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Photoluminescent carbon colloids prepared by laser fragmentation of carbon from waste 
coffee grounds 

 

 
N. Enríquez-Sánchez, A.R. Vilchis-Nestor, S. Camacho-López, M.A. Camacho-López, M. Camacho-López 
 

Colloidal suspensions of carbon nanostructures (CNSs) were prepared by laser fragmentation in various liquid media using 

heat-treated coffee grounds as carbon precursor. A study by calorimetry was done in powder of waste coffee grounds to 

determine the temperature of obtaining carbon. The experiments were carried out in two stages, the first one consisted in 

obtaining the carbon source, for which powder of waste coffee grounds was thermally treated in air. The as-obtained carbon 
was characterized by scanning electron microscopy, energy dispersive X-ray spectroscopy, Raman spectroscopy and 

infrared spectroscopy. In the second step the as-obtained carbon was separately dispersed in four liquid media (acetone, 

toluene, methanol and isopropyl alcohol) to be fragmented by using a ns-pulsed Nd:YAG laser at its 1064 nm fundamental 

emission. The morphological features of the carbon nanostructures were obtained by transmission electron microscopy, 

while the optical properties of the colloidal suspensions were characterized by UV-Vis and photoluminescence 
spectroscopies. Results indicate that carbon nanostructures are successfully obtained in the four liquid media after the 

fragmentation process. The four colloidal suspensions show photoluminescent properties, which are seen to depend on the 

liquid medium nature. We found that the liquid medium also influences the efficiency of the laser fragmentation. 

 
Introduction 

 

Coffee is one of the most important agro-industrial 

products worldwide, in 2021 there was a production of 10.2 

million tons [1]. Likewise, it is estimated that for each 

kilogram of coffee grains between 330 and 450 g of instant 

coffee are produced, which generates between 670 and      

550 g of spent coffee (waste coffee) [2], which is highly  

polluting due to the large amount of organic matter that it 

contains, which is of low biodegradability. Waste coffee is 

lignocellulosic biomass, which is essentially composed of 

carbon, oxygen, hydrogen, and nitrogen. It contains cellulose 

between 59.2 and 62.94%, hemicellulose between 5 and 10% 

and lignin between 19.8 and 26.5%. In addition, this type of 

waste usually has some inorganic elements considered as 

micronutrients such as calcium, magnesium, or sodium, but 

their concentrations are generally less than 5% [3]. 

According to P. Jagdale et al. [4] the pyrolysis process of 

coffee waste takes place in three stages of decomposition. 

The first one occurs from 25 to 200 °C, which corresponds 

to a mass loss of 9% due to dehydration and a slight release 

of volatile organic compounds. The second one occurs 

between 200 and 500 °C, which is associated with the 

greatest mass loss of around 71%, which is attributed to the 

decomposition of its main constituents (cellulose, 

hemicellulose, and lignin). The third step takes place f rom 

500 to 700 °C and is due to the decomposition of the 

remaining biomass and the formation of ash. 

The main uses of waste coffee are the production of 

biofuels, activated carbons, sensors, and as a material in the 

production of electrodes for Li-ion batteries and capacitors, 

as well as in the synthesis of quantum carbon dots, among 

others [5-8]. The peculiar optical properties of some carbon-

based nanomaterials have attracted much interest for a wide 

variety of biomedical applications, due to their low toxicity 

and excellent biocompatibility. As an example of its 

application in this field, the use of Carbon-Graphene 

Quantum Dots (C-GQDs) for Parkinson’s disease was 

investigated in primary neurons has been proposed [8]. 

The synthesis of carbon nanosheets by means of laser 

ablation has already been reported by using pyrolytic 

graphite target as carbon precursor [9]. The use of waste 

biomaterials, such as the peels and seeds of fruits and 

vegetables is an ecological alterna tive for the production of 

carbon-based nanomaterials [10,11]. In addition, this type of 

synthesis of materials is convergent with the current growing 

demand for a circular economy.  

In this work, we demonstrate a facile method for the 

obtaining of photoluminescent colloidal suspensions of 

carbon nanostructures, by using laser fragmentation of the 

carbon particles precursor obtained from waste coffee. We 

prepare colloidal suspensions in various liquid media to 

investigate   its   influence   on   the   precursor   fragmentation 
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efficiency and on the various characteristics of the CNSs 

including their photoluminescence properties. 

 

Materials and Methods 

 

Laser fragmentation 

The preparation of the colloidal suspensions of carbon 

nanostructures was carried out in two stages. First, it was 

necessary to obtain the carbon precursor from the waste 

coffee. 1.5 g of waste coffee was placed in a tubular oven 

(HT-1100D25, Evelsa). A thermal treatment was carried out 

at 400 °C for 30 min in air. In Figure 1a we can see the 

starting waste coffee material that was used as well as the 

product obtained after the heat treatment. The material 

changed from brown to black through the heat treatm ent. 

After every carbonization process, the black product 

obtained was mechanically pulverized to get a fine powder. 

Subsequently, colloidal suspensions of carbon 

nanostructures in acetone (Fermont), toluene (Wöhler), 

methanol (Fermont) and isopropyl alcohol (Fermont) were 

prepared by laser fragmentation as it is shown in Figure 1b, 

for this, 20 mg of calcined waste coffee were placed in a 

glass vial and 20 mL of liquid medium was verted on it. The 

mixture carbon powder-liquid medium was irradiated for    

15 min with 7 ns laser pulses of a Nd:YAG laser (Minilite II, 

Continuum) whose emission is at 1064 nm, and a repetition 

rate of 15 Hz. The laser pulses were focused down by using 

a lens of 30 cm focal length, giving a per pulse laser fluence 

of 1.6 J/cm2. The vial was in constant motion in order to 

avoid irradiation at the same fixed spot and therefore aiming 

for maximizing the amount of fragmented material during 

the ablation process. 

Figure 1c shows photographs of the colloidal suspensions 

obtained immediately after laser fragmentation, and also     

24 h and 100 days after. Following laser fragmentation a 

large portion of the colloidal material rapidly precipitates for 

toluene and methanol, giving rise to light brownish colloidal 

suspensions. On the contrary, when acetone and isopropyl 

alcohol are used in the colloidal suspensions these show a 

dark brown color, which indicates a better stability. Notice 

that   after   24 h,   to   obtain   a    colloidal   suspension   the 
 

 
Figure 1. Experimental scheme for the synthesis of carbon nanostructures 

obtained from coffee waste by laser fragmentation. a) Coffee waste before 
and after heat treatment at 400 °C for 30 minutes, b) experimental setup for 
the fragmentation process, c) colloidal suspensions of carbon nanostructures 

obtained on the day of fragmentation (0 days), 24 hours and 100 days after 
fragmentation. 

sedimented material in the samples was removed. Long after 

synthesis, i.e. at 100 days from the laser fragmentation, the 

four colloidal suspensions remain remarkably stable. 

 

Characterization 

Waste coffee was analyzed by differential scanning 

calorimetry, thermogravimetry and infrared spectroscopy. 

The calcined waste coffee was morphologically and 

structurally characterized by scanning electron microscopy 

(SEM), Raman and infrared spectroscopies. The 

morphological and structural characterization of the carbon 

nanostructures was obtained by transmission electron 

microscopy (TEM), while the optical properties of the 

colloidal suspensions of carbon nanostructures were 

characterized by UV-Vis and photoluminescence 

spectroscopies. Differential scanning calorimetry and 

thermogravimetry analyzes were performed in a 

simultaneous thermal analyzer (STA 8000, PerkinElmer). 

Measurements were made in the temperature range from 

room temperature up to 800 °C with a heating rate of              

10 °C/min, under a nitrogen atmosphere. The morphological 

characterization of the calcined waste coffee was carried out 

using a scanning electron microscope (JEOL JSM-6510LV) 

with an acceleration voltage of 20 kV, which is coupled with 

an X-ray detector (Oxford) for chemical analysis by energy 

dispersive X-ray spectroscopy (EDS). Image acquisition and 

EDS analysis were performed on a micrometric powder 

sample of calcined waste coffee on copper tape. Fourier 

transform infrared spectra were run on an IR spectrometer 

(IRPrestige-21, Shimadzu) from 600 to 4000 cm -1, for waste 

coffee before and after heat treatment. Raman 

characterization was performed with a Raman spectrometer 

(Xplora Plus, Jobin-Yvon-Horiba), using a laser with a 

wavelength of 532 nm.  A laser beam delivering 2.5 mW 

power was focused on the sample with a 50X objective lens. 

UV-Vis spectroscopy analysis of the obtained colloidal 

suspensions was performed using a double-beam 

spectrophotometer (Lambda 650, Perkin-Elmer), within the 

200 to 850 nm range. A quartz cuvette with an optical path 

length of 10 mm was used for characterization. For UV-Vis 

spectroscopy analyses, 2 mL of the colloidal suspension was 

diluted by adding 4 mL of liquid medium. UV-Vis spectra 

were obtained by placing 3.5 mL of the diluted colloidal 

suspension. Photoluminescence spectroscopy analyzes were 

performed for the obtained colloidal suspensions by using a 

spectrofluorometer (Fluoromax-p, Jobin-Yvon-Horiba). 

Emission spectra were also obtained by placing 3.5 mL of 

the diluted colloidal suspension in a quartz cuvette with a    

10 mm optical path length. The morphological and structural 

characterization of the fragmented carbon was performed in 

a transmission electron microscope (JEOL 2100) with an 

acceleration voltage of 200 kV. The TEM image acquisition 

was performed on samples prepared by evaporation at room 

temperature of a drop of the colloidal suspension on a grid. 

 

Results and discussion 

 

Figure 2 shows the results obtained from the calorimetric 

analysis.  The  TGA  curve  shows  the  weight  loss  of  waste 

http://creativecommons.org/licenses/by/4.0/


Superficies y Vacío 37, 240901 (2024). © Sociedad Mexicana de Ciencia y Tecnología de Superficies y Materiales 

 

 

3 

 
Figure 2. Thermal analyzes of waste coffee. 
 

coffee when it is heating up to 800 °C. There are clearly three 

stages of weight loss; the first one below 200 °C corresponds 

to water evaporation in the sample (sample dehydration) 

with a weight loss of 9.2% [12]; the second stage 

corresponds to the greatest weight loss, and it takes place 

between 200 and 500 °C, this weight loss of around 67.8% 

is related to the decomposition of the main constituents of 

waste coffee such as hemicellulose, cellulose and some 

fraction of lignin. Hemicellulose degradation occurs between 

200 and 300 °C, followed by cellulose degradation between 

300 and 400 °C, and finally lignin degradation that occurs 

above 400 °C [13]; the last stage occurs after 500 °C, and 

corresponds to the decomposition of the remaining biomass 

[4]. The DSC thermogram shows the temperature transitions 

of the sample between 30 and 800 °C. The thermogram 

obtained shows three main events, the first of which is an 

endothermic event with a peak around 77 °C, this event is 

related to water vaporization in the sample, which indicates 

the presence of hydrophilic groups [12]. The second event 

that is observed around 318 °C is an exothermic transition, 

this event is related to the thermal decomposition of the 

sample [14]. The third event is a small endothermic peak can 

be observed near 670 °C attributed to the secondary pyrolysis 

of lignin [15]. 

Figure 3a shows a SEM image of the carbon obtained from 

waste coffee, we can see micrometer-sized particles in the 

form of scales, the elemental analysis by EDS (Figure 3b) 

shows that the material is mainly constituted by carbon and 

oxygen, as well as small amounts of calcium and 

magnesium. 

Figure 4 shows the infrared spectra of the waste coffee 

before and after the heat treatment. For coffee waste without 

heat treatment,  one can see a broad band  around  3315 cm−1 
 

 

Figure 3. a) SEM image and b) EDS spectrum of waste coffee thermally 
treated at 400 °C for 30 minutes. 

 

Figure 4. Infrared spectra of waste coffee before and after heat treatment. 
 

which is due to the stretching vibration of the hydroxyl 

groups (alcohols, sugars, phenols, and carboxylic acids), as 

well as water adsorbed on the surface [16]. The signals at 

2920 and 2851 cm−1 are assigned to the asymmetric and 

symmetric stretches of aliphatic CH, respectively. The signal 

at 1741 cm−1 is due to the axial deformation of the C=O bond 

of esters. The signal at 1643 cm-1 is attributed to stretching 

of the C=C bond of aromatic compounds. The signal at    

1456 cm−1 is associated with the asymmetric deformation of 

the aliphatic CH bond. The signal at 1373 cm−1 and the band 

at 1029 cm−1 are due to stretching and deformation of the CO 

bond, respectively [17]. If we compare the infrared spectrum 

of heat-treated waste coffee, against the one of the nontreated 

waste coffee, it can be seen that most of the starting spectral 

features have disappeared, this is because between 200 and 

500 °C the decomposition of the main constituents of coffee 

waste takes place (cellulose, hemicellulose and lignin) [4]. 

Notice, though, the appearance of two new signals at 2345 

and 2098 cm−1 which are associated to the presence of carbon 

dioxide and carbon monoxide, respectively [18]. The signal 

at 1568 cm−1 is due to stretching of the aromatic ring C = C 

[19]. Notice that the intensity of the signals at 1373 and   

1029 cm−1 associated to the stretching and deformation of the 

CO bond have decreased. 

Figure 5 shows the Raman spectrum of calcined waste 

coffee, which shows two signals, the D band at 1357 cm−1 

and the G band at 1575 cm−1. The D band is assigned to 

disorder originated from sp3 hybridized carbons, while the G 

band is associated with a hexagonal carbon structure [20]. 

The relationship between the intensities of the D and G bands 

(ID/IG) is related to the degree of structural disorder [21]. By 

means of a Lorentzian fit to the Raman spectrum, we 

obtained a ID/IG = 1.02 value, indicating a high degree of 

disorder. 

Figure 6 shows the optical absorption spectra of the 

obtained colloidal suspensions in each of the liquid medium. 

The UV-Vis measurements were performed the same day of 

the laser fragmentation experiments. It is possible to observe 

that colloidal suspensions obtained in acetone and isopropyl 

alcohol present the highest  absorbance  values in  the  400 - 

http://creativecommons.org/licenses/by/4.0/
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Figure 5. Raman spectrum of carbon obtained from the calcination of waste 
coffee. Also, Lorentzian curves from the deconvolution of Raman spectrum 
are included. 

 

850 nm region, while the colloidal suspensions obtained in 

toluene and methanol present the lowest absorbance values, 

which indicates that there is a larger amount of fragmented 

material in the case of acetone and isopropyl alcohol, in good 

agreement with what is shown in Figure 1c. Therefore, we 

can conclude that the liquid medium influences the 

efficiency of the fragmentation, being more efficient in the 

case of acetone and isopropyl alcohol. 

Figure 7(a-b) show photographs of the carbon colloidal 

suspensions under white and ultraviolet light (λ = 370 nm) 

illumination, respectively. Figure 7c shows the 

photoluminescence emission spectra of the colloidal 

suspensions of carbon in each one of the liquid media, which 

were obtained at an excitation wavelength of 370 nm. The 

photoluminescence measurements were performed the same 

day of the laser fragmentation experiments. By observing the 

photoluminescence emission spectra, it is possible to see that 

the colloidal suspensions that show the higher 

photoluminescence emission are those obtained in toluene 

and methanol, while in the case of acetone and isopropyl 

alcohol the intensity is lower, which is in good agreement 

with what is shown in Figure 7b. These results seem to 

contradict what was expected based on the colloidal 

suspension concentrations, i. e. one can expect that at higher 
 

 
Figure 6. UV-vis spectra of the colloidal solutions obtained. 

concentrations the photoluminescence emission would be 

higher, however, in photoluminescence spectroscopy, the 

observed intensity of fluorescence is not proportional to the 

concentration of the analyte, this is due to the fact that there 

is a good amount of absorption of the incident and emission 

radiation propagating through the analyte. This phenomenon 

is known as the internal filter effect (IFE). One way to deal 

with IFE is to dilute samples to low enough concentrations 

such that the IFE contribution is negligible and the 

fluorescence intensity is linearly dependent on the analyte 

concentration.  It is important to consider that to do dilutions 

can be a tedious and error-prone activity. Furthermore, the 

dilution can also affect the molecular property of the 

condensed state, such as binding, solvation, and degree of 

association, that would otherwise be present in a higher 

concentration range. The best accepted method for dealing 

with IFE effects is the use of mathematical correction models 

[22]. 

In our case, by having two quite concentrated colloidal 

suspensions, i. e. carbon nanostructures in acetone and 

isopropyl alcohol, their recorded luminescence intensity is 

strongly affected by the IFE. On the contrary for the case of 

the colloidal suspensions in toluene and methanol, the 

concentration of carbon nanostructures is quite low, such that 

there is no IFE that affects the photoluminescence emission. 

This makes no possible to directly compare the 

photoluminescence emission intensity between the four 

colloidal suspensions. For this reason, in the future, it would 

be important to implement both experimental methods and 

mathematical models that enable an adequate comparison of 

the photoluminescent features of the colloidal suspensions of 

carbon nanostructures obtained through the laser 

fragmentation of carbon. 
 

 

Figure 7. Photographs of the colloidal suspensions obtained under 
illumination with a) white light and b) ultraviolet light, respectively. c) 

Emission spectra obtained at an excitation wavelength of 370 nm. 

http://creativecommons.org/licenses/by/4.0/
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The graph inserted in Figure 7c shows the normalized 

emission spectra of the four samples. The samples exhibit a 

broad photoluminescence emission spectrum centered 

around 430 nm when excited with a wavelength of 370 nm. 

In addition, slight changes in the shape and position of the 

emission bands can be observed. Owing to the presence of 

edge or surface states, the photoluminescence emission 

spectra of carbon nanomaterials are generally expected to be 

broad. The broad photoluminescence spectrum of carbon 

nanomaterials is an emission composed of aromatic 

domains, surface states, and various functional groups 

attached to the surface of the materials [23]. The use of 

residual biomass as a carbon source in the synthesis of 

carbon nanomaterials allows obtaining functionalized 

materials due to the presence of many organic compounds in 

the natural source [10,11]. Furthermore, during the synthesis 

and processing of nanomaterials by laser, part of the energy 

of the laser beam is given to the liquid medium allowing its 

decomposition which can lead to the functionalization of the 

materials obtained [24,25]. The emission of light by carbon 

nanomaterials may be due to size effects (quantum 

confinement), however, an alternative explanation assumes 

that the emission comes from functional groups attached to 

their surface (surface passivation). The presence of different 

functional groups on the surface of the materials originated 

during the fragmentation process can cause heterogeneity in 

the emission spectra. However, in order to establish a 

correlation between the differences in the 

photoluminescence emission spectra and the presence of 

different functional groups, further studies are required. 

Figure 8 shows TEM images of the carbon nanostructures 

obtained from the fragmentation of calcined waste coffee in 

each of the liquid media (acetone, toluene, methanol and 

isopropyl alcohol). For the case of acetone Figure 8a, carbon 
 

 

Figure 8. TEM image of the carbon nanostructures obtained after 
fragmentation in a) acetone, b) toluene, c) methanol and d) isopropyl 
alcohol. 

nanoparticles embedded into nanosheets are obtained. In the 

case of acetone (Figure 8a) the spherical nanoparticles within 

the carbon nanosheets have an average size of 45 nm, which 

agrees well with what was previously reported by our group 

[26]. For toluene (Figure 8b) it is possible to observe that the 

fragmentation process generates spherical nanoparticles with 

an average size of 50 nm. When methanol and isopropyl 

alcohol are used (Figure 8, c and d), very good formation of 

nanosheets is obtained, however, for these liquid media there 

are no evidence of embedded nanoparticles. These results 

indicate that liquid media determine the type of 

nanostructures that result from the laser fragmentation.  It  

can be either nanosheets with embedded nanoparticles, just 

nanoparticles, or nanoparticle free nanosheets. 

 

Conclusions 

 

A low cost, environmentally friendly and simple laser 

fragmentation method for the synthesis of carbon 

nanostructures has been demonstrated. Waste coffee is an 

abundant material that can be easily processed for the 

purpose of obtaining technologically usable products. The 

adequate heat treatment of waste coffee grounds provides an 

excellent carbon precursor for the synthesis of na nosheets 

with embedded nanoparticles, isolated nanoparticles or 

nanoparticle free nanosheets. The type of nanostructures that 

result of the laser fragmentation is determined by the liquid 

medium utilized for the laser fragmentation. We found also 

that the liquid medium, in this case, acetone, toluene, 

methanol and isopropyl alcohol, also influences the 

efficiency of the fragmentation process, significantly 

affecting the colloidal suspension concentration.  All the 

colloidal suspensions of either nanosheets with embedded 

nanoparticles, isolated nanoparticles or nanoparticle free 

nanosheets show photoluminescence emission with 

wavelength centered (430 nm) in the blue spectral region, 

and a full width at half maximum of ~ 100 nm. 
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