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Environment-induced Spectral Behaviour of Acridine Orange Dye
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The protonation-deprotonation and monomer-dimer conversions of acridine orange dye in

solution have been studied employing visible spectra under varied environments.

In aqueous

medium, the acid-base equilibrium operates in a pH range of 10-0 to 11-50. At higher pH, the
basic form of the dye remains in solution as monomers: whereas at pH < 10-0 the monoproto-

nated form of the dye exists in solution in equilibrium with its dimer.

This dimerization can

be enhanced with the addition of salts, but it can be totally prevented by the addition of co-
solvents. In the presence of a large excess of acid, the dye forms a triprotonated species which

does _not dimerize.

HE potentialities of some basic dyes as laser

materials have led to a renewed interest in

their general spectral behaviour!s. In ex-
ploring the laser possibilities of acridine  orange
‘dye, Ferguson and Mau®? have concluded recently
‘that” the long anticipated monomer-dimer inter-
change of this dye is actually an acid-base conver-
sion process. These authors envisaged a vital role
of protons, supposed to be liberated from the traces
of water even when the dye base is present in a
non-aqueous medium. Before rejecting the old
concept of monomer-dimer interchange of this
dyes11, the physico-chemical behaviours of the dye
in various environments have to be thoroughly
investigated. The results of a detailed study on
the visible spectra of acridine orange under varied
environments are reported in this paper.

Materials and Methods

Acridine orange (BDH) was purified following the
procedure of Lamm and Neville$, and preserved in a
vacuum desiccator. Its homogeneity was checked
by TLC and IR spectra. All other reagents and
salts used were of BDH analar grade. The alcohol
used was further purified adopting the standard
procedures. Conductivity water was used through-
out. The chloride content of the dye was deter-
mined by the conductometric titration using stand-
ardized AgNO; solution. !

UV spectra of the dye solutions of concentrations
of the order 10-5M were recorded on a SF-4A
spectrophotometer (USSR), which was checked
against a standard Beckman DU spectrophoto-
meter. Dye adsorption on the cell surfaces was
guarded by prolonged storage of dilute solutions in
them. The coated surfaces were found to be
resistant to ordinary washing.

The pH measurements were taken on a pH meter
(Elico, Hyderabad, India) using a glass-calomel
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electrode assembly. The instrument was calibrated
using standard buffers of pH 790 and 9-14. The
hydrogen ion concentrations of the dye solutions
were varied by adding NaOH solution, and their
PH values measured at 25+ 0-1°. ; 5

Results

The visible spectra of the dye at different concen-
trations (2:0-6:0x 10-°M) in water showed a regular
increase in absorbance on increasing the [dye]. At
higher concentrations the spectra were characterized
by a band at 490 nm and a shoulder at 465 nm.
No isosbestic point in contrast to the earlier results.
of Lamm® and Robinson® could be observed in the
absorption spectra. This is in agreement with the
proposition of Cohen and Fischer!? who showed that.
the isosbestic points should not normally occur in
open systems. The effect of alcohol on the dye
solution is shown in Fig. 1. In the presence of
alcohol, for the same dye concentration in the range
2:0-6:0x10®M as in the case of water, higher
absorbance with a sharp peak at 490 nm was
noticed. The basic form of the dye exhibits Amax
at 430 nm (e == 1-9540-05x 10* mole? cm™) which
remained unaffected by the addition of non-aqueous.
solvents. The colour of the dye was greenish yellow
with fluorescence.

The effect of added salts on the absorption
behaviour of the dye is illustrated in Fig. 2. The
490 nm band gradually became broad and ulti-
mately developed into a definite band at 465 nm,
indicating the salt-induced monomer-dimer conver-
sion in the system.

Within the pH range of 10-00-11-50 the spectra
of the acid and basic forms of the dye (overall
concentration 1:46x10}/) exhibited isosbestic
point at 445 nm (Fig. 3). In mild acid solutions
the colour of the dye was orange-red which turned
yellow with a greenish fluorescence when basic.
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Fig. 1-—.Vi§ible spectra of acridine orange in 80% (v/v)
«ethanol {[Dye] = (1) 0-292, (2) 0-583, (3) 0-875, (4) 1:17,
e (5) 1-46, (6) 175, and (7) 2-03x10-3M]

~ Under mildly acidic medium, unlike aq. environ-
ment, the 490 nm band was considerably suppressed
with a red shift of both the band and shoulder
(Fig. 4). At higher acid concentration (>5M), a
band at 525 nm (¢ =2:68+0-1x10* mole? c¢m™)
having an isosbestic point at 515 nm was formed,
and the solution turned deep red. Multiprotonation,
phenomenon- was anticipated to be operative in the
present case!®4. The addition of non-aqueous
solvents had no effect on the spectral characteristics
of the dye when the acid present was in large
excess. : :

Discussion

_ The protonation;déprotonation equilibrium of the
acridine orange as shown in Scheme 1 is considered
valid in aqueous medium. It is obvious from the
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Fig. 2-— Effect of added salts on the visible spectra of
acridine - orange at [dye] = 146x1073M [(1) 1M KCl,
(2) 1M KBr, (3) 1M MgCly,, and (4) no salt]

experimental results that the absorption spectrum
of the dye base undergoes a bathochromic shift at
low [acid]. However, in the presence of a base
(~10*M), an equilibrium between the monoproto-
nated (B) and its base (A) is supposed to exist, as a
conspicuous acid-base interchange has been observed
in the pH range 10-00-11-50. Excess acid brings
about a further bathochromic shift of the absorp-
tion maximum to 525 nm which, however, is not
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Fig. 3 — Effect of pH on the visible spectra of the dye at 1:46 x107M (1) pH = 9:19, (2) pH = 9-81, (3) excess acid,
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«4) = 9797, (5 H = 10-11, (6 H = 10:25, - (7) £H =-10:58,.(8) pH = 10:61,. (9) pH = 10-80,: (10) pH = 11722,
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Fig. 4 — Visible spectra of the dye (8:75x107°M) in the
presence of varying concentration of HCl [(1) 1M HCl,
(2) 2M HCl, (3) 5M HCl and (4) 8M HCI]
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an easy process requiring a large excess (>5M) of
the acid. Thus a multiprotonation phenomenon is
anticipated which produces a new species (C) in
solution'®:14, The isosbestic point at 515 nm of
the mono-(B) and the proposed triprotonated (C)
species also supports this view. It is observed,
however, that the absorbance of the triprotonated
species is appreciably low. In excess acid and
basic media, the dye solutions obey Beer's law,
while in mild acid, the law is only approximately
valid. These results indicate aggregation of the
monoprotonated species in aq. medium. Non-
aqueous solvents smoothen the spectra of the
monoprotonated species with increasing absorbance
at 490 nm, and a corresponding better fitting to
Beer’s law. Co-solvents, on the other hand, fail to
improve or affect the dye base or the dye triproto-
nated absorption to any measurable degree. All

these evidences point to the possibilities of self-./

association of the dye monoprotonated molecules in
aq. environment. Addition of salts develops a
new band at 465 nm with a concomittant decrease
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in intensity of the band at 490 nm. This observa-
tion cannot be reconciled with metachromasy, since
this effect generally demands a gradual hypsochromic
shift!3-17. A fixed band at 465 nm arises for all the
salts used. Beer’s law plots also become more
disorderly in the presence of salts suggesting dye
association in the presence of saltsi®.

On the basis of the vital role of water as a proton
donor, the existence of the dye base seems quite
uncertain in aq. medium at a pH ~ 7-0. Such a
possibility is depicted in Fig. 3. But using perfectly
dry alcoholic media, Ferguson and Mau®’ ignored
the proton donating ability of alcohol (pK, values
of water, methanol and ethanol are 15:75, 15-54 and
16-0 respectively!?). Even if it is accepted that a
trace of water brings about a remarkable change,
it surely should behave as a less effective proton
donor at low temperatures. The efficient protona-
tion suggested by the above authors at low tem-
peratures is difficult to reconcile, because at low
temperature pK, of water sliould increase and may
become more than that of alcohol at an initial higher
temperature. The non-protonation function of al-
cohol thus remains unaccountable. However, the
present observation that the dye base fails to under-
go association in aq. medium is in conformity with
the findings of Ferguson and Mau in non-aqueous
environments.

The monoprotonated dye does not even associate
in the presence of appreciable proportion of a co-
solvent of moderate polarity. Association of acid
dye is, of course, possible in a medium of much low
polarity, and definite solubility problems have been
observed to arise in the present dye system using
dioxane. :

Since the monoprotonated form of the dye can
only undergo aggregation, the acid-base equilibrium
is considered entirely different from the monomer-
dimer equilibrium, and this contention has been
quantitatively estimated in a recent publication®.
Multiprotonation is possible only in excess acid,
where the dye molecules cannot associate owing
to the increased charge repulsion as a result of
three cationic centres. In the presence of a salt,
the m-electronic repulsions between two monohydro-
chloride dye molecules become less compared to the
affinity of hydrophobic association resulting in the
increased molecular association. Dislocation of
hydration sheaths (Franks icebergs)®' surrounding
the dye molecules by the added salts contributes an
entropy directed share to the aggregation pheno-
menon.
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