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Abstract: Thin (~650 nm) and ultrathin (~50 nm) films of neat PMMA and PMMA containing 5 wt% of methacryl-poly-
hedral oligomeric silsesquioxane were prepared in this work. The effects of film thickness and POSS on glass transition
temperature (7,) and isothermal physical aging were investigated by means of differential scanning calorimetry (DSC).
T, depression was observed as film thickness was decreased and Ma-POSS molecules were incorporated. Enthalpy relax-
ation (AHy..x) due to the isothermal physical aging was reduced by ultra-thin film thickness and the addition of Ma-POSS.
KWW (Kohlrausch-Williams-Watts) equation was used to fit AHg,,, vs. aging time data providing the fitting parameters;

maximum enthalpy recovery (AH,), relaxation time (7) and non-exponentiality parameter (/).

Keywords: PMMA, thin film, POSS, glass transition temperature, isothermal physical aging.

M

A2 3pA) vote wEs,
a9 378 5 o8 AGEokellA
rlgso] gkl whet AREEE Bhete] A
SfaL ok, ubete] FAZE Al mek FAE AiEAt
oM T8 el (T, Halshe oz UuiA
o 16 o]o} #AE A7} freestanding ] & 712
(substrate)ol] ZEE “JEl(supported film)*llA] spectroscopic
ellipsometry,'” X-ray reflectivity,® Brillouin scattering,’
differential scanning calorimetry'*"" ARESle] R|&F o2
Z18Y=]5 AT}, Freestanding polystyrene (PS, M,=767000)
upete] 739- A Wslel] e 7,5 4% A i) £

= o
o=

"To whom correspondence should be addressed.
E-mail: jklee@kumoh.ac.kr

507

7} °F 70 nm ot T/} ZHaxehz] AlEksie] oF 30 nmel|
Me 70°Ce] T, A B freestanding PMMA BF2}
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Figure 1. Schematic of physical aging process.
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Figure 2. Molecular structure of Ma-POSS.



POSSE E2F PMMA H}ute]

Temperature [C]

Time [min]

Figure 3. Time-temperature profile.
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Figure 4. Determination of enthalpy relaxation value due to iso-
thermal physical aging.
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Figure 5. DSC curves after isothermal physical aging for different
aging times at T, = 15°C; (a) Neat PMMA; (b) PMMA/Ma-
POSS.
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o] ¥isls elsH POSS ] Eol| oJgh T= 74 oF
3.7°C7F €tk ol¢}h 22 T2l e Ma-POSS| EAehk=
methacylate 7125°] PMMAS} J82d0] 93177 what
ellA] & ko] o wke Fxjeke] fr]amoe] 7haA
(plasticizer)®] ¢S &l 58 PMMAS] gl T/} 4%t
Zlolt}, )3 wheka Zaket miEolA T, Fto] Ma-POSSE
7RIS W F7lehe e Holst] o] HEsh xRk
w2 Ma-POSSS] 7|50l T, EE3 $Ald feldol
7h g e 2oflA] dojuA| a7 wolt.

S2 2218 A&, =218 ANEe BIYHERE Hojd
AE(ATgne=T, — T)? ANEZE(T)] = g&A k>
B ApeMe FA 2 WeEdo] g nAe S &
Zap7] fleted A5 DA 15°CE fAl8k] 2 AF
< AR

SFHel g2 FAE A vheelA vl o2 Zu)
gkl A T, st dojuE® Ma AjHe] 7.5 7El
24 AEE 7 HW Alg2krt T, ol H3dE
ARl HER A87F e bA] et weba 2 Aol
A& Figure 39 AI7-2% Zgujelola Yehd S22t
AR TE WA SA3AL ol 7IFeE AElk S
AToing=T, — 15 °CZ LA 3l 52 Al&E st

Sample 7(‘%85)“ %8')«‘ (Tfé")d AT(T, g(e(?g) Toonset)
698 nm Neat PMMA 114.0 119.9 1243 10.3
626 nm PMMA/Ma-POSS 106.2 1135 119.1 12.9
47 nm Neat PMMA 91.8 100.4 107.8 16.0
51 nm PMMA/Ma-POSS 86.2 97.7 106.3 20.1
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Figure 6. AHg,, vs. aging time for different film thicknesses of
PMMA and PMMA/Ma-POSS (Solid line represents the curve fit-
ting of KWW equation).

Table 2. KWW Equation Parameters of AH,,, S, ©

Sample AH,(J/g) p 7(min)
698Nm  Neat PMMA 478 0.4218 3367
626nm PMMA/Ma-POSS 337 0.4992 1351
47 nm Neat PMMA 2.37 0.5815 1406
Sinm PMMA/Ma-POSS 7 17 0.6216 1283

s e thest A,
A= M1 - (1) 3)

4714 AH = BRGNS e AsiitE UEhiy,
=4 BEe Fd KWW AH, g 283 & 24T
2= o]rjr
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3] E£8hE}
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POSS7t %47} s W o 2R 3 et o3 AH,
o] 7hAE okx] Mmet ule} o] S| 7o WE AlF I
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