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INTRODUCTION 

In the modern gas analyses there is a natural tran-
sition to the thin films’ adsorptive sensitive elements 
with a perfectly developed physical surface based on 
oxide nanodimensional materials. One of such a ma-
terial is tin dioxide which has perfect sensitivity to 
a composition of a environmental atmosphere and 
chemical resistivity to a poisoning media. Transpar-
ent Tin dioxide films with nano sized grains may be 
applied as optical detectors of environmental com-
positions. It has become possible due to the noticed 
optical property of such films to answer the presence 
of different chemical compounds in the environment 
(both gaseous and liquid). 

The later circumstance defined the urgency of the 
detailed researches of such films’ optical properties. 

Among possible diagnostic methods the surface 
plasmons resonance phenomenon (SPR) is a unique 
one because it is a basis of the most sensitive meth-
ods applied for the registration of media dielectric 
functions changes. The application of polarized and 
modulated light for detecting of SPR in oxide materi-
als with nano grains is becoming proved and effective. 

The peculiarities of the SPR in the nanosized Tin 
dioxide films deposited on the surface of total internal 
reflection prism were investigated using the technique 
of modulation of polarized light radiation (PM). The 
research supposed the presence of electrons’ plasma in 
the obtained layers, which is indirectly confirmed by a 
property of a considerable electrons’ degeneration in 
the films. 

TECHNOLOGY OF SAMPLES 
PREPARATION AND THE INVESTIGATIONS 
TECHNIQUE 

Transparent nanodimensional Tin dioxide films, 
obtained using polymer materials as structuring addi-
tives and Tin containing precursor of SnO

2
 were used as 

samples. The samples’ preparation methods described 
in [1] had several stages: preparation of tin containing 
organic filler, preparation of the polymer material so-

lution, and introduction of tin containing compound 
into it. The resultant gel was deposited on a glass sub-
strate and annealed in a muffle furnace. Temperature 
(5000 C) and the annealing time (2 hours) were chosen 
as necessary parameters for both polymer and tin di-
oxide precursor decomposition. Thin tin dioxide layers 
with well developed nanostructure and considerable 
porosity were formed after the complete removal of de-
cay products by means of annealing both of polymer 
and tin dioxide containing precursor and also after the 
complete oxidation of the films up to tin dioxide.

The nanostructure of the films was determined at 
the AFM [2] investigations and the typical surface of 
such films (AFM image) is shown on Fig. 1. 

Fig. 1. The films investigated typical surface AFM image.

In the presented work the films were obtained from 
solutions having 0,03% of PVA as a structural additive 
and 1% of Tin containing SnO

2
 precursor. 

The total internal reflection on the border film-ex-
ternal environment was used as a detecting phenom-
enon. The theoretical evidence and the experimental 
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technique of the total internal reflection measurement 
are described in details in [3].

Fig. 2. The experimental equipment optical scheme for an-
gles  characteristics of a polarization difference measure-
ments using modulation of polarization: LGN- Helium-Neon 
Laser, PEM-photo elastic modulator of polarization, FP- the 
phase plate, p,s linear polarizations, azimuths of them are parallel 
and perpendicular to the plane of incidence, G-Glann  s 
prism, FD-photo detector, ôcr the total internal reflection criti-
cal angle, N0, N1,N2- refraction indices of glass, films, air cor-
respondingly.

The general optical scheme of the experimental 
equipment for measuring of both total internal reflec-
tion characteristics and polarization parameters differ-
ence is given at Fig.2. Hellium-Neon laser, LGN-113 
with the fixed wave lengths 0,63 mkm and 1,15 mkm 
is used as a source of linearly polarized radiation, to-
gether with monochromator MDR-4 with a halogen 
lamp KGM-150 at the input and the polarizer on the 
out let. A modulator of polarization –REM was used 
as a dynamic phase plate functioning in two regimes. 
In the both cases, by rotating the modulator round the 
optical axe of the measuring device, it’s position was 
chosen so, that the out let polarized radiation azimuth 
was parallel and perpendicular in turn to the plane of 
accident (p and s polarization, correspondingly ). 

After the interaction with the half cylinder and the 
surface of resonance sensitive Tin dioxide film, the ra-
diation was directed to photo detector, FD (Silicium 
or Germanium photodiode) which after absorption of 
radiation generates a signal comprising an alternative 
component. It is proportional to the reflection indi-
ces difference of p and s polarization of the detected 
radiation. 

Thus, the equipment with the modulation of po-
larized light permits to obtain not only the angle de-
pendant reflection indices R

s 
and R

p
 correspondingly, 

but also their difference,  R.  R factor is not a result 
of mathematical act, but is the physical value indepen-
dently and directly measured. 

The investigated films were deposited on glass 
substrates which permited to supplement the glass seg-
ment to a half cylinder, using the contact of a substrate 
with a segment by immersion liquid (glycerin). 

THE MEASUREMENTS RESULTS AND 
THEIR DISCUSSION 

All the three characteristics (R
s
, R

p 
and  R) for 

one of the samples are given at Fig.3 in relative, but 

comparable units. Wave length of the scanning radia-
tion, ! =630 nm.
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Fig. 3. Experimental dependencies for reflection indices Rs 
and Rp and their difference  R of the investigated samples. 

400 500 600 700 800 900 1000

-0,05

-0,04

-0,03

-0,02

-0,01

0,00

)*+,#(-.#"!

!# (-/

∆
R

, 
0
1
+
.
#
$

.

2'-"0 3 '"4, ". , nm

experimental
theoretical

!
R

,a
bs

.u
n.

Fig. 4. The polarization difference vs wave length at a fixed 
angle, which is more than critical.

The most interesting is the angles’ range where 
their values are more than critical ones where an in-
equality of R

s
 and R

p
 testifies about the broken total 

internal reflection, which is possible when an absorp-
tion has place in the sample. As soon as, the difference 
between R

s
 and R

p
 is registered on the background of 

considerable signals, then the big error is inevitable. 
This not favourable situation may be eliminated in a 
case when a polarization difference, which is measured 
relatively zero, may be amplified and, hence, fixed 
for sure. Thus, the polarization difference,  R=R

s
-

R
p
 certainly demonstrates the break of total internal 

reflection which change its sign at an angle equal to 
the critical one. It was a definite interest to retrace the 
differential difference dependence vs wave length at a 
fixed incidence angle which is more than critical. The 
experimental results at the incidence angle of 460 are 
shown at Fig.4 by the continues line in comparison 
with the theoretically calculated ones on the basis of 
Frehnels equations — by the broken line. The adjust-
ment parameters were refraction and absorption indi-
ces for the Tin dioxide film. 

As it is seen at Fig.4 the coincidence of experi-
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mental and theoretical results is more than satisfactory 
in the wave length range 500-1000 nm. It is appeared, 
that n and k are linearly and uniquely dependent on the 
wave length: n=1, 28+0,000005

*
!; k= 0,223-!/4700, 

! in nm. Changes of n or k on more than 5
*
10-3 gives 

the mismatch of experimental and theoretical data. 
Changes of k move a theoretical curve higher or 

lower the experimental one, but variation of n changes 
the theoretical curve’ slope. 

The reflective index values obtained in our work 
are in good agreement with other authors’ data [4]/ 

That is, the reflective index value obtained as a re-
sult of our samples investigation is within the indices 
values interval corresponding to indices of pure Tin 
dioxide (n=1,56) and for air (n=1,003).The pores ex-
istence was expected in the investigated layers which is 
resulted from polymers application at the films’ pro-
duction. Pores within the said technology are formed 
at polymer’s decay during the annealing procedure. 

Thus, the above discussed results confirm the con-
siderable sensitiveness of the method for our material’s 
optical parameters detecting. 

CONCLUSION 

The new technique for the Surface Plasmons 
Resonans parameters measuring by means of modu-
lation of polarized light was applied to nanosized Tin 
dioxide layers in order to obtain their optical indices. 

The system’s — porous layer of SnO
2
 reflection index 

showed its satisfactory agreement with other authors’ 
data. The obtained reflection index values character-
ize the object as a system of nanosize Tin dioxide with 
air pores. This result confirms the supposition of such 
pores presence in the films. 

The polarized light modulation method has high 
sensitivity for optical parameters detecting at Plas-
mons Resonans in the investigated layers and, hence, 
gives good perspectives in gaseous environment de-
tecting. Such a technique of PM in SPR of the layers 
is, besides all, is a perfect confirmation of electrons’ 
plasma presence in them. 
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ÎËÎÂÀ 

Ðåçþìå 
Ýêñïåðèìåíòàëüíî ñ ïðèìåíåíèåì ìåòîäèêè, îñíîâàííîé íà ïîëÿðèçàöèîííîé ìîäóëÿöèè (ÏÌ) èçëó÷åíèÿ, èññëåäî-

âàíû îñîáåííîñòè ïîâåðõíîñòíîãî ïëàçìîííîãî ðåçîíàíñà (ÏÏÐ) â íàíîðàçìåðíûõ ïëåíêàõ äèîêñèäà îëîâà, íàíåñåííûõ 
íà ïîâåðõíîñòü ïðèçìû ïîëíîãî âíóòðåííåãî îòðàæåíèÿ. Èññëåäóåìûå ñëîè ÿâëÿþòñÿ ñî÷åòàíèåì ïîëèêðèñòàëëè÷åñêèõ 
íàíîðàçìåðíûõ çåðåí ñ âîçäóøíûìè ïîðàìè, ÷òî ïîäòâåðäèëî ïåðâîíà÷àëüíîå ïðåäïîëîæåíèå î çíà÷èòåëüíîé ïîðèñòîñòè 
ïîëó÷åííûõ ñ èñïîëüçîâàíèåì ïîëèìåðîâ ïëåíîê äâóîêèñè îëîâà. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î çíà÷èòåëüíîé 
÷óâñòâèòåëüíîñòè ìåòîäà ÏÌ â îïðåäåëåíèè îïòè÷åñêèõ ïàðàìåòðîâ ìàòåðèàëà. 

Êëþ÷åâûå ñëîâà: ïîëÿðèçàöèîííàÿ ìîäóëÿöèÿ, òîíêèå ïëåíêè, äâóîêèñü îëîâà. 
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Ðåçþìå 
Åêñïåðèìåíòàëüíî ³ç çàñòîñóâàííÿì ìåòîäèêè, çàñíîâàíî¿ íà ïîëÿðèçàö³éí³é ìîäóëÿö³¿ (ÏÌ) âèïðîì³íþâàííÿ, äîñë³ä-

æåí³ îñîáëèâîñò³ ïîâåðõíåâîãî ïëàçìîííîãî ðåçîíàíñó (ÏÏÐ) ó íàíîðîçì³ðíèõ ïë³âêàõ ä³îêñèäó îëîâà, íàíåñåíèõ íà ïî-
âåðõíþ ïðèçìè ïîâíîãî âíóòð³øíüîãî â³äáèòòÿ. Äîñë³äæóâàí³ øàðè º ñïîëó÷åííÿì ïîë³êðèñòàë³÷íèõ íàíîðîçì³ðíèõ çåðåí 
ç ïîâ³òðÿíèìè ïîðàìè, ùî ï³äòâåðäèëî ïåðâ³ñíå ïðèïóùåííÿ ïðî çíà÷íó ïîðèñò³ñòü îòðèìàíèõ ç âèêîðèñòàííÿì ïîë³ìåð³â 
ïë³âîê äâîîêèñó îëîâà. Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî çíà÷íó ÷óòëèâ³ñòü ìåòîäó ÏÌ ó âèçíà÷åíí³ îïòè÷íèõ ïàðàìåòð³â 
ìàòåð³àëó. 

Êëþ÷îâ³ ñëîâà: ïîëÿðèçàö³éíà ìîäóëÿö³ÿ, òîíê³ ïë³âêè, äâîîêèñ îëîâà. 


