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Binding of Nonionic Surfactants from Aqueous Solution onto Water
Soluble Polymer Containing Cyclodextrin

Chikara IMAMURA, Yasuji IHARA

Synopsis

The binding isotherms of nonionic surfactants onto water soluble polymer containing cyclodextrin (CD)
were measured in aqueous solution at 25 C. The nonionic surfactants used were polyoxyethylene
nonylphenylether with different oxyethylene units. The binding affinities for nonionic surfactants decreased

with increases in the length of oxyethylene units on the polymer. Molecular modeling studies were also
performed in order to determine the preferred complex formation of cyclodextrin and nonionic surfactants.
Molecular mechanics (MM) and molecular dynamics (MD) simulations served to investigate the molecular
inclusion. The more energetically stable complexes by inclusion with CD calculated based on MM were
obtained compared with CD and model compound of surfactant alone, respectively. The structural information
about the preferred complex formation by inclusion from the MD calculations was also obtained, and the
relative stability of complex and the involved molecular interactions were determined.
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Figure 1 Binding Isotherms of E906, E910, E911,

E935, E950, and NaDBS on Water Soluble
Polymer Containing Cyclodextrin at 25C
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Table 1 Binding constants of surfactants for water
soluble polymer in aqueous solution at 25C
Surfactants  nK(l/g polymer)  10*n{(mol/)

E906 (2a) 133 9.68
E910 (2b) 82.4 7.32
E911 (2¢) 79.2 7.21
E935 (2d) 36.4 6.1
E950 (2e) 31.3 6.09
Na-DBS (3) 161 5.73
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Figure 3 Optimized Molecular Structures of Complexes obtained by MM Calculation
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Table 2 Change in the energies and their components of complex formation of 4, 5, and 6 with B -CD(2)=>

4(A) 4(B) 5(A) 5(B) 6(A) 6(B)

Totals -21.4092 -21.6173 -18.3462 -18.4843 -48.3746 -24.2868
Stretching -0.2587 0.1550 -0.2130 0.2020 0.9107 -0.0855
Bending 0.307 -0.5130 -0.5928 0.1280 -0.0939 -0.2907
Stretch-Bend -0.1136 0.0591 -0.3331 -0.0036 -0.3305 0.1803
Out-Of-Plane -0.0083 -0.0064 0.0000 0.0000 0.0575 0.0520
Tors. 0.5421 -0.0879 -0.0047 -0.7112 5.5787 4.0335
Elect.

1-4Interactions -2.6471 -2.9991 1.5346 0.2990 -2.1018 -6.7018

Nonbonded -3.2743 -7.4306 -6.0462 -9.5314 -43.1169 -15.0736
Vdw

1-4Interactions 0.1889 0.3643 1.6393 0.4431 0.5816 -2.4991

Nonbonded -16.1033 -11.0939 -14.3958 -9.3692 -9.8373 -3.8804

a) Based on MM (MMFF force field) calculation.
b) kcal/mol

c¢) Change in the energy [total energy of inclusion compound (Host-Guest)] - [(total energy of Guest) + (total energy of

Host) 1.
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Figure 4 Variation of the Energies (Total and Kinetic) obtained in the MD Simulation for the Complexes of
B -CD and Surfactant Models

Table 3 Change in the energies and their components of complex formation of 4 and 6 with p -CD(1 >

4(A) 4(B) 6(A) 6(B)
Average total energy -10.4015 -9.2973 -4.9641 -0.0072
Average kinetic energy -0.5354 0.1410 2.5980 21128
:::lzgz)g%tggt:;:lergy -9.3308 -9.5793 -10.1625 -4.2280
Av.stretch -0.1649 -0.2055 0.0382 0.0359
Av.bend 0.0024 -0.0048 -0.5664 0.0000
Av.torsion 1.1640 0.3513 -4.2447 -2.7223
Av.van der Waals -12.7247 -11.9168 -13.3413 -8.4250
Av.electrostatic -2.2706 -2.6386 -19.7347 -0.8150
Av.solvation 1 -1.8714 -1.7208 -1.4699 -1.3265
Av.solvation 2 6.5296 6.5559 29.1563 9.0272

a) Based on MD (Amber* force field) simulation.

b) keal/mol

¢) Change in the energyl[total energy of inclusion compound (Host-Guest)] -

Host)].

[ (total energy of Guest) +

(total energy of
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