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Abstract: Single-crystal X-ray diffraction studies are reported for 1- (4-Hydroxy-3,5-dimethoxyphenyl)-2-(2-
methoxyphenoxy)-1,3-propanediol [1]. Ab initio molecular orbital (MO) calculations on the electronic structure,
conformation and reactivity of this compound are also report and compare with the X-ray results. A charge
sensitivity analysis of the studied molecule has been performed by resorting to density functional theory
(DFT), obtaining several sensitivity such as the molecular energy, net atomic charges, global and local
hardness, global and local softness. With these results and the analysis of the dipole moments and the total
electron density maps, several conclusions have been inferred about chemical reaction of the studied
compound.
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INTRODUCTION MATERIALS AND METHODS

Lignin  is  the  second  most  abundant  biopolymer All calculations were carried out with the Gaussian
on earth and has a very complex three dimensional program series 2009, as basic program and Gaussian
structure  consisting   of   three    aromatic    groups,   i.e. Viewer as graphical medium. DFT calculations were
p-coumaryl  alcohol,  coniferyl  alcohol  and sinapyl carried out by using the three parameter Becke 3LYP
alcohol depending on the wood type [2]. The functional, which is a hybrid of exact (Hartree-Fock)
determination  of  the  structural  built-up  of  lignin  has exchange terms and gradient-corrected exchange and
been a constant challenge for more than a hundred years. correlation  terms,  similar  to  that  first  suggested by
One of the main difficulties is the lack of adequate lignin Becke.  The  usual  6-31G   basis  set  was  employed  in
isolation methods without having the lignin undergoing the DFT calculations. Following the standard
secondary reactions. nomenclature the latter calculation will be referred to as

It is well established that -O-4 structures constitute B3LYP/6-31G .
the major type of structural element in  lignins.  According During the past two decades, the density functional
to recent H NMR studies 30-40 % of the units in a theory (DFT) [5, 6] has revolutionized the theoretical1

softwood lignin and 40-50 % of the units in a hardwood studies of chemical reactivity in many areas of chemistry,
lignin are linked to adjacent units by a -O-4 linkage [3]. varying from inorganic to organic chemistry and from
Therefore, elucidation of the complete structure and material science to biochemistry [7, 8]. Based on the
macromolecular characteristics of the lignin polymer is of famous Hohenberg and Kohn theorems [9].
interest from the biological perspective. In addition, lignin Density functional theory provides an alternative
must be removed in order to produce high-quality printing approach to the description of the electronic structure of
and writing paper [4]. As a result, the structure of lignin is atoms and molecules and quantitatively describes the
of great importance for optimizing the processes and inherent reactivity of chemical species. In particular,
understanding the reactions involved in its removal. electronegativity [10], hardness and softness have played
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a major role to analyze the experimental evidence and to
establish, a priori, the development of a wide variety of
chemical reactions [11].

Electronegativity and hardness have been shown to
be very important in the elucidation and interpretation of
chemical reactivity [12]. The hardness measures a
chemical species's resistance to charge transfer, whereas
the electronegativity expresses its initial attraction
towards electronic

Charge. It has been shown that the electronegativity
x, i.e. the power of an atom in a molecule to attract
electrons, is related to the molecular energy E and the
number of electrons N by:

= -( E/ N) .

The chemical hardness  was introduced as
=( 2E/ N2)   (the  factor  of  ½   in   the  original

definition  has  been  omitted  for  convenience).The
Using a finite difference approximation and a quadratic
relationship between the energy E and the number of
electrons N, both definitions are transformed into the
working equations;

= -1/2 (I+A) and =I-A.

where I is the first ionization potential and A is the
electron affinity of the reference system. These formulas
provide a strong support for the interpretation of the first
and second derivatives of the energy with respect to the
number of electrons as the chemical potential
(electronegativity) and the chemical hardness,
respectively [13]. These two Equations can be
approximated by the energy of the frontier HOMO ( )H

and LUMO( ) molecular orbitals using the Koopmans’L

theorem(I -  and A  - ) [14].H L

µ=1/2( + ) and = -L H L H

RESULT AND DISCUSION

The compound I was lately synthesized [15]. The
crystal structure of this compound has been reported by
Stomberg and Lundquist [1]. The optimized geometry and
structural parameters of this compound calculated by
DFT/B3LYP levels with the 6-31G  basis set. Bond+

distances  (A°)  and  bond  angles  (°)  are  included in
Tables 1 and 2 along with the experimental  X-ray  results

Table 1: Bond distances (A )o

Bond lengths HF DFT Bond lengths HF DFT

C -C 1.393 1.402 C -C 1.541 1.5521 2 9 10

C -C 1.379 1.394 C -C 1.518 1.5222 3 10 34

C -C 1.399 1.407 C -O 1.404 1.4293 4 34 37

C -C 1.379 1.391 C -O 1.413 1.4354 5 10 23

C -C 1.397 1.406 O -C 1.358 1.3745 6 23 24

C -C 1.379 1.397 C -C 1.401 1.4146 1 24 25

C -O 1.355 1.375 C -C 1.380 1.3945 13 24 26

C -O 1.350 1.367 C -O 1.346 1.3646 12 25 39

O -C 1.404 1.424 O -C 1.400 1.42013 14 39 40

C -O 1.355 1.373 C -C 1.387 1.3991 18 25 27

C -C 1.391 1.400 C -C 1.391 1.40028 26 27 30

C -O 1.400 1.423 C -C 1.380 1.3939 44 30 28

C -C 1.527 1.5303 9

Table 2: Bond angles and Torsional angles (°)

Bond angle HF DFT Bond angle HF DFT

C -C -O 109.6 108.9 C -C -C 120.3 120.39 10 23 25 27 30

C -C -O 112.7 113.1 C -C -C 120.6 120.43 9 44 24 26 28

C -C -O 111.9 111.8 C -C -C 119.3 119.610 9 44 30 28 26

C -C -O 107.9 108.0 C -C -C 119.1 119.710 34 37 4 3 9

C -C -O 107.7 108.8 C -C -C 120.7 121.134 10 23 4 5 6

C -C -C 113.8 113.3 C -C -C 122.1 121.49 10 34 2 3 9

C -C -C 112.3 112.4 C -C -C 120.2 119.93 9 10 3 4 5

C -C -O 121.0 122.1 C -C -C 120.0 119.96 1 18 25 24 26

C -O -C 120.0 118.6 C -C -C 120.1 119.75 13 14 6 1 2

C -O -C 118.6 118.2 C -C -C 120.4 120.310 23 24 27 30 28

dihedral angles

C -C -C -C 74.63 76.06 O - C -C -C -53.44 -52.493 9 10 34 44 9 10 34

C -C -C -O -164.62 -162.6 O -C -C -C -165.02 -162.913 9 10 23 37 34 10 9

C -O -C -C 104.80 111.56 O - C -C -O 67.29 68.7924 23 10 9 44 9 10 23

The optimized configuration is shown in Figure 1.
A linearity between the experimental and calculated

parameters can be estimated by plotting the calculated
versus experimental bond distances (Fig. 2) and bond
angles (Fig. 3).

The values of the correlation coefficients indicate
good linearity between the calculated and experimental
parameters. The aromatic rings are well separated and the
distance for C -C  is 4.025Å in compound I.3 21

The electronic spectra of these compounds(Figure 4)
showed an absorption band in the region 256–259 nm this
band was due to electronic transition of the aromatic
rings.

The molecular dipole moment is perhaps the simplest
experimental  measure  of  charge   density  in  a  molecule.
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Fig. 1: The structure and dipole direction of compound I

Fig. 2: Graphic  correlation  between  the  experimental
and the theoretical bond distance obtained by
B3LYP/6-31G* method.

Fig. 3: Graphic correlation between the experimental and
the theoretical bond angle obtained by B3LYP/6-
31G* method.

Fig. 4: UV visible spectrum of compound 1

Table 3: Total energy E (a.u.), dipole moment µ (debye), electronegativity
 (eV) and hardness  (eV) for compound I

Parameter E µ

I -1225.7374331 3.8350 0.104675 0.21095

The accuracy of the overall distribution of electrons in a
molecule is hard to quantify, since it involves all of the
multipole moments. The result of this calculation for
compounds I along with total molecular energy, total
electronegativity and chemical hardness for the molecule
under study are presented in Table 3.

These results together with the analysis of electron
density plots are allowed to characterize the different
reactive sites within the molecules. Total energies as a
measure of stability and an evaluation of
electronegativities and chemical hardnesses as an
indication of aromaticity and as a measure of the
HOMO±LUMO gap useful for the design of low band gap
polymers had been accomplished.

CONCLUSIONS

Computational methodologies were employed to
explore structure and reactivity in several different areas
of organic chemistry. This is very useful information
because synthe-sizing a single compound could require
months of labor and raw materials and generate toxic
waste. A second use of computational chemistry is in
understanding a problem more completely. There are some
properties of a molecule that can be obtained
computationally more easily than by experimental means.
There are also insights into molecular bonding, which can
be obtained from the results of compu-tations, that cannot
be obtained from any experimental method. Thus, many
experimental chemists are now using computational
modeling to gain additional understanding of the
compounds being examined in the laboratory.
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Although lignin is known to be responsible for 3. Fengel, D. and G. Wegener, 1989. Wood Chemistry:
yellowing, characterization of its yellowing initiating Ultrastructure and Reactions. Walter de Gruyter,
structures is a challenging problem. This is an important Berlin.
issue because subsequent events leading up to yellowing 4. Smook, G.A., 1982. Handbook for pulp and paper
can be better understood if the identities of the initiating technologists. ed. M.J. Kocurek, Atlanta, GA: TAPPI.
structures are known. The computation analysis of this 5. Parr, R.G. and W. Yang, 1989. Density-Functional
compound by B3LYP  methods  is  in excellent  agreement Theory of Atoms and Molecules. Oxford New York
with all the expe-rimental findings. This investigation University Press.
proves that the vibra-tional frequencies and visible 6. Koch, W. and M.C. Holthausen, 2000. Chemist’s
spectra of prepared models can be successfully predicted Guide to Density Functional Theory. Wiley-VCH,
by B3LYP method with basis sets used. Regarding the Weinheim.
calculations, it is shown that The best fittings between 7. Ziegler, T., 1991. Approximate density functional
calculated and measured vibrational frequencies were theory as a practical tool in molecular energetics and
achieved by B3LYP theoretical level. With this level, the dynamics. Chem. Rev., 91(5): 651-667.
deviations between calculated and expe-rimental values 8. Torrent, M., M. Solà and G. Frenking, 2000.
are quite small for a given type of vibration. Information Theoretical Studies of Some Transition-Metal-
obtained about energies, structures and vibrations are a Mediated Reactions of Industrial and Synthetic
valuable part of planning chemical experiments, as well as Importance. Chem. Rev., 100: 439-494.
a support for the explanation of obtained experimental 9. Sucarrat, M.T., L. Blancafort, M. Duran, J.M. Luis and
results. Thus we can use methods are being used as part M. Sola, 2007. Theoretical Aspects of Chemical
of lignin research. the combination of theoretical and Reactivity,Elsevier B.V. Press.
experimental data will be furnished relevant information on 10. Pearson, R.G.,  1966.  Acids  and  Bases.  Science,
the properties and behaviour of lignin model compounds 151: 172-177.
and help us to find the photooxidation mechanism and 11. GaÂzquez, J.L. and C. PaÂrkaÂnyi, 1998. Theoretical
reactivity of this class of compounds and introduced a Organic Chemistry  Theoretical and Computational
new insight about process of photoyellowing. Chemistry, Elsevier, Amsterdam.
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