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Experimental Section 

Steady-state UV-Vis electronic absorption spectra were recorded on a PerkinElmer (Lambda 19) 

UV-Vis-NIR spectrophotometer. Steady-state emission spectra were recorded on a Fluorolog-3 

JobinYvon-Spex spectrofluorometer (model GL3-21). Pico-second time-resolved fluorescence 

spectra were measured by the time-correlated-single-photon-counting (TCSPC) method on a 

Nano-Log spectrofluorometer (Horiba JobinYvon), by using a laser diode as an excitation source 

(NanoLED, 375 nm) and a UV-Vis detector TBX-PMT series (250-850 nm) by Horiba JobinYvon. 

Lifetimes were evaluated with the DAS6 Fluorescence-Decay Analysis Software. Mid-infrared 

spectra in the region 500-4500 cm−1 were obtained on a Fourier transform IR spectrometer 

(Equinox 55 from Bruker Optics) equipped with a single reflection diamond ATR accessory 

(DuraSamp1IR II by SensIR Technologies). A drop of the solution was placed on the diamond 

surface, followed by evaporation of the solvent, in a stream of nitrogen, before recording the 

spectrum. Typically, 100 scans were acquired at 2 cm−1 resolution. Micro-Raman scattering 

measurements were performed at room temperature in the backscattering geometry using a 

RENISHAW inVia Raman microscope equipped with a CCD camera and a Leica microscope. A 

2400 lines mm−1 grating was used for all measurements, providing a spectral resolution of ± 1 

cm−1. As an excitation source the Ar+ laser (633 nm with less than 0. 265 mW laser power or 514 

nm with less than 0.45 mW laser power). Measurements were taken with 15 seconds of exposure 

times at varying numbers of accumulations. The laser spot was focused on the sample surface 

using a long working distance 50x objective. Raman spectra were collected on numerous spots on 

the sample and recorded with Peltier cooled CCD camera. The data were collected and analyzed 

with Renishaw Wire and Origin software. FT-Raman spectra were acquired on a Bruker RFS100 

with less than 300 mW laser power. Thermogravimetric analysis was performed using a TGA 

Q500 V20.2 Build 27 instrument by TA in a nitrogen (purity >99.999%) inert atmosphere. The 

microwave-assisted reaction was performed in a CEM Discover SP reactor employed in open-

batch modality. Particle height distribution analysis was carried out by using the Nanoscope 

Analysis Version 1.5 software (Veeco Ins). Elemental analyses were performed in a Thermo Flash 

EA 1112 instrument with ∼3 mg of powder samples. The DLS measurements were recorded on a 

Malvern Nano Zetasizer HT, on a 10 mm path-length plastic cuvette. 1H and 13C NMR spectra 

were recorded at 25 oC on a Bruker AV500 spectrometer. 
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Cyclic and differential pulse voltammograms were recorded on an AMETEK PARSTAT 4000A 

Potentiostat/Galvanostat/EIS Analyzer using a three-electrode system. A platinum button 

electrode was used as the working electrode. A platinum wire served as the counter electrode and 

an Ag/AgCl electrode was used as the reference electrode.  Ferrocene/ferrocenium redox couple 

was used as an internal standard. All the solutions were purged prior to electrochemical and 

spectral measurements using argon gas. 
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Figure S1. 1H NMR spectrum for as-produced CNDs (blue) and 1,2-dithiolane modified CNDs 

(red). All the signals for the as-produced CNDs are found in the aliphatic region and correspond 

to the methylene protons of citric acid and ethylenediamine structural components (4.0-2.3 ppm) 

and butyl units (1.6-0.7 ppm). In the 1,2-dithiolane modified CNDs, multiplets appear between 2.6 

and 1.5 ppm, corresponding to the protons of the lipoic amide moiety condensed onto the periphery 

of CNDs. 
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Figure S2. ATR-IR spectra of as-produced CNDs (blue) and 1,2-dithiolane modified CNDs (red). 

The IR features on the as-produced CNDs are assigned as to O-H and N-H stretching vibrations at 

3300-3000 cm-1, C-H stretching at 2920 cm-1, C=O stretching of free carboxylic acid units at 1705 

cm-1, C=O stretching of amide units at 1640 and 1630 cm-1, and C-O and C-N stretching at 1440-

1360 cm-1. In the modified CNDs, the intensity for the C=O stretching amide band was increased. 

  

3000 2700 1750 1500 1250 1000 750

T
ra

sm
itt

an
ce

 (a
. u

.)

Wavenumbers (cm-1)



 S6 

 

 

Figure S3. (a) ATR-IR spectra of CND-MoS2 (black) and CND-WS2 (grey). 
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Figure S4. Raman spectra (1064 nm) for CNDs (red), CND-MoS2 (black) and CND-WS2 (grey). 
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Figure S5. Representative low-magnification HR-STEM-ADF images for CND-MoS2 (left) and 

CND-WS2 (right). 
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Figure S6. UV-Vis spectra of as-produced CNDs (blue) and 1,2-dithiolane modified CNDs (red), 

obtained in methanol. The characteristic absorbance of CNDs is red-shifted from 345 nm for the 

as-produced CNDs to 370 nm for the 1,2-dithiolane modified CNDs. 
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Figure S7. Cyclic voltammograms of (a) exfoliated MoS2, (b) exfoliated WS2, (c) CND-MoS2, 

and (d) CND-WS2 in DMF containing 0.1 M of n-Bu4NClO4 as electrolyte. Scan rate = 100 mV/s. 
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Figure S8. Spectral changes observed during (a) first oxidation and (b) first reduction of exfoliated 

MoS2, and (c) first oxidation and (d) first reduction of exfoliated WS2 in DMF containing 0.2 M 

n-BuN4ClO4 as electrolyte. 
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Figure S9. Femtosecond transient absorption spectra at the indicated delay times of exfoliated (a) 

MoS2 and (b) WS2, in DMF at the excitation wavelength of 425 nm. The right-hand panel shows 

intensity-wavelength maps. 
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Figure S10. Femtosecond transient absorption spectra at the indicated delay times of (a) CNDs, 

(b) MoS2 and (c) WS2 dispersions in DMF at the excitation wavelength of 370 nm. The right-hand 

panel shows intensity-wavelength maps. 

 

 

 


