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Table 1 Optimized geometrical Parameters of Gatifloxacin
Tag Symbol A e s
1 C

2 C 1.415 783 6

3 C 1.416 328 2 121.273 103 6

4 C 1.408 926 4 119.441 884 5 9.381 096 0
5 C 1.397 802 9 119.229 6183 —7.064 859 0
6 C 1.367 051 2 120.046 886 7 1. 002 520 2
7 C 1.487 827 0 122.810 1257  169.239 991 8
8 H 1.083 368 8 118.898 387 2 179.196 628 5
9 C 1.467 7139 113.576 035 6 —2.621 6710
10 C 1.369 099 0 119.114 276 0 11.295 080 6
11 H 1.079 859 1 118.872 307 0  170.746 014 4
12 C 2.481 626 7 96.315 787 2 —161.095 143 7
13 C 2.496 508 5 60.590 118 3 —144.721 702 6
14 C 1.530 900 1 132.542 844 4 169. 683 486 6
16 C 1.530 6831 79.602 178 8 156.811 513 4
17 H 1.095 692 5 112.084 688 2 —95.811 442 3
18 H 1.095 583 1 109.051 619 3 —76.446 226 6
19 O 1.380 716 7 117.168 818 1  177.132 838 0
20 N 1.386 419 3 120.384 9814 178.446 934 6
21 N 1.468 730 5 113.313 697 0 45.630 521 1
22 H 1.012 9251 110.781 157 0 96.318 510 5
23 C 1.527 308 0 111.490 5754 —153.014 448 3
24 H 1.092 934 3 110.691 821 2 —58.271 0387
25 H 1.094 527 9 111.359 244 4 63.009 603 2
26 H 1.093 653 7 110.525 720 2 —177.257 948 0
27 F 1.357 508 6 118.326 1154 178.402 047 1
28 O 1.222 374 8 121.181 3629 177.818 215 2
29 C 1.475 858 4 121.702 085 1 —172.557 054 5
30 O 1.378 920 7 112.064 3953 —171.823 035 8
31 H 0.968 568 4 106.162 008 7 —179.185 872 0
32 O 1.203 709 4 127.218 205 5 8.933 182 4
33 N 1.356 365 5 125.823 7997 —7.809 601 9
34 C 1.469 934 8 117.916 8150 155.698 519 1
35 C 1.505 912 5 121.629 264 1 —34.632 3187
36 C 1.503 685 7 122.722 146 6 38.384 929 3
37 H 1.075 524 5 110.997 478 8 —177. 405 830 8
38 H 1.084 336 4 118.101 367 3 5.678 975 3
39 H 1.084 278 0 117.840 076 1 —138. 227 901 9
40 H 1.084 221 8 117.274 868 6  139.832 999 6
41 H 1.083 941 4 119.389 112 4 —3.991 9120
42 C 1.435 256 9 115.541 093 7 —113.169 496 6
43 H 1.089 419 8 106.161 4859  175.104 9557
44 H 1.092 1819 111.626 1055 —65.674 219 6
45 H 1.093 210 4 110.689 670 7 56.195 432 8
46 H 1.093 099 7 109.412 3429 167.361 792 7
47 H 1.094 195 2 133.114 986 5 50. 205 592 8
48 H 1.090 983 3  82.544 709 6 —155.450 297 5
49 H 1.102 707 8 106.957 897 5 —34.615 660 9

14C—2IN—16C—13C Z[fi fi  — 28. 671 47°, 13C—20N—
12C—14C Wiy — 33. 357 11°4FE Y WR 198 35 [F] KL 1 2 °F
TR 4454
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Table 2 Theoretical and experimental vibrational frequencies (cm™') and assignments of Gatifloxacin

IR DFT-IR NRS DFT-RS Assignments
3441 3661 3661 v(300—H)
3187 3218 3187 v(34C—H) v, (35C—H 36C—H)
3168 3169 v(10C—H) v, (C—H)C3Hs
3143 3134 v(15C—H) v, (C—H)C3 Hs
3078 3079 3 055 vs (36C—H)C; Hs
3028 vas (12C—H 42C—H) v, (23C—H)
3012 3011 3016 3011 Vas (16C—H)
2993 Vas (13C—H) v (16C—H)
2976 2 958 2973 2 958 vs (12C—H 13C—H 16C—H 23C—H)
2939 2 940 2937 v(16C—H) v (12C—H 13C—H)
2 842 2 870 2 870 v(14C—H)
1771 1771 v(7C=280 29C=320) ¢(300—H)
1636 1656 1656 Vas (C—C) qu1 v(7C=280)
1616 1613 1614 1613 s (C—C) qu1 p(5C—H 10C—H)
1587 1586 vas (C=C)  w(7C=0) p(5C—H 10C—H)
1548 1553 1531 1534 v (C—C) quo(C—H) C3 H;
1472 1477 1498 6(12C—H 13C—H 16C—H 2IN—H)
1447 1446 1450 1 446 c(C—H)C3H; w(C—O)
1410 1396 1410 0(34C—H)w(12C—H) ¢(36C—H)
1393 1384 1 365 1358 w(C—H)
1323 1331 1 348 1332 w(13C—H 16C—H) p(18C—H 300—H)
1324 1297 w(C—H) i p(10C—H 300—H)
1281 1278 1276 1270 7(12C—H 13C—H 16C—H)
1243 1242 t(C—H) i p(300—H)
1209 1217 1211 1217 0(300—H) «(12C—H 13C—H 16C—H)
1179 1190 1182 1173 o(5C—H 10C—H) v, (C—C)CsH;
1142 1147 1145 1146 0(13C—H 23C—H 300—H) z(13C—H)
1118 1120 1119 1120 (C—H) C3H;
1093 1103 1093 1103 o(C—H) C3H;5 v(14C—C) p(12C—H 23C—H)
1068 1059 1070 1067 v(29C—300) p(13C—H 16C—H)
1056 1041 1057 was (35C—H 36C—H)
997 1006 1024 ws (35C—H 36C—H)
975 979 w(C—H N—H),; v(29C—300) w(C—F)
962 962 v(29C—0) w(C—H N—H)pi
939 927 939 o(C—C)C3H;
912 900 o(C—H N—H) ,; v(13C—16C) o(23C—H)
890 892 883 V(C—C) qu v (13C—16C) p(23C—H) o(C—C)
821 839 842 813 o(C—H)C3 Hs
807 804 v (C—CO) qut, quz p(C—H)C3 Hs
800 795 v (C—C) i 8(qul, qu2)
774 773 v (C—C) qu p(35C—H 36C—H) §(qul, qu2)
736 707 732 o(C—H)C3H;5 §(qul, qu2)
688 672 689 Vas (C—C) qu1 p(C—H N—H) ;
647 665 o(5C—H 6C—F 29C—0 300—H)
595 610 649 637 o(15C—H 25C—H 36C—H)
571 584 6(190—C) v(C—C)qu
547 549 569 584 w(380—H)
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549 541 o(C—H)C3Hs 8(qul) w(C—F)
515 513 512 w(C—C) qu br(pi)
485 469 o(C—H) C3Hs 6(qu2)
452 456 5(C Ny,
399 392 p(6C—F 7C—0 29C—0)
374 0(2C—190) ¢(C—300)
339 0(14C—23C)
328 312 w(C—190)

Note: (1) y: Stretch; o: Scissoring; o0: In-plane-rocking; w: Out-of-plane-rocking; z: Torsion-vibration; §: Deformation-vibration; br:; Ring-

breath; (2) s: Symmetric; as: Antisymmetric; (3) pi: Pierazine ring; qu: Quinoline
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Raman. IR and DFT Studies of Gatifloxacin

XU Di, FAN Ya, XIN Min-si, LIU Chun-yu, ZHANG Ye, CAI Hong-xing”
School of Science, Changchun University of Science and Technology, Changchun 130022, China

Abstract  Gatifloxacin is widely used as a fourth-generation fluoroquinolone antibiotic, and it has drug residues in humans and
livestock, which endangers everyone’s life and health. In order to avoid secondary intake, it is particularly important to be able
to detect the presence of gatifloxacin residues in meat products quickly. To this end, this paper uses vibrational spectroscopy
combined with density functional theory to provide basic data for the vibrational spectroscopy detection and identification of gati-
floxacin and provides a reference for its application in the field of drug detection. The specific research contents and results are as
follows: The first step is to construct the molecular structure of gatifloxacin based on Density functional theory (DFT), and
optimize the structure by using B3LYP/6-3114+G(d) basis set. Calculate its theoretical Raman and infrared spectra. Theoretical
calculations show that the gatifloxacin molecule has obvious Raman and infrared activity in the range of 3 700 ~ 2 800 and
1 800~400 ecm ™ '. The former is mainly the vibration of the upper group of the functional group, and the latter is the fingerprint
area. The vibration of the upper button. Due to the superiority of the complementary information of the two kinds of spectral in-
formation, firstly, by comparing the theoretical Raman spectrum and the infrared spectrum, the vibration peak frequency of two
or only one vibration activity is marked, and the Gaussian view is combined with each of the gatifloxacin molecules. The vibra-
tion frequency corresponding to each key is fully attributed, and the spatial structure parameters such as the bond length, bond
angle and dihedral angle of the gatifloxacin molecule are given. In the second step, the natural Raman spectroscopy (NRS) and
infrared spectroscopy (IR) of Gatifloxacin (Gati) were measured experimentally. The theoretical calculation result error is cor-
rected by the frequency correction factor of 0. 977 and compared with the experimental data. In the fingerprint area, the Raman
and infrared characteristic peak wave number matching degree are good. The peak wave number difference is mostly in the range
of 0~10 em™'. The calculation results are basically consistent with the experimental data. The results provide basic data for the
vibrational spectrum detection and identification of gatifloxacin, and provide a reference for its application in the field of drug de-

tection.
Keywords Gatifloxacin; NRS; IR; DFT
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