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Nuclear magnetic resonance line splittings, line widths and observed
second moments are profoundly influenced by the presence of motion of spins
in the crystal lattice If the correlation frequency is large compared with
the rigid lattice linewidth (expressed in frequency units), the motion will
result in an averagmg of the local fields and hence a narrowing of the
resonance line’. A study of the temperature dependence of the NMR line-
width and observed second moments can therefore, give information about
the correlation frequency and the potential barrier hindering the motion.

Dereppe* et al. reported to have studied the proton and fluorine
resonances as a function of temperature in the hexahydrated fluorosilicates of
magnesium, zinc and iron and also in sodium fluorosilicate.  They gave the
details only in the case of magnesium fluorosilicate hexahydrate. But they
mentioned that transitions in the zinc salts took place in the same manner as
in the magnesium and iron salts but at a few degrees lower. We find that
while the magnesium salt gave results similar to those obtained by Dereppe
et al., the zinc salt gave completely different results.  In this short note, we
therefore, briefly report onr results in the zinc salt.

Dilute hydrofluorosilicic acid was prepared by allowing 409, hydrofluoric
acid to stand on quartz pieces for several days. The acid was filtered and
added to a paste of zinc oxide.  When the reaction was over, the resulting
solution was filtered by suction and allowed to evaporate. Crystals obtained
were purified by recrystallisation.  The substance was finely powdered and
enclosed in a glass capsule for use in the experiments.

The NMR spectra were recorded using a modified PK'W type spectrometer®
working at 13.5 MHz. The modulation frequency was 330 Hz and the sweep
rate was 0.08 gauss/sec. Some of the calculations were performed using the
[BM 360/44 computer.
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The spectra were recorded in the temperature range 30°K to 420°%.
The temperature variation of the observed second moment of the proton
resonance is shown in Fig. L, while that of the fluorine resomance is shown
in Fig. 2.

For a simple model*~® it can be shown that
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The proton second moment transition in zinc flucrosilicate hexahydrate
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The fluorine second moment transition in zinc fivorosilicate hexahydrats

where , is the correlation frequency, 7, 1s the magnetogyric ratio of the
resonant nuclei, A H, Ugand ¥ are the line widths (or second moments) at
temperatures within the transition region, below and above the transition
respectively. The correlation frequency is, in general, temperature dependent
and for a classical description of the motion, it is assumed to have the form

v.=vg exp (— V/RT)

where ¥ is the height of the potential barrier hindering the motion.

The temperature dependence of the correlation frequency for the proton
resonance is shown in Fig. 3 while the corresponding plot for the fluorine
resonance is shown in Fig. 4. From the plots the height of the potential
barrier hindering the proton motion 1s found to be 15.1 K Cal/mole while that
hindering the fluorine motion is 2,533 K Cal/mole. The values of the constant
v, for the two cases are 2.018 x 10!* c¢ps and 9.977 x 10° cps vespectively.
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Plot of % »,_ s (100G/T°K} for proton motion in zinc fluoresilicate hexanydrate

In can be seen that owr results disagree with the statement of Dereppe
2f al. 1 that the fuorine transition takes place al a much lower temperature
and the proton transition tukes place at a much higher temperature when
conpared with the magnesium salt,  Thus, there is considerable difference
the activation energy of reorientation in the two salts and this can be seen by
comparing the vaiue of 6 6 K Cal/mole for fluorine and 11 6 K Cal/mole for
proton in the magnesium salt with our 2.533 K Cal/mole and 15.1 X Cal/mote
respectively in the zinc sali.  This confirms the view of Chiba et al.” that
apart from the interaction of ion clusters of opposite sign, other interactions
play a prominent role in these crysials. A detailed wnvestigation of line
widih and second moment tragsition in other fluorosilicates is being carried
out und the results will be reporied shortly
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Plet of /n ». vs (1000/T°K} for fiuorin~ motion in zinc Auorosilicate hexahydrate

From figs. 1 and 2 it may be seen that the second moment transition of
fluorine {(centred around 135°K) resonance results in a small decrease in the
second moment of the proton resonance. Similarly the second moment
transition of the proton resonance, (centred at 355°K) results in a lowering of
the local field seen by the reorienting flnorine nuclei.

The authors are deeply indebted to Prof. R. 8. Krishnan and Prof. P. S.
Narayanan for their kind interest in this work.  One of the authors (K. M.)
thanks the CSTR for the award of a Junior Fellowship.



S

[

e

*a

Abragam, A,

Dereppe, J. M, Lobo, P. W, and
van Mesrssche, M.

Pound, R. VY.

Slichter, C. P, .. ..

Das, T. P. e s

Q' Reiliy, D. B, and Tasng, T.

Chiba, T. T. and Soda, G.

K. MUTHUKRISHNAN AND J Ramaxrisying

REEFRINCE
‘. Princinles of Muclear Magnetsm, { TheClaren.
den Press) (1961) Ch. 10,
J. Clum, Phys 6%, 1076 (1963).

Piogr. Nucl Phys. (1964, 2,17,
Principles of Magnetic Resonance, {(Harper
and Row Publishers Inc.) 1964, p 230,
. J. Chem. Phy. (1958) 27, 763
o ibid. (1967 46, 1298,

Bill Chem. Soc, Japan, 41, 1524 (1968).



