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PLEASE READ THIS BOX WHILE WAITING TO START

INSTRUCTIONS:

Calculators are permitted; cell phones and other electronic devices are not allowed.
This test paper includes 8 pages, please read over the whole test before starting.
Potentially useful information and a periodic table (incomplete) are included.

You may detach the periodic table page for easier reference if you wish.

Please write clearly and organize your work logically.

Read the instructions to each section carefully.
Duration: 70 minutes. GOOD LUCK!
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PART A: ONLY YOUR FINAL ANSWER WILL BE MARKED

# 1. (2 marks) The figures below represent four samples of gas-phase matter. Which figure represents a
mixture of an element and a compound?

a)
b)
c

e)

A
B
c
D

They all do.

A & ® |B e C.ﬁ"naﬂr a,.!
2 (¥ o
@ 9|0 ® Q“‘ . J ‘
]
> ® ® o ‘ @® @ L @ |
Compound elepeantr elerment Cormpound ¢ eloment

# 2. (2 marks) Consider the following statement: “The total mass of materials is not affected by a chemical
change of those materials." What kind of statement is this?

B

a)
®
c)
d)
e)

a theory

a natural law
an experiment
an observation
a measurement

# 3. (2 marks) The statements below summarize various scientists’ contributions to the understanding of
atomic structure. Which statement incorrectly describes the ?Plentlat s work?

€

aT
b) T

3

The Curies ﬁ

radioactive decay.

J. Dalton proposed his atum

same element are identical
c) T J.J. Thomson proposed the plum-puddi model of the atom, based on his cathc:-de-ra tube
) pro -pudding y

experiments.
T" E. Rutherford proposed the nuclear model of the atom, based on his gol

howed that atoms are made of smaller particles, based on their observations of

i‘é theory, in which he (incorrectly) postulated that all atoms of the

c{ foil experiments.

F R. Millikan determined the charge and mass of the p;gégn using his “oil-drpp” experiments.

# 4. (2 marks) The reaction between reactant A (smaller spheres) and reactant B (larger spheres) is shown
in the diagram. Based on the diagram, which equation best describes the reaction?

a)
b)
c

e)

A+ B;
A + Eg
A, +4B
A, + B
2A + B,

-+ AB
g AE-:
- 2 AB:
- AB
— 2AB;

VO e~ r-é U

Thewn -

4A, + 48— UAzH
et roms

Pt B2 ARG

o 9=
.H:g 0#1. ‘;;‘

# 5. (2 marks) What is the concentration of sulfate ions in a 2.0 M solution of Mn2(SQ.); ?

A

Y

b)
c)
d)
e)

6.0 moliL
4.0 moliL
3.0 mol/lL
2.0 moliL
1.0 moliL

]

3¢ -
m":t {S{Jl'-nj Lag) - L Wi &,‘r] + 3 S@lf Cﬂ?,:'

2.0 o) $ome) 60 mol
L L L
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# 6. (4 marks) Identify the following statements as true or false. (Circle T or F.)
@J‘ F Manganese (Mn) is classified as a transition metal.
T I(F) The release or absorption of heat always indicates a chemical change. wiit abowt phase ¢ fm"’jf’-"?
@I F A hydrated compound is an ionic compound with water molecules in its crystal.

TI @ A temperature change will be greater if expressed in Kelvins compared to Celsius.
AT ame .

# 7. (4 marks) Fill in the blanks:

a) An element that tends to gain electrons in reactions is: . F—L ) O,
- b) The number of neutrons in a *'P (phosphorus-31) atom is: 3 = 1S " = B
c) The melting point of lead (327.46°C) on the Kelvin scale is: 317,49+ 2336 = E0o.6l K

d) Anexample of a lab technique used to separate mixtures is: £t cakon, Aistillation 3
f.]-\fmﬂa‘f's'ﬂfﬁtah Y-

#8. 4 ite the missi formula, and i :
( marks:_Ma he mlag:gﬁ’name or formula, and classify each substang?:t‘:!‘tyﬁ‘h

=all ar i i

—— —_——— = — —_——-— = = p———

! Substance name Substance formuls | || lonic or molecuise substance? |
o rhﬂl-'h'ﬁjey'\ tetroxide N2O, mole cedar

potassium hydrogen phosphate K2 HPO, lenic

Cobalt (T0) nitrate Co(NOs)s loni'c

ammonium sulfide (N Hy ) 29 l'evi'c

# 9. (3 marks) Determine the volume (mL) of liquid present in each graduated cylinder, and report your
measurements with the correct number of significant figures for the equipment. Next, add the two
- volumes together, and indicate what determined the number of significant figures in the total volume.

Volume A: p Volume B: 25" Total volume & comments (a few words!):
(.31 mL Y % Y. lmt (7) .. (5
T 98) 4.3 g?} Tota

|

O

mi

ulmiin:iiu

ol |

| bty
from - eshmate (evel S et £ AP
47 between Scale e B |
dwvisions X plam '..“ %
3 ,'.}". . Fb( OA_[}LV‘IT.OI‘-, 'SF ale
v limided Yy # of decval
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# 10. (4 marks) Glycerol, C;HsO;, is a substance used extensively in the manufacture of cosmetics,
foodstuffs, antifreeze and plastics. Glycerol is a water-soluble liquid with a density of 1.2656 g/mL at
15°C. Calculate the molarity of a solution of glycerol made by dissolving 30.00 mL of glycerol at 15°C
in enough water to make 250.00 mL of solution. coludie ;

r-':“oiarl'ﬁi'_' onctnteztion in moles o , \/ ks Tl

L__,. &——Co |_1_,._+| o v

o Find * o) glyeero! (solute), « povided by the 30.00mL wied -
A= m = m=dxVv s (LSt 2 (3g,pon.l.j

L[
¥ = 33.68 g'qyeenel dissolved
and n=MmE =) n= 3% 6By —0.25 & ony 1
q Mm a2, 01% g mel "W \ o g 0 gt A4

= @.‘%123"':\.‘»0! -H’i-'jc.bwf JA"EEDJU‘EJ
e Calom,l-a}e Cﬂﬂtmﬁa'l_'\ﬂn howd '{"r\ﬁj‘ -f"tnli_j' j‘:l’ M{;r 13 In JSG.DG:‘PIL

c’:ﬂ = D."HZ.’J W“-‘Lj!ﬂ_w"; 'ag_ODOML =< I 3
Vv 0.25000 L- sewhim WX 1000 mL
L = 49 ml/Lv{ [—0.25 i€ SF error |

[c = 1,649 M )&= 4 F due %o Vaghearoi uded (¢ cules)

# 11. (4 marks) When elemental calcium reacts with elemental chiorine, a white solid is formed.
Cacs) (eack Wit Cleqy =D nedher chauged yet.
) (1 mark) Is the product ionic or molecular in nature? How do you know?

|. lonic because Ca= mefed >(3.l;wv-1: 11':40( enic (L‘f“ft;u-‘cf"

L, = nonmeta a e Yansfer t foran ons)
b) (1 mark) Write a balanced chemical equation for this reaction. o NO cha rge s unhl) ’
Lf. l’a-l-oml;‘ w3 bafance .

c) (2 marks) Briefly explain the concept of electroneutrality and how it helped you determine the
formula of the compound formed in the above reaction.
0

electo nlaate ¢ tolad ckow.sﬁ' o 1ONS I An fl"“"llc-{f‘wrt:-ukfji
crystel muut belance eut o gilld o
nevdkand Suwliatance ever alf

- - v
Since Ca § @en Akald 2oty metnf, 1F lotes Dol Yo bt G~
¢ty s & hologen, each € « Jans e Yo form CL~

: G e N s old 2 newdrald Pormanda
%\ R &> @ > &) Catly

—— = I =
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PART C: Problems - SHOW COMPLETE WORK TO GET FULL CREDI

#12. (8 marks) The minerals calcite (CaCOs), magnesite (MgCO,) and dolomite (1:1 CaCOx:MgCOs)
decompose when strongly heated to form the corresponding metal oxide(s) and carbon dioxide gas.
A 1.000 g sample known to be one of these minerals was sirongly-heated and 0.477 g of CO. was obtained.

-

Which of the three minerals was it?
Include balanced chemical equation] and explanato nts at each step of your calculation
oPTion C& CQJ s1 —— (:aoﬁ} *+ CO;z (g1 v
M= (000 M= 0.47%F .
- m~ 0:%477g #pn_ = 0.0logH
My = 100-09 Efm"’( [HM = 44 0| u:,fm'fl o, mol CO
\ 2
Fornaed

@ The reacHon <toichi *'H\f mckicates a - rehic betuween €Oy ‘E’.‘ﬂ‘i—!‘

+ é CaCO;  consumed o, 1§ our I-j pmneal fclmriﬁ we s Galedke,

@ YV mast have comfained ©-01084  mol of Cacos

+ Lebs chedk t #0 ., = looog = 99930 mel ¥

@ leo. o9 j-mﬂl" Aeose but not 0, V0% we
V( o ?rnlgnlqu net ealeds -

OfTioNy Mﬁﬂﬂgm _— Mf‘}ofh - CDNﬂ}

mn= I.Uﬂﬂj
)| MM = B30 glmel 1
@ L= 0,019 wol’ &= Stmilady, likely net mdﬂnts‘ﬁf o

(]

of

-

O CacOy’ MyCOs
ﬁ - -
he. CaMgloy)a ) —> Calsy * MqOg, + 2 COa¢sy

—

m= LeoD g F

Mm = (84,903 §/molV, @

 n= 5.423 5> mel & But, get 2x Hiat mach C877 7. 0.01085m)
-4 since | dolomaite + 4004 s

e Yhe mineral = DOLC‘H'ITE/

& Bete force mathod " (le 4ol - amd-20or), lout it simple .
Could alko do & via cnlﬂuloA'r\j -Ehﬁpf¢4i§pJ !ﬁ'-'f:‘-lia{ C,E:.l
Cach (dmost same 23 done hete, M ethar Adire chion F 'Hf'hm'lq»—g)

[ - e B

G @ o

G




@ 3 gossibilities s
Codat s CaCOy ey —A— Calcs, + WOy
W‘: Hj m;‘ c3) _'m!__‘a Mﬂ 0{5] 7 (:4{;12_ tT
- L H M
dpea“ﬂ.ﬁAtQ, ' &Mﬂ{%}l E3E= &D{g] + Hjﬂﬂs:l R e ‘-ﬁ"ﬁ

Qm-nrle releases 0.4731g CO, v'a citfc.Mfgt:'h'w (r.e. ol atoms
R CO, Camg olirtdl'j e the  minecell L}.:;e.-lﬂ—). 'ﬂwsj

Lawn t‘lhﬁ-ﬁ-n,( moars G CO, i eack minevad +r j'rti’_nﬁfj o

Calete 5 Hl“"‘.{.ﬂz XIE&D?« = j‘f_L_ X |lwe?, = Y% o 7
MM caco, lv0.09 '

MM Mg CO3 4.313

‘l 4 : @Mcﬂt)x.;',_i\ xio?. = 98.4d x 007 = 4377,
MM corig oy, \ 134 40

* b)
becaust -

and  oua ﬂa«m?kq way o I 0003 el 0-‘???5 L, = y3.37
liccog Ml €O

| Tha “ He minecal was DCLoMITE |




Carbinate  heak
@ Myneral

————— mekal oxde +

CO2eqy
“5"]__?-"‘- AL U R ) 1SS (R 3 f,q"h‘&
MM = MM M, M= 4. of glmef
metal (en ‘mtt’; RN *?;5 V.4
Ca, Mg or CatHg N, = 04Tl =0.0I08Y
' S
q"fﬂlj!mnl mafc-ﬂ:
/e G'l’bl:c.hfamt“'r-.’ indveates ["Co. % | M CO, CIfwerE‘!
:.. ﬂng = 0-‘:"!0'8* hlﬂ{? 'Elfﬁ'ﬂ
qiven ™ = oo s
P MMNEU-; = |.ovo 4 =

0.010%Y4 mel

NMM?‘* = 92,15] - MM{EJ- = 92.251- 60.008 VL/

= 32:2%3 jfmn-l of Mm*

NeTE>  If muel s C.a.lu.‘tl M= Ca " B’gjfmnl @v/
maﬁ‘ﬁt'it'}"‘t M - Mﬁzf ok, 3053}.“@] @ ‘/

what if s dolomite @ | CacOy | i har(l |
w‘;ﬁwvw’-—ﬂi_‘ C«C’-Mﬂfﬂoﬂg_f&} J@E < hn'.l'-'ﬂ
‘WE) : {v()
e + (40.0%) + -5-(14-3::5
( , 3249 gl & (V)
Anothar povot that it's dolomite
% s M‘j (cos)e ¢y 2 (al,

Eqn
- Mﬁoﬂh . J'C-Glcﬂ e
® M= |84 . 4ol J;m(,,f) s
!{-1“‘ m= l\ooo 9 L
= 5423 x10 mnld e dolomide =

a COs via I"-E'.qt?'l\ﬂ'n
:- nc_ol (-.!',3{5 "fz,.}m.u mni-) T;: v OlO8S maol Ce,

chsevved :&mwl-}-l—yg

—
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# 13. (12 marks) One of the steps in the commercial process for converting ammonia to nitric acid involves
the conversion of ammonia to nitrogen menoxide:

4 NHa(g) + 5 Oz(g) = 4 NO(g) + 6 H,0(g)
In a certain experiment, imagine you mix 2.85 g of NH; with 2.50 g of O, and obtain |e|d
a) (10 marks) How many grams of NO form? Show all work & include explanatory comments.

© Fiest muet rqle,n-]fF}f hmrl.nﬁ (eactant : (several ways o show this. )

Student 1D #:

HM-‘C : HHHi = ztgg 9 = 0.1673 me) Pfise‘.n‘i' in Lo
17031 g/met Ny = 2.1
: oy |
n 0, = 2.S50g = 0. 0:}’}!3 o) (Mf 5eJ idien )
Need = Npu; - A fvom txa shoich, = 0-8Wradic nieded
no, ) I
CDQ?a.rve,‘: m ordar fo use all Hae O , we need 0.8 x @ much NH;

ord we bhoue 1.14{}a4 auch 2o exceas NH3 v

S IR=D, Vv

@ Now Can cal telode Heorefical ‘Hielcll bade dv/on ;,m,i.m;} u]p‘ﬂ\.ﬁm

CU@ 5 mel .D = L R
- ‘/J;or e x=|})p0lozsomof’ N
we have 0,078 mo| K mol NO
“:',. WMass O'F NO 'FWMQ::; B n;cMM 5
= (006250 mA)( B oS /ma)
© =1.%9%5 9
Som = L8, 3Sp(ansmmaudn}n
i l Lo ) 'é: ovidke A

b) (2 marks) Calculate hc:;y m
e Unreacted NH,

uch excess reactant remains after the reaction is complete.
o”ﬂlan NHy — amount NH3; centumed
_

= OB mel (ol NS o 5l W wed
AS mel O 0. d
k 28,105 wol I P

f—

=" 0.0Lb250 mol NH
O\f convert o mgss < L3R 3 \efaes NHz # ¢ i :




