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' Asstnacr

Crystal-structure analysis of veatchite reveals that its correct chemical formula is

4SrO.llBzOa.7HzO, in good agreement with a 1950 analysis by Switzer and Brannock'

Veatchi te is  monocl in ic,  Aa,"a:20.860t0.005,  b:11.738+0'003,  c:6.652-10'002 A,

B:92.10+0.03",  ceI I  volume:1627.67+0.05 As,  z:4{*r lB5Os(OH)]r 'B(OH)r 'HIO},

density (g/cm3) 2.664 ca\c.,2.66 obs. The two crystallographically distinct Sr cations were

located from a three-dimensional Patterson synthesis, and the othel atoms were found from

study of electron-density maps calculated using phases determined by the Sr cations. The

structure contains two crystallographically distinct [nrO*1OH)1'- polyanions; each poly-

anion (I and II) links to its own,4 face-centered equivalents to form two infinite sheets

which have spaces available for the respective Sr cations, each coordinated by six polyanion

oxygen atoms. The Sr-O coordination is completed for Sr(1) to a total of ten (ave. Sr-O,

2 68 A) by a water molecule and three oxygen atoms from the polyanion II sheet. Sr(2) has

elevenfold coordination (ave. Sr-O, 2.75 A), completed by two hydroxyl ions of the B(OH)s

group and three oxygen atoms from the polyanion I sheet. The edge-sharing of the oxygen

polyhedra around the Sr cations links the two polyanion sheets tightiy together into the

basic building block of the structure. The blocks are held together by six distinct hydrogen

bonds; a seventh hydrogen bond also occurs that is considered within the polyanion II

sheet as defined including the B(OHh groups. The structures of veatchite and the almost

identical p-veatchite, solved independently by Gandymov, Rumanova, and Belov, have

similar building blocks and differ chiefly in the packing of the blocks. In veatchite adjacent

blocks are arranged by the o-glide operation, whereas in 2-veatchite they are arranged by

the 21 symmetry operation. These two structures provide the first examples in hydrated

borates of isolated B(oH)3 groups existing in the presence of larger borate polyanions.

IwrnolucrroN

Veatchite has been an ill-starred mineral from the time of its initial

recognition at the old colemanite mine, Lang, Los Angeles County,

California (Switzer, 1938) to the present solution of its structure. Some

of the vicissitudes that have occurred during its known history are sum-

marized briefly here.
Although it is actually a strontium borate with varying but only minor

amounts of calcium, it was originally described as a calcium borate
(Switzer, 1938). This error was corrected by Switzer and Brannock
(1950), following comment by the late Waldemar T. Schaller, U. S.

Geological Survey. The new chemical analyses, summarized in our Table

1, gave experimental results that reduce to very nearly the theoretical

values for the oxide form of the correct chemical formula obtained from

l studies of borate minerals (XVD. Publication authorized by the Director, U. S.

Geological Survey.

1934



S?:RUCTURE OF VEATCHITE

Table 1.  Chemical  Data Compared for  Veatchi te and g-Veatchi tg

Oxide tr'Ieight %

g-Veatchi te

u .  s .  s .  R .
Kondrat t eva

(Le64)

Sr0

CaO

Bzo s
H20 (+)

t

5 8 . 0

9 . 6

58 .62

9 . 6 6

1 0 0 . 0 100  .0 1 0 0 . 0 1

h l
Veatchi te: '

Ca l i f o rn i a

Switzer and
Brannock
(1eso )
3 0 . 0

1 . 6

O A

Theoretical

for

4 S r 0 . 1 1 8 2 0  3  . 7 H 2 O

J L . I J

3/ Anrong the data avai lable in the l i terature,  we

cons ide r  t hese  t he  bes t .

h/  Fror  Table 1,  column 6 of  reference;  average of

three analyses,  corrected for  insolubles and

ca l cu la ted  t o  I 0O%.

the structural analysis, 4SrO.11BzOr.7HrO. Ifowever, Switzer and
Brannock apparently did not consider this formula, proposing instead
ei ther  3(Sr ,  Ca)O.8BzOa.5HrO or  SrO.3BzOs.2H2O. These two lat ter
possibil i t ies became a subject of controversy in later publications (clark
et al., 1959; Clark and Mrose, 1960; Jiiger and Lehmann, 1963; Clark,
1964a; Lehmann and Kessler, 1968). The correct formula was suggested
by Kondrat'eva (1964) following analysis of p-veatchite crystals, but she
later abandoned this formula in favor of 3SrO. 8BzOa.SHrO (Kondrat,eva,
1966).

The mineral p-veatchite (or primitive veatchite) was first described
by Braitsch (1959) from an occurrence in the Stassfurt Potash Zone,
Reyershausen, Germany. fts composition, optical properties, and den-
sity lie within the range of values reported to that date for veatchite
(Switzer, 1938; Murdoch, 1939; Switzer and Brannock, 1950; Kramer
and Allen, 1956; Clark el al., 1959) but the two minerals are crystal-
Iographically distinct. Veatchite was described by Clark et al. (1959) as
having space-group symmetry either Aa or A2f a, the latter being con-
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sidered more likely.l The crystals were platy on { 100 } and the a-axis was

20.S1 A. The mineral 1-veatchite, however' was found by Braitsch (1959)

to have space-group symmetrv P2r or P21fm, and the crlrstals were

tabular on [010] with a D-axis of 20.70 L. Braitsch (1959) gave the

Reyershausen mineral the name p-veatchite so thad-the prefix p would

designate the primitive cell, in contrast to the ,4 face-centered cell of

veatchite.2
Careful comparison of both minerals by Clark and Mrose (1960)

confirmed the previous results, and Beevers and Stewart (1960), on the

basis of single-crystal studies, reported that the "veatchite" described by

Stewart et al. (1954) from an occurrence in the Permian evaporites of

Yorkshire, England, was actually p-veatchite. In 1960 2-veatchite was

also found in saline strata in Russia (Kondrat'eva, 1964). On the basis of

statistical evaluation of intensity data, Ashirov and Gandymov (1966)

assigned the mineral to space group P21. To the present date, veatchite

has been reported only from the California borate region, and a satis-

factory answer to the question of whether 2-veatchite also occurs in

California is not available. Because of the close correspondence of the

two minerals in so many respects, only appropriate X-ray precession

patterns of single crystals identify the minerals unambiguously. In the

absence of such evidence, the conclusion of Murdoch and Webb (1964),

also given by Pemberton (1968), that both species exist at Lang must be

considered unjustified. On the other hand, the suggestionby Clark et al.

(1969) that ". . . 1-veatchite has been found only in marine evaporites

and veatchite in continental saline environment" may not be justified

either. The question remains open, pending further investigation.

In 1968 the structure of p-veatchite was solved by Gandymov et a1,.,

and a preliminarv note on the veatchite structure also appeared (Clark

and Christ, 1968). The structural formulas of both minerals are the same,

Srz[BrOs(OH)]r.B(OH)3'HzO. In the remainder of this paper we present

our soh.rtion of the veatchite structure and compare veatchite with 2-
veatchite in various respects.

ExppnrlrpNrar, D.q.re

Chemical and. Crystallographic Data' The best available analysis for

veatchite seems to be the one given by Switzer and Brannock (1950), and

the best  one for  1-veatchi te,  that  repor ted by Kondrat 'eva (1964).

1 The cell constants given by Switzer (1938) are \{rong.
2 The prefix p was initially misinterpreted by J. R' Clark to mean " para" and, following

correspond.ence at that time (Clark to J. Murdoch, written communication, 1961), the

name "paraveatchite" has been used by Murdoch and Webb (1964) and Pemberton (1968).

However, the correct name is either p-veatchite or primitive veatchite.
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These analytical data are compared in Table 1 with the theoretical
values for 4SrO.11B2O3.7HzO) the agreement is excellent and confirms
the formula assigned by the structural determination.

Our selection from among the available crystallographic data for both
minerals is given in Table 2. It is impossible to ascertain how closely the
cell constants may agree for the two minerals, because the errors assigned
to the values for /-veatchite are rather large. and the substitution of
small amounts of Ca for Sr (Table 1) mav vary from one crystal to
another. The agreement between observed densities and the density
calculated using the correct formula is now satisfactory. The crystal used

Table 2, CrystaLlographic Data Compared for Veatchite

a n d  g - V e a t c h i r e ,  S r 2 [ B s O B  ( O H )  ] 2 . B ( O H )  3 . H 2 O

1937

Veatch i te

Cali fornia

This studyg

a ( i )  20 .860to .oos

b  ( [ )  1 1 . 7 3 8 ! o . o o 3

c  (A)  6 .6s2 !a  .ooz

B ( ' )  92  .  1 -010 .  03
vol-urne (43 ) L627 .67 !0.05

z 4

Space group Aa

Dens i ty ,
g / c m r  ,  c a l c .  2 . 6 6 4

o b s .  2 . 6 d

g-Veatchite

U .  S .  S .  R .

Gandymov et

a 1 .  ( 1 9 6 8 )

6 . 7 0 ! 0 . 0 2

2 0 . 8 0 J 0  . 0 5

6 . 6 0 ! 0 . 0 2

LL9.25

8 0 2 . 5

L

D ) ,
L - L

Transformed
. b lvarues-

LL.69

2 0 . 8 0

6 . 6 0

8 9 , 7 s

1 6 0 5 .

4

!2t

A I
2.685=' ,

4 C"tt constants obtained from least-squares ref inement
o f  powder  da ta  (C lark  e t  a l . ,  L959) ,  us ing  a  computer
program by  Evans er  a l_ . (1963) .

h /: '  T rans formar ion :  201, /0L0/001_ (Bra i tsch ,  1959) .

9 /  C1" rk  e t  a1 . (1959) ,  average va lue  fo r  normal  mater ia l - .

A I
: '  K o n d r a t r e v a  ( 1 9 6 4 ) .
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in the structural study was supplied by R. C. Erd, U. S' Geological Sur-
vev. from a sample collected at the Four Corners area, Kramer district,

San Bernardino County, California. Our crystal was platy on {100f with

a rhombic shape given by the {01 1 } f orms and was about 0.6 X 0.3 X 0.08

mm,
After the acentric space group Aahad been discovered and confirmed

by the successful structural determination, powdered veatchite crystals
were examined by the harmonic oscil lator method (Kurtz and Perry,
1968) and were found to exhibit a "definite second harmonic response

consistent with that expected for an acentric structttre" (S. K. Kurtz

and K. Nassau, written communication to 1\{. E. Mrose, 1968). Earlier

tests made on single crystals with a Giebe-Scheibe apparatus had shown

no response, possibly because the available crystals were so small.

Dota Coll,ection, Processi,ng and. Ref,nement Proced.ures. The Picker automatic difiractometer

with a scintillation counter was used for collection of about 2600 reflections with Nb-filtered

Mo X-radiation set at a take-ofi angle cf 3". The 20-scan method was used, the scan range

being calculated following the equation fcr MoKa radiaticn given by Alexander and Smith

(1964), with constants adjusted slightly to increase the scan range. Background counts of

20 seconds duration were made for each reflection at the beginning and end points of the

scan range. The crystal was mounted with c* parallel to the 4-axis and the 122 reflection

was monitored as a standard after each 30 measurements A number of reflections with

related indices /2htr, hfttr, ilkl, and 
-hEl 

werc checked, but no significant differences among such

groups were observed.

Computer programs, written by C. T. Prewitt, SUNY, Stony Brook, and modified by

D. E. Appleman, U. S. Geological Survey, for the IBM 360/65, were used to obtain the

difiractometer settings and to reduce the raw data, including corrections for the total back-

ground count, absorption (p:69.4 cm-l), and Lorentz and polarization factors (program

ACACA). No corrections were made for extinction, either primary or secondaryl the data

appeared to be unafiected by primary extinction. Reflections for which I F,l was less than

three times the standard deviation in I F,l as determined by the counting statistics num-

bered 364. These data were coded as "less-thans" and omitted from the refinements, which

initially used about 2300 reflections. During the refinements, it was discovered that the

small reciprocal spacing of a* (about 0.05 A-) together with the use of MoKa radiation

had produced overlap in scan range between some adjacent reflections, adversely afiecting

abcut 200 reflections. These were then removed from refinement, so the final data set

contains about 2100 nonequivalent reflections.

Computer programs for X-Ray 67, Progratn Syslem Jor X-Ray Crystallography, by J. M.

Stewart, University of Maryland, adapted for the IBM 360/65 by D. E. Appleman, U. S.

Geological Survey, were used for calculation of Fourier maps, of bond distances and angles,

and for some least-squares refinements. Scattering factors for neutral boron and oxygen

atoms were taken from MacGillavry and Rieck (1962) and for ionized Sr2+, from Cromer

and Waber (1965).  The in i t ia l  residual  n:>l  ln l  
- l f ' l  

lZ>lAl  was 0.32 for  st ructure

factors calculated using coordinates for the two Sr cations only. After coordinates for all

atoms \'\''ere assigned, and the origin fixed as described under Structure Determination, five

cycles of least-squares refinement of positional parameters were completed with reflections

weighted according to the counter statistics. The residual dropped to 0.1 7
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when refinement of individual, isotropic temperature factors was attempted, sizeable
negative temperature factors occurred for about half the atoms and investigation then
revealed the systematic errors in the data due to the scan overlap. After the majority of
affected reflections were identified and removed from the data set, two more cycles of re-
finement for positional parameters, and one cycle including the individual isotropic tem-
perature factors were completed, stiil using the weighting scheme based on counter statis-
tics. A number of the temperature factors still became negative, so a cycle of refinement
with unit weighting of all reflections was tried. This cycle produced positive temperature
factors for all atoms except two boron atoms for which B became about -0.1 42, and the
residual dropped to 0.126 for the 2100 data. However, a number of the bond distances
calculated from these parameters were obviously outside the expected range which is now
wellestablishedforhydratedboratestructures(e.g.,Zachariasen, 1963; ClarketaI., 1964;
Konnert ct al , 1970). In order to obtain a final, consistent set of parameters, four more
cycles of least-squares refinement and final bond distances and angies were calculated using
programs written by T.. W. Finger, Geophysical Laboratory, Washington, D. C. Anomalous
dispersion corrections were included, unit weights were used, and the scattering factors for
neutral atoms were taken from the tables given by Doyle and Turner (1968).

The final R is 0.113 for the 2100 reflections. The temperature factor of one boron atom,
B(7.1,  remained negat ive (-0.8 Ar) ,  but  a l l  the other atoms have posi t ive temperature
factors, and the bond distances and angles are reasonably acceptable. The atomic param-
eters thus obtained are given in Table 3. The observed and calculated structure factors,
including those omitted from refinement, are compared in Table 4.1 The R value is some-
what higher than those usually obtained for diffractometer data, and the standard errors
in atomic coordinates and hence for bond lengths and angles remain relatively large. There
is little doubt that the results are still afiected by the presence of systematic errors in the
data. First, the scan overlap problems may have affected more reflections than those iden-
tified and removed from the refinement second, the use of Mo X-radiation for a minerai
containing Sr produces fluorescent radiation for which the intensities cannot be satisfac-
torily corrected. Third, the platy habit of the crystal precludes application of accurate
absorption corrections. Al1 these factors undoubtedly affected the degree of the refinement.

Srnucrunn DnmrunrxauoN

Due to a number of false starts caused in part by assumption of the centrosymmetric
space group and in part by the unknown formula, the structure determination went on
intermittently over a period of about ten years, an initial Patterson projection on (001)
having been obtained in 1958. The diffrculties were first ascribed to poor data, and then to
iack of enough data, so that in 1964 about 1000 reflections were read visually from a combi-
nation of precession and weissenberg films. The three-dimensional patterson map thus
obtained was correctly interpreted as exhibiting vectors resulting from the presence of two
crystallographicaily distinct Sr atoms in the acentric space group Aa, rather than vectors
associated with the eight equivalent Sr atoms produced from one crystallographically
unique Sr in centros)rmmetric A2f a. However, at that point in time a change in computer
facilities was occurring, so no further maps could be obtained immediately.

After some delay, new data were collected as described under Experimental Data, a
new Patterson map was checked, positions were assigned to the two distinct Sr atoms, and

t To obtain a copy of Table 4, order NAPS Document #01ffi7 from National Auxiliary
Publications Service, c/o CCM Information Corporation, 866 Third Avenue, New York,
N. Y. 10022, remitting in advance $3.00 for microfiche or $5.00 for photocopies, payable
to CCMIC-NAPS.
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Tab le  3 ,  A tmtc  PataDeters  fo !  VeaEch l te  CoEPared Wl th  e -Vea lch i le

V e a c c h i t e

Present  s tud f /

g -Vea lch i te

R@anova and Gandynov (1971)

conver tea l  to .  
"o .p t t i "oJ /  

o r iS ina l

etoo9/ !(12) r

s r ( r )  0 . 7 3  O , I L 2 4
s r  ( 2  )  0 . 6 2  0 .

Polyanlon I

B ( r )  0 . 9  0 . 1 2 8
B  ( 2  )  0 . 4  0 . 1 5 4
B ( 3 )  0 . 8  0 . 1 3 0
B ( 4 )  0 . s  o . r 4 7
B ( s )  1 . 8  0 . 2 5 6
o ( 1 ) - r  o ' 3  o . r 2 2
o ( r ) - 4  O . r 2 2
o ( 2 )  O . 2  0 . 1 2 s
0  ( 3 )  0 . 7  0 . 1 3 0
0 ( 4 )  o , 2  0 . 1 3 s
o ( 5 )  r . 6  0 . 2 2 0
o  ( 6 )  O , 2  0 . 1 2 0
o ( 7 ) - 3  O , 4  O . r 2 7
o ( 7 ) - 4  0 . L 2 7
o ( 8 )  1 . 6  0 . 2 2 0

o H ( 9 )  3 . 0  0 , 3 1 8

Polyanlon I I

8 ( 6 )  O . 2  - 0 . 0 0 7

B ( 7 )  - 0 . 8  - 0 . 0 2 6

B ( 8 )  O . 1  - 0 . 0 1 3

3 ( 9 )  0 . 4  - 0 . 0 3 3

B ( 1 0 )  0 . 1  - 0 . 1 3 5

0 ( 1 0 ) - 6  0 . 6  0 . 0 0 3
0 ( 1 0 ) - 9  0 . 0 0 3
o ( 1 1 )  0 . 4  - 0 . 0 0 7
0 ( 1 2 )  r . 0  - 0 . 0 1 3

o ( 1 3 )  0 . 8  - 0 , 0 1 5

o ( 1 4 )  0 . 6  - 0 . 1 0 4

o ( r s )  0 . 6  - 0 . 0 0 2

0 ( 1 6 ) - 8  0 . 9  - 0 . 0 0 6

0 ( 1 6 ) - 9  - 0 . 0 0 6

o ( 1 7 )  0 . 9  - 0 . 0 9 6

o l r ( 1 8 )  2 , 0  - 0 . 1 9 8

B(OH) 3 group

8 ( U )  1 . 9  - 0 . 1 5 9
o H ( 1 9 )  2 " 5  - O . 2 r 9

o H ( 2 0 )  1 . 8  - 0 . 1 1 3

o H ( 2 1 )  r . 9  - 0 . 1 2 3

Watet Eolecule

H 2 O ( 2 2 )  2 . 4  0 . 2 2 9

L

0 , 0  3 5 9
0 .  1 8 8  1

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

0 . 3 9 3
o . 2 3 9
0 . 4 3 6
0 , 0  2 4
0 . 1 2 6
o . 4 2 4

- 0 . 0 7 5
0 , 2 8 1
0 . 4 7 2
0 . 3 2 3
o . 2 2 6
0 . 1 3 1
o . 5 2 2
o . o 2 2
o . 0 2 2
0 .  I 1 5

: + 4 1 T v

o , 5 2 5 6  0 . 1 1 3 0  0 . 0 3 6 5  0 . 5 1 5 0  0 . 0 7 3

0 .  0 . 0 0 0 2  0 . 1 8 9 5  0 . 0 0 0 0  0 ' 3 7 9

5"
0 .

- 0 .  1 1  2 8

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

z-?v

0 .  u 2 0  5
0 . 6 8 9 5

0 . 3 0 8  - 0 , 0 2 0  0 . 3 9 0  0 . 3 7 2  0 . ? 7 9  - 0 . 1 3 3  0 . 5 7 8

0 , 5 3 6  - 0 . 0 3 3  0 , 2 4 4  0 . 5 5 2  0 . 4 8 9  - 0 ' 1 4 5  0 . 1 9 3

0 . 6 6 3  - 0 . 0 1 3  0 . 4 3 3  0 ' 6 5 9  0 . 8 6 6  - 0 , 1 2 6  0 - 2 7 4

0 . s 0 4  - 0 . o 2 s s  0 . 0 2 8  0 . 5 1 8  0 . 0 5 7  - 0 . 1 3 8 5  
9 ' 9 1 1

0 . 5 1 4  - 0 . 1 3 1  0 , r 2 4  0 . 5 4 r  0 . 2 4 8  - 0 ' 2 4 4  0 . 0 8 3

0 . 1 1 0  0 . 0 0 2  0 , 4 2 6  0 . 1 1 7  0 . 8 5 2  - 0 . 1 1 1  0 . 8 0 9

0 , 6 1 0  0 . 0 0 2  - 0 , 0 7 4  0 - 6 L 7  - 0 . 1 4 8  - 0 . 1 1 r  - 0 ' 1 9 1

0 , 3 4 5  - 0 . 0 0 6 5  0 . 2 7 2  0 . 3 5 0  0 . 5 4 5  - { . 1 1 9 5  O ' ! ? ?

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

0 . 7 0 0  - 0 . 0 1 6  0 . 3 2 3  0 . 7 1 4  0 . 6 4 6  - O , r 2 9  0 ' 1 0 9

0 . 5 1 9  - 0 . 1 0 L  0 . 2 2 9  0 . 5 3 6  0 . 4 5 8  - 0 ' 2 1 4  0 . 1 9 3

o . 5 g 4  - 0 . 0 0 2  0 , ! 3 2  0 . 6 2 2  0 . 2 6 5  - 0 . 1 1 5  0 . 0 1 0

0 . 8 0 1  - 0 , 0 0 7  0 . 5 2 6  0 . 8 0 0  1 . 0 5 1  - 0 . 1 2 0  0 . 2 2 6

0 . 3 0 1  - 0 . 0 0 7  0 , 0 2 6  0 . 3 0 0  0 . 0 5 r  - 0  '  1 2 0  0 . 2 2 6

0 . 5 1 3  - 0 . 0 9 5  0 . 0 2 5  0 . s 4 1  0 ' 0 5 0  - 0 . 2 0 8  - 0 ' 0 1 6

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

0 . 2 0 9  0 . 0 1 1  - 0 . I 5 3

0 . 2 1 0  0 . 0 0 3  - o . 2 r 9

o . 2 9 6  0 . 0 1 5  - 0 . 1 1 7

0 . 1 0 7  0 . 0 0 5  - o . r 2 2

0 . 0 7 1  0 . 5 3 2  0 . 2 2 a  0 ' 0 7 0  0 . 5 1 4  0 . 1 4 1  0 . 1 1 5  0 ' 0 5 6

a  o n e  s t a n d a r d  d e v i a t l o n  a s  f o l l o w s :  S r ,  v  0 . 0 0 0 2 ,  l : 0 . 0 J  i 2 ;  S r ( I ) ,  x : O ' o o o 2 '  z  0 ' 0 0 0 4 ;  S r ( 2 )  I '  3
r lxed ar  zero to deremine . . t ; ; ; ' . ; - ,L i ; ; ; i ; ; ; ; ; '  + o:99i '1 io.og1'  z.  9:99: :  l .  9: : - i ' io ' ; * i i
a t m s ,  x  0 . 0 0 1 ,  1 : 0 . 0 0 2 ,  ,  = o . o o r , ,  q  ' o . f  l :  e x c e P E  f o r  o H ( 9 ) '  0 ' 5  A /  a n d  0 H ( I 9 ) '  H : o ( 2 2 )  !

b  c o . ' " r t " d a 6  f o t l o w s :  a 1 t  a r o m s ,  \ = h " * 0 . u 3 ,  J v =  0 . 5 ! v ,  z  = 0 . s 5 v - f o , + o . s

c The nocat ion O(1)-t  deslgnates oxygen at@ O(1) l inked to boron aton B(1) '  9!9' ;  these aEe the

l lnkages that fotu lhe sheets.

a three-dimensional electron-density map was calculated using these phases. After severai

weeks of struggle with successive maps and a ball-and-stick model board, it was discovered

that the option selected for calculating the electron-density function had not been correctly

programmed, and spurious, yet apparently piausible, maps lYere being produced. When

this situation was recognized and a correctly calculated map was obtained, the structure

was solved relatively rapidly. One [B6O8(OH) ]'z- sheet was first discovered, then the second

sheet and the water molecule. The B(OH)3 group was the last structural unit to be recog-

nized. Space group,4a has no special positions and onl)r one general fourfold position. The
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r and z coordinates of one Sr atom were each set at zero to fx the origrn, Ieaving a total
number of 103 positional parameters to be determined and refined, i,.e., y of one Sr and
r, y, z for the second Sr and each of t}ire 22 oxygen and 1 1 boron atoms that were discovered
to be present in the structure.

A few weeks after our solution of the structure, our colleague, M. Fleischer, brought us
a copy of the paper by Gandyrnov et aL. (1968) who had found the same structural formula
for 2-veatchite in space group P21. In this paper we foilow the numbering system used by
them for the 1-veatchite in order to facilitate comparison of the two structures. When the
present paper $/as nearly complete, Rumanova and Gandymov (1971) published the results
of least-squares and Fourier refinements of about ll00 hkl, data for the p-veatchite. With
an overall, isotropic B of 1.6 42, the residual was reduced to 0.152. With individual tem-
perature factors (not given), it became 0.142. Although the authors give no estimate of
errors, their refinement does allow meaningful comparison of some of the structural details.
In a subsequent paper Rumanova et oJ. (1971) compared the p-veatchite and veatchite
structures, using data for veatchite from the preliminary report by Clark and Christ (1968).
The comparison is in general agreement with the results of this study.

DBScnrprroN oF STRUCTURE

The structure is illustrated in the stereoscopic-pair view of Figure 1, in
which the various portions of the structure can be picked out. There are
two crystallographically distinct [86O8(OH)]2- sheets, each associated
with a crystallographically distinct Sr2+ cation that fits neatly into spaces
left by the polyanion network. These two sheets, designated for the re-
spective polvanions f and II, are i l lustrated in Figure 21 a schematic view
of folyanion I without the associated Sr2+, shown in Figure 3, permits
easy identification of the linkages. At the present time similar polyanion
sheets having different cations are known in two other structures:
gowerite, CaBrOs(OH) .B(OH)8.3H2O, recently solved by J. A. Ko4nert,
U. S. Geological Survey (oral communication, 1970), and synthetic
KrB6O3(OH)-2H2O (Marezio, 1969). A comparison of these structures

Fro. 1. Stereoscopic-pair view of selected portions of the veatchite structure, showing
the polyanion sheets, the Sr-O coordination, and the hydrogen bonds. Atom labelled
WATER is HrO(22). Origin is marked, *a horizontal, f b vertical, fc towards viewer.

VEgTCI]ITE V E F T C H I T E



vL -q -  r  i l  t L  POt  )  p \  l 0N  I  sh t rET VTFTCH I  TE  POLYI ]N  I  ON  I  SHTET

V E q T I H I T t  P O L ] P N I O N  I I  S H t t T V E R T C H I T E  P O L Y F N I O N  ] ]  S H E E T

Frc. 2. Stereoscopic-pair view of the polyanion sheets in veatchite; origin marked, *b
horizontal, *c vertical, to towards viewer. (a) Polyanion I sheet with Sr(1) coordination

including HrO(22) tabelled WATER. (b) Polyanion II sheet with Sr(2) coordination and

the B(OII)3 group.

VEf lTCHITE PCILYRNICIN  I VERTCHITE  POLYENION i

Frc. 3. Stereoscopic-pair schematic view of [B;Oa(OH) ]'- polyanion I,

illustrating the linkages in detail.
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wiII be made in a forthcoming paper on gowerite (Konnert et al., in
preparation).

In veatchite the two sheets, oriented parallel to (100), are held
tightly together by cross-sheet Sr-O bonding that creates sheets of edge-
sharing Sr-O polyhedra, as shown in Figure 4. The water molecule co-
ordinates Sr(1) and is located on the periphery of the sheet involving
polyanion f. Two of the three hydroxyl ions of the B(OH)B group co-
ordinate Sr(2) and the group is thus located on the periphery of the sheet
involving poiyanion II (Fig. 2). We define this entire double-sheet as-

Frc. 4. Stereoscopic-pair view illustrating the Sr-O coordination in veatchite. From the
labelled origin, f o is horizontal, *b vertical, and f c towards the viewer. Polyanion sheets
are shown at the cell edges but are omitted in the center. Selected portions only are shownl
atom labelled WATER isHzOQ2).

semblage as the basic building block of the structure, and the atomic
coordinates given in Table 3 are for one such block. Packing occurs so
that hydrogen bonds alone hold the blocks together, thus accounting
for the observed habit, platy on (100), and the perfect (100) cleavage.
Both veatchite and p-veatchite contain the same building blocks, as the
conversion of atomic coordinates (Table 3) demonstrates. The difference
between the two structures is chiefly in the packing arrangement, a point
that is i l lustrated in a later section. For convenience of discussion, the
building blocks will be considered as follows: the [BrOa(OH)]2- sheets,
the Sr-O coordination, and the B(OH)B groups. The hydrogen-bonding
scheme will then be examined, including the charge-balance considera-
tions, and finally the packing and the distinction between veatchite and
p-veatchite.

The [BsOs(OH)]2- Polyanions I and II. Each polyanion has a central
BOr tetrahedron, from which two six-membered alternating boron-
oxygen rings go off in planes approximately perpendicular to one another
(82o in polyanion f, 79o in polyanion II). One of these rings is completed
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TabLe 5. soEe Bond Dlgtances ln the IB5OB(OH)]2- PolyanlonE of veatchite

Aton n@beE

Polyanion

I I I I I I

B ( 2 )  B ( 7 )  0 ( 2 )  o ( 1 3 )
o ( 4 )  o ( 1 4 )
o ( s )  o ( 1 5 )
o ( 6 )  o ( 1 1 )

average

B ( 1 )  8 ( 6 )  o ( 1 )  o ( 1 0 )
o ( 2 )  0 ( 1 1 )
o ( 3 )  o ( 1 2 )

average

B ( 5 )  B ( 1 0 )  o ( s )  o ( 1 4 )
o ( 8 )  o ( 1 7 )

on(9)  oH(18)

average

D is tance:'
B-o (l)
Polyanloo

I I I

L , 5 2  \ . 4 9
L . 5 2  L . 6 4
r . 3 8  1 , 4 0
1 , 5 0  r , 4 3

1 . 4 8  L , 4 9

r . 3 7  r . 3 9
1 . 3 6  t - . 3 4
1 , 3 9  L . 3 7

L . 3 7  1 , 3 1

L . 4 3  L , 3 4
L . 4 3  r . 4 6
L , 2 8  L . 3 2

1 . 3 8  L . 3 7

B(4 )  B (e )

B ( 2 )  B ( 7 )
B ( 2 )  B ( 7 )

B ( 4 )  B ( e )

B ( 1 )  B ( 6 )

B-B (E)
2 . 4 7  2 . 5 4
2 , 4 8  2 , 4 0
2 . 4 9  2 . 4 8
2 . 5 0  2 . 6 3
2 . 5 3  2 . 5 8
2 . 6 L  2 . 5 4
2 . 5 7  2 . 4 4
2 . 4 4  2 . 4 2
2 . 5 1  2 , 5 0

At@ nuber oistancy'
B_o (i)

Polyanion

I I I I I I

Polyanlou

I l I

o (7 )  o ( l s )  1 .53  1 .53
o (8 )  o ( r . 7 )  L .54  1 .31
o (6 )  o ( r . 6 )  L .42  1 .48
o (1 )  o (10 )  r . 4s  1 .5s

average 1 .48  L .47

B ( 3 )  B ( 8 )  o ( 3 )  o ( 1 2 )  L . 4 2  r , 4 2
o ( 4 )  o ( 1 3 )  1 . 3 5  1 . 3 6
o ( 7 )  o ( r - 6 )  1 . 3 5  L , 3 7

average L .37  1 '38

B ( 4 )  B ( 9 )
B ( 1 )  B ( 6 )
B ( 3 )  B ( 8 )
B ( s )  B ( 1 0 )
B ( 1 )  B ( 6 )
B ( 3 )  B ( 8 )
B ( s )  B ( 1 0 )
B ( 3 )  B ( 8 )

averaSe

3/  one e tandard  dev ia t lon ,  B-o^10,03  l ,  n - f :0 .04  E.  A t . .ag .  o -O d ls tances :  t r iang les '
2 .38  A;  te t rahedra ,  2 .4L  A.

with two BO3 triangles, and the other, with a BO+ tetrahedron plus a
BO2(OH) triangle. The linkage is i l lustrated for polyanion I in Figure 3.
The polyanion resembles the [BsOs(Off;r1r- polyanion found by Zach-
ariasen (1937) in the structure of potassium pentaborate tetrahydrate.
The [BsOo(OH)a]1- polyanion also has a central BOq tetrahedron, but
the two six-membered rings in it are completed by Iinking BOr(OH)
triangles.

The relevant bond distances in the two polyanions are given in Table
5; the average distances are in good agreement with those found in
numerous borate structures: average B-O, tetrahedral 1.48 A, triangular
1.37 A, average B-B 2.50 A. D"tail"d comparison with the corresponding
distances in p-veatchite is not made because the standard deviations in
both cases are so large. However, the agreement between the two is
satisfactory.

The O-B-O angles in veatchite range from 1030 to 117' (+2o) in the
tetrahedra, with an overall average of 109.3o, and from ll3o to I27"
(+20) in the triangles, with an average 120o overall. The B-O-B angles
in the rings average I2Io, with a range of 1150 to 127" (+ 2o). Each
triangular boron atom lies exactly in the plane of its three associated
oxygen atoms within the limits of error.l llowever, there does appear to

1 For ,-veatchite. see footnote of Table 6.



be some deviation 
",;T:'":" 

^":::::prane denne.,";:
ring oxygen atoms, and such deviations may well be ,.u1, caused by the
necessities of the polyanion linkages. The distances of atoms from the
various planes are given in Table 6 in comparison with the related dis-
tances in 1-veatchite. The triangles having the hydroxyl ions are bent
from the ring planes appreciably more than are the other triangles.

Sr-O Coord,ination (Table 7, Fig. 4). The Sr(1) is associated with polyanion
I and is coordinated by six oxygen atoms of this polyanion plus three
from neighboring polyanion II and the Ione water molecule, the average
Sr-O distance being 2.68 h for the tenfold coordination. Sr(2) is as-
sociated with polyanion lI and is coordinated by six oxygen atoms of this
polyanion plus three from neighboring polyanion f and two lydroxyl
ions of the B(OH)s group, the average Sr-O distance being 2.75 A for the
elevenfold coordination. In each polyanion oxygen atoms that are com-
parable in character coordinate the associated Sr, or, in other words,
these polyanions have available a space into which a cation of appro-
priate size fits nicely. The average Sr-O distance for these six oxygen
atoms only is 2.69 A for both polyanions in veatchite, but in p-veatchite
the corresponding average values are somewhat smaller, 2.65 A (I) and
2.64 A (rr).

In a recent review paper on ionic radii, Shannon and Prewitt (1969)
give references for Sr coordinated by six, seven, eight, ten. and twelve
oxygen atoms. Veatchite and p-veatchite thus apparently provide the
first examples of Sr with elevenfold coordination. The other structures in
which tenfold coordination has been reported are: stron^tioginorite,
SrCaBraOzo(OH)6.sHrO, with average Sr-O distance 2.680 A (Konnert
et al., 1970)1 tunell ite, SrBoOg(OH)z.3HrO, with average Sr-O distance
2.736 h (Clark,  1964b);Sr(MnOn)z.3HzO, wi th average Sr-O dis tance
2.677 +0.074 A (Ferrari et at., 1966); and Sr3(POa)2 with average Sr-O
distance 2.67 A (Zachariasen, 1948).

The polyhedra of the crystallographically distinct pair of Sr cations
share an O(7)-O(16) edge, and further linkages are provided by sharing
with adjacent polyhedra the O(1)-O(10) and 0(6)-0(15) edges. A
tightly held polyhedral sheet is thus built up between the two crystal-
lographically distinct polyanion sheets. We consider the B(OH)s groups
and the water molecules as part of the construction by virtue of their
coordination to the Sr cations. The closest Sr-Sr approach is 4.39 A in
veatchite and 4.35 A in 2-veatchite.

There appears to be a slight but real difference between veatchite (V)
and p-veatchite (pV) in the coordination polyhedra. The coordinating
oxygen atoms are the same and most of the Sr-O distances are the same
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STRUCTURE OF VEATCHITE

Tab le  7 ,  Bond D is tances  fo r  S t ron t ium

to Oxygen Atoms in Veatchite

1947

Polyanion Oxygen
atom

r  o (1 )
0  ( 3 )
o  (4 )
o  ( 6 )
o ( 2 )
o ( 7 )

rr  o (10)
o  (1s)
o  (16)

HzO(22)

rr  o ( l_0)
o  (11)
o ( 1 2 )
o ( 1 3 )
o ( 1 s )
o  (16)

r  o ( 1 )
o  ( 6 )
o ( 7 )

B(oH) :  oH(20)
oH(21)

Coord ina tes
oxygen atom

x y _

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

Sr (1)-o ^  ,
distance3'

(A)

2 . 9 0
2 . 5 7
2 . 5 7
2 . 7  4
2 . 5 8
2 . 7 7

2 . 6 9

2 . 7 L
2 . 6 9
2 . 8 5

o f

z

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

average of 5

0 .003  -0 .07  6  0 .  610
- 0 . 0 0 2  0 . 1 3 1  0 . 5 9 4
- 0 . 0 0 6  0 . 0 2 2  0 . 3 0 1

0 . 2 2 9  0 . 0 7 1  0 . 5 3 2  2 . 4 7

ave rage  o f  10  2 .68

Sr (2 ) -o
a l

ClLsEance-
(A)

0 . 0 0 3  0 . 4 2 4  0 . 1 1 0  2 . 8 6
- 0 . 0 0 7  0 . 2 8 1  0 . 3 4 5  2 . 5 5
- 0 . 0 1 3  - 0 . 0 2 8  - 0 . 0 4 1  2 . 5 6
- 0 . 0 1 - 5  0 . 3 2 3  - 0 . 3 0 0  2 . 5 6
- 0 . 0 0 2  0 . 1 3 1  - 0 . 4 0 6  2  . 7 8
- 0 . 0 0 6  0 . 0 2 2  0 .  3 0 1  2  . 8 0

ave rage  o f  6  2 .69

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

-0 .  113
- 0 . 1 2 3

0 . 2 9 6  0 . 0 1 s  2 . 6 9
0 . 1 0 7  - 0 . 0 0 5  2  . 7  3

ave rage  o f  11  2 .75

a /
One s tandard  dev ia t ion ,  10 .02  i ,  except  fo r

HzO(22) ,  10 .03  A.  Coord ina tes  o f  Sr  ca t ions
as i .n Table 3.
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within three or four standard deviations. I lowever, the O(6)-O(15) edge
that is shared between two Sr cations is lonser in veatchite. 3.33 A com-
pared with 3.16 A in y'-veatchite, and the Sr(1)-O(6) distances are, re-
spectively, 2.74 L (V) compared with 2.59 A (pV), and Sr(2)-O(15) is
2.78 A (V), 2.58 A (pV).This difference in the rwo structures-appears to
be real and extends to the 8(4)-0(6) values observed, 1.42 A (V), 1.54
A (pV), and also to the B(7)-O(15) values, 1.40 A (V), 1.53 A (pV). Just
as might be expected, the oxygen atoms associated with the longer Sr-O
distances have shorter B-O distances, and aice uersa. This change ap-
pears to be in turn related to further adjustments in the boroxol rings
conta in ing B(4)  and B(7) ,  as fo l lows:  B(4)-O(8) ,  1.54 A (V)  to 1.41 A
(pV) ;B(2)-o(s) ,  1 .38 A 1v;  to  1.s1 A (pV) ;B(7)-o(r4) , r .64 A iv ;  to
1.43 A (pV); and B(9)-O(17), 1.31 A (V) to 1.45 A (pV). These changes
can be best envisioned by examination of Figures 2 and 4.

The B(OH\ Groups. Polymerized boric-acid side chains are known to
attach to larger borate polyanions. A [BO(OH)2]1- triangle occurs on the
polyanion of kaliborite, HKMgzBuOro(OH)ro.4HzO (Corazza and
Sabelli, 1966), and a linked pair of triangles, [BrOr(OH)r]r-, attaches to
the polyanion of strontioginorite, SrCaBr+Ozo(OH)6.sHrO (Konnert el
al., 1970). The presence of isolated B(OH)3 groups, as in veatchite and
p-veatchite (and gowerite, op. cit.), rs therefore reasonable even thoug-h
unexpected. In the B(OH)B group the average B-OH distance is 1.36 A.
and the average OH-B-OH angle, 120". Ilowever, the individual B-OH
distances vary as follows: OH(19), t^.25 A, OH(20), 1.40 A, OH(21),1.42
A (one standard deviation +0.04 A), and the individual angles, as fol-
lows: OH(20)-B (1 1)-OH(21) 105o, OH(20)-B (1 l)-OH(19) rs2", OH(zr)-
B(1l)-OH(19) t23" (one s. d. +3'). If real the distortions are those that
would occur as a result of sharing the OH(20)-OH(21) edge with the
Sr(2) polyhedron. In orthoboric acid (sassolite, Zachariasen, 1954) the
borate triangles are quite regular, however, and the B(OH)3 group in
p-veatchite also is. fn view of the limits of error the reality of the distor-
tion in the veatchite B(OH)e group cannot be confirmed at present. The
boran atom B(11) is exactly in the plane of the three hydroxyl ions within
the limits of error. In veatchite the three triangles having hydroxyl ions
are aligned parallel and within 2o of the same plane (Figs. 1,5). There is
a larger departure, about 7o, in p-veatchite although the alignment is
similar.

Water Molecwle H2O(22) and Hydrogen Bonds (Table 8, Fig. 1). The water
molecule is closely held to Sr(1) by the shortest observed Sr-O distance
in both veatchite (Table 7) and p-veatchite (2.42 L). The two hydrogen



STRUCTURE OF VEATCHITE

Table 8. Hydrogen Bonds and Water Molecule

Environment in Veatchite (see Fig. 1)

Coordinates of
acceptor atom

5 y _ 2
0 . 3 0 2  - 0 . 1 1 5  0 . 5 0 4
0 . 2 8 1  0 . 2 9 0  0 . 5 0 3
0 . 3 9 6  0 . 7 7  4  0 . 5 1 9

- 0 . 2 8 0  0 . 3 0 1  0 . 5 0 5
-0 .280  0 .007  0 .006
- 0 . 0 9 6  0 . 5 2 2  0 . 0 1 3
-0.782 -0.092 0.007

Atoms

oH (18 ) -H2o ( 22) -oH(Lg)
oH(r_8)-H2o (22)-*  (L)
oH (19 )  -H,O (22)  -Sr

One standard deviat ion, dj-stances 10.04 A, angles
+1o. Coordinates of donor atoms as in Tabl-e 3.

bonds the water molecule forms to hydroxyl ions OH(18) and OH(19) in

a neighboring building block are important in holding the blocks to-
gether. The distances and angles involved are normal for a water mol-

ecule with this environment (Table 8), and are similar in veatchite and

1-veatchite.
All the hydroxyl ions participate in hydrogen bonding and the donors

can be unambiguously identified by chemical considerations. In determin-
ing the hydrogen-bonding scheme, edges of the oxygen polyhedra around
strontium cations have been avoided. Our independent assignment

agrees exactly with that arrived at by Rumanova and Gandymov (1971)

lor p-veatchite. No attempt was made to locate hydrogen atoms in

veatchite by electron-density methods, due to the presence of the Sr

cations and the relatively poor refinement.
Of the seven hydrogen bonds, six link together adjacent building blocks

as defined. Only one, OH(20) to O(17), occurs entirely within the sheet

of polyanion II as defined (Fig. 1 ; f.or p-veatchite, Fig. 3 of Rumanova

and Gandymov, 1971). AII the hydrogen bonds are of normal lengths;

the range in veatchite is from 2.64 to 2.S0 A ( + 0.04 A).

Charge Balance Consi,deroti'oms. Satisfactory totals ranging from 1'85 to

2,20 valence units (v.u.) are found for each oxygen atom on the basis of

Donor Acceptor
atom atom

H2O(22) oH(18)
H2o(22) oH(19)
oH(e)  o( l_4)
oH(18 )  o (8 )
oH(19 )  o (s )
oH(20 )  o (17 )
on (21 )  oH(9 )

oistancP/
(A)

2 . 6 7
2 . 8 0
2 . 6 9
2 . 7  6
2 . 7 0
2 . 6 7
2 . 6 4

Angle

L 2 2 "
L15 "
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Frc. 5. Stereoscopic-pair views showing the packing possibilities; selected atoms, with
Sr cations omitted. From the labelled origin, fa is horizontal, fc vertical, and +b into
the paper. (a) Veatchite with the correct,4o translations. The basic building block is on the
right and a portion also on the left. Note the sequence along a of O(1)-O(3)-O(7) which re-
mains the same at the left and in the center, and 0(10)-0(12)-0(16), marked on the right
and in the center. (b) Veatchite with the translation iIr, j,, Z applied. Same basic building
block as in (a), but note changes in center of cell, where the sequence is now reversed from
that shown in (a).

a simple ionic model (Pauling, t929) as follows. A strength of 1.00 v.u. is
given to the oxygen atoms in triangular coordination with boron, and
0.75 v.u., to those in tetrahedral coordination. Strengths ot2/t0 arl.d2/l l
v.u. are assigned each oxygen atom coordinating the respective strontium
cations. A strength of 0.90 v.u. is assigned each hydrogen-bond donor
and 0.10 v.u., to each acceptor. The errors in bond distances are such
that use of the bond strength zrs. distance curves developed by Zacharia-
sen (1963) does not improve the sums. With either model the sums for
O(1), O(12), and 0(16) are at the high end of the range and the sums for
O(13) ,  O(14) ,  and O(15)  are at  the low end of  the range.

Packing of Veatchite and p-Veatchite. Beca:use the basic building blocks
are so nearly alike in these two structures, and even the hydrogen-bond
network between adjacent blocks is the same, the difierences are ob-
viously slight. In Figure 5a a stereoscopic-pair view of veatchite is given
minus the Sr cations which are not necessary for the present discussion.
The view is along 6, with a horizontal and c vertical. On the right the
basic building block can be seen with coordinates as given in Table 3
(except r*1) and the polyanion f portion is repeated at the left. fn the
center of the cell is the block related by the o-glide translation: l/2{x,

VEf ]TCH I  TE VEF]TCI] I TE

Z  V l F I C H I T E -Z  VESTCHITE
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Frc. 6. Stereoscopic-pair view of selected portions of the 1-veatchite structure from

data of Gandymov et aJ. (1968). From the labelled origin, fb is horizontal, fc vertical,

and fo towards the viewer. The basic building block like the one in veatchite is Iocated at

the center of the cell. The sequence reversal for polyanion I can be noted on the left.

t, z. Study of the array shows that because z remains the same every-
where,  the sequence a long c of  O(1)-O(3)-O(7)  and 0(16)-0(12)-0(10) ,
for example, is the same in the center as it is in the basic group. If, how-
ever, an operation ol l/21w, !, Z is applied (invalid Ior Aa), the sequences
for the central group reverse to O(7)-O(3)-O(1) and O(10)-0(12)-O(16),
as i l lustrated in Figure 5b labelled -a veatchite. This structure is that
of /-veatchite which has space group P21; the long axis becomes 6 and
the 21 slmmetry axis relates the central building block to those on the
ends, A view of p-veatchite plotted with the actual p-veatchite cell and
coordinates given by Gandymov et al. (1968) is shown in Figure 6. Due
to the shift in origin (see coordinate transformation, Table 3), the basic
building block chosen in veatchite is here Iocated at the center. Although
not all atoms are labelled, the symmetry change due to the 21 operation
is apparent and is emphasized by the various locations of the B(5) atom
(coordinates prior to the refined values).

The reason this slight change does not affect the nature of the structure
may be because of the similarity of so many atoms in the polyanion. For
example, O(1) and O(7) in polyanion I, and O(10) and O(16) in polyanion
II, each coordinate two Sr cations and link a triangular and a tetrahedral
boron. As a result the polyanion sheets can be reflected or rotated with-
out major changes as long as the relative orientation of the groups with
the hydroxyl ions remains the same. Nevertheless a fi.nite, although
small, energy difierence must exist for otherwise there would not be
crystals of both kinds; in fact, it is really more surprising that the two

kinds do actually occur.
There is some evidence indicating that the o-glide packing is not

regularly maintained in veatchite. Some crvstals exhibit diffuse streaking
along o*, indicating possible packing errors along (100) planes. It is rea-
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sonable to suppose that p-veatchite-type packing does occur, perhaps
occasionally, perhaps semi-regularll', as mistakes in the veatchite struc-
ture. The p-veatchite crystals that we have examined, however, do not
exhibit any diffuse streaking, so the packing array is apparently ordered
by the 2r operation without any mistakes occurring. Thus it appears
that it may be more difficult to achieve a perfect o-glide packing arrange-
ment.

CnBlucar- CoNsrnBnarroNs

Both structural formulas that were proposed, one for veatchite
(Christ, 1960) and one for p-veatchite (Kondrat'eva, 1966) were based
on incorrect, although different, oxide formulas, and so were necessarily
wrong. I lowever, the observed polyanion sheets [B5Os(OH;1r- are in
accord with the rules formulated by Christ (1960). The crystal-structure
studies since 1960 show that in addition to these rules, a fifth one must
be added (Clark, l97I), as follows: the boric acid group, B(OH)3, may
exist in isolated form in the presence of more complex polyanions, or
such insular groups may themselves polymerize, attaching as side chains
to the complex polyanions. The chemical conditions that govern the
crystall ization of these various borate minerals are sti l l  not understood,
much less what is responsible for such subtle differences as those between
veatchite and p-veatchite.
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