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Protein preservatiohthin film glass transitionTg),? friction,®>

and biocompatibility are areas where the segmental dynamics J
and mobility at an interface play deciding roles. For example, 01— . . —
changes in the time scale of segmental motions of interfacial 2800 2900
solvent molecules surrounding proteins are correlated with the IR Frequency w,(cm")
glass transition temperature of the protkithe observed — Figure 1. SFG spectra in the (a) SSP polarization (SSP corresponds

ression in th f thin polvmer films is link nhan to S-polarized output beam, S-polarized input visible beam, and
supp estsc|> J‘lfgp :h .p'([) yf e. | s. S ed tofe a (;ed . P-polarized infrared input beam) and (b) PPP polarization combinations
segmental mobiiity in the intertacial region near a Irée surtace,  gom the ps/C21 interface at different temperatures. The spectra at

!ocal penetration_ of molecul_es_ in contact with glassy polymers different temperatures are shifted vertically for presentation. The solid
is used to explain higher friction coefficiefiand, on a local lines are fits to a Lorentzian equatiéh.

scale, the interfacial polymer segments establish the nature of . i
the interactions between implants and the immune proteins, thus— 1:06,Tg~ 100°C). Alkanes (nonadecane (C19), heneicosane

determining acceptance or rejectibitherefore, investigating ~ (¢21), and heptacosane (C27)) were obtained from TCI
the structure and mobility of polymers on a local scale near chemicals and used as received. A SFG cell was fabricated by

interfaces is a topic of both technological and fundamental €l2mping the prism against a steel backing machined with a
importance. As a consequence, there has been a great deal ghin hollow recess where molten alkane was injected. The
recent interest in studying the effect of surfaces onThef specific details of our SFG spectrometer have been described
thin polymer films28¢ However, no direct information is  Previously:* Briefly, SFG was generated by overlapping a
available on the local mobility of polymer segments next to tunable infrared laser beam with an 800 nm visible laser beam
solid or liquid interfaces, since most of the techniques used to &t the face of a 60sapphire prism at either prism/alkane or PS

study dynamics at polymer/air interfaces are not applicable to film/alkane intgrfaces. The refracti\{e ipdex and critical angle
these hidden interfaces. for total reflection are different for liquid and crystal alkanes.

In this Communication, we have used surface-sensitive sum !N this Communication we have only presented the data when

frequency generation spectroscopy to study the interface betweerf©th the laser beams were incident near the critical angles for
polystyrene (PS) and linear alkanes. SFG involves the spatiaItOtal internal reflectionz 6° for the PS/crystal alkane interface.
and temporal overlap of a high-intensity visible laser beam of 1he complete angle-dependent data will be presented in a future
frequency myis, With a tunable infrared beam of frequeney. publication. The output SFG light was passed through filters to
According to the dipole approximation, the generation of SFG émove the reflected input beams and focused usfagumber
photons [at @yis + @ir)] is forbidden in centrosymmetric bulk matching lens !nto a05m spectrometgr with an output to a
and permitted only at interfaces where inversion symmetry is PMT for detection. The spectrometer slits were set at 400
broken. The SFG signal is resonantly enhanced when IR Providing an effective resolution of 5 cmi and the center
frequency overlaps with the molecular vibrational mode (both wavelength to the detector was tuned with the IR beam to match
IR- and Raman-active modes). Thus, SFG is sensitive to both € output SFG wavelength. The temperature of the cell was
the composition and orientation of molecules at the interfaces. 2diusted and monitored to greater than G'25ccuracy. Note
Further enhancement by-2 orders of magnitude in signal is that PS/alkane mixtures of these chain lengths exhibit an upper

achieved when the angle of input beams are close to the criticalC'itical solution temperature of 404 K for the muEh lower
angle for total internal reflectiol. On heating, we have ob- Molecular weight PS (4 kg/mol) systefhFor PS ofM,, = 108

served a dramatic change in SFG intensity associated with thek9/mol and C18, we predict the critical temperature of 583 K.
PS phenyl groups at temperatures close to melting transition 1S Was calculated using FIOfy-IuggmsX_parameterE(]l/T_)
temperature of alkanes. The change in PS signal intensity is re-21d the critical temperature of 404 K¢ = 4 kg/mol). This

versible and occurs below tiig of PS, indicating that the local ~ Cléarly indicates that PS is not miscible with longer chain
motion of the interfacial phenyl groups is coupled with the alkanes at the temperatures investigated in this study. Although

mobility of the surrounding media rather than thgof PS film. experiments were carried out on C19, C21, and C27, the focus
Uniform annealed films of amorphous P$300 nm thick is on the C21 results because C19 and C27 results were similar.
were prepared by spin-coatingl{ = 108 kg/mol, polydispersity _Figure 1 shows SSP (s-polarized SFG output, s-polarized
visible input, and p-polarized infrared input) and PPP SFG
 The University of Akron spectra from the PS/C21 interface atZ5 35°C, and 45°C.

* ExxonMobil Corporate Strategic Research Laboratories. These three temperatures represent the bulk crystallindQR5
* Corresponding author: e-mail ali4@uakron.edu. rotator (35°C), and the melt state (4%C) of C21 alkané314

T T
3000 3100

10.1021/ma0612226 CCC: $33.50 © 2006 American Chemical Society

Published on Web 10/06/2006
ublished on We CDV



Macromolecules, Vol. 39, No. 22, 2006 Communications to the Editor7465

Table 1. Transition Temperatures for the Bulk Alkanes and the

Heating Temperature Where the Phenyl Intensity Drops by 50%
2 Cooling alkane bulkTy, (°C) drop in PS SFG intensityC)
3 C19 31.2 31.2
! Cc21 40.9 40.2
c27 60.1 59.6

Nor

and C27 alkanes, and the transition temperatures are summarized
in Table 1, which suggest this correlation is a general phenom-
enon. The transition temperatures are not affected by heating
the samples above thE, of the bulk PS in the presence of
alkanes, suggesting that these results are not associated with
metastable interfacial state formed by the addition of hot alkane

lized SFG |
2875 cm ' CH, sym SSP 3060 cm” phenyl sym PPP

.
o
=)

. . : r on top of glassy PS films.
27 30 35 40 45 In addition to the changes in the SFG intensity at the rotator
Temperature °C to liquid-phase transition, we also observe an increase in SFG

Figure 2. SFG intensity as a function of temperature for the methyl intensity from crystalline to rotator phase transition. These
symmetric stretch and phenyd stretching mode. Vertical lines denote thar.]ges cannot be gxplglned by. t.he small Chgnges in the rgfrac-
literature transition temperatures described in the text. tive index at the soligtsolid transition. In addition, changes in

the spectral features of methyl and methylene groups of alkanes

The spectra from the PS/C21 interface (belfyy are dominated were also observed upon transition from the crystalline to the
by three resonance peaks corresponding to the terminal methyfotator state using a narrower resolution SFG sysferonfirm-
groups, the symmetric stretch at 2875 ¢nfCHss), a Fermi ing that the increase in SFG intensity at the sebdlid transition
resonance combination band at 2935éniCHsfr), and the is due to changes in the structure of surface layer of alkane.
asymmetric stretch at 2965 cf (CHsas)!® Two weaker The corresponding changes in the phenyl intensity suggest
resonances can also be resolved near 2850 and 2920 cm changes in orientation are also observed for the phenyl groups
corresponding to methylene symmetric (8Hand asymmetric ~ at the solid-solid transition temperature of alkanes. However,
stretching (CHas) vibrations, respectively.In addition, spec-  these changes are much more subtle than the changes from
tra from the PS/C21 interface show resonance peaks corre-fotator to liquid state and needs further investigation.
sponding to symmetricvg at ~ 3060 cntl) and asymmetric It is instructive to calculate the equilibrium interfacial width
(va0p at &~ 3025 cntl) phenyl stretching modes of PSOn for linear alkanes in contact with PS. We have used the critical
heating the sample from the bulk rotator to the liquid state there temperature of 404 K measured for C18/PS (4 kg/tdl

is a dramatic change in the structure of alkane molecules. Thedetermine the temperature dependence of the Fibiyggins

SFG intensity of the methyl vibration drops sharply, and the ¥ qarameter (taking E 1/T andyc at the critical temperature
SFG spectra are dominated by the methylene peaks 2800 = “2(Lv/my + 1/v/m)?. Here,my (for alkane) andn; (for PS)
3000 cn1Y) instead. The absolute changes in the SFG intensity are number of segments calculated with respect to the molecular
upon melting depends on the homogeneity of the crystal alkane/Weight of two methylene groups. This gives a valueyoés

PS interface and the incident angle of the laser beams with 0-114 at 313 K. The |_nterfa0|§aI1QN|dthNQ can be determined
respect to the critical angle of the crystal or liquid alkane. using Helfana-Tegami modet"

Therefore, the absolute change in the SFG intensity upon melting

of alkanes should be a qualitative rather than a quantitative W= a_“/é(l_ — 1)0'5 1)
comparison. The results show that the corresponding changes 3«/)7«: Xc

in the SFG intensity are also observed for phenyl groups at

temperatures far belowj of PS film. Usingy = 0.114,y. = 0.0523 (based om; = 10.6 andm, =

To further investigate the correlation between changes in the 3857), and effective length per monomaj & 0.66 nm!°® we
interfacial alkane and the adjacent PS, we monitored the SFGobtainw ~ 1 nm (this is much smaller than the radius of
intensities (Figure 2) corresponding to the alkane methyl gyration of 108 kg/mol PS of 9 nm). Therefore, we expect
symmetric stretching (in SSP polarization) and the phenyl  the interfacial width for alkanes in contact with PS bel@yof
symmetric stretching (in PPP polarization) vibrational modes <1 nm.
on heating and cooling the sample at @€&min. To enhance In summary, we have observed that the average orientation
the sensitivity for these measurements, the spectrometer slitsof the phenyl groups of PS changes sharply at the rotator to
were opened to 2 mm, which provides an effective SFG liquid transition temperature of alkanes with hysteresis upon
bandwidth of 10 cm®. The vertical lines in Figure 2 represent cooling. The sharp changes in the structure of phenyl groups
the literature values for the bulk melting (solid line), crystatine  below Ty of PS are strongly correlated with the structure and
rotator, and rotatercrystalline transitions (dotted line¥)The mobility of the adjacent alkanes and decoupled fromThef
observed differences between the literature values and ourbulk PS. The local motion of the interfacial phenyl groups below
measurements are reasonable considering the faster heating anfl; is perhaps analogous to siip-motions in the bulk PS
cooling rates in the SFG experiments. Interestingly, sharp polymer, which are also uncorrelated from the biilk It is
changes in intensities are observed close to the meltingalso likely that the segmental relaxation is faster at the surface
temperatures of alkanes. The SFG signal recovers upon coolingof the PS film than in the bulk P&°We propose a sharp inter-
with hysteresis. This correlation between the changes in PSface belowTy, and the alkanes locally solvate and change the
peaks and melting of alkanes provides evidence that the average orientation of the phenyl groups abdyeThis finding
interfacial segments of the polymer retain short-range mobility has direct implications in the areas of friction, protein preserva-
at the segmental level and are not well characterized byfghe tion, and biocompatibility where the changes in the local struc-
of PS. In addition, similar behavior is observed for the C19 ture of the glassy polymers at interfaces play an important ré)B-V
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