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The short range order of a liquid lithium sodium alloy with nearly critical composition has 
been studied by small-angle and high-angle neutron diffraction at 10 and 145 K above the critical 
temperature. In this temperature range the small-angle scattering yields linear Ornstein-Zernike 
plots from which formally critical exponents and amplitudes could be determined. The atoms prefer 
like nearest neighbors and the extent of this preference varies only slowly with temperature.

S h o rt R an g e  O rd e r  in  L iq u id  L ith iu m -S o d iu m  A lloys

Introduction

Because of the negative coherent neutron scatter­
ing amplitude of the Li7 isotope, lithium alloys are 
ideal candidates for the study of short-range order 
(SRO) by neutron diffraction. Most nuclides have a 
positive scattering amplitude, and if one of them is 
mixed with Li' at the so-called zero alloy composi­
tion the coherent scattering pattern directly reveals 
the amplitude of concentration-fluctuation waves. In 
previous papers 2 the SRO of liquid LiPb and 
LiAg alloys has been investigated. The general 
physical and chemical behavior of LiPb and LiAg 
alloys is typical for system with strong and medium 
tendency, respectively, towards compound forma­
tion. For both systems a quite similar preference for 
unlike nearest neighbors has been observed. From 
preliminary results 3 we have the impression that the 
stronger bonding of LiPb in the vicinity of the com­
position Li4Pb is manifested in a larger range of 
the SRO.

In this paper the SRO and its temperature varia­
tion of the segregating system LiNa is studied. In 
segregation systems, long-wavelength fluctuations 
yield strong scattering effects at small wave vectors, 
and in addition to the usual high-angle scattering 
experiments special small-angle scattering investiga­
tions with another instrument become necessary. 
Because the angular ranges of the two experiments 
did not overlap, the small-angle region was extrapo­
lated by means of an Ornstein-Zernike (OZ) plot, 
and the gap was closed by a smooth interpolation.

Reprint requests to Prof. Dr. H. Ruppersberg, Ange­
wandte Physik, Universität des Saarlandes, D-6600 Saar­
brücken 11.

The sodium lithium phase diagram is dominated 
by a region of two immiscible liquids. The compo­
sition and temperature coordinates, x and T, of the 
immisoibility loop have since 1968 been determined 
by Kanda et al.4 by means of density measurements 
and by Schürmann and Parks5, by Down et al.6 
and by Feitsma et al.7 from the temperature and 
composition dependence of the electrical resistivity 
R. The results obtained by the different authors 
agree very well. The consolute point occurs at xu 
= 64 + 2 at.% and r c = 577±2K . This is 138 and 
76 K below that reported before 1960 by Howland 
and Epstein8 and Salmon and Ahmann9, respec­
tively. Feitsma et al.' calculated a 583 K isotherm 
of R (x) by substituting partial structure factors 
based on the hard sphere solution of the Percus- 
Yevick equation in the resistivity formula of Faber 
and Ziman. The packing fractions were linearly 
interpolated between = 0.397 and r/Li = 0.404. 
The results of the calculations depend very strongly 
on the value of the hard sphere diameter chosen for 
lithium. The value oLi = 2.43 A together which oNa 
= 3.26 A gave satisfactory quantitative agreement 
with experiment. According to Schürmann and 
Parks 5 the effects of the order parameter fluctua­
tions on the resistivity itself are surprisingly small, 
but dR/dT rises if the miscibility loop is approached 
from higher temperatures, and it has a sharp peak 
at the critical point. This behavior, which the authors 
call "paraconductivity", cannot be derived from the 
long-wavelength fluctuations which are related to the 
small-angle scattering, and on the basis of the dis­
cussion by Fisher and Langer 10 it is expected to be 
due to short-wavelength fluctuations. No direct ex­
perimental information about the amount and the 
temperature variation of such fluctuations in liquid

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



H. Ruppersberg and W. Knoll • Short Range Order in Liquid Lithium-Sodium Alloys 1375

alloys has been available until now. Small angle 
scattering experiments were performed with X-rays 
by Brumberger et al11. From an OZ plot, the authors 
calculated the long-range correlation length and its 
temperature dependence as well as the temperature 
variation of the logarithm of the concentration fluc­
tuations lg(A {Ax2)). They observed a critical tem­
perature of Tc = 580.16 K. In this work the complete 
distance-correlation function of concentration fluc­
tuations and its temperature dependence is calcu­
lated from small- and high-angle neutron diffraction 
data.

Theory
For homogeneous binary substances made from 

atoms A and B the total structure factor S{k) which 
results from a scattering experiment may be broken 
down into a weighted sum of three partial structure 
factors. In terms of the number concentration struc­
ture factors, which have been introduced by Bhatia 
and Thornton12, S{k) is given by

S{k) = [ (6 )2Snn + 2(b) Ab SNC
+ zJ625cc]/(6 2) ,  (1)

k = 4 Ji sin©//, 2 & is the scattering angle and X 
the wavelength. b \ is the coherent scattering ampli­
tude of pure A, Ab = b \ — bB, (b} = x \ 6 a + xb 6b . 
S(A:) is normalized to approach 1 at high scattering 
angles. The same is true for S ^ (k ) . The Fourier 
transform of — 1) is a measure of the distance
correlation of local A and B atom number — density 
fluctuations. Thus, S ^ (k )  describes the overall 
structure and it has the same signification as the 
structure factor of a monoatomic substance. S ^{k) 
becomes equal to the structure factor of pure A in 
the limit of Xa = 1. S^c(k) oscillates around zero. 
Its Fourier transform describes the cross-correlation 
between density and concentration fluctuations. The 
term containing 5cc(^) is equal to ^a^b if the 
mutual distribution of A and B atoms is random. 
From SCc(&) "radial concentration correlation 
function" (RCF) 4 7i r2 Qcc(r) which has been in­
troduced by Ruppersberg and Egger is calculated 
according to

4 * r2 f>cc (r) = —  f  k [5CC (*) /*A a* -  1 ]ci
• sin k r dk . (2)

This curve is negative for distances with preference 
for unlike pairs and positive for like pairs. From 
this curve the Warren short-range order parameters 
are calculated in the case of polycrystalline dis­

ordered alloys. Scc(0) is proportional to the extent 
of concentration fluctuations:

RT/Scc(0) = RT/ (N {Ax2)) = d2Gjdx2
= EIS + R T/x\ xB (3)

G is the Gibbs free energy, Exs = - 2  RT din ßA/ 
Sxb2 is the "excess stability function" which has 
been introduced by Darken 13, ß is the activity co­
efficient. R and T have their usual meaning. A ten­
dency towards compound formation is indicated by 
positive values of Exs. Scc(0) i's then smaller than 
X\ xB and in the few cases studied until now, Scc(^) 
exhibits a first positive peak at about A; = 1.7 A-1, 
followed by several rapidly damped oscillations1. 
In these cases the RCF is negative at the distance of 
nearest neighbors and beyond this distance it ex­
hibits oscillations around zero which seem to be 
damped the more rapidly the smaller the above 
mentioned first peak of Scc(k) is3. Negative 
values of Exs indicate a tendency towards segrega­
tion. At the critioal point d2G/dx2 becomes zero 
and Scc(0) diverges. Near the critical point Scc(0) 
varies with temperature according to
Scc(0) =KTe~y and

(d2G/dx2) = {R y/K Tc) e ^ 1 (4)

e={T — Tc)/Tc, and the limit of y for e-^-Q is 
called 14 the critical-point exponent of Scc(0). Ac­
cording to the Ornstein-Zernike theory in the small 
angle region Scc(k) is given by

S ^ ( k ) = S cc(0 )/( l  + $2k2) . (5)
£ is called correlation length and its temperature 
dependence is given by

£ = (6)
The limiting value of v is the critical exponent of the 
correlation length. Classioal theories predict 7=1 
and v = 0.5, whereas lattice-gas predictions are y = 
1.25 and v = 0.643. The RCF which results from 
Eq. (2) if for Scc(k) at all k the expression (5) is 
inserted is given by
4 r2 gSc (r) = r SCC(0) • (xA xB) ~H ~2• e " ' / f . (7)

This curve is zero for r = 0, it then rises to a maxi­
mum value at r = £ and decreases again, but it al­
ways remains positive. Thus, it shows a wrong 
behavior at small r, where {?cc(r ) is zero f°r dis­
tances smaller than the hard sphere diameter of the 
smallest atoms, and also at large r where the true 
9ccir ) should change its sign or should exhibit
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oscillations around zero, because necessarily there 
will be an excess of AB pairs for larger r values if 
there is an excess of AA and BB pairs at small dis­
tances. The deviations of c (*") from the correct 
behavior are reflected in the high-angle part of 
Scr{k). In general it is quite problematical, if not 
impossible, to separate this high angle portion from 
a measured S{k) curve. Only in the case of a so- 
called "zero-alloy", for which (6 )= 0  and x \ = 

b \), according to Eq. (1), 5rc (/c) can 
directly be measured. The zero alloy composition of 
Li7 combined with natural Na is at about xi\ = 0.61 
which is quite near to the critical composition.

Experimental

The samples were prepared in a glove box from 
99.9% sodium and from lithium containing 99.05% 
Li7 and 0.95% Li6. They were filled into cylindrical 
vanadium containers and sealed by electron beam 
welding. The containers were made by the Institut 
für Kernphysik, Stuttgart from 0.1 mm vanadium 
foil and had an external diameter of 11.4 mm.

The neutron diffraction experiments were carried 
out at the DI and D il instruments of the Institut 
Laue-Langevin, Grenoble, France. Detailed instru­
ment description are published by this institute 15. 
In the D4 machine the samples were held in a ver­
tical cylindrical resistivity furnace. The irradiated 
volume of the samples was defined to better than 
0.3% by boron nitride screens. The heating element 
consisted of a thin walled (0.1 mm) vanadium cylin­
der of 20.5 mm inner diameter with top and bottom 
made from stainless steel. The heating element was 
screwed on a ground plate at which the sample was 
fixed on the top of an isolating column and which 
was centered in the vacuum vessel of the gonio­
meter. The heating element was filled with helium at 
atmospheric pressure. The vacuum tightness of the 
system was achieved by means of a temperature 
resistant metallic 0-ring. The temperature of the 
sample was measured with a Chromel-Alumel 
thermocouple and it was controlled to better than 
i  1 K by a PID thyristor controller.

The primary beam had a wavelength of 0.696 A 
and in the region of the sample it had a height of 
50 mm and a width of 15 mm. The scattered neu­
trons were detected by a He3 counter which was 
placed at 1400 mm from the center of the gonio­
meter. The receiving slit was 50 mm high and 20 mm 
large. Intensities were measured in an angular range 
corresponding to 0.19 ^  A: ^  10 A-1. The intensi­
ties from the sample were corrected for background 
scattering, absorption, and inelastic effects, and they

were normalized in almost the same way as described 
by Ruppersberg and Egger1. The Paalman and 
Pings absorption factors were substituted by values 
calculated according to Poncet16 which take properly 
into account the existence of the cylindrical heating 
element. In order to correct for masking effects of 
the sample which are important at small angles, as 
has been shown by Bertagnolli et al.17, an additional 
run with a cadmium rod replacing the sample was 
performed. The correction procedure has been 
checked using a vanadium sample for which even at 
k values smaller than 0.5 A-1 a flat signal was ob­
tained. The D4 machine is designed to measure with 
high efficiency the broad diffraction patterns of 
amorphous substances and has a poor angular reso­
lution especially at small angles. Because for the 
present study the knowledge of the exact profile of 
the small angle scattering peak is important the 
measured intensities had to be corrected for the un- 
symmetrical and angle-dependent broadening effects. 
The corresponding deconvolution was performed 
following the method of van Cittert18 which has 
been studied recently by Wertheim 19. In Fig. 1 the 
small-angle parts of an original and of a decon­
volved D4 curve are shown and it can be observed 
that the resolution correction does not change dras­
tically the shape of S(k). At higher angles it signifi­
cantly sharpens the first peak of the measured struc­
ture factor, the amplitude of which rises in the case 
of liquid sodium, e. g., from 2.9 to 3.0, and the 
flank at the low angle side becomes steeper. The D4

Fig. 1. Influence of the D4 instrumental broadening, demon­
strated for results obtained at 590 K: Full line with points: 
original D4 data. Broken line with points: defolded D4 data. 
Full line with circles: OZ curve calculated from critical 
coefficients and folded. Broken line with circles: calculated 
from critical coefficients.
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instrument is extremely sensitive for the detection 
of small angle scattering. But in the k-range acces­
sible with this instrument, the scattered intensity is 
very insensitive to variations of critical amplitudes 
and exponents. Because these data have to be known 
for the calculation of short-range order, the same 
zero alloy sample which has been studied on the D4 
machine was investigated with the small-angle scat­
tering instrument D il.

To measure the small-angle scattering with the 
D il instrument a monochromatic neutron beam of 
6.7 Ä wavelength was used with a height of 10 mm 
and a width of 2 mm. The scattered intensity was 
detected by a flat multicounter containing 4096 
cells in an area of (640 x 640) mm2. The distance 
between sample and container was 2370 mm, thus 
giving an accessible Arrange of 0.04 Ac 0.14 Ä-1. 
The sample was placed in a cylindrical conduction- 
type furnace. Two copper blocks in thermal contact 
with the top and the bottom of the sample were held 
at the same temperature with a stability of + 0.5 K. 
The whole assembly was centered in a He-filled 
quartz tube of 30 mm inner diameter. The diffrac­
tion pattern of the sample was corrected in the usual 
way for absorption and background scattering and 
normalized by means of an additional vanadium run.

Because no facilities are provided to stir the 
samples, neither in the D4 nor in the D il furnace, 
prior to a measurement the alloys were held at about 
150 K above Tc for a sufficiently long period. In the 
high-angle range, after about eight hours the count­
ing rates became constant, whereas we had to wait 
twelve hours in the small angle region. With the D4 
machine we then obtained reproducible data over

five days. Once the sample homogenized, after a 
temperature variation above Tc the new equilibrium 
was reached almost instantaneously.

Results

From the OZ-plot of the small angle scattering 
patterns, Fig. 2, Scc(0) and £ are calculated ac­
cording to Equation (5). In Fig. 3 is depicted a plot 
of lg |  and lgT"/5(0) against lg £. Least square 
fits yield the coefficients of Eqs. (4) and (6) and we 
obtain |  = 1.7 £-0-57 and 5CC(0) = 5• 10~4 Te~iA.

0.6

Fig. 3. Plots of lg |  and lg [7/5(0)] against lg e, according 
to Eqs. (4) and (6).

Fig. 2. Ornstein-Zernike plots of the small-angle scattering 
patterns of liquid Li0 81Na0 39 obtained with the Dil instru­
ment.

Fig. 4. Comparison of S(k,T) data obtained with the D4 
instrument (points), with curves (crosses) calculated from 
the critical exponents and amplitudes and which have been 
folded with the resolution function of the D4 instrument.
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The D il curves yield a critical temperature of 
about 580 K and at the same temperature at small 
angles a discontinuity of the intensity versus tem­
perature curves of the D4 instrument has been ob­
served. In Fig. 4 the variation of S (k) with tem­
perature is shown for several A:-values beyond the 
small angle region. In the graph the experimental 
D4-data (points) are compared with extrapolated 
D il data (crosses) which have been folded with the 
resolution function of the D4 instrument. The two 
sets of data have been obtained with different in­
struments, wavelength and normalization procedures 
and the deviations between corresponding curves 
cannot be assumed to be significant, though it seems 
plausible that in this A>range the Scc(&) values are 
already larger than those obtained from the OZ 
curves. The influence of the folding on an OZ-curve 
is demonstrated in Figure 1.

The total S(k) curves for Li, Na and for three 
alloys, obtained from the defolded D4 data, are 
shown in Figure 5. The oscillations of the alloy 
curves beyond the small angle scattering region are 
extremely small, especially in the case of the zero 
alloy, and could hardly be detected. Extremely large

counting rates and repeated runs with two different 
samples proved them to be significant. To make 
these small oscillations visible the amplitudes of the 
S(k) curves of the alloys, Fig. 5, have been enlarged 
by a factor of ten at high k values. These curves are 
shown as broken lines. The Na-curve is very similar 
to the curve obtained by Greenfield and Wiser20 by 
X-ray diffraction. The Li-curve is similar to that 
calculated theoretically by Jacucoi et al. 21.

k (S(k) -1) Li0 61 Na0 39

725 K

Fig. 5. Total structure factors of lithium, sodium and of 
three LiNa alloys calculated from the D4 data corrected for 
instrumental broadening. Full lines: left hand scale, broken 
lines: right hand scale. Points: S{k) calculated from the 
PY-hard sphere equation with the parameters published by 
Feitsma et al. 7.

Fig. 6. —1] curves of the liquid zero alloy Li0.61Na0.39
at 10 K and 145 K above the critical temperature. The k- 
scale is expanded at k<C0.5. Broken lines: calculated OZ- 
curves. Full lines: calculated from defolded D4 data with 
smooth interpolation between D4 and OZ data at low k 
values. The curves are corrected to eliminate the spurious 
ripples at small r in the 4 n r2 gcc (r) curves of Figure 8. 
Points: original D4 data, yielding ripples at small r in the 
Fourier transform, Figure 8.

k[S(k) — 1] curves of the zero alloy are depicted 
in Fig. 6 for 725 and 590 K. The A;-scale is changed 
at A; = 0.5. The broken-line curves are calculated 
from the small-angle scattering. A smooth line has 
been drawn between the high- and small-angle scat­
tering regions. The points of the 725 K curve have 
been obtained in a straightforward way from the 
experimental data. But the RCF calculated from this 
curve, which is shown in Fig. 8, exhibits spurious 
ripples at small r-values which disappear without 
altering the curve beyond 2.5 A, if the points are 
transformed into the full-line curve. The correspond­
ing variation of the original data is within the error 
limits of the measurements and the normalization 
procedure. For 590 K only the corrected k[S(k) — 1] 
curve is shown. The ripples of the RCF are some­
what smaller than those observed at 725 K.
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Tentative D4 runs with an alloy of 65% Li, which 
is near to the critical composition, yielded almost 
the same results as the zero-alloy.

Discussion
From the small-angle scattering experiments in 

the range of 0.012 e 0.17 we obtain critical 
exponents of 7 = 1.1 and v = 0.57. These values are 
smaller than those published by Wu and Brumber- 
ger 11 who observed in a temperature range corre­
sponding to 10"4< £ < 1 0 ~ 2 values of 1.296±0.061 
and 0.655 ± 0.03 for y and v, respectively. This 
discrepancy might be due to the fact that the critical- 
point exponents are the limiting values of y and v 
for E = 0, and it is known14 that at higher tem­
peratures the behavior of the system corresponds 
more to the classical mean field case with 7 = 1 and 
r = 0.5.

At temperatures which correspond to £ larger than 
0.17, the intensity of the D il curves becomes too 
9mall to allow further demonstration of the validity 
of Eq. (5), see Figure 2. But we suppose that the 
exponents and amplitudes which result from the 
plots of Fig. 3 are still valid at 725 K, or £ = 0.25, 
to describe the small angle part of the corresponding 
D4 measurement, which is shown in Figure 6. Be­
cause experimental thermodynamic data of LiNa 
alloys do not exist and because a calculation of these 
data from the phase diagram is too inaccurate22, 
we are unable to verify directly the value of 5 '10~4 
which we obtained for K, Equation (4). However, 
Ansara 22 calculated (d'2G/dx2) curves for several 
liquid alloys with miscibility gap. For temperatures 
above the consolute point he observed an almost 
linear variation of this quantity with temperature. 
The corresponding slopes are 6.0, 6.5 and 7.0 cal/K 
for Hg/Ga, Hg/Na and Ga/Pb, respectively. Ac­
cording to the classical theory 7 = 1, and from Eq. 
(4) a linear variation of (d2G/dx2) with tempera­
ture results. In our case 7 = 1.1, and the slope is 
zero at Tc . But about 40 K beyond this temperature 
the curve becomes almost linear, and at Tc + 100 K 
the slope is 6.4; the mean slope between Tc and 
r c+100K  is 5.8 oal/K, and these values correspond 
very well with those observed for the other systems 
mentioned above. The value of 1.7 A which we ob­
served for is within the error limits of the X-ray 
result11 of 1.56 ±0.21 A.

According to Schürmann and Parks 5 the behavior 
of Scc(k) beyond the small angle scattering region

should explain the phenomenon of paraconductivity. 
The electrical resistivity R is related to the structure 
via the Faber-Ziman equation:

Ä sa/(* /2  kt)*[(u)*Sss(k)0
+ 2{u) AuSxc(k) 
+ (Au)2SCC(k)]d(k/2kl) . (8)

A;f = 0.97Ä-1 is the Fermi momentum, u \ is the 
pseudopotential formfactor of the species A. The ( ) 
and A symbols have the same signification as in 
Equation (1). The paraconductivity should be re­
lated to the temperature variation of SQc(k) at k 
between kf and 2 k{. But, because nothing special 
can be observed from this function shown in Figs. 
4 and 5, we studied the question of whether already 
the Sec (k) term could be responsible for the diver­
gence of (dR/dT) at Tc . In Fig. 7, k3[dSgc (k)/dT] 
is plotted for different £ values as a function of log k. 
These curves have been calculated from the tem­
perature derivatives of Eqs. (4) to (6) by inserting 
for and the critical exponents the values published 
by Wu and Brumberger 11 (broken lines) and our 
data (full lines). In both cases K, Eq. (4), was sup­
posed to be 5 '1 0 -4. At small k values, where the 
pseudo-potential form-factors are small, the curves

15

10

5

0

-5

Fig. 7. Plots of (k)/dT] versus lg(fc) for different
f-values, and versus e for different Ar-values. Full lines: 
7 = 1.1, v = 0.57, K = 5-10-4, £„ = 1.7. Broken lines: y = 
1.296, r = 0.655, K = 5-10-4, | 0 = 1.56. Points: 7 = 1.0, v = 
0.5, K=5-10-4, £0 = 1.7.
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are negative, but for short-wavelength fluctuations 
they become positive. The lvalue beyond which the 
curves are positive decreases and their ordinate 
values increase if T diminishes and approaches Tc . 
In Fig. 7 are also plotted several curves k3 (dScc/dT1) 
versus £ at A; = 1 and 1.95 Ä-1. In this figure two 
additional curves (points) are shown which were 
calculated from the classical critical parameters and 
with £0=1.7 and £  = 5 1 0 ~ 4. The classical curves 
are almost invariant with T down to extremely small 
£-values, and for liquid alloys following the classical 
law no paraconductivity should be observed. The 
other curves of Fig. 7 show almost exactly the be­
havior of the (dR/dT) curves published by Schiir- 
mann and Parks 5. Paraconductivity will not be ob­
served if the pseudopotential form-factors of the two 
species are identical because then the term with Sec 
in Eq. (8) will vanish. A theoretical discussion of 
the behavior of the electrical resistivity at phase 
transitions in binary alloys is presented by Binder 
and Stauffer23 on the basis of a structure factor 
proposed by Fisher and Aharony 24 for 1.

The hard sphere curves calculated from the t] and 
o data proposed by Feitsma et al.7 are plotted in 
Fig. 5 together with the measured curves, and they 
are seen to be very different from the experimental 
data. For the pure constituents a better agreement is 
obtained if both rjya and °L\ are enlarged. The 
problems involved with the hard sphere description 
of the structure factor of liquid sodium have exten­
sively been discussed by Greenfield et a l25. We 
tried to calculate Scc(k) of the zero alloy with a 
large variety of rj and oLi/oN-a values, but we never 
obtained a curve similar to the experimental one, 
with peaks at 2 and 2.5 A-1. This double peak ob­
viously is due to a special structure of the melt, and 
a comparison with the other curves of Fig. 5 sug­
gests that it is due to preferred LiLi distances in Li 
rich clusters and to corresponding Na distances. The 
question of how it is possible that characteristic 
parts of the Sxx-structure factors are visible in the 
Sec function will be explained below.

As has been shown by Hargrove20 for systems 
with a tendency towards segregation, the oscillations 
of 5, beyond the small angle scattering region 
are extremely small. Correspondingly, the <?cc(r ) 
curves, Fig. 8, are quite similar to the g°c (r ) curves, 
already for next-nearest neighbors. The same has 
been observed by Binder and Rauch 27 for Heisen­
berg ferromagnets by means of computer simulation

50

0 

2

1

0 

50

° 0 5 10 r, Ä
Fig. 8. Radial distribution functions of pure liquid Li and 
Na, radial concentration-fluctuations correlation functions 
(RCF) of the liquid zero-alloy Li0 61Na0 39 . The broken 
lines are 4 .T r2 o0-curves and 4 ti r2 o°c (r) curves, respec­
tively.

experiments. At small distances the difference be­
tween the OZ- and the measured curves, Fig. 8, 
seems just to be due to the finite size of the atoms. 
A comparison with the radial distribution function 
of the pure constituents, which are shown in the 
same figure, demonstrates that the peaks at 3 and 
4 A are due to preferred LiLi and NaNa distances. 
In order to calculate approximate values of the War­
ren short-range order parameter a1, we separated a 
gaussian shaped peak at 3 A from the rest of the 
curve. Assuming that each atom has ten nearest 
neighbors, from the area of this peak ax values of 
0.5 and 0.3 result for 590 and 725 K, respectively. 
These very approximate values indicate that Li 
atoms have 8 and 7 Li atoms as nearest neighbors 
instead of 6 in the case of a random distribution. If 
the temperature approaches Tv, in the classical case 
the RCF0Z at 3 A rises from 0.97 at 590 K to 1.12 
at 581 K and to 1.20 at 7\. = 580 K. At the same 
distance but for the critical coefficients v = 0.57 and 
7=1.1 observed in this paper it rises from 0.87 at 
590 K to a maximum value of 0.90 at 583 K and 
then decreases again. From the coefficients ob­
served by Wu and Brumberger n , a value of 1.20 is
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calculated for 590 K which increases to 1.27 at 
580.7 K, i.e. at £=10~3, and then decreases. But, 
because according to Fisher and Burford 28 the OZ 
formalism does not apply to very small £ values, the 
calculated decrease of the RCF0Z in the vicinity of 
Tc is not correct. Thus, the nearest neighbor ar­
rangement in liquid LiNa varies only very slowly 
with temperature. In the temperature range between 
Tc and 7\. + 145 K the SRO parameter is only re­
duced by a factor of about 0.5. The quantities which 
vary strongly with temperature are the SRO param­
eters at large distance and the correlation length. At 
large distances, where the oscillations of the RCF 
and of the global radial distribution function are 
small, the SRO parameters are given by a = 
4 n  r~ Qcc(r) /4 ^ r2 o0 , where o0 is the mean num­
ber density. At 590 K for /• = ,' a value of a = 0.02 
results. A temperature rise of 135 K reduces a at 
the same r value to 6 -10-4. From Fig. 9 it can be 
observed that a becomes negative only for distances 
larger than about seven times the correlation length.

In terms of the partial pair correlation functions, 
Q;j(r), (z, ;' = A, B), the RCF is given by

4 ti r2 Qcc(r) = xB 4 rr r2 (oaa + oAB) + xA 4 ji r2 

• (obb + OBA) -  —  4 ji r2 £>BA • (9)

Qjj(r) is the mean number of /-type atoms per unit 
volume at the distance r from an z'-type atom. In the 
extreme case of concentration fluctuations which 
yield droplets of pure A and B, oAB(r) is negligible 
at sufficiently small r-values, and the RCF is com­
posed of the weighted sum of the radial distribution 
functions of pure A and B and it oscillates around 
4 tt :rA :rB r2 o0 . Due to the finite size of the drop­
lets, with increasing r the RCF will fall below 
4 7i x \ Xb r2 o0 and at sufficiently large r-values, the 
RCF will oscillate around zero. Scc(k) is calculated 
from the RCF by inversing Eq. (2) and it will con­
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