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Nonexponential dielectric relaxation dynamics in supercooled liquid
and glassy states of isoamyl bromide and 2-methylpentane mixtures
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The dielectric spectra of mixtures of the polar solute isoamyl bromide in 2-methylpentane have been
investigated in the frequency range 1 mHz to 1 MHz and in the temperature range approaching the
glass transition temperature. The results obtained from the spectra are compared with those obtained
recently[J. Chem. Physl11, 10979(1999] on pure isoamyl bromide. It is found that on increasing
dilution with the nonpolar solvent, the width of the curves of the dielectric spectra increase
significantly, and this is reflected in the increase in the nonexponential nature of the relaxation
dynamics. This is found to be a consequence of the decrease in the cooperativity of the relaxation
dynamics and or an increase in the heterogeneity of the solution. The data are found to fit the
Havriliak—Negami equation extremely well. The data at low and high frequencies also fits the
“universal law,” since the latter is a low and high frequencies limiting case of the Havriliak—
Negami equation. The scaling parameters of this law are calculated for the 25 mol % solution of
isoamyl bromide in 2-methylpentane, and these are shown to experimentally relate to the H—N
parameters. The stretched exponential parametas, estimated as a function of the temperature
and is shown to follow the equatiop~a(T—Ty). Vogel-Fulcher—Tammann equation fits the data

of the relaxation peak frequency as a function of the inverse of absolute temperature for the various
mixtures quite well, this being possibly a consequence of the temperature dependence of the
stretched exponential parameter. The predictions from the mode coupling theory and those by
Bertrand and Souletie are verified with the exception that the exponent is found to be much greater
than predicted by these theories. The relative predominance of the Johari—Goldstein process in
isoamyl bromide increases initially with dilution with 2-methylpentane and then disappears as the
number density of the independent relaxors increases with further dilutionr20@. American
Institute of Physics.[DOI: 10.1063/1.1338511

I. INTRODUCTION arc shape in the complex permittivity plots was observed for
. ) o pure isoamyl bromide above its freezing point by Glarum,

Molecular dynamics of glass-forming liquids not only 1,y penng in the supercooled state, and by Berberian and
has crucial ramifications for the fundamental study of lig- o i¢* and Berberiah who later extended these measure-
“'O:S’ but also hasL_therlmr;]ortant S|gn|f||canc§ forhgla?s anthents to lower temperatures. The dielectric relaxation of its

polymer science. Liquics that supercool, rather than "€€Z&%olution over a limited range of temperatures and frequencies

simulate the behavior of polar and nonpolar polymers with Qyas studied by Denny and Rifigrhe solute isoamyl bro-

well defined glass transition temperature. Dielectric spec-

troscony is a very powerful techniaue for investigatin themide is selected because it is a simple polar liquid devoid of
Py yp q gating hydrogen-bonding. The solvent hydrocarbon 2-methyl-

molecular dynamics of supercooled liquids due to the avail- is ch b o | bromid letel
ability of an extended range of frequencies of usually pgPentane is chosen ecaus isoamyl bromide completely

decades or wider. This is nearly half of the entire conceiv-JiSSOIVes in it(ii) it does not hydrogen-bond, aridi) the

able range of frequencies in the universe, which extend fronfnelecules of these two liquids are isometric, i.e., they have
frequencies of the cosmic radiation of226* to the recip- the same size and shape, except that one is polar and the

rocal age of the universe of 18s 2, a total of 40 decades other nonpolar. The molecular shape is the same for the rea-
of frequency. The useful range of frequencies howevesOn that the bromine group is nearly of the same size as the
where the relaxation phenomena due to the intermoleculdhethyl group. These liquids and their mixtures are known to
interactions may dominate is at the most about 18 decadegipercool without freezing. In our previous papere found
wide, and the dielectric spectroscopy can cover most of it. that the relaxation mechanism for pure isoamyl bromide fol-
In this paper, we report the dielectric spectra of isoamyllows the Davidson—Coleformalism, similar to the conclu-
bromide (1-bromo-3 methyl butane in solutions of sions of Berberian and Cofewhereas that of its 50 mol %
2-methylpentane and compare with the spectra of purenixture surprisingly showed a remarkable change in the
isoamyl bromide reported in our previous papér.skewed spectra and followed the Havriliak—Neg&nfiinction with
both parameters much different than unity. Mixtures of
dAuthor to whom correspondence should be addressed. Electronic maii.soamyI bromide in 2-methylpentane are the ideal systems to
jvij@tcd.ie study the nonexponential character of the relaxation func-
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tion. In this paper we extend these measurements to 25 arafjuation:
75 mol % solutions of isoamyl bromide in 2-methylpentane.
The objectives of the study are to determinethe effect on
the dielectric spectra of varying the concentration of a simplesy is the critical configurational entropy ankju is the en-
nonhydrogen bonded liquid in a solvent whose molecules arergy barrier for the reorientation of a monomer group. The
of similar shape(ii) how a change in the electrostatic inter- ratio S&-Au/kg is denoted by a constanC. It was
actions of a dipolar molecule in a nonpolar solvent of similarsuggestetf that the configurational entrop$..s, which is
type affect the shape and the parameters of the relaxatidlemperature dependent, be replaced\IS£= Sy eii— Serystal- It
process which is largely nonexponential, &iid to find the  is found experimentally thaA S decreases a§ approaches
dependence of the time-domain stretched exponential parar,, and this gives rise to a significant increaserims T
eter, a measure of the nonexponential character of the relax- T, thus providing a physical basis of the VFT equation.
ation function, on the temperature as the system is supegohari* has recently shown th&., is higher thamAS and

1= 7—61. e_(S: AplkgT Scont) | 3)

cooled towards its glass transition temperatdig, only an upper limit ofS.,,; can be estimated by extrapolation
of the vibrational entropy of a glass at="T.
II. EXPERIMENT The recent development of the mode-coupling theory

. . . o _ _ (MCT) given by Gaze and Sjogent® has given rise to an
The dielectric relative permittivitg” and dielectric 10ss ¢4, ation that fits the data and gives a crossover temperature,

¢ were measured in the frequency range 181z to 1 MHz 1 “hoiow which the relaxation time predicted by this equa-
using a Solatron—Shlumberger 1255A frequency responsgy, significantly diverges from the experimental value,
analyzer(FRA) interfaced with a Chelsea dielectric imped-

ance isolator between the dielectric cell and the FRA. The  _1_, .<T—Tc)“ -0 @
dielectric cell used was a miniature tunable parallel plate . Tc R

capacitor of capacitance-27 pF purchased from Alfred .4 souletie and Bertrarid,

Tronser GmbH, Germany. The cell containing the sample

was suspended using a sample rod in the Oxford special 1o .<T_TC)71 ~0 (5)
Spectrodn20 top loading cryostat. The temperature of the cell 2 T AERE e

was controlled totO.l_K using an Oxford ITC6 temperature \yhere k, andk, are constants. The crossover temperature,
controller over a period of up to 8 h. Temperature of theTC’ is some 20 K abov&,. The exponeny;, in particular,
sample was measured by immersing a PT 100 class A sensgr predicted to lie between 2 and 4.

i_n the cell contain_ing the liquid using a Ke.ithley 105A mul- In the frequency domain, and except for extremely very
timeter. The maximum tolerance at 73 K is given8.55  pjgh frequencies where the inertial effects dominate, the
K, which is better than for most commercial thermocouplescommex relative permittivitye(w), as a function of angular

The purity of isoamyl bromide and the solvent frequency, w=2#f, can be fitted to Havriliak—Negafhi
2-methylpentane are described in our previous pagdre (HN) equation,

mixtures 25%, 50%, 75%, all in mol %, were prepared by
accurately weighing the appropriate amounts.

e(w)=e,+Ae-[1+(iwTyy)*] P (6)
myn denotes the characteristic HN relaxation tinge. and
IIl. RATE EQUATIONS GOVERNING THE RELAXATION ~ A€=es— e, are the permittivity in the high frequency limit

PHENOMENA and the dielectric relaxation amplitude, respectivelyis the

static permittivity. The exponents<O«, B<1 introduce the

The Arrhenius equation for the temperature dePende”CFequired symmetry and asymmetric broadening in the per-
of a characteristic relaxation time, is given by mittivity and loss curves

TflzTgl.e*(EA/ksT{ ) The frequency of the relaxation peak was calculated
17
The apparent activation enerdgy,, of a typical relaxation
. . . - 1l —la
process in phenomenological terms increases significantl — (271~ Y sin am i apm )
while approaching the glass transition region. This may ten-" HN 2+2pB 2+2B '

tatively explain.a non-Arrhenius temperature dependence Qfhere the relaxation timer=1/27f .

the relaxation time close t64. The pre-exponential factor

involving 7, can be estimated from the relaxation timefa V. RESULTS AND DISCUSSION

librational process, with zero barrier height, which does not  Figure 1 show the’ and €” spectra of 75 mol % solu-

involve crossing over an energy barrier and for whiER  tion of isoamyl bromide in 2-methylpentane at 18 selected

=0. temperatures. The spectra at temperatures above 124 K show
The most widely used empirical law which fits reason-lower values ofe’ and €” than expected on the basis of an

ably well the temperature dependence of the relaxation timecrease in temperature alone. This is due to the partial freez-

is the Vogel—Fulcher—Tammatiit* (VFT) equation, ing of the sample. For the 75 mol % solution, we find that the
1o o1 o [BIT-Tg)] @) data, at tempera_\tures others than those of partial freez.ing,

0 ' can be resolved in terms of two processes. The data are fitted
This law can be explained in terms of Adam and Gifbs to two Havrilaik—Neganfi terms. The set of parameters for
configurational entropy theory, leading to the following both processesAe;,Ae€,) and (aq,B1;@,,B,) are plotted
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FIG. 3. The plot of the parametews and B for primary and secondary
processes against reciprocal temperature for 75 mol % solution of isoamyl
bromide in 2-methylpentane.

through a fitting procedure on an accurate set of data as
10" 102 10° 10° 10° 10° being reported here. The second process has clearly both

Frequency, f (Hz) symmetric and asymmetric distribution of relaxation times

with a, lying in the range 0.75-0.55 and decreasing with

FIG. 1. Thee' and€” spectra of 75 mol % solution of isoamyl bromide in decreasing temperature, wherggslies within 0.6 and 0.45.
2-methylpentane at several temperatures: 1, 108.99; 2, 109.57; 3, 110.7; requencies of maximum dielectric loss are calculated usin
111.92; 5,112.83; 6, 113.77; 7, 114.72; 8, 115.64; 9, 116.67; 10, 117.64; 1 q 9

118.67: 12, 119.63; 13, 120.68; 14, 121.7; 15, 122.64; 16, 123.54; 17E0. (7) from the values of the parameters for the two pro-
124.75; 18, 126.47. cesses that have been calculated by fitting the data. These

frequencies are plotted in Fig. 4 as a function of 1000/

Partial-freezing may also be reflected in the relaxation rate as
in Figs. 2 and 3, respectively. It is interesting to note that thehe point of inflexion is seen at124 K in Fig. 4. For tem-
low frequency process dominates and its dielectric amplitud@eratures excluding those of partial freezing, process 1 is
is higher by a factor of almost 50 compared to the highfitted to Arrhenius, VFT, to the mode-coupling thedhyand
frequency process. The average valuexgffor the primary  to the Souletie and Bertratfequation. The fitting is shown
process is 0.950.2 and that of3, is 0.58. This process is in Fig. 5, and fitting parameters are presented in Table |. The
found to be H-N; though it is somewhat closer to deviations at low temperatures from the Arrhenius law for
Davidson—Colé formalism, but it is distinguishable only

4
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FIG. 2. The plot of the magnitude of relaxation for 75 mol % solution of FIG. 4. The plot of lodf,, for both processes against reciprocal temperature
isoamyl bromide in 2-methylpentane against reciprocal temperature. for 75 mol % solution of isoamyl bromide in 2-methylpentane.
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TABLE II. T4 for pure isoamyl bromide and the various solutions.

5
Concentration
of IAB (mol %) Tq (K)
o 100 108.2
75 107.2
= 50 95.1
= -54 25 88
=
g
-10 4
I —o—logf ) a_single H-—N functi(_)n_; t_he para_meters of the fit are shown ?n
_____ Arrhenius Fig. 7. From Fig. 7, it is interesting to note that an increase in
151 Vogel-Fulcher temperature results in the paramedeincreasing from a low
,' = = ~Mode-coupling Theory) value of 0.42 close td to 0.85, whereag decreases from
P L Souletie almost unity to~0.6. This result particularly shows that the
95 100 105 110 115 120 125 symmetric distribution of relaxation times at lower tempera-
T, (K) tures is gradually transformed to an asymmetric distribution

with an increase in temperature. In general at all tempera-
FIG. 5. The plot of logf,, for primary process against temperature in K for tures H—N(Ref. 8 is found to be a better representation of
75 mel % solution of isoemyl bromiQe in 2-methy|pentane; and fitting of the data than Cole—Cdfeor Davidson—Colérepresentation
ﬁtﬁ’nzr':;”;?\le‘iaif 12 yarious equations. The equations and parameters gfqne Figure 8 shows the frequency of maximum dielectric

loss as a function of temperature for the various fits. The

parameters of the fitting are presented in Table Ill. The pa-
the primary process are similar to those already observed@meters of fit show a strikiggl:j difference from those at 75%.
The amplitude of the high frequency or the secondary proln Particular, the VFT, A=z, ", parameter for the 25% so-
cess is too low to determine whether this process deviatetion here is 17.7 as compared to 12.4 for 75%. Values of
from the Arrhenius law. The two processes tend to merge df'€ Parameters, in general, are dependent on the range of
a higher temperature some 40-50 K abdye Particularly temperatures used to fit the data. The paraméteis much
at low temperatures, the VFT equation describes the terfligher than a normally extrapolated value-e12, frequency
perature dependence of the process extremely well. THE the THz. This may show that for 25% solution, the curve
mode-coupling theory fits the data at low temperatures and
the relaxation time diverges at a temperature of 105 K, some
20 K aboveTy, in accordance with the prediction of the 4
mode-coupling theoryT; from the dielectric experiments is
usually defined as the temperature where the frequency of
maximum dielectric loss is I¢ Hz, and the values ot
thus determined for pure isoamyl bromide and its solutions
are listed in Table Il. In generdl, decreases with increasing
dilution because the nonpolar solvent has loWgithan the
polar solute.

Figure 6 show the' ande” spectra for 25 mol % solu-
tion of isoamyl bromide in 2-methylpentane. The striking
difference of this spectra from the spectra of pure isoamyl
bromide and that of its 75 mol % solution is that the spectra 4.5+,
are much broader but nevertheless shows a remarkable re- N
semblance to the dielectric spectra of a polymer such as that 8'4-0‘ ’
of poly(venyl acetate® The spectra in Fig. 6 cannot be re- ]
solved into more than a single process and are thus fitted to

3.0

TABLE I. The values of different parameters obtained by fitting the various 2.5
equations to the temperature dependence of the relaxation rate of the pri-
mary process for 75 mol % solution of isoamyl bromide in 2-methylpentane.

2.0

1 T T T T T T T T
Function A By Tl 10° 10% 10" 10° 10' 10° 10 10" 10° 10°
Arrhenius logf=A—B/T 39.2 4457 0 Frequency, f (Hz)
Vogel-Fulcher log=A-B/(T—T,) 12.4 403 81.35
Mode- log f=A+ylog[(T-Ty)/T.] 11.6 16.1 95.58 FIG. 6. Thee' and€” spectra of 25 mol % solution of isoamyl bromide in
coupling 2-methylpentane at several temperatures: 1, 91.73; 2, 93.99; 3, 96.1; 4,
Souletie logf=A+ylog[(T—Ty)/T] 17.3 243 9174 98.87; 5, 99.29; 6, 101.39; 7, 103.62; 8, 105.64; 9, 107.71; 10, 109.92; 11,

112.18; 12, 114.64.
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TABLE lll. The values of different parameters obtained by fitting the vari-
ous equations to the temperature dependence of the relaxation rate for 25
mol % solution of isoamyl bromide in 2-methylpentane.

Function A By ToT,
Arrhenius logf=A—-BIT 29.8 2710 0
Vogel-Fulcher log=A-B/(T—Ty) 17.7 709 53.57
Mode- log f=A+ylog[(T-T)/T] 11.5 172 77
coupling
Souletie logf=A+ylog[(T—Ty)/T] 194 32.6 69.9

On equating the imaginary parts, we get

0.4 T T
85 9.0 95

am
2

The plot of log€’(f)) vs logf at low frequencies gives a

FIG. 7. The plot of the parametetsand 3 against reciprocal temperature  Straight ”!"e with a Slo_pen: a. .
for 25 mol % solution of isoamyl bromide in 2-methylpentane. For high frequenciesy > 1, Eq. (6) yields

e(w)—e.~Aee P2y ) P, (11
at higher temperatures and consequently higher frequencigs, equating the imaginary parts, we get
must depart significantly from the Arrhenius behavior and
thus be considerable bent to reducéom 17.7 to~12. The
exponent of the mode-coupling theory is found to be 17.2,
which is much greater than predicted by the theory of it lying
between 2 and 4.

In Fig. 9, we show a plot of log’ vs logf. The data at

the low and high frequencies extrapolates to straight ”nesrelated to those of the “universal relaxation law” given by

the slopesm andn are calculated from fits at low and high Jonsche?® m, andn, (both of these being positive numbgrs

frequencies, respectively, shown by chained lines, in Fig. 9as follows:

These scaling parameters related to the parameters of the
H—N equation can be found as follows:
Equation(7) can be written as

e(w)— €. =Ae(1+€* ™ wry)®) L.
For o Tyny<<1, the equation approximates to
e(w)— e~Ae(1— B ™ (wryn)?). 9)

100 105 11.0 €' (w)~AeB(wryy)“sin (10

1000/T, (K)

€' (w)~Ae(wtyy) “P sin#. (12

The plot of log€’(f)) vs logf at high frequencies gives a
straight line with a negative slope of magnitude « 3.
It may be stated that the scaling parametarandn are

m;=m, and n;=1-n. (13

The “universal relaxation law° is therefore only a special
(8) case of the Havriliak and Negafnéquation and represents

11 >, 0.1

(=)
Cla)
.
AT |

—0—log(f) E

Arrhenius
Vogel-Fulcher
Mode-coupling Theory
Souletie

P N e —
75 80 85 90 95 100 105110 115

T, (K)

0.01

10°
f, (Hz)

FIG. 8. The plot of lodf, for primary process against temperature in K for FIG. 9. Example of the” spectra of 25 mol % solution of isoamyl bromide
25 mol % solution of isoamyl bromide in 2-methylpentane; and fitting of in 2-methylpentane af=103.62 K, and fitting of low and high frequency
experimental data to various equations. The equations and parameters sibpes. Fitting parameters for various temperatures are presented in Table

fitting are given in Table IlI.
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TABLE IV. Parameters of fitting of the low and high frequency slopes of
0 m O dielectric loss spectra of 25 mol % solution of isoamyl bromide in
099 o0 n 5 2-methylpentane and H—N and 3.
O g o T (K) m n a B af
0.8 91.7 0.433
o 94 0.419 0.451 1 0.451
96.1 0.586 0.439 0.527 0.906 0.477
0.7- 98.9 0.63 0.47 0.597 0.865 0.517
g " 101.4 0.626 0.49 0.647 0.774 0.501
g 103.6 0.774 0.514 0.687 0.747 0.513
O o 105.6 0.838 0.525 0.716 0.735 0.527
0.6 107.7 0.831 0.536 0.748 0.709 0.531
o 109.9 0.845 0.494 0.783 0.661 0.517
112.2 0.873 0.821 0.586 0.481
o o} °© 114.6 0.917 0.84 0.58 0.487
0.5 o o
o
o [e]
o — Y
0.4 +——— . — p(t)y=e "7, 0<y<l. (16)
90 95 100 105 110 115 . .
T () y here is the Kohlrauséf stretched exponential parameter.

FIG. 10. Temperature dependence of fitting parameters ahdn for 25
mol % solution of isoamyl bromide in 2-methylpentane.

The stretched exponential was used by Doudfaiss 1963
for stress relaxation in glasses but applied to dielectrics for
the first time by William and WatfS in 1970 and in the

literature is termed aBxww - The departure of from unity

is a measure of the nonexponential character of the relax-

data in the low and high frequency limits. Values of theation function. Numerical Fourier transformation of the
scaling parameten; andn; are dependent on the syst&m stretched exponential law gives a broadened and skewed loss
and the mechanism of the process whether it is relaxationgleak in the dielectric loss curve relative to the Debye behav-
or hopping of ions/charges. The latter may also exhibitior. There is no direct relationship between the stretched ex-
Debye-type behaviéf if the barrier height is much greater ponential in the time domain and the Havriliak—Negimi
thankgT. the frequency domain, since Havriliak—Neg&iisi not a di-

Except for the extremely high frequencies where the intect Fourier transform of the stretched exponential function
ertial effects dominate, we note that E¢S0) and(12) yield  (Figs. 11-13.
power laws in dielectric loss of the form, Since the data on 25 mol % solution are shown to fit the

'xw® for w<rd, (14) H-N (Ref. 8 equation extremely well, it is reasonable to

€'cw *f for w> T,;Nl (15

Figure 10 shows a plot of the parametera&ndn as a func-

. L 0.60
tion of temperature. In the temperature range givens ,
found to be much lower than unity. We find that whereas /."
bothm andn decrease with a decrease in temperature, how- 0.557 a
ever the decrease mwith temperature in the range given is ° ,/o
found to be much more dramatic. The dynamics at high fre- 0.50 1 e
guencies reflected im<1 is found to be significantly af- 0/./'
fected at low temperatures, especially when the system ap- 0.45 a
proachesT, from a much higher temperature whemes1. Y ‘ 7
Two sets of parametefsn, n and(«, B) found by different 0.40 - 7
fitting procedures of the data on 25 mol % solution are listed ¢
in Table IV. There is found to be a good correspondence 0.35 ','/
betweenm= « andn= a8 within the errors of the different e’
fitting procedures. It may be remarked, however, that the 0.30 //'
procedure of findingy, andB is much more refined than that |
of m and n, since the latter are the extrapolations of the 0.5 4 <
slopes at low and high frequencies, respectively.
0.20 . T T T
A. Analysis in the time-domain 92 96 100 104 108 112

In the time-domain, the nonexponential patterns with

T, (K)

conclude that the Havriliak—Negafréquation is a good rep-

W_hiCh equilibrium is restored, following a perturbation, is Fig. 11. The temperature dependence of the KWW stretched expgrant
given by Kohlrausch stretched exponential law, temperature for 25 mol % solution as above.
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&L
e} FIG. 14. Dependence of the half-width of the dielectric spectra for different
o o o concentrations of isoamyl bromide; half-width of the Debye
o o © process-1.14 decades.
T T

N T T T T T T T T
105 110 115 120 125 130 135

T, (K) dence of the spectra and the data fitted to the
FIG. 12. The plot of the dielectric amplitudes for pure isoamyl bromide Havnhak—l_\legarrﬁ _e_quatlon a_nda and B thus computed.
against temperature in K. The following empirical equation was found:
aB= 4% (17)

resentation of the data of some low molecular weight glass] his would imply that bothw and 8 and in turn the low and
forming systems’?-%Alvarezet al?’ have obtained an em- high frequency slopes are determined pyas shown by
pirical connection between the analysis in the time-and thdoynihan et al?® The stretched exponent, is calculated
frequency domains. They established the relationship bffom « and g and is plotted in Fig. 11 as a function of
simulating the data in the time-domain by lettigyy (=y  €mperature. The plot follows the equatiops=a(T—To),
here, to lie in the range 0.95-0.1, for times such that theWith @=0.0179 andr,=78.1K. This in turn will lead to the
ratio t/ = lies in between 103—10. This was then numeri- VFT dependence of the dielectric relaxation time as sug-
cally Fourier transformed to produce the frequency depengdésted by Nagel and Dixdfi. Lunkenheimeret al* have
found a similar behavior of the stretched exponent with tem-
perature for glycerol, though they did not show any fitting of

17 the data. It may be remarked thi§ agrees with that using
1610 100% the mode-coupling theory better than the VFT, however this
1—0—75% need to be investigated in detail in future.
157 2 50% The width of the permittivity curves increases with dilu-
g 14]—1o—25% tion of isoamyl bromide by 2-methylpentane. This is re-
S 13 flected in an increase in the nonexponential character of the
12 relaxation function measured by the parameterg, and the

Kohlrauschy, and the scaling parametersandn. Figure 14
shows the half-widtfHW) of the dielectric loss curves, as a

] function of temperature for different concentrations. There is
91 found to be a significant increase in the half-width with both
g % dilution and also a reduction in temperature. The dilution
7] through a reduction in the dipole—dipole interaction energy

. seems to break the cooperativity of polar molecules in the
6 liquid and thus increases the non-exponential character of the
57 S relaxation function. Pure isoamyl bromide already shows the
4+ nonexponential relaxation character, since the molecules are
3] not linked through any intermolecular forces like those in a
. S normaf! and some branched alcohols where the primary pro-

90 95 100 105 110 115 120 125 130 135 cess is largely exponent?’éldue to a cooperative process.

T, (K) This is also supported by the results of Glasseal,> who

found that normal alcohols, which in pure state at room tem-

FIG. 13. Theeg of the primary process for pure isoamyl bromide and its 75, peratu_re giV_e ri_se t_O an EXpon_ential _relaxation dyr_1amics, lead
50, and 25 mol % solutions in 2-methylpentane against the temperature. t0 a wider distribution of the dielectric relaxation times when
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dissolved in a nonpolar solvent. A reduction in the coopernumber of isolated polar molecules to act as independent set
ativity thus gives rise to the structural and consequently taf relaxors in a very viscous media like those in an amor-
the dynamic heterogeneit{=>¢ The experiments by Weeks phous solid. This is reflected by the increased nonexponen-
et al®’ using 3D confocal microscopy on the colloids hastial behavior of the relaxation time of the main process for 50
recently shown the existence of a large number of clusters iand 25 mol % solutions. In such cases, it is not easy to sepa-
a liquid. These clusters involve only approximately 5% ofrate the primary and secondary processes. For 75 mol % so-
the particles, which themselves are distributed in a numbeution however, the two processes are not seen to merge for
of clusters. The particles in a cluster move together. Thd >T, due to a restricted range of temperatures investigated,
remaining 95% of the particles are relatively static. As thebut when extrapolated these curves merge 245 K, how-
glass transition is approached, the typical size of a clustegver Fig. 4 of Ref. 1 clearly shows that the two processes
increases. A increase in dilution increases the number andraerging forT>T,. The merger occurs mainly because at
distribution in the size of the clusters and in consequencé#icreased temperature, the distinction between the primary
increases the nonexponential relaxation dynamics. The rénd the secondary processes disappears. It may be remarked
sults given here may therefore indirectly support the premis@ere that some polymers also show the secondagretax-

that loss of cooperativity and an increase in heterogeneity ar@tion but the mechanism for that process is due to the tor-

the primary causes of the nonexponential relaxation dynamsional motion of the segments of the polymer, which mani-
ics. festly is different from that of the Johari—Goldstein process.

B. Johari—Goldstein relaxation
C. Temperature dependence of e€g

The 75 mol% solution of isoamyl bromide in _ o .
2-methylpentane clearly exhibits a secondary relaxation pro- Tpe stt_at|c ;?(;r]mﬁtlwty,es ’t for 7 5;):/‘.’ arl% 25?.'5 IS r:jov;n
cess. The dielectric amplitudes of primary and secondar?lS atrl]mc :otn 0% ? emperature 'Tb'g' id an d”;%u eWare
processesAe; and Ae, are shown in Fig. 2. As already :cjﬁtior?sp 'cl"r?eoe;trg:)gll;ﬁdls\c/)zmgs 6302:' 1i§r|]< for gl‘ﬁe 0
stated, the dielectric amplitude of the higher frequency pros i i .

P g q yp soamyl bromide, 75%, 50%, 25%, respectively, are 15.81,

cess is lower by a factor of 50 and is slightly dependent o . .
. 2.95, 7.71, and 4.38, respectivedg for 2-methylpentane is
temperature except close to the freezing temperalyre 2.094. The plot ofeg vs mole fraction of the soluténot

whereAe, amplitude suddenly drops as daks,. This ob- r%iven) shows an almost linear increasedn. The extrapo-

servation of secondary process being observed is mo . .
. . - lated densities from the measurements carried out by Denny
marked than for pure isoamyl bromide shown in Fig. 12.

. . . C e nd Rin§ have been obtained. For pure isoamyl bromide and
Since isoamyl bromide liquid is nonhydrogen bonded a”“:Etls 75%, 50%, 25% solutions at 110 K, these are 1.44, 1.26,
also the rotations around the C—C bond of the molecule d

; . . : . .10, and 0.95 g/cfn The extrapolated density for 2-methyl
not give rise to a change in the dipole moment, the highef . . :
. entane is found to be 0.78 g/&nThe Kirkwood correlation
frequency process can only be assigned to th

41 ; ; _
Johari—Goldstef#® type of a relaxation process. The actor,” g, for different concentrations at 110 K was calcu

i s .
Johari—Goldsteitf>° process is exhibited by the isolated di- lated, and found to bg=0.7=0.1 within the concentration
range investigated. This shows that antiparallel association is

polar molecules constrained in the voids of the OIOmaunsgresent for concentrations of 25% and above. In the absence

cIust_ers. The.prlmary Pprocess 1s C‘.”‘“.Sed by the collectiv f hydrogen-bonding, the antiparallel association seems to be
r_otatl_on_al/torsmnal .m°“°” of the majority of mqlecules tha_tderived from the dipole—dipole interactions and the steric
lie within the domains of the sysFem. The relative predomi- actors concerned with the packing of the molecules in the
nance of the secondary process is therefore dependent on t Sndensed state. This antiparallel association is not found to

SyStem and on the rate of cooling. The existence of this P'Ohe significantly altered at low temperatures by dilution with
cess Is d.ependent'o'n whether the system allows the form5’—methylpentane at or above 25% of isoamyl bromide.
tion of voids of sufficiently large size where the dipolar mol-

ecules have the possibility of being trapped and of executin(\;/
torsional motion. In most glass-forming low molecular ** CONCLUSIONS

weight systems, these voids are naturally formed as the sys- Nonhydrogen bonded isoamyl bromide and its solutions
tem is cooled toward3 . This is the main reason why the in a nonassociated nonpolar solvent 2-methylpentane show
secondary relaxation in our view is a universal or near uninonexponential relaxation dynamics and the increase in the
versal featur® of the glassy state. In which case, the relativenonexponential character is followed by dilution with
dielectric amplitude of this process compared to the primary-methylpentane. This is shown by an increase in the half-
process depends on the number density of these voids and @ridth of the dielectric loss curves, and a reduction in the
the availability of single dipolar molecules within these stretched exponential exponent, the Kaulrausch parameter,
voids. Our results show that a small dilution of isoamyl bro-For these mixtures, Havriliak—Negami equation in the fre-
mide with 2-methylpentane aids in the formation of thesequency domain is shown to fit the data extremely well and
voids, which is quite plausible since the solvent moleculegs estimated as a function of temperature. This is shown to
tend to break these clusters or domains. However an increasead to the equation, which in turn leads to the VFT equation
in the concentration of 2-methylpentane tends not only tdor the relaxation peak frequency as a function of tempera-
reduce the size and increase the number of these clusters tofe. The secondary relaxation in pure isoamyl bromide and
polar molecules but also makes these clusters and a smdtit 75 mol % solution is interpreted in terms of the Johari—
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