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Nb® spin-lattice relaxation-time measurements in NbN show that the niobium 5s contribu-

tion to the total state density at the Fermi energy is less than 10%.

in terms of electronic band models for NbN.

It was suggested a few years ago that the high-
transition-temperature superconductor NbN (T,
~16 °K) is a s-p-band superconductor.! This sug-
gestion was supported mainly by the unusually low
values of the electronic-heat-capacity coefficient
and the magnetic susceptibility which indicated a
very low electronic density of states at the Fermi
energy. This low value of the state density is sim-
ilar to that of lead and an order of magnitude smal-
ler than those of Nb;Sn and V,Si, for example,
which are d-band superconductors with nearly the
same T, as NbN. Recently, Mattheiss has calcu-
lated the electronic energy bands of NbN making use
of the augmented-plane-wave (APW) scheme.?
Mattheiss has found that the energy bands near the
Fermi energy are predominantly d like and that the
s character there is very small, It is thus of in-
terest to perform an experiment which can distin-
guish between d- and s-like character and to deter-
mine experimentally the character of the electrons
at the Fermi energy. A measurement of the nio-
bium nuclear spin-lattice relaxation time (7) could
serve in such a direction since, due to the large dif-
ference in the hyperfine field of s and d electrons,
T for s-band electrons should be ~2 orders of
magnitude larger than 77! for d-band electrons with
the same density of states at the Fermi energy.

This result is considered

We have measured the Nb?® spin-lattice relaxa-
tion in NbN, ¢; at 77 and 20. 3 °K by observation of
the recovery of the spin-echo amplitude as a func-
tion of the time after saturating the system by a
comb of rf pulses. It was found that for these two
temperatures 7,7 =5+ 1(sec °’K). This value may
be used now to put an upper bound to the s density
of states at the Fermi energy since (i), > (T71),,
where (T7), is the relaxation rate caused by the
s electrons alone. (7,™), is given by®

(T7)y = 4my2 itk y T[Hyy (s )0, 12,

where H,,(s) is the hyperfine field per electron due
to the s electrons, and 7, is the s density of states
per atom at the Fermi energy. Assuming H,,(5s)
=2.5%10%0e,* it turns out that 7,<0.03eV™! (Nb
atom)™. The bare density of states at the Fermi
energy, analyzed from specific-heat data using
McMillan’s strong coupling formula, * is ~0, 3 eV
(Nb atom)™!- Thus, it is concluded that the density
of the niobium 5s states is less than 10% of the to-
tal density of states. This is in agreement with
the Mattheiss? calculations which predict that the
predominant part of the density of states at the
Fermi energy comes from the 4d bands.

*Also at Stanford University, Stanford, Calif.
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