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ABSTRACT 

A correlation was developed for estimating binary 

gas diffusion coefficients by the reference substance 

method,  in this case using the, viscosity of air and 

subsequently its corresponding temperature. The deriva-

tion wan made b the linear least square analysis of 65 

different binary systems comprising 161 separate data 

points at temperatures ranging from 193°K. to 1200°K. 

At any given temperature only the critical molal volume 

and the molecular weights of the two gases of interest 

are required to calculate the diffusion coefficient. 

The correlation based on the viscosity of air had an 

average error of 7.67%. The correlation using 

temperature had an average error of 6.89%. Also developed were 

equations to predict the diffusion coefficient at any 

temperature when the coefficient is known at 298°K., and 

to predict the coefficient of any system when the coeffi-

cient is known for any other system containing one com-

ponent of the desired pair. 
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PREFACE 

The work reported in thin thesis is concerned with 

the development of a  mathematical correlation for 

estimating binary gas phase diffusion coefficients as n function 

of temperature, molcoular weight, and critical volume. 
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1. /fTRODUCTIOF 

6.t.-212-104A 
The object of thin thosis van to develop n eorrol-

tion rm. the estimation of gas phaeo diffusion coeffi-

cient:lie A number of correlations havo been dnrived by othcat 

workers with various arrangements nf physical pars 

such as molecular veight temperaturov  critical 1?ellArlo v  

and potential energy. For this work the eorrlation o 

D.P. Othmr and H.T. Chen v'an chocen as the bartv. equation 

from which further modifications could be developed. 

B. Scolo 

Available diffusion data from tho literature was used 

to analyto the - basic equation and to examino the effect of 

variable temperature. An eqution of improved reliability 

was sought. The or reported herein was conducta over the 

period from September, 1963 to April 1970. 



2 
-X. THEORY 

Pieceppmn o Diffusion 

Diffusion in e gas in the tramport of mwt7 tcren n 

conesntratS.on gradient, The diffusion coefficient D is 

the number of molecules per s000nd creasing unit area 

under unit cpncontration Gradient. 

Tio prineiples of diffunion are ezprossed most goner 

0.17 end ideally by equations known as Fiekso first and 

second lmmo The first ley?  when applied to a binary 

cyrtam at zIteady state&  ettAtes that the diffusive fluxes 

of the tm components of the mixture aro equal end oppootte 

and tht ttie flu-&' zlt,e diroctly proportional to the con-

centrai;ton gradients in the diroetion of diffusion. 

3icp1y0  that is tho If ion of component A in ebinary 

cyst= coaposod of A and E telcos place because of a con-

enntration gradient of A. The first law expression is 

Mitten belew: 

dx4t m m ..cpAs  
A dr 

wboro j end j
B are the molAr fluxes of components A end B 

in moles pr unit erect per unit time, c is the colar den- 

oity of the aystenl in moies per unit volume, r is the 

binary diffusion coefficient in area per unit tie o  and 

dr /dr o-cprescr,s the change in mole fraction of A along " 

(I) 



(2)  

(3)  

difforentica distance perpendicular to the plane of 

diffusiono 

The brk-,lo e;:oression unod to forniulate more general 

diffusion equations t 

JA = -oDAB r 

atszd 

A = D V
2 

 AB A t 

For an ri,c; d!,mensional diffusion, Equation (3) 

may be reduced to 

Z 

2 

DAB 

This is the so-called Fit second law. 

B, Kiretie T%eory of Dtffus5on 

The ktnotic thoory developments for a pure gas (mole-

cu/es of tho same size, shape, and mass) of the rigid 

sphere model at low density, with negligible effeots of 

tomporaturo, pressure and velocity, have been expressed as 

mean molecular speed = E = 
\I 7r 

OkT 
(5) 



1 
DAB m i A (10) 

br  
1 _ 

vall ry.›111sion frequonr7 Z = 117 nu (6) 

moan free path ,dz, (7) 

mborn k is the Boltzmann constantly m is massy n is mole-

miens pot,  unit vo1uma0  and d is molecular diameter° On 

tho average tho moleouies reaching a plane bad their last 

collision at a distance a from the piano so that 

a = 2/3  fl 

From those relations ono may consider the molar flax 

VA of species A across,  any plane of constant y in both v 
positive and nogativ directions under a concentration 

gradient dx/dy° rain loads to an expression, for specion 

A and A*0  of: 

dx 1 A_ (N N ) Ay A AY Y dy 

Reference is made to Bird, Stewart, and Lightfoot (2), 

paso8 509-510, Var the detailed procedure for arriving at 

namation (9) Of interest berg is that the above equation 

can b a reduced to a form of Fickle law for the i-component 

if for Dul  we uset 

(8)  

(9)  

Bird&  Stewart&  and Lightfoot go further and use the 



ideal gs3 law to reprosont the diffunion coefficient trJ 

follorn: 

1 
• It )11  

Da* t"."'  ( 324  
4 a 

r3A  

(11) 

In the following eections of this dincumion of theory.' it 

till ho noted how Equation (11) rns varioun17 emprozeci by 

th* wort-tore in this field in developing tho batic eorrelt 

time for estimting diffusion coefficients. 

ga...Ecnnanv  TerPerAture Eff001 
Diffunion coofficiente of gamea et latf pro 

.0 incretne Filth tomporature (cpprozimatoly oc T1 A5 AU' 

be ahon in thin work)s  vo inversely nth prom:tro,. end 

there is little eMct fr "composition. In the discunt,  

sion s tt follo on other correlationo the temperntmro 

factor uill zppear as a definite point coT some diffemneft: 

in rzsultno  whereas most work hem been conducted at cstroam 

phoric pressure whoa obtaining ozperimental valuen. Io 

evelo the corrolctiore5 developed tr* gentrnlly orpretned 

Ca a function of DP whom P lo prevsure in atmospherca co 

Olt to obtain rozulte et =rims preeZuro level 

RA.Wotinc_gorrolntAcrl 

Ajt„ita041a1.1„. Tho Arnold correlation for the otlemft 

latton o2 diffumion conztvntn in gerlvm1 cy3t<"r1 at en7 

tompennture is baited on tho theoreticAl inrenticIttionI maft 



1 1 

D Yl  112 

82 

T5/2  

C 

6 
by Stefan (22) NanwIll (15), and Sutherland (23). Arnold 

aompted tho general form of the. equation developed by 

those v.mrorn and studlad that equation with available 

experimontrAl diffusion dntn to arrive at e reliable sot of 

partiaular eensttvats for evaluating the equation. 

The Arnold equation utilines the molecular weichtst  

tho molecular volumoc V at the boiling point, the tempera,  

tnre end the Sutherland constant to calculate the diffusion 

coefficlent (om.jose.) as follows: 

T5/2 0.00837 35.  is M2 

011313 4. v2
1/3
) T C 

(12) 

whore V n on./g.mole at boiling point 
V =I diffusing temperature, *K. 
C 0  Sutherland constant 

To apply the above equation Arnold uses calculated valune 

C froz1 the ezprossion 

C = 1047 r V/4 T- TB, (13) 

whc,:re Ts in the absolute boiling tomporaturo and F is Oxon 

at? a function of the molal volumes at the boiling point. 

Uote thbro ors those creeptions: ezperimental values ro 

need for hydrogen (72) and helium (73). 

Am discussed above), Arnold worUnd from. the general 

sonation 

(10 



1/3 1/3 
2 1 OS) 

7 

The calenlation of a was fim%do  and 1,1 and T values had only 

to be substituted. A mine for the constant 13 had to bo 

devoloptd. ts well a:1 for tW, 22 term which is the molocular 

rolqw parameter, 

ernmaginn for S van 

whidh had V minted to Koppta law (moln.1 voluml is c,,n 

additive function of the atomic volumes of the cc nstituonts 

of a molecule) and V can bo found by the vaiuoi develop ', 

fear,  atomic volumme by 1greann (14), For referenoq it in 

notod that these valmn cro given in Perry's Eandhool; (19)0 

page 533* 

To vvaluett) tin (meta/it B. Arnold invostigated the 

diffusion relationships of Chnpmsn (4) and Jeans (11), 

The valmo of 0,00837 fron, Jeans and was finally chosen 

a5 it gavo the bett.Int azremont bmtween observed D and 

calcultod t Arnold's cquntione 

. , 
2, Cilliland recognined the fundaram.,  

tal equation of Na=uoll (15) end Stefan (22) just ts Arnold 

did. Eowever. Arnold rofIntd the earlier ropronentations 

b7 the we of Suthonland's constant. but Gilliland conelnded 

In his volik that thin Suthorlanl modification was not 

occmcary. 'Mono findings vero based on the evaluation of 

considerablo ozporlmntc11 data cocumulated by Gilliland 



rt 
yen= calculate:1 ronulte. 

To ho conoistont in prrnenting tho orawationl by var.inr, 

rertora crA ortglmally publiehedt  it in appropriate to oten-e 

Mmollta equation blow in the form from which M1L1,74:tni 

mozolt 

AT3IP' V 2*  +  rs  
2 S P 

04) 

where 1.1b9 m molecular weichtn 

P m total prottouro 
S m dietnnco bet=on the center* or the t 

unlike LIDleculet'5 et collinion 
D diffunion coefficient 

m abeciuto temperature 
A a conotant 

Equation (16) •can be compttre to Equation (14) diecneati 

prcrtottoly. Tbo afferonce balm; in Arnoldtn imoorportItlen 
• 

of the Suthorlimd constant tome 

Furthc,r=o, Gilliland contimmi to follow Ammlite 

development by u3ing tho relationnhip th4m mniAl volum of 

A liquid at it norml boiling point 13 provertinnll to Vat 

cubt of the radius of tha colccule, emd thine Gillilani wretot 

BT1/2 
\1  

\ 

& 
Ir2  

( /1 

Z 

VA viv 
( ) 

with ri oomtemt D to b craluntel. &Iffy:mien deAA from 

literaturl (avpnrently over tire hundred mete* roAnts) ttrt 

plettcd on log-los coordinate6 tn ordimtcs vorvel tho tt!tht 



hand momb5r of Equation (17) (without B of courno) m 

absoimms. Alto plotted for comparison wan the Arnold 

typo Eqmtion (12) hnving tho ndded Tia-.TLT term. 

It was found that th,1 plot Tit h Equation (17) grma tts, 

bottr corrAftion. Tho empirical conntant 11,D11 detcr,,,  

nimd to b 0.0043. Gillilandos equation is: 

7 
0.,00.!...:1, T1/2 /''',- + X 

'WI T5 
,- ,t) sn 

-t•  0 / 

(10 

24...„,stmn Tho work of Chen cnd Othmer 

fellowzi the pr;ttcrn of Hireehfolder, Bird ori Spot% (9) 

which hrA itself been on irvontigation of Chtpmm tni Cmliom 

(4). The aypr=ch there difrom vomit:het fronAtnoli vr4 

Ci/lilklad in the use of the' collillon integral -fl. tot' th0.:  

potential energy of attraction botwoen gasem. The collicion 

inteeral wlm ealculmtod by Pirechfeldero  Bird and $pott Cr.. 

function of k T/E (k Boltzmannot•constant; T 

E Lenmard-Jonc3 or coretent) end van= wrro thorn tn •  

a tablo. They aleo developed the rclItttion betwrzn collte.on 

diamt,w4raud molal volume tt the critical pant Va  tt4 

.4006 ic V7 0.5894 Vc° 

Al 6nvelopcd, 

( 9 

.906/ ant m 1.276 Te° (.tr” 



10 
T113 diffttnion coofficIent equlktion of Himohfelderp Btrtp 

cmcl Spotn ,5 n5 follet,!1: 

m°1135"/2  (1-h 4--?-'40 
 A 

Dle 
D 

 
n  12 

(P1) 

Chem tra Othmtvtm investigMion vaLl direlted totfarl 

cimp1ifrftg Eclution (21) by oliminattng t nem of tho 

Collitien 1.11tccasa1 tnbIN Chen (5) rcdunedt ttble t tn 

equation wherc 

1.075 '2 (p2) 

A " o 14xe + (IfT  ... .., k 0.74 1o5 (tOkT  \ 
T)12 (10 lE 01, .,.,.. 

12 

Chen and Othner fnrthnr rin1Wfiel Evgition (22) by tlinn 

Evation (20) to derive 

= f ) 0.453 (701 Te2 
(23) 

and cuTzevont mnipulatiem vIth Et .ion (21) 1cd t 
f. 

0.00105C 0/2(  iii +-k: 
(29 

111,, 1M 2 
• 

.43 
r.  P (0.2947)1 iV 

10
'  h 

4  

r, 
+ v *91 4 [ 

1  i.  

lame A end B war° bt7° doteroinel. 



Analynio of expc-riment6;1 data on log-log 000rdinate 

resultqd in n finel corrolAtion ,AT; fo11c 

T "1 / 1 005 
0.43(-- ......... + 

100 till. lia 
_ 

'T T 92.435 ( vo 
 \0.4 v

el 
 0.4 2 

P Cl  c2  
\10,000 1010) 100 

(25) 

Using E tion (25), Chen and Othmer oAlculmted DipP for 

66 bins qintom3 with en merago Ihbeolutq,, devimtion (AO) 

of 5.64;7% By eompnricon, for the eemo 66 crAmn tho MD 

Ma 16.01% by tho ,-1rno1d methods  16.00% by tho Gillilard 

mothod, vx 6.12% by tho Birnohfolder, Bird, end Spotm 

mothed uming forco cow:tants from vicoonity dnts. 

.4........E.OttmbRAStIlaSkat  The Othmer end Chen come. 

intim in bosed on tho physicta rolationtthip of diffnam 

cooffielente and vieeositien of gn5es. This relntionchip 

171.1 tho use of the °thrum (16) rfcrenon eubstanco plot Ma 

toed to oormilato.diffUsion coefficients in bin'7 zan 

c7aters vith visoosities9  with air being the) reference cube. 

ttance. This rothed hts the desirable qumlity of - ezing n 

rerametery  the viscosity of vir, which has been determinti 

rf:licbly over a wide temperature ranges  et, ono or thr7; 1z 

oiple terms. 

In addition to requiring tho vinoonity of air (iApap.) 



1".1 

At a given diffwAng temperature, this corrnlen nlno 

rtrpirn3 dnta on the critical moleAl vo1umc!7; (17(“cc./17- 

nolo) .rd the molcoulsr r:ightn (M) of th' gorna rbo.tm 

diffnmion coefficient is to be calcanted. ThT,  Othmerft 

Chen corm:lett:on follom: 

D1211 (2.52 X 107)4 2.'4 N1 n2  () 

where Dv diffuzion coeffiqiont, component 1 throuch 
component 2, ora.leoc. 

erd P rapressure, atm. 

An etatcd in the Introduction of this thesist  thfl 

object of this work vans to dcyelop n new corrolWon Imte1 

on the ftAndamant!U structumend corresponding der*votion 

of tho Othmer-Chon equstion. For thin mason, it is nomt‘,  

Wiry' to =mine in detail the procinm Ernflor in which the 

tubject equation wmc devoloptd. 

Vic) initial relationtlhip mod chmlad that the log*,  

arithmft plot of Dle of ery erg:Item versun the viecontt7 

of a gal is linonr, za 

log Di2P " C to o+ C (Clmonnt.). (Z7) 

The Above otttement ma prclionto4 on tho idenl cAn vtrItv. 

tion of tbo diffusion coefficient with tear ture and FrAmft 

mArn (6)$ 



(3') 

.7„? 
7 eTb 

1P  
and the variation of viscosity of gAsom with temporatur 

ju erd (291 

ethnor Chen plotted (1orprithm3) the diffusion weft* 

simito:; of varl.oas systems vomus a temperature te*le 

exvivod from the vincosity of air end obtained a conntant 

elep3 of 2.74 for Equation (27) runh thm.t 

(:30) log D17 .., 2.74 log iu - C 

To evaluate C in Equation (30) the Maximal Eltrttion 16) 

Va5 rewritten to 

(1 \ 

P f 1"12.  
2 

d2 
(31 

tihere 4 equals the dl.stmnce bbtmen centera of unlike 

molecules on Impact. Exprozmingth Lennard-JeneTforeo 

constant ciz 

0.5t94 

subsequontly d is repronentci tn 

6_2m . + (1 6'2 
a  _ _ = 0.

294" or  0.44. 
r3' 2 i 

02 - 

hence , - 

1_ 
 

1.11.  + MA )  
D1214 m f (iv  0.4 4., v 0.4 2 

el 02 
- _ 

(14) 



1l. 
Equation (33) WM) plotted a$ D12r 'versus function H, 

Vo at constant temperature of 290°K. and for a linear 

mpreaentation the rellewins equation wan derivea: 
- .5 
fl_ + .1_° 
011 Ho  

leg (D0)29.50  m 1023 (  + 2,64 v 00 4 4. v  0.4) 2 
01 0,1t_ 

) _ 

(35) 

A value of 000182 op, wan used for the vi soosity of nir 

In Equation (30) and the recultinq equation was oombinod 

with reuatien (15) to riciei: 

1 
(1 1 \Q*5 
41 N2]  
( C 1023 log +7.4 0. 004 41. v 0,4) 2 

02 
(36) 

Combining Equttions (30) and (36) Othmer and Ch On 

arvivad at their f' ,amt form of.  the correlation which was 

protonted above as Equation (36)0  (They indicated,thet 

reoultn from Equatlo (261 for haltu systems should be 

malttplied by 1039 to eormcA Inherent deviations). 

FU4PXAEnhcalat, ar0 GiOdinfia(7)_*, Fullere 

Se: ott.lor2  end W.W.I:tea ('SG) began their correlation 

devsloptinnt with the StoferA-Maxuell hard aphere model and 

tho prfi of wit:Ai-Ave atom .c, volumes first used by 

and Gilliland, Cuing tho Chapman-Erckeg (41 fora. 

3 49kTL (1mA  = AB 2r)  6 A3  
(3?) 



15 
D n binary diffunion cottirficient, cm.2/sec. „AD 
u m total concentrntion of both specieso  m)loculevicc. 
T tompomturc 0K. 
kth Bonn conntantv  ergs". 
NA, 1113 omolocular marlo2  gmra 
0113 to /2 ( 6-A 4-(1-11)0 dinmeterp cm. 

PSO claimA that the above Equation (37) ras limitri 

bi (1) the 3/2 poIrmr tcm7rraturo depimdence ninon observed 

values aro umlaly 1.6 to L mnd by (2) 1ck of cvailabla 

data on the valuon of or-. FS0 comment on tho nsn of tho 
0.4 powor of th(i criticra volumn by Chan e Othmor rnyinz 

It wan oleo c limited eppronch in thtlt ozparimont,1 data 

were not ridely available for critic:a volume3. 

TO foUifreneralised function mo fitte4 to tho 

data by .17SCj 

Cib  (1/MA  + 1/MB)- 
DAB \41 (Z v 2 na3 P [(2-Avi ) 4 B \  

( ) 

C up an arbitrary constant 
preTzuro ctm. 

M, MB rol: WI:rtD ert.m/molo 

A leastsquare enmlyris wms noel, to optinise: 

b m temporaturn power dependence 
r, diffusion ptrcmoters to bo sunned over 
atoms, .up00  end strut:tura fete 

' of tho liffuning spoWlet 
m arbitrary osponent 

Analysis of 153 different binnry eyatems (340 (14:!tr. 

points) resulted in the follaring equation 



3.6 

1.00 x lo-3  71-75  (lim, lir) 
r)"" 

P REAW/3 
I.1`3 j 2  

(39) 

Valuer, for the Mifusion voles mi2 wore developed and ara pone 

L0 to 155 smaller than the LeBas volumes. A comparison 

uam made or tile above Equation (39) with results on the 

cots 340 data points by otbor correlations. FSO  reported 

an avorago per cent error of 43% end other calculated 

error° were 16.6% for Elrochfelder-Bird-Spotz; 10.7% fer 

Othmor..0ben; 604% col? Chnn-Othmer; 6.8% for Gilliland; 

and 809% for Arnold,' It wan in the interest 9f establishing 

further reliability to tho Othmor-Ohen equation than tho 

above 1007% error indicates that this thesis investigation 

wan undertaken* 
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OVESMATIONAL pR0CpURE 

10416%91221EEPePumt411  PWAPiFtq Data 

In ordor to anfklyzo the Othmer-Chen correlation&  it 

ins necessary to firzt obtain a set of experimental data 

mitts uhinh tn compare the calculated results. A literature 

mearah rovealed that Falcro  Sebett1or0  and Giddings (FM) 

(7) compilod gaito an c:ntansive and adequate listing of 

difVu8ien coefficients for 340 reference points., This 

compilation was aclectea as the one from which to choose 

• sufficient points for study It is particularly noteworthy 

that PEG caleulatod the percentage error renulting from the 

Imo of various equations&  including Othmer-Chen&  for the 

total data presentode 

FSG do:o1epe their corrdlation from a nonlinear least 

mares analynis of 153 different binary systems ciiMprising 

the. 340 data points* Rorer&  their approach was with intent 

to directly include a temperature dependence term and thrn-

fern's). t chosen analysis used reference points over a ten-,  

poraturo range from 90°X, to 1200°J The work conducted 

hwein was first directed townrd a constant temperature 

rolr4lon&  with later modification for temperature offoctaa  

Per this reasod, a total of 65 data points wore selected . 

from those presented by F mcb representing a diffeTent 

binary system&  at appre7tImately 292°Ke Actually the tom-

porature range was fro% 236°11. to 311°K 
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Additional data were required to fully imtenttsato the 

relationzhip between diffusion comfficiont and (1) tery2ertt.. 

two and (2) vieconity of air. 71/Ise studien will be di&. 

owned in dotall in a later eection. In thin case, data 

Coro needed on the cam nyrten over a range of tamperatarna. 

Of the eysteme conitidered, tll but one rnro takon from the 

crItom G7eups available in PSG. The enception, which was 

found to be most reliable, was CO2-N2 data fran Pckuran ami 

Perron (18). 

D. .UPthaJtLallattiqB 
All calculations were done by hnnd wilwgfivlc 

logarithma, with the eznietanco of a dvnk enlonlator. 

Lineor Le.cant uarc analynis of the resmlting c7prcn- 
. 

910MS vas accompliehci by computer. 

r; Patcr7Itn^qqn_2fASEMITZtErn Dm:mar:10111P 

D'IcfuIP!)1:1  vozffleAMPI 01P fLIIEWASIEL2LIZEMVAturN 
einco tho Othmor.Chen correlation taket em itc principle 

rolationship thnt'thore ie a dictinct connection bawl= 

diffusion coefficient and visceoityc  it appropriate that 

initial investigation b on the mtdo of devolopmlnt of thie 

ralatior.* Am diacuseed previcualy, Othmtr and Chen ucel th 

rtferenco substanco technique to orprese the effect of tempt?. 

stun) basis a oorrearonding viecoeit7 of eir at c cArcn 

tmperaturs. 
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Fullory  Sehettler, tend Giddings (7) derived a to 

poop r dependence of 1.75. In other co s, a plot or 

diffumion ceolacifmt (y) vcrous abfLolvite tenparnturn (n) 

an 4 locnrIthmie grnph SAP it cortnin limftr slop. Chen 

etd Othmlm,  (6) foci this slope to ho 1.61. To yaricItten 

of diffmlion coefficient tilth tempo:v=11m wc41 nholln C3 

Vcuation (20), reptated below: 

Dlep aTb (20) 

To the ek thin pomr deptndenceo ,in  different metms,  

vmre ehinen on the t!'„ois of sufficient availeblo pintn to 

mntm a vnlid representntion of tho elope. Theae cyctcms end 

thy D P (em.
2 atm./aeo.) and T(°K.) data are pronentei /2 

Tablo V of the Appondir, pages 51.-63. Lennt ecimnzl evN1 

libie of cal e$17:-Iten5 (10 DP vS. leg Ps!) indiontei quite 

thet too feu clan points rem we tn the ertnlyzain 

02 tll but t1To ustems. Table V also presents results. 

Thble V A. 0  page 540  shorinp CO .N ran felt to bo rest 2 2' 
representativo of the DP.T effect. A olopo of 1.79 rts calo. 

Omitted and in plotted' in Figure I 0  ptgo 20* Table I 1. 

ptago 21 Outinr104 OA results. 

p. imgmpion aoqg,rkgynvLEL,s.9ved ria ttl v1t7 
amity fit'jAca ,The nc:r.t rtep co s to oblorve thou  caml 

dtta aniltrly in tor= el the viscosity of eir. Values 

for the vi000nity of air were obtained from the Ittermttlectl 

Critical Tablea (10) for the rtnge 273°K. 773°E. Facet 



FIGURE I  

DP vs. T FOR CO2-N2 SYSTEM 
20 



TABIC.,LX 

piti7118/914 COMFICIEHTS 40.  A FUNCTION OF TplERATIritq 

St7Fitk'n, p.tei PO4141 Pft: P-te2al 

CO2,0112 14 1.79 

IlicteAr 1 1.7 

112'172 3..65 

tia.00.;) 3,0 1.63 

Ne-Ar 6 L61 

An6Kr 7 1.90 
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outside this range mre efaculated from Suthorlandes formul.n 

273+C  T  ) 1'5 

'440 T C (, 273 
(60) 

as given in Perry (19), 'whore 

P = temperture, 0K. 
ric viscosity of atr at T cp. 

viscosity of air nt Ph3°K. ".0171 cp. 
C constant 11):. for air 

The six cysteme and the Die endiaair  data are pro-

aented in T4b1oVI of the Appendix, page 64-73. A indiewtei 

previously when chocking temperature depender.me, not al 

erste= gave satisfactory msults due to limited data. Notr,. 

over, the 002-N2 system es expected indicated t emeoth cor. 

relation for tho DP-,,,u elope rhieh ram 2.60. Lonnt mnr1 

errayal4; renults (log DP V3. logza ) are shot in Ammlin, 

Table VI. Ttblo II, page 23, summarises ell results. 

Figure IT, page 24, i!1 a leg plot of the DP'./ datn 

for the CO2412 system. 

Recall that Othmor and Chen obtained a slop," of 2e71. for 

the DP7/4 date, ao was cho un in Equation (30). IIA,F3 thr 

results discussed abovo it tom decided to. redify Ecv,4Ation (30) 

to reflect the now elope as follorm: 

(a) log DIP u. 2.6 logic/ C 



TABLE II 

DIFFUSION COEFFIcIpa.p AS COMMA= WITH THE 

VISCOS:I:TY OF A14, 

rAVIEM LLMTagn t7r, S/opa: log DP/lop;)4 eP? 

C°2.412 14 2.60 

15 2.6 

V -V 12 2.25 

Hc.0O2 10 2.27 

N14:Ar 2.10 

Ar-Kr 7 .2.55 

11 2.60 
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FIGURE II  

DP vs.A4 AIR FOR CO2-N2 SYSTEM 



D. Arialps:!J3 of 01-,hr_____ASho.s-1.  Coreeleition 

A.4....acamman f rs, of m01441..-- 

Recml1 from tho Othr=rixehen oormantions  &patio-a 

(254 thtt the tarn contnintr3 tho molecular yacht.," rni 

oritisal voluEso wes written ta follorm: 

25 

0.5 
11. 

D12P = f 
ir 00k 

2  
0.4) 2 

cc  
(4n) 

It w.!3 decided that a chee'll should bo mhdo on tho 

ratability of usinc tho 0.5 power an the exponent of tho‘ 

inverse moleculsr weight term. Sixty five datn mint tram 

the list in the Fuller*  Schettlero  end Giddinza paper wera 

Aected (no discussed in Section imA.,') for =tint!, the 

entlycsto. To cvaluttc! the fnnetion in BcprItien (42) r 

valwo for Ve  mrc obtained from Bird nd Lichtv; 

foot (2), page 746, till it rns notei thnt thee ln turn kti 

been ottnined frpm Kcbo cri Lynn (13)=,  Thcce V;trranel 

ropmornt caculated number:3 RTr/r(. Tale V er 

tho Appmdix, page 74t  pronfIntfil the Irckm111 loFtavithni0: 

winta or thn function cif! colculttois, along with th 

valueso  versus thn corrce7emlin% DP. The inverco 

racht torm was innertcl with three different vtlnem fbr 

rover faotbr; 04a  05 tn4 0.6. 
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Let rquere anR4Tain of Equation (42) indicated 

thero w Intl fference in th edever of a curve 

fit gutting elthor 0.5 or 0.6 omonmntno  aa ohmln in Ttb10 IXII  

mo 270. Tho row!tnt error tnA 10.35 end 10039n  rotpc*ft. 

•tive176  tnd abrolute ranzn of per cent error tf:',3 cemptr.t! 

016 na4 rointa rerrua 5603. Th . 0.4 imvr ve.3 omon to. 

ba undtrable with c 12.60 por cont (=Imre t 

•clight analycim eirp fevoring tho 0.5 ra,Irr en4 it, rc11,0 

ability in enrlter corrolctiern it rT:11 bAlevei epprorr,140 

etc that ths 0.5 orponent bo retolned tn thin tracntieftttom. 

Thcba rocultn cro tbulated in tho Arpendin; Tablo Ma

•

o  

pogo 83, 

2 WI ing e- onentuaLREXttag..W.AMTLIEnls. Jtftw 
establinhing tho Q. 5 rover en too ozronent o tho Invorm1:4' 

colocular woicht tera en cnnlyzin mmdo to flg trio 
;„. 

orponont of the critic arno tern. TI Othmcv-Chen 

eorrolction utod the prczentation of (Ircl()*4 Ve,(40 130' 

Ewell *tom Equation (/2) Ott Arnold.uced Volt, en 414* 

Ctilaeni in Equption117). On th bnmits tho dcniffionmt, 

=de to compare Vo° with ming Evmtion (0). 

Ono, again the .65 clan points from ruller VehMtltri 

tni Giddinge were used folr the analyzi% provlolzar utf4 

In exam:law: the ezronont or tho coleculJ,r trotcht termi4u:t 

the pratzeding fraction. Hortvoro  them vtl ono dtrfliftlii 

th't of Eciptlon (I,2) in thin. come canytnPtCS.. 
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tbat in Section III. D.l, The values for Ire  used previously 

were a3.l based on the UToPo  calculation. This is satis-

factory for mont cempoundso  but there tends to be error intro-

duced if! - this approneh is used for the light elements U2 

and Ile .cad for the noble capon Feo  Ar, Kro  Xo. The aoro 

exact procedure for these elements is to use the collision 

diameter 6 to calculate Ve by the following onpirleal 

relation from Bird, Stewart, and Lightfoot, page 22: 

whcire teis in AnGstrom units for which values are given 

th Birdo  Stowarto  and tightfnot on page 7144e The Equation 

(43) as noted is primarily valid only for the elements 

mentioned above0  but mistakenly the Equation (42) correla-

tion was analyned for nil 6 points with the Equation (43) 

substitution for all Va. Table IX of the Appendilv; page 920  

presents the data usede 

Le!r,st square analysis revealed that the 004 exponent 

for Ve  vas the better'eboico basis an average per cent error 

of llerLas compared to 11.8% error for the 0033 ezponont. 

Granted this is a very minor difference in error' and could 

rightfully be neglootod and the two cases considered equiv-

alent* 10 ever, the 004. exponent situation*had 3204"; of all 

prAnte with loss than 5% error compared to 27.7% for the 

0.33 expenent situation,. It was decided that the 004 
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e=pon4,5nt would be retained for its slightly better 1,111-

nbi/it7 end on the strength of its demonstrated aec,Iracy 

5A1 th Othmar-Ohon correlation* Table X of the Appendinp 

paso 9  elves the orror rosults for this analysis of 

critical volume exponent* 

4 Final porEelation selection, Ear As the findings 

discuseod in the above Sentions III.D10 4nd 20 the corro-

ation function wan established an originally presented 

in Ecxatton (42)0  repoated boloil for convonionco: 

ztli
, 

 

Di2 P f 0 04 v 0e014. r 0
1 

(42) 

It vac montioned in thn o=p1fInation of the oritiatl 

volt= emponont selection thfi.t. the or2pirical correlation 

cf Eqnntion (43) should be shod for Ve  for certain olemints, 

in conjunoton with the ZETo/ro r7f Vo  for the 

tors ':In compounds* To ascertain the precision of Equation 

(ka) In the proper manner*  the appropriate Ve  values x.Fro 

ueod to  cfr,1'6 a fincl check of the eorrelation* Table la 

of the Appond174 rpzo 105, presents the Vo  values nnd th, 

lea; value of the function in Equation (42). with the calcu 

lated DP and per cent error* 

nlopo of 1G096 was observed from the least square 
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2.n74 
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Qnalyols with an intercept of 2.274 such that the follo 

ing onpreesion could be written: 

0.5 
t 12)

\  

103013)298o1.= 1.096 log (11c1064 + v020
.4) 2 

Recall the above equation is considered valid only around 

2980K. since this was the temperature reference of the 

Selected data (coa Section III.A.t  pftge 17). 

Tho lottst square twaysis resulted in zn 6.27;',  error 

for this final corrclAtion on the total 65 klintm that 117-,7,n 

been a:maimed throughout this work. Of the ealculAted 

values;  67.7 had io than. 5*;; error. Thus the DP correlft. 

tion was considered sufficiently firo to proceed to develop 
. 

the complete equation for calculation of bins ry diffusion 

coefficients. 



IV, DEApATI04_OF FORMAL DIFFUSION COEFFICIENT LskATIoN 

A. MathomaticalAsmiza/12a_aLkuation Dazed on 

positv of Air 

It was determined in Section III that Equation (44) 

was representative of the desired relationship at 298°F.: 

31 

(1 1.1 0.5 
M1 ri2)  

log (DP)298= 1,096 log -- 0 4 0• A 9'  4 2° 274 

02 
 

ci 

(44) 

The intent was then to expand Equation (44) to encompass 

all tempErature situations, Equation (41) developed 

• earlier o  was next used in this rezard: 

log DP ga 2.6 log /4 C 

Using a value of 0'.0182 op. for the viscosity of air at 

29°K. Souation (41) becomes: 
9.TA. 

log (DP)298 2.6 log (.0182) C (45) 

substitution of Equation (44) into Equation (45) gives: 

[ 

• Hi- +-0°*5 
C el,,  1.096 log 4-- /v 03:k  

°I 

2.274 -2.6 1og(.0182 

4"  v°2 )

) 

(46) 

, 

\  Mi 1:2v 04) 2 + .6.794 

(L 4. 1 1)Q 
C = 1.096 log (v0.4 

ci C 

r.. 

(47) 
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(48) 

Equation (41) and Equation (47) are then combined to 

yield: 
_. 

/It_ + 1 
.5 

Al '«,2i 
log DP =gm. 2.6 lof3/“ + 1.096  0.4 + v 0.4\2 + 6.794 

ci c2 ) _ 
_ 

y.5 1.096 /1 1 
6 2.6 1'11 142 DP (6.22 x 10) /4 0.4 v 0.4) 2 (49) 

ci c2 

IfilCre ea is the viscosity of air in centipoises at the 

diffusing temperature. Equation (49) can be considered 

a final form if one wishes to cork with /ti , values. a.Lr 

The above equation was used to calculate DP for 161 

points representing the 65 separate binary systems that 

mro Uacd in the development. Table XII, Appendix,- page 

108 presents the values used to make these calculations 

and the resulting 1W obtained, along with the per cent 

error. Error was 7.6774. In alit  72.0% of the point h=1 

less that 10% error. 

B. ComnariggapLAgrivod Vincepity-Type Equation with 

noprotkc DeTelopment 

The obove derivation of Equation (49) was based on 

the referonco substance plot, i.e. it was keyed to the 

DP.,,t< correlation from whence was developed the 2.6 

elTenentfor the viscosity of air (section III.C.2.). 
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However, there is a theoretical development that follows 

from Hirschfelder, Bird, and Spots, Equation (21) in 

Section II.D.3. The collision integral SID can be shown 

as a function of kT/( . This function can be plotted 

and shown to exhibit a characteristic curve which contains 

two distinct regions marked by an obvious change in slope. 

(See Othmer and Chen for an illustration of this graph.) 

The correlation between IL (which in turn can be shown 

as a function of DP) and kT/E is such that the follow-

ing relationships can be shown to exist: 

For kT/s < 2.5 log DP .., 2.0 log + C1 (50) 

For kT/E > 2.5 log DP 2.5 log + C2 (51) 

The development of the above can be followed in detail in 

Other and Chen. 

The important point of interest here is that4quation 

(49) developed in this thesis differs from the above kT/ 

relationships in that only one exponent 2.6 suffices for 

all energy levels, a form of the type: 

( 41) log DP .., 2.6 log /4 C 

If was thought that some refinement of Equation (49) 

could be attained if the exponents 2.0 or 2.5 were sub. 

stituted for 246 for the appropriate conditions where the 

system of interest had a IzT/6 value below or above 2.5. 

Recall Equation (44) could be used to calculate 

log (DP)298. Substitution of Equation (44) into Equation (50) 
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0.5 
1 

(52) 

(1 4 1 

Ci = 1.096 log 141 . 
 1'12) + 2.274 - 2.0 log (x1810 

Ili•4 + V 04,4 2 
el. c2 ) 

Or 4 il°65 

2'  

/ 
C1 14' 1.096 log 1

-4 0.4 2 5.754 (53) 
v 0 i.. v )  

k ci c2 i 

Equation (50) and Equation (53) combine 45: 

0.5 — ('4) 
+ )  

Ai  g2/  log DP 2.0 log."4 4 1.096 (I,  0. v 0e4 2 4.  5.754 

01 c2 

- 1.096 

DP (5.68 105) 2.0 \ V
32 

4( 14 0.4 4  v 0.4 1 2 (55) 
c2 j 

when kTiE. < 2.5. 

The above procedure was repeated tor the relationship 

shown in Equation (51). 

( 
. ,, 

1 + 1 \() 5  (56) 
01 IF ) 

C = % 1.096 log .) 2 
2 .4  0.10 2 + 6.624 

ci c2 
_ ., 

gives: 
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Then from ZquLtion (51): 

a 11p
,

5 

1.096 

I. J.L 2
.
5 1.41"1 142 

(57) Dp ... (4.20 x 10)ik 47 0.4 _p. IT 0.4) 2 
(w, ci 4 

when kT/f :--2.5. 

The above Equations (55) and (57) were used to cal-

culate DP for the same 161 points used to check Equation. 

(49). Table XIII, Appendix, pager & presents the results. 

Ho improVement cv,.r Equation (49) could be shown. The 

error was 7.77% compared with 7.67% by Equation (49). As 

vas expeCted there =gas little differene. in the results 

from Eqnations (49) and (57). since the similar 2.6 and 

2.5 e=penants weraHAnvolred.- However, Equation (49) was 

better than Equation (55) with'59 points being applicablel 

for 4T/E < 2.50 Equation (49) for those points had an 

error of 7044% whereas the Equation (55) error was 7.75%. 

It was concluded that the derivations of the thcorotical 

from the actual phenomena are accounted for by the larger 

elrponent in the derived correlation© 

p. ,Deyelopment of Reference Plot for Diffusion coeffilign 
amprpturn Rolvtion:  

To simplify the obtaininE of a diffusion coefficient 

et a given temperature when the coefficient is known at 

298°E., a graphical presentation was developed. A total of 
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136 data points representing 33 different binary 41,7L-tems 

was selected from the Fuller, Schettler, and Giddings 

compilation. For each point fiT and DP/DP298 were 

calculated. These data are presented in appendix, Table 

XIX, page 127. Then a least square analysis watz made of 

log DP/DP298 versus log T/T298. The resulting slope) was 

1.70. Figure III, page 37,provides a plot of this slop© 

for ready reference in obtelning any yr  from evn'tiablo 

rD and T/T290   values. Calculations are reported in the 29C  
Appendix, page 13t, on how the plot was drawn. The mathe-

matical exprecnion for this plot i* shown below as Equatio 

(5g). 

DerivatIon of Final Eouation Based on Temperature  

Relation 

Proceeding with the developed temperature relation, 

it can be written that: 

DP 
log --- 1.70 log-- - 0.0048 

P298 298  

= 1.7 log .T-g 4. log C 

whore to C = 
end C 0-989 

Thus: 

DP (DP)2s8 (2r9c8
1.7 

(o.989) 

(58) 

( 59 ) 

( 60 ) 
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FIGURE III  

DIFFUSION COEFFICIENT - TEMPERATURE RELATION 

DP/DP298 vs. T/T298 
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m \1.7 

log DP let (DP298) leg (474) + log (.989) (61) 

4nd rec&llin,7 thrlt: 

5 (44) 

ts M12/ 
lot; DP298 = 1.096 log ( 0.4 0.4 \ ,2 + 2.274 

cl " 02 

Equations (61) and (44) can be combined az: 

0.5 

ee ) 
( tog ' 1.096 log 1 h2 
Ir e  0.4 v ().4) 2 2.274 log46:

Lif/ 

\ 1 c2 / 
0.-7c.p/ 

1 lOr (,S89) (62) 

1- 
0.5 1,096 (63) 

( 1.7 
DP = / U.4 0.4 2 (187.9) \298) (.989) 

,11
°1 c2

) 1 

Which finally yields the following equation as the formal 

expression for calculating any DP at any temperature: 

+ 1 "5 
1.096 

.22)"7 
 

LP = (186) (:0  28 0.4 
02
"4 \ 2 

cl 

(64) 

Table U. cippendix. page 135 presents the values usei 

in evaluating Equation (64). showing the calculated DP And 

the per cent error from the experimental data of 161 points. 

Error was 6.89% and 70.8% of the points ha( lose than 2.(* error. 



1211....a1ticoPenont  RolationaW 

An expression wae dolroloped to relate the diffusion 

caofriclontn of ti-To nyntma at the some teftperAture, An 

expression wan desired or the typo 
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s  
1e096 

DP AB =   AB  
1.096 DPAC 

(4 whero c< — (41 
(1
.1e 

v 0.4) 2 
c1/2  

/ 

(65) 

A total of 43 multicomponont combinations ot298°Ka wero 

ahooen from the 65 ystem in the general development 

or MI DP Equation (49)0 Memo 43 combinations aro tthuwn 

in Tablo XVI of the Appendix:  page 1143.  Combinationa of thr) 

type Hp-Mat 112-Ar:  end N2-004.: E2-nC0110 wero ezomined:  

that is AB t AO. 

1.096 le 096 
Per ow% combination DP/DP and c 

more calau/ated. Then a leant square analysis vao made of 

log DP/Dr and loG . c4 1.896/ c< 16096. The glop° 

round =3 1.02. Flux° IV:  F--T,0 40:  ia a plot of thin 

rolationohip. Colmlatione ar rcTor,tod ID the Appendix:  

pacn 146 on the graph prnsentation. Then 

DP 
1 09r \ lot:  = 1002 log 01 - 00045 

DPAC cx .0 
AB ) 
196 Au 

(66) 
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FIGURE IV  

MULTICOMPONENT RELATIONSHIP 
1.096, 1.096 

DP
AB
/DPAC vs.c4.AB / cK 

AC 

(where 04. is MW, Ve  function) 



1.1 

i( 104\ 
+ loa c = 1.02 log °*,,tB , 

1  .076 , 
/ 

ht' 1O( loG c - -40045 
ma a n 0,99 

nus3 

DPAB 
f___J  16096 1,02 
LT AB (0.991 

DPAC 
c;  10096 

(67)  

(68)  

Ort4mil per cont crimp for thin rei&tinsbiP MB 864%6 

From Equation (68) ono my calculate DP, if DP - Ac 
18 Unnun at 296°116 Then if DPiet8 ie dealred at ccue other 

tomporatare one &tr uso 2quation (60) uhoro DPA7)  ie a 

fUnction o DPAE273  Of courco thls procedura can b 

obovtonod to the urn of Evatfon (64) vhero any DP can 

b aaleulatod dIroctly, 



V, RESULTS 

In cummaryt  tea o following aignificant results wero 

obtaine4 from the investigation reported hereint 

(1) a imrrolatIon of diffusion coefficient with the 

9 viscosIti of airs  

4.2 

- 
- 0 

.4.
3
._ 

 1 005 10096 
Al  K2 

4 DP wict
2.6

(6022 IT 10-, 1 
xi, 0 .54 + ii. o e.)!, :' 

 
,   

(49) 

(2) a roforenco plot for diffueion eoafficl_ent voraua 

tomptbraturat  plotted aa 

DPM293 T/T290 
, where) DP/b?293 = (0939)(T/T290)
1.7 

(40) 

(3) a rez'7eronee plot for mnitScomponent relationships 

293°K0 whore 

/c" 
100% \ 1.02 

i 4  A17.1 . 
DPABAsPAC m *1.096 (0.99) 

oe. ' , 
AC 

(60) 

and 

(4) atrOquation for ealculating difrualon. cmoCUctiont 

btu:lie a oorgelation it tomp3raturol 
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O. 1.0% _ 

T )1.7 klii 11' T1,'2  pp = 186(298 (ir 0.4 ÷ 0.4) 2 
cis, c2 ) 1 

it side by side comparison of the result of this work, 

Equation (64),- and the PSG correlation was made on a 

arbitrarily chosen point, N2-0O2 at 300°K. Detailed calc1A.. 

lations aro shown in &ppendix, page 155. For this ezample 

the following results were calculated: 

04164. DPthis work 
04169 

DPobs . 0.173 

It is apparent thnt the difference in the two methods io 

chiefly in the use of critical volume versus the difftizion 

parameters of Fuller, Sehettler, and Giddings. 
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VI. COMPARISON OF RESULTING CORRELATION WITH 

EXPERIWENTAL DATA iND OTHER CORRELATIONS 

The final equations developed are presented as Equation 

(64) and Equation (49). The value of W ma calculated for 

161 points fron the 65 systems used in the development and 

compared with experimental data. Results by the Othmctr-

Chen correlation, and by the Fl]G method were also compared 

with experimental data. In checking the precision of th,17: 

Othmer-Chon and FZ:=G methods, the per cent error for 111 the 

points of interest was taken directly from t0 F61.1 work, 

then summed and averaged to obtain the average per cent 

error. The following comparison was made: 

Kethod  

PSG 3.63 

This work, Eq. (64) 6.89 

This work, Eq. (49) 7.67 

(. hmer-Chen 9.34 

It is noted that the FSG method is apparently the 

most accurate cf the four (basis the data points analyzTd 

hero), whereas the eqmitIons developed in this thesis 

appear to be a slight improvement over the Othmer-Chen 

equation. 4 complete listing point by point showing per 

cent error for F3G, Equation (64)e and Othmer-Chen i$ 

proseuted in the Appendix, Table XVII, page 147. 
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Table IV 0  page 46 presents a summary of the results 

by the above nethods by comparing absolute average per cent 

orrors for the p,irticular systems examined. 



TOLE IV 

COMPARISON OF DIFFUSION COEFFICIENTS 

HY THIS  WORK, FSG.L  AND  OTMER-CHEN 

46 

flir 

H2 
He 

N2 

02 
cut  
Hydrocarbon 

AU Points 

No. of 
Exptl. Pte. Absolute Average citra Error  

This  Work FSG Othwar-Chen Eum Eq.(64)  --- 
16 6.78 6.36 4.60 4.94 

37 9.23 5.56 4.10 19.91 

4d 6.35 6.86 3.69 6.77 

48 6.31 6.95 3.47 9.07 

5 6.63 6.78 2.35 3.4e 
31 8.4e 7.tu 3.17 4.61 

53 6..79 6.72 4.15 10.72 

161 7.67 6.89 3.63 9.34 

System Type 
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VII. CONCLUSIOES  

The correlation developed herein as a function of 

tomperature ia considered satisfactorily reliable for use 

in estimatinj, diffusion coefficients within the accuracy of 

experimental data and with reasonable agreement with exist-

ing correlations. Overall this development i a slight 

improvement of the Othmer-Chon correlation, but not suffi-

ciently so to disclaim the validity of th,,,t relationship. 

Then compared with the Cthmer-Chen relation and the 

Fuller, Schettler, and Giddings relation, this work was 

found to have a 6.89% error for the 161 experimental 

points onamined, 'hero Cthmer-Chen was 9.34 and PSG was 

3.633. In Eeneral-thia only indicstc;, primarily the rela-

tive accuracy of the throe methods as applied to the elected 

group of data. However, it ia concluded that directionally 

the same relative accuracy would be exhibited within any 

given random selection of data involving more than several 

separate gas systems. 

Thy PSG correlation would appear most accurate for all 

the separate systems studied, however, the correlation from' 

this work compares favorably for systems where one component 

is air or hydrogen. This work has an improved precision 

over the Othmar-Chen method for hydrogen systems, hydro-

cPrbon systems, and nitrog©n systems. 
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Having oonaluded that thin or Is a raliable eatimat- 

ins pr000duro, it alne hrs several favorable advantasos °rev 

other mothedsft Nanely th um o of tha temperature term 

=Um thAn the visco3ity o e.ir eroatly ,simplifion this 

correlation and oliminatn tbo mod for too additional 

visoonit7 data in ordor to apply thin mothodo 
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VIII. RECONMENPATIONS 

It is recommended thnt the correlation developed 

'zeroing  based on the absolute temperature, be utilized 

tor the estimation of binary gas diffusion coefficients 

in the absence, of experimental data. However, some caution 

emuld be exercised if thin correlation is applied to 

systems not considered in the development as here reported, 

although it is believed the overall average error would 

be close to the 6.89% shown by this work. 

Recommended further ivveatition :Might' inc o the 

gollowinE 

(1) devolopment of a separate correlation for use with 

systems containing a hydrocarbon component, and 

(2) additional refinement of this correl,tion by tes 

with different systems and a greater number of 

experimental diffu6ion coefficient values. 



IX. .APPENDIX 
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IND17 TO APPENDIX 

Subiest 

Calvulation for DP/114'298 vs. T/T295 Plot 

0..
e 1.096 1.096 
AB / °'/"'AO 

Compare Calculations for DP of 112-0O2 at 300°M. 

Using this Vorkgs Correlation Eq0(64) versus 

F Corrulation 

Cfticulation for DP /DP4t4 vs. 

Plot 146 

155 
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TABLE V.A.  

Temperature Du_endence Studien 

Temperature Function 

CO2.N2 

pv>tra 

T GI. log....L. DP cm.2ntm.Lnpo. leal1L. 
273 2.4362 0.144 -0.8416 

288 2.4594 0.158 .00. e09 

293 2.4669 0.160 -007959 

295 2.4698 0.159 .0.7986 

29 2.4722 0.167 .0.7773 

300 2.4771 0.17 0.7696 

400 2.6021 0.30 .0.5229 

500 2.6990 0.44 4~0.3566 

600 2.7782 0.61 40.2147 

700 2.8451 0.79 .'0.1024 

800 2.9031 0.99 .0.0044 

900 2.954. 1.21 0.0828 

1000  3.0000 1.45 0.1614 

/100 30414 1.70 0.2305 

alopc: 1og DP/log T 1.79 
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TABLE V.A.__ASONTID)  

Results  

DP. cal°. % Error 

0.144 0.0 

0.159 0.6 

0.164 2.5 

0.166 4.4 

0.167 0.0 

0.171 0.6 

0.286 4.7 

0.426 3.2 

0.591 3.3. 

0.779 1.4 

0.999 0.9 

1.22 0.8 

1.48 2.1 

1.75 2.9 

avg. % error 1.9 



TABLE V.B. 

ammommappondoncl  Studios 

Temperaturel_Function 

TTo.Ar 

56 

T DP -19E-PP 

 

298 

317 

co 
/4,6 

353 

354 

363 

Oa 

I4 

443 

473 

498 

500 

1000 

1100 

2.4722 0.754 .0.1226 
.5011 0.7968 .0.09t6 

2.5092 0.809 .0.0921 

2.5391 0.9244 0.0341 

2.5478 0.978 .0.0097 

2.5490 0.979 .0.0092 

2.5832 1.122 0.0500 

2.6160 '1.237 0.0924 

2.6212 1.398 0.X455 

2.6464 1.401 0.1464 

2.6749 1.612 0.2074 

2.6972 1.728 0.2375 

2.6990 1.860 0.2695 

3.0000 6.250 0.7959 

3.0414 7.380 obe6c1 

slopo: log DP/log T 1.78 
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TABLE V.B. (CONT'D) 

21; Error 

Results 

DP, cale. 

0.726 3.7 

0.800 0.4 

0.827 2.2 

0.935 1.2 

0.969 0.9 

0.974 0.5 

1.121 0.1 

1.283 3.7 

1.310 6.3 

1.453 3.7 

1.633 1.3 

1.790 3.6 

1.803 3.1 

6.205 0.7 

7.354 0.4 

avg. % error 2.1 



TABLE V. C. 

Temperature Dependence Studies  

lummgre  Function  

H2"112 

Data 

273 2.4362 0.708 -0.1500 

2813 2.4594 0.743 -0.1290 

294 2.4684 0.763 .0.1175 

297 2.4728 0.779 .0.1085 

300 2.4771 0.800 -0.0969 

304 2.4829 0.852 .0.0696 

322 2.5079' 0.903 .0.0443 

3913 2.5999 1.289 0.1103 

400 2.6021 1.270 0.1038 

450 2.6532 1.541 0.1878 

506 2.7042 1.883 0.2749 

573 2.7582 2.417 0.3833 

elope: log DP/log T m 1.65 

Results 

DPI 2S Error 

0.688 2.8 

0.751 1.1 
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TABLE V.C. (CONT'D)  

Restate (cont 'd)  

DP. (talc, pvi Error 

0.777 

0.791 1.5 

0.804 0.5 

0.822 3.5 

0.901. 0.1 

1.283 0.5 

1.294 1.9 

1.572 2.0 

1.908 1.3 

2.344 3.0 

59 

avg. error 1.7 



TABLE V.D.  

Temperature Dependence Studies  

Temperature Function 

He-002 

Data 

T DP log DP 

298 2.4722 0.612 -0.2132 

317 2.5011 0.6607 .0.1805 

323 2.5092 0.678 -0.1688 

346 2.5391 0.764 .0.1169 

353 2.5478 0.800 -0.0969 

30 2.5832 0.884 .0.0535 

413 2.6160.  1.040 0.0170 

443 2.6464 1.133 0.0542 sv. 

473 2.6749 1.279 0.1069 

498 2.6972 1.414 0.1505 

elope: log DP/log T m 1.63 

Results  

DP.calc. LoError 

0.597 2.5 

0.665 

0.686 

0.6 

1.2 

0.768 0.5 

60 



TABLE V.D. (CONT'D)  

Results (conttd)  

DP. calc. f. Error 

0.793 0.9 

0.906 2.5 

1.025 1.4 

1.1149 1.4 

1.280 0.1 

1.392 1.6 

61 

avg. % error 2. 1.3 



TABLE. 

Tenperature  Function 

Ne-Ar 

Dnta 

T lo DP 1s1g DP 

273 2.4362 0.276 -0.5591 

288 2.4594 0.300 -0.5229 

303 2.4814 0.327 -0.4655 

31 2.5024 0.357 .0.4473 

35, 2.5478 0.414 .0.3830 

iM 2.6749 0.671 .0.1733 

tlope: log DP/log T 1.61 

Resultz 

ORS cAle `",-, Error 

0.276 

0.301 

0.3 r7 

0.353 

0.41e 

0.670 

62 

0.0 

0.3 

0.0 

1.1 

1.0 

0.1 

ivg. % error .= 0.4 



TABLE V.F. 

agampAro  Dfipendmice Studios 

Tonporature Function 

Ar.Kr 

DAta 

T- lori; T DP 12E2E- 

273 2.4362 0.119 .0.9245 

n88 2.4594 0.128 .0.8928 

'.1 2.4814 0.140 .0.8539 

318 2.5024 0.153 .0.8153 

353 2.5478 0.197 .0.7055 

373 2.5717 0.216 .,,0.6655 

473 2.6749 1%327 -0.4855 

*lope: log DP/log T 1.90 

Retults  

DP cAlc. Error 

0.117 1.7 

0.130 1.6 

0.10 2.1 

0.156 2.0 

0.191 3.0 

0.212 1.9 

0.3n 1.5 

avg. '7) error 2.0 



m 

273 

288 

293 

295 

298 

300 

h00 

500 

600 

700 

goo 

900 

1000 

1100 

TABLE VT. A. 

Temperature Depsgadonce Studies 

lataWaltILJEaLICt403,1  
CO2.N2 

ct
i
rt  to'. D 

.0171 -1.7670 -0.t416 

.0176 -1.7545 -0.0013 

.0181 '1.7623 .43.7959 

.0182 1.7399 '43.7986 

.0183 -1.7375 .0.7773 

.01a -1.7352 -0.7696 

.0229 -1.61.02 -0.5229 

.0268 -.1.5719 -0.3566 

.0304 .1.5171 .0.2147 

.0328 .1.4841 .0.1024 

.0367 .1.43” .0.0044 

.0,92 .1.4067 0.0828 

.0418 -1.3788 0.1614 

.0440 .1.3565 0.2305 

6L. 

aope: log DP/10, ,( --A 2.60 
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L4,131ED1.12 LeSLINT D 

2Ima Law:. 
0.140 2.8 

0.3.51 4.4 

0.163 1.9 

0.165 3.8 

0.167 0.0 

0.170 0.0 

0.30 0.0 

0.451 2.5 

0.627 2.8 

0.765 3.2 

1.03 4.0 

1.22 0.8 

1.44 0.7 

1.64 3.5 

ave. % error = 2.2 
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TABLE VI.B. 

Temperature Deoendence Studies 

Air  Viscosity Function  

He-Ar  

Data 

T If  log,/( log DP 

298 0.0183 -1.7375 -0.1226 

317 0.0193 -1.7144 -0.0986 

323 0.0195 -1.7100 .0.0921 

346 0.0205 -1.6882 -0.0341 

353 0.0208 -1.6819 -0.0097 

354 0.0208 .1.6819 .0.0092 

383 0.0221 -1.6556 0.0500 

413 0.0233 -1.6326 0.0924 

41 0.0236 -1.6271 0.1455 

443 0.0246 -1.6091 0.1464 

473 0.0256 -1.5918 0.2074 

498 0.0266 -1.5751 0.2375 

500 0.0268 -1.5719 0.2695 

1000 0..0418 -1.3788 0.7959 

1100 0.0440 -1.3565 0.8681 

Slope: log DP/log/A m 2.65 
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TABLE VI.B. (C0NTtD1  

Results 

DP, caic. % Error 

0.686 9.0 

Q.790 0.9 

0.811 0.2 

0.926 0.2 

0.963 1.5 

0.963 1.6 

1.131 

1.301 5.2 

1.345 3.8 

1.502 7.2 

1.669' 3.5 

1.848 6.9 

1.884 1.3 

6.122 2.1 

7.015 5.0 

avg. error .,== 3.2 



TABLE  VI.C. 

Temperature Dependence Studies 

Air Viscosity Function  

H2" N2 

Data 

Xf loop , log DP 

273 0.0171 -1.7670 -0.1500 

288 0.0176 -1.7545 .0.1290 

294 0.0182 -1.7399 .0.1175 

297 0.0183 -1.7375 .0.1045 

300 0.0184 -1.7352 -0.0969 

304 0.0186 -1.7305 -0.0696 

322 0.0195 -1.7100 -0.0443 

398 0.0228 -1.6421 0.1103 

400 0.0229 -1.6402 0.1038 

450 0.0249 -1.6034 0.1878 

506 0.0269 -1.5702 0.2749 

573 0.0293 -1.5331 0.3833 

slope: log DP/log/a m 2.25 

68 



TABLE VI.C. (CQNT'D)  

Results  

(-.17 DP. cal°. Error 

0.682 3.7 

0.727 2.2 

0.784 

0.794 1.9 

0.804 0.5 

0.824 3.3 

0.916 1.4 

1.303 1.1 

1.316 3.6 
1.589 3.1 

1.892 0.5 

2.293 5.1 

69 

•vg. error 2.4 



TABLE VI.D.  

Temperature Dependence Studies  

Air Viscosity Function  

He.0O2 

Data 

70 

298 0.0183 

317 0.0193 

323 0.0195 

346 0.0205 

353 0.0208 

383 0.0221 

413 0.0233 

443 0.0246 

473 0.0256 

498 0.0266 

292.-- log, DP  

-1.7375 -0.2132 

-1.7144 -0.1805 

-1.7100 -0.1688 

-1.6882 .0.1169 

.1.6819 .0.0969 

-1.6556 .0.0535 

-1.6326 0.0170 

.1.6091 0.0542 

-1.5918 0.1069 

-1.5751 0.1505 

slope: log DP/log,u = 2.27 

nesults  

DP, cabs. e Error 

0.593 3.1 

0.669 1,2 

0.65 1.0 

0.767 0.4 

0.793 0.9 



TABLE VI.D. (CONT1 D) 

DP wale. 

Results (cont'd) 

% Error 

0.910 2.9 

1.P26 1.3 

1.160 1.2 

1.270 0.7 

1.386 2.0 

71 

avg. ;r; error 1.5 



TABLE VI.E.  

Temperature Dependence Studies  

Air Viscosity Function 

Ne-Ar 

Data 

lofiju lom DP 

273 0.0171 -1.7670 -0.5591 

244 0.0176 -1.7545 -0.5229 

303 0.0186 -1.7305 -0.4455 

314 0.0193 -1.7144 -0.4473 

353 0.0208 -1.6819 -0.3430 

473 0.0256 -1.5914 -0.1733 

slope: log JP/log/ 2.18 

Results 

DP. calc. el, Error 

0.276 0.7 

0.293 2.3 

0.331 1.2 

0.359 0.6 

0.422 1.9 

0.663 1.2 

72 

avg. error 1.3 



TAME VI.F.  

Temperature De_pendence 3tudie8 

Air Viscosity Function 

73 

Ar-Kr 

log DP 

Data 

19g /a 

—1.7670 —0.9245 

—1.7545 —0.8928 

—1.7305 .0.8539 

—1.7144 .1.8153 

—1.6819 —0.7055 

—1.6635 —0.6655 

-1.5918 —0.4855 

273 0.0171 

288 0.0176 

)03 0.0186 

318 9.0193 

353 0.0208 

373 0.0217 

473 0.0256 

sl6pe: log DP/log A al 2.55 

Results 

JP cas1Q 

0.117 

0.126 

0.145 

0.159 

0.192 

0.214 

0.327 

12 Error 

1.7 

1.6 

3.6 

3.9 

0.9 

0.0 

avg. 5 error =.g. 2.0 



TABLE VII  

Datat Effect of Various Ex  onents  

for Molecular Wei bt Term 

Note: log 0.C. term data ohm in order 0.4.0.5, 0.6 

exponent use for x. 

74. 

System DP V  log DP 

HeN2 0.7790 -0.10846 

H,2-Ar 0.8280 -0.08197 

N2.002 0,6460 -0.18977 

-14113 o,8560 .0.06753 

HeeNa 0.7430 -0.12901 

0.7540 .0.12263 

log 

'1_ 1'2 

65.0 90.1 -2.22069 

-2.24812 

-2,27556 

65.0 75.2 -2.19134 

-2.21966 

-2.24198 

65,0 94.0 -2.22286 
-2.0135 
-2,27987 

65.0 72.4 .2.17682 
-2.20320 

.2.22957 

57.8 90.1 -2.30988 
-.36431 

..2.41876 

57.8 75.2' -2.27290 

.2.32900 

-2.38510 
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TA1314±SnOLN:L1"D 

System DP log  DP  
V 
-1 

Vo  
10,7 

-I VD 

lioGO, 0.6120 -0.21325 57.8 94.0 -2.32603 
-2.38249 
-2.43895 

Rs-NH, . 3 0.8420 -0.07469 57.8 72.4 -2.26157 
-2.31406 
-2.36655 

Air-002 0.1650 -0.78252 86.6 94.0 -2.66346 
-2.76772 
-2.91198 

lli3 0.2.47c,  -0.60730 86.6 72.4 -2.55326 
-2.66119 
-2.76913 

(-- 2 0.1650 -0.78252 90.1 94.0 -2.66667 
-2.79002 
-2.91339 

Ve-AV ' 0.3270 
.
-0.48545 41.7 75.2 -245813 

-2.57092 
-2.68370 

CO2-03U8 0.0863 -1.06399 94.0 200 -2.83$76 
-2.97306 
-3.10735 

LTY-0114 0,22140 -0.64.975 86.6 99.3 -2.56133 
‘-2,68324. 
-2073465 
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TABLE VII tOONT  ID)  

.....agg t e!!!_..z. DP lag DP 
V0  

1 
v 
ca 1os o4. 

112-nC81118 0.2770 .0.55752 65.0 '14.85. p2.58863 
-2,61832 
-2.6b.801 

1124 6116 0 .4.036 .0.3914.05 65.0 260. -2.44356 
-2.t4.7290 
-2.50225 

r12,4 DtiP 0.2970 -0.52724 65.0 420. M2.55394 
.2.58352 
-2.61310 

Ile-CO 0.7020 -0,15366 57.8 93.1 -2.31612 
-2.37©55 
-2.D2499 

Fie.n0 7R16 0.2650 -0.57675 57.8 i}26. .2.66024 
..2.71878 
•2.77732 

Ile-n0 018 0.214.80  -0,60555 57 .3 14.85. .2.69243 
.2.75116 
.2.80990 

ite-2014. IMP 0,2630 .44580014. 57.8 1420. -2.65682 
-2,71533 
-2.77385 

Re46116 0.3840 -0.41567 57.3 260. -2.514380 
-2.60187 
-2,65995 
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TABLE m AcONTtD)  

System DP _ ...1eiratt_ 
ii,„ V e. 

`°2 los ---- 

32-Ar 0.1940 -0.71220 90.1 75.2 .2.62172 

-2.7.340 

-2.86509 

N2-00 0.2120 -0.67366 90.1 93.1 2.63006 

-2.711469 

-2a35932 

112.483 0 .2480 -0.60555 90.1 72.4. -2.r5790 

•2.66521 

-2.77252 

14-02,34 0.1630 -0.78781 90.1 124. -2.68160 

2.79623 

--2.91086 

32'44010 0.0960 1.01773 90.i. 255. -2.17584. 

-3 .0034,9 

-3.13114 

11 82 .ic 3.0 1.1,  0.0905 -1.04335 90.1 • 263. -2.88290 

-3 .01055 

'1470 6 
4  

6
1 0.0757 112

-3.13820 

-1.12090   90.1 368. -4.97564 

-3.10815 

-3.24066 
lireyelohox 0.0760 -1.11919 90.1 307. -2.93430 

-3.06653 
3.19877 



, 
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80 
TABLE VII ( ONT ID)  

......Lts..te..)2L. DP log 
DPVo 

1 , 
V_ 
, 2 log 0</  

02-..4e1li  8 0.0705 -1.1181 74.4 485. -3.Q1340 

-3„18309 

-3.32278 

02-06R6 0.1011 -0.99525 74.4 250 • -2.88y30 

-3.02138 

-3.15694.  
Ar-Kr 0.1400 -0.85387 75.2 92.1 .2.71235 

-2.85564 

.2.99894 
Ar-00 0.1880 -0.72584 75.2 93.1 -2.62765 

-2 .74932 

-2.87101. 

Ar-11113 0.2320 -0.634.51. 75.2 72.4 -2 449214. 

-2 .66243 

-2.77562 

Ar-n061134 0.0663 -1.17849 75.2 • 260. -2.99789 

-3.1:4154 

-3.28519 
Ar-eyeziohex 0.0719 -1.14327 75.. 2 308. -i .95523 

-3.0982 

-3 «24182 

Ar-2,10P 0.0731 -1.13698 75.2 319. -2.96303 
-3.10632 
-3.24962 



81 
TZABLX 7. (00r t?") 

....algt,..w..... ...pt. ....12Lat. . ..,...--...... 
Ar-v7,:77174 000650 .-1•1817T 7,1,5 P '4,,TA; ,,,, 

....,1,2•01*%•ratiSnr,.Plt 

-,3•03737  

-30 6 

3.33,6°6 

DKr 000655 4 •33,74 ?!LZ: !AO 6 -3 .0:314,12 

-34/7958 

-,Tt , 3a505 
arEbrAlesta a sof87 - 1 0 231% 754 Fia5 6 -3 07wi 

-3 6aa Ike 

461 ?Ulan* 
CAC-,1 02 00mA* .04a1416 9341 14,0  

-a 

-P 4,9T 90,5 

al Wri 43 
r*, ,P4D Atm 93.1 7Z ,I. , 45636C 

.2 .671:0 . . 
-2477850 

coa.42o 0.1.17o .o.9318% 9h4,4 9643 .26m94 

.4 • 856aa 

.4,99052 

96 .3 200 a .2 , C1,234 

,..2. .99663 

itar-c • 0. PNA -,,c‘,(415c, Milg6 124,0 ..1, a742'72 
...1487336 
- % tff,470 



TABLE VII (CONT1D) 

,..,,IIVIr  nr s_lasm. V al c2 letruZ....„  

A5x-nv,„ ,_; 000910 -1,,04096 86.6 144* •.'2,73076 

.2.91969 

3.05862 

At 7' -. 
chloro 06116 

0.0740 -1.13077 86 06 308 6 -2.94516 

.•34,08141 

.-..3.21767 

Air-ethy1- 
acotate 

000870 -1.06043 36.6 285.7 ..2091922 

-3.05103 

-3018635 



Et3 
TABLE  VIII 

Results: Effect of Various Exponents  

for Molecular  4eirtht Term 

Note: Three consecutive results calculated for each system 
refer to use of 0.4,0.5,0.6 exponent (see Data, 
Table VII) 

System DP 4 Error 
calculated observed  

H2-N2 .788 .779 1.15 

.802 2.96 

.808 3.72 

H2-Ar .865 .828 4.47 

.868 4.84 

.865 4.47 

H2-CO2 .782 .646 21.1. 

.794 22.9 

.800 23:8' 

H2-NH3 .906 .856 5.84 

.909 6.19 

..906 5,84 

He-N2 .593 .743 20.2 

.580 

.568 

21.9 

23.6 

He-Ar .640 .754 11.5 

.667 15.1 

.617 18.2 



TABLE VIII (cgriTtp)  

System OP e , to  Error 
calculated ob*erved 

He-0O2 .563 .612 8.01 

.551 9.97 

.540 11.8 

He-NH3 .692 .842 17.8 

.667 20.8 

.646 23.2 

Air-CO2 .152 .165 16.4 

.178 7.88 

.168 1.82 

Air-NH3 .273 .247 10.5 

.253 2.43 

.239 3.24 . 
32-,CO2 .190 .165 i5.2 

.177 7.27 

.168 1.82 

We-Ar .370 .327 13.2 
.326 0.00 

.295 9.78 
CO2-C3H8 .110 .086 27.9 

.106 23.3 

.104 21.0 



TOT-7, VIII (CONT'D) 

DP 2..ilt92 rror  e — 
Z..11cuiated observeck 

ir-CU- 
.4 .249 .224 11.2 

.238 

2,6  

6.25 

.230 

NrC2116 .160 .148 12.3 

.155 
.7G  

4.73 

.174 2 

eUr-CH .0921 .C962 4.26 

.05 14 4.99 

.0914 4.99 
yy  1 —C 2 H  4 .764 .726 5.24 

.78y5.13 

.798 9.93 
;tx 
2"0 •573.537 

t., 
7.83 

.611 13.8 

.636 18.4 

112-e010 .394 .361 9.15 

.474 31.3 

30.2 

i2—nC6H1 .300 .290 3.45 

.342 17.9 

.379 3G.7 

rtr 
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TABLZ VIII CO !D)  

System DP L 6(1 Error  
calculated obaerverd 

H2-cyclohez .343 .319 7.53 
.385 20.7 

.420 31.7 

E2'4C7H16 .269 .283 4.95 

.312 10.0 

.349 23.3 

112-11C81418 .244 .277 11.9 

.285 2.89 

.322 16.2 

H2-C66 .387 .404 4.21 

.428 5.94 

' .462 14.4 

2-2'4 DM? .272 .297 41.421 

.314 5.72 

.351 18.2 

He-CO .581 .702 17.2 

.570 18.8 

.559 20.4 

Ro-nC71116 .194 .265 26.8 

.216 18.5 

.234 11.7 

He.nC0118 .175 .248 29.4 
.197 20.6 
.216 12.9 



4,1r, 

gou  viII_Acp/mD) 

_ SYAem DP q Er r or ,..____=. ca1p111,iteg oh .read 

Ho-2,4 DMP .196 .263 25.5 

.218 17.1 

.236 10.3 
qq 

 

 no-C6 H6 2 .q .384 26.8 

.299 22.1 

.313 18.5 

N2'kr .219 .194 12.9 

.201 3.61 

.189 2.58 

N2-00 .214 .212 0.94 

.201 5.19 

.191 9.9' 

N2-NH3 .269 .248 8.47 

.250 0.81 

.237 4.44 

N2.-C H4  .181 .163 Il.0 

.174 6.75 

.169 3.68 

112-nC41-110 .0976 .06 1.67 

.0975 1.56 

.0979 1.98 

N2..J.C4H10 .0954 .0905 5.41 
.0953 5.64 
.0962 6.30 



TABLE  VIII_______(_poNT70_ 

System DP 0; Error 
c,alculated observed. 

2i2-ne6H14 .0710 .0757 6.21 

.0728 3.83 

.0747 1,32 

N2-cyclohex .0810 .0760 6.58 

.0817 7.50 

.0828 8.95 
K

2
-PEP .0790 .0760 3.95 

.0800 5.27 

.0813 6.97 
K2-nC7H16 .0630 .0740 14.9 

.0653 11.8 

.0676 8.65 

2'2,4 Die .0637 .0744 14.4 
.0660 11.3 
.0682 8.34 

N2-TICaH18 .0565 .0726 22.2 
.0592 18.5 
.0618 14.9 

X2-06116 .0918 .1022 10.0 
.0914 10.4 
.0916 10.2 

02..3106H14 .0735 .0753 2.39 
.0733 2.66 
.0743 1.33 



89 
TABLE VIII (CONT'Dj_ 

System DP % Error 
ealcuL4ted otserved 

02-eyelohex .0830 .0744 11.6 

*0826 11.0 

.0827 11.2 

024P .0810 .0742 9.16 

.0808 8.90 

.081.1 9.30 

02-nC81118 .0572 .0705 18.9 

.0590 16.3 

.0611) 13.5 

02-C6H6 .0945 .1011 15.5 

.0927 8.22 

.0919 9.01 

Ara-Kr .164 .1400 17.1 

.147 5.00 

.136 2.86 

iftr-CO .215 .1880 14.4 

.198 5.32 

.186 - 1.06 

Ar.411-13 
.276 .2320 19.0 

.252 8.62 

.235 1.29 



90  
TABLE VIII (CONTeD) 

. Systorn DP e 7,  40 lairor 
.. ealcuiate obaurved _ . _  

Ar-rt.C61114 .0661 .0663 0.30 

.0663 0.0 

.0669 0.91 

Ar-cyclo,hox .0757 .0719 5.29 

.0748 4.04. 

.0745 3.62 

Ar-PIC? .0739 .0731 1.09 

.0731 0.0 

.0731 0.0 

Ar-e7-1-12,6 .05e2 .0658 11.6 

.0590 10.3 

.0605 8.06 

'...r-2,4 MAP .0589 .0655 10,.1 

.0596 9.01 

.0607 7.33 

Ar-nC8.1.116 ..0518 .0587 . 11.8 

.0531 9.55 

.0545 7.16. 

CC-0O2 ,1g7 -. ff .1 
e -k- ..“-. 23.0 

.174 14.5 

.165 8.65 

C041113 .264 .240 10.0 
.246 2.50 
.234. 2.50 



91 
TABLE VIII  (CONTTI 

System DP g iiirror 
calculated observed 

CC2-1420 .159 .1170 35.9 

.147 25.6 

.138 18.0 

' -C H8 .0518 .086 18.6 

.0531 15.5 

.0545 13.8 

Ur-C12 .149 .124 20.2 

.140 12.9 

.134 8.07 

4ir-Br2 .132 .0910 45.1 

.123 3.52 

.117 28.6 

Air-chloro C6H& .C782 .0740 ''5.68 

.0784 5.95 

.0791 6.90 

idr-ethylacetiAe .0850 .0870 2.30 

.0849 2.42 

.0853 1.95 



92 
TABLE IX  

Data: Effeet of Various  Exponents for 

Critical Volume Term 

Vote: log c< term data show in order 0.1 and 0.33 exponent 

use for y. 
_ 
(i• + A 

0.5 
 ) 

1 1.12 
log Ivy 4,, vy\ a 

81 °2 
.....awitato_ lois2L) . 

Ves  
....2.. 

V 
 "2 r.  

H.2-N2 -0.10846 41.6 83.9 -2.16486 

-1.91420 

H2-AP -0.06197 41.6 67..1 T2.12590 

-1.883b 

-0O2 -0.18977 41.6 107 -2.21930 

-1,95908 

Bi-17113 -0.06753 41.4 89.5 -2.17244 

-1.91930 

He.44 2 -0,12901 28.7 83,9 -2.24681 
-2.00381 

Be..Ar -0.12263 28.7 67.1' -2.20891 

-1.97501 

146-402 -0.21325 28.7 107 -2.30899 

-2.05551 

He-  =3 ,-0.07469 28.7 89.5 72.25073 

-2.00501 

0.24.002 -0.78252 79.6 107 -2079694 

-2.52134 



93 TABLE IX  COONT,D) 

...17.0214. 14g DP 
vo  

.......L 
ve  
2  106 ''" 

a4.r-4E3 -0.60730 79.6 09.5 -2.68307 

'"2•41331 
-0676252 83.9 107 -2.80111 

-2.52411 

Ne-Ar -0.48545 36.5 67.1 -2,52800 

-2.28878 

fe-CO -0.15366 28.7 77.e -2.23101 

.1.99107 

N2-t r -0.71220 83.9 67.1 -2.71156 
-2.44876 

n2-00 -0.67366 83.9 77.8 -2.70123 

-2.43413 

N2-NE3 -0.60555 83.9 89.5 -2.688?" 
"2.41771 

Ar-Er -0.85387 67.1 71,9 -2479204 

-2.53410 

Ar-00 A.0072584 67.3. 7708 -2,69794 

-2.43750 

Ar-8H3 »0.63451 67.1 39.5 -2.66093 
.2.41597 

00402 -0481816 77.8 107 . -2.78873 

-2,51371 



94. 
TABLE  1X, (COUT'D) 

a 
 

Vo 

00-11,E .,, -0.61979 77.8 89.5 -2.67613 

-2.40697 

00a -0.93181 107 98.17 -2.88209 

-2.60055 

cir-0/2 -0.90655 79.6 117 -2.64896 

-2.57026 

air-B,.,2 -1.04096 79.6 131 -2.90827 

2.62563 

CO2 378 -1406399 107 218 -3.02937 

-2.12037 

lr-CE4 .0.64975 79.6 93.9 -2.65909 

-2.38770 

..4,113 cr. '.6 
.4..82974 83-9  145 -2682191 

-2.53427 

I/11146 6 -1.01682 79.6 246 .3.00327 

-2.69589 

v 4 -0.13906 41.6 93.9 -2.17686 

-1.92170 

H2.02116 -0.27005 41.6 145 -2.21927 

-2.00603 

nernae10 400.44249 41.6 256 -2.41403 

-2.11435 



95 
TAP,L7.4 IX (GMT ep) 

SpteL log DP , 
V.  
.2.. 

Va  
2 .....2ora.f.c.,_... 

112-1206Em.  -0.53760 41.6 347 -2.48958 

-2.171g.02 

Et2-cioloboxiszo- -0 .49621 14.6 380 -2.51113 

-2.1Y139 

112-n071116 -.0.54821 41.6 489 -2 .57486 

-2.2.1Z62 

12n081118 -4.55752 41.6 696 -2.66634 

-2,31352 

See% -0.39405 41.6 246 -2.1.0654. 

-2 0.0890 

II ...a 4. P DVI 2 * .R0.52724 14.6 420 -2.5366i . 
 

-2.21166 

Ile-ne 7E16 -,0 .57675 28.7 489 -2.68640 

r2.35510 

Na-n08/1113 --0.6Q555 28.7 696 -2.78174 

-2.1}2998 

Ef34.2 go 14. DM Z00 0 000h 28.7 420 -2.61a663 

-2.32399 

113-C6116 -0 .41567 28.7 24.6 -2 .50911 

-2.216©3 

N2-02% -0.78781 83,9 132 -2.79655 

-2.51227 



96 
TAMS IX (CONT1D) 

V, 
....1. 

Ire  
2 ........2: 0.11..Z...............  

112"14010 -1.01773 83.9 256 -2.99461 

-2.68453 

212.14010  
-1404335 83.9 256 -2.99461 

-2.68453 
n0014 -1.12090 83.9 347 -3.08535 

-2476139 
N2-agclobexane -1.11919 83.9 380 -3.10375 

-2.77615 
142-41010  -1.11919 83.9 206 -2.97229 

-2.67121 

N2.4477:16 -1.13077 83.9 14.89 -3.17026 

-2.83066 
N2-2 Li, DU -1.12843 83.9 420 ...3013474 

.2,80252 
NecOlpis .4.13906 83.9 696 -3425998 

-2.90270 

32'4614k.  
-0.99055 63.9 246 •3.v4;01 

»2.69669 

Orna 1114 -1.12321 66.0 347 -3.08087 

.-2.75989 
02f.eyclohexane .142843 68.0 360 ..3,09974 

.2.77494 



97 
TABLE /X (CORM) 

...§.7411111..... .....12/021 
Ve  
..1.. 

Ve  
 loa 0‹ 

0241p -1.12960 68.0 206 -2.9641.0 
-2.66710 

0 .44 It 2 8 18 .1.15181 68.0 696 -3.26131 
-2.90575 

246116 -0.99525 68.0 246 -2.99764 

-2.69302 

Ar-n061114 -1.17840 67.1 347 -3.11376 

:-2,79296 

Ar-ayalobexane -1.14327 67.1 380 -3.13238 

-2,80776 

Ar-ZOP -1.13698 67.1 206 -2.99648 

-2.69972 

Ar-neP116 -1.18177 67.1 489 -3.20324 
-2.86612 

Ar-2,4 VHF -1.18376 67.1 420 -3.16656 
-2.83710 

Ar-n081418 .1.23136 67.1 696 -3.29712 

-2.94164 
N20 Q3118 -1446550 98.1 218 -3.01655 

.
.2.70995 

air-oblovo. 
bsmono 

.1.13077 79.6 206 -2.99485 
-2.69481 

air"betgaiato -1.06048 79.6 201 -2.96697 
-2.66857 



98 
TABLE X  

Results: Effect of Various Exponents for 

Critical Volume Term  

Note: The two results calculated for each system refer 
to use of 0.4 and 0.33 exponent, respectively 
(See Data, Table IX) 

Svstes DP % Error 

112'142 

zmurium7077;77(77 
2.06 .795 .779 

.792 1.67 

H2-Ar .944 .828 14.0 

.860 3.87 

H2-0O2 .693 .646 7.28 

.701 8.51 

112.4013 .780 .856 8.88 

.781 8.76 

He-N2 .647 .743 12.9 

.621 16.4 

He..Ar .712 .754 5.57 

..671 11.0 

He. CO2 .553 .612 9.64 

.540 .11.8 

He.44H3 .641 .842 23.9 

.619 25.3 

air..0O2 .162 • .165 1.82 

.153 7.27 



99 
TABLE X (CONTtD) 

Sxstein DP (....ARagr..... 
caiculated observed 

air-NH3 .216 .247 12.6 

.205 17.0 

N2•402 .161 .165 2.42 

.152 7.88 

Nei-kr .319 .327 2.45 

.287 12.2 

He-C© .673 .702 4.13 

.643 8.41 

112-Ar .201 .194 3.61 

.186 4.12 

N2'44 .206 .212 2.83 

.193 ',..96 
,.. 

N2"11 /2313 .213 .248 14.1 

.202 18.5 

Ar-Kr .164 .140 17.1 

• .148 5.71 

Ar-CO .208 .188 10.6 

.192 2.13 

Aram H3 .217 .232 6.46 

.203 12.5 

C0.402 .166 .152 9.21 

.156 2.63 



100 
TABLE X  ICONTTD)  

Snt..9m DP 5 Error  
p17,177771 observed 

CC.411!3 .220 .24;1 8.34 
.208 13.3 

CO 120 .131 .117 12.0 
.123 5.12 

tdr-C12 .142 .124 14.5 
.134 8.06 

Air-Br2 .123 .C.T1 35.2 
.115 26.4 

CO2-C3}18 .090 .086 4.65 
.089 3.49 

Air-CH .229 .224 2.23 
.219 2.23 

N2 -C2 o  H, .152 .148 2.70 
147 0.68 

4ir-C6116 .097 .096 1.04 
;,095 1.04 

II . 2 Cl'i. 0772 .726  
.775 6.75 

2 C2 .596 .537 11.0 
.617 14.9 

lienC4H10 .425 .361 17.7 
.460 27.4 



101 TABLE X (CONT'D)  

-....age93.--_ DP 44 '''' ia .1.:4-ror  
calculated obsarve4 

1312.nC6H/4 .351 .290 21.0 
.391 34.8 

Hreyelohex .333 .319 4.39 
.373 16.9 

H2-n0.71/16 .284 .283 0.35 
.326 15.2 

H2-nC81118 .223 .277 18.8 
.268 3.24 

H2.C6H6 0433 .404 7.18 
.467 15.6 

112,-2 4 unla P .312 .297 3.15 
.353 1E149 

He-nC7H16 .214 .265 19.3 
.240 5.67 

Ho-nC8Hl .169 .248 31.8 
.196 21.0 

lic-2,4 Dr;  ? .237 .263 9.89 
.261  0.76 

e-C6H6 0335 .384 12.8 
.349 9.11 

I' i2 -AA; 7H4 .162 .163 0.61 
.157 3.68 



102 
TABLE X ICONT,D)  

System DP $ Error 
calculated observed 

112-ne4H10 .099 .096 3.12 

.098 2.08 

112.444H10 .099 .091 8.79 

.098 7.70 

1412-4C61114 .079 .076 3.95 

.080 5.27 

N2-cycichex .075 .u76 1.32 

.077 1.32 

N2-MCP .104 .076 36.9 

.102 3‘,.2 

2"4C71116 .063 .074 14.9 

.066 16.2 

IT2-2'4 MP .069 .074 6.76 

.071 9.46 

112"nC81118 .051 .073 30.2 

.054 26.0 

C6116 .096 .102 5.88 

.095 6.87 

02-n061114 .079 .075 5.33 
sow 6.67 

Oveyelehex .076 .074 '2.70 

.077 4.05 



103 
TABLE X _(COPT 'D  

System DP 00 Error I calculated observia 

02.4P .107 .074 44.6 
.103 39.2 

02"11C81118 .051 .071 28.2 
.052 26.8 

°246116 .C98 .101 2.97 
.096 4.95 

4r-141114 .073 .C66• 10.6 

.073 10.6 
ar.cycloher. .070 .072 2.78 

.070. 2.78 
Ar..MCP .098 .073 34.3 

.094 28.8 
Ar.n071116 .058 .C66 li.1 

.060 9.10 
Ar-2,4 DMP .064 .066 . 3.03 

.065 1.52 
Ar-nCeRia .046 .059 22.0 

.049 -17.0 
N'2043H8 .093 .086 8.14 

.092 6.97 
Air-C1 Ba .099 .074 , 33.8 

.C96 29.7 



101, TABLE X (gpNT'D)  

DP '2:  Error .......akPm 
calculated ohaerved 

Air-Lt Acetate .106 .cri 23, 

.102 172 

avoragc % error: 
04 Cc 11.7 

/1 
4c,

41, 11.8 



105 
TABLE XI 

Precision Check of the Final  DP Function  

3. 1 0°5 - 
( 4.  

DP = f 1 2 = f (=><' 
0 A. v 0 41,14) 2 

2 
• - 

...Azass.... 
Ir. 
..1. 

If... 
....11. ..leaLL DP cala  . Error  

Hi-V3 4106 90.1 -2,17904 .767 1.54 

Hekr 41.6 67.1 -2.12590 .877 5.92 

a2*002 41.6 94.0 -2.19290 .741 14.7 

Hi-NE, 41.6 72.4 -2.13076 .867 1.29 

11041a 28.7 90.1 -2.26187 .622 164 

ati...Ar 28.7 67.1 -2.20891 .711 5071 
He-00 28.7- 94.0 ';;2.28101 .593 3,10 

Ea- #3 28.1 72.4 .2.2O639 .716 15.0 

Air.402 , 06.6 94.0 -2.78772 .165 0,0 

Air-N113 86.6 72.4 -2.66119 .227 8.10 

112-0O2 90,1 94,0 -2.79002 .164 0.61 

Ne-Ar 36.5 67.1 -2.52800 .318 2075 
fle-00 20.7 93.1 -2.26889 .611 13.0 

..Ar 2 90.1 67,1 -2.72456 •p194 0.0 
X -00 90d2. 93.1 -2.74469 0184 13.2 

Ner83 90,1 72.4 -2.66521 .225 9.28 

Ar-Er 67.1 71.9 -2.79204 .163 16.4 
Ar-CO 67.1 93.1 -2.73062 .191 1.60 
AP 411l3 67.1 72.4 *2.64273 .238 2.58 
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TABLE XI (00NT D)  

ti9p,  m 
Va, 

A 
„ V 
'.2 
.
21s:i DP cal* % Errot., 

c0.a 02 93.1 94.0 -2.79569 .162 6.58. 

G0.43113 93.1 72.4 .2.67119 .221 7 e92 

002.420 944,0 96.3 4.85623 *139 18*8 

Air-Q12 86.6 124. -2.87336 .133 7.26 

Air.Bra 86 .6 M.. -2.91.969 .118 29.7 

00243118 9440 200. -2.9730.l) .103 19 .8 

.01,4134 86.6 99.3 *-2.68324. .215 4.02 

32+Q2116 90.1 348. .2.83689 •346 1.35 

itir.43686 86.6 260. .3 • 02614.5 .090 6,25 

1124314. 41.6 99.3 -2.1.8816 . .750 3 «31. 

)724 of . 41.6 148. 4.26367 
. 

.5:10 9.87 

112.0411110 41.6 255. -2,041309 .426 18.0 

1en0014  4.1.6 368. -2450480 .337 ;:16.2 

Ercrelobeqc 41.6 308.. -2.46009 • 377 18...2 

82.4417/13.6 41.6 426 • -2.54©16 .308 8.84 

• T12 *̀n° alho 14.6 485. -2.57328 .284 . 4.70 

n2.436R6 41.6 260. .2.41952 .418 3.46 

112.2.4.  ZAP 41.6 420. -2.53664 .311 4.72 

HO 0124 % 28.7  426 • -.2.65036 .233 12.1 

Ea...0 ells .28.7 485. .2 .68526 .214 13,7 

Ile-2.4 INIP 28.7 420. -2.6163 .236 1.0.3 

Voi.C( 28.7 260. -2.52337 .322 16.2 

iircalk 90.1 124. -2 0796223 .162 0.61. 



107 TAW)  XI (CONT'D) 

• Sluitrm 
Vc  
1 

Ve  
2 1o.k. - PP caic % Error 

V.2-m1:14E10 90.1 255. -3.00349 .096 0.0 
Nn-if 4P '., " 4,,c) 90.1 263. -3.01055 .094 3.30 

..112-a C6 5./0.1 368. .3.10815 .074 2.63 
142-cyc1ohex 90.1 308. -3.06653 .082 7.90 
U2.-ELP 90. 319. -3.07413 .080 5.27 

112'nC71116 90.30 426. -3.14698 .067 9.45 
IT -r,  22 b  4 T  - 

90.1 420. -3.14334 .067 9.45 

U2'n(1018 90.1 485. -3.3.8240 .061 16.5 

E2-46/16 90.1 e ' 3.02643 .090 11.8 

02'tC61114 74.4 368. 4-3.10577 .074 1,33 
02-cyclo1'ew 74.4 308. '-3.06296 .082 10.8 
02- MCP 74.4' 319. -3...07078 .081 9.47 
02-44Nta 74.4 485. -3.18309 .061 J4.1  

02-c6u6 74.4 260. -3.02138 .092 8 % 

Ar.n.0014 67.1 368. -3.12806 .070 6,0'5 
4r-cyclaex 67.1 308. -3.08438 • .078 8.34;, 
tir-MC.P 67.1 319. -3.09230 .077 5./.8 
Ar-rCe.16 67.1 426. -3.17046 .063 4.5,  
A1F. -2,4 Imp ' 420. -3.16656 .063 47u 55 
4r-nCeia .1 485. -3.20888 .057 309 
1420.43R8 96.3 200. .-2.99663 .097 12.8 
Air- Cl Bs 86.6 308. -3.08141 .079 6.76 
Aivoothylcat. 86.6 286. -3.05303 .085 2.30 
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TABLE XII 

Eralnation o1 DP  PI (6.22 x 19fj  it  2.6 1.0% 

....§.7say.i.... .2._ ;d42:6),s_2.2:5 DP Lpiror 

gei12  ,193 1,20 

04-nr‘vaeriiird-  

17.12 .305 .368 
200 1.29 .315 .14.01 21,11.5 

253 2.09 .511 .600 14.83 

273 2.51 .613 .708 13.!a2 
288 2.82 .689 .743 7.27 
294. 3.02 .738 .763 3,28 

297 3.02 0738 .779 5.26 
300 3,02 .738 .800 7,75 

304 3.16 .772 .89 9.39 

322' 3.55 .868 .903 3;,ee, 

398 5.14.9 1.312 1.2:39 4,I1 
400 5•49 1 .314,c 1.270 .5.t7 

4-50 6 .92 1.691 1.541 9e:'3 

506 8.32 2.033 1.883 7.97 

573 10.5 2.566 2.4.17 64i 

288 2.82 '.821 ..828 0.85 

354 4.26 1.240 1.111 11,61 

41.8 5,88 1.712  1,73.14. 0 . In 

lire 02 289 2.82 .693 .619 11.95 

298 3.02 .742 .646 14.85 
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TABLE XII (CONT'D) 

kvitem T 2,300 5 DP LErrim. 

H241113 273 

/ 
2.51 

calculated ilDserred  

3.22 ..721 .745 

293 2.95 .848 .834 1,68 

297 3.02 .868 .856 1.40 

333 3.80 1.092 1.021 6.95 

413 5.75 1.652 1.435 15.12 

533 8.71 2.503 2.149 16.47 

He...112 300 3.02 .624 .743 16.02 

323 3.35 .733 .766 4.31 

353 4.26 .880 .893 1.46 

383 4.78 .987 1.077 8.36 

413 3.75 1.187 1.200 1.00 

443 6.61 1,365 1.28 5.90 

473 7.24 1.495 1.569 4.72 

498 8.13 1.679 1.650 1.76 

600 11.2 2.313 2.400 3.63 

900 21.4 4.419 4.760 7.16 

1200 34.7 7.166 7.740 7.42 

He-Ar 276 2.63 .620 .646 4.02 

288 2.82 .665 .697 4.59 

298 3.02 .712 .754 5.57 

317 3.39 .799 .797 0.25 

323 3.55 .837 .809 3.46 
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TABLE XII (CONTT) 

System T  2.6x  0 DP i  Error  

346 4.07 

caleasted Deserved 

3.79 .924 .959 

353 4.26 1.004 .978 2.66 

383 4.78 1.127 1.122 0.45 

413 5.75 1.356 1.237 9.62 

418 5.88 1.386 1.398 0.86 

443 6.61 1.558 1.401 11.21 

473 7.24 1.707 1.612 5.89 

498 8.13 1.917 1.728 10.94 

500 8.32 1.961 1.860 5w43 

1000 26.3 6.200 6.250 0.80 

1100 28.8 6.789 7.330 8.01 

He-0O2 276 2.63 .517 .531 2.57 

298 3.02 .594 .612 2.94 

317 3.39 .666 .661 0.76 

323 3.55 .698 .678 2.95 

346 4.07 .800 .764 4.71 

353 4.26 .837 .800 4.63 

383 4.78 .940 .884 6.33 

413 5.75 1.130 1.040 8.65 

443 6.61 1.299 1.133 14.65 

473 7.24 1.423 1.279 11:26 

498 8.13 1.598 1.414 13.01 
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TABLE  XII (CONT'D)  

System _ T A2.6x 105 DP % Erni' 

tdr-0O2 

i 

276 2.63 

calcul=ated observed 

1.41 .144 .142 

293 2.95 .161 .165 2.42 

317 3.39 .186 .177 5.08 

flir-NR3 295 3.02 .227 .247 8.10 

289 2.82 .153 .158 3.16 

293 2.95 .161 .163 1.23 

298 3.02 .164 .165 0.61 

300 3.02 .164 .173 5.20 

600 11.2  .610 .605 0.83 
90q 21.4 1.165 1.217 4.27. 
1200 34.7 1.889 1.976 4.40 

Ne-kr 195 1.20 .127 .153 16.99 

273 2.51 .265 .271 2.21 
288 2.82 .298 .300 0.67 

303  3.16 .334 .327 2.14 

318 3.39 .358 .357 0.28 

353 4.26 .450 ./.14 8.70. 

473 7.24 .766 .671 14.16 
Ele.40 296 3.02 .612 .702 12.82 
E2-00 290 2.82 .172 .211 18.48 

296 3.02 .184 .212  13.21 
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TOLE XII _(CONT'D) 

System T ,/,‘ 2.6A 105 rn  7 Error 

112-NH3  295 3'02 

calculated Aserved  

9.27 .225 .248 

kr-Kr 200 1.29 .070 .072 2.78 
273 2.51 .136 .126 7.94 

288 2.82 .153 .128 19.53 

303 3.16 .171 .140 22.14 

310 3.39 .184 .153 20.26 

353 4.26 .231 .197 17.26 

373 4.79 .26C .216 20.37 

473 7.24 .392 .327 19.88 

Ar-CO 296 3.02 .192 .188 2.13 

kr-NH3 295 3.02 .239 .232 3.02 

CO-0O2 296 3.02 .162 .152, 6.58 

CO-N15 295 3.02 .222 .240 7.50 

CO24120 195 1.20 .055 .053 3.77 
273 2.51 .116 .099 17.17 

267 2.82 .130 .107 2,1.50 

298 3.02 .139 .117 18.8-0 

313 3,39 .156 .128 21.68- 

363 4.57 .211 .168 25.60 

Air-C12 293 2.95 .130 .124 4.64 
Air-Br2 293 2.95 .116 .091 27.47 
00243%. 298 3.02 .103 .086 19.77 



113 TOLE XII (CONT'D) 

System T 2.6x 105 /m DP  % error 

Air-CH4 289 2.82 

alculated ob4eirred 

7.76 .202 .219 

295 3.02 .216 .224 3.57 

.l 22H6 298 3.02 .146 .148 1.35 

, Air-C6H6 298 3.02 .091 .096 5.21 

308 3.09 .093 .102 8,82 

H2.CH4 298 3.02 .751 .726 3.44 

11242/16 298 3.02 .590 •537 9.87 

H2-me4H10 288 2.82 .398 .361 10.25 

354 4.26 .601 .507 18.,54 

439  6.16 .870 .763 14.02 

H2'146814 289 2.C2 .316 .290,  8.97 

112-ov:1,012ex 289 2.82 .353 .319 10.66 

2'7H3.6 303 3.16 .322 .283 13.78 

112" 1 81110 303 3.16 .297 .277 7.22 

11246116 311 3.31 .459 .404 13.37 

82-214, 120.  303 3.16 .326 .297 9,76 

He-nC71116 3.3 3.16 .246 .265 7.17 

He-8818 303 3.16 .224. .248 9.68 

8es.204 DM? 303 3.10 1248 .263 5.70 

H"C6116 298 3.02 :323 .384 15.89 

423 6.17 .660 .610 8.20 
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TABLE III  (CONT ,D)  

SYsem  T AA 2.6X 10 i DP Error 

463 6.92 

calculated  observed  

3.50 .740 .715 

503 8.32 .890 .815 9.20 
523 8.71 .932 .861 8.25 

1242114 298 3.02 .162 .163 0..61 

H2'444310 298 3.02 - .096 .096 0 

1271C4H10 298 3.02 .094 .091 3.30 

N2` 6Q14 289 2.82 .069 .076 9.21 

Nrcyclohex 289 2.82 .076 .076 0 

N241CP 289 2.82 .075 .076 1.32 

1312-747316 303 3.16.  .070 .074 5.41.  

82-2.4 MP 303 3.16 .071 .074 4.06 

13.2-'61118 303 3.16 .064 .073- 12.33 

132-C6146 311 3.31 .099 .102 2.94 

0r4461114 209 2,82 .069 .075 8.00 

Orityclohez 269 2.82 .077 .074 4.06 

024P 287 2.82 .076 .074 1.35 

02-400i8 303 3.16 .064 .071 9.86 

0246116 311 3.31 .100 .101 Ma 

41.'1461114 , 289 2.82 .065 .066 1.52 

Ar-eyelohez 289 2.82 .073 .072 1.39 
ilz.44C? 287 2.82 .072 . .073 1.37 
Ar4nC7113.6 303 3.16 .066 .066 0 
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TABLE XII CPONT'41 

§2.ptpm T 105 
/

AA 2.6x  ur 7; Error 

tkr-2,4 WV 303 3.16 

Aw.cuinted obseryed 

0 .066 .066 

4r.41001118 303 3.16 .060 .059 1.70 

W20-C3118 298 3.02 .098 .086 13.95 

Air :h1 B1 299 3.02 .079 .074 6.76 

313 3.39 .089 .079 12.67 

333 3.30 .099 .090 10.00 

kir-ethyl 
acetate 299 3.02 .085 .087 2.30 

313 3.39 .095 .094 1.06 

333 3.80 .107 .106 0.94 
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TM M' XIII 

Evaluation of DP r-1 (4.20 106),„ 2.5 1.096 

<,,‹ ealci DP ET (5.68 x 106 ) 1? 
.2 0 1.096  

....§,mts,  :m. T 
kT/E gr. 
1,Alig, 8 1:t .17: 

g_tar 10-• , DP gal° q Erman: 

112.;42 • 193 > 2.5 "A'..aS .320 13,04. 

„3„, It.e  200 1.99 .3142 114..70 

253 3.16 .5h3 9.50 

273 3 .71 .638 9.88 

283 4 1 .,-.:: , .733 1.35 

294. 4.47 .770 06,92 

297 4 04-7 .770 1.15 

300 4.47 .770 1 -or -le.) t 

304. 4.68 .805 r ry )6, 

322 5.37 .923 2,22 • 

398 7.94 1.364 5.81 

400 7.9t. 1.364 7.40 

450 9.88 1.700 10.32 

506 12.0 2.065 9.67 

573 15.1 2.595 7.39 

-Ar 283 > 2.5 4.26 .838 1.21
`  

70=70 6 9 354 6 .31 1.240 11.61 

H200a 

4-18 e .51 1.675 2.28 

289 7 2.5 4.26 .707 4,22 

lv .-3 101 40  296 4.47 .741 14.70 



117 TOLE XIII (CONT,D) 

_.2S2to___ T 
Jaye  
100 Tr  

5 
A.,:: x 10 DP cale 5 Erg 

a.3 
273 72,5 3.71 .719 3.49 

116 293 4.46 .863 3.48 

.297 4.47 .865 1.05 

333 5.62 1.088 6.56 

4/3  8.41 1.630 13.60 

533 13.2 2.555 18.r1  

1e..112 300 > 2.5 4.47 .623 )6.15 

d.e ?) r' 5 7 323 5.37 ..750 2„2I, 

353 6.31 .880 1./6 

383 7,08 .9e5 9,.; 

43-3 8.51 1.187 '.ol 

443 9.44 1.315 2s02 

473 3.0.7 1.490 4.7°; 

498 11.5 1.604 2.7C 

600 15.8 2.205 8,g'S 

900 30.6 4.270 10.30 

1200 46.5 6.490 16.18 

Ho-1 r 276 > 2.5 3.98 .634 1.86 

m28 
C . 2 288 4.26 .678 2.72 

293 4.47 .711 5.70 

317 5.0] .797 0.= 

323 5.37 .855 5.70 
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TABLE XIII (CONTID)  

System .1....  
kT/E- 2...acur  2.5 5 AL___ 19 DP clg. 540 Error  

346 5.88 .936 1.30 

353 6.31 1.050 7.37 

-383 7.08 1.128 0.54 

413 6.51 1.354 9.47 

418 8.51 1.354 3.14 

443 9.44 1.501 7.14 

473 10.7 1.703 5.64 

498 11.5 1.831 5.96 

500 11.7 1.862 0.01 

1000 35.5 5.650 10.62 

1100 39.8 6.340 16.40 

lie-0O2 276 >- 2.5 3.98 .528 0.55 

Tc  - 40.0 298 4.47 .594 2.94 

317 5.01 .665 0.61 

323 5.37 .714 5.31 

346 5.88 .780 2.10 

353 6.31 .837 4.63 

383 7.08 .940 6.33 

413 8.51 1.130 8.65 

443 9.44 1.253 10.59 

473 10.7 1.420 11.03 

498 11.5 1.527 7.98 



119 TABLE XIII (CONT1 D) 

SySte X-  
kT/E .. 
1.00 Tr /4 5x2. 105 DP ottio 

297 2.5 

AErrs

lie-NR3 4.47 .718 14.72 

To P.,  46.2 

.11 x  1U5 
i 

2.0 
 

Air-0O2 276 < 2.5 3.02 .151 6.34 

To 
c  201 293 3.33. .165 0.00 

317 3.63 .181 2,25 

Air-fili3 295 < 2.5 3.31. .228 7.69 

T 0  .... 232 

N2CO2 289 < 2.5 3.16 .157 0.63 

Te196 293 3.31 .165 1.23 

298-  3.31 .165 0.00.  

300 3.47 .3.73„ 0.00 

>- 2.5 "2.5x105 

600 1.58 .580 4.13 

900 3.02 1.110 8.80 

1200 4.78 1.758 10.93 

7.70-kr 195 > 2.5 1.86 .133 13.07 

To  t.. 82.0 273 3.71 .265 2.2.3.: 

'288 4.26 .304 1.33 

303 4.68 *335 2.44 

318 5.01 .358 0.28 

353 6.33. .451 8.92 
473 10.7 .765 14.01 
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TABLE XIII (CONTtD) 

System  T 2.1434,7x it 2.5x 105 Dr cale if/Error 

Ho-00 296 >2.5 4.47 .612 12,e2 

T.= 26.4 

d2-r 293 >2.3 4.46 .193 0.52 

To  a- 138 

Nr.00 290 > 2.5 4.26 .175 17.02 

Tat  s= 3.29 296 4.47 «184 13.21 

2.0 _5 
l , x u 

N2-1}i3 295 < 2«5 3.31 .226 8.68 

To 171 

Ar.Kr 200.  < 2.5 1.74 .086 3.9.50 

To  aa 178 273 2.68 .142, 12.70 

268 3.16 .156 3.7.95 

303 3.46 .171 22.14 

318 3.63 .179 17.00 

. 
/
a  2.5z  105 

333 7-  2.5 
• 

6.31 .231 17.26 

373 7.08 .259 19.90. 

473 10.7 .391 19.58 

Ar-00 296 > 2.5 4.47 492 2.13 

To  a. 142 
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TABLE_ MT (CONTtD1 

......2M0 l L 
- 

2t)0 Tr 2.0x 105 DP ealc Errar  

Ar4111!3 295 < 2.5 3.31 .238 2.56 

Tc .r. 24e 

c0.c02 296 2.5 3.31 .162 6.58 

Tc  - 201 

CO-NH3 295 2.5 3.31 .222 7.50 

Te ,-, 232 

CO -II2 0 2 195 .e. 2.5 1.66 .070 32.10 

Tc  f.,  307 273 2.88 .121 22021 

287 3.16 .133 19.55 

29& 3.31 .139 18.80 

313 3.63 .152 18.76 

363 4.57 .192 14.29 

ar-C12 293 < 2.5 3.31 .133 7.26 

To  r- 23$  

Air-Bra 293 < 2.5 3.31 .118 29.70 

Te ... 279 

00a-C3He , 298 2.5 3.31 .103 19.77 

To  .. 135 



122 TOLE XIII AcoNTTI 

kT/E 
/1'0x 105  DP cale LEEE9r 

Air-cyclohex 289 <2.5 3.16 ,206 5.93 

T Pgn - c ,...) 295 3.31 .216 3657 

N242116 298 < 2.5 :3.31 .146 1.35 

T. = 296 

Air-006 298 < 2.5 3.31 .091 5.21 

296 308 3.46 .095 6.66 
2.5x 105 
—WO-  fi ..41-1 2 '4 290 > 2.5 .753 3.72 

T0 0 79.8 

H242H6 29 :-2.5 .  4.47 .590 97 
102 . 

112-nC4H10 2e8 > 2.5 4.26 .406 12.45 

To  = 119 354 6.31 .602 18.73 

430 .91. .850 11.(19 

112-nC014 289 > 2.5 4.26 .322 11.02 
To 130 

112-oyachex 269 > 2.5 !.,26 .370 164,00 
T .' 136 

HeCe16 303 > 2.5 4.68 .322 13.78 

.. 134 



123 
TABLE  XIII (CONT'D)_ 

,System T 
kT/ ... 
ltatUr  /(2.5x 105 DP (talc $ Error  

H2-nC8113.8 303 > 2.5 4.68 .296 6.86 

To 138 

112-06116 311 >2.5 5.01 .469 16.10 

Te  ... 137 

H2-2:4 DM 303 >2.5 4.68 .327 10.01 

To  m 132 

Ho'. C71116 303 > 2.5 4.68 .246 7.17 

To .., 53.3 

He-nCsHig 303 > 2.5 4.68 .224 9.68 

Te a 54.7 

He-21 4 IMP 303 > 2.5 4.68 
,-, 

.248 5.70 

Te = 52.3 

He-C6H6 298 > 2.5 . 4:47 .323 15.89 

Te  ft 54.4 '423 8.91 .644 5.57 

463 10.0 .722 0.98 

503 12.0 .866 5.89 
523 12.6 .910 5.38 

A 2.°x 105 
/ 3.33. N2.4 214 4 298 <2.5 .162 0.61 

; ...189 



124 
TAME XIII (CONTID) 

WIVE wct 
2:1,29.:zr 2.0 „5 •:r,...,..q ya... DP ealc ftlitrin 

N2-nCe.10 29 < 2.5 3.31 .096 0.00 

To  --, 231 

”2-iCel10 298 < 2«5 3.31 .094 3,30 

2 *-227 c 

112'nC6 . P  289 4:2.5 3.16 .070 8.57 

T D. 2r43 c -• 

cyclohcz 2S9 L 2.5 3.16 .078 2. 

To  ., 264 

324XF 289 < Via. 3.16 .077 2 

To  Da 259 

112-4mC714,1.  303 < 2.5 3.46 .070 5.41 
To 261' 

142-2,4 DM 303 < 24 3.4h .071 4.06 

To  -,D 256 

-1108J13,8 303 < 2.5 3.46 .064 12.33 

268 
• 

,2-C6I16 311 < 2.5 3.0 .099 2. ' 

Tr.  ,-- 266 



125 
TABU  XI II _icoNT'D)  

_„_.§izss2_.., T 
IZT/E e" 
2._00 11 74 2.  Ox 105 DP cale % Emy: 

C2' IrC 614:14 289 < 2.5 3.16 .071 5.3, 
To 84 200 

0 1*hex 2C9 < 2.5 3.16 .079 6.76 

Tc  ..- 292 

0 P 267 < 2.5 3.16 .077 4.06 

Te  c,,,  287 

Ortgellie 303 < 2.5 3.46 .064 9.86 

Tc  c,  296 

0rC6B6 311 < 2.5 3.63 .101 0.00 

; z 294 

k'-`6 14 289 < 2.5 3.16 .067 1.52 

' 277 

a,..cycicholi 289 < 2.5 3.16 .075 4.00 

''. 26 n 
0 4 , 

MC P 2,S7 < 2 ..? 3 6 .1073 0.00 

To  ,,t 284 

,,.r..nr; ;1., e 303 < 2.5 3.46 .066 0.00 



126 
TABLE U?II (CoNT 0D)  

kTi--- ''
----§a-sVga T 2,,,..,,,-.. , 

2.0x 105 pP calc Lamm 

fir-2I 4 r41.7 303 < 2.5 3.46 0066 0.0 

To v* 2E10 

Ar-neelle 303 .. 2.5 3.46 .060 1070 

Tc vi 293 

1,1204 11 298 C 2.5 3.31 .098 13.95 

Te '"' 338 

Air-Chl n3 299 4 2.5 3.31 .079 6.76 

T .... 200 0 , 313 3.63 .087 10.12 

333 3.98 .095 5.56 

acetate 2)9 < 245 3.31 .085 2.30 

co 264 313 3.63 .093 1.06 

333 3.'78 1.02 3.77 
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c''APLE XIV 

ata: Rernromo Plot for  Diffusion 

coefleftent Tompormturs 711.ntion 

Syt3tem#  (7298) (bP2,e) 4/T298 DP/DF298 

Ii2-1)2 (295) (1.250) 0.976 0.993 

T 11 
A (297) (0.779) 0.650 0.473 

0.674 0.515 

0.852 0.770 

0.920 0.908 

0.968 0.954 

0,991 0.980 

1.01 1.03 

1.02 1.09 

1.08 1.16 .:-. 

1.34 1.65 

1.35 1.63 

1.52 1.98 

1.70 2.42 

1.93 3.10 

-{sr (288) (0.828) 1.23 1.34 

1.45 2.07 

112-0O2 (29e) (0.646) 0.970 O.958 
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TABLE XIV (CONT'D)  

Sretom (T2q8)(W:290 T/T298 Dr/DP2f4 

P2-4120 (307) (1.020) 1.07 1.10 

1.15 1.16 

H2.N113 (297) (00856) 0.9/8 0.870 

0.987 0,975 
1.12 1.19 

19 1.66 

1.7

0

9 2.51 

/12"12476 (307) (0.455t) 0.932 0.863 

1.21 1.41 

1.36 1.83 

12-r4 (28S) (0.361) 1.23 1.40 

1.49 2.11 

No-112 (300) (0.743) 1,G8 1.03 

1.18 1.20 

1.28 1.45 

1.38 . 1.62 

1.4e 1.74 
1,5e 2.11 

. 1.66 2.22 

2.00 3.23 
3.00 6.41 
4.00 10.4 
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TABLE  XIV  (COM'D)  

MTI1!gle1210A1 
T/T298  DP/DP29e 

R"°2 (323) (0.809) 1.09 1.22 

1.19 1.39 

1.28 1.54 

1.37 1.76 

1,46 1.97 

1:54 2.08 

110444. (298) (0.754) 0,926 0.856 

0.966 0.924 

1.06 1.06 

1.08 1.07 

1.16 1.22 

1.19 1.30 

1.19 1.30 

1.29 1.49 

1.39. 1.64 

1.40 1.85 

1.49 1.86 

1.59 
. 
2.14 

1.67 2.29 

1.68 2.47 

3.36 6.29 

3.69 9.79 
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TABLE XIV (C0NT'21 

i3temw (!ple(5298) T/Tp98 .. op/DP290 

.40-g.1 (317) (0465) 0.871 0.816 

1.09 1.18 

110402 (29S) (0.612) 0.926 0.869 

1.06 1.08 

1.08 1.11 

1.16 1.25 

1.18 1.31 

1.29 1.44 

1.39 1.70 

1049 1.85 

1.59 2.09 

1.67 2 g.31 

Re.H20 (290 (0.908) 1.03 0.993 

1.10  1.11 

1.18 1.23 

R11-46116. (290 0.384) 1.42 1.59 

1.55 '1.86 

1.69 2,12 

1.76 • 2.24 



TABLE XIV (COMM) 

S"4".......2.21......11122.12.152.411 T/7298 DP/DP298 

He-ethanol (298) (0.494) 1.42 1.66 

1.55 1.87 
1.69 2,12 
1.76 2.37 

H2402 (298) (0.165) 0.970 0.937 
0.984 0.988 
1.01 1.05 
2.01 3.67 
3.02 7.37 
4.03 12.0 

142412° (308) (0.256) 1,07 1.18 
1.15 1.40 

02.1120 (306) (0.282) 1.07 1.13 
1.14 1.25 

litt-Ar (303) . (0.327) 0.644 0.468 
0.901 0.829 
0.950 10.917 
1.05 1.09 
1.17 1.27 
1.56 2.05 

133. 
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TAME XIV _(CONVD) 

Broterlp (T.,p1) (D 29) T/T298 DIVD.Ind 
....ta,:.!4 

No-Kr (303) (0.266) O901 0.838 

0.950 0.902 

1.05 1.07 

414-Kr (303) (MAO) 0.659 0,514 

0.901 9.901 

0.950 0.914 

1.05 1.09 

1 1.41 

1.23 1.54 

1.56 2.34 

C°24120 (2) (0.117) 0.655 0.453 

00916 O.845 

0.963 0.915 

1.05 1.09 

1.24 1.43 

0114-H20,  (30 (0.292) 1.07 1.13 

1.14 1622 

C0471120 (368) (0020) 1.07 1014 

1.14 1.21 



1)3 
TOILE XIV (CONT'D) 

Syvtom$  (T298) 
oa--y.....*repavesSf.memy•almaad..••••~••• 

(DP298) T/T22g DPD„„, 
----AMR. 

A....t.....o.... 

4ir-0O2 (293) (0.165) 0.943 0.860 

1.08 1.07 

hir-ttAvoin (299) (040M) 1.04 1.07 

1.11 1.22 

Ohl Bm (299) (0.074) 1..04 1.07 

1.13. 1022 

Air-antline (299) (0.074) 1.04 1.07 

1.1' 1.21 

Ai r-2 pro- 
pawn. (299) (0.099) 1.04 1.08 

1.11 1.22 

Air-butanol (299) (0.087) 1.04 1.06 

1.11 1.20 

tiir-2 penta 
nol (299)(0.071) 1.04 1.07 

1.11 1.21 

Air-ethyl- . 
acotato (299) (0.087) 1.04 1.08 

1.11 1.22 



Calculation for DPAP298 vs. T/T298 Plot 

log y = 1.70 log x .0048 

at y = 1 

0 m 1.70 log x .0048 

Iog x = .00282 

x m 1.007 

at y m 3 

log 3 = 1.70 log x .0048 

log x = .4819/1.70 = .284 

x = 1.923 

Plot y m 1; x m 1 

y = 3 ; x -1.92 

:34 



135 
TABLE XV 

1.7  
M 

1.096 Eraluation of DP lIglaillyg98) (5,c  
444,•ittRef .73* ...weNC=01.0eRVIW zr.. ,1•••••=i1,1111.1MIWIM 

avaten SIL22 1 
1.096 

(-.7<  
atlio pb2A 

H2472 .478 .00409 .364. 460 1.09 

.507 .386 .401 3b7k 

.757 .576 .600 4..00 

.837 .637 .7C0 1043 

.945 .719 .743 3,23 

.978 .7;0, .763 Z.4,9 

.995 ' .757 .779 2.82 

1.009 .765 .80o k.co 

1.034 . .737 .852  Ill 
1.14 .868 .903 3.61 
1.63 1.24.0 1.239 3080 

1.65 1.256 1.270 1.10 

2.01 1.530 1.541 0.71 

2.a7 1.880 1.883 0.16 

3.03 2.306 2.417 4059 

111-Ar ,-, .945 .00468 .822 .828 0072 

1.34 1.166 1.111 4.95 

1.775 1.544 1.714 9,92 

1/2.002 .950 .00395 • .698 .619 12476 

1.0 .735 .6!16 13.78 
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TABLE XV (GLINT  

elm tem, S211 0,:  1.096 
.......,_................., DP r®r 

0 a ei

M01111.1•Mrole 

.740 .745 g2..11f13 .862 E001462 0.67 

4973 .836 .8314 0.2. 

.995 .8% .856 0.12 

1.209 1.039 1.021 1,76 

074 1.495 14435 4.18 

2.69 2.311 2.14.9 2.e9 
He.%  1.009 .00332 .624 .743 16.02.  

1.145 .708 .766 7.57 

1.332 .823 .692 7.84. 

1.532 .947 1.077 12.07
: 

 

1•74 1.075 1.200 10.42 . 

1.96 1.211 1.289 6 .05 

2.20 1.360 1.50 13.32 

2.39 1.t;.77 1.650 10a8 

3 •28  2.027 24400 15.514, 

6 «54 4.042 4.760 15.08 

10.3 6.365 7.7g0 17.60 

Re..Ar .877 00379 .618 .6/46 14033 

.9145 .666 .697 kali 

1.0 .705 .754 6 .50 

1.109 .782 .797 1.68 

1 .145 .807 .809 0.25 
1.289 .908 .924 1 .73 
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Tr:p,„}-31p, qi; T'3 D )  

S;9:0 tn.  S i:Mal .7 ,., 1.096 DP e rn 
0-7 0:573  Or 

'''''''*"..'. 791:
..
-74 : - F67' " - ---- - - ' 

,..?' ' t4(11),, , .978 .939 1.332 

1.532 1.080 1.122 3.74. 
1.7I 1.227 1.237 0 v.81 

1.775 1.251 1.398 10.52 

1.9 1.382 10401 1,76 

2.20 1.551 1.612 3.78 

2.39 1.685 1428 2.49 
2.43 1.713 1.860 740 

7,83 5.520 6.250 11448 

9.20 6.t86 7a;80 /2011 

E*-002 .853 .00316 .505 .531 4.90 
1.0 .588 .612 3.92 
1.109 .652 .661 1 35 

1.345 .673 .678 0.7h 
1,287 .757 .764 0s92 

1,332 .783 ,8ao 243 . 

1,532 .901 .834 1,,t;'2 

1.714. 1.023 1,040 1.63 

11.96 1,152 1.133 1;68 

2.20 1.29k 1.279 1.17 

2.39 1,05 1004 (464. 

He -YE 0995 .00382 .707 .842 16 43 
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TABLE XV (0 ON T D  

qd.t.iltm "? WAD 
- 1.096 

c. DP nrror 
--- 74a i  .767:77737 

tar 4 02  .877 .1l4 .1112 1.41 

.973 .160 .165 3.03 

1.109 .102 .177 a 682 

Air-I;3 .983 .00121 •221 0247 1043 

'4 4 (), 0950 .000b75 .155 .153 1.90 

3,973 .159 .163 2445 
1.0 .163 .165 1.21 

1.009 .164. .173 5.20 

3.20 .535 .605 1.1.57 
6.5k 1.06. 10217 1201-a 

10.3 1 6,79 1* (17 15.03 
re-Ar 014.66 40170 .1 .153 0 .65 

.037 .264 .211 2.53 

.945 • 299 .300 0033 
1.031 .326 327 , ,m, ..J if 

14128 .353 .357 1432. 
1.332 .1321 .104 169 
2420 .695 .671 2 .09 

E.,, .40 .990 .00326 .600 0702 14;53 
1.7242' *973 .00103 .187 .194 3 061 
II p...-S0 .956 .000981 .174 •211 17054 

*990 4,160 .212 15009 
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A 71.." WI T.17 try evynfril .44,, 

)
7,7 9

_,,,. ...3 
,, 1.096 
.....- DP _5 E.kTor ,,...., ,. • ., 7,17.6,..........crir.., 

T1,-1-171, 4. ...- ,9a3 .00120 .219 .248 11.69 
Ar-Zr 507 .00371 .082 .072 13.C9 

.nyr .136 *126 7094 
.9h5 .153 .123 19.53 
1,031 .167 .14.0 19.29 
1.115 */81 .153 18010 

1.332 .216 .197 9.6k. 

1.46 423/ a/6 9.72 
2920 .356 .327 3.87 

Ar-co 0990 .00102 .180 *138 0 

AP.ILT13 4983 .00127 .232 *232 0 - 

00-002 *990 0000863 .159 .152 40,61 

ot.m3 .983 .00/10 .215 .240 xo$4a 

c02c.n20 $4,86 .000741 .067 .053 26„b2 

.837  .116 *099 7.7.17 

.940 .130 .107 21.50 
100 .130 .117 17095 
1.087 .1,0 $123 1749 
1,398 0193 *160 34033 

Alr.412 .973 0000709 .128 .124 3023 

arcer2  .973 0000631 .114 .091 25.a7 

CO -01570 100 *000551 .102 .0% 1C.60 
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TA8L8 XV (COMM' 

;17stpm (7/298.)1.7 oC 1496 DP LEV= attic. abs 
Air-CE4 .950 .00115 .203 .219 7.31 

.983 .210 .224 6.25 
142-Cia 1.0 .000778 ,.145 .148 2.03 
Air-C6F. 1.0 .000432 .090 .096 6.25 

1.057 .095 .102 6.86 
H2-CM4 1.0 .00400 .744 .726 248 
Hi-Cets 1.0 .00314 .584 .537 8.75 
If -110 4II10 .945 .00227 .399 .361 10.52 

1.34 .565 .507 11.144 
1.863 .786 .763 3.02 

Hen0014 . .950 .00180 .318 .290 9.66 
112-ayalphox .950 '40201 .355 .319 114020 
E2'rs07f1/6  1.031 .00164 .314 .263 2448 
pen08n1.e 1.031 40151 .290 .277 k.69 

ee6 1.074 .00223 ...446 .404 10.38 
Bi-2114 1U? 1.031 .00166 .319 .297 741 
Bo- -C71116 1.031 .00125 .239 4265 9.81 

4"12C81118 1.031 .00114 .219 .248 11.68 
Ea.-2A IMP 1.031 .00126 .241 .263 8.37 
/10467.6 1.0 .00172 .320 .384 16.68 

1.42 .581. .610 4.76 
1.554 .677 .715 5432 
1.688 .778 .615 4.54 
1.755 .803 4861 6.74 
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TA13L  XV (00NT/D)  

...MatO.... tT/1?8,1.7 c) 1.09b DP  
mac. abaft .  

LAME 

1.04 NrCants  1.0 .000862 .1.60 .163 

Nrn 41110 1.0 .000511 .095 .096 1,014 

112'1°010 1.0 .000502 .093 .09/ 2.20 

524.0014 .950 *000392 .069 .076 9.22 

Vevelobex .950 .000436 .077 .076 142 

Ile= .950 .000427 .075 .076 142 

112'11°7Y/16 1.03/ .000356 .068 .074 8*11 

112-2#4 DM 1.031 .000359 .069 .074 6.76 

Ern0811187 1.031 .000325 .062 4073 15.,08 

Na-46g6 1.074 .000482 .097 .102 4.90 

42444611114 .950 .000395 .069 .075 12.50 

Oecyclobox .950 .000439 .073 *074 $.41 

OrMOP 440 .000431 .075 .d 1*35 
4rn0018 1.031 .000325 .062 .071 12068 

0246E6 1.074 .000488.  .098 .101 2a97 
Ar-u0014 .950 .000373 .066 .066 0 . 

&Tuvelob= .950 400416 .073 .072 1.39 
Arla0P .940 41000408 .071 .44073 2.74 
Ar-n071116 1.031 .000335 .064 .066 306 
1g-2.4 MP 1.031 .000338 065 .066 1.52 
Ar-nO8Hi8 1.031 .000304 .059 .059 0 
142041118 1.0 .000520 .097 .086 124479 
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TAM rir tD)  

—.. EltUtep  
W 

'(2.g,ti.,:::(
MFtt,"'eru; 

ktr"iThiP.1 10005 c 0001420 0078 5 thl, .074 
1.037 .085 .079 7.59 
1203. .094 .090  

l. i ,thylrme tete 1.005 .000451 4,08I .037 ttg 
1.007 .091 .094 3.19 
1.208 .101 .106  
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TABLE XVI  

11112tict° 81311. 
1.0 .09 

DPAAPAes  r °C.&=/ `'4 AC 

la.t.  ......leut t.,....22.. Combination DP4B/DP42...  % Error  
obi). cab. 

1 Y12-Na 

2 22-Ar 1/2 .941 .863 8.3 

3 Ha-c 02  1/3 1.26 1.02 19.0 

Li. E2-7H3 1/4 .910 .873 4.1 

5 tie-2 
6 No-Ar 5/6 .984 .(363 12.3 

7 ito-002 5/7 1.21 1.04. 14.0 

8 no-u$3 5/8 .883 .853 2.8 

9 Air-002  
10 Air -11113 9/3.0 .668 .714 6.9 

11 r2-kir 

12 Ne00 102 .916 1.04 13.1 

13 142-r N3 3.1/13 .702 .847 8.3 

14 Ar-Kr. 

15 Ar-CO 1V3.5 .745 .842 13.0 

16 Ati-NE 14116 .604 .672  11.3 

3.7 00402  

1.8 00A•Nfl., 
.1 

17/18 .633 .717 13.3 

19 Air-012 

20 Air-Bra 19/20 1.36 1.11 18.1, 

21 Re0H4 
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TABLE XVI  tCONT,D)  

MIL _xtlittm,...... gprpination DP4D/DPZ 
U77,---TaTE7 

22 112-C2116 21/22 1.35 1.26 6.7 

23 112"nC41110 21/23 2.01 1.77 11.9 
24 LIT-reOlt, 21/24 2.50 2.24 10.4 
25 V .44 cichvg 21/25 2.28 2.00 12.3 
26 greH16 21/26 2.56 2.45 4.3 
27 112"` 8e18 21/77 2.62 2.69 2.7 
2C 112-006 21/28 1.80 1.40 0 
29 R2-204 DMP 21 29 2.45 2444 0.4 
30 tic -ne71116 

31 ne-nCeile 30/31 1.07 1.09 1.9 
2 Uo-2,4 Die 30/32 1.01 .983 3.0 

3.1 Nee'CO6 30/32' .690 .715 346 
A v-cIII,  

35 112"mC41110 34/3" 1.70 1.70 0 
36 112-1C010  34/36 1.79 1.73 3.4 
37 112..e03.4.   - 34/37 2.14 2.22 3.7 
3L1 112 lohex 34/38 2.14 1.98 7.5 
39 N24.1cP 34/39 2.14 2.03 . 5.1 

4° 1727111.6 34/40 2.20 2.45 11.k 
41 N2-204 D 34/41 2.20 2.43 10.5 
42 Errcole 3/442 2.23 2.69 20.6 
43 11/446116 34/43 1.60 1.60 120 
44 o2..11 0114 
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WII;v1  

Eta.t. sZAtin Coatnatien DPABAPAC % Error 
obs. caIe. 

45 01  cycloho% 44/45 1.01 .888 11S 

46 02'4 DP 44/46 1.01 .905 949 
47 Oceelp 44/41 1.05 1220 11!,„, 

48 °2406 44/48 .742 .798 7,5 

49 Ar-nyilit  

50 kr-eyelehon 49/50 .918 .485 3,6 

51 kn.KCP 49/51 .904 .902 0.2 

',21 t4r-n:C7H16 49/52 1.0 rao 10,0 

53 ar-2;4 MT 49/53 1.0 1.09 9.0 

:4 kr-nC81118 49/54 1.12 1.22 8.9 

55 Air-C1 Bz 

56 Air-ethylaeetate 55/56 .850 .919 8.1 

Overall % Error e.4 



1.096 1.09 6 ILO 
ta vulat ion for DPA/13PACv15 ° c). 13/ Plot 

log 7 lc 1.02 log .0045 

at y1  

0 fra 1.02 lor,g x .0045 

log 000441 

nt 1,010 

r- 

10s 3 v-t.  102 log 3-.0045 

2t 7:t 014316/1.02 .472 

2.965 

Plot 1; z 3.01. 

rt 3 x'2.97 



TABLE XV IT 

C orpa riAoks,L,Pittiwkor 

nigferont 

...§2S s21_,. 

112412 

tLAIK 

193 

8 ior Eq,. b 
Error  

AIES-Mil.”1 

1.09 3.72 19.05 

200 3.74 5.96 16049 

233 4.00 3.16 lg.= 

273 10.03 8.19 14.30 

288 ;3.23 4.21 19.13 

294 2.49 • 3001 23.57 

297 2.82 3.18 20e3. 

300 4.00 4,16 19.06 

304 4.11 8.17 . 14.03 

322 3.38 3.90 19.08 

398 3.0 2.46 19.38 

400 1.10 0.12 22.18 

450 0.71 1.15 22..33 

506 . 0.16 1.64 21.69 

573 4.59 1. •5 6 16.19 

rivitr 238 0.72 11,19 4.71 
354. 4.95 4.e7 12.00 

418 9.92 17.61 3.63 

.82442 289 12.76 2.34- 25.99 

293 13.78 1.33 . 27,37 
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TAME XVII (CONT'D) 

'.......AVAtfm 2...!K 
..,... 

- Error 
0-  - diliEgE745EUr,"' 

H241113 273 0.67 4.50 1.00 
293 0024 3.37 0.90 
297 0.12 3.74 0.63 

333 1.76 1.29 4.13 
413 4.18 2.37 9.00 
533 2.89 6.82 13,65 

114.11g 300 16.02 4.65 6.24 
323 7.57 5.36 3.38 
353 7.84 5.57 3.17 
383 /2,07 0.95 1.79 
413 10.42 3.38 0.04 
443 6.05 8.80 4.70 
473 13.32 0.24 4.10 
498 10.48 4.31 0.70 
600 15.54 0.71 7.42 
900 • 13.08 1.76 10,43 
1200 17.89 3.55 13.27 

lie-A ' 276 4,33 2.56 9.75 
288 4.45 2.89 9.97 
298 6.50 4.65 1155 
317 1.88 0.65 6.59 
323 0.25 2.44. 4.9.3 
346 1.73 1.11 6.22 



149 TABLE  XVII osNT,D). 

......10121.-..- WI _____Lgrror 
Ttilagl---72-g__ . mngt4. ARAI 

353 3.99 1.03 8.23 

363 3.74 0.50 7.93 

413 0.81 2.98 5.00 

418 10.52 7.02 14.27 

443 1.36 2.79 5.51 

473 3.78 0.18 eon 

498 2.49 2.27  6.70 

500 7.90 4.39 12.80 

1000 11.68 4.29 3.9.53 

1100 12.11 4.24 20.69 

Re.402 276 4.90 5.82 2.53 

296 3.92 6.53 2.87 

317 1.36 3.53 '0.47 

323 0.74 2.86 1.23 

346 0.92 2.85 1.38 

353. 2.13 3.84 0.37 

383 1.92 0.37 4.78 

413 1.63 2.66 1.52 

443 1.68 . 1.01 5.16 

473 1.17 0.35 4.22 

498 0.64 0.67 2.91 

lie-. 3 297 16.03 7.00 24.05 



2..50 
TaL2 XVII  (C0NT,D.1_ 

:4,1701._ F4f.K Error 

0,88 4i -0O2 r,76 1.41 3.48 

293 3003 7.89 3.06 

317 2.62 1.45 4.56 

441,-KH 295 10.53 3.18 16.79 

2-002 289 1.90 1.50 2.3e 

293 2.45 2.31 3.04 

P.S!8 1.21 0.59 1.15 

300 P. "e'N 
0,4t., /4007 4.54 

600 11.7 7.74 5.91 

900 12.41 6.75 7.31 

200 15.03 4.98 8.51 

tio-hr 19 -0.65 2.20 8.20 

273 2.5r, 0.06 4.55 

2sa 0.33 c.87 5.25 

303 0.31 0.60 4.99 

atlC 1.12 0.92 5.33 
353 1.69 2.57 2.21 

473 2.09 5.61 - 0.91 

?e-00 296 14.53 3.95 1.29 

U2.-Ar 293 3.61 0.27 6.76 

Urc0 = 17.54 7.69 4.76 

296 15.09 4.60 1.49 
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TA4LL....VILSCSM'AL 

,...jiMtea.. VT 
9W7C611 

Error 
178° - Pi 11P4riffq 

V ern 4-'0  Of1 ,..v.,,,,- 11.69 1.01 18453 

Arda 200 13089 1.59 19.97 
nrp 7.i4 2.64 16.14 

68 199538 5.24 0.6e 

303 19029 5„16 t 16 

313 1063G 4 A72 8.04 

Xi3 9.64 2.37 13.38 

373 72 1.(A 12062 

673 8.87 1.84 11.53 

Ar.00 2% 0 2.66 0042 

AS.F113 Z95 0 .5.43 22.16 

C0 C0 296 4.61 4.91 7.90 

CO- 1 VN 295 10.42 2.44 14031 
.N.0 CO2 N. 195 26.42 2.89 7.55 

273 17.17 0.15 1.54 

247 • 21,50 0.79 0.53 

298 17995 4.74 1.22 

313 17.19 2623 0.73 

363 litea',C; 3061 04653 

kr-C12 ..!,‘„,„ 1, ,Il  ..,„ 0.08 1004 

Air.Bra ,,,, 25027 0.03 9.84 

c °rya  ., -.no 14'460 6.96 0462 
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/3 /4,91,1 C 01,TT D ) 

5.7..Etta- 232.1i Error 
k 01.i..,_ (Abner- cn 

Air-0114 289 7.31 8.C6 0.32 
295 6.25 7.85 1.61 

11242116 298 2.03 0.37 1.36 

Air.406 298 6.25 6.96 6.59 
308 6.86 7.23 6.32 

117.484 298 2.48 5.33 27.25 
112.02)36 293 0.7,5 3,33 29.24 

112-4cOlo 208 10.52 0.34 31.0 

354 11.1,4 1.9 35.20 
430 ).02 4.85 26.1h 

2--nC61114 2e9 9.66 3,08 34.72 
N2-cynlohex 289 11.21 4.94 30.60 
B2-e0711A 303 24.38 6.C5 "9.91 
V2-1108H10 303 4.69 2.27 33.05 
11,-C6116 311 10.31 0.82 29.21 

5 2 21 -D:7' 303 7.41 1.87 34.41 
0o-n0A6 303 9.81 5.68 6,30 
1113-r068 303 U.68 6.12 6.30 
Ho-2,4 WIT 303 8.37 4.96 8.02 
lio.0 11, 6 Q 298 16.68 18.39 10.43 

623 4.76 5.20 5.97 
463 5.32 5.27 5.96 
503 4.54 3.93 7.30 
523 6.74 2.65 8.73 



153 VLBLE XVII 1CONT,D) 

K--  
0 zArrer 

'irisu_.367a.-1-71$17-  

12'eel:. 29 1.84 4.68 0.30 

E12-12CO3.0 293 1.04 3.72 2.02 

/32-1,C4111.0 296 2.20 10.03 9.15 

N2'3461:1 t.,ic, .k.:A o; 9.22 0.50 4.34 

T 1 07..c.he>,.. '2.cy  2.1.'s.,9 1.32 0.79 0.93 

l'7 - flr..P 442 _. 289 1.32 0.79 oata 

112.1-1c7t1k  303 r..',.11 2.06 1.46 

N-2,4 WIP 303 6.76 1.46 1.04 

12""LCCY3 503 15.08 3.25 6.95 

Eire6116 311 4.90 1.C2 5 ,t2 

02-Ear',6,,TI:m 289 12.50 3.15 3.48 

0p ""C V.:::', X.03,2iI.T.L 289 5.4), 0.27 3,56 
02.MP 287 1.35 0.91 -.2.34 

02-nC8iii8 303 12.68 3.96 4.26 
0 .4,4.4  11,  2 0 311 2.97 3•46 3,74 
4r...1/C61114 289 0 2.40 9.2a 

Ar-cyclobe2; 2e9 1.39 3.82 11.39 
g110.1-3P ' 287 2.74 6.31 14.11 
ex-V:71116 303 3.C3 2.84 8.36 
Arzio2 4 MIT,. 303 1.52 3.32 6.88 
atri.utaitie 303 0 6.75 5.25 
N2043118 298 12.79 1.35 5.06 
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TABLE XVII (CONVD) 

SYEAL5B,..--. T °If 
A4 0_ OthTrx-Chen 

Air-0, En 299 5.41 8.1,,, 6.74 

313 7.59 9.42 8.94 

333 4 044 7.39 8.15 

Air-cthylacetate 299 3.45 0.85 1.95 

313 3.19 0.84 1.20 

333 4.72 0.01 1902 
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Compare Calculations for DP of 

N2-0O2 at 300 gl Using 

This Work's Correlation Eq. (64) 

verso FSG Corr:lation  

1  - 1.096 /  4. 21 
k El 1'12 )  (T/298)1.7 (186) 

"Tht • *4 -a v 4\ 2 
Vel e2 I 

versus 

4.L11 
 N2)  T1.75 

(10-3) aP7W3 * + 633) 2 v 33 2 

(T/298)1.7 (166) =, (300/25W.7 (1146) 187.7 

T1.75 (10F3) m (300)1'75 (10'3) - 21.6 

Ve
t 

90.1 

Ve2 m 94.0 (Vc14 ;2°4) 2 (12.21)2m 149.0e 

v - 17,9 

v2  - 264,9 (v103  v2.33) 2 ze (5.55)2 = 30.11 
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... 

I 

/ Ili h
4_,, 4. A._. 

2 i 

o; 

.00162 ( .00162)1 .096 in .0067
e 

 

1 

.... ,.'"1 
1 

) If 
-R---  * 
.33 .33 2 in 40784 

(V1 + V2 )  

F8G 

DPrd in (0.75 x 10.4) ( 1.077 z 102) 0 .3.64. 

DP at ( 73 94 X 1044/ ) ( 0 oalt) X 10') 06169.  PlaG 

DP°bast 0.173 
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