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     Abstract 
Two charge transfer complexes based on an organic basic donor, tris(hydroxymethyl)-

aminomethane (Tris), and two π-acceptors having acidic protons, picric acid (PA) and 

chloroanilic acid (CA), were synthesized for the first time. Some physicochemical analyses 

including UV-Vis, FT-IR and 1H-NMR were employed to investigate and confirm the proposed 

chemical structures of the prepared complexes. It was found that the donor–acceptor molar ratio 

is 1:1 for Tris:PA and 1:2 for Tris:CA charge transfer complexes. The formed charge transfer 

complexes have –NH3
+  and –OH2

+ ions as a result of proton transfer from acidic to basic 

centers. The formation constant (KCT) and molar absorptivity coefficient (CT) were calculated 

from the experimental spectroscopic data. Thermodynamic studies for both charge transfer 

complexes showed the favorability of the complex formation.  

Keywords: Charge transfer complexes, π-acceptors; Tris(hydroxymethyl)amino-

methane; Picric acid and Chloroanilic acid. 

Introduction 
Tris(hydroxymethyl)aminomethane (Tris) is usually used as a component of 

buffer solutions, as a medicine as well as in thermal energy storage systems.[1] It is a 

neuroactive chemical that acts as a neurotransmitter, a neurohormone or a 

neuromodulator. The nervous systems of animals use a variety of neuroactive 

chemicals in order to produce integrated and coordinated behavior. Thus, these 

chemicals ultimately enable flexibility in communication associated with the privacy, 

speed of delivery and duration of the message.[2,3] 

In addition to its industrial applications as a starting material for oxazolones and 

oxazolidines polymers, tris(hydroxymethyl)aminomethane is used as a titrating agent in 

vivo as well as in vitro. At normal blood pH, Tris is 70% ionized with the ionized fraction 

acting as a non-reabsorbable cation in the kidney. The larger part of the compound 

remains in the extracellular fluid and is rapidly excreted in the presence of a functional 
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kidney.[4] Studies showed that trace amines act as false transmitters that affect the 

storage of classical biogenic amines in synaptic vesicles via amphetamine-like 

mechanisms.[5-7] Such compounds were considered to act on catecholamine 

transporters to potentiate the activity of other neurotransmitters.[8] Studies also suggest 

that trace amines directly act on trace amine (TA) receptors to regulate the neuronal 

excitability in the mammalian brain.[9-11] Trace amines and TA receptors have been 

implicated in a variety of psychiatric disorders including schizophrenia, depression and 

attention deficit hyperactivity disorder.[7,12-14] Although more than 15 sub-types of 

mammalian TA receptors have been identified,[15] their signal transduction pathways 

are largely unknown. Biogenic amines represent a small group of neuroactive 

chemicals derived through decarboxylation of amino acids. Their importance is quite 

well-known.[16] For example, the catecholamines noradrenaline and adrenaline are 

predominantly important in the vertebrates, whereas the monoamines tyramine and 

octopamine are important in the invertebrates. Other biogenic amines like dopamine 

and 5-hydroxytryptamine (5-HT) are important in both vertebrates and invertebrates. In 

the vertebrate nervous system, tyramine was originally recognized as a trace amine, 

associated with the dopaminergic system.[16,17] The concentration of tyramine in the 

invertebrates is larger than that found in the vertebrates, but , influenced by the 

vertebrate literature, was considered only as a biosynthetic intermediate of 

octopamine. This led to a reconsideration of tyramine as a true neuroactive chemical in 

both the vertebrates and the invertebrates.[18,19] For example, specific tyraminergic 

effects on physiological processes have been described.[20,21] A study showed that 

specific neurons express tyramine in the absence of octopamine.[22] cDNA receptor 

clones have been isolated from insect species and mammals, which clearly show the 

specificity for tyramine.[9,23] 
Charge transfer interactions are of significance as a result of their applications in 

various fields. Hence, they received a considerable attention in the recent years by 

many researchers.[24-26] Charge transfer complexes have applications in fields such as 

electronics, solar cells[27] and electrical conductivity studies.[28] They proved to be very 

important in biological processes such as drug receptor binding mechanism, 

photosynthesis and oxidative processes.[29]  

The charged transfer complexes synthesized in this work are novel and have no 

studied applications. On the other hand, based on the similarity with other Tris charge 

transfer complexes, the prepared complexes are expected to have applications in 

various medical fields. 

Materials and Methods 

Chemicals and reagents 

All chemicals and reagents used in this study were of analytical grade. Picric 

acid and chloranilic acid were obtained from Aldrich Chemical Company. 
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Synthesis of charge transfer complexes of Tris donor 

The two solid charge transfer (CT) complexes of Tris with PA and Tris with CA 

were prepared by adding a saturated solution of Tris in 20 mL MeOH to each of 

saturated solutions of CA and PA in the same solvent at room temperature. The 

solutions were then allowed to evaporate slowly at room temperature. The resulting 

complexes in the solid state were filtered and washed several times with little amounts 

of solvent, and finally dried under vacuum over anhydrous calcium chloride. Based on 

spectroscopic characterization, the expected structures of the synthesized charge-

transfer complexes of Tris-PA and Tris-CA are given in Figure 1a and b, respectively.  
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Figure 1: Expected chemical structures of CT complexes.  
a: [(Tris)(PA) ], color: yellowish, yield:81%, b: [(Tris)(CA)2 ], color: violet, yield:83%. 

Spectral studies 

The electronic UV-Vis spectra of Tris, PA, CA and the formed charge transfer 

complexes were recorded in the region of 200-800 nm using a Jenway 6405 

Spectrophotometer equipped with 1.0-cm quartz cells. The IR measurements (KBr 

discs) of the CT complexes were carried out on a Bruker FT-IR spectrophotometer 

(400-4000 cm-1). 

Results and discussion  

UV- visible spectral studies 

The UV-Vis absorption spectra of Tris-CA and Tris-PA charge transfer 

complexes were collected in MeOH as a solvent. Tris, PA, and CA stock solutions 

were prepared to have a concentration of 1.0×10−3 M each. A series of solutions was 

then prepared by mixing 1.00 mL of the Tris stock solution with 0.25 to 4.00 mL of PA 

or CA stock solution and diluting to 10 mL to give 0.25×10−4 M to 4.0×10−4 M of PA or 

CA, and  1.0×10−4 M of Tris in the reaction mixture.  
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Figure 2a,b shows the UV-Vis spectra of Tris-CA and Tris-PA systems, 

respectively. The spectra show definite absorption features that did not exist in the 

spectra of both of the free donor and acceptor. These features were noted for the CT-

complexes formed from the reaction of Tris with PA as a shoulder at 390 nm and as a 

wide band at 525 nm for the CA complex. 

 

 
Figure 2: UV-Vis spectra of: a) Tris-PA, b) Tris-CA. 

Figures 3 and 4 summarize the photometric titration curves based on the charge 

transfer bands. These curves are based upon the well known method mentioned in 

Nagaya, et. al.[22] at the concentration range mentioned above. Figure 3 revealed an 

end-point at about 1.1 mL of added PA (which corresponds to 1:1 ratio between Tris 

and PA). An end-point at about 1.8 mL of added CA in Figure 4 suggests a ratio of 1:2 
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for Tris-CA complex. Accordingly, the formed charge-transfer complexes were 

formulated as [(Tris)(PA)] and [(Tris)(CA)2].  

 
Figure 3: Photometric titration curve for the Tris-PA system in MetOH at 390 nm. 

 
Figure 4: Photometric titration curve for the Tris-CA system in MetOH at 525 nm.  
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Equations 1 and 2 were used to calculate the formation constant (KCT) and the 

molar absorptivity coefficient (CT) of these complexes by applying the 1:1 and 1:2 

modified Benesi–Hildebrand equations, respectively,[30,31] 

 

         ad
CTCT

da CC
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 411


  Eq. 1 
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  Eq. 2 

 
where: Ca and Cd are the initial concentrations of the -acceptor and of the donor, 

respectively, and A is the absorbance of the CT complex at the selected wavelengths 

(390 nm for Tris-PA and 525 nm for Tris-CA). The modified Benesi-Hildebrand plots 

are shown in Figures 5 and 6 for Tris-PA and Tris-CA complexes, respectively.  

 
Figure 5: The modified Benesi-Hildebrand plot of   810/  ACC o

d
o
a  values vs. 

  610 o
d

o
a CC  values for the Tris-PA at 390 nm. 

Figure 5 depicts plotting (Ca×Cd)/A values against the corresponding (Ca + Cd) 

values for the formed Tris(PA) CT complex, according to Eq. 1. The resulting straight 

line supports the conclusion of the formation of 1:1 Tris-PA complex. The values of 

both K and associated with the Tris-PA complex were calculated from the slope (1/) 

and the intercept (1/K and are included in Table 1. Equation 2 was not suitable for 

fitting the data. 
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Figure 6: The modified Benesi-Hildebrand plot of   122 10/  ACC o

d
o
a  values vs. 

  810 o
d

o
a

o
a CCC  values for the Tris- CA at 525 nm. 

Equation 2 was employed for the 1:2 Tris-CA complex and Figure 6 was 

constructed by plotting Ca
2×Cd/A vs. Ca (4Cd + Ca). A straight line was obtained with a 

slope of 1/and an intercept of 1/K. The values of both K and associated with the 

Tris-CA complex are given in Table 1. On the other hand, fitting according to Equation 

1 was not satisfactory.  

Table 1: Spectrophotometric data of: (a) Tris-PA (b) Tris-CA CT complexes. 

Complex K 
(L.mol-1) 

lmax 
(nm) 

max 
(L.mol-1.cm1) 

Ip 
eV 

ECT 
(kJ/mol) 

RN 
(kJ/mol) 

∆G 

(kJ/mol) 
F 
 

µ 
(Debye) 

Tris-picric 
acid 11.95104 390 2.14 104 9.68 3.18 6.31 -28.97 6.90 23.91 

Tris- 
chloronilic 

acid 
12.57104 525 0.531104 8.67 2.37 6.42 -29.10 1.35 12.27 

Calculation of the spectroscopic and physical data 

As shown in Table 1, some 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 the two 

complexes in methanol at 25 C.  
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Resonance energy (RN) 

Equation 3, which was derived by Briegleb,[33] was employed to determine 

theoretically the value of resonance energy, RN,[29] 

           
4

max
7.7 10

3.5CT Nh R







    
Eq. 3

 
where max is the molar absorptivity of the CT-complexes at maximum CT band, CT is 

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

ground state. Obviously, RN is a contributing factor to the stability constant of the 

complex (a ground state property). The values of RN for the Tris-PA and Tris-CA 

complexes are included in Table 1. 

Ionization potential (IP) of the donor 

The empirical equation derived by Aloisi et al. (Eq. 4) was used to calculate the 

ionization potential (Ip) of the Tris donor in the charge transfer complexes,[34]  

        4( ) 5.76 1.53 10 CTIp eV       Eq. 4 

where CT is the wavenumber in cm−1 corresponding 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. 

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.[35] Equation 5 

shows the approximate formula from which the value of f was estimated (Table 1),[36] 

        94.319 10 .CTf d       Eq. 5 
where  dCT  is the area under the curve of the absorptivity coefficient of the 

absorption band as a function of frequency. To a first approximation, Equation 6 is 

obtained: 

         9
1 24.319 10 .CTf   

   
Eq. 6

 
where: CT is the maximum absorptivity coefficient of the CT band, and 1/2 is the 

wavenumber in cm−1 at half maximum absorptivity. 

Transition dipole moment () 

The transition dipole moment () of the Tris CT-complexes, Table 1, was 

calculated from Equation 7,[26]  

  
 

1 2

1 2 max0.0958 CTDebye         
Eq. 7

 
where max is the wavenumber in cm−1 at maximum absorptivity. The transition dipole 

moment is useful to determine whether transitions are allowed or not. The transition 
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from a bonding  orbital to an antibonding * orbital is allowed because the integral 

defining the transition dipole moment is non-zero.  

Standard free energy changes (G°) 

The values of the formation constants were used to calculate the standard free 

energy of complexation (∆G◦) according to Equation 8,[37] 

            2.303 log CTG RT K  

   
Eq. 8

 
where ∆G◦ is the standard free energy of complexation (kJ mol−1), R is the general gas 

constant (8.314 J.mol−1 K), T is the temperature (K), and KCT is the formation constant 

of the complexes (Lmol−1) at room temperature. 

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 (Eq. 9),[38] 

    1243.667 ( )CT CT CTE h nm  
   

Eq. 9
 

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

According to the above results, The Tris-PA 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.[39] The obtained 

values of Gfor both complexes are negative, which indicates that the complex 

formation is favored at standard conditions.[40,41] 

IR studies  
The infrared data of prepared complexes, along with those of uncomplexed 

reactants, are summarized in Table 2. It can be noticed that small shifts in band 

position take place when comparing the IR spectra of CT complexes with those of 

corresponding free molecules. This can be attributed to the changes of molecular 

symmetries and electronic structures of the reactants upon complexation. 

For Tris, the O-H stretching frequency was affected by complexation and 

consequently shifted from the expected value of 3200 cm-1 to 3229 cm-1 in Tris-PA 

complex.[42] At the same time, the O-H peak in PA shifted down from 3441 cm-1 to 3229 

cm-1. It can also be seen that the O-H stretching frequency for Tris-CA has shifted from 

3420 cm-1 in CA to 3488, 3462, and 3267 cm-1.[43] For PA and CA acceptors, the C-N 

bond stretching frequency has shifted from 1042 in Tris and 1092 in PA to 1036 cm-1 in 

Tris-PA[44] and has shifted to 1065 cm-1 in Tris-CA.[43] For Tris-PA complex, two new 

weak bands appeared at 3081 and 2987 cm−1 representing asymmetric NH3
+ and 

symmetric NH3
+ vibrations, respectively. On the other hand, for the Tris-CA complex, 

the same two bands appeared at 3021 cm-1 and 2940 cm-1 corresponding to 

asymmetric NH3
+ and symmetric NH3

+ vibrations, respectively.[43]  
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Table 2: Infrared wavenumbers (cm−1) for Tris-PA and Tris-CA CT-complexes. 

Tris[1] PA[46] CA[43] Tris-PA Tris-CA Assignments 

3200 3441 3420 3229 
3267 
3488 
3462 

O-H 

1042 1092 - 1036 1065 C-N 

- - - 3081(as) 
2987(s) 

3021(as) 
2940(s) NH3

+ 

- - 1358 - 1349 In-plane bending OH 

1263 1029 1260 
1207 1270 1293 C-O 

- - 1664(as) 
1630(s) - 1614(as) 

1534(s) C=O 

- 1633 - 1558 
1485 - N=O 

- 3104 - 3061 - C-H (s) 
2897 
2968 - - 2946 

 
2830 
2987 CH2 (s) 

2937 
3026 - - 3021 3081 CH2 (as) 

- 1344 - 1334 - NO2 

The IR spectrum of the two CT complexes are characterized by a group of 

weak/very weak bands appearing in the region 2800-2500 cm-1, which are not present 

in the spectra of the free donor and of the free acceptors. This would indicate the 

formation of +N–H…OH intermolecular hydrogen bond and a protonation of the NH 

group of the donor through proton transfer from the OH group of PA and CA to N-H in 

Tris. The formation of hydrogen bonding in Tris-PA complex caused the C-H 

symmetric stretching vibration of PA to shift from 3104 cm−1 to about 3061 cm-1.  

In the IR-spectrum of CA,[43] a sharp peak appears at 1358 cm−1 corresponding 

to the in-plane bending band of O-H group involved in the intra-molecular hydrogen 

bonding with the neighboring carbonyl group. This peak has shifted to 1349 cm-1 in 

Tris-CA complex. The two absorption peaks at 1260 and 1207 cm−1 in CA representing 

the two C−O modes are shifted to 1293 cm-1 in Tris-CA. The disappearance of the 

1207 cm−1 band indicates a proton transfer process. The same peak has shifted from 

1029 cm−1 in PA to 1270 cm−1 in Tris-PA. This shift is attributed to the change in 

electron density around the O atom. 

The asymmetric and symmetric stretching carbonyl group frequencies at 1664 

and 1630 cm−1 in CA have shifted in Tris-CA to 1614 and 1534 cm-1, respectively. The 

latter shift is another indication for complexation. The irregular behavior of CA complex 

is in accordance with the fact that its molecular complexes are different from that of 

PA, since complexation takes place through electron and proton transfer.[45] 
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The shift of asymmetric stretching vibration of N=O (1633 cm-1) in the free PA to 

lower wavenumbers (1558 and 1485 cm−1) in the complex can be attributed to the 

large electron density on the picrate as a result of charge transfer interaction in the 

complex.[1] Thus, the bands of the acceptor are shifted to lower frequencies due to the 

charge transfer upon complexation from the donor to the acceptor. As a result of the 

inclusion of the nitro groups into the complex cavity, their stretching peaks intensities 

are reduced and their wavenumbers are shifted from 1344 cm-1 in PA to 1334 cm-1 in 

Tris-PA[46] 

1H-NMR spectral study 

The proton transfer from PA and CA to Tris was further confirmed by measuring 

the 1H-NMR spectra of the formed complexes. The 400-MHz nuclear magnetic 

resonance (1H-NMR) spectra of the [(Tris)(PA)] and [(Tris)(CA)2] complexes were 

recorded in DMSO-d6 at room temperature and are given in Figures 7 and 8, 

respectively.  

 
Figure 7: 1H-NMR spectrum of Tris-PA complex. 

Figure 7 showed that the reaction of Tris with PA yielded a new charge-transfer 

complex [(Tris)(PA)]. The produced signals were at δ =3.47 (m, 6H, 3CH2), 5.10 (b, 

3H, NH 3+ Hydrogen bonded), 7.65 (s, 2H, aromatic ring protons), and 8.59 (t, 3H, CH2-

OH). The reaction of Tris with CA yielded another new charge-transfer complex 

[(Tris)(CA)2]. Figure 8 depicts the following signals at: δ =3.38 (m, 6H, 3CH2), two 

broad signals ranging from 4.3 to 5.2 were attributed to the 7 protons in NH3
+ and OH2

+ 

Hydrogen bonded species and 2OH in CH2OH, and 7.65 (s, 2OH, aromatic ring 

protons). 
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Figure 8: 1H-NMR spectrum of Tris-CA complex. 

Conclusions 
Spectroscopic measurements of the synthesized charge transfer complexes 

suggest that the donor–acceptor molar ratio is 1:2 for Tris:CA and 1:1 for Tris:PA. 

Based on these spectroscopic analysis, the formed charge-transfer complexes of Tris-

PA has a molecular formula of C10H14N4O10 (Formula Weight, F.W. = 341.3 g/mol), 

whereas Tris-CA has the formula C16H15Cl4NO11 (F.W. = 539.1 g/mol). 

It was found that the –NH3
+  and –OH2

+ ions were formed through proton transfer 

from acidic to basic centers in these charge transfer complexes. Moreover, 

Thermodynamic studies for both charge transfer complexes showed the favorability of 

the complex formation. 
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