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Purity Analysis of Polyhedral Oligomeric Octa(nitrophenyl)silsesquioxane

Fan, Haibo Yang, Rongjie* Li, Xiangmei
(School of Materials, Beijing Institute of Technology, National Laboratory of Flame Retardant Materials, Beijing 100081)

Abstract The purity of polyhedral oligomeric octa(nitrophenyl)silsesquioxane (ONPS) was analyzed using high perform-
ance liquid chromatography/ESI-Q-TOF MS (HPLC-ESI-Q-TOF MS). The peaks of ONPS and impurities could be distin-
guished and the purity of ONPS could be calculated. The impurity peaks of HPLC were separated completely through
changing the analytical conditions. The best HPLC conditions in the testing were obtained. The analytical time under these
conditions was longer than under others. It was obtained that nitrophenylsilsesquioxane (NPS) was in 97.55 wt%. According
to the analytical results from MS and the extracted ion chromatogram (EIC) HPLC-MS for ONPS, it could be found that in
ONPS there is a little of nonanitro-octaphenylsilsesquioxane (9-NPS), but no 7-NPS and 10-NPS. It was supposed that ONPS
and 9-NPS had the same ionization degree because of their very similar chemical structures. It was obtained that ONPS was
in a purity of 92.42%, while the 9-NPS was in an amount of 5.13%, and impurities were in 2.45%. It was confirmed that nitro
groups on the phenyl groups were at either para- or meta-position in ONPS according to the results of HPLC and the polarity
analysis of different isomers. Compared to centrosymmetric structure of octaphenylsilsesquioxane (OPS), ONPS could be
non-centrosymmetric due to difference of -NO, substitution position on the phenyl groups. All of the possible polarity distri-
butions were analyzed for the ONPS. It was pointed that there are seven kinds of different polarity distributions on ONPS
molecules, and they are correspondent to the particular peaks of HPLC results, respectively. As well, the purity of ONPS was
analyzed using ultra performance liquid chromatography (UPLC) and it provided consistent results with HPLC in high sepa-
ration efficiency. It is suggested that the HPLC-ESI-Q-TOF MS method can be used to analyze the purity of ONPS.
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Figure 1 Chemical structure of ONPS
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Figure 2 ESI-Q-TOF MS results of OPS

1738

http://sioc-journal.cn

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2012, 70, 1737—1742



% F F HK | #REX
: ONPS 1414.9398 14149398 2809.9051
5 € 8000
S 4] X 4 & 6000
% 5 2 - § 4000 '
3 =
g g 11409.9822 a 2000- I U\U f |
g PE = Il II. 1430[9:[:3' usgﬁlm okt fLUM Ty I\L\)\A}L«.J‘ml\
= 1420 1440 1460 2805 2810 2815 2809.9051
mlz h mlz
01 - - _ s |V} 1 _ _
500 1000 1500 2000 2500
mlz
Bl 3 ONPS I1J ESI-Q-TOF MS 4R
Figure 3 ESI-Q-TOF MS results of ONPS
_ 1414.9398 1415.9411 2 32 Sig012C4gH32N5O16
5 BEE
~ 3 1416.9399 1001 7 X &
= e
g 4j g 80 =
2 3 £ 60 “ | 2
z ] 1417.9397 g F
o 21 &
E b 1418.9394 2 i 1 ” ‘ " § § 22 e
14 1419.9390 20 ‘ M ‘l [ 5 2 2 3
o] T o UL 288
1416 1418 1420 1422 1414 1418 1422
mlz mlz
Bl 4 ONPS A= A (a) 28 45 R, (b) iR 45 1
Figure 4 Isotope patterns of ONPS. (a) experimental result, (b) theoretical result
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Figure 9 HPLC results of ONPS at condition 3
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SCHRH A ONPS — 4R Laine 251945 Hi R 44 1F,
FATH AT, $ W SCHR[18] 4 i ONPS. 'H NMR
(DMSO-ds, 500 MHz) 6: 8.7~8.5 (1.0H), 8.5~8.0 (5.5H),
8.0~7.7 (2.5H); ’Si solid NMR §: —78.9, —82.3; FT-IR
v: 3072 and 1608 (C—H), 1526 and 1348 (NO,), 1085
(Si—0) ecm™'; ESI-Q-TOF MS: 1409.98 (M+NH ),
1414.94 (M+Na®), 1430.92 (M+K"), 2809.91 2M-+
Na+). Anal. calcd for ONPS: C 41.34, H 2.30, N 8.04;
found C 41.30, H 2.51, N 8.04.

42 NF/EH
HPLC 4 Agilent 1260 Infinity LC = R0iAH (a3, 3%
Agilent 3 7], Variable Wavelength Detector fll #5, {1,
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WAL S 4 Agilent ZORBAX SB-C18 {Ailifl, K<)k
2.1 mmX50 mm, FERIAEN 5 um; MS A HLRE 25 DY %
FFRAT I E) % (ESI-Q-TOF MS) micrOTOF-Q 1T Jiiil
1%, #iFE Bruker 2v#]; Waters i i R0BAH (43l (UPLC),
25 [E Waters /A 7], Photodiode Array &AM %, (0384
745l ACQUITY UPLC BEH C18 Column, R~k 2.1
mmX 50 mm, HEPRAE 1.7 pm.

HPLC-MS 45 i 4 dishif A 47K, sl
B LG, KAMGIYE K 260 nm, i K 0.3 mL/min,
HEFEARR 10 L, FEMIKRZEZ) 1 mg/mL; Uik ac
ESI &1, 1IE&FH%, HfEHE m/iz=500~3000,
Z AR J) 40000 Pa, T4 SULE 180 C. Witk 4
L/min.

UPLC A Wit A oK, Wshtl B b &M, %
AN K 260 nm, JEE K 0.35 mL/min, BEREARA
10 pL, FEMHAEZ) 0.8 pg/mL.
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