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Polvmer merfices

Bulk polymer signaf completely
dominates interfaces in linear
spectroscopies

Molecular structure at free and buried polymer interfaces important to:
Optoelectronics, LCD’s
Adhesion/Laminates
Polymer Blends/ Composite Materials
Biocompatability/ Biofouling/ Tissue Engineering
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Sumt Progueney Generation tor the study o mierfaees

nd ; . :
2 order nonlmea'r optical process: <> Interface and s specific
* non-destructive

+ forbidden in centrosymmetric media

+ only allowed at interfaces where inversion symmetry is broken.

Wy

w Ysum
R Vg = Dyis ¥ BiR
Vibrationally-Resonant SFG: .L//_
Alignment and orientation of molecules vs
and functional groups at interfaces. / / / /
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Vabrattonaliv Resobved Sum Fregueney Generition

g = Oyvis + DR

Sum Frequency Response:

Efegun) ~ AP g0 Fylogn Falovd Fglog) E (03 E(og)

APulvany is the 2nd order nonlinear suseptibility

Fulveun) Findvig Fialvim} are Fresnel transfer matrices
relating incoming and outgeing E
fields to “polarized sheet”
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Vibrattonaliv Resolved S Dregueney Generation

Efogn) ~ A Pulogag Floga) Figlowgd P log) Edoug Ederg)

For azimuthally symmetric sample, only 4 non-vanishing Y ®, :

x“x=X1yy xx“:x”,
X.nx=xlrz3' x:::

Experimentaily, we access each P S S %
X
of these tensor elements by
. erp. . $ P S ) 4
using different polarization i
combinations of the incident 5SS P : A
and generated hea'ms' P P P : x Iz * x IXX A x XE¥ + x b3 13
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Vbrationally Reselved Sam Treguenes Gonerabion

Wyig
Wy -
R Ogm ™ By T O

Dyum

2
sk S | Xy * N |
xg}m-m(mmt) -~ Bel¢

a
@ ~ N- Z e
(Resonant) @ - o)+ il

=> System must be both IR and Raman active

=> Isotropic systems show no SFG signal
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Broadhand Vibranonady Resolved Sum reaueney Generation

Wig Spatial Resolution:
 ~laser spot size (100am)

Mix broad bandwidth . narrow bandwidth to get broad bandwidth
infrared laser (W) visible laser (wy0) sum frequency (Wy iy )

1.
D
)]
® —p
a
Q
o
2730 7800 2850 ZPOD 286D 2000 3050 3100 T TS0 T TROs TR T2r0n 15150 15200 15250 15300 15350 15400 15450
e fom Wyig fom- Weem fom
100 fs laser pulse Multichannel detecter

Novel broadband approach to SFG developed at NIST.
— NI

Actual Tnrplementation

1kHz rep. rate; 180 fs pulse duration

Ti sapphire Stretcher TkH: OPA
osciflator Reger
Amplifier
075 m Caerryy-
Twmer
Monochro-
0.46
LD Camers 46 m
Signal
&
I lder
4
Stripped 795 nm
dem! parrowband VIS s
A
centered at 790 nm P fitter _{_T
4151 E BSy
N Ll - ]
Broad bandwicth
Sample BC prd oF I_ o
366cm-! broadband IR orystat oG

tunable from 1000-400Hcm-!

Optics Letters 23, 1594 (1998).
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Frofvsivrene Bihims on S bty

\ / /7‘ Interference of both the incident
(Eyqs and E) and generated (Egp,)

; electric fields cause oscillations

as a function of film thickness.

I Calculated signal from each interface:
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Polsstvrene Pl on Sac o
SFG signal from “SSP” polarization: \ / /
polymer Xx/
215 am b S,
198 M“ﬁ ' N
NET) e _
A ’ Comparison of measured
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CUNNITUSEG Spectiiob s

Hine IS o St

Atactic Polystyrene .
ICH,CH],- Spectra ave fit:

SFG Signal-l Bew + 2
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Novmal Modes of Mono-Substituted Bensene
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Raman Spectrum :
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Orrentation of Phenyt Groups af Free PN Suhaee
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Analysis of v, (B,),

Vi (A)) and vy(A)), assuming
a narrow distribution in ©
and y indicates:

6~60-70°  y45-50°

Note: Analysis cannot
distinguish between ¥
near 45° and a very broad
distribution about y~0°

Oyrentation of Phein D Grroaps at Tree PS Surtaed

Comparison to phenyl
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phenyl silane on
350 nm Si0,

x4

silane establishes that
the phenyl groups
point away from the
bulk polymer at the

free surface.
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3150

Phenyl silane:
0~39-44°  y~29-35°
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Chrpentation of Phomy | Greoups at brec PS Sartace
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—> Indicates phenyl ring orientation is away from
the bulk polystyrene film at the free surface.

Comparison of relative phases with calculated Fresnel factor weights
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Polvsivrene Dilms on S o)

Uhsliiisisatiat o

N/

poilymer

STy Sicin L

it

Interference of both the incident
(Eyys and Ei) and generated (Eg )
electric fields cause oscillations
as a function of film thickness.

Calculated signal from each interface: I
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Polvsivrene T

Opunnsatne ol ST

s a1 S0

the !

conat o

Optimization of a two-layer
system consisting of a 120nm PS
film over variable thickness SiO,
films can enhance SFG signal
from the buried interface.

Calculated signal from each interface: l
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Oyrfentation of Phenyh Groaps at the Buarsed PN Biertace

126nm PS/ 250nm Si0,

-
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S¥G Intensity /arb. units

sps FREE

sps BURIE

L3 4]
sps

4—— free surface
PS/S10,
o mterfac

s
VS

4

SFG Signal

i

0

$i02 Thiclkmess [nm]
(PS thickness fixed at 120 nm)

At first glance, a dramatic
spectral change between
free surface and buried
interface optimized systems

3100
Wavenumber / cm 1

3050

3150

— NIST




Ovrder of Pheml Groaps at the Borned PS Interiaee

Amplitudes and phase changes of the SFG signal from
the “buried interface” system can be explained by
contribution solely from “free surface”.

Z
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% o2

930 3000 3050 3100 31 3200 2950 3000 3050 3100 3150 3200

Upper limit of order at buried interface < —é—order at free surface.
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Pots stvrene Filims o A

Re-design of a two-layer system
consisting of a polymer film over a
variable thickness 810, over Au
offers better extinction between
free vs. buried interface signals.
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Polvsiorene Films on Ay

Re-design of a two-layer system on
Au offers better contrast between free
vs. buried interfaces; i.e. allows
detection of weaker signals and better
S/N from buned interface

Calculated signal from each interface:

8 Si1 substrate o Au substrate

£ 6 g 0 T -

I il | :

@ 4 2 40 i ﬂ
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£, g ! /k

8 £ 20 AV, L :

g ; 10 b/ / L

l: o 1 200 300 o0 san oQ L} 100 00 w0 400 =00
Silica Thickness / nm = e
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Polystvrene Fibms on A

Optimization to enhance SFG from the
FREE surface:

Exposure of the free surface to O,
disrupts order of phenyl rings.
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atvrene Filins on A

Optimization to enhance SFG from the

BURIED surface:
Exposure to O, has no effect on pheny!
rings at buried interface.
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Polvstorene Fiims on A

At the FREE surface: phenyl
ring orientation is similar to
PS/Si FREE surface:
6-60° y—45°
and pointing away from substrate:

At the BURIED interface:

Phenyl rings are pointing away
from the PS layer and towsrd
the substrate.
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Sunitity ardd Foture Divections

« Polymer struciure at the free and buried interfaces can be
separately determined.

s Possible to greatly enhance weak signals by local field
effects.

— NIST

Sunenrars and Future Directions

Experiments underway to study:
s interfaces of different polymers
e environmental effects on interfacial ordering/bonding

influence of coupling agents on buried interface order;
solvent and impurity effects at both interfaces

« polymer/polymer interfaces
reactions, interdiffusion, liquid crystal interactions

— NIST







