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Herein, we critically present theoretical modeling of toxic molecular
compounds from biomass pyrolysis using the density functional theory
formalism at the B3LYP level of theory coupled to 3-21G basis set. Detailed
molecular modeling - geometry optimization, global hardness, and chemical
potentials of the selected phenols and furans are reported. The thermal
energy changes and reactivity are estimated from Gaussian’'09 and
Chemissian computational platforms. The formation of phenol and cresols are
attributed to the thermally induced fragmentation of tyrosine via the rapture
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of the C-C bond (B-fission) which occurs via an endethermicity of +231.58
kJ/mol. The decarboxylation of tyrosine proceeds exothermally following an
energy release of -14.36 kJ/mol. Subsequently, furans were formed from
radical recombination during the thermal fragmentation of monomeric
cellulose and tyrosine. The mechanistic formation of toxic molecular species
from the thermal degradation of representative biomass materials has been
proposed. From the global hardness data, it was noted that p-cresol was more
reactive compared to phenol whereas alkylated benzofurans were more
reactive than benzofuran because of their lower HOMO-LUMO energy gaps.
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1- Introduction

The mechanistic formation of reaction products
from the thermal degradation of model biomass
components has lately received
scientific research because of the importance
attached to the combustion events that result in
environmental pollution. It is therefore essential
to explore feasible mechanistic pathways from
which environmentally potent
molecular products are formed from the co-
pyrolysis of model biomass components such as
tyrosine and
formation of toxic intermediate fragments under
the pyrolytic regimes. For instance, tyrosine
thermally degrades to p-hydroxy phenyl radical
associated with oxidative stress in humans [1].
The current study explicitly explores mechanistic
pathways for the formation of phenols and
furans from co-pyrolysis of equimassic binary
mixture of cellulose and tyrosine using the
density functional theory (DFT) formalism at the
B3LYP quantum level [2, 3].

Theoretical approaches have largely been relied
upon to predict the chemical reactivity of
molecules [4] using DFT calculations and the
other computational
Chemissian. The density functional theory has
been widely used to predict reaction energies,
site-reactivity, and global reactivity descriptors
of the chemical systems and other varied
chemical properties of molecules [2] on the basis
of the Hohenberg-Kohn theorems [5]. For a given
atom or molecule, the ground state energy
calculation in DFT relies on electron density p(r).
The expression connecting energy to the electron
density is given by Equation 1.

E(p) = F(p) + [ v(r) p(r)dr M

Where, F(p) represents universal Hohenberg-

enormous

toxic and

cellulose. Of interest is the

methods such as

Kohn function, v(r) is the external electrostatic

potential felt by an electron at a distance r due to
the nuclei, and E is the electronic energy. If we
take the first partial derivative of Equation 1 with
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respect to the number of electrons N at constant
v(r), we obtain the chemical potential (u). This

global reactivity descriptor is defined by
Equation 2.

aE
0= (&) @)
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Similarly, the second partial derivative of

Equation 1 with respect to N at constant v(r)

gives the global hardness (1), as expressed by
Equation 3.

n= (%) (3)

v(r)

These global reactivity parameters can also be
obtained from frontier orbitals. In this work, the
global quantities which include the chemical
potential, global hardness, and global softness
which by definition is the inverse of global
hardness was determined for the molecular
products considered in this study viz phenol,
cresols, benzofuran, and alkylated versions of
benzofuran.

The density functional theory is employed to
determine the thermal energies, frontier
molecular orbitals, and electron density maps.
Furthermore, the global reactivity descriptors
were determined based on HOMO - LUMO
energy difference. In addition, the electrostatic
potentials were mapped onto electron density
maps with the aim of establishing the positive or
negative electrostatic potentials of the molecules
under study. Biomass pyrolysis present
enormous  economic  benefits such as
pyrosynthesis of essential oils and medicinal
drugs, and the biofuels production, but the
negative toxic effects of the molecular products
to humans and the environment health are of
grave health concern. The understanding of the
mechanistic formation of furans and phenols
from biomass degradation are indispensable in
of appropriate
strategies in the environment.

the development remedial
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1-1-Computational methodology

Quantum chemical calculations were facilitated
by Gaussian ‘09 computational platform where
the modelled and optimized structures were
visualized with the aid of Gauss View interface
[6]. The energy and molecular properties
including geometric optimization and generation
of frontier orbitals were performed using DFT
quantum level relying on B3LYP correlation
functional and 321-G basis set. Global reactivity
descriptors; global hardness (1), global softness
(S), electrophilicity index (w), chemical potential
(W), and the frontier orbitals energy gap
(HOMO — LUMO) were all computed from the

energies of the frontier molecular orbitals
following the Parr and Yang, Pearson explanation
of the global quantities [7,8]. Moreover, Gaussian
computational suite enabled the estimation of
the overall enthalpy change for a reaction by first
performing thermochemistry calculations [9].
The output from Gaussian computational
platform was loaded Chemissian
computational code in order to generate 2-D
electron density maps.

onto

2- Results and Discussion

In this work, we propose that monomeric
cellulose thermally fragments through a series of
reaction steps to yield acrolein. Acrolein further
fragments by loss of carbon monoxide to form
ethene which subsequently forms vinyl free
radical via hydrogen radical abstraction in
agreement with the previous studies reported in
literature [10]. In this study, we have proposed
an alternative pathway for the formation of the
vinyl radical from acrolein which on the basis of
the low energy barrier is remarkably feasible.
Tyrosine, on the other hand, degrades as
proposed in to form phenol among the other
degradants such as cresols. Phenol is of interest
in this work because it combines with the vinyl
radical to form benzofuran, and subsequently 7-
methylbenzofuran and 2-methylbenzofuran via
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successive reactions involving the abstraction of
hydrogen radical and addition of methyl radicals.

2-1-The proposed mechanistic pathway for
phenol and cresol formation

Independent thermal degradation of cellulose
and characterization of respective molecular
products is not the centerpiece of this study
because several studies have investigated the
individual pyrolysis of cellulose and tyrosine
[11,12]. A few studies have also explored the
thermal degradation patterns of some amino
acids and lignocellulosic materials in processes
such as high temperature cooking and biofuel
production [13,14]. Thermally  induced
fragmentation of aromatic amino acids has been
known to yield phenol and alkyl phenols [15,16].
This observation is also in agreement with the
other findings on the co-pyrolysis of
lignocellulosic biomass and amino acids [15]. The
study further reported that only lignin among the
lignocellulose biomass yielded phenols whereas
amino acids (N-species) yielded a higher quantity
of phenols and cresols and no phenols are
produced from cellulose pyrolysis. As mentioned
elsewhere in literature, phenol is initially isolated
in significant amounts from the pyrolysis of the
binary mixture of cellulose and tyrosine at %400
°C [1]. Tyrosine in this case is the precursor for
the formation of phenol, cresols, and p-ethyl
phenol [14].

At higher pyrolysis temperature of 500 °C, the
yield
decomposition of model biomass materials such
as cellulose and tyrosine mixture is noted to
achieve a maximum. Generally, benzofuran is the
major furan-based compound between 300 and
500 °C, although, 2-methylbenzofuran and 7-
methylbenzofuran have been known to form in

of benzofuran from heat induced

significant amounts in this temperature range
[1]. Various mechanistic channels for furans’
formation have been explored in literature with
precursors such as sugars, amino acids, and
[17,18].
described the factors influencing furan formation

ascorbic acid Some studies have
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from sugars and amino acids [19], but there is
limited information on the influence of amino
acids on furan formation from the thermal
degradation of lignocellulosic-amino
mixture. Majority of the pyrolytic processes of
these materials gave hypothetical illustrations on
the formation of furans by Maillard and Strecker
reactions [18,20,21].

The mechanistic formation of molecular species
from the pyrolytic decomposition of organic
matter composed of N-biomass is not clearly
understood. However, certain assumptions on
the interaction behavior of the model biomass
materials are necessary. Quantitative yields of
molecular products depend on the pyrolysis
temperature and the residence time. The
description of thermal degradation behaviour of
amino acids is yet to be understood [22].

In this work, we propose that tyrosine undergoes
thermal fragmentation via two competing facile
decarboxylation pathways (i) and (ii) as
presented in Scheme 1. The first decarboxylation
reaction proceeds via the step designated (i) to
yield tyramine which involves an exothermic
process of -14.36 KkJ/mol. The second
decarboxylation reaction designated in Scheme 1
as (ii) occurs via the rupture of the C-C bond of
the carbon chain by (-fission, a process
proceeding by the absorption a heat change of
231.58 kJ/mol to form 4-methylbenzyl radical.
Nonetheless, and dehydration
reactions cannot be ruled out [10].

In this work, we disregarded a-fission because of
its apparent inability to yield phenol and cresols.
Initially, B-fission yields 4-methylphenoxy radical
which subsequently transforms to p-cresol
through step (iii). This reaction proceeds via an
enthalpy change of 372.61 k]J/mol. On the hand,
p-cresol undergoes C-C rapture as shown in step

acid

deamination

(iv) by an absorption of 434.79 k]/mol of energy
to form p-hydroxyphenyl radical which in turn
undergoes with
hydrogen radical via step (v) to yield phenol

radical-radical interaction

accompanied by the evolution of - 485.93 k] /mol.
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The formation of phenol from p-cresol by
inductive and mesomeric effects has also been
reported in literature [23]. The other cresols
such as o-cresol and m-cresol are formed from
phenol by the abstraction of hydrogen radical
and subsequent addition of methyl radicals as
illustrated in steps (viii) and (ix) which occur via
enthalpy changes of 49.26 kJ/mol and 43.46
k] /mol, Moreover,
undergoes hydrogen radical abstraction in step
(x) accompanied by the absorption of heat
(187.43 kJ/mol) resulting in the formation of
tyrosyl radical. Tyrosyl radical transforms into
tyraminyl radical via step (xi). This step occurs
with the absorption of heat of 172.34 kJ/mol.
Tyraminyl radical abstracts a hydrogen radical
via step (xii) to form tyramine. Tyramine, on the
other hand, undergoes deamination to form 4-
methyl phenolic radical via step (xiii).
Remarkably, steps (xiv) and (iii) proceed with
the addition of hydrogen radical to form p-cresol
accompanied by evolution similar heat energy of
-372.61 kJ/mol. It is important to note that steps
(i) and (vi) proceed to form resonance
structures. Therefore, their net enthalpy changes
are related to the stability of a resonance
structures resulting from these pathways. With
less positive or more negative an enthalpy
change, the stable the resonance structures are
enhanced [24]. The pathway leading to step (ii) is
less endothermic when compared with step (vi).
This is attributable to the
comparatively more stable resonance hybrid
structures formed from step (ii). Furthermore, 4-
methy phenolic radical is thus more resonance
stabilized than p-hydroxyphenyl radical owing to
charge delocalization. The interaction of amino
acids with cellulosic biomass under thermal

respectively. tyrosine

formation of

conditions is a complicated reaction which is yet
to be understood [25]. Nonetheless, we propose a
mechanistic channel based on the recombination
of the thermal fragments of monomeric cellulose
and tyrosine to yield important molecular

species.
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Scheme 1. The proposed mechanistic pathways for the formation of phenol and cresols from tyrosine.

In this work, we disregarded a-fission because of
its apparent inability to yield phenol and cresols.
Initially, B-fission yields 4-methylphenoxy radical
which subsequently transforms to p-cresol
through step (iii). This reaction proceeds via an
enthalpy change of 372.61 k]J/mol. On the hand,
p-cresol undergoes C-C rapture as shown in step
(iv) by an absorption of 434.79 k]/mol of energy

to form p-hydroxyphenyl radical which in turn

undergoes radical-radical interaction with

hydrogen radical via step (v) to yield phenol
accompanied by the evolution of - 485.93 k]/mol.
The formation of phenol from p-cresol by
inductive and mesomeric effects has also been
reported in literature [23]. The other cresols
such as o-cresol and m-cresol are formed from
phenol by the abstraction of hydrogen radical
and subsequent addition of methyl radicals as
illustrated in steps (viii) and (ix) which occur via
enthalpy changes of 49.26 kJ/mol and 43.46
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kJ/mol, Moreover,
undergoes hydrogen radical abstraction in step
(x) accompanied by the absorption of heat
(187.43 kJ/mol) resulting in the formation of
tyrosyl radical. Tyrosyl radical transforms into
tyraminyl radical via step (xi). This step occurs
with the absorption of heat of 172.34 KkJ/mol.
Tyraminyl radical abstracts a hydrogen radical
via step (xii) to form tyramine. Tyramine, on the
other hand, undergoes deamination to form 4-
methyl phenolic step  (xiii).
Remarkably, steps (xiv) and (iii) proceed with
the addition of hydrogen radical to form p-cresol
accompanied by evolution similar heat energy of
-372.61 kJ/mol. It is important to note that steps
(ii) and (vi) proceed to form resonance
structures. Therefore, their net enthalpy changes
are related to the stability of a resonance
structures resulting from these pathways. With

respectively. tyrosine

radical via

less positive or more negative an enthalpy
change, the stable the resonance structures are
enhanced [24]. The pathway leading to step (ii) is
less endothermic when compared with step (vi).
This is attributable to the formation of
comparatively more stable resonance hybrid
structures formed from step (ii). Furthermore, 4-
methy phenolic radical is thus more resonance
stabilized than p-hydroxyphenyl radical owing to
charge delocalization.

The interaction of amino acids with cellulosic
biomass under thermal conditions is
complicated yet to be
understood [25]. Nonetheless, we propose a
mechanistic channel based on the recombination
of the thermal fragments of monomeric cellulose
and tyrosine to yield important molecular

species.

OH CH
O\/l\/o K/\
e N OH

a

reaction which is

H ©H HO OH
H,O -H,0O (a) 167.00 kJ/mol
HO — . . .
H H + 102.00 kJ/mol (b) 2-hydroxymalonaldehyde (Z)-prop-1-ene-1,3-diol
HO
oH' CHon o
) 1 OH -H,O
cellulose monomer 63.00 kJ/mol ©
THO . HaC=CH _ +509.00 kl/mol O\/\
formyl radical Vvinyl radical () .
acrolein
2.09 kJ/mol |-H*

(2)
coO

-CO
+35.71kJ/mo!
(d)

. - H- .
H2C=CH<—(L) H,C==CH,

vinyl radical + 475.43 kJ/mol

Scheme 2. The proposed mechanism for the degradation of monomeric cellulose to acrolein, ethene
and vinyl radical.

The decomposition of cellulose monomer to
acrolein has been described elsewhere in the
[26]. This
modified in this study by incorporating the work
of Castro and Rust [27]. Herein, we propose that
acrolein fragments under pyrolytic conditions

literature mechanism has been

form ethene and subsequently vinyl radical as
in Scheme 2. Furthermore,
propose that vinyl radical and phenol are the key
precursors for the formation of benzofurans.

illustrated we

2-2- The proposed mechanism for the
formation of furans

Among the possible
channels, and as reported in Scheme 3, phenol
combines with vinyl radical to form the principal
product, benzofuran. Two feasible pathways for

other mechanistic

the fragmentation of tyrosine to form phenol i.e.
steps 1 and 5, are proposed.
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o-hydroxyphenyl radical
+32.05 kJ/mol

-H'

F'CH,
(10)

(-

2-Methylbenzo[b]furan

Scheme 3. The proposed mechanistic pathway for

the formation of benzofuran and its methylated

analogues.

Step 5 is the concerted rapturing of the C-C bond
in tyrosine to form p-hydroxyphenyl radical
accompanied by an enthalpy change of 497
kJ/mol [28]. Step 6 indicates the formation of a C-
H bond
abstracts a hydrogen radical to form phenol
proceeding with the release of 472.83 kJ/mol.

The abstraction of hydrogen radical from phenol
as shown in step 7 to form o-hydroxyphenyl

in which p-hydroxyphenyl radical
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radical ultimately leads to the formation of
phenol resulting in an enthalpy change of 472.33
kJ/mol. the
hydroxyphenyl radical is proposed to combine
with vinyl radical. This step proceeds with the
removal of two hydrogen radicals. Concerning an
enthalpy change of -21.55 kJ/mol, this route is
feasible (step 8). The abstraction of a hydrogen
radical (steps 9 and 10) followed by addition of a

In benzofuran formation, o-



Samuel K. Kirkok et al. / Prog. Chem. Biochem. Res. 2022, 5(4), 376-390

methyl radical results in the formation of 7-
methylbenzofuran 2-methylbenzofuran,
respectively, accompanied enthalpy changes of
44.64 K] /mol and 32.05 KkJ/mol, respectively.

and

2-3-Frontier molecular orbitals

The highest occupied molecular orbital (HOMO)
and the lowest unoccupied molecular orbital
(LUMO) are defined as frontier molecular
orbitals [29] and they determine how molecules
interact [29,30]. Generally, the HOMO of a
molecule interacts by overlapping with the
LUMO of another molecule in a given chemical
reaction [30]. Typically, the HOMO is regarded as
the nucleophile, and therefore the electron
donor. Its energy (£40,0) €quals the electron
affinity (EA). On the other hand, the LUMO is
considered as the electrophilic site, and thus the
electron accepting orbital with its energy
(£.ya0 ) being typically related to the ionization
potential (IP) [31]. One of the most significant
features of the frontier orbitals is the frontier
orbitals gap (HOMO — LUMO) gap, which is
useful in determining the chemical reactivity and
the kinetic stability of an organic molecule. A
molecule with a small HOMO — LUMO energy

gap has a high reactivity, but low kinetic stability
[32]. That s, with  high
HOMO — LUMO energy gap are generally stable,

molecules

less polarized, and thus chemically inert.
Conversely, a molecule with a small frontier
orbital energy gap is more polarized and is
designated as soft [33]. The increased chemical
reactivity owing to the smaller energy gap can be
explained based on the fact that addition of
electrons to a high-lying LUMO is energetically

favored. The electrons removal from a low-lying
HOMO in a

energetically preferred [34]. The computational
studies have focused on the possibility of using

given reaction is equally

frontier orbital energy gaps in determining
molecular electrical transport properties and
charge transfer interactions [30].
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2-4-Global reactivity parameters

The global hardness (1), global softness (S),
chemical potential (p), electrophilicity index (w),
and electronegativity (x) are the global reactivity
descriptors that characterize the behaviour of
atoms and molecules [35], and are regarded as
chemical reactivity predictors [31]. The global
electrophilicity (w) was initially determined by
Parr et al. [30] and is described as the change in
energy occasioned by transition of electrons
from the HOMO to the LUMO levels [32]. This
quantity predicts the chemical reactivity and

electrophilic character of molecules [30].
Electrophilicity index is directly correlated to
electrophilic  character [36]. The global

electrophilicity quantity is defined as expressed
in Equation 5.

w=" (5)

2n
Where, p represents the chemical potential and

1 is the global hardness.

The global hardness initially introduced by
Pearson (1986) describes the overall stability of
a system [37]. This quantity was determined
using Equation 6.

Global hardness (1) = “LUMO_SHOMOD (6)

-

The global softness designated as S, is by
definition, the inverse of global hardness and is

computed using Equation 7.
1

5= (7)
This equation was utilized to determine the
softness of the molecular products examined in
this study. Evidently from Table 1, the molecule
with the greatest global hardness has lower
global softness, implying greater
inertness. For instance, p-cresol (1.72 eV) has a
lower hardness compared with phenol (2.163

eV), implying a higher reactivity of p-cresol. This

chemical

comparison is in agreement with the reactivity
order based on the HOMO — LUMO energy gap

discussed earlier in this work as well as in the

other previous studies [30,32]. 7-
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methylbenzofuran has lower hardness, and thus
greater compared to 7-
methybenzofuran with a global hardness of 1.633
eV. The global hardness for benzofuran and 7-
methylbenzo[b]furan is 2.028 eV and 1.728 eV,
respectively. Thus, benzofuran is the hardest and
thus has the greatest chemical stability.

From the density functional theory formalism,
the chemical potential p is regarded as the
Lagrange multiplier in the Euler-Lagrange
equation [8]. The electronegativity (x) which is a
measure of tendency of an atom to attract
electrons has been established to be the negative
of the chemical potential, u [38] and is expressed
by equation 8.

h= (B—E) = —x (8)

N !,I::,,:I

softness

The chemical potential (1) can conveniently be
obtained from the frontier molecular orbitals in
the ground state, as shown in Equation 9 [30].

+
(u) — ELUMO HEHDMD = —y (9)

2-5-Electron density maps

In this study, the HOMO — LUMO energy gap
was determined for the molecular products
phenol, p-cresol, and benzofuran. These

compounds were modelled, and the frontier
HOMO — LUMO energy gaps were

determined for the

orbitals

optimized structures
reported in Figure 1. DFT allows for detrmining
the electron density maps of the optimized
molecular structures [35]. In this work, electron
potentials were displayed on the total electron
density surface. Electron density map (EDM)
reveals electron distributions in a molecule as a
consequence of bond formation [39], and it is
very important describing  bond
interractions [40].

The electron cloud is larger where there are
and the
describes variation in the electron density, often,
the change in the electron density map colour

when

more electrons, colour spectrum
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from blue to red, representing increasing
electron density. The HOMO — LUMO molecular

orbitals and the optimized geometrical
structures of selected molecular species of
interest are given in Figure 1. The red colour in
the electron density map is associated with a
negative potential and represents the site for
electrophyllic attack. The colours intensity is of
significance, for instance, the deep red color in a
region between two covalently bonded atoms
indicates greater overlap of the electron cloud
and stronger covalent interraction [41]. The blue
colour shows the highest electrostatic potential
energy which happens when the excited state
density is greater than the ground state density
[42]. This region, together with the green area,
has positive potential, and is therefore a good
center for nucleophilic attack. It is evident from
the electron density maps and electron potential
that phenol, benzofuran, and 2-
methylbenzofuran have greater electron cloud
overlap and covalent interactions are greater
around the aromatic ring as can be observed
from the intensity of their electron distribution.

surfaces

The values in Table 1 clearly present that p-
cresol had a smaller energy difference of 3.456
eV compared with phenol whose frontier orbital
energy gap is 4.327 eV, and thus p-cresol is more
reactive notwithstanding its kinetic
stability. Alkylated benzofurans are more
reactive than benzofuran because of their lower
HOMO — LUMO energy gaps. On the other hand,

2-methylbenzo[b]furan has an energy gap of
3.265 eV. This value is relatively lower than that
of 7-methylbenzo[b]furan whose computed
energy difference is 3.456 eV, and thus 2-
methylbenzo[b]furan is more reactive compared

lower

with 7-methylbenzo[b]furan.
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Fig. 1. The optimized geometrical structures and molecular orbitals of selected molecular products.
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Fig. 2. Electron density maps displaying electrostatic potentials and electron density surfaces for (a)
phenol (b) p-cresol (c) benzofuran and (d) 2-methylbenzofuran.
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Table 1. HOMO-LUMO energy gaps and gobal reactivity descriptors of selected phenolic and furan-
based molecular products

— o AE = E g — Eromo ~fmomo - L frumot Fmomo . W
Compound Exomo (BV)Ernmo (V) (e.{/.;m HOMp- —— ———— 5 =S EiE‘U p=— 3 (Y= 5}( V)
Phenol -9.252 -4.925 4.327 2.163 0.462 -7.089 11.617
p-cresol -8.463 -5.007 3.456 1.728 0.579 -7.007 14.207
Benzofuran -9.116 -5.061 4.055 2.028 0.493 -7.089 12.390
2-
methylbenzo[b] -8.163 -4.898 3.265 1.633 0.612 -6.531 13.060
furan
7-
methylbenzo[b] -8.245 -4.789 3.456 1.728 0.579 -6.517 12.289
furan

Legend: 7} =Global hardness (eV), § =Global softness (eV), L =Chemical potential (eV), and e =Electrophilicity index

(eV).

Nevertheless, these energies are significantly
close thus the two molecules have comparable
excitation energies [43]. Although benzofuran
has the lowest reactivity, it has the highest
kinetic stability because of the relatively high
HOMO — LUMO energy gap among the

benzofurans. Of the molecular products of
interest, p-cresol had the highest electrophilicity
index of 14.207 eV and is thus a strong
electrophile. Phenol had a w value of 11.617 eV,

which is lower than that of cresol. Therefore,
phenol is a weaker electrophile compared with p-
cresol. Among the benzofurans, 2-
methylbenzo[b]furan had the highest w of 13.06
eV, and thus it has the highest electrophilicity in
the furan category. The other benzofurans have

of . For instance; 2-

had w = 12.029 eV

of benzofuran whose

comparable values
methylbenzo[b]furan

compared to that
electrophilicity index was 12.39 eV. The chemical
potentials for the molecular products of pyrolysis
considered in this study were calculated from the
frontier orbitals and reported in Table 1. The
chemical potential is invaluable while concerning
the reactivity of molecular compounds [32].
Generally, molecules with greater values of p are
more reactive than those with smaller values of p
[30,32]. The DFT derived calculation of p based
on the HOMO — LUMO energies were; p-cresol

(-7.007 eV), phenol (-7.089 eV), benzofuran (-

387

7.089 eV), 2-methylbenzo[b]furan (-6.531 eV),
and 7-methylbenzo[b]furan (-6.517 eV).

3-Conclusion

This study has proposed an
mechanistic description for the formation of
phenol, cresols, and selected benzofurans from
the thermal treatment of model biomass
composition-cellulose and tyrosine. Therefore,
the formation of phenol and cresols cannot be
objectively attributed to the thermal degradation
of cellulose at least from a mechanistic
standpoint. It is suggested that phenol is formed
from thermal fragmentation of tyrosine through
C-C scission and free radical interactions. On the
other hand, benzofuran and its alkylated versions
are proposed to form via radical recombination
as reported herein. Monomeric cellulose
undergoes fragmentation to yield various
intermediates that give lower molecular weight
unsaturated molecules such as ethene which is
the main precursor for the formation of
chemically labile vinyl radical. o-hydroxyphenyl
radical, a tyrosine degradant combines with the
vinyl radical to yield benzofuran. Moreover, the
low

extensive

enthalpy  changes reported for
decarboxylation and deamination of tyrosine to
form various molecular products is in agreement
with the previous studies. The global descriptors
were computed to

electrophilicity, chemical stability, and kinetic

understand the
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stability of the pyrolysis molecular products. As a
result, p-cresol was found to be the most
chemically unstable, least kinetically stable, and
with the highest electrophilic character. Its
phenol had the highest global
hardness, and therefore the most chemically

derivative;

inert and Kkinetically stable. In the furan family,
the alkylated furans were observed to be more
reactive than benzofuran.
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