1) Rate dete.rmining step is the slowest step within a chemical reaction. The slowest
step Qetermlnes the rate of chemical reaction. The slowest step of a chemical
reaction can be determined by setting up a reaction mechanisms. Answer :B

2

1. A possible mechanism for the reaction, 2A + B &C+ D, ist

M A+AR=A fast, equilib ium
an  A+A As slow
I A3+B A+C+D fast
According to the mechanism, the rate law will be :
A) Rate =k[A] ©) Rete = k[A]
B) Rate =k[A] D) Rate = k[A*[B]

Wanted: To determine rate law for nechanisms with fast initial step.
Given: Reaction mechanism
Kiiown:Step-1: set the forward rat
fast equilibrium. K[AT = k.,[4,]

Step-2: the slow step’s rate law is ¢ quivalent to the overall rate law. Recall that the rate
west step. Write the rate law for this step: Rate = k,[4,][4]

te law of the fast equilibrium is equal to the reversible

determining step is the slo
Step-3: solve for the [intermediate’ in terms of reactant in the overall.

Step-4: substitute the expression for the [intermediate] into the rate law for the sl
to obtain the overall rate law.

Solution: Rate, = Rate,

KA) =k (4]

Rate = ky[ 4,][A]; this is the rate (letermining step(the slowest step)

low step

Solving for the internedite; (4], [4,1= F"'—[A]‘;
7

Substituting the valus for the intermediate [4,]into the slow step;

Rate = —];—[A]’[A] ;sincethe kT ; the rate law for the overall is:
Rate = K[ AT

Ancwer:

Kk,
-

. What is the half-life of irreversible fir:t order reaction, A ——B, if 75% of Ais

converted to B in 60 minutes?
A) 30minutes B) 20minutes  C) 60minutes D) 80minutes

Wanted: f,,, of a first order reaction.

Given: total time and % completetl.
Known: In a first order reaction, the concentration of reactant decreases by % ineachof a

series of regularly spaced time intzrvals, namely ;.
Solution: 100%—23— 50% —45—25% ; (thus 50% +25% = 75% intwo 1,/,)

fime Total time elapsed  _ _60minites _ 30minutes
V2= T rumber of intervals  Zhalf times

Answer: A

Known: R,
P Reactan collide wi
ts must eollide with enough energy to react. At higher temperaty

collisions occur § |
uran enti T
agiven time. Thus ralsing the temperature Increases the reaction

rate by increasin
v R the v
Answers b wmber an 1 the average kinetle encrgy of the collision.
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Wanted:  the order of the reaction to give rate law,

Given: experimental data, initial rate and con:entration change.

Known: the rate law is of the form; Rate = K[A]"[B]", where m and n are orders with respect the
reactants.

Solution i) find m ( order with respect A) using data from exp. 1 and 2 where [B] is constant

Exp, _ rate, _ Léx10™ _ AA1"[B]" _ k[0.2]"[0.1]"
Ep, rate,  40x10°  AP[B]' kO[O0

4 = 02 ) 2%
0.1
2 =2" shows m=2 or second order in A
ii) find n ( order with respect B) using data from exp. 1 and 3 where [A] is constant :
Exp, _ rate, _ 8.0x10° _ KoO.1"[0.2]"
Exp,  rate, 4.0x107 k[0.1]"[0.11"
2 = 2" shows n=1 or first order in B.
Thus the rate law is : Rate = k[A*[B]; third overall,
Answer: B

Wanted: Factor that do not affect rate of zero order reaction

Known: For A ——P zero order reaction; Rate = k[ A]’= k( 1)=k;

The change in temperature changes the value of |.; thus temp. affects rate of zero orderrxn, Increase
in surface area increase surface contact, increase rate. Catalysts increase rate of any reaction by
decreasing activation cnergy. Once the collision or contact is completed concentration change
docs not affect the rate of zero order reaction neaning rate is constant in terms of
concentration of zero order reaction. Answer: A

Wanted: unit for the rate of a chemical reaction,

Given: concentration in moles per Lter and time in seconds

Known: reaction rate is the change in concentrations of reactants or products per unit
time, in which reactant concentratioas decrease while product concentrations increase.

Rate of reaction = — £h@nge in concentration of reactant
Change in time ’

c :
Rate of reaction = £hangen concentration of product
Change in time

Soluti Substituting the units of ¢ ion and time

44 DLUUCTIL T &V L4 L l

Moles per liter

=moll 'y '=My!
Secords moll. "y

Rate of reaction =
Answer: B

Wanted: expressing rate in terms of ¢ach component (reactant and product)

Given: 2NO,(g) - 2NO(g) + Oy(g’

Known: for the hypothetical reaction : aA + bB = ¢C + dD ;wherea, b,c,andd
are coefficients of the balanced equation. In general, the rate is related to reactants or
products concentration as follows:

Rae=Z1AA] =180 1 8(c)_ 1 8D)
a A b A e A d N
Note: negative for reactants show dzerease in concentration with time, and positive for

products incrense in concentration with time.

Solution ;: Rate _l_('l'LOLL 1[N0 . A0
Soim n
. , Y
Since moles of NO, =NO; - L‘::) ! = % ithe positive sign on the rate with

respect NO, makes it invalid (not valid). the valid relations are: - A[—ZO’—] = M 4

A
0,1 _1AINO]. 4(0,] _ 1 8[NO,]
T2 A .

A 2 N
Answer: C



Wanted: 1,,, of'a first onder reaction.

Given: total time and % completed.

Known: If in reaction, the concentration of reac:ant decreases by % in each of a series of regularly
spaced time intervals, namely 1, ,is first order “eaction. Solution:

100%% —tal2han) 5005 tahom 550, wnuow) ; (thus 50% +25%+12.5%) = 87.5%) in 3
11,23~ half - lives) ) Three regularly space intervals take 6hours showing ti is 2 hour. This equal
time intervals show the reaction is first order, Answer:B

27. Suppose reactions A Band B. A are both el y with rate
constant of 8 x 105 and 4 x 10* s respectively. What is the value of the equilibrium
constant for the equilibrium? A =B
A) 2x 107 B)0.5x 102 C)4x10? D)4x 102

Wanted: Equilibrium constant K for the reaction 4 &4 B

Ak, =4.0x10's"

Given: A —~B;k,, ,=80x10°s™ ;B

Known: Rate,,, = Rate,,

Solution:
Ratey, = Rete,,,
kpul )= k., [B]
Ke ={% ‘f =%f;—l_,= 2.0x107
28 The reantine 2 v o o Answer: A

10

Wanted: the rate expression

Given: experimental data, initial rate and concentration change.

Known: the rate law is of the form: Rare= K[X]"[Y]" where m is order with respect X and n order
with respect Y .

Solution: To find m, order in X and to find norderin Y

rale, _ HXI[YY, rate, _ KXI"[YT

H d =
rae, — Hxypy ™ rate,  HXT(Y]

045 _  KB.OP[LS) o 18 _ BB
0.45 KIS [1.5]" 0. KBOI[LS)

3.0\" 3.0)
10} Sa a2 d ==

[1.5) o 4 (1.5)

i =l e and 21 dai Lo

m = 0;zero order in X and n=2;second order in Y

Thus the rate law expression is: Rate = k[Y]’ Answer: C
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29. What is the half- life, tix for zero order rzaction A B, (k is rate constant)?
A) Ln2k B) [Alo/2k ) Ink[Ak D) In2[AJok

‘Wanted: determining ti2, half life for the zero order reaction
Given: reaction A —> B (kisrate constznt)
Known: the rate law expression for zero order rzaction is: [A] = -kt + [Alo

In this case a plot of [A] versus t gives a straight linc of the sloi}e -k
Solution:  the integrated rate law by definitonis : [A] = -kt + [A]o
When t =iz by definition

[d]= % ==kt +[A],

[,ﬂ=%; Ky =M]ﬂ.l‘ﬂ.ﬂ.:% Answer: B
(4l
he =37
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Wanted: to predict by what factor the rate incrzases when conc.of a second order, [NOJ? is doubled
holding concentration of 7, constant.

Given: Rate = k[NOJ'[I,]showing second orcer with respect NO and first order in I,

Known: If the reaction is second order with respect a reactant , here NO when the conc. of that
reactant is doubled the rate is increased by a factor of four(quadruple)

Solution:



13)

14)

Rare, = KNOJ[1,]

Rate, = k2NOF[1,]

Rate, = k4[NOP'(1,] Answer: B
Rate, = 4k[NOV' (1

Rare, = 4Rare,

e o) s i VLY U b v oerenn
}\(Vnamed: To dcsfribe the effect of change (disturbance) on position of equilibrium.
) own: Accorflmg toLe chﬁf:llcr’: Principle when disturbance occurs equilibrium shifts
0 reduce the disturbance until the s/stem attains a new equilibrium,
1) The effect of change in concentration
:Il'mh: ecq::]l:::um pos!t?on shfﬂs to the right if a reactant is added or a product is removed.
1 o 1.?1{ lum position 'shnﬁs to the left if a reactant is removed or product is added.
e Effect o.h Change in Temperature: a temperature increase favors the endothermic
(heat-absorbing) direction and a terr perature decrease favors the exothermic (heat-
releasing) direction.

1) A change m volume (change in pressure) increase or decrease conc. per unit area, and
affects position of equilibrium as fo lows:

A lf the ‘{olume is lower (pressure is higher) which shift the reaction to ward the

side with fewer moles of gas.
.. I Lht? volume is higher (ressure is lower), which shifts the reaction toward

the side with large moles of gas.

3. If Ang, =0, there is nc effect in the equilibrium position.

Solution: N,(g)+3H,(g) - 2NH,(g) + heat
Increasing Preslsure: equilibrium shift tc right to small number of moles.Adding more N> and
Ha :the equilibrium position shifts to the right if a reactant is added. Decreasing
t'empcranucfa\fors the exothermic (heat- releasing) direction equilibrium position shifts to the
right. 'lncreasmg the volume of the reaction container means decreasing pressure which shift
the equilibrium to the left to small number of moles.

-

~

Answer:D

Wanted: the rate law of mechanism with a Slow Initial Step.

Given: The mechanism of a reaction.

Known: All the elementary steps in a mechanism do not have the same rate. Usually one of
the steps is much slower than the others, so limits how fast the overall reaction proceeds.
This step is called the rate-determining step (or the rate-limiting step). Because the rate-

15)

determining step limits the rate of the overall reaction, its rate law represents the rate law for

the overall reaction.
Solution: The rate law for the rate-determining step (step-1) is slow compared with the
second and the third steps. Thus the rate law for the slow initial step represents the rate law

of the over all. Thatis: Rate = k{HOOH (17 ] Answer:A

Wanted: To describe dependence of rate on concentration.

Known: the Rate law is of the form: Rate = k[4]"[B)"; where the exponents m and n are reaction
orders. The overall reaction order is the sum of the exponents m + n. If a reaction is first order
(exponent is 1) rate is doubled by doubling the concentration of the reactant. If the rate is increased
by a factor of four when the concentration is doubled, the reaction is second order with respect that
reactant. Similarly the rate of third order reaction undergo eight fold increase when the
concentration is doubled. Solution: Rate = k[A]"[B)", the rate is doubled when the concentration
of B is doubled, thus first order in B, i.e n =1; when both A and B doubled, the rate increases by a

factor of eight thus showing the reaction is third overall.

m+n=3
m+1=3
m=3-1=2

The reaction is second order in A and first order in B and the rate law is: Rate = k[A]'[5)

Answer:C
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