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Practice Exam: Paper 2
Topic 6: Kinetics
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Factors that affect the rate of a chemical reaction mclude particle size, concentration of reactants and the

temperature of the reaction.

(1)  Define the term rate of a chemical reaction.
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(i) List the three characteristic propertlcs of reactant particles which affect the rate of reaction as de-
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,30n the axes below sketch two Maxwell-BoItzmann energy dlstributlon curves for thc same sample of gas,
oneate temperature T and another at a higher temperature’ T, Label both axes. Explain-why raising the

temperature increases the rate of a chemical reaction.
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The graph below shows how the volume of carbon dioxide formed varies with time when a hydrochloric acid
solution is added to excess calcium carbonate in a flask.
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The Haber process enables the large-scale production of ammonia needed to make fertilizers.
The equation for the Haber process is given below.

Na(g) + 3Ha(g) == 2NHy(g)

The percentage of ammonia in the equilibrium mixture varies with temperature.
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(i)  Use the graph to deduce whether the forward reaction is exothermic or endot'iuéniﬂc and explain ybur

choice.
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(4 cont.)

(i)  State and explain the effect of increasing the pressure on the yield of ammonia.
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(iii) Explain the effect of increasing the temperature on the rate of r;egcngn *5 !
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@ A solution of hydrogen peroxide, H,0,, is added to a solution of sodium iodide, Nal, acidified with

hydrochloric acid, HCI. The yellow colour of the iodine, I,, can be used to determine the rate of reac-
tion.

H,0,(aq) + 2Nal(aq) + 2HCl(aq) — 2NaCl(aq) + I (aq) + 2H,0(l)

The experiment is repeated with some changes to the reaction conditions. For each of the changes that
follow, predict, stating a reason, its effect on the rate of reaction.
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(i)  The concentration of H,0, is increased at constant temperature.
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Hydrogen and nitrogen(II) oxide react according to the following cquation.
L 2Ha() t ’JNO(g) Nz(g) 4 2H20(g)

At time = t seconds the rate of the rcactlcm is: ' rate = k[Hy][N oP LDRREZR AL

(i) Explam preclse1y what the square brackcts around mtrogen(II) dxide, [NO], represent in tHis contcxt
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>ii) ueduce the utits for the rate COns'tant k "
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All reactants and products are in the gaseous phase.

i The kinetics of the reaction were studied at this temperature. The table shows the initial rate of reaction
P

for different concentrations of each reactant.
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(i) Deduce the rate expressmn for the reactmn
e raes /«[mj&m

(iii) Determine the value of the rate constant for the reaction from Experiment 3 j'md state its units.
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3. The gas-phase decompesition of d1n1trogen monox1de is considered to occur in two steps.
Step 1: N2O(g) — Nz(g) +0(g)
Step 2: N;0(g) + O(g) —> Na(8) + 02(2)

The experimental rate expression for this reaction is rate = k [N7O].
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4.  The conversion of CH;NC into CH3CN is an exothermw reaction which can be represented as follows.

CH;-N=C —— transition state ~ CH3-C=N
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This reaction was carried out at different temperfu?c% “ahd 2 Valde of the rate constant, &, was obtained for
each temperature. A graph of In k against 1/7 is shown below.
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(i)  Define the term activation energy, E,.
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(4 cont.) e,w.;—humic YEp

(iii) Construct the enthalpy level diagram and label the activation energy, E,, the enthalpy change, AH, and
the position of the transition state.
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(iv) Calculate the activation energy, E,, for the reaction, using Table 1 of the Data Booklet.
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Consider tPc following reaction studied at 263 K. %_@5//___7
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Tt was found that the forward reaction is first order with respect to Cl, and second order with respect to NO.
The reverse reaction is second order with respect to NOCL.
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(iii) 1.0 mol of Cl; and 1.0 mol of NO ate mixed in a closed container at constant temperature. Sketch a
-graph 1o show how tretomcemration of NO and NOCI change with time until after equilibrium has

been reached. Identify the

point on the graph where equilibrium is established.

(N0 secono\ oAl

Considér the follawing reaction. -
TR M) A

i . NOx(g) + CO(g) = NO(g) + COx(g)

-~ 5 \i y -
- Y e
DAL W

Possible redgtion me

chanjsms are:
- *{ ’. b

time

3
€5

- " b‘i‘.-.\Fy 2 ':'. !: '
o tAbove775.K:.. NOy+ CO — NO + CO; slow E ; .
N iomglLiT o A
Tl o nBelpw TISK: | INGBNO+NOpe. o slow 6Ly
L} CEas S €, 3 t‘ ity . ‘ﬁ’st " vel ‘1.,.' ? :‘

« s ¢.w

¢ el

‘;» ]
O IRy

7.

' .2t

| oy -3 o >
Based on the mechanisms, deduc

¥ NOs+ CO = NOy*+ €Oy
¥ l Va ko \ - w

o

dAg AR Yl e
¢ the rate expressions apove'and below 775 K.

oAb TISE + cate= (N, XCOT

o] Foo?
¥ "'4!"'

Belw T

rate =

k(N0 ] z

State two situations when the rate of a chemical reaction is équal to the rate constant.
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1
Consider the following graph of In k against T for the first order decompomtlorHOf N,0, into NO,. Deter-

mine the activation energy in kJ mol™ ! for this reaction. / \’&/‘g"
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