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Z3Na spin-lattice relaxation of sodium nitrite in confined geometry
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Whereas thé*Na spin-lattice relaxation ratéll of microconfined NaNg@ in the ferroelectric phase is
similar to the one of bulk NaNg there is a striking difference in the paraelectric phase. Instead of decreasing,
the relaxation rate here increases with increasing temperature and is much larger than in the bulk. The
difference is due to self-diffusion in the “premelted state” induced by microconfinement. This also explains the
previously observed giant growth of the dielectric permittivity of confined NaN©re than 100 K below the
melting temperature.

DOI: 10.1103/PhysRevB.70.132102 PACS nuntper61.12.Ld, 61.46tw, 77.84.Lf

I. INTRODUCTION Il. RESULTS

The experimental implementation of new effects in the Samples were prepared by the immersing the preliminary
physics of nanostructures relies upon our ability to creat¢/acuum-annealed porous glass in the melted Naf®
new types of structures and devices. Our understanding ¢Pout 24 h in a sealed quartz container. The pore size distri-
material processing in the pursuit of ultrasmall structures iPution was checked by the mercury intrusion porosimetry
steadily advancing. Epitaxial growth and lateral microstruc-"zj‘snd a peak at 7 nm with FWHM 2 nm has been found. The
turing techniques have made it possible to create low- Na(l=3/2) Larmor frequency waso /27=100.523 MHz
dimensional electronic systems with quantum-confined strucand the Fourier transform spectra have been measured at 9 T.
tures, i.e., quantum wells, quantum wires, and quantum dotd.he solid echo pulse sequence has been used. The 90° pulse
Nanostructures can also be obtained by confining a solid or width was 3.6us. The centra, ——3 line has been irradi-
liquid within nanometer-sized pores of various porous mateated. The magnetization decay could not be very well de-
rials. There are a lot of materials that incorporate in theirscribed by a single exponential decay, but a stretched-
structure systems of voids, i.e., nanometer pores. When wexponential form gave a satisfactory (fig. 1).
fill such a porous material with some substances, we may The temperature dependence of fii¥a spin-lattice re-
prepare certain types of nanostructures. laxation rate(T;)~* in bulk NaNQ, obtained by Bonerat al®

In particular, it is well known that the physical properties
of ferroelectric materials in a restricted geometry strongly i . ik
differ from those in the bulk.A very remarkable result is the 10, M=1-0-nexp(e/T)] - rexpl-c /T
giant growth of the dielectric constast(up to 1¢ at 100 '
Hz) on approaching the bulk melting temperatuf€,
=554 K) of NaNO, embedded in an artificial matr’The
giant growth ofe was tentatively attributed to the extremely £
broadened melting process, but no direct experimental evi- =
dence was given. A recent neutron-diffraction stuayf ;
NaNO, embedded in a porous glass with a pore size of 7 nm
showed that in the ferroelectric phase beldyw=437 K the
structure of the confined material is in good agreement with
the one of bulk NaN@' (space group Imm2 On heating
throughT, to the paraelectric phaggammm) a large growth
of the amplitudes of thermal vibrations of all ions is ob- ; ; ; ; ;
served leading to a “soft” premelted statgith an increased 10* 10° 10* 10" 10° 10'
unit-cell volume. In this case the growth of the dielectric

permittivity of NaNG, above T¢ could be tentatively ex- FIG. 1. Stretched-exponential fit of tféNa nuclear magnetiza-
plained by ionic currents due to jump diffusion of ions.  {ion recovery plot in microconfined NaNGat room temperature.

To check on this possibility and to throw some additionalthe slight deviatior(see arrow from the stretched-exponential be-
light on the differences between Nabl@ the bulk and ina  havior is due to the bulk-like NaNOcomponent present in the
confined geometry, we decided to perforrfiida spin-lattice  cracks in the porous glass. It is accounted for by adding a second,
relaxation study in the ferroelectric, as well as in theexponential relaxation term to the magnetization recovery, with
paraelectric, state. ~0.1-0.15 denoting the volume fraction of the bulk component.
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. . ation time T, and of the stretched exponeat of microconfined
FIG. 2. Temperature dependence of fiila spin-lattice relax- NaNO,

ation rates ofa) bulk and(b) microconfined NaN@ The observed

shape of thé — -3 #Na central transition is shown in the inset. ) o
In the bulk, the relaxation behavior is close Tg deter-

mined by the ferroelectric soft mogland the corresponding
fluctuations in the EFG tensor at tHéNa site. This soft-
mode contribution(T;Y)sy, is in confined NaN@ completely
fhasked by another relaxation mechaniST@l)mC character-
istic of the microconfined “premelted stateand we can

is compared in Fig. 2 with our data for microconfined
NaNO,. The characteristiqT;)™* anomaly atT, in bulk
NaNG; has disappeared in the confined system as the rela
ation rate continues to increase on heating throlighn the
microconfined NaNQT,)™* is always larger than in the

bulk. In the ferroelectric phase the relaxation réfg)™ of write

the confined system increases with increasingimilarly as 1 1 1 1

in the bulk. In the paraelectric phase, on the other hand, T_: T + T =~ T/ (4)
1 1/ sm 1/ mc 1/ mc

(Tt in the confined system does not decrease with increas-
ing T as in the bulk but continues to increase on heating. Théet us now try to determin€l/T;), i.e., the nature of the
inset to Fig. 2 shows the observed shape of?fa central  relaxation rate induced by the new mechanism characteristic

%—>—% transition atT=T2"k, for the microconfined system. It could reflect either the in-

The basic result of this study is that microcofinement trecrease of the librations of the N@roups detected by the

mendously increases the sodium spin-lattice relaxation ratgeutron diffraction or sodium self-diffusion. A discrimination
i.e., the spectral density of the electric-field gradigBFG)  between these two mechanisms can be made on the basis of

tensor_Vfluctuations at the nuclear Larmor frequenay, the temperature dependence(df Ty)mc
- Since librations are certainly much faster than the nuclear
(i) “J(O)L):Kf (V(0)V(1)eLidt. (1) Larmor frequency, we would be, in this case, in the fast
T, T motion limit and expressio) would become
Assuming for the sake of simplicity that the correlation 1 _
function of the EFG tensor decays exponentially, we find T_l *Kr o<l (5)
1, -7 (2)  This would mean that the relaxation rate decreases with in-
T, 1+0°7 creasing temperature instead of increasing as indeed ob-

served. This rules out increased librations as the new rate-
" determining mechanism in the microconfined phase.

We thus have to find another mechanism with a charac-
T= rerkT. (3) teristic inverse correlation time lower than the Larmor fre-
quency, so that we are in the slow motion limit,

Here, 7 is the correlation time for EFG tensor fluctuations
which can be safely assumed to be Arrhenius-like,

At still higher temperatures betwedp and the melting tem-

peratureT,,, T, approached, as indeed expected for a melt. 1 K

The T dependence of the stretched-exponentiaind the T %2 e 1. (6)

spin-spin relaxation timé&, is shown in Fig. 3. !
Such a mechanism could be EFG tensor fluctuations due to

lll. DISCUSSION sodium self-diffusion. These are certainly slow and thermally
Let us now try to determine the relaxation mechanismactivated, fulfilling the conditions of the validity of the above
leading to the enhancement of the relaxation rate in the miequation. Since the changes of the EFG produced by sodium
croconfined system. jump diffusion among vacancy sites are large, as compared
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to the changes produced by the atomic rearrangement at the 2
ferroelectric transition, the self-diffusion mechanism can eas- D=—, (7)
ily mask the mechanism valid in the bulk.

In this case we indeed havgr> 1, wherer is the char- where\ is the mean jump distance. The conductivityof
acteristic time between ionic jumps. Thus, we obtainthe system is, on the other hand, related to the diffusion
(Tys.q* 7 and 7 becomes shorter and shorter as temperaturgonstantD by
increases, leading to the observed increase of the relaxation
rate. _ nqz_D

The stretched exponentdefining the nuclear magnetiza- 7= kT '
tion relaxation recovery shown in Fig. 3 continuously de- ) ) o )
creases with increasing temperature, reflecting a widening g¥heren is the density of the charge carriefise., sodium
the distribution of spin-lattice relaxation rates on going intovacancy density g is the effective chargek is the Boltz-
the premelted state. The distribution in the relaxation rates j§'ann constant, and is the temperature. ,
due to the distribution of sodium vacancy sites and pore sizes 1€ increase of the conductivity results in the strong in-
in the porous matrix, as well as to the random orientations of¢as€ of the imaginary part of the dielectric permittivity and
the EFG eigensystems at the sodium vacancy sites. THePNnsequently, via the Kramers-Kronig relations, also of the

rather low values ofr are due to the increased randomnesg@l part. The frequency dependence of the dielectric con-
of the system in the premelted state. The small dipm)  Stant I characteristic for the Maxwell-Wagner eff¢see,

aroundT=420 K is connected with the smeared-out struc-€-9- Ref. 6. A more elaborate treatment performed for the

tural changes in the range of the ferroelectric phase transfaS€ Of the so-called “dielectric anomaly of rocks®dem-
tion. qnstratgd that in the case of the porous dlelectrlc_matenal
The T dependence of, can be understood by the same filled with the conducting one, the real part of the dielectric
model as used for the interpretation Bf(T). This is so, as constant can grow to very large valugs about 16). ,
only the centraf*Na transition has been irradiated, for which 'We can thus cpnclude 'that the Increase of the sod|.um
T, and T, both measure only the spectral densities at thespln-latnce _relaxatlt_)n rate in _the confined system reflecting
Larmor frequency and only differ in a numerical factor. Theth.e s_hortenmg ofr is due to increase of the sodium self-
optical difference between Figs. 2 and 3 is due to the facg'ﬁus'on constant.
that in the former the relaxation rate T} and in the latter ACKNOWLEDGMENTS
the relaxation timeT,, has been plotted.
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