chapter 9 — Solutions ang A

Reactions, Part 2 s

o nger Summary- be additions] .
(Mrlht‘ chapter will focus on the additional aspects of solutions, usually foun
s cha

seneral chemistry course (\\‘hcrcas the ﬁfs? part of solutions is usuallydfgzx;}:ic'sccond wemester of a

“giscussed here and cx_plamcd in examplc 1tems go into more detaj| related n the first semester),

Conce ed with S0|uxion'foxfmauon and properties of solutions, Reactions ofsolutionso ntermolecular forces

ors related 10 equilibrium. are discussed Separately in

chapters Specific topics covered in this chapter are:

« Solution formation including intermolecular forces in solutions

« Solubility as it relates to intermolecular forces

o Concentration units and conversions between

o Solubility of solids and gases, particularly in aqueous solution

e Colligativ
pressure

gandar

e properties including freezing point depression, boiling point elevation and
nd osmotic

previous material that is relevant to your understanding of
o  The mole and formula calculations (Chapter 3)

Stoichiometry and balancing equations (Chapter 4)

Molar concentrations and solution stoichiometry (Chapter 5)

Lewis dot structures and polarity (Chapter 7)

Intermolecular forces (Chapter 8)

questions in this chapter include:

Common representations used in questions related to this material:

Example
Name P Used in questions related to
HaC A _CHy
Structures CH, CH, Intermolecular forces in solutions
70
=
:. 60
0 50
£Z 40
L
230 Temperature dependence of
Graphs 29 ili i
% 220 solubility of solids
210
Bl A L L .1}
0 10 20 30 40 50 60 70 80 90
Temperature, °C

Where to find this in your textbook:

The material in this chapter typically aligns to a solutions chapter (could be labeled as “Physical Properties of
Solutions”) in your textbook. The name of your chapter may vary.

Practice exam;

There are practice exam questions aligned to the material in this chapter. Because there are a limited number
of questions on the practice exam, a review of the breadth of the material in this chapter is advised in preparation
for your exam,

How this fits into the big picture;
The material in this chapter aligns to Intermolecular Interactions (4) as listed on page 12 of this study guide,

113




— W ACS ‘
&,._.,.i.mqqﬁ@ﬁ"'it!‘-“““‘fi‘ﬂ‘iﬂiz’"w Exams \
-
study Questions (SQ)

o Tie (attracted to water) region Region | -y
\\-hcrc 18 th h.\dn\phlllk ( __g\ '_R('gl\onz

sQ"‘ i le? Rc ‘ :
\Y Sf the n“\l\'\lllt : H H H g'()n ] '

(A) Region | ”\ y (I ”
N A ‘
e i e N A
/ ' o T

(©) Region 3 ) A | :

(D) The three regions are equally hydrophilic ik

Knowledge Required: (1) Structure of water. 7('i)ﬂlrité'nnblécular forces (hy‘&ibgéhﬁ‘;&ﬂi}{gi "\\N
nowled, A b

Thinking it Through: As you read this questiqn, you realize the first step will require that you consiq
inking f water in relation to the structure of the molgcule because you are asked to consider hoy €r the
<hown molecule will interact. C ontinuing along these lines, gou It:;]en cohmpfire the molecules ang <:o::iit
these will interact within the context of hydrogen bonding. You know that in order to have twy Molec
hvdrogen bond, you will need hydrogen.bonded to N, O, or F and a lone pair of electrons op N, 0, or p
<ubstance, these will need to be present in one molecule (as all molecules are the same in 4 PUre Substap 2 pure
solution, molecules could have only part of these requirements with the other mplecules having the 0lhece - Ing
components. Therefore, you draw water molecules in relation to the molecule, including the relative Pall;ial

charges (to help make the point of attraction):

structurc 0
struc €r anq the

der hoW
ules form ,

»
hydrogen bonding % H LS "\H

. .,

Therefore, water is attracted to region 3 (Choice (C)) and not region 1 (Choice
(B)) or all three equally (Choice (D)).
NOTE: Drawing your own representations is often an effective problem-solving strategy in chemistry

(A)) or region 2 (Choice

Practice Questions Related to This: PQ-1 and PQ-2

SQ-2. Which molecule is most soluble in water? T

(A) c (B) > /O\ ~CH,

_CHy

ﬁ

(C)

C (D) il
CH2 \CHZ
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.2+ (1) Structure of water. (2) Intermolecular
chmﬂ’d-( ecular forces (Jy
ydrogen bond
ng).

no¥ i '
X Similar to the previous study question, 10 so]y

. hmngh-‘ ) .
ping it T -wre of water, paying close i 0
fﬁm“ B ith {he struc , paying close attention (o compon 80Ing to cop id
ents that wo sider each
at would structure

- reract ponding. Asa reminder again, in a solution {| : su
in drogen g hese are: Pport greater
doe 0 drogen ponded to N, O, or F altraction
i\'lo"c pair of electrons on N, O, or F
ith water can have one or more locati
10ns for this attractj
raction

hlcclu es illlcmf"“g':;‘]uding relevant partial char o
Mo scule with water. 1 i ges and hydrogen bonding: o Considcring cach

¢ this you are

\olt . /O
hydrogen__ 4 "Nh -
bonding ~—> 7’ N
5t o hydrogen 5 A
3 ” bondingQA:'
1 .
C H3C _-I..a
~ Spl £ CH
e CHs iy e
v O
B S,
e i H
oz
i hioge
ch—"'C\ U ) x bonding 5
7] CH a
gl % H > N 2 CH3 0.
W 7) - e e eny” o
8* " N F
A 5 5
/..\H' H

H
From these diagrams, you see that the greater the number of attractions, the mor ]
will be in water. Adding to thlS (’i,ecnsxon, you consider the relative sizes of the rr;oleculese(;(s) :(:)llebt'?e R
e ualized as a “sul?stltuuon process of the solute molecules into the water molecule’s local:i vy ki :
{he same relative attractions and size). You see that Fhe molecules are reasonably the same size o thus needing
can see that one molecule will not hydrogen bond with water at al| (Ch;)ice (D)), therefi
, therefore

Therefore, you i
ecule will be the least soluble in water. You also see that molecules in Choices (A) and (B) have limited
¢ limite:

this mol g .
5 hese incorrect as well. Choice (C) is id ituti .
wractions to water making these ° ! ) is ideal for substitution, :
:ppommi[ies for hydrogen bonding, making (C) or acetic acid, the correct choice. i e
Practice uestions Related to This: PQ-3, PQ-4, and PQ-5
50-3. A solution of NaCl in water has a concentration of 20.5% by mass. M e
. What is the molal concentration of the solution? N:?lr e g;:zl l
44
(A) 0.205m (B) 0.258m (© 35Im (D) d441m

Km,';,',[,dgk_équired: (1) Concentration unit of molality. (2) Concentration unit of 7pe?ccnl t;y mass.

Thinking it Through: Y ou see this question starts by giving you percent by mass and asks you to determine molal
concentration. So, to solve this, you first define both concentration units. First for percent by mass, you define
(his with a general definition, then for a solution and finally further define the mass of the solution as the sum of

the masses of the solvent and solute:
mass solute

mass of one component mass solute
Percent by mass = P x100% = —————x100% = x100%
mass solution mass solute + mass solvent

total mass
; mol solute
molal concentration =

Now you define molal concentration: —
mass solvent (kg)
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Solutions and

n to the problem, you first map out what o
ou w
Use molar U You w
mass to se the
determine

NMsolute

Before you set up your solutio |

Use the percent by ill ™

mass of the solute to

give the mass of the
solute

olve the problem:

Set your
sample s1z¢
10 100 g
solution
Now setup and s

20.
(205 g N _mol gy

100.0 g solution — 20.5 g NaCl = 79.5 g water = Pire il
0.0795 g Na(y
kg water

Which is choice (D). o
Choice (C) uses the mass of the solution (in kg) rather than the mass of th
omits calculating moles and use the mass of water in grams instead of kilo . ého' - .
N ice (A) al R

calculating moles and use the mass of the solution (and not the solvent or water) i (A) alsg o - MOice (g
N grams ingte, d (;.mlts )
Of ki

:4.4“"

Solvem (wa

Practice Questions Related to This: PQ-6, PQ-7. PQ-8, PQ-9, and PQ-10

What is the mole fraction of water in 200. g of 89% (by mass) h
! \Mﬂar
m

C,HsOH?

SQ-4.

(A 0.1l B) 024 (© 032

Knowledge Reqiliret}: 4( l) é&n&ﬁ&aﬁdﬁ?ﬂiﬁ;f?ncﬂ fraction. (2)_(Sx{c&1u‘aiibn‘ﬁﬁﬁ A e
percent b}, —
Mass,

Thinking it Through: Similar to the previous study question, you see this question b
ine mole fraction. So, again to solve this, you fi 's by givin
you first define both copc, 2 You Pereny

mass and asks you to determi
mass solute entrat;
Percent by mass = x100% mole : 100 upjyg.
d mass solute + mass solvent fraction (X, )= %
. mol s
Before you set up your solution to the problem, you first map out what you wil] ¢ olute + mgq| Solveny
- : 0:
Set your sample size to 100 g solution, Use molar mass Use ol
making: masssoiue = % by mass and - (solute) to - & olvem)n:ass
masssolvent = 100 — % by mass determine Asolute determine n N -
solvent

Now setup and solve the problem (rorice the 200. g sample size is not needed):
100 g solution —89 g C,H,OH =11 g water (89¢ CszOH)[M =1
46¢ C,H,0H )~ ™ol C;H,OH
e 0.61 mol H,0
1.9 mol C,H,OH +0.61 mol H.O _

IH,
o 'O]=O.6lmolH20 " .
j ”

11 gH,0)| —=
(1gH; )(ISgHzo

Which is choice (B).
Choice (D) is the mole fraction of ethanol. Choice (A) is the percent by mass of water (as a fracti
raction),

Choice (C) uses the number of moles of solvent (ethanol) only and not the total number of moles

Practice Questions Related to This: PQ-6, PQ-7, PQ-8, PQ-9, and PQ-10
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of 100 g of KsCr;,07 and 200 g of
. is stirred at 60 °C until no more of the
T e <olves. The resulting solution is
salt 0% T into a separate beaker, leaving the
Jived solid behind. The solution is
undis¥ Jed t0 20 oC. What mass of K:Cr,07
o COUZCS from the solution during the

=

A mixture

1 60)

50 |
o\n‘Cd 0

100 ¢ H,O)

40

no 30

crystalli
cooling?

Solubility

20

10
A %8 n\ I
® 188 0 10 20 30 40 50 60 70 80 90
©) 3l g Temperature, °C
) 628

o K,Cr,O-

(

ledge Required: (1) Interpretation of a solubility graph. (2) Definition of solubility.
Knowlé
ugh: The problems provgdes you with both quantitative data and an associated
roug out what is described before coordinating this with the graph: S
60 °C 26 i

Solution is poured off (saturated Cooled; some mass of K2Cr207
solution of K2Cr207 in 200 g water) crystallizes out o

n‘"n"‘"nf(::g'bc easiest to Map
think 1t =50

You start with:
100 K:Cr07 in 200

N leaving undissolved solid

Now you coordinate this with the graph, marking the solubility of K,Cr,O7at 60 °C and 20 °C:

20 | i B ‘ You see that:

BN S T — at 60 °C, the solubility is 40 g/100 g water
SO the_ 60 ° C solution above (once poured off)
contained 80 g of K,Cr,07 in 200 g of water.
at 20 °C, the solubility is 9 g/100 g water
so the 20 °C solution above (once cooled) contained
18 g of K,Cr;07 in 200 g of water in solution.
Meaning, the cooled solution had 80 g~ 18 gor 62 g

of K,Cr,07 as a solid or crystallized from the water,
0 10 20 30 40 50 60 70 80 90 which is choice (D).

Temperature, °C

Solubility
,Cr,O5/ 100 g H,0)

(gK

Choice (B) is incorrect because this is the mass that remained in solution. Choice (C) is incorrect
because this is the mass that crystallized out in 100 g of water, rather than 200 g with Choice (A) as the incorrect
choice when considering 100 g of water and the mass that remained in solution.

Practice Questions Related to This: PQ-11 and PQ-12

SQ-6. Carbonated beverages have a fizz because of gas dissolved in the solution. What increases the
A\

0#’,@0 concentration of gas in a solution?

(A) cooling the solution (B) heating the solution

(C) increasing the volume of solution (D) decreasing the volume of solution

Kno;vlétlgéikiéquirrend: (1 )kSo'lubAility of gzise;. 7'(72')7f"r03cﬁiési of concentration.

Thinking it Through: You recall that solubility of gases can be expressed quantitatively using Henry’s law which
expresses relationship of the concentration of the gas (in the solution, ¢), the pressure of the gas above the solution
(P), and a constant for the gas (k): ¢ = kP (also written as ¢ = KyP). From this, you see that as pressure of the gas
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tion of e ges |-ncrcascs Yf‘u also suspect that solubil; ~
be c,\pu‘sscd in the Henry's law constant, k. How ility of gase oy
Il not change the concentration of the gas in the qnclvc.r' from thi: Vary by, e
S0lution S yo A5
. . s SO nei u ;.lq
at the Henry's 1aw constant is a constant for a gas a Cither ch()‘ji’ S¢
e e oae decrease P '
luhility aite gRr decreases or k decreases. Theref 4 given tep, L P
of the gas (Choice (B)), but cooling the bchmgCOre. hc‘"ing ‘s fature , (i,
will it eh ng
ICreas Cver, dy
se th rdg
€ con, 2 Wi
Nee 1]

A) is correct.

On "l

s, the concentré
€ th,

and this would
solution wi

increase
structure,
volume of the
\_‘Om‘l:l.

you do know th o
increases, SO
conccnlmlinn
aning Choice (

temperature
decrease the
fizziness, Me
uestions Related (o This:
10\\'{1 compound was dissolved in 1.00 kg
at is the identity of this unknown comp(s)l?fd“;ﬂmr’ s
nd? (K, ez
( f f()r Walcr :g poinl -
186~ 8

kel (C) LiF
(D) Nagy )

PQ-13 and PQ-14

Practice

When 100. g of an unkr
Jowered by 6.36 °C. Wh

(A) CsCl
d: (1) Colligative properties, freezing oint d :
ration and molar mass. . epression. (2) lonic

SQ-7.
(B)

COmpo
undg anq Vi
tH
off

Knowledge Require
coefTicients. (2) Molal concent

Zﬁin(.-ing it Thdrough:.As you read the questjon, you approach this proble

rcczx'ng [?(/);;t—cli:mSSIOn (which you knqw is the appropriate colligative pToby first evaluatj

question): AT = K¢mt. You further examine the responses and see that all ofﬁ;ny because Orf]th Cquatj

. . e e On

meaning that 2 ions form for each formula umtsubetances are io;lfe 10 thg irr(:r
of the ¢o ic with g, | e

Mpoun h the

same 1:1 ratio of cation to anion,

refine the equation for freezing point depression for the van’t Hoff coeffici
_ AT, 6.36° i=2): AT < jp, ere

A 36°C ‘lK]_m\ Ore,you

th:

AT, =iK.m s ST L
IK‘- 2(186°Cm‘|)=17lm

From he i :
re, you consider molal concentration and the other informati
i rmation :
using the Provided
& the mass of solute) the oo, POl
ar mas
S of {]

determine first the number of moles of solute and then (
1.71 mol
[ ) he SOIUIC'

mol solute
( 1.00 k
g Water) =171 ol sg{
ute

molal concentration =
mass solvent

kg solvent

( 100. g solute ) _ o
—_— = = -1 . 4
Choice (A) 1.71 mol solute -5 g-mol” which is NaCl or response (p
oice would lik i =L
... oy nci]l‘))li:: ac;l)ected if the calculation of molal conc : )
the mass of solution rather than mass of ol SelecF ed if number of mol eoUuton wa inye

s of solvent. Choice (C) may be Selectesd ayfe calculated jnc (l)'ted (calculated

ed if the van’t mectly by

Hoff coefri,.” i
efﬁCiem ng

Wag

omitted (calculated molar mass of 29 g'mol™)

Practice Questions Related to This: PQ-15, PQ-16, and PQ-1
) -19, - 7

‘ h' i €ZIn I)U )

(B) CaC
aCl, (C) CZHSOH (D
) NaCl

SQ-&'»\"
o (A) AINOy);

Knowledge Required: (1 —
¢ (1) Colligative properties, freezing point depressio (2‘-_
n. (2) Ionic compounde o=
pounds and PP~k
an’t Hofy

coefTicients,
Thinking it Thr
ough: You know igati
mqlal concentration) but not the i(;gal_colhganve B e ol
point depression as noted in the rcvn o S i 0 th‘e qumber el .
previous study question. Because the colS w—ce b equai?lu“fon e
ncentrations a i
re all the sa -y
me (0.1 m) g
nd

the solvent is tl
s the same (water wi i
th the same freezing point depression
constant, K
1), the onl
Y component
that will

l”y l” 1C van g b (ll a t E nt It l I
Vv w ( nt ] y l)a 1Cle t
S1n 0 e
h

solute;
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pydration equation feate - hydration equation T
\‘“.‘t‘-\) . \l‘ (ﬂq' + INO:s (i\q) 4 Cac l(\) > ('“'.“‘q) 4 2(' ‘ilql 3
e C,HOH() C;HsOH(aq) | NaCl(s) - Na'(aq) + CI (aq) 2
"used here because you don’t have the measured value (fmes); in calculations, imes would be better than jes
Note: fesk 19 e

rou are asked for the lowest freezing point or largest ATy, Therefore, choice (A) is correct with a
Y \‘:n'l HofY coefTicient of 4. The other choices are incorrect because the coefficients are
¥

lated
k-;hulal& : ;\N‘-\'()‘)L

all smaller than
e value 1O

uestions Related to This: PQ-18, PQ-19, and PQ-20

practict

practice Questions (PQ)

50t Which pair of compounds will form hydrogen bonds with one another?
/ A) CHiand H:0 (B) CHiand NH; (C) HF and CH, (D) H0 and NH,
pO-2 Which pair of compounds will form hydrogen bonds with one another?
/ - Cl H
CH
Wi ~eng™ \2 and H—Cl ®) (|; and (l;
2
(A e TCH, a7 e W7
Cl H
” | | T
| and C D C and c
Q) C (D)
S w7 Son W7 H W7 Non w7 wm,
H H H H
PQ-3. What would be expected to be the most soluble in ethanol (CH;CH,OH)?
/ (A) CH3;CH:CH3 (B) CO; (C) NH; (D) SFe

/ PQ-4. Which substance is most soluble in water?

(A) ethane, CH;CH3 (B) ethanol, CH;CH,OH

(C) n-butane, CH3;CH2CH2CH3 (D) 1-butanol, CH;CH,CH,CH,OH
PQ-5. Consider the structure of Vitamin A, CHy CH, CH,
/ (C2H300). Vitamin A; should be (| i "
| C € C C CH;OH
(A) insoluble in water and in oil. u,c/ X \%l/ \h/ \h/ \h/
(B) less soluble in water than in oil.

H:C C
: i } \('/ \\(“‘
(C) equally soluble in water and in oil. iy CH,

(D) more soluble in water than in oil.

PQ-6. The mass percent of acetic acid (CH;COOH) in a bottle of vinegar is ~ Molar lrmu\:/ giiml ‘t
5.45% in water,  What is the molar concentration of acetic acid in CH,COOH _ 60.06
vinegar, assuming the density of vinegar is 1.005 g'mL"?

(A) 0.545M (B) 0903 M (C) 0908 M (D) 0912M
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PQ-7. A 250-mL bottle of a sports drink solution contains 4.50% by mass of
sodium chloride. What is the molal concentration of sodium chloride in %

this bottle of sports drink?

(A) 0.806m (B) 0.770 m
PQ-8. A 1400 g sample of stream water contains 12.2 ppm of mercury. What is the mass of Hg in th
sample? n the
(A) 0.11 mg (B) 2.4mg (C) 8.7mg (D) 17 mg
PQ-9. What mass of water is needed to dissolve 292.5 g of NaCl to produce a Molar mass /
0.25 m aqueous solution? NaCl ;gn::'
(A) 20kg (B) 5.0kg (C) 0.80 kg P !
PQ-10. The density of a 3.539 M HNO; aqueous solution is 1.150 g'mL"" at Molar mass]
20 °C. What is the molal concentration? HNO, 6-;;:),;—:
(A) 3.077m (B) 3.818m (C) 3.946m (D) 5252 m

The solubility of a substance is 60 g per 100 mL of water at 15 °C. A solution of this substance js

| PQ-11.
{ Ma prepared by dissolving 75 g in 100 mL of water at 75 °C. The solution is then cooled slowly to |5 o

without any solid separating. The solution is
(B) supersaturated at 15°C.

(A) supersaturated at 75°C.
(D) saturated at 15°C.

(C) unsaturated at 15°C.

Solubility at 20 °C in 100.0 ¢ of water

'; PQ-12. A student mixes 20.0 g of a saltin 100.0 g of
i water at 20 °C and obtains a homogeneous KCl 10.0
| solution. Which salt could this be and why? KNO; 300 g

o

(B) KClI because it is unsaturated,

(A) KCI because it is saturated.
(D) KNO; because it is unsaturated,

(C) KNOj because it is saturated.
PQ-13. The solubility of carbon dioxide in water is very low in air (1.05%107° M at 25 °C) because the partial
pressure of carbon dioxide in air is only 0.00030 atm. What partial pressure of carbon dioxide is
needed to dissolve 100.0 mg of carbon dioxide in 1,00 L of water?
(A) 0.0649 atm (B) 2.86 atm (C) 28,6 atm (D) 64,9 atm
PQ-14. How will you increase the solubility of oxygen in water? The partial pressure of oxygen (£, ) is

0.21 atm in air at | atm (Pey).
(B) decrease /), but keep Pey constant

(A) increase £, but keep Pex constant
(D) decrease Pey but keep £}, constant

(C) increase Pey but keep F, constant

Molar mass / g'rmol”’
CyoHy 128,17

C)oHs, was dissolved in 100 g of
benzene solution? The freezing

PQ-15. A 2.50 g sample of naphthalene,
benzene. What is the freczing point of the

point of pure benzene is 5.45 °C; Ky = 5.07°Cm’.
(B) 0.989°C

(C) 4.46°C (D) 6.44°C

(A) -0.989°C
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:oian has the measured osmotic prclsgum of
A techn lcmhc molar mass of a covalent solute, Wy,
; PQ-‘ . dctcn]ﬂnc t
!
{

ion would need to be measured in order to
s formatio
infort

asolution 1
ich other
determine the
Jolar mass?

molé

(B) Only 111

(€) Onlyy and 11
(A) Onlyl

n was m’\dc by add|ng 800 g Ofclhﬂnol, CI‘lSO”, (0 80x
1 WAS ¢
A Soluu0

107 g %
this lower the freezing poing
PO Cater. How much would

B) 4.1°C (© 82°c (D) 16
oC (
3.2 .
(A) eous solution will have the lowest osmotic pressure?
: u
pQ-18. Which aquCl (B) 0.05M KBr © 0.1 MLicy
04 M .
(A) 0.

(D) 02\ Na,S0,
d from an aqueous sy
: re water separate

Consider pu

gar solution by 5 semiperm,
i hing) will ha
pQ-19- ome time has passed, what (if anything) P
s

Pen to the concentratiop of

(B) 1t will increase.
A) It will decrease.

( It will remain the same.
©)

cable membrane. Afier
the sugar solution?

(D) 1t cannot be determineq

Which solution has the | Solution:

; s int? 1) 200.0 g glucose dissolved in 1.00 kg of water
/ PQ-20 higher boiling point (2; 200.0 g sucrose dissolved in 1.00 kg of water

sucrose, 342

(A) solution 1
lution 2
() =0 ture as pure water,
il at the same temperatu
h would boil at
(C) Bot

bove that of pure water,
il at the same temperature, but a

h would boil at

(D) Bot
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Answers to Study Questions

1 C 5. D
.. C 6. A
3 D 7. D
4 B 8. A

Answers to Practice Questions

i. D 1. B
" A D 12. D
3. C 13. A
4. B 14. A
5. B 15. C
6. D 16. D
7. A 17. B
8 D 18. B
9. A 19. A
10. B 20. A



Chapter 10 _ Kinetics

e ical Kinetics. This ; .
Chapte’ S"r will focus on chemical This incly des the 1o .

p react
. s Wi sented and ¢ i ith " a
is d‘-ap“' the rate laws W ||F.hc p{'t‘ d ti ICUIa“m-]S ““hvlnlcgra[cd Tate |awg nd g Methogs of
ermining . of chemical kinetics and reaction Mechanismg will be TeVieweq Will be TeViewed, 1y,
‘Ilicion mcﬂ'}}_ : topics covered in this chapter are- ' o
o C
0 specifi Determining a rate law from plogs of data
L

Method of initial rates .

Solving problems using integrateq rate laws
Half-life problems .
Collision theory and reaction ene
Calculation of activation energy
Reaction mechanisms
Relationship of kinetics to equilibrium

"2y diagrams
fora reaction

i is relevant to your y : o
PrcviOUS ;:;::22:1:: a;Elglfxrrees (Toolbo,)\:) nderstandmg of Questiong jp, this chapter include.
o Scientific notation (Toolbox)
e Equilibrium (Chapter 11)
e Enthalpy (Chapter 6)

resentations used in questions related 10 this materiq|-
n rep
Commo

Example
Name

s — Used in uestions related to
e M-s™": L-mol-'-s rates and rate ¢
— =8 Onstants

-

e ) s
this in your textboo. . . o | -
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Study Questions (SQ)
[Tl ® T [Hile N [N /M | Tnitiarrare Ty

y the rate law of this reaction” o
L. Wi [ Bl Ll W LT Y7
20-10° | 20+10° T —
1 20<107 | 1.0-10° 40-1
—1 S Ux
> \
(B) rate = k{H;}[NOJ*
D) rate = KN HOF[H, F{NOJ?

wira

2Hag) + 2NO(g) — Nxg) + 2H:O(g)

(A)  rate = H{H:J[NO]
(©)  rate = {H:INOJ
Knowledge Required: (1) Definition of rate law. (2) How to use the method of initial rates to determine the rape
law

Thinking it Through: Y ou are given data with varying starting amounts (initial concentration noted as the “(
subscript, 1.¢. [H:Jo) of each reactant and the reaction rate that was measured. You write the generic rate law for

the reaction as
rate = A{H:JNO}

To find the value of each exponent, you select a pair of trials that holds one concentration constant and allows yoy

to see the effect on the rate by changing the other concentration. You select Trials | and 3 to determine the valye

of x. Taking the ratio of the trials you find: (NOTE: The k will cancel out.)

rate,  k[H,]'[NOY
rate,  k[H,]'[NOJ

40x10°  k(2.0x10")'(1.0x10"y . (2.0x10 )" (LOx10"y
20%10"  k(1LOx10 ") (1LOx10") (L0x10°)' (1.0x10"y
x =]

The order of the reaction with respect H, is 1.
Repeating this process for Trials 2 and 3 to find the value of Y.

rate,  k[H,]'[NOJ’

rate,  k[H,]'[NOJ’
16x10°  £(2.0x10")'(2.0x10") 4o (20x107)'20x10"y
40x10"  K2.0x10")(L0x10"y (20x107)(LOx10"y -
y=2

The order of the reaction with respect NO is 2,
I'he rate law for this reaction is rate = k[ll;][NO]z. This is choice (B).

Choice (A) 1s incorrect because it reverses the exponents.
Choice (€) 15 incorrect because it uses the coefficients from the balanced equation.

Choice (D) 18 incorrect because it is the equilibrium constant expression for the reaction,

Practice Questions Related to This: PQ-1, PQ-2, and PQ-3
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for the reaction .
-rhc""c'““ A+B—=C+D . .
‘0'1'&’\ jer in [A] and second order in [B]. If [A] is halved and (B] is doubleq, the rate of (he
T first ord¢
o"‘. reaction will s _
remain the same. B)  be increased by a factor of 3
A be increased by a factor of 4. (D) beincreaseq by a factor of g,
© kA ey e N
/,m/(ﬁ The meanings of the terms rate law, first order, ang second order, (
Req

2) The ;Glﬂ&m
— ledge " ression.
Ko™ exXpre he reaction with re .
 ate | 4+ You are told the order 0_“ grh o sp}c\cl.tolcach reactant. Yoy recognize that this
ng it Throt. onents in the rate expression. The exponent for [A] is | ang
Think ou the exP

: the exponent for [B] is 2. You
. : reaction:
eling y e pression for the
et 4
\l

B rate = k[A][B)?
wii jem is asking you to deten_nil)e the effect of changing the initia] concentrations of hog,

- realize the rob ef the reaction. This is a similar problem to SQ-1, where You were given the inia| S
Y o‘f ats on the mt.e 0 asked to find the exponents. Her? you know t.he exponents and the amounts and are being

sthc rates but ‘l::‘rs of the rates. As before you set this up as a ratio of the two rates (for two reactjon trials noted

” nd the ratio = =
askcft:ng w subscnpls)-
by”

rate,  k[A],[B];
rate, K[A],[B]}

are the rate, concentration of :A, concentrati_on of B for tria] #] and rate,, [A], and (B
ere rater, [ADn a;:tfc?g lof A, concentration of B for trial #2. The ratio of the

rates is what you need to find.
qre the rate, concen

relationship between [A]; and [A]; and [B), and (B]: from the information in the
You also know th? A)> = %2 [A]: (because “[A] is halved”)

and [B]2 = 2[B]: (because “[B] is doubled™)

Substituting these into the expression you get:

rate, _ k[AL[B], K (J51a1) (i y ) (Y (A] )4B)?

question:

rate,  k[A][B]’ k[A],[B]; kA][B];
e, ()4
rate,  (1)(1)

The correct answer is choice (B).

hoice (A)is incorrect becauso the 2 was not squared in the expression Q[BIY. Choice (C) isincomect
.?o?nlitted the %2 term. Choice (D) is incorrect because the ' term was mistakenly put in the denominator
because 1 i
rather than the numerator.

Practice Questions Related to This: PQ-4 and PQ-5

$Q-3 The half-life for the first order conversion of cyclobutene to ethylene,
CaiHs(g) —»2C:Hay(g)

is 22.7 s at a particular temperature. How many seconds are needed
cyclobutane to decrease from 100 mmHg to 10 mmHg?

(A) 0.101 s

(©) 75.5s
S

for the partial pressure of

B) 5205
(D) 52335
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Knowledge Required: (1) The relationship between half-life and the rate constant for first-order rm
! e

ability to use the half-life equation and the integrated first-law equation.
iven a reaction and told that it is first-order. You need to select and use the f;
irst-

Thinking it Through: You are g
order integrated rate law to find the amount of time needed for the pressure to fall from 100 mmHg to 10 5
lue for the rate constant, k. You recognize that because you know lher?,“ﬁf
alf.

You realize that you are not given a va
life. vou can find the value of the rate constant. Because the reaction is first-order you use the half-life eXpress;
: Tession

for a first-order reaction:
- In2
Ak

Rearranging and substituting the given half-life you calculate the value of 4.

In2 In2 3

k =—=22—7=0.03055
t Ts
VA

You then use this value of k in the first-order integrated rate law.
In[C,H,]=—kt+In[CH,],
In[C,H,]-In[C,H, In(10) - In(100
,__NCH)-In[CH,], __ In(10)-In(100)
k 0.0305s™

Choice (A) is incorrect because it used the value of the half-life as the rate constant.
Choice (B) is incorrect because it used 1/half-life as the rate constant, instead of In2/half-life.
Choice (D) is incorrect because it used the expression for the second order half-life to find the value of &

which is choice (C).

Practice Questions Related to This: PQ-6 and PQ-7

The half-life for the first-order radioactive decay of **P is 14.2 days. How many days would be

50Q-4.
required for a sample of a radiopharmaceutical containing *P to decrease to 20.0% of its initial
activity?
(A)  33.0d (B)  49.24d ©  71.0d (D) 2864

Knowledge Required: (1) The knowledge that radioactive decay is first-order. (2) The ability to i
. ; . use th
form of the first-order rate law. (3) Relationship between half-life and rate constant. ' e

TI:I{:klng it Through: Y ou are being asked to find the time for a process to occur. You know that you have to us

the integrated rate law. You also know that nuclear decay is a first-order process. To use the first-order inlegmlc:

rate law you need a value for the rate constant. You use the relationship for the first-order half-life:
In2

/
Yk

Solving for k you get: k = — = _In_2 =0.0488 d '

The question is asking you for the time required for the sample to decrease to 20.0% of its original
activity. This is different from other problems that give you specific amounts of initial and final concentrations, T
solve the problem, you realize that you can pick any initial amount and the final amount will be 20.0% of that "
inttinl value. To keep the math simple, you assume you started with 100.0%. You then need to ﬁnd. the time

required for the amount to decrease to 20.0% of 100%, or 0.200*1,000 = 0.200. You now know;

[YP), = 1.00; [¥P]=0.20; k=0.0488d"'

You then use the integrated first-order rate law to find the time needed.
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P = =kt +Inl ",

Il “p1-In| "p]“ o In(0.200) - In(1.00)
== . 0.0488d "

which is choice (A).

e (B)iS incorrect because il represents 5 half-lives myli
Choice is incorrect because it assumes it took 5 h
'~c (D) is incorrect because it is 20 half-lives,

s Related to This: PQ-8 and PQ-9

n for the reaction NOx(g) — NO(g) + ¥, Ofe) e,

Plots are show for tl ion?
.5, : law for the reaction?
SQ- A} is the rat¢
9““ What

nultiplied by In(2),
alf-lives to get 10 20.0% lefy

60
& -
— E dl
3 s 2
time time s
lime
(A) rate = k (B) rate = k x ;
(NO,]
(©) rate = k[NOz] (D) rate = k[NO»]:
Knowledge Required: (1) Definition of rate law. (2) Ability to interpret integrated rate law equations
; . i hree plots of the concentrati i :
. o it Through: You are given t! p on versus time data for a reaction. F
Thinking lots the concentration of NO.. You recall the three common integrated rate ;‘i;%f;.p[;::sl;og;l: tfm.

differs in how itp

reactions with a single reactant: X =P

Order Rate Law Integrated Rate Law Linear Plot
g rate = k [XJi =kt + [X]o [X] vs time
first rate = k[X]' In[X]: = -kt + In[X], In[X] vs time
second rate = [X]* V[X]e= kt + 1/[X]o 1/[X] vs time

ed rate laws has the form of ay = mx + b equation. When you examine the plots provided, you
notice that the plot of 1/[NO2] vs time s linear and the others are nonlinear. You decide that this means the rate

Jaw is a second order rate law: rate = k[NO,]" which is choice (D).
Choice (A) is incorrect because this is the zero-order rate law and the plot of [NO] is not linear.

Choice (B) is incorrect because this is taken directly from the plot with 1/[NO;] on the y-axis.
Choice (C) is incorrect because this is a first-order rate law and the plot of In[NO,] is not linear.

Each of the integrat

Practice Questions Related to This: PQ-10 and PQ-11
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SQ-6. What changes when a catalyst is added to the
] reaction described by this energy diagram?
) Twill (B)  landINI
© Tosly (D)  Ilonly
P ——
d activation

Knowledge Required: (1) Interpretation of reaction energy diagrams. (2) Meaning of catalyst an

energy.
Thinking it Through: You are being asked to interpret a reaction energy diagram. Several parts of the diagram
have been labeled. Examining the diagram, you recall what each labeled portion represents.

I is the activation energy for the reaction in the forward direction.
II 1s the activation energy for the reaction in the reverse direction.
III 1s the difference in energy of the reactants and products, which is the AH for the reaction.

The question asks you to determine which of these is affected by the addition of the catalyst. You remember that a
catalyst provides an alternative pathway for the reaction. This alternative pathway has a lower activation energy.
The presence of a catalyst does not affect the value of A/ for the reaction. Because arrows I and II represent
activation energies, these will be affected by the addition of a catalyst. The correct answer is choice (A).

Choice (B) and (D) are incorrect because a catalyst does not affect the value of the enthalpy change, I11.
Choice (C) 1s incorrect because a catalyst will affect the activation energy for both the forward and reverse

reactions.
Practice Questions Related to This: PQ-12, PQ-13, and PQ-14

SQ-7. Which statement regarding chemical reactions is true according to collision theory?

(A) All molecular collisions result in chemical reactions.
(B) Catalysts make individual collisions more effective, increasing reaction rates.
(0) Proper orientation of molecules is required for collision to result in chemical reactions.

(D) Increasing the temperature of a reaction decreases the kinetic energy of molecules, making
collisions more effective.

Knowledge Required: (1) Uﬁders-téﬁiﬁg of the collision theory of chemical reactions. (2) Knowledge of what
factors influence the rate of chemical reactions.

Thinking it Through: The question asks you to evaluate a series of statements about chemical reactions and

collision theory. You decide to evaluate each option individually.
You know that for a collision to lead to a chemical reaction it must satisfy two criteria. The collision must

have sufficient energy for the reaction to occur. Also, the molecules must be in the proper orientation for the
collision to be effective. Therefore, not all collisions result in a chemical reaction. Therefore choice (A) is
Incorrect.
The presence of a catalyst does increase the rate of a reaction. However, the way a catalyst increases the
rate of a reaction is not by making the collisions more effective. Instead a catalyst increases the rate of a reaction
by providing an alternative route from reactants to products that has a smaller activation energy. Processes with
smaller activation energies result in a faster reaction rate. Therefore choice (B) is incorrect.
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— T the two requirements for a collision to lead 1o g che
C

tha = antation. Theref b mical reaction |
Jou know :‘wilh the propet orientation. Therefore choice (C) is correct action is that the
Lollide )

st c0 e (emperature ol‘tc‘n Icwij‘q’ Clok?:c:?‘crcnsc in tl)c rate of a reaction, Howeye
lncrt“‘S A Lrature increases the averag e SOOTRY of the reactants increases, Thi
< the lcn.1|’L  ways- First, there are more collisions that have the minimur e
M_n“sc “',.,cli““ in tW (hi her kinetic energy increases }hc number of collisions, whj
e the ME ation increases. This incre

T, the reason jg
can increag
se the

n

Chcncrgy needed for 5 reaction

| means th

e ' s the odd

ases the rate of a reaction, Therefore choj : 0(f[;l
ce(D)is

3
qctan®
red”

ate @t Tgeco ', proper orient

1o This-’ PQ"lS. pQ’|6! pQ'l-’v PQ-I8, PQ.]Q‘ PQ_zo‘ PQ'ZI PQ » B
) Thky 0'23, and

-vation energy fora P“n,icfllar rcac“?" is 83.1 kJ-mol™'. By what factor will th
‘hen the temperature 1S increased from 50.0 °C to 60.0 °C? the rate constant

A) 2.53 B 100 © 0927 D) 0395
ey ired: (1) How to use the Arrhenius equation. (2) The relationship Be*t\;c?n‘a—cm;i;n;e;ch» nd
knﬂ”'qﬁ‘:g:f the rate constant. gy and
th i ked to determine the relative ch :
. h: You are being as ‘ ; ative change in the value of
Through You recall the Arrhenius equation which relates the value of th: act?icv;:te constant when

. ring |
Thinki"8 hanges. 3
erature Chan® tant. You also remember that all the temperature values must by inll(:gljinergy' e
0
~E,[RT ‘

i mn:ature. and the rate €ons
temp® k = Ae

. . _Eu l
¢ form of the equation 1s: Ink —(—R-) (;) +1In(A4)

ion i if you have measured values of & at different t .
; the equation 1S useful 1 nt temperatures, You
This form of t 1 the form: y = mx + b. If you plot In(k) versus 'I/Tthe slope of this plot is equal to t?j;;ze -
Another form of this equation, often called thg two-point fonp, is used when you only have two v;;]ucs of
ture values. You get this form of the equation by subtracting the equation at the first temperature, 7,

temperd :
,f‘r g:n i a‘t) at the second temperature, 7>:

-E || ! -E [ 1
lnk;lnk;(——};—) F 2 7 +1In(A) - In(4)
) GG
Ink, - Ink = R \T T k R \T T

You recognize that the ratio of k2/k; is what the problem is asking for and you substitute the given values
into the equation. Note: you are careful to make sure the units of R and E, match and the temperature is in kelvin:

k. ~83.1kJ -mol” (10001)( 1 | )
l e = A - -
. k, 8314J-mol” -K™ JU 1kJ J\333.15K 323.15K

k k‘| 0927
In| = [=0.927 L=¢ =253
k k

An altema‘iv

I

The correct answer is choice (A).

Choice (B) is not correct because it is the answer if the units of E, are not converted to J. Choice (C) is
not correct because it is the natural log (In) of the ratio of the rate constants. Choice (D) is not correct because itis
the ratio k//k».

Practice Questions Related to This: PQ-25 and PQ-26

129

-



Kinetics g ACS

SQ-9. Consider the reaction L ——
2NOa(g) + Fa(g) = 2NO:F(g)
A proposed mechanism for the reaction is
NO; + Fy = NO;F + F (slow)
NO; + F = NOyF (fast)

What is the rate law for this mechanism?

(A) rate = k (NO,Fl (B) rate = k[NO. |'[F ]
ak = ———m"}" e= ) .
[NO,]'[F]
(©) rate = k[NO, J[F,] (D) rate = k[NO, ][F]

Knowledge Required: (1) The fact that the slowest step in the reaction mechanism determines the rate law for the
reaction. (2) Being able to write a rate law expression from an elementary step.

Thinking it Through: You are given a mechanism and are asked to write the rate law for the proposed
mechanism. The slowest step in a reaction mechanism is the step with the highest activation energy and the
species involved in this step determine the rate law for the reaction. You note that you are told the first step is the
slowest. You know that you can write the rate law for this elementary step using the coefficients from the
clementary step as the exponents in the rate law.

You write the rate law for the slow step as:  rate = k[NO, ][F, ] which is choice (C).

Choice (A) is not correct because it is the equilibrium expression for the reaction, not a rate law. Choice
(B) is not correct because it uses the stoichiometry of the overall reaction. Choice (D) is not correct because it is
not the derived from the slowest step.

Practice Questions Related to This: PQ-27, PQ-28, and PQ-29

SQ-10. " Consider this equilibrium:
c.“c-v“” 250x(g) + Ox(g) = 2505(g)

The forward reaction is proceeding at a certain rate at some temperature and pressure. When the
pressure is increased, what might we expect for the forward reaction?

(A) a greater rate of reaction and a greater yield of SO; at equilibrium
(B) a greater rate of reaction and a same yield of SO; at equilibrium
(C) a lesser rate of reaction and a smaller yield of SO; at equilibrium

(D) a lesser rate of reaction and a greater yield of SO; at equilibrium

Thinking it Through: Y ou need to predict what will happen to an equilibrium system when it is subjected to a
change. You know that a change in pressure may shift the equilibrium and depends on the moles of gaseous
substances as reactants and products. An increase in pressure will shift the equilibrium in the direction that
minimizes the increase in pressure. This is the side that has the fewest moles of gas. For this reaction, the side with
fewer moles of gas is the product side. You realize that this means that an increase in pressure will cause the rate
of the reaction producing SO; to increase. The correct answer is choice (A).

Choices (B) and (C) is incorrect because SO will increase. Choice (D) is incorrect because the rate of
the reaction will increase.

Practice Questions Related to This: PQ-30
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pracfice Questions (PQ)
action: Exp [CHiCljo/ N
\\’hcnt . ch CHC /M [H20]o/ g
N T 1,0(g) — CH:OH(®) + HCl(®) ) 0.100 0 II: T kil e s
y died. the tabulated data werc ; 0.200 0l2!;?) L
wes .Snc Based on these data, what are the W
btainct: , T 581
:caction orders” =
H,0: first order (B)  CHLCI: first order

|: first order

H:OZ second order

w H,0: first ord
20: r
© CH:Cl: second order 2 er (D) CH1Cl: second order Bl
] /- Second order
. - d bromine [CH:C
action between acetone an Ex «COCHjs [B :
pQ-% . acrifiic solution 1S represented by the P M | :’"" |H3(\)' Io/ Tnitial Rate
I ! i
equation: Bra(aq) + H:0"(aq) — ; 0.30 0.050 0.050 / M5!
CH,COCH3(a0) + B2 q) + Ha1aq 0.30 0100 00 5.8x10°°
: o products | 3 0.30 0.050 0. 50 58x10°
The rabulated Kinetic data were gathered. 4 0.40 T 100 12007
Based on these data, the experimental rate law is m
() rate= {CH;COCH:IBr][H:0') (B) rate = KCH:COCH,][H,0']
(C) rate = I\'{HJO’]Z (D) rate = kch)COCH}][Bl’:]
-tial rate data for the reaction Exp [H:o/M Chie -
pQ-3. Initial 0 ) + Cla(g) — 2HCI() T gyt Rate /b
are given in the table. What is the rate law | 2 0.0020 0.0025 2.5x107
3 = X 3
for the reaction” 2 0.0015 0.0025 :; :8 ;
4 0.0050 0.0010 05100 ]|
A - s R i A

pQ-4. Thegas ph

(A)

pQ-5. Forthe reaction of ch

(A)
(B)
(©
(D)

ase reaction, Az + B2 —2AB, proceeds by bimolecular collisions between A; and B

The rate law is rate =k[A:][B:]
of both A and B; are doubled, the reaction rate will change by a factor of

®) V2. © 2 D) 4.

orine and nitric oxide,

2NO(g) + Clx(g) — 2NOCl(g)
ncentration of chlorine doubles the rate of reaction. Doubling the concentration of both
es the rate of reaction by a factor of eight. The reaction is

molecules. .
If the concentrations

Ya.

doubling the co
reactants increas

first order in both NO and Cl..
first order on NO and second order in Cl,.
second order in NO and first order in Cla.

second order in both NO and Cl.
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PQ-6. The decomposition of NOCl is second order.
INOCI(g) — 2NO(g) + Cl(g)

The initial concentration of the reactant is 0.050 M. The rate constant equals 0,02
$0.020 Lomo. 4

will the concentration be after 45 min? "
(A) 0.048M (B) 0.029M (C) 0.014M & 008 ) » Wha
PQ-7. Ifthe half-life of a reaction is independent of concentration, the reaction can be
[ I first order [ 11 second order [ 111 zero order |
(A) IandIlonly (B) Il and Il only (C) Tonly (D) M only

f a radioisotope is 3000 counts per minute at one time and 2736 counts pe
T mi

PQ-8. The activity 0
hours later. What is the half-life, in hours, of the radioisotope? Nute 48
(A) 831hr (B) S21hr (C) 361hr (D) 1.44 by
PQ-9. After 55 years, what mass (in g) remains of 2 200.0 g sample of a radioactive i .
of 100 years? ive isotope with a half.if,
(A) 022g (B) 44¢g © Slg (D) 170g
PQ-10. Ifthe reaction
0s(g) — Ox(g) + O(g)
is first order in O3, which plot will be linear?
(A) [Os] vs. time ®) UOvstime (O [OsFvs.time (D) In[Os]vs time

PQ-11. The experimental data from a certain reaction gives these three graphs. What is the most likely order

for this reaction?

1/[A)
In [A]

<
time time time
(A) zero (B) first (C) second (D) third

ction potential energy diagram.

PQ-12. Consider the rea
What describes the catalyzed forward reaction

pathway? ?

Es AH
(A) 10kJ-mol” ~15 kJ-mol ™
(B) 10 kJ:mol : 15 kJ-mol™
(C) 25kJ-mol y ~15 kJ-mol”'
(D) 25 kJ'mol . 15 kJ-mol ™!
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P ;u'h\(l!u-n
and D 10 form \
-~
-]
7]
B B}'BL".)“")( oordinate
- A y - i
. ® Z (© 2&3 (D) 3
P 3
A , & " H 75 kJ mol ' and an activation energy of 4(
tjon ha A By 018 ) kJ mol A cataly '’ 4
cer®! Lctivation energy of the forward reaction by 15 kJ-mol™". What is the activat —
rQ‘l" that Jower action 10 the presence of the same catalyst” the activation energy
he rev ers ' )
of > @) 60k mol (C) 90 kJ-mol” D) 100 KJ-mol
45 kJ-me mo
A ~ ; P—— +n
b _gtement pest explains why the activation energy is changed by adding a catalyst?
whic 3 € )
PQ""' (alyst changes the reaction mechanism.
The ¢2 )
A) alyst changes the free energy of reaction.
) The €
®) s stalyst increases the kinetic €nergy of the reactants
e C
(©)
e The catalyst Jowers the reaction volume, increasing the concentration of reactants
(
which reaction rate is a change in temperature
pQ-16- Reaction ___—————— E./kJ-mol" |
;//[1/(,,)-1(;:)—4,}11(;:) 173 ‘
) — CHa (g) + CO(g) 356 |

CH:CHO(
e the activation energy 1s

tion 1 becaus

(A) reac
because the numbe

ceaction | r of moles of

(B)
(] reaction II becaus€
reaction I1 because the activation energy 1

(D)
pQ-17- what will increase the value of the rate con
(A) adding @ catalyst

(B) raising the temperaturc
(C) Incres asing the concentration of products
(D) increasing the concentration of reactants

number of moles of gase:

lower

" gas stays the same

s increases as reaction goes forward

is higher

stant for an elementary step?
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(A)
(B)
(©
(D)

MAPQ-I‘).

(A)
(B)
©
(D)

a

(A)
(B)
©)
(D)

(/dPQ-ZI.
(A)

(B)
(©
(D)

o#‘,,p\ PQ-22.

(A)
(B)
(©)
(D)

j PQ-23.
(A)

(B)
(©)
(D)

Exams

The Arrhenius equation describes the relationship between the rate constant, 4
a ~E,/RT Tk K, and
activation, £, k=Ae the '-‘"t'rgy of

In this equation, 4 is an empirical constant, R is the ideal-gas constant, e is the b
& as

logarithms, and T is the absolute temperature. According to the Arrhenius equatiq € Of natypy

n,
at constant temperature, reactions with lower activation energies proceed more
rapidly
at constant temperature, reactions with lower activation energies proceed less rapiq]
pidly,
at constant energy of activation, reactions at lower temperatures proceed more rapiq]
pidly,

at constant energy of activation, reactions with smaller values of A proceed more
rapidly,

What will be the effect of increasing the temperature of reactants that are known t
endothermic reaction? 0 undergo ap

Both the rate of reaction and the value of the equilibrium constant increases.

The rate of reaction increases and the value of the equilibrium constant decreases.

The rate of reaction decreases and the value of the equilibrium constant increases.

The rate of reaction increases and the value of the equilibrium constant is unchanged.
The change in temperature from 10 °C to 20 °C is found to double the rate of a particular chem;
reaction. How did the change in temperature affect the reaction? chemical

The number of molecules with sufficient energy to react increased.

The number of molecules with sufficient energy to react decreased.

The activation energy increased.

The activation energy decreased.

The value for the rate constant of a reaction can generally be expected to
decrease with increasing temperature.
increase with increasing temperature.
decrease with increasing temperature only when the reaction is exothermic.

increase with increasing temperature only when the reaction is exothermic.

nt activation energies have the same rate at room temperature. Which

Two reactions with differe
he rates of these two reactions at the same, higher temperature?

statement correctly describes t
The reaction with the larger activation energy will be faster.
The reaction with the smaller activation energy will be faster.
The two reactions will continue to occur at the same rates.

A prediction cannot be made without additional information.

A catalyst increases the rate of a reaction by
changing the mechanism of the reaction.

increasing the activation energy of the reaction.
ration of one or more reactants.

ative energy of the reactants and products.

increasing the concent

decreasing the difference in rel
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PQ-29. The decomposition of hydrogen peroxide in the presence of iodide ion is believed to
mechanism. Oceur vig thg
H.0:(aq) + I'(aq) — H:0(1) + 10(aq)
H:0:(aq) + 10 (aq) — H:O(1) + Ox(g) + I'(aq)
In this mechanism, I (aq) is

(A) acatalyst. (B) areactant in the overall reaction

(C) the activated complex. (D)  aproduct of the overall reaction

PQ-30. What is the relationship between the equilibrium constant (K.) of a reaction an
the forward (k) and reverse (k) reactions in a single step reaction?

(A) K. =k (B) K. = ki/k, (©) K= Vikk,) M) K=k 4
=k <k

d the rate °°n5lams rOl’



