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ISOMORPHOUS SUBSTITUTION IN NATURAL
AND SYNTHETIC ALUNITE!

RavymonD L. PARKER, U. S. Geological Survey, Denver, Colo.

ABSTRACT

Seven synthetic alunites prepared at 100° C. differ from natural alunites in having
slightly smaller unit cells at the potassium end of the alunite-natroalunite system and in
containing lower percentages of alkalies and alumina and a higher percentage of water than
natural alunite. These differences are attributed to the partial substitution of H;O" for
K+and Na*in the synthetic alunite structure. Heating of these synthetic alunites at 300° C.
to eliminate the H;O" gives synthetic alunites with cell dimensions nearly the same as
those of natural alunite of corresponding composition. Both heat-treated and untreated
synthetics form isomorphous series that conform to Vegard’s law.

Plots of unit cell dimensions vs. composition for nineteen natural alunite samples out-
line a flat, reverse S-shaped curve for the alunite-natroalunite isomorphous series which
deviates slightly from the straight-line curve outline by the heat-treated synthetic alunites.

INTRODUCTION

This paper is primarily concerned with the isomorphous substitution
of K*, Na*, and Hs0% in synthetic and naturally occurring members of
the alunite-natroalunite series, (K,Na)Al3(SO4)2(OH)s. Conclusions on
substitution are based on x-ray data derived from chemically analyzed
alunite samples and from synthetic alunite prepared by the writer. When
the work was begun, naturally occurring alunite in the mid-range of the
alunite-natroalunite series was not available for study, so an attempt was
made to bridge that gap with specially prepared synthetic specimens.
These synthetic alunites, however, were found to form a separate series,
and to differ sufficiently from the natural mineral to preclude their use
in defining relations in the natural mineral. Recently samples in the
mid-range of the natural series were acquired, and synthetic specimens
that have unit cell dimensions nearly the same as natural alunites were
produced by heating the previously studied synthetic alunites to 300° C.

SYNTHETIC ALUNITE SERIES

Alunite synthesis was patterned after that of Leonard (1927). Reagent
grade K,S50, and Na,SO, were combined in different proportions and
added to 3% to 4 times as much Al,(SO4)s- 18H,0. The salts were then
dissolved in 150 to 200 ml. of distilled water and boiled 2 to 4 days at
atmospheric pressure. A reflux condenser was connected to the contain-
ing flask in order to maintain the boiling solution at a constant level.
The precipitated synthetic alunite was washed and separated by centri-
fuging and decanting.

! Publication authorized by the Director, U. S. Geological Survey.
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TABLE 1. DATA ON THE SYNTHESIS OF ALUNITE

AL(SOy)s . Calculated

Sample K50, Na.50, 18 H,O H.0 Time K Nat
s-1 1.000g  0.000g  4.000g 150ml 2days 100% 0%
S-2 .700 .400 4.000 150 2 58 42
S-3 .600 .490 4.000 150 2 50 50
S-4 .500 .700 4.000 150 2 37 63
S-5 .200 1.000 4.000 150 23 14 86
S-6 .150 1.500 6.000 200 4 7 93
S-7 0.000 1.500 6.000 200 4 0 100

1 Computed relative atomic percentages of potassium and sodium in solution.

The pH of the sulfate solution prior to the precipitation of alunite was
3.0-3.5, but after complete precipitation, the pH had dropped to 1.5 to 2.

Data on the synthesis are summarized in Table 1, and chemical anal-
yses of the synthetic alunite specimens are given in Table 2. A com-
parison of the relative atomic percentages of potassium and sodium cal-
culated from the proportion of ingredients used in the alunite syntheses,
and these percentages computed from the chemical analyses of the syn-
thetic alunite precipitates, shows that potassium is preferentially taken
into the lattice over sodium during crystallization of the alunite products
(see Fig. 1). All the specimens intermediate in composition between the
potassium and sodium end members crystallized richer in potassium, and
both potassium and sodium end members crystallized with minor
amounts of sodium and potassium, respectively, even though only one
alkali was introduced into the solution in either synthesis. Presumably
sodium and potassium contaminants in the end members came from the
apparatus. Similarly, the specimens of intermediate composition may
have been slightly contaminated.

NATURAL ALUNITE

Alunite samples from Marysvale, Utah, Summitville, Colorado, and
Comerio, Puerto Rico, are used to represent a wide range in composition
of potassium- and sodium-bearing alunites. Chemical analyses of these
are given in Table 3. All except the natroalunite end member (Table 3,
no. 19) were studied by the author; data on the natroalunite end member
are from the literature (Moss, 1958).

Though some specimens contain admixtures of quartz, kaolinite and
halloysite, hematite, and possibly gibbsite, the presence of these minerals
neither interferes with x-ray analysis of the alunite fraction nor prevents
computation of the alunite from the chemical analyses. The relative pro-
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SOLUTION

Atomic percent K
80 60 40 20

LIS N O R S L N AN N O N NN O A N LA A N LA O I

20

Atomic percent Na

Atomic percent K

80 60 40 20
TR U T W R0 S 00 O O 1 T Y O OO A FUSRT TR 0 TN VN O (N Y T O T T Y T O | | I I O O B |
20 40 60 80

Atomic percent Na
SYNTHETIC ALUNITE

Fie. 1. Relative atomic percentages of potassium and sodium in synthetic
alunite and in solution prior to the precipitation of alunite.

portions of potassium and sodium as determined from the chemical anal-
yses provide a basis for comparing unit cell dimensions of the different
specimens and for establishing the nature of the alunite-natroalunite
isomorphous series.

X-Ray Dara

All samples were examined with a Norelco x-ray diffractometer set to
traverse at the rate of one-fourth degree (26) per minute. Using a chart
speed of 15 inches per hour, diffraction patterns were produced with a
scale of one inch equal to one degree (20) which can be conveniently
measured to within 0.01° (26). The instrument was standardized using
silicon powder furnished by the manufacturer, and the observed inter-
planar spacings agreed within 0.01° (28) of the standard values. The
deviation from standard values is nearly the same as the error of meas-
urement at the above-mentioned instrument settings and hence is due
mostly to the measuring error. Copper radiation was used exclusively.
Computations are based on CuKa radiation (A=1.5418 A) for reflec-
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ISOMORPHOUS SUBSTITUTION IN ALUNITE 133

tions with 26 less than 36° and CuKa; radiation (A=1.54050 A) for
reflections with 20 greater than 36°.

The previous work of Pabst (1947) gives indices for diffraction lines
in the alunite diffraction pattern so that it is possible to correlate alunite
lines with those of the synthetic mineral. Using the (0006) and (2240)
reflections so assigned to the synthetic alunite patterns, the unit cell
dimensions, ¢ and ¢ have been computed (ea=4d2210; ¢=06dooss), and the
validity of the indexing for synthetic alunite has been established by com-
paring the calculated sin% value with the observed sin?f value (see Table
4) for each line of the diffraction patterns as determined by the equation
(Henry, Lipson, and Wooster, 1951, p. 178):

2 A2
- (2 4 bk + 1% + — I

3a? 4¢?

-
Slnhkle =

Natural alunite and natroalunite also have been indexed in this manner
in order to confirm the assignment of indices to diffraction lines that are
present in the diffractometer patterns but which are not given in the
powder diffraction data of Pabst (1947).

The lattice constants a and ¢, for natural alunite specimens are given
in Table 3 and those for synthetic specimens are given in Table 2. The
same data are plotted in Fig. 2 as curves showing the relation between
the unit cell dimensions and the relative atomic percentage of sodium and
potassium in the specimens.

INTERPRETATION AND CONCLUSIONS

Synthetic and natural alunites of this study form an isomorphous
series between their sodium and potassium end members as shown by
contraction of the unit cell with substitution of Na+ (0.95 A, Pauling,
1960, p. 514) for the larger K+ (1.33 A) in the crystal structure. Slight
differences in chemical composition and unit cell dimensions between
synthetic and natural alunite are ascribed to the substitution of H;O*
(hydronium ion) for Nat and K+ in the synthetic alunite structure.

The chemical composition of the synthetic alunite specimens differs
from the theoretical composition of alunite in the slight deficiency of total
alkalies and alumina and in the excess of water. The excess water is too
great to be ascribed to slight analytical errors or minor compositional ir-
regularities. A small part of this excess probably represents absorbed
water and any impurities (possibly a little H,SO,) which are totaled
with combined water when the water content of the samples is obtained
by subtracting the total alkalies, alumina and sulfur trioxide from 100
per cent. Most of the excess water, however, is attributed to the replace-
ment of K+ and Nat by H;O% in the synthetic alunite. Recalculations of
the analyses into KAl3(SO4)3(0OH)s, NaAl;(SO4)(OH)s, and (H;O0)Als-



134 RAYMOND L. PARKER

[
7.20A_;|||||r1||||r|||||11||||||||1||t11|||rl1|l||||[1|_
710 | -
a - 3]
700 P-0O—~—0——--O— A
L PacPe 0 o0g o ° S q
6.90 |- =
o
- ~17.40 A
:b,_lga"—.\ -1 -30
= @'e_l ..
- 4 .20
2 ]
i e~ - .10
N I o
5 Ji7.00
3 3 90
- 4 .80
- i .70
- Atomic percent K -
- 80 60 40 20 e
Li L1 11111 Ll L 1l 11111 |||l|]|i!|]l|]lll|| L 44 1 111
20 40 60 80 '6.60

Atomic percent Na
@ Natural alunite .

O Synthetic alunite @ Synthetic alunite heated I hour at 300°C

F16. 2. Variation of the unit cell dimensions, @ and ¢, with changes in the relative atomic
percentages of potassium and sodium in synthetic and natural alunites.

(SO4)2(OH)s indicate that about 15 per cent of the latter compound is
present in each synthetic sample.

Isomorphous substitution of H;O* for K+ and NH,* in analogous syn-
thetic compounds in the jarosite group of minerals (iron-bearing ana-
logues of the alunite series) has been demonstrated by Shishkin (1951).
These jarosites were produced in sulfate solutions of low pH at tempera-
tures ranging from 100-170° C., conditions which are similar to those of
the alunite synthesized by the writer. A similar synthetic compound was
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shown by Hendricks (1937) to have the jarosite crystal structure, though
he interpreted the isomorphous substitution as H,O molecules substitut-
ing for K* with the balance of charge preserved by the simultaneous re-
placement of OH~ by H,O0.

The values of @ of the synthetic alunite samples are only slightly larger
than those of natural alunite and natroalunite. The value of ¢ of synthetic
potassium alunite is 0.20 A smaller than the corresponding natural alu-
nite, but the value for synthetic sodium alunite and natural natroalunite
is nearly the same (see Table 3 and Fig. 2). The smaller ¢ of the synthetic
alunite can be explained by the partial substitution of HzOt for K+ if the
effective radius of H;O" is considered smaller than that of K+ and close to
that of Na*. Richards and Smith (1951) report a radius of 0.99 A for
H;30% in acid monohydrates (HNO;-H,0 or H;ONO;).

Brophy (personal comm.) heated synthetic alunite similar to that of
this study from 120° to 300° C. and found that the excess water was
driven off and the unit cell dimensions approached the values of natural
alunite. Accordingly, the seven synthetic specimens of this study were
heated to 300° C. for 1 hour, and after cooling, their cell dimensions were
measured. All the cell dimensions of the heat-treated specimens were in
the range of values for natural alunite of corresponding potassium-
sodium content. The least change in unit cell size on loss of water was
shown by the sodium end member, as would be expected if the expelled
H;0™" has nearly the same ionic radius as Na+.

The plot of @ and ¢ of the synthetic alunites against their relative
atomic percentages of potassium and sodium indicates the nature of the
isomorphous series. The a dimension is nearly constant both in the un-
treated specimens (about 7.01 A) and in the heat-treated specimens
(about 6.98 A), the value for the heat-treated specimens being about the
same as that for natural alunites. The ¢ dimension, however, shows a
marked linear shrinkage of the unit cell with increasing content of sodium
for both untreated and heat treated series. (See Fig. 2.) Such relation-
ships satisfy Vegard’s law, which requires that unit cell dimensions vary
linearly with change in composition, expressed in atomic per cent.

Nineteen specimens indicate the nature of isomorphous substitution in
naturally occurring alunites. Substitution of Nat for K+ occurs over the
entire alunite-natroalunite system although the resulting contraction of
the unit cell is not exactly a linear function. The plotted positions of
specimens in Fig. 2 outlines a shallow reverse S-shaped curve that
deviates slightly from the straight line defined by Vegard’s law. The po-
tassium-rich part of the system shows positive deviation from Vegard’s
law and the sodium-rich part shows negative deviation.

The synthetic specimens that were heated to 100° C. define a straight
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line which is also the line defined by Vegard’s law for the natural alunites.

Two samples from the Al Kee Mee deposit, Marysvale, Utah, with
bulk compositions KssNaqs and KesNags (not shown in Table 3 or Fig. 2),
on the basis of x-ray diffraction prove to be mixtures of alunite and natro-
alunite end members. No distinction of the two minerals has been pos-
sible by optical means because the minerals are so finely mixed that they
appear homogeneous under the microscope. Possibly these mixtures rep-
resent unmixed phases from originally unstable homogeneous alunite, but
at present there are insufficient data to prove the existence of such a re-
gion of instability in the alunite-natroalunite system.
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