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ABSTRACT

The research is included studying and designing micro flow injection system which is characterized with
rapidity, simplicity, and low cost for the determination of green malachite dye. The study of flow rate of carrier
stream, repeatability, dispersion coefficient, and calibration graph are conducted. It is found that the optimum
conditions for the determination of mentioned dye are flow rate 4.200 mL/min, sampling rate 102 sample/h, limit of
detection 0.05 ppm, linear range (0.05-18.00) ppm with linearity (R

2
= 0.9700), RSD is 0.355, the repeatability for

seven successive injections is studied for the two concentrations 5 ppm and 12 ppm, and the dispersion coefficient
values are 1.73 and 1.28 at the two concentrations 2 ppm and 9 ppm respectively.

Keywords: μflow injection; green malachite dye; home-made micro valve

ABSTRAK

Penelitian ini mempelajari dan merancang sistem injeksi aliran mikro yang lebih unggul dalam kecepatan,
kesederhanaan, dan biaya yang murah untuk penentuan pewarna malachite hijau. Studi laju alir arus larutan
pembawa, pengulangan, koefisien dispersi, dan grafik kalibrasi telah dilakukan. Ditemukan bahwa kondisi optimum
untuk penentuan zat warna tersebut adalah laju alir 4,200 mL/menit, laju sampling 102 sampel/jam, batas deteksi
0,05 ppm, kisaran linier (0,05-18,00) ppm dengan linearitas (R

2
= 0,9700), RSD=0,355, pengulangan untuk tujuh

injeksi berturut-turut untuk dua konsentrasi 5 ppm dan 12 ppm, dan nilai koefisien dispersi adalah 1,73 dan 1,28
pada dua konsentrasi masing-masing 2 ppm dan 9 ppm.

Kata kunci: injeksi aliran mikro; pewarna malachite hijau; katup mikro

INTRODUCTION

Flow injection is considered as a powerful
technique in the analytical chemistry field according to
the classification of International Union of Pure Applied
Chemistry IUPAC in 1994 [1]. New concept of
continuous flow injection analysis had been patented in
1975 by Ruzicka and Hansen in Denmark, and Stewart
in USA simultaneously as recorded in the literatures [2-
8]. Flow injection technique is characterized with high
analytical capabilities in terms of very small volumes of
sample and reagent, high sampling rate, low limit of
detection, and extent range of concentrations [9]. Flow
injection system consists of the pump for inspiration of
carrier solution, injection sample and reagent unit,
reaction coil, detector, and the recorder of response [10-
13].

This technique based on using trace amounts of
both sample and reagent with high reproducibility. It
considered the easiest method to conduct the most

important chemical processes like mixing, addition of
reagents, dilution, and extraction. Flow injection
technique got the better of the other classical analytical
methods which suffered from many problems during
the chemical analysis. FI technique operates within
closed system which in turn helps get rid of external
conditions affecting the reaction system. Therefore; FIA
is widespread in many fields [14-15]

A novel approach of microsystem was described
for the first time in 1984 by Ruzicka and Hansen. The
microsystem was a design of integrated micro conduits
with miniature of potentiometric or optical detectors and
integrated gas-diffusion or ion-exchange units [16].
Microfluidics is a term used to describe the
microsystems at the beginning of 1990s. In
microfluidics the diameters of channels decreased
down to tens of micrometers and this integrated circuit
paved way for the fabrication of a complete Lab-on-a-
chip or micro total analysis system (μTAS). Microfluidic 
system consists of thin piece of glass or polymeric plate
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Fig 1. Chemical structure of Green Malachite Dye

Fig 2. Stages of designing the microfluidic chip with
asymmetrical & interfered conduits

Fig 3. Asymmetrical & interfered micro conduits of the
new micro valve

which has the dimensions of few centimeters and
provided with micro channels [17-19].

Green Malachite Dye C23H25ClN2 (M. wt=364.9) is
an organic compound which artificial green dye,
Triphenylmethane dye, used in the color industry, as
well as used as anti-microbial in aquaculture, the dye
silk materials, paper, leather fibers, and it may be used
as anti-bacterial treatment [20-23]. Fig. 1 shows the
chemical structure of Green Malachite Dye.

The aim of the present work is design a new
micro valve with two interfered micro conduits as
attempt for miniaturizing and minimizing the
consumption volumes of reaction components towards
greener analytical chemistry. The method combines the
advantages such as rapidity, low cost, wide range of
calibration graph, and satisfactory limit of detection.

EXPERIMENTAL SECTION

Materials

The chemicals were of analytical-reagent grade
and used without further purification. Distilled water
was used to prepare all solutions. A stock solution of
100 ppm of the dye is prepared by dissolving 0.01 g of
Green Malachite Dye then the volume is completed to
100 mL with distilled water in volumetric flask. Working
solutions were prepared daily by dilution of stock
solutions with distilled water.

Instrumentation

A peristaltic pump (ismatic, Germany), the
homemade microfluidic chip, UV-Visible
spectrophotometer (Apple), flow cell (450 μL, Helmma), 
kompensograph (C 1032 Siemens, Germany), and
Teflon tubing throughout of i.d. 1 mm are used.

Procedure

Fabrication of micro valve
The designing of innovative microfluidic chip with

high efficiency and superiority was from available and
cheap raw materials. The implementation was by using
appropriate alternatives. The stages of designing the
new microfluidic chip are showing in details in Fig. 2.

The microfluidic chip contains two conduits with
lengths of 10.0 and 20.0 cm with volumes 39.25 and
78.50 μL. The two conduits with volumes 39.25 and 
78.50 μL are specified for loading Green Malachite dye 
respectively. The conduits of the dye are merged
outside the microfluidic chip and mixed via T-mixing
(Fig. 3). The dimensions of microfluidic chip are 6.0 cm
× 4.5 cm. The control process of injection and loading
can be implemented by 3-way sub-valves, which are
fixed outside the chip [24].
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Fig 4. Passing of distilled water into the micro flow
injection system

Fig 5. Injection of Green Malachite Dye into the
microconduit

Fig 6. Inspiration of sample segment with helping of
carrier stream toward the detector and recording of
signal

Fig 7. Relationship between speed of pump and flow
rate

Table 1. Calibration of pump speed
Speed of Pump (rpm) Flow Rate (mL.min

-1
)

30 1.2
40 1.5
50 2.1
60 2.5
70 3.0
80 3.7
90 4.2

Table 2. Effect of flow rate on the response
Flow Rate (mL.min

-1
) Response (cm)

1.2 7.6
1.5 8.1
2.1 9.2
2.5 9.4
3 9.4

3.7 9.3
4.2 10.6

The work stages
The determination of Green Malachite Dye was

conducted through three stages, including the passing of
distilled water into the home-made injection system and

second injection of Green Malachite Dye into the micro
conduit and then the dye is pumped with helping of
carrier stream of distilled water, as illustrated in the Fig.
4, 5 and 6.

RESULT AND DISCUSSION

Calibration of Pump Speed

The different values of pump speed is calibrated
to convert these values and their unit from round/min
(rpm) to mL/min (mL.min

-1
), as shown in Table 1 and

Fig. 7.

Optimum Flow Rate

Flow rate effects on the dilution of solution and
conversely affects the response, therefore; flow rate is
considered as very important factor. The effect of flow
rate is studied at λmax = 618 nm and the concentration
12 ppm, the results in Table 2 shows the effect of flow
rate on the response. The response increases with
increasing of flow rate from 1.2 mL.min

-1
to 4.2 mL.min

-1
.
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Fig 8. Relationship between response (cm) and flow rate
(mL.min

-1
)

Fig 9. Repeatability at 12 ppm

Fig 10. Repeatability at 5 ppm

Table 3. Repeatability values and measured response
at two different concentrations

No. of
injection

Response
(cm) at 5 ppm

Response (cm)
at 12 ppm

1 8.2 10.5
2 8.2 10.5
3 8.1 10.5
4 8.1 10.6
5 8.2 10.6
6 8.2 10.5
7 8.2 10.5

SD 0.045 0.048
RSD 1.556 0.465

Table 4. Dispersion coefficient values
Conc. (ppm) Response (cm) without

dilution H
o

Response (cm) with
dilution H

max
Dispersion coefficient D

9 13.5 10.5 1.28
2 3.3 1.9 1.73

Fig 11. Dispersion coefficient at 9 ppm

The optimum flow rate is 4.2 mL.min
-1

according to Fig.
8.

Repeatability

Repeatability is the successive injection of the
same concentration of the sample under the same

optimum conditions. The purpose of this study is to
prove the precision of injection and consequently the
efficiency of the new system [25-26]. The effect of
repeatability is studied at λmax = 618 nm and flow rate
4.2 mL.min

-1
, the given results in Table 3 shows the

values of repeatability and the measured response at
the two concentrations 5 ppm and 12 ppm. The number
of injections are 7 (n = 7) according to the Fig. 9 and
10.

Dispersion Coefficient

The coefficient of dispersion (D) is the most
popular experimental parameter able to measure the
degree of dilution of the sample from injection point
until its passage before the detector. The dispersion
coefficient (D) is easily calculable by using the following
equation [27].

o maxD H H (1)

where H
o
: peak height without dilution outside the FIA

system; H
max

: peak height with dilution inside the FIA
system.
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Fig 12. Dispersion coefficient at 2 ppm Fig 13. Zero dead volume

Fig 14. Calibration graph for Green Malachite Dye by
using micro valve

Fig 15. Calibration graph for Green Malachite Dye by
spectrophotometric method

Table 5. Calibration graph for Green Malachite Dye by
μFIA method 

Seq.
No.

Conc. of Dye
(ppm)

Response Y (cm)
n=3

1 0.05 0.2
2 0.10 0.3
3 0.50 0.5
4 1.00 1.5
5 3.00 4.6
6 6.00 8.8
7 9.00 10.5
8 12.00 12.4
9 15.00 14.2

18.00 16.9

The effect of dispersion is studied at λmax = 618 nm
and flow rate 4.2 mL.min

-1
for the two concentrations 9

ppm and 2 ppm. The dispersion values are calculated
according to the equation (1) and the results are in Table
4 and illustrated through the Fig. 11 and 12.

Dead Volume

Dead volume is the remaining volume in the
injection valve after sample injection and recording its
response. If there is a remaining volume a response will

appear without injection of the sample, in this case the
dead volume not equals zero. The home-made micro
valve has zero dead volume (Fig. 13) because the
measured response starts from zero base line
ascending to the maximum of the peak then
descending again to the base line during the washing.
This process is repeated after every new injection of
the sample to show the efficiency of the micro valve.

Sampling Rate

The numbers of analyzed samples that can be
made in a time are studied at fixed previously optimum
conditions. The time of reaction is calculated per hour
by using stopwatch found that the time of the measured
response starts from zero base line ascending to the
maximum of the peak then descending again to the
base line requires 35 sec. Therefore; the sampling rate
is 102 samples per hour.

Calibration Graph

μFlow injection method 
At λmax = 618 nm and flow rate 4.2 mL.min

-1
, the

effect of changing the dye concentration is studied. It is
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found that the sensitivity of response increases from
0.2 cm to 16.9 cm with increasing of the concentration
from 0.05 ppm to 18.00 ppm with linearity R

2
=0.9708

(see Table 5 and Fig. 14).

Spectrophotometric Method
The calibration graph for Green Malachite Dye is

determined at λmax = 618 nm spectrophtometrically. It is
found that the linear range 0.01-9.00 ppm with limit of
detection 0.01 ppm and linearity R

2
= 0.9989, according

to the results in Table 6 and Fig. 15.

Statistical Analysis [28-29]

The analysis of variance (ANOVA) and student ʻtʼ 
test, is conducted and the results are according to the
Table 7 and 8 by using Table Curve 2d v5.01 Systat
Software. All measurements are replicated three times
(n = 3) and the results are expressed as (mean

± 0.025 

S.D
t

n
).

The Table 7 shows that tcal is greater than ttab in
both two methods, in μFIA method (tcal 16.31>>ttab 2.31)
and r = 0.9853, and in spectrophotometric method (tcal

10.44>>ttab 2.18) and r=0.9995. Therefore, there is linear
relationship between the response and the concentration
of Green Malachite Dye.

The critical values Ftab  1 1

9 13F 5.12 and F 4.67 

are less than the calculated values of F (Fsta t= 266.027,
and 10971.2) in μflow injection and spectrophotometric 
methods respectively. The results approach to linear
state, because, there is significant difference at 95%

confidence interval between the variance due to
regression and the variance due to error, as shown in
Table 8.

APPLICATION

The micro flow injection method is applied for
prepared solutions of Green Malachite Dye
successfully. The obtained results show good
recoveries and satisfied standard deviation values
(Table 9). The percentage of relative error and
recovery are calculated by using the equations (2) and
(3) respectively.

Actual value - Measured value
R.E.% x100

Known value
 (2)

Recov er % 100 R.R.%  (3)

Table 6. Calibration Graph for Green Malachite Dye by
Spectrophotometric Method

Seq. No. Conc. of Dye (ppm) Absorbance
1 0.01 0.002
2 0.05 0.004
3 0.10 0.006
4 0.30 0.031
5 0.60 0.044
6 1.00 0.099
7 2.00 0.226
8 3.00 0.336
9 4.00 0.463

10 5.00 0.551
11 6.00 0.704
12 7.00 0.791
13 8.00 0.943
14 9.00 1.051

Table 7. Summary of linear regression equation results of the form Y=bX+a for the determination of Green Malachite
Dye

μFIA Method 
Linear
range
ppm

No. of
measurements

(n)

Straight line equation

    a bŶ a s t b s Green Malachite Dye   

Correlation
coefficient

(r)

Calculated
t-value =

2

/r / n 2

1 r





Tabulated
t-value at

95%
confidence

interval
0.05-
18.00

10  0.93 1.79 0.93 16.13 Green Malachitˆ DyeY e    0.9853 16.31 2.31

Spectrophotometric Method
Linear
range
ppm

No. of
measurements

(n)

Straight line equation

     a bŶ a s t b s Green Malachite Dye   

Correlation
coefficient

(r)

Calculated
t-value =

2

/r / n 2

1 r





Tabulated
t-value at

95%
confidence

interval
0.01-
9.00

14  Ŷ 0.01 2.06 0.12 104.74 [Green Malachite Dye]     0.9995 10.44 2.18

Ŷ = Estimated response (mV)
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Table 8. The results of ANOVA test for straight line equation Y= bX+a
μFIA Method 

Source of variance Sum of squares (SSq) Degree of
freedom (Df)

Mean squares (MSq) F-statistic
2
1
1
0

S
F

S


F-tabulated

Due to regression  
2

i Y Y 353.2 5ˆ 65 6 
ν1 = 1 2

1S 353.26556

Due to error (about
regression)  

2

i i Y Y 10.623445ˆ 
ν2 (n-2 )= 8

Total 363.889 νTotal (n-1) = 9

2
0S 1.3279306

266.027 5.12

Spectrophotometric Method
Source of variance Sum of squares (SSq) Degree of

freedom (Df)
Mean squares (MSq) F-statistic

2
1
1
0

S
F

S


F-tabulated

Due to regression  
2

i Y Y 1.838 2ˆ 33 2 
ν1 = 1 2

1S 1.8383322

Due to error (about
regression)  

2

i i Y Y 0.002010 5ˆ 72 7 
ν2 (n-2) = 12

Total 1.8403429 νTotal (n-1) = 13

2
0S 0.00016756048

10971.2 4.67

Table 9. Determination of Green Malachite Dye in prepared solutions by using the micro valve
Sample Taken concentration ppm Found concentration ppm Er% Recovery%

5 5.02 -0.4 100.04
Green Malachite Dye

12 11.97 0.25 99.75

CONCLUSION

The μflow injection system is designed from 
available and low cost materials for the determination of
Green Malachite Dye. The home-made micro valve is
manufactured at Flow Injection Lab in Chemistry
Department-College of Science of Babylon University.
The μflow injection system is characterized with 
simplicity, rapidity, sensitivity, wide range of
concentrations, and low consumption of chemicals
towards greener analytical chemistry. In addition of high
efficiency due to zero dead volume, and clear form of
responses.
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