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OPTICAL AND X-RAY DBTERMINATIVE METHODS
FOR FLUORINE IN TOPAZ
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Pullman, W ashingr,on 99 1 6 3.

Alstn,c,cr

Microprobe analyses for fluorine in the suite of 14 natural topazes studied by Rosen-
berg (1967) Ied to the calcr.rlation of the following determinative curves:

Weight percent fluorine eq'als 3.91f 0.24 (2yr);892.5-gg.Z (b cell edge); 155.6_35.7
(A621), where Ao:r=2dxncr zoo-2flapou oer with cuj(a radiation. using refractive indices for
eight specimens, these poll'nomial regression equations were calculated:

Weight percent fluorine equals -14434+18091 (a)-5660 (a)r; -15373*lg2l2 (B)
-6007 (0),; -10247+12847 ("y)-4018 (i,.

fNrnotucrroN

In 1894 Penfield and Minor first demonstrated that the formula for
topaz is [Al(F, OH)]rSiOa and that differences in specific gravity, optical
properties, and axial ratios of topaz are related to the replacement of
fluorine by hydroxyl. ff Deer, Howie, and Zussman (1962) had used all
of Penfield and Minor's optic angle data to plot fluorine determinative
curves, they would have obtained essentially the one we present here (see
Fig. 1a).

However, they plotted optical properties and density for a variety of
analyzed specimens against the ratio oH/(oH+F). This was an unfor-
tunate choice of an independentvariable, both because of the propagation
of error in calculating this ratio and because oH and F analyses are
particularly difficult to make, as penfield and Minor (1g94) noted.
chaudhry and Howie (1970) also admit that the generar deficiency of Si
in their analyses " . . . probably may be attributed to negative error in
the determination of the (oHf F) group." Since there are mary topaz
analyses in the literature whose (F, oH) values are inconsistent with
various physical properties ol topaz (c/. Fig. 1a), we determined to clarify
the situation with a microprobe study of fourteen topazes characterized.
by Rosenberg (1967).

Rosenberg (1967) showed that the b and c cell dimensions (and vorume)
of topaz increase with increasing OH/(OHf F), and that b and. 2y,
show a strong negative correlation. Because precise optical and lattice
parameter measurements were available, this suite of specimens was
chosen for microprobe analysis. The fluorine analyses listed in Table 1
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Frc. 1. (a) Optic axial angIe2Y, plotted against weight percent fluorine for chemically
analyzed topazes. The line is taken from Figure 1b. The crosses represent data from Pen-
field and Minor (1894); the open circles, data tabulated by Deer et al., (1962, p. 146); the
square, data from Odman ( 1950) ; and the triangles, data from Chaudhry and Howie ( 1970) .

(b) Optic axial angle 2V, plotted against weight percent fluorine for thirteen topazes
analyzed with the microprobe. Siz,e of the data points represent estimated standard errors
of the measurements (see Table 1). 2V, from Rosenberg (1967).
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were standardized to the topaz Irom Thomas Range, Utah (sample 2,
20.4 weight percent F), and individual values are probably known to
within 3-4 percent of the amount of F present. This is about the same
Ievel of precision that Van Loon (1968) claims in determining the
amounts of fluorine present in mineral fluorides using a specific ion elec-
trode. The only other elements present in detectable amounts are Fe and
Cr, notably in samples 1,2, and 3 from cavities in rhyolites (Table 1).
These probably substitute for AI in octahedral coordination (Thyer,

Quick, and Holuj, 1967). Ca, Ti, V, Ni, and Co were not detected at the
0.01-{.02 weight percent level, and Mg was not detected at the 0.05
weight percent level (c/. El-Hinnawi and Hofmann, 1966).

With one exception microprobe analyses of Si proved to be within * 1
percent of the amount calculated (+0.15 weight percent) for stoichio-
metric Al2SiO4(F, OH)r. The exception is sample 14, the most F-poor
topaz in this suite, rn'hich is 0.3 to 0.5 weight percent Si-deficient. This
sample yielded the highest Al counts of all specimens analvzed, but they
were within the f 1 percent (*0.3 weight percent) variation observed
from sample to sample. Sample 14 may be a natural example of the
synthet ic  lopaz sol id  solut ion ser ies repor ted by Rosenberg (1969).
However, the extent of this solid solution is very small in this sample,
and it may be neglected as far as the determinative curves are concerned.

Dn,rrnlrrNauvE METHODS

2Y, and Refractiae Indices. The optic axial angle 2Y., can be measured
with ease on a universal stage or spindle stage (Wilcox and Izett, 1968).
Fortunately for our purposes, 2V" shows very high correlation with F
content (Fig. 1b; Table 2). The correlation coefficient is 0.988 and the
range of residuals (For,u-F"*r") is -0.42 to *0.34 weight percent F. Re-
fractive indices measured for eight topazes across the composition range
also produce useful second order polynomial determinative curves (Fig.
2; Table 2). These curves were fitted by least-squares methods to a, B,
and 7, but they do not exactly predict the 2V"u" values measured on the
same specimens and thus they probably should not be extrapolated far
beyond the range shown. This is not surprising since an error of only
0.001 in (l-") or (yfp) produces errors of up to 8o in 2V"ur".

Lattice parameters.In the topaz structure recently described by Ladell
(1965) and Ribbe and Gibbs (l97la), the 6 cell-edge is normal to the
close-packed anion layers of alternating (F, OH)rO1 and O- Composition.
Figure 3a shows that b increases with increasing substitution of OH for F.
The reason for this is that two-coordinated OH is -0.04 A larger in
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Tab le  2 .  Equat lons  fo r  leas t -squares  regress ion  l lnes .  Es t lna ted  s tandard

devlations for the intercePt and regresslon coefficlent are glven ln

brackets .

Range of
res ldua ls

- . 4 2  t o  + , 3 4

Correlation
coef f i c len t

0 . 9 8 8w t ,  Z  F

w t . Z F

w t .  Z  F

w t .  z  F

3 . 9 1  +

1 0 .  2 5 1

r ) ) . o
t 0 . 4 1

892.5

t 0 . 4 1

4 0 f .  f

t 0 . 8 l

0.24(2v.)

t 0 . 0 r l

3 5 . 7 ( A e 2 1 )
t 2 . 7 1

99  . 2  ( b )

t 7 . e l

I . 3 (Volme)

t 0 . 2 1

- . 37  t o  + .51  -0 .97L

- . 5 1  t o  + , 5 0 -0.967

- , 84  ro  + ,57  -0 ' 881

Polynmial regression equations for refractlve l-ndex
determinatlve curves.

wE. ' t r  E = -14434 + 18091(nq) -5650(no)2

wE. 7" F = -L5373 + 19232(nB) -0007(nu)2

wt.  Z F = -LO247 + 12847(nv) -4018(n,) '
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Weighi % Fluorine

Frc. 2. Refractive indices, nD, plotted against fluorine content oI eight specimens

(see Table 1). Estimated precision of a, B, and z is +0.001. The polynomial regression

eouations are listed in Table 2.
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Frc. 3. (a) Variation of the b cell parameter and (b) unit-cell volume of topaz with
fluorine content. Data from this paper (Tabte 1) and Rosenberg (1967) are represented by
crosses whose sizes are indicative of the estimated standard errors of the measurements.
The triangles represent data from Chaudhry and Howie (1970). Equations for the regres-
sion lines are listed in Table 2.
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radius than two-coordinated F.1 The equation for the least-squares re-

gression line relating 6 to weight percent F is given in Table 2' The a cell

edge (space group setting Pmnb) varies by only 0.006 A (Rosenberg,

1967) and shows nearly zero correlation with F content; the c cell edge

as. F has a correlation coefficient of only -0.551. Thus, considering the
propagation of errors, unit-cell colume is a poor estimator of F (Fig. 3b;

Table 2) .

Aozr = 2dxucr ,oo- 2lroouu ozr. Another parameter for fluorine determination

can be measured easily on powder diffraction patterns to topaz with

reagent grade NaCl as an internal standard (see Rosenberg, 1969). Using

CuK" radiation, scan the 2d range 26.5o-32.5" at a suitablY slow speed and

measure to the nearest 0.001' the separation of the topaz 021 peak 27 .9"

and the NaCl 200 peak near 31.7o to obtain Aozr. Use the graph (Fig.  )
or the regression equation (Table 2) to calculate the F content. Our data

showed a maximum deviation in Aozr of 0.005' from the average of four

measurements made on each of fourteen specimens. The regression anal-
ysis indicates that F can be predicted within 0.5 weight percent'

Eaaluation. Specimen 5 (Table 1) was not analyzed by microprobe meth-

ods, but the three determinative methods discussed above predict the
following fluorine contents: 2V.y, t9.3 weight percent; Aozr, 19.4 weight
percent b, t9.2 weight percent. It is obvious from Figure 1a that the F

contents determined using 2V., for Penfield and Minor (1894) and

Odman's (1950) topazes agree very well with their chemical analyses.

Ifowever, this is not true of the specimens examined by Chaudhry and

Howie (1970). Except for specimen M6, the predicted F contents differ

significantly from their analytical values (see Table 3 and compare Figs.

!a, 3a, and 3b). Thus it is our opinion that their determinative curves are

incorrect and should not be used.
The reported optical properties of their topazes and three others

(Kempe, 1967;Table 3) yield F contents that are consistent within 0.5

weight percent. Since the errors in refractive index and 2Vt measure-
ments are Iikely to be small, it is probably best to rely on these for F

values predicted using the D cell edge and As21 as calculated from reported
determination. By contrast there are rather obvious inconsistencies in F

l This value was obtained from a comparison of the volumes of the essentially pure F

end-member (specimen 1) and the most OH-rich specimen 14, which has the approximate

formula AIzSiOrFr.;OHo.;. Assuming that /0III: 1.36 A and r rII: 1.285 A lShannon and

Prewitt, 1969), the radius of OHrr mustbe 1.325A iJ the difference in volume is due en-

tirely to F:OH substitution. Using bondlength differences in F and OH amphiboles, it

can be shown that OHrrr is Iikewise -0.04 A larger than FrrI (see Ribbe and Gibbs, 1971b)'
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3.ed

3.99"

3.g60

3 940

3.920

3.9o"

3.79o
t3 t4 t5 t6 t7 t8 t9 20

Weight % Fluorine
Frc.4.  A02r=zdNoctzoo-20l .pauo21 asafunct ionof  f luor inecontent .DatafromTablel .

Maximum error in measurenent of Ao4 is 0.005". The equation of the regression line is in
Table 2.

values of 6 and c. These indicate errors in lattice parameters which may
have arisen from misindexing or the failure to use internal standards.
[Kempe (personal communication) has recently confirmed that his cel]
edges were in error.]

Saito and Ushio (1968) report cell dimensions and refractive indices for
synthetic topazes of composition AlzSiO+F,(OH)2_,, where 2)o)0.8.
These data are totally inconsistent with both natural topazes (this study)
and with synthetic topaz solid solutions (Rosenberg, 1969, and unpub-
Iished data).

CoNcr,usroN

Since most natural topazes are apparently free from chemical impuri-
ties which significantly effect optical properties or lattice parameters, it is
felt that any of the methods presented here can be used successfully in
determining F content. However, difficulties may arise if extensive solid
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solutions of the type AI3++(F, OH)t-35f+*O2- described by Rosen-
berg (1969) are found to exist in nature.
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