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Quthne
1. Analysis of IXS Data in Molecular and Supramolecular Liquids

* Generalized three effective eigenmode theory
~» The case of water

2. Measurements with Hydrated Multi-lameliar Dilauroylphosphatidylchotime (DILPC)

» Phase behabior of DLPC-water system
» The analysis of data at 294 K (L-alpha phase)
« The analysis of data at 260 K (L-beta phase)

3. Q-Dependences of the Effective Mode Parameters PR L (’ 00 0)

* Damping of heat diffusion mode
* Dispersion relation of the propagating density wave in bilayers
* Damping of the density wave

Collaborators: C.Y, Liao (MIT), H. W. Huang (Rice U.), T. Weiss (Rice U.)
M.C. Bellissent-Funel (Saclay) and F. Sette (ESRF)
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‘Three Effective Eigenmode (TEE) Model

The dynamic structure factor is given as,

. (0 if (k) 0 )
S(k,m) =K p { 1 } CHE) =], k) z,(K)  if, (k)
LA 1wl + H(k) L1 \ 0 if . (k) ZT(k))

with £_(k) = 1/ =kv, /1/5(1() and z,(k),f,-(k),z.(k) all real numbers.

M AT

Hydrodynamlc limit (k — 0):

[ fa@) ]
£ (k) =ke, / Jy K2): £+ - s vl
7, () = ok - 5( ) | 2+ By (klf ‘fi"fi

zr(k) = YD1k?

fur () = keg (- 1) /7

cs = vo(y/ S(O))U 2 s F=cp/cy, ¢={(4/3m+L}/mn, DT:MMCP,
The three eigenvalues, to the order of O(kz), are;

- Z +Z (k)

z, (k) =Dk’ (heat mode)
z, (k) =tic k + Tk | (sound mode)

where T, =¢/2 +Dy(y —1)/2 is the sound damping.

For finite k, 7z (k)}, f,,(k), z,(k) become arbitrary functions of k. However, in most
cases, the eigenvalues of the matrix H consist of one real number z, and a couple of

conjugate complex numbers I's +iws. One can therefore write The DSF in general in the
hydrodynamic-like form:

S(k,ﬁ))/S(k)=l@ +@\ I, +b((ﬂ ) +A, Tsmb(@‘gz_ms)}
n M~ o’ +z,>

(0+0,) +T?  ‘(0-e,) +T°

Damped Harmonic Oscillator limit (f (k) = 0)

The amplitude of the central peak of S(k,®) is zero, the side peaks can be written as:

f_2(k)z, (k)
S(k,m)/S(k "'—
)X = @ TE ) + (. ()
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S(k,) of DLPC at T=294 (Liquid Crystal)
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'SUMMARY

|. We have formuiated a Generalized Three Effective Eigenmode

Theory (GTEE) for the analysis of IXS spectra of supramolecular
liquids.

2. We measured IXS spectra from fully hydrated, semi-oriented
DLPC bilayers and analyzed them using GTEE.

3. Using GTEE theory we extracted the frequency and damping of
‘the non-propagating and propagating modes in the lipid bilayers.

4.Both the frequency and damping show a minimum at the peak of
the lipid-lipid structure factor similar to simple liquids.

5.This sharp frequency dip occurring at a wavelength of inter-lipad
distance in a functional bilayer may have biological significance.

6. Calculated structure factor from the second frequency moment of
the GTEE model agrees with the measured structure factor.

7.The sound propagation speed is higher in Lg. than that m L, phase
due to chain freezing.

8.GTEE analysis of proteins shows a mode softening upon hydration
of the protein.




