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Nuclear magnetlc resonance line splitting$, line widths and observed 
second moments are profoundly influenced by the presence of motion of spins 
in the crystal lattice ff the correlatlon frequency is large compared wirh 
the rigid lattice linewldth (expressed in frequency units), the rnotlon 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 WMR line- 
width and observed second moments can therefore, give information about 
she correlation frequency and the porentiai barrier hindering the motion. 

Dereppe2 e: al. reported to have studied the proton and fluorine 
resonances as a function of temperature in the hexahydrated fluorosiiicates of 
magnesium, zinc and iron and also in sodium fluorosilicate. They gave the 
derails ouly in the case of magnesium fluorosilicate hexahydrate. But they 
mentioned that transi:ions 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 rhose obtained by Dereppe 
et al., the zinc salt gave completely difierent results. In this short note. we 
rherefore, briefly report our results in the zinc salt. 

Dilute hydrofluorosilicic acid was prepared by allowing 40% hydrofluoric 
hcid to stand on quartz pieces for several days. The acld was Sltered and 
added to a paste of zinc oxide. When the reaction was over, the resulting 
solution was filtered by suction and ailowed 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 speclra were recordedusing a modified PKW type spectrometer3 
working a t  13.5 MHz. The modula~ion frequency was 330 Hz and the sweep 
rate was 0.08 gaussisec. Some of the calculations were performed using the 
IBM 360144 computer 



FIG. 1 
Tbe proton sccund moment transition in zinc fiuorosilicsie hrxahydrate 
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FIG.  2 
The fluorine second moment transition in zinc fluorosilicaie hexahydrare 

where v, is the correlation frequency, 7, ,  is the niagnetogyric ratio of the 
resonant nuclei, A H, L i ,  and V, :*re the line wtdths (or second moments) at 
temperatures within the transitton regron, 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 

where V 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 w h ~ l e  the corresponding plot for the fluorine 
resonance is shown in Fig. 4. From the plots the height of the potential 
barrier hindering the protoll motion I S  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 
L,, for the two cases are 2.018 x loi4 cps and 9.977 x 10' cps respectively. 



FIG. 3 
Plot o f h  v. ,A (IUOO,'TPK) for proton motion in zinc iiuorasilicole hexanydrnle 

In <an be set11 ~ n a ~  out : c s u i ~ s  d~sagree wirh the qtatement of Dereppc 
rt  d l .  I I I  Illat the fluormc uans~t ion  lakes place at a much lower temperarure 
and the proton rransil:on lakes place aL a much higher temperature when 
cornpared with rile magnes~uni sslt. Thus, there is considerable d~fference in 
the activ.tiion energy of  reorientalion in the  two salts and this can be seen by 
c o m p a r q  the  vaiue of 6 6 M Cal/moie for fluorine and I I 6 K Cailmole for 
proton in the magnesium salt with our 2.533 K Cal/mole and 15.1 K Cal/mo!e 
respectively in the zinc salt. This confirms the view of Chiba et a].' that 
apart from the interaction of ion clusters of opposite sign, other interactions 
play a prominent role in these crystals. A detai!ed rnvestigation of iine 
width dnd second nionxnr transit~oii in other iiuoro~ilicnte; is being carried 
our .tnd t h e  iesulis will b r  r e p o ~ i e d  sl>crrrIq 



From figs. I and 2 i l  may be seen that the second moment transition of 
Pilorine (cenlred around 1 W K )  resonance results i n  a small decrease in the 
second moment of the proton resonance. Similarly Ihe second moment 
transiliou of Ihe proton resonance, (centred at  355°K) results in a lowerin$ of 
the local field seen by the reorienting fluorine nilcle;. 
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