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INSTRUCTIONS:
1. Write your answers on the exam. Please BOLD or HIGHLIGHT your final answer.
2. You are allowed to use electronic calculators during the exam (TI 30X, Tl 34, Tl 36).
3. Equations and constants are given on pages 18 and 19. A periodic table of the

elements is included (page 20).
4. Use the correct number of significant figures at all times.
5. Marks allotted to each question are shown in brackets.

7. Use the back of sheets for rough work. Three extra (blank) pages (15, 16 and 17)
have also been included.

8. You are advised to read through the exam paper before you begin to write. Answer
first those questions that you can do right away, proceeding to more difficult
guestions thereafter. Allow about ten minutes near the end of the exam period to
read quickly through your answers, checking for obvious errors.
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(20) 1. (@) The human eye can detect as little as 2.35 x 10™® J of green light of
wavelength 510 nm. Calculate the minimum number of photons that
can be detected by the human eye. T m
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(b) In a photoelectric effect experiment, light of energy 6.00 x 10™° J is
absorbed by a metal, and the ejected electrons have a maximum
kinetic energy of 2.70 x 10™° J. Calculate the following:

i) the binding energy of the electrons in the metal
EK [P = Eb# "5 é _
Cad "3 -
ec - E:‘w ~ cim -9

\
< ([ .-00o%\® T — QYonre I

y @«30 o Q
Y |

m
i) the wavelength of the light (¢ 62 bx IO TsY 3 00%10 <)

Frhe A=EEs —Ty
?

¢ - 00 X1

= 3. %(x:o”?h

a i) the wavelength of the electrons
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(e)  What mass of water could have its temperature raised

by 5.0°C by a mgle of photons that have a W%velenggh of 600 nm?
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5) 2. What are the quantum numbers of the electrons that are lost bﬁn atom of
iron when it forms the ion Fe**? Why does it lose these particular electrons?
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(20) 3. A certain element X was found to form three compounds with chlorine having
the formulae XCl,, XCl,, and XCls. One of its oxides has the formula XOs,
and X reacts with sodium to form the compound Na,X.
€) Is X a metal or a non metal?
NnNon m™m c;“O\. \
(b) In which group in the periodic table is X located?
-~ Oup b o b
(c) In which rows (periods) in the periodic table could X possibly be located?
TN Y, S o E
(d) Draw Lewis structures for XCl,, XCls, and XCls and XO;. Where possible,
follow the octet rule. Which of the structures has (have) multiple bonding?
Are there any resonance structures to consider?
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What do we expect the shapes (electron geometries) of the 4 molecules
drawn above to be? Which molecules would be polar? (simply state the
names of the shapes .you may draw them only if )(\u wish).
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® The element X also forms the oxide XO,. Draw the Lewis structure for this
molecule that obeys the octet rule.
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(9  Assign formal charges to the atoms in the Lewis structures for XO, and XOs.

ROyt FC* =
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(h) If X were to form a compound with Aluminum, what would be its formula?
Al SN X 3

0] If X were in Period 5, what would be the electron configuration of X
expressed using a noble gas core configuration?
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(20) 4. €)) Consider the following galvanic cell:
Ag(s) YAg® (3.0 x 10™* M) 134Fe® (1.1 x 10° M), Fe** (0.040 M) ¥4Pt(s)
i) Write the balanced equation for the spontaneous cell reaction.

Q3CSHF€:3+ — Aﬁ**‘:e'u

i) Which electrode is the anode and which is the cathode and what are
their signs (positive, negative)?

A (g) &noAC @
?(, () cathode (B

i) Calculate the cell potential given the following standard potentials:

Ag'+e ® Ag E° = 0.800 V
Fe®+e"® Fe** _  E° =0770V
Hg () — A§‘+c, €o= _ o&eo\l

e~ At (o= —o-03V
Qs-'swa(aqe) L (3 .0 %0 )(o: oMo )
AL ES) G >)

Fe? atAc)—ﬁ

E=¢°- anz —0 .03V~

..lo. O%‘(D\/)

(b) A solution containing vanadium in an unknown oxidation state was
electrolyzed with a current of 1.50 A for 30.0 min. It was found that
0.475 g of V was deposited on the cathode. What was the original
oxidation state of the vanadium ion?
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(13) 5. (@  Areaction that has the stoichiometry below was
found to yield the following data:

2A+B ® products

The initial rate of this reaction was determined for several
concentrations of HgCl, and C,0,” and the following rate data were
obtained for the rate of disappearance of C,0,°"

Experiment [Al(M) [B](M) Initial Rate (M/s)
1 0.020 0.030 0.0150
2 0.025 0.030 0.0188
3 0.025 0.040 0.0334
0] What is the rate law for this reaction?
0.0.5\% [D.0I8% _0.0%0 3 ©.0234
0 -020 0.0150 ) 030 0 OIQ
%
tas = 1.2% .237 = 2%
< = | \j = A

Ribe= ma3083>

(i) What is the rate constant for this reaction with the correct units?

DeO\bOﬂ" & (0-020 v\)(o 03om)

K = Q?:%XIO M- !

(b)  The decomposition of urea, (NH,),CO, in 0.10 M HCI follows the
equation:

(NH,),CO (aqg) + 2H" (ag) + H.O ® 2NH,'(ag) + CO; (9)

At 60.0 °C, k =5.84 x 10° min™ and at 70.0 °C, we find that k = 2.25 x
10®° min™. If this reaction is run at 80.0 °C starting with a urea
concentration of 0.0020 M, how many minutes will it take for the urea
concentration to drop to 0.0012 M?
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(9 Suppose a reaction occurs with the mechanism:

Ky

Step 1: 2A = A (fast)
K4
ke

Step 2: A,+E® B+ C (slow)

0] What is the overall reaction?

2QArE — B84+C

(i) Using the definition of equilibrium, determine the rate expression for
the overall reaction in terms of the reactants only.

Ny T.A]l = ko 2:‘0'93

Qube = %, 18,0087 = %y X (AT (€]
2

= %k [(A]-CE)



page 10 of 20



page 11 of 20

4) 6. Given that the Ky, for Mg(OH), is 7.1 x 10™?, calculate the pH of a saturated
solution of this salt.

Molo)n — Mg 207

_ " R
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(8) 7. (@  The pK, of saccharin, HC;H3S O3, a sweetening agent, is 11.68.
What is the pH of a 0.010 M solution of sodium saccharinate (a salt of

the conjugate base of saccharin) in water?
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If 0.020 mol of NaOH were added to 500.0 mL of a sodium acetate-
acetic acid buffer that contains 0.10 M sodium acetate and 0.15 M
acetic acid, by how many pH units will the pH of the buffer change?
(Assume no volume change on addition of the solid).

Nool + HeHitoo —= Hao + c H 5 coorda

0 -oMoM
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(©)

For the reaction NO, (g) + SO, (g) = NO(g) + SOs(g), K. =3.6

and DH° =-41.8 kJ/mol. Answer, in 1-3 words, how the equilibrium

concentration of NO will be affected if:

i) More NO, is added to the container. Nt rease

ii) Some SO; is removed from the container. 1 ALVEASC

i) The temperature of the reaction mixture is raised. decreas <

iv)  Some SO; is removed from the mixture. Hecresse

V) The pressure of the gas mixture is lowered by expanding the
volumeto 10.0L. no cymsg,
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(20) 8. (@ Barium nitride vaporizes slightly at high temperature by means of the
dissociation:

BasN (s) = 3 Ba(g) +N:(9)

At 1000. K, the equilibrium constant is 4.5 x 10™°. At 1200. K, the
equilibrium constant is 6.2 x 10™.

Determine the value of DH® for the reaction.

:)Qﬁk. _ A_\—!_"(-l_.~

E): R (7 T
. Y.Srio” ] - &M° < l___. — —‘-—'S
M 2o 231+ \200 {000

AH® 7 T A0 x%10 > 3 oo |

i) What approximation was made in part (i)?

We assume 4AH® (s C(onstant o s
k’,mpﬂrawf-ure rang €.

(b) Suppose 61.0 g of hot metal that is initially at 120.0 °C is plunged into
100.0 g of water that is initially at 20.00 °C. The final temperature of
the mixture is 26.39°C and no heat is lost to the surroundings.
Calculate the specific heat capacity of the metal, given that the
specific heat capacity of water is 4.184 J°C"g™.

- ﬂ) metal = % water

—me AT . = ™m< A Tw

o — , CHASYH I Yae3
__.(c,(.oa\(c,3(lﬁ‘3'7"n"°'o>(— ﬁoo 05) aoc

20 -

c = 0463 J ,f;r H.e Uunknown m&l'a( .

3°C
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(20) 9. A sample of a new antimalarial drug with a mass of 0.2394 g was made to
undergo a series of reactions that changed all of the nitrogen in the drug into
N.. The nitrogen gas had a volume of 18.90 mL when collected over water at
23.80 °C and a pressure of 746.0 Torr. At 23.80 °C, the vapour pressure of
water is 22.110 Torr.

€)) Calculate the percentage of nitrogen in the sample.

PNL: Tulb .0 — 2210 = F23.9 Torr

—%
N, %,.@%%g(o.o\sﬁot_\ e 229910 ol
(O 08‘7/0(’ t%)(lg@fngb

~3 -2

no
N MR = (\,\43«( 10-3)(!% ) | y,

mass N =
\0-1 - 8‘9“1 °7o
mass To N = 203=90 § =
0231 5 T -~
pass oF N i GoqzEmg Sanple = S0 cox19 3
" " X8 —- S-QO% 10-.\(3 "{-
N = = Y% w0
N \Y

(b) When 6.478 mg of the compound was burned in pure oxygen, 17.57 mg of
CO; and 4.319 mg of H,O were obtained. What are the percentages of C
and H in this cgmpound?

fep. = 3S¥2107 5 2 3,49 %10 ' mol

* LYy g/w.v' =99 A l)(llc’—
-y 9‘? _— M = N ché’ x10 ke ol
W, = 3-39a107 mel = 0= N 4.39 x107,

-3
was; ‘70 C - M0 ')('\00'79 = -+ g'qq 070

T .
0"‘10: .24 x\o’3, - 2 -395¢%10  weld
1€ ol

-
Ma&ss V., W = \%"1‘2:::_3%*‘@7-5 R s
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(c) Assuming that any undetermined element is oxygen, write an empirical
formula for the compound. 9l
‘38 °

wmass 4, o 7 loo —F3.93 —3F.Mi ~-€.6v=9

- -4
Lo 617 §nq savale s, = b.HLS w0 9
= & 1bT A9 - L{,O“‘x\o'gmo\

0 \b S el
O N

- - '( P
3.97x0 ‘1, Lu-74%« lo“I G.0Mm10 Y.axio

“u .0 %l°'< .o A \0" V.o x“'( “ ,o,“o-s"

(d)  The molecular mass of the compound was found to be 324 g/mol. What is its
molecular formula?

jo(n) + (200D [([L) + \(W)

= (62
MM Mo\ &(M - 32/\1
- \f'a:\'-'o = 2,.

- Molecudov formada = Cao HZWOZNL
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(10) 10. Choose one of the following topics: quantum chemistry,
corrosion, batteries, acids and bases, equilibrium, kinetics, gas laws, or
thermodynamics. In a letter of minimum length 1 page and using at least 3
chemical concepts (clearly explained), write to your mother and explain why
the particular topic you chose will have an impact on your personal and

professional life.

N D See.c\.g{c_ ansSWel
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Equations and Constants

page 21 of 20

Gas Law
PV = nRT

PTotal = P1*P2+P3+...

d=m/N =P(MM)/RT
KE = (1/2)mvgy2

2 3R‘|’
'\/V = [—— n
V M
Q=1-t
raeh_ M Quantum Mechanics
RateB M,
?.?2=c
2
P+%(V-nb):nRT E=h.?
h
latm = 760 Torr = 760 mmHg = m :E
1.01325 x 10° Pa
Equilibrium Energy of state = -2.178x10-18 3/ n2
Dx:Dp3 h/4
Kp = K(RT)DN P P
=- 2
K = [CFDIIAT[BF i)
— C d
Ks = [CI1D] Liquids and Colligative Properties
(o)
Acid/Base In(P1/P2)=DH /R (/T2 — 1/T1)
(o)
pOH = -|Og [OH'] I:)solution - Xsolvent * P sovent
pH = -log[H * ] DTBP = KBP m
pH + pOH =14 DT, =K *m
Ka X Kp = Kw DT =Kemei
?=cRT

pH = pKg +log [AF[HA]

pH — pKal + pKaZ
2

Concentration (M) = n/V

Electrochemistry

DGO = - nFEO

E=EO0-RTInQ)
nk

OrE=EO-0.059 log(Q) at 250C

molality = mol solute/mass solvent (kg)

Data for Question 9

DG° (kJ/mal) a 25°C

S0.(g) -300.4
H,S(g) -33.01
-228.57

Hz0 (g)
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Thermodynamics Kinetics
DU=q
Wsystem = PDV Rate = k [AT[BY[CT
DE=q+ w Rate =k
DH = DE + PDV Rate = k[A]
g, = DE+PDV Rate = k[A]2
DE = nCvDT [A] = -kt + [Alg
DH= g, =mCpDT In[A] = -kt + In[A]p
Cp=Cy+R 1/[A] = kt + 1/[A]p
DHrxn®=DnpDHfD(products)? t=[Alp/ 2k
DnyDHfD(reactants) In 2 =kt
drev = -Wmax = NRT In (V2/V1) k = AeE/RT
DS =drev/T In(k1/k2) = EJ/R (1/T2 - 1/T1)
DS;; 1, =nCp In(T2/T1) Bonding
DS ;, 1, = NCy IN(T2/T1) DE = k (Q1Q2/7
DS sroutgs = Qurroundins _ DH DHrxn = SnpD(reactants) -
T T SnyD(products)
DG? = DHO - TDS® Formal Charge = #valence €’ in free
DG = DGO + RT In(Q) atom - #lone pair e” - 1/2(# bonding e’)
DGO = - RT In(K)
In(K1/K2) = DHO/R (1/T2 - 1/Tq)

Data For Water and Other Constants

Density d = 1.00 g/mL (25°C) C,=2.01Jg °C™ (gas)
C=213Jg" °C™ (solid) DHC,4p = 40.7 kJ mol*
C=4.18Jg™ °C™ (liquid) DH®s = 6.02 kJ mol™*

Avogadro’s Number N 6.022x10% mol™*
Boltzmann’s constant k 1.30866x10%°  JK*
Faraday’s constant F 96,485 C-mol*
Gas constant R 8.31451 JK*mol*

R 0.08206 L-atm-K™*-mol™
Planck’s constant h 6.62608x10°*  J-s
Speed of Light c 2.99792458x10° m-s™
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