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Abstract: Mass spectrometry professionals are in short supply industry-wide. Undergraduate
teaching has bottlenecks: limited instrumentation, weak qualitative skills and abstract theoretical
concepts. We report an innovative pedagogy coupling conventional gas chromatography-mass
spectrometry (GC-MS) with the MassWorks™ software suite. A 14-component fragrance standard
mixture was employed to design an experiment spanning the entire workflow separation, detection,
exact-mass measurement, isotopic-pattern matching, molecular-formula assignment, structural
elucidation. By exploiting the software’s dual-calibration algorithms for exact-mass and isotopic-

profile refinement, the mass accuracy and qualitative reliability of GC-low resolution MS data were
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dramatically enhanced. The practical results show that this method improves the quality accuracy
of MS data by 100 times, controls the mass deviation within IAmI<10 mDa, achieves an accuracy
of over 98% in isotope spectra, and provides accurate and reliable qualitative results. The teaching
effect is significant. Through the closed-loop training of theoretical analysis, software application,
and practical verification, students’ scientific research thinking, data analysis ability, and innovative
ability to solve complex problems have been effectively improved. This provides a replicable and

scalable effective paradigm for improving the quality of instrument analysis teaching under limited
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resource conditions.

Keywords: MassWorks; gas chromatography-low resolution mass spectrometry; teaching

reform ; molecular formula identification; accuracy of isotopic spectrum
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Table 1 Calibration data for the characteristic fragment ions of perfluorotributylamine (PFTBA)

No. Net formula Mono isotopic mass Closest centroid Am/mDa Am/M (107™°) Spectral accuracy/%
1 CF,” 68.9947 68.9947 0.0057 0.1 99.8
2 C,F,’ 118.9915 118.9915 0.0137 0.1 99.9
3 C,F,’ 130.9915 130.9921 0.6733 5.1 99.9
4 C,F,’ 168.9883 168.9890 0.7392 4.4 99.8
5 C,F,’ 218.9851 218.9869 1.7779 8.1 99.9
6 C,F, N* 263.9866 263.9883 1.7355 6.6 99.9
7 C,F N* 413.9770 413.9761 -0.8562 -2.1 99.8

8~ 16

Am : the absolute value of the difference between the theoretical m/z of target ion and the test m/z; M: theoretical m/z of target ions.
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Fig.1 Calibration results for selected characteristic fragment ions of perfluorotributylamine
a. raw mass spectrum; b. calibrate the mass spectrum; c. centroid plot.
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Fig.2 Total ion chromatogram of spice mixture
Peak identifications: 1. isovaleraldehyde; 2. cyclohexanone; 3.
ethylvalerate; 4. benzaldehyde; 5. B-pinene;
D-limonene; 8. linalool; 9. benzyl acetate; 10. menthol; 11. citro-
nellol; 12. geraniol; 13. a-ionone; 14. coumarin.
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Fig.3 Accuracy of isotopic spectra for the predicted molecular formula of a-ionone
a. mass spectrum of the actual sample; b. predict molecular mass spectrum.
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Table 2 Molecular formula identification results for fragrance samples after MassWorks calibration
No. ¢/min Compound Molecular formula  Theoretical quality = Calibration quality Am/mDa Spectral accuracy/%

1 5.95 isovaleraldehyde CsHi00 86.0726 86.0639 -8.72 98.48
2 7.45 cyclohexanone CeH 10O 98.0726 98.0793 6.68 99.43
3 7.62 ethyl valerate C;H 1,0, 130.0998 130.0898 -9.03 98.97
4 9.13 benzaldehyde C-HsO 106.0413 106.0357 -5.62 98.87
5 9.53 B-pinene CioHis 136.1247 136.1239 -0.75 99.81
6 10.03 n-decane CioH2 142.1716 142.1698 -1.8 99.73
7 10.72 D-limonene CioHie 136.1247 136.1222 -2.45 99.79
8 12.26 linalool CioHi50 154.1352 154.1299 -5.32 99.33
9 13.58 benzyl acetate CoH 1002 150.0675 150.0758 8.27 99.66
10 13.78 menthol Ci0H200 156.1509 156.1282 -22.67 98.43
11 14.74 citronellol C1oH200 156.1509 156.1414 -9.64 99.88
12 15.22 geraniol CioHi50 154.1352 154.1274 -7.82 99.74
13 18.3 a-ionone Ci3H200 192.1509 192.1522 1.33 99.61
14 18.59 coumarin CoH0, 146.0362 146.0322 -4.03 99.26
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Table 3 Molecular formula results based on precise mass identification of linalool fragment ions

No. Molecular formula Precision accuracy Am/mDa Spectral accuracy

Degree of unsaturation

Fragmented relationship

1 CioH 130 154.1274 -7.82
2 CoHi50 139.1091 -2.64
3 CioHis 136.1220 -2.65
4 CoH i3 121.1027 1.52
5 C;Hy 93.0828 12.92
6 CsHni 83.0881 2.57
7 C,H,0 71.0703 21.16

99.74 2 M*

99.61 2.5 [M-CH; "
99.54 3.0 [M-H,0 *
99.83 3.5 [M-CH:-H,0]*
99.17 3.5 [M-C;H~H,0 J*
99.36 1.5 [M-C.H;0]*
99.23 1.5 [M-C¢Hyi]*
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