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MINERALOGICAL NOTES

A COMPARISON OF OH_ MOTIONS IN BRUCITE AND MICAS1

HnNnr BourrN exn Wrrrrarw BASSorr, Brookhaven l{ati,onal'
Laboratory, Llpton, New York and. Llnioersity of Rochester,

Rochester, I{ew Yorh.

Despite analogous atomic arrangements of Mg and OH, brucite
(Mg(OH)) and phlogopite (KMga(OH)r(AlSitO,0) present striking
difierences in their infrared spectra. A single absorption band due to OH
stretching is observed in phlogopite whereas brucite has a total of 15
bands on both sides of the fundamental. A comparison of the two struc-
tures (Figs. 1, 2) suggests that the complex spectrum for brucite results
from interactions among neighboring hydroxyl ions, not present in phlo-
gopite.

The intensity of the OH stretching band at 3700 cm-1 is highly sensi-
tive to the orientation of the single crystal and varies in such a way as to
indicate that hydroxyl ions are perpendicular to the (001) plane (Bassett,
1960, Serratosa and Bradley, 1958). The spectrum of brucite also shows
an absorption band at 3700 cm-1, which is sensitive to orientation, but in
addition it shows 15 other absorption bands distributed above and below
3700 cm-1 (Mara and Sutherland, 1953). Only two of these are somewhat
sensitive to orientation, the others are relatively insensitive. It is interest-
ing to note that the infrared spectrum for muscovite has a single absorp-
tion band at 3600 cm-1 which is also relatively insensitive to crystal ori-
entation (Bassett, 1960; Serratosa and Bradley, 1958; Tsuboi, 1950).
This absorption band has been attributed to hydroxyl ions whose dipoles
are inclined to the (001) plane because they are bound to 2 Al ions which
are asymmetrically arranged below the OH- ions instead of three Mg ions
symmetrically arranged as in phlogopite. The lower frequency of absorp-
tion of the hydroxyl ion in the muscovite spectrum has been attributed to
a lower force constant for this ion resulting from the higher charge of the
aluminum ions (Bassett, 1960).

The multiplicity of absorption bands in alkali and alkaline earth hy-
droxides has received considerable attention, and two interpretations
have recently been proposed: (1) Hexter and Dows, 1956; Hexter, 1958,
1960. (2) Wickersheim,1959; Buchanan et aL.1962.

Hexter reports symmetry of the side bands with respect to the funda-
mental stretching vibration of the OH- and concludes from this that the
side bands can be explained by combinations of the fundamental stretch-
ing vibration with librational motion of the hydroxyl ions "without

1 Work performed under the auspices of the U. S. Atomic Energy Commission.
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knowledge of each other's presence." Wickersheim (1959) and Buchanan
et al. (1962) do not observe symmetry of the positions of the side bands
and attribute them to combinations of "lattice" vibrational modes with
OH- stretching vibrations. They also find evidence, from experiments
with deuterated samples, of interactions among hydroxyl ions.

Safiord, Brajovic and Boutin (to be published) have recently investi-
gated the low energy vibrational levels in polycrystalline samples in
Mg(OH)z and Ca(OH)2 by inelastic scattering of slow neutrons and con-
clude from their data that Hexter's model is questionable because they
find evidence that there must indeed be interactions among OH- ions.
However, their spectra are not in disagreement with the model of Bu-
chanan et al. (1962) (combined "lattice" vibrations and OH- stretching
vibrations).

We believe that a comparison of the hydroxides with the micas can
shed light on the complex mechanisms involved in the hydroxide spectra.
fn the first of the two models mentioned above stretching vibrations com-
bine with libration of the OH- ions. It is not immediately clear why such
a mechanism should not be operative in the phlogopite structure as well,
especially if the OH- ions do not influence each other as suggested by

Frc. 1. Brucite structure. Small spheres are Mg, large spheres are
and bumps are H. Note close proximity of OH ions.
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Frc. 2. Phlogopite structure. Small spheres are Mg, medium sized spheres are O, bumps

are H, iarge rpl"r", ur" K and ,,honeycomb" represents silica and alumina tetrahedral

sheet. Note that the oH ions are isolated in cells of the tetrahedral sheet.

Hexter. Yet, only the fundamental stretching frequency of 3700 cm-1 is

observed in the phlogopite spectrum.

Similarly, the l'lattice" modes diagrammed by Buchanan et ol' (1962)

for LiOH should be operative in the phlogopite structure as well'

We believe that the mechanism most important in producing the mul-

tiplicity of bands in the brucite spectrum is the close proximity of hy-

dioxyl ions causing these ions to have various orientations and force

constants. some biotites show two absorption frequencies in the 3600-

ences in the ionic environment.
As it seems impossible to explain the infrared spectrum of brucite by

only a single stretching vibration perpendicular to the (001) plane or by a
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combination of the stretching vibration with l ibrational motion of the
hydroxyl ions, it is suggested that there may be several possible orienta-
tions of the hydroxyl ion with respect to the (001) plane just as there are
two of them in biotite. Each hydroxyl ion may form a weak transient
"hydroxyl bond" with each of the three nearest hydroxyl ions in the layer
above, but over a period of time the hydroxyl ion orientations are symme-
trical about the c-axis. The sharp and intense peak at 47 mev observed in

The multiplicity of absorption bands may result from various combina-
tions of these vibrational frequencies.

rn conclusion, a comparison of infrared spectra of brucite and micas
indicates that there might be several possible orientations for the hy-
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droxyl ions in brucite. Weak bonds may then exist between neighboring
hydroxyl ions, giving rise to a cooperative process orienting the dipoles'
Neutron inelastic scattering and neutron diffraction studies have pro-

vided confirming evidence.
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MANGANBERZELIITE FROM FRANKLIN, NEW JERSEY1

Cr-rrlono FnoNoBr- AND JUN lro,
H ant ar d. U nia er s ity, C ambri d, ge, M as s ac hus etts .

Manganberzeliite has been identified in a few specimens from Franklin,
New Jersey, as granular veinlets up to f; inch thick cutting franklinite-
willemite ore. No other minerals are associated in the veinlets. A chemical

1 Mineralogical Contribution No. 409, Harvard University.
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