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The structure and optical properties of nanodots based on graphene oxide (GO) obtained by ablation by laser

radiation with different wavelengths were studied. It was shown that after laser ablation, the average lateral size

of GO sheets decreases from 820± 120 nm to 204± 40 nm and 105± 23 nm for samples prepared at λgen = 355

and 532 nm, respectively. In this case, a change in the intensities of the 2D and G bands was observed, which

indicates a decrease in the number of layers in the GO sheets. The optical density of GO dispersions and the

intensity of fluorescence depend on the ablation conditions. After ablation, the optical density of GO increased by

∼ 13% for samples obtained at λgen = 355 nm and by 20% for λgen = 532 nm. The fluorescence intensity of GO

ablated at λgen = 532 nm increased by 57% relative to the value registered for GO before ablation. For 355 nm, the

fluorescence intensity was changed by 7%.
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Introduction

The studies in the field of the use of graphene carbon

nanostructures for the recent time have resulted in signifi-

cant growth of publications devoted to synthesis and study

of luminescent carbon and graphene dots. Versus conven-

tional semiconductor quantum dots and organic pigments,

photoluminescent carbon-containing dots are stable in water

solutions, are chemically inert, photostable, biocompatible

and low toxic [1–3].
Different authors have shown that optical properties of

graphene dots depend not only on their structure and

composition, but also on the production conditions. One of

the methods to produce graphene dots is the laser ablation.

The method of pulse laser ablation is a single-stage, low-

cost and fast method to prepare graphene dots with the

controllable parameters.

In particular, this method was used in the work [4] to

produce graphene oxide nanostructures. It was shown that

in the process of ablation graphene oxide nanostructures are

formed with various shapes: ribbon, flakes and quantum

dots with simultaneous photoreduction of the graphene

oxide. Quantum dots of graphene oxide have a blue

photoluminescence, which is a result of recombination of

the charge carriers localized on zig-zag edges. At the same

time, intensity of illumination varies for the dots produced

at different irradiation times.

Also, this method was used for synthesis of the graphene

oxide dots in the work [5]. The diameter of the produced

structures varies from 5 to 30 nm, these dots have a good

stability and crystallinity. The emission spectrum of the

produced nanostructures is located within the yellow-green

region, which is non-typical for graphene dots. The authors

have shown that these dots have high optical electronic

properties and were used as the markers for visualization

of cancer cells.

The works [6, 7] have shown that the efficiency of

luminescence of graphene dots can be controlled, by varying

the laser ablation time.

It is well known [8] that the laser ablation process

efficiency directly depends not only on the laser radiation

exposure time, its energy or power, but also on the

generation wavelength (λgen). Match of the used λgen with

the absorption band of the used substance will lead to fall

of the ablation efficiency due to the energy losses. This

work provides the results of the study of structural and

optical properties of nano-dots based on the graphene oxide

(GO), produced by laser radiation ablation with different

wavelengths.

Experimental part

Single-layer graphene oxide (GO, Cheaptubes) was used

for production of dispersions. GO concentration in deion-

ized water (AquaMax) was 0.25mg/mL. For the dispersion

production the solution was ultrasonically treated during 30

min. After that, the solution was centrifugated at 6000 rpm

during 1 h.

Ablation was performed with the second or the third

harmonic of the solid-state Nd :YAG-laser (LQ215, SolarLS)
with λgen = 532 nm and λgen = 355 nm, τpulse = 10 ns with

the pulse energy density equal to 120 J/cm2. The experiment

conditions were selected so that the energy density at

different wavelengths of laser radiation would be the same.
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The ablation time was equal to 30min. The height of

the ablated liquid was 0.8 cm. During laser ablation the

dispersion was continuously mixing by means of magnetic

agitator.

The GO particles size was determined by using the

dynamic light scattering method by means of the Zetasizer

nano S90 analyzer (Malvern). The morphology of the

graphene oxide particles on the surface of silicon plates

was studied by means of electron scanning microscope

Mira-3 LMU (Tescan). The Raman spectra for the pro-

duced samples were registered with Confotec MR520 (3D
Scanning Raman Confocal Microscope, Sol Instruments)
with excitation by laser at the wavelength of 532 nm.

The absorption spectra were measured by means of

the Cary-300 spectrometer (Agilent). The fluorescence

was registered by means of Eclipse spectrofluorometer

(Agilent). The fluorescence decay kinetics of graphene

dots were measured by means of TCSPC (time-correlated

single photon counting) system (Becker&Hickl) with the

excitation wavelength λexc = 375 nm. The fluorescence

lifetimes were evaluated by processing the decay kinetics

by means of SPCImage software (Becker&Hickl) according

to the procedure given in the works [9, 10]. All measure-

ments were performed in 1 cm quartz cells at the room

temperature.

Results and discussion

According to the measurements (Fig. 1), immediately

after dispersion production, more than 50% of GO particles

have the lateral size of 710−820 nm, each of the particle

sizes 615 and 955 nm has 15 percent.

The particles of lower diameter are represented only to

10−15% of the total number of particles and have the

size about 350−500 nm. After GO ablation by UV laser

radiation, average size of sheets is reduced considerably to

204±40 nm. In the samples ablated at 532 nm, the average

diameter of GO particles was reduced down to 105±23 nm

(Fig. 1).
According to the studies of the morphology of syn-

thesized graphene dots by means of SEM (Fig. 2), in

the samples produced by radiation at λgen = 532 nm, the

particles size is lower than that of GO ablated at 355 nm.

Both GO sheets size reduction, and change of the layers

number in them is observed for both samples. In particular,

in SEM images of GO samples before ablation we can

distinguish shrinks and folds appearing as a result of

interlayer electrostatic interaction inside particles of GO [11,
12]. After ablation the shrinks on the samples surface are

virtually invisible.

Decrease of the number of multilayer particles in disper-

sions of GO after ablation also was confirmed by the data

of Raman spectroscopy (Fig. 3, a). The D- and G-stripes

are manifested in Raman spectra, which are specific for

graphene oxide. As can be seen from the data of Table 1, in

case of ablation of GO by laser radiation at λgen = 532 nm

there are no clear displacements of the maximum of D-,

Table 1. Position and intensity of Raman bands of GO in

dispersion after ablation at different density of the energy of laser

radiation

λgen, nm D, cm−1 G, cm−1 ID/IG 2D, cm−1 I, r.u. I2D/IG

before 1359 1602 0.93 2746 28602 0.65

355 1354 1598 0.93 2746 20938 0.57

532 1359 1602 0.93 2746 20285 0.56

G- and 2D-stripes. After ablation at λgen=355 nm there is

displacement of the scattering band maximum towards the

lower frequencies region, which could indicate decrease of

the number of individual double bonds that are in resonance

at higher frequencies [13,14]. However, at the same time,

there is change of the ratio of intensities of D- and G-bands

ID/IG .

For the case in question the ratio ID/IG has not changed,

which indicates stability of the chemical composition of

GO in case of ablation both by UV and by green light.

Nevertheless, after ablation, there is change of intensities

I2D/IG [13], which indicates decrease of the number of

layers in the sheets of GO.

According to the definition given in [15], the graphene

nano-dots refer to GO sheets with the thickness of not

to exceed 5 monolayers with lateral sizes of lower than

100 nm. This condition is met for the samples produced by

irradiation with light at λ = 532 nm.

The GO absorption spectra before and after ablation

are given in Fig. 3, b. In the absorption spectrum we

may distinguish the maximum at ∼ 230 nm and an unclear

shoulder of about 300 nm. The first band is associated

with electronically excited transitions between ππ∗-orbitals

in aromatic C=C-bonds. The shoulder at 300 nm is

caused by n → π∗ transitions in C=O-bonds [11,16]. After
ablation of dispersions the shape of absorption bands has not

changed. Whereas the absorbance has increased by ∼ 13%

for the samples produced at λgen = 355 nm and by 20% for

λgen = 532 nm.

The GO fluorescence spectra before ablation refer to

wide stripes with the maximum at 450 nm (Fig. 4). In

case of the excitation wavelength change the fluorescence

maximum is not displaced. The maximum intensity

of fluorescence was registered during its excitation at

λexc = 320 nm.

The spectra of fluorescence of samples after ablation are

within the same region of the wavelengths as for GO before

ablation. For both types of GO samples the position of the

fluorescence band maximum and its intensity highly depend

on the λexc. The maximum intensity of fluorescence at

450 nm was registered at λexc = 320 nm, the same as for

GO before ablation. During excitation at λexc = 350 nm

there is bathochromic displacement of the maximum of

the fluorescence spectrum at ∼ 5 nm with the decrease

of total intensity of the spectrum. When the spectrum of

fluorescence is excited at 370 nm, then the band maximum

is manifested at about 500 nm. Wherein the illumination

intensity is far lower, than in the two previous cases.
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Figure 1. GO particle-size distribution in the dispersion before and after ablation at different wavelengths of laser radiation.
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Figure 2. SEM images of GO before and after ablation at different wavelengths of laser radiation.

It should be noted that the luminescent capacity of GO

is higher, when the dispersion is ablated at λgen = 532 nm.

Thus, the intensity of fluorescence has increased by 57%

relative to the value registered for GO before ablation. For

355 nm the fluorescence intensity has fallen only by 7%.

It could be associated with the fact that during ablation at

355 nm the light is generally absorbed by GO, therefore,

as can be seen above, the size of particles after ablation

is higher, than in case of the use of laser radiation at

λgen = 532 nm.

According to the measured spectra of fluorescence

excitation (on tab in Fig. 4, a), main contribution into

GO illumination is from the sites actively absorbing

the light in the region of 320−340 nm. After laser

ablation the excitation spectrum does not change its

shape. Excitation of luminescence at 250 nm resulted

in a low fluorescence within blue-green region of the

spectrum.

The GO fluorescence lifetime before and after ablation

is given in Table 2. The fluorescence decay curves

are described quite good by the biexponential expression,

which indicates the presence of at least two fluorescence

sources. According to the data, after ablation, the

average fluorescence lifetime (τav) is rising. It occurs

due to a higher portion of contribution and the growth

of long-term component into the total fluorescence kine-

tics.

Today, the mechanism of fluorescence occurrence in

graphene nanostructures remains poorly studied, however,

the majority of the authors believe [15,17,18] it may be
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Figure 3. Raman (a) and absorption (b) spectra of GO before and after ablation at different wavelengths of laser radiation.
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Figure 4. Spectra of fluorescence of GO before (a) and after (b) ablation at different wavelengths of laser radiation and at λexc. The

tab (a) provides the GO excitation spectra before ablation at λreg = 460 nm.

Table 2. GO fluorescence lifetime before and after ablation at

different wavelengths of laser radiation

λgen, nm τ1, ns A,% τ2, ns A,% τav , ns

before 0.34 92.0 2.71 8.0 0.53

355 0.32 92.0 2.80 12.0 0.63

532 0.30 79.0 3.10 21.0 0.89

attributed to different radiating groups or localized electron-

hole couples because of isolation of s p2-clusters inside s p3-

matrix.

Conclusion

In this way we have studied the effect of the laser radia-

tion wavelength used in ablation of GO for its structural and

optical properties. After laser ablation, average lateral size

of GO sheets is reduced from 820±120 nm to 204±40 nm

and 105±23 nm for the samples made at λgen = 355 and

532 nm, accordingly. The data on the sizes of nano-dots of
GO, produced by the dynamic light scattering method, are

confirmed by the sizes obtained from SEM images.

The studies of structural properties by the Raman
spectroscopy have shown that after ablation there is change

of the intensities I2D/IG , which indicates decrease of the

number of layers in sheets of GO [13]. Wherein, these
changes are more notable for the samples produced at

λgen = 532 nm. According to the measurements, there are

no remarkable displacements of the maximum of D-, G-
and 2D-bands. After ablation at λgen = 355 nm there is

displacement of the maximum of scattering bands towards

the lower frequencies region.
Absorbance of the produced GO solutions and intensity

of their fluorescence depend on the ablation conditions.

In the absorption spectrum of GO we may distinguish
the maximum at ∼ 230 nm and an unclear shoulder of

about 300 nm. After ablation of dispersions the shape of
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absorption bands has not changed. Whereas the absorbance

has increased by ∼ 13% for the samples produced at

λgen = 355 nm and by 20% for λgen = 532 nm.

The maximum of the GO dispersion fluorescence spec-

trum before ablation falls within 450 nm and does not

depend on the photoexcitation wavelength. The maximum

intensity of fluorescence varies based on the excitation

wavelength. After ablation, both the position and the

intensity of fluorescence depend on λexc. At that, the

luminescent capacity of GO is higher, when the dispersion

is ablated at λgen = 532 nm. In particular, the intensity

of fluorescence has increased by 57% relative to the

value registered for GO before ablation. For 355 nm the

fluorescence intensity has fallen only by 7%. It could be

associated with the fact that during ablation at 355 nm the

light is generally absorbed by GO, therefore, as can be seen

above, the size of particles after ablation is higher, than in

case of the use of laser radiation at λgen = 532 nm.

The fluorescence decay kinetics are approximated by

the biexponential expression, which indicates the presence

of two illumination sources. After ablation, the average

fluorescence lifetime τav is rising. It occurs due to a

higher portion of contribution and the growth of long-lived

component into the total luminescence kinetics.

The obtained results can be used for creation of organic

luminescent materials, optical nano-technologies, as well as

in photovoltaics, biophysics and bioimaging.
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