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X-RAY STUDIES OF SYNTHETIC COFFINITE, THORITE
AND URANOTHORITES*

L. H. Fucns aNl Er,rzrtsBru Gnront, Argonrue l{ational'
Laboratory, Letnonl, Illinois.

ABSTRACT

X-ray data are presented for synthetic coflinite, thorite, and several uranothorites. The

cel lconstantsobtainedforcof f in i te area:6.981+0.004kX,c:6.250+0.005kx; for thor i te

a:7.128+O.0O4 kX, c:6.314+0.003 kX. Intermediate constants determined for several

uranothorites indicate a continuous solid solution between USiOr and ThSiO4' Coffinite

and thorite are isostructural'r,l-ith zircon; the space group is Dqn'!-Iqf amd' The oxygen

positions for coffinite are z:0.180 + 0.010, z:0.347 + 0.010 and for thorite z:0.166 + 0.010

,:O.S+Z+O.OIO. No changes v'ere observed either in line intensities or in cell constants

when (OH) was removed from the hydrothermal preparations'

The mineral coffinite, described as a uranous silicate with hydroxyl

substitution, was identified on the basis of the similarity of its f-ray pow-

der pattern to that of zircon (ZrSiOa) or thorite (ThSiO, (Stieff, Stern

and Sherwood,1956). Pabst (1951) obtained single crystal patterns of a

New Zealand detrital uranothorite (11.5 wto/o UO) and determined the

space group to be the same as given for zitcon. A similar assignment was

made  by  Bona r r i  and  Ga l l i t e l l i  ( 1951 )  on  de t r i t a l  t ho r i t e  c r ys ta l s  { rom

Nettuno Rome.
Although coffinite is isostructural with zircon and thorite, the natu-

rally occurring mineral is reported to exist as the hydroxyl substituted

form of USiO+ (Stieff, Stern and Sherwood, 1956). This consideration is

based on the low silicon content which appears in the analyses of the

mineral. However, our observations on a synthetic product (Hoekstra

and Fuchs, 1956) indicate that neither cell dimensions nor l ine intensi-

ties appear to be modified when water is removed, suggesting therefore

that the synthesized product may be usio4 without hydroxyl substitu-

tion. Infrared examination of heated samples made in this Iaboratory

clearly indicate that water has been expelled (Hoekstra and Fuchs' to

be published).

In addition to coffinite, we have synthesized thorite and some urano-

thorites. The thorite can be prepared by a hydrothermal process or lrom

the melt (Fuchs, 1958) . The latter process yields water-free samples,

and again it does not seem possible to distinguish between hydroxyl-

containing and hydroxyl-free samples on the basis of r-ray powder pat-

terns.
Powder data for the synthesized

Table I. Cell dimensions and s-ray

* Based on work performed under the

mission.
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densities for these samples are given
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Taer,e 1. (continued)
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u l o
p gm./cm.3

calc.

usio4*
3 USiOr ThSiOr
usio4 Thsio4
usio4 3 Thsio4
Thsio4

+ A value previously reported for uSior (Hoekstra and Fuchs, 1956), varies slightly

from the value given here, since the earlier value was based on an incomplete indexing of

the powder pattern.

in Table II. We also include in this table r-ray data for the several

uranothorite samples which were prepared by the hydrothermal process

developed for coffinite. The only variation in technique involves the

preparation of thorium and uranium tetrachloride solutions in the de-

sired concentrations. Reference to Table II shows that the cell dimension

changes are uniform throughout the composition range'

We have also attempted to determine the oxygen positions in coffinite

and thorite from powder patterns. Although the oxygen scattering is

very small, the assigned positions are necessary in order to obtain rea-

sonable agreement between observed and calcuiated intensities.

The atomic positions are assumed to be those for zircon, Dntt-

Iqf a md and are as follows:

4 T h o r 4 U i n ( a )

4 Si in (D)

16 O in ( / l )  ( Internat ional  Tables)

The only variables are u and, a for oxygen and these were determined

by trial methods. The resulting values for the oxygen positions are given

in Table III. The extent of agreement between observed and calculated

intensities is shown in Table I. The observed intensities were deduced

from microphotometer tracings and the calculated intensities were ob-

tained from the formula

7 * cos2 20
f  -  F 2 h

s i n 2  I  c o s  d

6.981 + .004 kx
7.007+ 005
7 .039+ .003
7 .071+ .002
7.128+ .00+

6.250+ 005 kx
6  275+ .003
6.294+ O02
6  314+ .003
6  314+ .003

7  .15  +0  .02
7 .o++ .42
6 . 9 1 +  . 0 1
6 . 8 0 + . 0 1
6 . 6 7 + 0  0 1

.1 t70

. I I O /

. 1 1 8 4

.1199

.1289

Teslr III. Oxvcen Posrtrors

. 3 4 7 + 0 . 0 1 0

. 3 4 7 + 0 . 0 1 0
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T.lnr,n IV. BoNl Lrucrns

USiOr

Thsio4

ZrSiOt

u-4 0
u-4 0
si-4 0

Th-4 0
Th-4 0
si-4 0

Zr-4 O
Zr-4 O
si-4 0

2 . 3 2  A + . 0 8  A
2 . s 2  A + . w  A
1 . 5 8  A + . o e  A

2 . 4 6  A + . 0 8  A
2 . s 0  A + . 0 e  A
1 . s s A + . 0 9 A

2.0s  A
2 . 4 1 4
r . 6 2  A

where p is the multiplicity factor and the other quantities have their
usual significance.

The bond distances which result are shown in Table IV. The bond
lengths in zircon (Wyckoff and Hendricks, 1927) are given for compara-
tive purposes.
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