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Abstract

The crystal structure of the new mineral yedlinite has been determined using the Patterson
method and refined to R - 0.14. The structure indicates the composition to be PbuCluCrXuY"
where X is O'- or OH-, and Y is O'-, OH-, or H,O. The structure contains a continuous three-
dimensional framework of irregular Pb(Cl"X,Y) polyhedra and CrX octahedra. Chromium
seems to be in the 6{ valence state, and the structure of yedlinite appears to contain the first
recognized occurrence of an octahedrally coordinated Cru* ion.

fntroduction

Several small crystals of yedlinite, a new mineral
from the Mammoth Mine, Tiger, Arizona, were ob.
tained from U.S. National Museum Specimen R-8171
for a study of the crystal structure. Yedlinite has
been described by Mclean, Bideaux, and Thoms-
sen (1974) who report crystallographic data as
follows: a : 12.868, c = 9.821 A, space group =
R3,  Z :3,  densi ty  (obs)  -  5 .85 gm/cc.

The chemical composition of yedlinite was in
doubt at the inception of the structure study be-
cause determination of oxygen, hydroxyl, and water
and of the valence of chromium could not be made
from the chemical analysis. The elucidation of the
structural formula of yedlinite was expected to be a
contribution of the investigation.

Experimental

The process of preparing a sphere of the mineral
for data collection was complicated by a distinct
prismatic cleavage and a lack of brittleness. In-
tensity data were finally obtained using a very small
spheroid of mean diameter about 0.045 mm and
absorption coefficient, pR, 1.36 for Mo radiation.
Data were collected on an automated Picker dif-
fractometer using monochromatized Mo radiation,

and intensities less than 2o were considered un-

observed. Both hkil and hkil portions of the reflec-

tion sphere were collected and corrected for the

usual geometrical factors. Approximate absorption

corrections were applied using the spherical correc-

tion factors from pages 302-305 of Vol. 2 of the

International Tables lor X-Ray Crystallography'

The structure factor values of symmetrically equiva-

lent reflections within the data set were averaged. A

general agreement of structure factors from equiva-

lent planes increased confidence in much of the data,

but systematic differences for a number of equivalent
reflections, with hkil generally having greater F than

the equivalent hkil reflection, gave evidence of sig-
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nificant uncorrected absorption error. No attempt
was made to correct for the trend except through
the averaging process. Only 290 observed structure
factors were recorded. The weakness of the diffrac-
tion spectrum can be attributed to the very small
crystal size, the substantial absorption of the crystal,
and the soft and non-brittle nature of the mineral
which promotes structure damage to the surficial
parts of the crystal during grinding. Crystals after
grinding gave notably weaker diffraction results than
unground crystals of similar size. Because of the
dearth of material, it seemed unlikely that a better
sphere could be obtained. Attempts to collect data
on unground crystal fragments proved unsatisfactory
and were abandoned.

Tesrs 2. Observed and Calculated Structure Factors for
Yedlinite*
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Structure Determination and Refinement

Diffraction symmetry and systematic absences in-

dicate the space group of yedlinite is-either R3 or

R3. The structure was attempted in R3 because the

morphological symmetry of the crystals appears

centric. Hexagonal axes were used throughout. A

Patterson synthesis was used to locate the 18 lead

atoms in a general position. This gave a conven-

tional R factor of O.2l after one cycle of full matrix

least-squares refinement using a modified version of

Onrrs (Busing, Martin, and Levy, 1962). The three

chromium atoms were then located in a special posi-

tion at 0,0,{ from a Fourier difierence map. Two

additional occupied general positions were also de-

tected, one with approximately twice the electron

density of the other. The greater electron density was

attributed to chlorine, and oxygen was assigned to
*  S c a l e  f a c t o r  i s  1 . 2 8 7 .
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the sites of lower electron density which were in
octahedral coordination about the chromium atoms.
Another Fourier difference map at this stage dis-
closed only the presence of oxygen-size peaks at a
six-fold special position on the 3 axes. Additional
least-squares refinement using isotropic temperature
factors reduced R to 0.14, and subsequent difference
maps failed to reveal significant electron density in
the cell. Attempted refinements using anisotropic
temperature factors reduced R to 0.11, but the tem-

Tenre 3. Interatomic Distances and Aneles in Yedlinite*
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-A-
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FIc. 1 A part of the structure of yedlinite viewed down the c axis. Shown are two pinwheels,
each composed of three lead polyhedra. The linkage of the two adjacent pinwheels by face
sharing (shaded face) is shown. Not explicitly shown are the pinwheels at the 3 axis passing
through the cell origin and the linkage of center-of-symmetry related pinwheels along the 3 axes
by sharing of Cl-Cl edges (s.e.) and through the Cr octahedron, one face of which is the
equilateral triangle ABC.

d . .d . .
aJ

d . .

Cr 88.5(4.3)  PbsCloCr(O, OH)6.2HrO

perature factors appeared unrealistic, presumably
because of unresolved absorption error. Position and
isotropic temperature parameters are shown in Table
1, and observed and calculated structure factors are
inTable2.

Crystal Chemistry

The crystal structure of yedlinite strongly endorses
the chemical formula, PboCloCrXoY2, where X and
Y are the oxygen species, O, OH, or HzO. Since
charge equilibrium can be achieved in the formula
by juggling the combinations of oxygen species in
the X and Y sites coupled with variation of the
valence of chromium from three to six, there are
many possibilities consistent with the general for-
mula. Several of the more likelv that we have con-
sidered are:

with Cr6+

PbaClaCrOr'2HzO
PbsCloCr(O, OH)6(OH),
PbeClsCr(O, OH)6(O, OH),

Pb cl
Pb CI
P b x
P b x
Pb Y**

Cr
Pb
Pb
Pb
Pb

x * *  1 .82 (10 ) *
cL  2 ,96 (4>
c l  3 .  20  (4 )
c1  3 ,33 (4 )
c1  3 .38  (4 )

3 . 6 8 ( 4 )
4  .4 r (4 '
2  .7O(LO)
2 . 5 3 ( 1 0 )
2 . 3 6 ( s )

2 .L2 (32 )

3 ,20 (13)

3 , 3 0 ( 4 )

Y Y

Y X

c l  Y

A n s l e  .  . ,-  A J K
A n s l e  .  . ,-  r - l K

with Cr3+

PbeCIoCr(OH)6(O, OH),
X C r 9 1 . s ( 4 . 3 )

* Numbets in parentheses are est inated slandard deviat ions
and refer to the last places,

** x=0- or oH ;  Y=o- ,  oH ,  or HrO

PboCloCr(O, OH)6(OH),

The Cr-O interatomic distance in yedlinite (Table
3) is 1.82(10) A. One would predict a Cr'.-O dis-



tance of 2.00 A, based on ionic radii for 6-fold co-
ordination (Shannon and Prewitt, 1969), or about
1.98(8) A from International Tables for X-Ray
Crystallography (Yol.3, 1968). A Cr6.-O distance
in 4-fold coordination would be 1.67 A based both
on the ionic radii of Shannon and Prewitt and the
International Tables. A Crot-O distance based on
extrapolation of the values of Shannon and Prewitt
would be about 1.81 A for 6-fold coordination. The
distance of 1.82A in yedlinite is consistent with a
valence state of chromium of 6*, as is the occur-
rence of yedlinite in an oxidized assemblage.

Minimization of disorder favors the formula,
PboCleCrOo. z}{zo. However, electrostatic neutrality
of the oxygen sites is best achieved in PbeCleCr(O,
OH)6(O,OH)2 where the X site deviates from neu-
trality by about 0.04 (not corrected for hydrogen
bonding) and the Y site by about -0.10, well witbin
normal limits. This, to our knowledge, would be the
first recognized occurrence of Cr6* in octahedral co-
ordination. Minimal disorder and satisfactory oxygen
site charge balance is achieved in Pb6Cl6Cr(OH)u
(O,O[I)2 with Cr." although a Cr3*-O bond distance
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is not in as good agreement with the observed Cr-O
distance. A refinement of the structure to resolve
these variances is impractical until a satisfactory
crystal for data collection can be prepared.

Discussion of the Strucfure

The most pervasive and continuous part of the
structure of yedlinite is the coordination frame-
work around the lead atoms. The bond distance and
angle information in Table 3 shows that lead is co-
ordinated by two X oxygen atoms, one Y oxygen
atom, and five chlorine atoms, forming an irregular
polyhedron. A sixth chlorine at a distance of.4.4I A
is not included in the coordinating group, as bonding
would be minimal at that distance.

Three symmetry-related lead polyhedra share
faces-each face consisting of one chlorine, one X
oxygen, and one Y oxygen-to form a planar three
member "pinwheel" centered on a 3 axis (Fig. I ).
Each pinwheel shares six Cl-Cl edges (e.g., s.e. in
Fig. 1) with the centrosymmetrically related pin-
wheel above or below on this 3 axis. These double
pinwheel groups are linked to form stacks parallel to

CRYSTAL STRUCTURE AND COMPOSITION OF YEDLINITE

Fto. 2. A schematic view of the (1120) section of the structure of yedlinite showing the dis-
tribution of shared elements among lead-coordination pinwheel groups. All sharing elements
shown as lines involve only chlorine apices and Cl-Cl edges. The star symbol represents a single
three-member pinwheel. The insert at the lower right shows the locations of similar sections in
the cell.
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c by octahedrally coordinated chromium atoms.
Three X oxygen atoms from each of two double
pinwheel groups are shared with the chromium,
forming the octahedral coordination.

Each lead polyhedron is tied to a symmetry-center-
related polyhedron of an adjacent 3 axis by sharing
an approximately square face composed of four
chlorine atoms (lightly shaded, Fig. 1). This face
sharing, coupled with additional sharing of edges and
apices, serves to unite adjacent stacks to form a three
dimensional bonding framework as depicted in a
(1120) section in Figure 2. This sharing scheme is
repeated in all {1120} planes. A projection and
stereo view of the structure is shown in Figure 3.

The hydrogen atoms associated with y oxygen
atoms on the 3 axes are probably disordered. The

WOOD, MCLEAN, AND LAUGHON

single proton of (O,OH) would likely lie on the 3
axis and would be disordered equally between the
oxygens. The large standard deviation suggests that
disorder produces different positions for the oxygens
of any centrosymmetric pair. The distance between
the centrosymmetric Y oxygens is 2.12(.32) A. A
change of 1.5o would give a realistic hydrogen bond
distance of 2.60A. It is possible that something
exotic is happening here, but our data is not sufficient
to support further speculation. Hydrogen bonds from
X-site oxygens are probably directed toward chlo-
rines.

The prismatic cleavage, {1120}, of yedlinite is
elegantly shown in the crystal structure. These are
the only planar surfaces parallel to c that do not
disrupt the relatively strong Cr-O or Pb-O bonds. In

o P b

o C r

O c r
o o

Ftc. 3. The crystal structure of yedlinite viewed down the c axis by Onrnr
(Johnson, 1965). a. In projection showing more than a full unit cell. b. In
stereo with the 3 axes at 2/3, 1/3, z and 7/3,2/3, z occttpying the SW and
NE quadrants, respectively. The a' axis is down and the a, axis is to the
right and 30' up. Atom sizes are relatively the same as in Figure 3a.



addition to {1120}, many potential cleavage direc-
tions exist parallel to c in which Cr-O and pb-O
bonds would not be broken if an undulating cleavage
surface was allowed. All directions parallel to c must
cut across at least two of the three interstack bonding
directions shown in Figure 2 and must thus break
Pb-Cl bonds (a square face, a 2 corner, and two 1
edge lines of Figure 2 for each such direction cut).
The lowest density of interstack bonding directions
to be broken occurs in the (11t0) direction. The
only directions which are not parallel to the c axis
in which cleavage would not disrupt Cr-O or pb-O
bonds are the {1011} directions. Such a cleavage
would break many Pb-Cl bonds and the hydrogen
bonds between Y-site oxygen atoms and is not ob-
served (this would be a lower left to upper right
break in Figure 2, transecting the square face and
6 edge lines ) .
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