Chemistry 12 Unit 2 - Chemical Equilibrium

Chemistry 12
Worksheet 2.3 KEY

Calculations Involving the Equilibrium Constant Keq ).

1. Given the equilibrium equation below:
Axg) + Bag) < 2AB(8}

If, at equilibrium, the concentrations are as follows: @

[Az] =345M,  [B,]-567M and [AB]=067M

a) Writc the expression for the equilibrium constant, Keq
. IAp)*
LARTRITN
b) Find the value of the equilibrium constant, Keq at the temperature that the experiment
was done. -
Ke% = (0.67) s 0035
(3.45)(5-67)

Answer Kﬁﬂ- 5 0‘02’3

2. Given the equilibrium cquation:
Xog) + 3Y2g) & 2XY31g)
at a temperature of 50°C, it is found that when cquilibrium is reached that:
(X2 =037M, [Y5]=053M and [XYs]=0090M (Al 25D)
a) Write the equilibrium constant expression (K )
Ry mittel
2{3’ ZX z..] IYZ]
b) Calculate the value of Keq at 50°C.
. (0.090)*

O.
(0-37)(0.53)° =

[ Keg. = Q—ZS—_f
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Chemistry 12 Unit 2 - Chemical Equilibrium

3. For the reaction: Axg) ' By ¥ 2C(y E

it is found that by adding 1.5 moles of C to a 1.0 L container, an equilibrium is cstablished in
which 0.30 moles of B are found. (Hint: Make a table and use it to answer the questions

helow.) , 2/
N o
- :

=z g
Il o 0 L5“
[C]] +o0.30 +0.30 -0.60
E[l 030 | o030 gie <
a) What is [A] at cquilibrium? Answer 0.30M
b) What is [B] at equilibrium? Answer 0.30 M
¢) What is [C] at equilibrium? Aniwer. o L 9SM
d) Write the expression for the equilibrium constant, K .
Kecﬁ, = [C] r
[A1LB]
¢) Calculate the value for the gquilibrium constant at the temperature at the experiment
was done. q'
eg = (09 )
(0.30) (0.30)

Answer K eﬂ— = q

Worksheet 2-3 - Calculations Involving the Equilibrium Constant Page 2




Chemistry 12 Unit 2 - Chemical Equilibrium
4. Considering the following cquilibrium: K E Y i
2AB 3(g) p=a AZ{I) + 3BZ(gl

If0.87 moles of AB; are injected into a 5.0 L. container at 25°C , at equilibrium the final

'A"I is found 1o he 0 070 AL {H int: Make a table and use it to answer itie quesiions below. i
Tritiad IAB)  0.87mol . 0 174 M {fm,hd to £ sD%)
= L.: 34 = 2dp>)
/"""ﬂ
; 433 = 112 + 3 B 2

IT) 0.174 (28p) 0 2

(C] -o0.14 +0.070 | +0.2|

(EY  0.034%)] 0070 | 0.2
a) Calculate the cquilibrium concentration of AB;. Answer 0.03 M
b) Calculate the equilibrium [A,]. Answer 0.070M
¢) Calculate the equilibrium [B,). Answer 0.2l M

5. Consider the reaction:
Ag * B #¥ Cg
a) In an equilibrium mixture the follo oentmtions were found:
[A] = 0.45M, [B] = 0.63M and [C] = 0.30M. Calculate the value of the equilibrium

oonstanl for this reaction.
Lc] . (030 . ,088a
K“?r [RI[BY  (045)(063) answer Keg = L]

b) At the same temperature, another oqullﬂmum mixture is analyzed and it is found that
[B] = 0.21 M and [C] = 0.70 M. From this ljmformatlon above, calculate the
equilibrium [A]. (use unrounded Vﬁz:.L

(i '
10582 = (0.70) so [A] ((0).5732) o 3.aM

[A] (0.21) LAl = 3.2M

Answer
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Chemistry 12 S Unit 2 - Chemical Equilibrium
¢) In another equilibrium mixturc af 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 equilibrivm [B].

Et& ;:J][B] Ag + B = Cg
ip] = (0-86) . 2.3M
0 = (0.8¢) e
/-0582 >35) 5] 10582 (0-35)

| Answer ZB.I" 25M

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

2NH3g) F& N *+ 3Hyg)

At equilibrium, 1.0 mole of NH3(g) remains,

(Make a table and use :WM—?"\.
2 NH4 = =,

3 Hy
Tl ao 0 0
icl - 1.0 +0.50 1.5
[E] l.O 0.50 .5
a) What is the equilibrium [N,]? PIBESR 65 101 )
b) What is the equilibrium (H,]? PP T 5

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

Keg = INaJIH,0° . (050)(15)° .
%’ I:MH}] - B (I.o):_ f7

Answer kﬁ, =/ i
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Chemistry 12 K EY Unit 2 - Chemical Equilibrium

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

2HBrgy = Hyg + Bryy

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

MBr 22 W+ B, Ko ~MEBL) 0197

.
[T)[ oso] 0 0 LNG J1L 0.24)* 041
[C}] -0-26 | +0.13 |+0.13
]l 0-24 (0.3 [ 0.3 Answer Keg. = 0.29

8. When 1.0 mol of NHj(g) and 0.40 mol of Nag) 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 Nily is present. The
reaction is:

MNHyg) = 3y + N

itial [NHg)=LOwel . 0.20M  initial [N;) = 0.40 mel. _ 0.080M )
5oL : 5.0L
IQ%“.IL"“ Z”HJ] < QS?OELﬁ :_O_.!_S_b_”_ .l 2““3 > 3“3 + ”2..

[1]] 0.20 0 0.080
[C3]-0.044- |+0.066 10.022
[E]J|0.156 | 0-066 |[Clo2

a) Calculate the equilibrium concentrations of all three species.

[NH;3] = 0. “7 M (Ha) = 0.066 M [Na] = O-IOM ,

b), Calculate the value of the cquilibrium constant at this temperature.
(use Unfbandb‘ concs, then round to 2 5D%)

Keg = [H, 1’ IN2] . (0- 066)3(0.192) _ 00012 %)
%' CNHz1* (0.156)* Answer le'o /
¢) How many moles of Hz are present at equilibrium?
0.066 M x 5.0L = 0.33mo ATwat 0.33 mel j

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

O- 102 M x 5.0L = O.S/ﬂl&é lAnswer 0.5] MD(J
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Chemistry 12 k EY Unit 2 - Chemical Equilibrium

9. When 0.40 mol of PCly is heated in a 10.0 L container, an equilibrium is established in

which 0.25 mol of Cl; is present. (Make a rable and 1o read alf
guestions a-d before making your table!: 4"“ EJ [Pdsg fﬂw‘o :0 = 0. 0‘0"1}

PClsy & PCIJ{.!] + Cly Qﬂ‘ll(" LCh)= 025!”0’}

[1}| 0.040 0 0 10.0L
[C1]-0.025 | +0.025 [+0.025 = 0.025M

[E]|0.015 |0.025 |0.025

a) Calculate the equilibrium concentration of cach species.

pos=_0-05M  pey- 0-025M (- _0-025M

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

Keg = LPU3)CLT . (0-025)" _ 042
% e (0.0IS)
Answer Keg— = 0. 042

¢) What amount (moles) of PCl3 is present at equilibrium?
0.025M x 10.0L = 0.25me? 0.25 mol

Answer

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

0.0i5M x (0.0L = O.1Smel . O.IS mo(

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

[H2] =046 M, [I3]=039M and [HI]=30M.

The equation is: Hag) + lag # 2Hly

a) Calculate the value of Keq at 448°C.

Ke%’ i iHﬂ "(io—)z;“" = 50167 Answer D0, OF 5.0x10"
[H3[T,] " (046)(0-39)
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Chemistry 12 EKE Y Unit 2 - Chemical Equilibrium
b) In another equilibrium mixt same participants at 448°C | the concentrations of
I2 and H are both 0.050 M. What is the equilibrium concentration of HI?

Kea: s LBTY" 50467 « LHT1*
% I, 10T, ] ’ (0.050)*

[HIJ = 50467 v@-oso)’“/a [HI] = 0.35M
iHL = 0-‘254’ ‘[;s“rr a35 M

1. The K¢q for the reaction:

PClsy 3 PClyg + Clyg

at 250°C is found to be £.042. In an equilibrium mixture of these species, it is found that
[PCls] = 0.012 M, and [Cl2] = 0.049 M. What is the equilibrium [PCl3] at 250°C ?

. al LPCIyT =(0.042)(0.02) . 1) pio M
0.04= LPCIs1{0-0%)

(0.012) Answer 0.0i0M

12, Ata certain temperature the reaction:
COg + 2Hyg, & CH;O0l

has a Keq = 0.500. If a reaction mixture at equilibrium contains 0.210 M CO and
0.100 M Hy , what is the equilibrium [CH3OH]?

Keg = LCH30H] L ¢tz 0H] <(0.500)(0.210)(0.100)™
[eo3LHy 1% = 0.00/105M

0.500 = LCHz04J
(0. 20){(0-100)* r o
t.o\nswer 0-00!05 M

l or_I.O.SX(O'sM
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Chemistry 12 k E Y _ Unit 2 - Chemical Equilibrium

I3, Ata certain temperature the reaction:  COqg + O & COxy + Moy

has a Keq = 0.400. Exactly /.00 mol of each gas was placed in a 100.0 L vesse] and the
mixture was allowed to react. Find the equilibrium concentration of each gas.

lm'l'lc:tﬂ fCO},[H,_OJ‘ [CD;}é[H;l = _toomol . 0.0100M [T, .0 k%.—. l.oo

(00.0L

= 0.400 ,50 rx will

Co + o= utHy Ky -[0)U5] &ls:ﬁ_‘gﬁﬂmfﬂf’?m%

|TI|a.0lco |0.0100 | 0.0100|0.0100 £co1 LH0] g
x 0,400 -D.otoo-x} X =0-003£7$
[.f._ | +x + % —-% -X 00T X )T __t“l?‘f-é
- 200 =(0.000-%) X0, ~dS
[E ) ptcors Jowos x o oo~ .oio- | ¥4 G G505 arg(iﬁ?!stm
1 .ol0 000 |0.0100 | 0.0100 0100 +X) < :
[EJ Ie':-‘sm’ 31%0:26! - a.omsnl-aoomto"’m‘é[a 0100+ =0bloo-

: ._ = 0.0043246+ 0.63246x 20,0100 -X
[E]6.0123 10,0123 10.0078 |0.0078 |, (agg . 6,000 -0.0063246
— \ lL6328bx = 0.003675 4
Imr [(0] =["J.01 =0.0123 M ffaz] :ZML-]: 0-0078 M

14, The reaction: XY & Xy + Yag

has a Kog = 35 at 25°C. 1 3.0 Y are injected into a 1.0 L container at 25°C | find
the cquilibrium [X2] and [Y2). | Triag Keq = {X3)(V2) < O _ . 0 (keg =38) l
. Ixyyr (3o :
LSO rx. will shif+ RIGHT as 1t G”l'oad!.i ¢&ulf!.'.‘{

XY = Xy 4 ¥z Keg. = g%‘g%"—a}l— 12.8320x 217242

W 0 (o) : z 17.7482
5, 35 = x2_ s
€ -2x | +x | +x (3.0-2x)2 :

= r = x X = ,—383

[E3o-2x | * * 35 e
(Elpo-20383) 1383 | 1:383 | 5 (4 (3.0-2x) = X ‘
[Ello-a338 (1383 | 1-382 | (77482 ~1182%x = X

Answer (1= L4H [v;)= L4M |
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Chemistry 12 k E Y Unit 2 - Chemical Equilibrium
I5.  The equilibrium constant for the reaction:

Hyg) + I = 2Hig at448°C is 50.

a) If 1.0 mol of Hz is mixed with 1.0 mol of I3 in 2 0.50 L, container and allowed to react at
448°C , what is the equilibrium [H1}?

Torbal [H;3 - komel . 20M ,[T,]=3.0M, [HI] =0

o = LHI]” 7071 (2-x) < 2
Hy+I, & ZOHI Ke@, f_fh]_f]fz_]_ M.M:-?.O;‘Ix 2dx
.0 | 4.0 3| - s ¥.0
E[% 2..-: 2—x s = Eol(2™ 14.142 7/ X

(2-0")()2' X < /4-!42— .‘._,.559

[T [20x [2:0-% 9.071

A%
(£ po1ssfrouss9| a(1.559)| V6o = _2x
[E_l 44 | 0.4% 3._]___ 2-x Answer LHII‘ 3.1 M

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

IMNBOM x 0.6DL = (.6 mal

Ansuer 16 moles of HI

=

16.  Given Koq for the reaction:

PClsg) &= PClyg) + Clyg

is 0.042 a1 250°C , what will happen if 2.50 mol of PCls, 0.600 mol of Cl and 0,600 mol of
PCl; arc placed in a 1.00 flask at 250°C ? (Wilk she reaction shift lefi, right, ar ot occur at alt?)

Kea. = [D0l.7 7ol ] ’SM(.L de?g.? Keﬁ,
e 7 }3381532 The veaction will shif+ 4o he
Tl kea < (ooo)0bos) | FEFT a5 & appreaches ol
by i 72.50) So [PCls]uwll jacrense. while.

, LP(3Y and [0,] decresse. .
Tnal kerb, = 0,144

Actuat Keq = 0.042

Ay SIEF LEFT
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Chemistry 12 KEY Unit 2 - Chemical Equilibrium
17. Given the equilibrium equation: g ' lxg F 2Hlg
at 448°C, Keq = 50. 1f3.0 mol of HI, 2.0 mol of 113, and 1.5 mol of I, are placed in a
1.0 L container at 448°C, will a reaction occur? c )
Trial Ke ¢(39 < kcg,( ¢:

Keg.= LHIJ
_%’ [H,3LT,] /,So the r?ad'lon will procng to

Tl ke = (3.0)° . +he 'Rl.aHT.' m order 40 veath
ri %’ zmu% T 30 ng(:brturvv-

! Answer Ves_,’ff WI_U_
If so, which way does the reaction shifi? {-O 'H‘t' \GH T ’

18, Given the equilibrium cquation: g + Iy & 2l

at 448°C, Keg = 50. 1f 5.0 mol of HI, 0.7071 mol of Hz, and 0.7071 mol of 13 arc placed in a
1.0 L. container at 448°C, will a reaction occur? (Rommd any answers off 1o 3 stgnificant digits’)

Kuﬁ, ]_HI_I

CH,3LT,]
T}mﬁ Keq. = (_5-0) . . ; <
b0 280 sime ToalepeKep

Answcr’l?x Wl” NUT OCCUR ]

If s0, which way does the reaction shift? ne | Hvo/ wa {?

19, Determine the equilibrium constant for the reaction: Hyg * lag = 2Hlg
given that an cquilibrium mixture is analyzed and found to contain the following
concentrations:  [H2] = 0.0075 M, [12] = 0.000043 M and [HI] = 0.0040 M

HI] _ (0.0040)™ . 5,
EIN,ZEIJ " (0.0075)(0.000043)

Answer K Cg, : 50.
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Chemistry 12

20. Given the equilibrium equation:

G4 + B &2

[Kev]

3A@)

Unit 2 - Chemical Equilibrium
+ B = 2(y

1£2.50 moles of A and 0.500 moles of B are added to a 2.00 L. container, an equilibrium is
cstablished in which the [C] is found to be 0.250 M.

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

3

Ve

r-""\

b

[r]

f35

0,250

0

I

~0.31S5 0,125

+ 0,250

[EJlo.8s

0.125

0.250

2 6. ploes
b) Calculate the value of the equilibrium constant Ko .

1

Keg

=ilele

- 2.50mod -1.25M [B]- mol)
imlie [R] Tor— 5M C J=0.500

2.00L
= 0.250M

Jﬁi‘\nswcr

LA1=0,88M EBJ=0.125M]

_(0.250)*

[AT3 (8] (0-875)(0.125)

= 0,744

Answer

S

At 800°C, the cquilibrium constant Keq , for the reaction:

COxg) + Hag) & COg + H20¢g)

is 0.279

If 1.50 moles of CO; and 1.50 moles of H3 arc added to a 1.00 L containcr, what would the
[CO] be at equilibrium?

Kgq}_ = [c03 T H,0] 0,7923-0,5282X

CO; + Hp e Co+H 0 £co,3 CH, Y < :
[x][ 156 [r66 | o | © 0.279 = x* __  \0:7123:1532x
€Il -x [ -x | +x | +x (1-50-%)% x-_o.,wsn
‘[‘ > [.S28 2
E]ll.50- x |I-50-x X % e e Ik
[iE‘} 1.50-0.551.50-05%4  0.518S | 0.518S 1:50-X X20.5185
2(1.56-x) = X
[FIl0.982 |0.982 | 0.518 | 0.5!8 0.528
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Chemistry 12 K E Y Unit 2 - Chemical Equilibrium

22, Given that the equilibrium constant Ko for the reaction:
Ag + B = Cy + Dy is 0.0I5 a 250C,

if 1.0 mole of each gas is added to a 1.0 L. container at 25°C, which way will the equation

Q"II" m mlp.r o l'l-m“h MIII'I"II‘IIIH\"

A

Keg = LCILDT
LRILB]

-—;—r"i'e Keg = MU_O); = .0
- (1.0)(1.0)

Trial keg > keg.  So reaction will shft LEFT 3o veach qu'(ﬂ
(1.0 (0.015)
Answer L E F T

23. Calculate the equilibrium constant Ko for the following reaction:

2A%g) *+ 3IBygy = 2A:Bs
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

AgB3“500kPa
K B 0o
e% rDA:. - ~3 (gg )) (30 =.2:3) x!O'é
7NK PB,. 0.0 .
-4

Answer ke‘l, 2 31 R ID
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Chemistry 12

KEY

Unit 2 - Chemical Equilibrium

24.  Consider the following equilibrium system: Ag * By F Cy

1.0 mole of A and 2.0 molcs of B are simultancously injected into an empty 1.0 L container.
At equilibrium (afier 5.0 minutes), [C] is found 10 he 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.)

(7]l 1.0 2.0 O
(| -020 | -0.20 | t0.20
€]l o.e0 | .80 | 0.20
|
e e
e
fvo 'E j
5o
L ’ﬂ"
0-0 -IogJ 1 2 3 4 5 6 7 8 9 10
TIME (minutes)
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Chemistry 12 K EY | Unit 2 - Chemical Equilibrium

25, Given the reaction:
4HClgy + O ¥=2H0p) + 20l AH=-113K
How will the value of the cquilibrium constant Keq at 550°C compare with it's value at
o keq,, at 650°c will have o lower value.

Explain your answer. SIM'H\D' X. lS CKO’H'R"MIC adclmq h(ﬂi WI” quse.
-rhe reaction to shift LEFT. This will decrease $he vadig of Keg .

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

Tmogq. ™

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

aoubler Tncvease d (dtcfeosn@g'?wﬂl cause @ shiFt RIEHT proceing more Wy )

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

the container? LNCrease (First inc. [H,0] will sped up rey. rx, formyag more
Teactants. lﬁn’ﬁréei ;x. witl speed ap!;ﬁ)"“

¢) How is the amount of O in the container affected if a catalyst is added?
cat rev. .
QO_ChQDQ@ (A catalist speeds up forward §rev. v quaﬂi;; )

27.  Atacertain temperature, Koq for the reaction:

3CaHy & Cgllg is 3.0.

If the equiltbrium concentration of CaHz is 0.40 moles/L, what is the equilibrium
concentration of CgHg?

Keo = LCeHid o 5.0=LCHT 5 LaHIBol40°
¥ [CH T~ (0.40)% < 0.32M

Answer 0‘ 3 2’ M
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