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ABSTRACT

This study has used the recently established combination between EAM and
the TB-SMA scheme to determine the n, p, q parameters values needed for the

calculation of total energy of the three FCC metals which include Ag, Pd and Pt.

The EAM and TB-SMA was established to replace the old approach of
determining parameters for calculating total energy because of its improved

computational efficiency and accurate results.

The Microsoft excel programming language has been employed in this study
to reproduce results with good accuracy as compared with previous studies using

other programming software.
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CHAPTER ONE
INTRODUCTION

1.1 TOTAL ENERGY

The Total Energy of a material is the sum of its Kinetic Energy and Potential
Energy. The total energy is used in solving the many body problems associated
with the study of interest of interest to the material scientist, these are large or
small systems including extended defects, surfaces, complex allows involving total

or partial loss of periodicity.

1.2 BACKGROUND OF THE STUDY

There are various approaches to calculating the total energy of a system, due to the
difficulty in calculation posed by these approaches, (2-3) Ab Initio method (1) and
fast self-consistent calculational techniques may not be convenient due to the
burden and time-consuming problems it possesses hence the Semi Empirical
Approach, which have been found to provide fairly accurate results with
considerably improved computational efficiency compared to other approaches.
For instance, it is now widely recognized that semiempirical many-body potentials
can reproduce with good accuracy the thermodynamic and structural properties of
several metals, In the past few decades, these many-body potentials have been

extensively used to solve various problems in material science, sometimes with the



help of molecular-dynamic computer simulation techniques by iterating multiple

times.

The Semi Empirical Approach solves a problem determining a functional form for
the cohesive force properties, based on some physical models and parameters. This
functional form includes the TB parameters which are to be determined by fitting
to experimental properties, once these properties have been determined, it is then
applied in the functional form to calculate various other total energy properties

such as defect energies etc.

A relatively simple scheme for relating the atomic and electronic structure of
metals, without resorting to the complex treatment of first principles calculations,
is the tight-binding (TB) theory of cohesion. The second moment approximation
(SMA) of the TB theory expresses the cohesive energy of a metallic solid as a sum
of two terms, hence the reason it’s referred to as “Second Moment". For both
energies, one coming from the band energy = (The attractive term) and the other
term, energy  , being a repulsive contribution. In this TB-SMA scheme the
interaction between two atoms depends on the interatomic distance and also on the

local environment around each atom.

The entire TB-SMA scheme contains five model parameters, usually

denoted as A, ¢, p, q, and n. These parameters can be calculated by fitting them



into the experimental values/properties of the cohesive energy, the mono vacancy
formation energy, and the independent elastic constants, and also by taking the

equilibrium conditions into account. In several applications of the TB-SMA
: 1 o : :
scheme, the model parameter n is often taken as > With such a choice, Rodriguez

et al. (1993) determined the values of the other four parameters for several metals,
by fitting to the experimental cohesive energy , the bulk modulus , the elastic
constant 44, and also by taking the equilibrium condition into account. For several
metals, the predicted values of the monovancy formation energy 1 , as well as the

other elastic constants ( 17 and 1, )disagreed with these experimental values.

In this project, we set out to assume the parameter n on an equal footing with the

other four parameters, disregarding the theoretical justifications behind the choice

of =

. That is, the five parameters in the TB-SMA scheme have been

N+~
wlN

determined by fitting to the experimental value of , ;, o, 17 and 15, and
also taking the equilibrium conditions into account. Results shown in this research
project that the value of the parameter n does not come out to be a constant for the
three typical FCC metals (Ag, Pd and Pt), whose calculated parameters are
explicitly represented. At the same time the new results lead to good agreement

with experiment in the physical quantities whose values are predicted. This work



therefore provides an easy alternative approach for determining tight-binding

potentials

1.3 AIM AND OBJECTIVES

The aim of this study is to determine the n, p, q parameters needed in calculation of

the total energies of the three FCC metals (Ag, Pd and Pt).

The objectives of this work are to;

1. employ the EMA/TB-SMA Semi-empirical approach.

2. employ Microsoft excel programme in calculating the three basic equations
gotten from the application of EAM and TB-SMA equations to determine

the parameters n, p and q for the three FCC metals.

3. compare results of the experiment to the results gotten from previous
experiment that were carried out by Cleri et al., to further confirm that in
calculation for the total energy, the value of the parameter n isn’t constant

for all metals.



CHAPTER TWO

LITERATURE REVIEW

The TB-SMA scheme is formally analogous to the embedded-atom method (EAM)
scheme as pointed out by Cleri and Rosato [2]. 7 major equations are frequently
used in EAM calculations and we will apply them to our TB-SMA scheme, which
will be mainly solved over several iterations using the Microsoft excel

programming. Below are the 7 major equations most applicable in the EAM.
U= 6@, (ro) +F( ) (2.10)

Where U, is the equilibrium energy per atom, @, is a repulsive pair potential, r, is
the equilibrium nearest neighbour distance,  is the equilibrium density and F is

an embedding function with respect to the density.
0=6®, (ro)+F" ()L "( )] (2.20)
where (D'l is the first derivative of ©; with respect to radial distance r (r = r,)

= =60, (H)FFC )L (P (L") (2.30)

where @, is the second derivative of ®; with respect to r (r=r,), a is the

equilibrium lattice constant, is the bulk modulus, F' and F' ' are



respectively the first and second derivatives of F with respect to the density, p'

and p' are the first two derivatives of p with respect to r,

(All quantities are evaluated at r = r,)

L _ @ (r0) @ (o) () () 2

4C11— { ;T 3+ 70 Wirt 70 11 (2.40)
_, =59, (r)) , @ (r0) () () 2

2= T T Wit 5 11 (2.50)

where Ci; and Cy; are elastic constants, Q. is the volume per atom in the solid, Vi,

Wi and Wiz are EAM parameters

—547'1 (ro) n ¢7'l ' (ro) '

> 2 I 0 Wiz (2.60)

ZCM: {
, =12F =}~ 11F{ }-Uo (2.70)

For FCC lattice, ro = N2 and Q, = a3/ 4, and expression for Vi, Wi and Wi in

terms of the derivatives of the density (Daw and Baskes, 1984) which can be

written in the algebraic form:

Vii=ro ' (r)/3 (2.80)
2 '

Win=g 4 ")+ == (2:90)
2 5

Wai=— 4 " (r0) - —2) (2.10)



From the above equations, it’s noticed that the Embedded Atom Method EAM has
three basic functions, i.e., @; (r), F' (p), and p(r) which in turn produces the 8§ EAM
parameters; @; (r,), @1’ (o), 1" (ro), F(pe), F' (pe), F' ' (pe), '(ro),and p'
" (ro). All other EAM parameters like Vi1, W11 and Wi are all generated from

these eight major parameters.

From the EAM functions it is obvious that the experimental input data required for
the solution of the 7 EAM equations are the cohesive energy E.(= -U,), the lattice
constant a, the bulk modulus B,, the three independent elastic constants (Ci1, Ci2,
and Ca4), and the monovacancy formation energy ; , once the 8 EAM parameters
have been determined, then various other physical quantities of interest can be

determined from our knowledge of the functions @; (), F(p), and p(r).

In correspondence with the Embedded Atom Method EAM scheme, the expression
for cohesive energy U, which is described in chapter 1 as the “sum of two terms”

in the TB-SMA scheme is given as;

U,=Er+ Egp (2.11)

The functions Er and E above are usually rewritten below as 2.12 and 2.13

respectively.

Er=6Di(ri)=A4 [-p(ri/ro)-1]" (2.12)



Ep=F(p)=C [-2g(ri/ro)-1]" (2.13)
It is clearly shown that the density function p(r) is;

p(r) = [-2q(ry/ro-1)] (2.14)
Equation 2.12 to 2.14 are the three basic functions for TB-SMA scheme.

The sum over j in Eqns. (2.12) to (2.14) is actually a sum over neighbours, 7; being
the distance between atom j and atom i (the reference atom). The TB-SMA
expressions for the functions @i(r), F(p) and p(r) as seen in the Eqns. (2.12) to
(2.14) are governed by only 5 parameters [4, p, ¢ g and n], instead of the 8

parameters

(D1 (7o), @1 (ro), Di1"(ro), F( ), F'( ), F'( ), p'(ro), and p"(r,)] which are
encountered in the EAM scheme. Hence, the 7 EAM equations can be immediately
solved if we substitute the expression (2.12) to (2.14) and their derivatives for the
functions ®i(r), F(p), p(r) and their derivatives, encountered there (Mehel et al.,
1996). That is, the TB-SMA scheme developed here has a total of 5 parameters

that must be determined from the 7 equations (2.1) to (2.7).

In several applications of the TB-SMA scheme the parameter n is specified a priori
to be % % In this case the four remaining free parameters of the TB-SMA

scheme can be determined from the EAM equations either using Eqns. (2.1), (2.2),



(2.3) and (2.7) or Eqns. (2.1), (2.2), (2.3) and any one of (2.4) to (2.6). We pursue a
different approach in this study. The parameter n and the four others are

determined on an equal footing from Egs. (2.1), (2.2), (2.3), (2.7) and the equation

CHAPTER THREE

METHODOLOGY.

The TB-SMA equation and EAM equations have been converted into a
computer programming language. They have been made to be iterated over and
over again until the system gives the accurate results for the parameters n, p and q
values of any FCC metals. The Microsoft Excel programming language has been
developed to make the calculations less difficult and faster as it uses less time to
compute many values which cannot be done easily while solving manually, with
the help of Microsoft Excel, the value for n, p and q parameters can easily be
calculated in few minutes as the programming can be made to run thousands of
iterations in matter of minutes which is highly impossible for anyone solving

manually.



The finding of the n, p and q parameters are aided by three equations, and

they are written below;

-1
[12[t/15] —11]

2,~2 \, 12+6V2 =2 (V=D 4043 —2 (3-Dy424 —2 4245 —2 (/5-1) 11
( 0 rl 12+6 —2 (V2=D424 =2 (31412 2 424 —2 (V5-1) I G.D
OF I 12+6v2 =~ (2D104y3 = (BD4pq = 424y5 ~ O5-) _  [12[1Y/,5] ~11]
1246 ~ (2 D424 =~ (B Dygp = 424 — (B-D ( -1)

(1+ 0){9Q ( 12— 44)}
[ 0 {12(11/12) _11}_( 1+ o)]2

(3.2)

The above equation was used to find the pairs n and p which satisfy the equation.

The third equation is;

[ g o—% 12— a)] 5= (D[ o—

(1+ 0 ][12+12 - (V2-1) 479 - (V3-1) 448 — +120 -2 (V5-1)
{12(Y7y5) —11}7" 1246 = (2424 = (31412 ~ 424 - (571)

(1 + o) ()2 12+12 2020 +72 - (B 448 2 +120 2 (51
f12(M71,) —11} 1 "12+6 2 (2D 424 2 (B0 412 2 424 2 () ]

(3.3)

The above equation 3.1 was used to find the trio n, p and q that satisfy the equation.

10



The values of n and q must satisfy the whole of the first equation and n must also
agree with second equation and n, p and q must converge to satisfy the third
equation while other parameters are fitted into experimental data. The Tight
Binding equations written above are computed into the Microsoft excel sheet, it is
written in such a way that n and p will be found, then n and q is also found before
we finally converge the n, p and q results to finally find the n that satisfies the FCC

Metal of choice.

Now, in order to calculate using the excel sheet, all the equations were
converted in excel format and inputted into the system and each of the n, p and q
parameters have their programmed formulas. First for the p programme, we
assumed a value for n, say 0.61265 for platinum (Pt) and the p value becomes
9.13E+00, the same procedure is repeated for q taking n to be 0.61265 and it
converges to 3.37. The third programme is the n, p, q trio and when the values that
converged for n and q are inputted into the triod programme with the same n value
of 0.61265 the value for the trio becomes T1=12.13324644., T4=12.1324467 and

T=7.9974E-04

Where T; is the constant of the FCC metal, T4 is the value gotten with respect to n
and T 1s the difference between T and T4, after trying for the initial assumption n =
0.61265, it’s clear that it has not converged (when at least the first two digits after

the decimal point in T tallies with that of T1 which is the constant). This process is

11



continuously repeated until a value of n that will converge to give the right figure
for the FCC metal in consideration is attained. The same process is repeated by
trying different values of n until we get the same digits that confirms the
convergence. The next stop is to start fine turning the n value as it also affects both
the p and q values which are finally merged to give us the final result similar to say
T1=12.13324644., T+=12.1324467 and T=7.9974E-04. In this project work, we
solved to compute the n, p and q value of FCC metals Pt, Pd and Ag and we
compute their parameters from their first to their fifth nearest neighbour. So, after
computing to solve the first nearest neighbour of each FCC metal we did the same
for others until every metal converges from the first to the fifth nearest neighbours

of Pt, Pd and Ag respectively.

3.1 ALGORITHM FOR CALCULATIONS

Step 1: Find (n, p) pair which satisfies EQ 3.2
Step 2: Use the assumed n from step 1 to find the (n,q) pair which satisfy
EQ 3.1
Step 3: Use the accepted (n,p) pair from step 1 in EQ 3.2 to find the (n, p, q)

trio that satisfy EQ 3.3. If the q found here is equal to the q in step 2

12



then we are okay, otherwise we go back to step 1 and take another (n,

p) pair.

It should be noted that every entry made into the system to be calculated could still
be subject to correction because sometimes when results are printed, such results
may need verification. It is also important to make sure all parameters are stated
correctly because if there is one mistake the whole work will give wrong results. A
little shift in the value of n, p or q could affect the overall output.

3.2 METHOD OF CALCULATIONS

Four tables were created in excel namely to show how the parameters were
generated, how p was calculated for, how q was calculated for and lastly whether p
and q are consistent with n of the TB-SMA method. Each parameter used can be

obtained from [4] The others were calculated for. N in this instance was obtained.

R1 on the other hand was calculated for as the formula can be seen in the formula
bar. In the calculations of p and q parameter an assumed initial value of 0.6 was
assumed and then iterated over each five instances until final average values of
9.13 and 3.78 were obtained respectively. the max iteration was set as 10,000 in

excel.

13
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CHAPTER FOUR

RESULTS AND DISCUSSION
Table 4.1
Physical qty. Palladium (Pd) Platinum (Pt) Silver (Ag)
(eV) 3.94 5.85 2.96
11(eV) 1.40 1.50 1.10
a( 9 3.89 3.92 4.08
o (Mbar) 1.95 2.88 1.08
11 (Mbar) 2.34 3.58 1.31
12 (Mbar) 1.76 2.54 0.97
44 (Mbar) 0.71 0.72 0.51
12 - 44 1.05 1.82 0.46

Table 4.1 above showing the various input parameters used in calculating the

n, p and q values for 3 FCC metals (Pd, Pt and Ag) [1,6,12]

17



TABLE 4.2

NN

P

Q

NPQ
PAIR/COMMENTS

INN

0.7242

8.353634

3.379181

T1=12.18854303
T4=12.1855601
T=2.98293E-03

2NN

0.772

8.34

3.34342

T1=12.18854303
T4=12.18961082
T=-1.106779E-03

3NN

0.71555

8.426451

3.323788

T1=12.18854303
T4=12.18294114
T=5.60189E-03

4NN

0.714

8.445725

3.322666

T1=12.18854303
T4=12.18148643
T=7.0566E-03

SNN

0.71348

8.460217

3.322706

T1=12.18854303
T4=12.18040027
T=8.14276E-03

The results of Palladium (Pd) showing n, p and q pairs from 1% nearest
neighbour (NN) to the 5" nearest neighbour as shown in the table 4.2 above.
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TABLE 4.3

NN

P

Q

NPQ
PAIR/COMMENTS

INN

0.6125

9.19167

3.967828

T1=12.13324644
T4=12.1324467
T=7.9974E-04

2NN

0.6108011

9.187041

3.665783

T1=12.13324644
T4=12.13350217
T=-1.525879-04

3NN

0.60625

9.249125

3.657708

T1=12.13324644
T4=12.1301128
T=6.04248E-03

4NN

0.605

9.28048

3.65745

T1=12.13324644
T4=12.12843386
T=4.241943E-03

SNN

0.6502

9.267692

3.657754

T1=12.13324644
T4=12.12911597
T=6.713867E-04

The results of Platinum (Pd) showing n, p and q pairs from 1% nearest
neighbour (NN) to the 5" nearest neighbour as shown in the table 4.3 above.
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TABLE 4.4

NN

N

P

Q

NPQ
PAIR/COMMENTS

INN

0.622229

9.135677

3.036721

T1=12.13637295
T4=12.13356789
T=2.80506E-03

2NN

0.61549

9.254628

3.004158

T1=12.13637295
T4=12.12981655
T=6.55604E-03

3NN

0.66571165

9.377615

2.962804

T1=12.13637295
T4=12.12336895
T=1.3004E-02

4NN

0.61012

9.399318

2.957618

T1=12.13637295
T4=12.12226487
T=1.1410808E-02

SNN

0.6894

9.42624

2.954794

T1=12.13637295
T4=12.12090901
T=1.546394E-02

The results of Silver (Ag) showing n, p and q pairs from 1% nearest neighbour
(NN) to the 5" nearest neighbour as shown in the table 4.4 above.
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SUMMARY OF RESULTS

Parameters | 1°* Nearest ]st-2nd 1st-3rd 15t-4th ]st-5th
neigbour Nearest Nearest Nearest Nearest
neigbour neigbour neigbour neigbour
n 0.7242 0.772 0.71555 0.714 0.71348
p 8.353634 8.34 8.426451 8.445725 8.460217
q 3.379181 3.34342 3.323788 3.322666 3.322706
Table 4.5: Summary of results for Palladium Pd
SUMMARY OF RESULTS FOR PALLADIUM PD
Metal Reference | Parameter P Q
[2] 2/3 0.71555 0.714
Pd [7] 1/2 8.426451 8.445725
This study 0.61265 8.460217 3.322706
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CHAPTER FIVE

FINDINGS, CONCLUSION AND SUGGESTIONS FOR FURTHER

STUDIES

5.1 FINDINGS

From this research the following findings were made;

1. The assumed value of n is not constant
2. The value of n varies for the three FCC Metals (Palladium Pd, Platinum Pt

and Silver Ag)

5.2 CONCLUSION

This study has used the recently established combination between EAM and the
TB-SMA scheme to calculate the n, p, values for the three FCC metals. Our
calculated value of n for Pd is in accordance with result obtained by Guevara et al,
(1995). This project work also established the fact that n varies for different metals
instead of assumed constant values of %2 and 2/3 as assumed by Cleri and Rosato.

[2] and Guevara et al. [7]
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5.3 SUGGESTIONS FOR FURTHER STUDIES

The results are preparatory findings to the study of FCC metals and it is

recommended that more work be carried out on these or other FCC as well as BCC

or HCP metals. The work should especially be directed towards answering the

following questions:

(1)

(i)

(iii)

(iv)

How well do the TB-SMA parameters, obtained via the workings shown in
this study, perform in reproducing a better results of ab initio total energy
calculation methods? It must be recalled that the parameters of the TB-SMA
scheme are often determined by reference to ab initio total energy
calculations.

How well do the parameters of the new generalized TB-SMA scheme
perform in correctly reproducing the various physical properties of pure
FCC metals, alloys and defects?

How sensitive are the parameters (and calculated results) to the number of
neighbours taken into account in the definition of the functions F(p), @1(r),
and p(r) In this study the summation over j in these equations was carried
out up to the 5th nearest-neighbour.

How compatible and effective will this new generalized scheme work for

BCC metals?
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