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Small Molecules Č Large Molecules (Polymers) 

Â Small Molecule, e.g. Pentane 

 

 

 

 

 

Â Large Molecule, e.g. Polyethylen (PE) 

(Mw= 10,000 Da – 1,000,000 Da) 
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Results of interest: Chemical composition 

Â Copolymer: Content of homopolymer A       and B 
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Chemical composition of Copolymers 

Â In some cases it can be done by 
1H NMR, 

 e.g. PS-b-PMMA 

10 

1,2,9 

CD2Cl2 

4,5,6 3,7 

8 rr 

8 mr 

8 mm 

7 ppm 4 ppm  2 ppm 1 ppm 
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Chemical composition: worst case 

Â Ethylen-propylen-Copolymer 

-CH2- 

-CH- 

   | 

  CH3 

Question: 

  

 

CH2 from ethylen or propylen 
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Chemical composition of EP-Copolymer: Way 1 

PP-CH2 

EP-CH2 

EPE-CH 

PPE-CH 

EEE-CH2 

PPP-CH 

EEP- 

CH2 

PEP- 

CH2 

PP-CH3 

CH3

CH3

CH3

n m
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Chemical composition of EP-Copolymer: Way 2 

CH3

CH3

CH3

n m

P = CH3 

S = CH2 

T = CH 
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Chemical composition of EP-Copolymer: calculation 

Â Can only be done by 13C-NMR  

and statistic 

  

Methode 1 2 

P 0,84 0,87(a) 

0,88(b) 

E 0,16 0,13(a) 

0,12(b) 

    PEE=0,161 

PEP=0,839 

PPE=0,116 

PPP=0,884 

PP   0,77 

EP   0,21 

EE   0,02 

PPP   0,63 

PPE   0,18 

EPE   0,07 

PEP   0,08 

EEP   0,03 

EEE   0,005 

Probability 
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Seite 9 

Microstructur ïTopology 
(Chain branching) 

Proporties of Polyolefins are influenced by type and amount of 

chain branching 

NMR can quantify Ăonlyñ short 

chain branching (SCB, n = 6) 
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13C-NMR spectra of PE 
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Chemical composition of Polyolefins 

Â Temperature for NMR measurements of Polyolefins: 

 

    120 °C to 160 °C 

 

Â Solubility limit (e.g. PE and PP): 

Â Mw from 10,000 Da to ca. 100,000 Da   ca. 9 g/L 

Â Mw around 1,000,000 Da      ca. 1 g/L 

 

Â Measurement time: 

Â LDPE :   12 to 24 h 

Â HDPE:   days 

Do measurements for  

reproducibility determination ? 
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Tacticity of Homopolymers 

isotactic 

syndiotactic 

atactic 

Polymethyl-methacrylate (PMMA) 

Diaden / Triaden 



© Fraunhofer LBF  

A
rc

h
iv

ie
ru

n
g
s
a
n
g
a
b
e
n

 

Seite 13 

Tacticty of PMMA by 13C-NMR 

Tetraden / Pentaden 

Problems: 

• Overlapping signals 

• Not separated by basline 

• Low S/N 

• Common way is integration 
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Tacticity of Poly-1-octene 
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Tacticity of Poly-alpha-olefins 

Â Tacticity of poly-alpha-olefins could be analyzed by 13C-NMR 

 

 

 

 

 

 

 

 

 

 

 

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

(2005) 4744. 
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Tacticity of PO by integration 

mm  mr/rm  rr 

Result: 

mm  = 18 % 

mr/rm  = 17 % 

rr  = 65 % 
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Tacticity of polyoctenes 

Â fitting method to evaluated the tacticities 

 
 

 

 

 

 

 

 

Â Blue curve: original spectrum; red curve: fitted spectrum 

Â Good agreement between original and fitted curves  

 

mrrm 
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Fitting the spectra 

Â Result of fitting procedure 

 

 

 

 

Â Compare with results of integration 

 

 

 

Â   

mmmm mmmr, 

rmmr, 

mmrr 

mmrm, 

rmrr 

mrmr rrrr mrrr mrrm 

3 % 11 % 1 % 9 % Not 

detected 

24 % 53 % 

Method mm mr/rm rr 

Integration 18 % 17 % 65 % 

Fitting 14 % 10 % 77 % 
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Conclusion 

Â Evalution of polymer NMR spectra is different comparedto spectra of small 

molecules 

Â Broader lines , means loss of sensitivity 

Â Low solubility limits, means long measurement times 

Â For polyolefins high temperature needed, most cryo probes cannot be used 

Â Common way is integration despite signal overlapping and not seperated by 

baseline Č 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 

This was not done  

by Spectral Service 
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