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Abstract 

A new organic–silica based nanocomposite has been prepared for 

uranyl ions (UO2
2+

) determination based on the absorbance enhancement 

of Tartrazine incorporated copper sodium silicate nanocomposite (T-CSS). 

T-CSS has been characterized by Fourier Transforms Infrared Spectroscopy 

(FTIR), X-Ray Diffraction (XRD), Scanning Electron Microscopy/Energy 

Dispersive X-Ray Spectroscopy (SEM/EDX) and Transmission Electron 

Microscopy (TEM). The UO2
2+

/ T-CSS complex shows a maximum absorption 

at 252 nm with a molar absorptivity of 6.5 x 10
3 

L mol
−1

 cm
−1

. Beer’s law has 

been applied in range of 2.0x10
-5

–1.5x10
-4 

mol L
−1

. For more accurate 

analysis, Ringbom optimum concentration range was 2.1x10
-5

–1.3x10
-4

 mol 

L
−1

. Sandell sensitivity, detection and quantification limits have been 

calculated. Also, T-CSS was applied on the determination of UO2
2+ 

in real 

samples. The results have been compared with Inductively Coupled Plasma 

Optical Emission Spectrometry (ICP-OES) data, very similar values were 

found by the two methods. 

 

Keywords: Composite material; Nanostructure; Chemical technique; Electron 

microscopy. 
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1. Introduction  

Uranium is generally found at low levels within all rock, soil and 

water samples, combined with other elements. The increase in nuclear 

power production predominantly based on uranium fuel cycle causes the 

release of uranium and other radionuclides into the waste of such industrial 

process. 
1,2

 Radiological impact and chemical toxicity of uranium depend on 

its chemical form and concentration.
3–5

 Uranium is an element that 

naturally presents in various oxidation states (II- VI), but VI is the most 

stable oxidation state. Usually in nature, uranium is associated with oxygen, 

forming the uranyl ions (UO2
2+

).
6
 Determination of UO2

2+
 is usually required 

in the process waste solutions and also as an impurity in the product 

materials of other nuclear elements.
7,8

 Hence, for reasons of safety, 

security and safeguards, uranium is an important fuel constituent that 

needs to determine its concentrations. 

Spectrophotometric technique is widely used for determination of 

heavy metals due to their simplicity, rapidity, low costs and wide 

applications. The organic–inorganic nanocomposite materials are currently 

the objects of intensive research.
9-11

 Carotenuto et al. prepared 

nanocomposite thin films for optical devices.
12

 Shu et al. developed a 
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phosphorescence sensor for H2O2 based on TiO2/SiO2 composite.
13

 Yan et 

al. prepared a selective dopamine biosensor based on AgCl-polyaniline 

core–shell nanocomposites.
14

 Habibi
 
 and Askari prepared nanostructure 

zinc zirconate composite for Spectrophotometric studies of photo-induced 

degradation of tertrodirect light blue.
15

 Chang and Tang prepared 

nanocomposite from glucose oxidase and magnetite nanoparticles 

immobilized on graphene oxide and applied to the determination of 

glucose in human serum samples.
16

 Y. Sun and Y. Xia reported that the 

surface plasmon resonance of gold nanoshells exhibited a much more 

sensitive response toward environmental changes even when compared 

with solid colloids with a mean size much smaller than that of gold 

nanoshells. Such enhanced sensitivities should make gold nanoshells 

particularly useful as optical probes for chemical or biological binding 

events at solid−liquid interfaces.
17

 

 Recently, the development in silicate systems have been great 

interest in many application especially optoelectronic, sensors and 

biological due to their structures and compositions.
18-21

 The textural 

properties for silica (SiO2) prepared by sol gel process increases with the 

addition of different types of modifiers such as alkali and transition 
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elements. So the addition of (Na and Cu) into the silica matrix was induced 

the network disruption.
22-24

 The sol gel sodium silicate consists of silanol 

groups that may condense to form siloxane bridges (Si-O-Si-), (Si-O-Na-) and 

(Si-O-Cu-). Therefore, the surface composition of sodium silicate gel is 

made of physically adsorbed water, chemically bound water and silicon 

dioxide.
25

 Tartrazine is a synthetic industrial azo-dye, primarily used as a 

food dye and various types of medications.
26

 Addition of Tartrazine to 

copper sodium silicate matrix is improving the feature of the silicate matrix 

by helping to open the silicate structure and increase solubility by forming a 

new non-bridging group between the dye and the semiconducting 

system.
22-24

 

In this study, a new organic–silica based nanocomposite has been 

prepared for UO2
2+

 determination based on the absorbance enhancement 

of Tartrazine incorporated copper sodium silicate nanocomposite (T-CSS). 

T-CSS has been characterized by Fourier Transforms Infrared Spectroscopy 

(FTIR), X-Ray Diffraction (XRD), Scanning Electron Microscopy/Energy 

Dispersive X-Ray Spectroscopy (SEM/EDX) and Transmission Electron 

Microscopy (TEM).T-CSS was shown fast response time, stability and low 
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detection limit. T-CSS was applied for determination of UO2
2+ 

in different 

real samples with satisfactory results. 

 

2. Materials and methods 

2.1. Materials  

All chemicals were used without further purification throughout the 

experiments. Uranyl nitrate hexahydrate, UO2(NO3)2·6H2O was 

manufactured by Mallinckrodt Company. Tetraethoxysilane (TEOS) was 

purchased from Aldrich Company. All other reagents were purchased from 

Merk Company. The pH was adjusted by using 0.1 M
 
of HCl / NaOH.  

2.2. Instruments  

         All absorbance spectra were recorded with a UV – Vis Evolution 300, 

using quartz cells with 10 mm optical path length from Thermo Fisher 

Scientific Company, UK. Fourier Transforms Infrared Spectroscopy (FTIR), 

(Jasco FT/IR-6100 type A, USA) was used to investigate the structure of T-

CSS. Structure and purity of T-CSS were investigated by X-Ray Diffraction 

(XRD) on a Bruker D8 Advance diffractometer. Surface morphology and 
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distribution of elements of T-CSS were investigated by Scanning Electron 

Microscopy (SEM), with an Energy Dispersive X-Ray (EDX) detector (JEOL, 

6510 LA, Japan). Transmission Electron Microscope (TEM) image was 

obtained by (JEOL JEM-2100, Japan). Inductively Coupled Plasma Optical 

Emission Spectrometry (ICP-OES) was used for determination of uranium 

concentrations as a reference measured by (iCAP 6500 ICP-OES, Thermo 

Fisher Scientific, UK), with ITEVA operating software. To ensure the 

accuracy of measurement, U concentrations calculated from emission 

intensities measured at two wavelengths as follows: U(385.958{87}) and 

U(409.014{82}) confirmed that each dataset is consistent in itself. In 

addition, certified reference material was analyzed in regular intervals 

during the measurement sequence. While no perfectly matrix-matched 

reference materials are available. Measurement of pH was performed using 

a Jenway pH meter. All measurements were performed at room 

temperature. The experimental work was carried out at safeguards 

analytical laboratory (ETZ-, KMP-I) at the Nuclear and Radiological 

Regulatory Authority (NRRA). 
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2.3. Preparation of Tartrazine / copper sodium silicate 

nanocomposite (T-CSS) 

The synthesis of silica sol using TEOS, ethanol, deionized water and 

HCL, with the ratio (1.0: 6.0: 5.0: 0.75) was stirred for 1 h. The two 

modifiers, Sodium nitrate and copper nitrate were dissolved in deionized 

water and then added into the silica sol under continuous stirring for 1h. 

0.3 mg of Tartrazine was dissolved in deionized water and added to 

previous sol under continuous stirring for another 1h. The resultant 

homogeneous solution of Tartrazine /copper sodium silicate (T-CSS) was 

filled in a glass vials and aged three weeks at room temperature and then in 

an oven at 300 
o
C for 5 h. T-CSS was characterized by IR, XRD, SEM/EDX and 

TEM. 

2.4. Procedure  

A suitable aliquot containing between 4.0 and 45.0 ug of UO2
2+

, was 

mixed with 1.0 mL of 1.0 × 10
−3

 mol L
−1

 T-CSS and diluted to 10 mL ethanol 

at pH 5.5. The content of each flask was shaking well and the absorbance 

was measured at 252 nm against the reagent blank which prepared 

similarly as the previous solution but without UO2
2+

. The concentration of 
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UO2
2+

 was calculated either from a calibration curve or a regression 

equation. 

2.5. Determination of stoichiometry 

The stoichiometric determination of UO2
2+

/T-CSS complex was conducted 

using a UV–vis spectrometry. Job’s method was applied to establish the 

components ratio of the complexes. Different volumes (0, 0.2, 0.4, 0.6, 0.8, 

1.0, 1.2, 1.4, 1.6, 1.8, 2.0 mL) of 1.0×10
−3

 mol L
−1

 UO2
2+

 was mixed with 

different volumes (2.0, 1.8, 1.6, 1.4, 1.2, 1.0, 0.8, 0.6, 0.4, 0.2, 0 mL) of 

1.0×10
−3 

mol L
−1

 T-CSS and diluted to 10 mL ethanol. The absorbance was 

recorded at λmax = 252 nm and plotted against the mole fraction of UO2
2+

.  

3. Results and discussion 

3.1. Characterizations 

3.1.1. Fourier Transform Infrared Spectroscopy (FTIR)  

     Figure 1 shows the FTIR spectra of samples (a): Copper Sodium Silicate 

(CSS) and (b): T-CSS nanocomposite. CSS has several absorption bands can 

be observed at 3640, 3463, 1663, 1060, 755, 482 and 445 cm
-1

. The bands 

at 3640, 3463 cm
-1 

are assigned to the –OH stretching vibration, and the 

band at 1663 cm
-1 

is attributed to the –OH bending vibrations or to the C-H 

groups bonded with Tartrazine.
27, 28

 The bands at 1060, 755, cm
-1 

are 
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assigned
 
to the stretching and the bending vibration modes of (Si–O–Si), 

(Si–O–Cu), (Na–O–Si) (Si-O).
29, 30

 While the bands at 482 and 445 cm
-1

 are 

assigned to a well-formed crystalline phase of silica in tetrahedral 

coordination with respect to oxygen [SiO4], or may be assigned to normal 

stretching and bending vibration modes of (Cu-O).
31-33

 The T-CSS peaks 

appeared in the same regions of CSS with slight shift in spectrum at 3420, 

1600, 1167, 798, 462, and 420 cm
-1

, which believed that T-CSS is a 

composite of copper sodium silicate (CSS). The broad band in 3420 cm
-1 

combines the bands 3640 and 3463 cm
-1

 in CSS and the broad band 1167 

cm
-1 

are may be assigned to the lower temperature 300 
o
C, which doesn’t 

give a high degree of crystallinity of the prepared T-CSS at 300 
o
C. The slight 

shift of the T-CSS bands from CSS bands may be due to the formation of a 

type of interaction between Tartrazine and CSS.  

3.1.2. X-Ray Diffraction (XRD)  

The XRD pattern of T-CSS nanocomposite compared with XRD card of 

a crystalline phase of copper sodium silicate (CuNa2Si4O10) as shown in 

Fig.2.  There is no obvious difference between T-CSS pattern and the card.  

T-CSS is matching well with the crystalline phase of copper sodium silicate 

which confirms that T-CSS is a monoclinic copper sodium silicate according 
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to (JCPDS: 70-0352). The broad band between the 2θ angles of 18° and 30° 

in the pattern referrers to the amorphous nature of the T-CSS at 300
 o

C. 

The XRD pattern proves that the prepared T-CSS is an amorphous phase of 

copper sodium silicate (CuNa2Si3O8).   

3.1.3. Scanning Electron Microscopy and Energy Dispersive X-Ray 

Spectroscopy (SEM/EDX) 

            Figures 3 (a, b) shows the SEM image of T-CSS nanocomposite at 

lower and higher magnification, respectively. The surface morphology of 

the SEM images showed irregular shapes of the T-CSS nanocomposite as 

shown in Fig. 3(a). Fig. 3(b) shows the magnifying SEM image of T-CSS 

nanocomposite which seems like a thin layers stacked on top of each other 

therefore, T-CSS nanocomposite composed of particles with a considerable 

tendency to agglomerate. Figure 4 shows EDX spectrum of T-CSS 

nanocomposite, which indicates that T-CSS nanocomposite contains C, O, 

Si, Na and Cu. 

3.1.4. Transmission Electron Microscopy (TEM)  

Figure 5 shows the TEM image of T-CSS. It looks like a spherical shape 

accumulates to each other with a nanoparticle size around = 17-30 nm. The 
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nanoparticle size is depending on different factors, including the stirring 

rate, the reaction temperature and the addition rate of the modifiers into 

the sol. 

3.2. Absorption spectra 

The absorption spectra of T-CSS and UO2
2+

/T-CSS complex in ethanol 

solution are shown in Fig. 6.  Figure 6 shows that, no absorption band was 

observed at 252 nm for T-CSS. However, upon addition of different 

concentrations of UO2
2+

 to T-CSS, the absorption band formed at 252 nm 

and increased with UO2
2+

 concentrations increased, that attributed to the 

formation of UO2
2+

/T-CSS complex. The absorption band at UV range (252 

nm) refers to the complex formation between UO2
2+

 and copper sodium 

silicate matrix and there is no bands appeared in visible range which 

indicated that there is no reaction between UO2
2+

 and Tartarzine. Although 

the Tartrazine doesn’t share in the complex formation, the Addition of 

Tartrazine to copper sodium silicate matrix is improving the feature of the 

silicate matrix by helping to open the silicate structure and increase 

solubility by forming a new non-bridging group between the dye and the 

semiconducting system.
22-24

 The band at 252 nm may occur due to the 

intramolecular charge transfer (ICT) transitions within the whole structure. 
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When the UO2
2+ 

contact with T-CSS, the intermolecular proton transfer take 

places between Si-O- and UO2
2+

. The modulation in the electron donating 

abilities of Si-O- in the presence and absence of UO2
2+

 directly influences 

ICT transitions within the whole structure. In the absence of UO2
2+

, ICT is 

inefficient while in the presence of UO2
2+

, ICT is facilitated by proton 

transfer from Si-O- to UO2
2+

. Thus, it is proposed that the spectral changes 

in Fig. 6 is due to the deprotonation of the Si-O- protons, which enhanced 

the charge transfer interactions between electron rich and electron 

deficient moieties forming a new band at 252 nm. Therefore, based on the 

literature background and our experimental findings, the schematic 

representation of the complexation process of UO2
2+

/T-CSS is shown in Fig. 

7. Under optimized conditions, [The conditions are UO2
2+ 

content (4.0 - 45.0 

ug); T-CSS (1.0 mL of 1.0 ×  10
−3

 mol L
−1

); pH 5.5 and λmax = 252 nm]the 

absorbance intensity of  UO2
2+

/T-CSS was increased linearity with increased 

the concentration of UO2
2+

, which demonstrates that the chelating reaction 

between T-CSS and UO2
2+

 can be used as spectrophotometric measured for 

UO2
2+ 

determination. In this study the absorbance intensity at 252 nm was 

selected for UO2
2+ 

determination. 
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3.3. Stoichiometry of the complexes 

The stoichiometry of UO2
2+

/T-CSS was established by Job’s method of 

continuous variation at 252 nm. This is due to the interaction of UO2
2+

 with 

T-CSS at λmax= 252 nm. The plot of absorbance versus mole fraction of UO2
2+ 

had revealed that the formation of the complex between UO2
2+ 

and T-CSS is 

1:1 molar ratios at pH 5.5. (Fig.6 (inset)).  It is expected that Na
+
 atoms are 

replaced by UO2
2+

. The reason of that may be due to that the atomic and 

covalent radius of Na
+
 is higher than that of Cu

2+
. Consequently, ionization 

energy in case of Na
+
 will be lower than that of Cu

2+
 and leads to lower 

energy per mole required to remove electrons from charged ions. This may 

explain that Na
+
 atoms are replaced by UO2

2+
 compared with Cu

2+
.  

 

3.4. Optimization 

The effect of pH on the absorbance of the UO2
2+

/T-CSS complex at 

252 nm in ethanol was studied against the reagent blank. Maximum 

absorbance was obtained at pH 5.5. At pH values more than 5.5, the 

response decreases. This could be due to the hydrolysis of the UO2
2+

 in 

aqueous solutions, which results in the formation of different insoluble 

hydroxide forms of UO2
2+

.
5
 Thus, it was not possible to examine pH effects 
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in alkaline solutions, as UO2
2+

 precipitated in these media. The decrease in 

the response of the present sensor at low pH could be due to the 

competition of hydrogen ions and UO2
2+

 for T-CSS. 

The concentration of T-CSS was optimized by performing a series of 

experiments. The influence of the volume in the range of (0.1–2.0) mL of 

1.0×10
−3

 mol L
−1

 T-CSS was examined at constant UO2
2+

 concentration 

(1.0×10
−4

 mol L
−1

). The maximum absorbance was attained with 1.0 mL of 

1.0×10
−3

 mol L
−1

 T-CSS; above 1.0 mL, the absorbance remained unchanged. 

Therefore, 1.0 mL of 1.0×10
−3 

mol L
−1

 T-CSS was used in all further 

measurements. 

Ethanol plays an important role in the solubility of T-CSS as well as 

UO2
2+

/ T-CSS complex, while they showed poor solubility in aqueous phase 

due to the presence of –OH groups through van-der-Waals force and 

hydrogen bond with water molecules. Thus, ethanol acted as a modifier 

phase. Hence in the presences of ethanol the absorbance intensity of 

UO2
2+

/ T-CSS complex was increased.  So, addition of ethanol is necessary 

to avoid the phase separation by increasing the solubility of UO2
2+

/ T-CSS 

complex. Ethanol concentration was fixed at 5wt.% in the sample 

solutions.
34
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The time stability of UO2
2+

/ T-CSS complex was monitored as a 

function of time, which extended up to several hours. It was observed that 

the absorbance intensity of UO2
2+

/ T-CSS complex was stable up to >24 h. 

3.5. Method validation 

The proposed measured was validated according to ICH guidelines.
35

 

3.5.1. Linearity and range 

Under optimized conditions the absorbance of the complex was 

obeyed Beer’s law in UO2
2+

 concentration range of 2.0x10
-5

–1.5x10
-4

 mol L
−1

 

(Fig. 8).  Regression analysis had been carried out with correlation 

coefficient (R
2
, 0.997). The good linearity of the calibration graphs and 

negligible scatter of the experimental points are clearly evident by the 

value of R
2
 and the standard deviation around the slopes and intercepts. 

For more accurate results, Ringbom optimum concentration range was 

determined by plotting log [UO2
2+

] against percent transmittance and the 

linear portion of the Z-shaped curve give the accurate range of analysis 

(Table 1). The molar absorptivities and Sandell sensitivities values of UO2
2+ 

were 6.5 x 10
3 

L mol
−1

 cm
−1

 and 36.8 ng cm
−2

, respectively. The limit of 

detection (LOD) is defined as the lowest amount of analyte in a sample 

which could be detected but not necessarily to be quantified as an exact 
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value. The limit of quantification (LOQ) is defined as the lowest amount of 

analyte in a sample which can be quantitatively determined with suitable 

precision and accuracy. The LOD and LOQ were calculated according to ICH 

guidelines
35

 using the formulae: LOD= 3.3S/b and LOQ= 10S/b mol L
−1

 

(where S is the standard deviation of blank absorbance value and b is the 

slope of the calibration plot) are indicated in Table 1. 

3.5.2. Accuracy and precision 

Accuracy was checked by standard addition method. Accuracy 

evaluated as percentage relative error (RE %) between the measured mean 

concentrations and the taken concentrations of UO2
2+

. RE {RE % = 

[(concentration found−known concentration) × 100/known concentration]} 

was calculated at each concentration. The range of RE % value was 0.84 – 

1.66 % demonstrates the high accuracy of the proposed measured. 

To compute the precision, the assays were repeated three times 

within the day to determine the repeatability (intra-day precision) and 

three times on different days to determine the intermediate precision 

(inter-day precision) of the method. The range of percentage relative 

standard deviation error (RSD %) values were 0.85 – 1.78 % (intra-day) and 

0.96 – 1.48 % (inter-day) indicating high precision of the method. 
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3.5.3. Robustness and ruggedness 

The robustness of the method was evaluated by making small 

incremental changes in the concentration of T-CSS and pH. The effect of the 

changes was studied on the absorbance intensity of UO2
2+

/ T-CSS. The 

changes had negligible influence on the results as revealed by small 

intermediate precision values expressed as RSD %. The results of this study 

are indicated in Table 2. The range of RSD % values were 1.14 – 2.62 % (T-

CSS concentration) and 0.96 – 1.70 % (pH) indicating high precision of the 

method. 

 Method ruggedness was expressed as the RSD % of the same 

procedure applied by three different analysts. The results of this study are 

listed in Table 2. The inter-analysts RSD % was in a range of 1.86 – 3.23 % 

for the same UO2
2+ 

concentrations which suggested that, the developed 

method was rugged.  

 

3.5.4. Selectivity 

To study the selectivity of the proposed measured by T-CSS for 

spectrophotometric determination of UO2
2+

, the interference studies were 

carried out prior to the application of the proposed measured for the 

Page 18 of 39RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



19 

 

determination of UO2
2+

 in spiked aqueous solutions. The influences of 

several metal ions possibly existing in the real samples on the 

determination of UO2
2+

 were examined by introducing them into the 

solutions containing 5.0 X 10
-5

 mol L
-1

 of UO2
2+

 and treating as described in 

the procedure. The tolerance limit was fixed as the maximum amount of an 

ion causing an error no greater than 5% in absorbance intensity of the 

consequent solution. Figure 9 shows the tolerance limit for several metal 

ions. The results were indicated that, several metal ions do not interfere 

even at high concentrations. In addition to UO2
2+

, T-CSS also produces a 

response to some other metal ions as Al
3+

, Fe
3+

 and Th
4+ 

while the effects of 

most other foreign ions were low. It was reported in the literature that, 

some observed interfering effects were considerably diminished in the 

presence of 1,2-cyclohexylene dinitrilotetraacetic acid (CyDTA) as a proper 

masking agent.
36

 So, the T-CSS has a good selectivity for 

spectrophotometric determination of UO2
2+ 

in aqueous solutions. 

 

3.5.5. Application 

In order to evaluate the performance of T-CSS, the UO2
2+

 was applied 

to analysis in real samples. The real samples used in this work are sampled 
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from R&D lab. Most of them possess low concentrations of dissolved 

organic matters and the disadvantage of high transition metal ions level. 

The contents of UO2
2+

 in aqueous real samples and RSD % are listed in Table 

3. For further investigate of the performance of T-CSS, the results were 

compared with ICP-OES technique as a reference measured. As an indicated 

in Table 3, mean values were obtained with Student’s t- and F-tests at 95% 

confidence limits. The results show comparable accuracy (t-test) and 

precision (F-value), since the calculated values are less than the theoretical 

data. It was observed that the results are very close to the measured values 

using ICP-OES technique. So the proposed measured can be helpful for 

UO2
2+

 determination. The main advantages of the proposed measured over 

ICP OES technique are its simplicity, acceptable accuracy and lower cost. 

 

4. Conclusions 

      A new T-CSS nanocomposite was prepared and characterized by 

different techniques. T-CSS was used for spectrophotometric determination 

of UO2
2+

, also various factors on the absorbance of UO2
2+

/ T-CSS were 

studied. The proposed measured has been applied for spectrophotometric 

determination of UO2
2+

 in different real samples and the results were 
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statistically compared with those obtained by ICP-OES measured which 

show that, the Student’s t- and F-values at 95% confidence level are less 

than the theoretical values. This confirms that there is no significant 

difference between the performance of a new T-CSS and ICP-OES 

measured. The proposed measured can be used to determine 4.0 – 45.0 ug 

of UO2
2+

, with high accuracy and precision. 
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Figure captions  

Fig. 1 FTIR spectra of samples (a) CSS, and (b) T-CSS nanocomposite. 

Fig. 2 X-ray diffraction pattern of T-CSS nanocomposite and JCPDS card 

no. (JCPDS: 70-0352). 

Fig. 3 SEM image of T-CSS nanocomposite (a) at low magnification 5,000 

X and (b) at high magnification 20,000 X. 

Fig. 4 EDX spectrum of T-CSS nanocomposite. 

Fig. 5 TEM images of T-CSS nanocomposite. 

Fig. 6 Absorption spectrum of T-CSS against a reagent blank in the 

presence of different concentrations of UO2
2+

 at pH= 5.5. (Inset: 

Job’s plot showing 1:1 stoichiometry). 

Fig. 7 Schematic representation of the complexation process for T-CSS 

with UO2
2+

. 

Fig. 8 Linear relation between UO2
2+

 concentrations and absorbance of 

T-CSS at 252 nm and pH= 5.5 (Beer’s low plot). 

Fig. 9 Tolerance limit of different metal ions for determination of 

5.0×10
−5

 mol L
−1

 UO2
2+

. 
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Fig.1.  
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Fig.2. 
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Fig. 3.   

(b) (a) 
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Fig. 4.  
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Fig. 5.  

 
 

Page 31 of 39 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



6 

 

230 240 250 260 270 280 290 300 310 320

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.5

A
b
s
o
rb
a
n
c
e

[UO
2

2+
]/[UO

2
(T-CSS)]

UO
2

2+

A
b
s
o
rb
a
n
c
e

Wavelength (nm)

 

Fig. 6.  
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Fig. 7.  
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Fig. 8.      
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Fig. 9.      
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Table 1 

Analytical characteristics of UO2
2+ 

with T-CSS. 

Parameter Value 

Wavelength, (nm) 252 

Molar absorptivity, (L mol
−1

 cm
−1

) 6.5 x 10
3
 

Linear range, (mol L
−1

) 2.0 x 10
-5

 – 1.5 x 10
-4 

Ringbom, (mol L
−1

) 2.1 x 10
-5

 – 1.3 x 10
-4

 

Sandell’s sensitivity, (ng cm
−2

) 36.8 

Limit of detection, (mol L
−1

) 1.2 x 10
-5

 

Limit of quantification, (mol L
−1

)
 

3.7 x 10
-5

 

Standard deviation 0.024 

Variance, (Sa
2
) 5.8 x 10

-4 

Correlation coefficient (R
2
) 0.997 
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Table 2 

Method robustness and ruggedness expressed as intermediate precision (%RSD). 

Sample UO2
2+

  Spiked 
a
 Robustness (n = 3) Ruggedness (n = 3) 

  
Chemosensor conc.

 b
 

(%RSD)
c 

pH
 b

  

(%RSD)
c 

Inter-analysts, (%RSD)
c 

Tap water 5 1.94 1.48 2.48 

 10 1.78 1.70 2.50 

Well water 5 1.14 1.31 1.86 

 10 1.35 1.29 2.07 

Synthetic wastewater 5 1.91 0.96 2.91 

 10 2.62 1.06 3.23 

 

a
 The values are multiplied by 10

−5
 mol L

−1
. 

b
 Concentrations of T-CSS were 1, 1.03 and 1.05 ×10

−4
 mol L

−1
; and the values of pH were 5.3, 5.5 and 5.7. 

c
 %RSD, relative standard deviation. 
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Table 3 

Comparison between proposed measured by T-CSS and reference measured by ICP-OES for determination of 

UO2
2+

 in aqueous real samples. 

Sample Proposed measured (n = 3)  Reference measured (n = 3) 

 
UO2

2+
 Average 

measured 
a
 ± CL 

a,b
 

%RSD 
c
 t-test 

d
 F-test 

d
 

UO2
2+

 Average 

measured 
a
 ± CL 

a,b
 

% RSD 
c
 

M1 6.30 ± 0.74 4.76 0.48 2.25 6.20 ± 0.49 3.22 

M2 7.40 ± 0.66 3.57 0.75 3.00 7.27 ± 0.38 2.10 

M3 8.67 ± 0.63 2.90 0.94 2.11 8.50 ± 0.43 2.03 

M4 9.80 ± 0.43 1.76 3.60 2.25 9.37 ± 0.29 1.23 

M5 10.8 ± 0.79 2.98 1.13 4.43 10.5 ± 0.38 1.45 

M6 12.5 ± 1.14 3.66 0.65 3.00 12.3 ± 0.66 2.15 
a
 The values are multiplied by 10

−5
 mol L

−1
 for measured.

 

b 
CL, confidence limits were calculated from: CL =±tS/(n)½. The tabulated value of t is 4.303, at the 95% confidence level; S = 

standard deviation and n = number of measurements. 
c
 %RSD, relative standard deviation. 

d
 Theoretical values of t- and F-tests at 95% confidence limits are 4.303 and 19.0, respectively.  
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