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ABSTRACT : The interaction between poly(diallyldimethylammonium chloride) (PDADMAC) of positive
charge per repeating unit and anionic surfactant, sodium dodecyl sulfate (SDS) has been investigated by light
scattering, turbidimetry and fluorescence. Chain behavior of PDADMAC in 0.3 M NaCl aqueous solution seems
like neutral polymer chain in good solvent. By adding SDS into PDADMAC solution, strong attractive
interaction develops between them, and can be described with two kinds of critical aggregation concentration
(CACQ). First, at [SDS)/[DADMAC]=0.06, intramolecular critical micellization of SDS occurs inside a single
polymer chain. The maximum size of SDS-polymer complex is observed just before intramolecutar CAC. Above
intramolecular CAC, the size of this complex starts to shrink slowly due to involvement of polymer subchain in
micelle. Second, intermolecular CAC is also observed at [SDS]/[DADMACI]=0.5 by means of turbidimetry.
Strong aggregation of polymer chains decorated with many micelles occurs after the second CAC, and huge

aggregates have formed.

Keywords : poly(diallyldimethylammonium chloride), sodium dodecyl sulfate, critical aggregation con cen-

tration, light scattering, fluorescence.
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Boltzmann Al5-¢} £mije] AALE ou]dic)

_XL

g"()=a-expl~(t/" B1=a-expl(-I"1)3]

(KWW equation) 4)
<I>=T*/Gam(l/B) (5)
D=<I>/q* (atlow g and C—0) (6)
Ry =kgT/6mn, D @)

3. 2% 4 2§

PDADMAC A3 #Hz271 24 % CAC 4. &

PDADMACS} SDS Alolof & 52 4 4 5= 113



114 Kimetal
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Figure 1. Plots of apparent R; (a) as a function of PDADMAC
concentration at a fixed [NaCl]=0.5 M and (b) as a function of
NaCl concentration at a fixed PDADMAC concentration of C,=
0.270 g/L.
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Figure 2. Plots of (KC/Rw) vs ¢° at various PDADMAC
concentrations. As mentioned in the text, very good linear rela-
tions were obtained in this square plot. From the inserted graph of
KC/Ryy vs PDADMAC concentration, the weight-average mole-
cular weight was estimated as M, = 820000 g/mol.
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Figure 3. Turbidity curve as a function of [SDS]/[DADMAC].
Actually SDS solution of 1.50 X 10™* g/mL was very slowly added
into 15 mL of PDADMAC solution of C,=2.0 X 10™ g/mL under
the condition of 0.3 M NaCl. Critical aggregation concentration
(CAC) as a turning point of turbidity was determined at [SDS)/
[DADMAC]=0.5.
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Figure 4. Plots of (IBZ/IC,()2 Versus q2 at the various conditions of
[SDSV[DADMAC]. (a) in the first run (symbols; @ : 0.0000,
O :0.0173, W 0.0352. [J:0.0541, A :0.1038, A :0.144,
¥ :0.192) and (b) in the second run(symbols; @ : 0.0000, O :
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001904 A== e & 5 Yoiek o)A &
d }—— DA 52 120 G SDSE A7)
S wf AFEZE CACT) dofds ot
29 A= wkEule]e] 6%l FAE7F Q= M=

poly(4-vinyl pyridine) (modified PAVP)2] 73-$- 0.3 M NaCl
fNof| o] Brr} 39hA R H3lsln AUA CACT}
[SDSV/[charged modified P4AVP] =027 df Lofrfi= AP
v @ o) F2E Aol3E RAFE ik

i 2 333 AP} Figure 45 L EA-EA 0

L2 o)
=

ll

PDADMACS} SDS #lelo] & F7/< o4 ¢4 % 115



116 Kimetal.

H7Pd sDSHell whE Lo H3kE Bt 288
ol WA} Abhd A7) [ 0% S A3AA =R A3
olct. ofu] glellA Ak vk} o] mEAFE-HF SDS
&8 25T 03 M NaCle] $r=]o] glo] SDS& A7}
o] w2 NaCl®] F5+& 9] =55 3lgly, A¥uy
= 27| uhge] A== e} AMA] Al (Figure 4(a)2]
Ist run)®] -, ZEAFE 15 mL7b E0iglE vl
& 170e)) SDSFE =74 Alg 74 ArisiaA Akt
T SAsIgl o, F WA A= (Figure 4(b)°] 2nd run)
A= 15 mL ZEAFEHe] Fogle o] 7] vlo]
&S Fulg F, 7 wlo|del] AR & SDSY| S A
WA ME A RE TE H TH W A g4k
Z 33 A= 5AE Aolch Figure 4a) ¥ 4(b)S] A
2 ik Az EAAHQ AL SDS] AVEF 5,
[SDS)/[DADMAC]>0.05%€] 7177} FA3] 74317
AEERE o 4 Stk wEbA o] gl ARA|gE 24
ZA7Z Figure 5 ¥ 614 Rz glct

Figure 5= ¥°|& SDS®| oF =, [SDS)/[DADMAC]®]
o3 Abzts ool Al A7 L(g=0)E
HE2 7 (semi-log) 08 S A3 Aolth RAHA A2y F
A A= 25 [SDSY[DADMAC] ®] Zke] F7}el w&
71871 AL LAzt oM, Atekst A)71e] Adigke oF
10% A2 AolshA vgtout Al A2 AYzh=] o
Aok o] 27 o9 U] IHE (Figure 6914 Figure
117}A))3} 28] [SDSY[DADMAC)7} <F 0.06 F-Zl|A &
o Wslglo] HAAHoR Zylsles EES HAE

~

T T T ] T T T T [ T T T T[T

=0))
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Figure 5. Plots of Inl, (g =0) versus [SDS}/[DADMAC] at two
different experimental conditions. The scattered intensity at ¢ =0
didn't show any abrupt change during the addition of SDS solution
into PDADMAC solution. O : the first run, @ : the second run.
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Figure 6. Plots of In(slope) versus [SDS]/[DADMAC] at two
different experimental conditions. The slope started to decrease at
[SDSY[DADMAC] = 0.06. O : the first run, @ : the second

tl= Ao} 18|31 [SDS[DADMAC]7} 0.39¢] o|==
Aol A7 diFF 109 oo w Sk A
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Z Z7REE e A A&l SDS F-2 (binding)ell
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Z} A&l SDS B2 whE dn/de Y 4,9 WH3E 18]
AFETE CAC F-olA= o4F 284 AEES] &4
o] ¢ WA EFE A= Rt 1Y ol&
Rl 7ARE AgHer 7 @ sk A
Al A= wS- 35

Figure 6-= Figure 49|14 9 A1) 7]€7]Z [SDSY
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Figure 7. Variation of R; of SDS-PDADMAC complex against
[SDS]/[DADMAC] at the condition of [NaCl]=0.3 M. At the
range of [SDS}Y[DADMAC]<0.2, the maximun R; value was
obtained around [SDS}Y[DADMAC]=0.05~0.06. O : the first
run, @ : the second run.
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Figure 8. Variation of Ry of SDS-PDADMAC complex against
[SDS}/[DADMACT] at the condition of [NaCl]=0.3 M. The
maximum Ry; value was obtained around [SDS/[DADMAC] = 0.06.
(O : the first run, @ : the second run.
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Figure 9. Variation of Rg/Ry of SDS-PDADMAC complex
against [SDS}/[DADMAC] at the condition of [NaCl]=0.3 M.
(O : the first run, @ : the second run.
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Figure 10, Variation of polydispersity parameter S of SDS-
PDADMAC complex against [SDS]/[DADMACT] at the condi-
tion of [NaCl]=0.3 M. The g values kept almost constant at
the range of [SDS]/[DADMAC]<0.06 but started to increase
with more addition of SDS. (O : the first run, @ : the second run.
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Figure 11. (a) Fluorescence emission spectra of pyrene probe
at various conditions of [SDS}Y[DADMAC] in the system of
PDADMAC/0.3 M NaCl solution. The weak spectra of #4 and #5
were scaled up in the insert in order to show their details. (b) Plots of
the intensity ratio, /,//; at various conditions of [SDS}[DADMAC].
Here the number means the condition of [SDS}/[DADMAC]
where fluorescence experiment was carried out.
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(a)

Figure 12. Schematic diagram of SDS-PDADMAC complex
structure (a) at [SDS]=0, (b) at [SDS]/[DADMAC]=0.06 and (c)
at 0.06<[SDS]/[DADMAC]<0.2 (Inserted square : a typical SDS
micelle inside a polymer chain). Intermolecular CAC occurs at
[SDS)/[DADMACI]=0.2.

1, A A3 A7F FA=H7)
14 Fakebe) o3 AAE AR&ZF CAC
o o3l AAH A&7r CAC 3 vk zfe)
Z Hols AL, AF A7l S S Al7le 2
29} R 53 g Fakehde] 93k Ak&7F CAC

o] AAo] 4t WA Yehles e s 18=
2 TE WAl 100% A3kE w Y= ASA o82A)

of W HE 2 ADVLANE A7} Ao nEA
Aol A mlelale] g AAEE AL CACS) wiol
o] FHYE nEA BT Ao BE AE7
CAC7} 77} 520] ARtk Zlo] & AgelA TA
1 ) deizick

Ae] F: 2 AFE 002ds Fervstn g
£A7u] Aol &g Ro2 olo] FA=ZYT

References

1. A. J. Dualeh and C. A. Steiner, Macromolecules, 23, 251
(1990).

2. X. Zheng and W. Cao, Eur. Polym. J., 37,2259 (2001).

3. T. Takagi, K. Shirahama, K. Tsujii, and K. Kubo, Tanpaku

~N N A

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

Polymer (Korea), Vol. 28, No. 2, 2004

shitu, Kakusan, Koso (Protein, Nucleic Acid, Enzyme, in Ja-
panese), 21, 811 (1976).

. B. Cabane and R. Duplessix, J. Physique, 43, 1529 (1982).

. B. Cabane and R. Duplessix, J. Physique, 48, 651 (1987).

. J. Fundin and W. Brown, Macromolecules, 27, 5024 (1994).

. D. P. Norwood, E. Minatti, and W. F. Reed, Macromolecules,

31, 2957 (1998).

. E. Minatti, D. P. Norwood, and W. F. Reed, Macromolecules,

31,2966 (1998).

. Y. C. Kim, I. H. Park, H. S. Sim, and E. J. Choi, Polymer

(Korea), acepted (2004).

M. Wolszcrak and J. Miller, J. Photochem. Photobiol. A., 147,
45 (2002).

R. J. Roe, Methods of X-ray and Neutron Scattering in
Polymer Science, Oxford University, New York, 2000.

M. Schmidt, In Dynamic Light Scattering; The Method and
Some Applications, W. Brown, Editor, Claredon, Oxford, 1993.
S. Matsuoka, Relaxation Phenomena in Polymers, Oxford
University Press, 1992.

M. Nagasawa and A. Takakhashi, “Light Scattering from
Polyelectrolyte Solutions™, in Light Scattering from Polymer
Solution, M. D. Huglin, Editor, Academic, New York, p 671
(1972).

D. Myers, Surface, Interfaces, and Colloids: Principles and
Applications, 2nd Ed., Chapter 14, John Wiley & Sons,
Canada, 1999.

B. Jonsson, B. Lindman, K. Holmberg, and B. Kronberg,
Surfactants and Polymers in Aqueous Solution, Chapter 2,
John Wiley & Sons, England, 1998.

S. W. Park, T. Chang, and 1. H. Park, Macromolecules, 24,
5729 (1991).

K. Kalyanssundaran and J. K. Thomas, .J. Am. Chem. Soc., 99,
2039 (1977).

1. Capek, Adv. Colloid Interf. Sci., 97, 91 (2002).

H. Ringsdorf, J. Venzmer, and F. M. Winnik, Macromolecules,
24, 1678 (1991).

E. E. Makhaeve, H. Tenhu, and A. R. Khokhlov, Macro-
molecules, 31, 6112 (1998).

ZelH, A28¥ AH2%, 20044

v



