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Prediction of the Temperature Dependence of Binary 
Diffusion Coefficients of Gaseous Systems from 
Thermal Diffusion Factors and Diffusion Coefficients 
at 300 K ~ 

P. J. Dunlop,-" ~ and C. M. Bignell -~ 

D a t a  a rc  presented  w h i d l  unable  b i n a r y  dilTusion coefficients a n d  their  concen -  

tu i t ion  dependences  to bc p red ic ted  f rom dill"usion cocl l lc ients  a n d  the rmal  

diffusion factor,,, at 31~0 K. The results  tip to 20Ii(I K a re  c o m p a r e d  with co r rc -  

Sl'iondin 7 valtlcS derived Ik'onl the r of Mason al'ld Murrero. 

KEY ~,~,ORI)S: Chapman Enskog theory: diffusion co~:llicicnt: dilute gases: 
Kihara first approxin lat ion:  thermal cliffusiori Ihctors. 

1. I N T R O D U C T I O N  

Using the basic theory reported by Humphreys and Mason [1] ,  we 
recently derived [2, 3] equations relating the temperature dependence of 
limiting binary difliision coefficients to corresponding limiting thermal dil L 
fusion factors and viscosities. Even though these relations should be valid 
only over the same temperature range used to measure the thermal diffu- 
sion factors, the predicted diffusion coefficients appear to be quite accurate 
fl'om room temperature to 2000 K or higher. The purpose of this paper is 
to report information for predicting difl'usion coefficients for many systems 
studied in this laboratory and, where possible, to compare the results with 
the compilation of Mason and Marrero [4] ,  which represents the results 
of those systems which were reported in the literature tip to 1971. 

This paper should be read in close conjunction with Refs. 2 and 3. 
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2. THEORY 

In previous papers [2, 3] the first Kihara approximation [5] for the 
thermal diffusion factor. :c~.. together with several relationships fi'om the 
Chapman-Enskog theory [5].  were used to deduce the relationship 

In [  0"~'2( T2)/9'L'.( T, )] = [ 1 - (4K2 C,, ) ' ]  In( T_/T, (laJ 

o r  

�9 ~'~'e(T2) = .a,c"~ 2~' T, )[ Te/T , ]" 

where the ~'~'e are limiting coefficients when the mole fraction 
component, x~, is zero and 

a = 2 [  1 _ (4R2C,  ) I] 

(lb) 

of heavy 

(lc) 

In Eq. (lc) C,,, the reciprocal of (a~.),,. the zero-pressure thermal diffusion 
factor when x~ = 0. is assumed to be constant. The quantity R. is the mean 
value of 

K. = - ( $ 2 / Q 2 )  (2a) 

over the temperature range used to measure C.. and 

15 ( M I  - M ~  ) 4MI Jl.12 5 ll4~ Pc_/'I' 2 
- S 2 = ~ M 2 ( M a + M [ _ ) e + ( M I + M 2 I A ~ *  3 ( M I + M e ) R T q 2  (2b) 

and 

0~=10  M~ P ~ ;  ( 8 ) 
- . 2 3 M ~ + f l M ~ +  M,M~A*2 

- -  3 (II ,4t  + a I z j 2  R T I 1 2  - 5 - 
(2c) 

In Eqs. (2b) and (2c) .~2 and /1-,. the viscosity of light component 2, are 
used to replace two reduced collision integrals with experimental quan- 
tities, and A'e, a ratio of other collision integrals, is approximately 1.1 and 
essentially independent of temperature and the form of the interaction 
potential: fl is unity for the Kihara first approximation and close to 1.2 tbr 
the first Chapman-Cowling approximation [5],  M~ and M~ are the molar 
masses, and R is the gas constant. Both the Kihara and the Chapman- 
Cowling first approximations yield identical results when xt =0.  Thus if 
(:~'~-). is constant, Eq.( lb)  may be used to calculate the temperature 
dependence of 2~t'2 from the value at T~ (taken here to be 300 K) and the 
constant "a," which is calculated from experimental quantities. 
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Table I. Values of the Experimental Quantities C,, and ('1 and the Derived Constants 
a and h at 300 K'" ~' 

Re( 
System '.., ~1~2 ( 300 K ) ('~, (-'l o h No.( s. ) 

He Ne 1.094. 2.43. 1.47; 1.68~ 1.70, 13, 14 
Iqe Ar 0.7344 1.45, 2.13~ 1.691 1.701 13. 14 
He Kr 0.635~, 1.18, 2.15~, 1.69 t 1.69o 13. 14 
He Xe 0.542,, 0.97. 2.30~ 1.68, 1.68s 13. 14 

Ne Ar 0.323., 4.27~, 2.65,, 1.72, 1.72.~ 13. 14 
Ne Kr (/.262,, 2.27,, 2.41~ 1.731 1.73~, 13, 14 
Ne Xe 0.221, 1.72- 2.66, 1.73, 1.74, 13, 14 

H, Ne 1.17,. 2.754 0.87,, 1.70~ 1.7l. 15 
D. Ne (I.871, 3.32, 0.814 1.704 1.72, 16 
H, At 0.824. 2.1 I,, 2.284 1.747 1.76~ 15 
D, Ar 0.594, 2.32. 2.34 t 1.75~ 1.77~ 16 
1-1, Kr 0.724,, 1.917 2.79~, 1.763 1.784 15 
D. Kr (I.518, 2.03, 2.755 1.76,, 1.785 16 
l-I. Xe (1.622~ 1.74, 3.13~ 1.77,, i.7% 15 
I), Xe 0.446~ 1.8115 3.161 1.78. 1.794 16 

lie N, 0.706- 1.514 2.37,, 1.69,, 1.714 17 
I-I, N, 0.7844 1.96, 2.28. 1.734 1.754 18 
D, N, 0.579,, 2.355 2.38, 1.74~ 1.76~, 18 
He O,  0.744,, 1.6{}t 2.16, 1.707 1.70,, 19 
H, O~ 0.826, 2.153 2.28,, 1.74., 1.76, 18 
D, O~ 11.606,, 2.521 2.26. 1.75,, 1.77, 18 
He CO 0.702~ 1.994 2.27, 1.71,, 1.715 19 
Iq, CO 0.775. 1.55s 2.35s 1.74, 1.755 20 
H, He 1.597,, 7.70,, 0.00 o 1.68 t 1.74, 21, 22 
He CO,  * 0.603. 1.20. 2.46,, 1.70q~ 1.70s 23. 24 
He N , O  0.593~ 1.19. 2.55. 1.701 1.714 23 
Ne-COS 0.540~ 0.951 2.454 1.66v 1.691 23 
He SI-'~, * 0.3894 (I.68, 2.50. 1.68. 1.68. 24. 25 
Fie C~ Fs * 0.287- 0.50. 2.83, 1.68,~ 1.6% 26. 27 

N, Ne 0.339s I 1.064 7.51, 1.81,, 1.83: 17 
N, At 0.2034 13.47_, -0.750 1.727 1.72, 17 
N, Kr 0.1595 6.553 1.36,, 1.83.~ 1.824 17 
N, Xe 0.131~ 5.24x 2.594 1.85,~ 1.84s 17 

CM 4 Ar 0.2195 9.47~ -0.051 1.82s 1.834 28 
CH4-Kr 0.178~ 7.38~ 2.27~ 1.87~ 1.882 28 
CH4-Xe 0.148 z 7.49. 4.22. 1.91. 1.90s 28 

CO Ne 0.344~, 9.97~ 6.937 1.794 1.82,~ 19 
CO Ar 0.2067 15.417 -0 .10s  1.754 1.774 19 
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Table I. ~ ( ' o n t i n m , d ;  

Rcf. 
System '-," (~'_, 1300 K ) C. ('~ u I) No.( s. ) 

He Ct-I 4 * 0.6gl]x 1.78s 2.91~ 1.71,, 1.73. 29. 30 
He CI-I~I: * 0.611~ 1.284 2.604 1.71,, 1.73. 29,3(i) 
He CI-I:I--, * 0.552. 1.091 2.494 1.70~ 1.71s 29. 30 
He CI-IF, * 0.510, 0.04,, 2.51~ 1.70(, 1.70~ 29. 30 
He CI-'~ * 0.4,qO,, 0.g5~ 2.51, 1.67~ 1.6% 29. 30 

He C,tI , ,  * 0.49qs 1.03a 2.79~ 1.69~ 1.70,) 3. 3[ 
t4e C , H ~ F  * 0.465. 0.90~ 2.69, 1.6% 1.704 3. 31 
He I . I - C : H a I : :  * 0.436~ 0.82~ 2.71~ 1.69, 1.704 3.31 
He I . I . I -C,H~F~ * 0.416,, 0.77, 2.65a 1.69~ 1.69x 3.31 
He I.I.2-C:H~F~ * 0.414~ 0.76.4 2.7(h 1.68,) 1.70, 3, 31 
He- I . I . I . 2 - C .H ,F  4 * 0.396. 0.70, 2.704 1.6g~ 1.69~ 3. 31 
He I , I , 2 . 2 - C : H : F 4  * 0.397. 0.7It 2.66. 1.6g~ 1.69, 3. 31 
He C,HI-5 * 0.370. 0.684 2.654 1.68s 1.69~ 3. 31 
He C_, F,. * (J.365s 0.66. 2.62, 1.69,, 1.69,, 3.3 [ 

"The  values of C,, and ('~ designated with an asterisk correspond to zero pressure: the 
remainder, to a pressure of (I.32 atmosphere. Refer to Rel~. 29 and 31 for the pressure 
dependencies of ( ' .  and C) for the hclium tluoronaetlaane and helitula Iluoroethane systems. 

t> Un i ts  o f  ' /  11)2:C1112 �9 S I 

The analogous relation to Eq. (lb),  for the case when x~ = 1, is 

~ z ( T : )  = 9 ~:( T, )[ T : / T  , ]~' (3a) 

b = 2 [ 1 - [ 4 R , ( C , , + C , ) ]  '] (3bl 

where (C()+ C~) is the reciprocal of (~T)." the zero-pressure thermal diffu- 
sion factor for x~ = 1. The constants C. and C~ are obtained experimentally 
by means of the linear relationship first proposed by Laranjeira [6]  

(~T) I=C, ,+Clx t  

Both C,, and Ct [and hence (a'-).),, and (~!r)(,] are pressure dependent; an 
estimate of their variation with pressure can be obtained from the 
approximate theory of Oost et al. [7] .  The values of C. and C~, designated 
with asterisks in Table I were obtained by extrapolating the experimental 
results to zero pressure; the remaining values correspond to a pressure of 
0.32 atm. 

When x~ = 1, only the first Kihara approximation for ~r gives values 
of C/L~_~ which, when combined with corresponding values of .~(~',, yield 
sensible results for the concentration dependence ~c/i /c/() ,,~12/~, 12); use of the 
Chapman-Cowling first approximation predicts, in disagreement with 
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e x p e r i m e n t ,  tha t  .~t_, dec reases  wi th  increasing c o n c e n t r a t i o n  o f  the heavy  

c o m p o n e n t .  T h u s  Eq. ( l b )  enab les  the t e m p e r a t u r e  d e p e n d e n c e  o f  2/'~_~ to 

be ca l cu l a t ed  f i 'om the  d a t a  in T a b l e  I: the  va lues  o f  a were  ca l cu la t ed  f rom 

Eqs. ( l c ) ,  (2b),  and  (2c) wi th  the aid of  the  v iscos i ty  d a t a  [ 8 - 1 1 ]  for pu re  

c o m p o n e n t s  at 300 K. E q u a t i o n  (3a)  m a y  be used to ca lcu la te  the  t e m -  
( ' , l  , 

p e r a t u r e  d e p e n d e n c e  o f  : / , : .  the  va lues  o f  :: 12(300 K)  m a y  be found  in the 

references  l is ted in the last c o l u m n  in Tab l e  I. 

T a b l e  II lists the p e r c e n t a g e  differences be tween  the va lues  o f  gl~_, 

ca l cu la t ed  f i o m  Eq. ( l b )  and  the  c o r r e s p o n d i n g  va lues  g iven  by the c o m -  

p i l a t ion  o f  M a s o n  and  M a r r e r o  [ 4 ] ,  wh ich  does  no t  c o n t a i n  all the  

sys tems  in T a b l e  I. In  genera l  these differences are  wi th in  the  e r ro r  l imits  

sugges ted  by M a s o n  and  M a r r e r o .  

Table II. Percentage Differences Between the Values of : ," Predicted bv Eq. ( lbl and the 
- 1 2  - 

Corresponding Values from the Compilation of Mason and Marrero [4] 

System 300 K 1000 K 2000 K 

Fie Nc 0.7 
Ite Ar -(I.5 
1tc Kr -0.5 
He Xc -0.7 

Ne Ar 0.0 
Ne Kr 0.2 
Nc Xc 0.5 

II~ Ilc 3.2 
H, Ne 4.4 
kl. Ar - o . 2  
I-1, K r 3 . 4  

14, Xe 4.9 
It, N, 1.5 
FI. O, 3.2 
H, CO -0.5 

He N, -0 .8  
He O, 0.9 
He CO - 1.7 
I l e  C O ,  2.9 
He H ,  3.0 

N, Ne 3.0 
N, Ar 2.9 
N ,  Kw" 3.~ 

N, Xc 3.7 

l-|e SF,, -2.9 
Cl-la He 1.1 
(-'Ha Ar 7.3 

[ - 0 . 1  

(0.0) 
( - 0 , 2  

( - 0 . 2  

--I.6 I2.3) -4.2 
--5.7 111.5 ) --9.9 
--4.5 10.6) --9.6 
--3.1 1(I.5) -8.5 

1.2 [.5 
- -  0 . 5  0.0 

0.6 0.7 

-2.7 -7.9 
1.0 -0.9 

-3.2 -2.7 
2.1 2.7 
9.2 13.5 
1.5 0.6 
5.2 6,2 
1.5 1.6 

-2.0 -4.1 
O.4 0.2 

- 1 .6  - 2.8 
-O.8 -2.4 

0.0 - 3.4 

13.0 18.6 
0 - 1.8 

I 1 .5  [ 7.0 
12.9 18.5 

3.6 7.5 
- 1 .8  - 4 . 2  

12.5 16.0 

I4.2) 
( 0 . 0  I 

tO.O) 
I0.0) 
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The values in parentheses for the first four systems in Table II are the 
percentage differences between the results calculated from the data in 
Table I and the corresponding values calculated from the potential func- 
tions of Keil et al. [ 12] with recent difl'erential scattering cross sections and 
diffusion data. 
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