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Interfaces in Organic and Hybrid Photovoltaics
» The donor-acceptor interface:
Organic-organic
Organic-inorganic
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Vibrational Sum Frequency Generation
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Ab Initio of CT state
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IR absorbance

P3HT vibrational spectroscopy
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Molecular orientation at surfaces by VSFG

IR absorption
NOT surface-selective
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Vibrational SFG spectroscopy of P3HT surface
Effect of annealing: SIO, interface
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Vibrational SFG spectroscopy of P3HT surface
Effect of annealing: Al,O, interface
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Electronic states at OPV interfaces
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Generation of narrow-band (ps) 400 nm pulses
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Electronic SHG spectrometer (500-950 nm)
eSHG
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SHG Spectra of P3HT and P3HT/Cso films
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Model for thickness dependence
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Separation of surface vs bulk SHG signal
for P3HT and P3HT /Ceo
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A Model for the Signal
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Optical Data for P3HT/air and P3HT/Ceo Interface
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Electronic structure at D/A interfaces
by SHG spectroscopy
PS
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eSHG spectroscopy of red-absorbing polymers

(Barry Thompson’s group)
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Surface Selective Nonlinear (Even-order)
Optical Spectroscopies

Polarization
In medium
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P3HT/Cso Interface SHG
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Methylated Si(111)

Nate Lewis and coworkers, Caltech
STM Studies
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VSFG spectra of Methylated Si(111)
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Rotation of methyl groups
4 K Room T

Frozen on STM time scale Experimental rotational dephasing:
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SFG of dodecanethiol SAM on flat gold

SFG spectrum
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dodecanethiol capped Au NPs
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VSFG intensity (a.u)

SFG of dodecanethiol on gold nanoparticles
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Amplitude ratio

Size-dependent d/r ratio in SFG spectra
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Size-dependent gauche defects

Cylindrical volume (flat surface)  V, =alL @ = solid angle
L = chain length

i ()
Conical volume (curved surface - 3_R3
( )V 3 [(R +L-R ] R = particle radius

Solid angle ®=a/R’ a = area per head group
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TEM 1-dodecanethiol capped Ag NPs
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SFG of dodecanethiol on silver nanoparticles

SFG intensity (a.u.)
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X(eff),lJK:ZLii(a)SFG)ij(a)vis)ka(wlR)(,i\'i\SFG)(] VIS)(lz k\ )Zi(ji)

(2)

Ziijk - macroscopic surface susceptibility tensor,

l, ], K - unit vectors along the lab axes x, y, z and

lsee Jdyier Kig - UNIt vectors along the polarization of the fields

Li([) (i =X, Yy, z) represent local field corrections at the surface for a
frequency []
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Zuk N Z< ijk, Imn 9 v, (D)> WlBa(lsg

abc

N, - the surface density of molecules,

(6,y,0) - Euler angles that define the orientation of the molecular
frame relative to the lab frame

R - sixth rank rotational transformation tensor (product of three Euler
matrices)

2 =2 = % N, B [(1+ r)(cos@)—(1- r)<cos3 eﬂ
1
28 =28 =28 = 4 = 5 N B2 (1~ r)[{cos 0) —<c:os3 9>]
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2= 42 =N 2 (0050) ()]
@ _ 0 _ 0 @y P

Koot = Kot = Xymy = Xy = Ng p (cos® 0)

72 =2N 'Bfg [<cos¢9>—<cosge>]



Amplitude of C-Si Bend Vibrations
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Rotational Dephasing
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