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Abstract

In the present work a brief introduction on multisyringe flow injection analysis (MSFIA) is carried out, including a
description of the main characteristics of the system, advantages and inconveniences against_other flow techniques,

historical evolution and its different ways of performing.
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Introduction

Since segmented flow analysis, proposed by Skeggs',
which can be considered as the first flow technique,
different variants have ‘appeared, such as flow injection
analysis2 (FIA), sequential injection anenlysis3 (SIA) and
multicommuted flow injection analysis4 (MCFIA) ® each of
them offering several advantages and inconveniences
described in a critical review published in Talanta®.

The most recent flow technique is the so-called
multi'syringé flow injection analysis (MSFIA), which was
conceived with the aim to compile all the advantages of
the former ~techniques, i.e., sampling rate of FIA,
robustness, versatility and reagent saving of SIA, speed of

the commutation valves of MCFIA, etc.

MSFIA set up

The system starts with an automatic burette usual for
titrations, in which the motor propels simultaneously and
solidarily several syringes which can be of different
diameter, which will define its flows ratio (Figure 1). At the
head of each syringe a rapid commutation three way
solenoid valve is found, which allows the commutation
between two inlet/olitlet positions without stopping the

burette engine.

Advantages and disadvantages of MSFIA against

other flow techniques

Multi-Syringe Burette
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Front view Schematic Representation

A -Piston driven bar ; B - Syringes (S1- $4) ;
C - Commutation valves (E1 - E4) ; D - Tubing lines (L1 - L4}

Figure 1. First MSFIA prototype

As above mentioned, MSFIA involves several advantages
of the former flow systems. ‘

On the one hand, carrying out the mixing of
sample and reagents in parallel, allows to achieve the
speed of FIA and its easiness in the mixing of fluids. In
fact, the need to take a certain amount of time in loading
the burettes makes _this slower,

system _ slightly

disadvantage ~which may be overcome by the
implementation of an additional burette which finishes the
impelling of the sample segment up to the detector, while

simultaneously the multisyringe is carrying out the loading
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process. With-this configuration, injection throughput of up

to 200 per hour have been attained.

MSFIA does not possess, however, one of the
great virtues of FIA -and which is unique to this latter
technique against all the remaining techniques- consisting
in the possibility of being applied without the presence of a
computer. However, this is not totally an inconvenience for
MSFIA and the remaining techniques, since the presence
of a computer provides several advantages such as that of
becoming very adequate for the stopped flow technique
and, moreover, in the case of SIA and MSFIA, the
advantage of only starting the system when measuring is
required, thus, implying a considerable saving on sample

and reagents. As in SIA, MSFIA has the great advantage

of not requiring flexible tubes in the peristaltic pumps and,
therefore, the liquids are only in contact with glass and
Teflon, making these techniques especially robust in the
handling of aggressive reagents and organic solvents.

MSFIA presents against SIA a significantly higher
analysis rate due to the manipulation of liquids in parallel.
Nevertheless, SIA is amidst all the flow techniques the one
offering a greater versatility and the most suitable for
multiparametric analysis. If a sufficient number of ports are
at disposal, determination of all the significant parameters
of a sample7 is feasible with only one SIA system, without
involving'great difficulties.

Sampile injection techniques in MSFIA

Initially, MSFIA only involved four syringes with solidary
movement, implying the
necessity of an additional device
to be able - to inject
predetermined sample volumes.
With this aim an additional
module containing a
injection valve of traditional use

in FIA was employed.

rotary

In the second
prototype®, two  independent
commutation solenoid valves

were incorporated at the top of

the multisyringe burette (Figure

Figure 2. Second
MSFIA prototype

2). By placing a Teflon coil

between -both valves, the -additional -module-of the rotary
valves was then not required, thus, making the system
more compact, economical and versatile.

The benefits introduced by these additional valves
induced the creation of a third prototype in which versatility
was enhanced by avoiding the pre-fixing of valves to be
used and increasing the number of valves which could be
controlled. For this purpose the valves located at the top of
the module were eliminated and a iead was placed behind
the latter, with four outlets, in such a way that each of them
presents a commutable voltage of twelve volts. In each
outlet up to three solenoid valves can be connected (or
other devices which can be fed with this voltage). In this
way, by using the same outlet, a synchronic commutation
of several valves can be carried out (Figure 3).

Instead of using the system of a fixed load in a
Teflon coil, requiring
two solenoid valves
and for each injection
the process of
loading the syringes,
it is. far
convenient to use the

more

time based injection

method. In.. this
method only one
commutation  valve

and a coil with a load
large enough so as to
contain sufficient

sample to carry out

three injections are

Figure 3. Third MSFIA version

required. This coil is
located between the independent valve and that of a
syringe (Figure 4). When the loading process is started,
the coil is loaded with sample, so when the unloading
process is carried out, the independent valve is commuted
during a pre-fixed time. Consequently, an injection of a
sample in the manifold -whose volume is proportional to
the time in which the valve is found activated- will take
place. In this way, with only one burette unloading three
injections or more of the same sample are feasible to be
carried out.
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Figure 4. MSFIA setup for time based injection
methods

In the fourth MSFIA generation a CCD
spectrophotometric detector has been incorporated inside,
in such a way that the whole analytical system happens to
be integrated in the same module (Figure 5). This detector
is able to obtain a spectrum between 200 and 850 nm with
a-minimum time of -5 milliseconds, which permits to attain
; a complete spectrum
for each point of the
MSFIAgram and, thus,
correct the Schlieren
effect and apply the

chemometric

techniques of
multivariate ~ analysis.
The  burettes and
solenoid valves are
controlled through a
double RS232C

interface, allowing the
construction of a
complete system with

Bk T other detectors (pH,
Figure 5, Forth MSFIA duc
version, with a valve platform ISE, conductimeter,
and 'a CCD spectropho-  autosampler, etc) by

tometer inside only occupying one

serial interface of the computer. The spectrophotometer is

‘controlled through an USB interface, by which it is also fed.

In this way, this module together with a computer

(notebook) constitutes a very portable flow analytical
system®.

SIA-MSFIA systems

The last multisyringe generation system has proved to be
very versatile, since combined with another valve module
provided with two allows  the
implementation . of double and simultaneous sequential
injection system (Figure 6). This double system has been
employed by -our research group to develop a
multiparametric monitor for the quality control of waters
used in the co-generation of energy, with which all the
significant parameters of a sample can be analysed every
30 minutes (pH, conductivity, acidic conductivity,
phosphates, silicates, hydrazine, ammonium and iron). In
this double -SIA system each selection valve is- used
connected to a pair of syringes of the multisyringe burette,
allowing a better mixing of liquids in parallel.

selection  valves

Figure 6. Double and simultaneous SIA system,
constituted by a Multisyringe burette and a valve
module provided with two selection valves

- Another way of combining SIA with a multisyringe
burette is based on the use of a SIA conventional system,
composed of its burette and a valve module, with which the
versatility present in SIA -involving the performance of very
different operations- is added. Once the previous
manipulation of the sample has been carried out, it is then

impelled towards the multisyringe burette, where the mixing
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process of sample and reagents is accomplished, with
further detection of the formed products.

Colimmin Coil  Coi

Figure 7. SIA-MSFIA system. The SIA components (in
dark gray) are used for the sample pretreatments,
whereas the MSFIA module is used for the final sample
treatment and detection.
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