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A B S T R A C T   

A simple, sensitive, and highly selective detection method was developed for creatinine using citrate-capped gold 
nanoparticles (C-AuNPs). TEM analysis confirmed the synthesis of the C-AuNPs and they were mostly spherical in 
shape. FTIR data showed peaks at 3302 cm− 1, 1635 cm− 1, 1219 cm− 1 and 771 cm− 1 indicating the presence of 
O–H, C=C, C–O, C–C groups on the surface of the synthesized C-AuNPs. XRD analysis revealed peaks at 33.8, 
44.4, 64.6, 77.5, and 81.6◦ confirming the crystalline nature of the C-AuNPs. The principle of this method is 
based on the aggregation of C-AuNPs induced by the creatinine molecules which has been successfully employed 
for the colorimetric detection of creatinine ranging from 0.3 to 0.8 μg/100 μl (3–8 ppm). The degree of aggre
gation of C-AuNPs was found to have a linear relationship with the concentration of creatinine which allows the 
development of a colour gradient based on the varying creatinine concentrations. UV–Vis spectrophotometric 
analysis further confirmed the selectivity of the method among different analytes such as ascorbic acid, nicotinic 
acid, polyvinyl pyrrolidone, glucose, uric acid, and bovine serum albumin. It has also been successfully applied 
for the detection of creatinine in urine mimic samples with good recovery rates. Therefore, this method can be 
successfully employed for both qualitative and quantitative analysis of creatinine.   

1. Introduction 

The increase in the rate of diseases has burdened the healthcare 
system for on-time and accurate diagnosis and prognosis which in turn 
has necessitated the requirement of a simple, improved, specific, sen
sitive, rapid, cost-effective, and eco-friendly method for the detection of 
metabolites associated with various diseases. In a quest to develop de
vices or methods to identify the clinically important metabolites (CIMs) 
associated with various diseases, the use of nanomaterials has gained 
significant popularity in recent years. One of its major blooming appli
cations is the development of sensors based on nano-systems to detect 
CIMs and other biological molecules [1–5]. CIMs are molecules which 
are considered indicators of biological processes and pathological pa
rameters that take place in the body due to abnormal changes. These 
metabolites act as biomarkers and their levels indicate the healthy and 
disease states of the body therefore, their accurate clinical measurement 
is exploited for diagnosis and determining the severity of a disease [4, 
6–8]. One of the most important CIMs is creatinine which is a 
well-known biomarker that indicates the health of the kidneys and is 
quantified for the diagnosis of chronic kidney disease [9–12]. The 

normal creatinine level in the serum and urine of healthy adult humans 
ranges from 0.5 to 1.5 mg/dl [13] and 11–26 mg/dl [14]. The detection 
and quantitative measurement of creatinine has already been achieved 
by several methods such as enzymatic assay [15], spectrophotometry 
[16], chromatography [17], high-pressure liquid chromatography [18], 
capillary zone electrophoresis [19], and mass spectroscopy [18,20–22]. 
Although these conventional methods are clinically relevant yet they 
exhibit certain challenges including poor sensitivity of the metabolite, 
instability of the metabolite during reaction, low reproducibility, lack of 
specificity by not being able to distinguish interferences, high detection 
limits, longer detection time, and involvement of complex procedures. 
These limitations not only affect the accuracy but also the reliability of 
the results [22]. Nanotechnology-based sensors can serve as a promising 
alternative to overcome these drawbacks owing to their excellent 
properties like high surface area-to-volume ratio, high absorption ca
pacity, and increased catalytic activity [23–25]. These properties make 
them suitable candidates for the fabrication of highly sensitive, specific, 
and improved biosensors with better stability, absorbability, and accu
racy along with the ease of simplified procedure and cost-effectiveness 
[1]. 
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Gold nanoparticles (AuNPs) are one of the most widely studied 
nanoparticles (NPs) in multiple fields including healthcare [26], textiles 
[27], agriculture [22], and food sectors [28]. They have been exten
sively used for bioimaging and biosensing applications due to their 
unique optical properties such as localized surface plasmon resonance 
(LSPR) owing to their size, compatibility, and highly tuneable 
morphology [2,29]. Their large surface-to-volume ratio greatly in
creases their sensing ability. They can also be easily synthesized through 
different physical, chemical, and biological methods and are inert and 
stable against oxidation [30]. Moreover, they overcome the limitations 
of conventional spectroscopy by enhancing the Raman and Rayleigh 
signals of various biological entities and therefore, provide a better 
understanding of the chemical nature of biological entities [31–33]. In 
recent years, several studies have reported the use of complex 
AuNP-based systems for the sensing and quantification of creatinine 
which include complex processes such as sample pre-processing or 
extraction [10,20,34,35]. Contrary to the earlier reports, the present 
study aims to report a simple and selective colorimetric and spectro
photometric method for the detection of creatinine using citrate-capped 
AuNPs (C-AuNPs). 

2. Materials and methods 

2.1. Materials 

The chemicals used in this study are AR grade. The chemicals 
including trisodium citrate, creatinine anhydrous, bovine serum albu
min (BSA), uric acid, glucose, nicotinic acid, polyvinyl pyrrolidone 
(PVP), ascorbic acid, calcium chloride, magnesium sulphate, sodium 
bicarbonate, sodium chloride, sodium dihydrogen orthophosphate, 
disodium hydrogen phosphate, ammonium chloride, urea, and potas
sium chloride were purchased from Himedia. Gold chloride trihydrate 
(HAuCl4⋅3H2O) was acquired from Sigma. Deionized water was used for 
the preparation of all the solutions. Freshly prepared creatinine solution 
was used for all the assays. 

2.2. Synthesis of citrate-capped gold nanoparticles (C-AuNPs) 

The C-AuNPs were synthesized using Turkevich method [36] with 
slight modification. Trisodium citrate was used for the reduction of gold 
chloride trihydrate solution (HAuCl4). It also acted as the stabilizing 
agent for the synthesized NPs. The brief methodology includes the 
heating of 500 ml of 0.25 mM HAuCl4 solution to 100 ◦C and the 
addition of 15 ml of trisodium citrate (1%) solution to it under constant 
stirring for 30 min. The faint yellow coloured solution turned to a bright 
ruby-red colour indicating the reduction of gold ions to NPs. 

2.3. Preparation of urine mimic 

A urine mimic solution was prepared by dissolving various salts such 
as calcium chloride (44.5 mg), magnesium sulphate (50 mg), sodium 
bicarbonate (17 mg), sodium chloride (317 mg), sodium dihydrogen 
orthophosphate (50 mg), disodium hydrogen phosphate (5.5 mg), 
ammonium chloride (80.5 mg), sodium citrate (148.5 mg), uric acid (17 
mg), urea (1213.5 mg), potassium chloride (225 mg), and creatinine 
(varying concentrations) in 100 ml deionized water [10]. 

2.4. Characterization of citrate capped-AuNPs 

2.4.1. Ultraviolet–Visible (UV–Vis) spectroscopy 
The UV–Visible absorption spectrum of the synthesized C-AuNPs was 

measured using a UV–Visible spectrophotometer (Multiplate reader, 
BioTek, EPOCH2NS). The absorbance was scanned in the range between 
300 and 800 nm. 

2.4.2. Transmission electron microscopy (TEM) 
The morphology of the C-AuNPs was investigated using transmission 

electron microscopy (JEOL 2100, Jeol Ltd., Tokyo, Japan). The shape, 
size, and selected area electron diffraction (SAED) pattern of the C- 
AuNPs were studied using this method. 

2.4.3. Fourier transform infrared (FTIR) spectroscopy 
The FTIR spectrum of the C-AuNPs was recorded to determine its 

surface composition using IR affinity-1S, Shimadzu. The liquid C-AuNPs 
solution was used directly for the analysis. The sample was placed on the 
sample platform and was scanned from 500 to 4000 cm− 1. 

2.4.4. X-ray diffraction (XRD) analysis 
The x-ray diffraction analysis of the synthesized C-AuNPs was con

ducted to determine its crystallinity. The sample for XRD analysis was 
prepared using drop-casting method. A thin layer of the C-AuNPs was 
obtained on a microscopic glass slide by repeated deposition of the NP 
solution on it and drying at 50 ◦C in a hot air oven and was analysed 
using an X-ray diffractometer, D8-Advance, Bruker, IASST (Guwahati, 
India). 

2.5. Colorimetric detection of creatinine 

For the colorimetric sensing of creatinine, 100 μl of different con
centrations of creatinine ranging from 0.3 to 0.8 μg (3–8 ppm) was 
added to 1 ml of C–AuNPs solution and gently mixed. The mixture was 
allowed to react and observed for any visible change in colour. The 
UV–Visible absorbance of the solution was measured between 300 and 
800 nm. The standard concentrations of creatinine were plotted against 
the ratio of absorbance at 630 nm and 520 nm. 

2.6. Selectivity assay for the detection of creatinine 

To investigate the selectivity of the C-AuNPs reaction with creati
nine, different common biological compounds such as BSA, glucose, and 
uric acid were tested with the AuNPs under the same conditions at a 
concentration of 10 μg/100 μl. Few analytes known to have similar 
chemical structure as creatinine such as ascorbic acid, nicotinic acid, 
and polyvinyl pyrrolidone (PVP) were also investigated under the same 
parameters. The solutions were monitored for any visual colour change 
and their ratio of absorbance at 630 nm and 520 nm was compared with 
the absorbance of creatinine in the detection system. 

2.7. Selectivity and detection of creatinine in urine mimic solution 

To investigate the sensing ability of the C-AuNPs in biological fluids, 
this method was used to determine the concentration of creatinine in 
urine mimic solution. The artificially prepared urine mimic sample was 
spiked with 0.3 μg/100 μl, 0.4 μg/100 μl and 0.8 μg/100 μl of creatinine 
and their absorbance was compared with the absorbance of C-AuNPs in 
the presence of standard creatinine solutions. The different individual 
components of urine mimic (CaCl2-44.5 μg/100 μl, MgSO4-50 μg/100 μl, 
NaHCO3-17 μg/100 μl, NaH2PO4-50 μg/100 μl, NaCl-317 μg/100 μl, 
Na2HPO4-5.5 μg/100 μl, NH4Cl-80.5 μg/100 μl, KCl-225 μg/100 μl, so
dium citrate-148.5 μg/100 μl, urea-1213.5 μg/100 μl, uric acid-17 μg/ 
100 μl) were also tested with the C-AuNPs to examine their absorbance 
under the same conditions in order to analyse their role as interferences 
in the detection system. 

3. Results and discussion 

3.1. Synthesis and characterization of C-AuNPs 

3.1.1. UV–Visible spectroscopy and TEM analysis 
The synthesis of C-AuNPs by trisodium citrate reduction was 

observed as the colour of the solution changed from faint yellow to ruby 
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red. The typical ruby red colour of the C-AuNPs is attributed to its 
property of localized surface plasmon resonance wherein the incident 
light interacts with the free electrons in the NPs resulting in a collective 
oscillation of electrons in the conduction band. The frequency of this 
collective oscillation lies within the visible region of the electromagnetic 
spectrum resulting in a strong SPR absorption [20,30,37,38]. In case of 
plasmonic NPs, UV–Visible spectroscopy provides useful insights about 
the different properties of NPs including their size and shape based on 
their absorption bands [39]. The C-AuNPs showed a sharp peak at 520 
nm under UV–visible spectroscopy (Fig. 1a) which further confirmed the 
synthesis of C-AuNPs having sizes less than 15 nm [40]. TEM images 
revealed that the shape of the C-AuNPs were mostly spherical (Fig. 1b). 
The micrograph also showed that the C-AuNPs were well dispersed and 
without aggregation. High-resolution TEM indicate the presence of the 
lattice fringes of C-AuNPs (Fig. 1c). SAED analysis demonstrated bright 
circular rings corresponding to (1 1 1), (2 0 0) and (2 2 0) planes as 
shown in Fig. 1d which confirm the crystalline nature of the C-AuNPs 
[41,42]. 

3.1.2. FTIR and XRD analysis 
The synthesized C-AuNPs were subjected to FTIR analysis which 

revealed peaks at 3302 cm− 1, 1635 cm− 1, 1219 cm− 1, and 771 cm− 1 

indicating the presence of O–H, C=C, C–O, C–C groups in the sample 
(Fig. 2a). The O–H group can be attributed to the presence of water 
molecules and O–H stretching of citrate molecules in the sample while 
C=C, C–O and C–C confirm the presence of citrate molecules along with 
the AuNPs [39,42,43]. The presence of the citrate molecules on the 
surface of the AuNPs serves two important functions. It helps in 
attaining chemical stability by lowering the surface energy of the highly 
active NPs and it stabilizes the NPs, thus preventing their agglomeration 
and maintaining the NPs in a well-dispersed state which is essential for 
their interaction with other molecules [38]. XRD analysis revealed peaks 
at 33.8◦, 44.4◦ 64.6◦, 77.5◦, and 81.6◦ corresponding to the standard 
Bragg reflections of 111, 200, 220, 311, and 222 suggesting the face 
center cubic lattice structure of the synthesized C-AuNPs, confirming 
their crystalline nature (Fig. 2b). [42,44,45]. 

Fig. 1. (a) UV–Visible spectrum of the C- AuNPs showing a peak at 520 nm [Inset: Citrate capped-AuNPs solution]. (b) TEM image of C-AuNPs. (c) HR-TEM image of 
C-AuNPs. (d) SAED pattern of C-AuNPs. 
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Fig. 2. (a) FTIR spectrum of the C-AuNPs showing peaks at 3302 cm− 1, 1635 cm− 1, 1219 cm− 1 and 771 cm− 1. (b) XRD pattern of C-AuNPs depicting peaks at 33.8◦, 
44.4◦ 64.6◦, 77.5◦, and 81.6◦. 

Fig. 3. (a) UV–visible absorption spectra of C-AuNPs and C-AuNPs + creatinine (0.8 μg/100 μl or 8 ppm). [Inset: Colour change observed in C-AuNPs from red to 
blue in the presence of creatinine]. (b) TEM image of aggregated C-AuNPs in the presence of creatinine. (c) Schematic diagram of reaction between C-AuNPs 
and creatinine. 
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3.2. Reaction between C-AuNPs and creatinine 

Upon addition of 0.8 μg/100 μl (8 ppm) creatinine solution to 1 ml of 
C-AuNPs solution, a colour change was observed from red to blue 
(Fig. 3a Inset). This change in colour was a result of the aggregation of 
dispersed C-AuNPs which was induced by creatinine. This can be sup
ported by the TEM data shown in Fig. 3b. The aggregation of C-AuNPs 
led to a change in the LSPR of the C-AuNPs resulting in the development 
of blue colour due to interparticle plasmon coupling. The change in 
LSPR is influenced by the size, morphology, interparticle distance, and 
extent of aggregation of the NPs [46,47]. The UV–Visible spectropho
tometric analysis of C-AuNPs showed a sharp peak at 520 nm, while in 
the presence of creatinine, 2 peaks, a small peak at 520 nm and another 
broad peak at 630 nm were observed as shown in Fig. 3a. The peak at 
630 nm was a result of the red shift in the maximum absorbance 
wavelength caused due to the aggregation of C-AuNPs. This is attributed 
to the sensitivity of the LSPR frequency to the proximity of other NPs 
which results in a significant bathochromic shift in the absorption 
maxima (from 520 nm to 630 nm) and broadening in the surface plas
mon band [47]. The precise mechanism of interaction between the 
C-AuNPs and the creatinine molecules has not been established. How
ever, the reaction between them may be explained based on their surface 
charges as shown in the Fig. 3c. The citrate capping imparts a strong 
negative charge to the C-AuNPs which generates natural affinity towards 
the positively charged creatinine molecules. Due to these 
charge-induced electrostatic forces of attraction, cationic creatinine 
molecules might bind to the anionic C-AuNPs, resulting in the overall 
neutralization of the charges on the C-AuNPs, and further decreasing 
their inter-particle distance which in turn causes the aggregation of the 
C-AuNPs [34]. Fig. 4 shows a schematic diagram to depict the mecha
nism of creatinine detection with citrate-capped gold nanoparticles. 

3.3. Colorimetric detection of creatinine 

In the presence of varying concentrations of creatinine ranging from 
0.3 to 0.8 μg/100 μl (3–8 ppm) in C–AuNP solution, a gradient of 
different colour changes was observed (Fig. 5a). The colour of the 
C–AuNP solution darkened as the concentration of creatinine was 
increased, yielding a dark blue colour at 0.8 μg/100 μl (8 ppm). A 
saturation in the development of colour was observed beyond 0.8 μg/ 
100 μl (8 ppm) of creatinine. Therefore, the concentration range for the 
detection of creatinine in this method was selected from 0.3 to 0.8 μg/ 
100 μl (3–8 ppm). The change in the colour of the C-AuNPs in the 
presence of creatinine was supported by the UV–Visible absorbance 
spectra data (Fig. 5b) which showed a red shift in the peak from 520 nm 
to 630 nm due to the aggregation of C-AuNPs. Also, the graph depicts a 
gradual decrease in the peak intensity at 520 nm and a simultaneous 
increase in the peak at 630 nm with the increase in creatinine concen
tration. This simultaneous decrease and increase in the peak intensity of 
synthesized C-AuNPs at 520 nm and 630 nm respectively, is indicative of 
the increase in the degree of aggregation with the increasing concen
trations of creatinine from 3 to 8 ppm (where 3 ppm has the lowest peak 
intensity and 8 ppm has the highest peak intensity at 630 nm). For the 

quantitative measurement of creatinine in the C–AuNP solution, a 
standard calibration curve was plotted using standard creatinine con
centrations against the ratio of absorbance at 630 nm and 520 nm 
(Fig. 5c). The standard calibration curve showed a linear relationship 
between the creatinine concentration and the absorbance with a reliable 
R2 value of 0.988 in the selected range. Therefore, this method can be 
successfully employed for the detection and quantification of unknown 
concentrations of creatinine. 

3.4. Selectivity assay for the detection of creatinine 

In order to assess the selectivity of this detection mechanism, 
different analytes having structures similar to creatinine such as ascor
bic acid, nicotinic acid, polyvinyl pyrrolidone (PVP) and some common 
compounds present in biological fluids including glucose, uric acid and 
bovine serum albumin (BSA) were tested under the same conditions. No 
colour change was observed in the C–AuNP solution in the presence of 
these analytes, even at a significantly higher concentration (10 μg/100 
μl or 100 ppm) than creatinine (0.8 μg/100 μl or 8 ppm). The colour of 
the C–AuNP solution remained unchanged and stable even after 24 h 
indicating the high selectivity and specificity of the C-AuNPs towards 
creatinine (Fig. 6a). To further confirm the selectivity of the assay, the 
absorption ratio at 630 nm and 520 nm of the C-AuNPs in the presence of 
creatinine (0.8 μg/100 μl or 8 ppm) and in the presence of the different 
analytes (10 μg/100 μl or 100 ppm) was investigated. Fig. 6b demon
strates that creatinine exhibited significantly higher absorption values 
compared to the other tested analytes, confirming the use of synthesized 
C–AuNPs for the selective detection of creatinine. 

3.5. Selectivity and detection of creatinine in urine mimic solution 

The sensitivity of the synthesized C-AuNPs in biological fluids was 
investigated by determining the concentration of creatinine in a urine 
mimic solution. The absorbance ratio at 630 nm and 520 nm of the C- 
AuNPs in the presence of artificially prepared urine mimic solution 
spiked with 0.3 μg/100 μl, 0.4 μg/100 μl and 0.8 μg/100 μl of creatinine 
was compared with the absorbance of C-AuNPs in the presence of the 
same amount of standard creatinine solutions. To further assess the 
selectivity of this method towards creatinine in the urine mimic solution, 
the different individual components of the urine mimic (CaCl2-44.5 μg/ 
100 μl, MgSO4-50 μg/100 μl, NaHCO3-17 μg/100 μl, NaH2PO4-50 μg/ 
100 μl, NaCl-317 μg/100 μl, Na2HPO4-5.5 μg/100 μl, NH4Cl-80.5 μg/ 
100 μl, KCl-225 μg/100 μl, sodium citrate-148.5 μg/100 μl, urea-1213.5 
μg/100 μl, uric acid-17 μg/100 μl) were tested with the C-AuNPs to 
measure their absorbance under the same conditions. The results 
revealed that the individual urine mimic compounds showed relatively 
lower absorbance in comparison with creatinine, indicating the signifi
cant selectivity and specificity of C-AuNPs towards creatinine (Fig. 7). 
Additionally, the creatinine concentrations determined in the urine 
mimic sample were comparable to the concentrations of standard 
creatinine solutions with recovery percentages of 93.3%, 90%, and 
88.75% (Table 1). This shows that the proposed method can be suc
cessfully applied for the detection and quantification of creatinine 

Fig. 4. Schematic diagram to depict the mechanism of creatinine detection with citrate-capped gold nanoparticles.  
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concentration in urine samples. 
Several nanotechnology-based approaches have been explored to 

develop sensors for the detection and quantification of creatinine. 

Fig. 5. (a) Colour change observed in C-AuNPs in the presence of different concentrations of creatinine ranging from 0.3 to 0.8 μg/100 μl (3–8 ppm). (b) UV–visible 
spectra of C-AuNPs in the presence of different concentrations of creatinine ranging from 0.3 to 0.8 μg/100 μl (3–8 ppm). (c) Standard calibration curve of creatinine 
showing a linear relationship between the concentration of creatinine and its absorbance values at 630/520 nm. 

Fig. 6. (a) Selectivity assay of the C-AuNPs in the presence of creatinine at 0.8 
μg/100 μl or 8 ppm and other analytes (ascorbic acid, BSA (bovine serum al
bumin), glucose, nicotinic acid, PVP (polyvinyl pyrrolidone), uric acid) at 10 
μg/100 μl or 100 ppm concentration. (b) Absorption of the C-AuNPs at ratio of 
630 nm and 520 nm in the presence of creatinine at 0.8 μg/100 μl or 8 ppm and 
other analytes (ascorbic acid, BSA (bovine serum albumin), glucose, nicotinic 
acid, PVP (polyvinyl pyrrolidone), uric acid) at 10 μg/100 μl or 100 ppm 
concentration. 

Fig. 7. Selectivity and detection of creatinine in urine mimic solution- 
Absorption of the C-AuNPs at ratio of 630 nm and 520 nm in the presence of 
individual urine mimic components (CaCl2-44.5 μg/100 μl, MgSO4-50 μg/100 
μl, NaHCO3-17 μg/100 μl, NaH2PO4-50 μg/100 μl, NaCl-317 μg/100 μl, 
Na2HPO4-5.5 μg/100 μl, NH4Cl-80.5 μg/100 μl, KCl-225 μg/100 μl, sodium 
citrate-148.5 μg/100 μl, urea-1213.5 μg/100 μl, uric acid-17 μg/100 μl), 
creatinine (0.8 μg/100 μl) and urine mimic spiked with creatinine (0.8 μg/ 
100 μl). 
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Kalasin et al., (2020) fabricated an electrochemical sensor utilizing 
cuprous NPs encapsulated within polyacrylic acid gel-Cu (II). This 
sensor reported successful determination of creatinine concentration 
ranging from 200 μM to 100 mM with a lower detection limit (LOD) of 
200 μM. It retained good sensitivity efficiency of 99.4% and 85% in the 
presence of different interferences and urine sample, respectively[48]. 
In another work, graphene oxide (GO), AuNPs, molybdenum disulfide 
NPs, and creatininase were functionalized on a singlemode 
fiber-multicore fiber-multimode fiber-singlemode fiber 
(SMF-MCF-MMF-SMF) probe to develop a LSPR-based sensor for creat
inine. This sensor demonstrated a linear detection range between 0 and 
2000 μM with a LOD of 128.4 μM [49]. Few studies have also reported 
the use of AuNPs for sensing of creatinine [34]. In a study, researchers 
employed label-free AuNPs for creatinine detection in urine samples, 
after solid-phase extraction of creatinine on a silica gel immobilized with 
sulfonic acid. This method displayed detection in the range of 15–40 
mg/l (132.6–353.6 μM) with a LOD of 13.7 mg/l (114.9 μM) [34]. 
Another work by He et al., 2015 demonstrated the use of AuNPs as a 
colorimetric sensor for creatinine with a detection range of 0.1–20 mM 
and LOD of 80 μM [50]. In a similar study with citrate-capped AuNPs, 
colorimetry was used along with Red-Green-Blue (RGB) digital imaging. 
This approach revealed a LOD of 0.068 mM and a limit of quantitation 
(LOQ) of 0.228 mM [14]. Another work explored nano laminated gold 
thin film for the sensing of creatinine based on Kretschmann SPR. The 
developed biosensor showed a good sensitivity towards creatinine 
ranging from 10 to 200 mM [51]. However, the citrate-capped biosensor 
reported in the present study demonstrates a simple and selective 
method with high specificity towards creatinine even in the presence of 
interferents thus eliminating the requirement of additional sample 
processing before analysis as employed by Sittiwong and Unob. More
over, the sensor developed in the current work shows good sensitivity 
towards creatinine in a range of 26.5–70.7 μM with a LOD of 26.5 μM 
which is significantly lower than the reported LODs in the aforemen
tioned studies, showing its effective use in creatinine detection at very 
low concentrations. Table 2 summarizes a list of existing 
nanotechnology-based sensors for creatinine detection and a compari
son of their performance with the current proposed sensor. 

Moreover, the current C–AuNP based colorimetric detection method 
does not require sophisticated instruments, organic co-solvents, sensi
tive dye molecules, or enzymatic reactions, thus significantly reducing 
the process costs and overcoming few limitations of the existing con
ventional methods. 

4. Conclusion 

We have reported a very simple, sensitive, and highly selective 
approach utilizing C-AuNPs for the qualitative and quantitative detec
tion of creatinine. Various techniques have been employed for the 
characterization of the synthesized C-AuNPs. The spherical shape of the 
NPs was determined by TEM. Furthermore, the crystallinity of the NPs 
and the presence of different functional groups on their surface were 
confirmed by XRD and FTIR analysis, respectively. The developed 
method allows a colorimetric detection of creatinine ranging from 0.3 to 
0.8 μg/100 μl (3–8 ppm) yielding different colours based on the con
centration of creatinine where the degree of aggregation of C-AuNPs is 

linearly proportional to the concentration of creatinine. It also allows 
the quantification of creatinine based on spectrophotometric analysis. 
Additionally, this method demonstrated excellent selectivity towards 
creatinine when compared with various analytes such as ascorbic acid, 
nicotinic acid, polyvinyl pyrrolidone, glucose, uric acid, and bovine 
serum albumin. This method has shown its successful application for 
creatinine detection in urine mimic samples with good recovery rates 
and specificity towards creatinine among the different urine mimic 
components. Therefore, this is a very reliable and specific method for the 
sensing and quantitative measurement of creatinine in urine mimic 
samples and may also be applied for the detection of creatinine in 
human serum. 
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Table 1 
Determination of creatinine using C-AuNPs in spiked urine mimic samples.  

Sample Amount of spiked 
(known) creatinine in 
urine mimic solution (in 
μg) 

Amount of creatinine 
detected in urine mimic 
solution (in μg) ± Standard 
deviation 

Recovery 
(%) 
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