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Synthesis and Molecular Dynamics Simulation of Isooctyltriethoxysilane and
Its Lithium Salt Compounds

ZHAO He-yi, LIANG Jia-xiang, YANG Rong-jie"

(School of Materials Science & Engineering, National Engineering Research Center of

Flame Retardant Materials, Beijing Institute of Technology, Beijing 100081)

Abstract: Isooctyltriethoxysilane (i0-T;) and its lithium salt compounds (10-T7;-OLi) were prepared
with high yield and high purity. The structures of the products were systematically characterized using
diverse methods, including Fourier transform infrared spectroscopy (FTIR), nuclear magnetic resonance
spectroscopy ('H-NMR, 3C-NMR, 2Si-NMR), and MALDI-TOF MS. It was confirmed that i0-T;,-OLi
possesses a disubstituted lithium salt structure, thereby expanding the structural diversity of incompletely
condensed POSS. The glass transition temperatures (73) of iO-T7 and iO-T;-OLi were determined via
differential scanning calorimetry (DSC) at a heating rate of 10 K/min, yielding values of 244.05 and
239.35 K, respectively. Additionally, the 7, values derived from molecular dynamics (MD) simulations
were 225.87 and 216.45 K, respectively, providing insights into the glass transition behaviors of the
compounds. Furthermore, radial distribution functions for both i0-T; and iO-T;-OLi were calculated, and
a detailed analysis was performed considering intermolecular interactions and chain dynamics.
Keywords: Polyhedral oligomeric silsesquioxane; Lithium salt compounds; Molecular dynamics
simulation; Glass transition temperature
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Figure 1 Synthetic routes of iO-T;-OLi and iO-T,
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Figure 2 FTIR spectra of iOTES, iO-T; and iO-T;-OLi
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El 4 iOTES.iO-T, il i0-T,-OLi ff] 3C-NMR i 4]
Figure 4 'C-NMR spectra of iOTES, iO-T, and iO-T;-OLi
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Figure 5 2’Si-NMR spectra of iOTES, iO-T, and iO-T,-OLi

2.3 iO-T,#1i0-T,-OLi #J MALDI-TOF MS 434t

itk — B K H 2 #T i0-T, AiO-T,-OLi [h) 4k 2
GERE, R HFEAT RS B OGBS AT I
] 5 1% (MALDI-TOF MS) i, 7EM il #2
R 35 F B T I i, 555 i Na" 80K il B
25T 5 FHS G, SEmARER

J9[M+H]" [M+Na]” 8 [M+K]" {7 = .

K 6 ~i0-T, A1i0-T,-OLi [{) MALDI-TOF MS
MAR 25 R, 1207.6 2 5 1 i & N 1184.2 ff110-T,
BB JE INAI Na® 5 B I8 (M. + Nab),
1223.6 /& M., + KT 1905, H AR EE 3 H 4y ki,
Ui B P i 45 1 1O-T; BT Bl my 4l B2 % & 6 11
iO-T,-OLi, 1191.2 & My 1701 + Na" ) 0§, 1 F
i0-T,-OLi 1) 2 A Li" 2 OR B, (3R RN A
Li", H% % 7 Li'J5 19i0-T,-OLi 5t A8 i 1 i0-T,
JIt LA f J5 10-T,-OLi 1) 43 B8 U 52 HH AH X 23 1
Jii O 1184 [110-T, i b 1 N LiT fr 3. 4k, 78
1000~1500 m/z FELE /> 55 FE BRI AR, ULBA7E
R [ 10-T,-OLi AN AE AR I 2 B . 7E & Ik
kA2, 10-T,-OLi 12 Joi £ #h 2 78 74 B — 53 T4 B
VAT VA AR, 4580 EE POSS AR BICH Sk T N AE. F)
FHER SR K AR B R 1, 72 & e il g 51K &
PLAKCAAS B2 7 e A £ 5 POSS A HLAH 40 55
ke O R S IAh HIL T — 2 = A
GBI T At H I ER £ b (R 7E 5 22 Ak 3
W R R AR E 1%, A1 2 i0-T,-OLi.

i0, A iO\S/OH ,

o pSiou o, /(Llo\s/gi%
- :

lO‘Si/OOLl OLi Si—o /1 /OLi

. OLil . 0 & O._si_
O _.Si-_..[-Si-i0 oS0 2o
o\ O 1--0- I 3 io\O o i

o g S —SI
iO/Sl o0—>'Nj0 io (0] i0

/ jo_ OH
HoN 1191 20 O,Sl /OH
: SSIH O oL | 19vgm-0—g{-i0
IO\S{O/O-'O\Si//iO | %% 7 om
[ Q7 el Q& 0.8
Q_$i. Q.--si-io| 0% O 6
lO"\.,O O\S’O iO/Sl\O/ l\io
io-Si—o0— l\l?
1033.2 11752 | 1207.2 iO-T,-OLi
L N
iO\S‘/OH . 1207.6
- o1
‘O\Si%o\si//io
[ =5 [ PH 12236
io-o\"o;Si‘ o S0 .
o-Si—o0—S1l0 i0-T;
1 1 1 1 1 1
1000 1100 1200 1300 1400 1500

m/z
6 iO-T, 1 i0-T;-OLi [ MALDI-TOF MS 4]
Figure 6 MALDI-TOF MS of iO-T and iO-T;-OLi
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Figure 7 Molecular models of iO-T; and iO-T;-OLi
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Figure 8 Molecular unit cells of i0-T; and iO-T,-OLi
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