Polymer(Korea), Vol. 39, No. 3, pp. 370-381 (2015)
http://dx.doi.org/10.7317/pk.2015.39.3.370

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

ZZ|H|E OIMHIOIE)LCIHEMEZA0IE HOoM SH Lt 2|5t
Etx|olX}o] HiN|S o+
’F_E"._I ’é!xli el
oI g Z}—L@M =3I st A Akl g8t
(2014@ 69 204 #H<, 20144 9% 269 4, 201493 109 1Y ™)

Studies on Depletion Layer of Probe Particles in the System of
Poly(vinyl acetate)/Dimethyl Sulfoxide by Dynamic Light Scattering

Guk Jin Jeon, Jinho Jang*, and 1l Hyun Park’

Department of Polymer Science and Engineering, Kumoh National Institute of Technology, Gumi, Kyungbuk 730-701, Korea

*Department of Materials Design Engineering, Kumoh National Institute of Technology, Gumi, Kyungbuk 730-701, Korea
(Received June 20, 2014; Revised September 26, 2014; Accepted October 1, 2014)

22 w8A9 golo] 2R N2 AA|Ho} A kel A7k FastEl AsHe) F2 e olAlElol=
(PVAGEI S5 ALl =(DMSO) Ao] Fel2-Eld 2ol SAAAGE 473 200 impE e Bk ) 54 3
Ao R gole] PVAc Fiol ek 9iAe] Bt ASS AU 2ARIAT. FE Axle] BakshbAte] S

puA N |

o)&ALe s ()Y AAFEFR B8 &= 9, B FRdAME wiAlEe FA7E A FAEA
oy 27] U w2 1<C[n]L2.5 HY oM E viAIZe] A& SR -0.82H o4 AlLkA] -0.85%F

5o BroAE WAZS AL o2 dZuh wael ghse 94 Ta B9
218wl oz AYe & Ak

A s, et wr

or, I YA IS & YAE Alelol| EAS= Oosawa

Abstract: In the system of poly(vinyl alcohol) (PVA)/dimethyl sulfoxide, the refractive index of polymer was very well
matched to that of solvent and thus its scattered intensity could be minimized. After adding small amount of polystyrene
latex particle (nominal diameter 200 nm), diffusion behavior of only probe particle was investigated against the con-
centration of polymer matrix by means of dynamic light scattering. The polymer concentration dependence of its reduced
diffusion coefficient was able to be analysed with the stretched exponential function of the reduced concentration C[n].
In very dilute concentration regime, the depletion layer kept constant but at the early semi-dilute regime of 1<C[n]<2.5,
the concentration-dependent exponent of depletion layer & was appeared to be -0.8 which was very close to theoretical
one of -0.85. However it was also observed at the higher concentration that its layer thickness decreased more abruptly
than theoretical expectation and this phenomenon was ascribed to Oosawa type attractive interaction between adjacent
latex particles.

Keywords: light scattering, refractive-index matching, depletion layer, semi-dilute, Oosawa interaction.
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Table 1. Characteristic Molecular Properties of Poly(Vinyl Acetate) Samples

Sample My M /M, M,/M, [7] (mL/g) [7] (mL/g) Rg Ry
code (g/mol) (by GPC) (by LS) (DMSO) (Methanol) (nm) (nm)

Original 549000 2.35 2.08 na* na na na
F3D3 970000 1.46 1.49 195 123 343 27.2
F2DU 384000 1.37 1.50 113 70 18.4 13.4
F2UD 234000 1.42 1.37 84 52 18.0 13.0

*na: non-available.
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Figure 1. Zimm plot of F3D3-PVAc sample.
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Figure 2. Intrinsic viscosity [ 7], hydrodynamic radius Ry and radius
of gyration Rg against the molecular weight of three polymer sam-
ples of F3D3, F2DU and F2UD. Light scattering measurement had
been only done at methanol because of its too weak scattering inten-
sity in dimethyl sulfoxide (DMSO) solution.
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Figure 3. "C NMR spectrum for samples of F3D3-PVAc/CDCl;.
Here the peak assignments of °C NMR spectrum of PVA are fol-
lowing: &=21.2 for acetated CH;; &=29.5~32.0 for inverted CH, +
side-chain branch #CH,; &=39.0~41.5 main chain CH,; &=65.5~
70.0 main chain CH.*®
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Figure 4. Bulk solution viscosity as a function of the reduced con-
centration C[#7] for various PVAc samples. In the inserted graph,
original concentration of each PVAc sample was used.
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Figure 5. The normalized scattering intensities against g° for several
scattering systems. Here the excess intensity of F3D3-PVAc/DMSO
of C=0.0460 g/mL appeared lower than that of pure solvent ben-
zene.
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Figure 6. Time correlation functions of F3D3-PVAc/DMSO/Probe
(200 nm) with Cpys,=3.07x10g/mL against the scaled delay time at
various scattering angles.
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at two different PVAc samples.
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Figure 9. Log-log plot of the reduced diftusion coefficient D/D, as
a function of the reduced concentration C[ 7] at various PVAc sam-
ples. In the inserted graph, the measured diffusion coefficient of
each sample was plotted against its original concentration.
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Figure 11. Ratio of effective viscosity to bulk viscosity, 7./ T
against the reduced concentration C[7] at various PVAc samples.
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Figure 12. Radius of gyration Rg of latex probe particle (diameter=
200 nm) against the reduced concentration C[7] of F3D3 sample.
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reduced concentration C[7] at various PVAc samples.
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Figure 14. The scaled depletion layer, &/6, as a function of the
reduced concentration C[7] at various PVAc samples. The prag-
matic theoretical values were also shown for comparison with our
experimental data.
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