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Abstract: The experimental UV and CV of five sub-
stituted 2-hydroxybenzophenones in solvents
acetonitrile, n-dimethylformamide and dimeth-
ylsulfoxide are presented. Results obtained were used
to determine their experimental highest occupied mo-
lecular orbital (HOMO) and lowest unoccupied molec-
ular orbital (LUMO) and the results were compared to
their theoretical model. The derivatives with an elec-

tron withdrawing group (EWG) have more favourable
reduction potential, electron affinity, lower dipole mo-
ment, lower LUMO and HOMO energy levels and
longer absorption λmax compared to those containing an
electron donating group. Acetonitrile enhances the
reduction potential especially for those of derivatives
with EWG, leading to higher reduction potential
compared to solvents DMF and DMSO.
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1 Introduction

2-Hydroxybenzophenone (HBP) molecules have been
considered in many studies due to their application as a
UV chromophore in many commercial sunscreens [1–4].
HBP derivatives are believed to be photostable and
lack reactivity even after several hours of irradiation
[1, 5]. The photostability is due to their major energy-
wasting deactivation process through excited-state in-
tramolecular proton transfer from the chelated enol to
the chelated keto form [6]. The enol form has been
identified to be the only one minimum in the ground
state while the chelated keto form identified to be the
minimum in the excited state [6, 7]. Available solid state
crystal structures of HBP and related ligands are all of
the chelated enol form [8–13].
The optical bandgap of molecules is very important

for their photoexcitation properties and it can be
determined using experimental UV-Vis spectroscopy.
The values of the optical bandgap are known to be close
to the electronic gap (electrochemical HOMO-LUMO
gap) [14, 15]. It has been established for many organic
semiconductor molecules that the electronic bandgap
calculated with DFT is very close in value to the optical
bandgap [16]. The experimental highest occupied mo-
lecular orbital (HOMO) and lowest unoccupied molec-
ular orbital (LUMO) can be estimated from the plot of
the first oxidation and first reduction potential obtained
by cyclic voltammetry (CV) respectively. It is also
experimentally possible to determine the HOMO-
LUMO gap energies from absorption and reflectance
spectra obtained through electrical conductivity meas-
urements and photoconductivity techniques [17–19].
The control of HOMO-LUMO energy gap of π-con-
jugated systems is known to be critical task for the

semiconductor and nanomaterial industries [16, 20, 21].
Knowledge of the UV-Vis HOMO-LUMO gap is
important to determine the effectiveness of HBP to
absorb in the UV-Vis region to act as sunscreen.
2-Hydroxybenzophenone is a suitable recyclable,

inexpensive, and readily removable chemical auxiliary
in the organocatalytic activation of ketiminoesters for
highly enantioselective addition to nitroalkenes under
bifunctional catalysis [22]. Knowledge of the redox
properties of a molecules is important for its use in
catalytic processes.
In this research the experimental reduction potential

(using cyclic voltammetry (CV)) and UV/vis spectra, of
the five HBP molecules shown in Figure 1, 5-bromo-2-
hydroxybenzophenone (1), 5-chloro-2-hydroxybenzo-
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phenone (2), 2-hydroxybenzophenone (3), 2-hydroxy-4-
methoxybenzophenone (4) and 2-hydroxy-4-(octyloxy)
benzophenone (5), are presented in three different
solvents, namely acetonitrile (ACN), n-dimeth-
ylformamide (DMF) and dimethylsulfoxide (DMSO).
The experimental HOMO-LUMO gaps are determined
from the CV and UV/vis data and compared to density
functional theory (DFT) calculated HOMO and LUMO
energies. The DFT calculated frontier orbitals showed
the character of the reduction centre (LUMO) and
provide the energy of the lowest UV/vis excitation of
the molecules.

2 Methodology

2.1 Experimental Cyclic Voltammetry

A concentration of 0.002 mol dm� 3 (or saturated)
solutions of each HBP derivatives was used for the
cyclic voltammetry measurement in dry ACN, DMF
and DMSO solvents. The supporting electrolyte used is
0.1 mol dm� 3 tetra-n-butylammoniumhexafluorophos-
phate (nBu4N)(PF6) and the experiment were carried
out under a blanket of purified argon gas at 25 °C. A
glassy carbon (surface area 7.07×10� 6 m2) was used as a
working electrode; Pt as auxiliary electrode while the
reference electrode is Ag/Ag+ (0.010 moldm� 3 AgNO3)
mounted on a Luggin capillary. All CVs were measured
with and without Fc as internal standard. All the CV
potentials are referenced against the ferrocene/ferroce-
nium couple Fc/Fc+, as suggested by IUPAC [23]. The
reduction potential values E0’ were determined as E0’=

(Epa+Epc)/2 and the peak separation ΔEp= (Epa� Epc)
with Epa/Epc=peak anodic/cathodic potential of the
reduction wave. Successive experiments under the same
experimental conditions showed that all peak reduction

potentials were reproducible within 0.005 V. Scan rates
were 0.05–5.00 Vs� 1.

2.2 Experimental Egap, HOMO and LUMO

Depending on the type of the molecules, the HOMO
can be derived from the onset potential of the first
oxidation peak while the LUMO can be derived from
the onset potential of the first reduction peak [15, 24].
The onset value of the first reduction peak, obtained
from the CV plot is shown in Figure 2 for molecule 1 in
solvent ACN medium. The molecules considered in this
study are characterised with reduction potential peaks
according to the CV analysis, therefore the LUMO
were first calculated using the expression [18]:

ELUMO ¼ � IP V ¼ f� E0red=onset� IPðreferenceÞg eV

¼ f� E0red=onset� E1=2ðFc=FcþÞ� ðIPðFcÞÞgeV

¼ f� E0red=onset� IPðFcÞeV

(1)

since values in this study were reported vs Fc/Fc+ as
reference, thus E1/2(Fc/Fc

+) is already added in shifting
the CV plot with respect to Fc/Fc+. The internal
standard redox of the system is represented as IP(Fc)
and is taking to be 4.80 [24, 25].
An electronic band gap (Egap, electronic) is the differ-

ence in energy between the highest occupied electron
state and the lowest unoccupied electron state at zero

Fig. 1. Structure of the 2-hydroxybenzophenone derivatives 1 (5-
Br, R1=H, R2=Br), 2 (5-Cl, R1=H, R2=Cl), 3 (R1=H, R2=

H), 4 (4-OMe, R1=OCH3, R2=H), 5 (4-Oct, R1=OC10H21,
R2=H). The dotted oval indicates the plane of fragmentation
into three fragments, Fragment-1, Fragment-2 and Fragment-3.

Fig. 2. The experimental (a) CV and (b) UV of 1 (5-Br) in ACN
solvent showing the determination of the onset and offset
positions that were used to calculate the experimental HOMO
and LUMO energy levels
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temperature. The experimental HOMO of each mole-
cule was computed from their experimental electronic
band gap (Egap, electronic) and the LUMO (obtained from
equation 1) as

EHOMO ¼ ELUMO þ Egap, electronic (2)

The optical band gap Egap, optical is the lowest energy
for which a photon can be absorbed or emitted by a
single photon process which conserves. The values of
Egap, optical were obtained from the onset wavelength of
the UV-Vis spectra using the expression:

Egap, optical ¼ h� f ¼ h� c=loffset ¼ 1240=loffset (3)

The Egap,optical represents the optical band gap in eV
and λoffset in nm represent the absorption edge wave-
length obtained from the offset wavelength of the low
energy absorption band [16] as shown below (Figure 2b)
for molecule 1 in ACN. Since for many organic semi-
conductor molecules the electronic bandgap calculated
with DFT is very close in value to the optical bandgap
[16], we used Egap, electronic=Egap, optical=Egap.

2.3 Computational Calculations

The geometries of the neutral and reduced molecules
were optimized in the gas phase, using density func-
tional theory (DFT) with the B3LYP functional and all
electron basis set 6-31+G(2df,2p) using Gaussian 16
[26]. Single point/6-31+G(2df,2p) calculations in the
solvents ACN, DMF and DMSO, using the Solvation
Model based on Density (SMD) with default parame-
ters, provided electronic energies and dipole moment.
The electron affinity EA was determined from the
difference between the electronic energies of the
neutral and reduced optimized molecules. The SMD
solvation model is based on density (SMD) [27], as the
polarizable continuum model (PCM) which applies the
integral equation formalism variant (IEF-PCM), to
solve the non-homogeneous Poisson equation with
optimized atomic coulomb radii and non-electrostatic

terms, from parameters that include the solvent acces-
sible surface area, as well as atomic and molecular
surface tensions [28]. The UV was computed using time
dependent density functional method TD-B3LYP and
the basis set 6-31+G(2df,2p) in the specified solvent.

3 Results and Discussion

3.1 DFT Calculated Geometry and Properties of
Molecules

The geometry of the neutral and reduced HBP mole-
cules, 1–5 (Figure 1) were optimized at the B3LYP/6-31
+G(2df,2p) level of theory in the gas phase, the
optimized coordinates are added in the supplementary
information. Figure 3 show selected geometrical param-
eters of the optimized neutral and reduced molecule 3.
Both the neutral and reduced molecule are flat with
only the phenyl ring twisted out of the flat plane (139.7°
and 163.6° respectivily), similar as was found for the
neutral molecule in the solid state [9]. Upon reduction
enol H gets nearer to the keto O and the dihedral
involving the phenyl ring rotation increases with ca 20°,
nearing the flat plane (dihedral 180°).
The values of the calculated electron affinity of 1–5

in the three solvents, as well as their dipole moments
are given in Table 1. The electron withdrawing sub-
stituent group increase the electron affinities of the
derivatives, leading to the order of molecule 2 (largest
value)�1>3>4>5 regardless of the solvent. Thus

Fig. 3. B3LYP/6-31+G(2df,2p) gas phase optimized neutral and reduced geometry of 3. Selected bond lengths (Å, black), angles (°,
red) and dihedral angle (°, blue) are indicated. Colour code (online version): C (black), O (red), H (white).

Table 1. The electronic affinity (eV) and free energy of dipole
moment (debye) of 1–5 in solvent ACN, DMF and DMSO.

Electronic affinity (eV) Dipole moment (debye)
ACN DMF DMSO ACN DMF DMSO

1 (5-Br) 2.70 2.68 2.69 7.367 7.298 7.315
2 (5-Cl) 2.71 2.69 2.70 6.720 6.652 6.669
3 (H) 2.59 2.57 2.58 7.875 7.800 7.823
4 (4-OMe) 2.43 2.40 2.42 9.047 8.960 8.985
5 (4-Oct) 2.42 2.39 2.40 9.594 9.517 9.540
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molecules 1 and 2 are expected to have the largest
reduction (most positive) potential and 5 the lowest
reduction (most negative) potential. This is in agree-
ment with experimental observation (see the discussion
in the next section).
The calculated dipole moments of 1–5 follow the

inverse trend as the calculated electron affinity of 1–5,
namely 2 (smallest value)<1<3<4<5, regardless of
the solvent. Fermi and Teller first predicted a minimum
dipole moment of 1.625 Debye for an electron to bind
to a stationary dipole [29]. Theoretical and experimen-
tal studies found that for real molecular systems this
critical dipole must be increased implying all molecules
in this study can be reduced (uptake of an electron), see
dipole moment values in Table 1.
The HOMO and LUMOs of 1–5 are shown in

Figure 4, The HOMO of the neutral molecules are
mainly located on the hydroxy-substituted phenyl ring
(fragment 3 in Figure 1), while the LUMOs are mainly
located on the carbonyl group (fragment 2 in Figure 1).
Upon reduction of a molecule, the electron will be
added to the LUMO, implying reduction will mainly
occur on the carbonyl moiety, but also spread over

fragment 3 and 1. The spin density profiles of the
reduced molecules 1� –5� , shown in Figure 5, show that
the added electron upon reduction is mainly located on
the carbonyl group (i. e. fragment 2, ca 0.536–0.554 e� ),
with 0.221–0.318 e� on the phenyl ring (fragment 1) and
the rest (ca 0.129–0.233 e� ) on fragment 3 as defined in
Figure 1 and also shown in Table 2. The different
solvents did not have a large influence on the electron
distribution of the added unpaired electron on the
reduced molecule. In all solvent the unsubstituted 2-
hydroxybenzophenone, molecule 3 (H), has ca 0.20 e�

on hydroxy-substituted phenyl ring, fragment 3. In all
solvent the two molecules with an electron withdrawing
substituent, 1 (5-Br) and 2 (5-Cl), in their reduced state,
have more electron density on the hydroxy-substituted
phenyl ring fragment 3 (ca 0.23 e� ) than the two
molecules with an electron donating substituent, 4 (4-
Ome) and 5 (4-Oct) (ca 0.13 e� ), in their reduced state.

3.2 Experimental Reduction Potentials

The electrochemical properties of five HBP molecules
1–5, described in Figure 1, were examined using cyclic

Fig. 4. The HOMO and LUMO of derivative 1 - 5 obtained from B3LYP/6-31+G(2df,2p) gas phase calculations. A contour of
0.05 eÅ� 3 was used for the orbital plot. Colour code (online version): C (black), O (red), H (white), Br (burgundy) and Cl (green).

Fig. 5. Spin density profile of the B3LYP/6-31+G(2df,2p) gas phase optimized reduced molecules 1� – 5� , showing the distribution of
the added electron of the reduced molecule. A contour of 0.015 eÅ� 3 was used for the spin plot. Colour code (online version): C
(black), O (red), H (white), Br (burgundy) and Cl (green).
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voltammetry measurements in three solvent media
ACN, DMF and DMSO. Representative cyclic voltam-
mograms obtained for the five derivatives in the
solvents at scan rates of 0.100 and 0.500 V/s are shown
in Figure 6. The values obtained for the peak anodic
potential (Epa), peak cathodic potential (Epc), peak
separation (ΔEp) and the corresponding formal reduc-
tion potential (E0’ in V) at the scan rate of 0.100 V/s are
given in Table 3. All the molecules show a very sharp
reduction peak with a small re-oxidation peak, except
for 1 and 2 in ACN at low scan rates. The re-oxidation

peak increases with scan rate, implying that the reduced
radical that formed upon reduction is relative stable at
high scan rates. The locus of the added electron upon
reduction, which is mainly on the carbonyl group, is
described in the previous section, also see Figure 5 and
Table 2.
The peak cathodic current follows the Randles-

Sevcik equation, but the peak current ratios ipa/ipc are
small, ca 0.2 for the 0.50 V/s scans, significantly lower
than 1 as expected for a chemically reversible process
[30, 31], see for Figure 7 for HBP molecule 1. The peak
separation ΔEp=0.063–0.090 V for the 0.100 V/s scans,
slightly larger as ΔEp=0.059 V expected for a one
electron transfer process [32], due to experimental cell
imperfections and ohmic drop effects. ΔEp for the
known 1 e� transfer processes of the Fc+ /Fc couple,
used as internal standard were ca 0.06 V. The reduction
process of the HBP derivatives could be described as
quasi reversible [33–35].
The experimental reduction potential of the deriva-

tives follows the same order in all three solvents, as 1>
2>3> 4>5 (Figure 6). However, the shift in reduction
potential in going from 1 to 5, ΔE0’=E0’(5)� E0’(1)
decreases in going from ACN (0.25 V) to DMF (0.23 V)
to DMSO (0.18 V for 0.100 V/s scans). Consequently in
DMF and DMSO solvent medium molecules 1 and 2
with electron withdrawing group results into lower
reduction potential compared to ACN, while the
molecules with electron donating group (4 and 5) in
ACN medium give lower reduction potential than
DMSO. The order of solvent effect on the derivatives

Table 2. The Mulliken spin density (e� ) of the derivatives in their
reduce state in solvents ACN, DMF and DMSO. Figure 5 visualizes
the spin density of the molecules.

Molecule Fragment-1 Fragment-2 Fragment-3

ACN 1� (5-Br) 0.223 0.544 0.232
DMF 1� (5-Br) 0.226 0.542 0.233
DMSO 1� (5-Br) 0.225 0.542 0.232
ACN 2� (5-Cl) 0.221 0.548 0.231
DMF 2� (5-Cl) 0.223 0.545 0.232
DMSO 2� (5-Cl) 0.223 0.546 0.232
ACN 3� (H) 0.265 0.539 0.196
DMF 3� (H) 0.268 0.536 0.196
DMSO 3� (H) 0.268 0.536 0.196
ACN 4� (4-Ome) 0.313 0.546 0.140
DMF 4� (4-Ome) 0.318 0.543 0.139
DMSO 4� (4-Ome) 0.317 0.543 0.139
ACN 5� (4-Oct) 0.314 0.556 0.130
DMF 5� (4-Oct) 0.318 0.553 0.129
DMSO 5� (4-Oct) 0.318 0.553 0.129

Fig. 6. Cyclic voltammograms of HBP derivatives 1–5, at 0.100 (left) and 0.500 (right) Vs � 1. Measurements were done in 0.1 M [NBu4]
[PF6]/solvent, on a glassy carbon working electrode, at 25.0 °C.
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with electron withdrawing group is DMF�DMSO<
ACN while in derivatives with electron donating group
is DMF<ACN<DMSO. In all the molecules, DMF
leads to a lower reduction potential compared to ACN
(Figure 6 and Table 3). The solvent effect of DMF and
DMSO are much significant in molecule 3, 4 and 5 while
they are approximately the same in molecules 1 and 2
with electron withdrawing group. The experimental
order of the formal reduction potential (E0’) of mole-
cule 3 is � 1.955 (DMF)< � 1.934 (ACN)< � 1.917
(DMSO) V vs Fc/Fc+ which is same with that of
molecules 4 and 5 (for 5: � 2.048 (DMF)< � 2.021
(ACN)< � 1.990 (DMSO)) but different from that of 1
(� 1.813 (DMSO)�� 1.819 (DMF)< � 1.774 (ACN))
and 2 (� 1.844 (DMSO)�� 1.840 (DMF)< � 1.786
(ACN)).
Hammett substituent constants are used to quantify

the electron donating or electron withdrawing property
of a substituent on a phenyl ring. A linear relationship
between the experimental reduction potential of 1–5
and the Hammett substituent constants [36] for the
molecules is obtained, see Figure 8, illustrating good
communication between the substituent and the rest of
the molecule. There is also a linear trend between the
experimental reduction potential (energy needed to
promote an electron from the electrode to the analyte)
of 1–5 and the calculated electron affinity (the energy
change due to the addition of an electron to the
molecule) of the molecules, see Figure 8.

3.3 Excitation Properties

The experimental UV spectra for 1–5 in the solvents
ACN, DMF and DMSO are shown in Figure 9. The

Fig. 7. Left: Cyclic voltammograms of HBP derivative 1 (5-Br), at scan rates of 0.050 (smallest peak current), 0.100 (red), 0.150, 0.200,
0.250, 0.300, 0.500, 1.000, 5.00 (maximum peak current) in Vs� 1 vs Fc/Fc+. Right: Relationship between the square root of the scan rate
(Vs� 1)1/2 and peak cathodic current for complex 1 with R2=1, as described by the Randles-Sevcik equation. Measurements were done
in 0.1 M [NBu4][PF6]/ACN, on a glassy carbon working electrode, at 25.0 °C.

Table 3. Experimental peak anodic potential (Epa), peak cathodic
potential (Epc), peak separation (ΔEp) and formal reduction potential
(E0’ in V) of the complexes from this study in the indicated solvents, at
a scan rate of 0.100 V/s reported vs Fc/Fc+.

Epc(V) Epa(V) ΔEp(V) E0’(V)
ACN

1 (5-Br) � 1.814 � 1.735a 0.078 � 1.774
2 (5-Cl) � 1.821 � 1.750a 0.071 � 1.786
3 (H) � 1.976 � 1.892 0.084 � 1.934
4 (4-OMe) � 2.056 � 1.966 0.089 � 2.011
5 (4-Oct) � 2.066 � 1.979 0.090 � 2.021

DMF

1 (5-Br) � 1.851 � 1.788 0.063 � 1.819
2 (5-Cl) � 1.880 � 1.800 0.079 � 1.840
3 (H) � 1.997 � 1.914 0.083 � 1.955
4 (4-OMe) � 2.080 � 2.000 0.079 � 2.040
5 (4-Oct) � 2.087 � 2.008 0.079 � 2.048

DMSO

1 (5-Br) � 1.851 � 1.776 0.075 � 1.813
2 (5-Cl) � 1.886 � 1.803 0.083 � 1.844
3 (H) � 1.963 � 1.872 0.090 � 1.917
4 (4-OMe) � 2.019 � 1.942 0.077 � 1.981
5 (4-Oct) � 2.029 � 1.951 0.078 � 1.990

a Estimated
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maximum absorption wavelength (λmax) that represent
the HOMO to LUMO excitation for all the derivatives
are added to Table 4. It is very obvious from the
experimental λmax that the solvent effect is more
significant in the UV absorption of the derivatives 4 (4-
OMe) and 5 (4-Oct) with electron donating group,

resulting into a longer wavelength in the solvent ACN
in the order of ACN>DMF>DMSO. The same order
is also observed in the experimental absorption of the
derivative 1 (5-Br) and 2 (5-Cl) and 3 (H) but to a lesser
effect compared to that of those with electron donating
group. The solvent did not show an effect on the
theoretical predicted UV/vis λmax, obtained from
TDDFT calculations, see Table 4. Theoretical λmax over-
estimated the experimental λmax for 1 and 2 by 35–
43 nm, while predicting λmax for 3–5 more accurate
(within 5–24 nm)
In Table 5 the TDDFT calculated λmax for the

HOMO to LUMO excitation of the derivatives with the
contribution of the fragment 1, 2 and 3 (Figure 1) to the
excitation in ACN are listed. The calculated λmax are
largely characterised with HOMO to LUMO excitation
as evident from their high percentage contribution
(from 94% to 98%) as shown in Table 5. The contribu-
tion of the fragments to the excitation of the electrons
clearly shows that the excitation are mainly from the
fragment 3 (54–57%) to the linking C=O of fragment 2
that connect fragment 3 to 1. The fragment 3 that
represent the centre for substitutional change, which
differentiates the derivatives from each other is also the
fragment that dominate the HOMO of the derivatives
(Figure 4). The feature of the HOMO and LUMO
shown in Figure 4, also support the electron excitation
as the HOMO is predominantly from the distinguishing
fragment 3 on the HOMO to both fragments 2 and 1
located on the LUMO.

3.4 HOMO, LUMO and Band Gab

In order to determine the experimental HOMO and
LUMO of the derivatives, we make use of the onset
values of the experimental CV of the observed reduc-
tion potential spectra [24, 25] for the LUMO (equa-
tion 1) and offset values of the UV [16] spectra for the
Egap (equation 2), as shown in Figure 2 for derivative 1

Fig. 8. Relationship between the formal reduction potential, E0’ in V vs Fc/Fc+ at 0.100 Vs� 1, of 1–5 and (left) the Hammett substituent
constant of the substituent and (right) the calculated electron affinity of the molecules, in the solvents ACN, DMF and DMSO.
Hammett substituent for is 1 (σm=0.39 for Br), 2 (σm=0.37 for Cl), 3 (σ=0 for H), 4 (σp= � 0.27 for OMe), 5 (σp= � 0.32 for OBu) [36],
calculated electron affinities from Table 1, Epc from Table 3.

Fig. 9. The experimental UV absorption for all the derivatives in
the solvents ACN, DMSO and DMF. The arrows show the trend
of the shift of experimental λmax for 1 and 2 (left arrow) and 4 and
5 (right arrow) across the three solvents.
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(5-Br). Since no experimental oxidation for the HBP
derivatives is measured, no oxidation peak is available
for the determination of the HOMO from experimental
CV values, thus the UV-Vis spectral data offset was
used through the optical Egap expression to determine
the experimental HOMO (from equation 2) as ex-
plained in the methodology. The values of the exper-
imental HOMO (calculated from equation 2) and
LUMO (calculated from equation 1) and selected
frontier orbitals of the theoretical model (obtained
from the output files of the DFT computations) are

added to the supplementary Table S2. The features of
the change in the HOMO and LUMO across all the
three solvents are shown in Figure 10 for both exper-
imental and theoretical models.
Both experimental and theoretical gave the same

order of change in the LUMO energy levels across the
derivatives as 5>4>3>2>1 indicating that the LUMO
of the derivatives with electron withdrawing group falls
down to a lower energy level compared to others. In the
experimental results, the HOMO also fall to lower
energy level for the molecules 1-Br and 2-Cl with
electron withdrawing group following the order 5>4>
3>2> 1 (except for 1 and 2 in DMF where the
experimental HOMO levels are very similar), but this
order is not exactly reproduced by the theoretical
calculations that followed the order 5>4>1>2>3 in
all solvents (Figure 10). The calculated HOMO levels
reproduced the experimental HOMO values within
0.2 eV, while the calculated LUMOs overestimated the
experimental LUMOs with ca 0.8 eV (data in Table S2).

Table 4. The longest wavelength (nm) of the 1–5 in different solvents
for the experimental UV/vis and theoretical UV/vis (TD-B3LYP/6-31
+G(2df,2p) calculation in the indicated solvent).

Exp TDDFT
ACN DMF DMSO ACN DMF DMSO

1 (5-Br) 324 324 321 364.1 363.6 363.7
2 (5-Cl) 323 324 322 359.6 359.2 359.2
3 (H) 336 333 321 345.2 344.9 345.0
4 (4-OMe) 346 329 322 334.3 333.7 333.8
5 (4-Oct) 347 329 323 334.9 334.3 334.4

Table 5. The λmax for the HOMO to LUMO excitation of the derivatives and the contribution of the fragment 1, 2 and 3 to the excitation (B3LYP/
6-31+G(2df,2p) calculation in ACN)

λmax f Excitation type Excitation type Frag-1 Frag-2 Frag-3

1 (5-Br) 364.1 0.195 HOMO->LUMO (98%) 2–>19 (17) 2–>42 (40) 95–>40 (-55)
2 (5-Cl) 359.6 0.218 HOMO->LUMO (98%) 3–>19 (16) 2–>41 (39) 95–>40 (-55)
3 (H) 345.2 0.239 HOMO->LUMO (97%) 3–>20 (17) 3–>42 (39) 94–>37 (-57)
4 (4-OMe) 334.3 0.481 HOMO->LUMO (94%) H-1->LUMO (2%) 5–>24 (19) 7–>43 (36) 88–>34 (-54)
5 (4-Oct) 334.9 0.504 HOMO->LUMO (94%) H-1->LUMO (3%) 5–>24 (19) 8–>42 (34) 88–>34 (-54)

Fig. 10. The energies of the experimental HOMO (calculated from equation 2) and LUMO (calculated from equation 1) plots and the
DFT calculated frontier orbitals (obtained from the output files of the DFT computations) in ACN (left), DMF (middle) and DMSO
(right) solvents. Y-axis gives energy in eV.
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4 Conclusion

This research presents effects of three solvents ACN,
DMF and DMSO and the electron donating or with-
drawing ability of substituents on 2-hydroxybenzophe-
none derivatives on the experimental reduction poten-
tial, UV absorption, HOMO and LUMO energy level
and band gap of five derivatives of HBP. The results of
the study showed that:
* The reduction process of the HBP derivatives could be
described as quasi reversible since the ratio of the
experimental ipa/ipc ration is lower than 1 and the peak
separation ΔEp=0.063–0.090 V (0.100 V/s scans) is
larger than 0.057 V.

* The experimental reduction potential values clearly
show that the derivatives with electron withdrawing
group (EWG), 1 (5-Br) and 2 (5-Cl), have more
favourable reduction potential (higher reduction poten-
tial) compared to other derivatives 3 (H), 4 (4-OMe)
and 5 (4-Oct).

* The molecules 1 (5-Br) and 2 (5-Cl) with a higher
reduction potential, are also are characterised with
stronger electron affinity, but lower dipole moment,
and HOMO and LUMO energy level values and lower
UV absorption wavelength (in ACN and DMF) than
the molecules with electron donating groups like 4 (4-
OMe) and 5 (4-Oct).

* The type of solvents affect the reduction potential lead
order of ACN>DMSO>DMF. The difference be-
tween the solvent effects of DMF and DMSO on
reduction potential depends on the type of the deriva-
tives. The solvent effect of DMF and DMSO is
significant different in molecule 3 (H), 4 (4-OMe) and 5
(4-Oct), while they are approximately the same in
molecules (5-Br) and 2 (5-Cl). Solvent effect also affect
the experimental UV absorption especially in deriva-
tives with electron donating groups as ACN resulting
into longer wavelength values in the order of ACN>
DMF>DMSO.
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