
Notizen 1417

Sodium Metaperrhenate, NaRe04: 
High Pressure Synthesis of Single 
Crystals and Structure Refinement
Alexandra Atzesdorfer, Klaus-Jürgen Range*
Institute of Inorganic Chemistry,
University of Regensburg,
Universitätsstraße 31, D-93053 Regensburg, 
Germany

Z. Naturforsch. 50b, 1417-1418 (1995); 
received April 24, 1995

Sodium Metaperrhenate, Single Crystals,
High Pressure Synthesis, Structure Refinement

Single crystals of sodium metaperrhenate, 
N a R e0 4, have been obtained by oxidation of rhe
nium metal with sodium nitrate under high pres
sure-high temperature conditions (modified Belt- 
type apparatus, 4 kbar, 400 °C, Au-capsules). The 
crystals are tetragonal, space group 14^0, with a = 
5.3654(4), c = 11.732(2) A  and Z = 4. The struc
ture was refined to R -  0.026, Rw = 0.013 for 382 
unique, absorption-corrected reflections.

The scheelite-type structure for N a R e 0 4, pro
posed by Beintema in 1937, could be confirmed. 
It consists of isolated R e 0 4 tetrahedra (R e -O  = 
1.728(2) A), connected by NaOs dodecahedra 
( < N a - 0 >  = 2.582(2) Ä).

The metaperrhenates M!R e 0 4 with M1 = Na, K, 
NH 4, Rb crystallize in the tetragonal space group 
14^0 [1], The crystal structure was determined as 
the scheelite type for the potassium [2-4], rubid
ium [5] and ammonium salts [6], Surprisingly 
enough, however, no structural details are avail
able for sodium metaperrhenate. During our in
vestigations on rhenium-oxo-compounds with 
alkali and alkaline earth metal cations [7] we ob
tained good-quality single crystals of N aR e0 4 by 
oxidation of rhenium metal with N aN 0 3 under 
high pressure, high temperature conditions and 
decided to reinvestigate the crystal structure with 
modern single-crystal methods.

High-pressure experiments were carried out in a 
modified Belt-type apparatus [8], using capsules 
made from gold and starting with rhenium metal 
(powder, 99.9995%, Alfa) and sodium nitrate (p. a., 
Merck) in a weight ratio of 1:2. Typical reaction 
conditions were 4 kbar, 500 °C for 60 min, slow 
cooling to 200 °C within 90 min and subsequent
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Table I. Crystal data, data collection and refinement 
parameters for N a R e04 a.

Formula
Molecular weight 
Space group 
Cell dimensions

Z
F(000)
Temperature 
Radiation 
Scan mode 
Scan width 
2 6  range 
/z A: /-limits 
(sin 0 /A)max 
Recorded reflections 
Unique reflections, Rint 
Parameters refined 
(A ̂ )max
Final R, R w
( ^ e )  m ax, m in

N a R e 0 4 
273.19 g-m oU 1 
1 4 (No.  88) 
a = 5.3654(4) Ä  
c = 11.732(2)o Ä  
c/a = 2.1866 Ä
V = 337.49(6) A 3
4
472
296(1) K
M oKa (A = 0.71073 A ) 
co/20
(0.8 + 0.35 tan 6»)°
2° <  2 6  <  75°
- 9  < h < 9; - 9  < k < 9; 0 < / < 20 
0.857 A -1 
1820
382, 0.023 
15 
0.001
0.026, 0.013 
+ 3.2, -2 .8  e -A “3

a Here, as in the following tables, the standard devia
tions are given in parentheses.

quenching to ambient conditions. The capsules 
were opened in a glove-box under dry argon. After 
this treatm ent the inside walls of the Au-capsules 
were covered by a thin layer consisting of a lemon- 
yellow fine powder, which could not be identified. 
Upon exposition to laboratory air, however, the 
powder decomposed immediately, yielding eventu
ally N aR e0 4. Crystals of NaReÖ 4 were found in
side the capsules, sometimes covered by a very thin 
red layer, which lost its colour after a few seconds 
in ordinary air. The clear, usually well developed 
crystals proved to be stable under these conditions.

A crystal with approximate dimensions 
0.03x0.03x0.03 mm3 was selected for data collec
tion on an Enraf-Nonius CAD-4 diffractometer 
using M oKa radiation (graphite monochromator 
in incident beam). The unit cell parameters were 
obtained by a least-squares refinement based 
on 25 carefully centered reflections in the range 
8° <  0 <  15°. Three standard reflections were 
measured every 200 min, indicating only random 
fluctuations in intensity during data collection. 
After reduction of the 1820 recorded data a set of 
382 independent reflections with I >  3a(I) re
mained (jRint = 0.025), which was used in the subse
quent calculations. Crystallographic and experi
mental data are summarized in Table I.
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Atom Site x/a y/b z/c u eq

Re 4 a 
Na 4b  
O 16 f

0
0
0.2327(5)

1/4
1/4
0.1211(5)

1/8
5/8
0.0420(2)

0.0079(1)
0.022(3)
0.015(1)

Anisotropic displacement factors

Atom U n U 22 U 33 U 23 U 13 u 12

Re 0.0079(1) 
Na 0.0229(9) 
O 0.014(1)

U u
U n
0.017(1)

0.0079(1)
0.019(2)
0.015(1)

0
0

-0 .0016(9)

0
0
0.0044(9)

0
0
0.0009(9)

Table II. Atomic posi
tional parameters and dis
placement factors [A2] for 
N a R e0 4. Fractional 
atomic coordinates and 
equivalent isotropic dis
placement parameters3. 
Origin at centre (1).

a U eq is defined as one 
third of the trace of the or- 
thogonalized U;j tensor.

All calculations were carried out using the pro
grams SHELX-76 [9] and SHELXS-86 [10]. 
Atomic scattering factors and corrections for 
anomalous dispersion were taken from the In
ternational Tables for X-ray Crystallography [11].

The structure was solved by Patterson methods, 
followed by successive difference Fourier synthe
ses. After the isotropic refinement a numerical cor
rection for adsorption was applied to the original 
data set (Program DIFABS, [12]; Correction 
factors max. 1.343, min. 0.862, mean 1.048). The fi
nal full-matrix least-squares refinement (including 
anisotropic displacement factors) converged at R =

Table III. Selected interatomic distances [A] and an
gles [°],

R e -O 1.728(2) (4x) R e - O - R e 108.5(1) (4x)
N a -O 2.523(2) (4x) R e -O - R e 111.4(1) (2 x)
N a -O 2.640(2) (4x)
0 - 0 2.804(3) (2 x) R e -N a 3.794(1) (4x)
0 - 0 2.855(3) ( lx ) R e -N a 3.9739(2) (4x)
0 - 0 2.858(3) (2 x) R e -R e 3.9739(2) (4x)
0 - 0 2.982(3) ( lx ) N a -N a 3.9739(2) (4x)

0.026 and R w = 0.013. Atomic positions and dis
placement factors for N aR e0 4 are given in Table II, 
derived atomic distances and angles in Table III*.

The results of the structure refinement confirm 
the scheelite-type structure of N aR e0 4, proposed 
by Beintema [1] in 1937. The structure consists of 
isolated R e 0 4 tetrahedra which are linked to
gether by sodium ions. Sodium is eightfold coordi
nated by oxygen with an average N a -O  distance 
of 2.582(2) A. The Roe - 0  distance in the R e 0 4 
tetrahedra (1.728(2) A) is in agreement with the 
mean value of 1.72 A found in K R e0 4 [3, 4], 
R b R e 0 4 [5], NH 4R e 0 4 [6] and T lR e0 4 [13].
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* Further details of the crystal structure determination 
may be obtained from the Fachinformationszentrum 
Karlsruhe GmbH, D-76344 Eggenstein-Leopoldsha- 
fen by quoting the depository number CSD 59026.
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