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Abstract—Earlier work on the group contribution method applied to the Kihara potential is extended to polyatomic
gases for the calculation of second viria coefficients, viscosities and diffusivities of dilute gases with a single set of
gas group parameters. Functional group parameters are evaluated from the simultaneous regression of second virial
coefficient and viscosity data of pure gases. Parameters for gas groups (F,, Cl,, CS,, H,S, NO, and N,0) are found to
provide good predictions of second viria cross coefficients, mixture viscosities and binary diffusion coefficients of
gas-gas mixtures. Application of the model shows that second viria coefficient data can be represented with good re-
sults comparable to the values by means of the corresponding states model. The rdiability of the present modd in vis-
cosity predictionsis proved by comparison with the Lucas method. Predictions of binary diffusion coefficients are in
excellent agreement with experimental data and compare well with values obtained by means of the Fuller method.

Key words. Theory, Group Contribution, Kihara Potential, Second Viria Coefficient, Viscosty, Diffusivity

INTRODUCTION

A number of methods have been propased for the prediction of
second virid coeffidents and dilute ges trangport properties. Although
mogt dudies have focused on individud properties, a number of
workers[Dymond and Alder, 1969; O Conndl and Prausnitz, 1965;
Tee e d., 1966] have used gatigticd mechanics and the kinetic the-
ory of gases to represent both thermodynamic and transport prop-
erties with a Sngle st of parameters, namey, those appearing in
an intermolecular potentid function. In one particularly interesting
study of [Tee & d., 1966], the Lennard-Jones potentid parameters
were related to the critica properties and acentric factor. The result
was a corresponding sates correation for Smultaneous prediction
of second virid coefficients and dilute gas viscosties for molecules
ranging in shape from sphericd to chains aslong as n-heptane.

However, two difficulties are faced in corresponding dates cal-
culdions. Frdg, criticd properties and acentric factors may not be
avallable for dl of the compounds in question. Second, and per-
haps more important, extenson of corresponding states methods to
mixtures requires additiond information, generdly in the form of a
binary interaction coefficient.

The group contribution concept has formed an dternative to the
corresponding states framework for the prediction of thermody-
namic properties and dilute gas transport properties Here, asingle
st of parameters, gopearing in an intermolecular potentia func-
tion, is assigned to interactions between intermolecular functiond
groups. An advantage of this method is thet it does not require va-
ues for the critical properties and acentric factors, which may not
be available for dl of the compoundsin question, and that it is ap-
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plicable with only information of both functiond groups and van der
Wedls volume in molecules. Since the number of functiona groups
is much smdler than the number of possible chemicd species, a
relaivey smdl number of group parameters can describe a large
number of different mixtures. This concept forms the basis for the
UNIFAC [Fredendund & d., 1975] and ASOG [Derr and Ded,
1969 adtivity coefficient modds and for the GPSCT [Jn et d., 1986
and GSPHCT [Georgeton and Teja, 1988] equations of gate mod-
ds

A group contribution concept was applied to the Kihara poten-
tid functionsfor caculating second viria coefficients of pure gases
and mixtures [Campbell, 1989]. Functiond group parameters for
CH, and CH; groupsin norma akaneswere determined from sec-
ond viria coefficient deta for pure C,-nC; dkanes and parameters
for CH, groups were determined from second virid coefficient for
pure methane. Then these parameters were used to predict, without
additional parameters, second virid crass cofficients of akane mix-
tures. The modd was found to perform well, even for such asym-
metric sysems as methane-eicosane. Since the group contribution
method is based on an intermolecular potentia function, it showed
the possibility of predicting dilute gas transport properties (viscos-
ties and diffuson coefficients) as well using Chapman and Enskog
theory [Chapman and Cowing, 1939)].

Previous works [Oh, 1989; Oh and Campbell, 1997] proved the
feesibility of applying group contribution method to Smultaneous
representation of second virid coefficient, viscosty and diffuson
coefficient of dilute gases Parameter vaues for functiond groups
were esimated by regressing second virid coefficient and viscos-
ity data for pure gases together. It was noted that diffusivity data
were not supplied to data regression steps for parameter estimation.
By introducing the concept of agroup binary interaction coefficient,
the modd was extended to chemicaly dissmilar mixtures of nitro-
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gert+ and carbon dioxide-hydrocarbons, with success.

In the previouswork [Oh and Sm, 2002], ast of functiond group
parametersfor pure dkanes were re-evauated with revised recom-
mendations of second virid coefficient deta of pure akanes pre-
sented by Tsonopoulos e d. [1989] and Tsonopoulos and Dymond
[1997] in order to improve the reliability of predictions. The group
contribution method using Kihera potentid was repeated for cacu-
lating second virid coefficients, dilute gas viscosities and binary
diffuson coefficients of normal and branched akanes, dkenes, nitro-
gen and carbon dioxide. And gpplications were extended to indus-
tridly important pure linear gases (carbon monoxide, oxygen and
hydrogen), as well as to mixtures of these gases with rdiable ca-
culaions and predictions of second virid cross coefficients and mix-
ture viscogties.

Inthis paper, extenson of the group contribution method is made
to polyatomic gases (fluorine, chlorine, carbon disulfide, hydrogen
aulfide, nitric oxide and nitrous oxide). Applicability of the method
based on the sphericad core potentid of Kihara[1978] is tested by
assuming that dl compounds sudied herewereto condst of asingle
functiona group. It is consdered for smple fluids examined here
that use of the group contribution concept is not reasonable. Smul-
taneous regresson of second virid coefficient and viscosity data
for pure gases was done for the determination of functional group
parameters. The scope of thiswork isto examine the possibility of
goplying this characteridtic feeture of the group contribution method
to the Smultaneous representation of second virid coeffidents, dilute
gas viscogties and diffusion coefficients with asingle set of group
parameters. Vaues of the callison integrals for viscosity and diffu-
don (Q, and Qy) for Kihara potentids, required for the Chapman
and Enskog theory, were tabulated in Oh [1989)].

GROUP CONTRIBUTION MODEL

The expresson for group contribution rules for functiona group
parameters gppearing in Kihara potentid function was givenin the
previous paper [Oh and Campbdl, 1997]. For better undergand-
ing, however, it is necessary to describeit briefly.

Group cortribution rules for the spherica core Kihara potentia
parameters are written for the generd case of non-identica molecules
1 and 2. Cdculations for pure gases are made by setting molecule
2 identicd to molecule 1. Therulesfor &, and o, ae

glzafzzzzNileinjaﬁ @)
and
(I Nudh)” +(IN,a))”
O = Z 2 Z @

where N;; is the number of functiond groups of typei in molecule
1, N, is the number of functiona groups of type j in mdecule 2,
&, and g, arethe wdl depth and collision diameter for interactions
between molecules 1 and 2, and &; and ¢ are the well depth and
the callison diameter for interactions between intermolecular groups
i and j, respectively. This rule for the Kihara potentid is do re-
quired for the core radius a,,, where the group additivity of the re-
duced core radii is assumed:

a*ﬂ:Z Ni. & (€)

and
& =) N;o3) @)
followed by
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where
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with an andlogous expresson for a,.

The rules given above express €, g, and a,, in terms of group
interaction parameters &; and g; and group core parameters g;. For
interactions between two identical groupsi, we assume

B
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where a; and 3; are group parameters, £ is an undetermined uni-
versal van der Weels volume condant, and V., isthe van der Weels
volume for functiona group i as tabulated by Bondi [1964]. The
Kihara potentid function is sphericaly symmetric, and is gpplied
here to polyatomic geses. The reciprocd temperature term in EQ.
(7) is used as arough way of accounting for nonsphericity of the
molecule, as suggested by Campbel| [1989).

For mixtures of chemicaly dissmilar substances such as hydro-
carbon-gas, the Lorentz-Berthelot combining rules for intermolec-
ular interactions between unlike groupsi and j were assumed.

& =(1Kij o) /i85 ©
G=(0+q)I2 (10)

, Wherek; . isa group binary interaction coefficient defined in andl-
ogy with the binary interaction coefficient ki, of the corresponding
Hate cdeulations

In addition to the value of universal van der Wadls volume con-
gant &, goplication of the modd requires parameter vaues (a;, 3;,
and a)) for each functional group i within molecules 1 and 2. In
order to extend the modd to gas-gas and hydrocarbon-gas mix-
tures examined here, vaues of group binary interaction coefficient
k;, o fOr each interactions between intermolecular groupsi and j might
be required for better predictions

Although the group contribution modd contains a number of pa:
rameters it is practicaly gpplicable to pure gases, and aswel asto
avariety of mixtures. Hence, group parameter vaues may often be
determined from data for pure substances. Data used for the group
parameter evaluations and for predictions of thermodynamic prop-
ertiesand dilute gas trangport properties of pure gases and mixtures
are discussad in the following section.

RESULTSAND DISCUSSION

1. Pure Gases

Asapart of the sysematic program of our researches, the group
contribution method was extended to polyatomic gases (F,, Cl,, CS,,
H.S, NO, and N,O). Functiond group parameters o, 3; and g, were
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Table 1. Propertiesof thefunctional groupsexamined in thisstudy
(universal van der Waals volume constant=1.3692")

Group VVdW, iih aki aii ﬁi
F, 14.2 0.2199 147.48 -
Cl, 24.1 0.4716 555.85 -
CS, 31.2 0.3194 713.21 -
H,S 18.0 0.9478 657.13 -
NO 13.9 0.1534 160.49 2089.2
N,O 18.9 0.0529 178.18 2794.5

*taken from Oh and Campbell [1997].
Ptaken from Bondi [1964].

evauated by regresing second virid coefficient and viscosty data
of pure gases together, in which dl gases dudied here were assumed
to condst of asngle functiona group. Asshown in Eq. (8), vaues
of van der Wadls volume for gases requiired were taken from Bondi
[1964]. The universd van der Wadls volume congant & evauaed
in the previous paper [Oh and Sm, 2002] was used in the data re-
gressons for the determination of function group parameters for
pure gases, and in dl subsequent calculaions and evauations.

Second virid coefficient datafor pure gases were taken from sev-
erd references. Dymond and Smith [1980] for F,, Cl,, CS,, and H,S,
Boushehri e d. [1987] for NO and N,O. And pure viscodty deta
required for the parameter edimation were obtained from severa
references. Stephan and Lucas [1979] for F,; Trautz and Ruf [1939]
for Cl,; Titani [1933] for CS,; Schuil [1939] for H,S; Boushehri et
a. [1987] for NO and N,O.

Gas group parameter values (g, a; and ) for pure gases (F,
d,, CS, H,S, NO and N,O) examined are shown in Table1 and
the sources of data used to obtain them areindicated in Table 2. The
potentid well depth for gas groups (F,, Cl,, CS,, and H,S) werere-
garded to be independent of temperature. Regression results proved
it, as expected for essentidly symmetric molecules. However, the
temperature dependence of the potentia well depth for other gases
(NO and N,0) turned out to be congdered to account for non-gphe-
ricity of the molecule, as proved by regression results. Values of
the reduced core radius for dl compound examined here are between
Oand 1, proving thet by using Kiharaspherica core patertid [Kihara,
1978] the gpplication of the present modd to these polyatomic gases
was made well.

As shown in Table 2, resulting deviations between experimenta
and caculated datafrom dataregresson are presented by the RMSD
(root mean square deviation) vauesin cm® mol™ for second virid
coefficients and by the %6RM SDr (percent rdlative root mean square
deviation, redive) vaues for viscogties Also induded in Table2
are the references for second virid coefficients and viscosty data
for pure gases. A comparison was made with the corresponding
corrdation [ Tsonopoulos, 1974] on the caculation of second virid
coeffidients, and with the Lucas method [Lucas, 1980] on the ca-
culaion of viscogties

Overdl average RMSD vaues of second virid coefficients for
SiX pure gases examined are 2.1 cm® mol™ and 8.8 cm® mal™ for
the proposed method and the Tsonopoulos corrdation, respectively,
indicating that the proposed modd is in excdlent agreement with
the experimental data and compares very wel with the Tsonopou-
los correlaion. As for the second virid coefficient caculations for

Table 2. Deviations between experimental second virial coefficients and viscosties, and those calculated usng group parameters exam-

ined in this study

c ’ Number of AverageRMSDinB (cm’mol™)  Data Number of Average RMSDr in i (%) Data
ompoun points* Presentstudy ~ Tsonopoulos ~ source  points* Presentstudy  Lucas ~ source

Regression results:
Flourine 45 0.7 30 [a 28 0.6 7.8 [c]
Chlorine 13 29 6.0 [a 6 17 8.1 [d]
Carbon disulfide 9 24 46.9 [a 6 29 36 [€]
Hyrogen sulfide 6 15 15.1 [a 3 4.2 15.3 [f]
Nitric oxide 27 31 9.0 [b] 27 22 55 [b]
Nitrous oxide 24 31 50 [b] 24 0.6 4.2 [b]
Overall 124 21 8.8 94 14 6.2
Prediction results:
Carbon disulfide - - 4 39 34 [f]
Hyrogen sulfide 8 28 6.7 [g] - -
Nitric oxide 32 16.2 18.7 [a h] 47 5.8 6.2 [f,i,], K]
Nitrous oxide 10 9.8 4.0 [h] 7 31 36 [i,j,I,mtq]

*Number of data points for second viria coefficient. **Number of data points for viscosity.

2Dymond and Smith [1980]. "Lide[1995]. °Chakraborti and Gray [1965].

®Boushehri et a. [1987]. 'Clifford et al. [1981]. PHarris et al. [1979)].

°Stephan and Lucas [1979]. 1Johnston and McClosky [1940]. 9K estin and Wakeham [1979].

“Trautz and Ruf [1934]. *Ellisand Raw [1959]. "Takahashi et a. [1996].

“Titani [1933]. 'Fisher [1909]. *Kestin and Ro [1982].

'Schuil [1939)]. "Trautz and Kurz [1931]. ‘Vogel [1914].

%K houry and Robinson [1971]. "Raw and Ellis[1958].

March, 2005
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Fig. 1. Comparison of experimental and predicted second virial
coefficientsfor pure gases (F,, Cl,, CS, and H,S).
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Fig. 2. Comparison of experimental and predicted second virial
coefficientsfor pure gases (NO and N,O).

pure CS, and H,S gas, deviation vaues obtained by the Tsonopou-
los corrdlaion (46.9 c® mol™ and 15.1 cm® moal™, respectively),
are extremely higher than those of the present modd (2.4 cm® mal™
and 1.5 cm® mol™, respectively). Dymond and Smith [1980] men-
tion thet experimentd uncertainties of the CS, gas are between £15
and 30 cm® mol™ and the rdighility of the experimentd data for
H,S gasis quite low. A comparison of the measured and predicted
second virid coefficients for pure gases (F,, Cl,, CS,, and H,S) and
gases (NO and N,O) are presented in Fig. 1 and Fig. 2, respectively.

Resulting deviations from parameter estimation for pure gases
between measured and caculated viscosity deta are shown in Teble
2; the overdl 1.4%RMSDr vaue obtained by the method com-
pares wdl with 6.206RMSDr by means of the Lucas method. The
present study is more religble than the Lucas method, on the whole,
and provides better viscosty predictions within the experimenta
uncertainties (3 to 5%) for dl gases than thase from the Lucas meth-
od, whose lowes deviation is between 3.6% (carbon disulfide) to
15.3% (hydrogen sulfide). Comparisons of the experimental and
predicted viscosties for pure gases (F,, Cl,, CS,, and H,S) and gases
(NO and N,O) aremadein Fg. 3 and Fg. 4, respectively.

Second virid coefficient and viscogty data, not supplied to the
parameter esimation procedure, were then calculated with group
parameter vaues determined in advance. As for the second virid
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/
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Fig. 3. Comparison of experimental and predicted viscosties for
puregasss (F,, Cl,, CS, and H,S).
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Fig. 4. Comparison of experimental and predicted viscosties for
puregasss (NO and N,0).

coefficient (H,S, NO and N,O) and viscosity (CS,, NO and N,O)
cdculaions, both methods are shown to be favorably comparable
to each other. It is noted that resulting deviations from regressions
are quite smdler than those of caculations for NO and N,O gases.
The reason is that the data usad for calculations were obtained from
different types of experimentd measurements by severd research-
ers, which experimentd uncertainties are reldively larger.

2. Gas-gas Mixtures

An advantage of the group contribution method is that mixture
properties can be predicted by using parameter vaues obtained from
properties of pure compounds without additional parameters. Group
parameter vaues, evauated by means of the Smultaneous regres-
son of second virid coefficient and viscosity data for pure gases,
were then used to predict second virid cross coefficients and mix-
ture viscosities for gas-gas mixtures. Binary diffusion coefficients for
gas-gas mixtures, which data were not supplied to data regresson
for the esimations of group parameters, can be estimated by using
gas group parameters, since the group contribution method is based
on theintermolecular potentia function.

By the nature of the mode, group binary interaction coefficients
k; o Were added for befter calculations to mixtures congsting of
chemicdly dissmilar compounds, as mertioned in the previous work
[Oh and Campbll, 1997]. A single group binary interaction coeffi-
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Table 3. Deviations between experimental and calculated second virial cross coefficients

Mixt Number of Average RMSD in B (cm® mol ™) Data
ixtures )
points Present study (K;; ,.=0) Tsonopoulos (K,,=0) source
Gas-gas mixtures
Carbon disulfide
- carbon dioxide 1 34 5.8 [a
- hydrogen 1 22.7 48.6 [a
- nitrogen 1 28.6 385 [a
2Dymond and Smith [1980].
Table 4. Deviations between experimental and calculated mixture viscosities
. Number of Average RMSDr in ) (%) Data
Mixtures .
points Present study (K;; ,.=0) Lucas source
Gas-gas mixtures
Nitrous oxide
- nitrogen 10 05 24 [al
- hydrogen 16 33 85 [b]
- carbon dioxide 25 18 6.3 [a b]
Overall 42 20 6.2

K estin and Ro [1982]. *Trautz and Kurz [1931].

cient, required for every possible interaction between gas and gas
groups, was determined by reducing second virid cross coefficient
data for mixtures of gasi and gas j, dong with universal van der
Wads volume congant vaue (1.3627) evduated by Oh and Sm
[2002]. However, in thiswork, k; . veluesfor dl interactions between
al compounds (diatomic or smple polyatomic gases) sudied here
were assumed to be zero. One second virid cross coefficient data
point is avalable in the literature [Dymond and Smith, 1980] for
eech three carbon disulfide mixtures, such that group binary inter-
action coefficient k; . for CS, mixture was not considered here. No
second virid cross coefficient deta other than ones shown in Teble
3 are available for gas-gas mixtures. It is noted thet the use of k;
for palyatomic gas-hydrocarbon mixturesis out of scope of thiswork.

Resulting deviations between observed and cdculaied second
virid cross coefficient data for gas-gas mixtures are presented in
Table 3. Also included for comparison in Table 3 are results from
the corresponding states correlation. The Tsonopoulos corrdation
may require a vaue for the binary interaction coefficient k,, when
extended to second virid cross coefficients for gas-gas mixtures of
different type; however, ky, is assumed to be zero for equivaent
comparisons. With zero vaue of k; . or Ky,, the proposed method
yidds deviation vaues (34, 22.7 and 22.7 cm® mol ™), while Tso-
nopoul os correlation obtains 5.8, 48.6 and 38.5 am® mol ™, respec-
tively, in order shown in Table 3. It is mentioned here that more data
points are needed to compare the rdighility of both modes reason-
ably.

For mixture viscosty cdculaions, no data other than nitrous oxide
mixtures were available. As shown in Teble4, the present study
with the assumption of k; =0 provides a less resulting RMSDr
vaue (2.0%) than the Lucas method (6.2%), showing thet the pres-
ent method is more reliable for the caculaions of mixture viscos-
tiesfor nitrous oxide mixtures with nitrogen, hydrogen and carbon

March, 2005
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Fig. 5. Comparison of experimental and predicted mixtureviscos
itiesfor N,O and N, mixtures.

dioxide. The comparison of experimental and caculated viscosties
for nitrous oxide-nitrogen mixture a two different mole fractions
of N,OisshowninFig. 5.

Deviations between messured and predicted properties are given
for binary diffuson coefficientsin Teble 5. Also included for com-
parison are resulting deviations obtained from the corresponding
gates method by Fuller et d. [1966]. Higher devidions from the
proposed modd than those of the Fuller method were found for NO-
gas mixtures, while the mode shows better agreements between
meesured and predicted binary diffuson coefficients for CS,-gas
and N,O-gas mixtures. on the whole, it can be said that for binary
diffuson coefficient predictions the comparison of the present meth-
od is made wdl with the Fuller method, showing thet overdl %



An Extension of the Group Contribution Method for Estimating Thermodynamic and Transport Properties

Table 5. Deviations between experimental and calculated binary diffusion coefficients
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Mixt Number of Average RMSDr in D (%) Data
pares points Present study (K;; ,.=0) Fuller et al. source
Gas-gas mixtures
Carbon disulfide
- carbon dioxide 1 81 85.4 [a
Nitric oxide
- nitrogen 3 7.6 7.0 [b, c]
- hydrogen 1 6.0 54 [d]
Nitrous oxide
- nitric oxide 4 11 19.7 [ef,
- hydrogen 6 05 20.8 [c, d, h]
- carbon dioxide 22 6.1 358 [a i-0]
- nitrogen 5 1.0 215 [n]
Overall 12 44 28.8
*Reid et d. [1987]. "Ellis and Raw [1959]. "Wall and Kidder [1946].
*Trautz and Muller [1935]. 9Hawksworth et a. [1962]. 'Howard [1930].
“Trautz and Sorg [1931]. "Chapman and Cowling [1939]. "Trautz and Kurz [1931].
‘Klemec [1923]. Amdur et al. [1952]. "K estin and Ro [1982].
“Raw and Ellis[1958]. 'Boardman and Wild [1937]. °Lide[1995].

3.0

symbols experimental
present study
-=-=-=-== Fuller et al.

4 N,O-H,
A [Trautz and Kurz, 1931]

N,0-NO [Raw and Ellis, 1958]
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0.0 T T
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Fig. 6. Comparison of experimental and predicted binary diffu-
son coefficientsfor mixture of N,O with gases (H,, NO and
CO,).

RMSDr vaues resulted from the present modd and the Fuller meth-
od are 3.4% and 28.8%, respectively. Comparison of experimentd
and predicted binary diffuson coefficients for mixtures of nitrous
oxide with hydrogen, nitric oxide and carbon dioxide is shown in
Fg. 6 with data sources.

CONCLUSIONS

The group contribution method in the previous work [Oh and
Sim, 2002] for the caculaion of second virid coefficients, viscos-
ties and diffuson coefficients has been extended to polyatomic gases
All compounds examined here were assumed to consst of asngle
gas group, not functiona groups in molecules. Gas group parame-
ters were obtained from the Smultaneous regression of sacond virid

coefficient and viscodty data for pure gas. New group parameter
vauesfor pure gasss (F,, Cl,, CS,, H,S NO, and N,O) were reported.

Group hinary interaction coefficients for chemicaly dissmilar
mixtures of compounds could not be estimated Snce no second virid
cross coefficient data other than H,S-ethane mixture [Dymond and
Smith, 1980] are available in the literature, such that group binary
interaction coefficients for each interaction between gas-ges exam-
ined here were assumed to be zero.

Application of the mode showsthat second virid coeffident data
can be represented with results comparable to those obtained by
the corresponding states method [ Tsonopoulos, 1974]. The accu-
recy of themodd in viscosity predictionsis comparable to the Lucas
method [1980]. The characteridtic feature of the group contribution
method makes possible diffugvity predictions as well, which data
were not used in parameter esimations. The rdighility of the mod-
d in diffuson coefficient predictions is evauated nicdy by com-
parison with the Fuller method [1966].

A grong advantage of the method is that it is cgpable of repre-
senting severd different properties with one set of group parameter
vaues. Thus, it may use datafor one property to predict a different
property. On top of thet, Since this method does not require the crit-
ical properties and acentric factor, it may be used to predict proper-
ties of substances in quedtion for which these data are not avail-
able
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NOMENCLATURE

a :coreradius[angstrom]
a  :reduced coreradius, 2a/(0-29)
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B :secondvirid coefficient [cm® mol™]

D :diffusion coefficient [cm? sec™]

ky, :binaryinteraction coefficient for Tsonopoul os correlation
K o - groupbinaryinteractioncoefficientforinteractionsbetween

intermolecular functional groupsi and
Ni; :number of groupsi in molecule 1
N, :number of groupsj in molecule 2
P :pressure[atm]
RMSD: root mean square deviation [cm® mol™]
%RM SDr : percent relative root mean square deviation, reletive
(%]
T :temperature[K]
T :reduced temperature [KT/€]
VvV :volume[cm?]
Vi : Van der Waals volume of group i [cm® mol™]
X : molefraction

Greek Letters
: functiona group parameter for potential well depth [J]
: functiona group parameter for potential well depth [JK]
: potential well depth [J]
: viscosity [P
: universal van der Wadls volume congtant (1.3627) in Eq.
8
: collision diameter [angstrom)]
, . collisonintegra for viscosty
o . collisonintegra for diffusivity

M3 MR Q

0O Q

Subscripts

1,11 : property of molecule 1

2,22 : property of molecule 2

12 :interaction property for molecules 1 and 2

ij : interaction property for intermolecular groupsi and
C  :critical property

GAS : property of gasgroup

gc : property of group binary interaction coefficient
F2 : property of F, gasgroup

Cl2 : property of Cl, gasgroup

CS2 : property of CS, gasgroup

H2S : property of H,S gasgroup

NO : property of NO gasgroup

N20 : property of N,O gas group
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