Advan
ced Level Chemistry En

Unit 12

(1) 1983 A/L
a) _Fulluu.ing is the trend of depleting radioactivity ofa 10 g sample of an clement X.
i) What is the half — life of the pulse
clement”? per minute,
b
B -
ii) Draw the expected graph for . the 48
trend of wasting of radioactivity for a 40
sample of 5 g of X in the same graph. 1";
iii) What is the time needed 1o reduce a 16
5 g ol element X, to 625 mg? 8 ) ‘ __time
......................................................... 075600 11200 16800 22400 (year)
(2) 1998 A/L
¢) Name the factors that influence the rate of a chemical reaction.
(3) 2002 A/L
¢) i) What are the basic requirements that must be satisfied by the reactant
molecules for any chemical reaction to occur?
Sketch the Boltzmann distribution for
the molecules of a given pgas at t
temperatures T, and T where T: > T, _
Label your diagram / graph {ully. .
ii) Consider the reaction .
2Hi(g) + O:(g) 2H;0(g) OH=-490kJ
and explain the following parts (A) and (B).
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(g) is stab
) and 0:(8) * 41l amount

A) A mixture of H:(g 1y when 3 an

mixture reacts rapi
to it.

s evesieeasensessEEeSaLEETIIES ) ston.
B) This reaction is often accompanied by an Xl
the experiment for the determination of the order of 1,

Iphate ions and hydrochloric acid.

d) This part is related to
chemical equation for the reaction studied in thjg

reaction between thiosu

i) Write down the balanced
experiment.

ii) Describe how a measure of the rate of the reaction is obtained in (hj

experiment.

(4) 2004 A/L
b) Recall the experiment to determine the order with respect to Fe''(aq), in the

reaction between Fe''(aq) and KI.
Table I gives the volumes (in cm’) and concentration of the reagents used for four

different measurements

Table I

| Experiment 0.100 mol dm™ I moldm™ | 0.0001 moldm™ |

number water | acidified Fe*'(aq) | Kl solution | Na,S;O; solution

I solution containing starch
_ 25.00 5.00 500 |
|2 5.00 20.00 S50 o]
-L 3| 1000 15.00 500 Sc |
[_ N | I_S._ﬂu 10.00 500 5' -
N | ] .00 ]

All experiments were carried out -
. at room t
‘.-l. H:nf: ( | F}}u reagents were measured mm;;:r{ 1;1:“ Efﬂ’lJFfi of students
in which the three studemt groups measured the _I'or: mixing. The way
given in table 11 The stopwatch was at reagents n the two beakers 1§
beakers wore mined, 1o determine the limel Iforad btllm: the contents of the WO
a colour to appear

Fi
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o Fable 11
! ‘»_?ﬂ-*“_l‘f | Beaker | " Beaker?2 |

Na:S-0. solution

all other ml_uﬂ;in-s

' A _ ‘ KI solution I ~all other solutoins

c _!_ Fe''(aq) solution

Answer the following questions.
1) Why is the same amount of Na.S,0; used in these experiments?

FRr ik beaspmesasar e s s e e R pena i apRdEtIE A RASERAREEIE Y

SrAEEEEAtETSAsissEddddEEE s neRdsn R dinRaRRRapER

LI IR T I LTI T I T T
R T L L

1) What is the role of starch in this experiment?
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........................................................................................

iii) One of the threc groups followed the correct procedure. In the following table,
write in the appropriate cage the word 'correct’ to identify this group. In the
other two cages give the main reasons for the method followed by the relevant
group being unacceptable.

A

iv) The group which followed the correct procedure found that the time taken for
the appearance of the blue colour in experiment number 1, was too short to be
measured. Write three ways in which the time taken for the colour change may
be increased.
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(5) 2006 A/L

b) The ester Ry — C — OR> s a crystalline solid. R; and R arc hydrocarbon chains.
This ester undergoes hydrolysis to give the following equilibrium.
R,COOR;(s) + H,O (/) ———— R,COOH (aq) + R,OH (aq)
The statements given below refer to a procedure for the hydrolysis of the ester,
Fill in the blanks in the statements using only suitable words / phrases, selected
from the list given below. The same word / phrase may be used more than once.
Each blank should be filled with one word only. List of words / phrases to be
used:
activation encrgy, boiling point, carboxylic acid, catalysts, concentration, contact,
decreases, density. cquilibrium, increases, left. mixing. organic compound, rate,
right, slowly, sodium salt, solid, yicld.

i) The ester is ground to a line powder.

Grinding ... the surface arca of the solid. This leads to

an mncrease M Ihe o.ovveveveeeiieeeeesieeeeeennn., between reactants,

i) The rate of hydrolysis can be increased by using acids or bases. Hydrolysis by
water alone occurs .........coocvevveveeenenn. due to the hagh
of the reaction. Acids and bases act as ............cccvvens for this reaction.

iii) Aqueous NaOH is more suitable than aqueous HCl for the above hydrolysis,

Acid hydrolysis gives an ..o mixture of products and reactants.

Hence the amount of product obtained is limited by the ...
concentrations. When base is used, the carboxylic acid formed on hydrolysis is

removed Tom the weeeeeeeeeeeeeeee. MIXEUTE S thE v veiiesveessesesness « THE
equilibrium is thus pushed to the ... and the ... 18
increcased.

iv) The powdered ester is stirred with dil. NaOH and heated to 60°C to complete
the hydrolysis. Stirring helps to increase ................... between reactants and
heating increases the ................. of the reaction.

v) After complete hydrolysis, when excess NaCl is dissolved in the reaction
mixture, a white solid separates and rises to the top.
Dissolved NaCl increases the ............cooouun........ of ions in solution. Under
these conditions the less soluble ... of the carboxylic acid
separates. As the dissolved NaCl also increases the .................. of the solution,
the solid rises to the top.
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a) The kinetics of the
\ag) + SRy
Four experi
Bive

How mg ¢
aqg) + {-('{aq} —»
nents carried oy b
t::mrr_cr:nurc are deserib
concentration of

an be studied by measuring initial rates.
3D(aq) + 3k aq) R
: CI.‘H"E'"H initial concentrations of A, # and € at
A with ed inthe following table. [AA}, the change D
[ S : h time (1/s) was micasured.
" Ala/ WER T - e (R /|
Fxpt. { mol dm™ (B 3 [Clo/ [AAT/ - Initial Rate (R)/
' —moldm™ I moldm”® | moldm® | Y3 mol dm™ s
0.2 5 o — I o
| - 0.2 0.2 0.040 | 50 | Ry=.oreeceioenes

| —

2 0.4 i ' '
| o 0.2 0.2 0.069 60 | Ry-.....

| —

I
3 0.4
. I 0.4 0.2 | 0128 40 Ri=.

—— — - _u..._.. ...-.-.. P
| 4 | 0.2

0.2 :
(— 1 1 ™ i
1) Calculate initial rates Ry,

T L LR LA

0.080 25 L

g R R;and R, and complete the table.
i) Taking a, b and ¢ as order wj

_ th respect to each of the reactants A, B and C
respectively, and the rate '

b - . FREEES RS e R R o
o =4 - B
* . * ® + + - . LLC LT T TR T,
B L SEEiEaEE R ae - - - .
bl = - as . - - - - swa
sassia . .
BT - - = - asssssnmnan
........ T - -
- - s - .

i) State the overall order of the reaction

iv) Calculate the rate constant k of the reaction’

R N R S R R A RSN AR A R R R NN AR RS AR RS SR SRR e ARG AN R
B

e L I T T T

b) i) I Inanother experiment. If the concentrations are. [A]o= 1.0 x 107 mol dm~,
[B}o= 1.0 mol dm™ and [CJe= 2.0 mol dm™, show that the rate expression

for the reaction can be given by Rate = k'[A]* (k' is the rate constant of the
reaction under these conditions.)

R L L T T T L L LR LR L L E L h Ll L LAt

e L L L e L L L LR R L

imsEsEEREEEEEEIRE RS - dmmmssamna s - - L] e L)

I1. State the assumption(s) made in deriving the expression on I above.
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i) In the above b) i) experiment, the concentration of A. [A]. changes with time

J . . AT - v+ 2203 loe [Al.

(1} according to the following equation. 2.303 log [A] !._r e Og t “J,.

([Als is the initial concentration of A.) Show that the half — dife (t2) of the

reaction is given by 0.693/ and calculate (ty2) by using |

by 1) above.

he data in a) 1v) and

-
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(7) 2016 A/L -
a) When 0.010 moles of gas A is placed in a 1.0 dm’ evacuated closed rigid

container in the presence of a small of a solid catalyst, at 227°C, it decomposes as

shown below.
Alg) ——» Big) + C(g)
The concentration of A{g) was measured over time. The results are shown in the
following graph.
[Almal dea”
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} i) Taking the order and the rate constant of the reaction as a and k. respectively.
J Write the rate expression for the above reaction.
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i) Giving rcasons, determine the value of a
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b) In the presence of a solid catalyst, the gas X decomposes accordin

following chemical equat ion.
X(g) Catalyst 2Y(g) + Z(g)

1.0 mole of gas X" was introduced to an evacuated container. The initial volume of

the gas was measured to be Vy. The reaction was initialed by introducing a small
amount of catalyst (volume is negligible). The rate constant of the catalyzed
reaction is k; and order of the reaction with respect to X is b. The miti
The pressure of the system was mai
r to expand. The temperature of the system

al rate of the

reaction was measured as Ro. ntained at a

constant value by allowing the containe
was also maintained at a constant value.

i) Write an expression for Ro using the terms b, k; and Vo
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i)

R, and the volume of the

action was 0.2
lculate the order &

[t was observed that the rate of the re
} was consu med. Ca

container was doubled when 50% of X(g
of the reaction.
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