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SOME QESERVATIONS ON RUTH.ERFORDINE 

By Joan R. Clark and Co L_. Christ 

ABSTRA<Yr 

The optical properties of' rutnerf'ordine, UOaC03 , previously determined 

on microscopic crystals, have been redetermined on considerably larger crys­

tals; and the relations among the indi.ces of refraction, the morphology~ and 

the crystal structure have been examined. Ru.therfordine i _s orthorhombic, 

biaxit;tl positive, with a= 1..715, ~ = 1.730, y = 1.795, 2V = 53° (calc .• ); 

X = b, Y = c (elongation), Z = a. The crystal structure of UO_aCOs consists 

of layers of carbonate groups parallel to (010) with linear (0-U-0)+2 ions 

normal to the layers.. The indices ~ and y correspond to vibration directions 

parallel to layers; the unexpectedly large difference in value between jB and 

y is ascribed to the optical anisotropy of the uranium~oxygen bonding in the 

layer. Indexed X~ray powder da.ta are given. 

IN'rRODUClJ~ON 

Rutherfordine, UQ2 C03 , was originally described by Ma.rckwald (1906) and 

recently has been restudied by Frondel and Meyrowi tz ( 1956) , who have eon1"" 

firmed the validity of the species including the chemical formula and estab ... 

lished the identity of rutherfordine with diderichite (Vaes, 1947). The crys-

tal structure of the naturally occurring mineral was reported by Chri.s t, 

Cla,rk, and Evans ( 1955).. . Su.bsequently, Cromer and Harper ( 1955a, b) , wo.rking 

with synthetic crystalS, verified the stru.cture a.nd al.so gave an accurate 

determination o£ the U-0 bond length in the uranyl ion. 
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Previous mineralogical work on rutherfo:rdine was carried _out on micro-

scopic crystals. For this study a mineral specimen containing si.zable single 

crystals was available; thus it was :pos.siple to redetermine the o):ltieal prop= 

er·ties on oriented crystals and to relate the optics with the morpholo~ an.d 

the structure. The results of this study are given in the present paper, 

which also includes indexed x.~ray powder data for rutherfordine. 

DESCRIPTION AND OPTICAL .PROPERTUS 

The crystals of :rutherfordine used were found by us on the type speci­

men of masuyite .from Shinkolobwe, Ka.tanga, Belgian Congo,,Y which was loaned 

\ to Harvard University by Dro J,. F. Vaes, Union Miniere du Haut Katanga~ who 

described masuyi te in 194 7. The specimen ·was placed at our dispasa1 through 

the kindness of Professor Clifford. Frondel. Rutherfordine occurs on tb.is 

specimen not only as the ustml white to pale ... yello:w microscopic fibrous 

aggregates but als.o profusely- as thin lath ... like s.ingle crystals as lang a.s 

,2 .or .) mm. Maintaining the orientation defined by the X.=ray cell, the erys= 

tals are elongated alon.g [001], v1th large (100) .and somewhat less dominant 

(010). Cleavage paralleL to (010) is :perfect and a secondary less perfect 

cleavage parallel to .( 001) wa,s noted. The crystals a.re frequently striated 

on (100) parallel to rool] and o;rten f'orm radiating clusters resemblin.g 

bundles of straws. Color of the crystals varied, the ma.jority being pale 

yellow, while some app:e.~ed amber orange in clusters and brownish when sepa-

rated. A few examples were found which showed a brown core surrounded by a 

pale-yellow envelope~ Within. the limitations of observations, neither the 

optical properties nor the x ... ray po:wder data varied .with the color of .the 

}:/ The crystals used in. the structure study of Christ et al. (1955) 
came frqm. the same specimen,. The loeality was not stated in the 1955 paper. 
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crystals. All of' the cTystals appeared to be growing on a uranini te substrate 

an.d were intimately associated with lemon-yellow becquerelite and orange 

masuyi.te crystals Q 

Rutherfordine is orthorhombic, b:i.axial positive, with low dispersion, 

slight pleochroism, strong biref'ringence (0.,080) and moderate 2V (53°, calcu­

lated). The indices of refraction and. optical orientation determined in the 

present study are listed in. table 1, together with the other values reported in 

the literature. Agreement for the two lower indices is satisfactory4 Accurate 

measurement of the maximum index requires that the crystals lie flat on (010); 

any deviation will result in observation of a lower index. It would, therefore, 

be expected that the larger value found by us, which is in good agreement with 

that found by larsen and Berman ( 1934·), would be more nearly the correct one. 

REFRACTIVE INDICES Al\I'"D CRYSTAL S~~UCTURE 

Since the initial investigations of Born (1915) and Bragg -(1924a, b) on 

the relations bet-vreen ind:i.ces of refraction and crystal structure, many 

examples of layer structures have been studied (Bunn, 1946, p .• 282).. In gen-

eral it is found :Eor biaxial crystals trre.t two higher indices, close in value, 

correspond to vibration directions parallel to the layers, while a lower index 

occurs for the vibration direction normal to the layers~ Such crystals con ... 

sequently are biaxial negative with moderate to large birefringence~ Examples 

are aragonite with a-= 1,.530, t3 = 1~681, 7 = 1 .. 686, and KN03 with a = 1.335, 

fi3 = 1.506, and 7 = 1.506 (Bunn, 1946, p. 282),. 

Rutherfordine, althot:t.gh having a layer structure, is biaxial positive, 

with a= 1.715, f;3 = 1. 730, and 1 ··= 1 .. 795 (table 1).. The crystal structure 

of" rutherfordine consists o:f layers of carbonate groups parallel to (010) 

vrith linear uranyl, (Q ... U-0)+2
, ions normal to (010), as shown in figure 1., 
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Table l ....... Qptica.l data for ruther:t'ord.:i.ne ii 

Orthorhombic , bi.a...xial ( +) 

-
Reference 7 Or:te:n.tation 

X=b 
This study 11JT30 lp.795 Y ~ c (elongation) 

Z = a (normal to 
53° (calc.) 

Frondel and 
Meyrowitz 
(1956) 

Vaes (1947) 
(on diderichite) 

La.rse.n and 
Berman (1934) 

1(1723 

l.-722 
t .o 

1(1728 

1 ... 72 

14730 

1,.728 

1.75 + -

1 .& 760 

lo'728 
to 

1,.74 

1 ... 80 

(100)) 

Y a.lo~g e longa.tion 
Z normal ·to flat­

tening 

Y along el.onga.ti.:On 
Z normal to flat­

tening 

none given 

rtot g~ven 

large 

not given 

Each uranium atom lies in a layer su..r:rounded ·ny six oxygen atoms and is bonded 

to two additional oxygen atoms at 1~67 A above and below the plane. The lowest 

index o.f ref'ractian occurs for the vi bratlon direction normal to the layers, 

i .• e •. , X = b. This is in agreement lli th the results :round :ror other layer 

structures., However, the two remaining indices for vibration direct. ions para.l.-

le1 to layers dif'fer considerably~" ·It seemfi3 likely that this differenlee must 

be ascribed to the optical anisotropy of' the ·uranfum ... oxygen bonding in the 

layer" The .six U~O bonds formed within the layer are not all equivalent in 

length or in directional ef':fect on the electric vector in the two principal 

optical polarization directlons • Two o:r the bonds lie very nearly :parallel to 

[100] with length 2»4-3 A? while the othe.r f'our lie at approximately 45° to 

both [100] and [001] -with length 2Q.52 A. Light vibrating ~rallel to ·the two 

short bonds would be expected to ind,uce gr.·eater mut~:1 pola.rization and hence 
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Ruther:fordine 

Figure 1. --Structure of a layer in U02C03, parallel to 

( 010) (after Christ et al., 1955). The U0~2 groups 

lie normal to the plane with the uranium atoms J.ying 

in the hexagonal holes formed by the carbonate groups. 

Each uranium. atom has six bond.S in the plane, with 

distances U-OIII (4) = 2.52 A, u .. o
1 

(2) 

two bonds normal to the plane with U-0
11 

(Cromer and Harper, 1955b). 

2.43A, and 

1.67 A 
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greater retardation than light vibrating normal to these bonds. The other 

four bonds would b.e expected to -contribute equally to the (001] and [100] 

vibration directions .. Qualitatively, then, a satisfactory expl~nation .of 

the difference in indices of refraction and positive birefringence can be 

bas.ed on the known. bond lengths and !Li..rections. The coupling in the linear 

uranyl ion, (0-U-0)+2
, undoubtedly exerts same influence on the value of a, 

but the ~ture o~ this influence is not clear at present. 

The values of the six U-0 bond lengths were not determined directly 

(Christ et al., 1955) but wer:e based on the assumption of an eq,uilateral 

triangular carbonate ion with C-0 bond lengths of 1.25 A (Brown, Peiser, 

and Turner-.Jones, 1949). Confirmation of the validity of this assumption 

follows from the work of Cromer and Harper ( 1955b). Using the values of 

the U-0 bond lengths given and following the method of Zachariasen (1954), 

they calculated the length of the U-0 bond in the uranyl ion to be 1$68 A; 

their measured value is 1.67 :_ 0.09 A. 

POWDER DIFFRACTION DATA 

An X-..ray powder pattern was made using hand-picked pale-yellow crystals ... 

Tb.e data obtained from the ·pattern are given in table 2, together with the 

;!-spacings and Miller indices calculated from the results obtained in the 

previous single crystal study (Christ et al., 1955). The powder data given 

by Frondel and Meyrowi tz ( 1956) are also included in the table, and are in 

excell€nt agreement with ours. Powder data on synthetic UQ~03 have previously 

been given by Miller, Pray, and Munger (1949). Examination of their results 

indicates that the powder was a mixture, one component of which -was U0~03 .. 

In the present study only a cw.·so~y attempt, which was unsuccessful·, was made 
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to account for all the lines listed. 'It was also obvious that there was a 

systematic error in their .!!-spacings for U02 C03 which were all too large. 

ACKNOWLEDGMENTS 

.We are greatly indebted to Professor Clifford Frandel of Har· .. vard Uni-

versi ty for the mineral specimen used~ }le are also gratef'ul to several 

-colleagues in the u . . s. Geological Survey Who lent help s Daphne D •. Riska 

and Mary E. Mro.se :prepared powder pattern.s, and the latter also assisted in 

the optic~l deter.mina tions. This work was completed as part of a program 

undertaken by the U. s .. Geological Survey an behalf of' the Division of _Raw 

Materials of the u. s. Atomic Energy Cmmnission. 

REFERENCES 

Born, M., 1915, Dynamik der Kristallgi tter, Teubner, Leipzig • ., 

Bragg, W. L., l92-4a, The refractive indices of ~calcite and aragonite~ 
Ro}'B.l Soc. Londo:@ Proc·:; · y. · ·105A, p. 370o 

,l924b, The influence of atomic arrangement on ref'raetive index~ 
----=R:c-o-ya.--:-1 Soc. London Proe .• ; yo · . · lO~A; . Po 346o 

Brown, C. J., Peiser, H., s., and Turner-Jones, A., 1949, ·The crystal struc­
ture of' sodium sesquicarbona.te: Acta Crystallographica, v. 2, p. 167.. 

Bunn, C. w., 1946, Chemical crystallography, Oxf-ord University Press, London. 

Christ, c. L., Clark, J. R., and Evans, H. T., Jr., 1955, Crystal structure 
Of rutherfordine, U0~03: Science, v. 121, p • .472. 

Cromer, D. T., and Harper, P. E., 1955a, The crystal structure of UQ.aCOs 
· (abs jlj.): Am. Cryst. As soc o. meeting, Pasadena, Calif., June 22-July 2, 1955. 

, 1955b, The length of the m"'anyl ion in uranyl carbonate~ Acta 
--~--Crys ta.llographica., v ._ 8, p 0 84 7 o: 

Fro~del, C., and Meyrowitz, Ro, 1956, Studies on uranium minerals (XIX): 
Rutherfordine, diderichi te and clarkei te ~ Am. Mineralogist, v._ 41, 
p. 127. 



• ' 

11 

Larsen, E. s.~ and Berman, H .. , 1934, The microscopic determination of 
the nonopaque miuerals ~ U ... S~ Geol~a Survey Bull. 848. 

Marckwa1d, W. ~ 1906, Dber Uranerze aus Deutschos'tafr:;tka: Centralbl. 
Mineralogie 1906, P• 761. 

Miller, P. D. , Pray, H. A. .. , and Munger, H. P • , 1949, The preparation of 
uranyl carbonate and measurement of its solubility~ U .. s. Atomic 
Energy Comm .. AECD-2740 .. 

-Vaes, J.. F. , 194 7, Six nouveaux mineraux d 1uran-e provena.nt de Shinkolobwe 
( Ka tanga) ~. Soc. geol. Bel.g.. Bull. 70, p.. 212. 

Zachariasen, W. H., 1954, Cxystal chemical studies of the 5f-series of 
elements. XXIII. On the crystal chemistry of uranyl compounds and 
of related compounds of transuranic elements~ Acta Grystallographica, 
v .. 7, P• 795 • 



' 

-. 
• 

t 

• 

~ 

·Table 2. ·-X-ray powder data~ Rutherfordine ~ U0~03 • 

Fronde1 

CujNi 

I 

10 
8 
6 
9 
4 

l 
2 
3 
4 

5 
1 
2 
2 
3 

1 
1 
l 

2 

2 

3 
, 
.J.. 

l 

l 

Orthorhombic I1mrm (D2 tt13); a ::: 4.845 + 0.010, 
E_ = 9 .. 20s .~ Oo008, !l ::;; 47296 .:t_ o.oo6 A 

and Meyrowitz (1956) Present 

Measured Measured* 

d (A) Cu/Ni l. .= 1 .. 51.4-18 A -
dhk1 I dhk.~ -4.60 100 4.61 
4~29 70 4.30 
3.90 30 3.92 
3.21 40 3.23 
2.64 85 2.64 

6 2 .. 60 
2 .• 51 9 2.512 
2.41 1~ 2.420 --,/ 

2.32 20 2 ... 309 
2 .. 15 9 2 .. 156 

2.05 20 2a062 
1695 4 1.953 
1,914 15 lo926 
1 .. 874· 9 1.879 
1 .. 73-4 6 1.7~-6 

4 1.723 
3 1.701 
3 1.670 

1.658 3 1o66o 
1.603 3 1.606 
1 .. 588 -;.!:, 1.593 ../ 

2 1.572 
6 1.537 

1.510 3 1.514 
lol~35 3 1.435 

1 .... 388 6 1.388 
1~373 2 1o376 
1.3)+6 2 1.346 

1.318 4 1.320 

study 

Calculated** 

dhkl hkl 

4.603 020 
4.287 110 
3.893 .011 
3.214 101 
2.,635 121. 
2.592 130 
2a497 031 
2 .. 423 200 
2.301 o4o 

{ 2.l48 002 
2.144 220 
2 .. 057 211 
1 .. 947 022 
1 .. 921 112 
1.871 141 
1o739 231 
1.721 150 
1.692 051 
1 .. 668 240 
1 ... 654 1}2 
1·.607 202 
1 •. 591 310 
l-:570 042 
1.534 060 

{ l.5l7 222 
1.512 301 

,1.436 321 
e·387 251 
1<~385 161 
1e373 103 
1 .. 343 152 

{l.3l8 242 
1.316 123· 
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Table 2. ~ ... X~ ray powder data~ Rutherfordine, U02COs""-Continued. 

Orthorhombic Pmmn (D2h13 ); a = 4.845 .+ OoOlO, 
b = 9,.20s ·:!:,~0 .008, C = 4:29s ,:!:. Oo006 A 

Frondel and Meyrowi tz ( 1956) Present study 

Measured Measured* 

Calculated** 
Cu/Ni ~ (A) Cu/Ni l. = 1,.51418 A 

I dwcl I ~1 ~1 hkl 

2 lo298 { 1.298 260 
lo296 033 

1 lo275 3 lo28Q 1.278 312 
3 1.224 lco222 213 

<2 1.212 il.2l4 350 
1.211 4oo 

<2 1.158 1.157 411 
< 2 1.116 lcol16 271 

<2 1.10'.071 tl.074 004 
1.072 440 

< .2 lo057 {1.057 352 
1.055 402 

r·o46 024 
<2 1:oJ+3 lco044 323 

1.042 114 
<2 1 .. 029 1.028 422 

*Not corrected for shrinkage .. Lower limit of 2G measurable~ approxi­
mately 7° ( 13 A fo.r CuK). 

**d..hk1 calculated fo~ all planes for which h+k+l = 2n down to 1".028 A, 
the smallest obs.erved value. Of these, only ( 420) with d = 1.171 JA does not 
ap:pear on powder film. Lines for ·which h+k+l .f ~ are too weak to appear on 
film. (See Christ et al", 1955-) 
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