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Abstract — A facile process for producing carbon dots with tunable luminescence properties has been developed by using microwave-
assisted technique. Citric acid and L-histidine were used as carbohydrate precursors. By varying the precursors concentration in
ethylene glycol, adjustable multicolor carbon dots of blue, green to yellow under UV excitation were easily obtained. We found that the
photoluminescence of carbon dots (diameter < 40 nm) can be adjusted by simply varying precursor amount, which has not yet been
reported before. Other methods for preparing different photoluminescent carbon dots often use oxidative/reductive chemicals, our
method is facile and environmental friendly. The tuneable photoluminescence range can extend from 430 nm to 550 nm in this system.
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1. Introduction

Carbon dots are a new member of carbon nanomaterials. [1] Their attracted properties includes good biocompatibility,
inertness, facile surface modification and special photoluminescent properties. [2, 3] Various synthetic approaches has
been explored for preparing carbon dots from bottom-up to top-down paths. [4, 5] Due to carbon dots favorable
fluorescence and low toxicity, they have been broadly applied in areas of biosensing and bioimaging etc. [6-10] The
photoluminescence mechanism of carbon dots is still at open issue among investigators. Roughly three kinds of
explanations have been proposed for carbon dots particular fluorescent behaviors, namely quantum size effect, surface state
and molecule state/carbon core state. [11]

Microwave-assisted synthesis and modification of carbon nanomaterials has been explored due to carbon materials
strong interaction with microwave radiation. [12] Microwave represent energy-saving and time-saving strategy for carbon
dots synthesis. Other common methods for carbon dots like hydrothermal often requires several hours or days, high
temperature and high pressure. Many research groups used microwave to fast synthesize carbon dots. [13-17] Synthesized
carbon dots either showed excitation-dependent or excitation-independent fluorescence. For multicolour carbon dots
preparation, often changing the reaction parameters like reaction temperature, reaction additives, pH, reaction time etc. are
applied or different precursors, doping elements are used. [18-21]

Herein, we develop a facile strategy of synthesising photoluminescent adjustable carbon dots from blue, green to
yellow under 312 nm UV excitation by varying precursors’ concentrations. Zhu et al[22] has prepared varied precursor
concentrations carbon dots, but the fluorescence change of the carbon dots is very little within 10 nm. Our method can tune
carbon dots emission shift up to 80 nm (sample 1 at 430 nm and sample 4 at 511 nm). Fluorescent nanomaterials are
affected by various parameters like surface state,[23] pH, temperature etc. in our carbon dots synthesis, the difference of all
samples is the precursor concentration which can cause different carbon dots surface states. The main reason causing this
phenomenon could be the different precursors to ethylene glycol ratio. Ethylene glycol is a reductive agents in the polyol
synthesis[24] which acts both as reaction solution and reductive agents. Comparatively, keeping ethylene glycol same in all
the microwave assisted synthesis, the higher precursor concentration environment are less reductive compared to lower
precursor concentrations. As a result, the higher precursor carbon dots has a higher oxidative surface state, therefore they
are red-shifted. This speculation is in consistent with other references.[21, 25] A higher oxidative surface state of carbon
dots can cause the red-shift phenomenon.

At the same time, even though different colour carbon dots display different colours under 312 nm UV excitation,
each of them also behaves the typical excitation-dependent full colour emissions. Although the mechanism for this
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photoluminescence change has not been fully explained. This facile synthesis of concentration-induced multicolour carbon
dots provide a multicolour platform for many applications like display, printing inks, and biosensors.

2. Experimental
2.1. Materials

Citric acid (251275), L-histidine (H8000, >99%), 3-Aminophenylboronic acid monohydrate (287512, 98%), dialysis
tube (PRUG10020, MWCO 1 kDa) were purchased from Sigma-Aldrich. Ethylene glycol was purchased from Caledon
laboratories Ltd. All chemicals were used as received. Water of 18.2 Q resistivity was used throughout experiment.

2.2. Preparation of Carbon Dots

A polyol microwave assisted method was adopted in the preparation of carbon dots.[26, 27] For synthesizing the
carbon dots used for the glucose biosensor, a typical process is as following: in a 20 mL vial, 100 mmol ethylene glycol,
0.5 mmol L-histidine and 0.5 mmol citric acid were added and mixed well. Then the vial was put in a home microwave
oven and heated for 20 minutes. The deep brown color indicated the formation of carbon dots. The solutions was dialyzed
against water and freeze-dried to obtain powder samples. The powder samples were stored in 4 degrees C.

For synthesizing a series of photoluminescent changing carbon dots, the precursor amount is as shown in table 1:
sample 1 (100 mmol ethylene glycol, 0.1 mmol L-histidine and 0.1 mmol citric acid), sample 2 (100 mmol ethylene glycol,
0.3 mmol L-histidine and 0.3 mmol citric acid), sample 3 (100 mmol ethylene glycol, 0.5 mmol L-histidine and 0.5 mmol
citric acid), sample 4 (100 mmol ethylene glycol, 1 mmol L-histidine and 1 mmol citric acid) and sample 5 (100 mmol
ethylene glycol, 3 mmol L-histidine and 3 mmol citric acid).

2.3. Characterizations

The fluorescent emission spectrum of carbon dots aqueous solutions were measured by fluorophotometry
(QuantaMsterTM 30, PTI). The size and morphology of the carbon dots were measured by transmission electron
microscope (TEM, Philips CM-10 transmission electron microscope operating at 80 kV). UV-vis spectrum were obtained
by Agilent Cary 60 UV-Vis.

3. Results and Discussion
3.1. Photoluminescent Tuneable Carbon Dots

Varied optical carbon dots solution were prepared in the concentration of 0.1 mg/mL. Figure 1 shows the carbon dots
solution under ambient light and under the UV panel of 312 nm excitation light. In the ambient environment, slightly
yellow colour change are observed and the colour deepens from sample 1 to sample 5. Under the UV panel excitation (312
nm), changing colour emission were presented from blue emission to green emission to light yellow colour.
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Fig. 1: Photo image of color tunable carbon Bvbts der room light and excited by 312 nm UV panel.

The fluorescence spectra of the carbon dots are recorded as shown in figure 2. Due to the fluoremeter restricted
excitation light, 312 nm cannot generate a decent graph, therefore, excitation of 350 nm was used to obtain the spectra.
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Sample 1 to sample 5 has emission peaks at 430 nm, 471 nm, 511 nm, 548 nm and 511 nm. The emission peak of sample 5
goes back to the same position as sample 3, this might be caused by the excitation light of 350 nm rather than 312 nm.

Table 1: Summary of samples precursors and ethylene glycol amount.

Sample Ethylene glycol (EG) Histidine Citric acid Ratio of carbon source to Particle size (nm)
P | (mmol) (mmol) (mmol) EG (%)
1 100 0.1 0.1 0.2 2541.52
2 100 0.3 0.3 0.6 4042.13
3 100 0.5 0.5 1. 194+1.12
4 100 1 1 2 4042.12
5 100 3 3 6 254191
1 2 354 excitation 350 nm
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Fig. 2: Photoluminescence spectrum of color tunable carbon dots excited by 350 nm.

The UV spectra of various carbon dots solution were measured and shown in figure 3. Typical absorbance curves of carbon
dots were obtained similar to other research results. With increasing the ratio of Carbon source to EG, the emission of C-
dots shows the read-shift.

TEM images of various carbon dots samples were measured, but there is not a clearly relationship between the carbon
dots particle size and their fluorescence. Although there is reports of nanoparticles size causing fluorescence changes,
obviously, this is not the situation. Though the mechanism for precursor amount induced fluorescence change is not yet
fully understood. This facile optical tuneability provides an easy and environmental friendly method for producing certain
colour range of carbon dots. Due the carbon composition of carbon dots, they normally possess high biocompatibility and
very suitable for applications such as biosensing, bioimaging. Therefore, the following parts are focused on constructing
biocompatible glucose biosensor based on sample 3 carbon dots.

129-3



Sample 1
Sample 2
Sample 3
E Sample 4
124 ~——— Sample 5

0.6

Absocrbance

0.4 4

0.2+

0.0+

2
100 200 300 400 500 600 700 800 900 1000 1100 1200

Wavelength (nm)
Fig. 3: UV absorbance spectrum of color tunable carbon dots.

Fig. 4: TEM image of sample 3 carbon dots.

Figure 4 shows the TEM image of sample 3. It has an average particle size of about 19 nm+1.2 nm.

4. Conclusion

A facile microwave assisted polyol synthesis of carbon dots method has been developed. The average particle size
is various in the range of 20-40 nm when the ratio of the precursor to EG increases. The photoluminescence of carbon
dots shows tunable wavelength from 380 nm to 600 nm by adjusting the ratio of carbon precursors to ethylene glycol.
The average particle size is estimated at Although the mechanism is not fully revealed, the tunable fluorescence of
carbon-dots are related to the interfacial effect of the surface of carbon dots and passive surfactant.
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