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Abstract 

Carbon quantum dots (CQDs) are believed to play a key role in the field of biomedicine, sensing of biomolecules, bio 

imaging, targeted drug delivery, energy transfer, etc. CQDs have been successfully employed to detect various metal ions, 

and important bio-molecules at very low concentration. To explore the potential application of CQDs in bio system it is 

important to study their property in such systems. The interactions between CQDs and membrane are important in 

understanding the mechanism of drug action. Micelles are used as a model cell mimicking system. As compared to various 

other membrane models such as soluble polymers and liposomes, micellar systems are considered to be more 

advantageous, because of their relative simplicity, low toxicity, and narrow size distribution, long residence time in the 

system. Hence it is very important to study CQDs in Micellar medium. 
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Introduction 

Carbon quantum dots (CQDs) were accidentally 
discovered in 2004, after separation and purification of 
single walled carbon nanotubes synthesized by arc-
discharge methods [1]. Since then, the simplicity of 
synthesis and unique properties of CQDs has attracted 
lots of interest which are reflected in publications relating 
their synthetic methodologies optical properties and 
various applications [2-10]. Carbon quantum dots (CQDs) 
have inspired extensive studies on them due to their great 
potential in the biological field and ability to interact with 
surfactants [11] model lipid bilayers [12], and 
biomembranes [13].  

 

The physicochemical properties of CQDs, including 
their fluorescence properties without photo bleaching 
and photo blinking, their facile emission tuning, excellent 
chemical and photochemical stability, non-toxicity, 
reveals their high application potential in vivo biological 
field [14]. It is believed that CQDs will play an increasing 
role in analytical and bio analytical science in the near 
future. The interactions between CQDs and membrane are 
important in understanding the mechanism of drug action 
and also provide a detailed inside into more complex 
biological processes such as the passage of drugs through 
cell membranes. Owing to the much complex structure of 
bio-membrane, the less anfractuous models, surfactants 
micelle having spherical structure, have been used to 
mimic the bio-membrane environments [15]. As 
compared to various other membrane models such as 
soluble polymers and liposomes, micellar systems are 
considered to be more advantageous, because of their 
relative simplicity, low toxicity, and narrow size 
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distribution, long residence time in the system, and the 
enhanced bio-availability and the stability of the drug 
through the micellar incorporation [16]. 

 
The amphiphilic nature of the micelles allows one to 

study the affinity of small molecules to the biological 
membranes and hence the physicochemical interactions 
of CQDs with surfactant can be visualized as an 
approximation for CQD-membrane interactions. Owing to 
the pre-eminent importance of interactions of CQDs with 
surfactant, significant progress can be achieved for better 
understanding biological interaction of CQDs in exploring 
their physicochemical aspects in surfactant medium. 

 
Sun and co-workers prepared CDs through laser 

ablation of a carbon target.3 On the other hand, the 
‘‘bottom-up’’ approaches synthesise CQDs from molecular 
precursors such as citrate and polymer–silica 
nanocomposites4 through combustion/ thermal 
treatments, and supported synthetic and microwave 
synthetic routes. For instance, Liu’s team reported a 
synthetic method based on the use of modified silica 
spheres as carriers and resols as carbon precursors [4]. 
Zhu and co-workers showed that CQDs are readily formed 
by heating a solution of poly (ethylene glycol) (PEG) and 
saccharide in a 500 W microwave oven for 2 to 10 min [5]. 
Li’s team was one of the first groups to introduce the 
concept of preparing fluorescent CQDs using a simple and 
green route [6]. Recently Nandi et al. investigated the 
origin of multi colour fluorescence in carbon dot [7]. Jana 
and co-workers synthesized fluorescent carbon 
nanoparticles with a diameter of 2-6 nm from nitric acid 
oxidation of soot particles and found that the emission 
quantum yield is size-dependent, that is, the smaller the 
size, the better is their photoluminescence (PL) 
efficiency.2 CDs are made up of aggregated 2-pyridone 
derivatives employing π−π stacking and H-bonding [8]. 
The PL emission maximum of CDs is excitation 
wavelength independent. Discrete multiple electronic 
states are involved for the excitation dependent emission 
in carbon nanodots [9]. 

 
The interaction between properly functionalized CQDs 

with various surfactants like cationic (CTAC), non-ionic 
(TritonX-100, Brijj-35), zwitter ionic (HPS) and anionic 
(SDS) surfactants will be revealed using electronic 
absorption spectroscopy. These results will give an idea 
about their relative rate of penetration into the micellar 
system. The titration method of the properly 
functionalized CQDs as a function of surfactant 
concentrations will help in evaluating the binding 
constants. The fluorescence property of CQDs will change 
with the variation of its local environment and hence can 

be used to explore the drug-surfactant interactions. 
Different spectroscopic techniques such as steady state 
and time resolved fluorescence spectroscopy and Proton-
NMR will help to gain some basic information for 
understanding the interaction between surfactants and 
CQDs. The fluorescence studies can help us to understand 
whether the interaction is hydrophobic or electrostatic in 
nature. 

 
The detail investigation on the nature of interactions 

between functionalized CQDs and surfactants can be done 
by fluorescence quenching experiments. An enhancement 
in the absorbance and blue or red shift with the decrease 
in fluorescence intensity may be an issue in this purpose. 
In order to further confirm the results, the number of 
binding sites in a CQD, binding constants, Stern-Volmer 
quenching constants, will be evaluated from these 
spectroscopic techniques. 

 
Different additive effects may be investigated by all of 

the above spectroscopic techniques. Steady state 
spectroscopy can investigate the influence of 
pharmaceutically important co-solvents such as ethanol, 
ethylene glycol, propylene glycol on the interaction of 
functionalized CQDS and different surfactants in the 
concentration range varying from pre micellar to post 
micellar concentrations region. Questions that may be 
addressed with this study are: 
 
 What are the factors those control the rate of 

penetration of CQDs into the core of micellar system.  
 The binding constant of different functionalized CQDs 

and different surfactants will be determined. It will 
report the affinity of the CQDs towards the organized 
systems. 

 It will also be observed that whether different 
functionalities of CQDs impart any effect on relative 
penetration to the core of the normal and reverse 
micelle. The change of functionalities will also throw 
some light about the origin of fluorescence properties 
of the CQDs systems. 

 In the presence of surfactants (mimic to bio 
membrane), these studies will help in designing better 
and more efficient drug carrier in future.  
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