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B metiTpasbHON cpejie CHHTE3MPOBAHBI KOMIIIEKCHBIE
coelMHEHUs NepexoaHbIX MeTasnoB Maprauma (I1) u
nuHKa (I1)) ¢ canunmaIoBo-pe3opIMHOBBIM CIITUPTOM
[MHLQCIQ], [ZHLQ(HQO)Q]Q(HQO) I/I[[CHTI/I(I)HK&HI/IH
CHHTE3UPOBAHHBIX KOMILTEKCOB IIPOBOAMIIACH C IIOMO-
IIBIO 3JIEMEHTHOTO0, peHTreHodasoBoro anauusa, ¥ O-
cuexrpockonuy, MK crnexkTpasibHOr0 U TepMOTpaBu-
MeTPUYEeCKOT0 MeTO/0B aHalIu3a. Kpucrammrueckas
CTPYKTypa KOMILTIEKCOB OblJIa OIpeeieHa METO/0M
MOHOKPHUCTAJJINYECKON PEHTTEHOBCKON MU(paKiuim.
Corsracuo Y @- CrieKTPOCKOINI B KOMIIJIEKCAX HabJII0-
naercst d—d nepexozi, COOTBETCTBYIONIHH JITTUHE BOJHBI
st Mn (IT) 480-560 1M, st kommiekca Zn (1) 238
HM. Pe3y/ibTaTbl TepMOrpaBUMETPUYECKUX UCCIIEI0BA-
HU# IMOKa3aJik, 4YTO KOHCYHBIM MPOJAYKTOM TEpMHUYEC-
KOTO Pa3JIOKEHHS BCEX COCAMHEHUN SBIISAETCS OKCH
MeTaJlIa COOTBETCTBEHHO. VI3ydyeHa aHTHpaAUaIliOH-
Hasl aKTUBHOCTH KoMmIiekcoB Mapranma (II) n munka
(IT) Ha 06sryueHHBIX ceMeHax TeHuibl. OGHAPYIKEHO,
4T0 06paboTKa CEeMSIH IIIEHUIBI TIepel 00TydeHneM
BO/ITHBIM PACTBOPOM KOMIIJICKCOB ITPUBOJAUT K HOPMaJIN-
3a1Uu GUOCUHTE3a (POTOCUHTETHYECKUX TIUTMEHTOB.

Kniouesvie cnoea: anTUPaallIOHHAS aKTUBHOCTD;
NK-creKTpoCcKOIHs; KOMILIEKC; MapraHell; peHTTeHO-
(bazoBwIil aHaNIN3; CANTUIIUIIOBO-PE3OPIIMHOBBIN CITUPT;
TEPMOTPABUMETPUYECKII aHAIN3; IIMHK.

[ara nocrymienus 01.02.22

Transition metal manganese (II) and zinc (II))
complexes with salicylic resorcinol alcohol [MnL,Cl,],
[ZnLy(H,0)5]-2(H,O) were synthesized in neutral
medium. Identification of the synthesized complexes
was carried out using elemental, X-ray phase analysis,
UV spectroscopy, IR spectral and thermogravimetric
methods of analysis. The crystal structure of the
complexes was determined by single crystal X-ray
diffraction. According to UV spectroscopy, d—d
transition was observed in the complexes
corresponding to the wavelength for Mn (II) 480—-560
nm, for Zn (IT) complex 238 nm. The results of
thermogravimetric studies showed that the final
product of thermal decomposition of all compounds is
metal oxide, respectively. The anti-radiation activity
of manganese (II) and zinc (II) complexes on
irradiated wheat seeds was studied. It was found that
treatment of wheat seeds before irradiation with an
aqueous solution of the complexes leads to normalization
of photosynthetic pigments biosynthesis.

Key words: anti-radiation activity; complex; IR
spectroscopy; manganese; salicylic-resorcinol alcohol;
thermogravimetric analyzes; X-ray phase analysis;
zinc.

bawxupcruit xumuueckuil acypnan. 2022. Tom 29. Ne2 43



Coordination compounds of most transition
metals with organic ligands such as benzoic acid,
salicylic acid, resorcinol, bipyridine,
polyaminopolyphosphonic acids exhibit biological
activity, since they are donors of vital trace elements
and biomolecules and can also exhibit high cytotoxic
activity against tumor cells, therefore and are widely
used in the production of various drugs ™% The
biological activity of the complexes is determined not
only by the nature of the metal ion and ligands, but
also by the conditions of the synthesis, the
composition of the external and internal
coordination spheres, and the structure of the
compounds obtained 3-8,

In this paper, we present methods of synthesis
and study of the properties of manganese (IT) with
salicylic-resorcinol alcohol and salicylic acid.

Physical measurements

The composition and chemical structure of the
synthesis products obtained are studied by physical-
chemical analysis methods: X-ray phase analysis
(diffractometer (Germany) D-2 Phaser firm Bruker);
IR spectroscopy («Specord M-80» brand Carl Zeiss).
The spectra of the reaction solutions in the UV
regions were recorded on the Evolution 60S
spectrophotometer, by Thermo Scientific Spectronic
(USA). Differential thermogravimetric analysis was
performed on (NETZSCH STA 449F3 STA449FSA-
0622-M).

Experimental part

Synthesis of MnL,Cl, (L - salicylic-
resorcinol alcohol). A sample of 0.6 g (0.03 mol)
of MnCl, was dissolved in 30 ml of ethyl alcohol

at 60 °C, 40 ml of salicylic resorcinol was added to the
solution and then boiled under reflux for 2 hours. The
resulting precipitate was filtered off, washed with
ethanol, and dried in a desiccator over sulfuric acid
for one week.

Synthesis [ZnL,(H,0),]-2H,0, L - salicylic-
resorcinol alcohol. The synthesis of a zinc (II)
complex with salicylic-resorcinol alcohol was
obtained by the method described above.

Results and conclusion

IR- spectroscopy. We have synthesized complex
compounds of manganese (IT) and zinc (II) with
salicylic-resorcinol alcohol [MnL,Cl,], [ZnL, (H,0)
»]-2H,0 in a neutral medium. To determine the
nature of the coordination of the ligand with the
complexing agent, an IR spectral analysis of the
obtained complexes was carried out, which showed
that the complexation is accompanied by significant
spectral changes in comparison with the spectrum of
the free ligand.

Comparison of the IR spectra of the obtained
complex compounds and the initial one showed that
the absorption bands of the carbonyl group in the
complex are in an ionized form, since absorption
bands of asymmetric and symmetric vibrations of the
deprotonated carboxyl group appear in the region
of 1659-1510 and 1445-1377 cm™, respectively, and
the bands disappear absorption in the range 1665-
1700 cm ! (Fig. 1).

Related to the stretching vibrations of the C=0
bond of the unionized carboxyl group. The difference
between asymmetric and symmetric stretching
vibrations of the ionized carboxyl group Av (COQO")
is less than 220 cm™!, which suggests its bidentate
coordination with the manganese ion in the resulting
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Fig. 1. IR spectrum of the Mn (IT) complex with salicylic-resorcinol alcohol
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complex compound. For the same reason, it can be
concluded that the type of bond between the
carboxylate oxygen atom of the ligand with the
manganese (II) ion is predominantly ionic.
Interpretation of the obtained data also confirms the
formation of complexes [MnL,Cl,], [ZnL,-(H,0)
2]-2H,0 L-(salicylic-resorcinol alcohol).

Differential Scanning Calorimetry. With the
definition of the thermic stability and the
composition of synthesized complexes [MnL,Cl,] the
thermographic analysis was carried out.

Using thermocouples, the composition and
strength of the synthesized complex compound was
determined, and it was found that the complex is
stable up to 160 °C. (Fig 2.)

At higher temperatures, the complex gradually
disintegrates, and this process ends in several stages,
and in all cases the result is that Me*? is converted to
Me*3. Thus, according to the results of the
physicochemical methods used in this work, it was
found that the composition and structure of the
obtained complexes directly depend on the ratio of
the initial products (Fig 3.)

X-ray phase analysis. Fig. 4. shows the result of
X-ray phase analysis of the synthesis product. The
interpretation of the obtained data also confirms the
formation of the [MnL,Cl,] complex.

Since the parameters of the crystalline cell differ
from each other, a coordination complex Mn-
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Fig.2 .Thermogravigram complex MnL,Cl, (L - salicylic-resorcinol alcohol)
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Fig.3. Thermogravigram of the complex [ZnL,(H,0),]-2(H,0) (L — salicyl-resorcinol alcohol)
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Fig. 4. Diffractogram of the complex [MnL,Cl,] (L - salicylic-resorcinol alcohol)

salicylic-resorcinol alcohol was created. salicylic-
resorcinol alcohol peaks did not appear in Mn-
salicylic-resorcinol alcohol, but almost all complexes
were created

UV-VIS  spectroscopy. The  UV-VIS
spectroscopu analysis of 0.01 M of manganese (II)
and zinc (IT), complex is water was made. It is clear
from the specimen that the d-d passage is 480-560 nm
wavelength Mn (II). The complex with Zn?* is
characterized by the appearance of one maximum at
238 nm. The maximum at 238 nm characterizes the
formation of a metal-ligand coordination bond.

The results of the investigations showed that in
all cases the final product of the thermal
decomposition of the complexes is metal oxide. Thus,
according to the results of the physicochemical
methods used in the work, it is established that the
composition and structure of the obtained complexes
directly depends on the ratio of the initial products to
determine the composition and thermal stability of
the complexes under study, we performed elemental
analysis, X-ray phase analysis, IR spectral and
thermogravimetric analysis.
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Study of anti-radiation activity of manganese
(IT) and zinc (IT) complexes with salicylic resorcinol
alcohol

In the manganese (II) and zinc (II) complexes
obtained, the anti-radiation activity was tested on
irradiated wheat seeds. Photosynthetic pigment
content was determined in seedlings. Seeds treated
with MnCl,-salicyl-resorcinol had high germination
rate and high photosystem activity. The complexes
also had a positive effect on chlorophyll content as
well as on the chlorophyll /A chlorophyll/ B ratio. It
was found that low concentrations of complexes
positively affect chlorophyll and carotenoids
synthesis and increase functional activity of
chloroplasts. Treatment of wheat seeds before
irradiation (irradiation dose 300 Gy) with aqueous
solutions of complexes (solution concentration
0.001%) leads to normalization of photosynthetic
pigments biosynthesis, promotes elimination of
mitotic division anomaly in root hair cells and
stimulates reparative mechanisms.
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