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The laboratory explores the electronic and photo-electronic properties of organic semiconductor thin films, examining 
how the physics of charge generation and transport reflects the precise and intricate way molecules assemble, orient, and 
order in the solid state. Characterization of film growth and studies on the influence of environmental variables on the 
film structure are combined with in situ electrical conductance and photoconductivity measurements. The experimental 
conditions are carefully controlled to discover new details about charge injection and transport, charge generation, and 
intermolecular electronic interactions.
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Nonlinear Photocurrent Spectroscopy

As photocurrent is proportional to the quantity of ab
sorbed radiation it is possible in principle to extract an op
tical absorption spectrum using the photocurrent recorded 
at different wavelengths. Photocurrent in this instance can 
be considered as a measure of the absorbed light. If the re
lationship between photocurrent, I, and the absorbed light 
intensity, F, is not linear, however, the incident light inten
sity for each data point must be attenuated such that the 
photocurrent remains constant – unless a mathematical 
function can be found to transform the photocurrent into a 
linear function of absorbance. We have determined that 
this linearization function, called the current response 
function, can be expressed as,
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Y is a scaling parameter, while Id and γ may be deter
mined by a simple fitting procedure. The expression ap
pears to be generally valid for most organic semiconductor 
films.

This new technique is called Nonlinear Photocurrent 
Spectroscopy (NPS). Absorption spectra can be quickly 
and easily obtained for thin and irregular shaped films, 
even on nontransparent substrates. There is no need to ad
just the incident light intensity for each wavelength. Since 
NPS has very high sensitivity, the method is well-suited for 
examining gap states and impurity states in organic semi
conductors, as well as for studying very thin films down to 
a single monolayer. A demonstration of this sensitivity is 
shown in Figure 1.

Conductance in Organic Radical Solids

Organic radical molecules are distinctive for their singly 
occupied molecular orbital (SOMO) which causes them 
to behave as narrow gap intrinsic semiconductors in the 
solid state.

Radical bisphthalocyaninato complexes are open shell 
organic radical compounds which combine high electrical 
conductivity with chemical and thermal stability, making 
them promising materials for studying the charge transport 
of organic semiconductors. The small energy gap effective
ly removes the influence of deep traps, greatly enhancing 
the response time and facilitating reliable measurements.

In recent work we have shown that the conductance 
equation of TbPc2 thin films may be separated into expo
nential and linear terms in temperature. The energy gap is 
found by this method to be 0.316 eV.

Figure 1. Absorbance spectra of 20 nm and 1 nm free base phthalocyanine 
thin films derived from photocurrent measurements after application of 
the nonlinear current response function and scaled to an optical reference. 
The reference optical spectra for the 20 nm film measured with the trans
mitted beam intensity (dotted blue line) is also shown.

Figure 2. The relation between the molecular orbitals and the solid state 
energy gap Eg in a) typical closed shell organic semiconductors, and b) 
open shell organic radicals. Charge held in gap states is said to be “trapped”.

Figure 3. Molecular structure of the phthalocyanine sandwich complex 
bis(phthalocyanininato)terbium(III) (TbPc2). A single unpaired electron is 
shared between the two phthalocyanine ligands.




