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SYNTHESIS OF COMPLEX COMPOUNDS FROM SALTS OF SOME 3D-
METALS.
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AnHoTanms: CuHTe3 KoMmruiekCHbIX coemuuenuid comerr Mn(Il), Co(II), Ni(II),
Cu(Il) u Zn ¢ GeH301HON KUCIOTOM U THOCEMHUKAapOa3ua0M, UCCIEAOBAHNE UX COCTaBa,
CTPOCHUA U CBOﬁCTB, a TAKIKC OIIPCACIICHNC 3aKOHbI KOMHJ’IGKCOO6paSOBaHI/IH. HpI/I 3TOM
pa3paboTaH METOJ] CUHTE3a KOMIUIEKCHBIX COCIMHEHHH XJIopuaoB U HUTpatoB Mn(Il),
Co(Il), Ni(II), Cu(ll) u Zn ¢ OEH30MHON KUCIOTOM U THOCEMUKAPOA3UIIOM,
CUHTC3HUPOBAHbI KOMINICKCHBIC COCIUMHCHHUA CO CMCIIAHHBIMU JIMT'AHAAMHU. C 66H30ﬁHOﬁ
KHCJIOTON U TI/IOCCMI/IKap6aBI/I,Z[0M. COCTaB, CTPOCHHUC U CBOMCTBa CUHTC3UPOBAHHBIX
KOMIINICKCHBIX COGI[I/IHCHI/Iﬁ N3Yy4YCHBbI CI)I/ISI/IKO-XI/IMI/I‘-ICCKI/IMI/I METOAAMMU. B JaCTHOCTH,
ero mydasn wmeronamu HK-crekTpockonuu, peHTreHodazoBoro ananmuza. Ilyrem
HU3Yy4YCHUA METOHdA U yCJ'IOBI/Iﬁ CHUHTE3a HOBBLIX KOMIIJICKCHBIX CO€I[I/IH€HPII>1 Ha OCHOBC
OCH30IHOM KUCIIOTHI U TUOCEMUKAPOA3HIa MPeIoKeH dPPEKTUBHBIA METOI.

KmoueBbie caoBa: 3d-merauibl, OeH30iHas Kuciora, THocemukapOasua, WMK-
CHeKTpocKomnus, peHtreHoda3zoBbii ananmu3, Jjuranasl, [NiCI2-TCK-BK] u [Ni
(CH3COO0)2-TCK'bK]

Abstract: Synthesis of complex compound salts Mn(I1), Co(Il), Ni(l1), Cu(ll) and
Zn with benzoic acid and thiosemicarbazidom, investigation of composition, structure
and properties, as well as determination of complex complex formation. Pri etom
developed a method for the synthesis of complex compound chlorides and nitrates of
Mn(ll), Co(ll), Ni(ll), Cu(ll) and Zn with benzoic acid and thiosemicarbazide,
synthesizing complex compounds with mixed ligands. Benzoic acid and
thiosemicarbazidom. Sostav, stroenie i svoystva synthezirovannyx kompleksnyx
soedineniy izucheny physiko-khimicheskimi metodami. V chastnosti, ego-iruchali
method IK-spectroscopy, X-ray phase analysis. Putem izuchenia method and conditional
synthesis of a new complex compound and the basis of benzoic acid and
thiosemicarbazide proposed effective method.

Key words: 3d metals, benzoic acid, thiosemicarbazide, IR spectroscopy, X-ray
phase analysis, ligands, [NiCI2-TSA-BA] and [Ni(CH3COO)2-TSA-BA]

Annotatsiya: Benzoy kislota va tiosemikarbazid bilan Mn(11), Co(11), Ni(Il), Cu(ll)
va Zn tuzlarining kompleks birikmalarini sintez gilish va ularning tarkibini, tuzilishini va
xossalarini o‘rganish hamda kompleks hosil bo‘lish qonuniyatlarini aniglashdan iborat.
Bunda, benzoy kislota va tiosemikarbazid bilan Mn(ll), Co(Il), Ni(ll), Cu(ll) va Zn
xloridlari va nitratlarining kompleks birikmalarini sintez gilish usulini ishlab chiqish,
benzoy kislota va tiosemikarbazid bilan aralash ligandli kompleks birikmalar sintez
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gilindi. Sintez qgilingan kompleks birikmalarning tarkibi, tuzilishi va xossalari fizik-
kimyoviy metodlar yordamida o‘rganildi. Xususan, 1Q-spektroskopiya, rentgenofazaviy
analiz usullari yordamida o‘rganildi. Benzoy kislota va tiosemikarbazid asosida olingan
yangi kompleks birikmalarni sintez qilish usuli va sharoitlarini o‘rganib, samarali usul
taklif gilindi.

Kalit so‘zlar: 3d-metallar, benzoy kislota, teosemikarbazid, 1Q-spektroskopiya,
rentgenfazaviy analiz, ligand, [NiCl, TSK -BK] va [Ni (CH3;COO),- TSK- BK]

The aim of this scientific work is the synthesis of complex compounds of Mn(ll),
Co(lD), Ni(ll), Cu(ll) and Zn salts with benzoic acid and thiosemicarbazide, as well as the
study of their composition, structure and properties. as well as complex products is to
determine the laws of being.

- synthesis of complex compounds of chlorides and nitrates of Mn(11), Co(ll), Ni(ll),
Cu(Il) and Zn with benzoic acid and thiosemicarbazide;

- study the composition, structure and properties of compounds obtained with the
combined use of physicochemical research methods.

Complex compounds of chlorides, acetates and nitrates of Mn(ll), Co(ll), Ni(ll),
Cu(ll) and Zn were synthesized. The composition, structure and properties of the
synthesized complex compounds were analyzed using physical and chemical methods:
IR spectroscopy, X-ray phase analysis and DQES analysis methods. The probability of
ligand coordination is studied using quantum chemical calculations. The coordination of
the ligand with the central atom and the geometric structure of new complex compounds
are determined.

Complex combinations of 3d-metal salts with benzoic acid and thiosemicarbazide
with mixed ligands have been practically unstudied. The study of the complex structure,
composition, properties and patterns of complex compounds with mixed ligands is
important for enriching the theoretical foundations of fundamental knowledge. Therefore,
a lot of literature and scientific articles on the topic were carefully studied, examined and
appropriate conclusions were made. Complex compounds of some 3d-metal salts
synthesized with benzoic acid and thiosemicarbazide were studied using several methods
of physicochemical analysis: thermal analysis, IR spectroscopy, X-ray phase analysis,
DCE and semi-empirical quantum-chemical study of the reactivity of the molecule of the
complex compound.

One of the main tasks of coordination compound chemistry is the study of the
"composition-structure-properties” laws. The information obtained is necessary for the
targeted identification and synthesis of new chemical substances with certain properties,
composition and structure, as well as other important properties. This is very important
for biologically active substances used in medicinel**l Therefore, the synthesis of
coordination compounds, the analysis of synthesized compounds using physicochemical
studies, the study of their biological activity and application in life have become one of
the most pressing problems facing chemists today. Thiosemicarbazide has the ability to
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form coordination compounds with various ions of d-elements, where it acts as a bidentate
ligand. It is known that the interaction of thiosemicarbazide containing hydrochloric acid
with chlorides of some metals in aqueous solutions can form compounds of various
compositionsl, for example, 3CdCl,*2(H,NCSNHNH,<HCl),
CdCly(H,NCSNHNH,*HCI), CdCl,+2(H,NCSNHNH,*HCI). Such compounds can have
various structures. On the one hand, it can be said that they are salts containing cations
[H:NCSNHNH;z]+ and the corresponding complex anions. On the other hand, the
following types of metallocycles can be realized:

H3+N—(‘;:S\ N HZN_T:S\
/
NH,

HN_NHz/ H2+N

In order to find an answer to the question of what form the chloroacid
thiosemicarbazide may be in the compounds under consideration, the IR absorption
spectra of complexes of the following formulas were  studied:
CdCl,+2(H,NCSNHNH_*HCI), CdCl,+(H,NCSNHNH,*HCl),
3CdClI2*2(H,NCSNHNH2eHCI), NiCl*2(H,NCSNHNH,*HCI), as well as the original
thiosemicarbazide chlorous acid (H,N-CS-NH-NH)Cl and a complex of deuterated
cadmium with one molecule of thiosemicarbazide chlorous acid. A review of the obtained
IR spectra of the complexes and a comparison with the IR spectra of thiosemicarbazide
acid chloride showed that all bands of the (H,NCSNHNH;]+ cations are present in the
spectra of the complexes. It can be concluded that fromP! the studied complexes retain
this cation in the form of an outer-sphere ion. It should be taken into account that
cadmium(ll) and nickel(ll) have only a six-digit coordination number, but also have a
four-digit coordination number; for the considered complexes CdCl,«2L, CdCl,sL and
NiCl,*2L (where L—chloride is acidic thiosemicarbazide) [H,NCSNHNH;]2[CdCly],
[H:NCSNHNH;] The coordination formulas 2[Cd.Cls] and [H,NCSNHNH,]2[NiCl,]
coincide, while the second of these compounds has two chloride bridge.

Mixed-ligand complexes are also formed during the interaction of acetylacetonates
with thiosemicarbazide and 3d-metals.[®! The aim of this work was to study the interaction
of nickel (NH), cobalt (NH), copper (NH) and zinc acetylacetonates with
thiosemicarbazide in an aqueous medium, as well as to study the composition and
structure of the resulting products. To synthesize primary metal acetylacetonates, an
aqueous solution of ammonia was added to a solution of a metal salt with acetylacetone
and a solution of the corresponding metal salt with acetylacetone was synthesized by the
interaction method.

Coordination compounds of cobalt(HH), nickel(HH), copper(HH), and zinc
acetylacetonates with thiosemicarbazide were synthesized by the following methods. 0.91
g (0.01 mol) of thiosemicarbazide was dissolved in 100 ml of heated water; after cooling,
0.005 mol of the corresponding metal was added to the dry acetylacetonate. The resulting

Cd
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precipitate was filtered, washed with water and alcohol, and dried in air. When the color
of the precipitate and solution no longer changed, the precipitate was filtered, washed
with water and alcohol, and dried. The results of chemical analysis show that for copper
(HH), nickel (HH) and zinc (HH) the compounds of the metal contained in it are
thiosemicarbazide - acetylacetonate 1:1:1 and for cobalt 1:2:1, both thiosemicarbazide
and acetylacetonate act as single-charged anions. Analysis of IR spectra shows that
"thioamide HH" increases its frequency without changing the intensity of the absorption
region compared to the spectrum of free thiosemicarbazide for all the complexes obtained.

According to the literaturel”), such a change in thioamide bonds corresponds to the
bidentate coordination of thiosemicarbazide with sulfur and nitrogen atoms. In the spectra
of all complexes in the field, a very strong absorption region is observed around 2100 cm-
1, as we have shown earlier®1%  due to which a four-membered cycle is formed with the
participation of nitrogen and sulfur atoms and thiosemicarbazide is deprotonated. Due to
the absorption regions in the IR spectra, the vibrations of the acetylacetonate ion are very
close to the vibrations of the original 3d-metal acetylacetonates and their complexes with
thiosemicarbazide. The arrangement of wavelengths in the electronic spectra of the
synthesized compounds showed that the copper (HH) complexes have a planar-square
structure, and the nickel (HH) and cobalt (HH) complexes have an octahedral structure.*!!
These assumptions are also confirmed by magnetic moment measurement data. These
complex compounds are diamagnetic.

The complex compounds were synthesized using a known technique. According to
it, (0.002 mol) 0.244 g benzoic acid (BA), (0.002 mol) 0.08 g sodium hydroxide, (0.002
mol) 0.182 g thiosemicarbazide (TSK) and nickel(ll) chloride 0.165 g (0.001 mol) were
obtained. Benzoic acid (BA) was dissolved in 5 ml 96% ethanol. Nickel(ll) chloride,
sodium hydroxide and thiosemicarbazide (TSK) were dissolved in 5 ml distilled water.
First, sodium hydroxide was added to neutralize benzoic acid. Sodium benzoate was
added to an aqueous solution of nickel(Il) chloride with stirring. Thiosemicarbazide
(TSK) was poured there and stirred. The color of the solution became dark green. The
mixture was removed for crystallization. After 3 days, small dark crystals were formed,
which were filtered and washed several times with ethanol. Yield = 70%. Liquid = 142-
144 oC.

Complex compounds of chloride and nitrate salts of Mn(Il), Co(ll) and Zn with
mixed ligands with benzoic acid and thiosemicarbazide were synthesized similarly.

The color, yield, melting point and elemental analysis results of the complex
compounds are presented in Table 1, the solubility of the complex compounds in solvents
Is presented in Table 2.

The description of the physicochemical methods, analytical instruments and
principles of their operation selected for the analysis of the synthesized complex
compounds is given. Methods and conditions for the synthesis of new compounds based
on benzoic acid and thiosemicarbazide have been developed. The synthesis of some 3d-
metal salts with benzoic acid and thiosemicarbazide with new mixed-ligand complexes
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has been carried out. The results of the color, yield, liquefaction temperature and
elemental analysis of the synthesized complex compounds with mixed ligands are
presented. The solubility of the synthesized complex compounds with mixed ligands in
various solvents has been studied.

Table 1
Characteristics of the ligand and synthesized complex compounds.
Table 2
Compounds Color | effi |Cold found,% Brutto | Calculated , %
cie [tempe| C S | M - C S M
ncy rature formul
% | °C a
[Co(NO3)2*TSK- | reddis | 85 | 195 | 1.14 | 3.0 | 11. | Co2SeN | 1.1 | 3.03 | 11.45
BK] h - 54 | 35 | 24019H3 | 3
brown 197 2Cs
[CoCl,*TSK- brown | 82 | 180 | 2.11 | 3.0 | 12. | CoSeN2 | 2.0 | 3.06 | 12.50
BK] - 85 | 20 | 406Hz2 | 6
182 Cs
[ZNCl2*TSK- white | 79 | 156 | 1.10 | 2.0 | 11. | ZnSeN2 | 1.0 | 2.09 | 11.28
BK] - 55 | 05 | 4019Hz2 | 5 5
158 Cs
[MnCl*TSK- light | 78 | 105 | 1.13 | 2.0 | 10. | MnSgN | 1.1 | 2.08 | 10.35
BK] pink - 95 | 28 | 24019H3 | O
107 2Cs
[NiCl*TSK- Dark | 70 | 140 | 1.98 | 3.0 | 11. | NiSeN2 | 1.1 | 3.02 | 11.18
BK] green - 45 | 07 | 4019Hz2 | 1
142 Cs
[Ni(CH3COQO)2* | Yello | 81 | 155 | 2.12 | 3.1 | 12. | NiSeN2 | 2.1 | 3.09 | 12.38
TSK- BK] w - 12 | 25 | 4010H32 | 1
157 Cs
[Cu(CHsCOO)z+ | Light | 65 | 120 | 1.10 | 3.0 | 11. | CuSeN2 | 1.0 | 3.01 | 11.05
TSK- BK] blue - 54 | 31 | 4O19Hs2 | 8
122 Cs
[Co(CH3COO),s | Dark | 60 | 130 | 1.11 | 3.0 | 11. | CoSeN2 | 1.2 | 3.05 | 11.70
TSK: BK] red - 25 | 40 | 4O19Hz2 | 5
132 Cs

Solubility of synthesized mixed ligand complex compounds in solvents

Compounds Water | Ethanol | Methanol | DMFA | DMSO | Acetone

[Co(NOs)2eTSK-BK] 0z Eriydi Eriydi | Oz eriydi | Erimaydi | Erimaydi

eriydi
[CoCl2TSK: BK] Oz Oz - - - . .
eriydi eriydi Eriydi | Oz eriydi | Oz eriydi | Erimaydi

[ZnCl2*TSK: BK] Eriydi | Eriydi Eriydi | Oz eriydi | Erimaydi | Oz eriydi
[MnCl2*TSK- BK] Eriydi | Eriydi Eriydi | Oz eriydi | Erimaydi | Erimaydi
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[NiCl»TSK- BK] E”"i'ayd Eriydi | Eriydi |Erimaydi| Erimaydi | Erimaydi
[Ni(CH:COO)~TSK- BK] Erimaydi | Eriydi Eriydi Erimaydi | Erimaydi | Erimaydi
[CU(CHCOO)~TSK- BK] Eriydi | Eriydi Eriydi | Oz eriydi | Erimaydi | Oz eriydi
[Co(CHCOO)-TSK- BK] Oz eriydi | Eriydi Eriydi Oz eriydi | Erimaydi | Erimaydi

The structure of the synthesized complex compounds was studied by IR spectroscopic
analysis.

Significant changes are observed in the IR spectra of complex compounds containing [Ni
(CH300)2 -TSK-BK] and [MnCI12 -TSK -BK]. If in the IR spectrum of thiosemicarbazide
significant stretching vibrations of the C=S bonds are observed in a significant strong
field at 800 cm-1, then a complex compound shifted to 813 cm-1 is observed. This
indicates that the sulfur atom is coordinated.

The main vibration frequencies (cm-1) of the IR spectra of complex compounds based
on benzoic acid and thiosemicarbazide show that, unlike the compounds
[NiCI2-TSK-BK], the complex compound moves upward with symmetric and asymmetric
stretching vibrations of the C=0 bond. Thus, the data that the oxygen atoms of the benzoic
acid molecule are bound to the metal atom are consistent with he literature. In the IR
spectra of complex compounds with mixed ligands, in contrast to ligands, new vibrations
are observed in the region of 796 cm-1

a) b)
Figure 1. IR spectra of ligands a) thiosemicarbazide and b) benzoic acid
I
B Pa——
° L‘\_ﬁ\v -P"/H{’P/ V\Y |f|'|m'n
: L o % g ‘| ||
" e |
S L —
100 E “\IW = I,/‘ \Ii;\‘\lj‘/ g
3—; g- 5 ) E-
I L

oo 3750 3500
MiRtsclel0 (Dia/ ZnSe)

Multidisciplinary Scientific Journal

December, 2024




International Journal of Science and Technology ISSN 3030-3443  Volume 1, Issue 28, December 2024

Figure 2. a) IR spectra of the complexes [NiCI2- TSK ‘BK] and [Ni (CH3C0O)2-
TSK: BK]

In conclusion, it can be said that 8 mixed-ligand complexes of some 3d-metals with
benzoic acid and thiosemicarbazide were synthesized for the first time and their
composition, structure, and physicochemical properties were determined. Their structure,
composition, energy, and structural parameters were determined by physicochemical
analysis methods.

A Co(Il) complex with thiosemicarbazide was synthesized and grown as a single
crystal for the first time. The crystal structure of the Co(ll) thiosemicarbazide complex
was determined by X-ray diffraction analysis.

Based on X-ray phase analysis, it was proven that the coordination compounds
obtained by comparing the interplanar distances and relative intensities of free ligands
and synthesized compounds have an individual crystal lattice.
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