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THE RESEARCH OF THE EFFECTSOFSALT AND
COMPLEX COMPOUNDS OF NATURAL ORGANIC
ACIDS ON THE SEEDS OF THUJA PLANT

R.A. ASADOVA
Institute of Petrochemical Processes, Azerbaijan National Academy of Sciences,
30 Khojaly Avenue, AZ1025, Baku, Azerbaijan

r.asadova88@mail.ru

ABSTRACT

Na, K salts of natural petroleum acid with acidic number 270 and complex compounds of triethanolamine,
isobutylamine; Na salt of herbal acids, complex compounds of monoethanolamine, diethanolamine and triethanol
amine; nitrate and phosphate complex compounds of dialkylamine are synthesized.The aim of the work was to
research the effect of thuja plant on the germination of seeds, which stored in the salt and complex compounds of
natural oil acid and herbal acids, at the same time in the complex compounds of dialkylamines in laboratory con-
ditions.

Key words: Thuja plant (Thuja occidentalis), plant height regulators, salt and complex compounds of natural
petroleum acids and herbal acids, nitrate and phosphate complexes of dialkylamines.

TOBIi UZVi TURSULARIN DUZ VO KOMPLEKS BIRLOSMOLORININ TUYA BiTKiSININ
TOXUMLARINA TOSIRININ TODQIQi
XULASO

Tursu adadi 270 olan tabii neft tursusunun Na, K duzlar1 ve trietanolaminin, izobutilaminin kompleks bir-
losmoloari; bitki mengsli tursularn Na duzu, monoetanolaminin, dietanolaminin ve trietanolaminin kompleks
birlogsmalari; dialkilaminlerin nitrat ve fosfatli kompleks birlagsmaleri sintez olunub. Goriilen isin maqsadi labo-
ratoriya soraitinde tebii neft tursusunun ve bitki mensali tursularin duz ve kompleks birlogmalarininds, eyni za-
manda dialkilaminlerin kompleks birlosmalarinde saxlanilan tuya bitkisinin toxumlarmin clicormains tesirini
arasdirmaq olmusdur.

Acar sozlar: tuya bitkisi (Thuja occidentalis), bitki boy tenzimlayicileri, tebii neft ve bitki mensali tursularin
duzlar1 ve kompleks birlosmaleri, dialkilaminlarin nitrat ve fosfatli komplekslari.

BAUSTHUE COAEN Y KOMITAEKCHBIX COEAVIHEHU OPTAHUYECKVX KVICAOT HA CEMEHA TYU
PE3IOME

Brran CMHTE3POBaHbL Na, K coan OpraHM4YeCcKnx He(i)T}IHI:IX KMCAOT € KMCAOTHBIM 4YVICAOM PaBHIIOMIVIXCS
270 U DTUX KUCAOT TpI/I9TaHOAaMI/IHOBLIe,I/I306yTI/I/laMI/IHOBLIe KOMIIJA€KCHbIE COeJdMHEHEe, Na coan pacTuTeABPHBIX
KICA0T, MOHODTaHOJAaMIH, ANDTaHOAaMVH U TPUBTAHOAAMMHOBbIE KOMIIZAE€KCHbBIE COeAVIHEeHIE: Cl)OCCl)aTHI)Ie u
A30THOKMCAbIE KOMIIAE€KCBI ,Z],I/IaAKI/I/laMI/IHOB.LIEAI) pa60T1)1 3y4aThb B Aa60paT0prIx YCAOBMAIX BCXOXKECTh CEMSTH
Tys1 3aMO4Y€HHbIE B pacTBOpax coaen He(l)T}IHI)IX 1 paCTUTEABHBIX KICAOT, a TaKXKe AVIaMIHOBBIX KOMIIA€KCOB.

Karouesble caosa: pacrenus tys (Thuja occidentalis), peryasropsr pocra pacTeHNI1, COAM M KOMIL1EKCHBIE
COeAVHEHVSI IPUPOAHBIX He(PTSIHBIX M PaCTUTEABHBIX KICAOT, AMAAKIIAAaMIUHOBEIE KOMILAEKCH (PochOpPHOIL 1
A30THOM KUCAOTBI

Introduction

Climate conditions play an important role in the plant farm. Agroclimatic resources (heat,
humidity, and light) affect the growth and development of plants in sown areas and the
formation of productivity. Depending on the type of plant, its fast sprouting and vegetation
period depends on the environment (temperature).In the world climate change causes a
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decrease in plant productivity. As a result of researches conducted in Azerbaijan, the climate
has changed in the last ten years (average temperature rises) [1, 2].

Environmental pollution is a global ecological problem.The cause of atmospheric pollution
is divided into two groups, natural and anthropogenic.The natural pollution of the atmosphere
is caused by the erosion of volcanoes, erosion of mountain rocks, dust, forest fires, lightning,
and the increase in the amount of salts in the sea water.Artificial pollution of the atmosphere
is characteristic for urban and industrial areas.In urban and suburban areas, there are many
industrial enterprises, vehicles and heating systems that pollute the atmosphere and have a
negative impact on the climate.

Today, the main task of plant breeding is to increase the productivity of the plant taking
into account the changing ecological environment and at the same time to produce high
quality products. Therefore, natural and synthetic rich regulators should be used in plant
cultivation [11, 12].

The mechanism of action of biologically active substances is to activate their own
phytoohormones, which are necessary in a particular stage of plant growth.Due to its
physiological effect, plant regulators accelerate the process of germination of the seeds of plants,
the height of the germination, the flowering and growth, increasing the resistance to fungal and
infectious diseases [13].At the same time, it increases the tolerance of the environment (drought
and cold) and does not have mutagenic effects [3]. Plant growth regulators are substances that
stimulate the growth of plants or have inhibitory effects [4].

To store the seeds for a long time reduces thesprout energy of the seed and the percentageof
the sprout. By cultivating seeds with plant regulators (physiologically active substances), it is
possible to increase sowing qualities [5-6].

Plant height regulators are widely used in forestry, tree breeding in recent decades [7]. In
order to stimulate germination of seeds, they are first soaked in solutions of biologically active
substances [8]. The duration of seed storage in biological active substances in agricultural plants
was widely studied.However, the duration of the seeds of the tree-bushes in biological active
substances has not been studied sufficiently [9].Given these, we decided that, to research the
effects of synthesized salts and complex compounds on the seeds of thuja plant.

The experiments are dedicated to researching the effects of the seeds of the thuja plant
(Thuja occidentalis) stored in the solutions of Na and K salts of NPA and triethanolamine (TEA),
isobutylamine complexes, Na, K salts of herbal acids, monoethanolamine (MEA),
diethanolamine (DEA), triethanolamine (TEA ) complexes, as well as phosphate and nitrate
complex compounds of dialkylamines in laboratory conditions.

The aim of the study was to investigate the stimulating effect of the synthesized salt and
complex compounds on seeds of thuja seeds in different concentrations, determination of
thickness, sowing of seeds and measurement of seed lengths.

Research Method and Research

Obtaining the salts and complex compounds of natural petroleum acid (NPA) is carried out
according to the following reactions.In order to obtain salts, the NPA is taken from the calculated
amount of acidic number 270 in a three-well tube, and a 20% alkaline solution is added to it. The
reaction takes place within 2 hours at a temperature of 40-50° C.
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Obtaining of complex compounds is carried out in this order. NPA is taken in the calculated
amount and amines are added by mixing constantly. The reaction is continued for 2 hours at
room temperature.

s NaOH (20%) __ 5 R-COONa
. KOH (20%) = R-COOK

R-COOH + o N(CH,CH,OH); » R-COE)[T:IH(CHZCHZOH)}]

. CH;-CH-CH,-NH, _»R-CO@[NH3—CH2— H—CH3]
“Hj H;

Here, R-COOH- petroleum acids

At the same time, Na salt of oleic acid and the mixture of acids obtained from sunflower oil -
sodium, potassium salts MEA, DEA and TEA complex compounds have been synthesized. For
the reaction calculated amount of acids is taken in a three-well tube and 20% alkaline solution is
added. The reaction is continued for 2 hours at a temperature of 40-50° C.

Obtaining of complex compounds calculated amount of acid is taken in the flaskand amines
are added by mixing constantly, the reaction is continued until completed.

The course of the reaction is as follows:

R;,H;3-COOH -+ NaOH (20%)——= R | ;H;5-COONa

R;7H33-COOH + KOH (20%) ___gm R;;H33-COOK

— sNaOH (20%) g R-COONa

|, KOH (20%) 3 R-COOK
R-COOH + | g NH,CH,CH,OH —>R-coé[f\JH3CH2CH20H]

| 5 NH(CH,CH,OH), —__gR-COO NHZ(CHZCHZOH)Z]

s N(CH,CH,OH); _>R-COO[ﬁH(CHZCH20H)3]

R-COOH- the mixture of acids obtained from sunflower oil

3. Synthesis of complex compounds of phosphate and nitrate acids with dialkylamines is
carried out in the following reaction.

R R
\
NH + HPO, — = \ﬁHz H,PO;
R~ R~
R
\

R
NH + HNO; \]('IH NO-
) / 2 3

R R

R- C3H7; C4Hg; CsHy,
Synthesized salts and complexes have been studied by analyzing the IQ spectra.

Discussion of research method and its results

Practice 1on 11.11.18 was carried out under laboratory conditions at a room temperature of
19-20° C, the solutions at 103-10* density of Na, K salts of NPA, TEA, isobutylamine complex
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compounds, Na salt of oleic acid and Na, K salts of herbal acids and MEA, DEA, TEA complex
compounds have been prepared.15 seeds in Petri cup were soaked in these solutions.The dry
and wet mass of the seeds is shown in Table 1.Five seeds of the remaining 15 seeds were planted
on the third day. On 17.12.18, the remaining 10 seeds in the solutions in Petri cup were re-massed
and 5 of them were planted in the soil. The remaining 5 seeds were kept in Petri cup, massed and
subsequently controlled.

Table 1.The weight of 15 pieces of dry and wet seeds in the solutions

, Dry mass Wet mass (gr . .
No The name of the substances § S ’ ® The difference in
© g mass after a day
8 '.g:‘.& 11.11.18 12.11.18 14.11.18
1 Soybean Oil Acid+Na salt 0,001 0.350 0.419 0.444 0.069
2 Soybean Oil Acid+K salt 0,001 0.333 0.412 0.440 0.079
3 OA+Na salt 0,001 0.359 0.440 0.452 0.081
4 OA+K salt 0,001 0.350 0.423 0.444 0.094
5 Sunflower Oil Acid +Na salt 0,001 0.342 0.424 0.446 0.073
6 Sunflower Oil Acid +K salt 0,001 0.344 0.404 0.412 0.060
7 Sunflower Oil Acid +Na (y) salt 0,001 0.349 0.430 0.480 0.081
8 Sunflower Oil Acid +K(y) salt 0,001 0.346 0.434 0.460 0.088
9 NPA +isobutylamine comp. 0,0001 | 0.343 0.414 0.439 0.071
10 NPA +isobutylamine comp. 0,001 0.356 0.428 0.480 0.072
11 Sunflower Oil Acid +TEA comp. 0,0001 | 0.356 0.430 0.418 0.074
12 Sunflower Oil Acid +TEA comp. 0,001 0.326 0.376 0.413 0.050
13 Sunflower Oil Acid +DEA comp. 0,0001 | 0.347 0.417 0.447 0.070
14 Sunflower Oil Acid +MEA comp. 0,0001 | 0.342 0.403 0.429 0.061
15 Sunflower Oil Acid +MEA comp. 0,001 0.350 0.402 0.434 0.052
16 NPA+K salt 0,001 0.345 0.416 0.431 0.071
17 NPA+Na salt 0,001 0.352 0.414 0.426 0.062
18 NPA +TEA comp. 0,001 0.350 0.424 0.441 0.074
19 Control - 0.321 0.378 0.409 0.057

Note: NPA- natural petroleum acid, SOA-soybean oil acid, OA-oleic acid, SOA- sunflower
oil acid, MEA-monoethanolamine, DEA- diethanolamine, TEA-triethanolamine

After the seeds were stored for 3 days in the solutions and planted in the soil, the number of
seedlings was studied within 28 days. The results obtained are shown in Table 2.

o 3 of the 5 seeds stored in the 0.001% solution of Na salt of Soybean Oil Acid, 4 of the 5 seeds
stored in the 0.001% solution of K salt of Soybean Oil Acid germinated.

e 2 of the 5 seeds stored in the 0,001% solution of Na salt of OA and 2 of the 5 seeds stored in
the 0.001% solution of K salt of OA.

e 1 of the 5 seeds stored in the 0.001% solution of Na salt of Sunflower Oil Acid, 1 of the 5
seeds stored in the 0.001% solution of K salt of Sunflower Oil Acid germinated, but then did
not develop.

e 3 of the 5 seeds stored in the 0.001% solution of Na (y) salt of Sunflower Oil Acid, 3 of the 5
seeds stored in the 0.001% solution of K (y) salt of Sunflower Oil Acid germinated.

e 2 of the 5 seeds stored in the 0,0001% solution of isobutylamine complex compound of NPA,

4 of the 5 seeds stored in the 0.001% solution of isobutylamine complex compound of NPA
germinated.
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¢ None of the 5 seeds stored in the 0,0001% solution of TEA complex compound of Sunflower
Oil Acid germinated.2 of the 5 seeds stored in the 0.001% solution of TEA complex
compound of Sunflower Oil Acid, 2 of the 5 seeds stored in the 0.0001% solution of DEA
complex compound of Sunflower Oil Acid germinated. None of 5 seeds stored in the
0,0001% solution of MEA complex compound of Sunflower Oil Acid germinated.3 of the 5
seeds stored in the 0,001% solution of MEA complex compound of Sunflower Oil Acid
germinated.

o 3 of the 5 seeds stored in the 0,001% solution of K salt of NPA germinated. None of the 5
seeds stored in the 0,001% solution of Na salt of NPA germinated. 1 of the 5 seeds stored in
the 0,001% solution of TEA complex compound of NPA germinated, but then did not
develop.

e The seeds in the control version are stored in distilled water and then planted in the soil,

none of the 5 seeds germinated.

Table 2. Number of germinating seeds by days
(the seeds were stored for 3 days in the solutions and planted in the soil)

- Number of germinating seeds acc.to days

° B @0

£ | 2%
Ne The name of the g £ z E Qa2

substances E 2 £ |38 |38|8|3|28|8]|¢3

2 2 & s|3|S|=| 3| =8| &

5 |F™
1 Soybean Oil Acid +Na salt 0.001 5 1 3 3 3 3 3 3 3
2 | Soybean Oil Acid +K salt 0.001 5 2 3 4 4 4 4 4 4
3 | OA +Nasalt 0.001 5 1 1 1 1 1 1 1 2
4 | OA+Ksalt 0.001 5 2 2 2 2 2 2 2 2
5 | Sunflower Oil Acid +Na salt 0.001 5 1 1 1 1 1 1 1 1
6 | Sunflower Oil Acid +K salt 0.001 5 1 1 1 1 1 1 1 -
7 | Sunflower Oil Acid +Na (y) salt 0.001 5 3 3 3 3 3 3 3 3
8 | Sunflower Oil Acid +K(y)salt 0.001 5 1 2 2 2 2 2 2 3
9 | NPA+isobutylamine comp. 0.0001 5 2 2 2 2 2 2 2 2
10 | NPA+ isobutylamine comp. 0.001 5 1 2 4 4 4 4 4 4
11 | Sunflower Oil Acid +TEA comp. 0.0001 5 - - - - - - -
12 | Sunflower Oil Acid +TEA comp. 0.001 5 - 2 2 3 3 3 2
13 | Sunflower Qil Acid + DEA comp. 0.0001 5 - 1 1 2 2 2 2
14 | Sunflower Oil Acid +MEA comp. 0.0001 5 - - - - - - -
15 | Sunflower Oil Acid + MEA comp. | 0.001 5 - 1 2 2 2 2 2 3
16 | NPA +Ksalt 0.001 5 - - - - 1 1 1 3
17 | NPA +Na salt 0.001 5 - - - - - - - -
18 | NPA+TEA comp. 0.001 5 - - - - 1 -
19 | Control - 5 - - - - - - - -

After the seeds were stored for 5 days in the solutions and planted in the soil, the number of
seedlings was studied within 28 days. The results obtained are shown in Table 3.

o 1 of the 5 seeds stored in the 0.001% solution of Na salt of Soybean Oil Acid, 1 of the 5 seeds
stored in the 0.001% solution of K salt of Soybean Oil Acid germinated.

¢ None of the 5 seeds stored in the 0.001% solution of Na salt of OA germinated. 1 of the 5
seeds stored in the 0.001% solution of K salt of OA germinated.
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e 2 of the 5 seeds stored in the 0.001% solution of Na salt of Sunflower Oil Acid, 1 of the 5
seeds stored in the 0.001% solution of K salt of Sunflower Oil Acid germinated.

e 1 of the 5 seeds stored in the 0.001% solution of Na (y) salt of Sunflower Oil Acid germinated,
none of the 5 seeds stored in the 0.001% solution of K(y) salt of Sunflower Oil Acid germinated.

o 2 of the 5 seeds stored in the 0,0001% solution of isobutylamine complex compound of NPA
germinated, 4 of the 5 seeds stored in the 0,001% solution of isobutylamine complex com-
pound of NPA germinated.

e 1 of the 5 seeds stored in the 0,0001% solution of TEA complex compound of Sunflower Oil
Acid germinated, none of the 5 seeds stored in the 0,001% solution of TEA complex com-
pound of Sunflower Oil Acid germinated.

o 3 of the 5 seeds stored in the 0,0001% solution of DEA complex compound of Sunflower Oil
Acid, 3 of the 5 seeds stored in the 0,0001% solution of MEA complex compound of Sunflo-
wer Oil Acid, 2 of the 5 seeds stored in the 0,001% solution of MEA complex compound of
Sunflower Oil Acid germinated.

e 2 of the 5 seeds stored in the 0,001% solution of K salt of NPPA, 3 of the 5 seeds stored in the
0,001% solution of Na salt of NPA, 2 of the 5 seeds stored in the 0,001% solution of TEA
complex compound of NPA germinated.

e The seeds in the control version are stored in distilled water and then planted in the soil, 2 of
the 5 seeds germinated.

Table3. Number of germinating seeds by days (the seeds were stored for 5 days in the solutions and planted in the soil)

5 Number of germinating seeds acc.to days
| = D

g § 'G'é g ?I o B N - N - = =
Ne The name of the substances gEX g ga| =A== 42]=]|=|4
S*® |EE=|E|S|e|E|g|E|E|¢<
gi |2|2|e|=|2|2|=5|4
1 | Soybean Qil Acid+Na salt 0.001 5 1 1 1 1 1 1 1 1
2 | Soybean Qil Acid+K salt 0.001 5 - - - - 1 1 1 1
3 | OA+Na salt 0.001 5 - - - - - - - -
4 | OA+Ksalt 0.001 5 - - - - - 1 1 1
5 | Sunflower Oil Acid +Na salt 0.001 5 2 2 2 2 2 2 2 2
6 | Sunflower Oil Acid +K salt 0.001 5 - - - - 1 1 1 1
7 | Sunflower Oil Acid +Na (y) salt 0.001 5 1 1 1 1 1 1 1 1

8 | Sunflower Oil Acid +K(y) salt 0.001 5 - - - -
9 | NPA+isobutylamine comp. 0.0001 5 2 2 2 2 2 2 2 2
10 | NPA+ isobutylamine comp. 0.001 5 2 2 3 4 4 4 4 4
11 | Sunflower Oil Acid +TEA comp. 0.0001 5 1 1 1 1 1 1 1 1
12 | Sunflower Oil Acid +TEA comp. 0.001 5 - 2 - - - - - -
13 | Sunflower Oil Acid +DEA komp. | 0.0001 5 2 3 3 3 3 3 3 3
14 | Sunflower Oil Acid +MEA komp. | 0.0001 5 T (1223 |3]|3]3
15 | Sunflower Oil Acid +MEA komp. | 0.001 5 21212212222
16 | NPA+K salt 0.001 5 - 1 1 1 1 1 2 2
17 | NPA+Na salt 0.001 5 2 2 2 2 2 2 2 3
18 | NPA+TEAcomp. 0.001 5 - 1 1 1 1 2 2 2
19 | Control - 5 2 2 2 2 2 2 2 2
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As seen from table 2 and 3, when the seeds of thuja are stored in the solution for a long time,
the percentage of germination of the seeds decreases.2 of the 5 seeds stored for 3 and 5 days in
the 0,0001% solution of isobutylamine complex compound of NPA, 4 of the 5 seeds stored for 3
and 5 days in the 0.001% solution of isobutylamine complex compound of NPA germinated.The
experiments have shown that the percentage of germination of the seeds is higher in the 0.001%
solution of isobutylamine complex compound of NPA.

The seeds of thuja were stored for 3 and 5 days in the 0.0001 and 0.001% solutions, planted
in the soil, the length of the trunks was measured in Table 4 and 5.

Table 4. After the seeds were stored for 3 days in the solutions and planted in the soil, the length of the trunks

21.01.19
Ne The name of the substances Concentration % The length of the trunk
of each sprout (sm)

1 Soybean Oil Acid+Na salt 0,001 3 35 35

2 | Soybean Oil Acid +K salt 0,001 3.2 2 2 3.5
3 OA+Na salt 0,001

4 | OA+K salt 0,001 1 3.5

5 Sunflower Oil Acid +Na salt 0,001 42

6 Sunflower Oil Acid +K salt 0,001 4

7 | Sunflower Oil Acid +Na (y) salt 0,001 3 3,5 3

8 | Sunflower Oil Acid +K(y) salt 0,001 3 3

9 NPA+ isobutylamine comp. 0,0001 25 3,5

10 | NPA+ isobutylamine comp. 0,001 1,2 3 3 4
11 | Sunflower Oil Acid +TEA comp. 0,0001 -

12 | Sunflower Oil Acid +TEA comp. 0,001 0,5 3,5 3

13 | Sunflower Oil Acid +DEA comp. 0,0001 2 3

14 | Sunflower Oil Acid +MEA comp. 0,0001 -
15 | Sunflower Oil Acid +MEA comp. 0,001 2 22
16 | NPA+K salt 0,001 3
17 | NPA+Na salt 0,001 -
18 | NPA+TEA comp 0,001 2
19 | Control - -

Table 5.After the seeds were stored for 5 days in the solutions and planted in the soil, the length of the trunks

21.01.19
No The name of the substances Concentration % The length of the trunk
of each sprout (sm)

1 Soybean Oil Acid+Na salt 0,001 3,5

2 | Soybean Oil Acid+K salt 0,001 3

3 OA+Na salt 0,001 -

4 OA+K salt 0,001 0,5

5 | Sunflower Oil Acid +Na salt 0,001 2,8 4

6 Sunflower Oil Acid +K salt 0,001 3

7 Sunflower Oil Acid +Na (y) salt 0,001 3,2

8 Sunflower Oil Acid +K(y) salt 0,001 -

9 | NPA+ isobutylamine comp. 0,0001 3 2,8
10 | NPA+ isobutylamine comp. 0,001 2,5 2,5 3 2,8
11 | Sunflower Oil Acid +TEA comp. 0,0001 3,8
12 | sunflower Oil Acid +TEA comp. 0,001 -
13 Sunflower Oil Acid +DEA comp. 0,0001 3 0,5 3,2
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14 | Sunflower Oil Acid +MEA comp. 0,0001 2 32 0,5
15 | Sunflower Oil Acid +MEA comp. 0,001 4 4

16 NPA+K salt 0,001 15 1

17 | NPA+Na salt 0,001 4 3,5

18 NPA+TEA comp. 0,001 3 2,5

19 | Control - 2 3

The seeds of thuja were stored for 3 and 5 days in the 0.0001 and 0.001% solutions, planted in
the soil, the length of the trunks was measured and the average rate was listed in Table 6 and 7.

Table 6.After the seeds were stored for 3 days in the solutions and planted in the soil,
the average rate of the length of the trunks

Concentration 28.01.19
No The name of the substances o The averagerate of thelength
of the trunk (sm)
1 Soybean Oil Acid+Na salt 0,001 2.8
2 Soybean Oil Acid+K salt 0,001 22
3 OA+Na salt 0,001 15
4 OA +K salt 0,001 1.8
5 Sunflower Oil Acid +Na salt 0,001 2
6 Sunflower Oil Acid +K salt 0,001 -
7 Sunflower Oil Acid +Na (y) salt 0,001 3
8 Sunflower Oil Acid +K(y) salt 0,001 1.7
9 NPA+ isobutylamine comp. 0,0001 3.0
10 NPA+ isobutylamine comp. 0,001 4
11 Sunflower Oil Acid +TEA comp. 0,0001 -
12 Sunflower Oil Acid +TEA comp. 0,001 35
13 Sunflower Oil Acid +DEA comp. 0,0001 2.8
14 Sunflower Oil Acid +MEA comp. 0,0001 -
15 Sunflower Oil Acid +MEA comp. 0,001 2.3
16 NPA+K salt 0,001 3
17 NPA+Na salt 0,001 -
18 | NPA+TEA comp. 0,001 -
19 Control - -

Table 6 shows that, after the seeds were stored for 3 days in the 0.001% solutions, the medium
length of the trunk of the seeds is longer than stored in the 0,0001% solutions of isobutylamine
complex of NPA, also stored in other solvents.

Table 7.After the seeds were stored for 5 days in the solutions and planted in the soil,
the average rate of the length of the trunks

. 28.01.19
No The name of the substances COI’ICE?tI'athH The average rate of thelength of the
o trunk(sm)
1 Soybean Oil Acid+Na salt 0,001 3
2 Soybean Oil Acid+K salt 0,001 3
3 OA+Na salt 0,001
4 OA+K salt 0,001 3
5 Sunflower Oil Acid +Na salt 0,001 3.5
6 Sunflower Oil Acid +K salt 0,001 55
7 Sunflower Oil Acid +Na (y) salt 0,001 4
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8 Sunflower Oil Acid +K(y) salt 0,001 -
9 NPA+ isobutylamine comp. 0,0001 3.3
10 NPA+ isobutylamine comp. 0,001 3
11 Sunflower Oil Acid +TEA comp. 0,0001 4
12 Sunflower Oil Acid +TEA comp. 0,001 -
13 Sunflower Oil Acid +DEA comp. 0,0001 2.2
14 Sunflower Oil Acid +MEA comp. 0,0001 2.1
15 Sunflower Oil Acid +MEA comp. 0,001 4
16 NPA+K salt 0,001 2
17 NPA+Na salt 0,001 2.5
18 NPA+TEA comp. 0,001 3.
19 Control - 25

Table 7 shows that, after the seeds were stored for 5 days in the 0.001% solutions, the
medium length of the trunk of the seeds is approximately the same in the 0,0001% solutions of
isobutylamine complex of NPA.

Table 8. The number of the sprout of the seeds stored in Petri cup

No The name of the substances Concezltration The number of tl.1e sprqut of the
Yo seeds stored in Petri cup
1 Soybean Oil Acid+Na salt 0,001 2
2 Soybean Oil Acid+K salt 0,001 4
3 OA+Na salt 0,001 5
4 OA+K salt 0,001 4
5 Sunflower Oil Acid +Na salt 0,001 2
6 Sunflower Oil Acid +K salt 0,001 3
7 Sunflower Oil Acid +Na (y) salt 0,001 2
8 Sunflower Oil Acid +K(y) salt 0,001 3
9 NPA+ isobutylamine comp. 0,0001 1
10 NPA+ isobutylamine comp. 0,001 -
11 Sunflower Oil Acid +TEA comp. 0,0001 2
12 Sunflower Oil Acid +TEA comp. 0,001 -
13 Sunflower Oil Acid +DEA komp. 0,0001 1
14 Sunflower Oil Acid +MEA komp. 0,0001 4
15 Sunflower Oil Acid +MEA komp. 0,001 3
16 NPA+K salt 0,001 3
17 NPA+Na salt 0,001 3
18 NPA+TEA comp. 0,001 2
19 Control - 2

Table 8 shows that, when the seeds are stored in the solutions for a long time, solutions do
not have a good effect on the development of the seeds and show the inhibitory effect [5-6].

Practice 2 - practice was repeated again on 07.02.2019 in laboratory conditions (room
temperature 19-22°C). The 10 seeds in each Petri cup were stored — in the solutions of 0.01% and
0.001% of isobutylamine complex compounds of NPA, nitrate and phosphate complex
compounds of dialkylamines, sodium salts and sodium salts of Soybean Oil Acid, OA,
Sunflower Oil Acid, NPA and as a control option kept in distilled water for 24 hours (picture 1).
10 ml solution was added to every Petri cup. 24 hours later, thuja seeds were planted in the soil.

11
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Picture 1.Thuja seeds soaked in the solutions in Petri cup
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In practice 2, the mass of the seeds of thuja was measured dry and stored after 24 hours in
the solutions, the number of germinating seeds was determined and the results were noted in
Table 9.

Table 9.After the seeds were stored for 24 hours in the solutions,
the mass of the seeds and the number of sprouts

s & Number of sprouts
PIEEIRE AR R
v s |2 9 O |l w S & N o) | o =)}
No The name of the substances eS8 E g £ gl d|l u |l ml el ol a8l &
SElZ2slFslgs2l 212222
= A S| d || 88|82
1 NPA+ isobutylaminecomp. 0,001 | 10 0258 | 0.323 2 4 4 |5 5 5
2 NPA+ isobutylamine comp. 0,01 10 0.257 | 0.308 1 7 7 |7 7 7
3 NPA+Na salt 0,001 | 10 0256 | 0.327 3 5 5 |5 5 5
4 Soybean Oil Acid+Na salt 0,001 | 10 0.257 | 0.316 1 4 4 |4 4 4
5 OA+Na salt 0,001 | 10 0253 | 0.312 - 2 3 |4 5 5
6 Sunflower Oil Acid +Na salt 0,001 10 0.240 | 0.304 1 5 5 |5 5 5
7 Dipentylamine nitrate comp. 0,001 10 0.253 | 0.310 1 4 6 |6 6 5
8 Diisopropylamine nitrate comp. 0,001 10 0.255 0.310 - 4 4 4 4 4
9 Dibutylamine nitrate comp. 0,001 10 0.254 | 0.319 3 5 5 |5 5 5
10 | Dipentylamine phosphate comp. 0,001 10 0.251 | 0.317 - 3 3 13 4 4
11 | Diisopropylamine phosphate comp. | 0,001 10 0.250 | 0.331 2 4 4 |4 4 4
12 | Dibutylamine phosphate comp. 0,001 10 0.258 | 0.311 1 4 5 |5 5 6
13 | Control 0,001 | 10 024 0.311 2 4 4 |4 4 4

Table 9 shows that, the number of sprouts of the seeds stored in isobutylamine complex of
NPA is higher than other solutions and control variants.The average length of the trunk of the
sprouts of thuja seeds were measured after 18 days the seeds were planted in the soil and are
listed in Table 10.

Table 10.After stored for 24 hours and planted in the soil, the average length of the trunk of the sprouts of thuja

The average length of the trunk(sm)
1 0,
No The name of the substances Concentration % 260219 | 280219 | 040319 | 11.03.19
1 | NPA+ isobutylamine comp. 0,001 28 4.1 4.7 5.1
2 NPA+ isobutylamine comp. 0,01 3.2 4.7 5.2 5.7
3 NPA-+Na salt 0,001 32 4.2 52 5.3
4 Soybean Oil Acid+Na salt 0,001 35 42 5.2 55
5 | OA+Na salt 0,001 0.9 22 3.9 4.6
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6 Sunflower Oil Acid +Na salt 0,001 34 42 5.6 5.8
7 Dipentylamine nitrate comp. 0,001 3.0 4.7 5.7 5.6
8 | Diisopropylamine nitrate comp. 0,001 1.6 4.5 5.2 55
9 | Dibutylamine nitrate comp. 0,001 4.2 4.2 5.4 5.8
10 | Dipentylamine phosphate comp. 0,001 2.7 3.2 55 5.8
11 | Diisopropylamine phosphate comp. 0,001 4.0 4.8 53 5.5
12 | Dibutylamine phosphate comp. 0,001 3.0 4.1 4.8 4.9
13 | Control 0,001 22 4.0 4.8 52
Table 10 shows that:

After seeding 10 seeds stored for 24 hours in the 0.001% solution of isobutylamine complex
of NPA, 5 seeds are sprouted and the average length of the trunk of the seedlings is about
5.1 cm.

After seeding 10 seeds stored for 24 hours in the 0.01% solution of isobutylamine complex of
NPA, 7 seeds are sprouted and the average length of the trunk of the seedlings is about 5.7
cm.

After seeding 10 seeds stored for 24 hours in the 0.001% solution of Na salt of NPA, 5 seeds
are sprouted and the average length of the trunk of the seedlings is about 5.3 cm.

After seeding 10 seeds stored for 24 hours in the 0.001% solution of Na salt of Soybean Oil
Acid, 4 seeds are sprouted and the average length of the trunk of the seedlings is about 5.5
cm.

After seeding 10 seeds stored for 24 hours in the 0.001% solution of Na salt of OA, 5 seeds
are sprouted and the average length of the trunk of the seedlings is about 4.6 cm.

After seeding 10 seeds stored for 24 hours in the 0.001% solution of Na salt of Sunflower Oil
Acid, 5 seeds are sprouted and the average length of the trunk of the seedlings is about 5.8
cm.

After seeding 10 seeds stored for 24 hours in the 0.001% solution of nitrate complex
ofDipentylamine, 5 seeds are sprouted and the average length of the trunk of the seedlings
is about 5.6 cm.

After seeding 10 seeds stored for 24 hours in the 0.001% solution of nitrate complex of
Diisopropylamine, 4 seeds are sprouted and the average length of the trunk of the seedlings
is about 5.5 cm.

After seeding 10 seeds stored for 24 hours in the 0.001% solution of nitrate complex of
Dibutylamine, 5 seeds are sprouted and the average length of the trunk of the seedlings is
about 5.8 cm.

After seeding 10 seeds stored for 24 hours in the 0.001% solution of phosphate complex of
Dipentylamine, 4 seeds are sprouted and the average length of the trunk of the seedlings is
about 5.8 cm.

After seeding 10 seeds stored for 24 hours in the 0.001% solution of phosphate complex of
Diisopropylamine, 4 seeds are sprouted and the average length of the trunk of the seedlings
is about 5.5 cm.

After seeding 10 seeds stored for 24 hours in the 0.001% solution of phosphate complex of
Dibutylamine, 6 seeds are sprouted and the average length of the trunk of the seedlings is
about 4.9 cm.
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o After seeding 10 seeds in the control option, 4 seeds are sprouted and the average length of
the trunk of the seedlings is about 5.2 cm.

Picture2.After seeding thuja seeds stored for 24 hours (10 seeds)

The experiment started on 07.02.2019 in the laboratory condition, on 13.06.19 re-observations
were made in the seedlings, and the number and length of the seedlings were measured and
noted in Table 11.

Tablel 11.After stored 24 hours and planted in the soil, the length of the trunks of the sprouts of thuja

Concentration | The length of the trunks of the sprouts
No The name of the substances % go f thuja (cm) 13.06.19 P
1 | NPA+isobutylaminecomp. 0,001 4 5 5
2 | NPA+isobutylamincomp. 0,01 5 5 72 | 68 | 86 | 78
3 | NPA+Na salt 0,001 6 6 8
4 | Soybean Oil Acid +Na salt 0,001 6
5 | OA+Na salt 0,001 5.6 7 35| 58
6 | Sunflower Oil Acid+Na salt 0,001 7.2 5.6 64 | 82
7 Dipentylamine nitrate comp. 0,001 5.6 5.8 6.6 | 7.2
8 | Diisopropylamine nitrate comp. 0,001 7.2 54
9 | Dibutylamine nitrate comp. 0,001 6 8.2 72 | 8
10 | Dipentylamine phosphate comp. 0,001 74 7.8 72 | 65
11 | Diisopropylamine phosphate comp. 0,001 5 6.5 7.6
12 | Dibutylamine phosphate comp. 0,001 6 6 6.6
13 | Control - 5.6 74

Sakil 3. After stored 24 hours and planted the sprouts of thuja in the soil
(1 control, 2 The solutions ofisobutylamine comp.of NPA )
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As a result of the use of the organic complex solution in the picture, it seems that the root
and hull system is more advanced than the control option.

Resultl:

It is clear from the experience that, the seeds stored for 3 days in the solution are better than
the seeds that stored for 5 days in the solution. The seeds stored in the 0.001% solution of the
isobutylamine complex of NPA were faster than 0.0001% of isobuthylamine complex of NPA
and the control variants, while 4 seeds of 5 seeds were developed.

Result 2:

Studies show that, isobutylamine complex compound of NPA solutions affect the seeds of
the thuja plant, accelerate their germination and increase the germination percentage. 0.001%
solution of isobutylamine complex compound of NPA stored 24 hours, stimulates the seeds of
the thuja plant and causes intensive development of the root and hull systems of plants.
Experience shows that isobutylamine complex compound of NPA has a stimulating effect on the
seeds of thuja plant.The results show that, the number of seedlings and development of the seeds
stored in the 24-hour solution is better than the seeds stored for 3 and 5 days in the solution.

Result 3:

Studies show that, the complex compounds of the oil-based acid by influencing the seeds of
the thuja plant in a certain thickness, accelerating their germination and increasing the germi-
nation percentage. The use of these solutions leads to the intensive development of the root and
hull systems of plants.The results show that,isobutylamine complex compounds of NPA have a
stronger stimulus for plants.
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PE3IOME

VccaepoBana peakusl noanMepusaly HOpOOpH-5-eH-2-MAMeTAaKpuAaTa B Cpeje OPraHuMYeckoro pacTBO-
puTeAs- ToAyoAa ¥ MIOHHO-’KIAKOCTHOTO cocTaBa N-MeTIAIMppoArAOHaIieTaTa B IIPUCYTCTBUM PaaVIKaAbHBIX MHULI-
aTOpPOB- OEH30MAIIEPOKCIAQ, TPETOYTUAIIEpOKCIA], AVHUTPILAa300MCU30MaCASIHON KICAOTE], aMMOHMIIIepcyAbdarta
U MeTaAA00PTaHIMIeCKUX crcTeM- Ouc[N-(2-MeTranumnepuAnH-4-MeTrA)PeHOAAT]| ITUPKOHUI AUXAOPUAA C yIacTUeM
B KadecTBe cokaTaamsaTopa EtsAl. VsydeHs! BAMSHIA pa3sAndHbIX (AKTOPOB, B YACTHOCTU MaCCOBOTO COOTHOIIEHIS
MOHOMepa K pacTBOPUTEAIO, IPUPOABI ¥ KOAMYeCTBa MHUIATOpa, TeMIIepaTyphl U IIPOA0AXKUTEALHOCTY PeakL iy Ha
IpoLlecC IoAMMepPV3alyyL. YCTaHOBAEHO, YTO IIOAMMepH3alusl yKa3aHHOTO MOHOMEpa B MCCAeAYeMBIX YCAOBIIIX
IpoTeKaeT C ydJacTeM oOelx KpaTHBIX CBsI3ell MOHOMepa C OOpasoBaHMEM TeAb IoAVMepa MPOCTpaHCTBEHHOI

CTPYKTYPBL

Crpykrypa noaydeHHoro noaumepa mccaegosana VIK- criekrpaasubpiv anaansom. B VIK- criekrpe oOpasia 11o-
AvIMepa OTCYTCTBYeT I100Ca IIOTAOIEHNST OTHOCSIIECS K KPaTHOI CBSI3V aKpMA0BOro )parMeHTa 1 HOpOOPHILAOBOIO
nukaa. /epusororpadUueckM aHaAM30M BBIABAEHO, UTO ITOAMHOPOOPHUAMETMAAKpHUAAT, CUHTe3UpPOBaHHBI B
Pa3AMIHBIX YCAOBILIX MMEET AOCTaTOYHO BBICOKYIO TEPMIIECKYIO cTabnabHOCTh. OllpeseeHHast TeMIlepaTypa pasao-
>KeHMs moAuMepa cootseTcrsyeT ~600°C.

Karouesbie ca0Ba: HOpOOpHEH, MeTIAaKpIAaT, HOpOOPH-5-eH-2-1AMeTIAAKpILAAT, TTOAUMEPI3aLys, MHNIIA-
TOPBI, MOHHAS KUAKOCTb.

NORBORN-5-EN-2-METiL. AKRILATIN RADIiKAL POLIMERLOSMO REAKSIYASININ TODQIQi
XULASO

Norbornen-5-ene-2-metilakrilatin polimerlasmo reaksiyast {izvi holledici toluol ve ion-maye torkibli N-metil-
pirrolidon asetat miihitinds, miixtelif radikal initsiatorlarm-benzoilperoxid, tigliibutilperoksid, dinitrilazobisizoyag
tursusu, ammonium persulfat vo izvi metal sistemi olan sirkonium dixlorid bis [N-(2-metilpiperidin-4-metil) fenolyat],
istirakinda, sokatalizator kimi EtsAl-den istifade olunmagla tedqiq olunmusdur.Polimerlasma prosesine miixtolif
amillarin: monomerin hallediciys kiitlo nisbati, inisiatorun tsbisti vo miqdari, reaksiyanmin temperaturu ve miiddatin
tosirleri Oyrenilmisdir. Miiayyen edilmisdir ki, gosterilon monomerin tadqiq olunan seraitde polimerlasms prosesi
monomer molekulunun tarkibinds olan har iki ikiqat rabitenin istiraki ilo gedarak, foza quruluslu hel polimer almnur.

Alman polimerin qurulusu IQ spektral analiz {isulu ilo todqiq edilmisdir. Polimer niimunasinin IQ- spektrinde
norbornil halqasma va akril fragmentine maxsus ikiqat rabitalars rast gelinmemisdir. Jepusororpadux {isulla miixtalif
soraitlorde sintez olunan polynorbornilmetilakrilatin olduqca yiiksak termiki sabitliye malik oldugu miisyyen
olunmusgdur. Tayin edilmis polimerin par¢alanma temperaturu ~ 600° C-ys uygundur.

Acar sozlari: norbornen, metil akrilat, norborn-5-en-2-ilmetil akrilat, polimerlosmao, inisiator, ion mayesi.
INVESTIGATION OF REACTIONS OF RADICAL POLYMERIZATION
OF NORBORN-5-EN-2-METHYL ACRYLATE
SUMMARY
The polymerization reaction of norborn-5-en-2-methyl acrylate in the presence of radical initiators: benzoyl
peroxide, tert-butyl peroxide, dinitrile-izo-butyric acid, ammonium persulfate and organometallic bis [N-(2-
methylpiperidine-4-methyl) phenolate zirconium dixloride in the presence cocatalyst EtsAl in organic solvent-toluene

and ion-liquid composition of N-methylpyrrolidone acetate has been studied. The effects of various factors, in
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particular, the mass ratio of monomer to solvent, the nature and amount of initiator, temperature and duration on the
polymerization process of norbornenylmethyl acrylate have been studied. It was established that the process of
polymerization of the specified monomer under the conditions studied proceeds with the participation of both double
bonds of the monomer with the formation of a polymer gel of a spatial structure. The structure of the obtained polymer
has been studied by IR spectral analysis. In the IR spectrum of a polymer sample, there is no absorption band related to
the double bond of the acrylic fragment and the norbornyl cycle. Derivographic analysis revealed that
polynorbornylmethylacrylate synthesized under various conditions has a rather high thermal stability. The

decomposition temperature of the polymer was determined to be ~ 600 ° C.

Key word: norbornen, methyl acrylate, norborn-5-en-2-methyl acrylate, polymerization, initiators, ionic liquids.

Beegenme: CrHTe3 HOBBIX MOHOMEPOB U IOAMMEPHBIX MaTepualoB, paspadoTka sddek-
TUBHBIX METOAOB X MOAYYEHUs SBASETCA OAHON U3 LIeHTPaAbHON U AMHAMMYHO Pa3BUBaIO-
merics mpodaemon noanMepHon xumun. Hanboaee ya00HO MOAEABIO 445 M3YYeHUs TIOAN-
Mepu3aluu ABASIOTCS aKpUAOBble MOHOMEPBI, B YaCTHOCTH aKPIAOBbIe IPOM3BOAHBIE OMIINKAO
[2.2.1]reniT-2-eHa (HOpOOpHeH). VIHTepec K aKp1UAOBBIM MOHOMepaM OOYCAOBAEH TeM, YTO OHMU
SABASIIOTCSI aKTUBHBIMM MOHOMEpaMH, CIIOCOOHBIMM MOAMMEPU30BaThCS 110 Pa3AMYHBIM MeXa-
HusMaM. [loanmMepnr Ha MX OCHOBe, XapaKTepU3YIOIIMecs: BHICOKONM ITPO3padHOCTLIO, DecripeT-
HOCTBIO 1AM A€TKOV OKpallllBaeMOCTbIO, XOPOIIel paCTBOPUMOCTBIO HAIILAY IIMPOKOe ITPaKTH-
4JecKoe NpUMeHeHNe 445 CO34aHNs CaMbIX pa3AMYHBIX MaTepuaaos [ 1-3].

Y1paBasiTh KOMILAEKCOM CBOVCTB IIOAMMEPOB, I0Ay4aeMBbIX Ha OCHOBE aKpMAOBBIX ITPOM3-
BOAHBIX HOpOOPHeHa HTUX MOHOMEPOB MOXKHO ABYM:I ITyTsSIMI: BLIOOPOM yCAOBUI IIOAVMepHU3a-
1yy, obecriednBaloOIIMII OAHY M3 BO3MOXKHBIX CXeM ITOAMMepu3aluy (MeTaTe3VICHON WAU
aAAUTYBHOIL), YeM 1 OOecCIIedrBaeTcsl CYHTe3 IIoAMMepa TOM VAV VIHOM CTPYKTYPbl OCHOBHOI
LIeIIM, ¥ U3MEHEHIEM CTPYKTYpbl MOHOMEpa, B YaCTHOCTY IIPUPOABI 3aMeCTUTeAsI B MOHOMEP-
HOM 3BeHe.

OO0cy>xaeHis 1 pe3yAbTaTbl

B aanHOII cTaThe 13105KeHbl pe3yAbTaThl UCCAeA0BaHII IOAMQYHKIMOHAALHOIO MOHOMepa-
HOpPOOPHEHI/AMETIAAKpULAATa 110 PajuKaabHOMY MeXaHU3MY. YKa3aHHbII MOHOMEP CHHTe3UpO-
BaH STepuduKaImerl HOpOOpH-5-eH-2-MeTaHOAa aKPUAOBON KUCAOTOM IO HVDKepUBeeHHO
cxeme [ 4]:

4
~ CH,-OH CH,~CH-COOH KU-2-8H" - CH,-COO-CH=CH,
/ + o/

B uccaeayemoit peakiym stepuduKaliuy B KayecTse KaTaamusaTopa UCI0Ab30BaHa IOHOOO-
MeHHas1 cMo4a KaTroHUT Mapku KY-2-8 H* popmbl (xyuMirdecknii peakTius, BBIITycKaeMbIl I'opb-
KOBCKOI KOHTOpOI Xxummdecknx peaktnsos o I'OCT 13505-68) u HadTaanHCyabpOKICAOTA.
AxTyBanuio Karaausaropa 8 H* popmMy ocyiiecrsasan oOpabOTKOI ero KOHIeHTPUPOBaHHOIA
COASIHON KMCAOTOM B TedeHMe 24 4 coraacHo Metoauke [ 5]. YcraHOBA€HO, YTO B HPUCYTCTBUM
yKa3aHHBIX KaTaAu3aTOpOB B KoamdecTse 2.5% OT MacChl MCXOAHOIO CBIPbs HaOAI0AaeTCst
BBICOKas aKTMBHOCTL ¥ BBIXOJ, HOpPOOpHeHMAMeTMAaKpuaAaTa Hpu Temilepatype 78-82°C mu
BpeMeHN peakiiun 3 daca cocraBaseT 92.4% m 93.1% macc coorsercTBeHHO. [IpenmyrecTso
npuMeHeHus Katuonnta KY-2-8 onpegeasercs tem, 4To 110 OKOHUYaHU peakLMy KaTaAu3aTop
He TepsieT aKTMBHOCTb 1 €T0 MOKHO MCII0Ab30BaTh B IIpoIeccaX MHOTOKPaTHO.
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CrpykTypa CHTe3MpOBaHHOTO HOpPOOPH-5-eH-9K30-2-MAMeTnAaKkpuaara AgokasaHa VIK- u
SIMP 'H n BC anaamsom. B VIK—cniektpe a¢gupa MposBAIOTC MHTEHCUBHBIE IT0AO0CHI ITOTA0-
meHns B o0aacty 980 cM™!, CBMAETeALCTBYIOIINE O CTepUYeCcKOM k30-m3oMepe . [Toaocer morao-
menns B ooaactu 1730 n 1180-1300 cm™ cBMAETeABCTBYIOT O HaANdMe B MOAeKYy.e CA0KHODPUp-
Hol rpymbl, 1380 ecm! metnasno, 810, 890 a Taxoke 1640 cM™ BUHIABHON U ABOJIHOI CBSI3U B
LIUIKAe.

7 H10-6.25, HI1-6.92, H5-5.87, H-5.75, F-4.2, HE-3.18, HI-
2.26, H*-2.15, H3-1.60, F7-1.28.
C-182.0, C10-137.0, C11-135.1, C5-134.0, C5-129.1, C5-64.8,
O 0 C246.7, C3-41.1, C1-39.7, C4-35.5, C7-26.1.
CH,=CH-C-O-CH,
11 10 9 8

T xum 108-109°C /10 mm prcr. , d5°1.0118, n 2’ 1.4880, Haitaero, % C 740 H 7.70 Borauc-

aeHo, % C 74.15, H 7.86. PacTBopsieTcs B yallT ClIIpTe, METIASTUAKETOHe, He PacTBOPSIETCS B IeK-
came.

ITpouecc pagukaabHON MOAMMEPU3ALIMM HOPOOPH-5-eH-DK30-2-MAMeTIAaKpuAaTa muccae-
AOBaHa B Macce 1 B pacTBOpe, C MCIIOAb30BaHIEM B KayecTBe PeakI[MIOHHON CpeAbl peareHTOB
Pa3ANM4YHON IIPUPOABL: TOAYOAa Y MIOHHOM >KMAKOCTU-N-MeTnANMppoAnAOHaLeTaTa, CMHTe3)-
POBaHHOTO B3alIMOAEVICTBYIEM YKCYCHOI KICAOTBEI ¢ N-MeTnAnuppoanaoHoMm [ 6 |. B kauectse
MHUIMATOpa MCIOAB30BaHa AMHUTpHAM3oMacasHasa kucaorta (AVIHI3), Oensomarepoxcing,
(bIT), Tperoyrnanepoxcug (TBIT) n ammonmiinepcyasdart. Ilpu ncrnoar3oBaHmm B KadecTse
VHHIIaTOpa aMMOHUIIIepCyAbgaTa IIpOoLiecc OANMepU3aliy OCYIIeCTBAEH C UCIIO0Ab30BaHIEM
B KayecTBe peaKlIMIOHHOJ cpeAbl BoAbl. VI3ydeHo BAMsIHME pa3AndHbIX (PaKTOPOB — KOAMYEeCTBa I
pUPOABI PajKaAbHOIO VMHUIIMATOPA, TeMIIepaTyphl peaklyy, BpeMeHM ITOAMMepU3aluy, a
TakKe KOHIIeHTpalli pacTBopa Ha pOoLiecc IOAMMepU3aLiyin.

IToanmepusariusa HOpOOPH-5-eH-DK30-2-MAMeTIAaKpIAaTa B IIPUCYTCTBUN PasyKaAbHOTO
VHUIaTOpa TpeTOyTUAIIEPOKCIAA OCYIIleCTBAeHa IIpY MacCOBOM COOTHOIIIEHNV MOHOMep:pacT-
soputeab 1:1-2.3, Temneparype 130°C u koamdecrse mnuimatopa 0.1 % macc. B pacyeTte Ha
MOHOMeEDP B TedeHre 5 4acoB. ¥ CTaHOBAEHO, YTO C yBeAdeHVeM KOHIIeHTpalluy pacTBopa B JCC-
AeJyeMBbIX YCAOBMAX ITOAMMepHU3alny HaOAIOAaeTCsl IIOBBIIIIeHNe BpIXOJda IIoAuMepa U IIpu
MacCOBOM COOTHOIIIEHI MOHOMep:pacTsoputeas paBHOM 1:2.3 (30% pacTBOp) BBIXOJ, IIOAVHOP-
OopHMAMeTIAaKp1AaTa cocTaBAsIeT 78%, a PV COOTHOIIIEHII MOHOMEp: PaCcTBOPUTEAD, PaBHOM
1:1 (50% pactBOpa) - 86%. C yBeanueHneM KOHIIEHTpaIluM MHMI[MATOpa Takke Ha0AI0AaeTcs
yBeAndeHNe BbIxoJa IIoAMMepa ¥ HpU KoAMdecTBe MHMUIMaTopa TpeTOyTtuanepokcuga 0.2% B
pacyeTe Ha MOHOMEP, PaBHOM MacCOBOM COOTHOIIIEHIY MOHOMeEpP:pacTBOPUTEAD VI BpeMeHI I10-
AuMepu3aIun 54 BbIxo4 noanMepa cocrasaseT 90% Macc mpoTtus- 86% Macc Ipu KOHIIeHTpa-
1y yHMnuaTopa -0.1% macc (tada. 1)

TaGavia 1. Bansnue pasandsbix paKTOpPOB Ha IIOAMMEPU3aIIIIO HOPOOPH-5-eH-9K30-2-IAMeTIAaKpIAaTa.

No MaccoBoe cooTHOILIeHE Koanuecrso Brixog,
OITBITOB MOHOMEP: pacTBOpUTEeAb: VMuymvarop | mammmartopa % | tuac | T,°C roanmepa, %

1 11 TBIT 0.1 5.0 130 86

2 11 TBIT 0.2 5.0 130 90

3 1:2.3 TBIT 0.1 5.0 130 78

4 1:1 AVIHN3 0.1 5.0 80 72

5 1:1 AVIHN3 0.2 5.0 80 82
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6 1:2.3 AVIHV3 0.2 5.0 80 68

7 1:1 TBIT+ 0.2 5.0 80 50
KATEMIIO 0.1

8 1:1 AMIIC 0.2 5.0 80 65

9 1:1 bIT 0.2 5.0 80 56

IIpn mcrioab3oBaHMM B KadecTBe MHULIMATOPA AVHUTPIAAZ00MC-MI30MACASIHON KUCAOTHI
roAnMepusanys 6b14a mposedeHa mpu Temreparype 80 °C u mpu MpoA0AXKUTEABHOCTH ITOAN-
Mepusanuy 1 yac HabA104a10Ch yBeAndeHe BA3KOCTY peakI[MOHHON Macchl. /aabHelillee yBe-
AV9eHre MpOAOAXKUTEABHOCTI peaKy IIPUBOAUT K 3HAUMTEAbHOMY M3MEHEHUIO BA3KOCTU U
IpU IOAMIMepU3all B TedeHre 54, paBHOM MacCOBOM COOTHOIIIEHIM MOHOMepa K pacTBOPUTEAIO
n KoHUeHTpanym yaunmaropa 0.1 % u 0.2 % Bpixoa moaumMepa cocrasasieT 72% u 82.0% macc
COOTBETCTBEHHO. B cayJae rpoBeaenns moanmepusanym C MCIoAb30BaHNEeM B KauecTse MHUIIN-
aTopa aMMOHMIIIIepcyAbgara BbIXOA MOAMMepa B aHaAOTMYIHBIX YCAOBIUSX, IIPY paBHOM Macco-
BOM COOTHOIIIEHII MOHOMeEpa U pacTBOPUTEAs] COCTaBAsIeT - 65%. I1oaydeHHbIT TOANMep 1Mea
>KeATOBaThlil OTTeHOK. IIporiecc moanMepusarum HopOOpHeHMAMeTIAaKpIAaTa Uccaej0BaH U
C JICIIOAb30BaHMEM B KauecTBe peaKIMIOHHOM CpeAbl - MIOHHOM KMAKOCTI N-MeTrAppoanAo-
HalleTaTa, B3aMeH JerKO AeTy4ero OpraHM4eckoro pacTBopureas, Toayoaa. IloBpiieHHOe BHU-
MaHIe K VIOHHBIM >XIAKOCTSIM OOYCAOBAEHO PsIAOM crielipIdecKX CBOJICTB, IIPICYyIliee UM, B
YJaCTHOCTH HeAeTy4eCTh, HeTOPIOUeCTh, HU3KOe JaBAeHVe HachIIIIeHHBIX IIapOoB, 4TO AeAaeT VX M0-
HOIIpaBHBIMM yJacTHMKaMI "3eaeHoyt xumym'. [ToMumo Toro, xopomiasi pacTBOpsIoias CIo-
COOHOCTD I10 OTHOIIIEHUIO K Pa3ANYHBIM COeAVHEeHVISIM, BKAIOYasl IIOAVMepPBI U BHICOKasl KaTaAu-
THYecKasl aKTMBHOCTb, OOecIleuMBalolias ITOBBIIIEHHYIO CeAeKTMBHOCTb VI BBICOKMII BBIXOZ,
1LIe1€BOTO MMPOAYKTa BBI3bIBAET MHTEPeC K NPUMMEHEHNIO VX B IIPpoLeccax moanMepusanun [7, 8].

[Iponecc moaumMepusanuy B MOHHOM >KUAKOCTHON CpeAe OCYIeCTBAeH IIPM MacCOBOM
COOTHOLIEHNM MOHOMepa K pactsopureaio 1:1, B mpucyrcrsum unnnmaropa AVIHIVS, temre-
parype 80°C. Brixog moammMepa B yKa3aHHBIX YCAOBUAX cocTaBasa 68% macc. Ognako HeoOXo-
AVIMO OTMETHUTB, YTO IIPU OCYILeCTBAEHIM IIpoLiecca II0AMMepu3aly HOpOOpH-5-eH-2-1AMeTH-
AaKpuiarta B MOHHO-KMAKOCTHOM cpege Takxke HaOA104aeTcsl oOpa3oBaHue releo0pasHoro I1o-
AVIMepa KakK U IIpU IMOAMMEePU3alA B Cpede T0ayoaa. 1104y4eHHbI1 IToAnMep HepacTBOPUM B
apoOMaTUYeCKNX YIA€BOA0POAAX, CIIMPTaX U KeTOHAX.

C 11€4BI0 CHHTe3a PacTBOPMMOIO ITOAMMEPa PeryAnpyeMoil MOAeKyASPHOI Macchl ITpoliecc
IoAMMepHU3aly HOpOOPH-5-eH-DK30-2-MAMeTIAaKpIAaTa OCyIIeCTBAeH C yJacTueM peryAsTo-
pa pocTa 1iem, B KauecTse KOTOPOTO HaMM MCIIOAb30BaH CTabMABHBIN CBOOOAHBIN pajyKaal- 4-
KapOokcamuH 2,2,5,5-terpameTnia muppoandos 1-okena (KATEMITO).

C yyacTueMm yKazaHHOTO CTaOMABHOTO CBOOOAHOTO pajyKada MpOIlecC OCyIecTBAeH IIpu
PaBHOM MacCOBOM COOTHOIIIEHMI MOHOMepa M pacTBOpUTeAs, KOHIIeHTpally MHUIMaTopa-
TBI1, pasHoi1 0.2% Macc 1 koamdectse peryasaropa pocra nern 0.1% B pacueTe Ha MOHOMeD.
OaHako, MoAMHOPOOPHNAMETIAAKPUAAT, TIOAYJeHHBIN B YKa3aHHBIX YCAOBMX C BEIXO40M 50%
IIpn IMpOAOAKUTEAPHOCTII peaKLVl ITOAVMEPM3aln 5 4 TakKxke He PacTBOPSIETCS B BBIIIE
yKa3aHHBIX OpraHIYeCKIX pacTBoputeasx. IToaydeHHble pe3yabTaThl TOBOPAT 00 ydacTuu obemx
qDYHKHMOHaAbeIX I'pymnil MOHOMEPaQ, B 4YaCTHOCTV, KpaTHbBIX CBSI3€ll B peaknun nmoanMepumsa-
LM, TIPUBOASIIIIEN K ITOAYIeHHIO TeAb IIPOAyKTa- IIoAMMepa IIPOCTPAHCTBEHHO CTPYKTYPBI:

R
o As
Il 9
/ —CH,-0O-C-CH=CH, L\,LL <\ (‘)‘
CHZ'O'C'gH'CHZ"\f\f\_/‘\.
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IIponecc noanmepusannm yKa3aHHOIO MOHOMepa MCCAeA0BaH U IIPU Y9aCTUM MeTaAA00p-
TaHMYEeCKMX KaTaAUTUIeCKUX CUCTeM- OMC[N-(2-mernanmmepeana-4-mMerna)PeHOAT | IUPKOHNIT
Anxaopuaa. B xauectse cokataamsaropa mncrnoansosaau-EtsAl. IToanmepusanimio ocyiecTBasan
B CpeJe Iapa-KCuao4a, IIpy KOMHaTHOM Temriepatype (25°C), a Taxoke npu temmepatype 90°C u
MPOAOAXKUTEeABHOCT peakiunu 5 gacos. I1o mcreyennIo yka3aHHOIO BpeMeH! ITOAMMePU3alimn
I0Ay4YeHa O4HOpPOJHAsI TeKydas Macca, U3 KOTOPOJ PacTBOPUTeAb-TIapa-KCUA0A yAaAeH MeTO-
AOM AVICTUAASILIAU T10J, BaKyyMOM I OIIpejeeH BbIXO/ IToAMMepa, KOTOphlil coctaBasia 90%.
YcraHoBaeHo, 4TO MocAe yAaAeHus pacTBOpUTeAsl M HelpopearnpoBaBIIell 4acT MOHOMepa
BaKyyMHOIJ1 OTTOHKOI 13 peaKI[MIOHHOI Macchl Oe3 Harpepa, B TOHKOM CJA0€ IT0Ay4eHHbIN I10AN-
Mep, NOAMHOPOOPHIAMeTIAMeTaKpIAaT, TakKe XapaKTepu3yeTcsl IPOCTPaHCTBeHHOM CTPYK-

Typoii (Taba. 2).

Ta61u/1ua 2. Pe3yAbTaTI)I OITBITOB ITOAVIMEPM3ALIINT HOp60pHeHI/[AM6TI/IAaKpI/IAaTa
C yqacTreM MeTaA100PpraHM4IeCcKrX KaTaAnTN9eCKIX CICTeM.

PeareHTHI B3:ThIE A4 TOAVMeEPU3aIU Yca0BUS TOAMMepU3aIin
Momnowmep, r ITapaxcnaoa, Karaauzatop, Coxaraansarop, T, °C T, BpeMst Brixog,
MA % Et:Al % roauMepa, %
5,0 50.0 0.1 0.3 90 5.0 90.0
3,0 30,0 0.1 0.3 25 5.0 89.0
3,0 30,0 0.1 0.3 20 5.0 98.8

IToayyenHsle pe3yabTaThl OOpa3LoB IoAuMepa noarsepkaensl VIK criekrpaabHbIM aHaam-
3oMm Ha VIK @ypre ciekrpometpe Specord M-80 (I'epmane).

VIK cniexTp mpoaykra IoauMepusalyi HOpOOpHeHMAMeTUAaKpuAaTa IocAe YAaAeHUs
HelpopearnpoBaBIIlel 4yacTy MOHOMepa IpOoMBIBKOIT B COKcaeTe TeKcaHOM ITpuBeAeH Ha puc 1.

8

Transmittance [%]
90
1

85
1

80
]

T T T T T T
3500 3000 2500 2000 1500 1000
Wavenumber cm-1

Purc. 1. VIK- criexTp nmoanHopOopHeHnAMeTAaKpyAaTa

Kak Bugno, B VIK- cniexrpe oOpaslia 1o4oca noraoueHus B odaactu 827cM?, Xapakrepusy-
1omericss C=C cBsi3u B HOPOOPHEHOBOM IMKJA€ OTCYTCTBYeT. DTO CBUAETeABCTBYyeT 00 ydacTue
KpaTHOJ CBA3M IIMKAA B IIponecce noanmMepusanyy. Habaogaemple caaOble 1T0AOCH IIOTAOIIIe-
Hus (929, 967, 984, 1635, 3059cm™), cOOTBETCTBYIOIME KPaTHOM CBS3M aKpMAATHOTO pparMeHTa
MOHOMePpa, O-BUAVIMOMY CBs3aHbI C HeOOABIIIMM VX OCTaTOUHBIM COJep>KaHMeM B cocTaBe I10-
AY4eHHOIO II0AMMepa.

I/[3B€CTHO, 4YTO BBeJgeHIIe HOp60pHeHOBbIX OUKAOB B MaKpO1eIlb CHOCO6CTByeT YBEAMYEHIIO
TepMOCTOfIKOCTI/I II0AY49€HHOTIO ITI0OAMMEPHOIO MaTepnasia [ 7]
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AnddepenHIaibHO-TEPMIIECKIIM aHAAV30M MOAYy4eHHBIX IOAMMEPOB HOpOOpPHEHIAMe-
THAaKpUAaTa YCTaHOBAEHO, YTO He3aBMCUMO OT YCAOBUIA TOAMMepU3aliiy, B YaCTHOCTH C yJac-
THeM B KadecTBe MHUIMaTOpa TpeT-OyTuarnepokcuaa (00p.1), a taxke OeHszomanepokcna (oop.
2) 1 AMHUTPIAA300MCU30MacAsIHONM KucAOTH (00p. 3) B koanmdectse 0.2% Mac. 3Ha-dnTeAbHbIE
IIOTePM Macchl IIOAMMEPHBIX 00pa3Lios Habar0AatoTcs npu temneparype 102-117°C. TTpu 500°C
OCTaTO4YHasI Macca 00pa31oB HoAMMepPOB cocTabasieT 13.46-14.53% (taba. 3).

ATE /(%/MuH)

AT /(%/MuH)
OTA /(mxBivr) AOTA /(MxB/Mrimuns) OTA /(wxB/r) AATA /(MxB/mr/naiH)
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Tabamma 3. PesyabTtats! AuddpepeHIaibHO TepMITIecKOTo aHaAm3a 0OpasIioB
roAVIMepa IOAMHOPOOPHIAMETIAaKpUAaTa

Ob6pasers Temnieparypa | Temmnepatypa Temnieparypa crekaosanus, °C
roAnMepa HavaJa OKOHYaHVLS
CHHTe3MPOBAHHBI | IOTEPY MaCCHl | Pa3AOKeHWs, | Havaspmas | Cpeamsss | Obparumas | Komeunas
C ydacTueM °C
TBIT 101.9 599.3 4774 484.1 447.5 490.8
bIT 116.9 598.7 4418 483.8 446.8 4854
AVIHN3 104.4 598.5 345.4 441.6 447.0 541.6

Kak BraHO 13 TabAMIIBL, McCAeAyeMble TOAVMEpPHBIE OOPa3IIbl XapaKTePU3YIOTCsI BHICOKOI
TeMIlepaTypoil CTeKAOBaHNs. Y MOAVMEPHBIX HIPOAYKTOB, IIOAYYEeHHBIX C yJacTyieM MHUIIMATO-
pa Tper-OyTmanepokcuga HabAIOJaeTcsl OTHOCUTEABHO BBICOKas HadaabHas TeMIleparypa
crekaoBaHyst (477.4°C), a B oOpasliax, IOAyJIeHHBIX C ydacTyieM nHuimaropa AVIHV3 Bbicoxmit
KOHEeUHbIN NoKasaTeab crekaosanms (541.6°C). Ha aepusaTorpamMmmax mccaelyeMbIX HOAMMep-
HBIX 00pasIiax, TeMIlepaTypa I1aBAeHre He HabDAI0AaeTcsl, YTO TOBOPUT O MX IPOCTPaHCTBEHHOI
CTPYKType.

BbIBOZI,bI: Takum o6pa30M, Ha OCHOBE IIPpOBEAEHHBIX MCCAeAOBaHMI IIOKa3aHO, YTO B Ipn-
CyTCTBUNM PaaVIKaAbHBIX VHUIINATOPOB W MeTaAAOOPFaHI/I‘IeCKOIZ KaTaAUTUIECKOM CUCTEMBI
IIponecc roanMepusannun HOp60pHeHI/IAMeTI/IAaKpI/IAaTa IIpOTEKaeT € ydacCTieM KpaTHbIX CBSI-
3en, VIMEIOIINXCAI B COCTaBe MOHOMepa-B HOp60pH€HOBOM KOoAp1l€ I B aKp1A0BOM Cl)paFMeHTe, C

oOpaszoBaHIeM IOAMMepa POCTPAHCTBEHHO CTPYKTYPHI.

VccaeaoBanue B 9TOM HallpaBA€HIY IPOAOAXKAIOTCL.
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XULASO

Tadqgiqatda yumsaq bugdanin (T. aestivum L.) 9 névmiixtelifliyinin 13 niimunasindaen istifade edilmisdir. Fi-
totron seraitinda (21°-22°C, 60%-70% riitubat, 16/8 saatliq fotoperiod, 10000 liiks isiq) ciicordilmis 5 giinliik bitki-
lar 24 saat miiddatinde davamliliq haddine uygun quraqliq ve duz stresine (20 atm saxaroza ve 16 atm NaCl mah-
lullari vasitesila) va 3 giin arzinda siini qocalmaya (40°C ve 95% riitubat) meruz qaldiqdan sonra prolinin miqdar:
toyin edilmis ve fizioloji-morfoloji analizlor aparilmisdir. Noticalor gostordi ki, bitkilorde quraqliq daha siiratla
boyatmani daf etmis, ciicartilorin toxumalarinda sululugun azalmasina, habels turqorun zsiflomasina va prolinin
daha ¢ox toplanmasina sebab olmusdur. Soranligin bitkilars tasiri daha miilayim olmusdur. Miidafis sisteminin
stres amillarin tesirine farqli deracade cavab reaksiyasi gostormasi askar edilmisdir. Prolinin miqdarina goére alman
naticalora asasen, ehtiyat prolin fondunun az oldugu hassas formalarda stres amillarin tasiri ilo adaptasiya mexa-
nizmlarinin daha feal ige diismasinin zaruriliyi haqda miithakims yiiriitmak olar. Bazi niimunoalords stres zamani
ehtiyat prolinin sarf edilmasive stres miiddatinde antioksidant miidafis sisteminin feallasmamasi1 miisahide edil-
misdir.

Acar sozlar: bugda, quraqlig, soranliq, siini qocalma, prolin, fotosintetik pigmentlar, boyatma.

AKTUBHOCTH HM3KOMO/EKY ASIPHOVI AHTUOKCUAAHTHOV CUCTEMBI Y OBPA3IIOB
MSITKOV IIIITEHUIIEI (T. aestivum L.)BO BPEMSI CTPECCA

PE3IOME

B nccaeagosanum ncrnoaszosaan 13 odpasnos 9 pasHosuaHocTent Msrkoin mnmeHunsl (T. aestivum L.). 5-tu
AHEBHbIe pacTeHIs, IIPOPOIIEHHbIe B YCAOBUAX PUTOTpOHA Ipu TeMiepatype 210-22° C, paaxxHoctu -60%-70%,
gacosoM ¢oTortepuoge -16/8 n ocserennu - 10000 A10Kc, B TeueHne 24 4 OBIAU ITOABEPTHYTHI 3aCyXe U 3aCOAEHIIO
pactsopamu 20 at™ caxapossl 1 16 atm NaCl u yckopennomy crapennio (40° C u 95% Baa>xHOCTHM), TTOCA€e Y€To B
HIX OIpeAeAsAN CoAeprKaHue MPOAVHA U MPoBOAUAU GU3NO0A0TO-MOPPOAOrMIecKrie aHaAU3bL. Pe3yAbTaTsl 10-
Ka3aau, 9TO 3acyxa CITOCOOCTBOBaAa Do.ee DBHICTPOI OCTAaHOBKE POCTa, YMEHBIIIEHNIO OBOAHEHHOCTH TKaHell Ipo-
POCTKOB, a TakXe ocaabAeHNIO Typropa 1 HaKOIIAEHMIO 3HaUNTeAbHOTO COAep KaHIs IIpoArHa. BansHue 3acoae-
HIS Ha TIPOPOCTKU ObL10 O0Aee yMepeHHBIM. BBIABAEHB pa3Andms B OTBETHBIX PeaKIVAX 3aIlfUTHOM CHCTEMBI
IIPOPOCTKOB Ha cTpecc GpakTOpsl. Ha ocHOBaHWM ITOAyYeHHBIX Pe3yAbTaTOB MOXKHO YTBEPKAATh, YTO A4 UyBCTBU-
TeABHBIX (POPM, XapaKTePU3YIONINXCS HU3KUM YPOBHEM DHAOTEHHOTO IIPOANHA, CYIIIeCTBYeT BO3MOXKHOCTD YCH-
AeHNs aKTMBHOCTY MEXaHNM3MOB aJalTalii 3a CIeT CTPeccoBBIX (aKTOPOB. Y HEKOTOPEIX 00pa3LioB IIpK CTpecce
Ha0.A104aA1Ch UCII0Ab30BaHNe S9HAOTeHHOTO IIPOANHA U HeaKTMBHOCTh aHTMOKCUAAHTHON 3aIIMTHON CUCTeMBI.

Kalouesrbie caoBa: IIIeHNnna, 3acyxa, 3aCoAeHne, yCKOpeHHoe cTapeHne, IIpoAnH, CI)OTOCI/IHTETI/I‘IQCKI/IE mr-
MEHTBI, POCT.

ACTIVITY OF LOW MOLECULAR ANTIOXIDANT SYSTEM OF BREAD WHEAT
SAMPLES (T. aestivum L.) DURING STRESS

ABSTRACT
In this research, 13 samples of 9 varieties of bread wheat(T. aestivum L.) have been studied.5 days plants ger-
minated in phytotron conditions(21°-22° C, 60% -70% humidity, hourly photoperiod -16 / 8, lighting - 10,000 lux,),
were subjected to drought and salinization within sustainability(solutions of 20 atm sucrose and 16 atm NaCl)within
24 hours andaccelerated aging (40° C and 95% humidity), after which the content of proline was determined and
physiological - morphological analyzes were performed. The results showed that drought caused to faster growth
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stagnation in plants, reduce the water content of seedling tissue, as well as the weakness of turgor and the signifi-
cant proline content accumulation. The effect of salinization on seedlings was more moderate. Revealed differences
in responses of the protective system to stress factors. Based on the results obtained, it can be argued that for sen-
sitive forms characterized by a low level of endogenous prolineresource, there is a need of enhancing the activity
of adaptation mechanisms due to stress factors.It was observed that some samples use their proline resource under
stress factors and deactivation of antioxidant defense system during stress.

Keywords: wheat, drought, salinization, accelerated aging, proline, photosynthetic pigments, growth.

Giris

Qlobal istiloagmalarls slagadar olaraq, iqlim dayismalari quraqhigm ve soranligin artmasi
ilo xarakterize olunur. Movcud sorait ilk ndvbada bitkilords su defisitinin yaranmasina sebab
olur. Bitki hiiceyrasinda su balansinin saxlanilmasi bir ne¢e mexanizm tizro bas verir. Stres
soraitds hiiceyranin su ilo tomin edilmasini toanzimlomayen giiclii miidafio mexanizmlari faa-
liyyet gostarir. Onlardan biri antioksidant miidafis sisteminin kicik molekullu birlasmalarinin
toplanmasidir. Bu birlagmalsre amin tursulari (prolin, alanin, glisin ve s.), betain, glisin-betain,
sokarspirtlar, sekarlor aiddirlar. Su potensialini asag1 salan osmolitlar, o ctimladenprolin bit-
kilarin su ils tachizatini barpa edirlor. Bununla yanasi, fermentlorin inaktivlosmasinin qarsi-
sinin alinmasinda, struktur ziilallarin tamliginin va hiiceyro membraninin funksional aktiv-
liyininqorunmasindaistirak edirlor [4]. Bitkilorde prolin ¢oxfunksiyali stres metabolitlorden
biri olub, indiki tesevviirlars gora osmoprotektor faaliyystinden basqa, ham de saperon, an-
tioksidant, siqnal-tanzimlayici ve s. funksiyalarin da dasiyicisidir [8, 10, 15]. Stressorlarin ta-
siri zamanu gostarilen effektlarin meydana ¢ixmasina sarait yaranir. Prolin amin tursusu stresla
alagesi olmayan funksiyalar: da yerins yetirir. Masalon, fizioloji normal soraitds prolinin xeyli
hissesi reproduktiv orqanlara naql olunur. Prolinin toplanmas: bitkilards ¢igoklomo dovriiniin
baslamasini bildirir ve tozcuq va toxumlarin normal inkisafi {igtin zeruridir [12, 13].

Prolin quraqliq ve duzluluq stresi zamani adaptasiya mexanizmlarini effektiv sakilds iga
diismaye sovq edir[1]. Prolin heterotsiklik amin tursusu olub, bir ¢ox bitkilards biotik ve abi-
otik streslarin tasiri zamani1 akkumuls olunur. Stres seraitinds prolinin akkumulyasiyasi ham
onun sintezinin artmasi, ham das oksidlogsmis amin tursusunun reduksiyas: hesabina bas verir.
Stres zamani toplanan prolinin aksar hissasinin peroksisomlarda qlutamatdan sintezi hesabi-
na amala golmasi haqda malumatlar verilir. Eyni zamanda prolinin oksidlosmasinin azalmasi
da onun miqgdarmin artmasina sebab olur [6].

Aparilan tadqiqat isinin maqsadi quraqliq ve duz stresi geraitinda bitki orqanizminds
prolinin toplanmasinin dyranilmesi olmusdur.

Tadqiqatin metodu

Todgigatda yumsaq bugdanin (1. aestivum L.) 9 ndvmiixtalifliyinin 13 niimunasinden
istifade edilmisdir: miltrum k-3,miltrum k-6,erythrospermum k-17,erythrospermum k-31, barba-
rossa k-43,ferrugineum k-12,ferrugineum k-24,ferrugineum k-27,leucospermum k-65,erythroleucon
k-35, v. murinum k-71,cainotrics k-72, glaucolutescens k-75. Fitotron saraitinds (21°-22° C, 60%-
70% riitubat, 16/8 saatliq fotoperiod, 10000 liiks isiq)ciicordilmis 5 giinliik bitkilor24 saat
miiddatinds davamliliq haddine uygun quraqliq ve duz stresina (20 atm saxaroza ve 16 atm
NaCl mahlullar: vasitesile) ve 3 giin arzinda siini qocalmaya (40° C ve 95% riitubat) maruz
galdigdan sonra yarpaqlarda Bates et. al metodu il prolinin miqdar: toyin edilmis [9] vo fizi-
oloji-morfoloji analizler aparilmisdir.
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Tadgqiqat isinin miizakirasi vo onun naticalari

Prolinin toplanmasi bitki orqanizmi terafindan stress qarsi ilk induksiya edilan cavab
reaksiyasidir. Bir sira tadqiqatlarda hiiceyralarin prolin toplama qabiliyyeti nov ve sortlarin
quraqliq va soranliga davamliliinin qiymatlandirilmesinda selektiv alamat kimi istifads edi-
lir (11). Bizim apardigimiz islorde stres amillorin tesirine maruz qalmis niimunslor arasinda
prolinin toplanmasina gora genetik variasiya agkar edilmisdir.

Stres garaitds prolinin miqdarinda bas veren dayisikliklere gore 13 niimuns tedqiq edil-
misdir (sokil 1,2,3).Biitlin variantlarda genis variasiya miisahide olunmusdur. Nozaratds pro-
linin miqdar1 0,44-2,24 uM/mq intervalinda dayiserak, 6z minimumuna erythroleucon k-35,
maksimumuna miltrumk-3variantlarinda malik olmusdur.

Bitki orqanizminin stres tesirlora birinci cavab reaksiyasi ehtiyat maddalarden istifads
etmoakdir. Ehtiyat maddslere xiisusi fermentlar, o climladen antioksidant enzimlar, kigikmo-
lekullu metabolitlor (masalan, prolin va s.)daxil edilir. Bundan sonra miidafis sisteminin foal-
lagsmasi tiglin lazim olankomponentlarin sintezi proseslari giiclonir. Bu barads xeyli adabiy-
yat malumatlart mévcuddur[2]. Bizim tacriibalards aldigimiz naticalarin bir gismi toxunulan
masals ila alagali olub, adabiyyat malumatlari ile de uzlasir. Bels ki, miltrumk-3ntimunasi bit-
kilsrinds prolinin miqdar1 haer {i¢ stres amilin tesirinden 2 dafs azalaraq, nazarst gostaricisinin
51,5% ni toskil etmigdir. Bu ise o demoakdir ki, stresin tasir etdiyi bir giin arzindal,17uM/mq
yas kiitloys prolin sarf edilmisdir ve bu kemiyyat 1 mq yas kiitleys istifade olunmus prolin
fondunun 0l¢iisii olaraq, diger azalma miisahide olunan niimunalarden an ¢oxudur. Giiman
olunur ki, stresin tosir etdiyi miiddat antioksidant sistemin kigikmolekullu elementlarinin, bi-
zim halda, prolinin yeniden sintezi {i¢iin talob edilon miiddatden azdir.Oxsar hal todqiq edi-
lon diger niimunalarden ferrugineum k-27 vo leucospermumk-65 ciicortilorindas rast golinmisdir:
birinci variantda prolinin miqdar1 nazarate gore quraqliqda 64,8%, stini qocalmada 47,2% ;
ikinci variantda ise quraqliqgda 93%, soranliqda 83% tagkil etmisdir.

Quraqgliqda prolinin migdar1 0,71-2,85 uM/mq diapazonunda giymatlar almisdir: an asag:
giymaot erythroleucon k-35, an yiiksok gostorici iso cainotricsk-72 niimunasine aid olmusdur.
Cainotrics k-72 bitkilerindsprolinin miqdar1 nazarats gore 4,45 dafs artaraq, on yiiksek hadda
catmisdir.Quraqhiqda prolinin miqdarminnazarsts gore an yaxin giymetlar aldig1 bir neg¢s nii-
munadan miltrum k-6,erythrospermum k-17 ferrugineumk-24 tacriibs variantlarmm gostermak olar.

Soranliq seraitinda prolinin miqdar: 0,93uM/mgq ils 2,16uM/mq arasinda doyismisdir.On
asag1 gosterici yena da erythroleuconk-35 variantina maxsus olmugdur. Duz stresinin tesiri
altinda erythroleuconk-35 va cainotricsk-72 tacriibe variantlarinda prolinin miqdar: nazarat
gostoricilorindon texminen 2 dafe ¢ox olmusdur.Leucospermumk-65 clicortilorinda prolinin
miqdarinin nazaratden 17% az olmasi (nazarsts gors 83,3%) ehtiyat prolinin bir sutka arzin-
do 0,2 uM/mq qadar sorfi ve yeni prolin amin tursusunun sintezinin longimasi barada fikir
yurlitmayo asas verir.

Stini qocalmaya maruz qalmis bitkilords prolin amin tursusunun miqdar: 0,72 ve 1,77
uM/mq arasinda dayismisdir. Prolinin an yiiksak gostaricisi glaucolutescensk-75 tacriiba vari-
antinda miiayyon edilmisdir ki, bu qiymat hoam da nazarate gors 2,6 dafs artaraq, on yiiksak
natice olmusdur. Nozarata an yaxin ve ona barabar gostarici barbarossak-43 niimunasinds ol-
musdur.

Maraqhdir ki, prolinin nezarste gore quraqlig, duzluluq ve siini qocalma geraitinde
dofalarls artimi nazarat variantlarinda prolin amin tursusunun konstitutiv miqdarinin asag:
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oldugu variantlarda (erythroleucon k-35, cainotricsk-72 vo glaucolutescens k-75) bas vermisdir.
Goriiniir, verilan stresin tesirins tab gatirmak {iciin bu formalarda miidafis sisteminin daha
glclii sokilde iso diismosi talob olunmusdur. Prolinin an g¢ox toplandigi variantlar (bu
kemiyyata sintezi ilo yanagsi, ham de ziilallarin deqradasiyas: naticesinds prolin amin
tursusunun ayrilan miqdar1 da slave edilmakls [6, seh.9]) daha haessas bitkilar oldugu qeyd
edilmisdir. Cainotrics k-72 clicortilorinds prolinin miqdar1 quraqliqda nezaratden 4,45 dafo
¢ox olmusdur. Davamli bitkilards prolinin miqdar1 nazarste yaxin ve ya az farqli olmusdur.
Bu hali davamli bitkilerin suyu toxumalarda saxlaya bilmesi ve onlarda reparasion
qabiliyyatin daha yiiksok olmasi ilo izah etmak olar [7].Bitki na gadaer qeyri alverisli soraito
davamsizdirsa, onun toxumalarinda prolinin miqdar1 davaml bitkilarls miiqayisede hem
tez artir, ham de cox olur. Davamli bitkilerds isa prolinin miqdarinin nazarstden kaskin
forqlanacayi qadar artmasi tigiin daha giiclii stres amilin olmas: talsb olunur [5].

Sak.1. Yumsaq bugda niimunslarinda quraqliq ve duzluluq seraitinds prolinin migdar: (uM/mq);

3 2.85

0931  ggi
0.713,0.72

k-31 k-35 k-71 v.murinum  k-72 cainotrics k-75
eryhtrospermum eryhtroleucon glaucolutescens

1-nazarat, 2-quraqlq, 3-duzlulugq, 4-siini gocalma

Yumsaq bugda ciicartilorinin stres amillarin tesiri altinda inkisafinin vizual miisahidasi
va fizioloji analizlarin naticalari cadval 1-de verilmisdir. 1 ve 3 sutkaliq stres tesirden sonra apa-
rilmis fizioloji parametrlarin (ciicartilorin uzunlugu) toyini gostordi ki, clicartilorin boyatmast
gisman langimis ve 1 giinliik quraqliq stresinden sonra onlarin boyu nazaret bitkilerinden al-
¢aq olmusdur. Bir niimuns (miltrum k-3) istisna togkil etmis ve nazaratden (13,2sm) 1 sm uzun
olmusdur (14,2sm). Soran miihitds 1 giinliik stresdan sonra 2 niimunada bitkilsrin boyu nas-
zarato goro artsa da (miltrum k-3, ferrugineum k-24), biitiin diger niimunsalards bitkilarin bo-
yatmasi longimis ve ciicartiler nazarstden algaq olmuslar.

Stres tosirin 3-cii glinii aparilan miisahidalar saralmis ve ayilmis bitkilsrls yanasi, ciicar-
tilorin aksariyyetinds xlorofilin deqradasiya etmadiyini ve su balansmin, hiiceyralsrds turqo-
run qorundugunu gostardi.

Bes gilinliik duz stresinden sonra tadqiq edilen bitki obyektlorindon miltrum k-3 istisna
olmagla (onun cticertilsrinin uclarinda saralma, govdalarinin ayilmasi ve solmasi miisahida
edilmisdir), diger niimunsalards fotosintetik pigmentlser qorunmus, toxumalarda turqor temin
olunmus, boyatma gisman miisahide olunmusdur. Soranliqdan farqli olaraq, quraghigmn tesiri
niimunslarin bir gisminds saralma ve solmalar (miltrum k-3), govdalarin ayilmasi (barbarossa
k-43, ferrugineum k-24, ferrugineum k-27) kimi hallarin artmasina sabab olmusdur.
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Sak.2. Yumsaq bugda niimunslorinde quraqliq ve duzluluq saraitinds prolinin miqdar1 (uM/mq);

2.41

k-6 miltrum

k-3 miltrum

k-24 ferrugineum

k-27 ferrugineum

1-nazarat, 2-quraglq, 3-duzlulugq, 4-siini gocalma

Sak.3. Yumsaq bugdaniimunalarinde quraqliq ve duzluluq seraitinds prolinin miqgdar1 (uUM/mq);

2.5

1.91

K-17 ErythrospermumK-12 Ferrugineum K-43 Barbarossa K-65 Leucospermum

1-nazarat, 2-quraqhq, 3-duzlulugq, 4-siini gocalma

Cadval 1. Stres tosire maruz qalmis yumsaq bugda ciicartilorinin uzunlugu (sm)

Variantlar
Noazarat quraqliq soranliq Siini qocalma
k- 3 miltrum stresdan avval 12,9 - - 9,5
Stresdan 1giin sonra 13,2 14,2 14,2 10,2
Stresdan 3giin sonra 17,8 15,4 15,5 14,1
k- 6 miltrum stresdan avval 13,2 - - -
Stresdan 1giin sonra 14,7 13,6 14,5 -
Stresdan 3giin sonra 18,0 15,1 14,8 -
k-17 erythrospermum stresdon avval 12,1 -
Stresdan 1giin sonra 14,4 12,8 13,3 -
Stresdan 3giin sonra 16,9 14,1 15,3 -
k-43 barbarossa stresden avval 11,2 12,3
Stresdan 1giin sonra 12,5 12,7 13,2 14,1
Stresdan 3giin sonra 15,3 14,1 15,2 15,5
k-12 ferrugineum stresdan avvel 11,5 10,9
Stresdan 1giin sonra 13,27 12,0 12,2 12,3
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Stresdon 3giin sonra 14,1 14,2 13,8 14,2
k-24ferrugineum stresdoan avval 15,0 14,5
Stresden 1giin sonra 16,5 13,6 17,2 18,1
Stresdon 3giin sonra 19,2 15,3 19,3 20,0
k-27ferrugineum stresdoan avval 12,2 13,0
Stresden 1giin sonra 15,3 13,3 13,2 16,1
Stresdon 3giin sonra 17,1 13,7 14,4 18,2
k-65leucospermum stresdon avvel 12,2 12,2
Stresden 1giin sonra 13,1 12,6 13,2 14,1
Stresdon 3giin sonra 16,3 14,1 13,4 16,8

Dugz stresinin 7-ci gliniinds aparilan vizual baxis niimunalorin miixtslif veziyystlords ol-
dugunu askar etdi. Erythrospermum k-17, ferrugineum k-12, ferrugineum k-27 ciicortilorinin hom
fotosintetik pigmentlori, hom de su tachizatini saxlaya bilmasi miisahids edilmisdir. Ferrugi-
neum k-24 fotosintetik piqgmentlari qoruya bilse da, govdalari ayilerak sallanmis, diger niimu-
nalards ciicartilor qisman (miltrum k-6) vo tamamils (barbarossa k-43, leucospermum k-65) saral-
muglar. Miltrum k-3 stresin 7-ci glintinds tamamils mahv olmusdur. Quraqli§in tesirine qarsi
bitkilor daha davamsiz reaksiya gostormislor. Biitiin niimunalards bitkiler saralmis ve ayilmis,
lakin 3 niimunada (erythrospermum k-17, ferrugineum k-12, leucospermum k-65) govdalar ayil-
moamisglar.

Beloalikls, naticaler gosterdi ki, bitkilerde quraqliq daha siiratle boyatmani daf edir, biokiit-
lonin vo ciicartilorin toxumalarinda sululugun azalmasina, habels turqorun zsiflomasilo gov-
dalarin ayilmesina ve prolinin daha ¢ox toplanmasina sabab olur. Quraqliqdan farqli olaragq,
soranligin bitkilars tasiri daha miilayim olmusdur. Ciicartilar hayat qabiliyyetlerini, fotosin-
tetik pigmentlorin tamligini, toxumalarin turqor vaziyyaetini, demali, su tochizatin1 daha uzun
miiddate saxlaya bilmisler. Giiman edirik ki, duzun miisyyan gadar hiiceyre vakuollarinda
toplanaraq, osmotik aktiv madds funksiyasi dasimaqla hiiceyranin su potensialini asag: salib,
osmotik tazyiqi artirmasi suyun toxumalar tarafinden sorulmasina ve hiiceyrada su balansmnin
gorunmasina yardim edir. Bu ciir mexanizmin foealiyyati su stresinin inkisafinin erkon mar-
halalarinda taxillarda yarpaqlarin sululugu ve fotosintetik aktivliyin miidafissi ve funksio-
nallig1 ti¢lin zomin yaradir [3].

Tadgiqatlarimizda miidafis sisteminin stres amillarin tesirine farqli deracads cavab reak-
siyasi gostormasi agkar edilmisdir. Prolinin miqdarina gore alinan naticalors asasen, ehtiyat
prolin fondunun az oldugu hassas formalarda stres amillerin tesiri ilo adaptasiya mexanizm-
lorinin daha faal iso diismasinin zaruriliyi hagda miithakime ytirtitmak olar. Bazi niimunslar-
da stres tosirin ehtiyat prolinin sarf edilmasine sebab olmasi vo stres miiddatinds antioksidant
miidafio sisteminin feallasmamas1 miisahids edilmisdir (miltrum k-3, ferrugineum k-27, leucos-
permum k-65). Digor niimunalarin quraqliq, soranliq va siini qocalma streslarine miixtslif de-
racede davamliliq gostarmesi malum olmugdur. Prolinin miqdarma ve fizioloji analizlerden
alinan naticelore istinad edarak, miltrum k-6,erythrospermum k-17,erythrospermum k-31, ferrugi-
neum k-12,ferrugineum k-24 niimunslarinin tatbiq edilen stres amillarin tesirine qars1 davamls,
miltrum k-3,cainotricsk-72 niimunalarinin ise hassas olmasi barada fikir ytiriitmak olar.
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ABSTRACT

In this article I reported of synthesis of new derivatives of hydroxy substituted dihydropyrimidines by Biginelli
reaction in the presence of environmentally friendly copper triflate catalyst under microwave conditions and short
reaction time. In addition to this, regeneration of catalyst and it's repeated use underline the advantage of the method in
comparison with others making it “green” one. NMR investigations of synthesized compounds revealed the absence of
pyranose ring and the presence of hydroxyl group in the structure of obtained dihydropyrimidines, which confirm that
the reaction didn’t proceed after the formation of dihydropyrimidine ring comparing with other methods that make
possible to obtain dihydropyrimidine-pyranose derivatives. This fact emphasizes the significance of the catalyst for the
creation of the method for synthesis of hydroxy substituted dihydropyrimidines. Biological activity of the synthesized
compounds was studied against opportunistic pathogenic yeast Candida albicans and promising results were obtained.

Key words: dihydropyrimidine, Biginelli reaction, environmentally friendly catalyst, Candida albicans.

CHMHTE3HOBBIXTUAPOKCU3AMEIEHHBIXAUTUAPOIIMPMUAVHOBUNCCAEAOBAHUE
UXAHTUDYHI' AABHOMAKTUBHOCTUITPOTUBCANDIDAALBICANS

PE3IOME

B ®TOII CTaThe s COOOINA O CUHTE3e HOBBIX ITPOU3BOAHBIX I'MAPOKCU3aMEeIeHHbIX AUTUAPOIVPUMUANHOB I10
peakiiun BuAXMHeAAM B IIPUCYTCTBUM DKOJAOTMYECKM YMCTOIO KaTaAmsaTtopa Tpudaata Meiu B yCAOBMAX
MIKPOBO/AHOBOTO M3AyJeHMsI I KOPOTKOTO BpeMeH! peakiuu. B jomoanenne K 9ToMy, pereHeparins KaTtaausaTopa i
€T0 MTOBTOPHOE VICII0Ab30BaHNUe ITOAYEPKUBAIOT IIPEUMYILECTBO MeTO/a II0 CPaBHEHUIO C APYIVIMM, 4TO JelaeT ero
«3eaeHbIM». SIMP 1mccaesoBaHNA CHMHTE3MPOBAHHBIX COEAVHEHMI BBIABUAM OTCYTCTBME ITMPAHOZHOTO KOABIla ¥
HaAW4le TVYAPOKCHABHOV TPYIIIBI B CTPYKType IOAYYEHHBIX AWUIUMAPOIUPUMIAVHOB, YTO IIOATBEp>KAAeT, 4To
peaxIius He IIpoTeKaJa I1ocae 00pa3oBaHI AUTUAPOIVPUMUAMHOBOTO KOABIIa ITO CPaBHEHMIO C APYTYIMM MeTOAaMM,
KOTOpBIe TIO3BOASIOT IMTOAYIUTD IIPOU3BOAHBIE AUTUAPOITMPUMUAVH-TIMPaHO3. DTOT (PaKT MoAuepKuBaeT 3HaYMMOCTh
KaTalM3aTopa IIpM CO3JaHMU MeTOJa CUHTe3a IMAPOKCUM3aMEIeHHBIX AUTUAPOIUPUMUANHOB. broaormaeckyio
aKTMBHOCTH CMHTE3VMPOBAHHBIX COeAVHEHNI 13yJaAl B OTHOIIEHNN YCAOBHO-TIaTOTeHHEIX Apoxckent Candida albicans n
OBLAY TOAydeHBI MHOIOOOEIIIAIOI e Pe3yAbTaThl.

KarogeBble ca0Ba: AUIMAPOIVPUMUANH, peakiysl BuiKnHeAaAM, DKOAOTMYECKN YNUCTBI KaTaAusartop,
Candidaalbicans.

YENI HIDROKSI 9VOZLi DiIHIDROPIRIMIDINLORIN SINTEZi VO CANDIDA ALBICANS
GOBOLOYINO QARSI ANTIFUNQAL AKTIiVLIYIN TODQIQi

XULASO

Magqalads qisa reaksiya miiddatinde ve mikrodalgali siialanma seraitinde Bijinelli reaksiyast iizro ekoloji tomiz
Kkatalizator olan mis triflat katalizatorun istirakinda hidroksi avezli dihidropirimidinlerin yeni téramslarinin sintezi
barade maslumat verdim. Bununla yanasi, katalizatorun barpasi ve tekrar istifade edilmasi {isulu onun "yasil kimya"
baximimdan diger metodlar ilo miiqayisada daha {istiin edir. Sintez edilmis birlesmalerin NMR analizi zamani piranoz
hslgasinin olmamasi ve hidroksil qrupunun mévcud olmast onu siibut edir ki, dihidropirimidin-piranoz téramsalarinin
alinmast ilo gedan digar metodlarla miiqayisads, bu metodda dihidropirimidin halgssinin meydana gelmasindan sonra
reaksiya getmir. Bu fakt hidroksi avezli dihidropirimidinlerin sintez {isulunun yaradilmasinda katalizatorun vacibliyini
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bir daha vurgulayur. Sintez edilmis birlogsmalarin bioloji aktivlikleri sorti patogen maya Candida albicans gobeloyins qarsi
tadqiq edilmis ve miisbat naticelor alds edilmisdir.

Acar sozlar: dihidropirimidin, Bijinelli reaksiyasi, ekoloji tomiz katalizator, Candida albicans.

Introduction

Dihydropyrimidines are a class of nitrogen-containing heterocyclic compounds owing to
their importance because of a broad spectrum of pharmacological activities [1]. The biological
investigations of these various molecules via molecular manipulation showed such activities as
antifungal, antiproliferative, antiviral [2], antitumor [3-8], anti-inflammatory [9-11],
antihypertensive [12-16], anti-HIV [17], antiepileptic [18], antimalarial [19], antibacterial [20-23],
antitubercular [24], miscellaneous [25-27], potassium [28-30] and calcium channel antagonist [31].
Dihydropyrimidines are obtained by three component one-pot reaction opened by Pietro
Biginelli in 1893. The interest in Biginelli reaction has increased significantly due to easy
accessibility of all the three components, namely, aldehyde, urea derivative and active methylene
compound. The traditional Biginelli protocol involving the reaction of aldehyde, urea, and ethyl
acetoacetate under strong acidic conditions to give dihydropyrimidines often suffers from low
yields [32]. The growing interest in dihydropyrimidines has necessitated the development of
new catalysts and synthetic procedures that are milder, high yielding, and more efficient. From
the other side, the Biginelli reaction of salicylaldehyde and it's derivatives in the presence of
palladium oxide[33] or hydrogen chloride[34, 35] leads to the formation of pyranose ring
(Scheme 1). As a result, it was impossible to obtain dihydropyrimidine with free hydroxyl group
in ortho position.

In fact, search for efficient methodologies has led to a wide variation in reaction
conditions, which involve the use of catalysts such as Bronsted/Lewis acids, organocatalysts,
biocatalysts, heterogeneous catalysts, etc. However, there is much activity focused in recent
times on establishing green reaction conditions. The application of eco-friendly and renewable
catalysts to conduct the Biginelli reaction to improve the environmental profile and reduce
reaction times is widely welcomed in academia [36]. One of the best way to accelerate organic
chemical transformations and as a result, to decrease reaction time is performing the reaction
under microwave conditions [37]. In addition to this, it is very important to generate method
which will require few workup procedures and column purification, resulting in diminishing

yields.
HO o
7 HNT o~
OZ\N
H

Scheme 1.Transformation of salicylaldehyde in the presence of PdO or HCI

Sy -
HO Mo/ H,N~ “NH,
NS
o

Considering the importance of dihydropyrimidines and significance of the creation of new
eco-friendly method with few workup procedures and short reaction time, I reported a high
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active and low toxic copper-catalyzed Biginelli synthesis of the new bio-active hydroxy
substituted dihydropyrimidines under microwave conditions and investigation of their
antifungal activity against Candida albicans.

Experimental part

General

All chemicals, applied in the synthesis, were of analytical grade and used as received. The
control of the reactions progress and the determination of the synthesized compounds purity
were done by TLC on Sorbfil plates, iodine vapors were used as a developer. Elemental analysis
was performed on the analyzer Carlo Erba 1108.

NMR experiments

The NMR experiments have been performed on a BRUKER FT NMR spectrometer
AVANCE 300 (Bruker, Karlsruhe, Germany) (300 MHz for 'H and 75 MHz for *C) with a BVT
3200 variable temperature unit in 5 mm sample tubes using Bruker Standard software (TopSpin
3.1). The 'H and “C chemical shifts were referenced to internal tetramethylsilane (TMS); the
experimental parameters for 'H are as follows: digital resolution = 0.23 Hz, SWH = 7530 Hz, TD =
32K, SI=16 K, 90 pulse-length =10 ms, PL1 =3 dB, ns =2, ds =1, d1 =2 s and for *C as follows:
digital resolution = 0.27 Hz, SWH = 17985 Hz, TD = 64 K, SI =32 K, 90 pulse-length =9 ms, PL: =
1.5dB, ns=1500,ds=4,d1=2s.

The NMR-grade DMSO-ds (99.7%, containing 0.3% H20) was used for the solutions of
synthesized dihydropyrimidines.

MS experiments

MS spectra were recorded on Agilent 6530 Q-TOF LC-MS spectrometer.

Synthesis of 4-(2-hydroxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (1), 4-(2-hydroxy-5-nitrophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimi-dine-5-
carboxylate (2) and 4-(4-bromo-2-hydroxyphenyl)-6-methyl-2-0xo0-1,2,3,4-tetrahydropy-
rimidine-5-carboxylate (3).

0.5 mmol of appropriate aldehyde (salicylaldehyde, 2-hydroxy-5-nitrobenzaldehyde or 4-
bromo-2-hydroxybenzaldehyde), 0.85 mmol of urea and 0.08 mmol of copper triflate were added
to a microwave vial equipped with a magnetic stir bar and dissolved in 1 ml of DMSO. To this
solution were added 0.6 mmol of methyl acetoacetate. The reaction vessel was sealed and
irradiated in a microwave reactor (CEM Discover™ System) at a temperature of 100°C for 2 h at a
maximum power of 200W. Subsequently, it wascooled with ice. The formed precipitate was
filtered, washed with distilled water and dried.

4-(2-hydroxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate. The
product was obtained as a white powder. Yield is 67%. M. p. 230-232°C. 'H NMR spectrum:
(DMSO-ds, o, ppm), 2.1 s (3H, CHz), 3.39 s (3H, OCHs), 5.38 s (1H, CH), 6.90-7.37 m (4H, 4Ca:H),
8.01 s (1H, NH), 8.88 s (1H, NH), 10.28 s (1H, OH). *C NMR spectrum: (DMSO-ds, d, ppm), 15.80
(CHs), 45.38 (CH), 52.78 (OCHs), 98.50 (CH), 117.95 (Car), 125.56 (Car), 120.93 (2C), 135.25 (CH),
147.60 (CH), 153.94 (CH), 160.68 (COO), 162.63 (CO). HRMS (ESI) m/z [M+Na]=285, [M-H]=261.
Found, %: C 59.56; H 5.40; N 10.64. C13H14N20a. Calculated, %: C 59.54; H 5.38; N 10.68.
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4-(2-hydroxy-5-nitrophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimi-dine-5-carbo-xylate.
The product was obtained as a white powder. Yield is 81%. M. p. 356-358°C.'H NMR spectrum:
(DMSO-ds, o, ppm), 2.3 s (3H, CHs), 3.49 s (3H, OCHs), 5.48 s (1H, CH), 6.97-7.87 m (3H, 3CarH),
8.06 s (1H, NH), 9.28 s (1H, NH), 11.36 s (1H, OH).®*C NMR spectrum: (DMSO-ds, d, ppm), 17.80
(CHs), 49.38 (CH), 50.78 (OCHs), 96.50 (CH), 115.95 (Car), 123.56(Car), 124.93 (2C), 139.25 (Cav),
149.60 (Ca:H), 151.94 (CaH), 161.68 (COO), 165.63 (CO). HRMS (ESI) m/z [M+Na]=330, [M-
H]=329. Found, %: C 50.88; H 4.29; N 13.65. C1s3H13N3Oes. Calculated, %: C 50.82; H 4.26; N 13.68.

4-(4-bromo-2-hydroxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropy-rimidine-5-car-

boxylate. The product was obtained as a white powder. Yield is 84%. M. p. 349-351°C."H NMR
spectrum: (DMSO-ds, o, ppm), 2.27 s (3H, CHs), 3.48 s (3H, OCH:), 5.39 s (1H, CH), 6.91-6.96 m
(3H, 3CaH), 7.2 s (1H, NH), 9.17 s (1H, NH), 10.16 s (1H, OH).®*C NMR spectrum: (DMSO-ds, o,
ppm), 17.16 (CHs), 48.78 (CH), 50.70 (OCH3), 96.99 (CH), 118.01 (Car), 120.03 (Car), 121.52 (C),
128.98 (Car), 129.37 (Ca:H), 149.28 (Ca:H), 152.13 (C), 155.89(COO), 165.74 (CO). HRMS (ESI) m/z
[M+Na]=363, [M-H]=339. Found, %: C 45.72; H 3.88; N 8.22. CisH13N20:Br. Calculated, %: C 45.77;
H 3.84; N 8.21.

Biological activity

The biological activity of synthesized dihydropyrimidinesl, 2 and 3 against Candida
albicans was determined by both the disc-diffusion and zonal diffusion methods. Test
compounds were dissolved in dimethylsulfoxide (DMSO). Equal volumes of microbial flora (1
ml) were layered on Petri dishes with a selective medium for each pathogen, using a standard
inoculum, corresponding in density to 0.5 standard Mac Farland, containing approximately 1.5 o
108 CFU/ml. The inoculum was used for 15 minutes after preparation. On the surface of the
nutrient medium using a sterile bacterial drill were made wells with 4-5 mm deep, where 0.1
and 0.2 ml of the studied samples of appropriate concentration were added, and further we
determined the suppression zone diameters of microbial growth after 24 hours incubating in an
incubator at 37°C. Results were compared with controls and antibiotic amphotericin B. The
control plates with the nutrient medium were placed with bacterial microflora with a solvent,
but without testing newly synthesized compounds in order to study the effect of the solvent on
the biological properties.

Results and Discussion

The reason of using Cu(OTf): as a catalyst is dedicated to the fact that it was successfully
used in the synthesis of pyridine derivatives. Besides this, copper triflate is cheap and
demonstrate low toxicity, which is very important from the point of green chemistry. Initially,
salicylaldehyde, urea and methyl acetoacetate were chosen as model substrates to optimize the
reaction conditions. In order to fine-tune the reaction conditions, we examined the effects of
temperature, reaction time, catalyst loading and solvent effects. At the end, it was found that the
highest yield of the desired compound is obtained if the reaction performed at 100°C in
microwave conditions during just 2 hours using DMSO as a solvent. Catalyst loading was 6.25
times lower than aldehyde amount. In addition to this, it was found that for purification of
synthesized compoundsno work-up procedure is needed- obtained precipitate is just washed
with a bit of distilled water. Another advantage of the method is the possibility of regenerating
of the catalyst using HPLC (acetonitrile-water). It was found that yields of the products didn’t
change noticeably even after 5 times of regeneration.
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Subsequently, in order to study the scope of the method, the reaction was run using 2-
hydroxy-5-nitrobenzaldehyde and 4-bromo-2-hydroxybenzaldehyde, which allow obtaining of
new hydroxy substituted dihydropyrimidines (Scheme 2).

X
« Y
Y
o HO o)
+ 07 . -
HO )J\/”\O/ Ho,N™ “NH, HN" O ©
So O)\N
H
1-X=H, Y=H
2-X=H, Y=NO,
3 - X=Br, Y=H

Scheme 2. Reactions of synthesis of compounds 1, 2 and 3

Considering the biological activity of dihydropyrimidines, obtained compounds were
studied against opportunistic pathogenic yeast Candida albicans. The biological activities of
compounds were studied by the method of zonal diffusion and disco-diffuse method (Table 1).
Record of the results was carried out, comparing with control dishes without investigated
compound (solution) and with the known drug Amphotericin B. It was determined that DMSO
doesn't influence on Candida albicans and found that all investigated compounds showed a
sufficiently high effect of the delay in the growth of a fungus by both methods, even better effect
than antibiotic and, accordingly, can further act as candidates for the role of antifungal drugs.

Table 1.The biological activity of synthesized compounds and antibiotic

Inhibition zone ®, %
Zonal diffusi
Investigated compounds | Microorganism | Concentration, ug/ml | Disc-diffusion Orrrllzts;;l;lon
method, % =5 T 02 mi
1 58 61,8 66,7
2 75 84,2 87,1
. . 1
3 Candida albicans 5 39 ) o
Amphotericin B 30 41 46
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XULASO

Son bir nege ilde Hirsfeld sathlarins asaslanan iisullardan istifade edarsk molekulyar kristal qurluglarm tahlili
stiratlo inkisaf edib. Hirsfeld yanasma molekullararas: qarsiligh slagalerin tedqigi tigiin alverisli vasitadir. CsH4Br2NO2
molekulun quruluslu 1-(2,2-dibromovinyl)-3-nitrobenzen maddasi sintez edilmis, mono kristal yetisdirilmis ve hirsfeld
soth analizi aparilmigdir. Alinmis neticolars gora kristalin dizayninda molekullararas: qarsihigh tesirlar naticosinde
atomlararast qarsiligh slagenin Hirsfeld sathine verdiyi faizlo pay H---H (5%), O---H/H:--O (18,3%), O---O (4,4%),
N:--O/O-+-N (1,9%), Br---H/H:--Br (31,7 %), Br---C/C-+-Br (4,6%), N---H/H---N (1,5%), C:--C (7,8%), C---H/H:--C (12,8%),
O:-+-Br/Br---O (6,9%), Br---Br (4,7%) soklinda gosterilmisdir. Kristal qurulusun yaranmasmnda Br:--O, Br---Br halogen
rabitelarinin vo O--H hidrogen rabitslarinin rolu miisyyen edilmisdir. Hirsfeld soth analizi vasitesi ilo Br---O, Br---Br
halogen rabitelorinin ve O-+H hidrogen rabitelarinin qurulusun yaranmasmda rolu oldugu miisyyen edilib. Malum
olub ki, bu alagaler giiciin artmasi istiqamatinda Br---Br, Br---O, O---H kimi diiziiliirler.

Acar sozlan: katalitik olefinlosms, hirsfeld sath analizi, vinilbenzol,dibromvinil.

PACS numbers: 61.05.c, 61.66hq

CRYSTAL EFFICIENCY AND HIRFELD SALT ANALYSIS OF 1- (2,2-DIBOMOVINYL) -3-NITROBENZEN
ABSTRACT

Analysis of molecular crystals has been rapidly developing over the past few years by using Hirschfeld's surface-
based methods. Hirschfeld's approach is a useful tool for the study of interactions between molecules. The structured 1-
(22-dibromovinyl) -3-nitrobenzene substance of the C8H4Br2NO2 molecule was synthesized, mono crystals cultivated
and hirshfeld surface analysis was performed. According to the findings, the interactions between the intermolecular
interactions on the Hirschfeld surface, as a result of interactions between the molecules in the crystal design, have a
share of H--- H (5%), O ---H/H --- O (18.3%), O --- O (4.4%), (4.9%), Br ---H /H -+ Br (31.7%), Br --- C/ C --- Br (4.6%), N
-H/H--N{(5%),C--C((7.8%),C--H/H--C(12.8%), O - Br/Br - O (6.9%), Br --- Br (4.7 %). Role of Br --- O, Br
--- Br halogen bonds and O H hydrogen bonds have been determined in the formation of crystal structure. Hirschfeld's
surface analysis revealed that Br --- O, Br -+ Br halogen connections and O ¢ H hydrogen bonding were involved in the
formation of structure. turned out that these relationships are like Br -+ Br, Br --- O, O -+ H, to increase power.

Key words: catalytic olefinization, hirshfeld surface analysis, vinylbenzene, dibromvinyl.

DODOEKTUBHOCTD KPUCTA/AAA I COAHEUHOM AHA U3 1- (2,2- AMBOMOBVHIA)-3-HUTPOBEH3EHA
PE3IOME

B mocaeaHme HECKOABKO €T aHAAU3 MOAEKYAAPHBIX KPUCTaAAOB OBICTPO pa3BMBAACA C VICIIOAB30BaHUEM
MeTOA0B, OCHOBaHHBIX Ha IoBepxHOcTH Xupcdeapaa. [Toaxos Xupideabia sBAIETC OAE3HBIM MHCTPYMEHTOM A
M3Y9eHMsT B3aMMOAEICTBIA MeXay MoaeKydamy. CHHTe3MpoBaHO CTPYKTypupopaHHOe 1- (2,2-AnbpomMsmHnA) -3-
HUTPOOEH30AbHOe BelrecTso MoaeKy sl C8H4Br2NO2, BripaliieHsl MOHOKPHCTaAABI U IIPOBeAeH aHaAu3 IOBePXHOCTH
Xupmigpeanpaa. CoraacHO NOAyIeHHBIM JaHHBIM, B3alIMOAEIICTBILT MEXAY MeKMOAEKYASPHBIMI B3aMIMOAETICTBIAMI
Ha TosepXHOCTH Xupirdeabaa B pe3yabTaTe B3aMMOAEVCTBUA MeXAy MOJAeKyJaMM B KPHUCTaAANIecKOM Ju3aliHe
umeror goai0 H - H (5%), O -~ H/H - O (18,3%), O --- O (4,4%), (4,9%), Br=H / H=Br (31,7%), Br = C / C = Br (4,6%),
N=H/H=N(@). (5%), C2C(7,8%), CH/HC (12,8%), O Br / Br 2 O (6,9%), Br Br (4,7). %), kax ykazaHo. YcTaHOBAeHa
poab rasoreHoBsIX cBsseit Br-O, Br-Br u Bogopoausix cssseit O-H B popMupoBaHUN KPUCTaAAMIECKOI CTPYKTYPHIL.
IosepxHOCTHEIN aHaAn3 Xupideabia MoKas3al, 9To TaaoreHoBble coeavHens Br-O, Br-Br u sogopoansre cpsazu O-H
Y4acTBYIOT B (popMIypoBaHuy CTPyKTyphl. OKa3aaocs, 4TO BTU OTHOLIeHus 1104001 Br Br Br, Br --- O, O -+ H, uto6s1
YBeAMYUTDH MOIITHOCTD.

KatoueBble caoBa: KaTaauTideckas oaepUHM3AIN, aHaAM3 IOBepxHOCTM Xwupirdeabaa, BUHNAOEH304,
ANOPOMBUHILA.
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Giris

Son iller terafimizdan katalitik olefinlesma reaksiyasi seraitinde CuCl-un katalitik miqda-
rinda dihalogendiazabutadienlarin sintezi hoayata kegirilmisdir [1-10]. Alinmis birlogsmalarin
qurulusu RQA toedqgiqat metodu vasitasi ilo dyranilmisdir. Birlosmoalarde Hirshfeld soth analizi
aparilmisdir [11-12]. Son bir nego ilde Hirshfeld sathlarine asaslanan vasitelorden istifads edarak
molekulyar kristal quruluslarin tohlili aktualigy ilo siiratlo inkisaf etdi [13-17]. Bu yanasma
molekullararas: qarsiliqh slagelarin tedqiqi tigiin olverisli vasitodir. Hirgfeld sathinin asas tisul-
lar1 birlagsmalarde molekulyar qarsiliqh tesirler arasinda bag veran dayisiklikleri gostermak ticiin
xiisusile uygun gortiniir. Hirsfeld seth analiz vasitasi ils barmagq izi sahalari ds teqiq edildi. Mo-
lekulyar Hirsfeld soth analizi vasitesi ilo molekullar arasi kontaktlar arasdirildi. Biitiin bunlar:
nazera almaraq tersfimizden 1-(2,2-dibromovinyl)-3-nitrobenzen birlesmasi sintez edildi ve
Hirsfeld sathi analizi 6yranildi.

Br Br
g

Cc
“H

NO,
Tacriibi hissa

Kolbaya 1 mmol baslangic hidrazon, tizerine 10-12 ml DMSO, daha sonra (290 mg; 1,25
mol/ekv) TMEDA olave edilir. Bundan sonra CuCl (6 mg; 3 mol %) slave edilir. Sonuncu olaraq
CBrs4 (4-5 mol/ekv; 1.5 q) slave edilir. Magnit qarisdirici ise salinir. Reaksiyan1 NTX ils yoxlayiriq.
Adaton reaksiya 1,5-3 saata basa catir. Reaksiya qarisig1 ayiricr qifa kegirilir. 50-60 ml su olava
edirik. Metilen xlorid (3*15 ml) ilo ekstraksiya edilir. Uzvi faza (3*50 ml) su ile yuyuludugdan
sonra bir dafe do doymus NaCl (1*50 ml) mahlulu ilo yuyulur. Na:SOs (MgSOs ) ilo qurudulur,
filtrdon kegirilir vo vakuumda rotor buxarlandirici ilo dixlormetan qovulur. Qaliq (eliient
dixlormetan/heksanin 1:5) kalonka xromotoqrafiya tisulu ile yeniden temizlanir. Nazik tebagali
xromotoqrafiya ilo ayird edilmis asas reaksiya mehsulu olan fraksiyalar toplanaraq yeniden
rotorda buxarlandirilmis va ¢ixam hesablanmigdir.

Naticalarin miizakirasi

Aldigimiz birlasmanin molekulyar konformasiyasi demsk olar ki miistovi qurulusludur
[sokil 1]. Malum oldugu kimi, ti¢ néqteden yalniz bir miistevi kegir. Demali, ti¢ atomdan bir
miistovi kegir vo ona qonsu olan ve onunla ortaq iki atoma malik digar bir {i¢ atomdan da basqa
bir miistovi kegir. Homin miistevilarin kesisme bucagina dihedral bucaq deyilir. Aldigimiz
birlasmadaki bazi torsion bucaqlar cadval 1-da verilib.

Cadval 1.
Atom 1 Atom 2 Atom 3 Atom 4 Torsion bucaq (*)
01 N1 C1 C2 -177.7
01 N1 C1 C6 0.7
N1 C1 C2 C2 -1.7
N1 C1 C2 H2A 178.2
C2 C1 C6 C3 0.9
C5 C7 C8 C5 -0.6
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1-(2,2-Dibromovinyl)-3-Nitrobenzenin kristal qurulusu va Hirsfeld sathi analizi

Sakil 1. Molekulun atomlarinin igsaralonmasi.

Cadval 2. Osas qarsiliqh slagelarin uzunluq (A% ve bucaqlari (°)

D—X-A D—X XA /D—X-A
C4—H4--O2 1.083 2,597 157.19
C7—H7--02 1.083 2718 154.77

Cadval 3. Birlosmado yaxin qarsihigh alagalar
Qarsiligh alaga Masafo (A% Simmetriya omoliyyatt
Brl---O1 3.169 -x1-y,1-z
Br2:--Br2 3.529 —x2-y1l-z

Hirsfeld sathi analizi

Hirsfeld sothi ve barmaq izi aldigimiz birlasmenin kristallografik informasiya faylina (CIF)
asaslanaraq CrystalExplorer proqraminda gokilib. Aldigimiz birlosmenin dnom-u —0,12524° ilo
1,0161A° araliginda, syriliyi -4,0000 ilo -4,00004° araliginda doyisir.

Bu kristalin qurulusun yaranmasimda Br---O, Br---Br halogen rabitslorinin ve O--H hidrogen

rabitslorinin rolu var[sakil 2].

Sakil 2. Kristaldaki qonsu molekullarm bir-birina yaxin olan atomlari.

Hirsfeld soth analizinds yaxin qarsiliqh tesirlerin oldugu sath oblasti qirmiz1 rengds, uzaq
qarsiligh tesirin oldugu sath oblastt mavi rongda ve bunlarin arasindaki oblast ise ag rongde
gostarilir. Demsali, molekullararas: qarsiliqh tesirlards, atomlararas: qarsihqh slagenin Hirgfeld
sothina verdiyi faizls pay hemin qarsihigh tesir oblastinin yaxmn-uzaqhigmi deyil, boytik-
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kicikliyini xarakterizo edir ki, [codval 5], gliclii qarsiligh slagaler tigiin tiind qirmizi, zaif qarsiliqh
alagalar ti¢iin ag1q qirmuzi rang alinir ve mavi reng isa qarsiligh slagenin olmadigni gostarir[sakil
3, 4].

Cadval 5. Molekullararasi qarsiliqli tesirlorde atomlararas qarsiligh elagenin Hirsfeld sothine verdiyi faizls pay.

Qarsiligh tasir Faizls pay
H---H 5
O---H/H---O 18.3
O---0 44
N---O/O--N 19
Br---H/H:--Br 317
Br---C/C---Br 4.6
N---H/H---N 15
C--C 7.8
C--H/MH---C 12.8
O--Br/Br---O 69
Br---Br 47

Sokil 3. Aldigimiz birlogmenin d;;-m-nun —0,12524° —doan 1,01614° —3 godar olan intervalindaki ii¢olciilii
Hirsfeld sathi.

(© (d)

Sakil 4. Hirsfeld sathi: (a) Br---O, (b) O--H, (c) Br--Br, (d) H---O tigiin.
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1-(2,2-Dibromovinyl)-3-Nitrobenzenin kristal qurulusu va Hirsfeld sathi analizi

Sokil 5a-da gostarilmis pikin iti olmamasi Br---O halogen rabitesinin gliclii olmadigini gosterir.
Sakil 5b-da pikin nisbaten iti olmasi O-+H hidrogen rabitesinin nisbatan giiclii oldugunu gosterir.

zsd ¢ Z'Sd :
26 26
24 24
22 22
20 20
18 1.8
16 16
1.4 1.4
12 12
1.0
h i di
(a) To0 T2 T4 16 18 20 27 724 76 Z8 (b) To0 T2 T4 16 18 20 27 24 726 Z38
zsd ¢ Z'Sd ¢
26 26
24 24
22 2.2
20 : 20
18 ,/J 18
16 16
1.4 14
12 12
10 1.0
d | d |
© U2 TE TE 18 20 22 28 28 I8 () T0 T2 T2 16 1.8 20 227 24 76 Z%
Z_Sd €

26

24

22

20

d |

TO T2 T4 16 18 20 27 724 726 Z38
(e) 18 20 22 24

Sakil 5. Qarsiliqh tesirlorin barmagq izi (fingerprint): (a) Br---O, (b) O--H, (c) Br---Br, (d) H:--O,
(e) biatiin qarsthqh tasirler {igiin
Molekullararas: qarsiliqh tasir enerjilari
iki molekulun molekullararasi qarsiligl tesirinin enerjisi
Etam = kelekEelek + kpolyEpoly + kdispEdisp + kmiibEmiib

kimi hesablanur. Burada E,;., —molekullararas: elektrostatik qarsihigh tesirin enerjisi, Ey o, — mo-
lekullararas1 polyarlagmig rabitolorin qarsiliqh tesir enerjisi, E4;5, — molekullararas: dispersion

qarsihigh tasirin enerjisi, £y, —molekullararast miibadile qarsihigh tasirinin enerjisi, k-lar ise sa-
bitlordir.
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Indi iso secilmis ixtiyari bir molekulun (Sokil 5, sar1 rongli) qonsulugundaki biitiin mo-
lekullarla garsiliqh tasir enerjisinin hesablanmus qiymatlerini teqdim edak (Sakil 6, Cyrstal Explo-
rer, HF/3-21G modeli). Goriindiiyii kimi, se¢ilmis molekulun "qirmiz1 rangli" molekulla elektro-
statik qarsiligh tesir enerjisi —9.6 kc/mol-dur va bu els, Br---O slagasinin enerjisidir. Homginin
se¢ilmis molekulun "agiq mavi" molekulla elektrostatik qarsiliqh tesir enerjisi —16.3 kc/mol-dur
va bu, O---H slagasinin enerjisidir. Eynils, se¢ilmis molekulun "yasil rongli" molekulla elektrosta-
tik qarsihiqh tesir enerjisi —1.4 ke/mol-dur ve bu, Br---Br slagesinin enerjisidir. Demali, bu slaqge-
lor giiclin artmasi istiqamatindo Br---Br, Br---O, O---H kimi diiziiltirlar [sokil 6] .

Sakil 6. Secilmis (sar1 rongli) molekulun atrafindaki molekullar miixtolif rongls gosterilib.

N |[Simm. smaliyyat (g Elektron suxhigs | E_ele |E_pol | E_dis | E_miib| E_tam
1| %, -y, 2 7.33 | HF/3-21G 96| 44| -151| 13.4| -15.3
1| %, -y, 2 10.05 | HF/3-21G 14| 02| 50| 65| 09
2| 3, y+1/2, 2412 | 9.72 | HF{3-21G 16,3 | -3.7 | 127 9.1 -23.0
2 %, -y+1/2, z+1/2 | 8.82 | HF/3-21G 20| -08| 90| 46| -7.0

Sakil 7. Secilmis molekulla digar rangli molekullar arasinda qarsiligh tesir enerjilari (ke/mol)
(Cadval Cyrstal Explorer proqraminda HF/3-21G modelinds hesablamb).

Burada R-iki molekulun moarkoazi arasindaki mesafadir (A%). Molekulun markezi dedikds,
homin molekulun atomlarimin koordinatlarinin ortasi nazerds tutulur, molekulun kiitlo morkoazi
yOX.

Hirfeld sath analizi vasitesile Br---O, Br---Br halogen rabitelerinin ve O--H hidrogen rabitsle-
rinin qurulusun yaranmasinda rolu oldugu miisyyan edilib. Malum olub ki, bu slagalar giictin
artmasi istiqgamatinds Br---Br, Br---O, O---H kimi diiziiliirlor. Homginin bu slagelarin handasasi
toqdim olunub.
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ABSTRACT

Nanostructure porous silicon layers with systematically varied pore size of 8-70 nm were fabricated onto the
p-type c-Si wafers with (100) orientation using electrochemical anodizing method from HF+ethanol and HF+etha-
nol+CdCI2 solutions (respectively, PS and PSCD hereafter). The morphological properties of the PS and PSCD la-
yers were studied by scan electron microscopy (SEM).

Keywords: porous silicon, electrochemistry, nanostructure, thin film, photo-sensors, gas-sensors.
COM N DAC UCCAEAOBAHME CAOEB C-SI/PS (MAN PSCD)
PE3IOME

HaHoCTpyKTypHBIe c10M ITOPYICTOTO KPEeMHIL € CHICTeMaTIIeCK! BapbPyeMBIM pa3MepoM Iop 8-70 HM ObLAu
IIOAYy4eHBI Ha IIOBEPXHOCTHU I1AacTMHax c-Si p-tuma ¢ opuenrtanueli (100) c METOA0M DAEKTPOXUMUIECKOTO aHO-
Aauposaans u3 pactsopos HF + sranoa n HF + stanoa + CdClz (cootsetcTBenno, PS 1 PSCD). Mopdoaoruueckne
cporicTBa caoes PS 1 PSCD Opran n3ydeHsl METOAOM CKaHMPYIOIIEN 9AeKTPOHHON MuKpockormu (COM).

KaroueBble ca0Ba: TOPVICTEHIN KPeMHIIA, 9A€KTPOXUMI, HAHOCTPYKTypa, TOHKas I1eHKa, POTO-CeHCoP, Ta-
30BBIN CEHCOP.

C-SI/PS (VO YA PSCD) LAYLARININ SEM VO EDS TODQIiQi
XULASO

Sistematik sokilda dayisdirilmis 8-70 nm 6l¢iilii masamalars malik nanoquruluslu masamsali silisium laylari
HF+etanol ve HF+etanol+CdCI2 mahlullarindan (uygun olaraq PS ve PSCD) elektrokimlayi anodlasma metodu
ilo (100) oriyentasiyalt p-tip c-Si l6vhaleri {izerinde alinmisdir. PS ve PSCD laylarmin morfoloji xassalari SEM
mikroskopiyasi ile tadqiq edilmisdir.

Acar sozlar: masamali silisium, elektrokimya, nanostruktur, nazik tebaqs, fotosensor, qaz sensoru.

Introduction

Anodic polarization of c-Si in hydrofluoric acid solutions, a controlled network of pores of
various morphology, size and orientation is formed. It is generally known that the surface
modification of the silicon wafer plays a major role in the sensitivity enhancement of gas- and
photo- sensors [1, 2, 7]. So, the porous surface of silicon layers participates in the processes of
light absorption, gases adsorption and desorption. The surface roughness and low effective
refractive index which can reduce reflection losses of sunlight radiation are the primary benefits
offered by PS over c-5i [3-5]. A highly porous PS layer can enhance the efficiency of solar cells by
increasing light trapping in the active region [6], solves the lattice mismatches problem, and
surface reflection is also corrected due to the refractive index of silicon as reported by several
other authors [7-10]. So, PS has disadvantages, also. The surface of the PS was covered with Si-
Hxbond groups immediately after the deposition. In the process of storage in air, the Si-Hx bond
groups are replaced by Si-Ox bond groups and ultimately, silicon nanocrystallites are covered by
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an amorphous layer which is the main reason for the instability and degradation of all electrical,
photovoltaic, photoluminescent and sensor devices based on PS. There are various technological
methods used for the passivating of the PS surface. For example, in [11],the passivating of PS was
performed at the excretory hydrogen plasma. Passivating of PS can also be done by inserting
different elements into the matrix. For example, in [12], the author's employed carbohydrate
solutions in the PS matrix and then tried to carbide the matrix by thermal annealing. The authors
have chosen sucrose as a conventional carbohydrate product. In some cases, the process of
passage of hydrogen and oxygen in the PS was carried out directly with the deposition process.
For this purpose, various salts (AuCl3, FeCl3, NaNO2, KIO3, CrO3, etc.) were added to the
solution in the deposition process [13-15]. In [13, 14], gold and iron chloride salts were added at
different concentrations during the dissolution of PS. The main purpose of the study was to
replace the non-stable Si-Hx complexes by Si-Au or Si-Fe stable bonds. It has been established
that anodizing in a metallic atmosphere not only stabilizes, but also improves the electrical and
optical parameters of PS.

Therefore, for the purpose of comparison, the results of investigations of the morphological,
electrical and photoelectrical parameters of heterojunctions p-Si/CdS based on PS [16] and PSCD
are considered in this paper.

Experiment

P-type single-crystal Si wafer with orientation of (100), resistivity of 0.01-2.5 Ohmxcm and
thickness of 0.2-0.6 pm was etched through an electrochemical process to produce the porous
structure. Before anodizing, the c-Si surface was cleaned from the SiO: oxide layer as well as
contaminants, in an aqueous solution of hydrofluoric acid (HF), washed with de-ionized water at
a temperature of 80°C and ethyl alcohol, and then, dried in air. Anodizing of the c-Si substrate
surface was carried out in a Teflon chamber with a platinum cathode. HF:ethanol (1:1) solutions
with and without CdCl: (aqueous solution of CdClz in 10:1 concentration was added to solution)
were used for the formation of porous silicon. The anodizing current was 40-70 mA/cm?2.
Depending on the anodizing time (30-1800 seconds) and potential in solutions, PS layers
(prepared from solution without CdClI2) and PSCD layers (prepared from solution with CdCl2)
with the pore sizes of 8-70 nm was prepared on the c-Si surface.

Results and discussion

Figure 1(a) illustrates the SEM images for PS surface formed at anodizing potential of 20V,
current of 10-40 mA/cm? and time of 1800 sec. As can be seen from the figure, only non-homoge-
neously distributed cavities are formed on the surface of the p-Si surface, after the anodizing in
solution without CdCL. Only in some parts of the surface appear the pore cores.

EDS spectrum show a very small amount of hydrogen in surface of this samples (Figure
1(b)). This fact proves only electro-polishing of the c-Si surface in HF+H2O+ethanol solution at low
anode potentials.

Unlike that, SEM images for PSCD layers, formed at anodizing potential of 20V and current
of 40 mA/cm? in HF+CdCl+H:0O+ethanol solution, show pores with very small dimension on the
surface (Figure 2(a)). EDS spectrums confirm that Cd and hydrogen are on the surface of the
layers (Figure 2(b)). The results show that Cd* ions together with Si?* participate in charge ex-
change and accelerate the formation of initial growing piths on c-5Si surface.
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As a result, along with Si, cadmium atoms also deposits at bottom and inside walls of the
pores, causing the reduction of non-stable Si-Hx bonds concentration and their replacement by
Si-Cd bonds. Subsequently, the neutralizing Cd atoms in the pores as a result of the charge
exchange determine the structure of the pores. EDS spectrum of PSCD layers indicates the
presence of Cd atoms on the pores.

Increasing the anode potential up to 25-30 V (at current of 10-40 mA/cm?) changes the nature
of the anodizing— formation of pores is accelerating. SEM images show oval or spherical pores,
which distributed non-homogeneously on the surface for PS samples (Figure 3(a)). The average
dimensions of spherical shaped pores were about 7-30 nm, and dimensions of oval shaped pores
were about 10-110 nm. Distribution of such pores on PS surface may due to an irregular
distribution of the anode current at Si-electrolyte boundary, or, relative weakening of the Si? ions
neutralization process because of "charge deficiency" in certain parts of the surface.

Figure 1. SEM image (a) and EDS spectrum (b) of the PS samples prepared at anodizing voltage
of 20 V and current of 40 mA/cm?.

EDS spectrums show the oxygen in PS layers after the keeping in open air (Figure 3(b)).
True, the PS samples also have Si-Hx bonds, but the unstable bonds leads to degradation of
parameters of the devices (gas sensors and solar cells). Si-Ox bonds leads also to increase the PS
resistivity.

Figure 2. SEM image (a) and EDS spectrum (b) of the PSCD samples prepared at anodizing
voltage of 20 V and current of 40 mA/cm?

SEM investigations show that, unlike PS layers, pores in PSCD layers, prepared at anodizing
voltage of 30 V, are distributed homogeneously and almost show spherical form cavities (Figure
4(a)). The subsequent increase of anode voltage (up to 40V) almost does not change the size
(Table 1) and shape of the pores. This fact show, that the Cd* ions promotes to uniform
distribution of charges and anode voltage across the entire surface at the silicon-electrolyte
interface. Uniformly distribution of voltage on the silicon surface results to formation of pores
with spherical shape. It is established that the size of the pores can be regulated only by
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anodizing current (Table 1). EDS spectrums testify an increase of Cd and decrease of oxygen
concentrations in pores (Figure 4(b)).

Figure 3. SEM image (a) and EDS spectrum (b) of the PS samples prepared at anodizing voltage
of 30 V and current of 40 mA/cm?.

Figure 4. SEM image (a) and EDS spectrum (b) of the PSCD samples prepared at anodizing voltage
of 30 V and current of 40 mA/cm?.

Table 1. Anodizing parameters of PSCD layers

Samples | Anodizing Anodizing Anodizing Pore sizes
voltage current time (nm)
) density (s)
(mA/cm2)

PSCD1 30 40 1800 8:11
PSCD2 30 55 1800 10+16
PSCD3 30 70 1800 30+70
PSCD2 34 55 1800 10+15
PSCD2 36 55 1800 11:17
PSCD2 40 55 1800 10:19
PSCD2 30 55 1200 9+16
PSCD2 30 55 400 10+17

Conclusions

SEM images confirmed that the morphological and stability properties of PS and PSCD

layers are governed by the anodizing regime

(1]

(2]
(3]

[4]
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ABSTRACT

In this paper, films of Cdi«ZnxO with different composition were prepared by the method of electrochemical
deposition from an aqueous solution onto the surface of Mo substrates. Effect of technological and heat treatment
regimes on the electrical and photoelectric properties of films are investigated. It was found that the electrical and
photoelectric parameters of Cdi+ZnxO films can be controlled by the optimal deposition potential regime and film
composition.

Keywords: thin films, electrochemical deposition, electrical properties, heat treatment.
PACS: 78.40. Fy 82.45.-h. 78.20.-€78. 66.-w

DAEKTPUYECKUE U ®OTODAEKTPUYECKUE CBOVICTBA TOHKMX ITAEHOK Cd1+Zn<O
PE3IOME

B padore naenxkn CdixZn<O pa3zandHOrO cOCTaBa, METOAOM DAEKTPOXMMIUECKOTO OCaXKAEHUsSI U3 BOAHOTO
pacTBopa ObLAM ITOAYYEHBI Ha ITOBEPXHOCTH IoAa03KeK Mo. VccaeaoBaHbI BAVSHIS PeXXUMOB TEXHOAOTUYECKON
U TepMIUIecKol 00pabOTKM Ha DAeKTpudecKue 1 poTODAeKTpUIecKyie CBOVICTBA I1I1€HOK. ¥ CTaHOBAEHO, ObLA0 UTO
»AeKTpudeckue u porTodaeKTprdeckue mapameTpsl nAeHoK CdixZnxO MOTyT KOHTPOAMPOBATHCS ONMTUMAaABHBIM
PEKIMMOM IIOTeHIIMala OCa’KAEHMsI U COCTaBa ILA€HOK.

Karouesble ca0Ba: TOHKME II1€HKY, DAEKTPOXMMUYIECKOe OCaKAeHIIe, DAeKTpUdecKue CBOVICTBa, TepMIJIec-
Kast 06paboTKa.

PACS: 78.40. Fy 82.45.-h. 78.20.-€78. 66.-w

Cd1+ZnO NAZIK TOBOQOLORININ ELEKTRIK VO FOTOELEKTRIK XASSOLORI
XULASO

Isde miixtalif torkibli Cdi~xZnxO nazik tebagplori sulu mahluldan elektrokimyevi ¢okdiirme metodu ils Mo
altliglar {izerinds alinmisdir. Nazik tabaqalarin elektrik ve fotoelektrik xassalorine texnoloji ve termik islonma
rejimlarinin tasiri tadqiq edilmisdir. Miiayyen olunmusdur ki, Cdi-ZnxO nazik tebagslarinin elektrik ve fotoelektrik
parametrlari ¢okdiiriilma potensiali, tabagalerin torkibi ve Ti-nin optimal rejiminin segilmasi ilo idare oluna biler.

Acar sozlar: nazik tebaqs, elektrokimyavi ¢okdiirms, katod potensiali, elektrik xassalori, termik iglanma.
PACS: 78.40. Fy 82.45.-h. 78.20.-€78. 66.-w

Giris

Otaq temperaturunda E¢=3.36 eV qadagan olunmus zolaga malik ZnO saffaf yarimkegi-
rici nazik tebagalari hazirda ultrabendvsayi (UB), mavi, yasil ve ag isiq diodlarinda, hamgi-
nin giinas energetikasinda genis tatbiqine gore 6z analoglarindan (GaN) he¢ ds geri qalmir
[1-3]. Bels ki, Ga tobiatde nadir tapilan element oldugu halda, Zn genis yayilmisdir. ZnO na-

zik tobagalori kimyavi cohatden dayaniqli olmasi ile barabar, istehsal texnologiyasi ucuzdur
va zahorli deyil.
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Diiz zolagh CdO kegirici nazik tobagaleri iso ZnO- dan forqli olaraq spektrin goriinen
oblastinda (Eg=2.5 eV) soffafdir. Onlarin elektrik vo optik xasselarinin genis temperatur inter-
valinda tedqiq edilmis, giines energetikasinda, qaz sensorlarinda, habels, kicik miiqavimatli
rezistorlar kimi totbiq imkanlar1 aragdirilmisdir [4,5]. ZnO- ls miiqayisada (90 %) CdO tabe-
gelerinin goriinen oblastda optik buraxmasi azdir (60-70 %). Lakin alcaq omlu olmasi nazik
tobagplarinin tatbiq imkanlarin artirir.

ZnO vo CdO nazik tebagalarinin ayriligda har birinin istiin cohatlarinin ve parametrlori-
nin stabilliyinin artirilmasi ve ¢atismayan cohatlorinin azaldilmasi yollarinin miiayyen edil-
masi maqsadilaisdaelektrokimyavi ¢okdiiriilma tisulu ile Mo althqlar tizerinds alinmis Cd:-
+Zn:0 nazik tabagplarinin elektrik va fotoelektrik xassalari texnoloji va termik iglanma rejim-
lari va tebagplarin terkibindan aslili olaraq tedqiq edilmisdir.

Eksperiment

Elektrik xassoalarinin todqiqi zamani Mo althiqlar (1 mm qalinliglt Mo folqalar) tizerinde
alinmis nazik tobagalar istifade edilmisdir. Mo ¢atin ariyen metallar qrupuna aid oldugun-
dan yiiksek temperaturlara gader qizdirilma zamani 6ziinii inert material kimi aparir ki, bu
da ham althiq maddasinin tebagays diffuziyasimin ehtimalini azaltmaga, ham texnoloji cehat-
dan istanilan forma va Ol¢lide niimunaleri alds etmays, ham da onlardan omik elektrik kon-
takt1 kimi istifade etmaye imkan vermisdir. Elektrik xassalarinin tadqiqi zaman ¢okd{iriilma
potensialinin -0.8 V; -0.9 V; -1.2 V; -1.28 V va -1.35 V giymatlarinds alinmis 800 nm qalinligl
Cdi+ZnxO (0.2<x<0.9) nazik tobagalarinden istifads edilmisdir. Nazik tobaqe torafden omik
elektrik kontakt1 kimi, vakuumda buxarlanma tisulu ils alinmig Ag kontaktlar1 tetbiq edil-
misdir. Qaranliq miiqavimatinin Ol¢iilmasi zamaru ikikontakth tisuldan istifade edilmisdir.
Tadgiqatlar 300-500 K temperatur intervalinda = 0.3 sm? (3x10 mm) sahaye malik nazik tebe-
golordes hoayata kegirilmisdir.

Cdi+ZnxO (x=0.1; 0.2; 0.3; 0.4) nazik tebagplori sulu mahluldan katod ¢dkdiirme metodu
ilo Mo althiglar tizerindes alinmisdir. Anod materiali kimi reaksiyada qrafit elektrodlardan is-
tifade edilmisdir. Reaksiya mahlulunun tursulugu azot tursusunun slave edilmasi ilo idare
edilsmisdir (pH=3-5). Cokdiirtilmads Zn(NOs)z+ +Cd(NOsz)+KNOs+H20 sulu mahlulundan is-
tifade edilmisdir. Cokdiiriilmae otaq temperaturunda ve 70-80°C temperaturda aparilmisdir.

Eksperimental naticalar vo onlarin izahi

Miiayyen olunmusdur ki, tarkibde Zn-in miqdarmin x=0.6-ya qodar artmasi ilo nazik to-
bagalerin miiqavimati kaskin olaraq artir, lakin Zn-in sonraki artimlarinda (0.6<x<0.9) xtisusi
miiqavimat ¢ox zaif dayisir (sokil 1). Nazik tebagalorde miiqavimatin torkibden asili olaraq
bu ciir deyismesini donor/akseptor (N4/Na) konsentrasiyalarinin nisbatinin geyri-monoton
dayismeaosi ile izah etmak olar. Bels ki, bilavasite ¢okdiiriilmadan sonra tebagalerin sathinda
va hacminds reaksiyaya girmamis nitrat duzlar: artiglarmin ve sethe absorbsiya edean oksige-
nin miqdar: tabagealarin miigqavimatine bilavasite tesir edir. Olbatts, tebagalarin torkibinda
Zn-in miqdarmin artmasi ilomiiqavimatin artmasi aydin prosesdir. Zn-in miqdarmin x=0.6-
ya qoadar giymatlarinds ¢okdiiriilma potensialinin optimal giymatinin segilmasina baxmayaraq
CdO-ZnO sisteminds dominant rolu mahz CdO oynayir. CdO-in ZnO-»s nisbaten o qadar da
tokmil kristal qurulusa malik olmamasi, sethde geyri-stabil reaksiya mahsullarinin artiqhig-
nin qalmasina va oksigenin asanliqla absorbsiyasina sabab olur.
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Soakil 1. 2x2 mm o6l¢iilii ve 0.8 mkm qalinliqli Cdi«ZnxO tabagalarinin miiqavimatinin
Zn-in konsentrasiyasimndan asililig1.

Katod ¢okdiiriilme potensialinin optimal -1.28 V giymatinds ¢okdiiriilmiis miixtsli torkibli
Cd1xZnxO tebagalerinin xiisusi elektrik miiqavimatinin yarimloqarifmik miqyasda tempera-
tur asililiqlar tadqiq edilmisdir. Sekil 2-dan goriindiiyii kimi biitiin terkib tebagslards qaran-
liqg miigavimstinin temperaturdan asililiglar: iki hissaden ibarat olub ve eksponensial qanuna
tabedir:

pa(T) = poexp(E/KT) 1

Tobagalarda temperaturla slagadar olan fiziki ve kimyevi proseslarin bas vermameasi, di-
gor sozls bu proseslars uygun aktivlasms enerjilorini hesablamagq tiglin tadqiqatlar maye azot
temperaturundan baslayaraq otaq temperaturuna qoader aparilmigdir. $akilden gortindiiyii
kimi Inp=f(1/T) asililiglarinda kigik temperaturlara (< 170 K) uygun hissalorin meyli biitiin
torkib tobagpler iiglin (tobagenin vahid handasi 6lgiisii tiglin) demak olar ki, eynidir. Bu his-
soy9 uygun aktivlosma enerjisinin qiymati E1 = 0.28-0.31 eV toskil edir ki, bu da metal hidrok-
sidlerina ve oksigenin desorbsiyasina uygun olan enerjidir. Elmi adebiyyatda oksigen {igiin
aktivlesma enerjisinin qimati 0.11-0.19 eV miisyyan edilir. Bizim tadqiqatlarda alman giyme-
tin nisbaten boyiik olmas1 ham metal hidroksidlsrinin, ham ds oksigenin eyni anda desorbsi-
yast ilo alagadar ola bilar. Yoni, metal hidroksidlari {i¢iin aktivlosma enerjisi 0.12-0.14 eV tos-
kil edir.
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Sokil 2. Bilavasits ¢okdiiriilmadan sonra Cdi«ZnxO tebaqgalarinin xiisusi elektrik
miiqavimatinin temperatur asililiqlari.
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Sekilden goriindiiyii kimi nisbaton yuxar1 temperaturlarda qrafiklorin meyllari tobagole-
rin terkibinin deyismeasi ile farglenir (cedval 1). Terkibde Zn-in konsentrasiyasinin x=0.6-ya
godoar artmast ilo aktivlagsma enerjisinin qiymoti azalir vo daha boyiik konsentrasiyalarda de-
moak olar ki, sabit qalir. Bu fakt bir daha Zn-in yiiksek konsentrasiyalarinda nazik tebagalarin
sathinds metal hidroksidlarinin va reaksiyaya girmemis metal artiqliglarinin konsentrasiya-
sinin az olmasina dolalat edir. Umumi halda, qaranliq miigavimatinin aktivlegsma xiisusiyyo-
tina malik olmasi elektrokimyevi ¢okdiiriilms tisulu ile almmis CdixZnxO tebagalarinin yarim-
kegirici xtisusiyyatine malik olmasin bir daha tesdiq edir.

Cadval 1.
Niimunaloar E1 (eV) E2 (eV)
Cdo.sZno20 0.28 0.092
Cdo.6ZnosO 0.286 0.084
Cdo.5ZnosO 0.292 0.064
Cdo.4ZnosO 0.298 0.059
Cdo.3Zno7O 0.301 0.054
Cdo.1ZnosO 0.311 0.055

Termik islonms zamam nazik teboaqolorin elektrik parametrlori koskin olaraq doayisir.
Bels ki, tabagalarin xiisusi elektrik miiqavimatinin temperatur asililiq qrafiklarindeki metal-
hidroksidleri ve metal artiqhqlar: ils slagedar olan meyllor (E:) idare oluna bilir. Onu da
geyd edoak ki, bu meyllar termik islonmanin miihitindon asili olmadig: halda, ikinci tip meyl-
lars uygun aktivlesma enerjisi (E2) miihitin ndviinden kaskin asilidir. Sekil 3a-da CdosZnosO
nazik tobagealarinin havada termik islonmoaden sonra ve 3b-do ise hava, oksigen va arqon
miihitlarinds optimal rejimds termik islenmadan sonra xiisusi miiqavimatinin temperatur-
dan asililiglar: tesvir edilmisdir. Sekil 3a-dan goriindiiyli kimi aciq havada termik islonmoe
temperaturunun artmasi ile sethdeki metal-hirdoksid artiqhiglarinin ve oksigenin desorbsi-
yasi naticasinda Ez2-yo uygun hissalor demak olar ki, itir vo tobagealarin qaranliq miiqavimatine
uygun aktivlesme enerjisi nazaragarpacaq daracads artir. Agiq havada 600°C temperaturda
15 daqiqe orzinds termik islanmadan sonra Inp=f(1/T) asililiq qrafiklerinds yalmiz bir meylli
hissalor miisahids edilir. Bu fakt termik islonmaden sonra ham defektlorin konsentrasiyasmnin
azalmasi, ham da tebagalerin rekristallizasiyas1 naticesinds kristal quruluglarinin takmillas-
masini va elektrik parametrlorinin yaxsilasmasmi tesdiglayir. Sekildon goriindiiyii kimi, daha
yuxar1 temperaturlarda termik isloanma zamani birinci hissenin meyli azalir ve yenidan ikinci
bir hissa amalo galir. Fikrimizco bu hisse sathdon tamamilo desorbsiya etmoamis oksigenin
sothin qiriq rabitali hisselarinds daha miirakkab (Vo —Cd;)"ve ya (V,, —Zn;)" kompleks va-
kansiyalariin yaranmasina sabab olur. Bu vakansiyalar 6zlorini akseptor moarkezlori kimi
apararaq hacmdan elektronlar1 6zlsrine birlesdirir ve naticads tebagalerin elektrik parametr-
lorinin yeniden pislogsmalarina sabab olur. Qeyd edak ki, sathdaki bu ciir qiriq rabitslarin bar-
pa olunmasi termik islonma miihitinin se¢ilmasindan kaskin asilidir. Sakil 3b-den goriindiiyii
kimi, eyni bir rejimds (600°C, 15 daq) agiq havada, oksigends va arqonda termik islenmadan
sonra nazik tobagalarin elektrik miigavimatinin temperaturdan asiliigina uygun aktivlogsma
enerjisinin qiymeti farqli olur. Miisyysn olunmusdur ki, oksigen miihitinds termik iglanme-
dan sonra nazik tabagoalar daha stabil ve yaxsi elektrik parametrlari niimayis etdirir.

Miiayyon olunmusdur ki, bilavasite ¢okdiirliimadan sonra nazik tobagalarin volt-amper
xarakteristikas1 (VAX) bir negco I~U™ soklinda istlii qanuna vo eksponensial qanuna tabe olan
hisseden ibarst olmaqla miirskksb xarakters malikdir va terkibdan asil1 olaraq tistlii funksi-
yanin daracasi (m) dayisir (sokil 4a). Bels ki, x<0.6 torkibli nazik tebaqgalerds gorginliyin nis-
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batan kigik (U <4 V) giymatlarinds asasan eksponensial hisss, daha yuxar1 garginliklarda isa
subxotti (m<1) hissalor miisahids olunur. Qrafiklords subxatti hissalarin miisahide olunmasi
hamin terkib nazik tabaqalards sathdaki defektlarls alagadar olan rekombinasiya aktlarmin
boylik olmasina dalalat edir. Torkibde Zn-in konsentrasiyasinin artmasi ilo eksponensial hissa
demak olar ki, yox olaraq xatti ganunla avez olunur (m=1). Bu da tarkibin dayismasi ils sath-
doaki defektlarin konsentrasiyasinin azalmasini bir daha tesdigloayir.
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Sakil 3. Agiq havada (a) ve eyni bir optimal rejimda hava, oksigen va arqon miihitlorinda (b) termik
islonmadan sonra Cdo4ZnosO nazik tobagalorinin xiisusi miiqavimatinin temperatur asililiglari.

Miiayyon olunmusdur ki, nazik tobagalorin VAX-nin xarakteri tobagelerin torkibinden
asili olmagla baraber, TI rejiminden geyri-monoton asilidir (sokil 4b). Belos ki, oksigen miihitin-
da 300-400°C temperaturda 15 deqige arzinds Ti-den sonra VAX-in geyri-xotti hissalori sirf
xatti hissalarls avez olunur. 600°C temperaturda 15 daqiqge arzinds Ti-don sonra VAX-da yal-
niz xotti hissalar miisahide olunur. Bu rejimds termik iglonmadan sonra nazik tebagalar nas-
zoragarpacaq dearaceda fotohassasliq niimayis etdirir. Bels ki, tebagalerin W=100 mVt/sm?
isiglanmada VAX-1 xatti ganuna tabe olur ki, bu da onlardan yaxin UB-oblastda stabil para-
metrlors malik fotorezistorlar kimi totbiq etmaye imkan verir (sokil 5a).
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Sakil 4. Bilavasite ¢okdiirtilmadan sonramiixtalif tarkibli Cdi«Zn.O (a) ve oksigen miihitindas
miixtalif rejimlorde Ti-den sonra Cdo4ZnosO nazik tebagalarinin qaranliq VAX-1.

Sothda 6zlarini akseptor markazlari kimi aparan metal-hidroksid defektlari 6zlarini tobe-
golerin litks-amper xarakteristikalarinda da gostarir (sokil 5b). Belos ki, termik islonmadan av-
val tebagaler yalmz kigik isiglanmalarda xatti (W<20 mVt/sm?), nisbatan yiiksak intensivlik-
lards isa subxatti hissalar niimayis etdirir ki, bu da sath rekombinasiyalarmin tistiinliik tagkil
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etmoasini bir daha tesdiqloyir. Lakin optimal rejimde Ti-don sonra tabagalar genis isiq inten-
sivliklorinds yalniz xatti qanun niimayis etdirir. Oksigen miihitinde600°C temperaturda 15
dagiqe arzinds Ti-den sonra W=100 mVt/sm? isiglanmada tebagalorda isiq vo qaranliq core-
yanlarmin nisbati terkibdan asili olaraq It /Is=20-90 tagkil etmisdir.
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Sakil 5a. Oksigen miihitinde 600°C temperaturda 15 daqiqe arzinde Ti-don sonra Cdo4ZnosO nazik
tobagalarinin qaranlhq ve W=100 mVt/sm? isiglanmada VAX-1 (a) ve Cdo4ZnosO nazik tebagalerinin  bilavasita
¢okdiirtilmadan sonra vo miixtslif rejimlords oksigen miihitinda Ti-don sonra LAX-1 (b)

Notica

Sulu moahluldan elektrokimyavi tisulla alinmis Cdi«Zn.O nazik tabagalarinin elektrik vo
fotoelektrik parametrlori texnoloji ve termik islonma rejimlori ilo moagsadyonlii olaraq idars
edils bilar.

ODOBIYYAT

[1] G.Bhavana, B. Nitu, Sh. Shyambihari, J. Deepti, G. Vganesan. Materials Sciences and Applications, vol. 2, p. 643-
648, 2011

[2] Su.Xuegiong, W.Li, Ch Jiangbo, W. Xiacjing, Zh.Xin Ping. J. Phys. D:Appl.Phys., vol. 44, p.265-267, 2011
[3] Z.Yang L.Lj J.Y.Kong and J.L. Liu. Applied Physics Letters, vol. 95, p. 232-238, 2009

[4] M. Vigneshwaran, R. Chandiramouli, B.G. Jeyaprakash and D. Balamurugan. Journal of Applied Sciences, vol.12,
p-1754-1757, 2012

[5] Gokul, P. Matheswaran, R. Sathyamoorthy. J. Mater. Sci. Technol., vol.29, Nel, p.17-21, 2013
[6] G. A.Floresa, B. V'. P’erezb, A. P. Rodrigueza, M. V. Garciaa, S. C. T’elleza, J. A. Guzmana, C. Falconyc, and M. A.

Frutisa “Electrical and structural characteristics of spray deposited (ZnO)(CdO)ix thin films”//Rev. Mex.
Fis.vol.59, p.403-410, 2013

[7] HM. Mammadov , V.C. Meammadova, Daexrpraeckue cBoricta CdixZnO, DAEKTPO-XUMIIECKN OCa>KAEHHBIX
n3 pactBopos STAR-NET Magistrantlarm ve ganc tadqiqatgi-larin “Fizika ve astronomiya problemlari”
Beynolxalq Elmi konfransinin Materiallari, BDU24-25 may, soh 168-172, Baki2018,

[8] V.P. Makhniy, S.V. Khusnutdinov, V.V. Gorley. “Electrical Properties of Anisotype ZnO/ZnSe
Heterojunctions ”//Acta Phys. Polon. A, vol, 116Ne5, p. 859-861, 2009

[9] HM.Mamedov, KKordas, V.UMamedov, V.].Mamedova, KH.M.Ahmedova, E.A.Khanmamedova, Effect of
composition and heat treatment regimes on the electrical parameters of Cdi1-ZnxO films. BSU Publication Journal
of Low Dimensional Systems, vol. 2, Nel, p.28-31. 2018

[10] J. Elias, R. Tena-Zaera and C. Lévy-Clément, “Electrodeposition of ZnO nanowires with controlled dimensions for
photovoltaic applications: Role of buffer layer,//” Thin Solid Films vol. 515, p. 8553-8557, 2007

54



JOURNAL OF BAKU ENGINEERING UNIVERSITY - CHEMISTRY AND BIOLOGY

2019. Volume 3, Number 1 Pages 55-58

UOT:633.16 581.1/1

FiZIOLOJI PARAMETRLOR OSASINDA LOBYA ( PHASLOLUS
VULQARIS L.) NUMUNOSLORININ ABIOTIK STRESLORO
DAVAMLILIGININ DIAQNOSTIKASI

R.T. MIKAYILOVA, G.S. MOCIDOVA, X.S. ABISOVA, F.R. KORIMOVA, Y.E. KOLBIiYEVA
AMEA, Genetik Ehtiyatlar Inisitutu, Azadhq pr. 155, Baki, Az 1106
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XULASO

Laboratoriya seraitinde stres amillorin tesirinden xlorofil ( a+b)-nin miqdarinda geden doayisikliys gore 11
lobya niimunasinin duza ve quraqliga davamlilig1 6yrenilmisdir. Tedqiqat neticesinds 5 niimunaenin hoam duz, ham do
quraqliga yiiksek davamli oldugu askar olunmusdur. Veselka niimunasi her iki sterss hassas, t/17, AGPHA /18,
AFGO /27, “Yalgin”, Aze PHH -18 niimunalari iss bu ve ya digar stres amilo qarst davamli va ya orta davaml
kimi giymatlondirilmisdir.

Acar sozlar: lobya, xlorofil, duzluluq, quraqlq.

AVIATHOCTUMKA YCTOMUMBOCTU HA OCHOBAHUM ®U3NOAOTMYECKUX ITAPAMETPOB K
ABVMOTUMYECKHMM CTPECCAM HA OBPA3L OB ®ACOAN ( PHASLOLUS VULQARIS L.)
PE3IOME

bb1210 M3ydeHO B 1a0OpaTOpHBIX ycA0BYAX Ha 11 obpasmax gacoan n3MeHeHUe ITPOVCXOAAIIE B COAep>KaHUI
xaopoduaia ( a+b) Moa Bo3AeVICTBIIEM CTPECCOBLIX PaKTOPOB. Y CTaHOBAEHO UTO, ITATH 06pa3Ij0B OKa3aAuCh BBICO-
KoycroitunsbIMy, a Veselka okasaacs 4yBCTBUTEABHBIM K 000MM cTpeccoBbIM (akTropaM. OljeHKa yCTOIMBOCTI
U CpeAHeyCTOIYMBOCTY K TOMY MAU MHOMY cTpeccoBoMy ¢aKTopy Ob110 nsydeno Ha t/17, AGPHA /18, AFGO /27,
“Yal¢in”, Aze PHH -18 .

Karouesbre caoBa: pacoa,xaopoduna, 3acoaennite, 3acyxa.
DIAGNOSIS OF ABIOTIC STRESS RESISTANCE OF BEAN SAMPLES ( PHASLOLUS VULQARIS L.)
BASED ON PHYSIOLOGICAL PARAMETERS
ABSTRACT

It was tested resistance of 11 bean samples against salt and drought due to changes of (a+b) chlrophyll amount as
a result of stress factors under laboratory conditions. During studies 5 samples were found to be resistant against
both salt and drought. The sample Vesekla was assessed as sensitive to both factors, while t/17, AGHA/18, AFGO/27,
"Yalchin", AZE PHH-18 samples reflected medium resistance against this and other stress factors.

Key words: bean, chlrophyll, salt, drough.

Giris

Yer kiirasinda bas veran iglim dayisiklikleri giinti giindan ekoloji voziyyatin agirlasmasi-
na, quraqliq ve duzluluq kimi stres amillarin siiratlo artmasina sebab olur. Hazirda istifada
olunan torpaq sahalarindan 26%-den ¢coxunu quraqliq stresi, 20%-ni ise duzlulugq stresi tutur.
Biitiin canli orqanizmler, o ciimladan bitkilar 6z hayat faaliyysti dovriinds daima yasadiqlari
atraf miihit amillsrinin tesirine maruz qalirlar. Orqanizimlarin xarici miihit amillerins cavab
reaksiyalar1 imumi xarakter dasiyir. Bunlar tebii serait deyismalari ( quraqliq, duzlulug, ra-
diasiya, yiiksok vo asag1 temperatur vo s.), infeksion (viruslar, bakteriyalar va s.) va ya digar
antropogen amillor ola bilar. Bitkilorin yasamasi ve 6z hayat faaliyystini davam etdirmasi
ti¢lin onlar dayisilmis xarici miihit amillarins qars: adaptasiya olunmalidirlar. [1]
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Cari dovriin aktual problemlarinden biri deayisikliye ugramis srazilerde stres amillare
qarst davamli , eyni zamanda iqtisadi shamiyyet kesb edan yeni bitki sort ve formalarmin
yaradilmasi ve becerilmasidir. Stress davamli gen manbalerinin miisyyenlagdirilmasi ve on-
lardan praktiki seleksiyada donor kimi istifads olunmas1 hazirda seleksiya islarindes qarsiya
goyulan an vacib problemlardendir. Bu problemin halli, ilk névbads genetik ehtiyatlarin, xii-
susile, yabarn1 ve itmak tohliikasi qarsisinda olan genotiplorin toplanmasi ve onlarin mole-
kulyar genetik saviyyada tedqiqini teleb edir.

MBolumdur ki, geyri alverisli miihit amillorinden olan quraqliq ve duzluluq bitkilarin fi-
zioloji statusuna tesirinden alave fotosintezin normal gedisine do tesir edir. Homginin sters
amillerin tasiri zaman yagil plastidlerin dagilmas: bag verir ki, bu da tabii olaraq xlorofilin
miqdarmin deyismasine sabab olur. Odur ki, bitkilarin stres amillore davamliliq daracesinin
Oyroanilmasinda stresin tesirinden yarpaqlarda xlorofil (a+b)-nin miqdarinda bas veran dayi-
sikliklarin tedqiqi 6namli yer tutur.

Buna asaslanaraq tadqiqatimizda stres amillarin tesirinden yarpagqlarda xlorofil (a+b)-nin
miqdarinda bag veran dayisikliklara gors bitkilerin davamliligin1 miisyyan etmayi qarsimiza
magsad qoydugq.

Toadqiqat obyekti olaraq paxlal bitkilor gotiirtilmiisdiir. Paxlal bitkilarin istifade sahaleri,
insan heyatinda rolu ¢ox boyiik, harterafli ve rengarangdir. Bu miixteliflik bitkilarin ziilal,
avazolunmaz amintursular, yag, vitamin ve minerallarla zongin olmasindan irali golir. Beloa
ki, bunlarin toxumalarinn tarkibi ziilal, avezolunmaz amintursularinin hamusi ila: triptofan,
lizin, metionin, valin, treonin, fenilalanin, leysin, izoleysinla zengindir. Canli orqanizmin
boyiimasinds ve inkisafinda vacib olan amin tursularmin ¢atismamasi maddalor miibadilosi-
nin pozulmasina ve xastaliklors gotirib ¢ixarir. Bu bitkilarin ziilallarinin xarakterik xtisusiy-
yati onlarin suda, neytral duz mahlulunda asan hall olmasidir. Ziilal ns godar asan hall olsa,
o bir o gqodards insan ve heyvan orqanizmi terafinden asan manimsenilir. Danli paxlalilarin
toxumlarindaki ziilalin miqdar: taxillardan 2-3 dafs ¢oxdur. Paxlali bitkilerin bir niimayen-
dasi olan lobyanin ( Phaslolus vulgaris L.) insan orqanizmi {i¢iin miihiim shemiyyati var. Birin-
cisi ziilal menbayidir. Yasil paxlalar1 ve denleri diger paxlalilar kimi bitki ziilal1 ilo zengindir.
Ozalaler iiciin bir tikinti materialidir. Tkincisi kobud liflidir, onlar bagirsaqlari toksin va slaklar-
dan tomizlayir. Elaco do mikroelementlarls, mineral maddslarls ve vitamin K ils zengindir.

Material vo metodika
Tadgiqat tiglin lobyanin ( Phaslolus vulgaris L.) 11 nlimunasi gotiirtilmiisdiir.

Tadqiq olunan lobya niimunslerinin cigekloms fazasinda yarpaqlar1 gotiiriilarek onlar-
dan dairacikler alds edilmisdir. Dairaciklar distile suyuna, 20atm saxaroza ve 2%-1i NaCl mah-
lullarmna 24 saat miiddatine yerlagdirilmisdir. 24 saatdan sonra stres verilmis dairaciklar siiziil-
miis, filter kagiz1 ile qurudularaq 96%-li spirte kecirilmisdir (Q.V. Udavenko va E.A. Qonga-
rova). [2]

7 giin arzindas yarpaq dairaciklarinda xlorofilin spirte kegmasi basa ¢atmis, xlorofilin miq-
dar1 spektrofotometrds (UV-3100PC) 2dalga uzunlugunda (E665-E649), karotinoidlar iss 450
nm dalga uzunlugunda tayin edilmisdir. Stres tesirinden sonra pigmentlarin (x1”a” va x1”b”)
nazarats gors dayisilme faizini miiqayise etmakls stres-depresiya daracasi tapilmis ve hamin
niimunalarin stres amillars na daracads davamli olmas: miiayyen edilmisdir. Stres tosirinden
pigmentlarin miqdari na qadar az dayisilirse niimunalar bir o gadar davamli olurlar.
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Fizioloji parametrlar asasinda lobya ( Phaslolus Vulqaris L.) niimunalarinin abiotik streslara davamliliginin diagnostikasi

Tadgqiqat isinin miizakirasi

Malumdur ki, bitkilarin stres amillare davamliliginin teyin eden diagnostik metodlardan
biri de stresin tesirinden bitki yarpaqlarinda xlorofil (a+b)-nin miqdarinda bas veran dayis-
molarin dyranilmesidir. Tadqgiqat 11 lobya niimunasi {izerinds aparilmisdir. 20 atm saxaroza
va 14 atm NaCl mahlullarinda stres almus bitkilarin yarpaqlarinda xlorofil (a+b)-nin miqdar:
nazaratlo miiqayisali sokilds todqiq olunmusdur. Oyrenilan lobya niimunalari stres amillors
miixtolif dorocads reaksiya vermisdir. Bazisinde xlorofil (a+b)-nin miqdar1 nazarate nisbaton
azalmis bazisinds ise bu miqdar artmisdir ( Cadval ) [3].

Oyrenilon lobya niimunslorindan 5-i her iki stress yiiksok davamliligt ilo segilmisdir.
Bunlardan t/15, Yerli-3, St.Qalibiyyat, K-15274, Otrada lobya niimunalaridir.

t/15 niimunasinde quraqliq stresinin tasirinden xlorofilin artim miqdar1 17%, duzluluqda
9%-dir, Yerli-3 nlimunasinds quraqligin tesirinden xlorofilin miqdarinda heg bir deyisiklik
getmomisdir. Duzun tasirinden ise 4% artim miisahids edilmisdir.

K-15274 ntimunasinds xlorofilin artim miqdar1 quraqliqda 26%, duzluluqda ise 31% ol-
musdur. St.Qalibiyyat sortu duza nisbaton quraqliga daha ¢ox davamlidir. Quraqliqda xloro-
fil (a+b)-nin miqdarinda 6% artim miisahide olunmusdur. Ortrada sortu ise quraqliga nisbe-
ton duza daha ¢ox davamliliq gostarmisdir. Stres amillarinin tesirindan xlorofilin migdarmin
artmasi onlarin sters amillara adaptasiyasinin naticesidir ve bu hal adstan yiiksek davamliliq
genotplarinds miisahids olunur.

Todqgiqatda hem da stres amillerinin tasiri zamani karatinoidlsrin miqdarinda geden de-
yisikliklor do dyranilmisdir.

Cadval . 11 lobya niimunasinin xlorofil (a+b)-nin migdarinda geden dayisikliya
gora quraqliq ve duzlulugq stres amillare davamliligimnin tayini

Ca+Cb
Sira Xlorofilin (a+b) miqdar1 (vahid yarpaq sahasinda mkgq-larla) gostaricilari:
N-si (nazarata goro
Niimunanin | Moans %-13)
ad1 ayi Noazarot Quraqhq Duzluluq Qura | Duzl
qhq | uluq
a b atb a b a+b a b atb
1 t/15 Mosk | 5,50 2,37 7,74 | 6,11 2,92 9,03 592 | 255 | 847 117 109
va
2 t/17 Qusa | 561 | 328 | 889 | 538 | 283 | 821 | 514 | 233 | 466 92 52
r
3 Yerli-3 AZE | 417 | 187 | 604 | 396 | 210 | 606 | 434 | 19 | 630 100 104
4 AGPHA /18 Ordu | 512 2,21 7,33 533 | 2,70 8,03 | 491 1,87 | 6,78 109 92
bad
5 AFGO /27 Nuxa | 4,62 2,21 6,74 | 437 | 2,50 687 | 410 | 2,00 | 610 102 90
St. Qalibiyyet | URBI | 577 | 261 | 838 | 577 | 308 | 885 | 564 | 275 | 839 106 100
Veselka Ukra | 356 | 1,96 | 552 | 270 | 1,58 | 428 | 299 | 1,74 | 473 77 86
yna
8 K-15274 URBI | 426 | 1,77 | 603 | 518 | 242 | 760 | 565 | 231 | 7,9 126 132
9 “Yalgm” GEl | 413 | 205 | 618 | 372 | 198 | 570 | 326 | 158 | 484 92 78
10 AzePHH-18 | Lenk | 436 | 195 | 631 | 393 | 233 | 626 | 444 | 2,07 | 651 99 103
aran
11 Otrada Ukra | 598 | 229 | 827 | 571 | 253 | 824 | 672 | 2,60 | 932 100 113
yna
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Sakil . Vahid yarpaq sahasinds karotinoidin miqdar: (mkq-la)

Karotinoidler bitkiden aktiv oksigen dasiyicisi sayilir va oksidlagma proseslarinda isti-
rak edirlar. Onlar is1g1 avvel udaraq xlorofils Gtiiriirler. Karotinoidler ham das xlorofilin oksid-
lasma zamani parcalanmasinin qarsisini alir. Stres amillarinin tasirinden karotinoidlarin miq-
darinda da noazaratle miiqayiseds artim miisahide edilmisdir. Buna sebab streso diismdiis xlo-
rofillari avvalki vaziyyetine qaytarmagq tiglin karotinoidlorin miidafie vazifasini yerine yetir-
mosidir ki, bu da onlarin miqdarinin artmas: ilo miisahide olunur. Bu dayisikliklor sokilda
gOstarilmisdir.

Notica

11 lobya niimunosinin tadqiqi naticesinds duza ve quraqhiga davaml 5 genotip: t/15, Yerli-3,
St. Qalibiyyet, K-15274, Otrada askarlanmusdir ki, onlardan da golacok seleksiyada donor kimi
istifade olunmasi maslohat goriiliir.
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ABSTRACT

N-Boc-1-azafagomine 2 was synthesized in a high yield based on pure (S)-(1,2,3,6-tetrahydropyridazin-3-yl) metha-
nol, which was obtained by Lewis acid catalyzed and self-assembled Diels-Alder (LACASA-DA) reaction.In order to
keep N-1 position as the only nucleophilic center for further cyclization N-2 position was protected by reaction with Boc
(di-tert-butyl dicarbonate) anhydride. The interaction of N-Boc-1-azafagominewith bis(trichloromethyl)-carbonate (trip-
hosgene) in the presence of DIPEA leads to theformation of new bicyclic 1-azafagomine analogues. Deprotection oftert-
butyl (S)-7-oxo-4a,5-dihydro-7H-oxazolo[3,4-b] pyridazine-1(2H)-carboxylate 3was occurred by hydrogenation under
TFA in DCM at room temperaturewhich allowed to obtain the final compound 4 in good yield. Newly synthesized
compounds 2, 3 and 4 were investigated against fungi Candida albicans and promising results were obtained.

Keywords: Azasugars, 1-Azafagomine, LACASA-DA reaction, biological activity.

CHMHTE3 HOBBIX BUITVKANMYECKNX AHAZ1OT'OB A3ACAXAPOB
V ICCAEAOBAHME VX BUOAOTMYECKOWV AEATEABHOCTU

PE3IOME

N-Boc-1-azadgaromus 2 011 CHHTE3MPOBaH € BLICOKMM BBIXOJOM Ha OcHOBe urctoro (S) - (1,2,3,6-TeTparuaporm-
p14a3VH-3-111) MeTaHOAa, KOTOPEINI B CBOIO OdepeAb OBL1 IOAYUeH IO KaTaAM3MpPyeMOll KICAOTo /lplonca 1 caMo-
coOpanHoI1 peakumeit Anansca-Aabaepa (LACASA-DA). Uto6n1 coxpanuTs noaokeHre N-1 B KauecTse e AMHCTBEHHO-
TO HyKA€O(IABHOTO IIeHTpa AAs AaAbHeNIIel IMKAM3aIuy, oaoxenye N-2 65110 3alUIeHO peakIifuerl ¢ aHIApi-
oM Bok (au-Tper-6ytnaaukap6onara). Bsaumogerictsue N-bok-1-asadaromuna ¢ 6uc (TpuxaopMeTia)-KapOoHaTOM
(tpudocrenom) B mpucyrcrsuy DIPEA mpusoanT K 0Opa3oBaHIIO HOBBIX OMITMKAIIECKMX aHaA0roB 1-azadparommHa.
Crartue sammTsl TpeT-0yTna (S) -7-okco-4a, 5-aurnapo-7H-oxcazoa0 [3,4-b] mupnaasnun-1 (2H) -kapbokcnaata 3 po-
ncxoauao rugpuposanveM 8 TOK 8 AXM npu KOMHaTHOM TeMIiepaType, KOTOpOe ITO3BOAMAO IIOAYYUTh KOHEYHOe
coeAViHeHe 4 ¢ XOpOIIM BbIXOA0M. HoBbre crHTesmpoBaHHbIe coeavHeHN 2, 3 11 4 ObLAV MCCAeA0BaHBI B OTHOIIEHUN
rpuoos Candidaalbicans 11 moay4densr MHOTOOOeIaIONTe Pe3yAbTaTHL.

Karouesbie caoBa:Azacaxapa, 1-asadparomus, peakuyst LACASA-DA, 61oaorirdeckas akTUBHOCTb.

YENI BiSILIK AZAFAQOMIN ANALOQLARININ SIiNTEZi VO
ONLARIN BiOLOJi AKTiVLiYININ OLCULMOSI
XULASO

N-Boc-1-azafagomine 2 birlosmasi (S) - (1,2,3,6-tetrahidropiridazin-3-il) methanol asasmnda yiiksok ¢ximla sintez
edilmisdir hansi ki, Lusi tursusu katalizatoru istirakinda Dils-Alder (LACASA-DA)reaksiyasi asasinda oalds edilmisdir.
N-1 vaziyyetini nukleofil markez olaraq saxlamaq magqsadilse N-2 vaziyysti Boc (di-tert-butil dikarbonat) anhidridi ile
protekto olunur. N-Boc-1-azafaqomina Bis (triklorometil) karbonat (trifosgen) ve diisopropiletilamin (DIPEA) ils tesir
edarak yeni bisiklik 1-azafagomin analoglari sintez edilmisdir. tert-Butil (S)-7-okso-4a,5-dihidro-7H-oksazolo[3,4-b] piri-
dazin-1(2H)-karboksilat TFA tursusu istirakinda otaq temperaturunda deprotekte olunaraq hindogenlasmasi nazardes
tutulan 4 birloagsmesinin yiiksek ¢rxamla alinmasina gatirib ¢ixarir.Yeni sintez edilmis 2,3,4 birlosmaleri fungi Candida al-
bicans slehina bialoji aktivliyi arasdirilmis ve arzu olunan natice alde edilmisdir.

Acar sozlar: Azagokerler, 1-azafagomin, LACASA-DA reaksiyasi, bioloji aktivlik.

Introduction

Several biologically active natural and unnatural compounds consist of heterocycles contai-
ning an N-N bond. 1-Azafagomine are well-known six-membered compounds with cyclic
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hydrazine skeleton. 1-Azafagomine and related aza-sugar derivatives are known as potent
glycosidase inhibitors[1,2].Several glycosidase inhibitors have found use in treatment of various
disorders like diabetes[3,4],viral infections [5],and, more recently, also influenza[6].In the early
modern phase of discovery, advances in the pharmaceutical use of iminosugars occurred on an
eclectic background of discovery in veterinary medicineand animal nutrition [7].Iminosugars
have shown potential as therapeutics toward viral and bacterial infections.Because of the rise of
infections from antibiotic-resistant bacteria such as methicillin-resistant Staphylococcus
aureus(MRSA) and vancomycin-resistant Enterococci (VRE), it is ofgreat interest to develop new
drugs targeting the conservedregion of the bacterial cell wall [8]. Peptidoglycan transglycosylase
(TGase) is the enzyme responsible for catalyzing thepolymerization of (31,4-linked N-
acetylglucosamine-N-acetylmuramic acid (GIcNAc-MurNAc)n disaccharide of lipid II to form
the bacterial cell wall [9]. TGases are attractive targets for antibacterial agents because they are
essential enzymes located on the external cell surface and because no eukaryotic counterpart is
known [10,11].

The biological activity of this compound seems to be dependent on its conjugated ammoni-
um form mimicking the transition state for glycoside cleavage. The most potent and selective in-
hibitors of carbohydrate-processing enzymes on the monosaccharide level are the azasugars, and
thus this type of compound can be anticipated to lead to promising drug candidates in the future.

Further, not only monocyclic derivative of iminosugars are attractive for researchers but also
bicyclic iminosugars have attracted a great deal of attention because of their high and specific
glycosidase inhibitory activity, which has been attributed, in part, to their rigid structure.

Result and Discussion

To keep N-1 position as the only nucleophilic center in the molecule for further cyclization
in reaction with triphosgene, N-2 position was protected by reaction with Boc (di-tert-butyl
dicarbonate) anhydride giving N-Boc-1-azafagomine 2 in 93% yield.

HO
NH DIFEA, :
NH _NaOH.BocQ_ "'?g;;—’ene
EO'-I

The treatment of 2 with triphosgene in the presence of DIPEA under inert atmosphere gives
the novel purposed product 3 in just 5 minutes with the 90% yield after purification with column
chromatography. Deprotection of compound 4occurred by hydrogenation under TFA, in DCM
at room temperature led to the final compound.

(o]
o
=0
o
N TEA ;
| | —_— I‘il
N ~ DCM NH
Boc
3 4

The structure of the obtained compounds were confirmed on the basis of IR,'H NMR,3C
NMR and HRMS (ESI) spectra.

As noted at the outset, azo-sugars are known as compounds with high biological activity
and have a wide range of effects against various microorganisms. The biological activities of
compounds 2, 3 and 4 were investigated against Candida albicans.
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Ta6avmia 1. Biological activity of compounds 2, 3, 4

Inhibition zone ®, %
Investi i Zonal diffusi
vestigated Microorganism Concentration, Disc-diffusion onal di fuflon
compounds pg/ml method, %
method, %
0.1 ma 0.2 ma
2 58 61,8 66,7
3 Candida albicans 15 75 84,2 87,1
4 89 922 94

The biological activities of compounds 3 and 4 were studied by the method of zonal diffu-
sion and disco-diffuse method (Table 1). It was found that all investigated compounds showed a
sufficiently high effect of the delay in the growth of a microorganism by both methods and, ac-
cordingly, can further act as candidates for the role of antifungal drugs.

Experimental

Solvents were distilled under anhydrous conditions. All reagents were purchased and used
without further purification. Glassware was dried prior to use. Compounds were purified by dry
flash chromatography using silica 60, <0063 mm and water pump vacuum or by flash-chromato-
graphy using silica 60 A 230-400 mesh as stationary phases. TLC plates (silica gel 60 F254) were
visualized either at a UV lamp or in 12. 'H NMR and *C NMR were run on a Bruker Avance III
400 spectrometers.((measuring frequency: 'H NMR = 400 MHz, *C NMR = 100.6 MHz) Infrared
spectra were recorded on a Bomem MB 104. Samples were run as oils as thin films. Melting points
are uncorrected. MS spectra were recorded on a Varian 500-MS LC Ion Trap Mass and VG
Autopsic M spectrometer. Specific rotation was determined by AUTOPOL III polarimeter.

Elemental analysis was performed on the analyzer Carlo Erba 1108.

NMR experiments

The NMR experiments have been performed on a BRUKER FT NMR spectrometer AVANCE
400 (Bruker, Karlsruhe, Germany) (400 MHz for 'H and 100.6 MHz for *C) with a BVT 3200
variable temperature unit in 5 mm sample tubes using Bruker Standard software (TopSpin 3.1).
The 'H and *C chemical shifts were referenced to internal tetramethylsilane (TMS); the experi-
mental parameters for 'H are as follows: digital resolution = 0.23 Hz, SWH (spectral width in Hz)
= 8224 Hz, TD (time domain) = 65 K, SI (Fourier transform size) = 32 K, 90 pulse-length = 10 ps,
PL1 (power level for F1 channel) = 3 dB, ns (number of scans) =1, ds (number of dummy scans) =
0, d1 (relaxation delay) =1 s and for *C as follows: digital resolution = 0.27 Hz, SWH = 25253 Hz,
TD=65K, SI=32K, 90 pulse-length =9 us, PL1 =2 dB, ns =100, ds=2, d1 =3s.

HSQC: pulse program = hsqcetgp, digital resolution = 1.97 Hz, SWH = 5342, TD = 4096, SI =
1024, 90 pulse-length =20 pus, PL1=3 dB,ns=4, ds=16,d1=1.5s.

HMBC: pulse program = hmbcgplpndgf, digital resolution = 1.97 Hz, SWH = 6810, TD =
4096, SI = 2048, 90 pulse-length =20 ps, PL1=3 dB, ns=24, ds=16,d1=1.5s.

The NMR-grades DMSO-ds, CDCls, CDs0D, D20 was used for the solutions of 1-7.
IR experiments

Infrared spectra were recorded on a Bomem MB 104. Samples were run as oils as thin films.
The spectrum was taken in the range of 4000-400 cm™ at room temperature.
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MS experiments

MS spectra were recorded on a Varian 500-MS LC Ion Trap Mass and VG Autopsic M
spectrometer.

Synthesis (5)-(1,2,3,6-tetrahydropyridazin-3-yl) methanol (1). To a stirred solution of
cycloadduct2 (0.119 g; 0.461 mmol) in THF (2 mL) was added 2ml of 2M NaOH. The mixture
was left under reflux for 3h. After cooling down THF (2 ml) and a suspension of Amberlite (H*)
in water was added to the reaction mixture. The mixture was swirled to promote contact and
then immediately filtrated under vacuum. The solvent was evaporated. By adding acetone,
water was co-evaporated in the rotary evaporator giving yellow oil (0.048 g; 91.0 %). [a]p® -20°
(conc. 0.3% in EtOH). vmax (neat): 3422 (N-H), 1643 (C=C) cm™.. o1 (400 MHz, D:0) 6.01 (1H, ddd, |
=24, 5.6, 10.4 Hz H-5), 5.79 (1H, ddd, J=2.0, 4.4, 10.4 Hz, H-4), 3.65-3.57 (2H, m, H-3), 3.54-3.48
(1H, m, H-3), 3.35 (1H, ddd, J=2.8, 5.2, 17.6 Hz H-6), 3.24 (1H, ddd, ] =2.6, 3.2, 17.2 Hz, H-6) ppm.
dc (100.6 MHz, D:0) 127.4 (C-4 or C-5), 125.0 (C-5 or C-4), 62.5 (C-3), 54.8 (C-3), 44.2 (C-6) ppm.
HRMS (ESI): caled for CsHioN20 [M+H] * 114.0793; found: [M+H]* 115.0165. Anal. Calcd. for
CsHioN20: C, 52.63; H, 8.77; N, 24.56. Found: C, 52.67; H, 8.74; N, 24.51.

Synthesis of tert-butyl (S)-3-(hydroxymethyl)-3,6-dihydropyridazine-1(2H)-carboxylate
(N-Boc-1-azafagomine) (2). To a stirred solution of compound 3 (0.044 g; 0.385 mmol) dissolved
in ethanol (10 mL) was added solid NaOH (0.015 g; 0.385 mmol) and Boc:O (0.015 g; 0.385
mmol). The reaction mixture was left under magnetic stirring for 1 h at room temperature. Then
the mixture was filtrated through a pad of celite and washed thoroughly with ethanol. The
solution was concentrated to give a yellow solid. The yellow solid was dissolved in acetone,
filtrated and the solution evaporated to give a yellow oil (0.077g; 93%)[a]o® + 67° (conc. 0.78 % in
DCM). vmax(neat): 3269 (OH), 1694 (CO) cm™. ou (400 MHz, D20) 5.96 (1H, br d, ] =8.8, H-5), 5.90
(1H, bd, ] =8.8, H-4), 4.09 (1H, bd, ]<10.0 Hz, H-6), 3.96 (1H, bd, ]=10.0 Hz, H-6), 3.68-3.56 (3H, m,
H-3, H-3), 1.50 (9H, s, C(CHs)3) ppm. dc (100.6 MHz, D20), 156.8 (C=0), 125.1, 125.0 (C-4 and C-
5), 82.7 (C), 61.8 (C-3), 55.9 (C-3), 27.6 (C(CHs)s) ppm. HRMS (ESI): calcd for CioH1sN20s [M+H]*
214.1317; found: [M-H]-213.1591. Anal. Calcd. for CioHisN20s: C, 56.07; H, 8.41; N, 13.08. Found:
C, 56.11; H, 8.37; N, 13.05.

Synthesis of tert-butyl (S)-7-oxo-4a,5-dihydro-7H-oxazolo[3,4-b] pyridazine-1(2H)-
carboxylate (3). To a stirred solution of compound 4 (0.114 g; 0.532 mmol) in dry DCM (10 ml)
was added DIPEA (10 equiv.; 0.93 mL; 0.532 mmol) and triphosgene (0.5 equiv.; 0.077 g; 0.532
mmol). The mixture was left stirring under nitrogen for 5 min at room temperature. The solvent
was removed, and the residue was purified by column chromatography (EtOAc : Pet. ether,
1:1)to give yellow oil (0.077g; 93%). [a]p® +30° (conc.0.4% DCM). vmax (neat): 1717 (C=0) cm™. du
(400 MHz, DMSO) 5.89 (1H, dm, | 8.8) 5.86 (1H, (1H, ddd, J=8.4, 4.8, 2.0 Hz), 4.02 (2H, dd, ]=4.8,
24 Hz), 3.71 (1H, br s), 3.55 (1H, dd, J=11.2, 4.8 Hz), 3.46 (1H, J=11.2, 7.2 Hz) ppm. dc (100.6 MHz,
DMSO-ds), 153.6 (CO), 152.6 (CO), 124.5-123.8 (C-H, Ar), 83.0, 81.6 (Cq), 60.4, 59.9 (CH:0), 56.2,
55.6, 53.0 (CH), 43.8, 43.3 (CH2N), 27.9, 27.8, 27.7, 274 (CHs) ppm. HRMS (ESI): calcd for
CuHieN20: [M+H]* 240.0793; found: [M+H]* 241.0165. Anal. Calcd. for CuHisN204: C, 55.00; H,
6.66; N, 11.66. Found: C, 55.05; H, 6.63; N, 11.69.

Synthesis of (S)-1,2,4a,5-tetrahydro -7H-oxazolo[3,4-b] pyridazine-7-one (4). To stirred
solution of 5 (0,138 g; 0.574 mmol) in DCM (11 ml) was added TFA ( 2,76 ml; 0.574 mmol ) left it
to stir for 2h . The crude was portioned between sat.ag NaHCOs and EtOAC (3x30 ml). The
layers were separated the organic dried MgSOs and concentrated to give yellow oil. For
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purification the column was applied to obtain yellow oil ( 2:1 EtoAc : P/ether) (0.061g; 76%) Vmax
(neat): 2926 (N-H), 1788 (C=C), 1729 (C=0) cm™. (400 MHz, CDCls) 6.10-6.00 (1H, m, Hc or Hp ),
5.87 (1H, bd, ] 8.4 Hz, Hc or Hp ), 4.62 (1H, dd, ] 8 Hz, 1.2, Hr or Hc), 4.58-4.52 (1H, m), 4.50-4.45 (
1H, m), 4.26-4.2 (2H, m), 4.03-3.9 (1H, ddd, ] 184, 3.6, 2.0 Hz, Ha or Hs) ppm. dc (100.6 MHz,
CDCl), 156.6-156.4 (CO), 125.9, 125.8, 124.7, 124.3 (CH), 67.10, 67.12 (CH20), 53.7, 52.9 (CH), 47.6
(CH:N), 39.7 ( CHzN) ppm. HRMS (EI): m/z caled for Co6HS8N202: 140.0586 [M+H]", found:
[M+H]* 140.0585.

Method for determination of biological activity. The biological activity of compounds 2, 3
and 4 against Candida albicans was determined by both the disc-diffusion and zonal diffusion
methods. Test compounds were dissolved in an appropriate solvent. Equal volumes of microbial
flora (1 ml) were layered on Petri dishes with selective medium for each pathogen, using a
standard inoculum, corresponding in density to 0.5 standard Mac Farland, containing
approximately 1.5 ¢ 108 CFU/ml.

The inoculum was used for 15 minutes after preparation. On the surface of the nutrient
medium using a sterile bacterial drill were made wells with 4-5 mm deep, where 0.1 and 0.2 ml
of the studied samples of appropriate concentration were added, and further we determined the
suppression zone diameters of microbial growth after 24 hours incubating in an incubator at
37°C. Results were compared with controls. The control plates with the nutrient medium were
placed with bacterial microflora with a solvent, but without testing new synthesized
preparations in order to study the effect of the solvent on the biological properties.
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ABSTRACT

The present study has been conducted to evaluate the selection criteria for identification of drought tolerance
in Triticum durum, so that suitable genotypes can be recommended for cultivation in drought-affected areas of the
country. In order to determine suitable stress tolerance indices for screening of genotypes under drought
conditions, grain yield of the samples under both non-stress and stress conditions was measured and different
drought tolerance indices including Stress Susceptibility Index (SSI), Stress Tolerance (Tol), Mean Productivity
(MP), Geometric Mean Productivity (GMP), Stress Tolerance Index (STI), Harmonic Mean (HM) were calculated.
The correlation coefficients with 5% and 1% probability levels between Yp, Ys and indices of drought tolerance
were determined. The principal component analysis (PCA) and biplot were used to identify the main components
of drought tolerance and to classify the genotypes studied into groups by degree of their stress tolerance.

Key words: stress tolerance indices, correlation, principal component analysis.

CKPVHMHI TEHOTUITOB TBEPAOM ITIIIEHULIBI HA 3ACYXOYCTOMUYMBOCTD
HA OCHOBE MHAEKCOB CTPECCOYCTOMYMBOCTA

PE3IOME

JaHHOe 1ccaejoBaHMe OBLAO IIPOBEAEHO AASl OLIEHKN KpUTepUeB OIlpejeleHNs 3acyXOYCTOIUMBOCTI TBepAOIt
IIIEHNITB], C IeAbI0 IToCAeAYIOIell peKOMeHAAIINN ITOAXOASIIVIX TeHOTUIIOB AAS BRIPAIMBAHIL B 00AACTsX CTPaHBL,
roasep>keHHbIX 3acyxe. C I1eapl0 OIlpededeHus] IOAXOAAIIUX MHAEKCOB CTPeCcCOyCTOMUMBOCTU AAsl CKPUHMHIA
TEHOTUITOB B 3aCyIILAMBEIX YCAOBMAX OBIA TOACYMTAH ypo’Kall 3epHa B KOHTPOJABHBIX M CTPECCOBBIX YCAOBMIAX,
BBIUVMCAEHBl pPa3ANyHble MHAEKCHl 3aCyXOyCTOMUMBOCTY, BKAIOYasl MHAEKC YYBCTBUTeABHOCTM K crpeccy (SSI),
ToaepanTHocTh (TOL), cpeamioro mpoAykTusHOCTE (MP), cpeaHIOI0 reoMeTpirdecKyto IpoAyKTusHOCTh (GMP), mHaexc
ToAepaHTHOCTHI K cTpeccy (STI), rapmonnueckyio cpeanioo (HM). BeLan ornpesesensr ko PuIeHTs KOPPeASIIIIN C
5% m 1% ypoBHEM BepOATHOCTU MeXJAy YpP, YS M MHAeKCaMM 3acCyXOYCTOMYIMBOCTH. AAsI BBIABAEHIS OCHOBHBIX
KOMITOHEHT 3aCyXOYCTOMUIMBOCTY M KAACCU(PUKAIIUY V3YJeHHBIX TeHOTUIIOB IO CTeTIeHM YCTONMYMBOCTU K CTpeccy
JICIIO/b30BaHBbl aHaAM3 rAaBHBIX KOMITOHeHT (PCA) n 6u-1110T.

Karouesbie ca0Ba: MHAEKCHI CTPECCOYCTOMYMBOCTH, KOPPEASIINS, aHAAN3 TAaBHBIX KOMITOHEHT.

STRES® DAVAMLILIQ INDEKSLORI 9SASINDA BORK BUGDA GENOTIPLORININ
QURAQLIGA DAVAMLILIGA GORO SKRININQIi
XULASO

Hazirki tadgiqat bark bugda niimunslsrinin quragliga davamliiq meyarlarmmin qiymetlondirilmasi vo uygun
genotiplarin sonradan 6lkenin quraqliga meylli srazilarinds becarilmasi tigiin tdvsiye etmak magsadi ilo aparilmisdr.
Quraglq seraitinds genotiplerin skriningi tigiin uygun olan stress davamliliq indekslarinin miisyyen edilmasi
magqsadile mahsuldarliq gostaricilari suvarilma va stres soraitinds hesablanmus, stresa hassasliq indeksi (SSI), tolerantliq
(TOL), orta mehsuldarhq (MP), orta handasi mahsuldarliq (GMP), streso davamliliq indeksi (STI), harmonik orta (HM)
daxil olmagla miixtslif quraqhga davamliliq indeksleri hesablanmisdir. Yp, Ys ve quraqhga davamliliq indekslari
arasinda 5% ve 1% ehtimalligla korrelyasiya smsallar1 miioyyon edilmisdir. Quraghiga davamhiligin asas komponentls-
rini miisyyen etmak ve todqiq olunan genotiplari stress davamliliq daracasine gore tesnif etmak iigiin asas komponent-
lor analizi (PCA) va biplotdan istifads edilmisdir.

Acar sozlar: stress davamliliq indekslari, korrelyasiya, asas komponentlarin analizi.

Nowadays cereals are the most important crops in the world with annual production
reached 2,6 billion metric tons in 2018 [1]. After rice and corn, wheat holds the third position with
725 million tons produced last year [1].
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Wheat is a principal source of energy, protein and dietary fibers in human nutrition. About
65% of wheat grain is directly used as food for humans, and the rest is consumed by livestock. In
Azerbaijan wheat takes up about 36% of the total cultivated area [13].

In general, wheat is more adaptable to a wide range of growth conditions than other major
cereal crops. Although there are numerous factors limiting agricultural productivity like
diseases, insects, environmental fluctuations but drought is considered to be the main limitation
in the areas with rain-fed cultivation. Yield losses from different diseases have been considerably
reduced, due to the development of resistant varieties, but drought stress is still the major yield
constraint. It affects many biochemical processes and prevents the expression of plants’ full
genetic potential [9].

Nowadays the world population is growing continuously and natural resources, including
water resources, are also being depleted out. Ensuring stable high yields under such conditions
requires selection of drought-tolerant cultivars with high water use efficiency.

Drought indices which provide a measure of drought tolerance based on loss of yield under
stress conditions in comparison to normal conditions are used for screening of drought-tolerant

genotypes.

The present study was carried out in order to assess the selection criteria for identification of
stress tolerant durum wheat genotypes, which can be recommended for further cultivation in
drought-affected areas of Azerbaijan.

1. Material and methods
1.1. Experimental design and materials

Fifty varieties of durum wheat (Triticum durum Desf.) listed in Table 1 were obtained from
National Genbank of Azerbaijan Genetic Resources Institute, Azerbaijan National Academy of
Sciences. The research was including two different experiments. In each experiment, fifty
genotypes were sown in a randomized complete blocks design (RCBD) with two replications
during 2015-2016 growing season. One of the experiments was carried out at Gobustan Regional
Experimental Station (drought stress) and the other experiment was conducted under non-stress
conditions at Absheron Experimental Station of Genetic Resources Institute, Azerbaijan National
Academy of Sciences (with supplemental irrigation). Gobustan Regional Experimental Station
located in rainfed conditions on the mountain slopes of Shirvan region is characterized by
continental climate with mean annual precipitation of 350-400 mm and mean annual
temperature of 12°C (altitude 760 m above sea level).

Table 1. Samples of durum wheat used for drought tolerance assessment

Ne | Sample Variety No Sample Variety

1 BB-FS-0151 v.leucurum 26 BB-FS-01583 v.aegiptiacum
2 BB-FS-0159 v. mutico leucurum 27 BB-FS-015128 v.boeuffi

3 | BB-FS-01512 v.hordeiforme 28 BB-FS-015144 v.apulicum

4 BB-FS-01513 v.mutico hordeiforme 29 BB-FS-015146 v.coerulescens
5 BB-FS-01516 v.mutico hordeiforme 30 BB-FS-015133 v.coerulescens
6 | BB-FS-01519 v.murciense 31 Ag bugda v.affine

7 | BB-FS-01520 v.murciense 32 Sari bugda v. hordeiforme
8 BB-FS-01526 v.affine 33 Qaragqilchiq v.provinciale

9 BB-FS-01532 v.affine 34 Qara bugda v. leucomelan
10 | BB-FS-01533 v.mutico affine 35 Bozakh v.hordeiforme
11 | BB-FS-01535 v.erythromelan 36 Vugar v. leucurum
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12 | BB-FS-01539 v.melanopus 37 Arandeni v.apulicum

13 | BB-FS-01541 v.melanopus 38 Sherq v.leucurum

14 | BB-FS-01543 v.mutico melanopus 39 Khoranka v.horanoleucurum
15 | BB-FS-01546 v.coerulescens 40 Sevinj v. hordeiforme

16 | BB-FS-01551 v.niloticum 41 Jafari v.horanoleucurum
17 | BB-FS-01556 v.obscurum 42 Agbugda 13 v.leucurum

18 | BB-FS-01557 v.obscurum 43 Shirvan 3 v.affine

19 | BB-FS-01569 v.alboprovinciale 44 Mugan v.leucomelan

20 | BB-FS-01573 v.alexandrinum 45 Mirbeshir 50 v.leucurum

21 | BB-FS-01574 v.reichenbachii 46 Qaragqilchiq 2 v.apulicum

22 | BB-FS-01576 v.africanum 47 Tartar v.provinciale

23 | BB-FS-01579 v.lybicum 48 Bereketli 95 v.hordeiforme

24 | BB-FS-01580 v.lybicum 49 Alinje 84 v.leucurum

25 | BB-FS-01589 v.hordeiforme 50 Qarabag v.provinciale

1.2. Calculation of drought tolerance indices

In order to determine suitable stress tolerance indices for screening of cultivars under
drought conditions, grain yield of cultivars under both non-stress and stress conditions was
measured. A suitable index must have a significant correlation with grain yield under both the
conditions [13].

Different drought tolerance indices including Stress Susceptibility Index (SSI), Stress
Tolerance (Tol), Mean Productivity (MP), Geometric Mean Productivity (GMP), Stress Tolerance
Index (STI), Harmonic Mean (HM) were calculated according to the formulas (Table 2) based on
grain yield under rain-fed (Ys) and supplemental irrigation (Yp) conditions.

Table 2. Drought tolerance indices and their calculation

Drought tolerance indices Formula for calculation Reference
Tolerance TOL = Ypi - Ysi (ROSIELLE and HAMBLIN, 1981)
Mean productivity MP = (Ypi + Ysi)/2 (ROSIELLE and HAMBLIN, 1981)
Geometric mean productivity GMP = /Ypi x Ysi (FERNANDEZ, 1992)
Stress susceptibility index SSI=1- (Ysi/Ypi)/1-(Ys/Yp) (FISCHER and MAURER, 1978)
Stress tolerance index STI=(Ypi x Ysi)/2 (FERNANDEZ, 1992)
Harmonic mean HM =2 (Yri x Ysi) / (Ypi + Ysi) (KRISTIN et al., 1997)

In the formulas above, Ypiand Ysi indicate grain yield of each genotype under non-stress
and stress conditions, respectively; Yp and Ys indicate mean grain yield of all genotypes under
non-stress and stress conditions, respectively.

2. Results and their discussion
2.1 Comparing cultivars based on the tolerance indices and their ranking

The genotypes studied were ranked according to the value of the each index (Table 3).
Genotype Ne 28 ranked first for STI, GMP and MP. With respect to these indices, the following
seven genotypes were usually among the top seven: Ne 28, 15, 49, 44, 45, 42 and 41. Our results
correspond to the results obtained by Mevlut & Sait [8] who reported that similar ranks for the
genotypes were observed by GMP, MP and STI indices and suggested that these three
parameters could be used equally for selecting drought-tolerant genotypes. The best performers
for SSI and TOL were genotypes Ne 38, 31 and 45. Ilker et al. [5] concluded that MP, GMP and
STI values were suitable parameters to select high yielding wheat genotypes in both stress and
non-stress conditions whereas TOL and SSI values were better indices to determine tolerance
levels.
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Table 3. Drought tolerance indices of the tested durum wheat genotypes with ranking*

Genotype Yp Ys SSI TOL GMP STI MP HM
1 2.93 237  0.869 (26) 0.560 (28) 2.635 (8) 0.930 (8) 2.650 (8) 2.620(8)
2 3.05 127  2.653(48) 1.780 (46) 1968 (31)  0.758 (26) 2.160 (26)  1.793(32)
3 2.87 202 1.346(33) 0.850(35) 2408 (16)  0.858 (16) 2.445(16)  2.371(14)
4 347 171 2305 (44) 1760 (45)  2436(13)  0.909 (12) 2.590(12)  2.291(17)
5 15 044  3.212(50) 1.060 (40) 0.812(50)  0.340 (50) 0.970(50)  0.680(50)
6 3.28 2 1.774 (37) 1280 (42)  2.561(11) 0.926 (9) 2.640 (9) 2.485(11)
7 2.68 147  2.052(39) 1.210 (41) 1.985(30)  0.728 (29) 2075(29)  1.899(30)
8 3.38 157 2434 (46) 1.810 (47)  2.304(17)  0.868 (14) 2475(14)  2.144(24)
9 19 098  2.201 (42) 0.920 (37) 1.365(46)  0.505 (44) 1.440 (44)  1.293(47)
10 15 16  -0.303(14) -0.100(14) 1549 (39)  0.544 (39) 1550 (39)  1.548(39)
11 2.64 1.6 1.791 (38) 1.040(38)  2.055(29)  0.744(27) 2120 (27)  1.992(29)
12 14 198  -1.883(2) -0.580 (4) 1.665(37)  0.593 (37) 1.690 37)  1.640(36)
13 3.38 1.83  2.084 (40) 1550(43)  2487(12)  0.914(10) 2.605(10)  2.374(13)
14 1.67 089  2.123(41) 0.780 (33) 1219(48)  0.449 (48) 1280 (48)  1.161(48)
15 4.68 198  2.622(47) 2.700 (50) 3.044 (2) 1.168 (2) 3.330 (2) 2.783(5)
16 12 154  -1288(4) -0.340 (7) 1359 (47)  0.481(47) 1370 (47)  1.349(46)
17 2.99 195  1.581(36) 1.040(39)  2415(14)  0.867 (15) 2470 (15)  2.361(15)
18 1.85 154 0762 (24) 0.310 (22) 1.688(36)  0.595 (36) 1.69536)  1.681(35)
19 29 1.07  2.868 (49) 1.830 (48) 1.762(33)  0.696 (32) 1.985(32)  1.563(38)
20 1.2 095  0.947(29) 0.250 (21) 1.068(49)  0.377 (49) 1.075(49)  1.060(49)
21 253 205  0.862(25) 0480(27)  2277(19)  0.804 (20) 2290 (20)  2.265(18)
22 1.54 192 -1122(6) -0.380 (6) 1.720(35)  0.607 (35) 1730 (35)  1.709(33)
23 172 2 -0.740 (9) -0.280 (8) 1.855(32)  0.653(33) 1.860 (33)  1.849(31)
24 2.52 195  1.028 (30) 0570 (30)  2217(24)  0.784(25) 2235(25)  2.199(22)
25 247 207  0.736 (23) 0400 (26)  2261(20)  0.796 (21) 2270 (21)  2.252(19)
26 2.67 184 1413 (34) 0.830 (34)  2.216 (25) 0.791(24) 2255(24)  2.179(23)
27 221 24 -0.391(12) -0.190(13) 2303 (18)  0.809 (19) 2.305(19)  2.301(16)
28 4.6 215  2421(45) 2.450 (49) 3.145(1) 1.184 (1) 3.375(1) 2.930(2)
29 3.17 159 2266 (43) 1580 (44) 2245(22)  0.835(18) 2380 (18)  2.118(25)
30 217 195 0461 (18) 0.220(20)  2.057(28)  0.723(30) 2,060 (30)  2.054(27)
31 1.77 24 -1.618 (3) -0.630 (3) 2061 (26)  0.732(28) 2.085(28)  2.037(28)
32 1.49 158  -0.275(15) -0.090(15) 1534 (41)  0.539 (41) 1.535(41)  1.534(40)
33 141 1.68  -0.870(8) -0.270 (9) 1.539 (40)  0.542(40) 1.545(40) 1.533(41)
34 1.7 152 0481(19) 0.180 (19) 1.607 (38)  0.565 (38) 1.610(38)  1.605(37)
35 151 137  0421(17) 0.140 (16) 1438 (44)  0.505 (45) 1.440 (45)  1.437(44)
36 2.04 25 -1.025 (7) -0.460 (5) 2258 (21)  0.796 (22) 2270(22)  2.247(20)
37 1.6 143 0483 (20) 0.170 (18) 1513 (42)  0.532(43) 1.515(43)  1.510(42)
38 14 212 -2.338(1) -0.720 (1) 1723 (34)  0.618 (34) 1760 (34)  1.686(34)
39 2.14 198  0.340(16) 0.160 (17)  2.058(27)  0.723(31) 2,060 (31)  2.057(26)
40 229 254  -0.496(10) -0250(11)  2412(15)  0.847(17) 2415(17)  2.409(12)
41 2.87 254  0.523(21) 0.330 (24) 2.700 (7) 0.949 (7) 2.705 (7) 2.695(7)
42 3.08 247  0.900(27) 0.610 (31) 2.758 (6) 0.974 (6) 2.775 (6) 2.741(6)
43 247 2,68 -0.386(13) -0.210(12) 2.573(10)  0.904 (13) 2.575(13)  2.571(10)
44 34 2.5 1.203 (31) 0.900 (36) 2915 (4) 1.035 (4) 2.950 (4) 2.881(3)
45 25 32 -1.273 (5) -0.700 (2) 2.828 (5) 1.000 (5) 2.850 (5) 2.807(4)
46 1.8 124 141435 0.560 (29) 1.494 (43) 0.533(42) 1520 (42)  1.468(43)
47 2.8 241  0.633(22) 0.390 (25) 2.598 (9) 0.914 (11) 2.605 (11) 2.590(9)
48 1.54 123 0915(28) 0.310 (23) 1376 (45)  0.486 (46) 1.385(46)  1.368(45)
49 2.85 312 -0431(11) -0.270(10) 2.982 (3) 1.047 (3) 2.985 (3) 2979 (1)
50 2.65 189  1.304(32) 0760 (32)  2.238(23)  0.796 (23) 2270(23)  2.206(21)

* The numbers in the parentheses are the genotype ranks for each index.
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2.2. Correlation analysis

In order to determine the most suitable criteria for drought tolerance, the correlation coeffici-
ents between Yp, Ys and indices of drought tolerance were calculated (Table 4). The correlation
analysis between grain yield and drought tolerance indices can be a good criterion for screening
of the most tolerant cultivars. There is a significant and positive correlation between yield in non-
stress conditions (Yp) and all the calculated indices. Yield in stress conditions (Ys) significantly
and positively correlated with GMP, MP, STI, HM indicating that these criteria were more effec-
tive when identifying high-yielding cultivars under different conditions. But grain yield under
stress (Ys) negatively correlated with Tol and SSI indices. These results were in accordance with the
conclusions about positive correlation between MP, GMP, Ys and Yp made by Toorchi et al. [14].

Table 4. Correlation between grain yield and drought tolerance indices

Indices Yp Ys SSI TOL GMP STI MP HM

Yp 1

Ys 0.338" 1

SSI 0.575" -0.508™ 1

TOL 0.766™ -0.346™ 0.92 1

GMP 0.832" 0.800™ 0.078 0.283" 1

STI 0.886™ 0.736" 0.163 0.381" 0.993" 1

MP 0.886™ 0.736 0.163 0.381" 0.993" 1.00" 1

HM 0.768™ 0.851" -0.004 0.184 0.993" 0.972" 0.972" 1

Yp: yield under non-stress conditions; Ys: yield under stress conditions, SSI: stress suscepti-
bility index, TOL: tolerance index, GMP: geometric mean productivity, STI: stress tolerance index,
MP: mean productivity, HM: harmonic mean, **and* significant at the 0.0land 0.05 probability
levels, respectively.

2.3. Principal component analysis and biplot

In order to distinguish the main components of drought tolerance, the principal component
analysis has been performed. Two main components accounting for 98.90% (68.02% and 30.88 %
respectively) of the variance were selected (Fig.1). The first component contains high positive
loadings of Yp, STI, GMP, MP and HM , while the second component includes high positive
scores for TOL and SSI and high negative loading for Ys. Therefore, the first component can be
served as the potential productivity dimension, while the second component should be used as
the stress tolerance dimension.

Thus, we can conclude that the genotypes having the high and positive value of PC1 on
biplot will give high yields under both stress and non-stress conditions. In turn, PC2 separates
the stress-tolerant genotypes from non-tolerant ones. Low values of PC2 mean low TOL and SSI
values, and high yield under stress. Thus, selection of genotypes that have high PC1 and low
PC2 are suitable for both stress and non-stress environments.

Our results coincide with the findings reported by Kaya et al. [6] who concluded that
genotypes with larger PC1 and lower PC2 scores gave high yields (stable genotypes), and
genotypes with lower PC1 and larger PC2 scores had low yields (unstable genotypes).
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Fig. 1. Loading plots for PC1 (A) and PC2 (B).

Here A, B, C, D, E, F, G, Hindicate Yp, Ys, SSI, TOL, GMP, STI, MP and HM respectively.

In addition, we can make conclusions about the correlation coefficient between any two
indices which can be approximately defined by the cosine of the angle between their vectors.
Thus, r = cos 180°= -1, cos 0°=1, and cos 90°=0 [15]. The biplot drawn on the basis of PCA scores
(Fig.2) reveals: (1) a strong negative association of SSI and TOL with Ys, as indicated by obtuse
angles between their vectors, (2) a near-zero correlation between SSI and GMP with HM as
indicated by the near perpendicular vectors and (3) a positive association between Yp and Ys
with MP, GMP, and STI, as indicated by the acute angles. The results obtained from the biplot
confirm correlation analysis. These findings correspond to the reports made by Golabadi et al [4].
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Fig. 2. Biplot drawn on the basis of PCA and distribution of the genotypes

According to Fernandez classification [2], the genotypes can be divided into four groups
based on their performance in stress and non-stress conditions: (A) genotypes expressing high
productivity in both conditions, (B) those producing high yields only under irrigation, (C)
genotypes producing low yield in both stress and non-stress conditions, and (D) those giving
relatively higher yield only in stress conditions. The optimal selection criterion should
distinguish Group A from the other three groups.

When the present genotypes were grouped into the above mentioned four categories based
on their production under irrigation and drought conditions, it was found that genotypes
encoded with numbers 41, 43, 45, 47, 49 in group A have high performance in both stress and
normal conditions. Genotypes 4, 6, 13, 15, 28 (group B) yield well only under irrigation,
genotypes of group C (5, 9, 14, 20) give low yields under both conditions, while genotypes
encoded with numbers 10, 12, 16, 32, 33, 38 (group D) yield highly only in stress conditions.
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Conclusions

According to the results of PCA and biplot, STI, GMP and MP may be used to identify

tolerant genotypes that produce high yield under both conditions, whereas high TOL and SSI
indicate genotypes having high yield only under irrigated conditions. In conclusion, this study
showed that drought stress significantly reduced the yield of some genotypes while others were
tolerant to drought, which suggested genetic variability for drought tolerance in the material
studied.

So, we can conclude that the evaluation of genotypes should be based on the combination of

stress tolerance indices (both productivity and tolerance), and the genotypes of the three above-
mentioned categories (highly productive under both conditions, only under irrigation or under

stress) may be used for cultivation depending on their suitability for certain environmental

conditions.
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TRI- VO TETRAMETILENDIBROMID OSASINDA GEMINI TiPLi
SOTHI-AKTIV MADDOLORIN ALINMASI VO
XARAKTERISTIKALARI

Seyid Zeynab F. HOSIMZAD®O
AMEA Y.H. Mommadoliyev adina Neft-Kimya Proseslari Institutu
Baki, Azarbaycan

XULASO

Yeni sinif gemini sathi-aktiv maddsler sintez etmak {igiin birinci marhoalads dodesilamin 1:2 mol nisbatinde
propilen oksidi ila oksipropillasdirilmisdir. Tkinci marhalads, alinmis di-(2-hidroksipropil)dodesilamin alkilen-
dibromidlarla (1,3-dibrompropan vea 1,4-dibrombutan) qarsiligh tesirinden ammonium duzlarina gevrilmisdir.
Sintez edilmis gemini sathi-aktiv maddalarin quruluslar: miixtslif fiziki-kimyevi, hemginin spektroskopik tisul-
larla tosdiq edilmisdir. Tenziometrik metodla gemini sathi-aktiv maddslerin sulu mahlullarinin hava serhadinda
sothi garilmaleri, konduktometrik metodla isa xiisusi elektrik kegiriciliklori toyin edilmisdir. Gemini sathi-aktiv
maddolarin neftyigici ve neftdisperslayici xassalori Pirallahi nefti timsalinda todqiq edilmisdir.

Acar sozler: gemini sothi-aktiv maddsler, alkilendibromid, dodesilamin, propilen oksidi, neftyigma vo
neftdispersloma.

INIOAYUYEHME N XAPAKTEPMCTUKHM TIOBEPXHOCTHO-AKTVMBHBIX BEIIIECTB HA
OCHOBE TPU-1 TETPAMETUAEHANBPOMUAA

PE3IOME

AAsI cUHTe3a HOBbIe TeMVHI ITOBEPXHOCTHO-aKTUBHEIX BerriecTs (ITAB) B mepBoii cTagny A0AeIMAaMUHBI OBLA
OKCUIIPOIIINANPOBAH IIPOINAEHOKCUAOM IIpU cooTHomeHne 1:2(Mmoap). Ha BTOpoM sTane au- (2-ruapoKcuIpo-
n1a)AoAenAaMyH Obla IIpeBpallleH B COAb aMMOHIS B3aMOJENICTBMEM C aaKkuaeHAnOpomuaoM (1,3-aubpom-
nponana u 1,4-gubpombyTana). CTpyKTypa CMHTe3poBaHHEIX TeMUHI-ITAB moaTsepsKaeHa pasANMIHBIMY XMMU-
YecKMMH, a TakKKe CIIeKTPOCKOIIMIecKUMH MeToJaMu. JAsi CUHTe3poBaHHBIX TeMuHu-ITAB onpeseaens! snaue-
HIISI IIOBEPXHOCTHOTO HATSDKEHNS UX BOAHBIX pacTBOPOB Ha IpaHULIe C BO3AYXOM U IIOCTPOEHBI 30TepMBI IIOBEPX-
HOCTHOTO HaTS>KeHI:, MeTOJ0M KOHAYKTOMEeTPUM OIlpeJeAeHbl 3Ha4eHNUs YAeABHON DAeKTPOIPOBOAHOCTY MX
BOAHEIX pacTBopoB. Hedprecobupareapnne u Hedre -auceprupylormiue csoricrsa reMuHn-ITAB 661411 M3ydeHs! Ha
npumepe Heptn [Inpassaxm.

Karouesblie caoBa: reMuan-I1TAB, aaxuaeHANOPOMUABL, A0A€IIMAaMIH, IIPOMIAeHOKCA, HedpTecoOMpaHme
1 AVICIIepIMpOBaHIe.

OBTAINMENT AND CHARACTERISTICS OF SURFACE-ACTIVE SUBSTANCES BASED
ON TRi- AND TETRAMETYLENEDiBROMIDE

ABSTRACT

For the synthesis of new gemini surface-active substances, at the first step, dodecylamine was propoxylated
with propylene oxide at the a ratio of 1: 2 (mol). At the second step, di- (2-hydroxypropyl)dodecylamine was con-
verted to ammonium salts by the interaction of alkylenedibromide (1,3-dibrompropane and 1,4-dibrombutane).
The structure of the synthesized gemini surfactants has been confirmed by various physical and chemical, as well
as spectroscopic methods. For the synthesized gemini surfactants, surface tension values of their aqueous solutions
at the border with air were determined and surface tension isotherms were built. The values of specific electrocon-
ductivity of their aqueous solutions were determined by conductometrics method. The oil-collecting and oil-disper-
sing properties of the gemini surface-active substances have been studied on the example of Pirallahi crude oil.

Keywords: gemini surface-active substances, alkylenedibromide, dodecylamine, propylene oxide, oil-collec-
ting and oil dispersing.

71



N.Z. Asadova, E.M. Akhundova, S.Salayeva, R. Guliyev, ]. Ojaghi

Giris

Adi monomer sathi-aktiv maddalarle (SAM) miiqayisads, gemini sathi-aktiv maddsler
daha ytiksak fiziki-kimyavi xiisusiyyetlora - daha yiiksak sathi aktivliye, olduqgca asagr KMQ-
yo va Krafft néqtasine, daha yiiksak hallolma gabiliyystins, yaxs: nemlandirms, yuyuculuq
vo emulsiya amolo gatirma qabiliyystine malikdir [1-4]. SAM-larin asas istehlakgilar1 arasmn-
da madan va emal senayesi (neft istehsali, flotasiya proseslari va s.) metallurgiya senayesi vo
naqliyyat (siirtkii yaglar1 va kesici mayeler), toxuculuq sanayesi, tikinti sanayesi, polimer
materiallar1 ve Ortiiklar istehsali sanayesi, hamginin tibb, gida maddalari ve atriyyat istehsal,
yanginsondiirma (sabit vo ¢oxlu miqdarda kopiik istehsali) ve s. sahalor geyd edilo bilor
[5,6]. SAM-lar sirasinda olan kation tipli gemini SAM-lar son vaxtlar olduqca genis istifada
olunur. Kation tipli gemini SAM-lar asasen, iki hidrofob va iki hidrofil bas qrupuna malikdir.
Bu tip SAM-larin adi SAM-lara nisbaten molekulyar qurulusunda farqlars ve daha yiiksak
sothi aktivliye malik olmas: son vaxtlar tadqiqatcilarin diqgetini calb etmisdir. Bu sebabdan
kation aktiv SAM-larin sintezinin inkisafi zaman ke¢dikcs stiratlonmisdir.

Toqdim olunan moagqals forqli speyser qruplu yeni tip gemini SAM-larin sintezi vo onla-
rin xassalorinin tadqiqine hasr edilmisdir.

Tacriibi hissa

Istifada edilmis cihazlar va reagentlar

'H NMR va 3C NMR spektrlar Bruker TOP SPIN spektrometrinin komayi ils uygun
olaraq 300.13 MHz va 75.46 MHz tezliklorde D-O halledicisinds ¢okilmisdir. IQ spektrlor
ALPHA FT-IR spektrometrinda (Bruker) ¢akilmisdir. Propilen oksidi (PO) “Uzvi sintez” za-
vodunun (Sumgayit) mahsuludur va keyfiyyati QOST - 23001-88-in taloblorine cavab verir.
Dodesilamin kimi tomizlik deracesi >98% (Alfa Aesar GmbH & Co KG; Almaniya), 1,3-dib-
rompropan kimi temizlik deracesi >98% (Alfa Aesar, Ingiltera) vo 1,4-dibrombutan kimi te-
mizlik daracasi >97% (Sigma Aldrich, Yaponiya) olan mehsullardan istifads edilmisdir.

Gemini SAM-larin sintez metodu
Birinci marhalada dodesilamin PO ils 1:2 mol nisbatinds agsagidaki sxem {izra oksipro-

pillasdirilmisdir [7]:

CraHasNHy + 2 GHa-GH-CHy ——= CyaHs-N(CHz-GH-OH),
o CHs,

Sxem 1. Di- (2-hidroksipropil)dodesilaminin sintezi reaksiyasinin sxemi

Ikinci morhalado iso sintez edilmis di-(2-hidroksipropil)dodesilaminin 1,3-dibrompro-
pan va 1,4-dibrombutan ilo asagidaki sxem iizrs reaksiyalar1 aparilmisdur:

+ +
2C12H25-N(CH2-?H-OH)Z + Br-(CH2)3-Br _>(HO-CI:H-CH2)2-N-(CH2)3-N-(CH2-?H-OH)2

Br B
CH,4 CHs ' | f CHy
CioHas  CyoHas

+ +
2C12H25-N(CH2-(|:H-OH)2 + Br-(CH2)4-Br _>(HO-CI;H-CH2)2-N-(CH2)4-N-(CH2-(I:H-OH)2

Br Br~
CH, CHs | r | ' CH,
CioHas  CyoHas

Sxem 2. Gemini sathi-aktiv maddslarin sintezinin reaksiya sxemlari
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0.05 mol di-(2-hidroksipropil)dodesilamin ve 25 mL aseton yastidibli ikibogazli kolbaya
daxil edilmisdir. Qarisiq tam homogen hala ke¢dikdon sonra onun tizerins 0.025 mol 1,3-
dibrompropan (ve ya 1,4-dibrombutan) slave edilmisdir. Reaksiya maqnit qarigdirici, aks
soyuducu ve qizdirici ils tamin olunmus kolbada, 18-20 saat miiddstinds qarisi§in qaynama
temperaturunda aparilmisdir. Sintez edilmis gemini SAM-lar1 reaksiya qarisigindan ayirmaq
ii¢lin son qarisiq vakuumda distillo edilmis, halledicidon ve reaksiyaya daxil olmamuis 1,3-
dibrompropandan temizlenmisdir. Gemini SAM-1 tomizlemak iiglin soyuq asetonda 3 dofs
tokrar kristallagdirilmisdir. Gemini SAM-larin ¢ximi  85-90% olmusdur. SAM-larin
quruluslar IQ- ve NMR-spektroskopiya metodlar ilo tosdiq edilmisdir (Sok. 1-4).
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Sak. 1. C12CsCrz[iso-Pr(OH)]2 gemini SAM-1n IQ-spektri

Sak. 1-da verilmis iQ-spektrda asagidaki udma zolaqglar1 miisahids edilir (v, sm™): 3305 v
(OH), 2922 vo 2853 v (CH), 1460, 1376 vo 1337 & (CH), 1135 v (C-N), 1077 vo 990 v (C-O), 723 &
-(CH2)-x.
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Sak. 2. C12CsCuz[iso-Pr(OH)]2 gemini SAM-1n '"H NMR-spektri

C12C3Crz[iso-Pr(OH)]2 gemini SAM-1n 'H NMR spektrindas (300.13 MHz, D20) asagidaki
piklar vardir. d (ppm): 0.77 (CHs), 1.10 (CH-CHz), 1.25 (CH2 zanciri), 1.63 (CHz-CH2-N*¥), 3.17-
3.18 (N*-CH>-CH), 3.36-3.51 (N*-CH>-CH>), 4.09 (N*-CH>-CH-OH).
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Sak. 3. C12C4Ci2[iso-Pr(OH)]2 gemini SAM-in iQ-spektri

Sok. 3-da verilmis IQ-spektrdes asagidaki udma zolaqlar1 miisahido edilir (v, cm): 3306 v
(OH), 2955, 2922 va 2852 v (CH), 1459, 1375 va 1336 & (CH), 1136 v (C-N), 1073 va 950 v (C-O),
721 8 -(CHz)~.
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Sak. 4. C12CsCrz[iso-Pr(OH)]2 gemini SAM-in '"H NMR-spektri

C12C4Cr2[iso-Pr(OH)]2 gemini SAM-in 'H NMR-spektrinda (300.13 MHz, D20) asagidaki
piklar vardir. d (ppm): 0.80 (CHs), 1.10 (CH-CHs), 1.22 (CH: zancir), 1.61-1.84 (CHz-CHz-N¥),
2.99-3.05 (N*-CH:-CH), 3.42-3.66 (N*-CH2-CH2) 4.06 (N*-CH.-CH-OH).

Sintez edilmis kation aktiv tipli SAM-larin sathi garilmalari tenziometrin komaki ile
dlciilmiisdiir. Istifads edilmis distille suyunun hava ils sarhaddes 25 °C-de sathi garilmasi
72.0 mN/m-a barabar olmusdur. Har iki sintez olunmus madda {iglin 12 sayda miixtalif faizli
mohlullar hazirlanmis ve mahlullariin gosterdiyi sathi gorilma giymatlarine asasen miivafiq
grafiklar qurulmusdur ($ak. 5). Alinmis grafiklere asasen SAM-larin ktirik misellasmalagal-
ma qatiliglar1 (KMQ) tayin edilmis ve hamin qatiliga uygun gelen sathi gerilmenin giymsati
toyin edilmisdir. Alinmis naticalar cadval 1-ds gosterilmisdir. Cadvalden goriindiiyii kimi
speyser zancirinin uzunlugu artdigca KMQ vo yxmo giymati azalir.
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Sok. 5. C12C3Ciz[iso-Pr(OH)]2 (1) vo Ci2CsCiz[iso-Pr(OH)]2 (2) gemini SAM-larin sathi garilms izotermlori
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Sok. 6. C12C3Cr2[iso-Pr(OH)]2 (1) vo C12CsCrz[iso-Pr(OH)]2 (2) gemini SAM-larin xiisusi elektrik

kegiriciliklorinin qatiligdan asililiq izotermlari

SAM-larin sulu mahlullariin xtisusi elektrik kegiriciliyini 6l¢gmak ti¢iin konduktometr-
don istifade olunmusdur. Har iki SAM-1n distillo suyunda 0,1-0,0018%-1i mahlullar1 hazirlan-
migdir. Mahlullar: bir giin saxladiqdan sonra 25 °C-ds xiisusi elektrik kegiriciliklari toyin edil-
misdir. Alinmis giymatlors asasen izoterm ayrilor qurulmus (sok 6) ve qrafiklars asasen SAM-1n
aks ionunun slagalenma daracesi - f hesablanmisdir (cadval 1). Cadvael 1-den gortindiiyii
kimi sintez edilmis SAM-larda speyser zoncirinin uzunlugu artdiqca f-nin qiymati azalir.

Cadval 1. Sintez edilmis gemini SAM-larin kolloid-kimyavi parametrlari (25 °C)

KMQax104, KMQPx104, YKMQ, B
SAM mol-dm™ mol-dm™ mN-m™!
C12C3Ciz[iso-Pr(OH)]2 3,10 3,19 28,8 0,406
C12C4Cr2[iso-Pr(OH)]2 3,05 3,14 28,5 0,386

aTenziometrin komoyi ilo KMQ teyin edilmis qiymati
PKonduktometrin komayi ilo KMQ toyin edilmis qiymati
Sintez edilmis gemini SAM-larin neftyigic1 ve neftdisperslayici xassalari Pirallahi nefti
timsalinda todqiq edilmisdir. Tadqgiqatlar miixtslif minerallasma daracasine malik ii¢ miixte-
lif (distills, igmali vo deniz) su sathinde aparilmisdir. Laboratoriya seraitinde aparilan tedqi-
qatlarin naticalori 215 saat miiddatindae izlonilmisdir. Neftyigic1 vo neftdispersloayici xassalori
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doyronmoak tiglin alinmis SAM-dan durulasdirilmamis halda ve onlarin 5%-li sulu mahlulun-
dan istifade olunmusdur. Petri gabma 40 ml su tokiiliir ve tizerina 1 ml neft alave olunur. Bir
miiddastdan sonra su sathinds neft tabagasi yarandiqdan sonra tadqiq olunan SAM-dan lazi-
mi miqdarda verilir. Neft tam dagilana qadar miisyyen zaman fasilalori arzinde neft lokasi-
nin sathinin sahasi ol¢iiliir vo y1gilma amsalinin cari giymatlori hesablanir. Todgiqat isinda
alinmis naticalar cadval 2 va cadval 3-da verilmisdir.

Cadval 2. C12C3Cr2[iso-Pr(OH)]2 gemini SAM-1n neftyigma ve neftdispersloma qabiliyyatinin
todqiqat naticelari (Pirallahi nefti timsalinda, tebaganin qalinlig: 0,17 mm)

Distills suyu Icmali su Daniz suyu
1, saat | K(Ko, %) 1, saat | K(Ko, %) vsaat | K(Ko, %)
C12C3C1z[iso-Pr(OH)]2 gemini SAM-1n 5 %-li sulu dispersiya
0 9,35 0-4 15,20 0 Disp. 87,8%
2-4 Disp. 91,5% 6 24,32 2-28 Disp. 91,2%
6 Disp. 87,3% 23-28 Disp. 91,3% 48-102 Disp. 91,1%
23-28 Disp. 91,2% 48-78 Disp. 89,3% 120 Disp. 78,6%
48-52 Disp. 85,7% 96-102 20,26
72-102 Disp. 78,6% 120 dag
120 dag
Durulasmamis halda
0 6,10 0-52 17,37 0 Disp. 87,8%
2-6 19,36 72-78 Disp. 90,2% 2-28 8,70
23-78 Disp. 91,5% 96-102 Disp. 83,5% 48-102 8,60
96-102 Disp. 93,4% 120 dag 120 dag
120 dag

Cadval 3. C12C4Crz[iso-Pr(OH)]2 gemini SAM-1n neftyigma ve neftdispersloma qabiliyyatinin
todqiqat naticelari (Pirallah1 nefti timsalinda, tebagenin qalinligi 0,17 mm)

Distills suyu fcmali su Daniz suyu
1, saat | K(Ko, %) 1, saat | K(Ko, %) tsaat | K(Ko, %)
C12C4Cr2[iso-Pr(OH)]2 gemini SAM-1n - 5 %-li sulu dispersiya
0 17,37 0-28 20,26 0 Disp. 78,6%
2-102 Disp. 91,1% 48-52 Disp. 91,3% 2-28 Disp. 82,6%
120 Disp. 82,6% 72-102 Disp. 91,2% 48-78 Disp. 91,3%
120 15,2 96-102 Disp. 85,4%
120 24,32
Durulagmamigs halda
0 8,60 0-2 20,26 0 Disp. 92,9%
2-6 13,44 4-6 24,32 2 Disp. 91,5%
23-78 19,36 23-78 15,20 4-78 20,26
96-102 8,68 96-102 7,60 96-102 12,16
120 dag 120 dag 1206 dag

Cadval 2-don goriindiiyli kimi C12C3Ciz[iso-Pr(OH)]2 gemini SAM-1n durulasdirilmamis
halda neftyigma amsal distillo suyunda 19,36-a, igmali suda 17,37-9, deniz suyunda ise 8,60-
a barabordir (neftyigma amsali-K ilkin neft tobagesinin sath sahasinin nego dafe kicildiyini
gostarir). 5%-li sulu dispersiya halinda ise distille ve i¢gmsali suda Ko 78,6% va 91,3%, deniz
suyunda isa 91,1% olmaqla neftdispersloma miisahids olunur. Bu gemini SAM-mn sulu mah-
lulu daniz suyunda ilk saatlardan neftdisperslayici xassa gostorir. Ci12CsCiz[iso-Pr(OH)]2 tor-
kibli gemini SAM-in durulasmamis halda distillo ve i¢mali sularda neftyigma amsal1 9,36 vo
24,3-5, doniz suyunda isa 20,26-a barabar olur. 5%-li sulu mahlul halinda iss distilla ve igmali
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sularda K-nin giymeati 17,37 va 20,26-a, doniz suyunda ise 24,32-5 barabar olur. C12CsCrz[iso-
Pr(OH)]2 tarkibli gemini SAM-1n 5%-li sulu mahlulu ilkin saatlardan neftdisperslayici xasse
gostarir. Homin SAM durulasmamis deniz suyunda ilkin saatlardan neftdisperslayici, distille
suyunda ise neftyigici xasso niimayis etdirir.

Natica. Oksipropillogsmis dodesilamin ve dialkilendibromidler (1,3-dibrompropan ve
1,4-dibrombutan) asasinda yeni gemini SAM-lar sintez edilmisdir. Sintez edilmis SAM-larin
speyser zoancirinin uzunlugunun KMQ-a va aks ionun alagelonma deracesins tasiri arasdiril-
misdir. Miiayyen edilmisdir ki, sintez edilmis SAM-lar effektiv neftyigma vo neftdispersloma
qabiliyyatine malikdir. Speyser zancirinin uzunlugu Cs-den Cs-a artdigda SAM-in neftyigici-
l1iq qabiliyysti daha da yaxsilasir.
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ABSTRACT

In this study, pin-on-disc wear tests of basalt filled, one of the volcanic rocks as a filler material, (10-70wt.%) LDPE
polymer matrix composites were performed depending on various sliding speeds at 20 N loads under dry sliding
conditions. Wear tests were carried out with configuration of a polymer pin on a rotating AISI 4140 steel disk in the
atmospheric conditions under the loads of 20N and at the sliding speeds of 0.5 m/s and 1.5 m/s. The results showed that
increase in basalt content of the basalt filled LDPE composites resulted in a decrease of the friction coefficient and wear
rate. While the friction coefficient of LDPE composites was changing between0.11 and 0.51 and basalt content of the
polymer composites, and wear rates of the basalt filled LDPE compositesranged from 7.18x10* mm?®m to 2.60x10?
mm?®/m, depending on sliding speeds and basalt quantity.

Keywords: LDPE, natural fiber,polymer composite materials,wear

TOBIii FIBER DOLDURUCULU LDPE POLIMER MATRISLIKOMPOZiSYA MATERIALLARININ
TRIBOTEXNIKIi XUSUSIYYOTLORININ OYRONILMOSI

XULASO

Bu moagqalads, bazalt dolduruculu, pin-disk-asinma analizleri bir doldurucu madds olaraq vulkanik kayaglardan
biri (10-70wt.%) LDPE polimer matris kompozitleri 20 N yiik alinda quru siiriisme altinda miixtelif siirtisma
stiratlorine asasen aparilmisdir sortlor. Asinma analizleri 20 N ytikler altinda ve 0,5 m /s vo 1,5 m / s siirlisma siiratinde
atmosfer garaitinde donen AISI 4140 polad diskinds bir polimer pinin konfiqurasiyas: ile aparilmigdir. Naticalar
bazaltin LDPE kompozitlari doldurulmus bazalt igeriginin artmast siirtiinms katsayisinin ve asinma hizinin azalmasina
sabab oldugunu gosterdi. LDPE kompozitlarinin siirtiinme katsayisi 0.11 ila 0.51 arasindaki dayisiklikler ve polimer
kompozitlerinin bazalt terkibinin dayisdiyine baxmayaraq bazaltn doldurulmus LDPE kompozitlerinin agmma
daracalari 7.18x10-4 mm3 / mdan 2.60x10-2 mm3 / m-a qader dayisdi siiriisme siireti ve bazalt migdarr.

Acar sozlar: LDPE, tobii lif, polimer kompozit materiallar, asinma

U3YUYEHUE TPYMBOTEXHUYECKIX XAPAKTEPMCTUK MATEPVIA/10B MATEPUYECKOI
KOMITIO3MLIVN LDPE

PE3IOME

B »TOM MCCaesoBaHUM OBLAM HPOBeAEHBI MCIIBITAHMs Ha M3HOC Ha OCHOBe OyAaBKM Ha AMCKe 3aIl0AHEHHOI
6a3aAbTOM, OAHON M3 BY/AKaHIYECKUX ITOpOJ B KadecTse HartoaHmteas, (10-70 mac.%) KommosuTos ¢ moanmMepHoit
Marpuneit u3 IIOHIT B 3aBucMOCTM OT Pa3AMYHBIX CKOPOCTeil CKOAbXeHus: Ipu Harpyske 20 H mpu cyxom
CKOABKEHUN. YCAOBUA. VICIIBITaHMS Ha WM3HOC IIPOBOAVIAUICH C KOHQUIypalueil IOAMMEpHOro ImTudra Ha
BpaIaiomnemMcs craasHoM Aucke AISI 4140 B atMocdepHBIX ycaosusax mpu Harpyskax 20 H m ckopocTsx ckoabkeHus
05 ™M/ cu 15 M/ c. PesyapTaThl 1oKaszaam, 4TO yBeANdeHMe COAep>KaHus OazaabTa B 3alTOAHEHHBIX Oa3aAbTOM
xomnosutax us ITOHIT nmpuseao x cHipkenmio kosgduieHTa TpeHMsS M CKOPOCTM M3HOcA. B To Bpems Kak
k09pPuryent Tpers komnosntos u3 [IOHIT usmensaaca mexxay 0,11 n 0,51, a coaepskanue Oa3aabTa B IIOAVMEPHBIX
KOMITO3UTaX U CKOPOCTY M3HOCA 3aIl0AHEHHBIX DazaabToM KoMmrtosutos 13 ITOHIT sBapsuposaancs ot 7,18x10-4 Mm3 /
M 40 2,60x10-2 MM3 / M, B 3aBUCHIMOCTI OT CKOPOCTb CKOABXKEHVISI U KOANIeCTBO HOaszalbTa.

Karouessle caosa: HSHH, HaTypaabHO€E BOAOKHO, II0AVIMEPHbIE KOMITIO3MIIMOHHBIE MaTepriaabl, U3HOC

Introduction

Recent studies on polyethylene (PE), one of the thermoplastic polymeric materials, show
that the material can be used as abrasion-resistant construction material in many sectors. In
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tribology-related articles, friction and wear behaviors of polymeric materials are given. Electrical
contact materials, valves, nozzles and polymer-metal bearing materials are some of the areas of
wear problems. Rehbein and Wallaschek [1] studied the mechanisms of friction and wear
behaviors of different polymer-steel and alumina-alumina materials in contact with each other.
Rajesh et al. [2] comparatively investigated the wear behaviors of polyamide and polyamide
composite types in terms of their molecular weight, crystallinity, microstructure and mechanical
properties. Gao et al. [3] studied the tribological properties of various polymers such as
ethylenetetrafluoroethylene (ETFE), self-lubricating composites such as polyamide, polyimide,
high density polyethylene (HDPE). Bahadur et al. [4] investigated the wear behavior of steel
materials with various copper oxide and zinc compound fillings at atmospheric conditions at a
shear rate of 1 m/s using a pin-on-disc abrasion tester. Yu et al. [5] reported that ceramic particles
such as ALOs, SiC, SisNs, and CriCzsulphide (PPS) matrix by using the pin-on-disk device.
However, they compared hardness with tribological properties. Using the 5x6 mm pins and the
AISI02 tool steel in the wear test, the tests were carried out at a shear rate of 1 m / s and under a
load of 19.6 N. Suh et al. [6] studied the characterization of friction and wear behaviors of ultra
high density polyethylene (UYP) containing polyethylene materials. Aokie et al. [7] reported that
ultra-high investigated the tribological characteristics of molecular weight polyethylene
(UYMAPE) discs, extracted the thermal maps of the discs and investigated the change in speed
and friction coefficient. Guermazi et al. [8] have compared friction and wear behaviors of PE
coatings used in oil and gas pipelines after handling the materials in pure water and synthetic
seawater environments.

Some researchers on polyethylene materials have also investigated erosive abrasion
conditions. Conventional particle erosion tests, such as sandblasting [9], centrifugation [10] and
sludge erosion testing [11,12] are some of the methods. Some researchers have investigated the
correlation between erosive damage of various polymeric materials and particle impact
conditions [13,14]. Walley and Field [15] studied the erosive behavior of polyethylene at high
impact velocities and showed that the maximum erosion angle is low. Knuuttila et al. [16]
compared wear resistance studies performed in the dry and mud environment. Oblozinsky et al.
[17] reported that the strength of the diaphragm walls used in the technique of deep-hole
digging with mud-using the finite element method. Mertiny [18] developed a fiber-reinforced
polymer reinforced polymer pipe used in oil well drilling and transferring the resulting sand in
liquid medium.

Yabuki et al. [19] have reported that low density polyethylene (LDPE), linear low density
polyethylene (LDYPE), medium density polyethylene (OYPE), high density polyethylene
(YYPE), polyethylene 100 (PE-100) , ultra high molecular weight polyethylene (UYMA-PE),
polyvinylchloride (PVC), phenolformaldehyde (PF), glass fiber reinforced polymer (GRP), steel
and cast iron materials. Low pressure pipelines used in city sewer systems are exposed to
corrosive solutions as well as municipal wastes and sludge transport and high cleaning
pressures. Especially steel and cast iron materials are not used in a short time due to corrosive
environment.

It remains. Therefore, it is appropriate to select from the group of polymeric materials
because of the superior corrosion properties of materials operating in such environments.
Because of its superior weldability, flexibility against external pressures and bending resistance,
easy mounting properties, corrosion resistance, abrasion resistance, sealing, resistance to
environmental conditions,among the materials used.
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Basalt is a natural volcanic rock containing about 50% SiO2 chemically. Basalt, a magmatic
rock that emerges on the earth through cracks, crevices or volcanic rocks in the earth's crust; dark
gray-black colored, fine-grained, hard, resistant and is particularly highly resistant to alkalis.
With these properties, it can be used as filling material in building materials and roads, it can be
used in the production of abrasion and corrosion resistant polymeric composite materials,
mineral wool production, sound and heat insulation [20-23].

In this study, friction and wear behaviors of composite materials with pure LDPE and LDPE
matrix containing 10 to 70% by weight of basalt were investigated. The effect of filling material
addition on tribological properties of DYPE was characterized under constant load and variable
speeds.

Experimental Studies

Matrix material LDPE used in the production of composites is supplied from Petkim AS and
basalt which is reinforcement material is supplied from Konya. Pure DYPE and 10%, 30%, 50%
and 70% by weight of four different basalt-reinforced basalt ratios The wear behaviors of five
samples were investigated under dry friction conditions, with LDPE matrix composite.

Composition The basalt given in Table 1 was first milled and classified by sieving from a 90
um sieve. The specimens used in the experimental works were prepared in rectangular plates
using injection molding method. Among the process parameters used during injection molding;
in three different heating zones The temperatures were 165, 175, 180 ° C, injection and mold
pressures were 5 MPa and 9 MPa, mold temperature 30 ° C, pressure application time 30 s.

Table 1. Chemical composition of basalt.

Compound % Weight
SiO2 45.88
AlLOs 18.20
Fex0Os 9.95

CaO 9.28

MgO 6.62

K0 1.64
Na0O 4.76

P05 1.04

Loss of combustion 2.63

The abrasion tests were carried out according to ASTM G 99 standard using a pin-on-disc
abrasion tester. The experimental process parameters are given in Table 2. The density and
hardness measurements were ASTM D 792 and ASTM D 2240 standards. In the hardness test,
Instron S1 Durotech, digital Shore D device was used.

Table 2. Process parameters for wear test.

Parameters Experimental Conditions
Applied load (N) 20

Speed (m/s) 05velb5

Temperature (°C) 23+2

Humidity (%) 65+1

Slip distance (m) 1000

Surface roughness, Ra (um) | 0.28
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Results and Advices

The variation of coefficient of friction of LDPE and basalt reinforced LDPE composites
depending on basalt content and shear rates under 20N load is given in Figure 1. Stable state
friction coefficient of LDPE and basalt filled LDPE composites up to 30% basalt content decreases
with increase in basalt content. After 30% basalt addition, the coefficient of friction of basalt-
reinforced LDPE composites is steady. The friction coefficient decreased by 64% and 73%,
respectively, for 0.5 m / s and 1.5 m / s depending on the basalt content of basalt reinforced
composites (70% basalt). In addition, with a 200% increase in applied shear rate, the coefficient of
friction of basalt-reinforced LDPE composites increased by 35%. Basalt the friction coefficient of
LDPE composites decreases as the concentration increases and the shear rate decreases.
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Figure 1. Change in friction coefficient depending on basalt concentration for slip rates
of 0.5 m/s and 1.5 m/s (applied load 20 N).

The change in the coefficient of friction of the DYPE composite depending on the basalt
content and the shear rate is given in the contour diagram in Fig. These maps,

the composite provides the right operating condition for the appropriate sliding conditions.
At the same time, it is possible to control the friction coefficient of this composite by selecting the
appropriate composition, applied load and shear rate. However, in order to achieve the lowest
friction coefficient, the diagram given in Figure 2 is used in selecting the correct material
combination, load to be applied and slip speed.

Myshkin et al. [24] have reported that wear conditions affect the friction coefficient of the
polymer. Polymers as viscoelastic material are highly sensitive to friction temperatures. The
basalt concentration is much higher than the applied load on the friction coefficient, as shown in
Figures 1 and 2. Pure LDPE is thought to exhibit high wear rates on steel surfaces with low
melting point, low hardness and high pressure [25]. The LDPE composite has increased basalt
content and polymer stiffness (see Table 3). Yang et al. [26] have shown that the hardness of the
polymer composite increases with the increase in the ceramic-based filler concentration in the
study on different polymer composites. In the abrasion test, the wear behavior of the DYPE
composite improved with the performance of the basalt particles. In the abrasion test, due to the
temperature at the steel disc and the LDPE composite interface, when the melt matrix is trapped
in the interface and acts as a lubricant to reduce the friction coefficient reached the end.
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Figure 2. Contour plot of the friction coefficient (applied load 20 N), depending on the shear
rate and basalt concentration of the reinforced LDPE composite.

Table 3. Change of hardness and density values depending on basalt concentration of the LDPE composite.

Basalt Hardness Density
Concentration(%) (Shore D) (g/ cm®)
Pure DYPE 45.50 0.94
10 48.00 1.01
30 49.70 1.17
50 55.30 142
70 68.70 1.81

Figure 3 shows the variation of LDPE and basalt-reinforced LDPE composites at 20 N load,
depending on basalt content and slip rates. The rate of penetration of LDPE and basalt filled
LDPE composites up to 30% basalt content decreases with increase in basalt content. After 30%
addition of basalt, the rate of infiltration of basalt-reinforced LDPE composites is steady. With
70% basalt reinforcement, the composite wear rate decreased by 94% and 96%, respectively, to
0.5 m/s and 1.5 m/s, respectively, according to the original situation.
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Figure 3. Change in wear rate due to basalt concentration for slip rates of 0.5 m/s and 1.5 m/s (applied load 20 N).

The change in wear rate depending on the basalt concentration and shear rates of the LDPE
composite is given in the contour diagram in Fig 4.
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Figure 4. Contour plot of the wear rate depending on the shear rate and basalt concentration
of the reinforced LDPE composite (applied load 20 N).

These maps provide the choice of the right working condition for the wear resistance of the
composite. At the same time, it is possible to control the abrasion rate of this composite by
selecting the appropriate composition, applied load and shear rate. With this Together, the
diagram given in Fig. 5 is used in order to achieve the lowest wear rate, the correct material
combination, the load to be applied and the slip speed.

As can be seen from FIGS. 3 and 4, the effect of the basalt content of the LDPE composite on
the wear rate is much higher than the applied shear rate. Pure LDPE is believed to exhibit high
wear rates on steel surfaces with low melting point, low hardness and high pressure. With the
basalt content of the LDPE composite increased, the hardness of the polymer increased. These
results are consistent with the literature [26, 27].

LDPE and basalt-supplemented LDPE composites at 0.5 m/s and 1.5 m/s shear rate,
respectively, by dividing the wear rate by the applied load the change in wear rate depending on
the basalt concentration is given in Fig. The specific wear rate, as seen in Figure 5, concentration
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Figure 5. Change in specific rate of attack due to basalt concentration (applied load 20 N).

Figure 6 shows the optical microstructures of the composite materials with pure LDPE and
LDPE + 50% basalt at a shear rate of 0.5 m/s after the abrasion test. As seen from Fig. 6, smooth
and thin marks were formed on the surface of the pure LDPE. In the abrasion test, the interface
between the steel and the polymer matrix composite material it is thought that the polymeric
material is stuck to the steel surface due to the heat, thus causing the polishing of the pin surface.
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a) b)
Figure 6. Optical microstructures of the abraded surfaces, a) pure LDPE at a shear rate
of 1.5 m/s, b) LDPE + 50% basalt at a shear rate of 1.5 m/s.

Results
The results obtained from the current study are as follows summed;

Friction coefficient of DYPE and basalt filled DYPE composites up to 30% basalt content
decreases with increase in basalt content. After 30% basalt addition, the coefficient of friction
of basalt-reinforced DYPE composites is steady.

The average friction coefficient of pure DYPE and basalt reinforced DYPE composites
increases with the increase of applied speed.

Wear rates of DYPE and basalt filled DYPE composites up to 30% basalt content decrease
with increase in basalt content. After 30% basalt addition, the erosion rate of basalt-
reinforced DYPE composites is constant.

The average wear rate of pure DYPE and basalt reinforced DYPE composites increases with
the increase of applied speed.

The specific erosion rate shows a sudden drop to 10% basalt addition and a linear behavior
after 10% basalt addition.

Pure DYPE and basalt-reinforced DYPE surfaces are smooth and thin.

It has been found that basalt-reinforced DYPE composites from optical micro structures

obtained from worn-out pin surfaces have deeper traces of pure DYPE.

REFERENCES

Rehbein, P., Wallaschek, J., “Friction and wear behavior of polymer/steel and alumina/alumina under high-
frequency fretting conditions”, Wear 216, 97-105, 1998.

Rajesh, ].J., Bijwe, J., Tewari, U.S.,” Abrasive wear performance of various polyamides”, Wear 252, 769-776, 2012.

Gurbanov.N.,“Farkl tip fiber takviyeli HDPE matrisli polimer kompozitlerin tribolojik &zelliklerinin incelenmesi”
Yiiksek Lisans Tezi, Erciyes Universitesi Fen Bilimleri Enstitiisti, Kayseri.2018

Bahadur S., Zhang L., Anderegg, ].W., “The effect of zinc and copper oxides and other zinc compounds as fillers
on the tribological behavior of thermosetting polyester”, Wear 203-204, 464-473, 1997.

84



Investigation of Tribological Properties of Natural Fiber Filled Ldpe Matrix Polymer Composite Materials

(5]

[6]-
[7].

[8].

[9].

[10].
[11].
[12].
[13].

[14].

[15].

[16].

[17].

[18].
[19].
[20].
[21].

[22].
[23].

[24].

[25].

[26].

[27].

Yu, L., Bahadur, S., Xue, Q. “An investigation of the friction and wear behaviors of ceramic particle filled
polyphenylene sulfide composites”, Wear 214, 54-63, 1998.

Suh, N.P,, Mosleh, M., Arinez, J., “Tribology of polyethylene homocomposites”, Wear 214, 231-236,2015.

Aoike, T., Yokoyama, D., Uehara, H.,, Yamanobe, T., Komoto, T., “Tribology of ultra-high molecular weight
polyethylene disks molded at different temperatures”, Wear 262, 742-748, 2017.

Guermazi, N., Elleuch, K., Ayedi, H.F,, Fridrici, V., Kapsa, P.H., “Tribological behaviour of pipe coating in dry
sliding contact with steel”, Materials and Design, doi: 10.1016/j.matdes.2008.12.003, 2009.

Shipway, P.H. Hutchings, LM., “Measurement of coating durability by solid particle erosion”, Surf. Coat.
Technol. 71, 1-8, 1995.

Iwai, Y., Honda, T., Yamada, H., Matsubara, T., Larsson, M., Hogmark, S., “Evaluation of wear resistance of thin
hard coatings by a new solid particle impact test”, Wear 251, 861- 867, 2001.

Wood, RJK, Puget, Y., Trethewey, KR, Stokes, K., “The performance of marine coatings and pipe materials
under fluid-borne sand erosion”, Wear 219, 46-59, 1998.

Iwai, Y., Numbu, K, “Slurry wear properties of pump lining materials”, Wear 210, 211-219, 1997.
Hojo, H,, Tsuda, K, Yabu, T., “Erosion Damage of Polymeric Material By Slurry”, Wear 112, 17-28, 1986.

Stack, M.M., Pungwiwat, N., “Slurry erosion of metallics, polymers, and ceramics: particle size effects”, Mater. Sci.
Technol. 15, 337—- 344, 1999.

Walley, SM,, Field, J.E., “The Erosion and Deformation of Polyethylene By Solid-Particle Impact”, Philosophical
Transactions of The Royal Society of London Series A-Mathematical Physical and Engineering Sciences 321, .277-
303, 1987.

Knuuttila, J., Ahmaniemi, S., Mantyla, T., “Wet abrasion and slurry erosion resistance of thermally sprayed oxide
coatings”, Wear 232, 207- 212, 1999.

Oblozinsky, P., Ugai, K., Katagiri, M., Saitoh, K., Ishii, T., Masuda, T., Kuwabara K., “A design method for slurry
trench wall stability in sandy ground based on the elasto-plastic FEM” Computers and Geotechnics 28, 2145-2159,
2001.

Mertiny, P., “Urethane-lined polymer composite pipe is designed to resist slurry hydrotransport abrasion and
corrosion”, Materials Performance 47, 16-18, 2008.

Yabuki, A, Sugita, K, Matsumura, M., Hirashima, M., Tsunaga, M., “The anti-slurry erosion properties of
polyethylene for sewerage pipe use”, Wear 240, 52-58, 2000.

Beall, G.H,, Rittler, H.L., “Basalt glassceramics”, Am. Ceram. Soc. Bull. 55, 579-582, 1976.
Yilmaz, S., Ozkan, O.T., Gunay,V.,“Crystallization kinetics of basalt glass”,Ceramic International 22,477-481, 2006.
Znidarsic, V., Kolar, D., “The crystallization of diabase glass”, ]. Mater. Sci. 26, 2490-2494, 1991.

Karamanov, A., Arrizza, L., Ergul, S., “Sintered material from alkaline basaltic tuffs”, Journal of the European
Ceramic Society 29, 4, 595- 601, 2009.

Myshkin, N.K,, Petrokovets, M.I,, Kovalev, A.V., “Tribology of polymers: Adhesion, friction, wear, and mass-
transfer”, Tribology International 38, 11-12, 910-921, 2005.

Rosato, D.V., Schott, N.R,, Rosato, M.G., “Plastics Engineering, Manufacturing and Data Handbook”, Plastics
Institute of America, Springer, 2006.

Yang, ] M., Chen, H.S., Hsu, Y.G,, Lin, F.H,, Chang, Y.H., “Organic-inorganic hybrid solgel materials: 2 Applicati-
on for dental composites”, Die Angewandte Makromolekulare Chemie 251, 61- 72, 2017.

Vina, J., Garcia, M.A., Castrillo, M.A., Vina I. and Arguelles, A., “Wear behavior of a glass fiber-reinforced PEI
composite”, Journal of Thermoplastic Composite Materials 21, 279-286,2008.

85



86



e o o o w N

>

s N o

INSTRUCTIONS FOR AUTHORS

"The Baku Engineering University Journal-Chemistry and Biology" accepts original unpublished articles
and reviews in the research field of the author.

Articles are accepted in English.

File format should be compatible with Microsoft Word and must be sent to the electronic mail
(journal@beu.edu.az) of the Journal. The submitted article should follow the following format:

Article title, author's name and surname

The name of workplace

Mail address

Abstract and key words

The title of the article should be in each of the three languages of the abstract and should be centred on the
page and in bold capitals before each summary.

The abstract should be written in 9 point type size, between 100 and 150 words. The abstract should be written
in the language of the text and in two more languages given above. The abstracts of the article written in each
of the three languages should correspond to one another. The keywords should be written in two more
languages besides the language of the article and should be at least three words.

. UDC and PACS index should be used in the article.

The article must consist of the followings:

Introduction

Research method and research

Discussion of research method and its results

In case the reference is in Russian it must be given in the Latin alphabet with the original language shown in
brackets.

Figures, pictures, graphics and tables must be of publishing quality and inside the text. Figures, pictures
and graphics should be captioned underneath, tables should be captioned above.

References should be given in square brackets in the text and listed according to the order inside the text at
the end of the article. In order to cite the same reference twice or more, the appropriate pages should be
given while keeping the numerical order. For example: [7, p.15].

Information about each of the given references should be full, clear and accurate. The bibliographic description
of the reference should be cited according to its type (monograph, textbook, scientific research paper and etc.)
While citing to scientific research articles, materials of symposiums, conferences and other popular scientific
events, the name of the article, lecture or paper should be given.

a)

b)

c)

10.

11.
12.

Samples:

Article: Demukhamedova S.D., Aliyeva 1.N., Godjayev N.M.. Spatial and electronic structure af monomerrik
and dimeric conapeetes of carnosine uith zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832,
2010

Book: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, p.386-398, 2002

Conference paper: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information — Commu-nication
Technologies in Science and education. II International Conference.”Higher Twist Effects In Photon- Proton
Collisions”, Baki, 01-03 Noyabr, 2007, ss 384-391

References should be in 9-point type size.

The margins sizes of the page: - Top 2.8 cm. bottom 2.8 cm. left 2.5 cm, right 2.5 cm. The article main text
should be written in Palatino Linotype 11 point type size single-spaced. Paragraph spacing should be 6 point.

The maximum number of pages for an article should not exceed 15 pages

The decision to publish a given article is made through the following procedures:

The article is sent to at least to experts.

The article is sent back to the author to make amendments upon the recommendations of referees.

After author makes amendments upon the recommendations of referees the article can be sent for the
publication by the Editorial Board of the journal.



YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University-Kimya va Biologiya”- oavvallor nagr olunmamis orijinal asarlori vo
miisllifin tadqiqat sahasi iizre yazilmis icmal maqalalari gobul edir.

Maqalalor Ingilis dilinds gobul edilir.

Yazilar Microsoft Word yazi programinda, (journal@beu.edu.az) invanina géndarilmslidir. Gondarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilaso vo agar sozlor.

Mogqalads bashq hor xiilasadan avval ortada, qara vo boyiik harflo xiilasolorin yazildig: hor ti¢ dilde
olmalidir.

Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiyiindo, moqalonin yazildig1 dildo vo bundan
olavo yuxarida gostarilon iki dildo olmalidir. Magalonin har {i¢ dildo yazilmug xiilasasi bir-birinin eyni olmalidir.
Agar sozlor uygun xiilasalorin sonunda onun yazildig: dilde verilmaklo on az1 ii¢ s6zdon ibarat olmalidir.

Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalos asagidakilardan ibarat olmalidir:

Giris,

Tadqiqat metodu

Tadqiqgat isinin miizakirasi vo onun naticalori,

Istinad adebiyyat: rus dilinds oldugu halda orjinal dili m&tarzo icorisinde gdstormoklo yalmz Latin alifbasi
ilo verilmolidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyyatds va moatn igarisindo olmalidir. Sakil,
rosm va grafiklorin yazilari onlarin altinda yazilmalidir. Cadvallards basliq cadvalin iistiinds yazilmalidir.

Manbalar motn igarisinde kvadrat moéterize daxilindo géstorilmoklo mogqalonin sonunda motn daxilindoki
sira ilo diiziilmolidir. Eyni monbays iki vo daha cox istinad edildikds avvalki sira say1 saxlanmaqla miivafiq
sohifolor gostarilmolidir. Masalon: [7,s0h.15].

BOdobiyyat siyahisinda verilon her bir istinad haqqinda malumat tam vo deqiq olmalidir. Istinad olunan monbanin
bibliografik tesviri onun ndviindon (monoqrafiya, dorslik, elmi moaqalo va s.) asili olaraq verilmolidir. Elmi ma-
qalslora, simpozium, konfrans, vo diger niifuzlu elmi tadbirlorin materiallarina v ya tezislorine istinad edarkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbqals: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. II International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Maoanbolar 9 punto yazi tipi boyiiklitylinds olmalidir.

10.

11.
12.

Sohifo ol¢iilori: tistdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yaz: tipi
boyikluytinds, Palatino Linotype yaz: tipi ils vo tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifodon artiq olmamalidir.

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyslorini nazors almaq ti¢iin moaqale miiollifo gdndorilir.

Mogqals, ekspertlorin tonqidi qeydlori miisllif torafindon nozere alindiqdan sonra Jurnalin Redaksiya Heyati
torofindon ¢apa toqdim oluna bilor.


mailto:journal@beu.edu.az

8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Kimya ve Bioloji" 6nceler yayimlanmamis orijinal ¢aligmalari ve
yazarin kendi arastirma alanin-da yazilmig derleme makaleleri kabul etmektedir.

Makaleler ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Génderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin bagligi, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig: dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her ii¢ dilde yazilmis 6zeti birbirinin ayni olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az ii¢ s6zciikten olusmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugmalidir:

Giris,

Arastirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gostermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun {ist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde késeli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
nunda gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirii de eserin tii-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [Imi makalelere, sempozyum, ve konferanslara
muracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin adi da gosterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A.I. Appligation of Information-Communication Technologies
in Science and education. 11 International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; Ust: 2.8 cm, alt: 2.8 cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto bilyiik-
lukte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal arastirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editoér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri gonde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana gonderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yaym Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler igin,(derginin kendilerine gonderilmesi za-
mani posta karsiligi) 30 ABD Dolar1 veya kargiligi TL, T.C. Ziraat Bankasi/Uskiidar-istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - Xumunu u 6uonornn myOIuKyeT OpUrHHATBHBIC, HAYYHbIC CTATHU
U3 00IaCTH KCCICI0BAaHMUSI ABTOPA U PaHEe HE OIyOIMKOBaHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomuicH TOIKHBI OBITh HaOpaHs! coryiacHo porpammbel Microsoft Word u oTripaBiieHs! Ha 37IEKTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJIKHBI YIUTHIBATH CIICAYIOIIHE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpeacTaBisifOTCS aHHOTAIIMK HA JBYX APYTHX BBINIC YKA3aHHBIX SI3BIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEP:KaHUIO0 opUruHaia. KitoueBble ciioBa JOJKHBI ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yka3ansl kogel UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM anaBUTe.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu K pUCyHKaM pa3MEIIIaloTCsl MO PUCYHKOM, KapTHHKON i rpadukom. Ha3BaHnue TaOIMIbI MHIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAl0TCA B TEKCTE IIU(PPOI B KBAIPATHBIX CKOOKAX M PACIIONaratoTcs B KOHIIE CTAThH
B TIOPSIIKE IUTHPOBAHUS B TeKCTe. ECITM Ha OJMH M TOT K€ HCTOYHMK CCBUIAIOTCS JIBa U GoJiee pas, Heo0X0-
JIMMO YKa3aTh COOTBETCTBYIOIIYIO CTPAHHILY, COXPaHAS MOPSAKOBHIM HOMep nuTupoBanus. Hanpumep: [7,
crp.15]. bubnrorpaduueckoe ONMMUCaHWE CCHITAEMOM JTUTEPATYPHI JOJKHO OBITH MPOBEIEHO C YUETOM THIIA
UCTOYHKKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE Ha HAYYHYIO CTaThiO, MaTepHAIbl CHM-
No3uyMa, KOH(GEPEHIINH WK IPYTHX 3HAYAMBIX HAYYHBIX MEPOIPHATHHN JTOKHBI OBITH YKa3aHbl Ha3BaHHE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knueza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

CHycoK IMTHPOBAHHOM JIUTEpaTyphl HabupaeTcs mpudToM 9 punto.

10.

11.
12.

Pa3mepbl crpaHuubl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaBa 2.5. Tekcr nedaraercs mwpudrom Pala-
tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAILHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM dKCIIepTaMm.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

Cratbs, Tocjae TOTo, KaK aBTOp ydes 3aMeuaHusi SKCIEePTOB, PENAKIIMOHHOW KOJUIETHEH JKypHama MOXKET
OBITh PEKOMEH/IOBaHA K MICYATH.
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