
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 12:19
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

The Segmental Mobility of Unhydrated
and Hydrated Lipid Multilayers According
to the Data of Mossbauer Spectroscopy
Valerii Ya. Rochev a , Galina N. Kosova a & Natalya K. Kivrina b
a N. N. Semenov Institute of Chemical Physics RAS, Kosygina str. 4,
Moscow, 117334, Russia
b Moccow Engeneering-Physics Institute, Kashirskoye sch., 31,
Moscow, 115409, Russia
Version of record first published: 23 Sep 2006.

To cite this article: Valerii Ya. Rochev , Galina N. Kosova & Natalya K. Kivrina (1995): The Segmental
Mobility of Unhydrated and Hydrated Lipid Multilayers According to the Data of Mossbauer
Spectroscopy, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 260:1, 575-584

To link to this article:  http://dx.doi.org/10.1080/10587259508038730

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508038730
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. Liq. Crysr. 1995, Vol. 260, pp. 575-584 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1995 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

THE SEGMENTAL MOBILITY OF UNHYDRATED AND HYDRATED 
LIPID MULTILAYERS ACCORDING TO THE DATA OF MOSSBAUER 
SPECTROSCOPY 

VALERII Ya. ROCHEV, GALINA N. KOSOVA 
N.N.Semenov Institute of Chemical Physics RAS, Kosygina 
str.4 , Moscow, 117334, Russia 
NATALYA K. KIVRINA 
Moccow Engeneering-Physics Institute, Kashirskoye 
sch., 31, MOSCOW, 115409, Russia 

Abstract Using the hydrophilic 5c)nd hydrophobic 
Mossbauer molecular labels (ferrocene Fe and its de- 
rivatives) the influence of cholesterol and hydration 
on rigidity and intra- and intermolecular mobilities of 
lecithin multilayer matrix has been studied. For chole- 
sterol containing systems, at least, two nonequivalent 
equilibrium states of labels were registered showing on 
the heterophase behavior of these systems.The model, 
connects the observed effects with the change of inter- 
nal friction (microviscosity) of the lipid matrix in 
the regions of localizing of the labels,was suggested. 

INTRODUCTION 

Different modern physical methods are widely used for struc- 
tural and dynamical investigations of biological membranes 
and their models' (in particular - lipid systems). 
Conformable to these objects the diffraction techniques ba- 
sed on the interaction with a substance under investigation 
of X-Rays, electrons, neutrons allow to get the information 
on the type and periodicity of mesophases, on the thickness 
of lipid bilayer, on average distances between aliphatic 
chains of lipids and so on. Thus these methods are the most 
informative for high ordered structures. 
On the other hand, the resonance techniques, such as nuclear 
magnetic resonance, electron spin resonance, are the most 
effective for study of motions in "liquid" bi- and multilau- 
crs, but more less effective for study of lipid systems and 
Momembranes at comparatively low temperatures (under the 
liquid crystalline transition). 
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516 V. Ya. ROCHEV E T  AL. 

The optical methods are very effective for study of separate 
bilayers and their local regions at room and more high tem- 
peratures, but they are also of little value for investiga- 
tion of lipid multilayers and suspensions. 
Mossbauer spectroscopy engages its own niche in tis complex 
of techniques. It is particularly effective for solids. In 
variant of atomic or molecular label this technique is now 
effectively used also for study of liquid crystals 1-3. It 
was shown that the use of label with a different affinity to 
a definite microregions of liquid crystalline (LC) matrix 
makes it possible to localize that label in these microregi- 
ons and to study the dynamics of these individual parts in 
such heterogenic systems *. This circumstance seems promi- 
sing also for study of lipid systems on molecular level. 
In our papers 5-7 the results of investigation of multilay- 
crs of phospholipids: cephalin and egg lecithin (L)with tin 
tetrachloride and ferrocene derivatives as a labels have 
heen published. 
The recording of low-temperature (T(210 K) “defreezing” of 
the mobilities of molecular fragments of cephalin,chemically 
bonded with SnC14 labe1,in an anhydrous lipid matrix can be 
considered as the main result, obtained in ’. However,becau- 
::e of temperature limitations of l1’Sn Mossbauer effect re- 
gistration, we can not achieve in the physiological tempe- 
ratures. The use as a label ferrocene and its derivatives 
allows to raise the temperature range under investigation up 
tz 320 - 340 

By comparing the isomer shift (IS) and quadrupole splitting 
(QS) in the Mossbauer spectra of the individual labels and 
the corresponding parameters of these labels in lipid sys- 

tem, the presence or absence of chemical interaction between 
the label and lipid molecules and the preferrent points of 
label localization may be established. In particular, for 
lecithin multilayers it was found that ferrocene (F) does 
not react with lipid molecules. Thus, the preferred point of 
localization for F is in hydrophobic regions of L matrices 
(close to hydrocarbon tails of L molecules - Fig.Za).The 
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SEGMENTAL MOBILITY OF LIPIDS 577 

presence of chemical reaction the other label- ferrocene 
carbaldehyde (FC) -with L matrix suggests that FC molecules 
are localized in hydrophilic regions of L matrices (close t o  

polar heads of L molecules) . 
By investigation of the temperature dependence of the loga- 
rithm of the area under the Mossbauer lines (In S) for F and 
FC, localized in various microregions of L matrix, judgments 
regarding the dynamics of these microregions may be made. 
Thus, the sharp deviation of In S(T) from linearity for le- 
cithin-ferrocene (L-F) system at 160 - 180 K and for L-FC 
system at 180 -240 K indicates the appearance of additional 
molecular motions in the regions of label 1ocalization.The 
segmental mobility appears at 160 -180 X in the region o f  

the hydrocarbon chains, while the intensive vibrations ex- 
tended over the whole hydrocarbon chain at 180 - 240 K. The 
appearance of reorientational motion of various fragments of 
L molecules can be associated with the onset of an extended 
phase transition in L multilayers, leading ultimately to 
melting of the hydrocarbon chains of L (to transition from a 
gel to liquid crystalline state) . 
In this paper, using the same hydrophobic (F) and hydrophi- 
lic (FC) mossbauer labels, we studied the influence of cho- 
lesterol content and the hydration of lipid systems on their 
segmental mobility and rigidity. 

6 

7 

EXPERIMENTAL 

Mossbauer spectra of monolipid systems cholesterol- 
ferrocene (C-F), C-FC, individual cholesterol ferrocene ace- 
tate (CFA),and bilipid systems L-C-F, L-C-FC and L-CFA were 
recorded at 80 - 340 K. CFA 

The content of X in bilipid systems was 0,03; 0,lO and 1,00 
mol.% ( equimolar L-C systems have been studied in The ’). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
19

 1
8 

Fe
br

ua
ry

 2
01

3 



578 V. Ya. ROCHEV ET AL. 

content of labels in the systems was 2 - 6 wt.%.The sample 
preparation and instrumentation details were described ear- 
lier . 6 

RESULTS AND DISCUSSION 

Unhydrated monolipid cholesterol systems 
In contrast to phospholipid systems the In S (T) dependence 
in Mossbauer spectra cholesterol systems is linear for all 
labels over the whole experimental temperature range 
(Fig.1). It is not astonish, because of cholesterol at these 
temperatures is in a solid phase. 

1 - 3  

I I 
100 rhl nb0 250 360 T,K 

2 FIGURE 1 The In S ( T )  and tx >(T) dependences for mono- 
lipid cholesterol systems: 1) C-F(3 wt.%); 
2 )  C-FC(1:l); 3 )  individual CFA. 

Such a linear dependence is characteristic of the molecular 
crystals, where Fe atom participates in intramolecular (va- 
lence and deformational) and, together with the molecule, in 
intermolecular translational vibrations. In the present ca- 
se, S is proportional to the probability of a Mossbauer ef- 

1 2  2 fect f' ( f'= exp -(<x,+/k), where <x > - mean-square ampli- 
tude of Fe atom vibrations in the direction of gamma-quantum 
propagation, 3c - gamma-quantum wavelength); for molecular 
crystals: f' = f;* fh , where fJ. is determined by intramole- 
cular vibrations and depends weakly on the temperature, whi- 
le f; is characterized by intermolecular vibrations. f; and 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
19

 1
8 

Fe
br

ua
ry

 2
01

3 



SEGMENTAL MOBILITY OF LIPIDS 579 

fA are 
mode 1 s 

sufficiently well described by Einstein and Debye 
of solid, respectively Therefore, in the harmonic 

approximation, In S-T. Such linearity should be observed 
until new degrees of freedom are exited in the system (for 
example, reorientational motion of molecules - see above). 
It can see from Fig.1, that dependences of In S (T) for C-FC 
and CFA are close enough. CFA can considered as a model com- 
pound, where ferrocene ester fragment is chemically bonded 
with cholesterol fragment.This fact indicates that the FC 
molecules in C matrix are localized near the polar heads of 
sterine molecules (Fig.2b). For C-F and CFA systems the slo- 
pes of In S(T)dependence,so as IS and QS values, are essen- 
tially different. Consequently, the preferrent point of F 
and FC localization in C matrix are different. Apparently, F 
mlecules localized in the region sf hydrocarbon tails of C 
molecules - see Fig.2b. 

C) d 

FIGURE 2 Scheme of preferrential localization of different 
mossbauer labels in lipid matrices: a) L, b) C, c) L-C, d) 
1,-CFA; 1 - hydrophobic part of L molecule, 2 - hydrophilic 
part of L molecule, 3 - molecule of C, 4 - mclecule of CFA, 
5 - molecule of F, 6 - molecule of FC.. 

P. greater slope of In S(T) line for C-F system in comparison 
with correspcnding line for C-F system indicate:: on less 
"rigidity" (lower frequencies of intermclecular vibrations) 
of hydrophilic microregions C matrix as ccmpared to its hyd- 
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580 V. Ya. ROCHEV ET AL. 

0 -  

- I  

-2 

rophobic microregions. 

- 

- 

- 

Unhydrated bilipid (lecithin-cholesterol) systems 
ft is known that cholesterol orders the phospholipid layers 
in membranes, regulating and dumping the mobility of lipid 
frame '.There are indications for formation 1:1 complex bet- 
ween L and C molecules owing to Van der-Vaals 
interaction" .Fig. 3 shows the temperature dependences of In 
S for L-C-F systems with low C content.It is seen, that with 
the increasing of C content the L-C system becomes more ri- 
gid (the slope of linear parts of In 5 (T) dependences be- 
come lower), and the lecithin aliphatic chain mobilities 
defreezing points change to higher temperatures. 

1 I 

I00 180 260 T,K 

PCGURE 3 Temperature dependences of In S for systems: 
1 )  L-F(2,5 wt.%), 2) L-C(O,O3 mol.%)-F, 
3 )  L-C(0,lO mol.%)-F, 4 )  L-C(1,OO mol.%)-F. 

For L-C-F system at C content equal 1 mol.% an other anoma- 
l y  of I n  S dependence in the range 180 - 230 K arises. The 
last anomaly becomes more prominent for equimolar L-C-F sys- 
tern, but it is absent for L-C-FC and for L-CFA systems 
It means that it reflects the molecular dynamics namely of 
terminal hydrocarbon fragments of L an3 C molecules in bi- 
lipid multilayers (Fig.2~). 
For the explanatisn of this anomaly we suggest the model 
described in '. According to o u r  model in such microhetero- 
genic system there are exist several nonequivalent equilib- 
rium energy states of label molecules, reflecting the phase 

6-7 
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SEGMENTAL MOBILITY OF LIPIDS 581 

r::nequivalency of bilipid matrix in its hydrophobic micro- 
1-egicns. Such phase nonequivalency follows from X-Ray / 

:: 0 as from radic spectrcscopical 3C and ESR 
investigations’’ sf L-c multi layers. 

3 I) 

Hydrated lipid systems 
Lecithin systems with the labels f, FC and CFA are investi- 
gated to study the influence of hydration ( W = 20 - 86 %)on 
the dynamics of lipid. matrix. 

-2 
I I 1 1 1 I I I  

100 140 180 2 2 0  TIK 

FIGURE 4 Temperature dependences of’ln S ( T )  for hyd- 
rated systems L-F(2,5 wt.%): 1) degree of hy- 
draticn W=O, 2) W=21%, 3 )  W =  5 2 % ,  4 )  W=R6%. 

Comparison of the linear parts of !n S ( T )  dependence (T (150 
X )  fcr hydrated L-F samples (Fig.4) indicates that at these 
temperatures the hydrophobic parts cf lipid matrix becomes 
mcre rigid (its mobility decreases) with increase in the 
degree of hydration. This effect is directly opposite to 
observed at Fhysiclcgical (and close) temperatures.It may be 
explained sn the basis 3f the specific Frcperties of free 
and bound water at low temperatures. 
Microviscosity of lipid systems 
For interpretation of experimental sharp decrease in In S(T) 
without essential brcadening cf lines in Mossbauer spectra 
of lipids we use the mcdel of a Brownian oscillator with 
strcng dumping. 
In this model , the effects accompanying increase in tempe- 
rature are associated with a sharp (near - experimental) 
decrease in internal friction (iriternal micrcvisccsity) for 
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582 V. Ya. ROCHEV ET AL. 

the relative and restricted motions of macromolecular chain 
fragments . 12 

- - 

FIGURE 5 Linearization of In S(T) dependences for 
hydrophilic ( 1 )  and hydrophobic ( 2 )  W=O, 
3 )  W=21%, 4 )  W=52% ) mossbauer labels. 

With this model, the effective activation energy E of the 
microviscosity ana the microviscosity r), characterizing a 
small local volume (-5 8 )  around the label, may be estima- 
ted for hydrophobic and hydrophilic regions of lipid matri- 
ces (Fig.5). 
At room temperature, E is close to 2,5 kcal/mole for hydro- 
phobic region of lecithin matrix, and 3,5 - 4 , 5  kcal/mole 
for its hydrophilic region - depending on the degree of hyd- 
ration.The corresponding r) values are 14 - 17 Pass (hydro- 
phobic regions of L multilayers) and 8 - 13 Pass fhydrophi- 
lic regions of L multilayers). 
These T) values are related not to the mossbauer label mole- 
cule, but to the lipid microregions, where this label is 
localized. 
1.e. it is a characteristic of media and may be compared 
with corresponding parameters, measured by other methods. 
Naturally, its value will be dependent as from the technique 
used, as from accepted approximations. For this reason, the 
values of 17, published in literature, can be sufficiently 
different. Nevertheless, if these characteristics are recei- 
ved by the same technique and with the same (or close) la- 
bels, their comparison becomes quite grounded. 
In particular, our data correlate with the results, received 
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SEGMENTAL MOBILITY OF LIPIDS 583 

a!s= from Mcssbauer label experimects for hydr9phobic secti- 
ciis ( E  = 2 kcal/mole) and for hydrophilic sections ( F = 3 , 4  

6,C kcal/mole) of the chromatophores . But the q values 
f a r  chromatophores ( q  = 56,O - 6 8 , 4   pa.^)'^ are much higher 
than for lipid multilayers. 
This difference may be explained by the complex structure of 
the chromatcphores, in which diverse lipids and proteins 
appear. In any case, cur estimations for L-C-F systems give 
< 11 kca!/mole anci rj = 7 0  Pass. This value of rj is closer 
t= that for the chromatophores. 

13 

CONCLUSXON 

It has been shown that the use of MGssbnucr labels wi th  dif- 
ferent affinities t3 t h e  functional groups of lipids offers 
Che passibility of obtaining original dzta cn the dynamics 
sf varizuc microregicns sf lipid s y s t e m  as rnedel biomernbra- 
rtes. The methcd here proposed is of undcubted interest for 
studying o f  complex byopclymers aad bycmernbrane systems, as 
well as Iyctropic and polymer rnetallcmesogens. 
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