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ABSTRACT: The present study investigated and compared the complexation properties of different nitrogen moieties
as donors with picric acid as the acceptor. The moieties were triethylamine (TEA), hydrazine (Hyd), thiosemicarbazide
(TSC), phenylhydrazine (Phy), and pyridine (Pyr). The composition and stoichiometry of the synthesized complexes
were verified by spectrophotometric titration and elemental analysis. The formed complexes were characterized using
IR, Raman, 1H NMR, and UV-Vis spectroscopy, and CHN elemental analysis. Thermogravimetric experiments were
carried out to investigate the thermal properties of the complexes. The microstructure properties of these complexes
were investigated using optical light microscope (OLM). The donation from the nitrogen moieties to the picric acid
acceptor in decreasing order was found to be Hyd > TEA > TSC > Phy > Phr. Interestingly, the thermal degradation
of the TSC complex led to sulphur atoms remaining as a final residual. The OLM micrograph patterns indicate the
formation of high quality coloured crystals.
KEYWORDS: nitrogen moiety, CT complexation, spectroscopy

INTRODUCTION
During the last two decades, numerous studies have
been reported on charge-transfer (CT) or protontransfer interactions. This is owing to their significant chemical and physical properties. CT interaction was first introduced by Mulliken 1 and has been
widely discussed by Foster 2 . Mulliken 3 demonstrated that the CT interactions within a molecular
complex that consists of an electron acceptor, A, and
an electron donor, D, involve a resonance with a
transfer of charge from D to A. The CT complexation
is of great importance in chemical reactions, including condensation, substitution, and addition 4 , drugreceptor binding mechanisms, biological systems 5 ,
bioelectrochemical and biochemical energy-transfer
processes 6 . The CT complexation of drugs is an important technique that is simpler, cheaper, and more
efficient than many methods of drug determination

described in the literature. Furthermore, the study
of this complexation may be useful in understanding
the mechanism of drug action and the drug-receptor
interactions 7–10 . CT complexation is also of great
importance in many applications and fields, such
as surface chemistry, electrically conductive materials, organic semiconductors, second-order nonlinear optical activity, and in nonlinear optical material 11–14 . As part of our continuing interest in investigating CT interactions, synthesis, characterization, and applications 15–18 , we focused this current
study on the following objectives: (1) synthesize
the CT complexes of picric acid (PA) acceptor with
different nitrogen moieties (TEA, Hyd, TSC, Phy,
and Pyr); (2) obtain the complexation stoichiometry using spectrophotometric titration and CHN
elemental analysis; (3) calculate the spectroscopic
data using the 1:1 and 1:2 Benesi-Hildebrand equations; (4) characterize the synthesized complexes
www.scienceasia.org
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Fig. 1 Chemical structure of nitrogen moieties and the PA
acceptor.

structurally via IR, Raman, 1H NMR, and UV-Vis
spectroscopy; (5) study the thermal decomposition
behaviour of the reported complexes using thermogravimetric analysis; (6) determine the kineticthermodynamic parameters (E ∗ , A, ∆S ∗ , ∆H ∗ , and
∆G ∗ ) using Coats-Redfern and Horowitz-Metzger
equations; and (7) observe the microstructure characteristics of the reported complexes using OLM
technique.
MATERIALS AND METHODS
Reagents
All the reagents used were of high analytical grade
chemicals and were used as purchased. Triethylamine (TEA; C6 H15 N; 101.19), hydrazine (Hyd;
N2 H4 ; 32.05), thiosemicarbazide (TSC; CH5 N3 S;
91.14), phenylhydrazine (Phy; C6 H8 N2 ; 108.14),
pyridine (Pyr; C5 H5 N; 79.1), and picric acid (PA;
C6 H3 N3 O7 ; 229.1) (Fig. 1) were supplied by SigmaAldrich Chemical Company (USA). Methanol of
HPLC grade was from E. Merck (Darmstadt, Germany).
Solutions
Standard stock solutions of the PA acceptor and each
donor (5.0 × 10−3 M) were prepared by dissolving
precisely weighed quantities in a 100 ml volumetric
flask using methanol as a solvent. The solutions
were protected from light. Solutions for the spectroscopic measurements were made by mixing appropriate volumes of stock solutions with the solvent.
Synthesis
The synthesis procedure is summarized as follows.
Two mmol of each donor (20 ml) was added to 20 ml
of methanolic solutions containing PA (2 mmol) and
stirred at room temperature for 1 h. Strong change
in colours was observed upon mixing solutions of
www.scienceasia.org
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the donors with the PA acceptor. The resulting
solutions were allowed to stand at room temperature. The formed crystals were isolated, filtered
off, and washed with the minimum given solvent to
obtain the pure products. The crystals were then
collected and dried in vacuo for 48 h. The obtained
crystals were characterized by spectroscopy (UV-Vis,
IR, Raman, and 1H NMR), elemental and thermal
analysis. The TEA-PA, Hyd-PA, TSC-PA, Phy-PA,
and Pyr-PA crystals have a yellowish brown, orange,
golden yellow, metallic silver, and yellow colour,
respectively.
Stoichiometric determination
To determine the stoichiometry of the CT interactions in solution-state, various molar ratios were
examined by spectrophotometric titration measurements. A 0.25, 0.50, 0.75, 1.00, 1.50, 2.0, 2.50,
3.00, 3.50, or 4.00 ml of a standard solution of
the PA acceptor in methanol solvent was added to
1.00 ml of each donor at 5.0 × 10−4 M, dissolved in
the same solvent. The final volume of the mixture
was 5 ml. The concentration of the acceptor (Ca )
varied from 0.25×10−4 M to 4.00×10−4 M, whereas
the concentration of the donor (Cd ) was maintained
at 5.0 × 10−4 M to produce solutions with a molar
ratio of donor:acceptor that varied from 4:1 to 1:4.
The absorbance of each complex was plotted against
the volume of the added acceptor.
For ascertaining the constituents, purity, and
compositions of the synthesized solid complexes,
elemental analyses (C, H, and N) were determined
with the Micro analyser Perkin-Elmer CHN 2400
(USA) at Cairo University, Egypt.
Physical measurements
All the electronic absorption spectral measurements
were recorded in methanol over a wavelength range
of 200–800 nm using a Perkin-Elmer Lambda 25 UVVis double-beam spectrophotometer at Taif University, Saudi Arabia.
The IR absorption spectra of the solid CT complexes were measured as KBr discs within the range
of 4000–400 cm−1 on a Shimadzu FT-IR spectrophotometer (Japan) at Taif University, Saudi Arabia.
The Raman laser spectra were performed on
a Bruker FT-Raman spectrophotometer (Germany)
equipped with a 50 mW laser at Taif University,
Saudi Arabia.
1
H NMR spectra were collected by the Analytical
Centre at King Abdul Aziz University, Saudi Arabia, on a Bruker DRX-250 spectrometer operating
at 600 MHz. The measurements were performed
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Fig. 2 Electronic absorption spectra of the reported CT complexes: (a) Hyd-Pa, (b) TEA-PA, (c) Phy-PA, (d) TSC-PA,
(e) Pyr-PA.

at ambient temperature using DMSO-d6 (dimethylsulphoxide, d6 ) as a solvent and tetramethylsilane
as an internal reference.
Thermogravimetric analysis (TG) was carried
out under nitrogen atmosphere between room temperature and 800 °C using a Shimadzu TGA-50H
thermal analyser (Japan) in the Central Lab at the
Ain Shams University, Egypt.
An optical light microscope (OLM) instrument
(model Meiji 7800 Techno Microscopy) was used
to observe the morphological properties of the obtained crystals.
Calculations
The formation constant (K) and the molar extinction coefficient (") were determined spectrophotometrically using the 1:1 Benesi-Hildebrand equation 19 for the (1:1) CT complexes (with TEA, TSC,
Phy, and Pyr donors) or the 1:2 modified BenesiHildebrand equation 20 for the (1:2) CT complexes
(with Hyd donor). The spectroscopic data were
used to calculate the energy of the interaction
(ECT ) 21 , the oscillator strength ( f ) 22 , the transition
dipole moment (µ) 23 , and the standard free energy
−
◦
(∆G ) 24 for the CT complexes in solution, using the
equations described elsewhere in the literature.
Two different methods were employed to evaluate the kinetic-thermodynamic parameters in solid
state: the Coats-Redfern method and the HorowitzMetzger method. The kinetic-thermodynamic data

were used to calculate the activation energy (E ∗ ),
the frequency factor (A), the enthalpy of activation
(H ∗ ), the entropy of activation (S ∗ ), and the Gibbs
free energy of activation (G ∗ ) in the solid state
using the Coats-Redfern 25 and Horowitz-Metzger
methods 26 .
RESULTS AND DISCUSSION
UV-Vis spectroscopy
The UV-Vis absorption spectra of the synthesized
complexes (TEA-PA, Hyd-PA, TSC-PA, Phy-PA, and
Pyr-PA) in solution mode were recorded in the range
200–800 nm (Fig. 2). These spectra indicated the
presence of strong bands that correspond to the CT
interactions. The spectrum of each complex was
characterized by strong absorption bands appearing
at: 250 and 525 nm for TEA complex; 245, 353, and
415 nm for Hyd complex; 256, 347, and 400 nm for
TSC complex; 245, 350, and 418 nm for Phy; and
235 and 363 nm for Pyr complex.
Stoichiometry in solution
Fig. 3 shows the spectrophotometric titration curves
for the reported CT complexes. The results show
that the largest interaction between each donor
and PA acceptor occurred at a donor:acceptor ratio of 1:2 for Hyd donor and of 1:1 for TEA,
TSC, Phy, and Pyr donors. Thus the structures of
the formed CT complexes were formulated to be
[(TEA+ )(PA – )], [(Hyd+ )(PA – )2 ], [(TSC+ )(PA – )],
www.scienceasia.org
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Fig. 3 Spectrophotometric titration curves for the reported CT complexes: (a) TEA-PA, (b) Hyd-Pa, (c) TSC-PA, (d) PhyPA, (e) Pyr-PA.
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Fig. 4 The 1:2 Benesi-Hildebrand plot for Hyd-PA system.

[(Phy+ )(PA – )], and [(Pyr+ )(PA – )]. These stoichiometries agree quite well with the elemental
analyses of the formed solid complexes.
Comparison of the spectroscopic data
Fig. 4 and Fig. 5 show representative 1:2 and
1:1 Benesi-Hildebrand plots, respectively, whereas
Table 1 lists the values of the spectroscopic data (K,
−
◦
", f , µ, ECT , and ∆G ). The obtained data led to the
following observations: (1) It was observed from
Fig. 4 and Fig. 5 that the correlation coefficient (r)
value for the straight lines was found to be greater
www.scienceasia.org
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Fig. 5 The 1:1 Benesi-Hildebrand plots for TEA-PA,
TSC-PA, Phy-PA, and Pyr-PA systems.

than 0.99. (2) In general, the 1:2 complexes exhibit
high values for K. The complex containing the Hyd
donor shows higher K value, indicating a strong
interaction between the Hyd-PA pairs, and confirms
a high stability of the prepared complex. (3) The
value of K for the TEA-PA complex is the highest value than other 1:1 complexes, reflecting the
higher powerful electron donation ability for TEA.
(4) The stability of the 1:1 complexes increases in
the following order: Pyr-PA < Phy-PA < TSC-PA
< TEA-PA. (5) The Hyd-PA complex shows higher
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Table 1 Spectral properties of the donor-PA CT complexes at 298 K.
Property

1:1 complexes

λmax (nm)
Formation constant K (l/mol)
Extinction coefficient "max (l mol −1 cm−1 )
Energy value ECT (eV)
Oscillator strength f
Dipole moment µ (D)
−
◦
Free energy ∆G (kJ/mol)

TEA-PA

TSC-PA

Phy-PA

Pyr-PA

Hyd-PA

525
221.04 × 104
100.0 × 104
3.55
10.79
2.83
−3.62 × 104

400
168.55 × 104
80.65 × 104
3.43
11.61
2.99
−3.55 × 104

350
119.61 × 104
57.81 × 104
2.37
3.12
1.86
−3.47 × 104

363
109.41 × 104
96.16 × 104
3.11
10.38
2.97
−3.45 × 104

353
42.13 × 107
560 × 104
6.05
67.33
3.53
−4.35 × 104

values of both µ and f , which indicates a strong
interaction between the Hyd-PA pairs with relatively
high probabilities of CT transitions. (6) The data
also revealed that the complex containing the Hyd
−
◦
donor exhibits a very high " value. (7) The ∆G
values for all complexes are negative, indicating
that the interaction between the donors and the PA
acceptor is spontaneous. (8) The donation from the
nitrogen moieties to PA acceptor in decreasing order
is as follows: Hyd > TEA > TSC > Phy > Pyr.

pair of electrons of the other nitrogen; while in the
Phy, the benzene ring decreases the α effect due to
electron donating phenyl group; hence the Phy is
slightly more basic than Hyd. In TSC, the α effect is
much lower than Hyd and Phy due to the presence
of tautomerized thiocarbonyl group which is more
powerful attracting the hydrogen of the NH2 group
by hydrogen bonding if compared to the benzene
ring. Finally, TEA is the more basic nitrogen compound, because it has a sp3 hybridized nitrogen with
three electron repealing groups, which increases the
power of the lone pair of electrons instead of the α
effect. Hence the basicity of the nitrogen moieties
in decreasing order are as follows: TEA > TSC >
Phy > Hyd > Pyr. This ordering agrees well with
the stability of the formed 1:1 complexes (TEA-PA
> TSC-PA > Phy-PA > Pyr-PA).

Basicity effect on the stability of CT complexes
The comparison between the relative basicity of all
the nitrogen moieties (TEA, Hyd, TSC, Phy, and Pyr)
is discussed on the bases of evaluation the strength
of the acidities of the conjugate acids of the bases
(these conjugate acids are often ‘onium’ cations).
The resulting pKa ’s (Ka is the acid dissociation constant) are proportional to the base strength of the
bases. The pKa values of these bases are TEA, 10.8;
Hyd, 8; TSC, 10; Phy, 8.79; Pyr, 5.2, (NH3 , 9.3; as
reference) 27 . The low basicity of Pyr is based on
the fact that sp3 -hybridized nitrogen is more basic
than sp2 -hybridized nitrogen since the lone pair in
the latter is closer to the positive nucleus and thus
less available for donation. On the other hand, the
week basicity of Hyd was attributed to the α effect,
in which the neighbour nitrogen attracts the lone

CHN analysis
The percentage of composition of the elements (C,
H, and N), molar ratio, and colour of the CT complexes are shown in Table 2. The experimental
and calculated values of C, H, and N agree with
each other and indicate that the obtained complexes are free from impurities. The stoichiometry of the PA acceptor complexes with the Hyd
donor was found to have a 1:2 ratio, whereas
its complexes with the TMA, TSC, Phy and Pyr

Table 2 Analytical and physical data of the reported CT complexes.
Complex

+

Molecular
formula

[(Hyd )(PA )2 ] C12 H10 N8 O14
[(TEA+ )(PA – )]
C12 H18 N4 O7
[(TSC+ )(PA – )]
C7 H8 N6 O7 S
[(Phy+ )(PA – )]
C12 H11 N5 O7
[(Pyr+ )(PA – )]
C11 H8 N4 O7
–

Molecular
weight
(g/mol)
490.25
330.29
320.24
337.25
308.20

Elemental analyses
C (%)
Found

Calc.

29.44
43.60
26.21
42.79
42.85

29.40
43.64
26.25
42.74
42.87

H (%)

N (%)

Found Calc. Found
2.10
5.45
2.48
3.33
2.66

2.06
5.49
2.52
3.29
2.62

22.82
17.03
26.30
20.80
18.11

Molar
ratio

Colour

1:2
1:1
1:1
1:1
1:1

Orange
Yellowish brown
Golden yellow
Metallic silver
Yellow

Calc.
22.86
16.96
26.25
20.77
18.18
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Table 3 Assignments of the characteristic IR and Raman spectral bands (cm−1 ) for the reported CT complexes.
δ(NH3+ )def

Complex
+

[(Hyd )(PA )2 ]
[(TSC+ )(PA – )]
[(Phy+ )(PA – )]
[(TEA+ )(PA – )]
[(Pyr+ )(PA – )]
(a)

–

δ(NH3+ )sym

Raman

IR

Raman

IR

Raman

IR

Raman

1630
1631
1569
–
–

1570
1566
1614
–
–

1316
1339
1340
–
–

1342
1332
1308
–
–

788
790
853
–
–

826
824
860
–
–

–
–
–
3022
3074

–
–
–
3038
3110
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Fig. 6 IR and Raman laser spectra of the reported CT complexes.

donors was found to have a 1:1 ratio. Thus
the prepared CT complexes were formulated as
[(TEA+ )(PA – )], [(Hyd+ )(PA – )2 ], [(TSC+ )(PA – )],
[(Phy+ )(PA – )], and [(Pyr+ )(PA – )]. The formation
of 1:1 and 1:2 CT complexes was strongly supported
by UV-Vis, IR, Raman, 1H NMR, and thermal analysis. These stoichiometry values agree quite well
with the data obtained from the spectrophotometric
titrations.
Vibrational spectroscopy
Table 3 lists the peak assignments for the characteristic IR and Raman bands for the synthesized
CT complexes. The full IR and Raman spectra
of the complexes are illustrated in Fig. 6. The
IR/Raman spectra of the Hyd, TSC, and Phy complexes revealed the appearance of the main characteristic absorption bands that result from the
stretching and bending deformation of the (−NH3+ )
group; νdef (NH3+ ), δsym (NH3+ ), and %(NH3+ ) vibrations. These vibrations occur at approximately
www.scienceasia.org

1600, 1300, and 800 cm−1 , respectively. The presence of these bands confirmed that the complexation occurs through the protonation of the (−NH2 )
group of the donors via a proton-transfer phenomenon from the PA acceptor to the basic centre
(−NH2 group) of the donors to form NH3+ ammonium 16–18 . In the IR/Raman spectra of the TMA and
Pyr complexes, the characteristic bands observed
at (IR/Raman) 3022/3038 cm−1 for TMA complex and 3074/3110 cm−1 for Pyr complex, which
are assigned to (+ NH) asymmetric and symmetric
stretching vibration, respectively. This observation
indicates that the complexation occurs through the
formation of hydrogen bonding between these two
donors and the PA acceptor molecules 8, 9, 28 .
1

H NMR spectroscopy

The 600 MHz 1H NMR spectra of the CT complexes
were measured in DMSO-d6 solvent at room temperature using tetramethylsilane as internal standard.
The positions of chemical shifts of the different kinds
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of protons in these complexes include the following:
TEA complex: δ = 1.59 (t, 9H, 3 CH3 ), 3.13 (q,
6H, 3 CH2 ), 5.49 (s, 1H, HN+ ), 8.49 (s, 2H, Ar-H of
picric acid).
Hyd complex: δ = 5.26 (s, 6H, 2(H3 N+ )), 8.82
(s, 4H, Ar-H of picric acid).
TSC complex: δ = 6.77 (s, 1H, CSNH), 6.95 (s,
3H, H3 N+ ), 8.79 (s, 2H, Ar-H of picric acid), 10.25
(s, 2H, CSNH2 ).
Phy complex: δ = 6.77 (d, 2H, C2 , C6 benzene
ring protons), 6.85 (d, 1H, C4 benzene proton),
6.91 (m, 2H, C3 , C5 benzene protons), 7.49 (s, 3H,
H3 N+ ), 8.79 (s, 2H, Ar-H of picric acid).
Pyr complex: δ = 5.49 (s, 1H, HN+ ), 6.63
(m, 2H, C3 , C5 pyridine protons), 6.95 (d, 1H,
C4 pyridine proton), 7.54 (d, 2H, C2 , C6 pyridine
protons), 8.57 (s, 2H, Ar-H of picric acid).
The signal of (−OH), which is observed at δ
approximately 11.94 ppm in the spectrum of free
PA, is absence in the spectra of these complexes.
Instead, the peaks appeared at 5.26 (TEA), 6.95
(TSC) and 7.49 ppm (Phy), are assigned to NH3+
protons. These data indicate that the amino and
(−OH) groups are involved in the formation of
the CT complex between these donors and the PA
acceptor. The band observed at 5.49 ppm in the TEA
and Pyr complexes was attributed to the formation
of (+ NH), indicates the deprotonation from the PA
acceptor to these donors.

Table 4 Thermal decomposition data for the reported CT
complexes.

Comparison of the thermograms

Fig. 7 Thermograms of the reported CT complexes.

The comparative study of thermograms for these
complexes was carried out by TG under a static
air atmosphere in the temperature range 25–800 °C.
The measurements were carried out using 11.44,
10.85, 12.80, 15.44, and 13.14 mg for TEA, Hyd,
TSC, Phy, and Pyr complex, respectively. The thermoanalytical data for these complexes are collected
in Table 4, while their thermograms are presented in
Fig. 7. Analyses of the TG thermograms of the synthesized CT complexes provided the following observations: (1) The observed weight loss is in good
agreement with the theoretical ones. (2) Decomposition of the complexes began at approximately
215, 135, 100, 200, and 125 °C for TEA, Hyd, TSC,
Phy, and Pyr complex, respectively, and finished
at approximately 800 °C. (3) The thermogram of
the Phy complex exhibit it decomposes in one step.
(4) The complexes of TEA, Hyd, and TSC exhibit two
decomposition steps. (5) The complex containing
the Pyr donor was thermally decomposed in nearly
three decomposition steps. (6) Generally, the first
decomposition step is corresponded to the removal

Compound

Stages

[(Hyd+ )(PA – )2 ]
[(TEA+ )(PA – )]
[(TSC+ )(PA – )]
[(Phy+ )(PA – )]
[(Pyr+ )(PA – )]

I
II
I
II
Residue
I
II
Residue
I
I
II
III
Residue

TG range
(°C)

Found

TG% mass loss
Calc.

135–440
440–800
215–460
460–800
–
100–490
490–800
–
200–800
125–265
265–515
515–800
–

75.55
23.28
69.15
19.68
10.08
71.02
17.88
9.75
99.75
14.71
47.65
25.70
11.50

76.63
23.37
69.36
19.74
10.90
71.54
18.46
10.0
100.0
14.93
47.71
25.67
11.69

Hyd + 1.5PA
0.5PA
PA
C3 H15 N
3C
PA
CH5 N3
S
Phy + PA
NO2
C3 H3 N2 O5
Pyr
3C

TEA complex
Hyd complex
TSC complex
Phy complex
Pyr complex

15

Weight loss (mg)

Lost species

10

5

0
0

100

200

300

400

500

600

700

800

o

Temp [ C]

of the acceptor moiety. (7) Decomposition of TEA
and Pyr complexes led to residual carbon as a final
product. (8) Interestingly, the thermal degradation
of the TSC complex resulted in a residual sulphur
atoms remaining as the final product. (9) The
overall loss of mass is 89% for TEA-PA, 99% for
Hyd-PA, 89% for TSC-PA, 99.8% for Phy-PA, and
88% for Pyr-PA. The calculated values is in excellent
agreement with the total weight observed.
Comparison of the thermodynamic data
The thermodynamic parameters (E ∗ , A, H ∗ , S ∗ , and
G ∗ ) associated with the CT complexes were evaluated graphically (Fig. 8) by employing the CoatsRedfern and Horowitz-Metzger methods, and the
evaluated data are listed in Table 5. The obtained
data led to the following observations: (1) The
thermodynamic data obtained from the two methods are comparable and can be considered in good
agreement with each other; (2) The E ∗ value for the
[(Hyd+ )(PA – )2 ] complex is higher compared to the
www.scienceasia.org
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Fig. 8 Thermodynamic plots for the reported CT
complexes; (a) Coats-Redfern equation; (b) HorowitzMetzger equation.

Table 5 Kinetic data of thermal decomposition determined using the Coats-Redfern (CR) and HorowitzMetzger (HM) methods.
Complex

[(Hyd+ )(PA – )2 ]
[(TEA+ )(PA – )]
[(TSC+ )(PA – )]
[(Phy+ )(PA – )]
[(Pyr+ )(PA – )]
†

Parameters†

Method

CR
HM
CR
HM
CR
HM
CR
HM
CR
HM

r

E∗

A

∆S ∗

∆H ∗

∆G ∗

116
121
94
92
85
86
108
115
72
74

1.20 × 1017
1.10 × 1019
3.39 × 109
2.46 × 1010
7.78 × 1010
2.38 × 1012
5.55 × 109
7.10 × 1010
1.14 × 109
2.80 × 1010

83
118
−62
−50
−38
−30
−65
−43
−70
−48

110
114
82
91
81
82
102
110
66
72

85
83
101
100
90
88
132
130
86
84

0.9965
0.9961
0.9971
0.9959
0.9944
0.9920
0.9955
0.9988
0.9945
0.9932

Units: E ∗ in kJ/mol, A in s−1 , ∆S ∗ in J mol −1 K−1 , ∆H ∗
and ∆G ∗ in kJ/mol.

other complexes, which indicates the higher thermal
stability of this complex; (3) The E ∗ values of the
complexes occur in a decreasing order as follows.
Hyd > Phy > TEA > TSC > Pyr; and (4) The ∆S ∗
values of the complexes decrease in the following
order: Hyd > TSC > Phy > TEA > Pyr.
www.scienceasia.org

Fig. 9 OLM micrographs of (a) the TEA-PA complex,
(b) the Hyd-PA complex, (c) the TSC-PA complex, (d) the
Phy-PA complex, and (e) the Pyr-PA complex.

Microstructure properties
Optical light microscope (OLM) provides colourful
micrographs. Colour is an advantage for residue
identification and characterization, and can also
help to recognize potential contamination. OLM
was employed to observe the morphology of the
prepared complexes. Fig. 9 illustrates multiple OLM
pictures of the CT complexes. The complexation
of PA acceptor with the different nitrogen moieties
leads to very interesting microstructures. The high
quality and well-focused micrographs indicate that
these complexes have well-defined morphologies.
The obtained complexes are crystalline, as indicated
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Fig. 10 Proposed structural formula of the synthesized CT complexes.

by the formation of single-phases with well-defined
shape. Visible change in the morphology is observed
between the different CT complexes.
Structural interpretation
The structures of the synthesized CT complexes
are confirmed by CHN analysis, spectrophotometric
titration, spectral data, and thermal analysis. The
data obtained by these techniques are in agreement
with each other. Fig. 10 illustrated the proposed
chemical structures of the synthesized CT complexes.
CONCLUSIONS
Intermolecular CT complexes between the nitrogen
moieties of TEA, Hyd, TSC, Phy, and Pyr as donors
with picric acid (PA) as an acceptor have been
structurally, thermally, and morphologically investigated in MeOH solvent at room temperature. The
obtained CT complexes were isolated and characterized by spectroscopy (IR, Raman, 1H NMR, and UVVis) elemental and thermal analyses. Spectrophotometric titration and elemental analyses indicate that

the CT complexes are formed based on a 1:1 stoichiometric ratio, except for Hyd donor (1:2 ratio).
IR, Raman, and 1H NMR revealed evidence of significant intermolecular hydrogen bonding interactions
between each donor and PA acceptor based on their
characteristic shifts. Thermal experimental data
suggests that the formation of the complexes was
spontaneous, stable, and exothermic. Significant
changes in the morphology of these complexes were
observed using optical light microscope.
Acknowledgements: The project was financially supported by King Saud University, Vice Deanship of Research
Chairs.
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