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electron microscopy with energy dispersive analysis. Based on the SEM and 

EDA data, it can be concluded that the complex formation of a metal ion with 

an organic ligand leads to a change in their microstructure; in particular, 

numerous peaks of elements were recorded, which was confirmed by EDA. The 

IR spectrum was taken to elucidate the nature of the binding of the ligand co-

ordination center to the central atom of the metal, the complex compound 

synthesized by us. 
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A huge interest of chemists to ferrocene arose immediately after its discovery. This is due to the wide 

use of its derivatives in such fields of science and technology as optics, medicine, pharmacology, 

agriculture, biotechnology, and technology of polymer composite materials. Ferrocene derivatives, 

especially hydrazones, have high biological activity, which is due precisely to their chelating ability. 

And the ferrocene fragment also enhances biological activity. A huge number of ferrocene-containing 

ligands are currently used in coordination chemistry, and transition metal complexes are widely used 

in agriculture as plant growth regulators [1-5]. 

To expand the line of bidentate chelating ligand systems containing ferpocene fragments, we 

synthesized a ligand, benzoic acid hydrazone, by condensation of monoacetylferpocene. 

The aim of this work was the synthesis and determination of the structure of the complex of 

chromium(III) with benzoylhydrazone of monoacetylferrocene in order to study the biological activity 
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of the synthesized substances. We chose monoacetylferrocene benzoylhydrazone and its complex with 

transition metals Cr(III) as objects of study [6-10]. 

Synthesis of benzoylhydrazone monoacetylferrocene. To a solution of 11.4 g (0.05 mol) of 

monoacetylferpocene in 40 ml of ethanol was added a solution of 6.8 g (0.05 mol) of benzoic acid 

hydrazide in 30 ml of ethanol into a round-bottom flask. The reaction mixture was refluxed for four 

hours and left for three days. The brown precipitate that formed was filtered off, washed twice with 

ethanol, and dried. After crystallization from a solvent system (ethanol + DMSO), 

benzoylhydrazoneferrocenoylacetone was obtained. Polycrystalline to brown product with a yield of 

68%, Tm. 143
0
C. 

Synthesis of a complex of benzoylhydrazone monoacetylferrocene with a chromium(III) ion. To a 

hot solution of 2.595 g (0.0075 mol) of benzoylhydrazone monoacetylferpocene in 30 ml of absolute 

ethyl alcohol was mixed 0.455 g (0.0025 mol) of hot aqueous ammonia (ammonia). The reaction 

mixture was heated for 3 hours until a precipitate formed. The brick-brown precipitate that formed was 

filtered off and washed several times with absolute ethyl alcohol. Recrystallized from ethanol solution. 

The yield is 54%. 

The amount of carbon, nitrogen, oxygen and metals in the synthesized ligand and complex were 

determined by scanning electron microscopy with energy dispersive analysis (SEM-EDA) (SEM - 

EVO MA 10 Zeiss, Germany). Based on the SEM and EDA data, it can be concluded that the complex 

formation of a metal ion with an organic ligand leads to a change in their microstructure; in particular, 

numerous peaks of elements were recorded, which was confirmed by EDA (Fig. 1). 

  
а b 

Fig. 1. SEM-EDA data of the ligand (a) and its complex with a chromium(III) ion (b). 
 

The IR spectrum was taken to elucidate the nature of the binding of the ligand co-ordination center to 

the central atom of the metal, the complex compound synthesized by us. The spectra were taken on an 

IR spectrophotometer "IR Tracer-100" (Shimadzu, Japan, 2017) in the region of 400-4000 cm
-1

; 

scanning speed - 20 spectra per second. 

In the IR spectrum of the ligand, characteristic absorption bands were found related to symmetric (νs) 

and antisymmetric (νas) vibrations of the N–N, C–N, C=N, C–H and N–H functional groups and bonds 

of about 1039, 1282-1303 , 1519, 2985 cm
-1

. The stretching vibrations of the C–H bond of the methyl 

group of the ketone fragment are noted in the region of 2985 cm
–1

 (νas C–Н), as well as in the mid-

frequency regions of 1519 cm
–1

 (νs C=N) and 14 (νs C=N) and 14 absorption bands of symmetric and 

antisymmetric vibrations of the functional group C=N appear. In the spectrum of the ligand in the low-

frequency region, absorption bands of medium intensity at 464 and 501 cm
-1

, which belong to the 

stretching vibrations of the C–H bonds of two cyclopentadienyl  bonds are fixed (Fig. 2) [11-16]. 
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Fig. 2. IR spectrum of benzoylhydrazone of monoacetylferrocene. 

Analysis of the IR spectrum of the obtained complex showed that the spectrum of the complex 

compound does not contain the characteristic absorption bands of the free ligand at about 3221 cm
–1

 

ν(N-H). This indicates enolization and deprotonation of the ligand during complex formation. In the 

spectrum of the complex, a single intense band at 1539 cm
–1

, which is absent in the spectrum of the 

ligand, corresponds to the stretching vibrations of the –N=C–O– system, and the intense band in the 

mid-frequency region at 1604 cm
–1

 refers to the stretching vibrations of the N=C–C bond C=N. In the 

spectrum of the complex, the bands of medium intensity at 1105 cm
–1

 refer to ν(N-N), which are shifted 

by 66 cm
–1

 to the high-frequency region, and for the ν(С=N) bonds to the low-frequency region by 14 

cm
–1

 compared to spectrum of free ligands. This indicates that the nitrogen atom in the azomethine 

bond is also involved in coordination (Fig. 3). 

 

Fig. 3. Spectrum of chromium(III) complex. 

All ammonia complexes are characterized by absorption in the region of 3300–3450 cm
–1

, due to the 

stretching vibrations of the N–H fragments. Various types of bending vibrations (pendulum, scissor, 

fan) of ammonia molecules are displayed on the spectra in the region of 1604, 1303 and 819 cm
–1

 [17-

22]. 
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