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Questions

Note: Make sure that all equations are balanced and that the correct units

are indicated.
Part One (50 points)
Required Topic — Kinetics and Thermodynamics
Answer one of the questions 1-2.
1. Scientists are developing a new method for using solar energy to produce

carbon monoxide, CO, ., which can be used as fuel. In this method, giant

(&’
mirrors are used to concentrate the sun's rays onto a cell that contains carbon
dioxide, COz(g),

1173 K and then Reaction (1) occurs. Carbon monoxide, CO (@ is obtained

and titanium, Ti s The temperature in the cell increases to

via Reaction (1).

. . o
(1) 2CO,, +Ti 200, +TiO),  AH®=-379kJ

(s)
Standard entropy values, S°, for the reactants and products of Reaction (1)
are presented in the table below.
Substance | CO,p | COg | TiOy Tig,
of I 214 198 50 31
S (K-mol)

N Calculate the change in the entropy of the system, AS%ygem , for
Reaction (1). Show detailed calculations.

ii Determine whether Reaction (1) is spontaneous under standard
conditions at 298 K. Show detailed calculations and explain.

iii ~ Two statements, (a) and (b), are presented below. Which of the
statements correctly explains why Reaction (1) is carried out at a
temperature of 1173 K and not at a temperature of 298 K?

(a) The activation energy of Reaction (1) at 1173 K is lower
than the activation energy of this reaction at 298 K.

(b) At 1173 K, more particles of the reactants in Reaction (1)
have sufficient energy to produce activated complexes
[DOyown o sl

(Note: This question continues on the next page.) /Continued on page 3/
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2. Which of the graphs I-II below correctly describes the changes in
energy over the course of Reaction (1)? Explain why you rejected the

other graph.
Energy Energy

2C0Oy) +TiOy) 2C0(g) +TiOx)

Course of the reaction Course of the reaction

I 1T

Methanol, CH,4 OH(Q), can also be used as fuel. CO(g) can be used to

produce CH;0H )y, as described in Reaction (2):

(2) COy,+2H,, —6, CHyOH, ~ AH®=-128.5K

Reaction (2) proceeds spontaneously at 323 K. Reaction (2) is carried out at

323 K in the presence of a catalyst — copper, Cu(s)

nood Explain why the reaction is carried out in the presence of a
catalyst.

it Sketch two curves on the same system of axes that provide a

schematic description of the change in energy over the course of
Reaction (2):
First curve — for the reaction without a catalyst.
Second curve — for the reaction in the presence of the catalyst Cu .

7. Someone proposed carrying out Reaction (2) at a temperature of 333 K.
i Determine whether the rate of the reaction at 333 K will be greater
than, less than or equal to the rate of the reaction at 323 K.
Explain.
it Determine whether the value of the equilibrium constant at
333 K will be greater than, smaller than or equal to the value of
the equilibrium constant at 323 K. Explain.

/Continued on page 4/
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2.

Limestone — calcium carbonate, CaCO3 © is used to make statues, among
other things.

Acid rain corrodes statues made of limestone.

When limestone comes into contact with acid rain, Reaction (1) occurs.

+ N 2+ o_ _
(1) CaCOjy+2H;00,, ~ Cal)+3H,00 +CO,y,, AH®=-15.5k]

N1 The standard entropy of water, H, O, y), is less than the standard

entropy of carbon dioxide, CO,, .. Explain why.

it Determine whether the entropy2 %)f the system increases, decreases
or remains the same over the course of Reaction (1). Explain.
iii ~ Determine whether there is a range of temperatures within which
Reaction (1) does not proceed spontaneously. Explain.
Three experiments were carried out: I, II and III. Reaction (1) occurred in

each of the experiments. In Experiment I, 0.2 grams of limestone granules

were added to 30 milliliters of a hydrogen chloride solution, HCQ(aq), with a
concentration of 1 M, at a temperature of 25°C.
The results of Experiment I are presented in the table below.

Time from the start of the 0 1 2 3

experiment (minutes)

Number of mols of CO2(g) 0 0.0040 0.00064 | 0.00076

obtained in Experiment I
| Based on the results of the experiment, determine whether the

rate of the reaction is constant or variable over the course of the
reaction. Explain your conclusion.

it Explain the results of the experiment at the microscopic level.

The rate of formation of Ca(z;a) ions during the first minute of Experiment I
M
was 0.0133 o
o1 What was the rate of the disappearance of Hj Oz;q) ions during the
first minute? Explain.
it~ What was the rate of Reaction (1) during the first minute of

Experiment 1?

(Note: This question continues on the next page.) /Continued on page 5/
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7.

.

In Experiment II, 0.2 grams of limestone granules were added to

30 milliliters of a hydrogen chloride solution, HC{ with a

(ag)’
concentration of 0.2 M, at a temperature of 25°C.
Determine whether the rate of the reaction during the first minute

of Experiment II was greater than, less than or equal to the rate of the

reaction in Experiment I. Explain.

In Experiment III, a chunk of limestone (instead of granules) with a
total mass of 0.2 grams was added to 30 milliliters of a hydrogen
chloride solution, HC{
of 25°C.

Determine whether the rate of the reaction during the first minute of

(aq)’ with a concentration of 1 M, at a temperature

Experiment III was greater than, less than or equal to the rate of the

reaction in Experiment I. Explain.

/Continued on page 6/
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Part Two (50 points)
This part of the exam includes six topics (questions 3-14).
You must answer one question.
On the outside cover of your answer booklet, write the topic to which you
chose to respond in this part of the exam.

First Topic — Bromine and its Compounds
3. At the Bromine Compounds factory, a solution of calcium bromide, CaBrz(aq),

is produced from a hydrogen bromide solution, HBr,_ , and limestone,

(aq)’
CaCO3 o according to the reaction:

+ - a2 -
CaCOy ) + 2H;3 0, + 2Bri — Cal.h + 2Br;,  +CO, ) +3H, 0,y

N Which reactant — CaCOs,, or HBr,,, solution — do we
use to calculate the percent conversion? Explain.
i1 Is the percent yield of the process likely to be closer to 100% or
closer to 90%? Explain.

2. The HBr,, solution is put into the reaction container first and then the
limestone is added.
i The limestone is added in small amounts. Explain why.
it~ The COZ(g) gas that is emitted during the reaction is transferred by

an absorption system that contains water. What is the goal of this

measure?
». CaBr, a0 solution is generally sold as a solution with a concentration
of 52%.
1 A CaBr solution with a concentration of 48% is obtained in

2(aq)
the reaction container. How is the concentration of the solution

increased in the factory?
it Present one advantage to marketing calcium bromide as a solution

as opposed to marketing it as a solid.

(Note: This question continues on the next page.) /Continued on page 7/
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Aqueous solutions containing calcium bromide, CaBr,, and additional

substances such as zinc bromide, ZnBrz, calcium chloride, CaC{l,, and

sodium bromide, NaBr, are used in oil drilling.

7.1

il

Of the characteristics (1)-(5) listed below, indicate three
characteristics that are necessary if these solutions are to

be used in oil drilling.

(1) high density [nmay marax]

(2) high level of purity [nmax 1P m97]

3) chemically inert [1°5 mw ]

4) low friction [n212) TmPw nYIDd]

(5) high volatility [nm2y ma n]

Choose one of the characteristics that you indicated in
Sub-item 71 and explain why it is necessary.

1. The graph below presents the relationship between the percentage

(by weight) Popwnn nnxn] of calcium bromide in a solution and the

crystallization temperature of the solution.

Temperature (°C)

i

Percent calcium

T T T T T T T T T T i
40 42 44 46 48 50 52 54 56 58 60 b“v’vne‘i‘giﬁtby

One of the considerations in determining the appropriate
composition of the solution to be used in oil drilling is the
crystallization temperature of the solution. Explain why.

During the winter, the temperature in Siberia can fall to —40°C.
What does the percentage (by weight) of calcium bromide need to
be in a solution used for oil drilling at a temperature of —40°C:

48% or 52%? Explain.
/Continued on page 8/
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4. At the Bromine Compounds factory, methyl bromide, CH3Br(g), is produced
via Reaction (1): H, S0
+ 4(aq)
(1) CHOHy +H;0(, +Brg, CH;Br g +2H,0, )
The two acids, HBr(aq) and HZSO saqy &T€ obtained in the reaction container
from bromine, Br, () and sulfur, Sg( . via Reaction (2):
1 -
(2) 3Bry, +gSg(s) T 11H,0g) — TH30; ) +6Bri,,, + HSO, (.0
N Producing the two acids in the reaction container is cheaper than
using prepared solutions: HBr(aq) solution produced in
the factory and H,SO 4aq) solution acquired already made.
Give two reasons why the process by which the acids are produced
in the reaction container is cheaper.
it~ Part of a flow chart for the production of methyl bromide,
CH3Br(g), is presented below.
Aw HOp B
p l l l
SS(s) Reaction CH3BI‘(g) . To Rinsing Container
Container o
N © J HBr, in NaOH
B solution
A ~ )
(€
¢ A(aq)
B(g) B(aQ)
C(aq)
H,0
2%(g) ! HBr
HBr
© |Disti]lati0n
Container

C(aq)

Identify the materials A, B and C based on the figure and
Reactions (1) and (2).

(Note: This question continues on the next page.) /Continued on page 9/
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1.

The yield [n2] of the process for the production of methyl bromide
via Reaction (1) is 90%.

2.56 tons of CH,4 OH g, reacted with HBr(aq) solution.

6.498 tons of CH,Br  were obtained.

Calculate the percent conversion [0 nnx] of this process.

Show detailed calculations.

The mixture of gases coming out of the reaction container moves

into the rinsing container in a solution of NaOH (0

What is the goal of this step and what is it based on?

i CH3Br(g) is produced in a continuous process. Give one reason
for this.

it~ The CH3Br(g) production process is carried out in a system kept at

a pressure lower than atmospheric pressure [\n>-nn]. Explain why.

Methyl bromide is a poisonous substance that is mainly used to disinfect
soil. Under standard conditions [17n »xin], methyl bromide is a gas.

In order to carry out the disinfection process, CH3Br(g) is injected into
soil that is covered with sheets of plastic. After several days, the plastic
is removed.

Why does the soil need to be kept covered for several days? Give two

reasons.

/Continued on page 10/
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Second Topic — Polymers

5. Astudy was conducted to learn about water-absorbing polymers that can be

used in disposable diapers, among other things.
During the first part of the research process, Polymer A was prepared from

Monomer (1):

(D

CH, = CH— COOH

Write out a structural formula for a segment of Polymer A that includes

three repeating units.

Two batches of Polymer A were prepared from identical amounts of
Monomer (1). The polymerization occurred in the presence of a radical
initiator >p>79 oV

i

i

When a large amount of the initiator was present, a water-soluble
polymer was obtained. Explain this fact.

When a small amount of the initiator was present, a polymer that
absorbs water, but does not dissolve in it was obtained.

Explain this fact.

Later in the research process, Polymer B was prepared from Monomers (1)

and (2). Below is the structural formula of Monomer (2).

2)

il

T
CH,

I
CHy;=CH—C—0—CH,~C—CH,~O—C—CH=CH,

|
CH,

=0
GH
CH,

How does the structure of Polymer B differ from the structure of

Polymer A?

Which polymer is better suited for the production of disposable
diapers: the polymer whose production involved a large amount of
Monomer (1) and a small amount of Monomer (2), or the polymer
whose production involved a small amount of Monomer (1) and a
large amount of Monomer (2)? Explain.

(Note: This question continues on the next page.) /Continued on page 11/
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7. Even later in the research process, Polymer C was prepared. In
Polymer C, some of the side-groups are -COONa groups. A
representative segment of Polymer C is shown below.

—CHZ—ClH— CH,— CH—CH2—$H—CH2—$H—

COONa C=0 COOH COONa

CH,
CH;—CHy—¢— CHy~O—C—CH=CH,

"

—CH,—CH—CH,—CH—CH;,—CH—CH,—CH—
COONa COOH  COONa

i How is it possible to get a -COONa group from a -COOH group?
i1 The water-absorbing ability of Polymer C is greater than the
water-absorbing ability of Polymer B. Explain why.

1. Arepresentative segment of an additional water-absorbing polymer,
Polymer D, is presented below.
CH, CH,
—CHZ—CH—CHQ—Cl—CHZ—CH—CHZ—é—
COOH C| =0 Cl,'OOH (lj =0
0 0
C|H2CH2NH2 (|ZH2CH2NH2

i Which method is used to produce Polymer D: condensation
[Mon7] or addition [Ma>0]? Explain.

it Write the structural formula of each of the monomers used to
produce Polymer D.

/Continued on page 12/
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6. During the recycling of nylon, the polymer is broken down into monomers
and additives.
Once the monomers have been separated from the additives, they can be
used to make new polymers.
Structural formulas of the repeating units of two polymers are shown below.
Nylon 6, 10, which is mainly used to make different types of brushes:
I (II)
—ITI—(CHz)G_ITI_C_(CHz)g_C_
H H

Nylon 11, which is mainly used to make the soles of sneakers:

I
_ITI_(CHz) 10— C—
H

N The two polymers are broken down into monomers by
hydrolysis. What materials and conditions are necessary
for the hydrolysis of the two polymers?
it Write out structural formulas of the monomers obtained when

Nylon 6, 10 and Nylon 11 are broken down.

2. The cross-linked polymer A [A 253w 91>919] was prepared from one
of the monomers obtained from the breakdown of Nylon 6, 10 and
glycerol, HO—CHZ—ClH—CHZ—OH .

OH
1 Write out a structural formula of the monomer that reacted with
glycerol.
Explain why you chose this monomer.
it Write out a structural formula for a representative segment of the

cross-linked polymer A.

(Note: This question continues on the next page.) /Continued on page 13/
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Polymer B was prepared. Below is a structural formula of the repeating unit
of Polymer B: (|ZH3
COOCH,

».  The average distance between the ends of the chain of Polymer B was
found to be smaller than the length of the open chain [nwy19n nIvwIvn]

that includes the same number of repeating units. Explain why.

7. Polymer C is obtained from the hydrolysis of Polymer B.

i Explain why Polymer B is not broken down into monomers during
the hydrolysis process.

it Write out a structural formula for the repeating unit of Polymer C.

iii  The cross-linked polymer D is produced in a reaction between
Polymer C and one of the monomers obtained when Nylon 6, 10 is
broken down (see Sub-item X ii).
Write out a structural formula for the monomer that reacted with

Polymer C. Explain why you chose this monomer.

/Continued on page 14/
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Third Topic — Physical Chemistry — From the Nano Level to

Microelectronics

7. One of the methods used in the electronics industry to clean glass surfaces

is based on the use of electromagnetic radiation. In this method, a mercury

lamp is used as a source of radiation.

In the first phase of the process, the radiation causes molecules of oxygen in

the air to break down into atoms.

N.

i Write out the valence levels [m>9y>n] of the electrons in a
molecule of oxygen, O,.

it Write out the valence levels of the electrons in an atom of oxygen, O.

In atoms of oxygen in which the electrons have been excited, electrons

were found to have been promoted from the highest populated orbital

[Ma2>xn oomnn Hv¥aN] to orbital 3p. Determine the possible electron

transitions from orbital 3p to lower orbitals.

The minimal energy needed to break down one molecule of oxygen, 02,

is 8.26 ¢ 107" J.

Determine whether a photon of wavelength 365 nm can break down

a molecule of oxygen.

Show detailed calculations and explain.

Under appropriate conditions, O, ions can be produced.

i An O, ion is less stable than an O, molecule. Explain why.

it~ Determine whether the energy difference between the LUMO
orbital and the HOMO orbital of an O, ion is greater than, smaller
than or equal to the energy difference between the LUMO orbital
and the HOMO orbital of an O, molecule. Explain.

In the emission spectrum of a mercury lamp, lines appear at

wavelengths 185 nm, 254 nm, 365 nm and 546 nm (among others).

1 Determine within which range each of these wavelengths is to be
found — infra-red, visible light or ultra-violet. Explain.

it~ Determine which of these wavelengths corresponds to photons

with the lowest level of energy. Explain without calculations.

/Continued on page 15/
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8. Three materials were studied in a laboratory:
— Retinol (Vitamin A), which is essential for night vision and growth
processes.
— 1,3,5-heptatriene, which is used to produce organic compounds.
— Lycopene, which reduces the danger of heart and vascular diseases.
Structural formulas of the three materials are shown below:

NN N

OH
1,3,5-heptatriene Retinol

IS T YT Y Y Y Y Y Y YT S

Lycopene

N The materials are solids under room conditions. Explain why.
1l The materials are different colors: one is yellow, one is red and
one is white.
Which material is yellow and which is red? Explain.
Each of the materials was dissolved in hexane, CgH,, () which is colorless.
Three solutions were obtained: Solution (1) is yellow, Solution (2) is
colorless and Solution (3) is red.
2. Solution (2) was obtained by dissolving the white material.
Explain why Solution (2) is colorless.
. For each of the three solutions, the wavelengths of maximum
absorption are measured.
The wavelengths are: 260 nm, 395 nm and 505 nm.
i Match each of the measured wavelengths to one of the
Solutions (1), (2) and (3). Explain.
it Calculate the energy difference between the HOMO orbital and
LUMO orbital of lycopene. Show detailed calculations.

(Note: This question continues on the next page.) /Continued on page 16/
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7. Indigo is a blue substance that is used to dye cloth.
A structural formula of indigo is shown below:

Pll 0
O~

i

(0] H

i Determine whether indigo absorbs light in the visible range.
Explain your answer at the microscopic level.

i1 Material containing chlorine causes the bleaching of cloth that
has been dyed with indigo.
Which change in the structure of the indigo molecules causes this

loss of color? Explain.

/Continued on page 17/
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Fourth Topic — Advanced Organic Chemistry
9.  Methy-t-butyl ether (MTBE), (CH3);C~O—CH;y, , is used as an additive in
automobile fuel.
This additive improves the functioning of the vehicle's engine and reduces
the emission of pollutants.
MTBE can be produced in a reaction between an appropriate alkyl bromide
and methanol, CH;OH,y,, at room temperature. The methanol in this reaction
serves as the solvent [onn].
N Write out a structural formula for an alkyl bromide that can be
used to produce MTBE.
it~ Write a formula for the reaction in which MTBE is produced from
the alkyl bromide (whose formula you wrote out for Sub-item x 1)
and methanol.
2. The reaction that you wrote out for Sub-item x ii occurs in three stages:
I, I and III. The graph below describes the energy changes over the

course of the reaction.  Energy ;

II

III

Course of the reaction
i Write out a structural formula for the intermediate product for
each of the stages I and II.
11 Which stage, I, II or III, determines the rate of the reaction?
Explain.
iii ~ Determine whether the reaction is a first-order reaction

or a second-order reaction. Explain.

(Note: This question continues on the next page.) /Continued on page 18/
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».  The rate of the reaction does not change when it is carried out in the
presence of a low concentration of methoxide ions, CH, O(CHS OH)"

Explain this fact.

1.1 With a high concentration of methoxide ions, CHy O(_CH3 OH)>
the main reaction is an elimination reaction that proceeds via the
E2 mechanism. Explain why.

i Write out a formula for the mechanism of this elimination reaction.

/Continued on page 19/
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10. This question concerns the reactions of 2-bromopropane, CH, CHBrCH; ),
with CH,O" ions and with CH,S" ions.

N.

1.

Which of the ions, CH,O™ or CH,S", is a stronger nucleophile? Explain.

When CH;CHBrCH; (1) Teacts with CH3S(_CH3OH) ions, the main
reaction that occurs is a conversion reaction [90n nannl. For this
reaction, methanol serves as a solvent.
1 Write out an equation for the reaction.
i1 The rate equation that corresponds to this reaction is
v =k[RBr][CH,S].
Determine by which mechanism this reaction proceeds, S 1 or
S\2. Explain.
iii ~ Draw the mechanism of the reaction.
In the reaction that you wrote out for Sub-item 1 i, methanol was
replaced by acetone, CH;COCH; ), as the solvent.
i Changing the solvent did not change the mechanism of the
reaction, which you identified in Sub-item 1 ii.
Explain why.
it~ Determine whether the rate of the reaction in acetone is faster
than, slower than or equal to the rate of the reaction in methanol.
Explain.
When CH;CHBrCH; g reacts with CH3 0 ¢y, op) ions, the main
reaction that occurs is an elimination reaction.
The rate equation that corresponds to this reaction is
v =k'[RBr][CH,O"].
Determine whether the rate of the reaction will increase, decrease or
remain the same if the concentration of CH,4 O(_CH3 o) lons is increased

3-fold [3 »s]. Explain.
Explain why CH;CHBrCHj o, reacts with CH3S(_CI_13 om) lonsina

conversion reaction, but reacts with CH; O(_CH3 OH) in an elimination

reaction.
0 /Continued on page 20/
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11.

Fifth Topic — Chemistry of Proteins and Nucleic Acids

In the 1970's, the researcher Sanger developed a method for determining
the sequence of the nitrogenous bases in DNA. This method is based on
the use of a certain type of molecule. The letter W is used to refer to these
molecules.

The structure of the W molecule is similar to the structure of a nucleotide
found in DNA, with one difference: the carbon-3 atom in the sugar group is
bound to a hydrogen atom instead of a -OH group.

N Write out a structural formula for a W molecule that contains
adenine.
it~ The W molecule can only bind one end of a strand of DNA.
Determine which end of the strand of DNA — 3'or 5' — the
W molecule can bind.
Explain your answer.

2. A group of researchers used the Sanger method to determine the
sequence of nitrogenous bases in a molecule of DNA from a certain
strain of bacteria. They found that the two strands of the DNA contained
a total of 200,000 nitrogenous bases.

The total number of nitrogenous bases in the two strands that were
cytosine bases was 70,000. How many adenine bases were there in the

two strands? Explain.
A segment of a strand of a certain DNA molecule is given:
5' GGTGACCCGCATAC 3'
This section is transcribed into mRNA (messenger RNA).

».  The transcription process is initiated by the enzyme RNA polymerase.

Describe how this enzyme works.

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

/Continued on page 21/
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7.1 Write out the nucleotide sequence of the strand of mRNA that was
obtained from the given DNA sequence.
ii  Indicate which group is located at each of the two ends of the
strand of mRNA.
iii ~ Write out the amino acid sequence that could be obtained from

the given DNA sequence, paying attention to the start codon.

n. Below is an amino acid sequence from a section of the Ras protein:

Val — Val — Val — Gly — Ala
In a molecule of mRNA, in the section that codes for this sequence, the
codon that corresponds to glycine is GGC.
One nitrogenous base was changed in the DNA that codes for this
protein segment. As a result, the glycine in the segment was replaced
by valine. This change made the cell cancerous.
i Which nitrogenous base in the DNA was changed? Explain.
ii ~ Given: a nucleotide sequence of DNA

3' CAACAGCACCAGCGG 5

Determine whether the given sequence codes for the flawed

section of the protein. Explain your answer.

/Continued on page 22/
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12. Glucagon is a hormone excreted by the pancreas whose function is to balance
the level of glucose in the blood. A molecule of glucagon in the human body
is made up of 29 amino acid units. In a molecule of glucagon, there are 3
units of aspartic acid, Asp, 2 units of arginine, Arg, and 4 units of serine, Ser.
The pKa values of the acidic groups in these amino acids are presented in the

table below.

Amino acid Symbol pKa
a-COOH a-NH.* R (side group)
aspartic acid Asp 2.1 9.8 39
arginine Arg 2.2 9.0 12.5
serine Ser 22 9.2

N What is the net charge of the particles of aspartic acid in aqueous
solution at pH = 6?7 Explain.
ii ~ Write out a structural formula for particles of arginine in
aqueous solution at pH = 10.
iii ~ Using structural formulas, diagram the equilibrium that exists

in an aqueous solution of serine at pH = 9.2.

The partial acidic hydrolysis of glucagon yields (among other things) the
following two segments I and II:
I Leu — Asp — Ser — Arg
I Ser— Arg— Arg— Ala
The pKa of the carboxylic group at the C-terminus of the peptide is close to
3.6.
The pKa of the amino group at the N-terminus of the peptide is close to 8.
2 Determine whether the electric charge at each of the end groups
will be +1, —1 or zero at pH = 9.
ii ~ Determine the overall charge of Segment I at pH = 9. Explain.
iii  Refer to the data in the table and your answer for Sub-item 2 i and
determine at what pH the isoelectric point of Segment II is found:
pH > 12.5, pH = 12.5 or pH < 12.5. Explain.

(Note: This question continues on the next page.) /Continued on page 23/
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. Write out a structural formula for Segment I at pH = 2.
7. Explain why a peptide bond has a rigid, planar structure.
7. Write out a possible nucleotide sequence for the mRNA (messenger

RNA) that was translated into the amino acid sequence shown as
Segment I. Label the 3' end and the 5' end.

/Continued on page 24/
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Sixth Topic — Environmental Chemistry

13. The main sources of drinking water in Israel are the Kinneret and

groundwater. This water needs to be treated appropriately for it to be fit to
drink.

N.

Water from the Kinneret is filtered through screens and through
sand.
Why does the water from the Kinneret need to be filtered through

both screens and sand?

For groundwater to be fit to drink, it needs to have been disinfected

(microorganisms that are harmful to human health need to be destroyed).

1.

The most widespread method for disinfecting drinking water is

chlorination, in which a stream of chlorine gas, C¢ is sent through

2(gy
the water. Chlorine reacts with water as described by Reactions (1)

and (2):

+ —
(1) Clyy+2H,0y = HOCL,, +H;00,, +Cli,

_I_ —
(2)  HOCL,q +H,0 g == H;0(,, +OCL

(aq) (aq)

The disinfection process that involves HOCE,, . is more effective than

(aq)
ions.

(aq)
The efficacy of the disinfection is high in the range 5.5 < pH < 7.5.

the disinfection process that involves OC{

1 Explain why the efficacy of the disinfection is low at pH < 5.5.
i1 Explain why the efficacy of the disinfection is low at pH > 7.5.

To soften water, consumers are advised to install an ion-exchange
system.
1 Explain the concept of soft water.
i1 Which type of ion-exchange system is used to soften water — a
cation-exchange system or an anion-exchange system?
Explain the principle by which the ion-exchange system that you

chose functions.

(Note: This question continues on the next page.) /Continued on page 25/
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7. Another method for disinfecting drinking water is based on the use of
ultraviolet (UV) radiation, which kills a wide range of microorganisms.
i Give one advantage and one disadvantage of this method, as
compared to chlorination.
it A mercury lamp emits UV radiation with a wavelength
A =255 nm.
This radiation is suitable for disinfecting drinking water.
Calculate the energy of a photon of radiation of
wavelength A = 255 nm. Show detailed calculations.

. Water that contains lead ions, Pb2
10 ppb is not fit to drink.
A monitoring station reported on a sample of water in which the

(ag) - at a concentration higher than

concentration of lead ions was 1 * 10-" M.
Determine whether the water sample is fit to drink.

Show detailed calculations and explain.

/Continued on page 26/
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14. Water is the main component (approx. 90%) of beer. Many breweries were
established near springs or wells. The types of ions found in the water and
their concentrations affect the quality and flavor of the beer.

To test the hardness of the water, four samples were collected from
Well A and titrated with an EDTA solution in the presence of the indicator
Eriochrome Black T.
N1 At the end point of the titration, the color of the solution changes.
Explain why.
it In the titration, drops of EDTA solution are added to the sample

from a burette. Explain why.

The results of tests to determine the molar concentration of calcium ions,

CaZ ™, in Well A are presented in the table below.

(aq)’
Sample Molar concentration of Ca(zazlr) ions (M)
1 0.00027
2 0.00025
3 0.00025
4 0.00023

201 Is it possible to determine whether the obtained results are
accurate? Explain.
it Is it possible to determine whether the obtained results are
reliable? Explain.

. Calculate the hardness of the water in Well A in ppm.
Show detailed calculations.

7. Soft water is used to make light-colored beers.
Water tests conducted in another well, B, found the hardness of the
water in that well to be 130 ppm.
Which of the two wells, A or B, contains water that is better suited for
the production of light-colored beer?

Explain.

(Note: This question continues on the next page.) /Continued on page 27/
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Reactions (1)-(4) occur in the presence of COz(g):

2)  COyq) T HyOgyy == Hy CO5y

—_— + -
(3) H, CO3(aq) +H, O(Q) <= H;, O(aq) + HCO3(aq)

2+ -
(4)  Call +2HCO3 ) — CaCOy( + CO, ) + H, 0,

An increase in the concentration of CO2(g) in the air can affect the pH and

hardness of well water.

N What is one factor that could cause an increase in the
concentration of CO, © in the air?

1l Determine whether the pH of the well water will increase,
decrease or stay the same following an increase in the
concentration of CO, © in the air. Explain.

i Anincrease in the concentration of CO, ® in the air can decrease

the hardness of the water.

Explain why.
Good Luck! !nnosna
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