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obtained complexes

E The goal and the scientific problems
of the work

The goal: the development of the methods of the obtaining the
rhenium based functional ultra dispersed (nanosized)
materials with application as precursors homo - and
heteroligand rhenium alkoxocomplexes and the study of their
physicochemical properties.
The scientific problems:

= Improvement of electrochemical synthesis to obtain
(ReO;(OBu")-mBu"OH) () and (Re,O,(OEt) (OPr") (I)
= Research of the thermal decomposition processes of the

= The development of methods of obtaining ultra dispersed
(nanosized) Re oxide (IV) and Re oxide (VI)
Nanosized materials are universally defined as materials, the
basic structural elements of which don't exceed
nanotechnological border in 100 nanometers.
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Determination of particle size by dynamic light scattering

- with min value 0,6 nm

v'Possibility of measuring in
different media

txture

(Delsa™Nano Submicron Particle Size and Zeta Potential
Analyzer, PN A54412AA)
PARTICLES IN INTENSITY AUTOCORRELATION
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Electrochemical synthesis of rhenium

alkoxides
Conditions 1 n
Anode Re Re
Cathode Pt Pt B

Electrolyte | (n-BuOH) n(i-PrOH) :

n(EtOH) = 1:1
mole/mole,
membrane

U,B 150-200 200-240
1, mA 30-80 10-50
Duration, h 48,5 112,0
LiCl, mole/l 0,1 0,1
Mass of 2,6 1,3
dissolved
Re, g

Description:

Data of chemical analysis
for _complex |,%:

40,0C 55H 13,5Re
Calculation data, %:
56,23C 11,43H 13,62Re
Formula of the complexes:

1 - drying agent (P,05)
2 - reflux condenser

3 — water for cooling

4 — cathode (Pt)

5 — anode (Re)

6 — thermometer

ReO,(0BU")mBU"OH - (1) Re,O(OEt),(0Pr), - ()




9 Infrared spectroscopy of complexes (1) and (1) 252"~

Complex (1)
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Frequency assignment:

v O-H = 3338 sm-1

v C-0 =1072-1114 cm-1

v C-H = 2873-2959 cm-1

v Re=0 = 953-1044 cm-1

v Re - O (brid) = 628 - 904 cm-1
v Re - O(R) = 516 cm-1

Complex (1)

J

w1
180 ety 1280 1800 o0 e ann

Absarption frequancy, cm.1

Frequency assignment:
v C-0 =1078 cm-1

v Re — O — Re =920 cm-1
vC-C=893cm-1

v Re — O(R) = 540 cm-1

v Re — ORbrid= 464 cm-1

Thermogravimetric analysis of

complex () in air medium,
Tmax = 420 °C

Isothermal annealing
conditions of complex (1)

Am = 3%

T . (Re,0.)= 362 4°C

Conditions of

Sample isothermal Decomposition
annealing product
T,"C Duration, h

(-1 | 180 7 ReOscub

Ty -2 [190 4 -
(1)-3 | 200 2 ReOzorth +
ReOscub

1G

(1)-4 | 300 5 -
(1)-5 | 340 6 ReOscub+
ReOzorth




X-ray analysis of corrplex—l—("P

X-ray diffraction pattern X-ray diffraction pattern
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Thermogravimetric analysis of Isothermal annealing
complex (Il) in air medium, conditions of complex (ll)
Tmax = 470 °C
T,°C i
h product
(-1 245 8,2 ReO,(cub)
-2 255 34,0 -
-3 265 3,4 ReO;(cub)+
ReO, (orth)
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X-ray analysis of complex Il

X-ray diffraction pattern X-ray diffraction pattern
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Particle-size distribution of the products of thermal
decomposition process of the complex (I) T=const
Sample Ne(l)-1 v =f(d) T=180°C sample te()-3 0 =f{d) T=200°C
5 1132 nm n 708 nm
n @ —
i = I| am
a; 3842 nm *'M
iR = l ReO,o,
- | |87 om
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Controlled synthesis of rhenium oxides (IV) and (VI)
with set granulometric composition
of the complex (I)
d<100 nm o=f(T) 100< d<200 nm o=f(T) —
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Description:
Vv — number of particles of the fixed diameter, % T - temperature, °C
|

Particle-size distribution of the products of thermal
decomposition process of the complex (ll) T=const

v=f(d) T=255°C

sampleNe (1) -1 v=f(d) T=245°C Sample Ne (11} -2
40 T
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an Vv — number of particles of the
_— sn fixed diameter, %
L d - diameter of particles, nm
10
5 !
i
o
30 280 are 290




"'-g '{Y;'-'/ 'I
g
2& Controlled synthesis of rhenium oxides (IV) and (VI) %P
 with set granulometric composition of the complex (ll) =
Range of Range of
diameter T,°C v, % d, Hm diameter T,°C v, % d, nm
measuring, measuring,
nm nm B
60,0 20,0 36,0 118,8
d<100 255 [ 96,0 24,0 100<d <200 | 245 29,0 139,7
9,0 164,3
14,0 28,8
255 1,0 193,1
Range of Range of
diameter T, °C v, % d, nm diameter T, °C v, % d, nm
measuring, measuring,
nm nm
- 16,0 267,0 1,0 829,8
245 7,0 314,0 245 1,0 975,2
200 < d <500 340 2571 d>500 1,0 1147,2
265 | 340 347,5 05 13489
265 12,0 30608,5
2@' Electron microscopy
| (LEO912 AB OMEGA)
Sample 1 (1I)
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13,96 nm g — = —
= 100 nm
The basic microscope characteristics
Image resolution: 0,02-0,34 nm
Region of light: 1-75 mkm
Magnification: from 80x to 500 000x
] [




| Development of methods of nanosized &
rhenium oxides (1V) and (VI)

The step
thermal
decomposing

electrolysis air media ReO,(orth)

Re+nBuOH ————> ReO0;(0OBu")-mBu"OH +ReO3(cub)
U=150-200B T=180°C =7,1h d=59 5 nm
1, 30-80 mA T=190°C =38 h (v =68%)

B '=48,5 h T=200°C =2,1h
—Lmhon mole/l

The step
thermal
Re+EtOH+ decomposing
i-PrOH in air medium ReO;(cub)

n(i-PrOH) : {EtOH) = e'“‘”'”‘; (Re,0,(0Et) (OPF),) ey d=24 % 5 nm
(v ~ 100%)

»
membrane U=200-2408 T=245°C 1=8,2h

il T=2550C ©=34,0h
T=112,04

- LiCI=0,1 mole/l

{
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' Conclusions

1) For the first time methods of obtaining ultra
dispersed (nanosized) ReO2 and oxide mixture ReOs
and ReO:2 have been developed from thermal
decomposing of the complexes
(ReO3(OBu")-mBu"OH) and (Re4Ox(OEt)y(OPr')z)

2) It has been shown that ultradispersed (nanosized)
particles of ReO:orth and ReOscub d=59*5 nm are
formed at the thermal decomposition processes of
(ReO3(OBu")-mBurOH) by max temperature 200 °C
and overall process duration of 13,0 hours

3) It has been discovered that ultradispersed
(nanosized) particles of ReO: cub d=24+5 nm are
formed at the thermal decomposition of
(Re,O,(OEt),(OPr),) by max temperature 255 °C and
overall process duration of 42,2 hours
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