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INTRODUCTION

The probiem of the spin poiawization induced by a f moment with
particular emphasis to s-d mixing effects and d-d correlations in transition
metal like hosts has been subject of several calculation [1], [2], [3]. The

main feature of this previous work was, keeping the same type of description

* To be submitted for publication to the Physical Review
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for the s-d hybridized bands [4], to systematically study the role of the
several available approximation to deal with Coulomb correlations. In
papers [1] and [2] the Hartree-Fock approximation was used, and in [3]
Hubbard's approach for narrow d- band was applied in the context of the spin
polarization. This calculation 3] was performed in the Timit of large I/A
(Coulomb interation to band width) and in a sense is a generalization of
Hubbard and Jain's calculation [5] of the magnetic susceptibility of a

strongly correlated narrow band.

The important feature of this calculation [3] is that effective
exchange couplings (different in nature from those obtained within the
Hartree-Fock approximation) where obtained, reflecting clearly the
correlation effects introduced by higher order treatement of the equations
of motion. It must be remembered [3] that the k,k' dependence of the
exchange coupling (or in Wannier representation the "Kinetic energy" Tlike
character coupling) was the source of this effective exchange. In this
Paper we discuss Roth's [6] variational method as applied to the spin
polarization problem. This calculation extends Schweitzer [7] approach
for the magnetic susceptibility of a d-electron problem to hybridized
bands and more complex “externa]“ perturbations. Since the main result of
Roth's approach [6] is to introduce in Hubbard's method [8] band shift
effects (k-independent shifts and one-electron energy renormalizations) we
expected to be able of discussing the effect of impurity sacattering in

these parameters.

It is also pointed out some difficulties of Roth's procedure [6]
in discussing certain correlation functions involved in the calculation
of the effect of impurity scattering in the one- electron energy renormali-

zation. A detailed discussion of these difficulties will be pressgted
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elsewhere [9] . The plan of this paper is a follows: in paragraph I the
problem is formulated and the involved propagators are calculated.Paragraph
IT is the solution of the self-consistency problem, within some simplifying
approximations, and the final result for the spin polarization is obtained
in terms of pure host quantities and the exchange parameters. In the
appendices a comparison to Hubbard's approach is presented together with

some details of the calculation.

I. FORMULATION OF THE PROBLEM
a) Hamiltonian and general results of Roth's method

The transition metal-like host is described by the following

hamiltonian:

Sy ey et ey g + b ()
i 5 igJ J ]() JO Es,\]sc J
. 4+
+ L g td Ve g (1)

l 9(1

whére s-d mixing is taken as a constant for simpliicity.
The localized spin is supposed to be coupled to the conduction
band through:
(2)

Nl = (s) Z.- % . (d) d d.
L mp i,%,c J (Ri,Rj) SHo e Syt 9%‘, IV (RLR, )<s >0 didy6
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where a k; k' dependent exchange coupling is considered. The total
hamiltonian is then H = HO + Himp' It is purpose of this paragraph

to calculate the one-electron propagator G?g(m) = <<df6;d;6>>w to

first order in the exchange coupling. Since electron-electron cor-
relations are present one needs some kind of épproximate treatment. In
this paper we chose Roth'svariational method [6] suitably applied to
separate first order effects [7] . For a given basis set of propagators,

Roth's equation for the corresponding propagators are (in matrix form):

wcm)=£_ﬁ+k.§m) (3-a)
m

where the E matrix is defined through:

E=K.N (3-b)

Eij = <[[Aisma(_), Ag ](+)> and Nij = <[Ai’ A}](+)> (3-c)

tet us consider as zero order, the hamiltonian described by Ho. The
solution of this problem has been discussed previously [10], [11], and
we assume here that the involved matrices, propagators and correlations

functions are known. Then the zero order equations are:

w 8w = L {0 4 glo) glo)(y (4-a)
2m
with
k(0 < (o) (jlo)y= (4-b)
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And the first order equations are:

0800 = LEO LR & RO E |
T 1

Using equations (4) one gets:

ol - B W@, () () = LR L kO GOy (6)

2T

Now it remains to calculate the matrix E(l); from the general definition

(3=b) one has:

E() 2 g(0) {§(3) 4 g(3) (o) (7-2)
or alternatively:
(1) - B iy g(0), (7(0)) ROV @) (78

Since the propagator 5(0)(w) of the host metal is supposed to be known,
and the matrices E(l) and ﬁ(l) can be calculated using the definitions

(3-c), equations (6) and (7-b) completely specify the first order

correction a(l)(w) for a given basis set of operators.

b) Application of the general method to thansition hosis
The natural basis set for the problem defined by the
hamiltonian (1) is [10]:

Lo s d s nid g, 3 (8)
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'<n$fg> = <n£g)> + Angfg

s e i e
. B o T
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where'<nfg)> is the self-consistent occupation number for the hos metal

and ﬁngfgi'is the first order correction. One gets from (3-c):

5. . |
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and using (9-a):

- - 0 ) W 1 o

(9-a)

(9-b)

(9-¢)
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Now we calculate the energy matrices in zero and first order. Firs
define:
(d), . (d) - <t
Sig” = z T {< d1 -0 2 il <d2-o di-c>}
_ + - +
Viog” = Vds “di-5 Ci-"" Vsd “Ci-0 Yi-0
(d)y - (d) F AP gt
Yig> = 22 P RyaRy) <S55 Acdj_ 5 dp > <dp g djg>d

It should be noted that in zero-order, the quantities <S( )> and <V,

(d
J;

. vanish and this connected to translation invariance [5]. Also, <dJ

i-
)
G

tly

(10)

exist only in second order (the bracket is only non-vanishing in first

order). Now using definition (3-c) one gets (cf. [10]):

~(0) (d
i(d) (d), - r(d) (d)

ds Gij ;T]j + I<n_0 /(S-ij {T.ij + I(S_ij} <n_o_ >

3

[

<n(d)>V 83 {T(d)+ I8, }<n(d)> I <nf§)>61j * Kgﬁ)c

—d

!
where we have defined in general (to any order in the pertubation):

O, =79, + + nld) nld)s +
Aij Aij + Vs i C-gMio ¥ Vsd <Ci-g di-oMic > " Vsd <Ci-o

(11-a)

i-o

(11-b)

>18.

ij
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and

d d
15 = T afd) nld)s - 1) tg oo *

+
iJ _0d1_;] djo dio >

(d) reqt
Tiz {<d2-c d

- ald) 4 ald)
9 i~e” = Mg d 9; Mg d dpo” ?

- Gij 2 2 -o %i-¢” i=-o0 -0

(11=¢)

One recognizes in (11-b) and (11-c¢) the formal expression of Roth's band
shift, as corrected for s-d mixings effects[]o]and in equation (11-a) it
only appears the host metal band shifts (zero order). Now the first order

energy matrix is easily calculated using the same procedure:

]
]
]
1
'
]
]
1
]
1
1
1
]
]
!
1
]
]
]
]
]
(]
1
1
]
¥

An(d) T(d) + IAnfdgG1

An(d)v

' d 1 1).
i-0'ds 1" - H <S1(-();>( )+<v1-_0>( )}a.

—
[N

+ <n$§)>d(d)(Ri,Rj)<Sz>c

(s) Zos (d)
J (Ri’Rj)<S >0 | 0 An o VSd 6
—_— —— e e e S
i i
1
(d) , 4(d) Zys 1an(d)(d) (d)
0 , Ian: [+ (Ri’Rj)<S >g 'A"j-oTij + IAn; o Gij

(d),4(d) z
+<n_ 7>J (Ri,Rj)<S >0

" -, i . . = -

(d) (d),4(d) z
IAn i 061J+<" >J (Ri’Rj)<S >0

+ K?j(d(d))+ Kgg)o

e R e m e A e c e ——.—————

(12-a) J




where we have defined:

: +
ng(a(d)) = J(d)(Ri,Rj)<SZ>c tn{d) n§§g>(°) - <[d;_cdj_c+ d}_ddi_o]djodic>(°)}

Cs v 4(d) 2, gt (0) _ o (d) 4 (o) _
S5 1) 9 (RyaRy)SDo (e dy_ > N’ g5 di-g”

+

- <nld)
<nic di-o d

4o’ (o) } (12-b)

One should note that in (12-a) the first order band shift as generally defined
by (11-b) and (11-c) is present together with terms involving the exchange
interactions and zero order corre]ation functions (as defined in K:j(d(d)));;
Since the zero-order problem is supposed to be solved, the function K?j is .

completely determined.

Introduce now the general definition (valid to any order in the

perturbation):

19, = <nldsi1o an(d)oyi (d) (pld)y n(d) (d), :
Mg = g7 (m myi 2 Myg + Tigh <njg> <njip> + nZooco, 26,

. - «{d) -
where: <Oy = <S>t Vi (13-b)

In first order will be used .
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Now using the result (11-a) and (9-c) one gets:

- (14-a)
[ (s) ]
Tij VSd 8 0
| — = -
o (d) 1 . )
B o | Vas Sij Tii P 1855
RO LRl §nyL | T e
1
(d) (d) (d) (0)0 ' y(o)o
" AL >Vd I<n >(T -3 )E Iaij+wij
r — l H
' the matrix K(o) (14-a) s nothing more that result for the pure host[10].
i Consequently one gets for the left-hand side of (6):
] — ) (S) —
w ij Ti' , VSd 6 0
—— . “T_ - ._;;) ___,_.?. ——
. ‘ - « . ™ ... l- .
ok o [Yes by | Wit T E (14-6)
K |ommmm e pommmmnnneees
<n_ >V o Sij! -<n£g)>(T(d) w(o)o) (w-1)s, _w(o)c
. _ [ - ‘ -
The matrix é(m) associated to the basis set (8) can be written as:
§ 1
Gss(w) GSI(w) G§§(w)
1S i1 12
1 e . . .. 15
? R LEORECHO 6;5(w) (15)
L
: 21 22
630 65 61 3(®)

where we denoted by 1 the operator dio and by 2 the operator ngfg dic'
Now we exp]ié}tly evaluate the matrices E(l).(l‘?(o))'1 and E(O).(ﬁ(o))'l.
N(l).(N(O))'k

which are necessary to calculate the matrix R(l). One




oy

- )y (@ y
Obtains: gAmVAxﬁ.xuvAvao _ -0 ma i-o ma m
| d-s@v | a(®s (1- 93 .)
e ertees g .I_ SUUD y o v e Sl e e e e e |.rJ
m (d)7(d) “ (d) 1(d)
i An\T/TY
L (ORI s i PURCILTINL = Aik
i ' i-o
| | d-Asmmvv ! A:muvv AzAnvv AH-AsAav >)
EVYVI N)T = : b .
(N) ngmfa:m R, -3252:?% 084 to(d R, LR R))S; .-QE&E:» ;)
1J \.MN,/QM ,._ ‘ /UN.\,Q
h _(d i
! 1 ,smqvv m - A:mmvv
| o y(d)y, 50 (1) P 8 .
gﬁﬁw.<n_ &.m | . Q..mio.&.mu. ) _A.muAg v&-\. . m.u Q..mlO. &dg . _Awu AL_A vv + nw.,u
_ TA:MMVV _..A:.A.Mvv _m ._..Azmmvv A:mmvvﬁ-émmvvv
“ i
(d) 7(d) m d d
E Moo Ti b anfld 5. - () nfe)
i ot ij- i
| ~IA:.A-MCV m A:vaV ._IQMMvV

and
(16-a)

PR ERY 7o

Lee




P
i

¥

g I

(9-91)
O-
o-.;ﬁis i ,
(p) 1 B
(0)8
O= D= O

o, (<(p)®> -1 AE__V +.:m€__v o
(p) nJ. < us + F iy 2 tug : (p

(r)~ ~(p) hov (p)

- O~
(<(py>-L<(p)®> o @)%

- = o = - - - - - - -

T of- v o1
)t (p) ()

wEs -U<py

ps
@ E_a >

r,

¥

£
)

D=
Aﬁvv:v -1

uv 1

O=
N{ ke

O=
(o} ~(p}1<(p)™

- - e 0 D - -

1 o-f
()3 ()"

i__v-
CL

o mvv=<

PO REET-S 2Pt PP

PS,

I OLAOLRIBLSE

st . 3 WA el




339

Now using (7-b) we obtain for the R(l) matrix:

T (s) 2, | 7
J fRi’Rj)<S >g ' Q , 0
I i
(d)  R.}<SZ ! 0 .
g(1) _ 0 |9 Ry Ry) <S>0 ! (17-a)
| [ —— A—
(d) | ]
n:*’ v, 8., o ! o]
i=g 'ds "1j i Aij i Bij
i | 5 J
where we have defined Agj as:
t<n(d)54(d) —en(d)54(d) z a ,4(d
. . {<n_0 >J (Ri’Rj) <n__0 >J (Ri’Ri)sij} <S%>q - Kij(d( )2 .
ij - <n(d)> -
-g
(d) {(d), An(d) (d), (o) i(1)o
+ aiiocij + T(Q) Ani—c N >Anj-c - Mg >wijw An(d) _ Aij
] (d)> 1J ] & (d)> 'I_/ (d)> j-o 'I _<n(d)>
-<n_o - n‘O’ \l"l_c -0
(17-b)

The explicit form of ng will not be presented since this term does not
contribue in the infinite repulsion Timit (cf. below). Now we rewrite

equation (17-b) in more convinient way:

(1- <n£g)>)T$§) + <ngg)>ﬁgg)

(d
Agj = Ang_g D +
1 - <’ >
) <nsg)'>{d(d)(R1-,Rj) - IR, R,)8 5} <s%o0- g 5a(%)y L
1 - <n£g)> 1- <n£3)>

S U
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where we have defined:

M?j = Kg;)c - <n£g)>'{An$fg + Anggg}_ng)+ <n£g)S{Angfg + Angfg}ﬁgg)-

- ;g 81 (18-b)

) Determination and sofution of the equations of motion (strong
cornelation Limit)
Using equations (6), (14-b), (17-a) and (18-a) one obtains the
following equations of motion for the first order propagators:

11(1)( w) = z T(d) Gll( )( ) + 1 Gzl( )( ) + Vye 51( )( ) +

+ ZQ J(d)(Ri, R2)<Sz>o G;;(o)(w)‘ (19-a)

G?;(l)(w) = 22 Tgi) G;;(l)(w) + Vg G;;(l)(')+22J(S)(Ri9R2)<SZ>O>Gi;(O)(w)

(19-b)
(g ) = (@ > 1 (rid) 1976, (N w) + L H{9)%, M (w) +

* [ (1-an (@)D san(Dsiif)e
+ <“Sg)>vds f;(l)( w) + 1 Angd)”'a.. +) G (o)(w)+

-0 1J
2'" 1 2' 'I - <n-(-g)>

cont.




KL

G, an{B>al (R ,R)) - AR, )8, F<sPBo-k, o (3(D) 20
. &
S 1T - <nSg)>
M, .
-] —E— 5w +1 By 6 63 () (19-¢)

2 - <nld)y
=0

Now it should be noted that equations (19-a) and (19-b) are exact equations of

motion(as in[3}), the approximations characterizing the varational method
being incorporated in (19-c). Next step is the solution of the coupled
equations (19)in the limit of strong correlations. We start Fourier trans-
forming equations (19-a) and (19-b); one gets:

21(1

(e ey ) (w) = 165, w) + vy ;,1( Vo) +

+ Xk" 34 (g, k")<sZ>0 G;ié?)(w)

(20)
1
(el D) = Vo e + 1 9 ks Gl w)
The involved zero-order propagators are known and diagonal in Bloch
representation; they are given by [10] :

—(d) . |
Gl (@) = Lo w1 g = Loy, |

2n 2n bl D20 - s (o)

(21-a)
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—(d
1 nld) y 4

G (8) = — 8 4 g (w) (21°)

where we have defined:

»

H(d) =1 - <n(d)> .

20 - o), Lsal

Wéo) being the pure host "band shift", assuming a paramagnetic host.

Using these results one obtains instead of (20):

(& - e(d))e‘ (V) = 165, @) + vy @M ()

+ J(d)(k,k‘)<sz>o 7td) g+ () (22-a)
2w
(el N6 (0 = Vg Gef V(@) + = 9Ny B0 T —— v g1 (@)
2m w-Eéf)

(22-b)
Using the equation of motion for Giégl)(w) one gets:
(0-1-4°N) 6§ w) = <n(d)>('eéd)-ﬁé°))6;|isl)(w) T HRIOR:

1
~ An, . ' —_ {J k,k' J k", k"+k-k') }<S
"4 - nkk dy gy (w) + - <n' SV ) - Zk“ ( +k-k') >0

| K‘Ek-(d‘d"):l G (0) = My 9 (0) + By 71

(22-c)
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where the term An;ggw)w gk.(m) was obtained using equations (21-a) and
(21-b) 1in order to transform the term proportional to Angfg in equation

(19-c).

Now we take the 1imit of I + = (strongly correlated limit). One * o

(3

knows form previous calculations that lim gE:(°) = 0, so one gets from

[ >
(22-c):

tim 160, () = - a(@s(e () 6t (w) - an(dsy Gﬁ,ifl)(w) -

I »

1 . -o(d

- — in

117 (d). 4(d : d)jon oy ekt
— Dy g (w) - [_<n( bl - 5 3 (ke + k=k') 3

<25 - ng.(d(d))] g (w) + -2—:; M 6 (w) (23)

Next step is to substitute IGii.(w) as given by (23) into equation
(22-a) and solve the coupled eguation formed by (22-b) and this new equation

(22-3); one gets:

11(1 ] ~
G Viw) = — 90 I (k) 5720 g (o) -
T

i .
i 4y "‘G(
= - g, (w)w An, L%
o k kk

1
d)gk'(w) +"2"' gk(w) M(IZk" gkv(w) +

1 o

('ﬁ(d))2 J(S)(k,k') <SZ>6’ (S) de gk'(w) (24-3)

w"Ek w—Ekl’

1 ‘
t— glw) Vyo —
2n

where we have defined Roth's method effective d-exchange:
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e k'(J(d)) o @4-)

~

® o where R’kk.(d(d))being'defined without the factor <S%o .

One should note in (24-a) the formal sinﬁ]arity of these results to those
- obtained using Hubbard's method [3].A detailed comparison between these

results will be made in Appendix A.

II. SELF-CONSISTENCY PROBLEM

a) Comnelation functions involved in equations (24)

v Equation (24) involves parameters Anac(d) and Mkk' that
should be self-consistently determined in terms of the exchange couplings

J(s) and J(d) and the host metal band structure.

First of all we want to emphasize that in J(f% (k,k') all the
involved quantities are known from pure host metal result (cf. equations

(24-b) and (12-b)). Now the explicit form of Mzk' reads:

A T AT CRLAC P

- ap (25-a)

where the first order "band shift" Kéé?“ is given by:

id%= a80%w)- aldom R (25+h)
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these quantities being defined as:

i(k-k').R,
O A R
¥ vsd (d)c¥-c di-c>(l) " Vsd <c;-odi—o>(1) } (26-a)
i(k-k').Ry o
T I T G (SRR
- <n$g) 1 odz- (1)} (26-b)
ik.R, ~ik. R
i e pe R O Q@) 0.0
1,3
i [d(i)’ dj.5* d;-c di-GJdgo dio’(l)} (26-c)

Using the identity:
(d) (d), () (d) , (d), (1) (d); can(d) (d)
Moo Mg T Bng_g Ang o>t 4 <> {ang L+ Ang o)
equation (26-c) can be rewritten as:

R( )(T) = <n( )> {e(d) + e(d)} Anko(d) + ﬁéé?(T) (27-a)

IR .
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- ik.R;  wik'.R "
R&;?(T) = 1 e T(d){ <An$dg An(d) ( ) -
1,3
< | gt + + (1) | -
< ['di-c dj—o + dj-c di-chjo d1.0> (27-b)

A simpler version of (25-a) is then:

M = <l i) 4 () ansold) 4 a1y < yro - alNa(ry -

5 . |
= Sk * R (M) (28)

where we used:

-
opr = Vo + Sgeg:

(cf. equation (13-b))

b) Connection between the cornrelation functions and 4inst orden

propagatons

From definitions (10) one has:

e =57 1, 4 - ) R [ )]

which comp]ete]y defines Sq in terms of the first order propagator

E;gl)(m). Again from (10) one has:

(29-a)
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vkok' ) Vq vds Zk Fu [éiigl) (mi] " Ved Xk Fi [?;ié:z;-c(wi]
(29-b)

Expression (29-b) involves both the'Gi;. and Géz. propagators, which .
in principle can be obtained from the general equation (6) together whith
(14-b) and (17-a). However in contrast to Hubbard's approach [3]here one
just needs to know the Gz;. propagatof. In order to see that we compute

the quantity Aél)?(V) One gets from (26-a):

80 = - 00700 vy 1R [0 - Vg T R [0 o)

- s2(1) '_
Vis Z F [§k+q, - ] (29-c)
Using the equations of motion for the propagators G:igl) and Gzzfl) s
one can show that (cf. Appendix B Tim 25(1) = 1im Gszgl) =0,
( PP ) I ka I 5 e Kk

thus reducing expression (29-c) to:

- 8§70 = vy 1 F, (R o)] (29-4)
Introducing the quantity Q;U(V) as

) = Vg7 - 8l (30-2)

one has:

"a;"(V) Vge z F :;g‘) _o(w)] (30-b)
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g

Uy
Expression (30-b) shows that a11 the quantities involving the mixing are’

completely determ1ned in terms of the propagator Gil(l)( ).

Now the correlat1on function A(l)? (T) - is g1ven by:

o A =l -1 (d){ F, [' ) _c(w{] - F, [éZI(l c(w)];}

| r @ 12(1) )
' ‘ Zk K+ Fw Gy _o(w) (31-a)
Quite similarly (cf (Zz-c) and Append1x B) one gets 1im Gﬁégl)
I11m eéiS ) - 0, reducing expression (31-a) to just the f1rst term.
, -+ o ’ BT .
Introducing now:
-0 = o (1)0 ' 3]"b
% T (T) = 5%+ 457 () o (31)
| ,
one has:
% - . d 11
7°(T) = 5 el Ber s (®) ] (31-c)
So using (31-b), (30-a) one obtains for (28):
%4
v (d)sr i(o) (0) (d)
1 - .1 (o n(o -0 _ o= _ o O
: Mg+q’k = <t W * W'Y ang S8 - e () +
| 1
- + R () (31-d)
L b
N
o '

where except for the last term, the quant1t1es involved in (32).

completely determined by Gpy (1) and GSI(I) . At this point we

;v- _ Kk
?5; L3




introduce the approximation of neglecting the ﬁﬁi k(T) term of equation

)
q
(31-d). In principle this term can be calculated following the prescription

introduced by Roth; one defines operators B in such a way that from the

propagators <<A.;B>> ({Af} the basis set) the involved correlation function

functions can be obtained. This procedure however ismathematicaly very
elaborate and introduces some types of ambiguities[9]. In this work we simply

neglect this term, its calculation being left to a forthcoming work. In

the pure host case this term corresponds to the k-dependent part of the band

shift (which corresponds to a renormalization of the dispersion relation).
In the impurity problem we expect that to neglect this term correspond to
assume that the impurity scattering does not disturb the "effective -

tunnelling" [9] between atoms. So:

2 en(dsi0) 4 qi(0)ypn=0(d) _ =0y, o0
Mﬁm’k = ent IS S + W% ang 2 (V)= 2°(T) (32)
Then expression (32) includes only the effects due to scattering associated

to the k-independent part of the band shift.

-o(d)

c) Deteamination uf Q;c(V) and Q;G(T) in terms of  Ang

Using the simplified expression for Mg+q,k one gets for

11(1
the Gk+é,i propagator.

1 ] R ' 1 -o(d
Gééi&(w) =5 Skag(®) 3R (k,k') <s%0 g (w) - p- Ieag (D)0 (@) Aan’( )

cont.

by ]
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e ‘ + -27.'1: gk+q'(w) <n(d)>{ ﬁl((:()] + ﬁéo)} gk(“’) AnaO’(d) _

1 \ - -
- E.T:gkm(w) RO vy + 2, HUBE

1
; E% Vegl* T2 B a0 sB0 g, g0 g, (v)

(w-eéié)(er(s))

(33-a)

From equation (22-b) one gets the other propagator:

eS1(1) gy - w1 Vsd () 2, (d)
Bieq, k() w-e<s) Csq k(@) + o~ — (s) 3157 (k4q,k) <s%>n -——?;39 (@)
k+q Tk+q )
(33-b

Now we follow the prescriptions defined in equations (30-b) and (31-c):

19) Determination of Qg (T)

Introducing the susceptibilities: (these definitions

differ from the usual ones by a minus sign)

1 _
Xl(ksq) = ;1: Fw{ gk+q(w) gk(w) }

~ 1 .
X1(k9Q) = ;’I; Fw{ ’wgk.,.q(w) gk(w) } (34)

and




1
x(ksq) = Fo{ g ,o0) : g (@) }
9 =7~ Tut Fk4g ; k o
2m (w—el((i()])(w-el(f))

one gets from equations (33-a):

R)

R) (keq,k) e

a,(T) = <%0 zk Jg f& X;(k»q) +

N (ﬁ‘d)Y|vsd|2<sz>czk 38X (ksa,k) {8} x(ksa) - I ek X;(ksa) -

- Zk Eégg <n(d)>[:ﬁ£$z + ﬁ&oi] X, (k»q) }Anao(d) ¥{Qq'°(V) +

NI et x,(ksa)

Now we redefine things in order to simplify the self-consistency

equations; let:
el (q) = B0 zk Jé?%(k+q,k) eﬁﬂ% %y (K+)

ESS)(q)

ORRIWED AU CIRD ef) x(k.q)

~

d
£(a) = 1, Siag Kalkoa)

Ey(q) = Zk ségé a(d)s ¢ Wéia + ﬁéo)} X, (k,q)

and the "ocupation number":

(35-a)

(35-b)

[




A B ‘
~ V‘N(Qg Ek e,((fc), Xx1(k,q) | (35-c)

5 f“ 4—5?;‘.‘«‘-

% In terms of these quantities the first self—consistency relation reads:

i = o (e{(@) + 6)(@) - (K@) - Eyfa)) @ -

ER

- N(a) £ %(T) + 9°(v)} (36)
| 20) Determination of g(V)
Intrjoduce the new "susceptibilities":
p .
Y (k,q) e ] }
’ ' Xp(ksQ) = —F {g (w) g, (w)
" T 0 T sy K
> k+q

‘ > 1 : =
r Xp(kaq) =—F {g . (w) g, (w)} ’
: L oo os) K
k+q

3 Xa(k:Q) = 2—‘ Fw {gk+q(w’ gk(w)}

™ (w_elgi%)z w'Eés)
2
C x(kea) = — F, ¢ ] g (w)} (37-2)
,q) = —
E‘_ ) 2r ¥ k

(w-eéig)(w-eés))
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Using (37-a) one gets from (33-b):

Q%(v) = <$%g {|Vgql? zk Jéﬁl (k+q,k) x;(k.q) o+

* gl @e ) 3k 1,0 +

L AR (U RS PR ORI AN (A ER A CRY

- IVsdIZ <n(d)> Zk ;J'E:% + ﬁéO)] Xg(k.Q)} v_ lvsdlz zk Xg(RDQ){ Q;G(T)j+
+ an(V)} (37-b)

Again we introduce new definitions 1ike:

g
Esal(@) = Vggl® I 9gHHKkak) x,(ka)

J
Eea (@) = Dggl? 9 3 ol a0 x.0a) + Vgl @Dyp ol g, a)

Eég) = Ivsdlz zkiz(k-Q)

Eg&(Q) = [Vgql? <n{®> Xk (Wéié + Wé°)).xz(k.q) (37-c)




e
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and the "ocupation number":
‘!,
NDa) = v yl? 3, xa(ksq) (37-d)

In terms of these quantities:

J J

(V) = <D0 { Esg(q) + (@)} - an (@ ldg) - eMiq) 3 -

q

(")(q) (a°m + 90 ) (38)

39) Solution of the coUp]ed equations (36) and (38)

Since the equation of motion (33-a) for Géégl) only
involves Qac(T) + Q;G(V) we firstly add equations (36) and (38) to get:

| (s) a(s)
Qg = <$%0 { ngf (q) + Eeff ()} - Anqc(d) EégL(Q) -
%7 NGFHa) (39-2)

where we have defined:

Q% = Qg (T) + Q:(V)

cont.




355
34 (q) - E“”(q) + Esd(q)
35 (@) = £(5)(q) + E"d(q>
e - £(a) + E{J @) - EM(q) - el (a)

N( )(q) = N(q) + N‘d)(q) (39-b)

Equation (39-a) has the following solution (changing 0 to -0 and

. solving the coupled system):

J Jg
d -o(d).(d (d a(d)(d)
00 - sty ert(@) * Eope(@)  anz(VelSdqin{dlia)- and(Ve tHa) |
q v ‘
d |
1~ n{9q) 1 - [Ngf}(q)J |
(40)
d) Sekf-consistent detennination of Mn3(%)
Now we return to equation'(33-a) and use the prescription:
a(d) _ 11(1
Anq e 2 k+q k 0—( )]
to obtain:

g @ < st [fSea) + 3@ ] - anc®(@ [, (a)-n (q)] - 7% (a)
(41-a)
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where we have defined:

(d)
X(J)(Q) = Zk eff(k+q’k) X, (ksq)

xiji(q) = @y I st)(k+q.k)'x(k.q)

Ny(q) = Zk X1 (k»q)

N, (q) = zk <n(d)>'{ﬁé3% + 1{°)} ¥, (k,9)

X,(q) = zk,x;(k,q) | | (41-b)

Combining equations (41-a) and (40) and solving for Ang(d) one obtains

the final result:

3@ a-nfay + Ee$f’(q>x (a)

Ang(d)= <% )

j=s.d , . Eg(a)x,(a)
1=5ad g 1*{N((Q)‘NW(Q)J -8 (q)- err(a

1 ~ (N (q)-N,(q))
(42)

ITTI) FINAL RESULTS AND DISCUSSION

Equation (42) suggests that the d-electron magnetization

({® - o (D ;o)

q ) induced by the l1ocal moment, has two different
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contributions. One dué to the direct local moment - d-electron effective
coupling Jé?% » and the other due to J(s). The last contribution comes
from the fact that the s and d bands are coupled through vSd mixing.
In this way we can write the d-magnetization in terms of "partial

susceptibilities":

méd) =2 <sz>‘{zk 1B (k+q,k) xW(k,sq) + I 308) (keq,k) X (k,q) 3

(43)
where we have defined:
Mk == a) 1) @] + (@ el xitko) + |
D(q) |
+.’VSAI2 xz(k,q{] (44-a)

Vsgq!
X“WN)L——~j"“hzﬂk®[1M)mﬂ+x(®k“®ﬁ coay x(keq) +
D(q)

+ 1y, (kaa) + v 412 @ D)2y (k.q{] l (44-b)
J

where the denominator is:
(44-c)
(@) = £ 1= [,(0) = @] 0 - W@ - e aix (@)

Equation (43) has the same form of the previously obtained results derived
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within the Hartree-Fock [1] , [2]  and Hubbard [3] approach. One should
note thatvthe‘"paptia]:susceptibi]ities" xdd(k,q) -and xds(k,q) have
the same poles, given by D(q) = 0, but diferentes residues.

When the:exchange coUplings can be approximated by |
q-dependent functions (J(k+q3k) = J(q)) the "effective d-coupling" -
Jé?%(k+q;k) reduces also to q-dependent function:

Jé?%(q) = J(d){ n(d) + Zq, [{Pq,> f.<Qq,>] } (45-a)

>(0)}

where:
1q (R1 -R:)
= J (d) ,(d) (o) _
<Pq'> igj {<“hc Jj=o> Erv jw:+dyv1-]%o1o
(45-b)

| WRER) (o (g (o) _
Qo> = Lo B Gi-5 dicg” T Mg Y4up dig™ T T

, is

- afdaf 4, >0y (45-0)

In this situation the magnetization assumes the following form:

m(® = 2%0 0 pta) @) + 9N @) @ 3 )

'Fina11y we neglect the s-d mixing in order to discuss a single

T

strongly correlated band. Then X?Z) = 0, and the d-magnetization can be
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writen in sipler way. In fact using (41-b), (39~b) and (35-c) one gets:
IOk [1-8a) ] + i) x,(a) x (@)= x (@) [-N(@)] +

+ N(a) x,(a) = x,(a) | | (47-a)
Then:

) =2 % oltha) XV (47-b)
Xo(4)

where x(9(q) =
' D(q)

» and D(q) reduces to:

D(q) = 1 - [N,(q) - N,(@)]} {1 - N(a)} ~{ E(q) - E"(a)} x,(a)

which is, appart from a constant term in the denominator, the same result

obtained by Schweitzer[7].
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APPENDIX A

COMPARISON TO HUBBARD'S APPROACH

We start transforming equation (24-a):

Gt (0 = =L g (0) Igf) (k') <SP0 g (@) +

L @ ) e Ly g

w=€ k ’ w-e k

1
+— g (w) V
o k ds

e 0 gl g (@) g (UG K (a{4)y +
7 Tr

+ <n(d)52 [z o) (w kmek-k'y - J(d)(k,k')J <S>0 Y ga(w) (A1)

kll

where we defined the Hubbard "effective exchange" [3] as:

1M (k) = w9 [ﬁ(df(k,k') ¢ (s gy J‘d)(k",k"+k-k')-J‘d)(k,k'){]
kll

(A-2)
The last term of (A-1) is rewritten as:
1 —(d) .- 1 o wO d
- g @) m(d) oro(2) * o g() TR+ kG a4y +
+ <n(d)>2 [Zk“ J(d)(k“,k"+k—k') - J(d)(k,k')—l <s%q } gk.(w) " (A-3)

T - TR T

PR




o

where the bar emphasizes that only terms whith
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Mkk' being defined as:
Mkz- = [?g;)c - <n(d)>'{ Angfg + Angfg }ng) + <n(d)>{ Angfg +
d) (o d 1
+ An{_g }ng) - <n( ) “g-g 6ié]kk': (A-4)

Expressions (A-3) and (A-4) are now transformed to give:

Xer = Koy (309D + <nl)s2 [zk" a4 (e kmakk) - J(d)(k,k'ﬂ <s%>g

= }gj(a(d)) + ald)sz [J(d)(Ri,Ri) 845 J(d)(Ri,Rj)—l <.sz>o]kk.

T%?j(d(d)) - <n(d)>2 J(d)(Ri’Rj) <%0 +

+ <n(d)se J(d)(Ri,Ri) Gij <$%>g Kk

Using equation (%2-b) and exciuding the 1i=1 terms in the last term of

this equation, one gets (in the infinite repulsion limit):

d i d d).z .(d) .
xij(d( ))= R;j(J( )) - <n( ). J( I(RigRj) < 8§ -

- <n(f’)> (- <n(d)>)6ij J(d)(Ri’Ri) <% o (A-5)

in K}j . An exchange "band shift" wij(d(d)) is now defined as: (The

definition is suggested by expression 13-a):

i#1 in (12-b) are included




-
%,
B

: 3 e i WIS T AT IO . LT RTINS W T T
‘m&’»&xq J;m; BT e TR TR AT m ST *’EW
«Hlo " ' i &‘ T . WG e e

R T i - A e

Ly

%62

| <n(d)>(] - <n(d)>)W?j(J(d)) = K?j(d(d)) - <n(d)>2 J(d}(Ri,Rj) <%0 -

- <n(d)2(] - <n(d)>)J(d)(Ri,R1)<SZ>° Gij

(A-6)

Now we transform the expression (A-4); from equation (13-a) one gets:
~(1 d d) o\ d). d d d
KD« al®s(1 - @il al®siun{® 4 anfd) yr(d

) <n(d)>‘{An$fg + Angfg }ﬁgg) + Anggg ﬁgg) + <n(d)>a§ig Gij (A-7)

Using (A-7) one sees that Fﬁj given by (A-4) may be rewritten as:

F&j = <n(d)> (]-<n(d)>)ﬁ§3) + Angfg ﬁgg) = <n(d)>(1 - <n(d)>)ﬁ$;) +

N

VRO D i) ol WD wnf®) o

Substituing (A-8), (A-6) in equation (A-1) one gets:

L @ldyz o)k k) sB0

S
U.\€k w €k|

1
+— g, (w) V
27 k ds

- ;%;Qk(w){ w-<n(9)> ﬁkgo)} 9 (@) = = g(w) ) k' G (0] *
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+ L g T al®s w0 + G anZlD + <l Da0170g, 0
m .

(A-9)

Now if band shift effects are neglected in (A- 9) both explicitly and

in the propagators one recovers the Hubbard resu]t obtained previously.

APPENDIX B

12(

Byt (W) 652(*) (w) and 623(*) ()

PROPAGATORS 62+ (') (w), " "

kk'
IN THE INFINITE REPULSION LIMIT

From equation (22-c) and using the fact that propagators
;;g )(w), Gik( )(w) and gky(m) are finite and 9;1(0)(w) is zero one

gets for [ » «:

i aepl M (w) = 0 (B-1)

Now we firstly discuss the propagator Gzigl)(w). Using equations (6),
(9-b), (14-b), (15) and (17-a) one obtains the following first order coupled

equations of motion:

52( )( w) - X T(S) 52( )(w) -V d 12( )(w)

- 1 ) (R, ,R,) <%0 65 (O)(w) (B-2a)
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w G;;(l)(w) - 22 ng) Gzé(l)(m) - vsd f;( )(w) -1 Gzz(l)( w) =
d d) 12(¢
= an{d 55 + ZQJ( V(R 1R,) <s%0 G j(°)(w) (B-2b)

(w- 1)622(1)(w) - z N(O)GZ (1)(w) - <n(d) Z (T(d) - w(o))Gl (1)(w) -
- <n(d)> Vs G?;(l)(w) = Angfg §.. + An(d) vV, 62 (0)(w) +

ij ds 1J

+ L Ay 65 w) + 5, 8y Gos °Mw)  (B-2)

Qui te simi]ar]y one gets for the zero-order propagators:

W G?;(O)( w) - 2 T(S) GS (0)(w) - Veq G;;(O)(w) =0 (B-3a)

w G:j(o)(w) - zz ng) G;;(O)(w) -V d S (O)(w) -1 G?§(o)(w)= <n(“d)>61j

(B-3b)

(-6 3N ) - R 65w -l ACHRTHICHUICR

- <nldsy G§§(°)(w) = <n(d)s i1 (B-3c)
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Now Fourier transforming equations (B-3):

(we®har (0 w) = v, a2(0) ) (B-4a)

(w-séd))Giigo)(w) = <n(d)> Gkk' + 1 Giigo)(w) + Vsd Gi;go)(m)
(B-4b)

(w186 () (w) = <n(D> 5,0+ enlD(e{Dofife))gl2 () () 4

+ Doy, a2 (y) (B-4c)

In the infinite repulsion limit:

2

T (w) = = <nl®s> s, -l (D (0))g2(0) () -

kk' k

- <nfd)s Vie 632(0) ()

So equation (B-4b) becomes:

12(o)=0

| —(d)~ d). =~
{ w nl )eéd) - (9 w£°) }Gézgo)(w) =0 or Gy (B-5)

s2(0)

&
where we used equation (B-4a) for G i ' (w).
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Consequently:
ff
L\
ko Tim G (O)(w) Tim 6 29y = Tim 620wy = 0 (B-6)
-7 kk kk
& ] > I~ I~
;
{ Now returning to equations (B-2) one gets:
P
12(1
5 (welENg e () = vy et (@)
.
. d), . 12(1 2(1
- 22(1
(w-ef ))e ) (w) = anggtd 4 1 g (0) + vy 651 (w)
|
} ~(0), .22(1 -0(d d (d) ~ 12(1
| (1000601 () = angg () 4 anl@s(e{di{odygia (D () +
i d 2
| + <nld)s Vye zkg )(w) (B-7)
|
N where we neglected the zero-order propagator since we know they vanish jn
. the infinite repulsion limit. The coupled system (B-7) is formally identical
: to (B-4); then one gets:
. 22(1), . oa12(1 . s2(1) _

lim G S ) w) = 1lim G $ ) w)y = Tim G, /(w) =0 (B-8)

I > KK () I » o KK (v) I »w KK ()
% Finally, using the same procedure, one obtain the following coupled
g equations involving the Gjé(l)(m) propagator:

ss(1 s ss( 15(1 - (s) z__ ~5s(0)

E 653 Mw) - 2 o) @30 (w) - v, c;].j( Nw) = 22 IR, ,R, ) <5750 63 (%) (w)
Eeé‘ (B-9a)
51
, -~ ,

*® =~

%

=




"'“"""W, e rwry - - - v — T ——— T ——m— R ot
QQ‘ ey o

w - elgs) | (C-1)

gk (w) = ' ‘ k
- ﬁ(d)eﬁd) TN ﬁéo))(w_eés))_n(d)lvsdlz

since the denominator provides a second deores anuatinn which colutione 5(1)

and E( ). the propagator gk(w) reads:

w- ef®) (c-2)

gk(“’) =
(o E{))(0m (P

s1ng is expression for g (w), the "susceptibilities an
u thi for g, ( the " bilities" (34) and

(37—a) become:

1 (a3 (wrgf*)) 7
(kyq) = — F
S NS T N
(w Ek+q)(w Ek+q)(w'Ek )(‘” Ek )

»

1
w(w_e(s))(w_e(s)\ |

X (qu) = 'é']"' Fw :L

m (w—E£+A)(w-E£+%)(w-E£ N (wel*)) |

& ] 1 ;

. x(ksa) = —F, . - , —

& i (w-E'((H)‘)(w-E'((ﬂ)])(w—Eé ))(w-E'S )) 1

i !
%

- e adas ———

!
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I G:ESI)(LU) = - <n(d)>(el((d)-W[£O))G;igl)(w) - <n(d)>V izgl)( ) -
- il Nvgg 63w - Rk (o) - B st(°)(w)' ®-11)

Substituing (B+11) in (B-10b) and solving the coupled equations (B-10a) and
(B-10b) one gets:

=(d) 2 '
we(s) o " Vs 6550 (w) = 98Dk k) <5%0 653 (0) () +
(=) () (o)
k : k
v
d ,
. : I k)50 613 (w) -

DD L (@), o)

- an 2y, 6500 u) - a2, G;§(°)(w) - B 630w (8-12)

From this equation, since that the zero order propagators involved are
finite [10] ,one sees that Gzigl)(m) js finite in this 1imit and from (B-10a)

that the G;igl)(w) is also finite. Now we conclude, from (B-10c) that

the propagator Giigl)(w) vanish in the infinite repulsion Timit.

APPENDIX C

EXPLICIT FORM OF THE "“SUSCEPTIBILITIES"

We start rewriting the zero order propagator in more convenient

way. From equations (21) one gets:
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w - el((s) | (C-1)

% (w) = _ ‘
(w- ﬁ(d)eéd) - <l ﬁéo))(wreés))-n(d)lvsdlz

since the denominator provides a second degree equation which solutions Eﬁl)

and E&z). the propagator gk(w) reads:

(s)
W=~ € -
g lu) = K (C-2)

(o E{))(0- E(P))

' Us1ng this expres51on for gk(w) the "susceptibilities" (34) and

(37-a) become:

] (w5 (e ]
Xl(k,q) = 'E"" F(D ) . f
T e e 2)) (gl ) (e f)) !
(s) (s), ]
“ w(w-ey +q) (48 |
%, (k) = = F,
T (LD (e D (e (e '
x(k,q) = "2— Fm - - - p l
™ (D (L)) (g 1) (wg{*)) ﬁ
/

.
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{ |
P ! w - &(8)
»x(k.q)—z—- F, ' k -
f i i(m-s,gpm-e,g,,gm-s( ey
| ]
| ~ ’ . (s)y - ,
| X, (k,q) =-§-— oy 4 et . —~
8 e C e {
| | ] ’,*
X,(k»q) =~;—- Fo TN }
ooan (m-el((jc)])(w-sl((;)])('w-Eﬁjc)])(w-Elﬁ M) (el .
t »
» ! ‘ ] (c-3)
| x(a) = — F,
B " (wef$) (wrel ) (el
The final expressions for the “"susceptibilities" are obtained using the
identity:
1 ] ] ] L
() (g™ (W) W (e

. A\
] (wEplo) (wEp ) Equ-a wEka w - EV) J

and the property of the Fw'éyan1:

E(“)‘

n(w) '
Fw{ _ } = 2n n({™) f(E(M) (65
@ B
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where the function n(w) have no poles, and f(w) is the Fermi-Dirac

distribution. Then equations (C-3) have the explicit form:

(£ - e (0D - <fheefd))

X, (ksq) = ] (-1)*™ ,
HsV (Eéié - Eéz))(Eﬁl) - E£2))(E£EA - E£V))

(EI((A’) - Eéig)(Eé\)) - Elgs))f(Elg\)))

£y - B L) - R - ()

(1) g (1) _(8)y p(m)_(s)
x,(ksq) = § (-1)H" Firq(Fickg ak+q)(Ek3<)ﬁk JF(E
1

i GRESNEOIIQNCEIRIDN

(U))
k+q’

Eév)(Eév)«eéig)(Eév)-aés))f(Eév))

(e (6 el N () -€0)

o) = T (c1yE HE!E}:(){) - f(Elg\))) |
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RELCOMT

L'effet Mossbauer a permis de deceler, dans le systeme (Fe, Zn)SiF,
64,0, la presence de deux types d'environnements pour 1l'ion ferreux, dont les

proportions relatives varient avec la teneur en fer ainsi qu'avec la tempera-

ture entre 200 et 260 K. Par ailleurs, la diffraction de rayons X semble

reveler, vers cette temperature, la formation d'une phase apparentée a
: P

. . . . 24 .
FeSiFG, 6H20. Le champ cristallin auquel est soumis 1'ion Fe depend de la

temperature dans chacun des environnements .

* Presentee au Collogue sur les Interations Hyperfines ~ Lieje,

Septembre 1973

** Adresse permanente: Centro Brasileiro de Pesquisas Fisicas




Les fluosilicates de fer et zinc, a temperature ambiante, ont
pour groupes cristallins respectifs R3m 1l et R§lz] ; les ions Fe’t et
Zn** occupent des sites octaedriques analogues. Un abaissement de symetrie
vers 240 K a ete observe daﬁé le fluosilicate ferreux|3| mais i1 ne parait
pas affecter sensiblement la symetrie trigonale du champ cristallin agissant .
sur 1'ion Fe’’ dont les proprictes magnetiques demeurent axiales a basse

tempér;Lure!4|,

1 - SP::1RES MOSSBAUER DE POUDRES ET ETUDE AUX RAYONS X

Les spectres du fluosilicate de fer et du fluosilicate de zinc
dope : 1 fer ont deja ete décritsls’sl. ITs correspondent a des valeurs tres
diffzrentes de 1'interaction quadrupolaire (tableau 1). Les spectres des
composes intermediaires (fig. 1) resultent de la superposition de deux doublets
dr - eparations respectives AEQ] et AEQZ correspondant approximativement
aux doublets des echantillons de compositions extremes. Les valeurs ajustees
de éEQ] et AEQZV a 300 K et 4,2 K ainsi que celles des proportions relatives
des deux doublets, sont fournies dans le tableau 1. On constate que Jla
repartition des ions Fe' entre les deux types d'environnements depend de la
teneur en fer et de la temperature. On a observe que la variation thermique
de cette repartition dans les echantillons contenant 25% et 35% d'atomes de i
fer s'effectuait entre 200 et 260 K (temperatures croissantes) avec un

hysteresis d'environ 20°.




TABLEAJ 1 - Separations q‘uadrupo'la'ires M., et A ? en mm/s et intensites

Q Q

relatives correspondantes ajustées d’aprés les spectres Mossbauer a 300 et
4,2 K.

% Fe |AEqqs % (300 K)- | BEo,, % (300 K)| AEg,, % (4,2 K) | 8Eqp, % (4,2 K)

2 1,88 100 % - - 1,92 100 %

15 | 1,98 100 % - 1 1,97 94 % 3,5 6%
20 2,01 100 % - 1,99 91 % 3,63 9%
25 2,04 100 % - 1,99 83 % " 3,59 17 %
0 | 2,06 82 % 3,3%, 18% | 2,00 60% 3,60 40 %
35 2,10 78 % 3,35, 22 % 2,05 28.%, 3,60 72 %

1 : )
40 2,09 66 % 3,357 34 % 2,02 21 % 3,60 79 %
pi | 2,10 29 % 3,35 71% 2,04 12 % 3,60 88 %
50 2,09 21 % 3,36 79 % 2,05 8% 3,61 92 %
- | 3,40 100 % - 3,61 100 %
!
=4 - f Y O T X v 4”“6
5% FE .| gr
MR £ - h 1 AT
£ ’/w 2 Figure 1
f/ 4g e et
3% FE / 18 Spectres Mossbauver 3 300 K pour
I i _..' diverses concentrations atomiques
4 en fer. '

1 3
® m maa s e e A - a Y
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L'etude par rayons X'7| du compose ZnSiF ., 6H,0 n'a pas revele de
changement de phase cristalline entre 90 et 300°K,'contrairement au cas de
FeSiFg, 6H,0. Les echantillons de fluosilicates mixtes contenant moins de
30 % d'atomes de fer présentent, 3 temperature ambiante, une phase cristalline

unique dont les parametres cristallins croissent reguliérement en fonction de

la teneur en fer, le rapport % =~ 1,035 (maille hexagonale) restant sensiblement

constant.Au-dela de cette concentration en fer, les parametres de la solution
solide n'evoluent plus et i1 apparait une deuxiéme phase apparentee a
FeSiF,, ©H,0 (% ~ 1,006) dont la proportion croit avec la concentration

globila on fer,

I1 est remarquable que 1'interaction quadrupolaire AEQ.l a
ternc -at .re ambiante suive une loi du meme type en fonction de la concentration
en fer puisqu'une saturation intervient egalement a partir de la concentration
de 35% (tab]eau 1). L'apparition d'un nouveau type d'environnement analogue
S elui de FeSiFs, 6H,0 semble toutefois detectable localement par 1'effet
i .sbauer avant que la phase correspondante ne soit visible par diffraction
des rayons X. L'etude par rayons X de 1'echantillon a 35 % de fer, en fonction
de a temperature, montre que la proportion de la phase apparentee a FeSiF, ,
6H,0, a peine decelable a 300 K, augmente au-dessous de 240 X en meme temps gque
sansymétrﬁe est abaissee. La proportion accrue de cette phase es a rapprocher
de 1'augmentation de 1'intensite du doublet correspondant dans les spectres
Mossbauer. Comme i1 parait difficile d'attribuer cette augmentation a 1la
precipitation d'une phase plus riche en fer a aussi basse temperature, on est

conduit 3 supposer un changement de symetrie cristalline transformant

partiellement 1a solution solide en une phase semblable a celle de FeSiF_,

6H,0 au-dessous de 240 K.




II - VARTATION THERMIQUE DU POTENTIEL CRISTALLIN TRIGONAL

-zp
- {o)
L .
z Figure 2
o
W
~ Variation thermique
W _~—i:;7i_7- a) de la separation quadrupolaire AE ,
N } :
-~ : b) du potentiel trigonal &, dans 1le
3 fluosilicate de zinc dope en fer.
z .
" 150, (- A 1

~Le peuplement thermique des niveaux electroniques de 1'ion ferreux

_est responsable de la variation thermnique de l'interact{on quadrupolaire
AEQ(T) generalement, on utilise la mesure de AEQ(T) pour determiner
Ccertaines caractéristiques du'schéma de niveaux glectroniques (meéthode
developpe para Inga11s|8’ dans un modele de champ cristallin). Dans ces
composes bien ioniques ou 1§; calculs de champ cristallin sont certainement

211ides, on observe avec surprise qu'il est impossible de rendre comﬁte de
LEA{T) dans la region de 1 2 300 K par une courbe de type Ingalls. Le cas
du fluosilicate de Zn, dope eﬁ Fe57, est e plus démonstratif(fig. 2a): on

a tracé une courbe de type {Ingalls agaptée 3 la région des basses temperatures

(1 @ 15 K, voir|5]) qui manifestement ne convient pas pour les autres tempe-
ratures: ‘i1 faut admettre gue le potentiel trigonal (§) dépend de Téwtemperatu—
re (& = ecart entre niveaux orbitaux du au potentiel trigonal); les valeurs

6(T), deduites de nos mesures, sont indiquées sur la figure 2b. Dans le

2

partir de mesures magnétiqueslg] ou des spectres MBssbauerls!




L'etude detaille de 1'interaction quadrupolaire, que nous avons
faite dans FeSiF,, 6H,0, n'a pas permis de detecter d'anomalie au voisinage
de la temperature de changement de phase de 240 K qui semble peu affecter
les proprietes locales du champ cristallin au site du fer. Nous n'avons pas
observe non plus d'anomalie a 195 K, ce qui parait infirmer certaines
conclusions anterieures sur 1*influence des mouvements de protons sur Te
|10, 11|

spectre Mossbauer Dans les fluosilicates de fer et de zinc dope en

fer, le potentiel trigonal §&(T) varie donc de facon continue avec la tempe-
rature, probablement en raison de deformations progressives de 1'octaedre
Fe(HZO)s]2+ car les coefficients de dilatation de ces fluosilicates ne

sont pas anormalement grands|7|t Dans les fluosilicates mixtes de fer et de

zinc ou le potentiel cristallin doit conserver egalement, en premiere

approximation, sa symetrie trigonale, une variation brutale de §(T) se produit

Torsgue 1'“an ferreux passe d'un type d'environnement a 1'autre vers 240 K.
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