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Conformers and Properties of Proline
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Abstract: A total of 15 conformers of proline were found and their geometrical structures, relative energies, harmonic
frequencies, dipole moments, rotational constants, polarizabilities, and the difference in energies between HOMO and
LUMO were calculated at the X3LYP/6-3114++G(d, p) and the PBE1PBE/6-311++G(d, p) levels. Accurate relative energies
were given at the X3LYP/6-311++G(3df, 3pd)//X3LYP/6-3114+G(d, p) level of theory, which were in good agreement with
high-level ab initio methods using large basis sets. The results of X3LYP are superior to those of PBEIPBE method.
The characteristic H-bonding types for all the conformers were classified. The four most stable conformers had
intramolecular H-bondings of N--*H—O and N—H:--O=—C, and the dipole moments of conformers 1 and 2 were the
largest and the polarizabilities were the smallest. An additional H-bonding C—H-+-O=—C was found. In combination
with the principles of statistical mechanics, conformational distributions at room temperature were computed.
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Fig.1 The geometrical structures of proline conformers optimized at X3LYP/6-311++G(d, p) and
PBE1PBE/6-311++G(d, p) levels
hydrogen bonds in pm and dihedral angles (D) in degree, from top to bottom and from left to right corresponding to the results of
X3LYP/6-311++G(d, p) and PBE1PBE/6-311++G(d, p), respectively
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Fig.2 The scheme of interconversions for the four
lowest-energy conformers of proline
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%* 1 157 proline HIZ MM EE . F R RN XN T HITE TR HERE
Table 1 Relative energies(AE/(kJ-mol™)), ZPVE (kJ-mol™), relative Gibbs free energies (AG/(kJ-mol?)), and
Ae(eumo—Enomos €V) of proline conformers at X3LYP and PBE1PBE/6-311++G(d, p) levels

Conformer X3LYP PBEIPBE AE(SPY AG Ae
ZPVE AE ZPVE AE X3LYP PBEIPBE X3LYP PBEIPBE
1 380.6 0.0 383.2 0.0 0.0 0.0 0.0 5.37 5.70
2 380.5 1.9 383.0 2.6 1.9 0.7 0.1 5.45 5.77
3 378.7 5.5 381.5 8.7 4.0 3.0 6.2 5.11 541
4 379.2 6.7 381.9 9.6 5.0 4.4 7.6 5.17 543
5 379.1 12.4 381.8 15.6 119 9.1 12.4 5.10 541
6 378.5 12,5 381.1 16.6 11.7 8.4 12.7 5.20 5.44
7 379.2 14.7 382.0 18.9 13.8 11.4 153 5.36 5.70
8 378.9 14.8 381.9 19.0 139 11.9 16.4 5.21 5.53
9 378.2 14.1 380.8 18.3 13.0 11.3 15.4 5.18 5.49
10 378.6 16.0 381.2 20.2 15.0 13.4 16.4 5.15 545
11 379.0 16.5 381.7 20.5 15.5 13.6 17.2 5.29 5.59
12 380.0 22.8 382.9 24.6 21.3 21.5 23.1 5.83 6.22
13 378.0 26.4 380.9 28.8 22.6 23.6 26.3 4.97 5.29
14 378.3 27.3 381.0 29.4 23.2 25.3 27.5 5.05 5.37
15 3774 36.3 380.2 39.5 32.7 33.8 37.0 5.12 5.45

‘the relative energies of single point calculation at X3LYP/6-311++G(3df, 3pd)//X3LYP/6-311++G(d, p) level

B3LYP I HEAEY 2 A EH e, B.C AL, T4
A X3LYP FIPBEIPBE 73154 1) A {H -5 5250 (E H
R Ow v, TS AIRAE B A C k. HaRt 4
1)/t 8l 2R B0 AT S B vl L. T DL B R A
P AERTTA LA R AE.

M 2 H O—H Il N—H #a i 48 Ik sh A5 R 5UE

Fb A5t 8 B ARG 2 1N 2 oA 7 B S ) i ) S B
FH, BRIS TR O—H ) A 24k 1 i 45 41k sl AR
AR A SR TRE T 300-500 cm™, &A= B B 21%%,
FHWE W5R ) O—H-+-N & #, iX 5 Stepanian 2517
IR S R A M ATZEARIR 14 K /9 Ar AT
FH IR 3 WAL B0 B 224 3 1 4, 3 F IR

% 2 157 proline MR BRI IR E FIRHUK 0—H 1 N—H KM FEIREAE
Table 2 The dipole moment (10 C-m), polarizability, rotational constants (MHz), and stretching vibrational
frequencies (cm™) of 0—H and N—H bonds for proline conformers at X3LYP and PBE1PBE/6-311++G(d, p) levels

Dipole Polarizability Rotational constant
Conformer v(O—H) vo(N—H)
X3LYP PBEIPBE X3LYP PBEIPBE A B C

1 5.87 5.88 70.54 69.59 3726.4, 3745.1  1650.0, 1682.5  1376.2, 1402.6 3403, 3378 3571, 3610
2 6.00 6.01 71.15 70.13 4008.6, 4025.5 1564.5, 1593.8  1252.6, 1273.6 3434, 3416 3564, 3601
3 1.78 1.80 71.87 70.87 4077.8, 41122  1530.7, 1551.6  1250.3, 1263.7 3763, 3813 3554, 3584
4 2.00 1.98 71.78 70.58 3968.0, 3931.8  1532.1, 1582.8  1324.5, 1361.9 3764, 3813 3527, 3563
5 1.38 1.40 71.15 70.19 3588.7, 3614.7  1697.7, 17232  1366.8, 1387.4 3765, 3813 3564, 3596
6 2.29 227 72.25 70.01 4147.4, 4067.8  1499.5, 1548.3  1206.8, 1261.5 3766, 3815 3564, 3613
7 2.64 2.62 72.37 71.34 4203.2, 4229.3  1418.7, 1440.7  1294.5, 1312.0 3768, 3815 3530, 35601
8 2.46 2.35 71.79 70.71 4150.7, 4142.4  1433.9, 1468.8  1307.8, 1339.9 3763, 3811 3569, 3601
9 2.24 221 72.64 71.61 4318.9, 4355.3  1459.3, 1475.6  1158.7, 1171.3 3765, 3813 3566, 3613
10 247 242 71.67 70.73 4016.2, 4062.6  1503.7, 1516.1  1381.9, 1401.8 3769, 3817 3587, 3625
11 2.77 2.71 71.95 70.89 4075.9, 4132.1  1452.1, 1468.5  1391.6, 1393.9 3771, 3819 3559, 3597
12 4.79 4.81 71.53 70.42 4216.2, 4255.0  1494.5, 1513.0  1159.7, 1173.4 3667, 3687 3458, 3491
13 3.99 4.00 71.57 70.59 4029.0, 4068.8  1538.4, 1559.0  1255.5, 1266.5 3806, 3852 3549, 3576
14 4.00 3.96 71.51 70.41 3909.9, 3910.0  1545.1, 1583.0  1339.6, 1366.0 3803, 3852 3529, 3553
15 5.01 4.97 72.50 71.46 4280.1, 4314.3  1463.5, 1481.7  1152.5, 1166.2 3811, 3856 3573, 3607
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BITRAE, PR AT S A W 0 22

T3k, X AR R A H G 4540, ZEARTRRZS T 7]
— B T AR b AR ) 3 41 35 R R B o A
X3LYP 7 fir % CPU B [a]2°4 PBEIPBE J7 % /Y
A g 1 e, X3LYP A H
9254 s, 1fif PBE1PBE 7% 15337 s. J5 258 Hhs &
PR X3LYP JikiFAT.
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