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CALCULATED X-RAY POWDER

DIFFRACTION PATTERNS OF PLUTONIUM

by

R. B. Roof

ABSTRACT

The X-ray powder diffraction patterns of
the six phases of plujonium were calculated for
Cu Kcu (A = 1.540598 A.) The results listed
are 29, sin29, d values, integrated intensities,
and diffraction indices hkl.

INTRODUCTION

The metal plutonium is known to exist in six phases. To aid plutonium
metallurgists in unravelling complex x-ray diffraction patterns that occur as a
result of mechanically and/or thermally induced transformations, it is felt
advisable to have diffraction, patterns of the individual phases available.

The interplanar spacings and intensities and other relevant information
were calculated by use of the ANFC subroutine of the LASL Crystal Structure Code
written by A. C. Larson. Space group and atomic position set identification,
except where otherwise noted, follows the presentation given in the International
Tables for X-ray Crystallography, Vol. I, published for the International Union
of Crystallography by the Kynoch Press, Birmingham, England. In the calculations,
the atomic scattering factors were corrected for the effects of anomalous disper-
sion. The scattering factors and anom? <; dispersion terms utilized are those
given in Vol. IV of the International Tab,"?s for X-ray Crystallography. In the
absence of any literature values, an isotropic thermal parameter was arbitrarly
selected, and applied, so that the calculated pattern may more properly approach
one that an investigator would see under the normal conditions of room temper-
ature. A (+) sign following a listed diffraction index is to be interpreted as
meaning that there are additional reflections havinq the same interplanar spac-
ing, but they are not listed in an effort to conserve space.

The references cited are, in the author's subjective opinion, the best
with regard to total crystallographic information. Their perusal may lead to
others that might be of interest to a particular investigator.
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Material:

alpha Plutonium

Structure:

Monoclinic, P2 1 /B , (#11), Z -= 16

Atom Positions:

2
2
2
2
2
2

Pu
Pu
Pu
Pu
Pu
Pu

in
in
in
in
in
in

(e)
(e)
(e)
(e)
(e)
(e)

.345

.767

.128

.657

.025

.473

.250

.250

.250

.250

.250

.250

.162

.168

.340

.457

.618

.653
2 Pu in (e) .328 .250 .926
2 Pu in (e) .869 .250 .894

Lattice Constants:

a = 6.183 + 1 X. c
b = 4.822 + 1 ^

Volume:

3'9.96 S 3

Density:

(calculated)(239Pu)

Thermal Parameters:

Isotropic: plutoniun

= 10.963 + 1
= 101.79 + 1°

19.846 g/cm3

B = 0.20

Scattering Factors:

Pu , corrected for anomalous
dispersion.

X-ray wavelength for calculated pattern:

1.540598 8. Integrated Intensities

References:

W.H. Zachariasen and F.H, Ellinger,
Acts Cryst. J6, 777-783 (1963).
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fo
Material:

beta Plutonian

Structure:

Monoelinic, I2/m, ( ) ,

Atca Positions:

2 Pu in .000 .000
4 Pu in .146 .000
4 Pu in .337 .000
4 Pu in .434 .000
4 Pu in .500 .220
8 Pu in .145 .268
8 Pa in .167 .150

Lattice Constants:

a - 9.284 + 2X. e -
b - 10.463 ± 2 ^ -

Volume:

762.88 It3

Density:

(calculated)(239Fu) 17

Thermal Parameters:

Isotropi*: plutoniuB E

Scattering Factors:

Z - 3 4

.000

.387

.082
.672
.000
.108
.753

7.859 + 2
92.13 + 2°

.688 g/cn3

- 0 . 5 0

PuO, corrected for anomalous
dispersion.

X-ray wavelength for calculated pattern:

1.540598 X. Integrated
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Material:

gamma Plutonium

Structure:

Orthorhombic, Fddd, (#70), Z = 8

Origin at T.

Atom Positions:

8 Pu in (a) .125 .125 .125

lattice Constants:

a - 3.1587 + k 8.
b = 5.7682 + U
c = 10.162 + 2

Volume:

185.15 K3

Density:

(calculated) (239Pu) 17.U8 g/cm3

Thermal Parameters:

Isotropic: plutonium B = 0.50

Scattering Factors:

Pu , corrected for anomalous
dispersion.

X-ray wavelength for calculated pattern:

1.5A0598 8. Integrated Intensities

References:

W.H. Zachariasen and F.H. Ellinger,
Acta Cryst. 8, «1-i33 (1955).
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Material:

delta Plutonium

Structure:

Cubic, F V B , (#225), Z - U

Atca Positions:

U Pu in (a) .000 .000 .000

lattice Constants:

a - t.6371 + U 8.

Volume:

99.71 &

Density:

(calculated)(239pu) 15.921 g/co3

Thermal Parameters:

Isotropic: plutonium B « 0.75

Scattering Factors:

Pu , corrected for anomalous
dispersion.

X-ray wavelength for calculated pattern:

1.540598 £. Integrated Intensities

References:

F.H. EUlnger, J. of Metals,
1256-1259, October (1956).
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Material:

delta-prime Plutonium

Structure:

Tetragonal, H/nmm, (#139), Z •= 2

Atom Positions:

2 Pu in (a) .000 .000 .000

Lattice Constants:

a = 3.339 + 3 8.
c = k.Ukb + 7

Volume:

i.9.568 83

Density:

(calculated)(239Pu) 16.013 g/cm3

Thermal Parameters:

Isotropic: Plutonium £) = 0.75

Scattering Factors:

Pu , corrected for anomalous
dispersion.

X-ray wavelength for calculated pattern:

1.540598 8. Integrated Intensities

References:

F.H. Ellinger, J, of Metals,
1256-1259, October (1956).
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Material:

epsilon Plutonium

Structure:

Cubic, I«3a, (#229), Z - 2

Atom Positions:

2 Pu in (a) .COO .000 .000

Lattice Constants:

a - 3.6361 + 4 «.

Volume:

48.07 *3

Density:

(calculated)(239Pu) 16.512 g/cm3

Theroal Parameters:

Xsotropic: plutonium B = 1.00

Scattering Factors:

Pu , corrected for ancnalous
dispe rsion.

X-ray wavelength for calculated pattern:

1.540598 X. Integrated Intensities

Raferences;

P.H. EUinger, J. of Metals,
1256-1259, October (1956).

THO SINSO
THET* THFTA

34.67 .0696

5B.14 .I74S

62.52 .2693

73.62 .3S9B

64,12 ,44H6

94 ,42 o5386

104.S7 .6283

115.66 .7161

126,00 .8076

142.67 .8976

167.06 .9673

D
SPACING

2.«>7ii

1.8181

1,484*

1.265*

1.1498

1.0497

.9718

.9090

.AS70

.1111

. 7 7 5 2

INT.

100.0

16.9

32.6

9 . 5

12,9

3 . }

17.2

2 , 1

13,5

11.5

M.I

H

H

0

1

a

a
2

1

0

1

0

2

K

1

0

1

2

1

2

2

0

1

2

3

L

1

2

2

2

3

2
3

4

« +
a

3


