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ABSTRACT: Preliminary light scattering measurements have been carried out on the
organopolysilanes (n-propylMeSi)n, (PhMeSi)n, (cyclohexylMeSi)n, (n-octyl 2 Si)n and
(n-hexyl 2 Si) n . For the latter two samples measurements were carried out at various
molecular weights. Very high molecular weights (106) and correspondingly large
molecular dimensions (100 nm) in dilute solution may be observed for these polymers.
Chain dimensions (RG and RH) together with molecular weights from light scattering
indicate that the polysilanes are substantially more extended than carbon backbone
polymers of similar degrees of polymerization. Hydrodynamic properties were
determined in hexane by dynamic light scattering and viscometry for (n-hexyl 2 Si)n, which
behaves as a flexible coil in this solvent.
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(n-hexyl 2 Si) . For the latter two samples measurements were carried out at various

molecular weights. Very high molecular weights (106) and correspondingly large

molecular dimensions (100 nm) in dilute solution may be observed for these polymers.

Chain dimensions (RG and RH) together with molecular weights from light scattering

indicate that the polysilanes are substantially more extended than carbon backbone

polymers of similar degrees of polymerization. Hydrodynamic properties were

determined in hexane by dynamic light scattering and viscometry for (n-hexyl 2 Si)n, which

behaves as a flexible coil in this solvent.
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1. INTRODUCTION

Substituted silane high polymers1 represent a new class of radiation sensitive

materials for which a number of recent applications have been discovered. In this regard,

these materials have been utilized both as thermal precursors to silicon carbide 2 as

photoinitiators in vinyl polymerizations, 3 and in photoresist applications.4 The electronic

spectra of polysilane derivatives are very unusual in that they absorb strongly in the UV

in spite of the fact that the backbone is comprised solely of saturated sigma links. This

absorption, which depends both on the substituents and the molecular weight,5 has been

3d .. 6described variously as a oa or o Si transition. Since there is considerable sigma

delocation in the backbone, the electronic absorption should be dependent on the

backbone conformation7 and recent studies both in the solid states and in solution

9,10suggest that this is the case.

The presence of two large aliphatic and/or aromatic groups on each atom of the all

Si backbone produces a chain with highly hindered rotational freedom about the backbone

Si-Si bonds. The variation in rotational freedom with substituent is reflected both in the

glass transition temperature, Tg, and in the wavelength of maximum ultraviolet

absorption, X max* Parameters which reflect the overall molecular dimensions such as the

root mean square radius of gyration RG, and the hydrodynamic radius RH are also

expected to be larger than observed for carbon backbone polymers of similar degree of

polymerization due to the rigidity arising from the hindrance to rotation. Static light

scattering measurements of five polysilanes with varying substituents were used to

determine the weight average molecular weight, M w , the root mean square z-averaged

radius of gyration, RG z and the second virial coefficient A2 . These parameters were used

with information about the molecular weight distribution from size exclusion

.d.]
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2
chromatography to estimate the unperturbed dimensions, RG,0 for a series of

substituents. Two samples, poly(di-n-octylsilane) (hereafter abbreviated (n-octyl 2 Si))

and poly(di-n-hexylsilane) ((n-hexyl 2Si) n), were selected for more detailed study. The

molecular weight dependence of RG was investigated by permitting the photolytic

degradation of these samples by room light. Hydrodynamic properties of (n-hexyl2 Si)

were determined in hexane using dynamic light scattering and viscometry.

II. EXPERIMENTIAL

A. Static Light Scattering

Static light scattering measurements were accomplished with three light scattering

instruments: (1) SOFICA Model 42000 photogoniometer (University of Wisconsin),

(2) Chromatix (LDC Milton Roy) KMX-6 low angle light scattering photometer (IBM),

and (3) Brookhaven BI-200 SM photogoniometer (IBM). Measurements with the

SOFICA were done with 546 nm light from a Ihg vapor lamp at ambient temperature.

Measurements with the KMX-6 and Brookhaven instruments were done with 632.8 nm

light from He-Ne lasers (Melles Griot LlIP121 and Spectra-Physics 124B, respectively)

at 25.0±0.20 C.

Differential refractive index increments (dn/dc) at 546.1 nm and 632.8 nm were

measured using a Brice Phoenix differential refractometer (University of Wisconsin) or

a Chromatix (LDC Milton Roy) KMX-16 differential refractometer (IBM), respectively.

The results for all polymer solvent samples measured are in Table 1. The Brice Phoenix

instrument was calibrated using aqueous sucrose solutions (dn/,dc=0.00143 at 546.1 nm

at 230C)1 1 and the KMX-16 was calibrated with aqueous sodium chloride solutions

(dn/dc=0.174 at 632.8 nm and 25.00C). The parameters M w G,z and A2 were

determined by extrapolation of Kc/R9 to 0=0 and c=0 as is indicated by the relation
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K 1 (1 + 2A 2 c + 3A3c 2 +...) + q R '  
(1)

with

4v2 n (dn/dc)
2

NA 0

and

4,7n
q = - sin(0/2)N o

Re is the Rayleigh factor measured at scattering angle 0, c is the concentration in g/me,

n is the refractive index of the solution, N is Avogadro's number, and X is the
A 0

wavelength of the incident light in vacuum.

Simultaneous extrapolation of Kc/R 0 to zero scattering angle and infinite dilution

were accomplished using a Zimm plot 11 as shown in Figure 1 for (cyclohexylMeSi). For

the very high molecular weight samples, the intramolecular interference factor, P(0), can

no longer be expressed in its linear limiting form used in 17q. 1 above:

2 2q RG,Z
P(O) =1-

3

which is valid for small values of q R 2.z, and a plot of Kc/R versus q2 is expected to

curve upward. However, experimental data on a high molecular weight sample of

(n-hexyl2 Si), such as that shown in Figure 2, demonstrate that Kc/R is linearly
2 n,
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dependent on q2 even at high scattering angles. This is due to the compensating effect of

sample polydispersity, which, for the most probable distribution, leads to an expression

for the average P(O) which is linear in q2R2 as shown by Zimm:1 3

Gp

1 1 2
P(0) - 1 = 1 + -I-< q 2R2 >

2 G

The most probable distribution is a close approximation of the experimental distribution

obtained for the high M sample of (n-hexyl 2  as shown in Figure 3. Determination of

MW and A2 for the high molecular weight samples was accomplished using a square-root

plot of (Kc/R) 1/ 2 versus c where the subscript 0 indicates extrapolation to zero

scattering angle. Measurements with the KMX-6 at 0=4.40 were equivalent to the

extrapolated zero angle ones determined with the Brookhaven goniometer at

200<0<1500, as shown in Figure 4. The square root plot is suggested to minimize

extrapolation errors for high molecular weight polymers in good solvents where higher

order terms in the virial expansion may contribute to the concentration dependence. 14 16

The depolarization ratio, p is given by

RH,
Pv -= RVv

where R11 and RVv are the limiting Rayleigh factors of the light scattered at zero angle

from a vertically polarized source with horizontally and vertically polarized analysers,

respectively. Values of pv varied from 0.0017 to 0.0023 for solutions of (n-hexyl 2Si) n in

hexane, so that corrections due to optical anisotropy were negligible.

i.6N



B. Dynamic Light Scattering

Dynamic light scattering was measured using the Brookhaven 200 SM

photogoniometer equipped with a B12030 128 channel correlator to measure the time

correlation function C(t) which was analyzed using the method of cumulants:17

( C(t) IlL/2 enbL/22/

n B -1 = - Ft + 2t2/2 + ... (2)

with B the baseline of the correlation function and b an optical constant. The diffusion

coefficient D at each concentration c is obtained from the extrapolation of the reduced

2first cumulant, r cq/q , to zero scattering angle:

Dzc=li crn cq/q 2 )

2

The normalized second cumulant, 2/ , which reduces to zero for a purely single

exponential decay, describes the deviation from a single exponential arising from

polydispersity or other relaxations. The sample time At was selected with the criterion

At-2
mF

with m the number of channels. We have used a measured baseline (average of four delay

channels 1029 to 1032 times the sample time At) as B, however, the calculated baseline

(infinite time value) and measured baseline agreed within 0.1% for all measurements

used.

: .7 .-" "*. * . *d **," '",' .-" *,'. o . - .. -,.:. ' . .. - .". -" • " , '- , "7.. . . . .*. :," ; -- -.- £ ." "'~ .
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C. Viscometry and Size Exclusion Chromatography

The intrinsic viscosity, [-q] of poly(di-n-hexylsilane) in hexane was measured using

a Cannon Ubbelohde semi-micro viscometer equipped with a Wescan automatic vicosity

timer. [ri] was determined by extrapolation of the reduced viscosity, sp /c and the

inherent viscosity, In 7 el/C to infinite dilution, as shown in Figure 5, using the IHuggins

and Kramers relations:

_7
S [7 + k[T]2C +
c c

and

In re l2In 17 e= ['i] - (1/2 - k)[1712c + ..

with 77e=7/-q with -q and 7 the viscosities of the solution and solvent, respectively.

474 ml/g and the Huggins coefficient k was 0.357, similar to values usually

observed for flexible polymers in good solvents. Although kinetic energy corrections are

expected to be very small at these flow times, significant deviation from the limiting [17]

at zero shear rate may be possible at the high molecular weight used and this was not

assessed.

Size exclusion chromatography was used to estimate the polydispersity of each

sample. 150 tLf of each sample at a concentration of approximately I mg/mt was injected

onto a set of four mixed gel columns (ASI Ultragel), using tetrahydrofuran (TI IF) as the

mobile phase and a differential refractometer as the concentration detector. The column

set was calibrated with a series of narrow distribution polystyrene standards (Polymer

Laboratories) and a calibration curve was fit to a third order polynomial:

._ . _ . . ..-7 .. .-... .S. .=.- . ., ..- .,. .-M. r- ,.e . .: . .. . ..S. . .. - ..- -A . ..-..fl- -C ---. . - . :
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logM=A+Bt +Ct 2 +Dt 3

where t is the peak elution time of a PS standard of molecular weight M. Calculation of

apparent molecular weight averages relative to polystyrene, MPS, MPS, MPS and the

polydispersity (MNPS/M PS) were carried out using an IBM PCXT with chromatography

software (Nelson Analytical). An example of a typical distribution obtained is shown in

Figure 3 for (n-hexyl 2Si).

III. RESULTS AND DISCUSSION

A. Static Light Scattering

The molecular parameters obtained from static light scattering: Mw, RGZ and A2

are listed in Table 2 for the various polysilanes studied. The polydispersity, Mw/Mn, and

the molecular weight relative to the polystyrene calibration, M PS, obtained from size

exclusion chromatography are also listed. It is apparent that very high molecular weights

may be obtained for these polymers. The apparent molecular weights MPwS obtained by

SEC cannot be directly compared with true weight average molecular weights determined

by light scattering. For the very high molecular weight samples of (n-octyl2 Si) and

(n-hexyl 2 Si) n , the elution times of the samples approached the exclusion limit of the

columns used, so that these values of IMP- are more uncertain. Due to the difficulty in

synthesizing a range of molecular weights, the molecular weight dependence of RG was

investigated for (n-octyl2 Si) and (n-hexyl 2 Si) n by permitting photochemical degradation

in room light. This degradation in M was sufficiently slow to permit measurement of

M and R as the samples degraded, as shown in Figure 6. The exponent v in the relation
G

R a. NV

b7V V ~ V . . . - V - . * - - - - . . . . .
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is equal to 0.62 as is observed for flexible coil polymers in good solvents. Random chain

scission is expected to lead to a normal distribution not substantially different from the

original distribution of these samples, so that the exponent of 0.62 would also be expected

for a series of narrow distribution samples. The exponent of 0.62 is direct evidence for

the coil-like configuration of the polymer chain. The larger RG obtained in hexane is

consistent with the larger A2 measured in this solvent and suggests that excluded volume

effects are significant in spite of the highly hindered rotational freedom.

The linearity of the P 1 (0) function for 00<0<1500 permits the use of the KMX-6

to estimate RG from measurements at only two angles, 4.40 and 175.60, analogous to

dissymmetry measurements used early in light scattering experiments. This technique

requires experimental evidence for the linearity of the P 1 (0) function such as that shown

in Figure 2 since the presence of large scattering species such as dust or aggregates, or

large polydispersity can introduce significant curvature which cannot be assessed with

measurement at only two angles. The KMX-6 provides a degree of precision (±0.2%)

which we have not been able to attain with the more traditional goniometer.

Measurement of RG using this"dissymmetry" method over a range of concentrations for

(n-hexyl 2 Si) n in hexane showed a decrease in R with increasing concentration, as is

Gshown in Figure 6. The decrease in RG with increasing concentration in dilute solution

due to competing intramolecular and intermolecular interactions has been predicted

and confirmed by neutron scattering measurements. 22 For light scattering, determination

of RG at a finite concentration c requires the assumption that the function Q(O)

representing the intermolecular interference in the more complete expression of Eq. (1)

Ke 1

K + 2 A2Q(0)c +...
Re MwP(O)
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is negligible, i.e., Q(O) is nearly unity. Since the observed decrease in RG in Figure 7 is

20very similar to that observed by Jannink et al. using neutron scattering, this assumption

appears to be reasonable.

B. Dynamic Light Scattering

The linewidth r determined by the method of cumulants (Eq. (2), above) is shown

2as a function of q for several concentrations of (n-hexyl2 Si) n in hexane in Figure 8. The

q2 dependence is linear as expected for diffusive motion. Measurements were carried out

at scattering angles 0=20, 30, 45, and 600. Values of the normalized second cumulant

A2/1 2 were 0.17 +0.04, and were independent of angle and concentration in this range. In

the low q region (qRG<) the magnitude of/pl/F2 reflects the polydispersity of the

sample. The polydispersity determined from dynamic light scattering may be compared

with that obtained from SEC, provided the exponent v in the relation

D -M - "

is known. Here we use v=0. 6 based on the measurements of RG of photolytically

degraded samples discussed above. Substitution of P=0.6 and 6 Mw/M n - 1 = 1.3 (see

Table 2) into the expression23

4 12 6[4 + (1- i,)(v - 5)6]

= [1 + [(2 - v,)(1 - v,)/2]612

2yields t/ f=0.11 in reasonable agreement with the experimental value of 0.17+0.04 for2

(n-hexyl 2Si) n. Above 600 scattering angle (qRG>l) the deviation from a single

exponential became more significant indicating contributions from internal motions of

. . .



10

the chain. The concentration dependence of D is shown in Figure 9, and may be

expressed as

Dc  D0 (1 + kDC)
,.

with D = 1.07 X 10-7 cm2/sec and kD= 2 8 7 cm3/g. The hydrodynamic radius, RH, defined

by the Einstein relation for a hard sphere

_kTDo = "6- '0RH

is 64 nm. The hard sphere value for A2

4 NA
M2 VH

where VH is the hydrodynamic volume of the sphere

4 3VH = r RH
3

may be compared with the experimental A2 . We obtain 104A=0.71 ml/g mole in good

agreement with the experimental value of 10 A2=0.76 ml/g mole measured by static

light scatttering for (n-hexyl2 Si) in hexane. This agreement suggests that the polymer

coil behaves thermodynamically as well as hydrodynamically like a hard sphere of radius

R H The concentration dependence kD of the diffusion coefficient may also be expressed

in volume fraction units

D kD
NA V11 k

'-

. ..
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which yields kD 2.7 in reasonable agreement with the Yamakawa prediction of 2.2 for

the good solvent limit.24

4

The ratio RG/RH= 1.69 in good agreement with the prediction of 1.73 for

polydisperse flexible coils with a most probable distribution. 25 RH and RG may be

compared with a radius R calculated from the intrinsic viscosity [7]1 using the

Fox-Flory equation: 26

6 3/2,4)R 3
[7] =

MW

where D is the Flory viscosity constant, 2.5 x 1023 for polydisperse samples with infinite
4..

hydrodynamic interaction. For (n-hexyl2 Si) n in hexane, [7]=474 mf/g at 20* C, so that

R G,1=90 nm. The intrinsic viscosity [711 measures an average which is close to a weight

average, so that R is expected to be smaller than R determined by light scattering

by a factor which may be estimated to be 0.83 based on the SEC results for Mz/M. The

experimental ratio, R /R =0.83, in excellent agreement with the SEC results. The
G,71  G,Z

hydrodynamic radius RH determined by dynamic light scattering may be compared

directly with RG,,, since both measurements yield an average which is close to a weight

average. The ratio RG.7 /R i=.41, which is quite consistent with the value of 1.50

predicted for monodisperse chains in the nondraining limit (infinite hydrodynamic

interaction). Although the first cumulant from dynamic light scattering on polydisperse

molecules measures a z-average diffusion coefficient

< D >z EwiMiD,/Mw

o.

4'

-,,4 -
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the inverse relation of D to M results in the hydrodynamic radius RH being most closely
related to that obtained for a monodisperse sample with the same M rather than M .

w z

C. Estimation of Unperturbed Chain Dimensions

The light scattering data in Table 2 may be used to estimate the characteristic ratio,

C ,or (RGw)2/Mw which may be compared with values for other polymers to assess the

flexibility of the chain. The superscript 0 indicates a measurement at 0 conditions where

excluded volume effects are absent, and the subscript w indicates a correction of the

measured RGZ to an average appropriate for comparison with MW, i.e., such that

0 .w2 0R°2
(R 0,W) 2 (RG0)2

M(3)Mw  M

where the parameters on the right hand side of Eq. (3) are determined for a narrow

distribution fraction. Since RG M°6

RGZ Mz )0.6

RG,W c ( M

Correction of RGw for expansion due to excluded volume requires estimate of the

expansion factor

RG
as 0

RG

This may be obtained from various approximate theories which relate a and thes

interpenetration function ' where 16

. . . .. . . . . .. . . .

e 

%



13

2~A2 M 2

3/2. n3
47r1TNARG~w

Experimental values of ' are listed in Table 3, and are very large for the high molecular

weight samples of (n-hexyl 2Si) and (n-octyl 2Si)n. Various theories predict an upper

limit on 4, of 0.2-0.3 and experimentally, values larger than 0.3 are rarely observed for

flexible chain polymers. 16 The limited number of samples and large values of 4, make

estimation of the magnitude of the excluded volume effect very approximate. Use of the

available theories for q, and as, along with experimental data obtained for polystyrene and

polychloroprene 14 lead to estimates of as- S1.3+0.3 for (n-hexyl 2Si) n in hexane. An

empirical relation between the experimental parameter A2 M/[71] and a2 -1 also leads

to an estimate of -1.3 for a for (n-hexyl2Si) n in hexane. 16 Using these expressions and

0the information about the polydispersity listed in Table 1 we obtain the values for RGW4,.w

and N shown in Table 3, where N is the weight average number of backbone chain
.4 W w

atoms. The values of (R0 )2/Nw are 15-30 (with dimensions in A), substantially larger

than the values of 2-4 observed for typical carbon backbone polymers such as

polystyrene, poly(methylmethacrylate), etc. The characteristic ratio, C. , where

2i < r >0
°4. C-

- i 2

with <r 2>0 the mean square end-to-end distance and 1 the length of the Si-Si bond,

2.35A, may also be calculated. We assume that < r2 >0 - 6(R w)2 as for Gaussian

chains and obtain the values listed in Table 3. For the poly(di-n-hexylsilane), C_ _ 20

which is larger than the value of 10 obtained for polystyrene for example.

.%
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Although C is substantially larger than is observed for carbon backbone polymers,
000

the difference is not as large as is observed in the values of (RGw)2/Nw. The larger effect

in the (RG,)2/N, parameter is due to the contribution from the longer Si-Si bond. The

characteristic ratio reflects only the rigidity due to rotational hindrance and fixed valence

angles. In the case of polymers containing aromatic groups in the backbone, equivalent

"bond lengths" can be quite large, leading to very large valves of (R° w)2/Nw. However,

rotation about these long bonds is often unhindered by steric constraints so that C would00

be small and suggest a high degree of flexibility. The values of RG. and C. obtained for

the samples other than (n-hexyl 2Si) n are less certain due to the limited measurements.

In particular some samples contained a small high molecular weight fraction which can

have a very large effect on R measured by light scattering. The agreement among the
G,z C

measurements of the poly(di-n-hexylsilane) for the different solvents and instruments

used, and the agreement with hydrodynamic measurements discussed above substantially

improves the reliability of C,, for this sample, however as discussed above, estimation of

the magnitude of the excluded volume effect is very uncertain. Measurements in a

0-solvent are required before a definitive conclusion about the flexibility of these

polymers can be made.

Although it appears that the (n-hexyl 2Si) a chain is quite flexible, at least by

equilibrium measurements, we can estimate the persitence length p using the

Kratky-Porod model. 2 8 Near the coil limit, p may be determined by solving simultaneous

expressions for the contour length L and R6 in terms of equivalent Kuhn segments fk

SL =n k

2 1 2
RG =-- nfk

6



15

The contour length L is estimated as Nwf where N is the number of backbone Si atoms
w

and I is the projection of the Si-Si bond onto the backbone, 1.94x. The persistence length

0p--- k/2. For (n-hexyl2Si)n we obtain Ik=5.8 nm and p= 2 .9 nm, using the value of RG~w

listed in Table 3. Use of experimentally determined RG.z from light scattering, without

correction for polydispersity and excluded volume effects leads to a much larger estimate

for the persistence length p. Although estimates for these corrections are uncertain, they

are reinforced by agreement with hydrodynamic dimensions obtained with independent

techniques.

Chain dimensions (RG and Rif) and molecular weights obtained from light

scattering indicate that the polysilanes are substantially more extended than carbon

backbone polymers of similar degree of polymerization. This increase in size is due to the

longer Si-Si bond length and to the highly substituted backbone which provides a large

degree of steric hindrance to rotation. Despite the large dimensions, the chains appear to

behave as flexible coils at the very high molecular weights studied. This is evidenced by

the exponent of 0.62 in the relation of RG to M, and by the decrease in RG of the

(n-hexyl 2Si) n in the poorer solvent TIlF relative to the R G obtained in hexane. The

question of whether or not the chains obey Gaussian statistics with an exponent of 0.5 in

a 0-solvent where excluded volume effects are absent awaits measurements in a

0-solvent. The temperature dependence of the overall chain dimensions, which has been

suggested undergoes a low temperature transition, is also being investigated. 2 9
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Table I

Differential Refractive Index Increments

Polymer Solvent X(nm) T(-C) dn/dc (mf/g)

(n-PrMeSi), THIF 546.1 22.3a 0.200

(cyclohexy1MeSi)n cyclohexane 546.1 22.3a 0.167

(n-heXYl 2 Si)n THIF 546.1 22.3a 0.106

(n-heXYI 2 Si)n THE 632.8 25. 00a 0.0855

(n-heXYl 2Si)n hexane 632.8 25.Ob 0.1214

(n-octY12Si)n THIF 632.8 25.0b 0.119

(MePhSi)n TIF 632.8 25.Ob 0.296

a±0.50 C.
b±0.20 C.
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Table 2

Molecular Parameters of Organosilane Polymers

Sample Solvent MS 104A2  RG(nm) M,/Mn MPS

(n-PrMeSi)n TIIF 210,000 2.18 31 3.1 180,000

(cyclohexY1MeSi)n cyclohexane 2,540,000 1.24 76 2.7 800,000

(n-heXY1 2 Si), cyclohexane 7,400,000 0.47 102 1.3 2,200,000

(n-hexyI 2Si)n hexane 6,100,000 0.76 108 2.3 1,900,000

(n-heXYl 2 Si)n THF 6,300,000 0.43 92 2.3 1,900,000

(n-OctYl 2Si), TI1F 3,200,000 0.98 100 2.4 2,600,000

(MePhSi)n TI IF 46,000 3.6 21 4.2 19,000
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Table 3

Estimation of Unperturbed Dimensions

Sample Nw Solvent 4' R&,(nm) C

(n-PrMeSi); 2470 TI-IF 0.07 21 19

(cyclohexYlMeSi)n 20188 cyclohexane 0.14 50 14

(n-heXYl 2Si)n 37373 cyclohexane 0.25 87 21

(n-heXY12 Si)n 31313 hexane 0.30 77 20

(n-heXY12Si)n 31313 TIIF 0.20 76 20

(n-octYl 2 Si),i 12598 TI IF 0.18 59 30

(MePhSi),' 383 TI IF 0.02 15 64

These showed a small secondary peak in the SEC chromatogramn in the high M region.
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FIGURE CAPTIONS

Figure 1. Zimm plot of the elastic light scattering from solutions of (cyclohexyl.MeSi) in

cyclohexane at 23 0 C obtained with the SOFICA. Circles are experimental data and squares are

the values obtained by extrapolation to zero angle or zero concentration.

Figure 2. Angular dependence of the elastic light scattering from solutions of (n-hexyl2 Si) in

hexane at 250 obtained with the Brookhaven goniometer from 200 to 1500 scattering angle.

Figure 3. Comparison of the experimental chromatogram obtained for (n-octyl2 Si) n in TI IF with

SEC (solid line) with the calculated most probable (Zimm-Schulz) distribution (dashed line).

Figure 4. Concentration dependence of the zero angle elastic scattering from solutions of

(n-hexyl2 Si) in hexane and TIIF at 25 0 C.

Figure 5. The reduced viscosity, 17s/c, and the inherent viscosity, In 77 /c, as a function of

concentration for (n-hexyl 2 Si) n in hexane at 20 0 C.

LS '
Figure 6. The dependence of the root mean square radius of gyration from light scattering, R,

on N1 for series of (n-hexyl 2 Si) and (n-octyl2 Si) obtained by photolytic degradation in TILF

and hexane.

Fiqure 7. The decrease in RI S'A PP with concentration for (n-hexyl2 Si) in hexane.

G 2I

. . . . . . . . . .' . . . . . . . . . . .
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Figure 8. The linewidth r obtained from cumulant analysis of dynamic light scattering as a

function of scattering angle for four concentrations of (n-hexyl2 Si) in hexane at 25 0 C.

e". Figure 9. The concentration dependence of F obtained from ex!rapolation of F to zero angle for
C

(n-hexyl 2 Si) n in hexane.

.-.
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0 low angle (-40)
6 0 lrn 6-0 wide angle 0

M~ 6.1 x106

104A2  0.76 n-hexane
CO)

CC 5
THE

4 14A2  0.43

0 0.5 1.0

c (gIL)

Figure 4. Concentration dependence of the zero anglc elastic scattcring from solutions of

(n-hexyl 2Si)n in hexane and TIMF at 25 0C.
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