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Abstract . A simple theoretical method based on the theory of equation ol state is proposed to investigate the isothermal compression of 
fhenium upto VA' = 0 714 Thermal expansion is reported from room temperature upto the melting temperature -  1453K) by varying the pressures 
Irom 0 to 200 GPa. The results arc compared with the available experimental and theoretical data The gt>od agreement obtained with the results based 
on the first principle calculations, support the validity of the present work
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R henium  R c (Z  =  7 5 ), w id e ly  spread throughout the earth's crust, 
has a ttr a c te d  th e  a t t e n t io n  o f  th e o r e t ic a l  11) a s  w e l l  as  

ex p er im en ta l 12] w o r k e r s . R c , a tra n s itio n  m eta l e le m e n t  

c r y sta lli /e s  in h ex a g o n a l c lo se d  p ack ed  structure and is found  
lo be s ta b le  \2\ w ith  ib c  sa m e  stru ctu re  u p to  its m e lt in g  

tem perature =  3 4 5 3  K ) and no p h ase  transition  o ccu rs upto  

the pressure 2 1 6  G Pa, It has b een  u sed  as a g a sk et m aterial in 

high pressure d ia m o n d -a n v ih c e ll exp erim en t 13,4]. B eca u se  o f  

Its h igher y ie ld  strength , it is  ex p ec ted  to  avo id  "punch through"  
at the corners o f  the d iam on d  until h igh  pressurs arc reached . 

An exp erim en ta l a n a ly s is  o f  R c has b een  p erform ed  by Vohra et 
a l  12] to calibrate  the ruby flu o r e sc e n c e  m eth od  for pressure  

determ ination  u sin g  X -ray  d iffraction  m eth od . Vohra etal  used  
the i.sothennal equation  o f  sta le (E O S ) d erived  from  sh ock  w a v e  

data. S ikka  and K um ar 11J h ave  p erfo n n ed  a critical study o f  the  
exp erim en ta l resu lts reported  by Vohra et al. T h ese  authors [ 1 ] 
have u sed  a first princip le  com p u tation  based on a linear m uffin - 

tin orbital e lec tro n -b a n d  theory. It has been  fo u n d  that their  

ca lcu lated  isoth erm  departs s ig n ifica n tly  from  that d erived  from  
shock  w a v e  data [2 ]. H o w ev er , the isotherm  has b een  fou n d  to  

agree w ith  the other isotherm al E O S viz. B irch  M um aghan  (B M )  

and U n iv ersa l E O S . T h e d isa g reem en t b etw een  ca lcu la ted  and  

sh ock  w a v e  data has b een  d is c u sse d  by S ik k a  and K um ar [1 ]. 
M oreover, the th eoretica l m eth od  [ 1 ] se e m s to  be d ifficu lt and is  

lim ited to  a particular tem perature viz. isotherm al con d ition . T he

m ethod  d o es  not in c lu d e  the e ffe c t  o f  h igh er  tem peratures, as 
gen era lly  o ccu r  in g e o p h y s ic a l p ro b lem s. T h u s, it is leg itim a te  

and m ay be u sefu l to  p o in t out so m e  s im p le  m ethod  w h ich  

in c lu d es the e ffec t o f  tem perature a lso , w h ich  is the purpose o f  

pre.sent w ork.

A  s im p le  theory o f  the b eh a v io u r  o f  m atter under extrem e  

c o n d itio n s  has b een  reported  by K um ar [5 -7 ]. It has b een  found  
that the theory thus p ro p o sed , g iv e s  a better agreem ent [5 -7 ]  

w ith  the exp erim en ta l data as co m p a red  w ith  the M u m agh an , 
(B M ) and U n iversa l E O S . D u e  to  the s im p lic ity  and applicability  

the theory is b e in g  freq u en tly  u sed  in the literature |8 - 1 0 |.  T he  
a n a ly s is  o f  th e  th e o r y  is  a v a ila b le  e ls e w h e r e  [7 ] and the  

m athem atical fo m i reads as fo llo w s  [ 11, 12]

1 I AP 
In 1+ -------

fln 0 )

w h ere V7Vq is  the re la tiv e  ch a n g e  in v o lu m e , P the pressure, T 
tem perature, a  the c o e ff ic ie n t  o f  vo lu m e  therm al ex p a n sio n , B 
the bulk  m o d u lu s, O refers to  their v a lu e  at in itia l co n d itio n s  viz 
at room  tem perature and a tm osp h eric  pressure. A =  (B^ + 1) ,  

B q is  the first order d e r iv a tiv e  o f  B w ith  P. A t re feren ce  

tem perature (T  =  T^), cq . ( 1) is  u sed  to  co m p u te  the v a lu es o f  

VIVq at d ifferen t P . T h e resu lts  thus o b ta in ed  are reported  in
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F igu re  1. In T ab ic 1, I h ave q u o ted  the n um erica l va lu es o f  P 
co rresp o n d in g  to  the V7V^ =  0 .7 3 4  w h ich  has been  taken as a  
b a se  p o in t for co m p a riso n  by earlier w orkers ( 121. T he resu lts  

ob ta in ed  in the presen t w ork  are found in a g o o d  a greem en t

N o w , i f  I p u l /̂ () =  4  in eq . (2 ) , it b e c o m e s

Figure I. isotherm.s obtained by different methods

w ith  the resu lts b ased  on  first p r in c ip le  c a lcu la tio n s  [ 1] and are 
far better than th e  B M  and U n iv ersa l E O S  (T ab le 1). T he sh o ck  

iso therm  is fou n d  to d e v ia te  largely . T h e p o ss ib le  rea so n s for  
su ch  a d ev ia tio n  h a v e  b een  d is c u sse d  by S ik k a  and K um ar 11 ].

Table 1. Comparison ol pres.surc H (in GPa) obtained from different 
methods 11. 2] at the compression point (V/V̂  ̂ = 0 734), using = 372 
GPa, and it’ 5 41

Method P

1. Shock isotherm 216

2 Birch-Murnaghan (BM) EOS 266

3 Universal EOS 257

4. First principle calculation 264

5. Present work 261

/ ’ =  3 B o/ 0  +  2 / ) 5/2
(2)

w here ^  ~ ( r -

P  =  3 f i o / 0 + 2 / ) 5/2
(3)

E q. (3 )  w h ich  is  a sp ec ia l ca se  o f  B M E O S , m ay be va lid  on ly Inr 

lo w  p ressure ran ges (ab ou t 10 G P a ). O n  the other hand, eq. (2) 

[in w h ich  Bq ^  4J is  found  to  w ork  in h ig h  pressure ranges [ 17

2 0 ]. V ohra et al  [2 ] u sed  eq . (2 )  and fou n d  Bq- 4  . T hus, their 
resu lts arc eq u iv a len t to  eq . (3 ) . W alzcr [2 1 ] stu d ied  H ugonioi 

cu rve  u sin g  a sem ith co rc tic  ap p roach  and reported P q =5.3SX  

W alzer's v a lu e  o f  Bq is  in a g r e e m e n t w ith  the u ltrasonic  

m easured  va lu e o f  Bq =  5 .41  as q u oted  by S tein b erg  [ 2 2 1. Sikka 

and K um ar [ 1) h a v e  a lso  taken =  5 . 4 1 and =  3 7 2  G Pa 121 
for their stu d ies . In v ie w  o f  the a b o v e , the author has accepted  

By = 3 7 2  G P a and = 5 .4 1  as m o d el param eter.

H ere, it sh o u ld  be m en tio n ed  that the m o d el con sid ered  in 
the p resen t paper is  co n s is te n t w ith  the eq u ilib r iu m  condition  

[5-7j. E q. ( 1) is a lso  u sed  to  study the tem perature dependence  

o f  V / V q at d ifferen t p ressu res u sin g  ~  18 .6  x  10  ̂ K“‘ as 

g iv e n  by L id e  (231. T h e resu lts  thus o b ta in ed  arc reported in 

Figure 2. T he v a lu es o f  V/Vq are found  to increase by increasing  

T, H o w ev er , th is in crease  b e c o m e s  le s s  as pressure is increased  
W hen the tem perature and pressure arc very  h igh , the variation  

o f  V / V q  is very  sm a ll. It s e e m s  that the e ffe c t  o f  tem perature is 
b e in g  c a n c e lle d  by the e f f e c t  o f  p ressu re. T h ese  resu lts au  

reported  in the a b sen ce  o f  ex p erim en ta l data, m ay be help lu l It'i 
p lan n in g  the n ew  ex p er im en ts  in the fie ld  o f  h igh  pressure and 

h ig h  tem p era tu re . S u c h  r e su lts  are o f  u rg en t n eed  for ihc 

g e o p h y s ic a l a n a ly s is  o f  rhen iu m  [2 3 ].

Wohrdetal \2] used  B M E O S  for their a n a ly sis  o f  sh ock  w a v e  

data. It has a lso  b een  c o n c lu d e d  in the J ea n lo z ’s papers [ 13, 14] 
that the third order B M E O S  is the m o st su c c e s s fu l a m o n g  the  
other f iv e  p o ly n o m ia l fo rm s in rep resen tin g  the sh o ck  w a v e  

data. T h u s, it is d iff ic u lt  to d o u b t on  B M E O S . A ctu a lly , the  

v a lu e  o f  B q =  4 .0 5  ob ta in ed  by V ohra et al [2 ] se e m s to  be  

doubtfu l. N o t o n ly  Vohra et al [2] but so m e  other authors [1 5 ,1 6 ]  

h a v e  a lso  taken By =  4  in h igh  p ressure m ea su rem en ts, w h ich  

is a crude ap p rox im ation . T h e v a lu e  o f  B q reported  by V ohra et 
al is  very  c lo s e  to  4 . H ere, it sh o u ld  b e  m en tio n ed  that B q =  4  is  

not a ccep ta b le  in B M E O S  b eca u se  it d istu rb s the m ath em atica l 
form  o f  the E O S . T h is  m ay  be u n d ersto o d  b y  lo o k in g  in to  the  

m athem atica l form  o f  the E O S  w h ich  reads as [2 ,7 ]
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Figure 2. Thermal expansion at different pre.ssures using eq (1)
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