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Problems
Form 10

1.A and X are organic compounds. Compound A is an alcohol with the
smallest number of carbon atoms, it can be obtained under high pressure in
the presence of a catalyst from a toxic gas B and another gas C which is the
lightest gas. Compound X is a monosaccharide which total number of atormns
is equal to two times the atomic weight of carbon. Compound X is formed in
plants in the process of photosynthesis. In the course of the fermentation of
the agueous solution of X there ferms a compound D that belongs to the
same class with A, and a gas E that causes the greenhouse effect, If all
indices in the molecular formula of X were doubled and one water molecule
subtracted from the obtained molecule, we would get the molecular formula
of a disaccharide Y. Monosaccharides X and Z can be obtained from the
compound Y. The gas E can be obtained from the oxidation of the gas B. By
burning of the gas € there forms a known to all compound F which
cambines with the gas E under special conditions absorbing a large amount
of energy and forms the monosaccharide X,

a) Write the names and formulas of the compounds A - F and X — Z.
b} Write the reaction equations: i} B+C - A; iNC->F. e -5 E;
VIE +F > X; V)X 3> D+E, vi)jY > X+ Z

2. The presence of nitrogen in organic compounds is determined by the so-
called Kjeldahl method, where nitrogen is turned info the ammonium ion
which is then determined with acid/base titration. :
Serine [H;N-CH{CH,OH)-COGH)], that is an amino acid and a component of
proteins, was synthesized in the laboratery. 0.500 grams of the synthesized
compound with impurities was decomposed with 5 em® of hot concentrated
suifuric acid. (NH4)250,, S0z CO; and H,O were formed. The reaction
mixture was cooled down and 10 cm® of 10 M KOH solution was added.
Thereafter, the liquid from the reaction mixture was distilled into 50.0 cm® of
hydrachloric acid selution A. After distillation the volume of the hydrochloric
acid solution was brought to 100.0 cm? to obtain solution B. Solution Bwas
back titrated with NaOH solution.

a) Write the reaction equation hetween serine and HaSO,.
b) Write the reaction eguations: i) {NH4);80, + KOH > product |;

ii) product | — ' product It; i) product Il + HCl — .

c) Calculate the molar concentration of the solution A, when for the titration
of 10.0 em® of A 10.0 om® of 0.400% NaOH solution (1.00 giem’) was
used. .

d) Caleulate the molar concentration of the solution B. when for the back

titration of 50.0 cm® of B 12.0 ¢m’® of 0.400% NaOH solution {1.00 g/cm®)
was used.

e) Caleulate the percentage of serine in the sample.



3.X and Y are nonmetallic elements of the third period. Their hydrogen
compounds, A and B, have equal molecular weights. In the reaction of the
compounds A and B with concentrated nitric acid, B is reduced to nitrogen
monoxide and compounds C and D are formed, where the elements X and
Y, respectively, have the maximum oxidation number. The compounds Cc
and D can also be obtained by the reaction of the respective oxides E and F
with water. The numger of atoms in oxide E is 3.5 times larger than the
number of atoms in oxide F.

a) Write the formulas (symbols) and names of the elements X and Y and the
compounds A - F.

b) Write the reaction equations: i} A + HNQgy —; ii} B + HNQz —; iii) E - C;
iviF - D.

¢) Calculate the volume of emitted NO, when exactly 1 liter of 64.0% HNO;
sclution (1.387 g/om®) reacts with the equivalent amount of compound B.

4, The energy obtained from the oxidation of glucose covers half of the energy
needed by the human organism. The enthalpies of formation (AHq) of
glucose, carbon dioxide and water in liquid stale are -1288 kJ/mol, -393.5
kJ/imol and —285.8 kJ/mol, respectively.

a) Write the reaction equation of the complete oxidation of glucose.

b) Calculate the combustion enthalpy of glucose (AH.).

¢) Calculate the mass of glucose needed by the heart per year (365 days), if
the human heart beats exactly 70 times per mmute and one heart beat
uses 1.00 J of energy.

d) Calcutate the number of times a human has to breath in a year to keep
working the heart only. Assume one breath to be half liters. The volume of
the oxygen used is 5 volume percent of the inhaled air. At the temperature
of the human body the molar volume of gas is 25.4 dm®mol.

5. Concentrated acid B was poured on dark violet crystals A. As a result, &
yellowish green gas € emitted, that was lead through concentrated KOH
solution heated to 70-80 °C. The solution was codlec down to 1 °C. As a
result 25.80 g of mixture Q of potassium chlorate and potassium chloride
crystals and 65.90 g mother soluticn Z were fermed. Upon careful heating of
the mixture @ in the presence of MnO; its mass decreased to 22.43 grams.

a) Write the reaction equat'\ons: i) A+ B - ii)gas C+ hot KOH —;
iii) mixture @ un0z. 2

b} Find the mass of i} potassuum chlorate and ii) potassmm chloride |n the
mixture Q.

¢) Find the mass of potassium chioride in sclution Z, when aiter addmg silver
nitrate solution 27.35 g of precipitate was formed.

d} Find the mass of i) potassium chlarate that formed in the reaction, and
ii} potassium chlorate in solution Z.

e} Find the solubility of i} potassmm chloride and ii) potassium chiorate in
exactly 100 grams of water at 1 O, Assume, that the other compound
does not influence the solubility of the studied compeund.



6.
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Compounds A, B and C were found in the air of a chemical industry. Gas A
causes the greenhouse effect. Compounds B and C are toxic and in soluticn
with water, B gives a very strong acid while C gives a very weak acid. There
are 4 atoms in the molecule of compound B and due to high vapor pressure
it occurs in air as gas. In the molecule of the gas C there are 3 atoms and in
compounds B and C one of the elements is the same. The compounds A, B
and C, from 10.0 m? of air, were absorbed in KOH soijution. The solution was
divided into three equal parts. The first part was treated with MgClz solution,
resufting 11.24 g of precipitate X which originated from the gas A. The
second part was treated with BaCl solution, resulting 118.9 g of precipitate
that was a mixture of compounds Y and Z which originated from compounds
A and B, respectively. The third part was treated with Pb(NO4)- solution,
resulting 171.2 g of precipitate that was a mixture of compounds P, Q and R
which eriginated frem compounds A, B and C, respectively.
a) Write the formulas and names of the compounds A, C, B; X, Y, Z and P,
QR
b} Write the reaction equations: i} A + KOH, i) B + KOH; iii) C + KOH;
iv) formation of X; v) formation of Y; vi) formation of Z; vii) formation of
P; viii) formation of Q; ix} formation of R,
c) Calculate the volumes of gases i) A; ii) B and iii) C in the analyzed
sample of 10.0 m® of air, if the molar volume of the air under the
conditions of the analysis was 24.0 dm®mol.

Form 11

- Mixture of gases A and B in equal volumes explodes due to flash-tight,

forming compound C. Gas A ignites by itself in the atmoesphere of gas D also
in the dark, forming compound E, that reacts with silicon dioxide in male
ratio 6 : 1, giving compound F. Element G with the molar mass of 124 g/mot,
burns in the atmosphere of gas B, giving binary compounds H and I..The
molar mass of compound H makes 66% of the molar mass of compound I.
Fine pieces of metal J ignite in the atmesphere of gas B, forming compound
K. in which molecule, as also in the molecule of compeund [, there are 6
atams. Elements G and J are located in the same group of the periodic table
and the number of protons in the nucleus of the element G makes 29.4% of
the number of protons in the nucleus of the element J. in the reaction of the
compound | with water there form compeound C and a three-protonic acid L.
a) Write the formutas and names of compounds A - L. :

b} Write the reaction equations: ) A + B —; i) A+ D —;iii) E + 8i0; —; iv)

G+BoH VIG+Bo LvijJ+B o vill [+ H.O0 5 C + L,

. Compourd X is a relatively stable salt with transparent crystals but in case of

a strong stroke or by heating it decomposes with explosicn, emitting gas A.
This property of compound X is used in the safety piliows of the cars. The
salt X is a starting material for making defonatars. From the compound A



and hydrogen, compound B is cbtained, in the presence of a catalyst under
high pressure and temperature. By oxidation of two molecules of compound
B with one molecule of sodium hypochlerite, a six-atemic compound C, NaCl
and water are obtained. In the reaction of compound C with a reduced
oxygen acid D of the element A there forms acid E, which's salt is compound
X. Compound X can alsc be obtained from the reaction of compound B with
sodium, resulting a salt like compound F and emition of gas G. In the
reacticn of compound F with laughing gas there forms the salt X. The
number of atoms in compounds B, E, ¥ and X is equal,

a) Write the formulas and names of compounds A -~ G and X.

b) Write the reaction equations: YA+ H; —»; ii)B > C; ilijC+ D —; iv)

B+Na—-: viF- X, viiE+Na > X

3. in living organisms, the main source of energy is the oxidation process of
monosaccharides formed in the hydrolysis of starch and saccharose. This
energy is used for producing the energy carrier, ATP (adenosine
triphosphate), ATP is used in organisms in different processes, for example
in making peptide bonds,

RCH(NH;)COOH + RCH{NH)COOH = RCH{(NHz)CONHCH(R)COCH

AH® = +17.0 kJ
AH® is reaction enthalpy, AHf — formation enthaipy and aHJ - combustion
enthaipy.

We may consider the reaction enthalpy of the transformation given above to
be equal to the formation enthalpy of 1 mole of peptide bonds. AH{peptide
pond) = +17.0 klJ/mol. Assume, that at human body temperature AH and AS
are not different from their standard vatues.

C1aH2004: (5) 0, CO; HxO () -
AHY | kd/mol 2222 0 -394 -286
§°, JimotK) +380 +205 +214 +70

a) Find i} the combustion enthaipy, aH?, of saccharose, ii) the difference in
the reaction entropy AS" and iii) the Gibbs free energy for the reaction,
AG, at 36.85 °C.

h) Calculate the amount of peptide bonds that an organism is able to
synthesize on the account of the free energy gained from the oxidation
process of one mole of saccharose. Assume, that only 40.0% of the whole
free energy can be used in the mentioned processes.

4. Before the reaction, the density of the mixture of hydrogen and butens
relative to NH3 was 2.5 The mixture of gases constltuted 2.0 moles. The
mixture was heated at 320 °C in a closed 1.0 dm® vessel in the presence of
a Pt catalyst. According to the initial conditions, after the reaction, the
pressure of the mixture had decreased by 20%.

2) Write the equation of the reaction.
b} Find the amount of hydrogen and butene of the initial mixture.



¢) Find the composition of the mixture in moles after the reaction and the
yield percentage of the reaction.

d} Find the equilibrium constant of the reaction.

e} Calculate the percent of the change in the pressure of the mixture under
the same conditions, if the density of the initial mixture relative to NH» is
3.0.

f} Draw 6 isomers that correspond to the molecular formula of butene.

. 1.6 moles of Br; react completely with the excess of n-butane. 37.5%mol of
the reaction products is 1-bromobutane and 62.5%mol — 2-bromabutane. At
the given temgerature the standard reaction enthalpy for this reaction was
16.8 kJ. For the reaction with the same amounts of the initial compounds,
but at higher temperature, the reaction enthalpy was 17.2 kJ. The standarg
formation enthalpy of both bromobutanes was less than zero, however, 2-
bromobutane was 4.0 kJ/mol poorer in energy compared to 1-bromobutane.
a) Write the reaction equations: i} n-butane — 1-bromobutane; ii} n-butane
— 2-bromobutane.

b} Draw the R,S-isomers of bromobutane.

¢} On the energy diagram, mark the location of 1-bromobutane with a solid
line and 2-bromebutane with a dotted line.
e S E=(Q AH (elements) = 0

—E<Q AH?(H*C4H10) <0

d) Calculate the reaction enthalpies for abtaining i} 1 mole of 1-bromabutane
and ii) 1 mole of 2-hromaobutane, from butane.

e) Caleulate the percentage of 1-bremo-butane among all the synthesized
bromobutanes at the higher temperature. .

. The density of the vapors of compeound X relative 10 air is 7.93. 1t does not
decolorize either KMnO, solution or bromine water and does not change the
color of an indicator solution. By burning of 2,65 g of compound X there form
3.10 liters of CO; and 2.28 g of water. By the treatment of X with an alkaline
solution there form two molecules of tertiary aleshol A and a salt B, from
which by the agency of an acid forms an acid C with a branched carbon
chain. Heating of the acid C gives ane molecule of carbon dioxide and-one
molecule of propionic acid.

a) Calculate the molar mass of compound X.
b) Find the molecular formula of compeound X.
¢} Explain and draw the graphical formulas of the compounds C, B, A and X.



Form 12

1. In transportation of soft and strong drinks their possible freezing must be
considered, as the glass may get broken. In case of dilute solutions the
decrease of lhe freezing temperature is linearly correlated to the molal
concentration of the solution: AT = K«em. Molal concentration, m, indicates
the number of moles of the dissolved compound per 1 kg solvent. The
cryoscopic constant of water K (H,C) = 1.86 K-kg/mol.

Calculate, up to what temperature (°C) there is no fear of the freezing of the
beer [0.988 glem® %vol(ale) = 7.4], when plalc) = 0.791 glcma.

2. To calculate the effectiveness of the automaobile engines, one has io know
the value of the combustion enthalpy of the fuel at its ignition temperature
(1000 K). It can be calculated from standard combustion enthalpy (aH2y or
standard formation enthalpies (AH? ), standard vaporizing enthalpies {AH2}
and heal capacities C, given in tables. Based on the Kirchhoff equation:
At = AHY + AH? + Cp - (T - 298 K).

Cansider pure n—octane as the fuel

n-actane (1) 0 (g) CO: (g H:0 (1)
AH?, kJ/imol -249.9 0 -393.5 -285.8
AHY, kdimol 41.5 - - . 407
C. J{malK) B 754 371 753

* Heat capacity in the gaseous phase.

a) Write the equation of the complete burning of octane.
b} Calculate AH? (octane).

¢] Caleulate AH"® " (octane).

d) Knowing, that al = AH - an(g)RT, find i) AUZ(octane) and ii)
AU *{octane).

) Provided that in the main chain of octane there are & carbon atoms,

draw graphically the structures of i} one R-isomer, ii) ane S-isomer and
iii} three isomers, where the chiral carben is missing.

3. In the reaction equations, A-J are elements, with their atomic masses
increasing In alphabetical order. The oxidation numbers of the elements that
change in the respective reactions are indicated with Roman numerals
above the elements. Elements F and J belong to the same group.

-1 il | -
1) FaH + 6 AgCoEq+ 6 B CG = BeCole Gat + 6 AC:E + 3 FG
1l
2) 2 BelslgGaH + Fal + 2 FG = F4l + 2 BgCsEgGaH
3) 10 BaCoEeGaH + 72 Dy + 24 AxD + 6 AD4E = 51 D4EGy +

114
+80 ABC + 36 Jp + 5 Dy2E5H,



hd v VoW 1
4) BeCsEsG3H + ACD; + AgD = D4 Gy + DizEy Ha + AsCoDab +B Dy + CD

In reaction 1) compound X (BsCsEsGsH) is formed. In reaction 2) compound

X is reduced and in reactions 3) and 4) the compeund X is axidized.

a) Find the oxidation number of the element B in compound X accerding to
eguation 1} using an electron balancing method.

b} Write the symbols of the elements A —J.

c¢) Write the reaction equations 1) -3) with the correct formulas,

d) Find the coeficients of the reaction scheme 4) and write the respective
equation with the correct formuias,

e) Write the names of i) compound X, if) compound AgCoEz and iii) the
reduced form of compound X, and cations and anions formed on their
complete dissociation, in case the complex ion does not decompose.

4. Zinc ore consisted of zinc sulfide, zinc carbonate and silicon dioxide. By
healing 48.00 g of the ore, its mass was decreased by 1.32 g. 12.00 g of the
ore were treated with an excess of hydrochloric acid. The emited gases were
lead through 50.08 cm® of 0.9300 M acidic potassium permanganate
solution. After absorption, when an element had formed, 32.46 cm® of
0.507¢ M sclution of oxalic acid was needed for the back titration of the
solution,

a} Write the reaction eguations: i} the ore + hydrochlcric acid (2 pes); i)

oxidation of the emited gas with potassium permanganate; iii) back
titration of unreacted potassium permanganate; iv) heating of the ore (2
pes).

b) Calculate the percentage of i) zinc sulfide: i) zinc carbonate; and i)
silicon dioxide in the ore,

5. Kaur and Jasper discussed a tactical key problem of organic synthesis: how
the C-C bond is formed. The target of their discussion was the fermation of
the compound X from toluene. Jasper propesed a scheme of synthesis that
consisted of three stages. Kaur had more stages but the yield was not any
‘ower. Both syntheses are united into one scheme whereas Jasper's
scheme is to the right of toluene and Kaur's scheme is to the left.

QHC—CHO CH, '
1ekv.D

Mg _Br, NBS Cl ™ H,O,100°C _ CH,CHO
e TA NaOH
a

NBS is the trominating reagent of the side chain. Compound A contains two

chlorine atoms. :

Compound B is an aldehyde, compound D is the Grignard's reagent. The

molecular formula of X is CgH0. :

a) Write i) Jasper's scheme and ii) Kaur's scheme, where compounds A-E
and X are given with structural formulas.

b} Mark the phenyl group with the symboi Ph and draw graphically the
formulas of the cis—frans isomers of compound X.



6. Nailons are the most widely used fibrous polymers:
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naiion-6

The scheme of the synthesis of nailon-8,6 is as follows:

0 .
A+ 2H 2{ CUCUNH,C! g LM c 0.3% H,PO,

280 °C
H,0 Na,PQ,
1. PhyPBr, 280 ¢C
2.KCN | -H,0
Y
F

reductlon/ \Eydro\ys

Nailon-6,6 is formed by polycondensation of compounds G and H. From
compound C it is possible to obtain a cyclic ether D-which is often used as a
solvent, Compound E is the initial compound cof the synthetic rubber. In
addition, it is known that benzene is formed by trimerization of compound A
2.00 g of compound C sclution in 100 grams of water freezes at -0.413 °c
[Ki{Hz0) = 1.86 K-kg/mol]. Compound € contains 53.3% of carbon and
11.2% of hydrogen. Compound F contains 66.7% of carbon. Ph3PBrz is the
brominating agent.

a) Calculate the molecular formula of the compound C.
b} Draw graphically the formulas of compounds A —'G.
Mailon-6 can be obtained by polymerization of compound J. Compound J is
obtained by treating cyclohexanone with hydroxylamine, resulting the
compound 1 (CsH14NO). By the treatment of the compound | in oleum there
forms a lactam J (CgHy:NO).
¢) Draw graphically the formulas of compounds | and J.
d) Draw the graphical formulas of the products formed in the reaction of

compound E with Bry in tefrachlore methane.



Solutions

Form 10
1. a) A - CH3OH, methanol F - H.0, water

B - CO, carbon menoxide X - CgH 1304, glucose

C - Hg, hydrogen Y - C13H22044, saccharose
D - CszOH, ethano! Z - CsHizos, fructose

E - CO;, carbon dioxide

p, catalyst
b} i)CO+ 2 H, = CH;0H

ii)2H2+02=2H20
iiiy2 CO + 0y = 2 COy
h-v
V)6 COy + B HaO = CghHyp06 + 6 0u7

fermentation

v) CeHy20¢ = 2 C;Hs0H +2C0O,7T
vi) CiaHzaOr + HyO = CsHip0p  + CeMHia0s
glucose fructose
2. a) z all v

3
1(2C3H;03N) + 11H280, = (NH):804 + 6C0O,T + 1080, + 14H,0
First, balance the number of nitrogen atoms on the left and right sides.

2:]-g

3 2.3V
2C,-208" = 2.3 C 1
VI v
S+2e=8% 10

by i) (NH4)2SO4U+ 2 KOH = K;50, + 2 NH4-H,0
t

ii} NHgHo0 = NHa? + H,0
iii) NHs + HCI = NH,4C

¢) e(NaOH) = - 1dm*-29992 04, LML _ 550 motidm? =
Idm’ dm Og
=0.100 M
C{HCI, A)= 210 0em® 0.1M.———_ =0.100 M
1 10.0em’
d) c{HC!, B) = 1-12.0cm"-0.1M- 1 - =0.024 M
1 50.0cm”
n

e} n{serine) < n{NH;) < n(HCI) )
n(NHa) = 0.05 dm® . 0.1 molidm® - 6.1 dm® . 0.024 mol/dm?® = 0.0026 mol

M(CgH?OaN) =105 g/mol

10



m(serine) = 3.0028 mel - 105 g/mol = 0273 g

2730
Y%(serine) = O—f —=.100=54.6
05300
3.a) X - P, phosphorus C - H3PO., phosphoric acid
Y - 8, sulfur D - Hx80,, sulfuric acid
A - PHs, phosphine, 34 g/mol E - P4Oyq, tetraphosphorus decaoxide,

14 atoms in the molecule
B - H»S, hydrogen sulfide, 34 g/mol F ~ 503, sulfur frioxide,
4 atoms in the molecule
b) i) 3PH; + 8HNOs = 3H,PC4 + 8NO + 4H,0
=l v
P -8 =P 3
v i
N + 3e =N 8

ll) 3HS + 8HN03 = 3H.S0,4 + 8NO + 4H,0

=l Vi
S- 8 =35 3
W I}

N + 3e”

iii) P4Qqg + 6H0 = 4H;PO,

v) 8O3 + Hz0 = H;80,

HNO; < NO
§3.0 g¢mol  22.4 dm®imol
VINO)=L 1 A900emT ) seg grem? - 0.640- 170022 4 dmmol =
| L 63.0g

= 3156dm° = 316 dm®

4, a) CsH1206 +6 O =6 CO; + 6 HO
b} AH.{glucose) = [6 mol - {-393.5 kJ/mol) + & mel - (-285. 8 kJ/mol) -

1
-1 mol - {-1268 kJ/mol)] - — = -2808 kJ/mol
mol

¢) Energy(heart) = 1.00 J/beat - 365 days -3—41—]-9%39‘70 beats/min =

=3.68-107
_ I mol _
m{glucose} = 3.68 107 J. By e 180 g/mol = 2358 g = 2.36 kg

I mol
LTI {maol - U

180¢ 005 05dm”
= 79900 = 80000

d} N{breaths) = —-ﬁ 358

0

i1



5. a)i),2 KMnQ, + B HCI=2 KCI + 2 MnCl; + 5 Clo + 8 H20
2

Mn + be’ :Mn

2y

20 H
2Cl -2e = Cl, 5
70-80 °C

i)3CL+6KOH = B5KCI+1KCIC;+ 3 H.0

-1 L]
Cl -1e = CI 5
v o
Cl + 5e” = CI 1
MnG;
i) 2KCIQ; = ZKCI+30,

b)i) 25.80g-22.43¢ m
30 <« 2KCi0O;
32 g/mol 122.5 g/mol

m(KCIOy)= [ mol

1,.)\(\)

3£ 8
iy m(KCl) =25.80g-8.60g=17.20 g
c} m 27.35g
KCl < AgCl
74.56 gfmol  143.5 g/mol
I mol

-3.37g-——-122.5 g/mol
32

=860g

M{KCI) = %'27-353']47 74.56g/mol = 14.21g

3.35¢e g

d) Zm{KCl)=17.20+14.21=3141¢g

m Mg

TKCIO; «» 5KCI
122.5 g/mol 74 56 g/mot

*m(KCIOs) = _-J|4 w0 90 5 gimol = 10.32 g

7450

m(KCI03,2) = 10.32 g-880g=172¢g

e) m{H,0) = 65.90 g - 14.21 g — 1.72 g = 49.97 g

!

) LIKCI) = 14.219 - - 100 =28.44 g

ii) L(KCIO3) = 1.72 g -L 100 = 3.44 g

6. a) A — COy,, carbon dioxide
B ~ 80s, sulfur tricxide
C - H.8, hydrogen sulfide
X ~ MgCO;, magnesium carbonate
Y — BaCQs, barium carbonate

b)) COz+ 2 KOH = K003 + H,0
II) S0+ 2 KOH = K804 + H-.C
i) HzS + 2 KOH = K8 + 2 H,0
iv} MgCl + K;CQs5 = MgCOl + 2 KC!

12

Z - BaS0Q,, barium suffate

P — PbCO;, plumbous carbonate
Q - PbS0,, plumbous sulfate

R - PbS, plumbous sulfide -



v) BaCls + KoCO3 = BaCO3d + 2 KCI

vi) BaCly + K380, = BaSO4d + 2 KCI

vii) Pb(NO;); + K;CO5 = PbCOyL + 2 KNO3
viii) PB{NG3); + K280, = PbS044 + 2 KND;
ix) Pbh{NOj); + KoS = PbS{ + 2 KNO;

c)i) v 31124 ¢
CO; = K005 = MQCOS
24.0 dm*mol 84.32 g/mol
V(COZ) = L1240 A0 3 o4 0 gim¥mo =
| §4.32¢

=0.1333 mol - 3 - 24.0 dm*/mol = 9.60 dm’
i) m(BaCO3) = %-0.1333 mal-1973¢/mol =26.30 g
miBaS0.) = 119.9 g —26.30 g = 93.6 ¢

936 g v
BaS0, < 803
233.4 g/mol 24.0 dm®imol
I mol 3
V(SO4)= 1 936g - 3 24.0 dm¥mol =
LR 1)

=0.401 mol - 3 - 24.0 dm¥mal = 28.8 dm®

1
iy m(PhCO,) = i 01333 mol - 267.2 g/mol = 35.62 g

m{FbSO,) = % -0.401 mol - 303.3 gimol = 121.6 g
m(PbS) = 17129 -35629-1216g=140g
31409 v
PbS < HyS

239.2 gimal 24.0 dm¥mol
V(H,S) = %-m.og‘f‘:i%i-s 240 dm¥mol = 4.21 dm’

23920

Form 11
1. a) A - Hy, hydrogen G - P4, white phesphorus
B - Clz, ehlorine H - PCl3, phosphorus trichloride
C - HCI, hydrochloric acid { — PCls, phosphorus pentachioride
D - Fy, fluorine J — 3b, antimony
E — HF, hydrofluoric acid K — SbCls, antimony(V)chloride

F - H:SiFg, hexafluorositicic acid L -~ HzPQ,, phosphoric acid

b} i) H:+ Clo = 2 HCI
i) Ha+ F; = 2 HF
iII) 6 HF + 5i0; = HySiFg + 2 H,C
iv) Py + 6 Clp = 4 PCly

13



v) P4+10Clp=4 PClg
vi)25b+ 5 Cl; =2 5bCls
vii) PCls + 4 H,0 = 5 HCl + HaPO,

2, a} A - N, nitrogen E - HN3, hydrogen azide, hydrazoic acid
B - NH3, ammonia F — NaNH;, sodium amide
C - HoN=-NH;, hydrazine G — Hs, hydrogen
D - HNOj3, nitrous acid X — NaNs, sodium azide
b) i} p.%

N2+3H232NHg
ii) 2 NH3 + NaCIO = HoN-NH; + NaCi + H,C
iii) HoN=-NH, + HNO, = HNs + 2 HO
iV) 2NH3+2Na=2 NaNH; + HQT
v} NaNH; + N;O = NaN; + H.0
VI:‘ 2 HN3 +2Na=2 NaNj + HZT

3.a) CipHpp0 + 12 0, =12 CO;+ 11 H0 (l)
) AH%= AH2 (C1sHp 011 = 11 mol - (-286 kJ/mol) + 12 mol (-394 kd/mol) -

1
-1 mal - {-2222 kJ/mal) = -5652 kJ -—— = -5652 kJ/mol

mal
ii) AS® = 11 mol - 70— +12 mol - 214—— 12 mol . 205—>—
) - ot K -mol ' K -mol K -mot
J
-1 rno[-?»EEOK mowi =518 JIK

i) T=36.85"C+273.15% = 310.00K
AG =AG{G12Hz201)= -5652 kJ - 310 K - 0.518 kJ/K=
1
5652 kJ ~160.58 1) s < -5813 &) = -5813 kJimol

1 mal
7.0 kJ

Attention. In oxidation of saccharose energy is released, whereas in the synthems of
peplide bends energy is absorbed.

b} n{peptide bonds) = 5813 kJ - 0.4 -

=~ 137 mol

4, a) LY
C4H5 + H2 = Cqu
55 g/mol 2 g/mol

b) n{C.sHs) - 56 g/mol + [2 mol - n{C4Hg)] - 2 g/mol = 2.5 - 17 g/mol - 2 mot
85 mol - 4 mol
Hy) =~ ————— =1.
n{C4Hs) 55 3 1.5 mol

n{Hz) = 2 mol - 1.5 mo! = 0.5 mol
¢) If y moles of hydrogen was used during the reaction, then

n{Hz.end) = 0.5 mol - y
n(CqHg,end) = 1.5 mol -

14



n{CqH1p.end) = v
0.5mol-y+ 1.5mol-y+y=2mol (1-0.2)

y = 0.4 mal
%({yield) = 100, if all the hydrogen was used up
0,4 mof
%lyield) = 'z 221.100 =80
C,H,
d} K = [.‘...___ E_L_

SLARCH
As the volume of the reaction vessel is 1 dm’, the concentration is equal
to the amount of the compound.

K= %% - 36dm¥mol
0.1-1.1

e} n(CaHg) - 56 g/mol + [Z mo!l - n'(C4He)] - 2 g/mel = 3 - 17 g/mol - 2 mol
ﬂ'(CAHa) =181 mal
n'(Ma2) = 2 mol - 1.81 mol = 0.18 mol
If x hydrogens is reacting, then
6 = X
(1.81-x)(0.19-x)
3.6x° - 82x-1.238=0
X1 = 0.16
x; = 2.11, which does not fit, as n'(Hz) = 0.18 mol
Tnfend) = (1.81-0.16) + (0.19-0.16) + 0.16= 1,84 mal

The amount and the pressure of the gaseous compound are -propertional
with each other.
2 mol-1.84 mol

Ap=s ———— - [00% = B%
2mol
!
f) D — cyclobutane A -— methy! cyclopropane
J\ — methyl propene 2" — 1-butene

H H

H
H — ftrans-2-butene >:< — cis-2-butene
' H

§.a)i) . + Br, = Br~ "+ HBr

Br

i)~ By Aot HE



C2H5 12(14)

b] C2H5 12{14)
.
8 Br CH;12) 12 H,C Brso
R 5
c) AH} (elements)

T ) AH? (1-bromobutane)
AH? (2-bromobutane)
ﬂHfC (n'C4H1Q)

d} n(1-bromobutane) = 1.6 mot - 0.375 = 0.6 mol
n{2-bromobutane) = 1.6 mot — 0.6 mol = 1.0 mol
T mol - AH(2-bromobutane) + 0.6 mot - [AH{2-bromobutane) +4kJ/moij=
= 16.8 kJ
AH{2-bromebutane) = 9.0 kJ/mol
AH{1-bromobutane) = 9.0 kJ/mol + 4.0 kJ/me! = 13.0 kJ/mol

e) 172k~ 168 k) =04kl
1 mol

= Ce— !
An=0.4kJ o 0.1 mo
n{1-bromobutane) = 3.6 mol + 0.1 mol = 0.7 mol
“omol{1-bromebutane) = %%40% 43.75 = 40
LHmo

6. a) M(X) = 22.0 g/mol - 7.93 = 230 g/mol

230 1 mol
b) n(C) <> n(COZ) = 56-5%-3.10 dm 'Eihmdoml = 12 mal
230 1 mol
A(H) e 2n(H;0) = S T2 = 22 mol

2850 918079
m(0)=230g - 12 mol - 12 g/mol - 22 mol - 1 g/mel=230g - 144 g - 22 g=
=B84 g
1 maol
16 ¢
Melecular formula of the compound X is CqaHg204:

HO\H/\ +CO, = CHO, (compound C)
o)

Compound C was an acid with a branched chain that decarboxylated.
Consequently, it can be a diacid because propionic acid was formed, -

n{Q) =64 g-

=4 mol

HO OH
comound C

16



Compound B is therefore a salt of the diacid.

NaQ ONa

li s

a 3 compound B
Compound X gave a tertiary alcohol and a salt of an acid with the aid of
an alkali. The molecular formula of the anion of the sait B is C4HiQ4. The
molecular formuia left over from compound X is CgHis. As compound X is
an ester of a diacid, the molecular formula of the alkyl group of the
alcohol is CaHg, which corresponds to the tert-alkyl group.

-—%—-OH compound A

0 O
'%/ | \'IL— compound X
o] QO

Form 12

1. lt is rational to start with exactly 1 liter of beer.
QRR
8¢ _ 98s ¢

] litre
Vi(alc) = 1 liter - 0.074 = 74 cm®

Mess(@lC) = 74 em® - 0.791 gicm® = 56853 g~ 50 g
Mass(H20) = 988 ¢ — 589 =929 g

mMass(been = 1 liter -

mialg) = 59 091
469 C,020kg
AT=gg. MO 1 g KK o s7ka26K
A6y 0.929ke ol

Note: Beer also contzins other components, allowing to round AT to the
higher value.

T=0%-aT=-28%
2. a) CgHiglv) + 12.502(g) = 8CO(g) + IH0(v)
b} AHS {CyHig) = [B-(-393.5 kJ) + 9-(-285 8 KJ) — (-240.9 KJ)]-—”%-[ =

=-5470.3 kJimol
c} 1000 K 288 K =702 K
AHP® *(CgHg) = -5470.3 kdimol + {9-40.7) kd/mol — 41.5 kd/mol +
+702 - (0.0753.9 + 0.0371.8-0.0294.12 .5-0.1878) kd/mol =
= -4851.2 kJ/mot

17



d} i) AU (octane) = -5470.3 kd/mol — (8-12.5) J

mol-8.314.—— 298 K .

K -maol

K- 6459.2 kdimof

10604

ii) AU < (octane) = -4851.2 ki/mol ~ (17-13.5)-8.314—2 1000 K.

K -mol

& - 48803 kdimol

10004

12{3)
e)i) >
12(14) 12(25)
R

iii)

3.2) 6:2.(-) 12-(-11)

E-12e-=E
G- 6-z
B+12e' =8B
: 12412 _ 4
i z= 5 =
h) A B C D E F G H | J
H c N Q S Cl K Fe Sn |

€) 1) FeCly + 6{NH.)25; + BKCN = Ki[Fe(SCNJe] + B(NH)2S + 3KC
‘ 2) 2Ka[Fe(SCN)s] + SnCl; + 2KCI = SnCl, + 2K4[Fe(SCNY]
3) 10 Ka{Fe{SCN)e] + 72KI0; + 24H,0 + 61,50, = 51K,S0, + B0HCN+

+ 36lz + 5Fex(S0,),

dj2 K3[F8{SCN)5] + 32ZHNO; + 8H0 = 3K;8504 + 1Fes(504); +
+ 6(NH. 804 + 12C05 + 32NO

G{-ih 6-VI
6S — 48e =68 1
V I x 2, because 1 Fe cannot form Fes(SC4),
. N+3e =N 16

e) I} potassium hexathiocyanatoferrate (Illg
Ka{Fe(SCNJ)g} - = 3K™ + {Fe{SCN)g™
ii) ammonium disulfide
(NHa)282 =~ 2NH; + 8%
i) potassium hexathiocyanatoferrate (1)
Ka[Fe(SCN)s} = 4K" + [Fa(SCN),"



a) i) ZnS + 2HCi = ZnCly + HpST
ZnCO;5 + 2HC! = ZnCl; + H,0 + COT
i) 2ZKMNO, + SHLS + 3H580, = K30, + 2MnS0, + 58 + 8H0
i) 2KMn Q4 + 5H2C0; +3H,504 = KaSOC, + 2MnSQ, + 10C0; + 8H,0
Cl
iv) ZnC0O3 = Zn0O+ CO;
ZnQ + Si0; = ZnSiGs

b) i) n{ZnS) = n(H:S) = gn(KMnO4,before) — n(H2C204)

n(ZnS) = 2-0.9300 molidm? - 0.05009 dm°—

- 0.5070 molidm™-0.03246 dm® = 0.1600 mol
%{ZnS} = 0.1000 mol 97.46 g/mot - 100 = 81,21

200g
i) n{ZnC03) =n{CO;)

NZnCO4) = 1.32 g ¢

-= 0.0300 mo!

u

-100="7.84

%{ZnCOs) = 0.03C0 mol - 125.4 g/mol - !
48.00¢
iii) %(Si02) = 100 — 7.84 — 81.21 = 10.95

CHCI, CH=CHCHO

5 a)l
H.C.100 ﬂC CH.CHO
1 NalH
X

Jasper’s scheme

CH,MgBr CH,Br

i)
© Brz NBS
CH=CHCHO CH,CH{OH)CHO
ut 1eq.D
~—— QHC—CHO

X E

Kaur's scheme
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B)  Ph Ph CHO
Ne—/

CHO

frans-isomer cis-isomer

6. a) 0.413 K =186 Kkg/mol - 2 g/M{compound C) - 1/0.1 kg
M{compaound C) = 1.88 K-kg/mol - 2 g - 1/0.1 kg - 1/0.413 K = 90.1 g/moi

NC)=90.1g- 0533 110 4 gl
12g

1mol

n{H)y=901g-0.112 . =10 mol

N0) =901 g (1-0533-0.112). 11?0_' = 2 mal
g

Compound Cis C4H1002 .

o — /\\/\/OH
b) H—=——=-H HOCH,—— CH,0H  HO
A B c

Loj N o CN

D E F
o ‘
CH
HZN/\/\/\VNHZ HOJ\/\/\W
G H ©
NOH 0
o)k /‘L
7N
N
| J
d) Br
Bf\/k/ Br
\/MBr
Br

B A e/
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