
/ JJ("~ 

Till-: Hn'f:(,1' Uf' I'NI,SS(f1IE II.V Til f: 0.'\/1111 1'W.V 
S1',~~'J:.' Of? 11/0.\'. /I '. 1'IIIOCr.t.UTH .INI) 

IS01'/IIOCLI ,\',I1't: L!1;A.\·/):;· 

By S. C. FUSG .",so H. G. Dltlf.: .... UIEIt 

IJEP.UtTlfE:oiT or CIIE.\fI :'TltY ,Xl) OfP.lI1C.\L ES(JISf:EIUStl \Sl) 

uxn:1U \l.l4 lIt:liiE.\ltCIi 1_\tfoIIH \ r"ln', I sn' Elt"rrl· or 11.t.I:O;:u~. l' IUt\~' 

COmlllliniralni .'St'pli mbt., /6, J!lSS 

..tlulraci 0",/ Summary. - Thc l'fTt'Ct or prl'~:1l1r(' on the :\fo. ...... hutft.'f' rC:"OmlllC\:' 

!CllCctru. of Fc(lll) with thiHcyallate (.\f .... "'iC:\) Itnu i.'-Uchiucyallau" (.\l-X(-:-;) 
lig!\nd.~ hu:z ht.'t'lll'lwdictl. FI '(XCSh·fiU:O, wilil;h hU'..: the i.~ddocYtlmlh:- struc
ture, reduces with illcn'tt ... ill;,! pn·~urc. n·\·cr.-ihly. amI with n pr~u.fl' d<'I}('n
dellce for the colt\'cn-ion vcry ;,imilar tu thnt .. Iu,wn by :l wid(' \'~ly of iouie 
ferric compoundli. I\lFdS(' X" h:J)'l: the thincYltllllte structure .. \t low pre:
:,ures, it exhibits :l :o:igllific~ultly brgcr n'tfuctiu ll than I he FetXCS,&- n"ith in~ 
cren.<ling pres.ocure the thiucYlln:ll(' ('unlplt.·xt.'S i~lIl1t!ri1.(" C:lch eornlJin nprmrcn£ly 
exhibiting about till' "ami' t..I"J;::fl'P of convcr.-:ioll at a givl'1I p~:mre" At t"~,o kb 
the i.-.onlt!r1zUlion i~ (';oi. • ..«.'utially complete" The rE'tluction of the Fc(lll) to 
Fe(U) iR reven-iblc hut the il"t'OIcriz:uion i."i not, :tnd the ~tmpl(', \('hen powdereO 
and rclooJdcd in the hi~JI-JJr{''''''''': lIrc cell , exhihil-l; the j ... nmcr ~hirL qu.:.Illrupolc 
liplitting, and Ft'(lll) 10 FeO!) cOIl\'er.--;on cllaru{:tt:n:'ilic of all iSBthiocy:matc. 
Healing the thiocy:tllate to 110°C at :) kh yicld-; a mixture of thiocyulmte and 
iJJothiocyamltc that COrl\'crl:oi with prt.':'.·mre Cfmtplctcly to the isothiocyanate, 

:\l6&sbauer ~lIancc ha. .. pro"cd useful in l-Itudying the oxidation state, :-piu 
stute, and chemicnl honding in colllpuUll<l..; of iron. The inf()rnlUtion is illferrf'1:1 
from the b;omer shift (the ~ elt.-ctro l1 dell:-;it.\' ut the nuch'us) and fmm the quad
rupole ~plitting (the ~p:tr.lIion bel\\'(.'<"n the two penh ltri!Oing fO..lm the !OJ)littiliK 
o( the nuclctl r :oItutc o( :-pin :J/ ~ duc to intt.'mcuoo O(:tll ciccI ric fic'lt! gradient ,,·ith 
the nuch:ar qUlldruJl0It' mOlllent). Sinc,," r(.~n:,"ce i~ nitwill(,O in Ii :\[fis..;bnucr 
flpectroOletcr by movillg the :'fmrcc with n:~pcct to the :l.b:.:orJ.x.r, tk-...e eDt.·rgi~ 
are chur:.tclcri..;tically ('xprto:--.;:('(I in mm ';o:.ec. In thi . ..; paper , ull i:olOfo<.'r !"'hift:-l arc 
given relutive to bec iroll mNul :it OUf" atmo":flh,·ric p~urc. 

For typicnlly ionic, hiJ.:h-:-pin (c'rroll!" comlNlund:ol, the isomcr shift liei in the 
runge 1.2- 1.4 mm/ :-cc, which cl)rr~ponds to a r('lntivcly low t'I('Clnm dcn...:itY:it 
the nucleus. Th~e compounds exhihir :l lurge quadrupole !Oplitting (~.O-:tO 
mOl/ sec) that rC:'l ult!; frum rhe a~phcric di:-trihurion IJf ck-ctrnn,. in the ikl !"hf.'1J. 
High~!Opin ferric comrx,uudi !oohow i...-"ner shifts in til(' n\IIJ((' O.:l-O.~ mm /!'eC (i.e., 
the 3 electron UCII!'iity at, tllf~ lIurl(:II~ i:; much hi~her thun (f,r fcrrou.'i compoullfls) 
und smull (llIIu.lrupf,lc l'IplillinJ;.."'I «(}--O.H mOl/~' ) ('au~'tI entirely by 3. nOllcul,ic 
ligund fielt..l. Th('rc exi:o:l fI:-tf>n,.-ihty (('rnm!'( comp.,unds !'ouch :l:'t F~', 1-'c.':X>, and 
FeTe, whose hinelin", Ims :, IHrJCc covalent MmJlolIC'ut, lhut exhibit i:'f)Jnrr shifLs 
ill the rUIIJ,Cc O.7--0 .!J mm 'N"C.' Tlu-y m :ly al"'O ha,\'c '1u:ulmpul(' !""liUi,,~ of in
fermf"ttiutc Vllltll~. 

Jt hu,'4 1>4'f'1I nb!'l('rvf'tl ill Ihis IaIMlflltOry that ferric irnll f('1JlI~ tn titc fc'r"",," 
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stnte in n wiele l':l rirty of compound!!; inchuJillg hulidt..~,! ox:tiat(':i Ulld nCClOnatt",' 
phm'ph:tfe, citr:IIC ancllmlf~IIt...,<f fl'rrieyunid(~ and I'ru~ .. illll bluc',.) and hemin IlHd 

hem:ltin.' Thl~ Jlnlf~..t i~ I'l'\'(!)'sible with ~mlP hY ::lcn'Si.~. It follows lite l'm,.iri. 
cal relationship: 
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where A uno Bare indf'lX'nd£'nt Clf pn..'~~tlrc. From t.lif'rmofi,\'n:lmit' nrgumefll:ol • 
Hne oht:tins the f'fl't:ltion: 

(}lnCu /I( I"IIl-l'lI) 
I> In P = RT «(."") = R(C III ) (2) 

where rill :md I'll arc the \'(tlumt~ o( the rl.'rric alld fcrrou.'! ion .... with thcir :1.I;:.;oC'i

alcd liJ!fintk Thf're i:o: hoth experimC'ntal :tnd thcur('tic~ll evid('lIce thut till' 
untihoncling m(,tal orhila!'..; d{'{'rp:t.-.c in ('n('r~' ,·i..:·a-vi:-l Ihe nOllhollUil1f,: li~:(f1(1 

orbituJ8 with iIlCt'{'!I::i llg prC's . ..:urc. and that it il'i this proc~ which p"rrnits' the 
thermal trnn~f('r o( electron .... 

10 thi:s paJ.K'r, we di:,('u~ st UWl'S illvoh'ing the thiocyana te (--SeX) und 
isothiocyunlltc (-:\"(';0;) iOI1:o1. In the (orm('r CiL~, the met:J il't onnJcd to rhe 
sulfur ; in the lIlt ter C'tll"C', to I he nitrogc·n. Tht' r(' i~ a "cry cxten~ive litcraturr 011 

the oonditiolL" for forOl :u ioll of thiocyatmles nod i:.:othi;lCyan~t(.~,':'--1I In gen
eral, the tendency i.<l for fir,.;t-ruw trullsitioll nu: rnl iOll:O: to forlll isolhiocy ::",at~ 

and for secolld- utld thinl·row ion:i to forlll lhiut')'IUlnfc..... The 1J0nrlillJ.!: u~u:tlly 
is ~tnbli:-;hed from :oinwll difT('n·Ilct.~ ill the C~:'\ st rc'lchillg frcfI Ul''''''y or iaqu'r 
di.tTcrcnc~ ill thl' ('-,":; st retching freflupnc,v. Tht: IaUt:r 1K'llk if! . hO\\"c,'cr, ycry 
weak and not flhtainnbl(, with l'Orna ll sarnph~ in solid~:,r:lt{' Olull:..t . Burmci:-tC'r 
unu Ba."'Olu 'o have :-,hu\\,11 Ihat one cun ohtlliu thiocY:III:\H,-i, .. nlhiflcyallurc i:oom~ 
erizarion in tllC' StJlid slme, :1 (act whirh will he u( cOII:-idcmhlc iml)()rtfiIiCl' in 
the cJi."cu:l.<o;ion ~Iow. The cumpound:1 lO'Lutiit:.,l werc Ft:'(.:'\('Sh·6J-1:0 :Ind 
C\jFe(SCX).. Bolli cnlllp<Jlllldl'O were :'Yllthcsizoo with inUi enricill'u 10 N.~ p<'r 

ccnt in F·c·n , Thc tt:f'hniquc or ChlllSlt wus u."If'tl ror the Ft', :'\CSh, lill,:O, while 
the method o( Krii:ol."; sHd :\loruht U WIl:..t u!"'!'d (fir the ":~Fe(~CX).. Thp Cilmpo~ 
sHion~ ""cre chf'f"kcd oy chemical uu:t1.v;oli:'l. Thc hig-h·pres,;;r;urc :\l& ..... ..:huucr oper
Ation has been d(!'Scrihcd el:,cwhcrc.14 

The Fc(.:\C.'S)~'IiII:t() l'xhihited 3 nroau illtl' U--<' penk at -:!-lOO rm -- I • which i:. 
the ustUlI location (fir tile ('.:\ ~tr{'tchil'~ frt,'( luency ill the i"olldncyan:lIc. .\t 
one nlm(Jl-Iphcr{' tlir :\fiis. .. huuc'r !"pecl rum i"howt'11 a I);,ir of :o:ymnll'fric pea k ~ wit h 
iiilll1lcr fl hift alltl (IUadrUflfllc :oi l'littiu)!; rypic::d (If hi/o{h-...:pill rerne CfllnlKJllllli>l (l"t.'C 

T:10le;. 1 ami 1) . Willi ilH·n·lI .... illg prc·:O: ... urc. Jl(,:.tk~ nppc'ar(o(l with loc:1tio ll and 
illtcn,:ity well wit hill tile usual mnu;c for lti,.tll-~"i ll fl'rrtlU:oI t'IIInlllllllld;o(. Tile COII
\'c~i(Jn il't ~hnwlI a."I Il flln('tion M prC!":o:ure ill FiJ,..rllrt· l (1'IIIli1llriufiyit'Jf, da"hcfllillt'), 
Fcrroui-! it"Omer ~hift alld ftuarlruf)fllc .... plirrillJ,( aplwar ill Figllrt'l'l :! und~, The 
et'luilihrium ctJlI .... taul fllll'lw:olI'(lualion (I ) with ti \":dll~ of H typical of i.mic (rrric 
compotllul.!4 (~'(. TIII,lt, :~). TIll' proct-"'l-t iJ'l rcvcr..;ihlc. The rellr.licm i:..t ~'ndothcr
mir. with u hr'ut, o( rf'nctil1ll o( 0.27 CV, cs. .. cnti1lIly illdt'IH'utiellt o( pres:mre. 


