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The first experimental proof of the existence of nuclear hexadecapole interactions
has been obtained, in the particular case of crystals of lutetium compounds.

Although nuclear hexadecapole interactions were predicted by Casimir' in 1936,
attempts to experimentally observe these interactions, dating back to* 1955, continue
down to the present day. However, no unambiguous experimental proof of the exis-
tence of nuclear hexadecapole interactions has yet been obtained.
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The Hamiltonian for this problem is

H=H,+H, (1)

where the Hamiltonian H,, describes nuclear quadrupole interactions, and the Hamil-
tonian H,, describes the nuclear hexadecapole interactions.

A joint solution of the secular equations in the axial approximation for the nu-
clear hexadecapole interactions yields the following values of the frequencies for a
nuclear spin I =7/2:
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Here vou i, = Vouy + Ve are the observed frequencies in the spectrum of the nu-
clear quadrupole resonance; AE ,, (17) are the differences between the roots of the
secular equation for the purely quadrupole interaction (see Ref. 2; the specific solutions‘
of the secular equation for a spin /=7/2 in the radicals is given in Ref. 12.);
7 =1(g.x — 4,,)/4.,] is the asymmetry parameter of the tensor representing the gradi-
ent of the electric field; eq,, =d°V/dx’, eq,, =d°V/dy* and eq,, =3d°V/
0z°(|4,,| < |¢.x | < |g..|) are the principal components of the tensor representing the
gradient of the electric field; e’Qq,, is the constant of the nuclear quadrupole interac-
tion (eQ is the nuclear quadrupole moment); and e’Mm is the constant of the nuclear
hexadecapole interaction (eM is the nuclear electric hexadecapole moment, and
em = d*V /9z* is the maximum principal component of the tensor of fourth derivatives
of the potential ¥ at the position of the nucleus).?

It follows from symmetry considerations that the nuclear quadrupole interaction
should be dominated by the valence p-electrons of the resonant atom, while the nu-
clear hexadecapole interaction should be dominated by the valence d- or f-electrons.>*

On the basis of general considerations, we would expect the largest hexadecapole
moment for nuclei with the charge distributions distorted to the greatest extent. We
would intuitively expect a hexadecapole distortion of this sort for nuclei with a maxi-
mum quadrupole moment.

The requirements listed above are satisfied best by the lutetium atom. For '">Lu
(nuclear spin I = 7/2), for example, the nuclear quadrupole moment is larger than for
any other nuclei with half-integer spin (eQ = 5.68 b). The valence shall of the lute-
tium atom is represented by d-electrons. Furthermore, in the case of a perturbation of
the electrons of the f-shell of the lutetium atom by coordination interactions, there
can be an additional (and extremely important) contribution to the nuclear hexadeca-

594 JETP Lett, Vol. 44, No. 10, 25 November 1986 G. K. Semin and A. M. Raevskii 594



_ 0t 80+ | 10007 o= SO0 * SO0F SO0 F | |
_ 9'6L— 8Tl — | ¥81'0 | OI€S IS'P6 66'€8 €9°€S M I .
Vo e _ qﬁ , !
7o ¢ g0 = | 1000¥ 7o 7 5007 SO0 F S00 F f(FONNT |
_ 789~ 9TLE- | PETO $'obS 866 SEVS L09S M I
) 4
9TF 100 + r'e s g0 ¥ 80 7 voF |
TEL TETF9'99 1410 1'50S 0TIl 00L 0LE M I crofeqtny
LOO F | 1000F | 107 . STO0 ¥ S100 * $C00 T O°%Hp -
| 60 | $0FH0 08L°0 $'865 | ££6'611 958 LL 00t S6 | I %(00D°HI)T
! : . : I :
| M W !
| 1o+ #0000 ¥ o F | 900 % 90°0 ¥ L00 ¥
| €0~ I'I+8€— | 0¥8S0 TLITT © ¥EIST LO6ST S8°8ST b
4 4, + mONﬁ\H
600 ¥ | €000 ¥ Y0 ¥ 910 F €00 ¥ 900 F
M 100 0TFEO | SI00 | 006IC 67 69% 18°TIE LS9ST 1
! i
i ZHW ; LW TL-TUS o/s-tle /e~
NNW@ 2 i t |
% [4 ! 2z wo3e wn .
k Eﬁxnb ‘W 22 b w bo 2? w ZHIA ‘sorouonbaly uorisuely 4 -310 JO UONISO{ | punodwo)
| ~ |

3 LL 18 I, JO UONIEINUI 3[0droapexaY IRI[ONU 3Y) JO PUB 90URLOSaT S[odnipenb Jesfnu oy jo sijowered [pnoads T ATIVL

595

G. K. Semin and A. M. Raevskil

JETP Lett., Vol. 44, No. 10, 25 November 1986

595



pole interaction, since the changes in the nuclear hexadecapole interaction are inverse-
ly proportional to the fifth power of the distance.

Our measurements, our analysis, and our check of data in the literature>® have
shown that for crystals of lutetium compounds not all the nuclear quadrupole reso-
nance spectra of '"’Lu can be described by a secular equation without a hexadecapole
correction. The results of the studies and of calculations from (2) are shown in Table
I It follows from this table that the nuclear hexadecapole interactions can vary over a
broad range, from a level statistically indistinguishable from zero to a level comparable
in magnitude to the nuclear quadrupole interactions.

In summary, these results provide the first experimental confirmation of the exis-
tence of a nuclear hexadecapole interaction.

The nuclear quadrupole resonance spectra of '"°Lu were studied at 77 K with the
help of an ISSh-2-13 pulsed nuclear-quadrupole-resonance spectrometer, manufac-
tured by the Special Design Bureau of the Institute of Radio Engineering and Elec-
tronics, Academy of Sciences of the USSR.” For measurements of the frequencies and
widths of the nuclear-quadrupole-resonance lines, we used methods involving a trans-
fer of a heterodyne spectrum,’ zero beats,® and frequency markers.® All of the methods
that were used yielded similar results in repeated measurements. We found it possible
to determine the reproducibility of the experimental results, which turns out to be
about 0.1Av,,, (where Av,,, is the width of the spectral line at half-maximum). The
magnitude of the reproducibility is given in Table I and was used in solving system of
equations (2) by the standard least-squares procedure with respect to e’Qg,,, ¢’Mm
and 7 (Ref. 10). All the calculations were carried out on an Iskra-226 microcom-
puter.'’
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