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Ellipsometric diagnostics of hybrid organic-inorganic films of copper thiocyanate CuSCN with stilbazo-

lium dye of different concentrations was carried out. The investigated samples with 4-(N,N-dimethyl-

amino)-4′-(N′-methyl) stilbazolium tosylate concentrations of 0, 25, 250 and 1000 mol/dm3 were deposited 

on F-doped tin oxide substrate. To characterize the optical properties of hybrid organic-inorganic films, the 

angular dependences of such ellipsometric parameters as the phase shift Δ between p- and s-components of 

the polarization vector and the azimuth Ψ of the restored linear polarization were measured within a wide 

range of light incidence angles. Due to their angular dependences, the principal angle p of light incidence 

and the value of tgmin were determined. To characterize the electronic properties of the subsurface layers 

of the investigated hybrid organic-inorganic films, the refractive n and absorption k indices and the optical 

conductivity  were defined according to the semi-infinite medium approximation. It was found that an in-

crease in the concentration of stilbazolium dye in hybrid organic-inorganic films from 25 to 250 mol/dm3 

leads to an increase in the principal angle of light incidence and the refractive index. However, the behav-

ior of the ellipsometric parameters of a film with a maximum dye concentration of 1000 μmol/dm3 cannot 

be explained only by an increase in the dye concentration. It was assumed that this modification of the op-

tical properties of hybrid organic-inorganic films with a maximum dye concentration is associated with a 

structural phase transition from the rhombohedral -phase to the orthorhombic α-phase of CuSCN at high 

dye concentrations, which is confirmed by X-ray diffraction data presented in other works. It is concluded 

that there is no optical anisotropy of the subsurface layers of the studied samples. 
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1. INTRODUCTION 
 

The combination of inorganic and organic substanc-

es can significantly expand the possibilities for creating 

new materials. Hybrid inorganic/organic films with 

new functional properties are promising materials for 

practical use. Unlike composites, which are formed to 

simultaneously exploit the best physical properties of 

each component, hybrid films, due to the chemical in-

teraction between organic and inorganic components, 

can be formed into structures with completely new 

properties. In particular, they can simultaneously have 

high strength, ductility, high corrosion resistance and 

be sound and heat insulating material. Also, nanostruc-

tured hybrid organic-inorganic films, in which one of 

the components is an organic dye, can be used as a ma-

terial for solar panels. As a result of the so-called elec-

trochemical self-assembly process, the inorganic com-

ponent becomes porous with a large surface area, but 

retains its single crystal structure and, thus, is ideal as 

a photoanode material in solar cells [1]. 

In [2, 3], the optical and structural properties of hy-

brid organic-inorganic CuSCN films with stilbazolium 

dye (4-(N,N-dimethylamino)-4′-(N′-methyl) stilbazolium 

tosylate (DAST) were studied by optical spectroscopy, 

photoluminescence, X-ray diffraction and scanning 

electron microscopy. Using X-ray diffraction, it was 

found that at high concentrations of DAST dye there is 

the structural phase transition from the rhombohedral 

-phase to the orthorhombic α-phase of CuSCN. Using 

the method of scanning electron microscopy, it was 

shown that a change in the dye concentration leads to a 

sharp change in the morphology of the film. At a dye 

concentration of 250 mol/dm3, a unique nanostructure 

similar to a "comb" appears. In this case, DAST in the 

form of a separate phase fills in the gaps between the 

"teeth of the comb". An analysis of the obtained absorp-

tion spectra allowed the authors of [2] to detect a blue 

shift of the absorption maximum (from 499 nm at 

DAST = 50 μmol/dm3 to 487 nm at DAST = 

500 mol/dm3). A narrowing of this maximum was also 

observed with increasing dye concentration. These 

changes in the optical properties were associated with a 

greater ordering of the dye structure. 

To obtain hybrid films with controlled properties it 

is necessary, first of all, to investigate these properties 

by various experimental techniques. Ellipsometry has 

proven to be an effective method for studying the opti-

cal properties and parameters of thin films as it is a 

highly sensitive non-contact and therefore non-

destructive technique [4]. 

The aim of the work was to study by ellipsometric 

method the optical properties of hybrid organic-

inorganic films of copper thiocyanate CuSCN with 

stilbazolium dye of different concentrations obtained in 

the process of electrochemical self-assembly. 
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2. SAMPLES AND RESEARCH METHODS 
 

Hybrid organic-inorganic films of copper thiocya-

nate CuSCN with stilbazolium dye of different concen-

trations were deposited on F-doped tin oxide substrate. 

Accordingly, these samples had varying degrees of red 

color. One sample was a transparent CuSCN film on 

the substrate (#1). The concentration of stilbazolium 

dye, namely 4-(N,N-dimethylamino)-4′-(N′-methyl) stil-

bazolium tosylate (DAST), of other three samples was 

25 (#2), 250 (#3) and 1000 (#4) μmol/dm3. This organic 

component was combined with inorganic CuSCN dur-

ing electrodeposition fabrication. This process is called 

electrochemical self-assembly [2]. As a result, a hybrid 

organic-inorganic film was formed on the substrate 

surface: an electrochemically self-assembled CuSCN/ 

stilbazolium dye hybrid thin film. The thickness of the 

film samples was about 800 nm. The process of produc-

tion of these samples is described in detail in [2, 3]. 

Optical polarization measurements were carried out 

using an LEF-3M-1 laser ellipsometer at a wavelength 

of 632.8 nm under atmospheric conditions. For hybrid 

organic-inorganic films of copper thiocyanate CuSCN 

with stilbazolium dye, such ellipsometric parameters as 

the phase shift Δ between p- and s-components of the 

polarization vector and the azimuth Ψ of the restored 

linear polarization [4] were measured in the wide range 

of angles  of the light incidence. All angular depend-

ences of the ellipsometric parameters cos() and 

tg() of the investigated samples were analyzed and 

the principal angle p (cos = 0) of light incidence and 

the minimum value tgmin were obtained. The errors in 

determining the ellipsometric parameters were 

p =  0.1 and tgmin =  0.01, respectively. 

To estimate the electronic properties of the surface 

layers of the investigated hybrid organic-inorganic 

films of copper thiocyanate CuSCN with stilbazolium 

dye of different concentrations, the optical conductivity 

 was calculated according to the semi-infinite medium 

approximation: 
 

n = sinptgpcos2p, 

k = sinptgpsin2p, 

 = nkc/, 
 

where n is the refractive index, k is the absorption in-

dex, c is the light speed,  is the optical conductivity, p 

is the principal angle, p is the azimuth  at p. 

In [5, 6], ellipsometry has proven to be an effective 

method for diagnosing optical anisotropy in the subsur-

face layers of materials. Therefore, in this work, the 

dependences of the ellipsometric parameters cos and 

tg on the azimuthal angle  of rotation of the studied 

samples in their own planes at a certain angle of light 

incidence were also measured. The samples were rotat-

ed in their own planes with an interval of 5-10. 

 

3. RESULTS AND DISCUSSION 
 

The angular dependences of the ellipsometric pa-

rameters cos and tg obtained for all investigated 

samples of hybrid organic-inorganic films of copper 

thiocyanate CuSCN with stilbazolium dye are shown in 

Fig. 1. It is seen that the behavior of the cos() and 

tg() curves for sample #1 (copper thiocyanate 

CuSCN film without stilbazolium dye) strongly differs 

from the behavior of ellipsometric parameters for the 

other three samples (#2, #3, and #4) of hybrid organic-

inorganic films of copper thiocyanate CuSCN with 

stilbazolium dye. In particular, a minimum is observed 

on the cos() curve for sample #1 at an angle of light 

incidence of 61. 
 

 

 a 
 

 

 b 
 

Fig. 1 – Dependences of cos() (a) and tg() (b) of hybrid 

organic-inorganic films of copper thiocyanate CuSCN with 

stilbazolium dye of different concentrations; q: q = 0 (curve 1), 

q = 25 mol/dm3 (curve 2), q = 250 mol/dm3 (curve 3), and 

q = 1000 mol/dm3 (curve 4) 
 

Table 1 – The values of ellipsometric and optical parameters 
of hybrid organic-inorganic films of CuSCN copper thiocyanate 

with stilbazolium dye of different concentrations 
 

q,  

mol/dm3 
p,  tgmin n k , 1014 s – 1 

25 56.26 0.092 1.22 0.24 1.39 

250 57.71 0.094 1.31 0.25 1.55 

1000 62.23 0.026 1.68 0.10 0.80 
 

Probably, the cos() and tg() curves have such a 

form due to the large thickness of the transparent 

CuSCN film and the presence of interference effects. 

Thus, the values of p, tgmin, n, k and  were obtained 

for samples #2, #3, and #4 only (Table 1). 

One can see that for the hybrid CuSCN-DAST film 

with the lowest dye concentration of 25 mol/dm3, there 

is a smooth dependence of the ellipsometric parameters 

on the angle of light incidence (Fig. 1). 

Similar angular dependences of the ellipsometric 
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parameters were obtained for sample #3 with a dye 

concentration of 250 mol/dm3. But for sample #3, a 

certain increase in the principal angle of light incidence 

and the value of the angular position of the minimum 

azimuth of linear polarization by about 1.5 is observed 

compared to sample #2. Such an increase in p for a 

weakly absorbing medium, namely, the studied films at 

a wavelength of 632.8 nm, can be explained primarily 

by an increase in the refractive index due to an in-

crease in the dye concentration. 

From Fig. 1, it is seen that the behavior of the ellip-

sometric parameters for sample #4 with a maximum 

dye concentration of 1000 mol/dm3 differs significantly 

from the one for samples #2 and #3. First, the phase 

shift is characterized by a sharper change from – 1 to 

+ 1 near the principal angle, and second, the value of 

the azimuth of the restored linear polarization in the 

minimum decreases more than 3 times compared to the 

similar values for samples #2 and #3. 

That is, sample #4 in its optical properties is closer 

to an ideal dielectric than samples #2 and #3. The value 

of optical conductivity for sample #4 is also significant-

ly lower compared to samples #2 and #3. This behavior 

of the ellipsometric and optical parameters of the hy-

brid CuSCN-DAST film cannot be explained only by an 

increase in the dye concentration. 

Using X-ray diffraction, it was found [2, 3] that at 

high concentrations of DAST (approximately 700-800 

μmol/dm3) there is a structural phase transition from 

the rhombohedral -phase to the orthorhombic α-phase 

of CuSCN in hybrid CuSCN-DAST films. It is likely 

that significant changes in the optical properties of the 

investigated sample #4 with a high dye concentration of 

1000 μmol/dm3 are also associated with similar changes 

in the structure of the hybrid CuSCN-DAST film, and 

not only with changes in the dye concentration. 

In this work, ellipsometric diagnosis of the optical 

anisotropy of the studied hybrid organic-inorganic 

CuSCN-DAST films was also performed. In Fig. 2b, the 

dependences of the ellipsometric parameters cos and 

tg on the azimuthal angle  of rotation of sample #3 

in its own plane are presented at an angle of light inci-

dence of 58. It is seen that the ellipsometric parame-

ters do not change significantly when the azimuthal 

angle  changes. Similar dependences of the ellipso-

metric parameters were obtained for other samples of 

the investigated films. Therefore, optical anisotropy for 

the studied samples of hybrid organic-inorganic 

CuSCN-DAST films was not observed. 

 

4. CONCLUSIONS 
 

It was found that the behavior of the ellipsometric 

 
 a 
 

 

 b 
 

Fig. 2 – Dependences of cos (a) and tg (b) on the azimuthal 

angle of rotation  of sample #3 in its own plane at an angle of 

light incidence of 58 
 

and optical parameters of hybrid organic-inorganic 

CuSCN-DAST films with low dye concentrations (sam-

ple #2 (25 μmol/dm3) and sample #3 (250 μmol/dm3)) 

can be associated with changes in the dye concentra-

tion. Namely, its growth for sample #3 leads to an in-

crease in the principal angle of light incidence and the 

refractive index. 

It was established that changes in the optical prop-

erties of the hybrid organic-inorganic CuSCN-DAST 

film with a high dye concentration of 1000 μmol/dm3 

are associated not only with an increase in the dye con-

centration, but also with the structural phase transi-

tion from the rhombohedral -phase to the orthorhom-

bic α-phase of CuSCN. 

It was found that the investigated samples of hybrid 

organic-inorganic CuSCN-DAST films are optically 

isotropic. 
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Проведено еліпсометричну діагностику гібридних органічно-неорганічних плівок тіоціанату міді 

CuSCN зі стільбазолієвим барвником різної концентрації. Досліджені зразки з концентраціями барв-

ника 4-N,N-диметиламіно-4′-N′-метил-стільбазоліум тозілат, що дорівнювали 0, 25, 250 та 

1000 мкмоль/дм3, було нанесено на підкладки з оксиду олова, допованого фтором. Для характеризації 

оптичних властивостей гібридних органічно-неорганічних плівок вимірювались кутові залежності та-

ких еліпсометричних параметрів як зсув фаз  між p- та s-компонентами вектора поляризації та ази-

мут  відновленої лінійної поляризації в широкому інтервалі кутів падіння світла. З їх кутових зале-

жностей визначались головний кут падіння світла p та величина tgmin. Для характеризації елект-

ронних властивостей досліджених гібридних органічно-неорганічних плівок було визначено показни-

ки заломлення n і поглинання k та оптичну провідність  у моделі напівнескінченного середовища. 

Знайдено, що зростання концентрації стільбазолієвого барвника в гібридних органічно-неорганічних 

плівках з 25 до 250 мкмоль/дм3 призводить до збільшення головного кута падіння світла та показника 

заломлення. Але поведінку еліпсометричних параметрів для плівки з максимальною концентрацією 

барвника 1000 мкмоль/дм3 не можна пояснити лише збільшенням концентрації барвника. Ймовірно, 

така модифікація оптичних властивостей гібридних органічно-неорганічних плівок з максимальною 

концентрацією барвника пов’язана зі структурним фазовим переходом від ромбоедричної -фази до 

орторомбічної α-фази CuSCN при високих концентраціях барвника, що підтверджується даними диф-

ракції рентгенівських променів у інших роботах. Зроблено висновок про відсутність оптичної анізот-

ропії приповерхневих шарів плівок. 
 

Ключові слова: Органічно-неорганічні плівки, Оптичні властивості, Еліпсометрія, Оптична анізотропія. 


