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 Abstract: A fast, simple, and high throughput sample merging-zone flow injection 
design was developed to determine copper(II) in an aqueous solution. The procedure is 
based on the reduction of copper(II) to copper(I) by uric acid followed by a direct 
reaction with Neocuproine reagent (NC). The orange-yellow complex that forms 
absorbs light at 454 nm. All conditions of the new flow injection unit were investigated. 
The analytical curve of copper(II) was linear with an r2 value of 0.9978, in the range of 
0.4 to 40 mg/L with a detection limit of 0.1 mg/L and a quantification limit of 0.3 mg/L. 
The molar absorptivity was 1.661 × 105 L/mol cm, and the recovery range was between 
104.9 and 97%. The homemade acrylic valve was low-cost with zero dead volume and 
high repeatability (n = 7) with an RSD of 2.31%. The dispersion coefficient values were 
1.8,1.62, and 1.31 for the concentrations of 5, 15, and 25 mg/L, respectively. The sample 
throughput was 69 h–1. 
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■ INTRODUCTION 

Copper is one of the major trace elements in many 
biological and industrial processes, organic fertilizers, 
electroplating, nanotechnology, and sewage sludge [1-3]. 
Cu(II) is directly reduced by uric acid (UA), ascorbic acid 
(AA), and or other reducing agents [4-5]. Copper(I) 
reacts with 2,9-Dimethyl-1,10-phenanthroline (NC) to 
produce a complex that absorbs light at 454 nm [6]. The 
merging-zone flow injection method has low 
consumption of chemicals during analysis [7]. 
Consequently, a homemade valve can be used to 
determine copper with NC reagent by merging-zone FIA 
technique. 

The Cu(I)-NC complex has high stability constant 
[8]. The complexation ratio of Cu(I)-NC is 1:2 with an 
optimum pH of 7 [9]. Based on Cu-NC complex 
represents a new Redox mediator, and it is used as an 
electrode [10]. Cu(I) is determined in the form of Cu(I)-
BCS (bathocuproine_disulfonicacid) complex when Cu is 
accumulated by electrolysis of a plating solution [11]. 
Based on the reduction of Cu(II)–NC by ascorbic acid, the 

Cu(I) is formed and then reacts with NC reagent to 
produce an orange-yellow colored complex, then 
ascorbic acid was determined [12-13]. Cu in water is 
determined by using the interaction between Cu(I) with 
one derivative of Neocuproine immobilized on modified 
silica based on the adsorption–photometric method 
[14]. 

The flow injection analysis (FIA) method was used 
for the Neocuproine-copper complex on a modified 
surfactant electrode to determine hydrazine [15]. The 
FIA unit was used to determine Cu with a low sample 
throughput value at 15 h–1; the reaction time for one 
analysis was 4 min [16]. The reaction between Cu(II) 
and reducing sugars in the presence of NC reagent was 
used for determining sugars. This novel principle is 
based on flow injection analysis and is considered as a 
fast, simple, analytically versatile, and accurate method 
[17]. An FIA method based on the reaction of Cu(II) 
with NC reagent was designed to determine N-acetyl-L-
cysteine, with a maximum sample throughput of 180 h–1 
[18]. Stop FIA was applied in the determination of 
Cu(II) by 4-(2-pyridylazo)resorcinol reagent as a carrier 
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solution at 525 nm [19]. The hybrid flow system based on 
the reaction between N-acetyl-L-cysteine and Cu(II)-NC 
was applied to determine N-acetyl-L-cysteine. An orange-
yellow complex of Cu(I)-NC was obtained at 458 nm with 
a throughput sample of 100 h−1 [20]. Cu(II) was 
determined by flow injection analysis depending on the 
reaction of N,N’-o-phenylene-bis(3-methoxysalicylidene 
imine) with Cu(II) at a sample throughput more than  
60 h–1 [21]. The automatic FIA unit was used to determine 
the total antioxidant capacity in urine and serum samples 
based on the reduction of Cu(II)-NC to colored Cu(I)-NC 
[22]. 

This paper describes a new merging-zone technique 
for copper determination by flow injection. This method 
is a simple, high throughput, and high precision method 
for copper(II) determination in an aqueous solution with 
an inexpensive homemade valve. In this novel technique, 
Cu(II) is reduced directly by uric acid to Cu(I) that reacts 
with a specific Neocuproine reagent to form an orange-
yellow complex that absorbs light at 454 nm. 

■ EXPERIMENTAL SECTION 

Materials 

2,9-Dimethyl-1,10-phenanthroline (Neocuproine 
Reagent)(Merck), Uric acid (BDH), copper(II) chloride 
anhydrous (BDH), sodium hydroxide (Merck), 
hydrochloric acid (Chem-Lab), and absolute 
ethanol(Chem-Lab) were used. The chemicals and 
reagents used were of analytical grade. The water used was 
deionized and distilled. 

Instrumentation 

A 4-channel Peristaltic pump from Ismateic 
(Germany) with their tubing was used for thrusting the 
carrier solution. A manual flow injection valve, made of 
plastic, acrylic, and a three-way dispenser, was used for 
loading and injecting the sample, reagent, and reference 
carrier solution in the flow injection unit. UV-VIS spectra 
were acquired using a single-beam APEL, PD-303 (Japan) 
UV spectrophotometric for spectrometric measurements 
by flow injection analysis. The spectrophotometer was 
connected to the Kompensograph recorder C1032 
Siemens (Germany) to obtain data as a peak height. The 

flow cell (1 cm optical path ) was obtained from Helmma 
(UK) with two vents for input and output with a volume 
capacity of 450 μL. The pH meter Philips Pw 9421 
(Germany) was used to measure pH. The double-beam 
spectrophotometer Shimadzu UV-1700 (Japan) was 
used to determine the maximum wavelength. 

Procedure 

Solutions and reagents 
A stock solution of copper(II) 250 mg/L was 

prepared in distilled water. The working solution of 
copper(II) was acquired by diluting the stock solution 
with a suitable volume of distilled water. A stock 
solution of uric acid 250 mg/L was prepared by 
dissolving 0.025 g of uric acid in 5 mL of 0.1 M sodium 
hydroxide solution [23]. Then the volume was 
completed to 100 mL by distilled water. The working 
solution of uric acid was acquired by diluting the stock 
solution with a suitable distilled water volume, and then 
pH was adjusted using 0.1 M hydrochloric acid or 0.1 M 
sodium hydroxide. A stock solution of NC reagent  
1000 mg/L was prepared in 10% (v/v) of absolute ethanol 
[24]. Working solutions of NC reagent were prepared by 
dilution in distilled water. 

Method principle 
The copper(II) determination method that is used 

in this article is based on the redox properties of uric acid 
and copper(II). The reactions which occur are as follows: 
Copper(II) + Uric acid(reduced form) → Copper(I) + Uric 
acid(oxidized form ) (1) 
Copper(I) + 2Neocuproine → Copper(I)-(Neocuproine)2 
complex (2) 

Uric acid is colorless in the oxidized form, but 
when the positively charged Cu(I)-Neocuproine 
complex forms, the color becomes orange-yellow and 
absorbs light at 455 nm. The combination ratio is Cu(I) 
1:2 Neocuproine [25-26], as shown in Fig. 1. 

Analysis module of merging-zone flow injection 
The merging-zone of the flow injection unit with 

spectrophotometric detection to determine Cu(II) in an 
aqueous solution with a simple and fast flow injection 
system is shown in Fig. 2, where: C is the carrier solution 
(uric acid 150 mg/L), P is the peristaltic pump (flow rate  
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Fig 1. Absorption spectra of Cu(I)-NC complex. 
Wavelength 455 nm at Cu(II) 15 mg/L, NC reagent  
600 mg/L, Uric acid concentration 150 mg/L, and pH 7 

 
Fig 2. Schematic diagram of the flow-injection unit for 
determination copper(II), where: C- uric acid carrier, P- 
peristaltic pump, V- injector valve, S- sample loop, R- 
Neocuproine loop, W1- injection waste, RC- tubular 
reaction coil, D- UV-VIS spectrophotometer, REC- 
Kompensograph and W2- unit waste 

of 6.5 mL/min), V is the injector valve with two loops 
(homemade), S is the sample solution loop (78.5 μL of 
copper(II)), R is the reagent solution loop (157 μL of  
600 mg/L Neocuproine), W1 is the injection waste (sample 
and reagent), RC is the tubular reaction coil 150 cm, D is 
the UV-VIS spectrophotometer 454 nm, REC is the 
Kompensograph at 0.2 volts, and W2 is the unit waste. 

Mechanical operation diagram of the homemade 
valve 

The schematic diagram of the homemade working 
valve shows in Fig. 3. The first stage involved the suction 
of 150 mg/L of uric acid (adjusted at pH 7) as the carrier 
solution to all the parts of the unit by a peristaltic pump at 
a flow rate of 6.5 mL/min. Uric acid represents the 
reference  solution  (blank solution)  and  reducing  agent.  

 
Fig 3. Schematic diagram of the homemade valve working 

The second and third stage includes stopping the pump 
and injecting 157 μL of 600 mg/L NC reagent solution in 
the specific loop (represented by the green line in Fig. 3 
and injecting 78.5 μL of the Cu(II) sample solution in the 
loop (represented by the red line in Fig. 3). Then uric 
acid carries the copper and NC from loops to the tubular 
reaction coil (150 cm). At first, uric acid reduces Cu(II) 
to Cu(I). Subsequently, the NC reagent reacts with Cu(I) 
to form an orange-yellow complex that absorbs light at 
454 nm. The change in peak height of the 
Kompensograph was proportional to the Cu(II) sample 
concentration/reference carrier solution (uric acid). 

■ RESULTS AND DISCUSSION 

The Effect of Uric Acid Concentration 

The effect of uric acid concentration on the height 
of the peak was studied in the range of 25–250 mg/L. The 
conditions of the study were: pH = 10 of uric acid  
117.00 μL of 400 mg/L NC reagent, a flow rate of  
3.8 mL/min, reaction coil length of 100 cm, and 47.1 μL 
of 15 mg/L Cu(II) solution. The preferred peak height of 
2.7 cm was obtained at a uric acid concentration of  
150 mg/L, as shown in Fig. 4. 

The pH Effect of the Carrier Solution 

The effect of pH was studied in the range of 3–10. 
The study was conducted using the selected concentration 
of uric acid (150 mg/L). The other conditions of the 
study include 117.00 μL of 400 mg/L NC reagent, a flow 
rate of 3.8 mL/min, reaction coil length of 100 cm, and  
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47.1 μL of 15 mg/L Cu(II) solution. As shown in Fig. 5, the 
optimal pH was seven at a peak height of 5 cm. The 
consequence obtained in this study corresponds to the 
results of Gaál et al. [9] and Ribeiro et al. [16]. 

The Effect of the Flow Rate of Uric Acid Solution 

The effect of the flow rate of the carrier solution on 
the height of the peak was studied at 0.9, 2.3, 3.8, 5.2, 6.5, 
and 7.8 mL/min. Optimum parameters were used in the 
study, which includes: 150 mg/L uric acid concentration 
at pH 7, 117.00 μL of 400 mg/L NC reagent, reaction coil 
length of 100 cm, and 47.1 μL of 15 mg/L of Cu(II) 
solution. The best peak height was 3.6 cm at the carrier 
solution flow rate of 6.5 mL/min, as shown in Fig. 5. 
Although the response at low flow rates was greater than 
the higher flow rates, the shape of the peak was wide and 
double. For this reason, the flow rate of 6.5 mL/min was 
selected because the response was sharp and dependable. 
Authors found that low flow rates cause double, distorted, 
and wide peaks, while the fast flow rates decrease the 
response. 

The Effect of the Cu(II) Sample Volume 

The optimal conditions of the flow rate of the carrier 
solution, pH, and uric acid concentration were fixed at  
6.5 mL/min, 7, and 150 mg/L, respectively. The effect of 
the Cu(II) sample volume on the shape and sensitivity of 
the peak height was studied at 47.1, 78.5, 117, 157, and 
196.25 μL using 117.00 μL of 400 mg/L NC reagent, 
reaction coil length of 100 cm, and 15 mg/L of Cu(II) 
solution. It was observed that the highest response of 4 cm 
was obtained at 78.5 μL of Cu(II) sample solution, as 
shown in Fig. 6. In comparison, Dakhil and Zuhair found 
that the response decreased when using a very high 
sample volume because of the dilution process [27]. 

The Effect of the Neocuproine Reagent Volume 

The effect of the NC reagent volume on the peak 
height was studied at values of 117, 157, 196.25, and  
235.5 μL at optimal conditions as follows: flow rate of 
carrier solution of 6.5 mL/min, pH 7, the uric acid 
concentration of 150 mg/L, and 78.5 μL of 15 mg/L Cu(II) 
sample solution concentration, 400 mg/L of NC reagent  
 

and reaction coil length of 100 cm. As a result, it was 
observed that the highest response of 4.3 cm was obtained 
at 157 μL of NC reagent volume, as shown in Fig. 6. 

 
Fig 4. Effect of NC and uric acid concentration on the 
peak height 

 
Fig 5. Effect of pH and flow rate on the peak height 

 
Fig 6. The relationship between the volume of Cu(II) 
and NC on the peak height 
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The Effect of Reaction Coil Length 

The effect of the reaction coil length was studied at 
values of 50, 100, 150, and 200 cm (with a Teflon tube 
diameter of 0.5 mm), which produced peak height values 
of 4, 4.25, 4.5, and 3.65 cm, respectively. The study was 
conducted under optimum parameters: flow rate of 
carrier solution of 6.5 mL/min, pH 7, the uric acid 
concentration of 150 mg/L, 78.5 μL of 15 mg/L Cu(II) 
sample solution, and 157 μL of 400 mg/L NC reagent. It is 
clear from the results in Fig. 7 that the optimum coil 
length was 150 cm at the highest peak of 4.5 cm. The 
authors found that the increasing reaction coil length 
leads to an increase in the response because it facilitates 
good mixing for the components of the reaction. On the 
other hand, using very long reaction coils decreases 
response as the dispersion effect is happened but increases 
the time required for one analysis. 

Neocuproine Reagent Concentration 

The effect of the NC reagent concentration on the 
peak height was determined at values of 200, 400, 600, 
800, and 1000 mg/L, in which the responses were 
4.2,4.5,5.05,4.7, and 4.1 cm, respectively, at the optimal 
conditions: flow rate of carrier solution of 6.5 mL/min, pH 
7, the uric acid concentration of 150 mg/L, 78.5 μL of  
15 mg/L Cu(II) sample solution,157 μL of the NC reagent 
and reaction coil length of 150 cm. As shown in Fig. 4, it 
was observed that the highest response of 5.05 cm was 
obtained at the NC reagent concentration of 600 mg/L. 

Compared to other techniques that are based on the 
reaction between Cu(II) and the NC reagent, there are 
several advantages that can be obtained by using the flow 
injection unit designed to determine Cu(II). It is 

important to show that this work is characterized by 
utilizing a low concentration of NC reagent of 600 mg/L 
and a small volume of NC at 157 μL. Furthermore, the 
current merging-zone flow injection unit requires a tiny 
volume of the Cu(II) sample of 78.5 μL. Table 1 shows 
the comparison between the current non-consumptive 
new analysis unit for the determination of copper with 
other methods that are based on the same reaction. 

The optimal conditions required by the new unit 
designed to determine Cu(II): the appropriate voltage of 
recorder, uric acid concentration, pH of the carrier 
solution, flow rate, Cu and NC volume, reaction coil 
length, and NC concentration are shown in Table 2. 

Calibration Curve 

The Cu(II) calibration curve was constructed by 
performing measurements at the optimal conditions. A 
series of Cu(II) concentrations were prepared to 
calculate the calibration graph, as shown in Fig. 8. The 
calibration curve indicated linearity of the Beer's law over 

 
Fig 7. The relationship between reaction coil length and 
peak height 

Table 1. Comparison of the present FIA unit to other analytical techniques for the determination of copper(II) 

Method Reagent 
(mg/L) 

Reagent 
(μL) 

Cu 
(μL) 

Range 
(mg/L) Ref. 

Thermal lensing 1040 1000 500 0.6–63 [8] 
FIA 832 400 100 - [10] 
Spectrophotometric 4160 219 220 - [11] 
Spectrophotometric   160 1000 1000 0.006–0.3 [28] 
LLE-Spectrophotometric 880 250 5000 2.2–12.2 [29] 
Merging-Zone FIA 600 157 78.5 0.4–40 current work 
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Table 2. Parameters estimate to optimize the FIA unit for 
determining Cu(II) 

Parameter 
Estimate 

range 
Selected 

value 
The recorder voltage (volt) 0.2–2 0.2 
Uric acid concentration (mg/L) 25–250 150 
The pH of the carrier solution 3–10 7 
Flow rate (mL/min) 0.9–7.8 6.5 
copper(II) volume (μL) 47.1–196.25 78.5 
Neocuproine volume (μL) 117–235.5 157 
Length of reaction coil (cm) 50–200 150 
Neocuproine (mg/L) 200–1000 600 

 
Fig 8. Calibration curve at optimum conditions: flow rate 
of carrier solution (6.5) mL/min, pH (7), the uric acid 
concentration 150 mg/L, 78.5 μL of Cu(II) sample 
solution, 157 μL of 600 mg/L NC reagent and reaction coil 
length 150 cm 

the range of 0.4–40 mg/L (r2 = 0.9978) with average 
standard deviation of 0.037 and average RSD of 1.14%. 
The detection limit (S/N = 3) was 0.1 mg/L, and the 
quantification limit (S/N = 10) was 0.3 mg/L. Molar 
absorptivity and Sandell's sensitivities were 1.661 × 105 
L/mol cm and 0.0028 μg/cm2, respectively. 

Repeatability 

Repeatability was determined by repeating 
injections of the Cu(II) sample at least five times. The 
target of this study was to determine the precision of the 
measurement and the unit's efficiency. Using the 
optimum conditions, seven consecutive injections of the 
copper solution concentration 5, 15, and 25 mg/L of 

Cu(II) were used to study the repeatability of injections. 
For these concentrations, the relative standard deviation 
values were 2.31, 0.63, and 0.50%, respectively. The 
obtained results shown in Table 3 display the efficiency 
and precision of the new flow injection unit design for 
the determination of Cu(II). 

Dispersion Coefficient (D) 

At optimum conditions, two measurements were 
done to determine the dispersion coefficient. The first 
experiment involved mixing the reaction components in 
a beaker outside the flow injection unit while keeping the 
volume ratio at 1:2 of Cu(II):NC reagent. Then 15 mL of 
150 mg/L uric acid was added to prepare a suitable 
amount of carrier solution for aspiration into the flow 
injection unit. In this situation, the response represented 
H0. The second experiment involved the injection of the 
components of the reaction into their specified loops in 
the valve, in which the carrier solution was 150 mg/L of 
uric acid. The response was referred to as Hmax and was 
considered as the original peak produced from the 
injection process.  The coefficient of dispersion (D) was 
calculated by dividing H0 by Hmax [30-31]. The values of 
the dispersion coefficient were 1.8, 1.627, and 1.318 for 
the three concentrations of Cu(II), namely 5,15, and 25 
mg/L, respectively, as shown in Table 4. 

Table 3. Repeatability (n = 7) at 5, 15, 25 mg/L of Cu(II) 
Cu(II) (mg/L) 5 15 25 

Peak height (cm) 

1.6 5.05 8.8 
1.6 5 8.8 
1.5 5.05 8.7 
1.55 5.1 8.75 
1.6 5 8.8 
1.6 5.05 8.7 
1.55 5.05 8.8 

SD 0.036 0.031 0.044 
RSD% 2.31 0.63 0.50 

Table 4. Dispersion coefficient 
The concentration of Cu(II) 
(mg/L) 5 15 25 

Peak height (cm), (H0) 2.7 8.3 11.6 
Peak height (cm), (Hmax) 1.5 5.1 8.8 
Dispersion coefficient 1.80 1.62 1.31 
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Table 5. Comparison sampling throughput of the present FIA unit to other analytical techniques for determination of 
Cu(II) 

Method Sampling 
throughput (h–1) 

Reaction time 
(min) 

Ref. 

Spectrophotometric - 1 [28] 
FIA-SPE- FAAS 25 2 [35] 
SPE- FAAS 12 5 [36] 
SFODME-FI-FAAS 6 10 [37] 
Voltammetry 4 15 [38] 
ICP-MS 10 - [39] 
Merging-zone FIA 69 52 sec Present work 

Table 6. Recovery and percentage error for determination Cu(II) 
Taken (mg/L) Response (cm) Found (mg/L) E E% Recovery 
30 10.6 30.318 -0.010 -1.061 98.93 
20 7.2 20.489 -0.024 -2.445 97.55 
10 3.4 9.503 0.049 4.96 104.96 

 
Dead Volume 

The first step to determine the dead volume was the 
loading of the distilled water instead of the Cu(II) sample 
solution. The second step was loading distilled water 
instead of NC reagent solution in their loops. In these two 
steps, no peak was observed, but when the reaction 
components were injected into the loops, the peak was 
clearly noticeable. The carrier solution in both steps was 
150 mg/L of uric acid under the optimum conditions. 
Therefore, this study indicates that no volume of Cu(II) 
sample solution or NC reagent solution remained in their 
loops before the loading of the next measurement. 
Therefore, the homemade valve worked with zero dead 
volume, indicating that this new flow injection unit is 
highly efficient. In previous articles, many designs of 
homemade valves accomplished operation with zero dead 
volume [32-34]. 

Sampling Throughput 

The injection of all reaction components in the 
loops of the homemade valve required 25 sec. The 
required time for the peak to start from the baseline to the 
maximum peak height and back again to the baseline by 
the washing process was 52 sec (including injection of the 
components). Therefore, the sampling rate of the flow 
injection unit was 69 samples per hour. The comparison 

of the sampling of the current FIA unit to other 
analytical techniques for the determination of Cu(II) is 
shown in Table 5. 

Application in Aqueous Solution 

The purpose of this experiment was to develop an 
application to determine copper in aqueous solutions. 
The prepared samples were taken without treatment and 
were analyzed with the new merging-zone flow injection 
technique. Table 6 shows satisfactory results for three 
prepared concentrations at a relative standard deviation 
of less than 5%. In addition, the table also shows a good 
agreement between the actual concentrations of Cu(II) 
and the concentration obtained from the calibration 
curve of the designed unit at the recovery rate of 100% ± 
4.9. 

■ CONCLUSION 

A simple, fast, inexpensive, and feasible unit was 
developed to determine Cu(II) using the flow injection 
system with the merging-zone technique. The simplicity 
and speed of this new design involved a direct redox 
reaction between Cu(II) and uric acid, followed by an 
instantaneous reaction of Cu(I) with the NC reagent. 
The unit had good sampling throughput compared to 
other techniques. The homemade valve included a 
merging zone that reduced the volume of the Cu(II) 
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sample and NC reagent. The homemade valve was 
observed to have many advantages, namely: easy 
handling, high precision, low-cost, zero dead volume, and 
nearly no maintenance. The repeatability of 
measurements for this system was accurate at a very low 
relative standard deviation. Therefore, this new unit is 
dependable for determining Cu(II) in aqueous solution 
samples at a wide concentration range. 
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