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Barium stearate multilayer samples have been deposited by the Langmuir-Blodgett 
technique. Carbon nanotubes have been added in the deposition solution. The structural 
properties have been studied. The effect of  the doped multilayers has been tested against 
the solution of ammonium nitrate in water. The effect of (5,10,15,20-tetraphenyl)-
porphinato manganese (III) chloride, (MnTPP)Cl, on the multilayer sample has been 
tested.  The change of resistivity of the multilayer samples modified by manganese 
porphyrin, as a function of the ultraviolet radiation  has been discovered and investigated. 
The increase of the resistance during irradiation is a reversible process, although a slow 
one. This effect could give a basis for applications in  UV sensors and switches. Finally, a 
photo-resistive effect (induced by UV light) has been discovered in Barium stearate layers 
doped by silver nitrate.  
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 1. Introduction 
 
 The nanocarbon tubes become more and more used in applications due to their special 
properties related to electrical conduction and chemical affinity for various chemical species [1]. 
The Langmuir-Blodgett films of various compositions are prospective materials to be used as 
substrates for active species appropriate for chemical and biochemical sensing [2] and are 
suggested for drug delivery systems [3]. 
 The ordered lattice of the long chain alkylic molecules are ideal host for various chemical 
molecules. On the other hand the embedded molecules can change drastically the surface of the 
package of the alkyl molecules and alter the chemically and physical properties (as e.g. the 
electrical resistance). Intensive studies are carried out in order to evidence the properties of the the 
nanotubes and fullerenes [4-9] with the purpose to be mixed in LB layers and to reveal the fine 
chemistry of these systems, thus opening the way to applications in biomedical field.   
 Combination of chalcogenides nanotubes and carbon nanotubes has been modeled as 
alternative to carbon nanotube sensing systems [10]. Intercalation of inorganic fullerene-like 
nanoparticles and nanotubes has been studied by Kopnov and Tenne [11]. Special Y - junction 
nanotubes have been discussed by Yazdani and Bahrami [12]. 
 
 2. Materials and methods 
 
 Thin multilayer films based on barium stearate molecules have been obtained from 
stearate powder p.a. (Sigma-Aldrich) dissolved in benzene. Carbon nanotubes have been 
purchased from Alfa Aesar. They are 1.5 micrometer long and with small diameters. From the 
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Raman spectra has been deduced the rough composition of the nanotubes in conducting and not 
conducting components. The fraction of the conducting nanotubles is around 25 % mol as 
estimated from Raman spectra. Ammonium nitrate is a technical grade substance.  Silver nitrate is 
of p.a. purity. 
 In this paper we show the preparation and sensing properties of the barium-stearate LB 
films doped by carbon nanotubes, porphyrin or silver nitrate with the aim to use them in 
applications. 
 The synthesis of (5,10,15,20-tetraphenyl)-porphinato manganese (III) chloride 
(MnTPP)Cl  was done by metallation of the porphyrin free ligand in ethanol at porphyrin: 
manganese ratios of 1:20-1:30 and previously reported [13]. Porphyrin free ligand, tetraphenyl-
porphyrin,  was obtained by Adler method [14] and fully characterized [15]. 
 The apparatus used for preparing the Langmuir-Blodgett multilayers is a double-trough 
KSV 5000-3 system.  
 Test solutions have been prepared by stirring the solid powder in water (NH4NO3) in 
preestablished concentrations.  
 UV irradiation has been performed with a medical UV lamp made by Electrotehnica-
Bucharest, having the main emission lines in the range of 330-340 nm at the power density of 116 
μW/cm2. 
 AFM images of carbon nanotubes have been recorded with an SPMNTEGRA Prima 
microscope in the non-contact mode. 

The resistances have been monitored using a Keithley 2000 multimeter.  
The X-ray diffraction diagram has been recorded with a Bruker D8 Advance 

diffractometer, with CuKα radiation. 
 Fig. 1 shows the AFM image of dispersed carbon nanotubes. The diameter of a nanotube 
is ~10 nm. 
 

 
 

Fig.1   AFM images of carbon nanotubes. 
 
 
 
 3. Results 
 
 Multilayers with 5 barium-stearate layers have been prepared with control of the pressure-
area curve and uniform extracting of the sample support from water. The substrates were  
microscope glass slides and, also, ceramic supports provided with metallic contacts. The carbon 
nanotubes have been introduced in the initial solution of stearate molecules in benzene. Two 
concentrations of carbon nanotubes have been prepared on ceramic supports. The LB deposition 
has been made onto special ceramic sensor substrate provided with platinum contacts. 
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The following test solutions of ammonium nitrate in water were prepared at the following 
concentrations: 1.5%; 3.5%; 6%; 9%; 12%; and 15%. The results obtained are shown in Fig. 2.  
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Fig.2 The plot of the resistance of thesensor immersed in the test solution as a function of 
ammonium nitrate concentration for two sensing bodies with different concentration of 

carbon nanotubes. 
 
 The increase of the electrical resistance with ammonium concentration follows 
approximately a linear dependence. The slope of the variation of the resistance with the 
ammonium nitrate concentration is 0.093 kΩ/(g/l). The sensor with low nanotube concentration 
reveals a more linear behaviour. For this sensor the sensitivity to ammonium nitrate is S=3.9% for 
1.5% concentration of NH4NO3 and S=24% for 15% concentration variation of NH4NO3. This 
means that this sensor can detect concentrations as low as 0.1 g/l with high accuracy. 
 The metallo-porphyrin-doped sensors show an unusual behaviour of the resistance under 
the action of the UV-radiation. In identical conditions the resistance of the sensor increases along a 
curve with the tendency to saturation for increasing times of irradiation (see the Fig. 3). The 
resistivity increase and saturates after 3-4 minutes. The rapid increase of the electrical resistance 
for low irradiation time suggests a possible application of the sensor for threshold switching of an 
electrical circuit. One of the problems of this type of switch is the stability of the resistance values. 
The other problem is the slow recovery rate to the initial value of the resistance. The reset time of 
the sensor is approximately 24 hours. 
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Fig. 3 The effect of UV radiation of the sensor based on nanotubes and Mn-porphyrin. 
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 Finally, we have prepared in the same conditions barium stearate multilayers with silver 
nitrate. The concentration of the nitrate has been established to 1% g/l. 

We have compared the structure of the Barium-stearate layer with carbon nanotubes and 
silver nitrate with the same sensor without nanotubes but with silver nitrate. The most interesting 
structural feature of the system with silver nitrate is the presence of two phases with lamellar 
structure, one corresponding to the pure barium stearate structure (Fig. 4), the other being still 
unidentified.  

The nanocarbon phase seems to prevent the formation of the secondary phase in the 
multilayer LB sample. 
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Fig. 4 The X-ray diffraction pattern of the multilayers with carbon nanotubes and without 

AgNO3 and multilayers with AgNO3 layers 
 

 If the barium stearate multilayers covered by nanotubes and AgNO3 are deposited on a 
ceramic support, provided with platinum electrodes, is tested against the UV radiation, then an 
important sensitive effect is observed. The electrical resistance increases abruptly when the 
irradiation time increases. Fig. 5 shows the results. Unfortunately after switching off the UV - light 
the resistance does not recover to the initial value immediately. Several hours out of work 
maintenance are necessary for complete recovery. Further work is necessary to understand the 
phenomenon and to get a rapid switch accompanied with rapid reaching of the initial state. 
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Fig.5 The effect of UV radiation of the sensor based on nanotubes and AgNO3 
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 The special feature of the system with AgNO3 warrants the application of these multilayers 
for biosensors. 
 
  
 4. Conclusions 
 
 Complex multilayers have been prepared by the Langmuir-Blodgett method. The sensing 
properties of the films of Barium stearate doped by carbon nanotubes have been tested. A strong 
resistivity effect versus ammonium nitrate concentration in water has been revealed. The sensor 
resistivity increases nearly linear with the salt concentration. The porphyrin doped multilayers 
show a strong effect of resistivity change under the action of the UV radiation.  A new prospective 
material based on barium stearate and AgNO3 has been revealed. A photoresistive effect was 
discovered, when the sensor is illuminated by UV light. Further studies are necessary to reveal the 
possibility of application of the system with AgNO3 as chemical sensor. 
 
  
 5. Acknowledgement 
 
 The authors are grateful to Dr. N. Bârsan from Tübingen University, Germany, for  
providing the ceramic sensor bodies. 
 This work was supported by CNCSIS-UEFISCSU, project number PNII-IDEI 1356/2008 
(Contract No. 709 / 2009). 
 

References 
 
 [1] M. Chen, S. A. Datta, S. M. Khamis, J. E. Fischer, A. T. Johnson jr., Nanotech. Vol. 1, Ch. 2, Ed. 

NSTI, Nanoscience and Techn. Institute. 
 [2] L. Valentini, I. Armentano, J. M. Kenny, C. Cantalani, L. Lozzi, S. Santucci, Appl. Phys. Lett. 82 (6), 

(2003). 
 [3] Z. Lin, M. Winters, M. Holodniy, H. Day, H. I. Sirna, Angew. Chem. Inst. Ed., 2 (1), 47-52 (2007) 
 [4] Tao Liu, Zhiwei Xiao, BenWnag, Carbon 47, 3529 (2009). 
 [5] Ali Iranmanesh, Yasher Alizadeh, Digest J. Nanomat. Biostruct., 4(4) 607, (2009). 
 [6] Madjtaba Ghorbani, Maryam Jaloli, Digest J. Nanomat. Biostruct., 4(4), 681 (2009). 
 [7] Ali Iranmanesh, O. Khormali, I. Najafi Kholilsaraee, M. Solemani, Digest J. Nanomat. Biostr. 4(1) 

167 (2009). 
 [8] A. R. Ashrafi, M. Ghorbani, Digest J. Nanomat. Biostruct, 4(2), 389, (2009). 
 [9] M. D. Ganji, M. Mousavi, Digest J. Nanomat. Biostruct., 4(4), 681 (2009). 
 [10] F. Sava, I. D. Şimăndan, Proc. Acad. Rom. Seria A, Volume 11, Number 3, 232-235 (2010) 
 [11] F. Kopnov, R. Tenne, Digest J. Nanomat. Biostruct., 3(3), 123, (2008). 
 [12] J. Yazdani, A. Bahrami, Digest J. Nanomat. Biostruct., 4(2), 369, (2009). 
 [13] E. Fagadar-Cosma, M.C. Mirica, I. Balcu, C. Bucovicean, C. Cretu, I. Armeanu, Gh. Fagadar-Cosma, 

Molecules 14, 1370-1388 (2009). 
 [14] Adler, A.D.; Longo, F.R.; Finarelli, J.D.; Goldmacher, J.; Assour, J.; Korsakoff, L. A simplified 

synthesis for meso-tetraphenylporphyin. J. Org. Chem., 32, 476-480 (1967). 
 [15] Vlascici, D.; Fagadar-Cosma, E.; Spiridon-Bizerea, O.; Pascariu, A.; Chiriac, A. Caracterizarea 

materialului membranei unui electrod tiocianat-selectiv pe bază de clorură de [5,10,15,20- tetrafenil-
21H,23H-porfirinat-N21,N22,N23,N24] rodiu(III). Rev. Chim. Bucharest, 56, 224-227 (2005). 

 

http://www.chalcogen.infim.ro/Kopnov-review.29.5.08.pdf
http://www.chalcogen.infim.ro/119_Yazdani.pdf

