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Preparation and Crystal Structure Analysis of Nicotine Mandelate Crystals
YANG Ji'?, MIAO Mingming®, WU Jun®, CHEN Yongkuan®, LIU Zhihua®, TANG Jianguo®, HOU Quan', SUO Zili', LI Hui""

(1.College of Chemical Eng., Sichuan Univ., Chengdu 610065, China; 2.Research and Development Center,
China Tobacco Yunnan Industry Co. Ltd., Kunming 650231, China)

Abstract: Main purpose of this study was to prepare nicotine organic salt complex and provide a new nicotine addition form in smokeless to-
bacco products. Nicotine-mandelic acid complexes were synthesized by ultrasonic heating and stirring, and nicotine-mandelic acid crystals were
obtained. Nicotine-mandelic acid crystal structure solved by SXRD belongs to orthonormal crystal system with space group P2,2,2,, the cell para-
meters are @=0.950 74 nm, b=1.272 46 nm, ¢=2.04101 nm, a=90°, f=90°, y=90°, Z=4.In the crystal structure of nicotine-mandelic acid, nicotine
ion and mandelic acid ion bind tightly and form a diamond grid structure, a neutral mandelic acid molecule is inserted into each diamond lattice.
According to Hirshfeld surface analysis, the hydrogen bonds of N2—H2---O5, O6—H6A---O5, O8—HS8---N1 make the electron density of mo-
lecules at that point is more intensive, which leads bright red areas on Hirshfeld surfaces mapped with dnorm. 2-D fingerprints show that H plays
an important role in the intermolecular interaction of nicotine-mandelic acid crystals. The result of interaction energy analysis is that 21 kinds of
intermolecular interaction energies exist in nicotine-mandelic acid crystal structure. Because of the existence of N2—H2---O5, O6—H6A---05,

0O8-H8---N1 hydrogen bonds, the interaction between nicotine ions and neighbouring mandelic acid ions or mandelic acid molecules can be signi-
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ficantly greater than others. Energyframe model was used for visualizing the interaction energy in the nicotine-mandelic acid crystal structure

which can be applied to understand the interaction energy more conveniently and clearly. this results have important theoretical guidance and ap-

plication value for exploring the chemical binding form of nicotine and formulation design of smokeless tobacco products.
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Tab.1 Crystallographic parameters of nicotine mandelate

crystal
ZH Hf
AFR C6H30N204
TR 466.52
& RUK 293.15
EHEN REIT i
7 [ F P2,2,2,
a/nm 0.95074
binm 1.27246
c/nm 2.04101
al(°) 90
B 90
(%) 90
Vmm® 24692
z 4
p/(g'cm%) 1.255
w/(mm™) 0.089
fn A RS /(mmxmm>mm) 0.35 % 0.30 x 0.20
F(000) 992.0
20/(°) 6.404~52.728
Fbrie —11<h<10, —7<k<15, —24<i<25
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Fig. 1 Optical photographs of nicotine mandelate crystals

CS}H NI '[c14
Qy; 2 B 2C15
085 i LA
[ e ¥y
B & TS Cl6
@rCao Q#/:zofczc‘;rxgcz c12 gy
s @ TN AL
¢ ) ]C,élcg%zz \ C6 “‘cn
0 6'*'—{-.'?‘%’23‘_{” g_/ \c17 cig

PEN2 Yo7 X8I0
. £ ol PW S
/C.I,Ox ’J’ \_03 [F.

07

" 04
SRk

2 RET-RHRBERE R IKEH
Fig.2 Crystal structure of nicotinic mandelate
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Tab.2 Hydrogen bond metrics of nicotine mandelate crystal

D-H-A d(D-H)/nm d(H:--A)/nm d(D---A)/nm Z(D-H---A)/(°) R
N2-H2---05 0.0926 0.1781 0.2695 168 .60 x-1,y,z
C6-H6---03 0.0980 0.2657 0.3498 144.04 —

C8-H8B--03 0.0970 0.2583 0.3405 142.69 —
C9-HI9A--06 0.0970 0.2344 0.3296 166.98 x+1/2, —+1/2, —z+1
06-H6A--05 0.0820 0.1869 0.2687 175.33 x-1,y,z
08-H8-*N1 0.0820 0.1859 0.2669 169.40 x—1/2, —+3/2, —z+1
03-H3A--04 0.0820 0.2101 0.2585 117.58 —
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Fig.3 Schematic diagram of nicotine mandelate crystals
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Fig. 5 2D Fingerprint plots and close contacts contributions to the Hirshfeld surface areas of nicotine-mandelic acid
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Tab.3 Interaction energies between nicotine ions and surrounding molecules

NO. N Symop R WL EgJ(kI'mol™)  Ep/(ki-mol™)  Eg/(kJmol™")  E/(kI'mol™) E/(ki-mol™")
1 1 — 8.81 B3LYP/6-31G(d, p) 3.4 2.4 -0.1 0 5.4
2 1 — 5.71 B3LYP/6-31G(d, p) 0.9 -29 -04 0 -1.5
3 1 — 8.17 B3LYP/6-31G(d, p) 9.7 9.6 6.8 3.0 214
4 1 — 4.59 B3LYP/6-31G(d, p) -98.3 -111.4 -37.6 108.6 -152.0
5 2 _)i’zﬁgz 7.73 B3LYP/6-31G(d, p) -13.2 -15.1 -17.1 12.4 -32.4
6 1 — 7.21 B3LYP/6-31G(d, p) 1.2 -18.9 —6.6 3.0 -16.6
7 1 — 8.03 B3LYP/6-31G(d, p) 6.5 -13.9 -13.4 9.7 -9.1
8 2 7;:%272 9.29 B3LYP/6-31G(d, p) 0.3 -10.2 -1.7 0 -8.7
9 1 — 5.01 B3LYP/6-31G(d, p) -104.5 -111.4 -37.6 143.4 -137.1
10 1 — 7.64 B3LYP/6-31G(d, p) -0.2 2.7 -1.5 0 -3.5
11 1 — 9.17 B3LYP/6-31G(d, p) 1.9 -1.0 -0.1 0 1.1
12 1 — 4.95 B3LYP/6-31G(d, p) -19.0 —41.1 -32.1 49.6 -47.9
13 1 — 7.76 B3LYP/6-31G(d, p) 1.2 -18.9 —6.6 3.0 -16.6
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Tab. 4 Interaction energies between mandelic acid molecule and surrounding molecules

NO. N Symop R H T Eq/(kI'mol ) E,o/(kI'mol ") Eg/(kI'mol’") E/(kI'mol ") E,/(kl-mol ')
10 1 — 7.64  B3LYP/6-31G(d, p) -1.9 27 -15 0.1 53
2 1 — 5.71 B3LYP/6-31G(d, p) 3.8 29 0.4 0 1.6
6 1 — 7.21 B3LYP/6-31G(d, p) -1.3 -18.9 6.6 3.1 -19.2
42 y’fll/f_z 769  B3LYP/6-31G(d, p) 05 23 05 0 27
15 2 Xy z 951 B3LYP/6-31G(d, p) -0.8 41 0.4 0 42
16 1 — 550  B3LYP/6-31G(d, p) 3.0 22 ~11.6 2.9 6.8
9 1 — 5.01 B3LYP/6-31G(d, p) ~104.5 ~111.4 -37.6 143.4 ~137.1
11 1 — 9.17  B3LYP/6-31G(d, p) 2.6 -1.0 0.1 0 1.9
1 1 — 8.81 B3LYP/6-31G(d, p) 3.9 2.4 0.1 0 -59
17 1 — 6.53  B3LYP/6-31G(d, p) 2.3 6.3 0.7 0 7.7
18 1 — 7.71 B3LYP/6-31G(d, p) 0.8 4.1 0.4 0 42
19 1 — 6.84  B3LYP/6-31G(d, p) 0.7 23 0.5 0 -1.4
20 1 — 6.79  B3LYP/6-31G(d, p) -14 ~14 -0.1 0 26
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Tab.S5 Interaction energies between mandelic acid ion and surrounding molecules
NO. Symop R L EqJ(kI-mol ) Ey/(kImol") EgJ/(ki-mol™") E/(ki-mol) E,/(ki-mol ")
12 — 4.95 B3LYP/6-31G(d, p) -19.0 -41.1 -32.1 49.6 —47.9
3 — 8.17 B3LYP/6-31G(d, p) 9.4 9.6 6.8 2.4 215
7 — 8.03 B3LYP/6-31G(d, p) 7.6 -13.9 ~13.4 10.7 —74
13 — 7.76 B3LYP/6-31G(d, p) -13 -18.9 6.6 2.4 -19.7
16 — 5.50 B3LYP/6-31G(d, p) 3.0 22 -11.6 2.9 -6.8
19 — 6.84 B3LYP/6-31G(d, p) 0.3 23 0.5 0 2.5
18 — 7.71 B3LYP/6-31G(d, p) 0.8 4.1 0.4 0 42
20 — 6.79 B3LYP/6-31G(d, p) 2.1 ~14 -0.1 0 34
17 — 6.53 B3LYP/6-31G(d, p) 1.3 6.3 0.7 0 -39
21 —x, ytz+12 8.01 B3LYP/6-31G(d, p) ~19.6 -188 -5.1 8.5 -33.8
4 — 459 B3LYP/6-31G(d, p) 983 ~111.4 -37.6 108.6 -152.0
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Fig. 6 Color coding of neighbouring molecules with re-
spect to the central nicotine ions, showing different
interaction energies between neighbouring and
central molecule
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Fig.7 Color coding of neighbouring molecules with re-
spect to the central mandelic acid molecule, show-
ing different interaction energies between neigh-
bouring and central molecule

B8 URHERETATLRAEHRERETESFEHE
EfEAREEMERATERTH S HE
Fig. 8 Color coding of neighbouring molecules with re-
spect to the central mandelic acid ion, showing dif-
ferent interaction energies between neighbouring
and central molecule
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