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Vapor-liquid-solid (VLS) growth mechanism for nanowires has been extensively investigated. During 

VLS growth, vapor precursors are concentrated by a catalytic liquid droplet, allowing a solid crystalline 

nanowire to subsequently grow at the liquid-solid interface (IL/S) [1]. Nanowire VLS growth is generally 

considered to proceed by a mono-nuclear layer-by-layer process, during which one nucleation event 

occurs at VLS triple interface per added growth layer [2]. Recent advances in in situ transmission 

electron microscope (TEM) techniques have allowed atomic scale studies of  the VLS growth process 

and provided insights into the heterogeneous interface structure [3] and interface kinetics [4]. Although 

investigations into growing nanowire structures have made great progress in controlling diameter [5], 

morphology [6], growth direction [7], and heterojunctions [3], the complete growth mechanism is not 

yet fully understood. 

 

In addition, few in situ studies have focused on compound nanowires VLS growth, due to 

experimentally elusive, i.e., it’s difficult to carefully control the complicated reaction parameters such as 

temperature gradient [8] and precursor purity [9]. As special classes of IV-VI narrow-band-gap 

semiconductors that exhibit excellent quantum confinement at the nanoscale, lead sulfide (PbS) have 

been extensively investigated, including fundamental research [10] and practical applications [11]. Here, 

PbS were used as one of model system to investigate growth mechanisms of compound nanowires. The 

growth mechanisms include regular VLS and screw dislocation driven VSL, leading to two different 

branch structures. In situ gas heating high resolution TEM (HRTEM) and EDS were employed to 

explore the growth mechanisms and mass transport pathways of precursors during the course of crystal 

growth within a gas environment of 5 vol% H2 in N2 at ~ 5 ×103 Pa. On the other hand, in the in situ low 

magnification TEM experiment, a furnace heating holder (Gatan, USA) was used. The precursor 

powders were sandwiched by a TEM Si3N4 chip and a TEM carbon grid and heated to target 

temperatures (575°C and 600°C) under the mixed gas conditions (5 vol% H2 in N2) at a pressure of ~ 8 

×102 Pa. We hypothesize that growth kinetics are related to supersaturation of growth precursors in 

liquid catalyst droplet and the growth precursors of compound nanowires may be transported by 

different pathways. Our preliminary results demonstrate the strong correlation among supersaturation, 

mass transport pathways, and growth kinetics. Various mass-transport mechanisms may enable new 

controls over nanowire composition [12]. Further investigation is undergoing for understanding 

formation of various hyperbranched structures. [13]  

 

References: 

 

[1] EI Givargizov, J Cryst Growth 31 (1975), p. 20. 

[2] CY Wen et al., Science 326 (2009), p. 1247. 

[3] F Panciera et al., Nat Mater 14 (2015), p. 820. 

[4] S Jia et al., Nano Lett 18 (2018), p. 4095. 

1426
doi:10.1017/S1431927619007864

Microsc. Microanal. 25 (Suppl 2), 2019
© Microscopy Society of America 2019

https://doi.org/10.1017/S1431927619007864 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927619007864


 

 

[5] Y Cui et al., Appl Phys Lett 78 (2001), p. 2214. 

[6] Y Fang et al., Nat Commun 8 (2017), p. 2014. 

[7] V Schmidt, S Senz and U Gösele, Nano Lett 5 (2005), p. 931. 

[8] J Zhu et al., Nat Nanotechnol 3 (2008), p. 477. 

[9] YC Chou et al., Science 343 (2014), p. 281. 

[10] MJ Bierman et al., Science 320 (2008), p. 1060. 

[11] SJ Oh et al., Nano Lett 14 (2014), p. 1559. 

[12] MR Frances, Rep Prog Phys 73 (2010), p. 114501. 

[13] This research was supported by the U.S. Department of Energy (DOE), Office of Science, Office of 

Basic Energy Sciences (BES), Early Career Research program under Award #67037. The work was 

partially conducted in the William R. Wiley Environmental Molecular Sciences Laboratory (EMSL), a 

national scientific user facility sponsored by the DOE Office of Biological and Environmental Research 

and located at Pacific Northwest National Laboratory (PNNL). PNNL is a multiprogram national 

laboratory operated for the U.S. Department of Energy by Battelle under Contract No. DE-AC05-

76RLO1830.  

  

Figure 1. In situ gas heating TEM investigation of compound nanowire growth mechanisms. Schematic 

illustration of (a) in situ gas heating TEM setup, (b) a compound wire, (c) growth mechanisms and 

different mass transport pathways through vapor, liquid, and solid. 

Microsc. Microanal. 25 (Suppl 2), 2019 1427

https://doi.org/10.1017/S1431927619007864 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927619007864

