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AssrnA.cr

Yavapaiite [KFe(SO+):l crystallizes in space group C2/m with two formula weights in
a unit cell of dimensions a:8.152, b:5.153, c:7.877 A, B:O+.Of . The structure was
solved by a three-dimensional Patterson synthesis and refined by the frill-matrix least-
squares method to R:3.27o. Goldichite [KFe(SOr)z.4HzO] in space group P21f c contains
foui formrila weights in a unit cell with a:10.387,b:10.486, c:9.086 A,0:101.68". The
structure was solved by hand application of the s;'rnbolic addition procedure for phase
determination and refined by least squares to R:3.37o.

In yavapaiite, ferric sulfate sheets of composition zlFe(Sor)gl- are linked to coplanar
potassium ions; this arrangement accounts for the perfect [001] cleavage. Coordination
polyhedra of iron and sulfur are distorted. In goldichite, corrugated sheets of composition
n[Fe(SOr)z.2HzOl- are linked to potassium and water molecules; this spatial arrangement
of the distorted coordination polyhedra accounts for the excellent { 100} cleavage. Details
of the observed polyhedral distortions are explained by the extended electrostatic valence
rule. A plausible hydrogen bonding scheme is presented for goldichite and krausite

IKFe(SOr)z.HzOl.

INrnooucrroN

Although many structures of iron compounds have been reported,
only limited data are available for hydrated ferric salts. In general the
ferric ion displays octahedral distortions characteristic of the anion type
involved; for oxyg-en coordination to iron the average ferric to oxy^gen
separation is =2 A although separations vary from 1.91 to 2.24 A in
known structures. Yavapaiite, KFe(SO+)r, and goldichite, KFe(SO+)z
'4HzO, are reported here as part of a systematic study of 'ferric sulfate
minerals; krausite, KFe(SODz. HzO (Graeber, Morosin, and Rosenzweig,
1965), and coquimbite, Fer(SO4)3.9HzO (Fang and Robinson, 1970),
have previously been reported although the anisotropy and hydrogen
bonding of coquimbite is presently under investigation

Yavapaiite was first described by Hutton (1959) on material exposed
in the open pit operations of the United Verde Extension Mining Com-
pany, Jerome, Arizona. The original description of goldichite was by
Rosenzweig and Gross (1955) on crystals from the Dexter No. 7 Mine,

1 This work was supported by the U.S. Atomic Energy Commission.
2 A preliminary account of this work was presented at the Eighth International Con-

gress of Crystallography, State University of New York at Stony Brook, August 1969.
This material is based on a dissertation submitted in partial fulfillment of the requirements
for the doctoral degree at the;llniversity of New Mexico.
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Calf Mesa, San Rafael Swell, Utah. To our knowledge, these are still the
only reported occurrences for each of these minerals.

Exlr'nrlmxrer. Worx

Crystals of yavapaiite from the Jerome, Lrizona, locality'lvere obtained from Professor

Fredrick J. Kuellmer, New Mexico Institute of Mining and Technology, Socorro, New

Mexico. The specimen of saccharoidal texture consisted of equidimensional grains averag-

ing 0.2 mm in diameter. The crystals are transparent, short and stubby in form, with their

Ionger dimensions parallel to [010]. Perfect [001] and { 100}, and distinct [110] cleavages

are reported by Hutton (1959), and the dominance of the two former cleavage directions

leads to the development of slender prismatic fragments with roughly rectangular cross

sections when crystals are crushed. An attempt was made to obtain spherical crystals
(Bond, 1951), but the prominent cieavage caused the grains to fracture before suitable
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spheres were obtained. An optically-brilliant single crystal (0.22X0.26X0.30 mm) was

mounted according to a method described by Graeber (1961). From MoKa precession

photographs, the observed systematic absences oI hhL for hlk:2nil correspond to space
groups C2, Cm, and C2lm.The zero moment test of Howells, Phillips, and Rogers (1950)

employed to resolve this space group ambiguity yielded a distribution of intensities closely

resembling a centric distribution. It was concluded that C2/m is the favored space group.

A least-squares refinement of 19 reflections measured at 23oC with MoKa radiation gave

lattice constants which are compared with Hutton's values in Table 1.

Crystals of goldichite from the type locality at San Rafael Swell, Utah, consisted of

small laths elongated parallel to [001] and flattened parallel to the [100] pinacoid. They

are colorless, singly terminated, and according to Rosenzweig and Gross (1955), display

excellent { 100} cleavage. A brilliant crystal of roughly rectangular cross section was cut
perpendicular to its long dimension with a diamond-coated 'w'ire and subsequently ground

into a sphere. After solvent polishing on filter paper with dilute HCI the sphere had a

diameter of 034+0.02 mm. From MoKa precession and Weissenberg photographs the

observed systematic absences oI Nl' lor I odd and 0k0 |or k odd uniquely defined the

space group as P2tfc. A least-squares refinement of 14 reflections measured at 23"C with
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MoKa radiation gave lattice constants which are compared with Rosenzweig and Grosst
values in Table 2.

Single crystal intensity data were collected for both minerals on a Picker diffractometer

equipped with an E & A full-circle goniometer Each reflection was integrated by the 0, 20

technique using MoKa; scanning rate was lo/minute. Background was measured for 20

seconds at each end of the scan with crystal and counter stationary, and was assumed to be

a linear function of 2d between these points. During data collection, the intensity of a stand-

ard reflection was monitored once for every 20 reflections. The intensity fluctuation of the

standard reflection was less than 2 percent (3a) for both data sets, and it was considered
unnecessary to normalize the individual reflection groups. Unique sets of 530 a.nd 1063 re-

flections were measured for yavapaiite and goldichite respectively; from these sets, 27 and

48 reflections were less than 3o and considered unobserved. Intensities were corrected for

T a b l e  2 .  G o l d i c h i t e  u n i t  c e l l  d a t a .
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Lorentz and polarization factors to obtain the observed structure amplitudes. No correc-

tions for absorption GRyu'upuiia:0.47 and pft*.rai"r,it":0.43) or extinction were applied.
Atomic scattering factors were interpolated for K+, p"r+, Sa+ and 02- from Tabie 3.3.1A of

t}ne Internati.onal' Tables Jor X-Ray Crystdlography, Vol. III (1962).

SorurroN exo RmrNrunNT ol rHE Sutucrurrs

Yaaapaiite. A three-dimensional Patterson synthesis revealed slr peaks consistent with
both (1) calibrated Patterson peak heights, H ai (Buerger, 1959), and (2) typical separations
between sulfur-oxygen and iron-oxygen atom pairs. By placing potassium at 0, 0, |, a

structure factor calculation gave an R value of 0.36. Using weights based upon counting

statistics and assigning isotropic thermal parameters, three cycles of full-matrix least

squares reduced R to 0.15. Anisotropic thermal parameters of the form

op (-rza i,L uo,^r,r,otoy)
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were refined by three cycles of least squares which resulted in a final R value of 0.032.
The final atomic positional parameters with their estimated standard deviations calculated
by the method of Cruickshank (1949) and the individual anisotropic temperature factors
are listed in Table 3.

Gol'di'chite. The goldichite structure was solved by direct methods through the symbolic
addition procedure (Karle and Karle, 1966). The data were corrected for vibrational mo-
tion and placed on an absolute scale by means of a K curve thus giving Far. Statistical
averages for the normalized structure factors and the distribution of Z magnitudes favored
the centrosymmetric space group. Phases were determined by hand application of the
>2 expression where the origin was specified by assigning signs to three linearly independent
reflections (Hauptman and Karle, 1953). Two other reflections were also specified with
letter s).rmbols as shown in Table 4.

From the list of 152 values of lal >r.s, 128 signs were found (31 signs being either
* or - and 97 signs in terms of the s),rnbols A and B). Because of the relationships that

T a b ] e  4 .  I n i t i a l  p h a s e  a s s i q n m e n t s  f o r  q o l d i c h i t e .
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developed during the application of the symbolic addition procedure, there were strong
indications that the symboiic sign of ,4 was negative. Accordingly, E-maps were computed
for the two combinations - - and - f for,4 and B. The first map (A-, B_) contained
many spurious peaks, the strongest of'n'hich were too closely spaced for iron atoms. The
second map (A - ' B+) clearly resolved the location of ferric ions along with possible sites
for sulfate tetrahedra. Coordinates of six prominent peaks (two sulfurs and four oxygens)
and the one large iron peak from the map were refined by two cycles of least squares to an
R value of 0.34. 'Iwo 

cycles of difference Fourier slmtheses followed by full-matrix least-
scluares calculations revealed the positions of the remaining nine nonhydrogen atoms, and
reduced R to 0 048. The fina1 R value with anisotropic temperature factors was 0.033.
Atomic positional parameters and individual anisotropic temperature factors are listed
in Table 5.

DnscnrprroN oF rHE Srnucrunns

Yaaapoiite. A projection of the structure along the D axis is shown in
Figure 1. Potassium ions form a plane separating ferric sulfate sheets of
composition z[Fe(SO+)zl-. This arrangement of alternate sheets of nega-
tively charged ferric sulfate and layers of positively charged potassium
cations accounts for the perfect {001 } cleavage and possibly the tabular
habit of yavapaiite. An interesting feature of the polyhedral packing is
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Frc. 1. Projection of the yavapaiite structure along the b axis.
Numbers indicate atom depth below the acDIane.

the alternating layers of sulfate tetrahedra with ferric-oxygen octahedra
when the structure is viewed along [110]. This arrangement probably ac-
counts for the distinct {110} cleavage found in yavapaiite.

Interatomic separations and angles are given in Table 6. The sulfate
tetrahedron is signifi.cantly distorted; three sulfate oxygens (average
S-O separation of 1.482 A) a.e coordinated to iron, whereas the fourth
sulfate oxygen is bonded to potassium. This weaker bond to potassium
explains the shorter S-O distance oI 1.4424 and the distortion of the
sulfate tetrahedron. Similarly, the deviations of the S-O angles from the
ideal may be explained by this bonding. The octahedral coordination
about iron is also distorted; four coplanar oxygens have Fe-O separations
of 2.005A and two oxygens at 1.954A complete the octahedral group.
Potassium has 10 nearest neighbors at distances ranging from 2.83 to
3.12 h. An idealized geometrical configuration is that of a trigonal anti-
prism bisected by a square plane. A stereo view of the overall structure in
which the coordination polyhedra are emphasized is shown in Figure 2.

The structure of yavapaiite is closely related to krausite (Graeber,

1923
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Morosin, and Rosenzweig, 1965). In both minerals the sequence of poly-

hedral elements is almost identical along the 6-axis direction which also

coincides with the optically slow direction Z.In Krausite, however, iron

is octahedrally coordinated to five sulfate oxygen atoms and one water

molecule.

Gotdichite. A projection of the structure along the D axis is shown in

Figure 3. Iron atoms are surrounded by four sulfate-oxygen atoms and

two water molecules to form a distorted octahedron. Such octahedra are

coordinated to sulfur-oxygen tetrahedra to form sheets of ra[Fe(SO+)z
'2HrO]- .These corrugated sheets of polyhedra roughly parallel the 6 axis

and lie predominantly in the (100) plane. Potassium ions have as nearest
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Frc. 3. Projection of the goldichite structure along the b axis.

Numbers indicate atom depth below the acplane.

neighbors sulfate oxygen atoms in the sheet and water molecules along

[001] which accounts for the excellent {100} cleavage and possibly the

lath-like habit of goldichite.
Interatomic separations and angles are given in Table 7 and Table 8,

respectively. Both sulfate tetrahedra are significantly distorted, with each

sulfur atom having two longer and two shorter bonds to oxygen atoms.

Those sulfate oxygens which have the longer S-O bonds (two from each

sulfate group) are shared with iron. Such oxygen atoms serve as the Iinks

which form the sheet array. The O-S-O bond angles are close to ideal

values although the average linear O-Fe-O angle of 174.2" clearly reflects

the observed distortion. Potassium has 11 nearest neighbors at distances

ranging from2.72 to 3.42 A. Its position in the structure results in bond-

ing together the hydrated ferric sulfate sheets along [001]. Figure 4 is a

stereo view of the structure from which potassium ions and their associ-
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l d i c h i t e  3

1927

Lenqth

2 . 8 1 2 ( 8 ) A
2 . 9 2 A ( 8 )
2 . 9 3 3  (  R  )
2 -37e (e )
2 . 3 8 e ( B )
2 . 7 2 e ( 8 )
2 .854  (  I  )
2 . 9 0 9 ( 8 )
2 . e 2 7  ( B )

2 . 6 3 3 ( B )
2 . 8 % ( 8 )
2 . 8 6 7 ( 8 )
2 . e 2 7 ( B )
2 . 3 8 5 ( B )
2 " 4 c 0 ( 8 )
2 . 4 1 5 ( B  )
2 .7L6 ,8 )
2 . 4 0 1  (  B  )
2 . 4 2 s @ )
2 . 8 3 8 ( B )
2 . e 1 4 ( B )
2 . 7 1 8  ( B  )
2 . 4 3 3 ( B )
2 . 6 3 8  ( 8  )
2 . 8 7 0 ( B )
2 . 8 e 7 ( B )
2 .8e0  (  I  )
2 . 8 e 7 ( B )
2 . 6 7 8 ( 8 )
2 . 9 5 5 ( 8 )
2_.4r2rc)

to the

1  a D t I n t e r a t o m i  c  d i s t a n c e s  f o r

Bond

s ( 1 )  -  o ( B )
s ( r )  -  o ( 4 ' )
s ( i )  -  o ( 5 )
s ( 1 )  -  o ( z t  )
s (2 )  -  o ( r r )
s ( 2 )  -  o ( 1 )
s ( 2 )  -  o ( 2 ' )
s ( 2 )  -  o ( 1 2 )

F a  -  n / h r  I

F e  -  o ( I 2 r  )
F e  -  o ( 2 )
r e  -  c ( z )
Fe  -  o (3 ' ) ! l /
Fe  -  0 ( I 0 r  ) i {

K  -  o ( s ) w
K  -  O ( 3 t ;
K  -  o ( 6 ) l l J

K  -  O ( 9 '  ) w
K  -  o ( 1 0 ) w
K  -  o ( 4 )
K  -  o ( e )
K  -  0 ( 5 )
K  -  o (3 ) l ^ /
K  -  o ( 1 1 )
K  -  o ( 7 )

o ( 1 )  -  o ( 2 ' )
o (1 )  -  o ( r r )
o (1 )  -  o (12 )

o ( 3 ' ) 1 ^ /
o ( 9 ' ) t v
o  ( 6 ,  ) w
o  ( 1 2 '  )
o ( r l ,  )
o (3 ' )w
o ( 1 2 ,  )
o ( 5 ' )
o(10,  )1,V
o ( 6 ) l l j

n / q t  l

o ( 7 ' )
o ( 1 2 )
o ( 7 )
o ( 5 '  )
o ( 8 ' )
o (10 '  ) 1 i 1 ,

o ( 7 ' )
o ( 8 )
o ( z t  1
o ( r 0 ) r r
o  ( 1 1 '  )
o ( 8 r )
o ( 1 2 ,  )
o ( 1 0 ) w
o ( 1 0 ,  ) w
o (10 )!1/
o ( r r t  1
o  (12 )
o ( 1 2 ' )

o  ( 1 2 '  )

0  ( 1 )
o ( 1 )
o( r )
o ( 2 )
o ( 2 )
o ( 2 )
o ( 2  )
o ( 2 )
o ( 2 )
o (3 )'rJ
o (3 ) l / 1 /

o (3  ) 'd
o ( 3 ) u J
o ( 4 )
0 ( 4 )
o ( 4  )
o ( 4  )
o ( 5  )
o ( 5 )
o ( 5 )
o ( 5 )
o(6 ) ' /1/
o ( 7 )
o ( 7 )
o ( 7 )
o  ( 7 )
o ( B )
o ( e ) w
o(10) ' t
o (10)u /
o  ( 1 1 )

Atoms l -abe led  pr ime ( t )  a re  re la ted  by  symmet ry
cor respond ing  unr , r imed a toms.

a  Standard  er ro rs  in  paren theses .

r . 4 4 4  ( 4 ) A

r . 4 4 e @ )
1 . 5 0 1  ( 4  )
1 . 5 1 r  ( 4 )

r . 4eG)
1 . 4 5 8  ( 4  )
1 . 4 8 6  ( 4  )
r . 4 e 6 ( 4 )

1 . e 7 0 ( 5 )
' I  o " ^ l q l

1  o a a / 6 \

2 . 0 1 7 ( 5 )

2 . 0 3 6 ( 5 )

2 . 0 4 0 ( 5 )

2 . 7 2 0 ( 7 )

2 . 1 f i ( 7 )

2 . 8 4 7 ( 7 )

2 . 8 8 7 Q )

2 . % o ( 7 )

2 .e *0 )
2 .eee (7  )
3 . 0 8 7  (  7  )
3 .  1 r 3  ( B  )
3 . 3 6 0 ( B  )
3 . 4 ] 6  (  8  )

2 . 4 o 2 ( B )

2 . 4 0 3  (  B  )

2 . 4 r 2 ( B )
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l a D I e  d n d  a n

Bond

o ( 5 ,  )  -
o { ^ r  I  -

o ( 5 ' )  -

o ( 5 '  )  -
o ( 1 z t ;  -

o ( 1 2 ' )  -

o ( 1 2 ' )  -

o ( 1 z t ;  -
o ( 2 )  -

o ( 2 )  -

o ( 7 )  -

o ( 7 )  -

o( : '  1  -
o ( 2 - )  -

o ( 3 ' ) , / /  -

o ( B )  -

o ( 8 )  -
c ( 8 )  -

o ( z r ; -
o ( a t  1  -

o ( 5 )  -

o ( r l )  -

o  ( 1 1 )  -

o ( r 1 )  -

o( r )  -
o ( r )  -

o ( 2 '  )  -

r e  -  o ( 2 )
r e  -  c ( 7 )
F e  -  o ( 3 ' ) L {
Fe  -  o (1o r  ) i , v
F e  -  o ( : )
F e  -  o ( 7 )
F e  -  o ( 3 , ) l {

Fe  -  o (10 t  ) ' , ' J
F e  -  O ( 3 ' ) r , v

Fe  -  o ( I c ' ) ' ' . nJ
F e  -  c ( 3 r  ) y /
Fe  -  o (10 r  ) ' ' t /
F e  -  o ( l 2 r )
F e  -  o ( z )
Fe  -  O ( Ia r  ) ' / 1J

s ( r )  -  o (4 ' )
s ( r )  -  o (5 )
s ( r )  -  o (7 ' )
s ( r )  -  o (5 )
s ( ] )  -  o (7 ' )
s ( r )  -  617 '  1

s (2 )  -  o (1 )
s (2 )  -  o (2 ' )
s (2 )  -  o (12 )
s (2 )  -  o (2 ' )
s (2 )  -  o (12 )
s (2 )  -  o (12 )

Ang J-e

9 4 . 6  ( 3  ) .
e o . 8  ( 3 )

8 9 . 6  ( 3  )
%.2 ,e )
e 2 . 1 ( 3 )
8 2 . B ( 3 )

e 3 . 7 ( 3 )
8 3 . 7  ( 3  )
8 5 . 4  ( 3  )
%.2G)
e 0 . 0 ( 3 )

e 1 . 1 ( 3 )
r 1 2 . 1  ( 4 )

r 7 2 . 9 G )
L 7 7 . O ( 4 )

r ] 3 . 2 ( 2 )

uo .7  (2 )
1 1 0 . 8  ( 2 _ )

1 0 8 . e  ( 2  )
r a 7 . 3 ( 2 )
1o5.7 (2)

r r2 . r (2 )
10e .5  (2  )
1 1 0 . 5 ( 2  )
]oe .  3 (  2  )
Loe.4(2)
1 0 5 . 8 (  2  )

Atoms l . lbe led  pr ime (  t  )  a re  re la ted  by  symmet ry  to
c o r r e s c o n d i n g  u n p r i m e d  a t o m s .
S t a n d a r d  e r r o r s  i n  p a r e n t h e s e s .

the
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E l e c t r o s t a t i c  b o n d  s t r e n g t h s  i n  k r a u s i t e  a n d
o o l d  i c h  i t e .

k raus  i  te

o  ( 1 )
o ( 2 )
o ( 3 )
o ( 4 )
o ( 5 )
o ( 6 )
o ( 7  ) w

n 6

n q

n q

r . l

0 . I
l x v .  L

n l

3x0 .  1
n l

0 .  1 7
n  l 7

1 '7'f

1 . 8 7

2 .  10
2 .oo
1 . 8 0
2 . L O
2 . 1 6t x u . 6 5

eo ld  i ch i te Fe K H ( d  ) H ( a )

o(r )
o ( 2 )
o ( 3 ) w
o ( 4 )
o ( 5 )
o ( 6 ) w
o  ( 7 )
o ( B )
o (e) l l ,
o (10)1 l l
o( r r )
o ( 1 2 )

n q

n q

n q

0 . 5

l q

1 q

' l q

l c

0 . 0 9
0 . 0 9
n n o

0 . 0 9
0 . 0 9

2x0 .  09

2xO.O9
n o o

0 . 0 9

2xO

2xO

8 3

8 3

2 x C . B 3
2xO.  B3

3x0 .  17

6  1 ' 7

A  1 ' 7

0 .  17

2 .o r
2 .00
2 . 2 5
1 '74

2 . O 9
r . 9 2

z .  zo
1 . 6 8
1 . 8 4

2 . 2 5
l q o

ated water molecules have been deleted in order to clearly show the
polyhedral sheets.

Cuencr DrsrnreutroN AND Hvonocpx BoNlrNc

It has been shown by Baur (1961) that many of the distortions of
coordination polyhedra in ionic or partly ionic compounds can be ac-

counted for by an extension of Pauling's (1960) electrostatic valence

rule. The strength (s) of an electrostatic bond to each coordinated anion
is given bv s:z/a where z is the electric charge of a cation with coordina-

tion number z. In many stable ionic structures the valence of each anion
is nearl-y equal to the sum of the strengths of the electrostatic bonds to it

from adjacent cations; that is,

r :  t  s;  :  lz. ; f , ;
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F e - o ( a )
F e - o ( 3 )
Fe-o (6 )
Fe -o (7 ) r l J

a  v e l a o e

s ( ? ) - o ( 5 )
s ( 1 ) - o ( 2 )
s ( 1 ) - o ( 1 )
s ( 2 ) - o ( 4 )
s ( 2 ) - o ( 6 )
s ( r ) - o ( 3 )

d i s t a n c e
o

l . 9= .BA
I . 9 7 4
2 .420
2.O2"
I  o o q

o
1 . 4 4 5 4

I . 4 4 8

1 . 4 5 5

I . 4 8 ]

I . 4 9 4

I . 4 9 7

I . 4 1 0

?_.oo
t  ] n

2 . ro
z .  r o

d i s t a n c e  C
p e - o ( s )  1 . e 7 1 i  2 . o g
Fe-o(  1z  )  f .  Sar  2 .oo
F e - O ( 2 )  1 . 9 8 7  2 . O O

F e - o o  ( 7  )  2 . o I 7  2 . 2 6

F e - O ( 3 ) l v  2 . 0 3 7  2 . ? 5

Fe -o ( 10 ) lv 2 .o37 ?-.2-5

average 2 .OOa

s  (2  ) -o  (  r r  )  r . 43B i  r . 5e
s (  r  ) -o  (B )  r .448 1.68
s (1 ) -o (4 )  1 .45 r  r . 76
s (z ) -o (  1 )  r . 45e  z .o r
s  ( 2  ) - o  ( 2  )  1 . 4 8 8  2 . o o
s  (?  )  -o ( r z  )  r . 49 r  2 .oo
s  (  1  ) -o  (5  )  1 .500  2 .oe
s ( 1 ) - o ( 7 )  1 . 5 1 0  2 . 2 6
a v e r a g e  I . 4 7 3

1 . 8 0
1 . 8 7
1 '71

2 .  O0
2 . 1 0
r  ' l n

and the summation is taken over the cations at the centers of all poly-
hedra of which the anion forms a corner.

The sums of electrostatic bond strengths presented in Table 9 are
calculated assuming that each hydrogen bond contributes 1/6 of one
bond strength [column H(a)] to the acceptor atom. This was found to be a
reasonable assumption in a number of salt hydrates studied by Baur
(1962). The remaining 5/6 of the bond strength is counted towards the
sum of the bond strength of the donor atom of the hydrogen bond

[column H(d)]. The resulting f-values are listed in Table 10 together with
the bond lengths. It can be seen that generally the bonds involving
oxygen atoms which are oversaturated (have a high f-value) are Ionger
than the average bond length for this polyhedron, while oxygen atoms
which are undersaturated form shorter bonds to the cations.

The agreement between observed and calculated bond lengths (Table

11) is of the same magnitude as observed by Baur (1970) from regression
analyses of known structures. The hydrogen bond distances in krausite
and goldichite range from 2.63 to 2.99 A (hydrogen donor to oxygen
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p e - o ( g )  0 . o l  I . 9 7 4  2 . a I 3

r e - o ( 3 )  c . 0 l  1 , 9 7 4  2 . 0 1 3

r e - o ( a )  - 0 . 0 9  1 . 9 5 8  1 . 9 9 r

F e - o ( 6 )  o . o l  2 . 0 2 0  2 . 0 I 3

F e - O ( 6 )  0 . 0 1  2 _ . A 2 O  2 . . A I 3

F e - o ( z ) w  0 . 0 7  2 . o 2 e  2 . 0 2 6
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T ^ L r ^  1 r  ^ ^ - ^ ' - : ^ ^ ^  o f  o b s e r v e d  a n d  c a l c u l a t e d  b o n . l  I , s n c r t r su v ' r F r - ! r J v ' l

f o r  k r a u s  j  t e  a n d  g o l ' l  i c h i  t e .

g o l d i c h i t e

A C i i
" o b s  " c a f c

a )  i l o n d  l e n q t \ s  i n  t h e  F e - c o o r d i n a t i o n .  C a l c u l a t e d  l e n o t h s
b a s e d  o n  a  ( r e - c ) = ( z . o I I + o . 2 2 L  r - ) .

A C

r e - o ( 2 )  - o . L 4  1 . 9 8 7  1 . 9 8 c

F e - O ( 3 ) W  0 . 1 1  ? . A 3 7  2 . 0 3 5

r e - o ( 5 )  - 0 . 0 5  r . 9 7 r  2 . o o o

r e - O  ( 7 )  0 .  1 2  2 . 0 I 7  2 . O 3 7

F e - o ( I o ) r l i  o . l t  2 . 0 3 7  2 . o 3 5

r e - o ( 1 2 )  - o . 1 4  1 . 9 8 I  I . 9 8 0

b )  B o n d  l e n g t h s  i n  t h e  s u l f a b g r c u p .  C a l c u l a + , e d  l e n g t h s  b a s e d
on  d ( s -o )= (  I  . 473+o . I 2a^  C )  .

s ( r ) - o ( r )  - o . r e  r . 4 5 s  r . 4 4 9
s (  1 )  - o ( 2 )  - 0 . 0 9  r . 4 4 s  1 . 4 6 1
s ( r ) - o ( 3 )  o . 1 4  L . 4 9 7  r " 4 9 L
s (  ]  )  - o  (  3 )  o .  1 4  L . 4 9 7  1 . 4 9 r
s ( 2 ) - c ( 4 )  o . o o  r . 4 B r  r . 4 7 3
s ( 2 ) - o ( 5 )  - 0 . 2 0  r . 4 4 5  r . 4 4 7
s ( 2 ) - o ( 6 )  o . r o  r " 4 s 4  ! . 4 8 6
s  ( 2  )  - o  ( 6  )  o "  r o  L . 4 9 4  I . 4 e 6

2 . 7 0

2 . 7 4

2 . 7 6

2 . 7 6

s ( i ) - o ( 4 )  - 0 . ] e

s ( 1 ) - o ( 5 )  o . 1 4
s ( 1 ) - o ( 7 )  o . 3 l
s (  I  ) - o ( 8 )  - 0 . 2 7

s ( 2 ) - o ( r )  o . r I
s ( 2  ) - o ( 2 )  o . 1 0
s ( 2 ) - o ( r r )  - 0 . 3 r

s ( 2 ) - o ( 1 2 )  o . l o

I , 4 5 I  I . 4 4 9

1 . 5 0 0  I . 4 9 I

I . 5 1 0  1 . 5 1 4

I . 4 4 8  1 . 4 3 8

I . 4 5 9  I . 4 8 7

I . 4 8 8  I . 4 8 6

I . 4 3 8  1 . 4 3 3

L . 4 9 I  L . 4 8 6

c )  H v d r o s e n  b o n d  l e n q t h s .  C a l c u l a t e d  l e n q t h s  b a s e d  o n
d Io -H- - -o  )=  (  2 .85-0 .38^  e  )

I c a s e  I ]
o (7) ' /1 , -o (1)  o .4o  2 .83
o ( 7 ) ' d - o ( 2 )  o . 3 0  2 . e 9

I c a s e  I I ]
o ( 7 ) , ^ ' - o ( r )  0 . 2 3  2 " 8 3
o(7) i , / -€ ( r . )  0 .23  2 .83

o ( 3 ) f v - o ( r )  o . z q  2 . s r
o ( o ) w - o ( 6 )  0 . 3 3  2 " 6 3
o(6) , ' v -o ( r )  -0 .09  2 .93
o ( e ) w - . o ( 1 )  - 0 . 1 7  2 . 9 2
o ( r o ) w - . o ( 4 )  0 . 4 9  2 . 7 2
o ( 1 0 ) L v - o ( 7 ) - o . o I  2 . 8 7

2 . 7 2
2 . 8 8

2 . 8 5

acceptor length). fn krausite the hydrogen-bond geometry is satisfied
by both the vector in the mirror plane fcase I] and the hydrogen-hydro-
gen vector normal to the mirror plane [case II]. Because of the hydrogen-
bond length comparison between observed and calculated distances, case
II looks preferable (Baur, personal communication).
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tions Copies of Table 12 and Table 13 listing observed and calculated structure factors for
yavapaiite and goldichite respectively have been deposited with the American Society for
Information Science, The National Auxiliary Publication Service.l
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