NEW DIFFRACTION DATA

The crystal structure of trisodium hexachlororhodate (Naz;RhClg)
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Commercially available trisodium hexachlororhodate (NazRhClg) was dehydrated and characterized
by laboratory X-ray powder diffraction. The crystal structure is isostructural to the Na3CrClg structure
type with space group P31c. Unit-cell parameters are a = 6.8116(1) A, ¢=11.9196(2) A, V=478.95
(2) A, and Z=2. © 2018 International Centre for Diffraction Data.
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I. INTRODUCTION

Trisodium hexachlorometalates (Na3MClgs, M = metal
ion) were reported to crystallize in three crystal structure
types namely the Naz;AlF¢ (cryolite) structure type (for M =
Dy, Er, Ho, Lu, Sc, Ti, Tm, Y, Yb) (space group P2,/n), the
Na3CrClg structure type (for M=Cr, In, Mo, V) (space
group P31c), and the Na3;GdClg structure type (M = Eu, Gd,
Tb) (space group R3H) (an overview and related literature
can be found in Table I). Interestingly, another trisodium
hexachlorometalate, trisodium hexachlororhodate (Na;RhClg)
was reported in a diffraction study by Krylov et al. (1983)
(ICDD PDF4 + ID # 00-036-0754); however, neither the crys-
tal structure nor the indexing of the reported X-ray diffraction
(XRD) pattern was given by them.

Here, the crystal structure of NazRhCls was examined
using laboratory X-ray powder diffraction.

Il. EXPERIMENTAL
A. Sample preparation

Commercially available trisodium hexachlororhodate(II)
was bought from the Sigma-Aldrich Chemie GmbH
(Taufkirchen, Germany). The bright red powder was ground
in an agate mortar with an agate pestle to a fine powder and
subsequently filled in a quartz capillary of 0.5 mm diameter
(Hilgenberg GmbH, Malsfeld, Germany). The dehydration
of the sample was done by mounting the capillary on the dif-
fractometer and by heating it for half an hour at a constant tem-
perature of 350 °C with an MRI capillary heater. The heating
and the cooling rate from room temperature to 350 °C and
back was 0.5 °C/s. After the heat treatment, the color of the
powder turned into a darker red.

B. XRD data collection

Room temperature X-ray powder diffraction measure-
ments of the NazRhClg specimen were carried out using a
Bruker D8 Advance diffractometer in Debye—Scherrer geom-
etry. The diffractometer was equipped with a sealed tube
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Molybdenum X-ray source (operated at 50 kV and 40 mA)
and a Ge(220) primary beam monochromator to obtain pure
MoKa; radiation at a wavelength of 2 =0.7093 A. Detection
of diffracted X-rays was done using a Lynxeye detector. The
diffractogram was collected from 2 to 45.0° 26 with a resolu-
tion of 0.01° 20 and a total integration time of 8 h.

C. Data treatment

Crystal structure determination and subsequent Rietveld
refinements of the measured powder diffraction pattern of
NazRhClg were performed using the TOPAS 4.2 software
from Bruker AXS Inc. (Cheary et al., 2004). The background
of the pattern was modeled by Chebyshev polynomials plus
five broad Lorentzian peak shapes, whereas phase peaks
where modeled by the fundamental parameter approach.

lll. RESULTS AND DISCUSSION

The first indexing attempts (Coelho, 2003) of the measured
powder diffraction pattern at room temperature suggested either
monoclinic (e.g. P2, P2;), trigonal (e.g. P31c, P3), or ortho-
rhombic (e.g. Ccc2, (C222,, Cmc2,) space groups for
NazRhClg. From the suggested solutions, the monoclinic ones
provided the smallest volume and the best figure of merit (de
Wolff, 1968); however, subsequent whole powder pattern
decomposition refinements (Le Bail et al., 1988) revealed that
not all reflections could be satisfactorily modeled. In contrast
to the monoclinic solutions, trigonal and orthorhombic solu-
tions (which had an exactly double unit-cell volume compared
with the trigonal ones) did only match under the assumption,
that two of the observed reflections have to be classified as
impurity lines. Subsequent whole powder pattern decomposi-
tion refinements of the trigonal solutions unveiled several pos-
sible impurity lines. Therefore, possible by-products, which
could emerge because of the heating process, were checked.
It was found that ordinary sodium chloride (NaCl) could be rea-
sonably fitted by a Rietveld refinement to the impurity reflec-
tions. Interestingly, no other crystalline rhodium containing
impurity phase could be identified. As the trigonal solutions
and the corresponding lattice parameters suggested a close
structural relationship to the Na;CrClg structure type,
Na;CrClg was used as starting model for a Rietveld refinement
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TABLE 1.

Overview of NazMClg (M = metal ion) compounds and related literature.

Compound Structure type Space group Powder diffraction analysis Single crystal diffraction analysis
Na;DyClg Na3AlFg P2/n Meyer et al. (1987) Schurz et al. (2011)
Na;ErClg Na3AlFg P2,/n Meyer et al. (1987) Meyer et al. (1987)
Naz;HoClg NasAlFg P24/n Meyer et al. (1987) Bocker et al. (2001)
NazLuClg Na;AlFg P2/n Meyer et al. (1987)
NazScClg NazAlFg P2,/n Meyer et al. (1987)
Na;TiClg NasAlFg P2i/n Hinz et al. (2000)
Naz;TmClg Na;AlFg P2/n Meyer et al. (1987)
NazYClg NazAlFg P2,/n Meyer et al. (1987) Liao and Dronskowski (2004)
Na3;YbClg NasAlFg P2y/n Meyer et al. (1987)
Na;CrClg Na;CrClg P-31c Friedrich et al. (1987)
NasInClg Na;CrClg P-31c Yamada et al. (2005)
NazMoClg Naz;CrClg P-31c Friedrich et al. (1987) Beran and Meyer (2011)
Na;VClg Na;CrClg P-31c Friedrich et al. (1987)
NazEuClg Na3;GdClg R-3H Meyer et al. (1987)
Na;GdClg Na;GdClg R-3H Meyer et al. (1987) Meyer (1984)
Na;TbClg Na;GdClg R-3H Meyer et al. (1987)
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Figure 1.  (Color online) Rietveld plot of the measured powder X-ray diffraction data. Two phases, NazRhClg [Wt% = 96.03(2)] and NaCl [wt% = 3.97(2)] were
refined. At low 2Theta values the background is increased because of amorphous scattering of the quartz capillary.

TABLE II.  Crystal structure data obtained from the Rietveld refinement for

NazRhClg at room temperature (303 K).

Formula Na3zRhClg
Crystal system Trigonal
Space group P-31c
aA) 6.8116(1)
c(A) 11.9196(2)
Cell volume (A%) 478.95(2)
Formula units Z 2
Calculated density (g cm ™) 2.6668(1)
Scan range 2°K260<45°
Radiation wavelength MoK¢, A) 0.7093
Zero shift 0.0005(3)
Numbers of refined parameters 48

R, (%) 2.651

Ry (%) 3.602

Rg (%) 1.309
GOF 2.085
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(Rietveld, 1969), exchanging the chromium ion by a rhodium
one. Together with the NaCl phase, a successful Rietveld
refinement of all reflections could be performed (Figure 1).
Intriguingly in this refinement, anisotropic displacement param-
eters could be utilized for all atoms within the NazRhClg phase,
as the quality of the collected data was insomuch excellent, that
the R, dropped by a significant value of 0.3% compared with
the usage of sole isotropic displacement parameters. The rea-
sonability of the values of the anisotropic displacement param-
eters was subsequently confirmed by drawing ellipsoidal
atomic models of the crystal structure (see Figure S2 in the
online Supplementary material). The final agreement factors
of this refinement are R,=2.651%, R,,,=3.602%,
Rg(NazRhClg) =1.309%, Rg(NaCl)=1.232%, and GOF=
2.085 (all agreement factors as defined in TOPAS 4.2). The
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TABLE IV.

Selected bond lengths for NazRhClg.

Bond Length (A)
Rh1-Cl1 2.343(2)
Nal-Cll 2.803(2)
Na2-Cl1(1) 2.884(3)
Na2-Cl1(2) 2.721(2)

TABLE V. Powder X-ray diffraction data for Na;RhCls. Calculated values
are from the Rietveld refinement, whereas observed values are determined by
single peak fittings. Lines which are uniquely identified as NaCl reflections

are omitted here.

290bs dubs 26(:211 dcal lobs
ho k 1 ©) A ©) A A600C) (%)
0 0 2 6.821  5.961 6.823 5960 —0.002 18.0
0 1 0 6.891 5.901 6.893 5.899 —0.002 34.6
0 1 1 7.692 5.287 7.693 5287 —0.001 100.0
0 1 2 9.705 4.193
1 1 0 11.953 3406 11954 3406 —0.001 8.6
0 1 3 12.356 3296 12356 3.295 0.000 22.0
0 0 4 13.670  2.980
1 1 2 13.777 2957 13.777 2957 0.000 66.4
1 -2 -2 13.777  2.957
0 2 0 13.812 2950
0 2 1 14.231 2.863
0 1 4 15.325  2.660
0 2 2 15420 2.643
0 2 3 17.224 2368 17.225 2368 —0.001 25.3
1 1 4 18.197 2243 18.198 2.243 —0.001 46.6
1 =2 —4 18.198  2.243
2 1 0 18.305  2.230
0 1 5 18.467 2210
2 1 1 18.623  2.192 18.625 2.192 —0.002 12.3
1 -3 —1 18.625 2.192
0 2 4 19.481 2.096 19.480 2.096 0.001 1.7
2 1 2 19.559 2.088 19.556 2.088 0.003 1.6
1 =3 -2 19.556  2.088
0 0 6 20.567 1.987
0 3 0 20.781 1.966 20.782 1.966 —0.001 25.5
2 1 3 21.018 1.944  21.019 1944 —0.001 234
1 -3 -3 21.019 1.944
0 3 1 21.066  1.940
0 1 6 21.716  1.883
0 3 2 21.897 1.867 21.897 1.867 0.000 5.6
0o 2 5 22.055 1.854 22.055 1.854 0.000 3.8
2 1 4 22916 1.785 22917 1.785 —0.001 3.5
1 -3 —4 22917 1.785
0 3 3 23219 1.762
1 1 6 23.853 1.716  23.855 1.716 —0.002 19.7
1 -2 —6 23855 1.716
2 2 0 24.031 1.704 24.041 1.703 —-0.010 5.1
0 2 6 24.859  1.648
0 3 4 24959 1.641
2 2 2 25.019 1.637
2 —4 -2 25.019 1.637
31 0 25.031 1.637 25.038 1.636 —0.007 18.5
0 1 7 25.040 1.636
2 1 5 25.165 1.628 25.159 1.628 0.006 3.2
1 -3 -5 25.159  1.628
31 1 25.277 1.621 25.277 1.621 0.000 9.0
1 —4 —1 25277  1.621
31 2 25981 1.578
1 —4 -2 25981 1.578
0 3 5 27.042 1517
Continued
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TABLE V. Continued

2eobs dobs 2ecal dcal Iobs
hok l ©) @A) ©) A A0 (%)
3 1 3 27.116 1.513 27.115 1.513 0.001 2.5
1 —4 -3 27.115 1.513
0 8 27.543 1.490 27.540 1.490 0.003 1.8
2 1 6 27.667 1.483
1 -3 —6 27.667 1.483
2 2 4 27.758 1.478  27.758 1.479 0.000 11.4
2 —4 —4 27.758 1.479
0 4 0 27.830 1.475
0 2 7 27.836 1474 27.831 1475 0.005 1.8
0 4 1 28.046 1.464 28.046 1.464 0.000 4.8
0 1 8 28.423 1.445
3 1 4 28.634 1.434
1 —4 —4 28.634 1.434
0 4 2 28.687 1.432
0 3 6 29.399  1.398 29402 1398 —0.003 0.6
0 4 3 29.726  1.383

(b)

Figure 2. (Color online) Trigonal crystal structure of NazRhCls. (a) View
along the crystallographic (110)-direction, (b) view along the crystallographic
c-direction.

calculated weight percentage of the NazRhClg phase is wt% =
96.03(24), whereas that of the NaCl impurity could be deter-
mined to wt% =3.97(24). The results of the final Rietveld
refinement of the NazRhClg phase (lattice parameters, agree-
ment factors, etc.) are summarized in Table II, whereas atomic
positions, occupancies, and anisotropic displacement parame-
ters of this phase are listed in Table III. Selected bond lengths
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are listed in Table IV and the powder diffraction data are
given in Table V. The crystal structure of Na;RhClg is presented
in Figure 2.

IV. CONCLUSION

Commercially available trisodium hexachlororhodate
(Na3;RhClg) was dehydrated and characterized by laboratory
X-ray powder diffraction. The crystal structure is isostructural
to the NasCrClg structure type with space group P3lc.
Unit-cell parameters are a=6.8116(1) A, ¢=11.9196(2) A,
V=478.95(2) A%, and Z=2.

SUPPLEMENTARY MATERIAL

The supplementary material for this article can be found at
https:/doi.org/10.1017/S0885715618000155
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