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Abstract 

We report the synthesis of two hydrogen-containing perovskite-type bronzes H0.23WO3 and 

H0.10ReO3 utilizing an unconventional solid-state synthetic approach, involving the use of the 

polymer Poly(vinylidene fluoride) (CH2CF2)n. Powder neutron diffraction at ambient temperature 

shows that H0.23WO3 crystallizes in a tetragonal symmetry distortion of the simple perovskite 

structure (space group P4/nmm), with lattice parameters a = 5.2279(2) Å, and c = 3.8763(1) Å. 

H0.10ReO3, in contrast, crystallizes in a monoclinic distortion of a simple cubic perovskite (space 

group P2/m), with lattice parameters a = 5.3125(1) Å, b = 5.3155(3) Å, c = 3.7045(3) Å, and γ = 

90.43(1)°. Both H0.23WO3 and H0.10ReO3 exhibit intrinsically diamagnetic behavior, with low 

temperature paramagnetic upturns and no signs of bulk superconductivity down to 0.35 K. 

 

Keywords: Hydrogen-containing perovskite-type bronzes; Polymer route; Poly(vinylidene 

fluoride); X-ray powder diffraction; neutron powder diffraction; diamagnetic. 
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1. Introduction 

Transition-metal oxides continue to be the subject of extensive study because they exhibit a wide 

variety of interesting chemical and physical properties. The bronze family, as an important sub-

group of transition-metal oxides, contains a large variety of nonstoichiometric ternary oxides that 

have the general formula AxMO3 (0 < x < 1). A is usually an electropositive element that can donate 

electrons to the host network, which in many cases solely consists of corner-sharing MO6 

octahedra. The three-dimensional network of MO6 octahedra shows good tolerance to 

accommodate different dopants in its cavities such as elements of group 1, 2, 13, 14, 15, 

lanthanides, and actinides.[1–18]. In addition, the choice of the transition-metal M can vary from 

W, which has been intensively studied, to other less well-characterized materials based on Mo, Nb, 

Ta, Re and V[19–31]. Therefore, this family of materials has very rich chemistry and forms a large 

variety of distinct structural types. In general, the crystal structures can be broadly classified as the 

perovskite tungsten bronze type (PTB), the tetragonal tungsten bronze type (TTB), the hexagonal 

tungsten bronze type (HTB) and the intergrowth tungsten bronze type (ITB). This family of 

materials attracts enduring interest for its potential applications in electrochromic technology, 

photocatalysis, dye-sensitized solar cells, solar water-splitting and plasmonic materials[32–35]. In 

addition, their capability to host interesting physical properties such as superconductivity, 

magnetic ordering, and ferroelectricity makes them a keen research topic in fundamental scientific 

research[1,2,4–6,8,12,20,36–43].    

In the course of developing the bronze family, different methods have been used to prepare them, 

with the most versatile method being solid-state reaction. Bronzes with the usual dopants in the 

cavities such as alkali metals can be easily made by mixing stoichiometric amounts of starting 

materials and sintering at appropriate temperatures[1,43,44]. In contrast, some unusual dopants 
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require more complicated techniques to be intercalated, such as high pressure[18], hydrothermal 

synthesis[11] or a metal halide route[3,45,46] to obtain otherwise difficult bronzes. The formation 

of WO3−xFx (x ≤ 0.45), prepared via a chemically reducing fluorination route, using the polymer 

polytetrafluoroethylene (Teflon) to react with WO3[47], shows that the parent MxOy phases are not 

inert to polymers. Since hydrogen is not only a common element in some polymers such as 

poly(vinylidene fluoride), (CH2CF2)n and polyethylene (CH2CH2)n, but also an unusual dopant in 

the bronze family, modification of the parent MxOy phases with appropriate hydrogen-containing 

polymers, either by intercalating H+ into cavities to form bronzes, or by partial hydride-for-oxide 

substitution to form mixed-anion compounds, should be feasible. 

In this work, WO3, ReO3, MoO3, Nb2O5, Ta2O5, V2O5 and TiO2 were selected as starting materials 

for testing their reactivity with the hydrogen-containing polymer Poly(vinylidene fluoride), 

(CH2CF2)n (PVDF), but it was found that only WO3 and ReO3 allow for the intercalation of H+ 

into their cavities to form bronzes by this method. HxWO3 has previously been reported to 

crystallize in orthorhombic symmetry for x = 0.10, tetragonal symmetry for x = 0.23 and 0.33, and 

cubic symmetry for x = 0.50 and 0.53[15,48,49], while HxReO3 has been reported to crystallize in 

orthorhombic symmetry for x = 0.15, 0.25 and 0.38, tetragonal symmetry for x = 0.81, and cubic 

symmetry for x = 1.36 and 1.40[28,29,31,50]. Although HxMoO3 (0 < x ≤ 2.0)[30] has also been 

reported, we found that the MoO3 lattice is too vulnerable to survive under the reducing conditions 

created by the PVDF powder. The methods used to prepare hydrogen-containing bronzes in the 

literature all employ aqueous conditions, such as water[31], hydrochloric acid[15,30,48], sulfuric 

acid[29] and chloroplatinic acid followed by exposure to hydrogen gas[28,29]. Our polymer route 

provides an alternative, purely solid-state approach to synthesize the hydrogen-containing tungsten 

and rhenium bronzes, without the interference of aqueous reaction conditions and following 
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purification procedures. The reactions occur at the gas-solid interface. PVDF begins to decompose 

at 150 °C and evaporates into its gaseous-state monomer VDF under vacuum around the reaction 

temperature of 350 °C, which fills the reaction vessel and reacts with WO3 or ReO3. The actual 

protonation reaction mechanism is not known, as the H-depleted products of the secondary 

reactions of gaseous VDF have not been determined. 

Thus, here we report the successful synthesis of two hydrogen-containing perovskite-type bronzes 

H0.23WO3 and H0.10ReO3 via a solid-state polymer-based synthetic approach, involving the use of 

Poly(vinylidene fluoride) (CH2CF2)n powder. To the best of our knowledge, no previous reports 

of bronzes prepared by this method can be found in the literature. Since the positions of light 

elements, in this case, hydrogen and oxygen, cannot be well specified by X-ray diffraction in the 

presence of the heavy elements tungsten and rhenium, we employ neutron powder diffraction to 

fully characterize their crystal structures. Both the crystal structures and hydrogen contents of 

H0.23WO3 and H0.10ReO3 are determined by the analysis of Time-of-Flight (TOF) neutron powder 

diffraction data in this study. In addition to the structural chemistry, the magnetic properties of 

these two bronzes are characterized. 

 

2. Experimental 

Polycrystalline powder samples of the two hydrogen-containing perovskite-type bronzes 

H0.23WO3 and H0.10ReO3 were synthesized by an approach involving the use of polymer 

Poly(vinylidene fluoride) powder, which is a vapor at the temperatures employed. The reactions 

occurred at the gas-solid interface. Approximately 200 mg of starting materials WO3 (Alfa Aesar, 

99.8%) and ReO3 (Alfa Aesar, 99.9%) were mixed and ground with 100 mg of PVDF powder, and 

then the resulting mixtures were sealed in evacuated quartz tubes. The reaction vessels were heated 
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at 350 °C for 7 days. The purity, symmetry, and unit cell parameters of the resulting samples were 

examined by laboratory X-ray powder diffraction data collected at room temperature on a Bruker 

D8 FOCUS diffractometer (Cu Kα) over a 2θ range between 5° and 70°. Lattice parameters, atomic 

positions, and atomic displacement factors were initially determined and refined by the Rietveld 

method using the GSAS-II program.  

The large-scale polycrystalline powder samples of H0.23WO3 and H0.10ReO3 for the neutron 

diffraction experiments were synthesized by reacting approximately 2 g of the starting materials 

WO3 (Alfa Aesar, 99.8%) and ReO3 (Alfa Aesar, 99.9%) with 1 g of PVDF powder. The sealed 

evacuated quartz tubes containing the samples were heated at 350 °C for two to three periods of 7 

days, with the samples being reground and a suitable amount of PVDF powder re-added between 

heating periods. Routine inspections of reaction mixtures after each heating period were performed 

by laboratory X-ray powder diffraction to ensure the completion of the reactions and the 

homogeneity of the neutron samples. Time-of-flight (TOF) neutron powder diffraction data were 

collected for H0.23WO3 and H0.10ReO3 at Oak Ridge National Laboratory’s (ORNL’s) Spallation 

Neutron Source (SNS) POWGEN beamline using a beam of neutrons with a center wavelength of 

0.8 Å, at both 300 K and 7 K. Lattice parameters, atomic positions, and atomic displacement 

factors were refined by the Rietveld method using the GSAS-II program. 

To chemically prove that the intercalated element in the tunnels is hydrogen rather than fluorine, 

similar reactions were performed on the starting materials WO3 (Alfa Aesar, 99.8%) and ReO3 

(Alfa Aesar, 99.9%), but with the PVDF powder replaced by Polyethylene (CH2CH2)n powder. 

Laboratory X-ray powder diffraction indicated that identical reaction products were formed. The 

texture of resulting products was gel-like, however, which made them unsuitable for detailed 

analysis compared to the loose powder products formed by using PVDF powder. 
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The temperature-dependent magnetization data for H0.23WO3 and H0.10ReO3 were collected using 

the vibrating sample magnetometer (VSM) option of a Quantum Design Physical Property 

Measurement System (PPMS). Temperature-dependent magnetization data were collected from 

finely ground H0.23WO3 and H0.10ReO3 powders in an applied field of 1000 Oe, and field-

dependent magnetization data between H = 90000 Oe. and –90000 Oe. were collected from the 

samples at T = 300 K and 2 K.  

The potential for bulk superconductivity of H0.23WO3 and H0.10ReO3 was tested on a small amount 

of powder in the Quantum Design Physical Property Measurement System (PPMS) down to 1.7 K 

in an applied magnetic field of 10 Oe. For the lower temperature regime (T < 1.7 K), specific-heat 

measurements down to 0.35 K were performed in the PPMS equipped with a 3He insert to test for 

whether the entropy change expected to accompany an electronic phase transition is present. 

 

3. Results and Discussion 

3.1 Structural Characterization 

H0.23WO3 is a perovskite-type tungsten bronze (PTB) that crystalizes in the tetragonal symmetry 

system, with the A-site of the perovskite partially occupied by H+. Standard laboratory X-ray 

powder diffraction (XRD) data collected from the fine black H0.23WO3 powder obtained by 

reacting WO3 with PVDF, can be roughly indexed by a tetragonal unit cell, with lattice parameters 

of a = 5.22 Å, c = 3.88 Å, which is in good agreement with the literature[15]. In addition, higher 

sensitivity XRD data collected from the same sample in air shows the conversion of the tetragonal 

product H0.23WO3 back to the monoclinic starting material WO3, which reflects the air-sensitive 

nature of this material. The atomic position and site fraction of H+ in the tunnel of the WO3 array, 

which consists of corner-sharing WO6 octahedra, was confirmed by refining the ambient TOF 
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neutron powder diffraction data against the reported structural model of H0.23WO3[15]. The 

refinement converged smoothly and provides a satisfactory agreement parameter (wR = 2.94%; 

GOF = 2.38). Observed, calculated and difference plots from the Rietveld refinement of H0.23WO3 

(space group P4/nmm) based on the ambient neutron powder diffraction data are shown in Figure 

1(a). The structural model of H0.23WO3 and selected bond lengths of the WO6 octahedron and the 

H-O polyhedron are depicted in Figure 1(b). Detailed structural parameters and crystallographic 

positions are presented in Table 1. Neutron powder diffraction data collected from H0.23WO3 at 

lower temperature reveals no additional structural features.  Details can be found in the Supporting 

Information (SI). 

The laboratory X-ray powder diffraction (XRD) data collected from the fine black powder 

H0.10ReO3, obtained by reacting ReO3 with PVDF, could be roughly indexed by an orthorhombic 

unit cell, with lattice parameters of a = 3.77 Å, b = 3.74 Å, c = 3.70 Å, which is in a good agreement 

with the literature[31]. In contrast to the W analogue, higher sensitivity XRD data collected from 

this sample while exposed to air is identical to the initial scan, which indicates the air-stable nature 

of this material. The ambient neutron powder diffraction data collected from this compound was 

initially refined using a model based on the structural model of H0.15ReO3[31] previously reported. 

This model is constructed by a simple orthorhombic unit cell with the above-mentioned lattice 

parameters (space group Pmmm). The site fraction of H+ in the tunnel, consisting of corner-sharing 

ReO6 octahedra, was set to be 0.15 to start with, and let free to change afterwards. However, the 

refinement yielded unsatisfactory agreement parameters with poor visual fitting even after refining 

the site fraction of H+ in the tunnel. Several strong peaks were not accommodated, plus poor fitting 

of some peak shapes was found, indicating there were some impurities in the sample. After 

considering the possible impurities, ReO2 and Re, as partial decomposition products, stood out. 
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The refinement parameters when including those impurities were significantly improved (wR = 

4.098%; GOF = 2.66). However, there remained a few peaks that cannot be accounted for by 

adding impurity phases, which made us question the validity of the orthorhombic structural model 

for our material. 

Given that the XRD data can be easily indexed by the simple orthorhombic unit cell, while the 

neutron diffraction data reveals that some additional structural features must be present, it is 

reasonable to deduce that these features are due to the ‘light’ elements in the compound, hydrogen 

and oxygen. A new monoclinic unit cell (space group P2/m), as a result of √2 × √2 × 1 expansion 

of the original orthorhombic unit cell, was thus refined against the neutron powder diffraction data. 

By lowering the symmetry from orthorhombic to monoclinic and expanding the unit cell, possible 

tilting and distortion of ReO6 octahedra (Figure 2(b)) can be introduced to the lattice, which 

successfully accounted for the peaks that could not be accommodated in the orthorhombic model. 

The refinement converged smoothly and provided satisfactory agreement parameters (wR = 

3.475%; GOF = 2.34). The H content in our compound is finalized to be about 0.10, which is lower 

than the previously reported H0.15ReO3[31] orthorhombic bronze. Therefore, it is not surprising 

that our compound needs a lower symmetry unit cell to be fully described. Observed, calculated 

and difference plots from the Rietveld refinement of H0.10ReO3 (space group P2/m) against 

ambient neutron powder diffraction data are shown in Figure 2(a). The structural model for 

H0.10ReO3, and selected bond lengths of the ReO6 octahedron and the H-O polyhedron are depicted 

in Figure 2(b). Detailed structural parameters and crystallographic positions are presented in Table 

2. Neutron powder diffraction data collected from H0.10ReO3 at low temperature reveals no 

additional structural features. Details can be found in the Supporting Information (SI). 
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3.2 Magnetic Characterization 

The temperature-dependent magnetization data collected from both H0.23WO3 and H0.10ReO3, is 

plotted as magnetic susceptibility χ (M/H) against temperature T in Figure 3. The magnetic 

susceptibility consists of a relatively temperature-independent part (25 < T / K < 300) and a 

strongly temperature-dependent part (1.8 < T / K < 25). The bulk diamagnetic behavior of the 

samples mainly contributes to the relatively temperature-independent part, while the magnetic 

behavior below T = 25 K is due to the presence of dilute magnetic impurities. Hence, the magnetic 

susceptibility data in the range 1.8 < T / K < 25 were fitted to the Curie-Weiss law (χ = C/(T - θ) 

+ K), to yield values of C = 1.42(3)×10-3 cm3 K mol-1, θ = −0.05(6) K for H0.23WO3, and C = 

1.48(5)×10-3 cm3 K mol-1, θ = +1.35(2) K for H0.10ReO3 respectively. The values of μ2 = 0.011 μB 

for H0.23WO3, and μ2 = 0.012 μB for H0.10ReO3 can be calculated from this data, and the values of 

μeff = 0.107 μB for H0.23WO3, and μeff = 0.109 μB for H0.10ReO3 are extracted. According to µ =

 g √𝑠 (𝑠 + 1) where g is the gyromagnetic ratio and s is the sum of the spin quantum numbers of 

the electrons in the system, the fraction of the potential spin 1 impurity are calculated to be 3.77% 

for H0.23WO3, and 3.85% for H0.10ReO3 respectively. Although it is less likely, we cannot rule out 

the possibility that these positive magnetic responses in the low temperature regime are actually 

intrinsic, i.e. not coming from impurities. The field-dependent magnetization data collected from 

both H0.23WO3 and H0.10ReO3 are plotted as magnetic moment M against field H in Figure 3. The 

magnetization data collected at 300 K as a function of applied field is linear and passes through 

the origin, with a negative slope (more obvious in the W case), while analogous data collected at 

2 K have positive slopes instead, consistent with the temperature-dependent data. 

No signs of bulk superconductivity were observed from either H0.23WO3 or H0.10ReO3 in the low 

applied field magnetic susceptibility measurements down to 1.7 K and in specific-heat 
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measurements down to 0.35 K. Combining both the temperature-dependent and the field-

dependent magnetization data collected from H0.23WO3 and H0.10ReO3 samples, it is valid to 

conclude that these two materials exhibit bulk diamagnetic behavior, with no magnetic transitions. 

 

3.3 Phase Diagram of Hydrogen-Containing Tungsten and Rhenium Bronzes 

H+ is the smallest dopant in the bronze family, even smaller than the usual dopants Li+ and Na+, 

so it is not surprising that hydrogen-containing bronzes prefer to adopt a perovskite-type structure, 

since its cavity size is the smallest among the four general structural types of bronzes (PTB, TTB, 

HTB and ITB). However, perovskite-type bronzes can crystallize in different symmetry systems, 

such as monoclinic, orthorhombic, tetragonal and cubic. The decisive factor determining the 

symmetry of the product appears to be the doping level. The general rule, which can be concluded 

from compounds reported in literature, is that a decrease in the crystallographic symmetry of the 

structure usually accompanies decreased doping levels. Possible explanations of this phenomenon 

may be primarily “mechanical” – namely that lower levels of dopant always yield lower cavity 

occupancy, with the unit cell of the average structure therefore having a lower symmetry to 

accommodate local differences in structure, or electronic, in the sense that the electronic structure 

of the products at low doping yields a lower density of states for low symmetry structures. 

Theoretical analysis of the structures of perovskite bronzes that considers these factors would be 

of interest.  

Both H0.23WO3 and H0.10ReO3 presented in this work are hydrogen-containing perovskite-type 

bronzes, but they crystallize in tetragonal and monoclinic symmetry respectively, which fit, in their 

own categories, the general rule mentioned above. In this context, the cubic crystal structure of 

pristine ReO3 seems to be anomalous. The phase diagram of all the existing hydrogen-containing 
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perovskite-type tungsten and rhenium bronzes against different doping levels x is depicted in 

Figure 4. The two phases marked in red are the two bronzes presented in this work. Some well-

known LixWO3 and NaxWO3 tungsten bronzes are plotted as well for comparison[51–58].  

WO3 commonly adopts a monoclinic structure at ambient temperature and pressure, with the initial 

electron count per MO3 unit of 0 (at x = 0). With elevated doping levels of electropositive elements 

in the tunnels, the electron count per MO3 unit increases, hence yielding the monoclinic-

orthorhombic-tetragonal-cubic structural transition. The boundaries (doping levels needed to cause 

the structural transitions) between these structural types vary depending on the different kinds of 

dopants in the tunnels, which can be seen, for example, when considering H+, Li+ and Na+ in Figure 

4. In contrast, ReO3 commonly adopts a cubic structure at ambient temperature and pressure 

instead, with the initial electron count per MO3 unit of 1 (at x = 0). But with elevated doping levels, 

the electron counts per MO3 unit deviate from 1, the same monoclinic-orthorhombic-tetragonal-

cubic structural transition occurs as well. Our H0.10ReO3, which has the lowest H+ doping level 

ever reported within Re bronzes, completes the above-mentioned structural transition series by 

providing the first monoclinic material in the H-Re-O system. In addition, the H-Re-O system is 

more tolerant to H accommodation than the H-W-O system, exhibiting a significantly wider 

doping range for H+. The lower doping limit is similar in both systems, but the upper doping limit 

in the H-Re-O system is nearly three times of that in the H-W-O system. 

 

4. Conclusion 

The successful synthesis of two hydrogen-containing perovskite-type bronzes H0.23WO3 and 

H0.10ReO3 in powder form was achieved by utilizing an unconventional solid-state synthetic 



 
 

12 
 

approach, involving the use of the polymer Poly(vinylidene fluoride) to intercalate H+ into the W-

O and Re-O systems according to the following equations: 

0.23H- (from CH2CF2) + W+6O3 = H+
0.23W

+5.77O3 (+ 0.23(CHCF2)
-) 

0.10H- (from CH2CF2) + Re+6O3 = H+
0.10Re+5.90O3 (+ 0.10(CHCF2)

-) 

(The formulas of the H-depleted polymeric products are not actually known - we represent them 

schematically in the above as (CHCF2)
-.) By switching from PVDF powder to Polyethylene 

(CH2CH2)n powder, identical products were synthesized, but the gel-like texture of the products 

proved to be unsuitable for further analysis. The reactions occurred at the gas-solid interface, so 

no purification procedures were required to separate target compounds as long as the starting 

materials were fully reacted. The crystal structures and hydrogen contents of both bronzes were 

determined by TOF neutron powder diffraction data. H0.23WO3 is a perovskite-type tungsten 

bronze (PTB) that crystalizes in the tetragonal symmetry system, with the A-site of the perovskite 

partially occupied by H+. Both the structural model (a simple tetragonal unit cell (space group 

P4/nmm) with lattice parameters of a = 5.2279(2) Å, c = 3.8763(1) Å), and the hydrogen content 

0.23(1) of our H0.23WO3 compound are in good agreement with the literature[15]. In contrast, our 

H0.10ReO3 compound shows structural features that cannot be reproduced when using the reported 

orthorhombic structural model of H0.15ReO3[31] to index the neutron diffraction pattern. Hence a 

new monoclinic unit cell (space group P2/m, a = 5.3125(1) Å, b = 5.3155(3) Å, c = 3.7045(3) Å, 

γ = 90.43(1)°),  a result of a √2 × √2 × 1 expansion of the original orthorhombic unit cell (space 

group Pmmm), is proposed to describe the crystal structure of our H0.10ReO3 compound. In addition, 

the hydrogen content of our compound is 0.10, which is lower than the reported H0.15ReO3[31]. 

Therefore, it is not surprising that our compound needs a lower symmetry unit cell to be properly 

described. Magnetization data collected from both H0.23WO3 and H0.10ReO3 suggests that these 
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two compounds exhibit bulk diamagnetic behavior, with no signs of superconductivity observed 

down to 0.35 K. 
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Figure 1. (a) Observed, calculated and difference plots from the Rietveld refinement of H0.23WO3 

(space group P4/nmm) against ambient neutron powder diffraction data; (b) The structural model 

of H0.23WO3, and selected bond lengths of the WO6 octahedron and the H-O polyhedron. 
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Figure 2. (a) Observed, calculated and difference plots from the Rietveld refinement of H0.10ReO3 

(space group P2/m) against ambient neutron powder diffraction data; (b) The structural model of 

H0.10ReO3, and selected bond lengths of the ReO6 octahedron and the H-O polyhedron. 
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Figure 3. The magnetization data collected from (a) H0.23WO3 and (b) H0.10ReO3. The top panels 

are plotted as magnetic susceptibility χ (M/H) against temperature T, with 1/(χ(T)- χ(0)) against T 

plots embedded; the bottom panels are plotted as magnetic moment M against field H. 
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Figure 4. The four selected perovskite-type bronzes that crystallize in different symmetry system 

with respect to the doping level x. The phases marked in red are the two bronzes H0.23WO3 and 

H0.10ReO3 presented in this work. 
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Table 1. Structural parameters and crystallographic positions from the refinement of 

neutron powder diffraction data collected from H0.23WO3 at 300 K. 

Atoms x/a y/b z/c S.O.F. Uiso equiv. (Å2) 

W1 1/4 1/4 0.0259(2) 1 0.07254 

O1 1/4 1/4 0.5769(3) 1 0.00283 

O2 0 0 0 1 0.07644 

H1 3/4 1/4 1/2 0.23(1) 0.01508 

H0.23WO3 space group P4/nmm  (#129) 

Formula weight: 232.07 g mol-1, Z = 2 

a = 5.2279(2) Å, c = 3.8763(1) Å, Volume = 105.944(4) Å3 

Radiation source: Neutron time of flight 

Temperature: 300 K 

wR = 2.94%; GOF = 2.38 
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Table 2. Structural parameters and crystallographic positions from the refinement of 

neutron powder diffraction data collected from H0.10ReO3 at 300 K. 

Atoms x/a y/b z/c S.O.F. Uiso equiv. (Å2) 

Re1 0 0 0 1 0.00154 

Re2 1/2 1/2 0 1 0.00135 

O1 0.2707(2) 0.2299(3) 0 1 0.00796 

O2 0.2374(1) 0.7335(2) 0 1 0.06365 

O3 1/2 1/2 1/2 1 0.03597 

O4 0 0 1/2 1 0.05510 

H1 1/2 0 1/2 0.102(1) 0.01383 

H2 0 1/2 1/2 0.102(1) 0.00012 

H0.10ReO3 space group P2/m (#10) 

Formula weight: 234.31 g mol-1, Z = 2 

a = 5.3125(1) Å, b = 5.3155(3) Å, c = 3.7045(3) Å, γ = 90.43(1) °, Volume = 104.609(9) Å3 

Radiation source: Neutron time of flight 

Temperature: 300 K 

wR = 3.475%; GOF = 2.34 
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