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Theoretical Study of the Internal Rotation of the Hydroxylic Group of the Enol Form of

Guanine

1. Introduction

In this paper, emphasis was placed on the study of the internal
rotation process of the hydroxylic group of the enol form of
guanine (see Figure 1). We study the evolution, along the
torsional anglé, of the potential energy, electronic chemical
potentialx, molecular hardnesg electrophilicity indexw, and
polarizability .
rotation process in terms of the simultaneous evolution of the
energy and various electronic global properties and look for
consistency among them. In particular, we are interested in
characterizing the transition state and the potential barrier
involved in the rotational process.

Guanine is a nucleobase that together with other pyrimidine
and purine components are responsible of the structure of DNA
and RNA. Because damage to DNA may occur through
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Emphasis was placed in the present work on a density functional theory and H&ae study of the

internal rotation of the hydroxylic group of the enol form of guanine. This was achieved by monitoring the
behavior of energy, chemical potential, hardness, electrophilicity, and polarizability along the torsional
coordinate. An energy barrier of about 9.5 kcal/mol was found about midway between two stable planar
conformations. The analysis of the behavior of reactivity descriptors shows that the principles of maximum
hardness and minimum polarizability are satisfied. Very good linear relations have been established between
energy, chemical potential, hardness, and electrophilicity power allowing the characterization of the rotational
process in terms of the simultaneous change of these global properties.

form; they are in tautomeric equilibriufG2 is in turn in
conformational equilibrium witl3. In this paper, we are going
to study the isomerization reacti@?2 — G3 that takes place
through internal rotation of the hydroxylic group, as shown in
Figure 1.

Density functional theory (DFT)® has provided the con-
ceptual basis to define powerful tools aimed at characterizing
chemical structures and their global and local reactivity proper-
ties. Within the frame of DFT, a complete characterization of
an N-particle wave function needs onl and the external
potentialz(b > r), so the energy of the system may be expressed
as a function of the electron numbidrand a functional of the
external potential(r): E[p(r)] = E[N, »(F)]. The total dif-
ferential of the energy is given by

Our main goal is to characterize the internal

chemical changes induced to its purine and pyrimidine bases, dE = s dN + fp(r) dv () df 1)
by radiation! electron transfet,or the action of different kinds
. . - where
of chemical species that may produce in changes of the
molecular conformation, it is interesting to characterize low 9E:
energy activation processes such as the internal rotation in the u= (B_N)u
isolated tautomers to check how difficult it might be to produce
those conformational changes through the action of the above-gnd
mentioned external perturbations. Global and local electronic
properties are response functions to different kinds of perturba- o(F) = [ oE )
tions; therefore, a study of the internal rotation needs a complete o0u(T)|n

characterization of the torsional potential energy and electronic

properties.

are the chemical potential and the ground-state electron density,

Three tautomeric forms of guanine are presented in Figure respectively. The chemical potential is a global property that
1. G1, the keto form, is very close in energy @2, the enol characterizes the escaping tendency of electrons from the

equilibrium systenT; formally, it is the Lagrange multiplier

* To whom correspondence should be addressed. E-mail: atola@puc.cl.associate with the normalization constraint of DFT that the
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Figure 1. Calculated and experimental structural parameters of the systems considered in this paper. The values on the molecules are ordered as
follows: upper, HF/6-311G**; middle, DFT/B3LYP/6-311G**; lower, experimental.

electron density integrates M the total number of electrofs.  that has been found to be the negative of the chemical potential
wis in turn a function oN and a functional of(b > r), so that (u = —y).*8 Chemical potential and hardness are responses of

u = u[N, v(b > r)], and therefore its total differential is the system wheil is varied for a fixed external potentia(r),
complementary te« and#, and the polarizability ) may be
du=ndN+ ff (F) dv (F) dF 3) used in understanding the behavior of the system for changing
v(T) at constant\.
where The use of the above reactivity properties is better character-
ized within the context of a few principles and equations widely
n= 1(3_/‘) used in classical reactivity theory to characterize chemical
2\0N/v reactions and transition states. The Hammond postulate (HP)
14 interrelates the position of the transition state (TS) to the
and exothermicity of the reaction, and it states that the TS is similar
ou 3(F) in structure to the energy-nearest Q(jjacent stable complex. The
f(F)=|—| = oY) ) Leffler's postulaté® defines the position of the TS through the
ou(T)|y oN Bragnsted coefficient3, a similarity index that can be interpreted
as the degree of resemblance of the TS with respect to the
are the hardne%s!! and the Fukui functiof13 of the system, product® The Marcus equation (MEY, originally proposed to
respectivelyy can be seen as a resistance to charge transfer; itcharacterize electron-transfer reactions, provides a simple
is a global property of the system and depends on bbémd expression for the activation energy that is consistent with both,

v(f). u and 5 are global properties that are related to well- the Hammond's and Leffler's postulates. Connection between
established chemistry concepts through the electronegatyity ( DFT concepts and classical chemistry principles is achieved
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through the principle of maximum hardness (PM£}? The Chemical Potential, Hardness, Electrophilicity, and Po-
PMH asserts that molecular systems at equilibrium tend to statedarizability. In most numerical applications, chemical potential
of high hardness, and as a consequence, TS’s are expected tand molecular hardness are calculated using the finite difference
present a minimum value of hardné83! Along with this, approximation that leads @ and# in terms of the ionization
Chattaraj et al have proposed the minimum polarizability potential () and electron affinity4).#~¢ Further approximations,
principle (MPP) which states that the natural direction of involving the use of the Koopmans theorem, give accegs to
evolution of any system is toward a state of minimum andy in terms of the energies of frontier molecular orbitals
polarizability?223In the context of chemical reactivity, the PMH HOMO and LUMO. The following approximate versions of
and MPP complement the minimum energy criterion for andx have been widely used?

molecular stability, and this in turn helps characterize transition

states. In this paper, we shall use the above-mentioned principles S 1(| +A) = l(eL + €. (10)

of reactivity in chemistry to rationalize the profiles of energy 2 2

and electronic properties along the torsional angle.

The paper is organized as follows: after this introduction,
section 2 presents the theoretical backgrounds; computational 1 1
details and calculation methodologies employed in this work n= §(| —A= E(EL — €p) (11)
are described in section 3; section 4 is devoted to the discussion
of the results; and Section 5 contains our concluding remarks. whereey and ¢, are the energies of the HOMO and LUMO

molecular orbitals, respectively.
2. Theoretical Background Another important reactivity descriptor is the electrophilicity
index w. It measures the energy stabilization upon electronic

reaction coordinate is the torsional angldefined with respect ~ Saturation of the system when electrons flow from the sur-

to the CO bond and taking as reference the dihedral ar]g|eroundings with a higher chemical potential than that of the
NCOH: 6 = O(NCOH) (see Figure 1:G2,G3). We express system. The electrophilicity index is defined in termsucdind

and

Torsional Potential Energy and Transition State. The

the torsional potential through the following function that comes n ags*
out from a truncated Fourier expansith: R
1 1 w = 2— = ?S (12)
V() = 7Ky(1 - cosh) + SAVE(L—cod))  (5) 7

whereS = 1/ is the softness of the system, another global
where K, = k. + ke and {k, k; are the forces constants property of the systerh.

associated with the N-cis9(= 0°) and N-trans § = 180) The set of descriptors, 1, andw are the response of the
potential wellsAV® = [V(18C°) — V(0°)] is the reaction energy,  system when changinly at constant external potential. How-
where the origin of the energy has been choseh=at0°, thus ever, in all chemical processes, the external potential change
V(0°) = 0. From the above equation, the position of the so we also need to know the response of the system wngn
transition state af = 0° can be determined through is varied for a fixed\. This can be measured indirectly through
the polarizabilityo, that accounts for the electronic reorganiza-
(d_\/) — 0= cog° = — AV ©6) tion induced by an external field. The mean polarizabiliiy]
do/e=e Ky is a descriptor that can be used to understand the behavior of

the system for changing(r) at constani. [aiis calculated as
Introducing the above result into eq 5, we obtain an expressionthe arithmetic average of the diagonal component of the

for the energy of the transition state (F&% polarizability tensct®2°
AV°)? 1
AVE = %Kv " % AVE 4 % Ko (0= 5 (O + 0ty + 1) (13)

The polarizability has been related to the softn&sthus, a
which is equivalent to the Marcus equatiiiThe position of  highly polarizable system is expected to be more reactive or
the TS can be rationalized through the use of the Bragnstedsofter than a less polarizable system that is expected to be hard
coefficient that, following the Leffler postulaté,is defined as and stabl@2.23.29
the derivative of the activation energy with respect to the
reaction energy. Use of the Marcus expression, eq 7, leads to3. Computational Details

dAV The profiles of global properties were obtained through SCF
_ ( ml_1 AV ®) ab initio calculations at the Hartre€ock (HF) and DFT levels
dAV° 2 2K, with the standard 6-311G** basis set using the package Gaussian

983! For the DFT calculations, the B3 (Becke 3) functional
Consistency of eq 7 with the calculated barrier height can be was used together with the Lee, Yang, and Parr functional (LYP)
checked through direct comparison AV}, with AV? = the for describing correlation and exchané® The torsional
potential barrier determined through full optimization of the TS potential energy and electronic properties were evaluated every
structure. Similarly, the Bransted coefficient should be compared 10 ° increments alon@ within the interval 0 < 6 < 180C°. To
with the value determined at the optimized TS structure, using characterize the effect of electronic correlation, MP2 calcula-
eq 6 to obtain tions** were performed at the critical points with the HF
optimized structures. On the other hand, chemical potential,
B = }(1 — cod.) 9) hardness, and electrophilicity were calculated using the HOMO
ot 2 and LUMO frontier orbitals, through egs 10 and 11. Validating
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Figure 2. HF/6-311G** (black circles) and DFT/B3LYP/6-311G** (open circles) profiles of energy (a), chemical potential (b), hardness (c), and
electrophilicity (d) along the torsional angte

the use of the Koopmans theorem in the calculation ahdy are in quite good agreement with the X-ray data with quite small
is the negative value of the HF/6-311G** HOMO energy that errors of about 2% in both HF and DFT calculations.
compares very well with the experimental ionization potential:  In Figure 2 are displayed the HF and DFT profiles of torsional

the calculated value is 8.23 eV, and the experimental value is potential energy (a), chemical potential (b), hardness (c), and
8.24 eV35:36|n contrast to this, the negative of the B3LYP/6- electrophilicity (d). The behavior of these properties upon
311G** HOMO energy is only 5.85 eV, much lower than the internal rotation is discussed in the following paragraphs, and
experimental value. In the frame of the DFT Koeh®&ham at first sight shows that the torsional dependenc&/ ofi, ,
theory, the Koopmans theorem normally underestimate the firstand w is quite well represented by both calculations (HF and
ionization potentiaf’ and moreover, it is only applicable for DFT) obtaining in all cases the same overall trends.
the exact density functional for which it has been shown that  Energy Profile.HF and DFT energy profiles are displayed
the negative of the ionization potential is equal to the HOMO in Figure 2a. It may be noted that both profiles are very close
energy. to each other and present a maximum at about midway between
The polarizability tensor components were determined ana- the cis and trans conformations; the barriers are 9.50 kcal/mol
lytically as the second derivative of the energy with respect to at the HF level and 9.73 kcal/mol using B3LYP. The most stable

the Cartesian components of the electric field. conformation is found at. = 0°, a conformation that seems to
be favored by the attractive local interaction among the hydrogen
4. Results and Discussion of the enol group and the neighboring nitrogen electron pair of
4.1. Molecular Structure, Energy, and Electronic Proper- the adjacent imidazole ring. In Table 1 are quoted the numerical

ties. Molecular StructureThe geometric parameters of isomers values of parameters quantifying the isomerization reaction, and
G2 andG3 were optimized at the HF and B3LYP levels. The these are the reaction energw) the optimized and Marcus
resulting molecular parameters are given in Figure 1, and the potential barriers ZQVOpt and AV}), and the Bransted coef-
available experimental data are also inclu@fedNote that, ficients Bopr andp). To determmeﬁvm, eq 7 is used with the
because there is no experimental information about the structurevalues ofAV° given in Table 1, and the parametey = (k; +

of the enol form of guanine, the calculated geometry of the k;) was determined from thie andk; values that in turn were
purine ring was compared with the X-ray structureGi. It is obtained through fitting the individual cis and trans potential
interesting to note that our results on the molecular structure energy wells to localized harmonic potentials functiéhs.
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TABLE 1: Torsional Potential Energy Parameters 88.4
Determined at Different Levels of Calculation for the
Internal Rotation of Hydroxy-Guanine 2
88.0
parameters HF B3LYP MP2
AV° 1.07 0.64 0.59
Ky 35.74 37.62 27.99 3 8761
Avfn 9.48 9.73 7.29 -~
AVE, 9.50 9.77 9.24 8§ 7 (
0.51 0.51 0.49 V' 780,
Bopt 0.50 0.49 0.50 .
aEnergies are given in kcal/mol. 77.6-
The energy barriers predicted using the Marcus expression 77.2]
(HF and B3LYP) displayed in Table 1 are in very good . . . . . . .
agreement with the corresponding optimized values; however, 30 0 30 60 90 120 150 180 210

at the MP2 level, these values differs by about 2 kcal/mol, a
departure that may be attributed to an inaccurate estimation of
the force constants needed to define the parankateindeed, ~ Figure 3. HF/6-311G* (black circles) and DFT/B3LYP/6-311G*
when using the eq 7 to determitg from szpt andAV°, the (open circles) profiles of polarizability along the torsional an@le

MP2 data produceky = 35.8 kcal/mol, which is very close to

the HF and B3LYP results. On the other hand, comparison of
the HF and MP2 optimized energies shows that the effect of
electronic correlation on the potential barrier is small although
it is crucial for estimating the reaction energy, and this result is

0/ degrees

Molecular HardnessFigure 2, parts a and c, shows that
andy, both HF and DFT, present opposite behavior along the
torsional angle thus satisfying the PMfi®and stable confor-
mations are harder than the TS, which present a minimum of
- . . Indeed, it can be appreciated that the cis conformation is
f the B3LYP data. In all th t (s ’ e :
confirmed by the B3 data. In all cases, the parameter giving slightly harder than the trans conformation, in agreement with

the position of the TSA) is very close to the reference optimized ; -
value, and all these results indicate that the scheme to analyzeWhat should be expected from the PMH and the relative stability

the torsional isomerization reactidB2 = G3 based on the of the isomers. .
Marcus equation is adequate for this system. It should be noted that, although a minimum at the TS for

Chemical PotentialChanges in chemical potential result from (€ hardness profile may also be expected on other grounds than

39 i i i
electron density reordering occurring in any dynamical process, the PMH;® consistency of the results in terms of their expected

: . litative behavior around the TS substantiate the use of the
this produces charge transfer from systems with high values of quall ) .
u to systems with low values ¢f until the chemical potential frontier orbitals HOMO and LUMO to determineandy and

reaches an equilibrium value. This picture to rationalize varia- ';]hedPMH a? &quﬁgtaz:;ﬁ tooLt?hchar:actt_anzle tr;e ??Ta\é'or Oft
tions of chemical potential is applied to internal rotations where araness at the 1. ougnh the chemical potentials do no.
the isomers connected through the torsional angle present €Main constant alo_ng the_ reaction _coord_lnate, the PMH holds,
different values of their electronic and structural properties. however, the behavior gf in connection with the PMH is still

Figure 2b shows that the chemical potential, both HF and DFT, unclear. Indeed, it has been recently_ppinted ou.t.that there are
exhibits a behavior with considerable variations along the ;al\;ls,ﬁstwt;]e1§4%0nstancwas not a sufficient condition for the
torsional angle, and« presents maxima at the reference 0 hola-™ )

conformations and a minimum at the TS. Changes in chemical Electrophilicity. The conformational dependence of the elec-

potential indicate that rearrangements of the electronic density FOPhilicity index is displayed in Figure 2d where we note that
are taking place, and a variationotiuring the internal rotation the TS is highly electrophilic, whereas the stable conformations

can be explained in terms of electron transfer from conforma- pr%ser;)t r}?inimlum valut_es ab. It isl intereztigg to notel that
tions with high values of: to conformations with low values ~ @nde behave in opposite ways alofigand because electrons
of «. In the present case, the electronic flux goes from the oW from a conformation with high chemical potential to a
reference stable conformations toward the TS. Moreover, the conformation with low chemical potential, a minimumis
amount of flowing charge is proportional to the difference in expected for a conformation havm.g a relat|ve.ly high eIeptro-
the chemical potential of the molecule at different conforma- Philic power whereas a conformation presenting a maximum
tions and an estimation of the intramolecular charge transfer Valué Of u must be less electrophilic because it should be

(AN) when going fromé; to 6, can be obtained through the ~Saturated of electrons. .
following expressior:’ Polarizability. In Figure 3 are displayed the HF and DFT

profiles of polarizability, it should be noticed that the HF profile

[u(6.,) — u(6,)] complies with the minimum polarizability principle exhibiting
AN = 1y = vl (14) minima at the stable conformations and a maximum at the TS.
2[n(0,) + n(6,)] In contrast to this, the DFT calculation presents a peculiar

behavior that verifies the MPP at the stable conformations, but
that, at the HF level, leads toN ~ —0.01 (—0.02 at the B3LYP it is against the MPPs expectations at the TS. This behavior of
level) when going from the cis conformatiofd & 0) to the the B3LYP polarizability does not prevent us from having
transition stated = 6°) and AN ~ +0.009 (+0.018 at the overall good values for this property. The B3LYP polarizability
B3LYP level) when going from the TS to the trans isomer. The of the cis conformation®(0°) = 88.21 au, is in very good
rearrangement of the electron density is confirmed by the fact agreement with the experimental polarizabili®(0°) = 91, 8
that the dipole moment, at the HF level, changes from about au®!
3.0 D at the cis conformation to 3.4 D at the TS to reach a  4.2. Rationalization of the Isomerization ReactionThe{,
value of about 3.8 D at the trans conformation. 1, V} RepresentatiorBecause the HF and DFT profiles of all
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Figure 4. HF/6-311G** correlations of the energy profile with the
chemical potential (a) and hardness (b) profiles.

properties analyzed so far are qualitatively alike, only the HF
results will be used to rationalize the internal rotation process.
From the observed qualitative behavior\8f«, and# along

the torsional angle, it can be concluded that all of these
properties are correlated. Figure 4 shows good linear correlation
among the energy and the electronic propentiend#. This

result show that the internal rotation of the enol form of guanine

is a reaction case in which the isomerization process can be

characterized in the frame of tHe, 7, V} representatiof?4?
In recent paper&#2it has been shown that when the profiles
of V, u, andn are interrelated they can be studied simultaneously

by expressing the potential energy as a functional of both the

chemical potential and hardne34p) = V[u(0),7(0)], as they

were independent variables. This is an approximation that is

valid only in cases where the energy is strongly correlated with

the electronic properties, as observed in Figure 4. The total

differential of such a functional is therefore

0 )
-
uly

du + (—
where we have defined the coefficiel@s = (0V/ou), andQ,

15
onu (15)
= (dV/an),. Under the above depicted approximation, eq 15

dyp=Q,du+Q,dn

J. Phys. Chem. A, Vol. 107, No. 27, 2008339

correlated with the energy (Figure 4), their slopes should give
reasonably good approximations to the parame@grandQ,

even though in this approximation they are not calculated at
constant hardness and chemical potential, respectively. The
numerical values of these coefficients are given by the half of
the slopes of Figure 4, parts a and @; = —0.817 andQ, =
—1.097; the factof/, on these slopes were introduced to take
care for the correct combination of thkeand»n dependence of
the torsional potentiaV.?> In this context, the torsional potential

as a functional oft andy is therefore defined through the above
slopes, and this approximation is valid as long as the coefficients
Q, and Q, remain reasonably constant along the reaction
coordinate allowing the linear correlations displayed in Figure
4. This is a necessary condition for expressing the energy in
terms ofu andy, as independent variables in eqs 15 and 16. If
this is so, thd Q,, Q,} parameters can be related to the amount
of charge redistributed during the chemical procésmd the
physical meaning o®, andQ, is going to be apparent later on
when discussing the connection between torsional potential and
electrophilicity.

Because eq 16 is valid for afl, in particular, it allows an
expression for the energy of the transition state in terms of the
activation chemical potential and hardri&g3

AV = QAu* + Q Ay’ (17)
Using the numerical values of the coefficiefi®,, Q.} together
with the calculated activation chemical potential and hardness
(Au* = — 6.01 kcal/mol;Ap* = —4.22 kcal/mol), the torsional
potential barrier is estimated to be 9.54 kcal/mol, in perfect
agreement with the optimized value displayed in TablAY#(
= 9.50 kcal/mol). This result shows that consistency between
energy and the electronic global propertiesndy was achieved
thus grounding the approximations used in rationalizing the
results.

Relation between Torsional Potential and Electrophilicity
Profiles. Figure 2, parts a and d, shows thatand o feature
the same overall trend suggesting that they might be correlated.

SThis observation prompts us to compawu,y] with the

variation alongf of the electrophilicity index which is also a
functional of bothu and#, as can be noticed in eq 12. The
total differential ofw is

Iz 1 [u4)?
do =|-|du—3|-| d 18
(,7) I Z(n) U (18)
and for finite variations it can be written
Aw = —(ANmaX-A/,L + %ANmaXZ-An) (19)
where ANmax = —uln, defined as the maximum electronic

charge that the electrophile may acc&ghas been used. Note
that egs 18 and 19 are similar to eqs 15 and 16 and valid for all
6. Formally, ANmax depends on the torsional angle, but it can
be verified in Figure 5, which shows the profile ANmaxalong

indicates that all energy variations are determined by changes®, which it changes slightly in the range of 0.38 and 0AMiyax

in « and# only, the response of the system wheris varied.

presents a maximum value at the TS, a result that is consistent

This indicates that the effect of changes in the external potential with the minimum of the chemical potential and the maximum

is less important in the characterization of the torsional potential
energy.
For a finite variation of the potential energy, we can write

AV=Q,Au+Q,An (16)
which is valid for all 6. Becausex and # are independently

electrophilicity power at that point.
The electrophilicity at the TS can be estimated from eq 19,
thus obtaining

Aw* = —[AN_ At + %ANmaXZ-An* (20)

max
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Figure 6. HF/6-311G** correlation of the torsional potential energy
and electrophilicity profiles along the torsional angle

use of the average value &Npmax (0.41) together with the

Cadet et al.

Q= ~bAN.; Q=-3bAN,’  (22)
The above equations relating parameters coming out from
independent data fittings procedures might be used to check
consistency betweev, «, n, andw. Use ofb = 3.37 together
with the average value diNnax leads toQ, = —1.38 andQ,

= —0.28, values that, although different from the original values
determined from Figure 4, parts a and b, produces the correct
value for the barrier height (9.47 kcal/mol) and a quite
acceptable value for the reaction energyAdf° = 1.83 kcal/

mol, lying within acceptable limits of 1 kcal/mol around the
corresponding reference value. On the other hand, if the original
from fitting values ofQ, = —0.82 andQ, = —1.10 are used,
then values of 0.24 and 0.57 faNax are obtained fronQ,
andQ, [eq 2], respectively; the average of them is 0.41, which
is exactly the mean value &fNpnax along 6. Either way, the
above results show quite good consistency and are defining
upper and lower limits for the parameters involved.

Corollary of the Energy-Electrophilicity RelatiolBecause
total softness is a sum of local contributions centered on the
different atoms in the moleculeS(= s),*® global electro-
philicity, eq 12, can be written in terms of local contributions
as

(23)

with wx = u?s/2 being the local electrophilicity power associ-
ated to centek. Use of eq 23 together witti(0) = a + b w(6)
leads to an empiric partition of the potential energy in terms of

n local contributions
" [a
Z (— + bwk(e))
n

Partition of the energy from the above considerations allows
one to identify specific centers that might be responsible for a
given behavior of the energy at a given point along the torsional
angle. In particular, this may throw light into the characterization

V() = ZVK(G) = (24)

already reported values for the activation chemical potential and of the nature of potential barriers in internal rotation processes.

hardness leads tAw* = 2.82 kcal/mol in perfect agreement
with the actual calculated value.

Figure 6 confirms the expected correlation amahgnd w
(correlation factor = 0.99) for this system. Within this context,
the torsional potential energy can then be written in terms o
the electrophilicity index along the torsional angle\{§8) = a
+ b w(6#), the boundary conditions &= 0, V(0) = 0, lead to
a= —b w0); atd = 6°, V(6°) = AV*, leads tob = AVH/Aw*;
the conditionV(180) = AV* leads to redundant data. A linear
fit of the points displayed in Figure 6 leads to the following
numerical values for these parametarss — 34.79 kcal/mol
andb = 3.47, which are in quite good agreement with what is
obtained from their analytic definitions.& — 33.46 kcal/mol
andb = 3.37).

Consistency between energy and electronic properties may

now be analytically achieved by putting/* = b-Aw* and using
egs 17 and 20, thus leading to

(21)

QnA[u¢ + QﬂAan =—b ANmax'A‘l'£¢ + %ANmaxz'A’f

this confirms the relation of the paramet¢(g,, Q,} with the

5. Concluding Remarks
In this work, a DFT and HF study of the internal rotation of

¢ the hydroxylic group of the enol form of guanine has been

presented. This was achieved by monitoring the behavior of
energy, chemical potential, hardness, electrophilicity, and po-
larizability along the torsional coordinate. The analysis of the
behavior of reactivity descriptors shows that the principles of
maximum hardness and minimum polarizability are satisfied
and consistency between different electronic properties and
energy was achieved within acceptable error limits.

Very good linear relations have been established between
energy, chemical potential, and hardness allowing the charac-
terization of the rotational process in terms of the simultaneous
change of these global properties.

The transition state for the internal rotation process has been
characterized through its position along the torsional angle and
its potential energy barrier. This later has been rationalized in

terms of the activation chemical potential, hardness, and

electrophilicity power.
Provided a good correlation between energy and electrophi-

amount of charge available for transfer during the chemical licity, an empiric energy partition has been proposed, in

proces®

particular, it may help characterize the nature of potential
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