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ABSTRACT

Dinuclear acetylacetone derivatives of trivalent rhenium were obtained and their physicochemical
and thermal properties were studied in detail. The composition and type of compounds were
determined using chemical, IR-spectral and X-ray phase methods from various analytical
methods. During the study of the proposed structures of the obtained compounds by IR spectral
analysis, it was determined that the absorption spectra of ion complexes containing protonated
amines are almost identical to each other. It was determined that there are intense bands at 1380
and 1460 cm™, which are characteristic of symmetric and asymmetric bending vibrations of
methyl groups, respectively. In addition, in the high-frequency region of the spectra, the presence
of broad intense bands in the region of 3050-3250 cm™ with several maxima characteristic of
stretching vibrations of protonated amines was revealed. Thermogravimetric methods have
determined that they decompose at low temperatures and that in all cases the final solid phase
product is rhenium metal. As a result of many interesting studies, it was determined that many
representatives of this class of compounds can be used as starting products for the production of
effective catalysts in obtaining oxide or metal coatings and in many organic synthesis processes.
Keywords: complex, analysis, synthesis, temperature, ligand, solution.

Introduction

Complexes with B-diketones were obtained for many metals [1, 2]. These are mainly
dinuclear and polynuclear complexes without metal-metal bonds. Only dinuclear -diketonates
with a metal-metal bond are known for rhodium [3-6].

At present, there is very little information in the literature about the synthesis and research
of rhenium (III) B-diketonate complexes with multiple metal-metal bonds. Nevertheless, they can
be of great practical interest, since many representatives of this class of compounds can be used as
starting products for the production of effective catalysts in obtaining oxide or metal coatings and
in many organic synthesis processes.

The purpose of the conducted research is to study the interaction of dinuclear rhenium (1)
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complexes with acetylacetone.

Experimental part

Infrared (IR) spectra were recorded in the 400-4000 cm™ region on UR-20 and SPECORD-M
80 spectrometers.

Before imaging, samples were prepared as a suspension in liquid paraffin. In some cases, test
substances are compressed into potassium bromide tablets.

Differential thermogravimetric analysis was carried out in the Q-1500 D derivatography of
the Paulik-Edrey-Paulik system using a platinum-platinum-rhodium thermocouple in a nitrogen
atmosphere in the temperature range of 20-900°C. The heating rate of the oven is 10 degrees/min.
Calcined alumina was used as standard. Ceramic vessels served as containers for samples.
Accuracy of temperature determination is 5°C, weight loss is 0.001 g.

The starting compounds M2[Re2X8] with M=K+ used in the work were obtained by us for
the first time according to the method described in [7] and M=(C2Hs)3sNH*,(CH3z)2NH.

Synthesis of triethylammonium octabromorenate [(C2Hs)sNH]2[Re2Brs].

A sample (0.5 g) of K2[Re2Brs] was dissolved in 50 mL of concentrated bromic acid in a
reflux condenser flask with continuous stirring at 60-70°C under a stream of inert gas.

The resulting brown solution is cooled to room temperature, then filtered and an excess of
triethylamine, previously dried over calcium chloride, is added. Then the solution was heated
again at 50-60°C for 15 minutes and allowed to crystallize. Well-formed dark brown crystals
precipitated from the solution within 30 min, which were filtered, washed with mother liquor,
several times with ether, and dried in a desiccator over sulfuric acid until a stable mass was
formed. Yield 95% (Table 2. link 2).

Table 1. Results of the chemical analysis of the obtained complexes.

Ne Mixed Colour Exit % found Calculated %
Re X N C Re X N C

1 [(CHs)2 NH2]2[Re2Brs] Brown 95% 338 | 583 | 26 | 485 | 336 | 57,97 | 25 | 4,34

2 [(C2Hs)3 NH]2[Re2Bre] Brown 90% 31,2 | 50,0 | 26 | 10,2 | 30,7 | 525 | 2,3 | 11,8

Re2Cls (CsH702)2 Green 96% 52,2 | 199 - 13 | 524 11994 | - | 16,8

Synthesis of dimethylammonium octachloronate [(CHs)2NH2]2[Re2Brs].

Weighed (0.5 g) K-[Re2Brs] was dissolved in 40 ml of bromic acid in a flask with a reflux
condenser at 80°C under a stream of inert gas. The resulting solution is cooled, filtered and an
excess of dimethylamine is added. Then it was heated at 50°C for 15-20 minutes and allowed to
crystallize. Well-formed crystals precipitated from the solution within 1 h, which were filtered,
washed several times with ether and mother liquor, and dried in a desiccator over sulfuric acid
until a stable mass was formed. Yield 93% (Table 1. link 1).

Other octahalide complexes listed in Table 1 were obtained by a similar method.

Synthesis of tetrachlorodiacetylacetonadirium Re2Cla(CsH702)2 — was carried out in two
ways.
In the first method, a weight of [(CHs)2NHz]2[Re2Cls] (0.3g) was dissolved in 35 ml of
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acetone in a reflux condenser flask with constant stirring and at 50-60°C until complete
dissolution. Then the obtained solution is cooled to room temperature, filtered and 15-20 ml of
acetylacetone is added. At the same time, the color of the solution constantly changed from blue
to greenish-blue. A blue-green crystalline precipitate precipitated from the solution in about 2-3
hours, filtered, washed with mother liquor, several times with ether, and dried in a desiccator over
sulfuric acid until a stable mass was formed. Yield 96% (Table 1. link 3).

The remaining octahalide complexes were also used as starting compounds to prepare the
mixed ligand acetylacetonate complex, and in all cases the results were identical.

In the second method, it was carried out by isothermal heating of the complex
RexCls(CsH702)2(IMFA)..  For this purpose, the derivatogram of the dimethylformamide
derivative (Figure 1) was recorded and the onset of thermal decomposition was determined.

The drawn Re2Cla(CsH702)2(AMFA)2 is heated in a nitrogen flow in a porcelain vessel at a
temperature of 160-170°C for 3.5-4 hours. At the same time, the color of the product changed
from blue to bright green. The identity of the resulting product with the compound
Re2Cla(CsH702)2 is confirmed by chemical and IR spectral analysis methods.

Results and its discussion

The proposed structures of the obtained compounds were investigated by IR spectral
analysis. The absorption spectra of ion complexes containing protonated amines (tables 1-4) are
almost identical. Thus, there are intense bands characteristic for symmetric and asymmetric
bending vibrations of methyl groups at 1380 and 1460 cm, respectively. In addition, in the high-
frequency region of the spectra, broad intense bands appear in the region of 3050-3250 cm™* with
several maxima characteristic of stretching vibrations of protonated amines.

It is interesting that during the synthesis of complexes [(CHz)2NH2]2[Re2Cls] We used
dimethylformamide as a donor base. However, the IR spectra of these compounds do not have
absorption bands characteristic of carbonyl groups. Thus, it was determined that under the
reaction conditions, dimethylformamide molecules are decarbonylated to form dimethylamine.

O
V4 HX
H—C — > CO + (CH;),NH

N(CHj3),

The resulting dimethylamine is then protonated and incorporated as a cation.

In this study, the thermal decomposition of the synthesized complexes was studied. Data on
the thermal decomposition of the studied compounds are given in Table 2.

Derivatograms recorded in nitrogen flow are shown in Fig. 1 and 2.

Table 2. Data on the thermal decomposition of rhenium (I11) acetylacetonate complexes.

Mixed. Temperature Decomposition product

range,”C Remainder To sublimate
Re2Cls(Cs H702):2 120-180 RexCls (Cs H702) | DMFA
(I[M(I)A)Z 350-430 Re. Cs H70z, C|2
RezCls (Cs H702):2 320-380 ReBr; Cs H70,

470 Re. Br;
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According to the DTG curve (Fig. 2), the decomposition of the complex Re>Cls(CsH702)2
(IM®A) occurs at 180°C and two molecules of dimethylformamide are removed. After that, the
process continues in the same way Re2Cls(CsH702)2(DMFA). (Figure 2). Thus, during the
thermal decomposition of Re>Cls(CsH702)2(DMF)2, dimethylformamide molecules are first
removed, then the main thermal destruction of the complex occurs with the formation of metal
rhenium.

As can be seen in the coupling thermogram, Re>Cls(CsH70z2)2 (Fig. 2.) a clear endothermic
effect is observed at 345°C, which corresponds to the removal of two molecules of acetylacetone.
In addition, the decomposition of the complex is accompanied by a smooth decrease in the TG
curve without a clear effect on the DTA curve. Therefore, it turned out that it was not possible to
determine the mass loss threshold corresponding to the volatile products. Accordingly, the total
mass loss corresponding to the values calculated from this reaction was calculated:

Rez2Cls (CsH702)2 — 2 Re + 2Cl2 + 2CsH702

Thus, intramolecular redox processes occur during the thermal decomposition of dinuclear
B-diketonate complexes of rhenium (I11) with a short metal-metal bond, which is accompanied by
the reduction of rhenium (111) to metal.
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Figure 1. Derivatogram RezBr4(CsH702)2(DMFA)z.
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Figure 2. Derivatogram RezCla(CsH702)s.
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XULASO

Ugvalentli reniumun ikiniivoli asetilaseton toromolori alinmis vo onlarm fiziki-kimyovi vo istilik
xassolori otrafli dyronilmisdir. Miixtolif analitik, kimyovi, 1Q-spektroskopiya vo rentgen faza
tisullart ilo alinan birlosmalorin torkibi vo qurulusu miioyyon edilmisdir. Alinan birlosmalorin
toklif olunan qurulusunun IQ-spektral analizi ilo todqigi zamani miioyyon edilmisdir ki, torkibindo
protonlagsmis aminlor olan ion komplekslorinin udma spektrlori bir-biri ilo demak olar ki, eynidir.
Miioyyon edilmisdir ki, 1380 vo 1460 sm™-do metil qruplarmin miivafiq olaraq simmetrik vo
asimmetrik deformasiya vibrasiyalari iigiin xarakterik olan intensiv zolaqlar mévcuddur. Bundan
olava, spektrlorin yiiksok tezlikli bolgasinde 3050-3250 sm™ bolgasinda protonlanmis aminlorin
valent vibrasiyalari ii¢iin xarakterik olan bir ne¢o maksimuma malik genis intensiv zolaqlarin
olmas1 askar edilmisdir. Termoqravimetrik tisullar vasitasilo bu birlogsmolorin asag1 temperaturda
parcalandigin1 va biitiin hallarda qaliq bork faza mohsulunun renium metal oldugunu miisyyon
etmigdir. Bir ¢ox maraqli todqgiqatlar naticosindo miioyyon edilmisdir ki, bu sinif birlosmalorin bir
cox niimayandoasi oksid vo ya metal Ortiiklorin alinmasinda vo bir ¢ox iizvi sintez proseslorindo
effektiv katalizatorlarin istehsali igiin ilkin xammal kimi istifads edils bilor.

Acar sozlar: kompleks, analiz, sintez, temperatur, ligand, mahlul.
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PE3IOME

[Tonyuenbl OusifepHbIE AllETUIALETOHOBBIE IPOU3BOJHBIE TPEXBAJIEHTHOIO PEHMSI U JIETAIbHO
U3y4eHbl UX (PU3MKO-XUMHUYECKUE M TepMHuyeckue cBoiicTBa. CocTaB U CTPOEHUS COEAMHEHUM
ompenemsiin xumuaeckumu, MK-criektpanbHbIMEH U peHTreHo(da3oBbIMH MeTofamu. B xome
UCCIJIEIOBaHMS NIPEUIOKEHHBIX CTPYKTYP IOJIy4EHHBIX coequHennilt merogoM MK-crnekrpanbHOro
aHaJlu3a YCTAHOBJIEHO, 4YTO CIIEKTPbl IOIVIONIEHUS HOHHBIX KOMIUIEKCOB, COJAEp Kallux
IIPOTOHMPOBAHHBIE AMUHBI, IMPAKTUYECKM WIEHTUYHBI JApPYr APYry. YCTaHOBJIIEHO HaJM4Yue
VHTEHCUBHBIX Tomoc Tipu 1380 m 1460 cM™, xapakTepHBIX sl CHMMETPHYHBIX U
aCUMMETPUYHBIX Je()OpMaIIMOHHBIX KOJIe0aHU METUIILHBIX I'PYIII COOTBETCTBEHHO. Kpome Toro,
B BBICOKOYACTOTHOM OOJIACTH CIIEKTPOB BBISBJICHO HAJIWYME HIMPOKUX HMHTEHCHBHBIX IOJIOC C
HECKOJIbKUMH MaKCUMyMaMHM, XapaKTEePHbIX JUIsI BAJIEHTHBIX KOJE€OAHWH TNPOTOHHUPOBAHHBIX
aMuHOB B o6mactu 3050-3250 cml. TepmorpaBuMeTpudecKMHI METOJAMHU YCTAHOBIIEHO, YTO OHH
pasnaraioTcs IpU HM3KUX TeMIlepaTrypaXx M 4YTO BO BCEX ClyyasX KOHEYHBIM TBepAo¢a3zHbIM
MIPOYKTOM SIBJIIETCS METAJUIMYECKUN peHMl. B pe3ynbTrare MHOTMX MHTEPECHBIX UCCIIEIOBAHUMI
YCTAQHOBJICHO, YTO MHOTHE MPEACTAaBUTENN ITOT0 KIacca COEAMHEHUIN MOTYT ObITh MCIIOJIb30BaHbI
B KayeCTBE MCXOJHBIX MPOAYKTOB JUIsl NPOM3BOACTBA 3(PQPEKTUBHBIX KaTaJlW3aTOpPOB IpHU
MIOJIyYEHUN OKCUIHBIX WJIM METAJUIMYECKUX IOKPBITUH U BO MHOTUX INPOLIECCaX OPraHUYECKOIO
CHHTE3a.

KuroueBble ¢j10Ba: KOMIUIEKC, aHAIU3, CUHTE3, TEMIIEPATYPA, JINTaH/, PACTBOP.
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