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Branched methyl methacrylate-ethylene dimethacrylate (0·25-1'00 mol.%) copolymers were 
prepared. The course of copolymerization shows that the accepted view that in this reaction 
all functional groups have the same reactivity does not allow an explanation of all experimental 
facts. The polymers obtained and their fractions were investigated by the light scattering and 
viscometry. Various procedures used for the characterization of branched polydisperse polymers 
and their fractions were compared. 

The majority of experimental studies devoted to the physicochemical investigations of branched 
polydisperse polymers have as yet been dealing with the products of polymerization reactions, 
where the branching may be regarded as a side effect1 - 4 . The branching (or crosslinking) of the 
polymer in the copolymerizations of bi- and tetrafunctional monomers is due directly to the 
functionality of the comonomer. Th<! polymers of this type were studied experimentally on the 
example of the styrene-divinylbenzene copolymers by Thurmond and Zimm 5 • 

We investigated the methyl methacrylate-ethylene dimethacrylate copolymers with a low 
content of the divinyl units. Some authors believe6 - 8, on the basis of the structural similarity 
of the two monomers, that all the double bonds in this system have the same reactivity. Then the 
location of the double bonds may be considered to be random, and relations derived from Flory's 
theory9 may be used in characterizing the copolymerization products. In Stock mayer's generali
zation! 0, it holds for the weight average degree of polymerization of a branched system, P w' 

(1) 

here, P W,o is the weight average degree of polymerization of the primary chain 7 and Q is the bran
ching density or the twofold molar fraction of the totally reacted tetrafunctional units in the 
copolymer, participating in the formation of the network; the tetrafunctional units closing intra
molecular rings do not contribute to the value of Q. This equation can be applied only to the so
called pregelation stage, when for the degree of branching y = uP w 0 it holds 0 < y < 1. y may 
then be regarded as a fraction of the critical crosslinking of the polydisperse product (critical 
crosslinking occurs at the point of gelation, where y = 1). 

For the characterization of slightly branched and still molecularly soluble polymers, the physico
chemical properties of their dilute solutions are best suited. The basic criterion for an estimation 
of the extent of branching in macromolecules is the ratio of mean squares of the radii of gyra
tion of a branched and a linear macromolecule of the same degree of polymerization 11 (g = 
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= SJISI). The parameter g, raised to the exponent b, characterizes a similar ratio of the intrinsic 
viscosities12

: . . 

(2) 

The value of the exponent b varies as a rule from 0·5 to 1·0 and depends on the geometrical st ruc
ture of the branched macromolecule 13. Both the above ratios may be considered to be a measure 
of the change in size due to branching for monodisperse polymers only. If we want to characterize 
the branching in the polydisperse polymers, we must either investigate a set of the individual 
fractions of these polymers5

, or exclude the effect of polydispersity on the physicochemical 
characteristics of these polydisperse systems by using adequate corrections14

,15. According 
to some authors, branched macromolecules in good solvents are more expanded than the linear 
ones; that is, the differences in size decrease by increasing the thermodynamic quality of the sol
vent16 ,17. However, the influence of the volume effect has not as yet been given a sufficient 
quantitative treatment and the parameter g cannot therefore be properly corrected for expansion. 
An investigation of the solutions under ideal, i.e. 0-conditions, seems to be desirable 7 . With res
pect to the negligible content of the tetrafunctional comonomer" the polydisperse copolymer 
under investigation may be regarded as a homopolymer, and its physicochemical properties may be 
compared directly with the properties of the linear polydisperse poly(methyl methacrylate). 
The distribution of the degree of polymerization (molecular weight) of poly(methyl methacrylate) 
prepared by radical polymerization is in most cases close to the most probable distribution L8. 

Then it holds, for the z-average of the mean square radius of gyration of the molecules of a linear 
polymer in the solution 19 , that 

(3) 

and the dependence of the intrinsic viscosity is given by the relationship2o 

(4) 

where A, K, a, and e are constants for the system monodisperse polymer - the respective solvent. 

In the present communication, the physicochemical behaviour of dilute solutions 
of branched polydisperse polymers is compared with the behaviour of the common 
polydisperse linear polymers. We have tried to verify whether it is possible, using the 
molecular parameters of fractions , to characterize sufficiently the initial branched 
polydisperse polymer. This would also inform us about the efficiency of the current 
fractionation methods. 

EXPERIMENTAL 

Preparation of Samples 

Monomers and solvents. Methyl methacrylate (monomer I) and ethylene dimethacrylate 
(monomer II) were freed from the inhibitor, dried and distilled in vacuo on a column. The solvents 
(toluene, benzene, butyl acetate, acetone) and precipitating agents (methanol, light petroleum- b.p. 
40-60°C) were rectified. The quality of the compounds was checked chromatographically (con
tent of impurities < 1 %). 
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Copolymerization. Samples were prepared by radical copolymerization in a toluene solution 
(30% by vol. of the solvent), initiated with azo-2,2'-bis(isobutyronitrile)21 at 45°C. At a concen
tration of monomer I in the initial reaction mixture 6·35 moll- 1, the concentration of monomer 
1/ was 0·016, 0·030, 0·048 and 0·064 moll- 1 for the individual polymerization runs. The con
centration of the initiator for the copolymerization was chosen so that the molecular weight 
of the primary chain 7, Mw,o, lay within the range 2 . 105 to 3.105, which was checked experi
mentally by means of a parallel homopolymerization of a reaction mixture not containing mono
mer 1/. The course of reaction was followed dilatometrically, and at a chosen conversion (and 
thus also a degree of branching) the polymer was precipitated from the polymerization mixture 
with an excess of petroleum ether. On drying in vacuo, the conversion was determined gravi
metrically. 

Fractionation. We fractionated two copolymers prepared by the polymerization of a reaction 
mixture having the molar ratio of monomers I and 1/100 : 0·5 to various conversions, using the 
common method of successive precipitation22 at 25°C, on the one hand, and the continuous 
elution method on a modified Baker-Williams column23 ,on the other. From the initial 1% solu
tion of the copolymer in acetone, 12 fractions were gradually precipitated with. methanol. Elu
tion yielded about 20 fractions; the initial extraction mixture contained 70% by vol. of methanol, 
the final mixture contained acetone only. In both cases the separation was uniform as to the 
weight. 

Measurements 

Intelferometry. The refractive index increment was determined with a Zeiss interferometer 
at 25°C in cells adjusted for volatile and hygroscopic solvents24 . The value found for copolymers 
in butyl acetate, dn/dc = 0·097 (A. 5461A) coincides with the literature value for poly(methyl 
methacrylate)25. 

Light scattering. All scattering measurements were carried out on the Photo-Gonio-Diffuso
metre Sofica in an unpolarized light, wavelength 5461 A, angular range 30 to 150°. Benzene was 
used as standard; R 90 = 16·3. 10- 6 cm -1 was taken as its absolute scattering value at an angle 
of 90°. The experimental data were treated by the Zimm method, i.e. a twofold extrapolation 
of the KC/ Re values to zero angle and zero concentration. The optically pure copolymer solutions 
were prepared by centrifugation on a preparative ultracentrifuge Spinco L-90 at 15000 r.p.m. 
for one hour (average centrifugal force 3 . 104 g). Purification was performed according to the 
principle suggested by Dandliker and Kraut26 . The measuring cells with the solution were put 
directly into the buckets of the swinging bucket rotor SW-25·1, which contained a minimum 
amount of glycerol necessary to prevent the cell bottom from touching the bottom of the bucket. 
In contrast with the authors cited above, fully satisfactory results were obtained when common 
unsealed cylindrical cells, 22 mm in diameter, were used. 

Viscometry. The measurements were carried out at 25°C in an Ubbelohde flow viscometer 
adapted for successive dilution. The dimensions of the capillary were so chosen as to make the 
flow time of the solvent 120 s at least (negligible kinetic energy corrections). Also, the corrections 
(if any) for the non-Newtonian flow were neglected; it was found during measurements carried 
out with poly(methyl methacrylates) under conditions even more favourable for the non-Newto
nian flow 27 (Mw'"-' 3.106, a better thermodynamic quality of the solvent), that the difference 
between the intrinsic viscosity obtained from measurements as a final shearing stress and the 
value of [11] determined by extrapolation to zero shearing stress did not exceed the experimental 
error. The intrinsic viscosity was obtained by extrapolation of I1sp/C, In I1r/C and 1/2(c/l/sp + 
+ c/ln I1r) to zero concentration28 . 
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Osmometry. Osmotic pressures of the benzene solutions of polymers were measured in a Hell
fritz static osmometer2 9 at 25°C. 

TABLE I 

Results of the Light Scattering and Viscosity Measurements of Branched Polydisperse Sa mples 
in Butyl Acetate and Parameters Characterizing the Conditions of their Synthesis 

r Conversion, Mw weight average molecular weight, Mw 0 weight average molecular weight 
of a primary chain, (S~\ z-average mean square radius of gy;ation, [,,1 intrinsic viscosity. 

M w ·1O- 5 Mw ,o . 10 - 5 (S'~\. 10- 4 
["lb 

% A2 dl g-l 

[II]0 = 0·25 mol % 

3·80 3·0 2·4 0·320 
6·40 3-4 2·4 0·320 
8·80 4·5 2·4 0·331 

11 '90 5·9 2·4 0·331 
13-22 7·0 2·4 16·1 0·363 

[/1]0 = 0·50 mol % 

1·35 2·3 2·1 0·272 
2·00 2·9 2-4 4-6 0·300 
1·71 2·7 2·1 4·7 0·293 
3·62 4·0 2·8 7·1 0·345 
6·50 4.20 2·4 8·6 0' 32~ 

5·23 5·2 2-8 9·1 0·354 
6·10 5·1 2·7 8·9 0·364 
7·00 6·9 2·7 28 ·2 0·382 
8'40 8·5 2·4 19·6 0'405 
8·70 1l·2b 2·9 24·2 0·440 
8·00 11·6 2·7 27·1 0·439 

11 ·40 15·0 2-4 34·6 0·400 
11·00 20·0 2·9 50·2 0·500 
11·00 27·0 2-8 69-4 0·476 

[I/lo = 0·75 mol % 

1·30 2·5 2-l 0·284 
2·00 2·7 2·1 0·292 
3·10 5·2 2·7 0·379 
4·30 6·5 2·7 15·0 0·390 
5·60 10'5 2·7 24·5 0·436 
3060 16·0 3-9 37-8 0·570 
6·70 15·8 2·7 35·5 0·463 
7·70 28·0 2·7 71·1 0·520 
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TABLE I 

( Continued) 

% 

[II]o = 1·00 mol % 

1·70 3·2 2-4 0·324 
2·10 3·5 2-4 0·326 
2·50 4·2 2·4 0·350 
3·00 5·3 2-4 0·366 
3·20 5·3 2·3 0·356 
4·00 5·7 2·3 0·364 
2·80 14·7 4·2 41·2 0'580 
4·90 9·2 2·3 23·1 0·380 
4·60 10·1 2·5 22-4 0-405 
5·70 10·5 2·3 21·1 0-405 
6·30 13·5 2·3 26·0 0 '435 
4·30 22·0 3·7 54·0 0'583 
4·90 29-4 3·7 75 '5 0·625 
7·10 66·6 2·8 159·5 0·600 

Polymers subjected after characterization to fractionation by a elution method, b successive preci
pitation (Table II, III). 

RESULTS AND DISCUSSION 

Notes on the Course of Copolymerization 

When a branched polymer is formed, the average degree of polymerization increases with con
version. Under the conditions employed, the weight average degree of polymerization, P w' is 
increased by more than an order of magnitude. To preclude possible autoacceleration3o, we used 
the method of solution polymerization. Isolated polymers were characterized by the light scat
tering method and visco metrically (Table I). 

To correlate our experimental data (p was a function of conversion), it is advisable 
to combine Eq. (1) and the dependence of Q on conversion 

Q = Qo fer) , (5) 

where Qo is the double molar fraction of the divinyl units in the initial polymerization 
mixture. Then, since [(l/Pw,o - (l/Pw)] ~ 1, 

fer) = - - - - . 1 (1 1 ) 
Qo Pw,o P w 

(6) 
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On the assumption of an identical reactivity of methyl methacrylate and the first 
double bond of ethylene dimethacrylate, a theoretical dependence 31 may be derived 

1 
f(-r) = --- [(1 - ,)2 - 2r(1 - ,)l /r + 2r - 1)] ; 

,(2r - 1) 
(7) 

here, r represents the effective copolymerization parameter of monomer I with res
pect to the pendant double bond of the built-in monomer II ; the difference between 
the effective and actual copolymerization parameter may be caused by the steric 
effects upon the reactivity of the double bond. The experimental points do not fit 
the theoretical dependence (7) for r = 1 (Fig. 1), as it would correspond to the 
frequently assumed identical reactivity of all double bonds.* The function f(,), 
and thus also the weight average degree of polymerization, P w' increase with conver
sion slower than at r = 1. The cause of this phenomenon can be twofold: a) The 
:pendant double bond is in this case less reactive by its nature, or the pendant vinyl 

FIG. 1 
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Dependence of the Degree of Polymerization 
on Conversion According to Eq. (6) 

[II]o (mol%):. 0·25, 0 0·50, () 0·75, () 1·00; 
the course of the curves was calculated accord
ing to Eq. (7) for r. 

0 5 1·0 15 
$;n' (812) - 667c 

FIG. 2 

A Typical Zimm Plot of a Polydisperse Bran
ched Polymer 

In our communication32
, analogous theoretical dependences were incorrectly para

metrized; the identical reactivities of the double bonds were there represented by a straight line 
marked r = 2 instead of r = 1, and all the other parameters should be divided by two. 
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groups are sterically hindered by the branched structure of the macromolecules33
• 

b) A portion of the pendant vinyl groups is consumed in the process of formation 
of the intramolecular rings; these reactions do not contribute to the increase in the 
degree of polymerization, and their occurrence may lead to conclusions about 
a decreased reactivity of the pendant vinyl groups. The choice between these two 
possible interpretations may be made only on the basis of a quantitative determina
tion of small amounts of the branching agent built-in in the polymer. An investigation 
of branched copolymers with a model branching agent accessible to an analytical 
determination is under way. 

Polydisperse Branched Polymers 

All common 0-solvents were tried while choosing solvent for the investigation of branched 
copolymers19 ; in none of them, however, did the copolymers having a degree of branching 
y > 0·5 dissolve molecularly. Reproducible measurements of light scattering were not obtained 
until a thermodynamically good solvent, butyl acetate, was used. The angular dependences 
of reciprocal reduced intensity of the scattered light were slightly curved for almost all copolymers 
(Fig. 2); the Zimm plot of a polydisperse branched system did not virtually differ from the graph 

10·r--------,.----..---?I 

S],A' 
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10' M .. 10" 

FIe. 3 

Dependence of the z-Average Mean Square 
Radius of Gyration S'! on the Weight Aver
age Molecular Weight Mw of Polydisperse 
Branched Copolymers 

. Dependences described by Eq . (3) 
for t = 0·067 and the limit literature va
lues25 .38 of A; 1 A = 4·95 . 10- 2 , 2 6·00 . 
. 10- 2 ; [IIlo (mol%): • 0'25, 0 0'50, () 0·75, 
() 1·00. 
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for a polydisperse linear polymer. 1:he calculations according to Henrici-Olive34
, based on the 

kinetic d,ata35 •36 and applied to our conditions of preparation, show that the distribution 
of the molecular weights of the primary linear polymer used by us might be considered normal. 
Its behaviour in a dilute solution can therefore be described by Eqs (3) and (4). The numerical 
values ' of constants in both equations were calculated from the literature data 3 7 - 39 and the 
results of our own measurements. 

A comparison of experimental dependences of the radii of gyration of branched 
copolymers in butyl acetate on Mw with the dependences for linear poly(methyl 
methacrylate) according to Eq. (3) shows (Fig. 3) that almost all points for branched 
copolymers lie within the strip of values observed by various authors for linear poly
mers. The cause of this effect has been explained by Kilb14

. He showed that the 
decrease in the z-average radius of gyration due to branching is compensated for 
by the growth of polydispersity with the extent of branching. At the same time; the 
range of compensation in the case of the Stockmayer distribution is just such that 
the dependence of the z-average square radius of gyration, SI, on the weight average 
molecular weight, M w' is identical for both the branched and the linear polymer (whose 
polydispersity does not vary with the molecular weight). It follows therefrom that 
a comparison of the sizes of polydisperse branched polymers with those of poly
disperse linear polymers having the same molecular weight M w does not yield any 
information on the degree of branching (in contrast with fractions in which this 

TABLE II 

Characterization of Fractions Obtained by Precipitation Fractionation of the Polymer Having 
. Mw = 11 .2.105 and [Il]b = 0·440 dl g-l; (w weight fraction) 

Fraction w . 102 M!.1O- 5 2M! [11] i 
Mw •o dl g-l 

-+-
3·47 0·25 0·18 0·080 
7·82 0·80 0·56 0·163 
7·73 1·20 0·82 0·213 

4 11·41 2·00 1·38 0·265 
6·90 2·90 2·00 0·301 
7·99 3·65 2·52 0·344 
8·90 4·50 3·10 .0·405 
8·87 6·85 4·72 0·444 
6·93 10·90 7·50 0·501 

10 10·39 15·50 11 ·68 0·615 
11 11·66 30·00 20·68 0·755 
12 7-89 52·60 36·23 0·980 

LWiM!.i = 11·80. 105 
LWi[ll]i = 0·450 

i i 
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method of determination of the .degree of branching is in principle possible). In the 
relationship between [IJ] and M w (Fig. 4) the differences in the behaviour of branched 
and linear polymers are very marked. The dependence for branched polydisperse 
copolymers prepared from a reaction mixture of the same composition and dif
fering as to their conversion is obviously parametrized by the molecular weight of the 
primary chain, which is given by the intersection of this dependence with a straight 
line representing expression (4) for K 1·87. 10- 2 and a 0·60. The dif
ference between the viscosities of a linear and a branched polymer, increasing with 
growing Mw, is a consequence not only of the increasing degree of branching, but 
also of the growth of polydispersity, because the weight average molecular weight, 
Mw, increases faster than the viscosity average, Mv' 

However, a direct comparison between the viscosities of a polydisperse linear 
and a polydisperse branched polymer having the same Mw gives only a semiquantita
tive idea of the degree of branching, since the distribution of both polymers is fairly 
different. The problem of viscometric determination of the degree of branching 
of polydisperse branched polymers is dealt with in a forthcoming communication40

• 

Distribution of the Degree of Polymerization 

In an attempt to investigate the character of distribution of the degree of polymerization, two 
common fractionation procedures were used. The ratio of the volumes of the concentrated and 
dilute phases during successive precipitation fractionation in the system acetone-methanol 
used was approximately 10- 2 . If the dilution was higher, isolation of the individual fractions 
became difficult. Molecular weights of the fractions obtained were determined by light ~c.attering 

(M!); some were determined also osmometrically (M:;). The individual fractions are chai\¥lcterized 
in Tables II and III. 

Assuming that in the system under investigation the degree of polymerization is the 
only solubility determining parameter (i.e., that solubility is . unaffepted by bran-

TABLE III 

Characterization of Some Fractions Obtained by Elution Fractionation of the Polymer Having 
Mw 4,2.105 and [111 b = 0'328dl g-l 

Fraction M!.1O- 5 [111 
dlg- 1 Fraction M!.10-5 [111 

dl g-l 

2·80 0·285 14 6·lOc 0·440 
10 2·95 0·304 15 9·00 0·510 
11 3·30 0·326 16 11 ·50 0·558 
12 4'45a 0·380 17 14-70 0·574 
13 5·00b 0·390 

Collection Czecboslov. Chem. ,CommUn. lVol: 37/ (1972) 



2024 Mrkvickova-Vaculova, Kratochvil: 

ching41
•
42

), we constructed integral and differential curves, using a procedure sug
gested by Schulz (Fig. 5). (A more accurate construction method could not be used, 
since in the case of high fractions M: cannot be determined.) If we compare the distri
bution curves obtained here with the theoretical distributions calculated by Kilb14 

from relations derived by Stockmayer10
, we find, for the experimental curves, 

a somewhat higher representation of the polymer having a high degree of polymeri
zation at the expense of the weight representation of the low-molecular-weight 
polymer. This effect was more pronounced in the case of the elution fractionation. 
In comparison with the distributions of linear polymers, distributions of branched 
polymers are characterized by an extended shape in the region of higher molecular 
weights. Even in the case of an ideaIIy sharp fractionation according to molecular 
weights, the fractions having high molecular weights would have - at the weight 

0-75 
0-75 

1(#3:,) I(N;) 
050 0-50 

10 15 25 5-0 75 10-0 
2MM.,. 

a b 

FIG. 5 

Distribution Curves of Branched Polymers 

.'(1f:;) Starting polydisperse polymers see Tab-
le I. Distribution curves: calculated 
experimental -- Integral distribution: 
a) elution fractionation, y = 0·4; b) fractiona-
tion by successive precipitation, y = 0·8; 
c) differential distribution for y = 0·8; -'-'-'-
curve calculated for y = 0; the hatched area 
shows the effect of experimental error in the 

2-5 5-0 7-5 molecular weight determination. 
2f.1/M ... , o 
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fraction ",0'1 - a high polydispersity; in the case of a real fractionation this poly
dispersity is of course considerably higher43

•
44

. We therefore believe that the dif
ferences between the theoretical and experimental distribution curves may be ex
plained by a limited resolving power of the fractionation processes, determined 
by their physicochemical nature, and that in our case the Stockmayer distribution 
satisfactorily describes the molecular weight distribution of the polymers under 
investigation. (A similar conclusion was also proposed by Thurmond and Zimm 5 

on the basis of results which are comparable with ours as to agreement between the 
theoretical and experimental dependences.) 

Characterization of Fractions 

The dependence of the intrinsic viscosity of fractions on M w (Fig. 6) has the usual 
courses. Fractions having low molecular weight are virtually linear. With increasing 
molecular weight the difference between the intrinsic viscosities of fractions of the 
linear and the branched polymer also increases, because the average number of the 
branch units in the macromolecule increases with molecular weight. It is important 
to know the average number of branches present in the individual fractions. For the 
case of a random tetrafunctional branching, Zimm and Stockmayer11 have derived 
the dependence of the ratio of mean square radii of gyration of branched and linear 
macromolecules, monodisperse in both cases and having the same molecular weight, 
on the average number of the branch units, ii: 

g = [(1 + ii/U)1 /2 + 4ii/31t ]-1/2. (8) 

We have made no attempt, however, to determine ii from the radii of gyration. 
Although the light scattering method yielded molecular weights of ,fractions of 

FIG. 6 

Dependence of the Intrinsic Viscosity of Fractions of Branched Copolymers, I'll, in dIg -1, 

on Molecular Weight M! 
Fractions obtained by successive precipitation (Table II) (0 ) and by elution fractionation 

(Table III) (e); -- dependence for a mono disperse linear polymer. 

Collection Czechoslov,. Chern. Cornmun. /Vol. 37/ (1972) 



2026 Mrkvickova-Vaculova, Kratochvil: 

polymers with the usual accuracy, the angular dependences, especially those obtained 
with the middle fractions, were strongly curved downwards (Fig. 7), which made 
it impossible to determine the radii of gyration with sufficient accuracy; Similarly 
to our earlier paper24

, the curvature of the angular dependences might be ex
plained by the presence of large particles in the solution;, in the system under in
vestigation, however, we have as yet no information on their magnitude and origin. 

From equations (2) and (8) also follows a relationship between the ratio [IJ]b/[ 17], 
and tpe average number of the ' branch units in an assembly of branched mono
disperse macromolecules. To compare the theoretical and experimental dependences 
of relative sizes of branched macromolecules on ii, only results of the intrinsic visco
sity measurements were used. We plotted (Fig. 8) the dependences of the ratio 
[17]b/[IJ] , on the average ,number of the branching centres. ii for three values of the 
exponent b covering the range of its possible values. The other system of curves 
in Fig. 8 consists of theoretical dependences 2M/ M w ,0 on ~ii for three different values 
of y (Table I, ref. 14

). The abscissa of the experimental point in Fig. 8 is equal to the 
abscissa of a point having coordinates (2M/Mw,o, y) for the calculation of which 
the necessary data are available; the ordinate of the experimental point is determined 
by the measured value [17]b/[IJ],. 

g·O 0 

~1O' 

6·5 

60 

1·5 20 

sin'(e!2) ·227 c 

a 

05 1-5 2-0 
.in'(8/2)+3333c 

05 1"0 1'5 2-0 
sin'(8!2)+1000c 

FIG. 7 

Zimm Plots of Some Fractions 
Fractions (Table II): a3, b ~, c 12. 
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For fractions from both fractionations, dependences are observed which differ 
considerably from the theoretical dep~ndence for b = 0'5, so far most frequently 
used 12

•
14

. (The tables given by Zimm and Kilb12 cannot .therefore be applied uni
versally.) Fractions obtained by successive precipitation fit fairly well the theoretical 
dependence for b = 0·8 (the value b = 0·8 has also been verified by other methods40

). 

20 FIG. 8 
0·8 

15 

b' OS 

o 
050 __ _ ~-=--_-_-_~- 10 

1·0 

0·25 

25 50 7·5 10·0 

Dependenc~s of the Ratio [ll)b![1J11 on the 
Average Number of the Branch Units 'ii in 
Fractions, Parametrized by the Exp<inent 
b (Eq. (2)), and Dependences Representing 
the Relationship Between the Relative Degree 
of Polymerization of a Fraction, 2M! M w Q. 

and 'ii , Parametrized by y • 

Dependence parametrized by b = 1 is 
also valid for the ratio ~rSr Fractions ob
tained . by successive precipitation ( 0 ) and 
elution fractionation (.). 

We deduce from the agreement hetween the experimental and theoretical dependences 
that the precipitation fractionation occurred in principle according to the molecular 
weights, and the transition of the individual molecules into the gel phase was not 
too much affected by their branching. In the opposite case, the experimental points 
would not fit the theoretical curve and would give a different number of the branching 
centres than corresponds to this curve at the given ratio [I1Jb/[ I1JI' This situation 
probably arose during elution fractionation, when the ex,perimental points lie below 
the curve for b = 0'8. (The fact that the points fit very well the theoretical dependence 
for b = 1·0 is probably only an incidental one.) It seems that under the given condi
tions the effect of branching of the macromolecules also played its part during elution 
fractionation, in such a way that also the low-molecular-weight, prevailingly linear 
fractions were stripped into the high-molecular-weight, strongly branched fractions. 
The low-molecular-weight fractions will reduce the M! of the fraction more than its 
intrinsic viscosity (because of their smaller branching), thus effecting the observed 
deviation from the theoretical dependence. 
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