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Th is paper presents the results of investi gations of the dielectric prop er-

ties of N H 2 ( C H 3 ) 2 A l( SO4 ) 2 È 6H2 O cr ystals p erformed in a wide frequency
range . In particular , the temp erature and frequency dep endences of the di-
electric permittivi ty were measured in the region of ferro electric phase at

di ˜erent rates of temp erature change. The thermal dip ole relaxatio n w ith
a critical slow ing- dow n at T c1 w as observed at comparatively low frequen-
cies of measuring Ùeld. The relaxation connected w ith the domain freezing
ta kes place at still low er frequencies (below 100 kH z) and w as found to b e

strongly dep endent on the rate of the temp erature change. I t was show n that
deuteration results in a noticeabl e change of the parameters characterising
this pro cess includi ng the temp erature of domain w all f reezing.

PACS numb ers: 64.70. {p, 77.84. {s

1. I n t rod uct io n

R ecently the crysta ls of dim ethyla m monium alum ini um sul phate hexahy-
dra te N H2 ( CH 3 ) 2Al ( SO4 ) 2 È 6H2 O (D MAAS) were wi dely studi ed using di ˜erent
exp erimenta l m etho ds. In parti cul ar, i t has been found tha t DMAAS shows f erroe-
lasti c pro perti es at room temperature and underg oes a pro per ferro electri c phase
tra nsiti on of 2nd order 2 =m ! m at T c1 = 152 K [1, 2]. In works of [3{ 5] the anom a-
l ies of the dielectri c and opti cal parameters have been found at T c 2 = 110:5 K and
T = 7 5 K. The low tem perature anomaly was related to the tra nsiti on into the
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anti ferroelectri c phase, whereas the tem perature region between T c2 and T1 was
characteri sed by a co-exi stence of ferro electri c and anti ferroelectri c phases [5].
Structura l studi es of DMAAS [6] have pro ved tha t orderi ngs of D MA groups lo-
cated in la tti ce vo ids are responsibl e for either of the phase tra nsiti ons (PTs)
whi le other changes in the latti ce structure are just accompanyi ng phenomena.
NH 2 group of D MA cati on can occupy four equi libri um positi ons related in pai rs
by the inv ersion tra nsform ati on form ing a slightl y deform ed cross. The orderi ng ap-
peari ng in the f erroelectri c (anti ferroelectri c) phase was supp osed to be of a m ixed
nature : f erroelectri c orderi ng along the X -axi s is accom panied by anti f erroelectri c
one along the Y -axi s and vi ce versa [5].

The therm al di po le relaxati on wi th a cri ti cal slowi ng-down at T c 1 was ob-
served in DMAAS at rather low frequenci es for such a typ e of phenomena: in the
region of 1{ 10 MH z. The relaxati on connected wi th the dom ain freezing wa s ob-
served at lower frequenci es (at least, below 100 kHz) and was found to be m ore
cl earl y seen in the deutera ted crysta ls (D MAASD ) [7]. Neverthel ess, i t was di f-
Ùcul t to perform the detai led analysis of the supp osed dom ain freezing in the
hydro genated sampl es, for the observed e˜ect was very weak in the investigated
frequency wi ndow at usual condi ti ons of the exp eriment. For thi s reason i t woul d
be interesti ng to search how the relaxati on process connected wi th dom ain wa l ls
freezing can be inÛuenced by experim ental condi ti ons especial ly by varyi ng the
rate of tem perature change. It is obvi ous to consider the correspondi ng di electri c
pro cess as a nonequi libri um one. Tha t is why i t is im porta nt to investigate also
the ti me dependence of the dielectri c param eters in the proper frequency region.
Under such ci rcum stances the detai led dielectri c m easurements of these crysta ls
were perform ed in a wi de frequency range of 1 0 2 { 1 0 6 Hz at di ˜erent ra tes of tem -
perature change.

2. E x per i m en t a l

Good qual i ty sampl es of D MAAS were grown by slow evaporati on of wa -
ter from aqueous soluti on of dim ethyl amm onium and alum ini um sulphates wi th
addi ti on of sulphur acid.

D ielectri c m easurem ents were perf orm ed on rectangular crysta l l ine pl ates
perpendicul ar to the ferro electri c axi s (the longi tudi na l component of the di electri c
perm i tti vi ty ). Af ter pol ishing, conducti ng silver paste electro des were used. The
compl ex dielectri c constant was measured usi ng Hewl ett- Packard 4275 A m ul tif re-
quenci al LCR -meter. The appl ied AC measuri ng electri c Ùeld wa s E = 1 0 V/ cm.

3. R esul t s an d d iscu ssio n

Let us consi der the condi ti ons when the dom ain contri buti on into the lon-
gi tudi na l dielectri c perm i tti vi t y woul d be m axim al. T aking into account tha t any
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tra nsform ati on of the dom ain structure is an inerti al process, one can suppose tha t
i ts conÙgurati on at a certa in tem perature wo uld considerably depend on the rate
of tem perature change. At the low rates the dom ain structure could relax to the
equi l ibri um state and contri buti on of the dipoles wi th an interm ediate polari sa-
ti on wi thi n the dom ain wal ls into the di electri c susceptibi l i ty wi l l be m inimal . On
the other hand, wi th ri sing the tem perature change rate the dom ain contri buti on
should grow. At the sam e ti m e, one can expect tha t the e˜ect woul d be m ore
pro nounced at lower frequenci es of the measuri ng electri c Ùelds. Thi s predi cti on
is conÙrm ed by the temperature dependences of the real and imaginary part of
di electri c perm itti vi ty (Fi g. 1) obta ined at higher veloci ti es of the tem perature
change tha n in the case described in [7]. At such condi ti ons of the exp eriment
the devi ati on of " 0 from the Curi e{W eiss law becomes cl earl y seen in the region
of T < Tc 1 . Mo reover, at the rate of 2 K/ min one can observe the characteri stic
pl ateau (shown by arro ws) whi ch is l im i ted by a sharp dro p of " 0 at lower tem per-

Fig. 1. Temp erature dep endences of the real "
0 (a) and the imagina ry "

00 (b) part of the

dielectri c constant obtained at di˜erent rates of cooling (f requency of measuring Ùeld

f = 5 00 H z).

Fig. 2. Temp erature dep endences of the real " 0 (a) and the imaginary " 00 (b) part of

the dielectric constant of D MA A S obtained at the rate of cooling 2 K /min at di˜erent

frequencies of measuring Ùeld.
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atures. In the tem perature dependence of " 0 0 the characteri sti c cup- l ike m axim a
app ear. It is necessary to note tha t the hi gher the tem perature change rate is,
the sharp er the anom alous changes of both dielectri c param eters are. Such a be-
havi our of the di electri c perm i tti vi t y (dro p of " 0 and corresp ondi ng maxi mum
of " 00 ) corresp onds to the tem perature region of the freezing of the domain wa ll
m oti on [7].

It is interesti ng to note tha t, contra ry to the case of com parati vely low rates
of temperature change usual ly used in the di electri c measurements [7], at the rate
of 2 K/ m in the anom al ies of " 0 and " 00 reÛecting the dom ain freezing pro cess are
observed also at the frequency of 1 kHz (Fi g. 2). The described e˜ect also m ani fests
i tsel f in the frequency dependences of the dielectri c param eters (Fi g. 3). A sharp
decrease in " 0 and the corresp ondi ng m axi ma of " 0 0 are observed at the frequenci es
when the dipoles wi thi n the domain wal ls are no longer easily removable at the
change of m easuri ng Ùeld di recti on. At lower rates of tem perature change the cor-
respondi ng anomal ies becom e smoother. Tha t is why thi s e˜ect was not observed

Fig. 3. T he dielectri c constants " 0 (a) and " 00 (b) for DMA A S measured within the fer-

ro electric phase (T = 145 K ) as functions of frequency for various rates and direction s

of temp erature change.

Fig. 4. T ime evolution of the dielectric constant " for DMA AS obtained at di˜er-

ent frequencies of measuring Ùeld w ithin the ferro electric phase: T = 140 K (a) and

T = 1 20 K (b).
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at the usual condi ti ons of exp eriment [7]. The analysis of the ti m e dependence of
the di electri c param eters (Fi g. 4) conÙrm s the aforem enti oned argum ents. As i t
wa s expected, the tem pora l changes becom e the most noti ceabl e at appro aching
the phase tra nsiti on point at com parati vely low f requenci es of the m easuri ng Ùeld.
The characteri sti c ti m e of the system tra nsform ati on to wa rd the equi l ibri um state
(appro xi m atel y 100 s) determ ines the rate of tem perature change (or the ti me of
tem perature stabi l isati on at every point of measurements) corresp ondi ng to the
m inim al contri buti on of the dom ain dyna m ics [7].

Fi nal ly, one can note tha t we have found the condi ti ons of experim ents (hi gh
rate of the tem perature change and inessentia l wi deni ng of the wo rki ng frequency
range to wa rd lower values) under whi ch i t is possibl e to observe in the Cole{Co le
di agrams enti rely the sector corresp ondi ng to the dom ain relaxati on (Fi g. 5).

Fig. 5. C ole{C ole diagrams for DMA A S for di˜erent temp eratures obtained at the rate

of cooling 2 K /min. Solid lines (a, b) are the Ùts to Eq. (2).
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In parti cul ar, at T = 1 4 8 and 151.5 K, i .e. just below the PT point thi s
part app ears as a practi cally ful l semicircl e whi ch, however, is centred below the
X -axi s. Thi s impl ies som e distri buti on of relaxati on ti m e due to intera cti on be-
tween the dipoles [8]. A m ore detai led analysis of the relaxati on pro cess param eters
for a certa in temperature range wi thi n the ferroelectri c phase is com pl icated due
to the overl appi ng of the regions of dom ain and funda menta l ferroelectri c relax-
ati ons. The latter corresp onds to the hi gh frequency part of the Cole{Co ledi agram
(f or T = 1 5 1 : 5 K as an exampl e). Mo reover, at tem peratures T > T c (b eginni ng
from T = 1 5 2 :2 K) only thi s part remains since in thi s case the dom ain contri bu-
ti on com pletel y disappears.

One can note tha t the al l presented di agrams devi ate noti ceably from the
behavi our described by the D ebye equati on. Under such circum stances for the anal -
ysis of the high frequency part of the di agrams, as wel l as of the region of di agram
overl appi ng, one can use the Co le{ Cole equati on wi th the empi ric parameter ˜ .
In thi s case the compl ex dielectri c perm i tti vi t y m ay be wri tten as [8]

" Ê ( ! ) = " 1 +
" 0 À "

1

1 + ( i! § ) 1 À ˜
; (1)

where "
1

stands for the hi gh frequency l imi t, " 0 i s the perm itti vi t y obta ined at
stati c m easurem ents, ! i s the frequency of measuri ng Ùeld and § i s the relaxa ti on
ti m e. The ˜ param eter in Eq. (1) represents a m easure of the relaxa ti on ti m e
di stri buti on.

For the analysis of the sing le slightl y asym metri c low frequency parts of the
di agrams (f or T = 1 3 8 K and 148 K as an exampl e) i t wo uld be conveni ent to use
the m odel described in R ef. [7]. In thi s case the compl ex dielectri c consta nt can
be wri tten as

" Ê ( ! ; T ) = [" (T ) À " ( T ) ]
g ( § ; T )

1 + i ! §

d§

§
+ " ( T ) : (2)

Here g ( § ; T ) results from a Gaussian distri buti on of acti vati on energies E centred
around E wi th the vari ance ¥ whi ch enters a Vogel{ Fulcher law for the relaxa ti on
ti m e [7]

§ ( T ) = § exp
E

T À T
; (3)

where T is the Vogel{ Fulcher tem perature at whi ch the relaxati on ti me reaches
inÙni ty .

The Gaussian distri buti on of the acti vati on energies E i s as fol lows:

f ( E ) =
1

p

2 ¤ ¥
exp

À ( E À E )

2 ¥
: (4)

Then the functi on g ( § ; T ) takes the fol lowi ng form :

g ( § ; T ) =
T À T
p

2 ¤ ¥
exp

À [ (T À T )( ln § À ln § ) À E ]

2 ¥
: (5)
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A choice of the tem perature independent Gaussian distri buti on of the acti -
vati on energy (5) looks natura l for accounti ng of the Ûuctua ti ons of the potenti al
barri er m agnitude E from the average value E 0 [8].

W hi le wo rki ng out least-squares Ùts to the data (Fi g. 5) and usi ng a pro ce-
dure described in deta i l elsewhere [9, 10] one can obta in the im porta nt param eters
such as the tem perature T 0 , the characteri stic relaxati on ti me §0 , the mean value
(E 0 ), and the v ariance (¥ ) for the distri buti on of acti vati on energies

T 0 = 1 1 6 : 0 Ï 0 : 1 K ; §0 = ( 5:8 Ï 0:2) È 10À 7 s;

E 0 = 6 2 :8 Ï 0 : 3 K ; ¥ = 10:3 Ï 0:1 K :

For com pari son one can present the corresp onding param eters obta ined wi th
the simi lar appro xi matio n of the Cole{Co le di agrams f or the deutera ted sampl es
of D MAASD

T 0 = 1 1 1 : 0 Ï 0 : 1 K ; §0 = ( 3:4 Ï 0:2) È 10À 7 s;

E 0 = 7 7 :7 Ï 0 : 3 K ; ¥ = 16:0 Ï 0:1 K :

One can note a certa in di ˜erence between the param eters f or the hydro -
genated and deutera ted crysta ls tha t reÛects some dependence of the di pole reori -
enta ti on process on the isoto pic rati o of H ato m s. Fi rst of al l , the di stri buti on of
the acti vati on energy becomes bro ader in D MAASD tha t should be exp ected at a
parti al deutera ti on of the sam ple.

On the other hand, it is interesti ng to note the correl ati on of the v alues T

wi th the tem perature Tc 2 of tra nsiti on into the interm ediate phase, obta ined on
the basis of electro opti c measurements and study of the tra nsverse components
of di electri c susceptibi l i ty [5]. Thi s coinci dence is connected wi th the analogy in
the phenom ena of domain wal l freezing and the phase coexi stence since both pro-
cessesrefer to the freezing of dipole ori enta ti ons at a certa in tem perature (and/ or
wi th the inÛuence of externa l electri c Ùeld). Indeed, as i t was supp osed in [5] the
phenom enon of phase coexi stence in the D MAMeS (Me = Al , Ga) crysta ls should
be ascribed to the \ f reezing" of dipoles in the positi on characteri sti c of the \ over-
heated" low temperature phase or \ supercooled" hi gh tem perature phase. Such a
situa ti on wo uld be real ized best of al l at qui ck changes of the sampl etem perature.
Otherwi se, the reori enta ti on of di poles woul d proceed even at exi stence of high
enough barri ers between the positi on corresp ondi ng to the ferroelectri c and anti -
ferro electri c phases, and the region of phase co-exi stence woul d not be m anif ested
by consi derabl e anom al ies of physi cal properti es. From thi s point of vi ew the pre-
sented experim enta l resul ts correl ate f airl y well wi th the concl usions concerni ng
the nature of the D MA groups orderi ng at low tem peratures based on the data of
previ ously perform ed study of the electroopti c e˜ect and the tra nsverse di electri c
perm i tti vi ty [5].
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4 . Co n cl u si on

W e have inv estigated DMAAS crysta ls around the ferro electri c phase tra n-
siti on by means of dielectri c m easurements over a wi de frequency range. At the
hi gh rate of tem perature change (¿ 2 K/ m in) the therm al dipole relaxati on wi th
a cri ti cal slowi ng-down at Tc 1 was observed as a clear semicircl e in the Cole{Co le
di agram at the frequenci es rather low for such a typ e of phenomena. Thi s al lows
us to conÙrm the concl usion [5, 7] tha t the Ûippi ng of heavy dim ethyl ammonium
groups between the two from the four possibl e stabl e ori entati ons is responsibl e for
the ferroelectri c dispersion and tha t the ferroelectri c phase tra nsiti on is tri ggered
by orderi ng these groups whi ch carry the electri c dipoles.

It has been also found tha t wi th increasing temperature change rate the
dom ain contri buti on into the di electri c perm i tti vi ty becom es m ore pro nounced
and corresponding di electri c dispersion is shif ted to ward low frequenci es (at least,
lower tha n 100 kHz). At such condi ti ons of experim ent i t was possible to calcul ate
the parameters of the dipole reori enta ti on process whi ch app eared to be clearl y
dependent on the isoto pic rati o of H ato m s in a sam ple. In the sam e ti m e, the
Vogel { Fulcher tem perature T 0 was found to be close to the tem perature Tc 2 of
tra nsiti ons into the interm ediate phase [5] tha t reÛects a sim i lar nature of the
dom ain wal l f reezing and the phase coexi stence phenomena.

R ef er en ces

[1] L. K irpichniko va, E. A ndreyev, N . Ivanov, L. Shuv alo v, V . V arik ash, K r i stall o-
gr aÙya 33 , 1437 (1988).

[2] O. V lokh, V . K apustiani k, I . Polo vinko, S. Sveleba, V . Varik ash, E. A ndreyev, Zh.

Pri kl. Spek tr osk. 51, 854 (1989).

[3] O.G. V lokh, V .B. K apustianik , I . I . Polo vinko, E. F. Andreyev, V .M. Varik ash,
L. A . Shuvalo v, Ferr oelectri cs 111, 333 (1990).

[4] V . K apustiani k, M. Bublyk, I . Polo vinko, S. Sveleba, Z. T rybula, Ph ase T r ansit .
231 (1994).

[5] V . K apustiani k, S. Sveleba, I . Stasyuk, O. V elychko, Z. C zapla, R. T chukvinskyi,
785 (2001).

[6] A . Pietraszko, K . Luk aszewicz, L. F. K irpichniko va, 1877

(1993).

[7] V . K apustiani k, M. Fally , H . K abelka, H. W arhanek,

723 (1997).

[8] Yu. Popla vko, , V yshcha shkola, K yiv 1980.

[9] M. Fally , P. K ubinec, A . Fuith, H . Warhanek, C . Filipi c,
2195 (1995).

[10] K . K uramoto, 1859 (1987).


