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Surname (last name):

Given name (First name):

Student Number:

CHM 1311 C
Final Exam
Fall 2009

Professor: Dr. Fox

DO NOT WRITE THIS EXAM IF DR. FOX
WAS NOT YOUR PROFESSOR!

Please keep your work covered at all times and keep your eyes on your own
paper! Cheating or any appearance of cheating will result in an F in the course
and possible expulsion from the university.

There are 15 pages in this test. A periodic table, data tables, and a formula sheet
are provided at the end. You may rip these pages off of the exam and use them to
cover your work. Any scratch work should be done on the back of these pages.

Please show all work to receive partial credit.

You have 180 minutes to complete the exam.
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Question Points Possible | Points Earned | TA Initial
1 20
2 10
3 10
I 4 10
5 10
6 10
I 7 10
I 8 10
9 10
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#1.

a)
b)

c)

d)

2

h)

1))

k)

(20 points) Short Answer Questions — stars show marks.

*The spdf electron configuration of gallium is:

*Which of the following ions is the strongest base? F HOy N3 NO;
**Name the following compounds:

i. CI’O3

iil. CaSO044H,0

*For a second order reaction, the plot of versus

will yield a straight line, where the slope is equal to

*A buffer solution is prepared from 0.450 M HCN and 0.450 M NaCN. The pH of this

solution is

*In the following reaction, circle the oxidizing agent:
Fe,0; + 3C S5 3CO + 2 Fe
*As the activation energy of a reaction increases, the reaction rate
INCREASES DECREASES STAYS CONSTANT

*The following compounds are each dissolved in water. Which of the three resulting
aqueous solutions would show the greatest conduction of an electric current?

CH;0H NH; KBr

*The concentration of lead (II) ions in a saturated solution of lead (II) chloride is

*Choose one of the laws of thermodynamics, and describe it in a simple statement.

lst 2nd 3I‘d

*An orbital is a spherical region of space in which there is a high probability of finding

an electron. TRUE FALSE
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)

p)

q)

*Adding a catalyst to a reaction increases the yield of product. TRUE FALSE

*The standard heat of formation of solid Fe(OH); is -824 kJ/mol. Write the chemical
equation for the reaction to which this value applies.

*Which of the following processes corresponds to the largest value of AS°?

i. CH30H(l, 25°C) = CH;0H (1, 65°C) ii. NaCl (s, 801°C) —=NaCl (1, 801°C)
iii. H,O(, 100°C) —H,O0 (g, 100°C) iv. CO; (s, 101 kPa) — CO; (g, 1 kPa)
*The van’t Hoff plot for a reaction has a slope of +550 K and a y-intercept of + 3.75
mol. This reaction will be:

Spontaneous at all T Spontaneous at high T

Spontaneous at low T Non-spontaneous at all T

*A one litre balloon is filled with neon gas. A hole is made in the balloon and the gas
effuses at a rate of 0.0106 mol/hr. If the same balloon is refilled with argon at the same

pressure and temperature, its rate of effusion would be

*The solubility of magnesium carbonate is highest in a buffer solution with a pH of
3.5 8.5 6.5 10.5

*As the percent abundance of heavy isotopes of an element increases, the average

atomic mass of the element

*If the equilibrium constant for the reaction HA + H,O H;O0" + A is K., then the
equilibrium constant for the reaction A"+ H,O @ HA + OH would be

K. Kw/Ka 1/K, Ky

BONUS:

t)

u)

*For an electrochemical cell, the graph of E . versus logQ has a y-intercept equal to

*The maximum number of electrons with quantum numbers n =2 and £ =1 is:
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#2. (10 points)
(a) Draw a diagram of Bohr’s model of the hydrogen atom showing the transition of an
electron from the ground state to the n = 4 level.

(b) What is the change in energy (in J) of this transition?

Answer :

(c) What is the significance of the sign in your answer for part (b)?

(d) Calculate the wavelength (in nm) that corresponds to this energy.

Answer :
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#3. (10 points). You are given 200.0 mL of an aqueous solution that contains 0.250 M each
of Ag’, Pb**, and Ba®". You wish to precipitate these cations sequentially by adding
chromate to the solution.

(a) In what order will the solids precipitate as chromate is added to the above solution?

First = Second = Third =

(b) What concentration of chromate will cause the first precipitation?

Answer:

(c) At the point just before BaCrO4 begins to precipitate, what will be the concentration
of all of the ions in solution?

[Ag'] = [Pb**] = [Ba™"] =
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#4. (10 points) Electrolysis is carried out in the following electrochemical cell:

Pt|H:0 ()| 02 () || Ag' (aq) | Ag (5)
(a) Determine the overall reaction occurring in the electrolytic cell and its standard cell
potential, given the following unbalanced half-reactions:

0,(g + ¢ — HO0(0) E°=1.229V
Ag'(aq)+ ¢ — Ag(s) E°=0.800 V

Overall Reaction:

o —
E cell —

(b) The electrolysis is carried out for 2.00 hr. If the mass of the silver cathode increased
from 25.0782 g to 25.8639 g in that time, what was the magnitude of the current used?

Answer:

(c) Oxygen is collected at the platinum anode. What is the volume of O, collected at 23.0°C
and 755 mmHg?

Answer:
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#5. (10 points)
(a) Predict the products and write balanced ionic and net ionic equations for the
following reaction:

Na,S(aq) + ZnCly(aq) — ?

Ionic equation:

Net ionic equation:

(b) A 0.250M solution of sodium sulfide is added to 1 L of a saturated solution of zinc
chloride. If the reaction has a reported percent yield of 83.5%, how many millilitres of
the sodium sulfide solution must be added to form 1.50 g of the solid product?

Answer:
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#6. (10 points) For the following generic reaction,
A(® S B(@+2C(9)

calculate AH®, AS®, and AG” at 298 K given the following information:

Keq=8.99x 10" at 298 K
Keg=1.73x 10" at 443 K

AH’ =

AG® =

AS°® =
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#7. (10 points) In the titration of 40.00 mL of 0.200 M HOCI by 0.500 M NaOH:
(a) Calculate the initial pH.

Answer:

(b) What is the volume of NaOH needed to attain the equivalence point? Calculate the pH
at the equivalence point.

Volume of NaOH: pH:
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#8. (10 points). Steel is an alloy of iron and carbon, with iron being the major component.
A steel ball bearing has a radius of 5.85 mm and a density of 7.75 g/cm3 . If the ball bearing
contains 0.25% carbon (by mass) and that the percent natural abundance of BCis 1.108%,
how many BC atoms are present in the ball bearing?

Recall: volume of a sphere = (47r)/3

Answer:
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#9. (10 points) A 0.3268 g sample of caffeine (CsH;9O:N4, heat of combustion = -4.243x10°
kJ/mol) undergoes complete combustion in a bomb calorimeter. The bomb calorimeter
assembly has a heat capacity of 5.136 kJ/°C.

(a) What mass of oxygen is required for the complete combustion of the sample?
__ GCsHjpO;Ny + O, -  CO, + _ H,O + _ NO;

Answer:

(b) What will be the final temperature of the assembly if the initial temperature is 22.43°C?

Answer:

(c) What is the change in internal energy for the reaction?

Answer:
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Gas Laws

PV = nRT

Pr = Py+P,+Ps+ ...
d=m/V=P(MW)/RT
KE = (1/2)mvay’

/ 3RT
Vrms =
M

Rated %
RateB \ M,

2
(P+ %) (V -nb) =nRT

Equilibrium

Kp = Kc(RT™"
Acid/Base

pOH = -log[OH

pH = -log[H']

pH + pOH = 14

Kax Ky = Ky

pH =pK,+ log [A]/[HA]
17 < PKa+ PKo

P 2
Kinetics
[A]e=[Alo—kt

In[A], = In[A],— kt
1/[A] = 1/[A], + kt
k = A EaRT)

In(ko/k;) = (-Ea/R)(1/Ts - 1/T})
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Thermodynamics

AU=Q+W

Wystem = -PAV =- AnRT
AH = AU + PAV

Qp = AU+ PAV
Cr=Cy+R

Q =mcAT

AHixn° = > nAH(pdts) - > nAH°(rxts)
Qrev = -Wmax = NRT In(V2/V))
AS = Qrev/T

AS (T1-T2) =nCp In(T2/T))
AS (T,-T2) =nCy In(T2/T))

Asoext b h = %
T T
AG® = AH® - TAS®
AG = AG®+RT In(Q)
AG°=- RT In(K)

In(Ko/Ky) = (-AH/R)(1/T - 1/Ty)

The atom
E=hv

c=vVA

E = -Ry/n’
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Data For Water

Density p = 1.00 g/mL (25°C)
C=2.137g"' K" (solid)
C=4.181g"' K" (liquid)
C,=2.01J g' K (gas)

Constants and Conversion Factors

Imm Hg=1torr 760mm Hg =1 atm

AH®, = 6.02 kJ mol™!
AH®,,, = 40.7 kJ mol”!

latm = 101.325 kPa
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Avogadro’s Number N 6.022x10% mol™
Boltzmann’s constant k 1.30866x107 J-K!
Faraday’s constant F 96,485 C-mol™!
Gas constant R 8.31451 J-K "“mol™
R 0.08206 atm-L-K™"-mol™
R 8.31451 m’Pa-K"-mol™
Planck’s constant h 6.62608x10* Js
Speed of Light c 2.99792458x10°  m-s’!
Rydberg constant Ry 2.179x107'% J
Table of Ionization Constants
Acid K, =
Todic acid HIO; + H,0 == H;0" + 105" 1.6 X 107!
Chlorous acid HCIO, + H,0 == H;0%" + ClO,"~ 1.1 X 1072
Chloroacetic acid HC,H,CIO, + H,0 —— H30+ + C,H,Cl0,™ 1.4 X 1073
Nitrous acid HNO, + H,0 — H3O+ + NO,™ 7.2 D¢ 104
Hydrofluoric acid HF + H,0 == H;0" + F~ 6.6 X 1074
Formic acid HCHO, + H,0 H;0" + CHO,~ 1.8 X 1074
Benzoic acid HC,H;0, + H,0 ;0T + C:H.O,~ 6.3 X 1073
Hydrazoic acid HN; + H,0 H;0" + N3~ 1.9 X 1075
Acetic acid HC,H;0, + H,0 ;0% + C,H;0,~ 1.8 X 1073
Hypochlorous acid HOCI + H,0 H,0" + OCI~ 29 %1078
Hydrocyanic acid HCN + H,0 H,0% + CN™ 6.2 x 10710
Phenol HOC¢Hs + H,0 * 4+ CcHsO™ 1.0 X 10710
Hydrogen peroxide H,0, + H,0 * +HO,™ 1.8 X 10712
Table of Solubility Product Constants
Compound Ksp Compound Ksp
Mg(OH), 12x 10" Ag,CrOy 1.9x 107"
AgCl 1.8x 10" PbCrO, 1.8x 10"
CaSO, 9.1x10° BaCrOy 2.1x 107"
Agl 1.5x 107" Hg,Cl, 13x10™"
Pbl, 8.7x107 Ag,CO; 8.5x 10"
PbCl, 1.9x10”
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