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AHHOTALNA

CHaTbl AMP-cnekTpbl a4ep 68C|/| V|65CM B amopjHom cnsiaBe Ni-Cu-P ¢ nowmoubto
TEXHUKN MOTOYEYHOro WN3MEPEHUs CMWUHOBOINO 3xa W onpefeneHsl BpemeHa ChnH-peleToY-
HOM penakcauum BO30yXAEHMEM CMMHOBOIO 3xa MNpyv nomowm kKak 180°-oro umnysnbca,
Tak U Hacblyawwen '‘rpebeHuaToi’’ cepun umnynbC«”N. Pe3ynbTaTbl 6b/IM CpaBHEHb C CO-
oTBeTCTBYWWUMM napaveTpamu AMP-cnekTpa sagep P. CpoenaH BbiBO4 O TOM, 4YTO KBaj-
pynonbHOe pacuupeHne sBnseTcsa npeobsiajanwmm gakTopom B AMP-cnekTpe 060MX N30-
TOMOB CU, M 3a CNUH-peleToYHYl penakcauumiw 3TUX sgep oTBeyaeT MexaHu3m Tuna

KoppwuHra.

KIVONAT

NCu és ~Cu NMR spektrumokat vettink fel egy amorf Ni-Cu-P Otvbzeten a
spin echok pontrél-pontra torténé mérésével,és meghataroztuk a spin-racs re-
laxacids iddket a 180°-os impulzus-spin echo és a telit§ fési-spin echo soro-
zatok segitségével. Az eredményeket osszehasonlitottuk a 31p NMR spektrum
megfelel6 paramétereivel. Azt a kovetkeztetést lehetett levonni, hogy a kvad-
rupdl kiszélesedés a dontd tényezd mindkét Cu izotdép NMR spektrumdban és a
Korringa-tipusu mechanizmus felel6s ezen atommagok spin-racs relaxaciojaért.



ABSTRACT

/0 /rC

Cn and ~"Qu NMR spectra were recorded on an amorphous Ni-Cu-P
alloy using the point-by-point spin echo technique and the spin-
lattice relaxation times were measured by the 180° pulse-spin echo
and the saturation comb-spin echo sequences. The results were com-
pared with the corresponding parameters of the 1P NMR spectrum.
It was concluded that the quadrupole broadening is the dominant
factor in the NMR spectra of both Cu isotopes and the Korringa-
type mechanism is responsible for the nuclear spin-lattice re-
laxation.

INTRODUCTION

The Ni-Cu-P system prepared by the melt quenching method is
one of the non-magnetic amorphous alloys in which three nuclear
magnetic resonance (\VR) spectra, namely that of 31P, 63Cu and

3Cu nucleil can be detected.

Both copper 1isotopes have a nuclear spin I = 3/2 and, con-
sequently, nuclear quadrupole iInteraction can exist at the metal-
lie sites iIn contrast to the 31P nuclei with I = 1/2. As the in-
formation obtainable from scattering measurements 1is restricted
to correlation functions, data on structure-sensitive physical
quantities are always welcome. The quadrupolar broadening of the
NMR lines 1is especially attractive from this point of view, because
a) it is sensitive to the local symmetry; b) the electric field
gradient (EFG) can be estimated by some assumptions; c¢) the asym-
metry parameter of the electric field gradient tensor
n-= (V)(X—Vyy)/\é:Z is dimensionless and so even a simple point-
charge approximation may be expected to be appropriate for its
estimation.
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The study of quadrupole effects has already proved to be use-
ful i1n determining the local symmetry around the glass-former
sites 1n amorphous alloys [1]- In the present paper 63Cu andEﬂSCu
NMR spectra are given for a Ni-Cu-P amorphous alloy. This 1is the
first report on quadrupole effects at the metal site in metal-
metalloid type metallic glasses.

On the other hand, spin-lattice relaxation time (T") measure-
ments iInform us about the dynamical iInteraction between the nuc-
lear spin system and the lattice. In metallic substances the do-
minant contribution to the spin-lattice relaxation originates
from the interaction of nuclear spins with the conduction elec-
trons (Korringa-type relaxation). Therefore, the spin-lattice re-
laxation time is a quantity which is sensitive to the electronic

structure.

EXPERIMENTAL

The amorphous (NiQ 27Cuo 73782P18 a—-*~/*X was obtained by melt
quenching and sandwich-type samples were prepared from the rib-

bons [2]-

The measurements were performed on a Bruker SXP 4-100 pulse
spectrometer at 23.8 MHz frequency at room temperature. The NMR
spin echo spectra were recorded and the spin-lattice relaxation
31P, 63y and ©°
alloy sample. This paper deals mainly with results obtained on
the two copper isotopes. Detailed 3lp nwR results on amorphous
(Ni™_xCux)gOP20 all°Ys (0axa0.77) are given iIn a separate paper

[3]-

times were measured on the Cu nuclei in the above

RESULTS

The pulse sequence 90°-to«3" consisting of two pulses with
the phase shift 9 was used for studying the spin echoes on the
copper nuclei. The length of the first (90°) pulse was about
4 usee. The pulse separation time T was kept constant at 120 psec.
Fig. 1 shows the 630u echo amplitud@ as a function of the length
t?3 of the second pulse with ® = 0°. The position of the first

maximum corresponds approximately to a rotation angle R=yH_ p 55°



where vy 1is the
Echo amplitude gyromagnetic ratio of
the resonant nucleus and
- Hj is the amplitude of
the applied radiofrequ-
ency field. The R »55°
value shows that the
echo is mostly of quad-
rupolar origin [4]. When
the same pulse sequence
15 LI/Jsec] was applied with the

i, _ ; phase shift ¢ = 90° be-
Fig. 1. Echo amplitude as a function of the

second pulse_length tg with $0° for the tween the pulses the
bOCu nuclei iIn the amorphous maximum occured at
27C|/|0-73.ﬁ2P18 alloy. B = 90 as expected [5]_
The same result was obtained on 65Cu nuclei
In Fig. 2 the 63Cu
and ~3Cu NMR spin echo Echo amplitude [a.u.l

spectra in the amorphous
(N10.27Cu0.73)82P 18
alloy can be seen. The
spectra were obtained
by measuring the spin
echo amplitude as a
function of the external
magnetic TfTield HQ at a
fixed frequency
(23.8 MHz). The same
spectra were recorded
by using either a $p=0° Fig. 2. Quadrupole echo spectra of the copper
or a ¢ = 90° phase shift isotopes in the QIQ 27Cuq 73)82P18 meta™p
between the pulses in the glass measured at 23.8 MHz frequency
pulse sequence 90°-to-6”. The spectrum peaks are similar for the
two copper isotopes except the amplitudes which are approximately
proportional to their isotopic abundances.

At present we do not have the necessary data to analyse the
observed quadrupole echo spectra of ”~3Cu and ”~3Cu nuclei iIn this
amorphous alloy. It is a completely open question whether these



spectra originate from Tfirst or second order quadrupole
effects. Anyway, on the spectra shown in Fig. 2 no fine struc-
ture details can be observed, although the instrumental broadening
effect should still be considered iIn details which may be signi-
ficant it the spectrum of the exciting r-f pulse is not consi-
derably narrower than the spectrum under study.

The spin-lattice relaxation time was measured with the help
of the spin echoes. For the preparation of the spin system before
generating the echo, two methods were applied. In general, a
single 180° pulse is used for the preparation (method B). In the
case of strong inhomogeneous broadening, however, a single 180°
pulse saturates only a part of the nuclear spin system and a cross
relaxation between the saturated and unsaturated part of the spin
system contributes to the observed spin lattice relaxation, de-
creasing Tj . By using the saturation comb-spin echo combination
for the preparation (method A) the effect of cross relaxation can
be eliminated. Figure 3 shows for both Cu isotopes the spin-

lattice relaxation cur-
ves and the measured

spin-lattice relaxation
times obtained by method

Echo amplitude

A at room temperature.
As 1t can be seen from
Table 1 which summarizes
the experimental data
for all three isotopes,
method A is more appro-
priate for the broad
lines of the copper
isotopes than method B,

FIE, 3. Semilog plot of the spin-lattice re- whereas for ~P nuclei
laxation curves together with the obtained i _
spin-lattice relaxation times for the both give the same Tj
Wl 0.27Cv0.73]82P18 amo™?hous afoy as value. In the following,

measured by method A. the relaxation times

obtained by method A will be used for the copper isotopes. It can
be calculated from the spin-lattice relaxation time values given

in Table 1 that at room temperature TAT = 1.05 K*s for 65
T1<T = 1.23 K*s for ©3

Cu and
Cu nuclei. For comparison we quote the
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Table 1. Summary of experimental results on the room-temperature re-
W ~0.27Cu0.73)82P18 "Vhous alloy sults on pure crystal -
line copper:
meas-\" *T —
63 T.*T = 1.27 Kes for
ured nucleus 31P Cu 6%y
guantity - 63Cu and TaT=1.09 K*s

i _ for "Cu nuclei [6].
linewidth (©e) 10.9 297 275 [61]

(*10 %) . It can also be seen
T. () A 4.7 4.1 35 that the ratio of the
relaxation times of
5% B 4.7 1.7 1.5

the copper isotopes
T~3/Ta5 = 1.17 prac-
tically agrees with the inverse ratio of their squared gyromag-
netic factors T265”%% = 1715* This fact indicates that the spin-
lattice relaxation is of Korringa-type, that is, it originates
from interactions of the nuclear spin system with the conduction
electrons and it does not contain any observable contribution due
to quadrupole effects.

CONCLUSIONS

63 65

Quadrupolar echoes could be detected on Cu and Cu nuclei

in the rapidly quenched (NiO 27Cuo 73782P18 metaH ic glass. The
quadrupole echo spectra extend over several hundred oersteds.
Further experimental work 1is required to establish whether the
origin of this broadening lies iIn either first or second order
quadrupole effects for which a more detailed study of the origin
and the signal shape of the echoes is necessary. The spin-lattice
relaxation is of Korringa-type, the quadrupolar relaxation does not
give a measurable contribution.
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