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ABSTRACT 

This study describes the synthesis and characterization of BSA-stabilized copper nanoclusters 
(BSA-CuNCs) for use as sensors for the B vitamin folic acid. Ascorbate served as a reducing agent 
while bovine serum albumin (BSA) served as a capping and stabilizing agent.  The BSA-CuNCs had 
a golden-yellow appearance and perceivably have good dispersibility. Transmission electron 
microscopy indicated average diameters of the BSA-CuNCs as 2.47 ± 0.50 nm. With atomic force 
microscopy and dynamic light scattering, the diameters of the BSA-CuNCs were varied and larger 
than anticipated (64 ± 13 nm AFM; 11-608 nm DLS), since nanocluster sizes should be less than 
2 nm. The BSA-CuNCs' UV–visible spectra did not show peaks in the 500–600 nm indicating the 
absence of the surface plasmon resonance (SPR) of larger nanoparticles. The BSA-CuNCs were 
excited at 320 nm and showed a fluorescence emission at 644 nm. The BSA-CuNCs were then 
evaluated as potential folic acid sensors. Fluorescence quenching was observed as folic acid was 
added incrementally. The quenching fitted well with the Stern-Volmer equation, with estimated 
limits for detection (LOD) and quantitation (LOQ) at 0.77 µg/mL and 2.35 µg/mL, respectively. 
Next, the folic acid content of some over-the-counter supplements was assessed. There was a 
range of 33.31% to 40.21% in the percent error between the claimed and experimental folic acid 
values, which were beyond the acceptable accuracy and precision errors of 5% and 10%, 
respectively. Nevertheless, current results may suggest potential that the BSA-CuNCs may be used 
to quantify folic acid. However, further research is required to improve sample preparations and 
analytical procedures. 
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INTRODUCTION 

Metal nanoclusters with sizes near the Fermi wavelength of electrons bridge the gap between 
metal atoms and metal nanoparticle behaviors (Zheng et al., 2004). Because of their small size, 
they have distinct size-dependent characteristics, such as molecule-like and fluorescent 
properties (Qu et al., 2015). Gold and silver nanoclusters have received the most attention of any 
metal nanoclusters previously studied (Zhao et al., 2015). Applications for gold and silver-based 
metal nanoclusters include biosensing, biolabeling, and bioimaging (Wang et al., 2017). They 
were reportedly better at biological labeling and sensing because of their small size. Advantages 
also include biocompatibility, increased tracking lifetime, sensitivity, and stability. Furthermore, 
metal nanoclusters are more likely to be less toxic than conventional fluorophores (Ou et al., 
2018).  

Recently, there has been much interest in the use of copper-based nanostructures in a variety of 
fields, including catalysis, electronics, water purification, agriculture, and medicine, to function as 
an alternative to commonly used but more costly metals like gold and silver (Jardon-Maximino, 
2018). Copper nanoclusters with a core size of less than 2 nm are among the copper-based 
nanostructures that could be prepared for various applications. 

Zheng et al. (2004) stated that nanoclusters have unique characteristics when their size is less 
than 3 nm. When distinguishing nanoclusters from larger nanoparticles, the most frequently used 
parameter is the lack of surface plasmon resonance (SPR). There is a peak in the absorption 
spectrum observed at approximately 500–600 nm for larger metal nanoparticles; however, since 
metal nanoclusters are too small to sustain surface plasmon resonance, the peak cannot exist (Xu 
and Han, 2016). 

The fluorescence of nanoclusters is another fascinating characteristic. When a sample is exposed 
to light at a specific wavelength, an electron is excited to a higher energy level, relaxes into a lower 
energy state, and eventually returns to its ground state. This process is known as fluorescence. 
The final phase enables photon formation and light emission from the fluorescent sample 
(Selegard, 2013). The energy level spacing and free electronic density significantly impact the 
HOMO-LUMO transitions and the transition energy. Size affects the energy level spacing.  Free 
electrons behave in discrete energy levels, and as the radius of the nanoparticle decreases, the 
energy level spacing increases (Qu et al., 2015). Furthermore, the fluorescence property may be 
influenced by any ligands that may be attached to the nanoparticle (Qu et al., 2015). 

The synthesis of copper nanoclusters is quite challenging because of their instability in aqueous 
solutions and sensitivity to air, which may cause surface oxidation (Xiaoqing et al., 2015). Several 
capping agents were investigated as useful stabilizers to help prevent nanocluster aggregation 
and address this problem (Zhao et al., 2015). An appropriate capping agent requires an 
amphiphilic molecule with a nonpolar tail that can interact with the environment and a polar head 
with functional groups with donor atoms that can coordinate with the metal atoms or ions.  

This work synthesized the copper nanoclusters using bovine serum albumin as a stabilizing agent. 
The synthesis of protein-stabilized gold nanoclusters using bovine serum albumin was first 
reported by Xie et al. (2009). In its native form, bovine serum albumin (BSA) is a heart-shaped 
protein with three homologous domains that each contain ionizable groups (Au et al., 2010). 
Because it contains scaffolds, pockets, and multiple accessible functional groups that can 
coordinate with metal atoms, BSA can be a helpful stabilizing agent in synthesizing nanoclusters 
(Jose et al., 2015). According to Singh et al. (2005), its zwitterionic characteristic and exposed 
ionic groups make it ideal for cationic and anionic binding. 

Reduction can occur when the stabilizing or capping agent used in synthesizing nanoclusters has 
sufficient reducing power. Nevertheless, synthesizing the nanoclusters takes long when the 



 Synthesis of BSA-stabilized copper nanoclusters and evaluation of their… 47 

Volume 35, Number 1, January-June 2024 • KIMIKA 

stabilizing agents’ reducing effect is weak. Therefore, reducing agents are usually added to speed 
up the reaction. Sodium borohydride and sodium hydroxide were the most often used reducing 
agents in the synthesis of nanoclusters. However, some of the bio-analytical applications of the 
nanoclusters may be significantly affected by these reducing agents due to their relative toxicity 
(Lerma-Garcia et al., 2014). Therefore, finding reducing agents that can minimize these 
complications while being comparatively safer and environmentally friendly is very important.  

The water-soluble vitamin C plays several physiological roles, including tyrosine metabolism, 
collagen synthesis, carnitine synthesis, dopamine conversion to norepinephrine, and peptide 
amidation (Hacisevki, 2009). It is also well known that ascorbic acid, which oxidizes to 
dehydroascorbic acid during the redox reaction, is a good reducing agent and can be used for 
metal nanoparticle synthesis.  

Pteroylmonoglutamic acid, or folic acid, is a crucial nutrient that should be taken by pregnant 
women, in particular to prevent neural tube defects. An embryonic tube's abnormal closure 
causes neural tube defects (NTDs), which seriously impede a child's ability to develop physically 
and mentally. According to Santos et al. (2016), NTDs can be divided into two categories: those 
that affect the brain, like anencephaly, and those that affect the spinal cord, like spina bifida. NTD-
affected pregnancies can result in stillbirth, miscarriage, or a live birth with complications 
(Blencowe et al., 2018). Every year, about 300,000 babies are born with it worldwide, making it 
the most common cause of neonatal morbidity and mortality.  

The term “folate” is applied to the naturally occurring form of Vitamin B9, while “folic acid” is 
applied to the synthetic form.  There is a need to determine folate/folic acid content in foods and 
dietary supplements, and in human biological samples such as blood and urine.  Due to the 
vitamin’s roles in growth and development, nutritional deficiencies must be prevented. Thus, 
public health policies indicate recommendations for folate/folic acid intake and supplementation 
(Field and Stover, 2018). In addition, there are some regulations regarding food processing and 
fortification, quality control and labelling (Field and Stover, 2018).  According to Quinlivan et al. 
(2096), the most popular techniques for analyzing folic acid and folates are potentiometric, 
colorimetric, spectroscopic, and high-pressure liquid chromatography (HPLC), which uses 
various detectors, mobile phases, and columns. Unfortunately, most of these techniques call for 
the use of organic solvents, which present hazards to the environment and human health. Others 
use microbiological assays to measure folates and folic acid based on the growth response of 
bacteria, typically Lactobacillus casei, which has been shown to respond primarily to various 
folate derivatives (Rahman et al., 2015). Nonetheless, microbiological assays required a laborious 
and meticulous procedure.  

A number of studies had reported that the copper nanoclusters may be potential sensors due to 
the observed changes, either quenching or enhancement, in their fluorescent properties in the 
presence of different substances (Aparna et al., 2019). Such changes were observed to be 
dependent on the concentration of the analyte. Fluorescence quenching seems to be the more 
common response in the presence of the analyte. For protein-stabilized nanoclusters, 
fluorescence quenching may be due to the binding of the added analyte to the protein, which 
results in conformational changes (Umavedi, 2017). For nanoparticles measuring less than 5 nm, 
fluorescence quenching may be due to an electron transfer (Umavedi, 2017). For nanoparticles 
greater than 5 nm, energy transfer may be the more predominant mechanism (Umavedi, 2017). 
In the fluorescence quenching of gold nanoclusters by dopamine, the nanocluster may have 
formed electron-hole pairs, which may have readily reacted with the acidic dopamine protons 
(Govindaraju et al., 2017). The electron hole could have been filled from an electron transfer from 
dopamine. However, there is still a lack of knowledge on the exact mechanism of the fluorescence 
and quenching properties of protein coated metal nanoclusters primarily due to the inherent 
complexities of protein templates and lack of structural information on the nanoclusters.  
(Hemmateenejad et al., 2014).   
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This study investigated the potential use of copper nanoclusters as folic acid biosensors to 
develop a simple yet sensitive and safer alternative to conventional folic acid analysis. The 
proposed method is based on the fluorescence quenching of the BSA-stabilized copper 
nanoclusters in the presence of folic acid. 

METHODS 

Synthesis of Bovine Serum Albumin-Stabilized Nanoclusters (BSA-CuNCs). The synthesis 
procedure was adapted and modified from Zhao et al. (2015). BSA was obtained from Sigma-
Aldrich (A7906), while CuSO4∙5H2O was from JT Baker.  In a screw-capped container, 2 mL of 20 
mM solution of CuSO4 was added to 10 mL of 10 mg/mL solution of BSA.  The blue viscous paste 
was stirred vigorously on a magnetic stirrer for about 2 minutes.  Then, the pH of the paste was 
adjusted to pH 12 by carefully adding 1 M NaOH solution.  Subsequently, 1 mL of freshly prepared 
1 M ascorbic acid solution was added to the solution and stirred vigorously for 5 minutes. The 
resulting solution was incubated and undisturbed at room temperature for 24 hours.  The product 
was stored in the refrigerator at around 4 oC until further use. 

Characterization of BSA-CuNCs. The UV-visible spectrum of the BSA-CuNCs were obtained using 
Shimadzu UV Mini 1240.  Particle sizes were determined using dynamic light scattering (DLS) 
zetasizer (Malvern Instruments Zeta Sizer Nano ZS90) and atomic force microscopy (AFM) (Park 
Systems XE-70 AFM with XEI Software for image analysis) through the UPLB Nanoscience and 
Technology Facility Analytical and Instrumentation Service Laboratory. Transmission electron 
microscope images were obtained using  the Hitachi H-7000 TEM at Kobe University, Department 
of Electrical and Electronic Engineering. Particle sizes were estimated using the ImageJ software. 

General Procedure for Fluorescence Quenching Assay. In a 3 mL cuvette, 300 µL of BSA-CuNCs 
were mixed with 2700 µL of distilled water.  The fluorescence intensity (F0) at 644 nm of the 
dilute solution upon excitation at 320 nm was measured using Shimadzu RF-5301 PC.  Then, 2 µL 
of standard solution/sample was added, and its new fluorescence intensity (F) was again 
measured.  

Construction of Calibration Curve and Analytical Figures of Merit. The calibration curve was 
constructed by plotting the fluorescence quenching ratio (Fo/F) against folic acid concentration 
(0, 0.67, 1.33, 2.00, 2.66, 3.32, 3.98, 4.64, 5.31, and 5.96 µg/mL) which was based on the simplest 
case of Stern-Volmer equation which describes the kinetics of fluorescence quenching, 

𝐹0

𝐹
= 1 + 𝐾𝑠𝑣 [𝑄] 

Where 
𝐹0

𝐹
 is the fluorescence quenching ratio, Ksv is the Stern-Volmer constant, and [Q] is the 

concentration of the quencher. The values plotted for the final calibration curve were the average 
of three calibration curves constructed. From the final calibration curve, the limit of detection 
(LOD) and limit of quantification (LOQ) were determined using the following equations: 

LOD = 3.3 s/S 

LOQ = 10 s/S 

Where s is the standard deviation of the intercept of the regression line, and S is the slope of the 
calibration curve. The fluorescence quenching ratio for the LOQ was determined by interpolation 
using the calibration curve.  
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Preparation of Supplement Samples for Folic Acid (FA) Analysis. Different brands of folic acid 
supplements were used to test the BSA-CuNCs as sensors for the analysis of folic acid.  One tablet 
from each supplement was finely ground using mortar and pestle and was dissolved in 500 µL of 
0.1 M NaOH solution.  Then, the resulting solution was filtered using ashless Whatman No. 40 
filter paper.  The filtrate was collected, diluted to 100 mL, and transferred to polyethylene (PE) 
bottles. 

Fluorometric Determination of Folic Acid. The fluorescence quenching ratios for the four 
samples were determined using the general procedure for fluorescence quenching assay. 
Appropriate dilutions were prepared. Twelve trials for each supplement were performed. The 
experimental concentrations were determined through interpolation in the working range 
obtained from the calibration curve and LOQ.  

The percent mean recovery and relative standard deviations were calculated using the following 
equations: 

% Mean Recovery = 
𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛,   𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑒𝑟′𝑠 𝑐𝑙𝑎𝑖𝑚
 x 100% 

% Error = 
𝐹𝐴 𝐷𝑒𝑐𝑙𝑎𝑟𝑒𝑑−𝐹𝐴 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙  

𝐹𝐴 𝐷𝑒𝑐𝑙𝑎𝑟𝑒𝑑
 x 100% 

Outliers in the experimental results were determined statistically using Dixon’s Q-test for single 
outliers and are calculated as follows: 

𝑄𝑒𝑥𝑝 =
𝑋2 − 𝑋1

𝑋𝑛 − 𝑋1
 

where X2 is the suspect value, X1 is the nearest value from the suspect value, Xn is the largest value, 
and X1 is the lowest value. At a confidence level of 95 %, Qexp was compared to Qcrit value of 0.426 
since twelve replicates for each supplement brand were obtained. A Qexp higher than Qcrit means 
the suspect value was an outlier. 

RESULTS AND DISCUSSION 

Synthesis of BSA Stabilized Copper Nanoclusters (BSA-CuNCs).  Figure 1A shows the bottom-
up approach to the preparation of BSA-CuNCs. The synthesis was performed in a sealed container 
to minimize the presence of air and decrease the chances of copper oxidation.  A viscous blue 
paste was formed after adding CuSO4 solution to the  BSA solution.    In  this  step,  a  Cu2+-BSA- 
ion-association  formed  from   the  electrostatic  interaction between Cu2+ and the negatively 
charged BSA that was due to the dissociation of its free carboxyl groups in the neutral aqueous 
solution. The water solubility of the protein in the ion association was improved by adjusting the 
pH to pH 12 by adding 1 M NaOH.  The viscous blue paste was transformed into a purple 
transparent solution.  This step exposed free amino groups to combine with Cu2+ in forming a 
stable BSA-Cu complex (Xiaoqing et al., 2015).  
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Figure 1. Synthesis and characterization of BSA stabilized copper nanoclusters (BSA-CuNCs). A. 
BSA solution (10 mg/mL) and 20 mM CuSO4 formed a viscous mixture. Adjusting to pH 12 
allowed the formation of the violet BSA-Cu complex solution. The addition of ascorbic acid 
initiates the reduction of copper to synthesize BSA-CuNCs. B. The UV-visible absorption spectrum 
of BSA-CuNCs. The strong peak at ~280 nm is due to the BSA protein. A tiny shoulder peak at 
around ~350 nm suggests a molecular-like optical absorption of CuNCs. No peak at ~500-600 nm 
indicated the absence of surface plasmon resonance (SPR). The absence of a peak at ~800 nm 
indicates that a copper oxide monolayer was not present. C. The emission spectrum of BSA-CuNCs 
shows a peak at 430 nm likely due to BSA, and a peak at 644 nm due to the copper nanoclusters. 

In the synthesis, BSA acted as a stabilizing and mild reducing agent. The globular protein having 
583 residues, including 17 cysteine residues for disulfide linkages, has only one free thiol group 
that may act as a reducing agent. The protein also has 40 tyrosine residues which may contribute 
to its reducing property (Au et al., 2010). A high ratio of BSA to copper ions was used for 
stabilizing the nanoclusters.  

An alkaline pH was used to possibly effect the cleavage of the disulfide bonds in BSA to expose 
free thiol groups.  The thiol groups could react with Cu2+ to form Cu-S bonds thus providing steric 
protection on the nanoclusters. These would possibly create a BSA layer on the surface of the 
CuNCs for stability by preventing the oxidation of the copper atoms in the air (Xiaoqing et al., 
2015). 

The role of ascorbic acid in the synthesis was to reduce the time of reduction Cu2+ ions to Cu0. 
Ascorbate donates protons and one to two electrons in the reaction. Moreover, ascorbic acid may 
also have added a stabilizing effect in the formation of nanoclusters by serving as capping agents 
or in the formation of a Cu-ascorbate complex (Xiong et al., 2011).  Ascorbic acid, which has the 
ability to scavenge free radicals and reactive oxygen molecules, may also serve as an antioxidant 
to prevent or slow down the oxidation of copper (Jain et al., 2015). 

The stirring of the synthesis mixture was set for about five minutes or until a pale-yellow solution 
was observed. Longer stirring times were avoided since it turned the pale-yellow solution to color 
orange to brown with no observed fluorescence emission. 
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Room temperature during the synthesis was chosen to maintain the interactions of the 
nanoclusters with BSA which may affect its stabilizing and capping effect.  High temperatures may 
disrupt such interactions and may also induce the oxidation of copper. It was observed that 
disturbing the solution just right after the synthesis procedure would cause aggregation since 
precipitates were formed. Hence, the solution was incubated for 24 hours at room temperature 
(~25 OC) without any disturbance. After incubation, the pale-yellow solution turned golden 
yellow with perceivably good dispersibility, indicating the formation of the copper nanoclusters. 
The solution was stored in the refrigerator (~ 40C) in the dark until further use.  

Optical Properties of BSA-CuNCs. The synthesized nanoclusters were characterized using UV-
visible spectroscopy to investigate the presence of surface plasmon resonance using a 
spectrofluorophotometer to determine its fluorescence properties and dynamic light scattering 
and atomic force microscopy to determine its size, shape, and have an image of its topography.  

Figure 1B shows the characteristics of the UV-visible absorption of the BSA-CuNCs.  A peak due 
to surface plasmon resonance (SPR) around 500 nm to 600 nm was not observed, which indicates 
the successful synthesis of the BSA-CuNCs.  The small sizes of nanoclusters could not support the 
formation of surface plasmon resonance.  The absorbance at 280 nm was maximum absorption 
for BSA.  A tiny shoulder peak at around ~350 nm suggests a molecular-like optical absorption of 
CuNCs due to the quantum confinement effect (Chen et al., 2018). The quantum confinement 
theory is when the electrons in the conduction band and the holes in the valence band are being 
confined spatially by a potential well, resulting in the increase in energy of the lowest energy 
optical transition from the valence to the conduction band (Sun, 2006). As the size of the 
nanostructure decreases, the band gap increases and the average energy of the electrons in the 
conduction band also increases. There was no absorption peak at around 800 nm which indicates 
that the copper oxide monolayer that may have formed due to oxidation of the copper was not 
present (Pacioni et al., 2013). 

Figure 1C shows the two fluorescence emission wavelengths, at 430 nm and 644 nm, of the BSA-
CuNCs upon excitation at 320 nm. Other excitation wavelengths such as 300 nm, 337 nm, 350 nm, 
and 370 nm, and with different combinations of slit widths were also used to determine the 
optimum excitation wavelength of the synthesized BSA-CuNCs.  It was observed that the 
fluorescence emission was tunable at these wavelengths. Among all the excitation wavelengths 
used, it was at 320 nm, which showed the highest fluorescence intensity between 600-700 nm. 
Hence, 320 nm was chosen as the optimum excitation wavelength and was used throughout the 
experiment.  The fluorescence seen at 430 nm may be from BSA from the fluorescence of aromatic 
amino acids, tryptophan, phenylalanine, and tyrosine (Teale et al., 1957). The emission at 644 nm 
was due to the CuNCs, thus the intensity at this wavelength was monitored during the addition of 
folic acid.  

Size Analysis of BSA-CuNCs. Figure 2A shows the histogram of the particle size distribution of the 
synthesized BSA-CuNCs using dynamic light scattering (DLS) zetasizer. The results showed that 
several sizes of the BSA-CuNCs were generated. Based on the histogram, the sizes ranged from as 
small as around seven nanometers to as large as greater than 1000 nm.  

The synthesized nanoclusters have sizes ranging from 11 nm to 608 nm with size average of 177 
nm ± 25 nm in diameter.  In addition, the DLS analysis indicated a high polydispersity of 0.735 for 
the sample. In DLS measurements, values greater than 0.7 indicate that there was a very broad 
size distribution, and the technique may not be suitable to use for the size analysis of the sample 
(Malvern Instruments Limited, 2011). The sizes generated from DLS were too large than the 
anticipated size, which was at most 2 nm.  

Figures 2B and 2C show topographic images of the BSA-CuNCs using atomic force microscopy 
(AFM). These images suggest that the shape of the synthesized BSA-CuNCs was spherical with 
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average sizes of 63.90 nm ± 13.44 nm in diameter. The estimated sizes were also too large in 
comparison to the anticipated size of the nanoclusters.  While AFM is commonly used for size 
estimation of nanoparticles, it seems that it might be beyond in its capabilities in analyzing 
nanoclusters at sizes of less than 2 nm.  Artifacts and distortions could affect the quality of results 
obtained. 

 

Figure 2. Size analysis of the BSA stabilized copper nanoclusters. A. Results of the dynamic light 
scattering indicated particles of average sizes of 177 nm ± 25 nm. B and C. Topographic images of 
the BSA stabilized copper nanoclusters using atomic force microscopy. Size average is 63.90 nm 
± 13.44 nm in diameter. D and E. Transmission electron micrograph of BSA stabilized copper 
nanoclusters. Size average is 2.47 nm ± 0.50 nm in diameter. 

 

Ultrasonication is routinely used for fragmentation of aggregates and to homogenize nanoparticle 
dispersions (Gokce et al., 2014, Glaubitz et al., 2022). Nguyen et al. (2011) demonstrated that 
ultrasonication reduced the size of alumina nanoscale particles from large aggregates (~5000 
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nm) into smaller clusters (<150 nm) using DLS and TEM. However, the study observed partial 
reaggregation at higher amplitudes (60%) or prolonged ultrasonication. Gocke et al.  (2014) 
study showed that ultrasonication for 15 to 20 minutes effectively reduced the size of chitosan 
nanoparticles, but observed reheating and agglomeration with prolonged sonication. In this 
study, sonication was done prior to DLS, AFM and TEM analyses. However, as seen in the DLS and 
AFM results, sonication parameters used were not effective in decreasing agglomeration, and may 
favor reaggregation of copper nanoclusters, thus the polydispersity data observed in DLS. 
Ultrasonication may be an effective method for reducing particle size and achieving narrow 
distributions, but optimal conditions must be maintained to avoid reagglomeration (Gocke et al. 
2014, Glaubitz et al., 2022). 

The relatively large particle sizes obtained from both DLS and AFM may be due to possible 
aggregation or possible oxidation of the BSA-CuNCs. Copper nanoparticles were reported to be 
easily oxidized to form copper oxides (Ghorbani, 2015). We did not perform experiments to verify 
the formation of copper oxides, but this may be possible since copper oxides were reportedly 
more thermodynamically stable than copper metal nanoparticles (Rajesh et al., 2016). This may 
somehow depict the poor stability of the synthesized copper nanoclusters through time.  

Transmission electron microscopy (TEM) would be the more appropriate technique for the BSA- 
CuNCs’ size analysis. In our TEM analysis of the BSA- CuNCs, the size average obtained is 2.47 nm 
± 0.50 nm in diameter (Figures 2D and 2E). These diameters agree with the typical sizes for 
nanoclusters. Based on our experience, even with the use of a TEM, it was challenging to visualize 
the BSA- CuNCs. At first, it appeared that the TEM images (100 nm and 50 nm scales) only showed 
more of the protein particles and aggregates. Upon closer inspection, the BSA- CuNCs could be 
seen as distinct dots and specks in the images. 

 Fluorometric Determination of Folic Acid. Figure 3A shows that as the concentration of folic 
acid added to BSA-CuNCs increases, the intensity of fluorescence at 644 nm decreases. Several 
reasons can be enumerated for how the fluorescence of the BSA-CuNCs was quenched when folic 
acid was added. The most common mechanisms may be due to the formation of different 
complexes. One is the formation of a ground state non-fluorescent complex in static quenching 
(Mohd et al., 2010). Another could be due to a collision followed by the formation of a complex 
between the nanocluster or fluorophore in excited state and quencher in the ground state in 
dynamic quenching. It may also be a combination of the two processes (Mohd et al., 2010).   

Aparna et al. (2019) proposed a model of the BSA-CuNCs where copper nanoclusters are 
interspersed in the partly unfolded molecules of BSA. Aggregation of the CuNCs could have been 
prevented since portions of the peptide would surround the CuNCs. Quenching of the CuNCs’ 
fluorescence in the presence of folic acid could be attributed to several possible interactions. Folic 
acid may interact with the CuNCs through Van der Waals forces. These interactions may result to 
static, dynamic or energy transfer modes of quenching. The BSA coating the CuNCs may also 
interact with folic acid through its peptide bonds and amino acid side chains via hydrogen 
bonding, electrostatic and hydrophobic interactions. Such interactions may result to shedding of 
the peptide coating, resulting to reduction of fluorescence of the CuNCs. Aggregation and/or 
oxidation may result from the loss of the peptide coat on the CuNCs. Another possibility is the 
formation of an electron hole in the CuNCs upon excitation followed by proton loss and electron 
transfer from folic acid resulting to the fluorescence quenching (Govindaraju et al., 2017). 
However, determining the mechanism of quenching was beyond the scope of this study. Hence, 
future works should consider determining the mechanism of quenching between the fluorescent 
BSA-CuNCs and folic acid. With the observed fluorescence quenching of the BSA-CuNCs, it was 
hypothesized that the BSA-CuNCs can be used as a biosensor for folic acid. 
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Figure 3. Fluorescence quenching of BSA stabilized copper nanoclusters (BSA-CuNCs) in the 
presence of folic acid (FA). A. Fluorescence quenching of BSA-CuNCs at 644 nm when excited at 
320 nm upon incremental addition of 2 µL of 1 mg/mL standard FA solution resulting in FA 
concentrations of 0, 0.67, 1.33, 2.00, 2.66, 3.32, 3.98, 4.64, 5.31, and 5.96 µg/mL (top to bottom, 
respectively) to a BSA-CuNCs solution (300 µg CuNCs in 3 mL). B. Plot of fluorescence intensity 
ratios versus FA concentration for the determination of LOD and LOQ. The LOD is 0.775 µg FA/mL, 
and the LOQ is 2.348 µg FA/mL. 

Figure 3B shows a strong positive linear relationship (with correlation coefficient of 0.966) 
between folic acid concentration and the fluorescence quenching ratio, F0/F with F0 being the 
fluorescence intensity of the BSA-CuNCs without the quencher, while F refers to the new 
fluorescence intensity of the nanoclusters upon the addition of the quencher, folic acid, FA. The 
resulting Stern-Volmer equation is F0/F = 0.055[FA] + 1.026, with the F0/F dependent on the FA 
concentration [FA], with the slope or Stern-Volmer constant, KSV at 0.055. The calculated figures 
of merit, limit of detection (LOD) and limit of quantification (LOQ) are shown in Table 1.  

Table 1. Values from the Stern-Volmer plot for the determination the limits of detection 
(LOD) and quantification (LOQ) of folic acid using BSA copper nanoclusters as sensors. 

PARAMETER Values 
Working range, µg/mL 2.348 – 5.964 
Slope, Stern Volmer constant, KSV 0.055 
Standard deviation of slope 0.004 
Intercept 1.026 
Standard deviation of the intercept 0.013 
Correlation coefficient (R2)  0.966 
Limit of detection (LOD), µg/mL 0.775 
Limit of quantification (LOQ), µg/mL 2.348 

 
The LOD and LOQ obtained were 0.775 µg/mL (1.756 μM) and 2.348 µg/mL (5.319 μM), 
respectively. The LOD was much higher in comparison to the LOD in other studies using copper 
nanoclusters (Table 2). Moreover, the working linear range of 2.348 – 5.964 µg/mL (5.319 to 
13.511 μM) was narrower compared to published reports (Table 2). The current method seems 
to have lower sensitivity toward folic acid. Various factors that may have influenced sensitivity 
include instrument’s calibration and sensitivity, and performance; methodological factors such 
as sensor and analyte preparations, solvent, temperature and pH; chemical factors such as matrix 
interference and analyte and sensor stability; sample and reagent quality; and human factors 
(Ellison and Hardcastle, 2012.)   
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Table 2. Comparison of figures of merit of fluorescence-based methods using copper 
nanoclusters for folic acid detection.   

Nanomaterial Method Linear range Limit of 
Detection 

Reference 

Beta-cyclodextrin-
functionalized copper 
nanoclusters 

Fluorescence 
quenching 

4.95-47.6 μM 0.47 μM Vegad et al., 
2024 

Ovalbumin-stabilized copper 
nanoclusters 

Fluorescence 
quenching 

0.5-200 μM 0.18 μM Li et al., 2019 

Double-stranded DNA 
(dsDNA)-templated copper 
nanoclusters (CuNCs) 
 

Fluorescence 
quenching 

1.25-50.00 μM 0.34 μM Liu et al., 2023 

Cysteine-CuNCs enhanced 
diperiodatoargentate(III) 
(DPA)-folic acid 
chemiluminescence 

Fluorescence 
enhancement 

0.10-10.00 μM 69.8 nM Han et al., 
2019 

D-penicillamine (DPA)-
stabilized Ag/Cu alloy 
nanoclusters 

Fluorescence 
quenching 

0.01 to 1200 μM 
 

5.3 nM 
 

Mei Zhang et 
al., 2024 
 

Bovine serum albumin- 
copper nanoclusters (BSA-
CuNCs) 

Fluorescence 
quenching 

2.348 – 5.964 
µg/mL 
(5.319 to 13.511 
μM) 

0.775 µg/mL 
 
(1.756 μM) 

This work 

 
Table 3 shows the results of the determination of folic acid from four different over-the-counter 
supplements. The % errors of the experimental values compared to the declared content ranged 
from 33.31-40.21%. These error values are outside the acceptable precision error of 10% and 
acceptable accuracy error of 5% (Shrivastava et al., 2011). This may imply that the proposed 
method using the BSA-CuNCs may have some accuracy and precision issues. 

Possible factors contributing to the % error values may include possible interferences from other 
components of the supplements, possible photodegradation of folic acid, possible losses during 
sample preparation, calibration and instrument errors. In the analysis of Cruces Blanco et al. 
(1994), fluorometric responses of derivatized folic acid using a labeling agent fluorescamine in 
the presence of Vitamins B1, B3, and B6 and minerals like iron, copper, zinc, phosphorus, calcium, 
fluorine, and iodine showed enhancement of fluorescence intensity due to possible fluorescence 
emission of the interfering compounds. In a study by Off et al. (2005), an increase in the 
fluorescence intensity of folic acid was observed when folic acid was exposed to UV radiation. The 
intact folic acid has a low quantum yield, so it gives a very weak fluorescence emission due to the 
possible quenching effect of its glutamyl tail. They attributed the increase in fluorescence to the 
cleavage of the C9-N10 bond of the glutamyl tail, forming p-aminobenzoyl-L-glutamic acid and 6-
formyl pterin.  
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Table 3. Folic acid (FA) determination in over-the-counter drugs using BSA-stabilized 
copper nanoclusters. 

Sample/ 
Brand 

Vol. of 
Solution, mL 

DF FA  
Content 
Declared 

FA  
Content 
Experimental 

SD % 
Error 

%  
Mean 
Recovery 

A 100 20 5 mg 3.89 mg 1.29 33.31 77.75 
B 100 20 5 mg 4.52 mg 1.75 38.81 90.31 
C 100 20 5 mg 3.65 mg 1.27 34.90 72.94 
D 100 10 600 mcg 396.01 mcg 159.25 40.21 66.00 

n=11, DF-dilution factor, FA- folic acid, SD – standard deviation 

Screening for Other Potential Analytes or Interfering Substances in Fluorescence-Based 
Sensing Using BSA-CuNCs. Aliquots of solutions of aluminum, arsenic, cadmium, mercury, 
molybdenum, lead, zinc, urea, and glucose were added to aqueous solutions of BSA-CuNCs to 
evaluate the emission responses of the BSA-CuNCs to substances besides folic acid (Figure 4).  

 

Figure 4. Fluorescence quenching or enhancement responses of the BSA stabilized copper 
nanoclusters at 644 nm excited at 320 nm when added with 1.5 ug/mL of various substances, 
metal ions or compounds. When the (F0-F)/F0, (where F0 is the fluorescence without the 
substance and F is the fluorescence with substance) is greater than zero, it indicates that the 
substance is a fluorescence quencher.  When the (F0-F)/F0 is less than zero, the substance added 
is a fluorescence enhancer. 

No significant change in fluorescence intensity was observed upon the addition of increasing 
amounts of glucose. This may imply that glucose may not affect the fluorescence of BSA-CuNCs, 
and may not cause interference during folic acid analysis. 

Fluorescence quenching was observed when urea and arsenic were added. The quenching 
mechanisms may be similar when folic acid is present. For arsenic, the metal ion may have 
combined with the sulfhydryl groups on the surface of the nanoclusters, destroying the Cu-S 
bonds, which resulted in the fluorescence quenching (Xiaoqing et al., 2015).  On the other hand, 
urea, may alter the BSA protein’s structure (Stumpe and Grubmuller, 2007), thus affecting the 
stability of the CuNCs and possibly promote quenching of fluorescence.  

There were some fluorescence enhancements in the presence of aluminum, cadmium, 
molybdenum, and zinc. The fluorescence enhancement was more pronounced in the presence of 
lead and mercury.  Fluorescence enhancement may be due to various factors, as discussed by Li 
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et al. (2013). In this study, it may be hypothesized that such factors may include (1) formation of 
a complex between the metal ions and BSA; (2) reduction of the added metal ions by BSA or by 
ascorbic acid thus forming fluorescent species; (3) oxidation of the BSA or the CuNCs causing 
enhanced fluorescence; (4) interactions between the CuNCs and the reduced metal ions which 
can either change or not change the CuNCs composition; and (5) incorporation of reduced metal 
ions resulting to metal-CuNCs with enhanced fluorescence (Li et al., 2013).   

These results showing that BSA-CuNCs had different responses to different substances may be 
useful for considering possible improvements in sample preparations or in exploring other 
potential analytes. These observations of fluorescence enhancement or quenching may have 
contributed to the lower-than-expected mean recoveries and relatively high standard deviation 
in the folic acid analysis in the supplement samples. Thus, the conditions in sample preparations 
for the fluorometric folic acid determination using the BSA-CuNCs must be optimized to achieve 
more accurate and precise results. 

CONCLUSIONS 

This study demonstrated the green synthesis of fluorescent BSA-stabilized copper nanoclusters 
(BSA-CuNCs) aided by ascorbate as a reducing agent. There seems to be some potential in the use 
of these BSA-CuNCs as sensors for the quantitative determination of folic acid in folic acid- 
containing supplements. However, more work should focus on solving potential issues on the 
selectivity and sensitivity towards the analyte, and on the sensors’ responses toward the non-
analyte components of samples.  
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