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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 BfXleechemical shift in both the gas

and the liquid phases, that is, under the same experimental conditions, has been designed. Xenon solubility
is obtained vid?°Xe 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 meti&ke chemical shifts for dissolved xenon are

also reported; it is found that xenemenon interactions may play a significant role in the liquid phase even

at low equilibrium xenon pressures.

Introduction experiment is presented here. The method is based on the

The xenon atom possesses a large and highly polarizable.me{jlsurement of th¥"Xe chemical shifts in the gas phas,

. . in equilibrium with the liquid phase of interest in a sealed NMR
electron cloud, and consequently, its local environment strongly - .

. ) . tube. In the pure xenon gas phase, xenrenon interactions
affects the chemical shift and relaxation rates of #%e and are responsible for the dependencedgfon the xenon gas
131Xe nuclei. Monatomic xenon has therefore been extensively density% e., xenon gas prers)sure)' this effect is found tg be of
used as a "spin spy” to probe the pﬂt?ésmochemlcal properties the order.of”O 5 ppm amagatat low 'xenon pressures and room
of solid, liquid, and gaseous systefns. Most xenon NMR 0 ; .
studies deal with the chemical shift &Xe which has been temperaturé® (1 amagat corresponds to the density of an ideal

. 2 -1 i
shown to be exquisitely sensitive to the surroundings of the gas at STP: 4.46& 10°* mol L™= For xenon loaded into a

. . . sealed tube containing a liquid phase, the valuéggdrimarily
xenon atom and, moreover, is easily measut&de chemical " Lo
. P reflects the partition of xenon between the gas and liquid phases.
shift measurements have been used to distinguish and character.l-_he method was tested against a series of seven solvents for

1€ thferent SVS‘e”?S and to study a large variety of PTOCESSES. hich the xenon solubility is known and then applied to measure
For instance, solution staté®Xe NMR has been used to study - . ;
the solubility of xenon in three solvents for which, to our

the intermolecular interactions of xenon atoms with solvent and .
10 5 . I .=~ knowledge, xenon solubility data have never been reported.
solute molecule&;*° to investigate phase transitions in liquid ; S .
20 . . Lo . The experimental setup used in this work also permits the
crystals?® to characterize hydrophobic cavities in organic host . X o
simultaneous measurement of tH&Xe chemical shift in the

molecules and proteirfd;37 to evidence diastereocisomeric . . . . .
P liguid phase?°Xe chemical shift data for dissolved xenon are

structures in chiral recognition proces$&$’ and to study . : .
. 04l . A o also reported, and the importance of xepaenon interactions
configurational®4t and conformationat—44 equilibria. ) - o :
in the liquid phase is investigated.

The amount of xenon dissolved in solution is generally
required in o_rt_jer to quantitativel_y characterize the system underTheoretical Aspects of the Methodology
study. Solubility data for xenon in several solvents are reported
in the literature!>4% however, the list is limited and the data In the pure gas phase, the shielding constant of an atom can
are not always available at the desired temperature. Furthermorebe written a&-5
solubility data usually refer to pure solvents or simple binary

) o _ 2
solutions and not to more complex systems that could exhibit o(p) = 0t 0yp + 00" + ... (1)
an increased affinity for xenon as a consequence, for instance, ] ] o
of xenon trapping. p is the density of the gasgy is the shielding constant of the

An experimental method devised to measure, in situ, the isolated atom, ands, o, ... account for the effect of pair, three-
partition of xenon in the sample submitted to the NMR bPody,and higher order interactions. These coefficients, and thus
also o(p), are temperature dependent. At low pressure, the

* Corresponding author. Present address: 50 av. F.D. Roosevelt, 1050“0””n_ear terms of this virial eXpanSior_‘ are n_egligible and the
Brussels, Belgium. Phone+32 (0)2 650 66 37. Fax+32 (0)2 650 66 chemical shift, referenced to the chemical shift of the pure gas

42. E-mail: michel.luhmer@ulb.ac.be. Zero pr re. is simplv given
T Laboratoire de RMN Haute Relution, Universite_ibre de Bruxelles. at zero pressure, is simply given by
* Universitadi Cagliari. 5. = _ _ 2
§ Molecular and Biomolecular Engineering, Univetditbre de Bruxelles. g (O(P) ‘70) = 700 2

10.1021/jp062679k CCC: $33.50 © 2006 American Chemical Society
Published on Web 08/24/2006



Measurements of Xenon Gas Solubility BXe NMR J. Phys. Chem. A, Vol. 110, No. 37, 20080771

For heavy gases such as xenon, the total amount of gasabsence of the liquid phase at identical xenon loading. Con-
introduced into a sealed NMR tube (loading) can be precisely versely, a smalledq value will be measured if > 1. Analysis

determined by weighting. It is therefore convenient to rewrite of 63 measurements performed at various xenon loadings for
eq 2 as a function of the mass of xenon gas loaded into the pure xenon gas and for xenon in equilibrium with a liquid phase

NMR tube, mxe: yield the 5o and 8 values from which the Ostwald coefficient
can be determined using eq 8. The xenon solubility is thus
0y = PoMye 3 readily obtained using eq 9.
with Experimental Methods
_ O1Xe—xe) High-purity solvents ¥ 99%) were purchased and used as
Bo=— M.V, (4) provided. Xenon was purchased from Air Liquide (natural

abundance, N48).

01(xe-xe) IS the second coefficient of the virial associated with ~ The experimental setup consist; of a 10 mm high-prggsure
the xenor-xenon pair interactionsy; is the experimentally ~ NMR tube equipped with a valve (Wilmad 513-7PVH) modified

determined inner volume of the NMR tube, aMke is the in such a way that an open coaxial 5 mm tub&, cm long, is
atomic mass of xenon (131.3 g méIf natural abundance xenon  fixed to its bottom. If a liquid phase is present, it is contained
is used). in the annular region outside the 5 mm tube. The setup thus

For xenon in the presence of other gaggsalso depends on  permits the simultaneous NMR observation of gaseous xenon
the interactions between the xenon atoms and the other specieécontained in the 5 mm tube) and dissolved xenon. The total
present? In the presence of a pure liquid phase, the interactions inner volume of the modified 10 mm NMR tub¥;, is 5.786
between xenon atoms and solvent molecules in the gas phasénL (determined by weighting its water content).

must therefore be taken into account aRccan be written as For129%e chemical shift measurements in the pure gas phase,
the NMR tube was evacuated and xenon was then loaded in
0y = ~(0yxe-xe)Pxe T T1(xe-5)Ps) (%) order to reach a xenon pressure between 8 and 9 atm. For the

successive measurements at lower xenon pressure, xenon was
pxe is the density of xenon gaps is the density of the solvent  partially evacuated on a vacuum rack. The total amount of xenon
in the gas phase, andxe-s) is the second virial coefficient of  in the NMR tube was determined by weighting before the NMR
the xenon shielding constant that accounts for the effect of experiment and controlled after the experiment. For the experi-

xenon-solvent pair interactions in the gas phase. Equation 5 ments performed in the presence of a solvent.5 mL of
can also be written as a function of the total mass of xenon in solvent was introduced into the 10 mm NMR tube and

the NMR tube (see the Supporting Information): thoroughly degassed by several cycles of sonication in an
8. = o+ pm, ©) ultrasound bath and. evacuation on a vacuum rack. .The final

9 e volume of solvent in the NMR tube was determined by
with weighting. Successive loadings of xenon gas were made for

these experiments. Here also, the total amount of xenon in the

—01xe-5Ps NMR tube was determined by weighting. The NMR tube was
o=—="7: @) laid down horizontally at 25C, for 1 h, to increase the gas
RT liquid interface and left to reach equilibrium. The NMR spectra
B were recorded after an additional period of equilibration in the
B = S (8) spectrometer of at least 30 min. No significaffiXe chemical
(1 +(L— 1)ﬁ) shift change was observed in spectra recorded overnight,
V, confirming that the equilibrium was reached.

The 129Xe NMR spectra were recorded at 298:00.1 K on
Ps is the vapor pressure of the solve¥i,is the volume of the a Bruker AMX360 spectrometer (the nominal frequency for
liquid phase, and. is the Ostwald coefficient that describes 12%Xe is 99.64 MHz) equipped with a standard 10 mm broadband
the partition of xenon between the liquid and gas phases: probe using a 3s pulse {-30°), an acquisition time of 0.5 s,
a relaxation delay of 4.5 s, 32 or 64 scans, and a spectral width
_ [Xe], of 300 ppm centered at approximately 100 pp#hXe chemical
h [Xe]g shifts were referenced to the resonance frequency of pure xenon
gas extrapolated to zero pressure. This value was determined
[Xe]; and [Xel], are the molar concentrations of xenon in the from the pure gas phad&Xe chemical shift series of measure-
liguid phase and the gas phase, respectively. For an equilibriumments and set to zero. A secondary reference consisting of a
xenon pressure of 1 atm, assuming ideal behavior, JXe] sealed 10 mm NMR tube containing xenon dissolved in acetone-
(RT)71, that is, 4.01x 102 mol L~1 at 298 K. dé was then calibrated and used for referencing each series of
In the presence of a liquid phas¥, is a linear function of measurements with solvents. The NMR spectra were recorded
the total mass of xenon in the NMR tube provided that volume unlocked. For pure xenon gas experimeBsfield homogene-
variations of the liquid phase are negligible (see the Supporting ity was reached by shimming on th&Xe free induction decay
Information). It is worth noting that xenersolvent interactions ~ (FID) at the highest xenon loading. For the experiments in the
only affect the interceptx (eq 7) and that this contribution is ~ presence of a solvent, shimming was performed on the solvent
not expected to be dominant if the equilibrium xenon pressure *H FID at the lowest xenon loading. A referencing spectrum
is significantly larger than the solvent vapor pressure. Therefore, was recorded unlocked under the same shim conditions after
if L < 1, that is, the xenon solubility in the liquid phase is lower the first and last measurement of each series.
than the corresponding concentration of xenon in the gas phase, Exponential apodization was applied with a line broadening
Og Will be larger than the value that would be measured in the factor of 1 Hz; the digital resolution was 0.2 Hz per point. Line

©)
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5158 @pm) 3 TABLE 1: Xenon Solubility Data (In This Work, Xenon
4 Solubility Data Are Determined from 129Xe Chemical Shift
Measurements in the Gas Phase (See Text); Two
Independent Series of Measurements Were Performed for
4- Acetonitrile, Acetone, and 1,1,2,2-Tetrachloroethane)
xenon solubility (mol 1)
at298 K and 1 atm
3 d this work
solvent literaturé b c d
—¥—DMSO DMSO 0.024 0.023 0.024 0.022
2] —#— Pure gas acetic acid 0.067 0.070 0.069 0.062
—8— Acetic acid methanol 0.086 0.089 0.087 0.082
—~—Methanol bromobenzene 0.104 0.108 0.104 0.094
—&— Bromobenzene toluene 0.139 0.147 0.140 0.131
1] —O— Toluene heptane 0.184 0.199 0.185 0.182
~O--n-heptane cyclohexane 0.194 0.208 0.192 0.182
—4—Cyclohexane acetonitrile 0.065/0.065
acetone 0.097/0.100
0 m, (2 1,1,2,2-tetrachloroethane 0.101/0.105
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 aReferences 45, 48, and 49Results determined from four or five

Figure 1. 12%Xe chemical shift measured at 298 K in the pure gas Mmeasurements at equilibrium xenon pressures lower than 7 atm
phase (xenon pressures lower than 9 atm) and for xenon gas inneglecting liquid phase volume expansiéResults determined from
equilibrium with xenon dissolved in simple solvents (equilibrium xenon  four or five measurements at equilibrium xenon pressures lower than
pressures lower than 7 atmyie is the mass of the total amount of 7 atm taking into account liquid phase volume expansidresults
xenon loaded into the NMR tube. Data points resulting from two determined from a single xenon loading measurement (one-shot xenon
independent series of measurements are plotted for the pure xenon gagolubility estimation).

phase.

K). The parametric adjustment of eq 6 to the experimedjal
data provides the slopeg, that can be used to calculate the
Ostwald coefficient, and the corresponding xenon solubility,
using egs 8 and 9 and the previously determifigdalue. The
results are reported in Table 1 and shown in Figure 2a where
they are compared to data from the literature. A very good
Measurement of Xenon Solubility. 12°Xe chemical shifts agreement is observed, but our data are systematically slightly
were measured at various xenon loadings in a sealed NMR tubeoverestimated for solvents in which xenon solubility is higher
for pure xenon gas and for xenon in the presence of liquid than 0.1 mol 1. Variations of the volume of the liquid phase
solvents. All measurements were performed at 298 K using our due to the dissolution of xenon are neglected in the data analysis
designed NMR tube (see Experimental Methods). presented above. If this variation is taken into account, as
The variation ofdg for pure xenon gas as a function of the explained below, our data are in excellent agreement over the
xenon mass in the NMR tube is shown in Figure 1 where data entire studied solubility range, as can be seen in Table 1 and
from two series of independent measurements are presentedfigure 2b.
In these experiments, the xenon pressure did not exceed 9 atm. If the partial molar volume of dissolved xenon, as well as
As expected for this range of pressurég,increases linearly  the partial molar volume of the solvent molecules in the liquid
with xenon loading. The fitting of eq 3 to the experimental data phase, is considered to be independent of the xenon concentra-
yields the slopefo that translates into @ixe-xe) value of tion, the volume of the liquid phase that appears in eq 8 is given
—(0.566-+ 0.003) ppm amagat, that is,—(12.70+ 0.07) ppm by
mol L~t using eq 4. This value is in good agreement with those

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

reported in the literature by Jameson ef@t(0.548-+ 0.004) Vi =W vxeleq) (10)
ppm amagat!, for measurements made between 30 and 110 . o )
amagats, and by Brunner and co-work@rs;(0.509+ 0.030) Vris the volume of the degassed liquid phasg, is the

ppm amagat!, for measurements made between 40 and 440 Partial molar volume of dissolved xenon, amd is the number

amagats, at the same temperature. The intercept, that is, th@f moles of dissolved xenon at equilibrium. Equation 10 can

extrapolation 0B to zero loading, was used for chemical shift be rewritten as a linear function of the total mass of xenon gas

referencing and set to zero. in the NMR tube:
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 ! (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

V= V+ kmy, (11)

For the xenon concentrations encountered in this werls
given by (see the Supporting Information)

v
not exceed 7 atm. The variation 6§ as a function of xenon K= L e (12)
mass in the NMR tube is apparently linear (see Figure 1). For \ﬁ +L—1 Mye

DMSO, 4y is larger than the value measured at identical xenon \'A

loading in pure xenon gas. This is expected, since the Ostwald
coefficient for xenon dissolved in this solvent is lower than 1 « was determined by parametric adjustment of eq 1Y, ata
(solubility lower than 4.01x 102 mol L~! at 1 atm and 298 obtained by measuring the height of the liquid phase in the NMR
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Figure 4. Empirical liquid phase volume expansion coefficientfor

000 005 010 015 020 025 xenon dissolutionL is the Ostwald coefficient corresponding to the

Solubility from literature (mol/L) xenon solubility reported in the literature. In our experiments, the
B ) S S ‘ volume of degassed solvent was kept as constant as posyfble:
) : : : : ' f
% (b) : ! ‘ ranges between 1.42 and 1.44 mL. The volume of the tdbes 5.786
£ : 3 c I’ h 3 3 mL. The curves represent eq 12 using the average experimental value
& 020 b L yeeane s 3 for VVY (i.e., V/VP = 4.05), uxe = 65 cnt mol~2 (plain curve) orv
& = | n-heptane yM! 1 IS Y] TR Xe P xe
§ : ; 1 = 65 £ 7 cn? mol~! (dotted curves).
) B IO S o N
B 015 ' Toluene a’; )
s i | ; | | 7 cm?® mol~! and accounts correctly for the trend observed in
S 040 - M"t'hi"”i""' " Bromobenzene | values (see Figure 4). This suggests that the liquid phase volume
N cihanol ; j | expansion observed as a consequence of xenon dissolution can
g P —— |, Aceficacd . | be accounted for using a solvent independent value for the partial
3 ' : : g molar volume of dissolved xenon. The xenon solubility data
& DMSO | i | | reported in Table 1 and shown in Figure 2b were determined
. ‘ : ‘ | p 9
0.00 i w i w i by parametric adjustment of eq 6 to the experimedtatiata
000 005 010 015 020 025 using eqs 8, 11, and 12, the experimentally determihedlue,
Solubility from literature (mol/L) and the averagey. value given above. The agreement between

Figure 2. Comparison of the xenon solubility data (298 K, 1 atm) OUr solubility data determined By°Xe NMR and literature data,
determined by?*Xe NMR to xenon solubility data from the litera-  usually reported with relative errors between 0.5 and*34%°
ture;*4349the line'Y = X is drawn in both figures as a guide for the  is now, as mentioned before, excellent over the whole range of
eye. (a) The anaIyS|_s é_FgXe chemical shift measurements in th_e 9as  golubility values. The differences are of the order of 203
phase neglects the liquid phase volume expansion. (b) The liquid phase., | -1"\hich corresponds to relative differences smaller than
volume expansion Is taken into account.

3%. The method presented here would however probably not

be suitable for measuring xenon solubility values lower than

152V, (mL) 0.01 mol L%, such as those found for pure water and dilute
agueous systems.

1507 129e NMR was used to determine the solubility of xenon in

140 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-
1.44] | | . | I nation of the xenon solubility bi2%<e NMR requires chemical
0.00 0.05 040 0.5 020 0.5 030 0.35 shift measurements at various xenon loadings, but a single
. - . . .. measurement can be used to obtain a good estimate of the
Figure 3. Liquid phase volume variation upon xenon dissolution in

toluene.my. is the total mass of xenon loaded into the NMR tule. solubility. Using egs 6, 8, and 11, the Ostwald coefficient is

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

density. = " -
ensity L 1+(6g—amxe 1)

tube at different xenon loadings. All solvents, with the exception
of dimethyl sulfoxide (DMSO) and acetic acid, showed volume Thea values measured in the present study range between 0.0
variations that could be properly estimated in this way. Vhe ~ and 0.4 ppma. cannot be determined via a single xenon loading
data obtained for toluene are shown in Figure 3, and the experiment, but it is interesting to point out thatand« have
determinedc values are shown in Figure 4. opposite effects oh: neglectinga, which is positive, leads to
The partial molar volume of xenon obtained using eq 12 an underestimation of, while neglecting« leads to an
ranges between 56 and 75 €mmol~-1. This variation is not overestimation. With good chemical shift referencing, the error
significant considering the precision in the liquid phase volume introduced on the xenon solubility if andx are neglected (eq
measurements. The average valuedgris found to be 65+ 14) is relatively small if a xenon loading corresponding to an

1.47+

1.46+

Vi

Vitemg )
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TABLE 2: 12°Xe Chemical Shift Data at 298 K for Xenon 357 5 - 5° @wpm)
Dissolved in Different Solvents (Two Independent Series of L
Measurements Were Performed for Acetonitrile, Acetone,

and 1,1,2,2-Tetrachloroethane; the Fitting Errors ond; Are 3.0 :Exf&cid
Smaller Than £0.03 ppm, and the Fitting Errors on & Are — A Methanol +
Smaller than £0.06 ppm mol? L) — & Bromobenzene
2.5 —0—Toluene
op= *(1/US)US{(xePs) §= *U’{(xekx ). Uxe0y —O—n-heptane

solvent (ppm) (ppm Mot L) ~#- Cyclohexane
DMSO 243.24 0.48 20 T Acctonitrle
acetic acid 158.94 4.18 cetone
methanol 142.30 4.41
bromobenzene 212.95 0.91 1.5
toluene 184.72 1.69
heptane 162.14 2.39
cyclohexane 159.65 3.04 1.0
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 0.5

aThe 12°Xe chemical shift of xenon dissolved in 1,1,2,2-tetrachlo- m. @
roethane is not significantly dependent on the xenon loading for 00 . . : , ‘ . Xe
equilibrium xenon pressures lower than 7 atm. "0.00 0.05 0.10 0.15 020 0.25 030 0.35 0.40

I . ._Figure 5. Variation with xenon loading of thé&?Xe chemical shift
equilibrium xenon pressure between 5 and 10 atm is used (th'smeasured at 298 K for xenon dissolved in different solvemg. is

ensures aq value significantly larger thao). the total mass of xenon loaded into the NMR tube; the corresponding
equilibrium xenon pressures are lower than 7 atm. Data points resulting

0 from two independent series of measurements are plotted for xenon

t
L=1+ (ggn‘xe - 1)_|° (14) dissolved in acetonitrile and acetone.

. . . xenon loading used, is significantly higher than the value
Solubility data determined using eq 14 and thg value oy anoiated to zero xenon pressure; a low-field shift ranging
measured at the highest xenon loading reached in this work (Seeoetween 0.3 and 0.6 ppm is typically observed (Figure 5).

F'gur? 1) are repo_rted n Table_ 1 For this set of m_easuremems’Considering that these effects are primarily a consequence of
the differences with the solubility data from the literature are , ., v anon interactions in the liquid phase, the variation of
smaller than 10%. It is worth noting that such an estimation of &1 with xenon loading is expected to be Iarg,e for solvents in
the xenon solubility based on a single measurement leads t0 8, hich xenon is highly soluble. Solubility differences by
sy;tematic.underestimation: Itis also wqrth pointing out that e mselves cannot however explain the experimental data. The
using eq 7 it should be possible to determinge-s)data from \ aiiation of 5, with xenon loading is found to be similar in

a values. Experimentahx.-s, data are valuable because they oy jopexane and methanol, while the solubility of xenon is more
COUld. be used to test the quallt_y of ab initio pair §h|eld|ng than twice as large in cyclohexane (see Table 1). Furthermore,
functlgns. However, the expenmentql setup des.lgned for ho significant variation ob, was observed in 1,1,2,2-tetrachlo-
solubility measurements and the experimental conditions usedethane, although the xenon solubility in this solvent is larger
in this work are not suitable for precise measurements of y», that in methanol. Obviously, the observed effect depends
O1(xe-s). The measured values are less than 0.4 ppm, and tWo o, e rejative contribution of xenenxenon interactions and

independent measurements may lead to a difference of 0.1 ppmy o non-solvent interactions to the shielding & Xe. In the
Therefore, the measuredvalues are not reported nor discussed. 5 mework of an additive pair contribution model, the chemical

X_enon—Xeno_n Interactions in the Liquid Phase. Th? shift of dissolved!?°Xe at low xenon pressure can be written,
designed experimental setup has the advantage of allowing thesimilarly to eq 5, as
simultaneous measurement of ##&e chemical shift in both '
the gas phase and the liquid phase. In liquid stZée NMR Nye() N
studies, the xenon is frequently assumed to be infinitely diluted 0 =-— UT(Xe—Xe)T + UT(Xe—S)T (15)
and the effect of xenonxenon interactions is usually neglected. ' '
However, we previously reported that xerotenon interactions
may contribute significantly to'?°Xe chemical shift data
measured for dissolved xenon under pressures lower than 1
atm#4In the present work, the chemical shift'8fXe dissolved 1290 ehieldi ;
in the liquid solventsy,, was also measured at various xenon € sh|eld|pg dug to. Xenorxenon and xenOﬁsolvent pair
loadings. The chemical shift values extrapolated to zero xenon 'Nte€ractions in the liquid phase. It is worth noting thaf. xe,
pressurey?, are reported in Table 2, and the variationsopf erends on the xenerxenon pair distribution function which,
with xenon loading, which is apparently linear, are shown in " the liquid phase, also depends on xensolvent and
Figure 5. solvent-solvent interactions. T.h%?9>.(e chemical shift extrapo-

For equilibrium xenon pressures lower than 7 atm, no lated to zero xenon pressure is given by
significant variation ofd; with xenon loading was found for "
xenon dissolved in 1,1,2,2-tetrachlotoethane (not shown) and a 5°= —o* M — O1(xe-s) (16)
weak increase o, was observed for xenon in DMSO (see ' 1xe=S) e Vs
Figure 5). However, in the same range of equilibrium xenon
pressures, the variation 6fis of the order of 3.5 ppm for xenon  whereus is the partial molar volume of the solvent molecules
dissolved in cyclohexane. Our results show that in most of the in the liquid phase. Assuming that the partial molar volume of
solvents studied thé**Xe chemical shift, even at the lowest dissolved xenon and the partial molar volume of the solvent

Nxe(y IS the number of moles of dissolved xenon at equilibrium,
Js0 is the number of moles of solvent molecules in the liquid
phase, andrj . e and oy, s, are the contributions to the
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molecules are independent of the xenon concentration, eq 15for interpreting the experimental data: (i) the transformation

can be transformed into (see the Supporting Information)

0, = oy + &[X¢, (17)
with
_ * Uxe * _ * o
&= —O1xe—xe) T U_Sa1o<e~5) = TO01(Xe—xe) Uxe07  (18)
L 1 Mye

[Xe], =

M (19)

e ng)
1+(L-1)
t

The & data reported in Table 2 were determined by parametric
adjustment of egs 17 and 19 to the experimedtalata using
eqgs 11 and 12 fov, andvxe = 65 cn® mol~1. The use of axe
value smaller or larger by 30% does not significantly affect the
values determined fd. Errors onvxe do however directly affect
Oxe-xey Values that are calculated using eq 18 and the
experimentally determined data. Despite the uncertainty on
Uxes O1(xe-xe) FANQES betweer12.9 and—14.7 ppm mol Lt
(DMSO excluded) and is found to be similard@xe-xe), Which
accounts for the shielding effect of xenexenon pair interac-
tions in the gas phas@{xe xey = —12.70 ppm mol L1).

Conclusion

The 12°Xe chemical shift of xenon in the gas phase is

of eq 5 into eqgs 68, (ii) the transformation of eq 10 into eqgs
11 and 12, and (iii) the transformation of eq 15 into eqs-17
19. This material is available free of charge via the Internet at
http://pubs.acs.org.
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