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SUMMARY 

Radical copolymerization of acryloyl (PtA)- and methaory- 
loyl (PtM)-2'-hydroxyethyl-2-(N-phenothiazinyl)propionate 
with methacryloyl-2'-hydroxyethyl-3,5-dinitrobenzoate proce- 
eds through a mechanism which implies intermonomeric complex 
participazion. There are indirect proofs that the intramole- 
cular charge transfer complexes obtained present a total 
electron transfer phenomenon at high temperatures. 

INTRODUCTION 

The electrono-donor monomers used up to now in the synthe- 
sis of intramolecular charge transfer complexes (CTC) by ra- 
dical copolymerization with electrono-acceptor monomers were 
naphthyl (1), fluorenyl (2), carbazolyl (2-18) and N,N-dime- 
thyl-p-aminobenzyl (19) derivatives. Of these, ~,N-dimethyl- 
p-aminobenzyl methacrylate (DMABM) had the lowest ionization 
potential (7.21 eV with chloranil as acceptor (19)). Its co- 
polymers wi~n acryloyl (DNBA)- and methacryloyl (DNBM)-2'-hy- 
droxyethyl-3,5-dinitrobenzoate heated in solution presented 
the irreversible phenomenon of total electron transfer, gi- 
ving strong salt-like in~ramolecular charge transfer comple- 
xes. 

Phenothiazine nucleus has a strong electrono-donor charac- 
ter. Having in mind the ionization potential values for two 
monomers based on phenothiazine : 

~H2CH2COUCH2CH2OCOCR=CH 2 

N ~  R = H PtA 

R = CH 3 PtM 
S 

of 7.23 eV, with chloranil as accep~or (20), and the very 
promising electric properties of some phenotniazine polymers 
(21), we present in this paper the synthesis of two intramole- 
cular CTC by radical copolymerization of acryloyl (PtA)- and 
respectively, methacryloyl (PtM)-2'-hydroxyethyl-2-(N-pheno- 
tniazinyl)propionate (M I) with DNBM (M2). 

EXPERIMENTAL 

PtA, PtM (20) and DN~M (10) syntheses are presented else- 
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where. Copolymerizations were performea in dioxane solutions, 
at 50~ unaer argon, in sealed ampoules, at a total monomer 
concentration of 0.5 M. Copo• were precipitated in metha- 
nol ana purified by reprecipitation in methanol from tetrahy- 
drofuran (THe) so• Copolymer composition was determi- 
nea from the• spectra registerea in DMS0d 6 on a Jeol C- 
60HL spectrometer. A typical NMR spectrum is presen~ea in fi- 
gure I. Electronic absorption spectra were recorded on a 
Unicam SP 800 spectrophotome~er. 

Copolymerization data are presented in table 1. 

TABnE 1. 
Copol~merzzatlon aata 

x P~M-DN~M 
Sample Time Conver- y 

h sion(%) 

poly(PtM) 22.0 84.7 - 
7.00 I 3.0 14.2 6.b9 
3.00 2 3.7 17.7 2.70 
• 3 4.9 20.8 1.50 
l.oO 4 ~).0 • 0.89 
0.60 5 5.0 • 0.54 
0.33 b 5.• 1• 0.30 
0.• f 5.2 W.b 0.12 

PtA-DNBM 
Sample Time Conver- y 

n sion(%) 

poly(PtA) 22.0 82.3 - 
8 3.8 4.2 2.8b 
9 7.2 7.1 1.44 

l0 7.3 7.7 0.82 
il 7.4 8.b O.b2 
12 '[.4 1O.b 0.30 
13 7.5 12.3 O.lb 
• 7.5 12.3 0.06 

Homopo• were performe~ a~ 80oc. 
x = [ M I ] / [ M 2 ]  ; y = d [ M l ] / d [ M 2 ]  

RESULT3 AND DI~U~SION 

Copo• diagrams • ~ne ~wo systems are presen- 
ted in figure 2. 

f2 

0.5 

PtA-DNBM 

DNBM 

0 T i 
05 F 2 

Figure ~. Gopolymerlza~lon alagrams 
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~ o t ~  pneno~niaz~ne monomers are less reactive than DN~, out 
the metnacryiate is more reactive than the acry• as in 
all cases analysea up to now. ~ata processing with the aelen- 
TGdSs metho~ at high conversions t22) gives the plot in figu- 
re 3. 

0.5 

- 0 . 5  

P t M - D N B M  

~).5 

1 0 

0.5 

- 1  r_ - -1 

P t A  - D N B M  

Figure 3. Kelen-Tudos plots. 

The PtM-DN=M system can be approximatea by a s~raighb l~ne 
having the parameters : 

r I = 0.88 r 2 = l.• 

The PtA-D~m system generates a curve, inaicatlng the non-va- 
lidity of the terminal model. AS demonstratea in prevlous pa- 
pers (lb-18), D~M copolymerizes witn electrono-aonor mono- 
mers directly and ~hrougn ~ne intermonomeric CTO. When tne 
homopropagation rates ~or both monomers are sufficiently nigh, 
the system can be treatea as an apparent• terminal one (i0, 
13). when the humop~o~gation rates are lower, the intermono- 
meric CTC role increases, and the Kelen-Tud~s pious oecome 
curves rather than straight lines (18). This is the case for 
PtA-DNBM system, for instance. 

The obtained copolymers are violet colored, unlike the no- 
mopolymers, which ~z.~ white. The color becomes more intense 
when approaching to l:l copolymer composiLion, oopolymer so- 
lubility in dioxan, THF, DMS0 and DMF also decreases near 
l:l composi~ions. 

The intramolecular complexation degree is estimated mea- 
suring the cnemlcal shift of the aromatic protons from DNBM 
structural units and plotting it again~ copolymer composi- 



251 

tion. In poly(DNBM) this shift is 8.95 ppm (lO). For po• 
A-co-DNBM) the plot in figure 4 is obtained. 

6 
(ppm] 

8.9 

8 .7  

�9 5 0 %  
*: 100oC 
o 150~ 

I 
8. 5(~ 0.5 f2 

Figure 4. Chemical shi~ o~ u~BM structural units 
aromatic protons against copolymer com- 
position zo~ po• 

The spectra registered at 50~ generate a curve naving a ma- 
ximum at ca. f2 = 0.5. Increasing the spectrum registration 
~emperature, the curve becomes flater, and its maximum seems 
to sh• to higher f2 values (0.55-0.6). A quite similar 
plot was obtalne~ for poly(DMABM-co-DNBM) (19), where a ca- 
tion-radical z ormation was evidenced. 

The electronic absorption spectra of ~ne ml~ure poly(PtM) 
- acetyl-2'-hydroxyethyl-3,b-dinitrobenzuate (registered in 
CHC13 and in THF) and of the copolymers (registered in THF), 
present a maximum at ~= 450 nm. In or~er to evidence the 
cation-radical appearance in the copolymer, the spectrum of 
sample 3 was registered in DMS0 at room ~emperature, 50 o and 
lO0OC (figure 5). 
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Figure 5. Electronic absorp~iox~ spectra. 
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Indeed, by heating, the charge transfer Dana intensity dimi- 
nishes and this region o~ the spectrum uecomes flat. We as- 
signed this change to the total elec~run transfer. The at- 
tempt to evidence the concomi~en~ uV absorption appearance, 
corresponding to the pn~no~hiazine cation-radical, failed, 
probably because of the overlapping intense absorption at 
312 nm hue ~o the phenothiazine nucleus. Therefore, there ~re 
no direct proofs for the electron ~o~al ~ransf~r, but only 
indirect ones : dissapearance of the CT band and the shape of 
the chemical shift plo~, analogous to that obtainea for poly 
(DMABM-co-DNBM) and poly(DMABM-co-DNBA) where cation-radical 
appearance was spectrally demonstrated (19). At cooling, the 
absorbance returns to the initial values, unlike poly(DMABm- 
co-DNBM) and poly(DMABm-co-DN~A), when the electron total 
~ransfer was irreversible. Consequently, one can say that 
po• and poly[PtM-co-DN~M) a1"~ w~ak CTCs at room 
temperature, and by heating, the electron total transfer pne- 
nu,u~non appears. The chemical shiIt plot~ea in figure 4 re- 
flects the weak comp• which coexists with the strong 
on~. At 150oc, the strong complex predominates and the weak 
complexation curv~ i~ flater. 

The ionization potentlal v~• of the model for the donor 
structural unlt is slightly higher (7.L3 ev (20)) than that 
of the DMABM structural unit model (7.21 eV (19)) determined 
in the same conaitions. This ~ac~, correlated wi~h the Digger 
distanu~ between the donor group ana the mala chain, which 
can be unlavouraOxe to complexation (20), can explain the 
stronger CTC character ol pox~(DMABM-co-DNhM) and poly(DMA~M- 
co-DN2A) as compared w~n ~nuse derived from pheno~niazin~. 
~or DMABM copolymers, ~he d~stanc~ 0etween the donor group 
ana the ~nain chain is much lower than tnu~ between the accep- 
tor group ana ~he main chain, consequen~x~ ~ne donor group 
has a low mobility. The electron to~al ~ra,~fer, taking place 
at high ~emp~ratures, is irreversiol~, because, lowering the 
temperature, the return to the cu**s of the weak com- 
p• is very improbable. 

in poly(PtA-co-DNbM) ana poly(PtM-co-DN~M), both ~he donor 
and accep~or gruups are sufficiently air,ant from the main 
chain in oruer to permit the return ~u ~ne weak complex state 
at cuollng. UnlorZunately, une cannot ev~sence ~n• ~tate 
measuring the chem• shifts ol ~ne aromatic protons from 
DN~M s~ruc~ural units, because tn~ oopolymer solublll~y ~ 
very poor az room ~emp~ature, below tne sensitivity limit 
of tne NMR spectrometer. Even at 50 ~ anm lu0 o ~ the cupolymer 
SOlUDlllby l~ IOW and ~ne error in cn~,,Acal ShlI~ determina- 
tion increases. 

CONCLUSIONS 

Copoiymeri~ation of rzA ana, x'~spectively, P~M with DNBM 
takes place ~hrough a mechanism implying interm~nomeric CTU 
participation. This mechanism ls obvious for ~tA-D~BM, when 
~ne Kelen-T~aSs paul is a curve. Poiy(P~A-co-DNBM)and poly 
(PtM-co-DNBM) are intramolecular CTCs presenting at high tem- 
peratures a total electron transfer phenomenon. At room ~em- 
perature the complex returns to its weak state. 
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