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Quantification of nanosheet size via statistical Atomic Force Microscopy  
 
After liquid cascade centrifugation, statistical AFM analysis was performed on drop-cast 
nanosheets of the individual fractions of both materials (i.e. MoS2 and WS2) to quantify 
nanosheet lateral size L and thickness in each obtained fraction. As reported in previous works, 
the measured thickness was converted into the nanosheet layer number 𝑁𝑁 by step height 
analysis.1- 

The results of the statistical AFM measurements for all size-fractions of MoS2 and WS2 are 
shown in figures S1 and S2. A summary of mean values is provided in Table S1. The first line 
in each Figure shows an overview of representative nanosheets found in the individual 
fractions. The second and third lines show histograms of the corresponding nanosheet length 
and layer number distributions in each fraction, respectively. After each step of the 
centrifugation cascade, a noticeable reduction in size and thickness occurs, alongside with a 
narrowing of the size distribution. This phenomenon is consistently observed as the centrifugal 
force progressively increases. 6, 7  Please note that the sample labeling corresponds to the 
specific centrifugation boundaries employed for the isolation of the individual fractions. For 
instance, the sample labeled as “1-5k g” was obtained by extracting the supernatant from a 
centrifugation step performed at 1000 g, followed by subsequent centrifugation at 5000 g. In 
all cases, the sediment collected after centrifugation was subjected to analysis and additional 
processing. 

 



Figure S1 – AFM size and thickness distribution of MoS2 nanosheets for all fractions obtained from 
centrifugation cascade. (A)-(C) Representative AFM images of the different fractions collected during the size 
selection. Low acceleration centrifugation boundaries 1-5k g in (A) for MoS2 Large, moderate acceleration 
between 5-10k g in (B) for MoS2 Medium, high acceleration 10-30k g in (C) for MoS2 Small. (D)-(F) Histograms 
of the nanosheet length measured as the longest dimension of a sheet for MoS2 Large, Medium, and Small, 
respectively. (G)-(I) Histograms of the nanosheet thickness converted into layer number by step height analysis, 
as previously reported.8 As expected, size and thickness decrease with increasing centrifugal acceleration. After 
every step of the centrifugation cascade, a narrowing of the distribution is observed for both length (i.e. from (D) 
to (F)) and thickness (i.e. from (G) to (I)). Red lines are fits to a log-normal distribution. 

 

 

Figure S2 – AFM size and thickness distribution of WS2 nanosheets for all fractions obtained from 
centrifugation cascade. (J)-(L) Representative AFM images of the different fractions collected during the size 
selection. Low acceleration centrifugation boundaries 1-5k g in (J) for WS2 Large, moderate acceleration between 
5-10k g in (K) for WS2 Medium, high acceleration 10-30k g in (L) for WS2 Small. (M)-(O) Histograms of the 
nanosheet length measured as the longest dimension of a sheet for WS2 Large, Medium, and Small, respectively. 
(P)-(R) Histograms of the nanosheet thickness converted into layer number by step height analysis, as previously 
reported.v As expected, size and thickness decrease with increasing centrifugal acceleration. After every step of 
the centrifugation cascade, a narrowing of the distribution is observed for both length (i.e. from (M) to (O)) and 
thickness (i.e. from (P) to (R)). Red lines are fits to a log-normal distribution. 

  



 <L> (nm)    <N> 

MoS2 Large 96.5 ± 3.5 4.4 ± 0.1 

MoS2 Medium 56.2 ± 2.3 3.2 ± 0.1 

MoS2 Small 35.3 ± 1.2 2.2 ± 0.1 

WS2 Large 73.5 ± 2.9 3.6 ± 0.1 

WS2 Medium 50.6 ± 1.9 2.9 ± 0.1 

WS2 Small 44.3 ± 1.9 2.6 ± 0.1 

 

Table S1. Average nanosheet dimensions obtained via statistical atomic force microscopy (AFM) analysis. <L>, 
, and <N> are the arithmetic means of the nanosheet lateral size, and layer number, respectively. The error reported 
in the table is the standard error of the mean. The samples are labelled as “Large”, “Medium”, “Small” referring 
to the boundaries of the centripetal acceleration used during size selection via liquid cascade centrifugation (LCC) 
method: 1-5k g (Large), 5-10k g (Medium), 10-30k g (Small). Increasing the centripetal acceleration in steps gives 
access to different sediment fractions along the cascade, each of which contains nanosheets distributions centered 
around decreasing N and L. Note that the unit ‘g’ refers to the relative centrifugal acceleration expressed in 
multiples of the earth gravitational field.  

 

Langmuir-Schaefer deposition: SEM images 

 
 
Figure S3 – SEM images of Langmuir-type deposited TMD nanosheets. Images show an overview (top row), 
and a zoom-in region (bottom row) of representative spots of deposited WS2 nanosheets for the three fractions 
under study. (A-B) Small, (C-D) Medium, (E-F) Large WS2 nanosheets thin-films.  
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Transient Absorption (TA) spectroscopy 
 
Normalised spectra for each fraction of both materials are reported in Figure S4. 
 

 
 
Figure S4 – Normalised TA spectra of WS2 and MoS2 films. (A)-(C) Normalised spectra at 1 ns and 10 ns for 
each fraction (i.e. Large, Medium, Small) of MoS2. (D)-(F) Normalised spectra at 1 ns, 10 ns, and 100 ns for each 
fraction (i.e. Large, Medium, Small) of WS2. In both materials, the spectral profiles do not change over time: this 
confirms that the TA signal is dominated by one population that we identify as charges. 
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