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ONSOZ

Bilimsel bilginin derinlestigi her dénemde, doga olaylarinin mikroskobik dizey-
de anlasiimasinda en gUgcli yontemlerden biri spektroskopidir. Maddenin elekt-
romanyetik radyasyon ile olan etkilesimini inceleyen bu yontemler, sadece temel
molekuler yapilarin dedil, ayni zamanda canli sistemlerin, gevresel kirleticilerin ve
gelismis malzemelerin analizinde de vazgecilmez hale gelmistir. Spektroskopinin
bu ¢cok yonld uygulama alani, molekUler dizeyde nicel ve nitel bilgi elde edilmesi-
ni mumkun kilarak fizik, kimya, biyoloji, malzeme bilimi ve mUhendislik gibi farkli
disiplinler arasinda gUcli bir kopri kurmaktadir. Bu kitap, spektroskopik teknik-
lerin temel prensiplerinden baslayarak uygulamali ydnlerine uzanan kapsamli bir
akademik kaynak sunmayi hedeflemektedir. MolekUler spektroskopinin kuramsal
temelleri, elektromanyetik spektrumun bolgesel dzellikleri, 1sigin maddeyle etki-
lesimi ve kuantum mekanigi tabanli gecis surecleri ayrintili olarak ele alinmistir.
Ayrica, tip, eczacilik, biyomedikal, cevre ve malzeme bilimleri gibi glincel ve disip-
linler arasi uygulama alanlarina da 6zel baolimler ayrilmistir. Bu baglamda kitap,
sadece temel kavramlarin 6gretimiyle sinirli kalmayip ayni zamanda glincel aras-
tirma alanlarina isik tutan érnekleri ve tartismalariyla da akademik calismalara
katki sunmayi amaclamaktadir.

Kitabin olusturulmasinda katkida bulunan tim yazarlar, kendi uzmanlik alan-
larinda birikimlerini paylasarak hem disipliner derinligi hem de uygulama cesitli-
ligini mimkdn kilmislardir. Her bir bolum, ilgili alandaki gelismeler dikkate alina-
rak titizlikle hazirlanmis ve bilimsel batlnlik cercevesinde degerlendirilmistir.
Okuyucularin bu eserden teorik bilgi yaninda uygulama vizyonu da edinmesi
onemliamaclardandir.

Bu kitabin, basta fen ve mihendislik fakdlteleri ile saglik bilimleri alanlarinda
o0grenim gadren lisans ve lisanststd 6grenciler olmak Gzere, arastirmaci akademis-
yenler, AR-GE uzmanlarive disiplinler arasi ¢calisan bilim insanlari tarafindan yarar-
lanilabilecek nitelikli bir basvuru kaynadi olarak degerlendiriimesi hedeflenmistir.

Kitabin hazirlanmasinda katki sunan tim yazarlarimiza, hakemlik streclerinde
Ozveriyle degerlendirme yapan akademisyenlere ve yayima hazirlik asamasinda
emedi gecen tim paydaslara tesekklr ederim.

Saygilarimla,
Dog. Dr. Bahri GUR
Editor
Biyokimya Bolimd, Fen Edebiyo.t. Fakultesi,
Igdir Universitesi
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poLoM 1

MOLEKULER SPEKTROSKOPIYE
VE SENSOR BILIMINE GIRIS

Bahri GUR!

“Molekiiler yapiy1 anlamanin yolu,
elektromanyetik 15181n izini okumaktan geger.”

GIRIS

Spektroskopi, elektromanyetik radyasyonun madde ile etkilesimin incelenme-
sidir. Isigin dalga boyuna veya frekansina baglh olarak madde tarafindan sogu-
rulma (absorpsiyon), yayilma (emisyon) veya sagilma dinamiklerini analiz eder.

Spektroskopi, atomik, molekiiler ve daha biiyiik 6l¢ekli maddelerin elektroman-
yetik radyasyonla etkilesimlerini inceleyen disiplinler arasi bir bilim alanidur.

Molekiiler spektroskopi ise, spektroskopinin molekiilleri inceleyen alt dali-
dir. Sadece atomik yapilar1 degil, atomlarin birbirine baglanarak olusturdugu
molekiiler yapilarin elektromanyetik radyasyon (EMR) ile etkilesimini incele-
yen bilim dalidir. Elektromanyetik 1s1n1m, yayilma dogrultusuna ve birbirlerine
dik konumlanmis elektrik ve manyetik alan vektorlerinin, ayni fazda ilerleyen
siniizoidal salinimlariyla karakterize edilir (Griffiths, 2023). Molekiiler spektros-
kopi tekniklerinde 6zellikle molekiillerin enerji diizeyleri arasindaki gegislerin
absorpsiyon veya emisyon yoluyla incelenmesi hedeflenmektedir. Elde edilen
veri genellikle spektrum adi verilen, 1s1n1m siddetinin dalga boyu, frekans veya

' Dog. Dr., Igdir Universitesi, Fen Edebiyat Fakiiltesi, Biyokimya Boliimii, bahri.gur@igdir.edu.tr,
ORCID iD: 0000-0003-0579-6354

DOI: 10.37609/akya.3978.¢3033
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» Molecular Spectroscopy (https://www.ossila.com/pages/history-of-spe-
ctroscopy, Erisim Tarihi:15.12.2025). Ossila Online Resources. — Ossila
firmasimnin egitim amacli ¢evrimici kaynaklarindan spektroskopi ile ilgili
sayfalar, spektroskopinin tarihgesi ve temel tanimlarina giincel bir bakis sun-
maktadir. Ayrica spektroskopi tiirlerine dair kisa 6zetler ve uygulama notlar1
igerir (6rnegin floresans ve “What is Spectroscopy?” alt boliimleri).

» NIST Chemistry WebBook - Infrared and UV-Vis Spectra Database. -
Ulusal Standartlar ve Teknoloji Enstitiisit (NIST) tarafindan sunulan gevri-
mig¢i spektrum kiitiiphanesi. Birgok molekiiliin referans IR, kiitle ve UV-Vis
spektrumlarini icerir. Uygulamali spektroskopide, deneysel spektrumlarin
yorumlanmasi i¢in giivenilir bir karsilagtirma kaynagi olarak kullanilabilir.

» Banwell, C. N., & McCash, E. M. (1994). Fundamentals of Molecular Spe-
ctroscopy (4. Baski). McGraw-Hill. - Her ne kadar 10 yildan eski olsa da,
molekiiler spektroskopinin temellerini 6grenmek isteyenler i¢in sade ve 6g-
retici bir kaynaktir. Doneminin terminolojisi ve 6rnekleriyle, bugiinkii temel
bilgilerin anlagilmasina yardimci olur.
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BOLUM 2

SPEKTROSKOPIK TEKNIKLERIN TEMELLERI

Tugba BAYRAKTUTAN'

GIRIS

Spektroskopik teknikler, elektromanyetik radyasyon ile madde arasindaki etki-

lesime dayanir. Bir numunenin molekiiler veya atomik yapis, icerigi ve fiziksel

ozellikleri hakkinda kapsaml: bilgiler elde etmek igin gesitli dalga boylarinda

151810 emilimini, emisyonunu veya sagilimini igerir.

»

»

»

»

Temel ilkeler sunlardir:

Elektromanyetik radyasyon bir 6rnekten gegerken veya onunla etkilesime
girdiginde, belirli dalga boylar1 emilir; bu da molekiiler veya atomik enerji
durumlari arasindaki enerji gegislerine karsilik gelir.

Cesitli spektroskopi tiirleri, elektronik degisiklikler (UV-Gor bolge absorp-
siyon spektroskopisi), titresim gegisleri (IR ve Raman spektroskopisi) veya
niikleer spin gecisleri (NMR spektroskopisi) dahil olmak tizere farkli enerji
gecislerine odaklanir.

Olgiilen spektrum, bilegiklerin tanimlanmasini ve kantitatif analizini kolay-
lastiran bir molekiiler parmak izi gorevi goriir.

Enstriimantasyon, bir 151k kaynagi, bir numune tutucu, dalga boyu ayirma
i¢in bir dagitic1 eleman veya filtre ve yogunluk degisikliklerini 6l¢mek i¢in
bir dedektorden olusur.
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BOLUM 3

SPEKTROSKOPIK CIHAZLARIN
YAPISI VE CALISMA PRENSIPLERI

ilker AKIN' T

GIRIS

Spektroskopik cihazlar, bir maddeyi 151k veya diger elektromanyetik dalgalar
kullanarak analiz etmek i¢in kullanilan araglardir. Bu cihazlar, genellikle 15181n
madde ile etkilesimi sonucu elde edilen bilgiyi dlgerek bilesenlerin kimyasal ve
tiziksel 6zellikleri hakkinda bilgi verir. Genellikle 151k madde etkilesimi absorpsi-

yon, emisyon, sa¢ilma, kirinim ve uyarilma seklinde gerceklesir. Bu etkilesimler-
de Boliim 2de belirtilen spektroskopik tekniklerin temellerini olusturmaktadir.

1. SPEKTROMETRE BILESENLERI

Spektroskopik cihazlar, temelde asagidaki ana bilesenlerden olusur:

» Isik Kaynagi (Veya Radyasyon Kaynagi): Cihaz, analiz yapilacak maddeyi
uyaracak bir 151k kaynagina ihtiya¢ duyar. Bu kaynak genellikle genis spekt-
rumlu 151k yayar (6rnegin, beyaz 151k, lazer veya X-1sinlar1). Istk kaynagi,
maddeden gegerken bazi dalga boylarini sogurabilir, yansitabilir veya sagabi-
lir. Isik kaynaginin tipi, spektroskopik analiz tiiriine gore degisir.

» Monokromator (Fotonlar: Ayiran Sistem): Spektroskoplarda genellikle bir
monokromat6r bulunur. Monokromatér, 15181 farkli dalga boylarina ayirir.
Bu ayirma islemi, 15181n spesifik dalga boylarina odaklanarak hangi bolge-
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BOLUM 4

SPEKTROSKOPIK VERILERIN ANALIZi VE
YORUMLANMASI

Serkan DEMIREL’
Adem KOCYIGIT?

1. SPEKTROSKOPIK VERILERIN DOGASI VE TEMEL
ISTATISTIKSEL KAVRAMLAR

Spektroskopik yontemler, bir maddenin yapisal, elektronik ve kimyasal 6zellik-
lerini elektromanyetik 1s1nim ile etkilesimini temel alarak ortaya koyan giiglii
analitik siiregler olarak tanimlanabilir. Bu yontemlerden elde edilen spektral
veriler, tipik olarak dalga sayisi (v), 151k siddeti (I) veya dalga boyu (\) gibi bir
bagimsiz degisken ile emisyon, sogurma, gecirme veya sagilma gibi bir bagiml
degisken arasindaki fonksiyonel iliskiye gore elde edilir. Spektroskopik olgiimler,
gerek uygulamali aragtirmalarda, 6zellikle malzeme bilimi, kimya, farmasotik
analiz, ilag-hiicre etkilesim analizleri (Baloglu et al., 2025), biyomedikal goriin-
tilleme ve gevre bilimi alanlarinda gerekse temel bilim alanlarinda biiytik 6neme
sahiptir (Skoog et al., 2014). Spektroskopik verilerin dogas1 incelediginde, temel
istatistiksel kavramlarin 6nemli rolii oynadig: ve etkili analizin ancak bu sekilde
gerceklestirilebilecegi sdylenebilir. Istatistiksel yontemlerin yanlis uygulanmast
veya yanlis degerlendirilmesi sonucunda spektroskopik verilerin analizindeki
guvenilirlik sarsilir. Ayrica, yeni karmagik enstriimantasyon yontemlerinin or-
taya ¢ikmasiyla, spektroskopi tizerine ¢aligan bilim insanlarinin istatistiksel de-

' Dog. Dr., Igdir Universitesi, Miihendislik Fakiiltesi, Elektrik ve Enerji Boliimii,
serkan.demirel@igdir.edu.tr, ORCID iD: 0000-0003-1158-4956

Prof. Dr., Bilecik Seyh Edebali Universitesi, Elektronik ve Otomasyon Béliimi,
adem.kocyigit@bilecik.edu.tr, ORCID iD: 0000-0002-8502-2860

2

DOI: 10.37609/akya.3978.c3036

101


mailto:serkan.demirel@igdir.edu.tr
mailto:adem.kocyigit@bilecik.edu.tr

Spektroskopik Verilerin Analizi Ve Yorumlanmasi

10.Pasquini C (2018) Near infrared spectroscopy: a mature analytical technique
with new perspectives — a review. Anal Chim Acta 1026:8-36.

KAYNAKLAR

Alam, M. N. U, Basava, K., Chitransh, A., Fattah, H. M. A., Garcia-Verdugo, H. D., Lo, S. H,,
Lohchab, T., Martinet, K. M., Romén-Palacios, C., Salazar, ]. C., & Van Boxel, D. (2025). Mac-
hine learning in biological research: Key algorithms, applications, and future directions. BMC
Biology, 23(1), Article 324. https://doi.org/10.1186/s12915-025-02424-3

Baloglu, M., Vejselova Sezer, C., Izgordi, H., Yilmaz, L., & Kutlu, H. M. (2025). Could Fingolimod
Combined with Bevacizumab Be a New Hope in Glioblastoma Treatment? Current Issues in
Molecular Biology, 47(6), 394.

Barker, M., & Rayens, W. (2003). Partial least squares for discrimination. Journal of Chemometrics,
17(3), 166-173. https://doi.org/10.1002/cem.785

Bhadra, M., & Holldobler, S. (2022). Identifying noise variables in singular decisions using coun-
terfactual reasoning. Proceedings of the Workshop on Cognitive Aspects of Knowledge Represen-
tation (IJCAI-ECAI Workshop), CEUR Workshop Proceedings (Vol. 3251). CEUR-WS.org.
https://ceur-ws.org/Vol-3251/paper3.pdf

Blocker, A. W,, & Meng, X.-L. (2013). The potential and perils of preprocessing: Building new
foundations. Bernoulli, 19(4), 1776-1792. https://doi.org/10.3150/13-BEJSP16

Bocklitz, T. W., Guo, S., Ryabchykov, O., Vogler, N., & Popp, J. (2016). Raman based molecu-
lar imaging and analytics: A magic bullet for biomedical applications? Analytical Chemistry,
88(1), 133-151. https://doi.org/10.1021/acs.analchem.5b04665

Bracewell, R. N. (2000). The Fourier Transform and Its Applications (3rd ed.). McGraw-Hill.

Brereton, R. G. (2003). Chemometrics: Data analysis for the laboratory and chemical plant. John
Wiley & Sons.

Brereton, R. G. (2007). Applied chemometrics for scientists. John Wiley & Sons.

Brereton, R. G. (2015). Chemometrics for pattern recognition. John Wiley & Sons.

Bunaciu, A. A., Aboul-Enein, H. Y., & Fleschin, §. (2015). Recent applications of Fourier transform
infrared spectrophotometry in herbal medicine analysis. Applied Spectroscopy Reviews, 50(3),
176-189. https://doi.org/10.1080/05704928.2014.882347

Bylesjo, M., Cloarec, O., & Rantalainen, M. (2009). Normalization and closure. In R. G. Brereton
(Ed.), Comprehensive Chemometrics (Second Edition) Chemical and Biochemical Data Analysis
(pp. 101-114). Elsevier. https://doi.org/10.1016/B978-0-444-64165-6.03004-4

Cattell, R. B. (1966). The scree test for the number of factors. Multivariate Behavioral Research,
1(2), 245-276. https://doi.org/10.1207/s15327906mbr0102_10

Cengiz, M., Giir, B,, Sezer, C. V., Baytar, O., $ahin, 0, Ayhanci, A., & Kutlu, H. M. (2024). Green
biosynthesis of selenium and zinc oxide nanoparticles using whole plant extract of Rheum
ribes: Characterization, anticancer, and antimicrobial activity. Journal of Molecular Liquids,
412, 125861.

Chen, H., Tan, C., & Lin, Z. (2021). Deep learning in spectroscopic analysis: A review. Analytica
Chimica Acta, 1145, 59-78. https://doi.org/10.1016/j.aca.2020.10.045

Dhawas, P, Dhore, A., Bhagat, D., Pawar, R. D., Kukade, A., & Kalbande, K. (2024). Big Data
Preprocessing, Techniques, Integration, Transformation, Normalisation, Cleaning, Discreti-
zation, and Binning. In D. Darwish (Ed.), Big Data Analytics Techniques for Market Intelligence
(pp. 159-182). IGI Global Scientific Publishing. https://doi.org/10.4018/979-8-3693-0413-6.
ch006.

Diihrkop, K., Fleischauer, M., Ludwig, M., Aksenov, A. A., Melnik, A. V., Meusel, M., Dorrestein, P.

151



152 MOLEKULER SPEKTROSKOPININ TEMEL PRENSIPLERI VE UYGULAMALARI

C.,Rousu, J., & Bocker, S. (2019). SIRIUS 4: A rapid tool for turning tandem mass spectra into
metabolite structure information. Nature Methods, 16(4), 299-302. https://doi.org/10.1038/
541592-019-0344-8

Eilers, P. H. C., & Boelens, H. E M. (2005). Baseline correction with asymmetric least squares smo-
othing. Leiden University Medical Centre Report.

Ernst, R. R., Bodenhausen, G., & Wokaun, A. (1990). Principles of nuclear magnetic reso-
nance in one and two dimensions. Oxford University Press. https://doi.org/10.1093/
050/9780198556473.001.0001.

Ferguson, B., & Zhang, X.-C. (2002). Materials for terahertz science and technology. Nature Mate-
rials, 1(1), 26-33. https://doi.org/10.1038/nmat708

Food and Drug Administration (FDA). (2004). Guidance for industry: PAT — A framework for in-
novative pharmaceutical development, manufacturing, and quality assurance. U.S. Department
of Health and Human Services.

Frankel, E. N. (2005). Lipid oxidation (2nd ed.). The Oily Press.

Garcia, S., Luengo, J., & Herrera, F. (2015). Data Preparation Basic Models. In: Data Preprocessing
in Data Mining. Intelligent Systems (Reference Library, vol 72) Springer, Cham. https://doi.
org/10.1007/978-3-319-10247-4_3

Giesriegl, ., Mrazek, C., & Cadamuro, J. (2025). How laboratory medicine will change in the
near future: Integrating artificial intelligence, automation, and human expertise in the era
of Industry 5.0. Journal of Laboratory and Precision Medicine, 10, Article 6. https://doi.
0rg/10.21037/jlpm-25-6

Gowen, A. A,, O'Donnell, C. P, Cullen, P. ], Downey, G., & Frias, J. M. (2015). Hyperspectral ima-
ging - An emerging process analytical tool for food quality and safety control. Trends in Food
Science & Technology, 18(12), 590-598. https://doi.org/10.1016/j.tifs.2007.06.001

Griffiths, P. R., & de Haseth, J. A. (2007). Fourier transform infrared spectrometry (2nd ed.). John
Wiley & Sons.

Guillén, M. D., & Goicoechea, E. (2008). Formation of toxic alkylbenzenes in edible oils submitted
to frying temperature: Influence of oil composition in main components and heating time.
Food Research International, 41(7), 798-806. https://doi.org/10.1016/j.foodres.2008.07.011

Giir, B., Ayhan, M. E,, Tiirkhan, A., Giir, E, & Kaya, E. D. (2019). A facile immobilization of poly-
phenol oxidase enzyme on graphene oxide and reduced graphene oxide thin films: an insight
into in-vitro activity measurements and characterization. Colloids and Surfaces A: Physicoc-
hemical and Engineering Aspects, 562, 179-185.

Giir, B., Cengiz, M., Sezer, C. V., Baytar, O., $ahin, O., Ayhanci, A., & Kutlu, H. M. (2025).
Eco-friendly biosynthesized silver, copper, and nickel nanoparticles mediated Rheum ribes:
Assessment of their cytotoxicity and antimicrobial activity. Inorganic Chemistry Communi-
cations, 172, 113755.

Hoffman, J. I. E. (2015). Chapter 1 - Basic concepts. In J. I. E. Hoffman, Biostatistics for medical
and biomedical practitioners (pp. 3-20). Academic Press. https://doi.org/10.1016/B978-0-12-
802387-7.00001-9

Horai, H., Arita, M., Kanaya, S., Nihei, Y., Ikeda, T., Suwa, K., Ojima, Y., Tanaka, K., Tanaka, S.,
Aoshima, K., Oda, Y., Kakazu, Y., Kusano, M., Tohge, T., Matsuda, E.,, Sawada, Y., Hirai, M.
Y., Nakanishi, H., Ikeda, K., ... Nishioka, T. (2010). MassBank: A public repository for sharing
mass spectral data for life sciences. Journal of Mass Spectrometry, 45(7), 703-714. https://doi.
org/10.1002/jms.1777

Hoult, D. I, & Richards, R. E. (1976). The signal-to-noise ratio of the nuclear magnetic re-
sonance experiment. Journal of Magnetic Resonance, 24(1), 71-85. https://doi.or-
g/10.1016/0022-2364(76)90233-X

Tammarino, M., Miedico, O., Sangiorgi, E., D’Amore, T., Berardi, G., Accettulli, R., Dalipi, R.,



Spektroskopik Verilerin Analizi Ve Yorumlanmasi

Marchesani, G., & Chiaravalle, A. E. (2021). Identification of mechanically separated meat
in meat products: A simplified analytical approach by ion chromatography with conductivity
detection. International Journal of Food Science & Technology, 56(10), 5305-5314. https://doi.
org/10.1111/ijfs.15350

Itkonen, T. H., & Selpi, E. L. (2020). Characterisation of motorway driving style using naturalistic
driving data. Transportation Research Part F: Traffic Psychology and Behaviour, 69, 72-79.
https://doi.org/10.1016/j.trf.2020.01.002

Jolliffe, I. T. (2002). Principal component analysis (2nd ed.). Springer.

Jolliffe, I. T., & Cadima, J. (2016). Principal component analysis: A review and recent develop-
ments. Philosophical Transactions of the Royal Society A: Mathematical, Physical and Enginee-
ring Sciences, 374(2065), Article 20150202. https://doi.org/10.1098/rsta.2015.0202

Jozanikohan, G., & Abarghooei, M. N. (2022). The Fourier transform infrared spectroscopy (FTIR)
analysis for the clay mineralogy studies in a clastic reservoir. Journal of Petroleum Explorati-
on and Production Technology, 12, 2093-2106. https://doi.org/10.1007/s13202-021-01449-y.

Kalita, J., Bhattacharyya, D. K., & Roy, S. (2024). Data preparation. In Fundamentals of data science:
Theory and practice (pp. 31-46). Academic Press. https://doi.org/10.1016/B978-0-32-391778-
0.00010-7

Khan, S.A., Khan, S.B., Khan, L.U.,, Farooq, A., Akhtar, K., Asiri, A.M. (2018). Fourier Transform
Infrared Spectroscopy: Fundamentals and Application in Functional Groups and Nanomate-
rials Characterization. In: Sharma, S. (eds) Handbook of Materials Characterization. Sprin-
ger, Cham. https://doi.org/10.1007/978-3-319-92955-2_9

Kopyrin, A.S., & Makarova, I. L. (2020). Algorithm for preprocessing and unification of time series
based on machine learning for data structuring. Software systems and computational methods,
3, 40-50. https://doi.org/10.7256/2454-0714.2020.3.33958

Li, Y., Kind, T, Folz, J., Vaniya, A., Mehta, S. S., & Fiehn, O. (2017). Spectral entropy outperforms
MS/MS dot product similarity for small-molecule compound identification. Nature Methods,
14(2), 195-202. https://doi.org/10.1038/nmeth.4134

Long, D. A. (2002). The Raman effect: A unified treatment of the theory of Raman scattering. Wiley.
https://onlinelibrary.wiley.com/doi/book/10.1002/0470845767

Manago, M., & Kodratoff, Y. (1987). Noise and knowledge acquisition. Proceedings of the 10th In-
ternational Joint Conference on Artificial Intelligence (IJCAI ‘87) (Vol. 2, pp. 348-354). Morgan
Kaufmann. https://dl.acm.org/doi/10.5555/1625015.1625087

Massart, D. L., Vandeginste, B. G. M., Buydens, L. M. C,, De Jong, S., Lewi, P. J., & Smeyers-Verbe-
ke, J. (1997). Handbook of chemometrics and qualimetrics: Part A. Elsevier.

McClure, W. E. (2003). 204 years of near-infrared technology: 1800-2003. Journal of Near Infrared
Spectroscopy, 11(6), 487-518. https://doi.org/10.1255/jnirs.399

Mildner-Szkudlarz, S., Jelen, H. H., & Zawirska-Wojtasiak, R. (2010). The use of electronic and
human nose for monitoring rapeseed oil autoxidation. European Journal of Lipid Science and
Technology, 112(9), 1041-1051. https://doi.org/10.1002/ejlt.201000154

Miller, J.N. & Miller, J.C. (2018). Statistics and Chemometrics for Analytical Chemistry. 7th ed.,
Pearson

Mizalkoff, B. (2015). Waveguide-enhanced mid-infrared chem/bio sensors. Chemical Society Re-
views, 44(22), 863-874. https://doi.org/10.1039/C5CS00031]

Moses, L. E. (1985). Statistical concepts fundamental to investigations. The New England Journal of
Medicine, 312(14), 890-897. https://doi.org/10.1056/NEJM198504043121405

Mumuni, A., & Mumuni, E (2022). Data augmentation: A comprehensive survey of modern ap-
proaches. Array, 16, Article 100258. https://doi.org/10.1016/j.array.2022.100258

Myers, O. D., & Smith, C. A. (2021). Using partial and semipartial correlations to evaluate spect-
ral similarity measures for compound identification in untargeted metabolomics. Journal of

153



154 MOLEKULER SPEKTROSKOPININ TEMEL PRENSIPLERI VE UYGULAMALARI

the American Society for Mass Spectrometry, 32(8), 2099-2108. https://doi.org/10.1021/jas-
ms.1c00152

Ozaki, Y. (2012). Near-infrared spectroscopy—Its versatility in analytical chemistry. Analytical
Sciences, 28(6), 545-563. https://doi.org/10.2116/analsci.28.545

Ozaki, Y., Huck, C., Tsuchikawa, S., & Engelsen, S. B. (2021). Near-infrared spectroscopy: Theory,
spectral analysis, instrumentation, and applications. Springer Nature.

Pasquini, C. (2018). Near infrared spectroscopy: A mature analytical technique with new perspecti-
ves — A review. Analytica Chimica Acta, 1026, 8-36. https://doi.org/10.1016/j.aca.2018.04.004

PCA. (2025). Principal component analysis: A visual guide. Medium. https://medium.com/@erde-
merzurumlu/pca-473£e69a2680

Perkins, W. D. (1987). Fourier transform-infrared spectroscopy: Part L. Instrumentation. Journal of
Chemical Education, 64(11), A269-A271. https://doi.org/10.1021/ed064pA269

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

ROC. (2025). ROC egrisi ve AUC skoru ile siniflandirma modellerinin performans degerlendirmesi
[ROC curve and AUC score for classification model performance evaluation]. Medium. ht-
tps://oguzhanyenen.medium.com/classification-modellerinin-performans%C4%B1n%C4%-
B1-de%C4%9Ferlendirmede-roc-auc-score-d3fc7edc42a4

Roggo, Y., Chalus, P., Maurer, L., Lema-Martinez, C., Edmond, A., & Jent, N. (2007). A review
of near infrared spectroscopy and chemometrics in pharmaceutical technologies. Jour-
nal of Pharmaceutical and Biomedical Analysis, 44(3), 683-700. https://doi.org/10.1016/].
jpba.2007.03.023

Rostami, M. R., Kaya, M., Giir, B., Onganer, Y., & Meral, K. (2015). Photophysical and adsorption
properties of pyronin B in natural bentonite clay dispersion. Applied Surface Science, 359,
897-904.

Roy, S., Sharma, P, Nath, K., Bhattacharyya, D. K., & Kalita, J. K. (2019). Pre-processing: A data
preparation step. In S. Ranganathan, M. Gribskov, K. Nakai, & C. Schonbach (Eds.), Encyc-
lopedia of bioinformatics and computational biology (Vol. 1, pp. 463-471). Academic Press.
https://doi.org/10.1016/B978-0-12-809633-8.20457-3

Runkler, T. (2012). Data Preprocessing. In: Data Analytics. Vieweg+Teubner Verlag, Wiesbaden.
https://doi.org/10.1007/978-3-8348-2589-6_3

Sarycheva, A., & Gogotsi, Y. (2020). Raman spectroscopy analysis of the structure and surface che-
mistry of Ti;C,Tx MXene. Chemistry of Materials, 32(8), 3480-3488. https://doi.org/10.1021/
acs.chemmater.0c00359.

Savitzky, A., & Golay, M. J. E. (1964). Smoothing and differentiation of data by simplified least squa-
res procedures. Analytical Chemistry, 36(8), 1627-1639. https://doi.org/10.1021/ac60214a047

Seving, G., Orak, I, & Kocyigit, A. (2025). BODIPY and Aza-BODIPY based Schottky-type pho-
todiodes for optoelectronic applications, Inorganic Chemistry Communications, 184, 115975.
https://doi.org/10.1016/j.inoche.2025.115975.

Shahidi, F, & Wanasundara, U. N. (2002). Methods for measuring oxidative rancidity in fats and
oils. In C. C. Akoh & D. B. Min (Eds.), Food lipids: Chemistry, nutrition, and biotechnology
(2nd ed., pp. 465-487). Marcel Dekker.

Skoog, D. A., & Leary, J. J. (1992). Principles of instrumental analysis (4th ed.). Saunders College
Publishing.

Skoog, D. A., Holler, E. J., & Crouch, S. R. (2014). Principles of instrumental analysis (7th ed.).
Cengage Learning.

Smith, B. C. (2011). Fundamentals of Fourier transform infrared spectroscopy (2nd ed.). CRC Press.

Smith, E., & Dent, G. (2019). Modern Raman spectroscopy: A practical approach (2nd ed.). John



Spektroskopik Verilerin Analizi Ve Yorumlanmasi

Wiley & Sons.

Stein, S. E., & Scott, D. R. (1994). Optimization and testing of mass spectral library search algorit-
hms for compound identification. Journal of the American Society for Mass Spectrometry, 5(9),
859-866. https://doi.org/10.1016/1044-0305(94)87009-8

Stuart, B. H. (2004). Infrared spectroscopy: Fundamentals and applications. John Wiley & Sons.

Swami, K. N. S. (2024). Emerging trends in the application of artificial intelligence and machine
learning for analytical chemistry: Enhancing precision and automation. International Scienti-
fic Journal of Engineering and Management, 3(5), 1-12. https://doi.org/10.55041/isjem01725

Synovec, R. E., & Yeung, E. S. (1986). Comparison of an integration procedure to Fourier trans-
form and data averaging procedures in chromatographic data analysis. Analytical Chemistry,
58(9), 2093-2095. https://doi.org/10.1021/ac00122a037

Thomas, O., & Burgess, C. (2017). UV-visible spectrophotometry of water and wastewater. Else-
vier.

Vafaei, N., Ribeiro, R. A., & Camarinha-Matos, L. M. (2021). Assessing Normalization Techniques
for TOPSIS Method. In: Camarinha-Matos, L.M., Ferreira, P, Brito, G. (eds) Technological
Innovation for Applied AI Systems. DoCEIS 2021. IFIP Advances in Information and Com-
munication Technology, vol 626 (pp. 132-141). Springer, Cham. https://doi.org/10.1007/978-
3-030-78288-7_13

Vinaixa, M., Schymanski, E. L., Neumann, S., Navarro, M., Salek, R. M., & Yanes, O. (2016). Mass
spectral databases for LC/MS- and GC/MS-based metabolomics: State of the field and fu-
ture prospects. TrAC Trends in Analytical Chemistry, 78, 23-35. https://doi.org/10.1016/j.
trac.2015.09.005

Vinther, L., Broholm, M. M., Schittich, A., Haugsted, T., McKnight, U. S., Draborg, H., Bjerg, P. L.,
& Wiinsch, U. J. (2025). Fluorescence spectroscopy as an indicator tool for pharmaceutical
contamination in groundwater and surface water. Chemosphere, 372, Article 144009.

Vogrin, M., & Koten, J. W. (2024). RUM leads to noise: The significance of finding the sources
of variability between experimental runs. Synthese, 204, Article 147. https://doi.org/10.1007/
s11229-024-04798-3

Wang, M., Carver, J. J., Phelan, V. V,, Sanchez, L. M., Garg, N., Peng, Y., Nguyen, D. D., Watrous,
J., Kapono, C. A., Luzzatto-Knaan, T., Porto, C., Bouslimani, A., Melnik, A. V., Meehan, M. J.,
Liu, W.-T., Criisemann, M., Boudreau, P. D., Esquenazi, E., Sandoval-Calder6n, M., ... Bande-
ira, N. (2016). Sharing and community curation of mass spectrometry data with Global Na-
tural Products Social Molecular Networking. Nature Biotechnology, 34(8), 828-837. https://
doi.org/10.1038/nbt.3597

Wang, S. X.,, & de la Zerda, A. (2022). Imaging controls and concepts. In S. X. Wang &
A. de la Zerda (Eds.), Biochips and medical imaging (pp. 45-78). Wiley. https://doi.
org/10.1002/9781118910573.ch18

Westermayr, J., & Marquetand, P. (2025). Machine learning spectroscopy to advance computation
and analysis. Chemical Science, 16, 21660-21676. https://doi.org/10.1039/D55SC05628D

Wilkinson, M. D., Dumontier, M., Aalbersberg, Ij. J., Appleton, G., Axton, M., Baak, A., Blomberg,
N., Boiten, J.-W., da Silva Santos, L. B., Bourne, P. E., Bouwman, J., Brookes, A. J., Clark, T,
Crosas, M., Dillo, I., Dumon, O., Edmunds, S., Evelo, C. T., Finkers, R., ... Mons, B. (2016).
The FAIR Guiding Principles for scientific data management and stewardship. Scientific Data,
3, Article 160018. https://doi.org/10.1038/sdata.2016.18

Wilson, E. B., Decius, J. C., & Cross, P. C. (1980). Molecular vibrations: The theory of infrared and
Raman vibrational spectra. Dover Publications. https://store.doverpublications.com/produ-
cts/9780486639413

Wold, S., Sjostrom, M., & Eriksson, L. (2001). PLS-regression: A basic tool of chemometrics. Che-
mometrics and Intelligent Laboratory Systems, 58(2), 109-130. https://doi.org/10.1016/S0169-

155



156 MOLEKULER SPEKTROSKOPININ TEMEL PRENSIPLERI VE UYGULAMALARI

7439(01)00155-1

Wu, S, Liu, S., & Li, M. (2006). The method of data pre-processing in grey information systems.
Proceedings of the 9th International Conference on Control, Automation, Robotics and Vision
(ICARCV) (pp. 1-4). IEEE. https://doi.org/10.1109/ICARCV.2006.345360

Xie, H., Jia, Y., & Liu, S. (2024). Integration of artificial intelligence in clinical laboratory medicine:
Advancements and challenges. Interdisciplinary Medicine, 2, Article €20230056. https://doi.
org/10.1002/INMD.20230056

Yang, H., & Irudayaraj, J. (2001). Comparison of near-infrared, Fourier transform-infrared, and
Fourier transform-Raman methods for determining olive pomace oil adulteration in extra
virgin olive oil. Journal of the American Oil Chemists’ Society, 78(9), 889-895. https://doi.
org/10.1007/s11746-001-0359-z

Yang, Q., Fullagar, W., Paziresh, M., Myers, G., Latham, S., Sheppard, A., & Kingston, A. (2022).
Spectral information from photon statistics in x-ray radiography and computed tomography.
Physical Review A, 106(1), 013511. https://doi.org/10.1103/PhysRevA.106.013511

Zamlynskyi, V., Shchurovska, A., & Trishin, F. A. (2025). Analysis of data collection problems in
integrated structures and their impact on the accuracy of predictive analytics in building bu-
siness processes. Economy of Ukraine, 68(6 (763), 39-57. https://doi.org/10.15407/econom-
yukr.2025.06.039

Zhu, Y., Pei, Z., Wu, X., Chen, M., & Wang, M. (2018). Learning spectral embedding for tandem
mass spectrum similarity scoring. Bioinformatics, 34(13), i751-i760. https://doi.org/10.1093/
bioinformatics/bty586



BOLUM O

SPEKTRAL YAPI VE MOLEKULER YAPI iLISKISI

Faysal SELIMOGLU'

GIRIS

Bir molekiiliin elde edilen spektrumu ister IR, Raman, UV-gériiniir, X-151m1 ki-
rinimi, NMR vya da kiitle spektrometrisi yoluyla kaydedilmis olsun temel olarak
bag tiirleri, molekiiliin simetrisi, elektron yogunlugunun dagilimi ve ¢ekirdek
cevresindeki lokal kimyasal ortam tarafindan belirlenir. Bu parametreler, her
molekiil i¢in benzersiz ve tekrarlanabilir bir “spektral parmak izi” olusturur
(Nakamoto, 2008, Banerjee et al., 2020; Li & Wang, 2021). Titresim spektros-
kopisi yontemleri olan IR ve Raman, molekiildeki baglarin esneme ve biikiilme
hareketlerine duyarlidir. IR spektrumlar: 6zellikle dipol moment degisiklikle-
rine, Raman spektrumlar ise polarize edilebilirlikteki degisimlere tepki verir.
Bu nedenle karbonil, hidroksil veya amin gibi fonksiyonel gruplar, karakteristik
bantlarryla kolayca tanimlanabilir (Nakamoto, 2008; Pavia, Lampman, Kriz, &
Vyvyan, 2015 Ramanathan et al., 2022; Smith & Sharma, 2021).
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6.2 Spektral bantlarin (piklerin) yorumu

Pratik kurallar. Cokluk, n + 1 ve Pascal yogunluklarina uyar; ancak kimyasal
esdegerlik ve uzun menzil Jler desenleri bozabilir. Vinylic baglarda *J_trans >
*J_cis, aromatikte *J_ortho > *J_meta, aldehitin vicinal *J degeri genellikle kii-
ciiktiir. Anizotropi (C=0, C=C, aromatik) yerel alan1 degistirir; aromatik disinda
deshielding beklenirken, alkin protonunda beklenenin tersine yukar1 saha goz-
lenir. Karigimlarda integrasyon igin yeterli dinlenme gecesi (= 5 x max T,) kul-
lanilmali; paramanyetik izler ¢izgileri genisletir. Dinamik siiregler (prototropi,
konformasyon) orta hizda koalesans verir; VI-NMR ve EXSY ile enerji bariyeri
¢ikarilabilir (Claridge, 2016; Keeler, 2010; Levitt, 2008; denetim: 2025-10-05).

6.2.1 Izotop etkileri ve spektral kaymalar

H-D degisimi O-H / N-H sinyallerini D,O ile ortadan kaldirir; ayrica 'H
kimyasal kaymalarinda ikincil izotop kaymalari goriilebilir. **C dogal bolluk ne-
deniyle 'H piklerinde **C uydu ciftleri (J_CH ~ 125-160 Hz) belirir; *C-zen-
ginlestirme HSQC/HMBC hassasiyetini ciddi artirir. **N disiik y ve bolluga
ragmen '"H-""N HSQC/HMBC ile amin/amit tanisinda faydalidir. Kuadrupolar
cekirdekler (**N, ''B) hizli gevseyip komsu protonlar1 genisletir; **N kullanimi
veya pH/¢oziicii segimi ile hatlar daraltilabilir. Coziicti izotoplar: (CDCls;, DM-
SO-ds, CD;0OD) lock/shim kararlilig: saglarken, 6zgiil etkilesimler §’y1 oynatur;
raporda ¢oziicii daima belirtilmelidir (Keeler, 2010; Claridge, 2016; Levitt, 2008;
Pavia et al., 2015; denetim: 2025-10-05).
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BOLUM O

MALZEME BILIMINDE SPEKTROSKOPI

Muhammed Emre AYHAN '

GIRIS

Malzeme bilimi, farkli endiistriyel ve teknolojik alanlarda kullanilan yeni nesil
malzemelerin tasarimy, gelistirilmesi ve karakterizasyonunu amaglayan disiplin-
ler aras1 bir arastirma alanidir. Bu siirecte, malzemelerin atomik ve molekiiler
diizeyde yapisal, elektronik ve ylizey o6zelliklerinin dogru bicimde anlasilmasi
biiyitk 6nem tagimaktadir. Spektroskopi, 15181n madde ile etkilesimine dayali
giiclii bir analitik yontem olarak, malzeme biliminin temel arastirma araglarin-
dan biri haline gelmistir. Cesitli spektroskopik teknikler, malzemelerin kimyasal
bilesimini, kristal yapisini, fonksiyonel gruplarini ve elektronik ozelliklerini or-
taya koyarak hem temel bilimsel ¢aliymalara hem de endiistriyel uygulamalara
degerli katkilar sunmaktadir.

Kizil6tesi (IR) ve Raman spektroskopisi, polimerler, seramikler ve kompozit-
lerde bag titresimlerini ve fonksiyonel gruplari tanimlamak igin yaygin olarak
kullanilmaktadir. UV-goriiniir spektroskopisi, yari iletkenlerde ve nanomalze-
melerde bant araliginin belirlenmesine olanak taniyarak optoelektronik cihazla-
rin gelistirilmesinde kritik bir rol tistlenmektedir. X-151n1 fotoelektron spektros-
kopisi (XPS), malzeme yiizeyindeki elementlerin kimyasal durumlarin: ve bag
enerjilerini ortaya koyarken; enerji dagiliml X-1s1n1 spektroskopisi (EDS/EDX),
ozellikle metal alagimlar ve kompozitlerde elementel bilesim hakkinda ayrintili
bilgiler saglamaktadur.
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etkilesimleri destekleyen ve inovatif ¢oztimler tiretilmesine katki sunan stratejik
bir arag olarak degerlendirilmektedir.

Gelecekte, daha hassas, ¢ok islevli ve entegre spektroskopik sistemlerin gelis-
tirilmesiyle birlikte, malzeme biliminin sinirlarinin daha da genislemesi ve daha
karmasik yapilarin anlasilmasinda yeni olanaklarin dogmasi beklenmektedir. Bu
nedenle, spektroskopinin teorik altyapisinin yani sira uygulamali yonlerinin de
kapsamli bir bicimde anlasilmasi, malzeme arastirmalarinda derinlemesine ana-

lizler yapilmasini saglayacak ve bu alandaki bilimsel ilerlemeyi hizlandiracaktir.
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BiYOORGANIK MOLEKULLERDE YAPISAL
OZELLIK-SPEKTRAL DAVRANIS iLISKISI

Faysal SELIMOGLU '

GIRIS

Biyoorganik kimya, canli sistemlerdeki kimyasal siiregleri organik kimya ilke-
leriyle agiklamay1 amaglayan disiplinler arasi bir bilim dalidir. Bu alan, yalnizca
molekiillerin kimyasal bilesimlerini degil, ayni1 zamanda yasamin molekiiler dii-
zeyde nasil isledigini anlamay1 hedefler. Biyoorganik molekiiller, temel olarak
karbon iskeletine sahip, oksijen, azot, fosfor ve kiikiirt gibi heteroatomlar igeren,
biyolojik sistemlerde 6zgiil islevlere sahip organik bilesiklerdir (Poulter, 2009,
van der Donk, 2023; Silverman & Holladay, 2023). Bu yapilarin en ayirt edici
ozelligi, organik kimyanin kovalent baglanma ilkelerini biyolojik diizenin segi-
ciligiyle birlestirmeleridir.

Biyoorganik kimya, organik kimya ile biyokimya arasinda koprii kuran bir
alandir. Organik sentez yontemleriyle elde edilen molekiillerin biyolojik siireg-
lerde nasil etkilestigini arastirir. Bu kapsamda enzimler, koenzimler, niikleotitler,
peptitler, karbonhidratlar ve lipitler gibi temel biyomolekiiller incelenir (Khan &
Malhotra, 2018). Her biri, canli organizmalarda enerji dontistimi, sinyal iletimi,
kataliz ve genetik bilgi aktarimi gibi yasamsal siireglerde gorev alir.

Biyoorganik molekiillerin yapisal 6zellikleri, onlarin islevsel rollerinin belir-
leyicisidir. Bir molekiiliin fonksiyonu, ¢cogu zaman ti¢ boyutlu konformasyonu,
kiral merkezlerinin uzaysal diizeni ve fonksiyonel gruplarinin etkilesim kapasi-
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Tablo 2. Makromolekiiller I¢in Temel Spektroskopik Yontemler

Yoéntem glzitl‘llﬂg(u Uygulama Alan1 ~ Temel Bilgi, Kullanim ve Kaynak
Dipol Proteinler, DNA/  Amide bantlar sekonder yap1; C-O-C
IR moment RNA, polisakka-  ve O-H titregimleri bag tipi ve hidrojen
degisimi ritler, lipitler ag1 verir (Nakamoto et al., 2008).
Polarize Proteinler. niikleik Disiilfit ve aromatik bantlar zincir diize-
Raman edilebilirlik i(iler he i’tl l; % nini, fosfodiester bantlart DNA yapisint
degisimi astier, ipitie gosterir (Nakamoto et al., 2008).
Elfkonile | Proteimlen DNA/ (250 Bprotetan cCO M DIN: Sy
UV-Vis ecisler RNA tanimlar; hipokromik etki heliks kararli-
gecty ligini yansitir (Lakowicz et al., 2006).
Emisyon Triptofan floresansi cevresel polariteyi;
Floresans  kaymasi, Proteinler, lipitler = Laurdan probu membran fazini gdsterir
omiir (Lakowicz et al., 2006).
Kiral sosur- Far-UV heliks orani, near-UV yan
CD mlraf :l(fur Proteinler, DNA  zincir yonelimi belirler (Lakowicz et al.,
am 2006).
Kimyasal . Proteinler, nikleik 2D/3D deneyler aFomik ygkmhk ve
NMR kayma, spin iler konformasyon verir (Claridge et al.,
etkilegimi ¢ 2016).
Eleiron Oksidasyon durumu ve redoks merkez-
I ;Eiﬁ etkile- | Metaloproteinler leri izlenir (Gross et al., 2017).
MS/ESI/ Kiitle/yiik Proteinler, niikleik  Dizileme ve modifikasyonlar belirlenir
MALDI orant asitler (Aebersold et al., 2003).
XRD / XPS A.torlr(‘ q;ze— Protein kristalleri, D geometrivl My lkimyam’
/ XAFS ni, oksidas- lipit yiizeyleri XAFS metal cevresini tanimlar (Cotton
yon et al., 1999).
Zaman-Co- Enerii ve TR-IR ara tiirleri, floresans mrii bag-
zUniir o1 ile‘ii imi Proteinler, DNA  lanma kinetigini gésterir (Lakowicz et
Teknikler ~ Y2P!9ests al., 2006; Claridge et al., 2016).
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BOLUM 8

SPEKTROSKOPININ FARMASOTIK VE
BIYOMEDIKAL UYGULAMALARI

Muhammed Emre AYHAN '

GIRIS

Spektroskopi, madde ile elektromanyetik 151n1m arasindaki etkilesimi inceleyen
ve kimyasal, fiziksel ve biyolojik sistemlerin temel 6zelliklerini anlamamuiz1 sag-
layan en giiglii analitik yontemlerden biridir. Farmasoétik ve biyomedikal bilim-
lerde ise bu yontem, molekiiler yapilarin aydinlatilmast, ilag etken maddelerinin
tanimlanmasi, biyomolekiiler etkilesimlerin belirlenmesi ve hastaliklarin erken

tanis1 gibi kritik alanlarda vazgecilmez bir ara¢ haline gelmistir (Nakamoto,
2008; Lakowicz, 2006).

Modern spektroskopik teknikler —o6rnegin UV-Vis, FTIR, Raman, NMR,
floresans ve fotoliiminesans (PL) spektroskopileri— farmasétik tirtinlerin kali-
te kontroliinden hiicresel diizeyde biyolojik siireglerin analizine kadar genis bir
uygulama yelpazesi sunar. Bu yontemler hem nitel hem nicel analizlerde yiiksek
dogruluk saglar; 6rnegin UV-Vis spektroskopisi farmasotik formiilasyonlarin
absorpsiyon karakteristiklerini belirlerken, FTIR ve Raman spektroskopisi mo-
lekiiler titresimleri kullanarak bilesiklerin fonksiyonel gruplarini tanimlar. NMR
spektroskopisi molekiiler yap1 tayininde altin standart olarak kabul edilirken,
floresans ve PL teknikleri ilag-biyomolekiil etkilesimlerinin ve hiicresel yanitla-
rin incelenmesinde egsiz bir hassasiyet sunar (Claridge, 2016).
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Bununla birlikte, standardizasyon, cihazlar arasi aktarilabilirlik, veri kalite-
si, ornek hazirlama tutarlilig1 ve klinik validasyon gereksinimleri devam eden
sinirlar1 olugturur. Regiilasyon uyumu, izlenebilirlik, agiklanabilir yapay zeka
ve ¢ok merkezli dogrulama ¢alismalari, laboratuvardan sahaya gecisin olmazsa
olmazlaridir.

Genel resim agiktir: spektroskopi teknikleri, uygun 6rnekleme, saglam 6n
isleme ve iyi kalibre edilmis istatistik/ ML modelleri ile birlestirildiginde, farma-
sotik kalite giivencesi ve biyomedikal tanida yiiksek dogruluklu, hizli ve maliyet
etkin ¢oztimler iiretir. Yakin vadede tasinabilir sensorler, hiperspektral goriin-
tilleme, gergek zamanl veri analitigi ve dijjital ikiz tabanli kontrol stratejileri
yayginlasacaktir. Uzun vadede ise agiklanabilir yapay zeka ile cok modlu spekt-
roskopinin birlesimi, kisisellestirilmis tip ve akilli tiretim ekosistemlerinin mer-
kezinde yer alacaktir. Bu doniisiim, daha giivenli ilaglar, daha verimli siiregler ve
daha erken, daha dogru klinik kararlar anlamina gelir.

KAYNAKLAR

Ahuja, S., & Jespersen, N. D. (2006). Pharmaceutical Analysis by NMR Spectroscopy. Elsevier.

Ahuja, S., & Scypinski, S. (2017). Handbook of Modern Pharmaceutical Analysis (3rd ed.). Academic
Press.

Atkins, C. G., Buckley, K., Blades, M. W,, & Turner, R. E. (2017). Raman spectroscopy of blood and blood
components. Applied spectroscopy, 71(5), 767-793.

Baker, M. ], Trevisan, J., Bassan, P, Bhargava, R., Butler, H. ], Dorling, K. M., ... & Martin, F. L. (2014).
Using Fourier transform IR spectroscopy to analyze biological materials. Nature protocols, 9(8),
1771-1791.

Berezin, M. Y., & Achilefu, S. (2010). Fluorescence lifetime measurements and biological imaging. Che-
mical reviews, 110(5), 2641-2684.

Bergmeyer, H. U. (Ed.). (2012). Methods of enzymatic analysis. Elsevier.

Berisha, S., Lotfollahi, M., Jahanipour, J., Gurcan, 1., Walsh, M., Bhargava, R., ... & Mayerich, D. (2019).
Deep learning for FTIR histology: leveraging spatial and spectral features with convolutional neu-
ral networks. Analyst, 144(5), 1642-1653.

Blake, N., Gaifulina, R., Griffin, L. D., Bell, I. M., & Thomas, G. M. (2022). Machine learning of Raman
spectroscopy data for classifying cancers: a review of the recent literature. Diagnostics, 12(6), 1491.

Brown, B., Ward, A., Fazili, Z., Ostergaard, J., & Asare-Addo, K. (2021). Application of UV dissolution
imaging to pharmaceutical systems. Advanced Drug Delivery Reviews, 177, 113949.

Brown, B., Ward, A., Fazili, Z., Ostergaard, J., & Asare-Addo, K. (2021). Application of UV dissolution
imaging to pharmaceutical systems. Advanced Drug Delivery Reviews, 177, 113949.

Bunaciu, A. A., Aboul-Enein, H. Y., & Hoang, V. D. (2015). Vibrational spectroscopy used in polymorp-
hic analysis. TrAC Trends in Analytical Chemistry, 69, 14-22.

Butler, H. J., Ashton, L., Bird, B., Cinque, G., Curtis, K., Dorney, J., ... & Martin, E. L. (2016). Using Ra-
man spectroscopy to characterize biological materials. Nature protocols, 11(4), 664-687.

Campanale, C., Savino, I., Massarelli, C., & Uricchio, V. E. (2023). Fourier transform infrared spectros-
copy to assess the degree of alteration of artificially aged and environmentally weathered microp-
lastics. Polymers, 15(4), 911.

Cha, J. W, Kim, M. S., & Park, J. S. (2023). A Single}Scan Ultraselective Heteronuclear Polarization



Spektroskopinin Farmasotik ve Biyomedikal Uygulamalan

Transfer Method for Unambiguous Complex Structure Assignment. Angewandte Chemie, 135(32),
€202304196.

Cialla-May, D., Bonifacio, A., Markin, A., Markina, N., Fornasaro, S., Dwivedi, A., ... & Popp, J. (2024).
Recent advances of surface enhanced Raman spectroscopy (SERS) in optical biosensing. TrAC
Trends in Analytical Chemistry, 181, 117990.

Ciloglu, E U., Caliskan, A., Saridag, A. M., Kilic, I. H., Tokmakci, M., Kahraman, M., & Aydin, O. (2021).
Drug-resistant Staphylococcus aureus bacteria detection by combining surface-enhanced Raman
spectroscopy (SERS) and deep learning techniques. Scientific reports, 11(1), 18444.

Claridge, T. D. (2016). High-resolution NMR techniques in organic chemistry (Vol. 27). Elsevier.

Davis, M. P, & Korter, T. M. (2022). Evaluating hydrogen bonding in organic cocrystals using low-frequ-
ency raman vibrational spectroscopy and quantum mechanical simulations. Crystal Growth & De-
sign, 22(3), 1922-1932.

De Beer, T., Burggraeve, A., Fonteyne, M., Saerens, L., Remon, J. P., & Vervaet, C. (2011). Near infra-
red and Raman spectroscopy for the in-process monitoring of pharmaceutical production proces-
ses. International journal of pharmaceutics, 417(1-2), 32-47.

Ding, E., Yiicesoy, C., & Onur, E (2002). Simultaneous spectrophotometric determination of mefenamic
acid and paracetamol in a pharmaceutical preparation using ratio spectra derivative spectrophoto-
metry and chemometric methods. Journal of pharmaceutical and biomedical analysis, 28(6), 1091-
1100.

Emwas, A. H., Roy, R., McKay, R. T, Tenori, L., Saccenti, E., Gowda, G. N., & Wishart, D. S. (2019). NMR
spectroscopy for metabolomics research. Metabolites, 9(7), 123-146.

Emwas, A. H., Szczepski, K., Poulson, B. G., Chandra, K., McKay, R. T., Dhahri, M., ... & Jaremko, M.
(2020). NMR as a “gold standard” method in drug design and discovery. Molecules, 25(20), 4597.

Eskandari, V., Sahbafar, H., Zeinalizad, L., & Hadi, A. (2022). A review of applications of surface-enhan-
ced raman spectroscopy laser for detection of biomaterials and a quick glance into its advances for
COVID-19 investigations. ISSS Journal of Micro and Smart Systems, 11(2), 363-382.

Fan, R, Chen, S, Lan, E, Li, W,, Zhu, Y., Zhang, L., ... & Li, L. (2025). Surface-Enhanced Raman Scat-
tering (SERS)-based biosensors for advanced extracellular vesicle detection: A review. Analytica
Chimica Acta, 1336, 343264.

Fuentes, A. M., Narayan, A., Milligan, K., Lum, J. J., Brolo, A. G., Andrews, J. L., & Jirasek, A. (2023).
Raman spectroscopy and convolutional neural networks for monitoring biochemical radiation
response in breast tumour xenografts. Scientific Reports, 13(1), 1530.

Gajjar, K., Heppenstall, L. D., Pang, W., Ashton, K. M., Trevisan, J., Patel, L. L, ... & Martin, F. L. (2013).
Diagnostic segregation of human brain tumours using Fourier-transform infrared and/or Raman
spectroscopy coupled with discriminant analysis. Analytical Methods, 5(1), 89-102.

Galata, D. L., Gergely, S., Nagy, R., Slezsdk, J., Ronkay, E, Nagy, Z. K., & Farkas, A. (2023). Comparing the
performance of Raman and near-infrared imaging in the prediction of the in vitro dissolution pro-
file of extended-release tablets based on artificial neural networks. Pharmaceuticals, 16(9), 1243.

Grof3erueschkamp, F,, & Gerwert, K. (2020). Label-free digital pathology by infrared imaging. Biomedi-
cal Spectroscopy and Imaging, 9(1-2), 5-12.

Giir, B., Cengiz, M., Sezer, C. V., Baytar, O., $ahin, 0O, Ayhanci, A., & Kutlu, H. M. (2025). Eco-friendly
biosynthesized silver, copper, and nickel nanoparticles mediated Rheum ribes: Assessment of their
cytotoxicity and antimicrobial activity. Inorganic Chemistry Communications, 172, 113755.

Haacke, E. M. (1999). Magnetic resonance imaging: physical principles and sequence design. (No Title).

Hameed, H., & Ali, S. (2023). Development of Two Simple Spectrophotometric Methods to Assay
Phenylephrine-HCI as Pure Form And in Its Drug Forms. Journal of the Turkish Chemical Society
Section A: Chemistry, 10(3), 677-688.

Hanna, K., Krzoska, E., Shaaban, A. M., Muirhead, D., Abu-Eid, R., & Speirs, V. (2022). Raman spect-
roscopy: current applications in breast cancer diagnosis, challenges and future prospects. British
journal of cancer, 126(8), 1125-1139.

Hu, E, Chen, M. S., Rotskoff, G. M., Kanan, M. W.,, & Markland, T. E. (2024). Accurate and efficient
structure elucidation from routine one-dimensional nmr spectra using multitask machine lear-
ning. ACS Central Science, 10(11), 2162-2170.

Izgordii, H., Selvi, O., & Kutlu, H. M. (2025). Modulation of sphingolipid metabolism: Investigation of

309



310 MOLEKULER SPEKTROSKOPININ TEMEL PRENSIPLERI VE UYGULAMALARI

the apoptotic and cytotoxic effects of the ceramidase Inhibitor De-MAPP in HT29 colon cancer
cells. Biological Diversity and Conservation, 18(3), 283-290.

Jeon, H. J., Kim, H. S., Chung, E., & Lee, D. Y. (2022). Nanozyme-based colorimetric biosensor with a
systemic quantification algorithm for noninvasive glucose monitoring. Theranostics, 12(14), 6308.

Kamp, M., Surmacki, J., Segarra Mondejar, M., Young, T., Chrabaszcz, K., Joud, E, ... & Bohndiek, S. E.
(2024). Raman micro-spectroscopy reveals the spatial distribution of fumarate in cells and tissu-
es. Nature Communications, 15(1), 5386.

Keeler, J. (2010). Understanding NMR spectroscopy. John Wiley & Sons.

Laing, S., Sloan-Dennison, S., Faulds, K., & Graham, D. (2025). Surface enhanced Raman scattering for
biomolecular sensing in human healthcare monitoring. ACS nano, 19(9), 8381-8400.

Lakowicz, J. R. (Ed.). (2006). Principles of fluorescence spectroscopy. Boston, MA: springer US.

Layne, E. (1957). [73] Spectrophotometric and turbidimetric methods for measuring proteins.

Li, C. H,, Chan, M. H, Chang, Y. C., & Hsiao, M. (2023). Gold nanoparticles as a biosensor for cancer
biomarker determination. Molecules, 28(1), 364.

Li, M., Xu, J., Romero-Gonzalez, M., Banwart, S. A., & Huang, W. E. (2012). Single cell Raman spectros-
copy for cell sorting and imaging. Current opinion in biotechnology, 23(1), 56-63.

Li, M., Zhang, X., & Chen, X. (2021). Solid-state NMR spectroscopy in pharmaceutical sciences. Anal-
ytical Biochemistry, 628, 114310.

Liu, C., Zuo, Z., Xu, F, & Wang, Y. (2023). Authentication of herbal medicines based on modern analy-
tical technology combined with chemometrics approach: A review. Critical Reviews in Analytical
Chemistry, 53(7), 1393-1418.

Lubach, J. W,, & Munson, E. J. (2006). Solid-state NMR spectroscopy. Polymorphism: In the pharma-
ceutical industry, 81-93.

Movasaghi, Z., Rehman, S., & ur Rehman, D. I. (2008). Fourier transform infrared (FTIR) spectroscopy
of biological tissues. Applied Spectroscopy Reviews, 43(2), 134-179.

Nakamoto, K. (2009). Theory and applications in inorganic chemistry. (No Title).

Nurani, L. H., Edityaningrum, C. A., Irnawati, I, Putri, A. R., Windarsih, A., Guntarti, A., & Rohman, A.
(2023). Chemometrics-assisted UV-vis spectrophotometry for quality control of pharmaceuticals:
A review. Indonesian Journal of Chemistry, 23(2), 542-567.

Oz, G., Alger, ]. R, Barker, P. B,, Bartha, R., Bizzi, A., Boesch, C., ... & MRS Consensus Group. (2014).
Clinical proton MR spectroscopy in central nervous system disorders. Radiology, 270(3), 658-679.

Padrez, Y., & Golubewa, L. (2024). Black Silicon Surface-Enhanced Raman Spectroscopy Biosensors:
Current Advances and Prospects. Biosensors, 14(10), 453.

Paraschiv, M., Daescu, M., Bartha, C., Chiricuta, B., & Baibarac, M. (2023). Complex spectroscopy stu-
dies of nifedipine photodegradation. Pharmaceutics, 15(11), 2613.

Paudel, A., Rajjada, D., & Rantanen, J. (2015). Raman spectroscopy in pharmaceutical product de-
sign. Advanced drug delivery reviews, 89, 3-20.

Pellecchia, M., Sem, D. S., & Wiithrich, K. (2002). NMR in drug discovery. Nature Reviews Drug Dis-
covery, 1(3), 211-219.

Peng, Y., Zhang, Z., He, L., Li, C.,, & Liu, M. (2024). NMR spectroscopy for metabolomics in the li-
ving system: recent progress and future challenges. Analytical and Bioanalytical Chemistry, 416(9),
2319-2334.

Pivetta, T. P, Ribeiro, P. A., & Raposo, M. (2024). The effect of UV-Vis radiation on DNA systems conta-
ining the photosensitizers methylene blue and acridine orange. Biophysica, 4(1), 22-33.

Rakesh, P,, & Charmi, P. (2014). Quantitative analytical applications of FTIR spectroscopy in pharma-
ceutical and allied areas. Journal of Advanced Pharmacy Education & Research Apr-Jun, 4(2).
Razavi, R., & Kenari, R. E. (2023). Ultraviolet-visible spectroscopy combined with machine learning as

a rapid detection method to the predict adulteration of honey. Heliyon, 9(10).

Resch-Genger, U., Grabolle, M., Cavaliere-Jaricot, S., Nitschke, R., & Nann, T. (2008). Quantum dots
versus organic dyes as fluorescent labels. Nature methods, 5(9), 763-775.

Rusciano, G., Capaccio, A., Sasso, A., Capo, A., Almuzara, C. M., Staiano, M., ... & Varriale, A. (2023). A
surface-enhanced Raman spectroscopy-based biosensor for the detection of biological macromo-
lecules: the case of the lipopolysaccharide endotoxin molecules. International Journal of Molecular
Sciences, 24(15), 12099.



Spektroskopinin Farmasotik ve Biyomedikal Uygulamalan

Schrenkova, V., Kapitan, J., Bour, P,, Chatziadi, A., Sklenar, A., & Kaminsky, J. (2024). Sofosbuvir Pol-
ymorphs Distinguished by Linearly and Circularly Polarized Raman Microscopy. Analytical Che-
mistry, 96(48), 18983-18993.

Selimoglu, F, & Ayhan, M. E. (2023). Silver nanoparticle decorated graphene-based SERS electrode
towards procalcitonin detection. Vibrational Spectroscopy, 126, 103539.

Shi, L., & Zhang, N. (2021). Applications of solution NMR in drug discovery. Molecules, 26(3), 576.

Smith, E., & Dent, G. (2019). Modern Raman spectroscopy: a practical approach. John Wiley & Sons.

Steinbach, J. C., Schneider, M., Hauler, O., Lorenz, G., Rebner, K., & Kandelbauer, A. (2020). A process
analytical concept for in-line FTIR monitoring of polysiloxane formation. Polymers, 12(11), 2473.

Tahir, M. A,, Dina, N. E,, Cheng, H., Valev, V. K., & Zhang, L. (2021). Surface-enhanced Raman spect-
roscopy for bioanalysis and diagnosis. Nanoscale, 13(27), 11593-11634.

Talukdar, P. ], Bharti, K., Banerjee, S., Basu, S., Das, S. K., Paul, R. R., ... & Lahiri, B. (2024). A comp-
rehensive FTIR micro-spectroscopic analysis and classification of precancerous human oral tissue
aided by machine learning. Sensors & Diagnostics, 3(11), 1854-1865.

Tiernan, H., Byrne, B., & Kazarian, S. G. (2020). ATR-FTIR spectroscopy and spectroscopic imaging
for the analysis of biopharmaceuticals. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 241, 118636.

Usman, M., Ali, W, Alarfaji, S. S., & Tamulevicius, S. (2025). Trace detection of antibiotics in wastewater
using tunable core-shell nanoparticles SERS substrate combined with machine learning algorith-
ms. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 330, 125700.

Valeur, B., & Berberan-Santos, M. N. (2013). Molecular fluorescence: principles and applications. John
Wiley & Sons.

Van Haaren, C., De Bock, M., & Kazarian, S. G. (2023). Advances in ATR-FTIR spectroscopic imaging
for the analysis of tablet dissolution and drug release. Molecules, 28(12), 4705.

Verma, A., & Tiwari, M. R. (2025). Applications Of Spectroscopy In Pharmaceutical Analysis And Qu-
ality Control. Journal of Pharmaceutical Analysis and Drug Research, 7(2).

Wan, B., Zordan, C. A, Lu, X., & McGeorge, G. (2016). In-line ATR-UV and Raman spectroscopy for
monitoring API dissolution process during liquid-filled soft-gelatin capsule manufacturing. AAPS
PharmSciTech, 17(5), 1173-1181.

Wang, Y., Zhang, Z., Sun, Y., Wu, H,, Luo, L., & Song, Y. (2025). Recent Advances in Surface-Enhanced
Raman Scattering for Pathogenic Bacteria Detection: A Review. Sensors, 25(5), 1370.

Wang, Z., Afgan, M. S., Gu, W,, Song, Y., Wang, Y., Hou, Z., ... & Li, Z. (2021). Recent advances in
laser-induced breakdown spectroscopy quantification: From fundamental understanding to data
processing. TrAC Trends in Analytical Chemistry, 143, 116385.

Weissleder, R., & Ntziachristos, V. (2003). Shedding light onto live molecular targets. Nature Medicine,
9(1), 123-128.

Zangana, S., Veres, M., & Bonyar, A. (2024). Surface-enhanced Raman spectroscopy (SERS)-based sen-
sors for deoxyribonucleic acid (DNA) detection. Molecules, 29(14), 3338.

Zhang, Y., Li, Z., Li, Z., Wang, H., Regmi, D., Zhang, J., ... & Xu, J. (2024). Employing Raman Spectros-
copy and Machine Learning for the Identification of Breast Cancer. Biological Procedures Onli-
ne, 26(1), 28.

Zong, L., Li, C,, Shi, J., Yue, J., & Wang, X. (2021). FTIR microspectroscopic study of biomacromolecular
changes in As203 induced MGC803 cells apoptosis. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 263, 120220.

Zou, W,, Liu, W., & Hu, C. (2023). Characterization of enteric-coated erythromycin tablets by Raman
mapping and its pharmaceutical evaluation. Frontiers in Chemistry, 11, 1270737.

311



BOLOM 9

SENSOR TEKNOLOUJISi VE SPEKTROSKOPIK
SENSORLER

Aybek YiGIT'

GIRIS

Proses Analitik Teknolojisi (PAT) girisimi, tiriin kalitesini giivence altina almak
amactyla tiriin gelistirme ve tiretim siireglerinde nihai tirtiniin kritik kalite 6zel-
liklerini etkileyen tiim kritik proses parametrelerini izlemeyi ve kontrol etmeyi
amaglamaktadir (Claflen, et al. 2017). PAT’1n uygulanmasinin temel nedenleri,
yiiksek kaliteli iriinler saglamak igin yeni teknolojilerinden yararlanmak, esnek
tiretime olanak saglamak, arizalar1 ve enerji titketimini azaltmak, proses anla-
yisi gelistirmek, operator glivenligini artirmak ve artan otomasyon ve gercek
zamanli seri iiretim yoluyla insan hatasini azaltmaktir (Rathore et al. 2010). Bu
amagcla ¢alismamizda, bir¢ok alanda kullanilan sensorler ve spektrometrik sen-
sorlerin tarihi, gesitleri, 6zellikleri ve kullanim alanlar1 hakkinda detayl bilgiler
sunulmustur.

AMAC VE KAPSAM

Spektroskopik sensorler, madde-1sik etkilesimine dayal1 6l¢lim prensipleri saye-
sinde yiiksek duyarlilik ve segicilik sunmalarindan 6tiirii ¢evresel izleme, biyo-
medikal tan1 ve endiistriyel siire¢ kontrolii vb. birgok alanda yaygin olarak tercih
edilmektedir. Ancak, mevcut ¢alismalarin bityiik gogunlugu, laboratuvar ortami-
na bagimli, maliyetli ve sinirli taginabilirlige sahip sistemlere odaklanmaktadir.
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