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Abstract: Infrared (IR) spectroscopy offers a powerful approach to analyzing the purity of linear alkyl benzene (LAB)-based liquid scintillators.

While previous studies have largely focused on electronic transitions using ultraviolet-visible spectroscopy, this work explores the vibrational
transitions captured by IR spectroscopy. By examining the uniqgue IR spectral characteristics of these solutions, we provide a comprehensive analysis
of impurity detection and identification. This research demonstrates the effectiveness of IR spectroscopy as a quality assurance tool for liquid
scintillation solutions, ultimately contributing to the enhancement of neutrino detection experiments.
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Introduction U /O /@
» Focus of This Study : Employs Infrared (IR) spectroscopy to analyze x - N NF
vibrational transitions in molecules for impurity detection and O_O @

identification. The IR region (4000 ~ 400 cm™) provides a “fingerprint”
for each substance via its unigue vibrational modes.

* Objective: To confirm the presence or absence of common impurities
(acetone, water) and three specific impurity compounds (IMP1, IMP2,

only (green) spectrum.

o
o

IMP1 (C,qH,eN,04) IMP2 (Cs3H35C1NOS) IMP3  (C34H3gN,04)

Key Structural Features and IR Absorptions of IMP1, IMP2, and IMP3
- lllustrating molecular structures of IMP1, IMP2, and IMP3 with key functional groups typically highlighted (e.g., in different
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lM P3) Identlﬁed by the JUNO CO”abOrathn, thereby ensurlng the qua“ty - IMP1 (Benzene, Carbonyl, Amide): Characterized by benzene rings, carbonyl groups, and amide groups. Notably exhibiting C=0
Of SCinti”ation So|utions and enhancing the perfOrmanCe Of neutrino absorptions around 1730, 1800, and 1940 cm™', and C-N absorptions near 1610 cm™".
- IMP2 (Benzene, Sulfoxide, Thioether, Aryl Chloride): Distinguished by benzene rings, a sulfoxide group, a thioether group, and
detectors. an aryl chloride. Showing significant absorptions for S=0 (1030-1090 cm™*), C-S-C (700-1000 cm™"), and Ar-Cl (1140 cm™).
- IMP3 (Benzene, Azo, Ether): Notable for including benzene rings, an azo group, and ether linkages. Displaying prominent
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SO'Veﬂt. LAB (prOV|ded by Isu ChemlCa|, S. KOREA) 8-2; i absorption intensity at that specific wavenumber.
- Solutes: PPO (2,5-Diphenyloxazole, 3 g/l) and bis—MSB (1,4-Bis(2- 4900 3000 2000 1000 [om™]
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methylstyryhbenzene, 30 mg/l) (purchased from Sigma-Aldrich). o (+PPO + bis-MSB) solution prepared for this study,
- LAB was used as received without further pu rification - 0.6/ +Acetone Inpurit demonstrating the baseline characteristics of the purified
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[ A : _1
+ PPO solution e 0 = 1000 fem™ _ common Process Impurities
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recommendations (default resolution: 2
cm™', adjusted to 0.5/1cm™ if
necessary).

Key Finding & Implication:

- A thorough comparison of the reference LAB (+ PPO + bis-MSB) spectrum with the characteristic IR signatures of these common and theoretically predicted impurities confirms the absence of these
contaminants in our manufactured scintillator sample within the detection limits of the FTIR technigue. This result critically underscores the efficacy of IR spectroscopy as a robust quality assurance methodology,
ensuring the high optical purity essential for the optimal performance and accuracy of advanced neutrino detection experiments.
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