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The phosphorus NMR has been observed in the paramagnetic state of the metallic ferromagnet MnP.
The phosphorus Knight shift was measured as a function of temperature and was found to be temperature-
dependent and negative, varying from about —119, at 375°K to —29%, at 575°K. Constructing a K3 (T)-
versus-x (7') diagram for MnP yielded a straight line from which the total phosphorus hyperfine field was
determined to be Hus= —37.4 kOe per Bohr magneton. The effect of alloying cobalt into MnP upon the
phosphorus Knight-shift data is presented. Additional phosphorus Knight-shift data in the nonmagnetic
transition-metal monophosphides RuP and WP are also reported.

I. INTRODUCTION

CONSIDERABLE amount of information concern-

ing the electrical and magnetic properties of the
transition-metal monophosphides can be found in the
literature. Electrical-conductivity? and magnetic-sus-
ceptibility measurements®® indicate that these com-
pounds are basically metallic in nature. Interpretation
of recent nuclear magnetic resonance (NMR) studies
in the nonmagnetic transition-metal phosphides*®
corroborate the concept of metallic conductivity in
these compounds. A semi-empirical theory of metallic
banding in some transition metal phosphides has been
given by Goodenough,® who used the Mott™® formalism
of critical radii for the interatomic metal-metal distance
as a criterion for the existence of d bands in these com-
pounds. Using the Mott™® appreach, Goodenough®
has proposed a series of density-of-states curves for
the transition-metal monophosphides which have the
B8, or the B31 crystal structure. Recently, Stein and
Walmsley? claim to have verified qualitatively Good-
enough’s predictions® using the results of their mag-
netic and NMR measurements in the nonmagnetic
transition-metal monophosphides.

Of current interest are the questions regarding the
origins of magnetic coupling and nuclear hyperfine fields
in transition metals and transition-metal intermetallic
compounds. A convenient experimental method for ob-
taining information regarding the strength, sign, and
temperature dependence of the nuclear hyperfine fields
is afforded by NMR measurements. For example,
with this type of information comparisons can be made
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with the temperature dependence of the magnetization
of the sample under study.

In current theories of nuclear hyperfine fields in
metals, a knowledge of the signs of the various contri-
butions to the total hyperfine field is a prerequisite in
order to ascertain the sources of these hyperfine inter-
actions. The purpose of this paper is to present and
discuss the results of phosphorus NMR Knight-shift
measurements in the paramagnetic state of MnP. Other
phosphorus NMR data, such as the effect on the phos-
phorus NMR of alloying the nonmagnetic isomorph
CoP in varying amounts with MnP and also the ob-
servation of the phosphorus NMR in WP and RuP will
be presented.

Manganese phosphide crystallizes’®! in the or-
thorhombic B31 structure, shown in Fig. 1, which can
be considered as a small distortion from the hexagonal
NiAs B8 structure. In the B8 crystal structure there are
eight atoms per unit cell, four metal and four phos-
phorus. The metal lattice has hexagonal symmetry,
with each metal atom having six nearest-metal neigh-
bors in the basal plane and two next-nearest metal
neighbors along the orthorhombic & axis (hexagonal
¢ axis). Each metal atom is surrounded by six phos-
phorus atoms in an octahedral configuration. Each
phosphorus atom has six nearest metal atoms and is
located at the center of a triangular prism formed by
them. Within 4 A there are twelve phosphorus neighbors
around a given phosphorus atom.

The B31 crystal structure can be regarded as an
orthorhombic distortion of the B8 structure in which
the metal atoms are displaced toward each other in
the basal plane. The phosphorus atoms are displaced
along the & axis. Each metal atom is surrounded by six
phosphorus atoms in a distorted octahedron and is no
longer located at the center. Each phosphorus atom is
surrounded by six metal atoms at the corners of a dis-
torted triangular prism.

Huber and Ridgley® have performed magnetic meas-
urements on a single crystal of MnP and find a Curie
temperature 7,=291.5°K and a magnetic transition
at 50°K, below which the crystal exhibited metamag-
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F16. 1. The B31 crystal structure of MnP,

netic behavior. Neutron diffraction measurements'?:12
in the metamagnetic temperature region of MnP re-
vealed a modulated magnetic structure in which ferro-
magnetically coupled pairs of manganese spins are
arranged in a spiral whose axis of propagation and
rotation is [100]. From saturation magnetization
measurements in the ferromagnetic phase of MnP,
Huber and Ridgley® deduce a value of 1.29 Bohr mag-
netons for the magnetic moment per manganese atom
at T=0°K. These authors also measured the temper-
ature dependence of the paramagnetic susceptibility x
of MnP and found Curie-Weiss behavior, i.e., x=
C(T—0)"! with §=312°K and the Curie-Weiss con-
stant C=1.06 emu °K/mole, corresponding to 2.9
effective Bohr magnetons per manganese atom. Huber
and Ridgley® also observed a small anisotropy in the
paramagnetic susceptibility as a function of orientation
between the applied magnetic field and the crystal-
lographic axes.

Zero-field phosphorus and manganese NMR has
been reported'* in the ferromagnetic state of MnP at
77°K. Two manganese NMR frequencies were observed
having hyperfine fields of 136 and 111 kOe, and a single
phosphorus NMR having a hyperfine field of 43 kOe.
However, the signs of these respective hyperfine fields
in the ferromagnetic state were not determined.

Section II describes the experimental apparatus
used to observe the phosphorus NMR in the para-
magnetic state of MnP and also the technique used to
prepare the various samples. A discussion of the con-
tributions to the magnetic susceptibility and phos-
phorus Knight shifts of MnP is presented in Sec. III.
Sec. IV contains the experimental results and inter-
pretation of the phosphorus Knight-shift measurements
in MnP while the same type of data for the CoP-MnP
alloys are presented in Sec. V. Miscellaneous phos-
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phorous NMR Knight-shift data for nonmagnetic
RuP and WP which have not been previously reported
are discussed in Sec. VI.

II. EXPERIMENTAL

The phosphorus NMR was observed in powdered
samples of the transition-metal monophosphides using
a variable-frequency-induction spectrometer and a con-
ventional laboratory electromagnet. The phosphorus
Knight shifts were determined at a fixed frequency by
measuring the magnetic field with respect to the phos-
phorus NMR in red phosphorus. Sample temperatures
were controlled by the use of a calibrated variable tem-
perature unit.

The samples were prepared by mixing correct propor-
tions of phosphorus and transition metal in a quartz
pressure bomb and heating to approximately 900°C
for several days. Under these conditions a solid-state
diffusion reaction occurs. When necessary, a small
amount of excess phosphorus was added to the mixture
in order to ensure sample stoichiometry. The samples
were then pressed into a pellet and reheated in order to
achieve uniformity. Standard x-ray powder pattern
techniques were used to confirm that the samples had
the correct crystal structure (B31) and lattice con-
stants.

III. CONTRIBUTIONS TO THE SUSCEPTIBILITY
AND PHOSPHORUS KNIGHT SHIFT IN MnP

A. Susceptibility

The partitioning of the various contributions to the
magnetic susceptibility will be accomplished by writing
an expression for the total susceptibility x(7) in the
paramagnetic state as

x(T) =xot+x(T), (3.1)

where xo and x:(7) are the respective temperature-
independent and temperature-dependent contributions
to the total susceptibility x(7'). The temperature-
independent term xo contains contributions from the
Pauli paramagnetic susceptibility of any free-electron-
like bands, the orbital susceptibility xyy (which for
metals is the analog of Van Vleck orbital paramag-
netism in insulators) and xai. the diamagnetic contribu-
tion from the ion cores and the filled portion of the
d band. The temperature-dependent term x;(7) is the
susceptibility associated with the magnetic properties
of the d band.

The reason for not writing the customary explicit
expression for x, in terms of the various contributions
is twofold: (1) Recent band-structure calculation for
compounds’® suggest that pure s bands usually lie very
high above the Fermi energy and thus are considered
to be empty; (2) The total paramagnetic susceptibility
x(T) of MnP was found to obey® a Curie-Weiss law and

15 A, Switendick (private communication).
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hence indicates that the contribution of xo to x(7") in
the room-temperature region is negligibly small. Thus
the distinctions between the various contributions to
xo are relatively unimportant in the analysis of the
phosphorus Knight-shift data in MnP.

The temperature dependence of x(7') is thus con-
tained in the contribution from the ¢ band suscepti-
bility x:(7), and from the analysis of the phosphorus
Knight-shift data in the paramagnetic state of MnP
an estimate of the magnitude of xo will be made.

B. Phosphorus Knight Shift

The phosphorus NMR frequency is shifted from
the Larmor frequency by an amount K= (6H/H)
by interactions between the conduction electrens and
the phosphorus nuclear magnetic moment. The phos-
phorus Knight shift K3 consists of two terms: (1) A
temperature-independent Knight shift K, arising from
both the Fermi contact interaction of the phosphorus
nuclear moment with s electrons and an interaction
between the phosphorus nuclear moment and the
magnetic-field-induced orbital magnetic moment; (2) a
temperature-dependent Knight shift K;(7) resulting
from a hyperfine interaction of the form AI- (S) where
I=1 is the phosphorus nuclear spin, 4 is the hyperfine
coupling constant, and the temperature dependence
of this interaction is contained in the time-averaged
value of the manganese spin (S). At the present time,
the origins of the interaction between the phosphorus
and manganese d spins are unknown. There are several
mechanisms which can account for this interaction.
However, the experimental results which will be pre-
sented in this paper are incapable of distinguishing
between them.

Briefly, the various mechanisms which give rise to
an interaction of the form AI-(S) are as follows: The
first to be considered is the Ruderman-Kittel-Kasuya-
Yosida (RKKY)*18 mechanism in which s-like con-
duction electrons are spin polarized by an s-d exchange
interaction with localized & spins, thus producing a
phosphorus Knight shift which will be proportional to
the d-spin susceptibility. A second model, which was
first proposed by Clogston and Jaccarino, involves
an overlapping p-d band in which the p electrons are
strongly admixed with the & electrons and the p elec-
trons in turn produce a phosphorus Knight shift
through core polarization of the inner phosphorus
s-shell electrons. This mechanism also predicts a phos-
phorus Knight shift which would be proportional to
the d-spin susceptibility. However, for both of these
mechanisms, the resulting phosphorus Knight shift
may be of either sign, i.e., positive or negative, depend-
ing on the details of the exchange polarization mecha-

16 M. A. Ruderman and C. Kittel, Phys. Rev. 96, 99 (1954).
17T, Kasuya, Progr. Theoret. Phys. (Kyoto) 16, 45 (1956).
18 ¥. Yosida, Phys. Rev. 106, 893 (1957).
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nism. A third mechanism which predicts a phosphorus
Knight shift proportional to the d-spin susceptibility,
copsiders the possibility of a finite d wave-function
overlap with the inner electron shells of the phosphorus
atom which will cause core polarization of the phos-
phorus inner s shell electrons and hence, presumably
a negative Knight shift. Another possible source of
a phosphorus hyperfine interaction which would be
proportional to the manganese d-spin susceptibility is
the effect of a transferred hyperfine field through a
covalent bond formed from localized manganese and
phosphorus wave functions. This type of transferred
hyperfine interaction is commonly observed in magnetic
insulators, e.g., Se™:MnSe.?

The total temperature-dependent phosphorus Knight
shift is thus written as

K3(T) =Ko+K(T), (3.2)

where Ko is the temperature-independent part of the
conduction electron Knight shift and K;(7") is the
temperature-dependent Knight-shift contribution pro-
portional to the d-spin susceptibility. An expression
for K;(7) can be written in the general form of

Ki(T) = (NB)*Huixa(T), (3.3)

where N is Avogadro’s number, 8 is the Bohr mag-
netron, Hys is the total phosphorus hyperfine field per
Bohr magneton, and x:(Z") is the manganese spin sus-
ceptibility expressed in emu/mole. There is no diamag-
netic-shift contribution included in Eq. (3.2) since
the incremental-diamagnetic shift between MnP and
the reference compound (red phosphorus) used to
measure the Knight shift is negligible.

From Egs. (3.2) and (3.3) it is evident that a graph
of K3(T') versus x(7'), with temperature the implicit
parameter, should be a straight line. The straight line
will have a value K, at x(T) =xo and a slope « of

a=0K*(T)/ox(T) = (NB)‘Hps. (3.4)

Thus the construction of a K3 (7T') versus x(7") diagram
will provide information regarding the sign and mag-
nitude of the phosphorus nuclear hyperfine field Hys
per Bohr magneton.

IV. CONSTRUCTION OF THE K(T) VERSUS x(T)
DIAGRAM: MnP

The phosphorus NMR was observed in powdered
samples of MnP between 375 and 550°K. The phos-
phorus NMR linewidth was found to be dependent
upon the magnetic susceptibility of the powder sample.
For the lower-temperature range there was some evi-
dence of an anisotropic phosphorus Knight shift even
though the phosphorus NMR linewidth was approxi-
mately 150 Oe at 375°K and 16 Mc/sec. The measured
temperature dependence of the phosphorus Knight
shift K3 (T") in MnP is shown in Fig. 2. It is to be noted

2 E, D. Jones, Phys. Rev, 151, 315 (1966).
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F16. 2. The temperature dependence of the phosphorus Knight
shift K¥(7) in MnP. The solid line is a smooth curve drawn
through the experimental data.

from Fig. 2 that the phosphorus Knight shift is strongly
temperature-dependent and negative.

Figure 3 shows the results of plotting the phosphorus
Knight-shift data shown in Fig. 2 as a function of the
paramagnetic susceptibility x as measured by Huber
and Ridgley.® It is evident from Fig. 3 that the plot of
K3(T) versus x does give a straight line as predicted
by Egs. (3.2) and (3.3). The slope a of the K3(T)
versus x(7") diagram is found from Fig. 3 to be a=
—6.70 (emu/mole)™ corresponding to a total phos-
phorus hyperfine field of Hys=—37.4 kOe per Bohr
magneton.

Since the magnitude and sign of the phosphorus hy-
perfine field Hy: has been determined from the para-
magnetic state data, predictions for the phosphorus
hyperfine field in the ferromagnetic state at T'=77°K
can be made. Saturation-magnetization measurements?
in the ferromagnetic state of MnP indicate that the
magnetization at 77°K is approximately 0.95 of the
0°K value of 1.29 Bohr magnetons per manganese
atom. Thus the predicted phosphorus hyperfine field
at 77°K is | H(77°K) |=0.95X1.29X37.4 kOe=45.8
kOe which is in good agreement with the observed
value of 43 kOe."* This small difference between the
predicted and observed values of the phosphorus hyper-
fine field at 77°K possibly could be attributed to the
fact that the experimentally observed value was prob-
ably obtained for phosphorus nuclei in domain walls
and hence lack of dipolar fields, etc., need to be taken
into account. Another source of error between the pre-
dicted and observed values of the phosphorus hyperfine
field at 77°K in MnP could also be the value of the
manganese magnetic moment used. For example, if
the manganese moment were 0.90 of the 0°K value,
the predicted magnitude of the phosphorus hyperfine
field would be 43.4 kOe which is in better agreement
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with experiment. However, the agreement between the
two kinds of measurements is sufficiently good to say
that the phosphorus hyperfine field in the ferromagnetic
state of MnP in all probability is negative.

It is interesting to note that the phosphorus hyper-
fine field of Hus=—37.4 kOe per Bohr magneton for
MnP has essentially the same value found® in the
nonmagnetic isomorph CrP where Hye>~—30 kOe per
Bohr magneton. This result suggests that the source
of the phosphorus hyperfine field in magnetic MnP
and nonmagnetic CrP have the same origins and hence
the RKKY mechanism may not be appropriate for
the phosphorus Knight shift in MnP.

Extrapolatlng the phosphorus Knight-shift data
shown in Fig. 3 to zero susceptibility, yields a large
value: K~+40.59%,. Recent measurements* in CoP
find a small temperature-independent susceptibility
x>~-+0.36X10~* emu/mole and a phosphorus Knight
shift K3~-4-0.36%. For the MnP data shown in Fig. 3
a phosphorus Knight shift K¢~-+40.39%, also occurs for
a susceptibility of x=0.36X10~* emu/mole. This result
result suggests that the origins of the temperature-
independent susceptibility xo and phosphorus Knight
shift K¢ are the same in these two compounds. However,
performing the same analysis in CrP,® where the tem-
perature-dependent phosphorus hyperfine field was
found to have roughly the same value as observed for
MnP, give an entirely different result for Kj, i.e., for
CrP, K¢=~=0.0%.

The observed value Ky=-0.369, for the phosphorus
Knight shift in CoP* and MnP is large when com-
parisons®® with other transition-metal phosphides are
made. This large value of the phosphorus Knight shift
K, may be evidence that there is a large orbital phos-
phorus hyperfine field in these two compounds, but not
in the other transition-metal monophosphides. How-
ever, the situation regarding the origins of K, in MnP,
CoP, and CrP is unclear.

o 5 o 5
x (emu /mole) x 10°

Fic. 3. A plot of K3(T) versus x(7") with temperature the
implicit parameter for MnP.
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V. PHOSPHORUS NMR IN Co,Mn,_,P
INTERMETALLIC COMPOUNDS

In order to obtain further information regarding the
origin of the negative temperature-dependent phos-
phorus Knight shift in MnP, phosphorus Knight-shift
measurements were performed in the intermetallic
compounds Co,Mn;_,P in the range of 0<y<1.

Experimentally, a single phosphorus NMR was ob-
served for each compound and within experimental
error, there was no evidence of a broadening of the
phosphorus NMR linewidth that could be attributed
to the effect of a random distribution of magnetic
moments. In addition to the phosphorus NMR line-
width measurements, intensity measurements did not
indicate any dependence on the cobalt or manganese
concentration. The phosphorus NMR intensity meas-
urements themselves, however, have an inherent un-
certainty due to differences in particle size, sample
volume, etc., which are difficult to estimate and there-
fore are not as reliable as the NMR linewidth measure-
ments. Both of these results are contradistinctive to
the results of other NMR measurements in nonmag-
netic intermetallic hosts when a localized magnetic
impurity is added.?* Under these conditions the result-
ing host NMR linewidth is found to be dependent
upon the magnetic impurity concentration and can
be interpreted in terms of the RKKY mechanism.

The cobalt NMR was observed in CoP at room
temperature, however, upon an addition of 109, man-
ganese to CoP, the cobalt NMR was unobservable.
At this point it is worth mentioning that the manga-
nese NMR in the paramagnetic state of MnP was also
unobservable. An attempt to study the cobalt NMR
linewidth in CoP containing 1%, manganese was made.
However, these samples were found to consist of two
phases; this was verified by the observation of two
phosphorus NMR. One of the phosphorus NMR was
very weak in intensity and had a Knight shift equal
to the one measured in CoP, while the other (strong-
intensity) phosphorus Knight shift was found to be
shifted slightly negative from CoP. However, in the
19, manganese in CoP compound, there was only one
cobalt NMR observed having a very weak intensity
and a Knight shift equal to the pure CoP sample.
These data suggest that the cobalt NMR in Co,Mn;_,P
alloys disappears for a finite amount of manganese.
There are several explanations which may account for
the disappearance of the cobalt NMR and two of the
most plausible are: (1) There is a quandrupolar broad-
ening of the cobalt NMR linewidth due to the effect
of a random distribution of electric field gradients;
(2) The cobalt nucleus experiences a large hyperfine
field, with the origins arising from the same inter-
actions responsible for the manganese nuclear hyper-

2 A, C. Gossard, V. Jaccarino, and J. H. Wernick, J. Phys.
Soc. Japan 17, Suppl. B-1, 83 (1962).
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F16. 4. A plot of the phosphorus Knight shifts K3 (T) in
CoyMny_,P as a function of (7-0)7L The Curie-Weiss tempera-
ture © has been adjusted to give a linear relationship between
K3%(T) and (7-6)7L The open circles are data for 109, Co and
the squares are for 209, Co in MnP.

fine field, and hence resulting in a large cobalt NMR
linewidth. Thus, for this case, the concept of a non-
magnetic cobalt atom is not valid. Therefore, it is
tentatively concluded that for Co,Mn, P, the result
of adding manganese to CoP is to deplete the number
of electrons in the nearly full CoP d band or conversely,
adding cobalt to MnP fills the d band. The magnetic
properties of these compounds and hence the resulting
phosphorus Knight shifts, are apparently determined
by the number of electrons in the d band.

In the analysis of the phosphorus Knight-shift data
in MnP, the observed linear relationship between the
paramagnetic susceptibility x(7) and the phosphorus
Knight shift K3(7) was used to obtain the magnitude
and sign of the phosphorus nuclear hyperfine field due
to the 4 band. Unfortunately, at the present time,
no paramagnetic susceptibility measurements are avail-
able for the Co,Mn;_,P compounds for 0<y<1. How-
ever some of the phosphorus Knight-shift data in
CO,Mn;_,P can be analyzed by noting that for MnP,
the paramagnetic susceptibility obeyed a Curie-Weiss
law.? Thus the phosphorus Knight shift in MnP could
have been written as

K(T) =Ko+ HuC[NB(T—0) T, (5.1)

with C=1.08 (emu-°K/mole) and §=312°K.2 It is not
unreasonable to assume for the higher manganese
concentrations of the Co,Mn;_,P compounds that the
paramagnetic susceptibility will also obey a Curie-Weiss
law with different values for C and 6. Figure 4 shows
the phosphorus Knight shifts in Cop1MngeP and
Coo.sMnysP plotted as a function of (7'—6)~L. The
value of the Curie-Weiss constant 6 has been adjusted
for each compound in order to give a straight line.
For the higher cobalt concentrations, the temper-
ature dependence of the phosphorus Knight-shifts was
negligible and no attempt was made to analyze the
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TaBLE I. Phosphorus Knight shifts at 300°K in Co,Mn;—,P alloys.

Compound K (%)
CoP 0.36
C00,9Mno,1P 0.26
Coo.7sMng.o5P 0.02
Cog.2Mny sP —0.20
Cog.1Mny, oP 8
MnP L

2 The phosphorus NMR was not observable at 300°K in these intermetallic
compounds.

data. It is to be noted in Fig. 4 that extrapolating the
Knight-shift data to infinite temperature yields a value
for K, consistent with that found for the case of CoP,*
i.e., the nearly filled d band. It is also evident that the
addition of cobalt to MnP tends to reduce the mag-
nitude of the negative phosphorus Knight shift con-
tribution. Table I lists the phosphorus Knight shifts
fOI‘ COP, COQAgoMno.mP, and C00_75Mn0.25P fOI‘ T=300°K.
The temperature dependence of these phosphorus
Knight shifts was negligible between 100 and 600°K.

Since the phosphorus hyperfine fields in MnP and
CrP% were found to be essentially equal, it is not un-
reasonable to assume that for the Co,Mn;_,P alloys,
the total phosphorus hyperfine field has a constant
value Hyr~—37.5 kOe per Bohr magneton. In this
manner the Curie-Weiss constant and hence wess, the
effective number of Bohr magnetons per magnetic
atoms, can be determined from Eq. (5.1). The slope
of the straight lines of the K3.-versus-(T—8)~' graph
shown in Fig. 4 is

AK3/d(T—0) = (NB)~'Hy(C, (5.2)

hence C (and pess) are given from Eq. (5.2) and the
experimentally observed slopes 0K®/9(T—8)~*. Table
II lists the values for C, 6 and wegs for the data shown
in Fig. 4. It must be emphasized at this point, that

TaBrLe II. Parameters used in the analysis of the phosphorus
Knight-shift data in Co,Mn,,P alloys.

Compound 0 (°K) C(emu®K/mole) Heft
MnP 312 1.08 2.9
Co¢.1Mng,oP 330 0.8 2.52
Cog.2Mny,sP 0 0.084 0.82
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these values for C and uess are derived from Eq. (5.2)
on the assumption that for Co,Mn,_,P, Hns=—37.5
kOe per Bohr magneton and is constant across the
series of compounds listed in Table II. Only after
susceptibility measurements are performed on these
samples can an assessment of this assumption be made.

In summary, the phosphorus Knight-shift measure-
ments in the Co,Mn;_,P alloys strongly suggest that
the number of electrons in the d band is the important
magnetic parameter. However, the question regarding
the origin of the interaction which is responsible for
the temperature-dependent phosphorus Knight shift
is still unresolved.

VI. PHOSPHORUS KNIGHT SHIFTS IN RuP
AND WP

The intermetallic compounds RuP and WP, which
have the B31 structure were studied in order to as-

TasirE III. Phosphorus Knight shifts in RuP and WP,

Compound  Temperature K3(%)
°K
wp 300 0.015
RuP 300 0.09
4.0 0.04

certain if there were any unusual magnetic properties
associated with them. The measured temperature
dependence of the phosphorus Knight shifts in RuP
and WP are presented in Table ITI. Within the ex-
perimental error of £0.005%,, the phosphorus Knight
shift in WP was temperature-independent. The phos-
phorus Knight shift in RuP exhibited a small temper-
ature-dependent Knight shift which decreased with
decreasing temperature. The Knight shifts in RuP
and WP are of the same order of magnitude as the
phosphorus Knight shifts measured in the 3d non-
magnetic compounds such as FeP.4
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