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Small Molecules C Large Molecules (Polymers)

A Small Molecule, e.g. Pentane
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A Large Molecule, e.g. Polyethylen (PE)
(M,~= 10,000 Da — 1,000,000 Da)
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Results of interest: Chemical composition

A Copolymer: Content of homopolymer A @iz @
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Chemical composition of Copolymers
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Chemical composition: worst case

A Ethylen-propylen-Copolymer

O -CH,- Question:

| CH, from ethylen or propylen
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Chemical

composition of EP-Copolymer: Way 1
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Chemical composition of EP-Copolymer
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Chemical composition of EP-Copolymer: calculation
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A Can only be done by 33C-NMR
and statistic
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Microstructur i Topology
(Chain branching)

Proporties of Polyolefins are influenced by type and amount of
chain branching

Short-Branched
o~ N \‘3-/&\/,\ ) A——
I+""17 LLDPE

Linear

-
HDPE

LDPE
Long-Branched

NMR can quantify Aonlyfi short
chain branching (SCB, n = 6)
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1I3C-NMR spectra of PE

HDPE

LDPE
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Chemical composition of Polyolefins

A Temperature for NMR measurements of Polyolefins:

120 °C to 160 °C

A Solubility limit (e.g. PE and PP):
Mw from 10,000 Da to ca. 100,000 Da ca. 9 g/L
Mw around 1,000,000 Da ca.1lg/L

A Measurement time:
L DPE - 12 10 24 PO Measurements for

HDPE: days reproducibility determination ?
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Tacticity of Homopolymers

Polymethyl-methacrylate (PMMA)
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Tacticty of PMMA by 3C-NMR
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Problems:

 Overlapping signals
 Not separated by basline
e Low S/N

« Common way is integration
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Tacticity of Poly-1-octene

41 39 37 35 33 31 29 27 25 23 21 19 17 15 13 11 c
Chemical s.hiﬂ: in ppm
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Tacticity of Poly-alpha-olefins

Tacticity of poly-alpha-olefins could be analyzed by 13C-NMR
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Figure 5. 2C-NMR spectrum of the branch carbon atom adjacent to the tertiary

carbon.
G.B. Galland, L.F. Da Silva, A. Nicolini, Journal of Polymer Science: Part A: Polymer Chemistry 43

—

~ Fraunhofer

LBF



Archivierungsangaben

Tacticity of PO by integration

mm

mr/rm

rr

Result:
mm =18 %
mrirm =17 %
rr =65 %
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Tacticity of polyoctenes

A fitting method to evaluated the tacticities
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Blue curve: original spectrum; red curve: fitted spectrum

Good agreement between original and fitted curves
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Fitting the spectra

A Result of fitting procedure

3% 11 % 1% 9% Not 24 % 53 %

detected

A Compare with results of integration

Integration 18 % 17 % 65 %

Fitting 14 % 10 % 77 %
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Conclusion

>
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Evalution of polymer NMR spectra is different comparedto spectra of small
molecules

Broader lines , means loss of sensitivity
Low solubility limits, means long measurement times
For polyolefins high temperature needed, most cryo probes cannot be used

Common way is integration despite signal overlapping and not seperated by
baseline C wrong values
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Interpretation of an EP-Copolymer spectra by a
service provider (no experience in polymers)

Task: Chemical composition and SCB of a ethylene-propylene-
copolymer

The PE to PP ratios based on "*C NMR are summarized in Table 1.
NMR spectra as shown in the appendix.

h i S WaS n Ot d O n e Table 1 PE to PP ratios (weight %).

by Spectral Serw%i@ e

29.2

Remark:

46.9
22.0

Due to the strong branching of the samples, an isotactic PP was assumed and all
further branching was assigned to the PE.
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31.02 68.80 2,96 55.25 48.89 44.30 62.18 27.20 45.55 56.62
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