[image: image15.png]B
Interactions
B conventional Hydrogen Bond | Pi-Pi Stacked
| Unfavorable Donor-Donor [ pi-alkyl

I ri-cation





16

PICT Effects and Anticancer Potential on Rosaniline and Spectral Characterisation of Rosaniline/ Cyclodextrin Covered ZnO/ Nanocrystals
Abstract

Rosaniline/Cyclodextrin covered ZnO nanocrystals are synthesized and characterized by various spectral and microscopic methods. The effect of different polarities of the solvents, α-cyclodextrin (α-CD) and β-cyclodextrin (β-CD) on RND was studied by various spectral methods. The inclusion behavior of RND on both CDs was determined by PM3 method. The doping effect of RND/CD on ZnO nano investigated by UV-visible, fluorescence, FTIR, DTA, XRD, FE-SEM and TEM methods. RND molecules exhibit single emission in non-polar and aprotic solvents, whereas in water, α-CD and β-CD exhibit dual emission. Solvent and PM3 studies indicate planar intramolecular charge transfer (PICT) in RND molecules. Absence of an isosbestic point suggests a 1:2 or 1:3 inclusion complex is formed. HOMO-LUMO gap for RND/β-CD inclusion complex was more negative, which supports that this complex is more stable than RND/α-CD inclusion complex. Compared to RND/CD inclusion complex, a red or blue shifted absorption and fluorescence maximum was seen in β-CD/RND doped ZnO nanocrystals. Nanoparticle size was measured by TEM-EDS and XRD methods. Molecular docking studies shows, RND has anticancer activity against 2oh4 interacting amino acid residues.

Keywords: Rosaniline, Zinc Oxide nano, Cyclodextrin, Planar Intramolecular Charge Transfer, Inclusion complex, Nanocrystal. 
1.  Introduction

“In the field of material science, the electron donor–acceptor π-conjugated (D-π-A) compounds have found numerous uses, including dye-sensitized solar cells” [1], electrogenerated chemiluminescence materials [2,3], nonlinear optical materials [4], and fluorescence probes [5]. “The exceptional optical and electrical capabilities of the D-π-A compounds are largely due to the photoinduced intramolecular charge-transfer (ICT) nature of the excited state” [6]. Characterizing the ICT state (i.e., electronic nature and molecular geometry) will provide a profound understanding of the connection between molecular structures and attributes.

“Zinc oxide nanoparticles are synthesized by several methods, such as high-temperature solid–vapor deposition” [7], solution phase methods [8], colloidal chemistry techniques [9], sol-gel method [10], phase transfer technique [11], hydrolysis of chelate complex [12] polymer stabilization [13] synthesis in reversed micelles [14], microemulsion [15], alkoxide-based process [16] precipitation method [17] spray pyrolysis [18] hydrothermal method [19] laser vaporization condensation [20] and flow injection synthesis [21]. In the present study, the precipitation method has been used for synthesizing ZnO nanoparticles. 

“In general, ZnO nanoparticles are larger and have little porosity. Because of the importance of the ZnO nano” [22-29]. This work aimed to a) analyse the effect of donor–acceptor π-conjugated compound (rosaniline, RND) with cyclodextrin and ZnO nanoparticles, b) investigate the presence of PICT (planar intramolecular charge transfer) in RND; c) synthesize and characterize ZnO, ZnO/CD, ZnO/RND, d) study the impact of doping RND/CD on ZnO nanoparticles, and e) analyze the anticancer activity of the RND dye.

2.  Experimental

2.1 Preparation of Drug/CD inclusion complex 

In a 10 ml standard measuring flask, various quantities of α-CD or β-CD solution (0.1 to 1.0×10-2 M) were taken. The above mentioned flasks were filled with 0.2 ml of the RND stock solution (2×10-2 M). Then the flasks were made up to 10 mL using triple-distilled water. The final concentration of the RND was 4×10-4 M and the experiments were conducted at 298 K.

2.2 Preparation of ZnO and RND/β-CD/ZnO Nanocrystals

100 ml of zinc sulfate (0.01 M) in deionized water was heated for 20 to 30 minutes at 50 to 60 °C. ZnSO4 and 1% NaOH solution (1:2 molar ratio) were vigorously stirred for 12 hours at room temperature. After multiple washings, centrifugation was used to separate the resulting white precipitate [27-34]. Then, the ZnO precipitate was dried for six hours at 100 °C in a hot air oven. The size of the produced ZnO nanocrystals was between 25 and 50 nm.

RND (2×10-3 M) in 20 mL of ethanol, it was progressively added to the CD (1×10-2 M in 80 mL) in deionized water. The aforesaid RND/CD solution was mixed with 100 ml of 0.01 M zinc sulphate. This mixture was heated to 50 °C for an hour using a hot plate with a magnetic stirrer. One to two mL of 1% sodium hydroxide was added and vigorously agitated for one to two hours. The aforementioned solution was then frozen and dried at -80 °C (mini-lyophilized). The ZnO/ RND/CD powder sample was collected and utilized for further investigation.

2.3 Molecular Modeling Studies
The molecular geometry of RND, CD and its inclusion complexes was examined using Spartan 08, a molecular modeling program. The PM3 method in the gas phase and Gaussian 09W software were used to theoretically determine the most stable complexation energy following the structural assembly of two orientation inclusion complexes.

3. Result and Discussion
3.1 Effect of Solvents
The absorption and emission spectra of the rosaniline (4-[(4-aminophenyl) (4-imino-2,5-cyclohexadien-1-ylidene) methyl]-2-methylaniline, RND, Figure 1) were analyzed in various solvent polarities (Table 1, Figure 2). RND has two absorption maxima in all the solvents, but it gives three maxima in water. It's interesting to note that the absorption maximum at 546 nm seen in water and CD solutions is absent from other solvents. This may be due to the presence of three different aromatic rings (aniline ring, toluidine ring and 4-imino-2,5-cyclohexadien-1-ylidene ring). The absorption spectrum of RND in water is divided into three regions, namely: (i) longer wavelength (LW) absorption bands comprise the region at ~ 546 nm (ii) middle wavelength (MW) band at 336 nm and (iii) shorter wavelength (SW) absorption band at 232 nm. The MW band is ascribed to the (((* transition of the benzenoid system, whereas the LW band can be attributed to the (((* transition within the 4-imino-2,5-cyclohexadien-1-ylidene ring of the RND molecule. 
“Similar to the absorption maxima, the RND exhibits a high solvent dependence in the excited state suggesting, that the electronic state's nature may change as a result of solvent relaxation in the excited state. In non-polar and aprotic solvents, a single emission is noticed at 490-500 nm, while in water, dual emission is noticed in the shorter wavelength (SW) region at 466 nm and the longer wavelength (LW) region at 520 nm. As the solvent's protic character increases, the LW emission becomes more red-shifted. The location of the LW band, relative to the MW, can be ascribed to the formation of Planar Intramolecular Charge Transfer (PICT) between the three rings (Figures 3 and 4). PICT is generated in water, ethanol and CD solutions, as evidenced by the emission spectrum shapes that are completely distinct from those of other solvents. The data show that the polarity of the solvents and the kind of substituent had a relative impact on the positions of the bands. The solvents exhibit distinct absorption and emission spectrum shifts, while the CD solution indicates the presence of an RND molecule enclosed within the CD cavity. The presence of PICT/TICT/ICT is already explained in detail” [35-45].
To examine the solvent induced PICT changes in the fluorescence spectra of the RND, the emission decay of the normal (466 nm) and PICT emission (520 nm) was measured (Table 1). This analysis, together with the normal emission decays is listed in Table 1. This decay behavior indicated the existence of two different normal emitting species in water, which compete with the conformational relaxation times required for the PICT state. The decay time of the slow component is similar to that of PICT emission. This indicates that the equilibrium between the locally excited (LE) state and the PICT state is achieved in water in a rather short period. The decay time of RND in water is similar to α-CD and β-CD solutions.
3.2 Effect of α-CD and β-CD 
“Absorption and emission spectral maxima of RND were investigated in water, α-CD and β-CD (Table 1, Figure 5). The absorption and emission of RND in water, α-CD and β-CD appeared at 546, 336, 232 nm and 520, 466 nm, respectively. Upon increasing the CD concentrations, no noteworthy spectral changes were noted in RND, however, the absorbance slightly rose at the same wavelength, whereas the emission intensity decreased at the same wavelength indicating, that the RND molecule was entrapped into the CD cavities. The inner side of the CD cavity has non-polar environment and restricts the free rotation of the guest molecule, hence, the absorption and emission intensities of the RND molecule were changed” [35-50].  “The fluorescence intensity ratio of the PICT band and the normal band was the same in the water, α-CD and β-CD solutions; i.e., addition of RND to the CD solution, both the normal and PICT emission bands are equally enhanced. The absorption and emission spectral shifts and shape of RND with α-CD or β-CD are the same indicating that both CDs form a similar type of inclusion complex. Since all three aniline ring sizes are the same, simultaneously RND may form 1:1 or 1:2 (RND:2CD) or 1:3 (RND:3CD) inclusion complex. Formation of 1:1 or 1:2 or 1:3 inclusion complex is indicated by the Benesi-Hildebrand plot of 1/(A-A0) versus 1/[CD] or 1/[CD]2 or 1/[CD]3 and 1/(I-I0) vs. 1/[CD] or 1/[CD]2 or 1/[CD]3. The absence of an isosbestic point (all the solutions have same absorbance at any one of the wavelength) in the absorption spectrum supports the formation of a 1:2 or 1:3 inclusion complex” [43-50]. The negative free energy change (ΔG) values (Table 1), reveals that the binding process was spontaneous and thermodynamically stable at the experimental temperature.
3.3 Molecular Modeling

To identify the inclusion process, the ground state geometries of RND, α-CD, and β-CD and their inclusion complexes were optimized using the PM3 technique. Table 2 depicts the various thermodynamic parameter values of the RND, α-CD, β-CD and the inclusion complexes. Compared to isolated RND, α-CD and β-CD significant changes were seen in the polarity of the inclusion complexes [45-50]. 
The height of α-CD and β-CD are 7.8 Å and the interior diameters is ~5.6 and ~6.5 Å, respectively. The horizontal and vertical bond lengths of RND is 9.65 Å and 8.16 Å, respectively (Table 2, Figure 3). Both values are higher than α-CD and β-CD cavity dimensions; hence, the RND molecule is partially encapsulated in the CD cavity. Since all three rings have a similar size, any one of the rings oriented toward the CD cavity was the starting point for the optimization process. Compared to RND/α-CD, the ΔE, ΔG, and ΔH values for the RND/β-CD inclusion complexes are more negative. The negative enthalpy and Gibbs free energy show that the complex forms spontaneously and exothermically. The small negative entropy (ΔS) indicates disorder of the system. During molecular recognition and binding, HOMO and LUMO energy gaps for the complexes indicate that the electronic structure of the guest molecules will undergo a significant variation (Figure 3). The RND/β-CD inclusion complex's HOMO-LUMO gap was more negative than that of RND/α-CD inclusion complexes, indicating that the former is more stable. The atoms' electronegative charge is higher than that of other atoms, as indicated by the red color in the molecular electrostatic potential (MEP) image (Figure 3). The stability of the big (EHOMO-ELUMO) values is generally higher. Compared to the inclusion complex, the isolated RND molecule is less stable. 
3.4. Effect of doping of RND/ CD on ZnO nanocrystals

The absorption and emission spectra of ZnO, RND/ZnO, β-CD/ZnO and RND/ZnO/β-CD nanocrystals in the solution phase. ZnO nanocrystals exhibit an absorption and an emission band at 320 nm and 420, 355 nm, respectively. Generally, it is understood that the quantity of particles does not directly correlate with the intensity of the absorption and emission, and that the absorption and emission bands are affected by the size, shape, metallic substance, and surrounding of the particles [28-34]. The aforementioned absorption and emission maxima are red shifted to 547, 334, 288 nm, and 400 nm, respectively, when RND is doped into the ZnO nano. When the β-CD solution was doped on ZnO nanoparticle, the absorbance and emission maxima moved to 250 and 398 nm, respectively. Upon doping of RND/β-CD into the ZnO nano, the absorption and emission maxima red shifted to 340, 239, and 460 nm, respectively. The above absorption and emission spectral changes imply that RND and CD molecules are doped and interact with the ZnO nanoparticles. In general, when the CD or other molecules are doped on the nanoparticles, the intensity tends to rise or decrease and spectral changed are noted. 
3.5. FE-SEM and TEM images

ZnO nano, RND, β-CD/ZnO and RND/β-CD/ZnO nanomaterials were examined by FE-SEM and EDAX (Figure 6). The morphology of the above materials demonstrates that all are different shapes. ZnO particles form small size balls present in a cluster shape; RND present in a micro sheet shape; β-CD/ZnO appear in sheet shape; and RND/β-CD/ZnO present in a crystal rock shape image. FE-SEM-EDAX data predicts- (a) ZnO nano contains 57.34 % zinc nano and 42.66 % oxygen, (b) β-CD/ZnO nano comprises 19.67% zinc, 54.42% oxygen and 25.91% carbon, (c) RND contains 73.49 % carbon, 26.51 % nitrogen, and (d) The composition of RND/β-CD/ZnO is 28.29 % zinc, 29.69 % carbon, 38.66 % oxygen and 3.37 % nitrogen. FE-SEM pictures and the atom composition of the nano ZnO, RND, are different from RND/β-CD/ZnO, confirming the formation of new nanomaterials.

“TEM images of ZnO, β-CD/ZnO and RND/β-CD/ZnO are displayed in Figure 7. Nano sheet like structures are found in the ZnO nanomaterials, while nanorod like structure is formed in Β-CD/ZnO. TEM image of ZnO nanosheet were seen to uniformly spherical particles between 20 and 44 nm in size and in β-CD/ZnO nano, the particle size between 20 and 40 nm. RND/β-CD/ZnO nano-crystal shape was displayed to be between 20-33 nm. TEM-EDX data supported - (a) ZnO nano contains 69.84 % zinc nano and 30.16 % oxygen, (b) β-CD/ZnO nano comprises 8.79 % zinc, 44.59 % oxygen and 46.61 % carbon, (c)) The composition of RND/β-CD/ZnO is 20.60 % zinc, 26.64 % carbon, 47.08 % oxygen and 5.69 % nitrogen. The presence of ZnO along with RND/β-CD is confirmed by the EDX data for the metallic nanocrystals.The nanocrystal size is also measured by HR-TEM and X-RD methods. In HR-TEM, the nanocrystal size is measured by IMAGE-J software and the average crystal size is calculated by Origin software. The crystal size is given below: ZnO nano – 24.98 nm, β-CD/ZnO – 23.98 nm, RND/β-CD/ZnO Nano – 19.18 nm. In XRD, the Scherer equation is used [D = Kλ/βCosθ]. D = Average particle size, K = constant value (0.94). The crystal size is given below: ZnO nano – 19.30 nm, β-CD – 23.84, RND- 20.17 nm, β-CD/ZnO - 20.69 nm, and RND/β-CD/ZnO Nano – 16.85 nm. Compared to XRD method, 2-3 nm particle size is varied in HR-TEM method”. (Ramasamy et al. 2025)
3.6. Powder X-Ray Diﬀractogram

“JCPDS: 03-065-3411 data used to determine the mineral name (3C) and the hexagonal closely packed (HCP) structure. The JCPDS index card number 800-075 was used to identify the diffraction peaks with its standard ZnO face-centered cubic peaks. The values of the hkl plane are found at (100), (002), (101), (102), (103), (110), (112) and (201) reflection planes of the hexagonal structure of ZnO. Eight diffraction peaks noted in ZnO 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 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 β-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 RND, eight peaks formed at 12.07, 17.05, 19.21, 22.17, 23.39, 27.30, 30.25, 34.31, whereas in RND/β-CD/ZnO, eleven peaks formed at 10.30, 12.72, 15.15, 25.40, 28.50, 33.20, 35.50, 42.10, 51.13, 58.95, 62.72. Compared to isolated RND, XRD diffraction patterns of the RND/β-CD/ZnO nanomaterial showed a different form and different peak intensities, suggesting that nanocrystals were formed. Further, several prominent peaks are seen from 10 to 80 degrees range supporting the formation of RND/ZnO/β-CD nanocrystal”. (Ramasamy et al. 2025)
3.7. Infrared Spectral Studies

“FTIR spectra of ZnO nano, RND, RND/ZnO, β-CD/ZnO and RND/β-CD/ZnO were also measured. Due to the conversion of Zn+2 to ZnO nanoparticles, the ZnO nanocrystals were observed at 3325, 1587, 1450, 592, and 513 cm-1. The frequencies at 3325 cm−1 indicate the presence of ZnO and the peaks at 592, and 513 cm-1 suggest the presence of Zn nanocrystals. It is already reported, the pure ZnO nanocrystals peak appearing at 595 cm−1 was the characteristic absorption of 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 peaks move to 1614, 1514 cm-1 and 592, 513 cm-1 peaks shift to 594, 526 cm-1. The above frequency variation indicates that ZnO nanoparticles are covered by the CD. In RND, primary and secondary amino group stretching frequencies are seen at 3338 and 3280 cm-1, respectively, aromatic ring CH stretching frequency appears at 3000 cm-1, aromatic ring stretching frequency is observed at 1645 cm-1, and CH3 deformation appears at 1458, 1446, 1274 cm-1. Out of plane bending frequency noticed at 995, 817 cm-1. C-N-C bending frequency appears at 613 cm-1, C-NH2 frequency seen at 2860 cm-1, and CH out of plane bending frequency noticed at 750, 677 cm-1”. (Ramasamy et al. 2025)
“When ZnO nano added to RND/β-CD, the above frequencies are shifted to lower or higher wave numbers. In RND/β-CD/ZnO, the primary and secondary amino group stretching frequency shifted to 3335 and 3270 cm-1, respectively, the aromatic ring CH and C-NH2 stretching frequency is very weak, the aromatic ring stretching frequency moved to 1638 cm-1, and CH3 deformation shifted to 1460, 1270 cm-1. Out of plane bending frequency appears at 1031 cm-1. C-N-C bending frequency moved to 592 cm-1, and CH out of plane bending frequency is also very weak. Compared to RND and β-CD/ZnO, RND/β-CD/ZnO nanomaterials showed a marked change in the frequencies suggesting that the RND/β-CD doped on ZnO nanocrystals”. (Ramasamy et al. 2025)
3.8. DTA Thermogram

“DTA profiles of pure ZnO nano, RND, β-CD/ZnO and RND/β-CD/ZnO are also analysed. In ZnO nano, two exothermic and three endothermic peaks were noticed at 226.1, 546.7 °C and 272.6, 731.1 and 919.2 °C. RND exhibits three exothermic and endothermic peaks at 327.1, 604.8, 871.6 °C and 254.3, 517.3, 660.8 °C. β-CD exhibits one exothermic peak noticed at 128.6 °C. In β-CD/ZnO, two exothermic and four endothermic peaks appear at 224.3, 932.4 °C and 265.2, 354.6, 749.8, 884.1 °C. In β-CD/RND/ZnO, three endothermic and three exothermic peaks are seen at 270.1, 522.8, 945.3 °C, and 217.0, 726.2, 1011.4 °C. The endothermic peaks in the nanomaterials are caused by the loss of water from the CDs. In contrast to the pure RND and ZnO new peak arises in RND/β-CD/ZnO, confirming the formation of the nanomaterials”. (Ramasamy et al. 2025)
3.9. Molecular Docking

The molecular docking investigation was carried out in Dassault Systems BIOVIA Discovery Studio v22.1.100, the licensed version. Three-dimensional assembly 3D of our target protein, Epidermal growth factor receptor (EGFR) complex with epiregulin (EREG) was recovered from the Protein Data Bank (PDB) https://www.rcsb.org/ (PDB ID:5WB7). Protein preparation involved deleting water molecules and ions, adding hydrogen atoms. Grid setup was used to find optimal binding positions, and docking was performed. 
Molecular docking of RND was given in Fig.8. In the figure, A and B show the 3D and 2D interactions of epidermal growth factor receptor (EGFR) complex with epiregulin (EREG) (PDB ID:5WB7) with RND. The 2OH4 amino acid residues (proteins) that interacted with RND was given below: a conventional hydrogen bond seen at Glu915; π- alkyl interaction observed - Leu838, Leu1033, Cys917 and Ala864 and π- π stacked noticed at Phe916. ADMET (Absorption–Distribution–Metabolism–Excretion–Toxicity are the internal processes that describe how a drug moves throughout and is processed by the body) solubility level is 3; ADMET BBB (Blood Brain Barrier is a term used to describe the particular properties of the central nervous system (CNS) vasculature) level is 2; ADMET EXT Hepatotoxic Applicability# MD value is 13.908. ADMET EXT CYP2D6# prediction is false; ADMET EXT Hepatotoxic# prediction is true and ADMET EXT PPB# prediction is also true. The LibDock score is 82.51. The above values revealed RND molecule has anticancer activity against 2OH4 amino acid protein.
4. Conclusion

Rosaniline/CD/ZnO nanocrystals are synthesized and characterized by various spectral and microscopic methods. RND molecule exhibits single emission in non-polar and aprotic solvents, whereas in water, α-CD and β-CD dual emission is noticed. Solvent and PM3 studies suggest PICT is present in the RND molecule. Absence of an isosbestic point suggests 1:2 or 1:3 inclusion complex is formed.  HOMO-LUMO gap for RND/β-CD inclusion complex was more negative, which supports that this complex is more stable than RND/α-CD inclusion complex. Compared to RND/CD, a red or blue shifted absorption and fluorescence maximum was seen in RND/β-CD/ZnO nanocrystals. SEM and TEM images confirm the presence of Nanocrystals. Molecular docking studies show the RND molecule having anticancer activity against 2OH4 amino acid protein.
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Table 1. Absorption and fluorescence spectral maxima of RND with different Solvents, α-CD and β-CD.

	Solvents
	(abs
	log (
	(flu
	τ

	Cyclohexane
	323

240
	3.67

3.55
	491
	30

	1,4-Dioxane
	308

234
	3.62

3.47
	498
	31

	Ethyl acetate
	323

245
	3.67

3.32
	499
	32

	Acetonitrile
	326

239
	3.52

3.32
	501
	32

	2-Propanol
	338

245
	3.81

3.61
	515
	32

	Ethanol
	338

238
	3.75

3.66
	466

520
	26  

32

	Water
	546

336

232
	3.13

3.81

3.82
	466

520
	26

32

	α-CD  (0.01 M)
	547

337

232
	3.27

3.95

4.20
	467

521
	26

32

	β-CD  (0.01 M)
	546

336

233
	3.61

3.94

4.10
	466

520
	26

32

	α-CD 

K (1:1) x105 M-1 
	50
	-
	161
	

	β-CD 

K (1:1) x105 M-1
	95
	-
	109
	

	α-CD 

(G (kcalmol-1)
	-12.5
	-
	-15.7
	

	β-CD 

(G (kcalmol-1) 
	-14.3
	-
	-14.7
	

	Excitation wavelength (nm)
	-
	-
	370
	


Table 2. Energetic features, thermodynamic parameters and HOMO-LUMO energy calculations for RND and its inclusion complexes by semiempirical PM3 method.
	Properties
	RND
	α-CD
	β-CD
	RND/α-CD 
	RND/β-CD 

	EHOMO (eV)
	-8.49
	-10.37
	-10.35
	-8.58
	-8.71

	ELUMO (eV)
	-0.92
	1.26
	1.23
	-1.26
	-1.04

	EHOMO – ELUMO (eV)
	7.56
	-11.63
	-11.58
	7.31
	7.67

	Dipole (D)
	6.22
	11.34
	12.29
	9.27
	14.09

	E (kcal mol-1)
	-79.65
	-1247.62
	-1457.63
	-1176.72
	-1386.91

	ΔE (kcal mol-1)
	-
	-
	-
	-8.75
	-150.77

	G (kcal mol-1)
	-236.50
	-676.37
	-789.52
	-915.29
	-1138.19

	ΔG (kcal mol-1)
	-
	-
	-
	-2.42
	-112.17

	H (kcal mol-1)
	-185.54
	-570.84
	-667.55
	-771.64
	-928.91

	ΔH (kcal mol-1)
	-
	-
	-
	-15.31
	-75.82

	S (kcal/mol-Kelvin)
	0.170
	0.353
	0.409
	0.481
	0.575

	ΔS (kcal/mol-Kelvin)
	-
	-
	-
	0.042
	0.004

	ZPE
	221.13
	635.09
	740.56
	857.46
	962.14


kcal/mol; **kcal/mol-Kelvin; ZPE = Zero-point vibration energy
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Figure 1. Chemical structure of Rosaniline [RND].
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Figure 2. Absorption and fluorescence spectra of RND in different solvents at 303 K: 1) cyclohexane 2) 1,4-dioxane 3) ethyl acetate 4) acetonitrile 5) 2-propanol 6) ethanol 7) water.
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(a) PM3 optimized structure for RND [image: image5.png]Erno=-0.92eV
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(b) HOMO, LUMO
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(c) MEP
Figure 3. PM3 optimized structures of (a) RND (b) HOMO, LUMO and (c) MEP of RND. The green and red colors represent the molecules' positive and negative phases, respectively, while the blue color shows the nitrogen atom.
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Figure 4 Donor–Acceptor  (D–A ) type chromophore may twist or flatten in its excited state to form a TICT (twisted intramolecular charge transfer) state or a PICT (planar intramolecular charge transfer) state. FC- Franck Condon state.
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Figure 5. Absorption and fluorescence spectra of RND in different α-CD and β-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 and fluorescence intensity vs [α-CD] or [β-CD].
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Figure 6. SEM images for (a) ZnO, (b) ZnO/β-CD, (c) RND, (d) ZnO/RND/β-CD nanocrystals.
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Figure 7. TEM images for (a-c) ZnO, (d-f) ZnO/β-CD, (g-i) ZnO/RND/β-CD.
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Figure 8. Molecular Docking of RND- 2OH4 interacting amino acid residues

