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ABSTRACT: We report flSC measurements showins 
that 2-Oxaadamantaner 2-Thiaadamantane, 
2~6-Dioxaadamantane and 2-0sa-6-Thiaad~mantene 
have orientationallr disordered 'Plastic' 
phases + 

INTRODUCTION 

Orientationallr disordered ('Plastic') 
crvstal phases are exhibited br hisrhlr srmmetric 
compact molecules and the entropies o f  the 
transitions associated with these Phases have been 
correlated with chandes in molecular order+ C 1 J  
Adamlantane has lond been known to he a plastic 
crrstal, f21 so we wished to ascertain if 
molecules structurallr similar to adamantane, hut 
with srmtrtetrr reduced br the incorporation of one 
or mare hetero-atoms (0 -  or S- in this case) would 
show orientationallr disordered phases, and if the 
transition entropies were carrelated with the 
alteration in srmmetrr. 

( * )  To whom correspondance concernind this work, 
should be addressed+ 
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258 ANDREWS, CARPENTER, MARTINKO, FORT, FLOOD and ADLINGTON 

MATERIALS 

The materials used in this work were Prepared 
usinsl srntheses based w o n  standard methodsr but 
offer in3 SlJbStanti a1 1 Y imp roved ove ral 1 rields + 
C33 They were all purified b r  repeated sublimation 
until the (sealed tube) meltin3 point became 
constant + Table 1 lists the materials and 
i 1 1 us t ra tes the i r s t ruc tu r*eso 

CALORIMETRY 

Transition temperatures and enthalpies were 
measured using a Perkin-Elmer differential 
scannirls calorimeter (model DSC-1B) interfaced tor 
and controlled brr a minicomruter (Digital 
Enuipment CorPorationt model PDP-llV03) + Sample 
masc was determined usina a Cahn RG electrobelance 
and all samples were sealed into aluminium 
calorimetric cells+ Fusion o f  ADA and 2 O X A  
renuired us to use pressure cells+ The analrsis 
o f  the data was performed br the cotrlruterr usin$ 
pro3rams derived f r o m  the Perkin-Elmer 'DSC-4' 
program. C43 

The apparatus was calibrated using indium 
standards and was then checked br measurement o f  
the transition thermodrnamics o f  diarnantane and 
conwarison o f  the results with those that we had 
obtained rreviouslr b r  adiabatic celorimetrr. C53 
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TRANSITION AND FUSION OF HETEROADAMANTANES 259 

Three o f  the four transitions in crliamantarie agreed 
well both as to temperature and a150 enthalrr+ 
The temperature o f  the fourth transition was also 
in good agreement with the adiabatic result7 but 
the DSC enthalpr was about 10% lower than the 
adiabatic resultt probablr f o r  kinetic reasons+ 

We believe that the temperatures reported 
here have probable uncertainties o f  less than I! Kt 
and that the Probable uncertaintr o f  the enthalpr 
measurements is less than 5X+ 

RESULTS 

Table 2 presents the results o f  this 
investigationr listing the transition temperature3 
and enthalpies and entroriest together with an 
estimate o f  the sample purities obtained br 
analrsis o f  the melting transitions+ 

20XA f U S *  567 1940 3 * 4  9946 

2THIA fUS+ 597 1937 3 * 2 4  9 9 * 9  
trans+ 188-214 465 2.31 

2t6DIOXA fUS+ 440 903 2.05 9 9 * 7  
tran+ 276 1396 5105 

20XA6THIA f +  557 1941 3 + 4 8  9 9 * 9  
t *  224 983 4 + 4 0  

Units: Cal+r Mol+r K 
--------------------__1__11_____________ 

The fusion entropg o f  each material in the 
table is less than 5 cal/(mol K)r so that each 
Qualifies as a plastic crrstal under Timmermann’s 
original criterion+ C61 With the exception o f  
20XA each also shows a solid state transition 
which? for  ADA at leastt has been shown to be 
associated with the attainment o f  the plastic 
state+ C73 Since 20XA and 2THIA show such similar 
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260 ANDREWS, CAPRENTER, MARTINKO, FORT, FLOOD and ADLINGTON 

melting behaviouv we anticipate that 2 0 X A  will 
itself undergo transitionv but at some temperature 
below the limit o f  our instrument (180 K). 

The thermodrnamic properties o f  ADA have 
rrevi ocrslr been investigated br  adiabatic 
calorimetrrr C231 and we have included these 
results in Table 2, Whilst the transition 
temperatures are in good agreementv the DSC 
enthalpr is more than 10% less than the adiabatic 
enthalpY+ We suspect that kinetic factors are 
responsible f o r  this7 as seemed plausible f o r  the 
difference between DSC and adiabatic results on 
one o f  the four transitions in the related 
molecule diamantane+ C53 Where no kinetic factors 
intervener we have found sienerallr good agreement 
between the two calorimetric techniaues, 

The values reported in Table 2 f o r  2 O X A  are 
those found f o r  the initial melting o f  the sample+ 
Subseauent meltinds invariablr showed a drop in 
the fusion temperature to 510 K r  and a diminution 
o f  the fusion enthalrr to 1400 cal~/mol+ We 
attempted to clarifr the situation br determining 
the fusion thermodrnamics o f  a f reshlr 
triple-sublimed sample o f  2 0 X A +  For this sample 
we observed values consistent with those reported 
in the table butv on one occasion onlrv the sample 
melted initial19 at 510 K +  It seems likelr that 
we are observing the melting o f  two different 
crrstal formsr 

The transitions in 2THIA appeared as a 
cowlew o f  two small endotherms and a large one 
between 188 and 214 K +  The enthalrr and entropr 
entries f o r  this transition in Table 2 are f o r  the 
three events taken together. 

DISCUSSION 

The ~irmmetrv reduction brought about b r  the 
exchange o f  methrlene groups in ADA b r  0- or S- 
atoms does alter the transition entropiesr It is 
puzzlirls that 2THIA and 20XA6THIA (which have the 
same srmmetrr) show such different transition 
entropiesv and it seems likelr that the change in 
the intermolecular Potential has denied some 
g r o w s  o f  orientations+ A true understanding o f  
the transitions will probablr need more complete 
structural informationv and a more Precise 
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TRANSITION AND FUSION OF HETEROADAMANTANES 26 1 

d e t e r m i n a t i o n  o f  t h e  t r a n s i t i o n a l  e n t r o p i e s  b r  
a d i a b a t i c  c a l o r i m e t r r r  which we hope t o  pe r fo rm i n  
t h e  near f u t u r e +  
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