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A hybrid nanocomposite comprised of reduced graphene oxide and titanium dioxide (rGO-TiO2) was synthesized from graphite following 

reduced graphene oxide synthesis, which utilized a modified Hummer’s method and then subsequently reduced. The optical, 

morphological and structural properties of the hybrid composite were characterized with FTIR, UV-Vis, SEM, XRD and photoluminescence 

spectroscopy. The rGO-TiO2 composite retains its in-solution affinity and selectivity for Ag+ ions in an aqueous medium in spite of the 

presence of other metal ions. The sensing capabilities of this fluorometric sensor arise from the inhibition of photoinduced electron transfer 

mechanism (PET). The rGO-TiO2 hybrid composite represents a low-cost, sensitive and effective sensing platform for the hazardous 

monitoring of metal ions under ambient conditions, particularly silver. 
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INTRODUCTION 

 Graphene [1], which is the 2D allotrope of carbon, consists 

of a monolayer of carbon atoms closely arranged in a hexag-

onal (honeycomb) lattice structure. Since its discovery, it has 

attracted tremendous scientific and technological curiosity due 

to its outstanding properties in many fields. These have exce-

llent optical transparency [2], high thermal conductivity [3], 

exceptional mechanical stiffness and flexibility [4] and unpre-

cedented electronic properties including high carrier mobility 

and electrical conductivity [5]. The oxidation of pristine grap-

hene using oxygen-containing functional groups produce 

graphene oxide (GO) [6]. Graphene oxide (GO) can be chemi-

cally reduced to produce reduced graphene oxide (rGO) [7], 

which retains oxygen-containing functional groups and exhibits 

tunable physico-chemical properties. The members of graphene 

family (GO, rGO and carbon quantum dots (CQD)), have shown 

tremendous potential as sensors, especially in relation to their 

modifiable surface chemistry and unique optical behaviour [8]. 

Graphene oxide and rGO are considered to be effective mate-
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rials for sensor development due to their high aqueous disper-

sibility, good biocompatibility, low toxicity and high chemical 

stability relative to traditional materials [9]. Moreover, in chemo-

sensors, fluorescence-based sensing strategies have become 

popular due to their simplicity, sensitivity and affordability [10]. 

Graphene made from sp2-hybridized carbon atoms has no band 

gap, making it non-fluorescent. By incorporating sp3 hybridized 

oxygen-containing functional groups such as hydroxyl (-OH), 

carbonyl (C=O), epoxy (C-O-C) and carboxyl (–COOH), the 

material can exhibit enhanced fluorescence [11]. Specifically, 

the fluorescence characteristics may be controlled by altering 

the size of graphene oxide [12]. Silver ions (Ag+) are used 

extensively in areas such as electronics [13], as antibacterial 

agents [14] and in pharmaceuticals [15]. 

 Despite their widespread utility, silver ions and their nano-

scale counterparts have drawn increasing attention due to gro-

wing concerns over their potential toxicity and detrimental 

effects on both environmental and human health [16]. Environ-

mental exposure to Ag+ is increasing as a result of improper 

disposal of industrial waste from manufacturing, accidental 
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spills and degradation of consumer products that contain silver 

nanoparticles [17]. Also, silver accumulation in the biological 

systems is associated with neurological and systemic health 

effects, indicating that sensitive and selective detection plat-

forms for monitoring Ag+ in soil and water ecosystems should 

be developed. 

 Several research groups have developed carbon-based 

fluorescent sensors to detect silver ions. Zhao et al. [18] deve-

loped a graphene quantum dots ratiometric fluorescent nano 

sensor for Ag+ detection, whereas Li et al. [19] developed a 

carbon nanoparticle sensor for selective detection of Ag+ ions. 

Based upon our initial findings and design consideration, in 

this work, we synthesized and functionalized a hybrid nano-

material made of reduced graphene oxide (rGO) and titanium 

dioxide (TiO2), referred to as rGO-TiO2, as a fluorescent chemo-

sensor. Its synthesis was designed to take advantage of the high 

surface area, great electron mobility and functional group div-

ersity of rGO and bring in the great photostability. The inten-

tion was to develop this synergistic hybrid that would improve 

the photophysical behaviour of the sensor while having parti-

cular coordination sites for silver ion (Ag+) recognition. The 

rGO-TiO2 nanocomposite was prepared by a simple solution-

based process entailing the hydrothermal growth of TiO2 nano-

particles on the surface of chemically reduced graphene oxide 

sheets. Post-preparation functionalization was performed to 

allow the uniform dispersion of TiO2 onto the rGO matrix and 

to develop reactive oxygen-containing groups able to select-

ively interact with Ag+ ions. The produced nanohybrid displ-

ayed a stable fluorescence emission profile, which was utilized 

for chemosensing purposes [20]. 

EXPERIMENTAL 

 All chemicals and reagents employed were of analytical 

quality and used as such. The standard chemical sources were 

graphite powder, hydrogen peroxide, sodium nitrate, potassium 

permanganate, sodium borohydride, sulfuric acid and titanium 

dioxide. The X-ray diffraction (XRD) characterization was 

undertaken using Shimadzu X-600 X-ray diffractometer in 

the 2θ range of 10º to 70º with a scan rate of 10º min-1. Surface 

morphology was observed and reported from a JEOL JSM-6390 

scanning electron microscope (SEM). Functional groups were 

identified through Fourier transform infrared spectroscopy 

(FTIR) using Shimadzu Prestige-20 IR spectrometer in the 

wavenumber range of 4000-400 cm–1. Using a JASCO V-650 

UV-visible spectrophotometer and quartz cuvettes with a 1 cm 

path length, optical absorbance was measured. Photolumine-

scence (PL) were recorded with a JASCO FP-8200 Spectro-

fluorometer using 1 cm quartz cells. 

 Synthesis of graphene oxide: A modified Hummer’s 

technique [21] was utilized to synthesize graphene oxide (GO). 

In a typical synthesis, 120 mL of conc. H2SO4 (95%) was 

mixed with 2.5 g of NaNO3 and 5 g of powdered graphite in 

an ice bath under continuous stirring. After achieving a homo-

geneous mixture and maintaining the temperature below 20 ºC, 

15 g of KMnO4 was gradually added over 30 min. The mixture 

was stirred until it thickens and darkens, indicating the pro-

gression of oxidation. Then, 150 mL of distilled water was 

slowly added, causing the temperature to rise to approxima-

tely 98 ºC to further facilitate the oxidation. Once the mixture 

cooled to room temperature, 50 mL of 30% H2O2 was added 

to quench the reaction, resulting in a colour change. The suspen-

sion was stirred for an additional 3 h and then left undisturbed 

for 24 h to allow the sedimentation. The supernatant was rem-

oved by decantation and the remaining material was thoroughly 

washed with distilled water until a neutral pH was achieved. 

The resulting graphene oxide was then filtered and dried for 

subsequent use. 

 Synthesis of reduced graphene oxide: By employing 

sodium borohydride, the GO was reduced to reduced graphene 

oxide (rGO) [22,23]. A homogenous dispersion was prepared 

by ultrasonically dispersing approximately 0.3 g of GO into 

100 mL of deionized water. A total of 0.4 g of NaBH4 was 

added to this solution, heated to 100 ºC under reflux for 24 h, 

with moderate stirring. The product was collected by centri-

fugation, repeatedly washed with deionized water to remove 

any unreacted species, and the final precipitate was dried to 

obtain reduced graphene oxide (rGO). 

 Synthesis of rGO-TiO2 nanocomposite: A solution-based 

reflux approach was used to prepare the rGO-TiO2 nano-

composite. For thorough dispersion, each 500 mg of rGO and 

TiO2 were separately dissolved in 100 mL of deionized water 

and sonicated for 30 min. Then, the two solutions were 

refluxed at 80 ºC for a whole day. Subsequently, the mixture was 

heated at 60 ºC in a hot-air oven until complete evaporation 

of water, yielding the solid rGO-TiO2 nanocomposite. 

 Detection method: The detection of silver ions (Ag+) was 

performed through fluorescence spectroscopic analysis using 

the synthesized rGO-TiO2 nanocomposite as sensor material. 

Aqueous Ag+ solutions of varying concentrations were freshly 

prepared and employed in a series of titration experiments to 

evaluate the sensor’s performance. To each Ag+ solution, a fixed 

volume of the rGO-TiO2 nanocomposite dispersion was intro-

duced, followed by gentle mixing and incubation at ambient 

room temperature to facilitate interaction between the analyte 

and the sensing matrix. Fluorescence emission spectra were 

recorded using a JASCO FP-8200 spectrofluorometer equipped 

with a quartz cuvette. The excitation and emission parameters 

were optimized to monitor changes in photoluminescence inten-

sity corresponding to Ag+ binding. The fluorescence response 

was found to increase with increasing concentrations of Ag+, 

indicating a turn-on sensing mechanism likely arising from 

Ag+-induced suppression of charge transfer quenching within 

the nanocomposite framework. To assess the selectivity of the 

sensor, comparative control experiments were carried out using 

a range of potentially interfering metal ions (e.g. Na+, K+, Ca2+, 

Mg2+, Cu2+, Zn2+, Fe3+, Pb2+). The photoluminescence intensity 

exhibited a significant and selective enhancement only in the 

presence of Ag+ ions, demonstrating the high specificity of 

the rGO-TiO2 nanocomposite toward silver ion detection. 

 Real sample analysis: The practical applicability of the 

rGO-TiO2 nanocomposite based fluorescent probe was syste-

matically evaluated through real-sample analysis to validate its 

accuracy, sensitivity and reliability in complex environmental 

matrices. To this end, the spike-and-recovery method was 

employed using water samples collected from various natural 

and domestic sources across different locations in Coimbatore, 

India. The selected samples included tap water, borewell water 
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and surface water, representing diverse physico-chemical envir-

onments. Known concentrations of Ag+ ions were spiked into 

each sample to simulate contamination setups, followed by 

the addition of rGO-TiO2 dispersion under optimized sensing 

conditions. After a brief incubation period at room tempera-

ture, the fluorescence emission spectra were recorded and the 

changes in photoluminescence intensity were used to quantify 

Ag+ concentration. The recovery percentages were calculated 

by comparing the detected values with the known spiked con-

centrations. 

RESULTS AND DISCUSSION 

 X-ray diffraction studies: The phase composition of the 

synthesized GO, rGO, TiO2 and rGO-TiO2 nanocomposite was 

characterized via X-ray diffraction as shown in Fig. 1. The 

peaks at 2θ = 10.10º and 43.10º, respectively indicate the oxi-

dation of graphite and spacing between graphene sheets, cons-

isting of oxygen-containing functional groups, in the graphene 

oxide XRD pattern. The peaks correspond to (001) and (100). 

The peaks disappeared after the reduction and two broad refl-

ections indicating a partial reconstruction of the sp2 carbon 

network of reduced graphene oxide (rGO) reappeared at 2θ = 

25.69º and 43.57º. The X-ray diffraction (XRD) patterns of the 

synthesized TiO2 sample present distinct peaks at 2θ of 25.21º, 

38.40º, 47.92º, 54.90º and 62.56º indicative of the (101), (004), 

(200), (105) and (204) lattice planes, respectively. The close 

agreement between the diffraction peaks of the synthesized 

titania and the standard JCPDS card No. 21-1272 confirms 

the formation of pure anatase-phase titania. In case of the 

rGO-TiO2 nanocomposite prepared by reflux methods, the 

XRD pattern exhibited only peaks at 2θ = 25.50º, 37.90º and 

48.21º, indicating the presence of anatase TiO2. The composite 

was not found to have any highly discernible diffraction peaks 

indicative of the presence of GO (characteristic peaks near 

roughly 10-12º) or rGO (characteristic peaks near 24-26º). 

 Morphological studies: The SEM image of rGO (Fig. 

2a) exhibits thin, crumpled and wrinkled sheet-like structures 

similar to exfoliated graphene layers. These folded nanosheets 

are advantageous due to their high surface area and porosity, 

which provide an excellent framework for hosting nanoparticles. 

In Fig. 2b, pure TiO2 particles appeared as tightly packed, quasi-

spherical nanoparticles with a uniform average, promoting 

high crystallinity and size uniformity, as well as a degree of 

aggregation. The most pronounced difference occurs in the  

 
Fig. 1. XRD patterns of rGO, TiO2 and rGO-TiO2 

 

rGO-TiO2 composite (Fig. 2c), where nanoparticulate TiO2 are 

uniformly anchored onto the rGO sheets without significant 

aggregation. The uniform distribution of TiO2 across the rGO 

matrix implies that there are strong interfacial interactions 

realized through sonication and reflux. The rGO sheets serve 

as an effective dispersing scaffold, improving spatial separation 

of TiO2 particles and improving contact at the surface level. The 

hybrid structure not only confirms the successful integration of 

rGO with TiO2, but also suggests enhanced charge transfer 

characteristics, which are beneficial for sensing applications 

[24]. 

 FTIR studies: The FTIR spectra of rGO, TiO2 and rGO-

TiO2 nanocomposite (Fig. 3) was utilized to investigate the 

functional groups present in them. The rGO spectrum had 

peaks at 1675, 1555, 1227 and 1077 cm–1 is due to the C=O, 

C=C, C–OH and C–O vibrations, with the presence of oxygen 

containing functional groups and partial restore of graphitic 

domains [25]. The TiO2 phase did not have any profile peaks 

as pure TiO2 was a solid, though it had a broad band placed 

at 458.11 cm–1 which confirmed Ti–O bonds and O–Ti–O from 

the anatase phase [25]. The rGO–TiO2 composite has charac-

teristic bands at 458.11 cm–1 (Ti–O) and 514.05 cm–1 along 

with the 3531.81 and 1681.04 cm–1 (O–H stretching/bending) 

peaks and the two carbonyl/carboxyl peaks at 1519.97 and 

1713.83 cm–1. The presence of these features confirms that 

TiO2 was successfully integrated onto the rGO plane and the  

 

 

Fig. 2. SEM images of (a) rGO, (b) TiO2 and (c) rGO-TiO2 
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Fig. 3. FTIR spectra of rGO, TiO2 and rGO-TiO2 

 

broader compatibility of the rGO-TiO2 composite suggested 

there were strong inter-facial interactions that will enhance 

the sensing performance of the composite. 

 UV-visible absorption: The UV-vis spectra of reduced 

graphene oxide (rGO), TiO2 and their rGO-TiO2 composite 

(200-800 nm) reveal distinct features, for example, rGO shows 

a sharp π–π* peak at ~230 nm and an n–π* shoulder near 

~300 nm, TiO2 absorbs strongly around ~220 nm and the rGO-

TiO2 composite displays intensified bands at ~250 nm and 

~320 nm (Fig. 4). These red-shifts and enhanced absorbance 

in the visible region indicate strong interfacial interactions 

likely Ti–O–C linkages that facilitate improved light absorp-

tion and charge separation, making the composite a promi-

sing candidate for photocatalytic applications [25,26]. 
 

 
Fig. 4. UV spectra of TiO2, rGO and GO-TiO2 

 

 Photoluminescence studies: The photoluminescence 

spectra (Fig. 5) of the rGO, TiO2 and rGO-TiO2 composite 

(dispersed in water) shows two distinct emissions at ~420 nm 

and ~462 nm. The fluorescence intensity of the rGO-TiO2 

composite is substantially lower than the bare TiO2, which 

indicates a reduced rate of electron–hole recombination. The  

 
Fig. 5. PL spectra of TiO2, rGO and GO-TiO2 

 

reduction observed in the recombination rate is due to efficient 

charge transfer to the graphene-based scaffold, which increa-

ses charge carrier lifetime and, in turn, photocatalytic ability 

[27].  

Photoluminescence studies 

 Selectivity studies: Based on the preliminary UV-visible 

absorption studies (Fig. 6), the excitation wavelength for all 

subsequent fluorescence measurements was fixed at 395 nm, 

corresponding to the maximum absorption band of the rGO-

TiO2 nanocomposite probe. This wavelength ensured optimal 

excitation of the fluorophore component within the hybrid 

material, facilitating sensitive detection of Ag+ ions. Impor-

tantly, the absorption spectra showed no evidence of red-

shifted or broadened peaks typically associated with aggrega-

tion-induced effects, indicating that the nanocomposite 

remained well-dispersed in the working solution. The absence 

of aggregation formation ensures the consistency and reliability 

of the fluorescence response, eliminating potential artifacts 

that could compromise the sensitivity or specificity of the probe 

during sensing studies. The synthesized rGO-TiO2 nanocom-

posite, as a chemosensor, is found to be non-fluorescent 

compound. However, when 100 equivalents of Ag+ ions were 

successively added to the rGO-TiO2 solution, an emission 

 

 
Fig. 6. Selectivity studies of rGO-TiO2 (1) (5 × 10–6 M) in THF/H2O (1:1 

v/v, HEPES = 50 mM, pH = 7.4) in the existence of different metal 

ions (100 equiv. of each, excited at 395 nm) 
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peak at 420 was obtained with a substantial enhancement in 

the fluorescence intensity [28]. There were no observable 

differences in the fluorescence spectra for the selectivity of 

other metal ions such as Pb2+, Ce3+, Cd2+, La3+, Mg2+, Zn2+, 

Ba2+, Hg2+, Ag+, Fe3+, Fe2+, Ni2+, Cr3+, Ca2+, Mn2+, Na+, K+, 

Cu2+ and Co2+ at the same concentration, therefore, the rGO-

TIO2 based off-on probe is primarily sensing Ag+ in THF-

H2O (1:1 v/v) and pH = 7.4 (HEPES = 50 mM) solution. 

 Interference studies: Competitive metal ion analysis 

was performed to evaluate the selectivity of the rGO-TiO2 

fluorescence sensor toward Ag+ ions. In this study, solutions 

containing probe 1 (rGO-TiO2) and Ag+ (100 equiv.) were 

mixed with various potentially interfering metal ions, inclu-

ding Pb2+, Ce3+, Cd2+, La3+, Mg2+, Hg2+, Zn2+, Ba2+, Fe3+, Cr3+, 

Fe2+, Ni2+, Ca2+, Mn2+, Na+, K+, Co2+ and Cu2+ (Fig. 7). The red 

bars in the figure represent the fluorescence emission respon-

ses of chemosensor 1 (rGO–TiO2) to individual metal ions 

(1–100 equiv.), while the blue bars indicate the fluorescence 

changes when these metal ions (100 equiv.) were added to 

the preformed rGO–TiO2–Ag+ (100 equiv.) complexes. The 

results clearly demonstrate that even in the presence of a wide 

range of competitive metal ions, rGO–TiO2 exhibits strong 

fluorescence selectivity toward Ag+ ions, showing the minimal 

interference from other tested species. This highlights its 

potential as a highly selective and robust fluorescence sensor 

for the detection of silver ion [29]. 

 

 
Fig. 7. Metal ion competitive analysis of rGO-TiO2 (1) (5 × 10–6 M) in 

THF/H2O (1:1 v/v, HEPES = 50 mM, pH = 7.4) in the existence of 

different metal ions (100 equiv. of each, excited at 395 nm) 

 

 Fluorescence titration: Fluorescence titrations were also 

conducted to investigate the interaction between rGO-TiO2 

and Ag+ ions, with the resulting emission spectra presented in 

Fig. 8. Upon gradual addition of Ag+ ions (0–100 equiv.) to 

the rGO–TiO2 solution, a progressive enhancement in fluore-

scence intensity was observed. This enhancement indicates a 

strong and concentration-dependent interaction between Ag+ 

and the rGO-TiO2 sensor system. Notably, the fluorescence 

response reached near-saturation at approximately 50 equiv. 

of Ag+, suggesting that the available active sites on the rGO-

TiO2 surface become effectively occupied at this concentra-

tion level. Beyond this point, additional Ag+ ions induced the 

minimal changes in fluorescence, indicating a saturation bin-

ding behaviour consistent with a high-affinity and selective 

interaction mechanism [30]. The detection limit (LOD) of  

 
Fig. 8. Fluorescence spectral changes of probe rGO-TiO2 (1) (5 × 10–6 M) 

with various concentration of Ag+ ions (0 to 100 equivalents) in 
THF/H2O (1:1 v/v, HEPES = 50 mM, pH = 7.4) solution 

 

chemosensor was determined as 0.35 × 10−5 M and was calcu-

lated using 3/S, where  denotes standard deviation of the 

blank signal and S denotes slope of the linear calibration plot. 

 Time response: The time-dependent fluorescence resp-

onse of the rGO-TiO2 based sensor toward Ag+ ions was eva-

luated and the results are illustrated in Fig. 9. This experiment 

aimed to assess the kinetics of complex formation between 

the receptor and Ag+ ions under ambient conditions. Upon 

addition of 100 equiv. of Ag+, a significant and rapid increase 

in fluorescence intensity was observed, reaching a maximum 

steady-state value within approximately 4 min. This rapid 

response suggests that the complexation process between 

rGO-TiO2 and Ag+ is both efficient and fast, likely governed 

by favourable surface interactions and diffusion-controlled 

kinetics. After 4 min, no further appreciable changes in fluore-

scence intensity were detected indicating that the complexa-

tion had reached completion and that the system had achieved 

fluorescence saturation. This behaviour confirms the rapid 

response capability of the rGO-TiO2 sensor, making it suit-

able for real-time or on-site detection of Ag+ ions [31]. 

 

 
Fig. 9. Effect of time effect of the receptor rGO-TiO2 1 (5 × 10–6 M) 

solution in THF/H2O (1:1 v/v, HEPES = 50 mM, pH = 7.4) solution 

 

 Effect of pH: The pH-dependent sensing performance of 

the probe rGO-TiO2 for Ag+ detection was systematically 



2576 Pandiyarajan et al.  Asian J. Chem. 

 

investigated under two distinct conditions viz. (i) in absence 

of Ag+ and (ii) in the presence of Ag+ ions. The pH of the 

medium was precisely adjusted using dilute solutions of HCl 

and NaOH to span a wide range of values. As illustrated in 

Fig. 10, the fluorescence response of rGO-TiO2 composite in 

the presence of Ag+ remained in the "turn-on" state across a 

broad pH window ranging from 4.0 to 10.5. In contrast, the 

system exhibited a distinct "turn-off" state under more acidic 

(pH < 4.0) and highly alkaline (pH > 10.5) conditions, indic-

ating protonation/deprotonation effects or possible structural 

destabilization of the sensing interface under extreme pH 

environments. This observation confirms that the rGO-TiO2 

sensor maintains stable and effective Ag+ detection across a 

wide range of physiologically and environmentally relevant 

pH conditions. The robustness and responsiveness of the sensor 

in such a broad pH window significantly enhance its practical 

applicability for real-world sensing applications, including 

environmental monitoring, biological fluid analysis and indus-

trial wastewater assessment [32]. 

 

 
Fig. 10. Effect of pH of the probe rGO-TiO2 (1) in presence and absence 

of Ag+ ions 
 

Applications 

 Real water sample analysis: Following the successful 

establishment of the binding affinity between the rGO-TiO2 

nanocomposite probe and Ag+ ions through fluorescence stu-

dies, we extended our investigation to real sample analysis to 

evaluate the practical utility and field applicability of the devel-

oped sensor. For this purpose, a variety of environmental water 

samples, known to either contain or be vulnerable to silver ion 

contamination, were carefully selected from different locations 

across Coimbatore city, India. These included tap water, bore-

well water and surface water samples from both urban and 

peri-urban regions. To assess the sensor’s accuracy and relia-

bility in complex matrices, recovery experiments were per-

formed using the standard spike-and-recovery approach. Known 

concentrations of Ag+ ions were spiked into each sample and 

the rGO-TiO2 probe was used to quantify the recovery of Ag+ 

under ambient conditions. The primary objective of these studies 

was to determine the ability of the rGO-TiO2 sensor to detect 

Ag+ ions with high sensitivity and selectivity in real-world 

samples. The detection limit and recovery percentages obtai-

ned are summarized in Table-1. 

 The sensor demonstrated excellent recovery efficiencies, 

with the highest observed value reaching 98%, underscoring 

its capability for accurate detection in environmental matrices. 

Furthermore, the detection limit calculated from the fluores-

cence titration studies was found to be in the sub-micromolar 

range, making it suitable for trace-level monitoring of Ag+ 

contamination. To validate the performance of the fluores-

cence-based detection method, parallel quantitative analyses 

were conducted using ICP-MS. The same spiked samples were 

subjected to ICP-MS measurements, which enabled precise 

quantification of Ag+ ions based on their mass-to-charge (m/z) 

ratios. A comparative analysis between the fluorescence sen-

sing data and ICP-MS results revealed strong correlation and 

consistency, thereby confirming the accuracy and reliability 

of the developed rGO-TiO2 probe. Collectively, these findings 

demonstrate that the rGO-TiO2 nanocomposite is not only 

highly sensitive and selective toward Ag+ ions in controlled 

laboratory conditions but also exhibits robust performance in 

complex, real-world water samples. Its compatibility with 

field-relevant matrices and agreement with gold-standard 

techniques like ICP-MS strongly support its potential as a prac-

tical and cost-effective tool for environmental monitoring 

and contamination assessment. 

Conclusion 

 In this work, rGO-TiO2 nanocomposite exhibited remark-

able effectiveness as a fluorescence-based chemosensor for the 

analysis of Ag+ in aqueous solutions. The tripartite response 

from the composite with Ag+ underwent an “off-to-on” shift 

using visible excitation. Upon excitation a dark material deve-

lops a strong emission of light at ~420 nm, only after the 

addition of Ag+. This type of response can be attributed to the 

inhibition of photoinduced electron transfer (PET) mechanism 

where the binding of Ag+ prevents the PET from rGO to TiO2 

causing emission of fluorescence. Probe rGO-TiO2 efficiently 

detected Ag+ in water samples. 

 

TABLE-1 

DETECTION OF Ag+ ION IN VARIOUS WATER SAMPLES USING PROBE rGO–TiO2 (1) 

Sample 
Fluorescence analysis ICP-MS 

Spiked Found Recovery (%) LOD (µM) RSD Found Recovery (%) RSD 

Cavery 0.02 0.018 ± 0.002 92 1.82 1.09 0.019 ± 0.001 97 1.04 

Borewell 0.02 0.019 ± 0.001 95 2.33 1.20 0.019 ± 0.001 95 1.20 

Siruvani 0.02 0.019 ± 0.001 96 1.01 1.57 0.019 ± 0.001 98 1.56 

Ukkadam lake 0.02 0.019 ± 0.001 97 1.11 1.55 0.018 ± 0.002 94 1.60 
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