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Abstract 

The optical absorption and fluorescence properties of polyallylantine (PAA), modified with I- +,rod 2-naphthalenesulphonyl ( INS and 
2NS) groups, were examined in aqueous solution. The monomer emissions of both chromophores increased on addition of ethanol or HCI to 
the solutions. The addition of K_,HPO4 caused a decrea~ in the monomer emissions for PAA containir, g 1.92 tool.% of |NS and for PAA 
containing 4.2 tool.% of 2NS. This probably results from the contraction of the polymer conformation due to electrosuaic crosslinking by 
phosphate ions. A similar result was obtained on addition of KCi to the same polymers and was also attributed to polymer contraction due to 
enhanced intramolecular interactions, llowever, the monomer emissions remained unchanged or increased for PAA polymers with higher 
chromophore contents, it is suggested that these highly modified polymers possess a compact conformation without salt, so that little 
conformational change is exhibited on addition of the~ salts. The fluorescence behaviour of the INS and 2NS groups was co~parcd with 
that of the 5-dimethylamino-l-naphthalenesulphonyl (DNS) group. The ~nsitivity of INS and 2NS as optical probes towards the above 
species was higher or as high as that of DNS. in addition, the 1NS group was sensitive to the polarity of the microcnvironment around the 
chromophore in a similar manner to ,he DNS group. The maximum wavelength of the monomer emission decreased as the polarity decreased. 
© 1997 Elsevier Science S.A. 
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1. Introduction 

Synthetic polymers containing hydrophilic and hydropho- 
bic moieties have interesting physical properties in aqueous 
solutions. Some form organized assemblies similar to natural 
systems, such as micelles, vesicles or membranes [ 1-3 ]. The 
conformation of  amphiphilic polymers in water reflects a 
delicate balance of  forces. Coulombic forces, ion pair for- 
mation, hydrogen bonding and hydrophobic interactions all 
contribute to the stability of  self-assembling polymer mole- 
cules [4]- 

Chromophores bound to polymers have been used as opti- 
cal probes to study the conformational transitions in various 
synthetic and natural polymers [,5-7 }. The 5-dimethylamino- 
l-naphthalenesulphonyl (DNS) group has been widely used 
[8-11] .  However, the use of  non-substituted naphthalene- 
suiphonyl groups, such as 1- and 2-naphthalenesulphonyl 
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( l NS and 2NS ), for fluorescence labelling has been studied 
in only a few reports, concerned with the introduction of  the 
2NS group into a low-molecular-weight amine [12] and 
energy transfer from a INS-labelled enzyme to a DNS- 
labelled substrate [ 13 ]. 

The photophysics of  polymers containing chromophores 
has also been an active research field from the point of  view 
of providing a new class of  optical functional materials. Var- 
ious photodriven functions of  these polymers have been 
exploited in applications such as artificial photosynthesis 
[14,15], information processing [16,17], organic photo- 
imaging materials [ 18,19] and phococontrolled chemime- 
chanical systems [ 20,21 ]. Polyailylamin¢ (PAA)  possesses 
a side-chain c a n t i n g  a primary amino group easily convert- 
ible to various functional groups and has attracted consider- 
able attention in polymer chemistry [22].  Long alkyl chains 
ond benzyl groups hav~ beer~ introduced into PAA to provide 
new amphiphilic polymers [ 23]. However, little work has 
been carried out on the preparation and photophysics of  PAA 
containing chromophores [ 24 ]. 



2.:U S. Otsuki. T. Taguchi I Jounlal of Phowchemisto" and Photobiology A: Chemisto I I I (I 997) 233-239 

In this study, 1NS and 2NS groups were attached to PAA 
and used as optical probes to monitor the changes in polymer 
conformation. The optical absorption and fluorescence prop- 
erties of INS- and 2NS-modified PAA were examined in 
aqueous solution and compared with those of DNS-modified 
PAA. 

2. Experimental details 

2. i. Materials 

Poly(allylamine hydrochloride) (PAA. HCi) (M,,. = 
50 000-.65 000: Aldrich) was used without further purifica- 
tion. INS, 2NS and DNS chlorides were of guaranteed rea- 
gent grade (Tokyo Kasei). Dibasic potassium phosphate 
(K_,HPO4) ( Kishida ) and pota~,~i,:m chloride ( KCi ) ( Naca- 
iai ) were of guaranteed reagent grade. 

2.2. PAA containbzg chromophores 

To a suspension of PAA- HCI (0.6 g: 6.9 mmol) in 20 mi 
of methanol, 2.5 ml of 2.9 N potassium hydroxide in methanol 
was added. The suspension w;~: stirred for 1 h and then left 
in a refrigerator overnight. The precipitate of KCI was 
removed by decanting and the solution was evaporated to 
dryness. The resulting free PAA was dissolved in water- 
acetone ( i : 4, v /v) .  The desired amount of sulphonylchlor- 
ide dissolved in acetone was added and the solution was 
stirred at room temperature for 24 h. The solution was acid- 
ified with hydrochloric acid (HCI) and concentrated in 
vacuo. The residue was dissolved in water and dialysed in a 
Visking tube twice with aqueous sodium hydroxide and twice 
with water. The dialysate was stored in a refrigerator and used 
as a stock solution for the measurements. The PAA deriva- 
tives examined in this study were PAA containing 1.92 mol.~ 
of INS group ( PAA- INS- ! .92 ), PAA- i NS-5.0, PAA-2NS- 
4.2, PAA-2NS-8.7 and PAA-DNS-183. A PAA derivative 
containing more than 5.0 mol.% of ! NS group was prepared, 
but was not used for measurement because it was easily pre- 
cipitated from dilute aqueous solution by weak shaking. 

The compositions of the PAA polymers containing chro- 
mophores were calculated from the ratio of the integral of the 
aromatic protons to that of the aliphatic protons in nuclear 
magnetic resonance (NMR) spectra. Tile concentration of 
the polymer in the stock solution was calculated from the 
concentration of amino groups of the polymer determined by 
the colloid titration method. A measured amount of stock 
solution was diluted with water, acidified with HCI and 
titrated with 0.005 N potassium poly( vinyl sulphate) using 
methylene blue as indicator. 

2.3. Measurements 

'H NMR spectra were taken at 500 MHz on a JEOL 
ALPHA spectrometer. To prepare samples for NMR spec- 

troscopy, the .... .=k solutions of PAA derivatives were acidi- 
fied with HCI, evaporated to dryness and dissolved in D,O. 

Absorption spectra were recorded on a Shimadzu UV-2200 
spectrophotometer. Steady state fluorescence spectra were 
run on a Hitachi F-3010 spectrofluorometer and were cor- 
rected using rhodamine B as a quantum counter. The tem- 
peratures of the water-jacketed cell holders of both 
spectrometers were controlled at 25 °C with a circulating bath. 
Solutions were prepared by diluting the stock solutions with 
solvents and kept at 25 °C for at least 30 min before meas- 
urement. The concentrations of the solutions were 0.0061 
wt.% for PAA- ! NS- 1.92, 0.0028 wt.% for PAA- I NS-5.0, 
0.0027 wt.% for PAA-2NS-4.2, 0.00133 wt.% for PAA-2NS- 
8.7 and 0.0056 wt.% for PAA-DNS- 1.83. Excitation for flu- 
orescence was achieved at 260 nm with excitation and 
emission slits of 5 nm for INS-modified PAA, at 281 nm 
with excitation and emission slits of 3 nm for 2NS-modified 
PAA and at 304 nm with excitation and emission slits of 3 
nm for PAA-DNS-I.83. The absorbance at the excitation 
wavelength was lower than 0.07 for INS-modified PAA, 
lower than 0. ! 3 for 2NS-modified PAA and lower than 0.08 
tbr PAA-DNS- 1.83. To calculate the relative intensity of the 
monomer emission IM and the ratio of excimer emission to 
monomer emission (E/M),  the fluorescence intensities of the 
monomer emission were taken at the maximum of this emis- 
sion, and the fluorescence intensities of the excimer emission 
were taken at 395 nm for the 2NS chromophore and at 400 
nm for the INS chromophore. 

3. Results and discussion 

3. I. Spectral features of  PAA derivatives 

The absorption and fluorescence spectra of the PAA poly- 
mers containing 2NS and ! NS groups ill water are shown in 
Fig. i. The spectral features of the two 2NS-moditied poly- 
mers are compared. The absorption maximum around 280 
nm is larger and located at a shorter wavelength for PAA- 
2NS-4.2. The monomer emission appearing as a structured 
peak at 345 nm is also larger for this polymer. However. the 
broad excimer emission peaking around 400 nm is stronger 
for PAA-2NS-8.7. These results indicate that the chromo- 
phore stacking of PAA-2NS-8.7 is more significant than that 
of PAA-2NS-4.2. 

The spectral features of the two I NS-modified polymers 
are also compared. The absorption maximum around 290 nm 
is slightly smaller and is located at a longer wavelength for 
PAA- I NS-5.0. The monomer emission appearing as a broad 
peak is much smaller and is located at a shorter wavelength 
for this polymer. In addition, the excimer emissiop appears 
as a shoulder around 400 nm for this polymer. These obser- 
vations indicate that the chromophore stacking of PAA- l NS- 
5.0 is more significant than that of PAA-1NS-1.92. 

The spectral behaviour of sodium 1- and 2-naphthalene- 
sulphonate ( Na INS and Na2NS), model compounds for ! NS 
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atnd 2NS groups bound to PAA, has been .,,tudied iu the 
presence and absence of uzumxlilied PAA 1251. Na2NS 
exhibits a stacking interaction of the qaphthalene ring and 
pl'edominantly forms dimers in ,vatcr in Ihc presence of PAA. 
whereas NalNS exhibits iittlc association because of the 
more severe steric hindraace amt, nd the sulphonate group, in 
contrast with NalNS, which ix only electroslatically bound 
to positively charged PAA, the I NS group bonded covalentiv 
to PAA shows an exci,ncr emission, probably because the 
covalent bond allows the stacking interaction of the naphllla- 
lent ring. 

3.2. E/li'ct o l'etlumo/ 

The addition of ethanol to aqueous solutions of PAA deriv- 
atives is expected to affect strongly the fluorescence of the 
polymers. Fig. 2 shows IM and E/M as at fimction of ethanol 
content in the solution. As ethanol is added, the Ix, value 
increases amd the E/M value decreases for all polymers. Pol- 
ymer-bound hydrophobic chromophores cause the polymer 
chain to fold to brin K non-nearest-neighbour chromophores 
into contact [26]. This enhances the self-quenching of 
excited chromophores lot Ituorene-labelled hydroxypropyl 
cellulose [27] and the quenching by the amino groups for 
pylene-labelled polyethyleneimine [ 28 ]. These phenomena 
probably also occur in the present system. It seems that eth- 
anol weakens the hydrophobic interaction and extends the 

polymer chain, which depresses both the self-quenching of 
tile chronlophorc.,, ~,nd quenching by the primary amino 
groups of PAA. 

At an ethanol coutent oi"40 vol.q, the E/M value for PAA- 
2NS-8.7 is 0.50, much larger than that for the other t'mlymers. 
This implies that a taLir alllOl.lnt of excilner emission remains 
for PAA-2NS-8.7 at this ethanol content, whereas almost no 
emis.,,ion of the excimer appears for the other polymers. The 
furmer probably has many pairs of neighbouring chromo- 
phores on the polymer chain as extx:cted fronl its large chro- 
nlophore content. 

Fig. 3 ( it ) .,,hows the fluorescence spectrum of PAA- ! NS- 
1.92 as a function of the ethanol content. When the ethanol 
content is increased from 1) to 40 vol.q,  the inonomer emis- 
sion shills from 351) to 340 nnl. This cmissitm shills from 
345 to 3411 nm for PAA-I NS-5.0. but does not shift at all for 
the 2NS-,nodified polymers. This suggests that the ! NS group 
can probe the polarity of the microenvironment around the 
chmnmphore. As ethanol is added to the solution, the 
microenviromnenta~ polarity decreases and hence the maxi- 
mum wavelength of the monomer emission decreases. As 
stated above, the monomer emission appears at a shorter 
wavelength for PAA- ! NS-5.0 than for PAA- i NS- 1.92. indi- 
cating that the chmmophores are stacked more strongly in 
the fom, er and the mieroenvironment around the ehromo- 
phores is more hydrophobic. Ethanol probably decreases the 
polarity of the environment less signilieantly for the former. 
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rL'iitlCi", Ihc  s / I h i l i o i l  l u rb i t l ,  ih¢  p t l l ) i l i ¢ r  lliOlcci.ilc.,4 IllLi.~l !10 
c o i , l h i n c d  b \  e l ec t ros ta t i c  c r l l ~ l i n k i n ~ ,  b)' l ) hospha i~  itlll~. 
lea t l i l i  7 Io cl l ; . l~t l i ; . l l i t l l l  i i box7  th is  n~ill c o n c c n l r l i l i o n .  Prc+~tiln- 

i~bly, c i o n s l i i l k i l i  7 i~ niainl~,  in l r lu i lo lccul ;+u"  b e l o w  th is  +~:.llt 
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concentration. In Mdition. tile amino groups of P A A  arc 
considered to be flee at this con,:enlration, because the pH 
values of dilute soh, tions of the salt arc higher than pH !0. 

The intramolecular crosslinking may re.,,ult in contraction 
of the polymer chain and enhancement of the amine quench- 
ing for PAA-2NS-4.2 and PAA-INS-I.92. This also 
enhances the stacking interaction of naphthalene rings lor 
PAA-2NS-4.2 as judged by the increase in E/M. Htm, ever. 
the E/M value shows little change for PAA- INS- 1.92. prob- 
ably because t~+. +" its small chromophore content and because 
the nature of the INS chrolnophore is different front that of 
the 2NS chromophorc. For polymers possessing high chro- 
mophore contents, such as PAA-2NS-8.7 and PAA- ! NS-5.0. 
the addition of K2HPOa causes little or no effect on tile 
fluorescence of the chromophores. For these polymers, the 
polymer chains are sufliciently contractM v,'ithout salt due to 
strong chromophure stacking arid. hence, intntnluleculat 
crosslinking of the polymer chains is fairly limited. 

Both a decrease in Ixt and an increase in E/M are detected 
for PAA-2NS-8.7 in water, but are negligible for PAA- I NS- 
5.0 in water, when K_,HPO.~ is added to the solutions. There- 
fore it can be concluded that a chromophore cuntcnt of 8.7 
tool.Ok is not sufficient tbr 2NS-modilied polymers to dcpress 
completely the quenching effect of the salt: however, a chro- 
mophore content of 5.i) mol.% is sufficient for I NS-modified 
polymers. In other words, the chromophore content required 
to suppress the effect of K_,HPO.+ is lower for the 1NS group 
than tbr the 2NS group. Since the INS group is substituted 

along the short axis of the naphthalene ring. ,,tacking of tile 
ring may cause a retire se',cr¢ steric hindraRcc than in the 
case of the 2NS group. 

Both the decrease in/,,~ and the increase in E/M. observed 
on addition of K,HPO~. arc greater in aqueous ethanol than 
in water for PAA-2NS-4.2. The effect of the salt canm)t be 
detected in water and can only l~e observed in aqueou.,, ethanol 
for PAA-INS-5.0. These ob:,ervations imply that ethanol 
strengthens the effect of K_,HPO4 on L.~ and E/M. Because 
the polymer chain is extended in aqueous cthanql without 
salt. lhe addition of tile salt contracts the chain conformation 
more signilicantlv. 

Tile nlonomer cmi,,sion shifts to a shorter wavelength on 
addition of K2HPO~ for PAA- ! NS-5.O only in aqueous eth- 
anol and fur PAA-INS-1.92 in water. The contraction of the 
polymer chain probably makes the microenvironment around 
the chromophores more hydrophobic. Thin phenomenon 
OcCurs only whcll the polyn~er chain is flexible due to the 
presence of ethanol or to low chrolnophore contents. 

3.5. Efli'ct oIKCI 

I f  a sah exh ib i ts  no speci l ic  interact ion w i th  a Df lymer ,  the 

degree to ~tli~.'h tile salt will contract or extend the chain 
confornmtion will be dependent on the hydrophili¢ and 
hydrophobic bahmce of the polymer 129.30]. Therefore the 
pt,lynler conlbrnlation can be studied by examining the effect 
of a salt of a monovalent anion on the fluorescence irehaviour 
o|' the covalently bound chromophores. 

Fig. 6 shows the effect of KCI on/,,t and E/M for 2NS- 
modilied polymers in water and in aqueous ethanol. As the 
sah ix added, the ! M value decreases and the E/M value 
increases for PAA-2NS-4.2. However. as the content of eth- 
anol increases in the solution, the effect of KC[ on/xt and E~ 
M becomes less ,narked. especially at low :.ah concentrations. 
In contrast, the/st  value is enhanced and the E/M value is 
ahnost unchanged with increasing concentration of the salt 
for PAA-2NS-8.7 in water. 

Fig. 7 shows the effect of KCI on /m and E/M for INS- 
modilied polymers in water and in aqueous ethanol. The 
addition of the sah increases ~)th/st and E/M h)r PAA- 1NS- 
5.1) in wat,.:r. Both increases in !~. t and E/M become less 
marked ,,vith increasing content of ethanol. Furthermore. the 
monomer emission shif ts to a longer wavelen,,th at ethanol 
contents of l) and 10 vol.% (345--, 348 nm I. but not at an 
ethanol content of 20 vol.9~. In contrast, the /st value 
tlccreases and the E/M value increases slightly on addition 
of KC! for PAA-INS-I.92 in water. Moreover. this emis- 
sion show.,, a small concomitant short-wavelength shift 
( 352 - ,  351) mn ). 

It is expected that KCI enhances intramolecular interac- 
tions, such as the hydrophobic interaction of the chromo- 
phores and the hydrogen bonding of the amino groups, inside 
the polymer. When the chromophore content is low, i.e. in 
the case of PAA-2NS-4.2 and PAA- INS- 1.92. this may lead 
to contraction of the polymer confomlation and, hence, the 
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enhancement of amine tlucnching. The i==ctca, e in/-/A1 ~ndi- 
cares that the ~tacking intcl'actio=l of tl~e naphlhaienc rings 
becomes stronger in the presence ~1 the :.;~h. The sht~rt-xvavc- 
length shift of  thc mon,.mlcr cnlis,,iun l"~r PAA-INS-1.92 
indicates a decrease in the micrt~envirtmmcntal polarity 
aruund the chromophores, suggesting that the ct.romophorcs 
are transferred to the hydropht+bic donlain. Ho~vever. Ihc 
situation is quite different when the chrt~t=~t~phore content is 
high. i.e. in the case of PAA-2NS-S.7 and PAA- I NS-5.0. The 
monomer emission value increase.,, with increasing KCI ct~t'l- 
centration. The pt~lymer chain ix probably already c~m~pact 
so that the addition of the .~alt causes little further c u n l o f  
m a t i o n a l  chang,:, aith~ugh it magnifies the intramolecular 
interactions. This may lead to the separation of ihe chlt~lllt~- 
pht+res and the amino groups into different domains and. 
hence, to the depression of amine quenching and enhance- 
mcnl td the stacking of the chromophorcs. Thi~ i~ suppt~r'ed 
by the fact that an increase in E/M. instead of a decrease, ix 
observed for PAA- I NS-5.(). in addition tt~ an increase in Ixt. 
In additit:n, the long-wavelength shift of the mtw~otner elnis- 
sion h)r PAA-INS-5.0 suggests that some of the chronl~)- 
phores are exposed t~) the bulk solution in this process. 

The decrease in/x~ and increase in E/M on addition of KCI 
become less marked in the presence of ethanol for PAA-2NS- 
4.2. The increases in both values become less marked in the 
presence of ethanol for PAA-INS-5.0. in addition, the ixt 
value begins to decrease alier the initial increase in 20% 
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ethanol lt~r this polymer. These result, indicate that clhant~l 
weakens tile ability of K('I to magnif.x lhe intrztm~+leculztr 
ilueracti~m,,. As a result, clh~tnt~l tlcpres,~es mainly the con- 
t:action t~t the polymc:" conformation for PAA-2NS-4.2, hut 
mainlx the separalit~n of grt,ups pt+.,,scs,in~ tliffclent hydro- 
philicit~ for PAA- I NS-5.(). it is pw,,,iblc thai PAA- I NS-5.(I 
has an rntermcdiatc na;.tllC ift 20+.,; cthant~l. ,,o that the Ixt 
~ ~dttc c~hibits an increase or dccrea,,t" dcpctlding on lhe KCI 
collccnlratiorl. It appc,tt:, that t:thl.lnol ~.veakcns the t:lleci of 
KC'I. This i', cttntrarx to the rest:lls I\~r K:FIP()+. ~vhcre the 
effect ~vz~.s magnilit'd by the :tdtlilit;n of ethanol, This is prob- 
,tbl,~: because K('I only changes the propert.~ of tile ~,t~lution. 
~vhcreas K,! tP()+ has a ~,pecilic intcracti~n ~ ith tt~c pt>13 mcr 
fnt~lec.'.~lc~. 

3. 6. I).VS-m,Milicd l,olymcr 

PAA possessing ~mlv a covalcntl~ bt~und DNS art,up has 
alreatly been synthesized 1231. but il~ ¢hal';.|cieri/atiOl~ is 
inc¢~mplele. The effect of ethant~l on the lluorcsccncc wax 
cxanlined ft~r PAA-DNS- I .~3. An increase in eth;.tnol content 
fi'om 1) it) 2t1 vol.C/, causes J slight short-wavelength shift of 
the Ilut~rescence maximum ( A. / (545 -~ 543 nm ) and an 
increase in the relative intensity ~i.) ( 1.0 ~ 1.28). This is 
attributed to a decrease in the sc~l,,ent polarii.v and. at least in 
part. to decreased self-quenching by exten,~ion of the 
polymer. 
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in conu'ast, neutralizatiou ;if the polymer, i.e. :l cil:inge ig 
o' frolli zero to unity, shifts A, Io it longer wavelength 

1545--+ 5711 nml  :lnd decreases/~ ( 1.0 ~ 0 . 4 3  I. It hats been 

reported that P A A  derivatives ctl!llainill~, ll~ilg alkyl or benzyl 

groups and DNS gr,,,uq~ forni h?druphobic donlzlins which 

illcorporat¢ the DNS groups i 23 I. These observations imply 
that PAA coniaining only DNS groups ;,ilstl forms such 

do'nains and that the chromophores which exist in these 

domains in water are exp(:scd to lhc bulk solution when the 

polymer is neutralized. The polymer chain o f  PAA itself is 

probably rather hydrt~pht~hic and is sonlewhat ctmtracted in 
water. Furthermore. tile decrease in ',. i tlsteatl of  all i ilcrease. 
indicates fllal the quenching by amino groups of  PAA hardly 

occurs h~r this chmmophore .  

The effect of  sahs on the spectr;il behaviour was al.,,o exam- 

incd lot  PAA-DNS-1.83. An increase in KeHPOa conccntra- 

lion f r om 11 Io 11.11()()2 M does :~o'. af fect  A,. but leads to it 

slight decrease ill I I ( I.O--+0.89 ). All increase ill KCI CUll- 
centration from () to 0.25 M shiftn A, slightly to a longer 
wa~ elcnt, th ( 545 --+ 551) nm I and dccreascn !, ~ 1.0 - ,  0.79 ). 

These are probabl) the result of  tile enhanced s e l f  quenching 

o1" the chronlophorcs due to contraction of  the polymer 

meleculcs. 

4. Conclus ions  

O u r  pl in iary  i l lo t iv : i l io l l  in ihc present w o r k  ~as  to exa ln i l l c  

the ab i l i t y  o f  I N S  alid " lN~ g io i lps  IO act as op t ica l  probes 

nloniloring the polyfllcr conf~il'nlaiio!l and uilenlicai para- 

meters ill solution. Both groups Cltll detecl the conlbrmati ,mai 

change caused by the addition of  ethanol or HC! hi .'.he solu- 

tions regardless of  Ihe chronlophore ctmte,:~t ill the polynier. 

The Ixl value increases dramalically and Ihe E l M  value 

decreases in Ihese cases. The sensitivity of  INS and 2NS as 
optical probes lo~ards  ethanol and HCI is higher or as high 
as Ihat of  the widely used probe. DNS. whose fluorescence 

intensity increase, slightly tin addition of  ethanol, but 

decreases tin addiliil.:l of ttC'I. However,  INS and 2NS groups 

cannot always detect tile concentrations of  the sails K.,ttPO.~ 
and KCI. Only polymers with low chromophore contents. 
PAA-INS-I .97  and PAA-2NS-4.2, show lilonotoliic 

decrcanes in lx~ with increasing salt concentration. However.  

when an appropriate chromophore content is used, the sca- 

:dtivity of  both groups toward,  K_,HP(.).~ and KC! is higher 

than that of  D N S .  ",~h,,.-a: lluoresccnce intensity decreases 

slightly t.n addition of  these salts. 
The intrt%luction of  INS and 2NS groups into P A A  sig- 

nilicantly affects the solution properties of  the polymer, as 

observed for polymers with high chronmphore conients 

which s tein to possess very compact confonrlations. These 

chromophores are fairly hydrophobic and exert strong stacK- 

ing interaclion in the polymer. In contrast, the DNS group is 
less hydrophobic and only forms weak asslmiations on addi- 
tion of  K_,HPO.~ and KCI. Another feature of  INS and 2NS 
.,<,roups is their susceptibility to amine quenching, as demon- 

strafed by tile strong increase in the llttor,.:.ccnc¢ mten.sit} 
with neutrali/alitm of the pol) liter ( iq c~mtr:.l~,i with the llu. 

orescerlce of  the DNS group which is little affected by thin 

quenching proces,,). This susccptibilit) increases the sensi- 

ti~ it,,' of I NS and 2NS gruups to~;ard,,, d~clnical parameters 
,,uch gin the pH. ionic strength and concentrations of  Ihird 
component,,, in addition, the INS group can probe the polar- 
it) of  the niicroen~ironmcnt around the chromophore in a 

similair manner to the DNS group. The maximum ~,~avelcngth 

of  m,,momer emission decreases as the polarity decrease.,,. 
This feature furlhcr increases the lm~tential of  this type of  

ciu'onloph;.n'e 'is an opiiz'al probe. 

R e f e r e n c e s  

12oi 

I21 
12-" 

123 

124 
I-'5 

12~ 

1271 
12Sl 
12~1 
13OI 

III I. ";akura,. Y. Ka~amura. F. Suct~ug'a. I. Naka~a. Mat.ronu~lcculcs 

I "~ ] ('.1_ M~('ormick. Y. ChIn--, Macromoiecu1¢~ 27 ( I~y'~4I 2t51. 
13 J T. Nishik;m a, K. \ki)o,,ta. ,I. S,mamt,to. Macr~mlolecu]c', 271 ItJ94) 

76~4. 
1-1} A. [.a',che~',,kx. Ads. P(d,.m. Sci. 12-~ ¢ lq95) 2. 
151 I .M. %%'imlik. M.A. ~Villllik. S. "]'azitk¢. ('.K. Ober, Macrumolcculc,~ 

2(I 119S71 3S. 
161 R. tla.', ;r, hi. S. ia/uke. ('.%V. Frank..%[acromoleculen 20t !tJS71 t)83. 
[ - I J.K Weltnlan. RP S/am. A R. Fr;.i.nkcltc, n. Jr.. R.M. Doabcn. J.R. 

Bunning. Rt-. Cathou. J. Biol. Chem. 24N 11973~ 3173. 
I S I t ' t '  Straw,,,. (;  %'e,,n;lxer. J. Pll)s. ('hcrrl. 7t.I ! 1975 ) 2426. 
191 K J .~;he,i. D.Y Sa.,,aki. G.J Shlddard..M;.ll.'rollltllci:ules 22 I 19St. il 

17"2. 
Itll F. Binkctt. J. (}berrdi¢!l. M. Mc,,.'x~.12..,. R. N5 ffcneg,_'cr. J. Ricka. Mac- 

romolcculc,, 2./,I I~Jgl I 5N116. 
I I I Y- Ilu. K. Fhme. ft. t'shiki..Macromolcculen 25 I 19~)2i 6040. 
12 I A. ()k;.InliRt,. K I.:chi3ama. I..%lil:t. Bull. Chem. Soc. Jpn. 55 q 1982 ) 

3(16S. 
i~ I. King. J I.iu. J.tl. Wang. Bit~chensislr.x 33 I ItJtJ-,t! 261)fi. 
I-; Y. h,fll. S.E. ~Acbbcr. M.A.J. Rod gets..%lacromolcculcs 22 1198'~tl 

2766. 
15 "t' .Mori,,hitua. Y. "rominaga..%.I. Kamadli. T. ()katla. Y. flirata. N. 

.%lat:iga. J. Pro,,,. ('hl2tlL ~')5 I 1991 I 61127. 
I~1 B.I . Ander,,,,n. I.M ]h~,r,,er. G.A.i.ind',ay. B.G. tlig2in,,. P. Stmm, e. 

S.I" Kin, el. "Fh,a S~lid ;-/hi>, 17 t: 119S91 413. 
171 '~V. K:,hk..r. DR Robcllo. ('.S. Willand. D.J. Williams..Macrtunoie- 

~ulc,, 24 i It}t;I i 45F,9. 

I,'41 .%1. Iric. A. Xl','llitl, K |laya,,hi..%lacromolcculen 12 I P')7t.ll 1170. 
I~li .%1. Yuk~',atna. S. Shinv.~kihara. A..%latsubara. H. Mika,,~,:.l.J. Chem. 

Ph-,,. 76 i I t)S21 724. 
A..M:unada. T. Tanaka. 1) Kungxvatdlakufl. M. lri¢..%lacromolccul¢,, 
23 i !t,tl-)(}l 1517 
A. Suzuki. T. Tanaka. Nature 346 I It.l~R) I 345. 
~g. II,irada. S. tta,,cga,,va, Makrontol. Chcnl.. R-tpid. ('otnnlun. 5 
~ 1984~ 27. 
T. See. S. Take. K..%lia a. K. Hamaida. T. liliina. Macromolcculcn 24 
I L991) 4255. 
T. (.'ao. S.E. %Vebl'~'r..%lacromol¢culc', 24 I It.it,ll I 79. 
T. ha', a. tl. Ochiai. K. 1.7,:da. A. hnamura. Mucroumlccul¢,, 26 ( !993 

I W.G. Ilcrkntro,:icr. P.A. Martic. S.E. Hartman. J.I..R. Williams,, S, 
Farid. J. Polvm. Sci., Polym. Chent. Ed. 21 119S3) 2473. 
t'.M. Winiiik..%lacrolnoleculcs 22 I 19,"lt) i 734. 
R.A. Pr;min. I.M. KIt)tz. BitlpolylllCrs I fl ( 1977 ) 2lJ t). 
P.H. ~ on Hippel. T. Schlcich. Ace. (.'hem. Rc~,. 2 119119) 257. 
I..D. Ta)lot. I..D. Ccrankm,,ski. J. Polym. Sci.. Polym. Chem. Ed. 13 
( It1751 2551. 


