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Broadband dielectric measurements at very large hydrostatic pressures (up to 1.8 GPa) are used to investigate
the effect of molecular structure on the dynamical properties of supercooled di-n-butyl phthalate (DBP) and
its isomer, diisobutyl phthalate (DiBP). At atmospheric pressure, both the shape of theR-relaxation loss peak
and the fragility are essentially the same for the two materials, although the behavior of theirâ-relaxations
differs. The activation energy for theâ-process in DiBP, which is independent of pressure, is larger than that
for DBP, while the activation volume of the former is about an order of magnitude larger. In contrast to the
similarities of theR-relaxation at low pressure, distinct differences between the two isomers become evident
at elevated pressure. The activation volume for theR-relaxation and the pressure coefficient of the glass
transition temperature are significantly larger for DBP than DiBP. On the other hand, the fragility of both
liquids is invariant to pressure. This latter observation corroborates recent results from high-pressure viscosity
measurements on DBP, and is consistent with the invariance of theR-peak breadth to pressure. Related to the
large value of the Kohlrausch stretch exponent and its invariance to pressure, there is no decoupling of the
R-relaxation times and the dc-conductivity over the investigated range of temperatures and pressures. This is
consistent with the idea that the decoupling of dynamic variables upon approach toTg is a consequence of
increases in intermolecular cooperativity and dynamic heterogeneity. We also compare herein the characteristic
temperatures, and their associated relaxation times, at which various changes in the dynamics become manifest
in the DBP and DiBP.

Introduction

Establishing fundamental connections between chemical
structure and the physical properties of materials is an ongoing
challenge of central importance in both condensed matter
physics and material science. An especially useful probe of the
molecular motions underlying macroscopic behavior is dielectric
spectroscopy, especially when broad-band measurements are
carried out as a function of both temperature and pressure. In
this manner, the entire supercooled regime of glass-forming
liquids and polymers can be investigated. Various groups are
actively engaged in the use of pressure as an experimental
variable, addressing issues such as the change in dynamics
observed above the glass transition temperature,1-6 the contribu-
tion of volume and thermal energy to relaxation,7-11 the role
of configurational entropy changes on the dynamics,12-14 the
presence of secondary relaxations and “excess wings” and their
connection to vitrification,3,15-19 and the dynamics of blends
or block copolymers.20-22 The overriding goal of such studies
is to relate chemical structure to the observed properties. The
emergence of patterns of behavior enables correlations to be
drawn,23-29 which in turn guide theoretical developments.

At a certain characteristic temperature, supercooled liquids
and polymers exhibit various changes in their dynamics.30-32

These changes include a change in the shape of the relaxation
function at a temperature,TC, a change in the temperature
dependence of the relaxation times atTB,33-36 and an extrapo-

lated merging atTâ of the secondary relaxation with the primary
R-process.19,37,38 For a given glass former, the value of the
R-relaxation time atTB has been shown to be a constant,
independent of temperature and pressure.1,14,39

In this paper we describe dielectric measurements on two
dibutyl phthalates, di-n-butyl phthalate (DBP) and diisobutyl
phthalate (DiBP), whose molecular structures are illustrated in
Figure 1. These are typical van der Waals liquids, and having
substantial dipole moments, they can be easily probed with
dielectric spectroscopy. Both liquids are slow to crystallize, and
can be supercooled without the need for rapid quenching. A
number of previous studies on DBT have been reported. The
first measurements on DBT under elevated pressure were by
Cook et al.,40 who determined the viscosity at up to 3 GPa. At
ambient pressure, Dufour et al.41found no decoupling of the
dielectric relaxation and the viscosity of DBP, while Menon
and co-workers42 reported no decoupling of the viscosity and
the mechanical shear modulus. This latter result was contradicted
by further measurements by Behrens and co-workers.43 We
recently determined that theR-relaxation and the ionic conduc-
tivity in DBP remain coupled at elevated pressures up to 1.6
GPa.38 Measurements at lower pressure on DiBP suggested that
the R-relaxation times had roughly the same temperature
dependence as determined by NMR and mechanical measure-
ments.44,45Herein, we describe results for the dielectricR- and
â-relaxations, as well as the ionic conductivity, in both DBP
and DiBP over a range of temperatures at pressures up to 1.8
GP. The isomers provide an interesting test of the effect of
chemical structure on glass transition properties. We compare
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the behavior of the two liquids, and in particular the variation
with temperature and pressure.

Experimental Section

Di-n-butyl phthalate (99%) and diisobutyl phthalate (99%)
were obtained from Aldrich Chemicals and used as received.
The nominal glass transition temperatures,Tg, are 179 (DBP)42

and 188 K (DiBP).46 Measurements of the complex dielectric
permittivity ε*(ω) ) ε′(ω) - iε′′(ω) were carried out with the
Novo-Control GmbH Alpha dielectric spectrometer (10-2-107

Hz), in combination with an Agilent 4291B impedance analyzer
(106 - 109 Hz). For ambient pressure, the sample was placed
in a parallel plate cell (diameter 20 mm, gap 0.1 mm), and the
temperature controlled with a nitrogen-gas cryostat. Temperature
stability was at least 0.1 K.

For high-pressure measurements we used a pressure system
constructed by Unipress (High Pressure Research, Poland), with
the sample contained between two steel plates mounted in a
Teflon bellows. Pressures up to 1.8 GPa were exerted via a
piston and hydraulic press. During measurements, the sample

was in contact only with the steel plates and Teflon insulation.
The temperature was controlled within 0.1 K by means of liquid
flow from a thermostatic bath.

Results

r-Relaxation. In Figure 2 are shown representative dielectric
loss curves for theR-relaxation (T > Tg), and theâ-process (T
< Tg) in DiBP at T ) 295.7 K for various pressures from
ambient up to 1.4 GPa. Toward the low-frequency side of the
R-peak is the contribution from ionic conductivity,σ. With
increasing pressure, theR-relaxation andσ both shift to lower
frequencies, while there is an almost negligible shift of the
â-peak. TheR-dispersions measured for both materials were
fit to the empirical Havriliak-Negami function47

wheref is the frequency in Hz,∆εHN is the relaxation strength,
andRHN andγHN are shape parameters. The relaxation time in
eq 1 is related to theτR defined from the maximum in the
dielectric loss (τR ) (2πfmax)-1), according to34 τHN ) τR sin1/RHN-
(RHNπ/2 + 2γHN) sin-1/RHN(RHNγHNπ/2 + 2γHN). The best-fit
values of the shape parameters are displayed in Figure 3.
ApproachingTg from above, theR-peak broadens until some
characteristic value of theR-relaxation time,τc, is attained.
Beyond τc, the shape of the relaxation function becomes
constant; that is, at lower temperatures/higher pressures, time-
temperature-pressure superpositioning becomes valid.Tc is
defined as the temperature at whichτR attains the valueτc. Tc

values for both isomers are collected in Table 2 For DiBP,τc

∼ 1 × 10-7 s, while for DBP, the crossover to a temperature-
dependentR-function occurs at a somewhat larger value ofτc

∼ 3 × 10-7 s. For both glass formers,τc appears to be invariant

Figure 1. Chemical structures of dibutyl phthalates.

Figure 2. Representative dielectric loss curves for DiBP at 295.6 K and pressures from 0.1 MPa to 1.4 GPa. The steep rise toward lower frequencies
is due to ionic conductivity, while the secondary peak is evident at high frequencies in the spectra measured at higher pressures.

TABLE 1: Relaxation Properties of Dibutyl Phthalates

Tg
a (K) âK

b ma
dTg/dPa

(K/MPa)
∆VR

a

(mL/mol)

DBP 182.3( 0.3 0.65( 0.1 60( 3 0.11( 0.01 70
DiBP 196.8( 1.1 0.65( 0.1 56( 3 0.15( 0.01 103

a Ambient pressure andτR ) 1 s. b T > TB.

ε′′(υ) ) Im∆εHN
1

(1 + (i2πfτHN)RHN)γHN
(1)
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to pressure. A similar result was reported previously for other
molecular glass formers.1,14,39

The superpositioning of theR-peaks forτR > τc is illustrated
in Figures 4 and 5, showing representative dielectric loss curves
measured at various temperatures and pressures. In the super-
cooled regime, the two butyl phthalates also have the same shape
parameters,RHN ) 0.95( 0.01 andγHN ) 0.50( 0.04. Fitting

these peaks to the Kohlrausch-Williams-Watts function48

yields âK ) 0.65 ( 0.1, as shown in Figures 4 and 5. (Note
this is significantly larger than the value estimated from the
relation of Alegria and Colmenero,49 âK ) (RHNγHN)0.813). For
this value of the stretch exponent, the Kohlrausch relaxation
time in eq 2,τK, is 20% smaller thanτR based on the peak
frequency and 27% smaller than the average relaxation time.

TheR-relaxation times are displayed in Figure 6 for ambient
pressure, along with fits to the Vogel-Fulcher (VF) equation50

We obtainτ0 ) (3.4 ( 0.2) × 10-13 s, B ) 1016( 5 K, and
T0 ) 146.9( 0.1 K for DBP andτ0 ) (1.7 ( 0.2) × 10-14 s,
B ) 1444( 16 K, andT0 ) 151.3( 0.4 K for DiBP. Using
eq 3 to interpolate, we find the temperature at whichτR ) 1 s,
which we use herein as the glass transition temperature. The
results areTg ) 182.3( 0.3 and 196.8( 1.1 K for DBP and
DiBP, respectively. These are 3-9 deg higher than the literature
values,42,46 since we are referencing to a small value ofτR to
avoid any extrapolation of the measured data.

Since the shape of theR-relaxation functions for DBP and
DiBP is the same, from the correlation betweenâK and the
steepness index,m≡ (∂logτR(Tg)/∂(Tg/T))p|T)Tg,51,52established
for a large number of low-molecular-weight glass-forming
liquids,53,54 we expectm to be the same for the two materials.
In Figure 7, we replot the data of Figure 6 after normalizing
the temperature by the respectiveTg values. As can be seen,
the fragilities for theR-process are nearly equivalent,m ) 60

TABLE 2: Characteristic Temperatures and Relaxation Times for Dibutyl Phthalates

TC (K) logτc (s) TB
a (K) logτB (s) Tâ

a (K) logτâ (s)

DBP 220( 1 (3 ( 1) × 10-7 229( 2 (7.8( 0.6)× 10-8

DiBP 243( 0.5 (1.2( 0.6)× 10-7 262.3( 1.3 7.7( 1 × 10-9 263.5( 1.5 (6.5( 0.5)× 10-9

a Ambient pressure.

Figure 3. Fitting parameters for eq 1. Upper panel: DBP at various
temperatures and ambient pressure (9), and at various pressures andT
) 283.2 (3), 295.7 (0), and 305.2 K (4). Lower panel: DiBP at various
temperatures and ambient pressure (9), and at various pressures andT
) 295.6 K (0). The vertical dotted line denotes the value ofτR
separating the two dynamical regimes. The horizontal dashed lines
represent the mean values for lower temperatures and higher pres-
sures:RHN ) 0.95( 0.01,RHN × gHN ) 0.48( 0.04 for both liquids.

Figure 4. Dielectric loss of DBP (4) and DiBP (3, 0). Along with
small vertical shifts, for the elevated pressure spectra, the frequencies
were shifted by 1.1 for DBP and 0.6 for DiBP, to superpose the
R-dispersions. The dashed line is the Kohlrausch function with a stretch
exponent equal to 0.66. The secondary relaxation peaks at higher
frequencies do not superpose. The arrow denotes the position of the
Johari-Goldstein process predicted from eq 6.

Figure 5. R-Dispersion in the dielectric loss of DBP (4) and DiBP
(3) at 295.6 K andP ) 1.07 and 0.65 GPa, respectively. The fitted
curve is the Kohlrausch function with a stretch exponent equal to 0.65.
The contribution of the secondary relaxation is apparent at higher
frequencies. The inset shows the same spectra plotted double-
logarithmically.

ε′′(ω) ) ∆ε∫0

∞
dt[-d

dt
exp(-t/τK)âK] sin(2πft) (2)

τR(T) ) τ0 exp( B
T - T0

) (3)
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( 3 (DBP) and 56( 3 (DiBP). The former is consistent with
the value ofm ) 69 reported for DBP at lower temperature
(τR(Tg) ) 100 s).42,53 These m values for the two dibutyl
phthalates yield equivalent activation energies atTg, ER )
2.303RTgm ) 210 ( 12 kJ/mol.

Representative results forτR as a function of pressure are
shown in Figure 8 atT ) 295.6 K. It can be seen that the
sensitivity of theR-process to pressure for DiBP is greater than
that for DBP. This can be quantified in terms of the activation
volume, defined as∆V(T) ) 2.303RT(∂logτR/∂P)|T, with the
results shown in Figure 9. ForτR ) 1 s,∆VR equals 103 mL/
mol for DiBP, versus 70 mL/mol for DBP. In the inset, we
show the activation volumes for various temperatures atτR )
1 s. ∆VR is larger for DiBP for all measured isotherms.

Increasing the pressure increases the glass transition temper-
ature. In Figure 10, we plot the temperature at whichτR ) 1 s
as a function of pressure. These data can be described by using
the Avramov relation55,56

The results for DBP area ) 182.3( 0.6 K, b ) 2.4 ( 0.2,
andc ) 1600( 100 MPa, and for DiBPa ) 197.5( 2 K, b
) 2.65( 0.2, andc ) 1293( 95 MPa. The pressure coefficient
of the glass transition in the limit of zero pressure is dTg/dP )
0.11 ( 0.01 and) 0.15 ( 0.01 K/MPa for DBP and DiBP,
respectively. Again, DiBP is seen to be more sensitive to
pressure.

The Avramov model underlying eq 4 embodies the assump-
tion that the temperature and pressure dependences are factor-
able, whereby the fragility is independent of pressure.57 We can
make use of the pressure coefficients determined forτR andTg

to calculate the variation of the fragility with pressure, using

The results are displayed in Figure 11. The uncertainty is large,
and thus we conclude only that there is no significant change
in the temperature dependence ofτR with pressure. Similarly,
from viscosities measured at elevated pressures, Cook et al.40

Figure 6. Temperature dependence of theR-relaxation times of DBP
(2) and DiBP (1) and the corresponding secondary relaxation times
(open symbols) at ambient pressure. The solid lines are the fits to eq
3 for τR and the Arrhenius equation forτâ. Also shown for DiBP are
the secondary relaxation times measured atP ) 1.8 GPa (0). The
arrows indicate the temperatures at which linear extrapolations of the
respective ambient-pressureτâ would intersect theτR data, atTâ ) 229
and 263.5 K, for DBP and DiBP, respectively.

Figure 7. Tg-normalized temperature dependence at ambient pressure
of the R-relaxation times of DBP (2) and DiBP (1), along with the
corresponding relaxation times of the secondary process (open symbols).

Figure 8. Pressure dependence of theR-relaxation times of DBP (2)
and DiBP (1) at 295.6 K (solid lines are second-degree polynomial
fits). Also shown are the secondary relaxation times for DiBP (3) at
the same temperature, with a linear fit corresponding to an activation
volume of 0.7( 0.2 mL/mol.

Figure 9. Activation volumes for theR-relaxation of DBP (2) and
DiBP (1) as a function of pressure at 295.6 K. The inset shows
activation volumes for DBP (4) and DiBP (3) versus pressure for a
fixed value of theR-relaxation time. The single datum with the large
error bar required extrapolation to reachτR ) 1 s. For all other points,
the error is smaller than the symbol size.

m )
∆VR(Tg)

2.303R (dTg

dP)-1

(5)

Tg ) a(1 + b
c
P)1/b

(4)
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found that pressure caused no change inm beyond the (rather
large) experimental uncertainty. Similar results have been
reported for other glass formers,58-61 although cases are known
in which them decreases62,63 or increases11,18 with pressure.

Secondary Relaxation.Along with the ambient pressureτR
in Figure 6 are shown the corresponding relaxation times for
the secondary relaxation,τâ, defined from the frequency of the
secondary peak in the dielectric loss. Arrhenius behavior is
observed, with respective activation energies,Eâ, equal to 21.2
( 0.7 kJ/(mol‚deg) (DBP) and 30.2( 0.8 kJ/(mol‚deg) (DiBP)
at P ) 0.1 MPa. These are an order of magnitude smaller than
ER values atTg. Kudlik et al.15 have suggested a universal
relationship,Eâ ) 24RTg. However, the dibutyl phthalates depart
from the proposed proportionality, and even differ between each
other; to wit, Ea/(RTg) ) 14.0 ( 0.5 (DBP) and 18.5( 0.6
(DiBP). However, as seen in Figure 7, theTg normalization of
the temperature variable does approximately superpose the
ambient pressureτâ from Figure 6, although theâ-relaxation
times for DiBP have a steeper slope. Also included in Figure 6
are theτâ measured for DiBP atP ) 1.8 GPa. Over the narrow
range of temperatures, the data are Arrhenius, with an activation
energy equal to 28.9( 1.8 J/(mol‚deg). This is equal toEâ for
low pressure, within the uncertainty, and thus is also at odds
with the proposed correlation15 betweenEâ and Tg, sinceTg

changes with pressure.
There is a suggestion in theτâ data in Figure 6 of a deviation

from the Arrhenius behavior on approachingTg. In this region,
however, there is some overlapping of theR- andâ-peaks, which

makes the extraction ofτâ less certain. Nevertheless, it has been
shown for at least a few cases that the Arrhenius temperature
dependence of theτâ changes for temperatures aboveTg.19,64-68

Notwithstanding, it is common practice to extrapolate the low-
temperature secondary relaxation times to the temperature,Tâ,
at which τâ ) τR. This hypothetical merging temperature is
identified with the temperature at which a change in the
dynamics is observed; that is,Tâ ∼ TB ∼ TC.30,32 From Figure
6, Tâ ) 229 K for DBP and 263.5 K for DiBP.

At elevated pressure, obtainingτâ requires deconvolution of
theR- andâ-processes. Although the error inτâ is consequently
large, it is nevertheless clear that the secondary relaxation times
are much less sensitive to pressure than are theR-relaxation
times. In Figure 8, theseτâ are shown for DiBP, where it can
be seen that over a pressure range for whichτR varies by 5
orders of magnitude,τâ changes by only 20%. This yields an
estimate of theτâ at ambient pressure equal to roughly 2×
10-7 s. On the other hand, assuming that the temperature
dependence of the secondary relaxation times at ambient
pressure follows a single Arrhenius law, as depicted in Figure
6, τâ is predicted to be about two decades shorter than this.
The implication is that theâ-relaxation times in the liquid state
may change more rapidly with pressure than in glass. Recent
results have shown that the temperature dependences ofτâ above
and belowTg are different.19,65-68 Even if the data follow a
second Arrhenius form aboveTg, the activation energy will be
larger for the liquid state.

In terms of the activation volume,∆Vâ ∼ 0.7 mL/mol for
DiBP at 295.6 K. For DBP, we estimate∆Vâ is about 10-fold
larger than that for DiBP. The weaker pressure sensitivity of
τâ, in comparison to theR-process, means that the time-
temperature-pressure superpositioning of the dielectric spectra
must break down. This is seen in Figure 4, in which shifting to
superimpose the primary peak results in nonoverlapping of the
higher frequency secondary peaks.

The almost negligible sensitivity to pressure of the secondary
relaxation for either liquid raises the question of whether it is
a Johari-Goldstein process, involving the entire molecule (rather
than only intramolecular degrees of freedom).69 An assessment
of this can be gleaned by comparingτâ to the value predicted
by the coupling model70,71

in which tc is a constant equal to 2× 10-12 s. Using the fitted
value ofâK ) 0.66, we calculateτJG ) 7 × 10-12 s, which is
about a factor of 40 smaller than theτâ value in Figure 4. Thus,
the inference drawn from the coupling model is that the
secondary relaxation is not a Johari-Goldstein process.

Ionic Conductivity. Toward lower frequencies in the spectra
of Figure 2, the contribution to the dielectric loss from ionic
conductivity can be seen. Along with the slowing down of the
R-relaxation, lower temperature and increased pressure are
associated with a decrease in the ionic conductivity. For many
glass formers, translational motions are enhanced relative to
orientations, at least belowTB, so thatτR andσ exhibit different
T andP dependences. In Figure 12,σ is plotted versusτR for
both materials at atmospheric pressure (the elevated pressure
results had insufficient overlap of the two quantities). These
data can be fitted to a power law72

in which s (e1) reflects the degree of decoupling ofτR andσ.

Figure 10. Pressure dependence of the glass transition temperature,
Tg(τR ) 1 s) for DBP (2) and DiBP (1). The lines through the data
are the best fits to the Avramov relation (eq 4).

Figure 11. Pressure dependence of the fragility of theR-relaxation
for DBP (2) and DiBP (1).

τJG ) tc
1-âKτR

âK (6)

στs ) constant (7)
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For both DBP and DiBP, the exponent is close to unity,
indicating thatτR andσ have essentially the same temperature
dependence.

Since there is negligible decoupling ofσ and τ, we can
combine these data in a plot ofφ ≡ (dlogx/Tg dT-1)-1/2, where
x is τR or σ, versus inverse temperature. From such a derivative
plot, shown in Figure 13 for both materials, the temperature,
TB, associated with a change in temperature dependence, can
be determined.34,35 However, for the DBP, any change in the
slope of the derivative plot in Figure 13 is less than the scatter,
precluding a determination ofTB. For DiBP we obtainTB )
262 K. Note also that at the highest temperatures in Figure 13,
the conductivity data for DiBP become horizontal, indicating
that Arrhenius behavior is attained at ca. 343 K.

Conclusions

Various phenomena involving theR-relaxation, theâ-relax-
ation, and the conduction of ionic impurities are observed herein

for the two dibutyl phthalates. At ambient pressure, DBP and
DiBP have very similar dynamics, beyond the 14.5 K difference
in theirTg (Table 1). Both the shape of theR-relaxation functions
and the Tg-normalized temperature dependences ofτR are
essentially the same for the two isomers. A correlation of the
breadth of theR-peak and the fragility is expected.53,54 At
elevated pressure, differences between the dynamics of the two
materials become apparent. The activation volume and pressure
coefficient of Tg are significantly larger for the DiBP. These
findings suggest the position of the pendant methyl group in
DiBP enhances the steric hindrances to the motion, and
consequently the dynamics of DiBP is more pressure sensitive.
Such behavior, in which differences in the dynamics of
structurally similar glass formers are manifested primarily at
elevated pressures, has previously been observed for siloxane
polymers.73

The activation energy for the secondary relaxation in DiBP
is the same forP ) 0.1 MPa andP ) 1.8 GPa. This invariance
of Eâ to such a large increase in pressure reflects the local nature
of the â-process. Moreover, the secondary relaxation in DiBP
exhibits a very weak response to pressure (∆Vâ < 1 mL/mol).
From this insensitivity, together with the magnitude ofτâ in
comparison to the value calculated from eq 6, it is tempting to
suggest that the secondary peak evident in the dielectric
spectrum is not a Johari-Goldstein process. Less information
could be gleaned about the secondary process in DBP, other
than its having a substantially larger activation volume than the
∆Vâ for DiBP. For neither liquid does a proposed universal
relationship15 betweenEâ andTg hold.

Decoupling of theR-relaxation and conductivity commonly
observed in supercooled liquids is ascribed to enhanced
intermolecular cooperativity and the dynamic heterogeneity that
it entails. Since the intermolecular cooperativity in these dibutyl
phthalates is weak (largeâK),74 it follows that the decoupling
of their τR andσ should be weak. This is indeed the case, the
temperature dependence of the two quantities remaining es-
sentially equal at ambient pressure for all measured temperatures
(Figure 12). This result is consistent with previous work showing
thatτR and the viscosity of DBP conform to the Einstein-Stokes
relation throughout the supercooled regime.38

The wide span of the data presented herein enables the
changing dynamics exhibited during supercooling of the liquids
to be followed. Thus, at the highest temperatures,τR for DiBP
exhibits an Arrhenius temperature dependence (as inferred from
the conductivity data), with the molecules executing indepen-
dent, thermally activated motion. From Figure 13, we estimate
the characteristic temperatureTA ∼ 343 K, which is∼1.7 times
Tg, at whichτR < 3 × 10-11 s. As temperature is lowered, or
pressure increased, various changes in the dynamic properties
become apparent. These changes include a broadening of the
relaxation function betweenTA and TC, a change in the
temperature dependence ofτR at TB, and an apparent loss of
theâ-process as it merges with the primaryR-relaxation atTâ.
Previous studies have suggested an approximate equivalence
between these characteristic temperatures. As seen in Table 2,
the values obtained herein forTB and Tâ for DiBP roughly
coincide. However, for both liquids,TC < Tâ. Earlier stud-
ies1,14,39had found that when pressure is varied,TB changes in
a manner such that theR-relaxation time associated with the
change in temperature dependence ofτR remains constant. The
data herein cover an inadequate range to test this idea.

Acknowledgment. This work was supported by the Office
of Naval Research and the Polish Committee for Scientific
Research (Grant No. 2PO3B 033 23).

Figure 12. Ionic conductivity for DBP (2) and DiBP (1) versus the
R-relaxation times measured at the same temperature and ambient
pressure. The power law fits to the data yield the indicated values for
the decoupling constant (eq 7). For DiBPTB is indicated by the
horizontal dashed line.

Figure 13. Derivative plots (φ ≡ dlogx/Tg dT-1)-1/2 of theR-relaxation
times (open symbols) and the ionic conductivity (solid symbols) for
DBP (2, 4) and DiBP (1, 3). The intersection of the dashed lines,
which are linear fits to the two temperature regimes, yieldsTB. Note
the approximate Arrhenius temperature dependence for DiBP for
temperatures less than ca. 340 K.
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