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Abstract: The work demonstrated that hydrazide of maleic and hydrazine diacetic acid(L-2,2"-(2-(3-
carboxyacryloyl)hydrazine-1,1-diil)diacetic acid) forms mononuclear complexes [CuL(H.0);] and
[VOL(H,0),]. The structure and physical properties of these complex compounds have been studied by IR,
UV spectroscopy and thermogravimetric methods of analysis. On the basis of the data obtained, the structure
of the complexes was proposed, in which the metal ion is coordinated by two oxygen atoms and one nitrogen
atom of the aminodiacetic fragment. In the electronic spectra of the copper complex, there are absorption
bands of the transition at ~240 nm (related to charge transfer) and one d-d transition 740 nm. In the
electronic spectra of the vanadyl complex, several absorption bands are observed at 300 nm (inflection),
~625 nm (inflection), and 780 nm, which can be attributed to d—d transitions of the VO?*in the low symmetry
ligand environment. The five-coordinated structure of the complex is carried out by two oxygen atoms of two
water molecules. The EPR spectrum of the polycrystalline [CuL(H,0),] complex at room temperature
indicates a low symmetry of the complex and has three g -factor values: g,=2.30, g,=2.22; ¢gs=2.11.
Additionally, a hyperfine structure is observed due to **®*Cu nuclei (nuclear spin 3/2) with a splitting
constant of 80 G.
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Introduction

The previously described 3d metal
maleates and their mixed-ligand complexes are
of interest from both practical and theoretical
points of view. These compounds can be used in
the field of nonlinear optics [1-4]. Thermolysis
of maleates can be used to obtain small metal or
metal oxide nanoparticles stabilized in a
polymer matrix. An example is the
M(OOCCH=CHCOO),.mnH.O (M = Fe(lll),
Co(ll)) complex, which upon thermolysis forms
both individual particles of metal oxides and
aggregates of three to ten such types, embedded
in a polymer matrix [5].

Cobalt bis (hydromaleate) tetrahydrate

exhibits luminescent properties. The theoretical
interest in maleate complexes is due to the fact
that maleic acid can bind to a metal ion in
mono- and dianion form as a mono-, bi-, tri-, or
tetradentate ligand to form various structures [6-
10]. The maleate ion can be monodentate,
bidentate, tridentate, tetradentate, bridged, and
chelated [11-14]. We have obtained for the first
time a hydrazide of maleic and hydrazine
diacetic acid(L-2, 2'-(2-(3-
carboxyacryloyl)hydrazine-1,1-diyl)diacetic

acid), by reacting which with salts of transition
metals (Cu(ll) and VO(Il)) mononuclear
complexes [CuL(H,0),] and [VOL(H,0),].
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Experimental part

All chemicals that took part in the
synthesis were used without further purification.
Maleic acid was used analytically pure, from
Sigma-Aldrich. IR spectra of samples in
vaseline were recorded in the range of 4000—
400 cm* using a  NicoletIS10
spectrophotometer. Electronic  absorption
spectra were recorded on a UV-VISE 60S
spectrophotometer in ethanol solutions in the
range of 200400 nm. Hydrazine diacetic acid
was obtained according to a known method
[15].

Preparation of maleic acid hydrazide
with hydrazine diacetic acid (L-2,2'-(2-(3-
carboxyacryloyl)hydrazine-1,1-diyl)diacetic
acid. Maleic acid hydrazide was obtained by
reacting maleic anhydride with N,N-hydrazine
diacetic acid. To 1 mmol of N,N hydrazine
diacetic acid dissolved in 8 ml of water was
added 1 mmol of maleic anhydride. The mixture
was stirred for 2 hours. A day later, white
transparent crystals fell out of the solution.T =
202'C. Yield 0.80 g (85%).For CgH1o07N;

calculated %: C 39.03 H4.09 N 11.38. Found %:
C 39.09 H 4.03 N11.40

Synthesis of [CuL(H;0),](L-2,2'-(2-(3-
carboxyacryloyl)hydrazine-1,1-diyl)diacetic
acid).To 0.004 mol (120 mg) of maleic acid
hydrazide dissolved in ethanol solution, taken in
a ratio of 1:1, was added 0.005 mol (100 mg) of
copper acetate Cu(CH3COO),-H,0 dissolved in

5 ml of methyl alcohol. The solutions were
mixed and stirred on a magnetic stirrer at a
temperature of 30-40'C. After 2 days, blue
crystals are formed, which are separated and
dried in air T,,>250C. The crystals are soluble
in alcohol. Yield 0.70 g (75%).For
CU(C3H1007N2)(H20)2 calculated %: C27.90 H
2.90 N 8.13 Cu 18.49 Found %: C 27.88 H
2.94 N 8.18 Cu 18.45

The complex [VOL(H20),] was obtained
by the method described above. For
VO(CgH1007N,)(H,0), calculated %: C 27.66 H
2.88 N 8.06 V 14.61; found %: C 27.70 H 2.96
N 8.02 V 14.66. T,x>250'C. Yield 0.68 g (72%).

Discussion of the results

For the first time, by reacting maleic
anhydride with N,N-hydrazine diacetic acid, a
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hydrazide of maleic and hydrazine diacetic acid
was obtained (Scheme 1).
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Scheme 1. L-2,2'-(2-(3-carboxyacryloyl)hydrazine-1,1-diyl)diacetic acid

The obtained ligand 2,2'-(2-(3-
carboxyacryloyl)hydrazine-1,1-diyl) diacetic
acid) in alcohol solutions forms stable complex
compounds with Cu(ll) and VO(IV) ions with
the metal ion: ligand ratio 1:1, having the
following compositions: [CuL (H,0),] and

[VOL(H,0),] (Scheme 2).

The structure and physical properties of
these complex compounds have been studied
by infrared spectroscopy, UV spectroscopy,
EPR, and thermogravimetric analysis.
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Scheme 2

In the IR spectrum of the ligand (2,2'-(2-
(3-carboxyacryloyl)hydrazine-1,1-diyl)dioacetic
acid), a wide absorption band related to O-H
stretching vibrations is located in the region of
3390 cm™, in the copper complex is in the
region of 3462 cm™, and in the vanadyl complex
in the region of 3582 cm™ (Fig.1). The
absorption band in the region of 3116 cm™
related to the N-H group of the ligand is shifted,
in the copper complex, to the region of 3296
cm™ (Fig.2). The carboxyl group, located in the
1746 cm™ region of the ligand, in the copper
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complex is shifted to a lower frequency region
of 1662 cm™, and in the vanadyl complex to the
1644 cm™ region. The band at 2349 cm-1, which
belongs to the O=C=0 group of the ligand in the
copper complex, is shifted to the region of 2359
cm-1, and in the vanadyl complex to the region
of 2341 cm™ (Fig.3). The shift of the bands in
the complexes suggests that the metal ion is
coordinated by two oxygen atoms and one
nitrogen atom of the aminodiacetic fragment
[16-17].
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Fig.1. IR spectrum of 2,2'-(2-(3-carboxyacryloyl)hydrazine-1,1-diyl) diaceticacid in vaseline oil.
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Fig. 2. IR spectrum of the [CuL(H,0),] complex in vaseline oil
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Fig. 3. IR spectrum of the [VOL(H,0),] complex in vaseline oil
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Fig. 4. Electronic spectrum of 2,2'-(2-(3-carboxyacryloyl)hydrazine-1,1-diyl)
diacetic acid in ethyl alcohol
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There is a band at 210 nm in the
electronic spectrum of the ligand (Fig.4). The
electronic spectrum of the copper complex is
shown in Figure 5. In the electronic spectra of

0,12

0,1

0,08

0,06

0,04

0,02

200 280 280 120 360 400

0,02 -
i, nm

a)

copper complex there are absorption bands at
~240 nm (related to charge transfer) and one d-d
transition 740 nm [18].
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Fig. 5. Electronic spectra of [CuL(H,0),] complex in ethyl alcohol: a) in the UV region;
b) in the visible region.

In the electronic spectra of the vanadyl
complex, several absorption bands are observed
at 300 nm (inflection), ~625 nm (inflection),

and 780 nm, which can be attributed to d—d
transitions of the VO?** ion in the low
symmetry ligand environment (Fig.6) [19-22].
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Fig. 6. Electronic spectra of the [VOL(H,0),]complexin ethyl alcohol: a) in UV region;
b) in the visible region.

The thermogravimetric analysis  of
the[CuL(H,0),] complex occurred in 4 stages.
In the range of 157-230°C, weight loss is
observed due to the removal of water (loss of
two molecules of coordinated water per formula
unit is 9.15% (calculation) and 8.10%
(experiment) (Fig. 7). At the next stages in the

temperature range 330— 797.1°C, a weight loss
of 24.59% is observed, probably due to the
decomposition of carboxylate ligands (loss of
carboxylate ligands per formula unit is 24.75%
(calculation) 24.59%, (experiment) and the
presence of a precipitate in the form of metal
oxide indicated the end of the process.
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Fig. 7. Derivatogram of the [CuL(H,0O),]Jcomplex

In the vanadyl complex [VOL(H20),],
the decomposition also occurs in four stages. At
the first and second stages, in the range of 110—
355°C, a mass loss is also observed due to the
elimination of water molecules (loss of two
coordinated water molecules per formula unit is

7.51% (calculation) and 6.13% (experiment)
(Fig. 8). In the next two stages, in the
temperature range of 468-618.4°C, the
decomposition of carboxylate ligands also takes
place, with the formation of vanadium oxide as
a result.
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The EPR spectrum of the polycrystalline
complex (Fig.9) [CuL(H;0),] at room
temperature indicates a low symmetry of the
complex and has three values of the g-factor:

rey

g,=2.30

0:=2.30, g,=2.22; g3=2.11. Besides, a hyperfine
structure is observed due to ®*®Cu nuclei
(nuclear spin 3/2) with a splitting constant of 80
G.

Fig. 9. EPR spectrum of the [CuL(H,0),] complex

Conclusion

Thus, a hydrazide of maleic and
hydrazine diacetic acid was obtained, which

forms with Cu(ll) and VO(IV) ions the
mononuclear complexes [CuL(H,0),] and
[VOL(H0)](L-2,2"-(2- (3-

carboxyacryloyl)hydrazine-1,1-diyl)diacetic

acid). On the basis of the data obtained, the
structure of the obtained complexes was
proposed, in which the metal ion is coordinated
by two oxygen atoms and one nitrogen atom of
the aminodiacetic fragment. The five-

coordinated structure of the complex is due to
the additional binding of two oxygen atoms of
two water molecules. The binding spectrum of
the polycrystalline [CuL(H,0),] complex at
room temperature shows a low symmetry of the
complex and has three g -factor values: g;=2.30,
0,=2.22; g3=2.11. Aside from this, a hyperfine
structure is observed due to ®*®Cu nuclei
(nuclear spin 3/2) with a splitting constant of 80
G.
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MALEIN HIDRAZID VO HIDRAZINDIASETAT TURSUSU iLO Cu(Il) VO VO(IV)
KOMPLEKSLORININ SINTEZI

E.A. Quliyeva®, P.A. Fatullayeva®, F.F. Calaladdinov!, T.Y. @sgarova®, T.M. Haqverdiyeva®,
M.V. Mammadova!, R.D. Kasumov?, M.A. Bayramov?

'Azorbaycan Respublikast Elm va Tahsil Nazirliyi
Akad. M. Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu,
H. Cavid pr., 113, AZ1143
2 Azarbaycan Respublikasi Elm va Tohsil Nazirliyi Radiasiya Problemlari Institutu
B.Vahabzads kii¢., 9 AZ1143

Xiilasa: Bu isdo gostorilmisdir ki, malein tursusunun hidrazidi vo hidrazin diasetat tursusu (L-2,2'-
(2-(3-karboksiakriloil)hidrazin-1,1-diil)diasetat tursusu) mononiivali komplekslor omolo gatirir
[CuL(H20)] vo [VOL(H,0),]. Bu kompleks birlosmoalorin strukturu vo fiziki xassolori iQ, UB
spektroskopiyasi vo termogravimetrik analiz tisullar1 ilo 6yronilmisdir. Alinan molumatlar asasinda
metal ionunun iki oksigen atomu vo aminodiasetat fragmentinin bir azot atomu ilo slagalondirildiyi
oldo edilmis komplekslorin strukturu toklif edilmisdir. Mis kompleksinin elektron spektrlorinds
~240 nm-da (yiik ottirtilmasi ils bagli) kegidin udma zolaqglar1 va bir d-d kegidi var 740 nm. Vanadil
kompleksinin elektron spektrlarinds bir ne¢o udma zolaglari: 300 nm (ayilms), ~625 nm (ayilma)
va 780 nm-do miisahide olunur ki, bu da VO**asag1 simmetriyal ligand miihitinds d-d kegidlarino
aid edilo bilor. Kompleksin bes koordinasiyali qurulusu iki su molekulunun iki oksigen atomu
torofindon hoyata kegirilir. Otaq temperaturunda polikristal [CuL(H,0),] kompleksinin EPR spekri
kompleksin asagi simmetriyasini gostorir vo ii¢ g-faktorlu giymoto malikdir: 91=2.30, g,=2.22;
gs=2.11. Bundan olave, 80 G pargalanma sabiti olan 8384Cu niivelor (niivo spini 3/2) hesabina
hiperinca struktur miisahids olunur.

Acar sozlar: hidrazid, malein tursusu, mononiivali komplekslar, Cu(ll), VO(II) ionlar1

CHUHTE3 KOMIIJIEKCOB Cu(ll) U VO(1V) C 'UAPA3ZUIOM MAJIEMHOBOH 1
I'MAPAZNHINYKCYCHOU KUCJIOThbI

9.A. FynneBal, ILA. d)aTy.JmaeBal, D.D. I[)Ka.nanazmnﬂonl , TS Acxeposal, T.M.
AXBemeeBal, M.B. MammenoBa’ P . KacyMOBZ, ML.A. BaﬁpaMOBz

YWnemumym Kamanusza u Heopeanuueckoti xumuu um. axao. M. Haeuesa
Munucmepcmea Hayxu u Obpazosanus Azepoatioscanckoii Pecnyonuxu
AZ 1143 Baxy, np. I. [{ocasuoa, 113;Baky
e-mail: esmira.quliyeva68@mail.ru,
2Unemumym Paouayuonnsix Ilpo6iem
Munucmepcmea Hayxu u Obpaszosanus Azepoatiodcanckoii Pecnyonuxu
ya. b. Baxabzaoe, 9, AZ1143, baxy
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Annoranus: [TokazaHo, 9To TUApPa3H] MAIEHMHOBOW KHUCIOTHI M THAPA3UHIANYKCYCHOM KHCIOTH 00pasyer ¢
noHamu Cu(ll) u VO(IV) wmonosmepubie kommtekcsl [CuL(H;0),] u  [VOL(H;0),] (L-2,2'-(2-(3-
KapOokcHuakpmionmn)ruapazun-1,1-mumn)anykcycrnaskucnora). CtpoeHrne ¥ (U3NYECKHE CBOWCTBA ITHX
KOMIUIEKCHBIX coeauHeHul u3ydeHsl UK-, Y®-cnekTpockonued U TEpMOrpPaBUMETPUYECKUM METOJAMHU
aHanu3a. Ha ocHOBe MONyUYEHHBIX NAHHBIX MPEIJIOKEHO CTPOCHHE MOYYSHHBIX KOMIUIEKCOB, B KOTOPOM
KOOpIMHALMS HOHA MeETajula OCYIIECTBISETCS IBYMs aTOMaMH KHCIOpoJa M OJHHM aTrOMOM a3o0Ta
AMHHOJIMYKCYCHOTO (pparMeHTa. B 3IEKTPOHHBIX CIEKTpaX KOMIUIEKCA MEIW MPHCYTCTBYIOT MOJOCHI
HOTJIONIEHHsT Tiepexosia npu ~240 HM (oTHOCsIHMECs K nepeHocy 3apsaa) u oauH d-d mepexon 740 um. B
3JIEKTPOHHBIX CHEKTpax BaHAAWJIBHOTO KOMIUIEKCa HaOMI0JaeTCsi HECKOIBKO IMoJoc mornomenus mpu 300
HM (meperu6), ~625 uM (meperu6) u 780 HM, KoTopble MOXHO oTHectH k d-d mepexomam moma VO ¢
JUTaHIHBIM OKPYXXCHHEM C HHU3KOH cumMmerpueil. [IATUKOOPIMHUPOBAHHOE CTPOCHUE KOMILIEKCa
OCYyIIECTBJISIETCS. 32 CUET [JBYX aTrOMOB KUCIopoja JAByX MoJekyn Boabl. Crektp OIIP
nonukpuctaumdeckoro kommuiekca [Cul(H,0),] npu koMHATHOW TeMmeparype yKas3blBaeT Ha HH3KYIO
CUMMETPHIO KOMIUIEKCa W WMeeT Tpu 3HadeHus Q-¢akropa: ¢1=2.30, §,=2.22; ¢3=2.11. JlonoiaauTENHHO
HAOIIOIAETCS CBEPXTOHKAS CTPYKTYpa 3a cuerT sixep - 'Cu (smepHblii criuH 3/2)c KOHCTAHTON PaCIIeIUICHHS
80 Tc.

KuroueBble cjioBa: ruapasul, MaJICMHOBAs KUCIIOTa, MOHOsIIepHbIe KoMiutekchl, Houbl Cu(ll), VO(II)
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