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Abstract

Fluorocarbons are attracting much attention nowadays because of their unique properties, which may provide interesting applications in
areas as wide as environmental, biomedical and material science. However, the behavior of these compounds is not well understood and only
scattered data can be found in the open literature and company technical reports.

In this work, three important properties of perfluoractane were experimentally determined: the liquid density, the vapor pressure and
the oxygen solubility. Liquid density was measured, in the temperature range between 288 and 313 K with a vibrating tube densimeter and
vapor pressure was measured with an apparatus based on the static method up to 333 K.

The solubility of oxygen in perfluoro-octane, in the temperature range between 288 and 313K and at pressures close to atmospheric,
was determined experimentally with a precision apparatus based on the saturation method at constant pressure. Experimental solubility data,
density and vapor pressure were correlated with the soft-SAFT EoS.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and gas solubilities, which are the largest known for liquids
[1].

Due to their specific and unusual properties, fluorinated = PFCs have been introduced in a wide variety of areas
molecules such as perflurocarbons (PFCs) and their deriva-such as surfactants in supercritical solvents, environmental
tives represent a very interesting and stimulating class of probes, anticorrosive and antifriction components, as flame
chemicals in physical chemistry and polymer sciences. Per-retardants, water repellents, or sliding agents, in paints, coat-
fluorochemicals are non-polar highly fluorinated compounds ings, polymer technology, metal working and uranium recov-
and as a result of the strong intramolecular bondingHC  ery process. The most relevant applications are found in the
bonds are 485 kJ md| that is 84 kJ mol more than areg-  biomedical field: they can be used in tissue oxygenation fluids
ular G-H bond), they are chemical and biochemical inert. (blood substitutes, oxygen therapeutics), anti-tumural agents,
The chemical structure and the weak intermolecular inter- perfusates for isolated organs, surgical tools for ophthalmol-
actions are responsible for the specific properties of PFCsogy, lubrication and cushioning for articular disorders, diag-
namely low surface tensions (<20 mNY)y dielectric con- nostic imaging agents, cell culture media supplements and
stants and refractive indices, and high densities, viscositiesdrug formulations and delivery.

Several studies performed in a wide range of liquid PFCs
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high gas dissolving capacities, an average molecular weightthermostat and the measuring sample. The precision of the
in the range from 420 to 460, a viscosity less than 5cP at measurements i&5 x 10°gcm?®.
298.15K, a density less than 2.0 gémt 298.15K, a boil-
ing point greater than 328.15K, a vapor pressure less than2.3. Vapor pressure measurements
13kPa at 298.15 K and a surface tension less than 17 AN m
at 298.15K[2]. Vapor pressures were measured using an apparatus based
There are very little data in the open literature for these on the static method which consists mainly of a glass sample
compounds and for most of the properties the reported val- cell, a thermostatic water bath and a temperature and pressure
ues are inconsistent. Also, when the usual predictive methodsmeasurement systems The apparatus and the experimental
[3] are used to estimate relevant properties such as gas solmethod are described in more detail elsewldteand here
ubility, density or vapor pressure, large errors are obtained. only a brief resume is given.
Besides, group contribution methods often cannot be applied The experimental procedure starts with the degass of
because they do not have information for theo@Rd Ck the liquid perfluoron-alkane which in this work was done
groups or the information they have is not reliable, since it through successive melting/freezing cycles while vacuum
is based on the rare experimental data reported for perfluoro-pumping non-condensable gases. The sample cell with a vol-
carbons. Due to the recognized limitations in the predictive ume of 10 cr, containing the degassed solvent is immersed
models for the perfluorocarbons and the importance of thesein the thermostatic water bath while the system is let to evac-
properties for the increasing practical applications, the needuate. When the equilibrium temperature is reached, the ap-
for precise thermophysical properties experimental data is paratus is isolated from the vacuum source and the sample
clear. cell valve is opened to connect the sample container to the
The aim of this work is to measure the oxygen solubility, quartz pressure sensor. After pressure stabilization its value
density and vapor pressure of perfluor@ctane and to de-  isrecorded. Due to the purity of the sample used, three to four
velop correlative/predictive methods for the accurate estima- purge cycles are done at 333 K before starting the measure-
tion of these properties within the temperature and pressurements. This procedure facilitates the removal of impurities
range of interest. The soft-SAFT EoS has proved its capacity with higher volatilities. The number of purge cycles can be
to describe the thermodynamic properties of pure and com-increased if two consecutive vapor pressure values measured
plex mixtures of diverse fluids. This capacity is mainly due atthistemperature do not originate reproductive values within
to the theoretical background of the equation as well as to its the experimental error.
formulation, which is straightforward to adapt according to The temperature of the glass sample cell was measured
the system in study. In this work, the soft-SAFT EoS is used with a calibrated Pt100 temperature sensor with an un-
to correlate liquid densities and vapor pressures measurectertainty of £0.05K. The stability of the temperature in
for pure perfluora-octane and the solubility of oxygen in  the working area of the thermostatic bath was better than
perfluoron-octane. +0.01K. In pressure measurements, a high precision tem-
perature compensated quartz pressure transducer was used.
The accuracy of the pressure transducet&01% in the
2. Experimental working range (0-1.38 MPa).

2.1. Materials 2.4. Solubility measurements

Chemicals used for the measurements were oxygen from The solubility apparatus and procedure employed are sim-
Air Liquide with 99.999% mol/mol minimum stated purity ilar to that described by Ben Naim and B46} where the
and perfluora-octane from Aldrich with a stated purity of  solubility is determined by measuring the quantity of gas dis-
98%. Solvent and gas were used without further purifica- solved in an accurately known volume of solvent at constant

tion. pressure and temperature. The apparatus depicteyirl
has a simple design and can be easily adapted in order to
2.2. Density measurements measure the solubility of systems with different solubilities.

It consists mainly of a mercury manometer, M, with a mer-
The density of perfluora-octane was measured withavi-  cury reservoir, R, a dissolution cell, Ve, and a gas line with a
brating tube Anbn Paar DSA-48 densimeter between 288.15 pre-saturator, PS, where the gas is saturated with the solvent.
and 313.15 K at atmospheric pressure. The measuring princi- The equilibrium cell, Ve, is based on the design of Carnicer
ple is based on the calculation of the frequency of resonance[6] and was previously calibrated with mercury, by measuring
of amechanic oscillator with a given mass and volume, which the mercury levels in the cell capillaries and the correspond-
is excited to be in resonance. The cell used to measure thang weight of mercury. A relation between mercury levels
density ha a U shape and is inserted in a glass jacket filled and the cell volume is obtained being the cell volume approx-
with a high thermal conductivity gas and covered with cop- imately 7 cn?. The entire apparatus is immersed in a Perspex
per in order to guarantee a proper heat transfer between thasolated air bath capable of maintaining the temperature to
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Fig. 1. Experimental apparatus: Vi, valves; PS, pre-saturator; P, vacuum gauge; M, mercury manometer; R, mercury reservoir.

within 0.1 K by means of a PID controller. The temperature the equilibrium is reached in about half an hour. The system

is measured with a previously calibrated@platinum resis- is considered to have reached equilibrium when no further
tance thermometer connected to a digital multimeter 34401 A gas is dissolved. The displacement of the mercury level was
from Agilent for temperature values acquisition. measured with a cathetometer with a precisio#0f01 mm.

An accurate determination of solubilities using the sat- Direct reading of the mercury levels of mercury and solvent
uration method requires the solvent to be completely de- levels in the equilibrium cell are the only measurements re-
gassed. The degassing cell, Vd, filled with pure solvent is quired to calculate the volume of gas dissolved in a given
connected to the solubility apparatus. Opening valyghé volume of solvent.
entire line can be connected to a vacuum source, a RV3 high
vacuum pump from Edwards, capable of reaching a vacuumy, 4 1 pata reduction
0f0.08 mbar. The solventisthen degassed by successive melt-

ing/freezing cycles while vacuum pumping non-condensable i, 5 jiquid. In this work, the experimental solubility results are

gases. The degassing is considered complete when no press, , eqqeq in terms of Ostwald coefficient and solute molar
sure variation for two consecutive cycles are detected with fraction.

the pressure gauge, P. Besides being an expeditious method, 1he ostwald coefficient itself can be expressed in a num-
the quantity of solventlost with this degassing methodis min- o o ways, although the differences between the various
Imum Wheq compared with othe_r degassing pro_c.edlures. BYforms of the coefficient are negligible for low solubilities
turning upside down the degassing cell, the equilibrium cell 54 oy precisions in the solubility of 1% or poorfg. In

can be connected to the system and filled with the degasseqyis \york, the Ostwald coefficient for solution volume was
solvent under its own vapor pressure. used. It is defined as:

After evacuating the system, the solute gas isintroduced in
the line through valve ¥. Closing valves ¥ and &, the gas
is forced to bubble slowly in the degassed solvent contained
in the saturation chamber, PS and the system is filled with
the solvent-saturated gas up to a total pressure close to 1 atmmivhere Vg is the volume of gas dissolved ai the total
When the mercury levels in the manometer are equal, the sys-volume of the liquid solution after equilibrium is reached,
tem is isolated from the pre-saturator and is let to equilibrate. at a given temperaturgand pressurg. Both quantities are
The dissolution process is initiated by turning the liquid cir- obtained directly from the experimental measurement.
culation on, forcing the solvent up the right capillary armand ~ The molar fraction of component 2 (the gaseous solute)
to circulate through the left capillary arm forming a very thin in the liquid solution can be directly related to the Ostwald
film. As gas dissolves, the system pressure is maintained atcoefficient by:
initial pressure by allowing the mercury from the reservoir L
to displace the gas in the system. After 15min more then ,, _ L2a(T, p)p2V=(T, p) )
95% of the gas is already dissolved. For perflunroetane Z12RT

There are several methods to express the solubility of a gas

Lo(T. p) = (zf)equ” (1)




42

wherep is the partial pressure of the solut& (T, p) the mo-
lar volume of the liquid solution and; ; the compressibility
factor of the gas estimated in this work as:

®3)

B11 and By, are the second virial coefficients for the
pure solvent and the pure solute, respectively anog=
2B12 — B11 — B22, whereBjsis the solute-solvent cross sec-
ond virial coefficient. The mole fractions in the vapor phase in
equilibrium with the liquid solutiony;, are calculated by an
iterative process using the vapor—liquid equilibrium equation

[8]:
sat
" ) exp [ ] 4

Gl

The molar volume of the liquid solution/“(T, p) was
taken as the molar volume of the pure solvéig, calculated
from the experimental density measurements performed in
this work. The solvent’s vapor pressupg?’, was also mea-
sured in this work. The second virial coefficient for the solute
was taken from the compilation of Dymond and Sniih
and bothB;1 andBj, were estimated using the correlation of
Tsonopoulog3] without any adjustable parameters.

p
Zip=1+ ﬁ()’lBll + y2B22 4 y1y2812)

V2(p — p
RT

3. Modeling
3.1. Regular Solution Theory

According to the definition of Hildebrand et 4lL0], a
regular solution is one involving no entropy and no volume
change when a small amount of one of its components is
transferred to it. Considering this assumption, the following
equation can be deduced in order to describe the solubility of
a non-polar gas in a non-polar solvg¢h®]:

0.43437.
72(51 — 8

—logxy = —logxh + (5)

In this equation, is the mole fraction gas solubility is
the ideal gas solubilityy> is the partial molar volume of the
gas in the solution ankl ands» are the solubility parameters
for the solvent and the solute, respectively.

When the entropic contribution is significant, the Regular
Solution Theory alone cannot describe correctly the solubility
of a solute in a solvent. The entropic contribution can be
accounted for, if the Flory—Huggins combinatorial term is
introduced:

V
LY

)

—logxp = —logxh + Iog— +0. 4343(
1

O 4343y,
RT

whereV; is the molar volume of the solvent.

(81— 82)° (6)
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Eqg.(6) requires three parameters for the sollxge V2, 82)
and two parameters for the solveMi(and é§;). All these
parameters are temperature dependent, but the assumptions
made by the Regular Solution Theory imply that the term
V2(81 — 62) must be temperature independgiit]. Accord-
ingly, any convenient temperature may be used to spébify
anddy, if the same temperature is used $grandV1. In this
work, the chosen temperature was 298 K. The ideal gas solu-
bility however, must be treated as a function of temperature.
The ideal gas solubility is calculated from:

)

as suggested by Gjaldbaklle], whereA H,*" is the solute’s
Enthalpy of vaporization at its boiling poii.

vap

AH,
4.575

1 1

<Tb T

—logx) = (7)

3.2. Soft-SAFT EoS

The aplication of the soft-SAFT equation to describe ther-
modynamic properties like densities and vapor pressures as
well as oxygen solubility in perfluorocarbons was done be-
fore by the authorgl3]. Only a brief overview is given here.

The SAFT EOS is generally formulated in terms of the
residual molar Helmholtz energi(®S, defined as the molar
Helmholtz energy of the fluid relative to that of an ideal gas at
the same temperature and dens#ys is written as the sum
of three contributions:

Atotal Aldeal

A'eS — Aref+Achain+Aassoc

(8)

A® which accounts for the pairwise intermolecular in-
teractions of the reference systeA$™@" that evaluates the
free energy due to the formation of a chain from units of the
reference system, andPSs°¢ which takes into account the
contribution due to site—site association. For molecules that
do not associate, the association term is null. A more detailed
description of each term can be found elsewlj#83.

The SAFT model describes a pure non-associating fluid as
homonuclear chains composed of equal spherical segments
bonded tangentially. Different fluids will have different num-
ber of segmentsn, segment diametes;, and segment in-
teraction energys. For molecules that may associate, the
association energy paramete¥, and the association vol-
ume parametek’ are also defined to characterize the in-
teractions between the associating sites of spaceesl|.
When dealing with mixtures that are highly non-ideal, the
Lorentz—Berthelot cross-interaction size and energy param-
eters need also to be adjusted to experimental data.

According to Mack and Oberhammj@#], ab initio calcu-
lations of the interaction potentials for the complexs€6,
provide evidence that an interaction between the oxygen and
the positive carbon nucleus in ¢Bccurs, forming a very
strong complex. Admitting that the same interactions can be
found between oxygen and higher order perfluoroalkanes,
a free energy of cross-association between oxygen and per-
fluoroalkane molecules was considered. Consequently, both
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Table 1
Experimental and calculated liquid densities of perfluoroctane
T (K) Pexp (g C3) Power series equatigmalc (g cnis) 3p? (g cmd) Soft-SAFT E0Spealc (g cn) 3p? (g cm)
288.15 1.79015 1.79005 @009 1.78082 0.00932
293.15 1.77749 1.77751 —0.00002 1.76827 0.00922
298.15 1.76475 1.76481 —0.00006 1.75559 0.00916
303.15 1.75187 1.75195 —0.00008 1.74279 0.00908
313.15 1.72579 1.72572 .@oo7 1.71682 0.00897
adp= Pexp — Pcalc:
molecular oxygen and perfluoroalkanes were modeled as as- 0.2
sociating molecules with two association sites on each. 0.1 . . . R R
Molecular parameters of the non-associating model for 0.0 — — — — : s
the pure compounds were estimated by fitting vapor pres- 4 |
sures and saturated liquid densities to the experimental data = 3, |
measured in this work. In the case of the oxygen/perfluoro- § 03
n-octane mixture, the binary size and energy interaction pa- £ 04
i . " 3 -0.
rameters were fitted to experimental solubility data as well o 05 |
as the two cross-association parameters. o.e .
-uU. b - .
|
07 .
4. Results and discussion 08
285 290 295 300 305 310 315

4.1. Density

Experimental density values obtained in this work are pre-
sented inTable 1land were fitted to a power series of the type
suggested by Steele et HI5]:

2

Pcalc = Pc + Z Ai(1- Tr)i/?’
i=1

©)

wherep is the critical density and, is the reduced tempera-
ture. The critical constanis andpc were obtained from Van-
dana et al[16] and are equal to 498.5K and 0.6109 g&m
respectively.

The values obtained for the coefficients in Eg) are
A1 =1.04566 and A= 0.70186 describe liquid densities of
perfluoron-octane with an absolute average deviation (AAD)
of 0.004%. The density values reported by Kreglewski
and HaszeldinfL 8] are compared iRig. 2with the data mea-
sured in this work. These authors do not state the purity of

their compounds and measured densities with pyknometers.

The values obtained in this work agree well with the ones
measured by Kreglewskl7] but differ to within 0.7% from
the ones given by Haszeldif8]. This deviation is probably
due to differences in the purities of the compounds used.
Table lalso presents the values calculated with the soft-
SAFT Eo0S. The molecular parameters enand ¢/kg for
perfluoron-octane are equal to 3.522, 4.585nd 245.1K,

respectively. Using these parameters, liquid densities were

fitted with an AAD lower then 0.2 %.

4.2. Vapor pressure

Experimental vapor pressure data are listetable 2and
were fitted to the Antoine equation:

Temperature (K)

Fig. 2. Comparison between correlated experimental liquid density data
measured in this and experimental data measured in this vwgrar(d lit-
erature data measured by Kreglewgki] (®) and Haszeldin§L8] (M) for
perfluoron-octane. Deviation is defined agep — piit)/piit x 100.

P

0 (L)

The Antoine constants adjusted to the experimental data
areA =18.921,B = 5892.038 andC = 36.717 describe the
vapor pressures of perfluoreectane with an AAD equal to
0.5%.

The obtained data are compared with the only data found
in the open literature for perfluono-octane[17] in Fig. 3.

B

(T/K)+C (10)
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80.00 1

60.00 1

40.00

Vapor pressure / kPa

20.00 A

0.00

320 340 360 380
Temperature /K

280 300

Fig. 3. Comparison between experimental vapor pressure data measured in
this work (@) and experimental data measured by KregleWsK] (OJ) for
perfluoron-octane.
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Table 2

Experimental and calculated vapor pressure, normal boiling point and enthalpy of vaporization, of perthatane

T(K) Pexp (kPa) Antoine’s equatioR¢ic (kPa) d3P2 (kPa) Soft-SAFT EoPcac (kPa) 3P? (kPa)
288.13 21 219 002 198 023
293.03 285 287 —0.01 303 -0.17
298.14 374 376 —0.03 415 —0.41
303.34 4388 493 —0.04 539 —0.51
308.19 632 629 004 672 —0.39
313.09 802 7.99 004 828 —0.26
318.17 1019 1016 002 1021 —0.03
323.14 1286 1278 008 1248 038
328.15 1596 1600 —0.05 1522 074
333.21 1989 1996 —0.07 1850 138
AHY3 (T = 298.15K) (kJ mot) 39.88

Th (K) 37523

asp= Pexp — Pealc.

Table 3
Results obtained for the solubility of oxygennrheptane
T(K) L2,1(T, p) (%)
This work Hesse et al. (1996)9] Makranczy et al. (1976R0] Thomsen and Gjaldbaek (19621]
298.15 0.335: 1 0.338+£ 0.5 0.322+ 3 0.330+ 1
299.24 0.325: 1
303.00 0.30A 1
303.15 0.306t 1

The values obtained in this work are 2% lower then the val- expressed in mole fractioxy (T, p), was correlated using
ues measured by Kreglewg#i7] and the Antoine’s equation  the following equation suggested by Benson and Krause
parameters proposed by the author cannot describe the vapof22]:
pressure data for temperatures bellow 310.47 K. 5
Also in Table 2 the vapor pressure values obtained with . i
the soft-SAFT EoS using the molecular parameters given in Inxz = Z AT (1)
Sectiond.1are reported. The equation fits the experimental =0
data with an AAD of about 4%. The values obtained for the coefficients waie= —6.908
Values for the Enthalpy of vaporization and the boiling x 10',A2=3.691x 10%, A3=—5.338x 10°. The AAD of the
point were calculated from the vapor pressure data by meansexperimental results obtained for the solubility of the oxygen
of the Clapeyron equation assuming that the vapors behaven perfluoron-octane is 0.70%.

as an ideal gas. Both values are also present&dbie 2
4.3.1. Thermodynamic functions
The dissolution of a gas into a liquid is associated
4.3. Oxygen solubility with changes in thermodynamic functions namely standard
Gibbs energy 4GY), standard enthalpyAHY) and stan-
To estimate the precision of the experimental apparatus,dard entropy ASS) of solution that can be calculated from
the solubility of oxygen im-heptane was measured and com-
pared with literature values iable 3 The result obtained
at 298K deviates 0.8%, 4.0% and 1.5% from the values re- E?(bfrr:nental data for the solubility of oxygen in perfluaramctane between
ported by Hesse et 4lL9], Makrgnczy etal[20] and Thom_. 282 and 313 K expressed as Ost\?\//ald's deﬂicignts and solute mole fraction,
sen and GjaldbaefR1], respectively. Our value agrees With  ; the partial pressure of the gas,
the experimental data measured by these authors within th
experimental error reported by them. Also, the precision of

1K) P2 (MPa) Loa(T, p) 10%,

this method is well described by the good agreement of the ;gg'g 8'8232 g'gﬁ g'ggi gi: 8'82
values obtained at 303.00 gnd 303.15K. . 2971 0.0976 0,503 0.004 4,921 0.04

Table 4shows the experimental values obtained for the 299.9 0.0962 0.48% 0.004 4.67+0.03
solubility of oxygen in perfluorax-octane between 288 and 304.5 0.0960 0.46% 0.003 4.42+0.03
313K and pressures close to atmospheric. The temperatureé08.7 0.0943 0.436 0.003 4.04£0.03

dependence of the experimental values of the solubilities 3131 0.0937 0.386- 0.003 3.530.03
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Table 5 6.0E-03

Thermodynamic properties of solution for oxygen in perfluoroetane

T (K) AGY (kImoth) AHS (kI mot?) AS9 (Imoft K1) .

2900 127 1 ~399 2 soros

292.0 12.7 -10 —471 £

297.1 13.0 —6.2 —64.6 S

299.9 13.2 -89 ~739 E

304.5 13.6 -134 —-888 © 40E-03 |

308.7 14.0 -174 —-1016 &

313.1 14.5 -215 1147 .
3.0E-03 ” v v v y v

experimental solubility results. These functions represent the 285 290 295 300 305 310 315 320

changes that occur in the solute neighborhood during dissolu- Temperature /K

tionprocess due tothe tranSferenc_:e (_Jf_one S‘,"“te partlclie fI’OmFig. 4. Comparison between experimental res#@sgnd calculated values
the pure perfect gas state to an infinitely dilute state in the gien by the Regular Solution Theory (dashed line), and by the soft-SAFT
solvent, at a given temperatufe[23]. The thermodynamic  EoS (solid line) for the solubility of oxygen in perfluoreectane in the
functions were calculated from the temperature dependenceemperature range of 288 and 313K.

of the molar fraction according to the following equations

[24]: solvent,§1 is defined as:
AH*® — RT
AG3 = —RT(Inxy), (12) 81 = lT (15)
1
AHQ = RT? (8("”‘2)) (13) The solvent's Enthalpy of vaporization H, ", was cal-
or p culated from the temperature dependence of the vapor

pressure measured and is given Table 2 Using the
ASO = R(a(ln xz)) (14)  Clausius—Clapeyron equatiom H,"" was calculated at a
an 1)/, mean temperature equal to 310.50K and then corrected to
areference temperature, in this case equal to 298.15 K, using
. ) the correlation mentioned by Chick§®6]. The calculated
The values for the thermodynamic functions of solu- value ofs is equal to 12.3 (J c) Y2 which agrees well with

tion of oxygen in perfluoraroctane are listed iffable 5 the value reported by Hildebrand et 0] for similar per-
These results were obtained considering the ideal gas stat®,orocarbons.

at 101,325 Pa. No data obtained by calorimetric measure- 5 comparison between the experimental data and the

ments were found for comparison. Both negative enthalpies predictions obtained by the Regular Solution Theory is pre-

and entropies of solution are in agreement with the decreasesented inFig. 4 The proposed model based on the Regular
of the solute’s solubility with the temperature. As discussed Solution Theory can provide a reasonable description of

by Prausni_tz et al8], negative _e_n_tropies of solution appear the oxygen solubility in perfluoro-octane with an AAD
when relatively large gas solubilities take place and the nega- ¢ cos in the temperature range studied. Note that the model

tive enthalpy of mixing is connected to the small difference in - 5o correctly describe the temperature dependence of the
cohesive energy densities between the solute and the SOIVe”%olubiIity data

is small, which is the case for the system in study.

whereR is the gas constant.

The solubility data was also correlated with the soft-SAFT
EoS. Binary interaction size and energy parameters were fit-
4.3.2. Modeling solubility data ted to experimental solubility data, and they are equal to 1.599

The large entropic contribution for the solubility of oxygen and 1.044, respectively. The magnitude of the site—site inter-
in perfluoron-octane justifies the use of a Flory Huggins term action between oxygen and perfluoroalkane molecules in the
coupled to the Regular Solution Theory in K§) to predict SAFT model depends on the two cross-association parame-
the solubility data. B ters£/ = 2000 K anck/ = 8000A3. These values provide the

The partial molar volume of the gagp, and the solubil- proper solubility dependence with temperature, which was
ity parameter of the soluté, were obtained from Praus- impossible to reproduce without the association contribution.
nitz and Shair[11] and are equal to 33.0c&mol! and The description of the solubility of oxygen in perfluone-

16.7 (J ci)Y/2, respectively. octane by soft-SAFT EOS is shown fiiig. 4 as a solid line.
The ideal gas solubility is calculated from E.) us- As can be observed, the main advantage of the soft-SAFT

ing a oxygen’s Enthalpy of vaporizationzr;H;'ap, equal to model including cross-association when compared with the

6785.1 Jmot [25] at its boiling pointT,, 90.188 K[25]. Regular Solution Theory is that it reproduces more accu-

The solvent’s parameters are the molar volun‘fé,taken rately the temperature dependence of oxygen solubility in
from this work at 298 K, and the solubility parameter of the perfluoron-octane.
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Table 6

Comparison between the properties required to a perfluorocarbon liquid to

be used intravenously and the properties shown by perflid@cane

Required properties
of a liquid to be used

Properties of gF1s

intravenously[2]
Molecular weight 420< MW < 460 43806
Density (g cni2) <2.0 1762
at 298.15K
Surface tension <17 1355[27]
(mNm1) at
298.15K
Viscosity (cP) at <5 193[18]
298.15K
Vapor pressure <13 374
(kPa) at
298.15K
Boiling point (K) >328 37523*
O3 solubility at High 0.42*
310K, (ml
Oz/ml solution)
& This work.

5. Conclusions

Liquid densities, vapor pressures and oxygen'’s solubility
in perfluoron-octane were accurately measured in this work.
Original solubility data is presented and a comparison with

A.M.A. Dias et al. / Fluid Phase Equilibria 225 (2004) 39-47

AS’  standard entropy of solution (J mbK)
AHY@ enthalpy of vaporization (J md)

Greek letters

¢ fugacity coefficient

) solubility parameter (J cr)1/2
P density (g cn)

Subscripts

1 solvent

2 solute

b boiling

c critical

calc calculated

exp experimental

g dissolved gas

I liquid solution in equilibrium
r reduced property
Superscript

0 pure component

i ideal

L liquid solution

sat saturated property

literature data was done for liquid density and vapor pressure

data.

Acknowledgements

The measurement of the mentioned properties is important

to investigate the capacity of perfluoneactane to be used
intravenously for medical applications. As showrTable §
perfluoron-octane fulfills the most important conditions re-
quired for such application.

New parameters for the description of perfluoroctane

using the soft-SAFT EoS are proposed. The soft-SAFT EoS

This project was financed by Fundexpara a @&ncia e
Tecnologia, POCTI/35435/EQU/2000. A.M.A. Dias is grate-
ful to Fundaéo para a @ncia e Tecnologia for the Ph.D.
grant SFRH/BD/5390/2001.

was used to correlate the experimental data within 0.2, 4.3 References
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