCCRG%

Mu‘(‘_)‘eq \QC¥ oo ’Y\E('Qad‘oﬁ\'{s ﬁ\a\;mu\&?, Q/

26. The following system is at equilibrium, in a closed container:

4NH3(g) + 302(g) = 6HyO) + 2Npg) + He.at

Tma D wma)
a) How is the amount of N) in the container affected if the volume of the container is

douled? RN\ 2N Peosone /. € i€} le@  ~NO7 wl ™

b) How is the rate of the forward reaction affected if more water vapor is introduced into

the container? iaw&a@zmﬁh rRY. (O {nCressS
0N yoaks e equal %U\“\on\m’l

¢) How is the amount of O2 in the container affected if a catalyst is added?

Niﬂhm\_rt a5 ‘Yorwoud & rure  nans bokh mcreaae
equ ‘j

27. At a certain temperature, Keq for the reaction:
3CoHy € CgHg is +5.0.

If the equilibrium concentration of CoH» is 0.40 moles/L, what is the equilibrium concentration of
CeHe?

heg, (_C_wi\)
(Co¥p)”

= X nswer = ;
6 A LMA 0.32 M%I_

0.39 = X
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