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Abstract

This work aims to present a theoretical study of sensor candidate formed from
Cytosine-Cu-Cytosine at DFT]BP86] ZORA/DZP level using ADF code for
the significance of proposing complexes based on DNA that captures toxic
adducts in the gas phase as: CO, CO;, NO, HCN, SO;, H,S and NO,. The
interaction between adducts and Cytosine-Cu-Cytosine complex was analyzed
by QTAIM based on electronic density p(r) and Laplacian of electronic den-
sity V2p(r). NCI-RDG analysis was performed and discussed. Interaction of
adducts with Cytosine-Cu-Cytosine complex takes place with a transition
state, and the energy barrier is lower with CO, E(TS) = 0.26 (kcal/mol). Po-
tential energy surface (PES) gives saddle point for the formation of two bonds
Cu-N and Cu-C at £= -6.826 a.u, Cu-N = 1.96 A and Cu-C = 2.38 A during
the interaction of HCN with Cytosine-Cu-Cytosine complex. PES analysis
proved that the interaction of NO, with Cytosine-Cu-Cytosine achieves stabi-
lization at £=-6.781 a.u, Cu-Ny, =2.057 A and Oyo, ---H23 =1.90 A

Keywords

Density Functional Theory (DFT), Sensors, Quantum Theory of Atoms in
Molecules (QTAIM), Non-Covalent Interaction Reduced Density Gradient
(NCI-RDG), Potential Energy Surface (PES)

1. Introduction

In addition to the biological role of DNA, which is represented by vital in life sci-
ence [1] [2], transportation of genetic information from one generation to another,

DNA bases (adenine, guanine, cytosine and thymine) may be used as attractive
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candidates and sensors to detecting some toxic chemical species and proposed as
part of safety systems [3]. Moreover, copper is multifunctional, considering that
it gets involved in combination with certain proteins to produce enzymes. Copper
complexes are used as anticancer drugs, copper ion complexes are used to treat
skin problems, and they are also used as sensors and biosensors [4]. Furthermore,
copper has a strong affinity to pyrimidine and pyridine structures to form biosen-
sors [5] [6]. Biosensors can be used in a variety of ways. They may provide quali-
tative information, semi-quantitative information, or provide accurate numbers
that can be used to make decisions based on trend information [7]. Metal-medi-
ated base pairs may be used as sensors [8]. Experimentally, the cytosine dimer
prefers to combine with the copper ion Cu* at the nitrogen atoms to form stable
trans complexes [9]. Toxic species such as: CO,, CO, SO, CH, and NHj are stud-
ied theoretically to be a target for gas sensors [3]. Amino acid-based ionic liquids
have a large capacity for carbon dioxide (CO,) solubility [10]. Meanwhile, poly-
oxometalate compounds have absorbent efficiency in CO, CO,, H,S, NH;, NO,
NO,, and SO, [11]. Therefore, the detection of various gas molecules in the at-
mosphere is important for academia and industry, and that’s why many theoreti-
cal and experimental studies have been carried out to reveal the capture of these
molecules [12]-[15].

Theoretical chemistry has become a tool for innovation and the proposal of new
molecular structures with several applications. we theoretically inspire the role of
Cyt-Cu-Cyt complex as a sensor of toxic molecules (CO, CO,, H,S, HCN, NO,
NO,, and SO,). To predict how these adducts interact to Cytosine-Cu-Cytosine
complex to form new complexes, it is important to characterize the intermolecular
arrangement between them. Intermolecular forces and non-covalent interactions
have a significant impact on the structure of biological and non-biological chem-
istry [16] [17]. For this reason, we have turned to a quantum theory of atoms in
molecules (QTAIM), natural bond orbital analysis (NBO), charge transfer, NCI-
RDG to predict different forces and interactions between adducts and Cyt-Cu-Cyt

complex.

2. Computational Method

All calculations are carried out at DFT/DZP level of theory, GGA-BP86 func-
tional used to predict intermolecular interactions [18] relativistic effect have been
taken by ZORA the Zero Order Regular Approximated Hamiltonian, energy de-
composition analysis. Non-covalent interactions were analyzed and visualized us-

ing multiwfn3.7 [19] and VMD programs.

3. Results and Discussion
3.1. Orbital Interaction
The highest occupied molecular orbital (HOMO) and the lowest unoccupied mo-

lecular orbital (LUMO) are two important characteristics for analyzing the elec-

tronic properties of molecules [20], and the gap between them explains molecular
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stability, chemical reactivity and kinetic stability [21]. Generally, HOMO orbital
gives electrons while LUMO one accepts them; in our case, LUMO orbital of com-
plex (Cytosine-Cu-Cytosine) has been attacked by HOMO orbital of adducts
(NO,, NO, CO;, CO, HCN, H,S, SO,) (see Figure 1 and Figure 2). Hence, more
the energy difference between them is reduced more the attack or the interaction
is favored. We observe that the lowest value of the gap (AE; = 0.063 V) was
obtained with H,S molecule, followed by (AEg, = 0.54 V) of SO, molecule and
then by (AEy, = 0.82eV) of NO, molecule. So, orbital attack of these molecules
(NO;, SO, and H,S) by Cytosine-Cu-Cytosine complex is more favored. There-
fore, the orbital interaction will be favored in the following order: AE, ¢ =0.063
eV< AE, =054eV< AE,, =082eV< AE,, =136€eV< AE,, =
2.99 €V < AE., =3.12€V< AE, =327Ev.

R

Figure 1. Cytosine-Cu-Cytosine complex with R = NO2, NO, SO, H:S, CO, CO, HCN.
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Figure 2. Diagram of HOMO of different molecules (NO, NO;, H:S, SOz, CO2, CO, HCN)
and complex LUMO and their gaps.

3.2. Various Energies

The decomposition of interaction energy is given as [22]:
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= Eelectr + Eorb + EPauli (1)

interaction

where E.. is the electrostatic stabilization energy between Cyt-Cu-Cyt and ad-
ducts (NO,, SO,, CO,, CO, H,S, HCN and NO), E,, represents orbital energy at
relaxed structures and Fp.ui term shows Pauli energy due to repulsion clouds in
the molecular geometry. We observe that for all terms, energies are close to each
other (Figure 3).

E (a.u) I cyt-Cu-cyt
E(Pauli) —_ cyt-gu-cyt-(glg)

- cyt-Cu-cyt-(SOy)
B [ cyt-Cu-cyt-(HCN)
B cyt-Cu-cyt-(NO)
[ lcyt-Cu-cyt-(COy)
I cyt-Cu-cyt-(CO)
I cyt-Cu-cyt-(H.S)

30

20

10

104 E(elect) E(bond)

-20 4

-30 4

E(orbital)

Figure 3. Decomposition energy of various compounds.

Epaui is destabilizing term for each compound and this destabilizing is offset by
Eyy and Eyea, therefore interaction energy becomes a stabilizing term and varies
little from one system to another: (Eiter = —6.07 a.u for Cyt-Cu-Cyt, Einter = —6.53
a.u for Cyt-Cu-Cyt-H,S, Euter = —6.58 a.u for Cyt-Cu-Cyt-NO, Eiyer = —6.69 a.u for
Cyt-Cu-Cyt-CO, Epeer = —6.71 a.u for Cyt-Cu-Cyt-SO,, Epeer = —6.79 a.u for Cyt-
Cu-Cyt-NO,, Euter = —6.84 a.u for Cyt-Cu-Cyt-HCN and Eiyer = —6.95 a.u for Cyt-
Cu-Cyt-CO,. It is more stabilizing for Cyt-Cu-Cyt-CO, complex. On the bonding

energy level Byong, this interaction is favored and more stabilizing with CO, adduct.

3.3. Transition States

The transition state assumes a special type of chemical equilibrium (quasi-equi-
librium) between the initial state (reactants) and the final stable state (products).
Our results prove that these interactions occur with transition states since fre-
quency calculations give one imaginary for each case. Figure 4 shows the transi-
tion states of the interaction of CO,, NO, CO, H,S and SO, adducts with Cytosine-
Cu-Cytosine complex; these results are performed to form one bond between
them (adduct and complex). We noticed that energy barriers vary relatively from
one adduct to another and the lowest one is obtained with CO, adduct (Ers = 0.26
kcal/mol); hence, we can consider that the interaction with CO, is more favored
energetically. This energy barrier is followed by (£rs SO, = 2.6 kcal/mol), (Ers H.S
= 3.15 kcal/mol), (£rs CO = 6.02 kcal/mol) and (Ers NO = 8.16 kcal/mol).
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Figure 4. transition states and energy barriers of various interactions.
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Figure 5. Potential energy surfaces of Cyt-Cu-Cyt-NO; (a) and Cyt-Cu-Cyt-HCN (b) com-
plexes.

Interaction of HCN and NO, adducts with Cytosine-Cu-Cytosine leads to the
formation of two bonds: Cu-N and Cu-C with HCN and Cu-N, O-H23 with NO,.
Potential energy surfaces (PES) are depicted in Figure 5. We notice that a for-
mation of saddle point at (Cu-N = 1.96 A, Cu-C = 2.38 A, E= -6.83 a.u) during
the interaction of HCN with Cytosine-Cu-Cytosine (Figure 5(b)). Regarding the
formation of Cytosine-Cu-Cytosine-NO,, it reaches a minimum at O...H23 =
1.902 A, Cu-N = 2.057 A at energy £= —6.78 a.u.

3.4. Topological Analysis

Quantum Theory of Atoms in Molecules (QTAIM) Analysis
QTAIM was applied to optimized complexes to quantify and identify intermolec-
ular interactions and the type and structure of bonds [23] [24]. It is based on
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electron density analysis [21], more precisely the electron density in “critical

point” (cp) is a point in space at which the first derivatives of the density vanish:

szig—p+ja—p+ka—p—> 2)
X

0 (at critical points A at o)
oy oz

generally # 0 (at all other points)

The second derivatives of p(r) can be arranged in the so-called “Hessian ma-
trix”, which, when evaluated at a CP located at r. is written:
p p Ip
ox>  Ox0y Oxoz

r=r.

The Hessian matrix can be diagonalized and transformed to A because it is real

and symmetric:

2
68'2 0 0
* . A0 0
4 0 0 4
82
0 0 ~
82 r'=r,

In which A, A, and A; are the curvatures of the density. The trace of Hessian
matrix of the density is invariant to rotations of the coordinate system and it is

known as the Laplacian of the density [ V> p(r) I:

_Ip(r) p(r) p(r)
- axz + ayz + azz _ﬂ1+ﬁz+ﬂ'3 (3)

Vzp(r) =V ~Vp(r)

Figure 6 shows critical points (CP) in Cyt-Cu-Cyt complexes. Those in red rep-
resent BCP (bond critical points) while those in green are (RCP) ring critical
points. Generally, p(rc) <0.07, Vzp(rc ) >0 we haveionic bond, p(rC ) >0.15,
V?p(r.)<0 it's about covalent bond and 0.07 < p(r,)<0.15, V’p(r,)<0
it’s about an intermediate bond. In the interaction regions, BCP1 was formed during
the interaction between the adducts and the Cyt-Cu-Cyt complex, which had low den-
sity and positive Laplacian. For that formed between the oxygen atom of CO, and N1
of complex BCP1(O-N1) (p(rc ).Vp(r. )) =(0.056,0.173) and between the sulfur
atom of SO, and copper atom BCP1(S-Cu) (p(rc ).V p(r, )) =(0.038,0.062) these
criteria are assigned for intermediate closed-shell interaction [21]. About the in-
teraction of CO adduct with Cyt-Cu-Cyt complex BCP1 has p(r) = 0.192 a.u with
negative Laplacian V’ p(r)=-0.159au and hence BCP1(Cco-Cu) is assigned
as a covalent bond. Low density and positive Laplacian are assigned for the inter-
action of NO and H,S adducts with Cyt-Cu-Cyt complex; BCP1(Nyo-Cu) have
(p(7):V?p(r.))=(0.106 2.u,0.096 a.u) , BCP1(S,; s-Cu ) have
(p(rc ).Vip(r. )) =(0.077 2.u,0.109a.u) , these parameters correspond to
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electrostatic interactions. For N-Cu bonds, electronic density ranges from [0.065
a.u] to [0.173 a.u] and Laplacian varies in the interval [0.05 a.u, 0.271 a.u]. We can
scribe them as electrostatic interaction. Exception for N4-Cu bond in Cyt-Cu-Cyt-
CO; complex which has negative Laplacian V*p(r,)=-0.11a.u, so it is consid-
ered as a covalent bond. In the interaction region, it was formed pseudo cycle
characterized by a ring critical point having low electronic density from
p(r.)=0.007au to p(r,)=0.01au. QTAIM performs hydrogen bonds with
very low values of electronic density from p(7,)=0.028a.u to

p(r.)=0.034a.u with positive Laplacian.

... BCRl RCP2 {/ch RCP2| oo
\\ / RER BCP3\ [~ ,Bcp2  BGE X [ BCP2
i % ‘,.\.-/{ \ L/
Y-o< Y /e /\ e
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Figure 6. Bond critical points (BCPs) (red), ring critical points (RCPs) (green) of Cyt-Cu-Cyt complex
with different adducts (CO,, CO, NO, H>S and SO.).
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Figure 7. Bond critical points (BCPs) (red), ring critical points (RCPs) (green) of Cyt-Cu-Cyt complex
with different adducts (NO2 and HCN).
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Figure 7 exposes topological properties of Cyt-Cu-Cyt-NO, and Cyt-Cu-Cyt-
HCN complexes. One bond was formed during the interaction of NO, with Cyt-
Cu-Cyt complex, more precisely between Ny, and Cu whose critical point at-
oms BCP1 having (p(rc ).Vp(r. )) =(0.065a.u,0.117 a.u) According to these
criteria (low electronic density and positive Laplacian), we can assign it as electro-
static interaction. The interaction of HCN adduct with Cyt-Cu-Cyt complex leads
to the form of two bonds: Cucx-Cu having BCP1 characterized by
(p(rc),Vzp(r(, )) =(0.102a.u,0.248 a.u), the second one BCP2, was formed be-
tween Npcx-Cu having ( (p(rc),Vzp(rc)) =(0.106 a.u,0.286 a.u) it is also as-
signed as electrostatic interaction. In this way, it formed a ring with three atoms
(Cu-C-N) characterized by RCP1 V’p(r.)=0.092a.u . Likewise, Cu-N bonds
have low values of electronic density ranging from [0.071 a.u] to [0.143 a.u] and
positive Laplacian in the range [0.023 a.u - 0.199 a.u], so we can assign them as in-
termediate closed-shell interaction. Ring critical points have a very low electronic
density from [0.008 a.u] to [0.092 a.u]. It was formed a new hydrogen bond between
Oyo, ----H20 having BCP2 with ( (p(rc),Vzp(rC)) =(0.0332.u,0.119a.u) . The
other hydrogen bonds also have a low electronic density from [0.031 a.u] to [0.111
a.u] and positive Laplacian in the range [0.031 a.u] to [0.391 a.u] and hence they
are assigned as intermediate closed-shell interaction.

3.5. Covalent and Non-Covalent Part of Bonds

Table 1 displays covalent and non-covalent percentage of various bonds as well
as their bond energies. From results, it can be observed that Cu-Cco, Cu-O,

and Cu-Crcx bonds possess a high non-covalent character which is equal to 97.8%
(74.8 kcal/mol) and 89.1% (72.73 kcal/mol) 98.6% (9.5 kcal/mol) respectively, and
it is more stabilizing with CO. We also notice that Cu-Nxo, Cu-Ny,, , Cu-Oy,
Cu-Ny,, and Cu-Nucy bonds hybrid character between covalent and non-cova-
lent interactions having the following values: for covalent part 58.3% (539.28
kcal/mol), 98.1% (36.99), 94%, 97.4% and 43.5% (86.21 kcal/mol) respectively and
it is more stabilizing with Cu-Nxo. For non-covalent parts, 41.7% (748.06
kcal/mol), 1.9% (5.89 kcal/mol), 6% (61.74 kcal/mol), 2.6% (65.14 kcal/mol) and
56.5% (111.87 kcal/mol) respectively and it is more stabilizing with Cu-Nyo. Hy-
brid character is also dominant in Cu-N1 and Cu-N4 bonds, giving a mixture of
covalent and non-covalent interaction for the majority of complexes, except for
Cyt-Cu-Cyt-NO which are purely covalent bonds. Cu-Sy, bond is purely non-
covalent, having (130.82 kcal/mol) whereas Cu-S; ¢ bond is mostly covalent
95.7% (83.10 kcal/mol). Hydrogen bonds are described as non-covalent interac-
tions with very low covalent character.

Table 1. Covalent part, non-covalent (%) part and bond energy (kcal/mol) of different bonds.

Bond Bond length (A) Covalent part %  Non-covalent part%
Cyt-Cu-cyt-CO
Cu-Cco 1.80 2.2 (1.61) 97.8 (74.8)
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Continued
Cu-N1 1.99 2.3(6.2) 97.7 (-68.99)
Cu-N4 2.004 36.7 (73.58) 63.3 (126.66)
Cu-015 2.78 8.1 (-7.65) 91.9 (-87.25)
Cu-016 2.89 11.2 (-10.8) 88.8 (—85.95)
015...H23 1.98 0.3 (-0.10) 99.7 (-38.49)
016...H20 1.91 1.9 (-1.15) 98.1 (-60.92)
Cyt-Cu-cyt-CO2
Cu-N4 1.87 51.7 (-102.7) 48.3 (~110.06)
Cu-N1 1.86 47.7 (-103.39) 52.3 (-113.24)

Cu-0O(CO») 3.66 10.9 (8.89) 89.1 (72.73)

N1-O(CO) 3.29 17.5 (=19.95) 82.5 (134.04)

015...H23 2.134 0.2 (—0.01) 99.8 (-8.25)

016...H20 3.31 1.3 (-0.13) 98.7 (-9.81)
Cyt-Cu-cyt-SO:

Cu-S 2.74 0 (0) 100 (130.82)
Cu-N1 1.87 46.3 (—99.81) 53.7 (-115.58)
Cu-N4 1.88 4.6 (-3.16) 95.4 (-65.14)

015...H23 3.51 1.7 (-1.7) 99.3 (-60.61)

016...H20 2.015 1.5 (-=0.14) 98.5 (~9.04)

Cu-017 3.45 5.4 (-3.67) 94.6 (-63.93)

Cu-018 3.39 5.9 (—4.09) 94.1 (64.90)
Cyt-Cu-cyt-NO

Cu-N(NO) 1.82 58.3 (539.28) 41.7 (748.06)
Cu-N1 1.99 100 (88.57) 0
Cu-N4 2.00 100 (75.41) 0

015...H23 1.94 0.1 (-0.04) 99.9 (-25.88)

016...H20 1.93 1.3 (=0.09) 98.7 (—6.68)
Cyt-Cu-cyt-NO;

Cu-N(NO») 2.06 98.1 (36.99) 1.9 (5.89)
Cu-N1 1.95 77.6 (36.64) 22.4 (=30.75)
Cu-N4 1.96 90.8 9.2 (12.14)

015...H23 3.94 0 100 (0.09)

016...H20 1.92 1.5 (0.10) 98.5 (6.26)

O(NOy)...H23 1.90 49.3 (31.09) 50.7 (32.09)

Cu-O(NO,) 2.83 94 6 (61.74)

Cu-O(NO») 2.83 97.4 2.6 (65.14)

Cyt-Cu-cyt-HCN
Cu-N1 1.95 39.4 (82.34) 60.6 (126.73)
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Continued
Cu-N4 2.00 36 (71.60) 94 (127.23)
Cu-N (HCN) 1.96 43.5 (86.21) 56.5 (111.87)
Cu-C(HCN) 1.99 2.4 (0.13) 98.6 (9.5)
015...H23 1.97 1.4 (0.13) 98.6 (9.15)
0O1l6...H20 1.87 1.8 (1.1) 98.2 (60.45)
Cyt-Cu-cyt-HaS
Cu-S 2.30 95.7 (83.10) 4.3 (3.45)
Cu-N1 1.99 44.9 (81.28) 55.1(99.67)
Cu-N4 1.99 43.8 (80.12) 56.2 (102.76)
Cu-0(S0z) 2.95 9 (6.9) 91 (69.91)
Cu-0(S0z) 2.86 11.2 (0.84) 88.8 (6.67)
0O15...H23 1.83 16.5 (15.06) 83.5(76.00)
016...H20 3.52 0.3 (0.11) 99.7 (39.56)

Values between parenthesis are bond energies in (kcal/mol).

3.6. Non-Covalent Interaction Reduced Density Gradient Analysis
(NCI-RDG)

Reduced density gradient (RDG) approach used to reveal non-covalent intermo-

lecular and intramolecular interactions [25]. It is a visualization index based on

electronic density and its derivatives using RDG results at low densities [26] [27]:
1 Ap(r

RDG(r) 1 [l @)

2(3n )% p(r)g

According to the sign A, p (the second eigenvalue of the electronic density Hes-
sian matrix), we can identify the nature of interaction: sign A, p < 0 signifies a
strong attractive interaction such as a hydrogen bond, sign A, p > 0 denotes a steric
interaction. If sign A, p = 0, that implies weak attractive interaction such as Van
der Waals interactions.

Figure 8 and Figure 9 show reduced density gradient (RDG) scatters and non-
covalent interaction (NCI) plots respectively of Cyt-Cu-Cyt-CO, Cyt-Cu-Cyt-
CO,, Cyt-Cu-Cyt-NO, Cyt-Cu-Cyt-NO,, Cyt-Cu-Cyt-SO, complexes. The ap-
pearance of spikes in scatters indicates the existence of such interaction. We ob-
served for most of these complexes, localization of spikes at sign 4, (p) < 0 from
—0.05 to —0.02 a.u indicating the strong character of hydrogen bonds, which is
visualized by blue color in NCI plots of Cyt-Cu-Cyt-CO, Cyt-Cu-Cyt-NO, Cyt-
Cu-Cyt-NO, and Cyt-Cu-Cyt-SO, complexes. Whereas, for Cyt-Cu-Cyt-CO,
complex, strong non-covalent interaction is represented at sign A, (p) = —0.02 a.u.
In the near of zero sign A, (p) = 0, Van der Waals interactions are represented at
—0.01 a.u, 0.01 a.u and visualized by green color in various plots. When sign A,

(p) > 0 exactly (from 0.02 a.u to 0.03 a.u) designating steric effect of the two rings
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of Cytosine that visualized by red color in different plots. These results are in good
agreement with QTAIM analysis confirming the blending interaction at linking

region of various complexes.
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Figure 8. Reduced density gradient (RDG) as a function of sign A p (the second eigenvalue of the electronic density
Hessian matrix) of Cyt-Cu-Cyt-CO, Cyt-Cu-Cyt-CO, Cyt-Cu-Cyt-NO, Cyt-Cu-Cyt-NO2, Cyt-Cu-Cyt-SO. complexes.
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Figure 9. Non-covalent interaction (NCI) plots of Cyt-Cu-Cyt-CO, Cyt-Cu-Cyt-CO,, Cyt-Cu-Cyt-
NO, Cyt-Cu-Cyt-NO;, Cyt-Cu-Cyt-SO2 complexes.

Figure 10 and Figure 11 show reduced density gradient (RDG) and Non-cova-
lent interaction (NCI) plots respectively of Cyt-Cu-Cyt-HCN, Cyt-Cu-Cyt-H,S
complexes. Likewise, sign A, < 0 indicates strong interaction or hydrogen bond,
more precisely from (-0.05 a.u to —0.02 a.u) for Cyt-Cu-Cyt-HCN and which is
represented by blue color between NH...O atoms of thymine bases. Hydrogen
bond is absent in Cyt-Cu-cyt-H,S complex, but there exists a strong interaction
between sulfur atom and copper ion. Weak interactions are designated at sign A,
= 0 it belongs to the interval [-0.01 a.u, —0.01 a.u] for the two complexes denoting
Van der Waals interactions that are visualized by green color and that are very
marked in Cyt-Cu-Cyt-HCN complex. While, positive sign A, p(z) in the range
[0.02 a.u, 0.05 a.u] specifies steric effects that are visualized by red color for the

two complexes.
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Figure 10. Reduced density gradient (RDG) as a function of sign Az p (the second eigenvalue of the electronic density
Hessian matrix) of Cyt-Cu-Cyt-HCN, Cyt-Cu-Cyt-H.S.
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Figure 11. Non-covalent interaction (NCI) plots of Cyt-Cu-Cyt-HCN, Cyt-Cu-Cyt-H.S
complexes.

4. Conclusion

In this work, we carried out a theoretical study at DFT/BP86/DZP/ZORA level of
the interaction of Cyt-Cu-Cyt complex as a sensor with certain adducts (CO, CO,,
NO, NO,, HCN, H,S and SO,). Our results prove that the lowest value of the gap
( AE, s =0.063 eV) obtained with H,S molecule and hence H,S interaction with
Cyt-Cu-Cyt is more favored. Decomposition energies: electrostatic energy, Pauli
energy and orbital energy are offset between them to achieve stabilization of each
electronic system. Our results attest that the interaction of CO,, NO, CO, H,S and
SO, transition state and interaction with CO, is more favored energetically. Po-
tential energy surfaces (PES) proves the formation of saddle point at (Cu-N = 1.96
A, Cu-C =238 A, E= —6.83 a.u) during the interaction of HCN with Cytosine-
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Cu-Cytosine, while it reaches a minimum at O...H23 = 1.902 A, Cu-N = 2.057 A
and at energy £ = —6.78 a.u for the interaction of NO, with Cyt-Cu-Cyt. QTAIM
and NCI-RDG analysis prove that most bonds have a mixture of character, cova-

lent and non-covalent.
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