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Chalcogenide Alloy Nanosheets with graded composition have been grown and characterized by 
Scanning Electron Microscopy, Transmission Electron Microscopy and Photoluminescence, and 
optically pumped to induce lasing with simultaneous red, green and blue emission from a single 
nanosheet. These nanodevices present the prospect of lasers emitting white light or any color in the CIE 
chromatic coordinates. The nanosheets typically have thicknesses in the range of 60-350 nm and lateral 
dimensions of up to 60 μm by  45 μm..  The nanosheets are composed of Zinc, Cadmium, Sulfur and 
Selenium, and the concentration of those elements varies in a prescribed manner along the c-axis. The 
novel growth procedures and techniques are described in another publication [1].  
 
A part of an as-grown structure was dispersed onto a glass substrate via contact printing [2] and then 
moved to a lacey carbon TEM grid using a tapered fiber micromanipulator. SEM examination showed 
that the nanosheet was approximately 70 nm thick and 6.7 μm by 30 μm. At 70nm thickness it was ideal 
for TEM analysis with no further processing. TEM analysis was performed using a JEOL 2010F UHP 
(Cs=0.5mm) field emission TEM equipped with an EDAX 30 sq. mm SiLi EDX detector, and operated  
in both bright field and HAADF STEM modes. 
 
The nanosheet graded composition growth was designed to produce a wurtzite structure with graded 
composition such that the one nanosheet could emit in red, green or blue depending on the composition, 
which affects the lattice parameter and thus the band gap. PL imaging was performed to identify regions 
that emit red, green or blue colors. 
 
HRTEM analysis showed a high quality wurtzite structure with no visible defects. The measured lattice 
spacings were (001)=6.88Å; (010)=3.67Å for the red emitting region, (001)=7.9Å; (010)=3.619Å for the 
green emitting region, and (001)=6.56Å; (010)=3.46Å for the blue emitting region.  
 
EDX mapping and line scans were used to determine the composition variation of the nanosheets along 
the (001) direction. In order to find out the band gap energy of the quaternary alloy across the nanosheet, 
we used a standard linear interpolation formula. Similarly, we used Vegard’s Law and the composition 
information to obtain the (010) spacing and (001) spacing for the ZnCdSSe quaternary alloy along the 
full width using known lattice constants (a and c) of ZnS (6.234Å and 3.811Å), ZnSe (6.53Å and 
3.98Å), CdS (6.749Å and 4.135Å), and CdSe (7.02Å and 4.3Å). There is good agreement between the 
directly measured lattice spacings  and the lattice spacings  interpolated using Vegard’s Law. There is 
also good agreement between the directly measured wavelengths and the band gap results interpolated 
using Vegard’s Law. 
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Figure 1 Structural characterization of a multisegment nanosheet. a. Low-resolution TEM image of a 
multisegment nanosheet. b. HRTEM images of the regions inside the color squares in a. with the 
corresponding color code. Inset in b: the respective FFT patterns. c. Indexed SAD patterns of the regions 
inside the corresponding colored circles in a. The FFT and SAD patterns are identical except for a 30° 
rotation due to image rotation at higher magnifications. d. 60° tilted SEM image of the structure with 
close-up views of the cross-section. The thickness was measured to be 70 nm after compensating for the 
tilt angle. e. PL image and f. STEM image of the structure. g. Calculated composition change along the 
length of the nanosheet based on the EDS line scan done along the solid red line in f. h. Correlation of 
the EDS mapping inside the dashed rectangular area of f, with the atomic percentages gathered from the 
EDS line scan. 


