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Ansrru,cr

The crystal structure of low albite, Amelia, Viryinia, was determined at l3 Kby neutron
diffraction (a : 8.1 l5l(8), b : 12.7621(25), c : 7.1576(6) A, o : 94.218(12)', P :

I16.803(8)', t : 87.707(13)'; Cl). Mean T-O distances are T,O 1.743, T'm 1.611, TrO
1.615, Trm 1.616 A. Refinement of scattering lengths yields the following populations:
T,O 0.997(4) Al; T,m 1.001(3) Si; T,O 1.002(3) Si; T,m 1.006(4) Si; Na 0.972(l) Na. The
displacement of the Na atom is represented by an ellipsoid (root-mean-square amplitudes
0.065,0.073, and 0.108 A; whose shorter axes are constrained by the five near oxygen
atoms at 2.361, 2.419 , 2.438, 2.500, and 2.614 A. ttre displacements of all atoms (8,*: Si
0.19, Al 0.20, O 0.294.42,Na 0.56 A'; are similar to those for natrolite and scolecite at
20 K and are consistent with quditative expectations for the zero-point energy. Stereo-
chemical interpretation of the T-O distances at low temperature in low albite, natrolite,
scolecite, qvartz, and cristobalite is incomplete when only first neighbors are considered.

IrtrnooucrroN up study at low temperature, and we are indebted to Har-

It is difficult to explain the geometrical properties of low and Brown for the generous loan of their crystal for

framework structures in terms of theories of chemical the present study. Winter et al. (1977) determined the

bonding. Qualitative and quantitative studies of small |!n]9twe of.a low albite from Tiburon, California, at773,

atomicilusters provide a uieful first approximation (re- 1023, and 1243 K, using X-ray methods; however, we

viewed by Gibbi, 1982), but further progr"ss will require were unable to find a good single crystal ofTiburon albite

lattice summations based on appropriate algorithms. Sim- large enough for neutron diffraction' Together with other

ple electrostatic models (reviewed by Catlow and Mac- ttry9t1te analyses (Ferguson et al., 1958; Prewitt et al.,

krodt, 1982)areinadequateforframeworkstructures,and 1976; QuareniandTaylor, l97l;Ribbeetal.' 1969; Wain-

a bond-bending term is needed to simulate molecular- wrighl_ir^l.Smith, 1974; Wenk and Kroll, 1984; Winter et

orbital contributions. Most of the present diffraction data al', 1979), these studies provide a thorough description

on crystal structures of frameworks are inappropriate as ofthe structural features oflow and high albites from room

a test ofbonding models because measurements were made temperature to the melting point. Pioneering structure

atelevatedtemperature.Thermalenergymaycausemajor analyses-o^f_htgtt and low albite at 93 K (Williams and

changes in framework geometry (e.g., the Si-O-Si angle Megaw, 1964) were important indicators of low-temper-

in low cristobalite changes from 144.7(l)" at l0 K to ature eftects.

148.5(l)"at 293K1. Pluth et al., 1985). Furtherrnore, ther-
mal vibration produces apparent bond shortening because ExpnnrunNTAL TECHNIQUE

the distances are calculated between the centroids ofelec- The crystal provided by Harlow and Brown weighs 0.0264 g
tron density or neufon scattering profiles (Busing and andhasavolumeoflOmm3.Atemperatureof 13Kwasattained
I-evy, 1964). This also gives biased values for the bond with a orsprex CS-202 refrigerator (Air Products and Chemicals,
angles. The present study of low albite is part of a system- Inc.). A monochromatic neutron beam from the Brookhaven

atic program to generate accurate data atlow temperature National T,aboratory High Flux Beam Reactor was obtained by

for important framework structures including silica poly- ff$9.1 
from the (002) plane of a Be crystal' The wavelength

morphs (quartz, Lager er at., te82;cristobarite, irulh Lt l|:t:$f#:f i#Tl|Jjiiif:iiffi[l:i:l;[fi:|ifial., 1985) and zeolites (natrolite, Artioli et al., 1984; sco- i".'i"*^JUf" at 13 K determined from 60 sinrd values (44. <
lecite, Kvick et al., 1985). 20 < 57.) are a : 8.1 t 5 1(8); b : 12.762r(25); c : 7.1576i6) A;

HarlowandBrown(1980)determinedthecrystalstruc- d:g4.2il(t2y:d:116.803(8yt:87.707(t3f.Atotalof2804
ture of a low albite from Amelia, Viryinia, using both reflections(+ft + &+ /)wascollectedouttosinp/tr:0.784A-'
neutron and X-ray diffraction studies at ambient tem- using d - 2d step scans with scan width A2a: 3.0'(2d < 6ff)
perature. Mechanical failure ofa cryostat aborted a follow- and 1.5(l + 2.0 tan d)' for 60" < 20 < ll4. The data were cor-
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Table l. Atomic parameters for room temperature (Harlow
and Brown, 1980) and 13 K (this paper)

Table 2. Apparent thermal parameters: root-mean square
amplitude (A)
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rected for background using the first and last one-tenth of the
scan. The maximum intensity variation from the mean of the
standards 535 and 733 is 40/o. Averaging yielded 2686 unique
intensities with R* : 0.005 for equivalent intensities. The ab-
sorption correction for a 6 x 6 x 6 grid with calculated p : 0.004 I
cm -' yielded transmission factors of 0. 9 9 8 8-O. 99 9 3.

Refinement was straightforward using the technical procedures
listed in Artioli et al. (1984), and starting parameters were those
of Harlow and Brown (1980) (Tables l-3). The number of re-
flections above 3o is 2662, and the 129 parameters refined by
least-squares minimization consist of three positional coordi-
nates (Table 1) and six anisotropic displacement parameters for
each of 13 atoms (Table 3), one scale factor, six anisotropic
extinction coefficients (type l, Lorentzian mosaicity, Becker and
Coppens, 1974), and five occupancy factors for the T and Na
sites (Table l).

Neutron scatteringlengths were taken from Koesteret al. (198 l),
and the occupancies of the four T sites indicate essentially com-
plete segregation ofAl into T,O (0.997(4)) and full occupancy of
the other sites by Si. Satisfactory refinement was obtained with
one anisotropic Na site (Table 2), but the population factor of
0.972(l) is lower than the value of unity expected for charge
balance with the AlSi composition inferred from the population
factors for the T sites. K has almost the same neutron scattering
length as Na, and the small amounts of K and Ca in the electron-
probe and chemical analyses listed by Harlow and Brown (1 980)
should not affect the occupancy factor of the Na site. Further-
more, the larger scattering lengths of K and Ca would increase
the occupancy factor of the Na site. All attempted explanations
ofthe low population factor for the Na site lack firm supportive
evidence, and detailed discussion is unwarranted here. Reduction

of the neutron scattering length of Na by 2-30lo is an obvious
possibility that is not inconsistent w'ith the occupancy of0.986(8)
observed for Na in the refinement of natrolite at 20 K (Artioli
et al. ,  1984).

Table 3. Apparent thermal vibration parameters
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Table 4. T4 and tetrahedral O4 bond distances

Tt 0-0 RT I 3K T.,m-0

Table 6. Na-O distances
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3  2 6 7 8 ( 8 )  3 . 2 6 6 ( r  )  3 . 2 7 7 ,  2 . 9 3 2

3 . 4 5 1 0 ( 7 )  3 . 4 6 5 ( 2 )  3 . 4 7 3 , 3 . 2 2 2

a ; 1 g ;  D g l l i n w r i g h t  i n  S n i t h  ( 1 9 7 4 ) ;  c l , i e n k  
a n d  K r o l l  ( 1 9 8 4 ) ,

s p l i t  p o s i t i o n s .

thesis is essentially featueless. Tables 4-6 compare bond lengths
and anges for low albite at room temperature (Harlow and Brown,
1980) and 13 K. Table 7' lists structure factors.

Rnsur,rs AND DlscussloN

The geometry of the crystal structure at 13 K of Amelia
albite is generally consistent with those of low albites at
ambient temperature (Harlow and Brown, 1980; Wenk
and Kroll, 1984) and higher temperature (Winter et al.,
1977) when account is taken of reduced thermal motion.
Figure I is a stereoview down a* showing the twisting of
the double-crankshaft chains, the position of the Na atom,
and the anisotropic displacement ellipsoids at 13 K. Fig-
ure 2 shows the linkage of Na to the nine nearest oxygen
atoms (cf. Smith, 197 4, fr5. 4-l I ; Winter et al., 197 7, fry.
I  l .

To a first approximation, the B displacement param-
eters for the framework atoms decrease about threefold
as the temperature of Amelia albite drops from ambient
to 13 K, and there is no major change in the anisotropy
and orientation of each displacement ellipsoid. The ellip-
soids for the T atoms are weakly anisotropic at both tem-
peratures(Table2: R'/R,: l. l7-1.30, R7; l. l8-1.32, l3
K). Those for most of the oxygen atoms are oblate with
the shortest axis approximately parallel to the vector be-
tween the two adjacent T atoms; the anisotropy decreases
upon cooling (Table 2: R3lR, : 1.47-1.97, RT;1.35-1.69,
13 K). Minor differences between oxygen atoms can be
explained by bonding to the Na atom.

At 13 K, the distances from Na to the nine nearest
framework oxygens fall into two distinct clusters (Fig. 3):
2.36-2.61 and >2.97 A. ttre five nearest oxygen atoms
(Fig. 2) form an irregular deltahedron composed of tri-
angular faces. With increasing temperature, the gap be-
tween the clusters decreases and essentially disappears at
1243 K (Winter et al., 1977). This conclusion is indepen-
dent of the systematic bias in bond lengths from the swing-
ing-arm efect (Winter et al., 1977 Table 7). Although the

' To obtain a copy of Table 7, order document AM-86-300
from the Business Office, Mineralogical Society ofAmerica, 1625
I Street, N.W., Suite 414, Washington, D.C. 20006. Please remit
$5.00 in advance for the microfiche.
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L m - w  z . b s J J t v )  z . b ) 5 u l o ,

2 . 6 2 5 8 ( 8 )  2 . 6 3 1 0 ( 5 )

2.s875(7) 2.s882(6)

2 . 6 3 4 e ( 8 )  2 . 6 3 7 0 ( 5 )

2  6 3 6 7 ( r 0 )  2 . 6 4 0 4 ( 4 )

2.642818) 2.6423(4)

2 . 6 8 8 4 ( 9 )  2 . 6 8 8 9 ( 6 )

A2-Bn

c0

DO

Bm-C0

DO

c0-D0

Anisotropic extinction was slightly more satisfactory than iso-
tropic extinction. Refinement of split positions for Na was un-
satisfactory, and refinement of anharmonic terms did not produce
values significantly ditrerent from 0. Final values of R(F) and
wR(F) are 0.0223 and 0.0298. The final difference-Fourier syn-

Table 5. O-T4 and T-O-T angles

0-Tt 0-0 l3K 0-Tt m-0

BO

c0

DO

c0

DO

DO

r 02 .e r (5 )  r 02 .79 (3 )  A1
i l  5 . 99 (5 )  r  6 . 37 (  3 )
r04 .04 (s )  r 03 .48 (2 )
1 1 2 . 2 1 ( 5 )  1 1 2 . 0 6 ( 3 )  B n
1  i l . 1 6 ( s )  r  1 r . 2 r  ( 3 )
110 .08 (5 )  110 .43 (3 )  cm

Bn

Cn

Dn

Cm

Dm

Dtr

t n a  6 n r q \  l n o  c q r r \

i l2 .50(5)  112.26(2)

r 0 7 . 3 r  ( 4 )  1 0 7 . 2 6 ( 2 )

108.23(5)  108.26(2)

r  1  r . 3 1  ( s )  r  r r . 3 6 ( 2 )
r08 .02(5)  r08 . r8 (3)

0-T20-0 l 3 K 0-T2m-0

BO

Cn

Dn

Cm

Dn

Dm

1 i l . r 5 ( 5 )  i l r . 0 3 ( 2 )  A 2

104.23(4)  104.4212)

r 0 7 . 0 6 ( 4 )  r 0 6 . 9 7 ( 3 )
, l ' | 2 . 0 6 ( 5 )  

l l 2  l 7 ( 2 )  B m
i l 1 . 6 0 ( 5 )  i l r . 5 r  ( 2 )

i l 0 . 3 4 ( 5 )  i l 0 . 4 0 ( 2 )  C 0

r 07  2 r  ( 4 )  107  33 (2 )
r0s .96 (4 )  r 05 .e5 (2 )
r08  5 r (4 )  r 08 .54 (3 )
r10 . r4 (5 )  i l 0 . 2e (2 )
l l 0  22 (s )  r 0 .07 (2 )
i 14 .46 (5 )  i l 4  34 (2 )
tu9 42 t09.42

t3K

t3K

Bm
c0
DO
c0
DO

DO

I  u9 .  +z

RT t3K

l 0  A 1  l m  1 4 1 . 4 5 ( 5 )  1 4 0 . 3 9 ( 2 )

2 n  A 2  2 0  1 3 0 . 0 8 ( 4 )  1 2 9 . 5 3 ( 2 )
r 0  B 0  2 0  r 3 9 . 6 6 ( s )  1 3 9 . 2 2 ( 2 )
l m  B m  2 m  1 6 1 . 2 0 ( 5 )  1 6 ' | . 8 2 ( 2 )

l 0  c 0  2 m  1 2 9  B 8 ( 5 )  1 2 9 . 3 0 ( 3 )
l n  C m  2 0  1 3 5 . 8 s ( 5 )  1 3 6 . 0 s ( 2 )
1 0  D 0  2 m  1 3 3 . 9 5 ( 5 )  1 3 3 . 8 0 ( 2 )
l m  D n  2 0  1 5 1 . 8 4 ( 5 )  l 5 1  8 7 ( 2 /

Average 140 49
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Fig. l. Stereoplot of structure of low albite at 13 K. The b
and c axes, respectively, point to the right and the top of the
page, and the a axis tilts toward the reader. Ellipsoids at 99oh
probability.

shorter Na-O distances increase considerably with tem-
perature, they do not reach the K-O distances for micro-
cline at room temperature (Fig. 3, dots).

The displacement ellipsoid of Na is more anisotropic
than those of the framework atoms at elevated tempera-
ture, but at 13 K the distinction is smaller (RrlR, : 1.66
(Na), I .35-1.72 (oxygens), I . I 8-l .32 (T)). The nine near-
est oxygen atoms split into two opposing pairs of distant
atoms and a cluster of five nearer ones, and the major
displacement of Na is approximately in the directions of
the distant oxygen atoms.

The above discussion reinforces the general conclusions
already reached by earlier writers including Harlow and
Brown (1980), Winter et aL. (1977), Brown et al. (1984),
and Kroll (1984), and further elaboration is unprofitable.
Emphasis is now placed on the evidence for zero-point
energy and on the complex relationship between T4 bond
distances and stereochemical factors.

Zrno-porNr MorroN

Earlier writers (e.g., Winter et al., 1977) concluded that
the Na atom in low albite (but not in high albite) vibrates
anisotropically about a single center-of-motion and does
notjump between two centers-of-motion. This conclusion
was based on a linear extrapolation of the experimental
temperature factor B to zero at 0 K within error limits
(e.g., Winter et al., 1977, figs. 5 and 6). The new data for
I 3 K confirm that B (Na) is linearly related to temperature,

3

o <

o 2

Temperolure K

Fig. 3. Temperature variation of distances from Na to the
seven nearest oxygen atoms in low albite. Cross: Amelia albite,
Harlow and Brown (1980) and this paper; circle, Tiburon albite,
Winter et al. (1977). The dots show K-O distances in low mi-
crocline at room temperature (Smith, 1974). Curves inserted by
eye.

but there is a finite intercept of B : 0.5 A' at 0 K (Fig.
4). Least-squares refinement of X-ray difraction data may
be complicated by the choice of atomic scattering factor
(including the degree of ionization) and of models for
absorption and extinction corrections. Refinement of neu-
tron diffraction data is less sensitive to uncertainties since
the absorption is negligible, and the scattering lengths are
independent of the d angle. The line for B(Na) in Figure
4 is firmly anchored by the two determinations for Amelia
albite at 13 K and ambient temperature. The earlier X-ray
data by Williams and Megaw (1964) and Quareni and
Taylor (1971) were good enough to settle the question
about the type of thermal motion, but inadequate for
reliable extrapolation. Furthermore, it appears that the
X-ray data for Tiburon albite at room temperature (Wain-
wright in Smith, 1974) may be biased with respect to
neutron data for Amelia albite. Wenk and Kroll (1984,
tables VIII and IX) have demonstrated the sensitivity of
X-ray refinements of Cazadero albite to different as-
sumptions.

Because the extrapolations for the T and O atoms (Fig.
4) also yield positive intercepts at 0 K, zero-point motion
is the preferred cause rather than multiple centers-of-mo-

o

z

.  o c o ^

low olb i le

al  ^-"^- '

. D D

. B O

i.d6

. 4 2

E

0rl

Fig.2. Comparison of environment of Na atom (Fig. 1; lower position) at
at 99olo probability Oxygen atoms l-8 are in sequence Al, A2 . . . D- of Table
atoms are accentuated.

13 K (left) and room temperature (right). Ellipsoids
l. Linkages between Na and the frve nearest oxygen



+ H

o
f,

o l

o
e o

o
o

SMITH ET AL.: LOw ALBITE AT 13 K 731

Table 8. Apparent thermal parameters (isotropic
approximation) at low temperature

A

Buo

400 800 1200
temperoture K

Fig. 4. Temperature variation of isotropic approximation of
the thermal parameter (,8 in A) for Na, T, and oxygen atoms in
low albite. Averages given for oxygen and T atoms. Curves in-
serted by eye. A straight line is given for Na, but a curved line
would be expected for a Debye model. Symbols as in Figure 3.

tion. Similar ,B values to those in low albite at 13 K were
obtained for natrolite and scolecite at about 20 K (Table
8), as expected for similar bond strengths in these frame-
work structures and a common set of zero-point energies.
Further structure determinations are needed before a
quantitative explanation is attempted. In the meantime,
the general relationships between the values in Table 8

Structure Temperature (K) B(l la) B ( A I  ) B ( s i  ) B ( c a )

t o

8

6

4

, l

low al  bi  tea

natro t  i  teb

scol eci  tec

l 3
20
20

o .s6 ( r )  o . 20 ( r )  o . r 9 -0 .20 ( r )
0 .52 ( r  )  0  27 ( r )  0 . 27 ( r  )

0 . r 9 -0 .20 (2 )  0 .17 -0  18 ( l )  0 . 24 (2 )

u t h i s  p a p e . ;  b A " t i o l i ,  K u i . k  a n d  s m i t h  ( . l 9 8 4 ) ;  c r u i c t ,  s t i t l  a n d  s m i t h  ( 1 9 8 5 )

are qualitatively plausible in relation to the atomic mass
(e.g., Ca is twice as heavy as Na) and the force constants
(e.g., values for low albite deduced from infrared and Ra-
man spectra; von Stengel, 1977, table 3). Furthermore,
the values in Table 8 are similar to measured B values at
low temperature and to values for the zero-point energy
parameter ,Bo in simple high-symmetry structures listed
in the International Tables for X-ray Crystallography,
volume III, (MacGillavry and Rieck, 1962, tables 3.3.5. lA
and D): Na in NaCl at 20 K,Bo : 0.60 A'; Al in Al metal,
Bo : 0.27 A,; si in si metal, Bo : 0. l6 A'; ca in ca metal,
Bo: 032 A'.

SrnnnocnnMrcAr, TNTERpRETATToN oF T4 soNn
DISTANCES

Distances and angles obtained from low-temperature
atomic coordinates are significantly more useful for sta-

r 6 5

Si-O- Si  or  Al
r30 r35 r40 t50 t60-

- r .6  - t .4  - t .2  - t .o
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low olbite o o
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scoleciie v r
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Fig. 5. Relation between secant Si4<Si or Al) and both Si4 . . . (Si or Al) and Al-O . . . Si in low albite (circle; 13 K; this
paper), natrolite (upright triangle; 20 K; 41io1i et al., 1984), scolecite (reversed triangle; 20 K; Kvick et d., 1985), cristobalite (C;
l0 It Pluth et al., 1984) and quartz (Q; 13 K; l,ager et al.,1982). Pairs ofopen symbols (left) denote Si-O-Si. Each oxygen linked
to Si and Al is represented by a filled symbol in the left and right drawings. H, Na, 2Na, and Ca denote extraframework ions bonded
to the oxygens. Vertical lines (left-hand plot) join Si4 distances to the same oxygen. Long dashes join Si4 distances (eft-hand
plot) and Al4 distances (right-hand plot) to oxygens linked to I Ca in scolecite. Short dashes refer similarly to hydrogen-bonded
oxygen. The continuous lines for albite link oxygens bonded to 0, l, and 2 Na.
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tistical analysis of the bond systems than data obtained
at high temperature, insofar as the swinging-ann effect is
minimized near zero kelvin. Figure 5 compares data for
framework structures at 10-20 K, all of which have com-
plete Si,Al order in tetrahedral sites. The zero-point mo-
tion should be similar for all these materials.

Tetrahedral distances in aluminosilicates have been in-
terpreted using purely electrostatic ionic models (Baur,
1970, l98l), in terms of hybridization of tetrahedral or
oxygen atom orbitals (Cruickshank, 1961; Brown and
Gibbs, 1970) and in terms of molecular-orbital models
(review in Newton, l98l; Gibbs, 1982; Geisinger et al.,
1985). All models are actually related to each other. The
ionic bond strength parameter (po) used by Baur and by
others, and based on Pauling's rules for bonding in solids,
can be interpreted in terms of molecular-orbital calcula-
tions (Burdett and Mclarnan, 1984). Also the hybridiza-
tion degree of the input atomic orbitals is an important
factor influencing the directionality and the overlap pop-
ulations of the localized molecular orbitals used to express
the degree of bonding in aluminosilicate tetrahedra (New-
ton, 198 I ; Geisinger et al., I 985). The linear correlations
between calculated bond-overlap populations (n(T{)) and
po (Gibbs, 1982;Geisinger et al., 1985) can be attributed
to either covalent or ionic models and do not resolve the
still open problem ofthe degree ofionic character in tet-
rahedral bonds of aluminosilicates (Pauling, 1980; Stewart
et al., 1980).

Variations in tetrahedral distances have been related to
six factors: the Al content in the T site, the coordination
number of the bridging oxygen, the type of adjacent T
atom, the type of extraframework atoms and their dis-
tances from the oxygen, the variation ofbridging T-O-T
angles, and the variation ofinternal tetrahedral O-T-O
angles.

The principal factor influencing the mean T-O length
of a tetrahedron is the Al content (Ribbe et al., 197 4), and,
many attempts have been made to deduce determinative
curves (Smith,1974; Ribbe, 1984). Individual T-O dis-
tances depend on all of the above factors. Although the
control exerted on a bond length by the type ofadjacent
T atom is evident in Figure 5 (open vs. closed symbols
in the left-hand diagram), other factors must have com-
plex effects, producing a rather confused picture. A weak
correlation between T-O distances and negative secant of
(T-O-T) angle was reported for the aluminosilicate group
(review in Gibbs, 1982) and for zeolites in particular (Ar-
tioli et al., 1984; Kvick et al., 1985). The negative secant
ofthe angle at the bridging oxygen was used as a parameter
modeling the bond-length variation because it reflects the
degree of mixing of s- and p-type orbitals on the atom
(Coulson, l96l; Newton and Gibbs, 1980; Newton, 198 l).
This correlation however appears to be rather weak for
the minerals in Figure 5. Assuming perfect Si,Al ordering,
the first-neighbor coordination of the oxygen atoms alone
(shown by abbreviations near the symbols on Fig. 5) does
not completely clarify the picture. Some of the discrep-
ancies within each pair of Si-O distances to the same

oxygen atom (0.01 8-O.001 A) are greater than the sum of
the individual experimental uncertainties of the bond
lengths (0.003 A). Only one of the longer bond lengths
belongs to an oxygen coordinating a Na atom, and only
some ofthe other long distances are to oxygen acceptors
ofweak hydrogen bonds. Just for low albite, the longer
distance in each pair belongs to a Si atom having two Al
and two Si atoms as tetrahedral neighbors. The shorter
distance is for a Si atom surrounded by one Si and three
Al tetrahedral atoms. This would indicate a small influ-
ence by the chemical content of second-neighbor tetra-
hedra on the geometry of the tetrahedron under exami-
nation. Also each oxygen, which is not associated with
Na or H atoms, displays a smaller Si-O distance on av-
erage than oxygens bonded to Na or H. In each group
there is at best only a weak negative correlation between
Si-O and negative secant (Si-O-Si). No simple correlation
exists for oxygens that have the same type ofcoordination,
specifically those oxygens in scolecite that are bonded to
Ca atoms (long dashed line) or to H atoms (short dashed
line).

G. V. Gibbs kindly pointed out that for low albite there
are good correlations between R(SiO) and f(Si) and be-
tween R(AIO) andl(Al) (nomenclature defined in Gibbs,
l 982):

R(SiO):  1.905 -  1.164(SD

and

R(AIO): 1.816 - 0.2e0I(N).

CoNcr,usroNs

The present study of low albite at 13 K extends the
general conclusions obtained by Harlow and Brown (1980)
and Winter et al. (1977) from measurements at and above
room temperature: in particular, the Na atom at low tem-
perature is strongly bonded to five out ofthe nine nearest
oxygen atoms, and its displacement is well represented by
a single ellipsoid elongated in the direction ofthe weakest
bonding. However, the vibration ellipsoids of Na, Al, Si,
and O are larger than for a simple extrapolation to zero
at 0 K and are qualitatively consistent with the presence
ofzero-point energy. Systematic measurements of the Ra-
man, infrared, and 23Na nuclear magnetic resonance spec-
tra of low albite down to low temperature should prove
instructive; in particular, there should be greater mixing
of framework and extraframework vibrational modes at
lower temperatures because of the shorter distances from
Na to the five nearest oxygen atoms. Stereochemical in-
terpretation ofthe T-O bond distances in low albite, na-
trolite, scolecite, quarlz, and cristobalite at 10-20 K dem-
onstrates that consideration of first neighbors is not
sufficient. Measurements of other important framework
structures (including coesite) are in progress to provide
thorough tests of stereochemical models.
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