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Abstract: The stability of Graphene oxide (GO) layers obtained by the layer-by-layer (LbL) films was investigated 
having in view the development of tunnable surfaces for optical fibre sensors in aqueous environments. For 
this purpose layer-by-layer (LbL) films based polyethylenimine (PEI) and GO, were prepared and 
characterized. The kinetics of adsorption of PEI/GO LBL films revealed that the adsorbed amount per bilayer 
increases linearly with the number of bilayers as expected. Furthermore adsorbed amount per bilayer for short 
adsorption times tends to a constant value revealing that GO layer growth also follows the adsorption 
behaviour expected polyelectrolytes in which electrostatic interaction is ruling the process. Finally desorption 
studies carried out to infer about GO layer stability revealed that GO layers are more stable at higher solutions 
pHs and if the adsorption time for each layer is short. These results/conclusions allowed to infer on the 
possible  range of applications of PEI/GO LbL films.  

1 INTRODUCTION 

Graphene oxide thin films, prepared by the layer-by-
layer (LbL) technique (Oliveira, 2001), have been 
used as sensing layers for different kind of sensors 
namely for detection of triclosan in water (Marques, 
2017) and wastewater (Magro, 2019) using the 
electronic tongue concept (Magro et al, 2019a), 
(Magro et al, 2019b) and by measuring the impedance 
spectra. However, studies on the contribution of pH 
of wastewater matrices for the stability of the GO thin 
films revealed to be strongly influenced by 
pH((Magro et al, 2019a; Magro et al, 2019b). 
Recently, it was demonstrated the possibility of using 
GO as a coating material for enhancing sensing 
properties of fiber sensors (Monteiro, 2019). 
Moreover, GO LbL deposited on optical fibers 
revealed to work as temperature sensors of aqueous 
solutions (Costa, 2018). It should be also referred that 
the optical fiber devices are widely explored in 
literature for hydrostatic pressure (Xu, 1993), lateral 
load (Novais, 2017), and strain (Liu, 2015; Monteiro, 
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2017) sensing, having therefore general application as 
optical sensing devices. 

In this work, LbL films prepared from 
polyethylenimine (PEI) and GO, were prepared and 
characterized in order to optimize its stability on 
different pHs. 

2 MATERIALS AND METHODS 

Thin films were prepared by the LbL technique 
(Oliveira et al., 2001) using the polyelectrolyte 
polyethyleneimine (PEI) and graphene oxide (GO). 
These compounds were acquired from Sigma-Aldrich 
(St Louis, MO, USA). These films were adsorbed 
onto quartz supports by adsorbing alternate layers of 
PEI and GO at solid/liquid interface. PEI aqueous 
solutions with a monomeric concentration of 2x10-2 
M and GO solution with a concentration of 2mg/mL 
were prepared by diluting these compounds in ultra- 
pure water, produced with a Millipore system 
(Bedford, MA, USA). The adsorption times for each 
layer were of 5, 15 and 30 s, and after adsorption of 

192
Xavier, C., Zagalo, P., Ribeiro, P. and Raposo, M.
Optimization of Graphene Oxide Layer-by-Layer Films to Be Used as an Enhancer Coating of Optical Fibers Sensors.
DOI: 10.5220/0009380701920195
In Proceedings of the 8th International Conference on Photonics, Optics and Laser Technology (PHOTOPTICS 2020), pages 192-195
ISBN: 978-989-758-401-5; ISSN: 2184-4364
Copyright c© 2022 by SCITEPRESS – Science and Technology Publications, Lda. All rights reserved



each layer the solid support was washed with 
ultrapure water to remove the molecules which are 
not completely adsorbed on the adsorbed layer. After 
the adsorption of each layer, the thin-film was dried 
using a flux of nitrogen gas. Films of PEI/GO were 
prepared with different number of bilayers. To 
analyse the effect of pH of PEI/GO LbL  films 
prepared with 12 bilayers,  (PEI/GO)12 were 
immersed in aqueous solutions with different pHs to 
characterize the desorption as a function of time. The 
adsorbed/desorbed amounts were characterized by 
ultra-violet spectroscopy using a double beam 
spectrophotometer UV-2101PC (Shimadzu). 

3 RESULTS AND DISCUSSION 

3.1 Buildup of PEI/GO LbL Films 

Figures 1 a), b), and c) show the obtained UV-Vis 
spectra of PEI/GO LbL films, prepared with 5, 15 and 
30s adsorption times.  

The obtained spectra bands shown in figure 1 are 
essentially associated to the electronic transitions of 
GO, namely, the peak located at 230 nm is associated 
with π-π* transitions of the aromatic ring (phenol) 
and to n-π* transition of the group carboxylic acid. 
The maximum absorption band located at 247 nm can 
be associated with transitions of π-π* type of the 
benzene aromatic ring. The band at 299 nm 
correspond to n-π* transitions of the carbonyl group 
(Silverstein et al, 1991). These curves also reveal that 
the PEI/GO layers grow linearly with the number of 
bilayers as demonstrated in graph of Figure 2 where 
the absorbance at 230 nm is plotted versus the number 
of bilayers. The slopes of obtained from these curves, 
displayed in table 1, reveal that the adsorbed amount 
per unit of area and per bilayer increases with 
adsorption time up to a constant value. This indicates 
that the adsorption kinetics curve of GO onto PEI 
layer at lower adsorption times presents a first short 
characteristic time, in accordance with what is 
normally observed in polyelectrolyte adsorption, 
followed of a second adsorption process associated to 
diffusion process (Raposo, 1997; Ferreira, 2013), as 
observed in the adsorption of GO onto optical fibers 
measured by reflectance (Monteiro, 2019). 

The decrease of adsorption time also lead to 
increased films the uniformity as observed by optical 
microscopy, data not shown here, result which is 
crucial for optical applications. 

 

 
a) 

 
b) 

 
c) 

Figure 1: Absorbance spectra of PEI/GO LbL films with 
different number of bilayers prepared with: a) 5s, b) 15 and 
c) 30s of adsorption of each layer.  

Table 1: Calculated values of absorbance at 230 nm per 
bilayer, i.e, the slope of data of figure 2. 

Adsorption Time per 
Layer (s)

Absorbance @ 230 nm per 
Bilayer 

5 0.0226 ±0.0009 

15 0.0510 ±0.0008 

30 0.052 ±0.002 
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Figure 2: Absorbance at 230 nm as a function of the number 
of bilayers of PEI/GO LbL films prepared at different 
adsorption period of time, namely, 5, 15 and 30 s.  
 

 
Figure 3: Evolution of the normalized absorbance at 230 nm 
of the (PEI/GO)12 LbL films prepared with an adsorption 
time of each layer 30s as a function of immersion in  
aqueous solutions with different pHs. 

3.2 GO Desorption Kinetics 

To analyse the stability of the PEI/PSS LbL films, 
films with 12 bilayers were immersed in aqueous 
solutions with different pH, namely, 5.5, 7 and 9, and 
the UV –visible spectra were measured after different 
immersion times. The obtained desorption kinetics 
obtained for films prepared with an adsorption period 
of time of 30s are shown in Figure 3. These 
adsorption kinetics were obtained by plotting the 
absorbance at 230 nm after normalization with 
respect to the value of this absorbance before 
immersing the films in the aqueous solutions a 
different pHs. Similar curves are obtained for short 
adsorption times. Although the obtained curves reveal 
that pH does not have a strong effect in the GO 
desorption, when films are prepared with short 
adsorption times, a small desorption takes place at 
smaller pHs. 

 
a) 

 
b) 

Figure 4: a) Absorbance spectra of a (PEI/GO)12 LbL film 
prepared with 60s of adsorption of each layer after to be 
immersed in an pH=7 aqueous solution.  b) Evolution of the 
normalized absorbance at 230 nm of the (PEI/GO)12 LbL 
films prepared with an adsorption time of each layer 60s as 
a function of immersion in aqueous solutions with different 
pHs. 

However, films prepared with higher adsorption 
times revealed to desorb in a large amount as 
demonstrated in Figure 4 a) in which the normalized 
absorbance of a (PEI/GO)12 LbL film,  prepared with 
60s of adsorption of each layer after to be immersed 
in an pH=7 aqueous solution during several periods 
of time is seen to decrease. In fact a similar trend but 
more intense to that observed in desorption kinetics 
of Figure 3, is attained, when the normalized 
absorbance at 230 nm of the (PEI/GO)12 LbL films, 
prepared with 60s adsorption time of each layer, are 
plotted as a function of immersion time in  aqueous 
solutions with different pHs. This result demonstrates 
that the molecules which are strongly adsorbed by 
ionic interactions are less affected than the ones 
adsorbed as a result of the process. 
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4 CONCLUSIONS 

This study allowed to conclude that the adsorption of 
a GO layer on PEI/GO LbL films follows the general 
two stages adsorption processes found 
polyelectrolytes. The first adsorption stage takes 
place within the first seconds, the adsorption is 
dominated by the adsorption of molecules which are 
bound to the last layer of polyelectrolyte by ionic 
interactions. At a given adsorption time these 
adsorbed molecules somehow prevent more 
molecules to be adsorbed and for larger adsorption 
times, the presence of counterions and diffusion 
process enable that more GO molecules to be 
adsorbed. As a results these last molecules are not so 
strongly bound to the last polyelectrolyte layer and 
can be removed more easily by desorption. Therefore 
the layers with smaller adsorption times are more 
stable than for higher adsorption times. This study 
also revealed that these films are more stable at higher 
pHs allowing choose the adequate solutions for 
sensor applications where these LbL films are stable. 
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