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Abstract

	 Two different dye samples Fast Green and Black T were subjected for extracting their ions using 
a novel methodology based on microfluidics using a membrane without treatment and membrane 
coated with copper nanoparticles, which exploits the advantages of miniaturization for sample 
introduction and extraction of a range of ions through a membrane before and after treatment. The 
membrane coated with Cu nanoparticles increases the extracting efficiency to 96.3 and 91.62 for 
Fast Green membrane and Black T membrane respectively.  This due to the new and good physical 
properties of the membrane surface after coating with nanoparticles.

Keywords: Fast Green, Black T, Microfluidics, Membrane, Preconcentration, Cu nanoparticles, 
Extracting efficiency.

Introduction

	 The growing demand for water and the 
complication of water pollution are for both the quantity 
and quality of all type of water including surface water 
and groundwater. This is becoming a major concern 
worldwide, especially in terms of the presence of ions 
in different forms such as nutrients and heavy metals, 
which pose a genuine threat to human health1. The 
elementary step for the effective management of 
surface and groundwater is the continuous regular 
monitoring of the quality of water2. 

	 Without doubt water is a very important 
natural resource upon which relies the sustainability 
of human existence. Unfortunately, it has been 

polluted due to human activities; pollutants such 
as nutrients, pesticides and heavy metals are 
carried from many different sources, through 
surface and groundwater pathways3. In addition, 
runoff from farms and cities is an essential source 
of ions specially  nutrients such as phosphorus 
and nitrogen, which enter the surface waters such 
as lakes, rivers and coastal waters; industries 
and vehicle emissions are also a major source of 
pollution4. Moreover, with the high use of heavy metal 
salts, a serious danger increase has been occurring 
in the concentrations of these ions in the biosphere5. 
Furthermore, some pollutants do not degrade in the 
environment and they can persist for decades since 
they are only transformed from an oxidation state 
to another, or from an organic complex to another4. 
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However, contamination sources cause damaging 
effects on plants and animals, and on human health 
eventually, directly or by the food chain6.Therefore, 
water pollution, poses a large potential hazard to 
both the environment and human health.

	 One of the most powerful analytical 
techniques for measuring the water quality is 
Capillary Eelectrophoresis CE7. Separation of ions 
using CE is fast, and it is relatively simple to find 
experimental conditions for an adequate separation 
of sample ions. However, the major disadvantage 
of CE for environmental analysis is its relatively low 
concentration sensitivity and poor reproducibility 
with stems from the limited sample volume (1–10 nl) 
that can be analysed without embrace separation 
efficiency8. Therefore, an enhancement step in 
combination with CE determination is required. 
A pretreatment procedures such as solid-phase 
extraction (SPE)9, could enhance the regular analysis 
of environmental sample and water monitoring. 
Modern microfluidic SPE, which has become the 
preferred technique for sample pre-concentration10.

	 In connection of microfluidics, capillary 
electrophoresis (CE) has been already performed in 
the capillary format with dimension of micrometres11, 
and microchip-based capillary electrophoresis 
(MCE) was one of the earliest original formats of 
microfluidics. This was introduced in 1992 by Harrison 
et al.,12 and consisted of a sample injection system 
and a separation channel connected and integrated 
on a planar glass chip. MCE devices have advantages 
over classical CE systems, especially with regard 
to sample introduction, but because the channel 
dimension is comparable, the resolutions are also 
comparable. As device dimensions are minimised, 
system throughputs increase13. One of the challenges 
that faces the chemical analysts is the impurities in the 
samples during the analytical process specially the 
analysis of ions by CE14. This is due to the fact that, 
ions are very small and they normally found in mixture 
of analytical compounds, such as ions in natural 
waters. Therefore, developing a sample introduction 
technique to extract ions will enhance the selectivity 
and the sensitivity of the analysis by CE. 

	 This work will focus on a new methodology 
based on microfluidics, which exploits the advantages 
of miniaturization for sample introduction and 
extraction of a range of ions through a membrane. 

The membrane is coated with Cu nanoparticles15, 
which has very good physical properties.

Materials and Methods

Fabrication of the Copper nanoparticles
	 The Cu nanoparticles were fabricated using 
the method described in our previous work.7 Briefly, 
0.2 g of cupper acetate was mixed with 40 mL of 
distilled water under constant stirring (350 rpm). 
Then, add 1 ml of (3-Aminopropyl) triethoxysilane into 
mixture. After that put the mixture into the autoclave. 
Put the autoclave in the oven at a temperature of 
2000C for 10 h then the sample was washed with 
plenty of distilled water at 40°C for 24 hours. 

Fabrication of the thin film membrane
	 About 1.0 g of CS was dissolved in an 
aqueous acetic acid solution (2%, v/v). The mixture 
was then stirred at 700 rpm at 30°C for 24 h to 
obtain a homogeneous solution before being filtered 
through a nylon cloth to remove any undissolved 
material. Then, 0.065 g of Cu nanoparticles was 
added to 50 mL of the previous solution, which 
was then stirred at 700 rpm at 30°C for 24 hours. 
Finally, 10 mL of the formed solution was cast onto 
a Petri plate and dried at room temperature. Once 
completely dry, the membranes were ready to use.

Extraction of dyes 
	 Add 5 ml of dyes into TFM and stirring 
700 rpm at 10 minute. Then, remove the dyes and 
add 200µl of isopropanol. After that add 1 ml of 
elution (contain 10 ml aqueous solution and 0.5 
to 1 g of resin. Solution were prepared in sterile 
deionized water with individual solute( isopropanol 
675Mm) was stirred 700 rpm at 10 min and measure 
sample in spectrophotometer. The concentration 
of CR and EBT was determined using a UV-Vis 
spectrophotometer in the range of between 350 and 
800 nm. The extraction efficiency (%) was calculated 
using equation (1)

 
	
	 Where  C is the initial concentration of the 
dye after extraction, C' is the initial concentration of 
the dye before extraction and V the volume of the dye 
after extraction and V' the volume of the dye before 
extraction, respectively.
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Results and Discussions

Atomic Force Microscope (AFM)
	 T h e  A F M  h a s  b e e n  a p p l i e d  a s 
nanotechnology tool, and allows new users to 
acquire meaningful AFM images and Average of 
grain size, it is higher resolution compared to many 
other microscopes. Also, AFM is high-speed imaging 
of surface structures with outstanding resolution 
and stability. AFM  scanning mode was performed  
for the tow studied membrane samples, Sample A 
before coating and sample B after coating and given 
in Table 1. It has been found that the thickness of 
the membrane has increased  after the coating  from 
41-45 nm to 49.2-46.1 nm and the results shows how 
homogenous is the distribution of the particles using 
this methods.

	 Root mean square (RMS) roughness is 
a statistical measure used in different fields and 
measured by atomic force microscopy. RMS of 
roughness of a surface is a function that takes the 
square of the measures, it is similar to the roughness 
average, with the only difference being the mean 
squared absolute values of surface roughness 
profile. The Rq exhibits low value for the membrane 
after coating, it is more sensitive to peaks and valleys 
than the average roughness due to the squaring of 
the amplitude in its calculation.

Table 1: Average of grain size and Root mean 
square (RMS) of the membrane before coating 

Sample A and after coating Sample B

            Sample	 A	 B

            Coating	 Before Coating	 After Coating
Average of grain size	 41-45 nm	 49.2- 46.1 nm
            RMS(Rq)	 71.1	 52.1

Scanning Electron Microscope (SEM)
	 The scanning electron microscope uses a 
focused beam of high-energy electrons to generate 
a variety of signals at the surface of solid specimens. 
The signals that derive from electron-sample 
interactions reveal information about the sample 
including external morphology (texture), chemical 
composition, and crystalline structure and orientation 
of materials making up the sample.

	 The scanning electron microscope of the 
membrane after coating with the nano particles was 
given in Fig. 1. The SEM image shows some small 
spots on the membrane surface, these small spots  

show the successful coating and the presence of the 
nano particles on the membrane.

Fig. 1. The SEM image of the membrane before and after 
coating with nanoparticled

Relation between Absorbance and concentration
	 We prepare several concentrations of the 
two studied dye samples, the absorbance of each 
dye was measured for different concentrations. The 
relation between  absorbance and  concentration for 
each dye sample was given at Fig. 2. Straight line 
was obtained passing through the origin (Beer law). 
The concentration of an unknown dye sample was 
determined using the relation of beers law.

Fig. 2. The relation between absorbance and concentration 
of (a) Green dye and (b) Black T dye

(b)

(a)
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Extraction of ions from Fast Green and Black T dyes
	 Figure 3. Shows the absorbance of total 
ions in both Fast Green dye and Black T dye before 
treatment and the absorbance of total ions after 
microfluidic extraction with both membrane and 
membrane after coating with nanoparticles. It has 
been found that for the two studied dye samples, 
the absorbance of total ions using microfluidic 
extraction higher than the absorbance of total ions 
directly from each dye sample due to the role of 
microfluidic membrane. Also, the absorbance of total 
extracted ions using microfluidic membrane coated 
with nanoparticles higher than the absorbance of 
total extracted ions using microfluidic membrane 
before treatment.

	 In Fast Green dye, the absorbance of total 
ions was achieved at maximum wave length 625 nm 
but in Black T dye, the absorbance of total ions was 
achieved at maximum wave length 466 nm.

Fast Green and Black T dyes and their extraction 
efficiency using microfluidic with membrane before 
and after coating with Cu nanoparticles were given 
at Table 2. It has been found that the microfluidic 
membrane has efficiencies 71.19 and 67.9 for 
Fast Green blank membrane and Black T blank 
membrane respectively.  Coating the membrane with 
Cu nanoparticles increases the extracting efficiency 
to 96.3 and 91.62 for Fast Green membrane and 
Black T membrane respectively. The membrane 
coated with Cu nanoparticle exhibits good physical 
properties which improve the extraction giving 
maximum percentage of total ion extraction from the 
studied dye sample.

Fig. 3. shows the wavelength against absorption of the 
extracted ions from Fast Green dye and Black T dye using the 
blank membrane and the membrane coated with nanoparticles

The efficiency of extraction
	 The concentrations of extracted ions from 

Table 2: The concentration and efficiency of 
extracted ions using microfluidic with membrane 

before and after coating with Cu nanoparticles

	 Concentration	 Concentration	 Extraction
Membrane	 before extraction	 after extraction	 efficiency

Fast Green blank	 203.4	 144.515	 71.19	
membrane	
Fast Green	 201.166	 194.19	 96.3	
membrane with
nano particles			 
Black T blank	 99.09	 67.288	 67.9
membrane	
Black T membrane	 100.2	 91.8	 91.62
with nano particles			 

	 It is very important to Development high 
technology process for the extraction of ions for 
pretreatment prior analysis in order to obtain 
excellent data without any errors.
 

Conclusion

•	 S a m p l e  p r e p a ra t i o n  a n d  S a m p l e 
preconcentration are an essential steps before 
analysis, greatly influencing the reliability and 
accuracy of resulted time and cost of analysis. 
The methodology of microfluidics exploits 
the advantages of miniaturization for sample 
introduction and extraction of a range of ions 
through a membrane. 

•	 Atomic Force Microscope for the tow studied 
membrane samples before and after coating 
indicates that the thickness of the membrane 
has increased  after the coating  from 41-45 
nm to 49.2-46.1 nm and the results reflect 
the homogenous of the distribution of the 
particles after coating with nanoparticles.

•	 Using the two studied dye samples Fast 
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Green and Black T, the absorbance of total 
extracted ions using microfluidic membrane 
coated with nanoparticles exhibits higher value 
than that before treatment and the latter gives 
absorbance higher than the absorbance of ions 
directly measured from each dye sample.

•	 Microfluidic membrane exhibits good physical 
properties when coated with Cu nanoparticles 
reflecting on the high extraction efficiency of 
96.3 and 91.62 for Fast Green membrane and 
Black T membrane respectively.  
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