
Abstract. Third-harmonic generation of laser radiation is
studied in colloidal solutions of platinum and copper. The
values of v�3� in these solutions at a wavelength of 1064 nm
were measured to be 2610ÿ14 and 10ÿ14 CGSE units, and
the eféciency of the Nd : YAG laser radiation conversion to
the third harmonic was 76 10ÿ7 and 36 10ÿ7, respectively.

Keywords: third-harmonic generation, colloidal solutions,
picosecond radiation.

The interest in colloidal solutions stems from the possibility
of their practical and scientiéc applications (optical limit-
ing, optoelectronics, etc.). The use of such media in
optoelectronics is made feasible by their strong and fast
nonlinear optical response to the external action. The
aggregation of colloidal metal microparticles increases the
nonlinear optical response and, in particular, results in a
signiécant increase in the intensity of degenerate four-
photon scattering [1]. The latter is due to the growth of the
amplitude of local éelds in fractal clusters with a high pola-
risability. The nonlinear optical characteristics of colloidal
solutions of metals were studied in several papers (see, e.g.,
Refs [2 ë 4]). Note, however, that papers devoted to the con-
version of laser radiation frequency in such media are absent.

We present below the results of our investigation of the
third-harmonic generation (THG) in colloidal solutions of
platinum and copper employing the picosecond radiation of
a Nd :YAG laser. The nonlinear susceptibilities and the
conversion eféciency of this process were determined for
these media.

The duration of a 1064-nm Nd :YAG-laser pulse was
35 ps and the energy was 2 mJ. The radiation was focused
by a lens with a focal length of 25 cm into a cell with a
colloidal solution 5 mm thick and recorded with a calibrated
FD-24K photodiode and a V4-17 digital voltmeter. The
converted 354.7-nm radiation was separated with UFS-2
élter from the pump radiation and directed to a DFS-452
diffraction spectrograph equipped with a FEU-106 photo-
multiplier and a V4-17 digital voltmeter. The instrumenta-

tion in use was calibrated employing the THG in a KDP
crystal to measure the absolute values of conversion efé-
ciency in colloidal solutions.

The colloidal solutions were prepared in the following
way. The initial material for the preparation of a reference
colloidal solution was metal platinum, 0.1 g of which were
dissolved in several millilitres of a mixture of nitric and
hydrochloric acids upon heating. After evaporation of the
solution, the dry residual was again dissolved in 20 ml of
diluted (1 : 1) hydrochloric acid. As a result, one millilitre of
the solution contained one milligram of platinum.

To prepare a reference solution of colloidal copper, four
grams of CuSO4 were dissolved in one litre of distilled water.
In this case, one millilitre of the solution contained one
milligram of copper. According to the electron microscope
analysis, the dimensions of metal clusters ranged from 10 to
60 nm, depending on the degree of metal aggregation.

Fig. 1 shows the dependence of the third-harmonic (TH)
signal on the pump intensity for colloidal platinum. The
slope of the dependence I3o(Io) was equal to 2.8 throughout
the intensity range studied, which is close to the result
expected in theory (3.0). The experiments were conducted
for intensities below the optical breakdown threshold for
colloidal solutions (Ib � 4� 1011 W cmÿ2). The maximum
pumpëTH radiation conversion eféciencies for colloidal
platinum and copper were 7� 10ÿ7 and 3� 10ÿ7, respec-
tively.
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Figure 1. Dependence of the TH signal on the pump radiation intensity
for colloidal platinum.



An attempt to accomplish the pump-to-TH radiation
conversion in several other colloidal solutions (colloidal
silver and colloidal gold) did not meet with success.

To obtain phase matching in the THG upon the
interaction between plane waves, the condition Dk � k3ÿ
3k1 � 0 should be fulélled (here, k3 and k1 are the wave
vectors of the harmonic and the pump radiation). Our
experimental conditions corresponded to this case. The
confocal parameter of radiation focused by a lens with a
focal length of 25 cm was 23 mm for a nonlinear medium
5 mm in length, i.e., the conversion occured upon the
interaction between plane waves.

It is known that the condition Dk � 0 can be satiséed
only when the frequency of the generated harmonic falls
within the range of anomalous medium dispersion [5]. In the
354.7-nm range, both colloidal platinum and colloidal
copper exhibit the normal dispersion. This conclusion
was made from the investigation of absorption spectra of
these media. The optical characteristics of metal aggregates
are determined by the dependence of the frequency variation
rate of plasma oscillations and their long-wavelength wing
on the degree of aggregation [6].

This parameter, which was introduced in Ref. [4], is
based on several theoretical and experimental studies of the
dependence of spectral absorption of colloidal metals in the
vicinity of the plasma resonance on the degree of aggrega-
tion. The broadening of the absorption spectra of cluster
colloids is caused by the interaction of the multipoles
induced by the electromagnetic éeld in metal clusters [7].

Therefore, the process that we observed took place
under the conditions far from the phase matching. In
this case, the nonlinear susceptibility responsible for the
THG is describeded by the expression [8]���w�3����2 � l 2
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where l1 and Io are the wavelength and the intensity of the
pump radiation, respectively; n1 and n3 are the refractive
indices at the pump radiation and TH wavelengths,
respectively; c is the speed of light; Z is the conversion
eféciency; L is the length of the nonlinear medium; and
Dk � 6p(n3 ÿ n1)=l1 is the difference of the wave vectors of
the harmonic and pump radiation.

The nonlinear susceptibilities of the colloidal solutions
of Pt and Cu, determined from expression (1) taking into
account our experimental conditions, were 2� 10ÿ14 and
10ÿ14 CGSE units, respectively.

We estimated the changes in the phase characteristics of
the THG in these media caused by the high-frequency Kerr
effect. The nonlinear refractive index n2 of the colloidal
solutions was measured using a conventional technique [9].
Its value at a wavelength of 1064 nm was found to be
1:1� 10ÿ14 and 4:2� 10ÿ14 CGSE units for colloidal plat-
inum and colloidal copper, respectively. According to the
our calculations, this nonlinear contribution to the refrac-
tive index should not have a signiécant effect on the cubic
dependence I3o(Io) under the intensities involved.

Note that we observed a similar deviation in fullerene
C70-doped polyimide élms possessing signiécantly higher
nonlinear contributions to the refractive index. A similar
deviation was also observed in the case of strong focusing in
gaseous media [10, 11], when the high-frequency Kerr effect
was responsible for a phase mismatch and a lowering of the

TH intensity growth rate with increasing pump intensity.
Note that the reverse situation is also possible, when the
phase parameter sin2 (DkL=2)=(DkL=2)2 increases with the
pump intensity owing to the wave detuning in media with
the positive n2. This may result in the optimal phase
matching upon THG [11].
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