
Polymer Bulletin 5, 271-275 (1981> Polymer Bulletin 
�9 Springer-Verlag 1981 

NMR Study of Molecular Motion in Poly(Ethylene oxide) 
S. C-,fowinkowski, K. Jurga and Z. PajQk 

Institute of Physics, A. Mickiewicz University, 60-780 Poznar~, Poland 

Presented at the 22nd Microsymposium, "Characterization of Structure and Dynamics 
of Macromolecular Systems by NMR Methods", Prague, July 20-23, 1981 

~UMMARY 

Proton second moment and spin-lattice relaxa• times T.,T. 
and Tdn for helical poly(ethylene oxide) 5000 over a wid~ 19 
temperature range are measured. The results of CW and pulse 
experiments corroborate the existence of a motional process 
in the crystalline region of the polymer interpreted as osci- 
llation or rotation of molecules around their helical axes. 
The activation energy for this type of motion is found to be 
12 kcal/mole. 

INTRODUCTION 

The chain conformation of poly (ethylene oxide) (PEO)with the 
chemical structure ~CHoCHoO-]n is known to be helical(7~ he- 
lix) (~IYAZAWA, 1961,MITAZ~WA et al.,1962). The maximal=cry7 
stallinity of PEO appears at a molecular weight of about 10 ~ 
(ALLEN et ai.,1963). 

CW NMR (SLICHTER,~959,HIKICHI and FURUICHI, 1965) as well as 
dynamic mechanical (McCRUM, 1961,READ, 1962) and dielectric 
(McCRUM, 1961,~RISAWA et al.,1965) studies of PEO suggested 
the existence of two different motional processes. That reve- 
aled at low temperatures by the appearence of a narrow compo- 
nent in the proton ~R spectra was interpreted as molecular 
motion in the amorphous region of the polymer. The marked nar- 
rowing of the broad component of the ~R line observed at 
higher temperatures, however, well below the melting point,was 
assigned to motion in the crystalline region. The existence 
of two types of motion in PEO has found some confirmation in 
spin-lattice relaxation studies by CONNOR and HARTLAND (19~9). 
The T- measurements performed for PEO 6000 and PEO 2.8xi o ~- 
show ~ nonexponential magnetization decay allowing to obtain 
two relaxation times assigned to crystalline Ilonger T~ and 
amorphous (shorter TI,)regions, respectively. Although'~l~ 
minima are observed, ~o correlation of the broadline transi- 
tion and relaxation data has been found. 

In order to decide conclusively whether the same motional pro- 
cess in the crystalline region is responsible for the broadli- 
ne transition and spin-lattice relaxation and to determine its 
activation parameters, we proceeded to temperature measuremen- 
ts of the proton second moment M 2 and spin-lattice relaxation 
times TI,TI~ and TID for identicaI samples of PEO. 
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EXPERIMENTAL 

: The specimen used was commercially available PEO 
VA,HEIDELBERG) with melting temperature 332-334 K. 

Samples were degassed and sealed in glass tubes under vacuum 
to prevent contact with atmospheric oxygen. Proton magnetic 
resonance spectra were recorded with a Bloch type RY 2301 
(USRR)spectrometer. Spin-lattice relaxation times were measu- 
red using a pulse spectrometer constructed in this Laboratory, 
operating at a Larmer frequency of 25 ~Hz (PA~K et ~1.,1974) 
Relaxation times T I were measured applying 90 v -t-90 pulse 
sequences. Rotatln~ frame data were obtained for a radiofre- 
quency field of H4=18.4 G and 6.4 G, by the spin-locking 
method (HARTMANN a~d HAHN, 19~21 and d~p~lar re~s~ation times 
were measured using a (90 ~) Tt~-(45v~J-t - (45)J pulse seque- 
nce (JEENER and BROEKAERT,1967r. 

The proton magnetic resonance spectra of PEO 5000 recorded at 
lower temperatures consisted of one broad component. However, 
above 210 K up to the melting point, they moreover revealed 
a second narrow component. The temperature dependence of the 
second moment for the broad component after its separation 
from the experimental spectra is shown in Pig. 1. A marked 
decrease in second moment is observed in the temperature ran- 
ge from 273 K up to the melting point. This transition, con- 
firming earlier studies (HIKICHI and PURUICHI, 1965, OLP and 
PETERLIN, 1966 ) is attributed to the onset of molecular mot- 
ion in the crystalline region of the polymer.The activation 
energy of this motion calculated from the temperature depen- 
dence of the second moment (GUTOWSKY and PAKE, 1950 ) is close 
to 12 kcal/mole. 

Two-phase structure of poly (ethylene oxide ) is confirmed by 
spin-lattice relaxation times measurements. The free induction 
signal consisting of two components with short and long decay 
times characterizes the two-phase structure of PEO,composed 
of crystalline and amorphous regions. Since the intensity of 
the component with long-time decay was small, only measure- 
ments of relaxation times for the short-time decay component 
were made (with the exception of T40 measurements in the 
melting region, where two relaxati6h times were determined, 
however, in this case the value of T~ for the component 

19 with long-time decay is close to the T~ value and one can 
assume that T~ describes a relaxation ~rocess in the molten 
part of the p~lymer |. The temperature dependences of the 
proton relaxation times T4,T ~ and T4~ are shown in Fig.2. 
The minima observed for t~e felaxati6~ times T~ at 322 K 
(H4=18,4 G) and 307 K(H4=6,4 G) as well as for T4~ around 
293 K (well below the melting point) suggest the @~istence 
of molecular motion in the crystalline region and permit 
the evaluation of the correlation times at temperatures 
where minima of T4o occur. Assuming the Arrhenius relation 
as valid the activation energy of this motion was calculated 
as equal to 12 kcal/mole. Similar values are obtained from 
the slopes of log TI~ vs.I/T and TID vs.I/T. 
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Fig.2. Temperature dependence of TI,TI~ and TIDfor PEO 5000 
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Fig. l: Temperature dependence of ~2 for PEO 5000 

A comparison of the temperatures for the second moment tran- 
sition and spin-lattice relaxation minima leads to the con- 
clusion that the same type of motion is responsible for both 
the line narrowing as well as T1o and TID relaxation. Good 
agreement of the activation ene#gies fob this motion derived 
independently from CW and pulse experiments confirms the 
correctness of our statement. According to earlier OW N~ 
studies(HIKICHI and FURUICHI, 1965,0LF and PETERLIN, 1966)this 
motion involves an oscillation or rotation of helical mole- 
cules around their axes. 

Let us add that the minimum of TI observed close to 330 K is 
due to the melting process (CONNOR and ~LARTLAND, 1969) rather 
than to the considered above motion. 
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