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Summary 

Thermal decomposition of Lewis acid-base adducts [t-Bu3Ga─Sbi-Pr3] (1) and [t-

Bu3Ga]2[Sb2Et4] (2) in closed glass ampoules at temperatures between 250 to 350 °C yielded 

crystalline GaSb nanowires. Isolated GaSb nanowires were formed preferably at low 

decomposition temperatures, whereas dendritic-like growth was observed at higher 

decomposition temperatures. In addition, self-catalyzed growth of GaSb nanowires using 90 

nm-sized Ga droplets, which were pre-deposited on Si(100) substrates, was achieved with the 

distibine Sb2Et4 at 250 °C. 
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Introduction 

The synthesis of semiconducting nanowires has received increasing interest in the last 

decade due to their advantageous physical properties,[1] which render them very promising 

for potential applications in nanoelectronics and optoelectronics.[2] They are typically grown 

by chemical beam epitaxy (CBE),[3] molecular beam epitaxy (MBE),[4] laser catalytic 

growth (LCG),[5] chemical vapor deposition (CVD)[6] and metal–organic vapor phase 

epitaxy (MOVPE).[7] In MOCVD processes, a Au-nanoparticle typically serves as 

preferential site for adsorption of the reactant(s) and nucleation site for the nanowire growth 

according to the so-called vapor-liquid-solid (VLS) mechanism.[8] The diameter of the 

nanowire is typically controlled by the size of the droplets, even though the role of the size of 

the catalytic particle is lively discussed[9] and a rather more complex growth mechanism is 

assumed nowadays.[10] For instance, a recent study of Seifert et al. on the growth of III-V 

nanowires clearly showed that the Au particle is not inert with respect to the III-V material as 

was assumed. Instead, the Au particle is rather in the solid III-V phase during nanowire 

growth than in the liquid phase.[11] 

Most of the work in nanowire growth has focused on the growth of wide band gap III-

V materials with optical transitions in the UV-visible-blue wavelength range.[12] In contrast, 

nano-sized III-V materials operating in the infrared regime have been investigated to a far 

lesser extent. Group III-antimonides are well-established materials for mid-wave and long-

wave infrared (IR) detection applications due to their small band gaps (AlSb 1.60 eV, GaSb 

0.72 eV; InSb 0.17 eV) and high carrier motilities', respectively.[13] Moreover, their small 

effective masses and large mean-free paths render these nanowires very interesting for 

studying quantum confinement effects.[14] Despite the growing interest in antimonide 

semiconductors, the synthesis of one-dimensional structures of GaSb and InSb has not been 

reported extensively in the literature. Only very recently, a very few studies on the growth of 

GaSb and InSb nanowires by Au-assisted MOCVD,[15] antimonidization of Ga droplets,[16] 

electrodeposition in porous templates,[17] and by a focused ion beam approach have been 

reported.[18] 

We have demonstrated in the past that GaSb nanowires can be obtained by thermal 

decomposition of a so-called single source precursor in closed glass ampoules.[19] Herein we 

report on our detailed studies concerning the influence of the type of precursor as well as the 

particular decomposition temperature on the nanowire growth. Moreover, we have 

investigated the self-catalyzed growth of GaSb nanowires on Si(100) substrates using pre-

deposited Ga metal droplets as seeds for GaSb nanowire growth. 
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Experimental Section 

Pyrolysis of t-Bu3Ga─Sb(i-Pr)3 (1) and [t-Bu3Ga][Sb2Et4]2 (2) 

Precursor (1)[20] (15 mg) or (2)[21] (20 mg) was sealed under an Ar-atmosphere in a 

glass ampoule, which was then heated with a heating rate of 50 °C/h to the desired 

decomposition temperature (Tdec.). Heating was maintained for 3 h at this specific 

temperature, followed by cooling to ambient temperature with a cooling rate of 50 °C/h. The 

ampoules are covered inside with a dark gray, shiny material film. 

Self-catalyzed growth of GaSb nanowires 

Ga droplets were deposited on Si(100) substrates (Tsubstrate = 400 °C) in a home-made 

cold wall reactor by thermal decomposition of t-Bu3Ga, which was introduced using Ar as 

carrier gas (10 sccm, tdep. = 5 sec). After the substrate was cooled to 250 °C, Sb2Et4 was 

introduced into the reactor by use of argon carrier gas (30 sccm) with different deposition 

times (tdep. = 90 - 120 min). 

Material Characterization 

Scanning electron microscopy studies (SEM) were carried out either on a Philips 

XL20 (W-filament), equipped with an energy dispersive X-ray spectroscopy (EDX) device 

(Noran Voyager, Si(Li)), or an ESEM Quanta 400 FEG. Pieces of the broken glass tube 

covered with the GaSb material were typically sputtered with a thin gold film to improve the 

conductivity and therefore the contrast of the material film. 

Transmission electron microscopy studies (TEM) were performed either on a Philips 

CM30ST (LaB6-cathode) at 300 keV or on a Philips CM300UT (FEG) at 297 keV, both 

equipped with a HP-Ge EDX-detector (Noran Voyager) for EDX-analysis. Sb-L and Ga-K 

lines were used for quantification of the EDX-data. The Sb/Ga ratio was determined using the 

"Metal-Thin-Foil-Method" with k-factors (Cliff-Lorrimer method), which were obtained from 

calibration of the EDX-system with certified GaSb from Aldrich chemical company. The 

samples were prepared on perforated carbon foils without further grinding. 

Results and Discussion 

t-Bu3Ga─Sb(i-Pr)3 (1) was decomposed in closed glass ampoules at temperatures

between 250 and 350 °C, respectively. Typical SEM images of samples obtained at 275 °C, 

300 °C and 325 °C are shown in Figure 1. 

((Figure 1 here)) 

Two SEM images obtained at different magnifications are presented for each sample, 

clearly demonstrating the formation of isolated nanowires even at very low reaction 
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temperatures (Tdec. = 275 °C). Dendritic-like growth of nanowhiskers as was previously 

reported was not observed under these conditions,[19] clearly revealing the strong influence 

of the reaction temperature on the nanowire growth. Small Ga droplets at the tips of the wires 

prove the vapor-liquid-solid (VLS)-growth mechanism.[22] The Ga droplets are formed by 

thermal decomposition of t-Bu3Ga, which is easily formed in situ under the reaction 

conditions by dissociation reaction of the starting Lewis acid-base adduct t-Bu3Ga─Sb(i-Pr)3 

1. The Ga droplets then catalyze the decomposition of i-Pr3Sb by reducing its decomposition 

temperature and serve as solvent for as-formed Sb. After the GaSb alloy supersaturates with 

antimony, the growth of single GaSb nanowires starts at the interface between the liquid and 

the solid phase. The low reaction temperatures prevent dendritic-like growth as is typical for 

higher temperatures. EDX and SAED studies prove the formation of crystalline GaSb 

(sphalerit type). 

((Figure 2 here)) 

 In order to verify the general applicability of the described decomposition process for 

the formation of GaSb nanowires, we became interested in the decomposition behavior of 

other types of Sb precursors. Distibines of the general type Sb2R'4, which contain a central Sb-

Sb bond, are known to tend to undergo Sb-Sb bond dissociation reactions even at low 

temperatures due to the rather weak Sb-Sb bond. However, we have recently synthesized 

several Lewis acid-base adducts of the type [R3Ga]2[Sb2R'4] by reaction of the distibine 

Sb2R'4 with a twofold excess of the corresponding gallane R3Ga, demonstrating that these 

type of Lewis acid-base adducts are stable compounds at low temperature.[21,23] [t-

Bu3Ga]2[Sb2Et4] 2 was chosen as a promising precursor for decomposition studies since this 

adduct is easy accessible[21] and the donor-acceptor (Sb-Ga) interaction (bond strength) is 

expected to be rather low, hence allowing the complex to dissociate in the gas phase at 

relatively low temperatures. Moreover, the pure distibine Sb2Et4 was recently been shown by 

mass spectroscopy to undergo disproportionation reactions in the gas phase at relatively low 

temperatures (Tdec. = 100 – 250 °C; activation energy 183 kJ/mol)[24] with subsequent 

formation of elemental antimony and the corresponding trialkylstibine SbEt3,[25] which is 

stable under these specific conditions up to 400 °C as was found by us and others.[26] 

 Decomposition studies were performed in closed glass ampoules in the temperature 

range between 250 and 350 °C. Again, the influence of the reaction temperature can clearly 

be seen. Isolated crystalline GaSb nanowires are predominantly formed at lower reaction 

temperatures as was observed for precursor 1. However, in contrast to 1, 2 tends to dendritic-

like whisker growth at higher decomposition temperatures (350 °C) as can clearly be seen 
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when comparing the TEM images of two samples that were scratched from the ampoule wall 

and deposited on the carbon grid. 

((Figure 3 here)) 

 These results clearly indicate that the decomposition of the distibine Sb2Et4 occurs 

much faster at 350 °C compared to the stibine i-Pr3Sb, most likely due to the weak Sb-Sb 

bond. As a consequence, the Sb-concentration in the GaSb alloy increases much faster, hence 

forcing the whisker growth. SAED as well as HRTEM studies clearly proved the nanowires to 

be crystalline, which is remarkable with respect to the low decomposition temperature of 250 

°C. 

((Figure 4 here)) 

 These promising results prompted our interest toward a rather controlled growth of 

GaSb nanowires and we started to investigate the possibility of a self-catalyzed growth of 

GaSb. The pyrolysis experiments clearly showed that Ga droplets act as an initiator (catalyst) 

for the GaSb nanowire growth. Ga droplets have been shown in the past to initiate nanowire 

growth of a variety of materials such as Si and Ge.[28] Therefore we became interest in the 

deposition of small Ga droplets with a defined diameter. t-Bu3Ga was chosen as a suitable Ga 

source due to the rather weak Ga-C bonds. Deposition studies on Si(100) substrates in a 

home-made cold wall reactor clearly showed that the formation of Ga droplets strongly 

depends on the substrate temperature and the deposition time. Ga droplets with only a small 

size distribution (av. 90 nm) were obtained at 400 °C and short deposition times (tdep. = 5 

sec), whereas longer deposition times (tdep. = 10 sec) and higher substrate temperatures 

(Tsubstrate = 500 °C) yielded much larger Ga droplets. The formation of droplets with 

homogeneous diameters is crucial since the effective band gap of a given nanowire depends 

on its size as was recently shown for GaAs nanowires.[29] 

((Figure 5 here)) 

 Initial CVD studies using as-prepared substrates and Sb2Et4 as Sb-source were again 

performed in the temperature range between 250 to 350 °C. These temperatures are 

significantly lower compared to the substrate temperatures typically realized in GaSb 

MOCVD film growth processes (Tsubstrate = 450 -500 °C), hence depressing the formation of 

GaSb films on the substrate.[15] Figure 6 shows GaSb nanowires obtained at a substrate 

temperature of 250 °C and deposition times of 90 and 120 minutes, respectively. 

((Figure 6 here)) 

 The substrate is covered with tapered GaSb nanowires, which show typical lengths of 

300 (tdep.(Sb2Et4) = 90 min) to 500 nm (tdep.(Sb2Et4) = 120 min) and diameters of about 30-100 
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nm, whereas no GaSb film growth was observed. The diameters of the GaSb nanowires 

decrease with increasing length, which is in contrast to GaSb nanowires reported by Jeppson 

et al.[15a,b] Growth of tapered III-V nanowires was typically observed at high growth 

temperatures such as 450 – 500 °C as reported for SbMe3 (TMSb).[30] However, the GaSb 

nanowires reported herein were grown at a substrate temperature of 250 °C. The most likely 

reason for their formation is the higher reactivity of the Sb-precursor Sb2Et4, which 

decomposes at significantly lower temperatures compared to TMSb. 

 

Conclusion. Lewis acid-base adducts [t-Bu3Ga─Sbi-Pr3] (1) and [t-Bu3Ga]2[Sb2Et4] (2) can 

be used for GaSb nanowire growth in closed glass ampoules at low reaction temperatures 

between 250 and 350 °C. Moreover, the present study demonstrate for the first time that 

distibines such as Sb2Et4 are promising precursors for the Ga-assisted growth of tapered GaSb 

nanowires at substrate temperatures as low as 250 °C. For this purpose, Ga-droplets of 

uniform size (av. 90 nm) were pre-deposited on Si(100) substrates by thermal decomposition 

of t-Bu3Ga at a substrate temperature of 400 °C. 
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Figure Captions 

 

Figure 1a-f. SEM images showing GaSb nanowires obtained from 1 at Tdec. = 275 °C (A, D), 

300 °C (B, E), and 325 °C (C, F), respectively. 

 

 

Figure 02. EDX spectra of GaSb nanowires obtained from (1). 
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Figure 3a-d. SEM (left) and TEM images (right) of GaSb nanowires obtained from (2) at 

Tdec. = 250 °C (top) and 400 °C (bottom), respectively. Image D clearly shows the formation 

of dendritic-like GaSb whiskers. 

Figure 04. SAED pattern with simulation as an overlay[27] and HRTEM image of of GaSb 

nanowires obtained from (2) at Tdec. = 250 °C in <110> zone axis. The indicated distances of 

353 and 305 pm correspond to {111} and {200} lattice fringes, respectively. 
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Figure 5a-c. SEM images showing Ga droplets formed at different decomposition 

temperatures (Tsubstrate = 400 °C A, B; Tsubstrate = 500 °C C) and deposition times (tdep.(Ga) = 5 

sec A; 10 sec B; 30 sec C). 

Figure 6a-d. SEM images showing tapered GaSb nanowires formed at Tsubstrate = 250 °C with 

different deposition times (tdep.(Sb2Et4) = 90 min A, C; 120 min B, D). 
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