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Synopsis

Solid state C-13 NMR was used to characterize the complex of diphenylmethane 4,4’-diisocyanate
(MDI) with acetone oxime as a potential crosslinking agent (PCA) for the aliphatic polyester—ure-
thane block copolymers. The formation of MDI from the PCA was followed by heating the sample
at 150°C. The active hydrogen atoms on the hard segments of the block copolymers can be made
to react with the diisocyanate groups of the regenerated MDI from the PCA at the elevated tem-
perature for the crosslinking. The regeneration of —N==C=0 groups is also noted by the appearance
of the 2270 cm™! band in the FT-IR spectrum of the heat treated PCA.

INTRODUCTION

Elastomeric polyurethane fiber is made of aliphatic polyester—urethane block
copolymer and can be prepared by spinning its concentrated solution into a water
bath. Crosslinking modification has proved to be one of the most important
means towards improving the mechanical properties of the elastomeric poly-
urethane fibers. Due to the presence of active hydrogen atoms on the hard
segments of macromolecules, diphenylmethane diisocyanate (MDI) can be made
to react with them, bringing about crosslinking.

Crosslinking may be scheduled either to follow fiber formation, i.e., crosslinking
takes place in the fiber state by treating the fiber with a solution of MDI in an
organic solvent (method I), or to precede it, i.e., a controlled crosslinking takes
place in the spinning solution just before formation (method II).

Inert organic solvents must be used in method I. However, this shortcoming
is compensated by better mechanical properties of the modified fiber. This is
because the hard segments crytallize prior to crosslinking, with the result that
the crosslinking takes place in the accessible regions of the hard segments. The
links between polymer chains are further strengthened. In method II, the me-
chanical properties of the crosslinked fiber are not improved, although additional
organic solvents may not be used here. This is because the crosslinking reaction
takes place between polymer chains which are located in a disordered state.
What is more, excessive crosslinking would make it impossible to carry out the
spinning process owing to gelation.

If the isocyanate group of MDI can be blocked in advance, a stable derivative
will be formed. On being mixed into the spinning solution, it will not react with
the active hydrogen atoms of the hard segments; therefore, the gelation will not
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Fig. i. CP/MAS C-13 NMR spectra (upfield region) of the potential crosslinking agent: (A)
crystalline PCA, (B) PCA heated at 150°C for 12 min. Assignments of the resonances are indicated
in the text. Both spectra were recorded at 37.7 MHz with a single contact time of 1.0 ms during CP
and a recycle time of 2.0 s.

take place. When the fiber has been formed, the stable derivative must exist
in the fiber, and crosslinking will not take place until the fiber is subjected to heat
treatment. In order to realize this idea, a MDI-acetone oxime addition com-
pound has been synthesized as a stable derivative with the mentioned require-
ments (it may be called the “potential crosslinking agent” or PCA), and it has
also been observed by Sun and co-workers!-3 that better mechanical properties
are noted when the crosslinking takes place during fiber formation.

In this paper, we report the solid state C-13 NMR studies on the potential
crosslinking agent (PCA) which can be used to improve the mechanical properties
of elastomeric polyurethane fibers.

EXPERIMENTAL

The addition compound of MDI (diphenyl methane 4,4’-diisocyanate) and
acetone oxime was used as a potential crosslinking agent. It was obtained by
the method mentioned previously.1-3 In this work the PCA was crystallized,
with a melting temperature of 123°C.

The carbon-13 NMR spectra were recorded at 37.7 MHz with a Nicolet NT-150
Spectrometer equipped with a crosspolarization accessory. Radio frequency
amplifiers delivering ca. 550 W at 150 MHz and ca. 1000 W at 37.7 MHz were
adjusted to satisfy the Hartman-Hahn condition* at roughly 70 KHz. Cross-
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Fig. 2. Downfield region of the CP/MAS spectra of (A) crystalline PCA and (B) heated PCA.

polarization and magic-angle sample spinning (CP/MAS)5-8 spectra were re-
corded with a single 1.0 ms contact time and a recycle time of 2.0s. The magic
angle of 54.7 was set by maximizing the intensity of the carbonyl resonance of
the glycine. 10,000 transients were collected in the CP/MAS experiment. The
resonance of the delrin rotor (89 ppm from tetramethylsilane) was used as a
reference. Delrin spinners spun at about 3.5 KHz at the magic angle. Spin
temperature alteration was used to eliminate the various artifacts.? The static
field was not locked during accumulations.

RESULTS AND DISCUSSION

The C-13 CP/MAS spectrum of the crystalline potential crosslinking agent
(PCA) is shown in Figures 1(A) and 2(A). The resonances at ca. 17.20 ppm are
due to the methyl groups. The difference between the chemical shifts of the two
methyl groups is primarily a steric shift.10 The steric effect depends on the
conformational isomerism. The intensity of these resonances indicates that the
oxime substituents (methyl groups, h in the structure I) are not sterically iden-
tical. The methyl resonances appear as a doublet (0.8 ppm) in figure 1(A). The
splitting may be due to the crystalline field. These splittings disappear for the
sample heated at 150°C for 12 min in a vacuum. The C-13 resonance at 43.5 ppm
is assigned to the methylene carbons between two phenyl groups (a). The as-
signments for the C-13 resonances of the aromatic carbons in the crystalline PCA
(Fig. 2A) are complicated by the presence of the quadrupolar effect on the dipolar
interactions and splittings due to the crystalline field. However, with the aid
of solution NMR spectrum (15), it is possible to assign aromatic resonances in
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Figure 2B. This quadrupolar effect results from the N14 quadrupolar moment
interfering with the ability of magic-angle sample spinning to average out car-
bon-nitrogen interactions.}»12 Naito et al.!! have noticed ca. 45 Hz splitting
for C carbons in L-alanine and L-serine amino acids. The magnitude of the
splitting varies from one molecule to another, depending on the electric field
gradient at the nitrogen in the molecule. This wide range of effects in the solid
state C-13 NMR spectra may have some time difficulties of observation. The
broad carbonyl resonance (f) may result from the above-mentioned effects.

The solid state C-13 NMR spectrum of heated PCA at 150°C for 12 min is also
shown in Figures 1 and 2 (top). The crystalline order was destroyed, and the
following reaction may take place:
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Fig. 3. The FT-IR spectra (2000-2400 cm™!) of (A) PCA and (B) heated PCA. The 2270 cm™!
peak is assigned to the stretching mode of the —N==C=0 group.
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Fig. 4. CP/MAS spectrum NMR spectrum of acetone oxime. S,s’ are the spinning side bands
of the rotor (Delrin, D) and —C=N— carbon resonances, respectively.

The line widths of most of the C-13 resonances are increased as a result of heating
the sample at an elevated temperature as compared to the crystalline PCA (Figs.
1and 2). The chemical shift of the methylene carbons (a) is shifted from 43.5
ppm to 41.9 ppm. In the case of MDI and MDI dimethylurethane, the chemical
shifts for these carbons are 40.7 and 41.9 ppm, respectively.l3 This result
suggests that the main contribution to the methylene resonance in Figure 1(B)
1s from the MDI. The formation of —N=C==0 groups can be seen from the
appearance of a new resonance at 123.4 ppm [i.e., Fig. 2(B)]. This is also sup-
ported by our FT-IR studies.

The formation of MDI from the PCA is observed in the FT-IR spectrum of
heated PCA. The 2000-2400-cm region of the FT-IR spectrum of PCA and
heat-treated PCA are shown in Figure 3. The infrared spectra were recorded
and then stored in memory by a Digilab Fourier Transform Spectrometer,
FTS-20E. The coaddition of 300 scans per sample, 100 of which were of the
reference chamber, resulted in a high signal-to-noise, and spectra were obtained
with a resolution of 2 cm~!. Samples were embedded in a KBr matrix. In the
spectrum of PCA [Fig. 3(A)] —N=C=0 stretching mode!4 frequency, the 2270
cm~! band is absent, whereas, in the case of the heat-teated sample, the regen-
eration of the isocyanate group is clearly observed [Fig. 3(B)}.

The decrease of the intensities of the carbons, type g(I) (158.0 ppm), and the
increase of oxime carbons, j(III) (154 ppm), are seen in Figure 2. The CP/MAS
spectrum of acetone oxime is shown in Figure 4 for comparison.

The solid state C-13 NMR and FT-IR studies clearly demonstrate the for-
mation of MDI from the potential crosslinking agent after heating at a temper-
ature of 150°C. This method allows us to identify the functional groups capable
of crosslinking with the hard segments in the aliphatic—urethane block copoly-
mers during fiber formation.



3502 CHOLLI ET AL.

The authors wish to acknowledge the support of the NSF Materials Research Laboratory of Case
Western Reserve University under Grant No. DMR80-20245.

References

. 'T. Sun, H. Zhou, and F. Qu, J. ECIT, No. 3, (1980).
. T. Sun, H. Zhou, and F. Qu, J. ECIT, No. 4, (1981).
. 'T. Sun, H. Zhou, and F. Qu, Suppl. Proc. IUPAC, Amherst, Mass., 1982.
. S.R. Hartman and E. L. Hahn, Phys. Rev., 128, 2042 (1962).
. A. Pines, M.-G. Gibby and J. S. Waugh, J. Chem. Phys., 59, 569 (1973).
. J. Schaefer and E. O. Stejskal, J. Am. Chem. Soc., 98, 1030 (1976).
. E.Lippmaa, M. Alla, and T. Tuherm, Proceedings of the XIX Congress Ampere, H. Brunner,
K. H. Hausser, and D. Schweitzer, Eds., Heidelberg, Group Ampere, 1976, p. 113.
8. A. N. Garroway, W. B. Moniz, and H. A. Resing, Prepr. Am., Am. Chem. Soc., Div. Org.
Coatings Plast. Chem., 36, 133 (1976).
9. E. O. Stejskal and J. Schaefer, J. Magn. Reson., 18, 560, 1975.
10. G. C. Levy, R. L. Lichter, and G. L. Nelson, C-13 NMR Spectroscopy, 2nd ed., Wiley, New
York, 1980, p. 161.
11. A. Naito, S. Ganapathy, and C. A. McDowell, J. Chem. Phys., 74, 5393 (1981).
12. M. H. Frey, and 8. J. Opella, J. Chem. Soc., Chem. Comm., 474 (1980).
18. C. Delides, R. A. Pethrick, A. V. Cunliffe, and P. G. Klein, Polymer, 22, 1205 (1981).
14. N. B. Colthup, L. H. Dally, and S. T. Wiberley, Introduction to Infrared and Raman Spec-
troscopy, 2nd ed., Academic, New York, 1975, p. 239.
15. W. Basset, personal communications.

Received February 7, 1983
Accepted May 19, 1983

[or B I SN VLI R

-3



