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Transport integrals ©9(T) for binary collisions of open-shell atoms
with uncertain interaction potentials
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General analytical expressions for the transport collision integ&l (T) for binary collisions of atoms
that can interact through many differemépulsive-attractive as well as repulsiyeotentials are derived. The
integrals allow one to calculate the transport coefficigmtscosity, thermal conductivity, and ordinary and
thermal diffusion coefficienjsn gases dominated by collision systems driven by poorly understood multiple-
force interactions. The approach is used to calculate the transport integrals for several collision systems, and
the results are compared with the detaigdinitio calculations available for some well understood open-shell
systems[S1063-651X98)08810-3

PACS numbgs): 52.25.Fi, 51.30+i, 47.90+a, 34.50-s

[. INTRODUCTION tions, the particles can intera@with different probabilities
through many different, both repulsive-attractive and repul-

Transport coefficientyviscosity, thermal conductivity, sive, potentialgsee Fig. 1 (For example, two ground-state
and ordinary and thermal diffusion coefficientsf weakly =~ oxygen atoms can interact through 18 different potenjials.
ionized gases and their mixtures can be obtained from th&he transport integral®("® for such collisions must be sta-
transport collision integral®{:> andQ.{-9 for all the binary tistically averaged over all the potentials possible in the col-
collisions between the identicaintm) and different (n-n) lisions, and these average values should be used in calcula-
particles present in the gdsee Refs[1-4], and references tions of the corresponding transport coefficients of the gases.
therein. The transport integrals for a binary collision can be The average transport integrals can be written as
calculated from the deflection function of the collision sys-
tem if the interaction potential and the distribution of the (Q19(T)) =
impact energies of the colliding particles are known. The
classical deflection function of a binary collision with impact
energyE and impact parametds in the field of a central
potentialU(r) is [2]
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where E= 1.g%/2, x and g are the reduced mass and the
relative speed of the particles, respectivelys the distance
between the particles, and, is the distance of the closest
approach of the particles. Subsequently, ltfemoment col-
lision cross section is

Uy

Q<'><g>=2wf:[1—coé xablbds, (@2

and the corresponding transport integrals for collisions in gas
which is not far from local thermal equilibrium at tempera-
ture T, and which is dominated by the binary collisions
driven by the potential(r), are

1 1.4 1.8

kT 12 o )
m) fo e " y*=3QW(g)dy, (3 rlo

Q(IYS)(T):

5 5 FIG. 1. Examples of potentialg); ;(r) occurring in multiple-
where y== ug/2kT. force collisions of two atoms. Only the three lowes$t=(1,2,3)
The transport integral€3) apply to collision systems of repulsive-attractive potentials and the three lowgst1,2,3) repul-
two particles which interact through a single potentigk).  sive potentials are showm: is the zero-potential distance ards

However, in many collision systems common in applica-the well depth of the lowest);_,(r), repulsive-attractive potential.
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where subscripts andj denote the repulsive-attractive and  The transport integrals for collisions driven by thh
repulsive potentials, respectively, and where the first sum opotential(5) at temperaturd are
the right-hand side is taken over ail,j) repulsive-attractive
. . . . 1/2
potentials and the second sum is taken overjal) fepulsive Q9(T)= Tm;(i) | 09% (T) (10)
potentials possible in the binary collision under consider- : "\ 27w g b
ation; p/Zpy is the probability that the collision will be
driven by thekth potential, andp, is the electronic degen- Where
eracy of the diatom representing the binary collision driven

. 2 0
by thekth potential. [ (L% (Txy = j e OFATE o 25431 (D% (% ) g ot
The integralg4) with (1,s)=(1,1), (1,2), (1,3), and(2,2) o (1) T2 ), 9 ¥ (g*)dg*,
allow one to calculatgusing, for example, the Chapman- (11

Enskog transport theorall basic second-order transport co-
efficients in gases not far from local thermal equilibrium.and
The main objective of this work is to develop a general ap-
proach to find analytical estimates for the average collision

|ntegra;||_sff(4), |rt'1(_:ILt|d|ngt_E)he mtultlglei-force %OII'%'FntS) \iv:\here_ The value ofkT in gases at temperatures below 10 000 K
g?ggt.gne;g Itntr?(;acoltenntpglsenslaesrarl'empteSdSI Sechua s$ '2_15 significantly smaller than the well deptlesof most of the
ormatl utthe p 1ais Is very limited. su "Washteraction potentials in the collision systems dominating the
tion is common in many applications of high-temperature

transport properties of gases common in applications. The

T =kT/e . (12)

gases. reduced impact energy* 2 in most such collisions is smaller
than 0.8, and the collisions are the “orbiting” collisions if
Il. THE TRANSPORT INTEGRALS their impact parameters* are close to the corresponding

FOR REPULSIVE-ATTRACTIVE INTERACTIONS “orbiting” impact parametersb® (see below. Numerical

Most of the repulsive-attractive potentials that occur in@nalysis in a broad range gf andb* showed that if such a
the binary collisions under consideration cannot be approxicellision is driven by the potentiab), then there are three
mated with high accuracy in the entire range of interactiorflistinctive regions of the reduced impact paramefer
distance by a simple mathematically convenient function. In (1) b* is close to the orbiting impact parametef b The
addition, some of the potentials can have ¢oemore local  functions[ 1—cosx(g* b*)] and[ 1 cos’ x(g* b*)] oscillate
maximum. Since the fraction of the latter potentials is usu-ery rapidly with average values equal to one and one-half,
ally small, and since the magnitudes of the well depths andespectively. The contribution of the functions to the inte-
the distances at which atom-atom potentials are zero are tigFals(7) in the narrow region wherg* ~bg is much smaller
dominating factors in the dynamics of the binary collisions,than the contribution of the functions in the other regions of
we ignore the potentials with the local maxima and approxib*. Therefore the former contribution is neglected in the
mate the repulsive-attractive potentials by the Lennard-Jongsllowing considerations.

(12,6 potentials (see the discussion in Sec. )VIConse- (2) b* is greater than fj . Whenb* is slightly greater
quently, theith repulsive-attractive potential with well depth than by, the functions [1—cosx(g*,b*)] and [1
€; and the zero-potential distaneg is —co¢ x(g*,b*)] are close to two and one, respectively, and

. they both decrease very rapidly with increasebdf At val-
i ues of b* not much greater thabj , the functions have
r ) ' weak dependence gg and their dependence df is al-
ways almost exponential,
Most of the repulsive-attractive curves in multiple-force col-

lisions of neutral atoms can be approximated, with accuracy 1—cos x(g*,b*)~(3—I)exp{— 20 (b* %/b} 2)— 11}

o\ 12

Ui(r):46i

©)

acceptable in applications, by the potentBi. (13
The cross section&) for a binary collision with impact ) _ )
velocity g and driven by a singleith) potential(5) can be (3) b* is smaller than | . In this case, the maximum
given as[2] value of the integrand 1—cosy(g*,b*)] equals two (at
b*2=0 and ath*?~b*2), and the position of the integrand
Q"(g)=2ma?1{(g*), (6)  minimum (equal to zerpis weakly dependent og* and is
close tob*?/2. In addition, theb*2 dependence of the de-
where rivative of the integrand 1—cosy(g*,b*)] with respect to
b*? is always close to a parabolic function centeredjazvz,
|<X'>*(g*)=f [1—cod x(g*,b*)]b*db*,  (7) 8 b*2| 2
0 1—cosy(g*,b*)~ T (b*z— %) (14)
[0}

g*%=pg?l2e, ®
Analysis of theg* andb* dependences of the integrand

and [1—cog x(g*,b*)] can now be simplified by use of the re-
lationship(14) in conjunction with the fact thatl —cos x]
b*=b/o;. (9) =(1—cosy)[2—(1—cosy)]. As a result, one obtains
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b* 2 b* 4
1-cog X(g*,b*)=16(b—*) —80<b—*)
(o} (o]

b* 6 b* 8
+128<E) —64(E

(19

Using relationship(15) and neglecting small quantities, the

integrals(7) can be written

|SJ*<9*>=.f [1—cosx(g* ,b*)]b*db*
0

by
fo [b*2—(b*2/2)]?b* db*

= b*4
(o]
+2fb2f° exp| — 20 (b*2/b% %) — 1]}b* db*

(o]

23
— b:{

60 (16)

and

17* (%)= f:[l—co§ x(g*,b*)]b* db*

b* 2 %
~l4 fb°[1—5(b*/b;§)2+8(b*/b3)4
o3) Jo
— 4(b* /b%)]b* db*

+ f2b° exp| — 20 (b*2/b% %) — 1]}b* db*
b*

(o]

7
_ 2
— _ br2,

24 @7

We replaced the infinite integration limits in the expressions
(16) and (17) by 2b} for mathematical convenience. How-
ever, the replacement is justified by the fact that the values of

the integrandg 1—cosy(b*)] and [1— cosy?(b*)] for b*
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where I'(x) is the gamma function of argument I'(%)

=1.505,I'(%)=4.012, andl' (%) =14.711.

In a gas not far from local thermal equilibrium at tempera-
ture T, an overwhelming fraction of binary collisions have
impact energiese smaller than RT. In most of the
repulsive-attractive collisions discussed here, value&Tof
are much(or at least significantlysmaller than the collision
potential well depths;, and consequently, the collision re-
duced impact energieg*? and the reduced speed$ are
smaller than one. Thus our assumption that the well depths
of the repulsive-attractive potentials are substantially greater
thankT requires the upper limit of the integral in the expres-
sion (11) be not greater than one. However, taking, as a
mathematical convenience, this limit infinite is justified by
the fact that the contribution of the integrals from the interval
1=<g* =<« is negligible[the values of the integrands in the
expressior(11) are very small wherg* >1].

The expressions and conclusions derived in this section
can also be used for Lennard-Jones interactions where 0.8
<g*?=<1. This is because the dependences of the integrands
[1—cosy] and[1—cos x] on b* andg* are similar to the
corresponding dependences for collisions wigh?<0.8.
The fact that rapid oscillations of the integrands exist when
b*~b?¥ and g*?<0.8 but are absent wheg*2>0.8 has
little impact on the validity of the extension of the approach
of this section on the collisions witg*2>0.8. This is be-
cause even though the amplitude of the oscillations changes
from zero to two(whenl=1) and from zero to onéwhen
I=2), the interval ofb* where it takes place is very
narrow—it is much smaller than the value of the orbiting
impact parameteb} .

Expressions(10), (19), and (20) lead to the following
transport integrals for collisions of particles interacting
through the single-force potentiéB) with €;>kT:

WkT) 12 2( €

1/3
Qfl'l)(Ti’*)zil“(%)(Z o] ﬁ) (@

>2b? are orders of magnitude smaller than the mean values

of the integrands in the interval<Ob* <b} .
In the case of binary collisions driven by the poten(&l

and withg*? less than 0.8, the orbiting impact parameter is

given in the limit of smallg* as

13 1
*2__
by =7 g

Relationshipg11) and(16)—(18) allow one to obtain the

(18)

ak T\ 12 6\ 1®
fw%ﬁhﬁ%%zﬂ ﬂﬁ)- 22

wk 1/2 € 1/3
QAI(TH) = %F(%)(ﬂ) af(ﬁ) , (23

integralsl S'S)* (T*) which are of interest in studies of trans- and

port coefficients in gases whekd is less thane; .
ticular,

In par-
g (T =30 TF 8, 12 (T =5 (T2,
(19
I(gl,3)*(-|—;k): %1"(1?4 T;k *1/3,

&2 (T =8I CEHTF 2, (20

KT 22 S\ 173
MMUH%W%%ZH &Fﬁ. (24)

Taking the above into account and using the first term

of the relationship(4), the averaged collision integrals
(Q{"9(T)) can be written as
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-1 i

<Q‘(I'S)(T)>:(Zml pi) >, ()
KT |12 im -1
— l,s .
= 7f( )( = ) zpl)

im [ @ 1/3
lepi(fi(ﬁ) ,

(29

where, as before, the sums are taken overigll (epulsive-
attractive potentials possible to occur in the collisipn,is

the electronic degeneracy of the diatomic state representing

the collision driven by theth potential, and

fAh=21(8)=1.881, f1?=3T(%)=10.030, (26)
f:9=3T(4)=18.389, f*?=21TI(%)=3.761.
(27)

Expression25) can now be rewritten as

s . KT |12 € 1/3

, _ S ——

Q" (T))=moif (277#) (kT) (S), (28
where

~1ip,

% fel5 27

The termp; /E:mlpi in Eq. (29) is the probability that the

diatomic state representing the collision is in thth

<S>=(ii2ml pi)

(29
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Allen and Longair have suggesté¢fl] the following ap-
proximate rule for the electronic states of most diatomic sys-
tems:

3 .1/2
We il e iN;

~ COoNSst, (33
wheren;, called “group number,” depends on the periodic
group classification of the interacting atortthe particular
rows in the periodic system in which the atoms appead
on the diatom electronic configuration. Using the rule in the
relationship(32) one obtains
Fei _ ﬁ:(mﬂ) " 34
frei1 o1 \Nj g

where the term rf;e; /n;e;)Y* was studied extensively by
Allen and Longair[5], Clark and Stove$6], and Wu and
Yang [7]. They found that the values of the term are very
close to one in almost all electronic configurations of almost
all diatomic molecules. Therefore we assume in what follows
that the ratioo; /o is equal to one for all values of

The potential well depthg; of most of the diatoms are
equal to 3-6 eV. The typical value of the eneiglyof par-
ticles in weakly ionized gases common in applications
ranges from about 0.2 to about 1 eV. Therefore, and because
of the fact that the statistical weights of the higher repulsive-
attractive states of the diatoms representing the collisions
under consideration are usually somewhat higher than the
statistical weights of the lower repulsive-attractive states of
the diatoms, the relationshi@9) can be written as

(S)~1. (35)

repulsive-attractive state, that is, the probability that the statgpsequently, the average transport integf@® for the

interaction potential has the zero potential distangeand
well depthe;. Thus(S is the averagedover all repulsive-
attractive states of the diatgmvalue of the product
(oilo1)?(€il €)™

The force constant for theh Lennard-Jones interaction is

d?U;(r) 72
LJ i i
= = , (30
: dr? oy réi

wherer,; is the distance at the minimum of the potential

well depthe; .
The force constant for motion of the reduced masm
the field of a harmonic potential is
4,u,772w2-
k'=—7—" (31)
whereh is Planck’s constant, and,; is the spectroscopic
constant for the harmonic motion.
Since ki'=k!' whenr—r,;, the expressiong30) and
(312) give

R e\ 12
ﬁ:_evl(_'> , (32)

le1 e \ €1

where the subscript=1 denotes the properties of the lowest

repulsive-attractive potential for the collision system.

repulsive-attractive interactions possible in typical binary
collisions are

(Is)
217

kT
2

1/2 1/3
AL B 36)
2 77,(1,) ( kT) ' (

Ill. THE TRANSPORT INTEGRALS
FOR REPULSIVE INTERACTIONS

<Qi(|’s)(T)> =170

Most of the repulsive potentials occurring in multiforce
collisions cannot be accurately approximated in the entire
range of the interaction distance by a simple function. In
addition, somesmal) fraction of the potentials can be non-
monotonic with respect to. We ignore the nonmonotonic
potentials, and approximate the monotonic ones by some
convenient functions which reliably reproduce the potentials
in the vicinity of r~r, ; whereUj(r, ;)~KkT [it was shown
[2] that the most important region of the repulsive interaction
is whereU;(r~r,;)~kT]. These functions are

Cj
Uj(r%ro,j)zma (37)

wherec; andt; are the parameters of thjéh repulsive po-
tential.

The transport integral€3) for binary collisions driven by
a single {th) repulsive potential37) can be given af8]
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TABLE I. The values of the integrala!"’ given in Eq.(39). IV. THE TRANSPORT INTEGRALS
AVERAGED OVER ALL INTERACTIONS
t A A . -
! ! ! The average transport integral for atom-atom collisions
2 0.398 0.528 where many repulsive as well as repulsive-attractive interac-
3 0.311 0.353 tion potentials are possible can be written as
4 0.298 0.308 (I (9 (Is)
6 0.306 0.283 QM) =(Q"*(T)) +(Q;"7(T)), (45)
8 0.321 0.279 . . .
10 0.333 0.278 or, according to relationship86) and (44), as
12 0.346 0.279 KT \YZ §0.s) [ o\1/3
14 0.356 0.280 <Q("S)(T)>=woz<ﬁ) 2[ > | +4AS'T (s+%)|,
% 0.500 0.333 -
(46)
o " where A{Y=0.311 andA{®=0.353,1('9 are given in ex-
Q('vs)(T): wkT tﬁ ]A(')F[s+2—(2/t')] pressions(26) and (27), and where we denotee=¢; and
] 2u k ] 173 o=o0, as the parameters of the lowest repulsive-attractive
(38 potential possible in the collision system.
where V. THE TRANSPORT INTEGRALS
w FOR RIGID-SPHERE INTERACTIONS
(O _ ) da:
A fo [1-cos x(B))1B;dB;, (39 Transport cross sections for collision of two rigid spheres
and D )
QW=m(R+Ry)%, (47)
= = and
: [ - (2) 2 2
The values of the integrals{" are finite for all values of; QW=7 (RitRy)", (48)

greater than onésee Table)l

The potential parametecs can be obtained from the val- gn( the corresponding transport integrals are
ues of the potentials);(r) at one particular interaction dis-

tance, sayt =r, ;. Then, the constam; in the function(37) 12
reproducing thgth repulsive potential is Q)= 21 (Ri+Rp)?, (49)
ci=kTri | (41) kT 12
I Q<1’2><T>=3(ﬂ) (Ry+Rp)?, (50)

and the transport integr&B8) can be written as

12

KT \¥2,,
Q9= wrgj(m) AT (s+2-21). (42

. 1/2
j Q3(T)= 12(?) (Ri+Rp)?, (5D

Typically, the exponents; of the potential¢37) approxi-
mating the repulsive potentials of binary collisions rat

~T,,; have relatively low(but rarely smaller than twoval- g
ues. Whert; is not large, the productr(,'j/ol)zthItjA]-(l)F(s o012 LFS
+2-2H;) for different values of does not differ signifi- 8008 K
cantly from the value of the product for= 3. Assuming this e RS
value fort;, one obtains for the average value of the product f" 0.04
in the vicinity of r ; T /

: % o0

<0Lr£ tf"lA}'>r(s+2—z/tj)> ~aplT(s+4), (43 0 2000 T(Ke;ooo 10000

FIG. 2. The potential-averaged transport integrals-9(T))

collision of two ground-state nitrogen atoms “$§,,). Curve

LPS gives the results of the detailat initio calculations of Levin,

KT |12 Partridge, and StallcofRef.[10]), curve K gives the results of the

<Q](|,s>(-|-)>: WU%(_) 4Ag)l“(s+ %)_ (44) present w_O(k[Eq. (46)], and curve RS_g_wes the results obtained
27 from the rigid-sphere model of the collision.

whereAY) are given in Table I. Subsequently, the average,
transport integra(42) can be written as
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g 8

o 0.3 2 03 k DS

s LPS £

O O

= 02 K ~ 02 LPS

S S

S o1 RS 8§ o1 RS

s | s | _—

® 0 S 0

A 0 2000 6000 10000 A 0 2000 6000 10000
T(K) T (K)

FIG. 3. The potential-averaged transport integrdls2(T)) FIG. 5. The potential-averaged transport integr@s?2(T))
for collision of two ground-state nitrogen atoms 48§,). The  for collision of two ground-state oxygen atoms¥g). Curve DS
meaning of the symbols is the same as in Fig. 2. gives the results of Dalgarno and Smifef.[11]). The meaning of

the other symbols is the same as in Fig. 4.
mkT) Y2 12 20y
023(T)=2(——| (R;+Ry)? 2 KT Qn (T
( ) 2,U/ ( 1 2) ’ (5 ) Q(Z’Z)(T): g n,s( )’ (53)
27w F(n,s)
where, as beforex is the reduced mass of the colliding Where
spheres. 401+1)
F(n,s)= (54)

m(s+DI[21+1-(-1)']"

VI-RESULTS AND DISCUSSION As can be seen in Figs. 2—-7, the expressi#) gives a

The multiple-force transport integrals have been studiedeasonable first-order approximation to the average transport
for a long time(see Refs[2,9,10, and references thergin integrals (Q(9(T)) for the three collision systemgThe
but only recently have detailedb initio calculations and agreement of the integra(@6) for (l,s) other than(1,1) and
experimental data made it possible to assemble quite cont2,2) with the correspondingb initio results for these sys-
plete and accurate sets of the potentials for multiple-forcéems is similar to that seen in Figs. 24The accuracy of the
collision systems containing ground-state nitrogen and oxyapproximation in the temperature range from 300 to 10 000
gen atoms and ions. Using the potentials, Levin, PartridgeK is not worse than about 15% for all the collisions. Such
and Stallcop made detailed semiclassical calculations of thaccuracy is acceptable in studies of transport coefficients of
average transport integrals for the systems. We compare imany gases which are common in modern applications but
Figs. 2—7 the transport integrald6) [when (,s)=(1,1)  where interaction potentials of sonter all) multiple-force
and (2,2] for N(*S},)-N(*S3,), OCP,)-O(*P,), and collisions are uncertain. One should notice that the rigid-
N(“S3,)-O(3P,) binary collisions with the corresponding SPhere model is an inappropriate representation of the dy-
results of Leviret al. and, in the case of the @p,)-O(3p,) ~ Namics of multiple-force binary collisions. _
collisions, with the results of Dalgarno and Smittl]. We It is difficult to say what the accuracy of the expression
also include in the figures the transport integrals obtained6) is for collisions of atoms other than the nitrogen and
assuming that the colliding atoms are rigid spheres with th@Xygen atoms because no complete and reliable sets of the
collision diameter equal to the zero-potential distancef ~ POtentials are available for interactions of the atopAs:.cu-
the lowest repulsive-attractive potential. The average trand@te potentials for collision of two ground-state hydrogen
port integrals(Q(9(T)) of the present work and the aver- atoms are well known, but the number of possible potentials

. 2 : . . is too small(only one repulsive-attractive and one repulsive
‘Elfoe] g?enfgl(;:teg“aesgrfiﬁoxg:S(T) given in the tables in Ref. potentia) to consider the H-H system for testing the

oy

3 a
2 s 012 LPS
¢ 0.12 K S K
s ~0.08
20,08 LPS S RS
o RS < 0.04 /
< 0.04 / S
<) T 0
> Ay 0 2000 6000 10000
A 0 2000 6000 10000 T (K)

T (K

FIG. 6. The potential-averaged transport integras9(T))
FIG. 4. The potential-averaged transport integrdls>9(T)) for collision of a ground-state nitrogen atom 4%, with a
for collision of two ground-state oxygen atoms®g). The mean-  ground-state oxygen atom €R,). The meaning of the symbols is

ing of the symbols is the same as in Fig. 2. the same as in Fig. 2.
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:9; eterse and o have the same values. Therefore, expression

2 03 (46) should give realistic estimates of the average transport

& LPS integrals for gases dominated by atom-atom collisions at

Q . .

~ 0.2 K temperatures below 2000 K as well as at substantially higher

- temperaturegup to 10 000 K, although it may be somewhat

& 01 RS less accurate in the latter case. The accuracy of the expres-

%; // sion at these high temperatures cannot be verified beyond the

Y 0 comparisons of the formula with thab initio calculations

D 0 2000 6000 10000 shown in Figs. 2—7 since no measurements of the transport
T (K) coefficients in gases at high temperatures are available. How-

ever, one should keep in mind that at temperatures close to
FIG. 7. The potential-averaged transport integid>?(T)) 10000 K, the contribution of collisions involving charged

for collision of a ground-state nitrogen atom 1%,) with a  particles(a product of the gas ionizatipmill be at least as
ground-state oxygen atom &;). The meaning of the symbols is jmnortant for accurate interpretation of the measurements as
the same as in Fig. 2. the contribution of the atom-atom collisions. Analysis of the
impact of the charged particles on transport properties of
é?igh—temperature gases is beyond the scope of this work, but
it would be difficult to make because a general and accurate
the accuracy of the relationshi@6) should not be worse dgscription _of Iow-en_ergy interactions of electrons and ions

with atoms is not available. Also, the approach of the present

than 20% for most multiple-force collisions of neutrals in K based " f the effectshi f
gases at temperatures below 10 000 K. The ratio of the acYO'<, based on SUperposition ot the etfectsomary cofll-

curacy of the expressia36) [an estimate of the contribution S'OTS’ IS not swtablego(rj d_erlvatlo_n of the Lransp;gt mtelgrals
of the repulsive-attractive potentials to the transport integral%or ong-range(many-body interactions such as tree col-

(Q0:9(T))] to the accuracy of the expressiofd) (an esti- '>'oNS: . . .
mate of the contribution of the repulsive potentials to the The transport integrd#6) was derived from classical for-

integral3 may differ from one collision system to another malism of collisional dynamics and the other transport inte-

because the expressions were derived using different avera; rals §hown in Figs. 2_.7 were obtained from semu_:lassmal
ing procedures. It seems, however, that the temperature d rmalism. These formalisms are expected to be quite accu-

pendence of the ratio is such that at temperatures belot te also at temperatures much lower than room temperature.

10 000 K the overall accuracy of the integréd®) is always owever, at temperatures we_II below 50 K quantum-

within the margin(less than about 15p4vhich is acceptable Ene]chamcal corrections to the integrals may be necessary

. X s . . 12].

in studies of collisions driven by poorly understood multiple- i .

force potentials y poorly P Finally, one should add that the approach of this work can
We assumed in the present work the Lennard-Jones p .-ISO be applied to multiple-force binary .C.0||ISIOHS of par-

tentials (5) for the repulsive-attractive atom-atom interac- |9Ies other than_atom@‘or exa”.‘p'e’ a _coII|S|on O.f an atom

tions, with the potential parametessand r; taken from the with a moleculg if the needed interaction potentials for the

Wigner-Witmer curves for the diatoms representing the col-COIIISIOnS are available.

accuracy of the relationshi(@6).] However, judging on the
basis of the comparison shown in Figs. 2—7 and on the fa
that the relationshig46) was derived fronfirst principles
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