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viously on a different appamtlls are shown in the sub8e
quent column. The agreement is satisfactory. 

It is illteresting that the present t.heory predicts two 
threshold pressures, only tile lower of which has been 
observed. Gas densit ies necessary to reach the upper 
threshold nre impractical with mo t :::ystems, but clearly 
exceptions exist which should be experiment.l1lly tract.
able. 

Pyrolysis Products. Methane was the major detect
able pyrolysis product. for Carbowax 4000. The meth
ane peak was followed by ethane and ethylene peaks in 
slightly smaller amounts. There were then several 
minor peaks of propane, propylene, etc. Only slight 
shifts ill the pyrolysis pattem were noted \\"ith a twofold 
change ill flow. The pattenl was also rather stable \\"ith 
changes in the age of thl' pyrolyzer. 

Eilcchve Solubility Parameters and Yolumes. The 
solubility pa.ramcters in columns 2 and 3 of Table I are 
obtained from eq S in combination with the experi
mental data and from independent calcubtions, re
spectively. The calculated 00 for stearic acid was ob
tained from data given by Beerbower anu Dickey;35 
values for l-octadecunol and the Carbown,."es ,'.ere cal
culated by known procedures,Zi.38 The Carbowax 
oo's appear as a range because of the ullcertainty in the 
oxygell contribution. Small suggests a contribution of 
70 (cal ml)I/\37 Available 1'0 and 80 values37- 39 sug
gest that t.he etber oxygen contribution varies drasti
cally with molecular i:lize and shape. 1\ Iolecules such as 
dioxane and triethylene glycol suggcst values in t.he 
neighborhoou of 140 (cal ml) 't'>. Use of 70 and 140 
(cal ml) If, gives the lo\\'er and upper limits, respec
tively, of 80(talcd) for t.he Carbow1L"es in Table I. The 
agreement between experimental and calculated 80 val
ues is excellent confiirlerillg t he inherent uncertainties in 
both values and in the underlyi.ng theory. In particular 
the relative displacement of the Carbo\\'ax maximum 
upscale from that for l-octadecanol and ste~tric acid. in 
Figure :3 is exactly as predicted. 

The agreement on molar volume, columns 4 and;; of 
Table I, is far Ipgs :3atisf:tctory. To a degrec such dis
crepancie::; arc con~i~tent with studies of liquid mixtures. 
"EtTect.ive volumc" parameters h:we beeIl useu to 
account for lllolecui:l.r shape differences. :\brtire 
defines the parametcr f where f = Vo* / Vo, the ratio of 
effective to actual \'1lIull1l'S. -10, 41 His E Y:Llue: for ~evl'ral 
solutes \\'ere in the range 0.7-1-1.0. "alues less than 
unity also occur for nUl' ::;olutes, column G. 

A plot of log E I'S. (mol \Yt) -t, ::;110\\'11 in Jo'igure 4, 
yields a straight linc, :l~:till with tile exception of ;;te~ll'ie 
acid. If stearic :tcid \wre "norm!ll" on this plot it~ E 

value would be o.;)\)() :tnu its "l'xperiml'nbl" volume 
thus 120 em 3• Actual \'alues art' twice this, sugP;('st ing 
dilller fnrmnt ion ill the dell::ie ga.:s pita::;\'. The stearic 
acid point s in Figure ·1 nrC' Lased 011 tlit' :I~~ulllpti()n of 
dinwl' formatioll. 

The reu~on for the cOllsiderable de»:tl'ture of E from 
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unity is not creai·. 1\ [artire 40 found this parameter to be 
independent of the particular solvent in a given class. 
He also attempt.ed t.o corrl'bte the E values "'ith the 
solution process. From solution-density mcasure
ments curried out at various concentrations, he showed 
that the partial mobr volumes at infinite dilution were 
close to the pure solute mo!:lr volumes and that no ap
parent correlation existed wit.h the E values. 

The present results, Figure 4, indicate that the E 

values do not vnry in a random manner for the In.rge 
solute species dealt with here, and that they can be re
lated to the molecular weight. HO\\,ever there is no 
obvious theoretical basis for the empirical struight line 
correlation between log E and (mol wt) -1. 
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Figure 4. Correlation of • = [Vo(exptl)/ Vo(calcd)] with 
molecular weight. 

It is possible that E is consistel1tl~· less than uni.ty fol' 
large molecules because the !:ltter, in a poor solvent, 
will tend to form intramoleculnr contacts in place of 
solute-solvent contacts. A reduced energy of mixing 
will be associat.ed with the reduced numbC'r of contacts, 
ll':ldillg to ellhancen1l'nt of t.he exppctl'd solubilit~,. 

This is pr~'ciscJ)' the cfTI'ct of E < 1. III the limit the 
solute molt'culefi will assume a spherical form, :md since 
intermolecular energy can be associated with inter-

(3G) A. B eerbower und J . n. Dickey, ASLE I'reprint. Lubrication 
Cunference, Oct 8-10. 19l1S. 

(3 i ) 1'. A.l:illlall. J. , 11'1'1 . Ch..,,, .• J. 71 (1953). 

(3S) J. L . U,mioll. "Encyclupedia of Polymer Science and Tt'ch
nf)lo~y." roJ. :>. ]1. F. :\I:trk. ;\. (;. C;"ylord. "nd :\. :\1. Bibil'". 
Ed., In tl'rsdencc, ?\ew Yt>rk. :\ . Y .• J!JG5, p 83;;. 

(3!J) A. E. Hheincck and K. F. Lin. J . Paillt 'j", ·ciIllOI., 40, Gil (1%"': ) . 

(40) D. E. :\\artire. "Cas Chrolllatoj!:raphy." L. I"owle1'. Ed .. 
A" lId!'m ;,' l'r .. ~s. :\cw York. :\. Y .• HI(i3, ]1 33. 

(41 ) D . I-:. :\larlire. "(;"s l'hrolll"tuj:ra"hy. l\lHli." A. B. Littlc\H,,,d. 
Ed., Illstitutc of I '~lro leulll . LOlldon. HJll7. p:!1. 

(,12) P. J. Flory. J . Am,.r. eh e",. ::;oc., 87, 1~:l3 (I!lU5). 

The JOl/r/lal of I'hy.ic·al Chcrni~t"lJ. "(II. i~, Xr> . .!~. / ,.,:.) 

I 
; , 

. : 


