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The absorption spectrum was measured for Schift bases of thiophene in buffer solution at 25 °C to study medium effect in acidic and basic
solutions, to determine pKa values and to identify the sensitivity of these compounds for the ionization movement in the medium. This
facilitates the studied process of these compounds and understanding of their behaviour when exposed to electron acceptors. The UV-
visible spectra of the Schiff bases were studied in buffer solutions of different pH = (2-12) containing 30 % (v/v) ethanol to affect the

thiophene have studied in organic solvents of varying polarity and buffer solutions of different pH.

| |
| solubility of the organic compounds. In the present paper the electronic absorption spectra of some Schiff base compounds derived from |
| |
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INTRODUCTION

The study of the charge-transfer complexes formed by
the reaction of aromatic electron acceptors (n-acceptors) with
various electron donors have attracted considerable interests
and growing importance owing to their significant physical
and chemical properties'®. Some of the charge-transfer comp-
lexes show interesting applications in the field of analytical
chemistry”®. Thiophene charge-transfer complexes are of
special interest and importance. This is because some of these
complexes have shown interesting properties dealt mainly with
the determination of the electron affinities of the acceptors or
the ionization potential of the donor molecules”'? and the
investigation of the charge transfer interaction within the
complex molecules”. The stoichiometric structure, spectral,
thermal and electronic properties of the complexes depend
strongly on the type and nature of the donor base as well as the
electron acceptors and polarity of the solvents. The properties
of multiple molecules compounds were one of the current
challenges in the field of physical chemistry to detect the
structure of such molecules and test the correlation properties
of the chemical and physical nature.

Issa et al."* studied the electronic absorption spectra of
some hydroxyl aryl Schiff bases in organic solvents of different
polarity. Also the pK, values of the investigated compounds
were determined from spectral measurements in buffer
solutions of varying pH.

The present article deals with a study on the intermolecular
charge-transfer complexes of some thiophene with nitroben-
zene derivatives. The effect of changing buffer solutions of
various pH Schiff bases compounds of thiophene donor was
studied to set the values of pK,. Elucidation of the role of
molecular structure of the complexes as well as the nature of
the organic solvents and buffer solutions have been studied,
the stoichiometry, the apparent formation constant, some
physical parameters of charge transfer complexes.

EXPERIMENTAL

To prepare Schiff bases we used compounds consisting
of a primary amine: addition 2-amino dibenzothiophene to
the three aldehydes are: benzaldehyde, salicylaldehyde and
2,4-dihydroxy benzaldehyde, all from the Laboratory Rasayon
(LR).

Analysis elements of carbon, hydrogen, nitrogen and
sulfur and calculated practical and theoretical percentage and
recorded in the Table-1. And comparing these theoretically
calculated ratios with those found in practice, was noted that
itis close to a large extent. As shown by the elemental analysis
of the above-mentioned compounds that Schiff bases were
obtained with molecular formulae shown in the Table-2. Results
of elemental analysis, melting points in addition to the molecular
formula in Table-1 clearly points to match the results of the
analysis process with the ratios calculated, as can also be charge
transfer complexes by 1:1 and 1:2 donor:acceptor.
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TABLE-1
ELEMENTAL ANALYSIS AND MELTING POINT FOR SCHIFF BASE COMPOUNDS AND SOME CHARGE TRANSFER COMPLEXES
C (%) H (%) N (%) S (%)
Comp. m.p. (°C)
Calc. Found Calc. Found Calc. Found Calc. Found
D, 79.41 79.74 4.56 4.55 4.87 4.34 11.16 11.00 87-90
DA, (1:1) 58.14 57.98 3.12 3.02 10.85 10.39 6.21 6.01 88-91
D,A; (1:2) 49.94 49.74 2.57 2.46 13.15 12.85 4.30 4.03 75-77
D, 75.22 75.63 432 4.47 4.62 4.51 10.57 10.02 102-103
D,A; (1:1) 56.39 58.41 3.03 3.93 10.52 10.25 6.02 5.81 96-98
D,A, (1:2) 48.89 48.69 2.51 2.54 12.87 12.76 421 420 102-104
D; 71.45 70.98 4.10 4.18 4.39 3.66 10.04 10.02 59-60
DA, (1:1) 54.75 54.93 2.94 2.88 10.21 10.76 5.85 5.65 138-140
D;A; (1:2) 47.88 47.92 2.46 2.37 12.61 12.91 4.12 4.06 54-57
To measure pH, a digital device of the type (Hanna Model
O 211) with (combined electrode) and sensitivity 0.01 has been
/ used. To calibrate the device buffer solutions of BDH was also
S NH, used.
2-Aminodibenzothiophene o RESULTS AND DISCUSSION
X
O\ O\ OH Visible and ultraviolet spectra of Schiff bases were
OH measured in aqueous solutions containing 30 % (v/v) ethanol
to affect the solubility of the organic compounds. These measu-
rements have applied using universal buffer to control the value
) . HO of pH in the range between pH = (2-12)". The spectra in buffer
Benzaldehyde Salicylaldehyde  2,4-Dihydroxybenzaldehyde solutions of varied pH are also studied and utilized for the
o o determination of the ionization constants (pK,) of the Schiff
|, |, || bases complexes.
_N _N / N . . . N
o~ o~ o~ ~0 Absorption spectra of Schiff bases are shown in Fig. |
prepared in concentration solutions 0.5 x 10* M of varying
pH observed the appearance of many absorption bands at
N different wavelengths ranging between 200-400 nm. The bands
o7 g O' due to localized -7t transitions displayed slight changes, while
1,3-Dinitrobenzene (A,) 2,4- Dmltrophenol (Ay) Plcrlc ac1d (A3) the charge transfer band showed interesting changes with
increasing pH.
TABLE.2 The spectra of compound D,, which not containing the
MOLECULAR FORMULA FOR DONOR SCHIFF BASES phenolic OH group, exhibited changes in the extinction, density
Ton, and position of the charge transfer band only within the base
Code M (mw) Proposed structure range of pH. The band absorbance increased and was slightly
shifted to red with increasing the pH of the medium. While in
b C,,H,:NS acidic solutions characterize the existence of absorption bands
| (287.38) ©/§N at 213, 280.5 nm due to the absorption of the presence of the
e exposed non ionized in this medium also due to the transitions
n-1" and transitions for charges within the molecule. The band
o C,/H,.NOS OH absorbance increased and the band was slightly shifted to red
2 (303.38) %N with increasing the pH-absorbance curves. With rise of pH,
S Fig. 1 showed new band developed at longer wavelength 293
nm due to the ionized while a, clear isosbestic points are observed
HO OH . . e . . 16
D, C,,H;3NO,S denoting the existence of an equilibrium of the acid base type°.
(319.38) N s For the two compounds D, and Ds, the absorption of the

The impact of the electromagnetic spectrum of chemical
compounds is very important to identify the molecular structure
of compounds that are prepared and to through light on
the structure of Schiff bases and charge transfer complexes
prepared of them, it will use the infrared spectrum in addition
to the spectrum, nuclear magnetic resonance and UV and
visible spectra.

charge transfer band decreased with rise of pH and a new
absorption shoulder developed at longer wavelength, while
the appearance of isosbestic points are observed denoting the
existence of an equilibrium of the acid base type. The absorp-
tion band appeared in the two compounds D, and D; at 214,
275 nm and 219, 281 nm, respectively, the absorption of the
charge transfer band decreased with rise of pH. However the
absorption of the charge transfer band increases in basic
medium with rise of pH as occurred to red shift wavelength
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Fig. 1. Absorption spectra of D, and Ds in universal buffer variable pH

longer 290, 334.5 nm in D,, D5, respectively. The pH absorbance
changes were utilized to calculate the acid dissociation constants
of the protonated species and the phenolic OH groups'’. On
considering the behaviour of D, and Ds, it can be concluded
that the acid base equilibrium on the acid side would involve
the dissociation of a proton from the protonated benzene ring.
On the alkaline side, the ionization of the phenolic group takes
place in compounds D, and D;. These equilibrium can be

presented as follows:

Acidic region Alkaline region

It was also noted that the appearance of convergence clear
points and indicate the presence of acid - base equilibrium
confirms the existence of two points of isosbestic point in both

of the two compounds at a wavelength of 260, 277 nm in the
compound D, and at 256, 303 nm in the case of compound
Ds.

Determination of the ionization constants values pK,
of thiophene Schiff bases in buffer solutions of varied pH:
The pH absorbance changes were utilized to calculate the acid
dissociation constants of the protonated species and the
phenolic OH groups. This was achieved by applying the half
height, limiting absorbance and modified limiting absorption'®"?.

Half-height methods (HHM)®: The method is based on
the higher value of the absorption A,.x represents the transfer
of one form of the compound to another and as the pH value
equal pK, when both the two forms are in equal amounts, the
pH value which corresponds to half the height of the absorption
curves in absorption with pH equal to the value of pK,. Using
the following formula to estimate the values of pK,:

pK.=pH (A1/2) + log f

where f was the efficiency coefficient and reach 0.9 value in
case of the following ionization:

HR =R- + H+
And the value of A1/2 given the following relationship:
Al1/2 = (Anmax — Aunin)/2 + Anin
or
A1/2 = (Amax + Anin)/2

where A, is the value of less absorption, A is the value
higher absorption and A1/2 the value of Half-height methods
in pH curves with absorption.

Limiting absorbance method (LAM)*: According to
this method and in the dilute solutions:

pH = pK, + log [A/(Amax — A)]

The relationship between pH and log [A/(Amx - A)] get a
straight line, the pK, value can be evaluated which is equal to
pH value when the value of the amount log [A/(Amax - A)]
equal to zero.

Modified limiting absorbance method (MLAM)*: Since
the specific absorption A.x match the total concentration parts
present in the solution and the absorption A at a given measuring
pH, the value of A changes with pH and at a certain wavelength.

pK. value is evaluated of the following relationship:

pH = pK + log [(Anux — A)/(A - Anin)] + log £

where log f = 0 in very dilute solutions, then the previous
equation becomes as follows:

pH = pK + lOg [(Amax — A)/(A‘ Amin)]

The relationship between pH and 10g [(Amax - A)/(A-Anin)]
get a linear relationship of which pK, can be evaluated when
equal pH value where the amount of 10g [(Amax-A)/(A-Amin)]
equal to zero.

Effect of buffer solutions at varying pH on Schiff base
compounds was studied to determine peak values and to
identify the sensitivity of these compounds for the ionization
movement in the medium, thus facilitate the studied process
of these compounds and understand their behaviour when
exposed to electron acceptors. To study in more than one area
of the spectroscopic studies and conductivity.
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Figs. 2 and 3 show the relationship diagrams used to calcu-
late the values of the ionization constant for the Schiff bases
donor compounds using three methods (half-height methods,
limiting absorbance method, modified limiting absorbance
method) in universal buffer solutions (Table-3) and the calcu-
lated pK, values that depend on the nature of the compound
and the medium study and calculated at different wavelengths
of the three above-mentioned methods.

The pK, values were obtained for each compound in three
different ways and it was observed that the values have
coincided to some extent with each other. For example, the
values pK, calculated for donor compound D; in universal
buffer at a wavelength of 293 nm and using the method of

D, Half-height methods
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half-height methods equal to 9.5 while the value of 8.11 in a
method limiting absorbance method while equaled 9.56
method modified limiting absorbance method, while at the
wavelength at least 217 nm were values equal to 10.2 by half-
height method and 7.19 limiting absorbance method found a
way while they are equal to 10.4 when using modified limiting
absorbance method for the same compound and with the buffer
solution.

The pK, values calculated for the donor compound D; in
universal buffer at a wavelength of 291.5 nm and using the
method of half-height methods equal to 8.5 while it was 10.2
limiting absorbance method while in a method equaled 10.06
modified limiting absorbance method, while at least 218.5 nm

D, Half-height methods
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Fig. 2. Relations graphs of three methods (half-height methods, limiting absorbance method, modified limiting absorbance method) used to
calculate the pK, values for donor compounds D, and D, using universal buffer
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TABLE-3
VALUES OF THE IONIZATION CONSTANT pKa CALCULATED AT DIFFERENT WAVELENGTHS OF THE DONOR
COMPOUNDS UNDER STUDY WITH UNIVERSAL BUFFER THREE WAYS HALF-HEIGHT METHODS,
LIMITING ABSORBANCE METHOD, MODIFIED LIMITING ABSORBANCE METHOD

Absorbance pK,
. Limiting absorbance Modified limiting
Compd. pH M=2930 A =2175 Half-height methods method absorbance method Mean
M M A M A
2.23 0.054 1.096
3.12 0.069 1.117
4.12 0.074 1.128
5.08 0.109 1.209
D, o oo o 95 8.11 7.19 9.56 10.4 9.16
8.80 0.150 1.371
10.09 0.361 1.952
10.90 0.403 2.031
12.00 0.465 2.893
Absorbance pK,
. Limiting absorbance Modified limiting
Compd. pH M=2915 A=2185 Half-height methods method absorbance method Mean
M M A M A
2.23 0.017 0.954
3.12 0.019 0.968
4.12 0.02 0.97
5.08 0.022 1.053
D, ;(l)g 88;; }}ég 8.5 10.2 7.17 10.06 10.07 9.27
8.80 0.107 1.591
10.09 0.394 2.000
10.90 0.444 2.165
12.00 0.536 2.836
Absorbance K,
. Limiting absorbance Modified limiting
Compd. pH M=3345 A =2815 Half-height methods method absorbance method Mean
M M A M A
2.23 0.012 1.115
3.12 0.009 1.125
4.12 0.012 1.129
5.08 0.016 1.133
D, o fhes P 77 7.79 9.4 8.1 7.26 7.94
8.80 1.729 0.369
10.09 1.694 0.478
10.90 1.662 0.380
12.00 1.691 0.375

wavelength values were equal to 9.6 and 7 way half-height
methods 0.17 limiting absorbance method way while they
found equal to 10.07 when using modified limiting absorbance
method.

Curves between pH and absorption in the (half-height
methods) method of compound D; at different wavelengths
Z-shape or S as shown in Fig. 3. This behaviour is used to
estimate the pK, of this compound by the application of the
limiting absorbance method and Half-height methods. The
calculated values of pK, of the compound in the donor D;
Universal buffer at a wavelength of 334.5 nm and using the
method of half-height methods equal to 7.7, while their value
was 7.79 limiting absorbance method while in a method
equaled 8.1 modified limiting absorbance method, while at
least 281.5nm wavelength values were equal to 7.4 and 9 half-
height methods. 4 limiting absorbance method way while they

found equal to 7.26 when using modified limiting absorbance
method.

The above study, where Issa was able to calculate the pK,
values for some compounds bisazo-dianils three ways (half-
height methods, limiting absorbance method, modified limiting
absorbance method) in buffer solution pH value ranging
between 4.5-12%. Khedr et al.** also reported the calculation
of pK., values in the buffer solution in which the values of pH
ranged between 2.12 and that for some dyes using new methods
(half-height methods, limiting absorbance method). On
comparing our findings with the findings of the previous
methods for the same and it was observed that the values of
pK. be close despite the differences in method of calculation.

Raafat method (half-height methods, limiting absorbance
method) in the calculation of pK, values for five compounds of
Schiff bases formed by condensing derivatives aminubensuthiazul
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3. Relations graphs of three ways (half-height methods, limiting
absorbance method, modified limiting absorbance method) used to
calculate the values of pK, of the donor Ds compounds using
Universal buffer

2-aminobenzothiazole with some aldehydes in buffer solutions
where the values of pH ranged® between 2-12.
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