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Typically, the C-dots are a new class of carbon nanomaterials with a size of less 

than 10 nm. As compared to the traditional semiconductors, carbon dots (C-

dots) are superior in terms of solubility, chemical inertness, biocompatibility and 

photo-emission property [1-3]. Moreover, the C-dots are capable of exhibiting 

both size and excitation wavelength dependent photoluminescence (PL) 

property [1]. In contrast to the processing of 2D WS2 nanosheets by a facile, 

hydrothermal route followed by ultrasonication, the C-dots were obtained via a 

green route, considering orange juice as the source of carbon. The mechanism of 

formation of C-dots from orange juice involves hydrothermal carbonisation of 

the major constituents, such as, sucrose, glucose, fructose, citric acid and ascorbic 

acid [5]. In this chapter, we highlight physical properties of WS2/C-dot hybrid 

nanosystems, emphasizing light-matter interaction and particularly, probing 

Raman active modes and excitation dependent photoluminescence properties. 

 

3.1 Principles of light scattering and light emission processes 

Light scattering is an optical phenomenon caused by the interaction of light with 

a particle in a solution [6]. When light strikes a particle in a solution photons are 

absorbed by the particle and re-emits in all direction. This phenomenon is called 

scattering [6]. The majority of the photons are scattered elastically i.e. the 

frequency of the emitted photons are same as that of the incident light. This type 

of scattering process is called Rayleigh scattering [7]. However, a small fraction 

of light (one out of 107 photons) scatters with frequency lower or higher than the 

frequency of the incident photons. This type of inelastic scattering is called 

Raman scattering [7]. Raman scattering occurs with a change in the vibrational, 

rotational and electronic energy of a molecule. The difference in energy between 

the incident photons and inelastically scattered photons is equal to the energy of 

vibration of the scattered molecule.  

When light interacts with the molecules, it leads to molecular deformation and a 

dipole moment is induced. Due to the molecular deformation the molecule starts 

vibrating with a characteristic frequency υm. If the frequency of the incident light 

is υ0, and it is seen that most of the light get scattered with the same frequency of 
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υ0, it is called as, Rayleigh scattering. A small fraction of light is found to scatter 

with a frequency υ0-υm, which is called Stokes Raman frequency [8]. And a very 

small fraction of light is found to scatter with a frequency of υ0 + υm, called anti-

Stokes frequency [8]. 

The Raman shift ∆υ doesn’t depend upon the frequency of the incident light but 

it is the characteristic of the material causing the Raman effect. 

3.2 Raman active modes in the WS2/C-dot nanohybrid system 

Raman spectroscopy is an important, yet versatile tool to characterise Raman 

active vibrational modes in a given specimen. The, extensive Raman analysis is 

capable of providing information as regards, number of layers, nature of defects, 

doping levels, microstrain and other useful details [9]. Fig. 3.1 (a) represents a set 

of Raman spectra of the synthesized nano-WS2 system acquired at an excitation 

wavelength, λex ~785 nm. The WS2 nanosheets showed two major Raman active 

vibronic bands, E12g and A1g modes, which are found to be located at ~350 cm−1 

and 420.3 cm−1; respectively [10]. These modes essentially correspond to the in-

plane optical mode and out-of plane vibrational modes of the sulfur atoms 

within the nano-system [10]. For clarity, a zoomed in version of these peaks are 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Raman spectra of the WS2 nanosheet and WS2/C-dot nanohybrid systems. 

The magnified views of the E12g and A1g modes are highlighted in (b). 

 



Raman and photoluminescence studies of WS2/C-dot nanohybrid systems                                  Chapter III 
 
 

58 
 

 depicted in Fig. 3.1 (b). Relative to WS2 only nano-system, the E12g and A1g 

Raman active modes of the WS2/C-dot nanohybrid system are shifted 

marginally toward the higher frequency side by approximately, 2.83 cm−1 and 

1.40 cm−1, respectively.  

Moreover, the E12g to A1g intensity ratio of the nanohybrid system, experienced a 

marginal improvement from a value of 0.70 to a value of 0.79. Also, the full 

width at half maxima (FWHM) of the modes get improved substantially (Table 

3.1). The overall feature is ascribed to the strong interaction between the C-dots 

and the WS2 nanosheets, which can strengthen both the in-plane and out-of-

plane effective restoring forces acting on them [11]. Furthermore, the emergence 

of two additional peaks located at ~1335.7 cm−1 and 1531 cm−1 are assigned to 

the D and G bands of the graphitic content [12]. While the D band corresponds 

to defects existing in the graphitic carbon material, the G band is linked to the 

sp2 carbon atoms in the graphitic layers [13]. Since the G band appears due to the 

stretching of the C-C bonds in the sp2 bonded material, the asymmetric nature 

might have arisen due to the presence of unsaturated bonds at the adjoining 

interface of the WS2 and the C dots. Upon de-convolution (not shown), the G- 

band was seen to offer three superimposed peak maxima, positioned at ~1519.8 

cm−1, 1551.7 cm−1 and 1595.9 cm−1. 

 

Table 3.1: Raman spectra analysis of WS2 and WS2/C-dot nanoscale system 

 

 

 

 

 

Sample Raman modes FWHM (cm-1) 

E12g; A1g 

Intensity ratio  

(E12g/A1g) 

WS2 nanosheet E12g and A1g 16.45; 13.59 0.70 

WS2/C-dot 

nanohybrid 

E12g and A1g; 

D and G (graphitic) 

23.54; 22.62 0.79 
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3.3 Ordinary and excitation dependent photoluminescence 

Photoluminescence is an optical phenomenon shown by many of the materials, 

particularly which possess a band gap. When a material is excited by an 

electromagnetic radiation (hυ), the electrons are excited to the conduction band 

leaving the holes in the valence band. The electrons drop back to the valence 

band and recombine with the holes by emitting photons, whose energy (hυ’), is 

generally less than the excitation energy (hυ). The time interval between the 

absorption and emission of photons may vary from femtoseconds to 

milliseconds. Accordingly they are called as, fluorescence and phosphorescence; 

respectively [14]. In case of semiconductors, the most common radiative 

transition occurs between the states of the conduction band and the valence 

band. The near-band-edge emission is the most common type of radiative 

emission. However, the radiative transitions in semiconductors may also include 

transitions accompanied by localized defects and impurity levels [15]. 

In case of most of the materials the emission energy do not depend on the 

absorption energy, i.e. the material will show its PL peak at a particular 

wavelength which does not vary with the excitation wavelength. Such type of 

photoluminescence process is called ordinary or excitation independent 

photoluminescence process [16]. Most of the semiconductors like ZnO, ZnS, TiO2 

etc. show excitation independent photoluminescence [17, 18]. The size 

dependent luminescence feature (due to quantum confinement) is also 

accommodated in this category. 

 

On the other hand, in case of some other materials, like graphene and carbon 

dots (C-dot) the emission wavelength was found to vary with the excitation 

lines. Such type of unconventional photoluminescence processes are called as, 

excitation dependent photoluminescence [19]. Without varying size, the PL 

properties of these materials can be tuned by varying the excitation wavelength. 

The origin of ordinary and excitation dependent PL processes are distinctly 

different; with latter may arise due to manifestation of one or more processes. 

Multicolour emission capabilities of the materials exhibiting such PL processes 

have become very useful from the application point of views [19]. 
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3.4 Excitation dependent luminescence feature of WS2/C-dot nanohybrid 

First we discuss about optical absorption responses prior to luminescence ones. 

The UV visible optical absorption spectra of both WS2 nanosheets and 2D 

WS2/C-dot nanohybrid samples are depicted in Fig. 3.2 (a). It may be noted that, 

C-dots were not prepared separately rather, processed in a precursor containing 

WS2. Accordingly, absorption and photoluminescence responses of the hybrid 

WS2/C-dot nanosystem are compared with the WS2 only system. The absorption 

band at ~ 632 nm corresponds to the d–d type transitions of the WS2 at the center 

of the Brillouin zone [20]. The absorption band at ~525 nm is ascribed to the 

transitions arising from the spin-splitted valence band to the conduction band 

[21], and the band located at ~450 nm may arise from the localized density of 

states (DOS) existing between the valence and conduction bands [21]. The 

absorption spectrum of the WS2/C-dot hybrid system, however, gave multiple 

peaks: ~ 270 nm, 295 nm, 450 nm, 520 nm and 630 nm. In fact, the C-dots are 

known to exhibit broad UV absorption at ~ 295 nm, which is the characteristic 

peak of carbon rich nanoparticles synthesized by way of carbonization of 

chitosan [22]. Fig. 3.2 (b) represents the corresponding PL spectra under an 

excitation wavelength of λex = 360 nm. As can be noticed, the hybrid WS2/C dot 

nanosystem gives a much improved luminescence response due to enriched 

radiative property introduced by the C-dots, behaving like fluorophore agents. 

Since the PL spectra of the WS2 nanosheet and WS2/C-dot hybrid systems share 

the similar line-shape, one can anticipate relevant surface interaction between 

the WS2 nanosheets and the C-dots in the hybrid system. Moreover, the digital 

snap shots of the cuvette containing WS2/C-dot nanohybrid specimen and 

captured under white and UV light illuminations, can be found in Fig. 3.2 (c). To 

be specific, the yellow coloured specimen under visible light turns blue under 

UV light exposure. 
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 Fig. 3.2 A : (a) UV visible optical absorption and (b) PL emission spectra ( λex = 360 nm) 

of the synthesized WS2/C -dot nanosystems. Digital photographs captured under 

visible and UV light exposure of the cuvette containing nanohybrid specimen, are 

shown in (c). 

 

A series of excitation wavelength dependent PL spectra of the WS2/C-dot hybrid 

system are shown in Fig. 3.2 (B) (a). When the excitation wavelength (λex) is 

changed from 350 nm to 440 nm, the corresponding PL emission peaks (λem) get 

altered with the central maxima varying between ~450 nm (blue) and 531 nm 

(green). Moreover, we also noticed a small emission peak at ~714 nm 

corresponding to λex = 560 nm, shown as inset in Fig. 3.2 (B) (a). As a general 

trend, with the increase in the excitation wavelength, the PL emission intensity 

first improves and then, gets weakened by substantial amount. However 

amount. However, the up-converted PL property of the C-dots, which is 

reported to be an important reason to improve the photocatalytic activity of such 

kind of hybrid cannot be ensured in this case [17]. On the other hand, the PL 

excitation spectra have been acquired keeping wavelength of emission fixed 

(Fig. 3.2 (B) (b)). Note the nature of curves with increasing wavelength of 

emissions. 
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Figure 3.2 B: A series of (a) excitation dependent PL emission spectra and that of (b) PL 

excitation spectra of the WS2/C-dot nanosystem. Since excitation at λex = 560 nm gives a 

weak emission peak at λem = 714 nm, it is shown independently as figure inset of (a). 

 

 

 

 

 
 
 
 

 

Figure 3.3: Schematic representation of the effects responsible for excitation dependent 

PL spectra. 

 
 

At present, there is no clear cut mechanism available to justify the excitation 

dependent luminescence in layered systems. However, in graphene quantum 

dots and its derivatives, different groups have advocated excitation dependent 

luminescence as a consequence of quantum size effect, giant red-edge effect, 

surface trap and heteroatoms [23]. In our case, we expect the latter mechanisms 

to be mainly responsible for displaying excitation dependent PL features. The 

surface traps model essentially relies on adequate trap states due to the oxygen 

rich groups, such as, -COOH and OH available at the surface of the C- dots. The 

availability of continuous yet different localized defect states would account for 

the PL emission responses at different wavelengths [24–26]. On the other hand, 

electronegativity of heteroatom model suggests that, surface active groups and 
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heteroatoms may influence the PL response of the C-dots significantly. The 

fluorescence peak would experience redshifts when C-dots are doped with S or 

Se, which act as electron donors owing to their low electronegative character 

[24]. 

 

Since the WS2 nanosheets are evolved with ample dangling bonds, when 

anchored with the C-dots, the latter might be crowded with free S-atoms at the 

interface. Consequently, C-dots would realize edge doping with S and can 

become responsible for the excitation dependent red shifting in the PL spectra 

[24, 27]. The schematic illustrations of surface-trap effect and electronegativity of 

heteroatoms are depicted in Fig. 3.3 (a, b). In order to substantiate excitation 

dependent response, fluorescence microscopy was also employed to exploit 

fluorescent nature of the synthesized WS2/C-dot nanosystem, images being 

shown in Fig. 3.4 (a-d). Apparently, the images exhibited brown, blue, green and 

red impressions, when the nanohybrid specimen was excited with white, UV, 

blue and green light; respectively. Note the well dispersed bright spots in each 

case, which are believed to have arisen from the surface anchored C-dots spread 

over the WS2 nanosheets. 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 3.4: The fluorescence micrographs under different excitation source: for which (a) 
white, (b) UV, (c) blue, and (d) green band-pass filters have been used. 
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3.5 Conclusion 

The synthesized WS2/C-dot nanohybrids were found to exhibit excellent 

fluorescence property, which are highly tunable with the excitation wavelength. 

The PL spectra of the WS2/C-dot hybrid system displayed an overall rise, 

because of the presence of the fluorophore like C-dots. The underlying 

mechanism for exhibition of excitation dependent PL and red-shifting response 

has been attributed to models related to surface traps and electronegativity of 

heteroatoms. Moreover, as compared to the WS2 nanosheets, the Raman 

spectrum of the WS2/C-dots hybrid nanosystem offered a marginal shifting of 

both the in-plane optic and out of plane vibronic modes, namely, E12g and A1g; 

toward lower frequency side along with the evolution of two additional peaks, 

assigned to the D and G bands of the graphitic system. 
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