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SYNTHESIS AND CHARACTERIZATION
OF COORDINATION COMPOUNDS OF 3d-METAL
MALEATES WITH THIOSEMICARBAZIDE

Complexes of copper(I]), nickel(II), cobalt(IlI), and zinc(IT) maleates with thiosemicarbazide
were synthesized. The resulting compounds were characterized by the elemental analysis
data, infrared spectroscopy, diffuse reflectance spectroscopy, and thermogravimetry.
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Thiosemicarbazide is an interesting ambidentate ligand able to form five-membered
chelate rings or monodentately coordinate by sulfur. It is interesting to trace the mutual
effect and competition for the inner-sphere sites in coordination compounds with dif-
ferent inorganic and organic anions. We have previously obtained thiosemicarbazide
(HL) complexes with inorganic salts [1], carboxylates [2-4], naphthalenesulfonates [5].
Depending on the central atom and salt anion, compounds with different metal:HL ra-
tios are realized, and the ligand can act in a molecular or deprotonated form.

Thiosemicarbazide coordination compounds where anions of unsaturated carboxylic
acids, in particular maleic (H,Mal), act as counterions, have been studied relatively little.
The structure was described only for the complex [Ni(HL),(H,0),](HMal),2H,O [6].

The aim of this work was studying the products of reaction of copper(Il), nickel(II),
cobalt(II), and zinc(Il) maleates with thiosemicarbazide.

EXPERIMENTAL SECTION

Copper(II), nickel(II), cobalt(Il), and zinc(II) nitrates, maleic acid and thiosemicar-
bazide were of analytical grade.

The metal content in the isolated compounds was determined by atomic absorption
spectrometry on a Shimadzu 7000A A instrument, the nitrogen content, according to the
Dumas method [7], the sulfur content, by the Schoeniger method [7].

The IR spectra were taken on a Perkin-Elmer SPECTRUM BX II FT-IR SYSTEM
instrument, samples were prepared in the form of tablets with KBr. The diffuse re-
flection spectra were recorded on a Lambda-9 (Perkin-Elmer) spectrophotometer with
MgO (100BMgO) as the standard. Thermogravigrams were taken in air on a Paulic—
Paulic—Erdei derivatograph at the heating rate of 10 deg/min.

The synthesis was carried out according to the methods developed earlier [2-4].

Synthesis of [Cu(HL)L](HMal). 0.01 mol of Cu(NO,),-3H,O was dissolved in wa-
ter, to the resulting solution was added 8 g of NaOH. The precipitated hydroxide was
filtered through a paper filter on a Buchner funnel and washed with water, transferred

DOI: https:/doi.org/10.18524/2304-0947.2021.3(79).240752 45
© T. V. Koksharova®, T.V. Mandzii, A. Yu. Kovalyov, D. V. Kramarenko, T. Yu. Brazhnik,
O.K. Ivanenko, 2021



T. V. Koksharova, T. V. Mandzii, A. Yu. Kovalyov, D. V. Kramarenko, T. Yu. Brazhnik, O.K. Ivanenko

to a beaker with a portion of 2.38 g of maleic acid. The mixture of hydroxide with acid
was thoroughly mixed adding drops of water. When the precipitate was completely dis-
solved, the solution was added in small portions to a solution of 1.82 g (0.02 mol) of
thiosemicarbazide in 100 ml of water. The precipitate formed was separated, washed
with water and air dried to constant weight.

Synthesis of [Ni(HL),(H,0),](HMal),2H,0. 0.01 mol of Ni(NO,),-6H,O was dis-
solved in water, to the resulting solution was added 8 g of NaOH. The precipitated hy-
droxide was filtered through a paper filter on a Buchner funnel and washed with water,
transferred to a beaker with a portion of 2.38 g of maleic acid. The mixture of hydroxide
with acid was thoroughly mixed adding drops of water. When the precipitate was com-
pletely dissolved, the solution was added in small portions to a solution of 1.82 g (0.02
mol) of thiosemicarbazide in 100 ml of water. The precipitate formed was separated,
washed with water and air dried to constant weight.

Synthesis of [Ni(HL),|(HMal),. 0.005 mol of Ni(NO,),-6H,0 was dissolved in wa-
ter, to the resulting solution was added 4 g of NaOH. The precipitated hydroxide was
filtered through a paper filter on a Buchner funnel and washed with water, transferred
to a beaker with a portion of 1.18 g of maleic acid. The mixture of hydroxide with acid
was thoroughly mixed adding drops of water. When the precipitate was completely dis-
solved, the solution was added in small portions to a solution of 1.82 g (0.02 mol) of
thiosemicarbazide in 100 ml of water. The precipitate formed was separated, washed
with water and air dried to constant weight.

Synthesis of [Co(HL),L|(HMal),. 0.01 mol of Co(NO,),"6H,0 was dissolved in
water, to the resulting solution was added 8 g of NaOH. The precipitated hydroxide was
filtered through a paper filter on a Buchner funnel and washed with water, transferred
to a beaker with a portion of 2.38 g of maleic acid. The mixture of hydroxide with acid
was thoroughly mixed adding drops of water. When the precipitate was completely dis-
solved, the solution was added in small portions to a solution of 2.73 g (0.03 mol) of
thiosemicarbazide in 150 ml of water. The mixture was allowed to stand until complete
homogeneity of the precipitate, which was separated, washed with water and air dried
to constant weight.

Synthesis of [Zn(HL),J(HMal),. 0.005 mol of Zn(NO,),"6H,0 was dissolved in
water, to the resulting solution was added 4 g of NaOH. The precipitated hydroxide was
filtered through a paper filter on a Buchner funnel and washed with water, transferred
to a beaker with a portion of 1.18 g of maleic acid. The mixture of hydroxide with acid
was thoroughly mixed adding drops of water. When the precipitate was completely dis-
solved, the solution was added in small portions to a solution of 1.82 g (0.02 mol) of
thiosemicarbazide in 100 ml of water. The precipitate formed was separated, washed
with water and air dried to constant weight.

RESULTS AND DISCUSSION

As can be seen from the results of chemical analysis (Table 1), for copper (II) is real-
ized a complex with a ratio of metal: thiosemicarbazide 1:2, for zinc — 1:4, for cobalt
(III) — 1:3, with cobalt (II ) is oxidized by air oxygen to cobalt (IIT). For nickel (II), de-
pending on the ratio of reagents, two compounds are formed — 1:2, which was described
by the authors [6] and not described in the literature a compound 1:4. The ratio of metal:
maleate in all complexes corresponds to a single-charged anion.
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Table 1

The elemental analysis data and colors of complexes

M,% N,% S,%
Compound Color
Found | Calculated | Found | Calculated | Found | Calculated

NNo

I | [Cu(HL)L](HMal) | 18.0 17.8 | 232 233 18.1 17.8 Brown
[Ni(HL),(H,0),]

| imal, 2610 10.5 10.9 15.8 15.5 114 11.8 Blue
I | [Ni(HL),J(HMal), | 9.2 9.0 25.4 25.7 19.2 19.6 Green
IV | [Co(HL),L](HMal), | 10.2 10.5 229 22.5 17.3 17.1 D‘i‘ri'
pin
V | [Zn(HL),J(HMal), | 10.3 9.9 25.1 255 19.8 19.4 White

Analysis of the IR spectra of thiosemicarbazide, 3d-metal maleates, and complexes
(Table 2) shows that for complexes with a composition of 1: 4 they are practically iden-
tical regardless of the central atom (green Ni(HL),(HMal), and Zn(HL),(HMal),).

At the same time, some common features are observed in the spectra of cobalt (I1I)
and copper (II) complexes.

The thioamide I band behaves similarly for each group of complexes with similar
stoichiometry. For complexes with a composition of 1: 4, the band frequency increases
by about 40 cm!. For the rest of the complexes, it splits into a doublet, while for the
complexes of cobalt (IIT) and copper (II) the difference in the frequencies of the bands
of the doublet is much larger (68 and 82 cm' !, respectively) than for the nickel complex
with the composition Ni(HL),(HMal),(H,0), (25 cm™). The thioamide II band shifts to-
wards higher frequencies and splits into a doublet for all complexes except the last one.
Wherein the frequency differences of the doublet bands for the 1: 4 complexes slightly
exceed those for the cobalt (I1I) and copper (II) complexes. In all cases, the thioamide
III band does not undergo noticeable changes, while the thioamide IV band decreases.

For complexes of cobalt (III) and copper (1), very intense absorption bands appear
in the IR spectra in the region of about 2000-2100 cm. For copper (II), the frequencies
of the bands of the doublet (2173, 2102 cm™) for the complex of maleate with thiosemi-
carbazide [Cu(HL)L](HMal) obtained in this work practically coincide with the bands
in the spectra of previously obtained thiosemicarbazide complexes with similar stoichi-
ometry: glycinate with the composition Cu(L)(Gly) (2174 and 2100 cm™) and glycyl-
glycinate with the composition Cu(HL)L(HGG) (2174 and 2082 cm™) [2]. Previously,
the interaction of a number of aliphatic copper (II) carboxylates Cu(C H, . COO), with
thiosemicarbazide was studied and it was found that at n>4 the carboxylate anion is not
included in the reaction products, while thiosemicarbazide appears in a deprotonated
form and forms the compound CuL, [1]. In the spectrum of this compound, absorp-
tion bands in the region of about 2100 cm™ were also found. The region 2200-1900
cm ! is characteristic of stretching vibrations of cumulated double bonds [8], in par-
ticular, for thiocyanate ions. The NCS group, similar to the thiocyanate group, in our
case can arise only when the metal is bonded to the nitrogen atom adjacent to the car-
bon atom. Consequently, for deprotonated thiosemicarbazide, it is necessary to sug-
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gest the formation of a four-membered ring, where the metal is covalently bonded to
nitrogen and coordinated to sulfur. Thus, for the obtained compounds of cobalt (III)
and copper (II), taking into account the analysis data, it should be supposed the com-
plex contains two forms of thiosemicarbazide: molecular and deprotonated. For the
complex [Ni(HL),(H,0),](HMal),2H.,O, the formation of a chelate also occurs, but the
cycle is five-membered with the participation of sulfur and nitrogen of the amino group,
which coincides with the X-ray diffraction data of [6]. In coordination compounds with
a composition of 1: 4, thiosemicarbazide is obviously monodentate with coordination
only through sulfur. It is necessary to pay attention to the presence of a much larger
number of absorption bands in the region of about 3000 cm™! in the spectrum of the
[Ni(HL),(H,0),](HMal),2H,0 complex in comparison with the spectra of all other
complexes. This can be explained by the presence of bound water in the composition of
this compound; separate identification of the N-H and O-H bands is not possible due to
the presence of numerous hydrogen bonds.

The values of AA v(COO") for all synthesized complexes are small, and for
[Ni(HL),(H,0),](HMal),2H,0 and [Co(HL),L](HMal), are negative at all, that allows
to suppose in all cases the outer-sphere character of maleate ions.

In the IR spectra of all synthesized complexes of maleates with thiosemicarbazide,
except for the cobalt (III) complex, there is a shoulder at about 1700 cm™!. There are
no such bands in the spectra of nickel (II) maleate complexes with phenylacethydrazide
and cobalt (II) maleate with benzhydrazide, for which the presence of the Mal* anion in
the compounds was established by X-ray diffraction analysis [9]. The presence of bands
around 1700 cm™ is related with the presence in the composition of thiosemicarbazide
complexes of one COOH group from monodeprotonated maleic acid, for which absorp-
tion bands of COOH appear at 1707 cm™ [10].

Diffuse reflection spectra (Table 3) indicate the octahedral structure of the nickel
complex of composition 1: 2 and the cobalt (III) complex, the tetrahedral structure of
the nickel (II) complex of composition 1: 4 and the pseudotetrahedral structure of the
copper (II) complex.

Table 3
The diffusion reflectance spectroscopy data of complexes
Compound v, cm! Assignment
18230
[Cu(HL)L](HMal) 15060
4830
17210 ’T,— T (P)
[Ni(HL),(H,0),](HMal),2H,0 13110 T, —>'E
4450 T, = A,
[Ni(HL),](HMal), 17180 3Azg - 3Tlg
[Co(HL),L](HMal), 18150 ‘AL, 'T,
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Thermal analysis data (Table 4) show that the highest thermal stability has the com-
plex [Ni(HL),(H,0),](HMal),2H,0O, the other complexes decompose at fairly close
temperatures. For all synthesized compounds on thermogravigrams the first few effects
are endothermic, exoeffects are observed above 500 °C, and about 700 °C there are ef-
fects (exothermic for Co(IIl) and endothermic for other complexes), accompanied by
a small increase in mass. Similar increases were also in thiosemicarbazide complexes
with malonates, glutarates [3], p-hydroxybenzoates and p-aminobenzoates [4].

Table 4
The TG analysis data of complexes
Endo-effects Exo-effects
Compound Total mass loss,%
t,°C Am,% t,°C Am,%

90-110(100) 4.4 500-700(620) 23.0 67.5

170-190(180) 7.8
[Cu(HL)L](HMal)

260-330(270) 14.2

700-820(750) +2.5

170-220 (180) 6.4 570-660 (620) | 23.7 80.0
[Ni(HL),(H,0),]
(HMal)2~22HzO 2 220-260 (230) 20.7

660-800(690) +1.0

100-130 (110) 14.3 | 500-630 (560) | 24.0 85.0
[Ni(HL),]J(HMal), 200-240(220) 19.7

630-800(750) +3.0

100-120 (110) 7.2 550-670(580) 23.6 82.5
[Co(HL),L](HMal),

180-280(240) 28.7 | 670-830 (690) | +2.6

90-110(100) 10.7 600-730(700) 17.8 81.3
[Zn(HL),](HMal), 150-200(180) 6.1

730-880(770) +3.1

The studies carried out suggest the following structures of the synthesized com-
pounds:

S S
//// \ / \ L
—& Cu C NH,
\\ / \ /
N N—NH
| Ha
NH,

HoN
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H,0
HO P

Thus, coordination compounds of copper(Il), nickel(II), cobalt(II), and zinc(IT) ma-
leates with thiosemicarbazide were synthesized. Their structure was studied by the IR
and diffuse reflection spectroscopy methods. In coordination compounds with a compo-
sition of 1: 4, thiosemicarbazide is monodentate with coordination only through sulfur.
There is five-membered cycle with the participation of sulfur and nitrogen of the amino
group for the complex [Ni(HL),(H,0),](HMal),2H,O. For the obtained compounds of
cobalt (IIT) and copper (I1), it should be supposed the complex contains two forms of
thiosemicarbazide: molecular and deprotonated.
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CUHTE3 I XAPAKTEPUCTHUKA KOOPIUHAIIHNHUX
CITIOJIYK MAJIEATIB 3d-METAJIIB 3 TIOCEMIKAPBA3IJIOM

Peaxitiero BOIHOTO po3urHy HiTpary aBoBaieHTHOro metaiy (Cu, Ni, Co, Zn) 3 riipokcuaioMm
HaTpito 100yBau rixpokcuy 3d-mMerary, 10 HbOTO T0JaBall MaleiHOBY KHCIO0TY. CyMminr pe-
TEIBHO MePeMilllyBaH, IOAAI0YH KPAIUIMHAMH BOAY /10 MTOBHOTO PO3YMHEHHS BiAMOBIIHOTO
Majeary MeTayy. YTBOPEHHH PO3YMH J0/aBajd MaJMMH IOPLISMH 10 BOJHOTO PO3YUHY
TioceMikap6azuay. Ocaj, 1110 BUMaIaB, BUAUISIIN, TPOMUBAIIH BOIOKO Ta CYIIIH HA MOBITPI.
byno cunresopano 5 xoopammaniinux crnonyk: [Cu(HL)L](HMal) (I), [Ni(HL),(H,0),]
(HMal),2H,0 (II), [Ni(HL),](HMal), (IIT), [Co(HL),L](HMal), (IV), [Zn(HL),](HMal), (V).
[ Ko0anbTy peakiis KOMITIEKCOYTBOPEHHS cympoBomKyeThes mepexonom Co(1l) y Co(I1D).
Jns Cu, Co, Zn ckjaj yTBOPEHHUX KOMILJICKCIB CTAlMii HE3aJEKHO BiJ CIiBBIIHOIICHHS
BHXIJTHIX peareHTiB, [yt Ni IIpH CIIiBBiAHOMICHH] MeTal: TioMeMikap6a3uy 1: 2 yTBOPIOETHCS
onaxuthuii [Ni(HL),(H,0),](HMal),2H,0, a ipu 1: 4 — 3enenuii [Ni(HL),](HMal),.

Hna nobytnx cnomyk [Co(HL),L](HMal), i [Cu(HL)L](HMal), 3 ypaxyBanuam na-
HUX aHanmizy i [Y crmekTpockomil ciiJy HPUITYCTHTH TNPUCYTHICTH y CKJIaJl KOMIUIEKCY
IBOX (GopM TioceMikapOa3uay: MOJEKYISIPHOI i JENMpOTOHOBaHOI. J[sl JempOoTOHOBAaHOTO
Tiocemikap6a3uIy NMPUIYCKAEThCS YTBOPEHHS YOTHPUWICHHOTO IUKITY, 71 MeTaJl 3B sI3aHUM
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KOBaJICHTHUM 3B’SI3KOM 3 a30TOM 1 KOOPIMHAIIIHAM 3B’3KOM i3 cipkoro. Tiocemikapbaszua
y MoJekyspHii ¢opmi B kommiuekcax ckmamy 1:2 1 1:3 KOOpOAMHOBAaHUI 3 yTBOPEHHSAM
I’ STHYJICHHOTO LIUKJTY 33 YYacTIO CIPKH i a30Ty aMiHOTpynu. Y KOOpIMHALIHHHUX CHOIyKax
ckiany 1:4 TiocemikapOa3ua MOHOIEHTATHUH 3 KOOPIMHALIEIO JIMIIE yepe3 cipky. Manear-
i0HH y BCiX BHHIajKax € 30BHimHbochepHnmHu. [Ipn npomy B IU criekrpax mpucyTHI cMyrn
6mm3pko 1700 eM!, 110 miATBEepIKYE HASBHICTD OHIET MPOTOHOBAHOI KapOOKCHIBHOI IPyIIH
1 y3rO/KY€ETBCS 3 THM, 110 MajieaT-i0H OJJHO3APSIHUH.

Crnextpu audysHoro BiIOMTTA BKasyroTh Ha oOkTaeapuuHy crpykrypy [Ni(HL),(H,0),]
(HMal),2H,0 i [Co(HL),L](HMal),, Terpaeapuuny ctpykrypy [Ni(HL),](HMal), i ncesmo-
TeTpaenpudny ctpykrypy [Cu(HL)L](HMal).

JlaHi TEpMIYHOTO aHaIi3y TOKa3yITh, 10 HANHOLIBIIY TEPMIYHY CTAOUTBHICTH MAa€ KOM-
niexc [Ni(HL),(H,0),](HMal),2H,0O, iHmmi KOMIIIEKCH PO3KIaIaroThCs TIPH JOCUTh OJM3b-
KHX Temneparypax. Ilepmri eekty Ha TepMorpaBirpamMax € eHIOTePMIYHHMHU, eK30e(peKTH
cnocrepiratotees Buie 500°C, a 6mmspko 700°C mpucyTHI €eKTH, II0 CyNmpPOBOIKYIOTHCS
HEBEJIMKUM 301JIbIICHHSIM MacH.

KirouoBi ciioBa: koopauHalliiHi crionyku, 3d-meranu, TioceMikapoasu
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CUHTE3 U XAPAKTEPUCTUKA KOOPANHAINUOHHBIX
COEAUMHEHUU MAJIEATOB 3d-METAJIJIOB
C TUOCEMUKAPBA3ZHNIOM

Cunre3upoBans! KoMiuiekcs! ManearoB Meau(1l), aukerns(1l), kobamsra(1ll) i muaka(Il) ¢ tu-
ocemukap6azugoM. TlonmydeHHble COeUHEHHsI 0XapaKTEePH30BaHbl METOAAMU 3IEMEHTHOTO
aHaM3a, HHPPaKPacHOH CIIEKTPOCKOINH, CIIEKTPOCKOINHU AN (y3HOTO OTPasKeHUSI H TEPMO-
IPaBUMETPHH.

KuroueBble ciioBa: KOOPIMHAIMOHHBIE COSAMHEHUsI, 3d-MeTaIbI, THOCEMHKApOa3uI.
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