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Parahilgardite, Caﬁ[B509]3Cl3 . 3H20:
a tricliuic piezoelectric zeolite-type pentaborate

CHE'NG WAN AND SUBRATA GHOSE

Department of Geological Sciences
University of Washington
Seattle, Washington 98195

Abstract

Parahilgardite, Cag[BsOs]sCl; - 3H,0 from Iberville Parish, Louisiana is triclinic, mildly
piezoelectric, space group P1, with unit cell dimensions: a = 17.495(4), b = 6.487(1), c =
6.313(DA; a = 60.77(1), B = 79.56(1), v = 83.96(1)°; Z = 1. The R-factor is 0.020 for 44950
reflections. The absolute configuration and hydrogen positions have been determined. The
structure of parahilgardite is a three dimensional framework, whose building blocks are
three crystallographically distinct pentaborate polyanions [BsO;2)°~, each consisting of
three (BO,) tetrahedra and two (BO;) triangles. These polyanions, two of which are in/and
one in d configuration, form three distinct single chains by sharing tetrahedral corners
along the c axis. By sharing tetrahedral and triangular corners, each chain is connected to
four adjacent chains, resulting in an open framework with channels parallel to all three
axes, where calcium and chlorine atoms and the water molecules are located. The calcium
polyhedra =-e hexagonal bipyramids, whic!, are connected to form an open sheet. The i
water molecules are hydrogen bonded with chlorine atoms in quasi-linear chains parallel to |

the ¢ axis.

Introduction

Hydrated borate polyanions can polymerize by split-
ting out water molecules to form chains, sheets and three
dimensional frameworks (Christ, 1960; Christ and Clark,
1977). Among the pentaborates, the isolated pentaborate
polyanions [BsO¢(OHg]*~, formed by corner sharing of
three borate tetrahedra and two borate triangles exist in
ulexite, NaCaBsOg(OH)s - SH,0 (Clark and Appleman,
1964; Ghose et al., 1978); they can polymerize to form a
chain by sharing an oxygen atom common to a borate
triangle of one polyanion and a tetrahedron of the next,
which occurs in probertite, NaCaBsO,(OH), - 3H,0 (Ru-
manova et al., 1966). These pnlyanions, further linked
into sheets, occur in heidornite, Na,Ca;Cl
[BsOg(OH),)[SO,)> (Burzlaff, 1967) and synthetic Na;
BsOg(OH), - H,O (Menchetti and Sabelli, 1977). The
culmination of this polymerization process results in an
anhydrous pentaborate framework, which occurs in Ca;,
BsO¢Br (Lloyd et al., 1973), in hilgardite, Ca,
BsOsCl - H,0 and parahilgardite, Cag[BsOs];Cl; - 3H,0
(Ghose and Wan, 1977, 1979) and in the triclinic hilgar-
dite-type phase Cay[BsO5]Cl - H,O (Rumanova et al.
1977). We have recently described the crystal structure of
hilgardite (Ghose and Wan, 1979). In this paper, we
present the details of the parahilgardite structure.
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Occurrence and chemical composition

Hilgardite and parahilgardite were found in the insolu-
ble resides from a brine well in the Choctaw Salt Dome,
Iberville Parish, Louisiana (Hurlbut and Taylor, 1937,
Hurlbut, 1938). Parahilgardite is triclinic. It is found only
as oriented intergrowths on hilgardite, which is monoclin-
ic (crystal class m). The intergrowths consist of two
partly merged individual crystals of parahilgardite, one
right-handed and one left-handed and apparently in twin-
position.

From a chemical analysis, Hurlbut (1938) assigned the
composition, Cag(BsO;1);Cls - 4H,0 to parahilgardite.
Braitsch (1959) described a new strontiohilgardite phase,
whose unit cell volume is one-third that of parahilgardite;

_on this basis, he suggested that the chemical composition

of parahilgardite is 3[Ca,BsOg(OH),Cl]. Based on the
crystal structure determination, Ghose and Wan (1977)
showed that the correct chemical composition of parahil-
gardite is 3[Ca,;Bs04Cl - H,O].

Crystal data

Hurlbut (1938) determined the crystal class of parahil-
gardite to be triclinic non-centrosymmetric (piezoelec-
tric), space group P1. However, his unit cell dimensions
(@ =11.24, b = 22.28 and ¢ = 6.20 kX, a = 90°00’, B =
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ABSTRACT

Parahilgardite, Ca6[8509]3c13'3H20 from Iberville Parish, Louisiana
is triclinic, mildly piezoelectric, space group P1, wich unit cell dimen-
sions: a = 17.495(4), b = 6.487(1), c = 6.313(1) &; « = 60.77(1),

B = 79.56(1), y = 83.96(1)°; Z = 1. The R-factor is 0.020 for 4490
reflections. The absolute configuration and hydrogen positions have
been determined. The structure of parahilgardite is a three dimensional
framework, whose building blocks are three crystallographically distinct
pentaborate polyanions [85012]9', each cdnsisting of three (804) tetra-
hedra and two (803) triangles. These polyanions, two of which are in 7
and one in d configuration, form three distinct single chains by sharing
tetrahedral corners along the c axis. By sharing tetrahedral and tri-
angular corners, each chain is connected to four adjacent chains, re-
sulting in an open framework with channels parallel to all three axes,
where calcium and chlorine atoms and the water molecules are located.
The calcium polyhedra are hexagonal bipyramids, which are connected to

form an open sheet. The watermolecules are hydregen bonded with chlorine

atoms.




Table 2: Parahilgardite: Anistropic Thermal Parameters
(with standard deviation in parantheses)
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Table 2 (cont.)

*Upy Uzz Uss Uz U3

ATOMS

*Temperature-factor expression (x 102), exp[—2n2(ulzhga*2+u22k2b*2+u33£20*2+u12

hka*b*cosy+2u13hla*c*cos B*+2u23k2b*c*cos a*)]
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39,37
5.78
3078

30633
10619

FC

3,18
7.85
31.64
Be&?2
775
11.04
6.86
593
6.10
10,48
«81
5661
15613
2041
5.16
3,70
9.37
14,10
13,44
11.78
140,26
13,20
10,30
13.67
%097
22,01
7e47
1.59
15.55
937
26031
25652
4,69
6e24
736
1.34
18,80
4lel4
14619
4023
34,58
8.48
8695
19.86
44,10
5075
4079
220,42
3.89
13,70
10.43
39,02
6043
4,91
30626
9,90



FC

FC

6.81
35466
12.90
29,32
11.1¢

4033
34,38

3,73
12.54
31.92

6.01

891

9.47
226015

575
12,09
31,30
10.36

696

9.85
12,68
31,42

7629
10,44

35034
9,70
4080

15,34
9.85
2042

16.69

29,21
7e52
6675
3013
3043

17.97
796
S.11

24,29
3,65

20,02

19.39
2646

10,53
7092

15,52

26,32
Se75
5003
9.48
10,31
15.92
22.86
10.83
S5.76

FC

24
264
24
24
24
24
24
24
26
24
24
24
24
24
24
24
24
24
24
24
26
24
24
24
24
26
24
26
26
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

25
25
25
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Lo

FO

14,16
6054
23016
24,70
T2
3..
894
1.47
11.65
13,28
19.74
5031
11.24
12.85
2045
18,52
18,60
11 .89
567
15,006
3,76
16 .84
8636
1664
9,55
10 .66
9624
16068
5626
685
11.06
756
8029
14 .67
27657
6019
1015
21 .81
9.92
10.26
11.56
10.82
22 652
29014
1.49
696
10.79
17,00
5035
1,49
1.76
11,91
27 .52
7631

1ob4
750

FC

14,07
Eott
22086
264058
8627
3,48
9,19
1.00
11,642
12.89
19.43
4,62
11.10
12,92
2054
18+35
18,52
11.85
624
15.39
4045
17,05
860
16.23
9,62
10,68
9,19
16,64
5642
6,88
11.00
Be34
8630
16,44
2740
6062
9.90
21,75
9,98
10.71
11.46
10,70
2266 |
29403 |
275 4
7.10
10.83
16673
3015
2oelb
lo14
11.93
27.58
718

2473
Tob4




13,81 13,73
12437 12,01

H K L GRP FO FC |
25 & 4 1 5.69 6,08 |
26 0 0 1 7.22  7.39
26 0 1 1 14469  14.24
26 0 2 1 11,13 10443
26 0 1 1 10,77  14.24
26 0 2 1 9,90 10.43
26 0 3 1 11,60 17.53
26 2 1 1

2 2 1
2 3 1

|
|
|
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REFLECTION STAYISTICS

NUMBER OF ATOMS IN THE ASYMMETRIC UNI
NUMBER OF REFLECTIONS

NUMBER OF OBSERVED REFLECTIONS §
NUMBER OF LESS=THAN REFLECTIONS i
NUMBER OF REFLECTIONS IGNQORED ‘
REFLECTIONS WHERE FQ/FC LIES OUTSIDE
OVERALL LINEAR SCALING RATIO

SLOPE OF LN(FO/FC) VS (SIN(THETA)/LAM

SCALE NUMBER OF OLD F(
GRQOUP REFLECTIONS SCALE
1 4490 015

Fkkkkkk ko ko ko ko ok ok ko

* *

* R(OVERALL) = 002041 =

* *

AR L e e T T
PREDICTED R VALUE OF 01958 IF OVERAL
FC COMPLETED |

I

INTERCHANGED NFILEA = 9 NFILEB = 87
TIME ELAPSED TIME DATE f
3.85 MIN 1.89 MIN 05717/78 i

T CHOD D WD P D D @ € T P ED S EP W Y P € e @ @ o> @ v ------------J

*RErEkEAE RS R AR STORE s

CURRENT PREVIOUS CURRENT SIZE  REQUIRE
PROGRAM PROGRAM  OF DATA ARRAY OF DAT/
FC FC 3000 | 746

|
|
...Q.....Q.....l................0'.0....(

¥¥FINISH X-RAY RUN®##FINISH X=RAY RUN***{

..'......O..Q.........l...0.l....‘.‘.'.ll




