PHYSICAL REVIEW E 68, 031801 (2003
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spectroscopy investigation
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The dynamics of pol§methylp-tolyl-siloxane (PMpTS have been studied as a function of temperatire
the range from 143 to 413 )Kpressurg0.1-300 MPj frequency (102—1¢° Hz), and molecular weight.
Independent pressure-volume-temperatBéT) measurement$or temperatures in the range from 293 to 393
K and for pressures in the range from 10 to 200 MBHowed calculation of the relevant thermodynamic
parameters. Two dielectrically active channels of relaxation were found, one in the glassy state reflecting a
localized motion of the substituted phenyl ring and one at higher temperatures reflecting the usual segmental
(@) relaxation. In PMpTS, there are two dominant control variables; both density and temperature have a strong
influence on the segmental dynamics. The PVT results allowed us to follow distinct thermodyiamjc (
paths resulting in states bearing the same density. These isodensity states are characterized by an apparent
activation energy Qy) that is not very different from the corresponding activation energy under isobaric
conditions Q,/Qp~0.55) reflecting the importance of thermal effects. At temperatures above the glass
temperature Tg), strong orientation correlations exist above some critical pressure that depends on tempera-
ture. This state extends frofy, up to 1.08T, and separates a normal liquid at higher temperatures from an
oriented liquid at lower temperatures. Using the “phase diagram” we discuss separately the influence of the
temperature and density on the PMpTS dynamics.
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[. INTRODUCTION purely thermally activated processg., with the existence
of energy barriers large comparedki®) is of central interest
The effect of pressure on polymer dynamics has been ran understanding glass formation. Investigations in some
juvenated as a result of novel polymer synthesis but morglass-forming liquids and polymers suggested that glass for-
importantly due to the availability of more versatile experi- mation is associated with insufficient thermal energy caused
mental tools[1]. Earlier studie2,3] of the application of by lowering temperature as opposed to a decrease in the
pressure have shown that this is the right variable if a sepaavailable volume, suggesting temperatufi® @s the main
ration of the segmentdly) from the more locajg process is  control parameter. A change in temperature, however, has
needed. We have recently examined the effect of pressure qjo opposite effects; change in thermal energy and in den-
(i) the local and chain polymer dynamics of tydepolymers ity Pressure offers the possibility to disentangle the two
(polymers bearing a dipole moment along the backbonegftects, since a change in pressure together with a change in
[4-6], (ii) the process of polymer crystallizati¢ni] and the o nerature allows controlled variations of both temperature
asso<_:_|_ated "'”‘?“C.S _b_y performing pressure-jump experimentg, density along distinct thermodynamic paths.
[8], (iii) the miscibility Of block c_opolymers and pqumer In the present investigation, we test the importance of the
blends[9], (iv) the dynamics of hairy-rod polymers with po- . .
. N . two parametergdensity and temperaturén the process of
tential use in I|th|um—|on bgttene[ﬂO], and(v) the co'mplex glass formation by employing pdnethyl-p-tolyl-siloxane
dynamics in polymer liquid crystals with emphasis on the(PMpTS), a polymer studied earlier by light scatterifg]

construction of the relevant phase diagrafig]. Several . X . .
other studies of the segmental dynamics in amorphous poly@"d dielectric spectroscopy21] techniques. The light-

mers [12—14 including polyelectrolytes[15] and glass- scattgring inve;tigqtion revealed the exigtence of long-range
forming liquids[16—1§ as a function of pressure have re- density fluctuationsi.e., clusterscharacterized by an excess
cently appeared, aiming at establishing a connection betweedgular-dependent isotropic scattered intensity and an addi-
the chemical structure and the characteristics of their localional slow decay in the photon correlation function. Herein,
relaxation. we use temperature- and pressure-dependent dielectric spec-
Recent investigation§19] in glass-forming liquids ex- troscopy in combination with pressure-volume-temperature
plored the possibility that the dynamic arrest at the glas¢PVT) measurements on two PMpTS samples with different
temperature Tg), known as “glass transition,” is due to a molecular weights. We find that, in PMpTS, both density and
single control variable. The question of whether glass formatemperature have a strong influence on the segmental dy-
tion is associated primarily with the decrease of the availabl@amics. Furthermore, the PVT results allow a comparison of
volume (and thus of the available free volumer with the different activation energies involved as well as construc-
tion of the relevant “phase diagram.” Using this “phase dia-
gram” we discuss separately the influence of the temperature
*Corresponding author. Email address: gfloudas@cc.uoi.gr and density on the PMpTS dynamics.
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FIG. 2. Relative change in the specific volume\) of PMpTS
(M,,=1.16x 10* g/mol) as a function of temperature for different
pressures in the range from 0.1 to 200 MPa in pressure increments
FIG. 1. Structure of the repeat unit in PMpTS. of 10 MPa. The data set at 0.1 MPa is obtained by extrapolation.
The lines through the PVT data are guides for the eye. The line

Il EXPERIMENT indicates the pressure dependencd of

The chemical structure of the polymer is shown in Fig. 1.ing press with pump, and pump for hydrostatic test pressure.
Two samples have been synthesizény Dr. T. Wagner, Silicon oil was used as the pressure-transducing medium.
MPI-P, Main2 with weight-averaged molecular weights of The sample cell consisted of two electrodes with 20 mm in
1.16x 10* and 1.5<10* g/mol, respectively, and polydisper- diameter and the sample with a thickness of &f. The
sities of 1.13 and 1.09, respectivelJable ). sample capacitor was sealed and placed inside a teflon ring to

PVT measurements were made using a fu”y automategeparate the Sample from the silicon oil. The dielectric mea-
GNOMIX high-pressure dilatometer. The PVT measure-Surements were made at different temperatures in the range
ments were made on the PMpTS sample whl,=1.16 143-413 K, for pressures in the range from 0.1 to 300 MPa,
X 10" g/mol. Abolt 1 g was used in the measurements. Firstand for frequencies in the range from ¥0to 10° Hz using
we performed runs by changing pressures from 10 to 208 Novocontrol BDS system composed from a frequency re-
MPa (1 MPa=0.01 kbar) in steps of 10 MPa at constant SPonse analyzefSolartron Schlumberger FRA 126@nd a
temperaturesi.e., under “isothermal” conditionsfrom 293 br(_)adband dielectric converter. AII_ data were obtained by
to 403 K. Subsequently, measurements were made b{XiNg the temperature(for ten different temperatures:
heating/cooling experiments with a rate of 1 K/min at differ- 276.65, 278.75, 280.25, 284.45, 288.15, 290.15, 294.15,
ent fixed pressure§.e., under “isobaric” conditiongin the ~ 296.15, 300.15, and 304.15 lénd by changing the pressure
range from 10 to 200 MPa. The 0.1-MPa data were obtaine! steps of 10 MPa, i.e., under “isothermal” conditions.
by extrapolation from the higher pressures. The result fronfiowever, the same set of data can also be presented under
the “isothermal” measurements is shown in Fig. 2 for the “iSobaric conditions,”i.e., by keeping the pressure fixed and
different pressures. In the figure it is the relative change ofhanging temperature. In the latter representation the “iso-
specific volume AV) that is plotted. For the calculation of baric” data obtained at 0.1 MPa over a broader temperature

the thermodynamic parameters such as the thermal expaf@nge can be used. _ o _

sion coefficient and isothermal compressibility, we have used The complex dielectric permittivitg* =’ —iz", where

the literature value for the specific volume of a polydimeth-€ is the real anc:” is the imaginary part, is a function of

ylsiloxane with a similar molecular weight (1.0417%mat  frequency o, temperature T, and pressureP, &*

T=303K andP=0.1 MPa). =¢*(w,T,P). In Fig. 3, representative dielectric loss spec-
The setup for the pressure-dependent dielectric measur@ are shown under “isobaric’R=0.1 MPa) conditions,

ments consisted of the following partsescribed elsewhere and in Fig. 4, spectra are shown under “isothermal” condi-

in detai): temperature controlled sample cell, hydraulic clos-tions (T=278.75 K). A single intense mechanism is shown
corresponding to the usual segmenia) relaxation. How-

ever, at lower temperatures another weak relaxation mecha-
nism exists(B process with a distinctly differentT depen-
dence. In the analysis of all DS spectra we have used the
empirical equation of Havriliak and NegargiN) [21],

TABLE I. VFT and WLF parameters of the two PMpTS
samples employed in the present study.

M,  My/M, 7o Dr T, T, C¥} C%
(g/mol) (s K)  (K) (K) e* (TP, ) —e.(T,P) 1
1.16x10* 1.3 7x10° 16 395 203.1 249.9 17.4 457 Ae(T,P) :{1+[inHN(T,p)]a}7’ 1)

1.5x10* 1.09 2510 291 2139 2539 14 33.3

where 74\ (T,P) is the characteristic relaxation time in this
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FIG. 3. (Left) Dielectric loss spectra of PMpTSM,,=1.16 32 34 36 38 40 62 64 66 68 70

X 10* g/mol) at atmospheric pressure for different temperat(liks
T=250.15K; [0, T=252.15K; @, T=25415K; O, T
=256.15K, A, T=258.15K, A, T=260.15K, ¥, T=262.15K,

V, T=265.15K, ¢, T=268.15K ¢, T=27115K b, T mum loss for the segmentéd) process for two PMpTS, M,,

=274.15K;>, T=277.15K; 4, T=281.15K; <, T=285.15K,  _1 5. 1¢# andO, M,,=1.16x 10* g/mol. The low-temperature re-
X, T=289.15 K).(Right) Same data shifted to the corresponding laxation for theM,,=1.16x 10* g/mol sample is also shown. In the
reference spectrum &t=268.15 K andP=0.1 MPa by applying

horizontal @;) and vertical py) shifts. Notice that the time-
temperature superpositigtirs) holds.

1000/T(K")

FIG. 5. Arrhenius representation of the relaxation times at maxi-

inset we plot the molecular weight dependence of the glass tem-
perature Tq) (defined as the temperature where the segmental re-
laxation time is 100 )sand of the “ideal” glass temperaturd §) for

the two samples measured in the present study as well as the one

equation, Ae(T,P)=g4(T,P) —e.(T,P) is the relaxation aasured in Ref14].

strength of the process under investigation, apgdescribe,
respectively, the symmetrical and asymmetrical broadening,n curve of Fig. 3 and Fig. 4 to theprocess maximum

of the distribution of relaxation times. In the fitting proce- |oss at a referenca and P, by multiplying the frequency
dure we have.used the’ values at every temperature and axis of each curve by appropriate shift factas,andap, at
pressure and in some cases tiedata were also used as a g,chT andpP. The results of the attempted time—temperature
consistency check. The linear Usegf ieat Iowgrlfrequen- superpositior(tTs) and time—pressure superpositidRs are

cies is caused by the conductivity”~(oo/eo)w =, where  ghon in the same figures and reveal that tTs and tPs work
0, is the dc conductivity and,, is the permittivity of free  raaq0nably well over a broddT-P range, meaning that the
spacg, which has been included in the fitting procedure.  gistribution of relaxation times does not change with tem-

perature or pressure. Small vertical shiftgith factors by
Ill. RESULTS AND DISCUSSION andbp) were also required.

- ) As we will see below, there are some intriguing features
K) Th;e;zggi”c |é§t30'1srl\,/£?r:ndoflsog}\%?§ I(\;iKt 2—7181765 in the spectra at low and highP that are not apparent in the
W i .
% 10* g/mol) shown in Figs. 3 and 4, respeciively, display asuperlmposed spectra shown. Nevertheless, to a good ap

single peak originating from the segmentat) relaxation proximation we can discuss tieandP shift factors. Theat
Ingle p 'ginating 9 Xatl shift factors can be described by the well-known Williams-

process. We attempted to construct master curves by shiftinlgan del-Ferry(WLF) equation

P T=278.75 K| o o CrlT(T_Tr) o
2 ST (T T
. W, ;’
il wherec'; andch; are the WLF parameters at the reference
d, ‘vz% temperaturd’, . The values of the above parameters afor
& ) the two PMpTS samples are given in Table I. Similarly, the
- ap shift factors can be described by the corresponding WLF
1% e o) 10 e equation for the pressure dependence,
10 10 10 10° 10’ 10 10 10 10 10 10° 10 10 10 10 10
f(Hz) a,f (H2)
cip(P—P))
FIG. 4. (Left) Dielectric loss spectra of PMpTSM,=1.16 |09103P:m- 3
X 10* g/mol) at T=278.75K for different pressuresm, P 2P r

=0.1 MPa;[J, P=7 MPa; ®, P=14 MPa; O, P=20 MPa; A, P

=30 MPa; A, P=40MPa; ¥, P=50 MPa; V, P=60MPa). Whereci, andcy, are the WLF parameters at the reference
(Right The same data shifted to a reference spectrumPat PpressureP, The values of these parameters at a reference
=30 MPa by applying horizontabg) and vertical bp) shifts. No-  pressure of 30 MPa are 13 and 180 MPa, respectively, for the
tice that the time-pressure superposititP9 holds. PMpTS sample withvl,,=1.16x 10* g/mol.
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FIG. 6. Pressuréleft) and temperaturéright) dependence of the relaxation times corresponding toatipeocess loss maximum of
PMpTS withM,,=1.16X 10 g/mol. The different symbols are as follows: for the “isothermal” ddl:T=276.65 K;[J, T=278.75K; @,
T=280.25K; O, T=284.45K; A, T=288.15K; A, T=290.15K; V¥, T=294.15K; V, T=296.15K; ¢, T=300.15K; ¢, T
=304.15K; and for the “isobaric” data®, P=0.1 MPa; O, P=20 MPa; B, P=30 MPa; (0, P=40 MPa; A, P=50 MPa; A, P
=60 MPa, V¥, P=70 MPa; V, P=80 MPa; ¢, P=90 MPa; ¢, P=100 MPa; 4, P=110 MPa; <, P=120 MPa;», P=130 MPa;>,

P =140 MPa. The lines represent the result of the fit of the “isothermal” and “isobaric” data to (Bpand (6), respectively.

(6

The results from the HN fit to the relaxation times at DpP
maximum loss for ther as well as for the low-temperature Tmax— Ta 9XF{ P _ P)'
process(B) are depicted in Fig. 5 for the two molecular 0
weights studied here. At low temperatures, tBeprocess

displays an Arrheniu$ dependence and can be described agvhere 7, is the segmental relaxation time at atmospheric
pressure at a given temperatul®, is a dimensionless pa-

rameter, andP, is the pressure corresponding to the ideal
10G10 Tmax= 1001070+ 5357 T (4 glass transition. We test the universality of the above equa-

tion by plotting the reduced relaxation times as a function of
where 7, is the relaxation time at practically infinite tem- reduced pressure in Fig. 7. The normalized relaxation times
perature ancE (=33 kJ/mol) is the activation energy. The fall on a single line with zero intercept and slopg=42.
figure conceals the fact that the intensifyNe ~0.6) is very Although thea process seems to obey the tTs and tPs to a
low for this mechanism, suggesting a very localized motiongood approximation within the limited andP range shown,
of the side chain bearing the substituted phenyl {i2gj. In the dielectric strength displays some distinct unanticipated
contrast, they process displays a strongErdependence and features. First, the dielectric strengthie) at atmospheric
can be parametrized according to the Vogel-Fulcher-
Tammann(VFT) equation

D1To
Tmax— 70 €X -I—_i-l—o ) 5

whereD+ is a dimensionless parameter arglis the “ideal”
glass temperature located below fﬁ@(T():Tg—ch). The
VFT parameters for the two different molecular weights in-
vestigated here as well as of the one from the literature are
summarized in Table I. The molecular weight dependence of
Ty and Ty is plotted in the inset to Fig. 5. Notice that the
glass temperature depends on chain length as expected from _
the higher mobility of the chain ends. 0.0 0.1 02 03 04
The temperature and pressure dependence of all the relax- P/(P -P)
ation times corresponding to the PMpTS sample with, °
=1.16x10" g/mol are summarized in Fig. 6. For the FiG. 7. Pressure dependence of the normalized relaxation times
T-dependent relaxation times we have used the VFT equar the « process of PMpTSNl,,= 1.16x 10* g/mol) as a function
tion, whereas for th®-dependent times the pressure equiva-of reduced pressure for the 10 temperatures shown in Fig. 6. The
lent of VFT was employed23], line is a fit to Eq.(6) with a slopeDp=42.

|Og 1 O(Imax/‘ca)
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=284.45K; A, T=288.15K; A, T=290.15K; ¥, T=294.15K;
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FIG. 8. (a) Pressure dependence of the dielectric strength() where eg=lim,,_e'(0) and e,.=lim,_..e'(w)] of the
for the « process in PMpTSNl,,=1.16x10* g/mol) plotted for ~ segmental mode can be described as
different temperaturesll, T=276.65K; [0, T=278.75K; @, T
=280.25K; O, T=284.45K; A, T=288.15K; A, T=290.15K; 5
V, T=294.15K; V, T=296.15K; &, T=300.15K; ¢, T M N
=304.15 K. Notice the strong nonlinear increase of the dielectric Ae~ 3kBTFgV’ @
strength above a certain critical press(@ghown by the arroy In
the inset the dielectric strength of the same process is plotted as a
function of temperature at 0.1 MPa. The vertical arrow indicateswhere w is the dipole moment for noninteracting dipoles,
that the dielectric strength increases beyond a certain temperaturg. (=[es(e.+2)%13(2¢,+¢..)]) is the local field correction,
(b) Relaxed and unrelaxed components of the dielectric constaré is the Kirkwood-Frdlich correlation factor giving the an-
plotted as a function of temperatui@ P=0.1 MPa) and as a func- gular correlations between the dipoles along the chdiis
tion of pressurdat T=296.15 K). the number of dipoles, an¥ is the volume. The results

shown in Fig. 8 suggest a large effect of orientation correla-

pressure displays an unusual increase below about 270 #ons in PMpTS by decreasing temperature at atmospheric
(i.e., about 20 K above the glass temperaiuféis behavior pressure or by increasing pressure at a given temperature.
is shown as an inset to Fig(8. The pressure dependence of Surprisingly these effects occur in the liquid side of the
the relaxation strength shown in Figla for nine tempera-  phase diagram. We recall here that a crossover behavior has
tures in the range 276.65-301.15 K displays a similar feapeen reported for some glass-forming liquids, albeit at a
ture; the dielectric strength of the process first increases higher frequency rangérom 10’ to 16 Hz) [24]. We will
with P, reflecting the normal densification, whereas abovereturn to this point in the discussion of the phase diagram
some critical pressure it strengthens beyond the effect ofFig. 11).
density. The relaxeds(,) and unrelaxed€s) components of The existence of the PVT data allows casting thand P
the dielectric constant are shown in FigbBas a function of =~ dependences of the-relaxation times in a single represen-
T andP, revealing that the origin of this effect is the higher tation by using the density as the only varialfég. 9). In
pressure dependence of the latter component implying ththe figure both “the isobaric{at P=0.1 MPa) and the “iso-
existence of slower relaxations in the spectra as compared thermal” sets of datdat the ten different temperatujeare
Tmax- It iS noteworthy that at the pressures where this suddeshown. The “isothermal” relaxation times can now be de-
increase takes place there is no measurable effect on tleribed by a modified VFT equation for the density represen-
dynamics(Fig. 6). The dielectric strengti\e [=e5—e.,  tation as
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FIG. 10. Temperature dependence of the experimental ratio
Qy/Qp compared under a density of 0.975 gfcrin the Q,, and 200 ———— T 7
Qp evaluation the experimental relaxation times of Fig. 6 were used Y 100 200 300 400 500
together with the PVT data. The dashed line is the result of the P (MPa)

calculation of the same ratio through E40).
FIG. 11. “Phase diagram” of PMpTS displaying different char-
D,p acteristic regimes: the “ideal” glass, the normal glass, the high-
Tmax= Tp €X po—p)’ (8)  temperature liquid phase, and an intermediate phase possessing
higher orientation correlations. Tl data points reflect thg§, and
Wherer is a dimensionless parameter gnglis the density  Po values, the filled circles reflect ttig,(P) (obtained from DS at
at the ideal glass temperatur&.j. The density representa- the temperature where the relaxation times are 10ahe open
tion allows for some conclusions with respect(tpthe va- ~ Circles give theTy(P) from PVT (at the higher pressureand the
lidity of free volume theories andi) the central parameters half-fll_lgd circles give the crlthal tempe_rat_u(at P_: 0.1 MP:_:\) and _
controlling glass formation. With respect to, the density the crltlcal pressures_separatlng two Ilqu_lds, v_wth and without ori-
representation allows access to states with the same densfijtation pair correlations. The dashed line with a slop&/ dn?
through distinctly different thermodynamic paths obtained by&fﬁiilﬂg hgtpraoan:f g:'c;rizt::c:t;&/’?g d:g?gn?-z?e%cto )t.he
certainT and P variations. Under such conditions, a com- dP/dT) 9 P v P
parison of the isodensity states reveals distinctly differenf p=0-
relaxation times. Under the premise that the fractional free B
volume and the macroscopic V(_)Iume have a one-to-_on_e cor- Qu(T,V)=Qp(T,P)— —TAV(T,P), (10)
respondence, this last observation contrasts the predictions of KT
even the simplest free volume theory. With respediitp it
is evident from Fig. 9 that in PMpTS, both temperature andwvhereAV [ =RT(d In 7#dP)¢]. This quantity is usually called
density are the important controlling parameters of the segan apparent activation volume. Based on transition state
mental dynamics. At a given density, the segmental times ar#heory,AV is interpreted as the difference in the molar vol-
sensitive to the changes in temperature, but at the same tingne of activated and nonactivated molecules. Experiments
at a given temperature there are strong variations in the re@n polyisoprene$5], however, suggested that at high tem-
laxation times by changing densitghrough the pressure peratures(typically T~T,+80 K) this volume is compa-
variationg. Based on this, we conclude than in contrast torable to the monomer volume. Consequently, a recent theo-
some glass-forming liquids and polymers, where temperatureetical approact{26] based on the Adam-Gibbs theory of
appears to be the single control variable of the dynamicsgooperatively rearranging domains suggested a plausible mo-
PMpTS segmental dynamics are governed by two paramlecular interpretationAV was discussed as the product of
eters, namely density and temperature. the basic molecular unit with the size of the cooperative unit
Change in temperature can have two different resultsto the second power.
first, purely thermal effectsk(T) and second, change in den-  The experimentally obtained ratiQ, /Qp is plotted in
sity. In order to decouple the two effects, we need to consideFig. 10 as a function of temperatufealculated at a density
the apparent activation volume at constant density or volumef 0.975 g/cni). This procedure involves plotting the mea-
Qy(T,V)=—RT%(9In7dT), and compare it with the sured relaxation times as a function®f(i) at constant vol-
corresponding energy at constant pressur®, ume andii) at constant pressufér the corresponding pres-
[=—RT2(dIn 7dT)p]. The two energies are related [25] sures obtained from PVfTand the definitions oQ,, andQp
(some extrapolations were used in the PVT data that result in
_(dIn7 dlnr| (9P g the error bars shown in the figuren the same figure the
T P+ P | aT V’ ©) theoretical value of the same ratio is shown calculated from
Eqg. (10). The results reveal th&,,/Qp is in the range from
where @P/JT)y, is given by the ratio of the thermal expan- 0.5 to 0.6, suggesting that the rate of theelaxation reflects
sion coefficientd and the isothermal compressibility;. largely thermal effects. The same ratio calculated gind
Then Eq.(9) reduces to at atmospheric pressure amounts to 0.59.

dinr
JaT

\%
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These results can be used to construct a “phase diagrantfon in polymeric liquids, at a temperatuiig,~1.2T,. The
for PMpTS in Fig. 11. One might question the usefulness ofpresent case reflects a dynamic transition within the liquid
this representation for a liquid, however in view of the re-phase.
sults shown here it contains useful information. The con- The dashed line in Fig. 11 gives the calculaigd) de-
struction is based on the pressure dependence of the “ideaPpendence under isodensity conditions, with a slope of
glass temperatur@,(P) and “ideal” glass pressur@®,(T),  (dT/dP)y~0.64 K/MPa, which is stronger than the
obtained, respectively, from the “isobaric” and “isothermal” (dTg/dP)p_o (=0.38 K/MPa) initial slope obtained under
measurements, and of the glass temperaly(®) (obtained conditions of varying density as well. This suggests a simple
from the “isobaric” measurements as the temperature wheréelation, @P/dTg)p_o=1.67(dP/dT)y for PMpTS segmen-
the a-relaxation times are 100).sThe PVT results for the @l dynamics. Notice that the second part of this equation can
T4(P) are also included and are in excellent agreement Wiﬂlf)e obtained directly from knowledge of the thermodynamic

the dynamically defined,(P), revealing that the segmental parametersf and «r).

dynamics follow the thermodynamic state of the system. IV. CONCLUSIONS
These dependences can be fitted according to the following
empirical equatiof12]: The investigation of the dynamics in the flexible polymer

PMpTS as a function of molecular weight revealed the pres-
ence of two channels of relaxation: one below the glass tem-
(11 perature reflecting a localized motion of the substituted phe-
nyl ring with an activation energy of 33 kJ/mol and one
with parametersc=T(0)=203.13K, b=3.53, and a aboveT, reflecting the segmental dynamics. The main re-
=5.3 MPa for theT,(P) and Po(T) dependence and s_ults with respect to the segmental dynamics can be summa-
=250 K, b=4.58, anda="5.6 MPa for theT,(P) depen- rizéd as follows. ,
dence. In the figure, we include the data obtained from the (1) In PMpTS there are two control variables of the seg-
pressure dependence of the dielectric strength related to thBental dynamics: temperature and density. Both have a
segmental process, at the critical pressure, i.e., the pressutond effect on slowing down the process.
associated with the onset of strong orientation correlations, (i) Distinct thermodynamicsT,P) paths can be chosen

The latter dependence can also be described by Ejus- resulting in the same density. Under such conditions the seg-
ing c=265.7K, b=4.5, and «=6.8 MPa, albeit wi';h a Mental relaxation times were found to differ in contrast to

any free volume theory. These isodensity states are charac-
The three solid lines in Fig. 11 separate four regimes. Atterlzed by an apparent activation ener@l\,ﬁ.that IS compa-
low temperatures the solid line separates the “ideal” glasgable to the corresponding energy under isobaric conditions

from the normal glass phase. At much higher temperatures %QP_?.' reflecting.the impqrtance of thermal_ effects.

pure liquid phase exists, but between the glass and normal (iii) There exists a critical pressure signifying the onset of

liquid another “liquidiike” phase exists with enhanced ori- °fiéntation correlations within the liquid side of the phase

entation correlations. The crossover is at approximatel)}j'agram' This transition is four_1d _at temperatures below
1.08T, in PMpTS. We recall here that different theoretical 1.08T4 and separates a normal liquid at higher temperatures
approaches predict a transition above the calorimefgic from a correlated liquid at lower temperatures. The analysis
For example, mode coupling theotyICT) [27] predicts a of the phase diagram allowed the separation of the influence
dynamic transition at a temperatufe located at approxi- of the temperature and density on the PMpTS segmental dy-

mately 1.2T4 and a two-step segmental relaxation: a “fast” namics.
one associated with the segment relaxation within the cage
formed by the surrounding molecules and a “slow” one as-
sociated with the relaxation of the cage itself. The theory We thank Andreas Best at the Max Planck Institute for
describes polymer and glass-forming liquid dynamics reaPolymer Research, Mainz for the PVT measurements, Dr.
sonably well atT>T.. However, afT<T<T,, the ideal- Thomas Wagner for the synthesis, and George Tsoumanis for
ized MCT fails to account for the dynamics. There are alsaechnical support at the University of loannina. This work
some report$28] suggesting a true thermodynamic transi- was supported by a GSRT grafRENED 01ED528

1b

b
To(P)=c| 1+ _P

larger uncertainty.
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