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Expressons for the isothermal prossuse dervasives of the hqud
structure factor have been obtainoed in the p~!/2 model under tho
mean spherical model approxmation  The theovetical trends {or
liquid sodivm ave 1 good qualitative agreement with the expen-
mental observations for (3S/0F), Tn the case of meveury it has
been found to yield the same set of results over a wide range of pres-
sures (124 hars)

I TNTRODUOTION

The struetare of hquds can very well he understood with the language of dis-
tothution functions  Bgelstall ¢ al (1969, 1971, 1972) have reproposed a method
ol determumng the haghet order, ospocially the trplet g,(r, s) and quadruplet.
gar.s. t) distubution functions theough the sothermal pressure denvatives of
the structute factor, S(k)  Recently an expression for the isothermal pressuro
derivative of S(k) has heen obtamed in the p=/% modelunder the mean spherichl
model (MSM) approximation and the vesults for hquid rubidmm arve m good
agreement with the expornment (Gopala Rao & Murthy, 19754, heroalter veferned
to s I) I thus paper i proposed to extend the same 1o derive an exprossion
for the second pressure devivative of S(k) and the results for hquid sodmum,
mereury and rabidium will he discussed

2  THEORY

The velatton hetween (AS(F)/AP)  and the correction texms, H(r, s). over
the superposition approximation can he written as (Egelstafl et al 1971)

pEJexp(ik.r)dr [ Hir, s)ds — (2m) 3p Y[ S(k)—1]*[S(k)—1*

41 S(k)—17[S(O)+ S(k)--1|- pkgT WSE gy oy
ar m
The second pressuro derivative is rolated to g,(r, 5. t) as (Egelstall & Wang 1972)
R8(k) a8(k) a8(0)
me l— N ) R 7 R - . U/
(pksT) ( P ) . pkgT <_61’ )T FL1=-S(k) |,,k31'< = )T

HT3S(0)— SHO)1 - S(k) |4

pJexpGkr)drp[ds pk”T[ag"T(;,'s—)--—ag_;f)_ 3%(%)] o (2)
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and

A oo ;
ﬂkaT(iB”(—:;y.'—m = p[{0a(r. 8, t)—g,(r, s)idt-l 3p°ay(r. s) e (3)

The star in eq (1) indicates ths convolution
In the p-12 model, the isothermal pressure deivatives of S(k) are given hy,

plrz;'/'( 07‘;‘1(7,‘)-)1' - -—-;— S52(0) (0‘?;(,:”) ) o ()

and

(ohury (") = Ry [P0 1750 ) o

], ok YA

The details are given in T and the final expression obtained for (28(k)/aP)y
wnder the p=13 modol and MSM 15,
plen (DS ()]0 )= [85(0) S2(k)y (ker)®)
a(ka)?| (2o —3)sin ka-|-8ko cos ko |+
+ (ko )| (4k20t—8)cos ko-| (k%02 B)ko sin ko -+ 8]
Fyl (Kot =122 + 24)6 cos kaH- (Kot~
—24k*a*+ 144)ko sin ka ~144- - (c [kpT)(ke)* =
< [(A*kEa? --3)sin Aka +3Aka cos Ako - (3—k2a?) >
s sin ko --3ka cos ko) .. (6)
with g == mpatl6, o = (1 2920 =%, B - —6y(1 4 9/2)2/(1--4)" and y — (p/2).
(1-F 2%/ =)t

p is the average number density, o the hard sphero diamoter and ¢ and A
roprosent, the depth and breadth, respoctively, of the square woll usod

Proccodimg as in T, the vesult for eq (5) follows as,

2
(kT2 ( rqa_,ff?)r RSO0 3k )| X

<la(ko)d| (K2ot-—12)ke cos ko +-(12— bk*o?) ¥

X Nin ko |4 Blko )} (ko —20k202+-40)cos ko-|

-+ (20— 8k*a®)2ko sin ko — 40 |- y[ (kb —

— 420"+ FO4kto? — 1008008 ko (— kot |-
+21k202—126)8k0 sin ko - 1008 | —(e/k, T)(ka) >

< [(12—522k202)sin Ako - (A%k20t—12)Ako cox Ako-

+(5k20®—12)sin ko 4-(12—k20?)ko cos ko'l}-

— (2pkaT/3)OS()AP)[25(0) (3pkyT]S(k) ¥

X (38(k)[0P)r). v (0

Eqgs «6) and (7) are fundamental in character sinve they relato (0S(k)/0P)y and
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(PS()DL% 7 to the moleenlar parameters. o, « and A, The results for liquid
sodium, mercury and vdndium are shown in figures 1 and 3.
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Ig 1. The wothormul presswo derivative of S(R) : (1) merewry_ob T = 204,9K and P
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Fig. 2. The function H(k) tor tho oases (a) and (b) heted m Kigure 1.
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Iig. 3. Tho isothormal socond pressure derivatives of S(k) for the cases (a), (b) lwted in
Figuro 1 (¢) : rabidium at ' =~ 333K and P = 043 &k bhars.

3 Resururs AND Discussion

The parvametets o, € and A have hoen detormined noar the molting tempora-
tures by fitting cq (4) of T with the experimental value at the first peuk position
(Gopala Rao & Murthy 1975h).

In line with the exporimental ohservations (Wasoda ¢l al 1974a) a shift in
peak positions of 8(k), with increase of pressure by about 0.1 A has hoen observed
in all the liquids studied However, in the case of sodium, the peak height
imeroased by about 15%, with an incroase of preesuve by Skbavs and this has
rosulted in a lugh poak m H(k) ourve (see Figure 2). In the case of hquid
morcury, caleulations have been porformad over a wide rangs of pressures (124
burs) and we prosont ouwr rosults al P = 2k bavs and at P == 12k hars m Figuves
1-4, us it hag beon found to yiold the same set of values at all other intermediate
prossuros. Liquid meroury also reprosents a temperature independent structue
(Wascedu ¢t al 1974D, Gopala Rao & Mwrilyy 1974).

The minimum in (.S8/2L)yp corresponds to the peak in S(k) cwrves  Qualita-
tively the gonoral features of (88/01)g (for liguid sodium) (Waseda o ol 1974)
are in good agroemont with the cxperimental obscrvations. Here we vould not
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conelude quantitatively owing to the lack of cxporimental (numerical) data.
To ouwr knowledge thore is no experimental data on (928/dP2) {or liquid metals
fivthe hght of the suceoss of thas model (Gopals Rao & Murthy 1975b), we
helieve the prosent, vesults 1o be of considorable mportanee in the absonee of
expetimental data

The contubution of (A8)0L)p and (928/01%)g teving to the triplet and quadrup-
let: coveelation functions, vespectively is quute loss M figwre 2 we show the
tunetion, H(k) for hqud sodmum and morcury and the mtegral over the 1sothermal
pressute devivative ol the triplet corrolation (1e integral w eq. (3)) for liquid
sodnim meveury and vubidinm in figure 4 The convolution in eq (1) has been
performed by w Fouror transform technigue, takmg care to (nsure the ovthogo-
nality of the disercte sine teansfomms (Lado 1971)

= B

.,_u/ﬂ\,//\yé B
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g 4 The intogral over (8y4(r, 8)/aP)p m eq. (2) for tho casos histed 10 Figuro 3.

Tn the caleulation of the integral in eq. (2), all tho quantitios except~(dS(0)/
AP)p ave known (egs. (6) & (7)), Smee the p~1/8 model fals m the limit & — 0
(sev o (4) Egelstaff ¢/ al 1971) we wie un expression for 28(0)/aP)r , which we
ohtam withm the {rame work of MSM as,

bt (P0) o) [1- 0 (L)L ] ®
" “gp ( ﬂlql )T = 8(0) [(!-" 21")((11 l_(:;}): ) _;cﬁ_g'e('\n_”] @
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where use has hoon made of the relation,
[1/8(0)] = a—8ye(A3—1)[kgT' .. (10)

which is tho result of cq. (4) of T in the limit £ — 0. Here fp is tho isothermal
sompressibility.

4. CONOLUSIONS

Tt is wortlyy to mention that the same set of parametors, fittod to give tho
correct experimental {irst peak in S(k) curve, have boon used to deseribo well
hoth oquulibrium transport moperties of liquid wetals (Gopala Rao & Murthy
1975h) and alloys (Gopala Rao & Murthy 1976).

Tlus the prosent theoretical study gives very valuable mformation regarding
the triplet and higher ovder distribution functions and forms a fundamoental
approach since it involves the potential parametors only
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