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A A TR

Rimce 1832 whon Van Vieok published Sie work

.

“Llevtric and uwsimelic Jusespiibilities,” various oreaizents

,
o

ol parassgociien in the vosplones of the tysnsition setely
ave besn glven, onol attownpt & refinomusbi on the preveding
one by taking into scoount an addliional factor, ar Ineturs,
sitheria neglected, In 1961, viggls wosrked oui the BUBCL -
tinility of ibhe ﬁfﬂg ground term, arising from a4l and 35,
when furtber perturbed Ly an axiai=field copponent,

Thds Thoory hos beon used, with considerable BUCOCBES
1o anslyse lhe weguetie data of the fivst row truﬁai&ion
metsls, but no atienpt hae hoen made to trest the second and
tizdrd vow eledants in this wey*, Zi iz, therofore, of
intervet 1o invertigate the wagnetic proepoeriios of whijiv}
acd Ta{iv) in the Right of ihils (hoory,

Metarley and Torp ond Wolerloy snd Doatmen obbained
resalts for uly(pyridine), {3 = ¥b,¥8; T = Ql,ur,f} which
fitted the Curie-iieiss velatlonship, ziving effective mosenbe
v8ll bulow the spip-only value., 7Theoreticnl coasiderstians
inuicate Lhut for thu.tetr&gﬂnai ul eonfi.uration the nxisl
Field splitting ig recuived to Ye seversl fipes tergoy Lhbs

it spine-orbil congling fovy thds tu Lo the 00BG. As Lhe

* In the course of tils vork ithe magnetic properties of
&bx&{ﬁcttﬁniﬁfﬁlU}g (8 = ULyliryI) wore reporicd {635}

-
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apln-~orbit coupling constant Tor the olements of the second

and Lhird row sre rathor large, this £z rathey surpriging,.

tueoreforey, it iw considered desirable Lo rotnvestizate some
2

o ihese conplexes alosg wiih Lthe coupleres of 2,¢t'=bipyridyl

Ao NyR ' Ni=tetravethylehiviensdineine,
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ABSTHRAOT

The treatuent of porassgnetiss using the sppreach
5¥ ke erystel fiecis theoyy ig aisoussed, with spooinl
enphiasis o Lhe tetragoneily distoried aotabiedral Field, ropr
the Iisiting cases when AN for positive end segetive A,
cxpreseione for the suseoptibility nre devived,

Cosplexes of NbX, and Taly, (X = Cl,5r) with p¥ridine,
bipyridyl and tetremgthyleothvienedinuine were prepared sng
Phelr anmeotde suseoptibllitios gtudicd over & tesporaturg
renge 90 = 300%i. The data for slii velve coumplexes iundicate
iuﬁ&/ggﬁieuﬁﬁiﬁs inw e not abeyed; their effective somenis
exiiibit swall tesperature dependence end the values at rooun
teaperature ere well Yelew tae sgia«&niy velue for & single
vrpalived cloodros,

saplrical fittizgs of Ugf{ sgainst EOSIM curves
ixua Flgzis (5&} show ihat

{a) the sign of A iz revorsed from thisi dedueed on

the bewis of the cryetal field wadel,

{1} iﬁe rxial ¥ield splittings ore gronter for ihe

ﬁhlnrides,'unﬁ

(o) A deoramses in the ardsy syridine > nipyridyl >

hmaen, for a gplven halide.

gdgm 2f A is atiributed te the

@

The reverssl in $h

Tedoneting offeet from the nalogans. (b} is secounted for




B ietes

by tiie order of tho halide ilous ia tue gpedtroehesion] cerion.

ihe Jeower A velues foy 4meon vosplexes are explained by the

higiwey basicity vf éhe ligead conpared Lo pyridine and

BApyrloyle Pyriddise soapleses dnve tavger O values Lass the
corresponding bipyridyl complexes probably because of ihe

slighitly Delior NWenocopiing capreily of prridine,
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PRSI W T

the phoenomenon of prytssgnetisn hns been of (nterest

ot

te ochounlists Pov & Very iotig itise, and its appileation in the
strucrural deterainniions of odsplenes of Lhe trassition
metnla, usneeiaily those of the firat iy A% wWell hnown.
Yhe more cleaentayy asgecd of this plienomensy, and of
shgnetochenietry dn ceneral, Hns been sdonuetely denli wiih
in stondard texts asd vrevier articles {1-4), The graesent
work 1s & study of the masznoiic progertivs of 41 eomplones
of o sevont end » third yow tyeasition wmetal in more doteil.
The treatment of geresagnetiss by e sothod of Pnéling (1g8)
has sow bteen roplaced by the uee of ke eryatol field thoory,

11 4y ihe dstier spproseh thet wiil be followed.

Par%mmwmviiﬂﬂ Rriees frxom the spin snd oyhiisi
anzalnry wosents of e clectrons in a systens A parasgnedie
atow or svleoule any Lo reogavded ag & zicro angoetic dipole

. - i d :
B v vhere L oad i sre the tetod

F2Y

- .
with mnm@nt.fL LR P

DrhLial aund snin

IR erom e Lo reBpoctivoly and B the
sabe aranelon,  In fhe presesse of & segnetie feld ihepe
mlops wepnetic dipoles exparicnce the spposing effectn af the
Tiedd snd iesperoture)  $o¢ former ivads 9 alisn £2l ine

Glpales in the sace dfrscelion es 10t of the field while
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therssld sgltntion tonds to rendosise tholy dircotion,

ihere is thas o thoewosl dintribution of alignng
it vardcus saeyysy levels of the BYE L,

For wuey given stebiousry state of CRETEY
wagnelle gogeni of ouel stowm or molocule {f&n’m}

slregtion 2f tho Field ¥ in

M B - b‘:”‘u,,m = ..gz:,’»i} @23;;;;("
eI ] = Tmewm TR,
%

=
%
#

see)

whiwre héié {1 = 122,35 eee) is the rogman perturbaiion
s

cneygy of the $ib order.

Tae Leluol woephetic mosenit por wmele (P is them the

ticval mean over all as gtetiunnry stotes welghtesd

. g
il o d KT
Lo the lwitontamfsclor e Ry .

=V ,m/ wy
wm MHuogs ©

E i P
w‘”rﬁ’n‘/;"n.

n,m

e

¥ = 3

dow avogadyotys susmkoy.

The suscepllibility ! )Ci = Fi/ﬁi} in s given diveetion

(i = x,¥,2) 18 then civen by

=
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{6) Thers is wo lutrinsie megnelivntion.,

{£} omly terms Idnesy in o ope relnined in the
simplifieaiion of [ﬂ

{d) wrdwe zr:;; :‘g -
the derivolion of this Formels i Gue B0 Van Vieck (3,6},

From the dorivsiion of forauls (2] &1 1w spparent
bual megneile susceptibility sives as Inferastion concorni ing
the sverage populzation of the verfous stetionary staten, ondg,
therofore, tie caynitcds of ifne susceptibility {or wonent;
ig dependent upon the mullipiicity and ihe sesmration of
the Jovoels of the ground state and Lhe Taw poxt oxclied
Bluios of ithe syalom. when the separation of the levely in
e ground state fs owanll Comprres 40 KT and the difference
i enerygy hetween e groand stste and the FEiFRb nxcited
ievel is large compeared to &% EL hos beey shown by ¥eu Vieok

thet, seplectioy silowsspnetic comtrd hﬂal%«,)( g 2 piven by

X R - N Z é!j}»f!}mk? “é‘/az"-’&a [3]

n,m nm

(Vo] 2] Yo
S KVl ) V)

A8
o [ty - t@‘

/“i = P{ ;3-2?3}, B = et/4 M ne

3. wm mn&tialiuizv af the zround atots
- 3

pos

& o
!g At
1

L]

where

Eoad

B




The wign O designates sn operstor of vecioy ¢heracter.

The second ferm in [3] e the Yon Vieek ®high froenuency®

tera, or the tespersiure-indepeondont poranuspelise (TIPS,
fusted it ia silmply the secend order Joosen sffect ariging from
Ll antrix clowonts of sz bodwoeen fhe ground and bdpher
iovaln,

touations (2] end [3] form tha theoreticnl basis Sor
Lo eaicnlation oy estigsiion of sagnetio susceptibility of
# @yolvms Tt b elesr that o kpowledge of thoe enerny loevaels
ef the mysien ie necessary for the appliesilon of Lhe BUPPICe
printe forsulz {elither coustion [ﬂ] or [3]}. The erystal
Tieid theory as devoloped by nethe {7} snd Schlapp and

I3

Penney {($)}, with itz subsenuent modifiestions, has nrovided

an epprosol to this end, and o dissussion of the theory

and ity spplieation 40 lrassidian moisl complexes follows,
e £

e Crvetnl Flald Theory

tesrentlally he foumdation of the ervetsl fislu
seonry 1ies in the supanption thai an inorsscic comploex
pRy Be reznrded ne an fonfe molecule consistine of & conbvml
metal lon surprounded by odums oy moleeulos, collod Yiganie,
such Lhat thaere is only eklretrostotis intersction hwt@e&n
the Ilgumie and the slevtrons of e central fon. “he
vivetrons of he contral ion, tanrctiore, noe longey oXpericnce
e field of epheviesl syvssetry fros (he nuclows slone, héi

in addition they are alsc subjectad to an olegivie field



R P

from the ligeods, thisg field being of the seme |ymae Ly as
ths nrrongemunt of the ligends about ihe econtsrsl ion. Honge,
in the absence of sny otlieyr externel field, the Hewilioniss

for ine vlecivens of the wmeinl lon is glven by

H = -5 V=) 2w };ﬁﬁ "’Zg;{”}éi“;i * ¥
ol T T3 {¢$ri3 3

whores & w /2T, &b = Plonck's constont. &11 Lhe other
syubels curry the uzual sisnificance,
The fizet iwo torws sve the owalond interaction of ihe
clevtrong siih fhe nucleus, the third is the sloClichw
elvciron repulsion torn (i.e. coulombic internciion of ihe
vlecirons with seoh otber) and Lue feurth iy the sspuoiic
invernction bhetween the clectron apins (o) ondé thelr oebiinl
motion {{}. These Tour topss constiiute Lhe Yemiltoois:n
for the free don. The insst dewrm, V, is the perturbation

iroduted by e oleeirie fleid of Lhe surrounding Ificsndu.
¢ J % & W

{n} Ueinbedral Pleid torturbiation

Thae potential ¥V onn e expanded i1 noranlized

spherienl harmonics, ??{55,#&},

o LR Duemes

The vipeaston of (2] esn we greaiiy ajmplificd ve genorsl

FYSEGLYY grounds. Yhoe torm baviug 1 ow O is sphevienily




sysoelric and 14 is merely &n ediitive constent since {4 only
géves risv to 8 uniforw cbift of all lovels withh the seme
Aunber of viesironz. 411 lerss with 1 e ode or § > & give
2ers wmatrix elemente vhen the offect of v on deoriitaly is
sousidered, the Jocmor beesuse deorbiitals smre of even pority
and the latier beeasuse the produet /Sbg%b ol two different
degloclron vaveefunotions does not contsin spherienl harvonices
wiih 1 > &, Vinally V ouwst tressfurs e the totelly syamelrie
representetion in the syumotry group of ithe moicoule, Thus

the avlsledrol field sciing on d-orbiisls is glven hy

\ s . A el
% y . 2 2 ; ¥
Ve Ve X e 3 1a(Y,) ¥,
if the sysicm is quaniized zlong the fourefold teaxia, or

using Cartegism coordinnics,

™

W
—

; E \
¥ o= Vﬂ -» {x& ® yaﬁ » 2t - gra). l

V.. a8 the term Rith I = &,
Periarbation thesry necessitates tha troaiment of
oheh tera in the Heoiltonisn in tue arﬂér of decrenying
wpinlinde, Three oases huve boeon digiinguishod with rugerds
to the megnitude of V relntive Lo the ather teras in ;?»
(o) ¥ &8 largo compared o vieclroneslsciroen resulnion
Hul smell compured to comliond interscilon of
e elcetrons wlilh the nucleus,

V is intzrmedicle Botwesn he coulomb intersetions

,m..
e
-
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gl Lhe apipearbit indlervetions,

I

(e} ¥ ilg swall compsred te tke spdoworilit intorscilons,

Pluve cosplexes of the sovced png thipd pow transition moetais

are weinky of ooty (/). LeUe gtrungeltiedd or selo-puires [3),

? # uesgription, in brief, of the EEpLurhetion trestment foy
{2} 1% given Below. Por cose {b), which is typicsl of tue

‘ Fivgt yow Lreasitlown moeisd vomplexes, e results wlil merely
b summariesd. 4 sore complete tranboeni by the pertorboiion
faudlixdd oF the erysisd flela effoein ov the sieetrous of the
conbysd lan oy he thrue CADHE ehugorcted above has  weon

shven by ek lbeusen (G}, Bleaney ong Stevens (30r) mwed
S 3N 3 h X ” ]

Thor fhve dwaibiials epas e irgsuinoible TRPNERC {lie

tions e, and t, ., ef the oveimbiedral group Une ilence when
& ol
PEFLGESRG BY b orveisl field of cetnhedral Byaac by She Livoe

Tald arbital degenersey is lifted io = Lriply degenoraic

\ i { o e " o o g -
tgg sel td&y,awzguym) ond 1 doubiy degenernte e, set {2 naylle
ﬂ?ﬁ}g tibr $., set lvisng loser.e Tue Miffersace in QNRCrLy
2 ey

Botwgon the Lwe £obs {ihe cprvatel fielg ppiitting) is tnben
aw 1OMG by conventlon {33, so thet the b, S0t lles st «&iyg
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exd Lhe v, et g,
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GOAntO Rl ng 24t Livst wnti}
Fan vloeulyong BevVe Hewn QGousodn bed gsuuge oG B oxclesion
princkplaly and anly then du tiey go into the ¢ sely Ve

&

gaaunt siety is Lo be found by the sppileatblon o & moedified

vaaafe vuler viz, et the cieebrons are sgrenged Lo pive

bt Letnl spdne  Sor sxmsple in tue of cont Aanratiaon Lho

. o 3
grouad #lete ds o vriplet srlsing from (L, )% vig, i P
bt >} A b
e sibay componends Srow {t.. 0¥ ey Theo, Mo end T,
9 8- 23 A ,":“i:%‘,l ’ g .g\.y, »..1,, i k ;”,gg

fat turwe pro deduccd by censidoerslien of the olrect proaset

g PeRenilBiisg, 1, % in e the wmergy o 8 terw is

;‘9'1 » ¥
LA & 8
\

airteined by geawing up the sperpies of  the oleet r\ﬂs,uf&p”;
Ve ph

eing =kl end He, ) = fige Tu inizm lp Chen 2dded the couloub

intorrcblol amorgy seotiy Lhy @Eﬁetr@as as hven Wy ik Lurm
i;;;egffij in the Usaillenian. It ix tikz tere whieoh s pareatoes
L
tiue varisus compononts witnis Lhs Lo, }&im.i voniiguration,
in the weak=field trepteent (l.o. case {b}) the
pertuorbetisn of ¥V is n2t apna the sopiiczuration ot r&inwr

updd Lhe varises speeiroescospie feros produced by the cloee
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o
o
sy
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bt
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TRLINR I FEAS

The perturbation by V on dg; in the weak-field treatment, can
be depicted as in figure (1). %o emphasise the continuity

in going from the weak-field to the strong-field a rough
correlation fox the triplet componcnts axising from the a2

configuration is indicated.
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Pigure 1. Cystal field perturbation on d@

(b) Spin-0Orbit Interactions

The spin-orbit interaciions perturbation for a field

of octahedral syummetry takes the form

°§ dzz:;%i'gi
i

”~ -~ N
where 1y ty and t, transform like T4. This 1is because Sy
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8y &nd 8y Lyanstorm like Ty in G, and, as wentioned eariier,
tge8; wust transforw likc fge the totel gyemotric reprosoii-

Lation of the point groupe For 8 desieciron {pure deorbitel)

’~ ~ ”~ ~ ~~ ~
Bypr %, dnd b, are ideniieal wiih ) iy #od i, respectively.

,34, is the spin-orhii coupling comstant for & single deslociron,
7‘

retual orbditals do nol depart too fay fioa the pure

k
=
I
.
o
-
i

dmorbitals _é* way be vEpected to appronisete that for the
free don , bul vwen {(19) hes obsorved that ,gﬁ for camnplex
tuns are smnlier iian the free-ion values.

For & sany-clectron sysies the spineorbit coupling
ganistont is )\, nd for the ground stato % is re;at@& t&_éﬁi
by the following.

e 2 £ /o5
where 3 o botnd spin angelar womenius ia units of n/oa0,

ve siah e for o shell loss then heid fuil, and
[ |

PN

The nopiil
ihe Aepative aizp for o shell wore than helf full, The sisell
wity e clthey the {five-lold derenerato deshell or ihe throoe

fold dngeperste Lo, Bube

had >

r - Am
The salrix elenont of AL.5 {or _édz.a; ean o

easily worked outl by using the sxpassion

~ -~ A A~ ~ A~
Aot m NS, » B 5, ¢ i0.5)

~ ~ o~ A~ ~~ fa)
k! e t . b B3 ‘;'v » u'r :
waere Ly & by oz iLy and 5, w 5. 3 1by

Applicstion of ihe spineoriii perturbetion produces further

4911% fyg of thope tewms widohk are orbltelly degensrate, Sor



¥
{
Al
i
.
}
i
:
3
3
1

the first row trassition setale the spin-erlift cpupling 1s

T S I éﬁ m 50 = 800 om™}) voi Yor tee secons and third row

transiifon wetals it is  comsiderably isvger { é‘ﬂlw 1060 -
13

&

asd podsind

4

ry tuoFefore, fo trest ihe

Brie
]

1,000 sa™ty, gy
#plo-grbit eoupling as s swall periurbation ue Lhe oloce
trostutio ropulisions within the Lﬁg sele Thus the masselie
propeviies of stronp-field and weak-fieic compleses 0f Lho
transition sorles s vorked out by sotani {13} ang Figpie

£

13%) respectively, epply best o the osaploxes of ke first

row metnls, w. woffitt et £1,{1%) asg ssmisure and CO=Woirh oy

{303, Ly considering larpe >\, heve derived sxprossions
wore spplicatle to the irpusition metrls of the second and
Lirdrd row,

iel Ndetoviton of the OGetalinderon

by usinmg ithe glveng-~fleld gohone he sroend tors for
the {tga}g st {tggiﬁ coutigurntion is Q?E&. it il suticeq
LRt Uhe ground berm has taree~fold arbisal YOEONETRCY o
Ageording 1o the theoren of Jahn asd Yellwr (§7) some Clge
toriton of the coupler ey oeeur in osges sherse the 2round
Seria Lag mféitﬁz degeperney. S0 even when all of ihe six
ligonds are nlike the erysial field copnot be oxpoeted to
Be of purfecy soiebedrsl sywscidye Thiz Is un0f to B €0 Gy
°of goursde, thel the Jsho-Toller wistoriduv is the only
factor lendlng to distori the oetahiedinl field, ag thore are

QL ERe  Nueh devintlons frow octeheorsi BYHLSELEY ard oiten



Tt

LR

e s e miatE

5+

25

treated as porturbations on Lhe igher synsetry.

From the okemioenl polnt of vies {4 ssome sdeguatie to
consider only trigonal or totragonnl distoriién of the
vetuiedion, ie6e L0 apply a fisld of sxisl synmetry on thc
ceniral lon, ia order {0 acoount for mest of ihe features of
ite zagnetic behaviour. Furthormore tho present work is Jone
an powdered sawmples only, and trectsent of lower gymuaetry
ig, tharefore, superfiuoin. iaward {11) ang Sehillapp and
ranney (8} bave uppliled o field of Sriaoriomlile synmobtry,
congldered as a persurbstién on the axinl figdad CHBPOBEL L,
in Ltholy Lyrsaiment.

Thae erysiel field potential, V, under pxial symmelry
i

ane bwen given by Flggls (18): us

vy Cartestisn cocordinnted,
Vom o veos Bl ey st e osefss) o s(a¥ - c¥m). (6]
ihe axlal ecemponent of the ficic is the term iz C.

The gualitsative e¢ffont of the axial component on the
Lteras of ihe g;ﬁg}“ coniiguretion cen be deduced by aring
Ll mathion of “dosoeni do gyometyy? {16}, Thue the orbidial
bxipies 1o eplii into o doudlel and singlet, U inte two
saszbols, ﬁmé.ﬂ reacites unelfacted, Typloal solittings of the
Ty

. 8 L4
“ng torey iha grouwad {era fop {tgg)i ssrad {tgg)) fre ehown in figure 9.

The offecty of the various perturbations on the

| 343

pround siste of the seniral fon under an axisl erysbal fioeid
are geen Irow figuye {2) in which ths spiittings Tor the 4% ¢nge

nre showne A8 the sirengihe 67 ihe nxiel distorbion snd the
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spin~-orbli perturvations relative £o osch uihoy vary, botla
e cages when the spin~orbii iatersciion fe prasteyr Lhan
e axisl ecomposeut and the reverse, are showa in ahe Thgure,

{d) ¥aenetio Field Periurdatiocn

Tas sppilicetion of o magnetio field Ik un tho sysies
reaoves Lhe vesaining hremers dezeneracies ol the levels in
Tigurs (2. Yhis periurbatlion by the magaecilo field is

clven by

Ao o e r s
H = P;ﬁ{m@iu}.

¢ syston is of cuble syvumeivry the magnetic WU GG i

oy

vEen ih
1inility is tho ssme ia sny direction, But wion it is of =
Iower symmotry the susceptitilily in emch direction is in
general different.  In the first approxicetion it 1s possibie
o asswmie that e sagnetic axes of the woleoule cuineide with
the sveaetyy axus (00}, fipnes the EBguetic monent Sperotoyr

can be defined for the ihree orthagonel dirsciions %, v apd %@
4 : t

H v = (Lo, = 2%, )
~ o~ .
Hey = {by » w83

H&; = sz*m‘?z)-

ihe sepavatlon within o given muliipiet, on the gpnlication
¥ My bk expressad Iu the form

1Y = mﬁ-"
wiere g is the gpectiroascspie splitting factor, and fts values

For the Ne, yve and Zedireetions are Bxy Ey sad g. vespoctively.
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T = [{g;; vl e gl)/5)d |

The susceptihliity X ¢ obimined frowm forswia [2] or |
[3], warld also bo dependent on the siroction of ¥; the
averase suseeptibiiity, X » i8 found by the relation
X, = %{X:‘ - Xy’ s Xm}.
Por & given systoan uméer axisl syuanoelyry, the x- aud
the yedireetions mre vouivalent., 7Thus defining the x - and
tha ywdiyeeticns as L {pezpen&ieula?} and the z-direction ag

| {persiiei), g and X vecome
o~ 1 ] -2 §
Eow (2% ¢ 267 ]
X = %( X H * QX_L Yo

Theye are now varlows llnes of exporiwentsl evidence
inslanting tnaﬁ there Is more than just electrostetic ifuter—
action f{an assuaption of ithe oryedal Tield thowry) between
the ligends é&ﬁ the elocirons of the contynl lon ln most
cagos (21~23%). In partieuisr, the analvsie of the hyporfine

structure of the parasezaetic resonsace spositrug of KFLQG Lon

4
§ois

ny Gri¥ifithe, uveen and vard {(92) has indiented that thora is
selocalizatien of the elpetvons of the ssatral ifon sver Lhe
iriclum—chlorine {remework. Snch a delocnlizstion cap he

tnkon dnto acoount by the Introduction of & factor Kk {ithe
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srbital reduetion factor) into the magnetic soment aporatoer {04},

~ >~
#0 Lhat H. = {1 + 28),

& has & volus 3, and can be intergreted in fhe senwe ihatb i

o

For the fraction del of 4hoiy time the viwelrong of ihe oenitrnl f
iom G0 act contridute (o the orbliad Bnglayr morenius of i ;
ione

to) Livand Fielad Thoory

The inadequadcy of iha ezrysial Lield Bpproact i Lha
descripiion of the interactious betwson the vantral ifon and
its ligands has long beon receguised {2%,86). A isore useful
approact is given by the ligand rfield theory which fncopporates
tits amore realistic honding soheme of ike aolecular-orbl tal
theory of sfulldken (7)) into the omsontisl feptures sf the
erysieil fiuvld theorvye. ileace i this Bpprosehl Lhe straciunral
anii for tie wave-funciion lw the whole complexn lnstead of
Just the glingie central signm,

The theory &g applied to the traasition metal conplex
Bay been disqgs@nd in various dopreas of sophistiestion (G-
3833 enly the naln peinig are given heree Tho orbltals of

I

e eosmplex are of thy form

(% e <Y + (323:“3'%3'

whare ?’(r’} ig & wave-function of tho central atewm, and
Zi:ajﬂﬁ ig & lineny cosbisntien of tue ligand wave-funetiong,
b

8y applying the genersl group lacvorotical rule Lhat the
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syuaeiry of the orbitals on metnl and ligend sust satob foy
cowbiontlions Lo be pomsible, the luporiant rogults of thig
theory eon be derived without daving o go through the

tiea) srpunents,

metlhios

o3

in ue O symumetlry ke s-orbiinls «f the central wtom

trausforsg snder By, e p-orbitals undeyr tzu st fhe deoprblicles

sndor ey and tgg‘ Yhe ligand G ~orbitals span the represen—
X i
iations Bypy @y #nid Ly, And iz Weorbitels spun tbe

ropresenvations tia’ LT tgy

;3

andd tguu Using these, the
wolevoular-orbitnl wergy-lovel scheme can be eongiructed ow
tn Yigure (%).

viae daporient resely, as indicsted in ihe dispgyran, ig
ihat the erysisl fieid splitiing 10Ug le the difference in
the energies oy eg{CTW} amd sgg{qr*). snd, theretore, the
natare s the metaleiizany tond ehould affest the ervatal
Ficld splitting, and hesge Lae elocironic properiies f Lkﬁ
complex. Also the delocnlizetlion feotor & can now be readily

UHARESLO0.
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Pigure 3. Molecular-orbital Encrgy-level Scheme

for an Octahedral Couplex.
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e Mupgnetlce Propepf{ies of Usxg@ecoordinated it

Complexes haviay dxiel Syvahotry

Aithough (he present work doemls wilih tetregenadly
distorted ogdphedyral cowmplexes {(wore will e salys adout ihe
#yswetry of the ligeand field in lbe vowmplexes siuwiied,in o
later soction}, the pcoount of the shueory given beloew for
e Uy, point group alev applies te ihe tyigonsl casc,
hecause e results Lor the two casges differ only in the sign
of A, the mxial field splitting povanstor {300,

{e; theosreticsl

in figure {(4) & schematie representation o the effecis
provisced by the various perturbetions on the al configwrstiion

is ghown) toe finel resull Belug Lhres drpserts doublols from

2

3

n o A v g , cn 2 Yy B O% e
tire Jower T, berm amd bwe fras Wie %5, ftera i0lq abova,

£
i

fror strong-Iield complexesn, g P2 k%, and the effect in

magouitic phonvienas of these bigher Lorss may often be neglecied,
it is only taken into Becenunt when the spine-orbii count ing
pRIEELery )\, ig large with vespeel to BTy {(hen ihe mixiag
af the wavesf{unetions of ihaese highor ievalﬁ inte those of the
srouad Ievels, via the spineorbit intersctions operator, is
incorporeted in the ground siats Tunetionsg,

the appropriaste wave=functions can be derived frow

aymaeiry consldorationg®, Tham from the charpcter tshle for

ormact wave-funcuions ara noel yoghilyed &g ihe mepsetic
properties of a substance do =9t depend upon ihe radial part
2 ¥ ihe Yuncilona
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FESRE S AT AT e

AL

e pulnt ygroup B V19) and the teblie of tronsforuatlon

properties of the devybiialsn in Ui {dppondix $5 1t is Teaifily

seen et the functions of the vorious Lerag ave np Toilowss

L.
ey

SRPRLER

{ [5re,

inclusion of the splu-functiong, [X){s = §)

Havewfunctiong

Ly & "
V/;v:iuz Lo i?“g}

&

Vita,
<
4

€}

L?,

b
wi

= &)
z |op
z le)
g Is)

= |B)
and [(5] {8 = w72,

L8 next cousidered by taging Lhe direet products of ré, ]ﬂi,

r‘,3 s Iﬁﬁ wilh fg, the represenitation of the epinFusctions

in ;"I: (7)3}.

%
.

]

.
&

ihe wavesfunctions pre then found by tekiang the correet

coabinztions of the orbital parts, frow saeag (4) , |e) , fe)

la) end {8), with [«] sad [p] e s to sive fanclions walch

span lhe regitired vrapresentations,

the gorraet functions #c obtoinod,

Figare {4} gives & schowatio repress

iz larger than A . ihen ADA

Yiguvoes (&) and {S) ligi

ntation wheon A

tune affeets ol the comuined

) )
peritsrbintions on the 7, ters areshown in

<

fzure {5},
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Viggle (34) hss shown Lhai eben the ratin A/ ig smsil {< %}
the vifect vl the axiol Slold om the effechive magnetic

ent i8 smEli. A trestuevid of this cage,y thoyefore, wownld

&

dead Lo & resudt Dol Very differont from thet obisines uy
sovend (13} er MeIfitt gb al. {15}, depvecing on the sogedind
of A with reppaci 10 K7 In both ireatments & pevfeot
velabodral syasviry was obguued,

Ghilst o iremtacat of the jonersl cese wonld be 2irely
#orepotition of tipgls’s paper (341, o the oilay hend,
cotigiveratiun of the llniting cases is ingQluciive iy eo far
Ge they are Lllusiraidive of the method uscd L4 Cerive ioo
effeciive souent, Tvo 1iolting coses pay e congicorod:

(1) when A A for vegetive A, aud {11} when AD) foz positive
A« the sign of O, here, is felivwing thet used Ly
Remlzurs {16} sud Plgais {3%), viz. thais D is nesitive when

o osinglet ke lowest for the ielrmponzi oofo.

(1) DN, ey A

Prom flgure (%) L% con be seon Lhst the maspnetic

suzeeplibility arises frow the f} and [l {e )} iovels, the

@ i?!

rLQK ) faval lving bigh obove theste The anly nonezers

vlenenis for ihe perturbacies

/

~ ~ ~ ~
%ll = Ales e Pu, i1, « as)

Sye “*7‘3@‘ rj,;,an Jﬂﬂl DN (!)él'
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Substituting the above results into cquation [2], and

simplifying, we obtain

><H

where x = A/KkT.

FFor the perturbation

2 -
NPT, 12 :
KT e~ 4 1

+ 2{6Hz

- 2f5Hz

= -2
2

?5{_;_ = AL.S + pi{x(ix + 25.)

the eigenvalues are the solutions to the following secular

eguation:
a a
I_‘6 fﬁ?
A .
- 2 Py
A
Pix  *g5 -
0 0
0] 0
that is
A+
2
B =
- A -
2

w»
[
Lo

o

no

I

two-fold degenerate

two~-fold degencrate

1
=




The average susceptibility, then, is given by

X = NP2 . oax o+ k(X - 1) 71
kT x(e™ « 1)

The effective magnetic moment, Heff’ is obtained from the
Curie relation
X .
= N .
SI{T H eff

Ilence 2 ; 2
Heff = 4x « 4(e* - 1) in units of p- (8]
<
x{(e™ + 1)

The limiting values of kleff under this assumption, then, are:-—
1) As x=0 (T—+w), H e 2.
exl

2) As x—> o0 (T=0), Wore— O
S Y

gl)A» )\, we AN

JEESLE SR AR TN % DU TR 15
e”. III I
= A
° 7 i le lalpl), [bl«I)
ng // ..
\“ A
TN Lra
. (le=1) + 22 IbIp)))
\V“ng‘: . I3 o

(letp) - 22 lal<1))

. N s 2
ricure 6. Splitting of <7

o, When AN, +ve VAR
o
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ihe groung (orm o wpve-funotions sre obiringd by sixiog
F.‘,,{, ug} into whe [ ‘}’{}“":‘?;g) thpoush ihe spinenrbii coupling
zivec the off-diszonal elemente of [ . U.n,*}s with r?.{ﬁi,} fop
)\3.;; Rre
(elpl| Aies |al«l) =/Fd = = (ex]] AToa | 2 DpD)
Leing thess funelions the g volues for the grountd Yevel are
£y = &
By o 0ff - /\/A‘.‘

The average suscepiibility, 7(, s baerefors, is ziven by

X

H

NP ["{1 - ?3)‘} » kai“’(]
‘th’!ﬂ

shole X L8 whe sum of whe high {requency contributions Tros
the rﬁ snd r:,{f-:ﬁ) Tevels. ¥For the evaluntion of X the
Beyuldit order functiions for the r.yw“k;&) level any be used, in
whileh ense

oy o O

X o= -"'t/A v

o . . X
noglecting tevus condaining O or higher orders of A.

Then X = (3/%¥{8/0).,
.{a...i M — &
X = sPP3 - 2Ry 4 B ]
S 587 &
‘ " R 1 :
(£} 3‘ A

thus whan O recones very large with respect {0 x7 aud /\, send
only then, the offective mamont, [At..,“a, bgeones tndepeadent

af teapereiure snd aeguires the apkneonly value 6F 1.793% B.ie




fast wapwnle, when A o M}A, Tansriay she High {yentenoy

contribuiiom, H’pff = 1.67 8B,4,, 2till scouowant belew the FHY B5 T

auly yalue.
| Yo far ihe orditel reduction fmcior & has Boen
cmbried, Tov pluplicity. The effeot of & is FeRGLIY deduned
Frow bhe infcerpretaiion civen ot page 163 as N inercases the
erbital contribmiion to the sagnetic monent is increassd,.
tunce qeoreasing k would tend o briag U’ﬁff clusecr to ihe
spin=only value,
ko genersl cese vos treated by Figgis {3%) by
polving the socular eguation for the perturbniion
K = (2% = r2/5) 5 A1as e Pitll « g5}
using (he funetions of r&{eg}, F§<¢g; andd r%{bgg} listed
L Yipure (4}, ard subsydtuilog the vigenvaives obtaiped
inte Ffermula [£)d the vesnlis Lave been ex presgod by plots
ol W ,yp 2eelnst BT/IN Zor aifferent values of &k end v = A
Phe Yollowing geonersl concluviesns are dyawn from the resulisie
1} The etisoil on klﬁff is suall usless A s about
eauni Lo, o pyeatey ithey A
2% for bighoer nxis) Coisponent, p.ﬁ £ tends townrds the
spig-only valwe,

3i The Yaclor § Dus guito p aerkes effecl on W oarg®

) savejileble sametic bets

Hinee both wie sirong 208 ihe veskelilald coges of o
o '

leed 10 e sswme ground tors, "T@ws in wetuhedresl EROme LTy,
bt

Py



Y owould be iustruciive o isclude & very Lyiof BURIVey, o
lgsst, of iue dotn on the Firsi yows tromsition veinls. Un

Wik whole the nweboey of complexes with the al confizayation,

nswﬂciaily those of the second mnd third oWy WROs® mAaxno

propariles have bosa gindied in gotnil ig
. 2, .
the work on inc ?“y bers has bean on s
“nda

$3) First wos Yronsition detals

TELIEY), v{Iv)d, oriv)
Bul ine only coempounds of hexavelent asen

sangssaie

4. arna i S
138 g Rix‘.ﬁﬁ,

fou is tetrabedral. Tl varlaeg of )x For

ia tae

wid

-
g
)
-
£
e

free luon, togethsr
P U;:
kl Tt at 300%

A,Erﬁa*iﬁﬁ

(cm™d}
wgEre 153
%% Q 50
crde 354
From dwen (12) aad dtehell sad \i&l&nma { e}

YFor ihe comploxes are frpeeted (0 Ly aomerbhnt fover.

prescence ol on axial cosmponant in the

R oppr cloger Lo the spineonly valuc,

oy titaniuw complanes ide present dats

Sved 1o requdsre an axis! fleld apii

&

{ite moments ai 300%:

BORe

Gy dvrw
fiiiqi}g

G the expocted values

field wouly

tiing sever

are poenerally bedwuen

Liw

Banli; woei of

}5 eanfigurntion

"1 ov

;B :aivE) 2id torm GHmPoun s ,

caontain ihe

RhRETe the slevvochanintsy of the mengsnese

f:p

WAiEV ) o
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Trvs Lotani’s thueory are slven LGulow,
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~
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tise A vnlies
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For V{IV} nost of the compounts ntudled do not heve
stevesohenistrios which ave sven nominslily euble and, therefory,
intargrmtﬁtiun bovomes diffleult. Frow sbudios Ly €iork ot #ni.
{45) snd Clark (he52) theoretical explanction of the deais
cellg for the intvoiucilon of & ond [&; in pariiculsr,

b A

Vily (Sipyrfayl) 34 9% 1200 o™i
vela(o-phenantnraline) TeB5 /o e

Very few vompounds of CelY) are even nominalily
vciahodral. Thelr womsnts sye generally »ueh closor o 1,73
than 6 1,3, ¢3¢ Pl is Jorually oniahedyal, and the mom e tes
for U Crotly sre i.&? 28 PO5OK for # = &b (80) and $1.50 et

300" for 2w os (n7),

{(1i) “eecond snd 7Thisd How Trensition doials

The wognotlc date svedlable for those compounds wihiteh
are pt leapt arm&fly ocialedral are given in 4ebie Is ‘Fhe
Gpin=oriid coupling coustenis fur these jone aYe l8rse;
they vary irom 75¢ co™d farp BRIV to aboud 4000 en™? for
Tel{¥ide The fbam teupersture somonta are, therefore,
trpected 1o be somewhat lower than the gpin=-only value,
Dowever, table | shows thal most of the vompoundsy of oiv]
ard “{V) have sueh nizh moments Lhat 11 is NECESHETY Lo
assuwe & low syamelry component go lerge that the thogry,
as vublined in an corlier section, is unlikely to remain

vallds ior those few



Table I

Magnetic Properties of some Hexacoordinated
Nb(IV), Ta(IV), Mo(V), w(V) and Re(Vi) Compounds

Compound uggfﬁgégéﬁ 6%k Tem?éginge Ref,
NDCly,-(Py)o 1.37 77 - 298 Ll
Nbqu—(Py)g green 1.26 ‘ " "
z red 1.58 ) " "
NBI~(Py)o 1.05 " "
(PyH)er(OMe)Cls 1.57 61 77 - 299 20
(QH)QNb(OEt)Cls 1.66 19 " "
(QH)2Nb(OPrs)015 1.70 20 " t
TaCl,-(Py), 0.69 77 - 298. 45
Tasr,-(Py), 0.43 0 1
NalioFg 1.66 218' 80 - 300 47
K v 1.51 56 i L
Rb " 1.75 158 " "
Cs M ‘ 1.66 224 .o n
I{2MoOCl5 1.74 27 90 - 300 48
Rby W 1.69 16 " 49
Cso 1.65 -10 " 43
(hhq)o " 2.12 15 " 20
\‘\‘*14)2 n i.71 52 " L8
(PyH), " i.74 15 " "
Qi) " 1.74 4 L "




Biisnie

table I, continued
(NH4)2M003r5 1.72 51 90 ~ 300 48
(pyH), ™ 1.82 17 " "
(Qe), 1.80 o n "
N :
NaiFg 125° " 47
I{ | 120 n 1t
b o antiferro- 105 " n
magnetic with
Cs " Neel point: 105 " "
EtQNWCI6 160 80 - 300 50
Cs ® 105 n t
Me,N " J 140 " n
RbQWOCIS 1.55 20 100 - 300 49
Cso W 1.49 16_ W t
Cs2 " 1.56 =30 " 43
(Me3NH)2w0015 1.35 4 " L9
Cs 2\\()131’5 1.35 17 ] i
x(.eFé 0.51 14 - 296 20
38016 2.07 50 g8 - 300 55
(NH4)24e02014.509012 2.03 -i84 " 54
Measured at room temperature only
NbC1,~(Py), 1.553 46
" ~({-picoline), 1.i8 "
" —Biny 1.06 "
"  ~o-~phen 1.05 "



table I, continued

NbBry=(Py)g
" -{{-picoline),
Tacl4;(PY)2
" ~{§-picoline),
" -Bipy
" —o-phen
TaBr,—(Py)o
f _(&-picoline)Q
Cs2M00015
(Me Nig),
(MeoNlg)p M
(QE)y
RbQMoOBr5
Cso M
(pym), v
}00C1 5 (PhsPO), -
" (PhSAsO)Q
{ (Me250)2
" (MeyCO) (PhAs0)
MoCl5(Ph3ASO)
NawClg
Ko
Rb "

Cs v

Y
O
o

0.88,0.9%4

1.17,1.00,1.10

46
n

"

1




table I, continued

w015(Ph4As) 1.21 51
Et, NWirg 1.28 2
EtNH5 1.23 "
RbOWOBrS 1.37 49
YReOF5 ~1.4 . 20
b v ~1.4 1
Cs M ~1.4 "

Py = pyridine

Q = guinoline

Bipy = 2,2'-Bipyridyl

O-phen= ortho-Phenanthroline

Me = meinyl

Ev = eitinyl

rr® = sccondary-propyl

Ph = phenyl

Other compounds, in which the axial component of the field

is not expected to be too large, their moments secm to be

consistent with the theory.




ERERNTMINTDAL,

He Suscentibiiity Mespuresent

“hien on elewent of & moterisl (B} iz placed in an

indnavgonevas magneiic riely (10}, 3¢ experiences & foree

%

(01} mlong the fieid sradiont {&/dx} blig force heilng

wiven by i

GF s W X zéraﬁtﬁ?ﬁ/&}a) |

7

#huere ;%a is the gros suscepiibility, |
&

The douy wmeihiod of messywing sugeeptibiliity, ompioyed fu

thils work, inveives the sensurement of Lo ftoree intesrated

over & large Jifferenge la i $ichd greclents The (Boovroe

tlesl develoepment of the wethod hae boen siven in eany ftenis

{554 3.50)1  the final yesule bolng the formuls

10 X ) = Elaty - 3’3 [16]
i wifs

whars 1 =  length of specimen in om .

woe waight of spoclien in gyem
Ho o= the ffeld sirenzib in onreted

¥ = force op semple tube s speclizen in mgm,

8 w foree on seuple tube in TR

& = aeeelerntion due to praviiy

B} )Cf in Lo Qogesa. anfis,
provided the sbuple is wvontasned in an evacusied souple Luby

with uniforn crogsescotiosal ares over the whole Esngdh, 1,



anid the epocinen esiendyg farp srough from the pole pieowes of
tire mugrmet Wiat the fleld at the Lap of ihe sapple is
virtunily zevc,

(o) The smmetio Balancs

The field (1) wes $IoYidad Dy an sleclronagnet, wieh
& pole gap of 240 cus., sovnted on an adfustablo platforw
capadie of being moved Borizestally in teo pevpendicalsy
directions, QarEuremRenis were mado 8l four differoent field
sirengihy corvesponding o the curyvents of ZaTy Gelly 7o¥H vndg
0.0 superes, The currest eus adlusted sod KoLt constent
21 any required walue by 53 aetoustiec conitrel it consireeted
at the Llectrierl 'nplneuring Depfirtwcnt ol ihis biversity,
The Current Yns weasured wiih & Hpehet ingeon Lid, wodel 9,
double ronge nuseley having an eoouraey of 20.5%, Full scale,
‘he force (F) was wessured by a damped 5ortoprius
sicrubalance (8PE Fje The cunpin was suspendged from Luc
left Rand pan ol the halanurs By wonas of 2 svaton 2F Lrags
SLirrups, 2 turnbuckle asd 6 plese of pusrie Tilres Yo guard
apainet dreugkl the sample asd ths nyﬁtém ot guiriz fibre,
turpbueile, end stisrrdpswere emcloved in o Jeoket dotachablo
i 2 point helew 1he pintfora of the batanes, The botitos epnd
of the jacketr censistes of & plece of copper ubing T sms.
fung cencated onte he glpaw by seasns of Gpoxy remin {fizure 7.

¢ ronaonrbly unifors tesporsisre throughout tae

e

This providas

. . o
lesgih of the sasaple {(teaperaturs predient < 0,359,



The ssuple tube 588 voengizuoted of Prrex glase with

2o GRier dlaneier of 4 wse And an inver Maweler of £05 whe,

Riaul 9 oca. longe The tup end wog Jolned to n bigger fubc

osiar Wimksier = 5 e} RUCUL 2eB e Iang 1o facilitsia

cou

DTS JPO E . K4 " o i San o - . R e o g
JOREERG Lhe somplo fubo 3 ITing myvatonm, Bt wnn

i
Pk

e

. .
ey Lihig §

sunpeaded {roxw 8 gless hook {ste figure 7). for sach

nensurenent the sawples tule was avecudiod snd gsuniods oo
!
fodlowing adjurtasiis vore made before VRO DGERSEICNCn L e |

(1} i Kook was carelully sede en (5ot Lhe saapla |
tube war suspended vertieaily,
(i} By memne of thr turnbugeule the oLl end 01 Lao
saaple wes edjusted Lo bo exsotly at tae level

o¥ ihe contres of tho polo pieces,

e .
o
oo
e

Pt
=

&y means of Lhe adjusiable sniatform the cloetri-
angnet wmy adjusted 8¢ ns Lo nloce the Brapio
tube exactly In the centre of the pole zep.
Yor weapuresieols BL teapevatures belew yoeas tump#;
ratare and doen do 90% the soaple wos cocled by a Fiow of

Bitrogen veapour frem a iinuia filrogen boeilure. ¥Yarlous

bamperatures in Lhe yange G0 - B0

.
2,
&

conid by obisined by

varying the rete of flow of tiwe nitroeren. Thi

WOE Ugne

fi;

Boaysien of twoe Bofiers. Yo obiain o EAVED fempuydiNEe &

JUQ wnty besier was first adjusted Lo qive a lemporniugsg

Just abuve thel regbiret. Aantiorp hester, naving sitout 1/20Lh
the power of the foryumer, epanccted to o Thermceliectriec Corp.

Yeedwbaek relay gystos, provided tbhe eatrn rowey Lo ecowid fhe §
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l

systen Juriber Lo the reguived f{enperniure and woalnisin 1t.
The towperature could be kepl constsnt st any value for over
30 winutes, the length of time depended on the raie with
whieh ihe Ligudd nltrogen in the boller (5 litres copucity)
wasd nuing used up,

Tue fewparsiure whs seasured by 2 thersoelectiric
Alabmite Disuhﬁ' et oongiricted (& read down 40 wg Qu i
using & coppar-constanion therwocouple, the opexpiing
Junetion of whieh way Fixed on tae laside ¢f tie jackatl at
pbont tus middle of the ssapleés Flzule {7) ebows B seuiica
of (he ssseably is dperation &l tho pole gap of the eleciry-
wamete the Uinloite~thiersocoaple systew vas salibrated
ne U070, -78%C and -3183%C; B correction of uvp to -1 eas
found necovssary on the viadsite vordings ot -~133YC, wut

gacyansing U 26310 8V roun TeEpuIaiuro.

W

{b) smaple Tube Coryoction {5 3

since glass le Jdissspnotic ths ferce obmorved an

the oupty sample Tube {5-} 1s negative. VProw eseh ponding ou

a spaple the appruvnriste vailue of S ai the gome Lemperaturs
E ¥ A

Hod 1o be subitracted.  The volues of S al vorious fesiperatuires

B R g

wereé delervined by mensaring ihe ap ont change of

b
yocd

wolit of (he eveounted tube slone when lhe ssigaetic fleld
wis epplisd, The sbyolute value of § increased with Joge

reasing tenperature, ag oan by goon fyos Figure (S, These



Figure 8. Sample Tube Coryection for Yube No. 1
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cUrYas ware ussd o yead off voluew of g 2t any tempersinke
oy aay given cursrent, §t shoeald bHe pointed out here Lhns

the eorrection Lor eoch sanoie Lube bad 1o be dotevsined

gunerateiv, |

¢

{c) telibration of the Field (0}

rrom Foywula [20] it is spparent Lhai i osn Lo
i

calvulsied 4% :xq is koang, ansd vice veres. In praetios

& i

Lo Gouy salover iy vsunlly colibrsted wiih o subeisnee of !
Anown susceptluvility rether than by wmensurians ihe field

divedilye  In Lun preschi worYit he &ppereins was uaiibra&eﬁ.
#iidi agﬂa{ﬂﬁ&}ag the suliability test, properties and !

preparetion of sideb have been glven by syholm and Figgls

G

v

{57,5%). It Lme & sysw suscoptinllitty of {1G.44% + DL,08) 5 107

Gafiete unlts at 20%, and oheys the Curie-feizs low sith

b - £B s . . . . -
o @ IG% over ihe rangt room tomperature e S8GYH.

The wpaseyoamis on Hgﬁ@{ﬁﬁﬁ§¢ were token ai Beveral
teperetures botween room tespersture and 90K, The resulis j

nire shown in teble 17. Forsula [20] wae usod to caleoulste

.
Yl e
i f.f.‘.c

(1) deasirement of Sanples

raelh asaple te be geasared wes first esrefully graund,
Some 0F fthe powder sas then Introsduced dnds tho sansle tube,
And the tube lopped sboul one udred times; & listle mors

wirg  Lhaan mlaedy tapped;  fhe process wae repeatod weiil a
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B
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Teable II

leld Strengths at various Currcnts

Current Temp. 12/ Mean H2/g H
(Ampn.) (°K§ (Oersted)

299 1.8178
269.5 1.7841

2.5 251.5 1.8173. 1.816 1335
191 1.8400
i41 1.8191
299 7.0995
269.5 7.0592

5.0 23i.5 7.0574 7.070 2630
191 7.0221
141 7.14108
299 15.4756
269.5 15.6049

7.5 231.5 15.6603 15.62 3620
191 15.6167
i41 15.7509
299 23.88528
269.5 9%.7688

10.0 231.5 24,1313 23.96 4850
191 23.853%3
141 24,1633




coluun of powder & 10 9 om, leng vaw obhiatned,  Such
seliculcas stepy were followsd iu the problng of ine tebe

in ordur to ensure & rearonably uaiforas pecking for zll

3
$of

susples.  Fary coupounide shich wers mirvesmssilive {211 sscopt

3

4§
ﬁgﬁu{ﬁ%x}&} Lhape operntions wers Goyriecs ont ualer nitrogon.
Yae avsles eas then commechod 1o 8 vaceusn lioe, pracnatod,
anil ke sasple tube sealed.

Fop esch sanple scesurepents were sarried out nt
roow toaporature, 2737, 2599 and so e at 90 asegree intervals
dusn to 99%H.  The gampie wos thon ellowed Lo wars bp to
roon tewperature sad measurezents gl this lozperriire ree
pentted 30 cheek 1f any ifrveversible ohangs had oceurred. 0
all vases the iwo seis of pomsurosents ad room temperatuyre
colneided withio eapurisenisl errosr. After the correct
webiing of the eanirol mait for o desirsd Lanperaiure was
abtained toe svelon uss aliorved From 195 Lo 20 winutes to
aitrin & sieady therand stute bofore wensurencnt ni thatl
Louperatuie wag Hegun,

For &mga fleld sivength the apparont welishis Logeihior
wilhi tne vTesi points bolors &nd efter the ficld was appklad
Rere reeorasd $hres oy f@ur Tihwes, Tiirg procedurs was
seceagnry particulariy 03 1he iow {emperftures ond high

flold, in both ceses n» sipnifiennt drifi eof ths reet pOlnle

Bat
E 1Y

DL rEde



The Zrése suscoptibillity, )C e FAR talcudated using

foraule (18] for esedh fisld siro ongihe A plot of X:ﬁ
c
1/ dwl(ﬂi&u shather thors was any forromaegnetic impuriiy

3 By - 1 ¥ . Py
2 1 jA4) ‘:{'\ua}r‘ & & B3R

Eae)
il

iy e e o s P 3 : P o o 3 b £ 5 P P e
CUEHRGE LGew aRter saelion) the platls

2

peEve lines gorullel to tho 374 Bxig, dndiesiing fthat ths
gamples warae speontially free frow nuch fapur? Ly,

i 3 fow opsg

nt

B the serples wore mixtures of the
(S RE RN (”ﬁfﬂ“ﬁﬁmiiﬂ} and the teiraknlids {4 smagnetlo)
Bur Llivese, X; Toy the peremegagiio canplex ary eniculofad

Wy weing Sisdempnnts eoditiviiy loyg .

X = x“ra + xnmﬂ ' [21]
whare X: Is the experizental va e,
;Cl Xz are the susceptivilities of the Components having
tie aple fractions &y snd wo respeetively,

The molay susceptiniiliy X wWeE odloiaied fros

%,

k|

.;K PR ;Kg L oHeleoular selght,
and Lhe effvetiive mayguctic aonent klnrf’ g oblained from

the relation

4 1‘*,;
e = meBn{ X, %)%
, Hwif . *
WHOFe X:W = )Cv Finangnetie Corpeetian.
e N

Tue diausgieife wvorrecilon includes cont trisutions from the

ifgands ar well ne frow the cors of tha parsmagaetic

o
o

Jos

v0e ¥BEIVY and Tal{3Ivy,
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{e) Preclsion awd Agourney 2 deagarsnenty

Sines ?Cﬁ was calenlnted from equation [10) its
pocuraey depends dpon the socuraev with whiok 1, 5, © ang
1% couls be deternsined,

Thae lengih of the gswuple wae bDeilween 8 and 9 ¢,
and 4t esuld be meagured $0 0.1%. %he wiisght w, wag
noraally detwasn 0,7 snd 0% E5ey And $€ could be detoraioed

willl B0 neeurscy better thep DeBH 8

The sTror in 6% cen Yo ealeuloted Trow bhe figures

in table (T. The wean deviatios Tor ﬁﬂfg for ils four ourrenis

varles fros Oof to 0.8,

e

The Toree ¥ sucountored iw ihe mesguronents of the
verigus snaples varied fros Qo050 mgats to 1.0 mzm, The mean
devistion celeulnted from o serien of four readings ob each
varreni setting for the variocus ssuples varies $rom 1,997 fop
ihe lowx voluos L0 D.3F Lor the largest force Bengurad,

dezee the zocuraocy of the roperied valuee of )33 ia
8t Leel 0,849 and st sorst shont Se%5. 4he 2rroy due to
non-uniferaity af pleking of the ssupler ig not seopunted for
i this aptimate, owovery Flgais sad wwhola {57} repasriod

s&tisfoelory roproducibllitv if speglial esre Lg Laken in

the packing procoduare,
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Bg Provaration of Saanlen

fgotratalides of “iobiup oy Yorntnlom

Whe proparstions of the tetreanalides wors care

M-

in iwo stepes from the wulalos The motnlas wors fipst

Ralogennted to give the penishalidos, which wore tion raduoesd

Lo tie tetrahnlides by some frush wetal,. Tueso two atoeps

were cayvies out in oo single aysiom, thus Bvoiding traneisyence

From one aystes Lo anotper ab ony sigee,
Chlovination of tue wetal {4, uwes zebleven by

passiayg dried ehlorine 8% Ixow & eyviinder over henteo et

Zrosination wes carriod out by henatlug fhe metnld

-y

My} witn
vapsurs of brosice et the vepony prﬁauufc of the iaguic
eld at roons femperature. Fempent gra<ie brouwine {(Allied
thesicnle ) was dricd ovor well outeragsesd *263 svernisht

UDGBY Vacuum and theo Vecunm-dintiliod inte ihe roaetion

Thae peduction of the mentanslide v e smetal {mg}
wae achisved by placine the reaction e in s teaporeiure
sradient, ih&éé procucures wire podtlicatione of Lhose
veseribed by Lelerley past Torp (B4, Hetarley and Seatuea
er &ad dehlesbery (393, Taule Iv
BRENATIZES Lhe conditives for these preparstions ang

Tigure {0) sives dingrsas of the yoemption tuabog,

od Gui %

5ie
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She teaperature gradient wis oWtalood by

wo mlumlpiuva blovk Pfarnsces ond Lo andy one sot

higher tompersiere and tue othor for the 1ower,
The produsts were itraneferrod 4o storage

in a dry box and stored wunler nitrogen,

Typleal Analyses of Petrshniides

placing
for the :

Bisgronl oa

Compound % Mutel o Bmlogen |
Found Cale. Pound Caloe v

SbUl, 503D 3855 6003 GOW43

Nutiry 22477 22658 F7e27 7748 |

Tarl, 56041 56 0% PR 4% 9% |

Tabr, 3650 5636 . 63074 b3086

Teble 1V

Londitions for the freparation of Vetrahelides

finnd Froduct felugenation
Yeaps. in ¢ Temps Gray.
in "¢
SLIS 250 365/53%
SRS 200 5157550
a0, 500 65/255

7
F54
o
- 3
-
L
©3
(¥4

63073050
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Compiexes of Nbol, , ahﬁrn, %afiﬁ Gnd Ihbv. with Pyvridine,
and N

Cafteiioyyiuyl /NN, dpiiletotrouetiylethvmaedianing

The s

-

(e

rogedure foy f$he pregaraiion ol ihe coeuploxey

is an below, the conditiong for sach insdvidusl coupdox
being giver in Yable v,
Carefuily dried sulphureires hezaene wog Tuyihey

uried undar vo oever fresh sudion evoemight in a shltatie

k%Y

distillintion apparatus flitogd to o Sohlenk Subw. abeud 0

wil &

L2

migs wns then vecuwun—distillied into the Sohlenk tebe hy
cooling Lhe latiar in los~water, oyl Lhon -y silrogem wag
samiiied intle Lhe sysiom.e The tetrabnlide {aboni e} g
then introduced s tho susension stirrﬁd wiitdd modt of the
eryvelals wore hroken down o fine powider {about § hoursi.

S

The purified lirang {ealoulntod to give §5 = 549 sxcess) eas
Lusn sdded to the suspoznion.  Lepotlion with ibe powdored
Leirnlialide wae uasunlly rapid] bowowver, stlopiee g
vontinwed for &m extendsd purdvd of tise {(Leble V) bofors
Lho selid wpierizl obiaingg arg separated in a fliteving
Gpparaing sisiler Yo that described by Prite ot al. {603
ihe produnt was wsosiied with izn By thryee voluses of Latiuliey

-

dried by suaping 2% 50 - 0% for 319D to 2} houre and gloyed
in soaled copoules andey aitroren,
#rridine {(Daxey Aualveoo desgent) was dricd ever

sadiug bhydreride pellets and then dleiilled, dplebipyrldyl
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{Fleher fiergent) wus sublimed boger rodused PYESTUTG.

NyNyRy it =betreaethvletnylenedinuine {(Aldrich) was fracilencily

distilied under reduced prossure, collenting the fractiog

bolling beilween 88 and 89%C {at 50 wm. pressare).

Ce Nuilveie Of saspleon

The snalyses of pilobliuz ond tanisiuvg in the Lefyzie
salides aad e coaplesncs wore done sraviveirically: a
sample in & - tared - eyuible was goistened with watler,
oxdudlzed with o few dyspz of cono, Hte and liymited in o
BUldle  furpace to constani weight nt 1300%0,

The ehlorine and the bromince gontents were
dutersined by Volhard titvetion, The tetrabalices Bere
First dissolved in sodius hydrozide polution, oxidized with

“ .

pydregen porenlde and then sesiralized with alivie acid spd

distilled amwonin. oy ths complexes the gauple wos

propured by tac Parr bonb fusion tecunigque prior to tliraiiot.
Larbon, hydrogen and nitrogen were azalvecd by

schearziopl slerokunkviiesl rLubaraloryy Nuw'ﬁar&. THe DEICess

of preparing the sanples Ioy tuese sxaliwes involved the ugo

of wiry-bux toehnioane, Therafore, 44 Is assuned thad She

ars less

}‘h
i
o
&
£2
[
vag
T

anniyiienl datn Lor onrbon, bhvdrogen scg n
raliabie thao thuse for the Ralopen and the woisl. Usnoe
thue compogition of thosoe seuplur which werg wixtures wos

calewlated Sram the date for browvine and aoitael ouky (table VI

L
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Theae seaples wory Resuwod Lo beo mixtures of the
complox and the tetrabalide only, Attempls to obiain pure
semplos by prolonpging the perlod of stirring for theso

cagos wore not suenessial,

fompusition of Impure Samples

Seple Conpoasitlon

% onplox % Tetrahaiide
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Totraialidos and Lizands

)

» & b I - B e h et AN L
tilas of tho tetrehalides Bad ihe

po
[T

Ths suseontih
Iigands sre given fn tahle VIIY, xeasuresentis un the
letrahalides wore taken aul five Lesperatures from roon

temperature to $160%. For xalivg, Tecly end Tairy, plots of
76&
gresence of traces of ferroangnetic laparities; ibe valuus

vorsus i/1i shovwed & stighi curvatiure indiemting the

of )C", ithie menn values of which &ye given in the tabla, eare
©

thoso exirapolated Lo ipfinite ficla.

viabple VY12

Sugeeptivilities of Totvabalides epnd Livauds

Compound Fean Xg?:i 10 Henn X% X firf o
{Cegesda) (aag.ﬁ 3

NhClﬁ wlo §87 iy gt

HBIr, T w168 «77e3

Tally, - 0178 ~37e5

ranr, C =018 ~51 %

pyridine ~-0e 0% w3 (€53
Drelipyridyl ~-10% 3

haven ~i3h 3




symmetry of the Ligsnd Pioaid

Conduetivity monsuroments by usedsriey (44} end
infre~red spectra obizioed by Allbutt et al. {46) indiesteqd
Lo s
thai the pyridine complexes probably have setebedral

R h-a-3 M4
PATES

cosxdinations The Infpnersd speetrum of the annls
TGP OuD wxﬁz@(gy}g BUGLesLs n pise~ rather than 6 (rogse
conflgursiton {(0f2). A similar arrengoment is Yikwly for

ihe nlobliva oal the toavtaluw tomseunds, llenece 8il ihe
cempieﬁmin thia work, HKQL&, where Lg 1 {ﬂy}g, Pipy. and

hmeon, beloag to the aswme syausciry group, viaz, Cope However,
sings the elovtranic strecture of n complex 1w detorainagd

oBly by the sum of the charses on ecach axis, 1% ali

disinneos ore egusl {Sellheusen (6}, phge 107}, these comploxes
¢an be regorded as heving Ppgy SYhRelry.e Tuals is, uo dcubi,

an approximation, bul from ithe visible specira asd wagnetie
propexrtiies ol the complexes ¢f vagedium {IV) with L P
bipvridyl ancd oephensatiarsline {42), snd frow the avserption
speotra of ﬁhm&{acﬁianiirila}g (% ® €Cl,ur, 1) {G3), it scoms

0 be & fairiy good one te smeke. The eomplexes of ¥hi, and

)

-
38

Ay (X = Cl,8r) with preidine, Z,2'=bipyridyl and fetrae
selhylethylonsdionine ore therelors voneidsred 19 be caeus
of tetrRzunally disterted ocotehedra in tho disoussion which

FOliues.

Compieres of xioblum

Teblon IN and ¥ glve tuo yresulty of the susceptibllity

sigasurenents on the eospploxes of niobium,



Table IX

itesulis of Magnetic Measurements on the Complexes of NbC1,

Complex Temp. X, x 10° 1/X X 1072 W
( K§ (cSg.s.) M (5)

NbC1,~(Py), 296.5 1.80 11.8 1.43
= 273 2.96 11.0 1.42

259 2.15 10.1 1.42

2%2 2,35 - 9.38 1.41

209.5 2.62 8.5% 1.41

188.5 2.91 7.78 1.40

170.5 3.2% 7.08 1.39

151.5 3.71 6.25 1.40

131 4,30 5.46 1.39

111 5.11% 4,65 1.39

92 6.20 3.88 1.38

NbCl,~-Bipy 300 1.70 12.3 - 1.40
) 250 2.01 10.7 1.57

210 2.37 9.30 1.35

192.5 2.56 8,70 1.354

170.5 2.92 7.75 1.33

161 - 3.05 7.46 1.32

1492 3 473 6.71 1.31

152 5.77 6.16 1.31

125 4,02 5.81 1.32

110 L., 60 5.14 1.31

98.5 5.26 4,54 1.29

NbCLFQmeen 248 1.05 19.8 1.10
277 1.11 18.9 1.09

255 1.18 18.1 1.07

234 1.28 17.0 1.05

212 1.38 16.1 1.03

191.5 - 1.48 15.2 1.01

167.5 1.66 13.9 0.99

146 1.85 12.7 0.96

127.5 2.006 11.6 0.94

113 2.23 10.9 0.92

90 2.83 8.85 0.91




Table X

Results of Magnetic Measurements on the Complexes of NbBr,,

Complex Tgm?. X._x 10° i/XKII X 1072 Mo
(Fx (cTg.s5.) ’ (B?ﬁi)

Nbqu—(Py)Q 299 1.17 11.8 1.453
' 274 1.27 . 11.1 1.41

250.5 1.39 - 10.53 1,40

232 1,48 9.79 1.38

212.5 1.60 9.09 1.357

193.5 1.74 8.55 1.35

172.5 1.94 7.80 1.34

150 2.27 6.70 1.33

127.5 2.72 5.69 1.33

112 5.15 5.07 1.54

92.5 3.83 4,253 1.33

NbBr, -Bipy 300 1.17 11.7 1.45
» 253.5 1.33 10.7 1.37

213,.5 1.50 9.64 1.34

190.5 ’ 1.67 8.81 1.352

171.5 1,80 §.29 1.29

154 1.97 7.66 1.27

i49 2.3 7.21 1.26

130.5 2.29 6.73 1.25

124,.5 2.40 6.47 1.25

114.5 2.56 6.09 1.23

103 2.77 5.68 1.21

90 - 3.18 5.02 1.20

Nbqu—Qmeen 297.5 0.570 21.2 1.07
' 294.,5 0.548 21.7 1.05

273 0.585 20.8 1.03

253 . 0.610 20.2 1.00

252 0,710 18,2 1.01

211 0.753 17.6 0.98

192 0.512 16.6 0.66

1741.5 6.855 16.0 0.953

154 1.01 14,2 0.94

132 1.1% 12.9 0.91

i12 1.365 11.2 0.90

92 1.625 9.70 0.88
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syusetyy {(Hotnnk's thooryd only stighilvs Umff—#ﬂ fg T->00,
Ny o ey Ehren ey e L

whereas in the Hotanl plot for the 4 configuration Elﬂff-+ NE3
gy Y00 when Y- fay hoth pases klﬁTQJaQ. The Eutanl plot

e

oh of Wo.p szsinst ¥TAN for v = A/A = ¥ 10

R

& . o o T -
E RSl e THEECUN AT

Bref.

are roproduced dn figure {12} frow Fipggls {343,

the frecelon volur far A sor RB{IV) is 750 ew™?
(20ypage 99), so tant KT/N varies frow .08 to Je¢% In the
lempersture range 0 - 300%, or if the N velue for e
couplex is assuned Lo be doerensed hy nbout %09 sp wane Foumd
for the complexes of venadiue {IV) wmith 2,0%=binyridyl and
c-phonanihraline {423, k3/N veries froe O.14 (o 0a%. Uy
voupering ike varistion of tlﬂff with temporstuyre Jor tue
couplexes of Hb({IVY) found hore, glven in figures {13)~={15),

with Tipare (30} it ie found thad our resulis csanot Lo Fivied

bo thie curvee in Pieove {12} with v s O oy nesetive. Our
. s » 19 5 ‘71
rosults svex o puggest thod the splitiing of tae e, tulw

by ilhe iteiragonal field g such &8 Lo lenve the aingled Be,
. 2%
Tovest, In this csso k‘cff toends towards ihe gpinecnly value

aof 2.77 R.0., Independent of texperature, es. the raile v

03

Lends to infinity {page 23).

The erystal fleld model of the coxplex and taking inte
vousideratlon the order of the ligands in the spoctrochesioal
ferles w- hRlogon (slirogen =< laads to & prediction of
negative ZX, i.¢, witih ¢r lying lowepil. A3 pointed out in

. enrlisr swetion the noture of ithe ametal-ilgand bontd arffects
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the magnitude of ibke orvetnl fiela gsplitiing 10y i0 00tk
hedral eseplexes.  =2ofluore (64) has discueasd this BER OOt
inowone sdeteil and e Les pr QPOSOL & teoedinene ions)
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1 O e Gy Lhie TCmliazil foreation, thiag v
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0

+3 R o 4
(Byys Sypptdyy )
ity order Lo explein the revoveel ir iho eign 02 Ao (hioride
and browide lons sre hnown to oagege ko Tebending which
pivelves thely £1100d p~ovbitals amd tho decrblials of Lhe

eontrad molad fow, o spevifdconily the dxy’ dﬁz anid s

Orbliein,  In Lne cage ihnt Lus deorbitlnle fre &b least

partisily {illed, such dondiag desinbliizes ihe e, OrLlinls
a2 2
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ke

ovvitsls oan form Metonds with three balide Lotk wherons
Lise QV? arbital ean bond with oaly two {those in b Ny
yadtigje liemee ihe dy., tnw the ”vv eristitels wro destabiiiucd
B0 tne sbme exient, bul the iooregse in the enarey of thie Qxy
irit:iial is SOUSWLRL lesg.

The nitrogen doner Iignvds prridine end 2,2'-ninveridyl
can nlgo Lake part in Tebonding sidh the esutral seiol ion,
Guat the teilregelbylethylenediaminge csnaot, Thereloere, 1t g
cunviuded that e Tedonoy silect from the helogess alone
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with respect to one another. A similar argument has been
suggested by Griffith and Orgel in their spectral studies

of chlorocobaltammine complexes (65).

X
/ 3 ,
Xo- 2, —3L2 —
e

Di-substituted
cis—complex

V]
>€4

X = halide ion

Tables IX and X also show thatl the Heorp values tor

the bromide complexes are lower than those for the corres—

ponding chloride complexes. McCarley and Torp (44) suggested

that this difference is due to the greater TM-donor capacity
of tine bromide ions. As the arguuent requires aiso that the
nitrogen—-containing ligands be T—-acceptors it cannoi eiplain
a similar differcnce in the complexes with the tetramethyl-
cthylenediamine since the latter is not a T-bonding ligand.
Hfowever, it is a consequence of our deduction above that the
difference between the chlorides and the bromicdes would be
determined largely by the order in which they occur in the
spectrochemical series. This is because nalide ions with a
stronger T -donor capacity than the chlorides, say, would

merely raise the energy of both the eg(dxz,dyz) and the by,

(de) orbitals by approximately the same amount (see figure



28} the difference in the magsnitade of AN susd hWave arisen
Erom (8). Simce ir’ <01 in the series, the teiragonal
spiitting ZS, should bBo groster for the chlorides 28 the

resulis sihiaw,

Ubaploxes of Tantalom

The resuiis ol the magpeiic supceptibility nessuroe
menls of the complexes of tantaluw sre given in tebles 1 osd
XITe,

The values of 763 wore found to be glightly dependont
o the Tleld sirengtl oxcopt for ihe pyridine conplones, Thae
valoos listed in column threo of tables YT sng %131 have éaan
vesrected fory ftals offeetl by orirapolating the curves of X:g
sgainst 1/H to infinive flold strengthe The values of )(;
are ealoslated using the ¢iamametie susceptibilitioes ziven
Loy table YiiZ,

Here szpain the plote of i/?fg against T, given. in
fizures (16} and {17}, indivete thet the Curde-welse law ix
aat ubeyed in coptrast o the results obinined By welnrioy
aod sestlpss for &ﬁé pyridine complexes (493, The freceisn
A for Ta{iV} d& about sﬁﬁe'em‘ip so that widA ronges fros
UeB4 Lo Getd in (e Lompsyature range 50 - 300%%. From
Tigure (12} 4t {s spusremt ihet ihe Hesy ozainst KTAN curve,
with lleff heving 8 valus of about G.8 to Be7 Holia {plﬂff far
e pyridine complenss obtainad by solariey), is very §3% k1 i p e

dunt ob ovew small changes in Lthe XK¥/N rntic. It 45 rether



Table XI

Results of Magnetic Measuremenis on the Complexes of TacCly

Complex Teinp. Xg X 10° i/XM X.1072 Hors
X (cPeg.s.) ! (5.3 )

TaCl,-(Py), 298 0.243 56.6 0.81
248 0.285 S4.1 0.77

213 0.345 51.1 0.74

189.5 0.%90 9.1 0.73

173.5 0.438 27.53 0.72

148.5 0.555 2%.6 0.71

141 0.604 22.4 0.71

124.5 0.680 20.7 0.70

116.5 0.732 19.7 0.69:

105 0.817 18.2 0.08

95.5 0.880 17.3 0.67

TaCl,~Bipy 299 0.065 51.6 0.68
252.5 0.100 47.5 0.66

209.5 0.170 41.0 0.64

161 6.215 37.7 0.64

171.5 0.253 35.2 0.63

153 0.32 31.7 0.63

144 .5 0.358 29.9 0.62

134 0.407 28.0 0.62

124.5 0.440 26.8 0.61

114 0.510 24,5 0.61

92.5 6.0685 20.3 0.60

TaCl,-4meen 296 0.065 55.6 0.66
272.5 0.090 52.3 0.65

250 0.110 .50.1 0.64

230 0.136 457.5 0.63

208.5 0.170 b4y, 2 0.62

189.5 0.205 41 .4 0.61

170.5 0.250 59.2 0.60

150 0.281 364 0.58

132 6.3525 34.0 0.56

124.5 0.364 52.1 0.56

110 0.390 30.9 0.54

101 0.462 28.2 0.5%

90 0.516 26.5 0.52




Table XIX

Results of Magnetic Measurements on the Complexes of TaBr,

Complex _ 'l’ong Xé\ 100 1/)(M X 10~2 of
(cPg.s.) (9 M. §
Tapr,-(Py), 297 O.144 35.1 0.83
251 0.168 533 0.78
210 0.195 ' 31.4 0.7%
190.5 0.206 30.7 0.71
173 0.238 28.8 0.70
152.5 0.290 - g6.2 0.68
145.5 0.287 26.4 0.66
133 0.323 04,8 0.66
124 .5 0.373 23.0 0.66
113 0.355 23.6 0.62
103.5 0.352 23.7 0.59
90 0.377 22.8 0.56
TaBr, ~Bipy 298 0.044 Ly Y 0.74
252 0.072 41,0 0.70
211 : 0.102 . 38.0 0.67
191 0.164 32.9 C.G8
172 0.155 33.5 0.64
i52 0.210 29.9 0.64
142.5 0.224 29.1 0.63
132 0.250 27.7 0.62
124 .5 290 25.8 0.62
112 0.%41 23.8 0.62 -
103 . 0.372 22.7 0.61
90 0.496 19.2 0.62
TaBr,-4meen 295 0.05¢ 46,0 0.72
274 0.068 44,0 - 0.71
250.5 0.074 42,73 0.G8
231 0.095 41,2 0.67
208.5 0.118 38.7 0.66
187.5 0.133 57 .4 0.64
167.5 0.165 54.8 0.62
147 0.209 31.8 0.61
1354 0.2i9 31.2 0.59
112 0.2063 28.8 0.56
91 0.316 26.3 0.53
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Values of k,

Table XIIT

v, A anda A obtained by

empirical fitting of Figgis's Theory
Complex | k v Alemn~1)  A(end)
NDCl,~(Py)o 0.75 2.6 900 2400
W -Bipy 0.8 2 700 1300
" ~Limeen 0.65 0.5 700 400
NbBr,-(Py)o 0.95 2.5 700 1700
" =Bipy 0.85 1.6 400 700
" _ILnmeen 0.6 0.3 800 200
TaClQ—(Py)o 0.7 0.25 1900 500
" —Bipy - 0.65 0.05 3500 180
" “4meen 0.7 0 2500 —_—
Taqu-(Py)o 0.8 0.25 1500 400
" —Bipy 0.7 0.1 2000 200
" ~Zmeen 0.8 0.2 1200 400
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The garve fiiling provess is rether scopitive, as wes
sown My Figgle (95} sesll diepipcesents of the curves uive
risther msrhad differences in the pavameters obiained, Vigeie
bay alse eatisated tue error in these wersmciers. They are
rether large: X valuss are probabiy 2700 snd the A vaives
are subjost to an erroy of sboeut 3?@%.

The ): valuos Tor the aloblan vouplaexer obilsined sbove
seem rensonable minee the Ifregeion velue for nNb{IV) is 750 vm"f,
bul ibose cblsined {or the tentalus cosplexes appesy Lo be Loo
igh {frecefon velite is probably 1000 - 15060 cm’j}g one
repsen foy these poor vesolis eould Be the Iempplicebility of
the theory for A/N < 1. flggis wvalunled the wnergies by
using thass funcltiove of ¢the verious levels derived uander the
assuspiion that the axial fleld porturbation ils grester tuaop
tic spineorbil portursation {{.coe A/AN > 1 at leestls. irvom
gigures (4) ead (5% it is poen thet when A is larger than
A, tig weve functions ore «differsute A4 Socound rYobpoy why be
thnat the low moments of tontalus (V) comploxcs Bye ust fully
aegpuntod for by the high gpilnearblt ooupling, as has been
papumed Wy 0 uste, Superexchange may well be sccurring.

Table XILE shows the valuss of AN for the ceaplexes
withi the throe nitroges dunoy lipendsa. 1t iy mcen thot A
devrensaes in the order pyvildine ) bipyvridyl D &meen, {1 has
doon discussed in an oarlisr sgetilon thot TMedonalion frow t&@

halide lone probably playes & piguif{icant yole is ithose vomplexes



ehd bt it slune esn reverse the sign of A Irss that expected
v thhe Bagis of the crysinl field model, T4 iz, i{hereforo,
vaplitg o slirivate Lo above oxdey in e valuos ef A
1 the difference in fhe degree with which €he nitrossa donoy
Tigoanda affect the Wedonaiing esapnelty of the hollde fong
i Wuiy respeclive cowplones. The pitroegen in teriiesry
adlighatie Gwive Is zoro Basic hen ithe wlirogen v arowmptic
systoans such as syridine., Thus In the cosmplexes wlitl tolirie
matvicths enoidanice, beopusa of ithe propioy G =-idouoy
vapneitly of the latter {coupered to ihe arvemeiie ligonds),
L Tl=donaiing copaclity ol ihoe halide fong aey Do someshag
Inkinlted, Thie offect would preduce o smellay defforence
iu by enerpies of ike “g\ ﬁg,ayx, ISTHI 3 TP bﬁ.fﬁﬁy} ievely
s phown in Ploare (£1%. I 18 else fwmplied in the dlagyon
tant the telyamcibylethylenedisgine produces 8 ilarger
splitting ot {8} 2nd this ehancss the ditference in A furiher,
Hoth the lipmnds pyrldine and bBipgyridyl have Tr-arhi@aiw.
For eoppleoxes with treseliien sotals It i gonorally found the
favolveuent of dtho eaply ontisbopding M-~arbiisls to bo
predouinant over thei of the fliled bonding Tearbitals, =o
that Mebanding in this case stabiiizes the Gyyy gy 8 dy,
grvitals of the mefal ion. lovever, nince ithe gomploxes
studled nero coniain totyavalont central fous 1t iIs very
uglikely that the Megooeptiag effoect by pyriidine and

Lipyridyl e vezy importsnt, lven so it seess ressonsble to
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Figure 21. Schematic diagram of the effects of various metal-

ligand interactions on dxz’ d ” and d__ .
(a) Electrostatic, (b) +<dond¥ from ﬁXngens along

z-axis, and (c¢) wW-acceptor effect by py. and bipy.

attribute the difference in the values.of A (and therefore i
Herg) between thé complexes of NbX, with pyridine and :
2,2'-bipyridyl to the difference in the degree with which the

iwo can act as W-acceptors. Leferring to the figure of the
disubstituted cis~complex (page 65), it is seen that whereas

tne bipyridyl cannot form a T -bond with the dXy orbital,

the pyridine rings, since they are most probably not coplanar,

can probably do so. Similarly, pyridine probably does not

form as strong a W -bond as bipyridyi with d,, and d The

yz*

net result is that the separation of dyy from d,, and dyz’

4
i.e. 15, is larger for the pyridine complex. This is shown
in figure (21). Thus A decreases in the order pyridine >

bipyridyl > tetramethylethylenediamine.



Transformation Properties of d—orbitals in
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APPENDIX I

Dyp

E Cyy Co Co Cg
dg d, -dg ~d2 d_g -d_,
dy dy ~idy —d4 d_q -id_y4
dg do dg dg dg dg
d_y d_q id_ -d_y4 d, ~1d,
d_o d_o -d_o d_o do -do
X 5 -1 1 1 1
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