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Section I. The following 20 questions are multiple choice. They are worth 2 marks each. You
may do rough work on your exam paper, but it will not be marked. You must mark your answers
using a soft pencil on the machine readable answer form provided. Do not forget to mark your
name and student number (vour birth date is not required).

1. All of the following processes are chemical properties of sodium, except: ﬂ1'15l'0£
i. € It's freshly cut shiny surface turns black on exposure 1o air.
Gii. P)Itis a solid at 25 °C, but changes to a liquid at 98 °C.
ili. & When a small piece is placed in water, it sizzles, and a gas is formed.
iv. & When exposed to chlorine gas it forms a compound which melts at 801 °C.
@ Its vapour (for examp]e, in streetlights) emits yellow light when an electric current is
passed through it.
a. (iii) and (iv)
b. (ijand (v)
© (i) and (v)
d. (ii), (iv) and (v)
e. (iii), (iv) and (v)

A student gradually heats some tap water in a beaker in the lab. When the water reaches 30 °C

bubbles slowly begin to form on the walls of the beaker and eventually float to the surface. At 100

°C bubbles are forming rapidly throughout the water as it boils. Which of the following statements
___ describes the composition of the bubbles at the lower temperature, and at the boiling point?

bibblea At30°C bublblesa  At100°C
R HO@ K + Ox(p)
bk |HO0@® ¥OH (g) + H' ()
©) | Mostly O; (g) and N; (g) and some Hz0 (g)/ | 120 (g)
d |H:0(® Mostly O; (g) and Nz (g), and some Hz0 (g)
eX| CO(g) + O:() XCO: (g)
3. Anion of aluminum-26, AP’ has: 4 oAl 3 = ar®

"~ a. 13 protons, 13 neutrons, and 13 electrons reuda! |
b2X13 protons, 10 neutrons, and 26 electrons
¢. 13 protons, 13 neutrons. and 16 electrons 3~ anien l‘ f“ \oe
dX10 protons, 13 neutrons, and 13 electrons
(@ 13 protons, 13 neutrons, and 10 electrons 2+ calion
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4. Which pair of elements would be most likely to form an jonic compound with each other?
_ e et
a X Phosphorus and Bromine AR AN
b.xZinc and Potassium
© Fluorine and aluminum

d.% Carbon and sulphur
e. XTitanium and zinc

5. Which of the following statements does mof correctly describe the reaction between sodi

=g :nrbumeandhyﬁudﬂur:icmid" H#,_tﬂz ¥ 1[.}-{! ._3 Hm}. uﬂﬂ'
a. fhe reaction can be classified as an acid acid-bage reaction. e
@ The reaction would not be visibly obvious, guspLEs !
¢./Fhe sodium ions would be described as spectator fons,/ Yo f(j

d.\“l‘hc reaction involves the evolution of gasy/
¢. None - all of the above statements are true.

6. Complete the following sentence: Atoms Emidelectromagnetic radiation including visible light:
a.Xwhen electrons in atoms jump from lgwer to higher energy levels. abaels £
b3 when atoms condense from a gas to a liquid
¢. X when electrons in atoms move across nodes in atomic orbitals
(@ when electrons in atoms fall from higher 1o lower energy levels.
e. X when electrons fall into the nucleus and are captured by protons.

7. Inan electron microscope, electrons are accelerated to high velocities and have associated
wavelengths suitable for “wewin§ very small objects. What is the wave usucmud with an

— clectron moving at 7.0 x 10" m s7'7 ( The mass of the electron is 9.11 x 1
o 10107 m woeth 4 point - A= h o= bR X\0 .b:) (@‘

b 10x10"m

28 =
A (E \ooo gi:
D 10x10"m

e 1.0x10"m

= ~¥0

=10

= hoxio m-
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8. Which diagram correctly represents the ground state electronic configuration of oxygen?

—_— s 2s 2p . ) Xt
M @ [HEx 6s 0+ a2

a.

b [W] nu*tss?S
@] [ [ ]x nekGs

© [T &g

e [H] BNt x s

n

9. Cunside@of the configurations shown in question 8, Which ardmet ground statey according to
~ Hund’s rule?
a. Configurations a, ¢, d and e.
b. Configuration b only.
c. Configurations a, d and e.
d. Configuration a only.
@ Configurations b and c.

10. By what name are the elements of group 17 of the periodic table known?
a. The chalcogens T 2
o« Gf'
b. The acid gases
¢. The actinides
@ The halogens

¢. The fluorinoids

11. An element has the following sequence of ionization energies:
X - X 1E=737kImol &
X" - X LE.=1450kImol” eary h loxc J€
X* o5 X 1E=7320mol" Lad b lose d
— Which of the following elements is it? -

a. Hydrogen

b. Sodium

() Magnesium

d. Aluminum

e. Argon

—
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12. What kind of oxides would be compounds such as NO,, P,0<\ S . be?
(&) Acidic oxides 5 &S

NM  ox SO, +Hao M Hato
b. ®lonic oxides T )", :
¢. Neutral oxides
d. Basic oxides

e Bionic oxides

__13. What s the H" concentration in hydrochloric acid with a pH of 2.30?
- e pH= ~log (1?]

(B 0.0050 M - pH
. 1.99x10°M (htl=lo <
df 230 M = O g
e. 0.0030M FS5.0x0

14. Crystals of ionic compounds are held together by electrostatic forces. Which of the following
statements characterize the potential energy associated with these forces?

Directly proportional to the pmg;lf( of the charges on the ions, and invcr!@-}f proportional to the
distance between them.

b. Directly proportional to the product of the charges on the ions, and diﬁcﬂy proportional to the
distance between them.

¢.XInversely proportional to the product of the charges on the ions, and directly proportional to the
distance between them.

d X Inversely proportional to the product of the charges on the ions, and directly proportional to the
distance between them.

e. Directly proportional to the é of the charges on the ions and directly proportional to the
distance between them.
15. In the compounds indicated, which pair of elements would participate in the
bond?
a. The two nitrogen atoms in HAN=N+H (g)
b. The two oxygen atoms in H-@-H (1]
¢. The fluorine atoms ir@{g)
dX Cesium and chlorine in CsCl (st € $=woets & poid
(© silicon and carbon in CISICHa ()« coneci (worth 2)
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lﬁm of nitrogen gas are heated from 20 °C to 350 °C while the volumg is kept constant. How
o 2
does the density of the nitrogen change? o‘(._, m P w
It stays the same.

b. Itincreases. R w

¢. Itdecreases.
d. Because nitrogen is a gas, it has zero density.
e. There is not enough information given to answer the question.

17. What is the concentration of hl iaﬁinnsoluliun prepared by di ing 8.3 g of CoCl; in 125
L of H;O? C T
: ;ﬂl;M c{[} 2 C& i
a. 0.
R B0

b. 0.050 M &
AT 2!
¢ 0.15M T S ?II 1(

d. 040 Mg wunith ﬂ.flt n* a‘ngﬂzak
@® 12Mecnd {z?ﬂ

18. Which of the following diagram(s) represents orbital(s) where the quantum number, £ = 17

in OV L
- LM .

a) Orbital (i)
(b)) Orbital (ii)
¢) Orbitals (i) and (ii)
d) Orbitals (iii) and (iv)
¢) All of them

19. Which of the classifications below apply to the reaction of copper(Il) oxide with hydrogen?
Codfe) + Hlg) — Cuts + 1400
a) Acid - base
b) Precipitation
{€)) Oxidation reduction (redox)
d) Gas-forming
¢) None of the above
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20. Nitric oxide and oxygen react together to form nitrogen dioxide according to the reaction shown

below:
@0 G ~ 2N0: @

Consider the initial mixture of reactants shown below. Which of the outcomes shown after the
reaction arrow best represents the reaction mixture afier the reactants have reacted as completely as

possible? A

ex. Any of the above.

Y ou may use this space for rough work
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Section Il. The following 6 questions require short answers and should be answered in the space
provided on this paper.

21. (3 marks) Provide the missing name or formula for each substance below: 0-5 ach (0.25 fges """s"-“"h"‘\-’

Fesoy (FE).(59% )3 _ iron () sulfate ok fecdc sulphate
NaHPO: (Ne)s2 (Hiog*)¢! _ Sodum  hydrogea phosphate

The acid found in vinegar acetic acid CHa (oo 2 H HCGHa0,
dichlorine heptoxide Guedectlfan)

_@qu__ ammonium carbonate Clanic  ~HEY and (0,27)
_NaHCO: “baking soda"eg Sedium bycarbonate

22. {6 marks) Imagine that ag'aqueous solution containing a particular cation (dark sphere) is mix

with a solution containing a parficutar _L%}. Three possible outcomes are shown
below dl‘g arrow. 1h'-ﬁ’h.i::h outcome corresponds Lo of the following initial mixtures?

} (€) 2Ag'(aq)+ S (ag)»  A9,S (PRECIITATION)

Which initial mixture

Hao's wat shown
Hw;:-q e would give the ou Explain briefly.
3 look like yscs? s At . —
e Eucnffhu femains m sdution W

@ NayCOs cag) Lo s i

= Na,C03 ic a Soluble satt W
(because alkal metnl cation)

) Bacfuqrsj*-{ Pf&u,:ljhk withh excess Calions

ﬁiﬁ::‘: 9 " " + eXCres &‘2'*:3? vy Sufe_nfnw 5a!ufrﬂnqw/

solid £ = BaCrly 15 an msa!:ab{‘; § U
and only reguines |2 ton o

S b tate e =

: = Ag:S & an insolutfe Salhy

i/ f and reguwied a 25| ron ratio)]

o all Tona waed up (wo éXcedd

: R #f wrong MW} max ﬂﬂ'm
) " [ f
TR ol el

.Ldl_-g—‘
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not mﬁwfﬁ'h be fectihly ooy -
23. (4 marks) Explain sodium is a strong reducing agent. Provide one example of a balanced
equation :I]usuming this behaviour. C

De-nﬂe !"EJ.u r-ll‘tj a‘iel"d' =

E& @* Sodium metal Nags) is very good ef dong fhis (Tosing eleckonn)

@\x Naz lst2s? Zfb %5 —> Na': I'slz.f& 35 L T (\,I/)
() Zﬂﬁ‘! s '“’”J (X)) noble qas configueatin, very stabde .
EKW \ :ﬁ;f; :‘]‘:i':j hel 3@‘] Z:ff{:';i; 2’{; +‘::ﬂ":'°hll“j Ha a2
'ZNCICS"J + ?.HLO{H — ZNﬂOHuﬂ + Hzﬂg)

-

24, (5 marks) When SO; gains two electrons, SO forms,
(a) Which pictures below best illustrates the change in molecular geometry around 87 Why?

50; S0;*

electren F““"
« gbCerved |

Oh = O "h"ld’fa.&.f- rl-‘.as.r ‘;

reep 1
@.’% Vs @

I >

4

%o
%o
—e
e

@ 3 g dbgarved ;
(b) Does molecular polarity change during this reaction? Explain bri eﬂy
Plamar i s pon - plemar
-. I.T_'-n-'- r Y _ 1
. s Sos plar
s l? CM _f:* : d‘/o hJ.— Zie
G(S“}U : O'{jfs‘:n chm ced

Smpr e
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25, (8 marks) Furmhnfﬂt:diagmmheluw,mkiunﬂﬂrmissinghm-pain and formal charges
where appropriate. Do not change the mimber of bonds, and respect the charges on the species
shown to their left. Supply the information requested in the right-hand column.

Charge | Lewis Structure

Ty {a) Electron pair (basic) geometry

' "ﬁ i E?ol-d-cd_af @

ZETO '.F""XE"" 13:‘ (b) Molecular {observed) geometry @
F: . Sfhbet~ P?rwrid :

ot " | (&) Xenon hylg:jd{zaﬁnn @

@ sp

et @ (2) Total number of equivalent structures including this um:_@ll
| 3
-2 H _ﬁj'_fj" (b) Average phmhniﬂxygm bond order @
I3
4 OQ () Average charge on oxygen
%

26. (4 marks) The molecule tetracyanoethylene has been used in attempts to synthesis organic
superconducting materials. Its structure is shown below.

N N' ) How many sigma (o) bonds does it nunqtnin (in total)? @
W W ‘
S

% C/ b) How many pi (=) bonds does it contain (in total)?
- o
C C c) Is this molecule polar, or non-polar?
""4? \'Q‘N pon -~ ptlﬁ.f
‘N. **- . d) Sketch how two p-orbitals overlap to form a - bond. @

T
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Section 1. Answer the following 2 problems with complete written answers on the exam 5
Use the backs of the pages if vou need more space. Be sure to mrﬂe@f
“details 1o j CONF BHSWETS, :
s > if wet: C3)
27. (8 marks) The foul odour of rancid butter is due largely to butyric acid, a compound containing

carbon, hydrogen and oxygen. Combustion analysis of a 4,30 g sample of butyric acid produced 8.59
gof €O and 3.52 g of H:0. Find the empirical formula of butyric acid.

I

| joole : '
H!,J)C‘KH'-JOE + ’;O; -i_l?_—-} L0, *+ H’-‘:‘D
bu’rﬂf.'c acid eNCR4A carbon dicwide waker
{ f; t‘r|='+-3ﬂ‘j W m= ﬂﬁj - m=3.52g
“cmf'::a:c:l ot um=tdo1a | MM=i¥.02 3 ‘;W
T 0 bt w* o el | e
- f‘ﬂ!\t m ﬂ"'l. J‘,n = ﬂ q fi'l f( -ﬂﬂ;__?l_

o Euery € abm & H atom i poducts came fom butyric aadd/ (explandion
5 E;',Uf'.l‘f o, tontams | ¢ =D ¥, = # Neo, = 0.1852 mel € atoms

Every B0 conteins 2H =D F AL = Tx N, o= 0.3 mol H atoms\y

(X
mc_IH}_ﬂi = M, + W+ M, *ﬁ;‘uhmﬂmlﬁ

Y M containg ﬂﬁm afbm ¢ '..u{fg"n +hem 5 Aiffecence ]

. m_ = ME;H?U; = "“; Ol MH

an 0 ;
: we‘g v‘{ 8
D‘le’*& i 505 - (\U-F‘?Tlrrg'l! 12, oM :—: :_) - (ﬂ. 3900 mg'. % l,oo7q r-le)
e "-|'3|Jj = Ey-jsﬂ = 03?343

3 \ My = 1.5¢| 9 O alowms in Sdmyrl_p_ )}-/ fﬁ

Cown - |

Weme| ®N, = 1S61g0 il v

- 15 9496 q/mel D
=

7.5 -g__mp-.'ricﬁl fuemula =
¢ = 01952 molC
S

ﬂ}. B . 2 4 i
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28. (12 marks) Coal typically contains about 1.6 % sulfur by mass. When coal is burned, the sulfur is
converted to sulfur dioxide. To prevent air pollution, coal-bumning power plants treat this sulfur
dioxide with calcium oxide (Ca0) to form calcium sulfite (CaSOs):

S0x(g) + CaO(s) — CaSOs(s)

a) Show that the daily mass (in kg) of CaO needed by a power plant that uses 6.60 x 10° kg of coal

per day is 1.8 x 10° kg.
Mass o Slphr dined = 660 ¥16° X L6 vipDO - [ 05k WDE’@
100
b

Miples .,{i siwlphur  burned = r’»t::rérm‘r: 2293 x10~ Mol
3207
C Lurnad

Moles o’{ E'.r'I,Ln-_r' Aioxidds iNW‘Lu{EC!' = MJL!.T“E
2,242 ¥10° msl

"

{:R(f:‘ needed = Mt._r ,_‘ﬂ:}l = 2.29FT X0 ,.,._1{ I

Mole ¢ r-“[
M;r:.g Ca© rteded = Z#ﬂ.qufﬂar(qg.nﬁ.‘!.rﬂ.w)
| ¥
-2 3-1?3:-.*0"‘-; st-0¢ = [E47xI0 ? @
o | x10° kg
T RED

Pi:rcrr r:fma,ﬁm: u..-&r.:

gc-[—.{ Sofors L
Rl .

b) Without this treatment, what volume of SO; gas (at 25 °C and 1 atm) would have been emitted
into the air per day? (Fv-ﬂtj ",LH' 1::‘;;}
Use PY=nRT P pessere (6b8) Vobwne (L) 75757 2

T feep (&) R = 00f206 Lok K

@. ne ranher o 5

_-____‘“" \V 2 3&?3 rjuc' o DiO'E.?.D-':- k’_?—‘fl& Y 2 If_u'? P




