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Considerable attention has recently been devoted to the formation of stable charge-transfer complexes 

that result from the reaction between acceptors and drugs. This interest stems from the significant 

physical and chemical properties of these complexes. In this paper, the charge-transfer complexes 

formed between the ephedrine (Eph) drug as a donor with picric acid (Pi) and quinol (QL) as a –

acceptors have been synthesized in methanol as a solvent at room temperature and spectroscopically 

studied. Based on the elemental analyses (C, H and N) and photometric titrations, the interaction 

between both picric and quinol –acceptors with Eph donor formed via a stoichiometry (drug: 

acceptors) of 1:2 and 1:1, respectively. Benesi-Hildebrand and its modification methods were applied 

to estimate the spectroscopic and physical data. The spectroscopic techniques such as (infrared, 
1
H-

NMR, and UV-vis) spectra, positron annihilation lifetime and thermo gravimetric analysis (TG) were 

used to characterize the chelating behavior of the synthetic CT complexes. The positron annihilation 

lifetime parameters were found to be dependent on the structure, electronic configuration and 

molecular weight of CT complexes. Finally, the antimicrobial activity of the CT complexes was 

determined against various bacterial and fungal strains. 
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1. INTRODUCTION 

Charge–transfer (CT) complexation is currently achieve the great importance in biochemical, 

bioelectrochemical energy transfer process [1], biological systems [2], and drug-receptor binding 

mechanism, for examples, drug action, enzyme catalysis, ion transfers through lipophilic membranes 

[3], and certain -acceptors have successfully been utilized in pharmaceutical analysis of some drugs 

in pure form or in pharmaceutical preparations [4-10]. Recently, many studies have been widely 

reported about the rapid interactions between different kinds of drugs and related compounds as donors 

like morpholine, norfloxacin, ciprofloxacin, and sulfadoxine, with several types of  and -electron 

acceptors [11-25]. Various spectroscopic techniques were used to characterize different types of 

complexes. Recently, positron annihilation spectroscopy is also applied to CT complexes [26-29]. 

Positron annihilation lifetime (PAL) spectroscopy is one of the highly successful techniques, which 

have been used to study the structural aspects of different types of materials even at subatomic levels. 

When a positron is emitted from a 
22

Na source and allowed to penetrate the materials, it thermalizes 

and diffuses to a depth of a few hundred μm. The positron either delocalizes or traps in defects, which 

lead to an increase of its lifetime, or extracts an electron from the surrounding material to form a 

positronium atom (Ps) with two states, a singlet state (para-Ps, p-Ps) and a triplet state (ortho-Ps, o-Ps). 

In both cases, the positron will eventually annihilate with an electron and will have a corresponding 

lifetime for each state at annihilation site. Each lifetime component has a corresponding intensity (Ii) 

relating to the number of annihilations occurring at a particular lifetime (τi). The measured parameters 

of the Ps formation in ionic and molecular solids (τ and I) depend on the physical and chemical 

properties of the solids [30, 31]. The previous studies show that the Ps is preferentially formed in 

compounds exhibiting negative charge stabilization at specific sites. These studies also show that the 

parameters of positron annihilation are sensitive to the liability of the solids to charge-transfer 

processes and it mainly dependent on the nature of the central of acceptor [27, 29]. Also, the 

correlation between positron annihilation parameters and the structure of the CT complexes was 

observed [27, 29]. 

Herein, the CT interaction between the two π–acceptors (picric acid and quinol) with one of 

narcotic drug like ephedrine was investigated. The nature and structure of the final products have been 

characterized to interpret the behavior of interactions using elemental analysis, infrared (IR), 
1
H-NMR, 

electronic spectra and positron annihilation lifetime spectra. The spectroscopic and physical data were 

analyzed in terms of formation constant (KCT), molar extinction coefficient (CT), standard free energy 

(G), oscillator strength (f), transition dipole moment (), resonance energy (RN) and ionization 

potential (ID). Finally, the antimicrobial activity of the CT complexes was determined against various 

bacterial and fungal strains. 

 

2. EXPERIMENTAL METHODS 

2.1 Chemicals 

All chemical used were of high grade. The ephedrine (MF= C10H15NO) were obtained from 

Sigma-Aldrich Chemical Company, USA and were used without further purification. Picric acid 
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(2,4,6-trinitro-1-phenol; Pi) and quinol (benzene-1,4-diol; QL) was purchased from Merck Chemical 

Company and were also used as received. 

 

2.2 Reaction Procedure 

The solid CT products of Eph with Pi and QL were synthesized by mixing equimolar amounts 

of Eph drug with Pi and QL acceptors in methanol. The mixtures were stirred for 20 min, and allowed 

to evaporate slowly at room temperature, which resulted in the precipitation of the solid CT 

complexes. The separated complexes were filtered off, washed well with little amounts of methanol, 

and then collected and dried under vacuum over anhydrous calcium chloride for 24 h. 

 

2.3 Photometric titration  

Photometric titration measurements were carried out for the reactions of Eph with Pi and QL 

against methanol as a blank at wavelengths of 393 and 294 nm, respectively. A= 0.25, 0.50, 0.75, 1.00, 

1.50, 2.0, 2.50, 3.00, 3.50 or 4.00 ml aliquot of a standard solution (5.010 
–4

 M) of the Pi or QL 

acceptor in MeOH was added to 1.00 ml (5.010
-4

 M) of Eph drug, which was also dissolved in 

MeOH. The total volume of the mixture was 5 ml. The concentration of the donors (Cd) in the reaction 

mixture was maintained at 5.010
-4

 M, whereas the concentration of the respective acceptor (Ca) 

changed over a wide range of concentrations (0.2510
-4

 M to 4.0010
-4

 M) to produce solutions with 

molar ratio varied from 4:1 to 1:4. The stoichiometry of the molecular CT complexes was obtained 

from the determination of the conventional spectrophotometric molar ratio according to known 

methods [32] using a plot of the absorbance of each CT complex as a function of the Cd:Ca ratio. 

Modified Benesi–Hildebrand plots [33, 34] were constructed to allow the calculation of the formation 

constant, KCT, and the absorptivity, CT, values for each CT complex in this study. 

 

2.4 Instrumentation 

The elemental analyses of the carbon, hydrogen and nitrogen contents were performed using a 

Perkin-Elmer CHN 2400 (USA). The electronic absorption spectra of methanolic solutions of the 

donor, acceptors and resulting CT complexes were recorded over a wavelength range of 200-800 nm 

using a Perkin-Elmer Lambda 25 UV/Vis double-beam spectrophotometer. The instrument was 

equipped with a quartz cell with a 1.0 cm path length. The mid-infrared (IR) spectra (KBr discs) within 

the range of 4000-400 cm
-1

 for the solid CT complexes were recorded on a Shimadzu FT-IR 

spectrophotometer with 30 scans at 2 cm
-1

 resolution. 
1
H-NMR spectra were collected by a Bruker 

DRX-250 spectrometer operating at 250 MHz with a dual 5 mm probe head. The measurements were 

performed at ambient temperature using DMSO-d6 (dimethylsulfoxide, d6) as a solvent and TMS 

(tetramethylsilane) as an internal reference. The 
1
H-NMR data are expressed in parts per million (ppm) 

and are internally referenced to the residual proton impurity in the DMSO solvent. Thermogravimetric 
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analysis (TG) was performed under static air atmosphere between room temperature and 800 C at a 

heating rate of 10 C/min using a Shimadzu TGA–50H thermal analyzer.  

The PAL measurements were carried out using a fast-fast coincidence spectrometer [35]. This 

PAL spectrometer consists of two Bicron BC-418 plastic scintillation detectors and Ortec modules; 

two 583 constant fraction differential discriminators (CFDD), DB643 delay box (ns D), 414A fast 

coincidence and 566 time-to-amplitude converter (TAC). The data were acquired using an Ortec 919 

multichannel analyzer (MCA). A positron source was prepared using a droplet of 
22

NaCl solution dried 

onto two identical Kapton foils (7.5 μm thick), which were afterward glued by epoxy glue. This source 

was sandwiched between two identical samples. The lifetime spectra were measured in air at room 

temperature. More than one million counts were accumulated for each spectrum and each sample was 

measured three times. The time resolution of the spectrometer, measured with 
60

Co source at 
22

Na 

energy window settings, was ~300 ps (full-width at half maximum). The positron annihilation lifetime 

is measured experimentally as the time interval between the 1274.5 keV γ ray emitted by the 
22

Na 

radioisotope and one of the annihilation radiations. The resulting lifetime spectra were analyzed using 

a computer program LT [36] with a suitable correction for positrons annihilated in the Kapton. The 

lifetime spectra decomposed into two and three components for samples of Eph-Pi and Eph-QL, 

respectively.  These components were determined with the best-fitting parameter ranged from 1.00 to 

1.1. The range of the experimental errors for the PAL parameters τ1, τ2, τ3, I1, I2 and I3, determined 

over multiple measurements, were found to be <4 ps, <20 ps, <30 ps, 0.9%, 0.8% and 0.7%, 

respectively. The mean lifetime of positron was calculated using the following relation 

 

m = (1I1 + 2I2 + 3I3)/ (I1 + I2 + I3). 

A free-volume cell model for the positron annihilation was used to explain the observed o-Ps 

lifetimes in molecular solids and polymers [37]. A simple correlation curve was obtained using a rigid 

spherical potential of radius R with an electron layer of thickness ΔR [38, 39]. Assuming that the 

annihilation rate of o-Ps inside the electron layer is 2 ns
-1

, which is a spin averaged annihilation rate 

between p-Ps and o-Ps, or the annihilation rate of Ps anion [37] the pick-off annihilation lifetime of o-

Ps, τ3, in a rigid spherical potential is given by, 

 

τ3= 0.5[1-R/R0+(1/2π)×sin(2πR/R0)]
-1

 

with the units of nm and ns for R and τ3, respectively, and R0 = R + ΔR where ΔR is determined to be 

0.166 nm for zeolites and other porous materials [37]. The mean free volume, Vf , can be calculated by 

a simple relation given below, assuming a spherical shape for the holes [40, 41], Vf = (4/3)πR
3
. 
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2.5 Biological assessment 

2.5.1 Antibacterial activity 

The antimicrobial activities of the newly synthesized CT complexes and the pure solvent were 

tested in vitro against two Gram-positive bacteria, Staphylococcus aureus and Bacillus subtilis, and 

two Gram-negative bacteria, Escherichia coli and Pseudomonas aeruginosa, using a modified Bauer–

Kirby disc diffusion method [42]. For these investigations, 100 l test bacteria were grown in 10 ml 

fresh medium until they reached a count of approximately 10
8
 cells/ml for bacteria or 10

5
 cells/ml for 

fungi [43]. Then, 100 l microbial suspension was spread onto agar plates. The nutrient agar medium 

for the antibacterial tests consisted of 0.5% peptone, 0.1% beef extract, 0.2% yeast extract, 0.5% NaCl 

and 1.5% agar-agar [44]. Isolated colonies of each strain were selected from the primary agar plates 

and tested for susceptibility. After the plates were incubated for 48 h at 37 C, the inhibition (sterile) 

zone diameters (including the disc) were measured using slipping calipers from the National 

Committee for Clinical Laboratory Standards (NCCLS, 1993) [45] and are expressed in mm. The 

screening was performed using 100 g/ml CT complex. An antibiotic disc of tetracycline (30 g/disc, 

Hi-Media) was used as a positive control. 

 

2.5.2 Antifungal activity 

The newly synthesized complexes were also screened for their antifungal properties against 

Aspergillus flavus and Candida albicans in DMSO using a modified Bauer–Kirby disc diffusion 

method [42]. The complexes were dissolved in DMSO. The medium for the antifungal tests consisted 

of 3% sucrose, 0.3% NaNO3, 0.1% K2HPO4, 0.05% KCl, 0.001% FeSO4 and 2% agar-agar [44]. The 

disc diffusion method for the filamentous fungi was tested using the M38-A standard method [46], 

whereas the disc diffusion method for yeast was tested using the M44-P standard method [47]. Plates 

inoculated with filamentous fungi or yeast was incubated for 48 h at 25C or 30C, respectively. The 

antifungal activity of the CT complexes was compared with that of amphotericin B (30 g/disc, Hi-

Media) as a standard antifungal agent. Antifungal activity was determined by measuring the diameters 

of the sterile zone (mm) in triplicate. 

 

 

3. RESULTS AND DISCUSSION 

3.1 Elemental analyses results 

Elemental analyses (CHN) of the Eph-QL and Eph-Pi CT complexes were performed, and the 

obtained analytical data are as follows: 

1 [(Eph)(QL)]: C16H21NO3; Mol. wt. = 275.34; Calc.: %C, 69.73; %H, 7.63; %N, 5.08, 

Found: %C, 69.51; %H, 7.47; %N, 5.33 

2 [(Eph)(Pi)2]; C22H19N7O15; Mol. wt. = 621.42; Calc.: %C, 42.52; %H, 3.08; %N, 15.78, 

Found: %C, 42.31; %H, 2.96; %N, 15.64. 
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The resulting values are in good agreement with the calculated values, and the suggested values 

are in agreement with the molar ratios determined from the photometric titration curves. The 

stoichiometry of the two complexes was found to be 1:1 and 1:2 ratios, based on the obtained data, the 

formed charge-transfer complexes were formulated as [(Eph)(QL)] and [(Eph)(Pi)2].  

 

3.2 Electronic absorption spectra 
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Figure 1. Electronic absorption spectra of Eph-QL (294 nm) and Eph-Pi (393 nm) CT complexes. 

 

Fig. 1 shows the electronic absorption spectra of the formed Eph–QL and Eph–Pi CT 

complexes. These spectra revealed new absorption bands that are attributed to the CT interactions. 

These bands are observed at 294 and 393 nm for the [(Eph)(QL)] and [(Eph)(Pi)2] complexes, 
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respectively. These peak absorbance values that appeared in the spectra assigned to the formed CT 

complexes were measured and plotted as function of the Cd:Ca ratio according to the known method. 

Photometric titration plots based on these measurements (Fig. 2) confirmed the complex formation at a 

ratio (Eph: acceptor) of 1:1 or 1:2.  
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Figure 2. Photometric titration curves for Eph-QL and Eph-Pi CT complexes. 

 

The formation constant (KCT) and the molar absorptivity () of these complexes were calculated 

by applying the 1:1 and 1:2 modified Benesi–Hildebrand equation in Eqs. (1a, b) [33, 34]: 

 

(Ca Cd)/A = 1/K + (Ca + Cd)/       (1a) 
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where, Ca and Cd are the initial concentrations of the acceptor and the drug donor, respectively, 

and A is the absorbance of the strongly detected CT band. Plotting (Ca Cd)/A values versus the 

corresponding (Ca + Cd) values for the formed charge-transfer complexes, straight line are obtained 

supporting our finding of the formation of 1:1 [(Eph)(QL)] complex. In the plots, the slope and 

intercept equal 1/ and 1/K, respectively.  
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Figure 3. The modified Benesi-Hildebrand plot of Eph-QL and Eph-Pi CT complexes. 

 

The modified Benesi–Hildebrand plots are shown in Fig. 3, and the values of Cd, Ca, Cd + Ca 

and Cd.Ca/A were calculated. The values of both KCT and  associated with the 1:1 complex are given 

in Table 1. 
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Table 1. Spectrophotometric results of the Eph-QL and Eph-Pi CT complexes 

 
Complex CT-

absorption 

(nm) 

ECT (eV) K (Lmol
-1

) max  

(Lmol
-1

cm
-1

) 

f μ Ip RN ∆G
°
 (25 

°C) 

(kJmol
-1

) 

[(Eph)(QL)] 294 4.320 1.5710
4
 8.5610

4
 12 28 10.96 0.99 -35.346 

[(Eph)(Pi)2] 393 3.164 4.4710
8
 6.0210

4
 26 47 9.653 0.662 -49.356 

 

The known equation (1b) for the 1:2 [(Eph)(Pi)2] complex was used in the calculations.  

 

(Ca)
2
 Cd/A = 1/K + 1/ Ca (4Cd + Ca)      (1b) 

 

where Cd and Ca are the initial concentration of the Pi acceptor and donor (Eph), respectively, 

and A is the absorbance of the detected CT-band. The data obtained Cd 
of (Eph), Ca of (Pi), Ca (4Cd + 

Ca) and (Ca)
2
 Cd/A in MeOH were estimated. By plotting (Ca)

2
 Cd/A values vs., Ca (4Cd + Ca), straight 

lines were obtained with a slope of 1/ and an intercept of 1/K as shown in Fig. 2 for the reaction in 

methanol solvent. The values of both K and  associated with [(Eph)(Pi)2] complex are given in Table 

1. These QL and Pi complexes exhibit high values of both the formation constant (KCT) and the 

extinction coefficients (). These high values of KCT reflect the high stabilities of the formed CT 

complexes. The data reveal that the [(Eph)(Pi)2] complex shows a higher KCT value compared with the 

[(Eph)(QL)] complex. This value is four order of magnitude higher than that for the complex 

[(Eph)(QL)], reflecting the relatively higher powerful electron acceptance ability for nitro groups. 

 

3.3 Calculation of the spectroscopic and physical data 

The spectroscopic and physical data, such as the standard free energy (G°), the oscillator 

strength (f), the transition dipole moment (), the resonance energy (RN), and the ionization potential 

(IP), were estimated for samples dissolved in methanol at 25 C. The calculations can be summarized 

as follow: 

 

3.3.1 Calculation of oscillator strength (f) 

The oscillator strength (f) is a dimensionless quantity used to express the transition probability 

of the CT-band from the CT absorption spectra [48], and can be estimated using the approximate 

formula [49]: 

 

f = 4.31910
-9CT d                                                                  (2) 

 

where CT d is the area under the curve of the extinction coefficient of the absorption band in 

question plotted as a function of frequency. To a first approximation, 
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f = 4.31910
-9 CT½                                                                  (3) 

 

where CT is the maximum extinction coefficient of the CT band, and ½ is the half-bandwidth 

in cm
-1

 (i.e., the width of the band at half the maximum extinction).  

 

3.3.2 Calculation of transition dipole moment () 

The transition dipole moments () of the CT complexes have been calculated from Eq. (4) [50]: 

 

 = 0.0958 [CT½/max]
½
                                                               (4)   

 

The transition dipole moment can be used to determine if a particular transition is allowed; the 

transition from a bonding  orbital to an antibonding 
*
 orbital is allowed because the integral that 

defines the transition dipole moment is non-zero.  

 

3.3.3 Calculation of ionization potential (IP) of the donor  

The ionization potentials (IP) of the drug donor in the charge-transfer complexes were 

calculated using the empirical equation derived by Aloisi and Pignataro represented in Eq. (5) [51]: 

 

IP (eV) = 5.76 + 1.5310
-4CT                                                           (5) 

 

where CT is the wavenumber in cm
-1

 that corresponds to the CT band formed from the 

interaction between the donor and the acceptor. The electron-donating power of a donor molecule is 

measured by its ionization potential, which is the energy required to remove an electron from the 

highest occupied molecular orbital.  

 

3.3.4 Calculation of resonance energy (RN) 

Briegleb and Czekalla [52] theoretically derived the following relationship to obtain the 

resonance energy (RN): 

 

CT = 7.710
-4

/ [hCT/[RN]-3.5]                                                          (6)   

 

where CT is the molar absorptivity coefficient of the CT complex at the maximum of the CT 

absorption, CT is the frequency of the CT peak, and RN is the resonance energy of the complex in the 

ground state, which contributes to the stability constant of the complex (a ground-state property).  
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3.3.5 Calculation of energy of the charge-transfer complex (ECT) 

The energy values (ECT) of the n
*
 and –

*
 interactions between the donor and the acceptor 

were calculated using the equation derived by Briegleb [53]:  

 

ECT = (hCT) = (1243.667/CT)                                                           (7) 

 

where CT is the wavelength of the CT band of the formed complex. 

 

 3.3.6 Calculation of standard free energy changes (G°) 

The standard free energy of complexation (G°) for each complex was calculated from the 

formation constants using the equation derived by Martin et al. [54]: 

 

G = -2.303RT log KCT                                                               (8) 

 

where G° is the free energy change of the CT complex (kJmol
-1

), R is the gas constant (8.314 

Jmol
-1

K), T is the absolute temperature in K, and KCT is the formation constant of the complex (Lmol
-1

) 

at room temperature. 

The calculated spectroscopic and physical values (f, , IP, RN and G) for the obtained CT 

complexes using these equations are presented in Table 1. [(Eph)(Pi)2] complex exhibits considerably 

higher values of both the oscillator strength (f) and the transition dipole moment (). The observed 

high values of f indicate a strong interaction between the donor–acceptor pairs with relatively high 

probabilities of CT transitions [55]. The obtained values of G for the [(Eph)(QL)] and [(Eph)(Pi)2] 

complexes are -35 and -49 kJmol
-1

, respectively; these negative values indicate that the interaction 

between the drugs and π–acceptors is exothermic and spontaneous [56, 57]. 

 

3.4 IR spectra 

Table 2. Characteristic infrared frequencies (cm
-1

) and tentative assignments of Eph, Pi, QL and their 

CT complexes 

 
Eph Pi QL [(Eph)(QL) [(Eph)(Pi)2] Assignments

(a)
 

3330 3416 3262 3321 3330 (O-H) 

2972 - - 2940 2957 (N-H) 

- - - 2846 

2750 

2845 

2756 

Hydrogen bond 

1591 - - 1580 1539 (N-H) 

1051 1265 1244 1208 1129 (C-O) 

a
 , stretching; s , symmetrical stretching; as , asymmetrical stretching; , bending. 
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Figure 4. Infrared spectra of Eph-QL and Eph-Pi CT complexes. 

 

The IR absorption spectra of the solid CT complexes were registered in the frequency range 

4000-400 cm
-1

 using KBr disc. Their spectra are shown in Fig. 4 while their characteristic band 

assignments are given in Table 2.  

The spectrum of free Eph drug displays a series of significant bands as 3330, 2972 and 1591 

cm
-1

 which may assign to (OH), (NH) and (NH). In the IR spectra of the [(Eph)(QL)] and 

[(Eph)(Pi)2] complex, the characteristic band of Eph observed at 2972 cm
-1

, which is assigned to 

(NH) stretching vibration, shifted to lower value and reduced in intensity after complexation. Also, 

the IR spectrum of this complex is characterized by medium-to-weak bands that appear between 2400-

2800 cm
-1

, which does not appear in the spectrum of the free Eph drug or that of the QL and Pi 

acceptors. These peaks are due to hydrogen bonding in the complex formed through the transfer of a 
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proton from QL or Pi to the -NH group of the Eph drug. These observations clearly indicate that the 

complexation occurs through the protonation of the –NH group in the Eph via a proton-transfer 

phenomenon from the acidic center of QL and Pi acceptors to the lone pair of electrons on the Eph 

nitrogen atom based on acid–base theory [58-63]. The IR spectrum of the [(Eph)(Pi)2] complex was 

recorded distorted in the ν(OH) band, which existed at 3330 cm
-1

, this may could be interpreted as a 

result of the formation of intermolecular hydrogen bond between –OH of Eph donor and –OH of the 

other Pi acceptor molecule. Based on these data, the suggested complexation mechanism between Eph 

drug with Pi and QL acceptors is illustrated in Scheme I.  

 

3.5 
1
H-NMR spectra  

 
  

Figure 5a. 
1
H-NMR spectrum of [(Eph)(QL)] complex. 

 

 
 

Figure 5b. 
1
H-NMR spectrum of [(Eph)(Pi)2] complex. 

 

The proton transfer from QL and Pi to the Eph drug was further confirmed by measuring the 
1
H-NMR spectra of the formed complexes. The 400 MHz nuclear magnetic resonance (

1
H-NMR) 
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spectra of the [(Eph)(QL)] and [(Eph)(Pi)2] complex were measured in DMSO-d6 at room temperature 

and are given in Fig. 5. The reaction of Eph with QL yielded a new charge-transfer complex, which 

produced signals at (Fig. 5) [(Eph)(QL)]: δ = 1.11 (s, 3H, CH3), 2.60 (s, 3H, CH3), 3.28 (m, 1H, CH-

CH3), 4.69 (s, 2H, NH2
+
 Hydrogen bonded), 5.48 (s, 1H, OH of ephedrine), 5.63 (d, 1H, CH-OH of 

ephedrine), 7.10-7.58 (m, 9H, ephedrine and quinol ring protons), 8.30 (s, 1H, quinol phenolic proton). 

It has been found that, the phenolic proton (–OH) signal, which is observed at 8.59 ppm in the 

spectrum of the free QL acceptor [62], decreased in intensity with an upfield shift for the non-

hydrogen-bonded one (8.30) in the spectrum of the CT complex. Instead, a new single peak is 

observed at 4.69 ppm, which is not detected in the spectrum of the free Eph drug, attributing to two 

protons of –NH2
+
. This situation confirmed the transfer of the phenolic proton of QL to the (-NH) 

group of Eph. The three signals at 1.11 ppm (3H), 2.60 ppm (3H) and 3.28 ppm (1H), corresponding to 

the protons of N-CH3, C-CH3 and CH groups, respectively. The [(Eph)(Pi)2] complex produced signals 

at: δ = 1.192 (s, 3H, CH3), 1.203 (s, 3H, CH3), 2.903 (m, 1H, CH-CH3), 9.210 (s, 4H, NH2
+
 and OH2

+ 

Hydrogen bonded), 3.500 (s, 1H, CH-OH of ephedrine), 7.269, 7.351,7.358 (m, 9H, ephedrine and two 

Pi molecules protons). It has been found that, the phenolic proton (–OH) signal, which is observed at 

11.0 ppm in the spectrum of the free Pi acceptor absent in the spectrum of the CT complex. Instead, 

a new single peak is observed at 9.210 ppm, which is not detected in the spectrum of the free Eph drug, 

attributing to four protons of –NH2
+
 and –OH2

+
. This situation confirmed the transfer of the phenolic 

proton from two Pi molecule to both (–NH) and (–OH) groups of Eph drug. 
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Scheme I: Complexation mechanism between Eph drug with QL and Pi acceptors 
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3.6 Thermal analysis 

 
   

 
 

Figure 6. TG/DTG curves of (A) [(Eph)(QL)] and (B) [(Eph)(Pi)2] CT complexes. 

 

Simultaneous thermogravimetric and differential thermogravimetric TG/DTG of the 

[(Eph)(QL)] and [(Eph)(Pi)2] complexes are shown in Fig. 6. These curves show mass losses in steps, 

corresponding to endothermic peaks attributed to decomposition of the complexes. In the two TG/DTG 

curves, the results show good agreement with the calculated formulas as suggested from the analytical 

data. The curve of [(Eph)(QL)] complex shows mass losses in one main overlapping step between 200 

and 1000 C, corresponding to the very strong endothermic peak at 280 C, and is assigned to 

decomposition of two organic moieties; Eph and QL with mass loss of C16H21NO3 

(7C2H2+NO2+2CO2+3.5H2). From TG/DTG curve of [(Eph)(Pi)2] complex, the mass loss that occurs 

between 160 and 1000 C, corresponding to the single endothermic peak at 250 C, is due to the 
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decomposition of one molecule of Eph drug and two Pi molecules with mass loss 76.74% with 23.26% 

residual carbons. 

 

3.7 Pharmacology 

The obtained CT complexes were screened in vitro for their antibacterial and antifungal 

activity. The complexes to be tested were dissolved in DMSO to obtain 100 g/ml stock solutions. The 

diameter zones were measured to determine their effects on the growth of the tested microorganisms. 

 

3.7.1 Antibacterial activity studies 
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Figure 7. Statistical representation for antibacterial activity of Eph-QL and Eph-Pi CT complexes. 

 

The antibacterial activity of the obtained CT complexes were tested in vitro against two Gram-

positive bacterial strains, Staphylococcus aureus (S. aureus) and Bacillus subtilis, and two Gram-

negative bacterial strains, Escherichia coli (E. coli) and Pseudomonas aeruginosa (P. aeruginosa). The 

activity was determined by measuring the inhibition zone diameter values (mm) of the complexes 

against the microorganisms. Tetracycline was used as a positive control. The screening data are given 

in Table 3 and are statistically presented in Fig. 7. The data reveal that the [(Eph)(QL)] and 

[(Eph)(Pi)2] complexes had exerted moderate inhibitory activity against the growth of the Gram-

positive and Gram-negative bacteria species. 
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Table 3. The inhibition diameter zone values (mm) for [(Eph)(QL)] and [(Eph)(Pi)2] CT complexes 

 
Sample Inhibition zone diameter (mm/mg sample) 

Bacteria Fungi 

Bacillus 

subtilis, 

(G
+
)

a

 

Escherichia 

coli, (G
-
) 

Pseudomonas 

aeuroginosa, 

(G
-
) 

Staphylococcus 

aureus, (G
+
) 

Aspergillus  

flavus 

Candida 

albicans      

Control: DMSO 0.0 0.0  0.0 0.0 0.0 0.0 

S
ta

n
d

ar
d
 

Tetracycline 

(Antibacterial agent) 

34 32 34 30 - - 

Amphotericin B 

(Antifungal agent) 

- - - - 18 19 

[(Eph)(QL)] 12 11 11 11 0.0 0.0 

[(Eph)(Pi)2] 11 10 11 11 0.0 11 

a
 G: Gram reaction 

 

3.7.2 Antifungal activity studies 
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Figure 8. Statistical representation for antifungal activity of Eph-QL and Eph-Pi CT complexes. 

 

The synthesized CT complexes were also screened for their antifungal properties against two 

fungal species, Aspergillus flavus and Candida albicans. Amphotericin B was used as a positive 

control, and the screening data are reported in Table 3 and statistically presented in Fig. 8. The results 

indicated that [(Eph)(Pi)2] complex had a good antifungal response against Candida albicans, whereas 

[(Eph)(QL)] complex exhibited no inhibitory activity against either fungal strains. 
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3.8 Positron annihilation studies 

The lifetime spectra of the Eph-QL complex were decomposed into three components, a short 

lived (τ1), an intermediate lived (τ2) and a longest lived (τ3). The τ1 is attributed to the p-Ps and free 

annihilations. The τ2 is attributed to the annihilation of positrons or positronium in defect of the 

ordered structure. The τ3 is attributed to pick-off annihilation of the o-Ps in the free volume sites 

present in the CT complex, which is very sensitive to the microstructural changes. Table 4 lists the 

PAL parameters (τ1, τ2, τ3, I1, I2 and I3) for samples of Eph-QL and Eph-Pi complexes. The relatively 

poor time resolution (~300 ps) of the used spectrometer makes the decomposition of the shortest-lived 

lifetime component τ1 somewhat impossible. The τ1 and I1 values ranged from 247 to 287 ps and from 

54.5 to 83.3% for Eph-QL and Eph-Pi complexes, respectively. The high τ1 value of Eph-Pi complex 

may be due to its higher KCT value compared with the Eph-QL complex that reflecting the relatively 

higher powerful electron acceptance ability of Eph-Pi. The donor-to-acceptor molar ratio of 1:2 for 

Eph-Pi complex compared with the ratio (1:1) of Eph-QL complex may be the main reason for the 

high value of I1 in the case of Eph-Pi complex as its structure is clustered system.  

 

 

Table 4. Positron annihilation lifetime components (τ1, τ2 and τ3) and their intensities (I1, I2 and I3) for 

the studied samples. 

 
Sample type τ1 

(ps) 

I1 

(%) 

τ 2 

(ps) 

I2 

(%) 

τ 3 

(ps) 

I3 

(%) 

Eph-QL complex 247 54.5 601 30.3 1107 15.2 

Eph-Pi complex 287 83.3 - - 895 16.7 

 

For Eph-QL complex, the τ2 lifetime component was observed with value of 601 ps and 

intensity of 30.3%. This lifetime component with high intensity may be due to liability structure of this 

complex. The τ2 lifetime component was disappeared for the Eph-Pi complex due to the complexation 

mechanism suggested in scheme 1. The results show that the Ps was formed (I3) with a range of 15.2-

16.7 for both studied CT complexes. The Ps formation in both CT complexes with high intensities may 

be due to their Lewis base that depends on the complex electronic configuration, and the layers 

between the donor and acceptor. The τ3 lifetime component ascribed to the annihilation of o-Ps 

indicates that there is one type of vacant. The results indicate that the τ3 value of Eph-QL CT complex 

(1107 ps) is larger than that value of Eph-Pi complex (895 ps) by 24%. This is mainly due to the 

liability structure of the Eph-QL compared with the clustered structure of Eph-Pi as the donor-to-

acceptor molar ratio is 1:1 and 1:2 for Eph-QL and Eph-Pi complexes, respectively. The results 

indicate that the linear correlation between the biological activity of CT complexes and the PAL 

parameters, especially the short lived component τ1 and its intensity I1, was observed and this is 

consistent with that previously reported [29]. This observed correlation may be due to the increasing of 

the delocalized electrons as the biological activity is increased secondly, the dependence of the 

biological activity on the complex molecular weight that already has a strong correlation with the PAL 

parameters. The variation of the mean lifetime and mean free volume for the Eph-QL and Eph-Pi 
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complexes is shown in Fig. 9. The results indicated that the mean lifetime and mean free volume for 

Eph-QL increased by 25 and 90%, respectively, compared with that of Eph-Pi complex due to its 

liability structure.  
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Figure 9. The variation of the mean lifetime (ps) and mean free volume (nm
3
) for the studied samples. 

 

 

 

4. CONCLUSION 

The positron annihilation lifetime parameters were found to be dependent on the properties of 

the CT complex such as the formation constant, number of layers between the donor and acceptor, 

donor-to-acceptor molar ratio and ionization potential of the complexes. The molecular weight of the 

complex affects the mass fraction of the donor component and consequently the fraction of positrons 

annihilation in that part of the complex. The positron annihilation lifetime components are affected by 

the biological activity of the CT complex due to the increasing of the delocalized electrons. 
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