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Reactions of Sn and P in a tetrahedral anvil press at conditions ranging from 15 to 65 kbars and 600 to 1300° gave intimate
mixtures of two new forms of SnP: a tetragonal form having cell dimensions @ = 3.831 == 0.001 Aandc = 5.963 & 0.001 A

and a cubic rock salt type having ¢ = 5.5359 =+ 0.0001 A at 25°.
from powder diffraction intensity data and shown to be similar to that of high-pressure GeP and GeAs.

The crystal structure of the tetragonai phase was refined
The tetragonal

form transformed slowly and irreversibly to the cubic form when heated at ambient pressure between 100 and 200°. Meissner-
effect measurements showed the tetragonal form to be normal to 1.25°K and the cubic form to be superconducting between

2.8and 4.0°K.

Introduction

In the Sn—P system, only the compounds SnP! and
Sn,P;? are known. Both have hexagonal crystal struc-
tures. Osugi, et al.,® reported the formation of sphal-
erite-type SnP at 1600-1800° and 40-50 kbars. The
powder pattern,* however, was the same as that re-
ported herein for NaCl-type SnP.

Experimental Section

All reactions were run in a tetrahedral anvil press of National
Bureau of Standards design® using a cylindrical boron nitride
crucible approximately 0.6 cm long and 0.125 cm? in volume,
surrounded by a graphite-sleeve resistance heater inserted in a
pyrophyllite tetrahedron. The temperature was measured us-
ing a Pt-Rh thermocouple uncorrected for pressure effects and
placed at the center of the surface of the cylinder. The tem-
perature at the ends is approximately 309 lower. The operat-
ing procedure has been explained elsewhere.®

High-purity Sn filings were obtained from a metal rod and
passed through a magnet to remove impurity from the file.
These were mixed with powdered P and pelleted. Several
reactions were run at various conditions. In general, the re-
actants were cold pressured, then brought to temperature, held
for 1 or 2 hr, cooled for about 2 hr, and quenched to room tem-
perature in less than 1 min while pressure was maintained.

All products were characterized by Debye-Scherrer X-ray
powder diffraction at 95°. Films were read on a David Mann
film reader, Model No. 1222. Unit cell dimensions were refined
by a least-squares method with the Nelson—Riley function as one
parameter.

Electrical resistivities were measured by a four-probe tech-
nique described previously.” Superconducting transition tem-
peratures were measured by observing the Meissner effect at
temperatures above 1.25°K.

Results

Filings of Sn were mixed with powdered P in the Sn: P
atomic ratio of 1:(0.9-1.1) and treated at the conditions
of SU0° and 65 kbars, holding 1 hr, cooling 3 hr to 500°,
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and quenching. Reactions were also run at 1200° and
65 kbars and at 900° and 15 kbars. The products of all
reactions showed similar Debye-Scherrer patterns.
Two phases were present, a major tetragonal phase and
a minor cubic phase. The Debye-Scherrer pattern of
the major phase (Table I) was indexed on the basis of a
tetragonal cell: a = 3.831 = 0.001 A, ¢ = 5963 £
0.001 A. The weaker lines were indexed on the basis of
a cubic cell: @ = 5.5359 =+ 0.0001 A. The reflections
of the cubic cell were analogous to those of SnAs® but
shifted to indicate a smaller cell.

The mixture of tetragonal and cubic phases, when
heated in air at ambient pressure, transformed slowly
and irreversibly to the cubic phase between 100 and
200°. A broad, shallow endotherm was seen in the dta
of several samples. On a few samples the transition
could not be seen in the dta. \

Resistivity measurements on a polycrystalline
piece of SnP which was composed predominantly of the
tetragonal form showed metallic behavior: pygec =
2 X 10~ ohm cm, ps2ex = 3 X 107° ohm em. Meiss-
ner effect was measured on both the tetragonal and
cubic forms. The tetragonal form did not show a
superconducting transition to 1.25°K; the cubic form
showed a superconducting transition temperature be-
tween 2.8 and 4.8°K.

Experiments under similar conditions but starting
with an Sn:P ratio of 1:2 generally yielded the same
mixture of tetragonal and cubic SnP and black P.

Crystal Structure Analysis

The crystal structure of the tetragonal phase was re-
fined from powder intensity data. The structure is
similar to that of high-pressure GeP and GeAs.? In-
tensity data were gathered from a diffractometer
tracing by obtaining relative weights of the peaks. A
Norelco diffractometer using Cu Ka radiation and a
LiF bent crystal monochromator was used. A scan-
ning rate of 0.25°/min was used with the chart scaled to
1 in./deg. A smooth background curve was drawn
and the peaks were traced onto Cronaflex draf ting film,
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TABLE 1

X-RAY POWDER DIFFRACTION PATTERN OF TETRAGONAL
SnP (a = 3.831 == 0.001 A, ¢ = 5.963 = 0.001 &)

d (obs.) d_(cale.)
3.2189 3.2226
2.9784 2.9810
2.7105 2.7084
2.0030 2.0046
1.9151 1.9152
1.7625 1.7640
1.6458 1.6464
1.6103 1.6113
1.4901 1.4905
1.3545 1.3542
1.3068 1.3056
1.2972 1.2975
1.2473 1.2485
1.2332 1.2310
1.2111 1.2113
1.1756 1.1762
1.1381 1.1385
1.1224 1.1221
1.0744 1.0742

1.0459
1.0023

.91866
.9123
9020
.8b16
L8715
.Bols
8569
.8u22
.8318
L8231
-7930

*Head uslng the David Mann Film Reader.
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TABLE 11

I, AND I, FOR TETRAGONAL Snl’
I, I,

47.36
44 .06
91.43
20.93
22.13
43.07
74.84
25.67
27.16
55.41 52.83
26.59 25.77
13.19
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.26
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26.71

2.90

2.72

5. 50 5.61
3.01

3.34

6.10 6.35
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36.95
72.23
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No. IDF4, cut out, and weighed. Fourteen pieces of
data were collected.
Least-squares refinement based on the function

Swl, — IJ* was done using a program written by
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TaBLE III
FINAL PARAMETERS AND BOND DISTANCES AND ANGLES
FOR TETRAGONAL SnP
Atom Position (z, ¥, 2)
Sn 0,0,0
P 0,0,0.428 & 0.010

Temp factor, A2

0.9+£0.3
2.6+1.6

Atoms® Dist, A
Sn(1)-P(2) 2.55+0.06 P(3)-Sn(1)-P(2)
Sn(1)-P(3) 2.74+0.01 P(3)-Sn(1)-P(4) 81.0+1.2
Sn(1)-P(4) 3.41+0.06 P(5)-Sn(1)-P(3) 88.6=+0.4

¢ The humbers on the atoms correspond to the numbers of the
atoms in Figure 1. '

Atoms Angles, deg

99:0'+'1.2

Prewitt' which handles the sums of nomequivalent
overlapping reflections. Atomic scattering factors!!
corrected for the real and imaginary parts of the
anomalous dispersion were used. The imaginary com-
ponent was applied separately to reflections 4kl and
hkl. Occupancy factors were held at 2 and the weighting
scheme w = 1/¢% with ¢ = /I, + 2.0, was used.
The positions 0, 0, 2z of space group I4mm were used in
the refinement with z held at 0.0 for Sn and z = 0.4
initially assumed for P.

One scale factor, the single position parameter for P,
and two isotropic temperature factors were varied.
The R factor defined as R = = I, — I,//ZI, was reduced
to 7.8%. The intensity data and final position param-
eters are shown in Table II. Bond distances were
calculated!? (Table 11I). The numbers of the atoms
correspond to those in Figure 1.

Figure 1.—Structure of SnP.

The cubic structure was shown to be NaCl type.
Intensities were read from a Debye-Scherrer pattern
using the David Mann film reader. These were com-
pared to the Debye-Scherrer patterns calculated for
SnP having the NaCl-type and ZnS-type structures by
a program written by Jeitschko and Parthé.!® The re-
sults (Table 1V) clearly indicate the NaCl-type struc-
ture to be correct. The pattern is similar to that re-
ported by Osugi, et al.,* to be sphalerite type.
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