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\I·est. One might 
25, to have the 

- to move into :. 
~U1 that of Table 
ut the magnitude:, 

minimum values 
ose of Table VII. 
an interpretatiQl: 

vacancy. 
re the values of 
.mperatures. With 
incrcasing magni-
110, 19, and 25. 

,'c the "hole" size 
p ns yet tlie simplest 
sf Jreedom oj -illtra-

slurws the greatest 
densityavaiiablc 

and in spite of its 
·ti ll the lowest for 

that while PSt! 
dcnsity that PSU 
~ 19 and PSU 111 
I. 
are examined one 
d increasing tem
ana tonic decrea:;e 
a constant value, 
limurns occurring. 

'd, however. 
of activation, wa~ 

four pressures by 
n and the values 
lted. The values 
'ablc VIII. From 
parent that uS::: 
. An exam ination 
with temperature 

-ith corresponding 
would lead one to 
lat there is always 

'e in temperaturc, 
c::;e usually being 
! quantity IlS± is 
t with the larger 

\' I S COS I T Y 0 F H I G HER H Y D ROC .\ R B 0 ~ S U X D E R P]~ E S S l,; R E 719 

TADLE VIn. t!.Scl. = I/T[':;'Jh-..lF±] ior six high-purity hydrocarbon~. 

l'~\·:;· 

~ .. !'l' PSG 25 PSU 110 l'::,U III 
,',lfS) w'e Y:-;.9°e woe 98.9°e 60°C 98.9°C 

-1. 62 - ·L~() -0. ,J.l - 3.19 +0. 08 -2.76 
: ).;0 - 0.60 - -.. 29 +0.71 -3.76 1. 15 -1 .6:! 
~"i() +0.30 - 3.27 ,:!.05 - 2. b4 3 .03 - 0 .51 
.coo +0.93 - 1.65 +3.17 - 0 .97 5.65 +0 .48 

\.duc~ bcing as,;ociated with thc more rigid molecules 
. ~ diphcnyl PSU 18, the dicyclohcxyl PSU 19, and 

ti;1! tficydopentyl PSU 113. The effect of thi~ rigidity 
:- gft':ltly enhanced by higher pressures, as Table VIII 
,t:,' .l:ate:;. 

The behavior of nS± for these compounds agrees in 
l.:cfal with the pattern indicated by Bondi.ls,lo The 

l';,ngy associated with TI::..S±, while no t ,l .;reat as 
,i: h .::::..I1±, is certainly not negligible compared with 

:,1/-:.., and they increase to~ether . 2.l 

The quantity !1V±=-R T\~ JnZ/ap) T is interpreted 
,;1 the Eyring theory as a volume characteristic of the 
::llll' process. In the derivative Z is the kinematic 
\·i~cosity . This relationship is a consequence of 'Lh e 
ddinilion of !J.F± as RT In(1) V /jT/t). Bondilo has 
.i,-avec! parallel relationships between Il V ±/V and 
U.f!±- '::::"ll±i) for a number of compounds. Since 
..'ll"± is found to be but a small fraction of the molecubr 
\'olumc, V, he concludes that long chain molecules fiow 
('.~l11cnl·wise . Of course, the mixture data of the present 

:lIpcr and that cited earlicrG furnish more direct evi-
,knee of segmental 11ow. The value,; of n V ± were 
,'aiculaLed for the compounds studied in this paper. 
These values will not be reproduced here since a~l the 
,ign ificant information follows from Table II and the 
iact that (a InZ/oP) T does not differ significantly from 
lj InZ/ap) T . The values of Il V ± decrease with in
,rca~ing pressure in all cases reported here as the 
tUfVes of lnZ vs P are concave toward the presst.:re 
.Ixi:.;. At any given pressure, Il V ± decreases when the 
lemperature of the isotherm is increased, for all pres
,ures above 200 bars. The values of !J. V = show, of 
tl)~lrSC, the same characteristic structural dependence 
,., do the original data in Table II. For example at 
(,(j°C , whcn the prcssurc is increased from 165 to 
,,!lOO bars, .::::.. V ± decreases 2-1% for the diphenyl PSU 
l~, 32% for the tricyclopentyl PSU 113, 34% for the 
,!:,yc!ohcxyl PSU 19, ancl 41% for the branched 
",r.IHin P SG 25 . The higher pressures enhance the 
::ifcrcnces in 6. V ± at all tcmperatures with PSU 19 
.J:l\·ing the highest value and PSU 25 the smallest value. 

It should be pointed out that the pressure coefficient 
~\1/)1) (01)/DP)]T might become an increasing function 
d h;gl:c~ pres:;ures than those employed in this work 

"Further studies of .1S± data on more compounds and owr a 
.I •• er r.:mge oi temperature will be submitted for publication in 
: .. c ;-.I.!~~r iuture. 

PSU 113 
60°C 98.9"C 

+1.68 -2 .08 
-.. 33 -0. 97 
4.50 +1,03 
SA9 +3 .41 

PSt; 19 
600 e CJS.9 v e 

+3 .70 -1. 12 
7.GO - 1. 20 

11 Al ,3 . 7S 
1-l.70 +7 .38 

l'SU 10 
(,Qoe 9S.9°C 

,0.35 -2.96 
2.93 - 1. 9(, 
6.19 +0.0:-; 

1O .GO ,3 .01 

"-----

jar others h,Lve found the In1) ~'S P bl:,'omc,; convex 
LOward the prcs"urc axis in many G,,,e:, when the 
pressures are carried to 10000 b<...rsY Thl! m"gnit ude 
of n V ± varies from 10% to 16% oi the molar volume 
at 165 bars and 37 .8°C and from 5% to 9% at 3()OO 
bars and 135°e. The largest values are <...:->"oci~led with 
the dicyclohexyl, PSU 19, and sma:lesL value:; w:th 
the monocyclopemyl, PSG 110, in each case. 

As was previou:;ly "tated no choice of the parameters 
of the Eyring equation \Va:; found that reproduced the 
data of this report quantitatively. An cmpirical equa
tion was therefore sough t that would do :;0 . It seemed 
reasonable to Lry to adapt the "emiempirica! equation 

1)=A exp(B/RT) (7) 

discussed previously, to the prcs:;url! data "s this 
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FIG. 1. Absolute viscosity "ersus F(;;) "' [ ("O/V) L (vo/v)Z] 
for PSU 25, 18, ,.:,d 111 at 9S.9°C. 


