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The Crystal Structure of
Berthierite, FeSbyS),
by M.J. Bue;ger and Theodor Hahn
Crystallographic laboratory, Department of Geology and Geophysics,

llassachusetts Institute of Technology

Abstract

The general arrangsenent of atoms in berthierite
had been suggested in an earlier publication by solviig
the Patterson function P(xy), with the aid of the minimum
function Mg(xy). In this paper a report is given of the
refinenent of the structure. The intensities were
measured by the !,I.T. modification of the Dawton method,
and tue resulting §2's were placed on an absolute basis
by Wilson's iethod. Tihe struct..oe was refined by the
use of successive differential Fourier syntiheses. The
final structure has a s.1all residual factor and nvatly
reproduces tiie Patterson projection.

In the structure of berthisrite sach Sb atom
is evidently bonded to 3 S atous at distances of about
2.52. These SbS3 groups share S atomns to form two non-
equivalent SbS, chains parallel to tihe ¢ axis, The Fe
atoms are surrounded by 6 S atoms in approximately octo-
hedral arrangenent at distances of about 2.52. This is

about the expected distance for ionic Fe-S bonds. The

structure can therefore probsbly be regarded as Fe**(SbSZ)E.
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Introduction

Material. The berthierits from Lisbanya,
Carpathians; has been described in detail by Zsivny and
Zombory (1934). These investigators were lkind enough to
make a generous sample of this material available for
this crystal=-structure investigation. The analysis of
the Kisbénya berthierite indicates that it has aliost
exactly the ideal comnposition Feszsh.

Unit _cell and space group. The unit cell and
space group of berthierite have been reported in an
earlier communication (Buerger, 1936). The cell has the

following dimensions:

(o]
= 11.44A
= ll&.lz
2_ 3= 3.76

|

o

This cell contains hFeszsh. The space group is Pnam,

Intensity deternimation. The structure deter-
nination reported here was based upon hkO and hOl reflec-
tions as recorded on precession photographs. The inten-
sities were determined by using the M.I.T. modification
of the Dawton (1938) nethod., The intensitius were
corrected for Lorentz and polarization factors; but no
allowance was made for absorption,

In the course of the structure determination it

becams evident that the F values determined in this manner
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3.

were accurate and quite satisfactory except that there

is a critical lower intensity below which one cainnot
distinguish a non-zero inteasity from zero intensity,

The lack of knowledge of the F's having anplitudes between
zero and the lowest obser.vable amplitude was keenly felt

as the refinement progressed,

Approximate locations of atoms

Rough intensity ccosiderations had already shown
that all atoms of berthierite viere confined to the (001)
reflection planes, that is; to ejuipoint L4e, Tor which
2 = I.%. With the'aid of the ¥p,,'s, a Patterson projection
P(xy) was prepared, Fig. 1. In-;hother place (Buerger,
1951) it was shown that this projection could be solved
for the Xy cocrdinates of the atoms by apnlying the
minimum function (Buerge', 1950), The anproximate electron
density found by this nethod is shown in Fig. 2. The
several cense areas, in order of decreasing density; are
evidently the tvio antimony atons, the one iron atom; and
the four sulfur atoms. The close relation of this minimum
function map to the true structure can be appreciated by
comparing it with Fig. 3, the electron density projection
//0(51), as deternined after refinement.
There is an iateresting peculiarity about an

approximate structure determined by inage-seekinsg method:

T T AT R T T 2 YA TR N R TOEIML  ER BI R IR T
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One ;jmst make a decision recardine the location of at least
the first inage »oint. The locat:cin ¢f the one atom
corresponding c¢o this image point is fixed by this choice
and does not chair,2 in ths course of annlying the iluage-
seeking function to Tfind the other atoi:s of the structure.
There is usually a small error involved in sclecting an
image noint, For exanple, an error arises vhen the
Patterson peak chosen for tie inage point is not a single
peak, but rather the coalescence of several peaks not in
exactly the same location. At tihis stage of the analysis
one cannot usually determine to what extent the peak is
composite. This image-~-point error renains as a slight
error in the location of the corresponding atom. The
error can only be removed by a subsequent refinement

process.

rrelininary refinement

The structure of berthierite as rfound by image-
seeli.n; methods was believed to be essentvially coxrrect with
regard to the general location of the atowms, since there was
a rouzh arsreenent betveen computed and observed intensities.
Nevertheless this agreement vas not good. Refinewent of this
structure was evidently necessary. It vas carried out in eleven
stazes. The migration of coordinates during the refinenent

is outlined in Table 1.
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5

For the purnose of refinian the structure, the
observed hkO intensitics were slaced on an absolute vasis
using Vilson's (1942) .iethod, Fig. 4. This analysis not
only places tie inteasities oa an avsolute basis but also
yvields the te.iperature coefficient B. The value of this
turned out to be 1.07 A for berthierite, The value of B
anc the absolute scale of intensicies viere slightly in-
proved when tae structure was considerably refined,

The ori;inal structure as deteriiined vitih the aid
of the aininuw: function ‘ias termed trial 1. This was
exaiiined to ascertain vthat obvious shifts in atom locations
would improve agree.ient betwveen calculatec and observed in-
tensities., Tihis »sredicted an liproved set of atom locations
which vas called trial 2. This »rocecure \'as redeated, re-

sulting in an improved set of atom locations called trial 3,

Furtier refinement

gggggggg*gggygg. This nar!:ed the end of elementary
methods of refinin; the structure. ¥Fro. tiiis stage onward,
the status or the refinenent vas rollowec by counuting the
observed and co:mmuted amplitu’e residual factor (Robertson
and '‘oodvard, 1936).

R = &i¥observed! - [Fealculatedd, (1)
fFobserved|
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The magnitude of this factor varies sonewhat

dependin; unon how one treats tic siicllest and tane

5

snallest dilfereinces,A= I, - In Table 2 e have

conmute’ four tyves of R, labelled (a), (), (c), and
(¢). These are defined in Tadle 2,

Hef i ool glLyS BnCycr ot s B Re RIS Rdon
elementary refine:ient vrocedure nade use of comnaring the
weighted vector set of trial 3 with tiae observed Patterson
mnap. These showel reasonably good azreeinernt, but detailed
cornarison indicated taat tihe agreeuent could be improved
by some saall shifts in tihe locations of sone atoms. This
improved structure was termed trial 5. Another set of atonm
locations, callcd trial 4, differs froa trial 5 only in that
the sulfur ato.is had been .1oved to idealized covalent octo-
hedral locations about iron. Table 1 shovs that the residual
Tactor for tihe icCeal culfur arrangeilent was so much vorse
that tiie »nossibility of an idealizec Fe86 group was evidently
excluded,

rro:1l this noint on the structure vvas refined

chiefly by diflere.itial syntheses (Cochran, 1951), using as

Fourier coeif cicents (

This syn-

T .
Lobzerved Jcomputeu)hRO'

thesis is Inovin to uinimize R,

i"irst differential synthesis. The set of ampli-

AV L VA VN AV - LWL WAV VAV Y Ve e

tudes Ec’ corputed fron trial 5 (resultinz from the refine-
nent-by-latterson procedure) tv/as used o counute a differen-
tial synthesis, Fig. 6. The atcu locations proved to be on

gradients oin this .xap, so the locations viere shifted up-
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7.

gradient to nroduce a ne.: set of locations, namely trial 6.
The clhian—-e fron crial 5 to trial 6 reduce¢ the residual
factor froia 17.1% to l4.7%.

Electron density projection, ofxy). At this
point it vas bhelieved that the structure was in a surficient
state of refinement to warrant prenaring an electron density
projection,’o(gx). This is shoun ia Fir;. 3. The peak
locations of‘fxgx) are takea as trial 7. Although the co-
ordinates of trial 6 and trial 7 are differeat, they deo
not corresnond to any changes in phase of Fyig. Thus
Fig. 3 nay be taken acs tie final electron density map.

The veighted vector set of trial 7 is shown superposed on
the corresnonding Pattsrson .iap in ¥ig. 1l. The agreenent
betiieen their is quite good, so that the structure may be
said to neatly explain the Patterson synthesis,

In spite of the ract that Fiz. 3 is the final
fXEX)’ the locations of ¥ts peaks do ..ot provide the best
values of i:e coor’inates. This is obvious on stucying
Table 1. Trial 7 has a larzer R value than trial 6.
Furtheriiore, starting s:ath trial 7, whose coordinates are
derived froa fﬁ§x) it is »ossible to obtain other sets of

refineuaent vhiclhh have snaller

I
]

‘I

coorainatves b values, and
without chanzing the ?hases of any Ehro's° That a set of
Fh 0 's nroduces a nap, p(VV), whose nealks deviate slichtly
fro.. tie elact ato.i locatiovs is due to usinz & Cinite set
of Iyio's in tis oyntnesis. This is the series-teriination

effect. This effect ic cubstaitially avsent in dilferential
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syntheses. The rrsidua: ter..ination effect does not change
the general coursc cI tite lines of the dirferential nap, and
eonsecuently thc -radicat is iasensitive to slight errors in
tie F's. On the other hand the peak nariiua in fﬁg&) is,
in general, shifted by the termination effect. The study
5iven here nresents cdetaile® evidence that differentiel syn-
theses are superior to electron-censity syntheses for refine-
dent.,

ggy“§gg}9'§§9§9§. Up to tliis »noint the scale
factor derived in "‘ilson's -1ethod had becn used. 3ince no
further sis n changes verc in nrosnect, the structure was re-~
garded as sufficiently vell settled to permlt conputing a

F
new refinec¢ scale factor, by nlotting logtﬁ?} agalnst sin2e.
£
This is shown in Fig. 5. The chaunge in the scale factor in

10

going from '‘ilson's ilethod to this iiethol proved to be from
75.5 to 71.0, waile 3 chaazed from 1.07 A to 0.98 A2, The
use of t..c new scale factor reduced the R factor froam 1l5. 8%
to 14.2%.

Suréhor Tedinenent bpocd forenticl eyhthends. s fnial
7 veas further reflned Jy a scries of dilfferential syntheses
shown ia Tigs. 7, 8, 9, and 10, 1In these figures the atou
GifTerential s;'ntheses are shown as
blacl dots. The criterion for correct aton position is that
the ori:inal ato.: locations are found to lie on »ositions of
zerc cradiesat on the diflerential .:xane. In each trial, there-

fore, the dots werc noved up-gradient in the hope thet the

subsequent synthesis would show the:r to lie on zero gradient.

NI S W T B W I T ARG W TSR TR mmm L PR AR BT S T Tt T
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In order to find the parameter range within which
the Sb's riust lie, these were ioved by .,005 from trial 7 to
trial 8. This .iove proved to be too much, as indicated by
the sharp reversal of gradient which accompanied the shift,
Subsequent trials have 3b parameters beti'een the values used
for trial 7 anc¢ trial €.

The Fe and three of the 3 atons assumed nositions
of substantially zero gradient by trial 9. 1In trial 10 the
other ato.1s are also in zero-gradient nosition but the Fe
aton arain annears to lie on a slight gradient., This is
nrobably c¢ue to contributions froii otiier atoms and therefore
sisnifies that reifinement of the Fe position has been achieved
within the accuracy of our data. Trial 11 was Gevised to give
the Fe and 2 S's a slight snift to iuprove their pnositions on
gradients. This last set of shifts produced a set of parameters
having higher R values. Trial 10 vias accordingly accepted as
the final set of »Harameters since all the atoils are all on
. substantially zero gradient even though its R value is slightly
greater than that of trial 9.

After coujputing tiis set ol differential syntheses,
it becane 2vident that a shift of para:ieters of .00l or .002
changes the confisjuration of the man strongly and in such a
way as to reverse the _racient, at least lor the heavier atoms
vhen they are in the neighborhood of tiie correct locations.
From this it is deduced that the accuracy of the final atomic
coordinates given for berthierite is about .002;which is

o
equivalent to about ,02A, It is of interest to nonte that
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when the atous arc in the nei_iiboriiood ol their final correct
nositions the major features of tie ¢i..erential .1ap coincide
with the baclk:round of the electron deinsity .i1ap, The

features of tiie dilfferential inan jwuust, therefore, be regarded

as due chiefly to errors in the Getcrmination of the Fg's.

Selection of z parameters

The Xy coordinates of all atons in the structure are
now xnown vith accuracy. Since the atoms are coniined to the
reflection planes; their coordinates can be either % or - %.
The onl:” combination which was acceptabvle was Tound by naking
a liaited nuwaiber of inteasity comphutations for EhOl' A com-
plete set of EhOlls vas computed based upon this—c;;bination.
These wvere indgﬁzndently nlaced on an absolute basis by com-
paring observed anc counuted intensities, The resulting
temperature rTactor, B, for the hOl reflections hrovec to be
0.99, compared uith 0,98 found previously for the hkO
reflections, Tie resulting R values are shown in Table 3,
The electron-density projection.fizg) is shown in Fig. 1l1.

s =
In this »rojection sorie of

the atoms are unresolved due to

overlapning,

The final structure

Tiie electron density projections for the entire cell
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are shovn in proper relation in Tig. 12. The final para-
neters are given in Table 4. A conparison of ohserved and

computed F values is given in Tables 5 and 6.

Discussion of the structure

The {istances between neizhboring atoms in vertanier-
ite are listed in Table 7. These distances are shown in a
diagramnmatic renreseutation of the structure in Fig. 13,

It is conveiaient to discuss the structure of berth-
ierite in two stages. 1In the first stage account is taken
only of the nearest neigihbors., Table 7 and Fig. 13 show
that each of the two lkinds of Sb atous has three nearest S
neighbors at distances of adout 2.52; as well as other S atoms
at larger distances. The Sb and S atoms thus Torn SbS3 groups,
ZSach groun shares two of its tiree S atoils with translation-
equivalent groups to forn SbS2 chains »arallel to the ¢ axis,

The Fe ato.is are surrounded by six S atons in
annroximately octohedral arrangemeat. These octohedra share
edges to forn chains parallel to the ¢ axis. The Fe-S
distance is about 2.52. This is consicderably in excess of
that found in structures viiere the bonds are recognized as
covalent (pyrite; 2.262, narcasite; 2.2&2). The distance is
avout what would be expected for ionic Fe-3 bonds. Thus, the
structure of berthierite suggests that its chemical nature is

Fe**(Ssz);. Curiously enouzh, the SbI triangles share an

- R T T T T T T T A A B e T ST N T SR RO R AR SR ST VR Y o P
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edge vritih each of tvro neizshboring Fe octohedra, whereas the
SbII triangles onlr share corners witl these octnohadra,

Zach of the four %Xinds of sulfur ato:1s in terthierits
i3 coordinatec to three metal atonis and eacir such set of
netals contalns both Fe aal Sb atons.

If one takes account of second nearest inter-
atomic distances tihen it becoues cvident tiiat the two kinds
of 3b atons are quite different. The Sbryhas no further
neizhbors nearer than 3.23 while Sbl has two additional neigh-
bors at about 2.92. This rather close distance doubtless
renresents a bond, so that one can also describe the Sby
atons as forning irregular Sb35 grouns. Tuwo such Sst g?oups,
relatcd by the inversion center in tiie aiddle of Fig. 13,
share thie two second-nearest 3's 7ith eaci: other so that a
counlex chain of conposition 3by5, can be Ciscerned narallel
to the ¢ axis. An 21lternative cescription is that tlie two
Sb3, chains, related by the inversio: center in the middle
of Fig. 13, can be regarded as joinei so as to for:.: Liore com-
plex chains of composition SbyS),. This iiind of double chain
has also veen discovered in livingstonite (Buerger and
Miizeki, 1954). The two kinds of sulfur coordination dis-
played by Sbyrand 5bjy atons are also found in the two types
of 5b ato:is of stibnite.

The Fe atom anpears to have the Tunction of cementing
together the two Xkinds of 3b3, chains., It should be ncted
that the coordination of ie is irrecular octohedral. Four of

o}
the S atoils are at distances of abvbout 2.4L6A but two rore are

R T T T R S T A P PR PN T D S SR TR ShageEn SR
E% 4



'b——-——-

13,

at distances of 2.6&2. Tnis condition is quite reel since
an atternipt to regularize the distances resulted in a nuch
higher R value.

Tiie cleava;e of berthierite is reported in one
refere.ice as L0re or less distinct parallel to one pinacoid,
and in another referencec as ratier distvinct prismatic,
Fig.13 shows that a cleavage could occur parallel to (010)
vithout the bLrealkin:; of any bonds e:icenv the 2.932 bond

fron Sbyy to Syv,.
Aciinovledgeinent
This research vias supported by the OTfice of liaval

Research under Coatract lio. iI50ri-07860 with the Massachusetts

Institute of Tecinology,.

R Y R R 2.3 W s S M
an % e



.

Buerger, I1l.J.
Buerger, li.J.

Buerger, 11.J.

Buerger, M,dJ.

Cochran, W. (1951). Acta Cryst. &, 81-92,

References

(1936). Arer. Mineral. 21, 442-LLS.

(1951). Acta Cryst. b, 531-5ik.

and Niizeki, lNobukazu.

1."‘» L)

(1¢50), Proc. Nat. Acad. 3ci. gé. 733-742,

(1954) . Aner, Mineral. 39,

(=)

Dawton, Ralph H.V.M. (1938). Proc. Phys. Soc. 50, 919-925.

Robertson, J. Monteath and loodward, Ida. (1936). J. Chem,

goc, Lond., 1817-182L, esp. p. 1E22,

“Iilson, AOJOCO (19"2)0 N&ture. }29, 1520

Zsivny, Victor and Zombory, Lészlé. (1934). lineral. Mag.

23, 566-568,

S ] o e e S

R SR B R EO TR o 2RI TR R St s SRS et



Table 1
Coordinate=s of Atoms for Different Trials

Trial
1 2 3 4 5 6 7 8 9 10 11

o147 J148 (1LY WAL9  J1L9 (148 (145 L1L0 W1A3 W45 W145
060  ,059 .059 .063 .063 .063 .064 .063 .063 .062 ,062
040 044 .041 .037 .037 .038 .036 .041 .039 .037 .037
J38L  .382 .38 ,.387 .307 .386 ,385 .386 .,386 ,366 ,38€
¢321 318 318 .323 .323 .321 .314 .320 316 .316 .17
o340 o336 .337 .33¢ 336 337 335 .335 L334 334 L33
190 ,L204 .200 «230 .200 ,L200 .197 .197 .196 .195 .19k
2270 o273 273 290  .273 L270 L.272 .,272 .272 .272 .272
ALh JB10 421 417 W42) 424 G428 428 426 424 423
.200 L186 ,187 ,198 ,187 .185 .186 .186 .185 .184 ,L185
' 240 .229 ,230 .237 .230 ,227 .229 .229 ,227 .226 .226
o485 o495 o&OL L 4BL LOL o493 404  JWOL G492 492 492
“}.ASZ 452 450 418 L4500 G451 W452  W452 450 G451 W45)

+408 407 o407 .388 407 .4OL .405 L405 406 405 405

Table 2

Sby

Sbyt

Fo

St

S11

ST

Siv

LU o T T T N A R B B N D o

R Fastors for Fhio for Different Trials

3 4 5 6 7 8 9 10 11
(a) 19.0 27.3 17.1 1.4.7 15.8
1442% 1463% 12,4% 12,8% 13,2*

(v) 17.8 26.4 16,0 12,6 13,2 _
12,3% 12,2* 10,2% 10.8% 11,17

R.%

{c) 2,,5 38,5 22,5 19.1 19,8

18.,6% 19,3* 16.8* 17.,1% 17.3%

(a) 23.3 37.4 19.8 17.2

P

la) AF = go

Lo
(») AF = Fo-Fy omitted if 4 ¢ least significant aifference.

17.6
16,8% 17.2% 14.7% 15.1* 15,3%

onitted if F, = O,

(c) vmen F, = 0, it is assigned a mean value between true zer» and least
observable F,.
(4) Condition b and ¢ together,

* {ew scals,
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Table 3

R Factors for

14

(a)
(b)
(e)
(a)

8.8%
5.9%
8.8%
5.9%

(See Teble 2 for explanation of

conditions &; b, ¢, and d.)
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Table &
Final Coordinates cf Atoms in Berthierite
x y z
Sby | 0.145 0.062 +0.250 !
Fe 0.316 0,334 +0.250
Sy 0.195 0,272 =0,250
SIII 0.226 0.492 +0,250
| |
'8 0.451 0.40 -0,250
! Sty L5 405 5 ;
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Teble 5 (Page 1)

Observec and Calculated Structure Factors for hkO-zone

=y iFobsi Fealo | hKo !Fobs} Fcalcjgg <0 tgFobs g Foale
020 | 71 | w00 [i1,22,0 | 78 | + 75 ﬁ 2,12,0 | 92 | - 86 F
o040 | 128 | -158 |'1,13,0 | 135 | +122 " 2,13,0 | 135 | +124
060 | 8 | -87 1l1,14,0 | 135 | +112 | 2,14,0 | 121 | -103
080 | <52 | - 33 111,15,0 | <70 | +33 | 2,25,0 | <70 | + 4
0,0,0 | <58 | +26 [1,16,0 | <70 | - 34 | 2,260 {<71 | + 14
0,12,0 | <64 | +17 [11,17,0 <70 | -4k | 2,07,0 | <70 | - 22
0,14,0 | <69 | -3 |l1,18,0 | c68 | - 20 [ 2,180 | <67 |- 2
0;16;0 9 | + 87 1;19;0 <62 | + 11 2;19;0 9 | =74
0,18,0 | 178 | +140 200 | 42 | + 40 310 | 281 | -240
110 | ¢23 | + 1 210 | 42 | -4 320 | 241 | + 27
120 | <25 | + 30 220 | <29 | + &4 330 | 1i4 | + 88
130 | 121 | +132 230 | 185 | -178 350 | 57 | + 53
140 | 149 | -172 24,0 | 213 | -213 150 | 128 | +132
150 | <41 | + 30 250 | 185 | -194 360 | 176 | -176
160 | 92 | - 96 260 | 92 | - 98 370 |¢52 | + 31
170 | 106 | -109 270 | 71 | + 64 380 | 76 | - 86
180 | <52 | + 1 280 | 71 | + 89 300 | 114 | +110
190 | 164 | -188 200 |56 | -11 13,10,0 | 35 | + 85
110,0 | 85 | + o1 l2;10;0 99 | +110 | 3,11,0 {<63 | +19
111,0 | 61 | - 8 li2,11,0 |<s8 | +18 | 3,120 | 78 | %72
}

I
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Table 5 (Page 2)

-———

0 EFObS Fcalo hk0 iFobsl Fcalc 0 IFobsl Fcalc
3;13;0 <608 + 49 b;17;0 <68 + 40 620 | <56 + 25
B;IA;O <69 - 14 h;lS;O <64 + 3 630 | <56 + 31
, 3,15;0 70 |=35 l4,19,0| <50 |- 26 6L0 | ¢57 |- 40
g 3,16,0| N1 - 30 510 | ¢51 - 55 650 99 + 77
t 3;17;0 106 | =107 520 | 263 | +225 660 | 57 |- 64
3;18;0 <55 |- 43 530 | 106 | =71 || 670 | 135 |+151
3;19;0 35 |- 52 54,0 | 277 | +252 680 | <62 |- 57
i LOO | <46 - 7 550 | <55 + 56 690 78 -~ 82
5 b0 | <46 |- 18 560 | 56 |-140 ||6,20,0 | 756 |- &7
? 420 | <47 |- 4O 570 | <58 |+ 27 6;11;0 149 | -166
E t30 | 64 |- 43 5860 | 92 |- 92 6;12;0 69 |- 3
£ L0 | <50 |- 54 590 | 99 |-120 {{6,13,0 | <70 |- 27
: 450 | 192 | +189 5;10;0 6L |+ 33 6;1h;0 <70 |+ 24
3‘ 460 | <54 |+ 46 |[5,21,0 | <66 |+ 51 116,150 | <70 |+ 3
'§ L70 | <56 |+ 64 5;12;0 <68 |-10 6;16;0 <68 |+ 15
: 4o | 173 |+109 |[5,13,0 | <69 |+ 1 |6,27,0 | <65 |+ 16
% 90| 42 |- 62 5;1u;o 85 |- 78 6;18;0 78 |+ 60
; 4;10;0 106 |+127 5,150 <70 |- 23 710 | 149 | +142
i 4;11;0 <65 |- 64 5;16;0 <70 |~ 33 720 | 220 | +194
;'.'. h;12;0 <67 |-18 5;17;0 67 |- 3 730 { <59 |+ 50
. h;13;o <68 |- 40 5;18;0 62 |+ 38 7456 | <61 |- 26
3; 4;14;0 85 |- 66 600 | 128 | +119 750 | <62 |+ 26
15,0 | <70 |+ 45 610 | <55 |- 21 760 | 99 | -101
g“ k;16;0 <70 |- 42 770 { 78 |- 88
%
§

o

£
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Table 5 (Page 3)

B0 !Fobs! Fca\lc o ;Fcbs§ Feale = |Fob.. Torle i
280 | <65 |-56 |814,0| a5 | +6c | 10.5,0] 68 |42 |
750 | <66 |- 58 |l&,15,0 | 126 | +105 1| 10,6,0| 92 | +x04 E

7,00,0 | <67 | -1 |l8,16,0| 58 |+ 48 || 20,7,0| <68 |-12 |
71,0 | <58 |- 27 010 | <65 | - 49 | 10,8,0| <69 |+ 25
7,12,0 | <70 |+ 59 920 | <66 |- 6 | 10,9,0| <69 |+ 6
7.13,0 | <70 |+ 27 930 | <66 | - 45 [10,10,0| <69 |- 12
7;1a;o <70 + 9 940 | <66 | - 39 10;11;0 <68 | ~-19 i
7;15;0 85 + 73 G50 | <67 - 35 10;12;0 <67 + 35
7,06,0 | 92 |-a 060 | 114 | -10 ||10,13,0 | <66 |- 25
717,0 | 99 |+ 82 o070 | <68 | +17 |l0,14,0| <62 0
8oo | 106 |- s 920 | <68 | - 50 |l10,15,0] <52 |+ 50
810 | 106 |- 92 990 | <68 | - 50 | 11,0,0] <63 |+ 5
820 | 99 |+106 |l9,000| & | +90 | 11,2,0] 64 |+ 98
830 | 156 |-153 [l9.11,0 | <66 | -23 [ 11,3,0| 64 |- 60
gro | 6n |s+59 ||9.12,0 | 126 | +151 || 11,4,0 | <68 |+ 23
850 | <64 |-20 [l9,13,0| 99 |-69 | 11,5,0] <68 |+ 3
850 | <65 |-141 Il9,14,0 | <66 |-21 | 12,6,0] <68 |+ 16
870 | <66 |+ 35 9,150 | <62 |- 8 | 11,7,0] 126 |+133
330 | <67 |- 37 [9,16,0 | <51 | - 15 || 11,5,0| <68 |- 21
890 | <68 |+ 25 110;0;0 149 | -131 11;9;0 64 | + 59
5.12.0 | <68 |- 42 |[10,1,0 | 122 | -200 [l11,10,0 | <68 |+ 2
2.11.0 | <69 |- 8 ll10,2,0 | 120 | -115 [11,11,0] <66 |+ 25
12,0 | <69 |-25 [10,3,0] 64 | -8 |lun,02,0] <63 |-
2130 | 7 |+65 |lao,u,0| 92 |+er fl11,13,0] <60 |- 43
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Table 5 (Page 4)

hi0 Fobsi Feale hic EFctq! ¥ zale a3 }Fobri‘ Toels
: _L far e

11;ih;6 <50 |- 33 13;1;0 <68 58 1u,4;o 64 v 83
12,0,0 | 99 |- &4 13;2,0 <68 by .14;5,0 <61 0
12;1;0 <68 |+ & 13;3;0 <67 2 14;6,0 <59 |- 14
12;2;0 <68 | - 30 13;4;0 <67 21 34;7;0 <58 |- 16
12,3,0 | <68 |+ 59 || 13,50| 85 |-98 [1a,80] 7 |-99
lz;a;o <68 |+ 60 13;6;0 <66 25 lh;9;0 <42 |+ 9
12;5;0 <68 |+ 47 13;7,0 <65 53 15;1,0 57 |+ 71
12;6;0 64, |+ 67 13;8;0 <63 21, 15;2;0 92 | -100
12;7;0 64 |+ 89 13;9;0 <60 39 15;3;0 <55 |+ &
12,8,0 | 64 |- 76 |[13,0,0 | <55 |- 36 |[15,4,0| <53 |- 29
12;9;0 <66 - 9 13;11;0 71 71 15;5;0 <50 - 59
12;10;0 <6l - 45 14;0;0 <65 10 15;6;0 <33 - 20
12;11;0 57 | -106 1u;1;o <65 2 16;0;0 <40 |- 40
12;12;0 <55 |+ 35 1a;2;o <6l 46 16;1,0 <45 |- 9
12;13;0 32 |- 34 14;3;0 <63 38 16;2;0 71 |- 51
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Table 6

Observed and Calculated Structure Faotors for hCl-zone

Bl | |Fops| | Foao BoL | |Fops| | Fealo
002 | 492 | -470 800| 100 | - 85 i
ook | 280 |+269 go1| <63 |- 2
| 200 36 |+ 40 go2| 80 |+ m
? 200 | «40 |- 1 803| <70 |+ 1
202 | <52 |- 33 gon| 52 |- 45
203 | <63 |- 3 |l10,0,0] 120 |-135
20, | <70 |+20 |l10,0,1] 48 |+ s
3 205 | <63 |+ 3 10;0;2 104 | +115
; 400 | <46 |- 9 110,0,3| <69 |- 37
g - so1 | 104 |-105 {l10,0,4| 72 |-77
s w2 | «ss [+ s |l12,00] 92 |-es
: w3 | 68 |+79 |l12,0,1] w4 | -167
W | <0 {- 1 |l12,0,2] 72 |+
405 | 48 |-u40 |l12,0,3] 116 |+129
600 | 108 |+121 I|w,0,0] <65 |- 6
i 601 244 -236 1a;o;1 <64 + 39
E 602 80 |- 94 14,0,2| <68 |+ 5
: 603 | we |+159 |[16,0,0| <40 |- 41
: 604 | he .58 '

&
E
[+
.

G, X
b




iam

e L S

Table 7

Interatomic Distances in Berthicsrite

St Sty S5 Stv
2,48 (1)
Sby 3.56 (2) | 3.63 (1) | 2.58 (2)
2.93 (2)
3.24 (2)
Sbrr || 243 (1) | 2.48 (2)
347 (1)
Fe 2,49 (2) | 2,45 (1) ] 2.46 (1) | 2.64 (2)
S 3.76 (2) | 3.L5 {2} | 3.64 (2)
Sty 3.76 (2) 3.66 (2)
- 3.76 (2) | 3.43 (2)
Stv 3.76 (2) |

Note: Numbers in parentheses indicate “he number of

distinot vectors of this length,
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