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Molecular dynamics of iso-amyl bromide by dielectric spectroscopy,
and the effects of a nonpolar solvent, 2-methylpentane,
on the spectral features

O. E. Kalinovskaya and J. K. Vija)

Laboratory of Advanced Materials, Department of Electronic and Electrical Engineering, Trinity College,
Dublin 2, Ireland

~Received 13 July 1999; accepted 28 September 1999!

To gain insight into the effects of the weakening of the electrostatic interactions on molecular
dynamics when polar molecules are dissolved in a nonpolar solvent, the dielectric polarization and
relaxation behaviors of iso-amylbromide and its 50 mol % solution in 2-methylpentane have been
studied in detail over the frequency range, 1 mHz–1 MHz, and a temperature range approaching
their liquid to glass transition. Features of the~i! a-relaxation spectrum,~ii ! the Johari–Goldstein
relaxation process in the liquid state at low temperatures, with an asymmetric spectral shape, and
~iii ! the temperature dependence of the relaxation dynamics have been determined and the effects of
weakening of the electrostatic interaction on these features examined. The high-frequency wing of
the loss spectrum of thea-relaxation is proportional tov2b. The dynamics of itsa-relaxation
follows the Arrhenius equation initially at high temperatures and thereafter the Vogel–Fulcher–
Tamman equation. Alternative equations for the change in the relaxation rate have been discussed.
A decrease in the dipole–dipole interaction and reduction in the internal field in a solution with a
nonpolar solvent leads to a remarkable change in the shape of the relaxation spectra at high
frequencies such that the dielectric loss for thea-relaxation becomes proportional tov2ab, with a,
b,1. The relaxation spectra of iso-amyl bromide dissolved in 2-methylpentane follows the H–N
function and therefore behaves similar to a polymer, whereas for pure iso-amyl bromide follows the
Davidson–Cole behavior. ©1999 American Institute of Physics.@S0021-9606~99!50748-4#
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I. INTRODUCTION

Molecular dynamics of supercooled liquids by dielect
spectroscopy is of much current interest, mainly for the p
pose of examining~i! the distribution of relaxation times,1–4

~ii ! the continuous change from its unimodal distribution to
bimodal distribution of relaxation times on cooling towar
its glass-transition temperature,Tg ,5–7 and~iii ! the tempera-
ture dependence of the average relaxation time.8,9 The relax-
ation spectra are currently analyzed1–9 in terms of a set of
equations that are approximately equivalent to the varia
of the dielectric loss with frequency according to a ‘‘fra
tional power-law’’ at both the low-frequency and high fr
quency sides of the relaxation peak. These equations ar
stretched exponential relaxation function10–12 in the time do-
main, Havriliak–Negami or H–N equation13 in the fre-
quency domain. The latter relationship is a combination
the Cole–Cole relaxation14,15 and Davidson–Cole relax
ation16 functions. In recent studies,17–21 of dielectric relax-
ation in supercooled liquids, the dielectric spectra of gly
erol, which was originally found to have an asymmet
shape and had led to the formalism of the Davidson–C
relaxation function,16 have been described in terms of th
stretched exponential, and H–N~Ref. 13! equations. As the
rate of the high-frequency or the Johari–Goldste
relaxation22,23 in the liquid state depends on the manner

a!Author to whom correspondence should be addressed.
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the fitting of the low-frequency spectra, this has cause
concern about not only the ambiguity of the results dedu
from such analyses but also on the validity of the Davidso
Cole formalism16 for dielectric relaxation in supercooled liq
uids. For the general case of H–N formalism, for frequenc
much lower than the frequency of maximum dielectric lo
the low frequency wing of the loss-spectrum varies asv1a,
whereas for frequencies much greater than the frequenc
maximum loss, the high frequency wing of the loss spectr
varies asv2ab. H–N formalism reduced to Davidson–Co
for a51.

One objective of this study was to determine wheth
other supercooled liquids also showed a dielectric spec
shape corresponding to the stretched exponential or H
equation. The second purpose of this study was to exam
how a change in the electrostatic interactions of a dipo
molecule in a nondipolar solvent affects the dipolar rela
ation dynamics. Pure iso-amyl bromide and
2-methylpentane mixture were chosen for this study, mai
because it is the original liquid, devoid of H-bonds, f
which a skewed arc shape of the complex-plane plots
observed in the studies by three groups; Glarum24 who had
studied the relaxation of pure iso-amyl bromide at tempe
tures above its freezing point, Denny,25 who studied it in the
supercooled liquid state, and Berberian and Cole26 who sub-
sequently extended these data to lower temperatures by u
the transient current method. The dielectric relaxation of
solution in 2-methylpentane was studied by Denny a
9 © 1999 American Institute of Physics
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Ring.27 In the more detailed study of iso-amyl bromide
was noted that although the spectra had a Davidson–C
there were deviations at the high frequency end. Also it w
noted that the relaxation time deviated from the Voge
Fulcher–Tamman equation28–30 at temperatures above th
freezing point of iso-amyl bromide~Fig. 4 in Ref. 26!. We
will also discuss an analysis of these features in detail h

II. EXPERIMENTAL METHODS

The dielectric permittivitye8 and losse9 were measured
over the frequency range, 1 mHz–1 MHz using a Solart
FRA-1255A, frequency response analyzer equipped wit
Chelsea dielectric interface. The dielectric cell used wa
miniature, tunable parallel plate capacitor containing
plates, with an air capacitance of nominally 16 pF.~Note
parallel plate capacitors with two plates separated by spa
have been used successfully in this frequency range by
eral groups.! The cell and the sample’s temperature was c
trolled by keeping it inside a cryostat, model Oxford spec
Spectrodn20 top loading, and an ITC6 temperature contro
both purchased from Oxford Instruments. The temperatu
were not programmed. Rather these were set and contro
isothermally at the desired value by its manual setting. T
temperature was controlled to within60.1 K over a period
of up to 24 h required for measurements at the lowest t
perature in the lowest frequency range. Temperature of
cell was measured using a Keithley 105A multimeter,
immersing a PT 100 class A sensor in the cell containing
liquid. The maximum tolerance at 73 K is given as60.55 °C
which is better than for most thermocouples.

Iso-amyl bromide ~GC grade, purity .96%! and
2-methylpentane~purity .99%! were purchased from Ald
rich. Iso-amyl bromide was used after purification by fra
tional distillation, whereas 2-methylpentane was used
such. Their 50 mol % mixture were prepared by accurat
weighing the appropriate amounts.

III. RESULTS

Instead of the plots ofe8 ande9 in a complex plane, we
show thee8 ande9 spectra of iso-amyl bromide at 14 select
temperatures from 110.1 K to 133.3 K in Fig. 1. Here t
spectra obtained at 131.3 K and 133.3 K show a lower va
of e8 and e9 than expected on the basis of the temperat
decrease, and the sample was found to have partially cry
lized ~its freezing point is 161.3 K!, as was also noted b
Denney.25 This partial crystallization of iso-amyl bromid
does not seem to introduce an additional relaxation proc
or shift the peak of the liquid’s original relaxation proces
introduces only a fractional change in the magnitude of
orientation polarization; the amount of liquid crystallized
;20% at 131.3 K and 60% at 133.4 K. In both cases
crystallization appeared to be slow enough to alter data
ing the period of 2 h for collecting the spectra.

A typical spectra measured at 115.1 K is shown in F
2. Its shape was analyzed by using theWINDETA program
provided by Novocontrol, Hundsagen, Germany. This co
putational algorithm has been used generally in the anal
of the dielectric data by Fischer and co-workers. The c
Downloaded 15 Jul 2010 to 134.226.1.234. Redistribution subject to AIP
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tinuous line is the curve calculated witha50.98 and
b50.55, the equilibrium dielectric permittivity,es515.54,
the limiting high-frequency permittivity,e`53.12, and the
characteristic relaxation timet50.161 s. As seen in Fig. 2
the measured values ofe8 and e9 are higher than those ca
culated and therefore there was a need to fit the entire da
a sum of relaxation spectra according to the equation,

FIG. 1. Thee8 ande9 spectra of pure iso-amyl bromide at several tempe
tures, as follows:~1! 110.1 K, ~2! 111.15 K,~3! 112.1 K, ~4! 112.8 K, ~5!
115.1 K,~6! 117.2 K,~7! 119.15 K,~8! 121.5 K,~9! 123.0 K,~10! 125.2 K,
~11! 127.1 K, ~12! 129.0 K, ~13* ! 131.3 K, ~14* ! 133.3 K. * refers to
partially crystallized samples.

FIG. 2. Thee8 ande9 spectra of pure iso-amyl bromide measured at 115.1
is analyzed into one relaxation process, withes515.54, e`53.12, f m

51.62 Hz,a50.98, andb50.55. The plot at the bottom shows the resol
tion of the a- and the Johari–Goldstein relaxation process in is
amylbromide at 115.1 K. The parameters used for the calculations are g
in Table I.
 license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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TABLE I. The parameters obtained by an analysis of the dielectric data of iso-amyl bromide according to Eqs.~1! and~2!. The symbol* refers to the partially
crystallized sample.

T(K) es De1 a1 b1 t1(s) De2 a2 b2 t2(s) f m,1(Hz) f m,2(Hz) es2SDek

110.1 15.8 12.84 0.94 0.54 22.59 0.22 0.77 0.35 4.4331023 1.2131022 1.183102 2.55
111.15 15.75 11.88 1 0.54 7.87 0.37 0.57 0.44 6.4331023 3.331022 9.463101 3.43
112.1 15.71 12.54 0.99 0.50 3.17 0.3 0.49 0.43 4.5731024 8.7331022 1.843103 2.87
112.83 15.61 12.46 0.95 0.56 9.4231021 0.32 0.54 0.53 2.9231024 2.7531021 1.863103 2.83
115.1 15.54 12.42 0.98 0.55 1.6131021 0.26 0.74 0.60 3.4431025 1.62 1.133103 2.86
117.12 15.37 12.08 0.98 0.58 3.0731022 0.21 0.72 0.67 1.5831025 8.09 1.653104 3.08
119.15 15.2 12.43 0.95 0.61 7.0931023 0.16 0.77 1 3.0631026 3.463101 5.213104 2.61
121.49 14.99 12.22 0.96 0.60 1.6731023 0.2 0.79 0.75 2.231026 1.473102 13105 2.57
122.99 14.81 12.07 0.98 0.58 6.6531024 0.18 0.79 0.47 1.2631026 3.733102 2.923105 2.56
125.2 14.54 11.27 1 0.61 1.7731024 0.19 0.79 0.36 9.6731027 1.333103 5.083105 3.08
127.11 14.39 11.5 0.97 0.63 6.0931025 3.863103 2.89
129.04 14.09 10.83 1 0.63 2.4731025 9.333103 3.26
131.28* 12.77 9.78 1 0.63 8.0231026 2.863104 2.99
133.39* 9.03 6.38 1 0.68 2.2631026 9.583104 2.65
d

o-
he
th

e
ls
ar
te

f
ed
Fi

e
K

ted

ra-

ilar
oss
ose
ric
ner
out

ive
ure.
e-
e

her
alue

-
yl-

n
amyl
, 26,
e* ~v!5e`1(
i 51

i 5n
es,i2e`,i

@11~ ivt i !
a i#b i

, ~1!

and using theWINDETA algorithm. In Eq.~1! the shape pa-
rametersa i andb i in Eq. ~1! determine the symmetric an
asymmetric distribution of relaxation times in thee8 and e9
spectra.a i and a ib i determine the angle of approach t
wards the limiting low-, and high-frequency values of t
dielectric relaxation spectra. An attempt was made to fit
e8 ande9 spectra to two relaxation regions, i.e.,n52.

The analysis ofe8 ande9 spectra thus yielded the shap
and relaxation time. A typical analysis of the spectra is a
shown in Fig. 2, where the dashed line in the form of an
shows the calculated spectra at 115.1 K, with the parame
a250.74, b250.60, De250.26, e`,252.86, and t2

534.4ms.
The various parameters of Eq.~1! at 14 different tem-

peratures thus obtained are listed in Table I. The values oa1

andb1 for the prominent, low-frequency spectra are plott
against the temperature in Fig. 3. The data in Table I and
3 show that the parametera1 for the prominent relaxation
process is 0.9860.02, remaining almost constant with th
changing temperature, andb1 increases from 0.54 at 110.1
to 0.61 at 125.2 K.

FIG. 3. The plots of the parametersa and b against temperature for iso
amyl bromide, and 50 mol % solution of iso-amyl bromide in 2-meth
pentane~both for the main processes!.
Downloaded 15 Jul 2010 to 134.226.1.234. Redistribution subject to AIP
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The frequency of the relaxation peak was calcula
from8

f m,15~2pt1!21S sinF a1p

212b1
G D 1/a1S sinF a1b1p

212b1
G D 21/a1

. ~2!

f m,1 is plotted logarithmically against the reciprocal tempe
ture in Fig. 4. Heref m,1 values calculated from thet data
provided by Glarum,24 Denney,25 and Berberian and Cole26

are included for comparison. Our results show a sim
curve shape, though frequencies of maximum dielectric l
for the low frequency process are somewhat lower than th
given in the literature. Frequencies of maximum dielect
loss for the high frequency process are higher. The man
of analysis of the data presented here was not carried
previously for this material, hence there is only a qualitat
agreement between our results and those in the literat
The values off m,2 were calculated from an equation corr
sponding to Eq.~2! and using the appropriate values of th
other parameters. It is plotted also in Fig. 4.

The magnitude ofes ~same ases,1) is plotted against the
temperature in Fig. 5. Here the values are somewhat hig
than those reported by others. For example, the earlier v

FIG. 4. The plots of log(fm) for the a-relaxation and the Johari–Goldstei
relaxation processes against the reciprocal temperature for pure iso-
bromide. Our results are compared with those in the literature, Refs. 25
and 27.
 license or copyright; see http://jcp.aip.org/jcp/copyright.jsp



.
ap
re

ha
y

e
th

n

th

la-
ate
ion
the

ding
in

%
wn

m-
be

its
e.

-

n

of
qs.

10982 J. Chem. Phys., Vol. 111, No. 24, 22 December 1999 O. E. Kalinovskaya and J. K. Vij
of es,1 at 115.7 K is 13.88,26 and here at 115.1 K it is 15.54
Our values are obtained from the saturated values extr
lated to the lowest frequencies of the measurement, whe
those quoted in the literature are obtained from fits.26 In any
case, such differences in the values are not unusual and
in fact been found in the various earlier studies of iso-am
bromide, as discussed by Denney.25 These depend on th
absolute accuracy of temperature and the purity of
sample.

Similar analysis was carried out for thee8 ande9 spectra
of a 50 mol % solution of iso-amyl bromide i
2-methylpentane. Figure 6 shows thee8 ande9 spectra mea-
sured at 18 different temperatures, and Fig. 7 shows
analysis of a typical spectra at 104.1 K, according to Eq.~1!.
The dashed line is the curve calculated witha50.76 and

FIG. 5. Thees of thea-relaxation process for pure iso-amyl bromide and
50 mol % solution in 2-methylpentane is plotted against the temperatur

FIG. 6. The e8 and e9 spectra of 50 mol % iso-amyl bromide-2
methylpentane mixture at several temperatures, as follows:~1! 98.0 K, ~2!
99.2 K, ~3! 100.2 K,~4! 101.0 K,~5! 102.2 K,~6! 103.1 K,~7! 104.1 K,~8!
105.1 K,~9! 106.2 K,~10! 107.0 K,~11! 108.0 K,~12! 109.3 K,~13! 110.1
K, ~14! 111.3 K,~15! 112.3 K,~16! 113.1 K,~17! 115.0 K,~18! 116.95 K.
Downloaded 15 Jul 2010 to 134.226.1.234. Redistribution subject to AIP
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b50.58,es,158.01,e`,152.27, andt1585.4 ms. Here there
is also a relaxation region at high-frequencies, but its re
tively small magnitude prevents us from an appropri
analysis. It is conceivable that the high-frequency relaxat
would become resolved as a peak at low temperatures in
glassy state, which was not done here. The correspon
parameters for 50 mol % solution of iso-amyl bromide
2-methylpentane are summarized in Table II.

The plot ofes against the temperature for the 50 mol
iso-amyl bromide solution in 2-methylpentane is also sho
in Fig. 5, where a comparison againstes for pure iso-amyl
bromide may be made. Our values fores are consistently
higher than those reported by Denney and Ring.27 The values
of f m,1 for the solution are plotted against the reciprocal te
perature in Fig. 8. The plot is non-Arrhenius and may

FIG. 7. Thee8 ande9 spectrum of 50 mol % solution of iso-amyl bromide i
2-methylpentane measured at 104.1 K is analyzed by Eq.~1! for one relax-
ation process with the parameters given in Table II.

TABLE II. The parameters obtained by an analysis of the dielectric data
50 mol % iso-amyl bromide solution in 2-methylpentane according to E
~1! and ~2!.

T(K) es De1 a1 b1 t1(s) f m,1(Hz) es2SDek

99.16 8.23 6.03 0.68 0.56 11.27 3.0431022 2.2
100.16 8.13 5.89 0.69 0.58 3.772 8.5531022 2.24
101.01 8.08 5.96 0.69 0.60 1.394 2.2331021 2.12
102.21 8.05 5.94 0.71 0.59 5.04131021 6.0931021 2.11
103.08 8.06 5.84 0.74 0.58 1.93131021 1.60 2.22
104.11 8.01 5.76 0.76 0.58 8.53831022 3.53 2.27
105.14 7.97 5.74 0.77 0.58 3.47231022 8.53 2.23
106.18 7.92 5.67 0.79 0.58 1.55931022 1.873101 2.25
107.03 7.87 5.63 0.79 0.59 8.04531023 3.553101 2.25
108.03 7.85 5.60 0.79 0.61 3.99631023 6.923101 2.25
109.26 7.81 5.56 0.80 0.60 1.65331023 1.673102 2.25
110.11 7.76 5.51 0.81 0.60 9.75631024 2.793102 2.26
111.32 7.72 5.47 0.82 0.60 4.36431024 6.183102 2.26
112.26 7.67 5.42 0.83 0.61 2.47631024 1.083103 2.25
113.12 7.63 5.37 0.84 0.61 1.49831024 1.773103 2.27
115.02 7.55 5.27 0.86 0.61 5.14231025 5.073103 2.28
116.95 7.49 5.21 0.87 0.61 1.89831025 1.363104 2.28
 license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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fitted to the Vogel–Fulcher–Tamman equation with para
eters,A515.17, B5582, andT0564.3 K. Because of the
different manner of analysis here to the one used earlier26 a
comparison between the respective data seems unnece
Nevertheless, the data were fitted to the various equation
the same manner as for iso-amyl bromide. The parame
obtained are listed in brackets in Table III.

IV. DISCUSSION

In view of the earlier studies of iso-amyl bromide and
solution in 2-methylpentane, it seems more appropriate
discuss first those features which differ most from the ear
data and conclusions, and then proceed to provide a gen
discussion of the new features observed here and the ef
of the nonpolar solvent on the relaxation spectra.

A. The spectral shape and the effects of the solvent

In Table I, the observation that the parametera of Eq.
~1!, 0.9860.02 close to unity, clearly shows that the rela
ation spectra for iso-amyl bromide is of th
Davidson–Cole-type.16 It is very likely that a reduction ina
by ;2% is caused by the effects of dc conductivity and
interfacial polarization as was pointed out by Johariet al.31

Neverthelessa is reduced from almost unity to 0.6 for th
50% isoamyl bromide solution in 2-methyl pentene and
shape seems to fit Eq.~1!. In the earlier study,27 it was found
that none of the~then! three known relaxation functions o
the Debye-type, Cole–Cole-type,14,15 or Davidson–
Cole-type16 could be fitted to the spectra.

It is evident from Fig. 5 that the parameterb does not
change when iso-amyl bromide is dissolved in 2-meth
pentane, only the parametera, which defines the slope in th

FIG. 8. The plot of log~fm! for the a-relaxation process against the reci
rocal temperature for 50 mol % iso-amyl bromide solution in 2-meth
pentane.
Downloaded 15 Jul 2010 to 134.226.1.234. Redistribution subject to AIP
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low-frequency wing, decreases. This seems to indicate
when internal field effects on the orientation of a dipole a
reduced on dissolving a dipolar molecule in a solvent,
relaxation spectral shape is modified.

It may be noted that the increase in the magnitude
relaxation ~dielectric amplitude!, De, with temperature, as
seen in Tables I and II is more than that expected on
basis of the Curie Law, which requires thatTDe remain
constant on cooling, as may also be noted from the dat
Table I of Ref. 24. This indicates that there is a substan
dipole–dipole interactions in pure isoamyl bromide, whi
cause their dipolar alignment in an antiparallel manner. T
alignment seems to be considerably reduced, with the
effect that the relaxation spectra of iso-amyl bromide
2-methaylpentane becomes like that of an amorphous p
mer with a broad distribution of relaxation times27 and a
variety of other molecular liquids.5,8,9

As mentioned earlier here, a variety of studies on sup
cooled liquid glycerol21 have found that its relaxation spect
is more appropriately described by the H–N equation or b
nonexponential relaxation function,17–20 and not by the
Davidson–Cole relaxation function.16 In view of the fact that
the dielectric data on supercooled liquid glycerol had
originally to the discovery of a new relaxation function,
may be worthwhile to re-examine the new data in order
determine whether or not its relatively high dc conductiv
and the consequent interfacial polarization~which can be
substantial when the surface to volume ratio of the liquid
large! has not contributed significantly to the low-frequen
wing of the spectra. Johari and co-workers31,32 have recently
shown how such contributions may distort the spectral sh
and allow it to be fitted by the H–N equation.

B. Temperature dependence of the dielectric
relaxation time

The temperature dependence of molecular relaxa
time is a feature characteristic of molecular interactions i
liquid, and it varies from a simple Arrhenius to highly non
Arrhenius behavior, and there are no theories that can
plain this behavior satisfactorily. This has led to a variety
comparative analyses of the plots of log(fm) against the re-
ciprocal temperature, the most recent amongst which is
by Stickelet al.8 It seems instructive to follow their manne
of analysis here, by using four equations,~i! the Arrhenius
equation, ~ii ! the Vogel–Fulcher–Tamman equation,28–30

~iii ! the Götze–Sjögren’s or the Go¨tze’s equation33 for the
mode coupling theory, and~iv! the Souletic and Bertrand’s
equation,34 all proposed for the temperature dependence

-

rature
n-
TABLE III. The values of different parameters obtained by fitting the various equations to the tempe
dependence of the relaxation rate for pure iso-amyl bromide~50% isoamylbromide–pentane mixtures in pare
theses!.

Function A B, g T0 , Tc

Arrhenius log(fm)5A2B/T 12.28~31.2! 608~3165! 0
Vogel–Fulcher log(fm)5A2B/(T2T0) 16.81~15.17! 787~582! 68.5~64.3!
Mode-coupling log(fm)5A1g • log@(T2Tc)/Tc# 10.05~10.9! 2.82~10.9! 134.7~83.9!
Souletie log(fm)5A1g • log@(T2Tc)/T# 11.55~17.3! 5.47~17.3! 125.5~80.2!
 license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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the relaxation rates of supercooled liquids. This analysi
shown in Table III and Fig. 9~top!. The corresponding
analysis of log(fm) data for 50 mol % iso-amyl bromide so
lution in 2-methyl pentane are also shown in Fig. 9~bottom!.

C. The Johari–Goldstein relaxation

One of the characteristic of supercooled liquid a
glasses now generally recognized, and one on which
mode-coupling theory was originally based, is the faster
laxation process, which has also been seen as a precurs
the a-relaxation process. This is known as the Joha
Goldstein relaxation. The presence of a high frequency p
cess was noted for pure iso-amyl bromide,25 but not detected
for its solutions in 2-methylpentane.27 It is now clearly re-
solved for iso-amyl bromide in Fig. 2 and its spectral sha
has been described by the H–N equation with parame
given in Table I. However, only its presence has been
tected in the iso-amyl bromide solution in 2-methylpenta
as shown in Fig. 7, but its amplitude appears to be too sm
to define unambiguously its spectral shape and rate. For
iso-amyl bromide, it follows the Arrhenius equation and a
pears to merge into thea-relaxation process just near th
temperature where Arrhenius-type dependence off m changes
to a Vogel–Fulcher–Tamman-type dependence. This s
gests evolution of thea-relaxation from the Johari–
Goldstein relaxation process at a temperature where the
viations begin to appear. Obviously, more liquids dissolv
in nonpolar solvents need to be examined to verify it, but i
clear that the relaxation rate data for iso-amyl bromide ag

FIG. 9. The plots of log(fm) against temperature in K for pure iso-am
bromide~top!, and 50 mol % iso-amyl bromide solution in 2-methylpenta
~bottom!; and the calculated plots for the equations given by Arrhen
Vogel, Fulcher, and Tamman, and by Souletie and that deduced from
mode-coupling theory, with parameters given in Table III.
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with the finding by Hansenet al.5 and Stickelet al.8 regard-
ing a change in the temperature dependence of the rat
supercooling a liquid.

V. CONCLUSIONS

The molecular dynamics in supercooled iso-amyl b
mide occurs by two processes. The prominent, slower p
cess is described by the Davidson–Cole relaxation func
in which the distribution of relaxation time has a cutoff at
certain value. The weaker and faster relaxation proces
described by a combination of the Cole–Cole a
Davidson–Cole relaxation functions, in which the distrib
tion of relaxation times is asymmetric, and the dielectric lo
for the high frequency wing varies asv2ab. The Johari–
Goldstein process is thus found to be asymmetric. When
internal field effects are reduced by dissolving iso-amyl b
mide in 2-methylpentane, the spectral shape of the promin
relaxation changes and becomes similar to that of the w
and the faster relaxation process. This change in the spe
shape is attributed to the decrease in dipolar interactions,
increase in steric hindrance evidence for 2-methylpent
being loosely packed compared to iso-amyl bromide wh
produces a polymer like dielectric spectra in solutions. T
Johari–Goldstein relaxation occurs also in the solution
its amplitude is much reduced, and therefore remains un
fined.
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