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Abstract. Hydrosilylation reactions of 2,4,6,8-tetra-
hydro-2,4,6,8-tetramethylcyclotetrasiloxane  (D4") with
2,2,3,3,4,4,5,5-octafluoropentyl acrylate at 1:4.2 ratio of
initial compounds catalysed by platinum catalysts have
been studied and corresponding adduct D% has been
obtained. Ring opening polymerization of D,* in the
presence of dry potassium hydroxide has been carried out
and comb-type polymers with  2,2,3,3.44,)5,5-
octafluoropentyl propionate side groups have been
obtained. The synthesized product D" and polymers were
analyzed by FTIR, 'H, °C, and **Si NMR spectroscopy.
The solid polymer electrolyte membranes have been
obtained via sol-gel reactions of polymers with tetraetho-
xysilane doped with lithium trifluoromethylsulfonate
(triflat) and lithium bis(trifluorosulfonyl)imide. It has been
found that the electric conductivity of the polymer
electrolyte membranes at room temperature changes in the
range of (1.9-10°) - (5.9:10™%) S-em™.

Keywords: hydrosilylation, polymerization, sol-gel
reactions, polymer electrolyte membrane, spectroscopy,
ion-conductivity.

1. Introduction

Solid polymer electrolyte membrane fuel cell is
attracting much attention as a new power source for
transportation, stationary, portable and consumer
electronics power applications from the viewpoint of
environmental and new energy issues [1-5].

Polymer electrolytes (PE) play an important role in
electrochemical devices such as batteries and fuel cells.
To achieve optimal performance, the PE must maintain a
high ionic conductivity and mechanical stability at both
high and low relative humidity. The polymer electrolyte
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also needs to have excellent chemical stability for long
product life and robustness.

According to the prevailing theory, ionic
conduction in polymer electrolytes is facilitated by the
large-scale segmental motion of the polymer backbone
and primarily occurs in the amorphous regions of the
polymer electrolyte. Crystallinity restricts polymer
backbone segmental motion and significantly reduces
conductivity. Consequently, polymer electrolytes with
high conductivity at room temperature have been sought
through polymers which have highly flexible backbones
and have largely amorphous morphology.

It is widely accepted that amorphous polymers with
low glass transition temperatures 7, and a high segmental
mobility are important prerequisites, halogen, especially
fluorine groups for high ionic conductivities. Formation of
the grid like structures increases the mechanical properties
of polymer-electrolytes [6-8].

The continuous interest to polymer electrolytes is
motivated, in first instance, by their intrinsic safety,
compared to liquid electrolytes. In addition, SPEs offer
better resistance to lithium dendrites growth, thus opening
the way to the use of metal lithium as anode in lithium-
metal polymer batteries [9, 10].

Despite having favorable properties, such as low
cost, low toxicity, and no flammability, the application of
polymer electrolytes has been so far limited. This is due
mainly to their low conductivity, which, in the case of
classic PEO-salt complexes, is about 10° S-cm™ at room
temperature. As comparison, the estimated necessary
conductivity for practical purposes is almost 10° S-cm™ at
operating temperature [10].

More recently, hybrid electrolytes have been
developed by ring opening reaction of PEG-functionalized
tetrasiloxane [11], by surface functionalization of silica or
titania nanoparticles [12], by sol-gel process [13-15]. In
some of these works, conductivities higher than 10 S cm’
! at room temperature are reported, even without addition
of any plasticizer [13, 15].

The polysiloxanes are amorphous systems. They
are characterized with very low glass temperature,
extremely high free volume and high segmental mobility
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and present best matrix for Li-ion transportation. The high
solubility of the corresponding salt in the polymer is
another one factor for achievement of high ion-
conductivity. This condition is created by introduction to
the polymer-electrolyte main chain or side group of such
“host” donor group, as an ester oxygen imide group,
halogen, especially fluorine groups. Formation of the grid
like structures increases the mechanical properties of
polymer-electrolytes.

The aims of our work were: i) synthesis of D, type
methylorganocyclotetrasiloxane ~ with ~ 2,2,3,3,4,4,5,5-
octafluoropentyl propionate side groups at silicon atoms;
ii) polymerization of D,® in the presence of nucleophilic
catalysts and obtaining comb-type polymers with
2,2,3,3,4,4,5,5-octafluoropentyl propionate side groups;
iii) study of sol-gel reaction of polymers doped with
lithium trifluoromethylsulfonate (triflate) and lithium
bis(trifluorosulfonyl)imide; 1iv) investigation of ion-
conductivity of obtained solid polymer electrolyte
membranes (SPEm).

2. Experimental

2.1. Materials

All synthetic manipulations were carried out under
an atmosphere of dry dinitrogen gas using standard vacuum
line Schlenk techniques. All solvents were de-gassed and
purified prior to use according to standard literature methods:
toluene, hexane, and tetrahydrofuran were distilled from
sodium/benzophenone ketyl. All other reagents (Aldrich)
were used as received or distilled prior to use.

2.,4,6,8-tetrahydro-2,4,6,8-tetramethylcyclotetra-
siloxane (D4"), Karstedt’s catalyst (Pt,[(VinSiMe,),0]3) —
platinum(0)-1,3-divinyl-1,1,3,3-tetramethyldisiloxane
complex (2% solution in xylene), platinum hydrochloric
acid (Aldrich), Pt/C (10%), lithium trifluoromethyl-
sulfonate (triflat) and lithium bis(trifluorosulfonyl)imide
were purchased from Aldrich and used as received.
Toluene was dried and distilled from sodium under
atmosphere of dry nitrogen. Tetrahydrofuran (THF) was
dried over and distilled from K-Na alloy under an
atmosphere of dry nitrogen.

2.2. Characterization

FTIR spectra were recorded on a Nicolet Nexus
470 machine with MCTB detector. IH, BCNMR and
¥Si NMR spectra were recorded on a Bruker ARX400
NMR spectrometer at a 400 MHz operating frequency
with CDCIl; as the solvent and an internal standard.
Differential scanning calorimetric investigation (DSC)
was performed on a Netzsch DSC 200 F3 Maia apparatus.
Thermal transitions including glass transition tempe-
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ratures 7, were taken as the maxima of the DSC peaks.
The heating and cooling scanning rates were 10 K/min.

2.3. Hydrosilylation Reaction of D4
2,2,3,3,4,4,5,5-Octafluoropentyl Acrylate

1.2000 g, (0.0049 mol) of 2.4,6,8-tetrahydro-
2,4,6,8-tetramethylcyclotetrasiloxane (D4 were
transferred into a 100 ml flask under nitrogen using
standard Schlenk techniques. High vacuum was applied to
the flask for half an hour before the addition of
2,2,3,3,4,4,5,5-octafluoropentyl acrylate (6.0050 g,
0.0209 mol) in 3 ml dry toluene and Karstedt’s precatalyst
solution (20 ul). The homogeneous mixture was degassed
and placed into an oil bath, which was previously set to
343-353 K and the reaction continued at 323 K. The
reaction was controlled by the decrease of intensity of
active =Si—H groups [16]. After finishing reaction
0.1 wt % of activated carbon was added and refluxed for
2h for deactivation of catalysts. All volatiles were
removed by a rotary evaporation at 320-330 K and further
evacuated under high vacuum for 10 h to isolate the
colorless viscous compound I (D) 6.6 g (91.6 %).

FTIR (KBr, cm") v, no — =Si-H absorption at
2169-2170; 1080 (=SiOSi=), 976, 1359 (C-F), 1171
(CO-0), 1274, 1409 (Si-C), 1751 (C=0) and 2800-3100
(C-H) [17-19].

'"H NMR (d-DMSO, CCly), (ppm) &: 0.13 (Si-Me);
1.2 (m, Si—CH,— anti-Markovnikov addition); 0.9, 1.6
(m, =CH-CH; Markovnikov addition); 0.9, 1.60 (m,
=CH-CHs); 1.64, 2.4 (m, =CH-CH3); 2.4 (m, CH,-O)
overlaps with signals of methine =CH-CH; groups; 4.7
(m, CHy—CF); 6.0-6.8 (m, CF,H).

BCNMR (d-DMSO, CCly), (ppm): -1.98 (Si-
CH,), 7.9, 8.8, 18.2, 26.6, 27.1, 107, 107.8 and 173 ppm
correspond to carbon nucleus in the group: =CH-CHs,
=CH-CH;, =SiCH, CH,—~, —CH,CO-, —-CO-CH,—CF,—,
—CF,, —CHF; and C=0, respectively. *’Si NMR (ppm): -
20.0 for D fragments.

The hydrosilylation reactions in the presence of
other catalysts were carried out according to the same
method.

2.4. Ring-Opening Polymerization
Reaction of D}

2.0000 g (1.4451-107 mol) of D4* was transferred
into a 50ml flask under nitrogen. High vacuum was
applied to the flask for half an hour. Then the compound
was dissolved in 1.8 ml of dry toluene and 0.01 % of total
mass powder potassium hydroxide was added. The
mixture was degassed, placed in an oil bath that was
previously set to 363-383 K, and polymerized under
nitrogen for 25 h. Then 7 ml of toluene were added to the
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reaction mixture and the product was washed with water.
The crude product was stirred with MgSQO, for 6 hours,
filtered and evaporated; the oligomer was precipitated at
least three times into pentane to remove side products.
Finally, all volatiles were removed under vacuum up to
constant mass, after that 1.84 g (92 %) of colorless
viscous oligomer (II) has been isolated. For oligomer II
founded: 7y, = 0.1-0.14; T,,y=312K; M, = 5.772~103;
M,=126410"(D=2.1).

FTIR (KBr, cm") v, no — =Si-H absorption at
2169-2170; 1082 (=SiOSi =), 976, 1360 (C-F), 1172
(CO-0), 1272, 1403 (Si-C), 1756 (C=0) and 2800-3100
(C-H).

'"H NMR (d-DMSO, CCly), (ppm) &: 0.13 (Si-Me);
1.2 (m, Si—CH,— anti-Markovnikov addition); 0.9, 1.6 (m,
=CH-CH; Markovnikov addition); 0.9, 1.60 (m, =CH—
CHs3); 1.64, 2,4 (m, =CH—CH3); 2.4 (m, CH,—O) overlaps
with signals of methine =CH—CH3; groups; 4.7 (t, OCHy—
CF,); 6.0-6.8 (t, CF,H).

BCNMR (d-DMSO, CCly), (ppm): -1.98 (Si-
CH,), 7.9, 8.8, 18.2, 26.6, 27.1, 107, 107.8 and 173 ppm
correspond to carbon nucleus in the group: =CH-CHs,
=CH-CH;, =SiCH, CH,—, -CH,CO—, -CO-CH,—CF,—, —
CF,—, —CHF; and C=0, respectively.

2.5. General Procedure for Preparation
of Cross-Linked Polymer Electrolytes

1.0000 g of the base compound I was dissolved in
4 ml of dry THF and thoroughly mixed for half an hour.
After that the required amount of lithium triflate from the
previously prepared stock solution in THF was added to
the mixture the stirring was continued for further 1 h. The
mixture was then poured onto a Teflon mould with a
diameter of 4 cm, then the catalytic amount of acid (one
drop of 0.1N HCI solutions in ethyl alcohol) was added to
initiate the cross-linking process and the solvent was
allowed to evaporate slowly overnight. Finally, the
membrane was dried in an oven at 343 K for 3 days and at
373 K for 1 h. Homogeneous and transparent films with
the average thickness of 200 um were obtained in this
way. These films were insoluble in all solvents, except
THF.

2.6. AC Impedance Measurements

The total ionic conductivity of samples was
determined by locating an electrolyte disk between two
10 mm diameter brass electrodes. The electrode/
electrolyte assembly was secured in a suitable constant
volume support which allowed extremely reproducible
measurements of conductivity to be obtained between
repeated heating—cooling cycles. The cell support was
located in an oven and the sample temperature was
measured by a thermocouple disposed close to the
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electrolyte disk. The bulk conductivities of electrolytes
were obtained during a heating cycle using the impedance
technique (Impedance meter BM 507-TESLA for the
frequencies of 50 Hz—500 kHz) within a temperature
range of 303-363 K.

3. Results and Discussion

For obtaining of D4° type compounds with
octafluoropentyl propionate side groups we have studied
hydrosilylation reaction of D, with 2,2,3,3.44,5,5-
octafluoropentyl acrylate at 1:4.2 ratio of initial compounds
in the presence of platinum catalysts (platinum hydrochloric
acid, Karstedt’s catalysts and Pt/C) at the temperatures of
343-363 K. Preliminary heating of initial compounds in the
temperature range of 333-363 K in the presence of the
catalyst showed that the polymerization of D, with
2,2,3,3,4,4,5,5-octafluoropentyl acrylate, break of siloxane
backbone, or elimination of methane do not take place
under these conditions. There are no changes in the NMR
and FTIR spectra of initial compounds.

The hydrosilylation reaction has been carried out in
a melt condition and in a toluene solution. It was
established that hydrosilylation reaction of D," with
2,2,3,3,4,4,5,5-octafluoropentyl acrylate proceeds
vigorously at the beginning stages for the first 3—7 min.
For decreasing side reactions and for obtaining fully
substituted cyclotetrasiloxanes (D4%) we have investigated
hydrosilylation reactions of D, with 2,2,3,3,4,4,5,5-
octafluoropentyl acrylate in a dry toluene solution (50—
60%) in the 343-353 K temperature range.

During the hydride addition reactions, the decrease
of active =Si-H bonds concentrations in time via FTIR
spectroscopy was observed. During hydrosilylation
reaction of D, with 2,2,3,3,4,4,5,5-octafluoropentyl
acrylate the decrease of active Si—H bond has been
studied. It was found that in hydrosilylation reactions the
used Karstedt’s catalysts were characterized with the same
reaction ability as platinum hydrochloric acid and their
abilities are higher than that for Pt/C. The reaction
proceeds according to the Scheme 1:

Me Me
H—?i—O—?i—H
o o Cat

+ 4.2 CH,=CHC(O)OCH(CF,);CF,H ——»
. . T°C
H—?I—O—?I—H
Me Me
o) Me Me 0
Il . . 1l
HFZC(FZC)3H2COCC2H4—?1—O—?l—C2H4COCH2(CF2)3CF2H
— ¢} o

HFZC(FZC)3H2COﬁC2H4—?i —O—?i — C,H,COCH,(CF,);CF,H .
o) Me Me C“)

Scheme 1. Hydrosilylation reaction of D, with
2,2,3,3,4,4,5,5-octafluoropentyl acrylate
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Table 1
Some physical chemical properties of organocyclotetrasiloxane
Compound Yield, % iy d;® M*yp M**
I\I/Ie
Si—O
1 o1.6 13844 | 16594 | oo |
C,H,C(OYOCH,(CF,);CF,H :
4

Notes: * for molecular refraction the calculated values are numerator, found values —denominator; ** molecular masses were

determined via ebullioscopy method

The obtained compound I (D4") is a viscous,
transparent product, well soluble in ordinary organic
solvents (toluene, chloroform, benzene, etc). Its
structure and composition were proved via elemental
analysis, determination of molecular masses,
molecular refraction, FTIR, IH, BC and ¥Si NMR
spectral data. Some properties of compound I are
represented in Table 1. It was studied that catalyst
activity decreases in the following series: Karstedt’s
catalysts = H,PtCls > Pt/C.

The polymerization reactions of D,X have been
carried out in the presence of anhydrous powder-like
potassium hydroxide or tetramethylammoniumfluoride
(0.1 wt % of the cyclic compound total weight) at 363—
383 K. When using potassium hydroxide as a catalyst the
partially cross-linked polymers were obtained, which may
be explained by the occurrence of hydrolytic condensation
reactions of CO-O groups. So, for obtaining soluble
polymers we have used tetramethylammonium fluoride.
The reaction proceeds according to the Scheme 2:

Me Me
| . -I Catalyst
Si—O — Si—O H
TOC J
C,H,COOCH,(CF);CF,H ) C,H,COOCH,(CF,):CF,H | 4
I

I, 11, 1"

Scheme 2. Polymerization reaction of compound I (363 K —1IT', 373 K — II* and 383 K — II)

Table 2
Some physico-chemical properties of polymer II
Symbol | Yield, % | Polymerization temperature, K Polymerization time, h Ny | Te K M, M,,D
11 92 383 33 0.14 | 313 5.772:10°, 1.264-107, 2.19
' 89 373 38 012 | - -
r 85 363 44 010 | - -

The synthesized polymers are transparent, of u oc,H, Mo g o
viscous type and are well soluble in organic solvents with 1~ cszo—sli—ocsz NO_S:i_O_S:i_O_S'i_Om
Ng » 0.11-0.14. The structure and composition of CH, (|)C " CH, g ézHA
g)gbtained polymers were proved by FTIR, 'H, “C and . - %:O %:o

Si NMR spectral analysis. Some physico-chemical <:> ? ?
properties of polymers are presented in Table 2. CHa CHy GHe

The sol-gel reactions of polymer Il were carried >0 (B0 0
out. To obtain solid membranes the certain amounts of Rt i Rt

lithium salts, lithium trifluoromethanesulfonate (triflat)
and lithium bis(trifluoromethanelsulfonyl)imide were
added to the tetrahydrofuran solution of polymer II in a
special Teflon vessel and stirred. The sol-gel reaction
proceeds according to the Scheme 3:

Scheme 3. Sol-gel reaction of polymer IT

On the basis of polymer II the solid PE membranes
III were obtained. In case of lithium triflat: ITI(1) — 5%;
I1(2) — 10%, II(3) — 15%; 111(4) — 20%. And in case of



202

lithium bis(trifluoromethanesulfonyl)imide: III(5) — 5%,
111(6) — 10%, I1I(7) — 15%; HI(8) — 20%.

For obtained solid PE membranes II FTIR
investigations have been carried out. In FTIR spectra one
can observe all signals which are characterized for
polymer II. In FTIR spectra the intensity of absorption
bands for non-associated =Si—OH bonds slightly rises. In
the spectra we can see absorption bands characteristic for
valence and fan shape oscillation for C—F bonds at 1350—
1353 and 1136-1141 cm’, respectively.

Mapping
MAG: 40x HV: 15kV WD: 8.8mm

Fig. 1. SEM image of solid PE membrane ITI(2)
with 10 % of CF;SOsLi (Spectrum 1)

Surface morphology of solid PE membrane III(2)
(10 % of CF5S0sLi) with a scanning electron microscope
and energy dispersive X-ray microscopic analysis method
has been studied. The SEM image shows (Fig. 1) more or
less smooth and uniform surface morphology of
membrane, which confirms the full amorphous nature of
polymer electrolyte membrane and the full solubility of
lithium salt in the matrix. Image shows the full dispersion
of triflat and small pores that causes fast ion movement.
Soups are well visible amorphous layers of lithium salts,
which also lead to higher ion motion.

The X-ray energy dispersive microscopic spectral
analysis of solid PE membranes III shows approximately
homogeneous composition of the obtained membranes
(Fig. 2).

For solid PE membranes, DSC investigations have
been carried out. It was determined that the glass
transition temperature of membranes changes in 181.1—
181.3 K temperature range, and the softening temperature
changes within 293.3-320 K.

Thermogravimetric investigations of solid PE
membranes have been carried out. It is obvious from

Omari Mukbaniani et al.

thermogravimetric curves that for membranes 5% the
mass loss is observed in the range of 473-485 K, that is
probably related to the allocation of gas type products.
The main destruction process proceeds in the range of
493-753 K.

For the solid polymer electrolytic membranes ion-
conductivity was determined at room temperature and
363 K by the impedance spectroscopic method. The
values of ion-conductivity of the membranes are presented
in Table 2.

The temperature dependences of membranes III
containing CF3;SOs;Li and (CFs;SO;),NLi in Arrhenius
coordinates are represented in Figs. 3 and 4. The curves
indicate the level of conductivity changes for these
membranes.

Conductivity essentially depends on the material
content and their concentration. The peculiarity of this
dependence is expressed in extreme character of the
corresponding curves, i.e. appearance of the maxima at
definite concentrations of the salts. Above it was noted
that the reason of the maximum appearance is in
appearance of the ionic pairs at relatively high
concentrations of the salts, the mobility of which is lower
in comparison with single ions and, consequently the
density of electric current for membranes containing
relatively high concentrations of salts is lower than for
membranes with reduced concentrations of salts. For
membranes containing about 10 wt % of the salts we
observed the maxima on the concentration curves of the
membranes. Such character of the polymer membranes
conductivity dependence is in a good agreement with
known experimental data and explains conductivity
arising (decreasing of charge transfer phenomenon due to
the formation of ion pairs with relatively low mobility at
high concentration of the salts [20]). The experiments
show that the temperature dependence of the electrolyte
conductivity is more exactly described by known Vogel-
Tammann-Fulcher (VTF) formula [20]. In this case the
curves have a straight-line form, which is more available
for calculation of the activation energy.

The volt-ampere characteristics of the membranes
(Figs. 5 and 6) were also studied. The curves are
characterized with monotonic increasing and are linear till
definite values of the parameters, but at more high
voltages the curves bend and at further increasing of the
voltage the curves reach their saturations. Deviations from
the linear increase of intensity with voltage are partially
related to charge-phonon interactions that are enhanced
with increasing ion energy giving rise to a decrease of the
electrolyte conductivity [21].
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Fig. 2. Energy dispersive X-ray microscopic

analysis of solid PE membrane ITI(2)
(Spectrum 1)

Table 2
Electric specific conductivity of membranes I1I
Salt Specific volum. electric Specific volum. electric . .
Membrane Salt content, resistance at 298 K, conductivity at 298 K, Spemﬁg volum. electric
I Wt % Ohm-cm S/em conductivity at 363 K, S/cm
1I1(1) CF;SOsLi 5 1.7-10° 5.9-10™ 1.1-10°
1I1(2) CF;SOsLi 10 5.410° 1.9:10° 1.2:107
II1(3) CF;SOsLi 15 1.4-10 2.0-10° 7.2:10°
111(4) CF;SOsLi 20 1.4-10° 2.0-10° 1.1:110°
I1(5) (CF3S0,),NLi 5 5.3-10° 1.9-100 3.010°
111(6) (CF3S0,),NLi 10 2.9-10° 3.4-10° 9.6:10°
111(7) (CF;S0,),NLi 15 6.1-10° 1.6-10° 9.2:10°
I11(8) (CF3S0,),NLi 20 6.9-10° 1.4-10° 5.910°
.5-\\\ -4,84
.6_\
=
g . R % -5,6 .
E \ a
N ! 3
o -84 2 ) 1
o0 — -6,4
9 1
R e 9o a2 da
1000/T, 1/K 1000/T, 1/K

Fig. 3. Temperature dependence of membranes III(1-4) (with
CF;SO;Li salt) in Arrhenius coordinates at salt concentrations
(Wt %): 5 (1); 20 (2); 15 (3) and 10 (4)

40
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204

0 T T T
0 10 20 30

UV

Fig. 5. Volt-ampere characteristics for membranes ITI(1-4)
(CF;SO0sLi salt) at salt concentrations (wt %): 5 (1); 20 (2)
and 15 (3)

Fig. 4. Temperature dependence of membranes ITI(5-8) (with

(CF;S0,),NLi

salt) in Arrhenius coordinates at salt

concentrations (wt %): 5 (1); 20 (2); 15 (3) and 10 (4)

60+

40

LuA

204

uv

Fig. 6. Volt-ampere characteristics for membranes ITI(5-8) (with
(CF;3S0,),NLi salt) at salt concentrations (wt %): 5 (1); 20 (2);

15 (3) and 10 wt% (4)
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4. Conclusions

The adduct D4R have been obtained at 353 K via
hydrosilylation reaction of D, with 2,2,3,3,4,4,5,5-
octafluoropentyl acrylate in the presence of platinum
catalysts. The D4 comb-type polymers with
2,2,3,3,4,4,5,5-octafluoropentyl propionate side groups
have been obtained via polymerization. The structure and
composition of D" and polymers were determined using
FTIR and NMR spectral data.

Sol-gel reactions of polymers doped with lithium
trifluoromethanesulfonate (triflat) or lithium
bis(trifluoromethanesulfonyl)imide have been studied and
solid polymer electrolyte membranes have been obtained.

Dependence of the membranes conductivity on the
salt concentration has extreme maximum character. This
phenomenon is the result of two processes combination:
the increase of ion-conductivity due to the increase of ion
particles and formation of so-called ion pairs at relatively
high concentrations of the salt, the mass of which is
higher than that for mono-ions and consequently is
characterized with lower mobility and low conductivity.
The temperature dependences of membranes conductivity
(in Arrhenius coordinates) reflect the known phenomenon
of increasing the membranes conductivity as the result of

enhancing charge particles mobility at increased
temperatures.
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TBEPAI HOJIIMEP-EJIEKTPOJITHI MEMBPAHU
HA OCHOBI ®JIYOPOCHJIOKCAHOBOI MATPHIII

Anomauin. /locniodceno peaxyii ciopocumosanns 2,4,6,8-
mempaziopo-2,4,6,8-mempamemunyuriomempacuiokcana (D7) 3
2,2,3,3,4,4,5,5-oxkmaghnyoponenmun axpunamom y cnigioHOUWEHHI
1:4,2 6 npucymmocmi niamuHo8020 Kamanizamopa u 00epHCaHO
gionosionuii adykm (D). B npucymnocmi 6e3600n020 2iopokcudy
Kanuio nposedeno norimepuzayito D", 6HACTIOOK 4020 Ompumaro
6I0N0GIOHULl  KOoMO-nonivep 3 Oiunumu epynamu 2,2,3,3,4,4,5,5-
okmaghnyoponenmun  nponionamy. Cunme3osanuti npooykm ma
noniMepu npoamanizoeaHo 3a 00noMozol memodie Pyp ‘e-cnekm-
pockonii, 'H, 3C i PSi cnexmpockonii. Teepoi nonimep-enexmpo-
JIUMHI MEMOPAHU 00epAHCani 3a 00NOMO20I0 30/1b-2€/lb PEaKyill NoJli-
Mepie 3 MempaemoKCUCUIAHOM, OONOBAHUM MPUDIYOPOMEMAaH-
cynvghonamom nimito (mpugpnam) ma 6ic(mpugpiryopomemancyio-
Gonun)imioom nimito. Bcmanoeneno, wo enexmponpogionicme
nonimep-eneKmponimHux MemMopan 3a KIMHAMHOL memnepamypu
3naxooumocs 6 medicax (1,9-1 0'6)75, 9-107"° Cw/em.

Knrouosi cnosa: ziopocunosannsi, nonimepuzayis, 3071b-
2elb peakyii, meepoi noimep-eLexmporumni MemopaHbsl, CReKmpo-
CKONIsl, HWOHONPOBIOHICMb.



