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Abstract

Seven ordered alkali feldspars in the series (K,Rb)AlSi3Os have been synthesized by ion-
exchange techniques. Microcline was prepared from a natural low albite by ion exchange.
Nearly pure RbAlSirOs was prepared from this microcline by ion exchange in fused RbCl.
Intermediate compositions were prepared by homogenizing mechanical mixtures of micro-
cline and RbAlsi3o8. The cell parameters measured at room temperature show that a, c, v, p,
and 7 increase nearly linearly with Rb-substitution, a decreases and D remains constant.

Plots of lattice parameters against mean ionic radii in the ordered Na-K and K-Rb alkali
feldspar series show discontinuities near compositions corresponding to Koo_.rNa-_55, eird to
K,-. The first discontinuity occurs at near the same composition as the triclinic,/monoclinic
transition in disordered Na-K feldspars at room temperature. The second discontinuity oc-
curs at a composition close to that of pure microcline and is probably related to an as yet un-
determined type of phase transition at room temperature, recently described for microcline
by Openshaw et al. (1979a).

Introduction
The discovery of a new type of phase transition in

microcline near room temperature (Openshaw el a/.,
1979a, b; Wyncke et al., in preparation) led us to ex-
amine the variation of the feldspar structures in re-
sponse to variation in temperature, pressure, and
composition (Brown et al., in preparation). No data
were previously available in the literature on the ef-
fect of substitution of various amounts of Rb for K in
microclins; this study fills the gap and helps in un-
derstanding the microcline phase transition.

Previous workers have studied the variation of cell
parameters with composition in alkali feldspar series.
Series have been prepared both by ion-exchange
from natural end-members and by hydrothermal
synthesis. The synthetic series analbite-sanidine was
first studied by Donnay and Donnay (1952). Smith
0ffi3 -o/J4.){. / 80 /050@58$02.00

(1956) noted a small systematic error in their data,
and all parameters for this series were recalculated
(Wright and Stewart, 1968). Orville (t967) and Luth
and Querol-Sufle (1970) also obtained cell parame-
ters for synthetic analbite-sanidine series.

The ion-exchange series low albite-microcline was
studied by Orville (1967), using Hugo microcline.
Wright and Stewart (1968) prepared an ion-exchange
series from natural orthoclase P50-56F. and Wald-
baum and Robie (197l) studied the low-albite to mi-
crocline ion-exchange series, starting with Amelia al-
bite. The series of Waldbaum and Robie (1971) was
re-investigated by Hovis and Peckins (1978) to re-
solve diferences between the results of Waldbaum
and Robie and those of Orville (t967). The dis-
ordered series analbite-sanidine was prepared by
ion-exchange (Hovis, 1977) from heat-treated Amelia
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low albite, for comparison with synthetic analbite-
sanidine series.

In the system KAlSi3Os-RbAlSi3O8, the disordered
series sanidine-RbAlSirO, was prepared by Ghdlis
and Gasperin (1970) by hydrothermal synthesis. The
ordered end-member RbAlSi3Os, reported by Weitz
and Viswanathan (1971), was prepared by ion-ex-
change from a low albite. A full ion-exchange series
between microcline and ordered RbAlSirO. has not
previously been reported.

This work concerns the preparation of the ordered
series microcline-RbAlSirO, by ion-exchange from
Amelia low albite. Cell parameters were obtained for
the series members by refinement of data from high
resolution X-ray powder diffraction measurements.

Experimental

The starting material for the ion-exchange series
was albite from the Rutherford Mine. Amelia
County, Virginia, kindly provided by Professor G. L.
Hovis (Lafayette College, Pennsylvania). An analysis
of a similar sample may be found in Waldbaum and
Robie (1971, p. 387).

Clean, clear fragments were selected and crushed
to 170 mesh (0.090 mm). This low albite was ion-ex-
changed with fused KCI following the method of
Waldbaum and Robie (1971) to give a microcline for
which the synthesis details, major-element analysis,
and cell parameters appear in Tables I to 3. No re-
sidual albite peaks were observed in the X-ray dif-
fraction pattern, which was checked against the cal-

culated pattern for microcline (Borg and Smith,
1969). The cell parameters calculated from the dif-
fractogram agree with the preferred values for micro-
cline listed in Smith (1974,p.258). The composition
determined by XRF was KnronNarr,. (Note on no-
menclature: for the sake of brevity, Rb is used for or-
dered RbAlSirO., K for microcline, and Na for low
albite. Thus for example, Rbe276Kr87Na,.r, refers to a
feldspar of composition: RbAlSirO'.92.76 mole per-
cent; microcline KAlSirO, 5.87 mole percent; albite
NaAlSirO, 1.37 mole percent).

This ion-exchanged sample was taken to be maxi-
mum microcline and was used as a starting point in
the synthesis of the K-Rb exchange series. A sample
Rb.nrrK2rroN&,.n by analysis was obtained by ion-ex-
change between microcline and fused RbCl at 800oC

[Exchange B, Table l(a)]. This was used to prepare
the intermediate series members Rb,rnrK..roN&rrr,
Rbr,  

" ,  
Rbun , ,N&, , . ,  Rbo, ,uKr" ,rN&, or,  and

Rbrrs2trlor.rrNo,sr. A further run involving multiple
exchanges of microcline in molten RbCl [Exchange
C, Table l(a)l iielded a product Rb,r'uK,r'Na',,,
which was the most rubidium-rich phase obtained.

A previous synthesis of ordered RbAlSi3Os was re-
ported by Weitz and Viswanathan (1971), who used
albite as a direct starting material. A repeat of this
synthesis was attempted, but little or no exchange
was observed between albite and RbCl. The cell pa-
rameters obtained by Weitz and Viswanathan (1971)
agree closely with those obtained for our most rubid-
ium-rich composition.

Table l. Synthesis history of samples

(a) Ion-exchange experiments (b) Homogenization experiments

Exchange

Mix ture

Durat ion Tenperature
of tun

Renarks and
f inal  product

S amp le
number

Duration Tenperature fotal tine

of run

Average

cemperaEule

A J c  3 . 0 7 q  2 4 h O O

K C 1  3 I . 7 2 q

M i  I . 4 0 9  1 7 h 4 0

R b C I  2 5 . 0 0 q  6 5 h 0 0

1.,1i  0.69q 21h45

R b C I  2 5 . 0 0 9  1 9 h 0 0
t9ho0
69hOO

8 5 0 + 1 0 " C  K ^ -  , ^ N a ^  ,  , :  s e e

T a b l e  2  f o r  a n a l y s i s

8 0 0 + 1 0 0 c  R b - ^  _ - K ^ ^  - , N a-  b q .  |  /  2 a . \ 4  I . 6 9
8 0 0 + I 0 o C  a n a l y s i s - T a b l e  2 .

lvo exchanges; one
with 15 9 RbCl;  one
with 10 g fresh RbC1.

8 0 0 + 1 0 " C  R b ^ -  - - K -  ^ - N a ,  . - :

8 0 0 + l 0 o C  a n a l y s i s - T a b l e 2 .
8 0 0 + l 0 o C  F o u r e x c h a n g e s :
8 0 0 + 1 0 o C  t h r e e  w i t h  5 q  R b C l ;

one with l0g RbCl.

2 a n d 3
1 4 h 3 0
16h05

6 r h 5 0

1 7 h 3 0
2 3 h 1 0
66h4s
18h45
1 8 h 1 5
19h45
85h00

6 h 4 5
19h00
1 9 h 3 0
18h00
69h00
2 4 h O O

18h50
6 5 h 3 0

93 5+10 'C
1050+10 'c
1000+r0 'c
1000+10 "c

950+r0"c
950+I0  0c

950+100c
950+10 "C
950+ 10 0C

950+I0  0c

950+10 "C

t ' l4h20 1000+650c

249hIO 950+r00C

Note: the products of ekchanges A and B were used to prepare
the cohposit ion ser ies (see Table 2) .  The most rubidic pro-
duct (exchange C) was synthesised later.

800+10 0c

850+IO oC

850+10 0c

950+r0 'c
850+r0 .c
950+10 'C
850+10 "c
950+10"c

4 a n d 5

2401135 875+85"C
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sio2

o12o3

Na2O

"2o
&zo

CaO

Mgo

Fe^O-

MnO

Tio2

Sum

5 4 .  L 6

I 7 . 9 6

o . 1 2

0 . 7 8

2 4 . 4 A

o . 2 0

o .  0 8

0 .  2 8

o .  o 8 0

9 8 . 1 4

Table 2. Chemical analyses of ion-exchange products and
compositions of series members

(a) fon-exchange products

Oxide tJeight percent oxide

Exchange A Exchange B Exchange C

for longer periods. These peaks persisted un-
changed in a sample (Rbrr.r&r.rrNa,.r) which was
back-exchanged to microcline. This suggests the
appearance of a non-feldspathic Rb-rich phase, or
one which is alkali-deficient. This may occur yr.r
breakdown of the RbAlSirO* during the prolonged
heating at the high temperature necessary for ho-
mogenization. By visual estimation from the dif-
fraction pattern intensities, this impurity forms a
maximum of 5Vo of the total sample in the runs
most affected due to their high Rb content and
length of heating time, i.e., Rb;,ruKru,rNaro, and
Rbrr rrllr..Na,.r. This should not drastically afect
the trends under study.

X-ray measurements

Both high-resolution and routine X-ray powder
difraction patterns were run on a Siemens difrac-
tometer at the University of Nancy I, France. Radia-
tion used was CoKa (Ka, : 1.78892, Kar: 1.79278,
Ka : 1.79021A). For high-resolution runs, a chart
speed of 600 mm/hour with motor speed of l/4"/
min was used. Forward and reverse scans were car-
ried out for positive and negative angles over a range
of200 to 56" 20.

Peaks were assigned by first indexing the micro-
cline pattern by comparison with the calculated pat-
tern of Borg and Smith (1969), then following the
peaks through to more rubidium-rich compositions.
Ambiguous RbAlSi3O8 peaks were indexed by first
calculating the cell parameters using known peaks,
then recalculating peak positions for that phase, fol-
lowed by a further calculation of cell parameters us-
ing all possible peaks. Peak positions were measured
by taking an average of three half-width points be-
tween l/2 and3/4 peak height. Consistent with this,
the wavelength value used was the weighted CoKc
ayera5e (I : 1.79021A;. for each sample, the inter-
nal standard was semiconductor-grade Si with a cell
edge a : 5.430873A at2l"C (Hubbard et al.,1975).
The data were reduced by least-squares refinement
program LCLSQ (Burnham, 1962). The peaks used in
each refinement are given in Table 3 along with the
lattice parameters obtained. The parameters ob-
tained after back-exchanging sample number 5
[Table 2(b)] in tused KCI did not differ significantly
from those of microcline, sample number l.

Results and discussion

In Figure l, the cell parameters are plotted us.
mole percent RbAlSi3Os (ignoring the albite present),
while the variation of these cell parameters with

6 2 , 8 3  5 6 , 7 6

19.16  L- l  .96

o . 2 a  0 . 1 5

1 6 . 5 4  3 . 8 5

-  1 8 . 6 8

0 .  t 9  0 . 1 4

o . L 1  0 . 3 1

o . 2 4  0 . 4 2

-  o . o 2

0 . 0 0 6  0 .  o t 6

9 9 .  4 L  9 8 .  3 . 1

(b) Conposition series

sample nunber Composition

t  so.  ooK97. 49"u2,  51
2 st :  

.  g5K83 .  7oN"2.  35
3 tuzz.  g1K69.91"u2.  18
n  *n r . r 6Ks6 .  

r 2N"2 .o2
5 &ss 

.  ez*42 .  3 3Nur.  e5
u su,  .  ,7*28.  54ntr .  69
7 tugz 

.16*5.  8?*-r .  3z

Remarks

Microcline, exchange A

From exchange B

From exchange C

Two major problems were encountered during the
syntheses:

(a) Homogenization: The homogenization process
between potassic and rubidic phases required con-
siderable time (more than 200 hours at 950oC on
average), with removal from the furnace and
grinding at approximately 24-hour intervals. In-
homogeneity was recognized by doubling of vari-
ous X-ray peaks (e.g. 2O1,220y, which coalesce as
homogenization proceeds. We note that this is not
a sufficient test for complete homogeneity, a more
sensitive method being scanning of the sample us-
ing a microbeam technique (Waldbaum and
Robie, 1971). The X-ray peaks observed to coa-
lesce were sharp, and smooth trends in cell param-
eters were in general noted, hence it was assumed
that the compositional error due to inhomogeneity
was small relative to other errors. During the ho-
mogenization prooess, a second problem became
apparent.
(b) Breakdown: As horrogenization proceeded,
anomalous peaks appeared in the X-ray patterns,
especially for more rubidic compositions heated



McMILLAN ET AL.: K-Rb ALKALI FELDSPAR

Table 3. Unit-cell parameters for members of the composition series

Sample Mole I

number RbAlSi3Og

mean catf ,on

radius (nn) (  nm)
b

( m )
c

(  n n )

0

( " )
B

( ' )
Va

(nfr)
Y
( " )

0 .  0 0

1 3 . 9 5

2 ' 7 . 9 r

41 .  86

5 5 .  8 2

6 9 . 7 7

92 .16

o . 1 6 8 2

o .  1694

0 . 1 7 0 6

o .  t 7  L7

o.  L729

o . r 7 4 L

0 .  1760

o. '?220I
0 . 0 0 0 1 4

o.1 22l-6
0 . 0 0 0 3 2

o . 7  2 3 2 4
o . o o o 2 7

o -72361
0 .  o0010

o . 7  2 4 2 6
0 .00030

o  - 7 2 4 7  6
0 .  00026

o .7255A
0 . 0 0 0 2 3

0 . 8 5 8 7 1  I . 2 9 6 6 9
. 0 0 0 2 3 *  o . 0 0 0 2 6

0 .8620 r  L .29640
0 . 0 0 0 3 9  0 . 0 0 0 4 I

o .86632  L .29679
0 . 0 0 0 3 4  0 . o o o 2 7

0 . 8 7 1 3 8  t . 2 9 7 2 2
0 . 0 0 0 1 8  0 . 0 0 0 1 4

0 . 8 7 5 8 5  L . 2 9 6 - t L
o . 0 0 0 3 0  0 . 0 0 0 2 9

o .88003  L .29565
0 . 0 0 0 2 3  0 . o o o 2 2

0 .88431  L .29607
0 . 0 0 0 2 0  0 . 0 0 0 2 0

90 .646  LL5 .929  87 .643  0 .7223A
0 . 0 3 8  0 . 0 1 0  0 . 0 2 8  . o o o 2 7

90 .  593  l l 5 .  970  A7  . 772  0 .72496
o . o 2 7  0 . o 2 2  0 . 0 3 0  0 . 0 0 0 6 r

90 .620  r15 .980  A7 .795  0 .72945
0 . 0 1 8  0 . 0 1 9  0 . o 2 0  0 . 0 0 0 5 9

9 0 . 5 5 8  I 1 6 . 0 3 7  A 1 . A 7 3  0 - 7 3 4 4 0
o . 0 0 8  0 . 0 I 0  0 . o 0 8  0 . 0 0 0 3 0

90 .  556  116 .078  A7  . 934  0 .73432
0 . 0 1 1  0 . o 2 0  0 . 0 I 4  0 . 0 0 0 5 3

90 .517  116 .101  88 .003  0 .74163
0 . 0 1 0  0 . 0 r 8  0 . 0 1 3  0 . 0 0 0 4 8

9 0 . 5 3 4  r 1 6 .  r 9 9  8 8 . 0 r 0  0 . 7 4 5 7 0
o . o 0 9  0 . 0 1 3  0 - o r 2  0 . 0 0 0 3 9

* Uncertainties as defined by BURNHAM (1962) ( N o t e :  1 m = I o A )

Sample number Peaks used in refinements Total number of data points

I

2

3

4

5

6

7

2 0 r r  1 t r ,

o 2 l , 2 o I ,

o 2 L , 2 O I ,

o 2 l , 2 o l ,

o 2 l , 2 o L ,

o 2 l , 2 o I ,

o 2 I , 2 0 t ,

1 l l , 1 3 0 ,

1 1 1 ,  t 1 l ,

1 r l , 1 3 0 ,

130 ,  1To ,

1 3 0 ,  1 3 o ,

2 0 o , 1 3 0 ,

1 3 0 ,  r 3 0 ,

r 3 0 , 1 1 2 ,

1 3 0 , 1 3 0 ,

1 3 0 , 1 3 1 ,

L 3 L ,  2 2 I ,

2 2 O ,  l 3 I ,

1 3 0 ,  1 3 1 ,

I 3 1 .  r 3 1 ,

22O,  2O2 ,  L3 I ,

L 3 r , 2 2 O , 2 O 2 ,

22o ,  i o2 ,  L3L ,

r3 r t  22O ,  t 3L ,

L3L ,  L32 ,  L32

I 3 I , 2 2 O ,  I 3 L l

22O,  L3 r ,  L3L ,

IL2

1 3 r ,  r 3 2

t32

r 3 r ,  r 3 2 ,

l 3 l , 1 3 2 ,

Bt, i32

L32

40

44

39

4A

36

4B

44

132

mean cation radius is shown in Figure 2. The values
for the cation radii used were Na+ : 1.38, K* : 1.69,
Rb*: 1.774, as suggested by Shannon (1976) for 9-
coordination in oxides. Na* is too small to be in 9-
coordination in feldspars (e.9. Megaw, 1974, p. 16);
this is assumed here as an approximation to the aver-
age coordination of the Na* sites.

The use of a plot of cell parameters ys. mean cation
radius (e.9. Fig. 2) gives a simple two-dimensional
diagram which can be used to compare several ion-
exchange series, and to take account of small
amounts of impurity cations.

From Figure l, the cell volume is seen to increase
linearly with substitution of the larger cation Rb*. A
similar increase is seen in the cell edges a and c, with
a increasing much faster than c, while D remains con-
stant. The angle c decreases slightly from 90.65 to
90.53o, while B and y increase from I15.93 to I16.20o
and 87.64 to 88.01' respectively. Note that c and 7
tend toward 90o, and that RbAlSirO, is dimension-
ally only slightly triclinic due to its AllSi order. This

is consistent with Megaw (1974,p.16-17), who pro-
posed that the framework geometry is controlled
mainly by the relative attitude of tetrahedra within
the crankshaft four-rings, and that tetrahedral site
occupancy has only a second-order effect on the sym-
metry.

The results of the microcline-RbAlSirO. series
alone are not surprising, but when combined with
data for the low albite-microcline series (Orville,
1967; Hovis and Peckins, 1978), several interesting
features become apparent (Fig. 2). Two major dis-
continuities in the slopes of the cell parameters vr.
cation size may be seen. Not all of the individual cell
parameters show both changes in slope, but all show
at least one. The discontinuities in the cell edges ap-
pear sharp, and occur at 1.50-1.52 and 1.67-1.69A.
The cell angles do not appear to change abruptly in
slope; instead, a gradual change is observed in the re-
gion of the discontinuities in the cell edges.

The first discontinuity occurs near the somposition
trloo-.rNauo rr. It is well known that the variation of
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Rb At s,r 0s

linear relations of b and c y.r. composition for five
Na-K series, and showed that for both ordered and
disordered series, the deviation from linearity was
maximized near K*Nauo. On the basis of their analy-
sis, they concluded that regardless of the structural
state of the alkali feldspars, they consist of at least
two separate families (Vogel et al., 1973, p. 908).
They also noted that the structural rearrangements
causing the triclinic-monoclinic transition in the dis-
ordered series must also occur in the ordered case.
Stewart (1975, p. St6) assigned a probable cause of
the change in parameter behavior to a change in the
oxygen coordination around the alkafi cation, but
did not extend this to consider the effect on the
framework as a whole.

The second discontinuity occurs at a radius of
1.67-1.69A, near microclin€, K,-. Bruno and Pen-
tinghaus (1974) listed many end-member feldspars,
including NaAlSirO., KAlSi3O8, and RbAlSirOr,
with both ordered and disordered AllSi distribu-
tions. They plotted unit-cell parameters ys. mean cat-
ion radius, and observed a change in slope of cell
edges a, b, and c near K,oo for all framework types.
Since they plotted only end-member compositions,
the discontinuity near K*Na.o was not observed.
From the trends observed, they proposed that the al-
kali feldspar lattice expanded in a regular fashion
when Na, K, and Rb are substituted for each other,
and the existence of a discontinuity at K,. was not
discussed. The authors considered that for such an
isostructural series with a constant anion AlSirOl,
the cell volume should be proportional to the cation
volume, following Shannon and Prewitt (1969). This
assumption must be carefully considered before
being applied to a non-isotropic framework structure
such as the feldspars.

The two discontinuities separate three regions in
the graph of cell dimensions yr. mean cation size,
characierued in Figure 2 and Table 4. Both discon-
tinuities appear more marked for the cell edges a, D,
and c than for the angles a, B, and 7. This may be
due to the relative precision of the data points in-
volved, or to the nature of the changes themselves.
No single explanation is yet apparent. The first dis-
continuity at KcoNa6o afects only edges D and c, but
both parameters change in the same direction by a
similar degree. Thus no discontinuity is observed on
a b-c plot, and D and c may be said to be coupled.
The second discontinuity involves a change in the
slope of a, and the coupling between D and c is re-
moved. We consider that this second discontinuitv

Fig. l. Variation of the cell parameters as a function of mole
percent RbAlSi3O, in the ordered K-Rb feldspar series.

cell parameters in Na-K series is non-linear with
composition. A change of symmetry occurs near
KrrNau, for the disordered series (Donnay and Don-
nay, 1952; Orville, 1967; Wright and Stewart, 196g;
Luth and Querol-Sufld, 1970; Hovis, 1977), accom-
panied by changes in slope of the b and c cell param-
eters, and cell angles a, B, and y; a and y have zero
slope once monoclinic symmetry is attained. In the
ordered series, plots of cell parameters vs. composi-
tion show a change in the slope of b, c, a, B, and "y
near K*Nauo [Orville, 1967 (Figs. 3,4 and 5); Wright
and Stewart, 1968 (Fig. l); plot of data from Hovis
and Peckins, 1978 (Table l)1, although none of these
authors discussed the discontinuity in terms of the
feldspar framework.

Luth (1974) discussed the behavior of cell parame-
ters with composition for all available Na-K series.
He fitted their behavior as a continuous polynomial
function of composition across each entire series.
Luth did not attempt to separate these functions into
two or more regions separated by a discontinuity, but
quoted Vogel et al. (1973) who had done this. Fi-
nally, Luth recogn2ed that these polynomial func-
tions need not be related directly to structural
changes, but provided a useful tool for data com-
parison. Vogel e/ al. (1973) plotted the residuals of

lMOtE PIRCINT Rb Al Sr3 0,
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0140 0150 0t60 0170 olao
M t A l i  C A T I 0 N  R A O | U S ,  r n  n m

Fig. 2. Variation of the cell parameters as a function of average alkali cation radius in the ordered Na-K feldspar series (V from
Orville, 1967; A from Hovis and Peckins, 1978) and K-Rb feldspar series (O from Table 3).
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may be related to a new type of phase transition re-
cently described for microcline at room temperature
(Openshaw et al., 1979a, b; Wyncke et al.,inprepara-
tion). We propose that these discontinuities are a re-

sult of the expansion behavior of a framework of
feldspar architecture, and will be discussed in an-
other paper (Brown et al., in preparation) in terms of
the expansion of feldspar structures in general.

Table 4. Behavior of cell parameters in the three regions distinguished in Fig. 2

150 0160

l v lEAN CATIoN RADI IJS,  rn  nm

Region
( n m )

I  inc reases  inc reases

0 .  r 3 8  -  0 .  1 5 1

I I  inc reases  as  be fore  inc rease
with no change in slightly. but

0 . 1 5 I  -  0 . 1 6 8  s l o p e  w i t h  l e s s e r
slope

IIT increases but with remains
greater slope constant

0 . 1 6 8  -  O . 1 7 6

lncreases

lncreases ,  bu t
w i th  lesser
s lope

increases with
greater slope

decreases  w i th  decreases
greatest negative
slope

decreases but remains nearly
s loped imin ishes  cons tan t
( curvature)

decreases  very

decreases

remains nearly
consEanE

lncreasesl n  c r e  a s e  s
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