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Pressure-induced band splitting in infrared spectra of sanidine and albite
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Abstract

Convergence was noted in the infrared spectra ofsanidine and albite under pressure (up
to 40 kbar). Sanidine spectra showed new bands while certain bands were lost in albite
spectra. The new, pressure-induced bands in sanidine spectra are related to changes in the
position of the alkali ion in the structure as it influences the oxygens of the tetrahedral
network. Both pure Si-O and Si,Al-O related stretch modes are affected. Deformation of
the coordination polyhedra of the alkali ions and change in the symmetry of the site,
through tilting of the Si,Al tetrahedra, are responsible for the observed changes in infrared
spoctra under pressure. Small positive shifts of the bands for stretch and bending modes
show that the tetrahedra are themselves little deformed by these pressures.

It is deduced that site ordering ofAl and Si ions is not the principle reason for band
multiplicity in the 1000 and 750 cm-' regions of feldspar spectra. The similarity of spectra
for the two feldspars (mono- and triclinic) at 40 kbar suggests that the two structures
converge at high pressures and low temperatures.

Introduction

An immense amount of work has been done on the
structure, chemistry, spectroscopy, and geologic occur-
rence of feldspars. The complexity of these minerals has
fascinated geologists and mineralogists for many years. Of
special interest is the site ordering ofthe substitution Al
for Si in the framework because very much of the subtlety
of feldspar mineralogy is related to this phenomenon.
Feldspars were used to study the effect of ordering in
infrared spectra at an early stage (Laves and Hafner, I 956;
Hafner and Iaves, I 9 5 7). More recent work (Megaw, I 9 7 4
and Hazen, 1976) indicates that the triclinic to monoclinic
transition could be due to causes other than ordering of
Al on specific sites in the feldspar structure, at least in
sanidine. In fact the structural form (symmetry) of sani-
dine can be changed by varying temperature and pressure.
The present study provides data on the effect ofpressure
on infrared spectra ofa sanidine in order to better interpret
the infrared spectra ofthe feldspars.

Experimental procedures
Infrared spectra were made in the 1400-400 cm-1 range using

a Nicolet 5nx rrrn machine equipped with a prcs detector and
a KBr window. Low noise levels were achieved by taking 1000
background scans and 3000 sample scans. The maximum ab-
sorbance was slightly below 2. Reproducibility (estimated by tak-
ing several spectra of the same sample) was found to be +2 cm-t.
Spectra were smoothed on a I 7 point interval using the program
provided by Nicolet.

The pressure was attained using a diamond cell of our design
where the pressure is applied to the cell using a hydraulic press.
Measurements of the pressure in the sample chamber were made
using the fluorescence shift of a ruby crystal included in the
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sample chamber. The pressure was transmitted to the feldspar
sample by a mixture of KBr and CsL Samples were rerun several
times near 22 kbar with reasonably reproducible results (band
positions within 5 cm-'). Initial spectra were reproduced after
maintaining the sample under pressure for several days. Spectra
ofruby fluorescence taken at 45 kbar (Fig. l) show little change
in shape, line broadening and definition compared with one at-
mosphere data which indicates that the pressure applied by the
diamonds to the gasket and KBr assembly is transmitted hy-
drostatically to 45 kbar. We believe that the method gives re-
producible results which represent near isostatic pressure con-
ditions in the pressure chamber.

Two minerals were studied. One was a sanidine from Puy de
Dome, France with the formula

IG roNao.ooCao.orAl, orFeo o,Sir ruO,

as determined by electron microprobe. Infrared spectroscopy and
X-ray diffraction indicate that the sample is disordered (Hafner
and Iaves, 1957; Smith, 1974). This is expected because the
feldspar is from an explosive tufwith a composition well between
the Na and K endmembers. An albite from the French Alps was
studied. It was a nearly pure sodic endmember,

NoorrKo,Al, ooSi3ooog

with a high degree ofordering using the criteria mentioned above.
This sample was heated at 1000"C for three days in order to
establish the initial effects oftemperature on the infrared spectra
of the mineral. For comparison, a spectrum of albite composition
glass was made (supplied by G. Brown, Stanford University,
made by Corning Glass Corp.).

Observations

Figure 2 shows the spectra of the three materials made
at one atmosphere conditions. The spectra can be divided
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Fig. l. Ruby fluorescence spectra for one atmosphere and 45
kbar samples showing a very low deformation of the band shape.
This indicates that the transmission of the pressure into the KBr
pressure medium was nearly isostatic at the pressures used.

into four major zones: I-bands near 1000 cm-r, II-
bands near 750 cm-', flI-bands centered around 600
cm-r and IV-bands near 450 cm-' that approach the
lower limits of the detector. Obviously the bands in zones
I, II and IV are found in all samples whereas the bands
in zone III are unique to crystalline material.

As pressure is applied to sanidine, band position in-
creases and new components appear (Fig. 3). The effect
ofpressure on the bands in zones I and II in the spectra

Fig. 2. Absorption spectra ofalbite and sanidine used in the
experiments under atmospheric conditions. Albite glass is shown
as a comparison in the sequence ofless order in the (Si,Al)-O
polymer network.

Fig. 3. (a) Absorption spectra of zone I (Fig. 2) bands essen-
tially (Si,Al)-O stretching modes, for sanidine at various pres-
sures. (b) Absorption spectra for sanidine under pressure in zone
II.

of the sanidine specimen is seen in Figure 3. Band shifts
are generally small and when there is no problem of band
splitting, derivatives of less than 0.6 cm-'/kbar could be
measured. Except possibly for the 780 cm-' band there
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Fig. 5. Comparison of high pressure absorption spectra for
sanidine and albite.

Low pressure sanidine has two bands in zone I, two
bands in zone II and three bands in zone III. Low pressure
albite has twice the number of bands in zones I and II
and four bands in zone III. As pressure increases, the
sanidine changes into a four band structure in zone I, a
three band structure in zone II and remains a three band
structure in zone IIL Albite attains a similar spectmm at
high pressure. The pressure derivatives of the different
bands in the two crystalline feldspar species are similar
(Table l).

Spectra of heat-treated albite are similar to those of
sanidine (Fig. 6) as has been reported previously (Hafner

Table l. Pressure derivative in cm-t/kilobar

Zote sanidlne a I b l t e
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'
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pres-
sure for zone I. (b) Absorption spectra for albite in zones II and
ilL

is no indication of negative shifts with pressure that could
be associated with a reconstructive phase transition. Sim-
ilar results were found for the albite sample (Fig. 4). In
general the spectra of the two minerals converge in ap-
pearance at high pressrre (Fig. 5).

1025 0 . 6

1 1 5 5  0 . 5

1 0 9  5  0 . 5

1 0 3 4  0 . 5

1 0 0 5  0 . 5

7 8 7  0 . 5

7  6 1  0 . 3

6 4 8  0 . 4

588 0 .3

0 . 0

5 4 1 532 0 . 3
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Fig. 6. Comparison ofordered albite, heated albite (3 days,
1000"C) and a low pressure (about I kbar) albite spectnrm. Note
the rapid change in the bands of zone IL

and Laves, 1957; Martin, 1970). Depending upon the
study, the bands in zone I change more or less rapidly
than those in zone II. The spectra of fully heated and
disordered albite given by the cited authors are similar to
the spectrum of sanidine given in Figure 2. This com-
parison shows the similarity of the effects of heating and
pressure on the infrared spectra ofalkali feldspars.

In summary, the spectra of albite (ordered sites) and
sanidine (random site occupancy) show a strong conver-
gence with pressure and temperature. This result confirms
the data concerning the X-ray diffraction studies which
indicate a convergence of symmetry types at high tem-
peratures.

Discussion

Attributions of the bands observed have been made in
previous studies. Iiishi et al. (1971) established rhat rhe
zone I (1000 cm-') involves tetrahedrally coordinated
ion-oxygen stretch vibrations. Specifically, bands at 1032
and 990 cm-' in ordered albite are affected by the sub-
stitution of Al by Ga. The same type of substitution ef-
fected changes in the position of bands aI 740 and 720
cm-' (zone II). The frequency was displaced by 22 cm-l
in zone I and 51 in zone II. Substitutions of Ge for Si
revealed a similar relation for the remaining bands in the
two regions. Thus the Si and Al-related bands are easily
distinguished. Iiishi et al. (1971) attribute the bands in
the 750 cm-r zone to tetrahedral-tetrahedral ion vibra-
tions and to O-Si,Al-O bending in zone III (600 cm-').

This last region is the least affected by changes in tem-
perature and pressure.

The most important observation to be made for the
experimental data is that the change in the number of
bands for sanidine under pressure cannot be attributed to
site ordering. Certainly the energy necessary to displace
the Al and Si ions in the polymer network is too grcat at
20"C for such an effect to be seen in the experiments
performed here. Megaw (1974) has argued that the dif-
ference in cell dimension due to Si-Al ordering is not great
enough to account for the change in dimension in going
from monoclinic to triclinic feldspar structures so that a
rotation or tilting of the individual structural units (tetra-
hedra) could change the symmetry of the alkali feldspar
structure. The new bands apparently at 1170 and 1070
cm-t under pressure for sanidine can thus be interpreted
as a re-organization of the feldspar structure through tet-
rahedral tilting. The loss of the band at 742 cm-t in albite
under pressure and the appearance of a new band at 8 I 0
cm-' in sanidine could also be due to this accommodation
of the structure.

For silicates, the tetrahedral dimensions are generally
considered to be little affected by pressure (Hazen and
Finger, 1982). In contrast, the coordination polyhedra
around the alkali ions are greatly affected by pressure or
by changes in the structural state (tri- or monoclinic) of
the alkali feldspars. The symmetry of this site changes in
the mono- to triclinic transition. Thus, a rotation of the
tetrahedra will change the oxygen-alkali ion distances but
not those of Si-O. This is manifested in the appearance
of the new bands of the sanidine spectra. In order to see
if the change in (Na,K)-O distance is the cause of the new
bands, one can look at the spectra of feldspars with dif-
ferent cations in this site such as albite and rnicrocline in
order to identify the alkali-sensitive bands. Spectra found
in Iiishi et al. (1971) show the following relations:

microcline l0l0 1053 1097 I 139 cm-'
albite 1005 1034 1092 1155 cm-'

The new bands which appear under pressure in the san-
idine spectra are those which are the most affected by the
alkali cation present. These bands, attributed to vibrations
of Si,Al-O ions must then involve the oxygens closest to
the alkali cations. Since one of these bands (1034 cm-')
is associated with Al in the structure and the other (l155
.--t; with Si, the tetrahedral tilt which occurs with pres-
sure must afect the Al- as well as Si-O vibrations in the
silica polymer. This last band ( I I 5 5 cm-') appears to have
a doublet component in the highest pressure spectrum for
albite.

Albite has four bands in zone II which are attributed
ro Si-Si and Si-Si(Al) vibrations by Iiishi et al. (1971) or
to a combination of Si(Al)-O and Si-O-Si vibration modes
with the first types being slightly predominant according
to von Stengle (1977). The zone is represented by four
bands in albite with the two of lowest wave number being
associated with Al as demonstrated by Ga for Al substi-
tution (Iiishi et al., l97l). At pressures below 45 kbar
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three bands occur. At higher pressure, we infer that only
two bands will occur in both feldspars as suggested by the
albite spectra at 45 kbar. This relation is the reverse of
that found for the Si-O stretch bands at 1000 cm-'. The
bands in zone II are not affected by the substitution of
potassium for sodium (Iiishi et al., l97l). Therefore the
behavior observed for these bands under pressure could
be expected to differ from the Si-O stretch bands. The
multiplicity of the bands in zone II and their change under
pressure cannot be due to a site ordering ofAl and Si in
the polymer structure.

The zone III bands (near 600 cffi-'), not found in the
spectra of amorphous material, are assigned to O-S!O
vibrations by von Stengle (1977) as well as by Iiishi et
al. (1971). According to other authors, using Raman spec-
tra of glasses (Galeener, 1982; Sharma et al., l98l), the
position ofzone III bands should be sensitive to the bond
angle of the O-Si-O units. According to Hazen and Finger
(1982) pressure should affect the bond angle ofthe O-Si-
O units in feldspars radically. The similarity of the mea-
surable pressure derivatives of the bands in zone III and
other zones suggests either that bond angle does not affect
the vibrations in zone III ofthe feldspar spectra or that
the bond angle is not changing as rapidly as other factors
in the structure which affect the spectra. In glass, the bands
in zone III are conspicuously absent. In fact, the band
involving the O-Si-O vibrations is located toward 500
cm-' in the glass and by analogy should be in the region
below 450 cm-r in the crystal structures. It is not possible
to interpret changes in the vibrational modes responsible
for the bands near 600 cm-' given the present informa-
tion. However, as in other zones, there is a distinct loss
ofone band in this region in the albite structure and again
a convergence at high pressures for both feldspars.

For the most part, changes in the spectra ofthe feldspars
sanidine and albite are gradual as pressure increases. One
abrupt change is the early loss of the 743 cm-'band in
albite with pressure as well as in the initial stages of heat-
ing. According to Hazen (1976), the phase transformation
of sanidine (monoclinic) to a new structure (triclinic) will
occur at pressures below 10 kbar at room temperature for
the composition of our sample. Therefore, the pressure
spectra of our samples are made on crystals which already
have a triclinic symmetry. Thus the gradual changes seen
in the spectra must be explained by continuing tetrahedral
rotation and the consequent change in the symmetry of
the alkali ion coordination polyhedra. The infrared spec-
tra show a gradual increase in the intensity of the new
bands as pressure increases on the sanidine structure. We
can interpret this observation as the effect of a gradual
increase in the number of alkali ions which take up a
triclinic position in the structure due to tetrahedral tilting
as pressure increases according to the description given
by Megaw (1974). The sanidine includes a mixture of K
and Na ions which will not behave in exactly the same
manner due to a diference in their ionic size. and hence
the change in symmetry will be spread over a pressure
range. The effect ofpressure, changing the number ofbands

due to a change in the symmetry of certain sites, cannot
be associated with the Al,Si ordering which is generally
assumed to be the cause of band multiplicity in these
structures (Hafner and Laves, 1957; White, 1974). Our
data supports Megaw's concluding remark "the study of
feldspars is thus not primarily linked with the study of
AllSi distribution."

Conclusions

From the data presented here we observe the following:
L The infrared spectra of sanidine (disordered) and

albite (ordered) evolve toward the same appearance under
increasing pressure which suggests very similar structures.

2. The general effect of pressure is to shift all bands
observed to higher wave numbers (i.e., increased energy
due to decreasing bond lengths in the tetrahedral units).

3. Increasing pressure produces new bands in the 1000
cm-l region of the disordered mineral and decreases the
number of bands in the 750 cm-' and 600 cm-' region
of the ordered mineral.

One can tentatively conclude from these observations
that the multiplicity of the bands in the 1000 cm-' region
is not necessarily due to a site ordering efect (i.e., specific
configuration of tetrahedral ions) but rather one which
involves the general environment of the oxygens of the
Si,Al tetrahedra. This is seen by the effect ofpressure on
sanidine which simulates this ordered environment. The
change in the symmetry of the alkali ion sites must be
used to explain the multiplicity of peaks in the high-pres-
sure sanidine spectrum. Such a deduction leads one to
question how heating changes the albite sample so that
its infrared spectrum imitates that of a disordered feld-
spar. Possibly heating increases the cell dimension of the
feldspar which in turn changes the environment of the
silica tetrahedra rather than the site occupancies of the
feldspar tetrahedral units.

References

Galeener, F. L. (1982) Planar rings in vitreous silica. Journal of
Non-crystalline Solids, 49, 5343.

Hafner, S. and laves, F. (l 957) Ordnung/Unordnung und Ultra-
rotabsorption II Variation der Lage und Intensitat einiger Ab-
sorption von Feldspaten. Zeitschrift ftir Kristallographie, 109,
204-225.

Hazen, R. M. (1976) Sanidine: predicted and observed mono-
clinic-to-triclinic transitions at high pressure. Science, I 94, I 05-
lo7.

Hazen, R. M. and Finger, L. W. (1982) Comparative Crystal
Chemistry. John Wiley and Sons, New York.

Iiishi, K., Tomisaka, T., Kato, T., and Umegakai, Y. (1971)
Isomorphous substitutions and infrared and far infrared spec-
tra of the feldspars. Neues Jahrbuch ftir Mineralogie Abhand-
lungen, 115, 98-119.

Laves, F. and Hafner, S. (1956) Ordnung/Unordnung und Ul-
trarotabsorption I (Al,Si)-Verteilung im Feldspaten. Zeitschrift
Iiir Kristallographie, 108, 52-63.

Martin, R. F. (1970) Cell parameters and infrared absorption of
synthetic high to low albites. Contributions to Mineralogy and
Petrology, 26,62-74.

Megaw, H. D. (1974) Tilts and tetrahedra in feldspars. In W. S.
MacKenzie and J. Zussman, Eds., The Feldspars, p. 87-l 13.
Manchester University Press, Manchester.



IO4 COUTY AND WLDE: PRESSURE-INDUCED SPECTRA OF SANIDINE AND ALBITE

Sharma, S. K., Mammone, J. F., and Nicol, M. F. (1981) Raman
investigation ofring configurations in vitreous silica. Nature,
292. r40-t4t.

Smith, J. V. (1974) Feldspar Minerals Vol. l, Crystal Structure
and Physical Properties. Springer-Verlag, Bedin.

Stengel, M. 0. von (1977) Normalschwingungen von Alkalifeld-
spaten. Zeitschrift fiir Kristallogaphie, 146, 1-18.

White, W. B. (1974) Order{isorder effects. In V. C, Farmer,
Ed., Infrared Spectra of Minerals, p. 87-1 10. Mineralogical
Society (GB) Monograph 4, London.

Manuscript received, February 22, 1985;
acceptedfor publication, Augwt 31, 1985.


