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Abstract

Sudan blue II/cyclodextrin doped zinc oxide nanoparticles are synthesized and characterized by various spectral and micros-

copic methods. The doping effect of SBII/CD on ZnO nano was investigated by UV-visible, fluorescence, FTIR, DTA, XRD,

FE-SEM, and TEM methods. Nanoparticle size was measured by TEM-EDS and X-RD methods. The effect of different po-

larities of the solvents, α-cyclodextrin (α-CD) and β-cyclodextrin (β-CD), on SBII was studied by various spectral methods.

The  thermodynamic  properties  and  stability  of  the  inclusion  complexes  are  studied  by  PM3  methods.  Solvent  and  CD

studies show keto-enol tautomerism present in SBII molecules. The HOMO-LUMO gap for the SBB/β-CD inclusion com-

plex was more negative, which supports the fact that this complex is more stable than SBB/α-CD inclusion complex. Com-

pared to SBII/CD inclusion complex, red or blue shifted absorption and fluorescence maxima were seen in ZnO/SBII/β-CD

nanoparticles.  The TEM image showed that nanocrystals are formed in ZnO/SBII/β-CD. Molecular docking studies show

that SBII has anticancer activity against 1r51 and 2oh4 amino acid residues.
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Introduction

Although  tautomerism  in  phenyl  azonaphthols  has  been  recognized  for  over  a  century  [1],  research  interest  in  these  com-

pounds has significantly increased only in recent decades. This growing attention is understandable: on one hand, tautomerism

plays a fundamental role in biological processes and advanced technological applications [2]; on the other hand, it remains an

essential  area of  study in the development of  molecular spectroscopy techniques [3].  Notably,  in many cases,  individual  tau-

tomers cannot be physically separated. It is well established that tautomeric equilibrium in solution can be influenced by envi-

ronmental factors such as solvent characteristics and temperature. While corresponding spectra can be recorded, they cannot al-

ways be fully analyzed using spectrophotometry alone [4].

Antonov and collaborators conducted detailed investigations into tautomeric equilibria, focusing on the quantitative effects of

solvents [5] and temperature. Beyond solvent effects, the inclusion complexation of organic molecules with cyclodextrins (CD-

s) offers valuable insights into guest molecule geometry. CDs are water-soluble cyclic oligosaccharides known to form inclusion

complexes with a wide range of organic and inorganic compounds. CDs, composed of 6–8 D-glucose units linked via α-1,4-gly-

cosidic bonds, possess truncated cone-shaped hydrophobic cavities. These cavities can encapsulate various guest molecules in

both solution and solid states, facilitating the formation of functional host–guest inclusion complexes [6], which can serve as

building blocks for supramolecular assemblies.

Numerous  reports  of  tautomers'  existence  can  be  found  in  the  literature,  although  some  studies  fail  to  adequately  highlight

their prevalence or significance for the variations in biological activity that have been confirmed [7-12]. The significance of tau-

tomers in the biological characteristics of prospective medications is reviewed here, along with their observation in both meta-

lated  and  non-metalated  substances.  Based  on  noteworthy  instances,  keto-enol  equilibria  between  imines,  hydrazones,  and

oxindole  derivatives  are  primarily  highlighted,  and  methods  to  enhance  their  speciation  or  more  clearly  define  their  mech-

anisms of action are proposed.

Together  with silicon dioxide and titanium dioxide nanoparticles,  zinc oxide nanoparticles  are  thought to be among the top

three most manufactured nanomaterials [13–18]. ZnO nanoparticles are most frequently used in sunscreen. They are employed

because they have a large enough bandgap to be transparent to visible light while still efficiently absorbing UV light [18]. Addi-

tionally,  they  are  being  used  to  eradicate  dangerous  germs  from  UV-protective  materials  including  fabrics  and  packaging

[19-21]. It is challenging to establish claims on the production and pervasiveness of consumer items since many businesses fail

to label products that contain nanoparticles [22].

Because of the reputation of the ZnO nano and SBII, this work is focused on (a) analysing whether keto-enol tautomer or intra-

molecular hydrogen bonding is present in SBII or not, (b) whether the spectral characteristics of SBII will be changed by the pres-

ence of CD or not, (c) whether the presence of keto and imino groups will increase or decrease the conjugation, (d) preparing ZnO

nano, ZnO/CD, ZnO/SBII and ZnO/SBII/CD nanomaterials, (e) analysing the ZnO nanomaterials by various spectral and micros-

copic techniques and (f) evaluating the SBII antibacterial activity. Further, most of the authors analysed (g) the drug- cyclodextrin

inclusion complex, which is mostly used in the medicinal and pharmaceutical fields, but, (h) in the present work, we examine how

the doping of SBII/CD on ZnO modifies the nanomaterial structure. Thus, the spectral characteristics of SBII molecule have been

studied in solvents of different polarity, CD and ZnO both in the S0 and S1 states and discussed.

Experimental

Preparation of SBII/CD inclusion complex

2×10-2 M concentration of SBII was dissolved in 25 mL ethanol. α-CD and β-CD (0.01 M) were dissolved in 100 mL triple dis-
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tilled water. From the above α-CD and β-CD solution, pipette out different volumes (1, 2, 4, 6, 8 and 10 mL) and transfer to 10

ml standard measuring flask (SMF). To all the above 10 mL SMF, 0.2 mL of SBII solution (2×10-2 M) was added, then the above

solutions were made up to 10 mL with triple distilled water and shaken very well. Hence, the concentration of the α-CD and β-

CD solutions is 0.1×10-2 M to 1.0×10-2 M and the SBII concentration in each flask was 4×10-4 M. The experiments were carried

out at 298 K temperature.

Preparation of ZnO and ZnO /SBII/CD nanomaterials

0.01 M of zinc sulphate was dissolved in 100 mL of deionized water and the solution was heated to 50 - 60 °C for 20 to 30 min-

utes. ZnSO4 and NaOH solution with a molar ratio of 1:2, was carried out under vigorous stirring for 12 hrs at room tempera-

ture. The obtained white precipitate was washed several times and separated by centrifugation [23-28]. Finally, the precipitate

(ZnO) was dried in an oven at 100 °C for 6 hrs. The prepared ZnO nanoparticles showed a 25-50 nm size distribution.

20 mL of 2 × 10⁻3 M SBII solution was added to 80 mL of 1 × 10⁻² M CD solution. Then 100 mL of 0.01 M zinc sulphate (in

deionized water) was added to the above SBII/CD solution. Using a hot plate with a magnetic stirrer, this mixture was heated to

50 °C for one hour. With vigorous stirring, two to five mL of 1% sodium hydroxide were added and stirred for one to two

hours. After that, the above solution was frozen and dried (mini-lyophilized) at -80 °C. The powder ZnO/SBII/CD sample was

collected and used for further analysis.

Molecular Modeling Studies

Theoretical calculations were carried out using the Gaussian 03W software package. The initial geometries of the SBII, α-CD

and β-CD were constructed using Spartan 08 and subsequently optimized with the semiempirical PM3 method. The α-CD and

β-CD structures were fully optimized using PM3 without applying any symmetry constraints. In the optimized geometry, the

glycosidic oxygen atoms of the CDs were aligned on the XY plane, with their geometric center defined as the origin of the coor-

dinate system. The primary hydroxyl groups were oriented toward the positive Z-axis.

The inclusion complexes were built  using the PM3-optimized structures of  the CD and the respective guest  molecules.  Each

guest molecule was initially aligned along the Z-axis, with its longer axis placed within the CD cavity. The position of the guest

was determined by selecting a specific atom and monitoring its Z-coordinate. The inclusion process was simulated by inserting

the guest molecule into one end of the CD and allowing it to pass through the cavity. The PM3 method, known for its efficiency

and reliability in studying the conformations of cyclodextrin inclusion complexes, was chosen to investigate the interaction of

the CD with the SBII in this study.

Molecular Docking Studies

The molecular docking analysis was carried out in Dassault Systems BIOVIA Discovery Studio v22.1.100, the licensed version.

Three dimensional (3D) structure of our target protein, Epidermal growth factor receptor (EGFR) complex with an epiregulin

(EREG) was retrieved from Protein Data Bank (PDB) https://www.rcsb.org/(PDBID:5WB7). Protein preparation involved delet-

ing water molecules, ions and adding hydrogen atoms. The docking was performed after grid setup was used to find optimal

binding positions.

Result and Discussion

Effect of Solvents, α-CD and β-CD

The absorption and emission spectra of the sudan blue II or solvent blue 35 (1,4-bis (butyl amino) anthracene-9,10-dione (SBII,
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Figure 1) were examined in different polarities of the solvents, α-CD and β-CD (Table 1, Figure 2). In all the solvents, three absorp-

tion and two emission maxima are present in SBII (cyclohexane- λabs~ 640, 594, 255 nm, and λemi~524, 338 nm; water - λabs~

700, 630, 266 nm, λemi~430, 360, 342 nm). Interestingly, compared to other solvents, the absorption maxima were largely red shift-

ed in water (i.e., 640 nm to 700 nm), whereas, in the excited state, the emission maxima blue shifted from 524 nm to 430 nm. Table

1 results also show that butyl substituents hardly affect the position of the keto-enol tautomeric equilibrium.

Figure 1: Keto-Enol tautomer and intramolecular hydrogen bonding structure of Sudan blue-II

Figure 2: Absorption and fluorescence spectra of SB-II in different α-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 [α-CD].
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Table 1: Absorption and fluorescence spectral maxima of SB-II with different solvents, α-CD and β-CD

Solvents λ
abs log ε λ

flu

Cyclohexane 640 3.3 524

594 3.23 338

255 3.53

1,4-Dioxane 640 3.41 522

594 3.34 339

250 3.67

Ethyl acetate 640 3.3 524

594 3.23 427

255 3.53 364

Acetonitrile 642 3.4 522

595 3.34 427

253 3.67 361

2-Propanol 644 3.34 428

596 3.26 359

257 3.53

231 2.61

Ethanol 642 3.32 428

595 3.23 360

257 3.53 340

235 3.46

Water 700 2.79 430

630 3.03 360

266 342

α-CD [0.01 M] 700 2.91 430

630 3.1 360

266 344

β-CD [0.01 M] 700 2.87 430

630 3.19 360

267 342

α-CD K (1:1) x10⁵ M⁻¹ 52 137

β-CD K (1:1) x10⁵ M⁻¹ 142 174

α-CD ΔG (kcalmol⁻¹) -9 -11.4

β-CD ΔG (kcalmol⁻¹) -11.5 -12

Excitation wavelength (nm) 300
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Several theories have explained this unusual red-shifted emission and absorption [29-34]. The following explanation applies to

the results of our current work: (i) The large spectral shift and the broad absorption and emission spectra in SBII suggest intra-

molecular hydrogen bonding (IHB) or keto-enol tautomerism present in this molecule, (ii) both C=O and N-H groups form

two six membered rings through IHB, and (iii) IHB formation between the C=O and N-H groups facilitates the formation of

the keto-enol tautomer in the S0 state. In other words, this hydrogen bonding makes the migration of electron density from the

aromatic ring/NH group to the electron withdrawing group (C=O) more facile.

If IHB is present in SBII molecule, the absorption maxima should be blue shifted from non-polar to polar solvents because it is

well known that the polar solvents affect the IHB. Increasing the polarity and proton donor capacity of the solvents, a large red

shift is noticed in the absorption, but a blue shift is observed in the emission, which indicates that the keto-enol tautomer is pre-

sent in the SBII molecule. Hence, the observed structured vibronic absorption and fluorescence spectral changes are interpret-

ed as IHB associated with keto-enol tautomerism [1-12]. Increasing the polarity of solvents leads to an increase in the amount

of  ‘keto  to  enol’  form  [1-12].  The  results  in  Table  1  and  Figure  2  predict  that  the  C=O  and  NH  substituents  in  SBII  cause

bathochromic shifts of the longest wavelength absorption bands for both tautomeric forms. 

The results presented in Table 1 indicate that the donor substituent in SBII induces bathochromic shifts in the longest wave-

length absorption bands of both tautomeric forms. A comparable trend in UV-visible spectral behavior has been observed for

isomeric naphthols. Interestingly, the band positions in the UV-visible spectra show minimal dependence on solvent polarity,

despite the enol tautomer being more polar and, therefore, expected to be preferentially stabilized in polar solvents. Additional-

ly, the band maxima of individual tautomers exhibit negligible shifts across different solvents. These observations suggest that

donor substituents may preferentially stabilize the enol tautomer, particularly in polar environments. Furthermore, the N···O

bond distance serves as a reliable indicator of intramolecular hydrogen bond (IHB) strength, while elongation of the N–H bond

due to strong hydrogen bonding is relatively minor. The data also reveal that stronger hydrogen bonding, indicated by a short-

er N···O distance, is typically associated with the less stable tautomer.

In water, α-CD and β-CD, the absorption and emission maxima of SBII appear at 700, 630, 266 nm and 430, 360, 342 nm, re-

spectively.  Upon increasing the CD concentrations,  no significant change was noticed in the absorption and emission wave-

length, however, the emission intensity regularly increased, indicating that SBII molecules were entrapped into the CD cavities.

Further, the shorter wavelength intensity increased more than that of the longer wavelength intensity. The CD cavity provides a

non-polar environment and restricts the free rotation of the guest molecule; hence, the absorption and emission intensities of

the SBII molecule were increased [35-46]. The absorption and emission spectral shifts and shape of SBII with α-CD or β-CD

are the same, indicating that both CDs are formed by a similar type of inclusion complex. Interestingly, the structured vibronic

absorption spectra noticed in the CD solutions suggest that both the keto-enol tautomer associated with the IHB is affected by

the CD cavity.

Molecular Modeling

The ground state geometries of SBII, α-CD, β-CD and their inclusion complexes were optimized by the PM3 method [36-46].

HOMO, LUMO (Figure 3), energy, enthalpy, entropy, free energy, dipole moment and zero-point vibrational energy values for

SBII, α-CD, β-CD and the inclusion complexes are all listed in Table 2. When SBII entered the CD cavity, the polarity and the

above parameter values for SBII, α-CD, and β-CD significantly changed in the inclusion complexes. The optimization process

was carried out for two sets of coordinates, beginning with the SBII molecule's aliphatic chain or anthracene ring pointing in

the direction of the CD cavity. The α-CD and β-CD have interior diameters of roughly 5.6 and 6.5 Å, respectively, and heights

of  7.8  Å.  The  vertical  bond  distance  in  SBII  is  7.27  Å,  and  the  horizontal  bond  length  is  13.67  Å  (Table  2,  Figure  3).  This

molecule is partially enclosed in the CD cavity because the SBII horizontal bond length is greater than the size of the α-CD and

β-CD cavities. The binding energy (ΔE), ΔG and ΔH values for the SBII/β-CD inclusion complexes is more negative than the
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SBII/α-CD and cavity.  The  inclusion complexes'  negative  enthalpy  and Gibbs  energy  show that  the  complexes  form sponta-

neously and exothermically. The host-guest reaction (positive contribution to entropy) and the release of water molecules from

the cavity (negative contribution to entropy) may work together to produce the negative entropy (ΔS) effect. 

Table 2: Energetic features, thermodynamic parameters and HOMO-LUMO energy calculations for SB-II and its inclusion

complexes by semiempirical PM3 method

Properties SB-II α-CD β-CD SB-II/α-CD SB-II/β-CD

EHOMO (eV) -8.06 -10.37 -10.35 -8.27 -8.27

ELUMO (eV) -1.27 1.26 1.23 -1.40 -1.49

EHOMO – ELUMO (eV) 6.79 -11.63 -11.58 6.86 6.78

Dipole (D) 1.86 11.34 12.29 12.19 10.80

E (kcal mol-1) -47.83 -1247.62 -1457.63 -1308.94 -1511.89

ΔE (kcal mol-1) - - - -109.15 -102.06

G (kcal mol-1) -290.76 -676.37 -789.52 -969.85 -1135.98

ΔG (kcal mol-1) - - - -2.72 -55.7

H (kcal mol-1) -237.94 -570.84 -667.55 -829.64 -838.35

ΔH (kcal mol-1) - - - -20.86 -67.14

S (kcal/mol-Kelvin) 0.177 0.353 0.409 0.470 0.497

ΔS (kcal/mol-Kelvin) - - - 0.06 0.089

ZPE 274.58 635.09 740.56 912.50 1140.88

kcal/mol; **kcal/mol-Kelvin; ZPE = Zero-point vibration energy
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Figure 3: PM3 optimized structures of (a) SB-II, (b) HOMO, LUMO and (c) MEP of SB-II. The green and red hues in HO-

MO-LUMO reflect the molecules' positive and negative phases, the blue color signifies the nitrogen atom.

Figures 3 show how the HOMO-LUMO energy orbital images of each inclusion complex differ greatly from one another. The

atoms' electronegative charge is higher than the other atoms, as indicated by the red hue in the molecular electrostatic potential

(MEP) picture (Figure 3). Larger (EHOMO-ELUMO) values are typically more stable. The isolated SBII molecule has lower sta-

bility than the inclusion complex. The HOMO-LUMO gap for the SBII/β-CD inclusion complex was more negative, which sup-

port the fact that this complex is more stable than SBII/α-CD inclusion complexes. 

Absorption and emission spectral study of ZnO nanoparticles

The absorption and emission spectra of ZnO, ZnO/SBII, ZnO/β-CD, and ZnO/SBII/β-CD nanoparticles are measured in the so-

lution phase. ZnO nanoparticles exhibit an absorption band at 320 nm and an emission band at 420 and 355 nm, respectively.

Additionally,  the ZnO nanoparticles were identified by the white precipitate.  It  is  generally accepted that the absorption and

emission bands are influenced by the size, shape, metallic composition, and environment of the particles, and that the number

of particles does not immediately correspond to the intensity of the absorption and emission [24-28].

When SBII was added to the ZnO nanoparticle solution, the absorption and emission maxima red shifted to 710 nm and 720,

550, 405 nm, respectively. When β-CD was doped onto the ZnO nano, the absorbance and emission maxima shifted to 250 and

398 nm, respectively. The ZnO nanoparticles' absorption maximum moved to 698 nm and their emission maxima to 655, 527,



9 Journal of Materials Science and Nanotechnology

Annex Publishers | www.annexpublishers.com Volume 13 | Issue 1

and 415 nm, respectively, upon the addition of SBII/β-CD solution. The absorption and emission spectra's red or blue changes

above imply that SBII/CD doped and interacted with the ZnO nanoparticles. In general, the intensity tends to rise or fall and

the interaction is supported by spectrum fluctuations if the guest/CD cavity is doped on the nano.

3.4 FE-SEM and TEM images

ZnO nano, SBII, ZnO/β-CD and ZnO/SBII/β-CD nanomaterials were examined by FE-SEM and EDAX (Figure 4). The mor-

phology images of the above materials demonstrate that have are different shapes. ZnO particles form small size nanoballs in a

cluster shape; ZnO/β-CD is appears in a sheet shape; SBII presents in a nanorod shape; and ZnO/SBII/CD present in nanocrys-

tal  shape.  FE-SEM-EDAX data predict:  (a)  ZnO nano contains 57.34 % zinc nano and 42.66 % oxygen, (b) ZnO/β-CD nano

comprises 19.67% zinc, 54.42% oxygen and 25.91% carbon, (c) SBII dye contains 74.43 % carbon, 9.90 % nitrogen, 15.67 % oxy-

gen, and (d) The composition of ZnO/SBII/β-CD is 12.96 % zinc, 48.54 % carbon, 4.79 % nitrogen, and 33.71 % oxygen. FE-

SEM pictures and the atom composition of the nano ZnO, SBII is different from ZnO/SBII/β-CD conforms to the formation of

new nanomaterials.

Figure 4: FE-SEM images for (a) ZnO, (b) ZnO/β-CD, (c) SB-II, (d) ZnO/SB-II/β-CD inclusion complexes.

TEM images of ZnO, ZnO/β-CD and ZnO/SBII/β-CD are displayed in Figure 5. Nanosheet like a structures are found in the

ZnO nanomaterials; a nanocrystal structure is formed in ZnO/β-CD, and nano-sheet image appears in ZnO/SBII/β-CD. Uni-

formly spherical particles showed between 20 and 44 nm size in ZnO; 20 - 40 nm size in ZnO/β-CD and 13-24 nm size noted in

ZnO/SBII/β-CD nano. The TEM-EDX data support the formation of nanoparticles: (a) ZnO nano contains 69.84 % zinc nano

and 30.16 % oxygen, (b) ZnO/β-CD nano comprises 8.79 % zinc, 44.59 % oxygen and 46.61 % carbon, (c)) The composition of

ZnO/SBII/β-CD is 41.57 % zinc, 9.89 % carbon, 45.46 % oxygen, and 3.08 % nitrogen. The presence of ZnO along with SBI-

I/β-CD is confirmed by the EDX data for the nanocrystals.
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Figure 5: HR-TEM images for (a-c) ZnO, (d-f) ZnO/β-CD, (g-i) ZnO/SB-II/β-CD

Powder X-Ray Diffractogram

The standard ZnO face-centered cube peaks of the JCPDS card 800-075 were used to index all the diffraction peaks. The forma-

tion of  the hexagonal  tightly  packed (HCP) structure  and the mineral  designation (3C) have been verified using the JCPDS:

03-065-3411 data. The XRD pattern of ZnO nanoparticles is produced at 60° and the hkl plane values were located at the hexag-

onal  structure  of  ZnO's  (100),  (002),  (101),  (102),  (103),  (110),  (112),  and  (201)  reflection  planes.  In  ZnO,  eight  diffraction

peaks located at  31.80,  34.51,  36.21,  47.52,  56.61,  62.90,  67.91,  69.92 and in β-CD, eight peaks were observed at  13.39,  19.93,

23.50, 27.65, 31.96, 35.54, 40.58, 48.90 while in ZnO/β-CD 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 SBII, nine peaks were formed at 7.90, 12.61, 17.45, 19.88, 22.90, 25.60, 28.80, 36.45, 48.19 and in ZnO/SBI-

I/β-CD eleven peaks formed at 10.60, 15.85, 25.82, 29.05, 33.60, 35.11, 36.86, 42.65, 50.20, 59.11, 63.35. The diffraction pattern

and  the  peak  intensities  of  ZnO/SBII/β-CD  nanomaterials  differed  from  those  of  isolated  SBII,  indicating  the  formation  of

nanomaterials. Additionally, several conspicuous peaks that enable the production of ZnO/SBII/β-CD nanocrystals emerge in

the 10–80 degree range.

The nanoparticle size is also measured in X-RD and HR-TEM methods. In XRD, the Scherer equation is used [D = Kλ/βCosθ].

D = average particle size, K = constant value (0.94). The particle sizes are given below: ZnO nano – 19.30 nm, β-CD – 23.84,

SBII- 25.62 nm, ZnO/β-CD - 20.69 nm, and ZnO/SBII/β-CD Nano – 18.10 nm. In HR-TEM, the particle sizes are measured by

IMAGE-J software and the average particle size is calculated by Origin software. The particle size is given below: ZnO nano –

24.98 nm, ZnO/β-CD – 23.98 nm, ZnO/SBII/β-CD Nano – 19.18 nm. Compared to XRD method, 1-2 nm particle size is varied

in the HR-TEM method.
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Infrared Spectral Studies

FTIR spectra of ZnO nano, SBII, ZnO/SBII, ZnO/β-CD and ZnO/SBII/β-CD were measured. Due to the conversion of Zn+2 to

ZnO nanoparticles, the FTIR frequencies of the ZnO nanoparticles were observed at 3325, 1587, 1450, 592, and 513 cm-1. The

frequencies that appear at 3325 cm−1 indicate the presence of ZnO and the peaks at 592, and 513 cm-1 suggest the presence of Zn

nanoparticles. It has already been reported that the FTIR peak of pure ZnO nanoparticles that appears at 595 cm−1 was the char-

acteristic absorption of the ZnO bond and the broad band peak at 3507 cm−1 can be attributed to the characteristic absorption

of O-H group.

When zinc oxide nano added to β-CD, 3325 cm−1 frequency shifts to 3280 cm−1, while 1587, 1450 cm-1 move to 1614, 1514 cm-1

and 592, 513 cm-1 peaks shift to 594, 526 cm-1. The above variation in the FTIR frequencies indicates that ZnO nanoparticles are

doped by the CD. In SBII, the NH group stretching frequency appears at 3275 cm−1, CH2 and CH3 deformation frequencies ap-

pear at 1454 and 1360 cm-1, respectively, and the C=O stretching frequency appears at 1650 cm-1. Aromatic ring stretching fre-

quency appears at 1628 cm-1. The C-N frequency appears at 1134 cm-1, out of plane C-H bending frequencies appear at 894, 804

cm-1 and C-N-C bending frequency appears at 547 cm-1.

When SBII/β-CD added to ZnO nano particles, the above frequencies are shifted to lower or higher wave numbers. In ZnO/SBI-

I/CD, the NH group stretching frequency moves to 3282 cm−1, CH2 and CH3 deformation frequencies appear at 1458 and 1360

cm-1, respectively and C=O stretching frequency appears at 1643 cm-1. Aromatic ring stretching frequency appears at 1614 cm-1.

C-N frequency appears at 1118 cm-1, out of plane C-H bending frequency appears at 956 cm-1 and C-N-C bending frequency ap-

pears at 594 cm-1. Compared to SBII and ZnO/β-CD, ZnO/SBII/β-CD nanocrystals showed a marked change in the frequen-

cies, suggesting that the ZnO nanoparticles interact with the SBII and β-CD.

DTA Thermogram

DTA profiles of pure ZnO nano, SBII, ZnO/β-CD and ZnO/SBII/β-CD are analysed. In ZnO nano, two exothermic and three

endothermic peaks were noticed at 226.1, 546.7 °C and 272.6, 731.1, 919.2 °C, respectively. SBII exhibits two exothermic and

one endothermic peaks at 565.8, 800.2 °C and 680.4 °C, respectively. β-CD exhibits one exothermic peak at 128.6 °C. The re-

sults suggest water molecules are not present in β-CD. In ZnO/β-CD, two exothermic and four endothermic peaks appear at

224.3,  932.4  °C  and  265.2,  354.6,  749.8,  884.1  °C,  respectively.  In  ZnO/SBII/β-CD,  three  endothermic  and  four  exothermic

peaks appear at 270.3, 385.1, 945.4 °C, and 209.7, 327.3, 725.7, 985.7 °C, respectively. The endothermic peaks in the nanomate-

rials are caused by the loss of water from the CDs. In contrast to the pure SBII and ZnO, a new peak arises in ZnO/SBII/β-CD

confirming the formation of the nanocrystals.  Because of doping,  the various spectral  (UV-visible,  fluorescence,  FTIR, DTA,

PXRD), and microscopic images (SEM, TEM) of ZnO/SBII/β-CD vary from SBII, β-CD to ZnO.

Anticancer Activity by Molecular Docking

Molecular docking of SBII was given in Figures 6 and 7. In the figure, A and B show the 3D and 2D interactions of the Epider-

mal growth factor receptor (EGFR) complex with epiregulin (EREG) (PDB ID:5WB7) with SBII. The amino acid interactions

of target proteins with SBII are given below (ID No. 3766139): SBII with 1r51 amino acid residues - two π – π stacked interac-

tions  noticed  at  Phe159,  while  π-alkyl  interactions  observed  at  Arg176,  Leu  170,  Val227  &  Ile228  and  the  LibDock  score  is

86.31. Further, SBII with 2oh4 amino acid residues – a carbon-hydrogen bond is noticed at Cys1043 while π-alkyl interaction is

observed at Leu887, Ile886, Leu1017 & Cys1022 and the LibDock score is 101.63.
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Figure 6: Anticancer activity of SBII by molecular Docking method (SBII interacting with 1r51 amino acid residues)

Figure 7: Anticancer activity of SBII by molecular Docking method (SBII interacting with 2oh4 amino acid residues)

From the auto dock method,  the following anticancer test  values  are  noticed for  SBII:  ADMET solubility  level  is  2  (Absorp-

tion–Distribution–Metabolism–Excretion–Toxicity are the internal processes that describe how a drug moves throughout and

is processed by the body), ADMET BBB level is 1 (Blood Brain Barrier is a term used to describe the particular properties of the

central  nervous  system  (CNS)  vasculature),  ADMET  EXT  Hepatotoxic  applicability#  MD  is  9.15047  respectively.  Drug-in-

duced hepatotoxicity is an acute or chronic liver injury secondary to drugs or herbal compounds. It is difficult to diagnose. Fur-

ther, ADMET EXT CYP2D6# Prediction is true, ADMET EXT Hepatotoxic# Prediction is true and ADMET EXT PPB# Predic-

tion is true. siRNA Plasma Protein Binding (PPB) is a measure of the unbound fraction (fu) of siRNA in plasma at equilibrium.

A PPB report is required for small molecule regulatory filing because, according to the free drug hypothesis, fu plasma is equiva-

lent to the unbound drug concentration at the site of action in a steady state. The above results show that SBII has anticancer ac-

tivity.

Conclusion

ZnO/Sudan Blue II/CD nanoparticles are synthesized and characterized by spectral and microscopic methods. Solvent and CD

studies show keto-enol tautomerism is present in SBII molecules. The structured vibronic absorption spectra noticed in the CD

solutions suggest that both the keto-enol tautomer associated with the IHB is affected by the CD cavity. The PM3 method

shows that the SBII molecule is partially encapsulated in the CD cavity. The HOMO-LUMO values indicate that the SBII/β-CD
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inclusion complex is more stable than SBII/α-CD. Red or blue shifted absorption and fluorescence maxima were seen in ZnO/S-

BII/β-CD rather than SBII/CD, suggesting that nanocrystals are formed. Nanoparticle size was measured by TEM-EDS and X-

RD methods. TEM images showed that nanocrystals are formed in ZnO/SBII/β-CD. Molecular docking studies show SBII has

anticancer activity against 1r51 and 2oh4 amino acid residues.
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