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Abstract : Quarternized poly (4—vinyl pyridine)s have been prepared by the reaction of poly (4—vinyl

pyridine)s (Mw=50 kg/mol and 200 kg/mol) and alkylating agents varying the carbon numbers of the

alkyl groups (m): dimethyl sulfate (m=1) as well as bromoalkane (m=5, 8, 12, 16, and 22) was used as

an alkylating agent. The degree of alkylation was determined by using an elemental analysis and NMR

spectroscopy. As a result, polyelectrolytes were obtained by the almost full alkylation of poly (4—vinyl
pyridine)s. The critical aggregation concentration (CAC) was determined by measuring the change of

turbidity occurred by addition of sodium dodecyl sulfate (SDS) into aqueous solution of quarternized poly—
(4—vinyl pyridine) s, and the dependence of molecular weight of polymer, the length of N—alkyl group and

concentration of NaCl upon CAC was investigated. As a result, as the molecular weight or the length of

alkyl group was increased, less amount of SDS could induce the aggregation.
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Scheme 1. Synthesis of polyelectrolytes.
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Figure 1. Schematic representation for turbidity measurement.
Experimental conditions: temperature=25 C; polymer concen—
tration=2.0x10"* g¢/mL; SDS concentration=1.6x10"* g/mL;
feeding rate=1.0x 1072 mL/min.
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Table 1. The Yields and the Results of Elemental Analysis of Polyelectrolytes

Sample code Yield’, wt% Molecular formula

Elemental analysis’, wt%

50k/Cy 91 CoH13NO4S - 2H0
200k/C4 98 CgHi13NO4S - 2H20
50k/Cs 93 Ci2H18BrN + 2H20
200k/Cs 96 Ci2H1sBrN + 2H20
5Ok/C8 91 C15H23BYN . 2HgO
ZOOk/Cg 90 C15H23BYN . 2HgO
50k/C12 93 C19H32BYN . 2HgO
ZOOk/Cu 91 ClgH\ngl"N N 2Hgo
50k/C16 90 Cy3HyoBrN - 6H,0
ZOOk/Cu; 90 Cg;qu()Bl’N N 6HZO
501{/622 92 C29H52BTN N 6HZO
ZOOk/ng 95 C29H52BTN . 6H20

C H N
41.59 (40.44) 6.43 (6.41) 2.86 (5.24)
40.29 (40.44) 6.74 (6.41) 1.18 (5.24)
50.43 (49.32) 7.30 (7.59) 4.22 (4.79)
49.69 (49.32) 7.30 (7.59) 4.22 (4.79)
57.13 (53.89) 8.33 (8.44) 4.49 (4.19)
51.86 (53.89) 7.52 (8.44) 3.18 (4.19)
56.89 (58.45) 8.93 (9.29) 3.02 (3.59)
57.99 (58.45) 8.68 (9.29) 3.56 (3.59)
54.70 (63.27) 8.99 (10.11) 1.71 (2.70)
54.63 (563.27) 8.92 (10.11) 1.89 (2.70)
56.30 (567.79) 9.34 (10.70) 1.65 (2.32)
56.65 (567.79) 9.58 (10.70) 1.75 (2.32)

“The product yields listed were calculated by using a theoretical yield of the anhydrous of the product. *The values in parentheses are

theoretical ones.
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Figure 2. 'H NMR spectra of polymers (s=CDClz except for 50
k/Cp: (@) P4AVP(Mw=50 k), (b) 50 /C;(s=DMSO—ds), (c)
50k/C5, (d) SOR/Cs, (e) 50k/C12, (f) 5Ok/C16, and (g) 50k/C22.
The arrow indicates the peak for aromatic protons of unreacted
parts in the repeating units.
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Figure 3. 'H NMR spectra of polymers(s=CDCl; except for
200k/Cy): (@) P4AVP(Mw=200 k), (b) 200k/C;(s=DMSO—ds),
(c) 200k/Cs, (d) 200k/Cs, (e) 200k/Ciz, (f) 200k/Cy6, and (g)
200 k/Cy.
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Table 2. The Solubility in Water and the Chemical Shifts of
Aromatic Protons for Polyelectrolytes

Chemical shift of

Sample code” Wat.e T aromatic proton, ppm
solubility
Ha Hb
50k/P4VP insoluble 8.38 6.37
200k/P4VP insoluble 8.35 6.39
50k/Cy soluble 8.59 7.54
200k/Cy soluble 8.59 7.57
50k/Cs soluble 8.87 8.17
200k/Cs soluble 8.89 8.22
50k/Cg insoluble 8.83 8.17
200k/Csg insoluble 8.82 8.22
50k/C2 insoluble 8.90 8.23
200k/C12 insoluble 8.89 8.21
50k/Cig insoluble 8.77 8.23
200k/Cy5 insoluble 8.81 8.23
50k/Cos insoluble 8.83 8.17
200k/Cs2 insoluble 8.91 8.26

950k/P4VP and 200k/P4VP stand for poly (4 —vinylpyridine) with
Mw=50 k and 200 k, respectively. “Repeating unit for alkylated
P4VP and labeling aromatic protons for NMR assignments:
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Figure 4. The cooperative mode of polyelectrolyte/SDS complex.
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Figure 5. Plots of turbidity versus [SDS] for two different mole—
cular weights of polyelectrolytes: (a) 50k/C; and (b) 200k/C;.
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Figure 6. Plots of turbidity versus [SDS] for two different N—
alkyl groups: (a) 50k/C; and (b) 50k/Cs.
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Figure 7. Plots of turbidity versus [SDS] for two different N—
alkyl groups: (a) 200k/C; and (b) 200k/Cs.
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Figure 8. Plots of turbidity versus [SDS] for 50k/C; at three
different NaCl concentration: (a) No salt, (b) 0.2 M, and (c) 0.4
M. For comparison, each plot was shifted by certain amount of
turbidity.

Table 3. Critical Aggregation Concentration (CAC) Depending on
Solution Condition

Polyelectrolytes Condition of CAC of P4VP/SDS",

used solution mM

50k/C, No salt 0.31

50k/Cy 0.2 M NaCl ~0.06, 0.32

50k/C, 0.4 M NaCl ~0.08, 0.31

50k/Cs No salt 0.13

200k/C,y No salt 0.21

200k/Cs No salt 0.12

‘CAC was defined as an onset point where turbidity started to
increase suddenly as sodium dodecyl surfate (SDS) was added in
aqueous polymer solution.
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