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Highlights
» ATP molecule has been investigated as theoretical in gas phase and aqueous solution.
* The first ten excited states of ATP molecule have been calculated using DFT and TD-DFT.
* HOMO, LUMO, HOMO-LUMO energy gap have been calculated in details.
» Chemical hardness, electronic chemical potential, electronegativity, electrophilicity investigated.

Article Info Abstract

In this study, the conformational structure of the tetra-protonated Adenosine 5’triphosphate
Received:01 Dec 2020 molecule has been investigated using Spartan 08 package program with the molecular
Accepted:12 Mar 2021 dynamics method. Following the conformational analysis; geometry optimization, excited

states, absorption and fluorescence (emission) spectra, molecular orbitals, chemical hardness,
electronic chemical potential, electronegativity and electrophilicity indexes of the molecule

Keywords were calculated by using density functional theory and time-dependent density functional
ATP theory method with B3LYP functional with 6-311+G (d, p) basis set. All calculations for the
DET tetra-protonated ATP molecule have also been carried out both in the gas phase and in the
TD-DET aqueous solution and then results were compared with the experimental data reported in the
Absorption literature.

Emission

1. INTRODUCTION

Deoxyribonucleic acid (DNA) is the name of biomolecule which carries genetic information of all living
cells. It is a polynucleotide structure which is composed of various units such as nucleotides. All
nucleotides consist of DNA bases (adenine, guanine, cytosine and thymine), a deoxyribose (sugar) and
a phosphate group. They are named according to nucleobases for example, Adenosine 5’-triphosphate
(ATP). DNA may have mutations when exposed to sunlight. These mutations, however, may be
sometimes repaired; in some cases, these mutations can cause cancer. Cancer is may be a result of some
photochemical and photophysical process. fluorescence process is one of these cancer-causing
processes. Fluorescence behaviours can be investigated by examining the excited states. The excited
states of nucleic acids have been studied and well understood.

DNA and RNA molecules have been extensively studied either theoretically or experimentally.
However, these studies are still limited for well understanding the genetic information in DNA and
RNA. The studies on solving these genetic codes have been carried out in the fields of physics,
chemistry, biology and medicine [1, 2]. ATP is one of the most important member of nucleotides family,
since it is an universal energy source and an extracellular signalling intermediary in many biological
processes, including DNA replications [3-5]. As well as ATP is stores and transports chemical energy
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within cells. Recent works show that ATP can be associated with some diseases such as parkinson,
alzheimer and cancer [6, 7]. In order to better understand and interpret how these diseases relate to ATP
molecule, it may be necessary to know the properties of the molecule in various environments and
phases [8]. The binding process of ATP to proteins is a popular issue to study, so ATP molecule is an
important examination for physical, chemical and biological properties in different environments and
phases. However, the excited states of ATP molecule protonated with hydrogen atoms in gas phase and
in aqueous solution have not been studied and reported in literature due to the knowledge of our group
[9, 10].

The phosphate group in ATP molecule is negatively charged. These negative charges can be stabilized
by hydrogen bonding that defines as corner stone of three-dimensional structure of molecules [10-12].
Van Outersterp et al. have suggested that the phosphate tail could be stabilized with hydrogen bonding
[13]. These tails are usually protonated with metal cations [14], via water molecules and amino acid
residues. [11, 13-18]. However, the phosphate tail of protonated ATP molecule has not been also
completely examined as highlighted in literature due to the knowledge of our group [13, 19].

There are many experimental and theoretical studies on ATP molecule. Molecular structures of some
ATP salts have been investigated by using X-ray diffraction (XRD) method. Herein, XRD data have
shown that ATP molecule was folded towards to the phosphate group of the adenine base. [20, 21].
Hydrolysis process of ATP molecule was investigated theoretically adding magnesium ions and reported
in literature [22]. Conformational study and spectral properties of ATP molecule protonated with Mg
ions have been experimentally investigated using Nuclear Magnetic Resonance (NMR) method [23, 24].
On the other hand, doubly deprotonated ATP anions in gas phase and aqueous solution have been
examined for structural properties of the adenine moiety by using infrared multiphoton dissociation
spectroscopy [18], photo-electron spectroscopy [12], electrospray ionization mass spectrometry (ESI-
MS) [10] and collision-induced dissociation (CID) [13]. In theoretical studies, (ATP-2H)-1, (ATP-2H)-
2 [18], (H3PO4)-1 anions [10] and adenosine 5-diphosphate (ADP) have also been calculated by using
Gaussian09 for quantum chemical calculations to determine its effect on nucleic base of phosphate tail
and performed on infrared spectrum [13] absorption spectrum [18]. Burke and Schinle have suggested
that negatively charged parts in phosphate groups can be stabilized by hydrogen bonds. Jones and Akola
suggested that The ATP molecule can be investigated the effect of phosphate tail on nucleic base. Van
Outersterp et al has examined the effect between the base and the phosphate tail by considering this
suggestion either experimentally or theoretically. However, it has been reported that the phosphate tail
was not completely protonated. The detail of excited states of nucleobases is quite inadequate [25].
Although the excited states have been studied for various molecules for example AMP [19, 25-27], the
excited states are still not studied for ATP molecule.

The goal of present work is to investigate excited states theoretically, frontier molecular orbitals
(FMOs), global reactivity descriptors and absorption and fluorescence (emission) spectra by stabilizing
the phosphate tail of ATP molecule with hydrogen atom. Another important goal of present work is to
contribute theoretically to mass spectroscopy studies for molecular weight and ordering of charged bio
molecules. Theoretical calculations were carried out using TD-DFT and DFT methods at the B3LYP/6-
31+G (d,p) level of theory. These calculations have been calculated in both of the gas phase and in
aqueous solution. Then, the structural differences between the gas phase and aqueous solution have
been examined and theoretical results obtained in this study have been compared with the experimental
data available in literature.

2. MATERIAL AND METHODS

Quantum chemical calculations were carried out using Gaussian 09 and Spartan 08 software packages
[28, 29]. Spartan 08 program was used to establish possible stable conformations of titled molecules.
These conformer structures were determined using molecular mechanical method as described in details
elsewhere [30]. Later, the optimization of molecular structures, energies of excited states were carried
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out via DFT and TD-DFT methods using Gaussian 09 program [12]. The ground-state geometry (S0) of
ATP was optimized using the B3LYP/6-31+G (d,p) level of theory.

Fluorescence (emission) calculations were carried out in seven steps. Step 1 was geometry optimization
of molecules in the ground state. This calculations were performed at the B3LYP/6-31+G (d,p) level
and by DFT method. Step 2 was obtaining the structure of the excited states of molecules. These steps
were performed at the same level of theory, which was acquired by geometry optimization of molecules
and used by TD-DFT method. Step 3 requires two consequential processes: firstly, the ground state
calculation was carried out, specifying the Non Eq=Save choice, in order to store the information about
non-equilibrium solvation based on the ground state. Secondly, the real state precise calculation was
performed by reading in the requisite data to non-equilibrium solvation by using Non Eg=read choice,
and then specifying the checkpoint file from Step 1. Step 4 was the excited states obtained in the last
step, which were carried out geometry optimization that is interested in the geometry of excited state
(S1). Step 5 frequency calculations in the excited state were performed because of this step runs a
frequency calculation to approve which the geometry obtained in step 4 has a minimum energy. Step 6
was calculation of state specific equilibrium solvation of the excited state at its equilibrium geometry,
writing out the solvation data for the next step via the nonequilibrium = Save option., In step 7, the
ground state energy was calculated from a non-equilibrium solvation computation in solution by using
the exited state optimized geometry. The Polarizable Continuum Model (PCM) of the self-consistent
reaction field (SCRF) theory is one of the best known approaches to determine states (either ground or
excited) in solution [31, 32]. Herein the absorption and Fluorescence (emission) energies were computed
using Gaussian 09. Water was used as a solvent in our calculations.

3. THE RESEARCH FINDINGS AND DISCUSSION
3.1. Optimized Geometry

The three-dimensional structure of neutral ATP molecule is shown in Figure 1. When examining the
properties of a molecule, the most important step is the correct determination of the three-dimensional
structure of a molecule. Because the correct interpretation and understanding of the molecular properties
depends on the correct determination of this step. Firstly, three-dimensional structure of ATP molecule
was created using Gaussian 09 programs. Then, conformer analysis of molecule was carried out by using
Spartan 08 program as described in details elsewhere [30]. As a result of conformational analysis, 100
different conformer structures were found by using Spartan 08 program and molecular force field
method. Since results have been obtained with a study using the same program and method in literature
[10], these structures have not been given in this study. However, the each structure was optimized using
B3LYP / 6-311 + G (d, p) level of DFT method. Thus, the most stable structure of title molecule was
obtained and this structure was given in Figure 1. (Full structure for the most stable conformer may be
available in supplementary materials). The results obtained work are quite compatible with theoretical
calculations obtained in literature [10]. The crystal structure of molecule was investigated
experimentally elsewhere [33]. The structure of ATP molecule obtained has been given in Figure 1
which shows that the phosphate group is bent towards the adenine base. It is quite compatible with the
previously obtained structure [18].
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Figure 1. The most stable and the three-dimensional structure of the ATP molecule. The most stable
structure of the molecule is a structure with minimum energy
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The energy, dipole moment and polarity values of the title molecule were obtained as 72581.05 eV, 5.98
Debye and 6865.96 eV, respectively. Bond lengths, bond angles and dihedral angles of obtained
structure were also estimated by using DFT method with the 6-311+G (d,p) basis set. The selected value
is presented in Table 1 and obtained results were compared with literature [18, 33].

DFT method was used to optimize the structure of the ground state ATP molecule in gas phase and in
aqueous solution. However, TDDFT method was used to optimize excited structures. Some selected
bond lengths, bond angles and dihedral angles for the excited state structures of ATP molecule in gas
phase and agueous solution are listed in Table 1. the optimized structures in ground state and excited
state are shown in Figure 2.
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ATP Gas Phase So ATP Gas Phase S1

ATP Solution So ATP Solution S1
Figure 2. Optimized structures of ATP molecule in gas phase and aqueous solution (SO is the ground
state geometry, S1 is the excited state geometry)

The theoretical and experimental studies support that the phosphate group of obtained ATP molecule
structure is bent towards adenine [34-36]. The obtained theoretical results and XRD results given in
literature have been compatible. However, the study observed is little different for some obtained bond
lengths, bond angles and dihedral angles. Because the hydrogen atoms added to stabilize the molecule
or used different method may have been caused to these differences. Theoretical results obtained from
the stabilized ATP molecule will provide useful theoretical data for future experimental studies.
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Table 1. The table gives a comparison of parameters of the molecule due to the bond lengths, bond
angles and dihedral angles selected of ATP molecule in the gas phase and the aqueous solution based
on the theoretical and x-ray diffraction data in the literature. The ground-state geometry (S0), the
geometry of excited state (S1) a= [34], b= [35], c= [36]

Bond Length Gas phase Solution | Gasphase | Solution Theoretical | Experimental
A (So) (So) (S1) (S1) Ref. Ref.
P31-046 1.59 1.59 1.59 1.59 1.43% (1.44)°
P31-032 1.47 1.48 1.48 1.48 1.55% (1.47)°
P31-044 1.59 1.59 1.58 1.59 1.43% (1.58)°
P31-030 1.65 1.65 1.64 1.63 1.68¢ 1.53% (1.59)°
P28-030 1.62 1.62 1.64 1.64 1.61° 1.70°
P28-029 1.48 1.48 1.49 1.49 1.46°
P28-042 1.57 1.57 1.56 1.57 1.60°
P28-027 1.62 1.61 1.60 1.59 1.63¢ 1.70% (1.59)°
P25-027 1.65 1.65 1.70 1.71 1.62° 1.542
P25-026 1.49 1.49 151 1.52 1.522 (1.48)°
P25-040 1.56 1.56 1.50 1.49 1.58? (149)°
P25-024 1.59 1.58 1.62 1.60 1.46% (1.63)°
Bond Angles
(in degree)
040-P25-026 116.2 115.1 123.8 122.7 1192 (118)°
040-P25-027 106.8 105.9 107.1 107.3 1082 (110)°
040-P25-024 103.6 104.3 105.7 107.0 1072 (110)°
026-P25-027 109.3 108.9 105.3 104.0 1012 (109)°
026-P25-024 117.0 118.6 112.5 113.3 1162
027-P25-024 102.3 102.4 99.4 99.5 1052 (99)°
027-P28-042 105.8 106.3 106.9 106.8 1022
027-P28-029 112.3 112.4 113 113.7 1042
027-P28-030 103.8 103.9 103.9 104.4 100°
042-P28-029 117.7 116.8 118.2 117.5 1212
042-P28-030 104.1 104.4 104.3 103.6 1132
029-P28-030 111.7 111.6 109.0 109.3 1142
030-P31-032 112.8 112.9 112.9 1135 992 (106)°
030-P31-044 103.1 104.2 104.3 104.5 1118
030-P31-046 102.6 103.1 103.5 103.8 1092 (112)°
032-P31-044 119.2 117.6 118.3 116.8 1092 (107)°
044-P31-046 104.4 106.7 105.3 107 1112 (109)°
P25-027-P28 124.7 125.6 127.4 124.0 1182
P28-030-P31 125.5 129.5 126.1 127.3 1362 (131)°
C35-024-P25 127 127.2 123.1 126.9 1392 (121)°
Dihedral Angles
(in degree)
C35-024-P25-027 110.4 105.9 116.4 110 1352
024-P25-027-P28 155.3 156.2 139 153.7 1532
027-P28-030-P31 87.1 91.5 93 86 832

For easier comparison of the results obtained in Table 1 and XRD results, two digits after the point in
bond lengths and four digits in bond and dihedral angles are not taken into account.

3.2. Excited State

The electronically excited state is any quantum state of atomic or molecular system with higher energy
level above ground state. The molecular orbital analyses are important to study the nature of
electronically excited states. The examination of the photo physical properties of a molecular system
depends on the electronically excited state processes that occur after absorbing photons. HOMO and
LUMO are types of molecular orbitals. The difference between these orbitals is known as HOMO
LUMO energy gap and is an important parameter for determining electrical properties of molecules. the
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excitation energy, wavelength, oscillator strengths and major contributions in gas phase and aqueous
solution of title molecule were calculated using TD-DFT method and TD-DFT PCM method with the
6-31+G (d,p) basis set. These values are shown in Table 2 for gas phase and shown in Table 3 for
aqueous solution. The first excited state in gas phase corresponds to 268.6 nm. This value was calculated
to be 259.5 nm in aqueous solution. The oscillator strength obtained in both cases were calculated as
0.15 and 0.2444, respectively. The major contributions for both environments were observed in HOMO
— LUMO transition corresponding to S1 state. The highest value obtained in the gas phase is obtained
in the transition from HOMO to LUMO+2 (98%). However, the highest values obtained in aqueous
solution were obtained in transitions both from HOMO to LUMO+1 and from HOMO-1 to LUMO+2
(96%). The values obtained for each excited state are listed in Tables 2 and Table 3.

Table 2. Time-dependent density functional theory calculated excitation energies (AE), wavelength (1),
oscillate strengths (f) and major contributions configurations for the low-lying excited states of Gas
phase ATP molecule. HOMO and LUMO are types of molecular orbitals (H= the highest occupied
molecular orbital and L= the lowest lying unoccupied molecular orbital)

Calculated Values

Excitation Wavelength Oscillator
Excited State | energies (cm™) (nm) strengths Major Contributions
(AE) » ()
S1 37224.3 268.6 0.15 HOMO->LUMO (89%)
Sz 38439 260.1 0.0103 HOMO->L+1 (93%)
Ss 39168.1 255.3 0.0026 H-1->LUMO (78%), H-1->L+1 (15%)
S4 40653.8 245.9 0.0049 HOMO->L+2 (98%)
Ss 41344.2 241.8 0.0394 H-2->LUMO (14%), HOMO->L+3 (69%)
Se 43772.8 228.4 0.0026 H-1->L+3 (89%)
Sy 45306 220.7 0.0236 HOMO->L+4 (77%), HOMO->L+5 (15%)
Se 45654.5 219 0.0007 H-1->LUMO (15%), H-1->L+1 (77%)
So 46186.8 216.5 0.012 HOMO->L+4 (17%), HOMO->L+5 (80%)
S10 47276.5 2115 0.0429 HOMO->L+6 (69%)

Table 3. Time-dependent density functional theory calculated excitation energies (AE), wavelength (1),
oscillate strengths (f) and major contributions for the low-lying excited states of ATP molecule in
aqueous solution. HOMO and LUMO are types of molecular orbitals (H= the highest occupied
molecular orbital and L= the lowest lying unoccupied molecular orbital)

Calculated Values

Excitation Wavelength Oscillator
Excited State | energies (cm™) (nm) strengths Major Contributions
(AE) 0 )
s, 38535 259.5 0.2444 HOMO->LUMO (89%)
S, 40703.8 245.6 0.0022 H-1->LUMO (94%)
- 0, -
Ss 411071 243.2 0.0565 H-2->LUMO (15%), HOMO->L.+2
(74%)
S 42366.1 236 0.0073 HOMO->L+1 (96%)
Ss 44768.9 223.3 0.0026 H-1->L+2 (96%)
- 0, -
Ss 46998.2 212.7 0.0301 HOMO->1.+3 (36%), HOMO->L+4
(54%)
- 0, -
s; 471152 212.2 0.0135 HOMO->1.+3 (61%), HOMO->L+4
(30%)
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H-4->LUMO (12%), H-2->LUMO (67%)
Se 47859.6 208.9 0.1957 HOMO-L+2 (10%)
-A- 0, -
So 48740.4 205.1 0.0115 H-6->LUMO (16%), HOMO->L +6
(68%)
-A- 0, -
S 48848.4 204.7 0.0093 H-6->LUMO ((610733)’ HOMO->L+6

The frontier molecular orbital (FMO) analysis is highly important to understand the nature of orbital
taking part in chemical reactions and to draw electronic spectra. The chemical stability of a molecule
can be defined by the energy difference between HOMOs and LUMOS levels [3]. FMO energy levels
of gas phase ATP molecule were computed using TD-DFT method at B3LYP/631+G (d,p) level of
theory. The B3LYP used in this work can be underestimates the HOMO-LUMO energy gaps and
excited-state energies but the CAM-B3LYP can be a way to correct for this deficiency as described in
the recent Works [37-39]. The molecular orbital energy surfaces of several important FMOs are given
in Figure 3. HOMO and LUMO values were found as -8.41 eV and -4.22 eV respectively. The energy
band gap between HOMO and LUMO was calculated as 4.19 eV, whereas the energy gap between other
important transitions from HOMO to LUMO+1, from HOMO to LUMO+2 and HOMO-1 to LUMO
were determined to be 4.69 eV, 5.46 eV and 4.81 eV, respectively. As shown in Figure 4, the HOMO,
LUMO and the HOMO-LUMO energy gap values of ATP molecule in aqueous solution are calculated
to be (-8.87eV), -4.79 eV and 4.08 eV, respectively. Other important transitions in agueous solution,
from HOMO-1 to LUMO, from HOMO to LUMO+1 and HOMO-1 to LUMO+2 were determined to be
4.77eV, 455eV and 6.01 eV, respectively.

A ELumos2 = -2.95 eV

5.46 eV
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ELumo+1 =-3.72 eV
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Figure 3. Selected frontier molecular orbitals of Gas phase ATP molecule with the energy gaps.
HOMO and LUMO are types of molecular orbitals (HOMO=Highest occupied molecular orbital and
LUMO= Lowest unoccupied molecular orbital maps. The energy gap between HOMO and LUMO
has been a critical parameter to determine the molecular electrical properties
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The most likely transition in gas phase is from HOMO to LUMO + 2, and the oscillator value of this
transition was obtained as 0.00049. But these transitions in aqueous solution were obtained as from
HOMO to LUMO+1 and HOMO-1 to LUMO+2 and the oscillator strengths values of these transitions
have obtained as 0.0073 and 0.0026, respectively.
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Figure 4. Selected frontier molecular orbitals of ATP molecule in aqueous solution with the energy
gaps. HOMO and LUMO are types of molecular orbitals (HOMO=Highest occupied molecular
orbital and LUMO= Lowest unoccupied molecular orbital maps. The energy gap between HOMO and
LUMO has been a critical parameter to determine the molecular electrical properties

FMOs for both environments are generally localized on adenine base. However, in case of HOMO-1,
the frontier molecular orbitals are localized in both sugar and base groups.

3.3. Global Reactivity Descriptors

The Global reactivity descriptors show characteristics of a molecule. Thanks to FMOs, the Global
reactivity descriptors such as, chemical hardness (1)), electronic chemical potential ()1), electronegativity
() and electrophilicity index (o) have been evaluated. The chemical hardness is an important parameter
when the stability and reactivity of a molecule system are examined. This parameter was calculated by
using 1=(ELUMO-EHOMO)/2 [40]. The chemical hardness in gas phase was found to be 2.09 eV and
the chemical hardness value in aqueous solution was lower than that in gas phase and was calculated to
be 02.04 eV. As a result, we can say that is better in gas phase when chemical hardness is compared for
both environments. The negative electronegativity of a molecule system can be defined as an electronic
chemical potential and calculated by using y=(EHOMO-+ELUMO)/2 value [41]. The electronegativity
can be defined as measurement in which an atom tends to attract a shared pair of electrons and it can be
calculated by equation y=-(EHOMO+ELUMOQ)/2 [42]. Electrophilicity index is calculated by w2=pu2/2n
and it is defined as a measure of tendency of a molecular system to accept electrons [43]. The
electrophilicity index is reliable indicator of reactivity and stabilization energy [44, 45]. These global
reactivity values are given in Table 4.
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Table 4. The Chemical reactivity parameters obtained in gas phase and aqueous solution of ATP
molecule. These parameters are the global reactivity descriptors in terms of molecular stability

Calculated Values
Gas phase Agueous solution
Chemical hardness 1.90 eV 1.90 eV
Electronic chemical potential -6.25 eV -6.80 eV
Electronegativity 6.25eV 6.80 eV
Electrophilicity index 9.52 eV 1142 eV

3.4. Spectroscopic Results

UV-Vis absorption spectra of various large molecules have been successfully calculated by TD-DFT
method by using quantum chemical calculations which have been reported already in literature [46, 47].
In this study, TD-DFT has been used to predict absorption and emission wavelengths in both gas phase
and aqueous solution for neutral ATP molecule. Electronically excited states of a molecular system are
an important parameter for understanding and interpreting the process the system goes through after
absorption of light. This process also forms a basis for photon-matter interaction studies. The
electronically excited state is transition from the ground state to the excited state after absorption of one
or more photons by molecule. Absorption spectra were determined using TDDFT procedure on the
ground state geometries of molecule. Emission spectra were determined using the same procedure in a
transition period from the excited to the ground state. The calculation of these processes is explained in
detail in the material and method sections. The shapes and structural parameters of the structures
obtained are presented in Figure 2 and Table 1, respectively. The optical absorption spectra of isolated
DNA base and base pairs were calculated using TD-DFT method [48].

Examination of absorption and fluorescence (emission) spectra can be difficult to handle without any
help of quantum chemical calculations. In this work, UV-Vis absorption and fluorescence (emission)
spectra in aqueous solution have been calculated using TD-DFT PCM B3LYP/6-31+G (d,p) level.
These processes in gas phase was obtained using TD-DFT B3LYP/6-31+G (d,p) level. These methods
provide some reliable results when calculation of absorption and fluorescence (emission) [49]. Figure 5
presents the absorption and fluorescence (emission) spectra of title molecule. The absorption and
emission wavelengths obtained experimentally from literature are quite compatible with the results
obtained in our theoretical study [14, 50, 51].

UV-Vis spectrum has a very important tool to investigate the nature of the electronic structure in the
excited state of molecules. In this study, when UV-Vis absorption spectrum obtained in the ground state
are compared with theoretical data calculated in gas phase and aqueous solution, the results are seen that
do not change between 260 nm and 300 nm. However, this situation changes between 200 nm and 250
nm. This change was obtained while examining the process in aqueous solution as expected. UV-Vis
absorption spectrum obtained from quantum mechanical calculations showed that the electronic
transition in gas phase occurred at wavelength of 268.65 nm and oscillator strengths corresponding to
this electronic transition was 0.15. Since ATP molecule has an aromatic structure, the maximum value
of the absorption spectra is expected to be 260 nm as described in literature [51]. In aqueous solution,
the electronic transition was calculated at wavelength of 259.50 nm and oscillator strength was
calculated as 0.2444. As we expected, it was observed that the absorption spectra shifted towards to blue
due to aqueous solution effect. UV-Vis absorption spectrum was defined to be based on transitions from
HOMOs to LUMOSs. We have noticed that the absorption intensity in aqueous solution was decreased
according to in gas phase; this reduction can changed depending on polarity of used solvent [52].
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Figure 5. The UV-Vis absorption spectra of neutral ATP molecule a) in the aqueous solution and b) in
the gas phase, the fluorescence (emission) spectra of neutral ATP molecule c) in the aqueous solution
and d) in the gas phase

Fluorescence (emission) spectrum has been obtained from optimized structure in the first excited state
and these structures are given in Table 1. The fluorescence (Emission) process is defined as transitions
from LUMO to HOMO. In some recent works given by Carrasquilla et.al. and Cervantes-Navarro et.al.
the absorption and emission processes for different molecules were calculated by using the same
methods [52, 53]. Fluorescence (emission) spectrum of ATP molecule was experimentally obtained by
Amat et.al. using a spectrofluorometer and the spectra were analysed by using Felix analysis mode
software [15]. In this experimental study, the emission wavelength in aqueous solution was found to be
in the range between 310 and 500 nm when excited by a laser light at 260 nm wavelength [14]. In another
experimental study, this transition was obtained at 335 nm wavelength [54]. In this study, the emission
wavelength aqueous solution was theoretically obtained as 399 nm and oscillator strength to be 0.1284.
The emission wavelength and oscillator strength in gas phase were calculated as 300 nm and 0.0434,
respectively. It is obvious that the theoretical and experimental results are in good agreement with each
other [15, 54].

4. CONCLUSIONS

ATP is an important molecule for many biological processes. In this study, the DFT and TD-DFT PCM
methods were used to study the physical properties of ATP molecule. The molecular structure,
conformational analyses, electronic and chemical properties of the tetra-protonated ATP molecule were
discussed theoretically for both in gas phase and in aqueous solution. Three-dimensional structure of
ATP molecule was found that the phosphate group is bent towards the adenine base. This result is quite
compatible with data in literature. Also, the results shows that the aqueous solution clearly affects the
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structural properties, frontier molecular orbitals (FMOs) as well as absorption and fluorescence
(emission) spectra. This can be due to hydrogen atoms attached to phosphate group to stabilize the
molecular structure. Due to the lack of experimental values on geometries of neutral ATP molecule
either in gas phase or aqueous solution, the theoretical data obtained in this work were only compared
with the current values in literature. From the physical point of view, determination of the excited states
of ATP molecule can contribute to the development of biomedical technology. Results obtained in this
study can be provided a useful theoretical data for future experimental studies for mass spectroscopy
studies for molecular weight of charged bio molecules.
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