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The thermal conductivity depends on heat carried by phonons or lattice vibrations and electrical carriers. 
The previous studies indicate that much lower thermal conductivity can be obtained by introducing 
nanostructures such as synthesizing superlattices, quantum dots, nanocrystalline inclusions and self-
assembled structure [1,2]. The misfit layered compounds are a structurally interesting subgroup of layered 
materials, consisting of interpenetrating transition metal dichalcogenide and distorted rock salt crystal 
structures with matching crystal parameters in the b and c dimensions, but an incommensurate or 
“mismatched” a lattice parameter [3, 4]. The structural incoherent between components in the misfit layer 
compounds provides opportunities to interleave many potential constituents to tailor thermal conductivity 
[5].   In this study, the misfit layered compounds – (NbSe2)4(PbSe)4 nanolaminates, with five different 
stacking sequence (NbSe2)4(PbSe)4 (44), (NbSe2)3(PbSe)3(NbSe2)1(PbSe)1 (33-11), 
(NbSe2)3(PbSe)2(NbSe2)1(PbSe)2 (32-12), (NbSe2)2(PbSe)3(NbSe2)2(PbSe)1 (23-21) and 
(NbSe2)2(PbSe)2(NbSe2)1(PbSe)1 (NbSe2)1(PbSe)1 (22-11-11), have been synthesized on Si substrate by 
the modulated elemental reactants method. A FEI Helios 600 dual-beam system was utilized to prepare 
cross-section TEM samples. FEI Titan 80-300 TEM was operated at 300 kV to perform the high-angle 
annular dark-field scanning transmission electron microscopy (HAADF STEM) imaging and high-
resolution TEM imaging. High-resolution STEM investigations reveal that the unit cell contains four 
layers of NdSe2 and four layers of PbSe with the five different stacking sequences have been obtained. 
Examples of two stacking sequences: 33-11 and 22-11-11, are shown in Fig. 1 (a) and (b), respectively. 
The composite modulated structure consists of the periodical intergrowth of a pseudotetragonal PbSe 
layer and a pseudohexagonal layer NbSe2 with their planes perpendicular to the c-axis, as shown in Fig. 2.  
Crystallographic ordering and defects in the NdSe2 layer and PbSe layer were characterized by high-
resolution TEM images and electron diffraction. The effect of stacking sequence on the thermal 
conductivity of (NbSe2)4(PbSe)4 nanolaminates will also be explored. 
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Fig. 2(a) High-resolution TEM image of (NbSe2)3(PbSe)3(NbSe2)1(PbSe)1; (b) high-

resolution TEM image of (NbSe2)2(PbSe)2(NbSe2)1(PbSe)1 (NbSe2)1(PbSe)1; (c) Fast 

fourier transformation (FFT) of image (a); and (d) FFT of image (b). (c) and (d) reveal 
that the planes of PbSe and NdSe2 layers are perpendicular to the c-axis. 

 
 

Fig. 1 High-angle annular dark field STEM image of misfit layer compound with a 

stacking sequence of (a) (NbSe2)3(PbSe)3(NbSe2)1(PbSe)1  and (b) 

(NbSe2)2(PbSe)2(NbSe2)1(PbSe)1 (NbSe2)1(PbSe)1. In these images, the brighter lines are 
PbSe layer, and the darker lines are NbSe2 layer. 
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