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ABSTRACT: Polyhedral oligomeric azido-octaphenylsil-
sesquioxane (N3-OPS) was synthesized from octaamino-
phenylsilsesquioxane (OAPS) via its diazonium salt. The
synthesis included nitration of octaphenylsilsesquioxane
(OPS) to octanitrophenylsilsesquioxane (ONPS), conver-
sion of ONPS into octaaminophenylsilsesquioxane (OAPS),
and conversion of OAPS into N3-OPS. The kinetics of
the conversion of OAPS into N3-OPS were studied by
recording the volume of N, gas released with the reaction
time, which revealed it to be a 1st order reaction.
The chemical structures of ONPS, OAPS and N3-OPS
were characterized by H-NMR, GPC, FTIR, ?°Si solid
NMR, "C-NMR, XRD, and elemental analysis. It is

proposed that the diazonium salt of OAPS was substituted
by the main —Nj group and a few of the —OH groups.
The ratio of —N3:—OH was calculated to be approximately
68:32 in N3-OPS on the basis of the elemental analysis
and 'H-NMR. XRD suggested that N3-OPS was a kind
of amorphous compound. The two-step conversion
mechanism of OAPS to N3-OPS was briefly discussed.
TGA results showed that N3-OPS was stable at ambient
temperature. © 2011 Wiley Periodicals, Inc. ] Appl Polym Sci
124: 4389-4397, 2012

Key words: azide; octaphenylsilsesquioxane; diazonium
salt; kinetics

INTRODUCTION

Polyhedral oligomeric silsesquioxanes (POSS) are
well-defined nanosized molecules containing an
inorganic silica-like core that is decorated with
organic groups. These hybrid nanoparticles have
attracted considerable research interest in recent
years due to their potential applications in electron-
ics, engineering, material science, and optics."”
Among various silsesquioxanes, octaphenylsilses-
quioxane [OPS, (PhSiO;5)s] has aroused the most
interest because it is stable at high temperatures,
losing only 5% of its weight on heating to above
436°C,* and gives a high yield of ceramic residue
when heated in nitrogen.>> Many derivatives
based on OPS can be prepared by replacement
reactions on the phenyl ring. The most important
reaction of the phenyl group is nitration, and the
nitro group can be quantitatively reduced to —NH,
functions.”™”

The organic azide is a versatile functional group
that undergoes a variety of reactions, such as 1,3-
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dipolar cycloadditions and rearrangement processes,
or acts as a precursor for nitrene chemistry.m’11
Recently, the 1,3-dipolar cycloaddition of the reac-
tion between the azido-group and alkynyl-group,
known as a “click reaction”, was recognized as
a wuseful synthetic methodology and has been
applied in macromolecular chemistry.'*"* “Click”
chemistry enhances the status of azides greatly, and
a number of azido-POSSs have been synthesized
and applied in the field of electrochromics,'? hydro-
gels,"* biomolecules,” liquid crystals,'” and supra-
molecules.'®"

The preparation of aryl azide relies on a rather
limited selection of transformations."! They can be
prepared from the corresponding amines via their
diazonium salts,'®*° or from the corresponding
amines using triflyl azide.'9?122 However, the prepa-
ration of the triflyl azide in the solvent CH,Cl, is a
risky undertaking because the nucleophilic substitu-
tion on CHyCl,, leading to azido-chloromethane
and/or diazidomethane, can result in explosion. Sev-
eral laboratories have reported that they have
banned the use of halogenated solvents in combina-
tion with sodium azide."

Octaaminophenylsilsesquioxane (OAPS) was used
herein to synthesize azido-octaphenylsilsesquioxane
(N3-OPS) via its diazonium salts, and a complete
characterization of N3-OPS is provided. The conver-
sion mechanism and kinetics of the synthesis of
N3-OPS from OAPS are discussed.
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EXPERIMENTAL
Materials and instrumentation

'"H-NMR spectra and '"C-NMR spectra were
recorded on a Bruker Avance 500 NMR spectrometer
operated in the Fourier transform mode. DMSO-d,
was used as the solvent, and tetramethylsilane
(TMS) was used as an internal reference. 2°Si solid
NMR spectra were recorded on a Bruker Avance
400 NMR spectrometer. Gel permeation chromatog-
raphy (GPC) measurements were performed on a
Waters GPC system, using a Waters 2414 RI detec-
tor, Waters HT3, HT4, HT5 columns, a Waters 1515
pump and a Breeze 2 data capture unit. The system
was calibrated using polystyrene standards and tet-
rahydrofuran (THF) was used as the eluent, at a
flow rate of 1.0 mL min'; the detection temperature
was 40°C. FTIR spectra were recorded on a Nicolet
6700 IR spectrometer in the attenuatedtotal reflec-
tance mode. The spectra were collected in 32 scans
with a spectral resolution of 4 cm™'. The X-ray dif-
fraction (XRD) analysis was achieved using an
XPERT-PRP diffractometer system; Cu Ko radiation
was used with a copper target over the 20 range of
0-70°. Thermal gravimetric analysis (TGA) was per-
formed with a NETZSCH 209 F1 thermal analyzer at
a heating rate of 10°C/min, and the temperature
ranged from 40 to 800°C. Elemental analyses were
performed on a Flash EA 1112 automatic elemental
analyzer. Octaphenylsilsesquioxane (SigO12(CeHs)s,
M = 1033.2, 97%) was purchased from Hybrid Plas-
tics, Inc. (America). Catalyst Pd/C (5%) was pur-
chased from Baoji Rock Pharmachem Metal (China).
Fuming nitric acid (96 wt %), THF, NH,COOH,
NaN3, NaNOL NaHCO3, and H2504 (980/0) were
purchased from Beijing Chemical Works (China).

Octanitrophenylsilsesquioxane

The pathway from OPS to octanitrophenylsilses-
quioxane (ONPS) is presented in Scheme 1. ONPS
was synthesized using an improvement on Laine’s
method.”® HNO; (90 mL, 90 wt %) was prepared
from fuming nitric acid (82 mL, 96 wt %) and water
(8 mL). Octaphenylsilsesquioxane (OPS) (15 g, which
is 14.5 mmol) was gradually added to HNO;
(90 mL, 90 wt %) with stirring at 0°C over 30 min.
When the addition was completed, the solution was
stirred at 0°C for an additional 30 min and then at
room temperature for 20 h. The solution was poured
into ice-water (150 g), then a light yellow precipitate
was collected by filtration and washed with
NaHCO; aqueous solution (5 wt %, 300 mL), water
(300 mL), and ethanol (150 mL) in turn. The result-
ing powder was dried in a vacuum at 50°C. The
yield was more than 90%. Found: C, 41.30; H, 2.51;
N, 8.04%. Calc. for ONPS: C, 41.34; H, 2.30; N,
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8.04%. FTIR 0may/cm ™'t 3072 and 1608 (C—H), 1526,
and 1348 (NO,), 1085 (Si—0). 8y (500 MHz; DMSO-
de): = 8.7-8.5 (1.0H), 8.5-8.0 (5.5H), 8.0-7.7 (2.5H)
ppm. *Si solid NMR: § = —78.9, —82.3 ppm. §¢
(500 MHz; DMSO-de): = 152.7, 147.6, 140.3, 137.5,
135.0, 133.8, 130.5, 128.3, 124.7, 122.8 ppm.

Octaaminophenylsilsesquioxane®

The pathway from ONPS to OAPS® is presented in
Scheme 1. ONPS (5 g, which is 3.59 mmol) and 5%
Pd/C (0.61 g, which is 0.287 mmol) were placed in a
250-mL  three-necked round-bottomed flask of
equipped with a magnetic stirrer and a condenser;
then the THF (40 mL) was added. The mixture was
heated to 60°C under N,, then NH,COOH (7.31g,
that is 114.8 mmol) was added quickly to the mix-
ture. The reaction continued for 20 h, and then the
solution was filtered through celite and washed with
THF (40 mL). The filtrate was combined with ethyl
acetate (40 mL), and then washed with an aqueous
saturated solution of NaCl (300 mL) and water
(100 mL). The organic phase was dried over NaySOy,
then poured into hexane (300 mL). The precipitate
was collected by filtration. The obtained powder
was dried in a vacuum at 50°C. The yield was 68%.
Found: C, 48.86; H, 4.11; N, 9.07%. Calc. for OAPS:
C, 50. 4; H, 4.14; N, 8.91%. FT-IR 0pay/cm ' 3456
and 3358 (NH,), 1596 (C—H), 1073 (Si—0). oy
(500 MHz; DMSO-dg): = 7.3-6.1 (2.1H, b, H in phe-
nyl group), 5.5-4.4 (1.0H, b, -NH,) ppm. #Si solid
NMR: 6= —68.3, —77.5 ppm. dc (500 MHz; DMSO-
de): = 153.2, 1479, 135.1, 131.4, 128.6, 121.2, 119.3,
116.4, 114.6, 113.3 ppm.

Azido-octaphenylsilsesquioxane

The pathway from OAPS to N3-OPS is presented in
Scheme 2. (a) Water (28 mL) was placed in a round-
bottomed flask equipped with a magnetic stirrer.
While stirring concentrated sulfuric acid (98%, 2 mL)
was added, followed by OAPS (0.5 g, 0.433 mmol,
which is 3.46 mmol of -NH,). When all the OAPS
was dissolved in the H,SO,4 (aq), the suspension was
cooled to 0°C in an ice-salt-water bath. A solution of
sodium nitrite (0.25 g, around 1-1.1 eq.) in water
(2 mL) was added dropwise over a period of
15 min, and the mixture was stirred for a further
15 min. During this period, the precipitate of the
diazonium salt was separated from the initially clear
solution. (b) Under vigorous stirring, a solution of
sodium azide (1.13 g, 17.3 mmol, 5 eq.) in water
(8 mL) was added, and stirring was continued for
60 min. A thick dark brown solid was filtered
through celite and washed with water. The powder
thus obtaind was dried in a vacuum at ambient tem-
perature. The yield was 76%. Found: C, 41.14; H,
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Scheme 1 Synthesis of octaaminophenylsilsesquioxane (OAPS).

2.935; N, 16.88%. Calc. for (N3CgH4SiO, 5)s: C, 42.31;
H, 2.35; N, 24.84%. FTIR 0oy /cm ™z 3267 (OH), 2101
(N3), 1085 (Si—O). &y (500 MHz; DMSO-dg): = 10.0-
9.0 (1H, b, -OH), 8.0-6.5 (13.5H, b, H in phenyl
group) ppm. *°Si solid NMR: § = —69.8, —79.3 ppm.
Sc (500 MHz; DMSO-dy): = 162.5, 138.7, 135.9, 130.4,
129.6, 124.1, 121.2, 118.4 ppm.

RESULTS AND DISCUSSION
Reaction conditions

The procedure reported by Laine et al.® for the syn-
thesis of ONPS was improved. The result of this
improved procedure was that every phenyl unit on

ONPS had only one nitro group.” Then ONPS was
quantitatively transformed to OAPS by a hydrogen-
transfer reduction in the presence of NH,COOH and
Pd/C catalyst (Scheme 1).** To synthesize the
N3-OPS cube a simple synthetic strategy was used
(Scheme 2). An aqueous solution of sodium nitrite
NaNQO, in concentrated sulfuric acid was used as a
very effective diazotizing medium at 0°C. The result-
ing diazonium salt (—N,"HSOj;) was replaced
mainly by the —Nj; group attached to the aromatic
ring by the release of N».

In this reaction, the volume of H,SO,, the first-
step diazo time using NaNO,+H,S0,, the quantity
of NaNj3 and the second-step azide substitution time
play important roles in increasing the conversion of
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Scheme 2 Two-step synthesis of azido-octaphenylsilsesquioxane (N3-OPS).
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TABLE I
Reaction Conditions and Fractions of Nitrogen in N3-OPS (at 0°C)

First-step diazo

Second-step azide

H,SO,4 (mL) time (min) NaNj; (g) substitution time (h) N (wt. %)
2 45 0.752 (3 eq.) 1 14.63
2 45 0.752 (3 eq.) 3 15.10
4 45 0.752 (3 eq.) 1 15.14
2 45 1.253 (5 eq.) 1 15.10
2 15 1.253 (5 eq.) 1 16.88

the diazonium ion —N,"HSOj; into —Nj. A large
fraction of nitrogen in N3-OPS means a high conver-
sion of the azide group. The reaction conditions are
shown in Table I. Increasing the volume of H,SO4
would lower the concentration of OH™; decreasing
the first-step diazo time would reduce the time of
conversion of the diazonium ions into —OH. But if
the diazo time is too short, the diazo reaction would
not complete. It was verified that reducing the first-
step diazo time could effectively increase the frac-
tion of the —Nj3 group. The theoretical fraction of N
element in octaazidophenylsilsesquioxane is 24.84%.
According to the elemental analysis, the degree of
—Nj; substitution of ~ 68% under the reaction condi-
tions in the last row in Table I was obtained by divid-
ing the experimental value 16.88% by the theoretical
value 24.84%.

Kinetic analysis

Figure 1 is a schematic diagram of the simple reac-
tion equipment used in the conversion of OAPS into

Figure 1 Schematic diagram of reaction equipment.
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N3-OPS. The kinetic analysis was based on the
release rate of the nitrogen gas during the conver-
sion of diazonium ions into —N; or —OH.® The
temperature was controlled at 0°C. The nitrogen gas
was released in bubbles as the reaction progressed,
so the number of bubbles (1) could be counted. The
numbers of bubbles recorded after adding NaNO,
and NaNj; are shown in Figures 2 and 3, respec-
tively, reflecting the kinetics of the reactions. The
nitrogen release after adding NaNO, proves that
the diazonium ions were converted into —OH. After
adding NaNj, the reaction rate gradually changed
from fast to slow. After 1 h (3600 s), the reaction rate
became very slow.

Suppose that C(N,") represents the concentration
of diazonium ions (—N,HSOj). When the first bub-
ble emerged after the addition of NaNj3, C(N;")o
could be considered as 100%, while at the end of the
reaction C(N,") it would be 0%. During the reaction
process, C(N,") at time t could be calculated using
the number (1) of bubbles and the total number (1)
of bubbles: C(N,") = 1—-n/ny. It should be pointed
out that in the reaction system NaNj is present in a
significant excess (5 eq.), and therefore the concen-
tration of NaN3; was considered not to influence the
reaction rate. Figure 4 shows a logarithmic relation-
ship between C(N,") and t under the reaction
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Figure 2 Relationship between the number of bubbles of
nitrogen (1) and reaction time (f) after adding NaNO,.
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Figure 3 Relationship between the number of bubbles of
nitrogen (1) and reaction time (t) after adding NaNs.
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conditions in the last row in Table L It is interesting
that the relationship from 3 to 30 min was linear; the
fitting equation was In[c(N>")/c(N;")o] = —0.7579-
1.44 x 103t with a correlation coefficient of 0.9985.

Structure of polyhedral oligomeric silsesquioxanes

The structures of ONPS, OAPS and N3-OPS were
confirmed by "H-NMR spectra (DMSO-d,) (Fig. 5).
The aromatic protons of benzene emerged at
7.27 ppm. Because of the electron withdrawing effect
of —NO,, the aromatic protons of ONPS emerged at
8.7-7.7 ppm. No peak emerged over 9.0 ppm, which
means there was no benzene that had two —NO, in
ONPS. At the same time, the experimental value of
N element in ONPS was 8.04%, which means every
benzene possessed only one —NO, in ONPS. The
reduction process led to two changes in the OAPS
spectrum. While the N—H protons appeared at
55-45 ppm as new peaks, the aromatic protons
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Figure 4 Relationship between InC(N, ") and time ().
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Figure 5 'H-NMR spectra of ONPS, OAPS and N3-OPS
(R: aromatic protons).

appeared at high magnetic fields in the 7.3-6.1 ppm
range. The ratio of N—H protons to aromatic C—H
protons was 1:2.1, indicating the quantitative reduc-
tion of the nitro groups to amino groups. The effi-
cient transformation of OAPS to N3;-OPS was also
evident from the '"H-NMR spectra because the peak
for the N—H protons disappeared completely, which
meant that all of the amino groups were converted.
At the same time, a small peak at 9-10 ppm was
observed. Because the diazonium salt was sensitive
to the ions in the system, the OH™ ions in the acidic
solution could substitute the diazonium ions as well.
Thus the peak at 9-10 ppm in the 'H-NMR spectrum
of N3-OPS was attributed to the protons in the —OH
of phenol caused by the conversion of diazonium
ions into —OH. According to the peak areas of
6.5-8 ppm and 9-10 ppm (1.00 and 13.51), the
degree of —OH substitution was ~ 29.6% ((32/
13.51)/8 = 29.6%). So the degree of —Nj substitution
was 70.4%. This result is similar to the calculation
from the elemental analysis.

Figure 6 shows the GPC of ONPS, OAPS, and N3-
OPS. The theoretical molecular weight of ONPS is
very close to the measured value, which indicates
there is only one nitryl group, rather than two nitryl
groups for every phenyl group in the ONPS mole-
cule. The molecular weight of OAPS was incorrect
because the theoretical molecular weight of OAPS
(1153) is smaller than the lowest measurement limit
(1200). The GPC revealed that the polydispersity
indexes (PDI) of ONPS and OAPS were 1.01 and
1.02, respectively, confirming the purity of the ONPS

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 6 GPC results for ONPS, OAPS, N;-OPS in THF
at 40°C.

and OAPS and their stable cage structures. But for
the N3-OPS, there was a wide shoulder peak in the
evolution curve, and the PDI was 1.30. This probably
caused by the hydrogen bonding of the N3-OPS,
because nearly 30% of the -NH, were changed to
—OH. The molecular weight was around 3000 if the
retention time was 27.5 in the GPC. So two, three or
even more N3-OPS molecules were associated via
hydrogen bonding.

The FTIR spectrum of ONPS exhibited strong
symmetric and asymmetric v(N=O) peaks at 1348
and 1526 cm ', as shown in Figure 7. These peaks
disappeared completely after reduction, and the new
broad symmetric and asymmetric v(N—H) peaks
appeared at 3358 and 3450 cm ™ '. After the transfor-
mation of OAPS to N3-OPS, a strong —Nj vibration
at 2101 cm ™' appeared in the spectrum of N3-OPS,
which indicated that the —Nj; substituted for
—NH,. At the same time, a wide -OH vibration at
Mﬁf“_’—hwr‘wﬁ ﬁ-‘]‘ﬁ‘
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Figure 7 FTIR spectra of OPS, ONPS, OAPS, and
N;-OPS.
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Figure 8 25 solid NMR spectra of (a) ONPS, (b) OAPS,
and (c) N3-OPS.

3267 cm™! existed, which was caused by the appear-
ance of phenol. It was noticeable that all these
functionalized OPS disclosed characteristics of
v(5i—O—Si) stretching signals between 1085-1073
cm ! with relatively high intensity. These supported
the 'H-NMR data.

Figure 8 shows the *’Si solid NMR spectra of
ONPS, OAPS, and N3-OPS. Two peaks were
observed at —79.8 and —82.3 ppm of ONPS corre-
sponding to the isomers of para- and meta-NO, on
the phenyl ring, respectively. The two peaks in the
#Si solid NMR spectrum of OAPS are also evidence
of the two isomers. After the azide substitution
process, the two isomers’ peaks at —69.8 and
—79.3 ppm also emerged in the spectrum of N3-OPS.
However, the area ratios of the two peaks were sig-
nificantly different for ONPS and OAPS. This is
attributable to the Si being connected to the phenyl-
N3 groups or the phenyl-OH groups, respectively.

L " ’L_LJ.L...JJLLL.L.____
' |

ONPS

"Jlﬁ

160 150 140 130
PPmM

120 110

Figure 9 3C-NMR spectra of ONPS, OAPS, and N;-OPS.
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Figure 10 Wide-angle XRD patterns of OAPS and
N3-OPS.

Figure 9 shows the '>C-NMR spectra of ONPS,
OAPS and N3-OPS. The '*C-NMR spectra of ONPS
and OAPS here are similar to those reported in Refs.
9 and 26 where no detailed analyses of the '>*C-NMR
s?ectra of ONPS and OAPS were given. In the
SC-NMR spectra of N3-OPS, shift of the resonance
peaks and the disappearance of the peaks at around
150 ppm compared with the spectra of OAPS should
be attributed to —Nj3 and possible —OH groups on
the phenyl group. Some resonance peaks should
merge together. The connection between these reso-
nance peaks and the particular C positions in these
molecules has not been analyzed in detail. More-
over, the I3C-NMR is not suitable for a quantitative
analysis of carbon in different chemical environments.

The structure of N3-OPS was also characterized by
XRD (Figs. 10 and 11). The wide-angle XRD pattern of
OAPS was similar to those in Refs. 9 and 27. The
wide-angle XRD pattern of N3-OPS in Figure 10 shows
a wide amorphous diffraction peak. The diffraction

Intensity

T LE T ¥ T ¥ T L T L] T L2 1

. ——
1 2 3 4 5 6 7 8 9 10
2 Theta

Figure 11 Small-angle XRD pattern of N3-OPS.

NaNQ: + H— Na™ + HONO
HONO + H— NO* + H»0

NH, HaN* NO NH N=0 NHN=0OH

S

Scheme 3 Mechanism of diazo reaction.

peak of OAPS at 20 = 7.75° means a d-spacing of
~ 11 A (by Bragg’s equation). The small-angle XRD
pattern of N3-OPS in Figure 11 shows a peak at
20 = 6.5° corresponding to a d-spacing of 14 A. The
diffraction peak is related to the local order of the
POSS cage structure. The greater d-spacing of N3-OPS
indicates a bigger cage than that in OAPS.

Conversion mechanism of octaaminophenylsilses-
quioxane into azido-octaphenylsilsesquioxane

The conversion of OAPS to N3-OPS undergoes two-
steps: formation of the diazonium salt (—N,"HSO})
and substitution of the —Nj3 group. The mechanism
of the diazo reaction (formation of the diazonium
salt) is shown in Scheme 3. First, the weak electro-
philic nitrosyl positive ion was produced through
dehydration of the protonated nitrous acid. Second,
N-nitrosamines were created through interaction
between the nitrosyl positive ion and the amino
group of the primary aromatic amine. Third, diazo
acids were produced by keto-enol tautomerism of

AT D]
\N=N/ N,
/ (Z,E) \
i
+ _ NENEN v -
Ar—N=N — . /N— _ Ar—N=N=N
AT (E,E)

Ny
(E,2) o=t

1! e

e

I

Scheme 4 Conversion mechanism of diazonium ion to
azide.

Journal of Applied Polymer Science DOI 10.1002/app



4396

100 —

95 4
90

OAPS

ONPS

T L T b T ¥ T . T L T b T \J 1
100 200 300 400 500 600 700 800
Temperature (C)

Figure 12 TGA curves of ONPS, OAPS, and Nj3-OPS
(N7 atmosphere).

N-nitrosamines. Finally, diazonium salts were
formed by the protonation and dehydration of the
diazo acids.

The reaction of aryl diazonium salt to aryl azide is
the oldest method for the preparation of azides."
Aryl diazonium salt reacts directly with azide ions
without catalysts to form the corresponding aryl
azide. This reaction occurred with the attack of the
azide ion on the diazonium ion, with formation
of aryl pentazoles and its subsequent products
(Scheme 4).'' Tt is sufficiently rapid even at low
temperatures. There is a general consensus that the
mechanism involves an intermediate pentazene and
that the pentazole loses dinitrogen.""*® In the con-
version process of the diazonium ion, the azide ion
is not unique. The OH" in the acidic solution could
substitute the diazonium ions.”” Therefore in this
reaction system, the diazonium ion could be substi-
tuted by OH" to form a phenol group.

100

nNtr—7—7—7—7T——T T T
100 200 300 400 500 600 700 800
Temperature (°C)

Figure 13 TGA curves of ONPS, OAPS, and N3;-OPS
(air atmosphere).
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TABLE II
Results of TGA of ONPS, OAPS, and N3;-OPS
In N, In air
Sample Tgs °C)  Residue (%) Tgs (°C)  Residue (%)
ONPS 342 59.01 327 34.21
OAPS 440 71.12 427 44.42
N3-OPS 189 73.20 178 36.12

Thermal stability of azido-
octaphenylsilsesquioxane

TGA curves of ONPS, OAPS and N3-OPS in N,
atmosphere are presented in Figure 12. We observed
that the Tonser (189°C) of N3-OPS at 5% weight loss
was much lower than that of ONPS and OAPS. It
could be seen that the weight loss in the temperature
range of 130-220°C was fast, probably caused by
N3-OPS losing —Nj groups. A slow weight loss
between 220-800°C followed, which corresponded to
the loss of phenyl groups. The N3 group was easily
removed from the phenyl group with increasing
temperature. Removal of the Nj group produced
free radicals, which is advantageous to cause the
cross-linking reactions in the condensed phase to
form more residues. So, the residue of N3-OPS at
800°C was 73.4%, which was higher than that of
ONPS and OAPS.

The TGA curves of ONPS, OAPS, and N3-OPS in
air atmosphere are presented in Figure 13 and the
TGA results of ONPS, OAPS, and N3-OPS are shown
in Table II. The Typeet Of the same POSS was similar
in N, and air atmosphere, but the residue in N,
atmosphere was much higher than the residue in air
atmosphere due to the presence of O,. There are two
mass loss steps in the TGA curve of N;-OPS in the
air atmosphere, standing for the loss of the organic
substitution groups and the breakage of the POSS
structure. The temperature of maximum mass loss
rate of the second mass loss step was 588°C, which
was accorded to the Refs. 30 and 31. And in the air
atmosphere, the residue yields at 800°C for ONPS,
OAPS, and N3-OPS were 34.21, 44.42, and 36.12%,
while the theoretical residue yields for ONPS, OAPS,
and N3;-OPS were 36.75, 44.41, and 39.48%. So the
ceramic yields estimated by the TGA results were
consistent with the theoretical results.

CONCLUSIONS

This article describes a facile and inexpensive way
to prepare N3-OPS via its diazonium salt. ONPS and
OAPS were prepared first. Reducing the time of the
first-step diazo reaction by NaNO, and H,SO, effec-
tively increased the —Nj substitution degree. The
kinetics of conversion of OAPS into N3-OPS were
studied by recording the volume of N, gas released
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with reaction time, revealing the reaction to be 1st
order. The chemical structures of ONPS, OAPS, and
N3-OPS were characterized by 'H-NMR, GPC, FTIR,
Si solid NMR, °C-NMR, XRD, and elemental anal-
ysis. "H-NMR and FTIR revealed that the diazonium
salt (—N,"HSOyz) of OAPS was substituted by the
main —Nj groups and a few of the —OH groups.
And the ratio of —N3 : —OH was calculated to be
~ 68 : 32 in the N3-OPS compound. XRD suggested
that N3-OPS is a kind of amorphous compound, and
has the greater d-spacing than OAPS, demonstrating
the larger POSS cage. The two-step conversion
mechanism of OAPS to N3;-OPS was briefly dis-
cussed. TGA results showed that N5-OPS is stable at
ambient temperature in either N, or air atmosphere.
In future, an attempt should be made to prepare pure
octaazidophenylsilsesquioxane by removing hydroxyl.
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