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Acridine orange (AO) forms dimer even in aqueous solution. In layer-by-layer (LbL) film of AO dimeric
sites predominate over monomeric sites. This communication reports the control of H-dimer of AO in
LbL film by incorporating nano clay platelets. This was studied by using UV–Vis absorption spectroscopy.
Atomic force microscopic (AFM) image of the LbL film was taken to confirm the presence of nano clay
platelets in the LbL film.

� 2013 Elsevier B.V. All rights reserved.
Introduction

Acridine orange (AO) is a metachromic dye. AO belongs to the
acridine family. AO absorbs the incoming radiation because of its
ring structure. The excess energy effectively passes around the
ring, being distributed between the various bonds that exist within
the ring. AO remains in cationic form at pH below 10 and is com-
pletely deprotonated at pH greater than 10 [1]. The basic form of
AO can penetrate into the membrane of some cells by accepting
protons, whereas the cationic form cannot do so and therefore, re-
mains within the cell and causes local ion concentration fluctua-
tions [1]. Studies on the cationic behavior of acridine orange in
solution and interaction with synthetic and biological systems
were discussed by various researchers [2]. These planar heterocy-
clic aromatic compounds are used as fluorescence dyes in molecu-
lar biology, biochemistry, toxicology and supramolecular
chemistry [3]. Aqueous solution of AO forms dimmers even at
low concentration [4]. Surface basicity of oxygen planes of expand-
ing clay minerals are determined by AO [5]. AO is used as a probe
for measuring pH gradients in membrane vesicles [6]. Systematic
studies on the formation of superstructures of a planar cationic
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Fig. 1a. Normalized UV–Vis absorption spectra of aqueous solution of AO (10�5 M)
and one bi-layer LbL film of AO-PAA at 10�4 M AO concentration.
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AO molecule at the mica/solution interface via in situ AFM and
optical waveguide spectroscopy have been reported by Yao et al.
[7]. It was observed that the dye formed H-aggregates at the inter-
face. Acridine orange has been widely used as a stainer for the
characterization of biopolymers [8]. The aggregation feature of
AO is of high importance concerning the use of AO as a molecular
probe for intercalation in DNA [9–13]. The interaction of AO with
anionic polyelectrolytes as models has vast technical applications
[1,8]. In another work, two new water soluble gold nanoparticles
(AO-TEG-Au and AO-PEG-Au NPs) were prepared and character-
ized. They were stabilized by thioalkylated oligoethylene glycols
and functionalized with flouorescent AO derivatives [14]. An elec-
trochemical DNA biosensor was developed based on a gold elec-
trode modified with a nanocomposite membrane made from an
ionic liquid, ZnO nanoparticles and chitosan. A single stranded
DNA probe was immobilized on this electrode. Jin et al. studied
the Cytotoxicity of Titanium Dioxide Nanoparticles in Mouse Fibro-
blast Cells using AO as a stainer [15].

On the other hand, clay minerals, such as smectites are well
known for their ability to adsorb organic materials and thus have
shown a great promise for the construction of hybrid organic/inor-
ganic nanomaterials due to their unique material properties, colloi-
dal size, layered structure and nano-scale platelets shaped
dimensions. They have high mechanical strength and mechanical
stability and provide unique conducting, semiconducting and
dielectric properties. In recent time organo-clay hybrid film is an
important area of research and has applications in sensors, elec-
trode modifiers, nonlinear optical devices and pyroelectric materi-
als [16]. Smectite clay minerals exhibit a high affinity for
metachromic cationic dyes because the negative charges of the
smectites are compensated by the positive charges of cationic or-
ganic materials by cation exchange reaction. Cation exchange
capacity (CEC) is an important property of clay minerals which de-
pends on available surface area, crystal size, pH and the type of
exchangeable cation. It is usually expressed in micro-equivalents
per gram (leq g�1). The adsorption of different kinds of cationic
dyes by the trioctahedral smectite clay laponite and its effects on
the electronic absorption and fluorescence spectra of the clay dye
suspension have been studied by several researchers [17]. Guoch-
eng et al. reported the removal of acridine orange by low charge
montmorillonite swelling clays and suggested that proportional
desorption of exchangeable cations from the clays accompanying
AO adsorption confirmed cation exchange as the most dominant
mechanism for AO removal [18]. Relationship between dye molec-
ular aggregation and layer charge of clay minerals has been studied
earlier [19].

However the effect of nano clay platelets on acridine orange in
the restricted geometry of ultra thin film was not studied before.

Layer-by-layer (LbL) self assembled technique is a unique tool
used for fabrication of mono and multilayered ultra-thin films of
organic dyes onto solid substrates owing to its cost effectiveness
and simplicity in fabrication. The LbL multilayer is formed by the
alternate deposition of oppositely charged polyelectrolytes such
that the charge oscillates between positive and negative with each
layer deposition. In the recent times this method has been ex-
tended to a wide variety of interesting charged materials, metals
and semiconductor nanoparticles [20]. The LbL method has also
been used for the layering of biological components such as pro-
teins, enzymes, cell membranes, Viruses and DNA [21–24].

In the present work detailed investigations have been done to
study the effect of nano clay platelets on the spectral characteris-
tics of acridine orange in layer-by-layer (LbL) self assembled film.
Our results showed that formation of H-dimer of acridine orange
in the self assembled film can be controlled by the presence of
nano clay platelets. This may have application in dye lasers, which
require monomeric form of dye. It may be mentioned in this
context that self assembled film of a derivative of acridine orange
(d-AO) fabricated by Langmuir Blodgett technique showed promi-
nent H-aggregates [25]. The formation of H-aggregate is enhanced
in mixed film of d-AO and stearic acid (SA).
Experimental

Acridine orange (AO) (M.W. = 301.8), purity >99%, poly(acrylic
acid) (PAA) purity >99% and poly(allylamine hydrochloride)
(PAH), purity >99%, were purchased from Aldrich Chemical Co.,
and were used as received.

Electrolytic solution baths were prepared using triple distilled
Milli-Q water (resistivity 18.2 MX-cm). Quartz substrates were
first dipped into the anionic PAA solution for 15 min followed by
rinsing in Milli-Q water baths for 2 min. The slides were then
dipped into cationic bath solution of AO for 30 min followed by
similar rinsing in a separate set of water bath to result one bi-layer
of AO-PAA LbL film. Whole sequence was repeated to reach the de-
sired number of AO-PAA LbL films. All the adsorption procedures
were carried out at room temperature (25 �C).

The incorporation of clay laponite in the LbL film was done with
the help of polycationic PAH aqueous solution (0.5 mg/mL). The
CEC of laponite is 0.74 meq g�1 Aqueous solutions of AO with dif-
ferent CEC percentage of clay were prepared. The quartz slide was
dipped in electrolytic polycation (PAH) solution for 15 min fol-
lowed by same rinsing in water bath for 2 min and then dipped
into the anionic clay dispersion which is again followed by rinsing
action in water bath. The slide thus prepared was dipped into the
cationic electrolytic solution of AO of different CEC percentage of
clay. Sufficient time was given for deposition and drying of the
slide.

The LbL film of AO was also prepared in different pH solution.
The same procedure mentioned above was repeated, but different
pH aqueous solutions were used instead of normal aqueous solu-
tion (pH = 6.7).

UV–Vis absorption spectra were recorded using a spectropho-
tometer (Lambda-25, Perkin Elmer). Atomic force microscopy
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(AFM) image of one bi-layer AO-clay-PAH LBL films was taken in
air with commercial AFM system (Bruker Innova). The AFM image
presented here was obtained in intermittent contact (tapping)
mode. Typical scan area was 1 � 1 lm2. The Si wafer substrate
was used for the AFM measurement.
Fig. 1c. Normalized absorption spectra of one bi-layer of AO-PAA LbL film at
different concentrations of AO (a–g = 10�7 M, 10�6 M, 10�5 M, 10�4 M).
Results and discussion

UV–Vis absorption spectroscopy

The normalized UV–Vis absorption spectra of aqueous solution
of AO (10�5 M), and one bi-layer AO-PAA LbL film of 10�4 M AO
concentration are shown in Fig. 1a. AO solution absorption spectra
shows distinct and prominent bands in the 450–540 nm region
with a strong peak at 490 nm along with a weak shoulder at
around 470 nm and are in well agreement with the reported re-
sults [26]. The 490 nm peak is due to monomer absorption of AO
in solution and the weak shoulder at around 470 nm is due to pres-
ence of dimeric sites of AO in solution [26]. In the absorption spec-
trum of 1 bi-layer AO-PAA LbL film, the monomer peak was
reduced to a weak hump and shifted to 500 nm whereas the di-
meric band became strong with an intense peak at 470 nm. This di-
mer has been assigned as H-dimer [27]. It may be due to the fact
that closer associations of AO molecules in the LbL film lead to
an increase of dimeric sites.

Fig. 1b shows the normalized absorption spectra for different
concentration of AO in aqueous solution. It is interesting to note
that intensity of dimeric band increases with increasing solution
concentration. At higher solution concentration dimeric sites of
AO predominate. Inset of Fig. 1b shows the ratio of intensities of di-
meric and monomeric bands as a function of concentration of AO in
solution. It is observed that the ratio increases gradually indicating
the predominance of dimeric sites.

Fig. 1c shows the normalized absorption spectra of AO-PAA LbL
films prepared with varying concentration of AO. PAA being photo-
Fig. 1b. Normalized absorption spectra of AO solution at different concentrations
(a–g = 10�7 M, 10�6 M, 0.5 � 10�5 M, 10�5 M, 0.5 � 10�4 M, 10�4 M). Inset shows
the graph of the ratio of dimer absorbance and monomer absorbance (AD/AM) vs.
concentration of AO solution in mole fraction.
physically inactive, only the AO bands are observed. With increas-
ing AO concentration, dimeric band increases in intensity and
monomeric band reduces to a weak hump. The cationic part of
AO molecule interacts with the anionic part of the PAA molecule
and thus forms the complex species. AO molecules get closer side
Fig. 2. UV–Vis absorption spectra of AO-PAA LbL films at different immersion time.
Inset shows the maximum absorbance variation with time.



Fig. 4. UV–Vis absorption spectra of one bi-layer AO-PAA LbL film at different pH
values.
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by side and closer association of AO molecules takes place resulting
in a favorable condition for aggregation and consequent H-dimer
formation of AO molecules.

Adsorption kinetics

Fig. 2 shows the absorption spectra of one bi-layer AO-PAA LbL
films at different immersion times. Here in all the cases the immer-
sion time in PAA was kept fixed at 15 min, but in the dye (AO) solu-
tion the immersion times were varied from 5 min to 60 min.

From the figure it is observed that the intensity of the absorp-
tion band increases for the films with dye immersion time up to
25 min and remains almost constant for the dye deposition time
greater than 30 min. This is also evident from the plot of the inten-
sity of the absorption maxima vs. time (inset of Fig. 2). This indi-
cates that the interaction of AO molecules with the PAA layer
was completed within 30 min and after 30 min no PAA molecule
remained free within the film for further interaction with the AO
molecules.

Layer effect

UV–Vis absorption spectra of different layered (1–20 bi-layer)
AO-PAA self assembled LbL films is shown in Fig. 3. It is interesting
to note that absorption spectra of different layered LbL films show
almost similar band pattern irrespective of layer number except an
increase in intensity. This indicates that AO and PAA molecules are
successfully transferred in the LbL film during the process of fabri-
cation. Inset shows the variation of maximum absorbance with the
layer number. It also supports the thesis of successful transfer of
molecules in the LbL film.

pH effect

To study the pH effect on the LbL film, different AO-PAA LbL
films have been prepared by using aqueous solution of AO pre-
Fig. 3. UV–Vis absorption spectra of different layer AO-PAA LbL films. Inset shows
the plot of absorbance at 470 nm as a function of number of bi-layers.
pared at different pH values. Fig. 4 shows the absorption spectra
of one bi-layer AO-PAA LbL films deposited by changing the pH va-
lue of the aqueous solution of AO (pH = 2.7, 4, 5.8, 6.6, 7.8, 8.5, 9.7,
12, 13). Concentration of the AO in aqueous solution and deposi-
tion time was kept fixed at 10�4 M and 30 min respectively for
all the cases.

At lower pH (<10), the absorption spectra of one bi-layer AO-
PAA LbL film shows the intense dimeric peak at 470 nm and the
monomer peak is a weak hump at around 500 nm. But at higher
pH (>10) the peak is shifted to shorter wavelength side. At pH 12
and 13, peak arises at around 435 nm which is blue shifted with re-
spect to that at lower pH. It may be mentioned in this context that
similar result was reported on the pH dependent study of the
absorption spectra of aqueous solution of AO [1]. It was observed
that at pH 12 of the AO aqueous solution (10�6 to 10�4 M) the
absorption peak appeared at 435 nm [1]. This is due to the basic
form of AO. AO is protonated at pH lower than 10 (pKa = 10.4)
due to which it can dimerize and at higher pH (>10) AO molecules
get deprotonated [1]. From figure, it is also observed that the
absorbance intensity decreases with increasing pH values. This
may be due to the fact that at lower pH, AO molecule becomes
dicationic, tricationic [26], for which it can interact electrostati-
cally with more anions of PAA resulting in the intense absorption
peak. Increasing the pH value, AO becomes mono-cationic (proton-
ation of ring nitrogen atom) and thus interacts with less number of
anions of PAA which results in less intensity of absorption peak.
Absorption spectra of LbL film show strong similarity with the
AO solution spectra. This indicates that AO molecules retain its
identity in the restricted geometry of LbL film.

Effect of nano clay

Fig. 5 shows the normalized UV–Vis absorption spectra of AO-
clay-PAH one bi-layer LbL film, the loading of AO is 10%, 20%,
30%, 40%, 50% of the CEC of clay laponite at 1 g/L clay in the suspen-
sion along with the spectra of LbL film without clay.



Fig. 5. Normalized UV–Vis absorption spectra of AO-clay-PAH one bi-layer LbL film,
the loading of AO is 10%, 20%, 30%, 40%, 50% of the CEC of clay laponite at 1 g/L clay
in the suspension along with the spectra of LbL film without clay. Fig. 6a. AFM image of AO-clay-PAH LbL film on silicon wafer.

Fig. 6b. Roughness profile analysis of AFM image of AO-clay-PAH LbL film.
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From the figure it is observed that LbL film of AO without clay
gives intense absorption with dimeric peak at 470 nm and weak
monomeric hump at 500 nm. After the inclusion of laponite nano
clay platelets into the LbL film of AO, the intensity of monomeric
peak gradually increases and the intensity of dimeric peak at
470 nm decreases to a larger extent. The intensity of both bands
can be controlled precisely by changing the loading of AO. It may
be due to the fact that in the LbL film, AO molecules are adsorbed
on the clay platelets by charge transfer types of interaction. Conse-
quently AO molecules are arranged on the clay platelets. This re-
duces the possibility of dimer formation and increases monomer
sites. As a result monomeric band increases in intensity.

Garfinkel-Shweky and Yariv [28] examined the adsorption of
AO on laponite clay in aqueous suspension. It was observed that
with increasing AO loading into laponite clay aqueous suspension,
initially the monomeric band decreases with increasing of dimeric
band. This was explained as due to flocculation of clay into aque-
ous dispersion. With further increase of AO loading, dimeric band
again decreases with further increase of monomeric band. This is
due to peptization and intercalation of AO into laponite clay.

Our result of spectroscopic investigation of the LbL film clearly
indicates that AO molecules are most probably intercalated into
the nano clay platelets which reduce the possibility of dimer
formation.

It is interesting to mention in this context that in order to form
dimer, AO molecules should come closer to each other and distance
between two neighbouring AO molecules should be of the order of
0.35 nm [29] or less. In absence of laponite the AO molecules are
adsorbed onto the backbone of PAA electrostatically onto the LbL
films. Thus AO molecules come closer to each other resulting in a
favorable condition for dimerization in LbL films.

However, in AO-clay-PAH LbL films, initially laponite particles
are attached onto the PAH backbone in the films following the
adsorption of cationic AO onto the laponite particles. The clay par-
ticles laponite possess layer structure and have cationic exchange
capacity [30]. Accordingly the AO molecules are adsorbed onto
the clay layer through cationic exchange reaction and intercalation
and thus fixed onto the clay particles in the AO-clay-PAH hybrid
films. The adsorption of AO molecules onto the laponite particles
decreases the probability of dimerization in the hybrid LbL films.

In one of our earlier work, it has been demonstrated that J-
aggregate formation of a thiocyanine dye in Langmuir–Blodgett
(LB) film can be controlled by incorporating clay particle laponite
onto the LB films [16].
AFM study

The morphology and surface structure of the AO-clay-PAH LbL
film on Silicon wafer was studied by atomic force microscope
(AFM). The clay particles are clearly observed in the AFM image
as shown in Fig. 6a, which confirms the formation of nano dimen-
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sional organo-clay hybrid LbL film. From the height profile analy-
sis, it has been observed that the thickness of the LbL films varies
in between �2 and +2 nm. This height includes the height of clay
laponite, PAH and the AO molecules onto LbL films. The AO and
PAH molecules are not distinguishable in the AFM image since
the dimension of these molecules are beyond the resolution of
our AFM system. The clay particles are densely packed and cover
almost the whole surface. It indicates the successful incorporation
of nano clay platelets into the hybrid organo-clay LbL film. Fig. 6b
shows the roughness profile analysis of AFM image of AO-clay-PAH
LbL film. Rougness data was calculated by the software SPIP V.
1.92. The roughness average calculated is 0.884773 nm and it is
very low. R.M.S. roughness is 1.2474 nm and average height is
4.231 nm.

Conclusion

In conclusion our results show that even in aqueous solution of
acridine orange (AO) the absorption intensity of H-dimeric band
increases with increasing solution concentration and at higher
solution concentration, dimeric band predominates. In the LbL film
of AO dimeric band is highly intense and monomeric band reduces
to a weak hump. H-dimer formation of acridine orange (AO) in the
self assembled film can be controlled by incorporating nano clay
platelets. This was evidenced from the decrease of dimeric band
in the UV–Vis absorption spectra. AFM image of AO-clay-PAH LbL
film clearly shows the presence of nano clay platelets in the hybrid
LbL films.

Acknowledgements

The author DB is grateful to DST for financial support through
DST Project Ref No. SR/S2/LOP-19/07 to carry out this research
work. SAH is grateful to DST, CSIR and DAE for financial support
through DST Fast-Track Project Ref. No. SE/FTP/PS-54/2007, CSIR
Project Ref. 03(1146)/09/EMR-II and DAE Young Scientist Research
Award (No. 2009/20/37/8/BRNS/3328). We are grateful to Prof.
Robert A. Schoonheydt, K.U. Leuven, Belgium for providing the clay
samples.
References

[1] R.D. Falcone, N.M. Correa, M.A. Biasutti, J.J. Silber, Langmuir 18 (2002) 2039–
2047.

[2] A.K. Ghosh, A. Samanta, P. Bandyopadhyay, J. Phys. Chem. B 115 (2011) (1830)
11823–11830.

[3] A. Lagutschenkev, O. Dopfer, J. Mol. Spectrosc. 268 (2011) 66–77.
[4] F. Wang, J. Yang, X. Wu, X. Wang, C. Guo, Z. Jia, Luminescence 21 (2006) 186–

194.
[5] D. Garfinkel-Shweky, S. Yariv, J. Colloid Interface Sci. 188 (1997) 168–175.
[6] M.G. Palmgren, Anal. Biochem. 192 (1991) 316–321.
[7] H. Yao, S. Kobayashi, K. Kimura, J. Colloid Interface Sci. 307 (2007) 272–279.
[8] C. Peyratout, E. Donath, L. Daehne, J. Photochem. Photobiol. A Chem. 142

(2001) 51–57.
[9] S. Siddiquee, N.A. Yusof, A.B. Salleh, S.G. Tan, F.A. Bakar, Microchim. Acta 172

(2011) 357–363.
[10] S. Lai, X. Chang, L. Tian, S. Wang, Y. Bai, Y. Zhai, Microchim. Acta 156 (2007)

225–230.
[11] E.B. Brauns, C.J. Murphy, M.A. Berg, J. Am. Chem. Soc. 120 (1998) 2449–2456.
[12] A.I. Kononov, E.B. Moroshkina, N.V. Tkachenko, H. Lemmetyinen, J. Phys. Chem.

B 105 (2001) 535–541.
[13] M.B. Lyles, I.L. Cameron, Biophys. Chem. 96 (2002) 53–76.
[14] T. Biver, N. Eltugral, A. Pucci, G. Ruggeri, A. Schena, F. Seccoa, M. Venturinia,

Dalton Trans. 40 (2011) 4190–4199.
[15] C.Y. Jin, B.S. Zhu, X.F. Wang, Q.H. Lu, Chem. Res. Toxicol. 21 (2008) 1871–1877.
[16] D. Bhattacharjee, S.A. Hussain, S. Chakraborty, R.A. Schoonheydt, Spectrochim.

Acta A 77 (2010) 232–237.
[17] D. Garfinkel-Shweky, S. Yariv, Clay Miner. 32 (1997) 653–663.
[18] L. Guocheng, L. Zhaohui, J. Wei-The, C. Po-Hsiang, J. Jiin-Shuh, L. Kao-Hung,

Chem. Eng. J. 174 (2011) 603–611.
[19] J. Bujdak, Appl. Clay Sci. 34 (2006) 58–73.
[20] C.C. Kaun, H. Guo, Nano Lett. 3 (2003) 1521–1525.
[21] M. Alvarez, A. Calle, J. Tamayo, L.M. Lechuga, A. Abad, A. Montoya, Biosens.

Bioelectron. 18 (2003) 649–653.
[22] Y. Arntz, J.D. Seelig, H.P. Lang, J. Zhang, P. Hunziker, J.P. Ramseyer, E. Meyer, M.

Hegner, C. Gerber, Nanotechnology 14 (2003) 86–90.
[23] D. Dey, S.A. Hussain, D. Bhattacharjee, Chem. J. Internet 10 (2008) 38.
[24] S.A. Hussain, D. Dey, P.K. Paul, D. Bhattacharjee, S. Sinha, Chem. Phys. Lett. 450

(2007) 49–54.
[25] E. Jimenez-Millan, J.J. Giner-Casares, E. Munoz, M.T. Martin-Romero, L.

Camacho, Langmuir 27 (2011) 14888–14899.
[26] A.K. Ghosh, A. Samanta, P. Bandyopadhyay, Chem. Phys. Lett. 507 (2011) 162–

167.
[27] F. Ito, T. Kakiuchi, T. Nagamura, J. Phys. Chem. C 111 (2007) 6983–6988.
[28] D. Garfinkel-Shweky, S. Yariv, Coll. Polym. Sci. 273 (1995) 453–463.
[29] K.K. Rohatgi-Mukherjee, Fundamentals of Photochemistry, New Age

International Publishers, New Delhi, India, 1986.
[30] F. Bergaya, B.K.G. Theng, G. Lagaly (Eds.), Handbook of Clay Science, Elsevier,

2006.

http://refhub.elsevier.com/S1386-1425(13)00755-5/h0005
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0005
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0010
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0010
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0015
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0020
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0020
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0025
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0030
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0035
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0040
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0040
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0045
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0045
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0050
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0050
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0055
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0060
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0060
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0065
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0070
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0070
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0075
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0080
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0080
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0085
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0090
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0090
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0095
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0100
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0105
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0105
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0110
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0110
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0115
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0155
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0155
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0125
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0125
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0130
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0130
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0135
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0140
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0145
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0145
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0145
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0150
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0150
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0150
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0150
http://refhub.elsevier.com/S1386-1425(13)00755-5/h0150

	Control of H-dimer formation of acridine orange using nano clay platelets
	Introduction
	Experimental
	Results and discussion
	UV–Vis absorption spectroscopy
	Adsorption kinetics
	Layer effect
	pH effect
	Effect of nano clay
	AFM study

	Conclusion
	Acknowledgements
	References


