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Peretaite, CaSb,0,(OH),(SO,), - 2H,0: its atomic arrangement and twinning

SILVIO MENCHETTI AND CESARE SABELLI

CNR, Istituto di Mineralogia dell’Universita
Via La Pira 4, 50121 Firenze, Italy

Abstract

Peretaite, CaSb,0,(OH),(SO,), - 2H,0, crystallizes in the monoclinic space group C2/c,
with g = 24.665, b = 5.6006, c = 10.185A, 8 = 95.98°. The structure was determined by Pat-
terson and direct methods and refined by least-squares technique to a final R index of 0.037.
The dominant structural feature is the arrangement of the two independent Sb polyhedra
into sheets parallel to (100). The Ca ion is coordinated by six O and two H,O in a square anti-
prism. These polyhedra are edge- and corner-linked to SO, groups into chains which run par-
allel to the Sb-O sheets. The hydroxyl groups form hydrogen bonds between Sb-O sheets
and Ca-S chains; these bonds provide for the three-dimensional cohesion of the structure. An
interpretation of twinning with (100) as twin plane is given.

Introduction

Peretaite is a new suifate of antimony and calcium
found at Percta, Tuscany, Italy. Its chemical formula,
CaSb,0,(0OH),(SO,), - 2H,0, and other mineralogical
data have been reported in the preceding article
(Cipriani et al., 1980). It occurs as aggregates of tabu-
lar crystals, associated with quartz, pyrte, calcite,
sulfur, gypsum, and other antimony minerals, stib-
nite, valentinite, kermesite, and klebelsbergite. Kle-
belsbergite and peretaite are the only two Sb sulfate
minerals so far known.

This study was undertaken to solve the crystal
structure of peretaite and to investigate its possible
crystal-chemical relationships with the structures of
klebelsbergite (Menchetti and Sabelli, 1980) and of
other synthetic Sb sulfates such as the anhydrous
Sb,0, - 2SO0, (Mercier et al., 1975), Sb,0, - 35S0,
(Mercier et al., 1976), Sb,0,(SO,), (Bovin, 1976), and

- the hydrate Sb,(OH),(SO.), - 2H,O (Douglade e al.,
1978).

Experimental

For the X-ray structure analysis a small tabular
crystz! {approx. 0.1 X 0.4 X 0.2 mm) was taken from
an original sample of peretaite. Monoclinic symme-
try and possible space groups C2/c and Cc were de-
termined by Weissenberg photographs. The centro-
symmetric space group C2/c was chosen for the
structure determination and was subsequently found

to be correct. The unit-cell dimensions, determined
940 -
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from 25 high-angle reflections measured on a four-
circle automatic diffractometer, are a = 24.665(4),
b = 5.6006(9), c = 10.185(1)A, B = 95.98(1)°.

The sample used for intensity data collection and
all other crystais tested for X-ray work were found to
be twinned. Figure 1 reports the reflection popu-
lation due to the whole twinned crystal and referred
to reciprocal lattice levels with k = 2n (Icvels with k&
= 2n+1 can be represented by a similar scheme with
h-odd lattice points occupied instead of h-even ones).
One can readily see that overlapping of points from
the two individuals takes place only in the lattice
rows with / = 4n. From the intensities of 363 pairs of
well-separated reflections (with / = 4n + 2) the rela-
tive volumes of the two members of the twin were
easily computed. The knowledge of the volume ratio
so determined (A/B = 3.55:£0.02) allowed the com-
posite intensities of the overlapped reflections to be
subdivided into the intensities of A and B individ-
uals, by solving the following equations:

— JA B

I.w = Ihk.’ + Ih’k'r
— TA B

Ih'k'r = Ih’k‘f + Ihkl

where I is the observed intensity of the twinned crys-
tal and I* and I® are the intensities of the two super-
imposed reflections; h,k,/ are the Miller indices of re-
flections belonging to the A individual and A" = —(h
+ %), k' = k, I' = [ those of overlapped reflections of
the B individual of the twin. In conclusion, according
to Friedel’s (1926) notation, the crystals of peretaite
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183.0
98,7
138.6
37.1
5202
127.7
A
23240
43,6
117,
1363
131.4
1752
2701
133.4
153.9
56,3
95 .4
20,3
153,7
7265
137.3
104.2
10,7
40,8
let
21.8
73.9
50,0

l.6
195,8
42,5
155.7
111.7
109.1
90.6
7766
43,7
13,7
71.8
228
38.7
15.6
35,7
63,3
12,3
11.8
104.4
101,.8
1714
71.6
85.8
28,0
161.7
1743
25.8

227,1

110,.3
16445
143,7
35.9
1564.9
4ol
131,
194,56
8645
188.3
'97.5
14440
31,0
58,7
12649
1.8
229.

42.3’

112.9
138.2
128,9
175.5
22,5
132.6
150.7
55,8
94,6
9.1
156,.2
69.9
140,0
99,5
9.3
33,2
6.1
29.8
78,1
51,5

-106
"195.4
"4203
155.5
111.5
'10900
‘9005
=776
"4307
13.6
’71.7
=227
38,6
15,6
=35,.6
63.1
11.9
=118
'10403
101.7
171.2
71.6
=85,5
’2709
161.6
174,.1
25608
'226.9
‘1!000
164.2
14361
‘3508
=154,5
2.6
130.9
194,1
86,5
-188.2
'97.2
14305
'3008
‘5806
1246
=7
~228+9
‘4201
112.4
138.0
=128.7
=175.2
2205
132.3
15046
=55.7
’94.2
9.1
155.9
69,7
=139,8
=99,3
'990
32607
~6ol
=297
779
51,0
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-8 G4 o1 92,8

1 S
@ 3 5 8 174¢3 1713 =171.0 =10.5
3 S -8# 1303 3.3 ’3.1 =}e
S S5 8 107.1 107.2 1070 609
© 5 5 =8 7160 69.7 695 Se3
7 S 8 42.0 ‘0103 "‘01.1 "4‘.2
7 5 -8 12102 126.9 "126.6 "9.1
@ 9 S 8% G4e2 701 7ol “s9
9 5 "'8 1000‘0 10506 105'3 . 708
11 s 8 624 665 660b 400
® 11 S5 =8 128.7 133.6 =-133.4 ~8,1
13 5 8 165.0 1576 =157.4 -8¢3
13 5 =-8%¥ 11.3 2.3 “le2 260
© 1s s 8 66.4 627 6204 63
15 S "8 3503 36.3 3603 l_.oo
17 5 =8 69.8 8le4  =8le3 563
® 19 5 =8 91,2 CTAA 94,1 7.0
0 6 8 96,9 97.2 9701 4boT
2 6 8 2008 16.0 "1509 ""107
@ 2 6 =8 66,3 66.2 =665l 4ol
4 6 8 5360 47.2 47.2 1.8
4 6 =8 84.9 8604 8602 5.5
@ 6 6 8% 18,9 6.0 Se5 20t
6 6 =8 90.9 89.5 =89.3 -Sob
) 8 6 8 78.9 7608 "76.6 "5.7
@ '8 6 =8 9262 88.8 88.6 5,0
10 6 =8% 15.9 8e1 8.1 A
12 6 "'8 2108 2309 "2306 "305
@ 1 1 9 121.6 11667 11647 45
1 1 =9%  le4 600 6e0 o7
3 1 9% 10.3 6.7 “6ok 2,1
® 3 1 =9 20.8 23.3 2343 o3
5 1 9 55,1 55,0 5560 le7
S 1 =9 71.9 690‘& "’6903 =l o3
@ 7 1 9 7001 674 6703 2.6
7 1 =9 6246 6561 6501 2.8
9 1 9 34.5 3103 "3103 "’201
@ a 1 =9 44,41 44,0 ~4460 “Pols
11 19 43,8 39.8 3967 3,1
11 1 ‘9 7302 71.9 "?109 ‘2.3
@ 13 1 9% 14,7 2067 2007 o8
13 1 “9'p 1‘001 ‘007 “ol 293
15 1 9“ ;5.7 2006 '2006 "102
@ 1S 1 =9 87.6 86,9 =B86.8 “lo?
17 19 5667 5763 S7e2 3e4
17 1 =9% 9,8 13,9 =13.9 o3
’ 19 1 9“ 1.4 3.5 3.4 =ob
19 1 =9% 17.2 8ol 8ok o7
21 1 9 2503 20,1 20,1 ol
® 21 1 =9 4609 45,7 =456 =307
23 1 9 39,0  43.3 4362 362
23 1 =-9®% 18,9 22.0 2169 1a7
L) 25 1 -9 34,5 29.7  =29.7 =13
27 1 "9 39.1 37.6 '37-5 “205
0 2 9 6800 6‘0.9 "64-8 =3:,6
© 2 2 9 56,5 Slel  =5160 . =2.8
2 2 =9 T463 7507  =75e5 668
4 2 9 512 53.4 53,2 Sol
@ 4 2 =9 80.6 81.8 8l.7 Se3
6 2 9 118.0 116,5 =1163 “605
& 2 =9 23,1 19,9 =19.9 ol
i) g 2 9 19.8 11.8 11.7 1.5
8 2 "9 ‘?008 ‘3099 "1009'3 "'30‘0
10 2 9% 305 1206 12010 201
® 10 c =9 120.6 121.2 1210 503
! 1202 9 12les  121.8 =121.6 =70l
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22.1'

884
24,9
44,8

109,1
35.7
98.8
7446
5448

90,4

39,8
7447
108.2
148,.1
7244
144,8
61.8
lets
139,.1
57,7
177,
116.4
37,0
82,3
60,7
463
128,5
75.8
115,
6202
4649
S4.4
61.7
30.9
79.9
82,1
30.3
46,69
38.1
136.2
161.1
69.0
99,4
50,0
82,
121,7
T4e2

11‘008 '

1204
75,7
139.4
25,1
19,2
85.3
36.8
160, 1
12,0
15.3
14446
49,0
129,1
5608
17.6
118,2
29.1
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23.8
43,0
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71.1
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35.9
82.3
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53.6

‘9003
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9
=9

9
-9

g

131.0
4846
78.1
4346
22,3

115.5

135.8
70,1
6545
55,3
68.3

98.0

445
6469
30,9
53,9
43,2

112,64
30.9
85.8

184,2

146.9

162.4

1446.2

173,9

232.8
37.3
98.5

102,5
2665

98,5

197,.8

211.8

164,2

128,9

192.1
28,4

172,.9

258,7

276,64

181.9

292.2
58,2

136.6

216.9
99,7

262,7

147.1

229.8

2064

131.1

132.6
57.2
1362

17467

3649
82.8
18,5
7561
45,8
2844

8.5
559
7106
373

130.9
52,7
77.7
4745
12,5

120.0

137.2
70.5
63,7
56,2
7160
93.8

1ot
6241
2843
5643
44,3

120,3
30.8
8447

18740

146.5

160.8

1460

176441

23844
32.8

104.2

111.3
47,3

305.4

203.4

222.2

1735

128.9

200,9
36,3

169.9

2588

27740

1789

296, 4
Sl

136.9

219.1
98,6

268.2

152.7

234.8

207.3

129.1

134.9
60,7

1.0

1799
34,0
85,2
11.9
7502
4004
2204

53,7
7204
36.3
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”13007
‘5205
775
’4704
-12.5
11946
-13609
7063
‘6306
=56,0
70,8
93.6
=103
‘6109
28,3
=5602
”4403
120.3
-36.8
-8407
=186.9
=14663
160,5
14506
-173.9
‘237.9
' 32.8
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4743
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172.8
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-3602
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2344
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60,7
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179.7
3369
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7561
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Se2
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10004
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5861
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| 2 4 =1) 192,6
® 4 4 11 102.4
4 4 =11 139.8
6 4 11 92,1
@ 6 4 =11 5447
8 4 11 3645
8 4 =11 39,5
@ 10 4 11 68.1
10 4 =11 110.4
12 4 =11 138.9
@ 14 4 -11% 14,0
1 5 =11 106,8
© 3 5 -l1% 1e4
5 5 =11 75,9
0 0 12 7902
@ 2 0 12  144.8
2 0 -l2 255.9
® 4 0 =12 260.,3 262.3 26l.6 18,2
6 0 12 263.0 262.5 262.0 1604
6 0 =12 11648 1168 =116,3 =11.0
@ 8 0 12 12644 125,0 =124.7 -9.3
8 0 =12 5247 512 5162 203
10 0 12 40,5 4140 4160 1o1
® 10 0 =12 207.4 206,50 206.2 10.3
12 0 12 92.3 9749 9747 6e7
12 0 =12 15766 15347 =153¢2 =11,5
@ 14 0 12 S4,8 53,4 =530 663
1‘0 0 ‘12 1290‘6 12900 12805 10.5
16 0 =12 98,3 91,9 ~91.8 -3.8
® 18 0 ~-12 31,3 2.5 2.3 “e9
20 0 -l 69,3 72.6 72.5 4,0
1 1 12 27.9 27.2 =27.2 ~160
© 1 1 =12 19.4 15,0 15,0 o0
3 1 12 9909 9700 "’9609 ""309
3 1 -12 6603 6565 6565 209
L) 5 1 12 71.0 7042 70,0 6+3
5 l "'12 4‘0.2 47.1 "46009 =465
7 1 12 122.5 11643 =116.0 8ol
@ 7 1 =12 24,9 30,7 30.6 2e7
9 1 12 85,2 85,3 8562 5.2
9 1 ’12* 104 3.5 3.1 105
@ 11 1 12 28,5 3667 3606 2.7
11 1 =12  173.8 176.9 =17646 =10,5
13 1 12 136.5 140.9 =140,5 =-11.2
@ 13 1 -12 183.1 186.6 186,1 13.4
1S 1 12  156.7 160.7 160,.2 12,5
1S 1 =12  143.8 149,6 <=149,2 =11.2
@ 17 1 =12 59,4 59,9 59,9 3.0
19 1 =12 91.5 86.6 8663 749
21 1 =12  238.5 24009 =240.6 <-16.8
@ 0 2 12 7642 7761 7740 Se2
2 2 12 7202 752 7501 4e7
‘ 2 2 =12 25263 252.9 =2525 14,9
® 4 2 12 15740 1573 =156.8 =12.2
6 2 12 162,0 157.2 15647 12.9
® 6 2 12 178,00 177.2 =176¢8 =11.6
8 2 12 15508 15738 ‘15608 "’1002
8 2 -12 35.3 36.9 3609 1.6
@ 10 2 12% let 16,0 =~16,0 o7
10 2 =12 111,1  103.9 103.7 Ce7
‘ 12 2 12 48,3 bbob 4443 3.5
L2 12 2 =12  146.2 144e6 =1646,1 =110
' 16 2 =12 87,5 84,1 83,07 A
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3 1 =14 120.8 11608 116.6 7
) 1 -14 6".1 66.‘& 662 4

I RIFLESSI ASTERISCATI SONO 236
AGREEMENT FACTORS BASED ON MPARAMETERS BEFORE C|
SUM (W# (0=C) ##2) IS <118E 05

SQRTF (SUM (#® (0=C) ##2) / (NO-NV) ) IS 2.4588

R FACTOR INCLUDING ZEROS

i i

R FACTOR OMITTING ZEROQS
WEIGHTED R FACTOR INCLUDING LEROS

WEIGHTED R FACTOR OMITTING ZEROS

NUOVO FATTORE SCALA 556185

STATISTICHE SU WEIGHTED R

R RISCALATI

DOP  DPD  DPP  PDD  PDP  PPD  PPP DD
+036  ,000 ,000 .,000 .000 034 ,034 .03
466 0 0 0 0 365 556 42

GR1 GR2 GR3 GR& ALL
«035 .,000 ,000 .000 ,03S
1808 0 0 0 1808

R PER INTERVALLI SENTETA/LAMBDA PASSO 21000
+026 ,055 030 .027 .029 .035 L045 .04
3 38 107 207 329 470 630 2

R PER INTERVALLI FG PASSQ 20
0268 180 .,086 .054 ,040 L036 ,033 .02
14 217 250 261 222 169 163 12

R PER ZONE 3
OKL  +028 HOL .u40d HKO ,025 :
44 184 100

#STOP# 0
JOB STEP 02 TERMINATED AT 16%42#17% AFTER 001
. CORE USED 0060 DISC USED 0010
ﬁ-#%#§%§*§§#§#§§§#§§§§#9%#9%*###&%###%%##%#%%0#

TIME - TIME®CORE CORE-USE =TIy

11.5% 715077 94% 1

DS DS SHR SHR

I/0-BYTES I/0-CALLS 1/0-BYTES I/0~CALLS
843360 766 00 00

SMA1IJOB TERMINATED PERZ2.ANIS.2 U021 16%42%]

|




