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FERRDCENE MESOGENS: POLYMORPHISM, MOLECULAR 
PRQPERTIES AND TEMPERATURE STAEILITY 

VALERII Ya. ROCHEV and VALENTI?? G .  BEKESHEV 
N.N.Semenov Institute of Chemical Physics RAS, 
Kosygina str.,4, ?loscow, 117334, Russia 

P.bstract The Xossbauer spectrcsccpy, polarization 
microscopy, differential scanning calorimetry and X-ray 
photoemission spectroscopy were used to study of struc- 
ture peculiarities, dynamical and orientational proper- 
ties acd thermal stability of ferrocene meso-;ens with 
genera! formula Fc(C H C(CH,)=N-N=CHC H COOC H OCnH2n+l 1 
where n = 3, 10, 12. The obtained data were compared 
with those for nonmescmcrphic derivatives of fzrrocene 
and orgmic liquid crystals. 

5 4  4 6 4  6 4  

Metallomesogens (MM) - metalloorganic compounds and metal 
complexes of organic ligands - c3mbine the variety cf metal- 
hscd csordination chemistry with unusual properties exhibi- 
ted by liquid crystals (LC). 
The presence of metal atom opens many zxiting pcssiBilitics 
comparatively to t h e  csrrcsponding orgszic L C ' s  and hence 
new properties are then accessible . Fcr instance, the 1,2 

in-* ,,rporation of d-metals (such as F e )  brings :vith it featu- 

: o s  such as para- :or ferrc-) magnetism. For this reason the 
investigations such properties of M M ' s ,  which determine 
their differences from csrresponding srganic LC's are 
necessary. 
In this paper we report t h e  results of comglex study of 
r:tructure peculiarities, electron and coordizaticn structu- 
re, dynamical and orientational properties sn:! thermal de- 
::truetion mechanism of ferrcceze mescgens with general for- 
mula Fe  ( C  H C (CH, ! =N-?l=CHC H COOC6Y40C,X where n = 
E:, 10, 12 (abbreviated as FLCn). The cornpounds are a Shiff 
bases of ferrocene and exhibit nematie phase nBot.e 140'C. 

> 
5 4  4 0 4  I* 2n+1 '2  

[25753/9 

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

1:
43

 1
8 

Fe
br

ua
ry

 2
01

3 



1 W[25761 V.Ya.ROCHEV AND V.G.BEXESHEV 

Ir, the case of FLCn's it is possibly to use all 
possibilities of Mossbauer spectroscopy. This technique 
provides for direct insight into the chemistry of LC 
molecule as well as its dynamics3 and naturally becomes one 
of the main instrument for such study. 
The other actual problem for MM - to receive and fix the 
qlassy mesophases of these compounds at room temperature 
(usually the transition "solid-mesophase" observed at essen- 
tially more high temperatures). Early we had showed such 
possibility for organic LC'. The extension of the LC-phases 
to low temperature regime is very important as f o r  better 
understanding of this state as for possible practical appli- 
cations of MM. 

EXPERIMENTAL 

Phase transformation behaviour of these compounds was obtai- 
Red with a polarizing microscope equipped with a heating 
plate. Differential scanning calorimetry (DSC) measurements 
were obtained with a Du Pont Instrument calorimeter. Indium 
was used to calibrate the temperature scale and the enthalpy 
values. X-ray photoemissicn spectrosccpg was also used as a 
complementary method for study the thermal destruction me- 
chanism cf these compounds. 
The Mossbauer spectra (MS) were taken on standard constant 
acceleration spectrometer with a source of "'Co(Cr) in the 
temperature range of 90 - 300 X. MS were fit with Lorenzian 
!ine-shapes using standard programs;. The asymmetry of , 

qusdrupole splitting lines ( A ) ,  recoil free fraction (f'), 
quadrupole splitting (QS), and isomer shift (IS) were all 
obtained from the computer fits of the data. 

9 7  

P-?jrmorphi sz 
For study of polymorphism of ferrocene mesogens the polari- 
zation micrDsccpy, DSC and Mossbauer spectrasccpy were used. 
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FERROCENE MESOGEMS [2577]/11 

It was shown that the formation of one or another metastable 
mesophase by a given FLCn species is essentially dependent 
on the tenperature history of the sample. Cn Fig.1 calori- 
metry curves for FLCS cooled from solid phase (upper curve) 
and nematic phase (lower curve) to liquid nitrogen tempera- 
ture are presented. 

I ,  
I D 

0 1 0 0  2 0 0 TT 

FIGURE 1 Calorimetry curves  for FLCB. 

l'he scheme of phase transitions depending from thermal 
history proposed for FLCB from micrcsccpical, calorimetry 
and MS investigations is given on Fig.2. 

4OC 7OC 143 c 166 c 

N L C  w r m : .  11 z c 
3 : c  
- 

I 
I + 

"FST" CUOLING 1 
I L  

FIGURE 2 The scheme of phase transitions for FLCB. 

It was shown that such behaviour is zommon for all FLCn's 
under investigation. All the compounds were shown to possess 
solid state polymorphism with one metastable and, at least, 
two stable solid phases within the range frcm an ambient 
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temperatwe to an nematic LC-phase melting temperature. For 
a!! these compcunds the glassy nematic phase arises with a 
glass-transition point r l z s e  t c  the ambient temperature. 

filssbauer 3-nvesticrati OR-5 
The MossSauer spectra consisted of quadrupcle doublets of 
Lorenzian lines with the fc!!owing Mcssbauer parameters: IS 
- 0 .80 . ;0 .02  mm/s, QS = 2 .30* !? .02  mm/s :.zt 9SX:. The values 
are similar to t h o o e  fcr the ferrecene znd its derivatives . 
The analysis cf temperature dependexxe cf the Mossbauer 
effect probability f' were made fcr ferrzcene, its nonmeso- 
mcrphic derivatives and FLCn's. 
FLCn's as other metallccrganic ccmp~u~~ls may be regarded as 
molecular crystals. FDr this case f' = ' were 
and f', are , respectively, the "molecular" and the 
"!atticel' ccntrihticn tc f', i . e .  prcbabilities of the fact 
?hat absorption of gamma-quanta by the system wculd excite 
neither intramolecular vibraticns (Fe atcm vibrations around 
the center of gravity cf the FLCn mclecule) nor 
intermolecular vibrations (vibraticcs cf FLCr, mclccule as a 
whcle). 
A calculaticx based on vibration spectra shown that for fer- 
I ccene and its derivatives the m~lecular contribution f' is 
weakly dependent e n  temperature and f' = 0 . 3 . f ' , ' ,  c, Therefore 
the f ' ( T )  depexdence is determined mainly by f' ' T )  charac- 
ierizing the dynamica! propertias zf  the molecules of the 
conpcunds studied, a5 menticned a b ~ t ' e .  

The "lattice" contribution to f' in the c a s e  cf molecular 
crir=+a!s 1 * -  may be adequately described. by Debye's model of 
u v  cn1;ds .  A 4. Therefore, ::sing the high-temperature approximation 

5 

f'M ' M ' L '  
u 

M 

L \  

* 
where hIj - the effective Dehye temperature acd taking into 
aC!cG*Lnt t h e  CSrrefatiCR 

( 2 )  
6' = - , .$ \ I  2 
'L 7 '  ' 

where-ZC is reduced wave length cf the gamma-quantum and 
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FERROCENE MESOGENS [2579]/13 

<X2> - the mean square amplitude of vibrations of molecule 
in the direction of gamma-quanta propagation, it is possible 
to estimate 6; and < X  > for compounds studied from experi- 
mental dependencies of In f’ ( T). 
The experimental data f’(170K)/f’(77K) and the values of 
<X > estimated from the equation (2) for ferrocene, its non- 
mesomorphic derivatives and FLCn compounds are given in the 
Table I. 
A greater temperature dependence f’ for FLCn’s, as compare 
to ferrocene and diacetylferrocene (DAF) reflects the diffe- 
rences in dynamical properties of these compounds. These 
differences apparently arise from the connection of the 
long-chain mesogenic substitutes which results to the most 
“loose” molecular packing because of steric hindrances. Such 
“loose” molecular packing weaken intermolecular bonds in 
FLCn’s and results to increase of vibration amplitude of 

Y 

2 
Y 

2 
7 

n 

molecules <x’>. 
7 

2 TABLE I Temperature dependencies of f’ and <X > values 
for FLCn’s and nonmesomorphic compounds. 

f’ (170K) < x 2 > *  1018sm2 
f’ (77K) 7 7K 170K 

Compound Phase 

DAF* Solid 
F* Solid 

FLC8 Solid 

FLClO Sol id 

’ FLC12 Sol id 

Glassy NLC 

Glassy NLC 

Glassy NLC 

0.72 
0 . 6 0  

0 . 4 6  
0.32 
0.50 
0.43 
0.35 
0 . 3 2  

0.5 1.1 
0.8 1.8 

1.2*0.1 2.7*0.2 
1.9*0.2 4.1*0.3 
1.1*0.1 2.4*0.2 
1.3k0.2 3.0k0.3 
1.6k0.1 3 . 5 k 0 . 2  
1.7k0.2 3.9f0.3 

8 * - data were taken from V.Ya.Rochev et al. 

2 
Y 

It can see from the Table I the <X > values for glassy LC 
phase lower than those for solid phase of FLCn compounds. 
From these data it is evidently that the dynamical properti- 
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14/[2580] V.Ya.ROCHEV AND V.G.BEXESHEV 

c:s of the FLCn's lattice in solid phase and glassy LC phase 
are really different. 
Jn our investigations we observed the deviation of In f ' ( T )  

dependence from linear behaviour near 25OX even in the 
crystal phase of FLCn's. Clearly this deviation must be 
associated with excitation of additional degrees of freedoms 
corresponding to .phase or relaxation transitions. It is 
logical to prcpose that such peculiarity for FLCn's 
associated with the "defreezing" of mobility of its 
hydrocarbon chains above 250X. Our preliminary solid-state 
PER experiments also fixed appearance of new movement form 
at this temperature. 

I , .'- 
k 

FIGURE 3 Mossbauer spectra of FLClO "fast" cooled from ne- 
matic phase ir, the absence of a magnetic field .(a), 
in the magnetic field directed parallel (b) and 
perpendicular ( c )  to a gamma-quanta beam. 

The FLCn molecules were aligned in nematic phase by the ex- 
ternal magnetic field cf 6.7 kG. Figure 3 presents the Moss- 
bauer spectra of FLClO "fast" cooled from the NLC phase to 
the temperature of liquid nitrogen in the absence of a mag- 
netic field (a) as well as in the magnetic field directed 
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FERROCENE MESOGEMS [mi pi s 

parallel (b) and perpendicular (c) to a gamma-quanta beam. 
Similar data were obtained for other compounds under study. 
As one car. see from Fig.3 , the orientation in a magnetic 
field results in the appearance of QS line asymmetry A, in- 
dicating alignment of FLCn molecules in NLC phase. From the 
character cf angular dependence of A ( d ) ,  where 8 is the 
angle between the magnetic field direction and that of the 
gamma-quanta beam, we concluded that the sign of the princi- 
pal component V z z  of the electric field gradient tensor is 
positive for FLCn's as well as for ferrocene. 
F'rom the analysis of angular dependencies of A ( B )  and f ' ( t 3 )  

we obtain the additional according to D.L.Uhrich 
parameters, characterizing dynamicnl properties of FLCn 
molecules in the ordered glassy MLC phases: the 
orientational order parameter S, intramolecular EM and 
lattice EL contributions to the zuzlear vibrational 
anisotropy. Table I1 compares these data with those for some 
other LC-systems. 

0 

TABLE I1 Parameters obtained from Msssbauer spectroscopy 
of LC compounds oriented. by a magnetic field. 

EL 1.C compound S 

FLCB 0.2710.05 O.lle0.04 -0.04rt0.05 

F L C 1 0  0.2?*0. CS 0.04*:0.04 -0.07iO. 05 
N B+FLC 1 o * 0.36*0. 05 -0.02i0. 34 -0.10*0.05 

* *  
BBOA+FLC10 0.67*0.08 0.13*0.c4 -0.?2*0.05 

1c 
11 

* - data were taken from V.G.Bekeshev et al. 
* * - data were taken fron. V.G.Bekeshev et a1 . 

It follows from the Table XI that order parameter S = 0.2- 

0.3 for individual FLCn's is essentially increases under 
introduction their into nematic (NR) and especially smectic 
(BBOA) LC-matrix. This effect arise from the additional ori- 
enting influence exerted by the LC-matrix and shows that 
FLCn's may be used as a good molecular labels under investi- 
gations of the organic LC by Mossbauer spectroscopy. 
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16/[2582] V.Ya.ROCHEV AND V.G.BEKESHEV 

The small values of E imply that intramolecular vibrations 
:ire nearly isotropic, which is typical for disubstituted 
derivatives of ferrccene'?. The values of E, are in good ag- 
reement with available data for other LC systems. The nega- 
live sign at E, means that molecular motion parallel to the 
orieriting field possesses less freedom than when it is nor- 
mal to the magnetic field in the glassy LC phase. 

M 

L1 

*A 

Yhermal stability 
The problem of thermal stability of MM is very important 
under study their dynamicaf and structural properties. In 
particular, under x-ray study o f  the structure of LC phase 
::=me of the ferrocene mesogens authors had the experience 
difficulties caused by thermal destruction of studying 
compounds in LC phase. The FLCn's studied in our experiments 
were stable in the whole temperature range. However,it has 
hcen found that under multiple hesting in air to the 
i:inperature corresponding isotropic phase give rise to 
destructicn of FLCn ccmpounds. In order to understand the 
nicchanism of thermal destructicn we obtain Mcssbauer and 
X-ray photoemission spectra for initial compcunds and for 
jntermediate and f i n a l  products o €  FLClO destruction. From 
?he analysis cf these data we conclude that under multiple 
):eating in air FLCn's results in hoking o f  Fe-C bonds and 

with arising of active forms of Fez+ which turn into Fe 
forming of high disperse Fe Oxides. 

12 

3+ 

~ONCLUS I oris 

Mossbauer (Pe") spectroscopy, calorimetry and X-ray 
photoemission spectroscopy were used for study of molecular 
structure, dynamica! properties, solid phase polymorphism 
and thermcdestructicn mechanism of nematic ferrocene 
mesogens. It w a s  shown that all these compounds show the 
: :sl id state polymorphism with cne metastable and, at least, 
two stable s c l i d  phases. The scheme of phase transitions 
depending from thermal history was proposed for FLCB. 
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FERROCENE MESOGENS [2583]/17 

The heating of FLCn's at the temperature cf isctrgpic phase 
results in brcking of Fe-P, bonds and arising zf Fe ions as 
high disperse oxides. 
According tc MGssbauer data t h e  intermolecular bonds in 
FLCn's are essentially weaker in czmpariscn with ferrocene 
and its ncnrnesomorphic derivatives. 
The FLCn molecules are aligned by external magnetic field 
with the order parameter S = 0 . 2 - 0 . 3  fcr individual compo- 
unds, S = 0.36 for their solutions in nematic solvent and S 
= 0.67  for their solutions in smectic-B solvent. It shows 
that the FLCn's may be used as a qcod molecular labels for 
study of the organic LC'z by Mcssbauer spectrcscapy. 

3+ 
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