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Introducing the energetic groups to the surface of C,, and
CNT, attracts special attentions because it might provide a
new method for constructing energetic and stable high energy
density materials (HEDMs). Peng R F'' prepared the nitro-
modified C,, showing an insensitive action of HMX. However,
the research was rare, and many other energetic groups, such
as azides were not used despite theirs extensive applications in
energetic materials. Therefore, we reported an one-step prepa-
ration of the azide-functionalized single-walled carbon nano-
tubes( SWNTs) (see in scheme 1) according to reference*’.
And we characterized it with XPS and FTIR-ATR spectroscopy.
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Scheme 1 Reaction pathway for preparing azide-functionalized
nanotubes

lodine azide was prepared by a typical reaction of sodium
azide and iodine monochloride™’. 0.2 g sodium azide was
added to 20 mL acetonitrile at 0 °C and stirred until the solu-
tion became ice-cream. Then 0.1 g iodine monochloride was
slowly added to the sodium azide solution . Reaction was car-
ried out at 0 °C in 20 min before warming to room temperature.
The sodium chloride and excessive sodium azide were filtrated
to obtain the glassy yellow solution of iodine azide. IR (KBr
cm ™) 2253,2000(—N,),1375,1039. Since neat IN, is ex-
plosive,the high concentrations of IN, solution may enhance
the probability of explosion owing to the solid IN, production.

0.05 g pristine single-walled carbon nanotubes( SWNTs)
with an average diameter of 1 —2 nm, purchased from XF
NANO inc. prepared by CVD method, were dispersed in the
solution of iodine azide under stirring and reacted for 0.5 h at
room temperature. The dispersion was filtrated with 0.45 um-
pore polytetrafluoroethylene ( PTFE) membrane filter under
vacuum and washed extensively by water and methanol, and
dried under vacuum.

Fig.1 —Fig.3 are XPS and FTIR-ATR spectroscopy of pris-
tine nanotubes and azide-functionalized carbon nanotubes re-
pectively. Table 1 is the element analysis data according to
XPS spectra. Fig.1 showed that the azide group was attached
to nanotubes and the content of N was about 1.6 at. % (see
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in the Table 1). High-resolution XPS N1s in Figure 2a re-
vealed the two distinct peaks with a peak area ratio of 2 : 1
which are located at ~400 eV and ~404 eV. The higher en-
ergy peak at ~404 eV arises from the central, electron — defi-
cient N in azide group and the peak at ~400 eV could be as-
signed to the N bonded to nanotubes and the terminal N. The
similar XPS peaks were observed on gold surface*’ and silicon
(111) surfaces functionalized by azide "*’. The N, attachment
was also characterized by FTIR-ATR spectroscopy. The
2097cm ~'peak corresponds to double bond (N = N = N) of
the azide group on the surface( Figure 3).

It is supposed that the azide groups are introduced into the
carbon nanotubes via the addition of IN, and subsequent elim-
ination of HI. The similar reaction mechanism of azide-modi-
fied graphitic is predicted by Hassner” . The content of iodine
atoms calculated by XPS was only about 6 % of the surface
coverage of N atoms( Figure 2b) ,which was similar to the gra-
phitic surfaces after treatment of IN, ',
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Fig. 1 XPS spectra of pristine nanotubes and azide-functionalized

SWNTs
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10000 Table 1 XPS surface element analysis on the pristine SWNTs and
azide-functionalized SWNTs
9600 element pristine SWNTs  azide-functionalized SWNTs
C 96.8 96. 1
z 900f ¢ 3.2 2.2
5 N - 1.6
8800 I _ 0.1
8400 . . . .
In conclusion, the azide functionalized carbon nanotubes
e have been prepared and the azide groups characterized by XPS
009110 408 406 404 402 400 398 396 394 392 and IR. The nitrogen content has been calculated by XPS to be
binding energy / eV about 1.6.
a. NTs narrow scan XPS spectra
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Fig.2 N1s and I3d narrow scan XPS spectra of azide-functionalized car-

bon nanotubes
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