Assignment 2 — Equilibrium (Theory)

1. a} Why are chemical equilibria referred to as dynamic? (1 mark)

Both formard and revecse peactions continue tv occuc.
b} How 1sachem1caE system at equilibrium recognized? (1 mark)

Constunt ymacroScopc ai):‘U\TJQI*Hé_Q
2. Consider the following equilibrium:

A~
A 1
More oxygen is added to the above equilibrium. After the system re-establishes
equilibrium, identify the substance(s), if any, that have a net (2 marks)

a} increase in concentration. /5 \Vin) j
} 1 COR OQ,;N(%) HZ@
b) decrease in concentration.
N2H4
3. Consider the following equilibrinm:
iy 2— i - v -
yellow 7 OmEnge {}7
% A

When HCI is added drop-by-drop to the yellow solution above, the solution turns
arar;ge Etpiam why this colour change oceurs. (2 marks)

evxm&@:e, +he OH”. LOH-] C{CU”Q“M»‘* So Hag eat((,ciﬂnf)r\\mww

3 \/\ o ht o make mere Gy 0327 Thie cavses the
4. Cons‘r&er the ﬁ}EEowmg eqmi%num = <o \:}L = m( o tuen
1 . ormnae
PClyy +Clyy @ PClyyy  AH=-881J J
; L L—J 2 @_9 A
What happens to the [PCl; | when additional Cl, is added at constant temperature
and volume? Explain. (2 marks)
PC\ “j (%:C\‘cc\iwix as +he u(/w( \)r\ wm b \\ﬁ‘i& 4o the a\c h 4
5. Idennfy four characteristics of a chemical eauilibrinm, ol (2 marks) o use ~up
s QloSEC e _weur& ©
’ unsmmy » forwace pode = rpvese he additiond
(.Q Qv\n*“ mc\(ru‘{ﬂ&;\c ’)”v Pu*ﬁtﬁ; ke O
6. Consider the following equilibriu ‘bhoth  recctante 2.
. ’\od\/u,k’\., aye P«’C eny™ e
CD(R) +2H2f y 2 CHZDH[ ) H=-18 k]

Explain, using Le Chatelier’s principle, how the following changes will affect the
number of moles of CH,OH present at equilibrium.

=

a) Adding a catalyst. NO ©h \P‘, & no ¢ @\a\r\f e (1 mark)

b) Decreasing the volume of the s {1 mark) ;
ee u;,\\ %h 2XV11%) S‘\r\\%gb ‘FO Hm; J‘\r:)%f ( (u\. — # o& mels >
Lo ‘”t‘\'x‘ Muﬂ}.—, s (CH‘?CJ»\ (w\( NCreos e .
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Consider the following equilibrium:

; s — AN —_
ZNO{E}-I-Ciz(E) 2 2NOCI AH =-77 kJ

(&)

What happens to the amount of Cl, when the following changes are imposed?
Explain, using Le Chatelier’s principle.

a) Removing NOy,. shifte 4o +he [ 2 oo c~€U,=,'T (1 mark)
b} Decreasing the temperature. (1 mark)

3“‘("{7% in ““\ﬁ *6’&0'*\'#6!”\(‘”\&( d\\”LL’h(}v\ ((‘)\)L’\*“)
°, amt of Cli wil\ decrense

o 2
Consider the following equilibrium:

CSy(py +3Clyy & CClypp +5,Cly AH = -238kJ

Some C8; is added and equilibrium is then reestablished. State the direction of the
equilibrium shift and the fes&lting change in ECE ] (1 mark)
shifts +v —he %\\T’ “4o remove -the CC5

2 Celed will decreas—e . X
9. Siaie}bthateizerspﬂnmpie ti hen c\‘ g\/si(,ry‘\ et g‘t\t(\b( vaina (2 marks

;&LS ecte 4o as ;:gey; X &re N~ < e = countesac-

P L ol \ \

10. Describe how ez%aipy ande entropy ¢ %ange, mcig'}'oknvg;a 5\ rectian as an exothermic reaction
reaches equilibrium. Explain your reasoning. (2 marks)

Enthalpy: < decreasi nc ?’
Eﬂﬁﬂp}": \‘Cx ClQ eas : ﬁcz s _H,)(;i ﬁn*y‘ck\‘sz ‘f;, Q‘_\\/ ) r\ f\li H/\‘K
Brwacd reactic entropyy anust be fevers Ny e L:?Pcm’s e
Explanation: dicCection .
Enthedp “
As +he &\/Qfdm IR r cs s o minmuin enthal ()vk
‘*H’\J. mee X @yﬁ“[\(‘)l\ L) m\ksr l()t, OF\)OS"\‘) +l/\l’k+

"’b{ @& fo Credate ""tle &L(LU \b' | LA~
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11. Consider the following graph for the reaction:

energy +N5Q 4(z) = ZN'OZ( £)

&
10
1.80 \\
.60
Concentration
1440 .
NoOy
4.20
{ 2
f tz ta iy is
Time
a) What is the stress imposed at time t ? EK 4 (1 mark)
b) What is the stress imposed attime t3 7 \J U, WS adde M) 1 (1 mark)
¢} Calculate Keg for the equilibrium between t; and t3. (2 marks)
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12. Consider the following diagram for a chemical system containing three substances
represented by A, B and C:

Concentration : ; A
{molfL)
0.40- -~ B
420+~ C
20 40 60 80 100 120
Time
(mir)
a} What feature of the graph indicates that the system reaches equilibrium? (1 mark)
“The concentration kbecomes congreunt
b} Write a balanced equation for the equilibrium reaction. (2 marks)

A <= 28 +C
13. Consider the following equilibrium system:

NE(K‘:‘ &= 3H2(2) i._—} 2NH3{E} = ChNErgy

A 1.00 L container is filled with 5.0mol NH, and the system proceeds to equilibrium as
indicated by the graph.
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Concantration
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e
(min)
Draw and label the graph for N, and H;. (2 marks)
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