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Carbon Positions in Uranium Carbides*

By A. E. AusTIN
Baitelle Memorial Institute, 505 King Avenue, Columbus 1, Ohio, U. 8. A.

(Received 21 August 1958)

The carbon atom positions in uranium carbides have been determined from neutron diffraction data.
UC is face-centered cubic with sodium chloride structure. U,C; is body-centered cubic with space
group I43d, and carbon atoms have one parameter of 0-295 with carbon-carbon bond distance of
1-295 A. UC, is tetragonal with space group I4/mmm, and the carbon atoms have z parameter of
0-388 with carbon—carbon bond distance of 1-34 A. The metal-carbon bonding is discussed.

Introduction

The structures of uranium carbides, UC, U,C;, and UC,,
have been reported (Rundle et al., 1948; Mallett ef al.,
1951; Litz et al., 1948) from X-ray diffraction data.
However, only the uranium atom positions could be
determined unequivocally because of the small X-ray
scattering power of carbon as compared to uranium.
The carbon positions in these carbides have been
determined now from neutron diffraction data.

Experimental

The carbides of nominal composition were made by
arc melting under helium. The uranium sesquicarbide
ingot was heat treated at 1700 °C. for 4 hours to form
the U,C, phase. All the carbides were crushed to
minus 200 mesh. Table 1 gives the chemical composi-
tions and unit-cell constants determined from X-ray
diffraction powder data. The U,C; material contained
a minor amount of UC, phase and the UC, material
had a trace of UC.

* Work performed under AEC Contract No. W-7405-eng-92.

Table 1. Compositions and unit-cell constants of
UC, U,Cs, and UC, preparations

Analysis w/o
Cell constants
Material U c N (&)
UC 95-3 4-64 004 a, = 4-95984-0-0003
U,C, 92-5 7-51 0-008 @, = 8-08854-0-0005
UC, 91-4 8-39 0-:04 aqy = 3-509 4-0-003

¢y = 5-980 4-0-005

The neutron diffraction data were obtained at the
Battelle Research Reactor with neutrons mono-
chromated by a lead crystal to 1:1004+0-005 A. The
incident beam was monitored and the diffracted
intensity was recorded for preset monitor count at step
increments of 0-25° 20. The probable counting error
was about 2% for diffraction peaks and 3-5% for
background. The samples were contained in 0-430 in.
diameter aluminum tubes with 0-007 in. wall. The
sample height was about 3 in. for a neutron beam of
1 in. height. The spectrometer had a resolution of
1-8° 20 half breadth, with these samples and with the
spectrometer geometry employed. The diffraction data
were obtained out to 90° 20.
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The integrated intensities were determined after
correction for the background from empty sample
tubes. The intensities were calibrated by comparison
with nickel powder. Values of |F|? or 2j|F|? for un-
resolved reflections were obtained using the normal
equation for intensity. Absorption corrections, 4,
were made from a knowledge of the specimen density,
its radius, and the neutron mass absorption coefficient.
The temperature factor exp [—2B (sin? §/A2)] was
determined for UC from the slope of a plot of |F|2
versus sin? §/22. The mean temperature factor of UC
was used in the calculations of U,C; and UC,.

Results
UcC

Uranium monocarbide, UC, is face-centered cubic
with the sodium chloride structure. The observed
structure factors agree with the calculated values to
1-59, for reflections from (111) to (440), for scattering
factors of 0-85x 10—12 cm. for uranium and 0-66 x 10-12
cm. for carbon. The temperature factor B ranged from
0-07 A2, for (k00) reflections, to 0-30 A2, for (RR0),
with a mean value of 0-19 A2 The corresponding root
mean square atom displacements were 0-03 A for 100
directions, 0-06 A for 110 directions and 0-05 A for
mean displacement. Table 4 gives the interatomic
distances.

UGy

Uranium sesquicarbide, U,Cs;, had been reported to
be body-centered cubic with space group 743d (Mallett
et al., 1951). This structure is isomorphous with
Pu,C; (Zachariasen, 1952). Both reports agree on
positions of the metal atom in 16-fold positions with
z = 0-0504+0-003. In both previous studies by X-ray
diffraction, the carbon atom positions were not deter-
mined. Zachariasen (1952) proposed that the carbon
atoms were in the 24-fold positions, z, 0, 1, with a
parameter of 0-28 and a carbon-carbon distance of
1-54 A.

The neutron intensity data for the U,C, preparation
had to be corrected for minor contributions of the UC,

Table 2. Neutron diffraction data for U,Cq

d () hkl JF3 JIFZ
3.26 211 487 268
2:90 220 104 156
2:54 310 2560 2380
216 321 3400 3173
2.01 400 2170 1750
174 332 2620 1603
1-65 422 481
1-59 510 3590 926
1-59 431 } { 3264
1.48 251 0 71
1-415 440 1470
1-38 530 } 2260 { 1262
132 611 1501
1-32 532 } 1580 { 29
1-275 600 1807
1-245 541 } 4980 { 1961
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phase. Because several reflections were incompletely
resolved, it was necessary to use neutron intensity
data to compare with calculated values of j|F|2. Such
calculations were made for parameter variations from
0-270 to 0-300. The minimum R factor

ZUIFE-jIFE)
TjiFE

was 0-20 for a parameter of 0-295+0-0025. For para-
meter value 0-30 the carbon atoms would be closer
than the triple-bond distance. Table 2 compares the
observed j|F|? values and those calculated for the
parameter 0-295. The possibility of variation in the
uranium atom parameter was checked and the R
factor increased to 0-25 for =0-003 variation. Table 4
lists interatomic distances.

UG,

Uranium dicarbide had been reported as tetragonal,
space group f4/mmm, of the calcium carbide type or
an elongated fluorite structure (Litz et al., 1948). The
calcium carbide structure had the carbon positions
along the tetragonal axis with one parameter, z, while
the elongated fluorite type has fixed carbon positions
at , 0, 1. Comparison of intensities indicated that the
carbon atoms needed to be in the positions 0, 0, z.
Calculations were made with uranium atoms at 0, 0, 0
and 4, %, §, the four carbon atoms having one para-
meter in position 0, 0, z. By comparison of calculated
J|F|% with those obtained from the neutron diffraction
data, Table 3, the parameter z. was found to be

Table 3. Neutron diffraction data for UC,

d (&) hl AR ER
303 101 0 15
2-08 002 10 91
2:53 110 76 75
1.92 112 31 36
177 200 75
174 103} 131 { 75
1-53 211 3
1-52 202} 36 { 36
1-496 004 69 1-3
1-28 114 5
1-25 220} 201 { 75
1-24 213 149
1-16 301 15
115 299 36
114 204 313 5
113 105 138
1-12 310 151
1-04 312 ) 73
1:01 303 166 75
1:00 006 | { 05
0-960 321 3
0-960 224 } 206 { 5
0-950 215 276
0925 116 1.7

0-388+0-002, with an R factor of 0-146. Table 4
lists the interatomic distances in UC,. The carbon
atoms have the normal double-bond separation. This
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Table 4. Interatomic distances in uranium carbides

uc
U-12U 350 A c-12¢C 350 A
U-6C 2-48
U.Cs
for x, = 0-050, z, = 0-295
U-3U 334 A U-3C 2:50 A
U-2U 348 U-3¢C 2-56
U-6U 368 U-3¢C 2-82
c-C 1-295
UG,
for 2z, = 0-388
U-8U 390 A U-2¢ 2-325 A
U-4U 354 U-8¢C 2-59
c-C 1-34

is in contrast to the thorium dicarbide monoclinic
structure where the C-C distance is about 15 A
(Hunt & Rundle, 1950). Uranium dicarbide trans-
forms (Wilson, 1958) at 1820 °C. to a face-centered
cubic cell, 547 A, of the fluorite type. This high-
temperature structure of UC, has U-U distances of
3-88 é, U-C distance of 2-375 A, and C—C distance of
2:74 A.

Discussion

The uranium carbides have strong metal-carbon bond-
ing and weak metal-metal bonding. Rundle (1948)

Table 5. Comparison of uranium radii in carbides
with Pauling radiv

Compound r* from U-C r from U-U r cale.t
UcC 171 A 175 A 170 A
UC, tetragonal 1-65 1-77 1-70
1-92 1-95
Uc, F.C.C. 1605 1-94 1-55
UG, 1-84 1-67 162
1-89 1-74
2-15 1-84

* ¢ from U-C distance in tetragonal UC, and in U,C; was
taken for double bond radius of carbon.

+ 7(1) was taken as 1-45 rather than 1-42 A given by Pauling
according to later data on unit cell of body-centered y-uranium,

AC12

has proposed that monocarbides, oxides, and nitrides
of sodium chloride structure exhibit resonance of
hybrid sp-orbitals for the octahedral bonding about
the non-metal atom. He indicates that such compounds
are stable if the metal-metal distance expected ac-
cording to Pauling’s valences (Pauling, 1947) is less
than the distance required for the cubic structure.
For comparison, the Pauling metal radii have been
calculated, allowing for the carbon double-bond
character in UC, and U,C,. Table 5 lists the values
together with metal radii from U-C and U-U distances.
The calculated Pauling radii are close to the metal
radii for U-C distances and considerably less than for
U-U distances, in the case of UC and UC,. However,
U,C, evidently has considerable metal-metal bonding;
the shortest U-U distance corresponds to the weaker
metal bonds in x-uranium. The relative weakness of
the U-C bonds in U,C, compared to the other carbides
is also indicated by its decomposition at 1850 °C. into
UC and cubic UC,.

The bonding in UC, is quite similar to that in ThC,
(Hunt & Rundle, 1950) except that the carbon-
carbon bonding in UC, is double rather than single
as in ThC,. The increased number of valence electrons
per metal atom in UC, compared to ThC, would
require less electrons from carbon atoms for metal-
carbon bonds, thus leaving sufficient electrons for
formation of the carbon double-bond.
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