Exam I General Chemistry I (CHEM 102) Form A 3/6/13 9:30 am MWF Dr. Halm Exam #
i
- ks
Name !_JC’EA > {print) Name : {sign)

Please show work for fsaxtial credit on the Long Answers and in some of the Short Answer Questions. Multiple cheice
guestions have no partial credit.  Please write anything you want graded legibly.  If I cannot read your work, I obviously
cannot grade it. (1 pts print and sign exam)

Part] MULTIPLE CHOICE. Choose the one altexnative that best completes the statement or answers the guestion. (2

Ppis per question, 28 pts pts total)
1) Give the term for the amount of solute in moles per liter of solution. 1) ﬂz

A) mole percent

@m}aﬁty
mole fraction

D) mass percent
E) molality

2) Which of the following statements i\FALSE? AK = equilibrium constént) 2) éz
A) When K << 1, the reverse reaction 1s favored and the forward reaction does not proceed to a

great extent.
@ >> 1 implies that the reaction is very fast at producing produets.
When K = 1, neither the forward or reverse reaction is strongly favored, and about the same
amount of reactants and products exist at equilibrium,
D) When K >> 1, the forward reaction is favored and essentially goes to completion.
E) None of the above.

3) Given the following rate law, how does the rate of reaction change if the concentration 3) é
doubled?
Rate = k [X][Y]

@hemieofmdionwﬂlinmasebyafactorofz e 19(‘ C‘If‘[&

B) The rate of reaction will decrease by a factor of 2.
C) The rate of reaction will increase by a factor of 5.
D) The rate of reaction will increase by a factor of 4.
E) Therate ofmachonwm remain unchanged.

4) Ca]cu]atethemo]ahtyofa solu;o:}%&z; Kdlsso‘\glgz%goﬂ;ﬂ(}?w 133

ml of water.
A241m B) 0556 C) 0.394 1 @0.415 m E)0254m

5) Calculate the boiling point of a solution of 8.05 moles of ethylene glycol dissolved in 0.500 Kg of 5) g ;
water. ATp =Kp*m CHz and Ky, = 0.512°Clm. Use 100°C as the boiling point of water.
A) 92°C osﬂc: C) 83°C D) 70°C E) 130°C

ATz 059 BhtN <y

GP= (00 +§
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6) Identify the rate-determining step.
A) always the last step
B) the faster step
the slowest step
) the: fast step
E) always the second step

7) Give the term for the amount of solate in moles per kilogram of solvent.
A) molarity
G molality
C) mass percent
D) mole fraction
E) mole percent

8) Identify the solute with the highest van't Foff factor.
A} MgS804
BYpets .— &
O MgCh—— %
D) NaCl — %
E) nonelectrolyte — t

9) Give the characteristic of a zero order reaction having only one reactant.

A) The rate of the reaction is proportional to the square root of the concentration of the reactant.
B) The rate of the reaction is directly proportional to the concentration of the reactant.

rate of the reaction is not proportional to the concentration of the reactant.
D} The rate of the reaction is proportional fo the natural logarithm of the concentration of the

reactant,

E} The rate of the reaction is proportional to the square of the concentration of the reactant.

10} Which of the following compounds will be most soluble int ethanol (CH3CHyOH)?

A) hexane {CH3CHyCHaCH>CH2CH3) Y\

(BY ethylene glycol (HOCHoCHpOH) t I k 'd d ‘“5 Sd { wes

C) trimethylamine (N(CHz)3) [ ! l -,
D) acetone (CH3COCHzS) { C
E} None of these compoumnds should be sohrble in ethanol.

11} To make a 2.00 m solution, one could take 2.00 moles of solute and add

A} enough solvent to make 1.00 kg of solution.
1.00 kg of solvent.

encugh solvent to make 1.00 L of solution.
D} 1.00 L of solvent.
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12) Given the following balanced equation, determine the rate of reaction with respect to [NOCI].

& b e C
2NO(g) + Chi(g) — 2NOCl(g)

At
1 AINOL

B) Rate = -2 A0 J,.-&C
T e R
D) Rate = - -2

E) & is not possible to determine without more information.

13) Express the equilibrium constant for the following reaction,

a A‘ b‘} ' & D
2 CH3Cl(g) + Clz (g) = 2 CH2Cl (g) + Hy (g)

(¢ CDJO(

[CH3CI12[Cly]

Ay K=t -
TR R c= ‘-’/“’E‘jf
oy [CEaCuID) - R LE
) K = 2]
T Gy
n. [CHaCICly)
I R,
@K= [CHClp P[H1
[CH;CIRICh]
2.
- [CHOCTPICE]
[CHyChP[Ho}

14) Consider the following reaction at equilibrium. What effect will removing NO9 have on the
system? her pnd.
~ S02{g) + NO2(g) == SO3(g) + NO(g)
A) The reaction will shift in the direction of preducts.
) The reaction will shift in the direction of reactants.
The reaction will shift to decrease the pressure.

D} No change will occur since 503 is not included in the equilibrivun expression.
E} The equilibrium constant will decrease.
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Part I Short Answer: Write the word or phrase or circle the choice that best completes each
statement or answers the guestion. {39 pts )

1. For the following reaction mechanism shown as the elementary reactions given, what is the rate law?
{You do not need to show me only reactants of the overall reaction to complete this problem. You do
not need to show me the overall reaction to complete this problem.} (The K shown are not
equilibrium constants but the rate constants associated with the reaction mechanism steps.) (8 pts)

K,
0 +T > 0 + 107 (fast step) clement ions of the proposed mechanism

K, ave £a 97~ 5»@;\?

H0,+10° 2 H0+ 0+ T (slow step)

2. For the following energy vs. reaction progress diagram, matSirthe biz s-approprigte-te
(a) reactant (b) product (c) transition state (d) imtermediate {Each term may be used once, mogé than
once or not at alt} (4 pts each, 16 pts total)
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i a. For the following gverall reaction {not reaction mechanism step, the overall reaction), Given
the concentrations and rates, give the order of the reactant by circling the order for the reagent given. You
should assume an irreversible reaction. (note: Imade up these reactions to illustrate the point so the
reactions as given may not go experimentally as written } (5 pts each, 10 pts total)

NO, (g)+ Os (2) > NOs (8) + Oale) '
~ A ouwbl.
Noj (0] e O3 Aoy chowbles
1 8?\/ J’Yﬂ?é’ W
2 16 5o Sovstodk

order of the [NO4] is @ (one) (circle one)

order of the [ 01 ] is (zero){one) deircle one) - [/'\] 07/3 C@%bk ;' .
(e p S50
so Zer0 O




PartIIl. Long Answer Please show work for full credit and to receive partial credit. (33 pis)

1. ¥ vou have 2 6.0 Moiar solution of HpSO4 dissolved in water, how many grams of H;SO, (FW =
98.1 g/mol Yisin73.5 mL ofthis solution. {15 pts) ,

V4,50l _6:9 miles Esiy
Soln 700051 259 ¢

S

a. Forthe reaction given, set up the ICE table for a reaction in which the reactant gases are mixed in a

constant volume of an inert solvent with ne products present initially: (6 pts total) (I made up the Koq
numbers so these numbers do not match real reaction results.)

HzS(g) +3/2 O2(g) &> HO(g) + SO:(g) Keq=32x1072
If the initial concentration of the H,8  i5 0.537 M, and the intial concentration of Oy is 0,444 M,

Show the initial, change and equilibrium concentrations for all reactants and products. You will need to use
a vatiable x to complete this task. {x is usually used for the molecule with the smallest coefficient 10 make

this task easier.) LMM f K M
T (H2S] ‘{ 0, ];\y [H:0] /N \SOz] 9
10541 0,444 o O o+
A ' + X + X
"EQuilibrium 01957 »)C ol —*}A,X 7 %/,




b, For the same reaction and the conditions given above; give the expression for the equilibrium
constant (K ) with [ concentration of reagent] expressiong! Tq answer this question, you will not be using

any of the results from the table in part (a) above. (6 pis @
(molﬂ 50s)

g (ol

C. For the same reaction, set up the K., to solve for x. Iam not asking you to derive the final actual
number for x nor am I askmg you to do the algebra to solve for x. Iam just asking you to plug in for your

ressions from the table in part (2) above. (6 pts)

o
(0.55 K044 o)

= 42507

‘V‘ZM C/Of\s, 5o (Q@AV‘C
U5ed o Lable — \nitialor
~ Charge -1
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Bxam If Gam7amisuyﬂ(mm1m) Form B 3/6/13 9:30 amMWF Dr.Haln  Exam#

Name (o (print) Name (sigm)
Pty —

Please show work for partidl'credit on the Long Answers and in some of the Short Answer Questions. Multiple choice

questions have no partial credit. Please write anything you want graded legibly. ¥ I cannot read your wark, I obviously
cannot grade it. (1 pts print and sign exam) :

Part] MULTIPLE CHOICE. Choose the one alternative that best completes the stateraent or answers the question. {2
Pis per question, 28 pis pts total) _
1) Consider the following reaction at equilibrium. What effect will removing NOo have on the 1) g
system? 'l

802(g) + NO2(g) == S03(g) + NO(g)

A} The reaction will shift to decrease the pressure,
B) No change will occur since SO3 is not included in the equilibritm expression,
reaction will shift in the direction of reactants.
The reaction will shift in the direction of products.

2) Given the following balanced equation, determine the rate of reaction with respect to [NOCI]. 2) iz
2NO@E)+Cl(g) ~ 2N
“ Tkt bp =< C P

Qa
A)Ratem-%-é-ﬂgtﬂ | s - Lé@ﬂ ”,
 (@ree -+ 1 21001 | We a ae

2 At

1 ANOCY
©) Rate 2 At

D) Ram:...z_‘ﬂg?ﬂ

E) It is not possible to determine without more information.

3) Give the term for the amount of solute in moles per liter of solution. 3) Z !
A) mass percent . m—
B} mole fraction
C) mole percent
larity
molality

4) dentify the solute wigh the highest van't Hoff factor. 4 ! 2
A) MgCly —— 1+ -
B} Mg50,
C)nonelectrolyte“—"""l

Qs . Z- .

E) NaCl
Dr.Hahn ExamI 9:30B MWF page 1




5)Cﬂaﬂam@a§omumfomdbydimmg 8gof LII(FW=1338g)in500.0mLof 5) f%

water.
A)0.254m 0415 m C) 0.556 m D) 0.304 E)j 0241 m
6} Exbress the constant for the following reaction.
: mole (2144 //};ﬁL

2 CH3Cg) + C% (g) = 2 CHyCl2 (g) + H ()

A)K= [CHChIH} K‘“ CQEQ'CDB& L& (S\Ob}k(x X_L@

TCH3CHICRT /0%

By K - [CHOCUCIS) CA—JQEﬂ]b p

[CHLClp J[EHp ]
[CH3CI2[Cly]
[CHClp {112}

@ K= [CH2Cl2 2 [Ha)
o ICHBCIRIC] f\\ ~olyent
7) To make a 2.00 m'solution, one could take 2.00 moles of solute and add 7 l;

A) envugh solvent to make 1.00 L of sohution. 5\ 1,)
1.00 kg of solvent.
C?louofsom %’rcﬁ (O

D) enough solvent to make 1.00 kg of solution., éTb’ "679/ (00 +y = __/03

8) Calcnlate the boiling point of a solution of 8.05 moles of ethylene glycol dissotved in 0.500 Kg of 8)
water. 4 Tph =Kp*m CHyand Kp = 0.512°C/m. Use 100°C as the boiling point of water.
A)83°C B) 130°C Q9rc @ 108°C E)} 76°C

K=

9) Wé\:}dl of the following compounds will be most sohsble in ethanol (CH3CHyOH)? 9) A:
ethylene glycol (HOCHp CH2OH) * ¢
B) trimethylamine (N(CHz3)3) \EKC dl7‘5ill/€5 “ ke
() hexane (CH3CHy CHCHy CHp CH;)
D} acetone (CH3COCH3)
E) None of these compounds should be soluble in ethanol.

10)vaemetemnforﬁwamomtofsohzmmmolasperldlogramofsolvmt 10) D
A) mole fraction
B) masg percent
C)moianty

(BPmotatity

E)nmlcpucent
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- 11) Give the characteristic of a reaction having only one reactant.
A) The mte of the reaction’is proporticnal to the natural logarithm of the concentration of the

reactant.
.Theraﬁe of the reaction is not proportional to the concentration of the reactant.
C) The rate of the reaction is directly proportional to the concentration of the reactant.
D) The rate ofﬂxereacuonmpmporbonaltoﬂlesquamofﬂlemmentrauonof&mereactant.
dthe reactant.

12) Which of the following statements is| nithe
. A) When K >> 1, the forward re i favored and essentially goes £6 00

>>11mphesﬂ1atﬁlereachmlsveryfastatprodudngpmducts
When K << 1, the reverse reaction is favored and the forward reaction does not proceed to a

great extent.
D) When K = 1, neither the forward or reverse reaction is strongly favored, and about the same
amoymt of regetants and products exist at equilibrium,

E) None of the above. .
~ - w [0

13) Given the following rate law, how does the rate of reaction change if the concentration

doubled? _
Rate =k {X]{Y] ' ' a
r‘yl’

A) The rate of reaction will increase by a factor of 4. \\
The rate of reaction will increase by a factor of 2. ~
The rate of reaction will decrease by a factor of 2. \

D) The rate of reaction will increase by a factor of 5.

E) The rate of reaction will retnain unchanged. o

14) /q_

14) Identify the rate-determining step.
the sloweststep
B) always the second step
C) the fast step
D) always the last step
E) the faster step

Dr. Hahn Exam H9:30 B MWF page 3



Part Il Short Answer: Write the wurd or phrase or circle the choice that best completes each
statement or answers the question, (39 pts)

1. For the following reaction mechanism shown as the elementary reactions given, what is the rate law?
(You do not need to show e only reactants of the overall reaction to complete this problem. You do
not need to show me the overall reaction to complete this problem.) {The K. shown are not
equilibrizmn constants but the rate constants associated with the reaction mechanism steps.) (8 pts)

09 A FAST Step rut (g

clementary reactions of the proposed mechanism

X,
Ch > 20 (fast step)

K2 ‘
Cl+ CHCl; - HCl + CCl  (slow step)

. Ks :
Cl+ CCh 2 CCL (fast step)

wing energy vs.
(a) reactant (b} product (c}) transition state (d) i
once or not at all) (4 pts each, 16 ptstotal)

a)

reaction progress

Dr. Hahn ExamIl 2:30B MWF page 4



. a. For the following overall reaction (not reaction mechanism step, the oversll reaction), Given
the concentrations and rates, give the order of the reactant by circling the order for the reagent given. You
should assume an irreversible reaction. (note: I made up these reactions to illustrate the point so the
reactions as given may not go experimentally as written.) {5 pts each, 10 pts total)

le. Ccol &domble vl

200 (g) + O2(g) > 2C0:(g)

[CO] [02] rate
5 6 4

order of the [COY is (z¢r0) (ond) (circle one)

order of the [02 ] is (zero) (circle one)

TR
e £=(Lo) L0}

Dr. Hahn : Exam il 930B MWF page 5



PartIIl. Long Answer Please show work for full credit and to receive partial credit. (33 pts)

1. Fyouhavea 120 Molar solution of KOH dissolved in water, how many grams of KOH (FW
=56.1g/mol) isin 389 mL of this solution. (15 pts)

ygr‘fh%xéllfﬁ@'%k@# v

[@W’SOM 1000 il KOV
e Soln

2. Bquilibrium (18 pts total)

- a. For the reaction given, set up the ICE table for a reaction in which the reactant gases are mixed in a
constant valume of an inert solvent with ne products present initiglly: (6 pts total) (I made up the K,
nurmbers so these numbers do not match real reaction results )

Xe(g) + 2F; (g) > XeFy (g) Keq=1.78x10"*%
If the initial concentration of the Xe is 0.256 M, and the intial concentration of F, is 0311 M.

Show the initial, change and equilibrium concentrations for all reactants and products. You will need to use
a variable x to complete this task. (x is usually used for the molecule with the smallest coefficient to make

this task easier.)

_ Xe] [F:] [XeF4] ~
" _doasl [ oal S ﬁ

Ch::_g:_ —X | =K + X @
Faiiben i 166X 10,32 % X | *

£

Dr. Hahn Examl 9308 MWF . page 6



b. For the same react:on and the conditions given above, give the expression for the equlhbnum
constant (K oq) with [ concentration of reagent] expressions. To answer this question, you »
any of the regults from the table in part (a) above. (6 pts)

. o e forx. I am not asking you to derive the final actual
numberforxm)ramlaslung youtodothealgebmto solve forx. Iam just asking you to plug in for your
expression in (b) above with your number and x expressions from the table in part (a) above. (6 pts)

Dr. Hahn Exam T 9:30B MWF



Exam Il General Chemistry I (CHEM 102) Form A 3/6/13 11:30am MWF Dr. Halm Exam #

Name /( bl (prin) Name (sign)

leseshowworkforpamﬂcmditmﬂmeLongAnswersandmsmmeof&teShortAmwerQueshms Mulupled:ome
questions have no partial credit.  Piease write anything you want graded legibly, 11 cannot read your work, I obvicugly
cannot grade it. (1 pts print and sign exam)

Part] MULTIPLE CHOICE. Chaose the one alternative that best completes the statement or answers the question. (2
Ppts per question, 28 pis pts total)
1) Give the characteristic of a zero order reaction having only one reactant. I Qg
A} The rate of the reaction is directly proportional to the concentration of the reactant.
rate of the reaction is not proportional to the concentration of the reactant.
'I‘herateoithereachmzspmporhonaltoﬁtenahxralloganﬂmofmemmenﬂaumof&e
reactant.

D) The rate of the reaction is proportional to the square of the concentration of the reactant.
E) The rate of the reaction is proportional to the square root of the concentration of the reactant.

2) Give the term for the amount of solute in moles per kilogram of solvent. 2) é
A) mole fraction
B) mass percent
C) mole percent

D} molarity
iy
3} To make a 2.00 m solution, one could take 2.00 moles of sofute and add 3 A
(AP1.00 kg of solvent.
B) enough sobvent to make 1.00 kg of solution.

C} enough solvent to make 1.00 1. of solution.
D) 1.00 L of solvent.

4} Identify the rate-determining step. 4) < :
A} the fast step :
B} always the second step
C) always the last step
D) the faster step
@ﬂ\eslowmtstep

5} Calculate the freezing point of a solution containing 17 LCrgrams of water. 5) é.
The molal-freezing-point-depression constant (Kg) for water is 1.86°C/m. A T =i* Kp*m . Use
0°C as the freezing point of water and assume complete dissociation of the K C1.
A}1230C B) -0.23 0C C)+0.230C D) +0.45°C @-0.45 oC

v — =
e)civememermforﬂxemnmmmfsohmhaom%erﬁmmfsg;ﬁo%> é) f :

A) mole percent

B) mole fraction

C) molality

D) mass percent
molarity

Dr.Hahn  ExamII 11:30 A MWF page 1



7) Which of the following compounds will be most soluble in ethanol (CHaCHoOH)? 7 @

A) acetone (CH3COCH3) Wty C N
thylene glycol (HOCH,CHyOH) hk 'é di 2 ol TS / (ke
hexane (CH3CHp CHp CH2CH CFi3)
D) trimethylamine (N(CH3 )3)
E) Norie of these compounds should be soluble in ethznol,
8) Given the following balanced eqlzhmm, determine the rate of reaction with respect to [Og]. 8) Q
a
8o~ Soui g als), + 1L Ay
T I

a2 rgll 2 R A b ot

A[O
.Rm_ W1 [2]

ZAIOZJ
ORate=-3—4 7 3
oy - 2402 @

E) It is not possible to determine without more information.

9) Calculate the molality of 2 sohution formed by dissolving 27.8 g of Lil (FW = 133.8 g/mol) in 500.0 9) !2
ml of water.

A) 0.556 m B) 0.394 m C)0.254m @ 0415 m E} 0241 m
10) identify the solute with the Iowest van't Hoff factor. 10} _g__
A) M504
B) FeCly 4’
C) NaCl -2
D) Mg(Cly '
nonelectrol: }

constan) 11) C

11) Which of the following statenmtséﬁLSE? (K = equilibri
A) When K = 1, neither the forward or reverse rea omsstmnglyfavored and about the same
amount of reactants and products exist at equili
B} When K >> 1, the forward reaction is favo essentially goes to completion.
§K>>11mphes!hatﬂ1ereachonxsveryfast producing prociucts.
When K << 1, the reverse reaction is fav
great extent.
E} None of the above.

Dr, Hahn Exaom I 11:30 A MWF page 2



12 Express the equilibrium constant for the following reaction.

a kbbb c O
2P(g) +3 Clx(g) = 2PCl3(g)

IPG3] CQ}C
AK =
rE e e
[pCiz)?

[PIIC1BR2
O K =rcig]

_ [pcpe
Y= Piifsic®
[PC3]

K = e
& [PIICIp372

13) Consider the foﬁomng reactlon at equilibrinm, What effect will adding more H3 have on the

system®? J/ Chvives Ryr"—>

2 Hp5(g) +30a(g) == 2 HyO(g)+2502(g)

A) The reaction will shift to the feft
B) The equilibrizm constant will increase,
The reaction will shift in the direction of products.
} The equilibrium constant will decrease,
E) No change will be abserved.

14) Given the following rate law, how does the rate of reaction change if the concentration of Y is
doubled?

Ram=kpqm/\w (.»-N{-/l/\ @/
erate of reaction will increase by a factor of 2.

B) The rate of reaction will increase by a factor of 5.

() The rate of reaction will decrease by a factor of 2,

D) The rate of reaction will increase by a factor of 4.

E} The rate of reaction will remain unchanged.

Dr. Habhn Bxam T 11:30 A MWF page 3
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Part 11 Short Answer: Write the word or phrase or circle the choiee that best completes each
statement or answers the question. (39 pts)

1. For the following reaction mechanism shown as the elementary reactions given, what is the rate law?
(You do not need to show me only reactants of the overall reaction to complete this problem. You do
not need to show me the ovexall reaction to complete this problem.) (The K shown are not
equilibrium constants but the rate constants associated with the reaction mechanism steps.) (8 pts)

K:
NO; + NO: & NOs + NO (slow step) elementary reactions of the proposed mechanism

K;

Step v \ gw s
2. For the following energy vs. reaction progress diagram, e blanks with the appropriate terms.
(a) reactant (b) product (c) transition state {d) intermediate (Each term may be used once, more than

once or not at all) (4 pts each, 16 pts total)

D

Dr. Hahn Exam 11 11:30 A MWF page 4



3. a. For the following overall reaction (not reaction mechanism step, the overall reaction), Given
the concentrations and rates, give the order of the reactant by circling the order for the reagent given. You
should assume an irreversible reaction. (note: Imade up these reactions to illustrate the point so the
reactions as given may not go experimentally as written.} {5 pts each, 10 pts totaf)

PCh(g) + Ch(g) > PCL (p)
(PCls] [Ch] rate

order of the [PCL] @ (one) (circle one)
order of the [Cl, | is((zero¥one) (circle one)

II 11:30 AMWF page 3



Part IIl. Long Aaswer Please show work for full credit and to receive partial credit. (33 pts)

1. If you have a 3.0 Molar solution of HCl dissolved in water, how many grams of HCl (FW = 36.5
g/mol) isin 250 mL of this solution. (15 pts)

(9> o@%a

15,0m8 o LI

Ll gt

a. For the reaction given, set up the ICE table for a reaction in which the reactant gases are mixed in a

constant volume of an inert solvent with no products present injtially: (6 ptstotal) (I made up the K4
mmbers so these numbers do not match real reaction results)

CO2(2) + 2H0(g) > CHi(g)+ 20:(g) Keq=799x 10"

If the initial concentration of the CO, is 0378 M, and the intial concentration of H;0 is 0428 M.
Show the initial, change and equilibrium concentrations for all reactants and products. You will need to use

a variable x to complete this task. (x is usually used for the ith the 1 cient to
this task easier.) ) JZ-/ / ~ g %— 7
_ /
0O / -

[CO2 AT B0 ] V{le ]/ (O]

i
+X +2x }é%

ExamII 11:30 AMWEF page ]



b. For the same reaction and the conditions given above, give the expression for the equilibriuvm
constant (K .} with [ concentration of reagent] expressions. To answer this question, you will not be using
any of the results from the table in part {a} above. (6 pis) / : -

@@-é{ WV Cable ,Z:/\Zé;/zw
y .,

Dr. Haln Exam II 11:30 AMWF page 7
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ExamIl General Chemistry I (CHEM 102) Form B 3/6/13 1130 amMWF Dr.Hahn  Exam# l ’—l D

| Name__!égg)/ {print) Name _ |

(sigr)

FleaseshowwmkforparﬁalaeditonﬂwngAnsWemandinsemeofﬂ\eShortAnswerQuesﬁons. Multiple choice
questions have no partial credit.  Please write anything you want graded legibly.  1f I carmot read your work, I obviously
carmot grade it. {1 pts print and sign exam)

Ppts per question, 28 pts pts total)

1) Given the following rate law, how does the rate of reaction change if the concentration of Y is
doubled? e _ .
Rate =k PG[Y] %\\"cﬂ’ 01’1‘@ WI”\ ?/

A) The rate of reaction will intrease by a factor of 4.
B) The rate of reaction will increase by a factor of 5.

The rate of reaction will decrease by a factor of 2.
: rate of reaction will increase by a factor of 2,
The

rate of reaction will remain unchanged.

2) Identify the solute with the lowest van't Hoff factor.

A) NaCl
B} MgS04
nonelectrolyte

D) MgCh :
BRcs 7

3) Which of the following statements is FALSE? (K = equi

A) When K << 1, the reverse reaction is favored and the forward reaction does not proceed to a
o greatextent.

K>>1§nq>ﬁes&mt&uereacﬁmisveryfastatpmdudngpmducbs.

.} When K>> 1, the forward reaction is favored and essentially goes to completion.

-D) When K = 1, neither the forward or reverse reaction is strongly favored, and about the same

amount of reactants and products exist at equilibrivim.
E) None of the above.

vy

4} Give the term for the amount of solute in moles per kilogram of sofvent.
A) mass percent
(B) molality
C) mole percent
D)} molarity

E} mole fraction

Dr.Habn Bamll 1:30BMWE  page 1

Part] MULTIPLE CHOICE, Choose the one alternative that best completes the statement or answers the question, (2
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5} Given the followinf%‘ balanced tion, determine the rate of reaction with respect to [Jo]. 5) Q
Q b :

203(g) — 302(g)
A) Rate __%A[;Z] | W){I "A "“é"'”"" - 4 XL
(Brate=+ 1 IAIOz} |

3A[021
At

2 A[O9]
At

O Rate=+

D) Rate = -

E) Itis not possible to determine without more information.

6) Consider the following reaction at equilibrium. What effect will adding more H2S have on the &) _6_ E

v by AV RN —>

2HS(g) +3Oz2(g) = 2 H2O(g) +2302(g)

A) No change will be observed.
(B) The reaction will shift in the direction of products.
C) The reaction will shift to the left.

D) The equiltbrium constant will increase.

E) The equilibrium constant will decrease.

7) Give the characteristic of a zero order reaction having only one reactant. Vi) ﬁ
A) The rate of the reaction is directly proportional to the concentration of the reactant.
(B) The rate of the reaction is not proportional to the concentration of the reactant.
C) The rate of the reaction is proportional to the natural logarithum of the concentration of the
Teactant.
I3) The rate of the reaction is proportional to the square root of fhe concentration of the reactant.
E) The rate of the reaction is proportional to the square of the concentration of the reactant.

8) Give the term for the amoumt of solute in moles per liter of solution. _ 8) é:
(&) molarity
B} mole percent
Q) molality
) mole fraction
E) mass percent

9} Calculate the molality of a solution formed by dissolving 27.8 g of Lil (FW = 133.8 g/mol) in 500.0 9} B
ml of water.
A)0.556 m @0.415 m. C}0254 m D) 0.241 m E) 0.394 m




A} acetone (CHaCOCH3) - i KC (
B} trimethylamine (N(CH3)3) dl 55 0 Ué’ﬁ
) hexane (CH3CHCH,CHpCH, CHg) l | /( e &

ethylene glycol (HOCHoCHyOH)

1)
None of these compounds should be soluble in ethanol. Ofll

11) Identify the rate-determining step.
A) the fast step
B) always the last step
the slowest step
} the faster step
E} always the second step m_";

IU)Whh:hofmeﬁoﬂoMngoampmmdswiHbemostsohlbleineﬂmwl(CHgCH_qOH)? ' 10) ‘2

i 067 mol of KCl and 550.0 grams of water.
freezing-point-depression constant (K for water is 1.86°C/m. AT ¢ =i*K¢*m . Use
0°C as the freezing point of water and assume complete dissociation of the K Cl
OFLs B) 1.230C CH0450C  D)-03oC

13 TomakeaZDﬂmsoluhmt, cmecou]d take 2.00 moles of sohute and add
A) 100 L of solvent.

y D
B) enough solvent to make 1.00 L of solution. .

() enough solvent to make 1.00 kg of solution.
@Lf}ﬂkg of sotvent.

14) Express the, equilibrj
a

constant for the followmg reaction.
<

2P(g)+3 Cla(g) = 2 PCla(g)

ay x = FHCLP2

PCsl

e (e)
(B)x- P > __——ab
:K_"”Z‘C‘ifm R

PR/2[CIpii/e
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Part II Short Answer: Write the word or phrase or circle the choice that best completes each
statement or answers the question. (39 pis)

1. For the following reaction mechanism shown as the elementary reactions given, what is the rate law?
{You do not need to show me only reactants of the overall reaction to complete this problem. You do
not need to show me the overall reaction to complete this problem.) (The K shown are not |

- equilibrium constants but the rate constants associated with he reaction mechanism steps. ) ( (

ps
X J”
NG+ F 2 NOJF + F (fast step)

K,
F+ NO; 2 NOJF  (slowstep)

2. For the folloWiligenergy vs. reaction progress diagram, match the blanks with the appropriate terms.
(a) reactaut (b) product (c} iransition state (d) intermediate (Each term may be used once, more than
- once or not at all} (4 pts each, 16 pts total) :

Dr. Hahn ' Exam Il 11:30 B MWF page 4



3. a. For the following overall reaction (not reaction mechanism step. the overall reaction), Given
the concentrations and rates, give the order of the reactant by circling the order for the reagent given. You
should assume an irreversible reaction. (note: Imade up these reactions to illustrate the point so the
reactions as given may not go experimentally as written.) {5 pts each, 10 pts tofal)

CHy + 2 Op > CO; + 2 HO QQF CCHV{) W$W
(CH] (0] ' ) Aol (0]

\ |
oulbles
‘fﬂﬁ‘ Cfe oréf(/" F%C@

tate. A

ol

14

order of the [CHL] is (zero @ (circle one)
order of the [0;] is (zero)( @ ircle one)

| ep COD Conglait
S c)-dm\/b/e CCMJ

V‘&:t@ ) owbl e

(:C»/BE
“/k




PartIIl. Leong Answer Please show work for full eredit and to receive partial credit. (33 pts)

I Ifyouhavea 4.0 Molar solution of NaOH dissolved in water, how many grams of NaOH (FW =
40.0 g/mol ) 8in 15.5 mLofth.lssohttlon. (15 pts)

155 MLy Zth\ MW A/@ow

Na 0w [ooo me/vaﬂu
7"“" Satu%:év

2. Equilibrium (18 pts total)
a. For the reaction given, set up the ICE table for a reaction in which the Teactant gases are mixed in a

constant volume of an inert solvent with g products present initially: (6 pts total) (X made up the K,q
numbers so these numbers do not match real reaction results.)

N2 {2)+ 20:(2) > 2NO:(g) Keq=18x107?

If the initial concentration of the N, is 0.125 M, and the intial concentration of O, is 0.122M.
Show the initial, change and equilibrium concentrations for all reactants and products. You will need to use
a variable x to complete this task. (x is usually used for the molecule with the smallest coefficient to make
this task easier.) _

_ [Nal 1. 0; ] [NO, | ‘
(@RS _jol2r | O "
il =2X F2X 3 e




b. For the same reaction and the conditions given above, give the expression for the equilibrium
constant (K o) with [ concentration of reagent] expressions. To answer this question, you will not be using
- any of the results from the table in part {a) above. (6 pts) '

/C%: Cv]"
b vl

¢. For the same reaction, set up the Koq to solve forx. T am not asking you to derive the final actual
mumber for x nor am 1 asking you to do the algebra to solve for x. I am just asking you to plug in for your
expression in (h) above with your mumber and x expressions from the table in part (a) above. (6 pts)
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Name {print) Name (sign)

Exam I General Chemistry II (CHEM 102) Form A 3/6/13 9:30 am MWF Dr. Hahn Exam #

Please show work for partial eredit on the Long Answers and in some of the Short Answer Questions. Multiple choice
questions have no partial credit.  Please write anything you want graded legibly.  If I cannot read your work, I obviously
carmot grade it. (1 pts print and sign exam)

Part] MULTIPLE CHOICE. Choose the one alternative that best completes the statement or answers the question. (2
pts per question, 28 pts pts total)

1) Give the term for the amount of solute in moles per liter of solution. 1)
A) mole percent
B) molarity
() mole fraction
D) mass percent
E) molality

2) Which of the following statements is FALSE? (K = equilibrium constant) 2)

A) When K << 1, the reverse reaction is favored and the forward reaction does not proceed to a
great extent.

B) K >> 1 implies that the reaction is very fast at producing products.

C) When K = 1, neither the forward or reverse reaction is strongly favored, and about the same
amount of reactants and products exist at equilibrium.

D) When K > 1, the forward reaction is favored and essentially goes to completion.

E) None of the above.

3) Given the following rate law, how does the rate of reaction change if the concentration of ¥ is 3)
doubled?
Rate = k [X][Y]

A) The rate of reaction will increase by a factor of 2.
B) The rate of reaction will decrease by a factor of 2.
C) The rate of reaction will increase by a factor of 5.
D) The rate of reaction will increase by a factor of 4.
E) The rate of reaction will remain unchanged.

4) Calculate the molality of a solution formed by dissolving 27.8 g of Lil (FW = 133.8 g/mol) in 500.0 4

ml. of water.
A)0241m B) 0.556 m Q) 0394 m D 0415m E)0.254m

5) Calculate the boiling point of a solution of 8.05 moles of ethylene glycol dissolved in 0.500 Kg of 5)

water. ATp =Kp*m CHy and Kj, = 0.512°C/m. Use 100°C as the boiling point of water.
A)92°C B) 108°C C) 8.3°C D) 70°C E) 130°C

Dr. Hahn Exam I 9:30 A MWF page 1



6) Identify the rate-determining step.
A} always the last step
B) the faster step
C} the slowest step
D) the fast step
E) always the second step

7) Give the term for the amount of solute in moles per kilogram of solvent.
A) molarity
B) molality
) mass percent
D) mole fraction
E) mole percent

8) Identify the solute with the highest van't Hoff factor.
A) MgSOyq
B) FeCla
) MgCh
D) NaCl
E) nonelectrolyte

9) Give the characteristic of a zero order reaction having only one reactant.

A) The rate of the reaction is proportional to the square root of the concentration of the reactant.

B) The rate of the reaction is directly proportional to the conceniration of the reactant.

C) The rate of the reaction is not proportional to the concentration of the reactant.

D)} The rate of the reaction is proportional to the natural logarithm of the concentration of the
reactant.

E} The rate of the reaction is proportional to the square of the concentration of the reactant.

10) Which of the following compounds will be most soluble in ethanol (CH3CHi>OH)?
A) hexane (CH3CH»CH»CH>CH2>CH3)
B) ethylene glycol (HOCH2CHy OH)
) trimethylamine (N(CHj3)3)
D) acetone (CH3COCH3)
E) None of these compounds should be soluble in ethanol.

11) To make a 2.00 m schlution, one could take 2.00 moles of solute and add
A) enough solvent to make 1.00 kg of solution.
B) 1.00 kg of solvent. ,
C} enough solvent to make 1.00 L of solution.
D) 1.00 L of solvent.

Dr. Haln Exam 11930 A MWEF page 2
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12) Given the following balanced equation, determine the rate of reaction with respect to [NOCI].

2 NO(g) + Clz(g} = 2 NOCl{(g)

4) Rate=+%$
B) Rate :_%$
C) Rate = _ﬂioﬂ
D) Rate :-%éﬂ%ﬁl

E) It is not possible to determine without more information.

13} Express the equilibrium constant for the following reaction.

2 CH3Cl(g} + Cl2 (g) <= 2CH2Cl2 (g) +Ha (g)

_ [CHzCl2[Cy)

~ [CHpCL]1/2[H)]

_ [CHpCLa][H]

~ [CH3CI[CL]

_ [CH3cnichy]
[CHL Clh][Hy]

« _ [CHaCHP[H)]
[CH3CL2[Clp]

_ [CH3CIP[Cl]

 [CHaCly]2[Hp]

A K

O K

E) K

14) Consider the following reaction at equilibrium. What effect will removing NOg have on the
system?

5O02(g) + NO2(g) == 503(g) + NO(g)

A) The reaction will shift in the direction of products.

B) The reaction will shift in the direction of reactants.

C) The reaction will shift to decrease the pressure.

D) No change will occur since 503 is not included in the equilibzium expression.
E) The equilibrium constant will decrease.

Dr. Hahn Exam II9:30 A MWEF page 3
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Part I Short Answer: Write the word or phrase or circle the choice that best completes each
statement or answers the question. (39 pts)

1 For the following reaction mechanism shown as the elementary reactions given, what is the rate law?
(You do not need to show me only reactants of the overall reaction to complete this problem. You do
not need to show me the overall reaction to complete this problem.) (The K shown are not
equilibrium constants but the rate constants associated with the reaction mechanism steps.) (8 pts)

Ky
H,0p +1 =2 IO + 107 (fast step) elementary reactions of the proposed mechanism

K
H20,+10° > H,0+ Oz + T (slow step)

2. For the following energy vs. reaction progress diagram, match the blanks with the appropriate terms.
(a) reactant (b) product (c) transition state (d) intermediate (Each term may be used once, more than
once or not at all) (4 pts each, 16 pts total)

reaction progress

Dr. Hahn Exam Il 9:30 A MWEF 4



3. a. For the following everall reaction (not reaction mechanism step, the overall reaction), Given
the concentrations and rates, give the order of the reactant by circling the order for the reagent given. You
should assume an irreversible reaction. (note: Imade up these reactions to illustrate the point so the
reactions as given may not go experimentally as written.) (5 pts each, 10 pts total)

NO; (g) + Os(g) 2 NO; (g) + O:2(g)

[NO;] [05] rate
3 1 8

3 2 i6
4] 1 8

order of the [NO;] is (zero) (one) (circle one)

order of the [ O3 | 1s (zero)(one) (circle one)

b. From your results in part (a) write the rate law for the overall reaction shown above. (5 pts)

Dr. Hahn Exam Il 9:30 A MWF



Part HI. Long Answer Please show work for full credit and to receive partial credit. (33 pts)

1. If vou have a 6.0 Molar solution of H2SQ. dissolved in water, how many grams of H:504 (FW =
98.1 g/mol)isin73.5 mL of this solution. {15 pts)

2. Equilibrium (18 pts total)

a. For the reaction given, set up the ICE table for a reaction in which the reactant gases are mixed in a
constant volume of an inert solvent with no products present initially: (6 pts total) (I made up the K4
numbers so these numbers do not match real reaction results. }

H,S(g) +3/2 02(g) = H0(g) + SO:(g) Keq=32x107

If the initial concentration of the H;S 15 0.537 M, and the intial concentration of O,  is 0.444 M.
Show the initial, change and equilibrium concentrations for all reactants and products. You will need to use
a variable x to complete this task. (x is usually used for the molecule with the smallest coefficient to make
this task easier.) ,

[HaS1 [ O ] [H>0O] [ SO, ]

Initial

Change

Equilibrium

Pr. Hahn Exam I 9:30 A MWF 6



b. For the same reaction and the conditions given above, give the expression for the equilibrium
constant (K o¢) with | concentration of reagent] expressions. To answer this question, you will not be using
any of the results from the table in part (a) above. (6 pts)

C. For the same reaction, set up the K., to sotve for x. I am not asking you to derive the final actual
number for x nor am I asking you to do the algebra to solve for x. Tam just asking you to plug in for your
expression in (b} above with your number and x expressions from the table in part (2) above. (6 pts)

Dr. Hahn Exam I 9:30 A MWEF 7



fxam I General Chemistry I (CHEM 102) Form B 3/6/13 9:30 am MWF  Dr. Hahn Exam # ™ /?

Name (prmt) MName (Sigl'l)

Please show work for partial credit on the Long Answers and in some of the Short Answer Questions. Multiple choice
questions have no partial credit. ~ Please write anything you want graded legibly.  If I cannot read your work, I obviously
cannot grade it. (1 pts print and sign exam)

Part] MULTIPLE CHOICE. Choose the one afternative that best completes the statement or answers the question. (2
pts per question, 28 pts pts total)

1) Consider the following reaction at equilibrium. What effect will removing NO2 have on the 1)
system?

SOy(g) + NO2(g) == SO3(g)+ NO(g)

A) The reaction will shift to decrease the pressure.

B) No change will occur since SO3 is not included in the equilibrium expression.
() The reaction will shift in the direction of reactants.

D) The reaction will shift in the direction of products.

F} The equilibrium constant will decrease.

2) Given the following balanced equation, determine the rate of reaction with respect to [NOCT). 2)

2 NO(g) + Cla(g) - 2 NOCl(g)

A)Rate:-%_%)l

B.)Rate=+_;.ﬂl%ct)ﬂ
C)Rata:-%_é[%?_cﬂ
D)ﬁte:-gﬂ%oﬂ

E) It is not possible to determine without more information.

3) Give the term for the amount of solute in moles per liter of solution. 3)
A} mass percent
B) mole fraction
C) mole percent
D) molarity
E) molality

4) Identify the solute with the highest van't Hoff factor. 4)
A) MgCl '
B) MgS04
C) nonelectrolyte
D) FeCl3
E) NaCl

Dr.Hahn Exam I 9:30 B MWF page 1



5) Calculate the molality of a solution formed by dissolving 27.8 g of Lil (FW = 133.8 g) in 500.0 mL. of

water.
AY0.254m B)0.415m C) 0.556m D) 0.3%4 m E}0.241 m

6) Express the equilibrium constant for the following reaction.

2 CH3Clg) + Clp (g) = 2 CH2Cly (g) + H2 (g8)

[CHpCIp {H ]
A K= emanicy

(CH3CI](Cly]
BlKe—e—o %
) K = [

_ [CH3C2(Cl]

" [CHaClp] /2 Hy]

_ [CHyClp 2 Hy)]
[CH3C2[Cl]

_ [CH3CI2[Cl]

© [CH2Ch]2[Hy]

D)K

E)K

7) To make a 2.00 m solution, one could take 2.00 moles of solute and add
A) enough solvent to make 1.00 L of solution.
B) 1.00 kg of solvent,
C) 1.00 L of solvent.
D) enough solvent to make 1.00 kg of solution.

8) Calculate the boiling point of a solution of 8.05 moles of ethylene glycol dissolved in 0.500 Kg of
water. ATp =Kp *m CHj and Ky, = 0.512°C/m. Use 100°C as the boiling point of water.
A)8.3°C ) B) 130°C Q) 92°C D) 108°C E} 70°C

9) Which of the following compounds will be most soluble in ethanol (CHzCH,OH)?
A) ethylene glycol (HOCHpCHOH)
B) trimethylamine (N(CHz)3)
C) hexane (CH3CH2 CHo CHpCH7 CHg3)
D) acetone (CH3COCH3)
E) None of these compounds should be soluble in ethanol.

1) Give the term for the amount of solute in moles per kilogram of solvent.
A) mole fraction
B) mass percent
Q) molarity
D) molality
E) mole percent

Dr. Hahn Exam H 9:30 B MWF page 2
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11) Give the characteristic of a zerc order reaction having only one reactant. 11
A) The rate of the reaction is proportional to the natural logarithm of the concentration of the
reactant.
B) The rate of the reaction is not proportional to the concentration of the reactant.
C) The rate of the reaction is directly proportional to the concentration of the reactant.
D) The rate of the reaction is proportional to the square of the concentration of the reactant.
E) The rate of the reaction is proportional to the square root of the concentration of the reactant.

12) Which of the following statements is FALSE? (K = equilibrium constant) 12}
A) When K >> 1, the forward reaction is favored and essentially goes to completion.
B) K >> 1 implies that the reaction is very fast at producing products.
C) When K << 1, the reverse reaciion is favored and the forward reaction does not proceed to a
great extent. )
D) When K = 1, neither the forward or reverse reaction is strongly favored, and about the same
amount of reactants and products exist at equilibrium,
E) None of the above.

13) Given the following rate law, how does the rate of reaction change if the concentration of Y is 13)
doubled?

Rate =k [X][Y]

A) The rate of reaction will increase by a factor of 4.
B) The rate of reaction will increase by a factor of 2.
C) The rate of reaction will decrease by a factor of 2.
D) The rate of reaction will increase by a factor of 5.
E) The rate of reaction will remain unchanged.

14) Identify the rate-determining step. 14)
A) the slowest step
B) always the second step
C) the fast step
D) always the last step
E) the faster step

Dr. Hahn Exam II 9:30 B MWEF page 3



Part I Short Answer: Write the word or phrase or circle the choice that best completes each
statement or answers the question. (39 pis)

1. For the following reaction mechanism shown as the elementary reactions given, what is the rate law?
(You do not need to show me only redctants of the overall reaction to complete this problem. You do
not need to show me the overall reaction to complete this problem.) {The K shown are not
equilibrium constants but the rate constants associated with the reaction mechanism steps.) (8 pts)

K
Cl, > 2Cl (fast step) elementary reactions of the proposed mechanism

K2
Cl+ CHCL > HCl + CCl  (slow step)

Ks
Cl+ CCls &> CCly (fast step)

2. For the following energy vs. reaction progress diagram, match the blanks with the appropriate terms.
(a) reactant (b) product (c) transition state (d) intermediate (Each term may be used once, more than
once of not at all) (4 pts each, 16 pts total)

‘ reaction progress

Dr. Hahn ExamIl 9:30B MWF page 4



3. a. For the following overall reaction (not reaction mechanism step, the overall reaction), Given
the concentrations and rates, give the order of the reactant by circling the order for the reagent given. You

should assume an irreversible reaction. (note: Imade up these reactions to illustrate the point so the

reactions as given may not go experimentally as written.) (5 pts each, 10 pts total)

2CO (g) + Oz(g) 2> 2C0:(g)

[CO] [0:] rate
5 3 2
10 3 4
5 6 4

order of the [CO] is (zero) (one) (circle one)

order of the [0z ] is (zero)(one) (circle one)

b. From your results in part (a) write the rate law for the overall reaction shown above. (5 pts)

Dr. Hahn
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Part 1. Long Answer Please show work for full credit and to receive partial credit. (33 pts)

1. Hyouhavea 120 Molar solution of KOH dissolved in water, how many grams of KOH (FW
=56.1g/mol) isin 389 mL of this solution. {15 pts)

2. Equilibrium (18 pts total)

a. For the reaction given, set up the ICE table for a reaction in which the reactant gases are mixed in a
constant volume of an inert solvent with no products present initially: (6 pts total}) (I made up the Koq
numbers so these numbers do not match real reaction results.)

Xe (g) + 2F;(g) 2> XeFa(g) Keq=178x10"*

If the initial concentration ofthe Xe is 0.256 M, and the intial concentrationof F, s 0311 M
Show the initial, change and equilibrium concentrations for all reactants and products. You will need to use
a variable x to complete this task. (x is usually used for the molecule with the smallest coefficient to make
this task easier.) :

[Xe ] [F2 1 [ XeF4 |

Initial

Change

Equilibrium

Dr. Hahn ' ExamIl 9:30B MWE page 6



b. For the same reaction and the conditions given above, give the expression for the equilibrium
constant (K .,) with | concentration of reagent] expressions. To answer this question, you will not be using
any of the results from the table in part (a) above. (6 pts)

C. For the same reaction, set up the K¢, to solve for x. T am not asking you to derive the final actual
number for x nor am I asking you to do the algebra to solve forx. Tam just asking you to plug in for your
expression in (b) above with your number and x expressions from the table in part (a) above. (6 pts)
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Exam Il General Chemistry 1 (CHEM 102) Form A 3/6/13 11:30 am MWF Dr. Habn Exam # l h\é

Name (print) Name (sign)

Please show work for partial credit on the Long Answers and in some of the Short Answer Questions. Multiple choice
questions have no partial credit.  Please write anything you want graded legibly. ¥ 1 cannot read your work, I obviously
cannot grade it. {1 pts print and sign exam)

Part] MULTIPLE CHOICE. Choose the one alternative that best completes the statement or answers the question. (2
pis per question, 28 pts pis total)

1) Give the characteristic of a zero order reaction having only one reactant. 1)
A) The rate of the reaction is directly proportional to the concentration of the reactant.
B) The rate of the reaction is not proportional to the concentration of the reactant.
C) The rate of the reaction is proportional to the natural logarithm of the concentration of the
reactant.
) The rate of the reaction is proportional to the square of the concentration of the reactant.
E) The rate of the reaction is proportional to the square root of the concentration of the reactant.

2} Give the term for the amount of solute in moles per kilogram of solvent. 2)
A) mole fraction
B) mass percent
) mole percent
D) molarity
E) molality

3) To make a 2.00 m solution, one could take 2.00 moles of solute and add 3)
A) 1.00 kg of solvent.
B) enough solvent to make 1.00 kg of solution.
C) enough solvent to make 1.00 L of solution.
I3) 1.00 L of solvent.

4) Identify the rate-determining step. 4)
A) the fast step
B} always the second step
() always the last step
D) the faster step
E) the slowest step

5) Calculate the freezing point of a solution containing 0.067 moi of K Cl and 550.0 grams of water. 5)
The molal-freezing-poini-depression constant (Kg) for water is 1.86°C/m. AT¢ =i*Kp *m. Use
0°C as the freezing point of water and assume complete dissociation of the K CL
A)y1.230C B} -0.23 oC Q) +0.23 0C D) +0.45 6C E) -0.45°C

6) Give the term for the amount of solute in moles per liter of solution. 6)
A) mole percent
B} mole fraction
C) molality
D) mass percent
E) molarity
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7) Which of the following compounds will be most soluble in ethanol (CH3CHp OH)? 7)
A} acetone (CH3COCH3)
B) ethylene glycol (HOCH;CHaOH)
C) hexane (CH3CHyCHyCHy CHyCH3)
D) trimethylamine (N(CH3)3)
T} None of these compounds should be soluble in ethanol.

8) Given the following balanced equation, determine the rate of reaction with respect to [O2}. 8)

203(g) — 302(g)

3A
s 2502
A[O
B) Rate = + - 2o2]
3 AL
2 A[Oz]
C) Rate =- E At
2A
oo 2002

E) It is not possible to determine without more information.

9) Calculate the molality of a solution formed by dissolving 27.8 g of Lil (FW =133.8 g/mol) in 500.0 N
mL of water.
A)Y0.556 m B)0.394 m C)0.254m D) 0.415m E)0.241 m

10) Identify the solute with the lowest van't Hoff factor. 10)
A) MgB504
B) FeCls
C) NaCl
D) MgCly
E) nonelectrolyte

11) Which of the following statements is FALSE? (K = equilibrium constant) 11)

A) When K = 1, neither the forward or reverse reaction is strongly favored, and about the same
amount of reactants and products exist at equilibrium.

B) When K >> 1, the forward teaction is favored and essentially goes to completion.

C) K >> 1 implies that the reaction is very fast at producing products.

D) When K << 1, the reverse reaction is favored and the forward reaction does not proceed to a
great extent.

E) None of the above.
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12) Express the equilibrium constant for the following reaction.

2P(g) +3 Cha(g) = 2PCla(g)

[

PRICB
[PR[Clp 13

T PCIR

A K

_ [PHCRPR
~ [PCl]
[P
EEE IR
__Irc]
[PIICL213/2

D) K

E) K

13} Consider the following reaction at equilibrium. What effect will adding more H2S have on the
system?

2HpS(g) +3 O2(g) = 2 HpO(g) +2 502(g)

A} The reaction will shift to the left.

B) The equilibrium constant will increase.

C) The reaction will shift in the direction of products.
D) The equilibrium constant will decrease.

E) No change will be observed.

14) Given the following rate law, how does the rate of reaction change if the concentration of Y is
doubled?

Rate = k [X][Y]

A) The rate of reaction will increase by a factor of 2.
B) The rate of reaction will increase by a factor of 5.
C) The rate of reaction will decrease by a factor of 2,
D) The rate of reaction will increase by a factor of 4.
E) The rate of reaction will remain unchanged.
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Part IT Short Answer: Write the word or phrase or circle the choice that best completes each
statement or answers the question. (39 pts)

1. For the following reaction mechanism shown as the elementary reactions given, what 1s the rate law?
(You do not need to show me only reactants of the overall reaction to complete this problem. You do
not need to show me the overall reaction to complete this problem.) {The K shown are not
equilibrium constants but the rate constants associated with the reaction mechanism steps.) (8 pts)

Ky
NO, + NO; = NO; + NO (slow step) elementary reactions of the proposed mechanism

K,
NO; + CO =2 NO; + CO; (fast step)

2. For the following energy vs. reaction progress diagram, match the blanks with the appropriate terms.
(a) reactant {b) product (c) transition state (d) intermediate (Each term may be used once, more than
once or not at all} (4 pts each, 16 pts total)

~

(

reaction progress
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3. a. Yor the following overall reaction (not reaction mechanism step, the overall reaction), Given
the concentrations and rates, give the order of the reactant by circling the order for the reagent given. You
should assume an irreversible reaction. (note: I made up these reactions to illustrate the point so the
reactions as given may not go experimentally as written.)} (5 pts each, 10 pts total)

PCli(g) + Clz(g) > PCls (g)

[PCI5] [CE ] rate
4 5 8
8 5 8
4 10 8

order of the [PCL] is (zero) (one) (circle onc)

order of the [Cl»  is (zero)(one) (circle one)

b. From your results in part (a) write the rate law for the overall reaction shown above. (5 pts)
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Part HI. Long Answer Please show work for full credit and to receive partial credit. (33 pts)

1. If you have a 3.0 Molar solution of HCI dissolved in water, how many grams of HCI (FW = 36.5
g/mol) isin 25.0 mL ofthis solution. {15 pts)

2. Equilibrium (18 pts total)

a. For the reaction given, set up the ICE table for a reaction in which the reactant gases are mixed in a

constant volume of an inert solvent with no products present initially: (6 pts total) (I made up the K.q
numbers so these numbers do not match real reaction results.)

CO, (g) + ZH,0 (g) 2 CH,(g) + 2 02(g) Keg=799x 10"

If the initial concentration of the CO,; 15 0.378 M, and the intial concentration of HyO is 0.428 M.
Show the initial, change and equilibrium concentrations for all reactants and products. You will need to use
a variable x to complete this task. (x is usually used for the molecule with the smallest coefficient to make

this task easier.)

[CO, | { HO | [CH4 | { O]

Initial

Change

Equilibrium
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b. For the same reaction and the conditions given above, give the expression for the equilibnum
constant (K .q) with [ concentration of reagent] expressions. To answer this question, you will not be using
any of the resuits from the table in part (a) above. (6 pts)

C. For the same reaction, set up the K¢, to solve for x. I am not asking you to derive the final actual
number for x nor am I asking you to do the algebra to solve for x. Iam just asking you to plug in for your
expression in (b} above with your number and x expressions from the table in part (a) above. (6 pts)
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—
Exam I General Chemistry I (CHEM 102) Form B 3/6/13 11:30 am MWF  Dr. Hahn Exam # ‘ ! \ E

Name (print} Name (sign)

Please show work for partial credit on the Long Answers and in some of the Short Answer Questions. Multiple choice
questions have no partial credit.  Please write anything you want graded legibly.  If I cannot read your work, I obviously
canmnot grade it. {1 pts print and sign exam)

Part] MULTIPLE CHOICE. Choose the one alternative that best completes the statement or answers the question. (2
pts per question, 28 pts pts total)

1) Given the following rate law, how does the rate of reaction change if the concentration of Y is 1
doubled?

Rate =k [X}Y1

A) The rate of reaction will increase by a factor of 4.
B) The rate of reaction will increase by a factor of 5.
C) The rate of reaction will decrease by a factor of 2.
D) The rate of reaction will increase by a factor of 2.
E) The rate of reaction will remain unchanged.

2) Identify the solute with the lowest van't Hoff factor. 2)
A) Nadl
B) Mg504
C} nonelectrolyte
D) MgCh
E) FeCl3

3) Which of the following statements is FALSE? (K = equilibrium constant) 3)

A) When K << 1, the reverse reaction is favored and the forward reaction does not proceed toa
great extent.

B) K >> 1 implies that the reaction is very fast at producing products.

C) When K >> 1, the forward reaction is favored and essentially goes to completion,

D) When K = 1, neither the forward or reverse reaction is strongly favored, and about the same
amount of reactants and products exist at equilibrium.

E) None of the above.

4) Give the term for the amount of solute in moles per kilogram of solvent. 4}
A) mass percent
B) molality
C) mole percent
D) molarity
E) mole fraction
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5) Given the following balanced equation, determine the rate of reaction with respect to [O2].

203(g) = 3 02fg)

A) Rate = - %%%1
B) Rate =+ A[SZ]
O) Rate =+~ A;?Z]
D) Rate = -~ A;SZ]

E) It is not possible to determine without more information.

6) Consider the following reaction at equilibrium. What effect will adding more Hp5 have on the
system? '

2 HyS(g) +3 On(g) = 2 HpO(g) +2 S02(g)

A) No change will be observed.

B) The reaction will shift in the direction of products.
C) The reaction will shift to the left.

D) The equilibrium constant will increase.

E) The equilibrium constant will decrease.

7) Give the characteristic of a zero order reaction having only one reactant. :
A) The rate of the reaction is directly proportional to the concentration of the reactant.
B) The rate of the reaction is not proportional to the concentration of the reactant.
C) The rate of the reaction is proportional to the natural logarithm of the concentration of the
reactant.
D) The rate of the reaction is proportional to the square root of the concentration of the reactant.
E) The rate of the reaction is proportional to the square of the concentration of the reactant.

8) Give the term for the amount of solute in moles per liter of sotution.
A) molarity
B) mole percent
C) molality
D) mole fraction
E) mass percent

9} Calculate the molality of a solution formed by dissolving 27.8 g of Lil (FW = 133.8 g/mol) in 500.0
mL of water.

A) 0556 m B) 0.415 m C) 0.254 m D) 0.241 m E) 0.39%4 m
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10) Which of the following compounds will be most soluble in ethanol (CH3CHOH)?
A) acetone (CH3COCH3)
B) trimethylamine (N(CH3)3)
C) hexane (CH3 CHp CHp CH» CH Cl3)
D) ethylene glycol (HOCHCHpOH)
E) None of these compounds should be soluble in ethanol.

11} Identify the rate-determining step.
A) the fast step
B) always the last step
() the slowest step
D} the faster step
E) always the second step

12) Calculate the freezing point of a solution containing 0.067 mol of KCI and 550.0 grams of water.
The molal-freezing-point-depression constant (Kg) for water is 1.86°C/m. AT { = i*K¢*m. Use

0°C as the freezing point of water and assume complete dissociation of the K CL.
A)-0450C B) 1.230C C) +0.45 0C Dy-0.239C E) +0.23°C

13) To make a 2.00 m solution, one could take 2.00 moles of solute and add
A) 1.00 L of solvent.
B} enough solvent to make 1.00 L of solution.
C) enough solvent to make 1.00 kg of solution.
D) 1.00 kg of solvent.

14) Fxpress the equilibrium constant for the following reaction.

2P(g) +3 Cly(g) = 2PCl3(g)

[PI[Clp}3/2
AV K ="1pCh]
[PR[Cl2]3
[PCI3]2
_ [PCl3]
[PIEClp13/2
_ [PCP
 [PRIChP
_[pCpi2
RN

B)K =

O K
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Part II Short Answer: Write the word or phrase or circle the cheice that best completes each
statement or answers the question. (39 pts)

1. For the following reaction mechanism shown as the elementary reactions given, what is the rate law?
(You do not need to show me only reactants of the overall reaction to complete this problem. You do
not need to show me the overall reaction to complete this problem.) {The K shown are not
equilibrium constants but the rate constants associated with the reaction mechanism steps.) (8 pts)

K
NO;+ F; 2 NOF + F (fast step) ' elementary reactions of the proposed mechanism

Kz
F+ NO, =2 NOF (slow step)

2. Forthe following energy vs. reaction progress diagram, match the blanks with the appropriate terms.
(a) reactant (b) product (c) transition state (d) intermediate (Each term may be used once, more than
once or not at all} (4 pts each, 16 pts total)

reaction progress

Dr. Hahn Exam Il 11:30 B MWF page 4



3. a. For the following overall reaction (net reaction mechanism step, the overall reaction), Given
the concentrations and rates, give the order of the reactant by circling the order for the reagent given. You
should assume an irreversible reaction. (note: Imade up these reactions to illustrate the point so the
reactions as given may not go experimentally as written.) (5 pts each, 10 pts total)

CHy +2 Oy '}C02+2H20

{CHL] 1021 rate
7 4 3
7 8 6
14 4 6

order of the [CHy] is (zero) (one) (circle one)

order of the [O:] is (zero)(one) {circle one)

b. From your results in part {a) write the rate law for the overall reaction shown above. (5 pts)
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Part III. Long Answer Please show work for full credit and to receive partial credit. (33 pts)

1. If you have a 4.0 Molar solution of NaOH dissolved in water, how many grams of NaOH (FW =
40.0 g/mol ) isin 15.5 ml of this solution. (15 pts) '

2. Equilibrium (18 pts total)

a. For the reaction given, set up the ICE table for a reaction in which the reactant gases are mixed in a

constant volume of an inert solvent with_no products present initially: (6 pts total) (I made up the Keq
numbers so these numbers do not match real reaction results.)

Nz (g)+ 20:2(g) 2 2NO:z(g) Keq=18x10"

If the initial concentration of the N, is 0.125 M, and the intial concentration of G, is 0122 M.
Show the initial, change and equilibrium concentrations for all reactants and products. You will need to use
a variable x to complete this task. (x is usually used for the molecule with the smallest coefficient to make

this task easier.)

(N2l [ O 1 [NO. |

Initial

Change

Equilibrium
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b. For the same reaction and the conditions given above, give the expression for the equilibrinm
constant (K o) with [ concentration of reagent] expressions. To answer this question, you will not be using
any of the results from the table in part (a) above. (6 pts)

c.  For the same reaction, set up the K., to solve for x. T am not asking you to derive the final actual
number for x nor am I asking you to do the algebrato solve for x. Tam just asking you to plug in for your
expression in (b) above with your number and x expressions from the table in part (a) above. (6 pts)
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