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Abstract: The polymer concentration dependence of depletion layer was investigated by means of dynamic light scat-
tering after the very small amount of polystyrene spherical latex particles was added into the matrix solution of poly(vinyl
alcohol)(PVA)/dimethyl sulfoxide. At the dilute regime, the magnitude of depletion layer kept constant at the level of
63+3% of the radius of gyration of the corresponding PVA chain. Next, at the early semi-dilute regime of 1.5<C[#7]<3,
polymer concentration dependence of the layer thickness & was obtained as 5~C*%, and this experimental value was very
close to theoretical one of -0.75. However it was observed above C[7]>3 that its thickness decreased abruptly, and this
was ascribed to aggregation effect of latex particles which was driven by Oosawa type attractive interaction.

=

Keywords: depletion layer, semi-dilute, effective viscosity, aggregation, light scattering.

N E Sl FAPgo T EATE olu) 3A AR A

BEAGE PAWAS $EL ol W Fed 9

2 oo BaEo] g 7Y BHYAS] 95 1 2 SHEE, el Akt 44 Alole] ATl ZRsA,

Be AL 23 A QWY FARA 53 QA e Qo] EAUTH A ARES A% EH) 53

St ego] WA AR BAF % Fuo] thslel ofFA @ ROl AnHoEE tE %@,émx} A
Ssed, 2ol BRI A 18] ot 5L omd o] Q4 oY QA How vAls 7

e e e A R P I R R e

T AAGRoRw e FAT ERl] B LY A8 eI SIS A S depleton aver

7 2717} Ak shel 7)mct 4
you o oI, WA AzA msel e weid Aol
o2 % HlAl%

Oosawa®l]*10 oJale] A|QFEA T, 19763 THA] Vrij 5

ﬂJ

"To whom correspondence should be addressed.

o2 HolslE o] gl ujA|Fo] GFSE YAt ke
o] &4 7sAdel thsked 19543 Askuras}

3o} 2% w7} olFelzth. 1 ol MBS A )

E-mail: ilhyun@kumoh.ac.kr

628

Az ZAN7F PZEHYLI B =Rgr= Al YA}



(e SRS FTAL|= AT E/ HEls Ao e] IEA Al uiAlE 5% 629

Atolol] a9 5w ¢l
Aol Aks A Fdt YAke] EbeE Atolol] ojw gl #
A7 J=AE AF4H = EOP‘”% EEJ]IL gt} 539
Oosawa ©| &M= JHUA}F 2717F 22 Akae] =7]9
Hjate] 2 75, 48 AT SAR dAES FEEE
fred o Aokl Ll
HjA| S Aol ek Heh WS vt Ak A}
Abeo] A FHo R AL HIIrhd AR Al FH
(conformation)”} Y (coil) FEfON A 3 SH(flat) FEfZ <]
H3sk= E71skH, o]2]d Wslole ERY] ) et
Eo] A= ARE9] Gibbs AHFolUAI ] SV Zef gt w
A Al 2ol YAt x| g 91X ]°ﬂ wgahd, Al
e HEH, FHO R U 2Hshs A2 A ‘ZJ_E =7}
stk 2B e olH3 54H 9 ]% A mHoR
Aot A5 A e 74] %ig}—i Az Hi
AlFol FEHM, o YoM i 71l wef A
< WiAIS] FA7E ghelAl= d*o}l::— Flgure 1014 2 Ko
3L Q)

9] Louis®} Feeler, Tuinier % Vincent 59| =+l ¢
P wjAISe] FAE () He SAxdo e Fxet T
sHAl AFEe] 3] AR (radius of gyration)®] 719} Zom,
(ii) A& =(overlap concentration; C*) ©]J2] F3]4} &
9] gAoM= ZEA} LN o] AT (correlation length: &)

o] ;<H o]—x] [S1ASN om]-;q =z

(E

L_IXE

n}i

S RSP Auslol ek BISIL I E A

=
h
8y

A o] A-olA Vincents ZEAF £ oA €

e ) Al wiAISe] SRRl == =S

AR}

LE-2

Bulk
Concentration

L

I
4

Probe \ Distancer

Depletionlayer &

O uonEeRUadU0I JBWAjod
1

surface

T

=X

< ==

3

[]

2 Bulk

3 Concentration

E

3|

3 |

3 1

(9] 4 S

Distancer

Probe )
surface Depletionlayer &

Figure 1. Polymer concentration profile near the surface of probe
particle.
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Table 1. Characteristic Molecular Properties of Poly(vinyl alcohol) Samples

Sample code Mol;;ular weight Intrinsic viscosity Hydrodynamic radius Degree (_)f Aldrich
«(g/mol) [7](mL/g) Ry(nm) hydrolysis catalog no.

AH 120000 231 14.2 99% 363065

BH 88000 177 12.1 98% 363154

MH 31000 814 6.79 99% 363138

LH 17000 54.0 4.70 98% 348406
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Figure 2. Plots of the specific viscosity, 7, as a function of the
reduced concentration C[77] at various PVA samples.
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Figure 3. Comparison of the scattering light intensity among the
systems of PVA/water, PVA/DMSO, and PVA/DMSO/Probe. Here
all systems have the same PVA-AH polymer concentration of
Cpya~7.5%10" g/mL and in the last, the probe concentration of PS
latex of diameter 200 nm is around Cpep~5%107 g/mL.
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Figure 4. Plot of 7" versus ¢* at AH solution with C=7.47x10" g/
mL. The inserted graph shows that the value of 77¢* is independent
of the scattering angle g¢.
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Figure S. Plots of time correlation function (TCF) at various Cpys
concentrations in the system of PVA-MH/DMSO/Probe, and the
concentration of the probe with diameter=200 nm was fixed as
5.0x10° g/mL.
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Figure 6. Comparison between two time correlation functions meas-
ured at two different probe concentrations of 200 nm but at the same
MH concentration of Cpys=5.15%102g/mL and &= 90°.

), o]2f§k A5 AEARe] FIkEE ol delM FE Y
== A& 23 (chain entanglement)o]l 2]gt M2 55
(fast cooperative motion)©. 2 ¥ t}, o]gst F4 o] &n}
BAIE 21 0}7] sl FRAA] TS SR ST A
B9 TCFE 243 23} Figure 6014 H5o] WE 5
28] Abepxlnh. vk wE o]k o] HRIYARTH 7]
Qleh= Aolebd "RdAte] Fwot Auglol 3 ExlsloF
SR 2o Bo] 98] ARMsiths 21 Figure 59
W2 50| AEA ARE ol 7IRIgths AS ekl
Atk 2 Figure 65 AHA|S] AW, @2ate] weE 9
S ARFAAINE, TCFe] w2 2 d ] A Ax]7ke] ~9x10*

T T T T T T T T T T T T T T T

TTTTIT

10 -

0.8

0.6

g"()

04

0.2

00 E TN N 1 11T 1 S O 111 I A e 11

1e+0 1e+1 1e+2 1e+3 1e+4 1e+5 1e+6
q° /10" (usec/cm?)

Figure 7. Plots of time correlation functions obtained at various
scattering angles in the system of PVA-MH/DMSO/Probe with
Cpya=5.15%102 g/mL and Cpyupe~5%10" g/mL.
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Figure 8. Plots of the ratio of effective viscosity to bulk viscosity
against the reduced concentration C[77] of various PVA samples. At
high concentration, some data have shown a strong upturn trend.
The symbols of BH-200nm(2) stand for the data set which was mea-
sured under the condition of twice higher concentration of probe
particle compared to the square symbols of BH-200 nm.
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Figure 9. Logarithmic plots of the scattered light intensity of latex
probe versus the scattering vector ¢* at two different concentrations
of MH polymer. The radius of gyration of probe particle, R can be
calculated from the initial slope. Its nominal diameter is 200 nm and
its concentration is fixed as Cpope~5%107 g/mL.
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Figure 10. Change of the radii of gyration of latex probe particle as
a function of polymer concentration at various PVA samples. The
nominal diameter of latex is 200 nm and the concentration of latex
solution in PVA solution is fixed as Cpone=5%10" g/mL. The
inserted graph shows a double logarithmic plot of PVA concen-
tration for probe aggregation, C,, against the weight average
molecular weight.
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Figure 11. Double logarithmic plots of depletion layers as a func-
tion of the reduced concentration of C[7] at PVA-AH, BH, and MH
samples. Some data of AH and BH have shown the slope of -0.8 in
the range of 1.5<C[#7]<3. The symbols of BH-200 nm(2) stand for
the data set which was measured under the condition of twice higher
concentration of probe particle compared to the square symbols of
BH-200 nm(1).
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