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Abstract:  The surface pressure- molecular area (-A) isotherm curves of two fatty acids of different 
chain lengths, i.e. stearic (C18) and arachidic (C20) acids, were obtained by using Langmuir-Blodgett 
(LB) technique. Results showed clear isotherm plots with limiting mean molecular area around 21 Å2 
for both acids. However, the monolayer was found to collapse at higher than 33 mN m-1 and 21 mN m-1 
for stearic acid and arachidic acid respectively. The effect of Langmuir-Blodgett monolayers of the acids 
was investigated by atomic force microscopy (AFM). Chitosan film, before and after dipping in water, 
was also studied by means of AFM so that it could be used for comparison. It was found that the 
surface of chitosan was more homogeneous and smoother after dipping in water. In addition, more 
homogeneous surfaces were achieved after transferring a layer of the fatty acid onto the substrate.  
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Introduction 
 

Chitosan is an organic polysaccharide usually obtained by deacetylation of the most abundant 
naturally occurring chitin of crab and shrimp shells [1,2]. This fibril biopolymer is composed 
predominantly of unbranched chains of  -(1  4)-2-amino-2-deoxy-D-glucopyranose as shown in 
Figure 1. It is a non-toxic, biocompatible, and biodegradable polymer [3]. It has been widely used in 
diverse fields, ranging from waste management to food processing, medicine, and biotechnology [4-9]. 
      Chitosan easily forms a film. In general, its films are clear and flexible, with good mechanical 
properties. In addition, they do not possess any pores [10]. Since chitosan degrades before melting, it is 
necessary to dissolve it in an appropriate solvent before casting into films. It is preferable to dissolve 
chitosan in acetic acid due to its non-toxicity and ease of removal.  
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Figure 1.  Chemical structure of chitosan 

     Generally, the film properties of chitosan depend on its morphology, which is effected by 
molecular weight, degree of N-acetylation, solvent evaporation, and free amine regenerating 
mechanism. In addition, the solvent used has an influence on the properties of chitosan films [11]. 
Chitosan coatings have been studied by several researchers to improve the quality and extend the 
storage life of food products [12-16]. 
      The objective of this work is to characterise some of the surface properties of chitosan film after 
transferring a monolayer of stearic acid or arachidic acid onto its surface with a view to further explore 
the properties of the resulting thin film and its applications such as the production of contact lenses. 
These two fatty acids are known to form good-quality monolayers [17-19]. For this purpose we used 
Langmuir-Blodgett (LB) technique and atomic force microscopy (AFM). 
 

 Materials and methods 

Materials 

      Shrimp-source chitosan was a gift from the chitin-chitosan laboratory of Universiti Kebangsaan  
Malaysia (UKM). Its degree of deacetylation (DD) was determined to be higher than 93 % by UV 
method according to the procedure reported by Muzzarelli and Rochetti [20]. Acetic acid (99.5%), 
stearic acid (99%) and arachidic acid (99%) were purchased from Sigma Chemicals. Chloroform 
(99.9%) was used as a solvent and deionised water (resistivity =18 M cm) was used as a subphase. 
 

Preparation of chitosan thin film 

      A certain amount of chitosan was dissolved in 1% acetic acid solution and cast into films at 75oC  
on microscopic slides (size 25.4 ×76.2 mm, 1-1.2 mm thick), and left for 48 hours. This film was used 
as  substrate for the LB monolayer study. 
 

Methods 

      The molecular weight of chitosan was found to be about 7.9 ×105 g mol-1 as determined by gel 
permeation chromatography (GPC) equipped with a Waters 1515 HPLC pump and Waters 2414 
refractive index detector. The column used was PL aquagel-OH 30 (8 μm, 300 × 7.5 mm) and the 
solvent used was 1% acetic acid. 

      Surface pressure-area isotherms were recorded in a clean room using a KSV 3000 balance with 
symmetrical compression of the monolayers. A Whilhelmy plate was used as the surface pressure 
sensor. Stearic acid and arachidic acid were each dissolved in chloroform (1.0 mg mL-1), and then an 
appropriate amount of each spreading solution (100 L) was carefully injected onto the air-water 
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interface. After the chloroform was allowed to evaporate for about 10 min, the monolayer film was 
compressed at a speed of 10 cm2 min-1. After that, the monolayer was transferred onto the chitosan 
substrate with a dipping speed of 5 cm2 min-1 at 9.5 mN m-1. Only one layer at the condensed phase was 
required in this work. All samples as well as the recording of isotherms were prepared or made in the 
clean room at room temperature. 
      Atomic force microscopic observation was performed on a digital AFM nanoscope, Dimension 
3000 (Digital instruments, Santa Barbara, CA). AFM studies were carried out using the tapping mode 
under air atmosphere at ambient temperature. The scan size, set point and scan rate are shown in the 
images. The tapping set-point was adjusted to minimise probe-sample interactions. 
 

Results and Discussion 

Langmuir-Blodgett film  

      Figure 2 depicts the surface pressure-molecular area (-A) isotherm curve of stearic acid 
monolayer. The isotherm shows considerable curvature indicating expanded monolayer behaviour. The 
surface pressure increases gradually, reaches a plateau, and then increases again at lower molecular area 
before collapsing. In the region of high surface pressure (above 20 mN m-1), the isotherm seems to have 
a constant slope. The monolayer was found to collapse at higher than 33 mN m-1. The limiting 
molecular area observed, i.e. the area occupied per molecule when the monolayer is closely packed, was 
21 Å2. This value was estimated from the π–A curve by extrapolating the condensed region to zero 
pressure. The liquid condensed region was around 7-10 mNm-1 and 19-22 Å2. Longer liquid condensed 
region may suggest that a more stable condensed film is formed. 
      The arachidic acid isotherm is shown in Figure 3. In the region of high surface pressure, the 
isotherm has a nearly constant slope and this part of the isotherm has been extrapolated to zero surface 
pressure to evaluate the mean molecular area. The limiting mean molecular area is about 21 Å2 while the 
pressure collapse is higher than 21 mNm-1. The liquid condensed region is about 6-10 mNm-1 and 22-25 
Å. 
 

 
 
 

 

 

 

 
 

                       
Figure 2.  Surface pressure-area isotherm for monolayers of stearic acid 
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Figure 3.  Surface pressure-area isotherm for monolayers of arachidic acid 
 

Atomic force microscopy (AFM) 
 

      AFM was used to investigate the smoothness of the surfaces as well as detect possible 
orientational structures in the LB films. Tapping-mode AFM images can yield information about the 
surface features of the films.  
      Figure 4 shows a tapping-mode AFM photograph of chitosan film. The image shows some holes 
and mountains and it seems to be inhomogeneous. However, the film becomes homogeneous and 
smoother and the bumps disappear after being dipped in deionised water (Figure 5), which is probably 
due to a layer of water that forms on the surface. In addition, the surface seems to be robust and not 
damaged at the tip. However, after transferring a layer of stearic acid or arachidic acid onto the chitosan 
film at the surface pressure of 9.5 mNm-1, the images show smoother surfaces despite the presence of 
some bumps as shown in Figure 6. These observations may indicate the existence of interaction between 
chitosan and the two fatty acids, which is most likely due to the formation of intermolecular hydrogen 
bonding between the amino and hydroxyl groups in the chitosan and the hydroxyl groups in the fatty 
acids. 
      When the monolayers are transferred onto a solid substrate, molecules are fixed and their 
distribution is not changed. Figure 7 shows that the distribution of the fatty acids is quite uniform and 
the substrate (chitosan) surface seems to be covered by the film. 



 
Maejo Int. J. Sci. Technol.  2009, 3(02), 277-286  

 

 

281 

 

 

 

Figure 4.  AFM image (10 x 10 μm) of chitosan film 
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Figure 5.  Topographic AFM images (10 x 10 μm) of chitosan film after being dipped in deionised 
water 
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                                                           (A) 

 

 

(B) 

 
Figure 6.  AFM photographs (10 x 10 μm) of a transferred monolayer of stearic acid at 9.5 mN m-1(A)   
and arachidic acid at 9.5 mN m-1(B) onto chitosan film 
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Figure 7.  AFM photograph (0.5 x 0.5 μm) of LB film of a transferred monolayer of stearic acid at 9.5 
mNm-1(A)  and arachidic acid at 9.5 mNm-1(B) onto chitosan film 
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Conclusions 
 
      This study has shown that the LB measurements of stearic acid and arachidic acid give distinct 
isotherm plots. AFM photographs show holes and mountains on the surface of chitosan film. However, 
improvement in the surface morphology of chitosan film can be achieved after transferring a monolayer 
of fatty acids onto the film, i.e. smoother surfaces are obtained after coating chitosan film with a fatty 
acid monolayer, which makes this film suitable for certain applications. 
 
 

References 
 
1.   R. A. A. Muzzarelli, “Natural Chelating Polymers”, Pergamon Press, London, 1973, pp.83-95. 
2.  H. I. Bolker, “Natural and Synthetic Polymers: An Introduction”, Marcel Dekker, New York, 1974,  

pp. 106-109. 
3.   J. Karlsen and O. Skaugrud, “Excipient properties of chitosan”, Manuf. Chem., 1991, 62, 18-19. 
4.  S. Hirano and Y. J. Noishiki, “The blood compatibility of chitosan and N- acylchitosans”, J. 

Biomed.Mater. Res., 1985, 19, 413-417. 
5.   O. Pillai and R. Panchagnula, “Polymers in drug delivery”, Curr. Opin. Chem. Biol., 2001, 5, 447-

451. 
6.   E. Khor and L. Y. Lim, “Implantable applications of chitin and chitosan”, Biomater., 2003, 24, 

2339-2349. 
7.   S. Yuan and T. J. Wei, “New contact lens based on chitosan/gelatin composites” Bioact. Compat. 

Polym., 2004, 19, 467-479. 
8.   Y. W. Cho, Y. N. Cho, S. H. Chung, and W. Ko, “Water-soluble chitin as a wound healing 

accelerator”, Biomater., 1999, 20, 2139-2145. 
9.   G. Crini, “Non-conventional low-cost adsorbents for dye removal: A review”, Bioresour. Technol., 

2006, 97, 1061-1085. 
10.  R. A. A. Muzzarelli, “Chitin”, Pergamon Press, Oxford, 1977, pp.83-143. 
11. T. A. Khan, K. K. Peh, and H. S. Ch’ng, “Mechanical, bioadhesive strength and biological 

evaluations of chitosan films for wound dressing”. J. Pharm. Pharmaceut. Sci., 2000, 3, 303-311.  
12. E. I. Rabea, M. E. T. Badawy, C. V. Stevens, G. Smagghe, and W. Steurbaut, “Chitosan as 

antimicrobial agent: Applications and mode of action”, Biomacromol., 2003, 4, 1457–1465. 
13. C. Ribeiro, A. A. Vicente, J. A. Teixeira, and C. Miranda, “Optimization of edible coating 

composition to retard strawberry fruit enescence”, Postharvest Biol. Technol., 2007, 44, 63–70. 

14. S. Sathivel, Q. Liu, J. Huang, and W. Prinyawiwatkul, “The influence of chitosan glazing on the 
quality of skinless pink salmon (Oncorhynchus gorbuscha) fillets during frozen storage”, J. Food 
Eng., 2007, 83, 366–373. 

15. V. Coma, “A review: Bioactive packaging technologies for extended shelf life of meat-based 
products”, Meat Sci., 2008, 78, 90–103. 

16. C. L. Fisk, A. M. Silver, B. C. Strik, and Y. Zhao, “ Post harvest quality of hardy kiwi fruit 
(Actinidia arguta ‘Ananasnaya’) associated with packaging and storage conditions”, Postharvest 
Biol. Technol., 2008, 47, 338–345. 



 
Maejo Int. J. Sci. Technol.  2009, 3(02), 277-286  

 

 

286 

17. G. Agarwal and R. S. Phadke, “Deposition of Langmuir monolayers using conical trough”, Thin 
Solid Films, 1998, 327–329, 9–13. 

18. M. A. Valdes-Covarrubias, R. D. Cadena-Nava, E. V´asquez-Mart´ınez, D. Valdez-P´erez, and J. 
Ruiz-Garc´ıa, “Crystallite structure formation at the collapse pressure of fatty acid Langmuir films”, 
J. Phys. Condens. Matter, 2004, 16, S2097–S2107. 

19. P. C. Srinivasa, M. N. Ramesh, and R. N. Tharanathan, “Effect of plastizicers and fatty acids on 
mechanical and permeability characteristics of chitosan films”, Food Hydrocolloids, 2007, 21, 

1113–1122. 
20. R. A. A. Muzzarelli and R. Rochetti, “Determination of the degree of acetylation of chitosans by 

first derivative ultraviolet spectrophotometry”, Carbohydr. Polym., 1985, 5, 461-472. 
 

 
© 2009 by Maejo University, San Sai, Chiang Mai, 50290 Thailand. Reproduction is permitted for 

noncommercial purposes. 
 


