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Abstract

The research included the design of a microfluidic chip with two channels, one of which is 7 cm long and
the other 6 cm, to be used for determination using the microfluidic injection system. It's a new, simple,
sensitive, fast, and inexpensive method. The process depends on the reaction of Aluminum (Ill) with
Alizarin Red S (ARS), spectrographically recorded at 481 nm The calibration curve, dispersion coefficient,
repeatability, interferences, and applications were studied where the linearity ranged between (1.0 -
10.0) ug mL-1, the detection limits (LOD) 0.03 pg.mL-1, the limits of quantities( LOQ) 0.120 pg.mL-1,and
the recovery % were recorded (120.727 — 100.363 %).
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1. Introduction

Aluminum is an important element in human life because
of its vital role and many applications and uses [1, 2], and.
Most of the Aluminum research is important because it is
used in all kinds of industries where aluminum foil is used
to coat the electrodes [3-6]. Aluminum alloy is used in the
manufacture of car pistons and is also used In the
construction of hydroelectric dams [7] and [8].Since
ancient times, Alizarin red (ARS) dye has been used in the
textile industry. They are insoluble or poorly soluble in
water [9] and [10].

In 1984, Ruzicka described a new approach to the
microfluidic system known as the microfluidic system [3,
11] and [12]. Microfluidic wafers containing micro-
channels are a platform for biological, chemical, and
medical applications, and flow injection into the
microfluidic system is progressing significantly today [13]
and [14].

The element Aluminum was also estimated in several
different ways, such as neutron activation analysis [15].
atomic absorption spectrometry with flame (FAAS) or
electrothermal (ETAAS) atomizers [16] and [17]. liquid-
liquid extraction (LLE) [18], solid-phase extraction [19].
Quantitative determination [20].

Sample Linearity | LOD (pg o
Method Reagent Volume (mL) | (ug L-1) 1-1) RSD (%) Refs.
Spectrofluorimetry 8-hydroxyquinoline/Triton X-114 25.0 2.0-200.0 0.79 2.7 (Hakmelahi etal,2017)
rFIA Salicylaldehyde picolinoylhydrazone 10.0 3-30 0.59 1.98 (Albendin etal,2003)
Chrome Azurol
Spectrophotometry S/cetyltrimethylammonium 10.0 3.0-100.0 0.52 1.7 (Bahram etal,2007)
bromide/Triton X-114
2-(3- indolyl) - 4,5 di phynyl o
FAAS il Mo S 61 15.0 0.2-0.0 13.0 1.3 (Satiroglu etal,2010)
SIA N-heptane 50.0 7.7-120 2.3 1.5 (- Burguera etal,2005)
FAAS Xylidyl Blue/ Triton X-114 50.0 5.0-800.0 1.43 2.5 (Ulusoy etal,2011)
L (Abdolmohammad
Stopped-Flow 1-hexylpyridinium 25.0 15-0.06 0.05 1.7 etal,2010)
FAAS ErioChrome Cyanine-R/Triton X-114 10.0 100-6000 60.0 2.8 (Satiroglu etal,2010)
Microfluidic Flow Alizarin red (ARS) 10.0 1.0-100 | 003 | 0.239 This work
injection

In this paper, a valve was designed from available and cheap
materials, as it consumes low volumes of ions and small
volumes of the reagent, as well as the number of samples
measured per s.h-1 is large, there is no interference with
foreign ions, and the recovery is large.

The aim of the study is to find a new, simple, low cost, low
volume, sensitive and selective method for the
determination of Aluminum (l1I) using pFIA..

2. Experimental

doi.org/10.31838/hiv22.02.277

2.1. Apparatus

All pH measurements were made using the Oakton 2100
Series pH/mV/lon/oC/oF Meter, absorbance
measurements were made using the Biochrom Libra S60
double beam spectrophotometer, and weighing the
samples was performed using the Ohaus PA214 Pioneer
Analytical Balance. The flow cell used is 450 uL,Teflon
pipes were used to load materials. A peristaltic pump
Ismatic was used to push the solutions. The recorder was
also used to record the signal Pen Siemens C1032 Hitter
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Ardeas 51, The resulting peak was obtained by using a UV-
Visible detector (OPTIMA SP300).

2.2. Chemicals and reagent

All of the chemicals used were analytical reagent grade,
with Merck Chemical Company providing aluminum
sulfate (99 % purity) and Fluka providing alizarin red (99 %
purity).

2.3. Preparation of Solutions

A stock solution (100 mg/L) of aluminum sulfate was
prepared by dissolving 0.0634 g of aluminum sulfate in
100 mL of distilled water, and then the working solution
was diluted again. A stock solution (1 x 10-3 N) of Alizarin
Red S (ARS) was prepared by dissolving 0.3422 g in 100 ml
of distilled water and buffer (0.1 N acetic acid with 0.1 N
sodium acetate).

2.4. General Procedure
2.4.1. Designing of micro valve

The novel microfluidic chip is composed of low-cost
materials readily accessible on the local market and is
intended for great efficiency [21].

Figure 1.2 shows a new FIA design and a new microfluidic
slide in detail. A microfluidic slide with two 7 cm and 6 cm
long channels with (id 0.5 mm) and a 20 cm reaction coil
for mixing fluids in a mixing coil, with the ionic solution
and reagent channels incorporated into the microfluidic
slide. Loading and injection control can be handled by
three-way auxiliary valves positioned off the slide.

Fig 1. New design microfluidic chip
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Fig 2. New design of #FIA System.
2.4.2. The stages of work

As shown in Figs. 3, 4, and 5, the measurement of Al (lll)
was achieved through three processes, comprising the
loading of sample and reagent into the microchip and the
pumping of a carrier stream of distilled water.
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Fig 3. Loading of sample Al (lll) solution on microchip
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Fig. 5: Insertion of the sample and reagent to make the
product with the aid of the carrier stream toward the
detector and signal recording.

2.5. Determination of the maximum absorption
wavelength
A UV-Vis spectrum of the Aluminum (Ill) complex was

obtained. As shown in Figure 6, the formed complex
solution has maximum absorption at 481nm.
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Fig. 6: UV-Vis sp;ctrufn for Aluminum and reagent in
pH= 5, B :of Complex for Al(ll), A: of ARS

3. Results and Discussion

3.1. Effect of flow Rate

The flow rate has an important effect on the peak height
over a range of 0.800 - 4.783 ml.min-1, and the highest
absorbance was at a rate of 4.100 ml.min-1, after which
the absorbance decreased as in Figure 7.
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Figure 7: shows the change in absorbance height of
flow rate in the uFIA system

3.2. Study the effect of the length

The effect of the junction length was studied to load both
the reagent and the sample are equal to 13.47uL, 11. 77ulL
respectivity. The study showed that the best length was
13.47uL for the ARS volume and 11.77ulL for the ion
volume.

3.3. Effect of ARS concentration

The effect of ARS concentration on the ARS-Al complex
formation was investigated in the range of (10-2 — 10-7)
mol.mL-1. The highest absorbance was observed when
the reagent concentration was 0.0001mol.mL-1, as shown
in Figure 8.
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Figure 8: Change of absorbance with ARS
concentration in uFIA system.

3.4. Calibration Graph

This study was conducted at A max = 481nm after fixing
the optimum conditions, calibration graph of Al (lll) was
constructed by preparing a series of solutions containing
the range of concentrations of it from ( 0. 01 - 50)
ug.mL-1,and the Linearity was (1- 10) pg.mL-1 The
detection limit LOD was (0.03 ug mL-1) and the LOQ was
(0.120 pug. mL-1). All results are tabulated in Table (2) and

Fig. 9.
[ Table2. Calibration Graph for Aluminum complex by pFlow injectionmethod. |

Conc.Al(lll) ug.mL-1 Absorbance mean SD RSD%

1 0.098 0.097 0.097 0.097 0.001 1.030

2 0.173 0.174 0.174 0.173 0.001 0.578

3 0.245 0.245 0.246 0.245 0.001 0.408

4 0.319 0.319 0.32 0.319 0.001 0.313

5 0.417 0.417 0.418 0.417 0.001 0.239

6 0.505 0.503 0.501 0.503 0.002 0.398

7 0.591 0.591 0.592 0.591 0.001 0.169

8 0.671 0.671 0.672 0.671 0.001 0.148

9 0.742 0.743 0.743 0.742 0.001 0.134

10 0.837 0.838 0.837 0.837 0.001 0.119
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Figure 9: Calibration graph for Aluminum complex by
uFIA system

3.5. Repeatability

Repetition is the process of injecting successive
concentrations of the same sample concentration under
the same optimum conditions, where the accuracy and
efficiency of the new designed system appear. The effect
of iteration was studied at a flow rate of 4.100 ml.min-1.,
the length of the mixing coil was 20 cm, and the aluminum
concentration is 5 pg.ml-1. The number of injection times
is 10 (n = 10) As shown in Figure 10,

3.6. Efficient of dispersion

The dispersion coefficient (D) is one of the most common
experimental parameters that is able to measure the
degree of dilution of a sample from the point of injection
until it passes through the detector. Dispersion The
parameter (D) is easily calculated by the following
equation.

D =A0 / A max

Where A2is the absorption without dispersion outside the
UFIA, and Amax: is the absorption with dispersion inside
the uFIA system. The results are in Table 3 from the result
found that: dispersion coefficient valve was Limited
range.

R
Al (111) concentration ug mL-1 A0 esponse mn;\ Dispersion (D) D=A0/Amax
max
5 0.609 0.417 1.460
10 0.943 0.837 1.126
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3.7. Effect of foreign ions

The effects of various cations and anions on the
determination of Al (lll) were studied, such as
(Mn+2,Fe3+, Ni2+, Cu2+, Zn2+, Co+2, Mg+2,HPO4-, ClI-
,5042-, CH3COO-, and F-. All the cations and anions used
have no effect on the determination of Al (lll).

Design of a Novel Microfluidic Chip for Measur....
3.8 Applications

The flow injection technique of prepared Aluminum
chemical solutions has been effectively used. The
collected findings demonstrated a satisfactory recovery,
as shown in Table (4). The outcomes achieved were
repeatable and precise.

Pharmaceutical sample Ta::rr\n\llf!lue Found value pg.ml-1| E% Recovery%*
Maloox plus. Syrup 3.5 mg / 100ml Sonfi-Aventis S.P.A 5 5.2 4.00 104.00
Proolax 225mg/ 5ml Tabuk pharmaceutical manufacturing co 5 496 -0.80 99.20
Acilox plus. 200mg / 1 tab Pioneer 5 4.56 - 8.80 91.20
Maloox plus 200mg / 1 tab Sonfi-Aventis S.P.A 5 4.52 -9.60 90.40
Acilox plus. Syrup 225 mg/ 5ml Pioneer 5 4.52 -9.60 90.40
Maloox-MDI 225 mg/ 5 ml Modern Company 5 4.2 -16.00 84.00
Moxal plus 215mg/ 5ml Julphar Life 5 4.48 -10.40 89.60
Epicogel 8.1g/ 100ml E.I.P.I.CO. 5 4.88 -2.40 97.60
Antacid 200mg / 1 tab Jedco 5 4.36 -12.80 87.20
Alugel 225 mg/ 5 ml Lincoln 5 4.68 - 6.40 93.60

*Average of three Times

4. Conclusion

This work presents a new and straightforward method for
determining Al(lll) that has high sensitivity, accuracy, and
selectivity (Ill). Because the laboratory-designed unit and
the local unit provide rapid analysis, a wide range of
concentrations, and do not require large amounts of
chemicals, the design of a micro-flow injection system for
the determination of Al(lll) does not require expensive
equipment in comparison to other technologies.
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