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RADICAL MECHANISM OF FORMATION OF Cu-Re AND
Pb-Re COMPOSITES IN GASEOUS PHASE BY THERMAL
DECOMPOSITION OF TRANS-TETRACHLORODI-p-
PROPIONATO DIRHENIUM(III)

Reactions of individual trans-tetrachloro-di-p-propionato dirhenium(IIT) thermal decomposi-
tion in dynamic inert atmosphere were investigated. Using a radical reaction of ransportation
in gaseous phase, Cu-Re and Pb-Re composites were obtained on a ceramic surface. Free
radicals C H,» were detected by reaction with metal Cu and Pb mirrors. Cu-Re and Pb-Re
composites were studied by XRD, micro-X-ray spectral and SEM analysis. Cu-Re composites
contain nano- dendrites of Cu which «grow» from a Re base and most likely have a nanotube
structure. Dimensions of the nanotubes can vary from 100 nm to 1 pm.
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Binuclear cluster carboxylates of rhenium(III), obtained for the first time by A.S.
Kotel'nikova (USSR) and Cotton (USA), are the classical complexes in chemistry of
clusters [1-4]. Currently information related to the radical mechanism of thermal de-
struction of dirhenium(III) complexes and forming Cu-Re and Pb-Re composites is not
available.

The current understanding of the chemistry of rhenium carboxylates is reviewed in
the book «Multiple bonds between metal atoms» [3].

Investigation of thermal decomposition is very important for the determination of a
detailed radical mechanism of reactions and detecting free C,H,* radical by interaction
with metals like Cu and Pb. It provides an opportunity to obtain very pure Rhenium
metal for a specialist industry, Re coatings and new composite materials using a chemi-
cal vapor deposition [5, 6].

In this article we obtained Cu-Re and Pb-Re composites by reaction of free C,H.*
radical with a Pb mirror and compact Copper. Free C,H. e radicals were formed as a result
of thermal decomposition of trans-tetrachloro-di-p-propionato dirhenium(III).

RESULTS AND DISCUSSION

Ceramic-based Copper-Rhenium and Lead-Rhenium composites were obtained
using thermal decomposition of trans-tetrachloro-di-p-propionato dirhenium(IIl) in a
quartz tube (Fig. 1).

During the procedure trans-tetrachloro-di-p-propionato dirhenium(IIl) evaporates
in a stream of inert gas at 300°C [7] on heater 1 followed by thermal decomposition
on Cu or Pb surface at 800°C on heater 2.We carried out three experiments using dif-
ferent process conditions. Thermal decomposition of trans-tetrachloro-di-p-propionato
dirhenium(I1I) in air was studied in our previous work [6].
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Fig. 1. Experimental set-up used for conformation of free-radical thermal decomposition
of trans-tetrachloro-di-p-propionato dirhenium(IIl) and formation of metal composites.

Experiment 1. 1 g pure trans-tetrachloro-di-p-propionato dirhenium(III) was placed
in zone 1 of a quartz tube (Fig. 1). Zone 2 was free. Re-mirror appeared after 5 hrs
heating in zone 2 (Fig. 2). Metal rhenium was detected by XRD analysis.
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Fig. 2. Rhenium mirror (a) and X-ray diffraction (b) of a deposit formed in a quartz tube.
DRON-3, Cu-Ka-radiation.

Quantity of produced Re was detected by gravimetric method from a mass increase
of the quartz tube. On the next stage, Re was dissolved in H,O,. Perrhenic acid (HReO,)
was detected (tan coloured substance) by mixing with potassium thiocyanate (KSCN)
and tin(II) chloride (SnCl,) [8]. HReO, was titrated using sodium hydroxide (NaOH)
and a phenolphthalein indicator [8]. Quantity of the obtained rhenium was 99% by mass
of the original trans-complex. Carbon (IV) dioxide (CO,) was detected by reaction with
calcium hydroxide (Ca(OH),). Hypothetical halogenalkyls (C,H,Cl and C,H,Cl,) were
dissolved in two different solvents: (tetrachloromethane (solution 1) and dimethyl ke-
tone (solution 2)). 1-2 ml of solution 1 was added to a tube followed by addition of 10-20
mg of sodium thiosulfate (Na,S,0,). The tube was placed in a glycerine bath and kept
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at 180°C. the tube top was paper-covered with an infused reagent (congo indicator with
hydrogen peroxide). The colour of the paper has changed to blue [9]. 1-2 ml of solution
2 was added to a microtube followed by addition of 2 ml pyridine and 5N sodium hy-
droxide. The colour of pyridine has changed to light pink.

Thermal decomposition of #rans-tetrachloro-di-p-propionato dirhenium(IIl) in a
stream of inert gas runs according to Schematic 1.

Re,Cl,(C,H,CO0), — 2Re + 4HCl + C,H, + C,H, + 2CO,
HC=CH + HCl — H,C=CHCI + HCl — H,C-CH,Cl
C,H,+ HCl — C,HCI

Re,C1,(C,H,CO0), — 2Re + 4HCI + C,H.Cl + C,H,Cl, + 2CO,

Scheme 1. Thermal decomposition at 800°C of trans-tetrachloro-di-p-propionato
dirhenium(III) in a stream of inert gas.

Experiment 2. 1 g pure trans-tetrachloro-di-p-propionato dirhenium(Ill) was
placed in zone 1 of the quartz tube (Fig. 1). At the same time, 0.1 g metal Cu, ceramic
(Mg,Al,SiO,.) and a quartz plate were placed in zone 2 of the quartz tube. A Copper-
Rhenium composite was obtained after Sh heating in the end of zone 2 (Fig. 3) and
detected by XRD analysis.
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Fig. 3. X-ray diffraction of Copper-rhenium composite formed on cordierite (Mg,Al
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(a) and

quartz tube (b). DRON-3, Cu-Ka-radiation.

The halogenalkyls were analyzed in the same way as described in Experiment 1.
Because of instability of Cu(C,H,),1 or Cu(C,H,) 1, their presence is theoretically based
on the publications data[10-19]. As a matter of fact, Cu(C,H,) 1 cannot be obtained in a
solid state. The reaction of thermal decomposition of trans-tetrachloro-di-p-propionato
dirhenium(I1I) with metal Cu in a stream of inert gas runs according to Schematic 2.

trans-[Re,Cl (C,H,COO0),]T — 2Re| +2C,H.*1 + 2CO,1 + 4Cl*1

Cul +2C,H 1 — Cu(C,H,),1
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trans-[Re,C1,(C,H,COO),]1 + Cu(C,H,),} — Cu-2Re| +4C,H 1 + 4Cls1 +2CO,1

4C,H 1 + 4Cl+1 — 4C,H CI1

Scheme 2. Thermal decomposition of trans-tetrachloro-di-p-propionato
dirhenium(III) with metal Cu in a stream of inert gas.

Different phases of Cu and Re can be clearly seen from Fig. 3. SEM images of Cu-
Re composite are shown in Fig. 4. Images g and /4 in Fig. 4 show dendrites of Cu that
«grow» from a Re base and most likely have a nanotube structure. Dimensions of the
nanotubes can vary from 100 nm to 1 um Micrographs in Fig. 4 demonstrate a complex

‘WD=24.5mm WD=24.5mm 20.00kV__ x6.00k
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20.00kV _ x6.00k WD=24.5mm 20.00kV  x6.00k

Fig. 4. SEM images of Cu-Re deposits formed on cordierite (Mg,Al,Si O ).
Re and Cu were detected by micro-X-ray spectral analysis.

structure of crystals with dimensions from 0.5 pum to 20 um. Their composition was
confirmed by micro-X-ray spectral analysis. Co-deposition of Re and Cu was carried
out using a non-metallic substrate in order to eliminate red-ox reactions with Fe or other

active metals.

Experiment 3. 1 g pure trans-tetrachloro-di-p-propionato dirhenium(IIl) was placed
in zone 1 of the quartz tube (Fig. 1). At the same time, 0.1 g metal Pb, was placed in zone
2 of the quartz tube. Lead-Rhenium composite was obtained after Shrs heating in the end
of zone 2 (Fig. 1 and Fig. 5). Lead-rhenium composite was detected by XRD analysis.
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Fig. 5. Lead-rhenium composite and its XRD analysis.
a) Photo of a quartz tube before deposition.; b) Photo of a quartz tube after deposition.
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After removal of Pb from zone 2 and heating zone x and zone y in a stream of gaseous
mixture of trans-tetrachloro-di-p-propionato dirhenium(IIl) and argon pure metal Re
was obtained in zone x (Fig. 6) and Pb-Re composite — in zone v.
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Fig. 6. X-ray diffraction of Rhenium formed in zone x.

Formation of yellow precipitate took place after gaseous mixture passed through a
solution of potassium iodide (KI), with further addition of sodium thiosulfate. XRD
analysis of yellow precipitate is shown in Fig. 7.
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Fig. 7. X-ray diffraction of yellow precipitate.

The halogenalkyls were analyzed in the same way as described in Experiment 1. The
reaction of thermal decomposition of frans-tetrachloro-di-p-propionato dirhenium(III)
with metal Pb in a stream of inert gas runs according to Schematic 3.

Knowledge about formation of Pb(C,H,),1 or Pb(C,H,) 1 is based on previous publi-
cations [10-19] and reactions with KI and metal mirrors.
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trans-[Re,C1,(C,H,COO),]1 — 2Re| + 2C,H 1 + 2CO,1 + 4Cl+1
1/2Pb| + 2C,H_+1 — 1/2Pb(C,H,),1
trans-[Re,C1,(C,H,COO),]1+1/2Pb(C,H,),1—1/2Pb-2Re | +4C,H +1+4C1+1+2CO, 1

4C,H_*1 + 4ClsT — 4C,H CIt

Scheme 3. Thermal decomposition of rans-tetrachloro-di-p-propionato
dirhenium(I1I) with metal Pb in a stream of inert gas.

EXPERIMENTAL SECTION

In this research initial [N(n-C,H,),)],[Re,Cl ] and trans-carboxylates were synthe-
sized without using an autoclave. The complexes obtained in the present study have
been evaluated by electron absorption and elemental analysis [20-23]. All reagents and
solvents are commercially available.

Preparation of compounds. [N(n-C,H,),)],[Re,CL]. 2.0 g of [N(n-C,H,) ,ReO, was
added to 20 ml of benzoylchloride (C ,H,COCI). The solution was heated under reflux in
a Nitrogen atmosphere at 210°C for 5 hours. Consequently, 3.33 g of [N(n-C,H,),Br was
dissolved in 30 ml of saturated with a hydrogen chloride ethanol and added to the solu-
tion. This mixture remained under reflux at 210°C for 1.5 hrs in a Nitrogen atmosphere.
Using filtration, a blue crystalline substance was obtained. It was washed using three
10 ml portions of isopropyl alcohol then ethanol and dried under vacuum. The substance
yield is 2.2462 g or 97%.

Analysis. Calculations for C,,H, N,CLRe,: C, 33.69; H, 6.36; N, 2.45; Cl, 24.9;
Re, 32.65. Found: C, 33.0; H, 6.15; N, 2.5; Cl, 24.8; Re, 32.6. UV-vis (acetonitrile),
A .. cm:14700, 20940, 23645, 27000, 28100, 32600, 39215. [24-26]

The synthesis of trans-tetrachloro-di-p-propionato dirhenium(II) is reviewed in [6]

Diffractometer DRON-3 with Cu-Ka radiation was used for X-ray diffraction analy-
sis. Scanning Electron Microscope with Micro-Analyzer SEMMA-102-02 was used to
obtain SEM images.

CONCLUSIONS

Radical mechanism of thermal decomposition of trans-tetrachloro-di-p-propionato
dirhenium(III) was confirmed. Mechanism of free-radical reactions was established by
reaction of C,H,* with Cu and Pb metal mirrors. Microstructure of Cu-Re composite was
revealed. This research may be used for explanation of the CVD processes while obtai-

ning coatings, composites and new precision materials.
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PAJIUKAJIBHBIN MEXAHHW3M OBPA3OBAHUS Cu-Re U Pb-Re
KOMIIO3UTOB N3 I'A30OBOU ®A3BI ITYTEM TEPMOPACIIAJTA
TPAHC-TETPAXJIOPO-AU-p-ITPOITMOHATA JUPEHUS(III)

Pesrome

HcenenoBaHbl peakuyu TEPMUUIECKOH NeCTPYKLUH B JUHAMUYECKOH MHEPTHOW armocdepe
WHIUBUIYaJbHOTO TpaHC-TeTpaxyiopo-au-p-npornuonara aupeHusi(11l). Kommosuter Cu-Re
u Pb-Re Ha kepamuke moydeHbl ra3odhasHoil paaukaibHOW TPaHCHIOPTHOM peakiuei. CBo-
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Oonmbie pagukaisl C,H e 0OHapy X eHBI 0 peakiuy ¢ MeTamdeckumu 3epkaiamu Cu u Pb.
Komnoszutsr Cu-Re u Pb-Re usydens metonamu POA, MUKpOpPEHTIeHOCHIEKTPaIbHBIM aHa-
JIM30M U pacTpoBOU 211eKTPOHHOM MuKpockonuei. Cu-Re KOMIO3UT COCTOUT U3 HAHO JCH-
JPUTOB MENIH, KOTOPBIE «POCTYT» M3 PEHHEBOW OCHOBBI, U UMEOT pa3mepbl oT 100 HM 10 1
MKM, TaK)Ke BO3MOXKHO YTO OHH HMEIOT CTPYKTYpY HaHOTPYOOK.

KuroueBbie clioBa: peHUii, CBOOOIHBIN paiuKall, KapOOKCHIIAT, KOMIIO3UT, MEXaHH3M, pa3-
JIOJKEHUE.

M. C. I3romcbkuii, O. B. IllITemeHko

JIBY3 «YkpaiHChKHii JiepKaBHUI XIMIKO-TEXHOJIOTIYHUN YHIBEPCUTETY,
Kadepa HeopraHigHol Ximil,

mp. I'arapina 8, M. JIninponerposcek, 49005, Ykpaina

PAJIUKAJIbHUAN MEXAHI3M YTBOPEHHSI Cu-Re TA Pb-Re
KOMIIO3UTIB 3 'A30BOI ®A3U IJIAXOM TEPMOPO3KJIALY
TPAHC-TETPAXJIOPO-AU-p-ITPOITIOHATY JUPEHINOIII)

Pe3rome

JocmimkeHo peakuii TepMidyHOI AeCTpyKWii B MUHAMIYHIN iHepTHiH armocdepi iHAWBI-
JIyaJIbHOTO TPaHC-TETPaXJIopo-au-p-nporionary aupeHito(Ill) Ta BcTaHOBICHO SIKICHUM Xi-
MIYHAM aHaTi30M YTBOPEHHS METaIi4HOTO PEHiIo, XJIOpOoBOAHIO, KapOooH(IV) okcumy, mep-
BUHHUX Ta BTOPMHHUX raJIOreHoaKiiB. [IepBUHHI rajJoreHoaikian BU3HAYE€HO HarpiBaHHIM
3 HaTpiil Tiocynb(aToM 3a 3MIHOIO KOJIBOPY Ha CHHI Manepy 3MOYSHOTO CYMIIIIIIIO 1HIUKATO-
PY KOHTO 3 TiJpOTreH epOKCHI0M. BTOpHHHI rajoreHoanking Bu3Hadaiucs B3aemoniero 3 5 N
HATpiil TIAPOKCHIOM Ta 3MIHOKO KOJBOPY HIapy MipHIMHOM Ha CBITIO-pokeBHU. KinmbkicTh
YTBOPEHOI'0 METAJIYHOIO peHito ckianae 99,1% Bix BMICTY y BUXIJHOMY TpaHC-TETPAXJIOPO-
mu-p-riportioHari aupeHiro(1ll), mo BU3HAUEHO KiNBKICHUM aHAi30M, IUIIXOM PO3YMHEHHS
METQJIIYHOTO PEHII0 y KOHIEHTPOBAHOMY TiJIpOreH MEPOKCH/I Ta MOJAJIbIIOMY THTPYBaHHI
YTBOpPEHOI meppeHaTHoi kucaotu pozunHoMm 0,1 N Harpiii rimpokcuay 3 iHmukaropom de-
Hondraneinom. Kommosutu Cu-Re ta Pb-Re Ha kepamilii ofepkaHo y BUDNISI J3€pKa ra3o-
(ha3HOI paJMKaIBHOI TPAHCIIOPTHOKO PEAKIIi€r0, Yepe3 B3a€MOAIK0 TPaHC-TETPaXIOpO-/Hu-
p-nportionary superito(I1l) 3 komnakTHUME MiUIEO Ta cBUHIEM. BinbHi pagukam C H. * Bu-
SIBIICHO 32 PEAKLIE0 3 METATIYHUMU A3epKkanamu yrctux Cu ta Pb. YTBOpeHH: neTkol cro-
ayxu Pb(C,H,),1 abo Pb(C,H,) 1 noBe/icHO 31aTHICTIO PEakuiiHOTO rasy 3 yCTaHOBKH, TIPH
MPOIYCKaHHI 4epe3 po34rH Kalili HoauIy yTBOpIOBAaTH KOBTHH ocaxn mumromOym(1l) fioxu-
1y, SIKWHA BU3HaUeHO peHTreHoda3oBUM aHaii3oM. B3aemonis peakuiiiHoro rasy 3 kainiit ifo-
JIMJIOM JIOBOJIUTH YTBOPEHHS JIETKHUX AJIKUIBHUX CIIOJIYK IUTFOMOYMY HpH B3a€MOJIT 3 TpaHc-
TeTpaxiopo-au-p-nporionarom aupenio(Ill), Ta nokasye pagukaabHUE MeXaHi3M TepMO-
poskmany. Cknan Ta Mopdoorito moBepxHi kommo3utiB Cu-Re ta Pb-Re oxapaxrepusoBa-
HO METOJlaMH PEHreHO(a30BOro Ta MiKPOPEHTICHOCIEKTPAIbHOIO aHadi3iB 1 pacTpOBOIO
CIIEKTPOHHOIO MiKpockotier. Cu-Re KoMIo3HT cCKiTagaeThes 3 HAHOACHAPHTIB Mifi, IKi «pOcC-
TYTb» 3 PEHI€BOT OCHOBH, Ta MatoTh po3mipH BiJ 100 HM 10 1 MKM, TaKOXK MOMJIUBO 1110 BOHH
MaloTh CTPYKTYPY HAaHOTPYOOK.

Ku1rouoBi cjioBa: peHiii, BUIbHUIN paanuKai, KapOOKCHIAT, KOMIIO3UT, MEXaHi3M, PO3KIIaI.
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