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Abstract

Most of the models proposed in literature for byndiffusion coefficients of solids in
supercritical fluids are restricted to infinite wibn; this can be explained by the fact that
most of experimental data are performed in theteliange. However some industrial
processes, such as supercritical fluid separatoperate at finite concentration for
complex mixtures. In this case, the concentratiepetidence of diffusion coefficients
must be considered, especially near the uppecarigndpoint (UCEP) where a strong
decrease of diffusion coefficients was experiméniabserved. In order to represent this
slowing down, a modified version of the Darken dopmawas proposed in literature for
naphthalene in supercritical carbon dioxide. Is {@per, the conditions of application of
such a modelling are investigated. In particulag,facus on the order of magnitude of the
solubility of the solid and on the vicinity of theritical endpoint. Various equations
proposed in literature for the modelling of thenite dilution diffusion coefficients of the
solutes are also compared. Ten binary mixturesladswith supercritical carbon dioxide
were considered for this purpose.

Keywords: diffusion coefficient, model, infiniteldtion, Darken equation, critical
behaviour

1. Introduction

The use of supercritical fluids in extraction ompaetion processes was widely
developed during the last twenty years. For thigopse, accurate information about the
transport properties of the solutes at finite comi@ion is required; indeed, mass transfer
coefficients, such as diffusion coefficients, allaetermining the time required for
processing and therefore govern the equipment alelligmerous experimental data were
reported in literature for the diffusion coeffictsnof liquids and solids in supercritical
solvents [1]-[3]; however, in most cases, especi@i solid solutes, the experimental set
ups only allow measurements at infinite dilutioh [As a consequence, most of the
correlations proposed in literature are limitedhs range of concentration; it is also the
reason why they fail in representing experimentthcdear the upper critical endpoint
(UCEP). Figure 1 recalls the phase diagram presstamperatureas proposed by Scott
and van Konynenburg [4] for a solid (2) in a supéical fluid (1); the diagrams pressure
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- mole fraction and mole fraction - pressure as¢hobtained at the UCEP temperature.
In this range of temperature and pressure, a stlengease of diffusion coefficients was
observed experimentally [5]-[9]. Taking into accouthe dependence of diffusion
coefficients with respect to the concentration Inees necessary to ensure more accurate
calculations in this region. For this purpose, aggested by Higashi et al. [7] for solid
naphthalene in supercritical carbon dioxide, a rmedi version of the Darken
equation [10] involving a thermodynamic factor denused.

The aim of this work is to study the applicabiliy this modified Darken equation.
For this purpose, ten binary mixtures of solidsupercritical carbon dioxide covering a
large range of concentration were considered. Erelsez-Lacombe equation [11] which
derives from the lattice fluid theory was consideréor the modelling of the
thermodynamic factor. The EoS parameters were meted from the correlation of
solubility data as was suggested in a previous Wiizk

For each mixture, various models proposed in liteeafor the calculation of infinite
dilution diffusion coefficients of solid solutes wecompared. The influence of the
concentration and the vicinity of the critical ppon the thermodynamic factor and its
capability of representing the slowing down in tniéical range were carefully checked.

2. Critical behaviour of binary diffusion coefficientsin supercritical fluids

As many other transport properties, the diffusioefticient D1 exhibits a singular
behaviour at a mixture critical point. More predyset decreases to zero, leading to the
so-called “critical slowing down” of diffusion prepties. Its behaviour is related to that of
the Onsager kinetic coefficieatby the formula:

-1
Dy = _[_j with W=y =y 1)

wherep s the density of the mixturgy and/s are respectively the chemical potentials of
the solvent and the solute and is the mole fraction of the solute. The derivative
(dy,/0u), is the osmotic susceptibility which diverges atiature critical point. At this

point [13], the Onsager coefficient satisfies tbkofwving equation:

a=a,+ay, with = <1P% [ Y2 )
6mé \ OU )pr

wherea. refers to the asymptotic critical behaviour ands the background, or regular,
contribution; wy is the crossover functiom; and ¢ are respectively the dynamic viscosity
and the correlation length. The crossover functigns equal to 1 near a critical point and
approaches zero far away; it allows a smooth triansbetween the asymptotic critical
behaviour and the regular one.

It follows from Eqgs. (1) and (2) that the diffusiaoefficientD,; can also be written
as:

kTa an (oy, )
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Asymptotically near a mixture critical point, thercelation lengthé diverges asaT %,
where AT =(T -T,,)/T,, is the dimensionless distance to the critical pdigt As a



consequence, the diffusion coefficid;. vanishes a&T %’. However, as was observed
experimentally [5]-[9], the behaviour of diffusi@oefficients in supercritical fluids is still
influenced by this critical decrease in a regioncmiarger than the asymptotic critical
region. As stated by Levelt Sengers et al. [14,dktent of this crossover region depends
in particular on the concentration of the solutes iall the smaller as the concentration is
low. Indeed, it is related to the asymptotic bebaviof the osmotic susceptibility

(dy,/0u), which depends on the mole fractignof the solute [15]. The more dilute the

mixture is the most sudden is the increase of 8matic susceptibility near the mixture
critical point. Therefore, the osmotic susceptibilis the key parameter for the
observation of the characteristic decrease of siibfu coefficients in the critical range.
Previous studies reported in literature have shthah models proposed for diffusion
coefficients at infinite dilution fail in represemg this anomalous decrease near the
critical point. They have thus enlightened the neédnodels taking into account the
concentration dependence of the diffusion coeffici€or this purpose, Higashi et al. [7]
proposed to model the diffusion coefficient of ndgatlene in supercritical carbon dioxide
near the upper critical endpoint by using a modiftersion of the Darken equation [10]:

D,, = |_Y2 Dy, + (1_ Y2)D31J o 4)

D1 and DY, are respectively the self diffusion coefficienttbé solvent and the infinite
dilution diffusion coefficient of the solutejis the thermodynamic factor:

5:[0 Lnfzj :1+[a Ln¢zj )
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wheref, and ¢, are respectively the fugacity and fugacity co&fit of the solute in the
supercritical phase. The mole fractign of the solid solute is at most equal to the

solubility y,°*" in the supercritical phase; it means that it Gpomds to very dilute
mixtures for which(dIn fz/ayz)F,vT = (au/ayz)PI/RT, so that:
-1
5:£(%j )
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Hence, thanks to the thermodynamic factor(Eq. (6)), diffusion coefficientsD,;
expressed either from Eq. (4) or Eq. (1) have éx#oe same dependence with respect to
the osmotic susceptibility(ayz/a/,l)PyT. The use of the thermodynamic factor in Eq. (4)

should therefore allow representing the anomalamedse of diffusion coefficients in
the critical range; this parameter must be caledl&ty using an equation of state.

3. Experimental data of diffusion coefficientsin supercritical fluids

Very few experimental data on diffusion coefficemf solids in supercritical fluids
are available in literature. Most of them are amtdi using thechromatographic
technique it means at infinite dilution. In this case, ma@&snents are usually performed
at pressures beyond the critical pressure; indeeds shown in Table 1 for supercritical
carbon dioxide,Pycep lies between 74 bars and 77 bars and experimeatia are
available at higher pressures corresponding taahge of maximum solubility (see Fig.
1). The second source of literature data is pravidg the pseudo steady-statelid
dissolutionmethod which allows investigating the concentrati@pendence of diffusion
coefficients; measurements are usually performed feolute mole fraction equal to half



of the solubility y,°*" [7]. It can also be noticed that it is only forphthalene that
measurements were performed at low pressures ingltige critical pressure range (table
1).

In order to estimate the influence of the conceiainadependence of diffusion
coefficients in the vicinity of the mixture criticgoint, the coordinates of the UCEP
reported in Table 1 were calculated thanks to #recBez-Lacombe equation.

4. Modelling

Different approaches proposed in literature fotinesting the parameters of the
modified Darken equation are considered in thigieecThe first part is concerned with

the infinite dilution diffusion coefficient of theolid Dgland the self-diffusion coefficient
of the solvenD;;; the second one is related to the estimationethiermodynamic factor
o (Eq. (3)).

4.1 Diffusion coefficient®, and Dy

Various equations were proposed in literature tfer modelling of the diffusion
coefficientsDi; andDgl. They can be classified in two familiddomogeneous method
(Schmidt Number Method fob;; and Dgl) and Combined methodLee and Thodos
model forD;; and Stokes-Einstein type equations E@Q’q).

* Homogeneous method

Funazukuri and Wakao [16] proposed the Schmidt rerncbrrelation based on the
roughhard sphere theory for predicting diffusion coeéidsD:

Sc=n/pD (7)

wheren andp are respectively the mixture viscosity and dengity. the dilute mixtures of
solids in supercritical fluidsy is approximated to the pure carbon dioxide vidgosi,
according to the correlation of Olchowy and Sender$, the density is obtained from the
molar volumev of the mixture estimated by means of the equatiostate. The Schmidt
number at high pressur8g,is expressed as follows:

Sc 5 (v,
=1 |2 8
Se-ueent $a(*%] | ®

Sc*is the Schmidt number at atmospheric pressuraek:by:

2
sé _5|o1+0; 2M, )
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\p is the hard-sphere closest-packed volume for eheest molecules, obtained for carbon
dioxide from the polynomial function of temperatym®posed by Funazukuri et al. [18];
andM; are respectively the hard-sphere diameters andrmaight of the molecules. The
ratio of the effective hard-sphere diametepso; is calculated from the van der Waals
diametersg,y, i estimated using the method of Bondi [19]:



g,
ﬂ = vw,2 (10)

01 va,l
The values oty ifor carbon dioxide and the studied solutes arerginel able 2.

» Combined method
The self-diffusion coefficienD; is expressed from Lee and Thodos method [20]:

3 _
L= o -043580) o T=L p=£ (11)
056420, T "o

D.is the value oD;; at the critical point. = 4.937 1¢ m’s™ for COy).

For the infinite dilution diffusion coefficier{t)gl(mz.sil) different Stokes-Einstein type

equations proposed in literature were considerddofAthem assume that the diffusion
coefficient depends on the viscosityof the pure solvent and on the molar liquid volumes
Vp; Of the solvent and solute at their normal boilirognp:

- Wilke and Chang [21]:

45 T M2
DY, = 74x10 15(—1)06 (12)
W2
- Scheibel [22}
2/3
\'
DY, =82x10715 — T |14|3-0L (13)
M1 Vp,2 Vb2
- Hayduk and Minhas [23]
T 147 193 €
D3, =13.3x1078 ( ’71) with £=102/v, , - 0791 (14)

( ) 071
Vb2

In Egs (12)-(14)T is the temperature (K) and; is the molar weight (g.md) of the
solvent; the solvent viscosity is expressed in (Pa.s) and the molar volumeare given
in (cm®.mol™) .

The molar volumesy ; of the solutes at the normal boiling point areneated directly
with the group contributions proposed by Le Bas|.[Z3ther literature methods, such as
those of Spencer and Danner [25] or Tyn and Ca&a§ furned out to be less precise for
these components; indeed, they depend on theatrjgmrameters, usually unknown for
complex solute molecules, and therefore estimakeshkis to other group contribution
methods. On the other hand, for carbon dioxide, niethod of Tyn and Calus was
considered. Corresponding values are reported laeT2



4.2 Calculation of the thermodynamic factor

The equation of state considered for the estimatibthe thermodynamic facta¥
(Eq. (9)) is the lattice fluid equation of Sanclaex Lacombe [11]:

_ * * * 2
p= —RT[—r 1) . RTi*In(l—lJ SCALL (15)
\Y; V \Y V2

r, v ande are the characteristic EoS parameters: respectithedycomponent segment
number, the segment volume and the mer-mer interaehergy. Their values for the pure
components considered in this work are given indabl

The fugacity coefficienty, is expressed according to the relation proposedegu
[27] for mixtures:

yo) ~ z-1)\ nr(ov* ol nr(oe*
Ing, =—Inz+r,| -2=-In(1- +| — || — -=|— 16
¢2 ZI: T ( Io)j| ( r jv*(anzjn . T[E*(anZJan]( )
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with:

Pv ~_ " ~ _RT
= Yo, S T - and r=>xr (17)

The segment volume and the mer-mer interaction eneegyf mixtures are estimated
from the“kj;, l;” mixing rules proposed bylc Hugh and Krukonis [28]; in this approach,
both v and¢ have a quadratic dependence with respect to théuraixcomposition.
Related expressions of partial derivatives in E) @re given in the original paper [12].
As was suggested in that work, the following deere ofk; with respect to temperature
should be considered:

k =k +k (T, /T -1) (18)
whereTy is a reference temperature chosen in the rangepefienental data.
In the present study, parametd{'”s, k'i']_ l; were determined by correlating only the
solubility data of solidsn supercritical carbon dioxide. Values of theefttparameters are
given in Table 2, assuming thdp = 308.15 K, it means the lowest experimental
temperature close to the UCEP temperature of mogiest mixtures.

5. Results and discussion

The two first parts of this section are devoted he tvaluation of the methods

previously considered for the representatbdiffusion coefficientd,; and Dgl, and the

calculation of the thermodynamic factér The last one concerns the prediction of the
concentration dependence of diffusion coefficieDts of solid solutes in supercritical
carbon dioxide.

5.1. Evaluation of models deSl

Deviations between experimental values Bfl measured by the chromatographic
technique (Table 1) and those calculated by usindBand Egs. (12)-(14) are reported
in Table 3. It can be observed that the Schmidt rrmirethod and the Hayduk-Minhas
equation give similar mean deviations; but detarkesllts reveal that, except for pyrene
andp-carotene, the Schmidt number method providestaregreement.



In addition Fig. 2 shows for naphthalene @&ncharotene that the behaviour of the two

. . 0 . .
models diverges at low pressures. The lack of exgatal values ofD,, in this pressure

range did not allow discriminating between the tmethods. Nevertheless, we have
considered that the measured value®Def for naphthalene using the solid technique

(Table 1) were representative[bfl: indeed, in this pressure range (below 75 bang), t
solubility y.°* is very low (about 2.I1f) so that the term in brackets in Eq. (4) tends

to Dgl and, as will be shown in Fig. 4a, the thermodymafactor J is close to one.

Values plotted in Fig. 2 show that the Schmidt nanminethod is the most reliable. Thus,
further calculations were performed using the hoemegus method based on the Schmidt

. 0
number correlation for bot;; and D,;.

5.2 .Influence of the thermodynamic facior

Equation (6) shows that the behaviour of the thelynamic factow is directly linked
to that of the inverse of the osmotic susceptily,/dx).. . As was shown by Levelt

Sengers [15] the behaviour of the osmotic suscéiptiin the crossover region depends
on the level of the solute concentration and, tloeeg on the level of the solubility in the
case of solid solutes. In order to check the cdipalmf the Sanchez-Lacombe Eo0S to
represent this effect, the thermodynamic factoraioled for three solutes in carbon
dioxide, namely naphthalene, benzoic acid ghdarotene, were considered as
representative of different solubility levels (SEsble 1). Results presented in Figs. 3 and
4 were obtained by estimatidgaccording to Eq. (5) and using fgrthe maximum value
equal to the solubility,*® predicted from this EoS.

Figures 3 illustrate the effect of temperature agiven pressureP=79 bars for
naphthalene anB=75.4 bars for benzoic acid afiecarotene) close to the UCEP of the
mixtures. For all solutes, the thermodynamic fa@whnibits a sudden variation near the
mixture critical point, exactly like the osmotic seeptibility as described by Levelt
Sengers [15]. The more dilute the mixture is, thestrsudden is the variation of the
thermodynamic factor and the smallest is the exdétitis phenomenon.

Figures 4 show, for the same three solutes, thiatianrs of (9 Lng, /0 Lny, ) oy, it

meansi-1 (Eqg. (5)),with respect to pressure at two temperatures;a¥vedt one, close to
the UCEP temperature, belongs to the crossoveong@=308.15 K for naphthalene and
T=305.15 K for benzoic acid arfdcarotene). Whatever the solubility rangel, exhibits
a strong decrease at the UCEP pressure for thaesitherm. However, the magnitude of
this decrease is highly dependent on the level abfibdity: it is equal to 0.6 for
naphthalene, 0.14 for benzoic acid and only i p-carotene. As a consequence, ffor
carotene, this fall down is totally negligible witkspect to 1 in the calculation of the
thermodynamic factop; this is not the case for other solutes like benzxid and
naphthalene.

Figures 4 clearly show that the sudden fallodgf disappears when temperature is
increasing. It can also be noticed that, whateviee temperature, the value
of (0 Lng,/d Lny,),; is close to zero at the lowest pressures; it mehas the

thermodynamic factor is close to one. However, Hig.also shows, for naphthalene
which corresponds to the maximum solubility, t(ﬁit_nqﬁz/a Lnyz)F,’T has still an

influence at higher pressures.



5.3. Modelling of the concentration dependenceiffdigion coefficients B

Diffusion coefficients D,; of naphthalene calculated with the modified Darken
equation are presented in Figs. 5; experimentah detre obtained with the “solid
technique” (see Table 1) for the mole fractipn= y,°72. Curves obtained without taking
into account the thermodynamic factor are also t@ibtin the same figures; two
temperatures were considered, the lowest one @ay.being very close to the UCEP
temperature. It can be seen, that the use of #entidynamic factor in Eq. (4) really
influences the calculated diffusion coefficientd: tahe lowest temperature, it allows
predicting correctly the observed decreas®gfat the UCEP pressure (Fig. 5a) and at
the highest temperature (Fig. 5b), it makes possibresenting accurately the diffusion
coefficient, especially in the high pressure rarggshould be mentioned that such results
are obtained thanks to the proper estimation.&t from the Sanchez-Lacombe EoS.

In the same way, deviations between experimentisiton coefficientdD,; measured
with the “solid technique” (see Table 1) and thpsedicted from the Darken equation
(Eq. (4)) are presented in Table 4; the range gpeemental solubilities is also given.
Results obtained taking into account the thermonhyoaactor 6 estimated from the
Sanchez-Lacombe EO0S or neglectingitl) are compared in this table. It can be noticed
that for all these systems the solubiligy® is greater than 1band the use of the
thermodynamic factor improves the prediction offudifon coefficients. Obviously the
maximum effect is observed for naphthalene dud¢opresence of experimental data in
the crossover region.

The present study leads us to propose the followoigeme for predicting diffusion
coefficients of solids in supercritical fluids frosolubility data:

» Estimation of the UCEP temperature in order to riefithe domain where
experimental processes will involve only biphasicigbria (T>Tycep). For this purpose,
we recommend:

- First, to correlate experimental solubility dataswoilids in the supercritical fluid by
means of an equation of state, such as the Sahcoernbe EO0S, associated with
classical k;, l;” mixing rules. As shown in a previous work [12], tbeoice of the
temperature dependencekgfgiven by Eq. (18) ensures a more satisfactoryiptied of
solubilities over a wide range of temperatures iving the UCEP.

- Second, to estimate the UCEP coordinates. Theidocaf Tycep can be evaluated by
following, for various temperatures, the evolutioh the curvesy,*® with respect to
pressure; starting from high temperatures (hamdl@ & in the case of solids in
supercritical carbon dioxide) the proximity of tbkCEP temperature is characterized, at
the UCEP pressure by an inflexion point with amié slope tangent.

« According to the order of magnitude of the maximsmiubility y,°*'in the domain of

experimental processes the calculation of diffusioafficientsD,; should be performed
as follows:

- In the case where the maximum solubility is lesantii0° (as for p-carotene),

diffusion coefficientdD,; are equivalent to infinite dilution diffusion coha‘iientngl and
their calculation does not require taking into agdcan equation of state.

- In the other cases, the modelling must be performvéd the modified Darken
equation (Eqg. (4)).



6. Conclusion

The prediction of diffusion coefficients of solids supercritical carbon dioxide by
means of the modified Darken equation proposed iggghi et al. [7] was studied in this
work. For this purpose, ten solid solutes repredem of a large range of solubility were
considered. As illustrated by Eq. (4) this equaatlows representing the dependence of
diffusion coefficients with respect to the concatitm of the solute in the supercritical
fluid; it depends on both infinite dilution diffusn coefficient of the solute and self-
diffusion coefficient of the solvent and ¢ime thermodynamic factor. In a first step, we
have evaluated the accuracy of four models availabliterature for the calculation of

infinite dilution diffusion coefficienthl; the Schmidt number correlation appeared to

provide more reliable results, especially in the loressure range. In the second step, we
have checked the capability of the modified Dar&goation, associated with the Schmidt
number method, for representing the variation efdtfusion coefficienD,; with respect
to the solubility of the solute in the supercritipdnase. The thermodynamic factor was
calculated using the Sanchez—Lacombe E0S whichmeteas were obtained from the
correlation of solubility data. It was observed tthahatever the solubility range, the
thermodynamic factor exhibits a sudden variatioarriee mixture critical point, exactly
like the osmotic susceptibility as described by eéle6engers [15]. The more dilute the
mixture is, the most sudden is the variation ofttirermodynamic factor and the smallest
is the extent of this phenomenon. We have also shbtat, when the solubility is very
low, such as fo3-carotene, this thermodynamic factor remains etaine in all the
pressure and temperature range, so that diffussefficients can correctly be estimated
from infinite dilution diffusion coefficient model©n the other hand, when the solubility
is not too low, the thermodynamic factor becomesessary for an accurate
representation of experimental data, not only eitinity of the critical region, but also
in a wide range of pressures and temperaturesllfsim&e have proposed a scheme for
predicting diffusion coefficients of solids in supetical fluids according to the
magnitude of the solute solubility.



List of symbols

self-diffusion coefficient of the solvent
diffusion coefficient of the solid in the supetwal fluid

diffusion coefficient of the solid in the supetial fluid at infinite dilution
fugacity

Boltzmann constant

binary EoS parameters

molar weight

pressure

segment number

absolute temperature

molar volume

segment volume

hard-sphere closest-packed volume
mole fraction of the solute

Greek letters

a Onsager kinetic coefficient
o thermodynamic factor
g* interaction energy

n dynamic viscosity

Y7 chemical potential

P density

3 correlation length

Ovw van der Waals diameter
® fugacity coefficient

Wiy crossover function
Subscript

b background

c critical

i component i

m mixture

r reduced property
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Table 1. Data base for diffusion coefficients tbgetwith estimated UCEP coordinates.

Chromatographic technique Solid technique BCE
Solute
T(K) P (bar) Ref. T(K) P(bar) Ref. T(K) P(bar) %
Biphenyl 308-323 80-200  [29] - - - 305.7  75.7 7116
Naphthalene 308-328 100 -100Q31,34,36] 308-328 70-300 [6,7,30] 306.6 76.4 2.01d
2,3-dimethyl Naphthalene - 308 100-200 [71 3049 747 251b
2,6-dimethyl Naphthalene - - 308 90-200 [67 304.8 745 2.7 16
2,7-dimethyl Naphthalene - - 308 100-200 [67 3051  74.9 3.4 16
Phenanthrene 308 -333 100 - 300[34,36,40,41] - - - 304.5 74.2 3.6 10
Pyrene 313 250 [36] - - . 3043 739 4510
Benzoic acid 308-328 80 — 300 [29,39,40,41] 331189' 100 - 150 3044 740 6710
B-Carotene 308-333 90 —300 [4243,44] - - - 304.3 73.9 8.9 18
Vanillin 308-318 100-200  [45] - - . 3049 743 1.9 16
Table 2. Pure component parameters and binaryaittten parameters used with the
Sanchez-Lacombe EoS.
Vo Ouw & V¥ " )
Component @enfimol) (&)  (Imol)  (cni/mol) r Ky K l
Carbon dioxide 33.32* 3.97 2276.66 3.638 8.564
Biphenyl 184.6 6.63 5280.12 14.985 11.708  0.1840 0.1580 0.0067
Naphthalene 147.6 6.17 5509.80 12.407 9.600 0.2047 0.2609 -0.2036
2,3-dimethyl Naphthalene 192.0 6.74 5604.69 13.069 11.245 0.2259 0.0914 -0.2530
2,6-dimethyl Naphthalene 192.0 6.74 5540.04 13.069 11.245 0.2341 0.2374 -0.3054
2,7-dimethyl Naphthalene 192.0 6.74  5548.13 13.06911.245 0.2375 0.1911 -0.3311
Phenanthrene 199.2 6.81 6354.58 13.804 11.378  0.2697 0.1867 -0.3502
Pyrene 213.0 7.02 6732.91 14.733 11.980 0.2853 0.1779 -0.2971
Benzoic acid 130.2 5.79 4920.81 6.196 15.431 0.1231 0.2774 -0.3991
B-Carotene 799.2 10.49  5565.85 23.080 24.722 0.2894.5490 0.4347
Vanillin 164.4 7.23  4199.16 5.766 20.787 0.2075 082 -1.0415

* Liquid molar volume calculated using the Tyn a@alus expressiof26]



Table 3. Comparison of literature models for thedmtion of infinite dilution diffusion
coefficients. Deviations4D9,% between data measured with the chromatographic
technique and calculated values.

Stokes-Einstein

Solute Schmidt
N
Number W-C SCH H-M

Biphenyl 15 14.98 19.40 33.48 20.05
Naphthalene 59 13.74 16.72 23.18 14.35
Phenanthrene 28 11.68 15.01 19.39 12.14
Pyrene 2 8.65 11.93 1.44 5.71
Benzoic acid 21 22.86 26.05 37.82 27.98
B-Carotene 90 13.30 11.02 16.44 5.59
Vanillin 15 6.94 27.51 42.62 33.63
Mean deviation 230 13.74 15.97 23.17 13.45

Table 4. Influence of the thermodynamic factbrfor the calculation of diffusion
coefficients using the modified Darken equation.vidgons AD,;% between data
measured with the solid technigue and calculateldega minimum and maximum
experimental solubilitieg,™"

sat

Solute N with withouto — i _
minimum maximum
Naphthalene 79 11.20 32.34 2.0'10 5.510
2,3-dimethyl Naphthalene 3 10.26 14.36 1.310 9.01C°
2,6-dimethyl Naphthalene 6 12.11 14.88 4810 7.010°
2,7-dimethyl Naphthalene 6 10.05 12.18 7410 1210
Benzoic acid 2 8.49 11.59 1.2490 9.010°

Mean deviation 96 11.10 28.29
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