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Determining the Room-Temperature Conformation of Glycerol
Molecules Using Infrared and Raman Spectroscopy Combined with
Quantum Mechanical Calculations

Dong Xie, Xiaocheng Tian, Xia Zhou, Hong Gao, Li Wu, Li Zhang, Panpan Zhou *
College of Chemistry and Chemical Engineering, Lanzhou University, Lanzhou 730000, China.

Abstract: This study integrates experimental measurements and theoretical calculations of glycerol, typically
conducted in undergraduate courses. The objective is to help students master the utilization of infrared and Raman
spectroscopy along with the computational simulation of theoretical spectra. Infrared and Raman spectra of glycerol
were experimentally obtained. Theoretical calculations identified the stable conformations of glycerol molecules, and
the spectra for each conformation were subsequently computed. By comparing the experimental spectra with the
theoretical predictions, the stable conformation of glycerol at room temperature was determined.
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F1  HMATF278H % (Confl-Conf27)KIFEXT fE B

Conf. Xt BE &/ (kcal-mol ") Conf. X fE &/ (keal-mol ") Conf. FH Xt BE £/ (kcal-mol ")
1 —5.24 10 -2.49 19 —-1.03
2 —4.57 11 -2.41 20 -0.76
3 —4.18 12 -2.38 21 —0.69
4 —4.16 13 -2.31 22 —-0.67
5 -3.61 14 -2.07 23 —0.554
6 -3.47 15 -2.02 24 —0.44
7 -3.32 16 -1.76 25 -0.43
8 -3.07 17 -1.69 26 —-0.10
9 —-3.06 18 -1.13 27 0.00

1 kcal'mol™ = 4.19 kJ-mol!
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IR EMR .

#F2 HWMAF=FMHIKConfl. Conf5. Conf27MLL/MES)F 25 kW IR

Frequency/cm™ Infrared density/(L-mol™"-cm™)
Model

Confl Conf5 Conf27 Confl Conf5 Conf27
vl 193.75 118.03 94.58 166.24 157.79 209.13
v2 242.79 155.68 179.90 97.52 82.58 345.89
v3 321.75 196.07 232.97 7.90 124.75 1707.19
v4 339.16 312.57 251.43 51.37 363.41 675.81
v5 425.52 328.95 268.25 4.08 1094.73 705.64
v6 520.78 417.96 292.83 66.03 93.44 66.18
v7 655.83 456.66 407.60 1484.67 1181.69 22.72
v8 778.43 468.92 452.21 78.40 746.10 1585.68
v9 793.63 492.97 492.18 203.84 240.53 29.73
v10 810.07 572.06 658.96 103.56 237.10 51.70
vll 917.41 895.38 838.17 218.42 145.78 13.56
v12 955.36 936.91 922.20 480.18 13.22 130.95
v13 990.99 1044.40 995.37 62.47 148.96 219.10
vl4d 1007.64 1104.21 1083.68 113.63 145.37 222.21
vl5 1081.52 1110.11 1104.94 335.25 521.00 423.39
v16 1095.67 1129.31 1119.09 4.62 87.54 25.93
v17 1142.12 1169.83 1149.05 209.54 238.60 144.42
v18 1240.14 1207.07 1165.94 164.61 31.07 255.73
v19 1258.08 1232.61 1239.64 68.20 74.64 108.28
v20 1305.85 1274.87 1274.61 69.85 20.29 26.30
v21 1375.25 1287.38 1356.93 2.03 137.83 13.60
v22 1391.66 1352.70 1373.20 2.55 119.31 23.41
v23 1412.55 1382.49 1380.99 15.97 89.75 107.87
v24 1433.05 1420.98 1404.30 56.09 65.52 56.84
v25 1452.34 1449.12 1430.28 204.35 45.77 71.98
v26 1506.89 1471.73 1439.63 22.38 26.13 63.94
v27 1516.42 1506.66 1504.77 192.67 6.15 21.29
v28 1522.37 1517.32 1516.65 27.27 9.41 10.29
v29 2926.70 3030.12 3029.29 26.24 18.57 54.63
v30 2979.19 3038.01 3053.27 41.08 29.52 39.91
v31 2984.67 3047.84 3102.24 59.98 78.48 36.14
v32 3030.56 3088.16 3137.61 27.76 44.14 17.42
v33 3037.66 3119.65 3142.78 35.56 40.17 19.72
v34 3303.72 3837.84 3820.27 237.08 61.26 65.51
v35 3432.85 3849.49 3879.43 86.06 78.74 36.55

v36 3560.75 3903.52 3903.04 61.23 63.63 31.88
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