
Journal of Neonatal Surgery 

ISSN(Online): 2226-0439 
Vol. 14, Issue 21s (2025) 
https://www.jneonatalsurg.com 

 

 

   

pg. 128 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 21s 

 

Investigation The Non Linear optical Properties and Spectroscopy Properties of Polyimide Using 

DFT 

 

Zainab A. Ahmed *1, Qasim Hassan Ubaid1, M. A. Al-Kaabi1 

1College of Health and Medical Technology, AL-Zahraa University for Women, Karbala, Iraq 

*Correspondence Author  

Zainab A. Ahmed 

College of Health and Medical Technology, AL-Zahraa University for Women, Karbala, Iraq 
Email IDzainab.adil.ahmed@alzahraa.edu.iq 
 

Cite this paper as: Zainab A. Ahmed , Qasim Hassan Ubaid, and M. A. Al-Kaabi, (2025). Investigation The Non Linear 

optical Properties and Spectroscopy Properties of Polyimide Using DFT. Journal of Neonatal Surgery, 14 (21s), 128-135. 

ABSTRACT 

In the current work, nonlinear optical(NLO) properties of polyimide (PI) including polarizability (α), dipole moment (μ), 

first order hyperpolarizability (β), and susceptibility (χ), have been calculated by using (DFT)\B3LYP  method with a 6-

311G(d,p) basis set. The results show that the anisotropy of polarizability and first hyperpolarizability is found to have 

significant values of 259.1x 10-24 esu and 160.4518 x10-33 esu for DFT method. These very small values reflect that the 

polyimide compound is a good insulator. Moreover, Spectroscopy  properties like infrared (IR) absorption spectroscopy, and 

ultraviolet (UV) Spectroscopy have been calculated by using the DFT method. 
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1. INTRODUCTION 

Polyimide (PI; C22H10O5N2) is widely used in various fields [1]. In 1908, Marston Bogert produced the first aromatic 

polyimides [2]. A two-step process is used to produce aromatic PI: first, polyamic acid (PAA) is synthesized from 

dianhydride and diamine monomers, next, PAA is solvent eliminated [3]. Because of their high electrical resistivity, low 

dielectric constant, low thermal and chemical durability, and relative ease of use in coating and film production, polyimides 

have garnered increased attention. With the increasing use of polymers in the microelectronic industry, the significance of 

comprehending the mechanism causing adhesion between metals and polymers at the microscopic level has increased. The 

low dielectric constant, high electrical resistivity, thermal and chemical durability, and relative ease of production of coatings 

and films make polyimides, a class of polymers perfect for microelectronic applications, more appealing [4]. Additionally, 

PIs are a great option for the production of flexible sensors due to their exceptional thermal and chemical stability[5-9]. In 

these applications, PI films are used as a matrix, substrate, or electrical insulator. Nevertheless, this material is chemically 

inert and has a smooth surface. Therefore, specific surface treatments are required in order to maximize their adhesion to 

other materials [10-12]. 

 In this paper purposes to understand some nonlinear optical  properties and spectroscopy of PI to bring insight into the 

molecular structure 

.
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2. METHOD OF CALCULATION 

DFT has been used for  estimate some nonlinear optical properties such as  dipole moment (μ), polarizability (α), 

Hyperpolarizability (β), and Susceptibility (χ) of the monomer of PI using the Becke 3-parameter Lee-Yang-Parr ( B3LYP) 

at the 6-311G(d,p) basis set. In addition, the calculations also including the Spectroscopy Properties  like infrared (IR) 

absorption spectroscopy, and ultraviolet (UV) Spectroscopy.  The IR spectroscopy properties were achieved using the same 

B3LYP method. While UV absorption properties were using  the TD-B3LYP method. All calculations are finished and get 

results using Gaussian 09 software and gaussView6 programs [13]. 

3. RESULTS AND DISCUSSION 

POLARIZABILITY, SUSCEPTIBILITY, AND FIRST ORDER HYPERPOLARIZABILITY 

CALCULATIONS 

To determine the relationship between molecular structure and NLO, it is essential to investigate the dipole moment (μ), 

polarizability (α), first-order hyperpolarizability (β), and optical susceptibility of the PI molecule [14]. These properties were 

calculated using the B3LYP method and the 6-311G(d,p) basis set. The next equation can be used to estimate the full dipole 

moment in terms of its constituent parts [14]: 

𝜇𝑡𝑜𝑡 = (𝜇𝑥
2 + 𝜇𝑦

2 + 𝜇𝑧
2)

1 2⁄
                                                        (1) 

The mean polarizability   and anisotropy of the polarizability ( ) can be found using the following formulas [15] 
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1
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The rate value of the first hyperpolarizability   can be taken by [16]:  

⟨𝛽⟩ = [(𝛽𝑥𝑥𝑥 + 𝛽𝑥𝑦𝑦 + 𝛽𝑥𝑧𝑧)
2

+ (𝛽𝑦𝑦𝑦 + 𝛽𝑦𝑧𝑧 + 𝛽𝑦𝑥𝑥)
2

+ (𝛽𝑧𝑧𝑧 + 𝛽𝑧𝑥𝑥 + 𝛽𝑧𝑦𝑦)
2

]

1
2
 

The DFT method was used to determine the total dipole moment, anisotropy of polarizability, and average 

hyperpolarizability, which were displayed in Table 1. 160.4518×10-33 esu, 259.1×10-24 esu, and 1.5253 Debye are the 

respective values. Based on polarizability, the susceptibility was calculated theoretically and compared to experimental 

values [18]. Table.2 shows the values of the susceptibility. The average of the susceptibility  can be given by [17] : 

𝜒 =  
𝑁𝛼́

1 −
4𝜋𝑁𝛼́

3

                                                                                                         (5) 

Table 1: The polyimide's dipole moments, polarizability, and first hyperpolarizability. 

The parameter B3LYP 

[17] Experimental 

amount 

      The dipole moment 

𝜇𝑥 
1.1480 

 

𝜇𝑦 
0.9840 

 

𝜇𝑧 
-0.2069 

 

𝜇(Debye) 
1.5249 

 

 In esu, polarizability (x 10-24). 

𝑎𝑥𝑥 
-148.7201 

 

𝑎𝑥𝑦  
4.2150 
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𝑎𝑦𝑦 
-179.1570 

 

𝑎𝑥𝑧  
-4.9319 

 

𝑎𝑦𝑧 
-3.3320 

 

𝑎𝑧𝑧 
-159.5559 

 

𝑎̅ 
-162.470 

 

Δα 

 

259.2                                     

    

                      268.3 

                                              In esu, hyperpolarizability (x 10-33). 

𝛽𝑥𝑥𝑥  
64.8454 

 

𝛽𝑥𝑥𝑦  
76.8193 

 

𝛽𝑥𝑦𝑦 
89.5280 

 

𝛽𝑦𝑦𝑦 
-7.8728 

 

𝛽𝑥𝑥𝑧  
-49.3284 

 

𝛽𝑥𝑦𝑧 
18.3787 

 

𝛽𝑦𝑦𝑧 
10.0175 

 

𝛽𝑥𝑧𝑧 
-14.1011 

 

𝛽𝑦𝑧𝑧 
-3.3353 

 

𝛽𝑧𝑧𝑧 
-2.6843 

 

〈𝛽〉  160.4518  

   

   

 

Table 2: Polyimide susceptibility

 

where χ stands for susceptibility, MW for molar mass, N for molecular number density, and α' for polarizability volume. 

More active NLO characteristics are known to be associated with higher dipole moments, polarizability, and first-order 

hyperpolarizability values, therefore, it is important to take into account the molecular hyperpolarizability of the NLO system 
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4. SPECTROSCOPY PROPERTIES 

It is commonly known that additional information regarding molecular vibrations can be obtained through infrared (IR) 

absorption spectroscopy. The number of vibrational transitions for nonlinear particles is 3N-6 [18]. Our molecule has 117 

vibrational frequencies because it is composed of 41 atoms. The PI's modes of vibration were determined by applying the 

DFT method with B3LYP and a 6-311G (d, p) basis set. The experimental frequencies and the obtained results have been 

compared. The PI IR spectrum is shown during the [500–4000] cm⁻¹ region in shape 2. The experimental values for the IR 

technique are also displayed in figure 3. 

C-H Vibrations 

Multiple weak bands are often seen in the 3100–3000 cm-1 region of aromatic compounds due to their aromatic C–H [19]. 

The typical range of C-H in-plane bending vibrations is between 1300 cm-1 and 1000 cm-1 [20]. The theoretical and 

experimental infrared spectra of the PI molecular system are shown in Figures 2 and 3. The benzene ring's C-H stretching 

vibrations are located in the area (3065.5-3115.6) cm-1, according to figures that show nine C-H stretching vibrations that 

were assigned in the existing study. The infrared spectrum shows the low band for these stretching vibrations. These are 

modes of extension. They show good compliance with the specified empirical spectrum range of 2900–3100 cm⁻¹ [21]. 

Aromatic Ring Vibrations 

Because the double bond is in conjugation with the ring in the vibrational spectra of benzene and its derivatives, the ring-

stretching vibrations are very prominent [22]. Generally speaking, bands that show up in the (1400–1650) cm-1 range are 

thought to be responsible for the benzene ring vibrations [23]. The range of (1436.8–1593.4) cm-1 is where the C=C 

stretching vibrations on benzene were detected. The measured experimental values for this mode in infrared were (1500–

1520) cm-1. 

C=O and C-O-C Vibrations 

  A double bond forms between carbon and oxygen due to their differing electronegativity. This vibration usually shows very 

strong peaks in the (1750–1600) cm-1 expected region of the carbonyl C=O stretching mode [24]. The stretching band of the 

C=O was found at 1779.4 cm-1 and 1793.3 cm-1. These numbers are consistent with 1770 cm-1 and 1780 cm-1. The DFT 

calculation agrees well with the IR experimental measurements. 

C-N and N-H vibration 

The C-N stretching vibration typically oscillates between 1200 and 1400 cm-1 [25]. The  observations in this study indicate 

that there is a strong correlation between the theoretically computed value at 1341.7 cm-1 and the experimental values at 

(1360–1380) cm-1. The stretching N-H mode for the B3LYP can be seen at 3511.6 cm-1. The values of the Fourier Transform 

Infrared Spectroscopy experiment were 3400 cm-1 [21]. 

 

Figure 2: Polyimide's theoretical infrared spectra. 
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Figure 3: Polyimide's experimental infrared spectra [21]. 

5. ULTRAVIOLET (UV) SPECTROSCOPY 

Aromatic compounds (PIs) are generally believed to absorb UV light by forming a charge-transfer complex (CTC) between 

the dianhydride and the diamine. Utilizing the TD/B3LYP method and a 6-311G (d, p) basis set, the optimized ground-state 

geometric monomer of the theoretical absorption spectra of the PI has been examined. Figure 5 display the wavelength 

obtained using UV technology, which is measured in the range of 300–1100 nm. The maximum wavelength is 510 nm, as 

shown in Figure 4 and Table 3. It was found that these results are consistent with the experimental value [26] . 

Table 3: The maximum wavelength for polyimide, both theoretically and    experimentally 

experimentally. 

Theoretically 𝝀𝒎𝒂𝒙(nm) Experimentally 𝝀𝒎𝒂𝒙 (nm) [26] 

TD-B3LYP             510                            500 
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Figure 4: Polyimide's theoretical ultraviolet spectrum. 

 

Figure 5: Polyimide's experimental ultraviolet spectrum [26]. 

ANALYZATION 

To understand the polyimide's chemical analysis and the movement of its electrons within the atom and molecular level, the 

nonlinear optical properties included and spectroscopy properties. The polyimide is a good insulator because the 

susceptibility value of 0.2 indicates that the electron's mobility was constrained. We conclude the polyimide compound does 

not exhibit nonlinear optical properties, as demonstrated by the very low values we found for dipole moment, polarizability, 

and first order hyperpolarization, as well as optical susceptibility. We employed 6-311G(d,p) basis set using a DFT/B3LYP. 

Furthermore, the longest wavelength of 510 nm that we obtained with ultraviolet spectroscopy using the TD-B3LYP method 

with a 6-311G(d, p) basis set suggests that long wavelength UV radiation is not regarded as ionizing radiation due to the low 
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energy of the photon. The calculations were done in order to provide theoretical information for upcoming monomer PI 

research. 
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