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AN X-RAY STUDY OF UXIOHOITE*

- SAMUEL R. Keurrr
Colwmbia Unitersity, New York, N.y.

ABSTRAcT

Precession photographs of umohoite from Marysvale, utah, indicate a primitive
orthorhombic uni t  cel l  wi th c l imension s oo:6.32 A,  U": l  .+A A: c" :12.4 and t+. i - tZ.O A.
The range of co with humidity and with temperature is established. x-ray powder data for
umohoite with c": 12.4 A are listed, and indices have been assignecl on the basis of the cell
dimensions given. Powder data are also furnishecl for material with c,:14.5 A.

I lrnonucrroN

A new occurrence of the hydrous uranyl molybdate, umohoite, has re_
cently been described (Coleman and Appleman, 1957). fn addition, work
is now in progress in the mineralogical laboratory at corumbia university
by Miss P. K. Hamilton on hydrous uranium-molybdenum minerals
which includes another occurrence of umohoite. This has led the author
to re-examine, by means of r-rays, some properties of the original umo-
hoite as described by Brophy and Kerr (1953), and Kerr, et al. (1957).

The author wishes to express his gratitude to professor paul F. Kerr
for init iating this study, supplying the mineral specimens examined, and
crit ically reading the manuscript. l{ iss P. K. Hamilton and Dr. wil l iam
A. Bassett have kindly ofiered suggestions during the course of the work.

SnqcrB Cnvsrar D.,rre

A small rectangular plate of umohoite approximately .12X.0gX.005
mm. was cut under the microscope from a larger specimen. A precession
photograph of the [001] zone gave sharp reflections using ]ioK" radia-
tion. Figure 1 is a precession photograph of this zone taken rnrith cuKo,
which is a more reproducible photograph, and demonstrates the pseudo-
hexagonal character of the reflections. Because of the excessively long (75
hours) exposures required by molybdenum radiation, r{oK. was only em-
ployed for the zero level of the [001] zone. cuKo was uti l ized for upper
levels of this zone and for the [010] zone.

rnit ial photographs of the [010] zone invorved two sets of reflections
corresponding to two values oI c,, 12.4 and 14.5 A. notn sets showed dif-
fuse streaking parallel to the c-axis. The hho reflections were independent
of the value of c,. At the time the photographs were taken it was found
that the 12.4 h spacing could be maintained throughout the umohoite by
circuiating warm air (40' c.) about the specimen during the time inter-

* This work was made possible by the u. S. Atomic Energy commission, through the
office of Dr. Daniel R Miller, Division of Research.
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Frc 1. Umohoite: zero level, c-axis precession photograph, b+ vertical, a+ horizontal;

CuK", 4 hours. Weak reflections are circlecl.

val of the exposure. All single crystal data given refer to the crystal at
this spacing.

The reflections observed indicate the Laue symmetry gro\Jp n mm.
There is no evidence that the orthorhombic symmetry is altered by the
increase of co from 12.4 to 14.5 A. Systematic absences observed areOkl
with fr odd. The space group is probably one of the foliowing: Pb2pn(C2,2) ,
Pbm2(C2,4'1 or Pbmm(D27,5).

Unit cell dimensions obtained from single crystal f i lms and diffractom-
eter runs of powdered material give

uo:  6.3.1 f  03 q.
bo:  7 .48+ .03 A-
co: 12.4,14.5+ 1 A (single crystal).

14 5-17.0+.1 A (dif fractometer).

Study of the powdered material reveals a continuous variat ion of co

b e l w e e n  1 4 . 5  a n d  1 7 . 0  A .  d e p e n d i n g  u p o n  h u m i d i t y  c o n d i t i o n s .  T h e  v a r i -

able c-dimension was noted in the original descript ion of umohoite and

considered a function of water content. However, a dimension as small  as

12.1 A has not previously been reported in a specimen at room tempera-

ture.

92r
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Powlnn D-q.ra

Umohoite is fragile and crystals are apt to be destroyed by ordinary
grinding. A small quantity of material was effectively powdered by plac-
ing it in an electric blender, adding about 100 cc. of disti l led water, and
allowing the machine to operate at top speed for a few minutes. Diffractom-
eter runs of material oriented for 001 reflections were made on succes-
sive days and the temperature and humidity of the laboratory were meas-
ured by means of a sling psychrometer. At temperatures of about 30o C.
and a relative humidity above 31 per cent, the 001 reflection was ob-
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Frc. 2. Variation of (001) with relative humidity.

served to be poorly formed and to vary regularly with small variations rn
relative humidity (Fig. 2). Dry air circulated about the specimen caused
the spacing to drop to 14.5 A, with relatively well-defined peaks. Moist
air circulated in a similar manner caused the spacing to reach 17.0 A
with equally well-formed peaks.

The existence oI a 12.4 A spacing in the case of the single crystal photo-
graphs is possibly caused by the combined efiects of the more intense
beam at the spot focus of the r-ray tube and the adsorptive efiect of

some clay samples stored in the room containing the single crystal r-ray
apparat.us.

Some powdered umohoite was deposited on the Pt-Rh sample holder
of the high temperature diffractometer (Bassett and Lapham, 1957) and
the 001 reflection observed in the course of heating the material to 425" C.
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Frc. 3. Variation of (001) with temperature.

(Fig.3). At 425" C. an unidentif ied yellow compound was formed. A
second specimen was prepared in a similar manner and heated to 350o c.
with the result that the 001 reflection yielded a value of 10.6 A. The ma-
terial changed in color from the normal pale green of powdered umohoite
to a bluish-black. Exposure to steam for several days restored the original
pale green color and brought the spacing up to 12.I A. No further changes
were observed.

A difiractometer run was made of randomly oriented powder under
conditions of low humidity which yielded c":14.5 A. observed line spac-
ings and intensities are l isted in Table 1. Tabre 2lists diffractometer
data obtained from an unoriented powder which had been kept over-

T,lnr,n 1. Drlrnecrourrnr Dlra lon Uuosorre (co:14.5 A).
Cu Relrarrox, Ni Frrrnn

-
,  / A \  T d ( A )  r

14.3 1
7  . 2 1  1 0
4 . 8 2  4
3 . 6 3  2
3 . 2 0  5
3 . 1 5  4
3 .06  4
3 . 0 2  3
2 . 9 0  4
2 . 5 3  1

2 3 8  t
2 .07  2
2 .03  2
1 . 9 2
1 . 8 7
1 .84
1  . 8 1
1 . 7 8
1  . 6 1
1 .59
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Tasln 2. Drrrnecrouoren l)ara lon Uuonortn (co:12'4

Cu Ra.orarrou, Ni Frr,trn

A)

d"-r" (A) d.b. (A) d.r,. (AJ

001
002
102
003
02t
r20
200
r2 l
004
201
122
023
123
203
220
o24
124
204
11.5
r32
214
301
223
006
025

3
3
I

10
1
5
4

2

1
I
1
2
I

1  . 9 5
1  . 8 7
1  . 8 3
t 7 9
1  . 7 8
l  -  / J

r . 7 3
t  . 7 l
I  . 6 1
I  . 5 5
r  .50

t 2 . 4
6 . 2 0
4 . 4 2
4 1 3
3 . 5 8
3 . 2 2
3 . 1 6
3 . 1 2
3 . 1 0
3 0 7
2 . 8 6
2 . 7 8
2 . 5 3
2 . 5 r
2 . 4 2
2 . 3 9
2 . 2 3
2 . 2 1
2 . 2 1
2 . 1 7
2 . 1 2
2 .08
2 .08
2 . 0 7
2 . 0 7

12.2
6 .  1 8
4.40
4 . 1 3
3 . 5 7
3 . 2 0
J .  I J

J . t t

3 . 0 6
2 . 8 5
2 . 7 6
2 . 5 4
2 . 5 0

2 . n

2 . 2 2

2 . 1 4

2 . 0 7

night in an oven at 50o c. It was found to have a c-dimension of 12.4 A.

u.rd hu, been assigned indices on the basis of the orthorhombic cell deter-

mined from single crystal photographs.

InrNnrrcatroN oF Ulrouor:rp

A Patterson projection on (001) indicated an approximately hexagonal

arrangement of uraniu- atoms. The lack of coincidence of the 120 and

200 reflections indicates the deviation of the uranium atoms from a truly

hexagonal arrangement. These reflections are strong because of in-phasal

scrrttering of uranium atoms. The fact that they are independent of the

value of c, makes them especially useful in the identif ication of umohoite

in unoriented specimens, particularly since these reflections persist even

through the usual grinding proceclures. If specimens are oriented, consid-

eration of the diffractometer curves reproduced by Kerr, et al ' (1957)

wi l l  be most  usefu l  i f  i t  is  unders lood that  these reprcsent  the approxi -

mate l imits of the range of co under normal conditions'
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Suuuenv

Unit cell dimensions and powder dif iraction data have been obtained
for umohoite from the type locality. Umohoite is observed to have a c-

dimension which varies directly with normal variations in atmospheric
humidity, and inversely with increasing temperature. Ordinarily, comay
be expected to l ie somewhere betwee 14.5 and 17.0 A.
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