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Volatilization of selenium (Se) is a dissipation mechanism by which gaseous Se is redistributed in the
environment. The vapor pressures of dimethyl  selenide (DMSe)  and dimethyl  diselenide (DMDSe)  were
determined using the isoteniscope method, and the solubility of DMSe  in HsO was determined in a closed
system by headspace analysis. The vapor pressures at 25 ‘C were 32.03 and 0.38 kPa for DMSe  and DMDSe,
respectively. The enthalpies of vaporization were calculated as 31.90 and 74.92 kJ mol-l,  respectively. The
solubility of DMSe was 0.0244 g/g of HZO. The Henry’s law constant for DMSe  was calculated as 143 kPa
kg mol-1  (0.144 kPa ms mol-1).

1. Introduction

Volatilization is a significant mechanism for Se loss from
soil and water (1). It is defined  as the loss of chemicals from
a surface in the vapor phase, that is, vaporization followed
by diffusion into the atmosphere (2). Volatilization rates of
chemicals from surface deposits are directly proportional to
their relative vapor pressures (2). Therefore, vapor pressure
is a key parameter controlling the behavior of methylated Se
in the environment, along with water solubility, soil adsorp-
tion, stability, wind speed, and air turbulence. Vapor
pressures often increase 3-4-fold  for each 10 “C rise in
temperature. For diiethyl selenide (DMSe)  and dimethyl
diselenide (DMDSe) the vapor pressure has not been deter-
mined to date.

Environmental partitioning of methylated Se among soil,
water, and air depends on several factors, including Se
solubility in water (3). The solubility of methylated Se species
has not been reported. Confusion exists in the literature about
this important physicochemical  property. Characterizations
range from “insoluble” in the case of DMSe  (4))  to “relatively
insoluble” for methylated Se compounds (3),  to “soluble” for
methylated Se species (5). There is a need to quantitate the
solubility of DMSe.

Recently, microbial volatilization of Se has been considered
as an alternative means to detoxify Se-contaminated sedi-
ments (6-8). Application of certain soil amendments was
found to strongly stimulate soil Se volatilization (9). The
major volatile product was identified as DMSe,  along with a
small amount of DMDSe (10). The dissipation of soil Se by
microbial volatilization is highly dependent on the rate of
microbial production of alkyl selenides, their solubility in
water, their adsorption to soil sufaces, and their diffusion
into air. The latter is dependent on the vapor pressure of the
Se compounds and its change with temperature. To predict
volatile Se emissions, the physicochemicsl parameters for the
major Se species released into the atmosphere need to be
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Figure 1. Experimental apparatus used for vapor pressure
determinations of DMSe  and DMDSe.

known. This study was undertaken to determine the vapor
pressure of DMSe and DMDSe, and the solubility of DMSe.

2. Experimental Methods

2.1. Vapor Pressure. Analytical grade DMSe  and
DMDSe were obtained from Strem Chemicals (Newburyport,
MA). The vapor pressure of DMSe  and DMDSe was
determined by the isoteniscope method (11) with a calibrated
thermometer (certified by Fisher Scientific, Pittsburgh, PA).
The experimental apparatus is illustrated in Figure 1.
Approximately 5 cmsof  DM(D)Se  was placed in the reservoir,
and a small amount in the U-tube attached to it. Under a
slight vacuum, the sample was heated to vigorous boiling to
expel all air between the reservoir and the U-tube. Then the
temperature in the water bath was lowered to the desired
level by adding ice. The thermometer bulb was placed close
to the reservoir with the liquidDM(D)Se. Measurements were
performed at temperatures ranging from 5 to 40 OC. Using
a hose clamp on the air intake line, the pressure of the system
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Figure 3. Vapor density, C, of DMSe  in the headspace over
HrO versus w, the amount of DMSe in HsO (=total  quantity
introduced into the system minus the quantity in the
headspace). The temperature of the system was 25 “C. Dashed
lines show 95% confidence limits for regression equations.
Dotted lines illustrate determination of a 90% confidence
interval for the solubility of DMSe.

respectively, and r and sscw are the linear correlation coef-
ficients and the variance of regression, respectively. The
intercept between the two regression lines, where

c, = c, (8)

denotes the solubility of DMSe. By combining eqs 6-8, the
solubility of DMSe was calculated to be24.4 (+3.5;  -3.0) g/1000
g of Hz0 at 25 “C or 0.2238 mol/ l000 g of HsO.

3.3. Enthalpy  of Vaporization. From one form of the
Clausius-Clapeyron  equation, the slope of the graph of log
P versus l/T is related to the heat of vaporization by the
equation

A_H = -2.303R(m) (9)

where A&I is the enthalpy of vaporization and R is the gas
constant. For DMSe and DMDSe the enthalpies of vapor-
ization were calculated to be 31.90 and 74.92 kJ mol-1,
respectively.

4. Discussion
Combining the results from the vapor pressure determina-

tions and the solubility measurements allows calculation of
the Henry’s law constant. It is defined by

P = k X (10)

where P is the headspace vapor pressure at a defined
temperature and X is the concentration in the underlying
solution. Using the solubility of DMSe  in water at 25 OC
(0.2238 mol/l000 g of water), and the calculated vapor pressure
for 25 “C, we arrive at

k = 143 kPa kg mol-’  (0.144 kPa m3 mol-‘)

for DMSe.  The dimensionless Henry’s law constant (Kd)
defined as the ratio of the saturated vapor density to solubility
(calculated from Figure 3) is 0.058. This means that at
equilibrium the water concentration is about 17 times greater
than the air concentration.

With 32.03 kPa at 25 “C, the vapor pressure of DMSe is
approximately 5 times that of ethanol and half that of ether.
The vapor pressure of DMDSe (0.38 kPa at 25 “C) is
approximately l/10 that of water. Because of the exponential
relationship between temperature and vapor pressure, DM-

(D)Se is expected to become overproportionally volatile with
increasing temperature. This agrees with earlier findings that
Se field emission rates are highly dependent on soil and air
temperature and increase dramatically with the onset of the
warm summer season (7). On the basis of earlier measure-
ments over a temperature range between 7 and 64 “C, the
vapor pressure of DMSe  at 25 “C was calculated as 28.75 kPa
(12). This value is 10% lower than our result 32.03 f 1.99
kPa, but only 1.29 kPa outside of its confidence limits. For
all calculations presented here, we have used our own data.

Some of the literature suggests a low solubility of DMSe
in water. However, water was found to be an effective eluant
for DMSe adsorbed to activated charcoal (10,13). The data
presented here confirm a high solubility for DMSe in HsO
and confirm our previous observations. With regards to our
goal  to dissipate soil Se through volatilization, a high solubility
of DMSe in water can cause microbially produced alkylse-
lenium to dissolve in soil water films, which would increase
its probability of being adsorbed to soil surfaces or being
scavenged by other microorganisms, thereby decreasing its
rate of dissipation into the atmosphere. This obstacle could
possibly be overcome by raising the soil temperature, thereby
increasing the vapor pressure, and by promoting wetting and
drying cycles.
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