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An autosampler/injector commutator for flow injection analysis (FIA) was constructed with electronic components of used equip-
ments. The apparatus is controlled by commercially available multifunctional interface (PCL711B) connected to a personal com-
puter, and the software was written in Visual Basic language. The system was applied to water analysis and it presented satisfactory
results. The low cost and simplicity are the principal characteristics of the autosampler/injector commutator.
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1. INTRODUCTION

In analytical chemistry, as well as in all the other areas of sci-
ences, new tools that made the analyst’s work easier and de-
creased the operation time have been produced [1]. In this
context, great emphasis has been attributed to the flow injec-
tion analysis (FIA) systems due to their vast uses in several
techniques such as electrochemistry [2], atomic absorption
spectrometry [3], atomic emission spectrometry [4], chro-
matography [5], and spectrophotometry [6], among others.

FIA system is based on the sample introduction into a
carrier stream, which is transported until a detector [7]. Dur-
ing the sample course, reagents can be added either as chro-
mogenic reagents or as another function such as interferents
elimination, pH adjust, and ionic force, among others. Sev-
eral advantages of the FIA system can be related, such as the
raise in analytical frequency, low reagents and solutions con-
sumption, and mainly, its versatility [8]. In this way, the cre-
ativity of many researchers has been wakening up resulting
in several homemade devices. As an example, Bergamin et
al. [9] improved the analytical performance of a flow system
using an injector commutator (IC) as a sample introduction
device. In 1980, the same researchers mechanized an IC [10]
using two solenoids to switch the sampling and injection po-
sitions.

Nowadays, the computer is an ordinary apparatus in
many laboratories, interfacing almost all the analytical in-

struments [11]. The benefits of the computer use are unques-
tionable, mainly by the partnership of computers and flow
systems. According to Pasquini and Faria [12], there are four
possible points of automation in the FIA systems: (1) sample
injection, (2) sample presentation for analysis, (3) detector
control, and (4) data acquisition interface. The authors es-
tablished their ideas showing a system where the sample in-
troduction was done through a solenoid valve, and they used
a commercially available autosampler for sample presenta-
tion. CI 8155 I/O and a CI 74LS373 were used as interface
and buffer, respectively, and the programming language em-
ployed was Assembler.

Another interesting example of flow automation is the
work of Prop et al. [13], where the system proposed could
work for several hours without analyst’s intervention. A com-
mercially autosampler, equipped with solenoid valve, was
controlled by computer program (written in Basic language)
using a parallel interface.

Flow system automation procedures are well accepted
in analytical chemistry. This is due the potentialities at-
tributed to the FIA, as well as the demand of laboratories
to high quantities of results. Thus, the present work aim is
to build an autosampler/injector commutator automated for
FIA systems using simple devices commonly found in elec-
tronic equipments. The software was written in Visual Basic
6.0 language and a commercially multifunctional interface
(PCL711, Advantech) was used to control the system.
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Figure 1: General scheme of the autosampler and injector commutator.
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Figure 2: General scheme of electronic controller. The relays are commercial devices: 12 V, 10 A : 250 V; R = 300Ω, T = TIP122, and
D = 1N4348.

2. MATERIALS AND METHODS

The salvage parts from scraps instruments used in this work
are listed below:

(i) 2 stepping motors (1 and 2-HSI 31616-31) from old
atomic absorption equipment;

(ii) 1 DC motor (3-commercial DC motor-12 V, 1 A) from
automobile glass;

(iii) 2 sensors (electrical switches) from mouse of com-
puter;

(iv) 1 sample injector arm built with acrylic of an old elec-
trophoresis cube;

(v) 1 sample plate with 8 samples compartment built with
acrylic of an old electrophoresis cube.

The autosampler (Figure 1) allows the analysis of 8 sam-
ples sequentially substituted during the process. The system
is controlled by a microcomputer through a 12- bit analogi-
cal-digital interface (PCL 711B-Advantech) endowed with 12
bidirectional digital channels that get/put information from/
to an electronic controller, it is connected to the autosampler
(motors and sensors).

As can be seen in Figure 1, the components of the autos-
ampler are 2 stepping motors (1 and 2-HSI 31616-31), 1 DC
motor (3-commercial DC motor-12 V, 1 A), 2 sensors (elec-
trical switches), 1 sample injector arm, 1 sample plate with
8 samples compartment, and an electronic controller, as
shown in Figure 2. Sample 1 is adjusted in the first position
by sensor 1 during a 360◦ sample plate rotation and the arm
starting position (lifted up) is gotten from down position
(sensor 2 response) after an arm vertical shift. Between the
plate axis and stepping motor 1, there is mechanic reduction
torque (1:1000) to increase the rotation precision of sample
plate (stepping/radians).

The injector commutator has two positions: sampling
(A) and injection (B) of sample loop. A DC motor was used
to commute this device due to the high torque and speed of
response. The inversion of rotation direction can be obtained
by reversal electric polarity.

The electronic controller is responsible for carrying out
the commands from microcomputer. This device has 2 in-
tegrated components SN74LS541N (or similar), which pro-
vide isolation and protection to PCL 711-B and adapt the
power to TIP 122 transistors. These components control the
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Figure 3: Flowchart for automatic sampling software: Δt = time interval, tA = time to inject sample in the system, tB = time to fill sample
loop, and R = repetitions number.

stepping motors directly and switch relays to control the DC
motor.

The rotation direction and speed of motors are attributed
to software, as well as the signal acquisition from others in-
struments just as spectrophotometers and voltmeters. Visual
Basic for Windows 6.0 and Microsoft Windows 98 were used
as a compiler and an operational system, respectively. The
flowchart of the program is shown in Figure 3. The first step
is the initialization of variables and the automatic sampling
system positioning. The commutator is set up to “A” posi-
tion, the arm at “UP” (sensor 2 event) position, and the plate
on first sample (sensor 1 event). After the setup of graph and
acquisition variables, the user can carry out the acquisition.
The acquisition setup has two main variables: time to fill (tA)
and to inject (tB) of the sample loop into system, besides the
number of repetitions R (where time is equal to tA + tB) be-
tween sample exchanges and the number of samples can be
attributed to. All parts of autosampler are made from scrap
instruments, therefore it has low costs.

3. APPLICATION

The autosampler and injector commutator proposed in the
present work was tested in determination of phosphate
in water [14]. Figure 4 shows the signal registerations, in

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

A
bs

or
ba

n
ce

0 2 4 6 8 10 12 14

Time (min)

Figure 4: Analytical signals (in triplicate) of 5, 10, 15, 20, 25 mg
L−1PO3−

4 standard solutions.

triplicate, for standard solutions. The measurements were
done in peak height. The linear regression equation for the
analytical curve was A = 0.0229C +0.0581 (A= absorbance
in peak height and C = PO−3

4 concentration in mgL−1) and
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the linear correlation coefficient obtained was R = 0.9937.
The good precision of the measurements with relative stan-
dard deviation was always lower than 1.4%.

4. CONCLUSION

The autosampler and injector commutator presented satis-
factory results. Its main characteristics are low cost for build-
ing and implementation, robustness, and easy operation. It
is important to point out that some components were ob-
tained from broken electronic equipments (scraps). The ap-
proximate cost of the components used was of 50 dollars.

ACKNOWLEDGMENTS

Financial support from Coordenção de Aperfeiiçoamento de
Pessoal de Nı́vel Superior (CAPES), Financiadora de Estu-
dos e Projetos (FINEP), and also from the CNPq Scholarship
granted to the first author is gratefully acknowledged.

REFERENCES
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