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Report:

The purpose of the experiment was to investigatecttange of the mesoscopic collective dynamicscedu
by physical aging in the well known polymer glasdymethylmethacrylate (PMMA). In this polymer, low
frequency Raman scattering measurements, togethlrimelastic neutron scattering measurements [1],
indicated a reduction of the boson peak intensiity \&ging. Such observation reflects, to our vian,
evolution towards a more homogeneous nanostrudtitee amorphous polymer, similarly to the effect
induced by hydrostatic pressure [2]. Since IXS vadloto probe the collective dynamics inherent to the
nanometric scale, changes in the IXS spectra wqgrected to be observed upon aging, in particuldn wi
respect to the excitations “propagating” charastes.

Three PMMA (additive free, Tg=118C) samples werestigated. All three samples were initially brough
Tg+20 K then quenched downto room temperature. &uently, one sample was annealed at Tg-40 K for 1
month and another sample was aged at room tempefatuiseveral months. A third sample was re-quedch
15H before the IXS experiment. Prior to the IXS exment, low frequency Raman spectra of the (1)
guenched (2) aged at Tg-40 K and (3) aged at rcemmpérature samples were recorded to ensure the
observation of the aging effect on the boson pEajufe 1).

IXS scans of the three samples were recorded ah r@onperature, using the Si (11 11 11) operating
conditions of the instrument. Inelastic scans weerded in the Q range 1.5 — 4.5 hmith one same
analyzer (#2). The dispersion curnv@$Q) obtained from Damped Harmonic Oscillator (DHi@3 of the
inelastic lineshapes for the three samples aretegbon Figure 2; the correspondih¢Q) curves [ being the
HWHM of the inelastic excitations) are displayedrigure 3. The observed variations®fQ) andl (Q) are
typical of glassy systems, showing a linear retetiop betwee and Q over 1.5-4.5 rifrfor PMMA, while

[ increases rapidly with Q. For Q values larger th@nnni', the excitations become extremely overdamped.



The speed of sound deduced from the linear intatjpol of Q(Q) yields a sound velocity of 2600 m/s, a
value consistent (though somewhat slightly smalibgn its “macroscopic” counterpart deduced from
Brillouin light scattering. Obviously, from Figu& no change of the excitations energies with agmgdd be
detected within the error bars of the measuremdiiis. confirms with the Raman measurements showing
seizable energy shift of the vibrational spectruteraaging, in particular in the region of the bogmeak.
Interestingly, Figure 3 shows that some systenthtierences appear between the quenched sampléhand
aged ones : in the case of the aged samples, tl@ fid¢lyield lowerl" values, with respect to those of the
quenched sample. The reduced broadenings of tlhesiimeexcitations in the aged samples reflectsade
attenuation of the probed acoustic soundwaves. diigsrvation may well be interpreted as a smootigeoi
the elastic topology at the nanometric scale, re@ment with our initial predictions : upon agitige glass
nanostructure evolves towards a more homogeneatesvghere the elastic contrast between more cahesiv
domains and the surrounding less cohesive zonlesves than in the quenched state. The outcomekeof t
IXS experiment provide further valuable charaction of physical aging in polymer glasses.
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