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Effect of Pressure on Diffusion in Polymer Solutions* 

A. H . EMERY, JR., L. H. TuNG, AND H. G. DRICKAMER 
Departmcnt of Chemistry and Chcllli.cal Engineering, University of Illinois, Urbana, Illinois 

(Received November 6, 1953) 

Diffusion measurements h:l.ve been made using two molecular weights of polysulfide polymer at 25°C 
and 59°C in toluene solution. One isotherm for the low molecular weight was obtained in chloroform solution. 

The results indicate that there are two mechanisms of motion in solution. At low pressure the dominant 
mode involves the expulsion of a solvent molecule from the coiled polymer. Kt high pressure the motion is 
segmental. 

PREVIOUS work in this laboratoryl-S on diffusion in 
liquids under pressure has indicated that high 

,sure is a very useful tool in the study of the struc
. r~ of the liquid state and the nature of molecular 
Jtion . In particular the concept of the activation 
'ume has proven useful for the elucidation of the 
"'h:tnism of diffusion . 
rh is paper presents some measurements of diffusion 
:,:gh polymer in solution. The polymer used was poly-

,:Iidc of the forms [5- (CH 2)6 - 5]n. Two molecular 
':,h t fractions were made (5500 and 42000). Four 
,,:hcrms were obtained using the low molecular weight 
. 'ymcr [1 percent (by weight) solution in toluene at 
;' and 50 percent C, 5 percent solution in toluene at 
; (' , and 2 percent solution in chloroform at 25 
:lcn t C]. The upper limit of the pressure range, 
1.1-6000 atmospheres, was determined by the point' 
,rh ich the viscosity of the solution interferred with 
~ opera tion of the cell. 

EXPERIMENTAL PROCEDURE 

A. Synthesis of the Polymer 

fhe synt hesis of t he polymer was 111ade in th ree steps. 
,. methods used were those described in the litera-

. mi, work was supported in part by the U. S. Atomic Energy 
:r.\i>sion. 
R. C. Koeller and H. G. Drickamer, J. Chcm. ·Phys. 21, 267 

"\). 
' ~. C. Koeller, and H. G. Drickamer, J. Chem. Phys. 21, 575 
·'.It 
~ ,>c llcr. Cuddehack, and Drickamer, J. Chern. Phys. 21, 589 
~3i. 

Jol. B. Cuddeback and H. G. Drickamer, J. Chern. Phys. 21, 
. 1953). 
~ P. Doane and H. G. Drickamer, J. Chem. Phys. 21, 1359 

'~J ). 

tureG--O modified slightly to insure maximum yield on 
sulfur. The radioactive sulfur was obtained as BaS irom 
Oak Ridge National Laboratory. H 2S was generated 
and bubbled through an aqueot.. , cyanamide solu t ion 
to form thiourea. This was reacted with hexamethylene 
dibromide to form the dimercaptan. This was poly
merized in an emulsion with KOH and lauric acid . T he 
length of time determined the average molecular weight . 
Larger batches of nonradioactive polymer were p re
pared by exactly the same procedure. These were care
fully fractionated and molecular weigh ts were deter
mined by light scattering. t The results from light 
scattering were correlat ed against intrinsic viscosity 
measurements on the same fractions. The molecular 
weights of the fractions used in diffusion measurements 
were obtained from these correlations. 

B. Measurement of Diffusion . 

The apparatus and method of operation was sub
stantially identical with that used in previous diffusion 
measurements .1- 5 Because of the slow diffusion it was 
necessary to shorten the cell lengt h substantially. The 
upper part consisted of a slice of medium porosity 
fritted glass 0.088 cm thick. The lowcr layer consisted 
of two pieces of Whitman No . 1 Glter paper. T he clIec
tive path length was established by runs with 0. 1-0,1' 

G L. F. Audrieth, hwrgaltic S yntheses (McGraw-Hill Book Com
pany, Inc., New York 1950), Vol. III. 

7 R. L. Frank and P. V. Smith, J. Am. Chern. Soc. 68, 2103 
(1946). 

8 R. R . Renshaw, and D. E. Searle, J. Am. Chern . Soc. 59, 2056 
(1937) . 

9 L. E. Olson, Ph.D. thesis, University of Illinois, 1953. 
t We are indebted to F . T. Wall and H. Terayama for the use of 

the light scattering apparatus. 
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0' ?\a2SO.1 solution. It was found possible \0 duplicate 
o • • almost exactly the curve previously obtained at 25° to 

5000 atmospheres.3 Although the t.wo parts of cell were 
no longer the same length, one of the methods of calcu
lation used previouslyl.lo still applied. Very numerous 
preliminary runs indicated a reproducibility at least 
within 10 percent. 

In each case the lower part of the cell (filter paper) 
was filled with a solution of nonradioactive polymer, 
and the upper sleeve was filled with radioactive polymer 
solution of the same concentration and molecular 
weigh L 

RESULTS 

The results are listed in Tables I-III and are plotted 
in Figs. 1-4. Figures 5-7 show the calcul:J.ted quantities 

TADI.E I . Low molecular weight polymer. 

Tt'mpl'ra llirc 
I % ill toluene 

Diffll .... ion c(kfficicnl n 
°C Pressure ntmO!-i (, 1I12/~c.·C X to' 

25 SO 1.59 
25 200 2.36 
25 360 2.1il 
25 360 2.99 
1 -_:'> 640 3.U 
25 970 2.6..1 
25 1180 2.55 
25 1600 1.83 
25 1970 1.37 
25 2000 1.24 
25 3500 0.64 
25 3500 0.83 
25 385u 0.91 
25 6000 0.68 
25 6400 0.47 

50 250 2.15 
50 600 4.0 
50 1050 6.8 
50 1470 5.9 
SO 1870 3.29 
50 3600 1.57 
50 4550 1.20 

TADLE II. High molecular weight polymer. 

t % in toluene 
Temperature Diffu sion coeffici~nt D 

°C Pressure atmos cm'/sec XIO' 

25 200 0.276 
25 370 0.75 
25 610 1.].1. 
25 1220 LSD 
25 1970 0.88 
25 3650 0.45 

50 200 0.73 
50 350 1.24 
50 600 1.19 
50 1200 0.73 
50 2000 0.71 
50 2000 0.82 
50 3500 1.12 
50 3600 1.20 
50 ~500 1.21 
SO 4.100 1.43 
50 5650 0.45 

au K . D. Timmerhaus and I-I. C. Drickamer, J. Chern . Phys. 19, 
1242 (1951). 

TAllL!; III. Low molccui:Lr weigh t polyn:er. 

Temperature 
°C 

25 
2S 
25 
25 
25 
25 

no 
-IO() 
G30 

121;0 
I <),QO 
2850 

DifTu:-iLm (,"":'. ," 
cm'h ,·· I , :" 

l.12 
2.71 
2.3·1 
2.1(, 
1.2.l 
O.bO 

Low nlOic.-('ubr \\'r igh t 1lolymC"r 2(' , in rhlon,jorm 

jf)O 

220 
600 

1200 
2020 
3000 
3600 

1.94 
1.39 
2.20 
2.22 
I.N 
UH 
1.65 
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LOW MOL.WT.- I-/o IN TOLUENE: 

FiG. !' Difiusion coefficient verslIs pressure lo\\' mol~cular lie 

1 percen t in toluene 25 ° and 50° isotherms. 

(activation volumes, enthalpies, entropies, and ir 
energies) for 1 percent toluene solu tions of both nlfJ!(' 
lar weights. Figure 7 shows act ivation volumc3 for I ' 

5 percent toluene solution and 2 percent chlon,! ,' 
solution (both low molecular weight) . 

All the diffusion curves verS1.~S pressure (except ,i 

50° isotherm for high molecular weight) show q'. ' 
tively the same features . In each case there is a r.~. 
rise in D with pressure to 500 or 1000 atmo,;p!:t-r , 
followed by a slower decrease with increasing prcs" r' 
The low pressure part of the curve corresponds tt, 
large negative activation volume in the low pre."," 

region, and above 1000 atmospheres a posi tive rllll', . 

tion volume decreasing with fur ther i.' crease in prb<. : 

Figure 3 indicates tnat there is only a minor eEe· ' 
increasing the concentration from 1 percent to 5 pml" 
by weight. The chloroform isotherm (Fig . .j.) is qUJ, ) 

t ively similar in shape to t he corresponding 101ut 

1 1 

ht 

I"' , 

' t:. 

'11 

Ie 



olymer. 

~ion cO('flk'ic'llt !J 
m'/ 'tc x 10' 

1.22 
2.71 
2.34 
2.16 
1.23 
0.80 

form 

1.9-l 
1.39 
2.20 
2.22 
1.79 
1.84 
1.65 

o --o 

6000 

olccula r \\'~ i!; h 
1rms. 

es, and frer 
ooth molec\! · 
urnes for the 
t chloroform 

. (except thl 
how qual iLl ' 
re is a r:lpi.! 
a tmosph erc.' . 
ing pressurr 
sponds to ,\ 
low pressur< 
itive actin 

e in pressure 
in or effect n 
to 5 percellt 

-1-) is qualit:\ · 
ding toluene 

E F FEe T 0 F P 1\ E S SUR EON D IFF U S I 0 1\ I l\ r 0 L Y :\1 E R SOL UTI 0 :\ S 963 

1 

I 

i 
'i 

" o 
)( 

NIU ::E w 
VIII 

I ~o IN TO LU(NE 
LOW MOL. WT. 

,-,°C 

o o.~ 

0 .3 

0.2 

o 2000 4000 ~ooo 

PRESSURE, ATM. 

HICH MOL .. WT. -I "'" IN TOLUENE 

!:,;. 2. DitTusion coefT,cien("CfslIs pressure high molecular \\'eight 
1 percent in toluene 25 and 50° isotherms. 

'" o 
)( 

Nlv ::I!w 
VIII 

o 

I "to IN TOLU EN E 
3 ", ./ LOW MOL. WT. 

,6 \~ 2.5"C 
, 0 

2 I 
I 

--
~-

0 . .5 

2000 4000 6000 

PRESSURE, ATM. 

LOW MOL. WT. - ~ 'lIo IN TOLU ENE - 25" C. 

";,~. 3. Diffusion coen',cient l'crSIIS pressure low molecular weight 
5 percent in toluene 25 0 isotherms. 

Uf\'C although chloroform is a considerably better 
,'!\'ent for this polymer. The chloroform solutions 
Toyed to be very difficult to handle, which made fur
.lrr work along these lines impractical. 
Evidently there are two mechanisms of molecular 

:lltion, one con trolling at low pressure, and the second 
t: high pressure. 

The two mechanisms described below are consistent 
·.ilh our resu lts and with other evidence of structure of 
~!ymers in solution, although they are cer tainly not 
'~ e only possible descriptions of our results. 

One possible mode of motion is segmental. This would 
' sult in a positive activation volume, and would there

rc describe the controlling mechanism of motion in 
:c high pressure region . The decrease in activation 
olumc (per molal volume of solvent) and of activation 

'1thalpy wit h pressure in this region would indicate a 
X'rcase in the size of t ~l e moving segment with pressure . 
The second mode of mot ion depends on the picture 

of a polymer molecule as loosely coiled in solution \\'ith 
large numbers of solvent molecules trapped in the coils. 
If a solvent molecule were expelled from one part of the 
coil, with or without t rapping another solvent molecule 
in a different part of the coil, this would constitute 
molecular motion which might easily be characterized 
by a negative activation volume. Further, this mode of 
motion would become more difficult with increasing 
pressure, as the solvent molecules become squeezed OUL 

and the solvent structure more rigid. It is reasonable to 
bcJieve that the segmental motion is controlling at the 
higher pressure. 

The high molecular weight isot herm at 50°C is more 
difficult to explain. If the other curves arc the result of 
t \\'0 compet ing modes of motion it would seem tha t lhere 
are at least three competing modes in this case . T he 
indicated reproducibility of the results shows that the 
shape of the curve is definitely radically different from 
the others. If the port ions of the curve below 400 
atmospheres and above 4500 atmospheres arc extended 
to meet, the resulting curve is qualitatively similar 
to the other curves obtained. It is then the premature 
drop, at 500 atmospheres, which makes diffusion at 

N Iv :!u 
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I 'Yo IN TOLUENE .... .... 
LOW MOL. WT. '. 

25·C 
o.~ 

0 2000 4000 ~ooo 

PRESSUR'E,I<TM. 

LOW MOL. WT. - 2 "to IN CHLOROfORM 2~·C 

FIG. 4. Diffusion coenicient versllS pressure low molecular weight 
2 percent in chloroform . 
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FIG. 6. t:. Vi IV. versus pressure-high molecular 
weight ,'erSIlS pressure. 

50°C slower than at 25°C in the region (500--2000 
atmospheres) which is to be explained, rather than the 
rise beginning at 1500 atmospheres . 

It is possible that the molecular weight ctistribution 
of the high molecular weight polymer is bimodal, and 
that the "average" rate of diffusion is controlled by 
different molecular weights at different pressures. 
Unfortunately, because of the microsynthesis methods 
used, not enough of a cut was made to determine 
molecular weight distribution, but the fractionation was 
not sharp. Various other possible explanations can be 
put forward, but they are not particularly convincing. 
The high molecular weight polymer may be coiled in 
such manner at high temperature and low pressure that 
expulsion of solvent is not a particularly easy mode of 
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FIG. 7. Enthalpy and entropy of activation. 

motion. The increase of pressure may increase 
coiling and increase the likelihood of this mechani . 
motion . 

Light scattering experiments over this range of I 
sure are planned for the near future. It is hoped 
these will throw some light on the structure of 
polymer molecules in these solutions. 

The authors would like to acknowledge the assist, 
of C. S. Marvel and F. T. Wall of the Departmel 
Chemistry and Chemical Engineering with selectio 
an appropriate polymer. C. S. :'Iarvel further outl 
the method of synthesis . F . T. Wall gave many hel 
suggestions on the interpretation of results. 

L. H . Tung was supported by a grant from 
Guggenheim Foundation . A. H. Emery, Jr., rece 
financia) aid from the Shell Fellowship Committee. 
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