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Graphite nanoparticles are known to spontaneously transform
to onion and related nanostructures on electron-beam irradfation.
Onion structures are hyperfullerenes arising from concentric
fullerenes. Formation of nanotube structures from graphite by the
rolling of graphene sheets is well-documentddgyered inorganic
compounds such as Mg3N'S,, and NiC}, also form fullerene and
nanotube structurésOn the basis of theoretical calculations, Cote
et al* predicted that GaSe with a layered structure should form
nanotubes similar to carbon nanotubes. Kohler éhalve recently
proposed that GaS with a layered structure should also form
nanotubes. It may be recalled that both GaS and GaSe crystallize
in the P6s/mmcspace group and exhibit mica-like morphology. To
our knowledge, however, there is no report on the formation of
fullerene structures and nanotube structures by GaS and GaSe. We
have, therefore, investigated the formation of such structures by
laser irradiation and thermal treatment of GaS and GaSe.

Polycrystalline powders of GaS or GaSe were dispersed in a
liquid medium such as dert-butyl disulfide, toluene, omn-
octylamine and irradiated for 2 min by using a Q-switched Nd:
YAG laser ¢ = 532 nm, 10 Hz, 67 ns). The color of the
dispersion turned orange after irradiation. The sample as such was
used for further characterization. Dart-butyl disulfide is found
to be a good medium for laser irradiation experiments with metal
sulfides® Powders of GaS and GaSe were also heated in a sealed
quartz tube to 900C. One end of the sealed tube was kept at a
relatively lower temperature of 40C. Heating the samples in this
manner gave rise to solid deposits in the cooler region. Powder
X-ray diffraction patterns of the solid products corresponded to . B PR
those of hexagonal GaS and GaSe (see Figure S1). Energy- 3_1’-1]& ' _ L : Ao
e e e O iaaa 1 TEM mage of () 1 ol G shat gt (3

. pattern of the sheet. (b) TEM image of
transmission electron microscopy (TEM) were carried out on the GaS nanotubes obtained by laser irradiation in edibutyl disulfide
products of irradiation and heat treatment. medium. Inset shows an onionlike structure. (c) HREM image of a wall of

Direct laser irradiation of solid GaS yields nanoparticles, but ﬁ] qgﬂfgﬁg% gé)iJn'fN_'rE”J?;;fia; gaengglgi)onb;ﬁgi%:g:%s% igﬁgmg‘
laser irradiation Of_G?S powder dispersed irtefi-buty! d_lsulflde structure obtained .by laser ir?adiation riroctylamine medium.
leads to the exfoliation of the GaS layers. The exfoliated sheets

roll over to fqrm tubular qr fuIIereng structures. ".1 Figure la, we microscope (HREM) images. Figure 1c shows an HREM image of
show a TEM image revealing the rolling of an exfoliated GaS sheet. a wall of a nanotube, showing an interlayer spacing of 3.15 A

The sheet is single-crystalline as seen from the selected area eIeCtrOEorresponding o the separation between (100) planes of GaS. There
diffraction pattern shown as the inset in Figure 1a. We could isolate i< o <mall Iattice expansion of 1.5% commonly seen in such

nanotubes and onionlike structures as products of laser irradiation'nanostructureéWhen toluene was used as the liquid medium for
afs rt:avealed b)l;the TEMimage oféhesle IPT' Frlil;re(ylb.k;l'he E]ropofrtlon laser irradiation, instead of dért-butyl disulfide, a few tubular
of the nanotubes was correspondingly higher$%) than that o structures were obtained (Figure 1d). Laser irradiation of GaSe

the onions. ” . owder inn-octylamine also gave nanotubes and onionlike struc-
The nanotubes are somewhat sensitive to the high-energy electrorf

b King it difficult to obtai d hioh luti lect ures as shown in Figure lef.
€am, making It difficuit to obtain good high-resolution electron Heating GaSe powder to 900C in a sealed tube led to

t Jahawarlal Nehru Centre for Advanced Scientific Research. exfoliation, giving rise to nanoflowers and nanotubes. Figure 2a
*Indian Institute of Science. shows the SEM images of the product of heat treatment collected
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Figure 3. (a) TEM image of GaSe onionlike structures. (b) HREM image
of the onionlike structures.

In conclusion, we have demonstrated that layered GaS and GaSe,
possessing mica-type morphologies, form nanotubes and onionlike
structures on exfoliation by laser irradiation or thermal treatment,
thereby verifying earlier theoretical predictions.

Figure 2. (a) SEM image of GaSe scrolls. Inset shows nanoflowers. (b) Acknowledgment. We thank DRDO and DST (India) for
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HREM images of GaSe nanotubes.
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