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Abstract

Effects of temperature and solvents on the thermodynamical and electronic properties of N-acetyl-para-aminophenol (APAP) have 
been investigated using density functional theory (DFT) and time dependent density functional theory (TD-DFT). Calculated results 
shows that thermodynamic properties such as enthalpy (H), entropy (S) and specific heat capacity (Cv) are increased by the raising 
of temperature (100 K-1200 K) because of enhancing the intensities of molecular vibration. On the contrary, change of Gibb’s free 
energy (ΔG) has been decreased with the increase of temperature. FMO energy gap is enlarged by solvation and therefore APAP 
becomes more stable in solution especially in polar solvents. Moreover, solvation increases the magnitude of ionization potential, 
electron affinity, electronegativity, chemical potential and global hardness. Two UV absorption maxima (λmax1 and λmax2) are found 
at 243.08 nm and 193.85 nm which are originated from phenyl and amide chromophore, respectively. The calculated λmax1 and 
λmax2 agree quite well with the available experimental data. On the other hand, calculated results reveal that solvation blueshifts the 
electronic absorption spectraas well as enhances the absorption intensity significantly.
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I. Introduction

N-acetyl-para-aminophenol (APAP) is a renownedaniline-
based drugs belongs to the class of non-steroid anti-
inflammatory drugs (NSAID) and is commercially known 
as paracetamol in Europe and acetaminophen in USA1-3.The 
main advantages for the uses of APAP are low toxicity and low 
ability for the formation of methemoglobin, a stable oxidized 
form of hemoglobin which is unable to release oxygen to 
the tissues. It has also no gastrointestinal toxicity and does 
not cause thrombocyte aggregation 2. It is recommended and 
approved medicine for analgesic to the treatment of children 
by WHO and FDA2.APAP possesses analgesics, antipyretic 
and week anti-inflammatory properties. Therefore, it is 
commonly used to the relief of fever and headache. Except 
these,it also used to treat many other conditions such as muscle 
aches, mild arthritis, chronic low backpain, toothaches, colds, 
postoperative pain and so on4-6. The mechanism for the action 
of APAP in the metabolic system is the inhibition of cyclo-
oxygenase (COX)7, an enzyme which leads to the production 
of prostaglandins (PGs) that cause inflammation, swelling, 
pain and fever 8-9. Although the uses of APAPhave several 
merits, however, it has also some demerits depending on type 
and nature of unusual physical condition of the body and on 
the limit of dose. Long term use of APAP and overdoses can 
cause damage of liver and kidney10.

Numerous experimental works have been done on APAP 
to understand the structure, structural assignment and 
stability11-13, the mechanism of action14-15, photocatalytic 
degradation16-17, method validation for quantitative 
determination18-20, to improve analgesic and antipyretic 
activities and to reduce side effect21and applications in 
prevention of metal corrosion from acid rain22. Compared 
to experimental works, there is no so many computational 
research yet on APAP. Recently, several computational 
research works have been performed on APAP to investigate 
structural stability and reactivity, vibrational assignment, 
binding affinity and interactions with metal complexes, 
physicochemical properties (free energy, enthalpy, dipole 
moment, electrostatic potential, HOMO–LUMO gap, 
ionization potential, electron affinity, hardness, softness and 
atomic partial charge) and pharmacokinetics using density 
functional theory (DFT)2,3,23,24. The theoretical analysis of 
chemical reactivity parameters showed thatparacetamol-
oxalic acid cocrystal is more active than paracetamol25.Very 
recently, it has been reported from the theoretical work that 
the expired paracetamol can prevent corrosion of copper 
from acidrain22. However, so far of our knowledge, there is no 
computational work has been performed on APAP regarding 
temperature and solvents effect.Therefore, we attempt to 
investigate the effect of temperature (100 K- 1200 K) and 
solvents (polar protic, aprotic and non-polar solvents) on the 
thermodynamicand electronic properties of APAP.
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II. Methodology

The molecular modeling of APAP were performed using 
Gaussian16 computational package 26 and the output files were 
visualized by means of GaussView 6.0 software. Frequency 
calculation showed no imaginary frequencies which assure 
the minimum energy structure. Density functional theory 
(DFT) method combined with long range corrected functional 
includes empirical dispersion (wB97XD) using the more 
accurate basis set of aug-cc-pVTZ were used to compute all 
the calculations in the gas phase. Moreover, temperature (100 
K-1200 K) dependance calculations were also performed 
using same level of theory. On the other hand, to observe the 
effects of different types of solvents, implicit solvent effects 
were modelled using the integral equation formulism variant 
polarizable continuum model (IEF-PCM) as implement in the 
Gaussian16 program. The UV-Visible spectra, the electronic 
properties like frontier molecular orbitals (HOMO, highest 
occupied molecular orbitals and LUMO, lowest unoccupied 
molecular orbital) were calculated with the aid of time 
dependent density functional theory (TD-DFT) approach. 
The absorption maxima, oscillator strength, energy of HOMO 
and LUMO, HOMO-LUMO energy gap, major and minor 
molecular orbital contributions (%) in electronic transitions 
are identified with the help of GaussSum 3.0 software27.

III.  Results and Discussion  

Optimized molecular geometry and thermodynamical 
parameters at different temperatures

The conformational analysis has been performed to find 
out the most stable conformers of APAP utilizing DFT/
wB97XD/aug-cc-pVTZ level of computational approach. 
Calculation predicted that the trans-conformer is the most 
stable conformer in which the amino hydrogen atom and 
the carbonyl group are in opposite direction and are shown 
in Fig.1.The effect of temperature on the thermodynamic 
parameters have been simulated using Gaussian 16.0 program 
package where default temperature and pressure are 298.15 
K and 1 atmosphere respectively.

Fig. 1.  Optimized molecular structure of the most stable conformer 
of N-acetyl-para-aminophenol (APAP), also known as 
paracetamol in Europe and as acetaminophen in USA.

Selected thermodynamic parameters such as Gibb’s free 
energy (G), enthalpy (H), entropy (S) and specific heat 
capacity (Cv) at constant volume are computed in the range 
of 100 K to 1200 K to examine the effect of temperature and 
calculated data are displayed in Table 1. Thermodynamic 
parameters for the studied compound correlate well with the 
temperature showing graphs as represented in Fig. 2. The 
correlation fitting equation among G, H, S and Cvvaries with 
temperatures were fitted by quadratic formulas and the fitting 
equations with regression factors (R2) are obtained using 
Origin 16 software. The thermodynamic correlation fitting 
equations are given below-

Table 1. Temperature dependence selected thermodynamic 
parameters of paracetamol (N-acetyl-para-
aminophenol) calculated at the DFT/wB97XD/
aug-cc-pVTZ level of theory.

Tem-
perature

/K

Gibb’s free 
energy, G
(kcal/mol)

Enthalpy, 
H

(kcal/mol)

Entropy, 
S (cal/
mol-

Kelvin)

Specific heat 
capacity, Cv

(cal/mol-
Kelvin)

100 94.941 102.188 72.468 16.059

200 86.878 104.525 88.232 26.966

298.15 77.540 107.924 101.910 38.313

400 66.471 112.603 115.330 49.374

500 54.309 118.217 127.818 58.623

600 40.933 124.668 139.560 66.175

700 26.422 131.802 150.544 72.320

800 10.849 139.493 160.808 77.382

900 -5.717 147.648 170.408 81.617

1000 -23.213 156.192 179.407 85.204

1100 -41.580 165.069 187.865 88.270

1200 -60.769 174.229 195.834 90.908

G=103.1672 ̶  0.07074T ̶  5.52855×E-5 T2     
(R2=0.99993)

H=98.49129+0.0239T+3.32772×E-5 T2     (R2=0.99922)

S= 57.68856+0.15795T ̶  3.59792×E-5 T2   (R2=0.99992)

Cv=2.71186+0.13651T ̶  5.32134×E-5 T2     
(R2=0.99903)
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Calculated data reveal that the enthalpies are increased 
slowly in low temperature region and are raised more steeply 
in high temperature region. As we know that only translation 
parts of motion contribute in low temperature but rotational 
and vibrational motions are excited as temperature increases. 

On the contrary, the change of entropy (ΔS) computed have 
been raised because the energy getting from the temperature 
distributed rapidly to the translational, rotational and 
vibrational modes. The change of specific heat capacity 
(ΔCv)changes gradually in low temperature and eventually 
going to be flat in the higher temperature. This depicts that 
beyond the certain value of temperature (>900 K), 

molecular motion is not increased and therefore specific heat 
capacity at constant volume becomes almost constant. Gibb’s 
free energy is a very important thermodynamic parameter 
that lessens at the rise of temperature. As we know that 
the change in Gibb’s free energy (ΔG) depends on minus 
temperature (T) times the change in entropy (ΔS). Therefore, 
calculated ΔG have been decreased as the entropy increases 
with increasing temperature.
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Fig. 2. Graphs representing the dependency of Gibb’s free energy 
(G), enthalpy (H), entropy (S) and specific heat capacity 
(Cv) at different temperatures (100 K-1200K) for the most 
stable conformer of N-acetyl-para-aminophenol.

Electronic properties of APAP in gas and in different solvents

Molecular orbitals that are situated in the minimum energy 
gap in the molecular orbital diagram are designated as 
frontier molecular orbitals (FMOs) and they are so called 
highest occupied molecular orbital, in shortly HOMO and 
lowest unoccupied molecular orbital, in shortly LUMO. The 
HOMO energy analyzes the ability to donate an electron and 

the LUMO energy analyzes the ability to gain an electron and 
HOMO-LUMO energy gap characterizes optical properties, 
chemical stability and reactivity ofthe molecule28,29. 
Therefore, TD-DFT calculations have been performed to 
predict the electronic transitions of APAP molecule. Ten 
lowest singlet excited states are calculated using TD-DFT/
wB97XD/aug-cc-pVTZ level of computational approach in 
the gas phase. As well as different type of solvents such as 
polar protic solvents (water, methanol and ethanol), polar 
aprotic solvents (dichloromethane (DCM), tetrahydrofuran 
(THF), acetonitrile, acetone and dimethyl sulfoxide 
(DMSO)) and non-polar solvents (diethyl ether, CCl4, 
benzene, chlorobenzene, toluene and chloroform) were 
chosen to understand the effect of environmental polarity 
on FMOs and electronic absorption spectra.  Not only that 
solvation can explore the molecular dipole moment which 
is also a very important thermochemical property. It is well 
established that the magnitude of molecular dipole moment 
in solvent phase is larger compared to the gas phase and 
depends on the polarity of solvents 30.The absorption maxima 
(λmax), oscillator strengths (f), energy of HOMO and LUMO, 
HOMO-LUMO energy gap and molecular dipole moment 
(μ) have been computed with TD-DFT/wB97XD/aug-cc-
pVTZ computational method using IEF-PCM solvation 
model. The data obtained from calculation in different type of 
solvents having different polarities are presented in Table 2. 
The energy of HOMO, LUMO and HOMO-LUMO gap were 
calculated as -7.44 eV, 0.65 eV and 8.09 eV, respectively in 
the gas phase. FMOs energy gap indicates that APAP is a 
highly stable compound and less reactive. On the other hand, 
solvents have significant effect on the FMOs energies and 
energy gap. DFT-calculated HOMO-LUMO energy gap for 
polar protic, polar aprotic and non-polar solvents are 8.68 
eV, ~8.67 eV and ~8.56 eV, respectively. This results clearly 
demonstrates that solvation makes APAP molecule highly 
stable and less reactive. Especially polar protic solvents 
(water, methanol and ethanol) have significant role to increase 
the stability of APAP compared to the polar aprotic and non-
polar solvents. Consequently, calculated results shows that 
molecular dipole moment in gas phase is lower compared 
to the solvent phase. The calculated dipole moment in polar 
protic, polar aprotic, non-polar solvents and in gas are ~3.232, 
~3.220, 2.773 and 2.273 D, respectively. This results clearly 
demonstrates that polar solvents (protic or aprotic) increase 
dipole moment whereas non-polar solvents have no effect. 
Because charge delocalization increases due to the presence 
of polar solvents and therefore induces the dipole moments 
raised30.
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Table 2. DFT-calculated absorption maxima, λmax (oscillator strength in parentheses), energy of HOMO, LUMO, HOMO-
LUMO (H-L) gap and dipole moment of paracetamol (N-acetyl-para-aminophenol) at various solvents.

Types of 
solvents Name of Solvents λ

max1/nm
λ

max2/nm

Energy of 
HOMO

/eV

Energy of 
LUMO

/eV

H-L
energy gap

/eV

Dipole 
moment, μ

/D

No solvent Gas 243.08
(0.3465)

193.85
(0.3155) -7.44 0.65 8.09 2.273

Polar protic

Methanol 233.37
(0.4839)

194.86
(0.2815) -7.85 0.83 8.68 3.227

Water 233.42
(0.486)

194.87
(0.2818) -7.85 0.83 8.68 3.263

Ethanol 233.57
(0.4906)

194.97
(0.2884) -7.85 0.83 8.68 3.208

Polar aprotic

Acetonitrile 233.81
(0.4923)

194.84
(0.2927) -7.87 0.83 8.70 3.340

DCM 233.87
(0.5000)

195.19
(0.3024) -7.83 0.82 8.65 3.079

Acetone 233.88
(0.4943)

194.89
(0.2962) -7.86 0.83 8.69 3.298

DMSO 233.93
(0.5035)

195.16
(0.2985) -7.85 0.83 8.68 3.246

THF 234.08
(0.4995)

195.08
(0.3064) -7.84 0.81 8.65 3.141

Non-polar

Diethyl ether 233.34
(0.4795)

194.98
(0.2903) -7.81 0.79 8.60 2.895

CCl4
233.82

(0.4933)
195.46

(0.3113) -7.78 0.75 8.53 2.655

Chloroform 233.91
(0.4995)

195.29
(0.3079) -7.81 0.80 8.61 2.927

Benzene 233.04
(0.5009)

195.59
(0.3184) -7.79 0.75 8.54 2.663

Cyclohexane 233.61
(0.4856)

195.38
(0.305) -7.78 0.73 8.51 2.611

Toluene 234.02
(0.5007)

195.56
(0.3175) -7.79 0.75 8.54 2.682

Chlorobenzene 234.35
(0.5154)

195.52
(0.3206) -7.82 0.81 8.63 2.979

The important parameters namely the ionization potential 
(I), electron affinity (A), chemical potential (μ), absolute 
electronegativity (χ), hardness (η), softness (S) and 
electrophilicity index (ω) which are known as global 
chemical reactivity descriptors (GCRD) are strongly depends 
on FMOs. All these parameters are computed on the basis 
of HOMO and LUMO energy formulating Koopman’s 
theorem31 for closed-shell molecules-

Where, I (ionization potential) is the energy of HOMO and A 
(electron affinity) is the energy of LUMO. The GCRD values 
obtained from calculation in different type of solvents having 
different polarities are listed in Table 3. The predicted value 
of ionization potential for gas, polar protic solvents, polar 
aprotic solvents and non-polar solvents are 7.44, 7.85, ~7.85 
and ~7.79 eV, respectively. This means ionization potential 
have been increased by solvation. The magnitude of electron 
affinity has also been increased by solvation. The value of 
electronegativity has been increased slightly by solvation 
compared to the gas phase which confirm that APAP molecule 
would be energetically favored for electrophilic attack32. 
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Table 3. Global reactivity descriptors of the most stable conformer of paracetamol (N-acetyl-para-aminophenol) with 
wB97XD/aug-cc-pVTZ computational approach.

Types of 
solvents

Name of Solvents Ionization 
Potential 

(I)/eV

Electron 
Affinity 
(A)/eV

Electronega-
tivity (χ)/eV

Chemical 
Potential 
(μ)/eV

Global 
Hardness 

(η)/eV

Softness 
(S)/eV

Electrophilicity 
Index (ω)/eV

No solvent Gas 7.44 -0.65 3.40 -3.40 4.05 0.124 1.425

Polar protic
Methanol 7.85 -0.83 3.51 -3.51 4.34 0.115 1.419

Water 7.85 -0.83 3.51 -3.51 4.34 0.115 1.419
Ethanol 7.85 -0.83 3.51 -3.51 4.34 0.115 1.419

Polar aprotic

Acetonitrile 7.87 -0.83 3.52 -3.52 4.35 0.115 1.424
DCM 7.83 -0.82 3.51 -3.51 4.33 0.116 1.420

Acetone 7.86 -0.83 3.52 -3.52 4.35 0.115 1.422
DMSO 7.85 -0.83 3.51 -3.51 4.34 0.115 1.419
THF 7.84 -0.81 3.52 -3.52 4.33 0.116 1.428

Non-polar

Diethyl ether 7.81 -0.79 3.51 -3.51 4.30 0.116 1.433
CCl4 7.78 -0.75 3.52 -3.52 4.27 0.117 1.448

Chloroform 7.81 -0.80 3.51 -3.51 4.31 0.116 1.427
Benzene 7.79 -0.75 3.52 -3.52 4.27 0.117 1.451

Cyclohexane 7.78 -0.73 3.53 -3.53 4.26 0.118 1.460
Toluene 7.79 -0.75 3.52 -3.52 4.27 0.117 1.451

Chlorobenzene 7.82 -0.81 3.51 -3.51 4.32 0.116 1.424
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Fig. 3. DFT-calculated UV spectra of the most stable conformer of paracetamol (N-acetyl-para-aminophenol) at various solvents: 3(a) gas and 
polar protic solvents, 3(b) polar aprotic solvents and 3(c) non-polar solvents.
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Two global descriptors such as chemical hardness and 
softness are very importantas they are taken into account 
to indicate transformation of charge within a molecule. 
The molecules that have large energy gap are called 
hard molecules whereas it is soft if energy gap is small. 
Consequently, soft molecules have higher polarizability than 
hard ones since minimum amount of energy are required for 
transition30. Upon solvation, calculated values of hardness are 
increased whereas softness decreased. The value of very low 
chemical softness of 0.124 (gas) and of  0.115 (solution) tells 
the trans-conformer of APAP is non-toxic compound. Non-
polar solvents enhance electrophilicity index significantly 
compared to the polar solvents and gas. Although APAP has 
very low electrophilicity index with a value of 1.425 eV.

The UV-Visible absorption spectra calculated forAPAP in 
gas and in different solvents are presented in Fig. 3. 

wTwo absorption maxima (λmax1and λmax2) were found both 
in gas phase and in solvent phase.The 1st absorption maxima 
(λmax1) was appeared at 243.08 nm with oscillator strength of 
0.3465 that arises from phenyl chromophore basically π to π* 
transition. The 2nd absorption maxima (λmax2) was appeared 
at 193.85 nm with oscillator strength of 0.3155 which arises 
from the amide chromophore N-C=O (n to π* transition). 
On the other hand, λmax1 and λmax2 were found at around 233 
nm (5.322 eV) and 194 nm (6.391 eV) respectively for polar 
protic, aprotic and non-polar solvents. As we know that 
solvation increases the excitation energies and induces blue 
shift in the electronic spectrum33,34. Solvation blueshifted the 
electronic spectrum and also enhanced oscillator strength (f) 
significantly. However, the polarity of the solvents (polar 
protic, aprotic and non-polar) has no significant effect.

Table 4. Calculated UV spectra and assignments for the ten lowest excited states of paracetamol (N-acetyl-para-
aminophenol) via photoexcitation process using TD-DFT/wB97XD/aug-cc-pVTZcomputational approach.

Expt.
(nm)

λ (nm)
Transition 

states
Nature of 
transitions

Oscillator
Strength (f)

Energy 
(eV)

Assignment

Major contribution
(≥ 10%)

Minor contribution
(≤ 10 %)

243

284.03 S0→S1 π →σ* 0.0537 4.3653 HOMO->L+3 (83%)
H-1->L+7 (5%),
HOMO->L+4 (6%), 
HOMO->L+7 (3%)

243.08 S0→S2 π→π* 0.3465 5.1006 HOMO->L+7 (86%)
H-1->L+3 (5%),
HOMO->L+4 (3%)

243.03 S0→S3 n→π* 0.0001 5.1015
HOMO->LUMO (64%), HO-
MO->L+1 (11%)

HOMO->L+2 (3%), 
HOMO->L+6 (3%),
HOMO->L+9 (4%),
HOMO->L+11 (3%), 
HOMO->L+16 (4%)

234.62 S0→S4 π→π* 0.0002 5.2845 HOMO->L+1 (67%)

HOMO->LUMO (7%), 
HOMO->L+2 (3%), 
HOMO->L+10 (4%), 
HOMO->L+13 (6%), 
HOMO->L+14 (5%)

223.65 S0→S5 σ→π* 0.0009 5.5437
H-2->L+7 (59%)
H-2->L+12 (12%)

H-2->L+4 (9%),
H-2->L+15 (9%),
H-2->L+19 (5%)

209.62 S0→S6 π→π* 0.0009 5.9148
HOMO->L+2 (65%),
HOMO->L+5 (16%)

HOMO->L+9 (3%), 
HOMO->L+17 (5%)

208.46 S0→S7 π →σ* 0.0846 5.9476
HOMO->L+4 (54%), 
HOMO->L+12 (24%)

H-1->L+3 (6%),
HOMO->L+3 (6%)

204.95 S0→S8 π →σ* 0.0001 6.0495 HOMO->L+6 (55%)

HOMO->L+5 (4%), 
HOMO->L+8 (7%), 
HOMO->L+10 (9%), 
HOMO->L+11 (3%), 
HOMO->L+14 (6%), 
HOMO->L+24 (4%)

198.50 S0→S9 n →π* 0.0001 6.2459
HOMO->L+5 (28%), 
HOMO->L+6 (17%), 
HOMO->L+9 (14%)

HOMO->L+11 (10%) 
HOMO->L+1 (2%), 
HOMO->L+2 (3%), 
HOMO->L+8 (5%), 
HOMO->L+10 (4%), 
HOMO->L+17 (3%), 
HOMO->L+20 (4%)

~190 193.85 S0→S10 n →π* 0.3155 6.3960
H-1->L+3 (56%), 
HOMO->L+4 (12%)

H-3->L+7 (2%),
H-1->L+4 (5%),
HOMO->L+7 (7%),
HOMO->L+15 (6%),
HOMO->L+18 (6%)
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Ten lowest singlet excited states are calculated using TD-
DFT/wB97XD/aug-cc-pVTZ level of computational method 
in the gas phase. The absorption wavelengths (λ), energy of 
excitation (E), oscillator strengths (f), excited state, nature 
of transition, major and minor contributions of molecular 
orbitals and assignments of the electronic transitions are 
defined with the help of Gauss-Sum 3.0 software and listed in 
Table 4. As well as experimental absorption wavelength are 
included in the Table 4 for comparison. It is well known that 
the electronic absorption varies depending on the nature of 
ground and the first electronic state. Basically, it is designated 
by the photoexcitation of electrons from HOMO to LUMO. 
The first electronic transition is observed at 284.03 nm 
(4.365 eV) with oscillator strength of 0.0537. This transition 
is originated from the ground state to the first singlet excited 
state (S1←S0) and the major excitation corresponds from 
HOMO to L+3 with orbital contribution of 83% that leading 
to a transition character of π to σ*. In addition, there are some 
other minor excitations occurs from H-1 to LUMO, HOMO 
to L+4 and HOMO to L+7 with contribution of 5%, 6% and 
3% respectively. The second electronic transition (S2←S0) is 
predicted at 243.08 nm (5.101 eV) with the highest oscillator 
strength of 0.3465. The main electronic transition occurs 
from HOMO to L+7 with orbital contribution of 86% and 
the nature of electronic excitation is π to π*. Some other 
transitions such as H-1 to L+3 (5%) and HOMO to L+4 (3%) 
are also contributed to the appeared spectrum. It is interesting 
that calculated absorption spectra at 243.08 nm agree very 
well with the experimental absorption spectrum (243 nm)35.

The third electronic transition (S3←S0) is observed at 243.03 
nm (5.102 eV) with very weak oscillator strength of 0.0001. 
This excitation originated mainly form HOMO to LUMO 
(64%) and HOMO to L+1 (11%) and the nature of electronic 
transition from n to π*. The predicted fourth electronic 
transition (S4←S0) is found at 234.62 nm (5.284 eV) with very 
weak oscillator strength of 0.0002. This transition is originated 
from π to π* with orbital contribution of HOMO to L+1 (67%). 
The fifth and sixth electronic transitions are found at 223.65 nm 
(5.284 eV) and 209.62 nm (5.543 eV) with the same oscillator 
strength of 0.0009. The fifth transition arises from σ to π* with 
major molecular orbital contribution of HOMO to L+7 (59%) 
and sixth transition arises from π to π* with orbital contribution 
of HOMO to L+2 (65%). The 7th, 8th and 9th transitions are 
originated from π to σ*, π to σ*, n →π* and predicted at 208.46 
nm, 204.95 nm and 198.50 nm, respectively. H to L+4 (54%), 
H to L+6 (55%) and H to L+5/6/9 (59%) orbital contributions 
are participated in the 7th, 8th and 9th transition respectively. 

The tenth electronic transition (S10←S0) is predicted at 193.85 
nm (6.396 eV) with strong oscillator strength of 0.3155. The 
major excitation corresponds from H-1 to L+3 with orbital 
contribution of 63% that leading to a transition character of n 
to π*. In addition, there are several minor transitions that are 
also contributed. The experimental λmax2 (~190 nm)35 matches 
quiet well with the calculated one.

IV. Conclusion

Quantum chemical calculations have been performed to 
investigate the effect of temperature (100 K-1200 K) and 
solvents (polar protic, aprotic and non-polar solvents) on 
the thermodynamical and electronic properties of APAP. The 
calculated thermochemical data predicted that the value of 
H, S and Cv are increased with the increase of temperature 
because the energy getting from the temperature distributed 
rapidly to the translational, rotational and vibrational modes. 
The APAP compound is a very stable and less reactive as 
the computed HOMO-LUMO energy gap is 8.09 eV which 
is high. But the solvation increases FMO energy gap and 
therefore the APAP become more stable in solution especially 
in polar solvents. Consequently, the solvation also increases 
the values of I, A, μ, χ and η. The value of very low chemical 
softness of 0.124 (gas) and of 0.115 (solution) confirms that 
the solvation makes APAP molecule more non-toxic. Two 
strong absorption bands are found in gas phase as well as 
in solvent phase. The λmax1 was appeared at 243.08 nm that 
arises from phenyl chromophore with electronic transition 
of π to π* and the λmax2(at 193.85 nm) that arises from the 
amide chromophore N-C=O with a transition character of n 
to π*. The calculated UV absorption maxima (λmax1 and λmax2) 
agree quite well with the available experimental spectra. 
Finally, electronic absorption spectra become blueshifted and 
enhanced intensity significantly by solvation but the polarity 
of the solvents has no specialty.
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