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Abstract

Methyl violet/ cyclodextrin doped on ZnO nanocrystals were synthesized and characterized by various spectral and microscopic
methods. The effect of different polarity of the solvents, a-cyclodextrin (a-CD) and B-cyclodextrin (-CD) on MV were studied
by various spectral methods. The inclusion behaviour of MV on both CDs were determined by PM3 method. Doping effect of
MV/CD on ZnO nano investigated by UV-visible, fluorescence, FTIR, DTA, XRD, FE-SEM and TEM methods. MV molecule
exhibits dual emission in all the solvents, a-CD and B-CD while three absorption maxima noticed in the ground state. The
normal Stokes shifted band was originated from the locally excited state and the large Stokes shifted band was due to the
emission from a twisted intramolecular charge transfer (TICT) state. Presence of isosbestic point suggest 1:1 inclusion complex
is formed. HOMO-LUMO gap for MV/B-CD inclusion complex was more negative, which support that this complex is more
stable than MV/0-CD inclusion complex. A red or blue shifted absorption and fluorescence maximum was seen in
B-CD/MV/ZnO nanocrystals than MV/CD. Nanoparticle size was measured by TEM-EDS and X-RD methods. TEM image
showed nanocrystals are formed in ZnO/MV/B-CD.
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1. Introduction

Nanosized particles of semiconductor materials have sors [2], photoelectron devices [3, 4], highly functional and
gained much more interest due to their desirable properties  effective devices [5]. These nanomaterials have novel elec-
and applications in different areas such as catalysts [1], sen-  tronic, structural, and thermal properties which are of high
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scientific interests in basic and applied fields. Zinc oxide
(Zn0) is a wide band gap semiconductor with an energy gap
of 3.37 eV at room temperature. It has been used considerably
for its catalytic, electrical, optoelectronic, and photochem ical
properties [6-9]. ZnO nanostructures have a great advantage
to apply to a catalytic reaction process due to their large sur-
face area and high catalytic activity [10]. Since zinc oxide
shows different physical and chemical properties depending
upon the morphology of nano structures, not only various
synthesis methods but also the physical and chemical proper-
ties of synthesized zinc oxide are to be investigated in terms of
its morphology.

When doping on the nanomaterials, reduce the size to na-
noscale and modify their chemical, mechanical, electrical,
structural, morphological, and optical properties. These
modified features allow the nanoparticles to interact in a
unique manner with doping molecules and thus facilitate the
physical transfer of nanoparticles into the structures [11-27].
Nanostructured materials have a larger percentage of atoms at
their surface which lead to high surface reactivity. Thus, na-
nomaterials have witnessed recently significant importance in
the basic and applied sciences as well as in
bio-nanotechnology. Zinc oxide nanoparticles (ZnO NPs), as
one of the most important metal oxide nanoparticles, are
popularly employed in various fields due to their peculiar
physical, chemical and spectral properties [21-27]. Because of
the strong UV absorption properties of ZnO, they are in-
creasingly used in personal care products, such as cosmetics,
sunscreen, antibacterial, antimicrobial, deodorant, concrete
production, photocatalysis, electronics, electrotechnology
industries, excellent UV blocking and so on [1-20].

The aim of this work is to investigate the possibility of
obtaining MV/CD covered ZnO. Additionally, the present
work is based on an integrated experimental-computational
approach. As compared to the previously used pure experi-
mental approaches, the integrated experi-
mental-computational approach not only demonstrates some
macroscopic information about the solubility and possible
intermolecular interactions through wet experimental meas-
urements but also provides valuable information about the
microscopic binding through the computational modeling.
Because of the above reasons, the present study: (i) analyze
the effect of three —~N(CHs)2 groups on the TICT emission in

the methyl  violet  (4-[[4-(dimethylamino) phe-
nyl]-(4-methyliminocyclohexa-2,5-dien-1-ylidene) me-
thyl]-N,N-dimethyl  aniline;  hydrochloride or  Tris

(4-(dimethyl amino) phenyl) methylium chloride or 4-{Bis
[4-(dimethyI amino) phenyl] methyli-
dene}-N,N-dimethylcyclohexa-2,5-dien-1-iminium chloride,
MV) (Figure 1)) molecule, (ii) find the inclusion complexes
whether increase or decrease the dual emission, (iii) analyse
the doping effect of MV/CD on ZnO nanoparticles, and iv)
find which type of nanomaterial is formed.
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Figure 1. Chemical structure of methyl violet [MV].
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2. Experimental

2.1. Preparation of Drug/CD Inclusion Complex
in Solution

Different concentrations of a-CD or B-CD solution (0.1 to
1.0x102 M) were taken in 10 ml standard measuring flask.
MV stock solution have a concentration of 2x102 M. 0.2 ml
of the MV stock solution was added to the above flasks. The
mixed solution was made up to 10 ml with triple-distilled
water and shaken very well. The final MV concentration in
each flask was 4><10“ M and 298 K temperature was used for
the experiments.

2.2. Molecular Modeling Studies

Using the molecular modeling software Spartan 08, the
molecular geometry of MV, CD and its inclusion complexes
were analyzed. The most stable complexation energy was
determined theoretically after the structural assembly of two
orientation inclusion complexes using the semi-empirical
PM3 method in the gas phase and Gaussian 09W software.

2.3. Preparation of ZnO and MV/CD Doped
ZnO Nanomaterials

0.01 M of zinc sulphate and NaOH (1%) solution with a
molar ratio of 1:2, which was carried out under vigorous
stirring for 12 h at 50 to 60 <C temperature. The obtained white
precipitate (ZnO) was washed several times and separated by
centrifugation [10-14]. Finally, the precipitate was dried in an
oven at 100<C for 6 h. The prepared ZnO nanoparticles
showed a size distribution about 25-50 nm.

MV (2x103 M) was dissolved in 20 ml of ethanol and
gradually added to the CD (110 M) in 80 ml deionized
water. Then 0.01 M zinc sulphate (100 ml) was added to the
above MV/CD solution. Using a hot plate with magnetic
stirrer, this mixture was heated to 50<C for one hour. With
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vigorous stirring, one or two ml of 1% sodium hydroxide was
added and stirred one to two hours. After that, the above so-
lution was frozen and dried (mini-lyophilized) at -80<C. The

powder MV/CD/ ZnO sample was collected and used for
further analysis. The scheme is given in Figure 2:

ZnSOy + 1% NaOH — Zn0O nano
(0.01 M in 100 ml H20) (5 ml) (White precipitate)
CD + MV — MV/CD inclusion complex
(0.1 M) (0.002 M)
ZnS0O4 + MV/CD + 1%NaOH — MV/CD/ZnO nano
(0.01 M 100 ml) (100 ml) (5 ml) (White precipitate)

Figure 2. Preparation of MV/CD doped ZnO nanocrystals.

3. Result and Discussion

3.1. Effect of Solvents, a-CD and p-CD

The absorption and emission spectra of the MV was ex-
amined in different polarity of the solvents, a-CD and 3-CD
(Table 1, Figure 3). In water, a-CD and B-CD, the absorption
maxima of MV were appearing at 571, 298, 242 nm, while
dual emission appeared at 415, 355 nm. The 571 nm absorp-
tion wavelength is non fluorescent, hence the longer emission

is lower than absorption wavelength. Upon increasing the CD
concentrations: i) no noteworthy absorption and emission
spectral changes were noticed in MV, however the absorb-
ance decreased in a-CD but increased in B-CD at the same
wavelength, ii) the emission intensity regularly decreased at
the same wavelength indicating that MV molecule was en-
trapped into the CD cavities [28-48]. The absorption and
emission spectral shifts and shape of MV with a-CD or 3-CD
is same indicate that both CDs are formed similar type of the
inclusion complex.

Table 1. Absorption and fluorescence spectral maxima of MV with different Solvents.

Solvents Aabs

571
Cyclohexane 300
250

569
1,4-Dioxane 299
245

571
Ethyl acetate 300
251

569
Acetonitrile 299
245

571
2-Propanol 300
246

Ethanol 571

log € Aflu
3.03

345
2.77

430
2.95
3.36

345
2.87 430
2.78
3.03

345
2.77

430
2.87
3.29

345
2.91

430
2.95
3.26

345
2.77

430
2.75
3.24 345
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Solvents Aabs
300
242
571
Water 298
242
572
[a-CD] 0.01 M 297
243
573
[B-CD] 0.01 M 298
244
a-CD
81
K (1:1) x105M"!
-CD
P 113
K (1:1) x105M-!
a-CD
-12.9
AG (kcalmol ™)
-CD
¥ -13.8
AG (kcalmol ™)

Excitation wavelength (nm) -

K (1:1) x10° M — binding constant for 1:1 inclusion complex;
AG — Gibbs free energy.
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Figure 3. Absorption and fluorescence spectra of MV in different a-CD concentrations (M): (1) 0, (2) 0.001, (3) 0.002, (4) 0.004, (5) 0.006, (6)
0.008, (7) 0.01. Insert figure: absorbance/ Fluorescence Intensity vs [a-CD].

MV consists of three absorption maxima in all the solvents
and no significant spectral changes were noticed in the ground
state. In the excited state, dual emission was noticed in all the
solvents; the shorter wavelength (SW) locally excited (LE)
band is red shifted from cyclohexane to water (345 to 355 nm),
while longer wavelength (LW) or TICT band is blue shifted

22

(430 to 415 nm). The emission intensity of the SW is higher
than LW. The absorption and emission spectral shifts in the
solvents are different from the CD solution suggest MV
molecule encapsulated in the CD cavity [28-44]. The area of
the SW and the TICT bands decreases with the increase in the
polarity and hydrogen bonding capacity of the solvents but it
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increases in water.

Upon addition of a-CD and B-CD, both the normal and
TICT emissions were decreased, while the emission maxima
remain relatively unchanged. The fluorescence intensity ratio
of the TICT band and the normal band (TICT/SW) were same
when the concentration of a-CD and B-CD increases. It is also
noteworthy that the both normal and TICT emission intensi-
ties are almost same in a-CD and B-CD solutions. These
similar spectral changes in a-CD and B-CD solutions suggest
that the structural geometry of the both inclusion complexes
are same in terms of the orientation of guest molecules.

The above results explained as follows: two kinds of rota-
tional motions are possible in MV for the origination of the
TICT band: (a) rotation of the —N(CHz)2 group around the C—
N bond and (b) rotation of the complete aniline moiety (CsHa—
N(CHs)2) around the C-N bond. Further, if rotation had oc-
curred around the —N(CHjs)2 bond, a blue-shift in the position
of SW band should have been observed. Thus, it would be
reasonable to mention that the rotation of the complete aniline
moiety (CeHs—N(CHj3)2) is responsible for the TICT emission
and not the rotation of the aniline ring around the C—-N(CHjs);
bond. The emission intensity of TICT and SW should increase
in going from non-polar to water. Due to TICT state, the
dipole moment and the dipolar interactions will increase with

@ 3":0
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(a) PM3 optimized structure for MV

the increase in polarity of the solvents. Thus, the decrease in
the fluorescence intensity of the longer wavelength band in
polar solvents could be due to large stabilization of the highly
polar TICT state by strong dipole—dipole and hydrogen
bonding interaction and consequent rapid non-radiative tran-
sition to the ground and/or low-lying triplet states [36-44].

Further, to get a better understanding of the structure of the
MV, the molecular modeling geometry optimization were
carried out in PM3 method. The optimized structure shows all
the three aniline moieties (CgHs+—N(CHs)2) are present in
different manner (Figure 4). The internal diameter of the
a-CD and B-CD is approximately 5.6 and 6.5 A and the height
is 7.8 A respectively. This calculation revealed that the di-
ameter of MV, horizontal bond length is 11.95 A and the
vertical bond distance is 12.31 A. The horizontal and vertical
bond length of MV is longer than the dimensions of the a-CD
and B-CD cavities, hence, this molecule is partially encapsu-
lated in the CD cavity. Therefore, any one of the aniline
moieties (C¢Ha—N(CHa),) is entrapped in the a-CD or B-CD
cavity and the other aniline moieties exposed to the bulk phase.
The bond angles and dihedral angles were also twisted as like
other TICT molecules. As mentioned in the above results
predict the dual emission causes due to presence of TICT
present in this molecule.

Eruao=-2.19 eV

AE=5.64 ¢V

Enoao=-7.84 eV

(b) HOMO, LUMO

L e

(c) MEP

Figure 4. PM3 optimized structures of (a) MV, (b) HOMO, LUMO and (c) MEP of MV. The blue color indicates for nitrogen atom, while in
HOMO-LUMO, the green and red colors denote negative and positive phases of the molecules. The red color in the molecular electrostatic
potential's (MEP) figure shows that the electronegative charge of the atoms is greater than that of other atoms.
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Three types of inclusion complex formation between the
MYV and CDs are possible because all the aniline moieties are
same size: i) any one of the aniline moiety (CsHs—N(CHs3)2)
of the MV may captured and form 1:1 (MV:CD) inclusion
complex; ii) two aniline moieties from the MV may form 1:2
(MV:2CD) inclusion complex; iii) all the three aniline moi-
eties of the MV may form 1:3 (MV:3CD) inclusion complex.
Since all the three aniline moieties have similar chemical
structure, the MV have same orientations of MV in a-CD
and B-CD, hence, the absorption and emission maxima of
MV in the presence of CD showed same value as compared
with that in the absence of CD. As long as the other aniline
moieties (CsHs—N(CHj3).) is exposed to water, the magnitude
of the contribution of the fast relaxational process to form
the TICT state stays the same as observed in the a-CD and
B-CD. This may be also responsible for the formation of
similar type of inclusion complexes in the CD solution.
From the slope and intercept of the Benesi-Hildebrand plot
[1/(A-Ag) vs 1/[CD] or 1/[CD]? and 1/(I-lg) vs 1/[CD] or
1/[CD]?, the binding constant for the inclusion complexes
was determined. The presence of an isosbestic point in the
absorption spectrum confirms the formation of a 1:1 inclu-
sion complex [18-22].

3.2. Molecular Modeling

The ground state geometries of MV, a-CD, p-CD and their
inclusion complexes were optimized by PM3 method. HOMO,
LUMO, energy, enthalpy, entropy, free energy, dipole mo-
ment, zero-point vibrational energy and Mullikan charge
values for the MV, a-CD, B-CD and the inclusion complexes
are all listed in Table 2. When MV entered in to the CD cavity,
the polarity and the above parameter values for MV, a-CD,
B-CD significantly changed in the inclusion complexes. The
AE, AG and AH values for the MV/B-CD inclusion complexes
is more negative than MV/a-CD and cavity. The negative
Gibbs energy and enthalpy of the inclusion complexes indi-
cate that the formation of the complex is spontaneous and
exothermic. The negative entropy (AS) effect may be due to
the disorder of the system. The energy gap between HOMO
and LUMO of the complexes suggests that there will be a
significant change in the electronic structures of the guest
molecules while molecular recognition and binding. Figure 4
illustrates the HOMO-LUMO energy orbital pictures of all the
inclusion complexes have significantly varied. The large
(Enomo-ELumo) values tend to have higher stability than iso-
lated MV molecule. HOMO-LUMO gap for MV/B3-CD in-
clusion complex was more negative, which supports that this
complex is more stable than MV/a-CD inclusion complexes.

Table 2. Energetic features, thermodynamic parameters and HOMO-LUMO energy calculations for MV and its inclusion complexes by sem-

iempirical PM3 method.

Properties MV o-CD
Enomo (eV) -7.84 -10.37
Erumo (eV) -2.19 1.26
Enomo — ELumo (V) 5.64 -11.63
Dipole (D) 14.14 11.34

E (kcal mol™) -95.75 -1247.62
AE (kcal mol") - -

G (kcal mol™!) -326.65 -676.37
AG (kcal mol ") - -

H (kcal mol™) -266.43 -570.84
AH (kcal mol ") - -

S (kcal/mol-Kelvin) 0.201 0.353
AS (kcal/mol-Kelvin) - -

ZPE 307.61 635.09

keal/mol; **kcal/mol-Kelvin; ZPE = Zero-point vibration energy

B-CD MV/a-CD MV/B-CD
-10.35 -8.30 -7.03
1.23 -0.64 -2.66
-11.58 7.66 436
12.29 11.33 18.24
-1457.63 -1176.13 -1390.00
- -24.26 -28.12
-789.52 -1007.1 -1214.80
- -4.29 -98.63
-667.55 -856.99 -853.66
- -19.72 -80.32
0.409 0.504 0.490

- 0.05 0.12
740.56 946.51 1156.28
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3.3. MV/CD Doping Effect on ZnO
Nanoparticles

In solution phase, the absorption and emission spectra of
the ZnO, ZnO/MV, ZnO/B-CD, B-CD/MV/ZnO nanoparticles
are analyzed. Absorption and emission band of ZnO nano-
particle appears at 320 nm and 420, 355 nm respectively
[10-14, 49]. When MV solution was added to the ZnO nano
solution, the above absorption and emission maxima red
shifted to 566, 297 nm and 575, 387 nm respectively. With
addition of B-CD solution to the ZnO nano, the absorption and
emission maxima shifted to 250 and 398 nm respectively.
When MV/B-CD solution was added to the ZnO nano, the
absorption and the emission maxima red shifted to 575, 358,
297, 243 nm and, 598 nm respectively. The above red or blue
shifts in the absorption and emission spectra suggest that MV
and CD doped and interact with ZnO nanoparticles.

3.4. FE-SEM and EM Images

ZnO nano, MV, B-CD/ZnO and B-CD/MV/ZnO nano-
materials were examined by FE-SEM and EDAX (Figure 5).
ZnO particles form small size balls present in cluster shape;
When B-CD doped on ZnO, the image is appeared in the sheet
shape whereas pure MV molecules shown in the nano stone
shape image. When MV/CD doped on ZnO, the image is
appeared in cloud shape. As per the FE-SEM-EDAX data, (a)
ZnO nano contains 57.34% zinc and 42.66% oxygen, (b)
B-CD/Zn0O nano comprises 19.67% zinc, 54.42% oxygen and
25.91% carbon, (c) MV dye contains 70.81% carbon, 21.72%
nitrogen, 7.47% chlorine and (d) B-CD/MV/ZnO contains
23.00% zinc, 20.94% carbon, 51.54% oxygen, 4.22% nitro-
gen and 0.30% chlorine. FE-SEM pictures and the atom
composition of the nano ZnO, MV are different from
B-CD/MV/ZnO conform the formation of new nanomaterials.

TEM images of ZnO, B-CD/ZnO and B-CD/MV/ZnO are
displayed in Figure 6. Nano sheet like structures found in the

25

ZnO nanomaterials while nanorod like structure is formed in
ZnO/B-CD. Nanosheet image is present in ZnO (particles size
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- 20 nm to 44 nm), whereas uniformly spherical particles
present in B-CD/Zn0O nano (particles size -20 to 40 nm) and
nanocrystal shape present in 3-CD/MV/ZnO (particles size —
20 to 33 nm). TEM-EDX data predict: (a) ZnO nano - 69.84%

of zinc nano and 30.16% of oxygen, (b) B-CD/Zn0O nano- 8.79%

The nano particles size is also measured in X-RD and HR
TEM method. In HR-TEM, IMAGE-J software is used to
measure the particle size and average particle size calculated
by origin software. The particle size is given below: ZnO nano
—24.98 nm, B-CD/ZnO - 23.98 nm, B-CD/MV/ZnO Nano —
17.47 nm. Compared to XRD method, 3-5 nm particle size is

26

of zinc, 44.59% of oxygen and 46.61% of carbon, (c)) in
B-CD/MV/ZnO - 31.71% of zinc, 24.38% of carbon, 38.97%
of oxygen, 4.69% of nitrogen and 0.24% of chlorine. The
presence of ZnO along with MV/B-CD is confirmed by the
EDX data for the metallic nanoparticles.

PR
Figure 5. TEM images for (a-c) ZnO, (d-f) p-CD/ZnO, (g-i) f-CD/MV/ZnO.

varied in HR-TEM method.

In XRD, Scherer equation is used to calculate the particle
size [D = KAM/BCos0]. D = Average particle size, K = constant
value (0.94). The particle size is given below: ZnO nano —
19.30 nm, B-CD — 23.84, MV- 18.75 nm, 3-CD/ZnO - 20.69
nm, and p-CD/MV/ZnO Nano — 13.83 nm.
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3.5. Powder X-ray Diffractogram

With the use of the JCPDS: 03-065-3411 data the mineral
name (3C) and the development of the hexagonal closely
packed (HCP) structure have been confirmed. The JCPDS
card number 800-075 was used to index all of the diffraction
peaks with its standard ZnO face-centered cube peaks and
formed at 60 < The values of the hkl plane are found at (100),
(002), (101), (102), (103), (110), (112) and (201) reflection
planes of hexagonal structure of ZnO. In ZnO, eight dif-
fraction peaks located at 31.80, 34.51, 36.21, 47.52, 56.61,
62.90, 67.91, 69.92 correspond to the reflection planes of
hexagonal structure of ZnO. In B-CD, eight peaks observed
at 13.39, 19.93, 23.50, 27.65, 31.96, 35.54, 40.58, 48.90
while in B-CD/ZnO ten peaks formed at 10.15, 15.18, 25.41,
28.38, 34.92, 42.29, 49.77, 59.16, 63.32, 70.33. In MV, four
peaks formed at 14.34, 24.86, 28.35, 32.94, whereas in
B-CD/MV/ZnO six peaks formed at 31.10, 31.88, 44.80,
45.60, 56.12, 65.82. Compared to isolated MV, the
B-CD/MV/ZnO nanomaterial XRD patterns showed a dif-
ferent diffraction pattern and different peak intensities
suggesting that nanomaterials were formed. Further, a
number of prominent peaks appeared from 10 to 80 degree
range supporting the formation of B-CD/MV/ZnO nano-
materials.

3.6. Infrared Spectral Studies

FTIR spectra of ZnO nano, MV, ZnO/MV, B-CD/Zn0O and
B-CD/MV/ZnO were determined. Due to the conversion of
Zn*2 to ZnO nanoparticles, the ZnO nanoparticles were ob-
served at 3325, 1587, 1450, 592, and 513 cm™®. The 3325 cm™!
frequency indicate the presence of ZnO and the peak seen at
592, and 513 cm* suggest the presence of Zn nanoparticles. It
is already reported, the FTIR spectrum of pure ZnO nanopar-
ticles peak appears at 595 cm™! was the characteristic ab-
sorption of ZnO bond and the broad band peak at 3507 cm™

can be attributed to the characteristic absorption of O-H group.

When B-CD added to zinc oxide nano, the 3325 cm™' fre-
quency shifted to 3280 cm™!, while 1587, 1450 cm™* moved to
1614, 1514 cm™and 592, 513 cm peaks shifted to 594, 526
cml. The above variation in the FTIR frequencies indicate
that CD doped on ZnO nano particles.

In MV, primary amino group stretching frequency appears
at 3318 cm, aromatic ring CH stretching frequency appear
weekly around 3000 cm?, aromatic C=C stretching frequency
appear at 1616, 1473 cm™. Out of plane bending frequency
appear at 904, 815 cm™ and C-N stretching frequency appears
at 1288 cm!, C-NH; frequency appear at 2860 cm™, and CH
out of plane bending frequency appear at 750, 677 cm™. When
MV/B-CD doped on ZnO nano, the above frequencies are
shifted to lower or higher wave numbers; i.e., the primary
amino group stretching frequency moved to 3315 cm?, aro-
matic ring CH stretching frequency is lost, aromatic ring
stretching frequency shifted to 1613, 1482 cm™. Out of plane
bending frequency appear at 1024, 958 cm? and C-N
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stretching frequency appears at 1351 cm™, and CH out of
plane bending frequency appear at 754, 594 cm™.

3.7. DTA Thermogram

DTA profiles of pure ZnO nano, MV, B-CD/ZnO and
B-CD/MV/ZnO are measured. In ZnO nano, two exothermic
peaks three endothermic peaks noticed at 226.1, 546.7 <C and
272.6, 731.1, 919.2<C respectively. MV exhibits two exo-
thermic peaks at 243.3, 740.4°C while $-CD exhibit one ex-
othermic peak at 128.6°C. In B-CD/Zn0O, two exothermic four
endothermic peaks appear at 224.3, 932.4<C and 265.2, 354.6,
749.8, 884.1°C respectively. In B-CD/MV/ZnO, each three
endothermic and exothermic peaks seen at 267.7, 622.5,
1030.3<C, and 223.1, 575.9, 798.0<C respectively. The en-
dothermic peaks in the inclusion complex nanomaterials are
caused by the loss of water from the CDs. In contrast to the
pure MV and ZnO new peak arises in 3-CD/MV/ZnO con-
form both MV/CD doped on the ZnO nanomaterials.

4. Conclusion

The following conclusions can be drawn from the study: (i)
in all the solvents and CD, dual fluorescence was observed in
MV, (ii) The ratio of the TICT emission and the normal
emission of MV constant as the CD concentration increases,
(iii) The entrapment of the aniline moiety in the CD cavity
seems to decrease the TICT process, (iv) Presence of isos-
bestic point suggest 1:1 inclusion complex is formed, (V)
Compared to MV/CD inclusion complex, a red or blue shifted
absorption and fluorescence maximum was seen in
B-CD/MV/ZnO nanocrystals (vi) TEM image showed nano-
crystals are formed in B-CD/MV/ZnO.

Abbreviations

FTIR Fourier Transform Infrared Spectroscopy
DTA Differential Thermal Analysis

XRD X-ray Diffraction

SEM Scanning Electron Microscopy

TEM Transmission Electron Microscopy
HOMO Highest Occupied Molecular Orbital
LUMO Lowest Unoccupied Molecular Orbital
MV Mordant Violet

ZnO NPs Zinc Oxide Nanoparticles
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