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Molecular Motion of ABA Block Copolymer
in mixed Solvent by NMR and ESR

It is known that polyoxypropylene become hydrophobic in molecular weight
above 900. The nonionic surface active agent containing polyoxypropylene (plronics)
is prepared by the addition of ethylene oxide to polyoxypropylene. Recently, mole-
cular motion of block copolymer in solution has been investigated by NMR spectra
and intrinsic viscosity etc.”, Nakamura et al studied molecular motion of each block of
polyoxyethylene-polystylene and plronics”. They reported that resonances of the
hydrophobic block in mixed solvent could be observed if they exist as liquid phase,
and also that molecular motion of hydrophobic block of copolymers were activated
not only by interaction with solvent but also by an increase in temperature.

We will study to obtain the further information about the plronics molecular
motion using NMR and ESR. ESR method is suitable to study of system having
slow correlation times. In the case of NMR method, we will be able to obtain

information not only CH proton peak but also OH proton peak.
Experimental

Samples from Sanyo Kasei were available. Average number molecular weight
of polymers were 8000 (NP-68) and 3000 (NP-64). These samples were tri-block
type copolymer which consisted of polyoxyethylene block, polyoxypropylene block
and polyoxyethylene block. Averaged degrees of polymerization of each other block
for samples were 100: 40: 100 for NP-68, and 20: 40: 20 for NP-64.

'H-NMR spectra were obtained at 100 MHz using a JNM~FX 100 spectrometer.
Samples were contained in 5mm OD glass tube and were degassed. The solvents,
benzene-ds, dioxane-ds and water—d; were obtained from E. Merck. The polymer
concentration was 5mg /0.1 ml. Tetramethylsilane was added to each solution as
external reference, measurements were made at 5-80 °C. ESR spectra were obtained
using a JEOL FE 3 X spectrometer utilizing 100 KHz field modulation at 5-80 °C.
Polymer samples were spin-labeled by the dehydrating the terminal OH with 2, 2,
5, 5-tetramethyl 1-pyrrolidinyloxy 3-carboxylic acid.
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We conclude that the molecular motion of polyoxyethylene block of NP-68
polymer in mixed solvent are affected by interaction with good solvent (benzece)?,
because the degree of polymerization of polyoxyethylene block is much larger than
that of polyoxypropylene. Polyoxypropylene block is contracted in comparison with
polyoxyethylene block in benzene. Therefore, this does not affect to mobility of
polyoxyethylene block.

An analysis was necesary that mobility of OH group reflect the molecular mo-
tion of whole molecular of polyoxyethylene block or not, because the OH group was
especial group in polymer. Therefore the spin-labeled polymer at OH groups in
solution were measured by ESR. Fig 2 shows maximum slope width center field
line, corresponding to M; = 0 for NP-68 labeled polymer in benzene + dioxane as a
function of solvent composition. For the region of motionally narrowed line shape,
10~° to 107Ys, the correlation times (7.) were calculated by the equation.

Te=CAWma [(ho / h-1)"2 — (hy / h41)V2]

A 60°C 4 80°C
o 20°C e 40°C

.

dioxane 50 benzene

(vols)
Fig. 2 Maximum Slope widths of Center Field Line, Corresponding to
M; = 0. for NP-68 and Labeled Polymer as a Function of Sol-
vent Composition.
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s (ppm)
a = benzene/dioxane = 1/4; b= 1/1; ¢ = 4/1

Fig. 4 100 MHz 'H-NMR Spectra of OH Proton of NP-64 at 41 °C as
a Function of Solvent Composition.

proton peak is almost independent of solvent composition. From the results of NP-
64 polymer in mixed solvent benzene—ds + dioxane—ds, it is suggested that the mole-
cular motion of polyoxyethylene block is independent of solvent composition.

[t can be presumed that polyoxypropylene block affect to mobility of poly-
oxyethylene block. The mobility of polyoxyethylene is interpreted resonably as fol-
lows, polyoxypropylene chain do not so expand, even if ratio of volume of benzene
in mixed solvent is increased. Benzene is good solvent for polyoxyethylene, so the
polymer chain is expected to expand as the ratio is increased. But degree of expan-
sion of NP-64 polymer molecule is small by reason that polyoxyethylene block is
not so long, and molecular motion of polyoxypropylene block which is slowly than
that of polyoxyethylene block affected to mobility of OH group by reason that poly-
oxyethylene block is not so long. Mobility of OH group in NP-64 polymer is in-
fluenced by not only the expansion of polyoxyethylene block but also expansion of
polyoxypropylene block.

Fig 5 shows the NMR spectra observed for the CH proton in polyoxypropylene
block of the NP—64 polymer in mixed solvent (water/dioxane) at 41 °C. The CH

resonance proton is alinost dependent of solvent composition. In Fig 5, the spectra
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polymer. From the facts presented above, the contracted polyoxypropylene block
is a little relaxed by the expanded polyoxyethylene block. But this effect is small
by reason that the ethylene block is not so long. In the result of intrinsic viscosity
measurement, the value of [%] at water/dioxane = 7/3 was maximum.?” This fact
supports the previous explanation. After all, the mobility of propylene block in NP—
64 po\lymer is affected by expansion of polyoxyethylene block, because polyoxy-
propylene chain is short.

Fig. 6 shows temperature and solvent composition dependence of volume of
chemical shift for OH proton resonance for NP-68 polymer in mixed solvent (dio-
xane/benzene). The value of chemical shift is expressed in ppm with respect to
the tetramethylsilane. The only resonance of OH peak in pure benzene—ds shift to
higher field, but the values of chemical shift for OH proton do not vary with the
solvent composition. This result can be explained that the OH groups are hydrogen—
bonded with the oxygen atoms of the dioxane molecule. Whatever composition of

solvent change, the H-bond remain largely. The tendency which the resonance of
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Fig. 6 Temperature and Solvent Composition Dependence of The
Chemical Shift for OH Proton in NP-68.






