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PHOTOEFFECT FROM DYE LAYERS

(Presented by Academician A. N. Terenin, 12 VI 1961)

The present work is a continuation of studies (71, 72) being carried out in
our laboratory on the investigation of the external photoeffect from organic
semiconductors, and was performed on an apparatus described earlier ("1, 73).
Layers of dyes were deposited on the inner electrode of a spherical capacitor from
an alcoholic solution or by sublimation in vacuum, when there was assurance
that the dye did not decompose upon heating to 250-300°. The curves of the
distribution of electrons by kinetic energies for layers of the same dye, obtained
by the two indicated methods, coincide with one another within the limits of
experimental error. The thickness of the dye layers was not measured; instead,
measurements of the distribution of electrons by energy were carried out for
several layers of the same dye of different thickness. For thick layers the voltage
drop across the layer has an effect; however, the shape of the curve changes only
slightly. For layers of smaller thickness, the distribution curves coincide within
the limits of experimental error.

Table 1

Values of the photoelectric work function ¢, the position of the Fermi level
relative to the bottom of the filled band F', the width of the forbidden band F,
and the electron affinity x for dye layers

(all values are given in electron volts)

Dye ¢ F FE x=¢p—F
Crystal violet 5.0 0.5
Malachite green 5.2 0.6
Rhodamine B 5.1 05 20 3.1
Alizarin blue 54 05 1.8 3.6
Quinoline blue 4.5 0 20 2.5
Methylene blue 54 02 1.8 3.6
Merocyanine 5.6 03 23 3.3
Indigo blue 54 0.2
Indigo red 5.0 0.2
Phenosafranine 54 04 2.1 3.3

sovietrxiv.org/items/ru-196101.61911 Machine Translation


https://sovietrxiv.org/items/ru-196101.61911

Fig. 1. Electron distribution over kinetic energies in the external photoelectric
effect from a photographic sensitizer for different energies of light quanta.

Figure 1: Fig. 1. Electron distribution over kinetic energies in the external
photoelectric effect from a photographic sensitizer for different energies of light
quanta.

Dye o F E x=¢p—F
Photographic sensitizer* 4.8 0.2 1.7 3.1

* 3-allyl-3’-ethyl-5, 6’-dimethyl-4-keto-5-(1-dihydroquinoliden-4-ethylidene)-
thiazalinooxacyanine bromide.

Table 1 gives the values of the photoelectric work function ¢ and the position
of the Fermi level F', obtained from the current-voltage curves of the external
photoeffect of the dyes studied, as well as the values of the width of the forbidden

forbidden band E (according to literature data (*)) and the magnitude of the
electron affinity y = ¢ — E.

In using these data it should be remembered that in solid dye layers, as in the
case of alkali-halide crystals (°), upon irradiation with far-ultraviolet radiation
various metastable defects may arise, which can substantially disturb the ther-
modynamic and electrical equilibrium in the crystal. The magnitudes of the
electric

Fig. 1. Electron distribution over kinetic energies in the external photoelectric
effect from a photographic sensitizer for different energies of light quanta. En-
ergy of the incident radiation: 1 —6.85 eV, 2 —7.13 eV, 3 —7.60 ¢V, 4 —10.10 eV.
The curves are reduced to unit intensity of the incident radiation.

fields arising because of the absence of such equilibrium cannot be estimated,
and the position of the Fermi level, determined as hv — (Vy, — $Pcon), wWhere
Vitop 18 the stopping potential and ¢, is the work function of the collector,
may have a large error. The different contact potential obtained from current-
voltage curves at different energies of light quanta clearly testifies to this. The
total experimental error is estimated by us as 0.2-0.3 eV. Such a large error
arises because the current-voltage curves in the region of zero photocurrent
and in the saturation region approach the horizontal axis of the graphs very
smoothly, which is evidently connected both with the large scattering of photon
energies in the dyes and with the different work functions of individual portions
of the surface of the dye layers.

Figure 1 shows the curves of electron distribution over kinetic energies in the
external photoelectric effect from a layer of photographic sensitizer.* The distri-
bution curves for malachite green, crystalline violet, indigo red, and indigo blue
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Fig. 2
Figure 2: Fig. 2
Fig. 3

Figure 3: Fig. 3

are similar to the curves in Fig. 1. For the external photoelectric effect from the
indicated group of dyes, the following phenomenon is characteristic: when the
energy of the quanta exceeds the work function by 2.2-3 eV, the maximum in
the distribution of electrons over energies shifts into the region of low electron
energies. This indicates that, at the given photon energy, it becomes possible
to tear out more strongly bound electrons, or else to tear out weakly bound
electrons with simultaneous excitation of the resulting positive ion to one of the

* 3-allyl-3’-ethyl-5",6’-dimethyl-4-keto-5-(1-dihydroquinoliden-4-ethylidene)-
thiazalinooxacyanine bromide.

electronic levels, or, as was found in the case of inorganic semiconductors (?), a
discrete loss of electron energy occurs during their motion toward the surface,
transferring electrons from the filled band into the conduction band.

Figure 2 gives the curves of the distribution of electrons by kinetic energies
for the external photoeffect from alizarin blue. An analogous distribution of
electrons by energies is obtained for the external photoeffect from dye films:
quinoline blue, phenosafranine, rhodamine B, and pinacryptol yellow.

Fig. 2. Distribution of electrons by kinetic energies in the external photoeffect
from the dye alizarin blue for different energies of the incident radiation: 1 —
7.45 eV, 2 —8.55 eV, 3 —9.70 eV, 4 —10.60 eV. The curves are reduced to one
value of the saturation current.

In the study of the external photoeffect from the indicated dyes, the appearance
of a group of slow electrons was not observed, but at high energies the maximum
in the distribution is strongly broadened. Probably in this case there is a more
intense exchange of energy into vibrational degrees of freedom than in the case
of the first group of dyes indicated by us.

A characteristic feature of the external photoeffect from films of the dyes studied
by us is that the maximum in the distribution of electrons by kinetic energies
shifts only very slightly (by 0.3-0.5 €V) when the energy of the light quanta
is increased by 4-5 eV. In the work of one of the authors (1:%), this effect was
explained by exchange of part of the quantum energy within the absorbing
molecule into excitation of electronic and vibrational levels. To test this hy-
pothesis, we measured the distribution of electrons by kinetic energies upon
photoionization of the vapors of the dye rhodamine 6Zh.

Fig. 3. Distribution of electrons by kinetic energies in the photoionization
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of rhodamine 6Zh vapors at a temperature of 205-300° and an energy of the
ionizing-radiation quanta equal to 10.1 eV.

The cylindrical condenser used by us in measurements of the electron distri-
bution in the photoionization of benzene derivatives (7) was placed in a metal
cuvette, which could be heated to 250-300°. Because of the difficulty of the
experiment, we succeeded in making a reliable measurement for only one dye
and one energy of the ionizing quanta.

of the exciting radiation. The curve of the electron energy distribution upon
photoionization of rhodamine 6Zh vapor is shown in Fig. 3. The photon energy
is 10.1 eV and exceeds the previously determined ionization potential of the
dye (8) by 2.8 eV. The maximum in the electron energy distribution lies at an
energy of 0.1 eV. It follows from this that, even in the photoionization of free
dye molecules, a considerable part of the photon energy is exchanged within the
molecule for the excitation of electronic and vibrational levels.

The authors express their gratitude to Academician A. N. Terenin for his con-
stant interest in the work and for valuable discussion of the results obtained.
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