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Schiff bases have attracted considerable interest in recent years owing to
their uses in optoelectronics and their easy synthesis. This study involved the
preparation of Schiff bases via a condensation reaction between Folic acid
(FA) and two separate aldehyde derivatives, 3,4-dimethoxy benzaldehyde and
4-pyridinecarboxaldehyde, yielding two unique Schiff base compounds ((E)-
(4-(((2-((3,4-dimethoxybenzylidene)amino)-4-oxo-3,4-dihydropteridin-6-
yl)methyl)amino)benzoyl)-L-glutamic acid (F1) and (E)-(4-(((4-oxo0-2-
((pyridin-4-ylmethylene)amino)-3,4-dihydropteridin-6- yl)methyl) amino)
benzoyl) -L-glutamic acid (F2), respectively. The synthesized Schiff base
compounds have been characterized using FT-IR, UV-Vis,'H-NMR, *C-
NMR, antibacterial, and antioxidant studies, confirming the effective
synthesis of the targeted molecular structures. The UV-Vis spectra revealed
that the absorption range of compounds largely falls in the ultraviolet region,
which is a result of electronic excitation of m—n* and n—n*rn in the
conjugated system. The optical studies revealed a refractive index of (n=1.2)
for both compounds, and a wide optical energy band gap that ranged between
(3.86-3.78ev), indicating that such materials are not conductive to electricity
and therefore, act as optically transparent insulators. The result also showed
significant effectiveness of the two compounds, as compound F1 showed the
highest antibacterial activity with an inhibition diameter of (24mm) at a
concentration of (Img/ml) compared to F2. The compounds also recorded
antioxidant activity of (86.678%) for F1 and (85.492%) for F2. Moreover, the
properties of the synthetic compounds make them exceptionally suitable for
optoelectronic and photonic applications such as UV-blocking finishes, anti-
reflective coats, optical filters and insulating coats in electrical and optical
equipment.
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1. INTRODUCTION
Schiff bases are deemed to be important
organic ~compounds in  applied
chemistry because they can be easily
synthesized and are easy in their
physical and biological characteristics.
Most of these compounds were formed
by condensation of aldehyde or ketone
with primary amines to produce an
azomethine (-C=N-) type bonds and
most of their behaviour is due to this
bond. One of the biomolecules that can
be converted into Schiff base

derivatives is folic acid because it has
an active functional group of (-NHz)
that can react with different aldehyde
compounds. Schiff bases have gained
more scientific attention in recent years
as a result of their unique optical
characteristics, including the absorption
of light and the transport of electrons,
making it possible to use in a number of
applications. These compounds have a
high  bioactivity  especially  as
antioxidants and antibacterial agents,
and thus, they are an attractive choice

88



JOURNAL OF KUFA-PHYSICS | Vol. 18, No. 1 (2026)

Ghufran Arkan Mohammed Hussain et. al

when it comes to a wide range of
medical uses. The current study will
help to prepare a set of Schiff bases
based on products of folic acid and
aldehydes, investigate their optical
characteristics, test their antibacterial
behavior  with  certain  bacteria
specimens, and test their free radical
scavenging potential [1-5]. The
potential outcome of this study will be
anticipated to give clear optical image
properties and significant biological
reaction that will suggest their potential
application in future medical and
analysis procedures.

2. The theoretical part

Optical properties of materials
are a result of the interaction between
the nature and distribution of charge in
the material (ionic, electronic, or
molecular) and the electromagnetic
radiation. When an electromagnetic
beam hits the material, some of the
radiations are absorbed thereby
transforming the radiations to heat
energy inside the material. The
remaining portion is referred to as
transmitted radiation and does not
dissipate its energy. The rest of the light
radiation is reflected on the surface of
the material [6]. It is possible to assess
several optical parameters to describe
the electronic structure of the material
and its behaviour to the electromagnetic
radiation.

2.1 Absorbance

According to the Beer-Lambert
law, the intensity of light absorbed by a
material increases proportionally with

the quantity of the absorbing entity.
This absorption (A) is calculated by
comparing the intensity of the light
before entering the studied sample (Io)
and the intensity that leaves after
entering it (I). Equation (1) shows the
described relation [7,8]:

A=log ’7 ----- (1)
2.2 Absorption coefficient

Absorption coefficient (o) denotes
the photon absorption coefficient,
representing the characteristic distance
that a photon of a specific wavelength
can travel into the material before being
absorbed. The optical absorption
coefficient measures the size of the light
that a material absorbs with each unit
distance [9,10]. The relation described
can be seen in equation (2) [11] as
follows:

0=2303% )

Absorption coefficient (),
absorption (A), and the sample’s
thickness (d).

2.3 Energy gap

Studying a material using the
optical absorption is a very simplistic
way of elucidating some of the
characteristics associated with the band
structure of the material. The technique
that is used to calculate the optical band
gap energy [12] uses the following
relation (3) [13]:

ohv=C(hv — Ej)" - 3)

Energy of incident photon (hv), is a
constant which is determined by the
properties of band structure (C), energy
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gap (Ey) and constant which is
determined by the type of electronic

transition (n=§ for direct allowed

transition, n= ; for direct forbidden

transition, n=2 for indirect allowed
transition, n=3 for indirect forbidden
transition).

2.4 Refractive index

Optical refractive index (n) is one
of the basic parameters that determine
the dispersion of light and is necessary
to evaluate its linear optical properties
in the material [14]. The linear
refractive index (n) can be calculated
using the following equation (4) [15]:

_ (1+R%®)
~ (1-R©5)

4)

Refractive  index  (n), the
reflectance (R) of the material.

2.5 Extinction coefficient

An extinction coefficient measures
how much light or radiation of a given
wavelength a certain species absorbs or
reflects [16]. The extinction coefficient
can be calculated using the following
equation(5) [17].

----- (5)

The extinction coefficient (k), the

_al
4T

wavelength of the incident photon (A).

2.6 Dielectric constant

The dielectric constant, or
relative permittivity, represents how a
material responds to an applied electric

field. It is a physical parameter that
governs polarization behavior and
influences the electrical and optical
properties of matter [18]. This can be
described by the following equation
(6,7,8) [19].

€= Ereqr-i€im - (6)
Ereq =N*-k* - (7)
€im =2nk  ----- (8)

Real part (€,¢4;), and imaginary
part (€;,,,)of the dielectric constant 3.

Experimental details

Ethanol (CAS NO. 64-17-5)
was purchased from Alpha. Folic acid
was  obtained from = HiMedia
Laboratories Pvt. Ltd.. 3.4-
dimethoxy benzaldehyde and 4-
pyridinecarboxaldehyde were
supplied by Sigma-Aldrich (Merck).
All chemicals were of analytical grade
and used without further purification.

3.1 Preparation of the
Schiff base

Schiff base compounds were
synthesized under laboratory conditions
through a condensation reaction
between folic acid (FA) and various
aldehyde compounds (3,4-dimethoxy
benzaldehyde (comp.1), 4-
pyridinecarboxaldehyde (comp.2)),
using an equal number of molar ratio
(1:1) of folic acid and the corresponding
aldehyde. The reactants were dissolved
in (50ml) of absolute ethanol with a few
drops of glacial acetic acid as a catalyst.
The reaction mixture was heated at a
temperature ranging from(150-200)°C
time is (4-5) h. The progress of the
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reaction was monitored by TLC. The
resulting product was placed in a glass
watch dish and left to dry at room
temperature[20], as shown in the Fig.1.
The obtained compounds were ((E)-(4-
(((2-((3,4-dimethoxybenzylidene)
amino) - 4 -oxo-3,4-dihydropteridin-6-
yl) methyl) amino)benzoyl)-L-glutamic
acid (F1), (E)- (4-(((4-ox0-2-((pyridin-
4-ylmethylene)amino) -3,4-
dihydropteridin-6-yl) methyl)
amino)benzoyl)-L-glutamicacid (F2),
look to the Table 1.

Folcaud o S
- e ,F"i“'\-. P A
0 e i ” T
I"-TJ.JL_. J—“:- R ,/‘E-';;\.’_,- "
LS
AAC, Abs etbane! reflrmng af (130-2000C° far (431
.l-“-
A P
KD \ o
)
}_r 1
od S
comp. ] comp.2 ¥

T gt
L T 2

Figure 1. Interaction diagram.

Table 1. The Molecular Formula,
the colour, yield, and melting point of
Schiff base compounds.

Molecula el Yie
Com . ng colo 1d
P: Formula 13‘6’““ Hr %
Ligh
1 161- |t
W
Ligh
1 157- |t
F2 Cy5H,5 061 159 yello 93
W

The Schiff base compositions were
prepared by dissolving a known weight
of each substance in the (DMSO)
solvent based on the calculation of the
number of moles. The number of moles
was calculated wusing the below
formula[21]:

=W ©)

The number of moles is (n), the
measured mass of the compound (m),
and the molecular weight is (M.Wt).

After complete dissolution and
stirring, dilution was carried out using
the relationship[21]:

CVi=CV, - (10)

Where C; and V; are the initial
molarity concentration and volume, and
C, and V, are the final molar
concentration and volume.

4. Results and discussion

The Schiff base was characterized by
FT-IR, UV-Vis, 'H NMR, and "*C
NMR spectroscopy. The obtained
spectra  confirm  the  successful
formation of the structure. Furthermore,
the compounds were examined for their
antibacterial and antioxidant activities.
The synthesized compounds exhibited
antibacterial and antioxidant activities.

4.1 FTIR

The infrared (FTIR) spectra of (FA)
and the synthesized Schiff bases are
presented in Table 2. This Table

summarizes the characteristic
absorption bands and their
corresponding functional group
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assignment, while Fig. 2 shows the
overall FTIR spectrum, confirming the
presence of the expected functional
groups[22].

(b)

(©)
Figure 2. The FTIR spectra of the two

Schiff bases, (a) IR of the FA, (b) IR of
the F1, (¢) IR of the F2.

It confirmed the formation of the Schiff
base through the disappearance of the
primary amine (-NHz) bands of FA
and the appearance of the characteristic
azomethine (-C=N-) band in both F1
and F2, confirming the expected
chemical composition of the Schiff
base.

4.2 1HNMR, and 3CNMR

Bothe 'HNMR, and !3CNMR
spectra of the compounds were
recorded, providing detailed

information about the hydrogen and
carbon environment, as shown in Table
3. The obtained spectra verified the
molecular structure and the success the
Schiff base[23,24], as shown in Fig.3
and 4.

(b)
Figure 3. 'HNMR of Schiff bases (a)
F1, (b) F2.

Intensities are in agreement with the
anticipated chemical structure. It
records the presence of special signals
relative to the protons of various groups
in the (F1) and (F2), and the chemical
shift positions and signal, which proved
the successful preparation of the Schiff
base.

ERUERNERANERDY
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Table 2. The key functional groups of
FT-IR spectral data of the (FA) and
Schiff base ligand.

Assi FA Fl F2
E em) | em™) | (e
v {(OH)

stretchin 3390 | 3385.07 | 3342.64

g

v (N-H)

stretchin 3390

g

e, 1608.6
stretchin - 1597 3

g

(a)

(b)

Figure 4.13CNMR spectra of Schiff
bases, (a) F1, (b) F2.

I3CNMR spectrum is a structural map
that is specific and indicative of the
various chemical environments of the
carbon atoms in the compound. The
signals are represented coherently as
per their anticipated  structural
association. This match is a good
indication of how right the chemical

structure is and how successful the
process of preparation has been.

Table 3. 'HNMR, and '3CNMR
spectra data of the Schiff base,
identification of the most important
functional groups in the compounds.

1H 13C
Com | Assi Assi
5 n = | app n ® | app
. . ) . )
6.94 3;09'1
NH 867 |Ar-C | |50,
8
Ar- | 149.1
6.66 | C- 0
Ph-H | 259 | ocH | 1512
3 7
C=N | 768 |-c=N |1727
F1 3
1742
COoO | 11.5 | COO |8
H 123 |H 174.4
3
OCH | 56 52
CH 2.09 |3
2 1233 |- 193.8
Cc=C- |7
19.03
CH; |386 |CHy |, o0
6.85 é09.1
NH 890 |Ar-C ||,0,
12.3
8
6.67 | Ar- |149.1
Ph-H T len o
- 1725
F2 | (L [795 |-C=N |
Co0 | 11.5 |coo
H 123 |H 36.52
- 193.8
CH 439 | |5
2.09 19.03
CHx | 533 | CH2 | 3569

4.3 UV-VIS spectra

A strong absorption region was
observed between (200-400) nm, as
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shown in Fig. 5. This is attributed to the
appearance of absorption peaks
(m—m*), which is a highly sensitive
transition to hydrogen bonds. An
absorption band was apparent at
(300nm) that may attributable to
(n—7*) resulting from the occurrence
of (C=C) and (C=0). A sharp decrease
in transmittance was noted, with
complete transmittance absence in the
visible spectrum. The refractive index
was calculated using Eq. (4), and the
result are shown in Table 4.The high
refractive  index of  examined
compounds is attributed to the presence
of aromatic rings [25]. The observed
increment in the refractive index is
related to the significant rise in the
refractive index in the ultraviolet range
due to intense electronic transitions
occurring when the photon's energy
approaches the optical bandgap of the
material, as shown in Fig. 6.

300. 711" F1——Abs.
44 F2—— Abs.

250 2“10 2é0 250 3(‘)0 350 3:1-0 3‘60 350 400
A (nm)

Figure 5. Absorbance spectra for

synthesized Schiff base.

The magnitude of these peaks
shows that there is a great interaction
between the light and the electronic
structure of the compounds which
reveals their effectiveness in absorbing
electromagnetic radiation.

189 [F1—(auh)*2
14l [F2 (auh)*2

F1(Eg=3.78ev)

F2(Eg=3.83ev)

365 370 375 380 385 3.80 3.95 4.00
Energy=1240/A (ev)

60

50

o
o
1

(awh)?3 (ev*em™)®
()
(=]

F1(Eg=3.80ev)

F2(Eg=3.86ev)

385 370 375 380 385 390 39 400
Energy=1240/A (ev)

Figure 6. This value demonstrates the
(Eg) of the material that has been
studied.

The absorption coefficient is lower
than 10* in the absorption edge region,
thus, the electronic transition is indirect.
The energy band gap is calculated from
Eq. (3). Fig. 6 shows the energy band
gap difference of the F1 and F2. The
energy gap has the greatest value of
Eg=3.86ev, which means that the
indirect transition is of the type of
forbidden (indirect forbidden
transition). In this view of the energy
gap being of great value, the material is
considered to be an insulating material.
This finding was established by El-
Gammal et al. (2018). It was also
observed that the presence of an N atom
in the para position leads to a decrease
in the energy gap of (0.06ev), which is
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consistent with the results obtained by

Sidir et al. (2019)

[26,27].

Table 4. The optical properties of the

Schiff bases.

Optical properties F1 F2
n 1.2 1.2
a(cm™) 0.921 0.921
K*10°¢ 2.36 2.31
Eg (ev) (Indirect

o) 3.78 3.83
Eg (ev) (Indirect

sl 3.80 3.86
Ereal 1.5 1.5
em*10° 5.78 5.67

4.5 Antibacterial Activity

The synthesized compounds were
tested with regards to their
microbiological activity against Gram-
positive (Staphylococcus aureus) and
Gram-negative (Acinetobacter
baumannil) bacterial strains. F1 showed
much better antibacterial activity
(higher concentration (1mg/ml)) with a
great inhibitory activity to Gram-
positive bacteria, and its inhibition zone
reached about (24mm) as compared to
(F2). It was also found that both
compounds (F1 and F2) were showing
some activity against Gram-negative
bacteria. The identified antibacterial
effect can be explained by the electron-
withdrawing acidic carboxyl groups,
which facilitate the contact of the
compounds  with  bacterial  cell
components and the effectiveness of its
inhibitor  capacity [28] as is
demonstrated in Table 5. Fig. 7.
Biological activity of Schiff base.

Table 5. Antibacterial Activity data of the

Schiff base ligand.

Conc.

NO. | Comp. (enel)

Staph. | A.B

1 1 24 20
2 F1 0.5 17 16
3 0.25 13 12
1 1 22 20
2 F2 0.5 15 16
3 0.25 12 11

Antibacterial assessment

Staph. mAB

1 05 025 1 05 0.25

conc. (mg/ml)

Figure 7. Synthesized compounds:
biological activity.

4.6 Antioxidant Activity

DPPH is an unstable form of free
radical, which is purple in color and has
intense absorption at 517nm. Because
there is a presence of an antioxidant, the
free radical in DPPH will dissociate,
and the absorption of the free radical
will be reduced, and the color will lose
its intensity.

The antioxidant properties of
the produced compounds (F1 and F2)
were explored with the evaluation of
reducing power and free radical
scavenging activity of these compounds
in the context of DPPH assay at various
concentrations. The outcome revealed
that the two compounds had a high
antioxidant activity in a concentration-
dependent mode. F1 and F2 exhibited a
better reducing power than the ascorbic
acid, which was used as standard
antioxidant. The highest absorbance
value of (0.5153) was at a concentration
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of (0.12mg/ml), then it steadily declined
to (mag/ml) at (Img/ml). The results
denote that the prepared compounds
have a strong electron-donating
capacity [29]. Table 6 presents the
corresponding data. Fig. 8. Antioxidant
percentage activity.

Table 6. This is in the form of the
declining power of ascorbic acid and
its capacity to eliminate free radicals.

sampl | Conc. scavenein
e (mg/ml | Abs. o &
g %
name |)
0.12 (1"374 62.835
0224
o |02 ] 77.737
05 0.149 | 85.198
| (1"134 86.678
Contro | 1.006 i
I 6
0.12 2'431 56.965
B2 025 2'247 75.351
0.5 (5"148 85.193
| (5"145 85.492
Contro | 1.025
I 7 .

scavening% Flmp

012 025 05 1 012 0.25 05 1

conce. mg/ml

Figure 8. Activity of certain
prepared Schiff base compounds (as
antioxidants) expressed in percentages.

The antioxidant activity of the
compound (F1) in the free radical
scavenging system is the highest of the
synthesized Schiff base compounds,
with 85.492% and 86.678% as the rate
of free radical scavenging by the DPPH
technique[5].

5. Conclusion

1- It was found that the refractive
index and the gap between the energy
levels are high due to the increase in the

electron density of the compounds.

2-A high bacterial activity was
observed against (staph.) at a
concentration (lmg/ml) of the FI
compared to F2. In addition to their
broad-spectrum antibacterial activity,
the synthesized compounds also
exhibited  significant  antioxidant
capacity, indicating their potential to
protect biological systems from
oxidative stress.

3-Folic acid compounds are
extensively absorbed in the ultraviolet
space, thus they can be used in
photovoltaic applications.

6. Future work

Future research may focus on
synthesizing a wider range of Folic
Acid-based Schiff base derivatives
using different aldehyde substituents to
better understand the relationship
between molecular structure and optical
properties. Furthermore, subsequent
studies could investigate the electrical
and thermal properties of these
compounds to gain a deeper
understanding of their physical
behaviour and stability. Moreover,
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extensive biological studies, such as
cytotoxicity and  pharmacokinetic
studies, are recommended to more
broadly  evaluate the  potential
biomedical applications of these
compounds.
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