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Nuclear magnetic relaxation spectroscopy of chain and head- 

group fluctuations in Lecithin bilayers. 

R. Kimmich, A. Scheuermann, G. Schnur, K.-H. Spohn, 

Sektion Kernresonanzspektroskopie, Universit&t Ulm, 

Postfach 4066, D-79OO ULM, W.-Germany 

In a previous paper (I) we have investigated the proton rela- 
xation dispersion (104 to 108 Hz) of Dipalmitoyl-L-e-lecithin 

(DPL) liposomes above and below the gel/liquid crystal phase 

transition. Using chain-deuterated lipids it was now possible 

to distinguish fluctuations in the hydrocarbon chains from tho- 

se of the polar headgroup. 

The figure shows the proton relaxation dispersion of the gel 

phase of a dispersion of 25 % DPL in D20 as an example. The re- 

laxation rate of the hydrocarbon chains has been obtained by 

the undeuterated DPL. The theoretical curve has been calcula- 

ted by the aid of the limited defect diffusion model (2) assu- 

ming kinks (gtg sequences) which are reflected at the chain/ 

headgroup interfaces. The frequency dependence of the longitudi- 

nal relaxation time T 1 is characterized by two bends at the po- 

sitions 2n ~ T d = 1 and 2~ ~ T b = 1 (arrows) . T b is the mean dif- 

fusion time a defect needs to pass a reference segment, while 

T d is the mean diffusion time from polar headgroup to polar 

headgroup. Kink defects and the geometry of DPL bilayers lead 

to the ratio T d : T b = 227 used for the calculation of the theo- 

retical curve. With the same model the transverse relaxation 

curves could be described using the Anderson-Weis-Kubo-Tomita 

theory (3) . 

Above the gel/liquid crystal 

transition at least one further T_I" 

process occurs w~ich can be at- ms 
tributed to the fluctuations of 102=: 

the molecules perpendicular to 

the chain axis. The same fin- 

ding holds for the polar head- l~ I 

groups. As possible mechanisms 

cooperative order fluctuations, 

lamellar modes and the lateral 

chain diffusion have been consi- I0 
dered and discussed in the light 

of the longitudinal and trans- 

verse relaxation behaviour. 
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