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Meew~urements cbf the dielectric permittivity zse reported for the canouical glass
glycerol and for solid aolutiona of ferroelecttic b&tine phosphite and mtiferroelectric
betaine phosphate, which can be viewed ate protype system& of orientational &sses.
In this latter system long range dip&r order is suppressed by the competing ferro-
electric and anttierroelectlric interactions and the dip&x moments fkeeze-in devoid of
long range order. In both systems the! relaxation dynamics is studied for*fkequencies
lo- Hz3 w #Wiz, close to the @asa transition temperaturea. The rekatlon dynam-
ics ie characterized accarding to Angdh classification scheme of strong and fkagile
glass-farmers.

The recent interest in the phenonmenology of vitrification stems from the fact,
that it is still an open question, whether the glass traxmition czm be viewed as a
purely kinetic phenomenon, or if it is characterized by an underlying (dynamic) phase:
transitiionti Cammicd &uses, for example vitreous silica, are distinguished from ori-
entational and spin glasses in that the glass transition is defined by a process in which
an amorphous state is formed from the (undercooled) melt of the matecial. The glass
formatilon usually is defined by solitlifactioti without any crystalization and depends
strcqly on time which is avajllable for crystallization in the cooling process. The
atructurzl arrest is ch&racterized by a divergence of the shear viscosity (or by the
divergsmct? of a microscopic mean rel~ation time) However, the glass transition is
not .d&nad
mbiguaus[l P

recisely an4 the ez%ancec of a true glass phase in these Buids remains
. Close to the EaJlass transition temper&me the r&m&m times become

much longer than the expersmentaliet’s timre: &dow. Hence, the existence of a true
divetgencr! at nGn-zero temperature can only be concluded f&m extrapolations, and
can not bc rigorously tested. FfoIzlr a fundamental point of tiew, it teems that there is
always the possibility fez activated motion to occur leading to relaxation, a fact that
results from the absence af long range order. Most &US-fozming liquids reveal an
extraordinarily large temperature dapeadence af the viacotity Q which can be described
by a Vogel[2]-Fulcher[3] law:
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Here, Er is the hindering barrier of the relaxation process, which separates two poten- 
tial minima, Tvr is the Voge-F’ulcher temperature where tha viscosity diverges- In 
thermodynamic experiments, usually performed within a time window of 10s to 1008, 
the heat ca 

P 
acity reveals a rapid change AC, near the glass transition T, -TvF. A 

severe prob em in the interpretation of vitrification is to understand the origin of the 
observed anomaly in the heat capacity and to explain why it is more pronounced in 
some systems than in some others. 

Recently, C.A. Angell[4] has classified glass-formin 
“strong” and Wagile” extremes. By rewriting the Vogzazz lti% :gzf”,’ 
fragility parameter D, 

he was able to distin ‘sh between strong (D>20 
According to An~ell[4~tro, (fragile) glasses are 3, 

and &agile (D<20) asa formcrs. 
aracteriaed by a low 

of configuration states in their potential energy surface. Hence, strong glasses exhibit 
a smeared-out heat capacity anomaly, while fiagile glasses reveal a distmct anomaly. 

The aim of the present work is to check theac predictions in model systems, namely 
orientational glasses (OG), and to compare the results with what is found in canonical 
glasses. An oncntational glase state appears when reorientin moments in solids frceee 
mto random conf$urations[5]. The momenta may be of dipo ar or quadrupolar nature P 
and belong to one of the constituents of a mixcd- 
disorder and frustrated int eractione is responsible or the freezing tranrution which 7  

s ta l solid. The interplay of site 

bears similarities with the spin glass transition in dilute magnetic syateme[fl]. 
In this paper we present dielectric spectroscopy results obtained in the canonical 

glass glycerol and in solid solutions of antiferroelcctric betaine phosphate (BP) and fer- 
roelectric betaine phosphite (BPI) which 
Dielectric and other measurem ents have 

are good candidates for dipolar glasses[7],[8]. 
been 

-B 
crformed on 

studies by, Danforth[fl ,Morgan[lO , and Dave 
1 

lycerol since the mitral 

d 
son and Cole 111. 

study by Davidson an H One result of the 
Cole was t e conclusion that dielectnc relaxation in 

is well described by what has since become known as the Davidson-Cole form 
The literature on dielectric meas uremcnts in glycerol is abundantI and thus 
erol provides one with a well-studied wrth which comparison to other glasses 
is possible. Glycerol is a which has recently been shown 
to obey a scaling relation obeyed by er supercooled fluids 11. According to 
Angell’s classlflcation acheme it is a 0 ,=1465K yield- 
lng a fragility parameter D=ll. of C, at the ass 
transition temperature can be and BPI are molecular tryst a? s of 
the amino acid betaine and the phosphoric or the phos 
both compounds the inorganic components (PO4 or Pp 

horous acids, respectively- In 
03 groups) are linked by hy- 

drogcn bonds to quasi-one-dimensional chains[l4]. BP reveals antiferroelectric order 
at T,=86K[14]. At the ordering temperature rt 1s believed that the O-H- - -0 bonds 
order alon the one dimensional chains and the chains are linked antiferroelectrically. 
BP1 rev d ferroelectric order below T,=216K[14]_ It has been shown that at inter- 
mediate concentrations long range electric order is suppressed and the mixed 
crystals transform into an orimtational glass state[8]. Spccilically, we are interested 
in a comparison of the di 
solutions and to classify t Fl 

alar relaxation dynamics in glycero1 and in BP:BPI solid 
em according to An&l’s scheme[4]. 

2. EXPERIMBNTAL 

NominaUy pure (SelectipurtR) water-free (~0.7%) glycerol was purchased fi-om 
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Merck, It haa been distiIled addition- since it is known that water contamination 
ptoducte than 
erol was tram 

us in the relaxation time and other propcrtien of glycerol 151. The 
‘k 6 

yc- 
rred into the sample capacitor under nitrogen atmoep ere. gB BP: PI 

single crystals were supplied by J. Albcra (Fachb ercich Physik, Univcrsitiit dea Saar- 
laudcu, FRG). They were grown by controlled evaporation from aqueous solution_ 
For the dielectric spectroscopy thiu slicea of tha ein 

c&l 
e crystalline material were gold 

plated. Tha samplea were oriented along the mono m ‘c b-axis. 
‘Ib cover a broad ran e of frtquencicu two different experimental set-ups were urcd: 

a ikquency ra3ponee au L (Solartron- Scblumbcrgcr 1260 impedance analyzer 
pltmmted with a high&n edance preamplifier (Chclnca DicIcctric Interfkce) alI 

aup- 
owed 

mearmrements from lo-’ & 
(1WHa - 

to approximately 104Hrs. fn the audio frequency range 
lOoHe 

and HP 4274A k 
automated low-fkequency bridges (HP 4182A impedance analyzer 

CR meter) were used. Thcae upcrimente were per ormcd 1x1 a home 
manufactured variable flow He4 cryostat (2KsTs300K). 

3. RESULTS AND DISCUSSION 

_ Ueing the above mentioned dielectric spectroscopy tcchniqucrr, the dielectric 
yccrol and in solid solutions of betaine phosphate and betaine phosp 

~!&?+~%&_PbB~~;I~K] h 
gic,: 

M been measured for frcqucncieu lo-’ 5 v 5 10’ and 
and 300K_ The fkquency dependence of e’ and 8’ were 

0tted uein the Fourier transform 3 of the time-honoured Kohlrauach[16]-Williams- 
Wattall ?KWW) fu nc Ion. This function describes stretched exponential bchaviour t_ 
in the time domain: 

Here, r is a characteristic rdaxation time, flxwrv is a fractional exponent_ The 
Heviside etc 

% 
function ie defmed by h(t) which is 9 for t <O and 1 otherwise. The 

relationship ctwccn the KWW function and c(w,T) can be expressed a~ 

l ‘(w,T) = e’(m) - h”(w) = cg - iw(cs - cpo )J exp[-(tit)] exp[-(i/s_rwwPw~]dt, 
0 

(4) 

where c,=c(w=oo) and w is the angular frequency W=~XV_ 
The dickctric diapersion cerol is shown in Fi 

7 
_ 1. Here the real (upper frame: 

Fig. la) and the imaginary frame:F$_ lb part of the dielectric constant, 
c’ and 8’ rea ectivcly, are 
log,,(v) for d% 

the logarrthm of the measurement frequency 
ercnt temperatures between 189K and 236K. The dispersion step and 

the lose peak indicate the polydispersive nature of the relaxation process, 8’ is slightly 
aeymmttric and broader that the 1.14 decades as expected for a monodispersive Dcbye 
rehuator_ Both the width and the asymmetry stay almost constant over the range of 
temperaturea of? this investigation. 

The frequency dependence of the real 

K 
art (lower frame: Fig_ 2b) par* of c* in 

frame: Fig. 2a) and the imaginary 
P:BPI(40) shown etnkinglp different be- 

aviour from glycerol_ Fig_ 2 providca clear evidence of a stron 
3 

asymmetry and an 
enormous width, both of which are strongly temperature depen cnt. Fits to Eq. (4) 
are indicated by solid lines in both figures. The rather different tern crature depcn- 
dcncc of width and asymmetry of the canonical glaaa glycerol and of t K e dipolar glass 
BP:BPI(40) b ecomes even more evident in a plot of scaled data. 



Figure 2a The real part 
of the dielectric constant of 
BP:BPI(40 

s’ 
as a function of 

~og1&)* uccessive tcmpcrrtr 
tures are indicated. Fits to Eq. 
(4) arc indicated by solid lines. 

-ii 

Figure 2. 

Figure 2b. The imaginary part 
of the dielectric constant of 
BPrBPI(40 

s’ 
as a function of 

log1&). uccessive tempera- 
turea are indicated. Fits to Eq. 
(4) are indicated by solid lines. 

Figure la The nornAked 
real part of the dielectric con- 
stant of gl cerol as a function of 
log*O(V)_ Lcct%ive curves are 
se 
(b 

arated by 5K. Fits to Eq. 
are indicated by solid linea. 

Figure 1. 

Figure Ib. The normalized 
imaginary part of the diclcc- 
tric constant of ycerol 

f 
as a 

function of logio(y . Successive 
curves are separated by IiK. 
Ezzopd 2, (4) are indicated 

loglo tv[Hzl) 

-3 0 3 6 

log,, (v[Hzl) 
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k 

Fig. 3 shows the scaled data for glycerol (lower 
upper frame: Fie_ The data collapse onto a sin 
owever, no meamn mamter plot can be achieved for 

temperature dependence of width and asymmetry. 
dependence of rKcww and #~xww. 
fractional exponent (upper frame 

Fig. 4 shows the temperature dependence of the 

frame) for glycerol and b 
and of the characteristic relaxatron time (lower 

). Both sets of data are shown vs. a norrnalieed 
inverse tern erature T./T. The 

ernture w K 
ass transition temperature T is defined as the tem- 

%,=,K). 1 
ere the relaxation time rKcww=lOO~ (Glycerol: +#=i83KI BP:BPI(40): 

s indicated already by a master plot of the data, for glycerol, &WW is only 
we&y temperatura dependent. The plot or r~ww shows strong deviations from an 
Arrheniue bchaviour- The solid line is the result of a Vogel-Ncher fit with Eb=1465K 
and Tv,=134K. These values are in reasonable agreement with the results of previ- 
ous investigationa[ll]. In is below 0.3 and strongly temperature 
depen.lent- The characteristic time follows a pure Arrheniue behaviour 
with Eb/kB=252K. An estimate of a lower limit of a Vo cl-Nchcr temperature yields 
values well beIow 1K; hence the fragility pslamctcr ‘6 >l.oo. 

The lower frame of Fig. 4 reveals that glycerol is a 
D=ll, while BPsBPI(40) exhibit@ the characteristics of R strong 

e glass-former with 
ass. Accordingly, the 

jump in the s ecific heat at the 
gible in BP:B 5 I.[lS] In the 

ass transition is aignilicant in glyccrol[l3], but negli- 

the deviations from exponenti 
~4lSl the magnitude of 

model) signals the level of 
law (quant- ed by n=l-pcwbv m then 

the “primitive” species. It 
has been suggested that for etron liquids the exponent &ww lies in the range of 0.81 
and is weakly temperature depen 3 ent. Fragile li uids exhibit nearly single-exponential 
relaxation (&WW -1) at high temperatures, an 1 show non-Arrheniua behaviour close 
to the glass transition temperature. 20 This correlation of flrrww with the other system 

LL parameters seems to be at odds wit t. e present investi ation. Within the framework 
of the coupling model the small values of the fraction s 
by combining coupling and site diaordcrf21]. 

exponent may be explained 

4- CONCLUSIONS 

In conclusion, we have presented dielectric results in solid solutions of ferroelectric 
BP1 and antiferroelecric BP which undergo a transition into an orientational glass 
state and compare the results to the dielectric perxnittivity obtained in the canonical 

!? 
as8 glycerol. The relaxation dynamics at the glass transition was studied in detail. 

or both 
$ 

asses the dispersion of c* in well described with the Fourier transform of 
a stretche exponential time behaviour (Kohlrauech-Williams-Watts function). How- 
ever, the iractlonal exponent behaves ver different in the two glass-formera investi- 
gated. It is 0.8 and almost temperature in&pendent for glycerol, while in BP:BPI(40), 
@KWW decreases from O-3 to 0.2 with decreasing temperatures. The mean relaxation 
times follow a Vogel-Ncher law for lycerol and can be described by a pure Arrhe- 
nius behaviour in the orientational Within the classification scheme pro oetd 
by Angell, glycerol is a fr parameter D=ll; BP:B&40) 
is a strong glass-former signature of a strong and fragile 
glass is consistent with the predictions concerning the specific heat anomaly at the 

lace trantGtion: it ie well known that glycerol exhibita a well-defined 
% he heat capacity in the orientational glass BP:BPI ie absolutely smooth at the 
transitions ttmpcrature[lS]. 

This work has been su ported by the Sonderforechungabereich 262 and by the 
Materials Hesearch Center Maina). P 



EEric loss in BP:BPI 40 as 
3a A master plot of the 

a function of loglo e hJJ * t by 
UpML and scaled by emu. Tcm- 
perature range is the same as in 
Figure 2. 

: Figure 3. 

Figure 3b. A master plot of 
the dielectric loss in gl ccrol as 
a function of loglo a &f&d by 
I+,.& and scaled by c-. Tcm- 
perature range is the same as in 
Figure 1. 

Figure 4a The variation of 
&WW resulting from fit6 of 

to the data in Fig- 
and 2 as a function 

of normalized inverse tem- 
perature T /T. For Glyc- 
erol T =1&3K whereas for 
BP&PI(4O) T,=7K. Bro- 
ken lines are to guide the 
eye. 

Figure 4. 

Figure 4b_ Variation of 
lo I0 of relaxation times rc- 
s 3 ting from fits of Eq.(4) 
to the data in Figures 
1 and 2 as a function 
of normalized inverse tem- 
perature T,/T. For Glyc- 
erol T -183K whereas for 
BP:BF’&40) T,=7K. Solid 
lines result from fits to 
Eq(2). 
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