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Preparation and Characterization of DBSA 
Doped Polyaniline Thin Films 

LIHUA HUOab, LlXIN CAOa, HAINING CUIa, DONGMEI WANGa, 
GUANGFU ZENG" and SHIQUAN XI" 

aChungchun Institute of Applied Chemistry, Chinese Academy of Sciences, 
Chungchun 130022, China arid 'Heilangjiung University, Harbin 150080, Chinu 

Stable monolayer of the polyaniline(PAn) doped with dodecyl benzenesulfonic acid(DBSA) 
can form on the pure water surface. The multilayer ultrathin film can be successfully depos- 
ited by Langmuir-Blodgett(LB) technique onto CaF, substrate. The limiting mean molecular 
area arid collapse pressure observed are 0.066 nm2 and 35 mN m-I, respectively. The multi- 
layer LB film and casting film were all characterized by IR and UV-Vis-NIR spectroscopies. 

Keywords; DBSA doped polyaniline; LB film; casting film; characterization 

I" 

Polyaniline(PAn), an important kind of conducting macromolecular material, 

is being attracted much attention on its preparation of ordered ultrathin film 

in recent years"'". But there are only a few papers presented about that of 

LB film till now, owing to its requirement of arnphiphilicity and 

processibility of the material in preparation of LB film. In order to solve this 

question, dodecyl benzenesulfonic acid (DBSA) was used as the dopant to 

improve the film-forming of polyaniline. This doped polyaniline had good 

solubility in chloroform. In this paper, the preparation and characterization 
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262 LIHUA HUO et (I/. 

results of dodecyl benzenesulfonic acid doped polyaniline(PAn-DBSA) LB 

film are presented. The characterization comparisons of the LB film with the 

casting film are also given. 

DBSA acid doped polyaniline(PAn-DBSA) was provided by Y. H. Geng. 

Chloroform of A.R. grade was used as the spreading solvent. Hydrophilicly 

pretreated CaF, were used as the substrates. Surface pressure-mean 

molecular area isotherm determination and multilayer LB film deposition 

were carried out using KSV-5000 system at 20.5 k 0.1 “C. The LB multilayer 

film was deposited as Y-type with 21 layers. The surface pressure and 

dipping speed were kept at 23 mN m-’ and 10 mm min-’. IR and UV-Vis- 

NIR spectra were obtained from Bio-Rad FTS-135 and P-E Lambda 9 

spectrophotometers. 

Surface pressure-area isotherm and multilayer film deposition 

The titled polymer could form stable monolayer on the air-water interface. 

The limiting molecular area for each repeating unit is about 0.066 nm2, 

which is smaller than those of pure PAn(0.08 nm2 0.20 nm2 l3]) and 

substituted PAn(O.23-0.27 nm2 “I). Except that it is related to the 

processibility of the different solvents and different polymerization method 

of PAn, the folding of the PAn chains is also a probable reason. The collapse 

pressure of the monolayer is about 35mN m-’. 

UV-Vis-NIR spectra 

Figure 1. is the UV-Vis-NIR spectra of PAn-DBSA. There are a strong 
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CHARACTERIZATION OF PAn-DBSA THIN FILMS 263 

absorption band at 444 nm and a small broad band at 860 nm in PAn-DBSA 

chloroform solution (Fig.la). These are the characteristic bands of the doped 

pol yaniline, assigned to the lattice absorption of the polaron14'. The 

absorption band at 325 nm is the x-x* electron transition of the conjugate 

aromatic ring which is rather weak and flat. In the near infrared region, there 

is a continuously increasing "free-carrier tail" which indicates that the 

PAn chain is in the expanded state. 

For the casting film (Fig.lb), we can see that the relative ratio of 

absorption intensity at 444 and 325 nm changed obviously. The band at 325 

nm is the strongest absorption peak. And the carrier tail does not go up, 

indicating that the expanded extent of PAn chain is decreased. After the PAn 

chain was orderly oriented by LB technique (Fig.lc), the absorption band at 

325 nm occurred a little red shift. The intensity of 445 nm absorption peak is 

further decreased. And the 860 nm band is not distinguished perfectly. 

However, a new broad and symmetric absorption band at -620 nm occurred. 

It is considered to be the electron transition of quinoid unit151 which is the 

characteristic band of pure polyaniline. This suggests that some of the 

dopant DBSA molecules were ripped out of the PAn chains during the 

compressing process of PAn-DBSA monolayer. The absorbance after 1000 

nm is declined, showing that the PAn chain in LB film is in the compact 

state. 

IR spectra 

Figure 2. is the IR spectra of the PAn-DBSA films. According to the 

assignment of PA#', the bands in LB film(Fig.2b) at 1572, 1493, 1300, 

1244, 1033 and 1007 cm.' are the vibrations of v,-,(quinoid unit), 

v,=,(benzoid unit), v ~ . ~  , v ~ . ~  , 6," and &.,(in-plane), respectively. As 

comparison with the casting film(Fig.2a), the peaks in LB film are more 

sharp. This indicates that the PAn-DBSA molecules are oriented orderly in 
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264 LIHUA HUO et al. 

LB film. The intensity and position of the absorption bands also changed 

obviously. Especially the characteristic peak of doped PAn at 1 150 cm-' in 

casting film shifts 25 cm-' to lower frequency. It is considered to be derived 

from the more ordered structure in LB film. After this LB film was heated in 

15O'C for 1 hour, this band shifted to 1143 cm-' (Fig.2~). This result 

suggests that the heating treatment destroyed the ordered packing of PAn- 
DBSA to some extent. 

The new small peak at 1372 cm-' occurred in LB film is the C-N 

stretching vibration in quinoid unit of PAn intrinsic state. This gives W h e r  

evidence indicating that the doped PAn molecule occurred partially dedoped 

during the compressive process of PAn-DBSA monolayer. This result is 

coincidence with that of the UV-Vis-NIR spectra. 

I . . . . . . .  . . . . . . . .  I 
364 600 900 1200 Is00 1800 

wavcleneth(llm) Wwtnumbrr ( cm.' ) 

FIGURE 1 UV-Vis-NIR spectra FIGURE 2 IR spectra 
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