Chemistry 12 Unit 2 - Chemical Equilibrium
Chemistry 12

Worksheet 2-2 ' ___
LeChatelier's Principle Name lm

1. In order to decide what effect a change in total pressure will have on an equilibrium
system with gases, what is the first thing you should do when given the balanced equation?

NAdd up yne meles of gas(meg ) on both Sydes
of W cquavn
2. Predict which way the following equilibrium systems will shift when the total pressure is
increased (NOTE: Some may have no shift)

a). Nag) + Oz = w147 RA— Answer o S Vo (+
1 R ) Ry v
b). 25034 + Oy == zsog(g) ...................... Answer [ 4 4 Nt
2O 5) -y
¢). 4NH3() + 5030 <= 4NOy) + 6H,0....... Answer \\é & _kg
4 mog 10 navg
3. Which way will the following equilibrium shift if the fotal pressure on the system is
decreased? - p
2C,Hs + 7021 = 4COz( + 6H 0 Answer h A
,i ’ﬂguf} “&, 1178 gJ . ‘

4. Explain why a flask filled with NOy(g) and NO4(g) will get darker when h(:ated. Use the
equation:  N2Oy) + heat < 2NO2 =\ g e {i h{™
peowuisd P yewmp oD S

Hﬂi’m\ﬁ COUSES e WD um 3T shi{+
‘”W\\*\'\" whitn wl O due moeve N0 o

(mg., This 15 by SO \\(13\& \,u\x\
N SNOW & AQvRET celow

5. State Le Chatelier's Principle.

When o ShesS 1S Appudd o
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Chemistry 12 Unit 2 - Chemical Equilibrium

6.  Hydrogen peroxide is decomposed as follows:

P
™,
(N

[21%3 T H2020) = Hyg + Ozg  AH=+187kJ end?® )

Predict the direction of equilibrium shift by each of the following imposed changes:

o Shafts.
a) Increasethe [Hp] ..o Answer \«("’{ ‘\”
b) Decrease the [O2] ..o Answer (, i}‘(\‘\”
c) Decrease the total pressure ........................ Answer {14 \!\ J\’
v
d) Increase the temperature............................ Answer Vidh ]}’"
v
e) Add MnO, asacatalyst............................. Answer e S h B { "f’
7. Consider the following reaction at equilibrium:
Hyg + Ipg = 2HI(g -

:i;-('/q.g; ksl 1
a) Addition of more H, gas to the container will do what to the rate of the forward

reaction? u A
Answer | NV L€ yAate -

b) If, for a while, the rate of the forward reaction is greater than the rate of the reverse
reaction, what will happen to the [HI]? : , )
Answer [ HT j TR te

c) As the [HI] is increased, what will happen to the rate of the reverse reaction?

Answer JNCvreo$e A ¢

d) When the rate of the reverse reaction once again becomes equal to the rate of the

) R -
forward reaction, a new < 4 (AA } i DvL A A has been reached.
4

e) Since the rate of the forward reaction was, for a while, greater than the rate of the
reverse reaction, the new equilibrium will have a slightly higher concentration of

» ]

L ” 1] and a slightly lower concentration of CH } > J &

CT,]
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Chemistry 12 Unit 2 - Chemical Equilibrium
f)  Sketch a graph of the relatwe concentratlons of each species as the process outlined in

a-e of this question (on the last page) is carried out.
} p
a ¢
[H l ] [ S ——— . S s -., o = IR |

S

add o TIME =
8.  Consider the following equilibrium and state which way (left or right) the equilibrium shifts
when each of the changes below are made.

Heat + CH4(g)+ZH2S(g) = CS?(g) + 4H3)

3 meh 5 nicg P

a) CHygasisadded ......oocomiiiiiininnnnicinnereeeens Answer o ':”; hi
b) CS, gas is removed......cocoveevervrerrieeereeriesreerenen, Answer f“iji \ fj i
¢) Hrgasisadded .......ocoooomemiviveiiieeeee Answer L.e {1

d) The fotal volume of the container is decreased &f /‘\Answer i’i © f 'F’

e) The temperature is increased ...........c.cocevuveeeecnnnnn.n. Answer f‘z 4: ;/i h ?"
f) The ftotal pressure is decreased &PJY\/ Answer i{? ( ‘ f} h Jf'
g) Helium gas is added to increase the total pressure.... ~ Answer _[} o Sh { +

(NSWAE NGy Do Cnanged)
9.  Using the following equilibrium, state what would happen to the equilibrium partial
pressure of CH;0OH gas when each of the following changes are made:

+ 'H30H, AH =-75.2 kJ
O + 2oy = CH0Hy; 4B CCrzon )
=g Liveg 15K ,
a) CO gas is added to the container ............... s Answer iy e¢ise
b) ‘The temperature 15 INEPEISEA. wommmssmmmvessanns Answer A ¢ (v ecfes
¢) The total pressure of the system is increased.......... Answer i1 (i €¢e S8
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Chemistry 12 Unit 2 - Chemical Equilibrium
CO(g) +2H>(g) = CH3;0H ) AH =-75.2 kJ

3 mog [ meg L CHz0H J
d) H, gas is removed from the system....................... Answer (j‘{ Elycases
e) Acatalystisadded..............cooooiiiiiiiiiiieeen Answer N0 l Leig in O j

v 4
f) The rotal volume of the container is increased......... Answer (lccvea Seg
10. For the reaction: +TIKT »
INOg) + Clagy T2 2NOCly AH=-77k] EXC
3 LG . PIVE 85 -

state the optimal pressure and temperature conditions necessary for maximum
production of NOCL(high or low?)  jant @ Shifd po Jiw RiartT

s . i A Z
1. | ”}”} 9 e pressure 2 L Oy temperature

11. For the reaction:
3Hy@ll + Nzg) ==z 2NH3g) + heat
t ya wF Powas 5
state the optimal conditions for a high yield of ammonia (NH3). (high or low?) -
want a Sh lg fo dli FAGHT
1. HiéH pressure 2 LewHEtGH - temperature

12.  Given the following equilibrium system, state which way the equilibrium will shift when
the changes below are made:
2CrHgg) + 702 <= 4CO2) + 6Hy0( + heat

g | LU J O s

a) The volume of the container is halved\.‘..{;............:’ | Answer ,f{ ) ‘f""

b) The temperature is decreased .......ccoeveveeveecriennane Answer V”jj & ]L"

¢) CO,is added to the container.........ooeeevveiviiciinincnnn. Answer Je / f-

d) The total pressure is increased .........cccoceevveeeeenenenne. Answer ¢ J 1'“

e) O, gas is removed from the system ........c.cccceeneeee. Answer é) ad ”j T

f) Neon gas is added to increase the total pressure ..... Answer hO  choan /C/ / S fu / F

e O (i‘J/*'lxc s Volunae .

h) A catalyst is added .................................................. Answer [0 Chiuwge /S [ / ¢

13.  Using the equilibrium: Nag) + Oz + heat &= 2NO ENDO

NO  Explain why nitric oxide (NO) does not generally form in the atmosphere but is formed in
/ the internal combustion engine of an automobile or during a lightning storm.

{ Mi H favouns (Cad) ants. @\é\x:(*nvh‘n‘s?y f«ft"’“’ )
heidlher Sicle . St dhis ren j§ Nnot spon aiead.
At h ’\;\fﬁa‘ HPS, Jhe rxn ShiflS RIGHT
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Chemistry 12 Unit 2 - Chemical Equilibrium
14. Explain why a syringe containing NO, gas will first get darker and then lighter in colour

when compressed. Use the equilibrium equation:

N304 + heat = 2NOjy,)

colourless brown B v ) )
ad {\’&i YP 4N Shitks Rlard ( dewker move Moz
H\en &l }ihvﬁMM“‘ LS w l\‘f(sz\le‘sfuz( ‘1 § VeVErse [l

D KkS ,s, [’3’ Tine Luli_u( w1 ghdciv .
15. Explain why a flask containing NO, will get /ighter in colour when ut mto ice water. Use

the equation:

N2Oye) + heat =2 2NO2(g)
‘ colourless brown
_héad s repoved (o 4&/ jLLr‘ﬁihVii;?d?&”) SO i
G /Z; il brid pA Sihidf4¢ \ EFT . W

7

16. Given the following graph showing the concentrations of species A, B and C, state what
changes in temperature or concentration are responsible for each of the shifts shown on

the graph. The equilibrium equation is: s ¥ .
Ag + By == Cg  AH=-65k] EN
! L [a \({\/M (\ :

o4

MOLAR COMCENTRATION

E  § ¥ : o
; i B I
TIME >
a) Attime I, the D s added
b AtimelLte __ Y0 16 ynwesed  (shft [éft)
N e I

c) At time I, the C s addd
d) Attime IV, the Hmp 1S A Clrqased ( v 4 (i fj’l’s"}_} :
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Chemistry 12 Unit 2 - Chemical Equilibrium
17.  Given the equilibrium equation:

| \ }
If initially, at equilibrium, the [XY] = 3.0 M, the [X] = 5.0 M and the [Y] = 6.0 M, draw
a graph similar to the one in question 16 showing qualitatively what happens to the
concentrations of each species as the following changes are made to the system:

Time I - The temperature is increased. .5 o f E ﬁ«f ht

Time I1 - Some X(g) is added to the system <, )y, | f= [€ { -)“

Time III - Some Y(g) is removed from the system 5], {’ }ov 4 h l""
Time IV - The temperature is decreas‘ed Shy Ft jef+-

CA) T R
- - }
= |
% !
'i 4 7 x
= RS 1
& 2 5 ;
=
=
3 4 ;
_#- s T ° W\
J Bpaa X “I Wi pasid I i/ 0
LX\_‘ ]M _} \7 ’7 }gr\ ,f'/}{ ../"/’ ;f’ﬂ\ o
ol r echb>0ef
18. For each of the following reactions, predict whether the entropy 1ncrea§es or decreases
a) 2H2(g) + Og(o) == 2H2O(g) ............................ Answer f‘{ £ yecife.
ﬁ ey J )L L J Y
b) ZSO3(g) 2 2802(g) + 0(g)errerreeermserrnirienne. Answer ] NGt
Aimeg S veag
c) MgCOg,(S) + 2H3O+(aq) e Mg?* (aq) T 3H20() + CO2(g)
O o / neg S
J Answer [ NCEECLI O
d) Ag'ag) + Clag) &= AEClgwrmmermriemricnnen. Answer {ecrec
{; oy - O g \! |
e) 2CyHa(g) + 502 = 4COy(g) + 2H20(g)..... Answer (A v a3
5 /V”'() L ALY
f) NHjz) + HCly) <= NH4C1(S) ....................... Answer 473»‘:5%"’?{ vl § € -
}\“ p.ew-*j & /\«-ufj
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Chemistry 12 Unit 2 - Chemical Equilibrium
19. On the basis of enthalpy and entropy, predict whether each of the following reactions

would be spontaneous as written or not at room temperature.

8) Nyg + 205 == 2NOygy AH=+677k1 (END0)

oG Ay
Minimum enthalpy favours (reactants/products) ..........

yeceei ants

Maximum entropy favours (reactants/products) ..........

iy«’j é’-\(..—é“ly" Kﬁf‘»/‘T/ g

Spontaneous as written? (yes{ﬁ@ .............. Answer

b) 2C(s) + Ong €= 2CO) + 110k (EX0)

Minimum enthalpy favours (reactants/products) ..........

Maximum entropy favours (reactants/products) ..........

pro A -
7

A
DU A

Spontaneous as written? @E;/lxo) .............. Answer

¢) 2ZPb(NO3)ys) + 397kl &= 2PbOgs) + 4NOz(g) + O2(g)

{ ERIOC )

ecect -

..... e
Y

Spontaneous as written? Ges/no) ............ Answer ¢S - 5“’ 1+ ol
4 (yes/no) ,L A

‘;/’“Zé'ft,ci;t. \E(/ iy | vt
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