This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
| Publication details, including instructions for authors and subscription information:
SIJPEGIIOSCOP) http://www.informaworld.com/smpp/title~content=t713597299
BHL
LEIETS

Exbir: Mok C. Mkl

Ar IeTarions . Makmwizieary laamat

Magnetic Screening of ’F Nuclei in Perovskite KMgF,
V. M. Bouznik?; S. P. Gabuda®
* Institute of Physics, Krasnojarsk, U.S.S.R.

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Bouznik, V. M. and Gabuda, S. P.(1969) 'Magnetic Screening of “F Nuclei in Perovskite KMgF ',
Spectroscopy Letters, 2: 6, 185 — 189

To link to this Article: DOI: 10.1080/00387016908050039
URL: http://dx.doi.org/10.1080/00387016908050039

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387016908050039
http://www.informaworld.com/terms-and-conditions-of-access.pdf

04:33 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 2(6), 185-189 (1969)

MAGNETIC SCREENING OF 19 NUCLEI IN PEROVSKITE KMgF3
KEY WORDS: metal fluorides, fluorine NMR chemical shift

V.M. Bouznik and S.P. Gabuda

Institute of Physics, Siberian Branch, Ac.Scil USSR, Krasno-
jarsk, U. S. S. R.

The present work cites the measurement data for the mag-
netic screening tensor of fluorine nuclei in KMgF3 and com-—
parison results of 19F screening tensor components in this
substance with the theoretical, based on the overlapping pat-
tern of ion wave functions.

KMgF3 samples approximately 1 cc in size were grown
from melt. Orientation of the samples was performed in ac-
cord with the external shape and controlled with the aid of
an X-ray goniometer.

19F NMR spectra were recorded in fields up to 9 and
23.5 kOe on JNM-3H-60 and JNM-4H~100 spectrometers respec-
tively. % nm chemical shifts were determined by the shift
magnitude of the signal gravity centers in relation to the li-

F signa 1 (for which the shift in relation to F, is
2

guid CCl3
known to equal 421.10"6). Procedure®, eliminating whatever
errors arising on account of the phase detector constant, was
used. Dispersion admixture in the spectra was practically im-
perceptible. The screening anisotropy magnitude was estimated
from the dependence of the spectra second moments on the ex-

ternal magnetic field stress.

185
Copyright © 1969 by Marcel Dekker, Inc.



04:33 30 January 2011

Downl oaded At:

V. M. BOUZNIK AND S. P. GABUDA

KMgF3 crystals belong to the cubic syngony, and at 300°K
80 = 4.00 K. Mg-ions are situated in the cubic elementary
cell centers, K-ions in the apices, and F-ions in the

face centers.

It was found that with crystal rotation about the [001]
exis the NMR spectra do not show marked asymmetry, and the
shift of the spectra maxima does not depend on orientation
and is (197 £ 10).10™° in the high field direction with res-
pect to the 0013F signal.

In accord with the KMgF3 structure, at external field
orientation along direction ﬁ(Xﬂ s there are two 19F nuclei
positions, nonequivalent in relation to the magnetic field.
For one of these the F«Mg bonds are parallel to Euxﬂ, while
for the other they are perpendicular; the number of nuclei in
the latter position is twice that in the first. Inasmuch as
KMgF3 possesses cubic symmetry, asnd the F-ions are situated
on the four-fold axis, the screening tensor is symmetrical to
the axis. In this case the CTP may be represented as:

Gp =6 + a6 (3c08%6-1),
where 6 is the angle between direction H, and the screening
tensor axis.

The main tensor axis should coincide with the direction
of the Mg-F bonds (i.e. the directiorn of the crystal four-
fold axes). Hence, with H parallel to [100], the NMR spectrum,
dipole-dipole interaction not taken into consideration, should
present a doublet with a split equal to 3aA6 and a 1:2 doublet
component intensity ratio. Since the experimental spectrum
does not show neither doublet split, nor asymmetry, one must

assume that the A6 value is small. TFor evaluating the possible
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higher 1imit for the experimental A6 value, the dependence of
19F NMR spectra second moments on the applied field magnitude,
orientated parallel to [100}, was scrutinized. The S,—on-H,
dependence may be represented a33 :

S2= 85 +2 (A6 Ho)?,
where S§ is the 19F NMR spectrum second moment value with H,
approaching zero. This value is determined both experimen-
tally and theoretically by using Van Fleck'!s formula for cal-
culating the already known structure.

Fig. 1 shows the dependence of 195‘ NMR spectra second
moments in KMgl?‘3 upon the applied field in the 3 to 23,5 kOe
range. It is apparent that the experimental values within

the entire range coincide with Sg = 6445 062

y calculated by
means of Van Fleck'!s formula, and, for this reason, the higher
limit A6 is determined with the value of experimental scatter-
ing of 82 in the 23.5 kOe field, amounting to about 5%. The
possible value of A6 , obtained herewith, is less than 10"5.

Hence, A6 = (O X 10)40"6.
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FIG. 1

The dependence of 19F NMR spectra second moments 82 in KMgF3
upon the applied field.
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Thus, notwithstanding the anysotropic character of the
fluorine surroundings in KMgF3 (each F-ion is surrounded by
two Mg~ and four K-ions respectively), the F-ion electron
cloud possesses practically cubic symmetry. At first gight
this result appears wholly unexpected and requires explana~
tion arising from the peculiarities of the F-M and F~-K bonds.

At present it is considered established that magnetic
screening of nuclei in ion crystals is mainly due to the over-
lapping of ion wave functionsl."'5 According to this viewpoint,
the screening constant diamagnetic and paramagnetic parts are
expressed through the overlap-integrals.

Iowdin's method®

was used for calculating the overlap-in-
tegrals, and the Hartry—Fock7’8 equation solutions were taken
as the wave function radial parts. Numeric calculations were
chiefly performed with Simpson's formula. The F-F and F-K
overlap-integrals were taken from work9. The table below

cites the overlap-integral values essential for finding 6,.

TABLE

Bond ° Interionic ' S{gpglnlpe) f 5(2/)6‘/"5)

distance

S(2prinpn)

F-lg ., 2,00 zx - 0,0466 . 0,0598 .  0,0287
F-K 2.82 4 . 0,055 , 0,0470 , = 0,049
F-F 2.82 4 0.0715 . = 0.0410 .  0.0233

.

The screening constant diamagnetic part alteration,
caused by atom orbital overlapping, equals approximately
’1.10"6, and the input of the said diamagnetic part into the
chemical shift may be ignored.
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Assuming A E ~ the fluorine 2Zp-electron mean excitation
energy equal to 106V, the following values are obtained: Oy =
-129.34107C, 01 = ~128.107®, 6 = ;. (26+ 6y) = ~128.4.107°,
46 = 0,33+10™° and p = 0. 1If the value of the ¥, chemical
shift with respect to the fluorine free ion is takenqo as
~717.107°, then 6 = 589.107°, which coincides with the expe—
rimental 6= (618 % 10)10°, In this case Gy is the 19F 6,
value when the field is along the F-Mg bond, and Oyis the
field perpendicular to the bond. The small A6 value in KZ(\lIgF3
is due to the proximity of the F-Mg and F-K overlap~integral
values. Thus, the Kondo-Yamashita model, based on the assump-
tion of the ionic nature of the bond in the crystal, is in
sound accord with experiment (not only far 6 , but for A6
likewise) on presuming that there is an orbital overlapping of
fluorine with the orbitals of all the neighboring ions.
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