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This work investigates the optical band gap of polymethyl methacrylate
(PMMA) using approaches beyond the conventional Tauc plot. PMMA
was prepared via solution casting and analyzed with UV-Vis
spectroscopy. Based on the UV-Vis spectra, band-gap values were
estimated via the Cody approach, absorption-spectrum fitting (ASF),
and a derivative-based ASF variant (DASF), and then benchmarked
against the Tauc method. The optical band gap values ranged from 3.10
eV to 4.94 eV, which fall within or near the range reported in the
literature for PMMA, depending on the analysis method and transition
model used. These values represent effective optical transition energies
(apparent optical gaps) of amorphous PMMA rather than true
crystalline band-to-band gaps. Each method had distinct advantages: the
Cody method provided a clearer linear region for amorphous systems,
ASF offered a practical approach that did not require sample-thickness
information, and DASF enhanced precision through derivative-based
analysis. Band-gap results for both direct and indirect transitions
suggest that amorphous PMMA may exhibit more than one effective
pathway governing optical transitions. These results show that the
Cody, ASF, and DASF techniques can be trusted as effective substitutes
for the Tauc method when examining the optical characteristics of
polymeric materials.

Copyright © 2025 Author(s)

1. INTRODUCTION

The optical band gap is a key parameter controlling electronic transitions and optical
absorption. It represents the minimum photon energy required to promote an electron from
the valence band to the conduction band, thereby affecting the material’s optical and electronic
properties. (Yasin Ahmed, Aziz, & M. A. Dannoun, 2024). In amorphous polymers, the
absorption edge can be influenced by disorder-related localized states and the Urbach tail;
thus, extracted Ej is interpreted as an effective (apparent) optical transition energy. Precisely
determining the optical band gap is crucial for evaluating a material's suitability in various
technological fields such as photonics, optoelectronics, and energy devices (Dolgonos, Mason,
& Poeppelmeier, 2016).

Polymethyl methacrylate (PMMA) is a transparent thermoplastic polymer
characterized by high optical clarity, notable chemical stability, and favorable mechanical
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performance (Wu, Ouyang, He, & Huang, 2022). Although PMMA is typically classified as an
insulator, understanding its optical band gap is important for applications in polymer-based
nanocomposites, coatings, and dielectric layers where light-matter interactions are significant
(Abed et al., 2023). A standard approach to estimate the optical band gap is Tauc analysis,
which uses a plot of (ahv)™ as a function of photon energy; the band-gap value is then
extracted by extending the linear segment to its intercept. However, the Tauc method has
several limitations, including ambiguity in identifying the linear region, dependence on the
assumed transition type, and sensitivity to sub-gap absorption (Dolgonos et al., 2016;
Harynski, Olejnik, Grochowska, & Siuzdak, 2022).

To overcome these limitations, several alternative techniques have been proposed,
including the Cody method, Absorption Spectrum Fitting (ASF), and Derivative Absorption
Spectrum Fitting (DASF). The Cody method extends the Tauc approach by incorporating
exponential tail states, making it more suitable for amorphous materials (Makuta, Pacia, &
Macyk, 2018). The ASF method uses absorbance data directly, offering a simpler approach that
does not require knowledge of sample thickness or absorption coefficients. The DASF method
extends the ASF approach by incorporating derivative analysis to enhance precision near the
absorption edge (Bhogi et al., 2022).

In this work, PMMA'’s optical band gap is evaluated using the Cody method,
Absorption Spectrum Fitting (ASF), and Derivative Absorption Spectrum Fitting (DASF) as
alternatives to the traditional Tauc analysis. By comparing these techniques, we seek to
evaluate their reliability, accuracy, and applicability to polymeric systems, and to identify the
most effective method for analyzing PMMA's optical properties.

2. METHOD

2.1. Materials and preparation of the sample

The material used in this study was granular poly(methyl methacrylate) (PMMA)
obtained from Himedia, India. The granular PMMA was dissolved in acetone at a weight ratio
of 1:10. Dissolution was performed under magnetic stirring at 50 °C for 1 h to obtain a fully
homogeneous solution. After complete dissolution, the solution was poured into a petri dish
maintained at room temperature for 24 hours. This step facilitated gradual solvent
evaporation, enabling uniform formation of the PMMA film. The film was characterized by
UV-Vis to evaluate optical properties, especially the band gap.

2.2. Determination of optical band gap energy

PMMA’s E; was obtained using Tauc, Cody, ASF, and DASF methods. These
techniques are commonly applied to UV-Vis absorption spectra to estimate E,, each with
specific equations and plotting procedures as described below.

2.2.1 Tauc Method

Optical band gaps in amorphous and crystalline semiconductors are often extracted
using the Tauc method. It relies on the following equation:
(ahv)™ = A(hv - Eg)
where a is the coefficient of absorption, hv is the energy's photon, A is a constant, and E is the
optical band gap. n depends on the transition: %(direct) and 2(indirect). To determine Eg, the

plot of (ahv)™ versus hv is extrapolated from the linear section of the curve approaching the
x-axis (i.e., where (ahv)™ = 0). The band-gap energy is then taken from the intercept obtained
through this extrapolation (Tauc, Grigorovici, & Vancu, 1966; Ahmed et al., 2024).
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222  Cody Method

The Cody method is often used for amorphous materials that exhibit an exponential
absorption tail below the band edge. It modifies the Tauc approach and is defined by the
following relation (Raciti et al., 2017):

(ahv)
hv

A plot of % versus hv yields a straight line near the absorption edge. The linear

= B(hv — E,)

section of the curve is extended to meet the energy axis, and the intercept defines the Cody
optical band gap. This method is considered more accurate for materials with a pronounced
Urbach tail because it reduces the influence of sub-gap states.

2.2.3 Absorption Spectrum Fitting (ASF) Method

The ASF method directly uses absorbance A from UV-Vis data and does not require
knowledge of sample thickness. The band gap is extracted using the relation:

A2 (11

() =¢ (z B g)
where A is the absorbance, 1 is the wavelength, C is a constant, and 4, represents the
wavelength associated with the energy’s band gap. Plotting (A/1)? against 1/A allows the
linear region to be extended until it crosses the x-axis. The intercept at 1/4, is then converted

to energy using:
A
g
where h denotes Planck's constant and c is the speed of light (Mergen & Arda, 2020; Souri &
Shomalian, 2009).
224 Derivative Absorption Spectrum Fitting (DASF) Method
The DASF method is a refinement of ASF that uses derivative analysis of the

absorbance-based function to improve precision near the absorption edge, thereby aiding the
evaluation of optical transition behavior. The core equation is:

2
@ «(t-2)

The method involves plotting the derivative

d A2 . .
d(1/2) (E) against 1/4, and extrapolating

the linear portion to find 1 /2g- The value of Ag is then used to calculate E4, as in the ASF
method. This method can enhance edge sharpness and reduce ambiguity in locating the
absorption edge, thereby improving the precision of band-gap estimation and supporting
comparisons between different transition models (Souri & Tahan, 2015; Bhogi et al., 2022).
Before differentiation, spectra were baseline-corrected and smoothed to reduce high-
frequency noise that may be amplified by derivative analysis. The derivative was computed
numerically on the smoothed data using a consistent step size.

3. RESULTS AND DISCUSSION

Figure 1 shows the UV-Vis absorbance spectrum of PMMA over the wavelength range
of 200 to 800 nm. The spectrum exhibits a strong UV absorption feature, particularly below
300 nm, where the absorbance rises sharply and exceeds 4.5 a.u. within the instrument’s linear
range. This strong UV absorption indicates electronic transitions in PMMA, commonly
attributed to transitions involving carbonyl (C=O) groups (e.g., n—m and/or m—m*), consistent
with reported optical behavior (Yousefi, Mousavi, Heris, & Naghash-Hamed, 2023). Following
the peak, the absorbance rapidly decreases, reaching values near zero around 350 nm. In the
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visible to near-infrared region (400-800 nm), the absorbance remains nearly flat and close to
zero, indicating that PMMA is highly transparent in this spectral range. Overall, the spectrum
exhibits strong UV absorption while remaining highly transparent in the visible range, making
it suitable for applications that need UV blocking along with visible light transmission. This
spectral behavior enables estimation of the optical band gap using methods such as Tauc,

Cody, ASF, and DASF.
Figure 2 presents the Tauc plots for estimating PMMA's optical band gap as a function

of energy’s photon (hv) plotted on the x-axis in eV. In Figure 2(a), the y-axis represents (ahv)?
(eV-em™)?, corresponding to an allowed direct transition. In Figure 2(b), the y-axis represents
(ahv)12 (eV-cm™)'’2, corresponding to an allowed indirect transition. Table 1 shows the optical
band gap energies calculated using the Tauc method.
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Figure 1. Spectrum of UV-Vis absorbance of PMMA in the range of 200-800 nm.
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Figure 2. Tauc plots of PMMA for (a) allowed direct transition (ahv)? against hv, and (b) allowed
indirect transition (a¢hv)/? against hv. The red dashed lines indicate linear extrapolations used to
estimate the optical band gap.
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Figure 3. Cody plots of PMMA for (a) direct allowed transition (a/hv)? vs. hv and (b) indirect allowed
transition (a/hv)*/? vs. hv. Red dashed lines indicate the linear fitting applied to determine the optical
band gap energies.
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Figure 4. ASF plots of PMMA for (a) direct allowed transition (4271)% vs. 27! and (b) indirect allowed
transition (A2~1)1/2 vs. 171, Red dashed lines show the linear fit used to calculate optical band gap
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Figure 5. DASF plot of PMMA showing % as a function of 27'. The peaks of the curve are used

to determine the optical band gap energy of the sample.
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Table 1. Optical band gap energies (E,) of PMMA determined using Tauc, Cody, ASF, and DASF
methods for both indirect and direct electronic transitions.

Methods Transition Eg (eV)

Indirect 4.94;4.02

Tauc
direct 4.78; 3.68
Indirect 4.94;4.04

Cody
direct 4.75; 3.68
Indirect 4.93;4.04

ASF
direct 4.74; 3.70
DASF 3.91;3.10

Figure 3 shows the Cody plots used to determine PMMA's optical band gap energies.
In Figure 3(a), the y-axis represents (a/hv)? with units of (1/(eV-cm))? corresponding to the
allowed direct transition analysis. Figure 3(b) shows (a/hv)!2 with units of (1/(eV-cm))!’2,
corresponding to the allowed indirect transition analysis. The linear regions of each curve are
extrapolated to the photon energy axis (red dashed lines), and the intercepts indicate the
estimated optical band gap values for each transition type. The presence of two x-intercepts in
panel (b) suggests two distinct linear regions near the absorption edge, which may indicate
multiple absorption edges or different effective optical pathways; however, further analysis is
needed before attributing them to multiple indirect band gap transitions.

Figure 4 shows the ASF (Absorbance Spectrum Fitting) plots used to estimate the
optical band gap energies of PMMA. In Figure 4(a), the vertical axis shows (4A71)? in units of

(1/cm)? plotted against the inverse wavelength 2~! in nm™!

, corresponding to the direct
allowed transition analysis. Panel (b) shows (AA~1)¥/2? in units of (1/cm)Y/? versus 171,
representing the indirect allowed transition analysis. The linear portions of each curve,
highlighted with red dashed lines, are extrapolated to the horizontal axis, and the intercepts
yield the estimated optical band gap values. In panel (b), two linear fits indicate two distinct
linear regions near the absorption edge, which may reflect multiple absorption edges or
different effective optical pathways; further analysis is required before assigning them to
multiple indirect band gap transitions in PMMA.

Figure 5 presents the DASF (Derivative of Absorbance Spectrum Fitting) plot, which is
used to identify the optical band-gap energy. The y-axis represents %, while the x-axis
is the inverse wavelength A7*(nm™1). The peaks in the curve indicate prominent features close
to the edge's absorption, related to optical transitions. Peaks were selected based on clear
prominence above the local noise floor and their occurrence near the absorption-edge region,
while oscillations in the deep-transparent region were excluded. When multiple peaks
appeared, the most prominent peak(s) were reported and converted to Eg using the same
procedure. These peak positions are then used to calculate the optical band gap energy using
the photon energy-wavelength relationship.

As shown in Figures 2 and 3, the key difference between the Tauc and Cody plots for
the PMMA sample is the clarity of the linear region before extrapolation. In the Tauc plot, for
both direct and indirect transitions, the curve rises sharply only over a limited energy range,
producing a shorter linear region. This can make the intercept with the photon energy axis
(hv) less distinct. By contrast, the Cody plots show a more pronounced and extended linear
trend near the absorption edge. This facilitates extrapolation and provides a more consistent

estimate of the band gap. Overall, these results suggest that the Cody plot offers a more stable
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linear representation than the Tauc plot for PMMA, particularly for amorphous absorption
edges (Makula et al., 2018).

As shown in Figures 2 and 4, the differences between the Tauc and ASF analyses for
PMMA are small, yielding comparable band gap estimates. Both methods show similar curve
profiles and comparable linear fitting regions, resulting in similar band gap estimates. This
may be attributed to a well-defined absorption edge in the experimental data, such that
differences in the underlying calculation procedures have limited impact on the fitted linear
region and the extracted band gap. Moreover, as a transparent polymer, PMMA exhibits an
absorption edge in the ultraviolet region, allowing both methods to yield comparable linear
representations. Nevertheless, the ASF method offers a practical advantage, as it does not
require sample thickness information, making it particularly useful for samples with varying
or difficult-to-measure thicknesses.

As shown in Figures 2 and 5, the Tauc plot and the DASF method for PMMA exhibit
distinct curve characteristics. In the Tauc plot, the optical band gap is determined by extending
the linear portion to intersect with the x-axis of the (ahv)™ versus hv plot to the photon energy
axis (x-axis), where (ahv)™ = 0; this linear region often appears at higher photon energies. The
selection of this linear region is subjective, depending heavily on the data range chosen by the

researcher, which can lead to variations in the results. In contrast, the DASF method analyzes
the derivative % as a function of 271, where prominent peaks highlight absorption-edge
features that can be used to estimate 4, (and thus Ej) after appropriate peak selection and
conversion. This derivative-based approach produces sharper, more localized spectral
features compared to the gradual increase seen in the Tauc plot, enabling a more objective
identification of Ej;, as the peaks can be determined numerically without excessive visual
interpretation. Therefore, DASF can be advantageous when the absorption-edge features are
well resolved and the Tauc linear region is ambiguous or limited, potentially improving the
consistency of band gap estimation across analyses (Olasanmi et al., 2025).

As shown in Table 1, the optical band gap (Ej;) values of PMMA obtained using the
Tauc, Cody, ASF, and DASF methods range from 3.10 to 4.94 eV. When compared with the
literature, the optical band gap of PMMA is generally reported in the range of 3.1-5.1 eV,
depending on factors such as morphology, film thickness, and measurement conditions; thus,
the values obtained in this study fall within a reasonable range (Aziz, Abdullah, Hussein, &
Ahmed, 2017; Olasanmi et al., 2025; Prasad & Lal, 2022). The appearance of two E, values for
a given transition type (direct or indirect) suggests two distinct linear regions/absorption-edge
features in the analyzed spectra. The higher E; value is often associated with the principal
absorption edge, whereas the lower E; value may reflect sub-band-gap absorption
contributions (e.g., tail states/Urbach tail or defect-related states) arising from structural
disorder in the polymer. This behavior may be influenced by the amorphous nature of PMMA,
which can introduce localized states and lead to multiple absorption-edge features in optical
analyses.

Table 2. Comparison of Cody, ASF, and DASF methods in determining the optical band gap,
including their equations, curve characteristics, accuracy, and main features.

Aspect Tauc Plot Cody Method ASF Method DASF Method

Basic Plot (A/A)?% or (4/ dIn(4/A)
Plot (ahv)® vs v Plot (a/E)*/? vs hv Plot — == vs 1/
equation ot (ahv)™ vs ot (a/E) S VY2 vs 1/A a/n /
Relatively lon
Linear region Clearer linear ) yong Peak-shaped
. ) linear region; .
Curve type  appears at higher region, more stable . spectrum obtained
. independent of oL
energies; often for amorphous from the derivative

thickness
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affected by initial
curvature.
Moderate to high;
& . . Very high; peaks
strongly depends on High, less affected  High, comparable »
Accuracy . identified
the chosen linear by curvature to Cody .
. numerically
region
Reduces the Objective:
Widely established; . Does not require ,] .
: influence of . minimize
Advantages simple and standard thickness e
curvature; good ) . subjectivity in
method information ;
for amorphous extrapolation
Subjective choice of . .
. . . . . s Sensitive to noise
L linear region; less Still requires linear ~ Sensitive to data
Limitations ) . . due to the
reliable for extrapolation quality .
derivative
amorphous
Best suited for Superior for
- . . Suitable for Practical for thin P .
Specific crystalline materials . . consistent
. amorphous films and varying .
features with a sharp . . comparison across
materials geometries

absorption edge datasets

When determining the optical band gap of PMMA, comparisons among the Cody, ASF,
and DASF methods reveal both methodological distinctions and differences in reliability. The
Cody approach, which plots functions of a/hv versus photon energy (hv), is less sensitive to
the exponential absorption tail and often yields a more stable linear region for extrapolation.
This can improve the consistency of the estimated band gap, particularly for amorphous
systems where the linear region in Tauc plots can be ambiguous. Similarly, the ASF method,

which uses absorbance-wavelength relations such as (%1)2 or (%)1’ 2 plotted versus %, shows good

agreement with the Cody analysis for PMMA. The advantage of the ASF method lies in its
practicality, as it does not require knowledge of sample thickness, making it suitable for
samples with nonuniform geometry. Both methods thus demonstrate comparable accuracy
when the absorption edge is well defined, as observed for PMMA (Altalhi et al., 2021; Nawar
& El-Mahalawy, 2019).

In contrast, the DASF method applies a derivative-based approach by calculating
dIn(4171)
d@a-1)
can produce sharper and more localized features than the gradual trends observed in Cody or
ASF plots, which may reduce ambiguity in identifying the absorption-edge position and the

and analyzing the resulting peaks/features near the absorption edge. This procedure

corresponding band gap. The DASF method reduces subjectivity associated with selecting a
linear extrapolation region, because the band-gap-related feature can be inferred from peak
positions after applying consistent peak-selection criteria. However, derivative processing can
amplify experimental noise, requiring careful preprocessing (e.g., smoothing) and consistent
data handling. Overall, while Cody and ASF provide robust and practical estimates of E_g,
DASF can improve precision by yielding clearer absorption-edge features, which may support
more consistent band gap estimation across datasets when preprocessing and peak-selection
procedures are standardized (Mamand et al., 2025).

4. CONCLUSION

PMMA band gaps were determined using Tauc, Cody, ASF, and DASF. The estimates
were 3.10-4.94 eV, consistent with literature values for PMMA. The results suggest the
presence of more than one absorption-edge feature (i.e., multiple apparent/effective band gap
values), which may be associated with localized states and structural disorder in amorphous
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PMMA. Among the methods applied, Cody and ASF provided practical and consistent
estimates, while DASF can improve edge-feature localization and reduce ambiguity when
appropriate preprocessing and peak-selection criteria are used. Overall, the findings indicate
that Cody, ASF, and DASF can serve as effective alternatives to the conventional Tauc
approach for estimating polymer optical band gaps, including that of PMMA.
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