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Determination of chlorine in atmosphere by kinetic spectrophotometry
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Abstract

A kinetic method for determination of chlorine in air was described in the present work. The method based on fading of methyl orange (MO)
containing solution in air absorption process. A determination limit of 2.64�g L−1 was found. With the present method, chlorine concentration
could be determined in several minutes with convenient manipulation. As concentration variation of methyl orange in the absorption solution
did not affect the experimental results, fabrication and preservation of the stock absorption is also convenient. The present method is promising
in monitoring chlorine concentration in atmosphere.
© 2004 Elsevier B.V. All rights reserved.
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. Introduction

A lot of methods have been applied to determine chlorine
n atmosphere, most of them employ photometry technique
1,2], while the others based on chlorine sensitive sensors
3–8] or by barrier discharge radio frequency helium plasma
9]. Although the later technique is simpler, photometry
ethods often give more reliable results. Photometry using
ethyl orange (MO) has been recommended by the environ-
ental protect council of People’s Republic of China and is
mong the most widely used methods. Besides giving good
ccuracy and precision, the method has a wide linear range
nd is excellent in eliminate interfere of coexist HCl. How-
ver, the method is very onerous in manipulation owing to
nstable of the stock solution, and results are prone to be

nterfered by temperature and concentration of the reagent.
n the present paper, a kinetic method for chlorine determi-
ation also using MO as a color reagent was proposed. The
ethod is convenient in manipulation. The principle of the
ethod is based on the fading velocity of MO solution in air
bsorption process against concentration of chlorine, which

2. Principle of the kinetic spectrophotometry

As a recommended method, the photometry metho
ing MO as color reagent has been widely used in chlo
determination. In which the absorption solution contain M
H2SO4, and KBrO3. In the recommended method, a defin
volume of absorption solution containing with known
sorbency (A0) was put in a bubble absorption tube and ef
vesces with chlorine containing air samples. Several min
later, the absorption solution faded and its absorbencyA1)
was measured. The difference�A=A0 − A1 was calculated
A working curve about�A versus quantity of chlorine wa
made in advance, from which the quantity of chlorine in
air sample could be determined. SinceA0 was taken as con
stant in the experiment, varying ofA0 will influence value o
�A and thus the resulted chlorine concentration. As the
sorption solution is unstable,A0 always change with time an
thus the working curve must be regenerated frequently, w
made the experimental manipulation very complicated.

Obviously, chlorine concentration of samples will direc
influence the fading velocity of the solution. If we could m
as test with a self-made apparatus and satisfaction results
as got.
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sure color fading character of the solution, or varying of the
solution absorbency in the air absorption process, the con-
centration of chlorine could be determined. An apparatus
as shown inFig. 1 was made to test varying of the solu-
t the
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ion absorbency in the air absorption process. Similar to
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Fig. 1. Diagram of the experimental setup.

recommended MO photometry, a definite volume of absorp-
tion solution was put into the absorption tube first, air sample
was driven with an air compressor pump (Pump 1) to effer-
vesce and chlorine in the sample was absorbed. To measure
the varying of the absorbency, a flowing cell was connecting
to bottom of the absorption tube. Absorption solution was
drive to circulate between the tube and the cell by another
wriggling pump (Pump 2). As absorption spectrum of the
solution peaks at 510 nm, a ultra-bright LED with peak at
510 nm was used as light source. Transparent light was de-
tected with a PIN photodiode. The signal was amplified and
processed with a microcomputer equipped with an A/D con-
verter card. Running of the wriggling pump could also be
controlled with the computer.

With the above setup, varying curve of the transparent light
intensity (It) was recorded. A typicalIt–t curve was shown
in Fig. 2. The curve could be divided into four stages: oa,
ab, bc and cd. In the beginning stage oa, as solutions in the
flowing cell and wriggling pump tube did not react with air
sample, varying ofIt is very small. In stage ab, theIt curve

is linear, the slope of the curve is related with concentration
of chlorine in samples. In the next stage bc, most MO in
absorption solution was consumed, the fading velocity was
determined by the concentration of MO and varying ofIt
became slower. After all the MO was consumed, absorbency
of the solution did not change any more andIt keep constant
as shown in stage cd.

According to Lambert-Beer’s Law, the absorbency of the
solution in the absorption process could be expressed as

A = εbc = εbn

V
= εb(n1 − n2)

V
= εbn1

V
− εbn2

V
(1)

whereV is the volume of the absorption solution,n the quan-
tity of MO in solution that varies in the absorption process,
n1 the quantity of MO in the absorption liquid before the air
sample is absorbed andn2 is that consumed in the reaction.
A first-order derivative could be made to formula (1)

dA

dt
= −εb

V
× dn2

dt
(2)

SinceA = −logT = −log(It/I0) = −logIt + logI0 and

dA

dt
= −d(logIt)

dt
(3)

We get
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Fig. 2. TypicalIt–t curves in Cl2 absorption.
d(logIt)

dt
= εb

V
× dn2

dt
(4)

n which (dn2/dt) is the velocity of MO consumed durin
bsorption.

Fading of MO in the absorption solution could be
lained with the following mechanism:

l2 + 2KBr → 2KCl + Br2

Br2 + (CH3)2NC6H4N = NC6H4SO3Na

→ (CH3)2NC6H4NBr2 + Br2NC6H4SO3Na

Experiment has been done on a air sample with 10
l2, and fading of MO taken place instantly. It could be c
luded that the velocity of both reaction are very large. C
uming of MO will take place as soon as Cl2 is absorbed
nd thus the fading velocity of MO, (dn2/dt), is determine
y the absorbing rate of chlorine, which is proportiona

he concentration of chlorine when the velocity of air is
hanged. Now we get d(logIt)/dt ∝ cCl2which means slop
f logarithm of stage ab is proportional to the chlorine c
entration in the air sample, and this relationship was ap
o chlorine determination in the present work.

As calculation of logarithm was complicated, the follo
ng strategy was adopted in the experiment. Because sta
s almost linear, the value of d(logIt)/dt could be determine
ith the equation d(logIt)/dt = (logIt2 − logIt1)/(t2 − t1),
heret1 andt2 are the time at whichIt = It1 andIt2, respec

ively. If the value ofIt1 andIt2 were fixed up, the value



J.-X. Meng et al. / Spectrochimica Acta Part A 61 (2005) 823–827 825

logIt2 − logIt1 will be constant. We can get another expres-
sion 1/(t2 − t1) ∝ cCl2 or 1/(t2 − t1) = KcCl2, whereK is a
proportional constant, which means, if we could measuret1
and t2, chlorine concentration could be determined from a
working curve.

3. Experimental

3.1. Reagents

All the chemicals were of analytical reagent grade except
MO, which was of indicator grade. All solutions were pre-
pared with double distilled water.

3.2. Absorption solution

A 0.1000 g of MO was dissolved in 60 mL water at∼50◦C
and the solution was cooled to room temperature. After
adding 60 mL ethanol, the solution was further diluted to 1 L
with water to get a stock solution. One gram of potassium
bromide was dissolved in 50 ml of the stock solution and di-
lute to 500 mL to get solution A. The absorption solution was
fabricated by mixing 8 mL solution A and 2 mL 3 M sulfuric
acid solution.
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Fig. 3. Effect of the flow velocity of air samples.

4. Results and discussion

4.1. Effect of air flowing velocity

Air velocity could be adjusted with Pump 1 in the experi-
mental setup.It–t curve at different air velocity were shown
in Fig. 3. If the flow velocity of air sample is too large, ef-
fervesce in the absorption tube would be very furious and
lead to unstable of the transparent intensity. Large air veloc-
ity also leads to small values of (t2 − t1) and thus big relative
errors. Although a small velocity could give stable results, it
cost too long time to be adopted. A favorable velocity should
give medium values of (t2 − t1) and short analytical time.
A velocity no more than 0.5 L min−1 is appropriate for low
concentration samples (no more than 15.30�g L−1) and rise
with chlorine concentration.

4.2. Effect of the absorption solution

Similar to the effect in MO photometry method, acidity
of the absorption solution also affects fading velocity of the
solution and thus shapes ofIt–t curve as shown inFig. 4. High
acidity caused fast fading and was favor to determination of
low chlorine concentration sample, while low acidity was
favor to that of chlorine rich sample. For most samples, an
a

li-
c sorp-
t o
g ra-
t tal
r
u e with
a ture
a nd.
.3. Standard air sample

Pure chlorine is made from reaction of potassium
anganate and concentrated hydrochloric acid. Which
esiccated with concentrated sulfuric acid and preserve
lass bottle. To make a standard air sample, definite vo
f pure chlorine was injected into a 10 L glass bottle.
ir was left to mix for more than 5 h before use. The ab
roduce may be repeated if necessary to get a more
ample. Concentration of the standard air sample was
rmed before experiments with the recommended me
1].

.4. General procedure for kinetic photometry

Ten milliliters of absorption solution was put into the m
fied bubble absorption tube. Pump 2 was controlled to
rstly for 2 s to ensure the flow cell give a stable signal. T
ump 1 began to run and drive air sample effervescem i
bsorption tube. In the mean time, the transparent ligh

ensity was measured and recorded with the computer.
he present experimental apparatus,It is ∼0.03 before air ab
orption (which may vary with the concentration of MO in
bsorption solution) and 0.61 when all MO were consum
fter measuring large number of samples with different c

ine concentration, good linear was found between 1/(t2 − t1)
ndcCl2 whenIt1 = 0.3 andIt2 = 0.5, which was adopted
t1 andIt2 in the following experiments. The computer p
ram was written to recordIt–t curve and output value oft1
ndt2 after the experiment.
cidity of 0.25 mol L−1 H2SO4 was reasonable.
A big drawback for MO photometry method is comp

ated manipulation caused by unstable of the stock ab
ion solution. Since shift ofA0 of the absorption will lead t
reat error in�A and determination of chlorine concent

ion. However, value of (t2 − t1) and thus the experimen
esult are insensitive to shift of stock solution, asA0 is not
sed in the present technique. Experiment has been don
stock solution preserved for 1 month at room tempera

nd similar result with a fresh prepared solution was fou
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Fig. 4. Effect of acidity of the absorption solution.

4.3. Effect of speed of Pump 2

The circulation speed of the absorption solution could be
adjusted with Pump 2. It was found that varying of the circu-
lation speed in a wide range made no obvious effect on the
It–t curve. However, if the speed is too slow or too fast, wrong
results may be got. A speed of 1.47 mL s−1 was adopted in
the following experiment.

4.4. Calibration curve

Determination of low concentration of chlorine in air
sample was done with an absorption solution containing

versus

0.25 mol L−1 H2SO4, speed of Pumps 1 and 2 was adjusted
to 0.4 L min−1 and 1.47 mL s−1, respectively. Good linearity
was found between 1/(t2 − t1) and concentration of chlo-
rine in the range of 2.64–15.30�g L−1 as shown inFig. 5.
The detection limits have been determined according to the
formula c = 3σ/k, whereσ is the standard deviation of the
measurements of 1/(t2 − t1), k is the sensitivity calculated
from the slope of the plot 1/(t2 − t1) versus concentra-
tion. However, an air sample with big chlorine concentration
could not be determined with the presented speed of wrig-
gling Pump 1. Because the value oft2 − t1 is too small for
samples with large chlorine concentration, which would in-
duce big error to value of 1/(t2 − t1). Determination of more
Fig. 5. Plot of 1/(t2 − t1)
 concentration of chlorine.
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Table 1
Determination of chlorine in real samples

Concentrationa

(�g L−1)
Found (�g L−1) Average

(�g L−1)
RecoveryR (%) R.S.D.

(%)

3.73 3.70 4.06 3.95 99.2 108.8 4.63
4.11 3.94 110.2 105.6

8.49 7.838 8.10 7.90 92.2 95.4 0.85
7.837 7.83 92.2 95.4

a Determined with the recommended MO photometry method.

concentrated air sample has also been done with a reduced
Pump 1 speed.

4.5. Samples analysis

Two air samples from a chemical plant was determination
with the present method as shown inTable 1. These sam-
ples were also tested with the recommended MO photometry
method for comparison, which were also shown inTable 1.
The results from the two method correlate each other in sat-
isfactory.

5. Conclusion

The kinetic method described in the present work employ
similar absorption solution and chemical reaction with that
of MO photometry method, which has been proposed by en-
vironmental protect council of People’s Republic of China.
By choosing favorable sample speed, samples with different
chlorine concentration could be determined with good accu-
racy. The manipulation is very convenient and the process
could be finished in several minutes compared with com-

plicated manipulation in the recommended MO photometry
method. Preservation of the stock absorption is also conve-
niently since the value of 1/(t2 − t1) in the present method
is insensitive to the small variation of the stock solution. Ob-
viously, the present method is easy to be automatized sand
is promising in monitor of chlorine concentration in atmo-
sphere.
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