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AssrRecr

The crystal structure of the new mineral murdochite, CuoPbOs, is shown to be of a new

simple structure type. It is essentially a sodium chloride type with an ordered arrangement
of the metal ions and vacant sites, and is ttre first crystal structure in which Cu++ is found

to be octahedrally coordinated. The variable density found for murdochite and the occur-

rence of a second mineral of the same structure type, but with Pb)Cu, indicate a solid

solution between Pb and Cu.

Intnopucrtow

Chemical analysis ar.d rc-ray structural studies have established as a
new species a copper-lead oxide from Mammoth mine, Arizona. The new
mineral has been named murdochite and is described by Fahey (see
preceding article). Murdochite has a composition corresponding to the
formula Cu6PbOs, and its structure is a simple new type that is essentially
an ordered NaCl arrangement (Christ, Clark, and Fahey, 1953; Christ
and Clark, 1954). A second example of this structure type, a synthetic
compound Mg61\{nO6, was discovered independently by Kasper and
Prener (1954). A preliminary note on both these compounds has ap-
peared (Kasper and Christ, 1953).

Cnvsrar SrnucrunB ANar-vsrs

Preliminary investigations of murdochite were made through the use
of Debye-Scherrer photographs. AII reflections could be indexed for a
cubic cell with oo: 9.2I0+0.002 A, and systematic absences for hkl, not
all odd or all even were observed, indicating face centering. The special
extinctions demanded by a spinel structure were not observed and this
type of structure was therefore ruled out at the beginning of the analysis.
X-ray powder data for murdochite are given in Table 1.

The length of the unit cell edge for murdochite is approximately twice,
and the volume accordingly eight times, that expected for a simple
NaCl structure. The data of the chemical analysis of Fahey (1955) yield
the formula Cuo.rPbo.saOs.o, or ideally CuoPbOs. These facts indicate that
the structure of murdochite is based on a NaCl structure, with a unit
cell containing 32 oxygen atoms in essentially close-packed arrangement
and with the metal ions placed in the octahedral interstices, the doubling
of the cell edge being accounted for by a special kind of ordering of the
metal ions.

* Publication authorized by the Director, U. S. Geological Survey.
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T.lelp 1. X-n.lv Powonn Dere lon Munoocnrrn-CuoPboe
Cusrc Fm3m (Onb); oo:9.210+0.002 A*

Measured,f
Catrcoilaled.

CulNi r : 1 .5413  A

dn*tdn*t.
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8
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J
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5  . 3 0
4 . 5 9
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2. t09
2 .059
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r . 7 7 2
1.629
1 . 5 5 6
r . J . t /

I .457
r .404

5 .318
4.605
3 .257

2.659
2.303
2.113
2.O59
1 .880
r . 7 7 3
| 628
1 . . ) . ) /

1 . 4 5 6
1.405

lll
200
220
311
222
400
331
420
422
J I I , J J J

440
531
600,M2
620
JJJ

Plus many additional lines.
* Lattice constant determined by the extrapolation metlod of Bradley and Jay (1932).

t Pattern corrected for shrinkage.

The postulated structure is appropriately described by the following
crystallographic data :

4 Cu6PbOs per unit cell
Space group: Fm3m(Ons)
Atomic parameters:

(000; 02r|; 104; iL})-f
4Pb: (o) 000
8 Or: (c) 111; *ii

24Ot: (e) x00;0x0;00x; x00;0i0;00x; r;]

The 24 Cu ions may alternatively be distributed over the 28 sites given
by

4(b) +1"+
2a@) 011; iOi; i i0;01*; ioi; i*0

or put into the 24(d) positions leaving four vacancies in the 4(D) positions.
The model with the statistical distribution of Cu ions is designated the
d.isordered, structure, that with the ordered arrangement of Cu ions and
holes, the ord.ered structure. Both models have been investigated.

Intensity measurements were first made by microphotometering
Debye-Scherrer photographs. Although the agreement beLween the in-
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tensities measured in this way and the intensities calculated from the
postulated structure was sufficiently good to attest to the essential cor-

rectness of the structure, it was apparent that preferred orientation and
particle size effects in the spindle sample were leading to poor data.

Recourse was then made to single crystal patterns. Using a small crystal
(ca. 0.2 mm. in largest dimension), multiple film Weissenberg patterns

of the zero and second levels around U10] were prepared with Mo/Zr

radiation. Intensities on these films were measured by comparing the

densities of the reflections with those on a calibrated strip. The estimated
intensities were converted, to I Fo*rl' values through the use of the Lp

chart of Cochran (194S). Structure factors, F1p1, wQle calcuiated for both

the disordered and the ordered structure models, setting the r parameter

of the O11 atoms equal to I in both cases. For these calculations the
Hartree atomic scattering curve for O: was used for the oxygen atoms'
For Pb++++ and Cu++ , scattering curves corresponding to the Thomas-
Fermi values for Pb and Cu for (sin 0) /\> 0.3 A-1 and smoothed in to

J:78 andJ:27, respectively, for (sin d)/I:0 were used' All values of

the scattering factors were taken from the International Tables (1935).

An over-all temperature correction was made by multipiying the calcu-

lated structure factors by the modifying factor exp[-B(sin2d)/\ ' ], ac-

cording to the relationship fr | F,6".1 : I F""r".lexp [- B(sin2g)/tr '?], where

& is a scaling constant. The values of ft and B were found by plotting log
(F"ot"./Fou.) os. (sin2d)/tr2, following the standard method of Wilson (1942),

Corrections were not made for absorption effects in the crystal. The fol-
lowing expressions were used to calculate the structure factors:

L h, k, l. all odd,
F w"t: 4(f pa- 6 / 7 f c") dis or der ed' model

F nu : 4fPa or d'ered model

IL h, h, I all even
A' h/2' k/2' I/2 ull 

"tFur,:+(/"u*6/c"*8/,) borh models

B' h/2' h/2' l/2 utt ooX*,:n(/"r,t6/c"-8/,) 
both moders

C. h/2, k/2,1/2 mixed odd and even
Fnr"t: A(fpa- 6 / ffc.) d'isordered model

F nu : 4(J pa - 2J c.) or iler ed. model

A comparison of the calculated and observed structure factors for both

models is given in Table 2. In order to assess the closeness of fit between

the calculated and observed structure factors for each of the lwo models,

discrepancy factors were calculated in several different ways. The dis-

crepancy factor, R, is defi.ned, as usual, as

_ I  l l r " " . l  -  1 r **  l l
F " * t  

-
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Tnntn 2. Colrpenrson ol CAT,cuLATED AND OBsERvED CRysrAL
Srnucrunr Fecrons roa Munoocnrrn

(I-disordered model, Il-ordered model; r:])

II
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2 1
2 l
2 l
J I

118
r57
48
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18
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40
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34
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J O
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A <
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<22
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48
4l
34

<24
<21
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2 l
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45
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43
43
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40
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t2 l
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J /

J /

J /
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J +

J J

.1J

J J

J J

to2
131

J I

31
31
31
J I

t20
30
30
30
29
29
29
29
87
87
28

52
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181
88
48

36
J /

198
57
27
47
27
49

153
142
49
61
T7
J I

53
3 l

t37
61
40
37
24
49
40

125
110
35
45
25

<241
40

118

45
37

<26
<23

32
23
54
90
29

+ Reflection not recorded.
t Values preceded by ( are threshold values.
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Trrrr. 2-(continued)

9tl
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. ) l

52
<27

47
50
58
47
M

28
28

106
27
1 7

27
27
26
26
26
78
99
99
25
25
25
25
25
93
24
69
89
23
23
23
23
83
22
22
62
62
80
2 l
76
56
56
69
18
5 1
66
66
OJ
l n

The over-all R for the ordered model is 0.17, whereas that for the dis-
ordered model is 0.18, if in both cases only the non-zero observed re-
flections are included. If. however. each reflection observed to be zero
is assigned a value equal to one-half its threshold value, the ordered
model yields an R equal to 0.18, and the disordered model, an R equal
to 0.21.

A possibly more significant way to consider these data is to examine
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R as a function of sin d, as suggested by Luzzati (L952). In Luzzatl's
method R', i.e. R for a chosen interval of sin d, is plotted against the mid-
point of that sin d interval, all sin d intervals for which there are data
being plotted. The data for the disordered model together with the
theoretical curve for a structure having a maximum mean absolute error
in bond length of 0.05 A (lazl:0.05) as derived byLuzzati (1952), are
shown in Fig. 1. It wil l be noted from this plot that for values of sin
0<0.35, the R'increases with decreasing sin d, in contradiction to the
theoretical curve (the same effect holds for the ordered model, but in
order to avoid confusion these data are not plotted). This deviation
from the theoretical curve is undoubtedly due to absorption effects that
are more important at smaller sin 0 values. It is therefore of interest to
consider the R factors for reflections having sin d20.35. For the ordered
model, if only the non-zero values are included, R is 0.15;if one-half the
threshold value is used for the zero-observed reflections, R is also 0.15.
The corresponding cases for the disordered model yield R:0.16 and
R:0.22, respectively. The values of R calculated by different methods
are collected in Table 3.

The evidence from the foregoing considerations is in favor of the

, l

slN o (MoKq) --------+

Frc. 1. Plot of R'us. sin 0 for murdochite. The circles represent experimental points for

the disordered structure. R'is calculated omitting the non-observed Foa*.'s. The dashed line
is the theoretical curve for a structure having a maximum mean error in bond length of
0.0s A.

A

.3

:?R

7.6.5A.3.2
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T,q.slo 3. Drscr.rpaxcv Fecrons ron Munoocnrrr
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IVIII

Structure
Model

Ordered
Disordered

0 .  1 8
0 . 2 1

0 .  1 5
0 .  1 6

( r .  _ tJ

0 . 2 2
0 . 1 7
0 .  18

I-All reflections considered, an: lF,a" | -lp*r" I omitted if F,a-.:0'

Ir-AIl reflections considered, when F'6"' : g one-halJ its threshold value used'

III-Only reflections for which sin 0 >0.35 considered, otherwise same as I'

IV-Only reflections for which sin 0)0'35 considered, otherwise same as II'

ordered model. This is in agreement with the findings of Kasper and

Prener (1954) for MgoMnOe. It is also in agreement with the results of

Bertaut (1953), who has shown from energy considerations that, in

general, ionic substances with vacancies would be ordered.

DrscussroN oF TrrE Srnucrunn

The postulated ordered structure of murdochite is illustrated in Fig.

2. Each Cu++ and each Pb++++ is surrounded octahedrally by eight

O-. No previous example of Cu++ in octahedral coordination is known,

the usual coordination consisting of four oxygens equidistant from the

Cu++ and lying in the same plane as the metal ion, as in tenorite, CuO

(Tunell et al., 1935). Octahedrally coordinated Pb++++ occurs in PbaOr

(Bystrcim and Westgren, 1943).
On the basis of the parameterless model (*:L) all the- Cu-O and Pb-O

distances in murdochite are the same, namely 2.30 A. In PbsO+ the

Pb-o bond length is 2.15 A. tt i . quite possible that in murdochite the

of the lack of absorption corrections, the data at hand are not good

enough to fix a more precise value of r. This point will be further investi-

gated if it becomes possible to obtain sufficient material so that accurate

intensities may be secured by the flat-plate reflection method of the

diffractometer.

DBNsrrv AND SoLrD Sor-urroN

The calculated density for CuoPbOs is 6.1 gm. cm.-3. The density of

murdochite was measured in several ways. For the tube sample (0.4015
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a\z -

Cut*

Y O

it;;u#
Frc. 2. Structure of murdochite, Cu6pbOs.

gm.), Fahey (1955) found 6.47. H. T. Evans Jr., (private communication)
using the Berman balance and hand-picked crystal fragments, obtained
the followinq results.

Sample
Sample wt., mg.
Density

Sample
Sample wt., mg.
Density

A
9 0 6

]J

64.9
6 . 0

A+B

6 . 3

rt seems likely from the densities obtained that solid solution occurs
in the mineral, probably with Pb++ substituting for cu#. At this stage

z = O r 3

.)

C
@

A B C
9 .  6 8  5  . 4 1  6  . 7 7
6 . 4  6 . 1  5 . 9

These latter results indicated that the density of the mineral varied ac-
cording to the sampie. rn order to test this conclusion further, more ac-
curate determinations using a micropycnometer were carried out by
Frank Cuttitta (private communication), with the following results:



CRYSTAL STRUCTURE OF MURDOCHITE

of the investigation only about 90 mg. of the mineral remained in
existence, and it was decided not to destroy this in attempting to deter-
mine the Pb+ content. Attempts to synthesize murdochite and related
compounds are being carried out in the U. S. Geological Survey labora-
tories at the present time. If these attempts are successful the problem
of solid solution and other questions of interest can be dealt with more
efiectively.

The lattice constant herein reported for murdochite is given with a
fairly high degree of precision (9.210+0.002 A). nor solid solution the
lattice constant would be expected to vary as a function of chemical
composition, hence the above figure applies only to the sample studied.

A second mineral of the murdochite type has been found at the
Higgins mine, at Bisbee, Ariz. The mineral was first collected by a miner,
from whom it was obtained by Mr. Arthur L. Flagg, a mining engineer
of Phoenix, Ariz. Mr. Flagg then collected the material of interest re-
maining in the mine and submitted several specimens to the U. S. Na-
tional Museum. The total quantity of this mineral available for study is
quite Iimited.

The r-ray difiraction powder pattern of the mineral shows that it is
of the same structural type as murdochite with ao:9.224*0.002 A.
Spectrographic examination (K. J. Murata, private communication)
shows, however, that it has a greater lead than copper content. This fact
Iends support to the hypothesis that lead and copper may occur in vary-
ing ratios to give the same murdochite structure type.

This second mineral is now under further investigation and will be
described more completely in a future paper.
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