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ABSTRACT
Thé results of experimental studies of resonant Raman scattering {RRS)

spectra from Er3t

implantation doped and partially isomerized polyacetylene are
preséntedu Thin ciSM(CH)X films were synthesized by the method of rare earth
comple‘x catalysis polymerization. Doping technique is ion implantation. The
surface "density of "implanted Erbium fon is ahout le()m/cmz. In the case of
cis—{CH}X,IRRS bands at 1160, 1270 and 1540 em™} have heen observed A = 488
am (10K} and it was shown clearly that a shift in frequency of the peaks
assigned to the remaining trams segments ocours during the isomerization
3+ 3

process. In the case of Er

doped cis—(CH)X, Er't induced Raman bands at 1143,

1320 and 1510 et have been measured (AL = 488 nm, RT) for the first time and
it is observed that the Raman bands from Er3+ doped trans/cis—({‘.}{)x are shifted
to lower frequencies. We poimt out that the effect of Erd™ dopant is associated
with the defects.

The experimental results are discussed by using the model based on the
Wypothesis .that the sample properties can be interpreted in terms of a bimodal
distriburion of leng and short conjugation length segments (for trans-“(CH)X)
end the bipolaron microscopic model om the basis of mulei phonon lattice
felaxation theory (for cis—(CH)x). Our studied results support further the

Mmedal distribution model and the bipolarcn microscopic model.
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INTRODUCTION
' SULTS AND DI

In recent years, the conducting polymer ({(CH), has been emé“si‘felg ectra fr
: op

investigated by using a wvariety of spectroscopic techniques and among thag, In Flgure
Raman scattering has proved to be extremely helpful at least in the cage o
undoped (CH)X.

Several papers have been devoted to the behavior of Raman spectra ag :
function of the excitation wavelength and different models have been dEVEIOpe

(1),

As usual, (CH)X, investigated by Raman spectroscopy, has been chemically g

givrati cnal mo

wsith the dncr

electrochemically doped with appropriate alkali-metal, halogen or ASFS, ete.,
but relatively few studies have appeared on the characteristics of Raman spect
of rare earth ionm implanted (CH),. Davenas er al. (2) studied the stability ,
ion implanted (CH}X films. Recently, Kuczkowski et al. (3) discussed the chang

in electrical conductivity of HZ+ ion implanted traHS“(CB)X- It is noticed thar:

|

the .iou implantation technigue is well known to modify the morphology o
polymers and was recently successfully applied for doping of conducting polyme
(4). Therefore, in this paper we present the main Raman results obraineg {

partially isomerized (CH)X and in (CH)X doped with gt by ion implantation)
doping technique to provide further information on the behavior of Rama

spectra.

EXPERIMENTAL

For Raman spectral studies, the thin (10 % 100 um) film of (CH}X wa
synthesized by the method of directional polymerization with rare-earth comple
cataly'fic system (53). The trans—(CH), was obtained by the heat treatment o
cis-(CH)X at 180°C for about 20 min. Doping techaique is the ion implantation
With ('CH)X films at 300K, implantation fluences of 5216t a4 sx1olt erbin

ions/cm2 with an fon flux of 0.2 micro A/cm2 and a beam energy of BO XeV wer

used,

Raman spectra were measured at room and low temperature using standar. -
equipment and- a 90° scattering geometry configuratien was adopted. Additiona A 2
background scattering was minimized by setting (CH)X Film in an appropriate
position. The laser lines were provided by am argon cw laser. : L. BRS spe
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qULI5 AND DISCUSSION
been extensiwh- g5 spectra from partially isomerized samp les
3 and among then, In Figure 1, we show the RRS spectra recorded in cis~trans isomerization

st in the case o II(CH}X for three different contents of cis after a heat treatment of a undoped
ciS‘(CH)x sample. For the fully trans—(CH)x {see curve ¢ in Fig. 1), rhe Raman

1

aman spectra ag 5 - pands are recorded at 1110 em™, 1490 em ™, The peaks of RRS spectra due to the

ave bheen d@velnped: dhrational modes of the trans segments shift lighrly to high frequency side
Cgith the increase of cis isomer content {see curve a,b in Fig. 1). For a
peen chemically or. cs-rich (CH)X, the RRS bands are recorded at 1120 cm—l, 1510 em™ !,
noor ASFS, ebt,,
.cs of Rapman spectry:
d the stability of
scussed the change

It is noticed that

the morphology of P 1120 1510 7
conducting polymer ‘
zsults obtained in
¢y lon implantation

behavicer of Raman

film of (CH)X was
rare—earth complex

heat treatment of

Haman Intensity (A.15.)

: ion implantation.

. SXIOM arhium

rgy of 80 KeV were

—
o)
[}
sl
boa
oo b

ire using standazd
dopted. Additional Raman Shift (x 1007)
in an appropriate’
- Fig. 1. ERS Spectra at room tewperature of undoped polyacetylene for Ay = 488
. a) rich els~(CH})_ ; b) 50 % cis-(CH), ; <) trans—(CH)X.
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At LOK, we have measured RRS spectra from cis-trans isomerizatiom (CH) gpectra of Er

j1llustrated in Figure 2. In this figure, RRS spectra recorded in (C‘;{}x dre gy In Figure 3,

shown as a function of the cis isomer content of the polyacetylens. y

cerylene fo
L, 1495 ot '

yEye

trana*(CH}x {see curve ¢ in Fig. 2), the peaks of RRS are 1115 cm™ ). samie- ¥o
;-3

1

and the spectra exhibit the new peaks at 1270 em”t, 1250 en”t (see curve a,b § sn spectrum I
1 2am

Fig. 2}, The peaks also shift te hnigh frequency side with the Iincrease pf 4 and 1120 o’
an

isomer content, but the shift tendency of the peak at 10K is more obvious the jak 18 derected
g

rhat measured at room temperature. 1g. 30 With th

_ -1
a7h, 1510 cm
a Fig. 3. The

ontent 18 simili
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Fig. 3. RRS spe

Fig. 2. RRS spectra at 10K of undoped polyacetyleune for A, = 488 nm. < 483 )
‘ i nm o:oa)

a) rich cis~(CH}_ ; b) 50 % ecis—{CH)_ ; c) traans—{CH)_. .
x x x
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3

e
srization (CH)X a g spectra of Er doped sample

in (CH)}‘,~ are glg in Figure 3, we show the Raman spectra recorded at room temperature in

>lyacetylene, Oiyacetylel“‘e for different contents of ois isomer after an Ero7 imp lanted
- PO )
15 om 1, 1495 ¢ '. {CH)X sample. For a fully traas_(CH}x and 50 % cis—(CH)X, the peaks of the

(see curve a,p in paman SPECLIUD recorded with Ay o= 488 nm are at 1110 em”t and 1480 em™ on one

he increase of gy 1 and 1490 ca™} on the other hand. At the same time, no Raman

1

Zhapd and 1120 em”

more obVious thgy jeak is detected between 1110 em™ and 1480 cn”l is absent (see curve b,c in

Yeigs 30 With the rich cisw(CH)x} the peaks of the Raman spectrum are at 1145

.Cm-l, 1510 et ang there is the indistinct Raman peak at 1320 en} (see curve
'a in Fig. 3). The change tendency of position of the Raman peak with cis isomer

content is similar to that observed that in Fig. ! and Fig. 2.

Ramsn Intensity (A.U.)

i i X 1 5

10 12 14 16
Remen Shift {x 1007 ")
3+

Fig. 3. BRs spectra at room temperature of Er implanted polyacetylene for Ay,

488 B
nm 488 nm : a) rich c:is—(CH}x y b)Y 30 % cis—(CH)x ;e) trans-(CH)X,
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Tr is well known that the experimental data of RRS spectra of trans~{(CH) b gRE—NCES

x 5
been explained by using the model based on the hypothesis that the g, 2o for 2Xai
nternation.

105MT 86D,

properties can be interpreted in terms of a bimodal distributiomn of 101’1@;.
ghort conjugation lenmpth segments {(6-%). Ia particular, this model egy
applied successfully te partially isomerized {CH}X samples as well ag 7, Davenas,
samples implanted with Erbium in a wedium range of concentration level {7}, ig. Prangois
In the case of partially iscmerized samples, according to the bimed Sa, Kuczkows
distribution model developed by Mulazzi and Lefrant (8), the positions g p. Khabibul
shifts of Raman peak (see ¥ig. 1-3) in RRS spectra obtained at diffapg E}g_g_t_g@}_ﬁﬁ
degrees of isomerization can be interpreted by the bimodal distribution whi Shen Zhigue
weights rhe different centributicns as & function of the conjugation leng
segments of trans-(CH . G.P. Brivic
g, Lefrant
'_(1985) 583

G.p. Brivi

Gue Youjamg, Yu Lu (10) have proposed z bipolaron microscopic model g
interpreted reasonably the Raman scattering data in cisw(CH)x on the basic g
iattice relaxation theory. Since the ground state of cis—(CH)X is g
degenerate, so the polarons can be only excited. The polarons might serve g  Guo Youjia
intermediate states for Raman processes. At rich ciS“(CH)X, we can conside
only the polaron state. The polaron state which is quasi-resonant with gh.
{incoming laser light gives the Raman scattering for cis-(CH}X. This resonantiq
state prasents obviously the effect of lattice relaxation. Accordiag to thi
model, the theoretical results obtained for RRS spectra in cis~-((?7d)x are alg
in well agreement with our experimental results.

Therefore our studied results support further the bimodal distribution made
and the bipolaron microscopic wodel. Derails will be published elsewhere.

We note that the shifts of peaks and broadening of spectra in RR3 spectr.
from EroT implanted (CH}X (compare Fig. 3 with Fig. 2 and Fig. 1) are due t
the contribution to the ERS spectra coming ‘from of the perturbed conjugation
length segments because of the dopant Rt presence and of the hreaking of th
symmetry, But the origin of the small Raman peak at 1320 em™L {see curve & Fig

3) is not clear yets.
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