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A model is proposed for a quantitative description of the dependence of the anomalous shape of
the NMR line in modulated structures on the crystal orientation in a magnetic field, and a method
is proposed for determining the electric field gradient (EFG)near the maximum amplitudes of the
displacement waves. It is proposed to describe the EFG distribution in terms of position color
symmetry. It is observed that resonance experiments demonstrate the conservation of the generalized symmetry in the commensurate-incommensurate phase transition.
PACS numbers: 76.60. -- k, 76.20.
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I. INTRODUCTION

The first radiospectroscopy investigations of spatially
modulated structures revealed a. number of anomalous phenomena in the NQR'.* and NMR3.4spectra.
The anomalous line shape of the resonance spectrum
and the.temperature dependence of the frequencies of the
spectral distribution peaks were explained from the viewpoint of modulation of the electric field gradient (EFG), at
the location of the nucleus, by an incommensurate displacement wave. l 4 A quantitative description, assuming modulation of the EFG by a single Fourier harmonic of the displacement field (modulation by a plane wave)- and in the
has yielded very important
phase-soliton appr~ximation~-~
information on the structure of incommensurate phases of a
number of ferroelectrics. For example, NQR spectra, and
later NMR and EPR spectra, provided direct experimental
confirmation of the existence of a lattice of phase solitons
near the "lock-in" transition (T,). With rise in temperature,
this state was observed to turn into purely sinusoidal modulation near the high-temperature transition T I .1,2,7-11
Even the first NMR experiments have shown that the
shape of the anomalous line depends on the crystal orientation in the magnetic field. It was shown in Ref. 12 that the
orientation in the magnetic field. It was shown in Ref. 12
that the orientation dependences;of the peaks of the anomalous spectral distribution can be used to determine the EFG
tensor near the maximum amplitudes of the displacement
wave. Regular investigations of the EFG in different temperature regions of the incommensurate phase can yield considerably more complete information on its structure than
the temperature dependence. Of greater interest, however, is
apparently the possibility of investigating the symmetry
properties of the incommensurat.estructure.
The method of determining the EFG in a three-dimensionall~periodic lattice"
be
to an
incommensurably modulated structure. Just as in the description of the temperature dependence of the anomalous
line shape, it is necessary here to develop a new quantitative
description. The EFG tensor at the "Rb nucleus in
Rb,ZnC14 was determined in Ref. 12in the immediate vicinity of the high-temperature phase-transition point TI, where
the incommensurate displacements are very small and the
modulation effect can be easily deduced from the experimen774
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tal curves and from certain general considerations.
We formulate in this paper the selection rules for the
nonzero components of the modulation-correction tensor.
This permits, in each concrete case, to write down the general form of the EFG tensor for the incommensurate phase
and interpret the experimentally observed orientation dependences of the line shape at any temperature, except in the
vicinity of the lock-in transition. The quantiative model is
compared with the experimental data, the spectra are interpreted, and the EFG tensor of "Rb in the incommensurate
phases of Rb2ZnC14and Rb2ZnBr4is determined at several
temperatures.
It is known that incommensurate modulation of lattice
displacements leads to loss of three-dimensional periodicity
of the crystal. 14*15 We show in this paper that in resonance
experiments the generalized symmetry is conserved in the
phase transition from the initial to the incommensurably
modulated phase. It is proposed to describe the local properties of the incommensurate phase (the FEG at the point of
localization of the nucleus) in term of positional color symmetry.
I!. THE MODEL

The EFG tensor component in the lattice position ( S ]
below the phase transition point can be represented by a series in powers of the displacements in the "frozen" soft
model6:
N

I

N

i

The expansion is carried out near the equilibrium positions of the initial phase,

the displacements are observed along thex d i r e c t n , and the
is over all the nuclei that contribute to the
EFG at the nucleus S.
Approximating the displacement field in the incommensurate phaw by a single Fourier harmonic, we
in
accord with Ref.
UJ=Uocos q=U0 cos (qazr+cD0) ;

(2)

here
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is the reciprocal-lattice vector, p is an integer, and z,
numbers the lattice positions that are translationally equivalent in the initial phase along the modulation direction z.
Using (2),we can rewrite (1)in terms of the real phase
and of the amplitude of the order-parameter:
T

nT

are encountered states connected by the mirror-reflection
plane and by a glide through half the period along z.
Let us consider the EFG at nuclei corresponding to the
positive and negative maximum amplitudes of the displacements in the modulation cell. The EFG tensors of these lattice positions differonly in the signs of two off-diagonalcomponents
in accord
with the mirror-reflection
transformation. This imposes stringent restrictions on the
form of the modulation-correction tensor, and determines
the selection rule for its nonzero components: linear corrections A V, = a v ( U,) with alternating signs of U, can be
introduced only for off-diagonal components and only if the
corresponding components of the EFG tensor of the basic
lattice are equal to zero. This takes place if the "working"
nucleus in the initial structure is located in a particular position. Corrections to diagonal components are always quadratic in U,:A V, = a, U i.
The relations between the frequency of the resonance
line and the EFG at the nucleus are different for NQR,
NMR, and EPR spectroscopy. In all cases, however, as a
consequence of (4), the resonance frequency can be represented as a series in powers of the order parameter, with the
coefficients determined from the EFG tensor components.
In studies involving the description of the line shape in a
modulated structure, these coefficients were empirical constants and were determined from the experimental temperature dependences of the frequencies of the spectral maxima.
In ordinary structures, the NMR spectrum consists of a
relatively small number of singlet lines, each of which corresponds to one of the lattice positions of the working nucleus.
In an incommensurate structure the infinite number of states
filling the cosinusoid of the displacement profile contributes
to the frequency spectrum, and the spectral density function
is defined as3-5
f ( v )= c ~ n ~ t / ( d ~ / d z r ) .
(6)

+

It can be seen from (3)that in the incommensurate phase
the EFG varies quasi-continuously along the displacement
profile, between maximum-amplitude values corresponding
tocosp, = + 1 and - 1.
We assume next that the main changes of the EFG below TI are due to incommensurate displacements of the nuclei under observation. Then
Vi:{S} =T7i,C{S) +AUo e o s vI+BUoZC O S ' V I ~ . . . .
(4)
We note that this rather crude approximation holds well for
a description of the temperature dependences of the shapes
of resonance lines.'^^-^
The EFG in the incommensurate phase can thus be represented as a sum of the EFG tensor in the lattice position
( S ) of the initial structure (ofthe basic lattice)and the tensor
A Vv ( S ) of the modulation corrections:

The representation in the form (5)is convenient for a transition to a description of the symmetry properties in terms of
positional color symmetry, where A V, ( S J plays the role of
the color details with cosinusoidal distribution, and Vi represents the properties of the basic lattice.
Because of the irrational ratio of the period of the basic
lattice to the period of the modulating wave, the displacement function is not periodic in the running coordinate z,.
From the viewpoint of classical symmetry, the three-dimensional spatial periodicity of such a crystal is disturbed. It is
impossible to find points with like "color" on a finite segment of the displacement profile. If, however, I+ co , "quasisingle-color" points not connected by a constant translation
can be observed. On each finite displacement-profile segment there is a loss of the symmetry plane E of the initial
structure. It is easy to show that one-dimensional modulation destroys also other elements of the Fedorov symmetry
group of the initial three-dimensional cell.
If all the states encountered on a profile of infinite
length are transfered to the cosinusoid segment corresponding to the period of the modulating wave, the lattice states fill
continuously this segment, which can be called the "modulation ce11."18 This operation recalls the referral of all the reciprocal-lattice vectors the first Brillouin zone. The modulation cell includes the entire possible set of lattice states of the
given profile, the "color" in it varies continuously, and a
translation appears, namely, points of like color are connected by the modulation period, and in each half of this period
775
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In the plane-wave-modulation approximation the line
shape is a wide frequency continuum bounded by the maxima of the spectral density at the zeros of the function dv/dz,.
The terminal peaks correspond to the displacement-profile
points with p , , = 0 and T, i.e., to the positive and negative
maximum amplitudes of the displacements. When (4)is approximated by only even powers of U,, one of the edge peaks
corresponds as before to the maximum amplitude of the displacements, while the second peak corresponds to p2= ~ / 2 ,
i.e., UJ = 0. A third singularity can appear in the spectrum if
A < 2B.5-7
The frequency of the edge peaks at constant temperature depends on the crystal orientation in the magnetic field.
To write down in explicit form the connection between the
frequency and the EFT-tensor components it is necessary to
specify the form of the tensor V i as applied to the investigated crystal. The working 87Rbnuclei in the structure of the
initial phases of Rb2ZnC1, and Rb,ZnBr, are located in a
mirror-symmetry plane in two structurally nonequivalent
positions (Rbl and Rb2).12,'9Therefore in a fixed coordinate
frameallx, b Ily, cllz, wherea < c <bare the axes ofthe rhombohedral cell P,,, ,the EFG tensor has only one nonzero offdiagonal component Viz. In accord with the selection rules
Aleksandrova eta/
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formulated above, the tensor of the modulation corrections
takes the form

A v I I I J = ~ v o +( 0( )A T sin 20+Av sin 40)'/4(An+Aq cos 20
+ A w cos 4 0 ) , (9)

where
cos q 3 = ( A r sin 20+Av sin 4 8 ) / 2 ( A n + A q cos 20-Aw cos 4 0 ) ,
An, Q q , Aw-U,2,
Ar, Av-U,.
We have observed in our measurements only the central
It can be seen from (9)that the phase p 3near which the
lines of the spectrum of "Rb (1,2) ( + 1- - 1 transition), third minimum of the function dv/dp is observed depends
whose positions are determined by the second-order quadru- on the crystal orientation in the external field. The third
pole shift Av from the Larmor frequency v,. Introducing (5) singularity is not "tied" to some definite point of the disand (7)in the known relations for the three mutually orthog- placement profile, but is "displaced" in the modulation dional rotations of a crystal13 and discarding all Uo powers rection when the crystal is rotated. From the condition cos
higher than the second, we obtain equations that describe p 3< 1 we can determine the range of 0 in which third soluthe orientational dependences of the frequencies of the tertions can exist.
minal peaks of the continua in the coordinate frame a Ilx, b lly,
Relations (8)and (9)permit the spectral peaks to be tied
cIIz.
in with points on the displacement profile.
For alHo we have
Ill. EXPERIMENTAL RESULTS AND DISCUSSION
hv,'=n,+q, cos 20,+r, sin 20,+w, cos40,+v, sin 40,,
n,=L[18c2 ( Vm+ai,UoZ)
2+ ( c ~ - ~ ~ c ~ X V ~ ~ - V ~ ~ + ~ ~ ~ U ~ ~ - ~ ~ ~ ~ U ~ ~ )
In Sec. I1 we obtained a quantitative relation between
+4(c2-4ci) VYz2+16(c2-ci) ( a i 2 2 - a Ugl]
l ~ Z,)
the orientation dependence of the positions of the peaks of
qx=L [12c2( V,+aiiCro" ( V,,-Vzz+a2~Uo2
the anomalous spectral distribution, on the one hand, and
- ~ a s s U 2+I6
) (c2+cl) (~~51-aiZ2)
U?],
the EFG tensor components in a modulated structure, on
r,=L[-24c2 (V,+ai,Uo2) V1,+32(cz+c,) a i 2 a i 3 U 0 2 ] ,
the other. The EFG tensor is determined by following the
(84
w,=L(c2+4c,) [ ( V , - V , , + U ~ ~ U , ~ - 2--4Vu12],
~ ~ ~ ~ U ~ ~ ) following most efficient measurement procedure:
1. Determine the EFG tensor at a given structure in the
v,=-4L[ (c2+4c,)(V,,- V,,+a22U02-~a33U02)
Vv,],
basic structure from measurements of the second-order qua--6 ( m - i / 2 j 2 ] r
ci ( m )=4 [ ( J + 3 / 2 )
drupole shift of the central component of the spectrum, usc2( m )=2 [ ( J + 3 / 2 )(J-'/J -3 ( m - i / , ) 2 ] ,
ing the method of Ref. 13.
L=
vL. For bLH, we have
2. Plot the orientation dependences of the line shape at a
certain
fixed temperature in the incommensurate phase as
Av,"n,+q,
cos 20,+r, sin 20,,+ w, cos 40,+v, sin 40,,
the
crystal
is rotated in a magnetic field about the three mun,=L [ 1 8 ~(Vm+azeUo2)
2
'+ (c2-4c,) (V,,-Vma33U02
tually
perpendicular
axes of the laboratory frame. After
- a , I U o 2 '+4
) (c2-4c1)u,j2UoZ+16(c2-ci) (Vuz2+a,2ZUoz)]
,
plotting the orientational dependences of the frequencies of
qu=L [12c2 (Vuy+azzUoZ)(VZ,+as3Uu2-Vx-aiiUo2)
the terminal maxima of the spectral distribution, determine
- i 6 ( s + c l ) (V,,2-a122U02)l,
(8b! the quantities a,(Tl - TI)B and aii(Tl- TI)w from relations (8). These quantities are indicative of the modulation
corrections at the maximum positive and negative displacement points in the modulation wave. They vary cosinusoiAnalogous relations for clHo are obtained by cyclic dally along the displacement profile and can thus be easily
permutation of the indices xyz in (8a). Here 0 is the angle determined at any point z,.
between the direction of the magnetic field and the axis of a
3. Obtain, at a fixed crystal orientation in the magnetic
fixed system of coordinates in a plane perpendicular to the field, the temperature dependences of the line shape in the
rotation axis.
entire region of existence of the incommensurate phase, and
The coefficients rand v in (8b)are positive for + Uo and determine from them the exponent Q.Since aVand a, are
reverse sign for - U,; the result are two frequencies Av,
constants, this will also determine the EFG tensor at any
and Av- for each orientation, corresponding to the two ter- temperature in the region where the plane-wave-modulation
minal peaks. In periodic structures the signs of these coeffi- approximation is applicable. It was established in Refs. 1, 2,
cients are reversed if the structure contains nuclei that are 6, and 7 that in Rb,ZnCl, and Rb,ZnBr, this approximation
related by Fedorov symmetry-group elements. When the ro- describes well enough the entire incommensurate-phase retation axis is parallel to the direction of the displacements in gion, except the immediate vicinity of T,.
the modulation wave (am,), the relation for Ad* contains
The EFG tensor in an incommensurate structure can
only corrections quadratic in U,. At certain orientations of undoubtedly be determined also when the basic-structure
in rotations with b m 0 and cLHo the coefficients of the cor- EFG tensor cannot be determined for some reason. In that
rections linear in Uo are small and a third singularity that case, to obtain information equivalent to that indicated
complicates the interpretation of the orientation depen- above, one must plot the experimental orientation dependences can appear in the spectrum. The orientation depen- dences of the line shape for three orthogonal rotations at
dence of the frequency of this peak is defined for the time several fixed temperatures. Such an experiment is very cumbeing on the basis of (6)and (7)as
bersome, since the shape of the spectral distribution in the

r.-&
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Av, kHz

1

a

FIG. 1. Temperature dependences of the frequencies of the terminal peaks
of the anomalous line shape of "Rb(1) in Rb,ZnCI,: a-for crystal orientation rM,, in the magnetic field, with the angle 0 = 25" measured from the
a axis; &at crystal orientation aLH,, B = 3" from the b axis.

incommensurate phase can usually be reliably recorded after
prolonged accumulation of the signal.
We note that if weak spectrum satellites can be recorded, the use of relations (5)and (7)for the description of the
first-order quadrupole effects permits also the EFG tensor to
be determined in a modulated structure.
The NMR spectra of 87Rbin Rb2ZnC14and Rb2ZnBr4
were recorded with a Brooker spectrometer in single-pulse
sequence mode followed by Fourier transformation of the
free-induction falloff at v, = 23.5 MHz.
For crystal rotation about the axes b and c, Eq. (8)predicts a predominant contribution of the Av corrections lin-

ear in Uo, and quadratic corrections to Av should predominate for rotation about the a axis. The temperature
dependences of the frequencies of the terminal peaks for the
(4- - 4) transition of 87Rbwere obtained at the corresponding crystal orientations in the magnetic field (Fig. 1). For the
first case (Fig. 2a) the positions of the terminal peaks should
be defined as v* = vo + A + B, where A -(T - TI)B;for
the second case v + = vo+ B, where B- (T- TI)w. It can
be seen from the figures that the experimental data correspond to the experimental geometry predicted by relations
(8).
The parameter B determined from the temperature dependences (Fig. 1)changes from 0.36 to 0.34 with decreasing
temperature everywhere in the incommensurate phase, except in the immediate vicinity of the phase-transition temperature TI.
In the initial phase, the orientation dependences of the
shift of the central component of the spectrum were obtained
by rotating the crystals in a magnetic field about mutually
perpendicular axes x , y, and z parallel to the axes of the
rhombic cell of the paraelectric phase.
The data for T > TI are shown in Figs. 2a, 3a, 4a, and 5a.
The data were reduced by the method of Ref. 13, and the
EFG tensors at the 87Rbnuclei in the paraelectric phases of
Rb,ZnC14 and Rb2ZnBr4are listed in Tables I-IV. The data
for Rb2ZnC14agree well with experimental curves obtained
earlier near TI with another sample. l 2
According to the structure dataI9 on Rb2ZnBr4one of
the principal axes of the EFG tensors in this crystal and in

Av, kHz

80

40

0

- 4u

FIG. 2. Orientation dependences of the frequencies: a+f singlet lines (1- - +) in the paraelectric phase of Rb,ZnCl, ( T = 307 K > TI);b i n the
incommensurate phase in the immediate vicinity of TI = 289 K; c+f the edge peaks of the spectral distribution in the central region of the incommensurate phase ( T= 243 K). The crystal is rotated in the magnetic field about the a axis. Points+xperimental values of the second-order shift A v of the
central line relative to the Larmor frequency, solid lines; (a)--calculation by the method of Ref. 13, (b)and (c)--calculation from relation (8).The shaded
areas show the continuum of the frequencies between the terminal peaks of the anomalous line of the modulated structure.
777
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d v , kHz

FIG. 3. Orientational dependences of the NMR
frequencies 87Rbin Rb,ZnCl, as the crystal is
rotated about the b axis. The notation and the
temperature measurements are the same as for
Fig. 2.

the isomorphous Rb,ZnCl, is directed along the a axis for
both lattice sites Rb(1) and Rb(2). The two other axes are
rotated through a certain angle (see the Tables) in the E
symmetry plane, where all the Rb ions are localized. The
effects observed below TI are of the same type in both investigated crystals. Only the numerical values of the EFG parameters, listed in Tables I-IV, differ somewhat.
It was noted above (see Item 2 of the present section)
that if the tensor V ; and the exponent fl are established, the
modulation corrections can be determined by merely mea-

suring the orientation dependences of the spectra at one
fixed temperature in the incommensurate phase. We have
nevertheless performed the corresponding measurements
both in the immediate vicinity of TI and in the middle region
of the incommensurate phase, to check whether relations
(5)-(8)hold.
The experimental data near TI in the incommensurate
phase are well described by relations (8)if we discard in them
all the terms proportional to U $.The curves in Figs. 2b, 3b,
4b, and 5b correspond to this approximation. If the crystal is

Av,,kHz

FIG. 4. Orientation dependences of the NMR frequencies of 87Rbin Rb,ZnCl, as the crystal is rotated about the b axis. The notation and temperatures
are the same as in Fig. 2.
778
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49, kHz

C

f

a

FIG. 5. Orientation dependences of NMR of "Rb
in Rb,ZnBr4 for rotation about the c axis: a-paraelectric phase ( T = 370 K);b--splitting of the frequency-continuum peaks in the incommensurate
phase ( T = 333 K). The notation is the same as in
Fig. 2. The orientation dependences of the NMR
frequencies as the Rb2ZnBr4 crystal is rotated
about the a and b axes are given in Ref. 18.

tensor components VE. In Tables I-IV are given the EFG
tensors at the points of the maximum positive and negative
lattice displacements of the "Rb in the modulation waves.
As expected, the components V,, and V,,, which are connected with the modulation corrections, increase with decreasing temperature, while the component V, varies within the limits of the usual "noncritical" temperature
dependence.
The modulation effect consists mainly of rotation of the
principal axes of the EFG tensors about the cell axes (see
Tables I1 and IV). The angles that indicate the directions of
the principal axes of the EFG tensors in the amplitudes of
the displacement profile can be easily determined from the
data of Tables I1 and IV. Along the displacement profiles
there exists a continuous distribution of the rotation angles
(of the "color" corrections), of cosinusoidal form, between
the positive and negative maximum amplitudes, with passage through the orientation typical of the initial basic lattice.

rotated about the axis along which the displacements take
place in the soft mode, there are no modulation effects and
the curve observed is almost identical with the one for the
initial phase (Figs. 2b and 5b). Rotation of the crystal about
the two other axes introduces in (8)modulation corrections
linear in U,. Figures 3b, c and 4b, c show the appearance of
continuous distributions and agreement between the calculated curves and experiment. The values of a Uoand a Uo
are determined from (8).
With decrease in temperature, the modulation corrections increase in accord with the temperature dependence of
the order parameter, as is clearly seen from Figs. 2c, 3c, and
4c. If it is assumed that the splitting of the continuum peaks
in Fig. 2c is due only to combinations, quadratic in Uo, of the
corrections aVto the off-diagonalcomponents V;, the edgepeak splittings shown dashed will be obtained. Agreement
between the calculation and the experimental data (solid
curves) at 243 K was obtained for all three rotations by including in (8)corrections of the type a,, U t to the diagonal

,,

,,

TABLE I. EFG tensors (inMHz) at the "Br nuclei in Rb2ZnBr, in a fixed coordinate system (a,
6,c ) in the paraelectric and incommensurate phases, determined from the orientation dependences of the NMR frequencies. The tensors determined in the incommensurate phase correspond to the positions of the maximum values of the positive and negative displacements in the
modulation wave.
Temperature
T=370K>T,

T=333KtT1

779

Rh (2)

Rb(i)

1

4.28

0.00
0-31

4.60

*0.49
0.01

-4.59
*0.32
50.29
-4.60
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1 I
I I

0.78

0.00

0.76

*0.48

*1.09
2.35
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TABLE 11. Principal values of y, (in MHz) and direction cosines p, of the quadruple interaction
tensors ( e Q V f , / of
~ )"Rb in Rb,ZnBr, relative to the rhombic cell axes a < c < b in the paraelectric and incommensurate phases. The tensors in the incommensurate phase correspond to the
positions of the maximum positive and negative displacements in the modulation wave.
Parameter

Figure 3b shows near the values 0, 90, and 180" sets of
points with weak orientation dependences of the frequency.
The points do not fit the calculated curves corresponding to
the positions of the terminal peaks of the frequency continuum. The spectrum extrema, which exist in limited range of
angles 8, correspond to satisfaction of the inequality cos
p, < 1 and are described by relation (9)("third solutions") in
the approximation of the frequency by terms linear and quadratic in U,.
When the Rb2ZnC1, axis was rotated around the c axis,
additional spectral peaks (marked by the filled circles in Fig.
4c) were recorded in the incommensurate-phase region
( T = 243 K). These peaks have an orientation dependence of
the same type as the terminal extrema observed at all 0, but
do not correspond to the maximum amplitudes of the incommensurate displacements, nor are they described by Eq. (8).
It is most probable that their appearance is due to the
onset of intensity centers at the impurities, i.e., to orderparameter phase pinning by crystal imperfections. This
question is of interest not only from the point of view of
complete interpretation of the NMR spectrum of the incommensurate structure. The behavior of certain macroscopic
characteristics, such as the anomalous temperature hysteresis of the dielectric constant in incommensurate structures,18
is treated from the viewpoint of different effects of the pinning of the phase of the order parameter by impurities. The

possibility of observing these effects by microwave-spectroscopy methods uncover interesting prospects.
In the description of the symmetry properties of the
modulation cell it was clearly shown how a symmetry element of the basic structure (the m plane) is conserved in the
modulated phase at the color-symmetry level. The experimental orientation dependences (Figs. 3b,c and 4b,c) illustrate this fact, and Figs. 2b,c demonstrate the preservation,
in the incommensurate phase, of planes perpendicular to the
plane m, namely the curves symmetric about the b and c axes
in Figs. 2a and 5a pertain to Rb nuclei bound in the unit cell
of the initial phase by reflection planes perpendicular to m.
Below TI one can see four spectral continua (Figs. 2b,c and
Rb) that are pairwise connected by the same symmetry element, but exist now only at the generalized-symmetry level.
Microwave-spectroscopy data demonstrate thus the
law of conservation of the abstract symmetry in incommensurate-commensurate phase transitions. For crystals of the
K2Se0, family this law can be represented by the following
scheme:
@(a'

21(2)2i 2:'

= Pc(I)+6(0)---

c

m(') n

2, 2, 21
* p --- = @.
c m n

The description of incommensurate structures in terms
of position color symmetry is certainly not an alternative to
description by n-dimensional space groups. The mutual rela-

TABLE 111. EFG tensors (in MHz) at the "Rb nuclei in Rb,ZnCl, in a fixed coordinateframe (a,
b, c) in the paraelectric and incommensurate phases, determined from the orientation dependences of the NMR frequencies. The tensors in the incommensurate phase correspond to the
positions of the maximum positive and negative displacements in the modulation wave.
Temperature
T=307 K>Tr

Rb(i)

(

T=299 K C T I

T=243 K C T I

780

I

-5.46

0.00
0.26

Rb(2)

*

5.20

-5.48

0.65
0.24

*0,30
r0.80
5.24

-5.17

*1.81
0.40

k0.98
*0.93
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1 1
I I
I I

0.52

0.00
-3.78

50.15
3.26
O-O0

0.48

rt0.40
-3.75

*0,70
*0.20
3.27

0.55

*0.83
-3.69

*2,07
20.08
3.13

I
I
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TABLE IV. Principal values of y, (in MHz) and direction cosines of the quadrupole interaction tensor (eQV,,/7)of 87Rbin Rb,ZnCl, relative to the
paraelectric-phase axes a, 6,and c. The tensors in the incommensurate phase correspond to the positions of positive and negative drsplacements in the
modulation field. Since the experimental results of the preceding work'12and the present one practically coincide in the close vicinity of T,,the EFG
tensors were not recalculated.
Nucleus

I

Parameter /

I

I
Yi=5,33

Yi

a(1)

(

0.0000
f0.1596

pb

I4
Ire

0.9872
Yi=3.26

Yi

Rb (2)

I

T-3U7K>TI

1 Ll

0.0000

Ire

~1=0.13

~~=-5.46

0.0000
0.9872
*1596
~2=0,52
1.0000

T-243KCTz

~s=-5.57

1.0000

*0.0182

*0.1202

0.0000

*0.1519

0,9816

0.0000

0,9882

Ys=-3.78

~r=5.15

y2=O.61

YJ=-5.75

0.9926

rt0.1333

50.2466

0.9599

*0.1161

k0.2393

0.9319

k0.2726

*0.1486

*0.0362

0.9618

k0.2660

k0.0652
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