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Abstract

This work falls into three parts the first one covers the basic
presentation of flow injection analysis as a way of conducting analysis. It
includes basic definitions, comparison with other more or less related
techniques, and chromatography or classic way of analysis (beaker
chemistry). It also includes the main modes of operation. The second part
describes all the chemicals used and their preparation as well as the steps
leading to 2x6 - port injection valve with variable loops size for
conducting merging zone techniques. It also deals with the flow cell
design arrived at as a real practice adopted for the work in this project.

The third part developed to the application conducted throughout
this work in determining hydronium ion as a leading spectrophotometric
based on an ON-line approach. The determination of Hydrochloric acid
linear ranges (for extend) from 8x10°- 3.5x10* M with theoretical limit
of detection (L.O.D) of 2.9x10® g/40ul and practical of 4.8x108 g/40pl,
sulphuric acid (range 2x10° — 1.5x10*M) with theoretical L.O.D of
6.27x108 g/40ul and practical of 9.24x10® g/40ul, phosphoric acid
(range 10— 3.5x10“M) with theoretical L.O.D of 7.84x10® g/40ul and
practical of 7.87x10® g/40ul , nitric acid (range 7x10° — 3.5x10*M) with
theoretical L.O.D of 6.44x10® g/40ul and practical of
5.04x1078 g/40ul, perchloric acid (range 10“-3.5x10*M) with theoretical
L.O.D of 8.03x10® g/40ul and practical of 13.11x108 g/40ul, formic acid
(range 1.5x10%-4.5x10*M) with theoretical L.O.D of 3.68x10% g/40ul
practical of 3.8x108 g/40pul, acetic acid (range 6x10° — 3.5x10*M) with
theoretical L.O.D of 3.84x10® g/40ul and practical of 5.93x10® g/40ul,
citric acid (range 5x10°-2x10°M) with theoretical L.O.D 16.8x10®
0/40ul and practical of 90.06x10® g/40ul, triflouoroacetic acid (range



1.5x10%-4.5x10*M) with theoretical L.O.D 19.5x10® g/40ul and
practical of 25.87x10® g/40ul and buffer range (3x107° - 7x10°°M) with
theoretical L.O.D of 4.4 x10® g/40ul and practical of 6.2x10% g/40ul
comparison of theoretically calculated value from acid concentration
obtained from practical measure agrees well with pH-meter reading. Also
the pH-meter cannot read microliter sample volume. Hydrogen peroxide
was determined through the relased lodine, linear analytical range
extended from 1x107 to 3x10 mol.I* using 40ul. which corresponded to
4.08x10*ug to 1.22 ug with a detection limit of 1.36x10%° g /40ul which
Is regarded as a very good linearity (four order of magnitude). lodate and
iodide ion were also determined at 2x10°5- 40x10® mol.I* which

corresponded to 13.99x107 ug to 27.98x102ug. with a detection limit of

1.4x108 g. 1073 per sample at 3¢ and from 8x10* -4x10° Mol.I"* which
corresponded to 40.6x10-1 ug to 20.60 ng with a detection limit of
5x107g, I per sample at 3o consequently. Nitrate and Nitrite ion were
determined at 0.4x10° - 8x10° mol.I'* which corresponded to

4.96x103ug to 0.049 g/ injected sample. Nitrate ion was determined via

reduction to nitrite ion then the mixture of both was also determined.
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1.1 General Introduction

Flow-injection analysis (FIA) is defined as an automated or
semiautomated analytical process cosisting of a sequential insertion of a
discrete sample solution into an unsegmented continuously flowing liquid
stream with subsequent detection of the analyte. It is a relatively new
analytical processY), which shows a considerable potential for high-speed
precise. Flow-injection analysis is based on the injection of a liquid
sample into a moving nonsegmented continuos carries stream of a
suitable liquid. The injection sample forms a zone, which is then
transported toward a detector that continuously records the absorbance®.
(FIA is based on the technology of flow (FIA), the quick chemistry offers
high sample throughput couppled with simple and rapid method
changeover to maximize productivity in determining ionic species in a
diversity of sample matrices from sub-ppb to percent concentrations). The
simplicity and ruggedness of FIA and combined with the outstanding
accuracy, precision, and minimum detection limits. Automated flow
injection systems have been applied to on-line process analysis in
industrial and environmental situations with a great deal of success. Flow
injection analysis is also ideally suited to monitoring solution phase
chemiluminescence reactions due to the capability to mix-sample and
reagent in close proximity to a detector.

The whole process of sample/standard injection, transport, reagent
addition, reaction and detection can be accomplished very rapidly
(seconds to loss of seconds), using minimum amounts of sample and
reagents, with excellent reproducibility (e.g., coefficient of variation, cv,

generally <2%).



1.2 Flow Injection Analyzer

The samplest flow-injection analyzer is shown in Fig(1-1). It
consists of a pump, is used to propel the carrier stream through a thin
tube, which an injection part by means of which a well-defined volume of
a sample solution (S) is injected into the carrier stream in a very
reproducible manner, as well as a reaction coil in which the sample zone
disperses and react with the components of the carrier stream forming a
species sensed by a flow-through detector where the signal is presented
an a reorder. A typical recorder output has the form of a peak Fig(1-1b),
and the height (H) of which is related to the concentration of the analyte.
The time span between the sample injection (S) and the peak maximum,
which yields the analytical readout, is the residense time (T) during which
the chemical reaction takes place usually within less than 30 seconds. The
injected volume is between 1 and 200 ul, which in turn usually requires
no more than half a milliliter of reagent per analysis. This makes FIA an
automated microchemical technique, capable of a sampling rate of at least
100 measurements per hour, with minimum reagent consumption®. Two
types of automated continuous flow methods are encountered: segmented
flow method, in which the analytical stream is divided into discrete
segments by periodic injection of bubbles of air, and non-segmented flow
procedure in which the analytical-stream is unbroken. The latter is

generally termed as flow-injection analysis®.
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Fig. (1-1): a- Single-line FIA manifold , b-Recorder output

The conventional continuous flow analyzer shown in Fig. (1-2-a) is
based on the use of air-segmented stream®. The purpose of segmentation
is to preserve the identity of the individual samples. In such an analyzer,
the samples are successive introductions from their individual containers
into a tube and then forward through a pump farther into a system. The
following stream is regularly segmented by air-bubbles delivered by
another pump tube. The reagent is added to all individual segments,
which then pass through a reaction coil, where the chemical reaction

takes place. The air segmentation has to be removed in a debubber (d);



otherwise, the flow through detector would yield a disturbed signal
unsuitable for direct recording of the resulting signal as shown in Fig. (1-
2-b).

; A % d \°
(a)

E’?ﬂrﬁ [[UJMH
(b)

Fig. (1-2) a) Air-sementation Continuos Flow System
b) The Analysis of Fine Samples With Increasing
Analyte Amount.

In the air segmented stream, each segment of fluid can be viewed as
an individual container, separated from neighboring ones by an air bubble
on each side, in which the liquid is homogeneously mixed as a result of
circular movement caused by friction with the tube walls®®. Each
segment carrying a fraction of a long aspirated sample zone contributes to
the gradual build up of the signal recorded by a spectrophotometric flow-
through cell. The beneficial effect of air segmentation in preventing



carryover has been so obvious that the necessity of introducing air
bubbles is never really doubted, although the drawbacks of their presence
in the flowing stream are well known:

a) Because of the compressibility of air, the stream tends to pulsate rather
than flow regularly.

b) Stream, have to be debubbled before they enter the flow cell.

c) The size of the air bubbles has to be controlled for faster sampling
rates.

d) The pressure drop and flow velocities vary in the presence of air for
different tubing materials®.

e) Air bubbles in plastic tubes act as electrical insulators supporting a
buildup of static electricity which disturbs potentlometric sensors“9,

f) The efficiency of dialysis, gas diffusion across in membrance and
solvent extraction is lowered as a result of a decrease in the effective
transfer surfaces.

g) The movement of the carrier stream cannot be exactly controlled or
instantly stopped. The main features of FIA are the absence of air
segmentation and the method of injecting the sample into the flowing
stream, as a result of which the method merely offers some kind of
technical improvement, such as: a higher sampling rate and very rapid
availability of the analytical readout. Yet the most important aspect of
the FIA is the concept of controlled dispersion of the sample zone,
which is entirely new in analytical chemistry and an understanding of
which allows the design of a FIA system exactly suited to automate a

given analytical procedure®V,



1-2-1 Comparison between Beaker Chemistry and

Continuous flow-injection

The rapid development of continuous flow-injection analysis and the
expansion on its use are due to the number of advantages over manual
operations. The aim is to replace the glassware such as beaker, pipettes,
burettes, flasks,...etc by tubes, pump and valves. The FIA methods are
more rapid than manual methods, within a minimal contact between the
operator and toxic reagents. It can operate reproducible over long periods
and the precision of analysis has been shown to be consistently good
because it reduces human error*?, In addition, it is a closed system where
oxidation and contamination of samples and reagents by atmospheric air

is prevented®?,
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Fig. (1-3) a) FIA curve recorded at high chart-speed showing the

important parameters.



i)

b) FIA curve registered at low speed, the typical
situation, injection of four standards in triplicate and
an unknown sample in quintuplicate.

1-2-2 Flow-injection Analysis Signals
A schematic diagram of two FIA recording signals, which will
variously be called FIA curves, or record, is shown in Fig. (1-3) where
there are plots of the analytical signal (absorbance, fluorescence, intensity
and potential) as a function of time.
The essential features are as follows:
Peak height h, which is related to the concentration
of the component determined in the injected sample and the
peak area could also be used.
Residence time T, which is defined as the span
elapsed from the injection until the maximum signal is
attained. It should not be confused with the travel time, t,,
which is the period elapsed from injection to the start of the
signal (1-2 % increase above base line). However, the
difference between the two parameters, t'=T-t,, is usually
very small.
Return time T’, which is the period between the
appearance of the maximum signal and the return to the
baseline.
Baseline to baseline, At, defined as the interval
between the start of the signal and its return to the baseline.
This parameter is a measure of the dispersion or dilution of
the analyte so
T+T =ta+ At
At=t'+T



The record shown in Fig. (1-3-a) corresponds to that of a well-
established FIA method, and was registered at a lower chart speed than
that shown in Fig. (1-3-b) which shows the signals corresponding to four
standards injected in triplicate-the usual practice- and those of a sample

injected in quintuplicate.

1-2-3 Comparison between two Chief Continuous Analysis;
Segmented (SFA) and unsegmented (FIA)

A detailed summary with specific data is presented in table (1-1). It
should be stressed that FIA offers higher sample throughput, uses smaller
a mounts of reagent, provides a larger number analytical data and opens
new possibilities.

Table (1-1) Comparison between SFA and FIA

Parameter

SFA

I Sample introduction

Aspiration

in

Sample volume

0.2-2 mi

10-100 ul

Response time

2-30 min

3-60 sec.

Bore tubing

2 mm

0.5-0.7 mm

Detection

At equilibrium
(homogeneity)

With controlled

(dispersion)

Sample throughput

< 80 sample/hr

< 300 samples/hr

Precision

1-2%

1-2%

Reagent consumption

High

Low

Wash-out cycle

Essential

Not required

Continuous kinetic

analysis

Not feasible

Stopped-flow

Titrations

Not possible

Possible

Data produced

Peak height

Peak height

Peak area




Peak width
Peak to peak distance

1-2-4 Selectivity in Continuous Flow Analysis

When all experimental parameters such as sample volume,
residence, dispersion, temperature, time of exposure of sample and
interferent to reagent can be rigidly controlled and reproducibility
maintained with these conditions met, it makes sence to express the
selectivity of a method for B of concentration of Cg, by a numerical
value. As any interfering species A of concentration Ca, toward an
interfering species always appear as positive or negative, this interference
can be expressed quantitatively as the selectivity coefficient Kag®®.

C'a=Ca+ Kas Cg ..(1-1)
where C’a is the total concentration of A measured, and Kag is the
selectivity coefficient of B in determination of A. The dispersion
coefficient of the species are
_Ca C’s

’ DB: . e 1'2
"= c. (1-2)

D

If the height h of analytical signal obtained and the height of the
detection response are linearly related to the concentration of A and B,
the actual height of the signal will be given by:

H=KCA ...(1-3)
where K is the proportionality constant between signal height and
concentration. If no interferent is present, then:

C°g= Cg = 0 the height of signal could be obtained as follows:
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=K, =K=2, D,= (1

4)

whereas if B contributes to the signal yield by A, the signal height is

h, =K(C, + KABCB) =K Ca +KAB:CB ...(1-5)
DA DB
If all measurements were made at a point where both dispersion

coefficients have the came value Da = Dg, then:

Car K

D=K=2=22[C"a +K,,Cs] ...(1-6)
hl 2
Hence
Ca h
Kpe=K——=-*-1 (17
R =

This expression allows the selectivity coefficient to be calculated
from the initial analyte, the interfernt concentration, the signal obtained in
the presence and the absence of the interferent. The Kag values could be
positive or negative, depending on the sign of the interference. Solving
Eq. () for h, gives

h, =K oy i, ...(1-8)
C

A
The plot of h2 against C’s for series of experiments gives straight
lines with slopes of hiKag/ C’s and intercept hy. The slope gives the
selectivity coefficient (tKag).
Three ways could be used to overcome the interferences®):

Injection using a dual valve into separate channels

with synchronous merging.



11

i) Injection using a dual valve into separate
channels with an asynchronous merging.
i) Injection, using two valve series into a single
channels with an asynchronous merging©®.

The first method is applied with the aid of manifold illustrated in

Fig.(1-4).
ml/min
(a)
SA
H.0 an a
H20 D) b
R SB

Fig. (1-4) Synchronous merging of samples . S* and SPB injected
simultaneously into two separate carrier stream (water).
a) Manifold with identical length of a and b.
b) Test of sychroization, where identical sample

volumes of S* and SB are injected.
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The synchronous merging is achieved by pumping to injected
zones equal volumes of A and B through equally long lines a=b in which
the pumping rates are identical. As shown in Fig. (1-4), a single peak was
recorded and it increased as the concentration did. When an exact
sychronization of the two injected zones is achieved, the dispersion of
both species in the merged zone is identical along the whole merged
gradient, and it is practical to measure peak maximum height and to
calculate the Kag value. The second method deals with the injection into
separate lines with a synchronous merging®”. The signal must be
measured at tn, so that Da=Dg. For brevity, only the manifold used to

implement that method with a dual injection value will be discussed. Its

basic design is shown in Fig. (1-5)
ml/min

It WJJl‘

Lsc-se;ub => Dy=Dgin MI

t or Scan >

Fig. (1-5) Synchronous merging of samples . S* and SPB injected
simultaneously into two separate carrier stream .
a) Manifold with (a #b. b) The signals obtained by
injection samples of identical volume .
The dual injection valve injects two equal volumes into anaqueous
carriers which circulate along lines with different lengths where a=b
between the valve and merging point. The resulting mixtures pass

through the reaction coil, which leads them to the photometer. Fig. (1-5)
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shows the FIA record of the behaviour of each species, S* and SB
when injected separately and together S”+SB. At the point where both
peaks obtained by separate injection intercept each other, Da=Dpg,
therefore this point indicates the measurement time t,. The point M
indicates the dispersion for S* and SB are identical. Fig. (1-6) shows the

merging zones for S* and SB separately and together.

SB+ gA
/ —
SB 4, \ . SA
> /4 \ \\
ll
A\ J W
X =

Fig. (1-6) The merging zones of S and S®

The practical advantage of the separated solutions methods is that
only a few solutions; essentially only a single solution of A and a few
solution of B. Moreover, this method has a serious draw back; it is
essential that the flow rates in both channels shown be maintained
absolutely constant through all the experiments. The injected zones must
merge stoictly reproducible at all times, for both synchronous and
asynchronous merging. The precision is critically dependent on
maintaining not only the two pumping rates, but also their absolute
values, which is significantly more difficult®®. The third method deals
with the injection into a single live with asynchronous merging as shown
in Fig. (1-7).
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ml/min

(a)

H.O

t or Scan »

Fig. (1-7) Asynchronous Merging of Identical Volumes of Samples SA
and S®.

1-2-5 Selectivity in Flow-injection Analysis
As a rule, FIA methods are less sensitive then their manual and
segmented flow Analysis (SFA) counterparts for two reasons:
1- As the reaction time is rather short, equilibrium is not

attained.
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2- The physical dispersion or dilution of the sample in

the carrier results in a signal of lower intensity than that
corresponding to the undiluted plug. Valcarcel and Castro®?
attempted to improve the sensitivity by adjusting either reaction
time or the dispersion leads to opposing effects, since the use of a
lower flow-rate, to increase the reaction yields, results in an
increased dispersion. Both the chemical and FIA variables of
each flow-injection manifold should be optimized in order to
attain the maximum sensitivity level.

The sensitivity can be improved by introducing suitable modifications
to the FIA manifolds, i.e., a merging (where the reagent converges with a
pure solvent stream into which the sample plug is injected) is used to
achieve a greater extent mixing of reagent sample and plug. In addition,
the sensitivity will be increased by increasing the injected sample volume
when using this type of configuration instead of injecting samples directly
into the reagent stream. Moreover, to improve the sensitivity by using
continuous separation system incorporated into FIA, assemblies can
achieved by using a microcoloum pack with cheating exchange resin to
concentrate heavy-metal ions in sea-water samples?,

The two zones A and B are injected by means of a double valve into a
single carrier line, and the two injection zones are separated by a suitable
length of delay coil. Sample A reaches the detector before sample B. As
sample B has to travel through a longer path than A, the injection of
identical concentration in the two valves will result in peaks of different
heights. Once M and t, have been determined, they can readily be
rechecked by injecting a fixed concentration of alternately by each value:
iIf M is unchanged, the peak height measurement for each injection should
be identical. It is interesting to know that the three methods provide Kag

values that are consistent with one another.
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1-2-6 Flow-injection and Chromatography

In this section a simplified comparison is presented to show the great

similarity of this technique with high performance liquid
chromatography®®,
Continuous flow
analysis Sample Deagration
- Propelling Reactor A
Liquid > > or . . Detector
. > system > >
Reservoir P separator
Air
Flow-injection
analysis sample
A
Liquid Propelling Injection Reactor
> > > or » | Detector
Reservoir system system separator
Liquid
chromatography Sample
- .‘ -
Liqui Propelling Injection
IqUId > > > Column > Detector
Reservoir system system
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Fig. (1-8): Schematic Block diagram representation of FIA, SEF and
(Liquid chromatography)

According to Vandereslice et. al.,?®29 the following similarities
should be emphasized, miniaturization capability, injection, unsegmented
flow, small sample volume, signal profile and the fact that lack the
characteristic lag phase of SFA. Table (1-2) shows common characteristic
of HPLC and FIA.

Table (1-2) list the common differential features FIA and HPLC
(high performance liquid chromatography)

o Differential characteristic
Common characteristics

HPLC FIA

Unsegmented flow Interface Always Accasionally

Sample introduction Column Essential Possible

injection

Sample volume: small Pressure High Low

Flow-rate: variable Data produced Peak Peak heigh/area
height/area width, peak to peak

distance

Tubing diameter: Cost High Low

small

Lag phase: negligible Versatility main Limited Great

analytical purpose Several A single
components in | component in many

a single sample sample

The substantial difference between FIA HPLC, is that HPLC
operates at pressure more than 70 atm whereas a FIA system could be
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operates at about 0.5 atm by using a simple peristaltic pump. That is
because in HPLC the liquid has to be forced through a tightly packed
column material, whereas in FIA the sample zone passes through short
length of narrow tube. Basically, however, FIA and HPLC are two quit
different techniques, because their principles and purpose are
different(®0-32),
1-2-7 Dispersion

Dispersion is defined as the ratio of the concentration before and
after the dispersion process has taken place in those elements of fluid,
which correspond to the maximum on the dispersion curve, Fig. (1-9), by
denoting C: as the original concentration of the injected sample solution

and C™*as the concentration in the element of fluid corresponding to the

peak maximum®©0,

=
|

c° | v

- ——

Signal

Fig. (1-9) Dispersion D in the FIA system
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The controlled dispersion of the sample zone which occurs
during its passage through the system towards the detector results in a
response curve as shown in Fig. 10. Fig. (1-10) shows a peak shape
characteristic of the flow injection system. Naturally, the sample zone
bradens as it moves downstream and changes from the original
asymmetrical shape to a more symmetrical and eventually Gaussian

form®®),

Fig. (1-10) Typical peak forms and corresponding concentration
profile observed: (A) at the point of injection; (B) shortly
after injection; and (C) after passage through an open

narrow tube.



20

Generally, dispersion can be classified into three brad categories;
limited, medium and large, which can be employed in the following
ways.

If the original composition of the sample solution is to be measured,
e.g., pH or conductivity, limited dispersion pf the sample zone is
required. Inorder to ensure that the readout as obtained at the centre of the
sample zone is not effected by any mixing with the surrounding carrier
stream. Also when the flow injection system is to serre merely as a means
of reproducible introduction of the samples into a detector, the conditions
of limited dispersion are most suitable®®. However, in medium
dispersion the centre of the sample zone must be mixed effectively with
the carrier stream and often with several reagents in sequence and if the
interfacial concentration profiles between the sample plug and the carrier
stream or to be employed, a large dispersion of the sample zone is
required. Fig. (1-11) shows the types of dispersion together with the

corresponding vessel geometries.

D1lto3 l

v

D >10

\ 4
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Fig. (1-11) Types of dispersion (D), together with the
corresponding vessel geometries.
1-2-7-1 Factors affacting dispersion
The overall dispersion within an FIA system is the sum of the
dispersions originating in three main parts of system®4:
D= Dinjection + Diransport + Dectector ...(1-10)

Where Dipjection 1S the dispersion due to the sample volume and to the
geometric aspects of the system, Dianspor 1S the most significant
contribution to the overall dispersion which includes the contribution of
the reactor geometry and the flow rate, and Dgeceror donetes the
contribution of the flow cell geometry (shape and dimensions) to the
dilution. All three terms include contributions from factors such as deal
volumes connectors, which can be very important in some instances.
Sample volume

Fig. (1-12) shows the FIA signals obtained with an elementary FIA
system which increasing volume (vi<v,<vs<v,) of a dye have been
introduced, and recorded by starting from the same position on the chart
S0 as to obtain a series superimposed curves. Ruzicka et. al.,®> concluded
that travel time does not depend on the injected volume however the
residence time and baseline-to-baseline are both increases with the

injected volume. The dispersion coefficient decreases with mcreasing

uIDrcocn

1

Al

(Col ho

signal

Analytical
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Fig. (1-12) Influence the injected sample volume on dispersion
coefficient
(i) Hydrodynamic factors
Vanderslice’s expressions indicate the relation between the flow

rate, g and baseline-to-line times

t = ...(1-11)

109 R 2 D 0.025 ] Ll.025
f

and K constant which =

K’: constant =

35.4R*D** f**
D
KI
= q0.64

At .(1-12)
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where t, is travel time , At is baseline-to-line time and q is the

flow-rate. Fig. (1-13) shows that the dispersion, t,, At, should decrease

with the increasing flow-rate®,

Le00cem
€+ 0%
L geBETl fven
7 4«05 i
3 e 200 Smer
4 L 3wl i
3
A
7
1

o)

1

; . ;C @0 &0 l'ﬂ 180 120 .2 WO TiwE fsed!

Fig. (1-13) Influence of flow-rate an the dispersion, time and peak
width.

(if) Geometric factors

Geometric factors deals with the influence of the reactor shape and
its dimensions on the dispersion®®, There are two shapes of reactor:

(a) straight tubes

Fig. (1-14) shows that t, At increase with the reactor length
according to Vanderslice’s predictions

Ta= KL1.025

and

At = K'LL06 ...(1-14)

where L is the reactor length.

The dispersion coefficient increases with the increasing reactor
length, which is consistent with Ruzicka’s expression.

D = KL ...(1-15)



24

Where D is the dispersion coefficient

h

d =0.50 mm
=20 ml/min

L= SO0cm
L= 100cm
L= 150cm

n . L=200cm

-
S WN=e 0

=+

L L L)
0. 10 20 30 TIME lse

Fig. (1-14) influence of reactor length on the signal obtained which
shers brocedeing increased (50-200 cm) as the length (b)
coils

Fig. (1-15) shows the signals obtained with a conventional FIA
system for a reactor of constant length L=125 cm in the form of straight
tubing(1), a coil with diameter 26mm (2), and a coil with diameter

4mm(3). From this curve the smaller diameter, the smaller the

SIGNAL
i —
e —
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dispersion©®?,

Fig. (1-15) influence of coil diameter an the dispersion

1-2-8 The stimulus response technique

The flow injection analysis response curve is a result of two
processes, the physical process of dispersion of the sample zone within
the carrier stream and the chemical process of formation of a chemical
species. The physical process of material dispersion is due to the
hydrodynamic processes which take place in the flow through system and
is therefore conveniently investigated by stimulus response technique©®),
This technique is based on introduction of tracer into flowing stream and
on measurement of the dispersion of the tracer as caused by the transport
process throughout the system. If the tracer is injected as a zone
(stimulus), then the observed response reflects the dispersion in the
system through the increase of the width of the tracer zone as increased
by the combined contribution from convection and diffusion. These two
steps occur simultaneously. If the response curve has a Gaussian shape,
then its first statistical moment, the mean of the tracer curve corresponds
to the maximum peak, when expressed by units of time. The first moment
allows estimation of the average time available for chemical conversion,
since it constitutes the mean residence time that the tracer material in
average has spent in the reactor. The second statistical moment is
proportional to the peak width, and for the Gaussian peak, it is the
second power of the half peak width measured at 0.61 peak height®? as
shown in Fig. (1-16).

The increase of the second moment caused by transport through the

reactor is due to the dispersion. The relation between dispersion and
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residence time is an important parameter for optimization of all types
of flow systems as shown in Fig. (1-17).

It is application varies depending on the purpose. These are two
reasons: first is that the mixing in FIA is nonhomogeneous and
directional (since it yields a concentration gradient in both axial and
radial direction), and as a result of this stratification the ensuing chemical
reactions take place gradually, while the reagent penetrates the sample
gradient during the movement of the dispersing zone through the channel.
Therefore, the FIA response curve is not only a result of the processes
that occur at the detector location, but also of all the processes that
gradually take place upstream in the FIA system at variable reagent
concentration. The FIA readout is selected at peak maximum according to
Seberga’s model®® as shown in Fig. (1-18) and Fig. (1-19) the movement
of the liquids in the tubes could described by the convective-diffusion

equation.

2 2 2
p, (&€, &, 100} & ey Iy ..(1-16)
R*" ox

o o rat) et
where D is the molecular diffusion coefficient, ¢ is the
concentration, x is the distance along the tube, r is the radial distance
from the tube axis, R is the tube radius, t is the time and F is the average

flow velocity. The reduced velocity is described by the peclet ][Number

Pe = R(2F)/Dn, .(1-17)
the reduced distance x

X = Dm X/ R?(2F) ...(1-18)
The reduced time T
T=Dm t/R? ...(1-19)

Were selected to approximate the range of FIA conditions, that is,
Pe>1000
0.004 <x<1.0
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0.002<T<0.8
When the contribution of diffusion to radial transfer in negligible, a
sharp rise at the peak leading edge and exponential decay at its tail,
characteristic of convective dispersion due to a poisseuille profile are
observed. For long residence times (T=0.4) a nearly Gaussian peak is
observed, while for shorter residence times a peculiar double-humped
peak is observed. Ruzicka and Hansen®® are another equation for

baseline to baseline value.

Aty = 56.7 R0-293 0-107 Q1057 ...(1-20)
and for dispersion coefficient D at any time t:
D = Cof Crax = 2.342 | 0106 Q0-206 R0.4%6 ...(1-21)

The second reason is that flow injection analysis encompasses a
much wider range of solution, that is sample dilution, preconcentration,

reaction rate measurement and multicomponent detection.
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Fig. (1-16) a- Curves for plug, mixed and arbitrary flow
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Fig. (1-17) Dispersion of a sample plug in a straight tubular channel.

Fig. (1-17) Dispersion of a sample plug in a straight tubular channel.
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Fig (1-18) Dispersion in coiled tubes. a) Equivelocity profiles in axial

direction. b- Equivelocity profiles in radial direction
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Fig (1-19) Axial velocity profiles in a coil tube.

1-2-9 Operation modes of manifold

Diff voracious mode of operation could be conducted in FIA system
mainly single line and multiple line system in the following section a
brief clisscussion is presented

Single-line manifolds Fig. (1-20) shows the

simplest FIA system which consists of one tube through
which the carrier stream moves towards the flow through
detector. Depending on injected volume sample(s) tube length
(L) and flow geometry. In this system, limited, medium, and

large dispersion can be achieved®®49),

ml/min

S

Carrier stream 'I' @ W
/|
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Fig. (1-20) single-line manifolds

(i) multiple lines sequential use of only two reagents
Is a simple matter because a manifold designed for this
purpose involves only one confluence point at which a second
reagent is added to the sample zone when carried by the

stream of the first reagent®? as shows in Fig. (1-21).

ml/min

Base /

Fig. (1-21) Two-lines manifolds

And, Fig. (1-22) shows the manifolds of three lines where the reagent are

added sequentially and then the reaction product was occurs®243,

ml/min

S
|
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Fig. (1-22) Three-lines manifolds

1-2-10 The merging zones

The relatively high reagent consumption is the main disadvantage of
all continuous flow systems, which, in contrast to batch analyzer , use the
reagent continuously even when there is no sample present in the
apparatus notably during the startup and shutdown procedures.

This problem is not as great in FIA, where the volume of the sample
path is seldom larger than a few hundred microliters and therefore easy to
fill and wash in a very short period using small amounts of reagent or
wash solutions. If however, an expensive reagent or enzyme is used, it is
wasteful to pump solutions continuously, because the reagent also
occupies those section of the sample path where the sample zone is not
present simultaneously“®. The merging zones principle avoids this
uneconomic approach by injecting the sample and introducing the reagent
solution in such a way that the sample zone meets the selected section of
the reagent stream in a controlled manner. The rest of the FIA system is
filled with wash solution or only pure water. This can be achieved in two
different ways, by the merging zones systems which are based on
intermittent pumping®® as shown in Fig. (1-23.a), where two pumps are
operated is such a way that when pump 1 is the position, pump Il is in the

position, and vice versa. Thus the sample zone is first transported from
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the injection port by mean of pump I, then when a chosen distance
from the merging point is reached pump Il is started, which continues to
bring the carrier stream forward while the reagent is being added Fig. (1-

24). After the sample zone has passed the merging point, point | is
reactivated

Dy
pcd
Carrier | X ~2386c
a
L
Carrier ¥
16
R Z -
I &\\ ]
@ 5
@ o * 1 '_ o
N o Pump [ L TT=—=0

Fig. (1-23) a) FIA manifold for merging zones system based on
intermittent pumping.

b) Recorder trace obtained with the system in (a).
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Fig. (1-24) The principle of zone merging a) intermitlent pumping b)
zone penetration c)showing, from left to right, the
sample(s) zone and reagent (R) zone separately, during the
initial contact, and then merged further downstream.

while pump Il is stopped again. This approach allows the length of the

reagent zone to be regulated simply by choosing different go and stop
periods by means of the timer (T), and makes it possible to create
different concentration gradients on the interface between the sample
zone, reagent solution and carrier stream Fig. (1-23.b). Variations on
theme are numerous. Thus, by choosing different lengths of reagent zone,
and by letting it overlap in different ways over the sample zone, an
individual blank for the reagent alone and for the sample zone alone, as
well as the peak height resulting from the chemical reaction between the
components of the sample and reagent solution“®. And by the suggestion
of the use of a multiinjection value for the FIA merging zone approach®”,
the purpose of using a value, such as that shown in Fig. (1-25) and Fig.
(1-26) , is to inject sample and reagent zones into two separate carrier
stream pumped at balanced flow rates so that they meet in a controlled
manner. As distilled water (or diluted buffer-detergent mixture) might be
used as carrier in both stream. The reagent volume consumed per
determination may be 30ul or less®®. The carrier streams might be
pumped continuously-for single- point measurement or intermittently, for

stopped flow measurements. The advantages of the merging zones are,
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that it alleviated the reagent blank problem®®, cheap, rapid, and
flexible analytical facilities that could be used even in small

laboratories(9:5051)
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1-3 Hydronium ion “Oxonium ion”

The acid name comes from the Latin “acidus” which means “Sour”
and refers to the sharp order and sour taste of many acids. Vinger, for
example, tastes sour because it is a dilute solution of acetic acid in water.
Lemon juice testes sour because it contains citric acid. Milk turns Sour
when it spoils because of the formation of Lactic acid, and the unpleasant,
sour odor of rotten meat or butter can be attributed to compounds, such as
butyric acid, that is formed when fat spoils. Vegetable dyes, such as
litmus, have been used for more than 300 years to distinguish between
acids and bases®. Acids were already known in antiquity of their sour
taste and for their power to solubilize metals. The Latin word for sour is
“acidus”. In the early middle ages, the Arabs used intric acid to separate
silver from gold by selective dissolution, the use of vegetable dyes as acid
—base- indicators goes back at least to Robert Boyle (1627-1691).
However, the nature of acids was still obscure. In the eightieth century it
was believed that photgiston, from the Greek work for flame, ¢AroC
(pronounced ‘phlox’), was the acidic principle,. Lavoisier observed that
burining elements such as carbon, nitrogen and sulfure in oxygen gave
compounds that, when dissolved in water, produced acids®?. He
therefore associated acidity with oxygen, which he named the generator
of acid (from olvo), pronounced “oxus”. Greek for acid . It was only
after Davy showed in (1811) that hydrochloric acid conteins no oxygen,
and Von Liebig introduced the concept of mobile, replaceable hydrogen
(1838) that acidity can to be associated with the presence of hydrogen
rather than oxygen.
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Arrhenius introduced the idea of electrolytic dissociation in
1884. The replaceable hydrogen then became a hydrogen ion which could

dissociate from an acid as in

HA S A ...(1-22)

The Arrhenius definition is quit appropriate for aqueous solutions,
because water itself can dissociate into H* (or, written in its hydrated
from as H*;0) and OH'. The alternative definition, given by Bronsted
(1923), which emphasizes the complementary nature of acids in aqueous
solutions. It considers as an acid any substance that can donate s proton.
This definition is independent of the nature of the solvent, and applies
even in the absence of any solvent, as in the vapour phase reaction of HCI
with NH; to yield NHuClI. At the same time, Lewis (1923) suggested a
further generalization, by considering as acid any substance that can
accept an electron pair®?. In water, this definition is equivalent to those
Arrhenius and Bronsted, since H' lacks electrons, while OH™ has a pair of
electrons it can share. The Lewis definition has been proved very useful
in non-aqueous chemistry. Such as in molten salts®?. There is no such
theory as an H' ion in aqueous solution. The H" ion is produced where an
acid ionizes is attached to at least one water molecule to form an H';0
ion. There is a reason to believe that the H+Hproduced in this reaction

actually shared by at least by four H,O molecules, to form an H(H-0) ", or

HeO", ion as shows in Fig. (1-27).
H




38

Fig. (1-27) shows the structure of HsO"4 ion
Different method even a restricted numbers of paper that were found
that mainly deals with weak acid determination especially ascorbic acid,
citric acid, oxalic acid because of their vital importance medically and
industricaly. The lecterature conducted for last thirty years shows that no
available spectrophotometric method for acid determination is quoted
unless very rare. Table (1-3) shows the miscellaneous methods used for

the determination of some acids. It seems that the glass electrode occupy

the whole area of acid determination.

Table (1-3) miscellaneous methods for determination acids

Wave
Acid Method Range of | Refe.
length nm

Citric acid Ttitrimetric citrate with - 102-10°M 53,54
potentiometric end point detection

Mixture acids (HCI, | Titration of buffer mixture with - 0.025- 55

H2S0s4, HNOs, | strong acid 0.025M

Formic acetic,

Malonic acid)

Ascorbic acid Potentiometric of LAA+1/2/02 - - 56
—deyhyrascorbic acid+H20

Phosphoric, succinic, | Partial-least sequares 1.8-7.2M 57-62

Maleic, oxalic,

Tartaric Acetic and

propionic acid

Ascorbic acid Oxidimetric ~ with  potassium 20-200pgml- 64
hexacyyano ferrate (I1I) in acid 1
medium

Citric acid in milk Spectrophotometric of pyridine, 428 0-300pugml? 64
acetic anhydride and citrate

Ascorbic  acid in | Spectrometric reduction of iron 562 5 pg/25 ml 65

citrus fruits (. 10pg/ 25 ml

Ascorbic acid in soft | Spectrophotometric titratin with 293 - 66
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drink, fruit juices 2,6 dichlorp indophenol

Ascorbic acid in | Spectrophotometric molybdenum 760 2-23pgml? 64-68

vegetable and fruit blue complex

Vitamin C Spectrophotometric reaction with 440 - 69
ferricinium cation

Asorbic acid in | Gas chromatography. Converted - 50-400ug 70

tabletes ascorbic acid to its derivative

(trimethysilgl)

Ascorbic acid Photobleaching of methylene blue 655 0.004-0.5M 71

1-3-1 Flow-injection methods

A single-point titrimetric system based on the flow injection
principle was used to determine acids. The sample introduced into a water
stream then reacts with basic buffer solution in a merging stream and the
peak height is recorded potentiometrically with a glass electrode in a flow
through cell. The relative standard deviation is less that 1%(?. Foggand
Summan(® studied that a scorbic acid can be determined by flow-
injection analysis at a sessile mercury drop electrode without the need to
deoxygenate the samples. This methods is found to be accurate for
concentration higher than 60ug mit and coefficients of variation were
less than 1%. Ascorbic acid was determined in range of 0.1-40 ug ml* by
flow injection analysis based on the generated iodine as triiodide ion or
the triiodidel starch complex which giving a steady spectrophotemetric
signal as 350 or 580 nm respectively™. The method is applied to the
determination of ascorbic acid in a fruit juice, jam and prepared
vitamin(>76), Flow-injection analysis method involves
spectrophotometric determination of carboxylic in drugs based on the
formation of 2-nitrophenyhydrazide derivatives mediated by water-
soluble carbodiemide™. A number of drug preparations were also

analysed with a coefficient of variation of less than 1%.
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Flow-injection method for determination of oxonium ion in
strongly ionisable inorganic acids such as sulphuric, hydrochloric,
perchloric, nitric, and phosphoric acids. In addition, halogeno-substitued
acetic acids such as chloroacetic, trichloro acetic and trifluoro acetic acids
can be determined. Formic acid can be detected at the 0.1M level but
acetic acid could not be detected up to 0.2M®), The method is based on

the generation of bromine from

Bro; — Br — Hs*O reaction.

The bromine is then reacted with H,O, to liberate oxygen for the
oxidation of Luminol. A Flow-injection method for determination of
ascorbic acid by measurement of the chemiluminescence from direct
oxidation with permanganate in an acidic medium®). The method is
applied to fruit drinks and nutritional supplements. Cui. Et. al., studied
that was found to inhibit chemiluminescence of the luminol-H202
reaction catalyzed by Cu?*. Within detection limit of 9x10° M and the
variation coefficient is 2.5% The method has been successfully applied to
the determination of tannic acid in real Chinese gall and hop pellets
samples. A Flow- injection system for the fluorescence determination of
low level of ascorbic acid was proposed Ensafi and Rezaci®) used a
method which is based on the rapid oxidation of ascorbic acid by
thallium(1). The fluorescence signal at 419 nm is proportional to the
amount of ascorbic acid. The usefulness of the method was tested in the
determination of ascorbic acid in Fruit juices and vitamin C tablets.

Spectrophotometric with flow injection analysis was used to
determine a mixture of weak acids by using multiivariate calibration. This
method was based on spectrophotometric data which is generated by
following the colour change of a combination of acid-base indicators
caused by an alkaline gradient. This gradient is generated by introducing
a NaOH solution into a flow injection analysis titration system. Partial
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least squares modeling is used to reduce and treat the titration data.
This model predicts individual acid concentration of acid presented in the
mixture of weak acid. This method was used to detect citric and tartaric
acids in the 1x103-4x10 M range, acetic and benzoic acids in the 1x10-
8.4x10° M and hydrochloric and acetic acid in the 1.25x10 - 5x10° M
range®+8), Mixtures of succinic and oxalic acid were determined by
titration. In flow injection analysis with potentionetric flow cell with a
stainless steel electrode®®. Partial least sequares regression as
multivariate calibration tool was applied for data treatment with a relative
error of 4.3% for succinic acid and 5.5% for oxalic acid. This method can
be applicated in pharmaceutical or food samples. A flow injection
analysis system with potentiometric detection has been developed for the
determination of citric acid in commercial fruit juces using copper-
selective tubular electrode®’. It consists of the complexation of citrate
ion with copper(ll) ion. Citric acid was determined by indirect flow
injection atomic absorption spectrometric, the method is based on the
continuous precipitation and filtration flow system for the separation of
citric acid by precipitation with lead and indirect flame atomic absorption
spectrometry is proposed®).The precipitate is formed by injecting the
lead solution into a carrier containing the sample and is subsequently
retained on a filter. This method has been applied to the determination of
citric acid in fruit juices, carbonated soft drinks and sweets. New
approach for the determination of ascorbic acid via on-line automatic
through the consumption of the relased bromine with detection limit of
7.045mg®),  Ascrobic acid can be determined in pharmaceutial
preparation and from natural juice obtained from naturally occuring
citrons fruits using flow injection analysis according to this reaction

Br —BrO, —H;0
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via consumption of relased bromine®?,

1-4 Nitrate and Nitrite ions

Nitrate may be quantitatively reduced to nitrite and nitrite
quantitatively oxidized to nitrate. Nitrate and nitrite play on important
role in the nitrogen cycle. Both are present in food and water, and then
they are two, of the most frequently required determination in
environmental investigations. Nitrate is necessary for plant growth and is
important in soil as relating to fertilization. Oxides of nitrogen absorbed
from the air are determined as nitrate. There are industrial materials
containing desired or contaminating amounts. Nitrate ion is acting as a
depolarizer and reduced to nitrate ion®*%3),

Several spectrophotometric methods used for the determination of
nitrate and nitrite ions as shows in table (1-4).

Table (1-4) Spectrophotometric methods for determination of nitrate

and nitrite

lon Wave Referen
Method Range

determine length nm ce

Nitrate  and | Method based on the reaction between | 543 mu 40-50pug NO; | 94

Nitrite nitrite, sulphanilamide and 0-10pg NO>
naphthylethylene diamine

Nitrate  and | Forming aZo dye 400-600 0.05-0.5M 95

Nitrite

Nitrate Using the reaction of nitrite with a- | 527.5 96
naphthylamine

Nitrate in | Using of different cadimum column to | 543 0.02-0.2M 97

water reduce nitrate to nitrite

Nitrate Base on the reaction of nitrate with 4,5 | 410 0.2-7.5ppm 98

dihydroxycounmarin

Nitrate Using 2-sec-Butylphenol 418 0.13-2.5M 99

vegetable
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Nitrate  and | Modified of Gries liosvoy reaction 0.025-0.356 100
Nitrite Mg .g1 NO;
0.212-8.559
Mg .gt NOs

1-4-1 Flow injection methods for determination of nitrate

and nitrite ions

Nitrate and nitrite can be determined by Flow-injection method
which consists of the reduction of nitrate with copperzed cadimium with
the nitrite thus produced, diazoisation of sulpanilamide, the product being
coupled with N-1-naphthylethlenediaimine to from a highly coloured azo
dye, which measured at 520nm. Automated procedure for determination
of ammonium and nitrate in soil extracts were described, distillation of
the extract with magnesium oxide with subsequent determination of
ammonia by automated indophenol method used for ammonium. For
ammonium plus nitrate, the nitrate is reduced with titanium(l11) sulphate
during distillation with magnesium oxide. The method has wider
application is, for example, analysis of fertilisers and water samples®2),
Flow injection principle is used with the noval design of a flow cell, in
which the ion-selective and reference electrode are incorporated. The
method was used for the determination of nitrate in soil extracts with
standard deviation of only 0.8% and the detection Ilimit was
approximately 10° M nitrate°®, automated method for determination of
nitrate and nitrite by flow injection analysis was used nitrate®®® is
reduced to nitrate with copperized cadmium coloumn. Nitrite is
diazotized and coupled with N-(1-naphthyl) ethylene diammonium
dichloride. In this method the merginh zones approach is used to
minimize reagent consumption. Tow peak are obtained, one of them

corresponds to nitrite and the other nitrite plus nitrate. The precision is




44

more than 0.5% for nitrite in the range 0.1-0.5 mgL™* and 1.5% for
nitrate in the range 1.0-5.0 mgL™ . Flow injection principle is used in the
photometric determination of nitrite and nitrate with sulfanilamide an N-
(1 naphthyl) ethylenediamine as reagents. On-line copper-coated
cadmium reductor reduces nitrate to nitrite. The detection limit as a
0.05uM for nitrite and 0.1 uM for nitrate at a total sample volume of
200u1105-18) Nitrite can be determined by its reaction with cerium(IV)
using inverse spectrophotometric detection in flow injection analysis°",
The system was applied to the determination of nitrite in culture media.
Spectrophotometric determination of aromatic primary amines and nitrate
by flow injection analysis are used, which based on the injection of
aromatic primary amines into dilute hydrochloric acid carrier which
merges sequentially with 4-N methylaminophenol and dichromate. The
purple-red color formed by oxidative coupling of amines with 4-N-
methylaminophenol is measured at 530 nm. In contrast to the manual
procedure, the flow-injection procedure avoided errors arising from the
instability of the coupling intermediate, oxidation of the amine, and too
great an excess of the oxidant(1%®),

Nitrite can be determined in water by flow-injection with
chemiluminescence®®, In this method nitrogen monoxide, which exists
in equilibrium with HNO,, is separated from the aqueous flowing eluate
by entraiment in Ar carrier gas and is detected with high specificity in the
gas stream by the chemiluminesence associated with its reaction with
ozone. The sequence of reactions involves in the chemiluminesence
determination of nitrite ions.

NO, + H* NONO — NO ...(1-23)
NO+0O, > NO, - NO, + hv ...(1-24)
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Nitrate was determined by spectrophotometric  with
electrochemical reductor using flow-injection analysis**?. This method is
based on a column electrode paked with co-electrodeposited Cu-Cd
glassy carbon grains which has been shown to be excellent for the
reduction of nitrate to nitrite and its application to the flow injection
analysis of nitrate in sample of natural water has been used. The detection
limit was 7x10"M.

To minimize the sample size, reagent consumption and waste, a
micro-Flow-injection analysis was investigated and applied to the
simultaneous determination of nitrate and nitrite ion in water sample®?,
Nitrate was reduced to nitrite by cadmium copperized. Detection was
carried out at 538 nm with a height-emitting diode used as an azo dye.
The detection limits of nitrate and nitrite were about 10~ M. Amoter flow
injection method was used to determine of nitrate and nitrite in human
saliva?. It is based on the reaction of nitrite with iodide in acidic
medium, the triiodide formed being amperometrically monitored at
+0.2V with platinum microelectrode. The method was used in the study
of the conversion of nitrate to nitrite in the oral cavity by bacteria.
Amperonometric detection with microelectrodes in flow injection
analysis was used to determine of nitrite in saliva®'3%, This method was
based on the reaction of nitrite with iodide in acidic medium and the
triiodide was formed. This limit of detection of the method was 0.2 pmol
1], Simultaneous spectrophotometric determination of nitrite and nitrite in
food stuffs and water by flow injection analysis®'®. In this method
cadmium is used to reduce nitrate to nitrite. Nitrite is diazotised in the
FIA system with N-(1-napthyl) ethylenediammonium dichloride to form
the highly colpured aZo-dye, which is measured at 540nm. The detection
limit is 0.085u* for a sample injection of 400 pl at relative standard

deviation was 1.56%, and 0.77% for both nitrate and nitrite, respectively.
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A Flow injection system with spectrophotometric detection is
proposed for determination of low levels of nitrite based on its catlytic
effect on the oxidation of gallocyanine such as bromate in acidic
media®®. The calibration graph was linear for 0.02-0.2 pg/ml of nitrite.
A sequential injection analysis system for the simultaneous determination
of nitrite and nitrate in waste waters has been developed. The nitrate
determination is based on the Griess-Liosvay reaction. Nitrate is
previously reduced to nitrite in a copperized cadmium column and
analyzed as nitrite. The absorbance is measured at 540nm. The standard
deviation better than 2% for nitrite and 0.7% for nitrite®!7-118) Nitric
oxide (NO) is an important intracellular and extracellular signal
substance!®), Nitrite is one product of the oxidative metabolism of NO.
So a flow injection method is based on the Griess reaction. The purpose

of this method is to determine nitrite to provide a means of estimating the

endogenous formation of NO or NO, .

The reversed phase flow injection spectrophotometric determination
of trace nitrite nitrogen in water has been studied®?®, N-(1-
Naphthyl)ethylene diamine dihydrochloride solution was injected into the
mixed flow of the water sample sulfanilamide solution. Red dye formed
by the reaction and spectrophotometrically monitored at Amax 540nm. The
detection limit is 0.0012 mg/l. A thin film of mixed-valent cupt Clg is
deposited on a glassy carbon electrode by continuous cyclic scanning in a
solution containing 3x102 M CuCl,, 3x10® M K,PtCls and MKCI. In the
potential range is from 700 to 800 mv(*2Y, The cyclic voltammetry is used
to study the electrocheical behaviors of nitrite on CuPtCls/GC modified
electrode and electrode displays a good activity toward the oxidation of

nitrite.
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The linear relationship between flow injection peak currents and
concentration of nitrite is at range of 1x107 - 2x10° M with detection
limit of 5x10® M. Non-equilibrium flow injection spectrophotometry
used for determination of nitrite. This method was based on the reaction
of nitrite with basic fuchin in an acid medium. The linear range for nitrite
Is 0.0-0.5 mg/l. The method was applied to direct determination of nitrite
in collapase lake water, fishpond water, power plant wastewater and well
water  with  satisfactory  results®??,  An  automatic  direct
spectrophotometric method for the simultaneous determination of nitrite
and nitrate by flow-injection analysis has been developed®?®. The method
Is based on the reaction of nitrite and nitrate with the spectrophotometric
reagent N-phenylanthranilic acid(l) in sulfuric acid medium pH (0.4-0..6)
to form the same color product while the absorbance is measured at 410
nm. One half of the sample flow is treated with sulfanilic acid, which
reacts with the nitrite and thus makes it subsequent reaction with I. So
that the nitrite portion can be calculated by difference. This method has
the advantage of direct determination of nitrite and nitrate without
reducing nitrate as in other reported methods. The detection limit is 2.5
ng/ml for nitrite and 12 ng/ml for nitrate. The concentration of nitrate in
biological fluids has been determined using nitrate reduotase (NR) in a
flow system. A merging zone method was applied, in which a zone of NR
and that of nitrate in separated stream has been merged, and allow to
react. The decrease in NADPH caused by the reaction between NR and
nitrate is measured at 340nm. The detection limit was 0.2 uM. Flow
injection method was applied to determine the amount of nitrate in serum,
plasma, and uria using samples that had not been deproteinized. The
concentration of nitrate within each sample was calculated from
differences in the peak areas obtained in the absence or presence of

nitrate reductase®?¥,
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ODS coloumn dynamically coated with cetylpridinium chloride,
eluting with acitrate method solution after deproteinisation of the serum
using ultrafilter-paper and measuring the absorbance at 210 nm. The
proposed method was also applied to the determination of the four anions
in human saliva an urine®3V. The detection limit was 0.005ugml* for
nitrite and 0.008 pgml? for nitrate. The oxidation of nitrate at boron-
doped diamand (BDD) electrode was investigated by use of anodic
voltammetry. The voltametric curves exhibit well-defined anodic ppeak,
with response that is superior to that obtained with glassy carbon
electrodes. It is shown that BDD is a very promising electrode material
for the detector of nitrogen oxides (NO, NO>) in gases*®2,

The color fading reaction on potassium bromate with victonia green
stand G by the catalysis of nitrite in hydrochloric acid medium was
studied using flow injection analysis®?. The linear range for the
determination of nitrite is 0-0.3 mg/l and 0.3-2.0 mg/I. It was used to
determine trace nitrite in the collapse lake water, fishpond water, power
plant wastewater and well water.

Miscellaneous method used for the determination of nitrate and
nitrite as shown in table (1-5).

Table (1-5) Miscellaneous methods

lon determine Method Wave Range Refere
length nm
Nitrate in | Automatic kinetic method | 540 0.025-2 ppm 126
water based on frming of aZo dye
Nitrate Molecular emission cavity | 500 10-400 ppm 127
method
Nitrite in | Amperometric method base 5-1000 uM 128
sauage on the anodic oxidation of
nitrate at a molybdenum
oxide layer
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Nitrate in river | Capillary  electrophoresis 129
water method with indirect pv
detection, separation and
determination of CI, NOgz
and SO,
Cigligs lon chromatography with 0-1.5x10°M 130
photometric measurment of
iodine
Nitrateind lon chromatography method | 210 Nitrite 0.03-10 | 131
nitrite in ug mit
human serum, Nitrate 0.05-5
lake water, ug mlt
river, sewage
works  water
and snow
samples
Nitrite Voltametric method based 0.002-1 Mm 132
on oxidation of nitrate at
boron-doped diamand
electrode
Nitrate in [ lon selective electrode 1-10 Mg I 133
water method

1-5 Hydrogen peroxide

Hydrogen peroxide is an exidant used widely in industry,
laboratories and in domestic purpose. It is unstable and easily
decomposable due to the uncommon oxidation state of oxygen in H,0,
molecule which is (-1). It is important in some polymers study when self
decomposition may be relase H,0,. It has been proposed that natural

humane materials in waters might photochemically reduce oxygen to give
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the superoxide O, and that subsequent disproportionation of this free
radical could lead to the formation of H,0,*3¥. Fig.(26) shows the H,0

molecule is not planar. Each atom has two unshard electron could as well

as in the O-H bonds repel each other. The twisted structure called skew-

chain structure accommodates these intermolecular repulsions best®®,

Fig. (1-26) Hydrogen peroxide structure

Miscellaneous method used for the determination of hydrogen

peroxide as shown in table (1-6)

Table (1-6) miscellaneous methods

Wave
H20: Method Range Refere.
length nm

H202 in | Fluorometric method based 10-8-105x10" | 136
atomspheric on the reaction of H>O with M

precipitation horseradish peroxides and p-

hydroxypheny! acetic acid
H20 in water | Lodometric method based on 137

the oxidize of iodide by
hydrogen peroxide at pH=4,
the iodine formed was

reacted with the phenylarsine
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oxide

H202 in water | Spectrophotometric method | 540 (7-40)x10*M | 138

using sodium salts

H,O, in water | A chemiluminescent method 10%-10°M 139
based on oxidation of lumin
of in alkaline medium in

presence of Cu(ll) as catalyst

1-5-1 Flow-injection methods for determination of hydrogen

peroxide

A flow-injection system based on the p-hydroxy phenyl-acetate
peroxide-peroxides reaction allows the simultaneous determination of
hydrogen peroxide and CH3HO, in water samples in range of 0.3-2 pg I
and the detection of 0.1 ug 149, An amperometric method with flow-
injection was used to determine hydrogen peroxide in a range of 10 to
10"t M. This method is based on the production of dihydroxyacetone from
glycerol by immobilized bacteria. The H,O, was oxidized at 1.2 V.VS
SCE at a glassy carbon flow-through electrode after dilution in a flow
injection analysis system@b, Chehemiluminscence from the reaction of
bis(2,4,5, trichloro-6-carbopentoxy phenyl) oxalate with hydrogen
peroxide in the presence of triethyl amine in —butanol-water has been
investigated as a means of determining hydrogen peroxide with range of
2x108-10°M@42_ Hydrogen peroxide can be determined by flow-
injection chemiluminscence method by using reagent containing 100uM
huminal and 3uM microperoxidase at pH=4, the range of this method was
3x10°M — 10°°M®43), Also H,0, was determined in aqueous samples by
flow injection techinque using solid state peroxyalate chemiluminscence,

Bis(2,4,6-trichloro phenoyl) oxalate in solid from is packed into a bed
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reactor, which eliminates mixing problems, perylene is added as a
sensitizer to a water/acetonitrile carrier stream into which the samples
(200-600 VI) are injected, the calibration graph is linear up to 10-°°M with
detection of limit 0.2ugl1(44),

Fluorometric Flow-injection procedure with a single reagent solution
containing p-hydroxypenyl acetic acid peroxidase and ammonia were
used to determine hydrogen peroxide in the range of 108-10*M with
detection limit of 108M®49) Hydrogen peroxide was determined in
flowing stream by immobilized luminol chemiluminscence reagent in
flow-injection system with a low detection limit of 100 pmol and the
linear working range is (40-600)uM@4®) 1 1'-oxalyldimidozol as
chemiluminscence reagent was used to determine the low hydrogen
peroxide concentration by flow injection analysis, the estimated detection
limit for H,O, in water was 10®M with the linear range of 1.5-6uM®7,
Flow-injection technique is used to determine nanomolar concentration of
H.0,, the concentration of H,O, was determined as the coloured of
condensation product of N-ethyl-N-(sulfopropyl) aniline and H-
aminoantipyrene with detection limit os 12 nM®4®_ 1t has been found that
a flow injection system with an immobilized enzyme reaction coloumn
could be utilized for the determination of hydrogen peroxide in some
water samples. The coloumn was packed with chitosan beads
immobilizing horseradisn peroxide, the detection limit was 3ng. dm= and
the relative standard deviation at 1 mg dm of H,O, was 1.5%(149). The
sensitivity of a flow-injection analysis system for measuring hydrogen
peroxide could be remarkably imporoved using immunooaffinity-layered
horseradisin  peroxidase®®. Flow injection analysis method for
automated determination of hydrogen peroxide in the presence of even
stronger oxidants is presented based on the immediate formation of a

colored adduct between hydrogen peroxide and dinuclear Ironlll
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complex. A reagent stream with the complex and carrier stream into
which the sample is injected are combined in a low dead volume mixing
tee. The absorbance was measured at 570nM @59,

All the methods above were suffered from interferences compare

with the method used in this work also the detection limit was better.

1-6 lodide and 1odate ion

lodide and iodate ions are very important in food, water, plant, and
pharmaceutical product. The loody needs iodide ion each day to prevent
goiter, adistiguring enlargement of the thyroid gland. lodine exists in a
number of oxidation states commonly used in a analytical chemistry
being iodide and troiidode. Strong oxidising agents reacts quantitatively
with the easily oxidised iodide ion. lodination reaction have been
extensively to determine numerous organic compounds that either
iodinated or oxidised by iodine®3. The misellaneous method which used
the determination of iodide and iodate ions are shown in table (1-7).

Table (1-7): miscellaneous methods

lon Detection

determine Method limit Range Refere.

lodide Fluorimetric ~ method | - 0.6-2.5 ug/100ml | 152
used cerium(1V)

lodide Fluorimetric ~ method | - 0.87-9.81 153
used 2,7- ng/25ml
di(acetoxymercuri)fluor
escein

lodide in sea | Neutron activation | 6x107 - 154

water analysis

lodide in | Spectrophotometric - 0.6-127ugl™ 156

table salts | based on the reaction of
and palladium with  3-(2
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pharmaceutit | thiazolylazo)2,6-
al products diaminotoluene
lodide in sea | lon  chromatography | 0.2 pgl* | - 157
water with uV detection
lodate in salt | Amperometric method | 6x10°M | 10x10%-10x10" 158
based on the detection ™
at a molybdenum oxide
modified electrode
lodide in | Inductivety couplet | 0.04ug.ml" | - 159
environment | plasma atomic emission | 1
al  equeous | spectrometry
samples
lodide in | Spectrophotommetric | 1.5x10°M | 7.5x108-3x10M | 160
natural water | determination by
sample solvent extraction with
methylen blue
lodide Chemiluminescence 5.8x10®°M | 4.6x10°-4.2x10 | 161
based on the M
oxidatation of ascorbic
acid with copper(ll)

1-6-1 Flow-injection methods

lodide can be determined by amperometric Flow-through wire
electrode flow-injection analysis with detection limit of 10° M162),
Chromium (V) as strongly reagent was used in Flow-injection analysis to
determine iodate ion, with spectropotometric detection, based on the
absorption of chromium (I11)-ENTA at 600nm. The detection limit was
8.3x10°M, and the range of concentration was 1.66x10-1.66x10°M@63),
The iodide ion was determined in detection limit of 5x10°M by using
vibrating wire electrode for ampermetric in flow injection system(@64,

Automatic method was used to determine the free iodide ion in drinking
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water. This method was based on the catalytic effect of iodide on the
destruction of the thiocyanate ion by the nitrite ion, the detection limit of
this method was 0.4ug.I* with linear working range 0.4-5 pg.I"t (69,
Liquid core optical fiber total reflection call as a colorimetric detection
for flow injection analysis was used to determine iodide ion. 0.1 pg.I*
can be detected based on the iodine absorption at 540nm®%®), Flow-
injection with spectrophotometric system was used to determine iodide
ion. The iodide ion oxidise by bromine water to iodate, most of the excess
of bromine is reduced by formic acid, and the iodate is reacted with more
iodide to from triiodide, which is determined spectrophotomtrically at
351 nmm, with detection limit and range were 3-9x10'M, (0.7-3.9) x10~
SM respectively®?. Stop-flow method was used to detect iodide ion,
based on the reaction between cerium(lIVV) and arsenic(lll) which
catalysed by iodide ion. This method can be used to determined iodide
ion in pharmaceutial pro-paration, table salt and Cow’s mulk. The
decrease in absorbance during the reaction was monitored at 365 nm,
with detection limit of 0.7 ng ml*®), Jodometric method was used to
determine iodate ion by using flow injection amperometry, range of (0-
1.5)x10*M and the iodate ion was detected in this method as iodine6,
Also a flow injection analysis method was used to determine a
microchemical amount of iodate and iodide in sea water. This system
involves spectrophotometric detection. This method was based on the
catalytic effect of either iodate and iodide on the indicator reaction of

Iron(111), thiocyanate and nitrite with range of 0.75-150ugl79),



CHAPTER ONE

1- Introduction

1-1 General Introduction

Flow-injection analysis (FIA) is defined as an automated or
semiautomated analytical process consisting of a sequential insertion of a
discrete sample solution into an unsegmented continuously flowing liquid
stream with subsequent detection of the analyte. It is a relatively new
analytical process®, which shows a considerable potential for high-speed
precise. Flow-injection analysis is based on the injection of a liquid
sample into a moving nonsegmented continuos carries stream of a
suitable liquid. The injectied sample forms a zone, which is then
transported toward a detector that continuously records the absorbance @,
FIA is based on the technology of flow (FIA), the quick chemistry offers
high sample throughput couppled with simple and rapid method
changeover to maximize productivity in determining ionic species in a
diversity of sample matrices from sub-ppb to percent concentrations. The
simplicity and ruggedness of FIA are combined with the outstanding
accuracy, precision, and minimum detection limits. Automated flow
injection systems have been applied to on-line process analysis in
industrial and environmental situations with a great deal of success. Flow
injection analysis is also ideally suited to monitoring solution phase
chemiluminescence reactions due to the capability to mix-sample and
reagent in close proximity to a detector.

The whole process of sample/standard injection, transport, reagent
addition, reaction and detection can be accomplished very rapidly
(seconds to 10’s of seconds), using minimum amounts of sample and
reagents, with excellent reproducibility (e.g., coefficient of variation, cv,

generally <2%).



1-2 Flow Injection Analyzer

The simplest flow-injection analyzer is shown in Fig(1-1a). It
consists of a pump, is used to propel the carrier stream through a thin
tube, which is an injection part by means of which a well-defined volume
of a sample solution (S) is injected into the carrier stream in a very
reproducible manner, as well as a reaction coil in which the sample zone
disperses and reacts with the components of the carrier stream forming a
species sensed by a flow-through detector where the signal is presented
on a reorderer. A typical recorder output has the form of a peak Fig(1-
1b), and the height (H) of which is related to the concentration of the
analyte. The time span between the sample injection (S) and the peak
maximum, which yields the analytical readout, is the residense time (T)
during which the chemical reaction takes place usually within less than
30 seconds. The injected volume is between 1 and 200 pl, which in turn
usually requires no more than half a milliliter of reagent per analysis.
This makes FIA an automated microchemical technique, capable of a
sampling rate of at least 100 measurements per hour, with minimum
reagent consumption®. Two types of automated continuous flow methods
are encountered: segmented flow method, in which the analytical stream
is divided into discrete segments by periodic injection of bubbles of air,
and non-segmented flow procedure in which the analytical-stream is
unbroken. The latter is generally termed as flow-injection analysis®.

The conventional continuous flow analyzer shown in Fig. (1-2-a) is
based on the use of air-segmented stream®. The purpose of segmentation
Is to preserve the identity of the individual samples. In such an analyzer,
the samples are successive introductions from their individual containers
into a tube and then forward through a pump farther into a system. The
following stream is regularly segmented by air-bubbles delivered by
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Fig. (1-1): a- Single-line FIA manifold ,
b-Recorder output




another pump tube. The reagent is added to all individual segments,
which then pass through a reaction coil, where the chemical reaction
takes place. The air segmentation has to be removed in a debubber (d);
otherwise, the flow through detector would yield a disturbed signal
unsuitable for direct recording of the resulting signal as shown in Fig. (1-
2-b).

2 A % d N
(a)

éﬂT[ [[UJUH
(b)

Fig. (1-2) a- Air-segmentation Continuos Flow System
b- The Analysis of Five Samples with Increasing
Analyte Concentration.
In the air segmented stream, each segment of fluid can be viewed as
an individual container, separated from neighbouring ones by an air

bubble on each side, in which the liquid is homogeneously mixed as a



result of circular movement caused by friction with the tube walls®®),

Each segment carrying a fraction of a long aspirated sample zone

contributes to the gradual buildup of the signal recorded by a

spectrophotometric flow-through cell. The beneficial effect of air

segmentation in preventing carryover has been so obvious that the
necessity of introducing air bubbles is never really doubted, although the
drawbacks of their presence in the flowing stream are well known:

a) Because of the compressibility of air, the stream tends to pulsate rather
than flow regularly.

b) Stream, have to be debubbled before they enter the flow cell.

c) The size of the air bubbles has to be controlled for faster sampling
rates.

d) The pressure drop and flow velocities vary in the presence of air for
different tubing materials®,

e) Air bubbles in plastic tubes act as electrical insulators supporting a
buildup of static electricity which disturbs potentiometric sensors®9,

f) The efficiency of dialysis, gas diffusion across in membrance and
solvent extraction is lowered as a result of a decrease in the effective
transfer surfaces.

g) The movement of the carrier stream cannot be exactly controlled or
instantly stopped. The main features of FIA are the absence of air
segmentation and the method of injecting the sample into the flowing
stream, as a result of which the method merely offers some kind of
technical improvement, such as: a higher sampling rate and very rapid
availability of the analytical readout. Yet the most important aspect of
the FIA method is the concept of controlled dispersion of the sample
zone, which is entirely new in analytical chemistry and an
understanding of which allows the design of a FIA system exactly

suited to automate a given analytical procedure?,



1-2-1 Comparison between Beaker Chemistry and

Continuous Flow-injection

The rapid development of continuous flow-injection analysis and the
expansion on its use are due to the number of advantages over manual
operations. The aim is to replace the glassware such as beaker, pipettes,
burettes, flasks,...etc by tubes, pump and valves. The FIA methods are
more rapid than manual methods, within minimal contact between the
operator and toxic reagents. It can operate reproducible over long periods
and the precision of analysis has been shown to be consistently good
because it reduces human error®?. In addition, it is a closed system
oxidation and contamination of samples and reagents by atmospheric air

is prevented®?),
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Fig. (1-3) a- FIA curve recorded at high chart-speed showing the

important parameters.
b- FIA curve registered at low speed, the typical
situation, injection of four standards in triplicate and

an unknown sample in quintuplicate.



1-2-2 Flow-injection analysis signals
A schematic diagram of two FIA recording signals, which will
variously be called FIA curves, or record, is shown in Fig. (1-3) where
there are plots of the analytical signal (absorbance, fluorescence, intensity
and potential) as a function of time.
The essential features are as follows:
Peak height h, which is related to the concentration
of the component determined in the injected sample and the
peak area could also be used.
Residence time T, which is defined as the span
elapsed from the injection until the maximum signal is
attained. It should not be confused with the travel time, t,,
which is the period elapsed from injection to the start of the
signal (1-2 % increase above base line). However, the
difference between the two parameters, t'=T-t,, is usually
very small.
Return time T’, which is the period between the
appearance of the maximum signal and the return to the
baseline.
Baseline to baseline, At, defined as the interval
between the start of the signal and its return to the baseline.
This parameter is a measure of the dispersion or dilution of
the analyte so
T+T =ta+ At
At=t'+T

The record shown in Fig. (1-3-a) corresponds to that of a well-
established FIA method and was registered at a lower chart speed than



that shown in Fig. (1-3-b) which shows the signals corresponding to four

standards injected in triplicate-the usual practice- and those of a sample

injected in quintuplicate.

1-2-3 Comparison between Two Chief Continuous Analysis;
Segmented (SFA) and Unsegmented (FIA)

A detailed summary with specific data is presented in table (1-1). It
should be stressed that FIA offers higher sample throughput, uses smaller

a mounts of reagent, provides a larger number analytical data, and opens

new possibilities.

Table (1-1) Comparison between SFA and FIA

Parameter

SFA

FIA

Sample introduction

Aspiration

injection

Sample volume

0.2-2ml

10-100 pl

Response time

2-30 min

3-60 sec.

Bore tubing

2 mm

0.5-0.7 mm

Detection

At equilibrium
(homogeneity)

With controlled

(dispersion)

Sample throughput

< 80 sample/hr

< 300 samples/hr

Precision

1-2%

1-2%

Reagent consumption

High

Low

Wash-out cycle

Essential

Not required

Continuous kinetic

analysis

Not feasible

Stopped-flow

Titrations

Not possible

Possible

Data produced

Peak height

Peak height
Peak area
Peak width

Peak to peak distance




1-2-4 Selectivity in Continuous Flow Analysis

When all experimental parameters such as sample volume,
residence, dispersion, temperature, time of exposure of sample and
interferent to reagent can be rigidly controlled and reproducibility
maintained with these conditions met, it makes sence to express the
selectivity of a method for B of concentration Cg, by a numerical value.
As any interfering species A of concentration Cp, toward an interfering
species always appear as positive or negative, this interference can be
expressed quantitatively as the selectivity coefficient Kag®®.

C'a=Ca+KasCp ..(1-1)
where C'a is the total concentration of A measured, and Kag is the
selectivity coefficient of B in determination of A. The dispersion
coefficient of the species are

Ca C

D , D.= ..(1-2
A C ( )

A

If the height h of analytical signal obtained and the height of the
detection response are linearly related to the concentration of A and B,
the actual height of the signal will be given by:

h=KC'a ...(1-3)
where K is the proportionality constant between signal height and
concentration. If no interferent is present, then:

C°g= Cg = 0 the height of signal could be obtained as follows:

h =K C'a

1 CA

=K

..(1-4)

A



whereas if B contributes to the signal yield by A, the signal height is

C C
h2:K(CA+KABCB):K{—A+KAB><—B} ...(1-5)
DA DB
If all measurements were made at a point where both dispersion

coefficients have the came value Da = Dg, then:

Cr K

D=K =—|[Ca+K,.Cs ...(1-6

hl h2[ AB ] ( )

Hence

KAB:KCA = &—1 (1'7)
Cs \h,

This expression allows the selectivity coefficient to be calculated
from the initial analyte, the interfernt concentration, and the signal
obtained in the presence and the absence of the interferent. The Kag
values could be positive or negative, depending on the sign of the
interference. Solving Eq. ( 1-6) for h; gives

hzz%cxwhl .(1-8)

o

A
The plot of h2 against C’s for series of experiments gives straight
lines with slopes of hiKag/ C’a and intercept hy. The slope gives the
selectivity coefficient (xKag).
Three ways could be used to overcome the interferences®:
) Injection, using a dual valve into separate channels
with synchronous merging.
i) Injection, using a dual valve into separate channels
with an asynchronous merging.
i) Injection, using two valve series into a single

channels with an asynchronous merging®.

10



The first method is applied with the aid of manifold illustrated in
Fig.(1-4).

ml/min
(a)
SA
H.O an a
H.0 @ b
R SB

e [y

5%=5%;82b = DDy

Scan—
Fig. (1-4) Synchronous merging of samples . S* and SPB injected

simultaneously into two separate carrier stream (water).
a-Manifold with identical length of a and b.
b-Test of synchroization, where identical sample volumes of

SAand SB are injected.
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The synchronous merging is achieved by pumping to injected zones
equal volumes of A and B through equally long lines a=b in which the
pumping rates are identical. As shown in Fig. (1-4) a single peak was
recorded and it increased as the concentration did. When an exact
sychronization of the two injected zones is achieved, the dispersion of
both species in the merged zone is identical along the whole merged

gradient, and it is most practical to measure peak maximum heights
and to calculate the Kag value. The second method deals with the
injection into separate lines with asynchronous merging®”. The signals
must be measured at t, so that Da=Dg. For brevity, only the manifold
used to implement that method with a dual injection valve will be

discussed. Its basic design is shown in Fig. (1-5)

i |s8-58;ab=> Dy=Dgin M

t or Scan»
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Fig. (1-5) Asynchronous merging of samples . S* and SB injected
simultaneously into two separate carrier stream .
Manifold with a #b.

b- The signals obtained by injection samples of identical volume .

The dual injection valve injects two equal volumes into anaqueous
carriers which circulate along lines with different lengths where azb
between the valve and merging point. The resulting mixtures pass
through the reaction coil, which leads them to the photometer. Fig. (1-5)
shows the FIA record of the behaviour of each species, S* and SB when
injected separately and together SA+SB. At the point where both peaks
obtained by separate injection intercept each other, Da=Dg, therefore this
point indicates the measurement time ty,. The point M indicates the
dispersion for S* and SB are identical. Fig. (1-6) shows the merging

zones for S* and SB separately and together.

SB+ SA

\
/

S8 sA

//// \\
P >
> \\J 4

SB SB + SA SA

Fig. (1-6) The merging zones of S* and S®



The practical advantage of the separated solutions methods is that
only a few solutions; essentially only a single solution of A and a few
solution of B. Moreover, this method has a serious drawback; it is
essential that the flow rates in both channels should be maintained
absolutely constant through all the experiments. The injected zones must

merge strictly reproducible at all times, for both synchronous and

M "1 |sy-S8;Ds-Dgin M

t or Scan ~

asynchronous merging. The precision is critically dependent on
maintaining not only the two pumping rates, but also their absolute
values, which is significantly more difficult®). The third method deals
with the injection into a single live with asynchronous merging as shown
in Fig. (1-7).

14



Fig. (1-7) Asynchronous merging of identical volumes of samples S
and SB,

1-2-5 Selectivity in Flow-injection Analysis
As a rule, FIA methods are less sensitive than their manual and
segmented flow Analysis (SFA) counterparts for two reasons:
As the reaction time is rather short, equilibrium is not
attained.
The physical dispersion or dilution of the sample in the
carrier results in a signal of lower intensity than that
corresponding to the undiluted plug. Valcarcel and Castro®?
attempted to improve the sensitivity by adjusting either reaction
time or the dispersion leads to opposing effects, since the use of a
lower flow-rate, to increase the reaction yields, results in an
increased dispersion. Both the chemical and FIA variables of
each flow-injection manifold should be optimized in order to
attain the maximum sensitivity level.
The sensitivity can be improved by introducing suitable modifications
to the FIA manifolds, i.e., a merging (where the reagent converges with a
pure solvent stream into which the sample plug is injected) is used to
achieve a greater extent mixing of reagent sample and plug. In addition,
the sensitivity will be increased by increasing the injected sample volume
when using this type of configuration instead of injecting samples directly
into the reagent stream. Moreover, to improve the sensitivity by using

continuous separation system incorporated into FIA assemblies can

15



achieved by using a microcoloum pack with chelating exchange resin to
concentrate heavy-metal ions in sea-water samples?,

The two zones A and B are injected by means of a double valve into a
single carrier line, and the two injection zones are separated by a suitable
length of delay coil. Sample A reaches to the detector before sample B.
As sample B has to travel through a longer path than A, the injection of
identical concentration in the two valves will result in peaks of different
heights. Once M and t, have been determined, they can readily be
rechecked by injecting a fixed concentration of alternately by each value:
if M is unchanged, the peak height measurement for each injection should
be identical. It is interesting to know that the three methods provide Kag

values that are consistent with one another.
1-2-6 Flow-injection and Chromatography

In this section a simplified comparison is presented to show the great

similarity of this technique with high performance liquid

Continuous flow
analysis (CFA)

Sample Deaeration
Liauid Propelling Reactor A
ul > system > or > > Detector
Reservoir . separator
Air
Flow-injection
analysis (FIA) sample
A 4
Liquid Propelling Injection Reactor
. > tem > tem > or > Detector
Reservoir SYys Sys separator
Liquid
chromatography(LC) Sample
A 4
iaui Propelling Injection
Hiquid > > > Detector

\ 4

Reservoir system system Column




chromatography®®,
Fig. (1-8): Schematic Block diagram representation of CFA, FIA and
LC (Liquid chromatography)

The (Fig.1-8) shows the great apparent similarity between FIA and
chromatography. In fact, as a whole, FIA resembles chromatography
more than classical segmented continuous flow methods do.

According to Vandereslice et. al.,?®2% the following similarities
should be emphasized: miniaturization capability, injection, unsegmented
flow, small sample volume, signal profile and the lack of the
characteristic lag phase of SFA. Table (1-2) shows common characteristic
of HPLC and FIA.

Table (1-2) list the common differential features FIA and HPLC
(high performance liquid chromatography)

Common Differential characteristic

characteristics HPLC FIA

Unsegmented flow Interface Always Occasionally

Sample introduction: Column Essential Possible

injection

Sample volume: small Pressure High Low

Flow-rate: variable Data produced Peak Peak heigh/area
height/area width, peak to peak
distance

Tubing diameter: Cost High Low

small

Lag phase: negligible Versatility main Limited Great

analytical purpose Several A single
components in | component in many

a single sample samples

17



The substantial difference between FIA HPLC is that HPLC
operates at pressure more than 70 atm whereas a FIA system could
operate at about 0.5 atm by using a simple peristaltic pump because, in
HPLC, the liquid has to be forced through a tightly packed column
material, whereas in FIA the sample zone passes through short length of
narrow tube. Basically, however, FIA and HPLC are two quite different
techniques,  because  their  principles and  purposes are
different0-32),

1-2-7 Dispersion

Dispersion is defined as the ratio of the concentration before and
after the dispersion process has taken place in those elements of fluid,
which correspond to the maximum on the dispersion curve, Fig. (1-9), by
denoting C: as the original concentration of the injected sample solution

and C™*as the concentration in the element of fluid corresponding to the

peak maximum®?,

18



Signal ——

Fig. (1-9) Dispersion D in the FIA system

The controlled dispersion of the sample zone which occurs during its
passage through the system towards the detector results in a response
curve as shown in. Fig. (1-10) which shows a peak shape, characteristic
of the flow injection system. Naturally, the sample zone broadens as it
moves downstream and changes from the original asymmetrical shape to

a more symmetrical and eventually Gaussian form(®),
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Fig. (1-10) Typical peak forms and corresponding concentration

(9]

profile observed: (A) at the point of injection; (B) shortly
after injection; and (C) after passage through an open

narrow tube.

Generally, dispersion can be classified into three brad categories;
limited, medium and large, which can be employed in the following
ways.

If the original composition of the sample solution is to be measured,
e.g., pH or conductivity. A limited dispersion of the sample zone is
required. Inorder to ensure that the readout as obtained at the centre of the
sample zone is not effected by any mixing with the surrounding carrier

stream. Also when the flow injection system is to serre merely as a means



of reproducible introduction of the samples into a detector, the conditions
of limited dispersion are most suitable®®. However, in medium
dispersion the centre of the sample zone must be mixed effectively with
the carrier stream and often with several reagents in sequence and if the
interfacial concentration profiles between the sample plug and the carrier
stream or to be employed, a large dispersion of the sample zone is

required. Fig. (1-11) shows the types of dispersion together with the
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corresponding vessel geometries.
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e
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Fig. (1-11) Types of dispersion (D), together with the corresponding

vessel geometries.



1-2-7-1 Factors affecting dispersion

The overall dispersion within an FIA system is the sum of the
dispersions originating in three main parts of system©®4:

D= Dinjection + Diransport + Ddectector ...(1-10)

Where Dipjection 1S the dispersion due to the sample volume and to the
geometric aspects of the system, Dyansport 1S the most significant
contribution to the overall dispersion which includes the contribution of
the reactor geometry and the flow rate, and Dgeceror donetes the
contribution of the flow cell geometry (shape and dimensions) to the
dilution. All three terms include contributions from factors such as deal
volumes connectors, which can be very important in some instances.
(i)Sample volume

Fig. (1-12) shows the FIA signals obtained with an elementary FIA
system which increasing volume (vi<v,<vs<v,) of a dye have been
introduced, and recorded by starting from the same position on the chart
so as to obtain a series superimposed curves. Ruzicka et. al.,®® concluded
that travel time does not depend on the injected volume however the
residence time and baseline-to-baseline are both increases with the
injected volume. The dispersion coefficient decreases with increasing the

injected volume.
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Fig. (1-12) Influence the injected sample volume on dispersion

coefficient

(i) Hydrodynamic factors
Vanderslice’s expressions indicate the relation between the flow

rate, g and baseline-to-line times
. (1-11)

2 0.025 1.025
and K constant which = 109R Df L




K’: constant =

35.4R* fI**
D0.36

and

At = K

064

...(1-12)

where t;, is travel time , At is baseline-to-line time and q is the flow-
rate. Fig. (1-13) shows that the dispersion, t,, At, should decrease with the

increasing flow-rate®®,

L=100cm

d=0.5 min

1 q=0.57 ml/min.
2 q=0.95 ml/min.
3 g =2.00 ml/min.
4 g =3.00 ml/min.

w —
i

'.L_————-—-n——--v——-l——l'———_-""—

0 10 20 40 60 80 100 120 140 160 Time second

Fig. (1-13) Influence of flow-rate on the dispersion, time and peak
width.
(iii) Geometric factors



Geometric factors deals with the influence of the reactor shape and
its dimensions on the dispersion®®. There are two shapes of reactor:

(a) straight tubes

Fig. (1-14) shows that t, and At increase with the reactor length

according to Vanderslice’s predictions

ta= KL192°
and
At = K'L064 ...(1-14)

where L is the reactor length.

The dispersion coefficient increases with the increasing reactor
length, which is consistent with Ruzicka’s expression.

D = KL? ...(1-15)

Where D is the dispersion coefficient
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q =20 ml/min
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Fig. (1-14) influence of reactor length on the signal obtained which

shows brocedeing increased (50-200 cm) as the length.



(b) coils

Fig. (1-15) shows the signals obtained with a conventional FIA
system for a reactor of constant length L=125 cm in the form of straight
tubing(1), a coil with diameter 26mm (2), and a coil with diameter
4mm(3). From this curve the smaller diameter, the smaller the

dispersion®?,
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Fig. (1-15) influence of coil diameter an the dispersion



1-2-8 The stimulus response technique

The flow injection analysis response curve is a result of two
processes, the physical process of dispersion of the sample zone within
the carrier stream and the chemical process of formation of a chemical
species. The physical process of material dispersion is due to the
hydrodynamic processes which take place in the flow through system and
is therefore conveniently investigated by stimulus response technique©®),
This technique is based on introduction of a tracer into flowing stream
and on measurement of the dispersion of the tracer as caused by the
transport process throughout the system. If the tracer is injected as a zone
(stimulus), then the observed response reflects the dispersion in the
system through the increase of the width of the tracer zone as increased
by the combined contribution from convection and diffusion. These two
steps occur simultaneously. If the response curve has a Gaussian shape,
then its first statistical moment, the mean of the tracer curve corresponds
to the maximum peak, when expressed by units of time. The first moment
allows estimation of the average time available for chemical conversion,
since it constitutes the mean residence time that the tracer material in
average has spent in the reactor. The second statistical moment is
proportional to the peak width, and for the Gaussian peak, it is the
second power of the half peak width measured at 0.61 peak height®? as
shown in Fig. (1-16).

The increase of the second moment caused by transport through the
reactor is due to the dispersion. The relation between dispersion and
residence time is an important parameter for optimization of all types of
flow systems as shown in Fig. (1-17).

It is application varies depending on the purpose. These are two
reasons: first is that the mixing in FIA is nonhomogeneous and

directional (since it yields a concentration gradient in both axial and



radial direction), and as a result of this stratification the ensuing chemical
reactions take place gradually, while the reagent penetrates the sample
gradient during the movement of the dispersing zone through the channel.
Therefore, the FIA response curve is not only a result of the processes
that occur at the detector location, but also of all the processes that
gradually take place upstream in the FIA system at variable reagent
concentration. The FIA readout is selected at peak maximum according to
Qebergas model®® as shown in Fig. (1-18) and Fig. (1-19) the movement
of the liquids in the tubes could described by the convective-diffusion
equation.

2
D, o°c a c 18c 6c 2F(L __)_ . (1-16)
ox* ar rat 8t

where Dy, is the molecular diffusion coefficient, ¢ is the
concentration, x is the distance along the tube, r is the radial distance
from the tube axis, R is the tube radius, t is the time and F is the average

flow velocity. The reduced velocity is described by the peclet ]Number

Pe = R(2F)/Dn, .(1-17)
the reduced distance x

X = Dm X / R?(2F) ...(1-18)
The reduced time T
T=Dn t/R? ...(1-19)

Were selected to approximate the range of FIA conditions, that is,
Pe>1000

0.004<x<1.0

0.002<T<0.8

When the contribution of diffusion to radial transfer is negligible, a
sharp rise at the peak leading edge and exponential decay at its tail,
characteristic of convective dispersion due to a poisseuille profile are

observed. For long residence times (T=0.4) a nearly Gaussian peak is



observed, while for shorter residence times a peculiar double-humped

peak is observed. Ruzicka and Hansen®® are another equation for

baseline to baseline value.

Aty = 56.7 RO29% L0107 Q1057 ...(1-20)

and for dispersion coefficient D at any time t:
D = Cof Ciax = 2.342 |9-106 Q0-206 R0.4%6 ...(1-21)

The second reason is that flow injection analysis encompasses a

much wider range of solution, that is sample dilution, preconcentration,

reaction rate measurement and multicomponent detection.

C
Input

Output

Plug Mixed Arbitrary @

- = oz

_ Shaded Area =0.68

C
{ 61 i
Total
0 t=0 t=0
C°.e'$’f =1
NEA
/
T t:.f t:'."-7"_
—>

—— 11 C —

" e

f
]

i H )
t “ 46— ’;'\\
t 1= 7-:
t ———p

Fig. (1-16) a- Curves for plug, mixed and arbitrary flow

b- For arbitrary flow, a Gaussion-shaped curve is
eventually achieved
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Fig. (1-17) Dispersion of a sample plug in a straight tubular channel.

Fig (1-18) Dispersion in coiled tubes. a) Equivelocity profiles in axial

direction. b- Equivelocity profiles in radial direction
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Fig (1-19) Axial velocity profiles in a coil tube.

1-2-9 Operation modes of manifold

Various mode of operation could be conducted in FIA system
mainly single line and multiple line system in the following section a
brief clisscussion is presented
(i) Single-line

manifolds Fig. (1-20) shows the simplest FIA system which consists

of one tube through which the carrier stream moves towards the flow



through detector. Depending on injected volume sample(s) tube length
(L) and flow geometry. In this system, limited, medium, and large

dispersion can be achieved®°49),

ml/min

S

Carrier stream 'I' @ w
J |

Fig. (1-20) single-line manifolds

(if) Multiple lines

Sequential use of only two reagents is a simple matter because a
manifold designed for this purpose involves only one confluence point at
which a second reagent is added to the sample zone when carried past by

the stream of the first reagent® as shows in Fig. (1-21).

ml/min

Base /

Fig. (1-21) Two-lines manifolds



And, Fig. (1-22) shows the manifolds of three lines where the reagent are

added sequentially and then the reaction product was occurs®24),
ml/min
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Fig. (1-22) Three-lines manifolds

1-2-10 The merging zones

The relatively high reagent consumption is the main disadvantage of
all continuous flow systems, which, in contrast to batch analyzer , use the
reagent continuously even when there is no sample present in the
apparatus notably during the startup and shutdown procedures.

This problem is not as great in FIA, where the volume of the sample
path is seldom larger than a few hundred microliters and therefore easy to
fill and wash in a very short period using small amounts of reagent or
wash solutions. If however, an expensive reagent or enzyme is used, it is
wasteful to pump solutions continuously, because the reagent also
occupies those section of the sample path where the sample zone is not
present simultaneously®. The merging zones principle avoids this
uneconomic approach by injecting the sample and introducing the reagent
solution in such a way that the sample zone meets the selected section of
the reagent stream in a controlled manner. The rest of the FIA system is

filled with wash solution or only pure water. This can be achieved in two



different ways, by the merging zones systems which are based on
intermittent pumping®® as shown in Fig. (1-23.a), where two pumps are
operated is such a way that when pump 1 is in the position, pump Il is in
the stop position, and vice versa. Thus the sample zone is first transported
from the injection port by mean of pump I, then when a chosen distance
from the merging point is reached pump Il is started, which continues to
bring the carrier stream forward while the reagent is being added Fig. (1-
24). After the sample zone has passed the merging point, point | is

reactivated
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Fig. (1-23) a) FIA manifold for merging zones system based on
intermittent pumping.

b) Recorder trace obtained with the system in (a).
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Fig. (1-24) The principle of zone merging a) intermitlent pumping b)
zone penetration, c)showing, from left to right, the
sample(s) zone and reagent (R) zone separately, during the

initial contact, and then merged further downstream.

while pump Il is stopped again. This approach allows the length of the
reagent zone to be regulated simply by choosing different go and stop
periods by means of the timer (T), and makes it possible to create
different concentration gradients on the interface between the sample
zone, reagent solution and carrier stream Fig. (1-23.b). Variations on this
theme are numerous. Thus, by choosing different lengths of reagent zone,
and by letting it overlap in different ways over the sample zone, an
individual blank for the reagent alone and for the sample zone alone, as
well as the peak height resulting from the chemical reaction between the
components of the sample and reagent solution®®, And by the suggestion
of the use of a multiinjection value for the FIA merging zone approach®?,
the purpose of using a value, such as that shown in Fig. (1-25) and Fig.

(1-26) , is to inject sample and reagent zones into two separate carrier



stream pumped at balanced flow rates so that they meet in a controlled
manner. As distilled water (or diluted buffer-detergent mixture) might be
used as carrier in both stream. The reagent volume consumed per
determination may be 30ul or less®®. The carrier streams might be
pumped continuously-for single- point measurement or intermittently, for
stopped flow measurements. The advantages of the merging zones are,
that it alleviated the reagent blank problem®®, cheap, rapid, and flexible

analytical facilities that could be used even in small laboratories“®-°0:5%),



(b) coils

Fig. (1-15) shows the signals obtained with a conventional FIA
system for a reactor of constant length L=125 cm in the form of straight
tubing(1), a coil with diameter 26mm (2), and a coil with diameter
4mm(3). From this curve, the smaller diameter is, the smaller the

dispersion®?,

.
——
————==
———
—
—
———

SIGNAL

TIME

Fig. (1-15) influence of Coil Diameter an the Dispersion
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1-2-8 The Stimulus Response Technique

The flow injection analysis response curve is a result of two
processes: the physical process of dispersion of the sample zone within
the carrier stream, and the chemical process of formation of a chemical
species. The physical process of material dispersion is due to the
hydrodynamic processes which take place in the flow through system and
is therefore conveniently investigated by stimulus response technique®®),
This technique is based on the introduction of a tracer into flowing stream
and on measurement of the dispersion of the tracer as caused by the
transport process throughout the system. If the tracer is injected as a zone
(stimulus), the observed response reflects the dispersion in the system
through the increase of the width of the tracer zone as increased by the
combined contribution from convection and diffusion. These two steps
occur simultaneously. If the response curve has a Gaussian shape, its first
statistical moment, the mean of the tracer curve, corresponds to the
maximum peak, when expressed by units of time. The first moment
allows estimation of the average time available for chemical conversion,
since it constitutes the mean residence time that the tracer material in
average has spent in the reactor. The second statistical moment is
proportional to the peak width, and for the Gaussian peak, it is the
second power of the half peak width measured at 0.61 peak height®? as
shown in Fig. (1-16).

The increase of the second moment caused by transport through the
reactor is due to the dispersion. The relation between the dispersion and
residence time is an important parameter for the optimization of all types
of flow systems as shown in Fig. (1-17). lis application varies depending
on the purpose. There are two reasons, first the mixing in FIA is
nonhomogeneous and directional (since it yields a concentration gradient

in both axial and radial direction), and as a result of this stratification the
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ensuing chemical reactions take place gradually, while the reagent
penetrates the sample gradient during the movement of the dispersing
zone through the channel. Therefore, the FIA response curve is not only a
result of the processes that occur at the detector location, but also of all
the processes that gradually take place upstream in the FIA system at
variable reagent concentrations. The FIA readout is selected at peak
maximum according to Qebergas model®® as shown in Fig. (1-18) and
(1-19). The movement of the liquids in the tubes could described by the

convective-diffusion equation.

2 2 2
p [9¢,0C 1) 0 opq Iy ...(1-16)
oX® or° rot ot R*" ox

where Dy, is the molecular diffusion coefficient, ¢ the concentration, x
the distance along the tube, r the radial distance from the tube axis, R the
tube radius, t the time and F the average flow velocity. The reduced
velocity is described by the peclet ]Number Pe = R(2F)/Dn,

..(1-17)
the reduced distance x
X = Dm X / R?(2F) ...(1-18)
The reduced time T
T=Dn t/R? ...(1-19)

Were selected to approximate the range of FIA conditions, that is,
Pe>1000

0.004<x<1.0

0.002<T<0.8

When the contribution of diffusion to radial transfer is negligible, a
sharp rise at the peak leading edge and exponential decay at its tail, and
characteristic of convective dispersion due to a poisseuille profile are
observed. For long residence times (T=0.4) a nearly Gaussian peak is

observed, while for shorter residence times a peculiar double-humped
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peak is observed. Ruzicka and Hansen®® are another equation for

baseline to baseline value:

Aty = 56.7 R0-293 0-107 Q1057 ...(1-20)
and for dispersion coefficient D at any time t:
D = Co/ Cpnax = 2.342 0106 (0206 R0.4%6 ...(1-21)

The second reason is that flow injection analysis encompasses a
much wider range of solution, i.e., sample dilution, preconcentration,

reaction rate measurement, and multicomponent detection.
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Fig. (1-16) a- Curves for plug, mixed and arbitrary flow
b- For arbitrary flow, a Gaussion-shaped curve is

eventually achieved
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1-2-9 Operation Modes of Manifold

Various mode of operation could be conducted in FIA system
mainly single line and multiple line system in the following section a
brief clisscussion is presented
(i) Single-line manifolds Fig. (1-20) shows the simplest FIA system
which consists of one tube through which the carrier stream moves

towards the flow through detector depending on injected volume
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sample(s) tube length (L) and flow geometry. In this system, limited,

medium, and large dispersion can be achieved 40,

ml/min

S

Carrier stream ‘I. @ W
J |

Fig. (1-20) single-line manifolds

(it) Multiple Lines

The sequential use of only two reagents is a simple matter, because
a manifold designed for this purpose involves only one confluence point
at which a second reagent is added to the sample zone when carried past

by the stream of the first reagent®V as shown in Fig. (1-21).

ml/min

Base /\

Fig. (1-21) Two-lines manifolds
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Fig. (1-22) shows the manifolds of three lines where the reagent are

added sequentially and then the reaction product occurs®24%):

ml/min

S
|
urease A‘ N ‘,‘®_'W

Hypochorate
phenol

Fig. (1-22) Three-lines manifolds

1-2-10 The Merging Zones

The relatively high reagent consumption is the main disadvantage of
all continuous flow systems, which, in contrast to batch analyzer , use the
reagent continuously even when there is no sample present in the
apparatus notably during the startup and shutdown procedures.

This problem is not as great in FIA, where the volume of the sample
path is seldom larger than a few hundred microliters and, therefore, easy
to fill and wash in a very short period, using small amounts of reagent or
wash solutions. If, however, an expensive reagent or enzyme is used, it is
wasteful to pump solutions continuously, because the reagent also
occupies those sections of the sample path where the sample zone is not
present simultaneously®®. The merging zones principle avoids this
uneconomic approach by injecting the sample and introducing the reagent
solution in such a way that the sample zone meets the selected section of
the reagent stream in a controlled manner. The rest of the FIA system is
filled with wash solution or only pure water. This can be achieved in two

different ways: the merging zones systems which are based on
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intermittent pumping®® as shown in Fig. (1-23.a), where two pumps are
operated, is such a way that when pump 1 is in the position, pump Il is in
the stop position, and vice versa. Thus the sample zone is first transported
from the injection port by mean of pump I, then when a chosen distance
from the merging point is reached, pump Il is started, which continues to
bring the carrier stream forward while the reagent is being added Fig. (1-
24). After the sample zone has passed, the merging point, point | is

reactivated
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Fig. (1-23) a) FIA manifold for merging zones system based on
intermittent pumping.

b) Recorder trace obtained with the system in (a).
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Fig. (1-24) The principle of zone merging a) intermittent pumping b)
zone penetration, c)showing, from left to right, the
sample(s) zone and reagent (R) zone separately, during the

initial contact, and then merged further downstream.

while pump Il is stopped again. This approach allows the length of the
reagent zone to be regulated simply by choosing different go-and-stop
periods by means of the timer (T), and makes it possible to create
different concentration gradients on the interface between the sample
zone, reagent solution and carrier stream Fig. (1-23.b). Variations on this
theme are numerous. Thus, by choosing different lengths of reagent zone,
and by letting it overlap in different ways over the sample zone, an
individual blank for the reagent alone and for the sample zone alone, as
well as the peak height resulting from the chemical reaction between the
components of the sample and reagent solution®® and by the suggestion
of the use of a multiinjection valve for the FIA merging zone approach®?,
the purpose of using a valve, such as that shown in Figs.(1-25) and (1-26)

Is to inject sample and reagent zones into two separate carrier stream
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pumped at balanced flow rates so that they meet in a controlled manner.
As distilled water (or diluted buffer-detergent mixture) might be used as
carrier in both streams the reagent volume consumed per determination

may be 30ul or less®®. The carrier streams might be pumped

continuously:for single- point measurement or intermittently for stopped

flow measur s. The advantages of the merging zones are, that

alleviated the reagent blank problem®®, cheap, rapid, and flexible

analytical facilities that could be used even in small laboratories“®-°0:5%),

37



To Detector

' Reagent Loop Recagent Loop
LOAD INJECT

N\PORA

Carricr —p» \\\Rqa‘g_cm

Carrier

Carrier —p /////S’u'nrl;;l,c

wi

Fig. (1-26) : (a)Six-port Valve Configuration for Metering of
Separate Volumes of Sample (Ls) and Reagent. (b) The
Merging might either be Effected Synchronously (as
shown here) or Asynchronously. Integrated into a FIA
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1-3 Hydronium Ion “Oxonium Ion”

The acid name comes from the Latin “acidus” which means “sour”
and refers to the sharp odour and sour taste of many acids. Vinger, for
example, tastes sour because it is a dilute solution of acetic acid in water.
Lemon juice testes sour because it contains citric acid. Milk turns sour
when it spoils because of the formation of Lactic acid, and the unpleasant,
sour odor of rotten meat or butter can be attributed to compounds, such as
butyric acid, that is formed when fat spoils. Vegetable dyes, such as
litmus, have been used for more than three hundred years to distinguish
between acids and bases®. Acids were already known in antiquity of
their sour taste and for their power to solubilize metals. [The Latin word
for sour is “acidus”]. In the early middle ages, the Arabs used nitric acid
to separate silver from gold by selective dissolution, the use of vegetable
dyes as acid —base- indicators goes back at least to Robert Boyle (1627-
1691). However, the nature of acids was still obscure. In the eighteenth
century it was believed that phlotgiston, from the Greek word for flame,
droC (pronounced ‘phlox’), was the acidic principle,. Lavoisier observed
that burining elements such as carbon, nitrogen and sulfure in oxygen
gave compounds that, when dissolved in water, produced acids®?. He
therefore associated acidity with oxygen, which he named the generator
of acid (from olvo), pronounced “oxus” Greek for acid . It was only after
Davy had showin in (1811) that hydrochloric acid conteins no oxygen,
and Von Liebig introduced the concept of mobile, replaceable hydrogen
(1838) that acidity can be associated with the presence of hydrogen rather
than oxygen.

Arrhenius introduced the idea of electrolytic dissociation in 1884.
The replaceable hydrogen then became a hydrogen ion which could

dissociate from an acid as in
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HAT= H'+ A ..(1-22)

The Arrhenius definition is quite appropriate for agueous solutions,

because water itself can dissociate into H* (or, written in its hydrated

from as H*30) and OH'. The alternative definition given by Bronsted
(1923) emphasizes the complementary nature of acids in aqueous
solutions. It consider an acid any substance that can donate s proton. This
definition is independent of the nature of the solvent, and applies even in
the absence of any solvent, as in the vapour phase reaction of HCI with
NH; to yield NH,Cl. At the same time, Lewis (1923) suggested a further
generalization by considering an acid any substance that can accept an

electron pair®. In water, this definition is equivalent to those of

Arrhenius and Bronsted, since H' lacks electrons, whereas OH™ has a pair
of electrons it can share. The Lewis definition has been proved very

useful in non-aqueous chemistry, such as in molten salts®?. There is no

such theory as an H" ion in aqueous solution. The H" ion is produced

where an acid ionizes is attached to at least one water molecule to form

an H';0 ion. There is a reason to believe that the H" produced in this

reaction is actually shared at least by four H,O molecules, to form an

H(H.0) "4 or HO"4 ion as shown in Fig. (1-27).
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Fig. (1-27) Shows the Structure of HsO"4 lon

Different method in a restricted numbers of paper [that were] found
that mainly deals with weak acid determination especially ascorbic acid,
citric acid, oxalic acid because of their vital importance medically and
industricaly. The literatures conducted for the last thirty years shows that
no available spectrophotometric method for acid determination is quoted
[unless very rare]. Table (1-3) shows the miscellaneous methods used for
the determination of some acids. It seems that the glass electrode

occupies the whole area of acid determination.
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Table (1-3) miscellaneous methods for determination acids

Acid

Method

Wave

length nm

Range of

Citric acid

Ttitrimetric citrate with

potentiometric end point detection

102-10°M

Mixture acids (HCI,
H2S04, HNO;,
Formic acetic,

Malonic) acid

Titration of buffer mixture with

strong acid

0.025-0.25M

Ascorbic acid

Potentiometric of LAA+1/2/02

—dehydroascorbic acid+H20

Phosphoric, succinic,
Maleic, oxalic,
Tartaric Acetic and

propionic acid

Partial-least sequares

Ascorbic acid

Oxidimetric ~ with  potassium
hexacyyano ferrate (l1l) in acid

medium

20-200pugml?

Citric acid in milk

Spectrophotometric of pyridine,

acetic anhydride and citrate

0-300pugmit

Ascorbic acid in

citrus fruits

Spectrometric reduction of iron

.

5 ug/25 mi
10ug/ 25 ml

Ascorbic acid in soft

drink, fruit juices

Spectrophotometric titration with

2,6 dichloro phenol indophenol

Ascorbic acid in

vegetable and fruit

Spectrophotometric molybdenum

blue complex

2-23pugml?

Vitamin C

Spectrophotometric reaction with

ferricinium cation

Asorbic  acid in

tabletes

Gas chromatography. Converted
ascorbic acid to its derivative

(trimethysilgl)

50-400p9

Ascorbic acid

Photobleaching of methylene blue

42

0.004-0.5M




1-3-1 Flow-injection Methods

A single-point titrimetric system based on the flow injection
principle was used to determine acids. The sample is introduced into a
water stream then reacts with basic buffer solution in a merging stream
and the peak height is recorded potentiometrically with a glass electrode
in a flow through cell. The relative standard deviation is less that 1%,
Foggand Summan(® studied that a scorbic acid can be determined by
flow-injection analysis at a sessile mercury drop electrode without the
need to deoxygenate the samples. This methods is found to be accurate

for concentration higher than 60ug ml?t and coefficients of variation were

less than 1%. Ascorbic acid was determined in range of 0.1-40 ug mi* by
flow injection analysis based on the generated iodine as triiodide ion or
the triiodidel starch complex which gives a steady spectrophotemetric
signal as 350 or 580 nm respectively. The method is applied to the
determination of ascorbic acid in a fruit juice, jam and prepared vitamin
C(5-78)_ Flow-injection analysis method involves spectrophotometric
determination of carboxylic in drugs based on the formation of 2-
nitrophenyhydrazide  derivatives  mediated by  water-soluble
carbodiemide!”. A number of drug preparations were also analysed with
a coefficient of variation of less than 1%.

Flow-injection method for the determination of oxonium ion in
strongly ionisable inorganic acids such as sulphuric, hydrochloric,
perchloric, nitric, and phosphoric acids. In addition, halogeno-substitued
acetic acids such as chloroacetic, trichloro acetic and trifluoro acetic acids
can be determined. Formic acid can be detected at the 0.1M level but
acetic acid couldn’t be detected up to 0.2M®%. The method is based on

the generation of bromine from

BrO ; — Br — H3*O reaction.
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The bromine is then reacted with H,0O, to liberate oxygen for the
oxidation of Luminol. A Flow-injection method for the determination of
ascorbic acid by the measurement of the chemiluminescence from direct
oxidation with permanganate in an acidic medium®), The method is
applied to fruit drinks and nutritional supplements. Cui. et. al., studied
that tannic acid was found to inhibit chemiluminescence of the luminol-
H,O, reaction catalyzed by Cu?*. Within a detection limit of 9x10° M,
the variation coefficient is 2.5% The method has been successfully
applied to the determination of tannic acid in real Chinese gall and hop
pellets samples. A Flow- injection system for the fluorescence
determination of low level of ascorbic acid was proposed. Ensafi and
Rezaci® used a method based on the rapid oxidation of ascorbic acid by
thallium(1). The fluorescence signal at 419 nm is proportional to the
amount of ascorbic acid. The usefulness of the method was tested in the
determination of ascorbic acid in fruit juices and vitamin C tablets.

Spectrophotometric with flow injection analysis was used to
determine a mixture of weak acids by using multiivariate calibration. This
method was based on spectrophotometric data generated by following the
colour change of a combination of acid-base indicators caused by an
alkaline gradient. This gradient is generated by introducing a NaOH
solution into a flow injection analysis titration system. Partial least
squares modeling is used to reduce and treat the titration data. This model
predicts individual acid concentration of acid presented in the mixture of
weak acid. This method was used to detect citric, tartaric, acetic and
benzoic acids in the 1x103-4x10 M and hydrochloric and acetic acid in
the 1.25x102 - 5x10- M range®®%. Mixtures of succinic and oxalic acid
were determined by titration in flow injection analysis with potentionetric

flow cell with a stainless steel electrode®). Partial least sequares
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regression as multivariate calibration tool was applied for data treatment
with a relative error of 4.3% for succinic acid and 5.5% for oxalic acid.
This method can be applied in pharmaceutical or food samples. A flow
injection analysis system with potentiometric detection has been
developed for the determination of citric acid in commercial fruit juces
using copper-selective tubular electrode®). It consists of the
complexation of citrate ion with copper(ll) ion. Citric acid was
determined by indirect flow injection atomic absorption spectrometric,
the method is based on the continuous precipitation and filtration flow
system for the separation of citric acid by precipitation with lead and
indirect flame atomic absorption spectrometry is proposed®). The
precipitate is formed by injecting the lead solution into a carrier
containing the sample and is subsequently retained on a filter. This
method has been applied to the determination of citric acid in fruit juices,
carbonated soft drinks and sweets. New approach for the determination of
ascorbic acid via on-line automatic through the consumption of the
relased bromine with detection limit of 7.045mg®). Ascrobic acid can be
determined in pharmaceutial preparation and from natural juice obtained
from naturally occuring citrons fruits using flow injection analysis

according to this reaction
Bf - BrO, —H;0 — 3Br, +3H,0

via consumption of relased bromine®?,
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1-4 Nitrate and Nitrite lons

Nitrate may be quantitatively reduced to nitrite and nitrite
quantitatively oxidized to nitrate. Nitrate and nitrite play an important
role in the nitrogen cycle. Both are present in food and water, and then
they are two of the most frequently required determination in
environmental investigations. Nitrate is necessary for plant growth and is
important in soil as relating to fertilization. Oxides of nitrogen absorbed
from the air are determined as nitrate. There are industrial materials
containing desired or contaminating amounts. Nitrate ion is acting as a
depolarizer and reduced to nitrate ion®*3),

Several spectrophotometric methods are used for the determination
of nitrate and nitrite ions are shows in table (1-4).

Table (1-4) Spectrophotometric Methods for Determination of
Nitrate and Nitrite

i Wave
lon determine | Method Range Reference
length nm

Nitrate and Nitrite | Method based on the reaction 543 mp 4-50ug NO3 94
between nitrite, sulphanilamide 0-10pg NO,
and naphthylethylene diamine
Nitrate and Nitrite | Forming aZo dye 400-600 0.05-0.5M

Nitrate Using the reaction of nitrite with 527.5

a-naphthylamine

Nitrate in water Using of different cadimum 0.02-0.2M

column to reduce nitrate to nitrite

Nitrate Base on the reaction of nitrate 0.2-7.5ppm

with 4,5 dihydroxycounmarin

Nitrate vegetable | Using 2-sec-Butylphenol 0.13-2.5M

Nitrate and Nitrite | Modified of Griesliosvoy reaction 0.025-0.356 pg .gt NO,

0.212-8.559

ug g NOs
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1-4-1 Flow Injection Methods for Determination of Nitrate

and Nitrite lons

Nitrate and nitrite can be determined by Flow-injection method
which consists of the reduction of nitrate with copperized cadimium with
the nitrite thus produced, diazotisation of sulpanilamide, the product
being coupled with N-1-naphthylethlenediaimine to from a highly
coloured azo dye, which measured at 520nm. Automated procedures for
determination of ammonium and nitrate in soil extracts were described,
distillation of the extract with magnesium oxide with subsequent
determination of ammonia by automated indophenol method used for
ammonium. For ammonium plus nitrate, the nitrate is reduced with
titanium(l11) sulphate during distillation with magnesium oxide. The
method has wider application was, for example, analysis of fertilisers and
water samples®, Flow injection principle is used with the noval design
of a flow cell, in which the ion-selective and reference electrode are
incorporated. The method was used for the determination of nitrate in soil
extracts with standard deviation of only 0.8% and the detection limit was
approximately 10° M nitrate®®, automated method for determination of
nitrate and nitrite by flow injection analysis was used. Nitrate@® is
reduced to nitrate with copperized cadmium coloumn. Nitrite is
diazotized and coupled with N-(1-naphthyl) ethylenediammonium
dichloride. In this method, the merginhg zones approach is used to
minimize reagent consumption. Two peaks are obtained: one of them
corresponds to nitrite and the other to nitrite plus nitrate. The precision is
more than 0.5% for nitrite in the range 0.1-0.5 mgL* and 1.5% for nitrate
in the range 1.0-5.0 mgL™? . Flow injection principle is used in the
photometric determination of nitrite and nitrate with sulfanilamide an N-

(1-naphthyl) ethylenediamine as reagents. On-line copper-coated
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cadmium reductor reduces nitrate to nitrite. The detection limit is 0.05uM
for nitrite and 0.1 uM for nitrate at a total sample volume of 2001(105-106),
Nitrite can be determined by its reaction with cerium(lV) using inverse
spectrophotometric detection in flow injection analysis®®”. The system
was applied to the determination of nitrite in culture media.
Spectrophotometric determination of aromatic primary amines and nitrate
by flow injection analysis are used, are based on the injection of aromatic
primary amines into dilute hydrochloric acid carrier which merges
sequentially with 4-N methylaminophenol and dichromate. The purple-
red colour formed by oxidative coupling of amines with 4-N-
methylaminophenol is measured at 530 nm. In contrast to the manual
procedure, the flow-injection procedure avoided errors arising from the
instability of the coupling intermediate, oxidation of the amine, and too
great an excess of the oxidant(t0®),

Nitrite can be determined in water by flow-injection with
chemiluminescence®®, In this method nitrogen monoxide, which exists
in equilibrium with HNO,, is separated from the aqueous flowing eluate
by entraiment in Ar carrier gas and is detected with high specificity in the
gas stream by the chemiluminesence associated with its reaction with
ozone. The sequence of reactions involves the chemiluminesence

determination of nitrite ions.
NO, + H" «—— NONO — NO ...(1-23)
NO+0O, -»NO - NO, + hv ...(1-24)
Nitrate is determined by spectrophotometric with electrochemical
reductor using flow-injection analysis®!9. This method is based on a
column electrode paked with co-electrodeposited Cu-Cd glassy carbon
grains which has been shown to be excellent for the reduction of nitrate to

nitrite and its application to the flow injection analysis of nitrate in
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sample of natural water has been used. The detection limit was
7x107"M.

To minimize the sample size, reagent consumption and waste, a
micro-Flow-injection analysis was investigated and applied to the
simultaneous determination of nitrate and nitrite ion in water sample@?,
Nitrate was reduced to nitrite by cadmium copperized. Detection was
carried out at 538 nm with a height-emitting diode used as an azo dye.
The detection limits of nitrate and nitrite were about 10 M. Amoter flow
injection method was used to determine of nitrate and nitrite in human
saliva'?. It is based on the reaction of nitrite with iodide in acidic
medium, the triiodide formed being amperometrically monitored at
+0.2V with platinum microelectrode. The method was used in the study
of the conversion of nitrate to nitrite in the oral cavity by bacteria.
Amperonometric detection with microelectrodes in flow injection
analysis was used to determine of nitrite in saliva®'34 This method was
based on the reaction nitrite with iodide in acidic medium and the
trilodide was formed. This limit of detection of the method was
0.2 pmoll. Simultaneous spectrophotometric determination of nitrate
and nitrite in foodstuffs and water was doneby flow injection analysis®®,
In this method cadmium is used to reduce nitrate to nitrite. Nitrite is
diazotised in the FIA system with N-(1-napthyl) ethylenediammonium
dichloride to form the highly coloured aZo-dye, which is measured at
540nm. The detection limit is 0.085ug.I* for a sample injection of 400 pl
at relative standard deviation was 1.56%, and 0.77% for both nitrate and
nitrite, respectively. A Flow injection system with spectrophotometric
detection was proposed for determination of low levels of nitrite based on
its catlytic effect on the oxidation of gallocyanine such as bromate in

acidic media®!®, The calibration graph was linear for 0.02-0.5 pg/ml of
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nitrite. A sequential injection analysis system for the simultaneous
determination of nitrite and nitrate in waste waters has been developed.
The nitrate determination is based on the Griess-Liosvay reaction. Nitrate
Is previously reduced to nitrite in a copperized cadmium column and
analyzed as nitrite. The absorbance is measured at 540nm. The standard
deviation better than 2% for nitrite and 0.7% for nitrate®!"-118)  Nitric
oxide (NO) is an important intracellular and extracellular signal
substance!®), Nitrite is one product of the oxidative metabolism of NO.
So a flow injection method is based on the Griess reaction. The purpose

of this method is to determine nitrite to provide a means of estimating the

endogenous formation of NO or NO, .

The reversed phase flow injection spectrophotometric determination
of trace nitrite nitrogen in water has been studied®?®. N-(1-Naphthyl)
ethylenediamine dihydrochloride solution was injected into the mixed
flow of the water sample sulfanilamide solution. Red dye formed by the
reaction and spectrophotometrically monitored at Amax 540nm. The
detection limit is 0.0012 mg/l. A thin film of mixed-valent cupt Clg is
deposited on a glassy carbon electrode by continuous cyclic scanning in a
solution containing 3x10° M CuCl,, 3x10° M K,PtCls and IMKCI. In
the potential range was from 700 to 800 mv*2Y, The cyclic voltammetry
Is used to study the electrochemical behaviors of nitrite on CuPtCls/GC
modified electrode and electrode displays a good activity toward the
oxidation of nitrite.

The linear relationship between flow injection peak currents and
concentration of nitrite is at range of 1x107 - 2x10° M with detection
limit of 5x10® M. Non-equilibrium flow injection spectrophotometry is
used for thedetermination of nitrite. This method was based on the

reaction of nitrite with basic fuchin in an acid medium. The linear range
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for nitrite is 0.0-0.5 mg/l. The method was applied to direct determination
of nitrite in collapase lake water, fishpond water, power plant wastewater
and well water with satisfactory results??, An automatic direct
spectrophotometric method for the simultaneous determination of nitrite
and nitrate by flow-injection analysis has been developed®?®. The method
Is based on the reaction of nitrite and nitrate with the spectrophotometric
reagent N-phenylanthranilic acid(l) in sulfuric acid medium pH (0.4-0..6)
to form the same colour product whereas the absorbance is measured at
410 nm. One half of the sample flow is treated with sulfanilic acid, which
reacts with the nitrite and thus makes it subsequent reaction with I. So
that the nitrite portion can be calculated by difference. This method has
the advantage of direct determination of nitrite and nitrate without
reducing nitrate as in other reported methods. The detection limit is 2.5
ng/ml for nitrite and 12 ng/ml for nitrate. The concentration of nitrate in
biological fluids has been determined using nitrate reduotase (NR) in a
flow system. A merging zone method was applied, in which a zone of NR
and that of nitrate in separated stream has been merged, and allow to
react. The decrease in NADPH caused by the reaction between NR and
nitrate was measured at 340nm. The detection limit was 0.2 uM. Flow
injection method was applied to determine the amount of nitrate in serum,
plasma, and uria using samples that had not been deproteinized. The
concentration of nitrate within each sample was calculated from
differences in the peak areas obtained in the absence or presence of

nitrate reductase®?¥,
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The colour fading reaction on potassium bromate with victoria green
stand G by the catalysis of nitrite in hydrochloric acid medium was
studied using flow injection analysis®®®. The linear range for the
determination of nitrite was 0-0.3 mg/l and 0.2-0.3 mg/l. It was used to
determine trace nitrite in the collapse lake water, fishpond water, power
plant wastewater and well water.

Miscellaneous methods are used for the determination of nitrate and

nitrite as shown in table (1-5).
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Table (1-5) Miscellaneous methods for determination of nitrate and

lon determine

nitrite

Method

Wave

length nm

Range

Refere.

Nitrate in water

Automatic kinetic method

based on forming of aZo dye

540

0.025-2 ppm

126

Nitrate

Molecular emission cavity

method

500

10-400 ppm

127

Nitrite in sauage

Amperometric method base
on the anodic oxidation of
nitrate at a molybdenum

oxide layer

5-1000 M

Nitrate in river

water

Capillary electrophoresis

method with indirect

Y

detection, separation and

determination of CI, NOs

and SO4~

Nitrite

lon chromatography with
photometric measurment of

iodine

0-1.5x10°M

Nitrateind nitrite
in human serum,
lake water, river,
sewage  works
water and snow

samples

lon chromatography method

Nitrite 0.03-10

ng ml
Nitrate 0.05-5

ng ml

Nitrite

Voltametric method based on
oxidation of nitrate at boron-

doped diamand electrode

0.002-1 mM

Nitrate in water

lon selective electrode

method
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1-5 Hydrogen Peroxide

Hydrogen peroxide is an oxidant used widely in industry,
laboratories and in domestic purpose. It is unstable and easily
decomposable due to the uncommon oxidation state of oxygen in H,0,
molecule which is (-1). It is important in some polymers studies when
self-decomposition may H,O,. It has been proposed that natural human
materials in water might photochemically reduce oxygen to give the
superoxide O’; and that subsequent disproportionation of this free radical
could lead to the formation of H,O,*3¥. Fig.(26) shows that the H,0O,
molecule is not planar. Each atom has two unshard electron, which could
as in the O-H bonds, repel each other. The twisted structure called skew-

chain structure accommodates these intermolecular repulsions best®®,

Fig. (1-28) Hydrogen Peroxide Structure

Miscellaneous methods are used for the determination of hydrogen

peroxide as shown in table (1-6):
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Table (1-6) Miscellaneous methods for determination of Hydrogen

peroxide

Wave
H202 Method Range Refere.
length nm

H202 in | Fluorometric method based 10%-1.5x10*M | 136

atomspheric on the reaction of H,O with
precipitation horseradish peroxides and p-

hydroxyphenyl acetic acid

H202 in water | Lodometric method based on
the oxidize of iodide by
hydrogen peroxide at pH=4,
the iodine formed was
reacted with the phenylarsine

oxide

H202 in water | Spectrophotometric method (7-40)x10*M

using sodium salts

H.O, in water | A chemiluminescent method 108-10°M
based on oxidation of
luminol in alkaline medium

in presence of Cu(ll) as

catalyst

1-5-1 Flow-injection Methods for Determination of

Hydrogen Peroxide

A flow-injection system based on the p-hydroxy phenyl-acetate
peroxide-peroxides reaction allows the simultaneous determination of
hydrogen peroxide and CHzHO, in water samples in range of 0.3-2 ug I
and the detection of 0.1 ug 149, An amperometric method with flow-
injection was used to determine hydrogen peroxide in a range of 10 to
10t M. This method is based on the production of dihydroxyacetone from
glycerol by immobilized bacteria. The H,O, was oxidized at 1.2 V.VS
SCE at a glassy carbon flow-through electrode after dilution in a flow
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injection analysis system®*D, Chehemiluminscence from the reaction of
bis(2,4,5, trichloro-6-carbopentoxy phenyl) oxalate with hydrogen
peroxide in the presence of triethyl amine in —butanol-water have been
investigated as a means of determining hydrogen peroxide with range of
2x108-10°M@2_ Hydrogen peroxide can be determined by flow-
injection chemiluminscence method by using reagent containing 100uM
huminol and 3uM microperoxidase at pH=4. The range of this method
was 3x10°M — 10°M®43, Also H,0O, was determined in aqueous samples
by flow injection techinque using solid state peroxyalate
chemiluminscence, Bis(2,4,6-trichloro phenoyl) oxalate in solid from is
packed into a bed reactor, which eliminates mixing problems, perylene is
added as a sensitizer to a water/acetonitrile carrier stream into which the
samples (200-600ul) are injected, the calibration graph is linear up to 10
SM with detection of limit 0.2ugl-*44),

Fluorometric Flow-injection procedure with a single reagent solution
containing p-hydroxypenyl acetic acid peroxidase and ammonia was used
to determine hydrogen peroxide in the range of 10%-10“*M with detection
limit of 108M{49), Hydrogen peroxide was determined in flowing stream
by immobilized luminol chemiluminscence reagent in flow-injection
system with a low detection limit of 100 pmol and the linear working
range was (40-600)uM@4® 1 1'-oxalyldimidozol as chemiluminscence
reagent was used to determine the low hydrogen peroxide concentration
by flow injection analysis, the estimated detection limit for H,O, in water
was 108M with the linear range of 1.5-6uM®4", Flow-injection technique
Is used to determine nanomolar concentration of H,O,, the concentration
of H,O, was determined as the coloured of condensation product of N-
ethyl-N-(sulfopropyl) aniline and 4-aminoantipyrene with detection limit
of 12 nM®8), It has been found that a flow injection system with an
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Immobilized enzyme reaction coloumn could be utilized for the
determination of hydrogen peroxide in some water samples. The coloumn
was packed with chitosan beads immobilizing horseradisn peroxide, the
detection limit was 3ng. dm and the relative standard deviation at 1 mg
dm of H,O, was 1.5%%49). The sensitivity of a flow-injection analysis
system for measuring hydrogen peroxide could be remarkably imporoved
using immunoaffinity-layered horseradisin peroxidase®?. Flow injection
analysis method for automated determination of hydrogen peroxide in the
presence of even stronger oxidants is presented, based on the immediate
formation of a colored adduct between hydrogen peroxide and dinuclear
Ironlll complex. A reagent stream with the complex and carrier stream
into which the sample is injected are combined in a low dead volume
mixing tee. The absorbance was measured at 570nM®5),

All the methods above suffered from interferences compare with the

method used in this work also the detection limit was better.

1-6 lodide and lodate lon

lodide and iodate ions are very important in food, water, plant, and
pharmaceutical products. The body needs iodide ion each day to prevent
goiter, a disfiguring enlargement of the thyroid gland. lodine exists in a
number of oxidation states commonly used in a analytical chemistry
being iodide and troiidode. Strong oxidising agents reacts quantitatively
with the easily oxidised iodide ion. lodination reactions have been
extensively to determine numerous organic compounds that either
iodinated or oxidised by iodine™®3®. The misellaneous method which used

the determination of iodide and iodate ions are shown in table (1-7).
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Table (1-7): Miscellaneous methods for determination of lodide and

lon determine

lodate

Method

Detection limit

Range

lodide

Fluorimetric method used
cerium(lV)

0.6-2.5 ng/100ml

lodide

Fluorimetric method used
2,7-
di(acetoxymercuri)fluoresc
ein

0.87-9.81 ng/25ml

lodide in sea
water

Neutron activation

analysis

lodide in table
salts and
pharmaceutital
products

Spectrophotometric  based
on the reaction of
palladium 3-(2
thiazolylazo)2,6-
diaminotoluene

with

0.6-127ugl

lodide in aqueous
solution

electrode
using

lon selective
methode

piezeelectric detector

0.6-127 pgl™

lodide in sea
water

lon chromatography with
uV detection

0.2 ugl?

lodate in salt

Amperometric method
based on the detection at a
molybdenum oxide
modified electrode

6x10°M

10x106-10x10"'M

lodide in
environmental
equeous samples

Inductivety coupled
plasma atomic emission
spectrometry

lodide in natural
water sample

Spectrophotommetric
determination by solvent
extraction with methylen
blue

7.5x10%-3x10°M

Chemiluminescence based
on the oxidatation of
ascorbic acid with

copper(Il)

58

4.6x107°-4.2x10°M




1-6-1 Flow-injection Methods

lodide can be determined by amperometric Flow-through wire
electrode flow-injection analysis with a detection limit of 10° M(®62),
Chromium (V) as strongly reagent was used in Flow-injection analysis to
determine iodate ion, with a spectropotometric detection, based on the
absorption of chromium (I11)-EDTA at 600nm. The detection limit was
8.3x10"°M, and the range of concentration was 1.66x104-1.66x10M63),
The iodide ion was determined within detection limit of 5x10°°M by
using vibrating wire electrode for ampermetric in flow injection
system®®4), Automatic method was used to determine the free iodide ion
in drinking water. This method was based on the catalytic effect of iodide
on the destruction of the thiocyanate ion by the nitrite ion, the detection
limit of this method was 0.4ug.I"t with linear working range 0.4-5 ug.I*
(185 Liquid core optical fiber total reflection call as a colorimetric
detection for flow injection analysis was used to determine iodide ion. 0.1
ug.I"t can be detected based on the iodine absorption at 540nm%®), Flow-
injection with spectrophotometric system was used to determine iodide
ion. The iodide ion oxidise by bromine water to iodate, most of the excess
of bromine is reduced by formic acid, and the iodate is reacted with more
iodide to form triiodide, which is determined spectrophotomtrically at
351 nmm, with detection limit and range were 3.9x107M, (0.7-3.9) x10~
SM respectively®®?. Stop-flow method was used to detect iodide ion,
based on the reaction between cerium(IV) and arsenic(lll) which
catalysed by iodide ion. This method can be used to determined iodide
ion in pharmaceutial preparation, table salt and Cow’s milk. The decrease
in absorbance during the reaction was monitored at 365 nm, with
detection limit of 0.7 ng ml®  |odometric method was used to

determine iodate ion by using flow injection amperometry, range of (0-
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1.5)x10“M and the iodate ion was detected in this method as iodine(!69),
Also a flow injection analysis method was used to determine a
microchemical amount of iodate and iodide in sea water. This system
involves spectrophotometric detection. This method was based on the
catalytic fading effect of either iodate and iodide on the indicator reaction

of Iron(l11), thiocyanate and nitrite with range of 0.75-150ugl 79,
Aim of the Project

Due to the continuos demand of flow injection analysis and
because of the lock of both experience and flow injection tools which
requires micro tools for micro analysis, and because it is a leading
techniques, and most of the paper concerning this technique is almost
restricted to foreign countries. It require micro flow through cell for
almost pocket size spectrophotometer, with a necessary. Sample
introduction device and chemical propellant. Main target of this project is
to facillitate the check of a few home made tools at a level that is capable

of performing continuos on-line analyse. An easy, fast, sensitive
economic, reliable method even for a well known reactions. The 103 — 1

- H";0 reaction system was used for establishing the test of a new home
made two six-port injection valve in one unit the challenge the legend
forgein six port injection valve. To our knowledge no person or company
or a research institute was capable of dring so, also the flow through cell
that fit usual commercial spectrophotometric is the researcher target. New
mode of merging zero reaction technique using all homemade unit
application of the wuse of this units matched to commercial
spectrophotemetric for acids hydrogen peroxide, nitrate , nitrite, iodide,

iodate determination were tried.
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(b) coils

Fig. (1-15) shows the signals obtained with a conventional FIA
system for a reactor of constant length L=125 cm in the form of straight
tubing(1), a coil with diameter 26mm (2), and a coil with diameter
4mm(3). From this curve, the smaller diameter is, the smaller the

dispersion®?,

.
——
————==
———
—
—
———

SIGNAL

TIME

Fig. (1-15) influence of Coil Diameter an the Dispersion
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1-2-8 The Stimulus Response Technique

The flow injection analysis response curve is a result of two
processes: the physical process of dispersion of the sample zone within
the carrier stream, and the chemical process of formation of a chemical
species. The physical process of material dispersion is due to the
hydrodynamic processes which take place in the flow through system and
is therefore conveniently investigated by stimulus response technique®®),
This technique is based on the introduction of a tracer into flowing stream
and on measurement of the dispersion of the tracer as caused by the
transport process throughout the system. If the tracer is injected as a zone
(stimulus), the observed response reflects the dispersion in the system
through the increase of the width of the tracer zone as increased by the
combined contribution from convection and diffusion. These two steps
occur simultaneously. If the response curve has a Gaussian shape, its first
statistical moment, the mean of the tracer curve, corresponds to the
maximum peak, when expressed by units of time. The first moment
allows estimation of the average time available for chemical conversion,
since it constitutes the mean residence time that the tracer material in
average has spent in the reactor. The second statistical moment is
proportional to the peak width, and for the Gaussian peak, it is the
second power of the half peak width measured at 0.61 peak height®? as
shown in Fig. (1-16).

The increase of the second moment caused by transport through the
reactor is due to the dispersion. The relation between the dispersion and
residence time is an important parameter for the optimization of all types
of flow systems as shown in Fig. (1-17). lis application varies depending
on the purpose. There are two reasons, first the mixing in FIA is
nonhomogeneous and directional (since it yields a concentration gradient

in both axial and radial direction), and as a result of this stratification the
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ensuing chemical reactions take place gradually, while the reagent
penetrates the sample gradient during the movement of the dispersing
zone through the channel. Therefore, the FIA response curve is not only a
result of the processes that occur at the detector location, but also of all
the processes that gradually take place upstream in the FIA system at
variable reagent concentrations. The FIA readout is selected at peak
maximum according to Qebergas model®® as shown in Fig. (1-18) and
(1-19). The movement of the liquids in the tubes could described by the
convective-diffusion equation.

2 2 2
p [9¢,0C 1) 0 opq Iy ...(1-16)
oX® or° rot ot R*" ox

where Dy, is the molecular diffusion coefficient, ¢ the concentration, x
the distance along the tube, r the radial distance from the tube axis, R the
tube radius, t the time and F the average flow velocity. The reduced
velocity is described by the peclet ]Number Pe = R(2F)/Dn,

..(1-17)
the reduced distance x
X = Dm X/ R?(2F) ...(1-18)
The reduced time T
T=Dn t/R? ...(1-19)

Were selected to approximate the range of FIA conditions, that is,
Pe>1000

0.004<x<1.0

0.002<T<0.8

When the contribution of diffusion to radial transfer is negligible, a
sharp rise at the peak leading edge and exponential decay at its tail, and
characteristic of convective dispersion due to a poisseuille profile are
observed. For long residence times (T=0.4) a nearly Gaussian peak is

observed, while for shorter residence times a peculiar double-humped
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peak is observed. Ruzicka and Hansen®® are another equation for

baseline to baseline value:

Aty = 56.7 R0-293 0-107 Q1057 ...(1-20)
and for dispersion coefficient D at any time t:
D = Co/ Cpnax = 2.342 0106 (0206 R0.4%6 ...(1-21)

The second reason is that flow injection analysis encompasses a
much wider range of solution, i.e., sample dilution, preconcentration,

reaction rate measurement, and multicomponent detection.

Plug Mixed Arbllrary @

T

Shaded Area =0.68

c l
Input

J\LJT\

t
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e
"h

Fig. (1-16) a- Curves for plug, mixed and arbitrary flow
b- For arbitrary flow, a Gaussion-shaped curve is

eventually achieved
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Fig. (1-17) Dispersion of a Sample Plug in a Straight Tubular Channel.

Fig (1-18) Dispersion in coiled tubes. a) Equivelocity profiles in axial

direction. b- Equivelocity profiles in radial direction
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Fig (1-19) Axial velocity profiles in a coil tube.

1-2-9 Operation Modes of Manifold

Various mode of operation could be conducted in FIA system
mainly single line and multiple line system in the following section a
brief clisscussion is presented
(i) Single-line manifolds Fig. (1-20) shows the simplest FIA system
which consists of one tube through which the carrier stream moves

towards the flow through detector depending on injected volume
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sample(s) tube length (L) and flow geometry. In this system, limited,

medium, and large dispersion can be achieved 40,

ml/min

S

Carrier stream ‘I. @ W
J |

Fig. (1-20) single-line manifolds

(it) Multiple Lines

The sequential use of only two reagents is a simple matter, because
a manifold designed for this purpose involves only one confluence point
at which a second reagent is added to the sample zone when carried past

by the stream of the first reagent®V as shown in Fig. (1-21).

ml/min

Base /\

Fig. (1-21) Two-lines manifolds
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Fig. (1-22) shows the manifolds of three lines where the reagent are

added sequentially and then the reaction product occurs®243):

ml/min

S
|
urease A‘ N ‘,‘®_'W

Hypochorate
phenol

Fig. (1-22) Three-lines manifolds

1-2-10 The merging zones

The relatively high reagent consumption is the main disadvantage of
all continuous flow systems, which, in contrast to batch analyzer , use the
reagent continuously even when there is no sample present in the
apparatus notably during the startup and shutdown procedures.

This problem is not as great in FIA, where the volume of the sample
path is seldom larger than a few hundred microliters and, therefore, easy
to fill and wash in a very short period, using small amounts of reagent or
wash solutions. If, however, an expensive reagent or enzyme is used, it is
wasteful to pump solutions continuously, because the reagent also
occupies those sections of the sample path where the sample zone is not
present simultaneously®®. The merging zones principle avoids this
uneconomic approach by injecting the sample and introducing the reagent
solution in such a way that the sample zone meets the selected section of
the reagent stream in a controlled manner. The rest of the FIA system is
filled with wash solution or only pure water. This can be achieved in two

different ways: the merging zones systems which are based on
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intermittent pumping®® as shown in Fig. (1-23.a), where two pumps are
operated, is such a way that when pump 1 is in the position, pump Il is in
the stop position, and vice versa. Thus the sample zone is first transported
from the injection port by mean of pump I, then when a chosen distance
from the merging point is reached, pump Il is started, which continues to
bring the carrier stream forward while the reagent is being added Fig. (1-
24). After the sample zone has passed, the merging point, point | is

reactivated

! D)
0.3 bc d
. “" 25sec .
Carrier ] X W 5
X 0.2
]
Carrier y e
0.1
R 4
_ 9
"
S
@ ® |iIE
11 T
Pump [ 1 —D

Fig. (1-23) a) FIA manifold for merging zones system based on
intermittent pumping.

b) Recorder trace obtained with the system in (a).
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S S+R S+

Fig. (1-24) The principle of zone merging a) intermittent pumping b)
zone penetration, c)showing, from left to right, the
sample(s) zone and reagent (R) zone separately, during the

initial contact, and then merged further downstream.

while pump Il is stopped again. This approach allows the length of the
reagent zone to be regulated simply by choosing different go-and-stop
periods by means of the timer (T), and makes it possible to create
different concentration gradients on the interface between the sample
zone, reagent solution and carrier stream Fig. (1-23.b). Variations on this
theme are numerous. Thus, by choosing different lengths of reagent zone,
and by letting it overlap in different ways over the sample zone, an
individual blank for the reagent alone and for the sample zone alone, as
well as the peak height resulting from the chemical reaction between the
components of the sample and reagent solution®® and by the suggestion
of the use of a multiinjection valve for the FIA merging zone approach®”,
the purpose of using a value, such as that shown in Figs. (1-25) and (1-

26) is to inject sample and reagent zones into two separate carrier stream
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pumped at balanced flow rates so that they meet in a controlled manner.
As distilled water (or diluted buffer-detergent mixture) might be used as
carrier in both streams the reagent volume consumed per determination
may be 30ul or less®®. The carrier streams might be pumped
continuously-for single- point measurement or intermittently for stopped
flow measurements. The advantages of the merging zones are, that
alleviated the reagent blank problem®®, cheap, rapid, and flexible

analytical facilities that could be used even in small laboratories“®-°0:5%),
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CHAPTER TWO

2- Experimental
2-1 Chemicals

All chemicals were used as supplied without further purification

pd
o

Chemicals Purity % | Supplied company

Nitric Acid 70 BDH
Sulphuric Acid 98 BDH
Hydrochloric Acid 35 BDH
Acetic Acid BDH
Formic Acid BDH
Citric Acid BDH
Hydrogen Peroxide BDH
Sodium Nitrate BDH
Sodium Nitrite BDH
Copper Sulfate BDH
Potassium lodate BDH
Copper Nitrate BDH

O©| O N o o &~ W N =

Manganese BDH
Tin Chloride BDH
Znic Chloride BDH

Ferous Ammonium Alum BDH
Silver Nitrate BDH

Potassium Chromate BDH

Potassium Dichromate BDH
Sodium Carbonate BDH
Sodium Sulphate BDH
Perchloric Acid Merck
Phosphoric Acid Merck
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Potassium lodide Merck

Cadmium Nitrate Merck

Ammonium Chloride Merch

Sodium Phosphate Merck

Potassium Nitrate Fluka

Magnesium Chloride Fluka

Cadmium Fluka

Ferric Nitrate Fluka

Lead Nitrate Hopkin and Williams
Potassium Bromide M&B

Chromium Nitrate Riedel deheanag

2-2 Preparation of Solution
2-2-1 Stock Solutions

Reagent stock solutions were made up in advance as follows:

Nitric acid, 1M. Dilute 128 ml of 70% HNO; (sp.gr,

1.42) with distilled water in a 2L calibrated flask.

- Sulphuric acid, 1M. Dilute 108.68 ml of 98% H,SO, (sp.
gr, 1.8) with distilled water in a 2L calibrated flas.

- Hydrochloric acid, 1M. Dilute 176.05 ml of 35% HCI
(sp. gr, 1.18) with distilled water in a 2L calibrated flask.

- Perchloric acid, 1M. Dilute 173 ml of 70% HCIO4 (sp.
gr, 1.66) with distilled water in a 2L calibrated flask.

- Phosphoric acid, 1M. Dilute 136.5 ml of 85% H3PQO, (sp.
gr, 1.69) with distilled water in a 2L calibrated flask.

- Acetic acid, 1M. Dilute 115 ml of 99.5% CH3;COOH (sp.
gr, 1.05) with distilled water in a 2L calibrated flask.
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- Formic acid, 1M. Dilute 76.3 ml of 99% HCOOH(sp. gr,
1.22) with distilled water in a 2L calibrated flask.

- Trifluoro acetic acid, 1M. Dilute 19.14 ml of 99 %
CF;COOH(sp. gr, 1.49) with distilled water in a 2L
calibrated flask.

- Potassium iodide (0.1M) was prepared by dissolving
16.69 in distilled water and complete to 1L.

- Hydrogen peroxide, 30% used to prepare of H,O, stock
solution and standards after standardization with Std
KMNO;, Solution.

- Sodium nitrate (0.1M) was prepared by dissolving 4.25¢
of an oven dried sodium nitrate (for 1.5h at 100°C) in
distilled water and diluting to 500ml. The solution was
treated with few drops of Chloroform and kept in a
refrigerator.

- Sodium nitrite (0.1M) was prepared by dissolving 3.45¢
(dried for 1.5h at 110°C) Sodium nitrite in distilled water
and made up to 500ml. It was standardized against a
0.02M premanganate solution, treated with few drops of
Chloroform and stored in a refrigerator.

- Copper sulfate, 1% W/V.

- Potassium iodate (0.1M) was prepared by dissolving

10.695¢ in distilled water and completed to 500ml.

2-2-2- Interferences Solutions
All the solutions were prepared at the concentration of 1000ppm by
dissolving an appropriate amount of each substance in distilled water and

completed to 250ml volumetric flask.
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2-2-2-1 The cation solution

Substance

Chemical

formula

Interference

ion

Weight (g)

Cadimium Nitrate

Cd(NO3)2.4H20

Cd?*

0.68603

Copper Nitrate

CU(NO3)2.3H20

Cu?

0.95058

Manganese Nitrate

Mn(NOz)2.4H.0

Mn?2*

1.14224

Tin Chloride

SnCl2.2H.0

Sn2*

0.31337

Chromium Nitrate

Cr(NQO3)2.9H20

Cr3*

1.92394

Lead Nitrate

pb(NOs3).

Pb2*

0.39963

Znic Chloride

ZnCl;

Zn?*

0.52112

Magnesium
Chloride

MgCl2.6H20

Mg?*

2.09080

Ferrus Ammonium
Alum

(NH4)2S04.FeSO4

.6H20

Fe2*

1.75540

Ammonium
Chloride

NH4CI

NH4

0.74290

Potassium Nitrate

KNOs3

0.64645

Sodium Nitrate

Na:NO3

0.57602

Silver Nitrate

AgNOs3

0.39370

Ferric Nitrate

Fe(NOs3)3.9H.0
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2-2-2-2 Anion Solution

Substance

Chemical

formula

Inteferebnce

ion

Weight (g)

Potassium

Chromate Nitrate

KzCI’O4

Cr02'4

0.20928

Potassium Nitrate

KNO3

NO;

0.40767

Potassium

Dichromate

KzCF207

Cr202'7

0.32547

Potassium

Bromide

KBr

Br

0.37229

Znic Chloride

ZnC|2

CI

0.52112

Sodium

Carbonate

Na,CO3

0.44162

Sodium Sulphate

Na,SO4

0.36987

Sodium

Phosphate

NazPO,
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2-3 Apparatus

Instrument or Equipment Company

Tubing Pump Model 395 A US.A
Spectronic 21 (Uv-Vis) Milton Roy U.S.A
Pm 8222 Dual-pen Recorder Philips Holland

6-Ways Injection Valve (Merging Zone Version) | Home made

Reaction Coil Made From Glass Home made
.D=1.5mm
0.D=6 Mm, Length 2m

Flow Injection Cell (1 Cm) Home made

Cadmium Reductor Column Home made
22 Cm Length Of 0.8 Cm Bore Tubing (Glass)
Tubes

A- Sample loop, Made from Teflon (1 Mm 1.D)
B- Glasses (2 Mm 1.D)

C- Nipples

Ph M62 Standard pH Meter Orion-U.S.A

2-4 Design of a new manifold System

Building of a new developed unit includes three important parts
which are the valve, the cell, and the coil.
2-4-1 The valve

Three designs of the valve are constructed which are five —3way.
Seven 3-way and six 3-ways plastic valves.
2-4-1-1 Five 3-ways valve

This design with one loop moves at 90° degree at three directions.

The liquid passes in the five 3-way valves as illustrated in Fig. (2-1). The
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design includes two parts: the first one shows the loading of the sample
loop, and the second part does the introduction of sample into reaction
manifolds through injection position as shown in Fig. (2-2). This design
gave results but the repeatability was not accepted and was obsolete due

to irreproducible results.
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Fig. (2-2) a- Loading of the sample loop, b- Introduction of sample
into reaction manifold.

A modified version with the added knowledge first experience was
used to try a second attempt to have a new setting leading to a better
sample introducing design.
2-4-1-2 The Seven 3-way Valves

This design contains seven 3-way valves, which move at 90 degree
with three directions and two loops. Good results were obtained from this
design but the repeatability was not accepted. Fig. (2-3) shows this

design.
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Fig. (2-3) a- Show the loading of the Sample Loops. b- Introduction
of Sample into Reaction Manifold.

2-4-1-3 Six 3-way Plastic Valves
This design containes six 3-ways plastic valves, which move at 90
degree with three direction and two loops as shown in Fig. (2-4). This
type of valves gave good repeatability and were used as a part in the
newely developed unit.
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Fig. (2-4) a- Loading of Sample loops. b- Show the Introduction of

Sample into Reaction Manifold.
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2-4-2 Flow-through Cell
The flow-through cell was one of the important part in the newely
developed unit, which the light paned and the absorbance operation
happened to give response. Fig. (2-5A) shows the original cell which is

not available; Therefore, a new cell was designed from the available

materials. The construction of the cell underwent periodic and
different stages. The first stage was shown in Fig. (2-5B) during the
research, and was digged from in-side consist two tubes: one of them is
for the intery of liquid and the second for letting it out. The contact with
the area of the passing of light made of quartiz that was gathered from
broken quartiz cells. This cell was connected in the developed unit that
gave results, but the repeatability was not acceptable because of the
difficulties of controlling the air inside the cell. Fig. (2-5 C,D) shows the
second and the third stages which change through it the position of the
tube that the liquid goes out.

The two stages gave results, but the repeatability was not acceptable.
Fig. (2-5 E) represent, another form of a cell which was made, was design
will the ends of the two tubes (in and out liquid) akin to the figure “eight”
in Arabic to avoid the air bubbles, but it did not give acceptable results
because the existence of air bubble causes pressure on the liquid and
finally unstability of reading. The new stage (fifth) was designed in
waking curved surface; the lower end represents the entery liquid and the
upper end the going out of the liquid. Here the air bubbles were removed
that enters and exit quickly, this cell gives acceptable results but less
sense because the dilution, as shown in Fig. (2-5 F).

Fig. (2-5 G) shows the sixth stage which was designed and it
gathered all the features required. The final and the most fit design was
the one with an inclined out-left surface which ensured that any trapped

air bubble with never been the path of the light source of the
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spectrophotometer and also ensure an enclosed volume above liquid level
that incase of relase oxygen or any gaseous by product with not affect the
measurements. This cell gave acceptable repeatability through the work

conducted in this project and was used as the most suitable are used can
be replaced by available materials.
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Fig. (2-5) cells design
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2-4-3 The Reaction Coil

The reaction coil represent the mixing, at a pre selected reaction
time (depending on flow rate, length of the tube, the diameter and kind of
material the coil in made of). The coil receives a turbulent flow of mixed
reactant component which homegenizes through travel inside the coil.
Various lengths were used as seen in Fig. (2-6) which shows that 2m is

most optimum value.
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Fig. (2-6) Optimization of delay reaction coil length
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2-5 General Properties
2-5-1 The Measure of Amax

Insitu prepared iodine solution made by reacting 103 M of each KiI,
KIO; and H,SO,4, and then from in. Thus form more or less measurable
iodine formed. It can be seen that =350 nm at dilute solution in the
optimum maximum wavelength while at little higher concentration (i.e.
prepared solution) 363 nm is the highest Amax Obtained. Measurements
were done at 350 nm which agree quite well with reported Anax at the

literature.

2-5-2 The study of dispersion
Through two experiments, the study of dispersion was done. The

first experimental , the usage of the unit as in Fig. (2-7). The iodine

solution which was formed from the system (I -103-H3*O) was pumped
instead of the distilled water (carrier solution) and measurement of the
iodine obsorbance was at wavelength of 350 nm. It was noticed that the
increase in the absorbance at continuous form until reaching a constant
absorbance, which represented non-exist was of the effect of dispersion
by convection or diffusion. This state represent C,=976 mv as shown in
Fig. (2-7).

In the second experiment, the carrier solution was the distilled water.
The iodine solution was injected at the same consternation which was
used in the first experiment, then the absorbance was measured and the
results were less than that in the first experiment. This state represents
C=960 mV. The reason for this difference was the convection or
diffusion which cause the spread of the iodine on the surfaces of the tubes
by mixing the sample with the carrier solution

Co—C=976-960=16 mV
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The dispersion is expressed as a ratio between the response without
dispersion to the response occurred as shown in the dark areas in Fig. (2-
7)

The dispersion is measured

=S 9 g 016
C 960

From the value above we conclude that the dispersion is a limit state in

this newely are developes. The dispersion depends on the length of the
distance between the injection value and the flow through cell, the

average flow and the injected volume of the sample or the length of its

way.
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Absorbance of 1, solution (carrier solution)
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I
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Fig. (2-7) The Dispersion

Time
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2-5-3 Reproducibility

For the study of the reproducibility of the newely developed unit
shown in Fig. (2-8), a concentration of 2.5x10* M of HCI was taken,
under the usage of all the optimum conditions (the chemical changes,
K1(6x102M), KIO3 (4x10“M), and physical changes, volume of injected
sample (40ul), flow rate 2.3ml.mint. It was obtained of a high

reproducibility with standard deviation equal to zero by a short analysis
time as shown in Fig. (2-8) and table (2-1).
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Fig. (2-8) The Reproducibility for Ten Successive Measurement of

Released lodine for 2.5x10* mol. L of HCI
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Table 2-1: Shows the Reproducibility for Ten Successive

Measurements of Released lodine

Peak

HCI concentration height

Peak

mV(n=10)
Cm(n=10)

2.5x10* mol.I 13.1 524

2-5-4 The study of temperature effect

The reaction (I - 103 — H3*O) is done in different temperatures (28°,
30°, 35°, 40°, 45°, and 60°) using the newely developed unit by putting
the reaction coil in a water bath set; at the required temperature. From the

Fig. (2-9) there is no effect of temperature on the above reaction.
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Fig. (2-9) Temperature effect
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2-5-5 The Study of the Dead Volume

For the study of the dead volume, special importance in continuous
flow injection technique is of value to know the accurate results obtained,
when the dead volume is small, the results may be the best to measure the
dead volume in the developed unit. Three experiments were done, at the
first one the iodine formed from the system (I- - 1073 — H3"0O), the carrier
solution was I and injection 10%3 in loop(1), the H,O was injected instead
of H3*O in loop(2). No response was got in this experiment. In the second
experiment, H3*O was injected in loop(1) and the H,O was injected in
loop(2) and the carrier solution was I". No response was obtained from
this experiment as well. At the thired experiment 1073 was injected in
loop(2), H3*O was injected in loop(1) and the carrier solution was H,O
and there was also no response. This mean that there was no dead volume
and the unit was well designed.

2-6 The Style of work of the newly developed unit

The basic of the reaction is the hydronium ion (H3;*O) which
represent the acidic part from the water molecule and the hydroxide ion
(OH") represents the conjugated base to the spontaneous analysis of the
water molecule as follows

2H,0 = H;*O+OH"

All acids are applied to give the hydronium ion (Hs"O) thus the
strong, medium, weak and very weak acids. This unit is applied to
determine the trace concentrations from all kinds of acids by using
potassium iodide and potassium iodate, the red iodine is formed and can
be measured in 350 nm.

105 + 51" + — 3+ 3H,0

e
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This depends on the loading of potassium iodate in L, and acid in L;
as shown in Fig. (2-10, 2-11), and using potassium iodide as a carrier
solution, which keeps potassium iodate and acid each in its loop until
measurement, which changes the flow of the carrier solution to L;, L, and
then their meeting, completing their reaction which is shown above as in

the following diagram for the purpose of clarity:

Valve No. 1 2 3 4 5 6
Valve ways a-b-c d-e-f g-h-i L-m-n 0-p-q r-s-t
]
IT<1
L2
Ly
) :
e >F——0 > 1 >] L >N >0 )

This represents the loading of iodate. The separation of carrier
solution from the loading system L; and L is across the delay reaction
coil and according to the way

b > a > S >t ...

and according to the Fig. (2-11 , i, ii, iii, iv), the way of measurement is
as follows as in Fig. (2-11, IV).
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Chapter two

2.1 Chemicals
All chemicals were used as supplied without further purification
No. Chemicals Purity % Supplied
company

1 Nitric Acid 70 BDH

2 Sulphuric Acid 98 BDH

3 Hydrochloric Acid 35 BDH

4 Acetic Acid 99.5 BDH

5 Formic Acid 99 BDH

6 Citric Acid 99.5 BDH

7 Hydrogen Peroxide 30 BDH

8 Sodium Nitrate 98 BDH

9 Sodium Nitrite 96 BDH

10 Copper Sulfate 99 BDH

11 Potassium lodate 99.5 BDH

12 Copper Nitrate 95 BDH

13 Manganese 97 BDH

14 Tin Chloride 97 BDH

15 Znic Chloride 98 BDH

16 Ferous Ammonium Alum 95 BDH

17 Silver Nitrate 99.8 BDH

18 Potassium Chromate 99.5 BDH

19 Potassium Dichromate 99.5 BDH

20 Sodium Carbonate 99.5 BDH

21 Sodium Sulphate 99.5 BDH

22 Perchloric Acid 70 Merck




23 Phosphoric Acid 85 Merck

24 Potassium lodide 99.5 Merck

25 Cadmium Nitrate 99.5 Merck

26 Ammonium Chloride 99.5 Merch

27 Sodium Phosphate 99 Merck

28 Potassium Nitrate 99 Fluka

29 Manesium Chloride 99 Fluka

30 Cadmium 99.9 Fluka

31 Ferric Nitrate 98 Fluka

32 Lead Nitrate 95 Hopkin and

Williams
33 Potassium Bromide 100 M&B
34 Chromium Nitrate 95 Riedel de
heanag

2.3 Apparatus

No. | Instrument or Equipment Company

1 Tubing Pump Model 395 A US.A

2 Spectronic 21 (Uv-Vis) Milton Roy U.S.A

3 Pm 8222 Dual-pen Recorder Philps Holland

4 6-Ways Injection Value (Merging Zone | Home made
Version)

5 Reaction Coil Made From Glass Home made
[.D=1.5mm
0.D=6 Mm, Length 2m

6 Flow Injection Cell (1 Cm) Home made

7 Cadmium Reductor Coloumn Home made

22 Cm Length Of 0.8 Cm Bore Tubing (Glass)




8 Tubes

A- Sample loop, Made from Teflon (1 Mm
1.D)

B- Glasses (2 Mm 1.D)

C- Nipples

9 Ph M62 Standard pH Meter Orion-U.S.A

2-2-1 Reagents Stack Solutions
Were made up in advance as follows:

Nitric acid, 1M. Dilute 128 ml of 70% HNO; (sp.gr,
1.42) with distilled water in a 2L calibrated flask.

Sulphuric acid, 1M. Dilute 108.68 ml of 98% H,SO, (sp.
Gr, 1.8) with distilled water in a 2L calibrated flas.

Hydrochloric acid, 1M. Dilute 176.05 ml of 35% HCI
(sp. Gr, 1.18) with distilled water in a 2L calibrated flask.

Perchloric acid, 1M. Dilute 173 ml of 70% HCIO,4 (sp.
gr, 1.66) with distilled water in a 2L calibrated flask.

Phosphoric acid, 1M. Dilute 136.5 ml of 85% H3PO4 (sp.
gr, 1.69) with distilled water in a 2L calibrated flask.

Acetic acid, 1M. Dilute 115 ml of 99.5% CH3;COOH (sp.
gr, 1.05) with distilled water in a 2L calibrated flask.

Formic acid, 1M. Dilute 76.3 ml of 99% HCOOH(sp. gr,
1.22) with distilled water in a 2L calibrated flask.

Trifluoro acetic acid, 1M. Dilute 19.14 ml of 99 %
CF3;COOH(sp. gr, 1.49) with distilled water in a 2L calibrated
flask.

Potassium iodide (0.1M) was prepared by dissolving
16.69 in distilled water and complete to 1L.




Hydrogen peroxide, 30% used to prepare of H,O, stock
solution and standards after standardization with Std KMNO4
Solution.

Sodium nitrate (0.1M) was prepared by dissolving 4.25g
of an oven dried sodium nitrate (for 1.5h at 100°C) in distilled
water and diluting to 500ml. The solution was treated with few
drops of Chloroform and kept in a refrigerator.

Sodium nitrite (0.1M) was prepared by dissolving 3.45g
(dried for 1.5h at 110°C) Sodium nitrite in distilled water and
made up to 500ml. It was standardized against a 0.02M
premanganate solution, treated with few drops of Chloroform and
stored in a refrigerator.

Copper sulfate, 1% W/V.

Potassium iodate (0.1M) was prepared by dissolving
10.695¢ in distilled water and completed to 500ml.

2-2-2- Interferences solutions

All the solutions were prepared at the concentration of 1000ppm by
dissolving an appropriate amount of each substance in distilled water and
completed to 250ml volumetric flask.

2-2-2-1 The cation solution

Substance Chemical Interference Weight (g)
formula ion
Cadimium Nitrate | Cd(NQO3),.4H,0 | Cd?* 0.68603
Copper Nitrate Cu(NOs3)2.3H,0 | Cu® 0.95058
Manganese Nitrate | Mn(NO3),.4H,0 | Mn# 1.14224
Tin Chloride SnCl,.2H,0 Sn?* 0.31337
Chromium Nitrate | Cr(NO3).9H,0 | Cr* 1.92394
Lead Nitrate pb(NO3), Pb? 0.39963




Znic Chloride ZnCl, Zn* 0.52112

Magnesium MgCl,.6H,0 Mg?* 2.09080

Chloride

Ferous (NH,),SO4.FeS | Fe* 1.75540

Ammonium Alum | O4.6H,0

Ammonium NH.CI NH", 0.74290

Chloride

Potassium Nitrate | KNOs K* 0.64645

Sodium Nitrate Na;NO3 Na* 0.57602

Silver Nitrate AgNO; Ag* 0.39370

Ferric Nitrate Fe(NO3)3.9H,0 | Fe?* 1.80851

2-2-2-2 Anion Solution

Substance Chemical Inteferebnce ion | Weight (g)
formula

Potassium K,CrOy CrO%, 0.20928

Chromate Nitrate

Potassium Nitrate | KNO3 NO3 0.40767

Potassium K,Cr,0 Cr,0% 0.32547

Dichromate

Potassium KBr Br 0.37229

Bromide

Znic Chloride ZnCl, CI 0.52112

Sodium Na,COs CO?%3 0.44162

Carbonate

Sodium Sulphate | Na;SO, SO%, 0.36987

Sodium NazPO, PO*, 0.43175

Phosphate




2-4 Design of a new manifold System

Building of a new developed unit includes three important parts
which are the valve, the cell, and the coil.
2-4-1 The valve

Three designs of the value are constructed which are five —3way.
Seven 3-way and six 3-ways plastic valves.
2-4-1-1 Five 3-ways valve

This design with one loop moves at 90° degree at three directions.
The liquid passes in the five 3-way valves as illustrated in Fig. (2-1). The
design includes two parts: the first one shows the loading of the sample
loop, and the second part does the introduction of sample into reaction
manifolds through injection position as shown in Fig. (2-2). This design
gave results but the repeatability was not accepted and was obsolete due

to irreproducible results.
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A modified version with the added knowledge first experience was
used to try a second attempt to have a new setting leading to a better
sample introduction design.
2-4-1-2 The Seven 3-way Valves

This design contains seven 3-way valves, which move at 90 degree
with three directions and two loops. Good results were obtained from this
design but the repeatability was not accepted. Fig. (2-3) shows this

design.
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2-4-1-3 Six 3-way Plastic Valves
This design containes six 3-ways plastic valves, which move at 90
degree with three direction and two loops as shown in Fig. (2-4). This
type of valves gave good repeatability and were used us a part in the
newely developed unit.
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Fig. (2-4) a) Loading of Sample loops. b) Show the Introduction of

Sample into Reaction Manifold.

2-4-2 Flow-through Cell



The flow-through cell was one of the important part in the newely
developed unit, which the light paned and the absorbance operation
happened to give response. Fig. (2-5A) shows the original cell which is
not available; Therfore, a new cell was designed from the available
materials. The construction of the cell underwent periodic and different
stages. The first stage was shown in Fig. (2-5B) during the research, and
was digged from in-side consist two tubes: one of them is for the intery of
liquid and the second for letting it out. The contact with the area of the
passing of light made of quartiz that was gathered from broken quartiz
cells. This cell was connected in the developed unit that gave results, but
the repeatability was not acceptable because of the difficulties of
controlling the air inside the cell. Fig. (2-5 C,D) shows the second and the
third stages which change through it the position of the tube that the
liquid goes out.

The two stages gave results, but the repeatability was not acceptable.
Fig. (2-5 E) represent, another form of a cell which was made, was design
will the ends of the two tubes (in and out liquid) akin to the figure “eight”
in Arabic to avoid the air bubbles, but it did not give acceptable results
because the existence of air bubble causes pressure on the liquid and
finally unstability of reading. The new stage (fifth) was designed in
waking curved surface; the lower end represents the entery liquid and the
upper end the going out of the liquid. Here the air bubbles were removed
that enters and exit quickly, this cell gives acceptable results but less
sense because the dilution, as shown in Fig. (2-5 F).

Fig. (2-5 G) shows the sixth stage which was designed and it
gathered all the features required. The final and the most fit design was
the one with an inclined out-left surface which ensured that any trapped
air bubble with never been the path of the light source of the

spectrophotometer and also ensure an enclosed volume above liquid level



that incase of relase oxygen or any gaseous by product with not affect the
measurements. This cell gave acceptable repeatability through the work

conducted in this project and was used as the most suitable are used can
be replaced by available materials.
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Fig. (2-5) cells design

2-4-3 The Reaction Coil

The reaction coil represent the mixing, at a pre selected reaction
time (depending on flow rate, length of the tube, the diameter and kind of
material the coil in made of). The coil receives a turbulent flow of mixed
reactant component which homegenizes through travel inside the coil.
Various lengths were used as seen in Fig. (2-6) which shows that 2m is

most optimum value.
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Fig. (2-6) Optimization of delay reaction coil length

2-5 General Properties
2-5-1 The Measure of Amax

Insitu prepares iodine solution made by reacting 10 M of each KiI,
KIO; and H,SO,, and then from in. Thus form more or less measurable
iodine formed. It can be seen that =350 nm at dilute solution in the
optimum maximum wavelength while at little higher concentration (i.e.
prepared solution) 363 nm is the highest Am.x Obtained. Measurements
were done at 350 nm which agree quite well with reported Anax at the

literature.

2-5-2 The study of dispersion

Through two experiments, the study of dispersion was done. The

first experimental , the usage of the unite as in Fig. (2-7). The iodine

solution which was formed from the system (I-1073-H3*O) was pumped
instead of the distilled water (carrier solution) and measurement of the
iodine obsorbance was at wavelength of 350 nm. It was noticed that the
increase in the absorbance at continuous form until reaching a constant
absorbance, which represented non-exist was of the effect of dispersion
by convection or diffusion. This state represent C,=976 mv as shown in
Fig. (2-7).

In the second experiment, the carrier solution was the distilled water.
The iodine solution was injected at the same consternation which was

used in the first experiment, then the absorbance was measured and the



results were less than that in the first experiment. This state represents
C=960 mV. The reason for this difference was the convection or
diffusion which cause the spread of the iodine on the surfaces of the tubes
by mixing the sample with the carrier solution

Co—C=976-960 =16 mV

The dispersion is expressed as a ratio between the response without
dispersion to the response occurred as shown in the dark areas in Fig. (2-
7)

The dispersion is measured

=S 9 g 016
C 960

From the value above we conclude that the dispersion is a limit state in

this newely are developes. The dispersion depends on the length of the
distance between the injection value and the flow through cell, the

average flow and the injected volume of the sample or the length of its

way.
1000+ . . .
Absorbance of I, solution (carrier solution)
""""""""""" A * Carrier tube Exp. 1
I2
750
z
g (Dispersion area)
<
500+ , Exp. 2
H>0 |2 H>0
250~ 8 \
~
(@)
§ g D= 2 = % =1.016
S C 960
=
@ | [l2] The same in (1) and (2)
E— v v




Fig. (2-7) The Dispersion

2-5-3 Reproducibility

For the study of the reproducibility of the newely developed unit
shown in Fig. (2-8), a concentration of 2.5x10* M of HCI was taken,
under the usage of all the optimum conditions (the chemical changes,
K1(6x102M), KIO3 (4x10“*M), and physical changes, volume of injected
sample (40ul), flow rate 2.3ml.min?. It was obtained of a high
reproducibility with standard deviation equal to zero by a short analysis
time as shown in Fig. (2-8) and table (2-1).

700 |

600 |

500 §

300 |

Absorbance / mV

200 |

1 L []

||
5 10 15 20 25 30 33

Time / min.



Fig. (2-8) The Reproducibility for Ten Successive Measurement of

Released lodine for 2.5x10“ mol. L of HCI

Table 2-1: Shows the Reproducibility for Ten Successive
Measurements of Released lodine
HCI Peak height | Peak X=mV | &1 R% <o, .0, -1
X+t |
concentration | Cm(n=10) | mV(n=10) JN
2.5x10 13.1 524 524 0 0 524
mol.I

2-5-4 The study of temperature effect

The reaction (I" - 103 — H3"O) is done in different temperatures (28°,

30°, 35°, 40°, 45°, and 60°) using the newely developed unit fig. () by

putting the reaction coil in a water bath which organize the required

temperature. From the Fig. (2-9) there is no effect of temperature on the

above reaction.



Fig. (2-9) Temperature effect

2-5-5 The Study of the Dead Volume

For the study of the dead volume, special importance in continuous
flow injection technique is of value to know the accurate results obtained,
when the dead volume is small, the results may be the best to measure the
dead volume in the developed unit. Three experiments were done, at the
first one the iodine formed from the system (I" - 1073 — H3"0O), the carrier
solution was I and injection 10%; in loop(1), the H,O was injected instead
of H3*O in loop(2). No response was got in this experiment. In the second
experiment, H3"O was injected in loop(1) and the H,O was injected in
loop(2) and the carrier solution was I". No response was obtained from
this experiment as well. At the thired experiment 1073 was injected in
loop(2), H3*O was injected in loop(1) and the carrier solution was H,O
and there was also no response. This mean that there was no dead volume
and the unit was well designed.

2-6 The Style of work of the newly developed unit

The basic of the reaction is the hydronium ion (H3;*O) which
represent the acidic part from the water molecule and the hydroxide ion
(OH") represents the conjugated base to the spontaneous analysis of the
water molecule as follows

2H,0 = H;*O+OH"

All acids are applied to give the hydronium ion (Hs"O) thus the
strong, midum, weak and very weak acids. This unit is applied to
determine the trace concentrations from all kinds of acids by using
potassium iodide and potassium iodate, the red iodine is formed and can

be measured in 350 nm.



105"+ 51+ — 3+ 3H0
e

This depends on the loading of potassium iodate in L, and acid in L;
as shown in Fig. (2-10, 2-11), and using potassium iodide as a carrier
solution, which keeps potassium iodate and acid each in its plastic loop
until measurement, which changes the flow of the carrier solution to L,
L, and then their meeting, completing their reaction which is shown

above as in the following diagram for the purpose of clarity:

Valve No. 1 2 3 4 5 6
Valve ways a-b-c d-e-f g-h-i L-m-n 0-p-q r-s-t
L, |
IT<1
Lo
La
1

e—>f—g—>i—>j] L—>n >0 > P

This represents the loading of iodate. The separation of carrier
solution from the loading system L; and L, is across the delay reaction
coil and according to the way

b > a > S >t ...

and according to the Fig. ( , I, ii, iii, iv), the way of measurment is as
follows as in Fig. (2-11, IV).
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Fig. (2-10) The valves system
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Fig. (2-11) shows the loading and injection of the sample



3-2 Determination of Nitrate and Nitrite

3-2-1 Chemical Optimisation
3-2-1-1 Effect of the Acid Concentration

Fig. (3-5) shows the variation of absorbance of released iodine
expressed as average peak height in mV versus the concentration of H;*O
at 6x10°M potassium iodide and 1.5x10°3M nitrite. The optimum

concentration is 2x101M.

3-2-1-2 Effect of Potassium lodide Concentration
Fig. (3-6) shows the variation of absorbance of released iodine
expressed as average peak height in mV versus the concentration of

potassium iodide at 2x10*M acid and 1.5x10°M nitrite. The optimum

concentration is 7x10%?M.

3-2-2 Physical Optimization
3-2-2-1 Effect of Sample Volume

Sample volumes (10, 20, 30, 40 and 45ul) were evaluated and the
results were plotted in Fig. (3-7). A sample volume of 40 uwas chosen as
the optimum volume.
3-2-2-2 Effect of Acid Volume

Different acid volumes of 20, 30, 40, 55 and 60ul can be achieved
by inserting different length of tubes into the valve acid loop. Fig. (3-8)
shows that 55 pul is the optimum volume.
3-2-2-3 Effect of Temperature

The effect of temperature on the reaction of I'-NO, H3*O system
was studied. It was found that there was no effect of the temperature on

the reaction for temperature between 20-40°C.
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3-2-2-4 Effect of flow rate

Different flow rates 0.8, 1.1, 1.4, 1.7, 2, 2.3 and 2.6 ml.min! were
used to measured the absorbance of iodine released at 7x102M potassium
iodide, 2x10*M acid and 1.5x103M nitrite. The 2.3 ml.min? is the
optimum value.
3-2-2-5 Effect of mixing coil nitrite

Different delay reaction coil length 50, 100, 150, 200, and 250 cm
were used to measure the absorbance of relased lodine at 7x107
potassium iodide, 2x10' M acid and 1.5x 10 M nitrite. Table (3-4)
shows that 200cm is the optimum value.
3-2-3 Calibration Curve of Nitrite

Series of nitrite solution 0.4, 0.6, 0.8, 1, 2, 4, 6, 8, 10 and 20 x10°M
were prepared from stock solutions under the optimum conditions of
reagent and manifold variables as indicated in Table (3-5). The
calibration graph is linear in the concentration range (0.4-8) x10°M.
Table (3-6) shows the linear equation results.

Table (3-4) The effect of mixing coil length

mV

16, 16, 16

41, 41,41

45, 45, 45

56, 56, 56

50, 50, 50




Table (3-5) optimum working conditions for the determination of

nitrite and nitrate ion

| Parameters Optimum value |

Acid concentration

2x10mol.L?

Potassium iodide concentration

7x102mol.L?

Sample volume

40 pl

Acid volume

55 ul

Flow-rate

2.3 ml. mint

| Mixing coil length 200 cm |

3-2-4 Calibration curve for nitrate

A serial of nitrate solution were prepared 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7,0.8, 0.9, 1, 1.5, 2, 3 and 4x103M. nitrate was reduced to nitrite by

cadimum

coefficient and sensitivity.

copperized. Table (3-7) shows the linear regression of

Table (3-6) The linear equation results for the iodine released by the

injection of 40ul of nitrite sample during the system (NO2+I-

+H30)

Slope(b) at
confidence
limit 95%
for (n-2)
b+Spt

Range of

Intercept(b) at
linear confidence limit
95% for (n-2)

(axSat)

concentration

mol.I"1x10®

t from
table at
confidence
limit 95%
for n-2

Calculate

t=|rlvn -2
V1—r?

Correlation | Linearity

coefficient r %r?2

10764321.9
7+206984.2
96

0.4-8
15.1646+8.3697

2.3

152.70




Table (3-7) The linear equation results for the iodine released by the

Range of

linear

concentration

mol.I"1x10°

injection of 40ul of (nitrate was reduce to nitrite) during

the system (NO >+1+Hs0")

Slope(b) at
confidence
limit 95%
for (n-2)
b£Spt

Intercept(
b) at
confidence
limit 95%
for (n-2)
(atSat)

t from
table at
confidence
limit 95%

for n-2

Calculate

t=|rVn -2

V1-r?

Correlation

coefficient r

Linearity

%r?

3-2-5 Determination of Nitrate and Nitrite in a Mixture

419234.657
+7742.004

33.496916
+1.0230

A mixture of 10 mol.I"! of nitrate and 4x10° mol.I"* nitrite was used

to measure nitrite and nitrate. Table (3-8) shows the results when nitrate

was reduced to nitrite by copperized cadmium The absorbance of 856 mV

was the total for nitrite and nitrate. Table (3-9) gives the absorbance of

452 mV for nitrite only because nitrate was not reduced. Table (3-10)

illustrates the absorbance of 10 mol.I* only reduced to nitrite.

Total concentration of mixture expressed in mV = 865 mV

The concentration of nitrite only = 452 mV

The concentration of nitrate = 865-452 = 404 mV

The coefficiency of reducing nitrate = 99%

The concentration of nitrate only = 408 mV



Table (3-8) The absorbance of relased iodine expressed as average peak
height (mV) versus the mixture of NO3 and NO3;
(NO3 reduced to NO73) at constant concentration of Hz:O"
(2x10 mol.I"Y) and (7x102mol.I"Y) potassium iodide, temperature
28°C, Flow-rate 2.3 ml.min™.

Conc. Of

mixture

Peak Peak
height (cm) | height mV

mol.I2

10° NO3 10.7, 10.7, 856, 856,
4x10° NO> 10.7 856

Table (3-9) absorbance of relased iodine expressed as average peak height
(mV) versus the mixture of NO3 and NO“3 (NO3 not reduced) at

the same condition table (3-8)

Conc. Of Peak Peak X mv| dn-l | R% it S,
mixture | height (cm) | height mV ~Jn
mol.I*
10° NO73 11.3,11.3, | 452,452,452 452 0 0 452
4x10° NO 11.3

Table (3-10) absorbance of relased iodine expressed as average peak height
(mV) versus the mixture of NO3 concentration (NO3 reduced to
NO7) at the same condition table (3-9).

Peak height | Peak hight
(cm) mV

10.2,10.2,10.2 | 408,408,408




3-2-6 Determination of Nitrate and Nitrite in an Industrial
Water by Proposed Method and Standard Method.

Table (3-11, 3-12) shows the agreement between the results in both
methods and the paired t test illustrates that flow injection method results
were accepted.

3-2-7 Study of Interferences

The interference study was conducted by using 1, 2, 3 fold of
interfering ions NH*; , Mg?*, Zn?*, pb?*, Sn?*, Fe?*, Fe®*, K*, Ag*, CI, Br,
CO%, SO%4, C,0%,, ScN on 4 x105M nitrite. Table (3-13) tabulates the
results obtained, and express the percentage interference. It can seen that
there is no serious interference at the studied level.

Table (3-11): Comparison of results obtained for nitrite in an
industrial water utilising the proposed method and the

standard method.

I Conc. NO ;M ) ) t from table at I
Sample d d Paired

Standard confidence
Conc. M t-test o
method limit 95% n-1

Boiling 0 2571
water
Crude

Drinking
water
Soft
Dying plant

Completion




Table (3-12): Comparison of results obtained for nitrate in an industrial

water utilising the proposed method and standard method

Conc. NO,M - Paired t- t from table at
FIA Standard test confidence
method limit 95% n-1

Boiling 0 2.571
water

Crude
Drinking

water
Soft
Dying plant

Completion

Table (3-13) Effect of interferring ions

Interfernce effect Conc. of

Cd* | Fe** | Fe* cation flod
-1.90 | -1.95 1

-1.90 | -1.95 2

-1.90 | -1.95 3

Interfernce effect

CO'23 802'4 C202'4

+3.80 |+5.71 [+4.28

+3.60 | +5.91 | +6.23

+3.32 |+6.23 | +8.24




3-2-8 Discussion

A new flow-injection spectrophotometric method for the termination
of nitrate and nitrite is proposed. The method is simple, rapid, sensitive,
low reagent consumption, free from interference, and low limit of

detection compared with other methods.



Future prospectuses

From the experience gained through this work, one can release the
potential hidden behind the system made and used through out this
project. Different elements in this different valency form can be
determined. As an example Amplification reaction can be used.
Chemistry of using lodine whether it is released or consumed can be
conducted. Actually now in progress is the determination of copper using
zero merging techniques. The introduction of the two loop merging zero

valve expand the scope of new approaches for various determination.



Aim of the Project

Due to the continuos demand of flow injection analysis and because
of the lock of both experience and flow injection tools which requires
micro tools for micro analysis, and because it is a leading techniques, and
most of the paper concerning this technique is almost restricted to foreign
countries. It require micro flow through cell for almost pocket size
spectrophotometer, with a necessary. Sample introduction device and
chemical propellant. Main target of this project is to facillitate the check
of a few home made tools at a level that is capable of performing

continuos on-line analyse. An easy, fast, sensitive economic, reliable

method even for a well known reactions. The 103 — 1 “- H'30 reaction
system was used for establishing the test of a new home made two six-
port injection valve in one unit the challenge the legend forgein six port
injection valve. To our knowledge no person or company or a research
institute was capable of dring so, also the flow through cell that fit usual
commercial spectrophotometric is the researcher target. New mode of
merging zero reaction technique using all homemade unit application of
the use of this units matched to commercial spectrophotemetric for acids
hydrogen peroxide, nitrate , nitrite, iodide, iodate determination were
tried.
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H2SO,

absorbance expressed as peak height (mV) of the relased lodine

HNO3

HCI

CH3;COOH

HsPO,

HCOOH

CF;COOH

Table (3-2) Linear regression analysis of the linear part of the calibration graph of concentration (M) versus the

Citric acid

2x10°-1.5x10*

7x10°-3.5x10*

10°-3.5x10*

6x10°-3.5x10*

104-3.5x10*

1.5x10%-4.5x10*

1.5x10%-4.5x10*

5x1075-2x10*

0.9971

0.9992

0.9995

0.9993

0.9993

0.9995

0.9978

0.9927

581106.768
+611569.1282

2553256.964
+94091.725

2943825.162
+166991.851

2169510.861
+8347.196

2723428.572
+121101.252

2543571.429+
85491.618

2621724.286
+163577.577

5333147.633+
935072.907

88.262+52.668

160.485+19.926

228.524+54.826

119.946+65.198

241.104+29.204

337.357+27.034

325.6384+43.591

207.647£3.005
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