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ABSTRACT. A charge-transfer process between an electron-rich and an electron-deficient component creates 
molecular assemblies, which have several uses in a variety of electronic, optical, sensor, and catalysis fields. 
Therefore, this study was focused on getting some knowledge about the intermolecular charge transfer complexes 
between the 1-hydroxybenzotriazole (HBT) with picric acid (PA) and iodine (I2) as π and σ- acceptors. The charge-
transfer interaction of the HBT electron donor and the PA acceptor has been studied in methanol solvent. The 
resulting data referred to the formation of the new CT-complex with the general formula [(HBT)(PA)]. The 1:1 
stoichiometry of the reaction was discussed upon the on elemental analysis and photometric titration. On the other 
hand, the 1:1 HBT-iodine (I2) charge-transfer complex has been studied spectrophotometrically in chloroform at 
room temperature with general formula [(HBT)(I2)]. The electronic absorption bands of (I2) are observed at ~ 510 
nm. Raman laser spectrum of the brown solid iodine complex has two clear vibration bands at 165 and 113 cm-1 due 
to I2 stretching frequency, respectively. The scanning electron microscopy (SEM) and energy dispersive X-ray 
spectroscopy (EDX) of two HBT charge-transfer complexes were discussed. 
 
KEY WORDS: Benzotriazole, Charge transfer, Electron acceptors, Spectroscopic, Morphology 
 

INTRODUCTION 
 

Benzo-fused azoles are a type of heterocyclic compound of great interest in the field of medicinal 
chemistry because of their characteristics and uses. Drugs with this heterocycle moiety as the 
primary component have been used extensively in clinics, such as an anthelmintic for humans [1], 
and benzoimidazole and its derivatives have been studied for decades [2]. Benzoxadiazole, 
benzothiazole, and benzotriazole are examples of benzo-condensed azoles with three heteroatoms 
that have been thoroughly investigated for their wide spectrum of biological activity [3, 4]. Few 
assessments, though, focused on just one nucleus. Providing an overview of benzotriazole-based 
systems and their significance in medicinal chemistry is, in fact, the goal of this work. 
Additionally, benzotriazole (BT) functions as a precursor to radicals or carbanions or as an 
electron donor. Through a sequence of events, including condensation, addition reactions, and 
benzotriazolyl-alkylation, it can be readily incorporated into various chemical structures [5-7]. 
Additionally, several writers have documented employing BT as a synthon to create stable 
nitrenium ions [8]. A tetrahydroquinoline library was also created using polymer-supported 
benzotriazoles as catalysts [9]. Since appropriately substituted benzotriazole derivatives can boast 
the most diverse biological properties, such as plant growth regulator [10-13], choleretic [14], 
antibacterial [15], antiprotozoal [16], antiviral [17], and antiproliferative [18] activity, the 
pharmaceutical industry is primarily interested in BT. 

Applications for charge transfer (CT) complexes include DNA binding, drug receptor binding 
mechanisms, and antibacterial, antifungal, and antitumor properties [19-21]. This response results 
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from a weak exchange between acceptors and donors [22, 23]. The electrical characteristics of 
CT complexes have also led to their usage as organic solar cells and organic semiconductors [24]. 
Two non-covalent interactions—hydrogen bonds and dipole–dipole interactions—have been 
shown to stabilize the solid CT complex [25, 26]. Donor molecules can be quantified by the 
creation of deep-colored complexes, which are frequently linked with proton transfer reactions 
between donors and electron acceptors. These complexes absorb energy in the visible or 
ultraviolet spectrum [27]. Consequently, the amount of donor medications is calculated using 
absorption values at maximal absorption wavelengths. The donors are typically compounds 
containing sulphur or nitrogen atoms that have aromatic rings rich in electrons or free electron 
pairs [28, 29]. Charge transport complexes using hydrogen have drawn a lot of interest from a 
variety of disciplines, including solar energy storage and surface chemistry. Numerous biological 
fields also make use of them [30, 31]. 

In-depth research has been done on charge-transfer complexes involving various organic 
species due to their unique interactions that result in the transfer of an electron from the donor to 
the acceptor [32-35]. To create polyiodide ions with intriguing electrical and solar cell 
applications, such as I3

-, I5
-, I7

-, and I9
-, iodine was used as a sigma acceptor in reactions with 

various organic (aliphatic/aromatic) donors, including amines and crown ethers [36-39]. The 
intermolecular charge-transfer complexes of picric acid or iodine with 1-hydroxybenzotriazole 
have not been documented in literature reviews. This study examined the charge-transfer chelation 
of two distinct acceptors (picric acid and iodine) using 1-hydroxybenzotriazole.  
 

EXPERIMENTAL 
 
Chemicals 
 
Iodine, picric acid, 1-hydroxybenzotriazole, and other chemicals and solvents were obtained from 
Fluka, Aldrich, and Merck companies and utilized without additional purification.  
 
Instrumentals 
 
A Perkin-Elmer CHN 2400 elemental analyzer was used for the elemental analyses. Jenway 4010 
conductivity was used to assess the molar conductance of the HBT and their charge-transfer 
complexes using 10-3 mol/L in DMSO. KBr pellets were used to record IR spectra (4000–400     
cm-1) on a Bruker FT-IR Spectrophotometer, and samples' Raman laser spectra were examined 
using a 50-mW laser on a Bruker FT-Raman. Using a Jenway 6405 Spectrophotometer and a 1 
cm quartz cell, the UV/vis spectra of the reactants and products were acquired in the 200–800 nm 
range in chloroform solvent (10–4 M). Analytical scanning electron microscopy was used to scan 
the samples for the Jeol JSM-63OLA. The elemental analysis was performed using the Energy-
Dispersive X-ray Analysis (EDX) instrument, an optional add-on to the JEOL JSM-6390(LA).  
 
Synthesis of iodine-HBT and PA-HBT solid complexes 
 
The two solid charge-transfer complexes of HBT with σ-acceptors (picric acid, PA) and iodine, 
I2 were made by combining 1 mmol (0.136 g) of the HBT donor in 15 mL of chloroform with 1 
mmol solution of each acceptor in the same solvent while stirring constantly for approximately 
an hour at room temperature. At room temperature, the mixtures were allowed to precipitate. The 
colored complexes (brown and yellow) that formed in the solid state were then filtered, cleaned 
with a small amount of solvent, and then vacuum-dried on anhydrous calcium chloride.  
 
 
 



Charge-transfer complexes formed between 1-hydroxybenzotriazole versus iodine  
 

Bull. Chem. Soc. Ethiop. 2025, 39(7) 

1439

RESULTS AND DISCUSSION 
 
Elemental analysis  
 
The empirical formula for [(HBT)(I2)] brown complex is C6H5ON3I2; its percentages are %C, 
18.42 (18.53); %H, 1.17 (1.30); and %N, 10.71 (10.80). The empirical formula for [(HBT)(PA)] 
yellow solid charge-transfer complex is C12H8O8N6; the calculated percentages of C, 39.44 
(39.57), H, 2.18 (2.21), and N, 23.01 (23.07) are displayed in parentheses, whereas the 
experimental data is not. To identify the ideal circumstances for the complexation process, 
spectrophotometric analysis was used to examine the follow-up of both brown and yellow colors 
that developed upon the charge-transfer complexes between iodine and picric acid acceptors with 
HBT donor. The HBT donor functions as a potent electron donor because it has a variety of 
donating atom types. The proportions of carbon, hydrogen, and nitrogen atoms are in line with 
the 1:1 molar ratio for HBT-PA and HBT-I2 between the HBT donor and a few intriguing 
acceptors, such as iodine and picric acid.  
 
Molar conductance 
 
Starting materials and the resulting HBT charge transfer complexes were measured for 
conductivity in DMSO at a concentration of 10-3 mol/L. The HBT charge-transfer complexes have 
molar conductivities between 32 and 45 Ω-1cm-1mol-1. A slightly electrolytic character was 
indicated by molar conductance measurements. According to the acid-base theory, this data 
results from the creation of intermolecular positive and negative dative anions (D+A–) [40], see 
formulas I and II. 
 

 

 
                   Formula I                                         Formula II 

 
Electronic spectra and photometric titration 
 
Figures (1 and 2) display the electronic absorption spectra of the 1:1 CT-complexes that were 
generated as well as those of the reactants, 1-hydroxybenzotriazole (HBT) (1.010-4 M) with 
picric acid (PA) and iodine (I2) (1.010-4 M) in CHCl3 and CH3OH. Strong absorption bands can 
be seen in the spectra of the produced CT-complexes at around 510, and 353 nm for [(HBT)(I2)], 
and [(HBT)(PA)], respectively. These bands are absent from the spectra of reactants. It was 
demonstrated that the HBT-acceptor reactions always had a stoichiometry of 1:1. Both the 
infrared spectra of the complexes, which show the presence of the bands characteristic for both 
the HBT and the acceptors, and the elemental analysis data of the isolated solid CT-complexes, 
as shown in the experimental section, were used to draw this conclusion. Measurements of 
photometric titration also provide significant support for the 1:1 stoichiometry (Figures 1 and 2).  
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                                      A                                         B 
 
Figure 1. (A): UV-Vis. spectra and (B): photometric titrations of HBT-iodine charge transfer 

complex. 
 

Photometric titration were performed at 25 oC for the reactions of HBT with iodine and picric 
acid in different solvents such as CHCl3 and CH3OH under the conditions of fixed HBT 
concentration (1.010-4 M) while the concentration of (iodine & picric acid) was changed over 
the range from 0.2510-4 to 3.010-4 M and these produced solutions with HBT:I2 and HBT:PA 
ratio various from (1:0.25) to (1:3). These ratios were practically achieved by mixing 1 mL of 
HBT donor (510-4 M) with X mL of iodine and picric acid (510-4 M) and the mixture volume 
was diluted in each case to 5 mL by the use solvent. The electronic absorption spectra of the HBT 
donor, acceptors (iodine and picric acid) and the formed CT-complexes in chloroform and 
methanol were recorded in the region of 200-800 nm using UV-Vis. Spectrophotometer model 
Shimadzu UV-spectrophotometer model Jenway 6405 Spectrophotometer with quartz cell of 1.0 
cm length.  Photometric titrations were performed for the reactions between the acceptors (iodine 
and picric acid) and the HBT donor in chloroform and methanol at 25 oC.  The concentrations of 
the donors in the reaction mixtures was kept fixed at (110-4 M) while the concentrations of iodine 
and picric acid was changed over the range from 0.2510-4 to 4.010-4 M and these produced 
solutions with (HBT:acceptor) ratio varied from (1:0.25) to (1:4).  These ratios were practically 
achieved by mixing 1 mL of HBT donor 510-4 M while X mL of acceptors (510-4 M) and each 
mixture volume was diluted in each case to 5 mL chloroform and methanol. 

The concentration of HBT remained constant during these measurements, although the 
acceptors (iodine and picric acid) concentrations fluctuated between 0.2510-4 M and 4.0010-4 
M, as detailed in the experimental section. Figures 1B and 2B display photometric titration curves 
derived from these results. The HBT-acceptors equivalence points show that the ratio is 1:1 in 
every situation, which is in good agreement with the solid CT-complexes elemental analysis and 
infrared spectra. The general formula of the CT-complexes that are generated when HBT reacts 
as a donor with the iodine and picric acid acceptors that are being studied in chloroform and 
methanol is [(HBT)(acceptor)]. The equilibrium constant, K, and the extinction coefficient,  were 
determined using the 1:1 modified Benesi-Hildebrand equation (1) [41]. The initial concentrations 
Ca of the acceptors (iodine, and picric acid) and the initial concentration Cd of donor HBT are 
represented, while the absorbance of the strong bands around 510 nm for [(HBT)(I2)], and 353 
nm for [(HBT)(PA)] complexes were referred by A. For the reactions of HBT with iodine in 
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CHCl3 and HBT with picric acid in methanol solvent, a straight line with a slope of 1/ and an 
intercept of 1/K is generated by plotting the Ca+Cd values against Ca.Cd/A values for each 
acceptor. Table 1 provides the (K) and () values for these complexes [(HBT)(I2)] and 
[(HBT)(PA)].  

 

                                 A                                           B 
 
Figure 2. (A): UV-Vis. spectra and (B): photometric titrations of HBT-picric acid charge transfer 

complex. 
 

Both the formation constant and the extinction coefficients exhibit large values in these charge 
transfer complexes. Because of the anticipated substantial donation of HBT, these high values of 
formation constant validate the predicted high stabilities of the generated CT-complexes. The type 
of acceptor employed, including the kind of substituents that drain electrons from it, like nitro 
groups, has a significant impact on the equilibrium constants. For instance, Table 1 shows that the 
equilibrium constant for [(HBT)(PA)] is larger than the equilibrium constant for the complex 
[(HBT)(I2)], indicating that picric acid has a comparatively higher electron accepting ability. 









o
d

o
a

o
d

o
a CC

KA

lCC 1                                                                                                       (1)  

f = (4.319  10-9) max . 1/2                                                                                                           (2) 

μ (Debye) = 0.0958[max 1/2  /  max] ½                                                                                          (3) 

Ip (ev) = 5.76 + 1.53×10-4   νCT                                                                                                     (4) 

ECT = (hνCT)=  1243.667 / λCT  (nm)                                                                                              (5) 

εmax = 7.7 × 10-4 / [hνCT/ [RN] - 3.5 ]                                                                                             (6)                                 

∆Go = - 2.303 RT log KCT                                                                                                            (7) 

 
 
 
 

200 300 400 500 600 700

0.0

0.5

1.0

1.5

2.0

A
b
s
.

l, nm 200 300 400 500 600 700
0

2

4

6

8

10

A
b
s
.

Wavelength, nm



Hany M. Mohamed 
 

Bull. Chem. Soc. Ethiop. 2025, 39(7) 

1442

Table 1. Spectrophotometric data of the HBT charge transfer complexes 
 

lmax 
(nm) 

ECT 
(eV) 

K 
(L.mol-1) 

max 
(L.mol-1.cm-1) 

f μ Ip RN ΔGo(25oC) 
KJmol-1 

[(HBT)(I2)] complex  
510 2.44 895 9960 5.06 23.42 8.76 0.217 16842 

[(HBT)(PA)] complex  
353 3.52 425 358423 135 100 10.09 0.948 14999 

 
Equation (3) has been used to compute the transition dipole moment (μ) of the HBT complexes 

(Table 1) [42], where εmax and νmax are the extinction coefficient and wavenumber at the maximum 
absorption peak of the CT complexes, respectively, and ν1/2 is the bandwidth at half-maximum of 
absorbance. Using the following formulas obtained by Aloisi and Piganatro [43, 44], the 
ionization potential (Ip) of the free HBT donor was calculated from the CT energies of the CT 
band of its complexes with various π–acceptors. The energy of the π-σ*, n-σ*, π-π*, or n-π* 
interaction (ECT) is determined using Equation (5) [42], where λCT is the wavelength of the 
complexation band, and ECT is the energy of the CT of the HBT complexes. The relationship 
shown in Equation (6), where εmax is the molar extinction coefficient at maximum CT absorption, 
νCT is the frequency of the CT peak, and RN is the resonance energy of the complex in the ground 
state, was theoretically derived from Briegleb and Czekalla [45]. This relation is clearly a 
contributing factor to the stability constant of the complex (a ground state property). Table 1 lists 
the RN values for the iodine and picric acid complexes that are being investigated. Equation (7) 
[46] was used to compute the standard free energy changes of complexation (∆Go) from the 
association constants. Table 2 displays the calculated values, where ∆Go is the complexes free 
energy change (KJ mol-1), R is their gas constant (8.314 J mol-1 K), T is their temperature in Kelvin 
degrees (273 + oC), and KCT is their association constant (l mol-1) in various solvents at room 
temperature. Exothermic feature reactions are the process by which HBT charge transfer 
complexes are formed, and the data of ∆Go has a negative value in accordance with the larger 
values of the formation constant.  

 
Infrared and Raman spectra 
 
FTIR spectra of [(HBT)(I2)] and [(HBT)(PA)] charge transfer complexes were scanned as KBr 
pellets within 4000–400 cm-1 region (Figures 3 and 4). The infrared spectrum of free HBT donors 
shows no absorption band in the region of 1700–1650 cm-1 (Table 2), which can be assigned to 
ν(C=N) linkage. The stretching frequencies bands of the hydroxyl group of the hydroxy 
benzotriazole molecule ν(O–H) absorption [47] are observed with strong intensity band at 3290 
cm−1. A band is present in the region of 1625–1600 cm-1, that can be assigned to ν(N=N) group. 
It has shown that the presence of ν(N=N) vibrations at 1618 cm-1 in HBT free ligand. In the free 
HBT donor, the C=C stretching absorption bands at 1552, 1490, 1477, and 1450 cm−1 are due to 
aromaticity of benzene ring. The CH in–plane bending vibrations of for the aromatic HBT donor 
have some bands at around 1280–1235 cm−1. The CH out–of–plane deformation characteristic 
vibrations bands of the aromatic benzene ring are at 991–742 cm−1. The characteristic bands for 
the C–N bonds due to the triazole ring are at 1392, 1383, and 1309 cm−1. The vibration due to the 
hydroxyl group appear at 1230–1180 cm−1 region. Nakamoto [47] has shown ν(N–OH) absorption 
at 1188 cm−1. The characteristic vibration frequencies of the ring system in HBT have been 
observed in the region of 1552–640 cm−1. 
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Table 2. Infrared frequencies (cm−1) and band assignments of free HBT, [(HBT)(I2)], and [(HBT)(PA)] 
charge transfer complexes. 

 
Frequencies (cm−1) 

Assignments 
HBT [(HBT)(I2)] [(HBT)(PA)] 

3290, 3279 3010 3068 ν(O–H) 
- 2700–2300 2700-2300 Hydrogen bonding 
- - - ν(C=N) 

1618 1600 1605 ν(N=N) 
1552, 1490, 1477, 

1450 
1446 1533, 1431 ν(C=C) 

1392, 1383, 1309 1354 1329 ν(C–N) 
1280, 1272, 1235 1217 1267, 1228 δ(CH) in–plane bending 

1188 1140 1150 ν(N–OH) 
991, 975, 912, 903, 
846, 783, 760, 742 

1092, 985, 898, 733 889, 743, 700 δ(CH) out–of–plane 

- - 583, 549, 501 δ(NO2): PA 

 
The FTIR spectra of [(HBT)(I2)], and [(HBT)(PA)] charge transfer complexes show shifts to 

lower wavenumbers for the hydroxyl group from 3290 and 3279 cm−1 (free HBT) to 3010 and 
3068 cm−1, and the stretching vibration motion of ν(N–OH) from 1188 cm−1 (free HBT) to 1140 
and 1150  cm−1 in case of both HBT complexes. Also, the characteristic bands of benzotriazole 
moiety (ν(N=N) and ν(C–N)) are shifted to lower wavenumbers from 1618 & 1392 cm−1 (free 
HBT) to 1605–1600 cm−1 and 1354–1329 cm−1 after charge transfer complexation. The shifted of 
–OH frequency in the spectra of the complexes indicate the complexation of iodine and picric 
acid acceptors through –OH group of HBT donor. The structures suggested of the charge transfer 
complexes formed between HBT-I2 and HBT-PA are mentioned in formulas I and II. These data 
are well agreement with the infrared data which supported the place of charge-transfer 
complexation through the migration of protons (–OH of phenolic group of picric acid acceptor) 
from acidic centers to oxygen atom (hydroxyl group).  
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                                                                  3B 
 
Figure 3. A: Infrared and B: Raman spectra of HBT-iodine charge transfer complex. 
 

The Raman spectrum of the solid iodine, [(HBT)(I2)], complex is shown in Figure 3 and its 
band assignments are comparable with symmetry data in literature survey [47]. The experimental 
data of this study recorded only two active Raman bands in the spectrum of the [HBT)(I2)] 
complex at 165 and 113 cm-1 which matched with discrete iodine unit. The strong band at 165   
cm-1 is assigned to the νs(I-I) outer bonds, while the band at 113 cm-1 is associated to the νs(I-I) 
inner bonds [47].  

 
Figure 4. Infrared spectrum of HBT-picric acid charge transfer complex. 
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SEM and EDX investigations 
 
Figures 5 and 7 display the recorded images from the scanning electron microscope (SEM) used 
to analyze the microstructural characteristics of the synthesized CT-complex. Figures 6 and 8 
display the EDX spectrum of elemental analysis.  
 

  

  

  
 
Figure 5. SEM images of HBT-iodine charge transfer complex with different magnifications 

(x5000, 2500, 2000, 1500, 1000, and 500). 
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Figure 6. EDX spectrum of HBT-iodine charge transfer complex. 
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Figure 7. SEM images of HBT-picric acid charge transfer complex with different magnifications 

(x5000, 2500, 2000, 1500, 1000, and 500). 
 

 
Figure 8. EDX spectrum of HBT-picric acid charge transfer complex. 
 

The elemental composition and surface morphology of the CT complexes [HBT)(I2)] and 
[HBT)(PA)] were investigated using energy dispersive X-ray (EDX) analysis and scanning 
electron microscopy (SEM). The relevant findings are displayed in Figures 5-8, where the SEM 
pictures reveal the goods' bars- and strips-shaped microstructures. The C, N, O, and I elemental 
peaks in the EDX spectra verified the compositions of the CT complexes formed with the donor 
and acceptors (Figures 6 and 8). 
 

CONCLUSIONS 
 
In chloroform and methanol solvents, a new charge transfer complexes between HBT as electron 
donor and (iodine and picric acid) as electron acceptors were investigated. The physical 
composition was confirmed to be 1:1 using photometric method. Spectroscopic physical 
parameters for the CT complex, such as εCT, KCT, ECT, RN, Ip, μ and ∆G° were analyzed using the 
spectral data. The synthesized solid complexes were characterized by electronic UV–Vis and FT–
IR spectra and it confirms the H-bonded CT complex. The surface shape as well as the elemental 
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analyses were both validated by the SEM-EDX spectra, and the structure appears to be of the 
bars- and strips-shaped type. 
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