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1. SFG Introduction:
SFG theory, data interpretation, and surface selectivity have been extensively published

previously.!-!! Briefly, SFG output intensity can be expressed as:
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where the Ijg and I,; are the input IR and visible beam intensities. ;f;ff) is the effective

second-order nonlinear optical susceptibility of the surface/interface, expressed as:
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v 18 the nonresonant contribution from the sample. The resonant part of equation 2 can be

fitted as a sum of Lorentzian peaks with a peak strength of A, frequency of @, and a peak
width of I for the peak q. All the SFG spectra in this paper are fitted with equation 2. ;fe;,) is
the effective second-order nonlinear susceptibility tensor of the sample (e.g., a surface or an
interface), which is correlated to the second-order nonlinear susceptibility tensor #* defined
in the lab fixed coordinate system. Therefore, different tensor components of #> can be
deduced from different components of ;é;,) To do so, it is necessary to measure different
components of ;é;) using different output/input beam polarization combinations in the SFG

experiment.

SFG signal collected from a thin film on a substrate may originate from both the surface and
the buried film/substrate interface. Such a signal is dependent on the thickness of the film.!%!3
Detailed data analysis methods on SFG spectra collected from a thin film with various
models have been reported elsewhere.!4!6 Details of our SFG spectrometers and SFG data
collection have been published and will not be repeated here. In the current experiments, the
incident angles of the input visible and IR beams are 60° and 55° versus the surface normal,

as reported previously.
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2. Refractive indices:

Visible region IR region
Silicon 4.2 3.8
P3HT 2.2 1.8
Air 1.0 1.0
Gold 0.54+2.14i 6.28+42.9i

Tab S1 Refractive indices of all the materials used for Fresnel coefficient calculation!’-1°

3. SFG spectra from P3HT film on Si before and after short time plasma treatment:
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Fig S1 (a) SFG SSP spectra collected from a P3HT film on a silicon substrate before and
after 30 s air plasma treatment; (b) SFG PPP spectra collected from a P3HT film on a silicon
substrate before and after 30s air plasma treatment.

Fig S1 shows that both SFG SSP and PPP spectra detected from a P3HT film deposited on Si
vanished after 30 s air plasma treatment on the P3HT film surface. Since a short time air
plasma treatment can only destroy the surface structure, not the buried interfacial structure,
the above observation confirms that the SFG signal was contributed from the surface of the

P3HT film on silicon wafer.

Lo eer | X SSP‘ on the tilt angle (C,, symmetry), and

4. Calculating the dependence of
spectral fitting details:

For C,, symmetry:

(sin? @cos O)(B..) +(cosONB.. + B,.)
1 ) )
Yoz = Xyvzs = ENS X —<sm2 6cos Bsin’ l//>(,6;yz + ﬁ_’yzy + ﬂzyy)
—<sin2 @cos fsin’ l//>( Bo.+B..+B.) (eq S1)
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<sin2 @cos 6’>(,6;ZZ) +(cosO)(B.. + B.)
Yo == N, x —<sin2 Ocos Osin’ l//>(ﬂyyz +8.,+8,)
~(sin’ Ocos Osin’ y)(B... + B, + B..) (eq S2)
<sin2 fcos 9>(,6’m) +(cosO)(B.. + B,,)
Tpe == N, x —<sin2 @cos sin’ l//>(ﬂyyz +B.,+8,)
—<sin2 &cos Psin’ l//>(ﬂm + P+ B) (eq S3)
(cos’ 0)(B..)
oz =N, % +<sin2 @cos Osin’ l,u>(ﬁwz +B.,+8,)
+(sin cos Ocos’ Y)(B.. + B + ) (eq S4)
Deduced from eq S1, eq S2, eq S3, eq S4,

polarization combination can be expressed as:
—L (@)L (@)L _(@,)cos fecos fsin By,
—L. (@)L..(@)L, (@,)cos fsin ffcos B 7.
+L_.(0)L, (@)L, (@,)sin fcos fcos B 7.,
+L_. (@)L (0)L..(@,)sin fsin fsin By,
L, (@)L, (@)L (0,)sinfz,.

;f), pop ! ;f;f) SSP‘ obtained from different

;é?),PPP / /q«;ez'?,SSP =
off off

(eq S5)
Detailed Fresnel coefficient values can be obtained from Fig 3 in the main context, and
hyperpolarizability tesnor component values have been published elsewhere.??-?! Briefly,

@wo and @z—l.
ﬂ(.’cc ﬂCCC

2) 2)
jgﬁ?” rp ! Zeg ssp ‘ ratio depends on the tilt angle and the twist angle (@, l//). When
y sin(y) , 4 cos()

Therefore, the

is assumed, values of can be

W.

a uniform distribution of twist angle
obtained based on the assumed twist angle

Fitting parameters of the SFG spectra presented in Fig 5 and Fig 6 are listed in Tab S2 below:

-CH3 (PPP/SSP) 1.73 -CF3 (PPP/SSP) 1.63 PDMS (PPP/SSP) 1.72
A 17.1/9.9 A 17.8/9.7 A 8.6/5.0

X 1445/1445 X 1445/1445 X 1445/1445
w 22.7122.7 W 27.0/23.9 w 22.0/22.0
-C6H5 (PPP/SSP) 1.35 -NH2 (PPP/SSP) 1.19 PVA (PPP/SSP) 1.19
A 17.8/13.2 A 16.2/13.6 A 5.7/4.8

X 1445/1445 X 1445/1445 X 1445/1445
W 25.6/25.6 W 22.6/22.6 W 23.9/23.8
Si (PPP/SSP) 0.95 P3KHT 50%CH3 50%NH2 1.98 | P3KHT —C6H5 1.52
A 17.717 A 16.8/8.2 A 17.3/11.4
X 1445/1445 X 1440/1440 X 1440/1440
w 23.2/23.5 w 20.2/19.9 w 20.0/20.0
P3KHT -NH2 1.36 P3KHT Si 1.09

A | 17.9/12.8 A | 14.7/13.8
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X 1440/1440 X 1440/1440

\ 19.2/20.1 \Y 20.4/20.5

Tab S2 Fitting parameters of SFG spectra from Fig 5 and Fig 6.

5. UV-Vis of P3HT, P3KHT thin films on various different surfaces:
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Fig S2 P3HT and P3KHT thin film UV-Vis on various different surfaces.

6. XPS characterization of SAM surfaces:
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Fig S3 XPS signals detected from the following SAM surfaces: (a) methyl terminated SAM
surface; (b) trifluoromethyl terminated SAM surface; (¢) phenyl terminated SAM surface; (d)
amine terminated SAM surface;

Figure S3 shows the XPS signals collected from different SAM surfaces. Both methyl and
phenyl group terminated SAM surfaces show a strong Cls peak at ~300eV; the
trifluoromethyl terminated SAM surface shows a Fl1s peak at ~680eV in addition to the Cls
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signal; the amine terminated SAM surface shows a N1s peak at ~400eV in addition to the

Cls signal.?>24

7. SFG signal origin and plasma treatment effect in P3HT/Gold geometry:
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Fig S4 Fresnel coefficient values of zzz, zxx, xzx, xxz susceptibility tensor elements as a

function of P3HT film thickness at the P3HT/air and P3HT/gold interfaces.
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Fig S5 SFG PPP spectra collected from PsHT films: (a) Before and after brief plasma
treatment of P3HT film on —CHj; terminated thiol surface; (b) Before and after brief plasma
treatment of P3HT film on —COOH terminated thiol surface.
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