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By 
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A three-dimensional refinement of the low-temperature form of albite, NaA1Si308, 
confirms the apparent anisotropy of the sodium atom that was shown in the two­
dimensional structure analysis by Ferguson, Traill and Taylor (1958). "Split" sodium 
half-atoms approximate this anisotropy, and refinement procedes successfully using 
the half-atom positions of Williams (1961). The final coordinates indicate a 0.35 A 
"splitting" for sodium. The mean AlfSi-0 bond lengths are: T1(0), 1.744 A; T1(m), 
1.610 A; T2(0), 1.616 A; T2(m), 1.613 A. 

Introduction 

The refinement in two dimensions of the structure of a low-temper­

ature al bite ( compositional and dimensional data in Ta ble l) was 
published by Ferguson, Traill and Taylor (1958). At that time equi­
inclination Weissenberg photographs of 26 upper levels were taken by 

one of us (R.B.F.) to provide data for three-dimensional work. A 
standard multifilm technique was used, and intensities were visually 
estimated, corrected for the Lorentz and polarization effects, and then 
simultaneously scaled and corrected for contraction and extension of 
spots, using intensity data from 4 a-axis levels and 5 c-axis levels. 

Absorption effects were assumed to be negligible for MoK<X radiation, 

and no extinction was o bserved. The square roots of these corrected 

intensities gave the observed structure factors. 

The refinement 

The three-dimensional refinement was carried out on the computer, 

EDSAC Il, in the Mathematical Laboratory, University of Cambridge, 

using a difference synthesis program by W ells ( 1961). 

[l] Cavendish Laboratory, University of Cambridge. 
[2] University of M:anitoba. 

l l 52] 
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Table l. Composition and cell dimensions of low albite from 

Ramona, California. 

Composition (Emmons ( 1953)) 

mol.% 

KA1Si308(0r) LO 
NaAlSi308(Ab) 98.5 

CaAl2Si208(An) 0.5 

Cell dimensions (Ferguson, Traill and Taylor (1958)) 

a 8.138 Å d(IOO) 7.299±0.005 Å 
b 12.789 Å d(OIO) 12.752±0.001 Å 
c 7.156 Å d(OOI) 6.388±0.002 Å 

<X 94°20' <X* 86°20'±02' 

{3 ll6°34' {3* 63°32'±02' 

y 87°39' y* 90°28'±02' 

Volume of cell 664.2 Å3 

Calculated density 2.623 g cm-3 
Space group ei 

The history of the refinement is given in Table 2. The initial R­

factor was 0.149, using the parameters of Ferguson, Traill and Taylor 

(1958). This reduced to O.ll2 after a number of cycles. At this stage a 

single isotropic sodium atom was still being used, in spite of the evidence 

of anisotropy or "splitting" given by Ferguson, Traill and Taylor 

(1958) and confirmed by Williams (1961). Interatomic distances and 

Table 2. History of the three-dimensional refinement of low albite. 

Stage of 
refinement 

o 

I 

Ila 

Ilb 
Ill 

l R = 2[1Foi-!Fcl[ 

l 2 !Fol 

0.149 

O.ll2 

0.104 

0.101 

0.095 

l Figure 
l number 

la, 2a 

lb, 2b 

Comments 

Parameters of Ferguson, Traill and 
Taylor (1958). 

Isotropic sodium at 
X= .2686, y= .9883, Z = .1472. 

"Split" sodium coordinates modified 
from Williams (1961). 

Refined "split" sodium position. 
Final parameters, using f Ala+ for 
T1(0) andfs;4 + for T1(m), T2(0) and 
T2(m). 
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angles were then calculated for purposes of future comparison. The 

environment of the sodium atom is shown in Figures la  and 2a, 

indicating its pronounced anisotropy. 

Williams (1961) found that the sodium atom in low albite was 
"split" at room temperature by 0.017 A in the x- and 0.285 A in 

the y-direction. He did not determine the z-coordinates. He further 

discovered that at - 180 oc the "splitting" was nearly the same 

(x = 0.018 A; y= 0.258 A; z = 0.089 Å) and therefore postulated that 

sodium in low albite occupies two distinct positions in its cavity quite 

at random. 

a. 
b' 

b' 

Figure l. The sodium environment 
of low albite: 

(go-ecl projected along [100]. 
Positive contours are in solid lines, zero 
contour in chained lines, and negative 
contours in dashed lines. 

(a) Stage I, (b) Stage Ill. 
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Figure 2. The sodium environment of 
low albite: 

(g0-(!c) projccted along [001]. 
Convention for contours as in Figure l. 

(a ) Stage I, (b) Stage Ill. 
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The refined sodium position (Stage I) was then used as a median 

point from which Williams' splittings were applied. An immediate 

improvement was registered, and as the split half-atom positions refined 

the R-factor eventually reached 0.101. 

At this point, a 0.350 Å splitting was indicated for the NacNa2 

half-atoms. The (ea-ec) maps in Figures lb and 2b show their final 

positions in projections along [100] and [001]. Until this time an average 

atomic scattering factor curve had been used for the T (for Tetrahedral) 

atom, Al!Si1, assuming a completely random distribution of Al/Si in 

the tetrahedral sites. But the bond lengths calculated at Stage I has 

indicated that the AP+ predominately occupied the T1(0) site (Smith 

(1954); Smith and Bailey (forthcoming)), and in a final cycle the T1(0) 

atom was given the scattering curve for AP+ and the other T atoms 

were given the Si4+ curve. The R-factor dropped to 0.095, and work 

was discontinued. 

Table 3. The atomic coordinates of low albite m decimal fractions 

of the unit-cell dimension. 

X y 
OA(1) .0057 .1307 .9669 

OA(2) .5923 .9972 .2801 

OB(O) .8124 .ll02 .1904 

OB(m) .8205 .8517 .2585 

O c( O) .0140 .3032 .2695 

Oc(m) .0239 .6934 .2292 

On( O) .2068 .1086 .3894 

On(m) .1838 .8682 .4352 

T1(0) .0087 .1695 .2083 

T1(m) .0044 .8203 .2378 

T2(0) .6919 .ll03 .3148 

T2(m) .6814 .8819 .3605 

Na1 .2715 .9779 .1613 

Na2 .2651 .9993 .1310 

The final atomic coordinates based on this three-dimensional 

refinement are given in Table 3. Except forNa, they do not differ from 

those calculated at the end ofStage I, nor do the final bond lengths and 

bond angles which are shown in Table 4. 
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Table 4. Interatomic distances and interbond angles of low albite 

calculated from the final three-dimensional parameters. 

Mean Oxygen -Oxygen distances. 

Tetrahedron 

T1(0) 

T1(m) 

T2(0) 

T2(m) 

Mean 0-0 distance 

2.844 A 
2.629 A 
2.636 A 
2.631 A 

Al/Si-O Distances. 

T1(0)-0A(1) 1.751 

l 
-On( O) 1.745 

-Oc(O) 1.730 

-On( O) 1.751 

1.744 A 

Tlm)-OA(1) 1.604 

l 
-On(m) 1.601 

-Oc(m) 1.623 

-On(m) 1.612 

1.610 A 

T2(0)-0A(2) 1.635 

l 
-On( O) 1.592 

-Oc(m) 1.614 

-On(m) 1.621 

1.616 A 

T2(m)-OA(2) 1.643 

l 
-On(m) 1.620 

-Oc(O) 1.585 

-On( O) 1.602 

1.613 A 

Mean Interbond Angles. 

O-T1(0)-0 

O-T1(m)-O 

O-T2(0)-0 

O-T2(m)-O 

T-0-T 

109°22' 

109°29' 

109°25' 

109°25' 

Accuracy and conclusions 

The standard deviations of coordinates have at this point only 

been roughly calculated, and for that reason are not given here. It is 

expected that they will show considerable improvement over those 

given in Ferguson, Traill and Taylor (195R) for the two-dimensional 



STlU)CTlJHE OF LOW ALBITE 157 

case. Interpretations of the results of this structural analysis of low 

albite will appear elsewhere after a more detailed study of the three­

dimensional difference map is completed. 
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