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Cluster distribution in paraelectric KH2As04.
II. 5As spin-spin and spin-lattice relaxation
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The As spin-lattice relaxation rate as well as the "As homogeneous and inhomogeneous

linewidth has been measured in paraelectric KH2As04 as a function of temperature and orientation

of the crystal in the external magnetic field. The results show that we are dealing (on the NMR
time scale) with a continuous distribution of quasistatically polarized crystal regions ranging from

zero local polarization to fully polarized states, which is symmetric as far as the sign of the polariza-

tion is concerned and strongly peaked at zero polarization. The distribution becomes broader and

broader as the Curie temperature is approached from above.

I. INTRODUCTION

KHzAs04 (KDA) is together with isomorphous
KH2P04 (KDP) a model substance' for the study of
order-disorder transitions in H-bonded ferroelectrics. The
soft-mode dynamics is here connected with the fast
(10 "—10 ' s) motion of protons between the two sites
in the 0—H 0 bonds. It is basically determined by
short-range Slater-Takagi rules, ' which, to a certain ex-
tent, can be simulated by an Ising model in a transverse
field Hamiltonian. ' '

In addition to the soft-mode motion, dynamic
symmetry-breaking phenomena and local pseudo-frmze-
out effects have been observed on the time scale of elec-
tron paramagnetic resonance (EPR) experiments (-10
s) in doped crystals, and on the nuclear magnetic reso-
nance (NMR) time scale in nominally pure crystals.

Between T, =96 K and T, +60 K, anomalous 5As

NMR lines have been observed in KDA in addition to
normal paraelectric lines. ' These anomalous lines
display the symmetry of the low-temperature ferroelectric
phase weil above T, and arise from quasistatic polarized
cluster' as demonstrated by electric field effects. The
detailed nature of these clusters is not yet clear. They are
insensitive to crystal annealing, in contrast to defects giv-
ing rise to the central peak observed in light scattering' '
but depend on crystal-growth conditions. '

The anomalous As lines have recently been assigned'
to four chemically equivalent but physically inequivalent
As electric field gradient (EFG) tensors which have
at T =T, + 1 K, a quadrupole coupling constant
e TzzQ/h =8.547 MHz, and an asymmetry parameter
g=(Tx» —Trr)/Tzz ——0.35. Their largest principal axis
points along the fourfold crystal axes, Tzz~~c, whereas
the two minor principal axes are rotated with respect to
the crystal a axis, L(Txx,a) =+26' and +64'. These ten-
sors are very different from the paraelectric electric-field-

gradient (EFG) tensor ' which is axially symmetric,
rl=0, as well as the ferroelectric EFG tensors' ' where
e TzzQ/2h =33.7 MHz and ri=0. 55. The anomalous

As EFG tensors' can be obtained in a straightforward
way within the Slater model' ' if a small quasistatic
spontaneous polarization, p&0, is biasing the fast proton
exchange within the six Slater HzAsO& configurations.
Within the same model, the paraelectric EFG tensor is ob-
tained if p =0, whereas the ferroelectric EFG tensor cor-
responds to the situation where p =1.

A study' of the frequency dependence of the proton
spin-lattice relaxation time T& in paraelectric KH2As04
demonstrated the presence of a continuous distribution of
partially polarized crystal regions which sharply increases
at lower p values. The obtained results did not allow for a
discrimination between a continuous distribution of
quasistatically polarized clusters or a continuous polariza-
tion distribution within a given region centered around a
defect. In order to check on the nature of this distribution
at low p values (where the proton-As cross relaxation
method fails because of too short a proton T, ) we decided
to study the As spin-lattice relaxation time in the labora-
tory and rotatin~ frames as well as the homogeneous and
inhomogeneous As NMR linewidth.

II. EXPERIMENT

Our As NMR data were obtained on the central
——,

' transition at vL ——41 MHz using a superconduct-

ing magnet and a Fourier-transform pulsed NMR spec-
trometer. The As spin-lattice relaxation time Tl was
studied with a n.—~—m/2 —80 ps —m~.—80 ps who se-
quence. The width of the ~/2 pulse was 10 ps. A spin-
echo technique was also used to obtain the As relaxation
in the rotating frame, Ti&, and the spin-spin relaxation
time T2. The inhornogeneous As linewidth was studied
via the free-induction decay.
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III. RESULTS

A. As linevridth

The temperature dependence of the As spin-spin re-
laxation time T2 is given in Fig. 1. On cooling below
room temperature at cJ.HO, L(a,HO)=30', T2 initially in-

creases slightly from —130 to —150 ps and then de-
creases to -105 ps on approaching T, . As can be seen
from the inset in Fig. 1, T2 only slightly varies with angle
for clHO even at T = T, +1.5 K. The inhomogeneous
linewidth (Fig. 4)—as determined from the free-induction
decay —is of the order of T2 far from T, but in contrast
to T2 sharply increases on cooling towards T, (Fig. 1).
Close to T„ the inhomogeneous linewidth hv becomes
much larger than the homogeneous one. The angular
variation of hv for the rotation around the c axis (inset to
Fig. 1) is much stronger than the angular variation of T2
and becomes more and more pronounced as T~T, in
agreement with the data of Ref. 14. The inhomogeneous
linewidth of the —,'~ ——,

'
transition is symmetric with

respect to 8, =45'—where 8, is the angle between Ho and
the a axis for clHc—and repeats every 90'. At all tem-
peratures, the linewidth is smallest for 8, =18.5' where
the static magnetic field bisects the angle between the
upper and lower 0 . 0 bond directions (Fig. 4b). The
shape of the free-induction decay is neither Gaussian nor
Lorentzian (Fig. 2) and strongly varies with temperature.
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FIG. 2. Plot of the logarithm of the free-induction decay sig-
nal versus t~ and t. The results show that the inhomogeneous
linewidth is neither Gaussian nor Lorentzian.
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B. "As spin-lattice relaxation

The temperature dependences of the As spin-lattice
relaxation times T& and T&q are presented in Fig. 3. T, is
rather short, 200 ps & T, &400 ps, and about 2—3 times
longer than T2. It initially increases and then decreases
with decreasing temperature between 273 K and T, . Its
angular variation is more pronounced than the angular
variation of T2 (inset, Fig. 3). T,z is intermediate be-
tween T& and T2.
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FIG. 1. Temperature dependence of the As 2 ~—
2 spin-

spin relaxation rate T2 as determined from a spin-echo se-
quence and the inhomogeneous linewidth hv determined from
the free-induction decay (FID). The inset shows the angular
variation of the homogeneous linewidth (m.T2) and the inho-
mogeneous one hv.
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FIG. 3. Temperature dependence of the 'As spin-lattice re-
laxation time in the laboratory (T~) and rotating frames {T~~).
The temperature dependence of T2 is shown for comparison.
The inset shows the angular dependence of Tl.
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IV. THEORY

A. 75As EFG tensors

p; (t) =p+ hp;(t),

where

&p;&=&p;&=p

(3a}

(3b)

stands for the average polarization of a given cluster, we

get for the time-average EFG tensor,

& T(t)&=
To+ gB;,&bP, AP, &+, P=0

I,J
J (J

To+Ap+Bp + . , p+0. (4b}

For the equilibrium situation in a homogeneous crystal,

p =0 for T )T, and p@0 for T (T, .
Here A =g,.A;,B=g,. BJ and we have from point-

symmetry considerations in the As04 fixed x,y, z
frame '

The EFG tensor at the As site in KDA is of covalent
nature and its instantaneous value depends on the arrange-
ment of the four protons around a given As04 group:

T=T(p)&p2&p3&p») &

where p; is the instantaneous value of the local order pa-
rameter for the ith 0—H 0 bond. The variation of T
with time is thus determined by the time variation of
p;(t), i.e., by the motion of hydrogens between the two
equilibrium sites in each of the four hydrogen bonds sur-
rounding a given As04 group.

Expanding T(t) in terms of p;(t) up to second-order
terms we get

T(t) = To+ g Ap;+ g B;,pp, +
l l,J

I (j
Introducing, as was done in the preceding paper, '

the sign of p—along the upper or lower 0 0 direction
of the As04 group (i.e., along x or y) rather than along z.

~Z+~Q+~D ~ (6a)

where A z stands for the Zeeman, 4 g for the quadrupole
and P'n for the dipole-dipole part, the 5As spin-lattice
relaxation rate depends on the spa:tral density of the au-
tocorrelation function of the matrix elements of the fluc-
tuating part" of the Hamiltonian:

A i(t) =A —
& m& =Mg &A—g &

+2
D( —k)gT(k)

I k= —2

taken with respect to the eigenfunctions of & P &. Assum-
ing that the linear terms in p;(t) and p in (2) and (4b) are
dominant, one can write the rapidly fluctuating part of
the EFG tensor (governed by the proton motion in the
soft mode) in the crystal fixed frame as:

ETg ———,'A g bp;(t) . (7)

Let us further assume that the cluster polarization p bias-
ing the proton motion is quasistatic above T, and slowly
changes with time. The slowly fluctuating part of the
EFG tensor can then be expressed in the crystal fixed
frame as

hT~= —,'Ap(t) .

In the eigenframe of & A & we can express (7) and (8) as

V, (t) =SET,S (9a)

B. As spin-lattice relaxation

VAereas the As quadrupole perturbed NMR spectra
are determined by the time-averaged value of the total
spin Hamiltonim

Vp(t) =SETpS (9b)

1 0 0
To=t 0 1 0

0 0 —2

—1 0 0
A=a 0 1 0

0 0 0

1 0 0
B=b 0 1 0

0 0 —2

(10a)

where S is the matrix transforming the As04 fixed frame
into the magnetic field fixed laboratory frame. Introduc-

ing A =SOS ' we obtain the corresponding spectral den-
sities as

g(k)(k ) I & V(k)(0)( V(k)(t)]» &eik»&tyt

~

A (k)
~

2J(k)(k~)

where a ~ t g b. It should be noted that here p =1 corre-
sponds to a state where two protons are "close" to the
upper oxygen atoms of a given As04 group and two pro-
tons are "far" from the lower oxygen atoms of the same
group, whereas p = —1 corresponds to a reversal of the
protonic configurations.

Above T, the largest principal axis of the EFG tensor
Tzz points along the z~ ~c axis and the EFG tensor is axi-
ally symmetrical, i}=0. The presence of a nonzero p
value destroys the cylindrical symmetry of the EFG ten-
sor thus producing a nonzero value of the asymmetry pa-
rameter q. For large p values Tzz points —depending on

4
J(k)(kco}= ,', y I —5&p( )0& fp( ) t&"e"'«,

ij =1
(10b}
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Jp '(co) =
~

A '"'
~
jp(kco),

with

Zp Tp
j~(~)= 1+(torq )

(12)

where the two-spin transition probabilities are

gr(1) Q J(1)(
12

(19a)

(19b)

and with ~~ standing for the cluster lifetime and p for the
average cluster polarization. Making use of the dynamic
Ising model and the fiuctuation-dissipation thtxirem, one
can express' j,(a)) in the fast motion limit cur « 1 as

~4m2
pr(2) e Q J(2)(2 )12' (19c)

j,(to) = (1 p')I—(T,p)r, (13)

where r is the proton 0—H 0 bond reorientation time
in the absence of interactions and

1 1 iq{x;—r )I(Tp)= ——g g e
8 N

T
X

T —T, (q)(1 —p )
2

(14)

j,(~)=I(T)r=j,(0) .

with T,(q)=J(q)/k standing for the Fourier transform
of the Ising model interaction constant known from neu-
tron scattering experiments. ' For T & T„ the number of
clusters with p &0. 1 is small' so that their infiuence on
I ( T,p) can be neglected.

Therefore we can take p =0 in evaluating expression
(14). We then find for coo« 1 the soft-mode contribution

and where

i) P (2) (3y 1015 s ~)[I(T)w+p /(u r )] (20)

C. As spin-spin relaxation and the homogeneous linewidth

The spin-spin relaxation rate T2 for the transition
m ~m —1 is given by

for 8=7.5'.
For p g0. 1, ~-2.4X10 s ', and Tp))10 s, the

second term in expression (20) can be neglected in com-
parison with the first one. The measured As spin-lattice
relaxation rate—which represents the contribution of un-
polarized or weakly polarized clusters —should thus be
governed by the soft-mode contribution. The contribution
of the polarized regions could be detected only if mea-
sured directly at the As resonance frequency of nuclei in
the polarized regions where v~ ~) &&v~ and where the
soft-mode contribution is reduced because of the (1—p )

factor. '

On the NMR time scale, rz is expected to be long so that
toe~ &&1 and the slowly fiuctuating cluster contribution
becomes

1

T2

where

1 1 1 1
, + +

T2

jz(ai)=2p /(co rz) .

Using

(16)
1 +ao

co oa t ~~J"'0
00

2

(22)

(18b}

0 0 0
A =a 0 cos(28) sin(28) (17)

0 sin(28) cos(28)

one finds for the total spectral density J' '(co)
=J,'"'(co)+Jz '(co)

J' '(0) = —,
' a [1+cos(48)][j,(0)+jz(0)], (18a)

J'"(to)= —,a [1—sin(45)][j,(0)+j&(t0)],

is the adiabatic linewidth and the 1/t terms

with

(23a)

J' '(to) = —,
' a [I+cos(4&)][j,(0)+j~(to)], (18c} X(m; iA ((t) im))dt (23b)

where e Qa/h =33.7 MHz and 0 is the angle between
Ho and the direction of the largest principal axis of the
fiuctuating EFG tensor.

In the case of unequally spaced quadrupole perturbed
As Zeeman energy levels, the approach of the magneti-

zation to equilibrium will be multiexponential. This case
was evaluated in Appendix A of Ref. 18.

Since for T & T, the average As NQR frequency v& is
much smaller than the As Zeeman frequency, v~ &~vL,
we have

take account of the lifetime broadening due to spin transi-
tions m~m;. Here,

fau=(m iA i(t) im) —(m —1 i% ((t)
i

m —1), (24)

where A i(t} is given by expression (6b) and
~

m ) are the
eigenstates of ~z+ (A & ).

I.et us first assume that vL »v~ so that (A ) =4 z.
In this case, one finds that the adiabatic linewidth of the
—,—+ ——, transition
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T2( —,
' ~——,

'
) &~q, I & z I&&"'I

~ &
—

&
—

2
I&'"I —

z &
I' I &~&'"'&O4~'"&~&&«=o, ~g (25a)

X [J&i&(~)+J&2&(2~)], (25c)

and the homogeneous linewidth of the —,
' ~——,

' transition
should be determined by the spin-lattice relaxation rate,

T2( —~——)=Ti .l 1 (25d)

For the —,
' ~—,

' transition, one finds in the same approx-
imation a nonzero adiabatic linewidth

4 2
J' '(0),

3
) 4/2

(25e)

so that
4 2

T2 '(-,' ~—,
' )= [J' '(0)+ —,

' J'"(~)+—,
' J' '(2')]

(25f)

and the satellite linewidth should be different from T,
and larger than the width of the central line if
J(0)p J(co) or j(2').

If J(0) is significantly larger than J(a&), i.e., if there is
a large central peak in the spectrum, the approximation
(A ) =A z is not good enough and one should take into
account the quadrupole perturbation of the Zeeman eigen-
states, i.e., (P') =P'z+ (P'g ). Using second-order per-
turbation theory, one now fmds a small but nonzero value
for the adiabatic width of the —,

' ~——,
' transition:

4 4 2

T, '(-' --')=g' ~ J"'(0),
2 2 3/2

(25g)

where g =vg /vL « 1. We thus sm that the result
T2( —,

' —+ ——,
'

) & Ti implies that J' '(0) ~ J(co), i.e., it im-

plies the existence of a low-frequency motion in addition
to the soft-mode motion. Even a large central peak will,
however, only weakly affect T2 of the central —,

' ~——,
'

transition as long as vg « vL and g « 1.

vanishes as the quadrupolar Hamiltonian has no nonzero
matrix elements connecting the —,

' ~——,
' states. The life-

time broadening yields
—1t 1/2, —1/2 ~1/2, 3/2 + ~1/2, —3/2

so that

T2 '( —,
' ~——,

'
) =(e Q /12iri )

+ [(K3+K4cos(4y, )]p2), (26)

where &p, =8,+26.5' for the two differently oriented
H2As04 tetrahedra and &p, ~&p, +90' if the polarization
changes from +p to —p. The coefficients K and

K;,i =1—4, depend on Tzz, Trr, Txx, and the Larmor
frequency vL and are listed in the text to Fig. 5. The clus-
ter polarization p is a function of temperature.

The observed line shape F(v) now reflects the distribu-
tion f (v) of second-order quadrupolar shifts v,' ' resulting
from a distribution of differently polarized regions g(p)
and of course also depends on the shape of the individual
homogeneous lines which is assumed to be Gaussian with
a root-mean-square width o.. Thus

netic field can be explained as a superposition of second-
order shifted-central —,

' ~——, As lines corresponding to
differently polarized clusters.

For p =0, the effective EFG tensor will be axially sym-
metric above T, and the largest principal axis will point
along the z(c) direction. For p&0, the cylindrical sym-
metry around the z(c) axis will be destroyed. ' In fully
polarized clusters the smallest principal axis of the EFG
tensor —corresponding to T~~—is colinear with the crys-
tal z(c) axis and Tzz and Trr are along the upper and
lower 0 . 0 direction of the As04 tetrahedra (Fig. 4).
The Tzz and T„„principal axes change position if the
two protons attached to the As04 group in the fully polar-
ized state change from +p to —p, i.e., if instead of the
two protons being attached to the "upper" corners of the
As04 group, they become attached to the "lower" corners
corresponding to a change in the direction of the spon-
taneous polarization. Finally, one should note that there
are two differently oriented As04 tetrahedra in the unit
cell. The bisectors of the upper and lower 0 0 direc-
tions make an angle of +18.5' with the crystal x (a) axis.

For a given As04 group in a cluster with a quasistatic
polarization p we can now express the second-order qua-
drupolar shift of the central —,

' ~——, As transition for a
c rotation (Ho).c) as:

v,' '(p) =K I Ki+K2cos(2&p, )p

D. 'As inhomogeneous linevridth

The large difference between the homogeneous
hnewidth b, vi, =l/(mT2) observed via the spin-echo se-
quence and the inhomogeneous linewidth bv observed via
the free-induction decay suggests the presence of an
anomalous anisotropic line broadening mechanism which
becomes stronger on approaching T, from above.

The variation of the inhomogeneous linewidth with
temperature and crystal orientation in the external mag-

FIG. 4. The arrangement of the two physically nonequivalent

As' tetrahedra in the paraelectric unit cell.
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F(v) = g f g(p)expI —[v—v,' (p)] /2o Id@,
i=1

(27)

where g (p) js the normalized distribution of cluster polar-
izations, g p p =I, v,' =v,' EC —E~, v=v E —E~,
o =o/K =3X 10 is the homogeneous linewidth (2 kHz),
and the index i corresponds to the taking into account of
the two differently oriented As04 tetrahedra
(p, = 8+ 62. 5) and the two signs of the polarization:
y, ~q, +90'. We assumed that clusters with +p and —p
are equally probable on the time average.

It should be noted that Eq. (27) is equivalent to using

FIG. 5. Comparison between experimental and theoretical
( ) angular dependences of the width of the As 2

NMR line according to equation (27). The values of the coeffi-
cients K=0.405 MHz, K~ ——0.228, K2 ——2. 11, K3 ——17.08, and
K4 ——21.98 were obtained from the measured As EFG tensors in
the low-temperature ferroelectric phase (1,8, 16,18), whereas
cr =5)& 10 3 was obtained from the high-temperature data.

V. DISCUSSION

The spin-lattice relaxation rate Ti of the paraelectric
(i.e., r) =0) central As —,

' ~——,
'

line is dominated by two
contributions: A contribution froin slow, coL r »1, hin-
dered rotation of the H2As04 groups which at 41 MHz
dominates Ti ' above —80 C, and a "soft-mode" (SM)
contribution, (Ti ')sM-(6X10' s )I(T)~, which dom-
inates T~ between —80 C and T, and where mL~&~1.
The contribution from hindered rotations of the H2As04
groups is similar to the ones found in other members of
the KDP family and the same is true for the soft-mode
contribution. The soft-mode T, ' anomaly in the fast
motion regime is of logarithmic' nature, T, 'ccln(T
—T, )/T„as expected for an anisotropic' ' J(q) and the
noninteracting proton intrabond reorientation time equals
v=0.3X10 ' s. This time is short enough to allow for
fast averaging over the various Slater H2As04 configura-
tions. The quasistatic polarization fluctuation contribu-
tion to the Ti of the paraelectric line is negligible in com-
parison with the soft-mode contribution. This is expected,
on the basis of Eq. (20), as the soft-mode relaxation mech-
anism is extremely effective. The fact that Ti~ is only
slightly shorter than Ti and that the line shape is not
Lorentzian agrees with this interpretation and excludes
the model proposed by Adriaenssens. ~

The huge difference between the homogeneous and the
inhomogeneous linewidth clearly demonstrates the pres-
ence of locally polarized quasistatic crystal regions which
produce a polarization dependent shift of the As —,

' ~——,
'

line. The angular and temperature dependence of the in-
homogeneous linewidth can be quantitatively reproduced
by Eqs. (26) and (27) (Figs. 5,6) implying a T-dependent
continuous distribution of the local polarizations g(p) in
agreement with the proton- As cross-relaxation data. '

The local polarization distribution deduced from the

f(v)dv=g (p)dp, (28)

and convoluting the distribution of second-order quadru-
polar shifts with the Gaussian function L (v—v,') describ-
ing the shape of the individual homogeneous lines

200 -g(p)

4
I'(v)= g f f(v,')l. (v v,')dv, ' . — (29)

The computed angular dependence of the halfwidth of
I'(v) according to Eq. (27) is compared with the experi-
mental data in Fig. 5. The agreement is satisfactory in
view of the rather large scattering of the experimental
points obtained in this and other ' laboratories. A full
discussion of the electric-field effects and the detailed
comparison of the experimental and theoretical line
shapes is reserved for a subsequent paper. We would just
like to mention that the "paraelectric" A line observed by
Mali et al. ' corresponds to p =0 so that
v,' '=KEi&f(q&, ), whereas the angularly dependent
"symmetry breaking*' 8 lines can be explained by the
presence of nuclei in crystal regions where the local quasi-
static polarization is continuously distributed between
zero and the full polarization.

0.005

FIG. 6. Local quasistatic polarization Auctuation distribution
obtained from the fit of the angular dependence of the 7'As

z ~—
z half-width. The weak "high polarization'* tail of g (p)

observed by the proton-As cross-relaxation technique is neglect-
ed.
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linewidth data ranges from p = —1 to p =1 but the distri-
bution g(p) is sharply peaked at p =0 for T & T, .In
view of the shape of the g (p) distribution, the linewidth is
mainly determined by regions with small p values

(!p! &10 ), whereas the As-H cross-relaxation data
yield reliable information mainly on regions with large p
values (!p! &10 '). For ! p! &10, g(p) can be ap-
proximated by a square-shaped model

const, !p! &po
g(p) =

Ip I &pc

(30)

(31)

or by a Gaussian. The square-shaped model gives a some-
what better fit at low-p values. The high polarization tail
of g(p) observed by the H-As cross-relaxation data is
neglected here. The root-mean-square second moment of
the square-shaped distribution is rather small. It sharply
increases with approaching T, from above (Fig. 7) and
amounts at T =T, +1 K to o& ——0.02.

The two informations —from linewidth and H-As cross
relaxation data —are thus complementary but there is a re-

gion 10 &p &10 ' where no reliable information on
g(p) is available as of yet. The detailed form of the distri-
bution g(p) therefore cannot be reliably determined from
the present data.

The question rvhether the local polarization p is com-
pletely static or whether it slowly fluctuates in time can-
not be definitely answered as of yet. The observed differ-
ence between T~ and T2 seems to demonstrate the pres-
ence of ultraslow motion which could be due to fiuctuat-
ing cluster polarizations.

The results of this study together with the 7sAs-proton
cross-relaxation data are as follows:

(i) We confirmed the results of Mali et ttl. ' concerning
the quasistatic nature of the weakly polarized clusters in
KDA in contrast to the Adriaenssens model, 9 The pro-
tons within the cluster are, however, moving between the
two possible sites in the H bonds fast on the NMR time
scale. Their motion is biased by the quasistatic cluster po-
larization.

(ii) We showed that we are in fact dealing with a con-
tinuous distribution of local polarization, ranging from

(iii) We showed that the distribution is symmetric as far
as the sign of p is concerned and strongly peaked at p =0.

(iv) We showed that the distribution becomes broader
and broader in p as T, is approached from above.
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FIG. 7. Temperature dependence of the second moment of
the local polarization distribution function g (p).

(v) There are strong indications that the local polariza-
tion is slowly fluctuating with a correlation time which is
at T =T, +2 K of the order of the one found by dielectric
dispersion data, ' ' i.e., of the order of 30 ms.

(vi) The above data cannot definitely discriminate be-
tween a continuous distribution of clusters with different
fractional local polarization or between a continuous po-
larization distribution within a given cluster which could
be induced by charged defects.

Finally, it should be pointed out that the above phe-
nomena observed in KDA are certainly not restricted to
this crystal alone. They should occur in other order-
disorder type H-bonded crystals as well. The reason that
they are observed in KDA so clearly is the extremely high
resolution of the As quadrupole perturbed NMR spec-
troscopy. This is due to the large value of the As quadru-
pole coupling constant e Tzzgih in the ferroelectric
phase and the small value of e Tzzglh in the paraelec-
tric phase thus allowing for a clear observation of fre-
quency shifts induced by even small local quasistatic po-
larization fluctuations with p of the order of only a few
percent.
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