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A novel method is presented for determining xenon partitioning between a gas phase and a liquid phase. An
experimental setup which permits the simultaneous measurement of the129Xe chemical shift in both the gas
and the liquid phases, that is, under the same experimental conditions, has been designed. Xenon solubility
is obtained via129Xe chemical shift measurements in the gas phase. The method was validated against xenon
solubility data from the literature; in general, the agreement is found to be within 3%. The solubility of
xenon in three solvents for which data have not been previously reported (acetone, acetonitrile, and 1,1,2,2-
tetrachloroethane) was determined using this novel method.129Xe chemical shifts for dissolved xenon are
also reported; it is found that xenon-xenon interactions may play a significant role in the liquid phase even
at low equilibrium xenon pressures.

Introduction

The xenon atom possesses a large and highly polarizable
electron cloud, and consequently, its local environment strongly
affects the chemical shift and relaxation rates of the129Xe and
131Xe nuclei. Monatomic xenon has therefore been extensively
used as a “spin spy” to probe the physicochemical properties
of solid, liquid, and gaseous systems.1-8 Most xenon NMR
studies deal with the chemical shift of129Xe which has been
shown to be exquisitely sensitive to the surroundings of the
xenon atom and, moreover, is easily measured.129Xe chemical
shift measurements have been used to distinguish and character-
ize different systems and to study a large variety of processes.
For instance, solution state129Xe NMR has been used to study
the intermolecular interactions of xenon atoms with solvent and
solute molecules,9-19 to investigate phase transitions in liquid
crystals,20 to characterize hydrophobic cavities in organic host
molecules and proteins,21-37 to evidence diastereoisomeric
structures in chiral recognition processes,38,39 and to study
configurational40,41 and conformational42-44 equilibria.

The amount of xenon dissolved in solution is generally
required in order to quantitatively characterize the system under
study. Solubility data for xenon in several solvents are reported
in the literature;45-49 however, the list is limited and the data
are not always available at the desired temperature. Furthermore,
solubility data usually refer to pure solvents or simple binary
solutions and not to more complex systems that could exhibit
an increased affinity for xenon as a consequence, for instance,
of xenon trapping.

An experimental method devised to measure, in situ, the
partition of xenon in the sample submitted to the NMR

experiment is presented here. The method is based on the
measurement of the129Xe chemical shifts in the gas phase,δg,
in equilibrium with the liquid phase of interest in a sealed NMR
tube. In the pure xenon gas phase, xenon-xenon interactions
are responsible for the dependence ofδg on the xenon gas
density (i.e., xenon gas pressure); this effect is found to be of
the order of 0.5 ppm amagat-1 at low xenon pressures and room
temperature.50 (1 amagat corresponds to the density of an ideal
gas at STP: 4.462× 10-2 mol L-1.) For xenon loaded into a
sealed tube containing a liquid phase, the value ofδg primarily
reflects the partition of xenon between the gas and liquid phases.
The method was tested against a series of seven solvents for
which the xenon solubility is known and then applied to measure
the solubility of xenon in three solvents for which, to our
knowledge, xenon solubility data have never been reported.

The experimental setup used in this work also permits the
simultaneous measurement of the129Xe chemical shift in the
liquid phase.129Xe chemical shift data for dissolved xenon are
also reported, and the importance of xenon-xenon interactions
in the liquid phase is investigated.

Theoretical Aspects of the Methodology

In the pure gas phase, the shielding constant of an atom can
be written as50,51

F is the density of the gas,σ0 is the shielding constant of the
isolated atom, andσ1, σ2, ... account for the effect of pair, three-
body, and higher order interactions. These coefficients, and thus
also σ(F), are temperature dependent. At low pressure, the
nonlinear terms of this virial expansion are negligible and the
chemical shift, referenced to the chemical shift of the pure gas
at zero pressure, is simply given by
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σ(F) ) σ0 + σ1F + σ2F
2 + ... (1)

δg ) -(σ(F) - σ0) ) -σ1F (2)
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For heavy gases such as xenon, the total amount of gas
introduced into a sealed NMR tube (loading) can be precisely
determined by weighting. It is therefore convenient to rewrite
eq 2 as a function of the mass of xenon gas loaded into the
NMR tube,mXe:

with

σ1(Xe-Xe) is the second coefficient of the virial associated with
the xenon-xenon pair interactions,Vt is the experimentally
determined inner volume of the NMR tube, andMXe is the
atomic mass of xenon (131.3 g mol-1 if natural abundance xenon
is used).

For xenon in the presence of other gases,δg also depends on
the interactions between the xenon atoms and the other species
present.50 In the presence of a pure liquid phase, the interactions
between xenon atoms and solvent molecules in the gas phase
must therefore be taken into account andδg can be written as

FXe is the density of xenon gas,FS is the density of the solvent
in the gas phase, andσ1(Xe-S) is the second virial coefficient of
the xenon shielding constant that accounts for the effect of
xenon-solvent pair interactions in the gas phase. Equation 5
can also be written as a function of the total mass of xenon in
the NMR tube (see the Supporting Information):

with

PS is the vapor pressure of the solvent,Vl is the volume of the
liquid phase, andL is the Ostwald coefficient that describes
the partition of xenon between the liquid and gas phases:

[Xe]l and [Xe]g are the molar concentrations of xenon in the
liquid phase and the gas phase, respectively. For an equilibrium
xenon pressure of 1 atm, assuming ideal behavior, [Xe]g )
(RT)-1, that is, 4.01× 10-2 mol L-1 at 298 K.

In the presence of a liquid phase,δg is a linear function of
the total mass of xenon in the NMR tube provided that volume
variations of the liquid phase are negligible (see the Supporting
Information). It is worth noting that xenon-solvent interactions
only affect the interceptR (eq 7) and that this contribution is
not expected to be dominant if the equilibrium xenon pressure
is significantly larger than the solvent vapor pressure. Therefore,
if L < 1, that is, the xenon solubility in the liquid phase is lower
than the corresponding concentration of xenon in the gas phase,
δg will be larger than the value that would be measured in the

absence of the liquid phase at identical xenon loading. Con-
versely, a smallerδg value will be measured ifL > 1. Analysis
of δg measurements performed at various xenon loadings for
pure xenon gas and for xenon in equilibrium with a liquid phase
yield theâ0 andâ values from which the Ostwald coefficient
can be determined using eq 8. The xenon solubility is thus
readily obtained using eq 9.

Experimental Methods

High-purity solvents (>99%) were purchased and used as
provided. Xenon was purchased from Air Liquide (natural
abundance, N48).

The experimental setup consists of a 10 mm high-pressure
NMR tube equipped with a valve (Wilmad 513-7PVH) modified
in such a way that an open coaxial 5 mm tube,∼8 cm long, is
fixed to its bottom. If a liquid phase is present, it is contained
in the annular region outside the 5 mm tube. The setup thus
permits the simultaneous NMR observation of gaseous xenon
(contained in the 5 mm tube) and dissolved xenon. The total
inner volume of the modified 10 mm NMR tube,Vt, is 5.786
mL (determined by weighting its water content).

For 129Xe chemical shift measurements in the pure gas phase,
the NMR tube was evacuated and xenon was then loaded in
order to reach a xenon pressure between 8 and 9 atm. For the
successive measurements at lower xenon pressure, xenon was
partially evacuated on a vacuum rack. The total amount of xenon
in the NMR tube was determined by weighting before the NMR
experiment and controlled after the experiment. For the experi-
ments performed in the presence of a solvent,∼1.5 mL of
solvent was introduced into the 10 mm NMR tube and
thoroughly degassed by several cycles of sonication in an
ultrasound bath and evacuation on a vacuum rack. The final
volume of solvent in the NMR tube was determined by
weighting. Successive loadings of xenon gas were made for
these experiments. Here also, the total amount of xenon in the
NMR tube was determined by weighting. The NMR tube was
laid down horizontally at 25°C, for 1 h, to increase the gas-
liquid interface and left to reach equilibrium. The NMR spectra
were recorded after an additional period of equilibration in the
spectrometer of at least 30 min. No significant129Xe chemical
shift change was observed in spectra recorded overnight,
confirming that the equilibrium was reached.

The 129Xe NMR spectra were recorded at 298.0( 0.1 K on
a Bruker AMX360 spectrometer (the nominal frequency for
129Xe is 99.64 MHz) equipped with a standard 10 mm broadband
probe using a 3µs pulse (∼30°), an acquisition time of 0.5 s,
a relaxation delay of 4.5 s, 32 or 64 scans, and a spectral width
of 300 ppm centered at approximately 100 ppm.129Xe chemical
shifts were referenced to the resonance frequency of pure xenon
gas extrapolated to zero pressure. This value was determined
from the pure gas phase129Xe chemical shift series of measure-
ments and set to zero. A secondary reference consisting of a
sealed 10 mm NMR tube containing xenon dissolved in acetone-
d6 was then calibrated and used for referencing each series of
measurements with solvents. The NMR spectra were recorded
unlocked. For pure xenon gas experiments,B0 field homogene-
ity was reached by shimming on the129Xe free induction decay
(FID) at the highest xenon loading. For the experiments in the
presence of a solvent, shimming was performed on the solvent
1H FID at the lowest xenon loading. A referencing spectrum
was recorded unlocked under the same shim conditions after
the first and last measurement of each series.

Exponential apodization was applied with a line broadening
factor of 1 Hz; the digital resolution was 0.2 Hz per point. Line

δg ) â0mXe (3)

â0 ) -
σ1(Xe-Xe)

MXeVt
(4)

δg ) -(σ1(Xe-Xe)FXe + σ1(Xe-S)FS) (5)

δg ) R + âmXe (6)

R )
-σ1(Xe-S)PS

RT
(7)

â )
â0

(1 + (L - 1)
Vl

Vt
)

(8)

L )
[Xe]l

[Xe]g

(9)
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widths were typically of the order of a few hertz; the signal-
to-noise ratio was higher than 10 for the xenon gas signal and
higher than 15 for the dissolved xenon signal.

Results and Discussion

Measurement of Xenon Solubility. 129Xe chemical shifts
were measured at various xenon loadings in a sealed NMR tube
for pure xenon gas and for xenon in the presence of liquid
solvents. All measurements were performed at 298 K using our
designed NMR tube (see Experimental Methods).

The variation ofδg for pure xenon gas as a function of the
xenon mass in the NMR tube is shown in Figure 1 where data
from two series of independent measurements are presented.
In these experiments, the xenon pressure did not exceed 9 atm.
As expected for this range of pressures,δg increases linearly
with xenon loading. The fitting of eq 3 to the experimental data
yields the slopeâ0 that translates into aσ1(Xe-Xe) value of
-(0.566( 0.003) ppm amagat-1, that is,-(12.70( 0.07) ppm
mol L-1 using eq 4. This value is in good agreement with those
reported in the literature by Jameson et al.,50 -(0.548( 0.004)
ppm amagat-1, for measurements made between 30 and 110
amagats, and by Brunner and co-workers,52 -(0.509( 0.030)
ppm amagat-1, for measurements made between 40 and 440
amagats, at the same temperature. The intercept, that is, the
extrapolation ofδg to zero loading, was used for chemical shift
referencing and set to zero.

The proposed NMR method for xenon gas solubility mea-
surement was tested against seven solvents for which data at 1
atm and 298 K are reported in the literature and range between
0.02 and 0.2 mol L-1 (see Table 1). A series of five measure-
ments corresponding to different xenon loadings was performed
for each solvent; in these experiments, the xenon pressure did
not exceed 7 atm. The variation ofδg as a function of xenon
mass in the NMR tube is apparently linear (see Figure 1). For
DMSO,δg is larger than the value measured at identical xenon
loading in pure xenon gas. This is expected, since the Ostwald
coefficient for xenon dissolved in this solvent is lower than 1
(solubility lower than 4.01× 10-2 mol L-1 at 1 atm and 298

K). The parametric adjustment of eq 6 to the experimentalδg

data provides the slopes,â, that can be used to calculate the
Ostwald coefficient, and the corresponding xenon solubility,
using eqs 8 and 9 and the previously determinedâ0 value. The
results are reported in Table 1 and shown in Figure 2a where
they are compared to data from the literature. A very good
agreement is observed, but our data are systematically slightly
overestimated for solvents in which xenon solubility is higher
than 0.1 mol L-1. Variations of the volume of the liquid phase
due to the dissolution of xenon are neglected in the data analysis
presented above. If this variation is taken into account, as
explained below, our data are in excellent agreement over the
entire studied solubility range, as can be seen in Table 1 and
Figure 2b.

If the partial molar volume of dissolved xenon, as well as
the partial molar volume of the solvent molecules in the liquid
phase, is considered to be independent of the xenon concentra-
tion, the volume of the liquid phase that appears in eq 8 is given
by

V°l is the volume of the degassed liquid phase,VXe is the
partial molar volume of dissolved xenon, andnXe(l) is the number
of moles of dissolved xenon at equilibrium. Equation 10 can
be rewritten as a linear function of the total mass of xenon gas
in the NMR tube:

For the xenon concentrations encountered in this work,κ is
given by (see the Supporting Information)

κ was determined by parametric adjustment of eq 11 toVl data
obtained by measuring the height of the liquid phase in the NMR

Figure 1. 129Xe chemical shift measured at 298 K in the pure gas
phase (xenon pressures lower than 9 atm) and for xenon gas in
equilibrium with xenon dissolved in simple solvents (equilibrium xenon
pressures lower than 7 atm).mXe is the mass of the total amount of
xenon loaded into the NMR tube. Data points resulting from two
independent series of measurements are plotted for the pure xenon gas
phase.

TABLE 1: Xenon Solubility Data (In This Work, Xenon
Solubility Data Are Determined from 129Xe Chemical Shift
Measurements in the Gas Phase (See Text); Two
Independent Series of Measurements Were Performed for
Acetonitrile, Acetone, and 1,1,2,2-Tetrachloroethane)

xenon solubility (mol L-1)
at 298 K and 1 atm

this work

solvent literaturea b c d

DMSO 0.024 0.023 0.024 0.022
acetic acid 0.067 0.070 0.069 0.062
methanol 0.086 0.089 0.087 0.082
bromobenzene 0.104 0.108 0.104 0.094
toluene 0.139 0.147 0.140 0.131
heptane 0.184 0.199 0.185 0.182
cyclohexane 0.194 0.208 0.192 0.182
acetonitrile 0.065/0.065
acetone 0.097/0.100
1,1,2,2-tetrachloroethane 0.101/0.105

a References 45, 48, and 49.b Results determined from four or five
measurements at equilibrium xenon pressures lower than 7 atm
neglecting liquid phase volume expansion.c Results determined from
four or five measurements at equilibrium xenon pressures lower than
7 atm taking into account liquid phase volume expansion.d Results
determined from a single xenon loading measurement (one-shot xenon
solubility estimation).

Vl ) V°l + VXenXe(l) (10)

Vl ) V°l + κmXe (11)

κ ) L
Vt

V°l
+ L - 1

VXe

MXe
(12)
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tube at different xenon loadings. All solvents, with the exception
of dimethyl sulfoxide (DMSO) and acetic acid, showed volume
variations that could be properly estimated in this way. TheVl

data obtained for toluene are shown in Figure 3, and the
determinedκ values are shown in Figure 4.

The partial molar volume of xenon obtained using eq 12
ranges between 56 and 75 cm3 mol-1. This variation is not
significant considering the precision in the liquid phase volume
measurements. The average value forVXe is found to be 65(

7 cm3 mol-1 and accounts correctly for the trend observed inκ

values (see Figure 4). This suggests that the liquid phase volume
expansion observed as a consequence of xenon dissolution can
be accounted for using a solvent independent value for the partial
molar volume of dissolved xenon. The xenon solubility data
reported in Table 1 and shown in Figure 2b were determined
by parametric adjustment of eq 6 to the experimentalδg data
using eqs 8, 11, and 12, the experimentally determinedâ0 value,
and the averageVXe value given above. The agreement between
our solubility data determined by129Xe NMR and literature data,
usually reported with relative errors between 0.5 and 3%,45,48,49

is now, as mentioned before, excellent over the whole range of
solubility values. The differences are of the order of 2× 10-3

mol L-1, which corresponds to relative differences smaller than
3%. The method presented here would however probably not
be suitable for measuring xenon solubility values lower than
0.01 mol L-1, such as those found for pure water and dilute
aqueous systems.

129Xe NMR was used to determine the solubility of xenon in
three solvents for which, to our knowledge, xenon solubility
values are not reported: acetonitrile, acetone, and 1,1,2,2-
tetrachloroethane. Two independent series of four measurements
at different xenon loadings were performed for each solvent.
The xenon solubility values are reported in Table 1.

One-Shot Xenon Solubility Estimation. Precise determi-
nation of the xenon solubility by129Xe NMR requires chemical
shift measurements at various xenon loadings, but a single
measurement can be used to obtain a good estimate of the
solubility. Using eqs 6, 8, and 11, the Ostwald coefficient is
given by

TheR values measured in the present study range between 0.0
and 0.4 ppm.R cannot be determined via a single xenon loading
experiment, but it is interesting to point out thatR andκ have
opposite effects onL: neglectingR, which is positive, leads to
an underestimation ofL, while neglectingκ leads to an
overestimation. With good chemical shift referencing, the error
introduced on the xenon solubility ifR andκ are neglected (eq
14) is relatively small if a xenon loading corresponding to an

Figure 2. Comparison of the xenon solubility data (298 K, 1 atm)
determined by129Xe NMR to xenon solubility data from the litera-
ture;45,48,49the lineY ) X is drawn in both figures as a guide for the
eye. (a) The analysis of129Xe chemical shift measurements in the gas
phase neglects the liquid phase volume expansion. (b) The liquid phase
volume expansion is taken into account.

Figure 3. Liquid phase volume variation upon xenon dissolution in
toluene.mXe is the total mass of xenon loaded into the NMR tube.Vl

data were obtained by measuring the height of the liquid phase in the
NMR tube and the volume of the degassed liquid phase determined
using the mass of degassed liquid in the tube and the pure solvent
density.

Figure 4. Empirical liquid phase volume expansion coefficient,κ, for
xenon dissolution.L is the Ostwald coefficient corresponding to the
xenon solubility reported in the literature. In our experiments, the
volume of degassed solvent was kept as constant as possible:V°l
ranges between 1.42 and 1.44 mL. The volume of the tube,Vt, is 5.786
mL. The curves represent eq 12 using the average experimental value
for Vt/V°l (i.e., Vt/V°l ) 4.05),VXe ) 65 cm3 mol-1 (plain curve) orVXe

) 65 ( 7 cm3 mol-1 (dotted curves).

L ) 1 + ( â0

δg - R
mXe - 1) Vt

V°l + κmXe
(13)
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equilibrium xenon pressure between 5 and 10 atm is used (this
ensures aδg value significantly larger thanR).

Solubility data determined using eq 14 and theδg value
measured at the highest xenon loading reached in this work (see
Figure 1) are reported in Table 1. For this set of measurements,
the differences with the solubility data from the literature are
smaller than 10%. It is worth noting that such an estimation of
the xenon solubility based on a single measurement leads to a
systematic underestimation. It is also worth pointing out that
using eq 7 it should be possible to determineσ1(Xe-S) data from
R values. Experimentalσ1(Xe-S) data are valuable because they
could be used to test the quality of ab initio pair shielding
functions. However, the experimental setup designed for
solubility measurements and the experimental conditions used
in this work are not suitable for precise measurements of
σ1(Xe-S). The measuredR values are less than 0.4 ppm, and two
independent measurements may lead to a difference of 0.1 ppm.
Therefore, the measuredR values are not reported nor discussed.

Xenon-Xenon Interactions in the Liquid Phase. The
designed experimental setup has the advantage of allowing the
simultaneous measurement of the129Xe chemical shift in both
the gas phase and the liquid phase. In liquid state129Xe NMR
studies, the xenon is frequently assumed to be infinitely diluted
and the effect of xenon-xenon interactions is usually neglected.4

However, we previously reported that xenon-xenon interactions
may contribute significantly to129Xe chemical shift data
measured for dissolved xenon under pressures lower than 10
atm.44 In the present work, the chemical shift of129Xe dissolved
in the liquid solvents,δl, was also measured at various xenon
loadings. The chemical shift values extrapolated to zero xenon
pressure,δ°l, are reported in Table 2, and the variations ofδl

with xenon loading, which is apparently linear, are shown in
Figure 5.

For equilibrium xenon pressures lower than 7 atm, no
significant variation ofδl with xenon loading was found for
xenon dissolved in 1,1,2,2-tetrachlotoethane (not shown) and a
weak increase ofδl was observed for xenon in DMSO (see
Figure 5). However, in the same range of equilibrium xenon
pressures, the variation ofδl is of the order of 3.5 ppm for xenon
dissolved in cyclohexane. Our results show that in most of the
solvents studied the129Xe chemical shift, even at the lowest

xenon loading used, is significantly higher than the value
extrapolated to zero xenon pressure; a low-field shift ranging
between 0.3 and 0.6 ppm is typically observed (Figure 5).
Considering that these effects are primarily a consequence of
xenon-xenon interactions in the liquid phase, the variation of
δl with xenon loading is expected to be large for solvents in
which xenon is highly soluble. Solubility differences by
themselves cannot however explain the experimental data. The
variation of δl with xenon loading is found to be similar in
cyclohexane and methanol, while the solubility of xenon is more
than twice as large in cyclohexane (see Table 1). Furthermore,
no significant variation ofδl was observed in 1,1,2,2-tetrachlo-
roethane, although the xenon solubility in this solvent is larger
than that in methanol. Obviously, the observed effect depends
on the relative contribution of xenon-xenon interactions and
xenon-solvent interactions to the shielding of129Xe. In the
framework of an additive pair contribution model, the chemical
shift of dissolved129Xe at low xenon pressure can be written,
similarly to eq 5, as

nXe(l) is the number of moles of dissolved xenon at equilibrium,
nS(l) is the number of moles of solvent molecules in the liquid
phase, andσ1(Xe-Xe)

/ and σ1(Xe-S)
/ are the contributions to the

129Xe shielding due to xenon-xenon and xenon-solvent pair
interactions in the liquid phase. It is worth noting thatσ1(Xe-Xe)

/

depends on the xenon-xenon pair distribution function which,
in the liquid phase, also depends on xenon-solvent and
solvent-solvent interactions. The129Xe chemical shift extrapo-
lated to zero xenon pressure is given by

whereVS is the partial molar volume of the solvent molecules
in the liquid phase. Assuming that the partial molar volume of
dissolved xenon and the partial molar volume of the solvent

TABLE 2: 129Xe Chemical Shift Data at 298 K for Xenon
Dissolved in Different Solvents (Two Independent Series of
Measurements Were Performed for Acetonitrile, Acetone,
and 1,1,2,2-Tetrachloroethane; the Fitting Errors onδ°l Are
Smaller Than (0.03 ppm, and the Fitting Errors on ê Are
Smaller than (0.06 ppm mol-1 L)

solvent
δ°l ) -(1/VS)σ1(Xe-S)

/

(ppm)
ê ) -σ1(Xe-Xe)

/ - VXeδ°l
(ppm mol-1 L)

DMSO 243.24 0.48
acetic acid 158.94 4.18
methanol 142.30 4.41
bromobenzene 212.95 0.91
toluene 184.72 1.69
heptane 162.14 2.39
cyclohexane 159.65 3.04
acetonitrile 170.97/170.97 3.09/3.08
acetone 170.67/170.71 2.01/1.97
1,1,2,2-tetrachloroethane 223.56/223.65 a

a The 129Xe chemical shift of xenon dissolved in 1,1,2,2-tetrachlo-
roethane is not significantly dependent on the xenon loading for
equilibrium xenon pressures lower than 7 atm.

L ) 1 + (â0

δg
mXe - 1)Vt

V°l
(14)

Figure 5. Variation with xenon loading of the129Xe chemical shift
measured at 298 K for xenon dissolved in different solvents.mXe is
the total mass of xenon loaded into the NMR tube; the corresponding
equilibrium xenon pressures are lower than 7 atm. Data points resulting
from two independent series of measurements are plotted for xenon
dissolved in acetonitrile and acetone.

δl ) -(σ1(Xe-Xe)
/

nXe(l)

Vl
+ σ1(Xe-S)

/
nS(l)

Vl
) (15)

δ°l ) -σ1(Xe-S)
/

nS(l)

V°l
) -

σ1(Xe-S)
/

VS
(16)
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molecules are independent of the xenon concentration, eq 15
can be transformed into (see the Supporting Information)

with

Theê data reported in Table 2 were determined by parametric
adjustment of eqs 17 and 19 to the experimentalδl data using
eqs 11 and 12 forVl andVXe ) 65 cm3 mol-1. The use of aVXe

value smaller or larger by 30% does not significantly affect the
values determined forê. Errors onVXe do however directly affect
σ1(Xe-Xe)
/ values that are calculated using eq 18 and the

experimentally determinedê data. Despite the uncertainty on
VXe, σ1(Xe-Xe)

/ ranges between-12.9 and-14.7 ppm mol L-1

(DMSO excluded) and is found to be similar toσ1(Xe-Xe), which
accounts for the shielding effect of xenon-xenon pair interac-
tions in the gas phase (σ1(Xe-Xe) ) -12.70 ppm mol L-1).

Conclusion

The 129Xe chemical shift of xenon in the gas phase is
dependent on xenon pressure. The present work demonstrates
that this property can be used to determine the xenon partition
between a gas and a liquid phase, that is, the xenon solubility
in liquids. In this study, xenon solubility data in pure solvents
were determined by129Xe NMR. If the liquid phase volume
expansion due to xenon dissolution is taken into account, using
a solvent independent value for the partial molar volume of
dissolved xenon, an excellent agreement is found with data from
the literature. The agreement with data from the literature is
however still extremely good if this correction is neglected.
Furthermore, if only an estimate of xenon solubility is needed,
it is possible to obtain it running a simple one-load experiment.

The NMR tube designed for this work permits the simulta-
neous observation of xenon in the gas phase and in the liquid
phase, that is, under the same experimental conditions. This
gives the method its real interest, since it permits the determi-
nation in situ of the concentration of dissolved xenon used in
solution state129Xe NMR studies. It is illustrated in this work
by investigating the xenon concentration dependence of the
129Xe chemical shift of dissolved xenon. For the first time, this
effect is characterized quantitatively. It is shown to be dependent
on the relative contribution of xenon-xenon and xenon-solvent
interactions to the129Xe chemical shift, and the contribution of
xenon-xenon pair interactions in the liquid phase is estimated.
The analysis explains why in some solvents the129Xe chemical
shift is found to be essentially constant for equilibrium xenon
pressures lower than 10 atm while in others the effect is of the
range of a few parts per million.
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