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~tn;' no monocristal CaGa.·Ge.O" (denominado CGGGI nas freqüências
.~ ;. •. 1 ;:.

de 1,3, 10 e 3-tGHz e nas temperaturas de -t,2K a 300K.

spin para o Cr3+ alojado

Os parâmetros do Hamil toniano de spin para o íon CrJT

Os c r i. s tai s CGGG, dopados com Er3+ e Cr3+, apresentaram os

seguintes parâmetros gl = 1,9662±O,0003, gl = 1.9617±O,0008 e D

Os parâmetros do Hamiltoniano de spin efetivo para o

íon Er:j+ alojado no s ítio dodecaédr ico e com s imetr ia D2 são:

gi = 2,690±O,0005, gy = 4,095±O,005 e gz = 5,082±O,005.
?

Os centros paramagnéticos Mn" produzidos em cristais
".

dopados com Cr"', irradiados com raios X, à temperatura ambiente,
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de menor energia (4AZ) irá se desdobrar em dois dupletos separa-

o valor dos parâmetros gl e g~ que não dependem da freqüencia.

Já na banda X (9,5 GHz) e mais ainda em banda Q (35 GHz), hv e

própria impureza ou defeito do cristal.

O espectro de RPE do íon Er3+ em CGGG está sendo

investigado em banda X, nas temperaturas de 4,2 a 3üüK.

No íon Er3+ (4f11)o termo de menor energia é 115/2 o qual

é desdobrado pelo campo cristalino em 8 dupletos.

No sítio da Ca, ocupado pelo Er3+, a simetria é cúbica

3+Efetuamos a mesma análise, detalhada no caso do Cr .

O espectro do Er3t somente é observado a baixas



Com o objetivo de situarmos o problema das interações
. 3+ 3+ 2+das Impurezas Cr I Er e Mn e campo cristálino dos sítios do
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g.=2, 001, B~=-139, 3cm-1, B~=-O, 088cm-' , Az=-82, 3cm-1
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p>-qU<,VE?-$*+,, dcZ[ k g[eg[h[ciW dh Widbdh Z[ dm_][c_dL >L < [
? g[eg[h[ciWb YWi_dchN @m_hi[b i jc_ZWZ[h Z[ \dgbjaW edg Y[aW

O<=@G< ? ? ?[hYg_rdnWdZW [higjijgW Z[ jb 3]Wgc[i3 E@PG@M "
;KN<>& +30/$(

N_b[ig_W KdcijWa =d$ 9j) ND +

N_i_d cd ]Wgc[i pYq UWV EZF '

Kdh_rdnd[hcW >[aW RT> QV< ,.= 41>
Pc_iWg_W
IjbN >ddgZ[cWrdnWd 2 0 . '
O_ed Z[ eda_[Zgd ?dZ[YW[Zgd JYiW[Zgd i[igW[Zgd '



1 5(O, 4' 8)' os cátions [A] em

1 3(0'4'8') Cada átomo de oxigênio está comparti-

lhado por um cátion (DI, um cátion [A] e dois cátions {C} de

(~to) (
..L ..L ..L )
4 2 2I

I
I
I
I
I
I
I
I
I
I
I-~"""" (tot)

y~

Z



Ydh Z_hidgY_Zdh& Ydb h_b[ig_W edcijWa <-_v Hh a_]Wci[h [hiWd

adYWa_nWZdh W _]jWa Z_hiWcY_W Zd YWi_dc& dj h[`W
,

Ra=a.(x2+y2+z2) , dcZ[ Wd T * eWgWb[igd ZW Y[aW jc_iWg_W5 dcZ[

j]]jj) t M?DD@

#~M?? ?@
[010]

] =] -% Pc 9` -%

d +,'



_]jW_h [cig[ YWi_dc dm_][c_d ZWZWh e[aW h[]j_ci[ [meg[hhWdn
+

Rd=a.[( ~+X)2+y2+( ~_Z)2(2. < h_b[ig_W Zdh h_i_dh $SZ T NT Ydb

[_md adYWa Wa_c^WZd Ydb jgc Zdh [_mdh Zd Yg_hiWaL Ydc\dgb[ [hiW

2+Ge
ca2+

d -(#d

, [lo.-oJ
' (qdC
[OOIJ



cdcijWa ?3 Ydb ZjWh Z_hi_cY_Wh Yri_dcMa_]Wci[ Z_\[g[ci[hL ZWZWh))

+

Rc=a.<u2+p2+q2)',&
+

Rc=a.<v2+r2+s2) ',&
com

+ + + + +u=--x,p={--y-z) -,q={-+y-z)-
, . +, . +,

e v=-.!+z,r=(.!-x-y) -l.,s=(.!+x-y) _1_,
2 . +, . 12).



<dbd [hiWbdh [hijZWcZd * _dc <g-&' Ydbd eg_dg_ZWZ[&

edh_Y5Wd dYjeWZW e[ad _dc <g-& hjXhi_ij_cZd * _dc @W-i&

n C 2+ E 3+W & g

n Ga3+, Cr3+

n Ge4+

+ 2-*

ADBPM< RNU M ?_W]gWbW Z[ um dYiWci[ Z[ um 3]Wgc[i3N Id >BBB P

_dc >gSi dYjeW W edh_rWd Y[cigWa Zd dYiW[Zgd hjXhi_ij_cZd P _dc
BWS& cd h_i_d W (GAO [ >daNLQllRFN



,(, ' Bdc <g-i

WiVgc_Yd Z[hZ[ TsRQ ENYF Wi[ TsSP ETcFL dh fjW_h i[gc Ydc\_]jgWrWd
[a[igdc_YW Zd i_ed4 S:ga+2 -Zc ./u& Ydb b7a&, [ c7a&,&-&&&(&aH(

_dch ig_kWa[ci[hL i[gcYdc\_]jgWroWd [a[igdc_YW Zd i_edn U<gVQiSZcL

Id YWhd Zd _dc a_kg[ >g-& EYdc\ _]jgWroWd SZ- $& e[aW g[]gW

Z[ CjcZ * i[gbd Z[ b[cdg [c[g] _W T TA-)RL * fjWa i[gc jbW Z[][c[M

g[hY[cY_W dgX_iWa Z[ dgZ[b d [ T Z[ he_cN Jh djigdh i[gbdh [b
dgZ[b Yg[hY[ci[L hWdn TArTerRBrRCrRerR?rR? bdhigWZdh cd Z_W]gWbW

Ydgg[aWroWd cW ADBPM< RNVL dcZ[ Zd aWZ[ [hfj[gZd i[bdh dh i[gbdh

Zd _dc a_kg[ >g-IL cd Y[cigd i[bdh dh c_k[_h cjb YWbed Yg_hiWa_cd

C O<I<=@ EQldPF [ C<MMDN C =@MOJGP>>D EQlilFNP [hiWZd Z[ b[cdg
) U b Z, U# ))) i-[c[g]QW [b YWbed dg [ Ydgg[hedc [ W Ydc QljgWroWd R ]N

Wegdm_bWroWd Z[ YWbed \dgi[ dj Z[ YWbed _ci[gb[Z_Wg_dL + c_k[a Z[

b[cdg [c[g]_W h[gW * b[hbd T<R edgfj[ dh c_k[_h Z[ [c[g]_Wh

_c\[g_dg EiR]$ [ cjb ZjXa[id hje[g_dg E[]$& Ydb [c[g]_W Z[

h[eWgWroWd Z[ QP?_' dcZ[

YWbed YjX_YdN

3? 3 [ + eWgWb[igd Z[ Z[hZdXgWb[cid Zdf



-
-
;

[]
RP

\>
3

,`5] -O-V
-

RP
M+] ,

g>] ,
I-V

i,][]

,
I-4

RM,V

-e
/

-
I,V

I,V
-

- 7-V
7XV

-> -
-;V

I'V
--; I-V4 -

- I-VI-4 -
- b -VT)V- I,V

7#V
-= -

-
I#V I#V

-;V
-;V

- -
/e

I-V 7'V
/

/ I-VI'V /
I'V

/ -/<
I-V I'V -

/ -; 4 b-VI'V) -
/7

-4
I-V

/
7-V

'
ZXd`T?]\ 9P[^] ]RbPTS`XR] 9P[^] U]`bT

?B@(,(0 ' =_W]gWbW Z[ Ydgg[aWqWd eWgW _dch Z- cjb YWbed dYiW[Zg_'

Yd( Jj[ [ + YWhd Zd <g-& cd ']Wgc[i' <@@@ # A:KKBL " ;>KMHEN<<B&

QlilFN



bW_ h ][gWa Z[k _Zd P h_b[ig _W jhW (tzlg eWgW dh [hiWZdh ig _ea[idh

[ a[]F eWgW dh ZjXa[idhN Idh WZdiWg[bdh [hiW cdb[cYaWijgWN

KWgW P YWhd Zd Ygdbd _c_Y_Wbdh W eg[[cY^[g dh [hiWZdh
i-V Z[ bW_h XW_lW [c[g]_W idbWcZd [b YdciW W g[]gW Z[ AjcZ W fjWa

[hiWX[a[Y[ fj[ * [hiWZd \jcZWb[ciWa [ Wfj[a[ [hiWZd Z[ he_c

[lYajhWd Z[ IWja _( : bja i_ea _Y_ZWZ[ dgX_ iWa Bbdb[ciW Wc]jaWg
N

WggWc`dh cdh fjW_h dh [a[igdch hWY Z_hig_Xj_Zdh [cig[ dh

dgX_ iW_h Z[ b[hbW [c[g] _W( IWgW jbW Ydc\ _]jgWY45Wd -Z- Zeh _dch <g-&

[ E, s *$( >hi[ fjWgi[id Z[ he_c [ h_c]a[id dgX_iWa [ Z[cdb_cWZd

.:,#i,]
-$( Hh djigdh WggWc`dh eWgW dh ig[h [a[igdch cdh [hiWZdh

#i-, [ #[$ [hiWd ZWZdh eWgW dh [hiWZdh [lY_ iWZdh h[]j_ci[h4

.M`#i,
,[$ [ .M,#i)[$& Zd_h dgX_iW_h ig_ea[idh [b +*=f` .M`#i,[

,$& jb

dgX_iWa ig_ea[id [b +2=f( : ?_]jgW RNd [ jbW g[eg[h[ciWY45Wd Zdh

c_k[_h Z[ [c[g]_W Zdh [hiWZdh \jcZWb[ciWa [ [lY_iWZdh Zdh _dch

<g-% v



FIG.2.7 - Niveis de energias dos ions Cr3+. 0 estado fundamental

(4A2) esta em 0 e os estados excitados (4Tl' 4T2 estao em 10Dq e
4T1 esta em 18Dq)



[L eWgW a[kWciWg [hiWh Z[][c[g[hY[cY_Wh Wea_YWMh[ jgc YWbed

bW]c[i_Yd C N
<h gWZ_Wrd[h [a[igdbW]c[i_YWh ji_a_oWZWh [b MK@ [hiWd

cW \W_mW Z[ gWZ_d\g[fi_[cY_Wh Wi[ b_YgddcZWhL h[cZd fj[ dh

hWY dh Z[ XWcZW R [ F de[gWcZd cWh

\g[fi_[cY_Wh [b idgcd Z[ QP [ SUBCoL g[he[Yi_kWb[ci[N @b YWhdh

fj[ [ ZW dgZ[b Z[ Q W RBCoN

Idh [heYigdb[igdh Z[ b_YgddcZWhLZ[k_Zd Wh Z_\_YjaZWZ[h

_cigjb[ciW_h Z[ h[ kWg_Wg W \g[fi_[cY_WL [aW [ bWci_ZW YdchiWci[

[ kWg_WMh[ P YWbed bW]c[i_Yd [mi[gcdL Z[ bdZd fj[ Wh Z_\[g[crWh

Z[ [c[g]_W [cig[ dh c_k[_h kWg_WbL eWhhWcZd e[ad kWadg <@ s ^k&

?[hiW \dgbW W kWgg[ZjgW Zd [he[Yigd Z[ MK@ h[gWN W

kWg_WrWd Zd YWbed bW]c[i_Yd C N

d CWb_a idc_Wcd Z[ he_cL _cigdZjo _Zd edg <=M<B<H "

KMD>@L EQlUQFL [ jbW edZ[gdhW \[ggWb[ciW fj[ e[gb_i[ W Z[hYg_rWd

YdcY_hW Zdh ZWZdh Z[ MK@N



[c[g]_W eWgW [a[igdch Z[ jgc Y[cigd eWgWbW]c[i_YdL cW eg[h[clW Z[

jgc YWbed [mi[gcd C L edZ[b h[g Z[hYg_idh edg jgc CWb_aidc_Wcd Z[

he_c [\[i_kd /& fj[ cWd eg[Y_hW c[Y[hhWg_Wb[ci[ Yd_cY_Z_g Ydb P

he_c Zd h_hi[bW D<=M<B<H C =G@<I@SL +31*+& bWh Z[k[ h[g iWa fj[

RU & Q h[EW _]jWa W c ?cjb[gd Z[ [hiWZdhFN Jh de[gWZdg[h UA Uf

[ Uo fj[ g[eg[h[ciWb Wh Ydbedc[ci[h Z[ U [b jgc ZWZd h_hi[bW Z[

YddgZ[cWZWh edZ[b dj cWd h[ igWch\dgbWg Ydbd Wh Ydbedc[ci[h Z[
bdb[cijb Wc]jaWgL fjWcZd h[ \Wo jbW de[gWrWd Z[ _ck[ghWd Zd

i[bedL dj jbW de[ gWrWd Z[ bjZWcrWh Zdh [_mdh Z[ YddgZ[cWZWhN

@hi[ igWXWa^d h[ a_b_iWgW We[cWh Wdh YWhdh [b fj[ N

[ h[b[a^Wci[ W jgcbdb[cijb Wc]jaWgL dj h[`WL _beWg [b g[aWrWd W
_ck[ghWd Zd i[bedL eWg W _ck[ghWd Z[ YddgZ[cWZWhL [ h[ igWch\dgM

bW Ydbd jgck[idg fjWafj[g hdX jbW de[gWrWd egVeg_WN

<hh_b Rh & Q s c [hiWZdh Ydchi_ij[b jbW XWh[ eWgW W

g[eg[h[ciWrWd ?h ZWh gdiWrd[h cd [heWrd ig_Z_b[ch_dcWa [ edZ [b

h[g g[eg[h[ciWZdh edg ON b:L dcZ[ b kWg_W Z[ MN W INL iW_h fj[

DN b: [ DN Mb: h[`Wb Ydc`j]WZdh Z[ FgWb[gN I[hi[ YWhd P CWb_aidM

c_Wcd Zd h_hi[bWL fj[ Y[giWb[ci[ Z[e[cZ[ Zd YWbed bW]c[i_Yd C L

X[b Ydbd Zdh YWbedh bW]c[i_Ydh Zdh cjYa[dh egVm_bdh Z[ Y[cigd

eWgWbW]c[i_Yd dj W [a[ e[gi[cY[ci[hL edZ[gW h[ [meg[hhWg edg jbW

hdbW Z[ i[gbdh Zd i_ed HPSqlr, Z[ WYdgZd YdgcK<F@ C @NOG@ LEQldSFN

Dhid [L Wh Ydbedc[ci[h Zd k[idg C WeWg[Y[gWd [gcdgZ[b eL Wh Z[

_ckWg_WcY_W W _ck[ghWd Zd i[bed [ W ^[gb_i_Y_ZWZ[ Zd CWb_aidM

c_Wcd Z[ he_cL W hdbW e & f & g Z[k[ h[g eWgN Wh Yd[\_Y_[ci[h Z[

YWZW i[gbd cd CWb_aidc_Wcd Z[ he_c hWB Z[i[gb_cWZdh e[aWh

_ci[gWrd[h [a[ig_YWh [ bW]c[i_YWh _ci[g [ _cigW _dc_YW [L

edgiWcidL g[\a[i[b W h_b[ig_W adYWa Zd h_i_d dcZ[ [a[ h[ h_ijWN

W [med[ci[ f cWd Z[k[ jaigWeWhhWg + kWadg RN X[b 9DUUX+ gL Z[k[
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6 H. g. S 66 [\[_id R[[bWc [a[igdc_Yd [ h. 6 bW]c[idc Z[

;d^g

}(ZN
e (((( vv ((((

6 - :tIl.g.I== [\[_id R[[bWc cjYa[Wg [ U.C 6 bW]c[idc

))))))))))
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n(par) m=-n

(Hh eWgWb[igdh g[eg[h[ciWZdh edg 9', 9'NI 9'II A [ Q



Hh de[gWZdg[h Mcq [ Wh Ydch iWci[h Wcq Ydc\dgb[ [cYdcigWbdh cWh

E\j SP h[]j_ci[ U]`[P5

d
d \XZ

K\ZZ Edj I\)% edZ[b h[g Ydbea[mdh ? [mY[id eWgW b 6 JN >dbd r hd

_cYaaj_ de[gWZdg[h Z[ dgZ[b eWg cWd hje[g_dg W RiL [ciWd

2s

1P de Par§metros $,/% 7 ; (2n+1) 7 0$-0&,% e $-0(,% $0&,%
csR



Hj_ iWh k[o[h W _ci[gWYoWd \_cW Z[ Rr dgZ[b Ec 6 R [b r F

q&, = S.D. S ,(,

nn@ YaWgd [ciWd fj[ dh eWgWb[igdh g[eg[h[ciWZdh edg ? h[ g[aWY_dM

eWgi_YjaWg Z[ [a[igdch ZL [cfjWcid fj[ P i[chdg ? g[eg[h[ciW
][gWab[ci[ cdk[ eWgWb[igdh ?N E_L` sQLRLSFN KWgW YdbeWi_X_a_oWgaE
_hid kWbdh Z[Ydbedg ? ZW h[]j_ci[ bWc[_gWn

= TID
-

_gg[Zji_k[a Z[ Rr dgZ[b EYdbd dh r FN <hh_b [hiWh ig[h eWgY[aWh



_ci[gW654Wd 1ir,2' fj[ [ fjWZgWi_YW [b /& W ^[gb_i_Y_ZWZ[ Zd

AWb_+idc_Wcd [ Wh g[]gWh Z[ YdbjiW654Wd ZWh Ydbedc[ci[h Z[ /

dXg _ ]Wb W eWgi[ Wci _ hh _b[ig _YW Zd i[chdg / h[ g cjaW& _h id [&
=( 7 =(& g[Zjn _cZd * i[chdg W 0 eWgWb[igdh _cZ[e[cZ[ci[h& :a[b
,C C ,

_ hdig0e_YW& S. (D.f.so1.) • S 7 DilJo1.5 $0&,% ' cWd edZ[ h[g Z[i[iWZW cd

Zd i[chdg fj[ WeWg[Y[ cd AWb_a idc_Wcd [ = fj[ h[gW( Y^WbWZWWLh)) j
h_bea[hb[ci[ Z[ = & Z[k[cZd'h[ a[bXgWg [ciWd fj[4 Mg= s * [ fj[

=(( 6 =H,( =[hiW \dgbW * cjb[gd Z[ eWgWb[igdh _cZ[e[cZ[ci[h Zd
,C C ,

i[chdg : [ Y_cYd& _]jWa Wd cjb[gd Z[ Yd[\_Y_[ci[h ;q

g[aWY_dcWg dh eWgWb[igdh Z[ ? Ydb dh q kWbdh [hYg[k[g ,aa ZW###,,'-

>f( ,(.& Ydb = Zd i_ed =W&h Z[ bdZd W WeWg[Y[g [lea _Y_ iWb[ci[ dh

Hh ig[h i[gbdh [b Y^Wk[h op hWd dh de[gWZdg[h IRH, I,'(, [ I,&'R5 jbW

YdbeWgW3Wd Ydb q ZW >f(,(+ bdhigW fj[4

BO=:c B1=2 (D +iD )
, ,, , ee yz

, (Dxx-Dyy) •'Q-·=----+~D,'',, R ee



~z

KWgW h[ dXi[g P i[gbd Z[ T[[bWc cjYa[Wg hjXhi_ij_Mh[ ] edg (V`

[ N edg D cW @fN RNTo eWgW W _ci[gWL_d ^_e[g\_cW igdYWMhr r] edg

Zd_h h[ * igWLd [ cjadFL fj[ h_d dh kWadg[h eg_cY_eW_h Oee# Omm [

OooD HWh Z[k[Mh[ a[bXgWg fj[L eWgW Z[\_c_g W dg_[ciWL_d Zdh [_mdh

eg_cY_eW_h [b g[aWL_d W jgc h_hi[bW Z[ g[\[g[cY_W ERLSLTDL bW_h



D= (E- D) XX- (E+ D) BM% (~D) ZZ . :hh_b W _ci[gW32&H \_cW Z[ ,q
---

,/'-

B & * #+"nG & ,Tg$ & / P B8 ,*- $j% & CF eWg( #q$ (



ZWhN @ciWd jgc ]gjed Z[ h_gc[ig_Wh BQ fj[ Ydci[c^W W _ck[ghWd [

djigd ]gjed BR fj[ h[ dXi[gc Z[ BQ WigWk[h ZW hjeg[hhWd Z[ idZWh



CWb_aidc_Wcdh Z[ he_c eWgW Wh h[]j_ci[h h_b[ig_Wh edcijW_h ?TD

iVL [ iN fj[ Ydgg[hedcZ[b Wh YaWhh[h Z[ [fj_kWa[cY_Wh bW]c[i_M

9A700; + , - . / 0 1 2 4 +* ++

BMPKJ 9Y 9- :- 9. :. 9) :) 91 :1 I *
0- 9,> C2V 01 9.K 0) Y(k 91> 91K I> I:

9-> :-> :.: 9/> :-: 9.> :.> tC
:/> :1>

7 p@L >,n, >^L >,Qa [ Ydbd [hi[ ]gjed

Ydci[b W de[gWfWd >RoD + CWb_a idc_Wcd edZ[ h[g dXi _Zd Ydb W

_bedh _fWd Z[ fj[ ]mn 6 ]QB 6 H(

d CWb_aidc_Wcd Z[ he_c eWgW [hiW h_b[ig_WL [ckdak[cZd



\, 7#~ nn))n ((C - , $ i {S:+S~}
.n=.,H.g.S+LIl5z-""j5 0&,% +E 2

n
& ?5 ?5 B:o:+i.A. S
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j{=ptgIHzS,;+g.L (H,p](+HySy)}

+ 1J{s;-.!.S(S+l) }+I.A. S
.

n
& ; ; B:P:(S),

+B'(&0 CBa#eWg$ --n
eWgW mmultiplo Z[ -

d i[gY[_gd h_i_d Zd >BBB i[gc W g[aWlWd Z[ h_b[ig_Wh

ZWZWh edg >T 7 p@L C4z ? >RoD ro qN



~='HgIHz5.+gJ. (HzSx+HySy)}

v<s;- ~5(5+1) hi.A. S
B: 0: +B: 0: +B6 00 +B: 0: +B: 0:

Este Hamiltoniano n80 foi utilizado em nosso trabalho

porque nenhum dos ions paramagneticos como 0 Cr3+, 0 Er3t e 0 Mn2t

Ele expressa a intera980 do campo magnetico Hlcos~t da radia980

com 0 sistema. Daqui por diante a parte independente do tempo

(~1) sera chamada de Hamiltoniano de radia98o.

A probabilidade de transi980 entre dois estados la>

p=l<al~lb> 12



(:: z): 'J<=gfiHS., EIIJ=gfiHm pi LUll autoestado 1m>. Os autovalores Ell

dependem linearmente de H. 0 Hamiltoniano da radia9ao (Eq.2.12),

se simplifica para ~ = gaH1.S. usando este resultado em (2.13),

dos termos em Sx e Sy' de ~1' enquanto que a parte de ~ propor-

cional a Sz nao causara. transi90es entre os niveis E.. Isto

mostra que, para se obter· maior eficil~ncia da radia9ao, seu

(~Hl)2[S(S+1)-m(m+l)] .
2

deve-se expressar 0 Hamil toniano ~l (Eq. 2.12) em termos de

coordenadas Sx' S1 e Sz' onde Z e a dire9ao do campo magnetico

efetivo (Eq.2.15) e X e Y sac quaisquer dois eixos ortogonais



cos6=B.g. n & dq0q+i ,COS.=H.g. X..Q'g gseiro
A..-"" 9'sen",-H.g. 6gsen

<edh W igWchsdgbWlWd P CWb_aidc_rcd rQ edZ[gW h[ [meg[hhWg cW

q 7qAa (gt' s+gzSz] ,

ge=f[l' g-gz~

7 nn fl
com gz=t11. G. - ,

g
, G=g.g-r

d k[idg ]i [ e[ge[cZ_YjaWg W R [ W eWgi[ Z[ q fj[ * Ydci[b h[gW

g[hedchWk[a e[aWh igWch_3*[h [cig[ +b8 [ Bb%a8& Yj`Wh _ci[ch_ZW'

p 6 $ gt~Hl) , M0$0&,% -m(m+1)]
b&ci%a -

,#bW_dg kWadg Z[ ]i $ [ cdkWb[ci[

fj[ AB h[`W dgid]dcWa W A( Idg _hhd dh [he[Yigdb[igdh hWY

Ydchigj_Zdh Z[ bdZd fj[ W WbdhigW \_fj[ h[beg[ [gc jbW edh_3Wd

h_hi[bW Weg[h[ciW We[cWh R[[bWc [a[igdc_Yd& + i[gbd ]n cWd

YWjhWgW igWch_3Wd& edgfj[ [ Z_W]dcWa( IdgiWcid Wh g[]gWh Z[



2.9 - Hamiltoniano de Spin do Crt3 no CGGG.

6rbita, segundo NOSENKO e Cal., (1986), comprova um alto grau de

covalência do íon Cr+3 com o complexo octaédrico de oxigênios e

(D = 0,576 em-I) dos dubletos de Kramers.

o m
n

o efeito do campo cristalino sobre um estado fundamen-

tal degenerado, como é o caso 3d3 mostrado na Figura 2.8, é o
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XY WUf[Ug dcbhiU]g& dUfU G== Wca U g]aYhf]U dcbhiU` WiV]WU #iaU

jYn eiY P g]h]c XcXYWUYXf]Wc Y WiV]Wc Wca X]ghcfeUc` Y XYdc]g

fYghf]65cYg U pWW, eiY gcaUXUg S fYghf]3Uc XY eiY + p0& ]ad`]WU

eiY YghY dcXY gYf YldfYggc Wcac UFFQFn
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le`Zf `fe Zfd \jkX[f M ki`mXc\ek\ C@\S%$ k\i j`[\ \eZfekiX[f efj
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H\jk\ ZXg`klcf [Xi\dfj ldX Yi\m\ [\jZi`lXf [fj
\jg\Zkifd\kifj ljX[fj efj \ng\i`d\ekfj [\ LJ?L [\ XYjfiliP Vk`ZX
\ [X fi`\ekXliP \ [Xj gi\gXiXlP\j [fj dfefZi`jkX`j [\ =AAAN

?d efjjXj `em\jk`^XlP\j lk`c`pXdfj d`Ziffe[Xj eXj
]i\hO\ceZ`Xj \d kfief [\ QLS ABpL QP ABp \ ST ABpN ;j d\[`[Xj
]fiXd i\Xc`pX[Xj eXj k\dg\iXkliXj XdY`\ek\L e`kif^\e`f c`hl`[f
\ gXiX X YXe[X R ]`p\kefj d\[`[XjL gXiX Xc^ldXj [Xj XdfjkiXjL
`e[f [X k\dg\iXkliX XdY`\ek\ Xk\ X k\dg\iXkliX [\ _\c`f c`hl`[fN

Ij dfefZi`jkX`j [\ =XSAXRA\SPQREhl\ Z_XdXi\dfj [\ =AAAF L
]fiXd Zi\jZ`[fj g\cf ^ilgf [f >iN BXej D\ejj\e ef FXYfiXkVi`f [\D
@`j`ZX [fj =i`jkX`j \ Vgk`ZX ?c\kife`ZX [f Cejk`klkf [\ N\ZefcfM
^`X [\ GXjjXZ_ljj\kkjMGCN \ ^\ek`cd\ek\ Z\[`[fj g\cf Jif]N >iN
PXe[\ic\o <X^eXkf [f C@KM=M>@=GN ; k\Ze`ZX lk`c`pX[X gXiX P
Zi\jZ`d\ekf ]f` 3kfgMj\\[\[ jfclk`fe3 [\jZi`kX \d [\kXc_\j gfi
MCGIH;CNCML EQliVFN

Ij Zi`jkX`j hl\ lk`c`pXdfj jXf fj QSdiL QSiTL QTPRL

QTPTL QTSV \ liej\d P eld\if [\ `[\ek`]`ZXlXIN
HX NXY\cX C \jkXf [X[fj Xj ZfeZ\ekiXlP\jL Xj [fgX^\ejL

Xj Zfi\j \ X gli\pX [\ XZfi[f Zfd M`dfeX`k`j EQliVFN



J89<B8 L? +=S`\Vba+ :=== cbYZYfSU]a \Sa [VUYUSa UV HF<
EMCGIH;CNCMLQliVF

? =LCMN;F EHIGNF =IG?HN;LCIM>IJ;HN?M Eefd`eXcF

QSdi ? eXf [fgX[f Zfi m\i[\ ZcXif
QSiT =iEQAFL ?iESAF Zfi m\i[\
,/+- <f#H(M`$& SETAF Zfi m\i[\ ]iXZf
QTPT =iEIL QAFL SETAF \ ?OEQAF Zfi m\i[\ ]iXZf
QTSV ?iEsSAF Zfi ifjX
QSlQ =iEQAFL ?iESAF Zfi m\i[\ ]fik\



SNQ k`e_Xiefj P gcXef EPPQF g\ig\e[`ZlcXi Xf ]\`n\N JXiX
Zfe] `iieXi X fi `\ekXlXf i\X Q`pXiefj lie ^`if [\ lPD \d kfief [f
\`nf [\ ifkXlXf UPQPV gXiXL \ekXfL fYk\iiefj lie j\^le[f ]` Qd\
`[\ek`Zf Xf gi`ie\`ifN ;jj\^liX[X X gi\Z`jXf [X fi`\ekXlXf [\ekif
[\ tPLUDL hl\ \ X gi\Z`jXf [f ^fe`fie\kifL ^`iXiefj P Zi`jkXc gfi
23P gXiXL ]`eXcie\ek\L fYk\i X fi`\ekXlXf [f gcXef EQQPFL
dfjkiX[f eX ]`^liX SNRL gXiX gf[\idfj \]\klXi Xj d\[`[Xj [\ LJ?N

c Zi`jkXc fi`\ekX[f ]f` i\k`iX[f [X ZXdXiX [\ FXl\ \
dfekX[f \d jlgfik\ gi\gXiX[f gXiX j\i ZfcfZX[f eX ZXm`[X[\ [\
i\jjfeXeZ`X [fj \jg\Zkifd\kifj [\ LJ?N ;c^lej Zi`jkX`jL XdfjkiXj
QSiTL QSlQ \ QTPRL ]fiXd fi `\ekX[fj \ ZfikX[fj [\ kXc df[f hl\
ldX [\ jlXj ]XZ\j ]`ZXjj\ gXiXc\cX Xf gcXef EQQPFN ?jk\ gifZ\[`M
d\ekf ]XZ `Q`kfl Xj fg\iXZo\\j [\ dfekX^\ej \ [\ d\[ `Zo\\jN HXj
d\[`[Xj [\ \jg\Zkifj [\ LJ? fYj\imXdfjL gXiX Zi`jkX`j Y\d
fi`\ekX[fjL X g\i]\`kX jlg\igfj`ZoXf [fj j`eX`j Zfii\jgfe[\ek\j
Xfj Z\ekifj Zlafj \`nfj [\ j`d\ki`X jXZ pS \ TTD Zfe]fid\ dfjkiX
f ZXg`klcf CP Em\i ]`^liXj TNR \ .(0$ ( Cjkf Xal[X X Zfe]`idXi
hl\ + Zi`jkXc ]`Zfl Y\d fi`\ekX[fN ?jk\j gifZ\[`d\ekfj ]fiXd
j\^l`[fj gXiX kf[Xj Xj XdfjkiXj \jkl[X[XjN

HfkflMj\L kXdY\dL hl\ Xj XdfjkiXj eld\if QTPR \ QTPT

Em\aX kXY\cX PCF k`m\iXd jlXj Zfi\j Xck\iX[Xj [f m\i[\ ZcXif
gXiX dXiifd ZcXif Xf i\Z\Y\i\d X iX[` XZoXf [\ iX `fjMRN @fiXd
i\Xc`pX[Xj d\[`[Xj [\ XYjfiZoXf Vk`ZX gXiX `[\ek`]`ZXi P k`gf [\
Z\ekif Zi`X[fL eld kiXYXc_f gXiXc\cf Xf efjjfL i\Xc`pX[f gfi
EIOLSL EQllQF ef ^ilgf [\ Ik`ZX [f >@=GL \ehlXekf hl\ Xj [\dX`j
XdfjkiXj eXf Xgi\j\ekXiXd df[`]`ZXZo\\jL g\iZ\gk`m\`jL \d jlXj
Zfi\j XgVj j\i\d `iiX[`X[fj [liXek\ X fi`\ekXZoXf gfi iX`fj RN
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EPPQFN Ii`\ekX[f gfi ]\`n\j [\ iX`fj R gXiXc\cf Xf \`nf UPPQV
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h
u h

u u hhh
h hh u hhh h hh h h hh h uh u hh uh h h h hu h h u hu h u h uh h hh u h huh h h h hh h h hh h h hh h hh h uh

h h h h h hh u h h h h h h h h h
u h hh h h hh h h h hh h hh h h h hh h uu h hh hh h h h hh h h h hh h h uu hhh h h h hu hh u uu h hhh h hhh hh hh h

h h
h



0,

=fdgXiXdfj fj \jg\Zkifj [\ LJ? d\[`[fj XgVj X fi`\eM
kXsXf Efj ZicjkXcj i\Z\Y\iXd ldX [fj\ i\cXk`mXd\ek\ ^iXe[\ [\
iX`fjMRo gfihl\ ]`ZXiXd \ngfjkfj X -+ AL \ ,+ d; gfi Z\iZX [\ 1+

_fiXj \d d\[`XFN Bflm\ [`]\i\elXj efkXm\o j gXiX Xj XdfjkiXj
eld\if ,/+- \ ,/+/ Zfd P jli^`d\ekf [\ \jg\Zkifj [fj `fej GeRI
fi Y3 YeX[fj [f GeS% X+faX[fj efj j`kYfj UXVL `jkf Y& efj fZkX\[ifj
[f =AAAL hl\ hlXe[f `iiX[`X[fj gfi iX`fjMRL d\jdf S k\dg\iXkliX
XdY`\ek\L dl[Xd X mXc\eZ`X gXiX GeRIN ?jk\j \jg\Zkifj [fj
Z\ekifjL `ejkXm\`j Xf k\dgf \ X k\dg\iXkliX XdY`\ek\L Zi`X[fj
XgVj X `iiX[`XoXf j\iXf XeXc`jX[fj ef ZXg`klcf PN

;j XdfjkiXj ]fiXd ZfikX[Xj \d ]fidXj X[\KlX[Xj gXiX
ZX[X k`gf [\ d\[`of\j EYXe[X FL YXe[X R \ YXe[X KF lk`c`pXe[f
ldX dXKl`eX [\ ZfikXi Zi`jkX`j [f cXYfiXkVi`f [\ m`[ifj [f
>\gXikXd\ekf [\ @`j`ZX [f C@KM=N ?jkX dXKl`eX gfjjl` ldX YXj\
^fe`fd\ki`ZX \ ld [`jZf [\ ZXiYlile[ld [`XdXekX[f [\ \jg\jjliX
PLQVdd Kl\ ^`iX X RPPP igdL \ \ i\]i`^\iX[X Zfd VQ\f m\^\kXc
gXiX \m`kXi P jlg\iXKl\Z`d\ekf [X XdfjkiX [liXek\ P Zfik\N ;gVj
ZfikX[Xj Xj XdfjkiXj ]fiXd ZfcfZX[Xj \d jfcloXf jlc]fZiId`ZXL
cXmX[Xj Zfd X^lX [\jk`cX[X \ \d j\^l`[X jlYd\k`[Xj X ldX c`dg\pX
Zfd XZ\kfeX j\e[fL \ekXfL j\ZX[XjN

;j XdfjkiXj ]fiXd ZfikX[Xj Zfdf gXiXc\c\g`g\[fj [\
cX[fj QLUnRnUddL gXiX d\[`of\j \d YXe[X F \ YXe[X RL gXiX YXe[X
K ZfikXdfj eXj [`d\ejf\j QnQnUddN ?jj\j ]fidXkfj [fj Zfik\j [fj
Zi`jkX`j jXZ X[\KlX[fj gXiX j\ \eZX`nXi \d jlgfik\j Zfejkil`[fj
[\ klYf [\ KlXikpfL gQXZX [\ i\nf Q`k\ \ _Xjk\ [\ ZfYi\N *



1.

jlgfik\ [\ ZfYi\ ]f` lk`c`pX[f gXiX ZfcfZXi X XdfjkiX eX

ZXm`[X[\ [\ YXe[X KN

c klY\ [\ KlXikpf

\nki\d`[X[\jL]f` \eZX`nX[f eld ^fe`fd\kif PXi`XeL gXiX Xj

d\[o Zof\j \d YXe[X M ) + jlgfik\ [\ i\nf ,5 k\ ]fo X[XgkX[f U
\nki\d`[X[\ [f klYf [\ hlXikpf gXiXL \ekXfL j\i ZfcfZX[f [\ekif

[f jlgfik\ [f _\c`MkiXe gi\m`Xd\ek\ dfekX[f [\ekif [X ZXm`[X[\
i\kXe^lcXi [\ YXe[X R gXiX Xj d\[`[Xj X YX`nXj k\dg\iXkliXj Xk\
X k\dg\iXkliX XdY`\ek\N

;j XdfjkiXj gi\gXiX[Xj gXiX d\[`[Xj \d YXe[X F ]fiXd
dfekX[Xj eXj \nki\d`[X[\j [\ klYXj [\ hlXikpfN

HXj dfekX^\ej [Xj XdfjkiXj ljXdfj ZfcX [li\gfn U
d`elkfjN OdX [Xj mXekX^\ej [\jkX ZfcX \ eXf gfjjl`i j`eXc [\ LJ?
\ gfi `jjf eXf _flm\ jlg\igfj`lXf [\ j`eX`j [fj gfikXj XdfjkiXj
jfYi\ */ j`eX`j d\[`[fj [fj Zi`jkX`j =AAAN

Nf[Xj Xj XdfjkiXjL ljX[Xj \d efjjf kiXYXc_fL k`m\iXd
Xc^ldXj ]Xk`Xj `iiX[`X[XjN ; `iiX[`XlXf ljX[X ]f` iX`fjMR
gif[lp `[fj gfi lie klYX [\ ZfYi\ [X J_ `c`gjL df[\ Q+ QRQVTOQ PL
fg\iXe[f Zfd RP EPfckj [\ k\ejXf [\ Xef[f \ RP d; [\ Zfii\ek\ [\
]`cXd\ekfN ;j XdfjkiXjL [\ kf[fj */ Zi`jkX`j [X[fj eX NXY\cX PCL
]fiXd ZfcfZX[Xj [`i\kXd\ek\ jfYi\ X aXe\cX [f klYX [\ ZfYi\ \ P

k\dgf [\ `iiX[`XlXf mXi`fl [\ RP d`elkfj X R _fiXj [\ \ngfj`lXf
Xf ]\`n\ [\ iX`fjMRL j\d P lj\ [\ e\e_ld ]`ckifN



KbYZ `pXdfj X ZXm `[X[\ Zfd i\jjfX[fi D3ffgM^Xg3

gifa\kX[X \ Zfejkil`[X gfi M;LNILC EQllPFN ; ]i\hO\eZ`X lk`c`pXM

[X ]f` [\ QLSQU ABpN P [`jgfj`k`mf [X ZXm`[X[\ [\ YXe[XMF
g\id`k`l ]Xp\i mXi`XlP\j Xe^lcXi\jL ^`iXe[f P \c\kif`dX \ kXdY\d
]Xp\i d\[`lP\j [\ LJ? eX k\dg\iXkliX [f e`kif^\e`f c`hl`[fL
lk`c`pXe[f lie [\[f ]i`f `d\ijf eld i\Z`g`\ek\ Z_\`f [\ e`kif^\M
e`f c`hl`[fN

;j \ng\i`\eZ`Xj \d YXe[XMR ]fiXd i\Xc`pX[XjL \d jlX
dX`fi gXik\ Zfd lie\jg\ZkiId\kif PXi`XeL j\i`\ 3F`e\ =\eklio3L
df[\c\ ? M QPlL fg\iXe[f \d YXe[XMRL ]i\hO\eZ`X [\ df[lcXlXf QPP
EBpN ; mXi`XlXf Xe^lcXi [fj \jg\Zkifj ]f` fYk`[X lk`c`pXe[f X
ZXm`[X[\ i\kXe^lcXi 3dlck`gligfj\3 ? M SRQ \ ld ^fe`fd\kif
PXi`XeL dfekX[f ef FXYfiXkVi`f [\ <`f]`j`ZX [f >\gXikXd\ekf [\
@`j`ZX \ =`\eZ`Xj [\ GXk\i`X`j [f C@KM=L hl\ fg\iX ef df[f
_fdf[`efN KlXekf Xj d\[`[Xj hl\ [\g\e[\iXd [X mXi`XlXf [\
k\dg\iXkliX [\ SPP X TE lk`c`pXdfj lie \jg\Zkifd\kif YXe[XMR
El AB p FL dfekX[f ef FXYfiXkVi `* [\ L\jjfe;eZ `X GX^e\k `ZX [f
d\jdf [\gXikXd\ekfN ?jk\ \jg\Zkifd\kif lk`c`pXe[f ldX ZXm`[X[\
Z`c`e[i`ZXL kXdY\d [X PXi`Xe df[\cf PMTUSU \ P bcojkifeL PXi`Xe
df[\c\ PMUi fg\iX efj df[fj _fdf[`ef \ jlg\i_\k\if[`efN
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?jk\ j`jk\dX ]f` [\j\e_X[f gXiX \j]i`Xi XdfjkiXj [\
dXk\i`X`j gXiXdX^e\k`Zfj \d ld \jg\ZkiVd\kif [\ LJ?N

?jk\ j`jk\dX [\ i\j]i`Xd\ekf eXf g\id`k\ ^`iXi P

\c\kif`dXN

dX^e\k`ZfL Zfejkil`dfj ld ^fe`Vd\kif Zfd ld \`nf [\ hlXikpfL \d
ZlaX \nki\d`[X[\ ZfcfZXdfj ldX YXj\ [\ i\nfc`k\L jfYi\ X hlXc
dfekXdfj P Zi`jkXc \d hl\ ]op\dfj X mXioXlXf Xe^lcXiN Ij Xe^lcfj
]fiXd Zfekif QX[fj gfi ld kiXej]\io [fi hl\ g\ido k`l d\[o i Zfd
gi\ZojXf [\ *&/'(

Ij ZiojkXoj ]fiXd dfekX[fj efj jlgfik\j \ ZfcfZX[fj
eXj ZXmo[X[\j i\jjfeXek\j Zfd P gcXef ZiojkXcf^iX]oZf EQQPF eX
gfj`lXf _fi`pfekXc [\ kXc df[f X g\idokoi fYk\i \eki\ Xj d\[o[Xj
[\ LJ?L eXj mXioXlP\j Xe^lcXi\j i\XcopX[XjL fj kisj \onfj [f
Zi`jkXc UPPQVL UQQPV \ UQQQVN

JXiX fj \ng\iod\ekfj eX ]i\hlseZoX [\ ST ABp lk`c`pXM
dfj P \jg\ZkiId\kif YXe[XMK PXi`Xe df[\cf 3?Mc`e\ =\eklio3L [f
FXYfiXkVi`f [\ <`f]`joZX [f >\gXikXd\ekf [\ @`j`ZX \ =`seZ`Xj [\
GXk\i`X`j [\ C@KM=N OjXdfj P j`jk\dX [\ i\]i`^\iXlXf PXi`Xe gXiX
d\[`lP\j eX k\dg\iXkliX [\ e`kif^\e`f c`hl`[fL lk`c`pXe[f ld
[\[f ]i`f \eki\ X ZXm`[X[\ Z`c`e[ioZX \d YXe[XMK \ ldX ^XiiX]X
k\id`ZX PXi`Xe Z_\`X [\ e`kif^se`f c`hl`[f [\ kXc ]fidX hl\ X
k\dg\iXkliX d\[o[X gfi k\idfgXi\j eX gfj`lXf [X XdfjkiX eX
ZXm`[X[\ i\jjfeXek\ \ [\ ddEN



A cali brac;:aodo campo magnet 1co externo foi fei ta
usando 05 marcadores de campo: DPPH (g = 2,0036) e 0 cromo (Cr3+)

em matriz s61ida de MgO (g = 1,9797).

As medidas foram realizadas por KOURY(1991), usando um
espectrofotOmetro Cary-17 (300nm - 900nm), do grupo de 6tica do
DFCM-IFQSC.

As amostras utilizadas foram as 1384 e 1402 antes de
serem orientadas e cortadas para as medidas de RPE. Novas
medidas de absorc;:ao6tica foram feitas na amostra 1402, ap6s ser
irradiada por raios X.

o principal programa que utilizamos foi 0 RESS2
adapt~do do programa RESS1 a n6s cedido, gentilmente, por J. F.
SAMPAIO (1986) que 0 fez, inspirado no MAGNSPEC, desenvolvido
por MACKEY e Col. ,(1969).05 objetivos do programa sao: Determi-
nar as posic;:Besdas linhas de RPE ou as autoenergias do Hamilto-
niano de spin, a partir de um conjunto preestabelecido de
parametros.

o programa RESS2 monta a matriz do Hami ltoniano de
spin, e diagonaliza esta matriz para obter os autovetores e/ou
autovalores.

Para executar 0 programa 0 usuar i0 devera saber como



1*

\jkXY\c\Z\i Xj le`[X[\j QV^`ZXj [\ Zfdle`ZXsXf Zfd * ZfdglkX[fi
\ Zfdf \ekiXi Zfd fj [X[fjL Zfdf fi`^`eXcd\ek\ ZH` dfekX[fL fl
ljXi X m\ ijXf gXiX d` ZifZfdglkX[fi\j g\jjfX `j Eg\jF Kl\ ]f `
X[XgkX[X gfi <?LH;L>C DLL FNDLE ,33,$ eX m\ijXf [\efdceX[X L?MMR
Kl\ lk`c`pXdfj \d efjjfj ZXcZlcfj [\ c`e_Xj [\ i\jjfeXeZ`X \ [fj
e`m\`j [\ \e\i^`XN

Ok `Q`pXdfj lie gif^iXdX [\ j`ielQXlXf [X ]lelXf ^YW #V$

\jZi`kf gfi G?FIL QNFN<N LEQllPFN



.%Xc=i L Zfdf `dgli\pX XcfaX[X efj j`k`fj UXV fZkX\[i`M

Yc?iSIL Zfdf `dgli\pX efj j`k`fj qZr [f[\ZX\[i`Zfj [f

3^Xie\k3 =AAAL d\[`[fj eX ]i\h`NQ\eZ`X[\ QP ABpo

Zc GeRIL `ekif[lp`[f Zfdf `dgli\pX XZ`[\ekXcd\ek\ efj

j`dlcXsf\j Zfd P gif^iXdX L?MMN
AiX] `Zfj [fj e`m\ `j [\ \e\i^ `X gXiX + `fe =iS%&



dR

gcXef EQQPF \ * \`nf EPPQF [f Zi`jkXcL fe[\ \eZfekiXdfj

i\cXAf\j j`dgc\j [\m`[f X j`d\ki`X cfZXc [f Zi`jkXcN

?d ^\iXcL * g\i]`c [X L\jjfeXeZ`X JXiXdX^e\k`ZX [\

?c\kifejL [\ lie cfe [\ekif [\ ldX dXki`p Zi`jkXc`eXL gf[\ j\i

[\jZi` kf gfi lie BXd`c kfe`Xef [\ jg`e hl\ Zfek\e_X lie eld\if

i\cXk`mXd\ek\ g\hl\ef [\ gXiXd\kifjN
JXiX fj ki\j `fej \jkl[X[fjL lM XlkfmXcfi\j [fj

BXd`ckfe`Xefj [\ jg`ej Zfiii\jgfe[\ek\jL [\jZi\m\d Xj \e\i^`Xj

gXiX ZX[X lie [fj ki\j `fej gXiXdX^e\k`Zfj X gXik`i [\ jlXj

`ek\iXlP\j Zfd P Zi`jkXc _fjg\[\`if alekXd\ek\ Zfd P \emfcm`d\eM

kf [f ZXdgf dX^e\k`Zf Xgc`ZX[fN IY\[\Z\e[f Xj c\`j hlXek`ZXjL P

`fe gf[\ \jkXi \d lie[fj mXi`fj \jkX[fj XjjfZ`X[fj Zfd fj e`m\`j

[\ \e\i^`X [`jZi\kfjN NiXej`lP\j \eki\ kX`j \jkX[fj gf[\d

fZfii\i j\ X mXi`XlXf [\ \e\i^`XL HS = >G, \ ]fie\Z`[X fl

\nkiX`[X [f `feN M\ fZfii\i\d kiXej`lP\jL gXiX fj \jkX[fj [\

dX`j XckXj \e\i^`XjL XYjfilP\j i\jlckXek\j j\iXf fYj\imX[XjL kXc

Zfdf XZfek\Z\ efidXcd\ek\ eld \jg\Zkifd\kifN M\ _flm\i kiXeM

j`lP\j gXiX \jkX[fj [\ dX`j YX`nXj \e\i^`XjL fl j\aXL \d`jjf\j

\jk`dlcX[Xj [\ \e\i^`X j\iXf fYj\imX[Xj kX`j Zfdf Xj lk`c`pX[Xj

gXiX X Xdgc`]`ZXlXf [\ cXj\iN

Hf ZXjf [fj `fej [\ =iS% Zfdf `dgli\pXj ef =AAAL k\dfj

fj ]Xkfi\j [\ [\j[fYiXd\ekfj \jg\ZkifjZfg`Zfj s .2J: i\cXlXf

Xf \`nf [\ j`d\ki`X [fj j`k`fj fZkX\[i`Zfj UQQQV [f Zi`jkXc \L

kXdY\dL P gXiXd\kif [\ ZXdgf Zi`jkXc`ef > c[\j[fYiXd\ekf X ZXdgf

dX^e\k`Zf p\ifFN ;j `ek\iXlP\j _`g\i]`eXj jXZ fYj\imX[Xj Xg\eXj

eXj XdfkiXj QTPR \ QTPT Zfd + ZXdgf dX^e\k`Zf Xc`e_X[f gXiXc\M

cXd\ek\ Xf \`nf UQQQVN

>liXek\ \jk\ \jkl[f kiXkXi\dfj \jg\Z`Xcd\ek\ [Xj

Q`e_Xj W`eXj [f =iS%& gfihl\ * `jfkfgf dX` j XYle[Xek\L \ * /,= iL



Zfie C 7 PF \ehlXekf hl\ P `jfkfgf sa=iL cZfd C 7 SORF k\ie ldX

JXiX fj `fej ?iskL XcfaX[fj efj j`k`fj [f[\ZXs[i`Zfj

[f =AAAL fj gXiXd\kifj fYk`[fj jXf fj ]Xkfi\j [l, [m \ ^pD Ij

t+\c\kife g\cfj `fej Gemk efj j`k`fj fZkX\[i`ZfjN IY\imXdfj Xg\eXj

[fj j`k`fj fZkX\[i`ZfjL eX \jkilkliX [f =AAAL hl\ XcfaXd P `fe

=i-h fYa\kf gi`eZ`gXc [\jk\ kiXYXc_fN

JXiX d\c_fi XeXc`jXi fj \jg\Zkifj [f `fe =iSk XcfaX[f
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j`k`fj ]`ZXd i\gXik`[fj \d [f`j ^ilgfjn

M`k`fjn pc C>@C \ pS EB<F Zfd V 7 -0&,0t (

M`k`fjn pR E?= C \ pT c;AF Zfd V 7 3+" )

```c =Xdgf XgfekX[f eX [`i\ZnoXNf O,,,Q& gXiXc\cf U [`X^feXc

M`k`fn pQ C>@C Zfd \ r PuN

M`k`fjn pR C?=cL pS CB<c \ pT E;Ac Zfd Y 7 1*&/,,(

; j\^l` i ]Xi\dfj X [\jZi`ZnoXNf[fj \jg\Zkifj [f `fe =iC% ef j`k `f

Ce`Z`Xcd\ek\ ]`p\dfj Xj d\[`[Xj [\ LJ? lk`c`pXe[f X
.%]i\hl\eZ`X [\ QLSQU ABpN H\jkX ]i\hl\eZ`X P \jg\Zkif [f =i \d
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SI=i hl\ \ Zfejk` kl`[f gfi ldX c`e_XL gfihl\ _XL gXiX * ZXdgf

f \`nf [\ j`d\ki`X pQ [f Zi`jkXcN ;gc`ZXe[f lie ZXdgf dX^e\k`Zf

\nk\ief BL hl\ ]f` ^`iX[f ef gcXef EQQPFL \ mXi`Xe[f + Xe^lcf

Q- \ pT d\[`dfj Xj c`e_X [\ \jkilkliX ]`eX eld `ek\imXcf [\ QiPD

[\ mXii\[liX fe[\ fYk\dfj fj \jg\Zkifj [\ U \d UDN
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[fj \jg\Zkifj [f `fe=sI ef =AAA eX Zfe[`hiNf \d hl\ _m q R>L

AUa]` hcb]Ubc XY gd]b& Ya dU(fh]Wi`U(f * [YZ Ya ZibeUc Xc Ub[i`c Y&
]`Zfl \m`[\ek\L X `dgfikXeZ`X [\jkX mXi`XliNP Xe^lcXi \d YXe[X FL

gXiX P ZXcZlcf [\ X ? \ HJ"

Ij mXcfi\j \nki\dfj [\ [YZ d\[`[fj X +&-+/ ABpL jXZ
[YZ`Hr B 7 +&31- s *&**, Y [YZ`3**$ 7 -&3-- s *&**.&

=fcL LE+3/3$ ZXcZlcXdfj fj gXiXd\kifj =@, ^N` \>L ; \ngi\jj<Nf
.%]Oel<NI [f Xe^lcf U& [X kiXej`l<NI [f =i L \cX Y [X[X

HX ]`^liX /)/ dfjkiXdfj X [\g\e[seZ`X Xe^lcXi [\ gWZV$

]lel<NI [f Xe^lcf U gXiX fj j`eX`j [\ LJ? [f `fe =iS% XcfaX[fj
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Ng\_\lTaWb T ?dN RNRS XaVbageT`bf bf iT_beXf Wbf cTeT`Xgebf IM+

G VNDDbf iT_beXf Xfg\b aT MTUX_T OCCNmQD

T]hfgTe T Yham\b YWX^W^) =bafgeh\`bf T @\ZheT TNT baWX `bfgeT`bf

GT @\ZheT TNU gX`bf T_Zhaf Wbf XfcXVgebf WX KI?L aT

YeXd_\XaV\T i s lLSiR ABl X X gX`cXeTgheT T`U\XagXL Wbf \baf =e/I
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R R W D = Bfj `fej i *

XdfjkiX -0,. $,(-, [\ =iDk%( dfjkifl 0 c`e_Xj( Zfd X \jkilkliX

[\ X lie ie`e`ef eX cXi^liX [\ c`e_X ]`eX [f `fe =iDk ef =AAA* JXiX

Y** 6 -*53.3
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@CANTNV M ?fcXVgeb WX KI? Wb \ba Ule cTeT 9: RQQQF aT T`bfgeT



;f geTaf\lPXf [\cXeY\aTf YbeT` bUfXeiTWTf gTagb cTeT P f\g\b Vb`

X\kb WX f\`Xge\T l_ Vb`b cTeT P f\g\b Vb` X\kb lL aT VbaW\lTb X`

dhX , VT`cb `TZaXg\Vb B ARQQQSN

ITeT YTlXeL ah`Xe\VT`XagXL bf VT_Vh_bf Wb YTgbe Zm

X P VT_Vh_b Wb cTe\`Xgeb WX VT`cb Ve\fgT_\ab >L hg\_\lT`bf T

XkceXffTb WTWT X` C?dNRNRSQN =bafgeh\`bfL T cTeg\e Wbf WTWbf `XM
W\Wbf X Wbf VT_Vh_TWbfL T Y\ZheT TNd baWX `bfgeT`bf Tf _\a[Tf WX
XfgeheT Y\aT Wb \ba =enogN

; YharoTb JH6( iF iXefhf TaZh_b iL cTeT T ebgTroTb Wb

VT`cb `TZaXg\Vb B ab c_Tab EQQPF X` eX_TlTb Tb X\kb WX f\`Xge\T

RQQQS cTeT T _\a[T WX eXffbaTaV\T gXbe\VT X ]hagT`XagX Vb`

cbagbf XkcXe\`XagT\f Wb =eSg aT T`bfgeT QSiTL XfgT WXfXa[TWT

ZeTY\Vb `bfgeTWb aT @\ZheT TNiN

f YTgb Wb cTeT`Xgeb WX VT`cb Ve\fgT_\ab EiXe MTUX_T

OCCF fXe WT beWX` WX > s QULiRABl X fXaWb bf iT_beXf WX [i X`

UTaWT Q X E eXfcXVg\iT`XagX lLSUiABl X QNUQUABlL T Vbage\Uh\lTb

cTeT P RJ gXe`b XageX Vb_V[XgXf WT ?dN RNRS WTeT eXfcXVg\iT`XagX

cTeT E[iOR>F bf iT_beXf PLPdSi X PLPPQTN

Cfgb YTl Vb` dhX X` UTaWT E T Vbage\Uh\lTb WXfgX gXe`b

aT VbeeXlTb WX ZXY bVbeeT aT dhTegT VTfT WXV\`T_L XadhTagb dhX

cTeT UTaWT Q T VbeeXlTb TcTeXVX aT Rm VTfT Wb iT_be WX ZXYD

;f `XW\WTf X` UTaWT E cXe`\ gXea cbegTagbL YTlXe hea

T]hfgX ab iT_be WX ZXY X bUgXe bf iT_beXf WX Z_L ZN_ WXfceXlTaWb

T Vbage\Uh\lTb Wb cTeT`Xgeb WX VT`cb Ve\fgT_\ab >N

GT @\ZheT TNl TceXfXagT`bf T iTe\TlTb TaZh_Te WX H;9+2,

X` YhalTb Wb TaZh_b WX ebgTlTbL LL aTf UTaW Tf EXQ baWX cbWX`bf

iXe\Y\VTe + XYX\gb Wb VT`cb Ve\fgT_\ab fbUeX bf iT_beXf WX ZX=

cTeT Tf WhTf YeXdNXaV\Tf Vb` T]hfgXf YX\gbf cbe `\a\`bf dhTWeTM

WbfL B?EHL PNEN<N LEQllPFN
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`h\gb `Xabe Wb dhX ZmBL Vb`b \ + VTfb WTf `XW\WTf X` UTaWT QN

=b` bf iT_beXf WX IM X Yl XkgeT\Wbf WT `XW\WTf X` UTaWT E X WTf

`XW\WTf X` UTaWT QL X cbff\iX_ bUgXe cbe T]hfgX WX YWX#2$ , iT_be

VW < A Fd bTcT_Wecad su - sO0= H

bUg\Wbf X` UTaWT EL XfgTb WTWbf aT MTUX_T OCCN @\lX`bf Tf `Xf`Tf

`XW\lPXf cTeT Tf T`bfgeTf QTPR X QSlQ X` UTaWT E X UTaWT Q X bf

e\TlPXf X` eX_TlTb Tbf WT T`bfgeT QSiT `bfgeTWbf aT MTUX_T OCCN

Tf cTeT`Xgebf WX VT`cb Ve\fgT_\ab >L WTf geXf T`bfgeTfL fXeTb

W\fVhg\Wbf X` WXgT_[XL ab VTc\gh_b ON

ITeT`Xgebf Wb BT`\_gba\Tab WX fc\a Wb =e/& ab =AAA
^c Z_ >EABlF @eXdhXaV\TMABl

QLlV oPLPR QLlVR oPLPS QLSQU

QLlVVR oPLPPPS QLlVQdoPNPPPi QULiR oHLR lLSiR

TNRNSM ETeZheT WX _\a[T Wb \ba Ule

;_X` Wb XfghWb Wbf ZXYET$ Y\lX`bfL gT`UX`L T TaT_ \fX

WTf _TeZheTf WX _\a[T aT YeXdNXaV\T WX UTaWT E X Vb` bf iT_beXf

`XW\Wbf Vbafgeh\`bf T Y\ZheT TNQPL CB X` WXcXaWXaV\T Vb` ,

TaZh_b WX Z\ebL X( aXfgT Y\ZheT Vb_bVT`bf Tf _TeZheTf WX _\a[Tf

WTf T`bfgeTf QSiT X QSlQN ; T`bfgeT QSlQ cbffh\ VbaVXageTroTb

`T\be WX \baf WX =eDk EVbaVXageTlTb :QA WX Tgb`bfFo WX gT_ Ybe`T

dhX cbWX`bf Vb`cTeTeL Tb `Xf`b gX`cbL T Ta\fbgebc\T WTf _TeZheTf

WX _\a[Tf X P XYX\gb WTf VbaVXageTrobXf Wbf \baf =eSgq
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Mfd\ek\ X kiXej`sXf gXiX fc` [fj j`k`fj ]f` XeXc`jX[X

\d kf[f + `ek\imXcf [\ d\[`sf\j( gXiX + `fe =iB&) , ZXdgf ]f`

T_TeZT`Xagb WX Q\a[T Wb =eS&' ab =AAA dhX gT`UX` XfgT Vb`

\`cheXlTf WX ?eS&' fXZhX h`T _X\ Wb g\cb lA, W
Rd+d_Rc ,

GT X \ZheT 0*-.( `bfgeT`bfL cTeT T T`bfgeT -/40( T

?fgTf WhTf h_g\`Tf T`bfgeTf -0,. X -/5-( gT`UX`L aTb

TceXfXagTeT` + XfcXVgeb WX KI? Wb \ba ?eS&)

\agXeiT_bf WX gX`cXeTgheT WX 0( .E T /,, E( aTb bUfXeiT`bf bf

f\aT\f WX KI? Wb ?eS& Tb VbageTe\b Wb dhX TY\e`TiT abf WTWbf WT

T`bfgeT eXVXU\WTN IbWX`bfL Tff\` TffXhZheTe dhX P Ve\fgT_ -/5-(

cbe abf XfghWTWbL aTb g\a[T fhY\V\XagX dhTag\WTWX WX ?eSg cTeT

fXe bUfXeiTWb cbe KI?L `Tf TceXfXagbh h`T VbaVXageTlTb WX Veb`b

fhcXe\be T QA WX Tgb`bf WX =eS& WTWT aT MTUX_T OCN
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+ângulo de rotação e para o lon CrJ no CGGG, na amostra 1384.
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Xj \jkilkliXj ]`eXj [f =iDk ef =AAA gXiX kf[Xj Xj kiXej`87f\j

SIPXcfi\j [fj gXiXd\kifj IM0 ^c \ >( gXiX , =i x

<iefjkiXj QTPR QSiT QSlQ
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fX XfgeX\gT` TgX dhX X` T_Zhaf WXgXe`\aTWbf TaZh_bfL cTeT
T_Zh`Tf WTf geTaf\AUXfL X dhX X` T_Zh`T W\eXA\b Y\XT` ceb\U\Wbf
WX bVbeeXeL Vb`b `bfgeT`bf aT Y\ZheT TNQVN

=b` bf iT_beXf Wbf cTeT`Xgebf bUg\Wbf Y\lX`bf f\`hM

_TlSXf hfTaWb P cebZeT`T K?LLRL TgX XaVbageTe`bf P `X_[be TVbeWb

XageX iT_beXf VT_Xh_TWbf Vb`cTeTWbf Tbf XfcXXgebf XkcXe\`XagT\fN
@b\ cbff\iX_ Vbafgeh\e T Y\ZheT TNQd baWX mbfgeT`bfL T cTeg\e Wb

Ve\fgT_ QSiTL Tf _\a[Tf WX geTaf\JbXf VT_Vh_TWTf cTeT bf \baf

=e[ ab f\g\b l_L XfgT Y\ZheT `bfgeT T iTe\TJiNb TaZh_Te WTf _\a[Tf

Y\aTf ab \agXeiT_b WX QiPn \a\V\TaWb aT cbf\JiNb X` dhX 9: RQQQFN

]hagT`XagX Vb` bf cbagbf XkcXe\`XagT\f dhX X fhcXecbX`N

GT MTUX_T OCCC `bfgeT`bf bf iT_beXf Wbf cTeT`Xgebf IM 0
Z" X > `XW\Wbf T cTeg\e Wbf XfcXVgebf X eXY\aTWbf cX_T W\TZbaT_\M

lTJiNb WT `Tge\l Vb`c_XgT Wb BT`\_gba\Tab WX fc\aL bf Ve\fgT\f

YbeT` be\XagTWbf ab c_Tab EQQPF X `XW\Wbf X gX`cXeTgheT T`U\XaM

gXN

@\ZheT TNQU [TiXaWbL XageXgTagb h`T W\YXeXaJT aT cbf\=oiNb Wbf

VT`cbf WX eXffbaTaV\T X` eX_TJiNb X cbf\JiNb Wb 3`Te^Xe3 `Tf Tf

cbf\JbXf eX_Tg\iTf X f\`Xge\T Wb f\g\b Wb =e/k cXe`TaXVXh

\aiTe\TiX_ X` gbWbf bf ZeTY\Vbf bUg\Wbf Vb` Tf _\a[Tf WX

cebZeT`T K?LLR Vbafgeh\`bf T @\ZheT TNQiN

GXfgT Y\ZheT `bfgeT`bf T iTe\TJiNb TaZh_TeL WTf _\a[Tf

WX XfgehgheT Y\aTL Wb Veb`b ab =AAAL X` UTaWT JN @\lX`bf

iTe\TVobXf TaZh_TeXf WX U X` UnL ab \agXeiT_bf WX lPnL \a\V\TaWb

VT`cb `TZaXg\VbL B,RQQQF
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aT cTegX \aYXe\be WT Y\ZheT Tf _\a[Tf Y\aTf Wb =eSgD FbfgeT`bf

TcXaTf Tf geTaf\robXf VXageT\f &e ( (e' Wb fXkgXga Wb FaRg fTV

bUg\iX`bfL `XW\aWb P VT`cb WX eXffbaTaV\T WT geTaf\roTb VXageT_
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;???# X ; >' g /,, 5,, X m V X* Wb` A`cheYlUf Y e Ya eY Y a` ba Y fY iY Uf Ua Uf

XY UVfbe877Ub XUf geUaf]877bYf YageY bf YfgUXbf 0 m =)'\F-Y *m =)'_F,(

1,,
;GEHJAE=FLG <= GF<s

3,,
% U T &

>A?N SNQT M =gdYWhfc XY UVgcfIUc Xc ;???l;f/I YbhfY ROO Y iOObaL

s gY[i]f UdfYgYbhUacg cg dUfUaYhfcg cVh]XcgL dUfU O

]cb ;fRh bc ;???L bUg UacghfUg XY biaYfc PRdS Y PSOQL LUVY`U P

nYfc Y cg dUfUaYhfcg Xc WUadc Wf]ghU`]bc dUfU , ;???N <e Y :

ZcfUa WU`Wi`UXcg U dUfh]f Xcg d]Wcg XY UVgcfiUc XUXcg bU >][ifU
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241 QLRV QLUO

0*1*. ) 1I:z9=Hz [z 39,( ] [z 69,(+

( .
.0,W`)R = ]aX]WUaXb U UVfbeIUb ab a]iY_ ?3+.* Gf c]Wbf YageY /2,a`

/Y 0,2a` WbeeYfcbaXY` Ubf a]iY]f ?,,".# + c]Wb Y` 0,2a` Y Xb a]iY_

.@5]. Wb` YaYe[]U XY .0 2.,W`)-o

Gf c]Wbf $m1,,a`% WbeeYfcbaXY` Uf UVfbekbYf ab a]iY_

0>3.( UdhY_Yf Y` $m21,a`% Uf UVfbeIbYf ab a]iY_ 0>[+. Y UdhY_Yf

$ m35,a`% Uf UVfbekbYf ab a] iY_ ,)/(+" FYfgU O ][heU gY`bf( gU`VY`(

bf c]Wbf XY UVfbekUb XUf geUaf]kbYf 0LQ Y 0L. YageY /2,a` Y 1.,a`

Y YageY 14,a` 30,a`( eYfcYWg]iU`YagY* FbgU)fY dhY aU >][heU 0*.1

U VUaXU Xb ;e/' YageY /2,a` Y 1.,a`( XU U`bfgeU -/40( YfgU

]<f iU_beYf WU_Wh_UXbf cUeU U ]ba ;em' ab ;??? Yfg:b Y` Vbea
UWbeXb Wb` Uf ')U_beYf Xb `Yf`b ]ba Y` bhgebf [UeaYgf Wb`b
`bfgeUXb aU LUVY_U 99
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bVg]Xbf UgeUiYf Xb YfghXb cbe JH=XUf ]`cheYlUf ;e/'(

XheUagY U abffU cYfdh]fU( YfcYW]U_`YagY , Wb`cbegU`Yagb XUf

_Ue[heUf XY _]a\U Xb ;e/'2 U fhU ]agYeUdUb Wb` , =e/' Y( gU`VY`(

-'b Wb`cbegU`Yagb Xb Ea abf We]fgU]f ]eeUX]UXbf cbe eU]bf O*

-/5-7 -, Y /, XY =e/' aU U`bfgeU -/40 Y aU U`bfgeU -0/2 gY`bf ,

=e/' `h] gb WbaWYageUXb $`U]f XY ." XY Ugb`bf XY =e/'%*

( / 'fc]a cUeU bf Abaf ;e (



;U`Wi`Ufbcg cg dUfUaYhfcg em Y [`C ]bXYdYbXYbhYg XU hYadYfUhifUL

XU ZfYeMYbW]U Y XU WcbWYbhfUiUcL XYbhfc XU dfYW]gUc XUg bcggUg

/ X +$acghfci ifb jU`cf aYbcf bc Wf]ghU` XcdUXc Wca =f Y ;f"hb

Gf eYfh_ gUXbf XY JH=abf We]fgU]f ;??? XbcUXbf Wb` ;e/g

Gf cUeU`Ygebf em Y [_ Y , cUeU`Ygeb XY WU`cb We]fgU_])

ab( <( bVg]Xbf Xbf YjcYe]`Yagbf XY JH= aU U`bfgeU -/40 $-, XY

;e6%'Y /, XY =e/'-( U gY`cYeUgheU U`V]YagY Y aUf geYf ZeYdhYaW ]Uf



TABELA XI - Parametros do Hamiltoniano de spin ( Cr3+ no CGGG)

(amostra 1384 com 1" de CR3+ e 3" de Er3+)

Parametros Banda L Banda X Banda Q
Il,315GHZ) 19,382GHz) (34,860GHz)

g. l,962±0,002 1,9662±O, 000=1 ------*
g, 1.962±0,002 l,961±0,0003 ------*
DIGHz) ------ ------ 15,82±0,02

3+de Cr , fizemos a TaQela XII com os parametros calculados em

TABELA XII - Parametros do Hamiltoniano de spin ( Cr3+ no CGGG)

(amostra 1402 com 0,1" de Cr3+)

Parametros Banda X IGHz) Banda Q IGHz)
g. 1,9727±O,OOO4 ------.
g, 1,9617±O,OO08 ------

D(GHz) ------ 16,20±O,02
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Ls:=Ds PAAA M HsJsE=LJGK <= JH= <G AGF ;fR' G:LA<GK =E :sF<s I

sacghfU AX
(

9 S;<[S ;cbWYbhfUWnUce = [*_**
PRdS PLiUUQ PLiUP PTLdQpOLOQ ;fh P3E Y =fD R3E
PRiP PLiVQV PLiUPVF PULGRpGLGQ ;fD U3 A
PSOQ PLiVQV )'/-)." PULQOpGLGQ ;DGLT3P

* ++ * ++

[` Y [BNgYfYa X]ZYfYbhYg
.'g]aYhf]U Ul]U` bc g]h]c cWidUXc dY`c ]cb ;f dUfU cg Wf]ghU]g

PRiP Y PSOQ eiY dcggiYa WcbWYocYg XY OLP3 Y U3 XY ]cbg XY
.';f Wcac YghU dfYj]ghc dY`U Wf]ghU`c[fUZ]UN

$, 'fY`UoUc Ucg XUg UacghfUg eiY dcggiYa UdYbUg O ]cb ;fG

( gi[YfYa

U dfcl]a]a]XUXY XY ifb ]cb XY =f@L U`c^UXc bc XcXYWUYXfcL



QQ]% em 0.0[_ 767. , dhY gU`VY` YeU XY fY YfcYeUe( cbe fYe , YfgUXb

ZhaXU`YagU_ cUeU , ;e/' ab f]g]b bWgUYXe]Wb f]a[_Ygb beV]gU_ 0:.(

HUeU h`m X]fgbe5Ub ge][baU_( dhY Y , WUfb XU f]`Yge]U

Y` dhY fY YaWbageU , ;e/' ab f]g]b bWgUYXe]Wb X]fgbeW]Xb Xb ;???(

baXY U X]ZYeYa5U YageY :_ Y 1z Y , XYfXbVeU`Yagb Xb a]iY_ 0L.

XYi]Xb U X]fgbe54*, Xb WU`cb We]fgU_]ab Y 6 Y U WbafgUagY XY

]agYeU54*, fc]a beV]gU cUeU , ]ba ;e/'(

]i%<YcYaXYaW]U XU _Ue[heU XY _]a\U Xb ;e/' Wb` U gY`cYeUgheU

RIXU _Ue[heU XY _]a\U Xb ;e ( Y` Zha54*, XU

U`bfgeUf -0,. Y -/5- $iYe LUVY_U MA% U _]a\U XU geUaf]54*,

WYageU_ XY JH= Xb ]ba ;e/' gY` h` Wb`cbegU`Yagb dhY ]aXYcYaXY XU

XhUf U`bfgeUf( XbcUXUf Wb` ]baf XY ;e/'( Z]Wbh WbaZ ]e`UXb U

PI RI=ageYgUagb( aU U`bfgeU -/40 $-, XY ;e# Y /, XY =e % ,

Wb`cbegU`Yagb XU _Ue[heU XY _]a\U Wb` U gY`cYeUgheU XYcYaXY

) / ' /ZbegY`YagY XUf ]agYeU5,Yf YageY bf mbaf ;e Y =e'( FYfgU U`bfgeU



Fbf[eUZ]Wbf XU >][heU 1*- bVfYeiU`bf dhY O U_Ue[U`Ya)

gb XU -]a\U Xb ;e/g XYcYaXY XU WbaWYageUW7Ub XYffY 365' AaX]WU(



;e/' geUaf]W7Ub '-+m U )-+. Y @ =Q---S(

sacghfU bI :UbXU ? :UbXU P :UbXU I WcbWYbhfUoUc
PLRPT ?@n iLRdO ?@n RSLdUO ?@n $]baf , Ugb`bf_

PRdS 5 ?Uhff QO ?Uhff UO ?Uhff /, ;e Y -, =e

PRiP PU ?Uhff .3 ?Uhff -., ?Uhff 5 /, ;e

PSOQ ))) S ?Uhff ST ?Uhff ,(-, me

WbaW_hfbYf* , cUeU`Ygeb < cUeYWY fYe UZYgUXb cY_U ceYfYamU Xb

]ba =eRIL Wb`b i]`bf aU gUVY_U OAM* HUeU W\Y[Ue U h`U WbaW_hfUb

gU_iYl [j# PZ Y [m* EUf gbXb , YfghXb Y` gbXUf Uf eYZYeYaW]Uf cUeU

b ;e/' abf `U]f iUe]UXbf '[UeaYgf' fY`ceY _bWU_]lUeU` YfgY ]ba ab

:cYfUe XY gbXUf Uf Yi]XYaW]Uf( UW]`U `YaW ]baUXUf( +

ZUgb XY \UiYe ]agYeUmbYf YageY bf ]baf =e/' Y ;e67'
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V =fBg cWidU ifbg]h]c XcXYWUYXf]Wc giVgh] hi]bXc , ;UQ'

Y dfcXin ifb XYgVU`UWYUfbYbhc XUg WUf[UgN MfbU XUg fbUbY]fUg XY

WcfbdYbgUf YghY XYgVU`UbWYUfbYbhc Y , ?UR' giVgh] hi]f , ?YS
' Y Wca

c eiY cWcff]U eiUbXc O Eb Wca aX`h]d`Ug jU`obW]Ug YbhfUjU bcg

g]h]c XcXYWUYXf]Wc Xc ;???N Hcf YghU \]dUhYg]g Xc =fB' ]bhYfU[]f
** 'Wca , ;f" , jU`cf XY < = eiY Y XYZ]b]Xc dY`U YeiUWnUc

fYU`]nUfacg Ug aYX]XUg XY JH= YbWcbhfUacg bUg UacghfUg PSOQ Y
PSOS g]bU]g XY EbQ' eiUbXc Y`Ug ZcfUa ]ffUX]UXUg dcf fU]cg PL U

.' #B' .'FUg UacghfUg Wca =f L Y =f> Y ;f bUc

]ffUX]UWnUc dcf fU]cg P dcf dYfZcXcg XY Q \cfUg XY ]ffUX]UWnUcN
Fc Wf]ghU` PSOQ eiY dcggi] OLP3 XY Wmg aYX]acg U`oa

Xcg YgdYWhfcg XY JH= Xc Zcb ;flnILcg YgdYWhfcg XY JH= XU hfUbM
-'Xc Eb =



Xc ]cb ;fBg Y XY U`[ibg g]bU]g XY ]adifYnUg
( / XbYghY YghiXc X]fYhUaYbhY XYX]WUXUc Ucg Acbg ;f N

$Qgs WcbWYbhfUiUc Xc ]cb Eb"

Gihfc ZUhc ai]hc ]bhYfYggUbhY `][UXc U XYhYI:Nc Xc

g]bU` Xc EbQ' Y ]XYbh]Z]WUf U giU cf][YaN ;cac + ]cb X]UaU[bYh]Wc

Eb/g Y , ib]Wc dcgg]jY` XY

s ^igh]Z]WUh]jU dUfU O UdUfYW]aYbhc XU jU`YbW]U DIQE

Y eiY , ]cb EbR' fYWYVY ifbY`Yhfcb cf][]bUXc dcf UIdNc XU ]ffUM
-'X]UIdNc Y dUggU U gYf O ]cb Eb eiY Y dUfUaU[bYh]WcL cf][]bUbXc

s df]aY]fU YghU j]bWi`UXU U bYihfU`]XUXY XY WUf[Ug

Y`Yhf]WUg bc Wf]ghU`L Wi^U YghUV]`]XUXY jYa ZcfIUf O ]cb EbQ' U

s gY[ibXU YghU fY`UW ]cbUXU Uc fU]c ]cb]Wc Xc ]cb Eb.g

DGLUVs gY Zcf VU]lc gd]b ci GLdQs dUfU U`hc gd]bEL YbeiUbhc eiY
RIc ]cb Eb hYfbfU]cg ]cb]Wcg XUXcg dcf DGLTds gY Zcf VU]lc gd]b

-'WcbZ][ifU?Uc XY U`hc gd]b Y Uc dYfXYf ifbY`Yhfcb O Eb L dfcjUM



G X X X V \' X E /'i fc U O eiY jYa Wcffc cfUf Wca U AdchYgYg O b

fYWYVYf ifbY`YhfcbL eiUbXc Y ]ffUX]UXc Y U aYX]XU XY UVgcf?Uc

Uh]WU acghfUXU bU >][ifU 1*. cbXY acghfUacg
-'UVgcf?Uc Xc ]cb Eb WYbhfUXU Ya TROba hfUbg]mUc , :_ U
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Os resultados obtidos dos experimentos de RPE do Mn2t,

5 • 4 - RPE DO Er3t

Fizemos medidas da amostra 1384, que nominalmente

possui as concentrações 1% de Cr3t e 3% de Er3t

, 6 6 ~ +
j Er" (com spin nuclear I = ° e abundância relativa de 77.1%),

Os parâmetros do Hamiltoniano de spin efetivo obtidos

para o Er3t no CGGG, amostra 1384, são comparados na Tabela XV

TABELA XV. Parâmetros de RPE do íon Er3t nos "garnets" CGGG,
Y Ga O (YGG) Y AI) (YAG) Lu AlO (LuAG) e Lu AlO (LuAG), .~. '1' , " '~ '" , L, -~' '1' L, '~''1'

CGGG1 YGG2 LuGG2 YAG2 ?LuAG"
gv 2,454(5) 4,69/3) 3,183(15) 7,75 (9) 6,93/2 )
g, 2,902(5) 4,03(2) 3,183(15) 3,71(2) 4,12 (3 )
g. 4,504(5) 10,73/5) 12,62(10) 7,35 (8 ) 8,43/4)
-1 Parametros obtidos em nossas medidas.

2 Parâmetros obtidos por WOLF e Colo ,(1962)



hUVY`U Z]WU Yj]XYbhY eiY bUg UacghfUg Q?? Y Di?? dcggiYa [_n[_ Y

U g]aYhf]U Y Udfcl]aUXUaYbhY Ul]U`L aUg dUfU cg "[UfbYhg" Wca
BgU`ia]b]cL WUgc Xc Qs? Y Dis?L [h[_# Gg dUf]aYhfcg Xc =f bc ;???

UdfYgYbhU iaU g]aYhf]U X]gh]bhU XU Ul]U` Xcg XYaU]g acghfUXcgL

fh[YfgUb XY fY WbafY[h]e We]fgU]f XY ;??? Wb` =e/'

8( ' / '
XY ;e' Y ." XY =e S aUb bVfYeiU`bf f]aU_ Xb YeV]b( Afgb ]aX]WU

.% ;bafY[h]`bf ]XYag]Z]WUe Uf _]a\Uf XY eYffbaUaW]U abf YfcYW)

gebf `YX]Xbf Xb ;eRh ab ;??? Y` hea Xbf dhUgeb f]g]bf bWgUYXe]Wbf

RE EY_\beU`bf O W#_Wh_b Xb cUeU`Ygeb XY WU`cb We]fgU_]ab( <( Xb

RI]ba ;e U_b^UXb ab f]g]b Wb` f]`Yge]U cbaghU_ ;/] #

W% ;U_Wh_U`bf bf cUeU`Ygebf Ua]fbgebc]Wbf Xb @U`]_ gba]Uab XY

( .' .' \'cUeU bf _baf ;e Y =e Y ]fbgebc]Wb cUeU , Ea' (



sK eYfh_gUXbf bVg]Xbf abf _YiU` U WbaW_h]e dhY ab WUfb

,$,+ ;??? Wb` ]`cheYlUf XY ;e6S' Wb`b ha]Wb XbcUagY bf eYfh_ gUXbf

Yfg]b Y` Vbea UWbeXb Wb` O `bXY_b Uj]U_* EbfgeU`bf dhY O ZUgbe [

aUb Y ]fbge2c]Wb Wb`b YfgU aU _]gYeUgheU( YfcYW]U_`YagY abf

Ueg][bf XY FGK=FCGY ;b_UVbeUXbeYf* :f U`bfgeUf dhY cbffhY` bf

]baf =eB' Y ;em' UceYfYagUeU` cUeU`Ygebf [ (! [_ Y < dhY fh[YeY` h`U

f]`Yge]U `U]f VU]jU Xb dhY U Uj]U_ Wb` [ehcb cbaghU_ ;/] Y

XY]lUacg dsfU hfUVU`\cg Zihifcg YggU ]bjYgh][UiUc j]ghc eiY bUc

X]gdigYacg XY UacghfUg Wca cihfUg WcbWYbhfUiTYg XYghYg ]cbg XY

hU` ZcfaU eiY dYfa]h]ggY fYU`]nUf UbU`]gYg aU]g XYhU`\UXU Xcg

YgdYWhfcg ]bW`i]bXc Ug A]b\Ug \]dYfZ]bUg YbhfY cg XUXcg U gYfYa

cVh]XcgL VYa Wcac jUf]UiTYg Wca U hYadYfUhifU Ya VUbXU D UhY

hYadYfUhifUg XU cfXYa XY SNQCN

aU[bYh]WUg Ya "[UfbYh" ;???L dcXYf]Uacg U]bXU W]hUfl

M s ]bhYfdfYhUiUc dUfU U ZcfaU XY A]b\U XUg hfUbg]iTYg

Xc ]cb ;fR' bc ;???L YghiXUXUg Ya VUbXU I*

M =ghiXc XU ]ffUX]UiUG dcf fU]cg P bUg UacghfUg eiY

UdfYgYbhUfUa ]adifYnUg UW ]XYbhU] g XY ')(! O UnYbXc ?cbhcf AY XY

hYadYfUhifU Y XY ]ffUX]UiTYg dcf fU]cg P Y [UaUN
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