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Abstract: Acetone, a typical volatile organic compound (VOC), poses significant environmental and health risks due to 
its high reactivity and contribution to the photochemical smog formation. The effects of an external electric field (EEF) 
ranging from 0 to 30.854 V·nm-1 on the physical and chemical properties of acetone were investigated by density 
functional theory (DFT) using the B3LYP/6-311+g(2d,2p) basis set. The results demonstrate that the C=O bond in 
acetone elongates and the total moment increases as the EEF increases, enhancing molecular polarization. Although 
the total energy of acetone decreases with increasing EEF, the change is primarily due to the dipole-field interaction, and 
does not necessarily indicate improved thermodynamic stability. The infrared (IR), Raman, and UV-Vis spectra exhibit 
redshifts, indicating a reduction in excitation energy. Single-point energy scans confirm that the C=O bond weakens, with 
dissociation predicted at 52.785 V·nm-1. 
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1. INTRODUCTION  

Acetone, dimethyl ketone (C3H6O), is a simple 
saturated ketone. It is a common volatile organic 
compound (VOC) that is widely used in industrial 
processes and as a solvent [1-3]. While acetone has 
important applications in various fields, its presence in 
the atmosphere poses environmental and health risks 
[4-8]. As a major VOC, acetone contributes to 
photochemical smog formation and affects 
atmospheric oxidants and ozone levels, making its 
degradation an important topic of research. Traditional 
methods for acetone removal, such as adsorption and 
photocatalysis, have been studied extensively [9-12]. 
However, these methods are often limited by efficiency 
or require significant energy input. 

More recently, applying different external electric 
fields to the molecules has been proposed to affect the 
reactivity and dissociation of their properties [13, 14]. 
The effects of EEFs on VOC dissociation, particularly 
acetone, remain insufficiently understood. Therefore, 
applying an EEF to acetone could potentially be an 
efficient method [15, 16]. 

In this manuscript, an EEF ranging from 0 to 
30.852V·nm-1 was applied for the calculations using the 
DFT method based on the B3LYP/6-311+g(2d,2p) 
basis set to examine the physical properties of acetone 
accurately. When the EEF changes, the Raman and 
infrared (IR) absorption spectra of acetone change. 
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The potential energy surface obtained through 
single-point energy scanning was used to analyze the 
dissociation process of acetone molecules. Additionally, 
the energy gap of acetone provides insight into the 
dissociation process of acetone under the EEF. 

2. EXPERIMENTAL TECHNIQUES AND 
THEORETICAL MODELS  

2.1. Computational Method and Theoretical Model 

The system’s Hamiltonian (H) under consideration 
describes the interaction between the acetone 
molecule and the EEF, as represented in Eq. (1): 

int0 HHH +=         (1) 

Here, H0 represents the Hamiltonian of the molecular 
system in the absence of an EEF, describing the 
intrinsic property of the acetone molecule, including its 
kinetic energy and potential energy due to bonding 
forces and other molecular properties like rotational 
and vibrational modes. Hint represents the interaction 
system and how the molecular system interacts with 
the EEF. 

The dipole approximation assumes a uniform 
electric field across the molecule, valid for weak fields 
where the molecule is much smaller than the distance 
over which the field varies, and higher-order effects 
(like quadrupole or octupole moments) can be 
neglected. In such a dipole approximation, Hint is 
expressed by Eq. (2): 

FH ⋅−= µint         (2) 



10  Journal of Environmental Science and Engineering Technology, 2025, Vol. 13 Liu et al. 

where µ represents the dipole moment of acetone, and 
F is the EEF applied to the system[17]. The dipole 
moment of acetone results in the asymmetric electron 
distribution, and the C=O bond dipole is mainly 
dominant in µ. The negative sign indicates that the 
energy of the molecular system drops when the dipole 
aligns with the EEF, and such alignment happens 
because the EEF acts as a force on the dipole. The 
EEF in this study ranges from 0 to 30.852V·nm-1, 
whereas 1a.u. = 5.14225 × 1011V·m-1. 

 

Figure 1: The ground state molecular structure of acetone, 
with the blue arrow showing the direction of the EEF. 

In this study, Gaussian 09 Revision A.1 serves as 
the primary computational tool for calculating molecular 
structures and plays a significant role in studying the 
complex changes in molecules' physical and chemical 
properties under the influence of EEF[18-20]. 
Considering that the changes in acetone properties are 
mainly attributed to variations in the carbonyl group 
C=O, the EEF is applied along the Z-axis. The field 
direction can be adjusted using the “field” keyword in 
Gaussian 09 Revision A.1[20]. As shown in Figure 1, 
the C=O bond of acetone is aligned along the Z-axis in 
the Cartesian coordinate system, with the blue arrow 
indicating the direction of the EEF. 

2.2. Schematic Illustration of the Experimental 
Setup for Detecting Acetone Molecules 

In this paper, an experiment is designed to collect 
Raman spectra of the acetone molecule, which means 

the Raman setup represents an actual experiment. The 
schematic diagram of the experimental setup is shown 
in Figure 2, which includes a single-mode 
semiconductor laser and a Raman spectrometer. 
Initially, a 532nm laser beam emitted by the laser is 
directed onto the acetone sample. The Raman 
scattering signal from acetone is collected by the signal 
probe and transmitted through the Raman 
spectrometer to a computer. Finally, the experimentally 
collected Raman spectra are compared with the 
Raman spectra of acetone molecules optimized based 
on the basis set B3LYP/6-311+g(2d,2p), mainly by 
comparing their characteristic peaks, to validate the 
accuracy of this computational method. 

3. RESULTS AND DISCUSSION 

3.1. Geometrical Configuration of the Ground State 

In this manuscript, various computational methods 
are employed to improve the consistency between the 
acetone model and the experimental data. The 
geometric structure of acetone was calculated and 
compared under different methods and basis sets in 
the absence of an EEF. The optimal method was 
selected based on the smallest root mean square error 
(RMSE) of the C=O bond and C-C bond lengths 
compared to the experimental value [31]. The 
comparison results are shown in Table 1. And the 
smallest RMSE indicates that the DFT method based 
on the B3LYP/6-311+g(2d,2p) basis set results in the 
experimental values, making it the most suitable choice 
for the following calculations. 

3.2. Physical characteristics under an applied EEF 

The molecular structure of acetone consists of 
carbon, oxygen, and hydrogen atoms bonded among 
C=O, C-C, and C-H bonds. Considering the 
significance of the 1C=2O and 1C-3C bonds in the 
structure and the crucial influence made by dipole 
moment and total energy on the structural changes of 
acetone, this study investigates the impact of EEF on 

 

Figure 2: Schematic overview of the experimental arrangement. 
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the acetone molecule characteristics. As illustrated in 
Table 2, the results demonstrate a correlation between 
the change in total energy, bond lengths, and the 
dipole moment of acetone. Figure 3 illustrates the 
relationship between increasing EEF strength and the 
elongation of the C=O (1C=2O) bond, indicating that 
this bond weakens and becomes more prone to rupture. 
Conversely, the 1C-3C bond exhibits a slight decrease 
in length, suggesting a gradual bond compression. This 
phenomenon can be attributed to the enhanced 
Coulomb force within the C=O bond, which generates a 
greater internal electric field force compared to the 
applied EEF, counteracting its influence [19]. Under the 
increasing EEF, the weakening of the C=O bond 
slightly increases the total energy, the more significant 
role is played by the more stable energy from the 
dipole-field interaction, resulting in a decrease in the 
total energy. 

According to the data shown in Figure 4, the total 
energy of the acetone molecule consistently decreases, 
indicating an increase in its stability. This phenomenon 
originates from the interaction between the molecular 
dipole and the EEF, governed by the system's 
interaction Hamiltonian (Hin), which leads to a 
stabilization of the system energy. It is important to 
emphasize that this energy reduction reflects a 
stabilization effect of the molecule within the EEF and 
does not indicate a better molecular stability. In fact, 

the strength of the C=O bond demonstrates a decrease 
in the structural stability of the molecule. Furthermore, 
the molecule's dipole moment exhibits an evident 
upward trend, which generally indicates an increase in 
charge polarization due to the EEF, and eventually a 
reduction in the total energy of the system. The 
polarization effect and the changes in bond length 
demonstrate that while the total energy of the system 
decreased under the EEF, the chemical reactivity of the 
molecule is actually enhanced. 

 

Figure 3: The change of RC=O and RC-C under different EEFs 
(from 0 to 30.852 V·nm-1). 

Table 1: The Calculation of Different Basis Sets on the Bond Length of Acetone 

Methods R1C-2O(10-10m) R1C-3C(10-10m) RMSE 

B3LYP/6-311+(d) 1.21250 1.51748 0.0019367 

B3LYP/6-311+g(d,p) 1.21178 1.51665 0.0016212 

B3PW91/6-311+g(d,p) 1.20974 1.51164 0.0033751 

B3PW91/6-311+g(2d,2p) 1.20888 1.51019 0.0050497  

B3LYP/6-311+g(2d,2p) 1.21067 1.51488 0.0004623 

Experimental values 1.21095 1.51523  

 

Table 2: The Bond Lengths, Dipole Moment, and Total Energy of the Acetone 

F(V·nm-1) R1C-2O(10-10m) R1C-3C(10-10m) Dipole Moment (Debye) Total Energy (Hartree) 

0 1.21067 1.51488 3.1011 -193.226 

5.142 1.21918 1.50981 4.3527 -193.240 

10.284 1.22925 1.50430 5.6338 -193.260 

15.426 1.24088 1.49905 6.9671 -193.285 

20.568 1.25470 1.49393 8.388 -193.315 

25.710 1.27142 1.48866 9.9437 -193.351 

30.852 1.29217 1.48304 11.7146 -193.393 

 



12  Journal of Environmental Science and Engineering Technology, 2025, Vol. 13 Liu et al. 

 

Figure 4: The change of dipole moment and total energy 
under different EEFs (0 to 30.852 V·nm-1). 

3.3. Impact of an EEF on the Energy Gap and 
Frontier Orbital’s Energy Level 

In this study, the changes of the highest occupied 
molecular orbital (HOMO), the lowest unoccupied 
molecular orbital (LUMO), and the energy gap (EG) of 
acetone molecules under various EEF (from 0 to 
30.852 V·nm-1) were computed using the 
B3LYP/6-311+g(2d,2p) computational method. The 
LUMO represents the lowest energy molecular orbital 
that is unoccupied by electrons, and its energy (EL) 
indicates the molecule’s electron acceptance capacity, 
whereas a lower EL corresponds to a better tendency 
for the acetone to acquire electrons[16]. Conversely, 
the HOMO represents the highest-energy molecular 
orbital that is occupied by electrons, and a higher 
HOMO energy (EH) suggests a greater likelihood of 
electron donation. Furthermore, the EG indicates the 
energy difference between EH and EL, and the 
calculation method with unit conversion is provided in 
Eq. (3). A smaller EG implies easier energy absorption, 
facilitating electronic transitions from the HOMO to the 
LUMO, thereby making the molecule more susceptible 
to excitation or chemical reactions.  

eVEEE HLG 2114.27)( ×−=       (3) 

The results of the acetone molecules under different 
EEF are shown in Figure 5. As the EEF increases, EL 
showed a continuous decreasing trend, initially at a 
slow rate, while then accelerating. Simultaneously, EH 
decreases steadily. Moreover, EG increases with the 
EEF up to 10.284 V·nm-1, after which it decreases 
sharply. This decline may be attributed to the rapid 
decrease in the EL when the EEF ranges from 10.284 
V·nm-1 to 30.852 V·nm-1. This can be explained as a 
direct consequence of the EEF and the inherent 
electron density distribution of the frontier orbitals. 

When the EEF is aligned with the C=O bond, with its 
positive end oriented towards the electronegative 
oxygen atom, it preferentially stabilizes orbitals with 
significant electron density on oxygen. While the LUMO 
is primarily decided by the carbonyl group and is 
therefore more strongly stabilized by the EEF, leading 
to the observed rapid drop in E. Figure 5 also presents 
the diagrams of the corresponding frontier orbitals of 
the acetone molecule under different EEFs, where the 
arrow represents the direction of the EEF. The gap 
initially shows a slight increase for weaker fields but 
decreases sharply as the EEF strengthens beyond 
10.284 V·nm⁻¹, where the intense stabilization of the 
LUMO takes the lead. A reduced EG signifies a lower 
energy requirement for electronic excitations from 
HOMO to LUMO, thereby enhancing the molecule's 
chemical reactivity. 

The orbital visualization in Figure 5 proves that 
under a strong EEF of 30.852 V·nm⁻¹, the electron 
density of both frontier orbitals obviously changed and 
separated along the EEF. This charge redistribution 
confirms that the EEF directly disturbs the molecular 
potential and facilitates electronic transitions. The 
change of electronic and geometric structure above 
contributes to the molecular destabilization and 
supports the predicted dissociation behavior at higher 
EEF. 

 

Figure 5: The change of EH, EL, and EG of acetone under 
different EEFs (0 to 30.852 V·nm-1). 

3.4. Dissociation of the Acetone Molecules under 
Different EEFs 

The B3LYP/6-311+g(2d,2p) computational method 
was used to study the dissociation process of acetone 
molecules under various EEF. The single point energy 
of the C=O bond in acetone was calculated for bond 
lengths ranging from 0.8×10-10m to 2.6×10-10m of 
0.1×10-10m. The results of these calculations are 
shown in Figure 6. 



Spectral Shifts and Dissociation Dynamics of Acetone Journal of Environmental Science and Engineering Technology, 2025, Vol. 13  13 

As the bond length increases, the single-point 
potential energy of the C=O bond initially decreases 
sharply before increasing gradually, as shown in Figure 
6. The rise in potential energy after reaching its 
minimum suggests that the molecule has not yet 
dissociated. As EEF ranges from 0 to 30.852 V·nm-1, 
the scanning potential energy decreases progressively. 
When EEF reaches a certain value, the C=O bond may 
break, leading to the dissociation of acetone molecules. 
The potential barrier is the difference between the 
minimum energy corresponding to the most stable 
bond length and the maximum energy of the unstable 
point[19]. As EEF increases, both the dissociation 
energy and potential barrier decrease gradually. 

 

Figure 6: The potential energy of the acetone under different 
EEFs (0 to 30.852 V·nm-1). 

A linear fitting analysis of the potential energy 
barrier across various electric field strengths (EEF) is 
illustrated in Figure 7, which reveals a high correlation 
coefficient (R² = 0.99944). This robust linear correlation 

substantiates a direct proportional relationship between 
the energy barrier and the EEF. The computational 
results indicate that acetone molecules will dissociate 
at an EEF strength of approximately 52.785 V·nm⁻¹, 
suggesting that acetone molecules can be dissociated 
via the C=O chemical bond. While this field strength is 
substantial, it corresponds with the principles of 
field-induced bond breaking and finds relevance in 
ccertain environments. 

3.5. Changes of the IR spectrum and Raman 
spectrum under EEF 

The B3LYP/6-311+g(2d,2p) computational method 
was employed to study the infrared absorption 
spectrum of the optimized acetone molecule under the 
influence of EEF. The infrared absorption spectrum 
reveals molecular vibrations and functional group 
absorption peaks. As shown in Figure 8, the acetone 
molecule without EEF exhibits 24 vibrational modes, 
including various vibrational modes of the C=O, C-C, 
and C-H bonds. This study primarily focuses on three 
significant peaks associated with the stretching 
vibration of the C=O bond, and the strongest peak 
corresponds to 1779.24 cm-1. Figure 9 compares the 
experimental spectra from NIST and the calculated 
infrared spectra under the B3LYP/6-311+g(2d,2p) for 
the optimized structure of the acetone molecule in the 
range of 0~3800 cm-1 under zero EEF [21]. The 
experimental values correspond well with the 
calculated values, and the intensity distribution of the 
three characteristic peaks of C=O also conforms to 
theoretical expectations, validating the reliability of the 
B3LYP/6-311+g(2d,2p) computational method within 
the framework of DFT calculations under zero electric 
field conditions. 

 

Figure 8: IR spectrum of the acetone (0 to 3500 cm-1) under 
zero EEF. 

 

Figure 7: The linear fit curve of the potential barrier under the 
EEFs. 
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Figure 9: The calculated and experimental results of the IR 
spectrum (0 to 3500 cm-1) under the zero EEF. 

Figure 10 shows the effect of the EEF increasing 
from 0 to 30.852 V·nm-1 on the infrared spectrum of 
acetone molecules, and the stretching vibration 
changes of C=O bonds in the range of 1200 cm-1 to 
1870 cm-1 are the main focus. With the increase of EEF, 
the strongest absorption peak corresponding to the 
symmetric stretching vibration of the C=O bond has a 
red shift from 1779.24 cm-1 to 1500.3 cm-1. The peak 
intensity initially increased and then decreased, and 
when the EEF increased from 25.710 to 30.852 V·nm-1, 
the peak intensity decreased sharply. At the same time, 
the absorption peak of C=O stretching at 1392.58 cm-1 
shifted to 1302.5 cm-1, the peak value continued to 
increase, and finally became the most important 
absorption peak of C=O symmetric vibration at 30.852 
V·nm-1, indicating that this vibration was the most 
significant at this time. Additionally, the infrared peak at 
1475.88 cm-1 undergoes a redshift to 1419.64 cm-1, 

while its vibration intensity increases steadily. The 
change of the C=O bond under the action of EEF can 
be explained by the Stark effect, which can be seen by 
Y. Wang et al. [22, 23]. When the absorption peak of 
C=O is redshifted, less energy is required for this 
vibration, and at stronger EEFs, the molecules are 
more unstable and even easily dissociate. 

Figure 11 compares the experimental and 
calculated Raman values for the optimized structure of 
the acetone molecule in the range of 0 to 3500 cm-1 
under zero EEF. The experimental values are collected 
by experimental arrangement and are in good 
agreement with the calculated values, which indicate 
that the B3LYP/6-311+g(2d,2p) computational method 
under DFT calculation selected in this study, under 
zero EEF, is suitable. Figure 12 shows the change of 
the Raman spectrum of acetone in the range of 2880 to 
3190 cm-1 due to the increase of the EEF from 0 to 
30.852 V·nm-1. Raman spectroscopy is a type of 
scattering spectrum that supplements infrared 
spectroscopy [30], and each peak represents the 
vibration of a particular molecular bond. Furthermore, 
as the EEF increases, the strongest peak of the Raman 
spectroscopy undergoes a redshift. This shift indicates 
a significant change in the molecular vibration 
frequency. This variation in peak intensities shows that 
some vibrational modes are enhanced while others are 
suppressed. This redshift can be explained by the 
reduction of the EG, and the strong EEF stabilizes the 
LUMO more than the HOMO, narrowing the EG and 
consequently decreasing the energy required for 
electronic transitions, and this exactly is the electronic 
Stark effect. This behavior shows that under different 
EEFs, the C-H bond becomes unstable.  

 

Figure 10: The change of the IR spectrum of the acetone from 1200 to 1870 cm-1 under different EEFs (from 0 to 30.852 V·nm-1). 
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Figure 11: The calculated and experimental results of the 
Raman spectrum (0 to 3500 cm-1) without EEF. 

3.6. Changes of the UV-Vis Epsilon Spectrum 
under EEF 

In this study, the TD-DFT method with the 
B3LYP/6-311+g(2d,2p) basis set was used to simulate 
the UV-Vis absorption spectra of acetone molecules 
under different EEFs (including 0, 15.426V·nm-1, 
20.568V ·nm-1, and 25.710V ·nm-1). The results of 
UV-Vis spectra of acetone molecules in the range of 
0-800 nm under different EEFs are shown in Figure 13. 
The main focus is on the change of the strongest 
absorption peak of C=O. The UV-Vis absorption 
spectrum of acetone exhibits a typical molecular Stark 
effect [24]. On the one hand, when the EEF changes 
from 0 to 25.710 V·nm-1, the most significant 
absorption peak shifts from 204.56 nm to 504.5 nm, 
and the peak intensity gradually decreases. On the 
other hand, with the increase of EEF, the second 
significant peak also undergoes a redshift from 176.31 
nm to 276.64 nm, and the peak value increases first 

and then decreases. This significant redshift is since 
the Hint term lowering the LUMO energy level much 
more than the HOMO energy, narrowing the energy 
gap EG and leading to an increase in the wavelength 
[25]. These results indicate that when the EEF 
increases, there are two different types of energy 
required for C=O vibration, and the final trend is that 
with the increase of the EEF, the energy needed for the 
C=O bond decreases, which confirms the previously 
mentioned view that acetone molecules are unstable 
under strong EEF. At the same time, a new broad and 
strong absorption band (from 500nm to 600nm) 
appears at higher EEF due to the field-induced charge 
transfer states with large transition dipole moments. 
Furthermore, the overall absorption intensity increases 
with the EEF strength, which can be attributed to 
enhanced electronic polarization and greater transition 
dipole moments. The results demonstrate that the EEF 
has a significant effect on the energy levels of the 
acetone molecule and also on its optical properties. 

 

Figure 13: The changes of the UV-Vis absorption spectrum 
of acetone under different EEFs (0.000, 25.710V·nm-1). 

 

Figure 12: The change of Raman spectrum of the acetone (2880 to 3190 cm-1) under different EEFs (from 0 to 30.852 V·nm-1). 
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CONCLUSION 

In summary, the acetone molecule was investigated 
using DFT (B3LYP/6-311+g(2d,2p)) under EEFs (0 to 
30.852V·nm-1). Structural optimization revealed that 
increasing the EEF lengthened the C=O bond and 
shortened the C-C bond due to redistribution, leading 
to molecule destabilization. The dipole moment 
increased linearly with EEF, reflecting enhanced 
charge polarization, while the decreasing total energy 
indicated improved molecular stability. Frontier 
molecular orbital analysis showed reduced energy 
gaps (EG, EL, EH) at higher EEFs (≥10.284 V·nm-1), 
suggesting increased chemical reactivity. Single-point 
energy scans showed a lower dissociation energy for 
the C=O bond under EEF, and the linear correlation 
between the energy barrier and the EEF is high 
(R2=0.99944), with bond dissociation occurring around 
52.785 V·nm-1. Spectroscopic studies under EEF 
revealed a red shift in C=O and C-H bond vibrational 
peaks, altered peak intensities, and reduced excitation 
energy in UV-Vis spectra, facilitating electron 
transitions. These results confirm that EEFs 
significantly influence the physicochemical properties 
of acetone and provide a theoretical basis for electric 
field-assisted degradation strategies. The observed 
effects provide a solid theoretical foundation for 
developing electric field-assisted degradation 
strategies for acetone and similar volatile organic 
compounds, potentially enabling more efficient catalytic 
processes or plasma-based treatment technologies for 
environmental remediation. 
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