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Letters to the Editor

Template synthesis of nanocomposite CdS with nonlinear optical properties
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Nanocomposite materials based on semiconductor
nanoparticles, such as CdS, are of special interest for many
areas of science and technology: optics, electrochemistry,
and optoelectronics.!:2 This is due to the fact that nano-
particles are endowed with unusual chemical and elec-
tronic properties needed for the application in these ar-
eas.3 The nonlinear optical properties of composite mate-
rials containing semiconductor nanoparticles depend on
their size, shape, and procedures used to prepare nanopar-
ticles.4 The method of preparation of CdS nanoparticles
in the presence of thiophenol is commonly described in
the literature.5—7 We used the method of CdS preparation
by mixing of two lamellar lyotropic mesophases based
on the nonionogenic surfactant, monododecyl tetra-
ethylene glycol C;,H,;0(CH,CH,0),H(C;,EQ,), one
of which contained 0.1 M cadmium nitrate, and the sec-
ond mesophase contained an equivalent amount of sodi-
um sulfide

C12EO4/Cd(N03)2 + C12EO4/N32S —_—>
. CdS+2NaNOg + 2 C;,EO,.

The corresponding mesophases were obtained and
monitored by the methods similar to those described for

the lanthanide-containing lyotropic mesophases.? Nano-
particles of CdS were isolated by the treatment of the
reaction mixture followed by the precipitation of CdS in
a centrifuge, and the precipitate was washed with ether.
Nanoparticles of CdS in pyridine were mixed in an ultra-
sonic stirrer with poly(methyl methacrylate) (PMMA) in
an amount of 7% of the polymer weight. Then the suspen-
sion obtained was poured on a quartz support and dried at
60 °C. The resultant sample was a film 0.3 mm thick. The
absorption spectrum of the nanocomposite CdS—PMMA
exhibits a shift to the blue region compared to that of
a single crystal of CdS. This shift is due to the quantum-
dimensional effect characteristic of nanoparticles of semi-
conductor crystals.!® The size of the CdS nanoparticles is
2.5%0.2 nm as determined from the X-ray diffraction and
UV spectroscopic data.10:11

The photoluminescence (PL) spectra of the obtained
nanocomposite were studied on an automated optical spec-
trometer based on an MDR-12 monochromator. An LGI-21
pulse nitrogen laser (radiation wavelength 337 nm, pulse
frequency 50 Hz, pulse duration 12 ns) and a femtosecond
titanium—sapphire laser (Avesta-proekt) equipped with an
amplifier (radiation wavelength 790 nm, pulse frequency
3 KHz, pulse duration 50 fs) were used for PL excitation.
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The PL spectra excited at the wavelengths 337 and 790 nm
have a narrow intense band with a maximum at 529 nm.
In addition, the second harmonic at 395 nm is generated
in both samples when excited at 790 nm (Fig. 1, a). The
band maximum of the second harmonic lies at 405 nm,
which is due to re-absorption because of the great thick-
ness of the samples. Figure 1, » shows the plot of the
luminescence intensity (/) at the wavelengths 400 and
529 nm vs excitation energy density P at the wavelength
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Fig. 1. a. Luminescence spectra of CdS—PMMA upon laser
excitation at the wavelength A.,. = 337 (/) and 790 nm (2).
b. Luminescence intensity at 400 (/) and 529 nm (2) vs excita-
tion energy density. c¢. Absorption spectrum of CdAS—PMMA;
the absorption spectrum of PMMA is shown in inset (all data
were obtained at 300 K).

790 nm. These dependences correspond to the power func-
tion /y,,, ~ P", where n reflects the power of the multipho-
ton process.12 The value of n = 1.2 for the band at 400 nm
indicates the two-photon absorption process. We believe
that the difference of the value of » from 2 is caused by
a considerable effect of re-absorption at 400 nm. For the
band with a maximum at 529 nm, n = 3.4, which indicates
the processes of two- (395 nm), three- (263 nm), and four-
photon (197 nm) absorption upon excitation at the wave-
length 790 nm. Figure 1, ¢ shows that the region below
250 nm is a fundamental absorption band for the nano-
composite CdS—PMMA. Accordingly, the probability of
absorption in this region exceeds the probability of ab-
sorption in regions of 264 and 395 nm by at least an order
of magnitude. Note that PMMA absorbs in the same
region (see inset in Fig. 1, ¢); however, there is no PL
of PMMA at 300—600 nm. Probably, this peculiarity, as
well as a higher peak excitation intensity of a femtosec-
ond laser result in multiphoton processes of absorption
of CdAS—PMMA. A possible explanation of the three-
and four-photon processes is the multiphoton excita-
tion of PMMA in the region of fundamental absorption
and the energy transfer to CdS nanoparticles followed
by luminescence. The probability of direct excitation
of the CdS nanoparticles due to the three- and four-
photon absorption processes can be considered negligible
compared to the two-photon absorption. Note that the
mechanisms of the processes considered need further
detailed studies.

Thus, we assert that nonlinear processes of second har-
monic generation, multiphoton absorption, and lumines-
cence at 529 nm were observed in the nanocomposite
CdS—PMMA upon excitation by femtosecond pulses at
the wavelength 790 nm.

This work was financially supported by the Council on
Grants at the President of the Russian Federation (State
Program for Support of Leading Scientific Schools of the
Russian Federation, Grant NSh 6267.2010.2) and the
Russian Foundation for Basic Research (Project Nos 08-
03-00984a and 09-02-00136).

References

1. R. A. Ganeev, A. 1. Ryasnyanskiy, Sh. R. Kamalov, N. V.
Kamanina, Nonlin. Opt., 2002, 28, 263.

2. M. K. Kodirov, T. Usmanov, J. Phys. D: Appl. Phys., 2001,
34, 1602.

3. R. Adair, L. L. Chase, S. A. Payne, Phys. Rev. B, 1989,
39, 3337.

4. A. 1. Ryasnyanskii, B. Palpant, S. Debrus, Fiz. Tverd. Tela
[Solid State Physics], 2009, 51, 1 (in Russian).

5.C. H. Chou, H. S. Wang, K. H. Wei, J. Y. Huang, Adv.
Funct. Mater., 2006, 16, 909.

6.Y. Lin, J. Zhang, E. Kumacheva, E. H. Sargent, J. Materials
Sci., 2004, 39, 993.



Template synthesis of nanocomposite CdS Russ.Chem.Bull., Int. Ed., Vol. 60, No. 1, January, 2011 193

7.S. Tiwari, S. Tiwari, Cryst. Res. Technol., 2006, 41, 78. 11. S. S. Shiv, C. Sayandev, S. Murali, Phys. Chem. Commun.,
8. H. Yang, M. Yang, R. Guo, J. Dispersion Science Techno- 2003, 6(9), 36.

logy, 2005, 26, 477. 12. Y. R. Shen, The Principles of Nonlinear Optics, John Wiley
9. N. M. Selivanova, O. I. Gnezdilov, A. B. Konov, Yu. F. and Sons, New York, 1984.

Zuev, Yu. G. Galyametdinov, Izv. Akad. Nauk, Ser. Khim.,
2008, 495 [Russ. Chem. Bull., Int. Ed., 2008, 57, 506].

10. T. R. Ravindran, A. K. Arora, B. Balamurugan, B. R. Mehta, Received April 12, 2010;
NanoStructured Materials, 1999, 11, 603. in revised form October 24, 2010




	Letters to the Editor
	Template synthesis of nanocomposite CdS with nonlinear optical properties
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 605
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48760
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


