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Theory of hot electronsrevealing the excited statein the conduction
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(Introduction) In solar cells and catalytic reactions, highly rgie¢ic electrons, called as “hot electrons”,
are transferred over a potential barrier, and efficiency generation of hot electrons is one @& thost
important issues. If there is an excited stategtergial barrier is lowered, leading to a greatamement

of the electron flow. However, no previous works panomaterials discussed excited states in the
conduction band. We disclose a novel diagnostihefexcited state. By applying the derived theorthe
experimental data of Tikhanoparticles (NPs), theg andtyg states in the conduction band are revealed.
(Theory of hot electrons) The energy width of electrons just after photo-&tmn will be narrow but they
are instantly thermalized in 10 fs or so accordiogeferences. We assume the energy distribution of
photo-excited electrons in an excited state becahw8oltzmann distribution by thermalization aswh

in Fig.1. Most of the absorbedphoton energy is used to excite the electron ¢oetkcited state, and the
excess energy of the photo-excited electron aboeegtound state of the excited stBie nhv-Eg-Eg, is
stored in the electron gas as a heat. Hawés the one-photon energy, aid is the energy difference of
the ground state of the electron gas from the waldrand topEgis the “binding energy” of the excited
electron measured “from the valence band top”. tEBhgperature is given yT= (2/3)(hv-Ec-Eg) and the
number of electrons ejected to the vacuum is gbseNemi={( a@Nph)"/N}Neo exp(AE/p(nhv -Eg)), where,a

is the one-photon absorption efficienty is the number of photomsadiating the NPNg is the number

of electrons contributing to the excitatiofi is an energy difference of the vacuum level andgttoeind
state of the excited stafds and parametegr are determined by the density of states of thened band.
(Revealing the excited state) TiO2 NPs dispersed on a Si wafer irradiated by laséseguof 150 fs pulse
width were observed by PEEM. The wavelength deparelef brightness of two NPs is shown in Fig.2.
Fitting the derived equation gave the value€ef=3.6 eV and 5.7eV for two NPs. From ref.1, 3.6 eV
corresponds to the direct band gap and 5.7eV qonels to the transition from the O2p to the Té3dtate
both at X point. Parametprand the ionization energ§E+Eg were assumed as 2/9 and 7.5eV, respectively.
(Discussion) The derived theory is the first theory of hotottens. The excited states of a single cluster of
TiO2 NPs were observed for the first time. The diffeenf Eg values for two NPs is attributed to the
different density of defect states in two NPs. étswot discussed in previous works, but the esdquaint

of high catalytic activities in nanomaterials caa the generation of high lying excited states cause
defects generated by high stress at the surfasmalf curvature nanomaterials.
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