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ABSTRACT: A relaxation process was detected and quantified for the first time in variousyadky( acrylates)

in the melt by a solid-state NMR method, NOE with dipolar filter. By comparison with dielectric spectroscopy

and dynamic mechanical measurements carried out on the same samples, the relaxation process detected by NMR
occurs at a higher temperature than the simpielaxation and on a longer time scale than ¢iferelaxation
(cooperativea-relaxation). This relaxation process could be the isotropization of the main chain (by analogy
with structurally similar polymethacrylates), but it is more probably a local relaxation within the alkyl side chain

that is usually detected only at significantly lower temperatures. The fact that this side-chain motion is slower
than the cooperative main-chainrelaxation of restricted amplitude can be rationalized in the context of restricted
amplitude main-chain motions in the local nanostructure present in the samples, as NMR and dielectric spectroscopy
detect motions in different frames.

Introduction
Poly(alkyl acrylates) are of industrial importance due to their /<CH2\CH>/
wide use in, e.g., pressure-sensitive adhesives (PSAs), paints, n
and coatingd.Most of those products are currently developed /K
by trial-and-error procedurésjecessitating synthesis and tests o

of functional properties for numerous samples. Therefore, it is ‘
important to be able to characterize and understand the poly- /(CH2>
acrylate properties on a molecular level. On a long term, relating CH; x-1
these to macrpscopic properties (mechanica_l,_ adhes_ive_) wil Figure 1. Chemical structure of polpfalkyl acrylate) samplesx =
allow one to directly design samples for specific applications 1 for PMA, x = 2 for PEA,x = 4 for PBA, andx = 6 for PHxA.

rather than testing numerous samples.

In the present work, chain dynamics occurring in polyacrylate taken from the literature. Furthermore, in order to characterize
melts were investigated to gain insight into relaxation processesthe local nanostructure, X-ray measurements were carried on
occurring on the molecular level. Poiyélkyl acrylate) ho- the same samples.
mopolymers with various alkyl side chains were chosen as  The general formula of polpfalkyl acrylates) is shown in
model samples for multicomponent poly(alkyl acrylate)-based Figure 1. The homopolymers with the following alkyl side
industrial samples. We have recently developed a solid-statechains were synthesized: methyl (PM#&= 1), ethyl (PEA x
NMR method to quantify relaxation processes in homopolymers = 2), butyl (PBA,x = 4), hexyl (PHxA,x = 6). Free-radical
in the melt3 This method is based on measurements of relative polymerization in solution was chosen to obtain broad molar
motions of neighboringH nuclei; thus, it is able to detect mass distributions and branching levels similar to industrial
relaxation processes different from that usually detected by samples and avoid the presence of surfactants.
dielectric spectroscopy or dynamic mechanical measurements.

It is applied to polyg-alkyl acrylate) homopolymer melts in  Experimental Section
the present work. The results are compared with dielectric and g iqig 11 Eachn-alkyl acrylate (Aldrich, 98 or 99%, stabilized
dynamic mechanical results. with hydroquinone or monomethyl ether hydroquinone) was

In poly(n-alkyl acrylates), short- and long-chain branctirfy  distilled under pressure and stored-20 °C. It was polymerized
as well as a local nanostructiifeare present. The relaxation as a 4.7 mol £ solution in toluene initiated by 0.5 mol % of AIBN
processes in polymers are influenced by long-chain branching, (azobis(isobutyronitrile)) with respect to the acrylic monomer. The
as shown for rheological properties of polyethyléA&There- polymerization was carried out at 6C under nitrogen for 20 h.
fore, dielectric spectroscopy and dynamic mechanical analysisThe_ resulting reaction mixture was dissolved in an eq_ual volume
data used for comparison with resuits from the solid-state NMR of dichloromethane. Then the polymer was precipitated in methanol

at a temperature lower than its glass transition temperaiiye (
method were measured on thame samplesather than only filtered, and finally dried in an oven (60C) under vacuum for

one night. Please note that alkyl acrylates monomers are toxic and
* Corresponding authors. M.G.: Tel61 7 3365 1865, Fax61 7 3365 irritant and can induce sensitization.
1188, e-mail m.gaborieau@ug.edu.au. H.W.S.: ¥6b 6131 379 120, The results of the characterization of the pahg(kyl acrylates)
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Teakle building 83, The University of Queensland, Brisbane QLD 4072, Scanning calorimetry (DSC) at 10 K mih the detectedy is in
Australia. accordance with the values found in the literatdoe each sample
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Table 1. Characterization of the Different Poly(n-alkyl acrylate) imaginary part of the dielectric modulus of the four polyacrylate
Samples samples. For each sample at least three relaxation processes were
PMA PEA PBA PHXA observed: conductivity contributions and segmental and local
relaxations.
Ta (K) - 294 259 227 213 Using the nonlinear least-squares Levenbdévizrquardt method,
Mn (g mol ) 43000 163000 100000 88500 h rel fi ; fitted by the i . M of
Ma(gmor 229900 341000 318000 ~ 395000  ©ach relaxation pealM’) was fitted by the imaginary pakt” o
Mu/My 5.3 21 3.2 45 the Havriliak-Negami (HN) funtionM*; 13
Tg). 3C NMR spectra in solution in CDglwere recorded on a M*(w) = M, +A_—M 1)
Bruker DRX500 at 125.76 MHz, with a relaxation delay of 10 s 1+ (o))

and 19 006-21 000 transients: All samples are atactic, and their
branching levels are several percent of the monomeric units. The and
average molar masses were determined via size exclusion chro- .
matography (SEC) in THF with universal calibration using an online M"(w) = AMp ™7 sin(y6) (2)
refractometer and viscometer; the experimental setup has been .
described elsewhefé Since the polyacrylates are branched, their with
separation by SEC is not complete; thus, the newly developed
formalism for proper determination of average molar masses of p= «/(1+ 2 (w7)* cosfr a/2) + (0r)2“ 3)
branched samples using hydrodynamic volumes distribiidras
been used. More details on sample characterization are given inand
the Supporting Information. )
Methods. Dielectric SpectroscopyA broad-band dielectric 0=Ata sin(ra/2) @
spectrometer Novocontrol BDS 4000 (based on the high-resolution (w7)™® + cosfras2)
ALPHA analyzer) was used to measure the dielectric function
e*(w) = €'(w) — i€"(w) at 10 points per frequency decade in a wherew = 27v is the angular frequency ansM the intensity of
frequency range ab/2r = 1072—10" Hz and a temperature range  the process. The maximum loss frequelrgy. for each process
from —120 to 100°C. The sample capacitor consisted of two was analytically calculated from the fit parameterd“by
parallel gild brass plates with a diameter of 20 mm, separated by
the sample. The plate distance of 0.1 mm was kept constant by _1f  sinfra/2]
small Teflon spacers. @max = 7 tanfroU/2(y + 1)]
According to linear response theory, the dielectric data can be
also described by the corresponding complex dielectric modulus For @ << wmax andw >> wmax the HN function forM" (w) reduces
M*(w) wheree*(w)M*(w) = 1 with M*(w) = M'(®) + IM"(w). to power laws with the exponents and ay, respectively. To fit
Figure 2 shows the temperature and frequency dependence of thehe a-process, all parameters were free, while for faprocesses

—1/o
- cos[mx/Z]) (5)
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Figure 2. Temperature and frequency dependencies of the imaginary part of the dielectric modulus for the four polyacrylate samples. The Arrhenius
plot yielded by fitting of the measured frequency-dependent data with frequency-dependent HaMelggmi functions is shown on the left.
Isochronous slices through the full three-dimensional measured data set are shown on the right. Theddésldéhes on the Arrhenius plot on
the left correspond to the correlation times of these isochronous slices. The solid lines on the right correspond to the slice through the envelope of
the full three-dimensional data set (and not to a fitted function).
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the asymmetry parameter was set to 1 (this corresponds to a The principle of the nuclear Overhauser effect (NOE) experiment

symmetric peak which is typical for the-process). Note that the  with dipolar filter was presented in detail previousl§2.5 kHz rf

HN function is usually used to fit the dielectric function and not nutation frequency ah5 s recycle delay have been used. The delay

for the dielectric modulus. However, the imaginary part of the HN between pulses in the dipolar filter has been varied from 10 to 20

function is also a good choice to describe the imaginary part of the us, and the numben of cycles in the dipolar filter from 1 to 12,

dielectric modulus. For the real part of the modulus, of course, the depending on the sample and the temperature. For each sample at

HN function does not work. each temperature, an average of the correlation times obtained with
Dynamic Mechanical MeasuremenBynamic mechanical mea- different filter parameters has been calculatt_ed. The measurements

surements were performed using the ARES mechanical spectrometef!@ve been carried out at temperatures ranging ffrfr 75 K to

(Rheometric Scientific). Shear deformation was applied under T T 100 K on sample PMA and frorilg + 20 K to Tg + 100 K

condition of controlled deformation amplitude, always remaining ©n Samples PEA, PBA, and PHxA.

in the range of the linear viscoelastic response of studied samples.

Geometry of parallel plates was used with plate diameters of 6 mm. Results

Ehe gap between pla:‘es (ngplg thicl;ness_) was about 1hmm. Dielectric Spectroscopy The dielectric measurements were
xperiments were performed under a dry nitrogen atmosphere. 4,6 and processed as frequency-dependent measurements (see

Frequency dependencies @ and G" measured within the Experimental Section). Three-dimensional plots of the full data
frequency range 0:1100 rad s at various temperatures were used P . . : . b . .
fets are given in the Supporting Information. Figure 2 (right)

to construct master curves representing a broad range frequenc . . . X
dependencies of these quantities. Only shifts along the frequencyShOWS slices of these three-dimensional plots at four frequencies
scale were performed. This procedure provided a temperature(107%, 104 1% and 16 Hz), which are examples of the
dependence of shift factors (lcgr vs T). The relaxation times temperature dependence of the imaginary part of the dielectric
corresponding to the transition to the Newtonian flow range at low modulus for the different polyacrylate samples. The correspond-
frequenciesy) and to the glassy range at high frequencigpdt ing relaxation processes are compiled in Figure 2 (left). At a
the reference temperature have been determinedlag = 1/w, given frequency, the-process occurs at lower temperature with
wherea is the frequency at which th€" andG" dependencies  jncreasing side-chain length, as expected from the decreasing
cross each other at corresponding frequency ranges. ReI""x""t'orbIatss transition temperatures. Similar results were observed in
times at another temperatures are given byd09 = log 7(Tre) the homologous series of the patydilkyl methacrylates)’ The
* Iog.aT. ) . pB-process is only observed in the butyl and hexyl members. In
Solid-State NMRSolid-state NMR measurements were carried e methyi and ethyl members, the intensity seems too small to
out on a Bruker DSX spectrometer at Larmor frequencies of 300.13 detect this process (note that in a commercial poly(methyl

MHz for H and 75.47 MHz for'3C using commercial 7.5 mm ) .
static and 4 mm magic angle spinning (MAS) double-resonance acrylate) two local relaxations were previously obsetfedror

probes from Bruker BioSpin GmbH. For the measurements done the butyl and hexyl members, theprocess shifts to lower

under static conditions, the actual sample temperature was calibratedrequencies with increasing side-chain length.

using lead nitrate and a few melting poidts. Furthermore, at very low temperatures and high frequencies,
2D-WISE spectr¥® were recorded under static conditions for a further relaxation process is observed, named local mode. This

PMA, PEA, PBA, and PHXA aly + 70 K usirg a 7 mmrotor. A process is almost independent of the side-chain length. Finally,

5us 90 'H pulse was used, followed by a 186ulse in the middle theo-process detected for all samples represents the conductivity

of indirect time to refocus the chemical shifts, in order to acquire of the samples. It is not a relaxation process of the polymer

diffusion, polarization transfer fronH to °C was accomplished i ; T ; ; ;
J A X ; conductivity of the sample increases with increasing side-chain
by Lee-Goldburg cross-polarizatiot§,with 500 us contact time. length y P 9

During 13C acquisition!H continuous wave decoupling at 50 kHz . . .
rf nutation frequency was applied. 14476 increments were Dynamic Mechanical MeasurementsThe mechanical analy-

acquired in the indireéH dimension, and 246304 transients were ~ Sis of polymers was performed in a way typically used for
recorded in the direct3C dimension wih 2 s relaxation delay ~ amorphous polymers. The properties of all samples are char-
between consecutive transients. acterized by the frequency dependencies of the gl gnd
Lee—Goldburg cross-polarization (CP) MAS spectra were re- imaginary G") parts of the complex shear modulus determined
corded at 3 kHz MAS spinning frequency using 4 mm rotors. In in a dynamic deformation experiments with sinusoidal deforma-
the IH channel the rf power level was set to a nutation frequency tion signal. The reported dependencies are master curves
of 83 kHz (corresponding to a 9Qpulse length of 3us) for obtained by only frequency shifts of the spectra recorded at
excitation as well as fotH continuous wave decoupling during  various temperatures to a single reference temperaturéq20
acquisition. A relaxation delayfo3 s was chosen for these  common for all samples). Figure 3 (top) shows a comparison
experiments. The LeeGoldburg irradiatioff for the CP was  ,yhe master curves for various polymers. All the dependencies

adjusted on théH nuclei by first calculating the corresponding indicate two characteristic relaxation processes present in each
irradiation offset frequency for the chosen rf power level and then ; P pres
polymer corresponding to a faster segmental motion and to

finely adjusting the irradiation power by optimizing the resolution ! _ ; -
of 13C multiplets under Lee Goldburg decoupling conditions. The ~ Slower chain motion detected at high and low frequencies,
following series of experiments were conducted: first a simple LG- respectively. Most of the polymers are entangled, and the
CP spectrum, second a LG-CP spectrum recorded immediately aftebehavior observed is typical for such systems. The results
a dipolar filter, and third a LG-CP spectrum recorded after a dipolar indicate three different ranges of properties: glassy, rubbery,

filter with the same experimental settings and a subsequent mixingand liquidlike which are separated by the two relaxation
time. The experiments were conducted on PEA at ca. 329 K (ca. transitions.

Ty + 70 K) with a CP contact time of 1.5 ms, a filter with 28 A : :
delay and 4 cycles, a mixing time of 20 ms, and 2560, 5120, and The relaxation times vs reciprocal temperature are shown in

8192 transients for the three spectra, respectively. The experimentgzigure 3 (bot.ton?). The horizontal dashed line indicatgs the level
were conducted on PBA at room temperature {gat 70 K) with of 100 s, which is often assumed as the relaxation time that the

a CP contact time of 3 ms, a filter with 265 delay and 8 cycles, segmental motion can reach at the glass transition temperature.
a mixing time of 50 ms, and 3072, 8192, and 8192 transients for The DSC glass transition temperatures are indicated in Figure
the three spectra, respectively. 3 (bottom) by means of the vertical solid lines.
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WISE techniqu® was used. In a 2D-WISE spectrum, the
different chemical groups of the molecule are resolved according
to their13C chemical shifts in thé3C dimension; furthermore,
the line width in the'H dimension gives a rough indication of
the mobility of the corresponding group: the narrower the line,
the more mobile the chemical group. 2D-WISE measurements
were done atTq + 70 K for all samples (see Supporting
Information). In PMA, PEA, and PBA the side-chain end is
significantly more mobile than the main chain, while in PHxXA
a mobility gradient is observed along the alkyl side chain,
starting from the more mobile GHend group'!

The selection done by the dipolar filter in the NOE experiment

4 . was checked on PEA and PBA by an independent NMR
S AT measurement: the selectéd signal was transferred t&C
. -'l'-:" Ty nuclei via Lee-Goldburg cross-polarization and acquired in the
= o . .Ais‘ S Ay 13C channel under MAS to gain chemical shift resoluttéFrhe
= SAatTE o £ s obtained'®C spectra are presented in the Supporting Information.
3 ol o o AAA v They prove that the dipolar filter actually selects the end of the
- g io 7 alkyl side chains, namely only the GHend group and partly
DDOO?A@ v the next CH group(s)!*
-8l o o QAQ The mechanism of magnetization transfer during the mixing
Dn“oZ‘? time was investigated by monitoring the intensity of the more
2 3 4 mobile parts of the sample as a function of the mixing time
1000/ T (K™) during the exchange experiment with dipolar filter, for different

Figure 3. (top) Time dependencies (master curves at the reference filters> Two mechanisms are possible. A coherent magnetization
temperature of 20C) of the real G, solid squares) and imaginary  transfer via residual dipolar couplings would result in a linear
(G", hollow circles) components of the complex shear modulus for dependency of the intensity with the square of the mixing fitne.
chr% ﬁ:‘#idiﬁ?tgcl’g’fﬁegmietgg”g‘égy g{g&mi(%ggjcrg?ggfgx";ggm’fnrggntsA noncoherent magnetization transfer via cross-relaxation (or
VS recigrocal temperat'ure (e'tctivat'ion plot) for the investigated poly- NOE),"?SUII,S in a logarithmic dependency of the intensity on
mers: PMA @), PEA @), PBA (a), and PHxA {) determined by the mixing time3 Those plots were done for all samples at alll
dynamic mechanical measurements. Open and filled symbols correspondemperatures, and the representative example of PEA at 329 K
to segmental and chain relaxation times, respectively. The horizontal js shown in Figure 4. The logarithmic plot of recorded intensity
dashed line shows the level of= 100 s. The vertical dashed line /g miying time is linear (in agreement with an NOE mechanism)
indicates the room temperature (26), and the thick vertical lines . - . L
indicate glass transition temperatures determined from the DSC data\hile the plot of recorded intensity vs the square of the mixing
(see Table 1); from left to right: PMA, PEA, PBA, and PHXxA. time is clearly curved (indicating a negligible contribution of
coherent magnetization transfer). Therefore, it is concluded that
Solid-State NMR. The NOE experiment with dipolar filtér  the magnetization transfer during the mixing time occurs
used in the present work to quantify chain dynamics in poly- predominantly via a noncoherent mechanism (although a very
(n-alkyl acrylates) consists of a dipolar filter, selecting the small contribution of coherent magnetization transfer cannot be
magnetization in the more mobile parts of the sample, followed excluded). Thus, the recorded data were treated and interpreted
by a mixing time during which magnetization is transferred in considering a cross-relaxation formalism for all samples at all
the sample by a cross-relaxation (or NOE) mechanism (seetemperatures.
Supporting Information for pulse scheme). Because of the poor  Concerning the equation governing the magnetization transfer,
resolution of'H static spectra of polyacrylates at the temper- the one-dimensional NOE experiment with dipolar filter con-
atures investigated here, the observetdspectra exhibit an  ducted in the present work is equivalent to monitoring a diagonal
apparent single line at almost all temperatures (abigve 90 line intensity in a 2D NOE experimeftin the investigated
K other signals start to be distinguishable). The spectrum samples, the dipolar filter selects the end of the alky! side chains,
recorded at the end of the dipolar filter exhibits an apparent namely only the Chlend group and partly the next Glgroup-
single line, which is narrower than the apparent single line (s). Therefore, the equation corresponding to homonuclegrCH
observed without dipolar filter. Then for increasing mixing times  CH, system in the slow-motion linfiwas derived from general
™m, the apparent single line becomes broader, until it reachesequations given by Macura and Ersst:
the line width observed without dipolar filter. Several aspects
need to be checked prior to quantification of chain dynamics
using this experimeritls there a dynamic contrast inside the
sample? What selection does the dipolar filter actually do? Is wherel(zy) is the monitored line intensity a constantg the
the mechanism for magnetization transfer during the mixing time coupling strengthzc the correlation time molecular motion
actually cross-relaxation? giving rise to the cross-relaxation, and thgthe mixing time.
The dynamic contrast (difference in mobility between the The q parameter was independently measured through the
more mobile and the less mobile parts of a sample) was second moment of th& line recorded belowly under static
characterized in all samples by solid-state NMRH static conditions® 8.42 kHZ for PMA, 11.5 kHZ for PEA, 9.81 kHZ
spectra exhibit a line which gets narrower in a visually for PBA, and 8.77 kHzfor PHXA (data not showid). It should
homogeneous way with increasing temperatdiréhis means be emphasized that a GHCH, system does not strictly
that the whole sample is becoming more mobile with increasing represent the whole monomeric unit; however, to our knowl-
temperature and exhibits no strong dynamic contrast. In orderedge, no analytical equation is available for moieties larger than
to characterize more precisely the dynamic contrast, the 2D-two groups of equivalent nuclei.

I(7y) = KI[3 + 2 exp(-5qzczy,)] (6)
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Figure 4. Evolution of theH magnetization of mobile species for
the sample PEA at 329 K with the mixing time: with the mixing time
on a logarithmic scale (top); with the square of the mixing time on a
linear scale (bottom). Each curve corresponds to a different set of 31
parameters for the filter (delay between pulses, number of cycles). 10

The correlation timescc measured by NOE are plotted 5
together with the ones of dielectric and mechanical relaxation 10"+
for all samples (Figure 5). The relaxation process observed by o
the NMR experiment is detected on a time scale slower than o ]
the a3-relaxation (cooperative-relaxation) and at temperatures
higher than the main-chain simple-relaxation detected by
dielectric spectroscopy as well as dynamic mechanical measure-
ments at the same temperature (both exhibiting similar traces,
Figure 5). Individual larger scale Arrhenius plots for each sample
and numerical values are given in the Supporting Information.

10¢]

Discussion 10003_ e
The relaxation process observed with the NMR experiment (K%)
is detected on a time scale slower than the-relaxation Figure 5. Arrhenius plot of the correlation times extracted for samples

(cooperativen-relaxation) and at temperatures higher than the PMA (a), PEA (b), PBA (c), and PHxA (d) using solid-state NMR
main-chain simplex-relaxation detected by dielectric spectro- (+), dielectric spectroscop®), and mechanical spectrosco)(The
scopy and dynamic mechanical measurements (both exhibitingsvﬁlelri'trggt‘fﬁgyvg‘lﬁggU&‘ég’zygzégf‘%?g‘igggr;rfeﬂ?(gﬁgr}f’s%ﬂser
similar trac.es, Figure 5). This relalx.atlon process In.pBbd((yI troscopy: Beiner et d(0), Buerger et at’ (—, PMA), de Brouckere
acrylates) is detected and quantified for the first time on such et a128 (= —), Fioretto et af? (®), Fitzgerald et at° (—, PBA), Gomez-
a time scale and temperature range. It should be underlined hereRibelles et af!32 (@), Hayakawa et & (B, — —, PBA), Jourdan et
that different relaxation processes may be detected by NOE withal** (D), Kahle* (8, PMA), Mead et af*® (S), McCrunt® (), Reissig’
dipolar filter and by dielectric spectroscopy due to different (®); and from mechanical spectroscopy: Gomez-Ribelles & (al)

. . T . . and Soen et & (). Larger plots for individual samples are available
detection methods. The dielectrics indeed primarily detects j, the supporting Information.
motions via the permanent dipole located at the carbonyl group
in the laboratory frame, while the NOE probes motions more
locally via relative motions of neighborindd nuclei causing a magnetization (the next GHyroup(s)), as a whole, with respect
modulation of the dipolar coupling in their local molecular to their environment.
frame. The NOE experiment actually detects the motion of the  The polyf-alkyl acrylates) investigated here exhibit a local
group selected by the dipolar filter (predominantly thesCH nanostructure, as shown by WAXS results (see Supporting

group) together with the group(s) to which it is transferring Information). The geometry of this local structure is not known
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precisely, except that it involves nanodomains of side cHains. (a)
Previously investigated polg{alkyl methacrylates) are similar
in chemical nature and exhibit a layered structure, in which
disordered sheets of aligned main chains are separated by layers .o
of side chaing? By analogy with polyg-alkyl methacrylates), . :
the relaxation process observed by NMR in poa(kyl 10
acrylates) could be the isotropization of the main chain, which .
was recently detected for poly@lkyl methacrylates) on a time B
scale slower than the conventionatrelaxationt”-?3 This
isotropization process arises because the polymer melt is locally
structured and because of the presence of extended backbone &
conformations; thus, the isotropization of the backbone con- a
formation needs many steps of restricted locally axial chain 8
motion”23The NMR relaxation data together with the dielectric 10°® :
simple a-relaxation data were fitted for all samples to a WLF

equation?* r ;

. o) —C(T—T,) - T-Tg (K)
Neod G+ T—T,

t(s)
D

wherercg is 100 s, Ty is the glass transition temperature, and
C; and C; are the WLF coefficients. Physically sound values
were found for the fitted processe€; = 9 andC, = 17 K for o
PMA, C; = 9 andC, = 15 K for PEA,C; = 8 andC, = 13 K °
for PBA, C; = 8 andC, = 20 K for PHXA (see Supporting 10° )
Information for more details). Furthermore, the respeciiye -

values found by WLF fits (289, 257, 225, and 211 K) are in

T (s)

agreement with those measured by DSC (Table 1). Thus, the “f‘-'o
relaxation process observed by NMR could be the isotropization Ven

of the main chain in poly{-alkyl acrylates). However, the main- A

chain isotropization relies on the main-chain rigidity for " 0
polymethacrylates, yet polyacrylates have a significantly more N

flexible main chain. Thus, the isotropization process for v
polyacrylates is expected to take place on a significantly faster 10° — 2

time scale than for polymethacrylates. Moreover, for PBA and  E— °

PHXA the correlation times measured by NMR at the lowest : r T T
temperature Ty + 20 K) seem to fall outside of the common 0.7 0.8 0.9
trace of dielectric spectroscopy and NMR fitted by the WLF Tg/T (K)

equation, and at the crossover betvyeen the dielectric and NMRFigure 6. Correlation times extracted for samples PM2)(PEA (),

data, the apparent activation energies of the processes detectedBa (A), and PHxA &) using solid-state NMR, plotted vs (a) the
by each method are different. Furthermore, it might seem temperature difference to the glass transition temperature and (b) the
surprising that the relaxation process detected by NMR is slower inverse temperature multiplied by the glass transition temperature.

bft has a:jlotwetr gpgoaé?nlt ai:rtilvatrl]canrﬁne;g)r/]itha}nmneliarxatlon b bsolute temperature. The values found for preexponential factor
process detected by dielectric a echanical Spectroscopy, bul,, apparent activation energy werex210~13 s and 22 kJ

this is alsq observed for the |sotrop|§z:212|0n amdelaxgﬂon mol-1 for PMA, 6 x 1013 s and 18 kJ mof for PEA, 6 x
processes in polyl(alkyl_methacrylates).' Finally, the inter- 10-'s and 13 kJ mof for PBA. and 9x 10-*'s and 12 kJ
pretation of the relaxation process detected by NMR in terms 1t pHyA | respectively. More details on linear regression
of main-chain motion is questionable due to the selection done of correlation and relaxation times for the process detected by

bﬁlthtid'pg?r ;"ttﬁr ?t tgle li:)degln#;rillg iofs'[hlecl\tll\/(ljR_Faﬁ(prirflrr:en& NOE as well as thes-relaxation process and the relaxation
only the eénd of the local side ¢ S selected. Therelore, eprocess labeled as “local” can be found in the Supporting

NMR technique is expected to detect a relaxation of the side Information. For PBA and PHXxA, the activation energy of the
gz‘tsggﬁ%hghtr?:?srgfrotgizbaﬁicl)a g??ﬁ?ﬂg;gncr‘:\gm the possible ) qcess detected by NOE is intermediate between those of the
. . ) local relaxation and of th@-relaxation (10 and 18 kJ mol,
Assuming that the NMR experiment .WOl.JId. detect. a local respectively, for PBA; 10 and 225 kJ moi™ for PHxA). For
relaxation process within the side chain, it is consistent 10 pEa 304 PMA. the activation energies of the process detected
assume an Arrhenius behavior for it. The resulting linear by NOE are also higher than those of the local relaxation
is in agreement with the experimental data, although those dataf(sarlfr?(')?%reslggztévﬁx:?hrgﬁé? éf/lfafg Ig%iflge%é\igt)iolr?
were acquired on a too narrow temperature range to allow any ., .oss"\vas detected by dielectric spectroscopy. However, it
conclusion on a possible curvature. The experimental data Were, 14 e present but insufficiently resolved from the simple
fitted to the Arrhenius equation for all samples: o-relaxation process due to proximity in frequency and a lower

E intensity of the3-relaxation (it might be detectable by mechan-
.= Aexp{—a) 8) ical measurements with another geometry). The sinopte-
¢ RT) laxation is usually attributed to motions of the main chaig,

relaxation (cooperativei-relaxation) to motions of the main
whereA is the preexponential factdg, is the activation energy  chains coupled to reorientations of the side chathaglaxation
of the relaxation proces® is the gas constant, andis the to reorientations of the whole COgalkyl side chains, and local
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relaxation to reorientations of parts of these side chains in poly- the context of locally nanostructured samples investigated by

(alkyl acrylates¥® Thus, the process detected by NOE could methods detecting motion in different frames. A definitive

logically be assigned to reorientations of parts of the side chains, molecular assignment of the relaxation process detected by the

i.e., to a superposition gi-relaxation and more local relaxation. NOE NMR method requires further investigation. It could be

The relaxation process detected by NMR would then be the done by advanced solid-state NMR techniques with selectively

continuation at high temperature of a local relaxation process 2H- or 13C-labeled samples.

usually observed at temperatures lower than that of the

a-relaxation. This would be in agreement with a lower activation ~ Acknowledgment. M.G. thanks Arkema and Total for
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