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The crystal structure of CsUgF,s.* By GEOrRGE BRUNTON, Reactor Chemistry Division, Oak Ridge National Labora-

tory, Oak Ridge, Tennessee 37830, U.S. A.

(Received 24 June 1970)

The complex fluoride CsUgF5s crystallizes with space group P63/mmc; ao=38-2424 (4), co=16412 (2) A,
Z=2 and the calculated density=7-0013 g.cm~3. The U4+ ion is coordinated by 9F - ions at distances of
2:267 (8) to 2-54 (6) A and the Cs* ion by 12F- at distances of 3-12 (2) and 3-45 (4) A. The final R value is
0-0685 for 212 reflections > 3¢. The reflections were collected with an automated Picker four-circle goniostat.

Introduction

The complex fluoride compound CsUgF2s has similar unit
cell parameters (ao=238:2424(4) and co=16.412(2) A) to
KU6F25 (a()=8.18(1) and C0=16.42(2) A) and KTh6F25
(ao=8.32(1) and co= 16.78(2) A) which were first described
by Zachariasen (1948). The three compounds have the same
space group, P63/mmc, and with CsTheF2s (Thoma &
Carlton, 1961) and RbUeF2s (Thoma, Insley, Landau,
Friedman & Grimes, 1958), probably are isomorphous.
Preliminary work on RbThgF»s indicates that it has a sim-
ilar structure but a different space group (Brunton, Insley,
McVay & Thoma, 1965).

Experimental

The compound CsUgF>s crystallizes readily as the primary
phase in the composition range 60-70 mole per cent UF4 in a
CsF-UF, melt. Crystals picked from a cooled ingot of
this composition range were ground to approximately
spherical shape in an air-driven race. An ellipsoidal crystal
of dimensions 0-163 x 0-169 x 0-182 mm was mounted on a
computer operated Picker four-circle goniostat equipped
with a scintillation counter detector. Independent reflec-
tions hkl, h>k=0 and /=0 were measured by the 0-26
scan technique using unfiltered Cu K« radiation. The 351
reflections were corrected for Lorentz and polarization
effects and absorption (u=2185-64 cm~1). The conditions
for reflection, Ah2hl, /=2n, and the diffraction symmetry,
6/mmm, are consistent with space groups; P63mc, P62c and
P63/mme. The final structure confirms Zachariasen’s (1948)
choice of space group P63/mmc.

The unit-cell parameters were determined by a least-
squares adjustment of 12 high angle (129-135° 26) Cu Ku«,
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reflections (Cu Kay=1-5405 A), Z=2 and gca=7-0013
g.cm-3, The structure was refined by iterative least-squares
adjustment using a modification of the Busing, Martin &
Levy (1962) computer program. The starting parameters
for the uranium atoms were determined from three-dimen-
sional sections of the Patterson function. The parameters
of the other ions were determined from Fourier sections
computed from the uranium positions. The quantity mini-
mized by the least-squares program was Zwl||F2|—|FZ|?
with weights, w, equal to the reciprocals of the variances
which were estimated from the empirical equation;

6¥(F2)=[T+ B+ (0-03(T-B))?)/[A(Lp)*]

where T= total counts, B= background counts, A =absorp-
tion correction, and Lp=Lorentz and polarization cor-
rections (Brown & Levy, 1964). The scattering factors for
the ions were taken from Cromer & Waber, (1965) and the
anomalous dispersion terms for U and Cs for Cu K«
radiation were taken from Cromer (1965). Anisotropic
temperature factors were calculated for U4+ and Cs* and
the temperature factors for F- were constrained to be
isotropic. The final parameters were calculated using the
data greater than 9¢%(F?2). The elimination of the statis-
tically poorer weak reflections by this method improves
the final discrepancy indices and the F~— F~ distances but
does not change the overall discrepancy index for all of
the data. The discrepancy indices;

Ry =3||F2— |F2||/Z|F? =0-1329 for 212 reflections > 30
=0-1385 for all reflections

R2=3|IF,|—F,|/2IF,] =0-0685 for 212 reflections >3c
=0-0936 for all reflections.

The standard deviation of an observation of unit weight
[Ew(Fo— F2)2/(no— ns)]1/2 is 2-708 where n, is the number of
reflections, 212, and #, the number of variables. An extinc-
tion correction was applied to F: by the method suggested
by Zachariasen (1967, 1968), r*=0-006 (2) A.

Table 1. Atomic parameters and temperature factors for CsUgF25(x 103)

B2z B33 B2 B3 Ba3
7-7 (4) 0-6 (1) 00 —0-12(8) b
c 19 4) c 0-0 0-0

d

Wyckoff
notation Atom x y z B
12(k) U 173:7 (2) 2x 11146 (9) 09 (4)
2(d) Cs 1 % 2 7-2(9)
12() F(1) 184 (3) 2x P 1(2)
12(k) F(2) 485 (3) 2x 144 (2) 7(2)
12() F(3) 678 (4) 0-0 0-0 67 (9)
4(f) F(4) 1 3 68 (7) 23 (5)
4(e) F(5) 0-0 0-0 76 (18) 68 (15)
12(k) F(6) 121 (5) 2x 649 (5) 25(3)
a Coefficients in the temperature factor: exp [— (B1142 + B2ok2+ B3312 + 2B12hk + 2B13h1+ 2823k D)] .
b Ba3=2p13
¢ B22=2p12=Fn

d All of the F temperature factors were constrained to be isotropic: S =p11, B33=c*2f1i/a*?, Bi2=b* cos y*Bi1/a* and
B23=pf13=0, where a*, b*, ¢* and y* are the reciprocal parameters. Standard errors in parentheses, corresponding to the last

significant digit, are given by the variance-covariance matrix,
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Results

The atomic parameters and temperature factors for
CsU,F,s are listed in Table 1; the interatomic distances
in Table 2 and the observed and calculated structure
factors and the square root of ¢%(F2) in Table 3. The U4+
ion is coordinated by 9F- at the corners of a trigonal
prism with pyramids on each of the prism faces. The U-F
polyhedron is distorted with U-F distances ranging from
2:267 (8) to 2-54 (6) A, Fig. 1. The Cs+ ion is coordinated
by 12F- at distances of 3-12 (2) and 3-45 (4) A. The result
of the 12F- coordination around Cs is a double ring of
U-F polyhedra around each Cs ion—a ring of 6 polyhedra
on each side. Within each ring the polyhedra link by
sharing edges, F(2)}-F(4) and F(6)-F(5) alternately and
these are the short F-F distances. The rings on each side
of Cs are linked by corner sharing through the F(1) ion,
Fig. 2. The sets of double rings are joined in three dimensions
by one pair of adjacent polyhedra sharing edges [F(3)-F(3)}
with another pair of polyhedra in another double ring.

Table 2. Interatomic distances for CsUgF2s

2[U-F(3)] 2:267 (8) A U-E(5) 2:54 (6) A
U-F(1) 2279 (2) 6[Cs-F(2)]  312(2)
2[U-F(6)] 2:29 (5) 6[Cs-F(6)]  3-45(4)
2[U-F(2)] 2:29 (2) F(Q1)-F(2) 2:76 (3)
F(Q1)-F(6) 285 (6) F(2)-F(3) 279 (4)
F(2)-F(6) 2:84 (4) F(2)-F(4) 2:50 (6)
F(3)-F(3) 2:65 (4) F(3)-F(6) 2:84 (7)
F(5)-F(6) 21 2:5 (6)

@ F(5)-F(5)
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Table 3. Observed and calculated structure factors for

CSU6F2 5
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0t 7117 133 81t 8 8 1816 X5 6 20 23 2 0 238 -298 0 20 213 1

N 101741010 229 116 124 8 361 -3 3 1 L 0 7 1 30 3% [ 3

6 J70 -§10 1 37 -1 0?7 37 S 38 2 A=A 2 681 s8
8 97 877 219 10 146 -158 7 0 90 -8 2 1 1 125 1IN 3 373 %6 3 123 1 3
10491 WM L a7 -93 112 e 37 - N 28 210 R 220 -205 1

12 260-232 6112 171 184 N1 2 SO0 AN 289 -26 N 9 5 118 -121 5 80 &
1N 629 -SSR NI | % 43 25 3 277 2 - 1 8 -19 6 200 1% N7 6 1N -

16 197 182 46 14 16 165 39 4 47 W ! 1 1 L 7 491 511 110 7 59 -4 2
¢ L I 2 % N 5 13-127 0 53 - 8 215-219 S0 8 16 1 3%
0 598 1N 148 i ¥ 19 206 N & 1 1 1 w7 0 9 67 B0 25 9 uB -4 2
1193 149 0 N 71 223 -232 1 1 B -6 1 10 192 -183 4510 165 1 39
2 X N 0 31 -3%5 83 B 68 -59 1 3 58 20 11 %9 3 83 11 112 1 28
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7 27 -0 153 188 0 8L wow 3 2 57 & 71 1R -118 X 3§28 -1 32
53§l 210 225 0 217 2N 15 9 7 2% 17 -2 N 2 7 80 8 4 N8 - 22
63 46 Na 623 . 1 A0 231 1 L 10 103 - a3 151 126 ? 5 83 T N
10 100 97 2% N7 2 N -2 179 <175 1 L § 23 2% 5 29 0
11 268 251 2 % 3 2% 2% Il ne 1 8 5 86 3R 7 SO a8 20

1 w» 60 bl 188 -197 N NB 159 100 -1 22 w6 0 P 3 6L
1 Ww 2% 11 409 -4 5 87 .73 7 kol N 7 170 178 0 9% -89 2
W 58 -¥8 12109 13 5 133 123 a) 2 62 17 B 139 -138 1 8 80 23
15 N7 132 13 181 -186 7 311 =318 3 - -1 3t 9 51 S 2 33 -y 17
9 -2 9 26 2N 8 156 -166 5 » W10 172-168 w0 3 110 100 27
17 W1 -l 15 WN 406 1 1L 107 -1 2 2 6L § 186 178 W
0 2L 0 S 0 §19 -258 118 135 -1 0 10 1010 23] 224 =217 1S w0 -2 17
0 S12-875 118 0 226 2% 2 173 1% 1 3 -1 296 -290 7 6 36 3 1S
687 B4 155 1 U A NN WY 10172 -y N T -708 | 30 -19 7 125127 2
0 - 2 8 57 6 0 -2 4l 81 2 N3? -437 280 -284 8 67 -60 17

515 530 118 3 152 -2 8 195 -199 &8 12 106 1 2 $37 S93 | 167 152 A L
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112 =131 3 5 N7 12 19 18 %N 7 9 25 35 -N n7r o 2 NS 6 23
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Some of the F-F distances, e.g. F(5)-F(6) (Table 2), are
shorter than is normal for an ionic structure, but the large
standard errors of some of the fluorine atomic parameters
and the large thermal parameter for F(5), for example, are
probably only indicative of the difficulty of finding atoms
of low atomic number in heavy atom structures.
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Fig. 1. One asymmetrical unit of CsUgF3; with one fourth unit cell outlined.
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Fig.2. Cesium jon with its twelve nearest neighbor U4+ polyhedra.
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The unit cell and space group of L-tyresine. By Rita BoGas and JERRY DONOHUE, Department of Chemistry and
Laboratory for Research on the Structure of Matter, University of Pennsylvania, Philadelphia, Pennsylvania 19104, U. S. A.

(Received 10 August 1970)

The space group of L-tyrosine is P2;2,2;, and there are four molecules in a unit cell having a=6-921 +0-002,

b=21-146+0-006, c=5-835+0-001 A.

The space group Pram was assigned to L-tyrosine by
Khawas & Krishna Murti (1969a) on the basis of indexing
of powder photographs, and of fiber patterns obtained
from clusters of very fine acicular crystals: they had been
unable to obtain good single crystals. The unit-cell dimen-
sions were given as a=13-89, b=21-08, and c=5842 A,
with Z=8. After it was pointed out to them by Dr Gerald
Strahs that a centric space group was not possible for
L-tyrosine, they (Khawas & Krishna Murti, 19694) with-
drew Pnam and remarked ‘No acentric space group can
be assigned to L-tyrosine satisfying the apparent systematic
extinctions of X-ray reflection. Presumably the extinctions
are accidental.’, the implication being that the space group
is thus P222, the one assigned by them in the same com-
munication to L-tryptophan. Because we considered this
space group ualikely, and tezause of continuing interest
in these laboratories in amino acid structures, we under-
took a reinvestigation of the space group.

After numerous attempts, one single crystal was obtained
by evaporation of saturated aqueous solutions. It proved to
be orthorhombic, and the only systematic absences observed
on precessiin photographs are 400 with # odd, 0k0 with &
odd, and 00/ with / odd. The space group is thus uniquely
determined as the ubiquitous P2,2,2;. These photographs
also showed that the a axis of Khawas & Krishna Murti
must be halved, giving 4 molecules per unit cell, a not
unusual number for this space group. Unfortunately,
shortly after the precession photographs had been obtained,
the crystal became detached from the glass fiber and was lost.

We recorded the powder pattern of L-tyrosine in a
Philips 11:46 cm camera using CrKu« radiation. This pat-
tern matches that published by Khawas & Krishna Murti
(1969a), except that we did not observe a line at d=6-237 A
(vw), which they indexed as 130, nor at 2-336 A (vow),
which they indexed as 332. Of the 39 other Ak/ having A
odd in their Table 1 only 7 do not have spacings coinciding
with other hk!/ having h even. These 7 are 1:10-0, 720,
581-731, 313, 760, and 513. However, these may be indexed

as 291, 490, 602-233-043-0-11-1, 472, 4-10-1-810, and 273
respectively, which had been overlooked by the previous
authors. The powder pattern is accordingly consistent with
the halving of a.

The fiber rpattern, Table 2 of Khawas & Krishna
Murti, includes 14 hk/ having h odd, 5 of which do not
coincide with 4 even reflections. These are 360, 111, 171,
361, and 142, which may be indexed as 470, 021, 441, 271,
and 232 respectivel ', likewise previously overlooked. The
fiber pattern is thus also consistent with the halving of a.

We have obtained revised values of the lattice constants
by least-squares treatment of 42 resolved lines in our
powder pattern. If there was any suspicion that a line was
composite it was omitted from the calculations. The results
are a=6921+0-002, b=21-146+0-006, and c=5835+
0-001 A, where the stated uncertainties are 10 times those
obtained from the least-squares calculations, which we
feel are unrealistic.

If we succeed in obtaining another crystal suitable for
recording intensity data a full structure determination will
be initiated.

It is worth mentioning that the danger of basing a unit
cell on powder data only has recently been pointed out
by Lester & Lipson (1970).

This work was supported by the National Science
Foundation and by the Advanced Research Projects
Agency, Office of the Secretary of Defense. We thank
Mr Henry Katz for technical assistance.
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