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Problem 1. Aluminium

a)

Calculations:

n=9.48 g / 474 g/mol = 0.0200 mol

m(H,0)= 100 + 0.02*12*18 =104.32 g

¢m=0.0200 mol/0.10432 kg=0.1917 mol/kg

AT =-4%1.86 "C kg/mol *0.1917 mol/kg =-1.43 °C

Freezing pointis: _ -1.43°C___

b)

Molecular equation:
A|203 +2NaOH + 3H20 > 2Na[AI(OH)4]

c)

Calculations:
Ksp is so small that main source of OH" is water, not Al(OH)s. So we can assume that [OH] =
1.0¥107.
Al(OH); <> AP* + 30H
X 1.0%¥10”

1.3-107 = x*(1.0*107) x=1.3*¥10"?

Will dissolve 1.3*10*2 *10 =1.3*10™" mol > m=1.0*10° g of Al(OH);

Mass=__ 1.0*10°g
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d)

Calculations:

n(EDTA) = 0.0500 M *50.00 mL = 2.5 mmol
n(zn’*) = 0.0500 M *23.25 mL = 1.1625 mmol
n(A*) = 2.5-1.1625 = 1.13375 mmol

¢=1.13375 mmol / 20.00 mL = 0.0669 mol/L

€)
Isomers:
L L Cl
yCl | ) | T
ca—ar" L—ar ¢ c1 —arWE
| 2o | 7o I 27
Cl Cl
f)

Al;Clg molecule

1
Vi, /N e @
le" \Cl"/ \Cl
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Problem 2 Beware of light!

1. Formulas for compounds:

A KI I3

E
B KOH F Cl
C I, G KIO;

D KI;

Reaction 1: 5KI + 2H,O + O, = 4KOH + I, + KI;

Reaction 2: KI + I, — KlI;

Reaction 3: 6KOH + KI + 3Cl, — KIO; + 6KCI + 3H,O

Reaction 4: KIO; + 5KI + 6H" — 31, + 6K + 3H,0

Reaction 5: 2KIO; + 12HCI — I, + 5Cl, + 2KC1 + 6H,O

2. Mark correct answer(-s):
A B C D E
X X

3. Solubility is higher due to ... Solubility increases due to formation of complex anion I5.

4. Lewis formula forE  °
5.
KIO; + 5KI + 6H" — 3L, + 6K" + 3H,0
105"+ 6H" + 5¢” — %I, + 3H,0 E°=1,195V (1)
Yh+e >T E°=0.536 V (2)
Nernst equation for reduction halfreaction:
popo Ry Cra
zF coks

E for halfreaction (2):

RT . [I 14-2
E,=E° —— Ul =0,536 —uln(O,IO) =0,595V

zF 1 1-96485
E for halfreaction (2), as a function of pH:
E]:E(’]—RTln _1 _ °1—RT1n 1_ _RTlrl 1+<,:

zF 10, ]-[H]° zF [10,7] zF  [H']
BBl 53036 RE 1195 83314298, 1 5 503.6.8314-298

zF [10,7] zF 5-96485 0,25 5-96485

=1188-0,0710pH

pH, when E; = E;:

0,595 =1,188-0,0710pH
7 - 1,188 — 0,595

=835
0,071
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6. Reaction equation for reaction of A with persulphate:
21 + 82032_ — 28042_ +1

7. Partial rate orders: 1 with respect to A and 1 with respect to S,0g>".
Kinetic equation: rate= k-[/ _][S2082_]

Reaction rate constant calculations:
% L1 10°®
[I‘][S2082‘] 0.1-10-10°°

Rate constant: k£ = = 0.011 L/(mol-s)

8. Temperature calculations:

Reaction rate increases due to change of rate constant. Using Arrehinus equation:
i s _ ﬂ(i . L]
kT R TT 7—'25

ks _42000( 1 1 \_, o,
10-k,, 8314\ T, 298

1 1 _8314-In0.1

T, 298 42000

L 455810+ 229.107
298

T

=-4558-107*

T=3448K~345K=72°C

9. Reaction time calculations:
For calculations use second order rate equation (as concentrations for all reactants are equal):

l_izk.t
c G

1 1
0.1-10° 1.107
t=818181s =227h~230h

=0.011-¢

Reaction time is 230 hours.
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Problem 3 Reacting gas
a) 3H, + N, = 2NH;
b)
3H, N, 2NH; Py
t=0 no no 0
t=00 | ny—3yng no— 3yno 2yno 2no— 2yny
Xoo ny—3yn, _1-3y ny—yn, _ l-y 2yn, 2y |1
2n,—2yn, 2-2y | 2n,—-2yn, 2-2y | 2n,—-2yn, 2-2y
2
Xy = —2
P2-2y
oo P Pt =274y 1 _16:(1-y)-
"oophpy, xpixgp (1=3y)-(-y) p* (1-3y)'p’
©)
gy =22 = 011112 y=—2 0 1600
P2-2y 24+2-0.1111

2 —_— . 2 . . 2
Kp:m a y}) Y e 16-(1 y3) y 316 0.9 0_.41  Siobar
(1-3y) p (1-3y)K, 0.7°-1.60-10 bar

d)

A No B Yes
Calculations:
2H, + CO = CH;0H

A.G=AG°+RTIn Penon -
99Pcu,on '(lopcmor{)
=21.21kJ/mol +4.157 kJ/mol-ln;z: 2.11kJ/mol
9900-(0.1)

Methanol would not form, equiligrium is shifter towards the production of reagent.

AG=AG°+RTInQ

e)

AG
=exp| ——— | = O, = 0.00608
Q p( RT ] Qmax

Q is maximal value, below this value methanol production is favorable.
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Problem 4 Smart robot
a)
AP B PCls C HsPO, D Hcl
b)
b) Equations
1 2P + 5Cl, = 2PCls
2 PCls + 4H,O = H3PO4 + SHC1
3 HC1 + NaOH = NaOH + HCI
4 H;PO4 + 3NaOH = Nas;PO4 + 3H,0
c)

If A and NaOH relate through a set of equactions as 1:x, then

10. .

m@ay="Ttom_ 100mgxy a6, &
n Ve 0.1234M-19.95 cm mol
According to gas diffusion results sample contains two isotopes in equimolar quantities. Let
their masses me AM; and M, then

M, +M
d T2 —4062x 2
| M, 2 mol

4.92 mg _ 5.08 mg an
M

For x =8 we have M, = 32 g/mol and M, = 33 g/mol. A is phosphorus.
SHCI1 + H3PO4 + 8NaOH = Na3;POy4 + 8H,0 + 5SNaCl (x = 8)

d)
M 19-10" s7'-32 1
]:al L 5.19-10° s -3 %3/m0_]:5.61-10'7s"]
mN, 0.00492 g-6.02-10 mol
- a,M,  2.94-10" s™'-33 g/mol _317.107 &

m,N, 0.00508 g-6.02-10% mol

Initial @ = a; + a,. final activity is a¢= 0.001ao and almost entirely due to decay of *P as this
isotope has a smaller constant of decay. Therefore,

a; =0.001a, =k, N, exp(—k,t)

001
tz—iln(o 00 “0]215

k2 kZNZ
1 0.001-(5.19-1013 +2.94-1013)s"l -33 g/ mol
=— —In — ¥ — [=1.86-10" s =215d
3.17-107" s~ 3.17-107" s~ -0.00508 g - 6.02-10~ mol™
Time=_215d

e)

E: S F: SClz G: st H: HQSO3
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f) Chemical equations:

1 2S + ClL = S,Cl,

2 S,Cl, + 2H,0O = H,S + 2HCI + SO,

3  H,S +2NaOH = Na,S + 2H20

4 SO, + 2NaOH = Na,SO; + H,O

5 HCI + NaOH = NaOH + HCI

Radioactive decy equations:

1 P=""S+e +v

2 PP="S+e +v

2

Calculations:

If E and NaOH relate through a set of equactions as 1:y, then

ME) =" 100mg-y . ~10.83y &
n Ve 04321M-2.136 cm mol
Therefore, y = 3. Thus F can only be S;Cl.

72HoS + HCIL + 2H,SO3 + 3NaOH = '2Na,S + NaCl + /2Na,SO3 + 3H,0
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Problem 5. Chiral polyhydroxylated cyclohexanoids.
1. Which class of enzymes will catalyze this reaction? (select the appropriate class of

enzymes)

a) oxidoreductase
b) isomerase

¢) lipase

d) ligase

2. What is the maximum yield of compound B?
a) 100 %
b) 90 %
c) 75%
d) 50 %

3. Find chiral centers of compound B and indicate their configurations.
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4. Draw the entire structures of compounds D-G.

D: E:
MeO_ OMe O
Z 7
OH OH
Fl: F2:
(@] (@]
(@]
7
7
OH
OH
Gl: G2:
OH CH,OH
"/CHon ,IICHZOH
CH,OH OH

5. Inrespect to each other compounds G1 and G2 are:

a) enantiomers

b) structural isomers

c) diastereomers

d) conformers.
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Problem 6.

Answers
O 0

1. base
—
2. Reagent 2

/

CO,Et

Flat carbon

Q o)
CI)J\OEt CcO,Et 1. bulky base
— > —
2. Reagent 1
0 O
CO,Et
N |
EtO — _OMe
OCP
OMe

/\/Br

Reagent 1

PKR
—

1. HSCH,CH,SH

—_—

2. Raney Ni

CO,Et

OMe
/ 7
Br/\(\lﬁ\OMe

OEt O
Reagent 2

0 0
H, Pd
COEt — > COEt

1. NaOH

—_—
HCI, A

éz

CO,Et

CO,Et



