This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

| Physics and Chemistry of Liquids
P hySiCS and Publication details, including instructions for authors and subscription information:
Chemistrv of Liguids http://www.informaworld.com/smpp/title~content=t713646857

Concentration Fluctuations and Chemical Complexes in the Zn-Au Liquid
Alloy

B. C. Anusionwu?
* Abdus Salam International Centre for Theoretical Physics, Trieste, Italy

Norman H. March

- -
A0 Emerics Protessos, Ouanl Unbeesity. UK
K. Angilella

&,
{Co-Erfter) Uriversith  Catanis, (enarca, Itsiy

To cite this Article Anusionwu, B. C.(2000) 'Concentration Fluctuations and Chemical Complexes in the Zn-Au Liquid
Alloy', Physics and Chemistry of Liquids, 38: 6, 671 — 682

To link to this Article: DOI: 10.1080/00319100008030314
URL: http://dx.doi.org/10.1080/003191000080303 14

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319100008030314
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:58 28 January 2011

Downl oaded At:

Phys. Chem. Lig., 2000, Vol. 38, pp. 671 -682 © 2000 OPA (Overscas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breach Science
Publishers imprint.

Printed in Malaysia.

CONCENTRATION FLUCTUATIONS
AND CHEMICAL COMPLEXES
IN THE ZN-AU LIQUID ALLOY

B. C. ANUSIONWU*

Abdus Salam International Centre for Theoretical Physics, Trieste, Italy
{ Received 15 September 1999)

The concentration - concentration fluctuations in the long wavelength limit S..(0) and
the Warren—Cowley short range order parameters (SRO) « have been calculated for
the Zn-Au liquid alloy at 1173K by applying the Quasi Chemical Approximation
(QCA), The results of the calculations show that Zn— Au liquid alloy manifest hetero-
coordination throughout its whole concentration range. There exist evidence for the
presence of two complexes ZnzAu; and ZngAug. The ZnyAus complex which manifests
dominance in the thermodynamic properties of the liquid alloy yielded a minimum
short range order value of about a’l“‘“ ~ —0.26 while ZnsAug has its minimum as
o™ = —0.34. Studies from the S..(0) indicate that these complexes are weak and hence
cannot encourage glass formation in the liquid alloy.

Keywords: Thermodynamic properties; chemical complexes

1. INTRODUCTION

Today more research efforts are being focused towards the under-
standing of the dynamics of glass formation and structure of
disordered matter [1-3]. Glasses have been reported to form in a
variety of matter such as the CKN (a mixture of the anhydrous salts
KNO; and Ca(NO3), in the molar proportions 3:2), biopolymers [4]
and even metals [5]. Glasses formed from metallic alloys show prop-
erties which indicate that they are true glasses [5]. Many compound

*Address for correspondence: Department of Physics, Federal University of
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forming binary alloys such as MgZn and CuTi have been reported
to be good glass formers [6).

Ramachandra Rao er al. [7] have utilized the knowledge of the
concentration —concentration fluctuation at the long wavelength limit
S..(0) to explain the formation of glasses in compound forming binary
liquid alloys. In the framework of their complex-formation model, the
unassociated species (4 and B atoms) of an A-B alloy and the com-
plex (4,B,) may mix randomly. Such random mixing can presumably
hinder nucleation and support glass formation. The existence of com-
plexes in liquid compound forming alloys has been related to their
glass forming tendencies. The nature and strength of the complexes
are becoming of increasing interest. The knowledge of the S..(0) for a
liquid binary alloy can also be used successfully to assess the nature
and strength of these chemical complexes (4,B,) where they exists.

The Quasi Chemical Approximation (QCA) [6] provides a means
of determining the S,.(0) and hence the nature and strength of com-
plex formed in a liquid binary alloy by using the measured thermo-
dynamic data of the alloy. This approximation appears better than
the widely used conformal solution model [8] which actually has been
successful in reproducing the S..(0) with the use of the interchange
energy, but it ignores the extent of local ordering and hence provide
no information on the short range order in the liquid alloy. The
Quasi chemical approximation apart from successfully reproducing
the measured S..(0) for a given liquid alloy, provides information on
the Warren—Cowley short range order parameter and predicts the
actual nature of the complex in the alloy.

There are also the ab-initio methods [9, 10] which use the pseudo-
potential formalism to calculate thermodynamic quantities and pre-
dict S./(0). This formalism has severe limitation in situation where
there is formation of complexes. In this case the Car—Parinello
[11] type of simulations can be used but this is computationally
demanding. From the aforementioned, one is still of the opinion that
the use of QCA in predicting the S..(0) is still justified.

In this work therefore, we wish to apply the quasi-chemical ap-
proximation to the experimental thermodynamic data of Zn—Au lig-
uid alloys, to determine the possible complexes formed in the alloys,
the strength of the complexes, ordering in the liquid state and also
predict its possible glass forming tendencies.
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Studies on the Zn—Au alloy systems show that they are char-
acterized by the existence of a phase #'-AuZn which has the ordered
CsCI(B2) structure [12]. They are also found to exhibit a wide range
of homogeneity on both sides of the equiatomic composition [13].

In the next section, we outline the basic theoretical concepts of the
quasi-chemical approximation. In Section 3, the results of the cal-
culations are presented and discussed. Section 4 outlines the con-
clusions of the work.

2. THEORETICAL CONCEPTS

The fundamental idea about the quasi chemical model is that the
properties of a compound forming A-B alloy can be explained by
treating the alloy as pseudo ternary mixture of 4 atoms, B atoms and
A, B, complexes. Details of the formulations are given in Ref. [6].

The excess free energy of mixing G is related to the free energy
G,, by the expression,

Gy =Gm—RT[clnc+ (1 —¢)In(1 - ¢)] (1)

here, ¢ is the concentration of atom A4, and R is the universal gas
constant, The quasi chemical expression for the excess free energy
of mixing G is given as:

GXA‘ [ B

mi=z [ o+ kD) (Pusens — Praliess)lde+ v ()
0

where z is the co-ordination number, k, the Boltzman constant and

Inois

1 (1=0)(B+2c-1)
1“"’5“‘ c(B—2c+1)

(3)
with

B=[1+4c(1 - c)(n* - 1]/ (4)
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and

' ex 2w ex 2PABAEAB - PMAEM - PBBAEBB (5)
= exp ZkBT p kBT

w, A€ 45, A€ 44, Aepg are the interaction parameters with w denoting
the interchange energy and Ae;; being the change in the energy if the
ij bond is in the complex A4,B,. P; denotes the probability that the
bond is part of the complex and the expressions are given as follows:

Pap=c*'(1—c) ' [2—c* (1 -¢)"] (6)
Pu=ct 21 -c)2-c*2(1-¢)"], u>2 (7)
Peg=ct(l—c)" 2 —~ct(1~¢)?), v>2 (8)

The constant 1 is determined from the requirement that G,, =0 at
c=1
The activities of the metals are obtained by

am = CYm 9)

where ¢ is the concentration of the species and -+, is its activity
coefficient given by

[B—142e\
W‘{cu+m} (19)

where £ is as defined in Eq. (4).

The concentration-—concentration fluctuations in the long wave-
length limit S.(0) for highly interacting systems can be obtained
from the thermodynamic expression

RT
See(0) = m (11)

This can further be expressed as

scc(O)zc(l—c){H%z(é—l) +Q}_l (12)
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where  is the expression given below:

_ze(l =0)

Q_—zﬁkT e (13)

and

0 =[2(1- 2C)P:§BA8AB +(B-1+ 2C)P:MAEAA
—_ (ﬂ +1-— 2C)P’BBAEBB] (14)

where the prime on P denotes the first derivative with respect to c.

Then Warren—Cowley short range order parameter o, [14, 15] for
the nearest neighbours is defined in terms of the probability that two
neighbouring sites are occupied by 4 and B atoms. Essentially, it can
be stated that given an atom A at a lattice site 1, say, let (B/A4) de-
note the probability that a B atom exists at a site 2 which is the
nearest neighbour to site 1, then

B/A)=(1-¢c)(1 -a) (15)

here «; = 0 for a random alloy, since (B/A4) = (1 — ¢), the mean con-
centration of B atoms. From simple probabilistic considerations,
it follows that «; lies in the range

—C

(16)

N —

Salsla CS
1—c¢

—(1-9

c

(17)

S

<ar<l, ¢>

Using arguments based on probability, a; can be expressed as:

-1

i (18)

o) =

3. RESULTS AND DISCUSSIONS

The essential equations have been outlined in the preceding section.
In applying the QCA, we assume the liquid alloy under considera-
tion (in this case Zn—Au) to consist of a mixture of Zn atom, Au
atom and the complexes Zn,Au,. Next, the interaction parameters
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w, Aeqp, Acq4 and Acpp have to be determined. Essentially what
one does is to assume suitable values of 4 and v for the alloy under
consideration. The values of u and v can be taken from conjectures
or based on phase diagrams where available. Now Eq. (2) is solved
and the interaction parameters are fine tuned such that they re-
produce simultaneously to a reasonable extent the measured free
energy of mixing and the activity. In this work the values of x and
v were conjectured from phase studies [13].

Table 1 shows values of u and v and their corresponding inter-
action parameters which reproduced simultaneously to a resonable
extent the measured free energy of mixing and activity for Zn—Au lig-
uid alloy at 1173 K. A plot of the calculated and experimental G,,/RT
for the two sets of values of x and v are given in Figure 1. The experi-
mental data for the free energy of mixing and activity are taken from
Ref. [12]. Figure 2 shows the plots of the experimental and calculated
values of the activity of Zn in Zn- Au liquid alloy for the two sets
of values of u and v. It is obvious from the figures that our complex
parameters 1 and v and the interaction parameters reproduce fairly
well the observed G,,/RT and activity. Due to the closeness of the fit
for the two sets of complex parameters, we present in Table II their
x* values as a measure of the relative goodness of their fit. The plots
using 1 = 4 and v = 3 showed a better fit reproducing more closely
the location of symmetry for G,,/RT. The plot for p=4 and v =6
showed an underestimation of the activity above 0.35 at. frac. of Zn
thereby resulting in a relatively large x* value, while the plot for y =
4 and v = 3 shows an underestimation below 0.35 at. frac. of Zn.

Having reproduced simuitaneously the measured G,/RT and
activity data with the two sets of complex parameters (p =4, v =13
and i = 4, v = 6) one can confidently infer the existence of the com-
plexes ZnsAu; and ZngAug in the liquid Zn—-Au alloy. This is not
strange as three complex compositions (Ba;Mg, Ba;Mg, and BaMg;)
of BaMg melt have been reported to exist simultaneously [7].

TABLE I Interaction parameters for the Zn- Au liquid alloy

n v wikT Ac 4 5/kT Ae 4 4/kT AegplkT
4 3 —8.78 —0.94 -4.50 -5.12
4 6 -9.20 3.40 —11.50 5.12
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Gm/RT

-3 1 1 1 1
0 0.2 0.4 0.6 0.8 1
Conc. (Zn)

FIGURE 1 G,,/RT vs. atomic fraction of Zn. Solid lines rep. calculated values for
p =4 and v = 3 (ZnsAus). Dashes rep. calculated values for = 4 and v = 6 (Zn4Aug).
Points rep. experimental values.

To investigate the phenomenon of ordering in this liquid binary
alloy and hence assess the strengths of the complexes formed, the
parameter of foremost interest is the concentration—concentration
fluctuation at the long wavelength limit S..(0). This quantity is of
great interest because any deviation from the ideal value §%(0) =
¢(1 — c) is significant in describing the nature of ordering in an alloy
melt. Put in another form, S..(0) < SZ(O) shows a tendency to hetero-
coordination or compound formation and S..(0) > $“(0) indicates
nearness to homocoordination or phase seperation.

The S.(0) can be calculated using the QCA from Eq. (11). In this
equation, the values of the the complex parameters (u,v) and the
interaction parameters (w, Ae4p, Ac 4 and Aegp) which reproduced
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in a(Zn)

14 : L | 1 |
0 0.2 0.4 0.6 0.8 1
Conc. (Zn)

FIGURE 2 Inagz, vs. atomic fraction of Zn. Solid lines rep. calculated values for
u = 4 and v = 3 (ZnsAu;). Dashes rep. calculated values for u = 4 and v = 6 (ZnsAug).
Points rep. experimental values.

TABLE II ? values of the fits for the complexes'

2 2 2

X X X
Complex (Gm/RT) (Inazs) (Sec(0))
ZnsAu, 0.1884 0.2122 0.0078
ZnzAug 0.1954 1.0428 0.0076

tAll x2 values are acceptable at 0.005 level of significance.

the measured G,,/RT and activity were used. However, from the ex-
perimental point of view, the experimental S..(0) can be computed
from measured data by using the thermodynamic relationship

RT

$(0) = 752G, 730)

(19)
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this is further simplified as

ol —¢)
c(@In~,/0c) +1

See(0) = (20)
where ,, is the measured activity coefficient for the alloy component.

Figure 3 illustrates a comparison of the experimental and calculat-
ed values of S..(0) of the Zn— Au molten alloy for the cases of the
complexes ZngAus and ZnsAug. The ideal values are also plotted in
order to distinguish between phase separation and compound for-
mation in the alloy. The interaction parameters were able to obtain
a qualitative trend for S.(0) though interestingly enough calculat-
ed S.(0) for the ZnsAu; complex gave a very good and closer

0.25 T T T T
0.2 | . - i

0.15 h ‘ .

Scc(0)

0.1 | J

) °
0.05 I G e > i ]
A o o TTETe e o
4] 1 \ ' l
0 0.2 » ;

0.4 0.6
Conc. (Zn)

FIGURE 3 S_.(0) vs. atomic fraction of Zn. Solid lines rep. calculated values for p =
4 and v = 3 (Zn4Au,). Dashes rep. calculated values for =4 and v = 6 (ZnsAug).
Dots rep. ideal values of S,.(0). Points rep. experimental values.



07:58 28 January 2011

Downl oaded At:

680 B. C. ANUSIONWU

reproduction of the trend of the experimental values. The calculated
S.(0) for Zn,Aug complex shows a greater under estimation of the
measured S..(0) below 0.4 atomic fraction of Zn. The x* values for
S.(0) in both cases strengthen the earlier prediction of the simul-
taneous existence of these two complexes Zn,Au; and ZnsAug. How-
ever, despite the higher x> values of the complex Zn,Aug for the
Inaz, and G,,/RT fits, it has a lower value of x? for the S,.(0) fit.
Since the complex Zn4Au;z produced a curve that mimics better the
shape of the experimental S,.(0), it can be inferred that the thermo-
dynamic properties of the Zn-Au liquid alloy are influenced more
by the presence of this compiex. The complex ZnyAu; can be said
to be more dominant though it may be mixed randomly with the
complex ZngAug.

The S.(0) of the Zn—Au melt, show that the liquid alloy is
a compound former over the whole concentration-—concentration
range. To measure quantitatively the degree of ordering and the extent
of compound formation the Warren—Cowley short range order
parameter for the nearest neighbour shell @, was calculated using
the quasi chemical expression of Eq. (16). The results of the calcula-
tions are is shown in Figure 4. The presence of the Zn,Aug complex
leads to a more ordered system and hence higher tendency to com-
pound formation with o™" ~ —0.34 while the complex ZnsAu; leads
to a less ordered state with of" ~ —0.26.

The strength of the complexes can be inferred from the S..(0). The
position of the dip in the S..(0) vs. ¢ curve yields information on the
nature of the complex and its depth signifies strength [6]. The posi-
tion of the dips in Figure 3 can suggest that with the formation of
ZnsAu; complex, the glass forming composition range for the liquid
alloy will be between 0.04 and 0.24 at. frac. Zn and between 0.24
and 0.36 for ZnyAug complex. However, at these composition ranges,
the departure of the S..(0) values from the ideal values are very wide
thereby reducing the possibility of glass formation, since for glass
forming systems, S..(0) within the glass forming composition range
tends to the ideal values [7]. The complex ZngzAu; though may be more
prevalent in the Zn— Au melt, is very weak as the dip in its S..(0) is
very shallow. The complex Zn,Aug with reference to the dip in its
S.(0) is yet weaker and its presence in the melt will have low impact
on the glass forming tendencies of the liquid alloy.
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FIGURE 4 Warren—Cowley short range order value () vs. atomic fraction of Zn.
Solid lines rep. calculated values for u = 4 and v = 3 (Zn4Aus). Dashes rep. calculated

values for g =4 and v = 6 (ZnsAug).

4. CONCLUSION

The manifestation of the complexes ZnsAu; and ZnsAug in the Zn—
Au melt is a pointer to the possibility of glass formation in the alloy.
The presence of complexes in a liquid alloy has been suggested to
hinder nucleation and encourage glass formation [7]. This inference
can be misleading as the phenomenon of glass formation in molten
alloys is very involved and may depend on many other factors.
Nevertheless, many good compound forming alloys which have mani-
fested the existence of complexes in their melts have been noted to

be good glass formers.
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In the case of Zn—Au melt, our calculations predicts the presence
of complexes as already indicated in the discussions. However, when
the deviation of the S..(0) from the ideal values and the strength of
these complexes are considered, one is of the opinion that complexes
of such weak nature may not hinder nucleation and lead to glass for-
mation. It can then be concluded that though Zn—Au alloy is strong
compound former and manifest the presence of complexes, it may not
be a good glass former due to the low strength of its complexes.
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