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C110 (B.Sc. YEAR ONE) GENERAL CHEMISTRY FINAL EXAMINATION

22 April 1999. Time Allowed: 3 hours.

Student’s ID # : Group and Serial Number:

Constants:

Kw=1.0x10"at25°C

¢=3.00x 10°m/s

1nmm=10"m

h=6.63x 10 ].s=6.63 x 10% kg m/s

Ry =1.097x10'm?

Gas constant, R = 0.08206 L. atm.K™\.mol™" = 8.314 J X ".mol .
1 atm = 760 mm Hg = 1.01 x 10°N.m™
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SECTION A: MULTIPLE CHOICE QUESTIONS |60 Marks]

This section has 30 questions. Circle the letter for the one correct answer in each
question.

1. The expression for the solubility product of Baz(AsOy), is,

a [B a2+]3 I AsO43']z
b. [3BaZ"P[2A504°

c. 3[Ba®"]x 2[AsO4*]
d. 3[BaP’ + 2[AsO
e. [Ba*'13[AsO4 T

2. The solubility of silver sulphate (Ag;SO4), in moles per litre, can be expressed in
terms of the resulting ion concentrations. Which one of the following relationships
is correct?

Solubility = 2[Ag"]
Solubility = [Ag']

Solubility = [2Ag+1
Solubility = 2[SO4*]
Solubility = % [Ag+]

oo

3. A solution has an H" concentration of 4.0 x 102 mol.L™!. What is the OH™
concentration in the same solution, in moles per litre?

a. 4.0x10?
b.  4.0x10°
c. 4.0x10™"
d  25x10"
e. 25.0
4. Which one of the following is the correct name for the compound FeBr;?

Ferrous bromide
Iron (III) bromide
Iron bromite

Iron bromide
Iron tribromine

eapos
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A freshly prepared compound contains potassium, hydrogen, phosphorus, and
oxygen. The assay values are: potassium, 44.895%; hydrogen, 0.5787%;
phosphorus, 17.783%. The empirical formula of this compound is:

a. K,H4 POy
b. K,HPO,4
c. K,H,PO4
d. K;HP,0s
e. KH,PO4

When the chemical equation, AsF; + CCly — AsCly + CCLoF,, is correctly
balanced, the sum of the (smallest set of integer) coefficients will be:

oo op
—
L)

In the redox reaction, .

C4Hyo (g) + Cr0-7(aq) + H' (aq) - HeC404 (aq) + Cr™* (aq) + H:0,

the reducing species is:

a C4Hyo
b.  CnO7
c. H

d. HsC4O4
e. crt

Light has a frequency (v) of 3.75 x 10”° s 7; its wavelength (1) is:

a.  98.1nm
b. 120nm
c.  364nm
d.  255nm
e. 799nm




11.

13.
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Given that the energy (V) of a Paschen line (g = 3) in the H spectrum is
9.142 x 105 m™, what is the value of n for the higher state?

o QAae o
[--BEN I NV N

How many grams of lead(Il) iodate, Pb(I03),, are precipitated when 32.0 mL of 2.85
M Pb(NO3), (aq) are mixed with 38.6 mL of 5.12 M KIOj; (aq) solution? The
reaction is:

Pb(NOs)x(aq) + 2KIO; (aq) — Pb(I0s)2(s) + 2KNOs(aq)

o a0 o
S
oo
w
aQ

519¢g

The following electron configurations are given for a cation (M>*) and an anion (A).

What is the formula for the compound formed from these ions ?
M 157257 2p° 387 3p® 3d° A 17257 2p°

ZnO

Zan

Cqu

NiCl,

NiO

oap o

Which one of the following molecules is non-polar?

CcO
CH;Cl
SO;
NH;
SO,

pacop

Describe the geometry of the IF4~ ion.

a. Square planar

b. Tetrahedral

c. See-saw molecule
d. Square pyramid
e. T-shaped molecule.




14.

15.

17.
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What is the hybridization of the As atom in the ion, AsF4~ ?

How many sigma (o) bonds, pi (1) bonds, and unshared/lone pairs of electrons are

oo op

there in the molecule, HONO?

a
b
c.
d
e

. 306,17, and 5 lone pairs.
. 20,2, and 4 lone pairs.

4 ¢, 0w, and 5 lone pairs.

. 20,27, and S lone pairs.
. 40,0, and 4 lone pairs.

The order of increasing boiling points for the compounds, 1-butanol, 1-pentanol,
pentane, 2-methylbutane and hexane is:

a.
b.

a o

Isopropanol reacts with butanoic acid in the presence of sulfuric acid to produce a

hexane < 2-methylbutane < pentane < 1-pentanol < 1-butanol
2-methylbutane < pentane <1-butanol 1-pentanol < hexane

pentane < 2-methylbutane < 1-butanol < hexane < 1-pentanol
1-butanol < 1-pentanol < 2-methylbutane < pentane < hexane

2-methylbutane < pentane < hexane < 1-butanol < I-pentanol

sweet smelling compound called:

oo oe

butyl isopropanoate
isopropyl butanoaote
butyl propanoate
2-isopropylbutanal
5-methyl-2-hexanone
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18. An unknown compound of molecular formula C4Hs was subjected to ozonolysis
followed by treatment with zinc in water to obtain the products shown in the
equation:
0 20 7 0
Clg — B o MO oy C—H + H—C—C—H

The structure of the unknown compound is

a. CHy=~CH— CH==CH,
i

b. CH;==C —CH;

c. CHy= C=CH—CH;,

d. CH==C CH20H3

e.  CH;C=CCH;

19. An unknown compound P, of molecular formula C¢Hjg reacts with 2 moles of
bromine. Hydration of the same compound, P, gives a product with the structure

(o}

[
CH;3CH, C CH,CH,CHj;
The unknown compound is:

a.  HC==CCH,CH,CHCH;

b CHC= CCH,CH,CH;

c. CH==CH—CHy,— CH=—CH—CHj
d CH==CH—CH= CH— CH,CH;
€. H3C\

/C= CH— CH= CH2
H,C




20.

21.

22.
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A 100g mass of hydrocarbon is composed of 85.7g carbon and 14.3g hydrogen. The
compound does not decolorize bromine water but gives only one monochlorination
product. The hydrocarbon is

methylcyclohexene
cycloheptane
2,3-dimethylpentane
1,3-dimethylcyclopentene
1,2,3-trimethylcyclopropane

oo o

Given the equilibrium.
280; (g) =2 SO,(g) + 02 (g)

Initially 1.20 moles of SOj3 are placed in a 1.00 L vessel. When the system reaches
equilibrium at 700 °C , [SO;] = 0.420 M. Calculate K, at 700 °C.

0.725
3.45
1.75
2.78
1.35

oo o

The four gases NHj, O,, NO, H,O are mixed in a reaction vessel and allowed to
reach equilibrium in the reaction at a certain temperature:

4 NHj (g) + 50, (g) = 4NO(g) + 6 H,0 (g).

To the system at equilibrium, some more oxygen gas is introduced. Which one of
the following statements is true?

a. The value of K, increases as a result of adding oxygen.

b. The value of K, decreases as a result of adding oxygen.

c. The concentration of NHj starts decreasing as the system moves towards a new
equilibrium.

d. The concentration of NHj starts increasing as the system moves towards a new
equilibrium.

e. The concentration of NO starts decreasing as the system moves towards a new
equilibrium.




23.

24.

25.

26.
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The oxidation of carbon monoxide shown below is an exothermic process:

2C0 (g)+0:(g) =2 CO2(2)

Which one of the following will cause an increase in the equilibrium concentration
of CO(g)?

Increasing the total pressure of the system at constant temperature.
Adding more O; (g) to the system.

Removing CO, from the system.

Increasing the temperature of the system.

Decreasing the volume of the system.

o s o

The enthalpy change (AH,) for the following reaction:
C3Hy (g) + H20 (g) — C;HsOH (g) can be estimated from the bond enthalpies
(denoted by BE) as follows:

AH, = BE(C=C) — 2BE(C-C) - BE(C-0)
AH, = BE(C=C) + BE(O-H) - 2BE(C-C) — BE(C-0)

AH, = BE(C-0) + BE(C-C) - BE(0-H) -BE (C=C)

AH, = BE(C-H) + BE(C-0) + BE(C-C) —-BE(O-H) —-BE(C=C)
AH, = BE(O-H) + BE(C=C) — BE(C-H) -BE(C-0) ~ BE(C-C)

o a0 op

Use the information given to calculate AH® for the reaction:

2 ZnS8 (s) + 301(g) = 2ZnO0(s) + 2 SOx(g)
Given:

Zn(s) + ¥ Ox(g) - ZnO(s) AH® =348 kJ
Zn(s) + S(s) > ZnS(s) AH’ = -206 kJ
S(s) + Ox(g) — SOx(g) AH® =297 kJ

—581kJ
-247kJ
-878 kJ
-1140 kJ
—961kJ

opo o

A 10.0 L vessel contains 893 g of nitrogen gas. What is the pressure exerted by the
gas at 25 °C?

a 2.80 atm
b 12.8 atm
c 32.2 atm
d 664 atm
e 8.0 atm




27.

28.

29.

30.
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A gas mixture contains gases with the following partial pressures, given in mm Hg:
P(0,) =510, P(N,) =336, P(co,) =38.1, P(Ne) =427.

What is the mole fraction of oxygen, X(0,), in the mixture?

a. 0.326
b. 0.563
c. 0.389
d. 0.408
e. 0.631

Which one of the following plots for an ideal gas will not be a straight line, (all other
variables are constant)?

a. P against T
b. V against T
c. P against V
d. V against n
e. All the plots will be straight lines.

For the reaction, 2NO(g) + 2H,(g) — Na(g) +2H,0(g), the proposed mechanism is:

step (1): 2NO = N;O, (fast)
step (2): N2O2 + H; > N0+ HO  (slow)
step (3) N2O+H, = N, +H,0 (fast)

The rate law for this mechanism is:

rate = k [N>O][ H;]

rate = k[NOJ*

rate = k[NOJ? [ Ha}?

rate = kINOT’ [ Hy]

impossible to know from just the given mechanism.

paeop

For the reaction, Hy(g) + L(g) —> 2HI(g), the slope of a graph of In k vs 1/T
is -20450 K. Calculate the activation energy, E,, for the reaction.

a 170 kJ/mol
b. 246 kJ/mol
c. 151 kJ/mol
d 74.8 kJ/mol
e 273 kJ/mol
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SECTION B

There are 7 questions in this Section. Answer each question in the space provided.

Question 1.
Given the reaction:
3 Cd(NO3)2 (aq) +2 NasPOyq (aq) — Cd3s(POs)2 (5) + 6 NaNOs (aq).

The reaction of 0.520 g of Cd(NOj3), (MM = 236.4 g/mol) with 1.70 g of NazPO,
(MM = 164.0 g/mol) produces 0.250 g of Cd3(PO4)2 (MM = 527.2 g/mol).
a. Identify the limiting reagent.
b. Calculate the % yield of Cd3(POq)2.
[5 Marks]
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Question 2.
a. Write the ground state electron configuration for the following atoms or ions. Use
the [rare gas] abbreviation for completely filled electron shells. [2 marks]
sTc
31(3T3-3+
b. List the following species in order of decreasing radius (largest first)
Al, AP*, ca, Mg [1 Mark]
Question 3.

Calculate the pH of a 2.5 x 10 "2 Ba(OH), (aq) solution. [4 Marks]
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Question 4.
Write three (3) different non-equivalent resonance structures for the SO,F,
molecule, where the S atom is the central atom.

Then calculate the Formal Charges on each of the atoms.
Finally, draw the best possible resonance structure for the SO,F, molecule, which

may or may not be one of your three structures already drawn.
[7 Marks]
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Question 6.

For the reaction

Na(g) + O2(g) = 2NO(g) K.=0.810, at a certain temperature.
Ina 1.00 L vessel, 0.200 mol N, and 0.200 mol O,(g) were introduced and allowed
to come to equilibrium at this temperature.

Calculate the equilibrium concentrations of N3 , O,, and NO.

After the system has reached equilibrium, its pressure is increased by decreasing the
volume of the reaction vessel. What effect will this increase in pressure have on the
amount of NO(g)?

o e

[6 Marks]
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Question 7.

The following results were obtained for a reaction between A and B at room temperature.

[A) mol.L™* [Bj/mol.L! Initial rates/mol.L™.s™
0.5 1.0 2

0.5 2.0 8

0.5 3.0 18

1.0 3.0 36

2.0 3.0 72

@) What is the order of the reaction with respect to A and with respect to B?
(ii) What is the rate equation for the reaction?
(iii)  Calculate the rate constant, and clearly indicate its units.
[6 Marks]
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