Chemistry 12 Unit 2 - Chemical Equilibrium
Chemistry 12
CALCULATIONS INVOLVING THE EQUILIBRIUM CONSTANT Kgq)

1.  Given the equilibrium equation below: ,K &
Axg)* Bag) & 2AB( !

If, at equilibrium, the concentrations are as follows:

[A,]=345M,  [B,]=567M and [AB]=067M

a) Write the expression for the equilibrium constant, Keq Kﬁcy ) Y, A 61 2

YA{X {523

b) Find the value of the equilibrium constant, Keq at the temperature that the experiment
was done. _ )

feq-(0” \zcax 0
(345)5.67H)

2. Given the equilibrium equation:

Xa@) + 3Y2g) € 2XY3(g)

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

[X,]=037M, [Y,]=0.53M and [XY;]=0.090M

a) Write the equilibrium constant expression (Keq ) , [%\{51

[%21[\/21

b) Calculate the value of Keq at 50°C.

( 0.090) " A 5
Q?ﬂ)? =) \O}X
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Chemistry 12 Unit 2 - Chemical Equilibrium
3.  For the reaction: Ag) + B < 2Cg)

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. (Hint: Make a table and use it to answer the questions

below.)
T [ SM
”’{ - 0,60
E 0.9
a) Whatis [A] at equilibrium? O0.230M
b) What is [B] at equilibrium? O .30M
c) What is [C] at equilibrium? O.9M

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

ﬁe% Egll - (ﬂz_ ﬂ
LA GED CEC

e) Calculate the value for the equilibrium constant at the temperature the experiment was
done.
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Chemistry 12 Unit 2 - Chemical Equilibrium
4.  Considering the following equilibrium:
2AB3g) = Az + 3By

If 0.87 moles of AB; are injected into a 5.0 L container at 25°C , at equilibrium the final [A,]
is found to be 0.070 M.(Hint: Make a table and use it to answer the questions below.)

2A65 = A5 ~ 36, [%3]: 0. &F o)
Tlo-134M o o _5woC
= + + a - O dF4M
¢ O\ O.07Fom 0. 21
- \oto?>t+f\’\\ 0.0Fom| O.21M
/T\+O 2de
a) Calculate the equilibrium concentration of AB;. 0.03 M
b) Calculate the equilibrium [A,]. Q. 03O0OM
c) Calculate the equilibrium [B,]. O .2 1N

5. Consider the reaction:
Ag * Bp & Cg
a) In an equilibrium mixture the following concentrations were found:

[A]=0.45M, [B] = 0.63M and [C] = 0.30M. Calculate the value of the equilibrium
constant for this reaction.

Keq- €3 _ 020 =
[ANBY (=)™

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].

A\- ¢\ 0.10 ‘
[ @Eﬁ/b T (1L0582) (021 T 3.2M
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Chemistry 12 Unit 2 - Chemical Equilibrium
¢) 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].

Ag) + B € Cy

6. Two mole of gaseous NHj3 are introduced into a 1.0 L vessel and allowed to undergo partial
decomposition at high temperature according to the reaction:

2NHzg) €= Ny + 3Hy)

At equilibrium, 1.0 mole of NHj3(g) remains.
(Make a table and use it to answer the questions below:)

a) What is the equilibrium [N,]?

b) What is the equilibrium [H,]?

¢) Calculate the value of the equilibrium constant at the temperature of the experiment.
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Chemistry 12 Unit 2 - Chemical Equilibrium

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

2HBrg) &=  Hpg) + Bryy

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

femperature? | 20ex = W + @ Keq = THo L&)

T losom | ¢ | & MR
& {_ 0260 | YO\ \+ O\ DN - (,\63(43\) B

E o (0.3 | Coim_ Ere

8. When 1.0 mol of NH3(g) and 0.40 mol of N2(g) are placed ina 5.0 L vessel and allowed to
reach equilibrium at a certain temperature, it is found that 0.78 mol of NH3 is present. The
reaction is:

2NHzp &= 3Hyg + Ny

0.20M ey 0 .080M

T
C lo.oHgm | +.066M| +0.022M
L | 026N | 0.066M| ©.102M

a) Calculate the equilibrium concentrations of all three species.

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

Keg- ThalP2) . (006) (192 | v i107 >
sy (150>

c) How many moles of H are present at equilibrium?

el ¥\2=<O\Oéb m__c_)\\( solY . 0.3 mol Ha
L

d) How many moles of N are present at equilibrium?

ol N2 = (OJOZ—(Y__"I_C:)__\)(S‘OL/> = 0.5 wol No
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Chemistry 12 Unit 2 - Chemical Equilibrium

9.

10.

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. (Make a table and answer the questions below. Be sure to read all questions a-
d before making your table!:)

PClsg) & PCl3(g) +1 Cly(g)
T \o.oqv\ s \ -

C \—,ozsv\ + O O2SM ‘ + D,025SM
(= l0~0l6M\o.026V\l .025M

a) Calculate the equilibrium concentration of each species.

[PCls]= O.O1SMN [PCl]= OO ZSM [Ch]l= O.025M

b) Calculate the value of the equilibrium constant, Keq at the temperature of the
experiment. S B
heg- [PONICLN (029)(-025) _ p.ou2
LS Lo

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

A A\
ol T/C\é = (0.025«»0\ X\OQL’B NG TP AN 3
‘ L

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

o\ R\s = (D; Oo\SW \(\O\OL\ . O \Senol QC,\S

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]=046M, [[]=039M and [HI]=3.0M.
The equation is: Hyg) + Ing € 2HIy
a) Calculate the value of Keq at 448°C.

heg. Lad= (30Y - 5o,
[Fo AT\ (-46)(3F)

{
5\0 XD
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Chemistry 12 Unit 2 - Chemical Equilibrium
b) In another equilibrium mixture of the same participants at 448°C , the concentrations of
I and H; are both 0.050 M. What is the equilibrium concentration of HI?

2= ( ’(\a?ca@b_lilzx
= (20X o.050) & O=0)
:0.125

THT,= ©.25M

11. The Keq for the reaction:

—3

PClsg) &= PClg + Clyg

at 250°C is found to be 0.042. In an equilibrium mixture of these species, it is found that
[PCl5] =0.012 M, and [Cl2] = 0.049 M. What is the equilibrium [PCl3] at 250°C ?

theo- TPOsNClL ] [ROS1= Keqloas]

- L2
Leass - (0. 042 Co™)
(o.oH)

=|o.crom ]

12. At a certain temperature the reaction:
CO@g) + 2Hyg &= CH3OH,

has a Keq = 0.500. If a reaction mixture at equilibrium contains 0.210 M CO and
0.100 M H; , what is the equilibrium [CH30H]?

V\eq cHzon
[collr\ad*

E“@“E*—(\/\GCDYC o[ ¥ d”
. (O.V?DDX(O-"(/\ O\L 0:100) %
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Chemistry 12 Unit 2 - Chemical Equilibrium

13.  Ata certain temperature the reaction: COg) + H2O@) &2 COq) + Hy

has a Keq = 0.400. Exactly 1.00 mol of each gas was placed in a 100.0 L vessel and the
mixture was allowed to react. Find the equilibrium concentration of each gas.

CO ++hO = CO, + ¥ K@: 0. 400
I l.om \ 0O\ M \bolM .o Dlolonn MUS? bl bf@@%
C ‘-\—

= =% \-x
.ol-X

E \.OH')L \go\*’)c \ad’%

heq- [CO73TH bB24$SS T o
103 O O1-%= (b4 E )Y 01+x)
\ (O\ -x )& O\-X = 0063246 t .63246x
O4diJ<‘”*¥3ﬁ' Co2LAS = [.b3246x
‘ ‘ ECOJC‘%\ 0l2%V
X = 0.00225 1 H20\e

14. The reaction: 2XY(@g) € Xog) + Yo %("/'07/%‘04/}___ OO l~4
23¢q

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 [X5] and [Y5].

22XV Xz Y

21 |3oM | © ©
C |-2x | +x | *x
E Box| x ' X

heq - Dl - 35

D(\{Y/ (5 OZ@J
X _ 5. QIEO}Q?B

pE———

2%
50 5,908 (3-2%)
21399872 - 118 321X

=138% ) ‘
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Chemistry 12 Unit 2 - Chemical Equilibrium
15. The equilibrium constant for the reaction:

Hyg) + Iz €= 2HI( at 448°C is 50.

a) If 1.0 mol of Hs is mixed with 1.0 mol of 12 in a 0.50 L container and allowed to react at
448°C , what is the equilibrium [HI]? 0,2%
2= _ 9.0H068

- O?LO’% ,
A . 0’2% = 4\0’:“068(7/‘0 ——X)
| +)x 2x = 14 1u2l — q.031068%
2.0 - X \ q.cA068x% = 9.4z
v = |, 5590

50 B

| [Hr]= 3.1m (

b) How many moles of HI are formed at equilibrium? (Actual yield)
moleS KT - (Bbwal Y5~ |].6 mol
C N

16. GivenKeq for the reaction:
PClsg) &= PClhg) + Cla)

is 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 ? (Wil the reaction shift left, right, or not occur at ali?)

Q= [PC NG\ (Lm)lom)
[?C\{‘j T 25Mm )

O.lHY

Q> Keg.

O.1dy O.0U2.

Shifter Judd
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Chemistry 12 Unit 2 - Chemical Equilibrium

17.  Given the equilibrium equation: Hyg) + Ipg €= 2HIy

at 448°C, Keq = 50. If 3.0 mol of HI, 2.0 mol of Hy, and 1.5 mol of I are placed in a
1.0 L container at 448°C, will a reaction occur?

Q- Keq- kTl (zo)?
SN (o)X

3 S

Shafts v ajw

If so, which way does the reaction shift?

18. Given the equilibrium equation: Hyg + Ipg <= 2HIg)

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

Q= (57 -
B — 60 R = %C{f‘
(AH A O
=10 YN
If so, which way does the reaction shift?
19. Determine the equilibrium constant for the reaction: Ha) + Iog) & 2HI(g)

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

heg- TLT> (pooto)”

[T, (o5 Y004 3) =
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Chemistry 12 Unit 2 - Chemical Equilibrium

20.

21.

Given the equilibrium equation: 3Ag + B €= 2C

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.

a) Find [A] and [B] at equilibrium.

20+ B = 2C
lzoM Jo2sM | o
-3%5m |-.25m T 025M
0.25M

Kg- 0.935M = 0.88M

r
24¢

b) Calculate the value of the equilibrium constant Keq

Aeg- [C12 pan)s o
RP6Y” (sP(es) ~

At 800°C, the equilibrium constant Keq , for the reaction:
COzg) + Hy COrg) + H20(y) is 0.279

If 1.50 moles of CO7 and 1.50 moles of H; are added to a 1.00 L container, what would the
[CO] be at equilibrium?

|0y + Hy = (O + Hoo

Iﬂ/@m e &

|

- X —X -+ X “+X

C
L x| lspx | x| X

= 0‘52%2(11@’//()

7
_?.C_ _ 0’279 X= 0. 12D - . 5282K

(150X)% | $2%2% = 0. 32>
= OSI¥
_/_‘C— < 0!51g2. % /K’
117//]7)’7(

[COL‘V 0.513M
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Chemistry 12 Unit 2 - Chemical Equilibrium

22. Given that the equilibrium constant Keq for the reaction:
Ag + B € Cg + D is 0.015 at 25°C,

if 1.0 mole of each gas is added to a 1.0 L container at 25°C, which way will the equation
shift in order to reach equilibrium?

0-[cdY _ (1oM9)
B (00D

0y ey opifts BT
\0 0.015 |

23. Calculate the equilibrium constant K¢q for the following reaction:
282) * 3By T 2A2Bs3)
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.

M@Qr Wmﬂ NG )&
RS Do)’

= 2AIKO
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Chemistry 12 Unit 2 - Chemical Equilibrium

24.  Consider the following equilibrium system: A(g) + B(g) € C(g)

1.0 mole of A and 2.0 moles of B are simultaneously injected into an empty 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+ B =0

A0 =S
<] .
[A]
Concentration
™
101
Ce)
-
o
0~ 1 2 3 4 5 6 7 8
9

TIME (minutes)
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Chemistry 12 Unit 2 - Chemical Equilibrium

25. Given the reaction:

26.

27.

4HClg) + Oz P 2HyO(g) + 2Clyg AH=-113kJ

How will the value of the equilibrium constant Keq at 5500C compare with it's value at

4500C? %@Z @ 500C L bt Jower”

Explain your answer. /]\ TC[,L(/CW W M ﬁLO V M Qf

%%ﬂv

The followmg system is at equilibrium, in a closed container:
1 mol 9as — 8molgas
4NH3z) + 302¢) €= 6HO(g) + 2Ny + Heat

a) How is the amount of N2 in the container affected if the volume of the contamer is

%5 yid
doubled? 7 N Omoun‘/ﬁ Ao /55/;1 Oor( mo&sJﬁa

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

the container? q\ ) /‘/U'ha/{ S/Lb{/_{’ ﬁ]l% M“M/ 7\ mﬂ( //a/ti’/

c) How is the amount of O7 in the container affected if a catalyst is added?

no Cha/taij,f \ JMSJ 27 dS wo ran
At a certain temperature, Keq for the reaction:
3CoH, €2 CgHg is 5.0.

If the equilibrium concentration of CoHj is 0.40 moles/L, what is the equilibrium
concentration of C¢Hg?

%@Q° Mj [Cé/v/@]: /{C‘Q [Cz/ﬁjg

@2”2]5 -’(5'0>(O"/O)5
/0.2
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