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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 g4 ~* 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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1. Introduction 2. Principle of the kinetic spectrophotometry

A lot of methods have been applied to determine chlorine  As a recommended method, the photometry method us-
in atmosphere, most of them employ photometry technique ing MO as color reagent has been widely used in chlorine
[1,2], while the others based on chlorine sensitive sensorsdetermination. In which the absorption solution contain MO,
[3—8] or by barrier discharge radio frequency helium plasma H>S0O;,, and KBrG;. In the recommended method, a definite
[9]. Although the later technique is simpler, photometry volume of absorption solution containing with known ab-
methods often give more reliable results. Photometry using sorbency fg) was put in a bubble absorption tube and effer-
methyl orange (MO) has been recommended by the environ-vesces with chlorine containing air samples. Several minutes
mental protect council of People’s Republic of China and is later, the absorption solution faded and its absorbeAgy (
among the most widely used methods. Besides giving goodwas measured. The differenae = Ag — A; was calculated.
accuracy and precision, the method has a wide linear rangeA working curve aboutAA versus quantity of chlorine was
and is excellent in eliminate interfere of coexist HCI. How- made in advance, from which the quantity of chlorine in the
ever, the method is very onerous in manipulation owing to air sample could be determined. Sirfggwas taken as con-
unstable of the stock solution, and results are prone to bestant in the experiment, varying 8§ will influence value of
interfered by temperature and concentration of the reagent.AA and thus the resulted chlorine concentration. As the ab-
In the present paper, a kinetic method for chlorine determi- sorption solution is unstablég always change with time and
nation also using MO as a color reagent was proposed. Thethus the working curve must be regenerated frequently, which
method is convenient in manipulation. The principle of the made the experimental manipulation very complicated.
method is based on the fading velocity of MO solution in air Obviously, chlorine concentration of samples will directly
absorption process against concentration of chlorine, whichinfluence the fading velocity of the solution. If we could mea-
was test with a self-made apparatus and satisfaction resultsure color fading character of the solution, or varying of the

was got. solution absorbency in the air absorption process, the con-
centration of chlorine could be determined. An apparatus

* Corresponding author. Tel.: +86 203 3011499. as shown inFig. 1 was made to test varying of the solu-
E-mail addresstmjx@jnu.edu.cn (J.-X. Meng). tion absorbency in the air absorption process. Similar to the
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Chlorine sample

. is linear, the slope of the curve is related with concentration
. of chlorine in samples. In the next stage bc, most MO in
Bubble absorption tube
———\

Wriggling pump absorption solution was consumed, the fading velocity was
determined by the concentration of MO and varyinglof
Computer became slower. After all the MO was consumed, absorbency
A\ : ;
of the solution did not change any more dplleep constant
as shown in stage cd.

Air compresser pump (pumpl)

(pump2)

Tail gas ==-

A/D According to Lambert-Beer’s Law, the absorbency of the
Absorption solution [:::jcommr solution in the absorption process could be expressed as
Photodiode A = gbc = <S‘bl — 8b(nl — I’lz) — Sb}’l]_ _ sbnz (1)
] L % % % %
LED ——@ I whereV is the volume of the absorption solutianthe quan-
Howing cell Amplifying tity of MO in_solution t_hat varies in t_he a_lbs_orption process,
n; the quantity of MO in the absorption liquid before the air
Fig. 1. Diagram of the experimental setup. sample is absorbed amd is that consumed in the reaction.
A first-order derivative could be made to formula (1)
recommended MO photometry, a definite volume of absorp- dA ~ eb  dn2 5
tion solution was put into the absorption tube first, airsample g; — v = dr (2)

was driven with an air compressor pump (Pump 1) to effer- _.
vesce and chlorine in the sample was absorbed. To measure"ceA = —10gT = —log(l/lo) = —log It + log /o and
the varying of the absorbency, a flowing cell was connecting dA d(log 1)
to bottom of the absorption tube. Absorption solution was g — ~ ¢ )
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 d(logl;) ¢b dny
510 nm was used as light source. Transparent light was de-— g, ~ v ~ dr 4)
tected with a_PIN photodlode. The S|gnal was amplified and in which (chz/dr) is the velocity of MO consumed during
processed with a microcomputer equipped with an A/D con- b "
verter card. Running of the wriggling pump could also be absorption. . . .
. Fading of MO in the absorption solution could be ex-

controlled with the computer. lained with the followi hanism:

With the above setup, varying curve of the transparent light plained wi € foflowing mechanism.
intensity (t) was recorded. A typicdl-t curve was shown  Cl, + 2KBr — 2KCI + Bry
in Fig. 2 The curve could be divided into four stages: oa,
ab, pc and cd. In tr_\e peglnnlng stage 03, as soluuons |n.the2Brz + (CH3),NCgH4N = NCsH4SOsNa
flowing cell and wriggling pump tube did not react with air
sample, varying of; is very small. In stage ab, tHecurve — (CHg),NCgH4NBr2 + BroNCgH4SO3Na

We get

0.7 Experiment has been done on a air sample with 10% of

1 Cly, and fading of MO taken place instantly. It could be con-
cluded that the velocity of both reaction are very large. Con-
suming of MO will take place as soon aspG$ absorbed,
and thus the fading velocity of MO, fd/dt), is determined
by the absorbing rate of chlorine, which is proportional to
the concentration of chlorine when the velocity of air is un-
changed. Now we get d(lafg)/dr o ccl,which means slope
of logarithm of stage ab is proportional to the chlorine con-
centration in the air sample, and this relationship was applied
to chlorine determination in the present work.

As calculation of logarithm was complicated, the follow-
ing strategy was adopted in the experiment. Because stage ab
0 200 400 600 800 1000 1200 1400 is almost linear, the value of d(Idg)/dr could be determined

1(s) with the equation d(lod)/dr = (log I+, — log I,) /(t2 — t1),
wheret; andt; are the time at whiclk = I;, andl,, respec-
Fig. 2. Typicalli—t curves in C4 absorption. tively. If the value off;, andl;, were fixed up, the value of
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log It, — log I, will be constant. We can get another expres- 0.7

sion 1/(t2 — t1) o< ccl, Or 1/(t2 — t1) = Kccl,, WhereK is a 1 0.5L/min
proportional constant, which means, if we could measure 0.6+

andty, chlorine concentration could be determined from a

working curve. 051

0.4+

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.

0.0 T T T T T T v T
0 500 1000 1500 2000
3.2. Absorption solution t(s)
A 0.1000 g of MO was dissolved in 60 mL waterab0°C Fig. 3. Effect of the flow velocity of air samples.

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 4. Results and discussion
bromide was dissolved in 50 ml of the stock solution and di-

lute to 500 mL to get solution A. The absorption solutionwas 4.1. Effect of air flowing velocity
fabricated by mixing 8 mL solution A and 2 mL 3 M sulfuric

acid solution. Air velocity could be adjusted with Pump 1 in the experi-
mental setupli—t curve at different air velocity were shown
3.3. Standard air sample in Fig. 3. If the flow velocity of air sample is too large, ef-

fervesce in the absorption tube would be very furious and

Pure chlorine is made from reaction of potassium per- lead to unstable of the transparent intensity. Large air veloc-
manganate and concentrated hydrochloric acid. Which wasity also leads to small values db(— t1) and thus big relative
desiccated with concentrated sulfuric acid and preserved in aerrors. Although a small velocity could give stable results, it
glass bottle. To make a standard air sample, definite volumecost too long time to be adopted. A favorable velocity should
of pure chlorine was injected into a 10L glass bottle. The give medium values oft§ — t1) and short analytical time.
air was left to mix for more than 5 h before use. The above A velocity no more than 0.5 L mint is appropriate for low
produce may be repeated if necessary to get a more diluteconcentration samples (no more than 1180 ~1) and rise
sample. Concentration of the standard air sample was con-with chlorine concentration.
firmed before experiments with the recommended method

[1].

4.2. Effect of the absorption solution

3.4. General procedure for kinetic photometry
Similar to the effect in MO photometry method, acidity

Ten milliliters of absorption solution was putinto the mod-  Of the absorption solution also affects fading velocity of the
ified bubble absorption tube. Pump 2 was controlled to run solutionand thus shapesleft curve as shown ifig. 4. High
firstly for 2 s to ensure the flow cell give a stable signal. Then acidity caused fast fading and was favor to determination of
Pump 1 began to run and drive air sample effervescem in the'OW chlorine concentration sample, while low acidity was
absorption tube. In the mean time, the transparent light in- favor to that of chlorine rich sample. For most samples, an
tensity was measured and recorded with the computer. Withacidity of 0.25mol ! H,SOy was reasonable.
the present experimental apparatuis ~0.03 before air ab- A big drawback for MO photometry method is compli-
sorption (which may vary with the concentration of MO inthe cated manipulation caused by unstable of the stock absorp-
absorption solution) and 0.61 when all MO were consumed. tion solution. Since shift ofo of the absorption will lead to
After measuring large number of samples with different chlo- great error inAA and determination of chlorine concentra-
rine concentration, good linear was found betweg&mpl— 11) tion. However, value oftg — t;) and thus the experimental
andccl, whenl, = 0.3 andl;, = 0.5, which was adopted as result are insensitive to shift of stock solution, A&gis not
Iy, and I, in the following experiments. The computer pro- used in the present technique. Experiment has been done with

gram was written to recorti—t curve and output value af a stock solution preserved for 1 month at room temperature
andt, after the experiment. and similar result with a fresh prepared solution was found.
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Fig. 4. Effect of acidity of the absorption solution.
4.3. Effect of speed of Pump 2 0.25 mol L1 H,SQy, speed of Pumps 1 and 2 was adjusted

to 0.4 L min ! and 1.47 mLs1, respectively. Good linearity
The circulation speed of the absorption solution could be was found between 14 — t1) and concentration of chlo-
adjusted with Pump 2. It was found that varying of the circu- rine in the range of 2.64-15.3@ L1 as shown irFig. 5.
lation speed in a wide range made no obvious effect on the The detection limits have been determined according to the
It curve. However, if the speed is too slow or too fast, wrong formula c = 30/k, whereo is the standard deviation of the
results may be got. A speed of 1.47 mt'svas adopted in  measurements of 14(— ty), k is the sensitivity calculated

the following experiment. from the slope of the plot 1{ — t1) versus concentra-
tion. However, an air sample with big chlorine concentration
4.4, Calibration curve could not be determined with the presented speed of wrig-

gling Pump 1. Because the valuetef— t; is too small for
Determination of low concentration of chlorine in air samples with large chlorine concentration, which would in-
sample was done with an absorption solution containing duce big error to value of 14 — t;). Determination of more
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Fig. 5. Plot of 1/{> — t1) versus concentration of chlorine.
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Table 1 plicated manipulation in the recommended MO photometry
Determination of chiorine in real samples method. Preservation of the stock absorption is also conve-
Concentratioh Found bgL™!)  Average RecovenR(%) R.S.D. niently since the value of 14 — t;) in the present method
(kgL (gL (*0) is insensitive to the small variation of the stock solution. Ob-
3.73 370 406 395 992 1088 463 viously, the present method is easy to be automatized sand
411 394 1102 1036 is promising in monitor of chlorine concentration in atmo-
8.49 7838 810 7.90 922 954 0.85 sphere.
7.837 783 922 954
a Determined with the recommended MO photometry method.
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