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The present work aims to focus on the synthesis and spectral studies of the charge-transfer interaction
between the nitro organic acceptors molecules [e.g., 2,4,6-trinitrophenol (PA), 4-nitrophenol (4-NP),
4-nitroacetophenone (4-NAP), and m-dinitrobenzene (m-DNB)] with triamterene (TM) drug donors, which
have many applications in industry, biology, and chemistry. The CT complexes of PA and 4-NP are formed
by the association of electron-deficient and electron-rich moieties, held together by the weak force of attrac-
tion through a hydrogen bond. These molecules have been explored through the FTIR and Raman spectro-
scopic techniques. The speculated 1:1 or 1:2 structures of the complexes [(TM)(PA)], [(TM)(4-NP);],
[(TM)(4-NAP):], and [(TM)(m-DNB);] determined by microanalytical and theoretical analyses shows that
the interaction occurs through a HyN'—H-O ™ (O----H)(O-H----NH,) bond or by n—n* regarding 4-NAP and
m-DNB complexes. The thermogravimetric technique was utilized to determine the thermostability of the
synthesized charge-transfer complexes by making comparisons to their constituents. The computational
study has been carried out on the studied molecule, which has the most stable conformer using density func-
tional theory (DFT). A comparative study of electronic and vibrational spectroscopy has been done with that
of experimental results. The experimentally obtained structure was compared with an optimized structure for
various parameters, such as bond length, bond angles, oscillator strength, dipole moment, and molecular
electrostatic potential is predicted theoretically. The energy band gap from HOMO-to-LUMO was theoreti-
cally estimated using (B3LYP/6-311++G(d,p) level) from frontier molecular orbital energies, and the out-
come data are employed to characterize the chemical structures of the synthesized complexes based on mo-
lecular properties.

Keywords: triamterene, nitro organic acceptors, FTIR, charge-transfer, density functional theory, Ra-
man spectroscopic.
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Hccnedosanvl 83aumooeticmaus npu nepeHoce 3apaoa medncoy MONEKYIaMU HUMPOOP2AHUYECKUX aK-
yenmopos 2,4,6-mpunumpoghenona (PA), 4-numpogenona (4-NP), 4-uumpoayemogperona (4-NAP) u m-ou-
Humpobenzona (m-DNB) ¢ nekapcmeennvimu oonopamu mpuammepena (TM), xomopwvle uupoko npumensi-
HOmMcs 8 NPOMbLUAEeHHOCMU, Ouoaocuu u xumuu. Komniexcol ¢ neperocom 3apsaoa PA u 4-NP obpasyomces 3a
cuem 00beOUHeHUsl NeKMPOHOePUYUMHBIX U OO2AMbIX INEKMPOHAMU PPASMEHMO8, YOepIUCUBAEMBIX 6Me-
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V. 88, No. 2 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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cme cnaboll cunoll npUMANCeHUs. 4epe3 6000POOHYIO C8A3b. MU MOLEKYIbl UCCIe008aHbl ¢ noMowbio MK-
Dypve-cnekmpockonuu U KOMOUHAYUOHHO20 paccesnus ceema. [lpeononacaemvie cmpykmypor 1:1 unu 1:2
xomnaekcos [(TM)(PA)], [(TM)(4-NP):], [(TM)(4-NAP);] u [(TM)(m-DNB);], onpedenennvie ¢ nomowwbio
MUKDOAHATUMUYECKO20 U Meopemuiecko2o anaiu3d, noKassuléaiom, Ymo 63aumooeicmaue npoucxooum ie-
pe3 cease HoN'—H-O (O----H)(OH----NH) unu n—n* xomniexcoe 4-NAP u m-DNB. [lna onpedenenus
MepmMoCmabunIbHOCMU CUHME3UPOBAHHBIX KOMNIEKCO8 C NEPEHOCOM 3apsa0d UCHONb308AH MEPMOSPABUMEN-
puueckuti memod. Memodom meopuu yHKYUOHANA NIOMHOCTU UCCTEO08AHA MONEKYId, KOMOpAs umeem
Haubonee cmabunvhblll KoHpopmep. [Iposedeno cpasnenue IKCNEPUMEHMATbHBIX Pe3VIbMAamos, NoayYeH-
HBIX Memooamu dNeKMPOHHOU U KOAebamenbHol CHeKmMpOCKOnUuY. IKCNePUMEHMANLHO NOTYYEHHAS CIPYK-
mypa cpasHu8andacs ¢ ONMUMUUPOBAHHOU CMPYKMYPOU NO MAKUM NApamMempam, Kax OIUHA CEA3U, Y2iibl
coeOuHeHUsl, CUIA OCYUILIAMOPA, OUNOIbHBIN MOMEHM U INeKMPOCMAMUYECKUll NOMEHYUAN MOLeK)Ibl,
npeockazanuvimu meopemuyecku. [llupuna 3anpewennoti 3ouvt om HOMO 0o LUMO meopemuyecku oye-
HeHa ¢ ucnoavsoarnuem ypoeus BILYP/6-311++G(d,p). [lonyuennvie dannvle Ucnorb308anbvl 0isl Xapakme-
PU3aYUU XUMUYECKUX CIMPYKMYP CUHME3UPOBAHHBIX KOMNIIEKCO8 HA OCHOBE MOLEKVISPHLIX CBOUCME.

Knrwoueewle cnoga: mpuammepen, numpoopzanuieckue axyenmopul, HK-Pypve-cnekmpockonus, nepe-
HOC 3apsa0a, meopust YyHKYUOHANa NIOMHOCMU, CNEKMPOCKONUSL KOMOUHAYUOHHO20 PACCesaHUs ceemd.

Introduction. In recent decades, charge-transfer (CT) complexes have attracted growing interest be-
cause many products and contaminations have been detected in natural water, generating significant public
concern. The idea of complexation has persuaded scientists to acquire basic, productive, and rapid strategies
for the assurance and recognition of medications. Therefore, the science involved in CT interaction is of in-
terest to researchers, drug specialists, and scientific experts. The detail of this type of interaction was first
given by Benesi and Hildebrand [1]. These authors describe a novel band in the spectrum of charge-transfer
complexes formed between benzene and iodine taking n-heptane as a solvent, which is absent either in the
spectra of iodine or benzene.

The CT complex is considered useful as a photocatalyst [2] and in organic semiconductors [3, 4]. The
phenomenon of the CT complex was first presented by Mullikan, who proposed a well-known theory [5] for
the interaction that occurs between donor (electron-rich moiety) and acceptors (electron-deficient moiety).
Later, contact of the CT complex was widely discussed by Foster [6], who showed that it occurs through the
formation of a weak bond [7, 8]. It was also noted that the establishment of CTC generally begins with the
change in color on mixing donor and acceptor, which absorbs radiation in the visible region [9—11].

Recently, the molecular pairs that form intermolecular CT complexes have been studied through density
functional theory (DFT) [12—14]. Distribution of electronic charge among synthesized charge-transfer com-
plexes with the assistance of DFT calculation enables us to directly describe the donor and acceptor. There-
fore, in such cases, pre-assumption is not needed for charge distribution [15—17]. Moreover, TD-DFT has
been performed to examine the FTIR spectra of four charge-transfer complexes, which affirmed the charge
transfer transition between acceptor and donor moiety. To our knowledge, there is no theoretical examina-
tion of CT complex of triamterene (TM) with picric acid (PA), 3-dinitrobenzene (DNB), 2-nitrophenol (NP),
and 2-nitroacetophenone (NAP). Hence, the present work targets completing such an investigation by DFT
calculation on all four synthesized CT complexes.

Experimental details. Aldrich-Sigma Chemical Company supplied the pure triamterene drug, PA, 4-NP,
4-NAP, and m-DNB. IR spectra are registrated by Bruker Spectrophotometer; Elemental analysis by Vario
Elemental Analyzers CHN-932; Thermogravimetric analysis by Shimadzu TGA-50H analyzers; SEM Quan-
ta by FEG 250, 20 kV; TEM by JEOL JEM-1200 EX II, 60-70 kV; XRD by X‘Pert PRO PANanalytical,
and Raman laser by Bruker FT-Raman, laser 50 mW.

Charge-transfer solid complexes for the TM with PA, 4-NP, 4-NAP, and m-DNB were prepared by
grinding of PA, 4-NP, 4-NAP, or m-DNB with TM with 1:1 molar ratio in a porcelain mortar with a few
drops of CH>Cl» solvent. The formed complexes were dark brown-to-olive green powder for TM-PA,
TM-4-NP, TM-4-NAP, and TM-m-DNB complexes, respectively. The resulting solid chemical reactions
were dried under vacuum then stored in clean capped vials.

Gaussian 09 Software [18, 19] has been used to perform the DFT/TD-DFT computations employing the
Web MO interface [18, 19]. The calculations have been carried out on the charge-transfer complexes TM-PA,
TM-4-NP, TM-m-DNB, and TM-4-NAP individually, whose 3D structure was drawn using ChemDraw Ul-
tra 12.0. The molecular geometries of the complexes in an isolated gaseous phase were fully optimized under
tight convergence criterion without any symmetry constraint by DFT at B3LYP-D3/6-31G(d,p) level
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[20, 21]. Grimme’s D3 dispersion correction was considered for weak interactions within complexes. Non-
imaginary IR values obtained at optimized geometry using the same method corroborate the geometry at a
minimum on potential energy surface. Some important IR bands were assigned high accuracy using animat-
ed modes by Gauss View 5 [22]. The assessment of uncertainties in data collected by the computational
method has been done empirically (i.e., comparing the experimental and computational data directly to un-
derstand the level of precision anticipated). Also, using this theory, molecular electrostatic potential (MEP),
we describe the frontier molecular orbitals (HOMO and LUMO), dipole moment, polarizability, chemical
reactivity descriptors, and thermodynamic parameters (at 298.15 K) obtained using the B3LYP-D3/6-
31G(d,p) method.

Result and discussion. FTIR spectroscopy. We performed a comparative study of four CT complexes
of simulated IR (TM-PA, TM-4-NP, TM-m-DNB, and TM-4-NAP) with experimental data to detect differ-
ent signals. The experimental FTIR spectra of four CT complexes are shown in Fig. 1. A couple of strong
vibrational signals and animated modes of vibration are detected in the FTIR spectra of CT complexes,
equivalent to the IR spectrum obtained by simulation (Figs. 2 and 3).
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Fig. 1. FTIR spectra of TM with different acceptors such as PA, 4-NP, 4-NAP, and m-DNB.

In the TM with PA CT complex, in the experimental spectrum, the C-H aromatic stretching was detect-
ed at 3128.95 cm™!, while a small shift in the wavenumber was seen in the spectrum, which is obtained by
theoretical calculations. The transformation is also seen in the O—H band at 3329.8 cm™! in the CT comple-
xes. However, this has only a marginally higher wavenumber in the simulated spectrum. In this association,
symmetric and asymmetric peaks of NH, were detected at 3429 and 3470 cm™', while it was noted from the
literature that free amino groups in the pure TM were seen at 3371 and 3472 cm™!, respectively. Subsequent-
ly, peaks of simulated amino groups were shifted to the higher wavenumber. Also, in the range of 1599 and
1428 cm™!, peaks were assigned for the C-N and C=N bonds, which is comparable to the peaks obtained by
theoretical calculations [23, 24].

Similarly, in CT complexes TM with 4-NP, the interaction occurs through O-H59----13NH, and
O-H60----11NH,. The peaks obtained for the aromatic C-H and O-H were observed at 3116.93 and
3329.61 cm™!, whereas in the simulated spectrum, these peaks are shifted to the higher wavenumber. Further-
more, asymmetric and symmetric vibrational peaks are seen towards larger wavenumber than the experimental
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data of the complex, which was pointed at 3439 and 3329 cm !, respectively. The C-N and C=N peaks were
visible at 1570 and 1427 cm™!, respectively, which is comparable to the data obtained by simulations.

— TM Picric Acid (A), FTIR —— TM Picric Acid (A), Theoretical IR

Fﬁ

P
yO-H

v C-N {ring) + C-NO,

v C.C {ring(

v N=0
B NH,, (sissoring) ’/

+ v C-N (ring)
-
NH,, (waggin:
B NH, (sissoring)  NH,, (wagging)
s
+vGC-C(ring)
v C-N (ring)

4000 3000 2000 1000 0 v, cm

——FTIR (TM with 4-nitrophenol) —— Theoretical IR (TM with 4-nitrophenol)

, C-H (ring)

[\ ve N,

Vas NH,

B NH2 (scissoring) + v C-N (ring) P

vNGz+B0-H+vG-C |
B NH, (scissoring) + v C-C (ringr’,
Fi vN11-C2 + pN11-H+ p C-H ' *D [C-H + 035-H]
/ vC22-0 + i C-H

14 »
v 0-H (H-bounded) v[N-C +C-C](ring) + v C9-C14

4000 3000 2000 1000 0 v.em'!

Fig. 2. Theoretical FTIR spectra of TM with PA and 4-NP.

It is observed from the spectrum of the CT complexes, which is complex formed between TM with
1,3-DNB, complexations occur by the interaction via O=N=055----H62-N-H and O=N=036----H61-N-H.
The aromatic C-H stretching was identified at 3104 cm™!. A small shift in the wavenumber is found in the
spectrum, which is acquired by the theoretical calculations. A couple of peaks were observed at 3477 and
3374 cm!, which is assigned for the asymmetric and symmetric amino groups of the CT complexes. We de-
tected a slight difference in the case of the wavenumbers and intensities for the complex by comparison with
the theoretical IR spectrum. The shift in C-N and C=N bond frequencies in the simulated spectrum of the CT
complex were observed in which experimental peaks were marked at 1573 and 1418 cm™!, respectively.

As explained above, the CT complex is formed by the interaction between TM and 4-NAP.
An O=N=037----H24-C and O=N=049----H54-N-H bond has been developed because of the interaction be-
tween acceptor and donor. The aromatic C-H and O-H peaks were experimentally obtained within the region
of 3115-3282 cm!, which is found slightly towards higher frequency in the simulated spectrum. Two peaks
were seen at 3471 and 3371 cm™!, which is appointed for the asymmetric and symmetric amino groups of the
CT complex. There was little contrast in the wavenumbers and forces for the complex in examination with
the theoretical IR spectrum. The frequency shifts to the larger number for C-N and C=N bonds in the simu-
lated IR spectrum of the CT complex, which were seen at 1572 and 1418 cm ™! separately.
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Fig. 3. Theoretical FTIR spectra of TM with 4-NAP and m-DNB.

Conductometry analysis. The conductivity of the CT complex of TM with different acceptors, such as
PA, 4-NAP, 4-NP, and 1,3-DNB, was measured using dimethylformamide (DMF) as the solvent given in
Table 1. The conductivity of the control was found to be 9.11 ps. It was noted that the conductivity increas-
es, which may be due to the fact of different acceptors. The measured conductivities of the complexes
[(TM)(DNB)], [(TM)(NAP)], [(TM)(NP)], and [(TM)(PA)] were 8.55, 9.33, 14.40, and 130.7 ps, respective-
ly. It was concluded that the complex with higher conductivity is most stabilized in DMF solvent and that

frequent complexation occurs.

TABLE 1. Conductance Data of TM-PA, TM-4-NP, TM-m-DNB, and TM-4-NAP
Charge-Transfer Complexes

Sample Different sample dissolved in Dimethylformamide (DMF)
DMF 9.11 ps Control

1 130.7 ps TM-PA

2 14.40 ps TM-4-NP

3 9.33 us TM-4-NAP

4 8.55 us TM-1,3-DNB

Powder XRD analysis. The powder XRD diffractograms of all four CT complexes are shown in Fig. 4.
The crystalline nature of CT complexes was determined by the sharp, strong Bragg diffraction peak observed
at different 20 angles for complexes TM-1,3-DNB, TM-4-NAP, 4-NP, and TM-PA (i.e., 10.24°, 18.80°,
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26.27°, and 43.38°, respectively). The XRD pattern reveals that the value of 20 for TM-CT complexes increas-
es. So, it was concluded that particle size also increases with the crystalline nature.
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Fig. 4. XRD pattern of triamterene with different acceptors, (a) 1,3-DNB,
(b) 4-NAP, (c) 4-NP, (d) PA.

SEM and TEM analysis. The SEM and TEM micrographs of the TM-PA, TM-4-NP, TM-m-DNB, and
TM-4-NAP CT complexes were recorded to determine the size, shape, and uniformity of the synthesized
complexes. It was seen from the SEM micrographs that all of the CT complexes have a different morphology
showing the definite shape and homogeneous material. Figures 5 and 6 show the significant morphological
changes observed between the CT complexes, which is due to the difference in the acceptor. Therefore,
change in the acceptor affects the morphology of the CT complexes.

20kV X330 50pm 0053 Taif EMU 20KV X400  S0pm 0053 Taif EMU X200 100pym 0053 Taif EMU 20kV X550  20pm 0053 Taif EMU

Fig. 5. SEM images triamterene with Fig. 6. SEM images of complex (a) and
(a) and (b) m-DNB; (c) and (d) 4-NAP. (b) TM-4-NP; (c) and (d) TM-PA.
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Fig. 7. TEM images of complex (a) TM-m-DNB; (b) TM-4-NAP; (c) TM-4-NP; (d) TM-PA.

Transmission electron microscopy (TEM) is shown in Fig. 7. It was seen from TEM images that all of
the synthesized complexes are homogeneously dispersed, and particle agglomeration was observed. The size
of the CT complexesTM-1,3-DNB, TM-4-NAP, 4-NP, and TM-PA are found to be 200, 200 nm, and 1,
0.5 pum, respectively.

Thermogravimetric analysis. Thermogravimetric analysis (TG) was done for the synthesized complexes
of TM-CT within the range of 25-800°C. The weight loss of the samples was obtained as a function temper-
ature from the TG curve shown in Fig. 8.

The curve for the CT complex of [(TM)(DNB)] shows a three-step degradation process. The first step
degradation starts at 173.50°C with a weight loss of 3.71%, and the second degradation step corresponds to
the weight loss of 3.32%, which is between 277.28 and 427.25°C. The third degradation step ranges between
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Fig. 8. TGA analysis of triamterene with (a) m-DNB; (b) 4-NAP; (c) 4-NP; (d) PA.
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427.25 and 600.60°C, with a weight loss of 17.94%. The TG curve of [(TM)(NAP)] represents a two-step
degradation in which the first step was between 25 and 298°C, and loss of mass was 5.2%. The second step
starts after 298°C and continues until 800°C, with a mass loss of 19.06%. Similarly, the thermal decomposi-
tion of 4-NP with TM shows two degradation stages, with weight loss of 2.2 and 93% between temperatures
25 and 498.96°C and 498.96 and 796°C, respectively. Lastly, for the [(TM)(PA)] CT complex, the thermal
curve shows two stages in the degradation of the CT complex in which the first step weight loss is 18% and
the step two shows 72% decomposition between 25 and 565.65°C and 565.65 and 760.11°C respectively.

DFT based molecular properties. Some of the significant atomic parameters were estimated with the
improvements of geometries for all the CT complexes. A recognizable transfer in the charge values in CT
complex TM-PA is found for the atoms (046, 044, H26, H38, and H23) associated with intermolecular hy-
drogen bonding through the formation of the complex and the relating energy minimized complex has ap-
peared in Fig. 9. The plot of molecular electrostatic potential (MEP) for the CT complex (Fig. 10) is intro-
duced to recognize the particular restricting destinations over the atom for electrophilic and nucleophilic as-
sault. In all the CT complexes, various hues over the MEP surface demonstrate the idea of the electrostatic
potential. The red, blue, and green areas inform about the negative, positive, and zero electrostatic potential,
respectively. Negative and positive electrostatic possibilities are separately confined over the oxygen and
hydrogen molecules. Individually, the areas with negative (red shaded) and positive (blue-hued) electrostatic
possibilities might be the ideal destinations of electrophilic and nucleophilic assault.

Fig. 9. Optimized structure of all the four CT complexes.

Charge delocalization inside the CT complex is explained by the frontier molecular orbitals for through
highest occupied molecular orbital and lowest unoccupied molecular orbitals, and associated energies play
an essential role in this explanation. Figures 11 and 12 show the spatial arrangements of the HOMO and
LUMO, related energies, and HOMO-LUMO hole. It is discovered that the HOMO is confined over the tri-
amterene moiety, while the LUMO is spread over the picric acid inside the CT complex TM-PA. Similarly,
in the CT complexesTM-4-NP, TM-m-DNB, and TM-4-NAP, it is noted that the HOMO is obtained over the
TM moiety while the LUMO is observed at 4-NP, 1,3-DNB, and 4-NAP, respectively. Table 2 details the
different hypothetical sub-atomic parameters dependent on the enhanced structures for all four CT complex-
es in the gas phase (e.g., SCF energies, entropy, heat capacity, polarizabilities, thermodynamic parameters,
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dipole moments, and HOMO-LUMO based CT complex reactivity descriptors for the CT complexes), and
some interactions between TM and different acceptors for the optimized geometries are summarized in Table 3.

TABLE 2. Various Theoretical Molecular Parameters

Parameters B3LYP-D3/6-31G(d,p)
TM-PA TM-4-NP TM-m-DNB TM-4-NAP
SCF Energy, kcal/mol —1109615.621 | —1174263.374 | —1336499.357 | —1271434.504
Dipole Moment, Db 3.274590 2.138858 8.267666 3.711868
Polarizability 290.887732 318.957090 361.641121 376.872280
Thermal Energy (E), kcal/mol 236.051 304.821 303.944 349.098
Heat Capacity (Cv), cal/mol - K 112.681 130.447 140.606 147.827
Entropy (), cal/mol - K 190.115 213.587 237.087 244,901
HOMO Energy (En) value, eV -5.81 -5.98 -5.58 -5.46
LUMO Energy (Er) value, eV -3.57 -2.35 -3.39 -3.22
HOMO-LUMO gap, eV 2.24 3.63 2.19 2.24
Ionization Energy 5.81 5.98 5.58 5.46
Electron Affinity 3.57 2.35 3.39 3.22
Electronegativity 4.69 4.16 4.48 4.34
Chemical Potential —4.69 —4.16 —4.48 —4.34
Hardness 1.12 1.82 1.09 1.12
Softness, eV! 0.45 0.28 0.46 0.45
Electrophilicity 9.82 4.78 9.18 8.41
TABLE 3. Interactions Shown in Optimized Geometries

TM-PA 0=N=046----H26-C 0-H-044----H23-N-H ring-ring

TM-4-NP 0O-H59----13NH; 0-H60----11NH» ring-ring

TM-m-DNB 0O=N=055----H62-N-H 0=N=036----H61-N-H ring-ring

TM-4-NAP 0=N=049----H54-N-H 0=N=037----H24-C ring-ring

-5.0¢-2 NN

Fig. 10. MEP of TM with (a) 4-NP; (b) PA;(c) 1,3-DNB, and (d) 4-NAP.

-7.0e-2 I
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Fig. 11. Frontier molecular orbital of the CT complex (a) TM with 1,3-DNB;
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‘A‘, EL=-3.67 6V

SRS, . o9
E_=-2.35eV Gap =2.24 eV
Gap =3.63 eV EH=-5.81eV
s
cym-sseor O CIRR,Q,

Fig. 12. Frontier molecular orbital of the CT complex (a) TM with 4-NP; (b) TM with PA.

Microanalytical analysis. Microanalytical data of the four CT complexes were listed in Table 4. The
experimental of elemental analysis results confirmed that the TM-PA has a 1:1 molar ratio but the other CT
complexes TM-4-NP, TM-m-DNB, and TM-4-NAP have 1:2 (donor:acceptor) stoichiometric ratio.
Figure 13 is referred to the speculated structures of the CT complexes based on the spectroscopic, thermal
and DFT analyses.
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TABLE 4. Elemental Analysis of TM-PA, TM-4-NP, TM-m-DNB
and TM-4-NAP Complexes

Formula Molar Found (Calculated), %
u mass C H N
4821 3.51 26.87
[(TM)(m-DNB).] 589.48 (4890) | (325 | (26.14)
43.97 2.54 29.76
[(TM)(PA)] 482.37 (44.82) 2.93) | (29.04)
57.93 5.01 21.70
[(TM)(4NAP),] 583.55 (57.63) (4.32) | (21.60)
5431 4.09 24.01
[(TM)(4NP).] 53148 (5424) | (3.98) | (23.72)
NO,
0N NH @ ’
Lo O
)l\ A~ NO,
H,NT N7 N7 NH,
[(TM)(m-DNB),] [(TM)(PA)]
O -CHs NO,
) NO, NO,
NH, @ ) NH, G!
NO ~
VS T @ " NS @
| : M
HZN)\N/ N/ NH, ! H\N)\N/ P . i
0%~ CH, H hoOTH
[(TM)(4NAP),] [(TM)(4NP),]

Fig. 13. Speculated structures of [(TM)(m-DNB),] [(TM)(PA)], [(TM)(4NAP):], [(TM)(4NP):],
and CT complexes.

Conclusions. The theoretical and experimental IR spectra were compared and found to be in good
agreement. This shows that the geometries of the complexes were correctly chosen. The theoretical FTIR
frequencies were overestimated relative to the experimental frequency, mainly due to ignorance of the har-
monicity in the calculations.
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