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markable properties due to their precise and ultrafine
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Abstract; Highly luminescent carbon quantum dots (CQDs) were prepared by using L-ascorbic acid
as a carbon source derived from reverse microemulsion. This method could control the CQDs size di-
rectly by adjusting water-surfactant molar ratio without other procedure. Hexadecylamine was used to
functionize CQDs. The synthesized CQDs had high quantum yield of maximum 47% at the 360 nm
excitation wavelength and the particle size could be tuned by changing the molar ratio of the water to

surfactant from 20 to 50.
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Introduction P

solubility in water and weak fluorescence

Nanoparticle with size below 10 nm exhibit re-

"1 Carbon is a black material common-
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ly, until recently is generally considered to have low
*. Com-
pared to organic dyes and traditional semiconductor
quantum dots, photoluminescent CQDs are superior

in terms of robust chemical inertness, easy function-
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low toxicity, good biocompatibility and
[3]

alization ,
high resistance to photobleaching"”'. There are few
studies of size- and shape-controlled fluorescent
CQDs, although they are important for understanding
quantum phenomena, and for optoelectronics and bi-
omedical applications'*'. As a “soft template” , re-
verse microemulsions are organized assembly by wa-
ter, oil and surfactant. They have water-in-oil liquid
structure , which is composed of dispersed bubbles in
the medium. The bubbles are described as microme-

581 Soluble solute in a re-

ter or nanometer reactors
verse microemulsions can induce transformations in
system properties such as aggregation number, inter-
face porosity, droplets sizes and shapes'®'. This
chemical method can offer size tunability and narrow
size distribution of CQDs without size separation
process.

In this paper, Highly luminescent carbon quan-
tum dots (CQDs) were prepared by using L-ascorbic
acid as a carbon source derived from reverse microe-
mulsion. Hexadecylamine was used to functionize
CQDs. The synthesized CQDs had high quantum
yield of maximum 47% at the 360 nm excitation
wavelength. Changing the molar ratio of the water
and surfactant from 20 to 50 caused an increase of

particle size.

2 Experiments

In this research, by adjusting the molar ratio of
the surfactant ( sodium dodecyl benzene sulfonate,
SDBS) and water (w =n(H,0): n(Surfactant) ) ,
different size of carbon quantum dots was controlled ,
as depicted in Fig. 1. CQDs were prepared by car-
bonization of L-ascorbic acid in reverse micelles,
and surface passivation was finished in situ simulta-
neously'”’
from Aladdin. L-ascorbic acid (0. 106 g, 10% ) in
purified water (1.06 mL) (a) was added to a solu-
tion of SDBS in decane (20 mL) (b). Then, SDBS

and n-butyl alcohol (cosurfactant) molar ratio of 1:

All of the chemicals were purchased

2 was dissloved into the solution, which became
transparent rapidly under vigorous stiring, that indi-
cated the formation of the water-in-oil reverse micro-

emulsions (c¢). Then, the solution was aged at room

After 12 h, hexadecylamine ( HDA,
0.9 ¢) was added to the solution, ultrasound dis-

temperature.
persed. Then, the temperature of the solution was
increased to 160 °C for 3 h. Simutaneously inside

condensational polymeriza-
]

these reverse micelles,
tion in L-ascorbic acid was spurred by the heat '
the colorless tansparent solution became orange.
With the water evaporation, the reverse micelles
reached oversaturation state, and carbonization was
formed by intermolecular dehydration ( d ). The
CQDs were passivated by HDA immediately. The
suspension of the HDA capped CQDs (HDA-CQDs) was
gained by rinsing with methanol and centrifuge (e). The
product was then dispersed in 20 mL methanol.

Decane n- bul)l alcohol

Decane
Aglno
n but\l alcohol ¥
SDBS

SDBS

dter vdpordllon
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Fig. 1 Schematic representation of synthesis of carbon quan-
tum dots (CQDs) in reverse micelles; (a) L-ascor-

bic acid solution (water phase), (b) oil phase, (c¢)

water in oil emulsions containing L-ascorbic acid,

(d) carbonization, (e) HDA-capped CQDs.

Infrared spectra were obtained by using a Shi-
madzu FT-IR-8400S spectrometer.

electron microscope measurements,

For transmission

a drop of the
sample suspension in methanol was placed on a cop-
per grid and coated with a carbon film, and then the
grid was dried. TEM images were obtained using a
JEOL JEM-2010. Photoluminescence spectra were
recorded on a TianJin Gang Dong F-280 fluorome-
er. UV-visible absorption spectra were recorded on
a Shimadzu UV-2550 spectrophotometer.

For quantum yield measurements, a solution of
quinine sulfate in 0. 1 mol/L H,SO, (the literature
quantum yield of 54% at 360 nm) was used as a
standard by the relative method. The quantum yield

can be calculated using the following equation'"” ;

A [
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where Q is the quantum yield, [ is the integrated
area under the emission spectrum, A is the absor-
bance at the excitation wavelength, and 7 is the re-
fractive index of the solvent. In all cases, the sub-
seript “st” denotes the standard value, the subscript

“ _»

x” denotes the value of the sample under test.

3 Results and Discussion

FTIR spectra are acquired to determine the lig-
ands to the surface of the HDA-CQDs. The results
are shown in Fig. 2. HDA-CQDs have been prepared
via the carbonization of L-ascorbic acid templated by
water-in-oil reverse micelles. The reverse micelles
are formed by mixing a L-ascorbic acid solution
(water phase) and decane (oil phase) in the pres-
ence of SDBS. Once the micelles reach a critical su-
persaturation condition by raising the temperature,
carbonization is spurred by intermolecular dehydra-
tion of L-ascorbic acid"*'. Formation of the graphitic
core structure is confirmed by the peaks near 1 500
em ™' designated to the stretching vibration of C =
C. Carbonyl moieties of CQDs react with the amine
head groups of HDA to form amides, thus the peaks
corresponded to OH stretching vibrations (3 421
em ™) and carbonyl groups (1 643 ¢cm™') dimin-
ish, which is in consistent with Woosung Kwon’s re-

©l Else, the appearance of CN stretching vi-

ports
brations (1213 ¢cm™") and enhanced CH, stretching
vibration (2 900 em ') also indicate that HDA lig-
ands bind to the surface. The peaks at 1 043 c¢m ™'
correspond to the symmetric stretching vibrations of

C—0—C, the surfaces of the HDA-CQDs are par-
tially oxidized.

Transmittance/a. u.

v(C—0—C)
| | | | | 1
4000 3500 3000 2500 2000 1500 1000 500

v/em™
Fig.2 FT-IR spectra of L-ascorbic acid (a), bare CQDs
(b), and HDA-capped CQDs (c).

The size and distribution of particles synthe-
sized in reverse micelles is directly related to the size
and shape of the micelles. The radius of SDBS-
based micelles (r) is theoretically governed by the
following equationilzi

r =3V/A, (2)
where V=NV, n(H,0), Vis the volume of the mi-
celle; A = Non (Surfactant) ; N is Avogadro con-
stant; V,, =3 nm, V, is the volume of water mole-
cules;w =n(H,0): n(Surfactant). So, r =90w/o,
where o is the superficial area of surfactant polar
group, it is constant. The size of the particles is af-
fected by the water content of microemulsion, within
a certain range, with increasing the w ratio, water
droplets radius increases, the size of the nanoparti-
cles increases' "’

As shown in Fig. 3, the TEM images show that
the average diameter of HDA-CQDs is proportional to
the w ratio. Gaussian distribution of CQDs has dif-
ferent peak value, and it increases with the addition
of w. With the increasing of w, the polydispersity of
HDA-CQDs broadens. This uniform dispersion arises
from the nature of reverse micelles, which effectively
isolates precursors from the bulk phase to prohibit
undesirable aggregation. The ability of the surfactant
coating water decreases, which leads to poor stability
of oil-water interfacial film and the stronger interac-
tion between micelles. Also, duing to Vi (micelles
exchange rate) > V. (crystal nucleus growth rate) >
V;: ( nucleation rate ), microemulsion beams are in
dynamic equilibrium, the micellar collide constantly
and gather into dimers, trimers. Droplet collision of
dimers or trimers exist in the system for a long time,
which would be attributed to larger particles, so,
particle size distribution widens''""*'.

The lattice spacing turns out to be 0. 25 nm
(Fig.3(a) and Fig.3(c)), 0.32 nm (Fig.3(b)
and Fig. 3(d) ), which corresponds to the (100)
and (002) facet of graphitic carbon, respectively.
The fast Fourier transform in Fig. 3 (c¢) reveals a
characteristic hexagonal diffraction pattern of the

(100) facet of the graphite, which further proves

the formation of the graphitic structure.
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Fig.3 TEM images, display histograms and Gaussian distribution of CQDS at various w ratios. (a) 20. (b) 30. (c) 40. (d) 50.

In Fig. 4, the absorbance spectra of HDA-
CQDs at various w ratios are signifant in the UV re-
gion. The absorption near 350 nm is typically as-

15-18 .
U581 Poor absorbance in

cribed to p-m” transitions
the visible region can be also indicated as one of
several spectral features of typical CQDs'"'. The
peak intensity generally decreases as the excitation

wavelength (400 =500 nm) increases. At the exci-

tation wavelength (A, ) of 380 nm, the emission
peak of the large HDA-capped CQDs (w =50, 459.7
nm) shifts about 20 nm to red in comparison with
that of the small HDA-CQDs (w =20, 439.8 nm).
And emission intensity at longer A, tends to be en-
hanced in proportion to the size of CQDs. Obvious-
ly, the emission intensity at A, =380 nm surpasses
that at A, =400 nm in Fig. 4 (a). However, the
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former is initially inferior to the latter in Fig.4(b).

The peak position of emission spectra is dependent

47% to 28% with the increasing of w ratio from 20
to 50. Where, the variation probably depends on the

effectiveness of the reaction for surface passivation
and size distubution. Bare CQDs have low QYs
about 6% , HDA-CQDs have a higher QYs under

the same condition, which could produce new energy

on A, , which would be ascribed to emissive surface

ex
sites with various energy levels "', The brightness
of the photoluminescence is reflected in the high
emission quantum yields. Under 360 nm excitation,

the observed quantum yields (QYs) decrease from traps at the surface of CQDs.
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Fig.4 Absorbance and photoluminescence spectra of HDA-CQDs at various w ratios. (a) 20. (b) 30. (¢) 40. (d) 50. The

color coding represents the excitation wavelength.

) tion steps. This method offered high quantum yields
4 Conclusion of maximum 47% at the 360 nm excitation wave-
In summary, highly luminescent and narrow length. These features of CQDs would improve the
size distribution CQDs were prepared by adjusting optical, electrorheological catalytic properties, etc.

water-surfactant molar ratio without any size selec-
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