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1. A real gas would act most ideal at "
(A) 1 atm and 273 K (D) 0.5 atm and 546 K |
(B) 10 atm and 547 K (E) 0.5 atm and 273 K
(C) 10 atm and 273 K

2. Zinc reacts with aqueous sulfuric acid to form hydrogen gas:
Zn (s) + H,SO4 (aq) — ZnSO, (aq) + H; (g)
In an experiment, 201 mL of wet H, is collected over water at 27°C and a barometric pressure

of 733 torr. The vapor pressure of water at 27°C is 26.74 torr. The partial pressure of hydrogen

in this experiment is atm. . i

(7A)0.929 2 D)1.00 0 (L2 Y YE = ahv

(E) 0.964

(C) 706 ; 5
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3. A mixture of gases contains 1.5 moles of oxygen, 3.0 moles of nitrogen, and 0.5 mole of
water vapor. If the total pressure is 700 mmHg, what is the partial pressure of the nitrogen

gas? 2

(A) 70 mmHg D) 350 mm — 300
(B) 210 mmHg (" #20 mmHg \ 5

(C) 280 mmHg

4 u’ i
4. Equal numbers of moles of C?);\(g), I%{(g), and N:{L(g) are placed in a sealed vessel at room
temperature. If the vessel has a pinhole-size leak, which of the following will be true after
some of the gas mixture has effused?
I. The mole fraction of CO, in the sample will increase.
II. The N, will effuse the fastest since it is the lightest. H

I gases will effuse at the same rate since the temperature is held constant. >
(CA) Tonly (C)land II (E) L1, and 11T
(B)TIT only (D) 1T and 111

5. A sample of oxygen gas was found to effuse at a rate equal to two times that of an unknown

as. The molecular weight of the unknown gas is g/mol.
\ (A) 128 i ‘

() 16 AL 3
(D) 64 \ 2 I7L
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6. Two flexible containers for gases are at the same temperature and pressure. One holds 14 g

of nitrogen and the other holds 22 g of carbon dioxide. Which of the following statements
ples is true?

QA) The volume of the carbon dioxide container is the same as the volume of th?trogeh\

container.

By Fherumberof motecules in the carbon dioxide container is greater than the number of
molecules in the nitrogen container.

(C) The density of the carbon dioxide sample is the same as that of the nitrogen sample.

(D) The average kinetic energy of the carbon dioxide molecules is greater than the average
kinetic energy of the nitrogen molecules.

(E) The average speed of the carbon dioxide molecules is greater than the average speed of
the nitrogen molecules. =

7. A hydrocarbon gas with the empirical formula CH; has a density of 1.3 g/L at 0°C and 1.00
atm. A possible formula for the hydrocarbon is: T ———n

D) CHs \>Hor. 72, \ .
(E) CsHho %%%—f‘;‘f K2 g mel

(A) CH
B Gt
3Hs
8. A 0.33 mole sample of CaCOs(s) is placed in a 1 L evacuated flask, which is then sealed and
heated. O;(s) decomposes completely according to the balanced equation below.
Thdtotal pressure I the flask, measured at 300 K is closest to which of the following?

(The gas constant, R = 0.082 L atm/mol K) =
CaCO;s(s) — CaO(s) + COx(g) (R \/ =R

(E)18:t1r: P & LFLx 10O

9. When a sample of carbon dioxide gas in a closed container of constant vo}ume at 0.5 atm
and 200 K is heated until its temperature reaches 400 K, its new pressure is closest to
(A) 0.25 atm (D) 1.5 atm g T2

&
(B) 0.5 (E) 2.0 atm = —
@ 200 © 4ud

10. The pressure of 4.0 L of an ideal gas in a flexible container is decreased to one-third of it_s
original pressure and its absolute temperature is decreased by one-half. The volume then is

(A)1.0L

(B)40L. ?""f_-:’&)? \

\ ©)60L )
Y8.0L

(B)24L
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11. A given mass of a gas occupies 5.00 L at 65 °C and 480 mmHg. What is the volume of the 15.Based on the data in the table, [ Substance | Equilibrium Vapor Pressure at 20°C (tom) |
gas at 630 mmHg and 85 °C? W}ECh OFthﬁ fOHhOnglilquld CgH(,([) 75
65 480 substances has the weakest C,HsOH(/) 44
a. S500X—x—0 YO % b-’ AN » \[ intermolecular forces? =
e
b 500X X—— LTH2ADS U421, __(B) GH;OH() 2Hs0:()) :
,_,,—im [5(C) CH;0HD ) Highust VP= ueaast (M
\C. SOOXEXE \_’% S \(*3 2elel
= VAR ‘S %
= =3 i 16.Based on the data in the table, which of the following correctly Ton | Ionic Radius (pm)
d  5.00x 55 .4?6300 N =2 predicts the relative strength of the attraction of Zn?*,Ca*,and |Zn* 74
Ba?' ions to water molecules in a solution, from strongest to Ca%t 100
338 630

6. 500Xx>—x— WW B> 135
358~ 480 L(A) Zn?* > Ca?* > Ba®' because the smaller ions have a stronger

12. A gas sample is confined in a 5-liter container. Which of the following will occur if the coulombic atfraction to water.

temperature of the container is increased? - (B) Zn™>Ta>Ba" because the smaller ions are more electronegative.
= L. The kinetic energy of the gas will increase. \/ (C) Ba? > Ca?* > Zn*" because the larger ions are more polarizable.
II. The pressure of the gas will increase \/ (D) Ba?* > Ca?* > Zn** because the larger ions are less electronegative. Con ws&
ITI. The<deasity s will increase. »laraey =4 IMr< = & 3
(A) I only (C)1and I only (E)L 11, and III 17Methane‘(_(_3_];1ﬁ_) and Propane (Cst) gas a(l:?éach in an i&!entxcal%ngid container at ﬂe'same
(B) II only : temperature and pressure. If the pressure of each gas is slowly increased at constant
temperature until condensation occurs, which gas will condense first?
@ \ 0 ethane will condense first because it has a smaller molecular size, and it is more
13.The normal boiling point of the substance polarizable than propane. : ;
represented by the phase diagram is ﬂ‘ /Q‘)'Methane will condense first because it has a smaller molecular size, and it is less
(A) -15°C
B) -10°C

polarizable than methane.

polarizable
LR iy g T t Propane will condense first because it has a larger molecular size, and it is more
(C)Ta0°C "
Lmrcréﬁrﬁ%an 140°C

(D) Propane will condense first because it has a larger molecular size, and 1TTS

Pressure (atmospheres)

05 ! polarizable than methane. - O X S iy
14.For the substance represented in the é M ) i'\(/yz\’ \.LY\A'Q'\'\/\
diagram, w.hich of the phase? Sli énost dense | i /_ - Wer LY
7= w};f:s;SI;ZisstedeEZ:s?Dense g 1510 ; 140 150 pm ""?/'F\H\ H-’/F\H a’d‘(c\bh n ,
(A) | Solid Gas b1 F/Q ™
(B) | Solid Liquid 100 pm
(C) | Liquid Solid 18.The figure above shows that in solid hydrogen fluoride there are two different distances
) | Liquid Gas N C»'h Ve S LBP{ getween H atoms and F atoms. Which of the following best accounts for the two different
istances?
g & 0\,\ &S% QLLV\SR (A) Accommodation of the necessary bond angles in the formation of the solid
i o . d \Mngﬁ between covalent bonds and mtermolecular attractions l
Ao \A(b w —(C) Dilferent isotopes of fluorine present in the sample

(D) Uneven repulsions among nonbonding electron pairs
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19. Consider the molecules represented above and the data in the table below.

Compound Molecular Formula Molar Mass | Boiling Point
(g/mol) C)
L Nonane CoHao 128 151
2,3,4-trifluoropentane CsHoF; 126 89

Non:cme and 2,3 ,4-trifluoropentane have almost identical molar masses, but nonane has a
significantly higher boiling point. Which of the following statements best helps to explain this
observation? elaer chouns = Eg
(A) The C-F bond is easier to break than the C—H bond. >
(B) The C—F bond is more polar than the C—H bond.
‘ri(C) The carbon chains are Tonger in nonane than they are in 23 ,4—triﬂuoropentam
(D) The carbon chainsare fartherapart-imrarsampte of ionane than they arcim————

2,3,4-trifluoropentane.

20.Which of the following could be the identity of a white crystalline solid that exhibits the
following properties?

e [t melts at 320°C. % .
e It does not conduct electricity as a solid. K\ -

e It conducts electricity in an aqueous solution.

(A) CsleosfS 2
\ (B) NaOH(s)
102(5)

(D)  Culs)
21.The table shows the structural formulas and molar — S Ma/”"r';n
masses for three different compounds. Which of the H H ™
following is a list of the compounds in order of Aozione sdld Ll '—n 1] \
increasing boiling points? UG i I

\ (A) Butane < 1-propanol < —

(B) Butane < acetone < 1-propanol A\ G i 7
] [ vy ]

(Cyt=propanol < acetone < butane Po c—o—n< Py

|
(D) Acetone = butane < 1-propanol : . —
' pRonw P
NOWPOLAAY | Baml | Rogs —i—i—~< &
H

22.Which of the following best explains why more energy is required to boil a substance than to
melt jt2 — —
(A) Intermolecular attractions are completely overcome during vaporization —1
—(B) Tntermolecular attractions in the solid phase are weaker than 1n the liquid phase DS
(C) Electron clouds of methane molecules are less polarizable at lower temperatures
(D) Vaporization involves a large increase in temperature

23. Which of the following aqueous solutions will have the highest boiling point? . X YV

(A) 0.10 m SrSO4 2% .\

(B) 020 m CsHpOs | % o722
_ _7(%%25,@@11::04\ b 8 ANy
\ d0mNaSOs ) 3 % . |

(ByotUmNaCl 2% o\

The diagrams below represent aqueous solutions of substances AB, RS, and XY. Water
molecules are not shown for simplicity.

©Q © 6D O
0| P | |°20e®

XY RS

24 Which of the following represents the correct classification of these three substances?

strong electrolyte | weak electrolyte | nonelectrolyte
(A) AB RS XY
®) RS XY AB
(C) XY RS AB
| (D) RS AB XY i |

————

25.Both sodium hydroxide and methanol are soluble in water. Which of the following choices
best repre; i - sotation?

’—L (A) | NaOH(s) — Na*(ag) + OH<(aq)

CH;0H()) — CH3;0H(aq)
(B NIOHGY=NaTag) + OH (aq) TCHOHA="TH:(aqg) + OH(ag)
© NaOH(s) — NaOH(aq) CH3;0H(/) — CH30H(aq)
(D) NaOH(s) — NaOH(aq) CH;O0H(/) — CHj'(aq) + OH<(aq)

26.Solid NH,Br is soluble in water. Which of the following choices best represents NH4Br as a
solute in aqueous solution?

(B) NH.B(s) > N7 Tag)  Br(ag)

3) — 3(aq aq) t+ Br(aq)
(D) NH4Br(s) » N*(ag) + 4H'(aq) + Bri(aq)
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27.Which of the statements below best explains the behavior of silver chlor’xde in water?
I. There is a strong attraction between the solute ions and the solvent molecules.

A sample of a pure, gaseous hydrocarbon is introduced into a previously evacuated rigid
II. There is a strong attraction between the solute molecules and the solvent molecules. 1.00 L vessel. The pressure of the gas is 0.200 atm at a temperature of 127°C.
II1. There is a strong attraction between silver io ide ions. (a) Calculate the number of moles of the hydrocarbon in the vessel.
(A) Lonly (B) IL only ‘ (C) IL only (D) I &III only P‘\[ =W\ K‘K

28.Which of the following represents the most accurate summary of what occurs when

Free Response
15

(0280 sy (1 o0 V)= i (8N Y(12A+233)
soluti copper(1]) sulfate and iron(II) nitrate are mixed together? e >
k (A) No precipitate is formed. § (US\J\-\ * ‘\”QCMV 5\2_ Y\'= o QQ\OO \ WA \ \
(B) A precipitate of copper(ll) nitrate is formed. < (b) Oz(g) is introduced into the same vessel contammg the hydrocarbon. After the addition of
(C) A precipitate of iron(1l) sulfate is formed. - SO\ W + Cu(\Q 2B the Ox(g), the total pressure of the gas mixture in the vessel is 1 ulate
(D) Both copper(Il) sulfate and iron(lI) nitrate are insoluble, so no reaction occurs. 2 the Panisl pressure of Ox(g) in the vessel. \ <‘P o 0
\ “T 0 = = l W\
I. mixing solutions of lead(II) nitrate and potassium sulfate '/ - @* V-N\‘-? Cora\ PQ‘L'\' Pr\ﬁ— 0;_ x
II. mixing solutions of calcium chloride and lithium hydroxide 22 > W0 3 4= Calbshy, WM V= ? L+ (Yol
111. mixing solutions of barium bromide and sodium carbonate N4 "A’K\L&&r o The mixture of the hydrocarbon and oxygen is sparked so that a complete combustion reaction
29.Which of the combinations shown above shoulw‘ﬁmmﬁin of a precipitate? occurs, producing CO»(g) and H,O(g). The partial pressures of these gases‘m are 0.600
(A) L only (B) L &IL only C) L&lLonly | ) L,IL&IIL

atm for COx(g) and 0.800 atm for HO(g). There is Ox(g) remaining in the container after the
reaction is completé
C\\-\v\ + 0} - CU + HLO

30.Which of the following represents the net ionic equation for the reaction between solutions
of sodium phosphate and magnesium chloride?

(c) Use the partial pressures of COx(g) and HO(g) to calculate the partial pressure of the Ox(g)
(A) Na*(ag) + CI (aq) — NaCl(s) consumeccl in the combu§tion.‘ (0
(g) 3 Na*(aq) + P04 (aq):MT‘jaCslP(C:(s) (AN COl = _“pa*’“’ﬁul‘“f = O. 013 wue) LGI [mallacs =0t
\(D) 3 Mgz'(aq) + 2 P04 (ag) — Mgs(POs)(s) i\ Coas\ (Moo \L\ AR s

> Y Lox)(l ‘-—) ﬁul* |VV\.(,\0}_~ \25
: N K03 0.0 mol B0 A2
! ~ ! NE e basis c\) answers above, write the balanced chemical equatior H
NQ%POV\ 2z ‘Y\oﬁ L/kz - m%?)@() L(\ }jD\M}OLQ - bgg (gf?; 'Banl}zieten;{e the tfor::ulga;f th:dhyléroca;ib}oer:1 : n%m LD )
so\uyle  solbe NS ot 21 05= DRIXD ¥Q.0\22 = 00205 muj
px(\MO’-’:&S‘)QD\QKL\)U{GQB
e | =100 atm O
% : (e) CalculafEﬂm'e mass of the hydrocarbon that was combusted.

CS}\/\& L drw ¢\ ¢ \@ 6 % ] mils K C%Hg

(f) The hydrocarbon is readily soluble in water. A solution was pre'p'a—x:c-cﬁ)yfmixing 5.00 grams
b.ﬁ \ \ 5 5 1+ of the hydrocarbon in 100. grams of water. Calculate the freezing point of this solution. The

___/7 molal freezing point depression constant for water is 1.86 °C/m

- = N oA s
iy + .5 0, = RO 4+, 0 e e ) D

C.\ v
R L

Aes QRN = \/:_?;—:j,,_a
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2. Write balanced chemical equations fi
e L q or what happens when each of the following substances

(a) Solid aluminum nitrate is dissolved in water.

. TR \ < =1 o
A (NG y,;kw = M (apd+ 3 N0, (ag)
(b)Liquid ethanol 2H50H) is dissolved into water. -
GRGOHRY = GHOH (ap)
3. For each pair of compounds, aqueous solutions of the two compounds are to be mixed

together. If a precipitate is formed, write the balanced molecular equation and the balanced

net ionic equation. If no precipitate is formed, write “no reaction.” The first one has been
done for you as an example.

(a) silver nitrate and sodium chloride

mo\;cu}ar equa.tion: AgNO;s(aq) + NaCl(ag) > AgCl(s) + NaNOs(aq)
net ionic equation: Ag'(aq) + Cl(ag) > AgCl(s)

(b) magnesium sulfate and barium chloride

molecular equation: mbég 0\—\ (%“) A BQ(,[?'(&%) — \?)C\SD«( () ‘&"MSL‘)L_

net ionic equation:

Bt (ag) + §'DL{'1(%) = B0y )

(c) lead(II) nitrate and potassium iodide

molecular equation:

Po(M\3), (a4 )« LT (a¢) =) NV, (2g) + Pbl, (s)

net ionic equation:

-—

PoTiland s ) > POl (s
(d)manganeseEI? ; (L) 2 L (QO‘) 2 3

acetate and sodium sulfide

molecular equation:

4. The identity of an unknown solid is to be determined. The compound is one of the seven
salts listed in the following table.

[ AlQNOY; 90 | BaCl,e2H,0 | Ca€0; | CuSOmSHL0 [ NaCT{BaSOs | NiNO)+6H:O |

Use the results of the following observations or laboratory tests to explain how each compound
in the table may be eliminated or confirmed. The tests are done in sequence from (a) through (e)

(a) The unknown compound is white. Which two compounds can be eliminated

using this
observation? (AL Mt & £prm colored a~olof—n“om$
CusDy 5 H O NNG3), » 6H. O

(b) When the unknown compound is added to water, it dissolves readily. Which two compounds
can be further eliminated using this test?

bic , insplubll
CaCls B SOy Ql i waki)

%3 When AgNO; (aq) is added to an aqueous solution of the unknown compound, a white

precipitate forms. Which compound can be further eliminated using this test?

i q n precipitaie oAt w‘im:n')
ALY, AR O (m,wpm \o’ilded +o AgNU3

(d) When the unknown compound is carefully heated, it loses mass. Which compound can be

further eliminated using this test? g ; S
Te\r\ecl\"ém\ae Esuvlmgws s hygrak, wund Ledk maSS)
when  hueafed

(¢) Describe a test that can be used to confirm the identity of the unknown compound identified

in part (d). Limit your confirmation test to a reaction between an aqueous solution of the
unknown compound and an aqueous solution of one of the other soluble salts listed in the

\ € . :(o'b3 X cribe the expected results of the test; include e formula(s) of any product(s).
M (G C00), (493 + NS (agy —INACHL QI WGy saepemthsi et e st s (RS

net ionic equation:

Mgy + S (ap) = MaS ()

{ /.C‘lbbﬁcm &-
iy D GeWMsWS il
LRt WX Solwh 6

" ousS
BoC\ wmb o cubu{L i
b Z:.ULSOLr' Busoy Wil precipitasc .



5. A student is instructed to determine the concentration of a solution of CoCl, based on
absorption of light (spectrometric/colorimetric method). The student is provided with a 0.10
M solution of CoCl, with which to prepare standard solutions with concentrations of 0.020
M, 0.040 M, 0.060 M, and 0.080 M.

(a) Describe the procedure for diluting the 0.10 M solution to a concentration of 0.020 M using
distilled water, a 100 mL volumetric flask, and a pipet or buret. Include specific amounts

‘ \;vhere‘a\?pro\;’)/riate. ?\ {LQ_\'\’ 2Dim | X (&. 0‘\0 M LCCl’)_ \M_G o~
CDM\S\{V\ e C\& 0}3 caos)  Add eV\ugin water o realin W
t \ — ) ©
NR= 2 amlLY Doy A .
1%3 s\{u}ient tajk—e(sl the 0.10 M solution and determines thé?}:ebr er'ltaf/ansminanz;\gd the
absorbance at various wavelengths. The two graphs below represent the data.

100 0.60
8 o
£ 80 V
g N\ / 8040 /
2 oo ) 2 ZAL 10
5 \ / g \
& 0.20
8 40 \ / < \\
& [T W,
1 A ~
20 0
360 400 440 480 520 S60 600 360 400 440 480 520 560 600
Wavelength (nm) Wavelength (nm)

(b)Identify the optimum wavelength for analysis

A (5 ‘ O nn
The student measures the absorbance of the 0.020 M, 0.040 M, 0.060 M, 0.080 M, and 0.10 M
solutions. The data are plotted below. 0.60

A
27
5
0207 J=r
0—101/v + + +
0020 0040 0060 0080  0.10

Concentration (M)
(¢) The absorbance of the unknown solution is 0.275. What is the concentration of the solution?

1 0.050 M

(d)Beer’s Law is an expression that includes three factors that determine the amount of light
that passes through a solution. Identify two of these factors.

Concermtyahonn  , pathlenat -

() The student handles the sample container (e.g. test tube or cuvette) that holds the unknown
solution and leaves fingerprints in the path of the light beam. How will this affect the

calculated concentration of the unknown? Explain your answer. :
Tha ﬁngwpn'wr_s Wil aly ablorb Ught,

=]
173
S

Absorbance
o o
W
S o

wlumaAnc Flask, .
W0 mL mare n gqast'

YULLH‘{V\% [EA" WW ered CibSU"béftl/lce
and W@qu{?re a f'u‘ghm’ calculattd cunce nfrafion



