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Equilibrium Test vl 2019 Name:

1. Which of the following statements best defines the dynamic nature of a chemical equilibrium?

A) The reactants transform completely into products. X
B) The macroscopic (visual) properties remain constant. vV Teue b“?{'.w H\ay wothe MC
C) The masses of the reactants and the products are equal. equilibrivn ans
D) The rates of the forward and reverse reactions are equal. 1D
2 | A
2, Which statement concerning the following equilibrium systems is FALSE? Z %
N2y +3Haip € 2NHagy Keq=2.66 x 1073 5 | C
2)2Ha 1)+ S200 € 2H:S () Keq = 9.38 x 10°° /10
3) 2 HaOp + 2 Sp5) €9 2 HySpgy + Oz Keg=5.31x 101
8)Hz g+ 249 €> 2 Hl () Keq = 54.4

A) The formation of NHs g, is favored in system 1. M

B) The formation of Hl, is favored in system 4.

C) The formation of H,S is not favored in system 2. Y~
D) The formation of water is favored in system 3,

3. What is the mathematical expression for Keq of the equilibrium system represented by the following equation?
Cup) + 2 HSO4p0q) & CusSOsfaq) + S$0310q) + 2 H20p)
Ke = [CuSO4I[SO2I[H20]2 @ Ke = {502

A) Ke=ICuSO[SO2H20/2 B)
[H2504)2

[CulfH2504]%

Ke = [CuSOL[S02] D)
T [H25047

4. What is the equilibrium constant for the following system if at equilibrium there are 3.0 mol/L of NOyg and

4.0 mol/L of NyOapy)? %:IN"_Q‘.J - __&;_o_ :_0-4'4

LNOTE G.od*
C) 0.75 D) 2.30

2 NO; () €> N2O4 g + Energy

@0.44 B)

5. The reaction below is carried out with and without a catalyst in a sealed container. All other conditions are
constant. Which graph correctly illustrates the [Hz] over time?
COg + HaOtg) 2 COzg) + Hayg

1.30

uncatalysed reaction
....... catalysed reaction

concentration
of H,

b -1
w
.
L]
L]
1
1
1
]
:
on
of H!
\ e
concentration
of Hz

v

v

time

tune

-

v

tfume

v



6. Apply Le Chatelier's Principle to the following equilibrium system. E + Nz(g) + 2 025 €> 2 NO2 (g

What effect will each of the following changes have on the concentration of ammonia, NOz)?
o Circle correct answer

a) increasing the total pressure Q—oer INCREASE DECREASE NO CHANGE
b) increasing the temperature Fotwevel  INCREASE DECREASE  NO CHANGE /
¢} increasing the concentration of N c} INCREASE DECREASE NO CHANGE 3

7. A system reaches equilibrium according to the following equation:

4 Fe(s) + 302, 22 Fe203) + 1600 k)

What effect will each of the following changes have on the concentration of Fe;03)?

a) A decrease in temperature ("' INCREASE DECREASE NO CHANGE /.5
b) An decrease in pressure ¢ INCREASE DECREASE NO CHANGE
¢) An addition of a catalyst INCREASE DECREASE NO CHANGE

Show your work and provide units for the following questions.

8. Use rate theory to mathematically show how the forward and reverse rates would chaﬁ"ge after doubl_ing the
pressure.

2B+ 3Ha) € BoHey  AH = +36 ki
® e = KEW, DS rele= L Tg M ]
=xe2? = k.3
= QK = X 7

9. A student adds 3.0 moles of Na, and 6.0 moles of O to a 5.0 L container. At equilibrium 1.0 mole of NO3
is present. Calculate the equilibrium constant for this system

Nz +2 Oz €> 2NO02 (g I 2 ‘?-cz; z{l;g1
B\\Zli = 3.0M_OGH 0.6 | '
SeL Cl-o0.1 ] 7©-2 +0.2
[Ozj|‘= g;_.’o_uﬁ_"o‘:l. AM E lo.s |iI-© 0.2 /‘4
O L
S Keg = [NOLJ
(NOZJ&L* I.waQ =0.2M eq, 2

Sou [NJ Lo ‘Jt
- ©D"
® ©.DUN®

[ _KE& =0.0% A/ /




10. A student adds 5.00M water vapour and carbon monoxide. The reaction is permitted to reach equilibrium.

Find the equilibrium concentration of all reactants and products if the Keq is 0.0625.

H20) 4 COg Hag) [ CO2g Kei = [Hg]ﬁoz]
\ 15 |5l o]0 l [H01Lcol
_C_ =X x| % [+¥% /0.062‘55(??%;
E 13x S *x J** 556 =

5
_’_‘.

\'[HZO(g)] =4-00 f’\ﬁ"«1
[CO@]= 400 M
[Hag]= \,©0
[COx)=1\ .00 M ]

e 1

11. What are the final concentrations of all reactants and products if the mltlal concentration of Hy is 10.0 M

and I is 6.0 M. Show all your calculations.
| M) b 2 2H Keq=2 4~ D't]‘[::
i H
T | o |6 o\ [é )‘f
— - x
C —X s “'Q\,\ (lb-—x)(,(-;-x)
€ 10-x |6-v | 2 \ 2060 -10% ~bx+x*¥)=4y?
— _ Q r B =4 T
'x:"bty_lf'—‘F&g 1o 52.:4- ; “Q:Q
2a X:'): A% +32vw—120| =32
C=~/120
= 732+ V 32 - 4(2)-120)
202 M= 6.JGH
:'3LtVTOZH + 9¢0 x= 214 [12] = -z-‘?GH
[HI]= 6.23 M
N x = " 19.\ | — 4

= _32 +Viq3y

g




iEquiIibrium Test v2 2019 Name: _%SSAE.{S_

1. Which of the following factors are necessary to establish dynamic chemical equilibrium?

1.anopensystem X 2. constant temperature
3. a reversible reaction Vv~ 4. changing macroscopic properties

Alland2 B)1and 4 @and3 D)3and 4
2. Which statement concerning the following equilibrium systems is FALSE? MC
1)N2ip+3Hz2 1y € 2NH; Keq = 2.66 x 1073 ans
2) 2 Hag)+S2( €> 2HS Keq = 9.38 x 10°° 1|¢
3} 2 HoOpgy + 2 S¢5) €3 2 HaSpg) + Oz Keqg = 5.31x 101 2 n
4) Hapg) + 12 (g €> 2 H () Keq = 54.4 3 C_
The formation of NHs ) is favored in system 1, 4 D
B) The formation of Hl, is favored in system 4. 5| 6
C} The formation of H;S is not favored in system 2. /10

D) The formation of water is favored in system 3.

3. What is the mathematical expression for Keq of the equilibrium system represented by the following equation?
@ 2 H3504100) € CUSOstaq) + SO31aq) + 2 H;U

A} Ke=[CuSOg[SO[H20]2 B)  Kc = [CuSO4}[SO2[H20)? Ke = [CuSO4SO2] D) Keisoy
[CuJ[H2804)¢ [H2504)? [H2804%

4. What is the equilibrium constant for the following system if at equilibrium there are 3.5 mol/L of NO,; and

4.0 mol/L of N204{g)? k! q = &J J - .
2 NO; (5 € N304 () + Energy 104 = "l =z 0 . 33

A) 3.06 B) 1.14 c) 057 0.32

5. Which one of the following best represents the changes in concentration when the equilibrium mnﬂure is

diluted at time t2? e m o K ch AN -J

e3+(aq) + SCN“(aq) = Fe(§CN)’+(aq) B } 2 '/c &) (%)

{ eecscmy 1 [ pecscny Rake =y T F{_,(.SUUJ] KOk
[ SO [T T (e
‘§ Foi* g Fel" g Fe** E Fel* F&T
§ [sear]_ § s ——0- 8 s gglf— sen t

| T —ue - =1
l'I 1 " ;2 tme | Fbsw .L
2 fune >

n time h time



O

mozjel = \Omk _p.25M

6. Apply Le Chatelier's Principle to the following equilibrium system. E + Nz (g + 2 Q25 €> 2 NO; ()

What effect will each of the following changes have on the concentration of ammonia, NOzg?
Circle correct answer

a) decrease the total pressure R INCREASE DECREASE NO CHANGE

b) decrease the temperature R INCREASE DECREASE NO CHANGE

c) decrease the concentration of Najg g INCREASE DECREASE NO CHANGE

7. A system reaches equilibrium according to the following equation:

4 Fe(s) + 302 2 2 Fe203) + 1600 k)

What effect will each of the following changes have on the concentration of Fe;03iy?

a) A increase in temperature R

INCREASE DECREASE NO CHANGE
b) An increase in pressure = INCREASE DECREASE NO CHANGE
¢) An addition of a catalyst INCREASE DECREASE NO CHANGE

Show your work and provide units for the following questions.

%

8. Use rate theory to mathematically show how the forward and reverse rates would change after doubling the

pressure.
2B(s) + 3Hz5) € B2Heyy AH =436 kJ [ " ]
- v 3 = LBk
ot . 1 r"jq*'e.
=¥, 23 “K2
=R K = 2k

/>

9. A student adds 3.0 moles of Ny and 6.0 moles of O to a 4.0 L container. At equilibrium 1.0 mole of NO: 1

is present. Calculate the equilibrium constant for this system.

[ N0, T*

[ —

(f

Keq

4oL

Il

©.25)%

N2 (g +2 O2(g) €> 2 NO2 ) N, [0  [2No,
[Ny = 3owel _ 0.75 N \ lo0.75 [ 1.5 o
1.0% 125 0.2 s
- ~9.45 1 +0. 25
.0 - 6.0mel . 1.5 H <
EYUn E jp-625]1.25] .25 |

w 2] [Oz,] z

iy
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10. A student adds 4.00M water vapour and carbon monoxide. The reaction is permitted to reach equilibrium.
. Find the equilibrium concentration of all reactants and products if the Keq is 0.0625,

z@.t: (H.Q]E’OLJ
(R0 Leo]

H20¢ + COy, F" Hz(g) t+ CO2)

4 | 4 o O

| 0.0625 =x2
—— - +% | tx
3 el e -
B 0.0¢ - %
€ }:\4"‘ X | X i e -\
tO.Qg = X
025U g T
1-0.25 % = % -0.25 (- . 0ul - 5201
. =) . #~x)z ¥ [COwl= 3.20v4M
\ =0.2% -1 4+0.25 3y =x [Hag)]= O.800 1
0.8 = x !l =078 [CO2] = 0.800 M
. 30-' :-4-_"\‘ —1.3

11. What are the final concentrations of all reactants and products if the initial concentration of H, is 9.0 M and

Iz is 6.0 M. Show all your calculations. KQ"L - [\-\ g%
Keq=2

| H +1 P 2HI|
|1 |6 | o fHL]CE?

__cf_+ Q- « b~x Q\cﬂ (?"‘)U’“X)
VB Ay 2(?“>‘3C‘>-><\=4><2
Py - @—x)(évx) = Ax
. T . 9.2
- *V__—‘——x‘ 54 -185x tx" = x
_JS-_ IS’—_‘F(I)("S*) 0= XL+|5K—S4
200 o
=-18 £Vazs 4200 | Hal= G.OM
® T, T/ = 3.0M
=S L\ Gy N7 Hi= 6.0
e
2 -5t 2 B /%



Equilibrium Test v3 2019 Name:

1. A certain chemical reaction establishes equilibrium. The equilibrium constant, Keq has a value of 2.5 x 10%2.
Which of the following statements best describes the equilibrium? H\kgf(_

M The reaction can never establish equilibrium. ? P(D
m At equilibrium, there is a greater concentration of reactants than produc...

At equilibrium, there is an equal concentration of reactants and products.
At equilibrium, there is a greater concentration of products than reactants. /

2. Which statement concerning the following equilibrium systems is FALSE? MC
ans
1Ny +3Hzgy € 2NH; Keq = 2.66 x 1073 1|0
2} 2Hy 1)+ Sz (9) €> 2 H;5 ¢ Keq =9.38 x 10°° 2 r
3) 2H:0() + 2 S5) € 2 HySpp) + 02 Keqg =5.31 x 100 3
A) Ha ) + 12 () €> 2 Hl g Keq = 54.4 <
4 10
he formation of NH3 q is favored in system 1. 5 F}
B

The formation of Hlg is favored in system 4. /10
€C) The formation of H.S is not favored in system 2.
D} The formation of water is favored in system 3.

3. What is the mathematical expression for K., of the equilibrium system represented by the following equation?
2 stoﬂ'qq} 9 CUSOJ{aq) + SOzraq) + 2 H

A}  Kc=[CuSO4[SO2]H20]2 B) Kc=[CuSO4fSO2][H20)2 @ Kc = [Cusog[soy! D} Ke=fsoy
[Cuj{H2504)? [H2504)2 H2s0g7

4. What is the equilibrium constant for the following system if at equilibrium there are 3.0 mol/L of NOyy and
4.0 mol/L of Nan(g)?
2 NO; (g € N0, (o) + Energy

A) 2.30 B) 1.30 ¢) 0.75 0.44

5. Steam, H204g), and carbon monoxide, COy,, are placed in a closed vessel at a high temperature and aliowed to
reach equilibrium. H20¢) + CO) € Hag) + CO2)

Which of the graphs below best represents the forward and reverse reaction rates from the start of the reaction
until it reaches equilibrium?

8

Reaction Rate

0 Tima 0 Time



6. Apply Le Chatelier's Principle to the following equilibrium system. E + N3 ta)+2 025 €> 2 NO;
What effect will each of the following changes have on the concentration of ammonia, NOy?
Circle correct answer

e a) increasing the total pressure & INCREASE DECREASE NO CHANGE
b} addition of a catalyst INCREASE DECREASE *NO CHANGE
¢) decreasing the concentration of Ny INCREASE - DECREASE NO CHANGE
7. A system reaches equilibrium according to the following equation: /
4 Fei + 3025 22 Fe:03 + 1600 kI CO

What effect will each of the following changes have on the concentration of Fe:Os¢q?

a) A decrease in temperature R - INCREASE DECREASE NO CHANGE
b} An decrease in pressure® INCREASE DECREASE NO CHANGE
¢} increasing the concentration 01;(_3: INCREASE DECREASE NO CHANGE

Show your work and provide units for the following questions.

8. Use rate theory to mathematically show how the forward and reverse rates would change after doubling the
pressure,

@ 2B(s) + 3Hz(5) € BaHey AH = +36 k) j
\"CJ:\?:F:K[HQ:,P e, = K L8t
= ko 93 = ¥+ Q /l

:SK - 2K

9. A student adds 3.0 moles of Ny, and 6.0 moles of O, fo) 10 @ 6.0 L container. At equilibrium 1.0 mole of NO; )
is present. Calculate the equilibrium constant for this system.

1
N2+ 2 029 > 2 NO; g NZ. QO?_ l QNOZ
{ Jo.so V1. O l O
{NZZ{ - %%:@ 3 0.50H C 0. 0830 & [+0.l
' Elonijogs [0l |

L Owel _ 2
LA - %T%-:_ =1 ol Keg = [00,] /4/

- [N1L0, Y
® [NOJez = 1.0t _ 0.ILM A

G.oL -

—

(0.41¢ )0 1)

Koy, - 1, 04 /Q
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10. A student adds 4.00M water vapour and carbon monoxide. The reaction is permitted to reach equilibrium.
Find the equilibrium concentration of all reactants and products if the Keq is 0.0625.

[H20( +/CO) €| Hagg) +/COg) Vey = [H.][co,]
'\ 4 | 4 |0| O [H,07 Ccol
Cl=x]-% |*x |4X ©0.0635. 2
E| 4-x| 4-x| x | % (¢-2)°
Vo.ocas = x%
0.25(4-x)= x F—x
4
'~ 0. 2Sx=x ﬁ@____ —025= x [H:0p)] = 3. 20 7
I T1.1Sx (‘%/ F-x [COw]= 3.204
0.8 = % —0.25(4-X)= % [Hag ] =0.900H
% g
~ | +0,28x = x [COz)) = 0.3 00M
4-x =3.3 - 7S
4.z =R
11. What are the final concentrations of all reactants and prod‘ucts Ff-thznitial concentration of Hz is 10.0 M
. and Iz is 7.0 M. Show all your calculations. L/,q— B-I-[ Z
H:  { +12 { > 2HI| Kea=2 i S———
CH2I0.7
\ | 1O 7 o Q= (Q%Z
Cl—=x | =x | +2x Qo—x\(7—xf
celo-x 7-x| 2x | R(0-x)(7-x)= 94x?

w= -t VbE fac (0-x 07-xy = 2

i

'y

{1

da 70 -7y ¥x¥=2>F
— rA
ER S VAT DIPTRVNS O = X lix o
N 20)
-1#+V2¢9 12480 = 0 SFM
th“ ]= 3.5+M
-131 +V5¢q H]= 6.96M
2

/

i T
x=3.43 o x =



