_UNIT3

NAME:

REACTION RATES & EQUILIBRIUM TEST
Answer all questions

SECTION ONE: Multiple Choice Questions (10 marks)

Q1. The best description of the effect of a catalyst on a chemical reaction is that it:

lowers the activation energy of both forward and reverse reactions by the same amount.
increases the rate of a reaction by providing an alternative pathway which decreases the
value of AH.

increases the rate of the forward reaction more than the rate of the reverse reaction.

lowers the activation energy of the forward reaction more than the activation energy of the
reverse reaction.

Q2. Doubling the rate of a gas reaction in a closed vessel by raising the temperature from 10° to 20°C is
mostly a result of:

a)

doubling the average kinetic energy of the reactant molecules
doubling the activation energy of the reaction
doubling the average speed of the molecules

doubling the proportion of molecules that possess the necessary activation energy

Q3. A bottle of the liquid ether sealed with a loose rubber stopper was stored in the fridge. When it was
taken out of the fridge and left on the bench at room temperature for a short time the stopper
popped out of the bottle. The most likely reason for this is:

the kinetic energy of the liquid molecules decreased and the vapour pressure in the bottle
became lower than atmospheric pressure.

the rate of evaporation of ether was greater than the rate of condensation resulting in an
increase in vapour pressure in the bottle.

the system re-established equilibrium with a higher value of the equilibrium constant at the
new temperature. )

Evaporation of ether is exothermic and the increase in temperature forced the stopper out of
the bottle.
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Q4.

Q5.

Q6.

Which one of the following reactions is endothermic?
a) CH@ + 50,9 —> 3CO, 9 + 4HO@ + 2046kJ
b) A —— Al AH =-375K

c) CH@ + 5049 —> 3COu9 + 4HO@ + 2046kJ

d) 2Xe(g) + 30,9 —> 2XeO,q) AH = 804k

Consider the following system at equilibrium:

Cr(OH) (s) — Cr¥(ag) + 30H (ag)
Which of the following changes would increase the concentration of hydroxide ions?

a) addition of HCl(zq)
b) stirring the mixture ‘
c) addition of Cr(OH)z

d) addition of a small quantity of KOH)

Consider the following system:

2NO(g) + Cly) e 2NOCl@  AH positive
colourless pale green red

Which of the following is true concerning the above system at equilibrium?
I the rate of the forward reaction equals the rate of the reverse reaction

I addition of a catalyst would make the colour more red :
1] cooling the system would result in the colour fading -

vV addition of chlorine gas would result in the colour becoming more red
a) I and I only

b) I and Il only

c) [, Nl and IV only

d) all of I, 11, LIt and IV



Qzr:

Qs.

Qo.

Q10.

Methanol can be synthesized from carbon monoxide and hydrogen as illustrated by the equation:

b = -
2 HZ(g) + CO(g) = CH3OH(g) AH=-92kJ

Which of the following sets of reaction conditions would maximize the yield of methanol at
equilibrium?

a) High temperature, high pressure.
b) High temperature, low pressure.
c) Low temperature, low pressure.

d) Low temperature, high pressure.

In the Haber process:

—
Nz(g) + 3 Hz(g) 5 2 NHg(g) + heat

an increase in temperature at constant pressure will:

a) increase the Nz(g) concentration.
b) increase the ammonia concentration.
c) lower the forward reaction rate.
d) lower the reverse reaction rate.

Consider the following equation representing the dissolving of the yellow solid calcium chromate:

2 2
= + =
CaCrO4(S) = Ca (aa) + CrO4 (a0)

What would you observe if some concentrated (5 mol L~1) calcium chloride solution was added to a
saturated solution of calcium chromate?

a) More yellow solid forms, and the solution would become paler.

b) More yellow solid forms, and the solution would become a darker yellow.
c) The yellow solid dissolves, and the solution would become paler.

d) There is no significant change in appearance.

The equilibrium constant, K, for the reaction below is equal to 2 x 10 at 25°C.
2Hyig + Ozi9 S 2H0 g
This value suggests that:

(@) this reaction favours the forward reaction slightly more than the reverse reaction.
(b)  this reaction favours the reverse reaction slightly more than the forward reaction.
(c)  this reaction virtually goes to completion with little reversal.

(d)  this reaction virtually does not proceed forward and largely favours the reactants.

END OF SECTION ONE
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SECTION TWO: Short Answer Questions (15 marks) -

Q11. Consider the following equilibrium system used for the industrial preparation of methanol, CH;OH.

CO@ + 2H@ <«—> CHOHg  AH=-918kimol™®

a) Write the expression for the equilibrium constant, K, for the reaction. (1 mark)

b) Discuss the conditions you would choose to maximise the yield of ethanol if you were the
chemist in charge of the production. (4 marks)
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Ql2. -

Consider the following system at equilibrium at 25°C:

[Cu(H,0) [ (aq) + 4 Cl(ag) > [CuClay + 6HOM
blue lime green
a) Write the expression for the equilibrium constant, K, for the reaction. (1 mark)

b) Predict the effect on the concentration of [CuCI4]2'(aq) and the rate of the forward reaction of the
following changes: (2 marks)

Procedure Concentration of [CuCl4]2'(aq) Rate of forward reaction when
equilibrium has been re-established
Write “higher” or “lower”

Addition of AgNOs(s)

c) Explain your answers to part b) (4 marks)
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Q13. Consider the following system at chemical equilibrium:

Cr,0.%(aq) + 20H (ag) g 2CrO,* (aq) +  HO0n

Sketch a graph of concentration changes if a small quantity of solid potassium dichromate was

added to the system. (3 marks)
Cr,07%
CI‘O42
Concentration
OH
Time




, SECTION THREE: Extended Answer Section (10 marks)
Q14. Nitric acid is produced commercially by the Ostwald process represented by the following equations:

4ANH; (g) + 50, (g) - 4NO (e + 6H,0 )
2NO (g + Oz () 2 2NO3 )
3NO2 () + H20 ) = 2HNO3 (g) +NO (@)

What mass of NHs; must be used to produce 1.00 x 10° kg HNOs by the Otswald process, assuming 100% yield
in each reaction? (4 marks)

Page | 7



Q15. A sample of a mixture of pure sodium sulphate decahydrate (Na,S04.10H,0) and pure
copper(ll) sulphate pentahydrate (CuSO4.5H,0) is dissolved in water and after thorough stirring,
the solution is exactly halved, each half being called an aliquot.

To one aliquot the addition of excess barium chloride results in the formation of 10.740 g of
barium sulphate.

Sufficient sodium hydroxide is added to the other aliquot to effect precipitation of insoluble
hydroxides. The precipitate is filtered off and strongly heated to yield 1.591 g of a black
residue, CuO.

What was the mass of the sample originally taken? (6 marks)




:wnuqiinba [ea1wayd 1e widlsAs Suimojjoy ay3 JapISuo)

€TO

- K2 Ysn 232 S| g 1) VD s b

DUSTRNDU0 32O Svu Doy pAu, Q) ) U

A AUBAINL SO (5P b)) sA)pmal NSl

M) butLLivs SLwntianpdhd 2ul Sy - W vowy)

D

LR 4l p Aoved Mvuans ol rppaa Ul

(L1927 busvamuvl Svual " Lfrl Lfvus |

A9 214 H97) QL bvio)Iv puvpy [ 1D 7 (T

cAIMal SivL [ o) 14f WP wiia) O

[

SVOI_J) QUL vl J20 24 I sUo] , by 4L

U

SUOL SN 3 40l 2 onpand i I3 /Mb

(syrew ) (g 11ed 01 s1omsue InoA uiejdx3 (@

N3/ ASPINIDP (s)5ONSY 40 uomppy

AIMO,, 10 I3Y3IY,, DUIM
paysijqelse-ai usaq sey wnuqlinba
UBYM UOIIOBDI PIEMIOY JO D1BY

%) [*1on2] o uonenusouo) aInpaoold

(syew z) :s93ueyd uimojjoy
93 JO uoIIOERI PIEMIO) BY) JO d)el DY) pue _E.N_:u:u_ 4O UOIIRI1IUBIUOD 3Y] UO 19949 3y} PIPald (q

0 LA
rmg

S

e N

(ew 1) "uondel 3Y1 10} Y “JUBISUCD WNLGIIND3 31 10} UOISSAIAXD 3Y) I (B
ua2.3 swiy an|q
WOH9 + (e [19n)] ey ©e) 10y + ®e)  (OH)ND]

1D, 18 WnUqIINba 18 WwalsAs SuImojjoy ay1 Japisuo)

T10

T | 98eq

(L2 298£02 0L )

_ wwoshs warl (b)) Zy ao 5500 o

AHOHI ] A21) WS he WA bLIQ 2D 2002y

WHIBIDIY BNISWIM -~ LOITHA 5L po/vpMay]

LOL) DA (2NN AXD ) oD MAGL DN

Qg Al Lprissym QA 2~ PO IL A

Svb Lo SHAWI M v 1S Yl

MoNgE AL fpms 1P D0y QUL — pansSIad b

(sydew ) ‘uoionpoud ay3 Jo a3ieyd ul 3stwsyd
3yl aJam noA Ji [oueyls Jo p[AIA 3yl SSIWIXEW 0} SO0YD PINOM hOA SuonIpuod ayi ssnasig (q

wmfumovu

-
[HoHD ]

(4ew ) *uolloeal 9yl 104 ‘Y ‘qURISU0D WNLIQIIND3 9Y1 10) uoISSAIAXD Y1 MM (B

JOWPBTE- =HV  BHOHO «—>  @Hz + ©®00

*HOSHD ‘joueyiaw jo uonesedsid [elsasnpul ay3 oy pasn widlsAs wnigijinba Suimo||of ay3 JapIsuo)

‘TTO

(sx4ew 1) suoIsanp Jamsuy 10Ys :0ML NOILDIS
) v v a b) a a ] v v
01D 60 80 LO 90 SO 129) €0 20 10
(s>pew oT) suonsanp avloy) ddiRINAI :INO NOILDAS

2102 1S3L WNIYEININDA '8 SILVY NOLLOVIY

‘JNVN

"€ 1INN




W\?E\@@% §§ e L g

b vt yant’ v SOV SSOM Juy

SQQ:& 2 Ul SIS SYuLL

] Ul ?\Q\/wn\mys\\ 22001

)

4

b bls o x

b o) X SO-# =

B ——

(1) V) 9.ShSQ# =
%

Iz
“bh¥e SSh Sah -
A9A 1L X €$0-971L 20897 =
IS UVID \ MY XU nﬁm.t\/\w_\i
uhmpvn x/
bz [ (w c0.92. 208 ¢z =
?ééc&s&

=
\

/ 20729+ 99981 X 7zi

U

\

8 .
(oM )Ju X 71 = (N ] U
D ~/
o/ 21099 v:\{ \
S2/0WZ0- 7901398 S1 = o1 x| = = ( QE [ JU
o] S\SQQQQS
ONH+ONHG + 04 H < 201z + SuN Zi
D
(s1rew )

T

PIRA %00T Sulwnsse ‘ssagoud plemsio ay1 AqEONH mV_ 0T X 00°T @anpoud 01 pasn 9 1snw EYN JO SSew JeyMm

uoioeal yoea ul
) INE D
/ it

+® €ONHZ ¢ 0%H + @ zoNE
®zonz ¢ @20 +® ONg

® 0%H9 + @ ONp ¢ P 205 + @ TNy

suonenba 3uImojjo) ay3 Aq pajuasaidal ssadoad plemisQ ay3 Aq Ajjeinawwod paonpoud si poe SN HTD
(142w 0T)

011235 1PMSUY PIPUSRI :3IUHL NOILDIS

€ | @8ed

suny,

(\Jll

-HO

Uonenuedue)
I
2 01D

(spew g)

‘wa)sAs ay1 01 pappe
sem @1ewolydip wnissejod pijos jo Aujuenb jjews e i saSueyo uonesuIIU0d Jo ydels e yoieys
WoH +

) 010z <>  (eyHoz  +  (e) 0D



1531 40 N3

. mv WQNQN _

N 9791 * bl b
L") 99/0197-9)
Z07eX 99h1707S0-0 = I X U < (0 %y h0S Topd Jw
20099471 208a0.Q = LSISCTIONG - g — 229002 hH O - 4
(Paezpn ) u = (s ) v - (oS ) U

ﬂ [ ) bgQobb-f =
b DIITXIISZ0040- 0 = AN XU = (AZHS Hhq9™) |
(Q%4S hasm Ju - (M) v

1) 99/S200h0- 0 - (") ] U
L7 2299007 h0- 0 = ( _NAs Ju
72X = pNpy 1229 Ny Svounids wloq S

(7 ]V = (agm])u

YT .
(1) BLS70070-0 = [pST = Wi =[] U

T

1)

sy profot

O

N

] )

(6579 ) v = (705 ) 0

7¢.92C Sy
(1) uesza9 ha 0 = hAL-OT - W = (7lag v )u

)
- (0#HOl - TOS “oN

(s1ew 9) éuayey Ajjeuidiio sjdwes ay3 Jo ssew ay3 Sem ey

*Qn) ‘anpisai
¥oe|q e Jo 3 T6S°T PI9IA 01 paleay AjSuous pue Jjo pasayiy st a1endaid ay] sapixolpAy

3a|gnjosul Jo uoneydidaid 19349 03 Jonbije 19Y10 dY3 0} PIpPE SI SPIXOIPAY WINIPOS JUBIINYNS

21eyd|ns wnuieq
40 8 07£°0T JO UOEWIO) Y] Ul S)NSIL SPLIOJYI WINLIE( SSIIXD JO UOIHPPE BY3 10nbije auo o]

Jonbije ue pajjea Sulaq Jjey yoea ‘panjey Aj3oeX3 SI UOIIN|OS Y}
‘Buruns y3nouaoy) Jaye pue 191em Ul PIAJOSSIP S (02HSYOSND) d1elpAyeluad a1eydins (jj)1addoo
aind pue (O?HOT*OS?eN) 21elpAyedap a1eydins wnipos aind Jo ainixiw e jo ajdwes v ‘STO

/
=/






