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Multiple Choice
Identify the choice that best completes the statement or answers the question.
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Be comfortable with how to determine rate law based on graphs. If you are given multiple graphs and
asked to determine rate law, the graph with the straightest slope will represent the rate law. Once you
determine the graph, look at the units provided on the y-axis to determine the rate law. 1/conc is
indicative of a 2" order reaction.
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Based on coefficients present, we know that the rate will be % with respect to [A] and 1/3 with respect
to B. Because [A] is related to rate of disappearance, we must put a negative sign in front of the %.
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rate = k[A]¥[B]Y

Looking at experiment 2: when you quadruple the concentration of B, the rate of the reaction increases
by quadruple as well (approximately), which indicates that the reaction is first order with [B].

Looking at experiment 3: when you double the concentration of A, the rate increases exponentially,
which indicates that the reaction is second order in terms of [A].

This means that the rate for the reaction is rate = k[A]*[B]

4.

o

) The reaction rate will decrease by a factor of 4.

You need to be very comfortable with the language of rate laws to answer a question like this. You are
told that the reaction has two reactants and is third order. You are also told that when you double the
concentration of the first reactant, the rate increases by a factor of 2. This indicates of the reaction
being first order with respect to the first reactant. Because the overall reaction is third order and we
know that it is first order with respect to reactant 1, we know it must be second order with respect to
reactant 2. If you cut the concentration of reactant 2 in half, the reaction rate will decrease by a factor
of 4. (1/2)>.
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At the same temperature, the rate of reaction B is greater than the rate of reaction A.

H EENE-

Lower activation energy means that a reaction is more likely to proceed. Since reaction A has a higher
activation energy, it will have slower rate than reaction B at the same temperature.

6.

B and C are correct.

o

Activation energy increasing as temperatures go up would make the reaction go slower, not faster. In
addition, you need a catalyst to affect activation energy. Activation energy decreasing would result in
the reaction proceeding more quickly. Increasing temperature can cause the rate constant to increase,
which results in the reaction occurring faster. Collisions increasing as temperatures increase is
consistent with the collision theory, which also causes the reaction to proceed more quickly.

7.

6.21 seconds.

] ] S

We are going to use the equation [A]o— [A]: = -kt

We are given that the [A]lo=0.612 M
[Ali=0.115M

k=0.080 M s
Plug these numbers into the equation and solve!

[Alo— [A]t= -kt 2 0.612 M - 0.115 M = -(0.080 M s*) t

t=6.21s
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d) 35.5seconds.

A 40
In(z) = -akt > In(m) =-(1)(k)(47 sec)
k =0.0195 sec? t1/2 =0.693/0.0196 = 35.5 sec

9.
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. 24 g initial
0.188 g remain = Zomna

27’1
n = half life > 2"= 0?:8 =128 2> nlIn(2) =In(128) > n=7
10. I ™ .

Substance B is a catalyst; substance Cis an intermediate.
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You may be given a graph to answer a question like this, or you may just be given text information.
Understand a catalyst is going to be regenerated at some point in a reaction. We are told that substance
B is a reactant and then later regenerated, so we know this to be a catalyst. We are told that substance
C shows up, is consumed, and then is never seen again. This in indicative of an intermediate.
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c) Rate =k[A]*[B]®
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Remember that the slowest step is the rate determining step and that with this, we only look at the
reactants of the slowest step to determine the rate. This means that the rate is:

rate = k[A]*[B]?

12. |

e) Need additional information to answer question.

We are not given enough information in this problem to make any conclusions. If we have positive
values for both enthalpy and entropy, we need temperature information to make any conclusions about
the state of the reaction.
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b) AG=0
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If you are told that the reaction is in a state of equilibrium, then the value of AG must be equal to 0.
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From solid = liquid = gas entropy increases.
From gas = liquid = solid entropy decreases.

With this information, options | and Il would have negative entropy values.

15. |
T |
]

a) AS must be a positive value, AH must be a positive value.

You must be comfortable with working with the equation AG = AH - tAS! If you are told that the reaction
is only spontaneous at high temperatures, that means that the values for AH and AS must both be
positive.

16. |

d) landll.

If given thermodynamic data, you would be able to determine the equilibrium constant and the
direction the spontaneous reaction would occur but would tell you nothing in terms of speed of the
reaction. Remember from your study of kinetics that you need to perform an experiment to determine
the kinetics of a reaction.
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From solid = liquid = gas: entropy increases.
From gas -2 liquid > solid: entropy decreases.

I. Freezing water = liquid = solid, which mean that the entropy decreases.
Il. Melting ice = solid = liquid, which means that the entropy increases.
[l. Sublimation = solid = gas, which means that the entropy increases.

IV. Dissolving NaCl in water will cause entropy to increase.

oy
-

178.8 J/mol . k

]
H
c)
i
[

AS = [4 (210.8) + 6 (188.8)] — [4 (192.8) + 5 (205.2] = 178.8 J/mol . k
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AHvap =30.67 kJ/mol

To determine amount of energy, multiply AHvap by the number of moles you have present.

120 g CHsOH ‘ 1 mol =3.75 mol
| 32¢

30.67 kJ ‘ 3.75mol =115.013 kJ =115013 )
1 mol ’

Condensation is an exothermic process; therefore, we need to put a negative sign in front of the value
we obtained: 115013 J =-115013J

Make sure to convert temperature to kelvin! 57.5 °C + 273.15 = 330.65 K

= 03 - 348 /K
330.65 K

20. |
—

d) Reversible reactions can be reversed with no net change in either system or surroundings.

Reversible reactions are spontaneous in one direction and nonspontaneous in another, meaning option
A'is incorrect. Reversible reactions do not necessarily have to be carried out at a specific condition,
meaning options B and C are incorrect.

For reversible reactions, one direction is endergonic (a positive AG value) and the other is exergonic (a
negative AG value). If a reversible reaction proceeds in one direction, it can be reversed with no net
change in energy of the system. For example, if a reaction is exergonic (spontaneous) in one direction,
the amount of energy released can be used to drive the endergonic (non-spontaneous) in the other
direction, leaving no net change in energy. This makes option D correct.
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d) The concentration of each substance in the vessel will be constant.

Option A is incorrect as the rate of the forward and reverse reactions are identical, but not the moles of
products and reactants. Option B is incorrect as further reaction can occur. Equilibrium does not mean
that the reaction stops happening. As mentioned in the previous question, a catalyst will have no impact
on the equilibrium position, making option C incorrect. Option D is the only correct statement regarding
equilibrium, as the concentration of each substance in the vessel will be constant
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_ products [0.00075]?
" reactants [0.025][0.051]

23.

=4.41x 10"

Kc is less than Q; more HI will be made.

HE - -EN

[.36][.36]

iz =0-0576

Q-=
Based on this, we know that Q > Kc. Since Q is greater than Kc (Kc is less than Q), we know that the
reaction will shift to the reactants and more HI will be produced.
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e) Kp =Kc(RT)?

You know that the relationship between Kc and Kp is given by the equation Kp = Kc(RT)"
In this example, An=2-3=-1

Therefore, Kp = Kc(RT)?

25. I
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Flip & x 4 for reaction 2!

Therefore 2> S for reaction 2
(0.771) 4

1
Kc overall = (1.90) (W)
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Understand that changing the heat levels, changing the concentration of reactant and changing the
volumes of reactants will all have an impact on the equilibrium position. Of the options given, the only
one that has no effect is a catalyst. Adding or removing a catalyst will have no impact on the equilibrium
position.

27. I

The partial pressure of CO; in the reaction vessel has not changed.

HEENE-H

CaCOs is a solid and thus not considered when looking at equilibrium expression. Because we do not
consider this compound in the equilibrium expression, adding more will have no impact. The partial
pressure of CO, remains unchanged.

25,
I

d) The volume is increased.

Shift to the left means a shift towards the reactants. There are more moles of gas on the reactant side

than product side. Remember that an increase in pressure means a decrease in volume. Increasing the
pressure will cause the reaction to shift to the side with less moles of gas (right). Increasing the volume
will cause the reaction to shift to left (more moles of gas).

Science Guyz, LLC: 250 W Broad St STE 102 Athens, GA 30601 Phone: 706-552-0777 Email: tutor@scienceguyz.com
Website: www.scienceguyz.com Copyright © 2020 Science Guyz LLC



13

d) The rate of the forward reaction will increase while the rate of the reverse reaction
decreases.

Remember that if the reaction is exothermic, the heat will show up on the product side. Decreasing

temperature will cause the reaction to shift to the right, which means an increase in the forward
reaction.

30.

c) 1) shift towards products; 2) shift towards products; 3) shift toward reactants; 4) shift towards
products.

Increase volume = shift toward the side with the more moles of gas (products)

Increase temperature = shift toward products because the reaction is endothermic
[C][D] increase = shift toward reactants
[A][B] increase = shift toward products
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e) 1.01 g CS; remaining; 2.10 g CS formed.
63 days ' 24 hours | 3600 s = 5.44 x 10° seconds.
‘ 1 day ’ 1hr
In (ﬁ) =-(1)(2.8 x 107)( 5.44 x 10° seconds) = 1.01 g CS, remaining

4.64 g CS; initial — 1.01 g CS2 remaining = 3.63 g CS; reacted

3.63gCS2 |1 mol €S2 | 1molCS |44gCS =2.10gCS formed
| 76 Cs2 ' 1 mol CS2 'Imol s

|
i
i
d) -79.406 kJ/mol.
n
AG = AG® +RtInQ
L Kk [12x107°]° |
AG = —32.7 mrins [0.008314(298.15)In (—[0'0026][0.0044]3) =-79.406 kJ/mol
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