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Abstract : In order to investigate the structure and dynamics of atatic poly (vinyl alcohol) (PVA)/water
system, laser light scattering experiment has been done in the semi—dilute concentration regime at
25 C. The scattering intensity /(¢) can be analyzed with the fractal equation of /(g ~¢ ™ instead of
Onstein—Zernike type equation. The fractal dimensionality m was found to be constant after reaching the
plateau value of m=2.6+0.3 above C=3 wt%. The time correlation function of dynamic light scattering
has always two different modes such as fast mode and slow one. The cooperative diffusion of fast
mode showed concentration independence contrary to the reptation theory's concentration dependent
exponent of 3/4. The slow mode can be interpreted as the motion of large scale heterogeneities and its
strong concentration dependence is apparent with a large negative exponent of —3.0. It is considered
that the stereo—regular arrangement with four successive meso units of —OH plays as a key role in
forming such heterogeneity.
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Figure 1. Change of the scattered intensities of 3.96 wt%
PVA aqueous solution for 8 days. No significant change
indicates that there is no time—dependent phase separation
in PVA solution at 25 C.
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Figure 2. Plots of the normalized scattered intensities vs
q2 at various PVA concentrations. In the inserted graph,
the fractal dimensionality of m obtained from the equation
of Le(@)/h,=qg ™+5b has reached the plateau value of m=
2.6*£0.2 above C=2.85 wt%.
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Figure 3. Plots of the normalized time correlation functions at
various PVA concentrations. In the inserted graph, the relative
fitting error were shown to be within +2%. All the time correla—
tion functions were measured at the fixed scattering angle 75°.
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Figure 4. Change of the normalized time correlation functions
with respect to (a) delay time 7z and (b) the normalized delay
time ¢’z at various scattering angles. All the time correlation
functions were measured at the fixed PVA concentration of
8.24 wt%.
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Figure 8. Change of the amplitude of slow mode, a with
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C~4 wt%.

1.2 T T T T
1.0+ 4
q ° o 4 4 )
o § s o °
0.8 & E
@ ° © S
0.6 o a R
o o 0 §
0 45°
044 o 75° 7]
o 120°
02 L 1 i
0 2 4 6 8 10

Concentration (wt%)

Figure 9. Change of the polydispersity index g of KWW
equation with respect to PVA concentration at various
scattering angles.

ot B G olg
Aok AHe el AFE T 4 BAEY £ 9AS
uel Z31 9o,

o
1o
Mo
[
4
o
X
1o
ne
o,
ol
ol
X
Jo
B

o]glE] PVA/H,0 -8 A|Agle) F3|ukgolofy FAket A
B T3 U 2 ARAEC] wEFT A AVle
Onstein—Zernike 4122 afajo] Erslia 23] =g J)
HoR di4 sleste] 2ag akd mE 4L A% sE7F 571
S5 A g e St ik 55 2.85 wt% P
o AEE FEo FASA m=2.6=0.322 UA3A FAF
Ak BH FAFOR P ARMIEETE F 7S] KWW2A2]
oz FAson, ¥4 Az oAt 2% Hgelx 2
YA Bo] FQt FukEd o] ARVIREFlE &
e Asy = A F F7E I, wE AS
9 HEFASE o FEsHA 2 w29 A D,
9} v e B FQth PVA 1EAl AlAdHeME v
7} ARGE o B 2T A FAE 9 =exr] Wi
o de Gennnes $°] 5% F& JEA A 3/47F ~002 7
A AR Y Foh w3 =d A%L tjg PVAS -OHY)

QoM Abe ATl e #2248 E3h 277

4 A A FHA0E MR FRo) 48 $HHE et
el 45e 2719 27 JeuiE FPAROT, o5 A
o] m7l FAeEoR Uehd 202 N H )5 FE I
4 A% ke tiE —3.0 AER dojzlor} o] £EE o4k 47
oM TR} ARse) A7 B e BRE Aow
BzhE) o R = A A5 Fol ohe FH e o B
2 371 47 9 o234 $4o| Bashh

ZAle| 2 : & A7 AAF A7 8 A (RTIO4-
01-04) Ado= = oo ZA=HYT

&t

ki
HO
o

1. C. A. Finch Editor, Poly (vinyl alcohol) : Developments,
John Wiley, New York, 1992

2. J. P. Kim and D. H. Song, Polym. Sci. Technol. (Korea),
15, 31 (2004).

3. W. Wu, M. Shibayama, S. Roy, H. Kurokawa, L. D. Coyne,
S. Nomura, and R. Stein, Macromolecules, 23, 2245 (1990).

4. T. Kanaya, M. Ohkura, K. Kaji, M. Furusaka, M. Misawa,
H. Yamaoka, and G. D. Wignall, Paysica 5B, 180/181, 549
(1992).

5. K. Kanaya, M. Ohkura, K. Kaji, M. Furusaka, and M.
Misawa, Macromolecules, 27, 5609 (1994).

6. T. Kanaya, M. Ohkura, H. Takeshita, K. Kaji, M. Furusaka,
H. Yamaoka, and G. D. Wignall, Macromolecules, 28,
3168 (1995).

7. C. Hara and M. Marsuo, Polymer, 36, 603 (1995)

8.T. Kanaya, H. Takeshita, Y. Nishikoji, M. Ohkura, K. Nishida,
and K. Kaji, Supramol. Sci,, 5, 215 (1998).

9. J. H. Choi, S.—W. Ko, B. C. Kim, J. Blackwell, and W. S.
Lyoo, Macromolecules, 34, 2964 (2001).

10. W. S. Lyoo, J. H. Kim, J. H. Choi, B. C. Kim, and J.
Blackwell, Macromolecules, 34, 3982 (2001).

11. W. S. Lyoo, S. Chvalun, H. D. Ghim, J. P. Kim, and J.
Blackwell, Macromolecules, 34, 2615 (2001).

12. C. Y. Chen and T.—L. Yu, Polymer, 38, 2019 (1997).

13. F. Ikkai, M. Shibayama, S. Nomura, and C. C. Han, ./
Polym. Sci. Polym. Phys. Ed, 34, 939 (1996).

14. F.Ikkai and M. Shibayama, FPhys. Rev. Lett, 82, 4946 (1999).

15. L. Fang and W. Brown, Macromolecules, 23, 3284 (1990).

16. A.—L. Kjoniksen and B. Nystrém, Macromolecules, 29,
7116 (1996).

17. P.G. de Gennes, Scaling Concepts in Polymer Physics,
Cornell University Press, Ithaca, NY, 1979.

18. K. L. Ngai, Adv. Colloid Interface Sci., 64, 1 (1996).

19. S. W. Provencher, Macromol. Chem., 180, 201 (1979)

20. E. F. Grabowski, and 1. D. Morrison, “Particle Size Di—
stributions from Analyses of Quasi—Elastic Light Scat—
tering Data”, in Measurement of Suspended Farticles by
Quasi—FElastic Light Scattering, B. E. Dahneke, Editor,
John Wiley, NY, p 200 (1983).

Polymer (Korea), Vol. 30, No. 3, 2006



278 e - F9E -

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

=
=

. W. Brown, and T. Nicolai, “Dynamic Properties of Poly—
mer Solutions”, in Dynamic Light Scattering” The Method
and Some Applications, W. Brown, Editor, Clarendon Press,
Oxford, p 272 (1993).

1. Teraoka, FPolymer Solutions: An Introduction to Fhysical
FProperties, Wiley, NY, Chap. 4, 2002.

L. Leger, H. Hervet, and F. Rondelez, Macromolecules,
14,1732 (1981).

L. M. Wheeler and T. P. Lodge, Macromolecules, 22,
3399 (1989).

N. A. Rotstein and T. P. Lodge, Macromolecules, 25,
1316 (1992).

K. A. Streletzky and G. D. J. Phillies, J. Polym. Sci.; Part
B: Polym. Phys., 36, 3087 (1998).

R. O'connell, H. Hanson, and G. D. J. Phillies, J. Polym.
Scr.; Part B: Polym. Phys., 43, 323 (2005).

J. Kanatharana, J. Sukpisan, A. Sirivat and, S. Q. Wang,
Polym. Eng. Sci., 36, 2986 (1996).

G. Williams and D. C. Watts, 7rans. Faraday Soc., 66, 80
(1970).

J. C. J. F. Tacx, H. M. Schoffeleers, A. G. M. Brands, and
L. Teuwen, Polymer, 41, 947 (2000).

2, 23048 A3%E, 20064

1

Lol 5Y -

31
32

33.

34.
35.
36.
37.
38.
39.
40.
41.

42.

F44

. C. Wu and T. Ngai Polymer, 45, 1739 (2004).

. D. Stauffer and A. Aharony, Introduction to Percolation
Theory, Taylor & Francis, London, 1992.

M. Hofer, “Basic Concepts in Static and dynamic light
scattering: Application to colloids and polymers”, in Neutron
X—ray and Light Scattering. Introduction to an Investigation
Tool for Colloidal and Polyvmeric Systems, P. Lindner,
and T. Zemb, Editors, North—Holland, NY, 1991.

M. Heckmeier, M. Mix, and G. Strobl, Macromolecules,
30, 4454 (1997).

P. Wiltzius, H. R. Haller, D. S. Cannell, and D. W. Schaefer,
Phys. Rev. Lett., 51, 1183 (1983).

P. Stepanek and W. Brown, Macromolecules, 31, 1889 (1998).
K. Shibatani, Polym. /., 1, 348 (1970).

L. M. Wilson and A. C. Griffin, Macromolecules, 27,
1928 (1994).

L. M. Wilson, Macromolecules, 28, 325 (1995).

1. H. Park, Polymer (Korea), 26, 227 (2002).

1. H. Park, J. E. Yoon, Y. C. Kim, L. Yun, and S. C. Lee,
Macromolecules, 37, 6170, (2004).

D. W. Ovenall, Macromolecules, 17, 1458 (1984).



