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SECTION I - Machine graded section (Total value 42 marks)
Select the best answer and encode it on the Optical Score Sheet

iz What is the mass percent of each element in sulfuric acid, H>SO4?
Molar mass of W,50, = 98.086
2.055% H, 32.70% S, 65.25% O

b. 1.028% H, 32.69% S, 66.28% O ZH 2 Sle Lo 10887
28.57% H, 14.29% S, 57.17% O 98.086

L i 9 729 259 o o,

d. 1.028% H, 33.72% S, 65.25% O i 22.07 w oo = 30,7079
e. 2.016% H, 32.07% S, 65.91% O 98.086

o i o,

70 = G402 400 = 65.25 4
98.086

1o

A student analyzed a first-order reaction and obtained the graph below. Unfortunately, the student

forgot to label the axes. What are the correct labels for the x and y axes?

‘\\

X axis = time, y axis = In[A]
b. xaxis = In[time], y axis = [A]
c. xaxis = In[time], y axis = [A]
d. x axis=time, y axis = 1/[A]

e. xaxis= l/time, y axis = 1/[A]



3. According to the collision theory, which one of the following does NOT affect the rate of a reaction:

a temperature
b the speed of colliding particles
@ AH of the overall reaction
d the orientation of colliding particles

e the frequency with which particles collide

4. Nitrogen dioxide reacts with carbon monoxide to produce nitrogen monoxide and carbon dioxide.
NOx(g) + CO(g) - NO(g) + COx(g)
A proposed mechanism for this reaction is:
2 NOs(g) — 'v(— NO;(g) +NO(g) (fast, equilibrium)
NOs(g) + CO(g) - NOx(g) + COx(g) (slow)

What is a rate law that is consistent with the proposed mechanism?

ROJ— = kz_ [NO3] [CO]

rate = k [NO,J* [CO] [NO] ™ i
NO.\| = NO
b. rate = k [NO;J[CO] KiNoJ = K.y [Nos)ING)
2.
c. rate =k [NO,] [CO] (N 03] % ko (Noy)
d. rate =k [NO;] [COJ? K_| [NO.)

e. rate =k [NO,J?

Rale= k, . ki ENOJ .{co)  or k[x\\o,j(m][:«il
k2 )

5. At 25 °C, the equilibrium constant for the autoionization of water is Ky, = 1.0 x 10-14, At 50 5 &

Kw=55x 10-14, Determine AH for the autoionization of water.

= —\4 AH
ti (s..s e ) ; e Yig

a.  -55kJmol’ Y 2.314 Jmel K ‘2.98 323

=3 —q
N In (5.9 = Al (1.6x0 )
©  55kImol’ <.31

1 _S'
: :115;):;:;_, \. ToT = AH x 312710

AH = 54517 lmer?:\ or §K§ KJMOJZ,"
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At 500 °C, K, for the reaction: N> +3Hy = 2NHj3 isKe=6.0x 10-2. The numerical

value of K, at this temperature is:

Yu
1.5x 10-5 kP = kc (RT)A
2.5x 103 T B
1.1x 109 = 6.0x10 (0.0820Sx773)
2.0x 105 .5 i .
1.5 x 109 = 600 (63.42) = 1.5%0

An evacuated 2.0 L flask was filled with 0.10 moles SO3(g) and 0.20 moles of NO (g). The following
reaction was allowed to come to equilibrium: SO3(g) + NO (g) = SO2(g) + NO2(g)

If K for this reaction is 0.50, the equilibrium concentration of SO2(g) is:

SO, » NO = 50, &+ WO
0.056 M 0.05 —x o.10 -2 x x>
0.021 M
0.047 M Ke = () () = 080
0.035 M ©.0S-%)(0.10-%)
0.028 M 'usma@ua.c\. &Uz\_ % = [50,)=0.028M

Colgate PreviDent™ toothpaste contains 1.0 mass percent NaF. Given that HF is a weak acid with K, =

6.8 x 10-4, what mass of PreviDent™ toothpaste would have to be dissolved in pure water to give a total

volume of 1.00 L of a solution with pH = 7.9? ‘)OH =64 - {OH ’] - 194328 7\‘67

F al,Oc=HF+x0oHl" Colgate'
210 — 14 & - -2
5 K,= Loxlo — .5 & F = 4.292268r0 malas
& 68x0t F-x
49¢ =
82g % Na F - W\O\("6 OS F % molar Massog Nalt - \.88
180 g [A.LQLZGB 74167' x 4l 9}

whicdh 15 “Z Og fhe \”00‘17\(3051—1 ’o Mass= V.8« 400
:1803
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In which of the following solutions would you expect LiF to be the most soluble given that Ksp for LiF

is 1.7x 10-32

100.0 mL of pure water
100.0 mL of 1.0 M HCI
100.0 mL of 1.0 M CH3CO2H

100.0 mL 0f 1.0 M NH3
100.0 mL of 1.0 M NaOH

What is the resulting pH when 50.00 mL of 0.10 M HCl is added to a buffer prepared by combining

0.100 moles of acetic acid and 0.110 moles of sodium acetate with 500 mL of pure water? K, for acetic

acid is 1.8 x 10-3. 9. -
moles o{ HCL added = 5.0 xlO moles
4.74 i *  REOD == PMAEcOW
4.83 [ﬂ o o % o.{co
4.60 [C-) ~ 5.0%10 S + #sS.0%i0 .
5.12 B::] o.{1o-5.0xlo o.1loc0 + 5.0xl0
4.42 0.55 0.55
= 0.191 M = 0491 M
pH = plq+ fog [acod [AcoT . pH=plea= 4Th4

(Ac ouj

Methyl orange is an acid-base indicator whlch undergoes a colour change from pink at pH < 3.2 to

orange at pH > 4.4. Which of the following titrations would this indicator be the most suitable for?

50.0 mL of 0.1 M acetic acid (K = 1.8 x 10-5) is titrated with 0.1 M NaOH?

50.0 mL of 0.1 M pyruvic acid (K3=3.3 i10'3) is titrated with NaOH?
50.0 mL of 0.1 M NaOH is titrated witlsg.‘l M HCI
50.0 mL of 0.1 M pyrrolidine (K =é2.(?3x 10-3) is titrated with 0.1 M HCl

50.0 mL of 0.1 M hypochlorite (Ky, = 3.5 x 10-7) is titrated with 0.1 M HCI

Gy



12.

I3

CaSOy4 has Kgp = 2.4 x 10-5 while BaSO4 has K¢, = 1.1 x 10-10, Determine the equilibrium constant,
4 sp B sp

K¢, for the reaction: CaSOy(s) + Ba2™(aq) = Ca2*(aq) + BaSOy4(s)

P2 By 25
S Ca SO, sy = Ca @q) * SO, (aq)) 2 Axlo
2.4x 10-5 B £ 501/' i B \/ —\o
1.1x 10-10 G+ hBR) E SE S g 08) e

-6 Ry 2+ ,

44x 10 X Ca SO, )+ Ba @q) = Ca @gp+ BaSO, &)
2.64x 10

et
= 9.4 w0 /4\1 x\o—\o
- 1.\8><\ob

Standard potentials at 25 °C which may be used in Questions 13 to 15 and 24

104~ +2H' + 2e- =103+ Hy0 E°=1.589 V
MnOy~ + 8H™ + 4~ == Mn2* + 4H,0 B2=1501V
Chh(g) 2 — 2Cl(aq) E2=1.360V
Fe3t + le- = Fe2t E°=0.771V
2HT +2¢” == H)(g) E°=0.000 V
HCO2H + 2H* + 2e- == H,CO + Hy0 8= G020V
Pb2t + 2e- == Pb(s) E°=-0.126 V

Which species is the strongest oxidizing agent under standard conditions?

Pb(s)
104-
Pb2+
103~
HyO



14.

15.

ol
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16.

=@

B

Determine the equilibrium constant for the reaction between 104~ and Fe2+.
pg )

E = 1.589_o0.77l = 0.818 V
4.32 x 1027 o 509
0.0
1.00 x 1012 k- ) ’6’2 K
0.57x 1013
1.00 x 106 il 5 = /&jk—
5.76 x 1019 e

27
&?k s VFE3E & K = 43230

What is the potential of the following cell?

Pb | Pb2¥(0.200 M) || C1-(0.200M) | Clx(g, 0.400 atm.) | Pt
o

CZL(5)+2e'go,ce—é> 1.360V E Ez E -L,

1.26 V N —— okl ¥ 126\/ = 1.486
s Pﬁ(s) = Pb(a_q/).;.ae =0 8 g
149V = ,0 0.0592 Q _ (0.200)(0.200>
154V BB 2 Kﬁ S ©.400)

1.23V

- 4.4“86—(’0.03-03) = 4.54V

Metal objects are often plated with thin films of gold by making them the cathode in an electrolysis bath
containing cyanide and Au(III). The plating reaction is: Au(CN)4~ + 3¢~ == Au(s) + 4CN-. How

much time is required to electroplate 10.0 mg of gold onto a metal object employing a constant current
of 100 mA?

147 seconds c.cfo 9 = 5.O76><|55M0'£ Agx 3e = I.523><1_o‘ir
49.0 seconds 9% ama-e’l meles €
73.5 seconds 2
212 seconds /I.523 %10 % 96500 = [|# 695
196 seconds

/4695 _ 4T s {'fo(/'mA = O-{oA'l

o.10 A
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A single pulse of a laser yields an average of 5.00 x 10'® photons with A = 633 nm. If melting ice to

water at 0 °C requires 6.01 kJ/mol, what is the fewest number of laser pulses needed to melt 1.00 g of
ice? [ 34

3
k-!‘ (5. = hc/k: 6.626xlo0 Js x%‘;998xlo m. o 1.5%109 J
6.33 %0 w

383
- nice = 1.00 /18016 = ©.05S551 moles
212
e 3 s
38 £k mell 19 1ce= 6.0/ x10 Jmel x0.0S551 mole = 33359

21 # of Nidoes = 333.59 /; 5709 = 212

Which response lists all the true statements about the four quantum numbers?
18 n = principal quantum number, n=1,23;. ..

. [ = angular momentum quantum number, /=0,1,2.3,.. ., (n+1)
II.  mj=magnetic quantum number, mj= (=), ...,0,. .., (+])

IV.  mg = spin quantum number, mg==%1/2

I, II, and III
L, I1I, and IV
I, II, and IV
ITand I
ITand IV

An element with the outermost electron configuration

1 e )
ns np
could be
82Pb
40Zr
42Mo 2 R 2 B o Lok
34Se 13 25 98 353p 3d  #4s 4p

19K ~



20.  What compound will not exhibit hydrogen bonding in the liquid state?

a. CH;—CH,—CH>—OH
b CH;—CH,—NH;
© CH;—CH,—Br
d CH;—NH—CHj;
. NH>—O—H
21. It is thought that the strongest intermolecular forces between molecules of HCI are

covalent bonds.
dipole-dipole interactions.
ionic bonds.

hydrogen bonds.

o oo (@e

London forces.

*********************END OF MULTIPLE CHOICE QUESTIONS SECTION******************



SECTION II: Fill-in-the-blanks and long answer questions. (Total value 30 marks)

Write your answers in ink in the space provided.

22. Fill-in-the-blanks. 10 marks

a. Nitroglycerine decomposes violently according to the chemical equation below. What mass of carbon
dioxide gas is produced from the decomposition of 5.00 g C3Hs(NOs3)5?

4 C3H5(NO;3)3(£) — 12 COa(g) + 6 Na(g) +10 H,O(g) + O2(g)

(5.00/255.084)(12/4)(44.1)=293¢ 293 g

b. If 5.15 g Fe(NOs)s is dissolved in enough water to make exactly 150.0 mL of solution, what is the molar
concentration of nitrate ion?

(5.15/241.88)(3)(1/0.150)=0.426 M 0426 M

c. The rate constant at 366 K for a first-order reaction is 7.7 x 10~ s ' and the activation energy is 15.9
kJ/mol. What is the value of the frequency factor, 4, in the Arrhenius equation?

K=Ae -15.9/366 x 8.314x10,

1
77x 107 = A 32 ~A=143s" 1.43 s

d. A police officer is measuring traffic speed with radar operating at 1.0 x 10° Hz. What is the wavelength
of this electromagnetic energy?

A =c/v

=(2.998 x 10° m/s ) / (1.0 x 10° /s) = 0.30 m 0.30 m
e. Assign formal charges to all atoms of the thiocyanate ion, SCN". Identify the most favored
structure.
S=-1 N=-1 S=+1 N=-2




23.

Long answer question (For full marks, you must show all work). 8 marks

Meta-nitrobenzoic acid is a weak monoprotic acid with K3 = 6.5 x 10-3. Exactly fifty mL of 0.05 M

meta-nitrobenzoic acid is titrated with 0.10 M NaOH. Calculate the pH:

Before any titrant is added.

2

N - i X

HAug + H;0g) @ H30 g+ Aag) K, = 6.5x10 R AN
I  0.050 M 0 0 0.050 - x
[C] =x +x +x K, is too large to ignore x.
[Eq] 0.050-x X X Using Quadratic Equation: x = [H;0'] = 0.01507
If x is ignored, pH = 1.74 (incorrect) Therefore, pH = 1.82

. After the addition of 10 mL of titrant

HA + OH =& HO + A
1]  2.5x10°mol 1.0x10>mol 0 nua = 0.050Lx0.05mol/L = 2.5x107 mol
[C] -1.0x107mol -1.0x10"mol +1.0x10%mol 4. = 0.010Lx0.010mol/L = 1.0x10™ mol

[Eq] 1.5x107mol 0 1.0x10mol

oH :pKamg(ﬂj oH :2.187+|09(Mj pH =2.187 - 0.176 = 2.011

[HA] [1.5x107°]
Or
+ = + 3
_HOTNAT g gygge o HOUILOXIOT] 1y 5012 9 75410 Therefore, pH = 2.01
a [HA] [1.5x107°]

Converting moles to moles/L (M) will give the same answer; [HA]=0.025M; [A]=0.01667 M
naa = 0.050Lx0.05mol/L = 2.5x107 mol; [HA] = (2.5x107 - 1.0x10™*) mol / 0.060 L = 0.025 M
na.=0.010Lx0.010mol/L = 1.0x10” mol; [A] = 1.0x10™ mol / 0.060 L = 0.01667 M

0.01667

Hs0*][0.01667
pH:2.187+Iog( =[ Ol l.
0.0250

. pH=201
[0.0250]

j: 2.011 6.5x10°°



c. At the equivalence point

Volume of NaOH at equivalence point: 50 x 0.05/V? x 0.010 = 25 mL
— the sodium salt of m-nitrobenzoic acid ( Na A ) will give the anion A", a conjugate base of the weak
acid (nitrobenzoic acid). [A] =50 x 0.05/50 +25=0.03333 M
A g + HiOg = OHug + HAqg Ky, =K, /K,
[Eq] 0.03333-x X X K;, = 1.0x10"*/ 6.5x107 = 1.54x10™"2
K, =154x107" = % x can be ignored!
x=[OH]=2.2645x10" or pOH=6.645 and pH=7.35

d. After the addition of 40 mL of titrant

Total volume =50 + 40 = 0.090 L

Excess NaOH =40.0 — 25.0 =0.015 L

[OH]=(0.015 L x 0.10 mol/L. ) / 0.090 L. = 0.01666 M
Therefore pPOH=1.78 and pH=12.22



24. Long answer question (For full marks, you must show all work).

6 marks

The standard electrode potential for the Pb(s)/Pb2+ redox couple is -0.126 V. Sketch the cell in which

this potential was measured.

The direction in which cations move in the salt bridge

Identify:

a. All concentrations/pressures
b. The cathode and the anode
c.

d.

The direction in which electrons would move if a light bulb were connected across

the cell.

movement of é

V

Anod

2+

[Ph 11.0

[=]
=]

flow of cations to cathode

movement of é anade to

P
%/ Cathod

H]1.0
M:



25.  For the species given below, draw Lewis (2D) and VSEPR (3D) structures and identify
electron pair geometries, molecular geometries, bond angles around the central atom and

molecular polarity. Enter your answers in the appropriate boxes: 6 Marks
Species NCl; XeOF4 SF4
Lewis structure (2D) .. .. .. F R
(Show all valence ‘Cl——N——CI: | x Em
electrons) = || Ee g7
Note: —=2 ¢ :Cl: X TN ¢
F F: F: -
VSEPR structure (3D) F
N . ‘O |
-Q“‘/ \C|3 . . SF
:C}:I h Fom,, o aFe ' ‘ F
Y WS
Electro pair geometry | Tetrahedral Octahedral Trigonal
bipyramidal
Molecular
Geometry Trigonal pyramidal | Square pyramidal Distorted
tetrahedral
Or See saw
Bond angles <109.7° <90° & <180° <90°, <120° &
<180°
Polar or
Non-polar Polar Polar Polar




Data Sheet — CHEM 209

1 Periodic Table 18
1A 8A
1 2
2 13 14 15 16 17
H oA 3A 4A SA 6a  7A | He
1.008 4.003
3 4 5 6 7 8 9 10
Li | Be B C N]O F | Ne
6941 ] 9.012 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
Na | Mg | 3 4 5 6 7 8 9 10 mn 12| A|si|lP]|s|]calaAr
22.99 | 2431 26.98 | 28.09 | 30.97 | 32.07 | 35.45 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K | Ca]| Sec | Ti V]Cr |Mn|Fe |Co| Ni | Cu|Zn | Ga | Ge | As | Se | Br | Kr
39.10 | 40.08 | 44.96 | 47.88 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55] 65.38 | 69.72 | 72.59 | 74.92 | 78.96 | 79.90 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y | Zr | Nb|Mo | Tc |Ru | Rh | Pd | Ag| Cd | In | Sn | Sb | Te I | Xe
8547 | 87.62 | 88.91 ] 9122 | 92.91 | 9594 | (98) | 101.1 | 1029 | 106.4 | 1079 ] 1124 | 1148 | 1187 | 121.8 | 1276 | 1269 | 1313
55 56 s [ 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba| La| Hf | Ta| W | Re | Os Ir Pt | Au| Hg | TI | Pb Bi | Po | At | Rn
132.9 | 1373 | 1389 ] 1785 | 180.9 | 183.9 ]| 186.2 J 1902 | 1922 ] 195.1 | 197.0 | 200.6 | 204.4 ] 2072 | 209.0 | 209) | 10) | 222)
87 88 | 8o+ | 104 | 105 | 106 | 107 | 108 | 109 1o | 11
Fr | Ra| Ac| Rf | Ha| Sg | Ns | Hs | Mt | Uun| Uuu
223) | 2260 | @27 | @61) | @62) ] 263) | 262) | 265) | 266) | 269) | 272
Lanthanides * [ > 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce | Pr| Nd|Pm|Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm| Yb | Lu
140.1 | 140.9 | 1442 | (145) | 1504 | 1520 | 157.3 | 1589 | 1625 | 1649 | 1673 | 1689 | 173.0 | 175.0
Actinides ** | » 91 92 93 94 95 96 97 o8 99 100 | 101 | 102 | 103
Th | Pa|] U | Np|Pu|Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
232.0 | 231.0 | 2380 | 237.0 | @44) | @43) | @41 | @41 | @5 | @52 | @57 | 258) | @59) | 260)

Strong Acids: HCI1, HBr, HI, HNO;, H,SO,, HC1O,

Strong Bases: Hydroxides of Group 1A (Li to Cs) and Group 2A (Ca, Sr, Ba)

Constants:
Gas constant, R = 0.08205 L atm mol™' K’
=8.314 Jmol K!
Avogadro's number: Nx = 6.022 x 10% mol’!
Faraday: F =96,485 C/mol electrons
Planck’s constant / = 6.626 x 10*Js

Speed of light , ¢ = 2.998x 10°m/s

Rydberg constant, R = 1.09678 x 107 m!
Factoring constant, Ry = Rhc = 2.181%J

Conversion factors:
1J=1kgm’s™
TK=T°C+273.15
1Latm=101.31J
latm = 760.0 torr = 101.3 kPa = 760.0 mm Hg = 1.013 bar
1L=10"m’
1C =1J/V 1A
STP conditions: 0 °C, 1 atm
Electrochemical standard state: 1 atm, 1M, 25°C

1Pa =1kgms?

=1Cs?!

ZZ
=)

1 1 [A]
[A], =-kt+ [A] In[A], =-kt+In[A] ———=kt+_—— n[ 0j:kt
‘ ’ t ’ [Al, [Al, [Al
_Ea
t,,= [A]O tm:@ tl/zzi k = AeRT In & :ﬁ i_i
2k k k[A], K, R (T, T,
In KeloBaf 2 L PV =nRT K, =K (RT)" ax’ +bx+c=0
K, R\T, T,
2
pH=-logH'] K,=K,K, K,=1/K, K,=1/K, x=2*vb -dac “2ba4ac
pH = pK,, + log [cong. ba§e] or POH = pK, + log [cong. acid]
[cong. acid] [cong. base]
E" =E ot - E anode E=g - 20592 logQ E = 0.0592 logk or nFE =RTInK
ne e
2
q=1t q:neF c=Av E=hv E=mc? 1:R[ 12_ 12] AE——RH(ZZ_
A n,” n, n,
2
E=-R, (ij or E,=- Rn'lc for single electron species




