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EPR and Optical Study of the Aminonaphthalene 
Sulfonic Acids and Aniline New Conducting Copolymers 

OLENA I. AKSIMENTYEVA 
Lviv Ivan Franko State University, Chemical Department 
6 Kirila-Mefodia St., 290005, Lviv, Ukraine 

The effects of the molecular structure of isomeric aminonaphthalene sulfonic 
acids (ANSA) on the EPR and optical spectra of its copolymers with aniline 
(An) have been investigated. As it has been indicated by EPR and IR- 
spectroscopy, the higher spin concentration is observed for (1,4-ANSA+An) 
copolymer when the ortho-para position coupling between ANSA and An 
takes place. According to W-spectroscopy of the copolymer films on SnO2 
surface the absorption bands near 400-440 nm (cation-radical species) and 
800-900 nm (delocalized conducting electrons) are observed in all the cases. 
The shape of maxima is depend on ANSA molecular structure. 

Kevwords: copolymers, structure, EPR, optical spectra, magnetism 

INTRODUCTION 

Synthesis and investigation of a new conducting copolymers with amino- 

naphthalene and sulfonic groups are of substantial interest because their 

using as potential electrode materials"] and molecular-based magnets[*). The 

ferromagnetic behavior below T = 4 K of HCI-doped (5,2-ANSA) and aniline 

copolymer is reportedL2]. But the characteristics of this copolymer are not 

given. 
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126 0. I .  AKSIMENTYEVA 

In order to study the effect of structure on the electronic properties of 

copolymers the EPR, IR, W- spectra of ANSA and aniline (An) copolymers 

have been investigated in the present work. The isomeric ANSA with 

different mutual position of substitutes were used: 1 -amino-4-naphthalene 

sulfonic acid (1 ,CANSA); l-amino-%naphthalene sulfonic acid ( 1,8-ANSA); 

1,5-ANSA; 1 -amino-2-hydroxy-4-naphthalene sulsonic acid (EHT-acid). 

Structures of ANSA are presented in Fig. 1. 

SOf i  NH2 &, A. $5 *OH 
so3 S O P  s o 9  

1,4-ANSA 1.8-ANSA 1.5-ANSA Em-acid 

FIGURE 1. Chemical structure of aminonaphthalene sulfonic acids 

EXPERIMENTAL 

Copolymers were synthesized both by oxidative polymerization of 

ANSA+An mixtures in sulfuric acid solution and electropolymerization on 

SnOz electrodes at current density 0,l inA/cni*. The structure of copolymers 

have been investigated by IR-spectroscopy (KJ3r pellets, Specord M-80) at 

frequency range 400-4000 cm-' .EPR measurements have been performed 

with X-band RE-1306 spectrometer operating in the high frequency (100 

kHz) modulation made of magnetic fields in temperature range 4,2-300 K. 

Electronic absorption spectra in 350-1 000 nin region were obtained with 

spectrophotometer SP-700 A. Magnetic measurements have carried out as 

described in [31. 
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EPR AND OPTICAL STUDY OF (ANSA+An) COPOLYMERS 127 

RESULTS AND DISSCUSSION 

In acid solution ANSA undergoes to anodic oxidation through amino group, 

while the sulfonic group and naphthalene cycle does not 

Oxidation of aniline proceeds at the potential range near to ANSA oxidation 

which leads to possibility of copolymer products formation, suggested by IR- 

spectroscopy (broad bands at 3280 - 3300 cm-l ). The bands at 790-820 em- 

' (deformation oscillation of C-H bond in naphthalene ring substituted in 1 

and 4 position) suggested the para-coupling products formation. In the IR 

spectra of (1,4-; 1,5-ANSA-tAn) copolymers maximum at 1 150, 780, 758 ern- 

' are corresponded to ortho-substituted naphthalene cycle, the bands at 1630- 

1650, 1450-1456 cm-' indicate the coupling throuth C-C- bonds (FIGURE 

2). 

S03H S03H 

FIGURE 2 Scheme of (ANSA+An) copolymers formation 

As it was found from EPR spectroscopy in the 4,2-300 K temperature 

interval all copolymers demonstrate the signal shape in general similar that 

to poly-An powders [5'61.The line parameters weakly depend on temperature 

between 77 and 300 K, but at T < 50 K the signal shape becomes more 

intensive. It's found that shape of signal is depended on the ANSA. An molar 

ratio (FIGURE 3). The g-values are in the range 2.0025-2.0034, which is 
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128 0. I. AKSIMENTYEVA 

typical for free radicals of the n-system 2 of aromatics. It's also indicates that 

radical defects trapped in the poly(ANSA-An) network are presentL6]. 

Parameters of EPR-spectra are presented in the TABLE 1. 

FIGURE 3. EPR- spectra of (ANSA-An) copolymers at the T = 298 K: 

1,3-( 1 &ANSA+An);2-( 1,4-ANSA+:An);, molar ratio 1 : 1 (2,3); 1 :3( 1). 

TABLE 1. Parameters of EPR-spectra of (ANSA+An),, at T = 298 K 

Copolymer Molar ratio g+ 0.0002 AHpp, Oe N,, 1/ g 

Poly- An 0 :I 2.0034 3.1 5,5 4 o i 9  
(1,4-ANSA+An), 1 : 1 2.0028 3.1 1,2 

1: 3 2.0028 3.1 1.7 4019 

(1,8-ANSA +An), 1 : 1 2.0026 7.5 3.7 

1 : 3  2.0025 4.0 7.2 .1019 

(EHT+An), 1 : 3  2.003 1 3.2 4.9 .loi8 

As it is seen from the Table 1, increasing of the paramagnetic centers 

concentration (N,) is observed in the case of (1,4-ANSA+An) copolymer 

(1 :I), when the ortho-position coupling between ANSA and An takes place. 

The N, is higher by about one order of magnitude in comparison with poly- 
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An doped by sulfuric acidL4’ synthesized at the same conditions. In the case of 

(1,s-ANSA-tAn), the para-coupling is prevalent. This one leads to any loss of 

spin density due to spin-spin interaction (bipolaron formation). The (EHT- 

An) copolymer is characterized by lowest spin density may be caused by 

presence of radical-acceptor hydtoxyl group in naphthalene rings“]. In W- 

spectra of (co)polymer films in all cases two or three absorbtion maximums 

were observed. (Fig. 4): 400-440 nm (cation-radicals or polarons), 750-900 

nm (delocalized electrons of conductivity or bipolaronic states). Peak near the 

550-650 nm could be associated with the 7~ -n* transition of the polymer units 

with quinoid structure. The I, ,  of this peak are found to be red-shifted in 

copolymers as it was compared with corresponding (ANSA), probably due to 

extention of the n-conjugation. 

- ’ ..l h - ’ ..l . ’ . 

400 600 800 ?., l lh l  

FIGURE 4. Optical spectra of (co)polymer films on the S n a :  l-poly- 

An; 2 4  I,%ANSA),; 3-( 1,s-ANSA+An),; 4-( 1,5-ANSA+An), ,S-( 1,4- 

ANSA+An),. 

Keeping in mind the higher spin density of (1,4-ANSA+An), the 

magnetic properties of this copolymer was examined. Temperature 

dependence of the magnetic susceptibility at low-temperature region is 

shown at the FIGURE 5. The linear extrapolation of 1lx curve at the range 

below 4.2 K intersects the temperature axis at Tc = 2.8 K, indicating the 
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weak ferromagnetic interactionl2I. Parameters of EPR together with W-vis. 

spectra clarified that spins of (ANSA+An)copolymers had a polaronic nature 

delocalizing over the amino- naphthalene rings and polyaniline fragments. 

Differences in unpaired spin con-centration is caused by space structure of 

copolymers. A higher N, value of( 1,4-ANSA+An), may be explained both by 

the presence of .Ir-conjugation in copolymer chain and steric effect of radical 

trapped ortho-substitute in naph-thalene rings. In this case a weak 

ferromagnetic interaction has been observed. 

I 
6 12 18 24 30 36 42 T.K 

FIGURE 5. Temperature dependence of magnetic susceptibility of (1,4- 

ANSA+An), (1 : 1 )  at H = 1000 Oe. 
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