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Hydrodynamic Properties and Unperturbed 
Dimensions of Polydecahydro- j? -naphthyl and 
Poly- p -naphthyl Methacrylates in 
Different Solvents 

N. HADJICHRISTIDIS and V. DESREUX 

Laboratoire de Chimie-Physique 
Universite de Liege (Sart  Tilman) 
Lidge, Belgium 

A B S T R A C T  

Intrinsic viscosity, sedimentation, light-scattering, and 
osmotic-pressure measurements have been carr ied out at  
25" on dilute solutions of polydecahydro- P -naphthyl meth- 
acrylate ( PDNa) and of poly-0-naphthyl methacrylate (PNa). 
For both polymers, the degree of polydispersity was around 
1.5 and the molecular weight range was large: 10' to  3 X 10'. 
Relations between [q], [ S o ] ,  A,, and molecular weight have 
been established. 
The applicability of the different theories ( Stockmayer- 
Fixman, Kurata-Stockmayer, Fox-Flory, Cowie, Berry, 
Kamide-Moore) for the determination of the unperturbed 
dimensions from the viscosity data is discussed; Berry'  s 
relation best fits the experimental data. 
These dimensions, calculated from the sedimentation data 
according to the Cowie-Bywater relation, agree with those 
obtained by viscosity. The flexibility factor u is 2.9 for 
PDNa and 3.1 for PNa. These large values are a consequence 
of the presence of very bulky groups in the side chain; how- 
ever ,  the higher cr value for PNa led t o  the assumption that a 
specific interaction between the aromatic rings influences the 
rigidity of the main chain. 
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1228 HADJICHRISTIDIS AND DESRE UX 

I N T R O D U C T I O N  

In this paper, we describe the hydrodynamic behavior in solution 
of two closely related polymers: polydecahydro- P-naphthyl and 
poly- /3 -naphthyl methacrylates. 

determined by Berdnikova et al. [ 11 from viscosity, sedimentation, 
and diffusion measurements; the flexibility factor u was found to be 
very high ( -3.0). 

In this comparative study, which is part of a systematic investiga- 
tion on polyacrylic and polymethacrylic esters [ 2, 31, we have tested 
different relations expressing the hydrodynamic properties of 
polymers in solution. The influence of the naphthyl and the cor- 
responding saturated side group on the flexibility of the polymeth- 
acrylate chain has been determined. 

The configuration of the latter polymer in benzene at 21" has been 

E X P E R I M E  NT A L 

P r e o a r a t i o n  

Decahydro-/3 -naphthyl methacrylate (I)  was prepared by reaction 
of methyl methacrylate with decahydro-P-naphthol ( mixture of the 
four isomers) in the presence of p-toluene sulfonic acid [ 41, and 
purified by three distillations under reduced pressure (0.5- 1 Tor r ;  
96-97") in the presence of hydroquinone. The purity of the sample 
was estimated by gas chromatography ( -99.5%). 

P -Naphthyl methacrylate (11) was prepared by reaction of 
methacrylylchloride [ 51 with /3 -naphthol in aqueous sodium hydrox- 
ide solution [ 61 and purified by repeated crystallizations from 
petroleum ether at  low temperature to constant melting point ( 66O). 

The two monomers were polymerized at 50" in benzene solution 
under vacuum with a ,a1 -bisazoisobutyronitrile. The concentrations 
of the reagents, in pe r  cent by weight, lay between the following 
limits: 

Monomer Initiator 
I 20 to 30% 0.02 to 0.07% 
I1 5 to 20% 0.005 to 0.04275 

The polymers were precipitated in methanol, washed with the 
same solvent, and dried under vacuum. 
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HYDRODYNAMIC PROPERTIES 1229 

F r a c t i o n a t i o n  

Ten fractions of polydecahydro- P -naphthyl methacrylate ( PDNa) 
were chosen from among those obtained from five preparations by 
fractional precipitation at 25" of a 1- 2% (w/v) dioxane solution with 
methanol. 

In the case of poly-P-naphthyl methacrylate ( PNa),  nine fractions 
were chosen from among those obtained from seven preparations by 
addition at 25" of isopropanol to a 1-2% (w/v) polymer solution in 
benzene. 

The fractions were dried by the frozen-benzene method. In both 
cases  the range of molecular weight of the fractions was large, ex- 
tending to around 3 X 10'. They were analyzed by gel permeation 
chromatography at 80" in toluene solution with the Waters G.P.C. 200. 

the pclystyrene (PS)  standards, and the method of calculation of 
Benoit et al. [ 71 was applied. 

The Mark-Houwink relations in toluene at 80" for PS, PDNa, 
PNa are: 

The solvent flow was 1 cc min-'. The calibration was made with 

[77] = 14.77 X Mw Om''  (ps) 
[77] = 7.19 x 1 0 - ~  ii 0 - 8 9  ( PDNa) W 
[77] = 15.56 X mw (PNa) 

The polydispersity values a r e  given in Table 3. 

M i c r o t a c t i c i t y  

The microtacticity of the polymers was determined after hydrolysis 
with concentrated sulfuric acid and reesterification of the polymeth- 
acrylic acid with diazomethane. The NMR spectra  were taken at 120" 
in o-dichlorobenzene with a 100-MHz Varian spectrometer [ 81. 

The following percentages of the t r iads  mm, m r ,  and rr have been 
found: 

mm m r  rr 

PDNa 14 37 49 
PNa 16 40 44 
PMMA 3 32 65 
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1230 HADJICHRISTIDIS AND DESREUX 

The syndiotactic configuration is consequently less important than 
in polymethyl methacrylate ( PMMA) prepared in similar conditions. 

The presence of the aromatic rings decreases slightly the syn- 
diotacticity of the polymer with respect to the corresponding satur- 
ated compound 

I n t r i n s i c  V i s c o s i t y  

The viscosities were measured at 25" in a Desreux-Bischoff 
dilution viscometer [ 91 with negligible kinetic energy correction. The 
measurements were carried out in different solvents in the following 
orders of decreasing intrinsic viscosities of the solutions: benzene, 
decalin, cyclohexane, and dipropyl ketone for PDNa; tetrahydrofurane 
(THF), dioxane, and benzene for PNa. 

Figures 1 ( PDNa) and 2 ( PNa) show that, even for the highest 
molecular weight fractions, the Huggins and Kraemer relations are 

I I I I 
I 

a1 a2 03 0.4- 
C.g.dl' 

FIG. 1. Viscosity data vs. concentration for Fraction D1 of PDNa 
in different solvents at 25". 
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HYDRODYNAMIC PROPERTIES 1231 

2.0 

15 - 

, . o k -  benzene 

0.1 0.2 0.3 
C . g . d i '  

FIG. 2. Viscosity data vs. concentration for Fraction N 1  of PNa 
in different solvents at 25". 

verified in the different solvents. The corresponding values of [ 771 
and of the Huggins constant \ are given in Tables 1 and 2. 

The value of \ for PDNa changes very little with solvent (0.33 
for dipropyl ketone, 0.30 for benzene). In the case of PNa the  change 
in the Huggins constant is more important (0.38 for benzene, 0.30 
for THF). 

U l t r a c e n t r i f u g a t i o n  

The sedimentation constants were determined at 25" in cyclo- 
hexane ( PDNa) and benzene (PNa) with a Spinco ultracentrifuge and 
corrected for the hydrostatic pressure and the dilution by extra- 
polation to the meniscus [ 101. 

The values of 1/S plotted against the concentration (Figs. 3 and 4) 
are extrapolated to zero concentration according to the empirical re- 
lation [ 111: 

1/S = '/So (1 + ksC) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



I- N
 

N
 

T
A

B
L

E
 1

. 
Po

ly
de

ca
hy

dr
o-

 
-n

ap
ht

hy
l 

M
et

ha
cr

yl
at

e 
( P

D
N

a)
 

w
 

Fr
ac

ti
on

s 
kh

 
kk
 

So
lv

en
t 

D
1 

D
2 

D
3 

D
4 

D
5 

D
6 

D
7 

D
8 

D
9 

D
10

 
A

ve
ra

ge
 v

al
ue

 

- 
[ T

)]
 (

dl
 g-
' 

) 
B

en
ze

ne
 

2.
33

 
1.

67
 

1.
40

 
1.

13
 

0.
85

 
0.

63
 

0.
53

 
0.

31
 

0.
20

 
0.

16
 

0.
30

 
0.

19
 

D
ec

al
in

 
1.

92
 

1.
37

 
1.

17
 

0.
94

 
0.

76
 

0.
57

 
0.

46
 

0.
30

 
0.

20
 

0.
16

 
0.

30
 

0.
19

 
C

yc
lo

he
xa

ne
 

1.
80

 
1.

25
 

1.
08

 
0.

85
 

0.
68

 
0.

51
 

0.
43

 
0.

26
 

0.
18

 
0.

14
 

0.
31

 
0.

18
 

D
ip

ro
py

lk
et

on
e 

1.
26

 
0.

90
 

0.
74

 
0.

63
 

0.
47

 
0.

40
 

0.
28

 
0.

20
 

0.
12

 
0.

11
 

0.
33

 
0.

17
 

-
 

M
w

X
 lo

-' 
C

yc
lo

he
xa

ne
 

3.
21

 
1.

83
 

1.
42

 
1.

06
 

0.
81

 
0.

48
 

0.
34

 
0.

17
 

0.
10

 
0.

07
 

A
,*

 x
 1

0' 
(c

c 
m

ol
e 

g-
') 

0.
9 

0.
9 

0.
9 

1.
1 

1.
2 

1.
1 

1.
2 

0.
9 

(0
.6

)0
.8

 
(","," 

(A
) 

16
60

 1
25

0 
10

90
 9

00
 

78
0 

60
0 

58
0 

36
0 

- 
- 

E
nx

 lo
-' 

B
en

ze
ne

 

(c
c 

m
ol

e 
g

-'
) 

A
, 

x 
10

' 
0.

51
 

0.
33

 
0.

26
 

0.
14

 
0.

07
 

1.
40

 
1.

48
 

1.
65

 
1.

65
 

1.
73

 

(S
o 

) 
X

 
10

" 
C

yc
lo

he
xa

ne
 

47
.1

1 
45

.0
9 

33
.1

4 
25

.2
8 

14
.4

8 

1.
74

 
1.

64
 

1.
01

 
0.

67
 

(0
.1

3)
 

k
s 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



T
A

B
L

E
 2
. 

Po
ly

- 0
-n

ap
ht

hy
l 

M
et

ha
cr

yl
at

e 
( P

N
a)

 
0
 * 

kh 
kk

 
3 8 

0.
14
 

8 

Fr
ac

ti
on

s 

N1
 

N
2
 

N
3 

N
4
 

N5
 

N6
 

N
7
 

N
8
 

N
9
 

A
ve

ra
ge

 v
al

ue
 

So
lv

en
t 

[v
] (

d
l g

-’
) 

T
H

F 
2.
00
 
1.
92
 
1.
40
 
1.
19
 
0.
96
 
0.
79
 

0.
53
 
0.
49
 
0.
32
 

0.
30
 

0.
18
 

crl
 

D
io

xa
ne

 
1.
65
 
1.
59
 
1.
14
 
0.
99
 
0.
79
 
0.
66
 
0.
46
 
0.
41
 
0.
27
 

0.
34
 

0.
16
 

0
 

B
en

ze
ne

 
1.
04
 

1.
00
 

0.
76
 
0.
65
 
0.
52
 

0.
45
 

0.
34
 
0.
31
 
0.
22
 

0.
38
 

-
 

M
w

 X
 1
0’‘
 

B
en

ze
ne

 

(c
c 

m
ol

e 
g-
’)
 

A
,*

X
 l
o4
 

(
r
z
2
)
”
’ (A

) 
-
 

M
n
 X 

10
’’ 

B
en

ze
ne

 

(c
c 

m
ol

e 
g-
’)
 

(s
, )

 x
 l
oi

5 
B

en
ze

ne
 

A
, 

x 
lo

4 

kS
 

2.
88
 

2.
76
 
1.
61
 
1.
39
 
0.
91
 0
.7
5 

0.
42
 
0.
36
 
0.
21
 

0.
2 

0.
3 

0.
2 

0.
3 

0.
3 

0.
4 

0.
2 

0.
3 

0.
3 

14
00
 
12
80
 9

90
 
92
0 

73
0 

70
0 

55
0 

50
0 

-- 
0.
66
 
0.
51
 
0.
28
 
0.
25
 
0.
14
 

0.
41
 
0.
42
 
0.
42
 
0.
44
 
0.
45
 

78
.2
4 
57
.7
8 

42
.6
8 

3 1
.0
4 

23
.7
7 

1.
67
 
1.
04
 

0.
66
 

0.
58
 

0.
38
 

c
 

h
)
 

w
 

w
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1234 HADJICHRISTIDIS AND DESREUX 

1.16'3scE' Solvent: cyclohaanc T= 25. 
1 s  

1 PONa 

0.10- 

"1 0.1 a2 03 

C.g.di' 

FIG. 3. Sedimentation data vs. concentration for PDNa in cyclo- 
hexane at 25". 

The values of ks of the intrinsic sedimentation constant ( S o )  o r  
( a / l  - v p  )So a r e  given in Tables 1 and 2. 

The partial specific volume v, determined by the pycnometric 
method at  25", is e q u p  to 0.880 f 0.001 for PDNa in cyclohexane and 
to  0.776 * 0.001 cc g- 
10" ( PDNa) and 1.88 X lo-' ( PNa)]. 

for PNa  in benzene [reducing factor: 2.82 x 

L i g h t  S c a t t e r i n g  

The experimental data(Gw,AZ*, (FZ2)'' ') given in Tables 1 and 2 
were obtained at 25" with a Sofica instrument ( 5460 A). The BOlVentS 
and the solutions were passed through a flotronic membrane. 
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HYDRODYNAMIC PROPERTIES 1235 

1 PNa 1 16'?set' Solvent: benzene T =  25' 

0.1 a2 0.3 a6 0.5 0.6 0.7 

FIG. 4. Sedimentation data vs. concentration for PNa in benzene 
at 25". 

The refractive index increments under the same conditions are 
(104 i 2)  X 
for PNa in benzene. 

are not very precise. For P N a  in benzene (poor solvent), we find an 
average value of 0.3 X cc mole g-'; for PDNa in the good solvent 
cyclohexane, A2* is equal to 

for PDNa in cyclohexane and ( 142 i 2) X cc g-' 

A s  is often the case,  the values of A,* for the different fractions 

cc mole g-'. 

O s m o t i c  P r e s s u r e  

The osmotic pressure was determined at 27' with a Knauer 
electronic osmometer (Sartorius membranes). Benzene solutions 
were used for both polymers; they were degased before measurement. 

The plots of n/C v s  C shown in Figs. 5 (PDNa) and 6 ( PNa) are 
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1236 HADJ'ICHRISTIDIS AND DESREUX 

5 10 1s 
c . lo?g .ce  

FIG. 5. Osmotic pressure data vs. concentration for PDNa in 
benzene at 27". 

linear even for  the highest molecular weight fraction still 
measurable. 

The values of an and A, a r e  given In Tables 1 and 2. 

P o l y d i s p e r s i t y  

The polydispersity factors /a for the different fractions 
of both polymers are given in Table 3 and are compared with the 
values found by gel permeation. The agreement is satisfactory. 

w n  
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I PNa rr.163 baryes. 1'. cc Solvent: benzene 11 27. I c  

I I I I 
5 10 IS 

C.lO? g.ci' 

FIG. 6. Osmotic pressure data vs. concentration for  PNa in 
benzene at 27". 

R E S U L T S  A N D  D I S C U S S I O N  

1. The experirgentalvalues of the constants for  the relations 

Because the polydispersity of the different fractions are practically 

The other relations are (So ) = 10.1 X lo-' ' Mw O S 4  

between [ 71 and M 

identical, the value of the exponent "a" is the same in the two 
relations. 

( PDNa in 
cyclohexane 25" ); ( S o )  =6.6 X lo-' Gw ** a ( PNa in benzene 25"). 

or  M a r e  given in Table 4. 
W n 
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1238 HADJICHRISTIDIS AND DESREUX 

TABLE 3 

PDNa PNa 
GPC - - GPC - - 

Fraction Mw/Mna MJfln Fraction Mw/ana M P n  

D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 

1.6 
1.4 
1.4 

1.5 
1.6 1.3 
1.5 1.5 
1.3 1.2 
1.2 1.3 
1.4 1.6 

1.4 

N1 
N2 
N3 
N4 
N5 
N6 
N7 
N8 
N9 

1.8 
1.7 
1.7 
1.8 

1.4 1.5 
1.5 1.6 
1.5 1.6 
1.4 1.5 
1.5 1.5 

a Light scattering-osmotic pressure  data. 

~~~ ~ 

PDNa Benzene Decalin Cyclohexane Dipropylketone 
Ka X 10' 5.81 6.78 9.22 12.17 
% x 10' 7.38 8.52 11.26 13.57 
a 0.71 0.69 0.66 0.62 

PNa THF Dioxane Benzene 

K~ x 105 7.05 10.07 22.84 
% x lo5 9.07 12.84 27.88 
a 0.69 0.65 0,57 

The change of A, (osmotic pressure)  with the molecular weight is 
small ,  especially for PNa in benzene, which is a bad solvent for this  
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HYDRODYNAMIC PROPERTIES 1239 

polymer. Only the relation for PDNa in a good solvent (benzene at 
27") is significant 

A, = 3.7 x lo-* G -0*07 
n 

2. A s  a result  of the theory of the equivalent impenetrable sphere 
[ 121, a relation exists between So, S, [ 771 and C: 

with k o r  ks/[ q ]  equal to 1.4- 1,6. The experimental values of k for 

PDNa vary from 1.56 (D7) to  1.40 (D2) and f o r  PNa from 1.73 (N9) to  
1.67 (N2), in fair agreement with the expected theoretical value. 

3. The values of the constants a 1'3P-1 of the Mandelkern-Flory 
equation [ 131 

are given in Table 5. 

TABLE 5. +1'3P-1 x 

Fraction Average value 

PDNa in cyclohexane D2 D3 D5 D7 D9 

PNa in benzene N2 N3 N5 N7 N9 
2.1 2.2 2.0 2.4 2.3 2.2 

2.4 2.3 2.2 2.2 2.5 2.3 

The average value of +' I3  P-', with P equal to 5.1, leads to a value 
of + of 1.6 X lo2', lower than the value corrected for  polydispersity or 
2.0 X 10" ( PDNa) and 1.9 X 10" ( PNa). We have found the same .dis- 
crepancy for other polymethacrylates with a bulky substituent_[ 141. 

4. The value of KO leading to the unperturbed dimension ( ro2)'" 

has been calculated in different ways. 
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1240 HAIXTICHRISTIDIS AND DESREUX 

a. Stockmayer-Fixman relation [ 151 : 

[v]M-'"= Ke + 0.51+BM''2 

The plots of [ 771 gw-1'2 v s  PW1" are given in Fig. 7. The values of 
Ke obtained by this relation are 42 X lo-' ( PDNa) and 54 X lo-' dl g" 

(PNa). 

10- 

I PDNa I fql.$?. 10' 1.2s' 

----* STOCKMAYER-FIXMAN c- 

dioxane 

# ----- 

bcnrmc 
-8 

5- 

. . .. 
STOCKMAYER -FIXMAN 

-'4 
I I , Mw 

500 lo00 1500 

[q].d?.IO' 1 x 2 5 '  1.H.F 

L I I I 
500 1000 1500 a$ 

FIG. 7. Stockmayer-Fixman plots for PDNa and PNa in different 
solvents at 25". 

b. Kurata-Stockmayer relation [ 101 : 
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- %  - 3  
5- I I I g(d ,K;5.$T?] .lo 

[fly4 E:. 10’ T= Zf’ & 
S 10 15 20 

KURATA-STOCKMAYER T.H.F 
--/--- - 

10- 

benzene 

FIG. 8. Kurata-Stockmayer plots f o r  PDNa and PNa in different 
solvents at 25”. 

The plots of [q]2’3~w-1’5  v s  g(a)KTWz’’ [ 9 1 - ” ~  are given in 
Fig. 8. 

The K values are in excellent agreement with those found from 

the Stockmayer-Fixman relation: 43 X lo-’ ( PDNa) and 54 X 
dl g” ( PNa). 

e 

c. The value of Kg obtained from the Fox-Flory relation [ 171: 

[ ~ ] 2 / 3 M - ” 3  = K;” + const M[q] - ’  

depends on the solvent (Fig. 9); the better the solvent, the lower the 
value of KO. For a hypothetical solvent with z e r o  slope, the extra- 

polated value agrees  with those found above. The same observation 
has  been made for  many other polymers [ 2, 18-20]. 

As shown in Fig. 9, there  is a common point of intersection of all 
the l ines which corresponds to  a molecular weight of 4500 (PDNa) and 
5000 ( PNa). These values agree with the one given by Pate1 et al. [ 191. 
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FOX-FCORY 

dioxane 10 - 

benzene - 
_ I  - -  - -  

iw. [TI! 1 6 ~  
1 I I 
5 10 15 20 5- 

FIG. 9. Fox-Flory plots for PDNa and PNa in different solvents 
at 25". 

d. The semiempirical  relation of Cowie [ 211: 

[77]M-'/'= @ ( E ) * - ' K ~  + 0.9166 ~ ( E ) ~ " K ~ K ' ' ' ~ M ~ ' ~ ~  

w h e r e + ( E ) = @ ( 1 - 2 . 6 3 c +  2 , 8 6 ~ ' ) a n d e = ( 2 a -  1 ) / 3 , g i v e s K e  
values of the same order  for  all solvents, or 43 X 
53 x lo-' dl g-' (PNa):1,2 

( PDNa) and 

The plots of [ "aw 
e. Berry ' s  relation [ 221 : 
[77]'" M-'l4 = K81'2 + 0.42 KO1'* @ BM [ q ] - '  

best fits the experimental data as shown in Fig. 11. The values of 
K obtained by this relation are 43 X 10'' ( PDNa) and 54 x lo-' 
dl g-' ( PNa). 

f, Figure 12 i l lustrates the application of the Kamide-Moore 
relation [ 231 : 

v s  ic?w7'20 are given in Fig. 10. 

e 
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HYDRODYNAMIC PROPERTIES 1243 

FIG. 10. Cowie plots for  PDNa and PNa in different solvents at 
25". 

using the values of Ka and a of Mark's relation (Table 4 )  for the 
different solvents. 

The plot of the left-hand side of this  equation against (a - 1/2) 
gives values of KO as 41 X dl g-' (PNa). 

g. The analysis of the plots of the different relations shows that 
in the case of PNa, the Stockmayer-Fixman, Kurata-Stockmayer, Cowie 

(PDNa) and 54 X 
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1244 HADJICHRISTIDTS AND DESRE UX 

FIG. 11. Berry plots for PDNa and PNa in different solvents at 
25". 

and Berry relations are valid practically in the entire molecular weight 
range and for  all the solvents; only at the highest molecular weight and 
in the very good solvent (THF) is there a slight discrepancy in the case 
of the three first expressions. 

In the case of PDNa these relations are less valid for  the high 
molecular weight fractions in the solvents, The departure from 
linearity i s  especially important in the case of the high viscosity 
solvent decalin. 

As mentioned before, the validity of Berry' s relation extends to  
higher molecular weights. 

In both cases the Fox-Flory relation is of only limited validity. 
h. The calculation of K based on group addivity a s  suggested by 6 

Van Krevelen and Hoftyzer [ 241 gives values of the same order as those 
found above. 

quantity connected with the specific chain stiffness or Xi( Si/n), Si being 
With M* the molecular weight per main chain atom and S*, a 
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HYDRODYNAMIC PROPERTIES 1245 

FIG. 12. Kamide-Moore plots for PDNa and PNa at 25”. 

e the additive constants given by the authors, the calculated values of K 
or  (S*/M*1’2)3 are 44 X 1 0 - 5 (  PDNa) and 56 X lom5 dl g-’ (PNa). 

( PNa), the relations between the root-mean-square end-to-end distance 
for the unperturbed chain (?02)1’z and M are, respectively, 

5. Adopting for K g  the values of 43 X lo-’ (PDNa) and 54 x 

(?02)1’2 = 0.60M ‘ 1 2  A (PDNa) 
(?02)1’z = 0.66M1/2 A (PNa) 
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1246 HADJICHRISTIDIS AND DESREUX 

taking 2.0 X lo2' ( PDNaa and 1.9 X 10" ( PNa)  for the values of a. 
The value of (Fa ) '' always presents an uncertainty due to the 

assumed value of +; consequently this distance for different polymers 
has only a comparative significance. 

6. Figure 13 illustrates the application of the Cowie-Bywater re- 
lation based on the sedimentation data ( 251 : 

- 2  112 

M"' (So)- '  = NP (-$) + const M 'I2 

The plot of M112 (So)- '  against M112 gives a value of (Fo2/M)1'2 in 
agreement with those obtained by viscosity. 

COWlE -BYWATER T- 25. 

cyclohcxanc 

I I  I I 

loo0 zoa, 
COWIE-BYWATER T =  2!Y 

0.3 - 
a -  bmzcne 

Q 2 -  
I I 

Z W O  - Ul 
MW 

s ,'. 03- 

I I  I I 

loo0 zoa, 
COWIE-BYWATER T =  2!Y 

0.3 - 

- Ul 
MW 

FIG. 13. Cowie-Bywater plots for PDNa and PNa  at 25". 

7. The root-mean-square end-to-end distance, assuming 
completely free rotation around the bonds o r  (Faf 2)1'2,  is given 
by practically the same relation for both polymers: 

(F0;)"' = 0.21M '" A (PDNa; PNa) 

The value (Yof')  1'2/(~af2)1'2 or IT, representing the effect of 
s ter ic  hindrance on the flexibility of the chain, is 2.9 ( PDNa) and 
3.1 ( PNa). 

The corresponding expansion factors a, or (7' )' "/( < ) I", 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



HYDRODYNAMIC PROPERTIES 1247 

for  the lowest and for the highest molecular weight fractions are given 
in Table 6. 

- 2  1/2 - 2  1/2 TABLE 6. a = [ r  ] /[r,,] 

Dipropyl- 
Solvent Benzene Decalin Cyclohexane ketone THF Dioxane 

PDNa 1.1- 1.4 1.1- 1.4 1.1- 1.3 1.0- 1.2 

PNa 1.0-1.0, 1.1- 1.3 1.0- 1.2 

This  expansion factor increases with the molecular weight for  both 
polymers and in the different solvents. This  increase is small  in bad 
solvents and higher in the best solvents. 

In Table 7 we summarize the important data characterizing the two 
polymers. The flexibility factor Q found for  PNa is in good agreement 
with the value obtained by Berdnikova et al. [ 11 in benzene. 

TABLE 7 

Characterist ics PDNa PNa 

Microtacticity ( rr) (%I) 49 44 
Kg x lo-’ (dl  g-I) 43 54 
( F o 2 ) 1 ’ 2  ( A )  0.60 M“’ 0.66 M”’ 

( T o f 2 Y  ( A )  0.21 M 

Flexibility factor u 2.9 3.1 

In conclusion, the two polymers have a very low flexibility as 
compared to other polymethacrylates with less bulky side groups [ 261. 
However, the fact that P N a  has a higher o value than PDNa definitely 
shows the specific influence of the aromatic rings on the flexibility 
of the chain. The same conclusion has been reached in a compar- 
ative study of polycyclohexyl and polyphenyl methacrylates [ 141. 

groups are partly responsible for the high u value found for  PNa. In 
Consequently, it seems that specific interactions between aromatic 
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1248 HADJICHRISTIDIS AND DESREUX 

a study of the microtacticity of various polymethacrylates esters [ 81, 
this interaction was also considered to influence the degree of 
syndiotacticity. 
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