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

MAGNI3TIC SCREENING OF ’%‘ NUCI;EI IN PEROVSKI!L% KMgF3 

KEY WORDS: metal fluorides, fluorine NlyDR chemical shift 

V.M. BouPrik and S.P. Gabuda 
Ins t i tu te  of Physics, Siberian Branch, Ac.Sci.USSR, Krasno- 

jar&, U. S. S. R. 

The present work c i t e s  the measurement data f o r  the mag- 

netic screening tensor of fluorine nuclei i n  KMgF 

parison resu l t s  of  I% screening tensor components in this 

substance with the theoretical, based on the overlapping pat- 

te rn  of ion wave functions. 

and corn- 3 

‘zM@;F3 samples approximately I cc i n  s ize  were grown 

from melt. Orientation of the samples was performed i n  ac- 

cord with the external shape and controlled with the aid of 

an X - r a y  goniometer. 

‘?I? NMR spectra were recorded in f i e l d s  up t o  9 and 

23.5 kOe on JIM-3H-60 and JNM-rKI-100 spectrometers respec- 

tively. 

magnitude of the signal gravity centers in re la t ion t o  the li- 

quid CC13F signa 1 (for which the shift i n  relat ion t o  F2 i s  
-6 2 h o r n ’  t o  equal 421.10 ). Procedure , eliminating whatever 

errors  arising on account of the phase detector constant, was 

used. Dispersion admixture in the spectra was pract ical ly  im-  

perceptible. The screening anisotropy magnitude was estimated 

from the dependence of the spectra second moments on the ex- 

ternal  magnetic f i e l d  s t r e s s .  

’% NMR chemical shifts were determined by the shift 
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V. M .  BOUZNIK AND S. P. GABUDA 

KMgF c r y s t a l s  belong t o  the cubic syngony, and a t  300OK 

a,, = 4.00 A. Mg-ions are s i tuated i n  the cubic elementary 
3 

0 

c e l l  c e n t e r s ,  K-ions i n  t h e  a p i c e s ,  and F-ions i n  t h e  

face centers. 

It was found tha t  w i t h  c r y s t a l  ro ta t ion  abou t  the [OOl] 

axis the NhlR spectra  do  not show marked asymmetry, and the  

shift of the spectra m a x i m a  does not depend on or ientat ion 

and i s  (197 f 10).104 i n  the high f i e l d  d i rec t ion  with res- 

pect t o  the CC13F signal.  

or ientat ion along direct ion flodl, there are  t w o  '?F nuclei  

posit ions,  nonequivalent i n  re la t ion  t o  the magnetic f i e l d .  

F o r  one of these the F-Mg bonds are p a r a l l e l  t o  [IOO], while 

f o r  the other they are perpendicular; the number of nuclei i n  

the l a t t e r  posit ion i s  twice tha t  in the  first.  Inasmuch as 

KMgF possesses cubic symmetry, end the F-ions are s i tuated 

on the four - fo ld  axis,  the  screening tensor i s  symmetrical t o  

the exis.  P 

I n  accord with the KMgF3 s t ructure ,  a t  external f i e l d  

3 

I n  t h i s  case the 6 may be represented as: 

6 p  = G + a6(3m28-1), 
where 8 i s  the angle between d i rec t ion  Ho and the screening 

tensor axis. 

The main tensor axis should coincide with the  d i r e c t i o n  

of the hlg-F bonds (i.e. the direct ion of the c r y s t a l  four- 

f o l d  axes). 

d ipoled ipole  in te rac t ion  not taken i n t o  consideration, should 

present a doublet w i t h  a s p l i t  equal t o  3 ~ 6  and a 1:2 doublet 

component i n t e n s i t y  ra t io .  

does not show nei ther  doublet s p l i t ,  nor asymmetry, one must 

assume tha t  theA6 value is small. For evaluating the possible 

Hence, w i t h  I T  p a r a l l e l  t o  [loo], the NIGl spectrum, 

Since the experimental spectrum 
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MAGNETIC SCREENING OF lgF NUCLEI IN KMgF3 

higher l i m i t  f o r  the experimentala6value, the dependence of 

I%? NMR spectra second moments on the applied f i e l d  magnitude, 

orientated paral le l  t o  [loo], was scrutinized. The S2-on-H, 
dependence m a y  be represented as 3 : 

Sg= S,O +2 ( A ~ H ~ ) ~ ,  
where S; i s  the '% NMR spectrum second moment value with Ho 

approaching zero. 

t a l l y  and theoretically by u s i n g  Van Fleck's formula f o r  cal- 

culating the already known structure. 

This value is determined both eqerimen- 

Fig. I shows the dependence of '?I? NMR spectra second 

moments i n  KMgF upon the applied f i e l d  in  the 3 t o  23.5 kOe 

range. It i s  apparent that  the experimental values within 

the entire range coincide wi th  Si = 6.45 Oe2, calculated by 

means of V a n  Fleck's formula, and, f o r  this reason, the higher 

l i m i t  a 6 i s  determined with the value o f  experimental scatter-  

ing of S2 i n  the 23.5 kOe f i e ld ,  amounting t o  about 5%. The 

possible value of ~ 6 ,  obtained herewith, i s  l e s s  than loo5. 
Hence, 4 6  = (0 10)lOd. 

3 

3 
3 9 I5  21 I40 

FIG. 1 
The dependence of '% NMR spectra second moments S2 i n  
upon the applied f ie ld .  
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V. M .  B O U Z N I K  AND S .  P. GABUDA 

Thus, notwithstanding the anysotropic character of  the 

(each F-ion i s  surrounded by fluorine surroundings i n  KMgF 

two I@- and four K-ions respectively), the F-ion electron 

cloud possesses practically cubic symmetry. A t  first sight 

this resul t  appears wholly unexpected and requires explana- 

t ion  arising from the pecul iar i t ies  of the F-M and F-K bonds. 

3 

A t  present it i s  considered established tha t  magnetic 

screening of nuclei i n  ion crystals  i s  mainly due t o  the over- 

lapping of ion wave functions35 ~ccording t o  this viewpoint, 

the screening constaut diamagnetic and paramagnetic p&s a m  

expressed through the overlap-integrals. 
6 Gwdin's method w a s  used f o r  calculating the overlap-in- 

tegrals,  and the Hartry-FockrlS8 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 work 9 The table below 

c i t e s  the overlap-integral. values essent ia l  f o r  finding $. 

F-K . 2.82 A . 0.0595 . 0.0470 . - 0~0149 
F-F 2-82 0.0715 - 0.0410 0.0233 

The screening constant diamagnetic p a r t  al teration, 

caused by atom o r b i t a l  overlapping, equals approximately 

1.104, and the input of the sa id  diamagnetic p a r t  in to  the 

chemical shift m a y  be ignored. 

188 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



MAGNETIC SCREENING OF l9F  NUCLEI I N  KMgF3 

Assuming A E - the fluorine 2p-electron mean exci ta t ion 

energy equal t o  I 0  d , the following values are obtained: 6, = 

-129.3.104, @A = - I28* lOa,  

A 6 =  0.33*104 and p = 0. 

shift with respect t o  the fluorine f r e e  i o n  i s  taken" as 

-717.10", then 6 =  589.106, which coincides with the expe- 

rimental 6 =  (618 2 10)lOd. In  this case q l i s  the '?F eP 
value when the f i e l d  i s  along the Pdng bond, and 6 L i s  tho 

f i e l d  perpendicular t o  the bond. The s m a l l  A6value  i n  H@F3 

is due t o  the proximity of  the F a g  and F-K overlap-integral 

VdueS. Thus, the Kondo-yamashita model, based on the assump- 

tion of the ionic  nature of the bond in the  c rys t a l ,  i s  in  
sound accord with experiment (not o n l y  far 

likewise) on presuming t h a t  there  is an orbital overlapping of 

fluorine with the o rb i t a l s  o f  a l l  the neighboring ions. 

= 3 (26,+ 61) = -128.4*104, 

If the value of the  F2 chemical 

, but for 6 6  

RFDERENCES 

I. D.K. Hindermann, C.D. Cornwell. J.Chem.Phys. 48, 2017 (1968) 

2. V.S. Grechishkin, I.L. Zlatogorsky, F i d k a  Tverdogo Tela, 

3 .  E.R. Andrew, D.P. Tunstell. Proc.Phys.Soc. 81, 986 (1963). 

4, I. Kondo, J. Yamashita. J. Phys.Chem.Solids 10, 245 (1959). 

- 6, 1238 (1964). 

5. Wang I - t s i u ,  M. Volodicheva. Fizika Tverdogo Tela, 2, 642 
(1962) 

6 .  P.O. Gwdin. Advan.Phys. 5, 1 (1956). 

7. C. Froese. Proc. Cambr. Phi l .  SOC., 52, 206 (1957). 
8. VIP, Bratsev. "Tablitsy atomnikh Volnovikh funktsii l l .  NaUa, 

9. D.W. Hafemeister, W.H. Flygare. J.Chem.Phys. s, 795 (l965), 

1 0 . C . D .  Cornwell. J.Chem.Phys. s, 874 (1967). 

1966. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


