
R e p o r t  F<o. 7 3  

A NET? FORI",IULA FOR CALCULATIP!G 

T!IE CIIANGE I)! TEMPERATUR-E OF 

FUSIOI\! OF ALKALI AS  '?ELL AS NOBLE I-IETALS AT 

PRESSURES UP TO 4 0  Ki;  

CY 
4 
! 1(. i Iukiler j ee 



A. N e w  Formula f o r .  C a l . c u l a t i n g  t h e  Cllange i n  

Tempera ture  o f  Fus ion  o f  A l k a l i  

as  w e l l  a s  

ru'oble h l e t a l s  a t  P r e s s u r e s  up t o  4 0  KB 

Department  of  h i a t e r i a l  S c i e n c e s  

S t a t e  I J n i v e r s i t y  of  X e ~ s  York 

Stony B ~ O O K ,  L. I . ,  x.  Y .  



-- -- 

, I : ,  8 .  

' , 
I ,  I : 

2 !. 
? r 

.. . _ I .  
> . I 

! . '  

( '  
1.. I 

. . :: i 
.. I . , >  . ,  

1 
. . 

{ , .  

; ; I '  . .  , 

*. . 
ABS TRACT i 

., , 
' i ,  

8 ', , . 

2. ; 
i ' .  

'Kraut and Kennedy (1966) have prososed a new melting * ? :  ,, , . . 
i r  

law at high pressures wherain the melting temperature in i. I 

1 

degree centigrade at a given pressure Is a linear fwotion , : , 

of the room~teaperature compression bv/V0 at the same 

pressure, The proportionality constants in their equations , 

are determined emp2rically. In t h i s  present endeavor it I s  
P 

shown that the increase in melting temperature AT, at a 

given pressure is a linear function of the product of the 

room-temperature compression AV/V, at the same pressure 

and the absolute melting temperature at ordinary pressure. 

The proportionality oonstants in the present case have 

been calculated from sim3le thermodynamic considerations, 

The agreement between the oalculated &nd the experimental 

values of these constants is quite good. The proposed law 

where AV , A8 and. S1 are volume change on fusioa, 
f f 

-latent heat of fusion and molar volume respectively at 

ordinary pressure and X, is the average room-t;emperature 
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I. INTHODUCTION 

Xraut and Kennedy (1966) have proposed an empirical 

,melting law at high pressures. It is shown by thqq .t;hsic b3:::"~. 

the melting temperature in dep;ree cen"cip;ade at a'given 
\ 

pressure is'a linear funotlon of the room-temperature com- 

pression Av/v, at the same pressure. Their result is re- ; 1. 
. I 

produced in fig. 1. It must be noted that' although their 

finding is indeed very interesting and quite useful in L 

extrapolating experimental data, the very empirical nature I 

I , i 

of the law does not permit any prediotions in the absence of ,: 1 
, .  . -  

'both high-temperature and high-pressure data. The loss of 

generality of their law stems from the ra th& unfortunate 1: . 

choice of centigrade rather than the absolute thermodynamic - 
. 1 1  

. temperature scale, It is the pu~pose of this article to show 
i ; 
[ 1 

that if Xraut and Kennedy's (1966) law is reformulated in : I 
terms of absolute temperature then a general law of melting ' i i 

. i' 
at high pressures oan be obtained which does not oontain ' 1  . i : : .  

' I  

i 
any empirical constant. 

If the absolute melting t eape ra twe  at a given high I 
1 / I 
1 ; L 

P 
pressure is written as T, sad the melting temperature at 

0 
ordinary room-pressure as 'E,, then 



, I 1--- - -,., ~ 

i / I . ;  ' . . 1 
I 

; i :  
i 

I 
I 1 . , 

J 
' I  

4 I .  
P II ' 

I 
where AT is the inorease i n  melting temperature a t  a 

m I 

pressure P (higher than room-pressure). Let the room-tempreature - 1 '  
P .  

at a pressure P be (AV&)~. By plotting AT 
m 

versus ( AV/V,)~ , a straight l ine  of the form 
1 

i:, 
I ' 

i s  obtained for different values of pressure P, Using. I 

: ' I  

Bridgmanls (1948) room-temperature compression data and 1 , ,  

!* . 
Newton, Jayaraman and Kennaayls (1962) melting point data ' ! ', '. I n  

P P 7 .  
for alkali metals we plot ATm versus Tm ( AV/V ) as shown I ' 

0 P 
in fig. 2, Worn fig. 2 we have 

- .  

:': 
I.. . 
,' 
I .  

P 0 ! 
A T  (Li) = 0.55~,( AV/V~),~ l l e l l e l l l l l l . (3) 5 ' m .: a * . r 

.:! 
0 P I ,  

ATm(Ra) = 1.66~ ( A V / V ~ ) ~ . ~ ~ . . ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ . . . . .  (4) 
I 

L :I 
m :I 

'2' 
( I 

P 0 
AT ( ~ b )  = 1.75Tm(~v/V0) p4.eeeee.eeeeebe8e..... (6.) m 

. Similarly for the noble metals Cu, Ag and Au, we plot . 
P 

ATrn from the high-temperature data of Cohen, Klement and 

Kennedy (1966) and (4V/V ) from the room-temperature data 
P 

of Bridqman (1949) as shown in fig, 2, i?nh for thcss metals 
', 
, we have (from fig, 2) 
._ 

P 0 AT,(cu} = ~ . ~ ~ T , ( A v / v  ) *40eeeOb@.b@O.e*..,..(7) 

Q P 



I I 

\ Now in order to oaloQlate the oonstaa t  C in eqn,(2) i .  1 ,  I 

" .. 

we proceed as follows, From eqna(2) 
i :  1 I 

P 0 0 :: 
T m 0  T = C T,(Vo . V)/VO .*...*.*.....ee..e..e (10) C, 4 ' 1  

i , , I !  

m :... , t ,  

0 1 :  { ' I  where V > V. Sinoe T and V are constants for a given I 

0 m .  0 . h 
I I :  

: '  , 
/ .  1 

element, differentiating eqn.(lO) with respect to pressure P i i i  

, , 

0 
, 
;I, 

d ~ . / d ~  = (-c T /V ) ( d v / d ~ )  (11) I -  ... . .*.........*..... 
m m 0 I, , 

We note from fig.2 that eqn.('lO) holds for the entire 
: , , I4 
3 .  

pressure range from zero pressure up to 40 KB or higher, and ; .  . . I 
t. 

"the slope is oontinuous throughoue. Thus we could choose a I N  

0 
, I  

I 
pressure P such that PI = (P +. a) andma-0, le. a pressure . 

' 

1 
0 very olose to the room-pressure P . Since !:I 

I , !  ; 
.;: I 1  

' I 

:; I 1 . i  1 ,  
I 

v (dv/ap) = 3( (12) 
I , ............... Y b * * a * * * e  
I 

t .  
' 1 
' 1 ;  ; 

. : i ' 
I ' i  

where.;( is the compressibility of the solid, in the first I @  I ' . E; 
6 I 

, approximation we could substitute the compressibility at I I ,  1 

I I I '  
I / 

3 0 0 ~ ~ .  Thus 

0 
. d ~  / d ~  = c X T  ..... ; ............. .........o(13) 
m iil 

$ 

: But from the well known Clapeyron's equation 

0' 
d~ /a = T (AV~/AH;) ..... o. . . . .o . .~" .  (14) 
m n 

. . 

. . 
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where A V  an4 A H  are the volume change and latent heat of 
f F ' I  I 

I fusion respectively at the normal melting point. The volume $, I 
. , I  ' 

I I 
I 

change on fusion i s  generally expressed as a fraotion 2 .  
I 

I 1  

i 

I i f  
I 

a'fi/n. = cn - n. ................. (15) , I I % I I 
1 s s , I I 

I i  

where fi and n are the molar volumes of the liquid and i 
1 I 

1 S I I i 
the solid respectiirely at *he meltlng point. Thus the . . I I ; 

!' 

experimental volume change of fusion must be multiplied by' 

the molar volume of the solid at the melting point. In the 

first approximation at the melting point can be replaced 
S 

by the room-temperature molar volume . From eqns. (13). 

Thus from eqnsm(2) and (16) the new rnqlting'law at high 

pressures could be written as 

111, RESULTS &ID D I S C U S S I O N  

In table 1 the calculated vaZues of C from eqn.(l6) 

are compared with the oorrespondir,g values Prom fig.2. In 
( ! j  1 

; the case of Li the disagreenierlt between the calculated ad. f i f 1  
! j :  1 : , -  
I I 

the experimental 'value of the slope is greatest. It must be 
' 

, noted that in table 1, the value of A V p  is written within 

parenthesis indioating that this value is probably less 

accurate. If . for Li the  vo3,ume c'nanga of fusion 1~ -ke.kc?g 
I 
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Table 1, Comparison of the  experimental and the  calculated 
values of the constant C, Also shorn are the selectee 
values of the relevant physical parameters used in 
this calculation. 

ef"r x Element A V  A Hf Slope C 
3 cm. per cm?/dyne f Gal. per  Zxperimental Calculated 

gm. atom 
X I O - ~ ~  $ 

gm.a.t;om 

i 
Li 13.0~ 8 . 3 ~ ~ ' ~  (1.61~ 7 ~ 7 ~  0.55 0.82 .. 

csf-5 a 
Na 23.7 13.63 ~ . 5 ~  627g 1.66 1.66 . 

f 
K 45 5a 27.63"' 2.55 g62g 1.60 1.78 

a 36.39"' f 
~b 56.2 1 2-50 540' 1.75 1.74 

b 
cu 7.601$ 0.725~ 4.60 3118' 3.96 3.70 ! b -  3' f 
Ag 10.9695 0.965~ 5.23 1 2730 5.26 5.11 

b I f 
Au 10.7898 0.573~ 5.56 1 3060, 8.12 8.18 

I 
b 

# Value at the melting point .  
( ) Indicates probably less accurate value, ' 

a. Mott and Jones (1958). 

b. Cohen, Xlement and Kennedy (1966). 

c. 3ridgman (1948). 

d. Bridgman (1958). 

f, Smithells (1955). 

g. Hultgren, Orr, Anderson and XeLley (19631, 








