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A new mechanism of the dioxygen effect on ESR spectra of polyaniline 
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The efl~.'ct ofdioxygen on the ESRspectra ofpo~,dersofemeraldine salts at 170-230 K 
was fi)und to depend on the time of storing of the samples at a specilic '.emperature. The 
kinetics of changes in the ESR spectra reflects the conlbrmalional mobility of the polyaniline 
chains and ~ts supramolecular structure. A new mechanism of the dioxygen effect on the ESR 
spectra ofpolyaniline at 50-100 K associaled with the col:densatiorl ofdioxygen in polyaniline 
pores was proposed. 
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T h e  speci f ic  features o f  the dioxygen effect  on the 
l i newid th  o f  the ESR spectra  o f  polyanilme are usuaily 
exp la ined  in the framework of  a model,  I accord ing  to 
which  a pa ramagne t i c  O-~ molecule adds to tile polymer  
and the  exchange  in teract ion at tile instant o f  collision 
b e t w e e n  sp ins  of  the mot ionless  O, molecule  and the 
mobi le  po l a ron  broadens  the ESR line of  tile polaron. 
We have  previously found  / that tile b roaden ing  of  
the E S R  line in the spec t rum of  polyanitine by dioxygen 
m the  t e m p e r a t u r e  region of  140--290 K has a maximum 
at 250 K. Analysis o f  the data in the f ramework of  
the  m o d e l  p r e s e n t e d  above  es t imated  the  rate of  
.jumps o f  the polarons (-I1) 13 s - l L  The max imum was 
assessed to  the transit ion from weak to strong interact ion 
with a t empe ra tu r e  decrease.  The amount  of  sorbed 
d ioxygen  was assumed to remain unchanged when the 
t e m p e r a t u r e  changes.  In this work. we showed that the 
a m o u n t  o f  sorbed dioxygen increases with tempera ture  
d e c r e a s e ,  but the rate o f  its addition to polyanil ine 
d e c r e a s e s  to such an extent  that equil ibrium is not 
ach ieved  wi th in  a reasonable time. In addi t ion ,  a new 
m e c h a n i s m  o f  the dioxygen effect at low tempera tures  
was found .  

Experimental 

1-he polyaniline powders PAN ! and PAN2 used in the work 
were prepared as follows. Polyaniline PAN I was synthesized for 
2 h at ~20 ~ in water containing 0.1 M aniline. 008 Af 
(NHa)2S20~, and 0,1 M HCIO 4, followed by drying of the 
samples at ~20 ~ Pob'aniline PAN2 was synthesized [or 5 h at 
a lowered temperature in acetoni~rile containing I M aniline 
and I M HC]O 4 with gradual addition of l M (NH4)2S208: the 
precipitate was repeatedly washed with acetonitrile, water, and 
0.1 M HCIO 4 (to obtain the acidic salt o[polyaniline) and dried 
at 40 r The protonation degrees determined as the ratio 
[CI]/[N] are 0.56 and 0.13 for PAN1 and PAN2, respective[,,. 

The samples were evacuated [br 2 h under 10 .4 Tom and 
then 07 was supplied under different pressures. 

ESR ~pectra v, ere rec~rded on an Radiopan SE/X-2544 
radiospectrometer (Poznan. Poland) equipped with a ~empcra- 
ture unit for work at temperatures >100 K arid a home-.made 
attachment for the work at helium temperatures. The ESR 
spectra were detected at low magnetic modulation amplitude 
and SHF-field power, :it which the distortioft of the line shape 
is negligible The linewidth AIt was measured between the 
extremes of the firs! derivative with :in accuracy of =2%. The g 
i~.lctor '.,,as calculated from the magnetic field strength and SH F 
radizltion frequency for the intersection point o[' the ESR and 
basic lines. The relative error of the g factor measurement was 
2- 10-s: however, the absolute error was 1 - 10 -a because of the 
magnetic field gradient between the sensor of the magnetometer 
and the center of the ca,,ity. 

Results and Discussion 

We [ot, nd a new mechan i sm o f  the dioxygen effect  in 
our study of  the influence of  d ioxygen  on the ESR 
spectra of PAN2 in a wider temperature range (Fig. I). 
In addition to the previously tound maximum of the 
ESR linewidth at 250 K> a maximum at 60-90 K was 
revealed. When the temperature decreases, the width of  
this maximum increases ~mpwise at ~90 K and de- 
creases at ~60 K. These temperatures are close to the 
liquation (90 K) and solidification points (54- K) o f  
dioxygen. The broadening at 60-90 K is explained by 
spin exchange upon collision of potarons with mobile 
dioxygen molecules localized in the liquid phase. "1-he 
volume ot" condensed dioxygen is insufficient to cover 
the completely immersed polyani l ine powder in the 
ampule. Probably. dioxygen is condensed in polyanil ine 
pores. At all temperatures, the line shape of the ESR 
spectra of poiyaniline in both oxygen and a vacuum is 
close to the Lorentzian shape. 

The g ti~ctors in a vacuum and an oxygen a t m o s p h e r e  
differ (see Fig. 1). At >90 K in the presence  of  oxygen  
the ,g factor decreases  due to the spin  exchange b e t w e e n  
sorbed oxygen and the polaron,  t The  changes in the  
ESR tinewidth in oxygen at 6 0 - 9 0  K are a c c o m p a n i e d  
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Fig. 1. Temperature functions of the width .XH (a) and e f,tclor 
(b) of the ESR line:-; of PANI (I) and PAN2 (2t powders m 
vacuo {light markersl and in 02 (dark markets). The ()~ pres- 
sures lbr PAN I and PAN2 are 0.15 and I aim. respeclivc!y. 

by significant changes in the g ihctor (see Fig. I). and 
the sign of  the change is opposite to that at temperatt, res 
>90 K. Such considerable changes in the g factor can be 
explained by conformai iona i  transit ions in the polymeric 
chain upon liquation and solidification of  O~. 

When the pressure of ()-, was halved (to 0.5 arm), its 
influence on tile l inewidth and g factor at temperatures 
> 100 K decreased and at 60- -90  K remained unchanged. 

Oxygen affects the ESR linewidth of  polyaniline 
PAN I much more strongly than that of  PAN2, and the 
specific features found for PAN2 at 60--90 K are absent 
(see Fig. I1. In addit ion,  at <220 K the line shape 
noticeably differs from the Lorentzian shape. Unlike 
PAN2,  the linewidth of  P A N t  it, vacuo decreases with 
temperature  decrease. 

The temperature changes in the g factor and linewidth 
(see Fig. I) measured during slow (~10--15 min per 
point) decrease and increase in the temperature are 
close. When tile temperature  changes are fast, the ampli-  
tudes of  the ESR lines for both PAN I and PAN2 vary. in 
time: they decrease after a last temperature decrease and 
increase alter a fast increase. This is explained by a 
change in the number  of  dioxygen molecules sorbed on 

polyaniline after the tempera ture  change,  and  the sorp- 
t ion-desorption process is slow and reflects,  probably, 
conformational  changes in polyaniline. T h e  con fo rma-  
tion o f  the polyaniline chains can affect e i the r  oxygen 
diffusion in the pores or  directly the addi t ion  o f  oxygen 
to the polymer. The possibility of  confo rmat iona l  changes 
in the polyaniline s tructure is conf i rmed by the absence 
of the influence of  oxygen admitted at 77 K on  the ESR 
linewidtla. 

At T > 2 2 0 - 2 3 0  K, a decrease in the ampl i t ude  A is 
accompanied by an increase in the l inewidth AH, so that 
the product A �9 :XH 2, which is proport ional  to the  number  
of  spins in the sample, remains  unchanged.  At T <  22( t -  
230 K, the product A ' A t ~  decreases in t ime.  "1his 
occurs because a part o f  the paramagnetic cen te r s  (-50%) 
broadens; so much that their  ESR spec t rum canno t  be 
recorded. According to the previous data,  3 the  volumes 
of  the amorphous and crystalline phases in polyani l ine 
are comparable.  It is most likely that the paramagnet ic  
centers whose ESR spectra are strongly b roadened  by 
dioxygen are arranged in the amorphous  regions,  and 
those of  the centers in the crystalline regions are broad- 
ened less due to the impeded  access of  d ioxygen  to these 
centers .  ] 'he size o f  the crystal l ine l a t t i ce  o f  the 
emera ldme salt is 7 . 0xS .6xg .5  ,'~ and, hence ,  for the 
dioxygen molecule o f  3.6 A, the penetra t ion o f  dioxygen 
into the cry'stalline phase at low tempera tu res  can be 
hindered. 

The change in the ampl i tude  of  the signal in t ime is 
well described by the formula  A l e x p ( - t / r )  + /12 at'ter a 
jumpwise temperature decrease from ~20 ~  or  by the 
formula Ai[I - exp(-t/ '-~)j + A 2 after a j umpwise  tem- 
peraiure increase. The  -r values de te rmined  at the same 
temperature after a decrease or an increase in the tem- 
perature are close. The  Arrhenius plots of'-c for PAN I 
and PAN2 are presented in Fig. 2. The ac t iva t ion  ener- 
gies of  the conformat iona l  transitions to PAN I and 
PAN2 are equal and a m o u n t  to 3.3 kcal mol  " j .  Dioxygen 
adds to PAN I more rapidly. Perhaps. this results in a 
situation that oxygen adds in a greater a m o u n t  during a 
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Fig. 2. Arrflenius plols of the characteristic times of changes in 
tile amplitude of the ESR line of" two polyaniline (orms PAN I 
I l) and PAN2 (2~ after fast temperature decrease from ~29 "C. 
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comparable time and strongly broadens the ESR spectra 
of  PAN I as compared to those of PAN2. 

The necessity of conli)rmational t ransi t ions  in 
polyaniline for the addition of  oxygen restricts the amount 
of sorbed dioxygen. A considerable increase in the 
amount of sorbed dioxygen was found only for the 
temperature decrease to 210--220 K. then the sorpiion 
was retarded, and ihe equilibrium value was not achieved 
wiihin the time of the experiment. These specific fea- 
tt,res of dioxygen sorption should be taken into account 
in analysis of' the temperature plots of  the spectral 
linewidth in the presence of  oxygen. The decrease in 
the linewidth with the temperature decrease below 
220--250 K (see Fig. I) is explained~ as previously, 2 by 
the retardation of polarons at an unchanged oxygen 
content. ] 'he linewidth increase tipoll temperature de- 
crease from -20 ~ which has previously been explained 
by a weak exchange, is stipulated by an increase in the 
anaount of  sorbed oxygen. 

Our restllls show that the study of  the dioxygen effect 
on the ESR spectra of polyaniline is a promising method 
for investigation of the supramolecular structure and 
molecular  dynamics of polyandine. 
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