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Composition dependence of phase transition observed b3Na NMR spin-lattice relaxation
in Na; _,Ag,NO, mixed crystals
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The effect of Ag impurity on the phase transition in a mixed system ag,NO, was first investigated by
employing®®Na NMR spin-lattice relaxation. The critical temperatufie)( of the ferroelectric to paraelectric
phase and the activation energy,] for NO, reorientational motion increased and decreased, respectively,
with increasing Ag content. The decreaseegfis explained in terms of the larger size of impurity ion than that
of host ion, which may be applicable to other isomorphic mixed systems. The chargei®found to be
linearly correlated with the shift of . for various Ag concentration§S0163-182@09)09641-1

A systematic change in the static and dynamic features dby controlling nitrogen gas flow and heater current, giving an
the local structure may be achieved by introducing impuritiesaccuracy of+0.2 K. T; was measured with an inversion
in the crystal, the influence of which is directly reflected in recovery gr—t—m/2), wherem and /2 pulse lengths were
quadrupolar nuclear magnetic resonan®MR) and in 6.4 and 3.2us, respectively. The signal measured here is
nuclear quadrupole resonan@®QR). Thus the study of the dominantly the central transition, and broadened by the
impurity effects on the lattice dynamics including phase transecond-order quadrupole interaction. The recovery traces of
sition using nuclear resonance has been active to présknt. magnetization of all mixed crystals in the temperature range
In the mixed crystals, such as ,#8n_,Re)Cl, investigated were well fitted with a single exponential func-

(Ky_ /A),SnCk (A=Rb, NH,),® and (Rh_,M,),ZnCl,,° tio_n. Thus the_spin-lattice relaxation rrm!_(ll'l'l) is deter-
it was shown by®*Cl NQR that the substituting impurities _mmed fromr? fit of the recovery pattern given by the follow-
cause remarkable shifts of the transition temperatures. Thedd equatiorr.
shifts are related with the changes of structural stability and _
. : S() —S(t)

of the anion dynamics. _—

In this study, the influence of substitutional Ag impurity S(My)
ion on the phase transition of ferroelectric NajN@as inves-  whereS(t) is the nuclear magnetization at
tigated with an isomorphic mixed system NaAg,NO.. The incommensurate phase between ferroelectric and
The Ag impurity effect in Na_,Ag,NO, is expected to be paraelectric phases in a narrow temperature rahgeK) of
mainly from the difference in the ionic sizes between*Na NaNO, single crystals had been usually found as a splitting
and Ag" since both ions are monovalent. Temperature deand anomalous line shape YN NQR line'® and?*Na NMR
pendence of the spin-lattice relaxation time f&Xa NMR in  line.!* However, any evidence on incommensurate phase in
the mixed crystals was investigated in a systematic mannethe line-shape measurement was not observed in our powder
From these results, the phase-transition temperature and teamples studied here. The temperature dependence of the
activation energy of the reorientational motion for N@n spin-lattice relaxation rate (I) of Na NMR for NaNG,
have been obtained as a function of Ag impurity concentramatrix in the mixed crystals are displayed in Figa)l The
tion. Above all, the variation of the activation energy in the enlarged part of Fig. & near T, is shown in Fig. 1b),
mixed system is interpreted in terms of the ionic size differ-where the values of T is shifted upward progressively for
ence between host and impurity ion. The results of this study better view. The 17, for the pure NaN@ shows a phase
is expected to be applied to other isomorphic mixed systemdransition from the ferroelectric to the paraelectric Tt

The mixed-crystalline powder Na,Ag,NO, (0=<x =436.7+-0.3K, as expected from previous studieBhe T,
=<0.16) were prepared by slow evaporation of an aqueoum mixed crystals Na ,Ag,NO, with x=0.0084, 0.026,
mixture solution of NaN@ and AgNQ, which are isomor- 0.079, and 0.16 are found to be 43F.6.3K, 438.2
phic to each other. The samples with molar ratio upxto *+0.4K, 439.2£0.6 K, and 440.40.9K, respectively, as
=0.16 were only obtained, because of low solubility ofindicated by arrows in Fig.(b). In Fig. 2, theT values are
AgNO,. The sample preparation and characterization wer@lotted versus Ag concentration, together withdetermined
already described in detail elsewhéfeThe spin-lattice re-  with differential scanning calorimetr§DSC) measurements.
laxation time (T;) was obtained at 105.805 MHz Larmor Both results are consistent with each other, except for the
frequency By=9.4T) by employing a Bruker DSX 400 small differences of absolufg; values, possibly due to the
spectrometer with increasing temperature from 297 K up talifferences of temperature calibration and of inherent mea-
458 K. The sample temperature was constantly maintainegluring temperature statésonstant versus scanning tempera-
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[ |
420 430 440 450 Na" ion, into the Na site. On the other hand, the decrease of
Temperature (K) T. observed in gamma-ray irradiated NapN@ystal may be

due to reduction of th®& by point-charge defects created by
the irradiation. However, for more convincing explanation
about the increase df in Na;, _,Ag,NO, due to the impu-
rity, a rigorous study on the mechanismRyf variation in the
mixed crystals may be required.

The relaxation rate fo”*Na NMR in the pure NaN®

ture). The increase of . due to impurity is rather anomalous, @bove 300 K is the sum of contributions from the lattice
which is in contrast to that observed in gamma-ray irradiatedyibration (17T,),, and the reorientation of NO ion

FIG. 1. (a) Spin-lattice relaxation rate (I{) as a function of
temperature in the mixed crystals NaAg,NO,. (b) An enlarged
part of Fig. Xa) nearT.. The values of 1, is shifted upward 2, 3,
4.5, and 6 forx=0.0084, 0.026, 0.079, and 0.16, respectively, for a
better view and eacfi; position is guided with an arrow.

NaNO, crystal*? (1/T1)e0- Each motion is assumed to be independent and its
The spontaneous polarizatiorPd) in the ferroelectric ~ contribution to relaxation is given by
NaNQ, is given a$®
(1T 1) = (1T 1) pnt (1T 1)reo, )
Ps=tanH (T./T)(Ps+P3A)], )

_ . (LTy)pr~ T2, @
where A is an anomalous volume expansion parameter of
0.39 which was taken from Ref. 13. In Ref. 13, tRe, (1T y)ree~ (1= P9 (1— P2)exp EL/KT), (5)

obtained experimentally from the x-ray-diffraction intensity

measurement, was best fitted with Eg) for A=0.39. In  whereE, is the activation energy for the reorientational mo-
Eq. (2), the Ps decreases with increasing temperature thenion of NO, ion.°

goes to zero discontinuously &t and thePy is larger for the In the pure NaN@and mixed crystals Na ,Ag,NO,, the
sample with a highefT. at a given temperature. Conse- quadrupole relaxation (Tf),, caused by phonons of the
quently, the increase d®s will results in a shift of T¢ into  crystal lattice is assumed to be proportionallfo and taken
the higher temperature. The increasePgfin Na,_,Agy,NO,  as (4x 107 T?)s %.° Under this assumption, the relaxation
may be caused by substitution of the Agon, which is ate due to the reorientational motion of KOgroup,
larger in ionic size and electronegativity than those of the(]-/-rl)reor is obtained by subtracting the values of estimated
. . ‘ . (1/T1)pn from measured T7,. Using Eq.(2), the P is ob-
44241 m  ®NaNMR ] tained by takingTl, observed from I/, measurement of the
o DSC pure NaNQ and Na_,Ag,NO, mixed crystals. Thus by ap-
plying Eq. (5), the slope of I[\(l/‘l’l)reo/(l—Pg)(l—Ps)]

440 1
— E versus 1T gives the activation enerdy,, as shown in Fig.
& . ; : :
% 4384 | 3. TheE, in the mixed system decreases monotonically with
= [] % the increasing Ag impurity.

The ionic radii of Nd& and Ag" are ry,=0.95A and

436 % 1 rag=1.26A, respectively. Substitution of the Agion,

which is larger in ionic size than that of the Nén, into the
Py Y oo oTs Naf site in Na _,Ag,NO, causes the gradual increase of the
) Ag concentration (x) : Ia_tt|ce _ constant, demonstrated already by the x-ray-
diffraction study’ The increase of the lattice constant may

FIG. 2. T, as a function ofx in the mixed crystals cause the barriers hindering the motion of the ;N@énion
Na; _,Ag,NO,. coupled to the cation to be somewhat reduced. Thus Ag im-
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purity in the mixed crystals causes a decrease of the potenti
barrier of the N@Q motion. In this sense, the monotonic re-
duction in activation energy with the increasing Ag impurity
in Na, _,Ag,NO, is understandable in terms of the size of
cations. Likewise,**Cl NQR study of (Rp_,Cs),ZnCl,
doped with greater cation impurityCs) revealed an appre-
ciable reduction in the activation energy of the anion (ZhCl
motion® From *H NMR study of [ M (H,0)s][ SNCk] with
differentM 2™ ion, it is shown that the largevi>* ion leads

to lowering of the activation energy for the flipping motion
of H,O molecule'* In the case of (Rp.,Cs,),ZnCl, and
[M(H,0)g1[SNCE], the decrease dE, may also be attrib-

uted to the release of hindrance for the motion, caused by the
volume expansion due to substitution of the bigger impurity

ion. Therefore it may be generalized that the variatiof of
for the motion of the species in the different isomorphic

crystal systems is correlated with the size difference between

impurity and host ion.

In Figs. Xa) and Xb), the relaxation rate of the pure
NaNG, changes sharply nedr,, whereas those of the mixed
crystals vary smoothly nedr.. This gradual rising of 1/,
value nearT. for the sample with increasing results from
the reducedt, of NO, reorientation and the slower variation
of P versus temperature due to thendomsubstitution of
Ag impurity at the?>Na site. The variation oE,(AE,) is
found to be linearly proportional tA T, obtained with*>Na
NMR, as shown in Fig. 4, which indicates a direct correla-
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FIG. 4. Correlation between the change of activation energy
(AE,) and the shift of phase transition temperatukd () for vari-
ous Ag impurity concentratior in mixed crystals Na_,Ag,NO..

electronegativity compared to the host Na ion causes an in-
crease of the critical temperature and a decrease of the acti-
vation energy for N@ reorientation. Easier NOmotion in

Na; _,AgyNO, with bigger x values is well explained with

the larger impurity ion than the host ion. It is shown that the
variation of the activation energy is linearly correlated with
the shift of the critical temperature for various in

Na; _,AgyNO,. 1/T, values neafl; vary more gradually for

the sample with higher Ag content, which results from the
random substitution of Ag impurity at the Na site.

tion between the changes of activation energy and of critical

temperature in mixed crystals NaAg,NO,, whereA E, is
defined asAE, = E,(X) —E,(x=0). Thus alinear relation-
ship is observed.

In summary, the Ag impurity effect on the temperature
behavior of the?”®Na spin-lattice relaxation time in the iso-
morphic mixed system Na,Ag,NO, was systematically in-
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