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Abstract

The optical absorption and fluorescence properties of polyallylaniine (PAA). modified with 1- and 2-naphthalenesulphonyl (INS and
2NS) groups, were examined in aqueous solution. The monomer emissions of both chromophores increased on addition of ethanol or HCl 0
the solutions. The addition of K.HPO, caused a decrease in the monomer emissions for PAA containirg 1.92 mol.% of iNS and for PAA
containing 4.2 mol.% of 2NS. This probably results from the contraction of the polymer conformation due to electrostatic crosslinking by
phosphate ions. A similar result was obtained on addition of KCl to the same polymers and was also attributed to polymer contraction due to
enhanced intramolecular interactions. Hfowever, 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 these salts. The fluorescence behaviour of the INS and 2NS groups was compared with
that of the 5-dimethylamino-1-naphthalenesulphonyl (DNS) group. The sensitivity of INS and 2NS as optical probes towards the above
species was higher or as high as that of DNS. In addition. the INS group was sensitive to the polarity of the microenvironment around the
chromophore in a similar manner to the DNS group. The maximum wavelength of the monomer emission decreased as the polarity decreased.
© 1697 Elsevier Science S.A.

Kevwords: Absorption spectrum: Electrostatic crosslinking: Fluorescence: Intramolecular interaction: Naphthal Iphonyl: Polyailyiamine: Polymer coa-
formation: Stacking

1. Introduction ( INS and 2NS), for fluorescence labelling has been studied
in only a few reports, concerned with the introduction of the
Synthetic polymers containing hydrophilic and hydropho- NS group into a low-molecular-weight amine [12] and
bic moieties have interesting physical properties in aqueous energy transfer from a INS-labelled enzyme to 2 DNS-
solutions. Some form organized assemblies similar to natural labelled substrate [ 13].
systems, such as micelles, vesicles or membranes [ 1-3]. The The photophysics of polymers containing chromophores
conformation of amphiphilic polymers in water reflects a has also been an active research field from the point of view
delicate balance of forces. Coulombic forces, ion pair for- of providing a new class of optical functional materials. Var-
mation, hydrogen bonding and hydrophobic interactions alt ious photodriven functions of these polymers have been
contribute to the stability of self-assembling polymer male- exploited in applications such as artificial phoiosynthesis
cules [4]. . [14,15]. information processing [16,17], organic photo-
Chromophores bound to polymers have been used as opti- imaging materials { 18,19} and photocontrolled chemime-

cal prol?es to study the confomtatignal transilfons in van:ous chanical systems [20.21]. Polyallylamine (PAA) possesses

synthetic and natural polymers [5-7]. The 5-dimethylamino- a side-chain canrying a primary amino group easily convert-

I-naphthalenesulphony] (DNS) group has been widely used ible to various funclvional groups and has attracted consider-

[8-11]. However, the use of non-substituted naphthalene- able attention in polymer chemi:\stry [22]. Long alkyl chains

suiphonyl groups, such as 1- and 2-napht‘ialenesulphonyl ond benzyl groups havs been int roduc;d i;xto PAA to provide

g s

new amphiphilic polymers [23]. However, little work has

* Corresponding author. Tel.: 0081 727 51 9524; fux: 0081 727 51 9628: been carried out on the preparation and photophysics of PAA
e-mail: otsuki@onri.go.jp containing chromophores [24].
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In this study, INS 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 ard compared with those of DNS-modified
PAA.

2. Experimental details
2.1. Materials

Poly(allylamine hydrochloride) (PAA-HCl) (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,HPO,) (Kishida) and potassinm chioride (KC1) ( Naca-
[ai) were of guaranteed reagent grade.

2.2. PAA containing 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 KCl 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 (HCl) 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-1.92), PAA-iNS-5.0, PAA-2NS-
4.2, PAA-2NS-8.7 and PAA-DNS-1.83. A PAA derivative
containing more than 5.0 mol.% of INS 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. The 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 HCl and
titrated with 0.005 N potassinm 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-INS-1.92, 0.0028 wt.% for PAA-INS-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-1.83. The absorbance at the excitation
wavelength was lower than 0.07 for INS-modified PAA,
lower than 0.13 for 2NS-modified PAA and lower than 0.08
for PAA-DNS-1.83. To calculate the relative intensity of the
monomer emission /y; and the ratio of excimer emission to
monomer emission ( £/M), the fluorescence iniensities 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
3.1. Spectral features of PAA derivatives

The absorption and fluorescence spectra of the PAA poly-
mers containing 2NS and INS groups in water are shown in
Fig. I. The spectral features of the two 2NS-modified 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 cmission 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 INS-modified polymers
are also compared. The absorption maximum around 290 nm
is slightly smaller and is located at a longer wavelength for
PAA-1INS-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 emissior appears
as a shoulder around 400 nm for this polymer. These obser-
vations indicate that the chromophore stacking of PAA-INS-
5.0 is mor= significant than that of PAA-1NS-1.92.

The spectral behaviour of sodium 1- and 2-naphthalene-
sulphonate (N2INS and Na2NS ), model compounds for INS
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Fig. 1. Absorption and Huorescence spectra of PAA polymers s water. The
Nuorescence intensity is normadized o equad absorbance.

and 2NS groups bound to PAA, has been studied in the
presence and absence of unmodified PAA [ 25]. Na2NS
exhibits a stacking interaction of the naphthalene ring and
predominantly forms dimers in vater in the presence of PAA,
whereas NaINS cxhibits litde association because of the
more severe steric hindrance around the sulphonate group. In
contrast with NalNS, which is only clectrostatically bound
to positively charged PAA. the INS group bonded covalently
to PAA shows an excimer emission. probably because the
covalent bond allows the stacking interaction of the naphtha-
lene ring.

3.2, Eftect of ethanol

The addition of cthanol 10 aqueous solutions of PAA deriv-
atives is expected 10 atfect strongly the fluorescence of the
polymers. Fig. 2 shows Iy, and E/M as a function of ethanol
content in the solution. As cthanol is added. the /y, value
increases and the £/M value decreases for all polymers. Pol-
ymer-bound hydrophobic chromophores cause the polymer
chain to fold to bring non-nearest-neighbour chromophores
into contact [26]. This enhances the self-quenching of
excited chromophores for fluorcne-labelled hydroxypropyl
cellulose [27] and the quenching by the amino groups for
pyrene-labelled polyethylencimine [28]. These phenomena
probably also occur in the present system. It seems that eth-
anol weakens the hydrophobic interaction and extends the
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polymer chain. which depresses both the selt-quenching of
the chromophores and quenching by the primary amino
groups of PAA.

Atan cthanol contentof 40 vol.% . the £/ M value for PAA-
2INS-8.7 s 0.50, much farger than that for the other polymers.
This tmplies that 2 fair amount of exciimer emission remains
for PAA-2NS-8.7 at this ethanol content, whereas almost no
emission of the excimer appears for the other polymers. The
former probably has many pairs of neighbouring chromo-
phores on the polymer chain as expected from its large chro-
mophore content.

Fig. 3(a) shows the fluorescence spectrum of PAA-INS-
1.92 as a function of the cthanol content. Whea the ethanol
content is increased from 0 to 40 vol.%. the monomer emis-
sion shifts from 350 to 340 nm. This emission shifts from
345 10 340 nm for PAA-INS-5.0. but does not shift at all for
the 2NS-modified polymers. This suggests thatthe INS group
can probe the polarity of the microenvironment around the
chromophore. As cthanol is added to the solution. the
microenvironmenta! polarity decreases and hence the maxi-
mum wavelength of e monomer emission decreases. As
stated above, the monomer emission appears at a shorter
wavelength for PAA-INS-5.0 than for PAA-iNS-1.92. indi-

cating that the chromophores are stacked more strongly in
the former and the microenvironment around the chromo-
phores is more hydrophobic. Ethanol probably decreases the
polarity of the environment less significantly for the former.
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S Eftect of protonation of PAA

The protonation of the priary aiino graaps of the PAA
derivatives expands the polviner chiamn due 1o eleciostatic
repulsion and may sttongly aftect the spectral bebasiour ol
the polymers. Figo 3chy shows the tlaoreseence spectrum of
PAA-INS-S.0 in o water at sanous vadaes ol the degree off
neutralization Cay adjusted by the addition of HCT o the
solutions, The monomer ennssion increases deanaically
over the whole range of ac A sinlar depondence on aowas
observed tor all PAA denvatives: s the anmimo groups are
protonated. the amine guenching continuousty decreases.
Together with thes change. the polyimer chain expands. the
stacking of the chromophores hecomes weaher and the selt-
quenching of the chromophores probably decreises.

As can be seen i Fig. 3ebh) . the monomer eiission shifts
to longer wavelengths with increasing a (345 > 350 ni.
Because the maximum wav clengih reflects the microenviron-
mieial polarity. it can be concluded that the chromonhore
exists in the hydrophobic domain formed by the polyier and
iy exposed to the buik solutten s the polviner is neutralized.

34 Ejtectof K HPO,
Salts 6t divaient or trivalent anioas, such as phosphate ion,

precipitate PAA by building up crosslinks bevween the pol-
vimer molecules. 1t is expecied that these salts will strongly

™ T !

J 1 2

K HPO /104 M
2 4

PAA 2HE-4 210 20% ethanol
-y- - PAA-PNS-8.7 1n water

= = PLAZNS 32 0 water
PAA-ZNG-3 2.0 10°, ethanol

P 5 A and £V ot NS medibied AN G tunction o KCHPO),

weitecnnatiesy

atfect the contarmation ot the polvmer molecude, which will
be detected vithe fluoreseence speetraof the chromophores
bonded to the polymer.

Frg dshows the eftfect ol KLHPO ondand £/ M for 2NS-
medified polymers i water and inaqueous ethanol. As the
salt s added. the 1y value decreases and the £/M value

mereases tor both polyvmers. The decrease in Iy and the

mercine LS for PANINS LD dre greater i agueous
cthanol than m water. fn additioa: both changes are much less
for PAN-INS-8.T7 than tor PAN-2NS-0.2

Fig. Sshowsthe eftectof KHPG on dy and £7M for ENS-
modificd poivimers mowater and i agueous ethanol. Both 1y,
and £ are almost unchanged on addition of the salt tor
PANINS-S00n water, However, for this polymer, the /g,
vadue decreases and the E73 value incrcases inagueous eth-
anol. o contrast, the 7y value decreases for PAA-INS-1.92
i water, athough the F23 value shows littde change. 1t is
also wemptng 1o note that the monomer emission shifts to a
shorter wavelength on addivon of the salt for PAA-INS-5.0
m 10 vol.te agueous cthianol (345 - > 343 nm) and 20 vol.%
aqueons ethanol (343 -5 340 nmy and for PAA-INS-1.92 in
water (332 -5 348 n.

Since the addition of more than G.0002 M of K.HPO,
renders the solution wrbid, the polyier molecules must be
combined by clectrostatic crosslinking by phosphate 1ons
leading 1o coagulation above this salt concemtration. Presum-
ably. crosslinking is mainly intramolecular below this salt
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concentration. In addition. the amino groups of PAA are
considered to be free at this concentration, because the pH
‘alues of dilute solutions of the salt are higher than pH 10

The intramolecular crosshnking may result in contraction
of the polymer chain and enhancement of the amine quench-
ing for PAA-2NS-42 and PAA-INS-1.92. This also
cnhances the stacking interaction of naphthalene rings for
PAA-2NS-4.2 as judged by the increase in E/M. However,
the E/M value shows little change for PAA-INS-1.92, prob-
ably tecause of its small chromophore content and because
the nature of the INS chromophore is difterent from that of
the 2NS chromophore. For polymers possessing high chro-
mophore contents. such as PAA-2NS-8.7 and PAA-INS-3.0.
the addition of K,.HPO, causes little or no effect on tie
fluorescence of the chromophores. For these polymers. the
polymer chains are sufficiently contractad without salt due to
strong chromophore stacking and. hence. intramolecular
crosslinking of the polymer chains is fairly limited.

Both a decrease in /y, and an increase in E/M are detected
for PAA-2NS-8.7 in water. but are negligible for PAA-INS-
5.0 in water, when K.HPO, is added to the solutions. There-
fore it can be concluded that a chromophore content of 8.7
mol.% is not sufficient for 2NS-modified polymers 1o depress
completely the quenching effect of the salt: however. a chro-
mophore content of 5.0 mol.% is sufficient for INS-moditied
polymers. In other words, the chromophore content required
to suppress the effect of K,HPO, is lower for the INS group
than for the 2NS group. Since the INS group is substituted

along the short axis of the naphthalene ring, stacking of the
ring nuy cause @ more severe steric hindrance than in the
case of the 2NS group.

Both the decrease in /y; and the increase in £/.M, observed
on addition of K,HPO,. are greater in aqueous cthanol than
in water for PAA-2NS-4.2. The eftect of the salt cannot be
detected in water and can only be observed in agueous cthanol
tor PAA-INS-5.0. These observations imply that ethanol
strengthens the effect of K.HPO, on /1y and E/M. Because
the polymer chain is exiended in aqueous ethanol without
salt, the addition of the salt contracts the chain conformation
more significantly.

The monomer cmission shifts to a shorter wavelength on
addition of K,HPO, for PAA-INS-5.0 only in agucous cth-
anol and tor PAA-1NS-1.92 in water. The contraction of the
polymer chain probably makes the microeavironment around
the chromophores more hydrophobic. This phenomenon
oceurs only when the polymer chain is flexible due to the
presence of ethanol or to low chromophore conients.

15, Effect of KCi

I salt exhibits no specific interaction with a polymer, the
degree to which the salt will contract or extend the chain
conformation will be dependent on the hydrophitic and
hydrophobic balance of the polymer | 29.30]. Therefore the
polymer conformation can be studied by examining the effect
of asalt of @ monovalent anion on the fluorescence behaviour
of the covalently bound chromophores.

Fig. 6 shows the effect of KClon /y, and E/M tor 2NS-
moditicd polymers in water and in agueous cthanol. As the
salt is added, the /y, value decrcases and the E/M value
increases for PAA-2NS-4.2. However. as the content of eth-
anol increases in the solution, the eftfect of KClon fy, and £/
M becomes less marked. especially at low saltconcentrations.
In contrast. the /y, value is enhanced and the £/M value is
almost unchanged with increasing concentration of the salt
for PAA-2NS-8.7 in water.

Fig. 7 shows the effect of KClon [y, and E/M for INS-
moditied polymers in water and in agueous ethanol. The
addition of the salt increases both fy; and £/M for PAA-INS-
5.0 in water. Both increases in lyy and E/M become less
marked with increasing content of ethanol. Furthermore. the
monomer emission shifts to a longer wavelength at cthanol
contents of 0 and 10 vol.% (345 — 348 nm). but not at an
cthanot content of 20 vol.%. In contrast. the Iy, value
decreases and the £/M value increases slightly on addition
of KCI for PAA-INS-1.92 in water. Moreover. this emis-
sion shows a small concomitant short-wavelength shift
(352350 am).

Itis 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 poiymer. 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 conformation and. hence. the
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enhancement of amine quenching. The increace in £/ indi-
cates that the stacking interaction of the naphthaicne rings
becomes stronger in the presence of the walt. The short-wave-
length shift of the monomer emission far PAA-INS-1.92
indicates a decrcase in the microenvironmental polarity
around the chromophores. suggzesting that the chromophores
are transferred o the hydrophobic domain. However. the
situation is quite difterent when the chromophore content is
high. i.c.inthe case of PAA-2NS-8.7 and PAA-INS-5.0. The
monomer cmission value mereases with increasing KClcon-
centration. The polymer chain is probably already compact
so that the addition of the salt causes linle further confor-
mational change. although it magnifies the inirnmolecular
tnteractions. This may lead to the separation of the chromuo-
phores and the amino groups into difterent domains and.
hence. to the depresston of amine quenching and enhance-
meat of the stucking of the chromophores. This is supported
by the fact that an increase in E/M. instead of a decreasc. is
observed for PAA-INS-5.0. in addition to an tncrease in ly,.
Ir additien. the long-wavelength shift of the monomer emis-
sion for PAA-INS-5.0 suggests that some of the chromo-
phores are exposed 1o the bulk solution in this pracess.

The decrease in /y; and increase in £/ M on addition of KCI
become less marked in the presence of ethanol tor 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 1y,
value begins to decrease after the initial increase in 20%

1.2 1
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cthano! for this polymer. These results indicate that ethanol
weakens the ability of KCI to magnify the intramolecular
interactions. As i result. cthanol depresses mainly the con-
traction of the polymer conformation for PAA-2NS-4.2, but
mainly the separation of groups possessing difierent hydro-
philicity ior PAA-INS-5.0. it is possible that PAA-INS-5.0
has an sntermediate nature in 204 cthanol. so that the 4,
value exhibits an increase or decrease depending on the KCL
concentration. It appears that ethanol weakens the effect of
KCL This is contrary to the reselis for KLHPO,, where the
cffect was magnitied by the additicn of cthanol. This is prob-
ably because KCHonly changes the property of the solution,
whereas KL HPO, has a specitic interaciion with the polymer
molecles,

2.0, DNS-modified polvmer

PAA possessing only a covalently bound DNS group has
already been synthesized [23]0 but ity characterization is
incomplete. The effect of ethanol on the fluorescence was
examined for PAA-DNS-1.83. Anincrease in ethanol content
from 0 to 20 vol.% causes a slight short-wavelength shift of
the fuorescence maximuem (A} (345-5 543 nm) and an
increase in the relative intensity /) (1.0 — 1.28). This is
attributed to a decrease in the solvent polarity and. at least in
part. o decreased self-quenching by extension of the
polymer.



S Onaki T, Taguchi / Journal of Photocheinistry and Photobiology A: Chenistey TH (1997, 233 239 23

In conurast. neutralization of the poiymer. i.c. a change in
« from sero to unity. shifts A; 10 a0 longer wavelengih
(545 =570 nm) and decreases £, ( 1.0 —=0.43). It hus been
reported that PAA derivatives containing jong alkylorbenzyl
groups and DNS grouns form hydrophobic domains which
incorporate the DNS groups | 231, These observations imply
that PAA containing only DNS groups also forms such
domains and that the chromophores which exist in these
domains in water are expesed to the bulk solution when the
polymer is neutralized. The polymer chain of PAA itself is
probably rather hvdrophobic and is somewhat contracted in
witer. Furthermore. the decrease in 2, instead of an increase,
indicates that the guenching by amino groups of PAA hardly
oceurs tor this chromophore.

The effectof sahis on the spectral behaviour was also exam-
incd for PAA-DNS-1.83. Anincrease in K.HPO, concentra-
tion from 0 10 0.0002 M does ot aftect A, but leads 10
slight decrease in f, (1.0—0.89). An inciease in KCeon-
centration from 0 to 0.25 M shifts A, slightly to a longer
wavelength (545 - 550 nm) and decreases £ (5.0 —0.79),
These are probably the result of the enhanced self-quenching
of the chromophores dne to contraction of the polymer
melecules,

4. Conclusions

Our primary motivation in the present work was toexamine
the abihity of NS and 2NS§ groups 10 act as optical probes
monitoring the polymer conformations and chemical para-
meters insolution. Both groups can detect the conformational
change caused by the addition of ethanol or HC to she solu-
tions regardless of the chromophore conteat in the polymer.
The £y, value increases dramatically and the E/M value

ecreases in these cases. The sensitivity of INS and 2NS ax
optical probes towards ethanol and HCL is higher or as high
as that of the widely used probe. DNS. whose fluorescence
intensity increases slightly on addition of ¢thanol. but
decreases on addition of HCL However, INS and 2NS groups
cannot alwiys detect the concentrations of the salis K .HPO,
and KCL Only polymers with low chromophore contents,
PAA-INS-1.97 and PAA-2NS-42. show  rmwnotonic
decreases in 1y, with increasing salt concentration. However.
when an appropriate chromophore coatent is used, the sen-
sitivity of both groups towards K,HPO, and KCl is higher
than that of DNS. whose tluorescence intensity decreases
slightly <n addition of these salts.

The introduction of INS and 2NS groups into PAA sig-
nificantly affects the solution properties of the polymer. as
observed for polvmers with high chromophore contents
which seem 10 possess very compact conformations. These
chromophores are tairly hydrophobic and exert strong stack-
ing interaction in the polymer. In contrast, the DNS group is
less hydrophobiz: and only forms weak associations on add:-
tion of K.HPO, and KCL. Another feature of INS and 2NS
croups is their susceptibility to amine quenching, as demon-

strated by the strong increase in the fluorescence imtensity
with neutralization of the polymer (in contrast with the fiu-
orescence of the DNS group which is little aftected by this
quenching process). This susceptibility increases the sensi-
tvity of INS and 2NS groups tovwards chemical parameters
such as the pH. ionic strength and concentrations of third
components. In addition. the INS group can probe the polar-
ity of the microenvironment around the chromophore in a
similar manner to the DNS group. The muximum wavelength
of monomer emission decreases as the polarity decreases.
This feature funher increases the potential of this type of
civomophore as an opitcal probe.
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