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Abstract—In this paper, Henry’s law constants (H) and

infinite dilution activity coefficients (}/w) of 13 selected volatile

organic compounds (VOCs) of environmental importance in
silicon oil are presented. These were measured using an
innovative simple headspace chromatographic technique
developed in this study. In order to test the reliability of this
method, the effect of liquid depth and shaking time on
equilibrium establishment was tested. The effect of VOC
concentration in terms of volume injected is also presented.
The influence of temperature on the phase equilibrium was
studied using the Van’t Hoff relationship. Measurements were
done at different temperatures to permit transport calculations
for different seasons and also to allow temperature variation of
the physical properties of the organic compounds to be
evaluated. Great effort was taken to ensure best possible
accuracy, trace and rectify possible sources of error. The
results compare very well to those obtained from the dynamic
gas liquid chromatographic technique by the same authors and
those found in literature. This study provides a fast and cheap
simple static headspace method for measuring phase
equilibrium at infinite dilution. This is an innovative practical
technique which can be applied in solving environmental
engineering problems in particular the abatement of volatile
organic compounds.

Keywords—Activity coefficient, environmental, Henry’s law
constant, Infinite dilution, static headspace, transport
calculations

I. INTRODUCTION

HIS work is a continuation of our investigation of
thermodynamic  properties of  volatile  organic
compounds in polymeric solvents. Volatile organic
compounds (VOCs) are produced and released into the
environment from several domestic and industrial processes.
VOCs have high mobility and volatilities which make them
significant contributors to air pollution problems. These
properties allow them to be present in every media in the
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environment including air, water and soil [1], [2]. Polymeric
solvents such as silicon oil chemically known as
polydimethyl siloxane (PDMS) can play a crucial role in key
separation processes such as absorption of VOCs from
contaminated air steams. Due to its unique properties such
as stability at high temperatures, non flammability and
negligible vapour pressure, silicon oil can be used in this
separation process. For silicon oil to be used effectively as
an absorbent it is essential to know how it interacts with
different solutes. The important measure of this property is

given by the activity coefficient at infinite dilution, (™),

which describes the non-ideality of the chosen species in a
mixture or Henry’s law constant (H) representing air —
solvent partitioning in dilute solution. The activity
coefficient at infinite dilution is especially important
because it describes the extreme case in which only solute -
solvent interactions contribute to non ideality. Some of the
most important properties controlling the partitioning
between different environmental compartments encountered
in literature are solubility, partition coefficient, Henry’s law
constant, [3] and infinite dilution activity coefficients [4],
[5].

Infinite dilution studies are crucial in that environmental
concern focus on the entirely dilute regions, parts per
million. In most separation processes, this is the most
difficult and expensive part of separation. Also the greatest
deviation from ideal behaviour is exhibited here. Infinite
dilution studies are also crucial in obtaining high purity
products. Henry’s law constant or coefficient (H) allowing
for temperature dependence expresses the affinity of a

solvent toward a VOC in terms of partial pressure P, of the

VOC with its mole fraction X; in solvent. For
environmental consideration at infinite dilution this
expressed as
. P
H=lim- @)
x;—=0 Xi
Henry’s law constant is an equilibrium partitioning

coefficient reflecting the relative volatility of a particular
compound indicating its behaviour and fate in the
environment as well as the applicability of potential
treatment methods such as absorption and stripping.

In literature Henry’s law constant is expressed in many
different units and the six commonly encountered
definitions are related through (2) which is used to compare
data from various sources.
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The activity coefficient at infinite dilution is a crucial
parameter in the prediction of phase partitioning of a solute.
It also one of the basic thermodynamic properties used to
obtain the adjustable parameters in various activity
coefficient models of multi — component systems. In most
cases it is used for the characterization behaviour of a single
solute molecule completely surrounded by solvent
molecules, which represent the maximum non ideality of the
solute behaviour in solution. This means that the activity

coefficient (}/“’) of a solute provides specific information

about the molecular interactions between the solute and the
solvent, eliminating solute — solute interactions. The infinite
dilution is also an indicator of partitioning of dilute
contaminants in the environment and it can also be used to
predict properties related to the environmental fate for
example Henry’s law constant and solubility in different
absorbents. Activity coefficients are correction factors
which can be applied to Raoult and Henry’s laws to account
for deviations from ideal behaviour. In assessing the
solubility of gases and vapours in solutions the crucial factor
alongside the vapour pressure of the pure substance is the
activity coefficient of the dissolved substance, there is an
inverse of proportionality between the solubility and the
activity coefficient of a chemical. In absorption operations
low activity coefficients are highly desirable.

The activity coefficient at infinite dilution »;” is
calculated as (4)
0 p
Vi :—IO 4)

X; Pi
Where p;, p;and X; are the VOC partial pressure, vapour
pressure at temperature of interest and liquid mole fraction
respectively. The temperature dependence of H;and 7/i°o

can be expressed by an exponential function of reciprocal
absolute temperature (van’t Hoff relation).

InH, = A+%(K) (52)
Iny” = A+%(K) (5b)

In this work we developed a simple headspace
chromatographic technique for measuring Henry’s law
constants and infinite dilution activity coefficients for binary
solute mixtures. The solute — solvent systems are binary
mixtures of silicon oil and the following volatile organic
compounds pentane, hexane, heptane, triethylamine,
toluene, xylene, cylohexane, butyl acetate, diethyl ether,
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chloroform, acetone, ethyl methyl ketone and isobutyl
methyl ketone. These binary mixtures represent several
important functional groups covering a wide range of
solubility and volatility characteristics typical in that found
in industrial hazardous waste. The volatile organic
compounds studied here are from the following families;
alkanes, halogenated hyrocarbons, aromatics, ethers, amines
and cyclic hydrocarbons. In selecting a suitable solvent for
waste gas problems, the following criteria are considered:
high absorption capacity for the separating component,
selectivity with reference to other gases, low toxicity and
low volatility [6]. The absorption capacity is influenced by
the interactions between VOC and solvent molecules which
can result in possible affinity or mutual repulsions. PDMS
can be used as a scrubbing medium in waste air scrubbing. It
is highly suitable for solvent vapours from waste air,
especially in the absorption of alcohols, esters and
chlorinated hydrocarbons, aromatics and ketones. Owing to
its high boiling point and stability up to 150°C, it can be
desorbed at standard temperature and pressure for solute
recovery.

Comprehensive reviews of experimental methods used to
determine Henry’s law’s constants and activity coefficients
at infinite dilution were given [7] - [9] and these include;
Equilibrium Partitioning in Closed Systems (EPICS) [10] -
[17]; Sequential phase equilibrium [18]; pressure difference
[19] - [21], differential static cell [22], [23], GLC [24] -
[29], Headspace [9], [30] — [32], Direct [33] — [38] and
purge [39], [40].

The simple headspace gas chromatography is an
analytical technique used to measure the vapour phase
composition of a volatile liquid or solid component in
equilibrium with a solvent in a sealed vessel. The simple
headspace method Evanson [32] was developed to
determine the effect of sodium hypochlorite on the vapour
liquid equilibrium of styrene monomer and water. In this
work this method is improved to ascertain equilibrium
establishment, study the effect of liquid depth, temperature
control and use of shaker flasks for calibration as compared
to the traditional air bags. This method makes use of the
calibration curve for the calculation of headspace
concentration of a volatile organic compound. When using
the simple headspace method the following should be
specified: experimental temperature, flask volume, volume
of solvent, VOC injected into flask, volume of gas injected
into GC, total pressure, molecular weight and density of
VOC, universal gas constant, peak area after equilibrium
and the gradient of the calibration curve. Volatile organic
compounds can be abated using the following methods;
absorption,  adsorption,  condensation,  combustion,
biological and membrane technology systems. This paper
presents the essential equilibrium necessary for physical
absorption and stripping processes.

Il. METHODS

A. Materials

All the thirteen volatile organic compounds listed in table
1) were obtained from Merck Ltd with a stated purity
greater than 99% and were used without further purification.
Silicon oil of 10cs viscosity with a corresponding average
molecular weight of 1000 was obtained from Dow Corning
USA.
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TABLE |
SOLUTE DESCRIPTION AND CODE
Code Code
no. Compound no. Compound
1 n - pentane 8 butyl acetate
2 n - haxane 9 diethyl ether
3 n - heptane 10 chloroform
4 triethylamie 11 acetone
5 toluene 12 ethylmethylketone
6 xylene 13 isobutylmethylketone
7 cyclohexane

B. Procedure

The equipment consisted of an enclosed system of 594
ml conical flask with a glass side arm. The flask was closed
on top with a rubber stopper and with a subaseal on the side
arm. At start up a fixed volume of silicon oil (200 ml) was
added into the flask and the desired volume of the volatile
organic compound was injected through the subaseal. The
flask was then subjected to manual shaking for a minute.
Afterwards, the flask was placed in a water bath shaker for
an hour to ensure good mixing and maintain the required
temperature. Five flasks were used for each VOC
concentration and two injections were made from each flask
after 1 hr shaking time. An air tight syringe was used to take
a sample from the flask. A gas sample volume of 0.5 ml was
injected into the GC.

C. Calibration Curves

The simple headspace method relies on the availability of
accurate and reproducible calibration equations in order to
determine the concentration in both the gas and liquid
phases. The shaker flasks were thoroughly cleaned and then
oven dried. Known volumes of VOC corresponding to the
required parts per million were injected into the flasks. The
VOCs were allowed to vaporize in the water bath shaker at
303K. Gas samples were withdrawn using a gas tight
syringe and injected into the GC. This procedure was
repeated for all the concentrations of interest. Calibration
curves were obtained by plotting concentration (kg/m®)
against peak area in units.

D. Chromatographic Conditions

A Perkin Elmer 8500 Gas Chromatograph equipped with
a flame ionization detector was used for gas sample
analysis. Conditions were as follows: Carrier gas was
helium at a flow rate of 35 ml/min, Injector and detector
temperature at 250°C and Column diameter of 1/8 inch of
stainless steel packed with 30% Carbowax P60 — 80 mesh.

I1l. RESULTS AND DISCUSSION

The activity coefficients at infinite dilution of the thirteen
volatile organic compounds were measured with high
reproducibility and precision. The results obtained in this
work agree very well with those obtained by the same
authors through the dynamic gas liquid chromatographic
technique (GLC) [28], [29], [41], those reported [42] using
GLC and [44] employing the GCLF — EOS and UNIFAC -
FV. The good agreement found between static headspace
with experimental and predictive methods indicate that it
can be successfully used to simplify experimental
procedures and reducing costs. When full attention is paid to
the experimental set up and procedures, the simple
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headspace method can be of value in phase equilibrium
studies. In order to obtain each value of the activity
coefficient five flasks were used and two injections made
from each flask. Therefore the peak area used in the
calculation is an average of ten (10) measurements. The low
activity coefficients and Henry’s law constants indicate that
silicon oil is good absorbent for the selected volatile organic
compounds. Compared to water and other polymeric
solvents in literature, the thermodynamics of VOCs in
silicon oils dictates an easy absorption process while
stripping will be difficult. It was the objective of this work
to find the minimum time period required to achieve
equilibrium. This was tested by varying shaking times in the
water bath from 0.5 to 24 hours. From the results shown in
Fig. 1, it was found that half an hour was enough for
equilibrium establishment. Using various volumes of silicon
oil from 200 to 500 ml tested the effect of liquid depth on
the phase equilibrium. The results shown in Fig. 2 shows
that varying amount of solvent within the experimental
range did not affect the result; therefore 200 ml was used in
this work for economic reasons.
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Fig. 1. Effect of shaking time on Henry’s law constants and activity
coefficients.
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Fig. 2. Effect of PDMS volume on Henry’s law constants and activity
coefficients.

The choice of optimum temperature for an absorption
process requires knowledge of temperature dependence of
the activity coefficients. Typical Van’t Hoff plots for
acetone are shown in Figs. 3a and 3b.
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TABLE Il
ACTIVITY COEFFICIENTS AT INFINITE DILUTION (MOLE AND
WEIGHT FRACTION BASED) AND HENRY’S LAW CONSTANTS IN
PDMS (MW =10000)

Literstire
(Vabes &
Static headspace (his wodk) GLE (Trev) Methods)
Tl HFPm Mol

OC  frac  Whfra wolt  frac WEfra

1 0.388 5304 0.031% 0384 5323 G066 (ratic)

2 0.503 5833 0.0116 0458 5317 6003(static)

3 0.39 7.34 000429 0539 5382 6.109(static)

4 0.525 5187 000GEP 0392 3ETS

5 056 £.02 000274 0585 6354 5 363(sttic)

6 0.205 7587 000113 0617 5808

7 0.297 4.72 000674 0399 437 SITR(CLLY

g 086 7401 000213 0748 43§

g 0.624 8413 0633 0350 4489

0425 3557 0.0LF 0374 3133 336G

1 L6 17660 0474 0865 14895

B o0E 7381 000909 079 10245

3 Lip6 10947 OO0ZFF 0841 8396

V. CONCLUSION

Henry’s law constants and activity coefficients at infinite
dilution of 13 environmentally important organic
compounds were measured by the simple static headspace
method. This technique provides a reliable, accurate, cheap
and rapid method for providing thermodynamic data of
VOCs in polymeric solvents. In order to support our
conclusions, improve efficiency and reliability of the simple
headspace method some future investigations are required.
These include continued vapour — liquid equilibrium of the
same VOCs and additional representative binary systems in
silicon oil, other polymeric solvents (such as biodiesel) and
water. These are then compared with literature values
obtained using various experimental and predictive methods.
Further investigations on the temperature and concentration
dependence studies involving the 13 and additional volatile
organic compounds of the same families are recommended.

ACKNOWLEDGMENT
The authors gratefully acknowledge the financial supports of
the National Research Foundation (NRF) and Universities of
South Africa and Johannesburg.

REFERENCES

[1] D. Mackay, W. Y. Shiu, and K. C. Ma, “In: Illustrated Handbook of
Physico-Chemical Properties and Environmental Fate for Organic
Chemicals Polynuclear Aromatic Hydrocarbons, Polychlorinated
Dioxins, and Dibenzo-furans,” vol. 2, Lewis Publishers, Chelsea, Ml,
1992.

[2] S. Tao, H. Cao, W. Liu, B. Li, J. Cao, F. Xu, X. Wang, R. M. Coveney
Jr, W, Shen, B. Qin, and R. Sun, “Fate modeling of phenathrene with
regional variation in Tian — jin,” China. Environ. Sci. Technol., vol.
37, pp. 2453-2459, 2003.

[3] D. Mackay, “Multimedia Environmental
Approach,” Lewis, Chelsea, MA, 1991.

[4] S. I. Sandler, “Infinite dilution activity coefficients in chemical,
environmental, and biochemical engineering,” Fluid Phase Equilib.,
vol. 116, pp. 343-353, 1996.

[5] S. | Sandler, “Unusual Chemical Thermodynamics,” J. Chem.
Thermodynam., vol. 31, pp. 3-25, 1999.

[6] K. Bay, H. Wanko, and J. Ulrich, “Absorption of Volatile Organic
Compounds in Biodiesel: Determination of Infinite Dilution Activity
Coefficients by Headspace Gas Chromatography.” Trans IChemE,
Part A, Chem. Eng. Res. Des., vol. 84, no. A1, pp. 22-27, 2006.

Models. The Fugacity

ISBN: 978-988-19251-7-6
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

Proceedings of the World Congress on Engineering and Computer Science 2011 Vol 11
WCECS 2011, October 19-21, 2011, San Francisco, USA

[7] P. Warneck, “A note on the temperature dependence of Henry’s Law
coefficients for methanol and ethanol.” Atmos. Environ., vol. 40, pp.
7146-7151, 2006.

[8] P. Warneck, “A review of Henry’s law coefficients for chlorine-
containing C; and C, hydrocarbons,” Chemosphere, vol. 69, pp. 347-
361, 2007.

[9] E. Muzenda, A. Arrowsmith, and M. Belaid, “Thermodynamics of
volatile organic compounds in silicon oil by modified simple
headspace method: An aid in air pollution abatement,” The 2™
Thammasat University International Conference on Chemical,
Environmental and Energy Engineering, March 3-4, 2009.

[10] R. A. Ashworth, G. B. Howe, M. E. Mullins, and T. N. Rogers, “Air-
water partitioning coefficients of organics in dilute aqueous
solutions,” J. Hazard. Mater., vol. 18, pp. 25-36, 1988.

[11] G. M. Gosset, “Measurement of Henry’s Law constants for C1 and C2
chlorinated hydrocarbons,” Environ. Sci. Technol., vol. 21, 202-208,
1987

[12] G. Tse, H. Orbey H, and S. I. Sandler, “Infinite dilution activity
coefficients and Henry’s law coefficients for some priority water
pollutants determined by relative gas chromatographic method,”
Environ. Sci. Technol., vol. 26, pp. 2017-2022, 1992.

[13] G. A. Robbins, S. Wang and J. D. Stuart, “Using the static headspace
method to determine Henry’s law constants,” Anal. Chem. vol. 65, pp.
3113-3118, 1993.

[14] J. Dewulf, D. Drijvers, and H. van Langenhove, “Measurement of
Henry’s law constant as a function of temperature and salinity for the
low temperature range,” Atmos. Environ., vol. 29, pp. 323-331, 1995.

[15] K.C. Hansen, Z. Zhou, C. L. Yaws and T. M. Aminabhavi, “A
laboratory method for the determination of Henry’s law constants of
volatile organic chemicals,” J. Chem. Educ., vol. 72, pp. 93-96, 1995.

[16] L. M. Vane and E. L. Giroux, “Henry’s law constants and micelle
partitioning of volatile organic compounds in surfactant solutions,” J.
Chem. Eng. Data, vol. 45, pp. 38-47, 2000.

[17] T. Shimotori and W. A. Arnold, “Measurement and estimation of
Henry’s law constants of chlorinated ethylenes in aqueous surfactant
solutions,” J. Chem. Eng. Data, vol. 48, pp. 253-261, 2003.

[18] R. J. Hunters-Smith, P. W. Balls and P. S. Liss, “Henry’s law
constants and the air-sea exchange of various low molecular weight
halocarbon gases,” Tellus, vol. 35B, pp. 170-176, 1983.

[19] D. N. Glew and E. A. Moelwyn-Hughes, “Chemical statics of the
methyl halides in water,” Discuss Faraday Soc., vol. pp. 115-161,
1953.

[20] J. E. Boggs and A. E. Buck, “The solubility of some chloromethanes in
water,” J. Phys. Chem., vol. 62, pp. 1459-1461, 1958.

[21] C. G. Swain and E. R. Thornton, “Initial-state and transition-state
isotope effects of methyl halides in light and heavy water,” J. Am.
Chem. Soc., vol. 84, pp. 822-825, 1962.

[22] D. A. Wright, S. I. Sandler and D. DeVoll, “Infinite dilution activity
coefficients and solubilities of halogenated hydrocarbons in water at
ambient temperatures,” Environ. Sci. Technol., vol. 26, pp. 1828-
1831, 1992.

[23] K. A. Pividal, A. Birtigh, and S. I. Sandler, “Infinite dilution activity
coefficients for oxygenated systems determined using differential
static cell,” J. Chem. Eng. Data, vol. 37, pp. 484-487, 1992.

[24] R. S. Barr and D. M. T. Newsham, “Phase equilibria in very dilute
mixtures of water and chlorinated hydrocarbons. Part 1 -
Experimental results,” Fluid Phase Equilib., vol. 35, pp. 189-205,
1987.

[25] R. E. Pecsar and J. J. Martin, “Solution thermodynamics from gas-
liquid chromatography,” Ana. Chem., vol. 38, pp.1661-1669.

[26] D. L. Shaffer and T. E. Daubert, “Gas-liquid chromatographic
determination of solution properties of oxygenated compounds in
water,” Ana. Chem., vol. 41, pp. 1585-1589, 1969.

[27] I. Landau, A. J. Belfer and D. Locke, “Measurement of limiting
activity coefficients using non steady state gas chromatography,” Ind.
Eng. Chem. Res., vol. 30, pp. 1900-1906, 1991.

[28] E. Muzenda, A. Arrowsmith, and N. Ashton, “Infinite dilution activity
coefficients for VOCs in polydimethylsiloxane,” IChemE, Bath, UK,
Jan., 2000.

[29] E. Muzenda, A. Arrowsmith, and N. Ashton, “Measurement of Infinite
dilution activity coefficients for volatile organic compounds in
Polydimethylsiloxane by Gas Liquid Chromatography,” CHEMCON,
Chandigarh, India, Dec., 2008

[30] J. Peng and A. Wan, “Measurement of Henry’s law constants of high-
volatility organic compounds using a headspace autosampler,”
Environ. Sci. Technol., vol. 31, pp. 2998-3003, 1997.

[31] X. S. Chai and J. Y. Zhu, “Indirect headspace gas chromatographic
method for vapour-liquid phase equilibrium study,” J. Chrom. A., vol.
799, pp. 207-214, 1998

WCECS 2011



[33] I. Evanson, “Removal of volatile organic compounds by absorption
with catalytic enhanced chemical reaction,” PhD Thesis, University of
Birmingham, UK 1999.

[33] R. G. Buttery, J. L. Bomben, D. G. Guadagni and L. C. Ling, “Some
considerations on the volatilities of organic flavor compounds in
foods,” J. Agric. Food and Chem., vol. 19, pp. 1045-1048, 1971.

[34] J. H. Rytting, L. P. Huston, and T. Higuchi, “Thermodynamic group
contribution methods for hydroxyl, amino, and methylene groups,” J.
Pharm. Scie., vol. 67, pp. 615-618, 1978.

[35] D. T. Leighton and J. M. Calo, “Distribution coefficients of
chlorinated hydrocarbons in dilute air-water system for groundwater
contamination applications,” J. Chem. Eng. Data, vol. 26, pp. 382-
385, 1981.

[36] J. R. Snider and G. A. Dawson, “Tropospheric light alcohols,
carbonyls, and acetonitrile: concentration in the south western United
States and Henry’s law data,”” J. Geo. Res., vol. 90, pp. 3797 — 3805,
1985.

[37] M. S. H. Bader and K. A. M. Gasem, “Determination of infinite
dilution activity coefficients for organic-aqueous systems using a
dilute vapour-liquid equilibrium method,” Chem. Eng. Communic.,
vol. 140, pp. 41-72, 1996.

[38] I. Ueberfeld, H. Zbinden and N. Gisip, “Determination of Henry’s law
constants using a photoacoustic sensor,” J. Chem. Thermodynam.,
vol. 33, pp. 755-764, 2001.

[39] M. G. Burnett, “Determination of partition coefficients at infinite
dilution by gas chromatographic analysis of the vapour above dilute
solutions,” Anal. Chem., vol. 35, pp. 1567-1570, 1963.

[40] E. Sorrentino, A. Voilley, and D. Richon, “Activity coefficients of
aroma compounds in model food systems.,” American Inst, Chem.
Eng. J., vol. 32, pp. 1988-1993.

ISBN: 978-988-19251-7-6
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

Proceedings of the World Congress on Engineering and Computer Science 2011 Vol 11
WCECS 2011, October 19-21, 2011, San Francisco, USA

[41] E. Muzenda, A. Arrowsmith, and N. Ashton, “ GLC as an optimization
technique,” The Fifth International Conference on Manufacturing
Processes, Systems and Operations Management in Less
Industrialised Regions, Bulawayo, Zimbabwe, May, 2002.

[42] A. J. Ashworth , C. F. Chien, D. L. Furio, D. M. Hooker, M. M.
Kopecni, R. J. Laub, and G. J. Price, “ Comparison of static with gas
— chromatographic solute infinite-dilution activity coefficients with
poly(dimethylsiloxane) solvent,” Macro., vol. 17, no. 5, pp. 1090-
1094, 1984,

[43] H. Hand, “A note on the prediction of phase equilibria in siloxane
polymer systems using a Group Constant Lattile Fluid Equation of
State,” (a) Experimental — Sorption method (b) GCLF_EOS (c)
UNIFAC - FV’ Report number 1994 — 10000 — 39527, 2 — 20, 1994.

[44] G. Gmehling, “Potential of group contribution methods for the
prediction of phase equilibrium and excess properties of complex
mixtures,” Pure App. Chem., vol. 75, no. 7, pp. 875-88, 2003.

[45] Domanska U. and Marciniak A., “Measurements of activity
coefficients at infinite dilution of aromatic and aliphatic
hydrocarbons, alcohols, and water in the new ionic Liquid
[EMIM][SCN] using GLC,” J. Chem. Thermodynam., vol. 40, pp.
860-866, 2008.

[46] G. Inoue, Y. lwai, M. Yasutake, K. Honda, and Y. Arai,
“Measurement of infinite dilution activity coefficients on n-alkanes in
4-methyl-n-butylpyridinium  tetrafluorborate  using  gas-liquid
chromatography,” Fluid Phase Equilib., vol. 251, pp. 17-23, 2007.

[47] A. Kloskowski, W. Chrzanowski, M. Pilarczyk, and J. Namiesnik,
“Partition coefficients of selected environmentally important volatile
organic compounds determined by gas liquid chromatography with
polydimethylsiloxane stationary phase,” J. Chem. Thermodynam., vol.
37, pp. 21-29, 2005.

WCECS 2011





