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Abstract. Neutron diffraction data suitable for Rietveld
refinements were collected on a powder sample of syn-
thetic Mg(OH), by the Polaris time-of-flight spectrometer
(ISIS spallation source, U.K.) at 1074, 7.8(3) and 10.9(6)
GPa. The Paris-Edinburgh high-pressure cell with WC
anvils was used. Pressure calibration and equation-of-
state results were attained by separate runs with an NaCl
internal standard. Interpolation of p(V) data by the
fourth-order Birch-Murnaghan e.o.s. yields K,=41(2)
GPa, K,=4(2) and K;=1.1(9) GPa~'. The bulk mod-
ulus obtained is smaller than previously reported results.
Rietveld refinements (R,,,=1.45% and 2.02% at 10~*
and 10.9 GPa) show that H lies on the threefold axis (1/3,
2/3, z) up to 10.9 GPa, where a model with H disordered
in (x, 2x, z) can be refined. In the latter case, a hydrogen
bond with O—H=0.902(7), H.O'=2.026(8) A and
<OHO’'=145.9(7)° is observed. Differences with previ-
ous results for deuterated brucite are discussed. The on-
set of H disorder, and a jump of the ¢/a ratio vs. pressure
at 67 GPa, may be related to a second-order phase tran-
sition consistent with recently reported Raman spectro-
scopic results.

Introduction

Magnesium hydroxide, though present in limited
amounts in the earth’s crust, is considered to be of great
importance as a potential source of water in the mantle,
and also as a simple model material for the crystal-chem-
ical behaviour of complex layered hydrous minerals. In
particular, the phase relations and thermodynamic prop-
erties of brucite at high pressure have to be known to
characterize the Mg(OH), 2 MgO+H,0O equilibrium
curve, which also constrains the thermodynamic behav-
iour of water in the upper mantle conditions (Johnson
and Walker 1993). The thermal expansion of Mg(OH),
at room pressure has been determined (Redfern and
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Wood 1992). Shock wave experiments (Duffy et al. 1991)
and recent measurements by X-ray synchrotron radia-
tion have provided data for the equation of state of bru-
cite to 78 GPa and 600 K (Fei and Mao 1993); however,
more results are needed in the lower pressure range, in
order to suitably constrain the bulk modulus value and
the other elastic properties.

The crystal structure of Mg(OH), is of Cdl,-type
(Space group P3ml1; Z=1; Mg: 0,0, 0; O and H: 1/3,
2/3, z), and is built up by (001) layers of Mg(OH), coor-
dination octahedra (Fig. 1). Neutron diffraction results
at ambient conditions are reported by Zigan and Roth-
bauer (1967). The nature of interlayer bonding in brucite
has been widely debated, and it seems due substantially
to dispersion and polarization forces as in CdI, and
MgCl,, because the geometry of the OH environment
appears to be quite unfavourable to hydrogen bonding
(Bernal and Megaw 1935). However, other authors have
argued in support of hydrogen bonding, on the basis
of IR (Kruger et al. 1989) and Raman (Dulffy et al. 1994)
spectroscopic results showing a decrease of the O—H
stretching frequency with increasing pressure. The latter
study has also detected a sluggish pressure-dependent
phase transition in brucite, supported by Raman data.
Further, there has been recently a considerable theoreti-
cal interest in the subject, leading to two ab-initio quan-
tum-mechanical Hartree-Fock studies (Sherman 1991;
D’Arco et al. 1993). These simulate the structural behav-
iour at high pressure, concluding that the dispersive in-
terlayer bonding does not change upon compression.

A structural study of brucite at high pressure by neu-
tron diffraction has thus seemed to be desirable, in order
to detect or rule out possible changes of the H atom
surroundings consistent with hydrogen bonding. Results
of a preliminary experiment to 2 GPa have been briefly
reported (Catti et al. 1991). Other reasons concern the
interest in deriving new data on the p(V) equation of
state, to get a more accurate elastic bulk modulus, and
in exploring possible phase transitions of amorphization
type, like that observed for Ca(OH), (Meade and Jeanloz
1990).



Fig. 1. Overview of the structure of Mg(OH),. Full circles represent
Mg atoms; large and small open circles denote O and H atoms,
respectively

When our experimental data had been already col-
lected and analyzed, a similar investigation carried out
on deuterated Mg(OD), appeared (Parise et al. 1994).
In the present case non-deuterated Mg(OH), was used,
despite the higher background radiation due to incoher-
ent neutron scattering of hydrogen, because of our inter-
est for the specific role of H rather than D atoms in
hydrogen bonding geometry and related structural trans-
formations. Thus a comparison of the two sets of results
should be interesting, also considering that more empha-
sis was put on the equation-of-state in this study.

Experimental and Rietveld Refinements

A water solution of MgCl, was treated with KOH and
boiled for a few hours, so as to improve the crystallinity
of the precipitated powder. After intensive washing, the
product was shown by X-ray diffraction to be pure
Mg(OH),. Neutron diffraction data were collected on
the Polaris time-of-flight powder diffractometer at the
ISIS spallation source (Rutherford Appleton Laborato-
ry, U.K.) in three experiments. The first one was carried
out at room pressure on a 300 mm? sample in a vanadi-
um can, using the C counter bank located at 2@ =145°;
a single accurate powder pattern was obtained, to be
used for Rietveld structure refinement.

The second experiment aimed at deriving a pressure
calibration curve for Mg(OH), in the Paris-Edinburgh
cell (Besson et al. 1992), and also at studying the equa-
tion of state of that compound. A spherical pellet
(86 mm?®) containing Mg(OH), and NaCl in equal vol-
umes was prepared and put between the WC anvils of
the high-pressure cell. The pressure was increased in 11
steps, and each time a full diffraction pattern was collect-
ed for 2 hours on the B counter bank (20 =90°). Three
Bragg peaks (202,420 and 42 2) of NaCl and six (10 2,
103,202, —203, 213, 312) of Mg(OH), were used
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Table 1. Lattice constants of brucite Mg(OH), measured vs. pres-
sure by an NaCl internal standard. The e.s.d’s are reported in
parentheses

p (GPa) a(A) c(A) ¢/a v (A%
0.48(3) 3.150(1) 4720(2) 1.498(1) 40.56(4)
1.08(4) 3.141(3) 4.677(4) 1.489(3) 40.0(1)
2.8(1) 3.118(3) 4.591(3) 14722) 38.7(1)
3.70(4) 3.108(6) 4.552(6) 1.465(5) 38.1(2)
44(1) 3.097(6) 4.529(7) 1.462(5) 37.6(2)
53(1) 3.087(8) 4.500(8) 1.458(6) 37.1(3)
6.3(3) 3.081(7) 4471(9) 1.451(6) 36.8(2)
74(3) 3.085(5) 4.423(7) 1.434(5) 36.5(2)
82(3) 3.075(6) 4.402(7) 1.432(5) 36.0(2)

9.1(6)
9.9(5)

3.063(6)
3.055(3)

4.389(8)
4.375(4)

1.433(5) 35.7(2)
1.432(3)

to determine the corresponding unit-cell edges (¢ and
a, ¢, respectively), by means of least-squares refinements
from d,,, values. By linear interpolations between litera-
ture data of the NaCl equation of state V(p) at room
temperature (Decker 1971), the 11 pressure values were
determined. These are reported in Table 1 together with
the corresponding lattice constants of Mg(OH), and with
the estimated standard deviations. A full error propaga-
tion was applied to derive the e.s.d.’s of pressure, taking
also into account the uncertainties reporied for the NaCl
equation of state (Decker 1971). The rocksalt cell edge
used is 5.640 A.

In the third experiment, a spherical pellet of pure
Mg(OH), was used in the Paris-Edinburgh cell. The pres-
sure was brought at first to 7.8 GPa, and then to
10.9 GPa, recording full powder patterns on the B
counter bank (18 and 24 hours, respectively) suitable for
Rietveld refinements. The real pressure values were de-
termined by interpolating the measured lattice constants
of Mg(OH), in the calibration results of the previous
experiment, as described below. Direct use of NaCl as
internal standard would have reduced the sample vol-
ume and the intensity statistics too much.

In all runs carried out at high pressures the collected
intensity profiles were corrected for absorption due to
the WC anvils.

Rietveld profile refinements were carried out on the
three sets of data collected in the first and third experi-
ments, employing the GSAS programme (Larson and
Von Dreele 1986). The peak shape was treated by two
exponential functions (instrumental and moderator con-
tribution) convoluted with a linear combination of Gaus-
sian (o half-width) and Lorentzian (y half-width) compo-
nents (pseudo-Voigt function, sample contribution). The
dependences of the ¢ and y parameters on d,,; are ex-
pressed as follows: o?=03+03d?,+o2dp, and y
=9y dpi+72d;. The background was described by
Chebyschev polynomials. Preferential orientation was
corrected for properly (Larson and Von Dreele 1986):
the [001] direction is preferentially normal or parallel
to the incident beam in the room- or high-pressure exper-
iment, respectively.

Both the ordered structural model of Zigan and Roth-
bauer (1967), with H on the threefold axis (1/3, 2/3, z),
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Table 2. Numbers of (total and structural) variables and of observa-
tions, unweighted and weighted R profile indexes and y? for the
four Rietveld refinements at three different pressures. The last col-

umn refers to the H atom off the threefold axis with isotropic ther-

mal factor

p(GPa)

1074 7.8 10.9
total var. 23 22 22 22
struct. var., 8 8 8 8
n. obs. 3572 3160 3156 3156
R (prof)) 145 2.46 2.01 2.02%
R, (prof) 1.13 1.77 1.66 1.65%
%* 2.09 143 143 1.41%

Table 3. Rietveld refined structural parameters [lattice constants
(A), atomic fractional coordinates and displacement factors (A2)]
of brucite Mg(OH), at room and high pressures. The e.s.d.’s are
reported in parentheses

p (GPa)

1074 7.8 109
a 3.14979(4)  3.0698(7)  3.0467(5)  3.0464(5)
c 47702(1)  4.429(1) 43554(9)  4.3553(8)
2(0) 02203(3)  02357(9)  02470(8)  0.2473(8)
x(H) 1/3 1/3 1/3 0.3371(15)
z(HT) 04130(6)  04415(21)  04480(15)  0.4474(14)
B(Mg)  043(2) 1.0(1) 0.05(6) 0.01(6)
B(O) 0.42(1) 0.61(9) 0.18(6) 0.18(6)
B(H) 0.7(2)
B, (H)  331(4) 2.8(2) 3.00)
By, (H)  0.82(8) 3.5(4) 1.12)

and that proposed by Parise et al. (1994) with H disor-
dered over three equivalent positions (x, 2x, z) were tried.
Only the ordered model converged with data collected
at ambient pressure and 7.8 GPa. On the other hand,
convergence was attained with both models and very
similar agreement R factors using data at the highest
pressure. Thus results are reported in Tables 2 (statistical
indexes) and 3 (final structural parameters) for four re-
finements. The Mg and O thermal ellipsoids turned out
to be isotropic within the e.s.d.’s, so that in the final
cycles they were constrained to isotropy. Experimental,
computed and difference diffraction profiles are shown
in Fig. 2 for results at room pressure and at 10.9 GPa.
The profile at high pressure is already corrected for ab-
sorption. The much smaller signal-to noise ratio of the
high- with respect to room-pressure data should be re-
marked. Besides, the peak widths are increased consider-
ably: the 67 coefficient increases by nearly 20 times from
107% to 11 GPa. It should be noticed that the displace-
ment factors obtained at high pressure are not fully satis-
factory (cf. the B;3(H) value at 7.8 GPa, and the very
small value of B(Mg) at 10.9 GPa). This may be partly
due to the features remarked above, and partly to insuffi-
cient correction of the absorption effects due to the high-
pressure cell. The absorption problem can affect the ac-
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Fig, 2. Experimental (dots) and computed (Rietveld refinement, full
line) diffraction profiles of Mg(OH), at room pressure (a) and at
10.9(6) GPa (b)

curacy of diffraction results at high pressure severely,
and thermal parameters are of course most sensitive to
systematic errors. The incoherent scattering of H atoms,
though contributing significantly to the background, did
not cause problems in the Rictveld refinements.

Equation of State and Elastic Properties

The a and ¢ unit-cell edges are plotted versus pressure
in Fig. 3, including the room pressure values coming
from Rietveld refinement (Table 3). Regular trends ap-
pear in the two curves up to 6 GPa, while slight positive
(@) and negative (¢) jumps are observed aroud 7 GPa.
The discontinuity is more evident by plotting the c/a
ratio against p (Fig. 4): after decreasing regularly, a sharp
drop is observed at about 7 GPa, while at larger pres-
sures the trend is constant. This effect might be due to
non-hydrostaticity of the applied pressure, but is none-
theless observed also in X-ray data reported by Fei and
Mao (1993). Thus the ¢/a discontinuity may correspond
to some sort of second-order structural change, con-
sistently with the spectroscopic results which suggest a
sluggish phase transition beginning above 4 GPa (Duffy
et al. 1994). However, further experimental work is
needed to exclude non-hydrostatic stress effects.

Linear (a) and parabolic (¢, ¢/a) least-squares approxi-
mations were carried out for the pressure dependencies
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Fig. 3. Unit-cell edges of brucite Mg(OH), vs. pressure. Least-
squares interpolating curves are shown

151

c/a

149

147

I

-l Tkt

L ! L A L i i

4 6 8 10
p(GPa)

Fig. 4. Ratio of the ¢ to a cell edge vs. pressure. A least-squares
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of lattice parameters (12 points including room-pressure
values from Table 3), using weights related to the e.s.d.’s
of the cell edges. The following results were obtained
(room-mean-square deviations of 0.006 and 0.01 A, and
of 0.007, respectively):

203

a =3.150—0.0096p,
¢ =4.770—0.0732p+0.0034p
¢/a=1.514—0.0189 p+0.0011 p*.

Weak but significant deviations of the experimental
points from the corresponding curves are observed for

‘a(p) and ¢(p) in Fig. 3, because of the small jumps dis-

cussed above. The deviations are much larger for c¢/a
(Fig. 4). Polynomials of order higher than two were not
tried to avoid unphysical inflexion points. Interpolations
in the lower pressure range (p<5GPa) were also per-
formed for a and ¢, obtaining the following results:

a=3.150—-0.0101p,

c=4.764—0.0828 p+0.0068p>  (p<5GPa).

These are particularly useful for deriving the zero-
pressure slopes of the a(p) and ¢(p) curves, corresponding
to the coefficients of the first-order terms in the pressure
expansions. The linear compressibilities of the unit-cell
edges are given by (Catti 1992; Catti et al. 1994):

(afag—1)/p=—(s11+512+513),
(¢/co—1)/p=—(s33+2513);

where s;; (i,j=1, ..., 6) are the elastic compliance coeffi-
cients. The linear incompressibilities (at zero pressure)
Ky, and K, are the reciprocal of the above expressions.
By truncation to first-order of the lower pressure expan-
sions, one obtains the following values:

Sll+312+S13=0.OO32 GPa_l, K0a=313 GPa,
S33+2S13 :00174 GPa_l, KOc= 57 GPa
The volume compressibility s;3+2s;+28,+4s3

amounts to 0.0238 GPa~!, whence a bulk elastic modu-
lus of 42 GPa is obtained.

The unit-cell volume is plotted against pressure in
Fig. 5. A finite strain analysis can be usefully applied
to interpret these data. The Birch-Murnaghan equation
of state truncated to third-order in the Eulerian finite
strain parameter (Birch 1978) has the following form:

6
el

where K, and K, are the bulk elastic modulus and its
pressure derivative, respectively, at room (zero) pressure,
and V, is 40.986(2) A® (room-pressure cell of Table 3).
The fourth-order approximation formula includes the
following quadratic term to be inserted into the graph
brackets of the above expression:

3 " , , 351 (Vp\23 2
s KoKir (Ko &o=3+ 3| () 1]

o is the second pressure derivative of the bulk modulus
at zero pressure. The p(V) experimental points obtained
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Fig. 5. Unit-cell volume of brucite Mg(OH), vs. pressure. The inter-
polating third-order Birch-Murnaghan equation of state is shown

for Mg(OH), were least-squares fitted to these interpola-
tion formulae by means of the BIRCH 2.0 computer pro-
gramme (Ross and Webb 1990). The third-order approx-
imation gave 39(1) GPa and 7.6(7) for the two unknown
parameters K, and Ky, respectively. The bulk modulus
obtained in this way is slightly smaller than that coming
from polynomial approximations of the cell edges in the
lower pressure range. By using the fourth-order expres-
sion the values K,=41(2) GPa, Ky=4(2) and Kj
=1.1(9) GPa™! are calculated. The agreement with the
K, value from linear compressibilities of the cell edges
is now very good.

Use of the p(V) equation of state of brucite allowed
us to interpolate the volume values derived from the
two high-pressure Rietveld refinements [36.15(2) and
35.00(2) A3, respectively, cf. lattice constants of Table3],
so as to determine the corresponding pressures of 7.8(4)
and 10.9(6) GPa.

A substantial discrepancy is observed between the
bulk modulus and its pressure derivative obtained here
for brucite, and previous results from a synchrotron X-
ray diffraction static compression experiment (Fei and
Mao 1993). The values of K,=54(2) GPa and K|
=4.7(2) reported in the latter study would indicate a
stiffer Mg(OH), structure, consistently also with shock
wave measurements (Duffy et al. 1991). However, unit-
cell data were collected by Fei and Mao (1993) in the
range 2.6-33.1 GPa. By using only their volume values
below 10 GPa, a fit to the third-order Birch-Murnaghan
e.0.s. gives K,=48(4) GPa and K=7(2), while the
fourth-order fit does not converge. It is important to
stress that K, is defined as a zero pressure slope, and
thus data in the low pressure range are very important

to constrain it correctly. This suggests that shock wave
results, usually obtained for p> 10 GPa, should be con-
sidered with particular caution. We would conclude that
the value of 48(4) GPa is probably still overestimated,
because of the lack of data for p <2 GPa. The bulk mod-
ulus of brucite is thus likely to lie closer to 40 than
to 50 GPa; measurements of elastic constants by ultra-
sonic methods or Brillouin scattering are needed to ob-
tain a more accurate value. An X-ray static compression
experiment on Ca(OH),, portlandite, gave K,=
38(2) GPa and Ky=5.2(7) (Meade and Jeanloz 1990).
By comparison with Ca(OH),, magnesium hydroxide
turns out to be slightly stiffer. However, the difference
is mainly due to the a edge incompressibility (313 vs.
192 GPa), related to the Mg—O bond being more rigid
than Ca—0O. On the other hand, the two K,, values
(57 and 60 GPa) are similar, indicating that the inter-
layer compressibility is independent of the nature of the
cation Mg or Ca.

Crystal Structure at Variable Pressure

The relevant interatomic distances and angles of brucite
at different pressures are reported in Table 4. Because
of the much larger thermal displacement of H with re-
spect to O normal to the O—H direction, that bond
length is underestimated and can be corrected by the
approximate formula (Busing and Levy 1957):

d(O—H)=[c?(z(H)—z(0))*
+2(By,(H)—B,(0))/87*]'7.

The values obtained are reported in Table 4 as well.
The structural results at ambient conditions confirm
closely those obtained previously on natural brucite
(Catti et al. 1991). They should also be compared with
older neutron diffraction data (Zigan and Rothbauer
1967), which were based on the intensities of 46 single-
crystal reflexions belonging to the k0l and hhl classes.
A significant difference is observed for the z(H) coordi-
nate [0.4303(12)] and the related O—H distance
[0.995(8) A uncorrected, 1.029 A corrected], which are
larger than the present results. If we consider the O —H
bond length of 0.98(2) A determined in brucite by solid
state N.M.R. (Elleman and Williams 1956), and the spec-
troscopic values of 0.958 and 0.971 A reported by Busing
and Levy (1957) for gas-phase H,O and OH 7, respective-
ly, our result of 0.958 A (corrected for thermal motion)
appears to be more reliable than that of the older study.
As for the geometry of the H atom environment, the
results of Zigan and Rothbauer (1967) are substantially
confirmed. H is equidistant from three O’ atoms related
by the threefold axis, and belonging to the oxygen layer
adjacent to that of O. The large H...O’ distances and
the very bent <OHO’ angles would be unfavourable
for a normal hydrogen bond, but a possible trifurcated
hydrogen bond, consistent with larger distortions, can-
not be ruled out. For six cases of bifurcated H bridges
of H,O molecules examined by Chiari and Ferraris
(1982), average values of H...0'=2353A, 0...0'
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Table 4. Interatomic distances (A) and

<OHO' angle (°) in brucite Mg(OH), at p (GPa)
room and high pressures. The e.s.d.’s are 10~ 78 109
given in parentheses. For the O—H bond )
length, values corrected for thermal mo- ;
neth, : Mg—0 2.1003(6)x 6 2057(2)x 6 2062(2) % 6 2.062(2) x 6
tion are reported on the second line O-H 091903) 0912(9) 0875(8) 0.902(7)
O—H (corr) 0.958(3) 0.942(12) 0.915(11) 0.909(10)
2.026(8)
H..O' 2523(2) % 3 2277(7)x 3 2204(4)x 3 { 2'30725) .
0..0 3229(2)x 3 2937(6)x 3 2.820(6) x 3 2.818(5) x 3
2.042(8
H...1 1.999(2) x 3 1.846(5) x 3 1816(3)x 3 {177188“
145.9(7
<OHO' 133.89(5) x 3 1289(2)x 3 127.1Q2) 3 { i 5.7E 4; i

=3.075 A and <OHO' =134.6° are observed, instead of
the corresponding values of 1.979 A, 2.878 A and 157.2°
for normal H bonds.

By considering the effect of pressure on the crystal
structure, the most striking result is that only at the
highest compression (10.9 GPa) a model with the H atom
disordered off the threefold axis can be refined successful-
ly, and yet with equal agreement factor as the traditional
model. This contrasts with results obtained on deuterat-
ed brucite by Parise et al. (1994), who refined the dis-
ordered model on data collected at 0.4, 1.9, 54 and
9.3 GPa. Thus disordering under pressure seems to occur
much more easily for deuterium than for hydrogen in
the brucite structure.

In the disordered structure the strong anisotropy of
thermal motion of hydrogen disappears. Locally, H ap-
proaches one of the three neighbouring O" atoms, and
geometrical conditions much more favourable for hydro-
gen bonding are set up: the H... O’ distance diminishes
and the <OHO' angle widens substantially (Table 4).
Further, the H... H' spacing increases releasing the re-
pulsive interatomic stress due to compression. Thus at
some pressure the disordered structure has to become
energetically favoured, because attractive and repulsive
interactions increase and decrease, respectively. The
O—H bond length hardly shortens from 107* to
10.9 GPa, if the disordered structure is assumed at high
pressure, while it would decrease substantially by keep-
ing the ordered structure model. This is again different
from results for the deuterated sample (Parise et al. 1994),
where the O—D distance increases from 0.95(1) to
1.021(9) A at 0.4 and 9.3 GPa, respectively. Such a
behaviour would indicate that hydrogen bonding in bru-
cite strengthens with pressure more for D than for H
atoms, consistently with what stressed above for their
disordering effect. However, it is interesting to compare
these results with those obtained in a similar neutron
diffraction high-pressure study on deuterated ice VIII
(Nelmes et al. 1993). In that case, where hydrogen bond-
ing is surely present, the O—D bond length is found
to remain constant to 10 GPa, while O...O" and D ... O’
shorten substantially.

Let us now consider the relations of our structural
results with IR (Kruger et al. 1989) and Raman (Duffy
et al. 1994) spectroscopic data at high pressure on bru-
cite. These show a decrease of frequency of the OH

stretching modes with pressure (8 Inv/dp= —1.6x 1074
and —2.0 x 1073 GPa~! for IR and Raman frequencies,
respectively), but smaller than that observed for ice VIII
(—73x1073 GPa™?, IR data after Klug and Whalley
1984). As interpretation, it has been often surmised that
hydrogen bonding arises or becomes stronger with in-
creasing pressure. This is based on calculations employ-
ing potential functions independent of p, which lead to
a prediction of increasing O—H length as O...0’ de-
creases at high pressure (Klug and Whalley 1984). How-
ever, the structural evidence gathered so far is not fully
consistent with this model, since O—H remains nearly
constant with compression in ice VIII and in Mg(OH),.
As argued by Nelmes ct al. (1993), it may not be correct
to treat the O —H potential as pressure indpendent, and
there is no reason to assume that O—H and O...0’
under pressure are related similarly as in the average
O—H...O bond under varying chemical environments
at room pressure. On the other hand, the spectroscopic
argument seems to definitely support the disordered
rather than ordered structural model at 10.9 GPa, be-
cause in the latter case a significant contraction of the
O —H length would be observed.

Conclusions

Some structural indications have been obtained, sup-
porting the sluggish pressure-driven phase transforma-
tion of Mg(OH), observed from Raman spectroscopic
data. A disordered structural model with H off the three-
fold axis has been refined at 10.9 GPa; that structure
probably corresponds to local ordered domains lacking
the symmetry axis (static disorder). Thus a definite ten-
dency to transform a very weak, if any, trifurcated H
bond into a true hydrogen bonding is observed in brucite
at high pressure, improving the inter-layer cohesion and
decreasing the H...H' repulsion. The displacement of
H from the threefold axis is expected to increase contin-
vously for pressures exceeding that attained, so as to
strengthen the H bonding even more. This process seems
however to occur at higher pressure than in deuterated
brucite. Further, it could account possibly for the new
peak reported in the Raman spectrum of brucite at
p>4 GPa and absent at lower pressures (Duffy et al.
1994). Finally, the measured lattice constants indicate,
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in the lower p range, a substantially softer structure for
brucite with respect to previous published X-ray data.
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