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aBstraCt

Joint refinement of powder neutron diffraction data of hydrogenated and deuterated brucite over the 
temperature range of 10–295 K clearly shows significant isotope effects in the structural parameters. 
Mg(OH)2 has a 0.31% larger volume than that of Mg(OD)2 at room temperature, which is mostly due 
to the c-axis expansion of Mg(OH)2 as compared to Mg(OD)2. The isotope effect in the a-axis has 
the opposite, but smaller, behavior as compared to the c-axis. These differences are slightly enhanced 
with reduction of the cell volume upon cooling. The temperature dependence of the isotropic atomic 
displacement parameters (ADPs) with the single site model show that the ADP of the H atom is ap-
proximately larger than that of the D atom by the amount expected from the reduced-mass difference, 
but this difference is not evident with the split site model. Despite the shorter c-axis of the deuterated 
form, nearest-neighbor D…D distances are longer than the H…H distances, because the O-H distances 
are longer than the O-D distances, which necessarily places the H atoms closer together by 0.03 Å or 
more within the interlayer space. This study showcases an example of when a joint Rietveld refine-
ment is ideally suited, by combining data for the deuterated and hydrogenated forms of brucite. The 
approach reduces the number of least-squares variables, and reduces the systematic errors. It can be a 
general method to analyze isotope effects in materials studied by neutron diffraction.
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introduCtion

Brucite has been the subject of several parametric structural 
studies owing both to its importance as a building block of hy-
drous sheet silicates, particularly clay minerals, and as a model 
system for more complicated rock-forming minerals with both 
strong and weak chemical bonding. Both high pressure and vari-
able temperature studies for brucite-type compounds have been 
made using diffraction (Catti et al. 1995; Chakoumakos et al. 
1997; Desgranges et al. 1996; dos Santos et al. 2010; Fukui et al. 
2003; Horita et al. 2010; Jayachandran and Liu 2006; Nagai et 
al. 2000a, 2000b; Parise et al. 1994; Shim et al. 2006; Xu et al. 
2007a, 2007b), Brillouin scattering (Jiang et al. 2006), inelastic 
neutron scattering (Chakoumakos et al. 1997; Kazimirov et al. 
2010), vibrational (Raman and infrared) spectroscopy (Shinoda 
et al. 2002; Shieh and Duffy 2002; Shim et al. 2006; Speziale et 
al. 2005), and various theoretical modeling (Mitev et al. 2009; 
Azuma et al. 2011; Braterman and Cygan 2006; Hermansson 
et al. 2008, 2009; Civalleri et al. 2009; Jochym et al. 2010; 
Mookherjee and Stixrude 2006; Ugliengo et al. 2009; Kirkpatrick 
et al. 2005; Reynard and Caracas 2009; Sainz-Diaz et al. 2000; 
Tosoni et al. 2005). We previously undertook a neutron powder 
diffraction study of the H/D effect in brucite as a function of 
pressure (Horita et al. 2010). Here we report an ambient-pressure 
study of the same effect as a function of temperature using higher 
resolution data. The present work corroborates the previous 
findings and gives a more detailed view of the isotope effect 
and thermal contraction mechanism in brucite.

experimental methods
After removing fines by elutriation in water, MgO powder (99.95% purity on 

metal basis, Alfa Aesar) was heated in vacuum at 900 °C for 2 days to remove 
traces of water. The dehydrated MgO (10 g) was loaded into a polytetrafluoro-
ethylene cup along with 80 g of either de-ionized water (D/H ∼0.015%) or heavy 
water (99.9% purity, Cambridge Isotope Laboratory), then sealed inside a 300 
mL reaction vessel, and heated to 300 °C (ca. 8.5 MPa vapor-saturated pressure) 
for 2 weeks to hydrothermally synthesize the hydrogenated or deuterated brucite. 
Previous X-ray and neutron powder diffraction and Raman spectroscopy confirmed 
the product of these reactions to be pure brucite with greater >99% of deuteration 
for the Mg(OD)2 sample (Horita et al. 2010). 

Neutron powder diffraction measurements were performed at the HB-2A 
high-resolution powder diffractometer located at the High Flux Isotope Reactor 
at Oak Ridge National Laboratory (Garlea et al. 2010). Powdered samples were 
loaded in vanadium cans and placed in a top loading low-temperature cryostat. The 
wavelength of 1.1176 Å produced by a Ge [115] monochromator was used and 
Soller collimation of 12′, 21′, 6′, before the monochromator, before the sample, 
and before the detectors, respectively. For each sample a data set over the 2θ 
range 10–132° was collected with a step size of ∼0.067°, counting 60 s per step, 
at the temperatures 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 150, 200, and 295 K.

Rietveld refinements were made using the FullProf suite (Rodriguez-Carvajal 
1993). Scattering lengths used were 5.375, 5.803, 6.671, and –3.739 fm for Mg, 
O, D, and H, respectively. To reduce the number of least-squares variables and 
increase the amount of data, a combined refinement using both neutron data sets 
of the hydrogenated and deuterated samples was undertaken. This approach also 
should lessen the effects of any systematic errors. The resolution of these data was 
much higher than those from our previous high pressure study on H/D effects in 
brucite (Horita et al. 2010). Previous studies have employed anisotropic, split-site, 
or anharmonic to account for the large displacements of the H/D atom (Desgranges 
et al. 1993, 1996; Parise et al. 1994; Chakoumakos et al. 1997). Here, we have 
used a split-site model for the H/D atom position.

Brucite has space group symmetry P3m1, with atomic positions: Mg 0,0,0; O 
⅓,⅔,z; and D/H ⅓,⅔,z for the single site model and ⅓,y,z for the split-site model. 
Parameters refined in common included the peak shapes and the Mg and O isotropic 
atomic displacement parameters. Parameters refined for each data set included 
lattice parameters; O, D, or H atom y and z coordinates; D or H isotropic atomic * E-mail: chakoumakobc@ornl.gov


