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THE PLASTIC CRYSTAL STATE OF FERROCENECARBALDEHYDE* 
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Department of Physics 
Sam Houston State  University 
H u n t s v i  11 e ,  Texas 77340 

(Submitted f o r  Publication May 1 3 ,  1977) 
ABSTRACT 

Mb;sbauer spectroscopy and microscopic observation 
indicate tha t  the s t a t e  of ferrocenecarbaldehyde 
between 43.5"C and 123.5"C i s  a p las t ic  crystal  
s t a t e  and could not  be a liquid crystal  s t a t e .  
Sudden loss  of mtssbauer e f f e c t  and birefringence 
a t  the lower t rans i t ion  temperature may be explained 
i n  terms of the increased rotational mobility of 
pl as t i  c crys t a  1 s . 

I .  INTRODUCTION 

The apparent l iquid crystal1 ine s t a t e  of ferrocene- 
carbaldehyde was f i r s t  observed by Graham e t  a l l  and more 
recently investigated by Verbit and Halbert.2 
these investigators reported tha t  ferrocenecarbaldehyde 
exhibits a l iquid c rys ta l l ine  s t a t e  between approximately 
44°C and 125°C. The t ransi t ion from sol id  t o  l iquid crystal  
i s  sharp and accompanied by a sudden loss  o f  birefringence, 
however the resul t ing s t a t e  i s  highly viscous. Verbit and 
Haller determined more precisely that  the melting t ransi t ion 
occurred a t  43.5"C w i t h  an enthalpy of t rans i t ion  of 3.0 k 
cal/mole and an entropy of 9.5 cal/deg mole, while the 
clearing p o i n t  occurred a t  123.5"C w i t h  enthalpy of 0.6 k 
cal/rnole and entropy of 1.6 calldeg mole. They suggest an 
interpretat ion of the s t a t e  i n  terms o f  p l a s t i c  crystals3 
or a1 ternat ively as an isotropic 1 i q u i d  c rys ta l .  

The loss  of birefringence prevents the assignment of 
the phase t o  one of the standard c lass i f ica t ions  on the 
basis of textures observed on microscopic observation 
between crossed polarizers.  The optical isotropy implied 
by t h i s  observation i s  the unusual and interest ing property 
tha t  dist inguishes this compound from other reported l iquid 
crystal  s .  

We have investigated the l a t t i c e  r i g i d i t y  of this 
compound as  well as the molecular isotropy of the s t ructure  
t h r o u g h  the observation (or lack of observation) of m'dssbauer 
e f fec t  i n  the temperature range of 25°C t o  55°C. 

Each of 
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11. RESULTS AND DISCUSSION 
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Observation through a polarizing microscope of a small 
quantity of ferrocenecarbaldehyde between a cover sl ip and 
slide showed the abrupt loss of birefringence near the melt- 
ing transition temperature reported above. The optical . 
isotropy persisted to room temperature, super cooling, as 
reported by Verbit and Halbert. The sample would remain in 
the super cooled state for several hours after reaching room 
temperature before crystal 1 izing to the birefringent sol id. 
Little change was observed in the appearance of the sample 
over the entire range of the mesophase including the super- 
cool ed range. 

A sample o f  ferrocenecarbaldehyde was mounted in a 2mm 
thick nylon washer with inside diameter of 1.25 cm. 
washer was mounted in a cylindrical brass oven with a 
concentric 1.25 cm hole along the axis. The oven's tempera- 
ture was controlled to within 0.5"C, however the accuracy of 
temperature measurement was 2 1°C. The gamma beam from the 
mossbauer spectrometer was directed through the oven and 
sample. A series of spectra was obtained in the temperature 
range from 25°C to 55OC. Figure 1 shows the percent effect 
as a function of temperature. 
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The percent e f f e c t  of the t h i n  sample ( A )  was normalized 
t o  be the same as the thick sample (+) a t  30.5'. 
percent e f fec t  was .79% a t  30.5'. Of course the standard 
deviation of the t h i n  sample data i s  larger than the thick 
as shown. For the thick sample the 44.5' run was probably 
a mixture of sol id  and mesophase because temperature gradi- 
ents across the sample may have been large.  Otherwise, the 
abrupt disappearance of the e f fec t  coincides w i t h  the melt- 
ing temperature. This is i n  contrast  t o  l iquid c rys ta l s  i n  
which the disappearance of the mossbauer e f f e c t  ant ic ipates  
the phase ~ h a n g e . ~ , ~ , '  The disappearance of the ef fec t  i n  
the mesophase indicates t h a t  the s t ructure  is  dramatically 
less  r ig id  than the sol id .  This is  somewhat surprising i n  
view of the h i g h  viscosi ty  of the mesophase. 
been s h o ~ n ~ , ~  tha t  the Mb'ssbauer e f fec t  would be observable 
i n  a very viscous l iquid crystal  s t a t e .  We would have seen 
any ef fec t  i n  the mesophase larger  than 0.05 percent. 

Because of t h i s  loss of t6ssbauer e f fec t  a t  the melting 
point we are  forced t o  conclude tha t  upon melting the mole- 
cule gains e i t h e r  t ranslat ional  or rotational mobility. The 
extremely h i g h  viscosity would indicate t h a t  any increased 
mobility must be rotational ra ther  than t ranslat ional .  This 
would be consistent w i t h  the optical  isotropy i n  the mesophase. 
These properties are  inconsistent w i t h  the models of l i q u i d  
c rys ta l s  i n  which molecules have substantial  translational 
mobility and minimal rotational mobility. In f a c t  ferrocene- 
carbaldehyde appears t o  be best  c lass i f ied as a p las t ic  
c rys ta l .  
second order phase t rans i t ions ,  i t  i s  well known t h a t  the 
rotational t rans i t ion  becomes f i r s t  order when the molecular 
enevelope i s  an oblate  sphere or pear ~ h a p e d . ~ , ~  The f i r s t  
order t rans i t ions  reported by Verbit and Halbert would thus 
be understandable i n  terms of the shape of ferrocene- 
carbal dehyde. 
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