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PREFACE

Welcome to the 2nd International Science, Engineering and Technology Colloquium 2025 (ISETC 2025)!

It is with great pleasure that we present this year’s colloquium, a distinguished gathering of scholars,
researchers, and professionals dedicated to the advancement of applied sciences. Held virtually on 9th July
2025, ISETC 2025 serves as a platform to highlight cutting-edge research, foster meaningful networking,

encourage collaborations, and explore innovative solutions to global challenges.

This year's theme, “The Power of Scientific Innovation: Intelligent Solutions for a Sustainable World”
highlights our shared goal to solve global challenges through applied science. It celebrates innovation as a
key to building a more sustainable and resilient future. We're proud to feature keynote speakers and

presenters who bring fresh insights, bold ideas, and breakthroughs shaping tomorrow’s world.

We would like to extend our heartfelt appreciation to the Faculty of Applied Sciences, Universiti Teknologi
MARA, Perak Branch, Tapah Campus, for their outstanding support and assistance throughout the planning
and execution of the event. Their dedication has been instrumental to the success of this colloquium. We
would like to sincerely thank all participants and researchers for their valuable contributions. We also
appreciate the reviewers for their careful evaluations and helpful feedback. Your hard work and support mean

alot to us.

As editors, we are proud to present this collection of proceedings. It is an honour to bring together the
interesting and meaningful work of our speakers and authors. We hope the ideas shared will lead to new

discoveries, encourage more research, and help solve global challenges through science and innovation.

Warm regards,

Dr. Emi Norzehan Mohamad Mahbob
Dr. Saiyidah Nafisah Hashim

Ms. Lili Widarti Zainuddin

Ms. Nurul Nazwa Mohammad

Ms. Rozaina Saleh

ISETC 2025 Proceedings Editors
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INFLUENCE OF DATA PROCESSING METHODS ON
ATR-FTIR-BASED CLASSIFICATION OF PEN INKS

Siti Nur Athirah Shuhaimi', Mohamed Izzharif Abdul Halim?*, Umi Kalsum Abdul Karim?

ISchool of Chemistry and Environment, Faculty of Applied Sciences, Universiti Teknologi MARA,
40450 Shah Alam, Selangor, Malaysia
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*Corresponding author: izzharif@uitm.edu.my

Abstract: This research investigates the impact of data processing techniques on the accuracy and discrimination
capability of ATR-FTIR spectroscopy in differentiating blue ballpoint pen inks through non-destructive analysis
of ink directly from ink barrels. Six commercial pen brands (Artline, BiC, Faber-Castell, Faster, G’Soft, and Home
& Office) were examined by analysing ink samples directly from the pen barrels without causing any damage to
the pens. Initially, optimum parameters for establishing the ATR-FTIR method were identified to enhance data
quality and reproducibility. Each functional group within the spectra was carefully identified and associated with
specific ink components, such as solvents, colorants, resins/binders, and additives. This detailed interpretation
was essential to understand the chemical composition of the inks before applying chemometric techniques for
more efficient and objective data classification. By applying Principal Component Analysis (PCA) and
Agglomerative Hierarchical Clustering (AHC), the study successfully discriminated between several pen samples
based on their brand and type, demonstrating the potential of these chemometric techniques in forensic ink
analysis. Through direct analysis of ink from the ink barrel surface, this study effectively eliminates paper-related
interferences that could otherwise affect ink characterization. The establishment of optimum analytical parameters
is essential to minimize variations during pen ink analysis and offers a reliable reference method for future studies.
Furthermore, the application of PCA and AHC has proven to be effective statistical tools for chemical data
classification, providing a more objective and efficient alternative to traditional manual comparison methods.

Keywords: Data processing, ATR-FTIR spectroscopy, analysis of ink, Principal Component Analysis (PCA),
Agglomerative Hierarchical Clustering (AHC)

INTRODUCTION

Ink analysis is a key component of forensic document examination, especially in questioned documents where
evidence can be derived from knowing the ink's origin and/or authenticity This study examines the non-destructive
analysis of blue ballpoint pen inks by ATR-FTIR spectroscopy, using samples taken straight from the ink barrel
so that no differences due to paper were present. Six commercially available pen brands were investigated, with
spectral data being optimized for characterization quality and reproducibility. Each functional group within the
ink was identified in order to understand the ink composition, before conducting chemometric analyses using
Principal Component Analysis (PCA) and Agglomerative Hierarchical Clustering (AHC). The study demonstrated
the effectiveness of correlating ATR-FTIR with statistical measures for precise, and objective discrimination of
inks in forensic studies.

MATERIALS AND METHODS

Six different brand blue ballpoint pens were selected for ATR-FTIR spectroscopy. To not cross-contaminate the
samples while taking readings, the ATR crystal (and the surrounding surface) was cleaned with ethanol between
all samples. Samples of the ink were non-destructively extracted by removing the pen tip and placing the ink
directly onto the ATR crystal. Gloves were worn for all handling to ensure there was no contamination. Spectral
data were collected using a JASCO FTIR spectrometer, which were then smoothed for visual purposes, followed
by multivariate data analysis (Principal Component Analysis (PCA) and Agglomerative Hierarchical Clustering
(AHC) using XLSTAT Version 2024 statistical software). PCA and AHC were completed on the data to allow for
classification and separation of the ink samples.
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RESULTS AND DISCUSSION

This study confirmed that the ATR-FTIR spectroscopy techniques used in conjunction with careful data processing
will effectively allow differentiation of blue ballpoint pen inks. The raw spectral features between brands exhibited
some overlapping once visualized, and chemometrics improved classification significantly. Utilizing PCA, six
cluster groups emerged with 78.71 percent of the total variance and AHC corroborated those groups with a
dendrogram analysis. The functional group interpretation from the spectra confirmed that characteristic bonds
were present in the ink compositions. The results in this study show that data preprocessing and subsequent
multivariate analysis play an important role in forensic ink discrimination.
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Figure 1. PCA Scatter Plot of All Twelves Samples using Complete Spectral Dataset
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Figure 2. Dendogram of clustering of blue ballpoint pen inks
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CONCLUSION

This study showed that ATR-FTIR spectroscopy, when used with appropriate data preprocessing and chemometric
methods, including PCA and AHC, is a useful method to distinguish between blue ballpoint pen inks. Analysis
from ink barrels avoided interference from paper, and boosted parameters enhanced the overall spectral quality.
The use of PCA and AHC allowed for the objective classification of various pens from different brands, suggesting
that spectroscopy can also be validly used in forensic document examination contexts.

REFERENCES

Blazhko, 1., Adamczyk, B., & Lasch, P. (2021). Preprocessing strategies for vibrational spectroscopy: Impact on
multivariate classification accuracy. Journal of Chemometrics, 35(5), e3272.
https://doi.org/10.1002/cem.3272

Butler, H. J., Ashton, L., Bird, B., Cinque, G., Curtis, K., Dorney, J., Gardner, B., Martin, F. L., Walsh, M. J.,
McAinsh, M. R., Stone, N., & Martin-Hirsch, P. L. (2016). Using Raman spectroscopy to characterize
biological materials. Nature Protocols, 11(4), 664—687.  https://doi.org/10.1038/nprot.2016.036

Byrne, H. J., Knief, P., & Bonnier, F. (2016). Analysis of spectroscopic datasets: Chemometric methods. Royal
Society of Chemistry Advances, 6(70), 65400-65414. https://doi.org/10.1039/C6RA10394C

de Souza Lins Borba, F., Poppi, R. J., & de Oliveira, L. F. (2015). Chemometric tools for forensic analysis of inks.
Analytical Methods, 7(20), 8493—-8502. https://doi.org/10.1039/C5AY01754C

Gautam, R., Vanga, S., Ariese, F., & Umapathy, S. (2015). Review of multidimensional data processing
approaches for Raman and infrared spectroscopy. Amalytica Chimica Acta, 853, 8-20.
https://doi.org/10.1016/j.aca.2014.10.028

Hu, Y., Wang, L., & Wang, Y. (2018). Applications of Savitzky—Golay filters in analytical chemistry. 7r4AC Trends
in Analytical Chemistry, 105, 151-172. https://doi.org/10.1016/j.trac.2018.05.008

Kumar, M., Bajpai, R., Sharma, V., & Kumar, A. (2020). ATR-FTIR spectroscopy for forensic ink analysis.
Forensic Chemistry, 18, 100217. https://doi.org/10.1016/j.forc.2020.100217

Lasalvia, M., Vecchio, C., Villani, G., & Marcelli, R. (2022). Chemometric analysis of ATR-FTIR spectra for ink
discrimination in forensic science. Vibrational Spectroscopy, 118, 103297.
https://doi.org/10.1016/j.vibspec.2021.103297

Lasch, P. (2012). Spectral pre-processing for biomedical vibrational spectroscopy and microspectroscopic
imaging. Chemometrics and Intelligent Laboratory Systems, 117, 100-114.
https://doi.org/10.1016/j.chemolab.2012.03.011

Lee, M. E., De Gelder, J., Vandenabeele, P., & Moens, L. (2018). Baseline correction and preprocessing of ATR-
FTIR spectra in forensic applications. Forensic Science International, 283, 17-26.
https://doi.org/10.1016/j.forsciint.2017.12.032

Liu, Y., Zhang, H., & Wu, Q. (2019). Unified preprocessing framework for spectroscopic data using Savitzky—
Golay filter. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 222, 117184.
https://doi.org/10.1016/j.s2a.2019.117184

Muehlethaler, C., Massonnet, G., & Esseiva, P. (2011). The application of chemometrics to forensic science.
Forensic Science International, 209(1-3), 173—182. https://doi.org/10.1016/j.forsciint.2011.02.016

Osco, L. P., Marcato Junior, J., Ferraz, G. A. S., Teodoro, P. E., & Ramos, A. P. (2022). Applications of derivatives
and preprocessing in spectroscopy: A review. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 272, 120987. https://doi.org/10.1016/j.saa.2022.120987

Rinnan, A., van den Berg, F., & Engelsen, S. B. (2009). Review of the most common pre-processing techniques
for near-infrared spectra. TrAC Trends in  Analytical ~Chemistry, 28(10), 1201-1222.
https://doi.org/10.1016/j.trac.2009.07.007

Silva, T., Pereira, A. C., Neto, A. M., & Teixeira, A. P. (2013). Application of ATR-FTIR spectroscopy and PCA
for the differentiation of pen inks. Forensic Science International, 232(1-3), 22-28.
https://doi.org/10.1016/j.forsciint.2013.07.013

Yan, H. (2025). Advancements in preprocessing methods for ATR-FTIR spectroscopy. Journal of Spectroscopic
Data Science, 12(2), 97-110.

Zimmermann, B., & Kohler, A. (2013). Optimized Savitzky—Golay filter for high-resolution FTIR data. Analytical
and Bioanalytical Chemistry, 405(20), 6497—-6508. https://doi.org/10.1007/s00216-013-7031-3

27 International Science, Engineering and Technology Colloquium (ISETC 2025) 153



Pejabat Perpustakaan Universiti Teknologi MARA
I ibvarsan Offuce Cawangan Perak

Kampus Seri Iskandar UN[VERSIT[
32610 Bandar Baru Seri Iskandar, TEKNOLOGI

Perak Darul Ridzuan, MALAYSIA @
Tel: (4605) 374 2093/2453 Faks: (+605) 374 2299 MARA

Suratkami : 700-KPK (PRP.UP.1/20/1)
20 Januari 2023

Prof. Madya Dr. Nur Hisham Ibrahim
Rektor

Universiti Teknologi MARA
Cawangan Perak

Tuan,

PERMOHONAN KELULUSAN MEMUAT NAIK PENERBITAN UiTM CAWANGAN PERAK
MELALUI REPOSITORI INSTITUSI UiTM (IR)

Perkara di atas adalah dirujuk.

2. Adalah dimaklumkan bahawa pihak kami ingin memohon kelulusan tuan untuk mengimbas
(digitize) dan memuat naik semua jenis penerbitan di bawah UiTM Cawangan Perak melalui
Repositori Institusi UiTM, PTAR.

3. Tujuan permohonan ini adalah bagi membolehkan akses yang lebih meluas oleh pengguna
perpustakaan terhadap semua maklumat yang terkandung di dalam penerbitan melalui laman
Web PTAR UiTM Cawangan Perak.

Kelulusan daripada pihak tuan dalam perkara ini amat dihargai.

Sekian, terima kasih.

w'
“BERKHIDMAT UNTUK NEGARA” S

37-\- 320273

Saya yang menjalankan amanah,

PROF. MADYA DR. NUR HISHAM IBRAHIM

REKTOR
UNIVERSITI TEKNOLOGI MARA

CAWANGA!
KAMPUS SERI ISKANDAR

SITI BASRIYA AIK BAHARUDIN
TimbalamKetua Pustakawan

nar

Universiti Tebnotogs MrARA Canangan Peraks : Experiential Learning Tu A Green Envnonment @ Seré Tobandar

Powered by @ CamScanner


https://digital-camscanner.onelink.me/P3GL/w1r4frhy



