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Abstract

Absorption, emission, and time-resolved fluorescence maxima of 2,5-dimethylphenol (25DMP) 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. At pH ~1 and pH ~7, the absorption/emission maxima
and overall spectral profiles of 25DMP in a-CD and B-CD solutions were similar, but differed markedly at pH ~11, suggesting
the presence of at least two distinct types of inclusion complexes. PM3 calculations indicate that 25DMP is more deeply
embedded within the non-polar region of the B-CD cavity than in a-CD. Solvatochromic studies further show that the absorption
and emission maxima of 25DMP display negligible shifts from cyclohexane to water. The fluorescence lifetimes of the 25DMP:
CD complexes were greater than those of free 25DMP. The calculated HOMO-LUMO energy gap, total energy, free energy,
enthalpy, entropy, dipole moment, and zero-point vibrational energy of the CD: 25DMPcomplex differed significantly from
those of the isolated 25DMP, a-CD and B-CD molecules, and both the vertical and horizontal bond lengths between the methyl
and hydroxy groups are smaller than the 3-CD cavity size confirming the formation of an inclusion complex. SEM images along
with DSC, FTIR, XRD, and ‘H NMR data reveal clear differences between Cu nanoparticles, free 25DMP, and the Cu: 2SDMP:
a-CD and Cu: 25DMP: B-CD nanomaterials. SEM-EDX analysis confirms the presence of 49.95% carbon, 44.03% oxygen, and
3.98% nano-Cu in the prepared nanomaterials.
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1. Introduction

It is well established that the photophysical and spectral
properties of aromatic hydrocarbons are strongly influenced
not only by the nature of their substituents but also by their
position on the aromatic ring, particularly when multiple sub-
stituents are present [1-16]. For instance, substituted phenols,
benzoic acids, diaminobenzenes, and diamino-naphthalene
derivatives [17-20] exhibit distinct photophysical behaviors,
and their responses to solvent polarity and hydrogen-bonding
tendencies vary considerably. Consequently, these and similar
molecules serve as excellent probes for characterizing macro-
and biomolecular environments [21-30]. Another key prop-
erty influenced by substituent position is acid—base behavior;
it is now well recognized that the acidity and basicity of such
functional groups undergo significant changes upon excitation
to the Si state [31, 32].

In this context, we investigated the behavior of 2,5-dime-
thylphenol (25DMP) in the presence of a-CD and B-CD,
which are widely used as model systems for studying cy-
clodextrin inclusion complexation. Owing to challenges in ac-
curately modeling solvation effects, only gas-phase host—
guest interactions were considered computationally. The in-
teractions between 25DMP and the CDs were examined, and
the experimental findings were compared with theoretical pre-
dictions. The present work focuses on: (i) absorption and flu-
orescence spectral shifts and the first excited singlet-state life-
times of 25DMP in a-CD, B-CD, solvents of varying polarity,
and different pH conditions; (ii) proton-transfer behavior of
25DMP in aqueous, a-CD, and B-CD media; (iii) the struc-
tures and geometries of the inclusion complexes using PM3
molecular modeling; and (iv) the effect of doping 25DMP: CD
complexes on copper nanomaterials, analyzed through DSC,
FTIR, '"H NMR, and SEM techniques.

2. Materials and Methods

2.1. Preparation of CD Solution

The stock solution of 25SDMP was prepared at a concentra-
tion of 2 x 102 mol/dm3. Aliquots of 0.1 or 0.2 ml of this stock
were transferred into 10 ml volumetric flasks. To each flask,
varying concentrations of a-CD or B-CD (0.2, 0.4, 0.6, 0.8,
and 1.0 x 10 mol/dm?) were added. The mixtures were then
diluted to 10 ml with triply distilled water and thoroughly
shaken. The final concentration of 25DMP in all solutions was
maintained at 4 x 10 mol/dm®. All experiments were con-
ducted at room temperature (298 K).

2.2. Synthesis of Cu: 25DMP: CD
Nanomaterials

A 100 ml solution of CuSOs (1 x 1073 mol/dm?®) in a round-
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bottom flask was reduced by the dropwise addition of 1% so-
dium borohydride while stirring vigorously on a hot plate with
a magnetic stirrer. As the reaction proceeded, the solution
color changed from pale blue to reddish brown. Subsequently,
5 ml of 1% trisodium citrate was added dropwise as a stabiliz-
ing agent.

Separately, a-CD or f-CD (1 mmol) was dissolved in 40 ml
of distilled water, and 25DMP (1 mmol) dissolved in 10 ml
ethanol was added slowly to the CD solution. The mixture was
stirred at 50°C for 2 hours. The prepared copper nanoparticle
solution was then added to this mixture and stirred for an ad-
ditional 2 hours at 40—50°C. The resulting solution was freeze-
dried using a mini-lyophilizer at —80°C to obtain a powdered
product. The Cu: 25DMP: CD nanomaterial was washed with
small amounts of ethanol and water to remove unreacted
25DMP, copper, and CD. The purified precipitate was dried
under vacuum at room temperature and stored in an airtight
container. The resulting Cu: 25DMP: CD powder samples
were used for further characterization [33-37].

3. Results and Discussion

3.1. Effect of a-CD and 3-CD on
2,5-dimethylphenol at Different pH

The absorption and fluorescence maxima of 2,5-dime-
thylphenol (25DMP) (1 x 10* M) in pH ~2, pH ~7, and pH
~11 buffer solutions containing different concentrations of a-
CD and B-CD are presented in Table 1, Figure 1, and Figure
2. Since 25DMP exists predominantly as a monoanion at pH
~7, its inclusion behavior with CDs was examined in acidic,
neutral, and alkaline media to evaluate both the neutral and
monoanionic forms. In water and CD-containing solutions,
the absorption and emission spectral profiles of 25DMP at pH
~2 and pH ~7 are nearly identical; however, noticeable differ-
ences appear at pH ~11. In CD-free aqueous solutions, the ab-
sorption maxima of 25DMP occur at 275-271 nm at pH ~2
and pH ~7, while at pH ~11 the maxima shift to 292-282 and
239 nm. Increasing a-CD or B-CD concentration produces no
significant absorption shift at pH ~2 and pH ~7, although a
shoulder develops at 292 nm in alkaline medium. In all three
pH conditions, the absorbance slightly increases upon CD ad-
dition. The differences in absorption maxima and band shapes
across the three pH values indicate the formation of distinct
types of inclusion complexes in a-CD and B-CD.

The influence of B-CD on the fluorescence properties of
25DMP is more pronounced compared to a-CD. In CD-free
solutions, the emission maxima at pH ~2 and pH ~7 are simi-
lar, whereas at pH ~11 the fluorescence profile differs. In a-
CD, the emission maximum is observed at 305 nm in pH ~2
and pH ~7, shifting to 309 nm at pH ~11. With increasing o-
CD concentration, the emission intensity decreases at pH ~2,
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while at pH ~7 the intensity decreases along with a red shift
from 305 to 311 nm; at pH ~11 the band shifts from 309 to
312 nm. For B-CD, increasing concentration leads to de-
creased emission intensity in all three pH values, accompanied
by red shifts from 304 to 312 nm (pH ~2 and pH ~7) and 308
to 312 nm (pH ~11).

The presence of isosbestic points in the absorption spectra
for all pH conditions supports the formation of 1: 1 inclusion

complex between 25DMP and the CDs [4-16]. However, the
differences observed between the spectra at pH ~2/pH ~7 rel-
ative to pH ~11 suggest the coexistence of at least two differ-
ent types of inclusion complexes. Binding constants for the
complexes were obtained using the Benesi—Hildebrand
method. The negative values of AG (Table 1) confirm that in-
clusion is a spontaneous, exothermic process occurring read-
ily at 303 K.

Table 1. Absorption and fluorescence maxima of 2,5-dimethyl phenol (25DMP) with different a-CD and -CD concentrations.

pH -3.0
Concentration of
CD x103M
Aabs log € A T
25DMP only (without 275 351 304 0.32
CD)
0.2M a-CD 274 3.54 303 0.46
1.0M a-CD 274 3.57 305 0.56
0.2M B-CD 275 3.574.01 305 0.50
275
1.0M B-CD 3.574.09 311 0.61
220
K(1: 1) x10°M'a-CD 46 900
AG (kcalmol™") a-CD 9.6 -17.1
K(1: 1)x10°M'B-CD 40 130
AG (kcalmol ") B-CD 9.2 -12.2
Excitation wavelength 270
(nm)
4
4| pH-3,a-CD
[0
e
8 7 6
S
]
<
Ly 1
0
200 2;0 300
Wavelength(nm)

pH-7 pH-11

Aabs loge Am T Aabs loge Am T
292

275 3.58 305 0.34 279 3.51 309 0.25
238
290

275 3.59 305 0.49 279 3,55 310 0.44
238

275 3.61 311 0.62 292-281 3.59 312 0.56
239
292-282

274 3.57 305 0.54 237 3,55 311 0.48
219
292-282

275220 3.75 312 0.67 233 3.59 312 0.64
220

20 420 16 240

-7.5 -15.2 -69 -13.8

12 128 41 370

-6.2 -12.2 93 -14.8

270 270
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Figure 1. Absorption spectra of 25DMP 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 25DMP 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.

Generally, the inclusion of guest molecules within cy-
clodextrin cavities is influenced by both hydrophobic and
electronic interactions [4-16]. To further verify the inclusion
process, the spectroscopic properties of 25DMP were com-
pared with those recorded in various solvents (cyclohexane:
Aabs ~ 276 nm, Aemi ~ 302 nm; acetonitrile: Aaps ~ 276 nm, Aemi~
303 nm; methanol: Aaps~ 275 nm, Aemi~ 305 nm; water (pH~3):
Aabs ~ 275 nm, Aemi ~ 305 nm). Relative to phenol, 25SDMP ex-
hibits red-shifted absorption and emission maxima in all sol-
vents [4] (phenol: cyclohexane: Aqps~271-277, 264 nm, Aemi~
300 nm; acetonitrile: Aqps~ 272-278 nm, Aemi ~ 305 nm; meth-
anol: Aabs ~ 273 nm, Aemi ~ 305 nm; water (pH~2) = Xaps ~ 269
nm, Aemi ~ 305 nm). Solvatochromic analysis shows that
25DMP does not undergo significant absorption or emission
shifts from cyclohexane to water, with only a slight red shift
in fluorescence noted when moving from nonpolar to polar
media. The spectral behavior in protic and aprotic solvents
aligns with the typical characteristics of hydroxyl-containing
aromatic systems [4-16].

The absorption spectra of 25DMP in CD solutions closely
resemble those of phenol, indicating that methyl substitution
does not significantly alter the benzene ring conjugation. The
broad absorption bands in both phenol and 25DMP suggest
the presence of intermolecular hydrogen bonding. Across all
pH conditions, increasing a-CD concentration results in in-
creased absorbance and decreased fluorescence intensity. In
B-CD solutions, absorbance increases at the same wavelength
for all pH values, while the emission maximum consistently
red shifts. Remarkably, at higher B-CD concentrations, the
emission maximum converges to a single value (312 nm) in
all pH conditions, and the absorption/emission profiles be-
come identical—indicating the formation of a similar inclu-
sion complex. In contrast, a-CD produces different emission
maxima, implying a different mode of encapsulation.

These observations support that 25DMP forms distinct
types of inclusion complexes with a-CD and B-CD. The mol-
ecule is more deeply encapsulated within the larger B-CD cav-
ity, whereas only partial insertion occurs in a-CD. Although
both CDs have the same height (7.8 A), a-CD possesses a
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smaller interior cavity (4.7-5.3 A) than B-CD (6.0-6.5 A). Re-
duced dipole—dipole interactions within the less polar, hydro-
phobic cavity account for the observed increase in absorbance
and decrease in emission intensity [4-16]. The red shift ob-
served in the alkaline medium (pH ~11) is consistent with
deprotonation of the phenolic -OH group. Notably, at high
CD concentrations, the absorption and emission maxima and
overall spectral shapes in pH ~1 and pH ~7 solutions become
identical, confirming the formation of similar inclusion com-
plexes. The high binding (formation) constants further indi-
cate that 25DMP is strongly embedded within the CD cavities.
Differences in cavity size and guest—host interactions between
0-CD and B-CD account for the variations in association con-
stants.

It has been previously reported that when carboxyl or hy-
droxyl groups are deeply embedded within the cyclodextrin
cavity, the absorption and emission maxima undergo red or
blue shifts, respectively, relative to aqueous solutions, because
the interior of the CD cavity provides a nonpolar environment
similar to cyclohexane [4-16]. Moreover, if the hydroxyl an-
ion resides near the hydrophilic rim of the CD cavity, proto-
nation may occur. In such cases, a blue shift is expected, and
the spectral maxima should resemble those observed at pH ~3
or pH ~7, where the neutral form of the molecule predomi-
nates. The results in Table 1 show that the spectral maxima of
the monoanionic form of 25DMP are similar to those in a-CD,
whereas a blue shift is observed in f-CD. These observations
confirm that, in 25DMP, the hydroxyl group is located in the
nonpolar interior of the B-CD cavity, while in a-CD it remains
closer to the hydrophilic exterior.

3.2. Excited Singlet State Lifetimes

The excited-state lifetimes of 25DMP in aqueous solution
and in CD media, obtained from fluorescence decay curves,
are listed in Table 1. The lifetimes of the inclusion complexes
are greater than that of free 25DMP, likely due to restricted
vibrational motion of the molecule within the CD cavity. In-
creasing CD concentration further enhances the lifetime, re-
flecting greater encapsulation. The longer lifetime of the
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25DMP: B-CD complex compared with the 25DMP: a-CD
complex indicates deeper penetration of the guest molecule
into the B-CD cavity. These results demonstrate the stronger
complexation ability and superior encapsulation efficiency of
B-CD.

3.3. Molecular Modeling

The ground-state geometries of 25DMP and the CDs were
optimized using the PM3 method (Table 2; Figure 3). In
25DMP, the vertical and horizontal distances between the —
OH and —~CHs groups are 5.72 A and 6.77 A, respectively (Fig-
ure 3). Both CDs possess a cavity height of 7.8 A, with interior
cavity diameters of 4.7-5.3 A for a-CD and 6.0-6.5 A for B-
CD. The vertical dimension of 25DMP is smaller than the in-
terior diameters of both CDs, whereas the horizontal dimen-
sion exceeds the cavity sizes. Thus, the distance between the
two methyl substituents is greater than the CD interior diame-

ter, suggesting that 25SDMP can only be partially accommo-
dated within the cavities.

These structural considerations confirm that the encapsula-
tion mode in a-CD differs from that in -CD. Because the ver-
tical dimension of 25DMP is smaller than the upper rim of
both CDs, the hydroxyl and methyl groups are positioned in-
side the B-CD cavity. However, due to its smaller cavity size,
a-CD can encapsulate 25DMP only partially. These findings
confirm the embedding of 25SDMP within the CD cavities. The
HOMO-LUMO energies, dipole moments, total energies, free
energies, enthalpies, entropies, and zero-point vibrational en-
ergies of pure 25DMP, a-CD, and B-CD differ significantly
from those of the inclusion complexes. Mulliken charge cal-
culations indicate zero charge transfer between the host and
guest, confirming that interactions are non-covalent. The ther-
modynamic parameters (AE, AG, and AH) further show that
the formation of 25DMP—-CD complexes is energetically fa-
vorable and driven predominantly by enthalpic contributions
[4-16].

Table 2. Thermodynamic parameters and HOMO-LUMO energy calculations for 25DMP and its inclusion complexes by PM6 method.

Properties 25DMP a-CD
Enomo (eV) -8.76 -10.37
Erumo (eV) 0.38 1.26
Enomo — Erumo (eV) -9.15 -11.63
Dipole moment (D) 1.33 11.34
E* 39.28 -1247.62
AE* _ _

G* 70.19 -676.37
AG* _ _

H* 97.37 -570.84
AH B B

S** 0.091 0.353
AS**

ZPE* 635.09
Mullikan charge 0.00 0.00

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

B-CD 25DMP: a-CD 25DMP: B-CD
-10.35 -8.51 -8.62
1.23 0.49 0.53
-11.58 -9.00 -9.15
12.29 11.58 11.69
-1457.63 -1325.09 -1498.26
B -116.74 -79.91
-789.52 637.27 739.71

B 2937 -20.38
-667.55 629.38 745.43

B -55.53 6225
0.409 0.397 0.423

B -0.047 -0.077
740.56 761.73 867.14
0.00 0.00 0.00
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572A

6.77 A° J
HOMO LUMO

Figure 3. PM3 optimized structures of (a, b) 25DMP, (c, d) HOMO, LUMO of 25DMP.

spherical aggregates, while 25DMP exhibits an irregular

3.4. Nanomaterial Studies stone-like morphology. In contrast, nanorod-type structures
are observed in the Cu: 25SDMP: a-CD and Cu: 25DMP: 3-CD

3.4.1. Scanning Electron Microscopy nanomaterials. SEM-EDX analysis confirms the presence of
) 49.95% carbon, 44.03% oxygen, and 3.98% copper in these

The powdered forms of Cu nanoparticles, 25DMP, and the .., materials. The modification in morphology compared to

Cu: 25DMP: 0-CD and Cu: 25DMP: B-CD inclusion com- e components supports the successful formation of the Cu:
plexes were examined using SEM (Figure 4). The images 25DMP: CD nanomaterials.

clearly show that copper nanoparticles appear as clustered

c) Cu: 25DMP: a-CD d) Cu: 25DMP: 3-CD
Figure 4. SEM images of (a) 25DMP, (b) Cu: 25DMP: o-CD, (b) Cu: 25DMP: f-CD nano.
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3.4.2. Differential Scanning Colorimeter

The DSC profiles of 25DMP, a-CD, B-CD, and their inclu-
sion complexes were recorded. The DSC curve of a-CD dis-
plays three endothermic peaks at 79.2°C, 109.1°C, and
137.5°C, while B-CD shows a broad endothermic peak at
128.6°C; these peaks correspond to the loss of crystal water
[38-47]. The thermal curve of 2SDMP exhibits a sharp endo-
thermic peak at 77°C, corresponding to its melting point. The
DSC curves of a-CD, B-CD, and their complexes show
broader endothermic features due to water loss from the CDs.
Notably, the DSC thermograms of the 25SDMP: CD complexes
do not display the characteristic peaks of pure 25DMP or CDs;
instead, new peaks appear at 205°C for 25DMP: a-CD and
231°C for 25DMP: B-CD, indicating the formation of new in-
clusion complexes.

3.4.3. Infrared Spectral Studies

FTIR spectra of 25DMP, a-CD, 3-CD, and the Cu: 25SDMP:
CD nanomaterials were also recorded. In 25DMP, the O-H
stretching band appears at 3365 cm™, and the O—H out-of-
plane vibration occurs at 709 cm™. Aromatic C—H, C-C, and
C=C stretching vibrations are observed at 3046 cm™!, 1589
cm™’, and 1689 cm™, respectively. The C—CHs stretching re-
gion appears between 29762861 cm™', while CHs defor-
mation bands are found at 1386 and 1425 cm™'. C—H bending
vibrations are noted at 768 and 807 cm ™.

In the Cu: 25DMP: CD nanomaterials, the O—H stretching
band shifts to 3260 cm™, while the aromatic C—H and C=C

3.4.5. Proton Magnetic Resonance Spectral Studies

stretching bands shift to 2915 cm™ and 1641 cm™, respec-
tively. The C-O stretching bands observed at 1347 and 1039
cm™' in 25DMP shift to 1337 and 1024 cm™ in the nanomateri-
als. The Ar—O-H vibration, originally at 587 and 580 cm™,
shifts to 573 cm™'. Many characteristic 25DMP bands dimin-
ish or disappear in the nanomaterials, along with a significant
decrease in intensity, indicating strong interactions between
25DMP, copper nanoparticles, and cyclodextrin.

3.4.4. XRD Spectral Studies

The crystallinity of all nanoparticles was evaluated using
XRD analysis [38-47]. Pure copper nanoparticles exhibit dis-
tinct diffraction peaks at 43.31°, 50.44°, and 74.20°, which
correspond to the characteristic reflections of a face-centered
cubic (fcc) metallic copper lattice. The XRD pattern of a-CD
shows crystalline peaks at approximately 11.94°, 14.11°, and
21.77°, while B-CD displays peaks at 11.49° and 17.58°. The
intensity and visibility of these reflections may vary depend-
ing on sample conditions and preparation methods. The dif-
fraction pattern of 25DMP, which crystallizes in the ortho-
rhombic system, shows characteristic peaks at 7.33°, 10.51°,
21.15°, and 93.74°. In the Cu/25DMP: B-CD nanomaterial,
new and well-defined diffraction peaks appear at 10.13°,
17.26°, 25.25°, 30.76°, 34.63°, 43.86°, 61.04°, and 72.75°.
The differences in peak positions and intensities between the
nanomaterials and their individual components confirm the
formation of new composite nanostructures.

Table 3. 'H-NMR chemical shift values for the 25DMP and Cu: 25DMP: CD nanomaterials.

Cu: 25DMP: a-CD

Protons 25DMP (0)

Ha - Para to OH 9.10 5.69
Hb - ortho to OH 6.90 4.78
Hc - meta to OH 6.52 4.48
Hs— OH 6.48 2.50
He - ortho CH3 2.51 2.04
H¢- meta CH;3 2.11 1.25

'H NMR spectroscopy is a valuable technique for probing
structural features and host—guest interactions in cyclodextrin
inclusion complexes. The proton assignments of CDs are well
established; among them, H-3 and H-5 protons reside within
the CD cavity, making their chemical shifts highly sensitive
to guest inclusion. Conversely, H-1, H-2, and H-4 protons, lo-
cated on the exterior, typically show only minor chemical shift
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Cu: 25DMP: B-CD

5.72
4.83
4.51
2.52
2.09
1.26

variations. '"H NMR spectra of free 25DMP and its inclusion
complexes were recorded at 25°C in DMSO-ds (Table 3). The
chemical shifts of the inclusion complexes differ markedly
from those of the unbound molecule. Notably, the aromatic
protons of the Cu: 25DMP: CD complexes shift upfield rela-
tive to free 25DMP, indicating their interaction with the inner
cavity protons of the CDs. The increased chemical shift of the
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hydroxyl proton of 25DMP suggests possible hydrogen bond-
ing with CD hydroxyl groups. Additionally, the aromatic pro-
tons experience a greater upfield shift than the methyl protons
in the complex, implying that the aromatic ring is strongly
shielded within the Cu: 25DMP: CD nanomaterial. These ob-
servations collectively indicate that 2SDMP penetrates deeply
into the copper—CD cavity environment.

4. Conclusion

The absorption, emission, and time-resolved fluorescence
maxima of 2,5-dimethylphenol (25DMP) were examined in
various solvents as well as in a-CD and B-CD at pH ~2, pH
~7, and pH ~11. Nanomaterials were synthesized and charac-
terized using SEM, DSC, FTIR, XRD, and 'H NMR tech-
niques. At pH ~2 and pH ~7, the absorption and emission
maxima and the overall spectral profiles of 25DMP in a-CD
and B-CD solutions are similar, whereas significant differ-
ences observed at pH ~11 indicate the presence of at least two
distinct types of inclusion complexes. PM3 calculations sug-
gest that 25DMP is more deeply encapsulated within the hy-
drophobic cavity of B-CD than in a-CD. Solvatochromic anal-
ysis shows no appreciable shift in the absorption or emission
maxima of 25DMP from cyclohexane to water, indicating
minimal solvent polarity effects. The fluorescence lifetimes of
the 25DMP: CD inclusion complexes were longer than those
of free 25DMP, consistent with restricted molecular motion
upon encapsulation. SEM, DSC, FTIR, XRD, and '"H NMR
results clearly differentiate pure Cu nanoparticles, free
25DMP, and the Cu: 25DMP: a-CD and Cu: 25DMP: B-CD
nanomaterials, confirming successful formation of the com-
plexes. SEM-EDX analysis further verifies the composition of
the nanomaterials, showing 49.95% carbon, 44.03% oxygen,
and 3.98% copper.

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
25DMP  2,5-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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