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ABSTRACT: Using poinr clJarge model calcularions, consrraincd by Mossbauer

nuclear resonance dala, we determine [he char,ll:e distribution

and the 45 electron density al the FeS7 nueleus in HbFeS
2
,

Theslo ,'¡l!ues are compare~f wirb (Osrimates ob[aincJ usin¡.: [)anon's

reintcrpre[alioll of the \\'alkcr, \\'enheim ami }accarino isomer
shift calillration (~lodjfied \\:\\} !'Ior). 1'he 10\10' [lOmperature

.\lossbaul'r sPloctroscopic da! a exhibit rhe appearance of a mag.

netic hyperfine inleracrion ae about -SS oC, The measured hy.

perfine paramcters in [his compound are compared •.••.ith those

observed for I\FeS2 by considl"rin,ll: the relali ••.e Fe-S covalent

charaeeer, lill' rebllcd x-ray Struc!urc paramcters and ca[ionie

radius.

+ 1'his work is pan of a paper presenled a[ [he Internarional Conferencc on the

Applications of the ,"{ossbauer Effect, Bendor (France).

011 Icave' from Ihe Physics I>epartment, University of Panama, Panama.
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In OUT pccviou.' work 1\\.'1: discusscd rhe ,,[(eCIS of ctlvalcncy 011 [he
.\losshauCT hyperfinc intcracrions in KFeS2 and cxpre.",s('d OUT¡nlerest in ('x.

(cndinp: OUT work ro oth{'C compoulH_h oC rhe .",crics oC alLl1i-dithiofcrr¡l(cs
(111). 'fhe s(ructurc oí RhFcS

2
is analo~ous lO eh.u \11 i\ Fc~", h¡l\'in~ ¡roll te.

rT,lhedrally bondeo tu sulphur. ~
\\'c have etnphasizcd in [his papee rhe use uf simple available moJel ..•

fOf dc[('cmininp: rhe amount of t.:o\'alcnc)' in tctrahcdrally bomkd ¡ron compoumis
and liJ(o !.'Hects uf rhis honJin.c. un (he mcolsurcd hyrerfill(: parameters. fIJe
hondinp: propcnies in rhese cOlllpunds are reasonahly wdl dcscrihcd by assum-
in,c. .15/13 hyhridization, the p;luicip.llion of 3d eleC'trnllS in the bonding hein,g
of I{,ss importance. Thi .••has hccn emphasized to be (ruc ae l('ast in vcry
nn'akn( crystals and for [c[rahe<iral coorJination, whcre sizable r<.'uuctillll l¡f
tbc hyperfine ficlds are acctlmpanicd by small 3'1 ctJ\'alc'llcy.2

~THl!CTlIl(E .\:-ID EXI'EHIIIE:\T

HhFcS
2

has ...•pan.'-poup symnH:'cry C~h wi(h four moleculcs per unit
(:el\ having all Fe atom" at {'quivaknt sites. Th{' (FeS2)- ions are arran,¡.:ed
in chains of FeS4 tctrahedra linkcd by (heir cdges with shOft Fc-Fe distall<:c's.
-rhe spccimcns were prepar('d [rom A. H. quality chemkals hy £llsin,g iron 1"Il,,\\'{kr
wirb rubidium carbonate ,lnd sulphur ami Ic.1chin,g (he ('old product in w,1(er.

3
•
4

Our samples wcrc characterized hy x-ray examin,Hi{ln.
\1ossbauer spe'ctr,) of polycrystalline .<;',\lnple W('f{' renmled in [he "i(illld.•

aro tmnsmission ,geolllctry witil a nlOM,\nt .lc<:c1crarioll Dopplcr vclocity transduccr,
400 multichannel analyzt'T ,1nd ('0<;7 in Pd m,ltrix wirh ;ln ,\c(ivity of ~') m( i.
The lo\\" tempcraturc mca SUrCIllClltS were rel"ordcd us 11l!.!: ,in ¡.: I se" in t cy ro s (01 t

with t::-mpcrarute con(rol1er. The tcmpct.llurc srability W,\S t~oC.

CLAClIL,\T1()~~ 01' EFFECTI\'E (II"H(;E~ .\"11 ,\5

ELECTI{(l~ DE:-I~ITII.~

The v,tllles uf iS{lllle"r shift "nd ({'mperaturc inde'pendcnt quadrup"le
"'plining in HbFeS2 are typical uf hi,gh spin ferrie ¡ron in which dw 3d

5
S-statc

symlllc(ry of Fe3'" does n<lt arpear (O be siptifieantly affcc((.d by C()\'alent
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bondin~. 2-5 Ir thus appears reasonahle to describe t!lis compouod hy a simple
modcl of effectlve char~es at al1 lauiee sit("s whieh are requirC'd ro produce
the measured ficId ,gradient at rhe ':e nucleus, subject to rhe additional eoo'"
straitlt imposed by the charge neurrality condirion and rhe mOllovalenr ehame"
[cr of rhe cations.

Usin,g the availahle erystallographic dataJ•4 the nine componenrs of
the HFG tensor were cakulated from the [elatino

(;,i = x,y,z)

where el,¡ and (RxJ.¡' Ryk' R~J.¡) are the effectivc charges and the coordinates of
the k-rh atom in an arbitrary orrhogonal coordinare system.1.t> '111eEFG ('I1.O;or
thus obraincd was dia,2:onalized and (he priocipal values of Vj; Wl'f<" desi~IAted
aceording tu the eOllvcnrion thar

7)= (V -1' )/1' •-,,"x )'Y .%%

Thes(' values and rhe latesr values 1,6 of Q ami "Yen are used ro calculare 6.h'Q
from the rdation

The lattiee sum ca!Culations were earricd out 011 an IB.\l 370 computcr within
a chosen radial di.'Haoce from the central iron and rhis radius of summatioll
was sysrcmaticalIy \'aricd until the eonver!!enee \\'as attaioed. \'ariatioos
were.also not si~oificant when rhe uoeenaioties of rhe srrueture were taken
into account. All our final resu1rs were ca!Culated within a sphere of 50 ;\
radius.

The elecrrooCJ~arivit)" diffefence values, ami eomparison of rhe ..••um of
iooie radius of Rb and S with rhe ohservcd bond length, indicares (hat the al-
kali metal in (his compound is ionic in charaeter. We (hercforc- a ...•signed ehar~c
1.0 ro Ro, a \\lide f;ln,gl' of effective eharges tu ifon anO (he corrC'spondin,g
char~es on sulphur were detC'nnined by rhe chargc nC'utrality eondition.

Our calculations yield a best fit with our expefimenwlly dctermincd
\'alue of quadrupole splitring (0.45 mm/sec) wh('n we assigll charges of ap"
proximately 1•.16 (units of electron chargc) to iron in HbFcS

2
•

Assuming ea eh of rhe 4$1'3 (etrahedral honds as equivalellt, the frac'"
tiuna] ti.\" ele<:trun dClIsitv lit the F(" lIucleu.<; in rhis cnmpound can be dCI(.r-
mined from
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O.0-1!.1'.)/4

where 1:.1'". is {he ('ff('ctive charge on iron previnusly dc{cnnined. This csti-
mate yields electron density of 0.3g in l{hFl'S •,

The total s-electron densi[y .lt [he Fe 57 nueleus in this compowld Ola.)'

be written as the sum of the inner-shell contribution and a fraction X,¡;: (O)"of 4s densüy arisin~ from the panial occupadon of thi:<> shcll by clecuons

from the ligands7•8

'1?(O) = 5: '1" (O) + x,!? (O).
5 I l:!o o4!'>

The isomcr shift is proponional {() [he {Otal s electron dcnsit}' '1~(O)."I11CJ.T~
porlionality constant a=-O.2 a-3 mm/sec was determillcd7•8 fmm models
bascd on clcctrone~ativity diff('fCnCCs and molecular orbital ca1culations aod
is io agreemen[ with more recent evaluations. Q

Thc 4s densi[y thus calculated 7,8 for ruhidium dithioferrmc (IIl), usin~
the expcriment,l1 value of isomer shift, is appruximately 0.37. "nlis ,"'alu(' sup-

pons our aboye estimate.
We would likc to note, however, that one should 1l0l be carried away by

these calculations, since w(' have used the simplest of lheoretical models
available and must aIso make allowances fOf the uocenainties in OUfexperi-
mental measurements and couplinR constantS used in these determinatioll .•••
These calculations do suggest, however, a fa[her significant iron covalency
in RhFeS" sli~htly hi~her [han tha[ previously determined for KFeS.

1
Our2-

calculations I indicated 0.35 4s deosit}' .l{ the Fe57 nucleus in KFeS2•
Thcsc estimates wiIl al so be used tú correlat(' the unusuaIly small values of
internal magnetic fields with the c(lva1cnt character of the bonds.

TABLE I

Experimental ~teasurements of lIyperfine Paramcters

Isomer Shifta Quadrupole Splittingh Magnctic Ficldc

Compound (mm/sed (mm/s) (kG)

KFeS2 0.37 0.S3 21S

RhFeS2 0.34 OAS 196

a Saturation values (w.r.r. Fe). Experimental C'ffOrS are t 0.02 mm/seco

b Temperarure indl.pendent values. Experimenta! errors are t 0.02 mm/seco

c Saturation valucs. Experimental errots are tS kG.



EIIf'ct5 01 covalf!ncy •••

'.
5'10'

'.'.
COUNTS /CHANNEL

.... ..'..

-173 'c '...: ~.: '.'

'.

...
'.

:.'.:~. ~.
'.
:".

..
t.::.~.•.' ... 'I•....•.:....

.<

-II3'C ..,....:....., .....:...•:...
'.: ....

.. ': ~.'
.... .'

. .. :~)o..~•...•••.
:'.'...

.'

....J
••••z
Z
<f
:>:
u.•.•
Vl
>-z
::>o
u

- 94 'C

-88 'c

- 84 'c

.",,: .: ~..:.~:•.:"'::.1:'

. .'
':'" :

.:-:.: ........:; ..•......•..-:..•..""" " .•.

'..,

.' .'.•..•...,:~•..•..•.........\,~..•.-:.

.'

/ :- :-:.¡. ":-":-: .
.'

_ .•:- .:-..,..'::-.-; ....,.

- 28 'c
... .

.~). :..:._.::..•••••...•r.••..•••.••':It:..•.•..•..•

.'

25 'c

. :.

_~\O •••••••••: ••••• ;..,.-:.,' , ••.•••••••••••••::.

"

,'.
Mossbauer sl'CClrum of RbFc.s from room remp('calurcs down
lo liquid nilro,ieo t('mperaruce:
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It ha •• !-lecn noteJ7.8 that the hyperfine parameters are ll ...•ually hlq~er
for more illlli(" com¡XlUlHh a'" compared to liHl••e which are more covalcntl~'
hondcd. This i•• in conformity with our cxperim('ntal measuremellts (Tahle 1)
which indic.ltC thar the lar¡.;c-r values of hypc-rfine paramcrers corrc. .••pond to
the more ionic compound KF('~\. Ir ,HHlld thus arpear rhat the larger C.l[iOllS
in I{bFeS

2
tend to force the Fe ~lnd S a(Oms ¡uto closer honds. ~uc1l a comO'

parison is ,l[ Ica ••r re,lsonable fm isostructural compounds allll \\'ould explain
rhe smallcr v;tlue"" of hypC'rfine parameters and the Fc-S distan("(' in RbFeS2
as comparC'd {Orhe <lnal0l!0u .•.•ly ."[(ucrllred compound KFeS2 •

..\:" ..\LY~IS (JI' TIIE L(J~' Tl"II'EI(ATlIRE W)SSBAlIER

~1'1':CrR(J~C:(JI'IC DAT,\

The \1ossbauC'r speetra for RhFeS2 £rom room temperarufe down ro Iiq'"
uio ni(rO~ell r('mpcraturc (Fig. 1) confirms ma,gnC'tic ordering ar about _88

t1

~20C and .••1Io\\'s a significanr increase in iSOlller shift on pas ...•in,g the transi-

don point.
If rh,. Isomer shift (8) is assum('{i tu hc illdependent of rcmper.Hure,

(_e s/o,[') is proportional lO die specific hC',H. The deviation bclo\\' (he rran"
sition poinr may he explained by a temperatur(' dependenr componenr of the
Isomer shih which is approximately proportional ro the ma,gllcric field.

Ma~nctic susceptihility rneasurcmenC.s amI crystal S(fUcrufe analysis

sug~est tha( Fe is antiferroma~lle{ically COllrled in thcsc cornpounds.
J
•
4

For
interactillns hcrwcen carions in terrahedral sires corre!ation "uperxc."han~e
.lnd cation-c;:lrion intcf<lctions are hoth uuambi,guously antiferrom<l,gnctic for
dS_ds interanions.Q F\lr F('-Fe (d5) int~ractions, rhe Andcf. ..•on's exc.:han,gco
inrq~ralQ is ~ivel1 bv f .. =_2b . ./4S2U, whcre S == S/2 amI U is (he electrostatic

• 11 J 1
ellcr,gy. The dominant paramct~r bij is proportional to (he orbital ov('rlap and
increase ...•exponentially with dccreasin,g I:e-Fe separaríon.(j This would ex.
plain the lower (ransition tcmprature in HhFC'S2 in which rhe FC'- Fe distancc",
<\fe correspomlin,gIy larp:er th.ln in KFeS2 which has a hig!JC'rtransition tempera.

turl:" (-28.e).
0ur l'revious EF(; ca1cula(ion illdicatcd small va1t¡(' ...•of (he asymme'"

rry paramcrer, on the ord(:r of 0.09. Cons(:qu<:llriy, if we ncoglect dirccr 1Il<lp:-
netic and t11<l~n(.trostrictiv(' dfeC(s ún th(' quadrupole cuuplin,g, rhe an~le b, ..•.
(\H.'cn th(' internal ma IZne ti c."field and rhe symmcrry axis of rh,. I;FC tensor COln

~, ~krennilll'd fmm the rel.uion
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wh('re e2qQ can he obtailled from the quadrupoIe .••plittin.c: ami rhe pararncr{'r E

can be deduced from rhe tine positions in the .\lossbauer speC{rum. ThC' esti-
milred valuc is 1M" .i 5°.

The me;lsurcd satllration value fm rubidillm dirhioferratc is 196 kG.
The silrurarion valu(' for the hypcrfill{o field io rhis eompollntl is lI11llsllally
small for a ferrie ion. ,(,hese compare howe,'er widt rhe valucs found in some
covalcm material s and are mllch smallcr than the ionic vallle of (¡JO kUc.10

Apparcntly there ilrc (.'onsiderahlc covalC'llcy cffecr. .• p{'rhaps abo neg-
ative contributions fmm nei,c:hhorin,c: SpillS. Ztom poinr motioll of rhe ..•pins
cannot aCCollnt fur such a large redllction. Ir ha ...•<lIso !le{'1l sho\\n thar rhe
apparent percentage of dt'localizarioll of the antibondin,e .1d dectrons in rhe
6S~ stare [o rhe neighborin.c: arom .••is ~ellerally ver)' small ;lml caHllot he rhe,
primary caus{O for the redllction of rhe hyperfine fields.

The ohservcd \Oalues uf hypcrfine ficlds are appreciahly lar,c:cr for iouic
crystals than for co\Oalcnrl}' bonded 011('."and ir has beco 0([('0 emphasizcd
rhat rhe magnitude of rhe internal field in an iron OIt) complex is a ,c:ood in-
dicadon of tll(' exrent of covalcney, the morc co\'al{,nt (he bond .•.•, the smalJer
(he observed hypcrfine fidd ...••l.2.7-IO T!Jis would eerrainly explain r:le Cor-
respondin.e;ly smalIer field in RbFeS2 whieh is more covalelltiy bonded than •
KFeS,"

Ir was thus eonsidcred of inrcrc.">( to mal(, order uf magnitudt. esti-
mates of thcse ficlds in rll(' alkali-dithioferrarcs usiuEZ the available covalency
models.

\foleclllar orbital caleulation.'i sug~est thar rhere .••.hould he a linear
rclarionship h('rwccn (he eovalent induced hyperfin(' field ,lnd the charl-:c trans-
fer to the 4s sratc.2

Assumin,c: such a relationship, we can \\-'tite

/1 =/liouic_ÜII 6/1=f) xII.,hl '-4."> .•_

wherc Uionic i .•.•rhe ionie f¡cld and /lB is the ;j\'crage byperfine field due (O

lInpaircd 4$ elccrmns.1o Q.~ is the 4$ cnntrihutioll from the .••.ulphur li,c:ands
previnusly dctermincJ.

The estimated hypcrfine ficld is approximatcly 132 kG which is a rea.
sonable result considerin~ [he simplicity of our model. A more propcr f'srimar{'
should take into cunsideratiun urhcr contributions, slIch as the 4s radial po-
larizarion which is at pre,"'enr, less accesible.

We ha ve determilled fmm our EFG ca!clllarions rhe effcctive char,c:es
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on iron in KFc~l and RbFeS1 a •• ¡.h and 1.4(, r('spcc£ivcly. Usin~ dlCS(, valuc ••
of ('ffenivc char~c •• and assumin~ rhc ficlds are proportionali•2,7-II (O thc
ionl" dlólfOlcter (f:'.¡:.I~.O) of FeJ+, lhcn dH_'cMimated intcrnal f¡cld for RhFeS 2
is IY2 J...(; in ,2000 a~r('ement Wilh [he mc.lsur('d valuc of ¡y(í kG. .

\\'c \\'ould like lo cmph,lsize (he fan (h,1( lhese resuhs \\'cre oblclined
by u ..•in,2 vcry simplC' modcls and ha\.e not hy far ('xhauslcd a1l possihl(' (,'Otl~
tributiolls. IInw('v('r, W(' would likc lO notC, th.\1 in th{' abs("Il(.-c of morc (,"Olct
,lnd .••ophisticat(,d c.l1culations, lh(" ullcertaillties involvcd in these estim.lu"s
arc \\'("1\ compcns;ltcd by the rcali .••tic illsi~hl inlo the' phy ••ical differenn"s of
[jl(" cn\'ironmcnts providcd hy su,,!> "imple models.
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('sandl) cálculos Con modelos de car¡?:a...•puruuales, r('suin,ciJo .••p(\r
los Jalo'" de resonancia nuckar \Iosshau("r, determinamos la di ...•trihución dc
carva V la dcn .••idad de electroncs "¡S Cn el núcleo Fe57 ('1\ el HhFeS. E.stos" . ,
valores ...•c comparan COII (,slirnaciolles Ohlcllidas usando la r("interprctación
de I)anón de la calibración del corrimiell!O i...•orn¿:trico de \);-'alker, \\ eneim y
}accarino (.cr¡lfica \\ \\') modificada). Los dalO ...•('spectr(lc~')pj(.o ..• \losshaucr
ahaja ..•tcmperaturas exhiben la aparición de una in[('racciún hipcrfina mai?:-
nética c('tca dc -8BoC. Los parámelro ...•hipcrfinos medidos (.n eSlc compu('."-
to se comparan ron los oh ...•ervados para (.1 1\FcS2, con ..•idC'rando el carácter
covalentl' rC'lali\'o Fe-S, lo." par¡ímctros dc estructura corrc".spondicn[C's ohl('-
nidos por rayos X y el radio caüúnico.




