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Abstract

Absorption, emission, and time-resolved fluorescence maxima of 3,5-dimethylphenol (35DMP) were examined in various
solvents, as well as in a-CD and -CD solutions at pH ~2, pH ~7, and pH ~11. The corresponding nanomaterials were synthesized
and characterized using SEM, DSC, FTIR, XRD, and H NMR analyses. In CD solutions, the absorption and emission spectra
of 35DMP are similar at pH ~2 and pH ~7 but differ at pH ~11. At higher B-CD concentrations, the spectral maxima and shapes
are similar in all the pH, suggesting the formation of a same type of inclusion complex. But, a-CD shows distinct absorption and
emission maxima at different pH values, indicating the formation of different inclusion. 35DMP is more deeply encapsulated in
the nonpolar interior of B-CD than in a-CD, as reflected by the increase in fluorescence lifetime in the order: pH < a-CD < f-
CD. The calculated HOMO-LUMO energy gap, total energy, free energy, enthalpy, entropy, dipole moment, and zero-point
vibrational energy of the CD: 35DMPcomplex differed significantly from those of the isolated 35DMP, a-CD and B-CD
molecules, and both the vertical and horizontal bond lengths between the methyl and hydroxy groups are smaller than the -CD
cavity size confirming the formation of an inclusion complex. SEM-EDX analysis confirmed the presence of silver in the
nanomaterials. DSC thermograms of Ag: 35DMP: CD complexes show new thermal peaks distinct from those of pure 35DMP,
a-CD, and B-CD. FTIR spectra of the nanomaterials indicate substantial decreases or absence of most characteristic peaks,
confirming strong interactions between 35DMP, the CD cavity, and the silver nanoparticles.
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1. Introduction

Cyclodextrins are known to accommodate guest molecules  such as full encapsulation inside the cavity, partial penetration,
of diverse sizes [1-15], giving rise to various inclusion modes  or binding near the rim. CD complexation is well recognized
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for modifying several physicochemical properties of guest
molecules, including electronic absorption, fluorescence,
phosphorescence, and H NMR spectra, as well as acid—base
equilibria and excited-state proton transfer processes. Organic
compounds [16-25] often exhibit pronounced photophysical
changes in response to variations in solvent polarity, pH, and
the CD microenvironment. Substituted phenols, in particular,
display distinct behavior under such conditions. Over the last
two decades, our laboratory has investigated the excited-state
acid—base properties of numerous fluorophores in both solvent
and CD media [16-25]. In continuation of these efforts, we
examined 3,5-dimethylphenol (35DMP) and its interactions
with a-CD and B-CD, which serve as widely studied models
for host—guest complexation. Because of the inherent chal-
lenges in accurately modeling solvation, theoretical calcula-
tions were restricted to gas-phase host—guest interactions.

In this study, we report: (i) the absorption and fluorescence
spectral shifts and first excited singlet-state lifetimes of
35DMP in a-CD, B-CD, solvents of varying polarities, and at
different pH values; (ii) the proton-transfer behavior of
35DMP in aqueous, a-CD, and B-CD media; (iii) the structure
and geometry of the inclusion complexes based on PM3 mo-
lecular modeling; and (iv) the doping effects of 35DMP: CD
complexes on silver nanomaterials, characterized using DSC,
FTIR, H NMR, and SEM techniques.

2. Materials and Methods

2.1. Preparation of CD Solution

The stock solution of 35DMP was prepared at a concentra-
tion of 2 x 102 mol dm. Aliquots of 0.1 or 0.2 mL of this
stock solution were transferred into 10 mL volumetric flasks.
To each flask, varying concentrations of a-CD or $-CD solu-
tions (0.2, 0.4, 0.6, 0.8, and 1.0 % 102 mol dm®) were added.
The mixtures were then diluted to the mark with triply distilled
water and thoroughly shaken. The final concentration of
35DMP in all prepared solutions was maintained at 4 > 10
mol dm3. All experiments were conducted at room tempera-
ture (298 K).

2.2. Synthesis of Ag: 35DMP: CD
Nanomaterials

A 0.01 M solution of silver nitrate was prepared in 50 mL
of deionized water and warmed at 50-60<C for 30 minutes.
Subsequently, 1-2 mL of 1% trisodium citrate solution (1 g in
100 mL deionized water) was added with vigorous stirring.
The appearance of a pale-yellow coloration indicated the for-
mation of silver nanoparticles [24-28].

CD (1 mmol) was dissolved in 40 mL of distilled water, and
35DMP (1 mmol) dissolved in 10 mL of ethanol was slowly
added to the CD solution. The mixture was stirred at 50 <C for
2 hours using a magnetic stirrer. The freshly prepared silver

nanoparticle solution was then added, and stirring continued
for another 2 hours. This dilute mixture was gently heated at
40-50<C until the volume was reduced to approximately 50%.
The solution was refrigerated overnight at 5<C. The resulting
Ag-35DMP-CD nanomaterial precipitate was collected by
filtration and washed with small amounts of ethanol and water
to remove any uncomplexed 35DMP, silver, or CD. The puri-
fied precipitate was dried under vacuum at room temperature
and stored in an airtight container. The resulting powdered
samples were used for subsequent analyses [24-28].

3. Results and Discussion

3.1. Effect of a-CD and B-CD on 3,5-
Dimethylphenol at Different pH

The absorption and fluorescence maxima of 3,5-dime-
thylphenol (35DMP) (1 x<10* M) in buffer solutions of pH ~2,
pH ~7, and pH ~11 at various a-CD and 3-CD concentrations
are presented in Table 1, Figure 1, and Figure 2. Since 35DMP
exists predominantly as a monoanion in pH ~7 buffer, its in-
clusion behavior in both the neutral and hydroxyl-anion forms
can be compared by studying the system across different pH
conditions. In water, pH ~3, and pH ~7 solutions, the absorp-
tion maxima of 35DMP appear at 272—278 nm, whereas at pH
~11, three bands are observed at 290, 241, and 216 nm. In the
absence and presence of a-CD or B-CD, the absorption and
emission spectral profiles of 35DMP remain nearly identical
in water, pH ~3, and pH ~7, but differ in pH ~11.

With increasing a-CD or B-CD concentration, no signifi-
cant absorption shifts occur at pH ~3 or pH ~7. At pH ~11, a-
CD causes no measurable shift, whereas 3-CD induces a dis-
tinct blue shift from 290 to 272 nm. In both a-CD and B-CD
media, a decrease in absorbance is observed at all three pH
values. The change in absorbance upon CD addition confirms
the formation of 35DMP: CD inclusion complexes [16-30]. At
higher CD concentrations, the absorption maxima and spectral
shapes at pH ~2 and pH ~7 become similar, suggesting that
comparable inclusion modes are formed under these condi-
tions.

Figure 2 illustrates the fluorescence spectra of 35DMP at
pH ~2, pH ~7, and pH ~11 in the presence of varying concen-
trations of a-CD and B-CD. The influence of 3-CD on the flu-
orescence spectra is more pronounced than that of a-CD. In
water and in CD solutions at pH ~3 and pH ~7, the emission
maxima remain unchanged, whereas they differ significantly
at pH ~11. In a-CD solutions, the emission maximum appears
at 299 nm at pH ~3 and pH ~7, and at 308 nm at pH ~11. At
all pH values, increasing a-CD concentration enhances fluo-
rescence intensity, while increasing 3-CD concentration re-
sults in decreased intensity at the same wavelengths. A red
shift of the emission maximum (299 — 305 nm) occurs in pH
~3 and pH ~7, whereas a blue shift (308 — 303 nm) is ob-
served at pH ~11.
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In all pH conditions, the presence of an isosbestic point in
the absorption spectra indicates formation of a 1; 1 inclusion
complex between 35DMP and the CDs [16-30]. However, in
a-CD, the absorption and fluorescence spectra at pH ~2 and
pH ~7 differ markedly from those at pH ~11, suggesting the

existence of at least two distinct types of inclusion complexes.
Binding constants for the 35DMP-CD systems were calcu-
lated using the Benesi—Hildebrand method. The negative val-
ues of AG indicate that the inclusion process is spontancous
and exothermic at 303 K [16-30].

Table 1. Absorption and fluorescence maxima and lifetime of 3,5-dimethylphenol (35DMP) with different a-CD and -CD concentrations.

pH -3 pH -7
Concentration of a-
CD x10°M
Aabs |Og € Afu T Aabs
35DMP only (without  272-278
cD) 210 349 299 0.36 272-278
0.2M a-CD 515_278 342 299 0.43 272-278
1.0M a-CD gi-Z?S 340 299 0.46 272-278
272-278
0.2 M B-CD 3.39 300 0.48 272-278
213
272-278
1.0 M B-CD 3.23 305 0.56 272-278
221
K (1: 1) x10°M1 a-
cD 81.1 289 744
AG (kcalmol) o-CD -11.08 -14.27 -10.85
. 5nA-1 R
K (1: 1) x10°M™p 1222 337 129.2
CD
AG (kcalmolt) B-CD  -12.0 -14.9 -12.2
Excitation wavelength 270
(nm)
3
pH-3
© 1 ©
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[e] Q
g (7]
2 <
14
6
0 T
200 250 300
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pH-11
loge Afu T Aabs loge A
290 241
343 299 0.36 216 3.52 308
290 241
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272-
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3.37 305 0.63 278 991 3.36 304
355 82.2 223
-14.79 -11.08 -1362
793 125 793
-16.8 -12.1 -16.8
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34
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Figure 1. Absorbance spectra of 35-DMP in different a-CD and -CD concentrations (M): (1) 0, (2) 0.002, (3) 0.004, (4) 0.006, (5) 0.008 and

(6) 0.01.
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Figure 2. Fluorescence spectra of 35-DMP in different a-CD and -CD concentrations (M): (1) 0, (2) 0.002, (3) 0.004, (4) 0.006, (5) 0.008

and (6) 0.01.

It is well established that the strength of host—guest interac-
tions depend on both the size of the cyclodextrin cavity and
the dimensions of the guest molecule [16-30]. Consequently,
the complexation process is highly sensitive to the substituent
size on the guest and the type of CD employed. Van der Waals
forces, including dipole—induced dipole interactions, are di-
rectly related to the distance between the guest molecule and
the CD cavity wall, as well as to the polarizabilities of both
components. Thus, the neutral 35DMP molecule is expected
to penetrate more deeply into the B-CD cavity than into a-CD.
The phenyl ring of 35DMP likely attains greater contact with
the inner surface of B-CD, and this interaction is a major factor
governing the inclusion process.

To validate the inclusion behavior, the spectral properties
of 35DMP: CD complexes were compared with those of phe-
nol in different solvents. Relative to phenol [29-32] which ex-
hibits A _ans = 271-277 nm and Aemi = 300 nm in cyclohexane;
Aabs = 272-278 nm and Aemi = 305 nm in acetonitrile; Aaps =
272-275 nm and Aemi = 305 nm in methanol; and Aaps= 269 nm
and Aemi = 305 nm in water (pH ~2) 35DMP shows slightly
blue-shifted emission in all solvents (cyclohexane: Aemi = 298
nm; acetonitrile: Aemi = 298 nm; methanol: Aemi= 299 nm; wa-
ter (pH ~2): Aemi = 300 nm), while the absorption maxima re-
main similar (272—-278 nm).

Solvatochromic analysis shows negligible absorption shifts
for 35DMP, whereas a modest blue shift is observed in the
excited state. The spectral trends in various protic and aprotic
solvents are consistent with the typical behavior of hydroxyl-
containing aromatic systems [29-32]. In both a-CD and -CD
solutions, the absorption and emission maxima of 35DMP
closely resemble those of phenol, indicating that substitution
with two methyl groups does not significantly alter the conju-
gation of the aromatic ring. The broad absorption bands in
both phenol and 35DMP point to the presence of intermolec-
ular hydrogen bonding.

As noted earlier, increasing a-CD concentration leads to a
decrease in absorbance at the same wavelength but results in
enhanced fluorescence intensity across all pH values. In -CD,
absorbance decreases similarly at pH ~3 and pH ~7, while a

notable blue shift is observed at pH ~11. Fluorescence inten-
sities, however, decrease at all pH values in 3-CD. Addition-
ally, emission exhibits a red shift at pH ~3 and pH ~7, whereas
a blue shift occurs at pH ~11. Remarkably, at high B-CD con-
centrations, the emission maximum converges to 305 nm at all
three pH values. At elevated a-CD and 3-CD concentrations,
the differences in absorption and emission maxima and in the
overall spectral profiles across the pH conditions indicate the
formation of distinct types of inclusion complexes.

The 35DMP molecule is more deeply encapsulated within
the B-CD cavity than within the a-CD cavity, owing to the
larger internal diameter of B-CD. Because dipole—dipole inter-
actions between 35DMP and the CD cavity wall are weakened
in the less polar, hydrophobic interior, corresponding in-
creases or decreases in absorption and emission intensities are
observed [16-30]. In B-CD, both the absorption and emission
maxima exhibit a consistent blue shift at pH ~11, indicating
protonation of the hydroxyl monoanion. As CDs are known to
act as effective proton donors, the -CD cavity is capable of
providing a proton to the entrapped hydroxyl anion.

The differences in the inclusion modes of a-CD and 3-CD
also account for the variations in their binding constants. The
larger binding constants observed at pH ~2 and pH ~7 suggest
that 35DMP is more tightly embedded in the CD cavity under
these conditions than at pH ~11. In other words, the molecule
is more effectively entrapped in the nonpolar region of B-CD
than in a-CD. This is consistent with the fact that the distance
between the two methyl substituents in 35DMP is greater than
the interior cavity size of a-CD but smaller than that of B-CD.
Accordingly, fluorescence intensity increases progressively
with a-CD concentration, whereas it decreases steadily with
B-CD, in agreement with the proposed inclusion geometries.

We have previously reported that when carboxyl or hy-
droxyl groups are deeply embedded within the nonpolar CD
cavity, the absorption and emission maxima undergo red or
blue shifts relative to aqueous solution, reflecting the cyclo-
hexane-like hydrophobicity of the cavity interior [16-30]. Fur-
thermore, if the hydroxyl anion resides in the hydrophilic re-
gion of the cavity, protonation is expected to occur. Under
such circumstances, a blue shift in spectral maxima should be
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observed, and the absorption and emission wavelengths
should resemble those seen at pH ~3 and pH ~7, where the
neutral species predominates. As shown in Table 1, the ab-
sorption and emission maxima of the monoanion are similar
to those in aqueous solution when a-CD is present, but are
blue shifted in B-CD. These results demonstrate that in the
35DMP-B-CD system, the hydroxyl group is located within
the hydrophobic interior of the cavity, whereas in a-CD, it re-
sides in the more hydrophilic region.

3.2. Excited Singlet State Lifetimes

The formation of the inclusion complex was further inves-
tigated using fluorescence decay profiles recorded for both a-
CD and B-CD. Fluorescence lifetimes of 35DMP in aqueous
and CD media were obtained from these decay curves (Table
1). The lifetimes of the 35DMP: CD complexes were longer
than that of free 35DMP, which can be attributed to restricted
vibrational relaxation of the encapsulated molecule in the ex-
cited state. The progressive increase in lifetime with increas-
ing CD concentration reflects the enhanced encapsulation of
35DMP within the CD cavity. Notably, the lifetime of the
35DMP: B-CD complex is longer than that of 35DMP: a-CD,

indicating deeper penetration of the guest into the f-CD cavity.

These findings collectively demonstrate the stronger complex-
ation capability of B-CD compared to a-CD.

3.3. Molecular Modeling

The ground-state geometries of 35DMP and the CDs were
optimized using the PM3 method (Table 2 and Figure 3). The

6.64 A°

Figure 3. PM3 optimized structures of (a,

Table 2. Thermodynamic parameters and HOMO-LUMO energy

Properties 35DMP a-CD
Enomo (eV) -8.93 -10.37
ELumo (eV) 0.44 1.26

Enomo — ELumo (eV) -9.37 -11.63
Dipole moment (D) 1.74 11.34

calculated HOMO and LUMO energies, dipole moments, total
energies, free energies, enthalpies, entropies, and zero-point
vibrational energies of pure 35DMP, a-CD, and p-CD differ
from those of their corresponding inclusion complexes. For
35DMP, the vertical and horizontal distances between the OH
and CHs groups are 5.70 A and 6.64 A, respectively (Figure
3). Both CDs have the same height (7.8 A), but their internal
cavity diameters differ: 4.7-5.3 A for oa-CD and 6.0-6.5 A for
B-CD. The exterior diameters are 8.8 A for a-CD and 10.8 A
for B-CD. The vertical bond length of 35DMP is smaller than
the inner cavity dimensions of both CDs, while the horizontal
bond length exceeds the a-CD cavity size but fits within that
of B-CD. Thus, the distance between the two methyl groups in
35DMP is too large for full accommodation in a-CD but com-
patible with the B-CD cavity. Considering these geometric
factors, 35DMP can be encapsulated in both CDs, though with
different modes of inclusion. These results support the conclu-
sion that the encapsulation geometry of 35DMP differs be-
tween a-CD and B-CD.

Table 3 data show that the geometry of 35DMP undergoes
slight modifications upon complexation, with the most nota-
ble changes occurring in the dihedral angles. These variations
indicate that 35DMP adopts a specific conformation to
achieve stable binding within the CD cavity. The optimized
structures of the CD: 35DMP complexes confirm successful
inclusion of the guest molecule. Additionally, the Mulliken
charges of the complexes are approximately zero, indicating
the absence of charge-transfer interactions between host and
guest. The thermodynamic parameters (AE, AG, and AH) fur-
ther reveal that the complexation of 35DMP with CDs is pre-
dominantly enthalpy-driven and energetically favorable.

.o N 2,

‘9% ?

et |, ,:‘
SERENEL L

HOMO LUMO
b) 35DMP, (¢, d) HOMO, LUMO of 35DMP.

calculations for 35DMP and its inclusion complexes by PM3 method.

B-CD 35DMP: a-CD 35DMP: B-CD
-10.35 -8.51 -8.55
1.23 0.74 -0.79
-11.58 -9.25 -9.34
12.29 11.61 11.83
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Properties 35DMP a-CD
E* -42.62 -1247.62
AE* - -

G* 71.21 -676.37
AG* . -

H* 96.86 -570.84
AH - -

S** 0.085 0.353
ASH* . -

ZPE* 69.45 635.09
Mullikan charge 0.00 0.00

p-CD 35DMP: a-CD 35DMP: §-CD
-1457.63 -1283.97 -1459.81
- -3.73 -59.58
-789.52 -635.83 -689.52

- -30.67 -71.21
-667.55 -540.76 -641.18
- -66.78 -70.49
0.409 0.418 0.484

- -0.02 -0.01
740.56 746.37 812.19
0.00 0.00 0.00

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

3.4. Nanomaterial Studies

3.4.1. Scanning Electron Microscopy

The powdered forms of Ag nanoparticles, 35DMP, and the
Ag: 35DMP: a-CD and Ag: 35DMP: B-CD inclusion com-
plexes were examined using SEM (Figure 4). The images
clearly show that the Ag nanoparticles form clustered spheri-
cal structures, 35DMP appears as irregular stone-like particles,
while nanorod-like structures are observed in the Ag: 35DMP:
a-CD and Ag: 35DMP: B-CD nanomaterials. SEM-EDX anal-
ysis confirmed the elemental composition of the nanomateri-
als as 38.49% carbon, 49.57% oxygen, and 11.95% silver. The
observed morphological changes provide strong evidence for
the successful formation of the nanomaterials and highlight
the structural differences between pure Ag nanoparticles,

CRL  uOP

35DMP, and the Ag: 35DMP: CD complexes.

3.4.2. Differential Scanning Colorimeter

The DSC thermograms of the CDs show characteristic en-
dothermic peaks due to loss of crystallization water. 3-CD ex-
hibits a broad endothermic peak at 128.6°C, whereas o-CD
shows three endothermic peaks at 79.2<C, 109.1<C, and
137.5<C. Pure 35DMP shows a sharp endothermic peak at
66 T, corresponding to its melting point. The DSC curves of
a-CD, B-CD, and their respective nanomaterials show broader
endothermic effects, attributed to water loss from the CD cav-
ities [33-42]. In contrast, the nanomaterials (Ag: 35DMP: a-
CD and Ag: 35DMP: B-CD) display new endothermic peaks
at 251<C and 267 T, respectively, with no peaks correspond-
ing to pure 35DMP or CDs, confirming the formation of new
inclusion complexes.

a) Ag nano

b) 35DMP
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¢) Ag: 35DMP: a-CD

d) Ag: 35DMP: B-CD

Figure 4. SEM images for a) Ag nano, b) 35DMP, c¢) Ag: 35DMP: a-CD and d) Ag: 35DMP: p-CD.

3.4.3. Infrared Spectral Studies

FTIR spectra of pure 35DMP, o-CD, B-CD, and Ag:
35DMP: CD nanomaterials were analyzed to investigate mo-
lecular interactions. In 35DMP, the —OH stretching vibration
appears at 3297 cm and the out-of-plane —OH bending is ob-
served at 686 cm™. Aromatic C—-H, C-C, and C=C stretching
vibrations appear at 3038 cm, 1595 cm, and 1443 cm, re-
spectively. The C—CHjs stretching frequencies appear at 2976—
2855 cmt, with CH3 deformation at 1379 cm®, and C-H bend-
ing at 850 and 686 cm™.

In the Ag: 35DMP: CD nanomaterials, the —OH stretching
shifts to 3294 cm™, aromatic C—H and C=C stretching appear
at 2878 cm™ and 1632 cm', respectively. The C-O stretching
vibrations at 1347 and 1155 cm in 35DMP shift to 1303 and
1003 cm! in the nanomaterials, while the Ar—OH bending at
581 and 575 cm™ moves to 561 cm™. Many characteristic
35DMP peaks are absent or significantly reduced in intensity
in the nanomaterials, indicating strong interactions between
35DMP, silver nanoparticles, and the CD cavity.

3.4.4. XRD Spectral Studies

The crystallinity of all nanoparticles was examined using
XRD analysis [33-42]. Pure Ag nanoparticles exhibited strong
diffraction peaks at 38.11< 44.30< 64.45< and 77.40< corre-
sponding to the (111), (200), (220), and (311) planes of the
face-centered cubic structure of metallic silver. The XRD pat-
tern of a-CD revealed crystalline peaks at approximately
11.94°, 14.11°, and 21.77°, while B-CD displayed peaks at
11.49<and 17.58 < with intensities varying depending on sam-
ple preparation. 35DMP showed an orthorhombic system with
characteristic peaks at 8.24< 11.52< 22.55< and 83.77< The
Ag: 35DMP: B-CD nanomaterials exhibited distinct diffrac-
tion peaks at 11.13< 18.24< 26.75< 33.56< 44.82< 68.14<
and 76.77< The differences in peak positions and intensities
between the nanomaterials and the pure components indicate
the formation of new nanostructured materials.

3.4.5. "H-NMR Spectral Studies

'H-NMR spectra of pure 35DMP and the inclusion com-
plexes were recorded at 25<C in DMSO-ds, and the chemical
shift data are summarized in Table 3. The chemical shifts of
the aromatic protons in the Ag: 35DMP: CD nanomaterials
shifted upfield relative to free 35DMP, indicating interactions
between these protons and the CD cavity. The hydroxy proton
also exhibited a higher chemical shift, suggesting hydrogen
bonding with CD hydroxyl protons. Additionally, the aro-
matic protons are more upfield shifted than the methyl protons,
implying that the aromatic ring is largely shielded and deeply
embedded within the CD cavity and in proximity to the silver
nanoparticles.

4. Conclusion

The absorption and fluorescence behavior of 3,5-dime-
thylphenol (35DMP) was investigated in varying concentra-
tions of a-CD and B-CD at pH ~2, pH ~7, and pH ~11. In CD
solutions, the absorption and emission spectra of 35DMP are
similar at pH ~2 and pH ~7 but differ at pH ~11. At higher j-
CD concentrations, the spectral maxima and shapes are con-
sistent across all pH values, suggesting the formation of a uni-
form type of inclusion complex. In contrast, a-CD shows dis-
tinct absorption and emission maxima at different pH values,
indicating the formation of multiple inclusion modes. 35DMP
is more deeply encapsulated in the nonpolar interior of -CD
than in a-CD, as reflected by the increase in fluorescence life-
time in the order: pH < a-CD < B-CD. SEM images reveal
clear morphological differences between Ag nanoparticles,
35DMP, and the Ag: 35DMP: CD nanomaterials. SEM-EDX
analysis confirmed the presence of 38.49% carbon, 49.57%
oxygen, and 11.95% silver in the nanomaterials. DSC thermo-
grams of Ag: 35DMP: CD complexes show new thermal
peaks distinct from those of pure 35DMP, a-CD, and B-CD.
FTIR spectra of the nanomaterials indicate substantial de-
creases or absence of most characteristic peaks, confirming
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strong interactions between 35DMP, the CD cavity, and the
silver nanoparticles.

Abbreviations

FTIR Fourier Transform Infrared Spectroscopy
DTA Differential Thermal Analysis

XRD X-ray Diffraction

SEM Scanning Electron Microscopy
HOMO  Highest Occupied Molecular Orbital
LUMO  Lowest Unoccupied Molecular Orbital
35DMP  3,5-dimethylphenol

Ag NPs  Silver Nanoparticles

a-CD Alpha Cyclodextrin

B-CD Beta Cyclodextrin

PM3 Parametric Method 3

AE linternal Energy Change

AH Enthalpy Change

AG Free Energy Change

AS Entropy Change
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