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Problem 1

Chile saltpeter is sodium nitrate — it is mineral which deposits are found in South America (Chile

deserts).

Element A is iodine (violet solution in xylene; blue compound with starch (p.2)). So B should be

compound of I, perhaps with Na. If I in free state is obtained from B by reduction (NaHSOs is

reducing agent), compound B cannot be Nal, it should be some compound of I in oxidized state. The

most stable I compounds where I is in oxidized state are I(V), so compound B is possibly NalOs.
Reaction:

2NalOj; + 5 NaHSOj; = 2 Na,SO4 + 3 NaHSO4 + H,O + 1,

Exchange of substances between two non-miscible liquid phases moved by differences in solubility
and diffusion.

Iodine tincture ( 5% iodine solution in ethanol) — for disinfection of small wounds
Lugol’s solution (1% solution of I, and 2% KI in water) — for disinfection of abscesses etc.

Radioactive isotope lodine-131 was one of the most important pollution agents due to its volatility. In
humans iodine is concentrated in thyroid gland; radioactive iodine may cause cancer and malfunction
of this gland. All people involved was treated with sodium iodide to make more rapid the elimination
of radioactive isotope from organism: 'I" - absorbed + *'I' > "I -absorbed+ "'T" (eliminated)

Halogen lamps.

Lamps without iodine: W evaporates from the filament at 2200 °C and is sedimented on the glass
bulb. Filament becomes less, bulb — grey.

Halogen lamp — W evaporates;W + I, 2 WI, (in vapor state) — recycles to the filament: WI,2>W + I,
Tungsten is regenerated.

Moisture causes the hydrolysis of Plj:

2P+31, 2> 2Pl PI; + 3H,0 - H;PO; + 3 HI 1
Gas C — hydrogen iodide; aqueous solution — hydroiodic acid
pH = - log [H']

[H]=cHD)=n/v n=m/M=12.79/127.9=0.10mol/L v=1L
pH=-log0.1=1

When using the same formula without additional thinking, we get:
¢cH)=n"/v’ n’=cv=0.1-0.001L=1"-10"*mol

v’ ~v(added) =10 m* = 10 L
¢’(HI) =10*/10*=10% mol/L; pH=8

It makes no sense because pure water has pH = 7, and strong acid added should lower pH, so pH< 7 is
expected.



As the ¢’(HI) is so low, autoprotolysis of water should be taken into account as the alternative source
of H' ions. Then we have:
HI H+T K>1
H,0 H'+OH K=[H] [OH]=10"
The amount of cations and anions should be equal: [H']=[I"]+ [OH]
[[1=c¢’(HI) [OH]=10"/[H] ,then
[Hl=cHD) +(10"/[HT
[H?-10%[H]+ 10" =0 solving square equation we get [H']=1.05 - 10”
pH =6.98

Problem 2
578813-47-(0.5)
a) p ~ 57(05)
75-75-75
b) I —cF —fcp, Il —cI—bee, 11 —cP.

C) N=(53'+3-52"-53-65"—647) = 42044 (7.26%)

N =(65"+64~75") =114894 (19.85%)

Problem 3

a) CH3;COCH; (A) + CH3MgHal (X) — (CHj3);COMgHal
(CH3);COMgHal + HCl — (CH3);COH (C) + MgClHal

conc. H,S0O,
(CH,),COH — > (CH,),C=CH, (E) + H,0
CH;COCOCH; (B) + 2 CH;Mgl — (CH;),C(OMgl)C(OMgl)(CHs),
(CH;),C(OMgHal)C(OMgHal)(CH;), + 2 HCl — (CH;),C(OH)C(OH)(CHs), (D) +
+ 2 MgClHal

conc. H,SO,

(CH,),C(OH)C(OH)(CH,), > CH,COC(CH,), (F) + H,0O
CH3COC(CH3)3 + CHgMgHal — (CH3)2C(OMgHal)C(CH3)3
(CH3),C(OMgHal)C(CHs); + HCl — (CHs3),C(OH)C(CHs); (G) + MgClHal
Hal — Cl, Br, or L.

b)B>A>C=D>X
¢) CH;0COOCH; and CH;0COCOOCHj; (dimethyl carbonate and dimethyl oxalate).

Problem 4

1.
_(127-37

—— = 1.1,66054.10™* kg=4,76-10" kg
127 + 37



5 =2,31-10" m ~ 230 pm

F Molecule is “T” shape. All angles is close to 90°C.

1.4.

U(s) + 3CIF;(g) < UF4(g) + 3CIF(g)
T=360 K
Initial:
pV =nRT; p=cRT =0,0453mol/L -0,08206 L-atm / mol K - 360 K = 1,338 atm
Increase in pressure = pure = 1,69 atm — 1,338 atm = 0,352 atm =0,35 atm
Pcir=3%0,352 = 1,056 atm ~ 1,06 atm
Pcoipz = 1,338 atm — 1,056 atm =0,282 atm ~ 0,28 atm
1.5.

el
:Cl F:

1.6.B 1.7.D



Problem 5

1.
PN K*CN (excess) PN i) ROH/H+
Br Br NC* *CN _— */\/\/\*
i) 1,0 ROOC COOR
1 2
o) 0 o)
*COOR .
RO-/ROH co0 i) OH- cl Cl NaBH,
i) H+

3 4 5

OH OH o

©/ N (»j*o HCL ®/C' PDC é/m
6,7 8 9 10

The compound 8 has a symmetry plane, therefore the radioactive label distributes between two
carbons- there is an equal possibility to open the epoxide with HCI from both ends. We can also draw
compound 8 as shown bellow
0.5* —O
0.5%

The symbol 0.5* means that only half of starting radioactivity is on the labeled carbon. On the other
hand, in this step we do not need to care about absolute radioactivity-only relative radioactivity does
matter.

2. The reduction of compound 5 could lead to formation of two stereoisomers- trans and cis
chloroalcohols. The next step is an intramolecular Sx2 nucleophilic substitution which requires the
trans spatial orientation of nucleophile and leaving group. Therefore, the compound 6 is cis isomer and
compound 7 is trans isomer:

OH OH
WGl Cl

o
‘\\\‘\\C I ’-} \\\C| Q
—_— ) ~  —



3. Mechanism A:

RO-
%
OR COOR

(@) )
e

Mechanism B:

*
RO- o 0 COOR

/‘\
L H Cl 0.5% * 0.5k RO 0.5%
- 0.25% 0.25*
4,

COOR COOH (0]
Br COOH HO_ COOH
HN; HN; NH;
—_— —_— —_— —_— +C0, —»> — NH, +CO,

The only gaseous product of the sequence is CO,. One carbone dioxide molecule is formed from ester
group and according to both mechanisms, this carbon atom has a half of the total radioactivity.
Another carbon dioxide molecule originates from the keto group of cyclopentanone. In the case of
mechanism A, we should have all the radioactivity of the starting material in CO, form. On the other
hand, mechanism B predicts that radioactivity of CO, will be only 75% of the total radioactivity. It
means that mechanism B is the correct one.

5. The first example is a typical Favorskii rearrangement:

( OH
o ( OH o~
cl Y © HOOC_ CHy 00C. CH

Note that the opening of cyclopropane ring forms more stable primary carbanion.

Second example combines two reactions- Favorskii rearrangement and elimination. In this case the

less stable anion leads to the product formation.
Br H (Br

o ’ (o /

OH"

Br

OH -

COOH

0
{ ow
H

The last example is a Favorskii type reaction when hydride anion acts as nucleophile:



@) Br QN Br
‘% H/% < > LiAlH, < >
- —_— —_— S
CHO CH,0H

The a-proton of the starting ketone is not acidic, hence the reaction could not proceed via
cyclopropane mechanism (mechanism B).

6. There are mainly two Favorskii reaction by-products that are formed either by nucleophilic
substitution or elimination:

B —_—

Problem 6

1.

AHy = (—699,0 — (—393,5) — (—285,8)) = —19,7 kJ/mol

AsSi = (190,0 — 213,8 — 70,1) = —93,9 J/(mol-K)
AG = —19700 + 296-93,9 = 8094 J/mol,
Ki = exp(—8094/296/8.314) = 0,0373 M/bar.

JlaBnenue Ha riyouHe 4 onpenensiercs hopmyioit p = pgh. [lpeanonoxxum, 4To Ha TIIyOHuHE /A
HaXOJUTCS ITy3bIPEK BO3/lyXa, TOrJa JaBlIeHue yriaekucnoro raza paBHO p(COx)) = (PamW +

pghw).

O6was konuentpauus CO; pasua ¢(CO,), =[H,CO,, 1+ [HCO;
Bripusum ee yepes AaBleHHE YTIIEKHUCIOTO Tasa

¢(CO,), = p(CO, K L+ K] /IH 1+ KTK] IHT).

Oo6mas popMya s KOHIIEHTPALIMU YTIIEKUCIIOTO rasa:

w1+ [CO5, 1.

(0.1)

T T T
c(CO,), = (patmw+pghw) KT [1+ K ﬁ]

[H'] [HT
Teneps 3anuieM MaccoBbIi OalaHC:
[Fe(p »1=¢(CO,), =[H,CO,, , ]+[HCO;, ]
[H'T ( LK +K1K§]
K KT [H+] [H+]2
BBeneM KOHCTaHTYy pacTBOPUMOCTH:
, [H'T [H K KK, ]

2 K?
[Feipp 1= 2‘+p T n 112
[Fei,, 1 K/ K, [H'] [H]

+ [CO;’p ]

[Fe(p p)] [Cog(_p p)]

_ K [HP K'  K'K!
[Fe 1= c(CO,), = \/ KK (1+[H+]+[H+]z] (0.2)



[TpupaBnsiem Beipakenus 1.1 u 1.2

KT H+ 2 KT KTKT KT KTKT
S”E T] +— L2 = (p wt pghw) K] | T+ 2122
Ki K, [H'] [H"] [H'] [H]
prOCTI/IB HOHYqI/IM
K;[HJr]z

KI' K/K!

= w+ pghw)- KT F | 14—l 4 2122

KlTKzT ((patm pg ) H) L [H+] [H+]2J
Ecmu [H'] > K| >>K,

. K'K!

[H]= ((p -+ ) K ) [ =252

sp

Ha enyoune 50 mempos:
100000-1+1000-9.81-50-1 1077 o™
[H*]:[( )‘0.0373%/3.57 107-4.40-10

100000 59110—11 :09000113M, pH =

3,94
Ha 2nyoune 180 mempos:
100000-1+1000-9.81-180-1 107 - 107"
= ) 0.0373 \/3.57 107-4.40-10
100000 5.91-10

=0.000359 M, pH =

3,45
3. Ha enyoune 50 mempos:
(100000 -1+1000-9.81-50- 1)

c(C0), = 100000

-7 -17
.0.0373‘[“3.57 107 1.57-10 ]

107394 + 1077.88
¢(CO,), =0.221M

Ha anyoune 180 mempos:
(100000-1+1000-9,81-180-1)

100000

c(CO,), =

=7 -17
_030373_(”3,57 107 1,57-10 j

10—3.45 + 10—6489
¢(CO,), =0.697 M

3. ypasrenue 3aBucumoctr: ¢(CO,)o = (3.79-107% + h3.66:10) M.

O6mee komuectBo CO, B 00beme ot 50 10 180 meTpoB paBHO:
180

N(CO,)q 150 = j (3,79:107 + 13,6610 )-1200000dh =
50
80

= (45480 + 1 -£-4392)

1
50

= (180-45480+1802 -2196)—(50-45480+502 -2196) =

= 79336800 — 7764000 = 7,16-10" mol
Macca CO; B o6seme ot 50 1o 180 meTpoB paBHa:
m(CO,)qy 150 = 7-17-107 Monb-44.0 r/monb =3.15-10° r =3150 TonH
Onenum o0beM yriekucioro rasa npu 30°C:

V(CO.) o =7.16-10" mol. 8.314 ] /(Kxmol)-(30+273) K
100000 Pa

=1.74-10° m’




