CHEMISTRY 135 FINAL EXAMINATION SEMESTER 01-2011 CONTINUED

latm = 101325 Pa=
760 mmHg = 760 torr, ,

1dm’=1L

density of H;O = 1.0
g'em™ at 25°C

R=831 Jmol' K'=
0.0821 L-atm'mol 1- K

The molar volume of any

gas at s.t.p. is pV=nRT
22.4 dm’>mol’

Avogadro’s constant =
g | AH = -mcAT

6.02 x 102 mol™.

1)

2)

3)

4)

5)

6)

\Ho oW

SECTION I: Multiple Choice Questions

Select the SINGLE best alternative in each of the following cases and mark the appropriate letter on the
separate answer sheet by shading in the appropriate square with soft pencil. (1 mark each = 30 marks)

Which one of the following species in its ground
state has three unpaired electrons in the 2p sub-
shell?

a hydrogen atom.

an oxygen atom.

a boron atom.

a nitrogen atom.

H(gia W >

a phosphorus atom.

A real gas most closely approaches the behavior
of an ideal gas at

0.50 atm and 500K

1 atm and 273K

1 atm and 298K

15 atm and 500K

15 atm and 200K

mogOw >

Which is the correct ground-state electron
configuration for iron?

A [Ar] 3d4s°
B [Ar] 3d%4s®
C [Ar] 3d'4s”
D [Ar] 3d4s”
E | [Ar] 3d°4s’

For the reaction below the AH® =+128.1 kJ.
CH;O0H (1) » CO (g) + 2Hz (g)

How many kJ of heat are consumed when 0.200

mol of H, (g) is formed as shown in the

equation?

A 12.8

B 25.6

C 128

D 256

E 64

Which of the following is an isoelectronic

2 mol of benzoic acid, CsHsCOOH, contains
2 mol of oxygen atoms

6 mol of hydrogen atoms

10 mol of hydrogen atoms

12 mol of carbon atoms

14 mol of carbon atoms
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7) How many grams of hydrogen are in 48 ¢ of
CH40?
A 2
B 4
(C 6
D 8
E 10

8) Electronegativity increases in which of the
following orders?
A Cl<S<P
B I <Br< Se
CC<N =0
D Cl<Br<lI
E F <58 <Se

9) Which gas would effuse more rapidly under the
same conditions of temperature and pressure?

CO; (RMM =44)

SO; (RMM = 64)

C;H; (RMM = 26)

UFs (RMM = 352)

Ne (RMM =10)

.fTIUOUJ:I-‘»

10) Which one of the following molecules has a
dipole moment?

Oz

N

Cly

Fa

IF

mig 0w B

11) 50 g of an ionic compound XY (RFM=100)
were dissolved in water and made up to 1.0 dm’.
What is the concentration of the solution with
respectto Y ions?

0.05M

0.10 M

0.15M
0.20 M
0.40 M

mg 0w

12) For the following elements, the correct order of
increasing first ionization energy is

Be=11

Li>Be

Na> Be

O>F

Na>Li

Wy O w >
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13) A sample of CH,F, with a mass of 104 g

contains atoms of F.
A 6.02x 105

B 6.02x 10%
C 6.02x10*
(D’ 1.204x 10
E 1.204x 10%

14) The molarity (M) of an aqueous solution
containing 52.5 g of sucrose (C;2H2,0,;) RMM
=342 g/mol in 3550 mL of solution is nearest to
5.46x10

1.48x10*

0.104x107

4.32x107

1.85%107

mg QW

15) The density (D = PM/RT) of a gas Z (RMM =
44) ats.t.p. in g L™ is closest to

0.50
£ 2.0

1.0x10?

0.13

25 %10

WY O

16) The enthalpy change for which reaction
represents the first ionization energy of
magnesium?

Mg(s) —Mg'(g) + &

Mg(g) — Mg'(g) +¢

Mg(g) — Mg'(s) + €

Mg(s) — Mg'(g) +2¢

Mg(g) — Mg™'(g) +2¢

g A wige

17) The O-C-O bond angle in the CO; is
approximately

90°

109.5°

120°

180°

60°

mo 0w

18) Successive ionization energies of an element

increase because

A As each electron 1s removed, proton number
increases.

B As each ¢lectron is removed, proton number

decreases.

As each electron is removed, mass number

decreases.

As each electron is removed the charge on

the resulting ion increases.

As each electron is removed there are a

greater number of protons attracting fewer

electrons.

) 0

T

19) Which element is expected to have the most

negative electron affinity?
A S
B . Cl
C Se
D Br
E I
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20) Calcium carbide (CaC,) reacts with water to

produce acetylene (CoH,):
CaC, (s) + 2H,0 (g) — Ca(OH); (s) + C-Ha (g)
Production of 13 g of C;H, requires

- consumption of g of H,0.

45

9.0

18

4.8% 107
506

es B w i {@Nive -

21) A sample of O, compressed to a smaller volume

at constant temperature. Which statement(s) is

correct regarding O, molecules?

A The average kinetic energy of O, molecules
is increased.

B The average speed of O, molecules is
decreased.

C The average distance between molecules
increases.

D . The number of collisions per unit time, of

. O, molecules with unit area of wall,

increases.

E The average mass of the molecules
increases.

22) The shell of lowest energy that contains f

orbitals is the shell withn =
A 3

oo Ow
U o—

23) Electrons in the outer shell of which atom

experiences the greatest effective nuclear
charge?

A Li

B Be

C B

i =

E; N

24) A chemical reaction occurs in a calorimeter

containing 100 g of dilute solution producing a
rise in temperature of 3.2°C. The specific heat
of the contents is 4.2 J-g"-K™'. AH in kJ for the
amount of reaction that occurs is nearest to:

+1.3
v-1.3

1300

-1300

0.076

25) Which statement is not true for oxygen in its

lowest energy state?
It is in group VI.
It is in period 2.
It is a d-block element.
The electrons of lowest energy are in a 1s-
orbital.
The oxygen atom has 2 unpaired electrons.

olaiw >

el
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26) Which one of the following is a unit of pressure?

CHEMISTRY 135 FINAL EXAMINATION SEMESTER 01-2011 CONTINUED

A JK!

B gom’

3

(C_ N'm?
D gmol”
E mol-dm™

27) In the nitrite ion (NOy),

A
B
C

(D

E

both bonds are single bonds

both bonds are double bonds

one bond is a double bond and the other is a
single bond

/both bonds are the same because of
resonance

there is one fewer electron than the number
of protons.

28) Ethane has a lower boiling point than water
partly because

A

(B

C
D
‘B

it is a covalent compound.
 its molecules do not form hydrogen bonds.
it has a larger molecular mass.
it does not contain ionic bonds.
it contains carbon atoms.

29) Which atom/ion has eight valence electrons?

A
B
C
D
E

T
Kr
Cr
Na"
~all of the above

30) The most polar bond is found in this compound

A
B

0
(D
E

HBr
HI
HCl
HF
H;

PAGE 5 OF 10

CONTINUED OVERLEAF



CHEMISTRY 135 FINAL EXAMINATION SEMESTER 01-2011 CONTINUED
SECTION B: STRUCTURED QUESTIONS

Answer each of the following questions in the spaces provided on the question paper. Full marks can only be
given to calculations where working is included and the final answer is clearly indicated. Clear and concise
expression is an essential part of a good answer. You may write your answers in pencil. There are a total of 65
marks for this section.

1) The following questions relate to qualitative analysis and net ionic equations.
a) Three salt solutions were tested in an effort to identify the salts present. The results are presented in the
table below. Use the results to identify the ions as completely as you can by filling in the spaces in the

table with ONE possibility in each case. (6)
TEST Sample A Sample B Sample C
White ppt. forms which Green ppt. insol. in
Add sodium hydroxide is soluble in excess excess. ppt turns brown
solution dropwise sodium hydroxide No change observed on standing/
solution exposure to air
White ppt. forms which Green ppt. insol. in
Add ammonia solution is soluble in excess No change observed | excess. Ppf turns brown
ammonia solution on standing.
A dense white ppt.
Add barium chloride forms which is soluble | A dense white ppt. forms
solution followed by No change observed. in dil. strong acid to which is insoluble in dil.
dilute/ strong nitric acid release a gas which strong acid.

turns limewater cloudy

Cream ppt. Insoluble in

Add silver nitrate | 4 e ammonia, soluble | Test not necessary. Test not necessary.

solution . .
in conc. ammonia
Add MgCl, solution Test not necessary. Immediate white ppt. Test not necessary.
Flame test No flame colour Lilac flame No flame colour

CATION in sample? ¥ A T o
ANION in sample? '

b) Write a balanced net ionic equation, including states, to explain each of the following observations. If
an equation is unbalanced it will attract zero marks: check carefully. Do not include spectator ions.
Each answer line should be completed with an equation.

i.  Addition of dilute ammonia solution to a solution of magnesium nitrate results in a white precipitate.

(1)
ii.  The addition of dilute sodium hydroxide solution to a solution of aluminium sulfate results in a
white precipitate which redissolves in excess to form a colourless solution.
| ) g
I 1 -

iii.  The addition of dilute ammonia solution to a solution of zinc chloride results in a white precipitate
which redissolves in excess.

(1)-

- XOMe).

iv.  The addition of dilute sodium hydroxide to a solution of silver nitrate results in a brown precipitate.

1)

L/ \/
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v.  The addition of barium nitrate solution to a solution of sodium dichromate results in a yellow
precipitate of barium chromate which redissolves in dilute hydrochloric acid.

1 A\ y » 3 ( ’ Fe i
JI( & | LG { J ( [ E gor — I\ <)
\ 1 S \ \ !

€g

1 . - = 1)
r

( { \r-' l.. < | - i~ i’.' ) o :: 5 - “., ] —t | ':-j__ {C 5_._; 7] (1)

d i o

vi.  The addition of barium nitrate solution to a solution of sodium sulfite results in a white precipitate
which redissolves on the addition of dilute nitric acid to produce a solution which smells of sulfur

dioxide.
15& © ) £~ &k o — B el (5
) > _ ‘ ) \
s a9 I.\';. - < 5 AW Va " A L J . ! L ) T 1 \ \ ‘(1]

vii.  The addition of silver nitrate solution to a solution of calcium iodide results in a yellow precipitate
which is insoluble in concentrated ammonia solution.

L o
=™

b 2 § / - \ . At ] ¢ (D
PN & ol o =i [k & i Ll A\
e 7

2) The following questions relate to thermochemistry.

a) Define the standard enthalpy of formation, AH/ 2)
r - .,-: ':"-I { = = | ,r-:'lj-. e :_/. " " 4 ',.__ A e ale {1 ..7f (o ¢ ( J \
’ 7 Y i I'_ f_ 1 s L} 4/ [ ; ,-". Vi —Z f f, 4 , -. 7 { J“, : .J : U ¥ “ [ \’f 1.. = 2

b) Write the e.'c'[ﬁ'a’[ioﬁ for the béﬁiﬁleté combustion of 1 n"ml,"' of ethanc é;s, CyHg, (to produce carbon

dioxide and liquid water). (1)
B vl LT N A 7 Wa=aw A
| . f ..: .I { \ { . [ ¢ :. \ - > 5 [ I / . ¢ Ii \ =) { ¢ |

The standard enthalpy of combustion of ethane gas, C;Hg is —1560 kJmol .
Given that AH°(CO», (g)) =—394 kJ'mol™" and AH(H,0, (1)) =286 kJ-mol

c¢) Calculate AHS (C;Hg (g)) @
; { A ’ /| < { ! I
7 \ 1 | 17/ avg 2 { 3
< g = ! *
_.!.
/[ ; . | | Al P Y n
5 6 ¢ X A -r"- '
A ;{ C ] ¥ ) T i f\
[ L. ¢ ) = —

d) Use the average bond energies below to estimate a value for the standard enthalpy change, AH,® for the
hydrogenation of 1 mol of ethane. Mean bond energies are as follows: C-C = 348 kJ-mol”', C=C =

615 kJ-mol”', H-H = 436 kJ-mol™!, C-H = 413 kJ-mol (4)
H\ /H T T
M L e | il - e o
A ]
H H
H H
\aclls by ofcRa )
2 ! A2
{ H x4 | s ) = ""{g E“/}A
8 G ~244
3 U : e :
o bl > =2826 kT
li? :1:‘,__ Q“if, -:«w' i\ = ol :f;{s‘zk»{w} et -
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3) The following questions relate to stoichiometry:
An organic ester, X, contains 54.55% C, 9.09% H, and 36.36% O by mass.

a) Determine the empirical formula of X. (RAM of H=1.00, C =12.0, 0 = 16.0) 3)

b) 0.15 g of X, when vaporized in a suitable apparatus, occupied a volume of 57.0 cm® at 127°C and
1.00x10° Nm™. Using the expression PV = nRT (or otherwise) calculate the relative molecular mass of X.

3)
t
f : : 7 L7 )
¢) What is the molecular formula of X? (2)
4) The following questions relate to bonding and eleétronic configuration. ———=
a) State:
i) the Aufbau (building-up) Principle, 2
/ 4 !’f --_//' J
(2 A
& |
ii) the Pauli Exclusion Principle 2
1 A / / 4
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iif) Hund’s Rule (2)

/\ /

b) Draw orbital diagrams for the ground state electron configurations of chloride (;7CI"), chromium (24Cr)
andnitregen,«&N). For example, the orbital diagram of nickel, »sNi in the 4th period would be

(AU LT T T

4s 3d -
17Cl‘: 24Cr:
:r ¥ | *' / -"llr (SE
i) How many unpaired electrons are there in an atom of sodium, ;;Na? (1)

VX

i) Show that the maximum number of clectrons that can be accommodated in all the orbitals with
principal quantum number n = 4 in a given atom is 32. (2)

’

5) Draw LeWis electron dot diagrams ",[o représént the bohdin;g in the fn'olecull.eéz PCls, BFg;'%hd NHs.

a) Show all valence electrons. 3)
i. PCls ii. BF3 iii. NH;

b) Draw diagrams to indicate the shapes of the above molecules according to VSEPR theory and write a
descriptive term for each shape. (For example, for the methane molecule you might write "tetrahedral").(6)

i
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6) The following question relates to gases.

a) Define partial pressure 2)
f -” I N _# { { j / f A f £ (" e . I i
{ L/ 1) :: ¢ e 'l e /1) / dd (LA &, |
8 A 4 d - { 4;
b) State Dalton’s law of partial pressure 2
| / y p /. __r'_. : o v J

¢) A flask of volume 600 cm’ contains a gas, A, at 120 mmHg that is connected via a valve to a second
flask of volume 1200 cm® that contains a gas, B, at 255 mmHg. The stopcock is opened and the gases
are allowed to mix completely. Find the final pressure of the mixture, assuming no change in
temperature. (Neglect the volume of the tube connecting the bulbs.) ) -
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