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The crystal structure of klebelsbergite, Sh,0,(OH),SO,

SILVIO MENCHETTI AND CESARE SABELLI

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

Abstract

Klebelsbergite is an antimony sulfate found at Felsébania, Hungary, and recently at Per-
eta, Tuscany, ltaly. Crystal data are: a = 5.766(2), b = 11.274(2), ¢ = 14.887(2)A; space group
Pca?,; Z = 4. The atomic positions were determined by direct methods and refined by least-
squares calcuiations to an R index of 0.045 for 1111 observed reflections.

The basic structura! uaits are the Sb'"'-O polyhedra and the SO, tetrahed:on. Antimony
polyhedra show, as usual, intermediate features between the SbO,E tetrahedron and the
SbO,E trigonal bipyramid, where E indicates the unshared lone pair of electrons. These poly-
hedra are connected to each other by edge sharing to form Sb-O sheets paraliel to (001). Ad-
Jacent sheets are linked togsther by SO, tetrahedra and, indirectly, by H-bonds. Taking into
account anions and lone pairs, the volume occupied by each anton is similar to that found in
close-packed structures. A marked pseudosymmery (towards the centric group Pcan) is pres-

ent in the Sb-O sheet.

Introduction

Klebelsbergite from Felsébdania, Hungary, was
first described by Zsivny (1929); however, the first
complete description of the mineral is by Nakai and
Appleman (1980). A second occurrence of klebels-
bergite, at Pereta mine (Tuscany, Italy), is reported
by Cipriani et al. (1980a). A synthetic compound
equivalent to klebelsbergite was prepared by Nakai
and Appleman by boiling Sb-O, with sulfuric acid.
The same compound was also obtained by research-
ers of the Laboratoire de Chimie-Physique, Besan-
con, France (Douglade, personal communication).

In recent years several Sb**~O compounds have
been structurally studied and much attention has
been dirccted towards the stereochemistry of ele-
ments with one unshared electron pair. Our work
was undertaken in order to contribute to the crystal-
chemistry knowledge of these compounds. Another
question was the full knowledge of the chemical
composition of klebelsbergite and if the true crystal-
chemical formula was Sb,O,(OH),SO, or
Sb,0,50, - H,0.

Experimental

For our study a small (approx. 0.1 X 0.1. X 0.5 mm)
colorless crystal was chosen from a sample we col-
lected at Pereta. Crystal data are: @ = 5.766(2), b =

0003-004X/80/0910-0931%52.00

11.274(2), c = 14.8872)A, V= 967.7A%, Z=4,D, =
4.67 g cm™, formula weight 681.1. The spzce group,
determined from the extinctions, is Pcam or Pca2,.
The latter is the correct one on the basis of the struc-
ture determination.

Intensities were collected with a Philips PW 1100
four-circle computer-controlled diffractometer (Ceni-
tro di Cristallografia Strutturale del C.N.R., Pavia,
Italy), with MoK« radiation and the w-26 scan tech-
nique. A total of 1469 independent reflections, in the
range 2 < 8 < 30° were measured; only 1111 were
considered to be actually observed according to the
criterion F, > 50 (F,). Intensities were corrected for
Lorentz-polarization effects; an absorption correction
was carried out on the basis of the semiempirical
method proposed by North et al. (1968).

Structure determination and refinement

As statistical tests did not give a clear indication on
the absence of the symmetry center, the first attempts
to solve the crystal structure of klebelsbergite were
performed in the centric space group Pcam, which
was later found to be incorrect. Other difficulties
were presented by the incomplete knowledge of the
chemical composition. The structure was solved by
direct methods, using MULTAN (Main e al., 1974).
However, many successive three-dimensional Fou-
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1116
-17-5
89.7
2302

~3660

=6l

»'5508

15.6
-QUql
18.3
105.2
3le8
3602
2402
‘41.8
=-19.4
=469
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"17.2
37,1
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13.6
'206
35.2
1365
-"ob
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B4 .5
66.5
79.6
44,1
19.9
44,9
45.6
45.5
45,2
96,8
217.8
24013
17763
J1la1
1d1l.5
915
223.8
109,5
132,53
1560
141.0
55.4
4742
60,61
1Q2.4

307

L3
AR
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70.4
45,9
153, 1
7004
3008
12640
4769
15.7
6846
62.0
11.9
53.6
134,.2
4649
7167

75,0

B9 el
61.5
5966
97 o &
Ll el
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42,5
4565
38.8
4469
Q9.6
78,6
18.8
35,06
52.2
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3407
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43.5
23346
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6404
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£1.0
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11.0
Gle7
33.6
58.7
4le4
94,7
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203,11
175:¢6
36.7
189.5
92.9
22643
10,3
131.7
13.3
138.9
54,8
51.1
5860
97.5
306264
15461
69.8
54,2
14604

66,3

32.6
126.7
35.1
10,2
67.8
59,6
226
58.4

134,.8
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779
76.7
80.2
62.0
49,9
96,0
51,6
24..6
377
4665
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54,8
4002
79Q5
18.8
43,0
4302
99,
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35.0
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4404
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9.2
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=24 .5
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136.3
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S0e7
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4563
29566
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‘4206
1395
“22.6
-26.2
21e5
"3003
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‘7.9
3065
=-114e6
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=304
=7061
7943
3302
=-5H.6
91.4
=j0.1l
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10.5
12.3
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=1.8
7e3
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“HeD
Sldel
3&9“
4263
2765
=234 o4
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~6H3.0
52eb
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373
-1501
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26D
=914
~4le6
“-197.1
“21le8
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1.3
10669
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1265
26.9
5l o &
“Heo
“56,1
86.4
6440
157.1
»’6133
335
Ld ol
'62!3
19.4
-124.8
1706
10.2
=30s7
59,6
~21l.2
4969
71,0
527
TLe7
3la.¢&
"1202
=526 3
“49 e 6
=294
-50,6
“24 o5
2446
~Z2ls
Hb3.6
-53.4%
324
'db.B
=187
4\3.0
L] 69
986
1041
=13.1
-2k
3469
‘4308
“7¢Q
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2747
7201
20202
61eb
919
50.6
21844
42.6
116.1
10.2
121.8
5245
98.1
104,.8
8.8
13649
88,5
15.5
35.8
48,3
92,0
16,1

- T465

3040
5863
9G o &
59,7
7162
53.4
50.8
306G
51.8
€68.4
158.2

95,7

184.4
125,2
161.4
204, 1
122.9

11663

1301
14201
7866
68a1
2709
17246
2817
144,.2
405
4406
164.1
133.5

49,6

17.8
19.7

10.6
“6.1
18.8
21.9
72.2
19.6
59.4
2367
273

274 -

73.2
204,1
66.2
904
Slel
220.6
4960
121.6
19,4
123.2
496

: 90.4

1049

13.9

134 .6
8840
2643
4204
55,7
95,3
2448
71.8
30.4
50,7
9701
65.8
80,1

49.6

477

28.1
4605
69.8
157.6
102.2
187.5
126.8
163.4
105.0
204.8
1281
11465
965
138.3
88.0
66.2
2T
160,6
2774
144,1
32.1
3608
159.3
130.6
4669
25,1
2807

=65
-38.8
1703
=185
=-7160
740
58,0
23.6
20,9
244.2
279

"19806 ‘

6.3
“GUel2
~-50.8
21367
"47-3
112.6

19.4

=-119.9

49,6
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7le5

28,8
”5007
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4406
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- =28.0
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-dl ol
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387
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’93.9
"6.1
1304
=34.2
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11863
=275.8
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‘1803
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2o 7
"l_’ob
129
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Se5
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=1,3
=1Ye6
2365
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'4807
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=11.8
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17.1
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=10
=32.3
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o
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664
=l4e5
96,0
808

12067
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=737
12309
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=763
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345

27.0
10867
“29.8
1034
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3605
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105.6
=G4l o9

19.9
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9065
39.4
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4667
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11540
4249
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8544
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8847
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11164
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8e5
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7069
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% 2846
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3849
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49,0
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o
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e

4863
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10.4

2849
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48,2
4204
Ll o7
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68,3
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57.2
25.6
79,0
8749
39.5
9.1
4243
40.8
4b.6
4104
63,5
6.6
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213.1
196.9
194,8
15241
12.9
14069
112.7
150.7
37.4
99.8
22.3
108.0
4246
4740
85,1
197.6
 85.6
32.1
119.9
121 .4
113.7
85.9
117.9
39,1
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6643
99,5
1642
14245
7667

46.1}
771

4809
25.6
50.4
88.8
2864

9.7
52.3
737
59,5
2507
5067
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Sel
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Slel
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1504
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=-1e8
4062
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v ® 1 1 9 3566 41,7 2360 ~34.7
1 ¢ 9 3301 33763 =27Te2 =1922

3 ‘ 1 3 9 53.8 57.6 =200 ~53.8
‘ : 1 4 9 50.8 53.0 “27e5 “45,3
® 1 6 9 152.6 158.2 13464 834

i 1 7 9& 18-0 21-4 1/00 "13¢U
. 1 8 Q# 2le4 21.0 =5,.1 2004
1 10 vgﬂ 5.4 601 l.'d _600 :

h 1 11 9%  28.1 2265 760 21t
| ® 1 12 9  Sl.l 48.3 3.7 2065
: 1 13 9 5402 54.1 "3lob 4400
l 14 9 bZ.C ,5602 -3808 "4007
: e 3 1 9 115.4  116.4 55,6 =102.2
» 3 2 9 5362 57.3 -2862 49,8
; 3 3 9 43,6 43,1 441 “4269
| @ 3 4 9 1315 131.3 97.8 8765
: 3 5 9 33'5 34'6 "33.7 705
- ‘ 3 6 9 B80e3 B8l.b TGo3 3363
: 3 8 9 1691 173.4 =137.1 =106.2
o 3 9 9 5065 50.3 ) 5000 =53
s o 3 10 9 10008 103.2 -0 e 4940
3 11 9* d807 1200 ‘9\8 b.C)

' 3 12 9 99,5 99,1 Bbol 526k
® 3 13 9 45,0 39,5 -34,9 =185

: 5 1 9 85,9 85,0 6966 48,7
5 2 g 10.2 22.7 ~14,1 17.8

) 5 3 9 10264 105.9 102.6 2601
3 . 5 4 9 8668 8069 7700 2448
: 5 5 9 4001 39.8 "314.1 20-5
J ® 5 &6 9 4169 37.1 36.6 =645
4 5 7 9 610 46.3 =39,9 “23.5
‘ 5 8 9 8209 7469 ~71le7 -21.8

' 7 1 9 6362 6849 5169 45,3

: 7 2 9 57,0 5063 “47,0 =177
© 7 3 9 6742 70.3  44.2 54,6

. 7 4 9 4302 47.0 "2402 "40.3

| ® 1 2 11 89.9  S0.2  B6.9 23,9
‘B 1 3 11 54 o4 5209 25.2 =466
: 1 4 11 1278 131.7 =91.0 -95,3
| ® 1 5 11 120.4  121.8 7660 =953
. 1 6 11 87.8 89.3 ~6947 -55,9
& 1 7 11 32.8 39,0 =277 215
1 ® 1 8 11 155.8 157.2 98.7 12263
” 1 9 11 139.5 143,5  =86+6 11465

: 1 10 11 9647 93,3 59,1 7202
. ® ] 11 11%  11.2 18,5  12.5 =150
, ! 1 12 11 917 92.6 «7667 -52.0
§ 1 13 11 87.3 83.4 5904 ~5865

 © 31 11 101l 102.7  =86.9 5447
! 3 2 11 19640 199.2 172.6 99,5

. ' 3 3 11 13304 i 13409 "11902 6302

| ® 3 4 11%  22.4  23.4 2340 4.p
. 3 6 11 97.0 ‘9709_ "89.8 =389

® 307 11 49 .4 60.3 602 3.1
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17 10961
17+ 3066 374 242
A 40.6 372 3660
17 111.1 98.2 =354
17 113.2  103.5 8940
17 100.4 100.9 99 .5
17 126,9 1271 -7be
17 6249 71.8 7le>
17# 2463 3960 =361 .
L7# 2569 26,0 =212
17 5465 563 - 39.2
17 : S54el v 5769 =575
19 43e2 4603 1365
19 10245 108.6 =107.3
19 4061 32.5 -26.3
19 4665 4761 3464
19 44,8 35.7 '1505
19% 12.4 20061 19.7
19{} 3302 36.7 =03
19% 4ol 3265 - 30.2
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I RIFLESSI ASTERISCATI SONO 365

QGHEEMENT FACTORS BASED ON PARAMETERS BEFORE cYd
SUM (W (0=C)#%2) IS s 190t 04

SQRTF (SUM (Wi (0=C) ##2) / (NO=NV)) IS

K FACTOR INCLUDING ZEROS
R FACTOR OMITTING ZEROS
WEIGHTED R FACTOR INCLUDING £EROS

WEIGHTED R FACTOR OMITTING £ZEROS

NUOVO FATTORE SCALA .280951

STATISTICHE SU WEIGHTED R

| o
¢
f' i-
i» @
@
®
| ®
i ®
o
B
®
&

R RISCALATI

DDP  DPD  DPP DD POP PPF  DDU
L0039 L,028 o045 031 2043 W V30 o0&l
l42 133 126 116 146 185 134

GR1 GR2  Gk3 GR& ALL
L035 o000 4000 000 035
1104 0 0 0 1104

R PER INTERVALLI SENTETA/LAMBDA PASSU 210000
L050 026 o026 o027 o032 o051 ,068 103
2 24 80 136 2le 295 336 19

R PER INTERVALLI FO PASSO 20
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