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Abstract—A study of the nature of electronic transitions in different structural forms of pyridoxine hydrochloride
molecule shows that the maxima in experimental absorption spectra at wavelengths 244 £ 1 nm, 310 = 1 nm
(pH 12.5),291 £ 1 nm (pH 1.1, pH 4.1), 258 = 1 nm, 291 £ 1 nm, and 324 + 1 nm (pH 4.15) are, along with
the corresponding lines in theoretical spectra, due to electron transitions from occupied molecular p-orbitals
localized on the nitrogen atoms in the structure of pyridine rings to the vacant p-orbitals of double C=N

bonds.
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INTRODUCTION

Pyridine derivatives that are heterocyclic nitrogen-
containing compounds find wide application in the
fields of nano- [1] and optoelectronics [2], medicine,
and other branches of science and technology.

One such compound is pyridoxine hydrochloride
(C4H | NO; - HCI), which was first isolated in 1938
from liver, yeast, and bran, and was synthesized the
same year. Its structure, 2-methyl-3 hydroxy-4,5-di-
(oximato)-pyridine (Fig. 1), was chemically deter-
mined in 1939.

Pyridoxine hydrochloride is a white crystalline
powder with a melting point of 214°C and a density of
1.353 g cm ™3 [3]. This substance is readily soluble in
water, barely soluble in alcohol, and virtually insoluble
in ether [3]. Pyridoxine hydrochloride crystallizes into
an orthorhombic lattice with point symmetry group
mm?2 (space group Pn2,a) [4]. The lattice parameters
area=12.377A,b=4.652A,c=14.112A, =4, and
V = 812.54 (A)3 [5]. Pyridoxine hydrochloride is a
form of vitamin By. In neutral solutions, CgH;;NO; -
HCI has a neutral uncharged form [6]; protonation in
the structure of the pyridine ring, which is typical of all
derivatives of pyridine, occurs at pHes of less than 6
(acidic solutions); in solutions with pHes from 7 to 10
(alkaline solutions), the N—H bonds are deformed [6].

The aim of this work was to explain the experimen-
tal absorption spectra we obtained in [7—9]. We there-
fore studied the nature of electronic transitions in a
pyridoxine hydrochloride molecule in the ultraviolet
region using the ZINDO/S quantum mechanical
approach.

EXPERIMENTAL

The absorption spectra of pyridoxine hydrochlo-
ride in [7—9] were measured in solutions of the test
substance in purified water, a 0.1 M solution of hydro-
chloric acid, a 0.1 M solution of sodium hydroxide,
and 95% ethanol. The solutions were obtained via
serial dilution. We first diluted 0.05 g of pyridoxine
hydrochloride in 100 mL of distilled water. Then 1 mL
of the resulting solution was placed in a 50 mL capacity
measuring flask filled with a given solvent. The concen-
tration of pyridoxine hydrochloride in the solution was
thus 0.001%, allowing us to study absorption in the UV
and visible regions in the working range of the spectro-
photometer’s optical density (D = 0.5—0.7).

Our earlier studies of pyridoxine hydrochloride
absorption spectra showed that the absorption spec-
trum at pH 4.1 and 1.1 (solvents, 95% ethyl alcohol
and 0.1 M hydrochloric acid, respectively) is charac-
terized by a single absorption band with a maximum at
291 = 1 nm (Fig. 2, curves 1, 3) [7—9]. At pH 4.2 (sol-
vent, distilled water), the spectrum has three absorption
maxima at 258 £ 1, 291 = 1, and 324 £ 1 nm (Fig. 2,
curve 4). At pH 12.5 (solvent, 0.1 M sodium hydrox-
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Fig. 1. Structural formula of a pyridoxine hydrochloride
molecule.
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Fig. 2. Optical absorption spectra of pyridoxine hydro-
chloride in (/) a 0.1 M solution of hydrochloric acid, (2) a
0.1 M solution of sodium hydroxide, (3) 95% ethyl alco-
hol, and (4) distilled water.

ide), the spectrum is characterized by two absorption
bands with maxima at 244 = 1 and 310 = 1 nm (Fig. 2,
curve 2).

Pyridoxine hydrochloride is a derivative of pyridine
(Fig. 1) and, like ethionamide and prothionamide, has
absorption bands due to transitions in the pyridine
ring. However, the pyridoxine hydrochloride mole-
cule contains a great many auxochrome substituents
(Fig. 1) that are transparent in the studied spectral
range and shift the absorption bands of pyridine to the
long-wavelength region [10].

Pyridoxine hydrochloride in different pH solutions
has different ionized forms. According to our experi-
mental spectra, pyridoxine hydrochloride in hydro-
chloric acid (pH 1.1) and ethanol 95% (pH 4.1) exists
in the form of peridin ions (Fig. 3b) [6]. As a rule, the
optical properties of substances have practical applica-
tions in the range of near UV to near IR wavelengths.
The electronic absorption spectra were therefore stud-
ied in the range of 220 to 400 nm. The maximum of the
p-band in the solution of hydrochloric acid is at a
wavelength of less than 220 nm (in the short wave-
length region of the spectrum), and this absorption
band is not observed in the experimental spectrum.
The o-band lies at 291 = 1 nm. According to the mea-
sured spectra, pyridoxine hydrochloride in a 0.1 M
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solution of sodium hydroxide (pH 12.5) exists in two
forms: that of a phenolate anion (Fig. 3a) and base
(Fig. 1). The maximum of the p-band is not seen in the
measured absorption spectra of the phenolate-anion
and base forms. The maximum of the o-band of pyri-
doxine hydrochloride lies at 310 £ 1 and 244 = 1 nm
for the phenolate-anion and base forms, respectively.
Our study of the absorption spectra showed that in dis-
tilled water (pH 4.15), pyridoxine hydrochloride exists
in three forms. As a result, the maximum of the
o-band lies at 258 = 1, 291 £ 1, and 324 = 1 nm for the
base, pyridine ion, and phenolate-anion forms,
respectively.

To explain the nature of the absorption bands of
pyridoxine hydrochloride, we performed theoretical
studies of its absorption spectra using the ZINDO/S
quantum mechanical approach.

Because the pyridoxine hydrochloride in a test
solution can exist in various forms, the spectral char-
acteristics were calculated from the interaction of con-
figurations for the phenolate-anion, pyridine-ion, and
base forms. The geometry of the molecule in these
forms was obtained via MM+ molecular mechanics.
The results for bond lengths and valence angles are
given in Tables 1 and 2.

The calculated optical characteristics of pyridoxine
hydrochloride in different forms, obtained using the
ZINDO/S approximation, are given in Table 3.

Calculations of the UV absorption spectra from the
interaction of configurations showed that the absorp-
tion maxima in the experimental spectra of pyridoxine
hydrochloride correspond to the absorption bands of
the pyridine ring.

According to our ZINDO/S calculations, the
absorption line of pyridoxine hydrochloride in the form
of abase at 269.07 nm is due to the transition of an elec-
tron from atomic orbital 33 (energy level, —8.61 €V) to
vacant atomic orbital 34 (energy level, 0.55 eV). The
absorption line of pyridoxine hydrochloride in the form
of a phenolate anion at 296.3 nm is due to the transition
from atomic orbital 32 (energy level, —9.73 eV) to
vacant atomic orbital 33 (energy level, —5.87 V). The
absorption line of pyridoxine hydrochloride in the
form of a pyridine ion at 307.38 nm is due to the tran-
sition from atomic orbital 33 (energy level, —8.45 eV)
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Fig. 3. Structural formula of pyridoxine (a) in the form of a phenolate anion and (b) in the form of a pyridine ion.
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Table 1. Theoretical bond lengths in the ground state of a pyridoxine hydrochloride molecule in different forms
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Bond length for pyridoxine Bond length for pyridoxine Bond length for pyridoxine
Bond hydrochloride in the form hydrochloride in the form hydrochloride in the form
of abase, A of a pyridine ion, A of a phenolate anion, A
C(1)—C(2) 1.350 1.350 1.347
C(2)—C(3) 1.346 1.347 1.345
C(3)—N 1.263 1.266 1.264
N-C4) 1.262 1.263 1.262
C4)—C(5) 1.344 1.344 1.345
C(1)—C(5) 1.350 1.349 1.350
C(5)—C(7) 1.514 1.514 1.511
C(7)—0(3) 1.435 1.435 1.402
C(1)—C(6) 1.516 1.516 1.512
C(6)—0(2) 1.435 1.435 1.402
C(2)—0(1) 1.361 1.362 1.394
C(3)—C(8) 1.508 1.513 1.507
O(1)—H(1) 0.971 0.971 -
0(2)—H(2) 0.981 0.981 0.942
O(3)—H(3) 0.981 0.981 0.942

Table 2. Bond angles in the ground state of a pyridoxine hydrochloride molecule in its different forms

Calculated bond angle. Experimental bon'd jangl'e Experimental bond angle
Bond angle deg for the form of a pyridine ion, | for the forr.n of a phenolate
deg anion, deg

C(3)—-N—-C(4) 119.2 119.1 119.2
N-C(4)—C(5) 124.4 124.5 124.8
C4)—C(5)—C(7) 119.9 119.9 119.8
C4)—C(5)—C(1) 116.9 117.0 116.9
C(1)—-C(5)—C(7) 123.2 123.1 123.3
C(5)—C(7)—0(3) 109.3 109.3 110.8
C(5)—C(1)—C(6) 122.2 122.3 123.1
C(5)-C(1)-C(2) 118.4 118.3 118.3
C(2)—C(1)—C(6) 119.3 119.4 119.6
C(1)—C(6)—0(2) 109.1 108.9 109.9
C()—C(2)—C(3) 118.5 118.9 120.4
C(1)—C(2)—0(1) 122.0 121.7 120.3
O(1)—C(2)—C(3) 119.5 119.4 119.3
C(2)—C(3)—C(8) 122.2 120.7 123.0
C(22)—-C@3)—N 122.5 122.2 121.3
N-C(3)—C(8) 115.3 117.1 115.7
C(2)—O(1)—H(1) 109.6 109.7 —

C(6)—0(2)—H(2) 106.1 106.0 107.8
C(7)-0(3)—H(3) 106.2 106.2 107.8
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Table 3. Calculated optical characteristics of pyridoxine
hydrochloride

of p}ljroi(rircl)que Calculated Oscillator
h
hydrochloride | Vavelength A, nm | - strength foc.
Phenolate anion 296.3 0.123
Pyridine ion 307.38 0.116
Base 237.39 0.121
269.07 0.134

to vacant atomic orbital 34 (energy level, —2.70 eV).
According to the table of electron occupancy on
atomic orbitals, orbital 33 of pyridoxine hydrochloride
in the form of a base, orbital 32 in the form of a phe-
nolate anion, and orbital 33 in the form of a pyridine
ion correspond to the p, orbital of the nitrogen atoms
in the structure of pyridine rings. In addition, the table
shows that orbital 34 of a molecule in the form of a
base, orbital 33 in the form of a phenolate anion, and
orbital 34 in the form of a pyridine ion correspond to
the p, orbital of the carbon atoms attached by double
bonds to the nitrogen atoms in pyridine rings.

CONCLUSIONS

It was established that the absorption bands in the
experimental spectra of pyridoxine hydrochloride at
244 + 1 nm, 310 = 1 nm (solvent, 0.1 M sodium
hydroxide), 291 £ 1 nm (solvent, hydrochloric acid
and 95% ethyl alcohol), 258 = 1 nm, 291 £ 1 nm, and
324 + 1 nm (solvent, distilled water) and their corre-
sponding absorption lines in the theoretical spectra of a
pyridoxine hydrochloride molecule in its different
structural forms are due to the absorption of light
quanta by electrons localized on the nitrogen atoms
in the structure of pyridine rings. The transition pro-
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ceeds from the occupied molecular p-orbitals to the
vacant p-orbitals of the double C=N bonds (a t—m*
transition).
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