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* ¥# Avogadro’s constant N=6.022 x 10* mol™ Planck’s constant % = 6.626 x 10™* J-s
' Gas constant R = 0.8206 L-atm-K ' -mol™ = 8.3145 J-K"' mol” Faraday constant F = 96500 C-mol”
Speed of light ¢ =3 x 10° m-s™
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1. The valve between a 3.60-L tank containing Ox(g) at 7.56 atm and a 3.40-L tank containing Ne(g) at 5.92 atm is opened.

Calculate the ratio of partial pressures (O : Ne) in the container.
A) 1.06 - B) 128 C) 135 D) 0.74 E) 0.56

2. At200K, the molecules or atoms of an unknown gas, X, have an average velocity equal to that of Ar atoms at 400 K.

What is X? (Assume ideal behavior.)
A) He B) CO C) HF D) HBr E) F,

3. Ata given temperature, the equilibrium constant K for the reaction 280,(g) + O2(g) =— 2S03(g)1s 3.0 x 10°,
If 2.60 mole of SO, and 3.90 mole of O, are placed in a 1.78-L container and allowed to react to equilibrium at this temperature,

what is the concentration of SO; at equilibrium? |
Ay 073 M B) l46M C) 2.19M D) 292M Ey 3.65M

4. For carbonic acid (HoCO3), Koy =4.30 x 107 and Kz = 5.62 x 107\, Calculate the pH of a 0.50 A solution of Na;COs.
A) 2.03 B) 3.33 C) 831 D) 10.67 E) 11.97

5.  You have solutions of 0.200 M HNO, and 0.200 A KNO; (X, for HNO; = 4.00 x 10“4). A buffer of pH 3.00 is needed.

What volumes of HNO, and KNO; are required to make 1 L of buffered solution?
A) 500 mL of each B) 286 mL HNO; 714 mL. KNO, C) 413 mL HNOy; 587 mL KNO;

D) 714 mLL HNO;; 286 mL KNG, E) 587 mL HNO,; 413 ml. KNO,

6. The overall K; for the complex ion Ag(NHs), " is 1.7 x 107 Kgp for Aglis 1.5 x 107", What is the molar solubility of Agl in

a solution that is 2.0 M in NH;? N
A) 13x107 B) 1.0x10™ C) 84x107 D) 15x107 E) 5.8x10
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7. For the combustion of ethyl alcohol: C;HsOH(!) + 302(g) — 2C0Ox(g) + 3H,O() AH=-137x 10° kJ, which of the

10.

1.

12.

13.

14.

15.

16.

17.

following statements is(are) true?
I. The reaction is exothermic.
IL. The enthalpy change would be different if gaseous water were produced.
* III. The reaction is not an oxidation—reduction one. '
IV. The products of the reaction occupy a larger volume than the reactants.
Ay LI By IILIV C) LILII D) ILHLIV Ey LILILIV

For the reactions  Agl(s) + (1/2)Brxg) — AgBr(s) + (1/D)Ix(s), AH®>=-54.0kJ
AHP; for AgBr(s) = —100.4 kJ/mol
AH®¢ for Bry(g) = +30.9 kJ/mol
The value of AH°; for Agl(s) is
A) +77.3 ki/mol B) +61.8 ki/mol C) -61.8kJ/mol D) -77.3 kJ/mol E) -123.5 kJ/mol

For the reaction A + B — C + D, AH® = +40 kJ and AS® = +50 J/K. Therefore, the reaction under standard conditions is
A) spontaneous at temperatures less than 10 K. B) spontancous at temperatures greater than 800 K
C) spontaneous only at temperatures between 10 K and 800 K D) spontaneous at all temperatures.

E) nonspontaneous at all temperatures.

When the equation for the following reaction in basic solution is balanced, what is the sum of the coefficients?
MnQO4 (ag) + CN (aq) — MnO;(s) + CNG(ag)

Ay 20 B) 13 o) 11 D) 10 E) 8
The reduction potentials for AV’ and Ni** are as follows:  Au’" +3e” — Au Ee=+150V
Ni**+2¢"— Ni E°=-023V
Calculate AG® (at 25°C) for the reaction  2Au>" + 3Ni — 3Ni*" + 2Au
A)  +500kJ B) +1,000 kf C) -2,140kJ D) -1,000kJ E) -500kJ

Consider an atom traveling at 1% of the speed of light. The de Broglie wavelength is found to be 3.31 x 107 pm.

Which element is this?
A) He B) F C) P D)y Ca E) Br

The ionization energy for a hydrogen atom is 1.31 x 10° J/mol. What is the ionization energy for Li*™?
A)  1.46x 10° J/mol B) 437x10°Jmol  C) 131 x 10°J/mol D) 3.93x10°Jmol E) 1.18x 107 J/mol

Consider the following orderings.
I. Al<Si<P<C(l
I. Be<Mg<Ca<Sr
NI. I<Br<CI<F
IV. Na'<Mg?" <Al <si*
Which of these give(s) a correct trend in ionization energy?

A) III only B) TandII C) TandIV D) LHMlandIV . E) aliofthem
Which atomic species, in its ground state, has six unpaired electrons?
A) O B) Fe C) Cr D) Cs E) Dy
Which of the following series is isoelectronic? |
A) §*,CIL K, ca™ B) B,C.N,O C) F,CI,K',Rb" D) Na, K,Rb,Cs E) Sn As,S,F
Using the following bond energies:

-~ Bond C=C C-H 0=0 C=0 O-H

Bond Energy (kJ/mol) 839 413 495 799 467

estimate the heat of combustion for | mol of acetylene: CoHa(g) + 5/2 Oy(g) — 2 COx(g) + H20(g)
A) -1228KJ B) —447K] C) +365k] D) +447kJ E) +1228k]
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Complete the Lewis structure for the following molecule. CH. ©
L

- CH—CH—C—C—N
How many of the atoms are sp hybridized? sCH

A) 1 B) 2 0 3 D) 4 E) 5

A first-order reaction is 50% complete at the end of 12 min. What is the value of the rate constant? (In2 = 0.693)
A) 0.65 min™ B) 0.33 min™ C) 0.083 min™ D) 0.058 min™ E) 0.042 min™

An X-ray diffraction experiment finds the metal X crystallizes in a face-centered cubic lattice and measures the edge of the unit cell
as 409 pm. If the density of the metal X to be 10.5 g/cm’, what is X most likely to be?
A) Ag By Cr C) Pt D) Al E) Pb

A 5.96-g sample of a compound is dissolved in 222.0 g of benzene. The freezing point of this solution is 1.06°C below that of
pure benzene. What is the molar mass of this compound? (Note: K; for benzene = 5.12°C/m.)
A) 1,300 g/mol B) 556 g/mol C) 285 g/mol D) 180 g/mol E) 130 g/mol

What is the expected osmotic pressure, in torr, of a 0.0100 M solution of NaCl in water at 25°C?
A) 372 torr B) 186 torr C) 93 torr D) 15.6torr E) 0.245 torr

How many different possible trimethylbenzenes exist?
A) 2 B) 3 C) 4 D) 5 E) 6

When an organic species is treated with water and H,SO4, a tertiary alcohol is produced. Which of the following structures could

- represent this compound?

A) CH3CH=CHCH3 B) CH}CH26H=CH2 C) CH3_(_FICH2 D) CH3CH2CH2CH3 E) CH;;C!HCH“—“CHQ
CH; CH;

Consider the polymer drawn below:

R G G
—C—CH,—C—CH,;—C—CH,—
| (’:H3 C13H3 CH, "
What monomer(s) is (are) needed to produce the above polymer?
A) CH; = CH; and CH3;CH = CH, By COand CH;=CH, C) CH;CH = CHCH;
D) CH,=CH—CH=CH; E) CH;=C(CHs)
Consider the following sets of quantum numbers. Find the set(s) represent(s) impossible combinations and the incorrect
quantum number(s).
n [ my s
Set A 1 1 0 +1/2
Set B 2 0 -1/2
Set C 2 1 —2 +1/2
Set D 3 1 -1 0
Set E 3 2 —1 -1/2
SetF 4 3 -1/2
Set G 5 4 +1/2
Set H 8 1 -1/2
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Arrange the following compounds in the order of molar solubility (moles per liter) in water at 25°C.
A) CaSO; (Kip=6.1x107) B) PbSO, (Kp=13x107%) C) AgsPO; (Kyp=18x107%
D) Sn(CH) (Kip=3.0x107") E) AIOH); (Kip=2.0x1077)

Draw the geometric and optical isomers of the complex ion [Co(en),CL]". (en = ethylenediamine, NH,CH;CH,;NH3).

Which of the following are polar molecules?
A) SF, B) KrF; C) BB, D) PBr3 E) ICL F) XeO4 () SiFy H) SBrs

Deoxyribonucleic acid (DNA) has a double-helical structure with complementary bases on the two strands. Four nitrogen-containing
organic bases existing in DNA are shown below. Which base is always bonded to thymine in DNA double helix? Draw the hydrogen

bonding interactions between this complementary pair.

0 NH,
HN l CH; NﬁN\> HN
OJ\N KN N H /i\ :

H H M

Cytosine (C) Thymine(T) Adenine (A) Guanine (G)



