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Far.Ihfrared Spectra of Several Fe(IIT) Complexes with Spin S=3/2
G. C. Brackett and P. L. Richards
- Department of Physics,'University of California
and.
Inorganlc Mdterlals Research D1v1s10n
Lawrence Radiation Laboratory. -
Berkeley, California 9&7&0‘-
and

Hf H. Wickman

Bell Telephone Laboratories .
Murray Hill, New Jersey OT9Th

ABSTRACT
‘ jThe far infraréd transmiésion spectra of sevenvbis

(N, W dialkyl dithiocorbamato) Fe(III) halides have been

measured at 4.2°K in applied magnetic fields up to 52 KOe..
‘ The paramagﬂetic spectra are closely coﬁsiétént_witﬁ thé spin

HémiltOnién.ﬂEguBﬁ?é + D[82 - s(s+1)/3]'+ E[s2 - sg] for
VE'S =3/2, E/D<<1, and values of D between — 2. 35 and +8 15 cm l;
:The zero field ferromagnetic resonance of ((C H ) NCS ) FeCl

in the ordered state was observed_at 3.85 em l.
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vWe ﬁave mcasuredvthe far infrared transmission spectra of a series
of penta-coordinate Fé(III) complexes, the bis (N, N dialkyl dithiocar—
’ bamé?o) F?(III) halides: (RQNCSQ)QFéX. Thé ifoh atom in these compounds
vlies”appr0ximately at the céntroid of a rectangulaf prism which has a
base of‘fopr sulfur atoms and a halidé at the apéi.l Measuremenfs’of
magnetié?suscéptibility,}fé EPR,3 and_Mb's'sbaue.r"-éf.‘fecth have éhown that
_the Fe(III) electrpnic grpund_mpltiplét is consistent with thé>spin
,Hamilténién; | |

2 2

:}C= g'uBﬁ.'é + D.[-Si - 8(s+1)/3].+ E[Sx B Sy] | _ o)

with the unusual intermediaté—spin value S=3/23 énd parameters g=2.0Q
|D|> lfcm—l, and E << D. OQur far infrared ﬁeaéuréments have enabled
ué'tq-investigate the validity of the spin Hamiltonian approkimation,
and té.direétly dbtaih-values fér the axialccfyétal field paramefer D.
| The far infrared ﬁeasurements were made overbthe frequency interval
3-50 ¢m—l,'using'the technidﬁes‘of Fdﬁrier:tfansform spectroscopy.5 The
,MiChelsqh interferometer and sample‘dewaf emplojed have been recently
described elsewﬁere.6 Spéctra.were oﬁtained for pélycrystalline samples
imme?ééd'in liguid helium at temperatures between 1.3 and 4.2°K; magnetic
fiélds up to 52 kOe were applied by a'superconducting solenoid. The
spectra'for-all seven compound; studied showed magneti; field-dependent
‘ébsorptiéns due to magnétic dipole transitions between states of the -
, paréﬁagnetic ground multipiet. In addition; the ferromagqetic resonance
Of_((CQHS)gNCSQ)g FeCl in the ordered statevwas observed.
- In the absence of a magnetic field,‘the eigenstates of the Hamil@oniaﬁ_

(1) consist of two Kramer's doublets separated by the zero field splitting

A=2D¢l¥3ZE/D)2. . If D>0, the ground doublet is chiefly characterized
by‘Szf= i'1/2; if D < 0, the level system is_invefted. In . an applied
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magnstié:fisld'H l Z, the Sz=t 1/2 doublet splifs with gl=h and ths

| Sé=i 3/2_doublet splits quadratiaally in H. :Avplot of the absorption
‘ liné-pasitions derived from far infraredvdata.for a samplevwith Crystallitos
arrangad in apprbaimately this orisntation7 is shown.in Fig. 1. The
curvés_rsprésent a “bést fit" of the Hamiifonian”ta the observed spectrum;
ths ValUés-of D and E wsré chosen to fit ths.;sra fisld splitting and
ths'gfapnd doublet Zééman splitting. Althoaghsfhe overall fit is excel—
'lent,:tha:positions of the high frsquency transitions differ froﬁ the
prédiétions By.more than ths expérimental error_(O.l cm__1 in this case).

" This Qiscrepancy cannot be explained by imperfect alignment of the
crystallites. It is more likély due to sffscts>0f the small admixture
of'highér states.which are not included in (i).v-The "high-frequency"
far inffared transitions are particulafly sensitive to effects of’this
kind. |

‘.Mdst of thelother compounds studied had small crystallite sizes,
which prevented the cdnstruction of dfientédssamples. In order to

'compareltheir experimental powdér absorption spectra with»the pfedictioas
Qf the‘spin Hamiltonian, a.computsr program was wriften‘to calculate the
_pawde%'évefags absorptibn coefficient.as a fupctioa of frequency for a
Specified D, E, temperatﬁre T, lineWidth, and applied field H. It was
assumed that_the_direation of the exterﬁal-magnetic field‘and the direc-

~tion of propagation of the far infrared raaiation were fanddmly oriented

with:rsspect to.the.crystalline axes; this'abpfoximation is consistent
with ths experimental cdnditions.8 The g-factor was taken to be isbtrapic

with a value g=2.0, and a Gaussian lineshape, "due to site inhomogeneities,
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was fitted'no the zero field spectrum. The comnufed spectra vere quite
comple¥5 ana were relatively insensitive to the:value of E chosen.
Accurete compafisonvof the predicted spectra with the observations were
complicated by the breadth of the absorption 1inés and the difficulty

of detefmining the non—electronic background speetrum. However, .the
computed relative intensities and frequencies ef absorption maxima as
well es_fhe qualitati?evlineshape agreed closely with experiment. Data
for a powdered compound are-combared with the powder average ealculatiens
in Fig,;é; The value of D used was determined from the zero field

_ splitting;'and E was obtained from the EPR result: E/D=0.036.

One of the compounds investigated, ((C2H5)2NC82)2

FeCl, has been
- shownglﬁo’be a fefromagnet with a transition'tenperature TC=2.M3°K. No -
sharp zero field absorption was obeerved for tnie compound in the
paramegnetic state, presumably because of exchanée bfoadening. Such
broadening is likely in this compound, since the Heisenberg exchange
coupling‘parameter J is of tne same order as D.

A_zero field‘ferremagnetic resonance was obsefved for T<2.3°K.
Af T=0, a simple classical argument shows that the zero field resonance
frequency vO(T=O)=2DS. This argument, exact in the limit of large
spin 8, must be corrected by the factor 2 n=[l—l/(2S)]. Therefere, for
spin S¥3/2, vo=2D'_ The frequency vé(T) tends to zero in a regular
vfeshionlo as T approaches TC. Our measurements of vo between 1.3 and
2.3°K, however, showed a progressive broadening of the resenance and a
decreese of;oniy ~0.05 em 2, Therefore, we have taken |2Dl=vo(T=l;3°K)=

3.85 cm_l for this compound. The signvof D was obtained from Mossbauer

effect results.
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,kThé.Valuesiof'D obtained fbrithe seven éomﬁbﬁnds investigéted are
: listéd:ih.TablébI.. The values for the;compoﬁhaé.WhiCh have>not been
discuséed were obtained from the zero field s?iiﬁting, assuming E=0.
The_sign’of D was also féund from the_épecﬁré; ;A comparison of Fig. 1
(D>O)-wiﬁh Fig. 2 (D<0) illustrates fhe two éésesu The qualitative
difféfeﬁces betWeen the. two spectra'are”Caused‘by'the éffect of thermal
popﬁiatioﬁ on the transitién ;trgngthé; the‘pdpulation depends upon the
level ééquence gnd therefore uponvthé sién df:D: The sign of D found
from éﬁgmination of the far infrared,spectré iS in agreement wifh
previéﬁs M5ssbauer effect results.

| »Thé similafity of the chemical and macfoscopié propertieé of the
bis dithiocarbamates indicates‘that théy form an isostructuralvseries'
obtained by substitution of either the halide.ligdnd or the alkyl groups
located at the periphery of the molecule. In order to study the variation
-of D w1th such llgand substitutions, we compare the change in thé zero
field spllttlng A when the hallde ligand is changed from Br to Cl for a
. flxed bldentate dlthlocarbamate llgand. This guantity, ABr;ACl’ is also
llsted in Table I, |

For the first two pairs of compounds, ABf—ACi‘iS approximately ‘

1ndependent of the alkyl ligand; prellmlnary results indicate that a.
51m11ar value will be found for the 1s0propyl derivatives. This
observation suggests that the effect of alkyl groupvsubstitution upon A -

is either small or relatively independent of the halide ligand. HOWeverL

ABr ACl for the pyrrolidinyl derivatives is qulte different, which

4

implies that the bondlng in these complexes varies markedly from that in .

the other compounds.
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We may compare these observations. with resﬁlts for a series of
related compounds. Magnetic susceptibility measurements have been madell

on tris (dialkyl dithiocarbamato) Fe(III) complexes [(R NCS2)3Fe] with

2
differehg;alkyl groups} With the exception of phe tris pyrrolidyl
cémpiex,-these compounds have tempefature-depéndeﬁt moments which lie
betWeen the octahedraily allowed low and high‘spin states. The tris
pyrrolidyl_coﬁplex,.however, shows oniy high spin behavior.l?

| These striking differences in 5oth the tris and bis dithiocarbamate
complexes may be due to a greater degree of j,bbnding for pyffolidinyl
'ligands;véwing to a pseudo ring structure includiﬁg the nitrogen atom.
If this'is the case, wé'woﬁld expect a very different spin density at
£he peripheral protons in élkyl derivatives compared Qith~pyrrolidinyl
derivétivés. Such NMR data for thée bis complexes are not available at
présént; but'reSults reported for several tr'is'.compdundsl3 show that
_ fhé'éffective contact interaction for tris pyrrolidyl is significantly
smaliéf‘than the corresponding contribution in the tris.alkyls.

vFiﬁalLy, Wwe compare the values of D for tﬁese compounds with the
quadrupplé splitting AEQ, aléo listed in Table I, obtained from Mossbauer

effect measurements. Since both AE. and D depend upon the strength and

Q
asymmetry of the ligand field, we might expect a correlatibn betwveen them.
For_éxample, this comparison has been mad.e'lh for Fe(III) porphyrins,

.which have ground multiplets described by (1) for S=5/2. The porphyrin

‘data sﬁggest an approximately linear variation of AE, with D, passing

Q
through the origin. Our data clearly eliminates such a possibility

for the dithiocarbamates, but does not discriminate against other

possible zero-intercept functions. For instance, the data can be fit
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to a'sgﬂﬁfating functign,of D with either'evé@iqf?odd parity. Mossbauer
effect_éﬁd far infraréd meaSurements on.the flﬁpfideiahd iodide complexes
would‘hélé‘to.clarify this péint.
Wé_wish to acknovledge many heipful discussions with G. Harris
conéefﬁing teghniéues for computing powder avéragévspectfa,'and with
| K.'Tgushimavéoncefniﬁg magnetic torques in éXial.systems.
_Thi§ work was pérformed undér fhé auspiceslof fhé U.S. Atomic

Energy Commission.
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FIGURE CAPTIONS - '

Data for a sample of ((C2H5) NCSz)zFeBr oriented with the applied

:'field approximately perpendicular to ‘the z-axis. The points’

:_» indicate the fregquencies of maximum absorption, the‘barS‘the‘

experimental width at half maximum. The éurvés are the predicted

transitions of Eq. (1) with D=+7.50 cm ', E=0.50 cm >, and the

'  aﬁgle between H and the z-axis 8H~3ﬂ/8}'fThe resolution interval

o is-Q[SO cm .

Fig. 2

1

1Data for. a powdered sample of,((i—C3H7)2NC32)2FeCl,- The curves

 :plbt the frequenciés of the principal'computed‘powder absorption

' ﬁ@xima for D=-2.35 cmfl and E=QTO8 cm_;; The resolution interval

“is 0.20 cm T,
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TABLE I

(R,NCS,), Fe X

»plgands | o . D : AB}éACl . 'AEQ

_1)

(em (em/sec)

10.290

0.266

3 o X=Br - C#7.30 T
S 3 . - 18.80
ReCHy X=C1 =2.10 |
R=C2ﬁ; | X=Br £7.50 o 0.288
AR ' s 1895 |
ReCHy X=C1 - -1.93 : | . 0.268
'R=i—03H7.r ! =235 0.268
NR,=pyrrolidyl XsBr. 4817 VAi511'1‘  o.ert
 'NR2=pyr?Q;idyl X=C1 Co - 42.60 .:  . : » O;é68

 R=CH
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