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Abstract 

Motivation. In the present paper we use quantum chemical methods to optimize the molecular structure of the 
chlorophyll c3 (Chl.c3) and determine its molecular parameters and charges. Two theoretical methods have been 
used in this study, namely modified neglect of differential overlap with d–orbitals on some atoms (MNDO–d) 
and the density functional theory (DFT). In the DFT calculations we have used the Becke three parameters (B3) 
exchange functional, combined with the Lee–Yang–Parr (LYP) correlation functional. The time dependent 
density functional theory (TD–DFT) was used In the calculation of excited states. 
Method. The molecular structure of the Chl.c3 and the Chl.c3 dimer has been successfully optimized and shows 
that the chl.c3 macrocycle is non planar. In the monomer the Mg atom, coordinated to four nitrogen atoms, is 
neither located at the center nor in the porphyrin plane. Furthermore, TD–DFT calculations have successfully 
predicted the UV/visible absorption spectra of the Chl.c3.
Conclusions. The molecular structure and spectra predicted may help in an extensive experimental study of the 
ground– and excited–states of the Chl.c3 molecular system. 
Keywords. Chlorophyll c3; PM3; MNDO–d; DFT; B3LYP; 6–31G*; HOMO; LUMO. 

Abbreviations and notations 
PM3, Parameter Model three B3LYP, Becke three–Lee–Yang–Parr 
TD–DFT, Time Dependent – Density Functional Theory Chl.c3, Chlorophyll c3 
MNDO, Modified Neglect of Differential Overlap AM1, Austin Model 1 
ZINDO, Zero Intermediate Neglect of Differential overlap CNDO, Complete Neglect of Differential Overlap 
PM5, Parameter Model five CI, Configuration Interaction 
HOMO, Highest Occupied Molecular Orbital LUMO, Lowest Unoccupied Molecular Orbital 

1 INTRODUCTION 

Chlorophylls (a, b, c1, c2, c3, d), Mg–chlorin, Mg–porphin, bacteriochlorin, bacteriochlorophylls 
and pheophytins are of central importance in many biological processes and biochemical reactions 
such as oxygen transport and storage, light absorption and electron transfer [1,2]. Because of this 
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importance these molecular systems have been subject of many theoretical and experimental 
investigations. In particular, the molecular structures [3–25] and the electronic structures [26–39] of 
the ground– and excited–states of these molecular systems have been widely studied. 

Semi empirical methods (AM1, PM3, MNDO, PM5, MNDO–d, CNDO/S, ZINDO/S) were the 
first choice for estimation of the molecular structures and spectroscopic transition energies of 
photosynthetic chromophores listed above. However, the drawback is that under the harsh 
approximations of the semi empirical methods, they sometimes fail in the description of the 
properties to be estimated. 

Linnanto and Korppi–Tommola [20,21] clearly pointed out that the PM3 method fails in the 
prediction of coordinates and atomic charges of magnesium and nitrogen atoms (particularly in the 
case of the chlorophyll c3, Chl.c3). It also turned out from their calculations that PM3–CI methods 
do not predict oscillator strengths very well and they concluded that the failure of the PM3 method 
was a reflection of its inadequate parameterization. In the present paper we use quantum chemical 
MNDO–d [40–42] and DFT [42–45] methods to optimize the molecular structure of the Chl.c3 and 
determine its molecular parameters and charges. Since time–dependent density functional theory 
(TD–DFT) has been established as an extensive, efficient and reliable technique for studying 
electron correlations in the excited states of many molecules and molecular systems including 
porphyrins [37–39], this method is used for the calculations of electronic excited states parameters 
(wavelengths, oscillator strengths and excitation energies) of the Chl.c3.

2 COMPUTATIONAL METHODS 

Calculations of the equilibrium structure and vibrational force field of the Chl.c3 molecule was 
performed. The MNDO–d semi empirical method implemented in the molecular packing program 
MOPAC 2000 [41] was first used to derive the initial structure of the Chl.c3 monomer that was then 
used for the following DFT calculations. It is important to mention that the MNDO–d method 
considers only valence s–, p– and d–functions, which are taken as Slater Type Orbitals (STO) with 
corresponding exponents s, p and d [40,41]. Further, this method uses restricted basis set of one s–
orbital, three p–orbitals and five d–orbitals per atom. The resulting geometry of the Chl.c3
monomer was reoptimized at the non–local density functional level of theory. In the density 
functional theory (DFT), electron correlation is introduced through the Kohn and Sham method 
[42,43] based on the combinations of some density functional (exchange, correlation). In the present 
work, the hybrid functional Becke’s three parameters (B3) [44] combined with the gradient 
corrected correlation functional of Lee–Yang–Parr [45] also denoted B3LYP is used. 

The near ultraviolet (UV) and visible part of the electronic absorption spectra, excitation 
energies and oscillator strengths have then been calculated at the DFT level using the time–
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dependent perturbation approach (TD–DFT) [46], based on the Runge–Gross theorem [47] and 
related to the linear response Hartree–Fock or random phase approximation method [48]. 
Throughout the DFT calculations (geometry optimization and vertical excitation), the split valence 
double zeta basis sets of Petersson and coworkers (6–31G*) [49] with d–polarization functions on 
heavy atoms have been used. In the optimizations, all intramolecular degrees of freedom were 
optimized with no symmetry constraints and converged until the largest component of nuclear 
gradient was 10–6 a.u/bohr and the change in total energy was less than 10–7 a.u. The calculated 
vibrational frequencies at the equilibrium geometry gave real values, meaning that the geometry is a 
local or global minimum on the potential energy surface. In order to calculate the natural charges 
and describe the MgN bonding in terms of natural hybrid orbitals, we have used the natural bond 
orbital (NBO) procedure [50], implemented in the Gaussian03W computational package [51]. All 
the calculations have been performed on the MOPAC2000 [41] and Gaussian03W [51] 
computational packages. 

Figure 1. Equilibrium geometry of chlorophyll c3 as derived from DFT/B3LYP (6–31G*) calculations. 
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3 RESULTS AND DISCUSSION 

3.1 Structure 

3.1.1 The magnesium atom 

The DFT optimized geometry of the Chl.c3 is shown in Figure 1. Some selected intramolecular 

bond lengths; bond angles and dihedrals of the above molecule are given in Table 1 in which they 

are compared with the PM3 results obtained by Linnanto and Korppi–Tommola [22] and with the 

X–ray experimental values published by Serlin et al. [19]. Before discussing these results, it is 

important to mention that there does not exist any X–ray crystal structure for Chl.c3 molecule. 

The X–ray crystal structure of ethyl chlorophyllide a dihydrate molecule, used as experimental 

reference, is the closest experimental structure available even though Mg atom is five–coordinate in 

this structure. Further, the PM3 results represent to our knowledge, the unique theoretical 

calculations undertaken on Chl.c3. At the DFT/B3LYP (6–31G*) level of theory, the MgN 

distances are calculated to be 2.028 Å, 2.089 Å, 2.106 Å and 2.018 Å respectively for MgN2, MgN3,

MgN4 and MgN5. A more detailed analysis of these MgN distances shows that the MgN4 bond is 

longer than the MgN distances towards the other three rings (I, II and III). Similar trends were 

observed, in the semi empirical MNDO–d structures of the Chl.a [23] and the Chl.b [24], as well as 

in the experimental X–ray structures of ethyl chlorophyllide a dihydrate [18] and ethyl 

chlorophyllide b dihydrate [19]. 

The corresponding bond angles (N–Mg–N) are calculated to be 176.7°, 178.2°, 91.0°, 92.0°, 

87.3° and 89.7° respectively for N3MgN4, N2MgN5, N2MgN3, N2MgN4, N3MgN5 and N4MgN5. In 

the light of these values, it is noticeable that the Mg atom is neither located at the center nor in the 

porphyrin plane. The position of the Mg atom in the macrocycle of the Chl.c3 is similar to that of 

the said atom in the macrocycles of the chlorophyll a and the chlorophyll b calculated in our 

previous work using MNDO–d semi empirical method [23,24]. 

In contrast, this position is completely different from that determined with the PM3 method. This 

technique predicts the MgN2 and MgN3 to be too long (2.361 Å and 2.424 Å), and the MgN4 and 

MgN5 to be too short (1.814 Å and 1.829 Å), showing the complete failure of the said method in the 

description of the Mg atom’s position. Further, the DFT method predict as MNDO–d method that in 

Chl.c3 and other chlorophyll monomers, the magnesium atom is coordinated to four nitrogen atoms, 

which therefore, reduce the Lewis acid character of the magnesium atom. This result is not 

consistent with the PM3 results, that are shown in Ref. [20] (see Figure 2), and that predict the Mg 

atom to be coordinated only to two nitrogen atoms. 
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Table 1. Selected DFT optimized bond lengths, bond angles and dihedrals of the chlorophyll c3. The PM3 theoretical 
results of Linnanto and Korppi–Tommola [22] are given in the third column. In the fourth and the last columns are 
given the X–Ray experimental values of Serlin et al.

Bond lengths Bond angles and dihedrals 
 B3LYP 

6–31G* 
PM3

Ref. [22] 
Ref. [19]  B3LYP 

6–31G* 
Ref. [19] 

Mg1N2  2.028 2.361 2.063 N3Mg1N2  91.0 89.3 
Mg1N3  2.089 2.424 2.094 N4Mg1N2  92.0 88.6 
Mg1N4  2.106 1.829 2.167 N5Mg1N2  178.2 158.2 
Mg1N5  2.017 1.814 2.021 N4Mg1N3  176.7  
C6N2  1.370 1.352 1.377 N5Mg1N4  89.7  
C7N2  1.369 1.435 1.384 N5Mg1N3  87.3  
C10N3  1.365 1.370 1.361    
C15N3  1.374 1.418 1.388 N2C7C20C21  –0.3  
C8N4  1.370 1.415 1.348 N2C6C21C20  –0.4  
C12N4  1.380 1.395 1.387 C6C21C20C7  0.4  
C13N5  1.342 1.342 1.347 N3C10C18C19  0.8  
C16N5  1.384 1.436 1.402 N3C15C19C18  0.3  
C9C6  1.399 1.434 1.388 C10C18C19C15  –0.6  
C9C8  1.405 1.364 1.383 N5C16C24C25  0.3  
C11C7  1.396 1.359 1.369 N5C13C25C24  0.3  
C11C10  1.408 1.432 1.418 C13C25C24C16  0.0  
C14C12  1.402 1.375 1.364 N4C8C22C23  0.0  
C14C13  1.405 1.426 1.397 N4C12C23C22  1.7  
C17C15  1.404 1.408 1.377 C12C23C22C8  –1.0  
C17C16  1.399 1.382 1.414 C13C25C26O28  –178.0  
C18C10  1.456 1.449 1.464 C14C27C26O28  176.2  
C18C19  1.389 1.394 1.361 C14C27C30O66  29.3  
C19C15  1.457 1.443 1.463 C26C27C30O66  –85.7  
C20C7  1.464 1.477 1.476 C18C19C48C49  –38.1  
C21C20  1.381 1.375 1.346 C15C19C48C49  139.6  
C21C6  1.454 1.472 1.451 C7C20C55C56  –152.1  
C22C8  1.451 1.482 1.525 C21C20C55C56  30.0  
C22C23  1.385 1.372 1.555 C10C18C53O71  ––25.6  
C23C12  1.464 1.495 1.524 C10C18C53O72  152.5  
C24C16  1.458 1.466 1.420 C19C18C53O72  –23.5  
C24C25  1.384 1.381 1.404 C14C27C26C25  –4.5  
C25C13  1.425 1.456 1.416 C13C25C26C27  2.7  
C26C25  1.460 – 1.430 C25C13C14C27  –3.2  
C26C27  1.593 – 1.568 C71C53C18C19  –158.4  
C27C14  1.529 – 1.534    

3.1.2 Atomic charges 

The net charges of magnesium, nitrogen and oxygen atoms calculated using the natural bond 
orbital (NBO) analysis and the Mulliken population, implemented in the Gaussian 03W program 
Package are listed in Table 2. It has been mentioned above that in Chl.c3 the magnesium atom is 
coordinated to four nitrogen atoms, which therefore, reduce the Lewis acid character of the 
magnesium atom. This view is consistent with the calculations of Zerner and Gouterman [27] on the 
positive charge of metals in metalloporphyrins. The charges of N2, N3, N4, N5, O28, O66, O71 and O72

predicted by both techniques are negative while the Mg atom charge is positive. Similar results 
were obtained in the case of chlorophyll a and chlorophyll b by Nsangou et al. [23,24] using the 
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MNDO–d method and by Linnanto and Korppi–Tommola [21] using the PM5, the HF/6–31G* and 
the DFT/B3LYP (6–31G*) methods. 

HOMO–2 HOMO–1 
(a) (b)

HOMO LUMO 
(c) (d)

LUMO+1 LUMO+2 
(e) (f)

Figure 2. Selected molecular orbitals contours of chlorophyll c3 from HOMO–2 to LUMO+2. 
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Table 2. Mulliken and NBO charges on some selected atoms 
Atoms Charges 
 NBO Mulliken 
Mg1 1.703 0.869 
N2 –0.740 –0.751 
N3 –0.704 –0.731 
N4 –0.714 –0.733 
N5 –0.723 –0.762 
O28 –0.522 –0.457 
O40 –0.720 –0.584 
O41 –0.596 –0.484 
O65 –0.534 –0.438 
O66 –0.591 –0.470 
O71 –0.611 –0.500 
O72 –0.536 –0.451 

Table 3. A part of calculated second order perturbation stabilization 
energies E(2) (kcal/mol) for donor–acceptor natural orbital interactions. 

Donor NBO(i) Acceptor NBO(j) E(2) (kcal/mol)
LP(1)N(2) LP*(1)Mg(1) 31.57 
LP(1)N(3) LP*(1)Mg(1) 27.68 
LP(1)N(4) LP*(1)Mg(1) 27.91 
LP(1)N(5) LP*(1)Mg(1) 30.20 
BD(1)(N(2)–C(6)) LP*(1)Mg(1) 2.07 
BD(1)(N(2)–C(7)) LP*(1)Mg(1) 2.12 
BD(1)(N(3)–C(10)) LP*(1)Mg(1) 1.72 
BD(1)(N(3)–C(15)) LP*(1)Mg(1) 1.72 
BD(1)(N(4)–C(8)) LP*(1)Mg(1) 1.67 
BD(1)(N(4)–C(12)) LP*(1)Mg(1) 1.52 
BD(1)(N(5)–C(13)) LP*(1)Mg(1) 2.50 
BD(1)(N(5)–C(16)) LP*(1)Mg(1) 1.96 

In the NBO analysis, we focus on the stabilization energy E(2), calculated by the second order 
perturbation theory analysis of the Fock matrix [50]. Table 3 enumerates electron donor orbital i,
electron acceptor orbital j and the stabilization energy E(2) between their interactions. It is well 
known that the larger the E(2) is, the stronger the interaction between them and the greater the 
tendency that i provide electron to j, i.e., the more charges transferred [52]. It can be seen from 
Table 3, that the estimated values of E(2) between filed (donors) Lewis type NBOs (LP(1)N(2), 
LP(1)N(3), LP(1)N(4) and LP(1)N(5)) and empty (acceptor) non–Lewis NBOs (LP*(1)Mg(1)) are 
very large (31.57 kcal/mol, 27.68 kcal/mol, 27.91 kcal/mol and 30.20 kcal/mol) showing that 
electron density is significantly delocalized from the nitrogen atoms to the Mg atom. These values 
also show strong interaction between donors and acceptors NBOs and confirm the four coordination 
of the Mg atom mentioned above. In addition, the natural charges and Mulliken charges listed in 
Table 2 show that the Mg–N bonds are highly polarized, and are responsible of large shift of charge 
from magnesium to its neighbors. However, it is obvious from Table 2, that the Mulliken and NBO 
charges localized on the selected atoms are very different. This result is not surprising because the 
Mulliken scheme suffers from some approximations based on partitioning the wave function in 
terms of basis functions, and the fundamental problem is that basis functions often describe electron 
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density near a nucleus other than the one they are centered on. Consequently, atomic charges 
calculated from a Mulliken analysis will therefore not converge to a constant value as the size of the 
basis set is increased. In contrast, NBO’s are linear combinations of the natural atomic orbitals and 
they form a localized picture of the atomic orbitals involved in the bondings. The further advantage 
of the natural atomic orbitals is that they are defined from the density matrix, guaranteeing that 
electron occupation is between 0 and 2, and that they converge to well–defined values as the size of 
the basis set is increased [42]. 

3.1.3 The macrocycle 

Pyrrole rings are numbered clockwise (I, II, III and IV), and the cyclopentanone ring is 
numbered V as could be seen in Figure 1. Ring I is constituted of N2, C6, C7, C20 and C21, ring II is 
constituted of N3, C10, C15, C18 and C19, ring III is constituted of N5, C13, C16, C24 and C25, ring IV is 
constituted of N4, C8, C12, C22 and C23, ring V is constituted of C13, C14, C25, C26 and C27. The 
dihedrals characterizing each ring are listed in Table 1. 

Their values show that except of ring IV and ring V in which the following dihedrals, 
N4C12C23C22 and C12C23C22C8, C14C27C26C25, C13C25C26C27, C25C13C14C27 are calculated to be 
respectively in absolute values 1.7°, 1.0°, 4.5°, 2.7° and 3.2°, others rings have their dihedrals less 
than 0.8°. This indicates that rings I, II and III may be considered as almost planar while rings IV 
and V are slightly distorted. The dihedrals O28C26C27C14, O28C26C25C13 for the keto oxygen O28, and 
O71C53C18C10 and O71C53C18C19 for the carbomethoxy oxygen O71, are calculated to be respectively 
176.2°, 178.0°, 25.6° and 158.4°. These values clearly show that the keto oxygen O28 is displaced 
above the plane of ring V, while the carbomethoxy oxygen O71 is displaced below the plane of ring 
II. On the other hand there are two vinyl groups linked to the macrocycle at rings I and II as could 
be seen on Figure 1. The values of the dihedrals, C56C55C20C7, C56C55C20C21, C18C19C48C49 and 
C15C19C48C49 characterizing the displacements of both vinyl groups are calculated to be respectively 
152.1°, 30.0°, 38.1°, 139.6°. 

These values show that the vinyl group linked to ring I is 30.0° above the porphyrin plane while 
the second vinyl group linked to ring II is displaced by 39.0° below the said plane. It could also be 
observed in Figure 1 that the atoms of the interior ring of the homoporphyrin skeleton show a –
delocalization system, so that the displacements of C56 and C49 atoms respectively above and below 
the macrocycle reduce the extent of conjugation between the vinyl groups and the macrocyclic –
system. 

Figure 2 shows that the four orbitals (from HOMO–1 to LUMO+1) of the chlorophyll c3 are 
well localized within the porphyrin ring. The HOMO–2 has higher amplitude on rings I and IV, the 
methyl and the vinyl groups linked to ring I, and on the methyl group linked to ring IV. In contrast, 
this orbital has very small or no amplitude on rings II, III and V, and groups linked to the said rings. 
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The LUMO+2 orbital has no amplitude on the carbomethoxy and the methyl groups linked to ring 
V, and no amplitude on the nitrogen atoms, but has large amplitudes on other rings and substituent 
groups of the molecule. The common feature of these molecular orbitals is that they have no 
amplitude on the Mg atom. 

The Chl.c3 dimer results from the self–assembly of two monomer subunits. Given its large size 
(152 atoms), its geometry is optimized with the MNDO–d semi empirical method. Figure 3 shows 
the optimized structure of the dimeric molecule. In this structure, the carbomethoxy carbonyl of one 
molecular subunit serves as an electron donor to relieve the coordination unsaturation of the central 
atom in its partner, and as an electron acceptor through the central atom to produce an array of 
pigment molecules linked together by C30 carbomethoxy C=O···Mg interactions. The overall 
dimeric molecule has a symmetrical behavior despite some discrepancies. The Mg–O bond lengths 
are calculated to be 2.12 Å. These observations are consistent with those of the chlorophyll a dimer 
[23] and the chlorophyll b dimer [24]. From Figure 3, one easily observes that the Mg atoms are 
neither located on the porphyrin macrocycles, and that the said macrocycles are nonplanar. Their 
distortions are due to the resulting strains applied on the acetyl oxygen O66 and its analog of the 
second subunit, and also the strong axial ligation (or direct covalent linkages) of the oxygen atoms 
of the carbomethoxy groups to the central Mg metals. 

Figure 3. Equilibrium geometry of the Chlorophyll c3 dimer as derived from the MNDO–d semi empirical calculations. 

3.2 Spectroscopy 
In Table 4, the 8 lowest dipole–allowed singlet transitions energies (eV) and the corresponding 

wavelengths (nm) and oscillator strengths for chl.c3 are compared with the available experimental 
and theoretical results. In gas phase, one absorption maximum is obtained in the Q band region at 
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625.34 nm, which corresponds to absorption energy of 1.98 eV. Comparing with other available 
results, one notices that the DFT/B3LYP calculated wavelength is in much closer agreement with 
the reported experimental value of 626 nm published by Jeffrey [54]. Other available theoretical 
results (PM5, CIS(5,5)/3–21G*, CIS(5,5)–ZINDO/S, PM3/CIS(5,5)) listed in Table 4 show clearly 
that TD–DFT>PM5> CIS(5,5)/3–21G*> CIS(5,5)–ZINDO/S> PM3/CIS(5,5). This comparison 
confirms that among the above–mentioned theoretical methods, DFT/B3LYP is the most accurate. 

Table 4. Calculated excitation energies (E), transition wavelengths ( ) and oscillator strengths (f) for Chl.c3 with the corresponding 
experimental and theoretical data. Coefficients in each configuration mixing are given in column three.

Excited 
 states 

Transitions Coefficients Excitation  
Energy (E) (nm)

f

21A 164a 173a 0.11 1.9827 625.34 0.0744 
169a 171a 0.23  624.00a 0.08a

169a 172a –0.51  620.00b 0.10b

170a 171a 0.68  609.00c 0.10c

170a 172a –0.26  593.00d 7.40d

    626.00e  –  
      

31A 169a 171a 0.43 3.6232 342.19 1.8811 
170a 172a 0.36    
170a 173a –0.11    

      
41A 169a 172a 0.50 3.7731 328.60 1.5207 

170a 171a –0.27    
      

51A 167a 171a 0.53 4.3338 286.09 0.1390 
167a 173a 0.22    
168a 171a 0.26    

      
61A 167a 171a 0.20 4.3860 282.68 0.1921 

168a 171a –0.35    
168a 172a 0.42    
168a 173a 0.27    

      
71A 163a 171a 0.14 4.6426 267.06 0.0310 

164a 172a 0.14    
170a 173a 0.59    
170a 174a 0.16    

      
81A 162a 171a –0.15 4.6938 264.15 0.0035 

162a 172a 0.27    
162a 173a –0.19    
162a 174a –0.27    
162a 177a –0.26    
162a 178a 0.19    
162a 183a 0.12    

a PM5 semi empirical method [20] 
b CIS(5,5)/3–21G* [20] 
c CIS(5,5)–ZINDO/S [20] 
d PM3/CIS(5,5) [20] 
e Experiment [54] 

The excitation spectra reported in Table 4 show that the number of electronic excited states 
involved in the Q band is greater than four, leading to the conclusion that the Gouterman’s four 
orbital model [25–27,29] is not adapted. 
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Among the six subsequent excited states calculated, the strongest transitions appear at 342.19 nm
and 328.60 nm with respective excitation energies of 3.62 eV and 3.77 eV. The configurations of 
both states, 31A and 41A, consist respectively of 0.43 (HOMO–1  LUMO) + 0.36 (HOMO 
LUMO+1) – 0.11 (HOMO  LUMO+2) and 0.50 (HOMO–1  LUMO+1) – 0.28 (HOMO 
LUMO). One could notice from these configurations that the 31A and 41A excited states are mostly 
described by the coupling of the following excitations: HOMO–1  LUMO, HOMO  LUMO+1, 
HOMO–1  LUMO+1 and HOMO  LUMO. Furthermore, the molecular orbital shapes of the 
orbitals involved in the above–mentioned excitations are well localized in the porphyrin ring as 
could be seen in Figure 2, and this probably explains the higher strength obtained for both states. 
Moreover, these two strongest transitions are obtained in the same range and may result in an 
absorption maximum not reported experimentally (or experimentally underestimated). 

4 CONCLUSIONS 

The DFT/B3LYP(6–31G*) calculations have provided detailed structural data for the Chl.c3, in 
vacuum. Comparison with the available experimental and calculated bond lengths, bond angles and 
dihedrals indicates that the DFT/B3LYP(6–31G*) method gives the better correlation than the PM3 
method. However, some discrepancies in the C( )–C( ) and C( )–C( ) bond lengths, which may be 
due to molecular packing are noted. The structural parameters characterizing the macrocycle 
indicate that, in vacuum, Chl.c3 is similar to Chl.a and Chl.b molecules. The preferred geometry of 
the macrocycle is non planar, despite the conjugative interactions. The central magnesium atom 
exhibits four coordination with weak covalent bonds to the nitrogen atoms of the four–pyrrole bases 
(or five coordination in the dimer). The predicted absorption wavelength by TD–DFT calculations 
is in good accordance with that observed experimentally. 
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