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Physical Constants

Bohr radius:
Electron charge:

Planck’s constant:

Mass of electron:

Mass of neutron:

2= 5.29x10" 1 m

Boltzmann’s constant:

FEREFELEENESL

ke=1.38x10-7 T K!

e=1.60x10°C;
h=6.63x10347]s;
me=9.11x103 kg;
m, = 1.67x10% kg

F=9.65%10C mol!
¢=3.00x10%m g!
m,=1.67%10%" kg

Faraday constant:
Speed of light in vacuum:

Mass of proton:

Universal gas constant: R = 8.31 Jmol'K-! = 0.082 L atm mol Kt
[n2 =0.693; In3 = 1.099; In7 = 1.946; n=13.14
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1. Iron oxide can be reduced to iron by a reaction with carbon to form carbon monoxide

Fea0s(s) + 3C(s) — 2Fe(s) + 3CO(g)
If 95.0 grams of iron oxide is reacted with excess carbon vields 63.0 g of iron, what is the

percent yield of this reaction?

a. 12% b. 59% ¢. 66% e. 100%

d. 95%

2. Choose the best statement regarding why diagram I is the better choice between these two

Lewis diagrams for N>O
N=N=0
@ = =N=R

a. because II does not satisfy the octet rule for all atoms.

N=N—O!

b. because structure I has fewer formal charges than II.
¢. because structure [ has the negative formal charge on the most electronegative atom.

d. because structure I has the positive formal charge on the most electronegative atom.

e. the best structure is actually structure II

3. What is the probability of finding a particle in a box of length L between zero and 1./2?

b.05 ¢025 d. L2 e itdepends on the quantum number n

a. l
4. A material is made from Al, Ga, and As. The mole fractions of these elements are 0.25, 0.26,
and 0.49, respectively. This material would be
a. a metallic conductor because Al is present.
b. an insulator. P

¢. a p-type semiconductor.

d. an n-type semiconductor.

¢. none of these _—y C e
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5. The uncertainty in the velocity of an electron is 1x10° m s™. What is the minimum

uncertainty in its position?
a.5.79x10% m
b.2.31x10° m

. 5.79%10%m
d.2.31x10°%m

e. 1.08x10 1 m

6. Rank from smallest to largest in terms of atom/ionic radii.
a. §*, CI, Ar, K¥, Ca?
b. Ca**, K*, Ar, CI, §*
c. Ca*, §*, K%, CI, Ar
d. Ar, K*, CI-, Ca®, §*-
e. Ar, CI-, K*, 8%, Ca?*

7. Which of the following sets of quantum numbers is allowed for an electron in a one electron
atom?

a. n=4, |=3, m=3, ms=0

b. n=3, I=1, m=2, m~-1/2
c.n=2, 1=0, m=1, m&~1/2
d. n=2, I=3, m=3, m~1/2

e. n=6, [=5, m= -3, me=-1/2

8. A Lewis dot structure for benzene, CsHs would give two equivalent resonance structures for

this cyclic molecule with alternating single and double bonds

H
1 |
/C-‘:{. ,H H~. 2 e
ey
H \(T.;é \H H’ *ﬁg/ “H
H H

A combined LCAO and MO picture for the bonding of the carbon atoms in benzene would be
a. 1a(Csp’~Csp?) bonds between each C atom, and 37 MO delocalized over the C's

b. 25(Csp’~Csp®) bonds between each C atom, and 1 MO delocalized over the C's

c. 1o(Csp’—Csp”) bonds between each C atom, and 11 MO delocalized over the C's

d. 1o(Csp”~Csp?) bonds between each C atom, and 2 MO delocalized over the C's

e. 36(C2p—C2p) bonds between each C atom
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9. Which of the following has the highest bond order On, NO, Nz, NO*?
a.0; b.NO ¢ N; dNO* e Nsand NO* are the same and the highest

10. How many different isomers exist for Dichloro-ethene, CoH,Cl?
a0 bl ¢2 d3 ed

11. Which of the following best describes the lanthanide contraction?
a. f-orbitals are more directional than d-orbitals and therefore less effective at sereening
nuclear charge
b. forbitals are more diffuse than d-orbitals and therefore less effective at screening nuclear
charge
¢. the increase in atomic and jonic radii as one goes from left to right across the lanthanides
d.aandc

e.bandc

12. The octahedral compound [FeCl3(NHz)s] is found to be paramagnetic. This means _ e
a. it must be a high spin complex. y /
b. it must be a low spin complex. \
c. it could be either a high spin or low spin complex.
d. it has a crystal field stabilization that is zero. : ; f
e.a&d o

13. Which of the following statements is true for crystal field theory of an octahedral complex?
a. The dyy, dyz, dx; orbitals are lower in energy than the d,», and the dya-y2 because they are
unaffected by the ligand field.

b. The dxy, dyz, d orbitals are lower in energy than the d,, and the dx2-y2 because their energy
1s increased less than the dz, and the dyoya.

¢. in low spin complexes the dy, and the dy.y are lower in energy than the dyy, dyz, die
orbitals.

da&e

e.b&c

14. Helium effuses through a small opening at a rate of 1x10~° mol . An unknown gas at the
same temperature and pressure is found to effuse through the same opening at a rate of
3.78x107° mol s™". What is the molecular mass of the unknown gas?

a.4gmol™  b.14gmol’ c.18gmol? d.28gmoll e 40 g mol™
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15. The triple point of a compound is at 38.2°C and a pressure of (.75 atm. A gaseous sample
of the substance is held at a constant pressure of 0.79 atm. Initially the sample is at 50°C and
is slowly cooled until it is -25°C. What if any phase transitions oceur? .

a. condensation

b. deposition

c. condensation followed by freezing

d. simultaneous condensation and freezing

e. none of the above

16. At the same temperature and pressure, comparing one mole of a gas that is described the
following equation of state, P(¥ —nb) = nRT where b > 0 to one mole of an ideal gas
a. the volume will be larger or smaller depending on the pressure
b. the volume will be smaller than that of the ideal gas
c. the volume will be the same as that of the ideal gas
d. the volume will be larger or smaller depending on the temperature

e. the volume will be larger than that of the ideal gas

17. A mixture of solid NaCl and CaCl; contains 10.0 g of NaCl, and an unknown amount of
CaCly. When the entire mixture js dissolved in 1.00 kg of water, the boiling point changes by
0.25 °C. What mass of CaCl, was in the original mixture? K for water is 0.512 K kg - mol™.

a.54g b.81g c¢352g d. Notenough data to answer the question
e. None of the above

18. Acetone (mw = 58.08, P,,..=232 mmHg) and butanone (mw = 72.11, P;5.5=100 mmHg)
have the indicated molar masses and vapor pressures. A container holds 1.00 kg of
butanone. How much acetone must be added to the butanone to elevate the total vapor

pressure over the mixture to 125 mmHg at 25°C?

a.5313kg b.290g c 188g d. More information needed  e. None of the above

19. The constant pressure heat capacity (cp) generally increases with
a. the mass of the molecule
b. the internal degrees of freedom in th molecule
c. the number of atoms in the molecule
d.aandc

e.bandc

20. Which of the following has a standard state Gibbs free energy equal to zero?
a.Br{l) b.la(g) ¢ C(sdiamond) d.aandc e.all of the above
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21. Name the following compound Pt(HzNCHzCHzNHz)Ch]CIz

a. hexachloro(ethylenediamine)platinum (IV)

b. hexachloride(ethylenediamine)platinum (VT)
¢. tetrachloro(ethylenediamine)platinum (IV) chloride
d. tetrachloro(ethylenediamine)platinum (VI) chloride

e. Platinum(ethylenediamine)hexachloride

22. A first-order reaction is 54% complete at the end of 12 min. What is the value of the rate

constant?

a,6.5x102min?  5.033min?  c. 0.065min”' d.5.1 x 102 min-!

23. [Cu(CFs)4] is found to be diamagnetic. What is its structure?
a. tetrahedral
b. square planar
¢. either square planar or tetrahedral

d. octahedral (with two other water ligands)

e. it will be an unusual shape with a steric number of 8

24, Calculate the total number of unpaired electrons in the following complex ions:
[Zn(H20)6]*", [NiCNa]?~ (square planar), [Co(NHs)s]** (strong field).
a.0 bl c.2 d.3 ed

25. What reason is given for the stability of C—C, NN, and 0—O bonds, compared to the
instability of Si—Si, P—P, and S—S bonds?
a. Their metallic character varies greatly.
b. There are large differences in their ionization energies.
¢. There are large differences in their electronegativities.

d. There are large differences in their abilities to form strong pi bonds.

e. none of these

26. Consider the equation A(ag) +2B(ag) == 3C(ag) +2D(aq). 42.0 mL of 0.046 M A is
mixed with 24.0 mL 0.105 MB. At equilibrium, the concentration of C is 0.0416 A,
Caleculate K.

2.2.9x10%  5.0.074 ¢ 0033 d.48 e 0.0029

27. Calculate [H'] in a 0.40 M solution of NaH,PO,. (For HsPOu, K1 =75 x 1073, Ko =62 x
108, K =4.8 x 10713)

a.22x10°M Db.1.6x10*M ¢ 040M d.25x10%M e39x100 M
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28. Based on the plot below, estimate the value of X, for the weak acid.a
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ml Base W\l BME,
a.4.7 b.2.0x10° .26 d 25x10° e. None of the above

29. The reduction potentials for Au®>" and Ni?* are as follows:
Au** +3e" — Au EC=+150V
Ni?*+2¢” — Ni E=-023V _
Calculate AG® (at 25°C) for the reaction: 2Au" + 3Ni — 3Ni#* + 2Au
a.—5.00x 102 kJ
b.+5.00 x 102 kJ

c. 2140 kJ
d.+1.00 x 10° kJ
e.—1.00 x 10°kJ

30. Which statement is true of a process in which 1 mol of a gas is expanded from state A to
state B?

a. When the gas expands from state A to state B, the surroundings are doing work on the
system.

b. he amount of work done in the process must be the same, regardless of the path.

¢. It is not possible to have more than one path for a change of state.

d. The final volume of the gas will depend on the path taken.

. The amount of heat released in the process will depend on the path taken.

31. An ethyl group (CHaCH;") that is attached to a substituent that does not contain a hydrogen

atom appears as what in a NMR spectrum?

a. a doublet and a triplet with relative intensities of 2 and 3, respectively
b. a doublet and a triplet with relative intensities of 3 and 2, respectively
c. a triplet and a quartet with relative intensities of 2 and 3, respectively

d. a triplet and a quartet with relative intensities of 3 and 2, respectively

e. none of these
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32. Which base-pair is most stable in Wason-Crick DNA Structure?

H
N 0-~-H-N H
Nr// ;T HN . H~N,H——--O\ £t AN 9N G
7
g N= N~H--N Y (/-Z//&N---H')/\% N~ EVA
= - -

N~H
N N N=
(A) N-n-d v (B) M gf v (G ,NHH----d,)*N\
H H
r;N /0-~-H—NH ) HN‘H -0 CHa
N 4 N
A R TR
o-n-—-d d N¢<CH s
3
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(3pts ) The reaction: CH;CHCHz(g) + HCg) — CH;CHCICH:(g) and the
possible mechanism is

Ll

2 HC HA),

k1 Fast equilibrium

k
CH;CHCH, + HCl —2

complex
k2

Fast equilibrium

4

Complex + (HCI): # CH3CHCICH; + 2HCL  Slow equilibriumj: »

Derive the rate law for this reaction using this mechanism.

2. (5pts) Consider the following galvanic cell:

&I Ui

‘; 1.8 M PO

Ag'+e" > Ag  ENV)=0.80
L 50,0 Pb? 4+ 26~ — Pb EY(V)=-0.13

Calculate the K, value for AgsSO4(s). Note that to obtain silver ions in the right
compartment (the cathode compartment), excess solid Ag,SO4 was added and some
of the salt dissolved. (103*8~2400, 1028240, v/7.5~2.7, \/75~8.6)

3. (5pts) Consider the system; A~ By at 25°C.

a. (3pts) Assuming that G{=8996 J/mol and G§=11,718J/mol, calculate the value of
the equilibrium constant for this reaction.

b. (2pts) Calculate the equilibrium pressure that result if 1.00 mole of Ay, at 1.00
atm and 1.00 mole of By at 1.00 atm are mixed at 25°C. (e''=3.0, e*1=8.2)

| EARA
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(5pts) Answer the questions below
a. (3pts) Calculate the frequency v (em-') for IH**Cl from v-0 to v=1 (that means
equal to vg), with its force constant is 4.80x10? J m2, (*H=1.0078amu,

3C1=34.9689amu, 1amu=1.627x10?kg)
b. (2pts) What is the zero-point energy of 'H**CI1?
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