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ABSTRACT: This paper presents data on the physical aging of three monoalcohols, 2-ethyl-1-
butanol, 5-methyl-2-hexanol, and 1-phenyl-1-propanol. Aging is studied by monitoring the
dielectric loss at a fixed frequency in the kHz range following temperature jumps of a few
Kelvin’s magnitude, starting from states of equilibrium. The three alcohols differ in Debye
relaxation strength and how much the Debye process is separated from the α process. We first
demonstrate that single-parameter aging describes all data well and proceed to utilize this fact
to identify the linear-limit normalized aging relaxation functions. From the Laplace transform of
these functions, the linear-limit aging loss-peak angular frequency defines the inverse of the
linear aging relaxation time. This allows for a comparison to the temperature dependence of the
Debye and α dielectric relaxation times of the three monoalcohols. We conclude that the aging
response for 5-methyl-2-hexanol and 2-ethyl-1-butanol follows the α relaxation, not the Debye
process; no firm conclusion can be reached for 1-phenyl-1-propanol because its Debye and α
processes are too close to be reliably distinguished.

1. INTRODUCTION
Physical aging is a characteristic feature of, in principle, all
glasses. It involves the rearrangement of molecules below the
glass transition temperature Tg, reflecting the fact that any glass
continuously approaches the equilibrium liquid state.1,2 This can
only be observed just below Tg, however, because aging is too
slow at lower temperatures−aging of window glass is for instance
not an issue. Understanding physical aging to the extent of being
able to predict it quantitatively is important for applications of
oxide glasses, polymers, metallic glasses, etc., both in production
and subsequent use.3−15

The physical aging induced by a continuously changing
temperature, e.g., as experienced during the production of
glasses, is more difficult to model quantitatively than aging
following a temperature jump. An ideal temperature jump starts
from the glass-forming liquid annealed to equilibrium at the
initial temperature, Ti, implementing a rapid change of
temperature to the final (annealing) temperature, Ta, which is
kept constant for enough time that the system eventually reaches
equilibrium atTa (we denote the final temperature byTa and not
by Tf, which in aging contexts symbolizes the fictive temper-
ature).7,16 The temperature change should be fast enough that
virtually no relaxation takes place before the new temperature by
heat conduction is established uniformly throughout the sample.
After the jump, aging is monitored by measuring how some
physical property, X = X(t), approaches its equilibrium value. In
the data reported below the property X is the dielectric loss at a
fixed frequency in the kHz range, but X can also be, e.g., the
density, the enthalpy, the dc conductivity, an elastic modulus, a

linear or nonlinear dielectric property, etc.3,5,17−27 Aging of the
structural relaxation time itself can be determined from strain-
rate switching experiments, as recently convincingly demon-
strated by Ediger and coworkers.28 The only requirement is that
accurate measurement of X can be carried out within a short
time window during which the system changes its properties
insignificantly.
Achieving close-to-ideal temperature-induced aging condi-

tions is not straightforward, primarily because heat conduction is
notoriously slow.We obtain such temperature jumps by working
with a thin sample and by quickly changing the temperature by
means of a Peltier element placed close to the sample.29 Recent
alternative approaches to studies of physical aging include that of
Heńot et al., who used Ohmic heating to obtain extremely fast
heating rates,30 and that of Cangialosi and coworkers utilizing
the small sample size in fast scanning calorimetry to perform
almost instantaneous temperature jumps.27,31

Physical aging is highly nonlinear in the sense that different
temperature jumps generally result in quite different normalized
relaxation functions, R(t), defined by
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Here Xi and Xa are the equilibrium values of the monitored
property at the initial temperature Ti and the final temperature
Ta, respectively. It is henceforth assumed that the jump takes
place at t = 0. Strong nonlinearity is usually observed even for
temperature jumps of just 1% magnitude in the sense that down
jumps are much faster and more stretched than up jumps to the
same final temperature. This is referred to as the “asymmetry of
approach”, with up jumps being “autocatalyzed” and down
jumps “autoretarded”.7,10,12,17,32

The asymmetry of approach has been understood since long
as an effect of the fictive temperature on the so-called material
time, which controls the aging and is characterized by a rate of
change that itself ages. The rate of aging for a down jump
decreases gradually and converges to the equilibrium aging rate
at Ta, whereas for an up jump the aging rate increases from a low
value to eventually also approach the Ta equilibrium aging rate.
A quantitative formalism has existed since 1971,3 the so-called
Tool-Narayanaswamy (TN) formalism, which accounts well for
not only the nonlinearity of temperature jumps, but for data
obtained by applying any temperature protocol. An excellent
account of the TN formalism was given by Scherer in his 1986
textbook.7

We used above the term “equilibrium aging rate”, which may
seem like a contradiction in terms. Like any other response
property, however, physical aging has a linear limit. Thus,
standard linear-response theory characterized by linearity and
time-translational invariance applies for sufficiently small
temperature jumps. This limit, which is approached only for
temperature changes smaller than about 0.1%, corresponds to
the situation in which the material time is proportional to time
throughout the aging process. A fluctuation−dissipation
theorem exists also for linear physical aging, meaning that the
aging response for very small jumps is determined by the
equilibrium f luctuations.33 It is in this sense an “equilibrium aging
rate” may be defined.34

The linear limit of physical aging was recently reached
experimentally by Riechers et al.,35 who reported data for aging
following temperature jumps of varying amplitude, the smallest
being just 10 mK.35 That paper applied a simplified version of
the TN formalism, the so-called single-parameter-aging (SPA)
formalism from 2015,36 to predict the results of nonlinear
temperature jumps from data for small, linear jumps. Following
ref 34, we use in this paper SPA to do the opposite: from
nonlinear temperature jump data, SPA is utilized to extract the
difficult-to-measure linear-aging relaxation function.
The investigation presented below involves three mono-

alcohols. Monoalcohols are generally good glass formers, but
they differ from other organic glass-forming liquids by having a
Debye process as the slowest and most intense dielectric
relaxation process.37 This is believed to reflect the dynamics of
hydrogen-bonded structures, a process that is separate from the
ordinary α relaxation associated with structural relaxation.37

Most other linear-response functions have no−or only very
weak−relaxations at the dielectric Debye loss-peak frequency;
they instead relax onmore or less the time scale of the “ordinary”
α relaxation process.37 In particular, calorimetric measurements
of monoalcohols generally correlate with the α relaxation rather
than with the Debye process.38,39

Since this paper studies the role of the Debye process in aging,
three monoalcohols were selected to have different degrees of

separation between the Debye and the α relaxation processes as
well as different magnitudes of their relative loss magnitudes. In
all three cases the OH group is terminal or close to the end of the
carbon chain. Two of the alcohols studied are regular simple
alcohols, while the third one involves a phenyl group. For further
investigations it would be interesting to study a system of fixed-
length monoalcohols for which the OH group location is varied
systematically along the chain.
The question we address below is how physical aging

proceeds in monoalcohols: Does aging take place on the time
scale of the α process, as one may expect from the general
identification of aging as a consequence of structural
relaxation,7,12 or does aging proceed on the time scale of the
slower dielectric Debye process? Since α linear responses may
differ in their corresponding relaxation time but otherwise have
identical temperature dependence,40−43 we focus on comparing
the aging relaxation time’s temperature dependence to those of the
Debye and α relaxation times. In order to do this, however, it is
necessary to have linear-response aging data at disposal, which
are obtained from nonlinear aging data utilizing SPA.
The present work is not the first to address the possible role of

the Debye process in physical aging. Previously, the focus was
more on the absolute time scales than on their temperature
dependence, however, and these studies did not attempt to
identify the linear-limit aging time. Already in 2010 Gainaru et
al. concluded that the dielectric aging of 2-ethyl-1-hexanol
follows the α process;44 in contrast, for the non-hydrogen-
bonding liquid tributyl-phosphate (TBP) with an alcohol-like
spectrum created by dielectric cross-correlation, the aging time
follows the Debye-like mode associated with dielectric cross-
correlations.45,46 Ref 47 studied mixtures of 2-ethyl-1-hexanol
(2E1H) with 2-ethyl-1-hexyl bromide (2E1Br). For an
equimolar mixture the Debye and α processes are separated
by no less than four decades in frequency, and from a
comparison of the involved time scales the authors concluded
that physical aging is governed by the α process, not by the
Debye process (see also ref 48). This is confirmed by the present
study on pristine alcohols.
Our investigation proceeds in two steps. First, we validate that

the aging data conform to the SPA framework. This has
previously been done for glycerol and for several van der Waals
bonded liquids, as well as in computer simulations,34−36,49−53

but not for monoalcohols that as mentioned have quite distinct
properties making it far from obvious that they should comply to
the simple SPA scenario. Once SPA has been validated, we
proceed to use it to address whether physical aging in regard to
the temperature dependence of the linear-limit aging time
follows the Debye or the α process. Since the purpose is to
compare to the temperature dependence of the dielectric Debye
and α relaxation times defined by τ = 1/(2πνmax) in which νmax is
the corresponding loss-peak frequency, we also use this equation
to determine the “equilibrium” aging relaxation time τR from the
loss-peak frequency max

R of the frequency response (obtained by
Laplace transforming the SPA-extracted linear-limit aging
relaxation function).

2. METHODS
2.1. Experimental Details. The three monoalcohols

studied are 2-ethyl-1-butanol (“2E1B”; Alfa Aesar, 99% purity),
5-methyl-2-hexanol (“5M2H”; Sigma-Aldrich, 99% purity), and
1-phenyl-1-propanol (“1P1P”; Alfa Aesar, 98+% purity). All
liquids were used as purchased.
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Wemonitored aging after temperature jumps by continuously
measuring the dielectric loss by means of a high-resolution
Andeen-Hagerling AH2700A bridge. This was done at 1 kHz for
5M2H and at 10 kHz for 2E1B and 1P1P. Thus, the dielectric
loss is the quantity X(t) in eq 1. Alternatively, one can use for
X(t) the real part of the dielectric constant, which gives
somewhat more noisy data but leads otherwise to virtually the
same linear aging relaxation times (data not shown). Our aging
setup, which allows for accurate temperature control and rapid
temperature jumps using a Peltier element for thin samples (50
μm), is described in detail in ref 29.
The spectra in Figures 1 and 2 were measured with an HP

3488AMultimeter in conjunction with a custom-built frequency
generator covering 10−2−102 Hz and an HP 4284A LCR meter
covering 102−106 Hz.

2.2. Obtaining the Linear-Limit Aging Response
Function from Nonlinear Temperature Jump Data via
the Single-Parameter-Aging Formalism. The TN formal-
ism assumes the existence of a material time, ξ, with the property
that all temperature jumps lead to the same normalized
relaxation function R(t) when this function is given in terms
of ξ. Thus according to TN, if one writes for any specific
temperature jump R(t) = ϕ(ξ(t)), the function ϕ is the same for

all jumps whereas the functional form of ξ(t) depends (usually
strongly) on the jump. If the jump goes from Ti to Ta = Ti + ΔT
where ΔT is the temperature change, SPA makes the following
ansatz for the aging rate γ36,54

t
t

t( )
d
d

( ) ea
c TR t( )=

(2)

Here γa is the equilibrium linear aging rate at the final
temperature of the jump,Ta, and c is a material-specific constant.
The notation used here is that of ref 54, which differs from ref 36
that followed the old tradition in the aging field of definingΔT as
Ti − Ta, not as Ta − Ti, and which used a dimensionless version
of the “nonlinearity parameter” c. Note that the material time−
and thereby the aging rate γ − is only defined within an arbitrary
multiplicative constant.
Refs 36 and 55 showed how to use SPA to calculate the

normalized relaxation function of one nonlinear temperature
jump from that of another, ref 34 showed how SPA allows for
calculating the linear limit of a nonlinear jump, and ref 35
showed how SPA can be used for predicting nonlinear jumps
from linear ones. Although the reasoning is the same in all cases,
we now for completeness briefly summarize how SPA is used for
calculating the linear-limit normalized aging relaxation function,
Rlin(t), from the normalized relaxation functionR(t) of a general,
nonlinear jump.
For Rlin(t) the expression R(t) = ϕ(ξ(t)) reduces to Rlin(t0) =

ϕ(γat0) because ξ = γat0 in equilibrium at Ta as well as very close
to Ta; here and henceforth the laboratory time of a linear-limit
temperature jump is denoted by t0 to distinguish it from the
laboratory time t of general, nonlinear jumps. Taking time
derivatives leads to dR/dt = ϕ′(ξ(t))γ(t) and dRlin/dt0 = ϕ′(ξ =
γat0)γa, respectively. The ratio of these two equations evaluated
at times t and t0 corresponding to the same value of R (and thus
the same material time ξ) is by eq 2 equal to exp(−cΔTR). For
the ratio between the time increments dt0 and dt corresponding
to the same decrease of R, dR, one thus has

t
t

R t
R t

td
d

d /d
d /d

( )
e

a

c TR0

0
= = =

(3)

This implies that

t td e dc TR
0= (4)

For a temperature up jump one has ΔT > 0, and the time
increment dt needed for a given change of the normalized
relaxation function, dR, is larger than the time increment dt0

Figure 1. Equilibrium dielectric spectra of 2E1B, 5M2H, and 1P1P at different temperatures (Table 1). The figure shows log−log plots of the
imaginary part of the frequency-dependent dielectric constant, ε″, as a function of the frequency ν. The insets show the molecular structures of each
monoalcohol.

Figure 2. Examples of dielectric loss peaks of 2E1B (green), 5M2H
(orange), and 1P1P (blue). The Debye process is marked by the letter
D and the α process by an α. For 2E1B, the latter is clearly visible, while
it for 5M2H is manifested as a change of slope. In contrast, the 1P1P
loss peak is asymmetric and looks much like those of typical
nonmonoalcohol organic glass formers.56,57 For 1P1P, supplementary
dynamic light scattering measurements have revealed the existence of
separate Debye and α peaks, however, albeit these processes are quite
close.37,58
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needed for the same change of the linear relaxation function at
Ta. The opposite applies for a down jump. In both cases eq 4
provides the SPA recipe for calculating Rlin(t) from nonlinear
jump data in the form of R(t). This is done in a step-by-step
manner starting at t = 0 by transforming the time axis of R(t) to
that of Rlin(t) by means of eq 4.

35,36,50 Since Rlin(t) calculated in
this way for all jumps to Ta must be the same function, the
material-characteristic nonlinearity parameter c can be deter-
mined by optimizing the collapse of all calculated Rlin(t)
functions for jumps to the same temperature. This is done
separately for each final temperatures Ta, and c is determined as
the nonlinearity parameter that overall results in the best
collapse.

3. RESULTS AND DISCUSSION
Figure 1 shows equilibrium dielectric loss spectra of the three
monoalcohols for a range of temperatures (Table 1). To

compare the liquids we plot in Figure 2 three representative loss
spectra. 2E1B and 5M2H have large, symmetric, and narrow loss
peaks. These are the Debye loss peaks (marked by D), the
above-discussed characteristic feature of monoalcohols.37 For
2E1B there is clearly an additional high-frequency process,
which is identified as the α process.37 An underlying α process is
also visible in the 5M2H data, though it is here much less
pronounced and merely visible as a change of slope. The 1P1P
loss peak, on the other hand, has no clearly visible Debye
process. Its peak is broader and asymmetric to the high-
frequency side with a high-frequency slope that is not far from
−0.5;56,57 thus the 1P1P loss peak looks like typical peaks of van
der Waals bonded glass-forming liquids.26,56 If there is a
dielectric Debye process in 1P1P, it has merged completely with
the α process. However, a closer analysis involving also light-
scattering data, which are known to mainly probe the self-part of
the dipole time-autocorrelation function,57 reveals that the
dielectric spectrum of 1P1P may also be perceived as a sum of a
Debye and an α peak.37,58
The aging data and their analysis are presented in Figure 3

devoting one column to each liquid. The top three panels show
all the temperature jump data, i.e., the imaginary parts of the
dielectric permittivity measured at a fixed frequency in the kHz
region, plotted as a function of the logarithm of the time since
the jump was initiated. For 2E1B there are jumps to two final

temperatures, for 5M2H to five final temperatures, and for 1P1P
to three final temperatures. The jump magnitudes vary from 0.1
to 2.9 K (Table 2).
Using X = ε″(ν0,t) in which ν0 = 1 kHz or 10 kHz as the

monitored variable, the second row of Figure 3 shows all the
normalized relaxation functions R(t) defined by eq 1, plotted as
functions of time. Note that the normalized relaxation functions
do not start in unity at short times; this is because there is a rapid
change of the dielectric loss that is too fast to be probed by the
setup. This rapid change is notably larger for 2E1B than for the
two other liquids. We interpret the rapid jump as reflecting the
existence of a fast structural relaxation process (an aging “β
process”), which apparently is largest for 2E1B. We have no
good explanation for this difference, which it could be
interesting to investigate further, e.g., by comparing to the
magnitude of dielectric β processes.
The functions R(t) do not collapse, even for jumps to the

same temperature (same color). This illustrates the strong
nonlinearity of physical aging.7 In order to arrive at the linear-
limit normalized relaxation function, Rlin(t), we employ single-
parameter aging (SPA) as detailed in Section 2.2. The fitting
procedure involves one free parameter for each liquid, the
“nonlinearity parameter” c in eq 2. SPA uniquely determines
Rlin(t) from the normalized relaxation function of any jump,
R(t). For each liquid, c is found by searching for the best overall
collapse of the calculated linear-limit aging relaxation functions
for jumps to the same temperature. This results in c = 1.72 K−1

for 2E1B and c = 1.19 K−1 for both 5M2H and 1P1P.
For these c values the linear-limit normalized relaxation

functions, Rlin(t), are shown in the third row of Figure 3. There is
a good data collapse, which confirms SPA. In the fourth row we
empirically scale the time axis, which for all three liquids results
in a good overall data collapse. This provides a consistency check
of the analysis, because the TN formalism−and thus SPA −
assumes time−temperature superposition for the linear
normalized relaxation functions.
From the functions Rlin(t) we extract the linear-limit aging

relaxation time at each final temperature as the inverse of the
loss-peak angular frequency of the Laplace transform of Rlin(t).
Having done so, we can now address this paper’s scientific
question: Does the temperature dependence of the linear aging
time, τR, follow that of the α process−as most other physical
processes do37,42,43 − or does it follow the slower Debye
process?44−46 To answer this we plot for comparison for each
liquid in Figure 4 the following quantities as functions of
temperature: the Debye relaxation times,59−62 the α process
relaxation times extracted by dielectric spectroscopy,59−62 and
the dynamic-light-scattering relaxation times.60−62

In general, different linear-response functions may have
different characteristic relaxation times,40−43 i.e., the same
underlying process can have different relaxation times when
observed with different techniques. A trivial example of this
arises by comparing the compliance and modulus representa-
tions of the same data: depending on the relaxation strength, this
can lead to quite different relaxation times. For several glass-
forming liquids, a time-scale ordering has been established in
which the thermal response functions, i.e., response functions
where the input is a temperature modulation (dynamic heat
capacity, thermal expansion coefficient, etc.) − are generally
slower than the dielectric response functions by up to one
decade.42,43 This means that it is not possible to reach a
conclusion on this paper’s scientific question by comparing time
scales alone. Thus, in order to determine whether physical aging

Table 1. Temperatures for the EquilibriumDielectric Spectra
of Figure 1

2E1B [K] 5M2H [K] 1P1P [K]

200 193 230
195 183 225
190 173 222.5
185 163 220
180 158 217.5
175 154 215
170 152 212.5
165 150 210
160 207.5
155 205
150 202.5
145 200
140 197.5
135 195
130 193
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follows the Debye or the α process, we take into account not
primarily the proximity of the relaxation times, but how these
vary with temperature.
The aging data cover a smaller temperature range than the

other data of Figure 4. The figure nevertheless illuminates the
physics of aging and its relation to dielectric processes. For the
two monoalcohols with the most pronounced and clearly
separated Debye processes, 2E1B and 5M2H, the conclusion is
clear: Physical aging follows the α process in its temperature
dependence, not the Debye process. For 2E1B there is no
overlap between the α relaxation times extracted from the
dielectric spectra and the aging relaxation time, but the
separation between the Debye time scale and the aging
relaxation time clearly exceeds 2−3 decades and the aging
time follows the temperature dependence of the dielectric α
relaxation time rather than of the dielectric Debye relaxation

time. In the case of 5M2H, the α relaxation time found by
dielectrics and light scattering is identical to the linear aging
relaxation time; in this case both time scale and temperature
dependence match. For 1P1P the picture is less clear. Here
separate α andDebye processes have been determined from data
for nonlinear dielectric spectroscopy63 and light scattering.64

These data show that aging follows the Debye and not the α
process in the relaxation times. We cannot, however, conclude
that this reflects a causal relation: the α and Debye dielectric
processes of 1P1P are so close that the time-scale determination
is associated with considerable uncertainty. In particular, the
temperature dependence of the two processes cannot be reliably
distinguished.
The fact that the Debye process in 2E1B and 5M2H have no

relation to the linear aging time scale while the situation may
differ for 1P1P, suggests that more than one origin of the cross-

Figure 3.Aging data and SPA analysis. (a−c) show data for the imaginary part of the dielectric susceptibilitymeasured at the indicated frequency after a
temperature jump at t = 0. (d−f) show the corresponding normalized relaxation functions defined by eq 1. (g−i) show for each final temperature a
collapse of the different jump data when these are transformed into a linear aging relaxation function bymeans of eq 4. This transformation involves the
material-specific parameter, c, which for each liquid is determined by overall optimizing the data collapse for jumps to the same temperature. (j−l)
collapse the linear aging relaxation function for different target temperatures onto a single one by empirically rescaling the time axis. The data collapse
seen here confirms time−temperature superposition, a prerequisite of the TN formalism and therefore also for SPA.
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correlations responsible for the Debye process could be at play:
In some systems the linear aging-time scale clearly follows the
dielectric α relaxation, in other systems it is closer to the
dielectric Debye process. Such a difference makes sense in view
of the fact that hydrogen structures evolve differently in different
systems in the form of chains,65 rings,65,66 or a branched67 form.
Thus, 2E1B and 2E1H are classical chain-like alcohols, while
1P1P is believed to form a mixture of ring- and chain-like
structures. That additional cross-correlations can be present in
phenyl alcohols due to the pi-pi electron systems68,69 has been
observed in recent simulations.70

4. SUMMARY
We have presented data for the physical aging of three
monoalcohols obtained by monitoring the high-frequency
dielectric loss after up and down temperature jumps of small
andmoderatemagnitude. The aging of all three liquids conforms
to SPA. This allows to extract the linear-limit normalized aging
relaxation functions Rlin(t) at each final temperature. From these
functions we determined the linear-limit aging relaxation times
as the inverse of the loss-peak angular frequencies of the Laplace
transform of Rlin(t). Comparing to the temperature dependence
of the Debye and α relaxation inverse loss peak frequencies, the
analysis showed that for the two liquids with best separation of

Table 2. List of All Temperature Jumps Performed from the Initial Temperature Ti to the Final Temperature Ta
a

2E1B 5M2H 1P1P

Ti/K Ta/K ΔT/K Ti/K Ta/K ΔT/K Ti/K Ta/K ΔT/K

127.8 128 0.2 148.9 149 0.1 192.9 193 0.1
127.5 128 0.5 148.5 149 0.5 192.75 193 0.25
125.4 125.9 0.5 148 149 1.0 192.5 193 0.5
125 125.9 0.9 147.5 148 0.5 192 193 1.0
124.1 125.9 1.8 146.1 148 1.9 191 193 2.0
123.2 125.9 2.7 145.1 148 2.9 189 191 2.0
127.8 128 0.2 146.5 147 0.5 188 190 2.0
128.5 128 −0.5 146 147 1.0 193.1 193 −0.1
126 125.9 −0.1 145.1 147 1.9 193.25 193 −0.25
126.4 125.9 −0.5 145.5 146 0.5 193.5 193 −0.5
126.8 125.9 −0.9 145 146 1.0 194 193 −1.0
127.8 125.9 −1.9 144.5 145 0.5 195 193 −2.0

149.1 149 −0.1 193 191 2.0
149.5 149 −0.5 192 190 2.0
150 149 −1.0
148.5 148 −0.5
149.9 148 −1.9
147.5 147 −0.5
148 147 −1.0
148.9 147 −1.9
146.5 146 −0.5
147 146 −1.0
145.5 145 −0.5

aThe jump magnitudes ΔT ≡ Ta − Ti are also listed.

Figure 4. Characteristic times τ plotted as functions of temperature, including here also light-scattering data. The full symbols are defined as follows
(compare the lower left corners): τR is the linear-limit aging time calculated as one over the loss-peak angular frequency of the Laplace transform of
Rlin(t) determined from the nonlinear aging data by SPA via eq 4 (though only visible upon magnification, the figure reports one point for each
temperature jump); max is the inverse dielectric loss-peak angular frequency; is the dielectric α relaxation time estimated as the inverse dielectric
loss-peak angular frequency identified by visual inspection. Open symbols are data from the literature.59,60,60−62 For 2E1B and 5M2H, the linear aging
times follow the α times, not the Debye times, in their values and temperature dependencies. For 1P1P, which is characterized by an almost complete
merging of the dielectric Debye and α processes (Figure 2), one cannot make a definite conclusion about the temperature dependence.
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the Debye and the α processes, 2E1B and 5M2H, physical aging
follows the α process and not the Debye process. The third
liquid, 1P1P, follows closely the Debye process in regard to the
aging time and its temperature dependence, but no definite
conclusion can bemade for this monoalcohol because theDebye
and α relaxation times are quite close.
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