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ABSTRACT

Compton profile of Iron was cal culated by adopting the Re-normalized-Free-Atom (RFA) and Free Electron models,
choosing (3d"*4s**) configuration, whereas (x=0 to 1step 0.1). This result was compared with recent experimental
values. It is seen that the RFA calculation for (3d®’-4s*3)configuration gives a better agreement with the experiment.
This theoretical Compton profile data have been used to compute the cohesive energy of Iron for the first time and
compared it with available data. Also we compute the Band structure and Density of state of Iron crystals(DFT-
LDA) using code Quantum wise.

Keywords: Compton profile, Cohesive energy, Re-normalizedeFA&&om (RFA), Free Electron models, Density of
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INTRODUCTION

Iron, one of the most important metals, has beerstibject of extensive experimental and theoretiesdarch for
many years[1]. In our endeavor to extend the Compgtmattering of 3d transition metals , we refeti@€Compton
profile polycrystalline Fe[2,3,4,5].Since new measlidata where reported for Fe . It was thoughtetestablish
and hold new study .Irons internal electronic cpmfation and peculiar crystalline structure makes be naturally
attractive to magnets, it is known to be a ferronsdig material .Iron does not possess a singutan fif crystalline
structure ,but shows three different forms or atipes .these three allotropic forms of Iron arevkmas delta
,gamma and alpha iron. Iron exists in these thiferent allotropic forms, at different temperatsyeas it cools
down form molten form [6].In recent years there dnddeen several Compton scattering studies of transhetals
which have consistently revealed interesting dizaneies between experiment and theory. First exmeral
Compton profile for (Fe) reported by Paakkari e{7#llt is known that the Compton profile, J(jgan provide
information about the projection of electronic memtum distribution on the scattering wave vec8r Yithin the
impulse approximation, J{pis given by:

102 = || PG vy, (1)

Where p and g are the momentum components in x and y dimastighile the z direction is parallel to the
resultant of the incident and scattered waveorscp ("p)momentum density [9].In all these studies theted®
momentum, is pexpressed in atomic units (a.u.) wherefe=an = 1,c =137 and 1 a.u. of momentum =1.993 x10
g . m/s. In§2 we present the details of theorktizdculation .In§3and 4described the result arstutsion,
conclusions. Objective of the study is due to therge of refine calculation of electronic momentdensity (Fe).

In determining these areas, the contributions ej électrons were taken up to 6 a.u. for Fe bechegend these
values the recoil energy becomes smaller thandhesponding K-shell binding energy [16].
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MATERIALS AND METHODS
2.1Renormalized — Free-Atom (RFA) model:
The renormalized - atom approach was the fitstlpe used by [10]. In the RFA model one tstawith the
free —atom wave function, truncates them at thgnéf-Seitz (WS) Sphere and renormalizes ttavewfunction
to one within this Sphere to preserve charge rakyt.

For bcec metals, the Compton profile for 4s elmté; can be written by as [11]:

Jus () = 4y ¥ (K Gu(p) @

WhereK,is a reciprocal lattice vector apgthe projection of electron momentum along ghattering vector
direction.

5 (K,)is the Fourier transform of the RFA wave functipf(r).
(S-Electrons): The procedure for computing Compton profiles isatly published and here we rewrite these

equation for the sake of completeness. FollowirgrgBren [12] the momentum transform of a Bloch fiamc( for
the unhybridised outermost “s” electrons ) for ¢théic structures is given by:

¥:(P) = N3(p — kK, ) ¥E () 3)

Here N is the total number of atorﬂ% is the reciprocal lattice vector and the transf&fi@') is defined as:

PEE) = @3 [ e PR () @

Where the integration is over the Wigner-Seitz pebjron .In the conventional cell approximation &he
transform

Yo (F) = ey (P)(5)

WhenkTI= f’)—E,then% =0
YE@) = Yo (ka) (6)

For k,=0
Y§(0) = (2/m)z f,° drr? ¢5(r)(7)

And for k, #0
W§(Ky) = (2/m)zky [1° dr rsin(k, T[$S(r) — ¢§(1)1(8)

The auxiliary functiorG,, (p,,)is given as.

Forn=0
1(P2 — PP, <P
Go(R,) = 2V F 2z =0F €))
0 otherwise
Forn # 0
0 . P, > K, + Pg
Gn(F,) = Gn(Pz)Pz € (Kn — Pp, Ky, + PF) (20)
Gn(Kn_PF)PZ<Kn_PF
Where
N f(PE—K2)(Kn+Pp—P,) =] (Kn+P )3~ P3| +Kn [ (Kn+PF)?— P2
Gu(py = ACE el Sl (11)
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N,, is the number of reciprocal lattice points in el in the reciprocal space, as regards the uaation for 4s-
electrons, the free atom Hartree -Fock wave functias taken from tables of [13].The Compton profiles then
calculated using equation (2) to (6) for severalesachoosing various ( 3d-4s) configuration. Thiees of the
Compton profile of 3d electrons and other innecietms were taken from [14]. All the theoreticalmaton profiles
were normalized to an area of 11.14067electronsuiggal in all 15 shortest reciprocal lattice vectorsre
considered electrons.

2.2.Free Electron—based model profile:
In case of an isotropic momentum distribution, €dhreduces to the well-known form:

Jas(p,) = 2m f dp p(®)p (12)
Dz
If we consider the valence electrons in a meta asninteracting electron gas, then the momentum debsity
p(ﬁ) = constant = % (13)
3"PF
Wheren the number of free electrons per site ppis the Fermi momentum.
Substitution ofo(p) from eq.(13) to eq.(12) gives
3
Jas®2) = o5 0 =P forp, <pr (14)

The free electron Compton profile is then an inérparabola including discontinuities of the fidsrivative
at + pp[6].Using eqn.(14), we have also calculated the &kectron Compton profile for 4s electron of Fe.

To get a total profile in the momentum range( -6a.u., the Compton profile for core electronétbs3d) were
directly taken from the tables of Biggs et al [14].

2.3. Cohesive energy:

The cohesive energy which is defined as the diffiegebetween the total ground —state energy efstid and
the energy of the individual isolated atoman chbe calculated from Compton profile data ][l&sing
following relation:

Pmax

Econ = f p2[15(P) — Jea(p,)]dp, (15)
0

Where theJs(p,)and Jg,(p,)refer to solid state and free atom profiles, respely. In our calculationPy,, was
taken as infinite. The values Jg{p,)were taken from the present RFA calculation whigpresents the solid-
state phase of (Fe) and those for free atom Camptofile tables 1.the contribution of core etens are same in
thels(p,)and Jga(p,)and hencecancel out in the difference seen in(Egh.

2.4. Band structure:
The one-electron band structure energy is give]by[

Ef

Epana = z f E N;(E)dE — Zni,afa (16)

l —o0

Here, The summation extends over all atomic sitégE) is the local electronic density of states , &ds the
Fermi energy which is a global quantity. The refieee energy of an isolated atom is expressed instaritthe
energy levelse, and the corresponding occupation numbggsvhich satisfy the condition.

Ey
Zni_a= f N;(E)dE (17)

With this definition ,E, .4 iS zero for both empty and full bands.
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In Fig (1).We show the band structure of a Fe (loecggtal as obtained by the(DFT-LDA) using code Que wise.
And it was compared with the tight-binding and #ieinitio LDA method [1]. We find that the agreenbetween
these two calculations is very good, especiallfhanenergy range close to the Fermi level E

LA

10

% o yd N -
pN

I H P I M P N H
Fig.1 Band structure of Fe(bcc)obtained the(DFT-L\) using code Quantum wise

DOS / eV £r

10 5 0 B
E eV

Fig.2Nonmagnetic density of states for Fe(bcc) oliteed the(DFT-LDA) using code Quantum wise

2.5.Density of state:

The magnetic interaction in this system can beipbthusing the Stoner-theory of itinerant ferronetggm|[1]. This
theory describes the electronic structure of thgmatic system by a rigid shift of the spin-up apthsdlown states
as.
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HereN;(E) andN,(E) are the densities of states for spin-up and dpimn electrons corresponding to majority and

minority sub bands, respectively ,aN@E) is the density of states for the nonmagnetic stateenergy shiftAE;
andAE, of N;(E) andN,(E) with respect tV (E) are constrained by the charge conservation.

Ef Ef+AET
UGENEIG (20)
Ef—AEl Ef

Our results for the corresponding total electrateasity of state®/ (E)of Fe (bcc) [1] at displayed in Fig (2) ,again
in very good agreement with each other . the dgmditstates is dominated by a large peak near éreniFevel
which is responsible for a stable ferromagneticsphaf Fe (bcc).

RESULTS AND DISCUSSION

Table 1. includes three theoretical profiles fou®(34s-*,3cP-45-23d"-45"%) computed by RFA model using the
procedure of Sec.2.A. The free atom values foP-@8) are also included for comparison. Also given heme the
Free electron profile. All the theoretical valugigen in this table | are obtainadter convoluting the theory with
the residual instrumental function (RIF) of 0.6.aamd normalized to an area bf.14067being the number of
electrons form( 0 to 6) a.u. We now compare théwuartheoretical and experimental Compton profjeen in this
table | .Coming first to the high momentum regipg>@.0a.u.), it is seen that all theoretical valuesreearly equal.
This is easily understood because in this regidy core electron contribute and for them the sameehhas been
used in all cases. It is interesting to note tladties are close to the experiment.

Coming next to the low momentum regiogP-0.5a.u.) , it is seen that the free atom mobelws the maximum
disagreement. On the whole the RFA values are derably flatter but the free electron values doses to the
experiment. In Fig 3. shows this comparison wheeeplot the theoretical (except free atom) and dxpeartal
results up to 5a.u.[16].when&0.5a.u.)lt is seen that the RFA values for°(3¢s™) are lower than (3d-4s,
3dP%-45"?) results but between £0.8a.u.)a.u. the trend is reversed and tte¢8d 3values are higher than from
( Peag-t 306.8_451.2)_

Comparison between Free electron and Free ,atoris seen in low momentum Free atom °(@s) higher
than the Free electron (Bd<’) but in part betweenp,= (0.3 and 0.8) the trends get reversed arel fiiee
electron values are somewhat larger than fiee atom . Atp,> 0.9 a.u. both models values to become
similar. In Fig(4) shows the difference betweerotietical (after convolution) and experimentalfijes in Fe. It
can be seen inthe low momentum mjg8d*%-4s!, 3dP%-4s'? —Exp) larger than frony(3d®-4s-%Exp), as
well as tha] (3d’"4s"*Exp), have similar values only in low momentufifferent, but (Free atom —Expt.) and
(Free Electron —Expt.) are nearly the same wipgrd .a.u.Also in the high momentum transfer regipy>@ a.u.)
,Experimental values are very close to correspantheoretical data. It is known that the contribatof valence
electron is very small in this region and hencestaf the contribution may be due to the inner-celectrons.
These inner-core electrons are reasonably desdoipéte free-atom values.

In order to determine the best configuration etew, the total square deviatlh®*|AJ|?was obtained for each
cases. The values founded were(0.2859688, 0.281208811589) for (3tf-4s, 32452 3df’-4s3)
configuration respectively. Thus (B84s-?) seems to be the best configuration. From thicaveobserve by effect
of convolution the theoretical values. The purpofthe computation of cohesive energy was to seagplicability
of the RFA scheme in reproducing the cohesivearfdition metals. The value of calculated coheshargy (with
Pmax=2.a.U.). Table 1l show comparison between ourrgtszal by RFA model , experiment [16] and anottigta. A
choice of low value of p is justified because ,to a good approximatioreratttis value the major contribution in
the theoretical and experimental profile is expgaialy due to core electrons, which almost remanaffected in
formation of solids.
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Table 1: Theoretical results Compton profile of Ira (Fe) compared with experimental value [16]. Alltte quantities in atomic units .All
theoretical values have been convoluted with the sedual instrumental function (RIF) of 0.6 a.u. Theg values have been normalized to
11.14067 electrons as discussed in the text

J(p)(efa.u.)

P, - TheoCry(RFA - Eor

ore ore ore Xpt.

(@u) F(g*d%j?)m Fr?; d?_'jgf)m” +RFA | +RFA | +RFA | [16]

3d8.9_4s‘l.1 3d8.8_4s‘l.2 3d6.7_4§.3

00 | 6839 541 5242 5226 5211] 501
0.1 6.433 5336 5183 5172 5159 519
02 | 50948 5228 5.004 5.087 5079 513
03 | 5513 5.003 4.981 4.98 4.976] 504
04 | 5125 2.931 2.847 2.851 2851 493
05 | 4.769 4.746 4.691 4.698 4702 478
06 | 4452 4548 4517 4527 2534 460
07 | 4188 2.348 2.339 2.349 2356 4.9
08 | 3975 4.159 4.165 4173 2179 418
10 | 3.648 3.823 3.843 3.847 3848  3.17
12 | 3.366 3.522 3.543 3.544 3543 3.38
14 | 3.078 3.221 3.238 3.238 3237 3.0
16 | 2.781 2.914 2.925 2.926 2925 268
18 | 2.486 2.612 2.617 2.617 2617 239
2 2.205 2.326 2325 2.325 2326 211
3 1227 1291 1.085 1.087 1287 147
2 0.778 0.809 0.807 0.808 0.81 0.75
5 0.575 0.591 0.59 0.592 0594 053

Table2: Cohesive energy of IronE¢,,(in eV)

Reference Econ(in eVv)
Our theoretical(RFA) 4.43
Experiment[1] 4.28
T T T T L L] v
F -
—m—Free atom
- —®— Free electron
A Edﬁ'g—-'l Sl.l
5 > -
_"'_ 3d ﬁls-4sll-
3 . w357 413 1
3 —p— Expt[16]
2T ]
= - i -
1 . —
a M 1 M 1 . 1 L 1 \1
a 1 2 3 < F

p:(a.u.}

Fig.3Comparison of theoretical results with experirental [16] Compton profiles for Fe
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—®— Free atom -E xpt.
—_ & — ®—Free elelctron-Expt.
; —a—3g%% 41l g xpt.
5 - —T—Bdﬁ's--lsl':-}: xp t. 7
;T_ —*—Bﬂﬁ'T-Hl's-[ Xpt.
= 0.0 — —
0 2z 3 4 5

p(a.u.)

Fig.4 Difference between our theoretical and expariental [16] Compton profiles of Fe
CONCLUSION

The RFA model shows good agreement with the exarirn the (38%-4s"* )configuration, while free electron
model Compton profile values are higher than eexpental. Evidently, there is a need for a relstiv band
structure calculation to interpret the Compton jeodiata. In table | illustrate the comparison besw theoretical
results using (RFA) model with previous works [16]the process transfer charge of shells (s,d).ddteesive
energy of Iron computed by (RFA) model and compariwith another results [1].
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