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We present here pulsed nuclear magnetic reso-
nance (NMR) measurements on Pt'" in platinu'm

metal, in the course of which we observed anom-
alies in the linewidth and the spin-lattice relaxa-
tion time T,. Since all the NMR properties of
platinum metal depend intimately on the electron-
nucleus interactions, an experimental investiga-
tion of these properties may throw light on this
little-understood case of paramagnetism in the
transition metal series.

In the temperature range from 0.02'K to 2'K,
where T, is much longer than the spin-spin re-
laxation time 7'„ the following anomalies are
observed:

(1) The resonance line, which is inferred from
the observed free-precession decay function
exp(-t/T, ) to be very nearly Lorentzian, exhibits
a net narrowing. Experimental data demonstrate
the presence of three distinct spin-spin inter-
actions: classical dipolar, pseudodipolar, ' and
indirect exchange. ' The two dipolar couplings
both broaden the line, the second being slightly
stronger than the first. The dominant indirect
exchange coupling between like spins reduces
the resulting linewidth by an order of magnitude.
This is believed to be the first ease of exchange
narrowing reported for NMR. The previously
observed exchange broadening'~' is absent here,
since platinum contains only one species of nu-
clear spin.

(2) Experimental values of the quantity T,T,
theoretically temperature independent, ' are
plotted vs temperature T in Fig. 1 and are shown
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FIG. 1. T&T vs T for Pt 9~ in platinum metal in a
field of 490 gauss. The constant value of T&T above
1'K is 30 msec 'K.

to undergo a significant increase below 0.5'K.
Rough measurements in the region 0.02'K ~ T
~0.05 K indicate a still increasing value of TyT.
The observed deviation corresponds to a weaken-
ing of the relaxation mechanism.

The analysis of spin-spin interaction contribu-
tions has been made' using two pieces of experi-
mental data: (a) the value of T2, and (b) the field
dependence of T,. T, was measured from free-
preeession signals at 0.02'K in a field of 100
gauss and with spin echoes at 1'K in fields of
490 and 1840 gauss, giving a value of 1.05+0.1
msec in all cases. For an exchange-narrowed
line, Anderson and Weiss' derive a free-preces-
sion decay function exp( t/T, ) with T, = &-ue/(has).
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FIG. 2. T& vs applied field Ho at a temperature
7'=0. 15'K. T& is in units of its high-field value
(0.31 sec). The solid curve is a theoretical function
stated in the text.

Here (b&u') is the second moment' of the line and

&e is a frequency of the order of the nearest
neighbor indirect exchange coupling constant J.
Ca.lculation of the fourth moment (b&a~) gives the
relation' ~e =2.9J for Pt'" in fcc platinum metal.
Combining this relation with the measured value
of T, in the equation above gives (Au') =2.8xlp'J.

A second equation relating (b,w') and J may be
found from a theoretical interpretation of data on
the field dependence of T,. These data were ob-
tained by a field-switching method'~' and are
shown in Fig. 2. The solid curve drawn is an in-
terpretation of the data with the theoretical func-
tion Tl(H0)/Tl(~) = [Hp +HI. ]/[Hp +2', ] given
by Redfield" and by Hebel and Slichter. ' HL is
an effective local field defined by the equation

H 2= s(b, ~2)/y2+ [I(1+1)/y2N] Q J.L jk '
j&k

where y is the nuclear gyromagnetic ratio and N
is the number of spins per cc. Inserting the ex-
perimental value HL' = 12.5 gauss' and evaluating
the sum for nearest neighbor exchange only, one
obtains the desired relation: 1.67(b,uP)+1.5J'
=4.13 x10' sec '.

When the two equations involving J and (6&')
are combined, the resulting quadratic equation
in J is solved to give J=1.52&&104 sec ', cor-
responding to (b&u')=4. 22xlp' sec '. This sec-
ond moment value is to be compared with the cal-
culated classical dipolar value (2 &u')cl = 6.1 x 10'
sec '. The increase in (4+') is attributed to a
pseudodipolar term 1.6 times stronger than the
classical dipolar coupling. The associated
broadening effect is counteracted by the strong

indirect exchange J, so that the actual half-power
linewidth is one-eighth of what it would be in the
absence of exchange.

Certain measures have been taken to ensure
that the observed temperature dependence of
T,T is a genuine effect. T, measurements were
carried out by the two-pulse method. " Below
1'K temperature, drifts were sufficiently slow
so that a unique temperature could be assigned
to each of these measurements, as reflected by
the purely exponential character of the relaxa-
tion plots. The sample temperature was calcu-
lated from the free-precession signal amplitude
corresponding to the equilibrium nuclear mag-
netization with the help of Curie's law. The va-
lidity of this law for Pt'" was checked over the
range from 0.04'K to 1'K by comparison with the
magnetization of Na" nuclei in a sample consist-
ing of platinum and sodium particles mixed in oil.
Moreover, a determination of the T,T value of
sodium at 0.07'K under identical experimental
conditions gave good agreement with the high-
temperature results of Anderson and Redfield. '

In seeking a physical explanation for the ob-
served variation in T,T, it is perhaps worth
while to recall that for spin-lattice relaxation
caused by electrons obeying Fermi statistics,
Korringa's theory' predicts a constant T,T val-
ue over the range IJNH0/k =10 ' 'K«T«TF
where JL(,& is the nuclear magnetic moment and
k is Boltzmann's constant. Here our tempera-
tures are well within these limits. Among the
possible effects due to paramagnetic impurities"
are a field-dependent line broadening, which is
not observed here, and a contribution to the spin-
lattice relaxation rate, the temperature depend-
ence of which is incompatible with our T, data.
Spectroscopic analysis shows that our platinum
specimens contain a maximum of 0.002% iron
impurities. Under the circumstances, then, one
may suspect that the T, anomaly is connected
with the intrinsic properties of the s-d electron
configuration in platinum metal. The field de-
pendence of this effect is currently under in-
ve stigation.

We have also determined the resonant fre-
quency of Pt'" from free-precession signals in
a field of 569 gauss and have found it to be con-
stant from 0.07'K to 1'K. The shift 6&/~,
= -(4.04 + 0.04) %, calculated with the help of the
moment determination of Proctor and Yu,"is
compatible with the results of Howland' at 77'K.
A mechanism has been suggested" for this nega-
tive frequency shift which invokes the polariza-
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tion of the core-s electrons by the unpaired d
electrons. It is somewhat surprising to find
constant values of frequency shift and linewidth
in the temperature range where T,T is varying.

We wish to express our gratitude to Mr. E.
Geissler for his assistance.
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We have discovered that very pure iridium is
a superconductor with a zero-field transition tem-
perature of 0.140'K.' It is known that the ex-
istence in a superconductor of an impurity such
as iron drastically lowers the superconducting
transition temperature, if, and only if, the iron
impurity possesses a localized magnetic moment. '
Localization of the Fe moment has been found to
be a function of the number of valence electrons
possessed by the host metal. 3 Molybdenum and
iridium are two metals in which Fe, if present
as an impurity, would possess a localized mag-
netic moment. The present discovery and the
recent discovery that Mo is a superconductor4
suggest that failure of many metals to exhibit
superconductivity, even when cooled to ultra-low
temperatures, could be due to insufficient purity.
Mo and Ir are the first transition metals in which
Fe, if present as an impurity, would possess a
magnetic moment, which have been found to be
superconductor s. This suggests that supercon-
ductivity is probably a more widespread phe-

nomenon than presently believed.
The metal iridium has previously been reported

to be nonsuperconducting down to 0.1'K.' How-
ever, with the above considerations in mind, high-
purity Ir was prepared in a way similar to that
used for Mo.4 Three specimens of Ir were placed
in an argon arc furnace and were maintained in
the liquid phase for 12 minutes. The resulting
pellets were approximately spherical in shape
with an average diameter of about 3 mm. The
starting material was Johnson Matthey high-
purity Ir. The manufacturer's analyses showed
that there was no more than 2 parts per million
of any other element present in the starting ma-
terial.

Temperatures below 1'K were produced by the
magnetic cooling method. Thermal contact be-
tween the salt and the specimen was achieved by
cementing the pellets (GE Adhesive No. 7031) to
a slotted copper bar which in turn was in contact
with a paramagnetic salt pill. Two Speer 470
ohm- —,

' watt resistors were also cemented to the
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