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Problems

Form IX

1. Blue vitriol {CuS04-5H,0) and green vitriol (FeS0,7H;0) are used to

contral plant diseases. For these purposes the solutions with a required

percentage of these saits have to be prepared.

a) How many kilograms of i) blue vitriol and i) water are needed for
the preparation of 5,0 kg of 4,0% solution of CuSO, (160 g/mole)?

b} How many kilograms of green vitriol are needed to add to 9,0 kg of
3,0% solution in order to obtain 5,0% solution of FeS0O, (152 g/mole)?

2. A chemistry teacher decided to show an interesting demonstration.
He took a teaspoon made of metal X, slightly polished it with
a sandpaper and put it for a moment into a coiourless solution A, that
contained salt Y(NOs),. After that he took an “activated” spoon from
a solution, rinsed it once with water and put it on a glass plate. After
a short period of time this spoon got covered with a white soft powder
and after some more minutes this spoon completely disappeared and
only a smali pile of this white soft powder B and some little grey drops C
left. One cause of the corrosion of the wet “activated” spoon in the air is
a compound D. The initial active reagent of the corrosion of the polished
teaspoon in the air is an element E. During the corrosion  of
the “activated” spoon an element F is formed. The reaction between
the elements E and F gives compound D.
a) i) What metal was this teaspoon made of? Show a symbo! of an ele-
ment and give its name.
fi) Why doesn’t this teaspoon become destroyed when we use it for
stirring tea?
b) i) Show symbol of an element Y and give its name.
ii) What happened to spoon when it was polished with a sandpaper?
iii) Which compound was formed on a surface of a spoon when it was
treated with solution A, if this teaspoon began to corrode after that?
iv) What is a chemical composition of these drops C?
c) i) Why does the corrosion of the polished teaspoon stop in the air and
in the water?
i) Write equation for the reaction that describes formation of the pro-
tective layer on a surface of metal X.
d) Write equations for the reactions:
DX+ A i) Xeet + D> B+F; Iii) Xget + D+ E — By VE+F —.
Give the names for the compounds A, B, B, E, F.



3. Depending on a season the balloons with a bottled gas (21 kg of gas)
may contain propane {C;Hg) or butane {C4Hqa). The heat of combustion
of a propane (44,1 g/moie) AH =-2221 kJ/mole and the heat of combus-
tion of a butane (58,1 g/imole} AH = -2889 kd/mcle. Minus mark shows
that during combustion gas locses its energy.
a) Write the equation for the reaction of combustion of
i) propane and ii) butane.
b) Calculate the amount of energy that is released during the combustion
of the gas from one balloon of i) propane and ii) butane,
c) The cost of the balloon does not depend on its content and is equal to
250 krones.
i) Which gas gives the cheapest energy at its combustion?
i) Calcutate an average cost of the production of 1 gigajoule of epergy
starting from propane and butane {(GJ=10%J).

4. A grinded limestone in a first crucible was heated for a long period of
time at a temperature $00°C, powdered gypsum in another crucible was
heated at a temperature 120°C. After heating the obtained powders were
cocled down. These powders were mixed in the different pots with water
and the obtained mixtures were left on a table. In the second experiment
bath finely powdered minerals were heated at a temperature 300°C and
after that the obtained powder was mixed with water,

a) Write equations for the reactions and give trivial names for compounds:

i) limestone —2%;  ji) imestone —*2"% ;
ifi) gypsum —2C 5 |v) gypsum =,

b} Write equations for the reactions that occur between water and
i} a limestone bumt at 860°C ; i) a limestone burnt at 300°C,
iii) a gypsum burnt at 120°C;  iv) a gypsum burnt at 300°C.
c) i) What substances should we mix in crder o prepare a plaster?
Write equations for the reactions that are responsible
if) for the initial consolidation of a plaster and
iii) for the additional consolidation of a plaster in the course of centuries.

5. When an excess of a steam was passed over the salt A heated to
500-600°C, then 8,00 grams of base B and 2,24 dm® of the colourless
and odourless triatomic gas C were obtained. The same amount of this
base B can be obtained in the reaction of 0,100 mole of the oxide D of
the alkaline metal X with water. 2,24 dm?® of gas C completely reacis with
a diluted aqueous solution, containing an initial amount of salt A, to give
16,8 g of salt E. After the evaporation of the obtained solution till dryness
on a water-bath the initial amount of compound A was obtained. Salts A



and E can also be formed as a result of the reaction of gas C with
an aqueous solution of base B.
a) For the base B and for the metal X find molecular masses; draw
formulae, symbols of elements and also give the names.
b) identify gas C (substantiate your answer).
¢) Write equations for the reactions:
i) A + steam —; iy D + Ha0—, i) C + A+ HC —;
V) E — A v)B+C oA vi)jB+C > E.
d) Calculate mass of the salt A.

6. Two 200-ml glasses were put on a table for demonstrations. One of
them contained 100 ml of the solution A and another one contained
100 mi of the solution B. Some parts of the volumes {1, 1/2, 1/3 or 2/3) of
these salutions were taken and mixed together fo give new solutions in
an order and manner described below. The volumes of the solutions C, E
and G are equal to 150 ml and the volumes of the solutions D, F and H
are equal to 100 mi.

| experiment:
1/2A+B->C
D« 12A+1/3C
Il experiment:
172D+2/3C->E
F<12D+1/3E
I}l experiment:
1/2F + 2/3E— G
H <« 1/2F + 1/3G

Solutions A, B, D and F are colourless; solutions C, E, G and H are
coloured purple. One of the initial solutions (1,011 glem®) contains 3,24%
- of HCI, another initial solution (1,012 g/em?®) contains 4,15% of NaOH.
One of the initial solutions contains indicator.
a) Which indicator was used in the experiments and to which soluticn
was it added?
b) Write equation for the occurred reaction.
c) For the initial solutions calculate
i} the amount of an acid and ii) the amount of a base.
d) Calculate the amounts of an acid and a base in the solutions
iyC;, W)D; i) E.
e) What compounds are dissolved in a solution H?



Form X

1. At a temperature 20°C the solubility of CuSQO, (160 g/mole) is equal
to 17,2 g (in exactly 100 g of water).

a) How many grams of CuS0,-5H,0 (250 g/mole) are needed to dissoive
in exactly 100 g of water in order to obtain the saturated at 20°C
solution of copper sulphate?

b} Calculate the percentage of the dissclved compound in this solution.

c) What is the mass of the obtained saturated solution?

d} What is the mass of the water-free salt found in this saturated solution?

2. Molecule of gas X is pentatomic. 67,2 ml of gas X were hydrolyzed in
a water to give a soluticn of two acids A and B in a molar ratio 1:1.
60,0 ml of 0,100 M solution of KOH were spent for the neutralization of
gach acid A and B. The addition of the calcium chloride sojution
to acid A produces 408 mg of precipitate, the addition of calcium chloride
solution to acid B gives 234 mg of precipitate. Oxidation states of the ele-
ments in acids A and B are the same as for the elements in gas X.
a) Using given data find the formulae of the compounds A, B and X.
b} Write equations for the reactions and give names to all the products:
i} X > A+B; i) A+ KOH -»; iii) B + KOH —;
iv) A + CaCly v} B + CaCly—.

3. Compounds A, B, C, D and E consist only of three elements. One of

these compounds is a solid, three of them are poisonous, three of them
are elements and four of them are gases. One litre of compound A can
react with 3 litres of compound B. 8 grams of compound A can
completely react with 3 grams of compound €. 1 mole of compound C
can completely react with 1920 grams of compound E. 150 grams of
compound B reacts with 2,6 moles of compound E to give 112 litres of
compound D. It is known that compound B can be obtained in a reaction

... of the diluted solution of acid F with a red sclid element G. Compound D

can be obtained starting the same reagents with a heip of the concen-

trated solution of acid F. Reaction of compound G with compound A, as

well as with compound E, proceeds at a high temperatures and produces

a black solid element H as the only product.

a) Draw formulae and give the names for the compounds A, B, C, D, E,
F. G, H. Show aggregate states for the compounds A, B, C, D and E.
Which gases are poisonsus?

b) Draw equations for the reactions:

HA+B—, iifA+C -, iiij)C+E—>; iv)B+E
v) G + F{diluted} —»; vi) G+ F{conc.) —»; vii)}G + A »; viljG+E >
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4. Professor Snape gave to Harry Potter an assignment to prepare
precisely a quarter of an ounce of a special powder A. Inhalation of little
amounts of the vapours, that are formed at a heating of a powder A,
makes you laugh, inhalation of farge amounts of these vapours sets your
mind at rest. For the preparation of this magic powder professor advised
to Harry to took some crystals of urea, add some amount of a gastric
juice to it and boit this mixture until the bubbling stops. To the obtained
mixture he advised to add a solution of lunar caustic and after that to
coliect formed precipitate B. These last experiments should be perfor-
med in the moonlight. After the removal of precipitate the liguid phase
shouid be evaporated and that obtained white solid is a desired product.

a) Help Harry to recall
i) structural formula of the urea (CHN2O);

ii) what is the another name for the urea?

Mermione found that this powder contains by mass 35% of nitrogen,

60% of oxygen and also a hydrogen.

b) Help Harry to discaver i) formula and ii) name of the powder A.

c) Help Harry to understand: what substances are contained in vapours,
obtained at a heating of the powder A? {Tip: two binary compounds
with the same numbers of atoms).

i) Draw formulae and
i) Give the trivial names of these compounds.

d) Help Harry to write the equations of these reactions:

i) urea + gastric juice —; i} ... > B +A; i) A—".

e} Help Harry to calculate how many ounces of urea should he take in
order to obtain the desired amount of the powder A, if the reaction
yield is equal to 40,0%7
1 ounce =~ 28,5 grams.

f) Is it possible for Harry to use his usual tin pot for these experiments?

g) Why Is it so important for the last reactions to proceed in the moonlight?

5. Element A belongs to the main sub-group of the Pericdic Table of
the Elements. The number of neutrons in its nucleus exceeds the num-
ber of protons by 11. Elementary substance A melts at a temperature of
28°C and the element itself and its compounds colour a flame red. In its
compounds with oxygen (B, C, D and E) the average oxidation states of
the oxygen are equal to -Il, -I, -1/2 and -1/3 respectively. The element A
can explode if it comes to contact with water. Element A reacts with
compound E to give compound D; it reacts with compound D to give
compound € and it also reacts with compound € to produce com-
pound B. Contacts of the compounds B, C, D and E with the organic
substances may lead to expiosions, especially in a case of compounds D
and E. In the reaction of compounds D an_d E with triatomic gas F, which
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is contained in dry air, compound G and gas | are formed. The last
reaction can be utilized for the regeneration of the exhaled air in closed
rooms. Assume that the oxidalion state of the element A in all
the compounds is equal to 1.
a) I} ldentify the element A and
ii) Substantiate you answer with calculations.
b) Write equations for the following reactions:
i) A — B; ii)A—>C; ifi) A —-D; iv)] A E;
V)E—> Dy vi)D — G; vii) C — B; viiiyD+F >
Give the names for the compounds B, C, F, Gand [.

6. Swedish engineer Alfred Nabel patented in a year 1867 a method for

the transformation of highly explosive nitroglycerine {NG) into more safe

dynamite. For the production of nitroglycerine (C3HsOgNa) it is necessary

to take compound X and nitrating acid, that consists of acids Y and Z.

Compeund X can be abtained from fat, acid Y can be obtained starting

from air and acid Z can be prepared starting from sulphur.

‘a) Describe the idea of the Nobel's patent,

) In the reaction of fat with compound A the compounds X and B are
formed. The scheme of this reaction with coefficients is:

Fat +3A - X + 3B

i} Write the formulae and give the names for the compounds A and X.
i) Give trade name for the compound B. To what class of compounds
does it belong?

c) Write equations for the reactions of syntheses of the acids Y and Z,
that are used in the nitrating mixture. Give the names for the com-
pounds. Tip: compounds C, D, E and F are oxides.

air i} electric arc ., C i) D 1i1) acid Y

sulphur —¥ g vicaalyst .p V) . acid Z

d) Write equation for the reaction of synthesis of nitroglycerine. Acid Z

acts as a catalyst. Use simplified structural formulae for the com-
pound X and NG.

e) Write equation for the explosion of NG (use brutto formula).

Tip: one product of this reaction is nitrogen; assume also, that carbon
is oxidized to give monoxide.



Form Xl

1. Compounds X, Y, Z and Q are binary organic compounds. Atoms of
the element A possess high electronegativity, atoms of element B
possess low electronegativity. Some consecutive reactions between
compounds X and A can proceed, compound C can be obtained at a first
stage and compound D — at a last stage of the process. Vapour density
of the compound D is equal to 9,6 compared to vapour density of
the compound X. Salt E, that colours a flame yellow, can be formed at
the reaction of the compound C with an element B. Second product of
this reaction is compound Y. Compound Z can be obtained as a product
of pyrolysis of the compound X, and also at a heating of the compound Y
in the presence of Pt-cataiyst. Ratio of molar masses of the compounds
Z and Y is equal to 0,867. Reaction between moiecules of the compound
Z can give the compound Q (78 g/mole).
a) Identify the compounds X, Y, Z, Q, A, B, C, D, E (formulae and names).
b} Write equations for the reactions:

PX+A->C )X +A-=D; iiijcC+B—>Y;

iv) X—25 Z; v Y 2,7 vi)Z - Q.
¢) Use these data i) 9.6; ii) 0,867 iii) 78 to controt the appropriateness

of your solution.

2. Combustion products of alkane X are 9,55 dm® of CO; and 8,95 g of
water (18,0 gimole). Alkane X was treated up with AlCl; and its isomers
A, B, C and D were obtained. Every isomer was scparately treated up
with bromine in the presence of ultraviolet radiaticn for a short period of
time. |t was found that masses of isomers A and B increased equally
by 5,59 times and masses of isomers C and D increased equally by
2,84 times. Isomers B and C are symmetrical, isomers A and D are
asymmetrical. Assume that carbon atoms, that are least reactive, do not
take part in the reaction at the given conditions.
a) i) Calculate the ratio of the number of hydrogen atoms to the number
of carben atoms in this alkane X.
i) Find brutto formula of alkane X.
b) Draw schematically graphical formulae of the isomers of alkane X.
¢) i) Write brutto formulae and draw structural formulae for the bromo-
derivatives A*, B*, C* and D* of alkkane X that were obtained at
the described conditions. Give their names.
ii) Check, whether the increase of mass for found bromo-derivatives is
in agreement with a provided data.
d) Write equation for the reaction of bromination of isomer A using brutto
formulae.



3. Four metals X, Y, Z and Q of the Periodic Table of the Elemenis stay

in the same period one after another. They determine an iridescent play
of colours in many jewels. Formulae of the minerals are generaliy given
by the formulae of the respective oxides.

Percentage of

. Additions that
Jewel components (%} Typical colour determine colour
0 Si Al Ee
Ruby a7 1 — 52,9 - Red Y.Q
Sapphire 47 1 - 52,9 - Blue Q. Ti, Co
changes cofour from
Alexandrite | 50,4 ~ 42,5 A green In daylight to red Y.Q
in incandescent light
Emerald 53,6 { 314 | 10,0 5,0 Oeep green Y.X
Aquamarine | 536 | 31,4 | 10,0 5,0 Pale blue ara¥
Chiastolite | 49,4 | 17,3 | 33,3 - Brown {opaque) Z

a) Calculate and find chemicaf formulae for
i} ruby and sapphire; if) alexandrite;
ili) emerald and aguamarine; v} chiastolite.

b} i} 1dentify elements X, Y, Z and Q;
ii) Substantiate your choice.

4. Sodium-hydroxide can be produced using the electrolysis of an aque-
ous solution of NaCl. The other obtained products of this process are
hydrogen and chlorine, which is a starting material for the production of
hydrochloric acid. Veltage in the electrolyzer is equal to 3,80 V and
the electrolysis current yield is equal to 80,0%. The electricity rates for
the factory are 80 cents/kWh.
a) Write equations for the
i} total reaction of electrolysis of the aquecus solution of NaCl,
if) anodic process,
iii} cathodic process,
iv) reaction of the formation of hydrogen chloride,
b} Calculate charges for the electricity that was used for the production
of one kilogram of i} NaOH and ii) 36,5% hydrochloric acid,
c) How many kilograms of i) NaOH and of i) 36,5% solution of
hydrochioric acid can be produced using the electricity, for which
100 krones were paid. 1 kWh < kA-V-3600 s; 1 mole (e7) <> 96500 A-s

5. The concentration of ammonium chloride in a solution A is the same
as the concentration of sodium chloride in solution X. The concentration
of silver-ions in soluticn X is equal to 1,56-10" mole/dm®. Concentration



of ammonium hydrate in the solution B is equal to 0,125 mole/dm®,
Buffer solution Y was prepared by mixing 0,750 dm? of solution A with
the same volume of solution B. 1,50 dm” of 0,125 M solution of hydro-
chloric acid were added to the buffer solution Y and as a result solution Z
was obtained.
a) Calculate concentration of NaCl in the solution X.
b) Calculate pH of the buffer solution Y.
¢) Calculate pH of the solution Z.

Assume that contractien of solutions does not occur.

Kep(AgCI) = 1,56.107"° mole?/(cm®)’; K(NHaHz0) = 1,79-10° mole/cm?

In a basic buffer solution [OH] = K{base) - £24%)
c(salt)

6. Non-metal X and sodium compounds A and B are used to produce
a liquid element Y and a solid element Z respectively. Element X can
react with an oxide of an element {lowest oxidation state), which is loca-
ted near it in the Periodic Table of the Elements, to give compound C,
which consists of three elements, and in which this neighbour element is
oxidized to the maximum oxidation state. Phosphorus can be oxidized in
the presence of an excess of element X to give compound D with a
maximal oxidation state of phosphorus in it. Element X reacts with
methane in a stepwise replacement reaction, which final product is
compound E. Compound E is a liquid, which vaporizes at 80°C and it can
be utilized for the extinguishing of the burning liquid fuel. If irradiated,
mixture of the compound X and hydrogen may explode to form
compound F. Compound F is formed also at the reaction of compound X
with water or methane, and also at the hydrolysis of the compounds C
and D. Hydrolysis of C and D also produces well-known oxygen-
containing acids G and H respectively. Compound X reacts with almast
all the metals forming binary compounds, which can produce
compound F under the treatment of sulphuric acid. Compound X can
react with a hot solution of KOH to give compound [ {Berthallet salt}.
Heating of the compound 1 in the presence of MnO; produces an oxygen.
Careful heating without catalyst leads to disproportionation, one of the
products of which is salt J (salt of one of the strongest inorganic acid).
a) Write equations for the reactions, give names for the compounds:
i)A+X—; i}y B+ X —; lii) oxide + X = C;

iv) phosphorus +X — D; v} CHs +X _intotal | E; vi) hydrogen + X —.

b) Write equations for the reactions of hydrolysis, give names for
the compounds: i) C + HyO—>; i) D + H0—-.
c) Write equations for the redox reactions, give names for the compounds:

i) X + H:0—,; i} X + KOH{hot soiution} —,
iii) =0ty iv) | —2 .

_9.



Form XIi

1. Reaction of the catalytic conversion of methane is the first stage of
the industrial production of the hydrogen:

CH. + HoO(@ «22%,CO + 3H,
Standard values of the formation enthalpy and the entropy for
the reagents are presented in the following table:

CH, | HaO) CO Ha
AH® (kJ/mole) -75,0 1 -242 -110 0
S/ (mole-K)] 186 189 197 131

a) Calcuiate the standard value of the enthalpy for this reaction AH®.
b) i} Calculate the standard value of the free energy for this reaction AG®.
if) {s the forward reaction spontaneous?
c) Calculate equilibrium constant K; for this reaction {standard conditions).
d) i) What would be the requirement for the equilibrium state?
if) At what temperature (°C) would be this requirement filled?
Assume that enthalpy AH and entropy AS of the reaction do not depend
on temperature.

2. Trivial name for the compound A is oxamide. It consists of carbon,

hydrogen, nitrcgen and oxygen. Molecuiar weight of A is equal to 88.
Inits molecule the number of atoms of three elements is the same,
the number of atoms of the fourth element is smaller by two then the sum
of the rest three. Hydrolysis of compound A produces gas B with acrid
smell, that changes colour of a wet litmus paper to blue. The second
product of the hydrolysis is organic acid C, that gives at heating
scentless gas D (1,52 times heavier then air) and crganic acid E with
a most smallest molecular weight. Acid E can be obtained by
the oxidation of gas F, which can be readily dissolved in water and
possesses a sharp smell. Both organic compeunds E and F give
the positive resuit at the silver mirror test. The reaction between gases B
and F gives aminomethanol as an unstable intermediate. In the result of
a fotal reaction compound X (urotropine, CsHiz:N4) and water are
obtained. The reaction of compound X with nitric acid produces
compound Y (hexagen, CaHgNeQg) and compound G, which is a salt, that
can be obtained as a product of the reaction between gas B and nitric
acid. In the compeound Y and salt G nitrogen possesses different
oxidation states.

a) i) Substantiate the brutto formula of the compound A,

ii) Draw structural formuta of the compeound A.
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b) Write equations for the reactions and give the names to all reagents
and products. {Draw structural formulae for the organic compounds):
i) A+ Hy0 -, i) G-
iii) B + F — aminomethanof; iviB+F X v) XY
¢) Write equation for the reaction of the explosion of hexogen (use brutto
formulae), assuming that hexogen is the only source of an oxygen.

3. Biueprinting of the architectural drawings was invented by English
astronomer Sir John Herschel in 1840. This methed is based on the ini-
tiation of the intramolecular redox reaction of the light-sensitive iron
salt X by quanta of light. The obtained cation reacts with a potassium
salt Y to give insoluble biue compound Z. The paper is usually covered
with the solutions of salts X and Y and dried after that. If the drawing is
highlighted then white lines remain on a blue background on such paper.
Unreacted salts are washed away. Sait X is an organic double salt of iron
and ammonium, its molecule crystallizes with three molecules of water.
After lightning a double salt Q is formed, which is of the same qualitative
composition but crystallizes with two molecules of water. During
the intramotecular redox reaction of salt X some oxalate-ions are decom-
posed with the formation of carbon dioxide. Salt Y can be obtained with
a use of the reaction of iron with a concentrated solution of sait A. Salt A
can be oblained using reaction of KOH with a very poigsonous volatile
weak monoprotic acid B. Density of the vapours of acid B is 13,5 times
targer then that of hydrogen. Oxidation states of iron in salts X and Y are
the same and their motecules contain one atom of an iron. The compo-
sition of the anions of salts Y and Z are identical, iron (56,0 g/mole) takes
26,4% from the mass of anion. The iron contents in the crystalline
hydrates X and Q are 13,1% and 18,4% respectively and in salts Y and Z
- 17,0% and 47,3% respectively.
a) Deduce and substantiate qualitative and quantitative compositions of

the anions of salts Y and Z using the provided data,
b) Write formulae of crystalline hydrates X and @Q, and also formulae of

compounds Y, Z, AnB.
¢} Write equations for the reactions:

iyion+Y - Z +ion;

ifyiron salt+ A—> Y.

i) X —2Y 5 Q + {(NH)2C20s + coere + v

4. In a year 2001 the Nobel Prize in chemistry was presented to scien-
tists who worked out the methods of the catalytic asymmetric synthesis.
Different stereoisomers of the compound may possess very different
properties. Asymmetric synthesis provides the possibility for the produc-
tion of the effective medicines and biologically active compounds.
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All the amino acids (except glycine) have R and S enantiomeric forms
(stereoisomers). Let's take, for example, 2-aminopropanocic acid.

a) Draw Fischer projections of R and S forms of amino acid alanine

(2-aminopropanocic acid). Show seniority of the atoms in the S—isomer.

Good example for the demons-

tration of the differences of the proper- O

ties is Himonene ({(CyoHss). R-isomer )‘K/)\/\f and H,CC
smells like orange, but S-isomer

smells fke lemon. Malecule of limo- )

nene contains six-membered cycle

and the products of its ozonolysis shown nearby are obtained in ratio 1:1.

b) Write equation for the reaction of ozonolysis of limonene using
| structural formulae. Draw R- and S-isomers of limonene and show
. the seniority of the atoms.

The most tragic example of the differences

of properties of isomers is thalidomide. This

compound appeared in 1961 and it was N —0

claimed that thalidomide is a very effective AN NH

medicine against insomnia, depression and 00 ] .
Thalidomide

| petulance. But after the numerous occur-
: rences of teratogenesis {disturbance of an embyronic growth) the exten-
sive tests revealed that all the positive properties were only due to
the presence of R-isomer, at the same time S—isomer was proved to be
a very strong teratogen.

¢} In the molecule of thalidomide designate the chiral carbon atom with
asterisk (*). Draw R- and S-isomers of thalidomide and for S—isomer
show the seniority of the atoms.

5. Compound A (Cy4Hi20;) can be obtained from benzaldehyde
{CeHsCHO) in the presence of a catalyst (KCN). Reduction of this
| compound with NaBH, gives compound B (C1.H1403), whereas oxidation
with CrOa produces compound C (C14H490y). Reduction of compound C
using NaBH, produces compound B. Oxidation of benzaidehyde with
the use of Ag,0O gives compound D. Compound B reacts with an excess
K of compound D in the presence of concentrated sulphuric acid to give at
first compound E (CyHieO3) and after that compound F {CasHz:04) is
formed from E. In all the mentioned syntheses the reactions involve
N modifications of the side chains.

a) Draw structural formulae of the compounds A — F.

5 b) Designate with asierisk (*) chiral atoms in the compounds A and B,

g ¢} Draw Fischer projections for alt the stereoisomers of compound F.

- Fhenyl group can be written as Ph.
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6. Rhodo chromium chloride (X) is a binuclear complex compound of

chrome {lI}) in which two nuclei are connected by hydroxyl group. TUPAC

nomenclature provides a name for the compound X as p-hydroxe-
bis[pentaammine chrome(ll1)]. Synthesis of the compound X proceeds in
the medium of the concentrated solution of NH,CI as follows:

Cr® + NH3+ Oy + HO = Y™ + OH,

where Y™ designates the cation of rhodo chromium. During the synthesis

rhodo chromium chloride precipitates out in a form of red fine-grained

water-soluble crystals. If the compound X is boiled with hydrochloric acid
then purpureo-chromium Z — [CrC{NHa)sICl2 precipitates out.

a) Draw structural formula for the cation Y.

b) Write the described reaction scheme in a form of equation showing
the ionic form of the product. Cation shoutd be written in a simplified
structural form.

¢) Why is rhodo chremium chioride synthesized in a concentrated solu-
tion of NH4CI?

d) Write equation for the reaction of the synthesis of compound Z starting
from compound X. . ‘

¢) Write a name for the compound Z using IUPAC nomenclature rules.

f) Which volume of 0,1 M solution of AgNO; should be spent for
the titration of 10 cm?® of 0,05 M solution of compound Z?
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Solutions

Form IX

1. a) M(CuS045H,0) = 250 g/mole
m(CuSO.) = 5,0 kg - 0,040 = 0,20 kg
m(CuS04-5H,0) = 0,20 kg (CuSO.) -%@ =0,312 kg ~
4

: 0,31 kg
m{H,0) = 5,0 kg - 0,31 kg = 4,60 kg =~ 4,7 kg

b} M(FeS047H,C) = 278 g/male
Let m{FeS0,7H;0} = x
9,0 kg-0,030+x»1£

_ 278
- 0050= 9,00 kg +

0,45 kg+ 0,05 x = 0,27 kg + x-0,547
0,18 kg = 0,457

x = 0,362 kg ~ 0,36 kg
m(Fe$0.-7H,0) = 0,36 kg.

2. a) i) X - Al, aluminium,
iI) Aluminium surface is covered with a firm layer of oxide ALO; .

b} i) Y - Hg, mercury.
i} Al,O; protective layer is removed.
iify Aluminium amalgam is formed on a surface of a teaspoon.
iv) Drops C consist of metaliic mercury.

¢} i) Aluminium becomes covered with a firm protective iayer of Al,Os.
ll) AAL+ 302 = 2A|203

d) i) 2Al + 3Hg(NOj3), = 3Hg + 2AINOs)s
X A — mercury(l|}nitrate
iiy2Al + 6H,C = 2AKOH);  + 3H;
Xaw D -—water B - aluminium hydroxide F - hydrogen
i) 4Al + 30, + 6H,O = 4AI(OH);

Xar E-—oxygen D B
iV} 02 + QHQ = 2H20
E F D



3. a) i) C3Hg + 50, = 3C0, + 4H,0 f
ii) 2C4H 1o + 130, = 8CO, + 10H,0

b) i) n(CsHg) = 21,0.10% g - i;“j’le = 4,76-10% mole
18
AH(C3Hg) = 4,76-10* mole - (-2221 kJ/mole) = -1,06-10°kd = -1,06-10%MJ =

=-1,06 GJ

i) N(CaH1o) = 21,0-10% g -‘5;“?“" =3,61- 10% mole
sL 8
AH(C4Hyo) = 3,61-10% moale -(-2,889-10° kJ/mole)= -1,04-10° kJ=

=-1,0410° MJ = 1,04 GJ

¢) Amount of energy that is produced for the same money in this case
is in inverse refationship with a cost of the unit of energy.

i} Combustion of propane produces the same amount of energy for
the less money. Propane is less expensive.

iiy Combustion of one balloon of any gas preduces in average
1,05 GJ of energy (from the peint of view of consumer mark is +).

Cost = 220KONes _ 539 Lrones/Gd
1.05GT

4.a)i) CaCO; —®C, = (a0 +  COpt

quicklime, burnt lime  carbon dioxide
ii} Limestone does not decompose at 300°C.,
2CaS042H,0 —2% 4 = (CaSQy4),-HaO or CaS0Os¥%H0 + 3H,0
gypsum cement or hemihydrate plaster
or plaster of Paris,
iv) Ca8Q,42H,0 =  (CaS0, +
dead gypsum, burnt gypsum
b) i) CaO + H,0 = Ca(OH),
slaked lime
ii) Limestene does not react with water.
iii) (CaSO4)2'H20 + 3H;0 = 2(038042H20)
gypsum
iv) Dead gypsum does not react with water.
¢) 1) Plaster can be prepared by mixing sand, slaked lime and water.
ii) Ca{OH); + CO2 = CaCQ0; + H0
iti) Ca(OH); + Si0; = CaSi0; + HaO

2H;0

5. a) Formula of the alkaline metal oxide D is X,0.
X0 < 2X0H
D B



n(XOH) = 2.0,100 mole = 0,200 mole

M(XOH) = —08
0,200 mole
M,(X) = 40,0- 16,0 -1,0 =23
X — Na, sodium
B - NaCH, sodium hydroxide
b) Gas C can be CO; because it is triatomic odourless and colourtless.
CO, reacts with a normal salt of carboxylic acid A to give acid
salt E. Acid salt E is decomposed at a temperafure lower than
water boiling temperature to give normal salt A. CO; (C) passes
through the aqueous solution of NaOH (B) to give at first normal
- salt A and after that acid salt E.
<) i) °t
Na,C0s + H,O = 2NaOH + CO,
A — sodium carbonate B c
. i} NayO + H,QO = 2NaOH
- D - sodium oxide B
ill) CO, + Na,COs + H,O = 2NaHCO;
Cc A E — sodium hydrocarbonate
tﬂ
iV) ZNaHCQ, = Na,COs + H:O + CO,
E A c
HzO :
v} 2NaQH + CO; = Na,COj3 + H,O
B C A
H20
vi) 2NaOH + 2C0; = 2NaHCO;
B c E

d m 8,00 ¢
Na,C0O; < 2NaOH
106 g/mole 40,0 g/mole

= 40,0 g/mole

m{Na,CO3) = %-8,00g-lrnole/40,0g-106g/mole =106 g

o .
6. a) i) Phenolphthalein was used as an indicator.
i) Indicator was added to the solution of acid A.

b) HCI + NaOH = NaCl + H0

1mole

¢) i) n{HCI, in solution A) =100 cm™1,011 g/cm®0,0325- =

3658
o = (,0900 mole



1 mole __

i) n(NaOH, in solution B) = 100 cm®1,012 gfem®0,0415-

40,0g
= 0,105 mole
d) i} In solution C:
n{HCI) = 0
n(NaOH} = 0,105 mole - %-0,0900 mole = 0,060 mole
ii) [n solution D:
n(HCI) = 10,0900 mole - %-0,060 mole = 0,025 mole
n{NaOH) = 0
iii) In solution E:
n(HCY) = 6
n(NaOH) = %-o,oeo mole - 0,025 mole = 0,0275 mole ~
= 0,028 mole

. &) Solution H can not contain acid, because the solution is coloured. I
means that this solution must contain base and formed sodium
chloride, of course.

Form X

1. a) m{CuS045H,0) =x
160

In a saturated solution: m{CuS04) = Xges = 0,640x
518

m{H;0) =100 g + X = 100 g + 0,360x
L{CuSQ.)=17,2g

L(CUSO.) = - D840

{00 g+0360x 1009

Solubility means mass of the dissolved substance in exactly
100 g of water.

0640x
100 g+0,360x 0.172

17,2 g = 0,578x

For the saturated solution it is required
m(CuS0,5H,0)=x=29,76g~298 g
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...b) Percentage can be calculated using the solubility data.

o - 17,2 ) - o
%(CUSO4) = 155100 = 14,67 = 147

©) m(saturated solution) = 100 g + 29,8 g=129,8 g

d) m(CuSQ4) = 1298 - 0,147 = 19,08 ~ 19,1 g
m(CuSO,) = 29,8 g - 0,64 = 19,07 ~ 13,1 g

2. a) n(X) = 67,2-10% dm® - 122 = 3,00 - 10° mole

224dm’
n(KOH) = 60,0 - 10° dm® - 0,100 mol/dm® = 6,00 - 10~ mole
Both acids are diprotic.

i

M(calcium salt of acid A) = 408-107 g- - —=—— = 136 g/mole
3,00-10” mole )

M(anion A) = 136 g/mole - 40 g/mole = 96 g/mole

anion A = SO¥

acid A — H:S0,

M(calcium salt of acid B) = 234.10% g- ! =78 g/mole

3,00-10° mole
M(anion B) = 78 g/mole - 40 g/mole = 38 g/mole
anion B = F5-
. acidB - H2F2
. Compound X - SO:F;, because gas X was pentatomic and the
oxidation states of the elements remained

unchanged.
b) i} SOF; + 2H0 = H.S0, + HaF2
X sulfuric acid hydrofluoric acid
ii) H;S0, + 2KOH = KoS0, + 2H.O
A potassium suifate water
iii) HoFo + 2KOH = KoFs + 2H,0
B potassium fluoride water
iv) H280, + CaCl, = CaSOyt + 2HCI
A Ce calcium sulfate hydrochloric:acid
v) HoF2 + CaClz = CaFyl + 2HCI
B calcium fluoride hydrochloric acid

3.a)A-0,, ozone, gas, elementary substance, poisonous
B — NO, nitrogen monooxide, gas, poisonous
C - Cgo, fullerene, solid, elementary substance
D — NOs, nitrogen dioxide, gas, poisonous
E - 0,, oxygen, gas, elementary substance
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F — HNQg, nitric acid
G - Cu, copper
H - CuO, copper(ll) oxide

b} i) O3 + 3NO = 3NO,
A B a}
ii) ng + 4003: 60002
C A
iif) Cgg + 600,= 60CO;
C E
iv) 2NO + O, = 2NO,
B E D
v} 3Cu + 8HNOs{diluted) = 3CU{NOs); + 2NO + 4H,0
G F B
vi) Cu + 4HNOg3(concentrated) = Cu(NG;); + 2NO, + 2H,0
G F D
vii) 3Cu + Oz = 3Cu0
G A H
viii) 2Cu + Op = 2CUu0
G E H

H
4. a) i) 2N>C$O carbamide, urea
H,N

. - Tmol _
byi)n{N)= 35¢g. g = 2,5 mole
_ 1mol _

n(O) = 60 g- 6g = 3,75 mole
11(H):59-11mgOI =5 mole

The smallest integers can be obtained if we divide amount of moles
by 1,25, The simplest brutto formula is therefore NaH4Os.
A - NH/NO;

H) ammonium nitrate

¢} i) HzO, N2O; ii) water, laughing gas
%t
d) i) (NH2),CO + 2HCI + H,0 = 2NH.Cl + CO,T

——
gastric juice

ii) NH,Cl + AgNO3 = AgCI¥ + NH4NO3
lunar caustic B A

i) NHgNO3 s N,O + 2H,0
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- e) A quarter.of an ounce is equal to 28,35 g/4=7,08 g

7,08 g m-0,4
2NH4N03 = 2NH4C{ & (NHz)zco
80,0 g/mole 60 g/mole

m[(NH).CO)] = %-7,08 g 188181:60 g/mole-ﬁ-—;—;%= 0,234 ounce

) No, he cannot, because tin will react with hydrochloric acid:
Sn + 2HCI = SnCl, + HyT
The pot can very quickly ignite.

g} AgCl decomposes slowly under the action of light, that's why the
experiment must be run in the darkness.
5. a) i) Element A — Rb, rubidium
ii) M{s7Rb) = 85; N(electron) = 85 - 37 = 48

48-37=11
.- b)) 4Rb + O = 2Rb0
A B — rubidium oxide
il) 2Rb + Oz = szOz
A C - rubidium peroxide
iii) Rb + Oz = RbO;,
RIS A D - rubidium superoxide
. .iv) 2Rb + 30, = 2Rb0O3
A E — rubidium ozonide
v) 2Rb0O; + Rb = 3Rb0O;
E A D
Vi) RbO, + Rb = Rb,O2
D A C
vii) Rb,O, + 2Rb = 2Rby0
o A B
vili 4RbO, + 2C0, = 2Rb;COx + 30
: D F—carbon G — rubidium- - oxygen
- i dioxide carbonate

6. a) NG (fiquid) is generally mixed with a fine-grained substances
(wood flour, talc etc), that take up the energy produced by the
spontaneously decomposed NG molecules and do not allow the
chain reactions to proceed.

b) i) A - NaOH, sodium hydroxide _
X - CH;OHCHOHCH:OH, glycerol, 1,2,3-propanétriol
ii) B - soap; (fatty acid) salt

20



: electric arc
cji) Ny + 0O, = 2NO
nitrogen oxygen € — nifrogen oxide

ii) 2NO + 0, = 2NO,

c . D - nitrogen dioxide
iii) 4NGy + Oy + 2H,0 = 4HNO;
D! water Y - nifric acid
v)S + O, = SO;
sulphur E - sulphur dioxide
catalyst
v)250; + O = 250,
E F - sulphur trioxide

Vi) 803 + Hgo = HzSO4
F Z - sulphuric acid

H,30,
d) CH,CHCHOHCH,OH +3HONO, = c:Hz—cH—ﬁ:H2 + 34,0

X - glycerol Y z ONQ, ONO,0ONO,
NG

e) 4C3Hs0aN3 = 6Ny + 10H,0 + 12C0 + 70,

Form XI
1. a) X - CH4, methane B - Na, sodium
Y — CoHg, ethane € — CH;Cl, chloromethane or methyl
chloride
Z — CyH,, ethyne, acetylene D - CCly, tetrachloromethane
Q - CgHs, benzene E - NaCl, sodium chloride

A - Cl3, chlorine

b) i} CHy + Cly = CH5CI + HGI
A C

X
ii) CHs + 4Cl, = CCl, + 4HC

X A D
iii) 2CH3Cl + 2Na = C,Hg + 2NaCl

Cc B Y E
o
iV) 2CH4 = CoHs + 3H,
X Z
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°t,Pt
V) CzHa = CgHz + 2H2
Y z
V[) 3C2H2 = CsHs
Z Q

¢) i) M{CCls) = 154
M{CH.) = 16
D(CCL, )y, = %‘E: 9,6
i) M{(C2Hyp) = 26
M:{CaHg) = 30
26
D(C Hedegy =5, = 0,867

iii) M(CgHe) = 78 g/mole

2. ayi) NH) . 28958 22,440 imole _ 5 3an 233
" n(C) 180g/mole  9,55¢m’ ' :

ii) 2,333n=2n +2

2 .
N= 5333 6,006 ~ 6

CeHua
X A /\I/B\
c D
Br Br ?r \ .
€) 1) CgHgBr; CHz~ ?"?_?_CHa 2.3,3,4, 4-pentabrome-2-methylpentane
CH,Br Br
. F?r Br Br
|
CeHgBrg CH:T"C_C““?_CH.% 2,2,3,4,4-pentabromo-3-methylpentane
Br CH,Br
Br Br

o
Cetly,Br,  CHy™ ?_?—CHs 2.3-dibromo-2,3-dimethylbutane

CHCH,
o
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HSBr
CotliBry  CH3-C—C—-CHy 5 5 dibromo-3,3-dimethytbutane
H,Br :

M(CyHBr,) 814580
) Nch, - e o9

M(CH,Br,) 84+2-80 _ 084
M{CH,) =~ 88 !

d) CeHyq+ 5Br, = CgHgBrs + 5HBr

3.2) i) N©O) = 22 = 2,94 Nl = 228 = 4 06
270
_ 294 _
If N(AL) = 1, then  N(O)= 2= 15
Al,O,
i1 =3 & - =
ii) NO) = ' 315 NA)= 22 =157
N(Be) = %—1-0788
_ _ 157 315
N(Be) =1, then N(A)= 2 ~2 and  N(O)= =4
BeA1204 BGO'Alzos
if) N(O)— B0 =33 N(Si) = §2—1’i- 1,12
NA) = 19 = g,37 N(Be) = w = 0,555
_ 33
EN(A)=1,  then N©O)= 22 <o,
hoMz 0555
NS = 212 ~ 3 NBe) = 252 < 15
AIOgSisBE1,5 <~ A]ngSieBEg
A[203-3BEO-GSiOz
iv) N(O) = £ = 3,09 N(S)-sti-oms Ny = 22
123 _ 309 _
IFN(S) =1, then N(A = 525 =2 and  N(O)= 222 =5
SiAL,0s
Al,0,-SI0,
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--b) i) X — V, vanadium Z — Mn, manganese
Y — Cr, chrome Q- Fe, iron
i) Neither Ti nor Co can be the desired metals. Between them there
are four metals that meet the conditions, because iron ions can be
bivalent and trivalent. It is known that compounds of manganese
are brown-coloured and compounds of chrome are green-

coloured.

electrolysis
4. a) i) 2NaCl + 2H:C = 2NaOH + Hx + Clp
ii) 2CI" = Ci, + 2" — anodic process
fif) 2H,0 + 2" = Hy + 20H - cathodic process
iv) Hy + Clz = 2HCI

B)i) 1000g 1409

1NaOH = 1le
40,0 g/mole 96500 A-s/mole
-t = l.mooﬁ...lmo}e.gﬁ ﬂﬁl__l_kigl_h_: 0'745M
1 kg 400¢g mole 09 1000A 3600s kg
_ kA-h ) 1kW _
E= 0,745—Hkg 380V Y] 2,829 kWhikg

Cost{NaOH) = 2,829% 8057 = 236,4 cents/kg = 226 centskg

i1y 40,0 g NaOH <> 100 g 36,5% hydrochloric acid
0,04 kg (NaOH) -

1
0, = .
Cost{36,5 % HCY) 2264 cents kg(NaOH) 01kg(36,5% hydrochloric acid)
= 90,56 cents/kg =~ 90,6 cents/kg

= L S
c) i} m(NaQH) 100 kroneg 3 75t Yaomes 44,2 kg

1i) m(36,5% HCI) = 100 krones-—— 2= 110 kg
0,9056 krone

= 1,56'10—‘0 molei.’(drna)z = 1’00.10-1 m°|e‘|dm3

5. a) o(NaCl) = ¢(Cl') = = e

I N R
b) [OHT = 1.78-10° mole/dm’ - 231 = 2.238-10°

pOH = -lg 2,238-10° = 4,65
pH = 14 - 4,65 = 9,35
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\
c) initial amount 0,009375 moie 0,1875mole  0,0750 mole
NHg'HgO + HCI = NH4C|
final amount 0,09375 mole 0,169 mole

initial amount; n{NHx-H,0)=0,750 dm?® -0,125 molefd 320,09375 mole
n(HCl) = 1,50 dm?- 0,125 mo[e/dm 1875 mole

final amount : n(HCI) = 0,1875 mole 0,09375 mole 0, 093?5 moie
Volume of solution Z is 1,50 dm® + 1,50 dm® = = 3,00 dm® and this

sclution contains 0,09375 rnole of strong acid, whlch d¢es not form
a buffer system with a salt of a weak base.

[H'] = QLEEmoke - 3 125 . 10 mole/dm®
3,00dm

pH = -Ig 3,125 . 10 mole/dm® = 1,51

6. a) i) 2NaBr + Cl; = 2NaCl + Bn
A - sodium bromide X - chiorine scdium chloride Y - bromine
i} 2Nal + Cl, = 2NaCl + b
B — sodium icdide X - chiorine sodium chioride Z —iodine
ill) SO, + Cly = S02Cl,
sulphur dioxide X ~chlorine € - sulphuryl chloride
iV) 2P + 5Cl, = 2PCls
phosphorus X —chlorine D — phosphorus pentachloride
v) CH, + 4Cl, = CCl, + 4HCI
metane X - chlorine E- tetrachlorometane F-hydrogen chloride
hv
vi) H, + Cj = 2HCH
hydrogen X -chlorine  F - hydrogen chloride
b) i) SO LCl,  + 2H,0 = HzS0, + 2HCI
C — sulphuryl water G -sulphuric  F — hydrogen
chloride acid chloride
ii) PCls +  4H.0 = H3PO4 + 5HCI
D — phosphorus water H - ortophosphoeric F - hydrogen
pentachloride acid chloride
C) l) Clz + Hgo 4 HCIO + . HCI
X — chlorine water hypochloric acid  F - hydrogen chloride
ii) 3C, + 6KOH(hot solution) = KCIO; + 5BKCl + 3H.0
X — chlorine potassium | - potassium. potassium  water
hydroxide chlorate  chloride
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iii) 2KCIO; —=,  2KCl + 30,

1 — potassium potassium oxygen
chiorate chloride
4KCIO3 — 3KCIO4 + KCl
| - potassium J - potassium potassium
chlorate perchlorate chloride
Form Xl

1. a) AH® = £ aH? (products) - ZAH] (reagents)
AH® =1 mole-{-110 kJ/mole)-1 mole-(-242 kJimole)-1 mole-{-75 kJ/mole) =
=207 kJ
b) i} AG° = AH-T - AS°
AS® = ¥S8°(products) - £8°(reagents)
AS®=3 mole -131 J/(mole-K) + 1 mole - 197 J/(mole-K)

—1 mole -189 J/(mole-K)-1 male 186 Ji(mole-K) = 215 JK =
= 0,215 kJ/K

AGP® = 207 kJ - 298 K - 0,215 kJ/K = 207 kd - 64 kd = 143 kJ
ii) Forward reaction is impossible to proceed spontaneously.

8
c) K =e™

- 14300¢ 2
Ki= g 8315 = %7 =8,7310%

d) i) Requirement for the equilibrium: AG=0

ii) 0 = AH - T-AS
_ K_ -
T =207 ke = 963K

°¢=T-273=063-273=690°C

2. a) i) Number of atoms of the elements can not be equal to one,
because in this case numbers of all elements would be the same
{(31-2 = 1). If the numbers of atoms of carbon, oxygen and
nitrogen are equal to two, then the number of hydrogen atoms
would be equal to four (3-2-2 = 4}. ,
M{A) = 212 + 4.1 + 216 + 214 = 88
A - CH4O:N,

Ii} Q\C——{
-

NH,

. C-26-



o,
b) i) CK/Ch(O + 2H,0 = C}—i + 2NH,
H,N NH, HO . OH

A — oxamide C - oxalic acid' B — ammoria

0 0
|
i) >}3—C/< -t co, 4+ H—C/<D
HO - OH OH

C D - carbon dioxide E - methanoic acid

iii) NH, + H,C=0 = H(|:—OH
NH,
B F - methanal amingmethanol

iv) 4NH, +6H,C=0 = rEW +  8H,0
£

B F X —urotropine  water
N
I
N

v) @-+4HN03 = ( W + 3H,C=0 + NH,NQ,
. N—

Z- O,N—N. _N—NO,

O,

i;Iiuic acid - i
X Y - hexogen F G aiﬁz?;um
C) C3HsNgQOs — 3N + 3H. 0 + 3CO

hexogen nitrogen water  carbon dioxide

3. a) Salts Y and Z contain complex anion(s), in which Fe® is a central atom.
Ligands are the anion(s), which molar mass is equal to
2,0 g/mole - 13,5 - 1,0 g/mole = 26 g/mole
. 0,73¢ 1mole _ |
n(ligands) = 56,0 g 0268 265 - 6 mole
Poisonous volatile monoprotic weak acid is HCN (27 g/mole)
Complex anion is [Fe(CN)e*

b) X- (NH4)3F3(C204)3'3H20 Z - FBS[FG(CN)G]Z
Q - (NH4)2Fe(C204)2H0 A - KCN
Y - Ky[Fe(CN)e B -~ HCN
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¢) i) 3Fe?* + 2K;[Fe{CN)ql = Fes[Fe(CN)g}, + 6K
Y z

ii) FeCls + 6KCN = Ky[Fe(CN)g] + 3KCl
Y

i) hv
[(NH,)sFe(C204)33H20] = 2[(NH4)2Fe{C204)2-2H20] + (NH4)2Co04 +
X Q + 2H,0 + 2C0,T
QOH COOH CQOOH12{48)
4. HN Ho HNe——H o c NH,
CH, EJH3
s s
COOH COOH COOH
§ W H N CH,
CH, CH,
R R

If it is not marked which groups are projecting behind the plane and
which are projecting out of the plane, then it is impossible to
determine $ and R enantiomers in the Fischer projection.

@Efx;» @f«}

c12(14)
14
N - 12(46)
5 " en PhPh . pn o ph
= aH HOA*——**OH >/——\< PhCOOH
o © H O o 0
AL B . . c D,
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Ph Ph Ph Ph

HO“——*’-—OCOPh PhCOO‘f—*—OCOPh

H H H H
E F
Ph
" e Ph Ph
b} H HO—*—*—0OH
oH © H H
A B
OCOPh  OCOPh OCOPh
Ph H Ph H H——Ph
) ph——4  H——Ph Ph—T—H
OCOPh OCOPh OCOPh

6. a 5*
) HaN( oNHy  HN o NHg
HN—Cr— OH ----  Cr— NH,
HNT SNH,  HNT NH
3 3 3 3

b) 4Cr®* + 20NH; + O, + 2H,0 = 2[Cr(NH3)sOHCr{NH3)s]* + 20H"

c) Large excess of chloride ions causes the formation of chioride
instead of hydroxide.

d} [Cr{NH3)sOHCr(NH3)s]Cls + HCl = 2{CrCI(NH3)5]Clz + H20
X Z
e) Pentaamminechlorochrome(2+) chloride.

f) Z < 2AgNO;
2 10cm’ 0,05 mole/ dm’
V(AgNO;) = =. .
(AgNOs) = 7 0, mole/dm®

Complex cation does not dissociate.

=10 em?
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