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ABSTRACT 

        Langmuir Blodgett(LB) technique was used for preparation of different multilayers of Cadmium 

Arachidate (CdAA)  on hydrophilic Glass(SiO2) substrate. Different multilayers of LB films were studied by 

X-ray diffraction which shows well order layered growth of CdAA molecules, with out of plane crystallinity 

along (00l) direction. XRD studies also shows excellent periodicity in multilayers with hydrocarbon tails of 

CdAA almost normal to the substrate. X-ray reflectivity techniques shows similar layered growth of CdAA 

molecules. Fourier transform infrared (FTIR) studies are also consistent with XRD and XRR studies of  

ordered deposition of  chain molecule with excellent periodicity.  Electron density profiles (EDP) shows that 

the coverage of films remains almost constant with increase in bilayer thickness. 
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INTRODUCTION  

        Langmuir- Blodgett (LB) technique, has been used extensively to prepare highly ordered thin films of 

various organic materials having amphiphilic property, because of its great efficiency in controlling  film 

thickness and uniformity of the ordered multilayers (Blodgett, 1935) (Blodgett and Langmuir, 1937). Hence 

LB films have a good possibility to be artificial molecular assemblies with planned structure and properties. 

In multilayers, the alkane chain and carboxylic acid moieties of fatty acids are arranged in regular two-

dimensional layers and the number of layer can be controlled at any desired value. Because of this layered 

and molecular ordered, LB multilayers are suitable precursor for the growth of nanoparticles, nanowires  and 

microparticles on solid substrate having better control over the size, shape and distribution of them (Smotkin 

et al., 1988) (Dabbousi et al., 1994). 

        Langmuir-Blodgett process is much less limited by molecular structure of functional molecules 

compared to other organic thin film deposition methods such as layer-by-layer or self assembly, sputtering, 
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thermal evaporation & molecular beam epitaxy. It is bottom-up assembly technique in nanotechnology and 

functional material application. 

        In recent years, metal-organic multilayers (Ulman, 1991) (Schwartz, 1997)  such as Langmuir-blodgett 

films has gain much importance among the researchers because of their potential applicability in molecular 

electronics, non linear optics, biosensors and as a templates for growing functional nanomaterials like 

quantum dot (Tollner et al., 1997) (Als-Neilsen et al., 1994) (Fendler, 1982). Therefore , incorporation of  

different divalent cations of transition metals having considerable electronegativity, such as Cd2+, 

Ca2+,Mn2+, Zn2+, Ba2+, etc.) into their headgroup structure of long-chain fatty acids plays an important 

role  in forming stable multilayer LB films of fatty acid and hence increases its ease of deposition on solid 

substrate, which led to better ordered  organization of LB multilayers on solid substrates. 

        In the present work, different  LB multilayer films of Cadmium Arachidate(CdAA) has been 

synthesized by inducing divalent cation Cd2+ of transition metals into the arachidic acid at normal pH~6.0 of 

water subphase, as the relative fractions of free acid and their divalent metal salt are sensitive functions of pH 

(Kurnaz and Schwartz, 1996). The growth and interfacial structure of this LB multilayer films have been 

characterized by X-ray diffraction and X-ray reflection technique. FTIR spectroscopy is used to study the 

defects in the LB films and hence helps in determining the conformational orders in the LB monolayers. 

EXPERIMENTAL DETAILS 

Materials Used  

  Cadmium Chloride (Cdcl2) and Sodium Bicarbonate (NaHCO3) are analytical grade chemicals 

obtained from Merck reagents and used without further purification. Arachidic acid (C19H39COOH) was 

obtained from Sigma Aldrich, purity 99.9% and was used without further purification. Chloroform 

(analytical regeant, Rankem, India) was used as a solvent for preparing Arachidic acid solution, to be spread 

on water subphase. Milli-Q filtered water is used as subphase for deposition of LB films of different 

multilayers. Before deposition the Langmuir trough was cleaned with m ethanol and acetone thoroughly. 

Film Preparations 

Firstly, water subphase surface on Teflon trough was made almost free of foreign particulates and 

contaminants by regular wiping of water surface with teflon barrier   which was confirmed as the surface 

pressure of water subphase reaches to 0 mN/m. Cadmium metal ions were then introduced by adding 0.5 mM 

cadmium salts in a Langmuir trough (APEX INSTRUMENTS CO.) containing Milli-Q water (resistivity 

18.2 MΩ cm).  Water subphpase pH(~6.0) was adjusted by adding sodium bicarbonate (NaHCO3). Before 

spreading arachidic acid solution the glass substrate were dipped inside the subphase and then arachidic acid 

monolayers were spread from a 1 mg/ml chloroform (CCl4, Rankem, Analytical Reagent) solution. Then the 

monolayer was compressed with a barrier speed of 3mm/min, and the multilayer deposition takes at a 
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monolayer  pressure of 30 mN/m as measured from Wilhelmy plate, at temp of about 250C. 3, 5 & 9 ML LB 

film of CdAA  were deposited on Glass(SiO2) substrate using Langmuir Blodgett (LB) Technique The glass 

substrates were properly washed with soap solution, then keeping in the ultrasonic bath sonicator for 10 

minutes in order to remove all the foreign particulates. The substrates were then made hydrophilic by placing 

them inside the degreasing unit filled with iso-propanol .The first layer was deposited during upstroke, i.e 

while upward journey of the glass substrate from water to air through air/water interface at a 3mm/min speed. 

The monolayer film was kept undisturbed for 30 min over water surface for proper drying. From next layer 

,drying time for the each upstroke i.e above subphase was kept 10 min and for downstroke i.e below 

subphase was 5min.The arachidic acid LB film showed good reproducibility. 

Film Characterization 

        For required structural study of the films X-ray diffraction studies were performed using Bruker D8 

Advance X-ray diffractometer which uses Cu-Kα radiation (λ=1.543Å) and a fast counting detector based on 

Silicon strip technology (Bruker LynxEye dtector).FTIR Study was performed in transmission mode using 

Perkin Elmer D850 Instrument in the region 1200cm-1 to 3500 cm-1. XRR study was performed using Bruker 

D8 Discover Diffractometer using Cu-Kα wavelength  for measuring film thickness and Electron density 

profile. 

RESULTS AND DISCUSSION 

Pressure Vs. Area Isotherm 

 

Figure 1: Pressure vs. Area isotherm of  Cadmium Arachidated Monolayer 

         The figure.1 represents the Pressure vs. Area isotherm of  CdAA Monolayer upto surface pressure 

of 30mN/m while keeping the subphase pH at 6.0 by using NaHCO3, at temperature 25oC. The Pressure- 

Area isotherm  is a better way of finding how an organic monolayer layer is formed within the air-water 



4                                                                                                           Dhrubojyoti Roy, Nayan Mani Das, P. S. Gupta 

interface. The area per molecule for  organic monolayer at the air-water interface can be calculated  using the 

realtion, 

 

          Where A is the area of the water surface enclosed by the trough barriers,  Mw is the molecular 

weight, c is the concentration of spreading solution, NA is the Avogadro’s number, and V is the volume of the 

solution me spread over the water subphase. The curve shows that with compressing the barriers, the surface 

pressure of monolayer goes on increasing with decrease in area per molecule. This graph is reproducible i.e 

same every time  for  deposition of different number of  multilayers of  LB film, only slight difference in area 

per molecule takes place which mainly depends on the amount of solution spread on the water subphase.   

The characteristic isotherms of the CdAA molecule grow with a single phase i.e mainly in the condensed 

phase this is because of the long chain length of the Arachidic Acid molecule which leads to increase van der 

Waal’s forces between the molecules, resulting in increased cohesion within the film which eventually leads 

to disappearance of the expanded to the condensed phase change as the gaseous monolayer condenses 

directly to a solid. The area per molecule  for CdAA was found out to be 0.185 nm2 . 

XRD Study 

         The XRD measurements, was done from reflection angles 2θ= 50 to 300. From the figure.2, it is 

clearly seen that with increasing the number of layers the intensity as well as the prominent (00�) Bragg’s 

peaks number goes on increasing which indicates the formation of regular ordered layered structure. 11 

numbers of distinct Bragg’s peaks can be seen for 9 ML of CdAA as shown in Fig.1. The other lower number 

stacks of multilayers i.e for 3 and 5 ML  showed  reduced intensity of peaks as well as lesser count of peak 

numbers. From the data, it is seen that even numbers reflection peaks of the diffraction patterns are having 

less intensity than odd number. The average bilayer period of CdAA  molecule calculated from the XRD 

graph using Bragg’s equation modified for refraction (Agarwal, 1979) and is found to be 5.5 nm which 

corresponds to alkyl chains packed nearly perpendicular to the glass substrate since the typical length of  

CdAA molecule is 5.54nm. 



Study of Cadmium Arachidate Multilayers Deposited by Langmuir-Blodgett Technique                                                                   5 

 

Figure.2 X-ray diffraction pattern from Cadmium Arachidate (CdAA) LB Film with varying 

multilayer deposition a)3ML,  b)5ML & c)9ML. 

FTIR Study 

  The FTIR absorption spectrum obtained from 9 ML LB film of CdAA deposited on the glass 

substrate corresponding to region 1200 cm-1 to 1800 cm-1 shown in Figure 2. The absorption spectra of the 

film in the wavenumber region below 1200 cm-1 could not be obtained because of strong absorption of glass. 

The peaks of different functional group and its different modes are given in Table.1. The peaks at 1560 cm-1 

and 1437 cm-1 corresponds to carboxylate asymmetric and symmetric stretch modes (Kimura et al., 1986), 

which indicates the large conversion of fatty acid to its metal salt. The absence band around 3400 

corresponding to OH stretch band indicates the non presence of free acid and hydroxyl group (Wu et al., 

2004). The presence of peak near 1462 cm-1 to 1471 cm-1 corresponding to δ(CH2) scissoring band 

progression confirms orthorhombic packing in CdAA LB films (Rabolt et al., 1983). 
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Figure 3. FTIR Absorbance  Spectrum of 9ML LB  film of Cadmium Arachidate on glass substrate 

from region 1200 cm-1 to 1800 cm-1. 

Table 1. P.eak assignments of FTIR  spectra of the Arachidic Acid(bulk) and 9ML LB film of CdAA.                                            

Observed vibrational frequencies in (cm-1). 

Arachidic Acid (bulk)                    CdAA                                           Assigned to 

(3750-3000) (3750-3000) ν (O-H) 

2960 2960 νa(CH3) 

2919 2919 νa(CH2) 

2875 2875 νs(CH3) 

2850 2850 νs(CH2) 

1700 1700 ν(C=O) 

 1560 νa(COO) 

1473-1463 1473-1463 δ(CH2) –Scissor;  

1450-1187  δ(CH2) – rock, wag, twist 

 1437 νa(COO) 

 

         From Figure 4, which corresponds to the CH2 and CH3 stretching region, there are four vibrational 

modes which are associated with the alkyl chain of CdAA molecule. The strong bands at  2919 cm-1 and  

2850 cm-1  is assigned to asymmetric νa(CH2)  and symmetric νs(CH2) stretching vibrations of CH2 

(methylene) group respectively. The other two weak bands at about 2960 cm-1 and 2875 cm-1 assigned to the 

symmetric νa(CH3)  and asymmetric νs(CH3)  stretching vibration of the methyl group respectively. In Figure 
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4, it is also noticed that as the film thickness increases from 3ML to 9ML the absorption band intensity 

corresponding to νs(CH2) and  νa(CH2) group increases. Therefore, it can be concluded that the molecular 

orientation of alkyl chain of CdAA molecule remains unchanged on the glass substrate with increase in layer 

numbers, which tells about the perfect layer by layer deposition of CdAA film by LB Technique. 

 

Figure 4. FTIR Reflection Spectra observed in the CH2 and CH3 stretching region of 3ML, 5ML & 

9ML LB  film of CdAA on glass substrate. 
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X-Ray Reflectivity Study 

 

 

Figure 5.  X-ray reflectivity data (open circles) with corresponding fits(solid lines), of the deposited a) 

3ML, b)5ML & c)9ML  LB film of CdAA on glass substrate  and the insets showing the corresponding 

Electron Density Profiles. 

               The X-Ray Reflectivity of 3ML, 5ML & 9ML LB film of CdAA is shown in the Figure 5. As the 

CdAA monolayer number on glass substrate increases the Braggs peaks become more prominent and intense, 

also the Kiessig (interference) fringes  becomes more prominent indicating good multilayer growth. The 

Bragg peaks upto 5 orders with strong Kiessig fringes for 9 ML CdAA film tells about the uniform layer by 

layer stacking of long chain of CdAA molecules upon the glass substrate which lead to the formation of well-

defined layered structures and good out of plane crystalline growth along the (00l) direction, which is the 

growth direction of the CdAA multilayer film as interpreted from the XRD results.. 

             The XRR data is analysed with help of Parratt software. For proper fitting each film was divided into 

layers of head, tail and gap respectively, having fixed thickness(d), average electron density(ρ) and interfacial 

roughness(σ). The solid lines are fitted curve. In the inset of Figure 5, the Electron Density Profiles(EDPs) of 
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respective films of CdAA are shown. The EDPs (ρ Vs z-film thickness graph) of the respective films have 

almost a constant ρ with increase in bilayer thickness.  

CONCLUSIONS 

         XRD and XRR results indicate well order layered growth of CdAA multilayers on glass substrate 

with excellent out-of-plane crystalline growth. The periodicity of the  LB films remain intact with increase in 

the monolayer numbers. The reason for good multilayer stacking/growth of Cadmium arachidate molecule is 

because of good coherence between air/film and film/substrate interfaces, with minimal presence of pinhole 

defects. Pressure vs Area Isotherm result justify the crystalline growth of the multilayers. FTIR result proves 

perfect ordered stacking of monolyers  and its out-of-plane crystalline growth  in CdAA multilayers. 

Therefore incorporation of divalent cations of  transition metals in  long chain fatty acids film confirms 

playing important role in forming stable multilayer LB film.  

ACKNOWLEDGEMENT 

       We acknowledge UGC-DAE CSR, Indore for giving opportunity to carry out characterization of the 

samples under the CRS project. Two of the authors thank UGC for financial support for carrying out the 

research work. 

REFERENCES 

1.  Blodgett, K.B., 1935. Films Built by Depositing Successive Monomolecular Layers on a Solid Surface. 

J.Am. Chem.Soc. 57, 1007. 

2.  Blodgett, K.B., Langmuir, I. 1937. Built-Up Films of Barium Stearate and Their Optical Properties. 

Phys. Rev. 51, 964.  

3.  Smotkin, E.S., Lee, C., Bard, A.J., Campion, A., Fox, M.A., Mallouk, T.E., Webber, S.E., White, 

J.M.,1988.  Size quantization effects in cadmium sulfide layersformed by a Langmuir–Blodgett 

technique. Chem. Phys. Lett. 152 ,265–268. 

4.  Dabbousi, B.O., Murray, C.M., Rubner, M.F., Bawendi, M.G.,1994. Langmuir–Blodgett manipulation 

of size-selected CdSe nanocrystallites, Chem. Mater. 6, 216–219. 

5.  A. Ulman. 1991. Introduction to Ultrathin Organic Films. NY: Academic. 

6.  Schwartz, D.K.,1997.  Langmuir–Blodgett film structure. Surf. Sci. Rep. 27, 245–334.  

7.  Tollner, K., Popovitz-Biro, R., Lahav, M., Milstein, D.,1997. Impact of molecular order in langmuir-  

blodgett films on catalysis. Science. 278, 2100. 

8.  Als-Neilsen, J.,  Jacquemain, D., Kjaer, K., Leveiller, F., Lahav, M., Leiserowitz, L., 1994. Principles 

and Applications of Grazing-Incidence X-Ray and Neutron-Scattering for Ordered Molecular 

Monolayers at the Air-Water interface.   Phys. Rep. 246, 251-313. 

 



10                                                                                                           Dhrubojyoti Roy, Nayan Mani Das, P. S. Gupta 

9.  J.H. Fendler. 1982. Membrane Mimetic Chemistry. Wiley-Interscience Press: New York. 

 

10.  Kurnaz,  M. L., Schwartz, D. K., 1996. Morphology of  Microphase  Separation  in Arachidic 

Acid/Cadmium  Arachidate  Langmuir-Blodgett  Multilayers.  J. Phys. Chem. 100, 11113-11119. 

  

11. B. K. Agarwal.1979. X-ray Spectroscopy. Springer:Berlin.  

 

12. Kimura, F.; Umemura, J.; Takenaka,T., 1986. FTIR-ATR studies on Langmuir-Blodgett films of stearic 

acid with 1-9 monolayers. Langmuir. 2, 96. 

 

13. Wu, N., Fu, L., Su, M., Aslam, M., Wong, K. C., Dravid, V. P.,2004. Interaction of Fatty Acid 

Monolayers with cobalt Nanoparticles. Nano Lett. 4, 383.  

 

14.  Rabolt, J.F., Burns, F.C., Schlotter, N.E., Swalen, J.D., 1983. Anisotropic orientation in molecular    

monolayers by infrared spectroscopy. J. Chem. Phys. 78, 946. 

 


