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General instructions

1. 1 This booklet contains 21 questions on 15 enumerated pages, as well as a formula sheet and a
periodic table. make sure that you have all the pages.
The first 10 questions give 3 points each, the next 8 give 5 points each and finally, the last 3
questions give 10 points each.

2. 2 Your results and answers must be written in the exam papers (this booklet). Answers on on
scratch papers will not be graded.

3. There will be no negative marking for wrong answers.

4. 4 You are only allowed to use a non-programmable calculators and the next two pages, which
include formulas, constants and the periodic table. You may tear the formula sheets from the
project.

5. In the multiple choice questions, there is only one correct answer to each question.

6. Some of the questions are in several sections. If any section is answered incorrectly and the
answer is used in subsequent sections there will not be deducted any points in the later sections
as long as the calculations are correct.



Formulas and constants
AG = AH — TAS

Ax = Yonyna X = Dhvarf X

k = Ae~

AG° = -RT InK = —nFE”
pH = —log[H;07]

A = ebc

N, = 6.0223 - 10%mol™
latm = 760torr = 101325Pa
h=6.626-107] s
A=Ag-e™

—b+ Vb%—4ac

ax>*+bx+c=0=>x= >

AG®° = AH° —TAS”®

P = 2D

In(%) =% (7 -

q = CAT

pK, = —logkK,
PV =nRT

F =96485—C—
K, =1.00-107"
c=3-10°m/s

1J=1kg-m?-s72

AG = AG° +RTInQ

[H;0"] = &(—1 + 1+ 4&)

) K,

E=E°-fg

q = mcAT
pH:pKa+log%
E=k

A

TK = Toc + 273.15
lbar = 10°Pa = 0.9869atm
R = 831441 = 0.08206 L

1 calorie = 4.184]
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Part I - 3 point questions

Question 1

Which one of the following elements is an alkaline earth metal?

[ | Zink (Zn)

[ | Ssilver (Ag)

D Magnesium (Mg)

[ | Lithium (Li)

| | Nickel (Ni)
Question 2

Valgerdur the scientist must pour 20.0 mL of strong acid into her solution. The acid is stored in a large
glass bottle. How should Valgerdur measure the volume she needs?

LTI

Pour from the bottle into a beaker and read from the scale.

Pipette from the bottle into her solution.

Pour from the bottle into a beaker and from the beaker into a graduated cylinder.
Pour from the bottle straight into the solution.

Pour from the bottle into a volumetric flask and fill up to the line with deionised water.

Question 3

Aluminum in the Earth is mostly on the form of alumina. Another name for alumina is aluminum
oxide. What is the chemical formula for aluminum oxide?

IO

ALO
AlLO,
AlO,
AL,
AL,O



Question 4

Guttormur the bull is probably the most loved Icelandic bull of all time. Icelanders loved it so much
that some argued that it was worth its weight in gold. When Guttormur was at his heaviest he weighed
942 kg. How many moles of gold (Au) was Guttormur worth?

4780 moles

1.86 - 108 moles
1.86 - 10° moles
4.78 moles

2.09 - 10~* moles

LTI

Question 5

Mercury (Hg) is the only metal that is in liquid phase at room temperature. When this metal reacts
with chlorine it produced HgCl, which is, on the other hand, a solid at room temperature.

What is the number of protons (p), neutrons (n) and electrons (e) in the mercury ion 2°Hg?* in the
HgCl,?

80p,120n,80 e

80p,120n, 82 ¢

78 p,200n, 78 e

80p,120n, 78 e

82p,200n, 78 e

LTI

Question 6

Gunnar wants to prepare a buffer solution with pH around 4.7. What two substances could he mix
together to achieve such a solution?

HCl and NaOH

Acetic acid (CH;COOH) and HCI
NH; and NaOH

NaCl and NaOH

Acetic acid (CH;COOH) and NaOH

IO



Question 7

Electromagnetic rays that have energies between 6.63-107'7 J and 6.63-107' J are classified as X-rays.
What is the lowest and highest possible wavelenght of an X-ray?

0.03 and 3.00 nm

1.00- 10" and 1.00 - 10" nm
0.03 and 3.00 m

450 and 700 nm

3.00 and 300 nm

IO

Question 8

Fire extinguishers contain carbon dioxide (CO,) under high pressure which causes it to be on a liquid
state, but when it is sprayed out of the extinguisher it turns into gas. 5 L fire extinguisher contains
2.00 kg af CO,. What will the volume of the gas be at 25 °C and 1.00 atm once all the substance in
the extinguisher has been sprayed out?

[ ] 933L

[ ] 950-10°L
[ ] 112-10°L
] r1-10°L

[ ] 473L

Question 9

The following reaction is exothermic. Which change will shift the equilibrium to the right?

250,(g) + O,(g) = 2505(8)

Raising the temperature
Adding SO,
Removing O,

All of the above

IO

None of the above



Question 10

Iceland spar is a mineral called "silver rock" in Icelandic. Despite the name, Iceland spar does not
contain any silver. It is pure crystallized calcium carbonate (CaCO;). In order to be classified as a
crystal, the crystal must have at least 1-10'* CaCOj, units. What is the lowest possible mass of Iceland
spar so that it can be classified as a crystal?

11.31 ng
16.62 ng
1131¢g
6.809-10 g
1.001-10' g

IO



Part II - 5 point questions

Question 11

A buffer solution is 0.100 M CH,COONa and 0.100 M CH;COOH. 12.36 mL of 0.134 M HCI was
added to 25.00 mL of the solution. What is the pH after the addition? pK,(CH,COOH) = 4.76.

4.07
4.29
4.76
5.07
5.23

IO

Question 12

> —

cyclopropane propene

Kinetic measurements were done on the transformation of cyclopropane to propene. The values of the
rate constant were collected at different temperatures. Two measurements were used to determine the
activation energy of the reaction. At 750 K the rate constant was k = 0.00018 s~! and at 850 K the
rate constant was k = 0.030 s™!. What is the activation energy for the reaction?

6.7 1073 J/mdl
17 kJ/mél
33 kJ/mél
1.2 102 kJ/mél
2.7 - 10> kJ/mél

IO



Question 13

The mass percent of oxygen (O) in the human body is 65%, but the atomic percent is 24%. What is
the total number of all atoms in a human body which weighs 62 kg?

[ ] 6.32-10% atoms
[ ] 1.62-10% atoms
[ ] 632107 atoms
[ ] 1.62-107 atoms
[ ] 1.52-107 atoms

Question 14
Consider the following reaction
AlL,S;(s) + 6H,0(]) — 2A1(OH),(s) + H,S(g)
What amount of Al,S; remains after the reaction of 0.133 mol Al,S; and 0.111 mol H,O?

172 g
283 ¢
140¢g
833 ¢
198 ¢

IO



Question 15
When sulfite reacts with permanganate the following oxidation-reduction reaction takes place:
SO.* + MnO,” — SO,*>” + MnO,

Write the balanced equation for the raction when it takes place in a basic solution.

Balanced chemical equation:

Question 16

Aspartame is a sweetener which is 200 times sweeter than sugar. There are five functional groups in
an aspartame molecule. Draw circle around these functional groups and write their names.

Aspartame



Question 17

The concentration of solutions can be determined by using spectroscopy. Fanney chemistry student
measured the absorbance of a CuCl, solution, in order to determine the concentration of Cu®" in the
solution. The graph below shows the absorbance (Abs) of the solution as a function of wavelength. At

the maximum absorbance the extinction coeflicient was € = 12.39 mohm.

1.0-

0.8-

0.633

0.6 -

Abs

0.4-

0.2

0.0-. — —ct— —

300 400 500 600 700 800 900
Wavelength (nm)

a) Use Beer’s law (A = ebc) to calculate the molarity of Cu®" in the solution.

CCM2+ = M

b) What is the electron configuration of the Cu** ion?



Question 18

Gunnar the chemist is interested in kinetics and decided to study the following reaction:

He measured the initial rate of the reaction with different initial concentrations of HgCl, and C,0,*"

2HgCl,(aq) + C2O42_(aq) — 2CI (aq) + 2CO,(g) + Hg,Cl,(s)

and gathered the following results:

Measurement | [HgCl,] [M] | [C,0,°7] [M] | Initial rate [mol L™"min']
1 0.105 0.15 1.8-107°
2 0.052 0.30 7.1-107°
3 0.052 0.15 8.9-107°
The rate law of the reaction has the form
rate = k[HgCL,]*[C,0,*"]°
Determine the values of a and b in the kinetic equation.
a=
b=




Part III - 10 point questions

Question 19 Methanol

Methanol (CH;OH) is used as a substitute for gasoline in some vehicles. To design engines that will
run on methanol, we must understand its thermochemistry

Standard enthalpy of formation for a few substances are given in the following table

Substance AH; [kJ/mol]
CH,;OH(/) —238.66
CH,OH(g) —200.66
CO,(g) -393.51
CO,(aq) -413.80
H,0() —285.83
H,0(g) —241.82

a) The methanol in an automobile engine must be in the gas phase before it can react. Calcula-
te the heat (in kJ) that must be added to 1.00 kg liquid methanol to increase its temperature
from 25.0 °C to its boiling point, 65.0 °C. The molar heat capacity of liquid methanol is
81.6J K™ mél™".

q= kJ

b) Calculate the heat that must be added to vaporize 1.00 kg of methanol. The molar enthalpy of
vaporization for methanol is 38 kJ mél™".

10



¢) Once it is in the vapor phase, the methanol can react with oxygen in the air according to

3
CH;0H(g) + 50,(g) — CO,(g) +2H,0(g)

Calculate the heat of cumbustion of methanol (in kJ/mol), that is, calculate AH? for the reaction.

AH° = £

mol

d) Calculate the heat released when 1.00 kg of gaseous methanol is burned in air at constant
pressure.

q= kJ

e) Suppose that the methanol is burned inside the cylinder of an automobile. Taking the radius of
the cylinder to be 4.0 cm and the distance moved by the piston during one stroke to be 12 cm.
The work done by the gas is called work (w) and is given by w = —PAV, where P is the external
pressure and AV is the volume change. Calculate the work done (in J) per stroke as the gas
expands against an external pressure of 1.00 atm. (1 L-atm = 101.3 J and the volume of a
cylinder is 772 h).

11



Question 20 Equilibrium constant

Air pollution contains, among other substances, NO, NO, and SO,. These substances are released to
the atmosphere when oil is burned. The equilibrium constants for the following reactions are known
at 25 °C:

1
SO,(g) + EOz(g) = SO;(g) K4 =22 (1)

1
NO(g) + EOZ(g) = NO,(g) Ko =025 (2)
The equilibrium constant, K., for the reaction of SO, with NO,, is unknown.

SO,(g) + NO,(g) = SO;(g) + NO(g) K. =? 3)

a) Use the information given for equations (1) and (2) to determine the value of the equilibrium
constant for reaction (3) at 25 °C.

K. =

b) K, and K. have a known relation of K, = K.(RT)*", where An is the change in number of
gaseous molecules in the chemical equation. Calculate the equilibrium constant K, for reaction
(3) at 25 °C. If you could not solve part a), then use the value K. = 10.

12



¢) SO, and NO, was put into an empty reaction vessel at 25 °C and allowed to reach equilibrium.
At equilibrium the partial pressures of the substances were measured as follows:

Substance ‘ Partial pressure, P;

SO, 0.2 atm
NO, 0.15 atm
SO, 0.3 atm

Calculate the partial pressure of NO at equilibrium. If you could not solve part b), then use the
value K, = 12.

Pno = atm

d) Again, SO, and NO,, was put into an empty reaction vessel at 25 °C. The initial pressure of
SO, was 0.20 atm and the initial pressure of NO, was 0.10 atm. Calculate the partial pressure
of NO when the reaction has reached equilibrium. If you could not solve part b), then use the
value K, = 12.

Pyo = atm

13



Question 21  Organic Chemistry

In organic chemistry the Diels-Alder reaction is an important way to synthesize ring structures. One
of the starting materials in the reaction is a diene, a chemical that has conjugated double bonds. The
diene reacts with another double bond to form a ring. The mechanism for the reaction is shown below.
The curved arrows show the movement of electrons during the reaction.

L 1— 0

diene alkene
4
R4 — O

If the diene or the other alkene have any side groups (R) they stay relative to each other as shown
below.

R R’
R
R~Z
+ ”\ e
N - .
o

]
R P R" R R"
o r —
N

As you can see, the alkene can react with the diene in two possible ways, depending on how the alkene
is flipped.

14



a) What two products can be formed when the following molecules react? Draw the products.

Compound A was synthesized with the Diels-Alder reaction.

COOH

Br

A

b) Draw the two compounds that were used to synthesize compound A.

¢) What is the name of compound A according to the [IUPAC naming system?

15



