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Instructions for examinees

N. Duration of the exam: Three hours

1. Exam structure and breakdown of points:
This exam has two parts.
PartI — Required — (2x20) — 40 points
Part 1T — (3%x20) — 60 points
Total — 100 points

). Material that may be used during the exam:
(1) A calculator (graphing calculators are

permitted).
(2) A Hebrew-foreign language/foreign
language-Hebrew dictionary.

7. Special instructions:
(1) Note: Question 1 in the first part of the

exam includes eight items X-n. Four

possible answers are given for each

item and you must choose the

correct answer for each one. Mark the

correct answers in your answer booklet.
(2) Attach your answer booklet to the test

booklet.

(3) In Part I, you must answer both questions.

In Part II, you must answer three of the
six questions.

Write all of your rough work (calculations, notes,
etc.) on separate pages of the answer booklet only.

Write the word "nv»v” on the top of each of these pages.

If you write any sort of work outside the answer
booklet, your test may be disqualified!

Good Luck!

/continued on the next page/
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Questions
Part One (40 points)

Answer both Question 1 and Question 2 (each question — 20 points).
Answer all of the Items x through n in the attached answer booklet

(each item — 2.5 points).

For each item, circle the number that corresponds to the correct answer.
Before you answer, read each of the possible answers.

1.

N. Five elements with consecutive atomic numbers are represented by the
letters v, w, x, y and z. The figure below shows the radii of the atoms of
these elements in Angstroms (A, a unit of length).

Atomic radius

(A) 2
1_
Which statement is correct? 0V —wx Y Z Element
1.  The elements v-z are located in the same row of the periodic table.
2. Element z is a member of the family of noble gases.
3. Elementy is a member of the family of alkali metals.
4. The number of valence electrons in an atom of Element v is smaller

than the number of valence electrons in an atom of Element z.

3. Inaliquid state, the forces of attraction between molecules of

dichloromethane, CH,C{, (1) » are stronger than the forces of attraction

between molecules of 4-fluoromethane, CF, ) The molecules of each
of these substances have a tetrahedral shape. What causes the difference

in the strength of the intermolecular forces in the two substances?

1.

The electron clouds in CH,CE, molecules are larger than the
electron clouds in CF, molecules.

In molecules of CH,C{, there is a constant dipole; whereas in CF,
molecules, there is only a temporary dipole.

The contact area between CH,C{, molecules is smaller than the
contact area between CF, molecules.

There are hydrogen bonds between molecules of CH,C{,,

whereas there are van der Waals forces between CF, molecules.
/continued on page 3/
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Do

Two containers, A and B, each contain 100 mL of water. A solid
material was put into each container.

The following reaction occurred in Container A:

1
Rb +Hy Oy — Rbq)+ Oy + 3 Hy(y
The following reaction occurred in Container B:
RbH ;) + Hy Oy — Rbg) + OHyg) +Hy

The reactions in the two containers proceeded at the same temperature

and the same pressure.

During the course of each reaction, 0.25 mol of gas were emitted.

Which statement is correct?

1. Equal masses of the reacting solid were put into each container.

2. The same number of mols of the reacting solid were put into each
container.

3. Upon the completion of the reactions, the volume of gas in
Container A was greater than the volume of gas in Container B.

4. Upon the completion of the reactions, the number of mols of
Rb

Rb}

(ag) 1008 in Container A was greater than the number of mols of

(ag) 1008 in Container B.

A solution containing iodate ions, IOg(aq) , was mixed with a solution of
hydrogen peroxide, H, 0, (aq)" A reaction occurred.

What products might be obtained in this reaction?

L. Oy and Iygq

2 O, (g) and 10449

3. OHgq and Iy

4 OH,q) and 10,

(Note: This question continues on the next page.) /continued on page 4/
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HO

Vitamin C and vitamin E are two vitamins that act as antioxidants.

. . . grams
The molar mass of vitamin Cis 176 =551

The molar mass of vitamin E is 430 granlls .
mo

The structural formulas of the two vitamins are shown below:

HO

HO O
O J—
HO OH

Vitamin E Vitamin C

Which statement is correct?

1. There are fewer molecules in 1 gram of vitamin C than there are
in 1 gram of vitamin E.

2. Both vitamins are members of the group of vitamins that are
water-soluble.

3.  Both vitamins are members of the group of vitamins that are
soluble in oil.

4.  In areaction with free radicals, both vitamins will be oxidized.

Tea from the lavender plant can be used as an indicator for acids and
bases.

The tea is pink at pH < 7, purple at pH = 7 and green at pH > 7.
Lavender tea was added to four different aqueous solutions.

Which of the rows, 1-4, in the table below correctly reports the color of

each solution after the tea was added?

HBr KOH CH.OH CHNH, -
1 purple pink green green
2 pink green green green
3 pink green purple green
4 pink purple purple pink

/continued on page 5/
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t. 100 mL of a solution of barium hydroxide, Ba(OH)z(aq), with a
concentration of 0.01 M, were mixed with 100 mL of an aqueous
solution of an acid. A reaction occurred. Upon the completion of the
reaction, the pH of the solution was less than 7.

What was the aqueous acidic solution?

. A HNO solutlon with a concentration of 0.01 M

2. A HNO solutlon with a concentration of 0.02 M
3. AH, SO solutlon with a concentration of 0.01 M
4

A H SO solutlon with a concentration of 0.02 M

n. The structural formulas of two amino acids are presented below:

(0]
I ?
OH N
NH2 NH2
Leucine Lysine

Four statements (I-IV) are presented below.

1. Each of the two amino acids has a side-group, R, that includes a
dipole.

II.  Both amino acids are solids at room temperature.

III. In an aqueous solution with a pH = 7, the overall electrical charge
for each of the two amino acids is equal to 0.

IV. A condensation [n©°nT] reaction could occur between the two
amino acids.

Which statements are correct?

1. Tand I only

2. Iand IV only
3. TandIV only
4. I and I only /continued on page 6/
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Analysis of a Passage from a Scientific Article - Required

2.

Read the passage below and respond to all of the items n-x that follow.

gl

o

Sugar and Bacteria Clean the Environment
Drycleaning is a method of cleaning clothes with a solvent other than
water. In the past, the solvent perchlorethane (PCE), whose formula is
C,CLyg) was commonly used. Recently, this solvent has been found to
be harmful to human health.
In areas in which drycleaning plants were located, the wastewater from
those plants, which included high concentrations of PCE, contaminated
the soil and sources of drinking water.
In Israel, the maximum permissible level of PCE in drinking water is
5 molecules of PCE per 10° molecules of water. Drinking water that
contains higher concentrations of PCE is a health hazard.
An innovative method known as bioremediation is being used to
decontaminate both soil and water sources that have been polluted
with PCE. In this method, bacteria are used to treat pollutants in the
environment. In this method, molasses is added to the soil or water
source. Molasses is a thick liquid rich in glucose, C6H1206(aq), which is
produced in the process by which sugar is produced from sugarcane.
Glucose provides optimal conditions for the culturing of certain bacteria
that are found in soil or water sources. With the help of glucose, these
bacteria can transform molecules of PCE into ethene, C_H , molecules in

a multi-stage oxidation-reduction reaction. o
The overall reaction for this process is shown below:
CoH 206 (4q) T 3C2CQ4(aq) +18H,0p —
— 6C0, (o) +3Cy Hy (o +12CL ) + 12H;0(, )

This process is repeated several times until the concentration of PCE
reaches the permitted level. In recent years, the use of this method has
spread.
(Adapted from: Argentine, C. "Microbes and Molasses: A Successful Partnership"
ChemMatters, April 2012)

lp

Y

/continued on page 7/
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N.

i

i

Draw the structural formulas of a molecule of PCE and a molecule
of ethene.
Explain why, under room conditions, PCE is a liquid, while

ethene is a gas.

Calculate the maximum number of PCE molecules permitted in a cup

that contains 180 grams of water. In one mol of particles, there are

6.02 » 10 particles. Show detailed calculations.

Name two functions of glucose in the decontamination process

described in the passage.

i

i

Determine the oxidation level of the carbon atoms in each of the
following molecules:

c,ce,, CO,, CH,
Determine whether, in the reaction shown in the passage, C2H

4(2)
is a product of the oxidation or the reduction of C,Cl,,q, .

Explain.

The decontamination of a source of drinking water was monitored
by measuring the pH.

Which of the graphs below (I-III) correctly describes the change
in the pH of the water over time? Explain.

i

pH pH
N
7.5
7 U
1 -
Time 0 Time
II 11T

It is recommended that chalk, CaCO3 ) be added to soils treated

as described in the passage. Explain why.

/continued on page 8/
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Part Two (60 points)
Answer three of the questions 3-8 (each question — 20 points).
Atomic Str re, Bonding and Characteristics of Material
3. In the table below, you will find data concerning five atoms that have been
randomly labeled with the letters a, b, ¢, f and g.

Atom a b c f g
Mass number 14 14 15 17 18
Number of neutrons 7 8 8 9 9

N.

i

il

111

Determine which of the atoms in the table has the smallest nuclear
charge. Explain.

Determine which (two or more) of the atoms in the table are
isotopes of nitrogen, N. Explain.

Draw the arrangement of the electrons at the different energy
levels of atoms c, fand g.

Formulas of four molecules that contain nitrogen are shown below:
NH,, NF,, FNO, HONH,

a.

i

—

Write out the Lewis electron-dot structure [5°170p5x »nx¥» nnon] of
each of the given molecules.

Indicate whether the partial charge on the nitrogen atom in each of
the molecules is a positive partial charge or a negative partial charge.
In a molecule of HONH,, the O—H bond is shorter than the N—H
bond. State one cause for this and explain its effect on the length
of the bond.

Which bond is shorter: N—O or N=0 ? Explain.

Hydroxyl amine, HONH
obtained has a pH > 7.
Determine which of the two equations below, (1)-(2), correctly
represents the reaction that took place. Explain why you rejected
the other equation.

+ —
(1) HONH,, +H,0 — HONH, + OH

5 18 put into water. The solution that is
(s)

water +
(2)  HONH, NH3 )

The boiling point of ammonia, NH; ), is higher than the boiling

+ OH@q)

point of nitrogen trifluoride, NF; . Explain why.

/continued on page 9/
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Characteristics of Materials and Stoichiometry

4.

Linnet is an alloy [n»oao] of aluminum, AQ(S), and copper, Cu "

A layer of aluminum oxide, AQ203(S) ,1s formed on the surface of this alloy

and that layer helps to protect the alloy against corrosion.

~. How does the structure of AQ203(S) differ from the structure of linnet?
In your answer, refer to the type of particles present and the forces that
act between those particles.

An experiment was conducted to determine the composition of the alloy linnet.

A sample of 6 grams of linnet was taken and put into a solution of

hydrochloric acid, HCQ(aq).

Only two reactions, (1) and (2), occurred.

+ 3+
(1) AL,O5, +6H;00 — 9H, 0 + 2403

+ 3+
(2) 2AQ(S) + 6H,4 O(aq) 3H2(g) +2A0°T + 6H, O(Q)

(aq)
2. i Determine whether each of the two reactions, (1) and (2), is an
oxidation-reduction reaction or an acid-base reaction. Explain.
i1 What is the function of the hydronium ions, H; Ozglq), in each of
the reactions, (1) and (2)? Explain.

3. In the reaction of 6 grams of linnet with a sufficient amount of HCQ(aq)
solution, 7.875 liters of Hz(g) were emitted and 0.3 grams of unreacted
solid remained.

The volume of 1 mol of gas under the reaction conditions is 25 liters.

i How many mols of gas were emitted? Show detailed calculations.

ii ~ How many mols of Al reacted? Explain.
i1 Calculate the percentage of AQ(S) in the sample.
Show detailed calculations.

iv Calculate the mass of Al,0;, in the sample.
Show detailed calculations.

7. Which substance is a better conductor of electricity, AQ(S) or AQZO3(S) ?
Explain.

/continued on page 10/
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r re and Bonding, Oxidation-R ion
5. The table below contains information about the boiling points of three

substances, A, B and C, that all have the molecular formula C 4H] OO.

Substance | Abbrev. structural formula Boiling point (°C)
B /OI@ 83
C ? below 40

N, 1 Explain why the boiling point of Substance A is higher than the
boiling point of Substance B.
i1 Explain why Substance A does not dissolve very well in water.
iii  Water and Substance A were put into a test tube and mixed.

Describe, at the macroscopic level, the mixture that was obtained.

2.1 Suggest a structural formula for the molecules of Substance C.
i1 Explain why the boiling point of Substance C is lower than the
boiling point of Substance B.

/continued onpage 11/
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Abbreviated structural formulas of molecules of several substances, I-1V, are

presented below.
OH O HO HO o
HO\A\/OH HO\/U\/OH \/U\OH
© OH
H

I II III v

P Write out the full structural formulas of molecules of the
substances [-1V.

ii  Which (two or more) of the substances I-IV are isomers?

7. Determine the level of oxidation of the carbon atom marked with the *

in the molecules of Substance I. Explain.

/continued on page 12/
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Gasous State and Stoichiometry

6. This question concerns hydrogen sulfide gas, H,S @

N.

The gas is stored in a closed container.
What are two microscopic characteristics of the gas in the closed

container?

In the closed container A, there are 6.8 grams of H S @

In the closed container B, there are 12.8 grams of sulfur dioxide, SO2(g).
The pressure of the gas in Container A is less than the pressure of the
gas in Container B. The two containers are at the same temperature.
Determine whether each of the statements below, 1 and ii, is true or

false. Explain each of your conclusions.

1 The total number of atoms in Container A is equal to the total
number of atoms in Container B.
il The volume of Container A is smaller than the volume of

Container B.

The gases H,S(g) and SOz(g)

react with each other as described in Reaction (1).

are emitted in volcanic eruptions and

This reaction yields sulfur, S, , the yellow solid found scattered

8(s)’
around the craters of volcanos.

(1) 16H,S )+ 880, — 3Sg( +16H,0,,)

Reaction (1) was carried out in a laboratory and 64 grams of S, s Were
obtained.
Under the reaction conditions, the volume of 1 mol of gas is 60 liters.

1 Calculate the volume of st ® that reacted with a sufficient

amount of SO2 @ Show detailed calculations.

il What volume of SO2 © reacted? Explain.

/continued on page 13/
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In a laboratory, H,S ® is produced in a reaction between iron sulfide,

FeS o and an aqueous solution of hydrochloric acid, HCQ(aq), as

described in Reaction (2):

+ 2+
(2)  FeS+2H 00— Felit + H,S,) +2H,0,

(€9)
Calculate the volume of HCQ(aq) solution with a concentration of 0.2 M
needed to produce 4.25 liters of H,S @ Under the reaction conditions,
the volume of 1 mol of gas is 25 liters. Show detailed calculations.

HZS(g) is a poisonous gas.

The maximum concentration of H,S ® permitted in the air is

1.47+107° mols of H,S (o PET liter of air.

A certain amount of H,S ® is produced in a laboratory chamber that has

a volume of 120,000 liters and that gas is used immediately.
Calculate the mass of H,S © that can be produced in this chamber,
so that if the gas were to escape and spread in the chamber, the
concentration in the air would be equal to the maximum permissible

amount. Show detailed calculations.

/continued on page 14/
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Oxidation-Reduction and Acids and Bases

7.

Nitric acid, HNO3(Q) ,1s used in the production of fertilizers and
explosives.

In the chemical industry, HNOj; 4 is produced from ammonia, NH, @

The process by which HNO; ¢, is produced has three steps. Each step

involves one of the reactions (1)-(3).

(1) 4NHy ) + 50, —= 4NO,) + 6H,0,

2@
(2) 2NOgy) + Oy~ 2NOyg

)

3) 4N02(g) + Oz(g) + 2H20(Q) — 4HNO3(Q)

N. 1 Copy the table below into your answer booklet.

Oxidation level of N atoms
@ @ @ [N >mox S psnnn maT]

Nitrogen compound [}{?ynN N21571]

Determine the oxidation level of the N atoms in each of the
nitrogen compounds involved in Reactions (1)-(3) and complete

the table accordingly.

i1 Which (two or more) of the nitrogen compounds that appear in

Reactions (1), (2), (3), can serve as oxidants [Dx¥nnn]? Explain.

a. Determine whether each of the statements below, 1, ii and iii, is true or

false. Explain each of your answers.

i In Reaction (1), the gas NH, . acts as a reductant [1nn].

3(9)
i1 In Reaction (2), 2 mols of electrons are transferred.

iii  In Reaction (3), the acid HNOj; ¢ acts as an oxidant [y¥nnn].

/continued on page 15/
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“4)
&)

A HNO3 (a) solution reacts with iron, Fe

as described in Reactions (4)-(5).

) and with copper, Cu(s),

+ - 2+ —
Fe(q)+ 2H;0(,) +2NO3 o — Felot) +2NO3 o +2H,0y + H

(aq) 2(g)

+ - 2+
3Cu,) +8H;0(,, +8NO5 ) —= 3Cu

(aq)+6NO§(aq)+ 1 2H20(Q)+ 2N0(g)

(s)

i In each of the reactions (4) and (5), determine what acts as the
reductant [71nn] and what acts as the oxidant [y¥nnn]. Explain.

it Determine whether during the course of each of the reactions,
(4) and (5), the pH of the solution increases, decreases or remains

unchanged. Explain.

10 grams of potassium hydrogen carbonate, KHCO,, ., were put into

365

120 mL of a 1 M HNO, (5 solution. A reaction occul(‘r)ed.

1 Write out and balance the equation of the reaction that occurred.

it Determine whether, upon the completion of the reaction, the pH
of the obtained solution was higher than 7, lower than 7 or equal

to 7. Show detailed calculations and explain.

/continued on page 16/
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Sugars and Proteins

8.

The table below contains data concerning two substances: valine and

B-glucose.
Substance Structural formula Molar mass Melting point
rams °O)
mol
CO,H
Valine 117 315
B-glucose 180 149

N. Explain why the melting point of valine is higher than the melting point

of B-glucose.

3. The structural formula of a tetrapeptide, a peptide made up of four

amino-acid units, is shown below.

o0 T
H,N C__CH N C-___CH.__OH
N\ oy \1?/ N \cle/ \I\II/ \ﬁ/

I
_CH._ H o) CH, H o)
“Hy o §H OH
CH,
1 What type of bond is found between the amino-acid units in the
tetrapeptide?

il Draw the structural formulas of the amino acids from which the

tetrapeptide was produced.

/continued on page 17/
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3. Altrose is an isomer of glucose.

The Haworth formula of a disaccharide composed of altose and

[-glucose is shown below.

CH,OH CH,OH
0 o
H
! H /L OH
o)
H OH OH H
HO H H
OH H H OH

1 How does the structure of a molecule of altrose differ from the

structure of a molecule of 3-glucose?

it The Fischer projection of glucose is shown below.

H_ C Y
H—C—OH

HO—C—H
H—C—OH
H—C—OH
CH,OH

Draw the Fischer projection of altrose.

(Note: This question continues on the next page.)

/continued on page 18/
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7. Amylose is a polysaccharide found in plants. Chitin is a polysaccharide
found in the exoskeletons of scorpions.
Haworth formulas of a segment of an amylose molecule and a segment
of a chitin molecule are shown below.

CH,OH CH,OH CH,OH CH,OH
H O H H OH H O H H O _H
H H H H ‘w
_O\OH H (}J OH H (}J OH H (}J OH H/,__
H OH H OH H OH H OH
Amylose
CHﬂH{ NHCOCH, CHﬂH{ NHCOCH,
H
¢ K /\ >
OH H /%__#>{ OH H
H NHCOCHXC}BOH NHCOCH3CH5n{
Chitin

Five structural characteristics, a-e, of polysaccharide molecules are
presented below.
a.  The molecules are made up of identical repeating units.

b.  The repeating units in the molecules are units of glucose.

c.  The number of repeated units in the molecules is not fixed.

d. The bonds between the repeating units have the o pattern.

e.  Every repeated unit is the inverse of the one before it.

1 Which (one or more) of the characteristics listed above is/are true

only for molecules of amylose?

it Which (one or more) of the characteristics above is/are true only
for molecules of chitin?

iii ~ Which (one or more) of the characteristics listed above is/are true
for both molecules of amylose and molecules of chitin?

Good Luck! 1Innbsna
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