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U In thls paper are presented the results concernlng theid'
'T'Statlc structure factor S(Q), and the radial - d1str1butlon~
' funct1on g(r) 1n the l1qu1d sod1um as well as the temperaturel‘

ra1nf1uence on these m1croscop1c propert1es in the range 100" Ct”e

s 600 °C. .The results are based on a hard sphere approach
- The parameters needed 1n ‘a such ‘as approach are obtained froij
“‘neutron dlffractlon exper1ments performed in the reg1on of

'q'the small momentum transfer The structure ‘data were used in.

. i'the theoret1ca1 dynamlc models based on the mean f1eld theory L
,k'1 "'v1scoe1ast1c theory :2' and the memory funct1on approach-:
‘y"s' to determlne the dynam1c structure factor S (Q,w) for’

[

g correlated atom1c mot1ons. A three pole approx1mat1on model;‘

"Lls used for self motlon v1a s (Q,w)

o The total dynamlc fu}lct1on S(Q,w) was compared to the ex—
4~per1mental results at T=413K }4}{. It 1s concluded that good
,‘;agreement is‘obtained between the: theory and: exper1ment :
B Therefore. the theoretlcal S (Q,w) and S (Q,w) could be'
,;con51dered as the real. components for coherent and 1ncoherent

;:tscatter1ng in. l1qu1d sodium for :all 1nvest1gated temperature y
“AS the neutron scatter1ng on liquid sodium does not 1n-t

';lvolve the 'isotopic. .effects, . the experlmental separat1on of,;
W'S (Q,w) and S (Q,w) is not possible. ‘ S
e “Based on the ‘above conclusion we have analyzed further thehy
‘{temperature dependence of -the: longitudinal current correla— :g
y,tlon functions on J, (Q,w).’'and J (Q,w) . . y
1 “From J (Q,w) (w /Q )S (Q,w) -the frequency spectrum of»\

~the - veloc1ty - self ,correlat1on funct1on. ‘

‘}iqs(t)_ V(0)V(L)>/<V(0)2> i

”yfand f1na1y o(t;T) is also obta1ned. In addition to the struc¥“
igture data S(Q.T), g(r;T) a Lennard Jones pair 1nteract1on

‘7potent1al 1n the d1nam1cal models is- used., g

| e The present analys1s is a continuat1on of the J.nvest1ga—'ft

ift1on of the liquid sod1um performed by ‘us in the papers‘.&.r
6 Py s \’ ) e ﬂbl‘;&nff‘nﬂmd H}’ig‘m’?\ g : ‘
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of s(0) =

‘that for values of Q=< 1/4Q,
.f1rst max1mum) sS(Q)

EXPERTHENTAL HEASUREHENTS% THE HARD SPHERE APPROACH‘ |

- The 1ne1ast1c neutron | scattering. experiments u e
g. exp nt on lquId~ .1 ‘small at any Q value between 0. 2& ! and 9&™!

sod1um performed at the IBR~2 reactor in JINR Dubna 14} have'”

t/been'cont1nued at the VVR-S reactor in IAP Bucharest by neut;rzr

ron diffraction. The latter measurements‘ were recorded at .~

various temperatures in the region of the low wave vector“
transfer 0. 3& = Q<=1. 5& 1, '

Us1ng the conclus1on of other papers
(where Q
1s equal to 1ts value at Q”O w1th1n the“‘

'8}‘we also deduCed

corresponds to the
exper1mental errors.

19! Q/4 =
The experlmentally determlned value of'

- For liquid sodium. Q;ZK'
s(0.5871 ).

- S(O) has been used w1th1n the hard sphere approach to obtaln/’

- the hard sphere and C(Q ) the d1rect correlation funct1on

¥

- the pack1ng dens1ty of hard sphere,
'perature.

. where. n 'is the atomic density,

3density n:
'n—n/6na3

n. as a funct1on of tem—'

As 1t 1s known for

Q->0: S(Q—>0)‘ (1- ﬂ) /(1+2ﬂ) (1)

The structure factor S(Q) for simple l1qu1d can be obtal-,

f,ned as'a r1gorous solution of the Percus-Yevick theory (P- Y)'“upt
1104
‘Q(r)

for the case of a hard sphere pair 1nteract10n potent1a1 o

The. solutlon of the (P- Y) 1ntegral equatlon 1s

S S(o,)=[1—nC(ol)]" @

Q,=Qo, o is ‘the diameter‘ofv'

1
C(Ql)=—4n63f dx xz[sin(le)/Qix](a+Bx+7x3)_ (3)
.0 i : ‘

'

. fThe‘ parameters o, a, B,
3 a=(1+21)%/(1- n)
1—1/2n(1+2n) sa-m)*

B=—§n(1+n/2)2/(1—n)f: (4) -

hxzf The structure factor S(Q;T) obta1ned in the temperature;"
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0. 5&’{ and the‘Value.‘-w

5f¢m‘“"g(r T) is shown.

7. are calculated from- the péckimg‘_ﬁbn

Tte good ‘The effect of the attract1ve part of the’ potent1al is

';wave 1engths from- SOK to 0.6R. For Q>7K
: poss1b111t1es are l1m1ted wh11e the theoret1cal model1ng 1nd—

the exper1mental

I : .

s As the 51mp1e 11qu1ds metals are 1sotrop1c systems,
o rad1a1 d1str1but10n function g(r, T) =g(|r|,T).

Ve

:f :by the relatlon'

S(Q,T)=1+k4nn/o)j[g(r;T)—1]r sin‘Qr dr . (5)

rTo obta1n g(r) correctly,
f'flarge range of Q values to get the limit, S(Q,T) ->1.

"iQ;i4 ~and Q. limits is affected by errors.

de1ff1cu1t1es In Fig.2 “the radial d1str1but1on‘
From the 1ntersect1on of g(r T) w1th r—-axis

kfture dependence of the parameter d(T) is obta1ned This
_"‘al for dynamics calculations.

DYNAMIC STRUCTURE FACTOR CALCULATION

"jlpotentlal Q(r T).

:ﬁ,for calculatlon. Accord1ng to the model ‘of the Pathak-S1ngw1.
&'1';dynam1c structure factor S (Q,w) is. given by the re1a—?‘

‘tion. 3

! o range . 100 C— 600 C is shown 1n Fig.1. As one; can see agreeme—g
nt between the hard’ sphere data and exper1mental ones 1s qu1—f”’

correspond1ng to'if

i 1cates the ex1stence of the . atom1c order at higher Q- values.f
‘f,ﬂw ' TEMPERATURE DEPENDENCE OF THE RADIAL DISTRIBUTION FUNCTION L
the.

The statlc structure factor S(Q) 1s correlated w1th g(r)fu

S(Q,T) should be obta1ned over af'

xdaf;jfj? This 1s very d1ff1cult exper1menta11y and therefore,tthelh
ﬂFourler transformat1on of the exper1menta1 data between ‘the: -

Theoret1ca1 determination ‘of S(Q) allows one’ to avoid th1sf'
funct1on"

the tempera-
paraégmq

}”meter was .used in the Lennard Jones pair 1nteract1on potent1-3_

- The scatter1ng funct1on S (Q,w) has been obta1ned from,j\
T ;three theoret1cal models. These models do not 1nvolve an ad—i”
‘1}j\\ifﬁjustab1e parameter. The 1nput data are S(Q T), g(r T) and ‘the *
¥ X We wrlte down here the main formulae used;T




s (Q.w)— %%I':'~ Ll “_SQ.w)
© [1-w(Q)x (Q.w)] +[w(o)x

(Q.w)]

A

" -All functlons dependlng on (Q,w) var1ab1es are obta1ned\

from the ‘structure data. The main’ quantlty ‘to be ca1cu1ated

is the potential dependent part of the fourth order momentum :

‘of S(Q,w), named P (Q)

’?4(Q)= fdrg(r)[1-cos(or)1/oz(QV)2¢(r) (M

‘n ) <w>= QZKBT/HZS(Q)[SKBT+nP4(Q)],

The second model used for S(Q,w) is proposed in the paper.Vfu

paper; ff

12
‘;S

{. According to the . approach described in this
(Q, w) is calculated as follows:
S (Q,w)_a KeT _ r(o)[a(o)—b(o)] e

™

wt(@[w® -a(@ 1%+ 10*-p(Q)]°

:,where a(Q)-3KBTQ /M- nQ’P (Q/M L Rt
B(Q)=Q°KeT/MS(Q) ‘ o |
1/t(Q)= z/vfﬂ [a(Q)—b(o)J“2

ool

oot

» ':]Another theory,proposed in the paper }3{ gives for S (Q,uw)
’ - : S e S
“.the following relation: ' .

s(q,0) =1 s L(9)
) [w? +wQ K (w) w ] +(wQ K (w)] '
'QZ(Q)=w§-w .w2=KBTQZ/MS(Q); w3=<w4>/<w2> .

‘ The functions K (w), Kc'
and ‘these quant1t1es have the1r usual mean1ngs
' To calculate "the function S, (Q.w)
'uself motlon, we have used the model of the paper [11]

*

(8

(w) depend on the structure data, e

corresponding to the - .

o ¢
[}

'»{where 0,0,

;?:J(Q.e) is obtained according to the relation.

' S T(10)
55)}2+(w2—6 32 e

1

T " {wr(o)(w -3,

5 ;'<w2> = Q KBT/M

2<(4.) >+Q .
29 ——

Idrg(r)—-—;; T(Q)= 1/6Vf

e=2/Vn

) :

'r'there Q can be regarded as- the osc111at10n frequency sod1um‘;/

'”‘atoms

' The total scatter1ng function is obtalned from the re1a—\

- tion:

Ll - . N

are the tota1 cross sectlons for 1ncoherent and~g\

*~coherent scatter1ng

Al f1rst comparison of these ca1cu1at10ns w1th ‘the. experl-

‘~fmenta1 data from 1ne1ast1c neutron scatterlng on sod1um at;'
L T= 413K has a1ready been performed in the paper '4'
"models for S (Q,w) give rather closed results.-
S c N

A11 threef

'“fLoNGITUDiNAL CURRENT,CORRELATION FUNCTIONS~

The longltudlnal current corre1atlon functlons J (Q,w) and D

';J(Q,w) have been obtained from the re1at10ns.:12'

2 - : e N

Jl(g.w)=g; s, (@ [CCI

2
J(Q.w)——; S(Q,w)
QT

In Flg 3 are ‘shown the functlons J (Q,c) (e hw) for var1—Q'

ous temperatures and in Flg 4 are shown J(Q €) ca1cu1ated,;
‘,,from the three models for S (Q,w) at Q—1 93 1{
g, (Q,w) in Flg 3 is not norma11zed by the weight ¢ /(a +0_ )MP'
‘T_wh11e in F1g 4 the effectlve current correlatlon functlon‘,j

NN

5 ‘ : \r ~

The functlon;:v



«J(Q’g)zai/(ai+ac)qi(Q?c)+ac/(ci+ac?Jc(0fc)ﬂ‘. (13)

The funct1on J (Q,c) has a small max1mum ‘located at ‘the’
,energy transfer c 3meV and a second one at &=15meV.
detalls are observed at T=100°C.
dependence on temperature is observed.

A relatively s1gn1f1cant

Thus ‘with an increase of the temperature the f1rst max1mum

‘d1sappears slowly. The second maximum is shifted to the smal—-

ler Q values.'Unfortunately.

'with other authors, because the ex1st1ng data are obta1ned

for. temperature not far from the melt1ng p01nt and are not

ﬁftabulated

.. In the paper {12] are plotted the results on liquia sod1um

,,at T =400K compared to the molecular dynamlc calculat1ons

An approx1mate est1matlon leads to the conclus1on that our ;
‘ _results for T=400K,are in agreement with the results presen—'

I12I
c‘3mev is on resolution effect.

tedin paper

THE FREQUENCY SPECTRUM AND VELOCITY SELF CORRELATION‘

FUNCTION

‘The frequency distribution spectrum‘of,the«velocity self
correlation function is obtained from the incoherent scatte- '

ring function according to the relation

=Ry i Ja‘Q'c)‘SRET (14)
T 40

lim --S (Q,c)
Q=0 Q

The results obtained by the extrapolation method at vari-

ous temperatures are shown 1n Fig.5. A'maximum at 12-13 meV
‘,1s present 1n p(e) for. temperatures ‘not far melt1ng p01nt.
"Th1s max1mum co1nc1ded with the ma1n max1mum observed 1n

4J (Q,c) for T 100 °c. The compar1son of p(c) for T=125 C w1th
f1that of the paper 1121} at T=400K shows The
k;small d1fferences observed may be are due to p(g) determlned

112} as the 11m1t Q—>0 is taken equally with J (Q.c)

good agreement.

in: paper

6

" These

we cannot compare our results

except the conclus1on that  the peak’ at/ -

H
]

for Q=0.6987"..
‘significant /
',pos1tlon of the main peak, €.
- This behav1or can be seen from-Fig. 5a.

fgatlve

V*ture g1ven by the rad1al distribution function g(r)

At temperature as high as T=600 °c,
'fbehav1or

. bution
' T=100°c-600°C.

" cluded that a ‘hard sphere forma11sm gives

The :temperaturer dependence - of p(e) is' very
It consists in the successive sh1ft1ng of the
to smaller c as T: 1ncreases“

LAs T increases a better location of the main peak in p(c);.

is also observed. From p(g) we have calculated the velocity

self correlation function ®(t) according to the relation:

<v(t)v(o)>

P(t)=——r=223=22 =[p(c)coswtdt . i(lSS

In Fig.6 isvshown the temperaturetdependence of ¥(t). At

~‘the lower temperatures not far from the melting poiht &(t)
x‘has a compl1cated behavior. '

~It decreases rapidly from t=0 at t= 0 1%10™'%s becomes"ne—
After that it slowly osc1llates in the f1eld of the
surroundlng atoms (as 1n a "cage") w1th the frequency cor—
respondlng to the c observed in the frequency spectrum
At a g1ven t 1ns1de th1s “cage" there is .an ordered struc- -

“The -

“fluctuatlons in the atomic surrounding the cage lead to the~'
%break up of the initial order. During th1s process our atom‘p

in the “cage" loses its initial velocity due to- the collisi-
on, Correlatlon of the veloc1ty depends on the temperature

Q(t) has an exponent1al‘

Q(t)— e—t/'C

i

w1th the relaxation time T.

‘}cOthUSIONS

The . heutron d1ffractlon data measured at low momentum o

~ftransfer are used within the formalism of a hard sphere toJ‘
"obtain the static structure factor S(Q) and theradlal d1strl-

function g(r) over the temperature ;Vrange -

’

From the comparison with the X-ray measurements it is con—-;

cr1pt1on of S(Q) as a, functlon of -T (the packlng dens1ty de—.

“fpends of T).

rather a good des-‘,



' Fig.

- s(a)
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1. The temperature dependence of ‘the stat1c structure

\factor S(Q T). The full p01nts represent ‘the exper1menta1 L./"

‘data. from the paper '9' obta1ned by x—ray d1ffract10n at
' T=100 °C and T=200 °c.

" g{e)

QUM

Flg 2. The temperature

dependence of the rad1a1 L

dlstrlbutlon functlon,

g(r;T) obta1ned from the =

Fourier 1nver51on ‘of ‘f
S(Q;T).

Qe meva?]

3. The temperature
dependence of ‘the selfcurrentv
10ng1tud1na1 corre1at10n

“Fig.

" function for Q—1.9K R |
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4 The temperature ‘dependence of the’ effective- current
“longitudinal correlation function for Q=1. 93'

Flg.

‘li. model AZR 2. model Lovesey 3. model P-S.
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‘jFlg 5. The temperature dependence of the frequency spectra f”
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i ma1n peak, ¢ ot on the frequncy spectrum p(c)
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The dynamlc structure functlons are calculated from var1—

w1th thefexper1menta1‘measurements by 1ne1ast1c neutron.scat—;"
‘It is concluded that S~(Q,w?T) and S_(Q,w;T) obtained

in this way,

rent components of the total scatterlng functlon S(Q,w)
.The ‘longitudinal current correlation functions. obtalned
from the dynamic structure functions are 1n good agreement

’ on temperature

b

Fig. 6. The temperature dependence of the veloc1ty

: for T there where ‘they .exist.

i

Ly
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selfcorrelatlon function Q(t)

11
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§
The frequency distribution function p(e) and the veloc1ty

S

'w1th the measurement and w1th molecular dynamlc calculatlons

1

'Vgself correlat1on functlon show a rather sensitive dependence

:ous models having -as input data S(Q) and g(r) and compared .

can be considered the. coherent and the 1ncohe—,¢
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