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Abstract: The interaction of the azo dye methyl red (MR) with dodecyl tri-
methyl ammonium bromide (DTAB) has been studied by the spectrometric
methods through the azo-hydrazone tautomeric behaviour of MR for a series
of the ethanol-water system (0.1, 0.2, 0.3 and 0.4 volume fractions of ethanol)
at room temperature. The critical micelle concentration was determined using
the conductometric technique with the increased ethanol volume, influenced by
the solvent polarity and the architectural flexibility of methyl red. The azo form
of methyl red brings the electrostatic interaction with the cationic surfactant
through the adsorption phenomenon. The binding parameters were calculated
with the aid of a modified Benesi—Hildebrand equation.

Keywords: molar absorptivity; binding constant; standard Gibbs energy.

INTRODUCTION

The performance of the interaction between dye and surfactant is one of the
basic requirements for understanding the dyeing process and textile finishing.!-5
In order to study this process numerous researches have been performed by the
selective research techniques to access the basic information of the interactions
for the process of the molecular complex formation in the dye-surfactant ion
pair.6-11

There are no specified studies about the azo dye methyl red with cationic
surfactant dodecyl trimethyl ammonium bromide, using various methods.!2-17
The absorbance peak of methyl red was decreased, due to the photodegradation
in water. It was checked after 10, 20 and 35 min (complete photodegradtion) by
the kinetic analysis treatment, which is based on the azo dye photosensitization.!8
The anchoring position of the —-COOH group at the para position of methyl red
tuned the wavelength and intensity!® and showed a broad peak at 519 nm in
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hydrazone form, indicating the considerable optical nonlinearities.29 The visible
spectrum of MR in aqueous solutions is marked by the overlap of a principal
peak at 520415 nm and a shoulder peak at 435+20 nm, for the hydroazo (acidic)
and the azo (alkaline) species respectively.2!

In this paper, the spectrophotometric study of the interaction between azo
dye methyl red (MR) (Fig. 1) and cationic surfactant dodecyl trimethyl ammo-
nium bromide (DTAB) (Fig. 2) is described.
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Fig. 2. Dodecyl trimethyl ammonium bromide.

The interaction between dye and surfactant plays an important role in the
formation of the complex as shown in Fig. 3.

Dye

Surfactant
Complex

Fig. 3. The interaction between dye and surfactant for their complex formation.

To study the significance of theinteraction of the molecular complex form-
ation of the azo dye—cationic surfactant ion pair, the absorbance measurement
was performed for the series of the ethanol-water systems containing the various
volumes of ethanol (0.1, 0.2, 0.3 and 0.4 volume fractions of ethanol). A modi-
fied model was applied in order to determine the binding constants and the
change of standard Gibbs energy of binding for the molecular complex formation
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of the ion pair. The result displayed the influence of volume fraction of ethanol
on the formation of dye—surfactant molecular complex and the importance of the
interaction of azo dye and cationic surfactant.

Methyl red is a good example which illustrates that both the linear and non-
linear optical properties can be seen through the absorbance technique. The lite-
rature shows the azo-hydrazone tautomerism of MR, with the change of surfact-
ant charge effects and without the change in solvent polarity, generates the azo-
hydrazone tautomerism as shown in Fig. 1.14:20.21 The optical sensitivity of azo
dye makes the interaction study interesting with a cationic surfactant.!4 The
interaction of the azo dye and the cationic surfactant brings the flexibility in
absorbance which alters the nature of spectra.12:13

The present study describes the azo-hydrazone tautomerism, using the abs-
orbance techniques along with the observation of binding constant and the
change of Gibbs energy of binding of DTAB on MR, which will facilitate the
advancement in the molecular design of similar derivatives, specifically a -COOH
group azo dye through the photosensitized system in optical tenability. We
applied a spectrophotometric technique and used the modified Benesi-Hildebrand
equation in order to calculate the binding constant of methyl red, in the presence
of DTAB/ethanol/water system. Such a concept was applied to calculate the
binding parameters (the binding constant and the change of standard Gibbs
energy of binding) for dyes (methylene blue and methyl orange) absorbance in
DTAB-SDS mixed surfactant, by the absorption technique in an aqueous
medium, without using critical micelle concentration (CMC) values.22

EXPERIMENTAL
Chemicals

DTAB and MR were obtained from Loba Chemicals, India. Similarly, MR (95 %) was
purchased from Ranbaxy, India, and used without purification and spectroscopy quality etha-
nol was obtained from Merck, India.

Preparation of solutions

Four types of solutions were prepared to study the interaction of MR-DTAB in the
ethanol-water system.

In the first part of the study, 0.1, 0.2, 0.3 and 0.4 volume fractions of ethanol-water
mixed solvent were prepared. Sequentially the surfactant (DTAB, concentration ranging from
10 to 0.12 mol L! and the azo dye MR at a constant concentration of 2.97x10** mol L'! were
prepared separately in the respective volume fraction of ethanol-water. In the second part of
the study, the spectral absorbance corresponding to wavelengths ranging from 300 to 700 nm
of the solution at variable concentrations of DTAB, with a constant dye concentration of MR,
was obtained for the interaction study.

Methods

The spectrophotometric measurements were recorded by a single beam microprocessor
UV-Vis spectrophotometer (LT-290 Model, India) from which UV-Vis spectra were regis-
tered at room temperature using 1 cm length quartz cuvette. The conductometric measure-
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ments were performed in order to obtain the CMC value of DTAB in the absence, as well as
the presence of MR at 0.1,0.2,0.3 and 0.4 volume fraction of ethanol, as described in the lite-
rature.

RESULTS AND DISCUSSION
UV - Vis spectra of azo dye in ethanol - water mixture

The UV—Vis spectra of MR in the ethanol-water mixture (from 0.1 to 0.4
volume fractions of ethanol) were measured at the constant dye concentration
(Cdye =2.97x10~4 mol/L-1). When the graph displaying the relation between
absorbance (4) and wavelength (1) was plotted (Fig. 4) the redshift was observed,
from 0.4 to 0.2 volume fraction of ethanol, which was due to an increase in the
dielectric constant and the reduction of solubility.23 But the redshift between 0.1
and 0.2 volume fraction of ethanol were not observed. The absorbance spectra of
MR at 0.1 volume fraction of ethanol showed two broad peaks at A, of 532 and
529 nm. However, the absorbance spectra of MR showed a slight redshift with
broad peaks at 145 of 528, 529 and 532 nm for 0.4, 0.3 and 0.2 volume fraction
of ethanol, respectively. The observed peaks of MR as hydrazone (acidic) species
were found at 0.1, 0.2, 0.3 and 0.4 volume fraction of ethanol. Thus, the UV—Vis
spectra of methyl red were found to be solvent-dependent and the absorbance of
methyl red in 0.4 volume fraction of ethanol is largest among 0.3, 0.2, 0.1
volume fraction of ethanol (Table I).
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TABLE I. The calculation for & from Eq. (4)

Volume fraction of ethanol Amax / M A/a. . & /L mol'em’!
0.1 532 0.2938 989.22
0.2 532 0.3268 1100.34
0.3 529 0.7428 2501.01
0.4 528 1.1798 3972.39

UV - Vis spectra of cationic surfactant - azo dye interactions in ethanol — water

mixture
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The UV—Vis spectra of MR in ethanol-water—DTAB were observed at cons-
tant dye concentration. When the graph (Fig. 5) was plotted (absorbance vs.
wavelength), the absorbance peak of MR in ethanol-water-DTAB showed a
broad absorbance peak at 1,5 of 419, 424, 421 and 420 nm for 0.1, 0.2, 0.3 and
0.4 volume fraction of ethanol, respectively. The peak range is attributed to the
azo form of MR within ethanol-water—-DTAB. The blue shift is observed for the
constant dye concentration at the variable concentration of DTAB for the spectra
of 'V' of legend represented in Fig. 5 — A, B, C and D were due to the formation
of H-aggregates during the electrostatic interaction in the molecular complex
(Fig. 3).24

Alan.

Alau.

A/nm

Fig. 5. Absorption spectra for methyl- red with presence and absence of DTAB; volume
fraction of ethanol: 0.1 (A); 0.2 (B); 0.3 (C); 0.4 (D).

In the recent study, the interaction of CTAB (cationic surfactant) with MR is
attributed to the azo form at A,ps of 414 nm, whereas the interaction of AOT
(anionic surfactant) with MR is subjected to the hydrazone form at Aaps = 519 nm. !4

In the present work, the interaction of cationic surfactant (DTAB) with the
azo dye (MR) is studied through the spectrophotometric method. In the case of
MR, due to its photoisomerisation, its azo(basic) form attracts the ionized sur-
face-active agents. The ionic surfactants dissociate as electrolytes (weak or
strong) which shows the adsorption phenomenon. The idealized charged spher-
ical micelles are partially neutralized by the counterions forming the stern layer
as shown in Fig. 6. The long alkyl groups of surfactants are in the interior of the
micelle and the hydrophilic (polar) part of surfactants are at the surface, which
exhibits the electrostatic interaction with the counterions of azo dye. Due to such
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interactions, approximately 60—80 % micellized charge is neutralized by counter-
ions and the remaining unbounded counterions are moving freely, forming the
Gouy—Chapman double layer.

Aqueous bulk

Gouy-Chapman
Double Layer

Stern Layer

Fig. 6. A schematic structure of cationic surfact-
ant with azo dye.?’

We observed the interaction through different spectral behaviour and the
obtained absorbance concerning the constant concentration of azo dye in the abs-
ence and the presence of a variable concentration of DTAB, for the series of the
ethanol-water mixture, at room temperature.2>

The spectral characteristics of azo dye were greatly influenced by the addit-
ion of cationic surfactant in the presence of various ethanol concentrations. The
absorbance was increased with rised ethanol volume (Fig. 4), which contributes
to the formation of molecular complex between the cationic surfactant and the
azo dye as presented in Fig. 6. The origin of electrostatic interaction on the hyd-
rocarbon core of the surfactant, at constant dye concentration, was analysed due
to a decrease in absorbance with a higher concentration range of ionic surfact-
ant.26

Various natures of absorption spectra of a dye with the presence and absence
of cationic surfactant had been observed for the series of the ethanol-water mix-
tures as shown in Fig. 5.

Absorption spectra in Fig. 54. In 0.1 volume fraction of ethanol, as the
concentration of DTAB increased the MR band intensity initially increased and
finally decreased. Here, 1, II, III, IV, V and VI represents the DTAB concen-
trations (C/mol L-!), which were varied from as 0, 0.011695, 0.023390,
0.035085, 0.046780 and 0.116951, respectively.

The absorption spectra in Fig. 5B. In 0.2 volume fraction of ethanol, as the
concentration of DTAB increased the MR band intensity initially decreased and
then increased. Here, I, II, III, IV, V and VI represents the DTAB concentrations
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(C/mol L-1), which were varied from as 0, 0.0105994, 0.0211988, 0.0317982,
0.0423976 and 0.1059940, respectively.

The absorption spectra in Fig. 5C and D. In 0.3 and 0.4 volume fraction of
ethanol, as the concentration of DTAB increased the MR band intensity dec-
reased. Here, in the case of Fig 5C, I, II, III, IV, V and VI represent DTAB
concentrations (C/mol L-1), which were varied as 0, 0.011122, 0.022244,
0.033366, 0.044488 and 0.111220, respectively. In the case of Fig 5D, 1, II, III,
IV, V and VI represent DTAB concentrations (C/mol L1), which were varied as
0,0.011122, 0.022244, 0.033366, 0.044488 and 0.111220, respectively.

Analysis of cationic surfactant - azo dye interactions in ethanol - water mixture

We used the spectrophotometric technique and confirmed the surfactant ind-
uced spectral change by binding and thermodynamic properties, evaluated
through the spectral changes, as the observed absorbance at different surfactant
concentrations at constant dye concentration in the ethanol-water mixture, Fig. 5.

Shah et al.?8 investigated the CMC of DTAB in the ethanol-water mixture
up to 0.6 volume fraction of ethanol using conductometry and tensiometry. The
CMC was found to be increased up to 0.4 volume fraction of ethanol due to a
decrease in hydrophobic character, with the addition of ethanol and the decrease
in CMC up to 0.6 due to entrance of alcohol molecules into a micellar core. We
used the conductometry technique to obtain the CMC value of DTAB in the abs-
ence, as well as in the presence of MR, at 0.1, 0.2, 0.3 and 0.4 volume fraction of
ethanol. The sequential increased CMC is obtained in the adopted system, but the
CMC values are suppressed with MR, in comparison to CMC values in the abs-
ence of MR.28:29 The decreased CMCs of DTAB, in the presence of MR is due to
the change in the status of the molecular complex system.29 The CMC values are
listed the in Table II along with literature.28

TABLE II. CMC values of DTAB in the presence and absence of MR at 298.15 K

. CMC /mol L'}
Volume fraction of ethanol - - -
With MR Without MR Without MR28
0.1 0.01497 0.01637 0.0151
0.2 0.02102 0.02178 0.0214
0.3 0.02110 0.03054 0.0325
0.4 0.02487 0.04375 0.0462

It can be seen that both the conductivity and CMC of DTAB decrease with
the addition of MR, as it is presented in Fig. 7, with is in agreement with the
literature.30

The interaction between the dye and micellized surfactant can be described
by the Eq. (1). Here, the term D, S, DS and Ky, represent the dye, surfactant, dye—
—surfactant associate and binding constant, respectively:
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K
D+S «—2—>DS (1)
Fig. 8 displays for the interaction study for the determination of the binding

constant (Kp), related to the scheme on Fig. 6, which is calculated using the
modified Benesi—Hildebrand Equation (2):22

ﬁ: 1 1
A4 (gm_80)+Kb(€m_€0)Cs (2)

M = A-4, 3)

@  without MR
< with MR

N

K/mScm -1

Fig. 7. Conductivity versus concentration
of DTAB at 0.1 volume fraction of

C/mol L1 ethanol with and without MR.
1.0
<, 05
=
£
= o
3
S os Fig. 8. The plot of (D1/AA) against reci-
procal of Cg for MR with DTAB at 0.3
volume fraction of ethanol. Here, y =
- 20 40 60 80 100 3.19x105x — 8.54x104; Max. dev. 6.05
C."/Lmol’ 10, r2 = 1.00.

The term Dt in Eq. (2) and 4 in Eq. (3) represents the concentration and the
absorbance of dye. The left side of Eq. (2) consists of A4, which is the difference
between the absorbance of dye in the presence and the absence of DTAB is
expressed in Eq. (3). The right side of Eq. (2) consists of term &, &, Cs and Ky,
which represents the molar absorptivity of the dye, the molar absorptivity of dye
fully bound to micelles, the concentration of DTAB (surfactant) and the binding
constant respectively. Eq. (2) can be applied for studying spectral behaviour con-
taining CMC value,2? or without CMC value.?? The molar absorptivity of dye
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represented as & was calculated using the relation the rearranged Beer—Lambert

Equation (4):

A
LC

The Eq. (4) term consists of terms A, L and C, which represents the abs-
orbance for a given wavelength, the length of cuvette and the concentration of
dye, respectively.

The maximum wavelength corresponding to absorbance (Apax / nm), absorb-
ance for a given wavelength (4 / a.u.), length of the cuvette (L / cm), the con-
centration of dye (Dt / mol L~1) , and molar absorptivity of dye (o / L mol-!
cm!) are the values and its interactive relationship are represented in Table 1.
Here, L = 1 cm, C = 2.97x10~4 mol L-1. It can be seen that the highest molar
absorptivity of azo dye at 0.4 volume fraction of ethanol is due to the influence of
a higher volume of ethanol in water.24

The binding constant (K},) can be determined by plotting (D1/AA4) against
reciprocal of Cg for DTAB, with MR at 0.3 volume fraction of ethanol, as shown
in Fig. 8, as a typical example. From the slope and the intercept, the binding

constant was calculated at a different volume fractions of ethanol and tabulated in
Table II1.

)

4)

TABLE III. Calculation of the slope, intercept and binding constant in the different volume
fractions of ethanol

Volume fraction of ethanol Slopex10° Interceptx10* Ky, /L mol'!
0.1 6.22 7.59 12.2
0.2 1.3.3 6.48 4.87
0.3 3.19 8.54 26.77
0.4 1.48 2.96 20.00

Table III shows that the binding values, which were highest at the volume
fraction of ethanol is 0.3, increased which is because the hydrophilic head portion
of surfactants plays a significant role in dye-surfactant interaction.3! When the
volume of ethanol is 0.2, the binding value between the azo dye and the surf-
actant is lowest, due to the abnormal aggregation around the hydrophilic portion
of DTAB micelles by MR molecules.

Many researchers had reported that the addition of mixed solvent completely
blocks the micellization behaviour of surfactant at a certain concentration level of
mixed solvent.29

The thermodynamic parameter, the change of standard Gibbs energy of bind-
ing can be obtained using Eq. (5):

AG® = -RTIn Ky, (5)
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In Eq. (5), the left side represents the change of standard Gibbs energy of
binding, AG®, whereas, on the right side, R represents a universal gas constant,
the recorded room temperature of the laboratory is denoted by 7" and Ky, is the
binding constant. The values are presented in Table IV, which indicates the inter-
action between the dye and ionic surfactant, at 0.1, 0.2, 0.3 and 0.4 volume frac-
tions. This is due to the strong electrostatic interaction between the hydrophilic
cationic head of surfactant and azo dye as well as with a decrease in the diel-
ectric constant with the addition of mixed solvent.30:32

TABLE IV. Calculation of AG® in the different volume fractions of ethanol

Volum fraction of ethanol AG® / kJ mol-!
0.1 -6010.31
0.2 -3803.77
0.3 —7898.50
0.4 -7197.98
CONCLUSION

Based on the spectral study of the interaction between the azo dye MR and
the cationic surfactant DTAB, the following conclusions can be summarized.

The spectrophotometric technique is the best method for the study of the
dye—surfactant interaction, by a wide range of spectral analysis, with typical azo-
hydrazone tautomerism in the ethanol-water mixture. The variable absorbance
values ultimately indicated the scheme of dye—surfactant interaction through the
adsorption phenomena and the formation of a dye surfactant complex. The inter-
action behaviour was studied through thermodynamic processes, which were
characterized by the variable binding constant and the change of standard Gibbs
energy of binding. The mixed solvent media containing alcohol-water mixtures
broke down the structure of water, which lowered down the dielectric constant
and hence CMC of DTAB increases, with the addition of ethanol in water, while
CMC values of DTAB decrease with the presence of methyl red.
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U3BOJ
CIIEKTPOCKOIICKO UCITUTUBAILE HHTEPAKIIMIJE A30 BOJE U KATJOHCKOT
CYPO®AKTAHTA Y CMEIIN ETAHOJI-BOJA

NEELAM SHAHI', SUJIT KUMAR SHAH', AMAR PRASAD YADAV” u AJAYA BHATTARAI'!

'Department of Chemistry, M.M.A.M.C., Tribhuvan University, Biratnagar, Nepal u “Central Department of
Chemistry, Tribhuvan University, Kirtipur, Nepal

HHTepakuuja aso Hoje Metun-upseHa (MR) u gopennntpuMeTiiamorrjym-opomuna (DTAB)
jé CIeKTPOCKOIICKM MCIHUTHBaHa Npahewmem a30-XUApasOH TayTOMEDHOr MoHamama MR 3a
Cepujy cMella eTaHoN—Boza (3anmpeMuHcke dpakuuje etanona: 0,1, 0,2, 0,3 u 0,4) Ha codHOj
TeMrepaTypd. KpuTiHuHa MulenapHa KOHUEHTpaluja je ompehuBaHa KOHOYKTOMETPUjCKU, U
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ca nosehameM 3anpeMHHE €TaHOJIa Ha by yTHYe MOJIAPHOCT pacTBapaya U CTPyKTypHa diie-
kcudunHoct MR. A3o obnuk MR ce apcopdyje Ha cypdaKTaHTy eneKTpOCTaTHYKUM HHTep-
axkuujama. [lapameTpu Be3WBama Cy M3padyyHaTH npumeHoM benecu—Xwnpebdpann (Benesi—
—Hildebrand) jenHauwuHe.

(ITpummeno 16. Hoemdpa 2020, pesunupano 10 mapra, npuxsaheno 11. mapra 2021)

REFERENCES

1. G.Kyazas, E. Peleka, E. Deliyanni, Materials 6 (2013) 184
(https://doi.org/10.3390/ma6010184)

2. A. Bhattarai, A. K. Yadav, S. K. Sah, A. Deo, J. Mol. Lig. 242 (2017) 831
(https://doi.org/10.1016/j.molliq.2017.07.085)

3. A.Pal, A. Garain, D. Chowdhury, M. H. Mondal, B. Saha, Tenside Surfact. Det. 57
(2020) 401 (https://doi.org/10.3139/113.110700)

4. S. Tung, O. Duman, B. Kanci, Dyes Pigments 94 (2012) 233
(https://doi.org/10.1016/j.dyepig.2012.01.016)

5. K. M. Sachin, S. A. Karpe, M. Singh, A. Bhattarai, Roy. Soc. Open Sci. 6 (2019)
181979 (https://doi.org/10.1098/rs0s.181979)

6. S. Fazeli, B. Sohrabi, A. R. Tehrani-Bagha, Dyes Pigments 95 (2012) 768
(https://doi.org/10.1016/j.dyepig.2012.03.022)

7. H. Akbas, C. Kartal, Spectrochim. Acta, A 61 (2005) 961
(https://doi.org/10.1016/j.saa.2004.05.025)

8. S. Malik, A. Ghosh, P. Sar, M. H. Mondal, K. Mahali, B. Saha, J. Chem. Sci. 129
(2017) 637 (https://doi.org/10.1007/s12039-017-1276-4)

9. M. F. Nazar, S. S. Shah, M. A. Khosa, J. Surfact. Deterg. 13 (2010) 529
(https://doi.org/10.1007/s11743-009-1177-8)

10. M. H. Mondal, S. Malik, B. Saha, Tenside Surfact. Det. 54 (2017) 378
(https://doi.org/10.3139/113.110519)

11. M. Mondal, M. Ali, A. Pal, B. Saha, Tenside Surfact. Det. 56 (2019) 516
(https://doi.org/10.3139/113.110654)

12. S. Biswas, A. Pal, Talanta 206 (2020) 120238
(https://doi.org/10.1016/j.talanta.2019.120238)

13. F. Ahmadi, M. A. Daneshmehr, M. Rahimi, Spectrochim. Acta, A 67 (2007) 412
(https://doi.org/10.1016/j.saa.2006.07.033)

14. S. Sharifi, M. F. Nazar, F. Rakhshanizadeh, S. A. Sangsefedi, A. Azarpour, Opt.
Quantum Elec. 52 (2020) (https://doi.org/10.1007/s11082-020-2211-3)

15. C. Hahn, A. Wokaun, Langmuir 13 (1997) 391 (https://doi.org/10.1021/1a9603378)

16. S. Chanda, K. Ismail, IJC 4 48 (2009) 775
(http:/mopr.niscair.res.in/handle/123456789/4686)

17. M. H. Mondal, S. Malik, A. Roy, R. Saha, B. Saha, RSC Adv. 5 (2015) 92707
(https://doi.org/10.1039/c5ral8462b)

18. R. B. Narayan, R. Goutham, B. Srikanth, K. P. Gopinath, J. Environ. Chem. Eng. 6
(2018) 3640 (https://doi.org/10.1016/j.jece.2016.12.004)

19. L. Zhang, J. M. Cole, P. G. Waddell, K. S. Low, X. Liu, ACS Sustain. Chem. Eng. 1
(2013) 1440 (https://doi.org/10.1021/sc400183t)

20. D. N. Christodoulides, I. C. Khoo, G. J. Salamo, G. I. Stegeman, E. W. Van Stryland,
Adv. Opt. Photonics 2 (2010) 60 (https://doi.org/10.1364/a0p.2.000060)

21. M. R. Plutino, E. Guido, C. Colleoni, G. Rosace, Sens. Actuators, B 238 (2017) 281
(https://doi.org/10.1016/1.snb.2016.07.050)

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



494

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

SHAHI et al.

K. M. Sachin, S. A. Karpe, M. Singh, A. Bhattarai, Heliyon 5 (2019) e01510
(https://doi.org/10.1016/j.heliyon.2019.¢01510)

A. A. Rafati, S. Azizian, M. Chahardoli, J. Mol. Lig. 137 (2008) 80
(https://doi.org/10.1016/j.molliq.2007.03.013)

M. S. Ramadan, N. M. El-mallah, G. M. Nabil, M. Sherif, J. Dispers. Sci. Technol. 40
(2018) 1 ( https://doi.org/10.1080/01932691.2018.1496837)

K. K. Karukstis, J. P. Litz, M. B. Garber, L. M. Angell, G. K. Korir, Spectrochim. Acta,
A 75 (2010) 1354 (https://doi.org/10.1016/j.saa.2009.12.087)

M. L. Moy4, A. Rodriguez, M. del Mar Graciani, G. Fernandez, J. Colloid Interf. Sci.
316 (2007) 787 (https://doi.org/10.1016/].jcis.2007.07.035)

M. E. D. Garcia, A. Sanz-Medel, Talanta 33 (1986) 255 (https://doi.org/10.1016/0039-
9140(86)80060-1)

S. K. Shah, S. K. Chatterjee, A. Bhattarai, J. Mol. Lig. 222 (2016) 906
(https://doi.org/10.1016/j.molliq.2016.07.098)

K. Edbey, A. El-Hashani, A. Benhmid, K. Ghwel, M. Benamer, Chem. Sci. Int. J. 24
(2018) 1 (https://doi.org/10.9734/csji/2018/44312)

P. Shah, N. Jha, A. Bhattarai, J. Chem-Ny. 2020 (2020) 5292385
(https://doi.org/10.1155/2020/5292385)

A. Rodriguez, M. del M. Graciani, M. L. Moya, Langmuir 24 (2008) 12785
(https://doi.org/10.1021/1a802320s)

S. Bragko, J. Span, Dyes Pigments 50 (2001) 77 (https://doi.org/10.1016/S0143-

7208(01)00025-0).

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




