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A polycrystalline sample of ammonium fluoroberyllate was investigated from -183° cup to 
room temperature and a single crystal of (NH4)aBeF 4 was investigated at room temperature 
by means of magnetic resonance of F19 nuclei. Reorientation of (BeF 4) 2- ions has been es
tablished above the ferroelectric Curie point at -97° C. Reorientation of (BeF 4)2- ions is 
shown to occur about an axis fixed with respect to the crystal structure and coincident with 
the c axis of the crystal. The height of the potential barrier for the reorientation of the 
BeF4 group is 9.5 ± 0.4 kcal/mole. 

THE method of nuclear magnetic resonance 
(n.m.r .) is a comparatively simple and convenient 
method for studying the position and the degree of 
mobility of nuclei in crystals. We have used the 
n.m.r. method to study a number of ferroelec
trics [i-S] and in some cases we have established 
the existence of a correlation between the ferro
electric properties and the change in the degree 
of mobility of certain groups occurring in the 
structure of these ferroelectric substances. 

In the present work we have used the method of 
magnetic resonance of F19 nuclei to investigate 
samples of ammonium fluoroberyllate (NH4)2BeF 4, 

the ferroelectric properties of which below -97° C 
have been discovered by Pepinsky and Yona. [.&] 

We have studied the temperature dependence of 
the second moment of the n.m.r. absorption line 
in the temperature range from -183° Cup to room 
temperature. This dependence is shown in Fig. 1. 
The second moment of the n.m.r. absorption line 
is determined by the crystal structure and can be 
calculated by means of Van Vleck's formula. [5] 

In the case of ammonium fluoroberyllate the sec
ond moment can be written in the form of the fol
lowing sum: 

s2 = s~-F + s:-r· + s:-Be + s:-H. (1) 

Here the first term on the right represents the 
contribution to the second moment of the dipole
dipole interaction between the F19 nuclei in a 
BeF4 group, the second term represents the con
tribution due to the interaction between the F 
nuclei of neighboring BeF4 groups, the third term 
represents the contribution of the Be9 nuclei, and 

the fourth term represents the contribution of the 
protons of the NH4 groups. 

In the case of a polycrystalline sample these 
terms depend on the distances between the nuclei 
and their direct calculation by means of Van 
Vleck's formula gives for a fixed position of the 
nuclei 

5F2-F =3163·10-48 ~rG 
' . ~ l ' 

i 

s:-Be = 15.6·10-48 ~fj6' 

s:-H = 155.0·10-48 ~'ks, 
k 

(2) 

(3) 

(4) 

where the subscripts i, j, k refer respectively to 
the distances from a given F nucleus to other flu
orine nuclei belonging to the same BeF 4 group 
and to neighboring groups, from a given F nucleus 
to the beryllium nuclei, and from the F nucleus to 
the protons. 

For the numerical evaluation of the second mo
ment it was assumed that the BeF4 group can be 
represented by a regular tetrahedron with the Be 
atom at the center, and that the F-F and the 
F-Be distance (cf. reference [GJ) are respec
tively equal to 2.63 and 1.61 A. Since the complete 
structure of ammonium fluoroberyllate is as yet 
unknown, the calculation of the second and of the 
fourth terms in the sum S2 presents certain dif
ficillties. However, it is known that in general 
terms the structure of (NH4) 2BeF4 is close to the 
structure of the (NH4)2so4 crystal. Until very re
cently these structures were even considered to 
be isomorphic, but Pepinsky et al. [f] have shown 
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that small differences between these structures 
exist even at room temperature. In carrying out 
the calculation it was assumed that the BeF 4 and 
NH4 groups in ammonium fluoroberyllate are sit
uated similarly to the 804 and NH4 groups in the 
structure of (NH4)2S04• For this reason the cal
culation can be regarded only as a first approxi
mation, particularly at low temperatures. 

With respect to the NH4 groups it was as
sumed that they undergo spherically isotropic 
reorientation within the whole range of tempera
tures studied. This follows from the experimen
tal data of Blinc and Levstek [B] who drew this 
conclusion on the basis of studying (NH4) 2BeF4 

by proton n.m.r. We have also observed proton 
resonance in (NH4)2BeF4 at room temperature: 
the results obtained confirm the conclusion with 
respect to the isotropic reorientation of the NH4 
groups. 

The results of the calculation are shown in the 
table. The calculations have been carried out for 
two cases. In the first case it was assumed that 
the BeF4 groups are stationary-"rigidly" fixed 
in the structure, in the second case it was as
sumed that they undergo reorientation about axes 
fixed in the structure and coincident with the third 
order axes of the BeF4 groups themselves. As 
can be seen from the table, the results of the cal
culation in the first case agree with the experi
mental values of the second moment in the range 
from -183° C to -100° C, and in the second case 
agree with the value of 82 measured in the range 

FIG. 1. Temperature dependence of the sec
ond moment of the magnetic resonance absorp
tion line due to F 19 nuclei in (NH4 ) 2 BeF4 • 

from -20° C to+ 20° C. Therefore, the variation 
in the second moment within the range from 
-100° C to -20° C is a consequence of the usual 
rotational transition associated with a reorienta
tion of the BeF4 groups about fixed axes. 

In order to answer the question as to the direc
tion in the elementary crystal cell about which the 
BeF 4 groups undergo reorientation additional ex
periments were carried out on a single crystal 
sample of ammonium fluoroberyllate at room 
temperature. The sample was a crystal of 10 x 6 
x 1. 5 mm with well defined faces; the crystal axes 
were denoted by a, b, c, and their directions co
incided with the directions of the axes of the ele
mentary cell whose parameters are equal to 
a= 5.89A, b = 10.39A and c = 7.49A. 

A 

J 

rp• 
or---J20--~4~0--~807---D~O--~I0~0---1~20~~,4~0~~,6~0~-,~80 

B 
0 0 

4 

u~~2~0---4~0~~8~0---8~0~~f0~0---1~20~~M~0--~16~0~-t~M 

FIG. 2. Dependence of the second moment on the orienta
tion of the single crystal of (NH4 ) 2BeF 4 at t = 20°C: A- for a 
rotation about the a axis; B- for a rotation about the c axis. 
The angle cp is measured from the b direction. 

BeF4 groups I sF-F I sF-Bel sF-F'Ist-H I s I Experimental I 
2 2 2 2 values of 82 

T," C 

Stationary 2.835 0.90 0.10 6.25 10.1 11.0±0.5 to-183 fro m 

Undergoing 
reorientation 0.71 0.25 0.03 3.10 

-100 

4.1 4.2±0.2 :w to,-2Qfrom -i-' 
--. 
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FIG. 3. Temperature dependence of the correlation 5 

frequency for the reorientation of the BeF4 group in am-
monium fluoreberyllate (the value of V0 is given in 4 
kcaljmole). 

J 
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We have studied the dependence of the second 
moment of the n.m.r. absorption line on the ori
entation of the crystal in a magnetic field as the 
crystal was rotated about the a and c axes. 
The results of this experiment are shown in Fig. 2. 
The solid lines on the same diagram represent the 
results of a numerical calculation of the angular 
dependence of the second moment on the assump
tion that all the BeF4 undergo reorientation about 
the c axis. In this calculation we have used Van 
Vleck's formula for a single crystal; in order to 
take into account the reorientation of the BeF 4 

groups we have averaged over all the motions 
occurring. The method of evaluating such an 
average in the general case is given by Andrew 
and Eades. [9] 

The absence of any appreciable angular depend
ence of the second moment as the crystal is ro
tated about the c axis is explained by the fact that 
the BeF4 groups themselves undergo reorientation 
about this axis. The small angular dependence 
which appears in the calculated curve is explained 
by the contribution to the second moment of the 
neighboring Be F 4 and NH4 groups. 

Thus, the experimental results shown above 
give evidence for the existence of reorientation 
("hindered rotation") of the BeF 4 groups in the 
(NH4hBeF4 crystal about the c axis at tempera
tures above -100° C. The temperature dependence 
of the second moment enables us to determine the 
height of the potential barrier hindering the rota
tion of these groups. As Gutowsky and Pake [10] 
have shown, the temperature dependence of the 
second moment is given by the expression 

s2 (T) = s;ig+ (S~ot:_s~ig) ·+ rr. tan-1 (r VSz(T)j2nvc), (5) 

h srig grot d (. . w ere 2 , 2 an S2 T) are respectively the 
second moments at low temperatures (when there 
is no reorientation), at high temperatures (above 
the rotational transition) and at the given temper
ature; lie is the correlation frequency for reorien
tation, which can be represented in the form [11,3] 

1 (2Vo)'/• ( V0 ) 
Vc = 2n T exp - kT ' (6) 

where k is the Boltzmann constant, T is the ab
solute temperature, V0 is the height of the poten
tial barrier for reorientation, J is the moment of 
inertia equal to 219.1 x 10-40 g-cm2 for the rota
tion of the regular BeF 4 tetrahedron about its 
threefold axis. This formula is valid for the 
case of the so-called classical reorientation when 
the tunnel effect can be neglected. As Das [11] has 
shown, the tunnel effect can always be neglected 
when the nuclei undergoing reorientation are 
heavier than protons. Thus, the use of formula 
(6) in our case is completely justified. 

Figure 3 shows the dependence of the correla
tion frequency on the temperature for different 
values of V0; it also shows the experimental val
ues of lie calculated by means of formula (5). The 
experimental values agree well with the calculated 
ones for V0 = 9.5 ± 0.4 kcal/mole, and this once 
again confirms the classical mechanism for the 
reorientation of the BeF4 groups. 

The correlation between the beginning of the 
decrease in s2 at a temperature of -100° c and 
the Curie point of ammonium fluoroberyllate is 
noteworthy. At the present time it is difficult to 
say whether this correlation indicates some deeper 
relation between the decrease in the mobility of 
the BeF4 groups at temperatures below -100° C 
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and the existence of spontaneous electric polari
zation in (NH4)2BeF 4 at these temperatures. It 
is also possible to assume that the appearance 
of spontaneous polarization is accompanied by a 
change in the relative position of the structural 
elements of the lattice, and also by deformations 
of the structure elements themselves. The latter 
possibility, apparently, agrees with the deforma
tion of the electronic shells of the [NHJ + and 
[BeF J 2- ions found by Blinc [8] in the course of 
his investigation of the infrared spectra of ammo
nium fluoroberyllate below the Curie point. The 
appearance of spontaneous polarization in this 
crystal can, thus, be related to the combined 
effect of these factors. As regards the mechan
ism responsible for the appearance of polariza
tion as a result of the ordering of the rotational 
transitions of the NH4 groups proposed by 
Matthias and Remeilm, [12] in the light of the pro
ton magnetic resonance data [8] we can be dealing 
only with the ordering of the positions or of the 
polarization of the ammonium ions themselves, 
since the nature of the reorientation of these ions 
does not change as a result of passage through 
the Curie point. 

The authors are grateful to V. A. Koptsik for 
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fluoroberyllate crystals, and to K. S. Aleksandrov 
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