This article was downloaded by:

On: 18 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Walwrss B Merter 1303 19 Gk b8 Hew J008 (B3N 0GR TINE
E Y International Journal of Environmental Analytical Chemistry
4 \ i Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455
International Journal of

mm T A Spectrophotometric Method for Thioether Determination in Ambient
CHEMISTRY /= | Al

Luiz R. M. Pitombo?; SErgio Massaro’; Iracema FagA®
|  Instituto de Quimica, Universidade de Sdo Paulo, Sa Paulo, Brazil ® Fundagéo Jorge Duprat Figueiredo
de Seguranca e Medicina do Trabalho, Sdo Paulo, Brazil

Precerdings of the 8 Workshem an
and -

Ermvircmmental snd Gleicsl Analysin

EMEA, Boma, fealy, 813 Octadar 2004
Gasat Bditar Rabesis Pillaten
Parl 2: Ersernrsenial e Foed Applic sliee

@ Tanhor & Francis

To cite this Article Pitombo, Luiz R. M. , Massaro, SErgio and FagA, Iracema(1986) 'A Spectrophotometric Method for
Thioether Determination in Ambient Air', International Journal of Environmental Analytical Chemistry, 25: 4, 287 — 298

To link to this Article: DOIL: 10.1080/03067318608077096
URL: http://dx.doi.org/10.1080/03067318608077096

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iliable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067318608077096
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19: 55 18 January 2011

Downl oaded At:

Intern. J. Environ. Anal. Chem., 1986, Vol. 25, pp. 287-298
0306-7319/86/2504-0287 $18.50/0

© 1986 Gordon and Breach, Science Publishers, Inc.
Printed in Great Britain

A Spectrophotometric Method
for Thioether Determination in
Ambient Air

LUIZ R. M. PITOMBO and SERGIO MASSARO

Instituto de Quimica, Universidade de Sao Paulo, Sdo Paulo, Brazil
and

IRACEMA FAGA

Fundacdo Jorge Duprat Figueiredo de Seguranca e Medicina do
Trabalho, Fundacentro, Sao Paulo, Brazil

(Received November 24, 1984; in final form November 9, 1955)

Aqueous chloropalladate(IT) solutions absorb tioether from an air flow leading to the
formation of a complex extractable into benzene. The UV absorbance of the organic
complex solution is proportional to the amount of thioether. Since all light thioether
homologues absorb in the same spectral range with very similar molar absorptivities
the method can be used for the determination of this class of compounds relevant for
atmospheric sulphur cycle studies.

The preparation of test gas samples containing known amounts of di-n-
propylsulphide using either capillary diffusion tubes or total evaporation of benzene-
thioether solutions is described.

An interference study of some common gaseous compounds such as carbon
monoxide, nitrogen oxides, carbon disulphide, carbonyl sulphide, ethylmercaptan,
sulphur dioxide, dimethyl-sulphoxide, which may be present in the ambient air
together with thioethers is also made.

KEY WORDS: Thioether, dialkylsulphide, sulphur cycle, spectrophotometric
determination, reduced sulphur compounds.
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INTRODUCTION

Biogenic emission of reduced sulphur compounds has been indicated
as a point of uncertainty in any sulphur cycle model proposed.! ~®

Recent calculations on global scale atmospheric sulphur balance,
including species such as SO,, SOZ~, COS, H,S, (CH;),S and CS,
are uncertain because available data, specially for the last three
species, are sparse and show great variability.® Furthermore, light
mercaptans, thioethers and organic disulphides, which are emitted to
the atmosphere either by decomposing animal and vegetal debris
in soils and natural water bodies®” !2 or by some industrial
activities,!3 71> have also been omitted on that calculations. These
compounds as well as some of their oxidized derivatives such as
sulphoxides and sulphonic acids'® seem to play a not negligible role
in the atmospheric sulphur circulation. It is clearly necessary to
gather more information about the presence of each of these species
in the environment and so selective analytical methodologies are
needed.

This paper describes a new method for the determination of
thioethers in ambient air. A palladium(II) solution is used for
collection. '

The reaction:

R,S +|[PdCl, |2 —|PdC1,(R,S),| +Cl,q

takes place. The complex product shows little water solubility and is
easily extracted into benzene, and its concentration in the organic
phase can be determined spectrophotometrically.

Table I indicates some spectral properties of light alkyl thiothers.
The similarities enable convenient application of the proposed
spectrophotometric method to the “class” of low molecular weight
alkyl thioethers rather than to a particular member. The final result
can also be expressed in mol number or mass of sulphur present in
the sample because of this particular kind of chemical properties.

EXPERIMENTAL

The basic apparatus used for laboratory experiments with test gas
mixtures is shown in Figure 1. Air is pumped through cleaning
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TABLE I
Physical data for some light thioethers (R,S). Boiling points
and molar absorptivities (g) of species |PdC12(RZS)2| in
benzene solutions at wavelength of maximum absorption

(Amas)

B.pP2 £ Amax
R,S °C Lem !'mol™* nm
dimethylsulphide 37.3 14.5 x 103 303
di-n-propylsulphide 142.8 14.7 x 10%° 308°
di-i-propylsulphide 119 14.5x 10%® 310°

“From reference 17.
*From reference 18.
“Own data.

cartridges and reaches the diffusion chamber where a capillary
dispenser tube containing a thioether may be installed. Alternatively
in this chamber total evaporation of 1cm? aliquots of benzene-
thioether solutions can be achieved. Thermostating is afforded within
0.1°C for the diffusion chamber. Downstream the thioether source
two bubblers are mounted each containing 5cm?® of the absorbing
solution which is 2.3 x 107> M in PdCl, and 0.1 M in HCL The air
flow is held at 180cm3min~! by a proper critical orifice. Glass was
the main material employed. When using the thermostat a metallic
coil affords pre-equilibration of the airflow before it reaches the
diffusion chamber. Plastic (tygon R type) tubing connexions are held
as short as possible.

Construction details of the chamber and the capillary dispenser as
well as of the bubblers are given in Figure 2.

The extraction procedure is carried out with portions of 1cm?
benzene which are shaken for 5 minutes with the aqueous phase in
the bubbler and then transferred with the aid of a Carlton type
pipette.!? The volume is made up to 10c¢m® for the photometric
readings. Good quality volumetric glassware was used with no
further care. For the photometric measurements quartz cuvettes of
10 mm optical path length were used in a Beckmann DBG recording
spectrophotometer and in a Zeiss PMQ-2 spectrophotometer.

All reagents used were of analytical grade, except di-n-
propylsulphide which was properly distilled before use.
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RESULTS AND DISCUSSION

Preparation of “‘reference”

PdCI,(R,S),| extracts

One cm® benzene solutions carefully prepared with known amounts
(between 10-100 ug) of di-n-propylsulphide (DnPS) were thoroughly
shaken with equal volumes of aqueous solutions 2.3x107*M in
PdCl, and 1M in NaCl at pH=1, adjusted with HClL Organic
layers containing the [PdCl,(R,S),| complex (where R =n-propyl) are
produced. Experiments carried out have shown that at least 60
minutes are necessary for completion of this reaction and that better
results are obtained with four subsequent washings of the aqueous
phases with 1cm® benzene portions. The final volume is then
adjusted to 10cm?® with benzene for the photometric reading. From
these experiments and previous knowledge of the behavior of this
kind of compound,'® the absorbance values at 308 nm of the organic

TABLE 11
Collection of DnPS in |PdC14|2_ absorber solutions

Absorbance of benzene extracts

Sample number 1st bubbler 2nd bubbler

1 0.607 0.026

2 0.513 0.044

3 0.434 0.045

4 0.395 0.025

5 0.391 0.060

Average 0.468 0.040
Standard deviation 0.094 0.015

Amounts of DnPS sampled: 48 ug.

phases such obtained were considered to correspond to 100%
recovery of the DnPS. Accordingly the data shown in Table III
allow to calculate the molar absorptivity of |PdC12(RZS)2[ (R=
n-propyl) which is found to be 14.7 x 103,

This type of extraction procedure was systematically used to
obtain “reference” values for calibration.
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TABLE III
Sampling of DnPS from test gas atmospheres

m C Ay A A, (A/AQ X100  (A;+Ay/Ag) x 100

125 10 0142 0134 0.009 94 101
25 20 0281 0271 0.006 96 99
375 30 0438 0412 0.006 94 95
50 40 0638 0574 0016 90 92
625 50 0744 0718 0.006 96 97

m: total mass (ug) of sampled DnPS for 24 hours.

C: average concentration (ppbv) of thioether in the air flow.

Ag: absorbance values of the corresponding “reference” (see text) samples.
A, A,: absorbance values read on the extracts of the 1st and 2nd bubblers.

Collection studies employing a capillary dispenser for
test gas preparation

In an apparatus like that depicted in Figure 1 laboratory air is
pumped at controlled flow through activated charcoal, silica gel and
glass wool filters. Inside the diffusion chamber, which is immersed
into a constant temperature water bath, the air passes over the
capillary dispenser (containing DnPS in its bulb) and picks up DnPS
vapor. After a period of time the mass loss of the capillary tube gives
the amount of thioether vapor diffused into the air stream. Di-n-
propylsulphide is used instead of dimethylsulphide—which would be
preferable from the environmental point of view—because big errors
are inherent in the application of diffusion arrangements containing
compounds of very low boiling point.2® The use of DnPS however
has no inconveniences regarding the spectral similarities shown in
Table L.

Before starting the sampling the entire apparatus has to be “pre-
conditioned” for a period of time with an atmosphere containing
sulphide vapors. Laboratory observations indicate that the
concentration of these vapors in the preconditioning phase is
irrelevant, but if the humidity of the air stream is over 70% the
measurements show a large standard deviation and the diffusion rate
through the capillary seems to become lower. The influence of
humidity on the adsorption of sulphide compounds on glass surfaces
has been reported.?!
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The diffusion rate of DnPS through the capillary tube was
determined to be 0.16+0.03pugmin~! (at 20°C). At a flux of
180cm>*min~' the concentration of DnPS in the air stream is
890 ugm > and in a sampling time of 5 hours a total amount of
48 ug of the thioether goes to the bubblers. Since molar absorptivity
is 14.7x10* the absorbance would be 0.598 in a 10cm?® benzene
solution. Table II shows the experimental data obtained under these
conditions. The average measured values and corresponding
standard deviations are 0.468 and 0.094 in the first impinger and
0.040 and 0.015 in the second one giving 78 +16%; efficiency for the
first absorbing bubbler only and 85+ 18% for both. Though these
figures include also uncertainties due to the performance of the
capillary dispenser calibration they may be considered as a measure
of the collection efficiency of the palladium solution used.

Collection studies employing total evaporation of
di-n-propylsulphide solutions

A sample of 1cm? DnPS-benzene solution of known concentration is
put inside the diffusion chamber, and a stream of clean air is passed
over it until complete evaporation has taken place. Thermostating is
not necessary. The solution can be placed either in the main body of
the chamber or in its neck (see Figure 2a) thus requiring short or
long periods of time to evaporate completely. Benzene vapor
prevents adsorption of the thioether on the glass walls of the
apparatus (Benzene in fact displaces any thioether previously
adsorbed!). So in this case pre-conditioning as well as drying the air
stream is not necessary. At the same time dispersion of the results is
minimized (see Table IV). These advantages lead to the election of
this mode of operation as the procedure to achieve the calibration
plot curve.

Higher collection efficiences are attained with palladium and
chloride concentrations of 2.3x10°M and 0.1 M, respectively.
Optimum pH for the reaction is between 1 and 4.!® So the
absorbing solution was chosen to be 23x1073M in PdCl, and
0.1 M in HCL.

Table III summarizes data for a calibration plot. Various amounts
of DnPS in benzene were evaporated in an air flow of 180 cm® min~!
in 24 hours. Absorbances obtained after extraction into benzene of
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TABLE IV

Repetitive measurements employing evaporation of
DnPS-benzene solutions for test gas production

Absorbance readings of the
extractions

Sample number 1st bubbler 2nd bubbler

1 0.585 0.005
2 0.575 0.023
3 0.575 0.010
4 0.570 0.066

Amounts of DnPS sampled: 50 ug.

the content of each of two bubblers in series are tabulated as well as
the absorbances of the corresponding “reference” samples obtained
as described previously. The average concentrations of the thioether
in the air stream are also shown.

Recoveries are higher in this case than that obtained when the
thioether source was the capillary dispenser and benzene was absent.
Statistical tests indicate that the additional absorbance resulting
from the second bubbler does not contribute significantly to the
values given by the first impinger only. Table IV shows the
repetitivity of results.

Solution components stability

Experiments have shown that after thioether collection in an
aqueous palladium solution the same results are obtained regardless
whether the benzene extraction is carried out immediately or if it is
delayed for 15 days, provided the solution is kept in the dark. The
organic extract, once obtained, keeps constant absorbance by at least
30 days, if kept in the dark.

Interference study

Each of the following substances introduced into a flow of air
containing known quantities of DnPS does not cause significant
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changes of the results:>> hydrogen sulphide, carbon monoxide,
carbonyl sulphide, nitrogen oxides, carbon disulphide, ammonia,
ethylmercaptan, sulphur dioxide.

H.S, CO and COS were tested in great excess over DnPS so that
in each case a precipitate was formed in the palladium solution. The
benzene extraction, however, could be carried out in the normal way.
Nitrogen oxides (from reaction of metallic copper with nitric acid)
were introduced into the chamber containing thioether vapor in such
high amounts that the typical brown colour could easily be seen. But
no interference was observed. CS,, NH; and ethylmercaptan were
applied in 100 fold excess with respect to DnPS but no adverse
effects could be identified. Ethylmercaptan produces a yellow
precipitate in contact with palladium solutions. This compound must
be allowed to “age” by 48 hours before carrying out the benzene
extraction in order not to influence the spectrophotometric
measurements. SO, in concentrations 1000 times higher than those
of the thioether does not interfere with the determination.

Dimethylsulphoxide (DMSO) in concentrations 40 times higher
than the DnPS concentrations generates results which are higher by
7%. DMSO, however, scarcely exceeds the thioether concentrations
in the atmospheric environment?® and therefore is not expected to
interfere considerably.

PROCEDURE FOR FIELD SAMPLING

The set up for ficld sampling requires a pump to drive an ambient
air flow through a bubbler (containing 2.3x 10 *M PdCl, and
0.1 M HCI aqueous solution) and a device to control the flow rate
(e.g. a critical orifice).

With an air flow of 180cm*min~' and 5cm?® of absorbing
solution one can collect 24 hour samples. To avoid thioether
adsorption losses on tubing it is recommended to pull the ambient
air directly through the bubbler. Light protection is not necessary.
These conditions are designed for thioether levels between 3 and
50 ppbv in air. After collection the solution can be stored for at least
15 days in the dark before extraction takes place.

Usually the extraction is carried out after two days. Five 1cm?
benzene portions arc successively shaken for 5 minutes with the

1
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aqueous solution in the bubbler and transfered to a 10cm?
volumetric flask which is then filled up to the mark with benzene.
The spectrophotometric measurement is carried out in cells of 1cm
optical path length against a benzene blank if the solvent used is of
spectorscopical quality. Using pro-analysis grade solvent a parallel
reagent blank must be run. As the dimethylsulphide is the thioether
of highest abundance in ambient air, the absorbance must be read at
303nm which corresponds to the maximum molar absorptivity
(14.5 x 10%) of the respective palladium complex.

Following the procedure given in this paper the concentration of
thioether in air at standard pressure and temperature is given by:

Thioether concentration (ppbv) =65.0 x Absorbance reading.
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