Assignment 3 — Equilibrium (Calculations)

1.  Consider the following equilibrium:

— K. —&.45%10°
2N0f3)+02(g; = ZNDZ&) th—ﬁ.tﬁ){ii}

a} Write the K, expression. KM(, - U N ) > - {1 mark)
CNOVZL0,T
b) Explain why the [NO, | is greater than the [NO] at equilibrium when
the [0, ]is 1.0 mol/L. (1 mark)
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2.  Consider the following equilibrium system:

Ciyy +2Hyy 2 CHyy K,y = 8.1x10% at 25°C

A student places 4.5 mol of carbon, 3.6 %107 mol of hydrogen and 5.1 mol of
methane ina 1.0 L flask. The student predicts that the [CH4] increases as
equilibrium is established. Do you agree? Explain your answer using appropriate

calculations. (3 marks} 2 .. M o B =
oo = CCH&Y. — 8 % (0° v, = (B = 3,4X10
% z — X2 Y
? EH?A ‘C%;b 5 aht €
It <Weg & K1 Wi (| ghbt 4o +he rght =
3.  Consider the following: (:(;H 45.] W‘K inCreasSe-
Hypy +Fyy & 2HF(, K, = 1.00 X107
A 1.00 L flask is initially filled with 2.00 mol H; and 2.00 mol F;.
Calculate the E }at equiibrium. (4 marks)
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4.  Athigh temperature, 0.500 mol HBr was placed in a | (}D L container where it
decomposed to give the equilibrium:

2HBrg) & Hy) + By

At equilibrium, the [Brzi is 0.0B55 molfL.. What is the value of the eguilibrium

c:onstani‘-? o B (3 marks)
IHBr = tHy +bG Voo = Cﬁﬁlteﬁ/j
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5.  Consider the following equilibrium:

CSE(E}I + 3':12(2) .,e_)_.. CCE“'(E} + SZC!Q{E} AH= -8 K]
a) Sketch a potential energy diagram for the reaction above and label AH. (2 marks)
&
PE

Progress of the reaction

b} Some CS; is added and equilibrium is then reestablished. State the direction of the
equilibrium shift and the resulting change in [CIE] s (1 mark)
bxn will shdt do the rght (produch & de
and 'Cl2, will decreace .

T{'}E" gempega(tﬁg i}\dez?é\'aééci\ and equilibrium is then reestablished. What will the effect be
on the value of K_ 7 » (1 mark)

~

Ren will shikt +o +he right 7. Keg W W Tncrease. |
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6.  Consider the following equilibrium: F""‘(l = 'l 112 < (4
Hae T2 oMt . | ALY
2 -~ b H‘Z(g) +[2(E:| = 2H](g] K., =64 —

" . Oviia
t x X 0 Jea=]coteo
O —0.0800 ~D.0500 40\t Equal moles of H, and I, are placed in a 1.00 L container. At equilibrium, | (% -0.p800)
féx%.aga@ oo wfhe [HI]=0.160 mol/L. Caloulate the initial [F,} (3marks) 5 = O. L0
[Hd;=x=0.10M

7. Consider the following equilibrium:
; . |

A 1.0 L container is initially filled with 0.050 mol H; and 0.050 mol S.
The container is heated to 90°C and equilibrium is established. What is the

equilibrium [H,S] ? (3 marks)
k, %2 = K5 hﬂyf&, H%j : A Euzgj@;{; X=0.0032M
l ﬁ’ J(TTM _— CH Z]
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8.  Consider the following equilibrium system:

Nz(gj +3H2(z) = Q.NHE(R) + energy

A 1.00 L container is filled with 5.0 mol NH, and the system proceeds to equilibrium as

indicated by the graph.
#
B0
6.0
Concentraticn
(——mfl ) 40
2.8
a} Draw and label the graph for N, and H,. (2 marks)
b} Calculate the K, for sz + 3H, 2() =2 ZNHS{ ° (2 marks)
2
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9, Consider the following equilibrium:

200y, 2 2CO0p +0y,

Initially, a 1.0 L container is filled with 0.050 mol of CO, . At equilibrium,

the [CO, ]15 0.030 molfL.. Calculate the value of K, (3 marks)
[ 200, = 2€0+ 04 Keg = Cep 0T (0.020)7C0.010)
0.05c — T rco. 12 ‘. n2o )2
C{v Dlg,u/lf(}bu,\/ff) w3 TEe ¢o- L)ﬂ/)
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10. Consider the following equilibrium:

_}
2CH, @ CoHygy+3Hy
A 0.180 mol sample of CH, is added to an empty 1.00 L container. At equilibrium,
the [C Hz] is 0.0B00 mol,"L Calculate the equilibrium constant. {4 marks)

M“Mf = C;- HL 3H o 547{ LQLHL)L 13 . (o egw)((} Zau)
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11. Consider the graph below representing the following equilibrium:

CH,CH,CH,CH,,y 2 CHyCH(CH, ),y

(&) <

n-hutane isobutane

Data for the praph was obtained from various equilibrium mixtures.
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Calculate the value of K, for the equilibrium. (2 marks)
th : Ltl (K((H?}gﬁj _ E;QM B ﬂ =

T CHaCHoCH,CH3T P

12. Consider the faliowmg equilibrium:

+3Hy 2 2NHy, K, =626 at 200°C . , ]:_(\H 1

Ku(‘ -
'§
At equilibrium, [N, | is 1.06 mol/L and [H, ] is 0.456 mol/L. EN 2 ‘:\ [ HZ j
Calculate [ NH; | in the equilibrium mixture. (2 marks) 62 (@ = l: Nﬁaj i B
U vh) (0.456)
ENH’g 1= 1.43M

Nag)

13. Consider the following equilibrium system:
— : -
Csy THa0(sy 2 €04y +Hy K, =080
In an experiment, a student places 0.10 mol of C, 0.15 mol of Hy0, 0.25 mol of CO,

and 0.20 mol of H; into a 1.0 L flask. The siu&ent predicts that the [CO] will dccrease
as equilibrium becomes established. (3 marks)

a) Would you agree or disagree with the student? Dﬁ%ﬁq ree with the Studeny
b} Justify your answer, mciudmg appropriate csfcuianons

Keg= CH2ILCOD g 50 K € Keq |
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14. Consider the following equilibrium system:
PCly(gy +Claggy 2 PClsggy

At 250°C, .40 mol of PCI 3 and 0.60 mol of Cl; are placed into a 1.0 litre container. At
equilibrium, the [PCl; | = 0.11 mol/L. Calculate the value of Keg. (3 marks)

Ply 4 Cl, = Pcls Ko = recis)  _ (6.1) |
éé’pji >& ,E;L Sl CRCzIt0) (o, 200(0.44)
15. Eén er thekfcp }cﬂvmg eqm%bnum = ()w’{/(

. — _ } -2
Hyp + 1y 2 2HL, Ky =12X10

A 2.0L flask is filled with 0.10mel HI. Calculate the concentration of H, at equilibrium.

1 - (3 marks)
H, + 1, = 2H1 [HT]; = QL0 ) — 4 o5 M
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