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A methodology, technique, and research results for the synthesis of films on a glass surface upon
irradiation of aqueous solutions of copper sulfate with laser radiation are presented. The studies used the
radiation of a yttrium-aluminum garnet laser, its second harmonic and the radiation of a semiconductor
laser. Solutions with different concentrations of copper sulfate were used. The structure and and
characteristics of the control films obtained as a result of drying solutions without exposure to laser
radiation. Films synthesized under the action of laser optical characteristics of the films obtained in this
case are compared with the structure radiation have both ordered and disordered structures. The
characteristic dimensions of the structural elements of these films are 0.5-2 microns. For solutions with
low concentrations, the density of the coating of glass substrates with films obtained under the action of
laser radiation is much higher than the density of the coating with control films. The transmissions of the
films were studied in the spectral range 300-1200 nm. It was found that the transmission of films obtained
under the action of laser radiation and control films differ.
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1. INTRODUCTION

Micro- and nanostructures synthesized on the
surface of solids are now widely used in highly
dispersed systems, in particular, adsorbents, catalysts,
fillers of composite materials, membranes, and a number
of other low-dimensional systems with quantum effects
[1]. The creation of such structures on the surface of
dielectrics and metals is carried out by various chemical
and physical methods [2-14]. Among the physical
methods for structuring the surface of metals, dielectrics,
and semiconductors, a special place is occupied by laser
methods, when nano-, pico- or femptosecond radiation
directly acts on the surface of a solid body in air or other
gaseous medium [10-13]. Another application of a laser
for surface nanostructuring can be laser-assisted
deposition from a salt solution, which is placed on the
surface of a solid [14].

It should be noted that the characteristics of a
structured and modified surface and the mechanisms of
its  structuring when using laser-stimulated
evaporation of salt solutions from the surface of solids
are currently poorly studied and are of interest for a
more detailed study with a view to their practical use.

In this regard, we studied the process of formation
of surface structures and their optical characteristics
during laser-stimulated evaporation of CuSOs salt
solutions in distilled water from the surface of a glass
substrate in air at atmospheric pressure.

The methodology, technique and results of these
studies are presented in this article.
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PACS numbers: 79.20.Ds, 79.20.EDb,
81.07.b, 81.16.c, 81.16.Rf

2. EXPERIMENTAL METHOD AND TECHNIQUE

For the synthesis of films from an aqueous solution
of copper sulphate (CuSO4), a setup was used, the
scheme of which is shown in Fig. 1.
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Fig. 1 — Scheme of the experimental setup: 1 — Source of laser
radiation; 2 — Diffusing lens; 3 — Turn prism; 4 — Piece table;
5 — Glass plate; 6 and 7 — Identical drops of copper sulphate
solution; 8 — Laser radiation

After leaving the laser source 1, the radiation was
directed vertically down to the object stage 4 using a
rotary prism 3. Glass plate 5 was placed on it with two
drops 6 and 7 of an aqueous solution of CuSOsof the same
concentration, almost identical in volume and size. During
the experiment, one of these drops (6) was irradiated with
laser radiation, while the other (7) remained the control
one (it was not irradiated with laser radiation and dried
up under normal atmospheric conditions). Diffusing lens 2
was used in the experiment to increase the diameter of
the laser beam to the diameter of the solution spots on the
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glass substrate.

In various studies, we used the fundamental
radiation of a yttrium aluminum garnet laser (LIAG),
its second harmonic (SGLIAG), as well as radiation of a
semiconductor laser (SL). The yttrium-aluminum
garnet laser emitted pulses of infrared light with a
wavelength of 4=1060 nm. The laser pulse duration
was 40 ns. The laser pulse repetition rate was 1 Hz.
Generation was carried out on one transverse and
many longitudinal modes. In this case, the laser pulse
had Gaussian space and time distributions. The
radiation from the generator was directed to an
amplifying stage, which consisted of three single-pass
laser radiation amplifiers. The energy in the laser pulse
after amplification was 5 x 10-2 J. The polarization of
the laser radiation was linear.

The second harmonic (1=530nm) was obtained
from the fundamental radiation of the LIAG using a
KDP crystal. The conversion efficiency was 15 %. In
this case, the energy in the pulse was 7.5 x 10-4J, and
the pulse duration was 30 ns.

A continuous-wave semiconductor laser emitted
blue light with a wavelength of A=445nm with an
average power of 500 mW.

The conditions for
summarized in Table 1.

conducting research are

Table 1 — Conditions for experimental studies of film
synthesis: P is the average power density of laser radiation on
the surface of the sample under study (for LIAG and SGLIAG
radiation, within a pulse of 40 and 30 ns, respectively); N is
the concentration of the solution; n is the number of solution
drops in the samples under study

Conditions | Radiation A, P, W/m? N, n
nm %

A SGLIAG 530 2.2 x 109 20 | 8

B SL 445 50 1,56 | 5

C SL 445 50 1,6 | 2

D LIAG 1060 | 1.5 x 1010 1 5

3. STRUCTURE OF FILMS

Using a device consisting of an optical microscope
and a camera, photographs were taken of films formed
as a result of the drying of control spots, as well as
films formed from spots under the action of laser
radiation. About 20 photographs were taken of
different parts of the surface, corresponding to the
central parts of the films. In the case of films
synthesized under the action of laser radiation,
radiation with a maximum intensity hit in these parts.
The films were illuminated in the microscope by the
radiation of incandescent lamp.

Fig. 2 shows photographs containing the characteristic
features of the respective films. The total magnification of
the photographic device used was 1500. The widths of the
photographs shown in Fig. 2. corresponding to the size of
2 um on the respective films.

As follows from Fig. 2, in all cases the structure of
the films obtained under the action of laser radiation
differs significantly from the structures of the control
films. Let us consider the main features of the
structures of the acquired films.

Let us first consider the films obtained for a
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solution concentration of 20 % (experimental conditions
A in Table 1). The control film (b) consists of randomly
distributed relatively small crystals. In this case, the
surface of the glass substrate is completely covered
with these crystals. Let us now consider a film obtained
for the same solution concentration under the influence
of laser radiation (a). To obtain it, SGLIAG radiation
was used. This film consists of fairly large crystals. In
this case, the coating density of the glass substrate is
relatively insignificant — there are rather large areas
on the glass surface that are not covered with crystals.

As for the films obtained for low solution
concentrations (see conditions B; C; D in Table 1), in all
cases the control films contain relatively small crystals.
The smallest crystal sizes occur for solution
concentration N=1 % (case D). The coating density of
glass substrates in these cases is negligible.

The films that were synthesized under the action of
laser radiation for these solution concentrations
contain flat elongated leaf-shaped structures of rather
large sizes. The sizes of these structures are 0.5-3 pm.
The coating density of glass substrates with these
structures is much higher than for control films.

4. TRANSMISSION SPECTRA OF THE FILMS

We have studied the transmission spectra of the
obtained films. These spectra were measured in the
wavelength range of 300-1200 nm using a spectral
complex assembled on the basis of an MDR-23
monochromator. A detailed procedure for studying light
transmission by films using this setup is given in [15].

We have studied the integrated transmission of
films — the transmission of sections of films with a
diameter of approximately 3-4 mm, which correspond
to the central parts of the films. It is obvious that a
large number of objects of the film structure, shown in
Fig. 2, fall into these areas.

Studies were carried out for four sections of the
spectrum, partially overlapping with each other: 300-
500 nm; 400-800 nm; 700-1000 nm and 900-1200 nm. This
is due to the use of various lamps (hydrogen lamps and
incandescent lamps), as well as various types of diffraction
gratings and photomultiplier tubes (PMT) for research in
different parts of the radiation spectrum. In these studies,
the wavelength step was 2nm, and the width of the
spectrum of the incident type of radiation was 0.2 nm. The
results of these investigations of the transmission spectra
are shown in Fig. 3.

Obviously, shown in Fig. 3 spectra include both the
transmission of the films themselves and the transmission
of glass, the emission spectrum of the light source and the
sensitivity of the PMT, and the spectrum of the
corresponding glass substrate — the transmission of the
glass, the emission spectrum of the light source and the
sensitivity of the PMT. Therefore, to obtain data on the
transmission spectra of the films themselves, it is
necessary to divide the data on the transmission spectra of
films on glass by the data on the transmission spectrum of
glass. The transmission spectra of the films themselves
obtained as a result of such a procedure are shown in
Fig. 4. “Stitching” of the data obtained for four parts of the
spectrum into one dependence was carried out for
wavelengths of 450; 750 and 950 nm.
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D

Fig. 2 — Photographs of films synthesized under the action of laser radiation (a) and control films (b). Oblique uppercase letters
correspond to the experimental conditions in which the films were obtained (see Table 1)
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Based on the above procedure for processing the
obtained results, the transmission level equal to 1 in
Fig. 4 corresponds to the transmission level of the glass
substrate. Accordingly, the data for the films in this
figure are given in relation to the transmission of the
glass substrate.

As follows from Fig. 4, the transmission of both
control films and films obtained under the action of
laser radiation in most of the studied spectral range is
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Fig. 3 — Dependences of the transmission (T) of films on glass
substrates, as well as glass substrates, on the wavelength ()
of radiation for different parts of the spectrum. Dashed curves
and arrows correspond to control films, and solid curves
correspond to films formed under the action of laser radiation
and a glass substrate. Oblique uppercase letters correspond to
the experimental conditions in which the films were obtained
(see Table 1)
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Fig. 4 — Transmission spectra of films. Dashed curves and arrows
correspond to control films, and solid curves correspond to films
formed under the action of laser radiation. Oblique uppercase
Latin letters correspond to the experimental conditions in which
the films were obtained (see Table 1)

practically independent of the wavelength. Only in the
regions A<500nm and A>1000nm is there a
significant dependence of the transmission on the
wavelength.

In the region 4> 1000 nm, the transmission of all
films increases with increasing wavelength. In the
region A < 500 nm, the nature of the dependences of the
transmission on the wavelength is different for the
films obtained under different conditions.

Thus, the transmission of both films obtained for
the solution concentration N =20 % (A) in the region
A <500 nm does not depend on the wavelength. For
films obtained under conditions C, in the indicated
region of the spectrum, a monotonous increase in
transmission occurs with increasing wavelength, and in
the transmission of films obtained under conditions B
and D, minima occur in the vicinity of A= 340 nm. It
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should be noted that for the films obtained under the
action of laser radiation, these minima are smoothed in
comparison with the minima corresponding to the
control films.

A comparison of the transmission of control films
and synthesized films under the action of laser
radiation also showed the following. For conditions A
(N =20 %), the transmission of the film obtained under
the action of laser radiation in the entire spectral
region under study was significantly (approximately
2-3 times) greater than the transmission of the control
films.

For all other conditions (for low solution
concentrations), the transmission of the films
synthesized under the action of laser radiation was
lower than the transmission of the control films. The
greatest difference (by a factor of 1.5) took place for
films obtained on the basis of a solution with a
concentration of N =1 % (conditions D).

This situation with the transmission of control films
and films obtained under the action of laser radiation is
in good agreement with the structure of the
corresponding films (Fig. 2). Thus, for conditions A, the
coating density of the glass substrate in the case of the
control film was significantly higher than in the case of
the film synthesized under the action of laser radiation.
And, accordingly, the transmission of the control film is
much less than the transmission of the film formed
under the action of laser radiation. For all other
conditions (B, C and D), the density of the substrate
coating in the case of control films is much less than in
the case of films obtained under the action of laser
radiation. Accordingly, the transmission of control films
for these conditions is greater than the transmission of
films formed under the action of laser radiation.
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5. CONCLUSIONS

We studied the process of film synthesis as a result
of exposure to a solution of copper sulphate in distilled
water with different concentrations of radiation from
different lasers. In this case, a number of films were
obtained. The structure of the films obtained under the
influence of laser radiation differed from the structure
of the control films. It was found that the coating densi-
ty of glass substrates with films obtained under the
action of laser radiation from solutions with a low salt
concentration was significantly higher than the coating
density with control films. The size of the elements of
the film structures obtained under the action of laser
radiation was 0.5-2 pm.

Studies of the transmission spectra for the spectral
region 300-1200 nm showed that both the control films
and the films synthesized under the action of laser ra-
diation were generally transparent. Their transmission
weakly depended on the wavelength of light. At the
same time, the average transmission values of the films
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transmission of the film obtained under the action of
laser radiation is greater than the transmission of the
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on the contrary, the transmission of the films obtained
under the action of laser radiation is less than the
transmission of the control films. Such behavior of the
transmission of films correlates well with the density of
coating of glass substrates by these films.

On the whole, the results of our studies presented in
this work indicate the fundamental possibility of ob-
taining relatively transparent structured films with
different optical properties by irradiating solutions of
chemical compounds with laser radiation.
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CuHTE3 NOBEPXHEBUX CTPYKTYP HNPH JIa3€PHO-CTUMYJIHOBAHOMY BUNAPOBYBaHHI
PO3YHHY MiJHOr0 KyIopoCy B AWCTHJILOBAHil BOOi

LI Borgap!, B.B. Cypan!, O.11. Miusa!, O.K. Illyai6os!, I.B. Illeepal, A.O. Maininal,
B.M. Kpacununens?

1 Vowceopoocvruil nayionanvrull yrnisepcumem, na. Hapoona, 3, 88000 Yaczopoo, Yrpaina
2 Inemumym enexmponnoi isuku HAH Vrpainu, eyn. Yuisepcumemcora, 21, 88000 Yoceopood, Yrpaina

Hasemeno meToauky, TeXHIKY, 1 pe3yJIbTaTH IOCIIIKEHb CHHTE3y ILIIBOK HA IIOBEPXHI CKJIA IIPH OIPO-
MIHEHH] BOJHUX PO3UUHIB MiJHOI0 KYIIOPOCY JIA3€PHUM BUIIPOMIHIOBAHHSIM. B HOC/TIIKEHHIX BUKOPHCTOBY-
BAJIOCSI BUIIPOMIHIOBAHHS Jiadepa Ha ITpii-aloMIHIEBOMY IpaHAaTi, HOro Apyra rapMOHIKA TAa BHUIIPOMIHIO-
BAHHS HAIIBIIPOBIIHIKOBOIO Ja3depa. 3aCTOCOBYBAJIUCS PO3YMHU 3 PI3HOK KOHIIEHTPAINIEI MITHOTO KYIIOpPO-
cy. CrpykTypa Ta OITUYHI XapaKTePUCTUKY OTPUMAHUX IIPU IIHOMY ILTIBOK IIOPIBHIOITHCS 31 CTPYKTYPOIO Ta
XapaKTepUCTUKAMU KOHTPOJIBHUX IUIIBOK, OTPUMAHNX B PE3yJIbTAaTl BUCUXAHHS PO3YMHIB 0e3 BILIUBY Jiase-
pHoro BurpoMiHwoBaHHA. CHHTE30BaHI IIiJ] i€ JIa3ePHOTO BUIIPOMIHIOBAHHS ILIIBKA MAKThH SK BIOPSIIKO-
BaHY, TaK 1 HEBIIOPSAIKOBAHY CTPYKTYPY. XapakTepHl pO3MipU CTPYKTYPHHUX eJIeMeHTIB IIUX IIIIBOK CKJIaaa-
o1h 0,5-2 MrMm. Jj19 po3unHIB 3 HEBEJMKUMH KOHIIEHTPAISMU IIIJIBHICTh TOKPUTTS CKJISHUX IIKJIAT0K
IJIIBKAMU OTPUMAHUMU I TI€I0 JIa3ePHOT0 BUIIPOMIHIOBAHHS 3HAYHO OL/IbINIA HI%K IIUIBHICTH IIOKPUTTS KO-
HTPOJIBHUMHY ILTIBKaMu. Jloc/TiiskeHO mpoIryckaHHs IUTIBOK B obiacti cierrpy 300-1200 um. Bussiero, 1o
IPOILyCKAHHS IJIIBOK, OTPIMAHUX IIiJ] €0 JIa3ePHOr0 BUIIPOMIHIOBAHHS T4 KOHTPOJIBHUX ILTIBOK BiIpi3H-
FOTBCSI MI3K CO00I0.

Kimouosi ciosa: JlasepHo-cTuMyibOBaHe BUIIAPOBYBaHHsA, JlazepHe BUIIPOMiHIOBAaHHA, BomHuil posumu
MigHoro kymopocy, Ilmisku, YnopsakoBasa crpykrypa, CIekTpu IMpoIyCcKaHHI.
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