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1. a) Mercury, ethanol and molten lead are poured into a container Three distinct
layers are formed. The densities of the threes substances are:

Mercury: 13 55 g/cm
Ethanol: 0.78 g/cm
Lead: 11 4 glem®

Sketch the container with the three layers and identify the substance in each layer  (2)
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b)  Predict the formula of the 1omc compound formed by magnesium with 1odine V3]

M@fz

c) ) What 1s the electron configuration of the sulfide jon? )
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(i)  Draw the energy orbital diagram of the sulfur atom. 4)
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What would be the empirical formula of a compound consisting of C, H, and O in a
mole ratio of 1.00C.3.33H 10007 v 7 - »C joH 30 )

C% ['"1003

Nitric acid is extensively used 1n the manufacturing of fertihzer A bottle
contaiming 75.0 mL of nitric acid solution is labeled 6.0 M nitric acid

How many moles of nitric acid are in the bottle? 4
Mol thj moles fole
\/dupf\L
moles of - (\/\o\oﬁ%\} yVdume - 6.oM g .035L IIO'L{ 6] f"""o\.e5 ‘OL
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Suppose you prepare a sample of aspirin by heating 10 g of salicylic acid with an excess
of acetic anhydride. You obtain 6.2 g of pure aspinn, What is the percentage yield of
the reaction? Hint. First calculate the theoretical yield.

COH e} s} COH
Oi " J\ )‘l\ - @ .
H
HaC 9] CHsy COCH;
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Sahcylic Aad Acetic Anhydride Aspirin Acetic Acid
M, =138 g/mol M, = 102 g/mol M, =180 g/mol M, = 60 g/mol
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3 a) Wnite a net ionic equation for the precipitation reaction that occurs when solutions of
‘ NaOH and Cu(NQj3); are mixed C))
O Wik Ealcnazdactuabw 2‘\)() OH %) ( u(\ ,\)Ol\ U 2)\)0\ [\)05 (QZ)
(2) e (a&? subjpacy| oot i LON‘(MD + Ot QI\SO\MCWL)
v~ ton {Mm ¢ .
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b) Consrder the followmg balanced redox react;on in basic medum.

38n *lag) + Cr207 ‘(aq) + 4HO() — 3Sn (aq) +g“r20369) + 80H(aq)

®

(i)

(iii)

@iv)

What 1s the oxidizing agent? @)

C(z O4

‘Which element increases in oxidation number? 2)

Sn

What species contains the element wath the highest oxidation number? )

If the reaction were to take place 1n acidic medium, what species would not be
included 1n the reaction? )]

oH

2]
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What type of electron orbital (1 e s, p, d or f) 1s designated by the following set of
quantum numbers
J D =1, 0,1 .
n=2151,m=-1 )

P

Consider the molecules below. Each of A, B, C and D, represent a different type of
bond Identify A, B, C and D as eitther non-polar covalent, polar covalent, dative
covalent, 1onic or hydrogen bonds

e O\H
A/
0
H;
c. Cc NH,
Naeeo/ \C/ \C/D
H, H,
B
10Ni C Q)
o 4 J|v',.l.'f e Ky !i'”'-_‘-f' \ [QQJ'V\/ een H oa~d ) ‘
(t. _omicY ( botvean mcf)f\b* »d anien 07)
C -~ non. Poley ol sare e le thvors ‘]\--f**";' piy C-C)
[‘_] I[ N | 8 CIV CL _I [ J A}F% w [<d ’f." "'l}"\':’;-l' e e 4 “__,-'- 1. C — N)
N &'- I-* &
Gave the symbol of the most electronegative halogen (2)
_H’-‘_
.r/
Give the element 1n period 4 whose +2 10n 15 1soelectronic with Argon 2
Y|
La

.
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Use formal charges to draw the Lewis structure of formic acid, HCOOH “4)
O
W
H-=C=0
> All cdoms Lowq G 2040 {’\D( r\PCt_Q QLO-/&,Q
What is the molecular geometry of ammonia? N H 3 )

Tr}\c)or\w\ py(aMfolCLQ

The partial Lewis structure shown below is the carbon framework for a hydrocarbon
molecule (containing only carbon and hydrogen).
ly — c=¢c—c=c-H
1 2 3 4

In the full Lewis structure, each carbon atom satisfies the octet rule, and there are no
unshared electron pairs 1n the molecule The carbon atoms are labeled 1, 2, 3 and 4

() How many hydrogen atoms are there 1n the molecule? 2)
A
l

(i)  What is the hybridization of each of the carbon atoms 1 and 47 4)
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Q> d) Consider an AB; molecﬂé in which A and B éllftelr 1n elect !(m{c"gatl;lty You are told
3 that the molecule has no overall dipole moment Which one of the following could be

j}\ the molecular geometry of the molecule? o

)Z /)/ 1 ‘Or‘(’ I“"'|' kg 5 [9(){ OlO X 4 bd’\

Trigonal pyramidal, trigonal planar, T-shaped, or tetrahedral? 2

Tr ;3or\al Rlanrar

e) The molecule called diazine has the formula N>H, and the Lews structure:
H——N=—"—"N——-~H

Do you expect diazine to be a linear molecule? Briefly explain your answer using
VSEPR theory If not, do you expect the molecule to be planar? (5)

NO/(\&, S\(\LO‘/—
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f) Suppose the hydrogen atoms on the OH groups 1n glucose were replaced with methyl

groups, CH; Would you expect the water solubility of the resulting molecule to be
higher than, lower than, or about the same as glucose?

2
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a) Consider three sealed tanks, labeled X, Y and Z Each tank has the same volume and
the same temperature In each tank, one mole of CHy 1s represented by a circle, one
mole of oxygen, O, by a square, and one mole of SO, by a tnangle Assume that no

reaction takes place between these molecules'

N el ﬁ\ v lan
A
ri] @ 9 A [} 0 @ A
(%) [
A e A m A o
g a " A W
~ Tank X (234 30} Tank Y Tank Z
I CHy - VL 244
L A2 22, 320 2
2 . SO 151 11 . 25T c
iy fn which tank 1s the total pressure highest? 64 )]
[ o l ; / wC
(n)  In which tank is the partial pressure of SO, highest? 3]
) racks Took f Foo
> } e (01
ed oy ;_'J aAen
iii)  In which tank 1s the mass of al] three gases the same? 3
’_1 | r 6({- @ .]\L".’ rr{
— 6 L\, [ v {
\\; () LF '{J: f I
(iv)  Which tank has the heaviest contents? 3)
Tonk \f
3é8roujmof D 336 | > fvz‘z'@.m)...'--.«--af
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(1) Ammonia is produced by the reaction between nitrogen gas, N, and
hydrogen gas, H, Wnite a balanced equation for this reaction using smallest
whole-number coefficients for the reaction )

I\J?,@r I (j}—a ZNH= (5)

()  Write an expression for the rate of the reaction in terms of A(NHj] 2)

ANCNH=2T]

Q\a}e OF o Cho -

()  The concentration of ammonia wncreases from 0 257 M to 0.815 M 1n 900

seconds Calculate the average rate of reaction over this time interval )
chc "f »@:g»;f/M-oAZSHM
2 (900%)

=]
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The equilibrium constant for the reaction
2NO(g) + Bryg) S 2NOBr(g)
18 K.=0013 at 1000K.

(1) At this temperature, does the equilibrium favour NO and Br,, or does 1t favour

[ ', ud I

NOBr? How do you know? 4)
71 K 41 rencals domimodt ok
CLorean | II' W ) SV ey
L 1o 0 & u.:_;[/\orw\m (\/<MOM‘S MO % ‘@(

(1)  Calculate, X, for the reverse reaction, ie. for 2NOBr(g) & 2NO(g) + Bra(g)
¢))

e e evntse reman — vetie Lo fr sl emer
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What two 10ns are central to the Arrhenus definitions of acids and bases? (2
-f —_—

H ond OH
Why 15 acetic acid, CH;COOH, a Brensted-Lowry acid? e

%@ caone o1 s a jmkom(‘*'*)aomo( e I
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Chy becerme CHR00™ | as (o )4 ke ha e’ )
Given that HCIO,4 15 a strong acid, how would you classify the basicity of CIO4™  (2)
\Weak
) C(O% o Sroeg aud T &zmg 0 ook (U\JU\U e

T bage

Briefly explam the chemistry of how sulphur dioxide, SO,, contributes to the formation

of acid rain Inc]ude relevant chemlcal equanons (5)
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ROUGH WORK
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PHYSICAL CONSTANTS:
Constant Symbol Value
Atomic mass unit amu 1.66054 x107% kg
Avogadro’s number N 6 02214 x10% mol”
Boltzmann constant k 138066 x10% JK”!
Charge of an electron e 160218 x10"° C
Gas constant R 0 08206 L.atm K™' mol™
8.31451 JK™.mol”
Mass of an electron m, 548580 x10™ amu
Mass of a neutron my 1 00866 amu
Mass of a proton my, 1 00728 amu
Planck’s constant h 6626 x10™ s
Speed of Iight c 29979 x108 m s
Natural logarithm e 2.71828
CONVERSION FACTORS:
Temperature K =°C+273
Pressure 1 atm = 101 325 kPa
1 atm = 760 Torr
1 atm = 760 mmHg
1 L=1000 mL

16
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