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ABSTRACT 
 
The samples of Kapton-H polyimide were heated at temperatures ranging from 325 to 400 °C in 
air. The heat treatment induced changes in optical band gap and refractive index of Kapton-H 
have been studied through UV-visible spectroscopy. The reduction in optical band gap while an 
increase in refractive index have been observed after heat treatment. The observed optical 
changes have been tried to be correlated to the structural changes, revealed through FTIR 
spectroscopy. The present study is quite important for tailoring the optical response of Kapton-H 
polymer as per specific requirements.  
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INTRODUCTION 
 

In recent days, the polymeric materials have been progressively substituted the expensive 
inorganic materials for integrated-optical components due to their exclusive advantages such as 
light weight, versatile electronic properties, low manufacturing cost and simple handling and 
processing. Further, the optical properties like optical band gap and refractive index of the 
polymers can be tuned as per specific requirements for various optical applications through 
several treatments like doping, irradiation, heat treatment etc. [1-6]. In our previous work [7], we 
have studied the heat treatment induced changes in the optical band gap and refractive index of 
CR-39 polymer. Motivated from our previous study, in the present work, we have planned to 
carry out the similar studies on Kapton-H. 
 
Kapton-H is a high performance material having the cyclic imide and aromatic groups in the 
main chain (Figure 1). This polymer is widely acknowledged for its plenty of applications in 
microelectronics (in packaging and fabrication of integrated circuits), aerospace and 
optoelectronic devices [8-13]. Low out-gassing rate makes it suitable insulator for ultra high 
vacuum environment. With a good combination of thermal conductivity, dielectric strength and 
availability in thin films, it is well suited material in cryogenics. 
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Figure 1. The chemical structure of Kapton-H polyimide. 

 
MATERIALS AND METHODS 

 
Experimental 
Kapton-H (DuPont) samples were cut (2 cm x 2 cm) from the flat sheet of thickness 100 µm. 
These samples were subjected to heat treatment in air for one hour at various temperatures (325, 
350, 375 and 400 °C) in a specially designed oven within an accuracy of ±2 °C. All these 
samples were subjected to UV-Visible transmission and reflection studies by using Shimadzu 
Double beam Double Monochromator UV-VIS Spectrophotometer (UV-2550) in the wavelength 
range 190–900 nm with a resolution of 0.5 nm. All these spectra were recorded by mounting the 
samples appropriately in the Integrated Sphere Assembly ISR-240A attached to the 
spectrophotometer. FTIR spectra were recorded using Shimadzu IR-Affinity instrument 
equipped with the Specular Reflectance attachment. 
 

RESULTS AND DISCUSSION 
 

3.1 UV-Visible studies 
In order to investigate the optical changes in the virgin and heat treated samples of Kapton-H, the 
UV-visible transmission and reflection spectra were recorded in the wavelength region 190 – 900 
nm. Suitable correction was made in order to eliminate the contribution of the sample holder. As 
the attenuation of the transmitted light through the sample involves the absorption within the 
sample and the reflection losses at the sample-air interfaces (top and bottom), therefore the 
measured transmission (T) and reflection (R) values have to be corrected for the reflection losses 
at these interfaces [7, 14]. Accordingly, the transmission coefficient (t) for light for a single pass 
through the sample and reflection coefficient (r) at sample-air interface can be determined 
through the following expressions 
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After substituting the values of T and R from the recorded spectra in these equations and 
following the iterative process, the values of ‘t’ and ‘r’ have been determined for virgin and heat 
treated samples of Kapton-H. 
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 3.1.1 Determination of absorption coefficient 
The values of absorption coefficient (α) for virgin and heat treated Kapton-H samples have been 
determined using the relation 
 

)exp( dt α−=                                                 (3) 
 
where d is the thickness of the sample. 
 
The values of absorption coefficient (α), so determined, have been plotted as a function of 
wavelength (λ) and presented in Figure 2. It is clearly observable from this figure that for virgin 
sample a strong absorption upto a wavelength ~ 500nm followed by a considerable tailing exist. 
The observed strong absorption may be attributed to the presence of chromophores like aromatic 
rings, C=C and C=O double bonds [15] in this polymer. Further, it is evident from this figure 
that there is a continuous red shift of the absorption edge with rise in heating temperature. 
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Figure 2. Plots of absorption coefficient (α) vs. wavelength (λ) for virgin and heated treated Kapton-H. 
 
3.1.2 Determination of optical band gap 
In order to determine the optical band gap (Eg) of virgin and heat treated samples of Kapton-H, 
the absorption data corresponding to the fundamental absorption edge as a function of 
wavelength (λ) have been considered [16]. These data have been plotted in the form of (αhυ)1/2 
as a function of photon energy (hυ). The band gap values, determined from the intercepts of the 
plots of (αhυ)1/2 versus (hυ) on hυ axis (Figure 3), have been presented in Table 1. It is obvious 
from this table that the optical band gap decreases continuously from ~2.04 eV in virgin sample 
to ~1.52 eV for the sample heated at 400 °C. 
 
The observed red shift (Figure 2) and the reduction in optical band gap (Table 1) with increase in 
heating temperature may be attributed to the formation of a conjugated structure having 
delocalized π-bonded electrons as a result of heating of Kapton-H [17]. 
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Figure 3. Plots of (αhν)1/2  vs. energy (hν) for virgin and heated samples of Kapton-H. 

 
Table 1. Optical band gap (Eg) values for virgin and heat treated Kapton-H polyimide samples at different 

temperatures 
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Figure 4. Plots of refractive index (n) vs. wavelength (λ) for virgin and heat treated samples. 

 
3.1.3 Determination of refractive index 
The refractive index (n) values for virgin and heat treated Kapton-H samples at different 
wavelengths have been determined [17] using the relation  
 

Heating temperature (°C) Eg (eV) R2 
virgin 2.04 ± 0.01 0.99 
325 1.95 ± 0.01 0.99 
350 1.88 ± 0.01 0.99 

375 1.78 ± 0.01 0.99 

400 1.52 ± 0.01 0.99 
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where 
π

αλ
4

=K , is the extinction coefficient with α as the absorption coefficient at wavelength λ. 

The values of the refractive index (n) so determined at different wavelengths have been 
presented in Figure 4. From this figure, it is clear that the values of n rise continuously with 
increase in heating temperature, which may be attributed to the compaction of the material 
due to removal of some species [17, 18] like hydrogen, oxygen etc. after heat treatment. 
 
3.2 Structural Studies 
3.2.1 FTIR Analysis 
The FTIR spectra of virgin and samples heated at 350° C and 400° C have been presented in 
Figure 5. The identification of the characteristic peaks in virgin sample (Table 2) made on the 
basis of literature [15, 19-20], confirms the monomer structure of Kapton-H (Figure 1). 

 
Figure 5. FTIR spectra of virgin and heat treated samples of Kapton-H. 

 
In the FTIR spectrum of the sample heated at 350° C, the decrease in the intensity coupled with 
the broadening of the various characteristic peaks have been observed.  For sample heated at 
400° C, most of the characteristic peaks in the region 700-1100 cm-1 have disappeared indicating 
the removal of hydrogen like species. The drastic reduction in the intensities of the bands at 1776, 
1722 (C=O, stretching vibrations), 1390 (C-N, stretch), 1505 cm-1 (C=C, stretch in phenyl rings) 
may be due to the fact that the imide and aromatic structures of Kapton are destroyed. The 
appearance of a broad band in the region 1200-1500 cm-1 may be attributed to the formation of a 
compact carbonaceous structure in the polymer matrix after heat treatment [20].  
 
Further, the broadening and shifting of the peak observed at 1600 cm-1 (aromatic C=C stretching) 
in virgin sample to 1620 cm-1 indicates the increase in conjugation as a result of heating. Such 
structural changes as revealed through FTIR spectroscopy corroborate the observations from 
optical measurements. 
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Table 2. Identification of IR bands of virgin Kapton-H 
 

Band Position (cm-1) Identification of Bands 
1776, 1722 s 
1600, 1505 Aromatic C=C stretching 

1463 Skelton vibration of phenyl ring 
1390 C-N stretching 
1254 Asymmetric stretching of aromatic ether C-O-C 

1169, 1117 
The in plane hydrogen rocking of para-substituted 
phenyl 

882 
Out of plane wagging vibration of the isolated 
hydrogen in (1, 2, 4, 5)- tera substituted phenyl 
between the imide rings 

820 
Out of plane wagging vibration of two adjacent 
hydrogen of para-substituted phenyl 

727 Aromatic imide ring band 
 

CONCLUSION 
 

The observed variation in optical parameters such as optical band gap and refractive index of 
Kapton-H may lead to tailor the optical properties of this polymer as per specific requirements 
after heat treatment. To our knowledge, this is probably the first systematic study to report the 
variation in refractive index of Kapton-H in almost complete visible range as a result of heat 
treatment. 
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