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The preliminary results on the formation of Langmuir-Blodgett (LB) multilayers and following sulphidization are 
presented. Well-known techniques to visualise the morphology, assess optical characteristics, thickness and chemical 
composition of mono- and multilayers on different substrates (atomic force microscopy, ellipsometry and X-ray 
photoelectron spectroscopy) were used to analyze produced multilayer structures. It is shown that roughness of the 
produced metallorganic layers containing Ni and Cu depends on the roughness of the substrate (Si, PET, SiO2), number 
of layers as well as on the following sulphidization procedure. 
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1. INTRODUCTION∗ 

The microelectronics and optical industries require the 
manufacture of complex thin-film structures with precise 
order, composition, and thickness [1 – 4]. The oldest 
method for manufacturing thin organized monolayers is the 
Langmuir-Blodgett (LB) technique. An insoluble mono-
layer of typically a long chain fatty acid or phospholipid is 
spread on water and with care and luck can be transferred 
to a solid substrate (Fig. 1).  

 
                           a                                                 b 

Fig. 1. Schematic illustration of LB deposition (Y type LB 
layers). Sticks represent the hydrophobic ends of the 
molecules and circles represent the hydrophilic ends of 
the molecules. The grey rectangle represents the substrate. 
(a) As the substrate passes through the surface, 
hydrophobic ends stick to the hydrophobic substrate (e.g., 
glass slide). (b) As the substrate is withdrawn hydrophilic 
ends stick to the hydrophilic ends of the deposited film [1] 

Depending on the material, substrate and deposition 
speed, LB multilayers can have various structures and can 
be classified into three basic categories: X, Y and Z type 
(Fig. 2). Applications of LB films have proved to be elu-
sive, due to their fragility but we can use them principally 
as model systems, for example, in the fabrication of 
biomembranes (Fig. 2, Y type), and for studying 
templating of materials. However, if we sulphidate or 
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oxidize obtained LB layers, we can get more applicable 
thin films, that can be useful components in many practical 
and commercial applications such as sensors, detectors, 
displays and electronic circuit components [5 – 7]. High 
thickness resolution and low cost of the technology allow 
considering it as very perspective method for the 
applications, where ultrathin semiconductor layers must be 
used, such as electronics and optoelectronics [3]. 
 

   
X type Y type Z type 

Fig. 2. Three basic categories of LB structures: X, Y and Z type 
[1] 

The prevalence of using the LB technique is due to its 
advantages: a) ability to produce a very consistent thick-
ness; b) smoothness of LB films, c) ability to coat surfaces 
without harming the surface; d) LB films are capable of 
assembling molecules into a well-defined, stable structure; 
e) individual monolayers could be created with high 
consistency of thickness, it could be adjusted by changing 
the distance between the molecules; f) cheap technology, 
that does not require high vacuum or temperatures. Of 
course, the LB technique also has some disadvantages: a) 
LB films have limited resistivity to high temperatures; b) 
substrate should be very smooth; c) substrate must be 
dipped into the aquae’s solution; d) slow deposition; e) not 
all materials are suitable for LB deposition. 

Many studies have been carried out on synthesis and 
analysis of NiS and CuS LB films [3, 7 – 10]. Authors 
used different acids and complexes as carriers, and differ-
ent methods to sulphidate LB layers. In [11 – 12] works 
other different ways of NiS and CuS synthesis and their 
application in gas sensors are presented. 
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Fig. 3. Schematic diagram of the Langmuir-Blodgett equipment. 1 – trough, 2 – vibration-proof table, 3 – transparent hermetic block,  

4 – substrate pulling and dipping mechanism, 5 – substrate, 6 – surface pressure sensor, 7 – Wilhelmi plate, 8, 9 – motors,  
10 – horizontal barrier, 11 – control electronic unit, 12 – personal computer [1] 

 

The main idea of this research was to create LB 
ordered, mono- and multilayred nickel and/or copper 
contained thin films on Si, PET and SiO2 substrates, and 
then to sulphidate them. As carriers we used behenic and 
stearic acids. Sulphidize of the LB film of the complexes 
was carried out by reacting with Na2S (dissolved in 
isopropyl alcohol) [7]. 

2. EXPERIMENTAL 
During LB deposition thin films are deposited layer by 

layer by passing the substrate through a floating 
monolayer. In our experiment we have used the Langmuir-
Blodgett equipment, schematic diagram of which is like in 
[1] and it is shown in Fig. 3. LB equipment includes five 
main components: LB through, barrier, surface pressure 
sensor – Wilhelmi plate (accuracy ~0.1 mN/m), control 
electronic unit and software package for the device control 
and data acquisition (for PC).  

In this work we used solutions of behenic 
(CH3(CH2)20COOH) and stearic (CH3(CH2)16COOH) 
acids, and nickel sulphate (NiSO4) and copper sulphate 
(CuSO4). Behenic and stearic acids were solved in 
chloroform by ratio 1 mg/1ml. Obtained solutions were 
kept at least for 15 min at 30 °C – 40 °C temperature. After 
that they were spread on 10–3 M NiSO4 and CuSO4 
subphases, respectively. In preparing NiSO4 and CuSO4 
solutions we used distilled water (18.2 MΩ cm resistivity).  

Isotherms were taken at a compression rate of 0.7 
mm/s, and the temperature of the aqueous subphase was 
maintained at 20.0 ±0.1 °C. Monolayers were spread on 
pure water or on aqueous metal halides and incubated for 
30 min before starting the compression. 

The monolayer transfer onto the substrates was carried 
out by the vertical mode at surface pressure of 30 mN/m 
and deposition rate of 0.05 mm/s. Pause between the steps 
(drying time) was 2 min. The employed substrates were:  
n-type silicon (Si) with orientation <111> and thickness 
318 µm; polyethylene terephthalate (PET), thickness 
100 µm; quartz glass (SiO2), thickness 500 µm. Before the 
deposition the substrates were cleaned in O2 plasma (Si, 
SiO2 – 2 min, PET – 1 min). 

To sulphidize the obtained LB layers we put them into 
Na2S solved in isopropyl alcohol solution for 20 minutes. 

Ellipsometrical parameters ψ and ∆ parameters, re-
fractive index and thickness to obtained LB layers were 
measured by a laser ellipsometer Gaertner L-115 (λ = 
= 632.8 nm). Surface morphology and roughness of the LB 
layers were analyzed and assessed by an atomic force 
microscope (AFM) Nanotop NT-206 using contact-static 
scanning mode (cantilever force constant equal to 
1.2 N/m).  

Surface of the Ni containing film was analyzed with 
the X-ray Photoelectron Spectroscopy (XPS) method. The 
“Kratos Analytical XSAM800” spectrometer with non-
monochromatized Al Kα radiation (hν = 1486.6 eV) was 
used. Energy scale of the system was calibrated according 
to Au 4f7/2 and Cu 2p3/2 Ag 3d5/2 peaks position. The C 
1s, Ni 2p, S 2p, and O 1s spectra were determined at the 
20 eV pass energy (0.1 eV energy increment) and the 
analyzer being in the fixed analyzer transmission (FAT) 
mode. Carbon, oxygen, sulphur, and nickel relative atomic 
concentration were calculated from the appropriate peak 
area with respect to sensitivity factors, using original 
KRATOS software. The “XPSPEAK41” software was 
employed to perform peak fitting procedure. The 
“MakroBeam” ion gun with 3.0 KeV energy of Ar+ ions 
and current density 18 µA/cm2 was used for Ni containing 
films surface sputtering. Sputtering time for Ni behenate 
and NiSx films were 30 s. 

3. RESULTS AND DISCUSSIONS 

3.1. Kinetics of the deposition 
Fig. 4 shows surface pressure π vs area A isotherm 

curves of the stearic acid on Ni2+ ion containing aqueous 
subphase when the compression speed of the barrier is 
0.7 mm/s. We get two isotherm curves, one – when the 
barrier moved forwards, another – when the barrier moved 
backwards. For the isotherm (forwards) we found rapid 
increase of the surface pressure passing 0.21 nm2 of 
molecular area. From this π – A isotherm curve, we found 
the  molecular  area  of  stearic  acid  on NiSO4 subphase is 
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Table 1. Ellipsometrical parameters  ψ and ∆,   refractive index and thickness of the LB layers 

Sample psi delta n d0 , nm dtheor , nm Ed , % 

NiBeh/Si (5z) 32 159 1.5 36 30 17 
NiBeh/Si (30y) 33 206 1.6 176 155 14 

CuSt/Si (5y) 31.5 177 1.6 28 30 6.7 

NiBehCuSt/Si (10y) 34 142 1.6 63 55 15 
CuS/Si (5y) 32 167 1.5 31 30 3.3 

NiSCuS/Si (10y) 33 150 1.5 54 55 1.8 

HBeh/Si (5z) 31.5 161 1.6 30 30 0 

NiBeh/Si (1z) 31.5 174 1.5 15 15 0 
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Fig. 4. Surface pressure – area isotherms of stearic acid on Ni2+ 

containing NiSO4 subphase. Barrier moved forwards 
(solid line), barrier moved backwards (dashed line) 

0.20 nm2 by extrapolating from the steepest curve regions 
to zero π after rounding of to two decimal places. The 
surface pressure of the collapse (πcol) is about 65.2 mN/m. 
Backwards isotherm curve shows, that the compressing 
process is not recursive, because once the monolayer 
reaches collapse, it will never come to the initial gas state 
phase in the same amount. This shows reduced area per 
molecule. 

Table 1 gives ellipsometrical parameters, refractive in-
dex and thickness of our LB layers on Si substrates. We 
consider that the height of layer one molecular (behenate 
and stearate) is about 2.5 nm, and multiplying this number 
by number of layers and by 2 (because we get monolayer 
when we dip and also when we pull out the substrate, also 
we have to add the thickness of hidrofobisation by depos-
iting 1Z monolayer), we get the theoretical thickness dtheor 
of the obtained LB layers. One can see, the relative 
thickness errors Ed errors do not outmeasure 17 %. During 
this experiment the maximum number of layers that we 
deposited is 30 Y bilayers of nickel behenate on Si sub-
strate. Thickness of this structure is 176 nm. Produce of 
gas sensors needs for layers of thickness about 100 nm. 
The minimum controlled thickness were able to produce 
was 15 nm. 

3.2. ROUGHNESS OF THE LAYERS  
AFM images and roughness of the obtained LB layers 

on Si, PET and SiO2 substrates are shown in Fig. 5. The 
first row in Fig. 5 represents the morphology of clean 
substrates. PET is an optical polymer that has three-

dimensional surface structure, and it is very rough as 
compared to the polished crystalline silicon or quartz.  
SiO2 is amorphous and very smooth (Rq is only 0.03 nm) 
[13]. Comparing AFM images of the samples with LB 
layers with the images of the clean substrates, we can see 
how the roughness of the substrates varies with the number 
of layers, type and chemical composition of the layer. 
Almost in all cases increasing the number of layers, results 
increase of roughness increasing too. It is interesting to 
note, that the maximum roughness for the deposited layers 
remains is the LB layers on PET substrates. This can mean 
that LB layers cover well the substrate repeating features 
of the surface morphology surface. 

AFM images and roughness of LB layers on Si sub-
strate after sulphidisation are shown in Fig. 6. As we can 
see, in the case of multilayers, sulphidizsation brings to the 
decrease of roughness (from 8.9 nm to 1.2 nm). Comparing 
LB layers before sulphidisation and after, we can see, that 
NiS (1Z) roughness increased from 0.4 nm to 8.9 nm, NiS 
(5Z) roughness increased from 5.5 nm to 7.3 nm, CuS(5Y) 
roughness increased from 0.3 nm to 3.4 nm, and NiSCuS 
(10Y) roughness decreased from 1.5 nm to 1.2 nm. In 
conclusion, we can say, that after sulphidization of 
homogeneous LB layers, the roughness increases, and after 
sulphidization of heterogeneous LB layers, the roughness 
decreases. The initial LB monolayer influences the 
morphology of posterior monolayers. 

3.3. CHEMICAL COMPOSITION OF THE LB 
LAYERS  

After primary measurements, surface of the samples 
were sputtered with Ar+ ions for 30 s. In Table 2 surface 
atomic concentration of LB layers on Si substrate before 
and after sputtering is given.  

Table 2. Surface atomic concentration of LB layers on Si 
substrate (before and after suputtering) 

 Ni, % O, % C, % Si, % S, % 

NiBeh(30Y) 0.27 18.11 80.28 1.33 – 
NiBeh(30Y) 
after sputter. 0.45 8.52 89.46 1.57 – 

NiS (5Z) 0.37 15.29 79.61 1.30 3.43 

NiS(5Z)  
after sputter. 0.62 18.74 71.75 6.21 2.67 
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Fig. 5. AFM images and corresponding roughness (Rq) of different LB layers on Si, PET and SiO2 substrates 
 

NiS (1Z) NiS (5Z) 

  
Rq = 8.9 nm Rq = 7.3 nm 

CuS (5Y) NiSCuS (10Y) 

  
Rq = 3.4 nm Rq = 1.2 nm 

Fig. 6. AFM images and roughness (Rq) of different LB layers on 
Si substrate after sulphidisation 

Table 3. Chemical composition of NiBeh (30Y) on Si substrate 
after suputtering 

 Experimental values Theoretical [12] 

peak Eb,  
eV 

Chem. 
Bind. 

Are
a, % 

Eb,  
eV 

Chem. 
compound 

1 852.70 Ni_metal 23 852.8 Ni 

2 854.43 Ni-C-O-H 64 854.5 [Ni(C6H5C(O)
CHC(O)C6H5)2]

3 856.40 Ni-S-O 13 856.9 NiSO4 

As we see, after surface sputtering by Ar+ ions, the 
adsorbed contaminant is removed, but also with it, we 
removed the superficial LB layers. This shows increased 
Ni and Si concentration in both samples, and decreased 
sulphur concentration in NiS(5Z). In our obtained samples, 
we get Ni 0.45 % and 0.62 % of total surface atomic con-
centration, in NiBeh and NiS, respectively. 
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Tables 3 and 4, and Fig. 7 give us chemical 
composition after sputtering of NiBeh (30Y) and NiS (5Z) 
on Si substrate. XPS spectra of Ni 2p of sputtered LB lay-
ers of NiBeh (30Y) on Si substrate and NiS (5Z) on Si 
substrate after peak fitting procedure with “XPSPEAK41” 
software [11] are shown in Fig. 7. Comparing the experi-
mental values of obtained binding energies with the 
theoretical ones [11], we can determine possible chemical 
bindings of Ni. According to this analysis we determine 
NiSx chemical binding in NiS (5Z) sample. 
Table 4. Chemical composition of NiS (5Z) on Si substrate after 

sputtering 

 Experimental values Theoretical values [12] 

peak Eb ,  
eV 

Chem. 
Bind. 

Area,  
% 

Eb ,  
eV 

Chem. 
compound 

1 852.8 Ni_metal 16.5 852.7 Ni 
2 853.6 NiSx 46.5 853.0 NiS 

3 854.6 Ni-C-S-H 37.0 854.7 [Ni(-C- 
-6H5S)2] 

 

 
a 

 
b 

Fig. 7. XPS spectra of Ni2p of sputtered LB layers of (a) NiBeh 
(30Y) on Si substrate, (b) NiS (5Z) on Si substrate. 
(Notifications of the peaks 1, 2, 3, are given in Table 3 
and Table 4)  

CONCLUSION  
LB layers roughness is dependent on the substrate,  

LB deposition type and subphase solution. It is varied from 
0.4 nm to 5.6 nm. After sulphidazation the roughness of 
the LB layers decrease seven times. The thickness of the 
LB layers varied from 15 nm to 176 nm and refractive 
index was 1.6. 

XPS analysis shows that LB method allows formation 
metal organics ultra thin films. 0.45 % of Ni in nickel 
behenate (30Y) sample and 0.62 % of Ni in the nickel 
sulphide (5Z) sample was found. From the XPS spectra we 
have identified NiSx chemical binding in NiS (5Z) sample, 
that means that we can control not only the thickness and 
roughness of the LB layers, but their chemical composition 
as well. 
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