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Ftil6ppite, Pb3SbsSls, from the type locality in Nagyb~inya, Romania, is monoclinic C2/c with a=  
13.441 (15), b= 11.726 (15), c= 16.930 (15) /~, fl= 94.71 (8)°; D . . . .  = 5.22, Dca~c= 5"19 g cm-3; Z =  4. 
The structure was solved from 1568 'observed' 2> (Fo-5aF 2) symmetry-independent reflexions collected 
on a Picker four-circle FACS-1 diffractometer using Mo K~ (2= 0.71069 ,~) radiation. Absorption cor- 
rections were applied to the data and the structure was refined by full-matrix least-squares calculations 
with anisotropic temperature factors to an R value of 6"07% (R,,=8.01%). The structure can be 
resolved into two kinds of interIeaving and interlocked Pb-Sb-S complex, both of which extend parallel 
to [110]. The first kind, of composition Pb2Sb4S6, is similar to the groups that form the chains in stibnite 
(Sb2S3) but have Pb bonded to both ends. The second kind has the composition PbSb4S9 and consists 
of a string of four SbS3 polyhedra symmetrically arranged about a central twofold rotation axis and a 
Pb atom. Three of the four Sb atoms have three 'close' (2"43-2"56 A) S neighbours; the other has five 
(2.48-3-14 A). The two Pb atoms are irregularly coordinated by six and seven S atoms at distances 
of 2.76 to 3"32 ,~. 

Introduction 

Ffil6ppite is a member of a group of four mineral 
sulphosalts with progressive chemical compositions 
that can be expressed as Pb3+2,SbsS15+2, in which 
n = 0  to 3. Two cell constants, a and b remain invariant 
at 13.5+0.1 and 11.8+0.1 /~, respectively, while c in- 
creases with increasing Pb content (Table 1). The in- 
crease in c is not systematic and the values of /?  are 
neither constant (except for plagionite and semseyite) 
nor progressive but, as Jambor (1969) has noted, the 
parameter c sin fl changes regularly and thus the sys- 
tematic increase in calculated density with increase in 
Pb shown by the table, is to be expected. 

The crystal structures of  plagionite and semseyite 
have been solved, respectively, by Cho & Wuensch 
(1970) and Kohatsu & Wuensch (1974). The space 
group is C2/c for both structures. The systematically 
absent reflexions which have been recorded for the 
other two members of the group are in accord with 
C2/c. 

Experimental 

Crystals of ffil6ppite are rare. Specimens from Ro- 
mania, which have provided the best material, are 
usually less than a millimetre in diameter and irreg- 

ularly intergrown and intimately associated with other 
minerals. The faces are typically curved, striated and 
dull. The crystals are, therefore, generally unsuitable 
for structural studies and the search for a crystal 
bounded by measurable faces or one suitable for 
grinding into a sphere had to be abandoned. The crys- 
tal selected for the present study is an oddly shaped 
fragment from Nagybfinya, Romania (Royal Ontario 
Museum M 19239) measuring approximately 0.23 × 
0.11 × 0.14 mm in the a, b and c directions. Only one 
face, later identified as (00T), gave a distinct signal on 
an optical two-circle goniometer although two small 
striated zones were detected with a microscope under 
high magnification. But in contrast to most of the 
material, it gave sharp X-ray reflexions. The crystal 
was mounted to rotate about [010]. A series of Weissen- 
berg and precession films established that the system- 
atically absent reflexions are in agreement with the 
space group C2/c as previously reported. 

The cell parameters were calculated from the meas- 
urement of selected high-order h00, 0k0 and 00l 20 
angles, and the angle between the a* and c* rows on a 
Picker four-circle FACS-1 diffractometer. The param- 
eters a =  13.441 (15), b =  11.726 (15), c =  16.930 (15)/~; 
fl=94.71 (8) ° are in substantial agreement with pre- 
vious values. The calculated density for the cell con- 
tents 4[PbaSbaS15] is 5"19 g c m  -3 compared with 5.22 

Ffil6ppite Pb3SbsS15 
Plagionite PbsSbsS17 
Heteromorphite PbTSbsS19 
Semseyite Pb9SbsSza 

Table 1. The plagionite group 

c fl c sin// Dm Dc Reference 
16"930 94"71 16.87 5.22 5.19 1 
19.9834 107" 17 19.09 5.54 5.55 2 
21 "22 90"83 21.22 5.73 5.86 3 
24"435 106"047 23 -48 6-03 6-12 4 

References: (1) Nuffield (1946) and this study; (2) Nuffield & Peacock (1945), Cho & Wuensch (1970); (3) Dana & Dana (1944), 
Jambor (1969); (4) Nuffield & Peacock (1945), Kohatsu & Wuensch (1974). 



152 T H E  C R Y S T A L  S T R U C T U R E  O F  F I ~ L O P P I T E ,  Pb3SbsSls  

measured (Nuffield, 1945). The linear absorption co- 
efficient for Mo Kc~ (2=0.71069 A) is 267.9 cm -1. 

The intensity data were collected on the Picker dif- 
fractometer with filtered Mo Ks radiation in the 0/20 
scan mode to 50 ° in 20. A scan rate of  1 ° min-1  with a 
20 s background count on either side of the peak was 
employed. A standard reflexion, monitored at 50-re- 
flexion intervals, showed a max imum deviation of 
about 5.5% from the median and was used to place 
the data on a uniform scale. 2411 symmetry-indepen- 
dent reflexions were measured of which 1568 had 
IF 2] _> 5o'F 2 and were treated as observed. In addit ion 
tp sweeps were made at l0  ° intervals over the scan range 
(90-270 ° ~) for the reflexions 040, 060, 0,10,0 and 0,16,0 
for use in deriving absorption corrections. The data 
were reduced in the usual way. Absorpt ion corrections 
were made in the late stages of the refinement. 

Determination and refinement of the structure 

An analysis of  the distribution of  E values indicated 
the centrosymmetric space group C2/c rather than Cc: 

av. IE2I = 1.00 [El > 1 = 3 0 . 4 %  
av. IE2-11=0 .89  I E I > 2 =  3.9 
av. IEI =0.85 IEI > 3 = 0.3.  

A set of  the 224 largest (E_> 1.85) normalized structure 
factors was used in a direct determination of  the metal 
positions with the aid of the TANFOR (Drew & Lar- 
son, 1968) program. One of the iterations assigned 
phases to all 224 reflexions and yielded an R(Karle) 
value of  12 %. An E map  calculated for this solution 
revealed all the metal positions - two for Pb and four 
for Sb. A Fourier  synthesis, based on Fo-Fc coeffi- 
cients for the 1568 'observed'  reflexions, gave the S 
positions. After introduction of  corrections for anom- 
alous dispersions and conversion to anisotropic tem- 
perature factors, the agreement index R = Y[IFol- IFcl [/ 
~lFol reached a value of  0.116 for the 'observed'  re- 
flexions following several cycles of  least-squares refine- 
ment using unit weights. 

Absorpt ion corrections were effected with the DA T- 
RED (Fawcett, 1970) program which included the sub- 
routine ABSORP (Coppens, Leiserowitz & Rabino-  
vich, 1965). To obtain bounding plane data for the 
essentially anhedral  crystal of  ffil6ppite, the f ragment  
was mounted on a two-circle device and its surface re- 
solved, under a stereomicroscope, into nine bounding 
planes of which three consisted of faces [the (001-) face 
and the two striated zones mentioned above] and six 
represented the broken areas. The distance of  each 
plane from a common centre was estimated with a 
micrometer eyepiece. Spherical coordinates ~0 and 0 
(de Jong, 1959) were read for each plane and used to 
prepare a gnomonic projection from which Miller in- 
dices were assigned to the planes. The (00T) face served 
as a reference plane to relate the coordinates to the 
corresponding Picker angles. Table 2 gives the ob- 
served and corrected intensities for the 040 reflexions 
at 20 ° intervals of tp and indicates the degree of  success 
of  the procedure. The variations in intensity that re- 
main  are due in part to the errors inherent in averaging 
broken surfaces as imaginary planes and in setting the 
planes into a chosen reference orientation for the pur- 
pose of  reading the spherical coordinates. 

Table 2. Net intensities of  the 040 reflexions before 
and after correcting the observed data for shape 

and size of the crystal 

e lu ..... Lorr 
90 ° 2618 7987 

110 4725 9635 
130 6971 10526 
150 8966 11355 
170 9309 11690 
190 8764 10760 
210 7203 9593 
230 5121 8596 
250 3457 9299 
270 2659 8113 

The absorpt ion corrections obtained with the sub- 
routine for the four kinds of  0k0 reflexion in the tp 

Table 3. Fracthgnal coordinates (×  105), anbotropic (×  10 s, ~2) and botropic (A 2) thermal parameters 

The temperature factor has the form T=exp [-(fl~lhZ+f122kZ+fla312 +2fl~2hk+2fljahl+2f123kl)]. B values are from the final cycle 
of isotropic refinement. E.s.d.'s are in parentheses and were obtained from the last cycle of refinement. 

x y z Bll B22 A~ B12 BI~ A~ B 
Pb(1) 0 37137 (17) 25 347 (12) 235 (14) 108 (7) 0 95 (7) 0 1-65 (4) 
Pb(2) 30719 (9) 42895 (12) 33253 (9) 192 (7) 300 (10) 157 (5) -27  (7) 47 (4) 3 (6) 1.56 (3) 
Sb(1) 37263 (14) 13632 (18) 49484 (13) 92 (10) 191 (15) 95 (8) -35  (10) 44 (7) 11 (8) 0.91 (4) 
Sb(2) 40863 (15) 17955 (18) 15600 (12) 114 (10) 156 (15) 73 (7) -16  (10) 31 (6) 7 (8) 0.80 (4) 
Sb(3) 8902 (15) 4903 (19) 41560 (14) 132 (11) 197 (17) 146 (9) -82  (10) 2 (7) 58 (9) 1.19 (5) 
Sb(4) 14000 (14) 25122 (18) 6034 (12) 67 (10) 168 (15) 56 (7) 21 (9) 23 (6) -25  (8) 0.67 (4) 
S(1) 35660 (60) 4863 (71) 25578 (51) 203 (41) 238 (61) 114 (29) 22 (41) 32 (27) 18 (33) 1.45 (16) 
S(2) 50000 31669 (94) 25000 161 (57) 103 (72) 113 (40) 0 -34  (36) 0 1.03 (20) 
S(3) 26624 (52) 2731 (63) 3609 (47) 101 (35) 91 (48) 110 (28) 16 (35) 66 (25) 50 (30) 0.84 (14) 
S(4) 18550 (57) 24606 (71) 39631 (53) 140 (40) 201 (58) 182 (33) -40  (39) 83 (28) -78  (37) 1-35 (15) 
S(5) 46720 (54) 36518 (67) 46177 (69) 138 (39) 173 (54) 115 (29) 24 (39) 68 (27) -35  (33) 0.97 (14) 
S(6) 2975 (53) 41679 (61) 8294 (44) 135 (36) 44 (46) 65 (25) - 2  (34) 36 (23) 2 (29) 0.61 (13) 
S(7) 7034 (54) 13327 (67) 16400 (49) 122 (37) 179 (53) 104 (27) 23 (38) 43 (25) 17 (33) 0-93 (14) 
S(8) 27204 (53) 32013 (66) 15967 (48) 109 (39) 130 (52) 142 (31) 38 (37) -57  (26) 2 (33) 1.07 (15) 
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sweeps were normalized to 20o40 for each value of  
and then averaged for each 0k0 reflexion. The results 
were used to derive a curve of  average absorpt ion cor- 
rection vs 20. 

The DATRED program was employed to apply 20 
absorpt ion corrections, selected at 2 ° intervals o f  20 
f rom this curve, modified at 10 ° intervals of  ~p to ac- 
count  for the variat ion shown in Table 2, to all the data. 
The R value for the 1568 'observed'  reflexions was re- 
duced to 0.067. The min imum and maximum absorp- 
tion corrections were respectively 276 and 1001. 

Table 4. lnteratomic distances (A) 

(i) x,y,z; (ii) ~,37,,~; (iii) .~,y,½-z; (iv) x,Y,½+z; (v) ½+x,½+y, 
z; (vi) ½-x,½-y,~.;(vii)½-x,½+Y,½-z; (viii) ½+x,½-y,X+z. 
E.s.d.'s are in parentheses. 

Sb-S polyhedra 
Close S More distant S 

neighbours neighbours 
Sb(I)-S(4 ~) 2.479 (9) S(5 ~) 3.041 (8) 

S(35v) 2.525 (8) S(4') 3.174 (8) 
S(6 vm) 2.560 (8) S(6 vlS) 3"220 (8) 

Sb(2)-S(1 ~) 2"428 (9) S(35) 3"215 (8) 
S(85) 2"472 (8) S(5 m) 3"471 (8) 
S(2 ~) 2"511 (7) S(1 m) 3"711 (8) 

S(6 ~) 3"742 (8) 

Sb(3)-S(Y 5) 2.480 (8) S(8 TM) 3.565 (8) 
S(7 m) 2"628 (8) 
S(4 ~) 2.682 (8) 
S(Y) 2.855 (8) 
S(3 ~) 3.137 (8) 

Sb(4)-S(75) 2.478 (8) S(5 vm) 3.067 (8) 
S(8 l) 2.478 (8) S(3') 3.171 (8) 
S(6') 2-491 (7) S(3 ~t) 3.367 (8) 

Pb-S polyhedra 
Pb(1)-S(V u) 2.842 (8) (× 2) Pb(2)-S(3 ~u) 2.759 (8) 

S(65) 2.938 (7) (× 2) S(7 ~") 2.905 (8) 
S(7 ~) 3-322 (8) (× 2) S(1TM) 2"917 (8) 
S(45) 3"674 (8) ( × 2) S(45) 2"955 (8) 

S(5 t) 3"033 (8) 
S(8 ~) 3"192 (8) 
S(25) 3.316 (5) 

S-metal polyhedra 
S(1)-Sb(2') 2.428 (9) S(5)-Sb(3 ~) 2.480 (8) 

Pb(V) 2.842 (8) Sb(3 ~) 2.855 (8) 
Pb(2 vSt) 2.917 (8) Pb(2 ~) 3.033 (8) 
Sb(2 m) 3-711 (8) Sb(1 ~) 3-041 (8) 

Sb(4 ~"5) 3.067 (8) 
S(2)-Sb(2') 2.511 (7) Sb(2 m) 3.471 (8) 

Sb(2 m) 2.511 (7) 
Pb(25) 3.316 (5) S(6)-Sb(4 ~) 2.491 (7) 
Pb(2 m) 3.316 (5) Sb(1 vm) 2.560 (8) 

Pb(1 ~) 2.938 (7) 
S(3)-Sb(1 ~) 2.525 (8) Sb(1 v") 3.220 (8) 

Pb(2 TM) 2"759 (8) Sb(2 ~) 3.742 (8) 
Sb(3 iv) 3.137 (8) 
Sb(4 ~) 3.171 (8) S(7)-Sb(4') 2-478 (8) 
Sb(25) 3-215 (8) Sb(3 "~) 2.628 (8) 
Sb(4 ~5) 3.367 (8) Pb(2 TM) 2-905 (8) 

Pb(1 ~) 3.322 (8) 
S(4)-Sb(1 ~5) 2.479 (9) 

Sb(35) 2.682 (8) S(8)-Sb(2') 2-472 (8) 
Pb(25) 2.955 (8) Sb(4 ~) 2.478 (8) 
Sb(l') 3.174 (8) Pb(2') 3.192 (8) 
Pb(1 ~) 3.674 (8) Sb(3 TM) 3.565 (8) 

A weighting scheme of  the form w =  1/~rZ(Fo) was 
introduced at this stage. A plot of  AFolFo vs liFo for 
blocks of  49 reflexions was fitted by a least-squares 
routine to a second-order polynomial  f rom which the 
expression a(Fo) = 0.052Fo + 1.39 + 1869/Fo was de- 
rived. Three cycles of  least-squares refinement brought  
the value of  R to 0-0607 and Rw=[~w(lFol-lFc[)2/ 
Y.wlFol'] 1/z to 0.0801 for the 'observed'  reflexions. The 
value of  the s tandard deviation of  an observation of  
unit  weight al = [Y~w(Fo-Fc)2/m] 1/2 in which m = (num- 
ber of  observations - number  of parameters  varied in 
the refinement) was 0.984. The value of  R for all 2411 
reflexions was 10.78 %. A final difference Fourier  map 
revealed no anomalies. 

The full-matrix least-squares program X F L S  (Elli- 
son, 1962) was used for the structure factor calculations 
and the refinement. The scattering factors for neutral  
a toms were taken from Cromer  & Mann  (1968). Anom-  
alous dispersion corrections were made from the val- 
ues computed by Cromer  & Liberman (1970). Inter- 
atomic distances, angles and their s tandard deviations 
were calculated with the BONDLA (Rylarsdaam,  1970) 
program. Atomic and thermal parameters  are given in 
Table 3 and the interatomic distances and angles in 
Tables 4 and 5 respectively. The comparison of  ob- 
served and calculated structure factors is listed in 
Table 6. 

Table 5. Interatomie angles (e.s.d. 0-3 °) 

Apex atom Sb(1) 
S(3 Iv) S(4 i) 90.6 ° 
S(3 iv) 8(4 vi) 89"8 
S(35~) S(55) 167-4 
S(35~) S(6 ~5') 76.4 
S(35~) S(6 ~m) 96.5 
S(45) S(4 "l) 83.1 
S(4 ~) S(5 ~) 82.6 
S(4 i) S(6 TM) 116"2 
S(4 l) S(6 ~m) 170"0 
S(4 ~) S(5 ~) 78"9 
S(4 ~t) S(6"") 155"9 
S(4 *l) S(6 ~m) 89"9 
S(5 i) S(6 ~H) 116"1 
S(55) S(6 "m) 89"1 
S(6 vn) S(6 ~m) 72"5 

Apex atom Sb(2) 

S(1 l) S(25) 96-8 ° 
S(1 l) S(35) 84.1 
S(15) S(5 m) 167.4 
S(15) S(6 v) 82.4 
S(1 ~) S(8 ~) 98"5 
S(2 ~) S(35) 172"2 
S(25) S(5 m) 74"3 
S(2 ~) S(6 ~) 122"2 
S(2 ~) S(8 ~) 83.3 
S(3 l) S(5 m) 106.0 
S(35) S(6 ~) 65.6 
S(3') S(8') 88.9 
S(55") S(6 v) 94.8 
S(5'") S(8') 89.4 
S(6 ~) S(8 i) 154.4 

Apex atom S(1) 
Pb(1 v) Pb(2,55) 96.7 ° 
Pb(1 ~) Sb(2 ~) 101-8 
Pb(1 v) Sb(2 m) 76-1 
Pb(2 vn ) Sb(25) 101.3 
Pb(2 vii) Sb(2 "t) 170.5 
Sb(2 I) Sb(2 m) 74.6 

Apex atom S(2) 

Pb(2 l) Pb(2 m) 133"2 ° 
Pb(2 i) Sb(2 l) 99"4 ( x 2) 
Pb(2 l) Sb(2 m) 110"2 ( x 2) 
Sb(2 l) Sb(2 ill) 100"4 

Apex atom S(3) 

Pb(2 vii) Sb(1 iv) 98.8 ° 
Pb(2 ~u) Sb(2 l) 87.5 
Pb(2 ~") Sb(3 i~) 95"9 
Pb(2 ~n) Sb(4 ~) 90.6 
Pb(2 v" ) Sb(4 vl) 152.4 
Sb(1 ~) Sb(2') 106"0 
Sb(1 ~v) Sb(3 iv) 91"2 
Sb(1 i~) Sb(4 j) 170"4 
Sb(15~) Sb(4 vi) 102" 1 
Sb(2 l) Sb(35~) 161-8 
Sb(2 ~) Sb(4 ~) 75"9 
Sb(2 I) Sb(4 ~l) 69-6 
Sb(3 '~) Sb(4') 86"3 
Sb(3 ~) Sb(4 *l) 101"5 
Sb(45) Sb(4 ~t) 69"5 
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Apex atom Sb(3) 

S(3 'v) S(4') 88.6 ° 
S(3'") S(5 v) 91.6 
S(3 ~) S(5 "~) 80"7 
S(3 t,) S(7 m) 169"8 
S(3 ~) S(8 TM) 68"0 
8(4 ~) S(5 v) 167"9 
S(4 ~) S(5 ~) 86"3 
S(4 ~) S(7 m) 89"7 
S(4 l) S(8 TM) 109"4 
S(Y) S(5 "~) 81"7 
S(Y) S(7 m) 87"9 
S(Y) S(8"") 81"9 
S(5 v~) S(7 m) 89"2 
S(5 ,i) S(8 TM) 144"0 
S(7 m) S(8 TM) 121"9 

Apex atom Sb(4) 

8(3 l) 8(3 ~) 110.5 ° 
S(3 ~) S(5 ~m) 87.2 
S(3 ~) S(6 ~) 175.3 
S(3 ~) S(7 ~) 82.4 
S(3 l) S(8 ~) 89"8 
S(Y '~) S(Y m) 112"1 
S(3 ~) S(6 ~) 74"0 
S(3 ~) S(7 t) 162"2 
S(3 ~) S(8 ~) 78"6 
S(5 vm) 8(6 ~) 89"8 
S(5 ~m) S(7 l) 79"8 
S(5 ~m) S(8 ~) 169"3 
S(6 ~) S(7 ~) 93 "6 
S(6 ~) S(8 l) 92"5 
S(7 l) S(8 ~) 89"6 

Apex 

S(l') 
S(l') 
s(1 v) 
s ( r )  
S(l ~) 
S(6 i) 
S(6 l) 
S(6 ~) 
S(7 ~) 

Table 5 (cont.) 

Apex 

atom Pb(1) 

S(1"") 86"0 ° 
S(6') 92.7 ( x 2) 
S(6 m) 71 "8 ( x 2) 
8(7 t) 148"0 ( x 2) 
8(7 m) 112"4(x2) 
S(6 m) 159"1 
S(7 ~) 70.4 ( x 2) 
8(7 m) 129.8(x2) 
S(7 m) 65.6 

atom Pb(2) 

S(1 ~u) S(3 vu) 84.70 
S(1TM) S(4 l) 96"9 
S(1TM) S(5 l) 161"6 
S(1TM) S(7 TM) 90"9 
S(1TM) S(8 l) 71"0 
S(3 TM) S(4 ~) 76"3 
S(3 TM) S(5 l) 78"5 
S(3 TM) S(7"") 83"0 
8(3 TM) 8(81) 150"5 
8(4 ~) 8(5 l) 86"5 
S(4 l) S(7 TM) 157"1 
S(4 ~) S(8 ~) 90"0 
8(51 ) 8(7 TM ) 79"7 
S(5 ~) S(8 ~) 127"3 
S(7 TM) S(8 ~) 112"9 

Apex atom S(4) 

Pb(1 ~) Pb(2 ~) 80" 1 o 
Pb(1 l) Sb(1 ~) 168"8 
Pb(1 ~) Sb(l'~) 92.3 
Pb(1 t) Sb(3 l) 96.8 
Pb(2 i) Sb(1 i) 92.7 
Pb(2 j) Sb(l ~i) 94-9 
Pb(2 l) Sb(3 l) 163.2 
Sb(1 ~) Sb(l ~z) 96.9 
Sb(l i) Sb(3 ~) 87-5 
Sb(1 ~) Sb(3 ~) 101.8 

Apex atom S(5) 

Pb(2 ~) Sb(1 ~) 93.9 ° 
Pb(T) Sb(2 m) 94"9 
Pb(T) Sb(3 ~) 90"3 
Pb(T) Sb(3 ~i) 104"9 
Pb(2 l) Sb(4 ~m) 164.3 
Sb(1 l) Sb(2 m) 77.3 
Sb(1 ~) Sb(3D 167.1 
Sb(1 l) Sb(3~l) 92"5 
Sb(II) Sb(4 ~m) 79"4 
Sb(2 m) Sb(3D 90"1 
Sb(2 m ) Sb(3 vi) 158"3 
Sb(2 m) Sb(4 ~m) 69"8 
Sb(3 ~) Sb(3 ~) 98"3 
Sb(3 ~) Sb(4 vm) 93"4 
Sb(3 ,t) Sb(4 vm) 89"7 

Apex atom S(6) 

Pb(1 l) Sb(1TM) 129.1 ° 
Pb(l l) Sb(1 ~m) 110"2 
Pb(1 ~) Sb(2 ~) 74"6 
Pb(1 t) Sb(4 t) 97"8 
Sb(V n) Sb(1 ~m) 107"5 
8b(V") Sb(2 ~) 71 "3 
Sb(1TM) Sb(4 l) 107"0 
Sb(V m) Sb(2 ~) 91"9 
Sb(1 ~m) Sb(4 ~) 101"2 
Sb(2 v) Sb(4 t) 166"6 

Apex atom S(7) 

Pb(1 l) Pb(2 TM) 150-0 ° 
Pb(1 l) Sb(3 m) 106"9 
Pb(1 l) Sb(4 l) 88"8 
Pb(2 TM) Sb(3 m) 97"9 
Pb(2 TM) Sb(4 t) 103"2 
8b(3 m) Sb(4 l) 100"7 

Apex atom S(8) 

Pb(2 l) Sb(2 I) 103"6 ° 
Pb(2 I) Sb(3 TM) 89"1 
Pb(2 l) Sb(4 ~) 142"8 
Sb(T) Sb(3 vu) 94"7 
Sb(T) Sb(4 i) 104"9 
Sb(3 vii) Sb(4 l) 111 "7 

Discussion of the structure 

The Sb atoms are surrounded by six [seven in the case 
of Sb(2)] S atoms within a radius of 4.0 A in a distorted 
but readily recognizable octahedral arrangement• The 
distances vary from 2.428 to 3.742 ,~ (Table 4) as com- 
pared to 4.05 A for the sum of  the van der Waals radii 
for Sb and S (Evans, 1964). The coordinat ion in stibnite 
(Sb2Sa) is similar, both kinds of Sb atom being sur- 
rounded by seven S atoms at distances ranging from 
2.455 to 3.642 A (Table 7). Bayliss & Nowacki  (1972), 
who have recently refined the structure, describe the 
Sb(1) a tom of  stibnite as trivalent and Sb(2) as quin- 
valent on the basis of  the number  of  'close' S neigh- 
bours. A comparison of  Tables 4 and 7 shows that  the 
coordinat ion of  S about  Sb(1), Sb(2) and Sb(4) in 
ffil6ppite resembles the Sb(1) polyhedron in stibnite 
while the arrangement  around Sb(3) is similar to Sb(2) 
in stibnite. 

The coordinat ion about  Pb, as in most sulphosalts, 
is irregular. Pb(1), which occupies the special posit ion 
4(e2), has six S neighbours at distances ranging from 
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Sb(1) 

Sb(2) 

Table 7. Sb-S distances in stibnite* 

Close S More distant 
neighbours S neighbours 
2.521A 3.111 ,~ (x2) 
2-539 (x 2) 3.167 

3.642 
2.455 3.373 (x 2) 
2.678 ( x 2) 
2.854 ( x 2) 

* Bayliss & Nowacki (1972). 

2.842 to 3.322 A (av. 3.03 A) in a distorted octahedral 
arrangement, and two additional S neighbours at 
3.674 A. The coordination is remarkably similar to 
Pb(3) in plagionite (which occupies the same special 
position), the corresponding distances being 2.85-3.38 
A (av. 3.06 A) and 3.68 A (Cho & Wuensch, 1970). 
Pb(2) has six S neighbours between 2.759 and 3-192/k 
(av. 2.96 A) in an octahedral configuration and a 
seventh neighbour at 3.316 A. Its coordination re- 
sembles Pb(2) in plagionite which has comparable dis- 
tances of 2.83-3.17 A (av. 2.97 A) and 3.33 A. 

Fig. 1 shows the OR TEP plots of the various metal-S 
polyhedra. 

A prominent feature of the structure of ffil6ppite 
(Fig. 2) is the segregation of metal and S atoms into 
alternating layers parallel to (201). The single exception 
is S(2) which, along with Pb(1), occupies the special 
(0,y,¼) positions on the twofold rotation axes and lies 
in the metal layers. Plagionite (Cho & Wuensch, 1970) 
has a similar arrangement except that the layering is 
parallel to (100) and this difference accounts for some 
of the non-homologous cell parameters in the group. 
A cell chosen to give the ffil6ppite layers a (100) iden- 
tity as in plagionite, would be related to the conven- 
tional cell by the transformation matrix T00/0T0/½01 
and have the dimensions a=13.441, b=11.726, c '=  
17-695 A; f l '=  107.53 °. 

The value of c' (17.695 A) and the values of c for 
plagionite and semseyite (Table 1) show the expected 
systematic increase with increase in Pb. Also the fl' 
angle is in substantial agreement with the fl angles of 
these two minerals. 

The layering of the structures of ffil6ppite and pla- 
gionite show another difference. The metal (as well as 
S) layers in ffil6ppite are identical except for their rela- 
tive positioning as dictated by the symmetry elements. 
The plagionlte structure, however, is composed of two 
kinds of metal layer. The layers in this structure cannot 
be made identical by withdrawing one Pb position. It 
follows that the ffil6ppite structure cannot be derived 
by the removal of an appropriate amount of Pb and S 
and collapsing the structure along [001]. 

The structure of ffil6ppite can be resolved into two 
kinds of interleaving and interconnected Pb-Sb-S 
complex, both of which extend parallel to [110] as il- 
lustrated in Fig. 3. The first kind, of composition 
Pb~Sb4S6, includes the Sb(1), Sb(3) and Pb(2) atoms. 
Except that Pb is bonded to the ends of these groups, 

they are remarkably similar to the units that form the 
chains in stibnite (Sb~Sa). Corresponding distances in 
the two minerals are compared in Table 8. Adjacent 

b•,S(5 
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Fig. 2. Projection of the ffil6ppite structure on (010) showing 
the interatomic distances corresponding to Table 4. 

Fig. 3. The structure of ffil6ppite projected on (010). The 
Pb2Sb4S6 complexes (hatched) are elongated parallel to 
(102); the PbSb4S9 complexes are parallel to (T02). 
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groups along [110] are separated by metal-S distances: 
Sb(1)-S(4)=3.174, Sb(3)-S(3)--3.137, Pb(2)-S(5)-- 
3"033/k. 

Table 8. Sb-S distances in the Pb2Sb4S6 
complexes and in stibnite chains 

Ffil6ppite Stibnite 
Sb(1) 2.479 .& Sb(1) 2.521 /~. 

2-525 2.539 
3.041 3.111 

Sb(3) 2-480 Sb(2) 2.455 
2.682 2.678 
2.855 2.854 

The second kind of group consists of a string of four 
SbS3 polyhedra [two Sb(2) and two Sb(4) atoms] sym- 
metrically arranged about a central twofold rotation 
axis and a Pb(1) atom. The group has the composition 
PbSb4S9. Actually the strings include, at either end, 
the Sb(1) atoms of the groups of the first kind linked 
by an Sb-S bond of length 2.560/~. If the concept of 
the group is expanded to include the Sb(1) atoms and 
their coordinating S atoms, the group is comprised of 
all the trivalent Sb atoms and their three closest S 
neighbours and has the composition PbSb6S~3. Sb(1) 
links the two kinds of group by being a part of both. 
Pb(2) forms another type of link between the two 
groups and between groups of the second kind. Pb(1) 
is the only other metal atom that plays an important 
role in binding groups of the second kind. 

A discussion of the relation between the structure of 
ffil6ppite and the structures of plagionite and semseyite 
must necessarily wait on the publication of more com- 
plete accounts than are now available in the literature. 

I am indebted to my colleague, Dr Vladimir Koc- 
man, for preparing the ORTEP plots and for valuable 
assistance in collecting and treating the data. Professor 
B. J. Wuensch provided me with a copy of a forth- 
coming paper on the structure of plagionite and this 
aided materially in understanding the structure of 

ffil6ppite. Mr W. M. Jurgeneit of the Department of 
Geology prepared the drawings. The work was sup- 
ported by a National Research Council of Canada 
grant. 
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