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Determination of chloride ion in aqueous samples by the
Mohr titration has been well known and introduced in most
analytical chemistry textbooks.1,2 However, as in most
titration analyses, the Mohr method requires the use of an
indicator (chromate, CrO4

2−) of proper concentration. It also
requires the adjustment of pH of the chloride containing
sample solution to accurately determine the end point. One
way to avoid such troublesome requirements and at the same
time to enhance the efficiency of the chloride analysis is the
use of a flow injection analysis (FIA) technique equipped
with an optical flow through cell. As a stream of solution
containing Cl− ion is mixed with another stream of Ag+ ion,
the precipitation reaction between the two ions takes place.
An optical property of the resulting solution is measured as
the solution containing fine AgCl particles passes through a
flow through cell. The relative change in magnitude of the
optical properties of various sample solutions may therefore
be quantitatively related to concentrations of Cl− ion in
sample solutions. However, the conventional optical flow
through cell used in various flow injection analyses possess-
es an inherent problem of particle deposit on its window
surface when solutions containing precipitation reaction
products such as fine silver chloride particles flow through
it.

Hanghui Liu and Purnendu K. Dasgupta introduced a new
concept of an optical cell. Since the optical cell designed and
used in their works didn't have any windows but utilized the
dynamic growing and falling of droplets of a solution as an
optical cell, the cell was named a ‘windowless optical cell’.
They used such a cell as a reproducible collector of a gas
sample3 and as a windowless optical cell for absorbance
detection. They also suggested that the windowless optical
cell could be used for both turbidimetric and nephelometric
detections.4 However, since the use of windowless optical
cell was based on either transmittance or scattering of the
incident light, their applications were limited to analyses of
optically transparent solutions. Since the solution containing
fine AgCl particles becomes optically opaque as the
concentration of Cl− ion increases, the measurement of either
transmitted or scattered light from the solution containing
AgCl particles could not be quantitatively related to the
concentration of Cl- ion in the sample solution. 

In this paper the design and use of the windowless optical
cell was properly modified for the reflectance spectrometry5-8

so that the intensity of reflected light from the solution
containing fine AgCl particles could be measured and
quantitatively related to the chloride concentration in the
sample solution.

FIA System. Figure 1 shows a schematic diagram of the
FIA system used in this work. The first channel (A) of the
peristaltic pump (C, Ismatec MV) carries 0.10 M AgNO3

solution and the second channel (B) carries deionized water

Figure 1. Schematic Diagram of the FIA system. A: channel for
0.10 M AgNO3 solution, B: channel for deionized water, C:
peristaltic pump, D: sample injection valve, E: mixing T, F: delay
line, G: the optical detection system 

Figure 2. Cross Sectional View of the Optical Detection System
Based On the Reflectance Spectrometry. A: Teflon tubing for inlet,
B: droplet of solution, C: black PVC tubing for drain, D: the blue
sensitive photodiode with its terminals connected to the recorder,
E: black PVC tubing for housing the optical components, F: glass
tubing to guide the light from the light emitting diode (LED), G:
high luminescence blue LED with its terminals connected to a DC
power supply.
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through a sample injection valve (D, Rheodyne 6-port
sample injection valve). When a sample solution containing
Cl− ion is injected into the flow stream of the first channel,
the precipitation reaction between chloride and silver ions
begins to take place as the two solutions meet at mixing T
(E) and comes to completion while passing the delay line
(F). Then, the solution containing fine white particles of
AgCl precipitate flows into the optical detection system (G).

Optical Detection System. Figure 2 shows the cross
sectional view of the optical detection system housed in a
black PVC compartment (G, i.d.: 7 mm, length: 2 cm).
When a solution is introduced into the optical detection
system through a tube (A, PTFE tubing of I mm i.d. and 5
cm in length), the formation and falling of droplets (C) of the
solution occurs continuously at the bottom tip of the tube.
The light from the radiation source (E, high luminescence
blue light emitting diode) guided through a glass tubing (D,
i.d.: 4.5 mm) is shed over the surface of each droplet
throughout its lifetime and the intensities of reflected light
are measured at the radiation detector (B, a blue sensitive
photodiode) placed on the same side with the radiation
source. Two black PVC tubes (F and H) are connected at the
bottom of the compartment for drain. 

Shape of the Signal. Even when a solution introduced
into the optical detection system does not contain any
precipitate particles, the outputs of the photodiode are
recorded as signals fluctuating in magnitude. Such phenom-
enon could be regarded inevitable due to the periodic
formation and falling of droplets, which act as a windowless
optical cell and therefore be accepted as a characteristic
behavior of the optical detection system employed in this
work. As the stream of a solution carrying fine white
particles of the AgCl precipitate passed through the inlet
tube of the optical detection system, due to the same
dynamic formation/falling of droplets, the resulting signal
also fluctuated. However, the signal showed a gradual
increase in its magnitude and subsequent decrease down to
the baseline level. Even with such fluctuations in the signal
magnitude, as we could see in Figure 3, the signals obtained
with a given chloride standard were found to be highly

reproducible. 
Calibration Curve. The chloride standards of various

concentrations ranging from 1.0 × 10−4 M to 1.0 × 10−1 M
were prepared and used to construct the calibration curve.  In
this work two different lengths (volumes) of the sample loop
were used, a sample loop of 112 µL for the chloride
standards of 2.0 × 10−4-4.0 × 10−3 M and another sample
loop of 28 µL for the chloride standards of 8.0 × 10−3 M and
higher. The smaller sample loop was necessary to avoid the
clogging of tubing by the highly concentrated fine particles
of AgCl precipitate. The optimum flow rate of the system to
obtain the lowest detection limit was 0.995 mL/min. Figure
4 shows a linear relationship between the relative magni-
tudes of signals and the chloride concentrations from 2.0 ×
10−4 M to 6.0 × 10−2 M with the standard deviations of less
than the size of the symbols used. The detection limit was
found to be 2.0 × 10−4 M and the repetitive injections of 20/
hr were possible under the current optimum conditions.
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Figure 3. The signals obtained with three repetitive injections for
each chloride standard. The concentrations of the chloride
standards used were, from left to right, 2.0 × 10−4 M, 4.0 × 10−4 M,
6.0 × 10−4 M. 8.0 × 10−4 M. 2.0 × 10−3 M. and 4.0 × 10−3 M.

Figure 4. The calibration curve for the determination of Cl− ion in
the concentration range of 2.0 × 10−4 M to 6.0 × 10−2 M. 


