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Abstract. The Langmuir- Blodgett (LB) technique makes it possible to prepare a thin film with
a controlled thickness at the molecular level and a well-defined molecular orientation. In this
work, 1,2-bis(3-thiophene imine) ethylene (B3TIE) were synthesized by reacting benzaldehyde
and Ethylenediamine and were characterized by MS, IR, 'HNMR, "CNMR. B3TIE monolayer
and LB films were prepared through LB technology and characterized by Water contact angle
analysis, FT-IR, UV-vis, CV and AFM. An electrochemical study of B3TIE monolayer on ITO
was carried out. The cyclic voltammetric data revealed that the reduction on ITO was
irreversible. Meanwhile, layer structure and surface morphology of LB films were also
explored. The results show that monolayer can be transferred onto the hydrophilic substrates to
form regular monolayer and multilayers, in which molecular orientation can be observed from
the surface morphology.
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1 Introduction

Schiff-base Complex is a class of imine or benzophenone imine tomb group (-Rc = N-) compounds,
widely used in medicine, catalysis, analysis, corrosion, discoloration of light-induced fields, materials,
etc[1]. In recent years, it has been is a striking object of study. Currently, the study of Schiff base
compounds focused on the synthesis of compounds, characterization, properties of complexes and
photochromic, electrochemistry etc[2,3]. Meanwhile, Some Schiff bases have thermochromic and
photochromic properties in the solid state[4]. They are also used as model systems in studies of
biological macromolecules and catalytic reactions[5,6]. However, LB films film-forming performance
research is relatively small.

Langmuir-Blodgett films, which have the advantage of homogeneous structure, special physical
and chemistry properties, easy fabrication, easy characterization, has received much attention in
recently years. Moreover, the Langmuir- Blodgett (LB) technique makes it possible to prepare a thin
film with a controlled thickness at the molecular level and a well-defined molecular orientation !"*
and has been studied extensively for photolithography [9-13] in which it can not only overcome the
weakness of spin-coat films[14,15], in which molecules are distributed randomly, but also be expected
to improve the resolution and the sensitivity of the resist effectively [16,17].
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In this paper, 1,2-bis(3-thiophene imine) ethylene (B3TIE) were synthesized by reacting
benzaldehyde and Ethylenediamine shown in Scheme 1 and were characterized by MS, IR, '"HNMR,
BCNMR. Behaviors of the Langmuir monolayer at air/water interface and their LB films were
investigated by water contact angle analysis, FT-IR, UV-vis, cyclic voltammetry, and Atomic force
microscopy.

2 Experimental

2.1 Synthesis of 1, 2-bis(3-thiophene imine) ethylene (B3TIE)
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Scheme.1 Synthesis and structure of B3TIE

B3TIE were synthesized by reacting benzaldehyde and Ethylenediamine and were characterized by
'HNMR, “CNMR, IR, MS. '"HNMR (400MHz, CDCl5): 8(ppm)=8.29 (2H, s, -CH=N-), 7.54 (4H, m,
-CH-S-CH-), 7.30 (2H, m, -CH-CH-S-), 3.91 (4H, s, -CH,-N=). "CNMR (100MHz, CDCl; ):
d(ppm)=156.0, 139.42, 127.49, 125.37, 124.68, 60.68. IR (KBr, Pellet): 3047, 2919, 2848, 1711, 1638,
1420, 825, 714cm™. MS: 248.9 [M+H]".

2.2 Measurement

Infrared spectra were obtained by a Bruker Vector 22. UV-visible absorption spectrum was carried out
on Lambda 35 UV-Visible spectrophotometer (Perkin Elmer Inc. USA). Deep UV irradiation was
achieved with EX250 UV light source (Honya Schott Ltd., Japan). '"H NMR was measured with NMR
DPX-400 (Bruker,German) in CDCl; and DMSO-d6. Surface pressure-Area isotherm (m-A)
measurements were carried out on a computer-controlled KSV-5000-3 instrument (KSV Instruments,
Helsinki, Finland). Deionized water with resistivity of 18.2 MQ.cm (MILI-Q gradient MILIPORECo.,
USA) was used for a subphase. The polymer was dissolved in chloroform (CHCI;) at a concentration
of 0.5 mg/ml and the solution was spread on the water surface by a micrometric syringe. Waiting for
about 30 mins to let the solvent evaporate out, the monolayer compression started at a compression
rate of 5 mm/min. Quartz, glass, CaF, and silicon wafers used for LB films deposition were prepared
by boiling concentrated HNO; (60%) and H,SO04(98%) (2:1) solutions, then washed with deionized
water to give hydrophilic surface.

3 Results and discussion

3.1 Behavior of the Langmuir monolayer and LB films

B3TIE was dissolved in dichloromethane formulated to solution of 0.5 mg/mL, then, Solution
containing B3TIE was spread over a water surface to measure surface pressure (x)—area (A) isotherms
at 25°C (Fig.1a). Fig.1a show that the curve of B3TIE is consistent with the standard curve changes in
the state, but collapse pressure is not high, this may be due to hydrophobic chain of B3TIE is shorter.
The results also proved that Schiff-Base Complex with short hydrophobic chain had the lower
collapse pressure [18]. From the experimental results it can be seen that monolayers of B3TIE could
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be transferred onto hydrophilic glass slides as a Z-type film under surface pressure of 8~16 mN/m by
Langmuir-Blodgett technique, indicating that the LB films were uniform and stable [19,21]. The
isotherm showed the molecular area is ~48 A*/molecule at 12 mN/m. This is calculate that the content
of B3TIE Langmuir monolayer in the substrate(35x 10 mm? )was 1.65x10™'° mol/cm’.
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Figure 1. n-A isotherm (a) and Es-n isotherm (b) of B3TIE

In order to obtain optimum conditions for LB films deposition of B3TIE monolayer, the static
elasticity (Es)-surface pressure (m) isotherm of B3TIE monolayer was studied (Fig.1b). The Es-n
isotherm was much plainer, more sensitive and better to describe the monolayer state than m-A
isotherm, because it could give more detailed information on molecular interaction and motion. High
static elasticity modulus and relatively stable area is more suitable for LB films deposition surface
pressure area [20]. The static elasticity (Es)—surface pressure () isotherm of B3TIE monolayer, is
shown in Figure 1b, the static elasticity isotherm indicate 8~16 mN/m was optimum surface pressure
for LB films deposition from water surface. Next, the surface pressure of 12 mN/m as an example is
used to explore the characteristics of monolayer and LB films. The monolayer and LB films were
analyzed by using water contact angle analysis, FT-IR, UV-vis, cyclic voltammetry, and Atomic force
microscopy.

o: 254 1.054
v
- W
1.004 i
é.l) 20+ g w,__v_,.v—-v—-ﬁrﬂ
« <
- 154 : 0.95-
o ) .-
g £
= 104 g 0.904
S =
. = 0.85
5 5 =0
=
= o 0.80 ——
] e 4000 3500 3000 2500 2000 1500 1000
Hydrophilic Monolayer "
Substrate Wavenumber(cm™)
Figure 2. Water contact angle histogram of B3TIE Figure 3. IR spectrum of B3TIE LB film deposited
monolayer on silicon onto CaF

Water contact angle can reflect surface wettability which was caused by either a chemical gradient
or a gradient in the topographical surface structure[22]. Water contact angles on modied solid surfaces
are shown in Fig. 2. The water contact angle of hydrophilic substrates was 3°, which shows that the
glass substrate has good hydrophilic activity. In the case of B3TIE monolayer, the contact angle
increased from 3° to 24°, indicating that the surface configuration has a significant change [23]. These
results proved B3TIE couid be transferred to the substrate form LB fiims.

IR spectrum can detect functional stretching vibration and bending vibration, provides a powerful
means to identify the unknown organic compound. LB films of B3TIE deposited onto CaF (2 layers)
was studied by ATR-IR (fig.4). The absorption band at about 1640 cm™ was representative of the
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imine stretching vibration peak, appeared in the 1250 cm ' S-H key on the thiophene ring, stretching
vibration peak at 1450 cm™ a thiophene skeleton stretching vibration absorption peak, the saturated
2850 cm” C-H stretching vibration, appeared in the 3020 em’ C-H key on the thiophene ring
stretching vibration, indicating that B3TIE couid be transferred to the substrate form LB fiims at room

temperature.
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Figure 4. (a) UV-vis spectra of B3TIE Multilayer LB films; Figure 5. Cyclic voltammograms of B3TIE
(b) Plot of the absorbance at 196 nm as a function of the monolayer transferred onto ITO

number of the bilayers.

The UV-vis spectra of B3TIE Multilayer LB films are shown in Figure 3a, Figure 3b is Plot of the
absorbance at 196 nm as a function of the number of the bilayers. The film exhibits nearly linear
growth (296 nm) , and the maximal absorbance at 196 nm was proportional to the number of layers
deposited. The linear relationship between the maximal absorbance and the number of layers in the
UV-vis spectra indicates that the regular homogeneous deposition occurred and B3TIE monolayer
could be transferred onto substrate to form LB films with The amount of transfer almost unity.

3.2 Electrochemical properties

The electrochemical can detect some special functional groups redox signaling. The Cyclic
voltammograms of B3TIE grafted onto ITO glass and hydrophilic ITO were measured
electrochemistry properties (Fig.3), Figure 3a is a cyclic voltammogram of hydrophilic ITO, Figure 3b
is a cyclic voltammogram of B3TIE monolayer. The cyclic voltammograms were conducted in a
three-electrode system, B3TIE grafted onto ITO glass was used as the working electrode, a Pt wire as
the counter electrode, and KCI (0.1 M) as the reference electrode. The redox peaks are displayed
between -0.3 to +1.5 V at room temperature, and the sweep rate was set at 100 mV/s. The CV curves
showed that there is only one reduction peak observed in the —0.2 to 0.3 V potential range. In addition,
the anodic half cycle does not have any peak, indicating that the electroreduction is irreversible **. By
contrast, even for hydrophilic ITO, with the most positive reduction potential, there was no peak
observed at scan rates 100 mV/s, indicating that hydrophilic treatment effect is better, surface clean
without impurities. Through the analysis of the sample, we learned that reduction peaks is amine
absorption peak of B3TIE monolayer [25]. At the same time, Figure 3 shows that B3TIE monolayer
film successfully transferred to the substrate.

3.3 Morphology of the Langmuir monolayer and LB films

AFM is a scanning probe technique that can provide three-dimensional imaging at a nanometer scale
resolution of surface structures and it allows a quantitative analysis of sample morphology. Figure.5 is
the AFM image of (a) silicon wafer, (b) B3TIE monolayer and (c¢) B3TIE 20 layers LB films. Their
roughness are 0.635, 0.546 and 1.104 nm, respectively. Fig.5b showed the typical AFM images of
B3TIE LB monolayer, shows that there is a single layer film of B3TIE tightly packed orderly, and
show a certain orientation. Fig.5c showed the 20 layers LB films. The films presented regular
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“waviness”, It indicated that each layer could be transferred uniform and a condensed LB films were
formed. Figure.5 shows that LB films successfully transferred to the hydrophilic substrates, and
multilayer films have a layered structure and good surface morphology.
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Figure 6. AFM images of silicon (a), B3TIE monolayer (b) and B3TIE 20-layer LB films (c)

4 Equations and mathematics

1,2-bis(3-thiophene imine) ethylene (B3TIE) were prepared and characterized. B3TIE monolayer and
LB films were characterized and can be transferred on to solid substrates by the Langmuir-Blodgett
(LB) method. Through the water contact Angle and the infrared characterization, known B3TIE
successfully transferred to solid substrate to form the LB film. Through UV characterization, shows
B3TIE can be layered homogeneous transferred to the substrate. At the same time, the cyclic
voltammograms of monolayer film characterization, the results show that the B3TIE successfully
transferred to the substrate. Morphology of the B3TIE monolayer and multilayer were also
investigated with AFM method. The images obtained showed that B3TIE monolayer and multilayer
had homogeneous topographic, indicating that B3TIE monolayer could be transferred uniformly and a
condensed LB films were formed.
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