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Abstract

Apophyl l i te, KCanSirOro(F,OH).8HrO, has been redefined in terms of a sol id-solut ion
series between the two phases hydroxyapophyl l i te, KCanSirOro(OH).8HrO, and f luor-
apophyl l i te, KCanSIrOroF '  8H,O. The pure hydroxyl end-member is tetragonal, P4/mnc, with
a : 8.978(3), c :  15.83(1) A, and two formula weights per unit  cel l .  The observed and
calculated densit ies are 2.37 and,2.36 g/cm3, respectively. Optical ly i t  is uniaxial posit ive with
e : 1.543 and <o : 1.542. The type local i ty is the Ore Knob mine, Jefferson, Ashe County,
North Carol ina. Due to the similari ty of their propert ies, hydroxy- and f luorapophyl l i te can
only be dist inguished by chemical means. Nomenclature revisions are presented.

A ref inement ofthe crystal structure ofhydroxyapophyl l i te has been carr ied out using 757
X-ray ref lect ions and least-squares, the f inal residual being 0.038. The structure is not
significantly different from that reported for fluorapophyllite, except for the OH for F
subs t i tu t ion .  The unconvent iona l  fo rmula  KCan(S i rOro)zFr - , (HF) , . [ (H ,O)8- , (OH) , ]  w i th
x = l ,  previously proposed for f luorapophyl l i te from Centrevi l le, Virginia, is shown on the
basis of new chemical data to be inval id.

Part I. Description, occurrences, and nomenclature

Prrn J. DuNN, Role,No C. Rouss AND JULIE A. NonsrRc

Introduction

Since much apophyll ite forms in basaltic amyg-
dules and is associated with prehnite and many zeol-
ites such as sti lbite, heulandite, and chabazite, we
suspected that a fluorine-free member of the apophyl-
l i te group might exist. A comprehensive search of the
literature did reveal the existence of older analyses
with low fluorine contents. and a svstematic search

1 Contr ibut ion 1334, Mineralogical  Laboratory,  Univers i ty  of
Michigan

0003-004x/78l0 | 02-0 l 96$02,00

was begun for a pure end-member in which hydroxyl
substitutes totally for f luorine. Analysis of 50 speci-
mens labelled apophyll ite resulted in the discovery of
the sought-after end-member. We have named the
new species hydroxyapophyll ite for the composition.
The mineral and the name were approved by the
Commission on New Minerals and New Mineral
Names,  LM.A. ,  pr ior  to  publ icat ion.  The I .M.A.
Commission voted on a revision of the nomenclature
of the apophyll ite group. The majority vote ruled that
the nomenclature should be as follows:
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fluorapophyllite-for determined KCanSi'OroF. 8HrO
where F > (OH)

hydroxyapophyllite-for determined KCa.Si'Ozo
(OH).8H,O where (OH) > F

apophyllite-for undetermined members of the series.

Holotype material of hydroxyapophyllite is depos-
ited in the Smithsonian Collection under catalos
#115268.

Physical properties and morphology

Hydroxyapophyllite is colorless to white with occa-
sional tinges of light yellow and light green. Some
specimens from Great Notch, New Jersey, are chalky
white, slightly decomposed, and may represent a hy-
drothermal alteration of apophyllite. Cleavage is per-
fect and easily produced on {001}. The Mohs hard-
ness is about 4Vz to 5, and the streak is white. The
mineral does not respond to ultraviolet radiation.
The density, determined by Berman Balance with
temperature correction, is 2.37 g/cms, in excellent
agreement with the calculated value of 2.36 g/cmg.
Optically, the type specimen of hydroxyapophyllite is
uniaxial  posi t ive with e :  1.543, o :  1.542, and low
birefringence.

Hydroxyapophyllite occurs as equant or tabular
euhedral crystals ranging up to 25 mm in size at some
local i t ies. Forms present are {100},  {001},  and { l l l } .
The luster of {100} is vitreous, and of {001} pearly,
with some crystals having striations on {100} parallel
to [001]. The morphology of hydroxyapophyllite is

identical to that of fluorapophyllite, and the species
cannot be distinguished by visual examination.

ChemistrY

Hydroxyapophyllite, KCa.Si'Oro(OH)' 8HrO with
two formula weights per unit cell, is the hydroxyl
analog of fluorapophyllite, KCaoSi'Ozo(F).8HrO.
Both phases exist as pure end-members.

Two analyses of hydroxyapophyllite are given in
Table l. The samples were analyzed with an ARL-
SEMQ electron microprobe using an operating volt-
age of 15kV and a beam current of 150 nA. The
fluorapophyllite analyzed by P. M. Black (Colville et
al. l97l) was used as a standard for Si, K, and Ca;
hornblende for Na and Al; and fluorapatite for fluor-
ine. Water was determined by the Penfield method.
The absence of fluorine, as determined by micro-
probe, was confirmed by a modified Berzelius method
followed by precipitation as PbClF, and titration of
chlorine according to Volhard's method (Hillebrand
et al., 1953, p. 207,939).

In addition, two wet-chemical analyses of hydroxy-
apophyllite are given in Table 2.The North Carolina
material (#115268) was analyzed using modified clas-
sical analytical methods outlined by Hillebrand et al.
(1953) and Peck (1964). Silica, calcium, total iron,
and aluminum were determined gravimetrically: sil-
ica by dehydration from HCl, calcium by precipi-
tation with oxalic acid, total iron by titration, and
aluminum by precipitation with S-hydroxyquinoline.
Sodium and ootassium were determined by flame

Table L Microprobe analyses of hydroxyapophyllite

KCaOSir0rO (OH) . 8Hr0

(theoretical )

Jef ferson,  N.C. '  Numbers
(analysi  s)

(MNNH# i l5268)

of  cat ions* Kinber ley,  Nunbers of  cat ions*
South Africa
(NMNH #93040)

sio2

AL203

Cao

Kzo

Naro

"2"

5 3 . 1 1

2 4 . 7 9

J . Z t t

r 6 . 9 0

I  00 .  00

) r ,  y r  
I
I

0 . 3 0  J

25 .78

4 . 7 6

0 . 0 9

7 6 . 7 6

9 9 . 6 2

0 .  9 3

0 .  0 3

1 7 . 0 8 * *

c r  c o  I" - ' - '  Ir
0 . r 2  )

2 5 . 4 4

5 . 0 0

0 . 0 0

r 6 . 8 9

r00 .  04

0 , 9 7

L t . z o

8 . 0 0 8 . 0 0

*On  t he  bas i s  o f  8  (S i ,A l ) .

**H20 deternined by the Penf ie ld nethod.
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si02

Alzos

Ca0

Feo

Na20

Kzo

n2o*

Hzo

F

L e s s  O = F

TOTAL

4  . 7 5

1 6 .  6 5

0 .  1 1

0 .  0 0

0 .  0 0

99.  04

5 5 . 1 6 * '

0 .  3 8

2 3 . 8 9

4 . 9 9

1 6 . 0 4

o . o 2

0 .  0 1

r 0 0 . 4 9

Table 2. Wet-chemical analyses of hydroxyapophyllite

O r e  K n o b  M i n e  a  P a r v a t . i  H i l l s  +
J e f f e r s o n ,  N o r t h  C a r o l i n a '  n e a r  B o n b a y ,  I n d i a '

8.978 esd 0.003 and c : 15'83 esd 0.OlA. The cell
volume is 1276 esd lAs, and the axial tatio c/a is
1.763. A similar refinement yielded the same para-

meters for South African hydroxyapophyllite. By

way of comparison, fluorapophyllite also has sym-

metry P4/mnc and cell dimensions of a : 8'965

esd 0.002 and c : 15.768 esd 0'002A (Colvllle et al',
l97l) .  The cel l  volume is 1268.843, a negl igible 0.5
percent smaller than that of hydroxyapophyllite.

A pbwder diffractometer pattern complete to 70o
20 was obtained from the North Carolina material as
above but using silicon (a : 5.4306A) as an internal
standard, to avoid the coincidence of several quartz
and hydroxyapophyllite reflections. Indexing was ac-
complished with the assistance of the single-crystal
intensity data. As expected, the pattern (Table 3) is
similar to that of apophyllite (JCPDS 19-944 and
944A), but with one important difference. The
apophyllite pattern contains numerous minimum or
near-minimum intensity reflections which are not ob-
served from hydroxyapophyllite. However, the real-
ity of at least some of these reflections is suspect,
since their assigned indices are not permitted by
P4/mnc, which is the space group given on JCPDS
19-944. For example, reflections 100 at 8.944 and I l3
at 4.13A should be extinguished by the n- and c-
glides, respectively. Either P4/mnc is not the correct
space group for this apophyllite sample, or its powder
pattern has been improperly interpreted. By contrast,
all observed reflections in the pattern of hydroxy-
apophyllite can be satisfactorily indexed in accord-

Table 3.  X-ray powder pat tern of  hydroxyapophyl l i te

Iobs  dobs d c a l c  h k l Iobs  dobs d c a l c  h k 1

7 . 9 0  7  . 9 1 ,
7 . 8 2  7 . 8 r
6 . 3 3 9  6 . 3 4 8
4 . s s 4  4 . 5 4 9
4 . 4 9 5  4  , 4 8 9

3 .  9 6 5  3 .  9 s 7
3 . 8 9 2  3 . 8 9 2
3 . 5 8 0  3 . 5 8 1
J . J b 5  J . J 5 6

3 . t 7 1  3  . 1 7 4

2 . 9 9 0  2 . 9 8 6
2 . 9 4 2  2 . 9 4 r
2 . 8 2 I  2 . 8 1 9
2 . 7 9 4  2 . 7 9 4
2 . 6 7 2  2 . 6 7 2

5 2 .  1 5 *

o . 4 3

2 4  . 6 5

0 .  0 6

0 . 2 4

* A n a l y s t  -  J  N o r b e r g  ( a v e r a g e  o f  3  c l o s e l y - a g r e e i ' n g  a n a l y s e s ) .

* * A n a l y s t  -  l ' i .  H .  H e y .

o  N I 4 N H  #  f 1 5 2 6 8  +  R r l  l l  1 9 7 7 , 4 7 3

photometry. Total HrO was obtained using the Pen-
field method. The mineral was analyzed in triplicate.

Microprobe analyses of over 100 samples of f luor-
apophyll ite and hydroxyapophyll ite resulted in the
following general observations. The substitution of
aluminum for sil icon is quite l imited and in most
cases does not exceed 1.50 percent Al2Oa. The sub-
stitution of divalent cations for calcium is negligible.
Sodium does substitute for potassium, most notably
in specimens of hydroxyapophyll ite from Guana-
juato, Mexico, up to - I percent NarO. The Na/K
ratio does not exceed unity in any specimens exam-
ined. Owing to this common K = Na substitution,
which is apparently unrelated to the OH/F sub-
stitution, optical methods do not suffice to distin-
guish hydroxyapophyll ite from fluorapophyll ite. The
substitution of sodium for potassium lowers the re-
fractive indices, whereas the substitution of hydroxyl
for fluorine raises the refractive indices.

X:ray crystallography

Precession and cone-axis photographs of hydroxy-
apophyll ite from North Carolina showed the mineral
to be tetragonal, P4nc or P4/mnc, with approximate
unit-cell parameters a : 8.9 and c : 15.9A. Sub-
sequent analysis of the crystal structure established
P4/mnc as the correct space group. A least-squares
refinement of the above cell parameters using powder

diffractometer data gathered with monochromatized
CuKa radiation and a quartz (a : 4.9133, c :

5.40494) internal standard yielded the values a :

1 3
1 3

2
2 3

4

r 0 0
6

t 2
6
7

67
4
2
L
3

22

9

002
1 0 r
1 1 0
1 0 3
200

5  2 .203  2 .205  216
,  - , . ^  [ 2 . 1 5 9  4 O 2'  " ' ' " '  \ z . t s z  4 1 r

1 a  {  2 . r r 4  3 l s
'  ' ' " "  

I z . i o 8  s 2 4

4  2 .007  2 .007  420
4  1  . 7 8 r  1 . 7 8 4  5 0 r
7  r . 7 7 3  1 . 7 7 5  2 r 8
4  r . 769  7 .769  3 r7
2  1 . 7 3 2  1 . 7 2 6  1 0 9

004
2rl
212
t r 4
220

105
301
2r4
3 1 1
312

t
t

26*

3

r . 6 8 2  r . 6 7 9  4 1 6 , 2 2 8
1 .6s8 1 .  6s8 52r
1 .588 1 .  587 440
1 . 5 7 9  r . S 8 3  0 . 0 . 1 0
I  . 5 5 2

2 . 4 9 4

2  - 4 4 2

2 . 5 0 0  3 1 3  3  r . 4 9 7
2 . 4 9 0  3 2 0  1  1 . 4 7 7
2 . 4 8 6  2 l S  I  r . 4 6 7
2 , 4 3 6  1 1 6  2  1 . 4 2 5

2  L . 4 2 0

* I n t e n s i t y  o f  t h e  o ,  r e f l e c t i o n .

Smithsonian specimef i  # 
' l15268
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ance with the requirements of P4/mnc. The powder
diffraction pattern has been submitted to the Joint
Committee on Powder Diffraction Standards.

Occurrence

Hydroxyapophyllite is an abundant mineral, and
specimens undoubtedly repose in most of the major
mineral collections in the world. The type specimen is
from the Ore Knob mine, Jefferson, Ashe County,
North Carolina. At this locality, hydroxyapophyllite
occurs as a 1.0 cm coating of multiply-twinned white
crystals on a pyrrhotite and chalcopyrite ore. A sec-
ond pure hydroxyapophyllite occurs at Kimberley,
South Africa. At this locality the hydroxyapophyllite
crystals are colorless, transparent, and tabular on
{001}. As a general rule, both fluorapophyllite and
hydroxyapophyllite may be present on a single speci-
men, and frequently are.

Many zeolite localit ies have both fluorapophyll ite
and hydroxyapophyll ite present. The following ob-
servations may be of some assistance to collectors
and curators concerned with correct nomenclature.
Aside from Jefferson, North Carolina, and Kimber-
ley, South Africa, only one other locality provides
specimens which consistently have OH ) F. This
locality is Guanajuato, Mexico, which has provided
many excellent hydroxyapophyll ite exhibit speci-
mens. The majority of the apophyll ites from the New
Jersey basalt zeolite deposits are indeed fluor-
apophyll ite with F > OH. The exception is the chalky
white, slightly decomposed material from Great
Notch, which is hydroxyapophyll ite. Most of the In-
dian material from the Poona District and other oc-
currences in the Deccan basalts is f luorapophyll ite.

Some specimens from near Bombay are hydroxy-
apophyl l i te .

Part II. Crystal structure

Ror-eNn C. Rouse, DoNRt-o R. Pnecon eNo Prrn J. DuNrl

Introduction

The chemical and crystallographic data presented
in Part I of this study suggest that the crystal struc-
tures of f luor- and hydroxyapophyll ite are identical
except for the OH- = F- substitution. However,
since cases exist in which this substitution produces a
structural change, e.g. hexagonal fluorapatite us.
monoclinic hydroxyapatite (Ell iot et al., 1973), a
structure determination of the pure hydroxyl end-
member has been undertaken, the results of which are
presented here. In addition, Prince (1971) has pro-
posed that the fluorine in fluorapophyll ite from Cen-
trevil le, Virginia, is present as HF "molecules" rather
than F ions. We shall examine this hypothesis in the
light of new chemical data on Centrevil le apophyll ite.

Experimental methods and results

The X-ray diffraction study was performed on a
square cleavage plate of dimensions 0.58 X 0.53 X
0.12 mm obtained from a crystal (#93040) from Kim-
berley, South Africa. A chemical analysis of this ma-
terial is presented in Part I. Unit-cell parameters are d
:  8.979 esdO.004 and c :  15.83 esd0.0 l  A.  These are
essentially the same as those of the North Carolina
material and were obtained by the same method. The
intensities of 1409 reflections having sin d < 0.460
and constituting two asymmetric units in reciprocal

space were measured with a Supper-Pace diffractome-

ter system employing Weissenberg equi-inclination
geometry, graphite crystal monochrornatized MoKa
radiation, a scinti l lation counter, and a scanning rate

of 2" /min. The intensities were then converted to
structure factor amplitudes by correction for

Lorentz, polarization, and absorption effects (p; :

14.8 cm-1). Unobserved reflections were assigned in-
tensities of I*,nf3,where I*io is the minimum obser-
vable intensity. Equivalent amplitudes lf l 11e1 ?Dd

l4 ou showed excellent agreement, and the latter were

deleted from the data set, leaving 757 reflections of
which 696 are observed.

The //(z) test of Howells et al. (1950) indicated
hydroxyapophyll ite to be centrosymmetric, which is
consistent with space group P4/mc. A least-squares
refinement of the structure was then carried out using
the program RFINE 2 of L. W. Finger and com-
mencing with the atomic coordinates in fluor-
apophyll ite given by Colvil le et al. (1971). Neutral
atom scattering factors for K, Ca, Si, and O (Doyle

and Turner, 1968) were employed, the 0. I weight
percent Al indicated by the chemical analysis (Part I

of this study) being neglected. The reciprocal varian-
ces, l/o2, of the structure-factor amplitudes were

used as weights in the refinement, except for unob-
served reflections which were assigned zero weight.
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When the residual, defined as )llFl"u"
lFl""rl/}lFloo", had reached 0.044, a difference syn-
thesis was computed in hopes of locating the hydro-
gen atoms. In fact, two significant maxima of 0.6 and
0.7 e/As did appear at about the positions found for
H(l) and H(2) of the water molecule in the neutron
diffraction study of fluorapophyllite (Prince, l97l).
No firm indication of the location of H(3), which is
part of the hydroxyl ion in hydroxyapophyllite, ap-
peared on the difference map, but this is not surpris-
ing considering that there are only two H(3) atoms
per cell compared to sixteen each of H(1) and H(2).
H(l) and H(2) were included in subsequent least-
squares cycles using the hydrogen scattering curve
given by Lee and Pakes (1969). The refinement con-
verged at a residual of 0.038 for all reflections or
0.035 for the observed ones alone.

Table 4' contains a list of the observed and calcu-
lated structure factor amplitudes on an absolute
scale, Table 5 the refined atomic parameters, and
Table 6 some selected interatomic distances and an-

'zTo obtain a copy of this table, order document AM-77-057
from the Business Office, Mineralogical Society of America, 1909
K street, N.W., Washington, D.C., 20006. Please remit $1.00 in
advance for the microfiche.

gles in hydroxyapophyllite. Not unexpectedly, the
values are very similar to those in the fluorine analog.
Exceptions are the hydrogen parameters, whose re-
fined values, although close to those found by neu-
tron diffraction in fluorapophyllite (Prince, l97l;
Bartl and Pfeifer, 1976), deviate sufficiently to give
unreasonable bond parameters for the water mole-
cule, H(l)-O(4)-H(2). The distances H(l)-O(4) and
H(2)-O(4) are Ll6(5) and 0.73(4) A, respectively,
while the angle H(l)-O(4)-H(2) is 86(4)'. The corre-
sponding and presumably accurate values given by
Bartl and Pfeifer (1976) are 0.983 A, 0.953 A, and
103.81' .  A simi lar problem with the hydrogen pa-
rameters was encountered by Chao (1971) in an X-
ray diffraction study of fluorapophyllite.

Discussion
The atomic parameters, interatomic distances, and

angles in hydroxyapophyllite are in good agreement
for those reported for fluorapophyllite by Taylor and
N6ray-Szab6 (1931), Colville et al. (1971), Chao
(1971), Prince (1971), and Bartl and Pfeifer (1976),
although the present refinement gives lower estimated
standard deviations and/or a slightly lower residual
than previous studies. Of greater interest here is the
relationship between'hydrogen and fluorine in the

Table 5.  Atomic coordinates and anisotropic temperature factors (X l0o) in hydroxyapophyl l i te

-2 f-12
J J

-22Bu
I J

K O

C a  0 . 1 1 0 8 ( L )

s i  0 .2265(L)

o ( 1 )  0 . 8 6 3 7 ( s )

o ( 2 )  0 . 0 8 4 5 ( 2 )

o ( 3 )  o . 2 6 s 7  ( 2 )

o(4)  o .2 r -s2(3)

o H 0

H ( 1 )  0 . 4 5 3 ( s )

H ( 2 )  0 . 2 l - 4 ( s )

0

o .247  s (L )

0.  0864 (1)

0 .3637 (s )

0. r.890 ( 2)

0.  1025 (  2)

0.  4s04 (  2)

0

o.  r3s (6)

o,432(4)

U 2

0

o . 1 8 9 6 4 ( 6 )

L /4

o . 2 1 6 6 ( 2 )

0 . 0 9 2 s ( 1 )

0 .  0889 (  2 )

0

0 .  106 (4 )

0 . 1 3 4 ( 2 )

5 8 ( 2 )  s 8 ( 2 )

2 4 ( L )  2 4 ( r )

20(1)  20(1)

27(2) 27 (2)

28(3) 42(3)

3 7 ( 3 )  4 1 ( 3 )

8e(4) 43(4)

r .3 (s )  13(s )

6 . 8 ( 1 .  e )

0 . 6 ( 1 . 2 )

37  (2 )

7  . 7  ( 3 )

7  . 4 ( 3 )

e  ( 1 )

16  (1 )

e  ( 1 )

13  (1 )

2 2 ( 3 )

0 0 0

0 . 4 ( 9 )  0  0

o . o ( 8 )  - 2 . 0 ( s )  - 1 . 0 ( 6 )

2 .49

o . 7 7

0 .  68

8 ( 3 )  5 ( 1 )  - s ( 1 )  0 . 8 6

1 0 ( 2 )  - 3 ( 2 )  - 7  ( z )  L . 2 7

0 ( 2 )  - 2 ( L )  - 1 ( 1 )  1 . 1 3

-L  (3 )

0

L ( 2 )  - 6 ( 2 )  1 . 8 7

0  0  1 . 0 1

E.s.d.rs 1n parentheses refer  to Last  d ig i t .  Temperature factors for  anlsotropical ly  ref ined atoms
3 3

are of  Ehe form exp {-  X X h{h.B{{} .  Hydrogen atoms were ref ined isoEroplcal ly  and the B-,  are the
i=l  j=1 r  J aJ eq

equivalent  lsotropic tetrperature factors ( I lani l ton,1959).
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apophyll ite structure. On the basis of an (F"5"-F""t)
difference synthesis calculated from his neutron dif-
fraction data, Prince (1971) proposed that f luorine is
present not as the fluoride ion, as previously sup-
posed, but as hydrogen fluoride "molecules" in which
the hydrogen atom H(3) is located on the 4-fold axis
a distance of l 0 A from the fluorine atom. The result
is a new structural formula for f luorapophyll ite

KCao(SioO,o)rFl , (HF), .  KH,O)s- , (OH),1

w i t h  x  !  l ,  c o m p a r e d  t o  t h e  c o n v e n t i o n a l
KCan(SirO,o)rF.8H'O. Prince's interpretation has
been challenged by Bartl and Pfeifer (1976), who find
on the basis of site occupancy factor refinements that
H(3) is bonded not to fluorine as HF but to oxygen as
OH- in crystals of composition KCan(SinO,o),
(oH ,F ) .8H ,O .

The above discussion suggests that the crystal used
by Prince was not f luorapophyll ite but some inter-
mediate composition containing both fluorine and
hydroxyl. No chemical analysis is cited by Prince, but
the crystal used is stated to be from Centrevil le, Vir-
ginia, and to have a volume of about 12 cm'. Electron
microprobe analyses by one of the authors (PJD) of
l2 apophyll ite crystals from the Centrevil le locality

Table 6.  Interatomic distances and angles in hydroxyapophyl l i te

Ko, polyhedron

K-o(4) 2.9s4(3) A (8x) (4x)
(8x)

(2x)
(4x)
(2x)
(2x)
( 2x)

SiO4 tetrahedron

Table 7.  Dimensions and or ientat ions of  thermal  e l l ipsoids in

hydroxyapophyllite

Angle wlth
Axis RG amplitude* gt

Angle with Angle wlth
b+ cf

s1

0 . 1 5 4 ( 3 )  A
0 . l s 4 ( 3 )
0 . 2 1 8 ( 4 )

0 . 0 9 8 ( 2 )  A
0 . 0 9 9 ( 2 )
0 , 1 0 0 ( 2 )

0 . 0 8 4 ( 3 )  A
0 . 0 9 1  (  2 )
0 . 1 0 3 ( 2 )

0 . 0 6 6 ( 8 )  A
0 . 1 1 8 ( 5 )
0 ,  119 (6 )

o , 0 9 7  ( 6 )  A
0 . 1 1 9  ( 6 )
0 . 1 5 7  ( 5 )

o. ro r (e )  i
0.  124 (s )
0 . 1 3 1 ( 5 )

0 . 1 1 4 ( 5 )  A
0.  147 (5 )
0 . 1 9 1 ( 4 )

o . o z ( u  i
0 . 0 7 ( 1 )
0 .  r 7 ( 1 )

0 '  9 0 '  9 0 "
r80 90 90
9 0 9 0 0

1 1 4 ( 4 6 ) "  2 4 ( 4 6 ) '  e o "
90 90 180
24(45) 66(46) 90

3 8 ( 1 1 ) '  7 3 ( 1 6 ) '  5 7 ( 6 ) "
67 (16) 157 (1s) 94(L2)

L19(7) 105(10) 34(6)

L25(4) "  5s(4) '  ss (6) "
r35(131)  135(126)  90(180)
66(172)  114(171)  3s(9)

3 0 ( 1 0 ) '  1 1 9 ( 9 ) '  9 3 ( 9 ) "
u3(11)  128(8)  133(5)
1 0 7 ( 4 )  1 2 8 ( 5 )  4 3 ( 5 )

76  (1 r )  '  81  (9 )  "  17  (10)  '

154(19)  81(34)  77(73)
83(33)  L3(27)  101(12)

e 1 ( 3 ) '  4 7 ( 7 ) "  4 3 ( 7 ) "
8 6 ( s )  A 3 ( 7 )  1 3 3 ( 7 )
4  (5 )  92(3)  87  (4 )

9 0 '  9 0 "
180 90 90
9 0 9 0 0

o (3 )

ca-o(3)
-o (3 )
-oH
-o (4 )

oean

cao. (oH)

,.,,ot(r) i (t*)
2.416(2) (2x)
2.  43s (  1)
2.486<3) (2x)

2 .435

s i - o (3 )  1 .  s84 (3 )  A
-o (1 )  r . 622 (3 )
-o (2 )  r . 629 (2 )
-o(2)  1.630(2)

mean 1 .616

o ( 1 ) - s i - o ( 2 )  1 0 5 . 2 ( 1 ) '
o ( 1 ) - s r - o ( 2 )  1 0 6 . 5 ( 1 )
o ( 2 ) - s i - o ( 2 )  \ o 7 . 6 ( 2 )

nean

o ( 4 ) - o ( 4 )  2 . 8 1 6 ( 6 )  A
- o ( 4 )  3 . 6 7 2 ( 4 )

polyhedron

o(4) -o (4)  z .e ro(o)  i
o ( 3 ) - o ( 3 )  2 . e 2 e ( 5 )

-oH 2 .947 (2 )
- o ( 4 )  3 . l s 8 ( 4 )
- o ( 4 )  3 . 2 e 9 ( 4 )
- o ( 3 )  3 . 6 1 6 ( 3 )

nean 3.724

o ( 1 ) - o ( 2 )  2 . s 8 3 ( 3 )  A
- o ( 2 )  2 . 6 0 5 ( 5 )
- o ( 3 )  2 . 6 6 2 ( 3 )

o ( 2 ) - o ( 2 )  2 . 6 3 0 ( 3 )
- o ( 3 )  2 . 6 6 7  ( 3 )
- o ( 3 )  2 . 6 7 5 ( 3 )

mean 2 .637

o ( 2 ) - s i - o ( 3 )  1 1 2 . 1 ( 1 ) "
o(1) -s1-o(3)  L72.2(2)
o ( 2 ) - s i - o ( 3 )  r 1 2 .  7  ( 1 )

1 0 9 . 4 "

* E , s . d .  r s  i n  p a r e n t h e s e s  r e f e r  t o  l a s t  d i g i E .
+ E . s . d . t s  l n  p a r e n t h e s e s  a l e  t o  E h e  n e a r e s t  d e g r e e .

revealed two pertinent facts: (1) individual crystals
are very inhomogeneous with respect to fluorine con-
tent; and (2) the average fluorine content in the crys-
tals ranges from 0.1 percent, or nearly pure hydroxy-
apophyll ite, to 1.6 percent, compared to the
theoretical 1.95 percent for f luorapophyll ite. In no
case was the pure fluorine end-member found, and
with a volume of 12 cms it is quite unlikely that
Prince's crystal was hydroxyl-free. It must therefore
be concluded that the interpretation of Bartl and
Pfeifer (1976) is correct and that the new structural
formula proposed by Prince is invalid.

There is one additional comment to be made con-
cerning the hydroxyl ion in hydroxyapophyll ite. The
thermal ell ipsoids of both the oxygen atom of the
hydroxyl group and the fluorine atom are prolate
along the c ax is ,  and both Pr ince (1971) and Bart l  and
Pfeifer (1976) suggest that these atoms are slightly
displaced along the 4-fold axis from their ideal posi-
tion on equipoint 2a (0,0,0).In hydroxyapophyll ite
this would require the oxygen atom of the hydroxyl
group to be disordered on equipoint 4e, i.e., half at
0,0,2 and half at 0,0,2. Now the rms thermal dis-
p lacement  of  OH along c is ,  in  fact ,  0 .17( l )  A com-
pared to 0.07( 1) A along a and b (Table 7). However,
0.17 A is not substantially greater than the rms dis-

O ( 4 ) - H " ' O  d l s t a n c e s

o ( 4 ) - o ( 3 )  2 , 7 4 3 ( 4 )  A o ( 4 ) - o ( 2 )  3 . 3 L 2 ( 4 )

E . s . d . ' s  i n  p a r e n t h e s e s  r e f e r  t o  l a s t  d l g i t .
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placements of the other oxygen atoms, which average
0.124 A and range as h igh as 0.191(4)  A.  Moreover,
there is no indication of any OH displacement on the
difference map. Since the X-ray data provide no
unequivocal evidence for positional disorder of the
hydroxyl oxygen atom, it was kept at 0,0,0 during the
course of the present refinement.
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