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 Abstract  
Carbon dots, due to their minimal size, non-toxicity, simple, cheap and easy synthesis; Among 
the studies on nanostructured materials that have attracted attention in recent years; has 
become a popular study topic for researchers. In this study, for the first time, Sumac was used 
as a source of carbon, and carbon dots were obtained by using the hydrothermal synthesis 
method in a one-pot reaction at 175 ° C for 8 hours without using any chemical reagents. The 
characterizations of the obtained carbon dots were illuminated by various analytical 
instruments (High-Resolution Transmission Electron Microscope (HR-TEM), X-ray 
Diffractometer (XRD), Raman, Photoluminescence, Infrared, and Uv-vis spectrometer). 
According to the TEM results, the average diameter of carbon dots was found as 10.48 nm. 
The maximum emission peak of the carbon dots was monitored at 428 nm when excited at 350 
nm. In the next step, the electrochemical properties of the carbon dots were examined by cyclic 
voltammetry technique. According to cyclic voltammetry results, the substance transport on 
the electrode surface by diffusion controlled. 
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1. Introduction  

Sumac is the generic name of the Rhus genus 
belonging to the Anacardiaceae family [1]. It is a small 
tree that reaches 4 m. height, and it is commonly seen 
in the Mediterranean areas and South-eastern 
Anatolian areas of Turkey [2]. The sumac has been 
used as traditional medicine and nutrient for centuries 
[3–6]. The extracts of sumac contain various 
biologically active components, 
including anthocyanins, malic, citric, and tartaric 
acids, and  several kinds of phenolic substances [5, 7, 
8]. Moreover, the chemical composition of sumac has 
been investigated in terms of carbohydrate, protein, 
mineral, and vitamin content [4]. Nowadays, the 
treatment of some diseases with sumac and sumac 
related materials has been studied [2, 8]. Therefore 
sumac plays a critical role in different research areas, 
and the increasing attention has been the focus on its 
and associated applications.  

Carbon nanoparticles with a spherical shape, minimal 
diameter size, which chiefly includes oxygen, 
hydrogen, and other elements, are identified as carbon 
quantum dots (CQDs) and/or simple carbon dots (CDs) 

[9]. The application areas of CDs have been increasing 
day by day. For instance, CDs are used in bio-imaging, 
optoelectronics, catalysis, and sensing applications 
[10, 11].  Considering only applications in the sensing 
area, cation-anion, small and macro-molecule, cell and 
bacteria, test paper, hydrogel, and fingerprint sensing 
of CDs, which are separately significant fields in 
sensing,  have been investigated by researchers [12].  
The reason behind attracting the interest of CQDs is a 
carbon atom is an abundant element that implies cost 
efficiency and its biocompatibility because of 
nontoxic. Moreover, CQDs have unique structural and 
electronic properties such as good water solubility, 
tunable photoluminescence properties [13, 14]. 
Hydrothermal synthesis is one of the most popular 
synthesis methods of carbon dots because of its 
simplicity and cost efficiency [15][16], and the 
characteristic of CDs partially depends on the used raw 
carbon sources [15]. Various carbon sources; banana 
juice [17], orange peel [18], cabbage [19], onion waste 
[20], walnut shell [21], and rosemary leaves [22] have 
been used to produce CDs.  

In this study, we produced a rapid and straightforward 
synthesis of CDs using sumac as a carbon source 
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without the requirement of any chemical reactant and 
agent.  The electrochemical properties of the 
synthesized CQDs were explored. As far as we know, 
the presented work is the first experimental study about 
sumac derived carbon dots and also the investigation 
of electrochemical properties of the synthesized carbon 
quantum dots.  

2. Materials and Methods 

2.1. Apparatus and reagents  

XRD pattern of the sample was measured with Philips 
X`Pert PRO XRD with Cu Kα radiation (λ = 0.154056 
nm, set at 40 kV and 30 mA). The morphological 
properties of prepared CQDs were observed by using 
Transmission Electron Microscopy (JEOL JEM 2100, 
UHR). UV–vis absorption spectra and 
Photoluminescence (PL) spectrum were collected on 
Shimadzu-1800 UV–vis spectrometer and Varian Cary 
Eclipse spectrometer, respectively. Raman spectrum of 
synthesized CQDs was investigated with a portable 
Raman spectrometer (BWS465 B&W Tek Inc.,) with a 
302 mW diode laser at 785 nm. Infrared spectroscopy 

(FTIR) was carried out on a Perkin Elmer Spectrum 
400 with a universal demountable cell mount for liquid 
samples. The pH meters Thermo Scientific A215 used 
for the pH measurements. 

2.2. Synthesis of the c-dots 
Sumac was chosen as a carbon source. The sumac 
sample was sourced from a local convenience store 
selling spice products, first washed several times with 
tap water and deionized water. 50 ml Teflon-lined 
stainless steel autoclave was used for hydrothermal 
reaction, and synthesis parameters were set as 175 °C 
for 8h. After the end of the reaction time, the thermal 
autoclave was left to cool spontaneously at room 
temperature. The obtained brown-black solution 
mixture was filtered and subject to a centrifuge for 25 
min at 14.000 rpm. The supernatant was refrigerated at 
4 °C for experimentation and characterization 
processes that would be carried out in later stages. 
Typical colloidal solution of CDs contained 1 
mg/1mL.  Figure 1 illustrates the synthesis method and 
the characterization of CDs. 

 

 
Figure 1. Schematic representation of CDs derived from sumac by hydrothermal method. 

2.3. Electrochemical procedures 
In electrochemical studies, cyclic voltammetry 
technique  (CV), BAS 100 W electrochemical analyzer 
was utilized. In all experiments, glassy carbon 
electrodes were used as working electrodes. The 
platinum wire electrode as an auxiliary electrode and 
Ag/AgCl electrode as a counter electrode were also 
utilized. An easy pretreatment was employed to the 
glassy carbon working electrode in order to create a 
repeatable electrode surface. Little quantity of 
aluminum oxide (Al2O3) dust was positioned on a silky 
polishing cloth particularly made for this electrode and 
soaked with distilled water, and the electrode surface 
was polished in a circular motion. On account of 
confirming the best reproducibility, these pre-process 
were replicated in several numbers, and the optimum 

polishing count was determined. After the pre-
treatment, the polished electrode was washed with DI 
water and then dried with a soft cleaning paper and 
placed in to the glass cell. The platinum wire auxiliary 
electrode and the Ag/AgCl reference electrode were 
removed from the experiment cell after each 
experiment, washed with distilled water, dried with 
drying paper, and placed in the experiment cell. All 
measurements were achieved at room temperature. 0.1 
M phosphate buffer solution (PBS) at pH 7.4 have been 
used as a supporting electrolyte. The amount of sample 
in the electrochemical cell was arranged by completing 
the final volume buffer solution to 10 mL to contain 1 
mL of this colloid CDs solution. 
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3. Results and Discussion 

The morphological feature of synthesized CDs was 
examined by TEM observation. According to the TEM 
results given in Figure 2, the sumac-derived CDs were 
monodispersed and spherical. The average diameter of 
carbon dots was found as 10.48 nm from this figure. 
Moreover, narrow size diameter distribution CDs also 
clearly seen from this figure that implies the 
synthesized carbon dots had a very similar 
morphological structure. 

 
Figure 2. High-resolution transmission electron 

microscopy image of sumac derived CDs. 

The crystalline structure of the CDs was examined 
with an XRD method. The XRD pattern of synthesized 
carbon dots gave a broad diffraction peak centered at 
23.5° and this wide diffraction peak of CDs 
demonstrated that the obtained CDs particles were 
mostly amorphous nature. Moreover, the peak also 
related to layer spacing of the (002) plane of the 
graphitic structure (Figure 3.) [9]. According to XRD 
results; XRD pattern is in harmony with the similar 
carbon dot studies [23, 24].  When the Raman 
spectrum is examined (Figure.4), it has two distinct 
and sharp vibration peaks at 1343 cm-1 (the irregular 
network of sp2 carbon clusters) and 1538 cm-1 
(graphitic (G) bands) [25]. 

 
Figure 3. XRD diffraction pattern of the CDs. 

 
Figure 4. Raman Spectra of the CDs. 
The optical properties of the carbon dots synthesized 
using the UV-vis spectrophotometer were examined, 
and the spectrum was given in Figure 5. Uv-vis spectra 
of CDs gave a broad absorption peak centered at about 
278 nm that can be assigned to π-π* and n-π* transition 
of conjugated C=O or C=C bond [26, 27].  The 
photograph of Carbon dots under daylight and Uv light 
is exhibited in Figure 5 inset. The color of CDs is 
yellowish under daylight and bluish under the Uv light.  

 

Figure 5. UV- Vis spectrum of CDs, the inset showing 
photographs of the prepared CDs solution under 
day light and Uv light. 
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The excitation dependent photoluminescence emission 
spectra of carbon dots synthesized from sumac as a 
carbon source by hydrothermal methods were given in 
Figure 6. It was observed that with increasing 
excitation wavelength from 320 to 380, the emission 
intensity of CDs was firstly increased and maximum 
emission value was obtained at excitation wavelength 
350 nm.  At this point, the highest fluorescence 

intensity was found as 428. After than increasing 
excitation wavelengths results in a decrease in the 
emission peak of CDs. This result implies that 
changing excitation wavelength leads to tunable 
emission spectra, and it is might be the source from 
carbon core and supporting functional groups and 
uniform and non-uniform sized CDs [13].

   

 
Figure 6. Excitation depended on PL spectra of synthesized CDs. 

Infrared spectroscopy of the carbon dots proves the 
presence of prominent functional groups in the C-dot 
structure. As shown in Figure 7, The FTIR spectrum of 
Sumac CDs characteristic absorption bands of shows 
O-H vibration stretching and C-H bending peaks at 
3432 and 2626 cm-1, respectively. In 1639 cm-1, C=O 
vibration stretching peaks are observed. These 
stretching peaks signal the existence of an sp2 
hybridized honeycomb lattice of CDs [28]. 

 
Figure 7. FTIR spectrum of CDs. 

The electrochemical properties of sumac-derived CDs 
was examined by cyclic voltammetry technique after 
chemical, and structural characterization was 
performed through UV-vis, Raman, and 
photoluminescence spectroscopy. The CV technique 
has been worked cyclic between -2000 and +2000 mV 
for the potential sweep. Different scanning rates (10-
1000 mV/s) were used in order to understand and 
interpret the substance (mass) transport to the electrode 
surface. In scanning rate studies, measurements of up 
to 1000 mV/s have been taken, but anodic peak current 
has begun to disappear, especially at measurements 
with an increasing scanning rate higher than 350 mV/s. 
Figure 8 reveals the usual cyclic voltammograms (CV) 
curves in 0.1 M PBS solution. As predicted, the CV 
graphs show the prominent redox peaks.  As shown in 
the figure, peak currents increased gradually with 
increasing scanning rates. For measurements taken at 
100 mV/s; anodic peak current; 954 mV, cathodic peak 
current is around -792 mV. 
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Figure 8. The scan rate (10–300 mV/s) effect on peak current of CDs in 0.1 M PBS at pH 7.4 

Graphs describing the relationship between peak 
currents and scan rates shown in Figures 9 A and B 
were obtained from the voltammograms of Figure 8. 
The linearity of the peak current (Ip) depending on the 
square root of the scan rate was obtained by the 
electrode, demonstrating a diffusional behavior. These 
relations are stated as equations below. 

ipa (μA) = 4.759 ν1/2  (mVs-1) + 2.10, R2: 0.9939  

ipc (μA) = 0.847 ν1/2  (mVs-1) + 3.63, R2: 0.9971  

In similar scan rates; the effect of scan rates on peak 
current were also analyzed with a graph of the 

logarithm of peak current vs. scan rates logarithm that 
gives a straight line. These linear relations were 
acquired as follows (Figure 9); 

logia (μA) = 0.3786 logv (mVs-1) + 0.9731,  R2: 0.9937 

logic (μA) = 0.2422 logv (mVs-1) + 0.7366,  R2: 0.9861 

According to these results, the relationship between the 
logarithm of the potential scanning rates and the 
logarithm of the peak current is between 0.37-0.24, and 
these values are near to 0.5, which is the theoretical 
value, that indicates the substance transport on the 
electrode surface by diffusion (Figure 9 C, D). [29].

 

 
Figure 9. The linear relation between peak current and the square root of the scan rate; (A) anodic, cathodic (B), Plot of 

peak current vs. log of scan rate; (C) anodic, cathodic (D) 
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Conclusion 

In the present work, we efficiently synthesized CDs 
using a one-pot hydrothermal process, green and a 
simple approach, using sumac, which is a widely 
consumed spice. There is no study on sumac derivative 
carbon dots has been found in the conducted literature 
study until the we presented the article. The 
morphological features of the CDs were characterized 
by HR-TEM, and monodispersed spherical CDs with 
an average diameter of 10.48 nm was found. The 
crystalline structure of the carbon dots was 
investigated by XRD technique. Additionally, the 
optical properties of carbon dots were studied utilizing 
Uv-vis and PL spectrometry. The electrochemical 
properties of carbon dots results were obtained by 
cyclic voltammetry technique, and two characteristic 
peaks were determined from the measurements. 
Finally, since carbon dots contain both their properties 
before synthesis and after synthesizing, it has excellent 
potential to be used as an essential source in future 
studies, especially on bioimaging, biosensors, and drug 
release.  
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