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1. Using the graphical representation below of the concentration of N2Os versus time for the reaction N2Os(g)
— NOs3(g) + NO2(g), which of the statements is false?

A. The decomposition of N2Os follows zero order kinetics.
A B. It takes about 2 minutes for N,Os to decrease to ol
half of its original concentration.
C. The half-life of this reaction is independent onthe ™
original concentration of N2O:s. 60
D. The rate for this reaction can be expressed as s
rate = k [N2Os] o
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2. Carbon-14, which is present in all living tissue, radioactively decays via a first-order process. A one-gram
sample of wood taken from a living tree gives a rate for carbon-14 decay of 13.6 counts per minute. If they
half-life for carbon-14 is 5720 years, how old (in years) is a wood sample that gives a rate for carbon-14

decay of 11.9 counts per minute? o
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3. When the reaction A — B + C is studied, a plot of In[A]¢ vs. time gives a straight line with a negative slope.
What is the order of the reaction?

A. Zero
1) B. First -k

C. Second Ia[A]
D. Third o
E. More information is needed to determine the order.
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4. Consider the following graph, which depicts the change in the concentration of NO over time.
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If the initial concentration of NO2 is 0.010 M, how long will it take for the NO» concentration to decrease to 10.%
of its initial concentration?
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5. In a second order reaction:

he sum of the exponents in the rate law is equal to two.
/Ll«)’at least one of the exponents in the rate law is a two.

he half-life is dependent on the initial

concentration of the reactant species.

e half-life is independent of the initial concentratlon of the rfzacta t species.

)Q’k can be expressed as M2
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6. The second-order reaction 2 Mn(CO)s —
°C. If the initial concentration of Mn(CO)s
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Mn2(CO)+o has a rate constant equal to 3.0 x 10° L/mol-s at 25
is 2.0 x 10'5 mol/L, how long will it take (in seconds) for 90.% of

the reactant to disappear? 0 ./ q L
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7. Afirst order reaction is observed to be 87.5% complete in 1200 s. What is the half-life in seconds for this

reaction?
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8. For question 45, a first-order reaction, how long does it take in seconds to reach 95% completion?
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9. Experiment shows that the reaction below is first order: A— P Answer the questions based on the kinetic
information in the table.

“this (- Time In[A] " mwﬁw‘m%mw sirettly
t s\0 Coﬂr\ (s) 6} m - o
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A. Whatis the numerical value of the rate constant for this reaction?

b 85 st 10 [P = -kt %o DA
2.0 ~1-659)
= - 2,’0"'033 + (\'
—'avlbq K( .(. Ka 0,66 s“

B. What was the initial concentration of A?

o.g& M

In (Al = -kt *lo Ao n CATs

= —p-56s71(208) * : o da

C. What would the concentration of A be after 4.0 seconds?

M

| 003 | NPl = -kt *l0 TAdo
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D. Whatis the half-life (in seconds) for this reaction?
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10. Data is collected for the reaction A — B + C, demonstrating a straight line with a positive slope when
plotted as 1/[A] vs time. The reaction exhibits (select all the apply, use the letters with no commas):

BEH

ITOMmMOOw>»

a half-life independent of concentration

a half-life inversely proportional to concentration

a half-life directly proportional to concentration

a half-life proportional to k
a half-life inversely proportional to k

Oth order kinetics
1st order kinetics

2nd order kinetics

Rate = k[A]° | M-s™!

Rate = KIAI'

1 1
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11. At a given temperature, a first-order reaction has a rate constant of 2.5 x 107 s~'. How long will it take for
the reaction to be 35% complete?

£
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12. Which energy difference in the energy profile below corresponds to the activation energy for the forward

reaction?
X
A X
B. y
C. x+y
D. x—-y
E. y—X
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13. The energy profiles for four different reactions are shown below.
Which reaction requires the most energetic collisions to reach the
transition state?
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14. Consider the reaction:

2P+Q—2R+S
The mechanism is proposed for this reaction:
P+ P = (fast)
Q + ¥ — R £ (slow)
XM — R+ S (fast)
Substances T and U are unstable intermediates. What rate law is predicted by this mechanism?

A. Rate = k [PP
C B. Rate = k[P][Q]
C. Rate = kK [PQ]
D. Rate = k [P][Q]?
E. Rate=k{U] oap k'T(f o> Sy crtChaniy koo ov oot Hot Sief ko
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15. The rate constant for a particular zero-order reaction is 0.075 M s™". If the initial concentration of reactant

is 0.537 M it takes s for the concentration to decrease to 0.100M.
7
~
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16. A reaction occurs via the following sequence of elementary steps. What is the rate law based on this
reaction mechanism?

A + C + F — 2E (overall reaction)
D st step: A = B very fast
2nd step: B+ C — D slow
3rd step: D + F — 2E fast
A. Rate =k [E]2 ) : ,
B. Rate = k [B][C] Huo artChaniomy oo on fact fiat fief ko
C. Rate = k [A][C][F] oy
D. Rate =k [A][C] o e wde dad ot
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Use the reaction coordinate below to answer questions 17, 18, and 19. Sepd

17. What type of mechanism would be consistent with this reaction
coordinate? A step mechanism with a slow __ step.
A. One, first
D B. One, third
C. Three, third
D
E

200

150

ay (kJ)

g
502 100

. Three, first
. Two, first

Ener

Extent of reaction

He ovesail froced
18. What is the activation energy for the reaction?

A. 50 kd/mol
B

B. 100 kJ/mol
C. 150 kJ/mol
D
E

175 kd/mol
200 kJ/mol

19. What is the enthalpy for the reaction?
200 kJ/mol

E‘ 100 kJ/mol

—-100 kJ/mol

50 kJ/mol

moow»

O\ do eoorls - K=

Mo ¢ & ok erdar procers

- . Her e eroy
50 kiimol — € erayy SY Ale pxoducﬁsc&iﬁ?:?o .

20. The actiye ingredient in an over-the-counter pain killer analgesic decomposes with a rate constant, k = 9.05 )
x 10~ day™'. How many days does it take for 15% of the original ingredient to decompose? —p ‘267- Veﬂ’a«v"’d

A. 2096 days kY
D B. 414 days ,nﬂz —kt
C. 365 days [lo~ ", q.p8x V7]
D. 180 days G tov
E. 78days —4
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13- 4%5.0 +233:19° 263-1S K

k T, =R5:0 +133:15~ A98-/15K
21. A particular first-order reaction has a rate constant of 1.35 x 102 s™" at 25.0 °C. What is the value of k at =2
95.0 °C if Es = 55.5 kd/mol? . a"
AL ln&=_E(i_i —b‘MD—pofd'-fﬂ"" WWW—?M
3 ky R'T, T,
q.55 %10° |s

'ﬂ(“6|‘>=-w.safm <!__r_
8 B-3ly X0 * ET/msr i \ 265°15 2‘?8"5»
2
‘v Kas 9.532369432 X10 g

£ 9,53 x10* &

(> keyrgtis 400C4242.15: 31215 ko, Ty = 0,00 % 17315= 222,15k
22. The rate constant for a reaction at 40.0°C is exactly 4 times that at 20.0°C. Calculate the activation energy
for the reaction.

k, E, 1 1

A. 36.36 kJ/mol e ="RG T
b B. 52.85 kJ/mol
C. 15.25 kJ/mol
D. 68.45kJimol .. [a ( ke :_ Ba [ ,
E. 28.26 kJ/mol Ka - -
4 8.214 XI0® (Y fue1 - \ 29315 31315

- 8225290249439 K /an
e fv acwer B

23. Which of the potential energy diagrams represents an exothermic chemical reaction with a high activation
energy and multiple steps?

&
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24. Consider the gas-phase reaction of A2 (shaded spheres) and B2 (unshaded spheres):

A(Q)+B,(g) =2 AB(g)  AG°=+25kJ posihe dGyY ae induicstes thet e
2 2 (upmw.s iS Twn- Spsnraneoss

g @) o
® P

(1)

(4)

Which of the above reaction mixtures has the least spontaneous forward reaction?

A (1)
B. (2) Strakeq]q ¢

i C. ) Eramnires (idvceb -4 k¥e
D. (4) e picture Hrotheo e,

Jeod- ameont &} AG (produd)

i ke e leaot
?%ﬂ’fanwd in fle, fevad

daredo v

25. Without doing any calculations, determine whether the standard entropy change, AS° is positive or
negative for each of the following reactions.

reaction 1: S(s, rhombic) + O,@) — SO,(g)
reaction 2: 2 SO,(g)+ O,(g) — 2 SO,(9)

AS° is positive for both reactions.
AS® is positive for reaction 1 but negative for reaction 2.
AS° is positive for reaction 2 but negative for reaction 1.
. AS® is negative for both reactions.

oo wp

on ot

“+he mber avnol ao ace %w" .
?j&wu?héDgCﬁ)ni%O A :Em ‘rc:o‘j;(?r( torplerty (swpared 06, 6)

K ASD >°‘3qy‘) 2‘0"'
reaction 1: S(s, rhombic) + O,g) — SO,(9g)

reaction 2: 2 SO,(g)+ O,(g) — 2 SO4(g)

He watlson Mouwss v o duletddt (p aquaber &} amBl Gl-ﬁao

11



26. Above what temperature does this reaction change from spontaneous to nonspontaneous?

2 H,S(g) + 3 0,(g) — 2 SO,(g) + 2 H,0(g) 'AH =-1036 kJ; AS = -153.2 JIK

V i . w0
A. 6.762 x 10° K o YN o ‘m'@t
£ B. 158.7K ok dnis lemerok 9
C. 298K
D. This reaction is nonspontaneous at all temperatures.
E. This reaction is spontaneous at all temperatures.
A4’ = 8H-TAS
ot -+48"= 0 2
A= oH | _pgexl0°T g 349 yI0°K
A8 -158- 27/

27. What is AG®n?
2 04(g) — 3 0,4(9)
AG® (kJ/mol)  163.2 0

A. 326.2kJ . . -[ saf: XM eaarts)
b B. -326.4 kJ A l:é af produss* ﬂf’""“c’;] C resdanty

C. -163.2 kJ _ . ¢3.2 X2)

D. 163.2 kJ - L’Csxo)j L J

E. 54.4kJ = 364 K3

28. For the reaction, CO(g) + 2 H2(g) — CH30H(g)

S°(JimolK) 197.6 1306  239.7

AS = [:é S°f~du(,;)fﬂpmmcb3‘
sesumo-k (8T x1)3- L1936 xD+ (130-6x2D]
-176.7 Jimol - K < =209 1 Tk
219 Jimol - K

176.7 J/mol - K
-219.1 J/mol - K

[ £ wuams ¥ erosert)

what is ASOrxn?

E

moow>
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29. Suppose a chemical reaction is found to be spontaneous, but with ASsys < 0. Which of these statements is
TRUE? ‘ )

o Al o (osHh gd 'ngyn‘l\d@ ey Aoy
— /A./psA@l% 0 and its magnituodzeziss L3 sys- In“ztﬁém, the’system lose@Stropy Cabref tle
D the surroundings also lose entropy. The loss by the surroundings is less than the loss freey
by the system. - ) 3 LI - Il be,
Aluov 0 & e pries “""‘ma,.w,; Sporaneous
K ASsur < 0 and its magnitude is > ASsys. In other words, tKe system loses entropy, and

the surroundings also lose entropy. The loss by the surroundings is greater than the
loss by the system. Siou(o€ to andnec

/C/. ASsur > 0 and its magnitude is < ASsys. In other words, the system loses entropy, but
the surroundings gain entropy. The gain by the surroundings is less than the loss by

the system. ‘ o Hrerv Adss(+) -
fode e 5 g < ke St
D. ASsur> 0 and its magnitude is > ASsys. In dther words, the system loses entfopy, but
the surroundings gain entropy, and the gain by the surroundings outweighs the loss
by the system.

E. An error has been made, as Ssys > 0 by necessity for a spontaneous process.
v
wirep both agolm X

tode 2nd da 5 Hrgemedggreemd ey
ASsps 20

= nendien, /¢ preels
30. Which of these reactions will result in a positive ASsys? (Select all that apply).
cE A, cusBIRER) - cusou(FBHET
A B AgNOs(aq) + NaCl(aq) — AgCI(s) + NaNOs(aq) Jﬁ*/igﬂd"c““
Iy ar6) gao o) a0
C. 1402(g) + 3%N03(s) + Cdoql-’%l) — 3N2(g) + 17H20(g) + 10CO2(9)

B H:0(g) + CQufgh H:COx(a0) 407
E. SiCla(g) + 2H,0(g) — SiOa(s) + 4HCI(g)
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31. Nitrogen gas is allowed to react with oxygen to produce nitrogen dioxide gas at a constant temperature.
Using the equation below and the information provided, what is the value of ASsur at 298 K? Is this reaction
spontaneous or non-spontaneous at this temperature?

N2 (9) + 202(g) — 2NO2(9) AH = +66.4 kJ
6 3ms) amsl . ASago<D
A. ASqr=+223 J/K, reaction is non-spontaneous
B. ASsur=-223 J/K, reaction is non-spontaneous
C. ASsur= - 2656 J/K, reaction is spontaneous
D. AS.r =+ 66.4 kJ/K, reaction is non-spontaneous
E. ASar=-223 J/K, itis not possible to predict the spontaneity of this reaction without more information
= - S .
) ASsur %‘L = - 66:4X0PT . _ 529,813 74197k
M8 kL _g03k
D doerme W He o m (s Sppntanes oo o o - § puntanct
AG‘I = AH ”Frésosa
g .S“JJ b
9 =D
o He
aeadnonN O
32. Elemental boron can be formed by the reaction of boron trichloride with hydrogen. mMen-gpantased 4= o all
2BCl3(g) + 3H2(g) — 2B(s) + 6HCI(g) ferpeaitoree
Substance BCls(g) H2(g) B(s) HCl(g)
S° (J/K-mol) ? 130.6 59 186.8

If ASmn® = 161.8J/K-mol, what is S° for BCl3(g)?

-18.2 J/IK-mol
18.2 J/K-mol

289.5 J/K-mol
370.4 J/K-mol
579.0 J/K-mol

AEm= l:é sof'vduts)(ﬂf’rbmdij— Cé gonwdum
16l 3.0l = CCaxg9)+(Ex 1%6:9) ] -
C(ax & 3(180+6)J j
$
[(1132:6 Yon " [@480 250 -
. L°= 2996 Tjm1 K

G

moow»

Y"l(mmr!g

1613 Y.\ =
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33. Which statement is true about the formation of CaCO3(s) from CaO(s) and COx(g) at 1.00 atm?

CaO(s) + COz(g) — CaCOs(s) AH° =-178.7 kdJ and AS°®° = -150.4 J/K
He peamhm w Sntaaso A Lo Erpecatore

}./ The reaction is spontaneous at all temperatures.

)Bf The reaction is spontaneous at high temperatures.
C. The reaction is spontaneous at low temperatures.

D./ The reaction is not sp$tzré§ous at any temperature.
A6 = AU~ ‘ \ 3 WD
e v an eyothermiC o (AHGC-))'MQ 2 enw&ug un {-‘m)dmb aga o
be oo, b b Soriono (260D He vy > o
tra bogw:‘n«marﬂ—m wnpqredh%m"'

34. Which is true for this process?

Py H-TAS
J

add heat GO C AL -
increano A8H) wiv Hie acadoen

b hatad (2H? () bin ZAC o T
fpurtortoue (D67 () ‘*‘ZH‘?C:_“) ;L# ar high darpaatueso

tuvde uaepr Hov
A. ltis spontaneous at aMperatures v

B. Itis nonspontaneous at all temperatures

C. ltis spontaneous at low temperatures

@ It is spontaneous at high temperatures

E. More information is needed.

35. The formation of water from the reaction of H, and O, at 298 K is a spontaneous process. What do you
predict about the rate of this reaction?

2Ha(g) + 02(g) = 2H20())  AHpn = —285.8 kJimol  ASwn = =327 J/K-mol

A. The reaction rate is higher because this is an exothermic reaction

E B

C. In general, spontaneous reactions show higher reaction rate

. The reaction rate is lower because the entropy of the reaction is negative

D. The reaction rate is lower because both enthalpy and entropy changes of the
reaction are negative.

E. Based on the given information you cannot predict the raje of this reaction
—thea &y rerica M%W¥ provcly "’MJ@

ot TolL§ 6 RAdDAY
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36. Calculate Gibbs free energy for the reaction:

2A(9) + B(g) — C(9). AG°=___ kJ/mol
A(g) + Da(g) > AD(g) X% AG® = -246.4 kJ/mol X
MA(g) + Da(g) (9) ; b sawe
()B(g) + AD(g) > D2(g) + AB(g) AG° = 173.1 kJ/mol b
@ C(g) + D2(g) > AB(g) + AD(9) AG° = -1010.5 kJ/mol FUP

0.3
6 kd/mol 3 H’/ )

o_ _ 2.
206 +20509) —» A0 S16 ?j 1381 P
&C@) % QQ/@) —>» 91(934'% (4D Ax&oz 1010 - © FI/mJ‘l
A ly)+ BT —> Cp+ Oy

9h (9) + bl9) —> Cp Al s 690 3 F]an)

37. At temperatures below 273 K, it is observed that liquid water spontaneously freezes to form solid ice. What
are the signs (+ or —) of

ASsys - ASsurr + ASuniv +

ASW\’ = AS 0'06—‘- A Lauw
N ke
. . O&uwv (), hotkany
“thu | 5 orgous o derperokvwo 1 S ‘ 2 AL
proces @-ﬁn:;\dd 4o Jiqwd o Afye (F) & Hheo 0 Quaterm O oo Zf"_')
38. A sample of water is heated at a constant pressure of one atmosphere. At 260 K the sample is ice, and the
sample consists of steam at 400 K. In which of the following 5 K temperature intervals would there be the

greatest increase in the entropy of the sample?
0 A. From 260 K to 265 K

B. From 275 Kto 280 K
C. From 360 Kto 365 K
D. From 370 Kto 375 K

Enicogy w2 ofteded by >
D) Stateo 6 —oatt

aswd — «UQW‘C( — gar
>

*hoke: wale~ Sa? Eﬁik‘,rg&b 333 k¥

Entedfy inaraaxe
W0 jomr AU incr@aseghireil orargy Prlo A0ET
K m::: s ogouwdtd N rrr—::IFfI\;C(‘O&\‘o\h«obc o
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39. Consider the combustion of benzene:

2 (I) + 15 02 (g) > 12 COZ(g) +6 HZO(g) Aern =-3271 kd/mol
IS ) (3=

A. Calculate the entropy change (kJ/mol-K) in the surroundings associated with this reaction at 25.00 °C.
Keep 4 significant figures. (1 point)

1o-9% B Ssuw = = OHUgs . _ (327 B fus1)

N Qas'oo+ 232.16)k

— |0.q?0q$?’q’6
~ [0-9% Hl¥1.K

kJ/K

*_m ne
B. Determine the sign (+ or —) of the entropy change for the system. (4-peint)
+ (a0 a0- q— o) & an}
 Tarhad
C. Determine the sign (+ or —) of the entropy change for the universe. (4—peint)
+ ASunv = AS%O+ASW
) (+)

40. The dissolution of ammonium nitrate occurs spontaneously in water at 25°C. As NH4sNO3 dissolves, the
temperature of the water decreases. What are the signs of AH, AS, and AG for this process?
A. AH>0,AS<0,AG>0
C B. AH >0, AS >0, AG >0
C. AH>0,AS>0,AG<0
D. AH<0,AS<0,AG<0
E. AH<0,AS>0,AG>0

_ NH4N0(s) = Ny Zad) + NO0T) - 4829 . Ho oyPET
He e Tyte gk~ Coug™ i Nog Tsme ) e
- i e tomgeoby

Aosros hapl £ ML Jomrowdinp e ARZO '
ep HreN NN Licksls) daQolweo -

260
-He Quoshon inds et
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41. Which of these would result in a positive change in entropy? (Select all that apply)
Adding AgCl to water insDutle (n L0 '+ A&xD
EE P Heating up a beaker of ethanol from 20 °C to 30 °C AaL>0
Water vapor condensing on a cold surface li,_o[g) - liOU) ", &§<Oo
Mixing HCI gas and NH3 gas to form an ammonium chloride salt . o
Adding NHsNO3 to water in an ice pack NHzmdg o H0 pwble ' &SP
Adding NH4ClI (aq) to a solution of NaOH(aq) and forming NaCl(aq), H20(l), and
NHa(g)
The synthesis of a protein from amino acids by ribosomes within cells
©) HA @) + NI @) —» N O AP
H () —pNad (o) + ot + M)
E) Nuyclom) + NoH B | s 1gae
0@ 3> 580
©) awivo ase > Pk
(dorsdored)
42. Calculate the A°G value for the reaction 2 Ha(g) + O2(g) — 2 H20(l) using the information provided below.

nmmoow>

©

MM b.d 2 (NDN2(g) + 3 Hz(g) — 2 NHs(g) AG® = —33.0 kJ/mol
RipH Ay by 2 (@)N2(g) + O2(g) — 2 NO(9) AG® = +173.1 kJ/mol
MM? NH3(g) + 5 O2(g) — 4 NO(g) + 6 H20(l) AG® = —1010.5 kJ/mol
__L':}L" 2 kJ/mol

Abp= - 660 1T
56103 -3 LIG'Q g’(m
61,0 () 6 =—lolo- & Kl

D250g) + Ha(9) —> AN
@ 4n0@E) —> ) + 20,0
@) 4 @)+ 50, —» 40t

= O6) = — 14227 B3]

&Q (’\r) bélo = - '422 'C}% - N
215

3
43. What is the change in entropy that occurs when 22.0 g of acetone (C3HsO) freezes at its melting point
(—94.8 °C). The enthalpy of vaporization, AH.ap, is 32.0 kd/mol and the enthalpy of fusion, AH:s, is 5.69

kJ/mol for acetone. N A$pm ¥ z é(—\p\rmc/cbﬂi

T i

-2l . AHZLO Cestler™

[ JIK o) —» Cahe0®  + 4 procen)

“ . = = OH praet
. auetore froeigy - SHEe freury)

. Dl-lﬁm,a = - 6’6q q{(n\‘l

% 10003 , w0 X =1 CaHg0
D) ASgarng = =51 Hlea ™ =g X409 et 58-043

(-94-8°C + 273.19)

= -121.59‘316011.’
~ =121 Tk



44. At 298 K, the formation of ammonia has a negative AS°sys. Calculate AS°,nv, and state whether the
reaction occurs spontaneously at this temperature.
N2(9)+3 Ha(@)—2 NH3(g) AS°ss=— 197 J/K

A. What is the AH®xn? (AH®s NH3 = -45.9 kJ/mol)

Abvins En W (produck) - Zn He (readact®)
-3 < - ng_qs.ﬂ-tuxo?*(g""ﬂ
=—-qi-3 7
B. What is the ASsur? ASuprr= — AHeta =_(_q|,3 £3 X 000
30% JIK T g/ =308/
298 k
C. What is the calculated value of AS®uni? o .
Aoz D8 ap  ASzur
1 JIK = -193 T +208 Tk

= mJ[k

D. Is the reaction spontaneous (A) or non-spontaneous (B)

A

45. Entropy usually increases when: 4AS>0
I. A molecule decomposes into two smaller molecules
II. A reaction that results in the increase in the number of moles of gas

i = F - = -
M 0- w- ohmd 9= . disordered —» oxdered

IV. Vaporization of a liquid uquwd —» Ja@
Bolney a2 3e0

A. LI L and IV
B. I, Il, and lll
C. LIl,and IV
D. land Il
E. Il only
@
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46. If a chemical transformation is determined to be spontaneous, however no transformation is observed,
which reasons could be valid for this observation? (Select all that apply)
The transformation has a high activation energy En \-He resctiom P 0LeeT
Q'E The transformation has a low activation energy “"{"‘w"b e 0a~ [y anaotresmie €
The transformation is exothermic 3 W"‘ (nca‘e)whw"‘o
The transformation is endothermic
The transformation is only spontaneous at very high or very low temperatures.

moow>

47. What is the percent by mass of a KCI solution prepared by dissolving 23.4 g of KCl in 10.5 mol water?
o
C . 0.028% ‘fwraly = mad S} Solmtes l/\v% 100

. 1.59%
. 11.0% W&S‘}Hﬂ*bm'“ﬂ

. 12.4% 3. s at et
. None of the above l'a 2 v N "sﬂi ¥ 13 02H0
3'49 10:S or 22F=
| |l
= 189-21g %o
by vy = 2349 A x 100

R34 g 13929140

B - e rodyroanCs Ghodd e fmmﬁm‘r}»::r Jpr-r ares o = |]].0060 635
y o~ abo-He Gpeed resosrL y
e BT e ogoem, o osctins o proturts e ~ 104

reAlirn @tk have A high atbLAbMY o)

AHKAS
€ durvararty o e Ypaotoe depodany bund o He 2 F0
« F- Equumionm eagione o~ b dyoTicase i i

48. Brine is a common solution used in research labs, typically recognizable as having at least 1 inch of solid
NaCl resting at the bottom of the container. Brine would be considered a solution.

©

A. Concentrated
Dilute

B. ~
C. Unsaturated I _
D. Saturated > e
E. Supersaturated 77 [ z774)
Nad N e 26ud di‘ald‘-ﬂ-o)
Ifa@wmmqwtho«wudm&mwﬂﬂmaﬁwugﬁw
o Latosvalid

WD Aot [poRd T o adl -+ He HuL
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49. Arrows in this energy diagram represent enthalpy changes occurring in the exothermic formation of a

solution:
AHsoln = enthalpy of solution
AHsolute-solute = enthalpy change involving solute-solute
interactions
AHsolute-solvent = enthalpy change involving solute-solvent
interactions
AHsolvent-solvent = enthalpy change involving solvent-
solvent interactions
Which arrow represents AHson?

arrow (a)

arrow (b)

arrow (c)

arrow (d)

0

ocowp

BHpluar | (a)
<z il

N
Energy |(b)
SHsouws"

()
edatene

roRs
0 \ndu ML

bt e

AH oI = AHgpy + A Bédluenr + AHamix

S)) » =

50. Which ion-dipole interaction results in the larger (more negative) hydration energy?

diagram (d)  Mg?" water
(a)
RYNYLY (,(fh&ldzl\‘v\é He

6y hydc b Y rnomec (g

fecorw He S4re
W W"‘U (‘.D A|3+
b erepy (c)

water

21

G A. diagram (a) O Cg O
B. diagram (b) EEEEEEEEEE S aETamane
C. diagram (c) : ;
D. (

o water

(b)

water

(d)



51. Drawing (1) shows a nonequilibrium system comprised of pure water separated from an aqueous solution

by a semipermeable membrane. Shaded spheres represent solute particles and unshaded spheres
(eiresent water molecules. Which drawing (2)-(5) represents this system after equilibrium is reached?

ik 05MDKG Predsd® =
ANIYLTNT 5']— HleN- (s dso
fieer A ditutg (1605 (el
o p ooy okl Sdubor
Frarghh Jem pzrn-eaﬂ-b
5@(\' P;‘.—u‘(ﬂa e 0, i@ 18 S0P 09, Ve v
alop> He, Prleme 0)
6. dolent padade

y)

o nated
Crolwenr)

drawing (2
drawing (3
drawing (4
drawing (5

cowp
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52. Drawing (1) shows a system in which an equilibrium exists between dissolved and undissolved gas
particles at P = 1 atm. According to Henry's law, if the pressure is decreased to 0.5 atm and equilibrium is
restored, which drawing (2)-(5) best represents the equilibrium at 0.5 atm?

C 0.5 atm 0.5 atm 0.5 atm

1 atm 0.5 atm

@) ) 3) “) &)

A. drawing (2) . § Apsd (srotnt
B. drawing (3) M o st
C. drawing (4) oo = ki X Poap
D. drawing (5) G : ua Y ol preaore Sy gao

6 qac g fe folub—a

In ahﬂ/(.

"™

Ace Herngt$ dan U ' A inceaany
. /l" 4 ‘-H'GJMIL; ﬂ— 9'11, do |ncmu A
‘He pdo;;io- (M&Or&ss*% P &s\zu sz?w— M 01 WTIA

ORI 2 pam,b Cawo Awdam&

53. Isoamyl salicylate (molar mass = 208.25 g/mol) has a pleasant aroma and is used in perfumes and soaps.
What is the molality of the solution if 117.2 g of isoamyl salicylate is dissolved in 950.0 mL of ethyl alcohol?
Density of ethyl alcohol is 0.7893 g/mL.

A5 |m MhyldT e TE T

e | ot ylodic
| 8D cOnY
() a6l 6} olute = |24 X |nS\ =0 562395114 ™) T
20%-25%
= L xD3989 y g
D) g & oyl LDl = S0 T

= O.q,qCHQS kq

) m= 0-562BSIUTD - 5. 350 54 57F2™
0 ¥4I 535
23



54. Which of the statements is true for aqueous solutions of 3.0 m KBr and 3.0 m Ni(NO3),?

C Ni(NOs) solution

Ni(NO3)2 solution

A. The KBr solution has a Lowe‘:rfreezing point and higher vapor pressure than the

) Kgler _ _ lo)‘;‘grl@u
B. The KBr solution has a lower freezing point and vapor pressure than the

C. The KBr solution has a higher freezing point and higher vapor pressure than the

Ni(NO3)2 solution

Kglee

D. The KBr solution has a higher freezing point and lewer vapor pressure than the

Ni(NOs3)2 solution

E. None of the statements are true

Co(.u@w\'& gopsh eo VO +
sk d 4y Ale P S}

Wore pluw pach o = \ 5
T oy POV

TP UW’E\U("““O@
b freel oy pant ¥ Vaps pedsue

dare wnC*
K&T (D 2 k¥ eop) +8704) —> 9 parbides

(I NI(NOg), (5 = N.~Cn:‘)+ 2N (ny) = Epariide
Ausld (n Ay

3.0 m KBr and 3.0 m Ni(NO3)>'

61 wth saus

55. A handbook lists the value of the Henry's Law constant as 6.100 x 10™* mol/L-atm for nitrogen, N2,
dissolved in water at 25 °C. Calculate the mole fraction of nitrogen in water at a nitrogen partial pressure of

292 torr. The density of this solution is 1.00 g/mL. ;) Caw = kH X pN2
q‘zleo" Cgao = £.100XID4ansT  x 29 2456 X lapén
A3 L-afm " %oy
”’% = 23436842110 "I
_ 10oog o X =1 Ho
L)awaﬂwﬁvv»M 4“"{-&1 %L&p 3& [3.023&0

KN = %NZ
Hratrite /) AL
kg::“*‘j’%’ 'r\.Nz—P’r\.pr
;,"::é";“fl? 2.34263 421 K10” <10 N>
A /’
e IL Wb ™ Zgiug - sdar

L gr O S die L He olser
1) Corvede ansto Sy V2 A2 G A
224263 4241 X104 mam, X L‘;’%%
- £.542 315 w04y
i) Wags 6} Sub ™

IL X 1o00wb x 110 = joo0d
|L anl
03y

- - ¢ el
i) Maxs G HO = looog— 6.562a57
< 10004 tho e

,55,46139‘7 €7 ™

g) 7(,", -

2342694241 x\0™
4 +56 49851567

2-3426342l X\
=q,22$go\ule°



150 N7 /
. . . \A /]
56. Which of these statements is true, after 40. g of NaCl is added to 140 //
100. g of water at 90 °C? (Select all that apply) 130 ¢/ /7
dorurared H‘QW@‘LM‘J@MW‘&M@) 120 // /
A. The solution is-supersaturated-at this temperature o, 10 «:}‘?’ /
B. The solution is saturated at this temperature  cowsed T 00 //
C. The change in the Gibbs free energy of the dissolution of the solute § %0 // §°/
at this temperature is zero ~ fvue Cﬁgmmgéﬂw“h““‘ 8 4 yd
D. The concentration of the solution increases vﬁmn mgre NaCl is S P
. T . <—> A ¢ /
added at this temperature dw@id?& ):f_ffmp on g 6 \{ / - F'\/ =
@ 2 s N //// «C\ ,//
6 O 8 40 >< ~ /@
30 b= //'// N A
ZENN e
20 A Os
> | e \\\
10 [P —1_{ Ce,(s0,), [
|

0
0 10 20 30 40 50 60 70 80 90 100
Temperature (°C)

57. A sample of homemade whiskey from a cheap backyard still has a mole fraction of ethanol of 0.350. What
would be the mole fraction of the ethanol in the vapor of this sample at 40.0 °C? At 40.0 °C the vapor
pressure of H>O is 55.0 mm Hg and ethanol is 135 mm Hg.

D. 569 (DVSsirg Cavusts daw +o Aaterrice the povhiol
0}~ ethorsl L(“ho n PO RPN .
PgmH’ KBrDHXPeofDH"—' 0:35 X136 =432 "'Ha

/mw’eo

By0= R o ¥ Pryo=(!

(2sicg Oauan's Laws 6 patiol pressontd

Aeron= Tlgon - foou
N emu+T\0 fgrott+Fyo
= _w_ =0. 56927+
425+ 3325
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Lok (O Hoter A cfa’u(a‘-d foledsn

58. A solution of sucrose (sugar) in water is in equilibrium with solid sucrose. If more solid sucrose is now
added, with stirring,

C

the concentration of the solution will increase.

the concentration of the solution will decrease.

the concentration of the solution will remain the same.
the volume of solution will increase.

a supersaturated solution will be produced.

. vy iood neusr Chasge bewsst
I+ & dolpion o draaud ¥ aprln AT B ittt aaid

He SHWl 10 e DUsev =

moowy

59. What is the molarity of a solution that is 26.0% by mass phosphoric acid (HsPO4) and that has a density of
1.155 g/mL? Molar mass of H3POj4 is 97.994 g/mol.

A. 230x103M D 26'06 FL“)I' 4o Q 3} kaoq

0 B. 2.30 M | BV L sy
C. 265M %09 -
D. 3.06 M 9) Moleo 63 Y
E. 0.265M 207 tfog X ™ Wy ) 0653 223 66F @

399 j s u

3) Lmrﬂ%w‘”:“ N
. lam
100:09% Tlazg 1000
. %Mm - -2
4) mioety St 2. 6 ©8 003663 X10~"L ~ 306

60. What is the percent CdSO4 by mass in a 1.00 molal aqueous CdSO4 solution? Molar mass of CdSO. is
208.47 g/mol.

- . 65% 008668 x\0~2L

C A 0001% \opne) A0y |, 9 MDYy yioo
C. 17.2% | g 6} KO (owart) g5 fown ™
D. 20.8% (o (420 3 %9
e a4 1) (oovesk =) S} (Addy b g

loD ™6l CADy X 203439 A = o3-4g LAy
\an®)

2) Map 8 sludion

) 4, EoLets O
2. 4hg (AR + 100G 1O = [20% 4T

2) °[- 'og e S} CANy folion
. WwBUY o= P 2°0F2354
1203479 ~ B2
26



61. Below is a list of various solutes dissolved in water to give solutions with different molal concentrations.
Which of the solutions below has the lowest freezing point? Cﬂl—'ﬂab”ef e

O

moow»

bl
0.60mCH2017=41 = /X060 =0-60 %) pp(f"‘(ﬂw 'cﬂapc,dp s ’7W| Rt
. . e pAhdee
0.010mCd(NO3)2 123 2Y0.0l10m:= Q,Dgomiﬂ ‘y(hdao oo ot

0.20m Ca3(PO4)2

‘L«s . 5X 0200 [0 w8 privebe

62. A solution of potassium hydroxide is in equilibrium with undissolved solute at 45 °C. What will happen if the

&

temperature is raise: to 50 °C? The solubility of potassium hydroxide increases as temperature i;]é:rgag.gs.

the mass of undissolved KOH will increase ¥»2 A-He &““‘b’u‘d
W

B. the mass of undissolved KOH will decrease.
C.
D
E

the mass of undissolved KOH will be unchanged Anse 4 éowLJLHa Aororst chovye
)

kar;ralvt
. the mass of water in the solution will increase. Sk
. the entropy of the system will decrease.

Erhoog ““’”‘f r@apo AT intaane in BRI

Qoderived by g, Van't bt f2? (1)

63. You have just discovered the new compound “Funorium”, and you want to determine if “Funorium” is an
electrolyte or a non-electrolyte. You start by dissolving 0.941 g of “Funorium” in 29.88 mL of ethanol
(C2Hs0OH) and determine that the boiling point of the solution is 79.87 °C. Is “Funorium” an electrolyte or a
non-electrolyte? (The density of pure ethanol is 0.7892 g/cm?, the boiling point is 78.37 °C, and K ethanol
=1.2 °C/m. The molar mass of “Funorium” is 70.01 g/mol)

A. Funorium is an electrolyte because its Van't Hoff factor is greater than 1
B. Funorium is a non-electrolyte because its Van’t Hoff factor is 1

C. More information is needed

A

- A‘rbb ?q‘ g?"c— 7-2 S?GC }

- A=

. folwe v 1=

|20

- id?

A‘l’b; kbxma%(

¢
‘(L L) =T, (folvert )
|.5C

ALl Raurwrion x| mS1 Rt x by 10009
9.5l QHsOH  30.01g fonono™™ 073927 kg

]

AT _ 1L8°C
hpxm_T2C/an X 05699821643
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64. Gatorade contains 2.70 g of NaCl and 3.10 g sucrose (C12H22011) in 236.6 ml of the drink. What are the
mole fractions of the NaCl and sucrose in the sports drink?
Note: assume that the density of Gatorade is 1.08 g/mL, molar mass: NaCl 58.44 g/mol, sucrose 342.3
g/mol, water 18.02 g/mol.

Apact = wacl

1. Mole fraction NaCl:

D 00332 ’fl'\ma +’nJucm'x.+q\'|'b-o
N = 2gNay * ISI N 6 600128208 ™)
RO 59 hug Nod! 4
L) M, = 5.40g a0 X | SWN® - 0.0090563 8329
e a 3/_‘2‘33&1«0%
) Mo -
. Mass 6} oution (& ~te) A
286.6amL X 1033 - 255‘5283
anlL
- Mass s}y HWo: .
A0) = 249 -F2
2. Mole fraction sucrose: 5% 2595 923~ (2'%+8 °) Z'q\—bp d
§) Nyaq 00462 0 13-02g &0

0.0462 +0.00906+ 13-19 -1%.3633716538

= 0.003%32

57 /’lu,u.mt‘
0.00405
0.00406+ 00462+ 159

0-00065I

65. Cinnamaldehyde (molar mass = 132.15 g/mol) is used as a flavoring agent. What mass of cinnamaldehyde

must be added to 175 g of ethanol to give a solution whose boiling point is 82.7°C? (K, = 1.22°C/m, boiling
point of pure ethanol = 7;32.54 ;).) D ATo= Kpxan %9

A. .

E B. 67.8¢ (.%24“‘%‘5)00 = 122 C’/t'm. x mxd

C. 76.2g Lan= 3.44262295)

D. 785g

= 1909 5 _mEl} Gharaddbyde | 344242296

135g x 19 Ethas)
leoog

$) el 6} anmmnidokdau 0. 6024 310164 m3) o o %)

I Cinnamnldahgde
D Maxs s} Ginnamaldehyde = 0-6094 54016451 X 132193 .
?%6‘445‘1019 ~ 74.69 | cv®]



Formula Sheet

Length
1 kilometer = 0.62137 mile

1 inch = 2.54 centimeters (exactly)
1 Angstrom = 1 x 1071° meter

Energy

1 joule = 1 kg-m?/s?

1 calorie = 4.184 joules

1 Calorie = 1 kilocalorie = 1000 calories
1 L-atm = 101.325 joules

Pressure

1 pascal = 1 N/m?® = 1 kg/m-s?

1 atmosphere = 101.325 kilopascals = 760 mm Hg = 760 torr = 14.70 |b/in?
1 bar = 1 x 10° Pa (exactly)

Temperature
0 K=-273.15°C

K=°C+273.15
°C =(5/9)(°F - 32)

Mass
1 kg = 2.205 Ibs

Volume
1mL=1cm®=1cc

Constants

c =2.998 x 108 m/sec

h=6.626 x 10734 J.sec™?

R =0.08206 L-atm/mol-K = 8.314 J/mol-K
Specific heat of water = 4.184 J/g-K
Mass of an electron: 9.109 x 10731 kg
Mass of a proton: 1.673 x 10?7 kg
RH=218x10718)

Specific heat of water = 4.184 J/g-K
STP =273.15K and 1 atm
Avogadro's number: 6.022 x 1023

Equations
d (density) = m/V
P1V1=P2V>
V1/T1=V2/T>
P1V1/n1T1=P2V2/n2T2
PV=nRT
(P + a(n?/V3))-(V - nb) = nRT
molar mass (M) = mRT/PV
density (d) = MP/RT
XA = Na/Ntot = Pa/Piot = Va/Viot
Ptot = Pa + Pg + ...
Ntot = NaA + N + ...

3RT

HUrms = M



Rate of effusion A [MWjp
Rate of effusionB | MW,

Q =Cx AT = Cspecific X M X AT

Q =nxAH (kJ/mol) = m x AH (kJ/g)

w = -PAV

AE=qg+w

AH° = YnAHf°(products) - ZnAHf°(reactants)

AH° = XnAH®°(bonds broken) - ZnAH®°(bonds formed)
E=hv

c=Av

A =h/mv

AE = —2.18 % 10—18](i - i)
T ng nf
P\ AHy (1 1

n(3)-en(t 2
P, R \T), T,

Psolution = Psolvent Xsolvent

Psolution:ZPj:ZPij

ATb = Kbmi
ATf = Kfmi
T = MRTi

Thermodynamic and Electrochemistry

S = kb X In(W)
kp = 1.381 x 10723 J/K
AS = qrev/T

ASsurr = QSurr/T = _qrev/T

ASuniv = Assys + ASgurr

AS°rn = ZVSOproducts = 2VS°reactants

AH® i, = ZVHoproducts - 2VH®eactants
AG®y, = ZVGoproducts = 2VG°reactants

AG =AH - TAS

AG = AG® + RT:InQ

R=8.314 J/mol.K

AG® = -RT:InK

AG= -nFEce

F =96485J/(V-mol e")

E°cenn = RT/nF InK

E°cenn = (0.0257/n) InK = (0.0592/n) logK
Ecenn = E%cen — (RT/nF) InQ

Eceu =E°ce|| - (0.0257/n) InQ

Electrolysis: Q (total charge) = I xt=nxF

Integrated Rate Laws & half-life




nm = —kt
L okt —
(4] [4]

4],

127 ok
In2 0.693
t1/2= =T

1

Y2 k(4]

Equilibrium and Acid / Base
Kp = Kc X (RT)AH

pH = -log[H30"]

Kw=1.0x 10" at 25 °C
Kw = [H30*] x [OH"]

Kw = Ka x Kp

pKa = —|Og[Ka] [A_

Buffer: pH = pK, + log —
Ky _ AHpxn

1 1
"= Tk &R



Periodic Table of the Elements

1 18
1 2
H He
1.01 2 13 14 15 16 17 4.00
3 4 5 6 7 8 9 10
Li || Be B C N o F Ne
6.94 9.01 10.81 12.01 14.01 16.00 19.00 20.18
11 12 13 14 15 16 17 18
Na || Mg Al Si P S Cl | Ar
22.99 24.31 3 4 5 6 7 8 9 10 11 12 26.98 28.09 30.97 32.06 35.45 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca | Sc Ti \' Cr |[Mn| Fe | Co || Ni | Cu|[Zn | Ga | Ge | As || Se || Br || Kr
39.10 40.08 44.96 || 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.38 69.72 72.63 74.92 78.97 79.90 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb [ Mo || Tc || Ru | Rh || Pd || Ag||Cd | In || Sn | Sb | Te | Xe
85.47 87.62 88.91 91.22 92.91 95.95 [97] 101.07 || 102.91 || 106.42 || 107.87 || 112.41 || 114.82 || 118.71 121.76 || 127.60 || 126.90 || 131.29
37 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs || Ba Hf | Ta | W | Re | Os | Ir Pt | Au | Hg| Tl || Pb || Bi || Po | At || Rn
132.91 || 137.33 178.49 || 180.95 || 183.84 || 186.21 || 190.23 || 192.22 || 195.08 || 196.97 || 200.59 || 204.38 || 207.2 || 208.98 [209] [210] [222]
87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr || Ra Rf | Db || Sg || Bh || Hs | Mt | Ds || Rg || Cn || Nh || Fl | Mc || Lv || Ts || Og
[223] || [226] [267] || [268] || [269] || [270] || [269] || [277] || [281] || [282] || [285] || [286] || [290] || [290] || [293] || [294] || [294]
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La [ Ce | Pr || Nd ||Pm | Sm | Eu | Gd || Tb | Dy | Ho || Er | Tm || Yb || Lu
138.91 || 140.12 || 140.91 || 144.24 [145] 150.36 || 151.96 || 157.25 || 158.93 || 162.50 || 164.93 || 167.26 || 168.93 || 173.05 || 174.97
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac | Th | Pa U |Np| | Pu|Am | Cm| Bk || Cf || Es || Fm | Md | No | Lr
[227] ||232.04 || 231.04 || 238.03 || [237] || [244] || [243] || [247] || [247] || [257] || [252] || [257] || [258] || [259] || [262]




