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Chemistry

Instructions for examinees

~. Duration of the exam: Two hours

2. Exam structure and breakdown of points:

This exam has three parts.

Part One
Part Two

Part Three
Total

». Material that may be used during the exam:

— 33% points

— 33% points

1
— 333 points

— 100 points

(1) a calculator (graphing calculators are permitted)
(2) a Hebrew-foreign language/foreign language-Hebrew

dictionary

7. Special instructions: none

Write only in the answer booklet. Write all draft material (notes,
calculations, etc.) on separate pages in the answer booklet and write
"noro" at the top of each of these pages. If you write any sort of
notes or calculations outside the answer booklet, your exam may be

disqualified!

Good Luck!
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Questions
This exam has three parts. Answer three questions, one question from each part of the exam.

Part One — Chemical Equilibrium and Entropy (333 points)

Answer one question: Question 1 or Question 2.

Note: Make sure that all equations are balanced and that units are written correctly.

1. The combustion of fuel makes the temperature in a car engine high. As a result nitrogen and
oxygen in the air react and form several compounds; one of them is nitrogen dioxide, NO, (),
which is a brown gas.

When NOy is introduced into an empty container, Reaction (1) takes place and produces

the colorless gas dinitrogen tetroxide, N,O, @ "
> 0
(1) 2NO,,, === N0, AH(, <0

NX. How can one see that Reaction (1) is taking place in the container?
2. i Determine whether the entropy of the system increases or decreases during
Reaction (1). Explain.
i1 Determine whether the entropy of the surroundings increases or decreases during
Reaction (1).
i1 Reaction (1) is spontaneous at a temperature of 298K.
Determine whether the change in entropy of the surroundings at a temperature of

298K is greater or smaller than the change in system entropy. Explain.

A lab ran Reaction (1) in two closed containers, I and II. The volume of each container was
1 liter.

The same number of moles of NO,,, Was put in each of the empty containers, and the
containers were sealed.

Container I was kept at a temperature of 298K. Container II was kept at a temperature of
500K.

Reaction (1) took place in both containers and both systems reached equilibrium.

>. Determine which container, I or II, reached equilibrium in a shorter space of time.

Explain using collision theory.

/Continued on page 3/
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7. 1 The values of the equilibrium constants, K, for the systems in the two containers

I'and II, are 0.025 and 170. Match each system (in Containers I and II) with its K.
Explain.

ii  Determine whether the concentration of N,O,, @ in Container II, at equilibrium, is
greater than, smaller than, or equal to the concentration of N,O 4(2) in Container I at
equilibrium. Explain.

iii  When the system in Container I reached equilibrium, there were 0.03 moles of
NOy ) in the container.

Write the expression for the equilibrium constant, K ..
Calculate the concentration of N,O, @ in Container I at equilibrium.

Show detailed calculations.

7. When the system in Container I reached equilibrium, a little N,O, ) was added to the
container and the equilibrium was disturbed. After a certain amount of time the system
reached a new equilibrium.

Determine whether the concentration of NOy ) under the new equilibrium is
greater than, smaller than, or equal to the concentration of NO,,,under the previous

equilibrium. Explain.

/Continued on page 4/
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2.

Ethanal, CH, CHO g, is a flammable substance. One of its uses is in manufacturing perfumes.

Below is the combustion reaction of gaseous ethanal, CH3CHO(g) .

0 _ 593
(1) 2CH;CHO ) + 50, ;) — 4C0O, ) + 4H,0 AS syenay =59¢

(®
The following table shows thermodynamic data for the reactants and products of
Reaction (1).

Substance formula H,0, COy (g 0,g) CH;CHO,,

Standard molar entropy, S°
< J > 189 214 205 X
K - mol

Standard enthalpy of formation,
AHY
J —242 — 394 — — 166
(ot

N. 1 Calculate the standard molar entropy of CH, CHO,y, (the value of X in the table).
Show detailed calculations.

ii ~ Calculate the change in enthalpy in Reaction (1), AH?I) . Show detailed calculations.

3. 1 The entropy of the surroundings increases during the reaction. Explain why this
happens.
ii  The entropy of the system increases during the reaction. Explain why this happens.

iii  Determine whether Reaction (1) is spontaneous at room temperature. Explain.

».  Reaction (2) describes phase transition for ethanal.
. 0
2) CH3CHO(g) CH3CHO(Q) AH(Z) <0

i  Determine whether the standard molar entropy, S, of CH;CHOy, is higher or lower
than the S° of CH;CHO,,, . Explain.
ii  Determine whether Reaction (2) is spontaneous at all temperatures. Explain.

/Continued on page 5/
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7.

- 5 -
Reaction (3), below, represents the combustion reaction of liquid ethanal, CH, CHO(Q).

- 0 —_
(3)  2CH3CHO g, + 50, ,, — 4CO, ) + 4H,0 ) AH(, = —2,160k]
Calculate the change in entropy in the surroundings for Reaction (3) at a
temperature of 280K.

i
ii ~ The following diagram shows the entropy of the system in Reactions (1) and (3).

Entropy

4C02(g) +4H, O(g)
A

Copy the diagram to your notebook. Write the formulas of Reaction (1) and Reaction (3)

reactants on each of the lines marked A and B, in the appropriate place.

/Continued on page 6/
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Part Two — Polymers (33} points)

Answer one question: Question 3 or Question 4.

3. An acrylic paint contains a random copolymer and a pigment (dye).

Below are the structural formulas of three monomers:
~H
~0—C—CH,
Il
O

(1) Vinyl acetate CH,=C

CH,=

=C
~C—0—CH,

I

0

(2) Methyl methacrylate

~H
CH,=C_
(3) Butyl acrylate C—0—CH,CH, CH, CHj

Il
)

Copolymer A or Copolymer B can be used to make acrylic paint.

N. 1 Write out a representative section of a random copolymer A that is obtained from
monomer (1) and monomer (2).
i1 Write out a representative section of a random copolymer B that is obtained from
monomer (1) and monomer (3).
iii  For each of the copolymers A and B, determine whether it is obtained using addition

or condensation.

/Continued on page 7/
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a.

Acrylic paint mixed with water — a relatively volatile solvent — as the diluent, is used
to paint walls. The water evaporates off the wall and the acrylic paint remains. Some
acrylic paints that have been diluted with water have a small amount of glycerol added to
them.

Below are the formulas for these two diluents [D*5571]:

water, H, O(Q) ,

glycerol, CH, OH—CHOH-CH, OH o

1 Explain why the water molecules and glycerol molecules can bind to the copolymer
molecules.

it Glycerol is less volatile than water. Give two reasons for this.

Acrylic paint is also used to protect iron tools from rust. Rust forms in a reaction
between iron and the oxygen in the air.
Copolymer A protects iron from air penetration better than Copolymer B.

Explain this fact.

Under suitable conditions, both Copolymers A and B can be fully hydrolyzed.

1 Write the structural formulas of all the products of complete hydrolysis of
Copolymer A.

it~ Write the structural formulas of all the products of complete hydrolysis of

Copolymer B.

The melting point, T, , of the main hydrolysis product of Copolymer A is higher than the
T,, of Copolymer A.

Provide two reasons for this fact, and explain.

/Continued on page 8/
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4.

N.

Listed below are properties, a-f, of polymers:

a
b
c
d
e
f

amorphous structure

high percentage of crystallinity

long chains and no large side groups
large side groups

rigid sections in the backbone

covalent cross-links

List three of the polymer properties a-f that are compatible with polymers used to

manufacture fibers.

The following table shows data for four polymers, (1)-(4), that have similar average degrees

of polymerization.
Polymer Structural formula of the repeating unit T, °C) | T, (°C)
O O
(1) | Polyethylene adipate I I —45 50
—0—CH,—CH,~O0—C—(CH,),—~C—
0 1
(2) Nylon 6,6 —N—(CH,)(—N—C—(CH,),—C— 80 265
I I
H H
0 0
(3) Dacron —O—CH, CH, 0—C— @_ co 70 265
i
—CH,—C—
4) Perspex I 105 160
% —O—CH;
o)
3. 1 Explain why the T, of polymer (3) is higher than the T, of polymer (1).

il

Explain why the T of polymer (2) is equal to the T of polymer (3).

/Continued on page 9/
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Do

When the amide hydrogen atoms on polymer (2) are replaced by methyl groups, —CHj,
polymer (5), which is known as nylon (N-methyl) 6,6, is obtained:

i 1
) —ll\T—(CH2)6 _Il‘I_C_(CHz)4_C -
CH,4 CH,
i The T, of polymer (5) is lower than the T, of polymer (2). Explain why this is so.

ii ~ Polymer (5) is not suitable for manufacturing fibers. List two reasons for this.

The widespread use of plastic products can be harmful to the environment. One way to

overcome this problem is to manufacture biodegradable [D>>>11] polymers. For example,

a polymer that can be hydrolyzed into water-soluble products is a biodegradable

polymer.

This is one way of reducing damage to the environment.

Polymers (1)-(4) in the table can be hydrolyzed under suitable conditions.

i Write the structural formulas for the products of complete hydrolysis of each of the
four polymers.

i1 Polymer (4) is not a biodegradable polymer, even though it can be hydrolyzed.
Explain this fact.

One of the hydrolysis products of polymer (2) reacted with one of the hydrolysis
products of polymer (3).
Polymer (6) was obtained; its T, is higher than the T, of polymers (2) and (3).

Write the structural formula for the repeating unit in polymer (6).

/Continued on page 10/
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Part Three —
Physical Chemistry: From Nano to Microelectronics (33% points)

Answer one question: Question 5 or Question 6.

-10 -

Note:  Make sure that equations are balanced and that units are written correctly.

5. This question is about phosphorus.
N. The excited phosphorous atom, P, emits radiation. The energy of one of the photons
emitted in this radiation is 5.8 eV.
i Determine whether the emitted radiation for this photon is within the range of
visible light or within the ultra-violet range (UV) or within the infra-red range (IR).
Show detailed calculations, and explain your answer.
ii  Calculate the frequency of the emitted radiation for this photon.

Show detailed calculations.

2. The electron configuration of the phosphorus molecule, P,, is given below.
20 k2 D #D 4 D x4 kD D XD 4 D _Fk %
015015 925 925 TCZp 62p n2p GZp 035 935 TCSp 63p TC3p GSp
1 Write the LUMO level of a phosphorus molecule. Explain.

ii  Which particle is more stable: the P, molecule or the P," ion? Explain.

>. Below is the abbreviated structural formula for diphosphene, C;cHsoP,.

T_—_— '

Explain how the structure of the diphosphene molecule makes it a colored substance.

/Continued on page 11/
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Some flashlights work with LED (light emitting diode) lamps that emit radiation at various
wavelengths.

-11 -

7. A LED is composed of an n-type semiconductor and a p-type semiconductor.
The figure below illustrates a section of the semiconductor structure.

@ @t@

@ @2@

1 Determine whether the figure shows an n-type semiconductor or a p-type
semiconductor. Explain.

i1 LEDs are made of semiconductor crystals. When an electric current is passed
through these crystals, they emit electromagnetic radiation in the visible light range.
Below is a diagram of a LED that is obtained from connecting an n-type

semiconductor to a p-type semiconductor.

n-p Junction

Conduction | |band
Orbitals of the dopant atoms

Orbitals of the dopant atoms

Valence  band

Copy the diagram to your notebook.

— Mark the n-type semiconductor and the p-type semiconductor on the diagram.

— Add a battery and conducting wires to the diagram to create an electric circuit
with a current.

— On the diagram, mark the charge, (+) or (-), on each of the battery terminals
and mark with an arrow the direction of electron movement through the circuit.

/Continued on page 12/
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7. The lights in traffic lights are LEDs. A traffic light has a LED that emits green light and a

LED that emits red light.
i Which LED has a larger energy gap, the green LED or the red LED? Explain.
it Traffic lights also have a lamp that emits yellow light.

Calculate the energy range of yellow light photons. Show detailed calculations.

/Continued on page 13/
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6.

This question is about magnesium, Mg.

N.

i

il

Draw an atomic orbital (AO) diagram [D>»70pYR 19N Yw nnIanoT] for the first three
levels in the Mg atom.
Show the electrons occupying their correct orbitals.

Below are three electron configurations, I-I11.

I 1s22s? 2pi 2p; 2p(Z) 3s!3p!

. 1s22s? 2pi 2p§ 2p§ 3593p0

IMI. 1s22s? 2pi 2p}2/ 2p(Z) 3s!3p!

Determine which configuration, I, II, or III, is the electron configuration of an

excited magnesium ion, Mg2+.

Explain why vou rejected the two other configurations.

The folowing wavelengths correspond with the magnesium atom's emission spectrum:

279 nm, 469 nm, 592 nm.

i

i

il

i

Determine which of the given wavelengths corresponds to the lowest photon energy.
Calculate this energy.

Show detailed calculations. and explain.

Determine which of the given wavelengths corresponds to the highest radiation
frequency. Calculate this frequency.

Show detailed calculations. and explain.

The emission spectrum of the magnesium atom has an additional emission line at a
wavelength for which the energy of the emitted photon is 3.2 eV.

Determine whether the wavelength of the additional emission line is larger than,
smaller than, or equal to 469 nm. Show detailed calculations, and explain.

List one difference between a line emission spectrum and a continuous emission
spectrum in the visible-light range.

List one difference between absorption of a photon and emission of a photon.

/Continued on page 14/



P9IN ,NOD) + 037282 'D0 ,NYWN VP,
Chemistry, Summer 2018, No. 037282 + attachment

-14 -

7. The following three diagrams illustrate the valence bands and conduction bands in the

final energy level of a solid.

There are 4N orbitals in each diagram.

Energy Energy Energy
Conduction band| 2N IN
Conduction band 3N
Conduction band
2N
Valence band N Valence band
Valence band 2N
IN
111 II I

ti  Determine which of the three diagrams, I, II, or III, describes a magnesium crystal,
Mg(s) , with N atoms. Explain.
i1 One of the three diagrams describes a substance that does not conduct electricity.

Copy this diagram to your notebook, and mark on it the forbidden energy gap.

Good Luck!
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