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spopsis 
Intrinsic viscosity and osmotic molecular weight data are presented for toluene solu- 

tions of several types of natural rubber after -mastication in air. For [q]  < ca. 4 all these 
data fit the relationship, [ q ]  = 7.11 X 10-7M,1.Bb. At higher molecular weights devia- 
tions from t h i s  relation are found, the extent of which depend on the type of natural 
rubber used. These deviations are attributed to differences in initial molecular weight 
distribution. 

The relationship bet ween the number-average molecular weight and the 
intrinsic viscosity of benzene or toluene* solutions of masticated natural 
rubber has been determined several times in these and re- 
cently analogous data for a synthetic cis-l14-polyisoprene have been re- 
ported.s The relationship found for this latter material differs appreciably 
from that published for natural rubber,2 a deviation which has been at- 
tributed to differences in molecular weight distribution of the unmasticated 
materials. 

Though the viscosity and molecular weight results reported previously, 
and those presented here, fit an equation of the Mark-Houwink type, 
[ q ]  = K M ” ;  this is essentially fortuitous, since a is much greater than 
the values normally observed for polymers in good solvents. Watson 
et al.1 have indicated how this pseudo Mark-Houwink equation can be 
interpreted in terms of the preferential rupture of large molecules during 
mastication. 

Data for natural rubber solutions reported recently4 have shown that in 
the determination of number-average molecular weight by osmometry’ 
plots of (7r/c)”* versus c are to be preferred to those of (7r/c) versus c pre- 
viously adopted here. This change in extrapolation procedure generally 
results in somewhat reduced values of an, especially for > 3 X lo5 and 
necessitates some alteration in the constants of the [v]-n;, equation. The 
opportunity has been taken therefore to present rather more extensive 
data than those previously quoted, these data covering three types of 
natural rubber. 

* The intrinsic viscosities of natural rubber in these two solvents are related by 
[9]tol = 1.076 [ q ] b z  - 0.15, (for [q] in dl./g ) and are therefore closelycomparablefor 
the usual range of [q]  valuee. 
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TABLE I 
Viscosities and Molecular Weights of Masticated Natural Rubber 

r2, 

dl./g. x 10-5 10-2 
[sl , an ml./g. X 

RSSl 

Pale crepe 

Sol rubber 

7.35" 
6.708 
4.24 
3.64 
3.40 
2.39 
2.33 
2.11 
1.61 
1.19 
5. 968 
5.45" 
4. 6lU 
3.57" 
2.76 
2.76 
2.71 
2.52 
2.47 
2.47 
2.08 
1.83 
1.83 
1.55 
1.02 
5.08" 
4.908 
4.49 
4.16 
3.61 
3.03 
2.84 
1.876 

5.16 
4.10 
2.48 
2.53 
2.15 
1.62 
1.62 
1.54 
1.10 
1.04 
4.66 
3.81 
2.66 
2.48 
1.93 
1.88 
1.69 
1.70 
1.62 
1.65 
1.44 
1.39 
1.32 
1.18 
0.80 
4.41 
3.24 
2.79 
2.63 
2.16 
1.96 
1.83 
1.28 

2.15 
1.99 
1.45 
1.38 
1.39 
1.09 
0.99 
1.13 
0.77 
0.78 
2.47 
2.33 
1.42 
1.39 
1.12 
1.10 
0.95 
1.10 
1.10 

0.91 
1.02 

1.12. 

0.88 
0.53 
2.38 
1.99 
1.78 
1.75 
1.31 
1.21 
1.29 
1.08 

a Values not used in deriving [~]-a,, relation. 

Yellow circle RSSl and pale crepe rubber were extracted with hot acetone 
for 24 hr. and dried in vacuo. A much purer rubber hydrocarbon, con- 
veniently called sol rubber, was prepared by soaking unmilled extracted 
crepe in cold cyclohexane for 2-3 days and recovering the dissolved rubber 
by freeze drying the filtered cyclohexane solution. This sol rubber had a 
nitrogen content of ca. 0.01%. 

Mastication was effected either in the laboratory masticator previously 
described6 or on a micromill. Samples were removed successively at suit- 
able time intervals as mastication proceeded. Probably as a result of better 
sample homogeneity, this procedure was found to give more consistent re- 
sults than masticating each sample individually. 
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Fig. 1. Plots of log [q ]  vs. log M,,: (0) yellow circle RSS1; (0) pale crepe; (@) 
sol rubber; (-) least-squares plot, 7.11 X 10-7an1.as; (- -) cis-l,4polyisoprene, 
data of Bristow;3 (. . .) data of Mullins and Watson2 (2.29 X 10-7~,,1.a3). 

Intrinsic viscosities of the rubbers in toluene solution were determined in 
Ubbelohde suspended-level viscometers a t  25 f 0.1OC. Values of qs,/c 
were determined for a t  least three concentrations and the plot of qs,/c 
versus c extrapolated linearly to give the intrinsic viscosity. 

The osmometers were of the Zimm-Meyerson type fitted with Ultracella 
filter “feinst” membranes. These were conditioned from water to ab- 
solute ethanol, assembled in the osmometer under ethanol, and then con- 
ditioned successively in 1 : 1 toluene-ethanol and toluene. Only osmom- 
eters having membrane permeabilities between 4 and 12 X 10-4 hr.-I and 
solvent-solvent asymmetries <0.01 cm. of solvent were used. As a final 
test before use, the osmometer was required to indicate an osmotic head 
of 1.16 f 0.02 cm., constant for 72 hr., when filled with a standard poly- 
styrene solution. Osmotic pressures of the rubber solutions were measured 
at  four or five concentrations over the range 0.2-1.0% (w/w) using the same 
osmometer for all solutions of a given sample. Values of (T/C),,~ were 
derived by graphical extrapolation of (n/c)”’ versus c, since in general 
the precision of the data did not necessitate the use of the method of least 
squares. Values of the second virial coefficient, rz, were derived from the 
slopes of the plots, rz being defined by 

(T/~)1/2 = (n/~)o’’2(i + l /aZc)  

as required by the Flory dilute solution tbeory.6 

log 
cluded in the figure for comparison. 

all but the highest molecular weights. 

Values of [ q ] ,  a,,, and rz are given in Table I, and log [ 7 ]  is plotted versus 
The relation derived for cis-1,4-polyisoprene3 is in- 

Figure 1 shows the three rubbers have a common [ql-a,, relation for 
The differences between the 

in Figure 1. 
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several rubbers in the high molecular weight region are doubtless due to 
variations in molecular weight distribution of the unmasticated rubbers; 
as mastication proceeds, these differences disappear, and a common molec- 
ular weight distribution is established. Further, the data for cis-1,4-poly- 
isoprene, while initially divergent, converge with that for natural rubber as 
mastication proceeds. Application of the method of least squares to the 
data of Table I (other than those of the highest molecular weight), gives 
for the [q]-ATn relation, 

= 7.11 x 10-7~~1.26 

with a standard deviation of h4.6% for 25 points. The line corresponding 
to the relation previously derived by Mullins and Watson2 is included in 

1 , / 

- 2.4 /&'o 0 / 

- 2.2 ,...'i 60 
'og,oI; @$: 

- 1.8 7 
- 2.0 

log,, M, /. 
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Fig. 2. Plots of log I; v8. log Z n :  (0) yellow circle RSS1; (0 )  pale crepe; (€3) sol 
rubber; (- -) cis-l,4polyiaoprene, data of B r i s t ~ w . ~  

Figure 1 for comparison. The discrepancy between the present data and 
their line is due at  least in part to the use of the (u/c)'/' rather than the 
(n/c) extrapolation for the estimation of ATn. 

In Figure 2, log r2 is plotted as a function of AT,,. As is usually found, 
r2 increases with molecular weight, though little quantitative significance 
can be attached to this change since rz in the Flory dilute solution theory6 
is a complex function of molecular weight distribution, and polymer-solvent 
interaction. The relation for cis-polyisoprene is also plotted in Figure 2, 
and there would appear to be no significant difference in r2 for the two 
polymers. 

Finally although the [?]-an relation derived above probably gives 
better absolute values of AT,, for a given [q] than .those derived previously,'I2 
its use for the conversion of [q] to Bn in estimates of crosslink density of 
vulcanizates by the Mullins, Moore, W a t ~ o n ~ , ~  calibration would be inap- 
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propriate. This calibration was established by using values of [v ]  BS the 
primary observed data and values of M ,  were derived by use of the relation, 

iv l  = 2.29 x 10-7~~,1.3* 
Hence, the continued use of this expression in subsequent applications of 
this calibration is demanded. 
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R&llm6 
On donne les poids moleculaires obtenus par viscosite intrhdque et par osmose pour 

des solutions dans le toluhe de plusieurs types de caoutchouc naturel, aprhs mastic_stion 
tc lJair. Pour des [q] < ca. 4, lous cea rbultats suivent la relation [q] = 7.11 X M,,l.%. 
Pour des poids moldculaiies plus dlevb on a observd des dbviations 8, cette relation, dont 
l’importance depend du type de caoutchouc naturel employe. Ces deviations sont at- 
tribu6es 8. des daerences de distribution initiale du poids moldculaire. 

Zusammenfassung 

Daten fur die Viscositatszahlen und drts osmotische Molekulargewicht fur Toluol- 
losungen einiger Naturkautschuktypen nach Mastizierung unter Luft werden vorgelegt. 
Fur [q] < ca. 4 gehorchen alle Daten der Beziehung [q] = 7,11 X lO-7&l.26. Bei 
hoheren Molekulargewichten traten Abweichungen von dieser Beziehung auf ; ihr 
Ausmass hiingt vom Typ des verwendeten Naturkautschuks ab. Diese Abweichungen 
werden auf Untenchiede in der Ausgangsmolekulargewichtsverteilung zuriickgefiihrt. 
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