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ABSTRIICT

A mass speetnal study j-s ear¡"i-ed out, on 9*di-ket,onates of the

dival-ent and trivalent metals of the fi-rst tnansltlon seri-eso Fnag*

rnentation of the ehelates is infl-ueneed by the odd- op ev@T1*el-eetron

eheraet,or of the lon" Unl-t ehange of vatr-cney of the met,aJ- of an i-on

effeets the subsequent fragrnentat.f-on by ehang1ng the ionls odtJ- or €)ven*

eloetyon charaeter" ELeetron r.vithdrarr!-ng or el-eetron donating gvoups

ean åffeet fragmentation of a ehel-ato hy enhancing or retardlng the

valeney ebiange of a metal- atom.

Comparison of tìre appeeranöe pot,ential- resul-t,s with theoret,iea.ï

eaLeulatlons and etreetrsni.e speetra lee"d o¿o t?re suggestion thaÈ on

l.oni"zs.t,ion of t,Ìre chetrateq by el-oetron iinpae\ the eleetron ls lost, fro¡ir

sr n noLeeul-ar orbital having J-argel-y l"igand eharaeter, The faet tha't,

the metal- affeets the appearanûe potentl-a3-e of the moLeeuf"av ions only

very slightLy wh5.Le eLeetron v¡i-thdraiøing groups and el-eetvon donating

groups attaehed to the rtrng ehange the nesuS.ts covlsiderabtry snppoa"t,s the

suggesLion that the eleetron is lost frorn an orbital- l-oeallzed maf"n)"y on

the "l"i-pands.
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Ï INTRODUCTIONl

Mass Speetnr:rnetry traees its beginnings baek to l-886 rvhen

posÍ-tively charged ttrays'r werÕ diseovered by Goldstein (1) and t,o the

Ímportant diseovery b$ 1,V, 
'i^lien, (2) thåt, they eoul-d be cTeflected by a

magne't,ie field, These principles led 'to the developement of the di:reet,ion

foeusing mass speetrometer as j-t j-s knoi^nn today"

Tho separation of lons Try rnass l-n a mass speetrometer depends

upon t,Ïre faet that lons moving through a magnetie flel-d rrll-l- be defLeeted

Ln a cireul-ar path" Thus ions of charge e aeeelerat,ed across a potenti-aI

V will atte.in a kinetie energy
'**o'=eV 

(-l-)

Entering the rnagnetie field the i-ons will- be aeted en by a foree m,

",rhere H is the magnetie fiel-d. strength

e 'the eharge of the ion

v the velocity of the ion

c tho speed of f-ight "
?,

This for.ee mus'L, be equaL tei the eentrifugal foyeeu mv*/r where r is tho

radius of curvature of the i-on path"

combining ,*21, * HgY (2)

v,rl-th equation (1) gives the basie ulout3.on of mass speetrometny.

2 --24 = E-é.- /e\
, 2W \)/

If ro anri V are kept eonstant \ÀIe see that $ r^r111 depend onLy upon Hu the

magnetÍ-e fi-el-d" By varyi-ng the inagnetie fiel-d i.ons of different values qlf



n/e will- thus be foeused on the ryerlleeter

Even though the principil-b of mass speetrometry is oLd it was

not ¿ntil rather reeently that mass sþeetrrometry'beeame a tool- used-j-n

most chemical laboratories' It is nol¡ used extensively as a tool by

organie and inorganie ehemists to deterrnine the molecular weight and

strueture of their eompoundso

Sinee the introduetion of the eleetron multiplier and eleetronic

devices to greatly inerease sensitivityu måss speetrometry has beeome wi-dely

used to study moleeul-af ionization potentl¿ls and bond energies"



II TYPES OF IONS IN ]'IASS SPECTRA

The ionization sf the gaseous sample ean be earried out in ntilnsrous

ways sueh as eleetron impaeto photo ionization, fiel-d ionization and

theymal ionS.zationr t,he most popular method bel-ng eleetron 5:irpaet"

lrlhen an eloctron of suffieient energy i"eu ru 10 - tr-00 oVu

strikes a moleeuf-e several reaetions eå,n oecur'

("{) Pp¿ept _Iqng

Parent-molocule ions are formed by the removal- of a sing)-e

eleetron from the moleeul-es admitted to the ion eouyee'

(4)l{* e **Þ luf+ + 2e

The mass of I,1+ the parent ion is on3-y very slightLy less than the mass of

the neutral moleeùle and thus the determination of the m/e value r.rith th.e

mäss specty"ometer gives the moXeeul-ar weight of the sarnple"

(B ) Uiqttþ_]"y chersed*I_qns.

If the energy r¡f the el-eetron beam is suffiej-ently high' two

eleetrons ean be rernoved fvom the moleei:le or atomo

tvl+e tð"F+3" (¡)

or tni"+ u *+ ¡4"+ {"2" (6)

The probability of the secondary ionizatlon pvocess is lessu due to

relative1y ì-ow eoneentration of M'. ion" in the ion souree.

(c) Fraqneng_Ignq

The exeess energy of the eleetyons used for" ionization besides

being dissipated as kinetie energy is a.bsorbed int,o the vibrati.onaÌ modes

of the moleeule producing unimoleeular dissoei.ations" Ver"ious bond*



A,

dissoeia.tÍ-on proeesses inÐy take pLace d*ring eleetv'ovt bornÌ:svdi¡rent elf the

'pa]3Èn1l sptcJ-Éìs e

ABC -¡- e

ABC -!- e @*s? BC'|" + A {. 2s {8)

Or if the ions simu^Ttaneously exhibi-t p$a.ìppangÐment of tho atoms u 't he ion

formecl is 'te¡rmod. a. ve¿xt'v¿r.ltgettrent ion"

ABC + e "**e :\C+ +-B + 2e {9)

(n) },i-eJastê'llte Jor"rg

Á.n j-on forr¡ed i"n the ton souree wi'Lh suffi-etent exeess enet'gy i.n

-j-ts vibyational ¡nodes:,çi.l-l- dtr.sso*i-ate i.n the ion soutee" If it di-ssoci.ates

r^r¡il-e i-n the fielcl free reglonu that Lsn bsforo it etr'l:,ers Lhe aeeo-l-er"a'bÍ"ng;

regior:u the;orocLuet i-on',.ri11 be foeUsed :i-n i.ts r:reovreetil m/e posl'c,it¡ru ltr

-Lhe rnass spoetprun" ileir+eve:l if the y'ate of dissoeiati.on i-s slorr¡ çc¡ -Lhat

tþe lon irilL spontaneous}-y clissoeiate after it has beell aeeelereted 'out

before it ïras passed i-r'ri,<¡ t¿he analyzing rnagneti-e fis¡l-d the produ.e'L lotl

lvj.Ll he diffuse}y focnsjed. ê,t a non-integral mass nurnbeg, Those di.ffuse

pcaks are tevtned metas'L,abj-e pee'ks er'nd r¿j"l-l- be found a{. an m/e value equaS- to
2

U."-
**

r+hore m is Ètre nass of ths peront ioyl (3) and m 1s the rnass of the ner+ i-on'
ô

(E) Nqeqt_ive- Io_np

NegaÈive 5"ons rnay be forïred i.n eleetron ivnï:aet proeêss€s i"n two

rllays: 3.) resonant eJ-oetron eaptux'e

AB + e @Þ AB* ****à .Ir -r" B* (10)

?) Í-on pain produet,iovr

AB+e À+.+B*+e (i-f)



(e) Regrranqement Ionq

At the point of unimolecular dissoeiation of a parent ionu re*

alrangements of the atoms may take plaeeu The ions prod.ueed in the mass

spectrum eannot be aeeounted for by a simplo meehanism involving eleavage

of a singl-e bond ( see equat'ion g) 
"

(c) Ðcss.Peak

By definition, the most intense peak in a speetrum is the base

peak and is arbitrariLy assigned an intensity of L00 uvrits'



IIT THEORETICÁ.I, AND PRACTTCAL CONSIDE,FÁTÏON

OF ffi,ECTRON T}TPACT IONTZ,{TION

A" Lheory -of -Ei--egbîoIl-l¡qt*lc!

During ¿ eoLlisåon between an eLectron and an atom or moleeuleu

eneygy ean be transferred from the elee'cron to the atornie system. Åeeord*

Íng .bo the amount of energy transferyed from the eLeetron to the motr-eeuleu

the 1attor may be brought ínto a neutral exeited state or into an ionized

stateo exeÍ-ted. or not" The exei.tation energy may be vibrational or

eleetronien

This interåetion of eleetrons vrith ruatter and the eonsequent

absorption of energy eån be explained in tersns of the Franek-Condon Principl-e'

The firndamental assumptÍ.on is that the t,ime of interaetion ls so short

(of the order of tO-15 seeo or Less), compared to the tlme neeessary f$r

a vibratir* (1.0-12 - lo*13 see)u that nuelei nray be eonsidered as fixed at

thej-r oqui}ibrirmi distanees duri:rg the j-onizatlon proeess" Thus r'Te seè

that the moleeular ion Í¡rTnediatel.y after el-eetron impaet Lras the same

nueLsar eonfÌguration that it has j¡ the groqnd-stete moleeul-e (4) '
Flgure 1 shows the l.{orse el-ectronie potential eurves for a.

¿iatomic (or in general, for one of the possible modes of vibratlon of a

pol-yatomie moLeeuls) in the ground state ÄB and l-ts exeitod states'

From the classical picture of vibratj.onal- motion, whieh does

differ greatly from simple havr¡ronie motion, the moleeu-Le wlll- spend

bulk of lts t,i¡re at one or other of the extremes of its vi-brationaX

not

the



Ftgune -L

Posslb1e Franek-Condon Tnansi-tions

fclr the Diatomie l{oXeeule Case as

a s"@ sìl-!-t, of iil_eetr6¡1*ïmpaet.
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nrotions" SoJ-ving the Sehrodinger þïåve equation for fi, the r"¡ave funetion

for the vibrational statesu the probability of position of the nuel-el ls

proportional to løl' tSl " Plotting lfilz to* the first fer,r vibrational

Ïevelsn it is apparent that for the ground state the rnareimum probability

oeeurs at the eenter of the potential energy eurveu while for exeited

states, the maximum falls near the extre¡nes of the eÏassieal l-imIt,s as

shovrn in Flgure 1, As these are the most probable positions of the nue)-eiu

i-t folLows that the electroniertransitions rri-lå most likely oeeuz" from

these points ern the potential euïveso

Àpplyrng ths Franek-condon Prinetple to the transi.tÍens, tr,.ro

y.estyictlons arise: 1) As the transitisn must take p]"aee sueh that t'he

AB internueleay. distanee equaJ-s the AB"B- internuelear distanee the transi-

tl-on must be represented by a vertieaL line"

2) Sinee the moL.eeul-e must go to a point on the upper

el,eetronie ståte eurve 'rrhere the internal- mornentum is srnall or zero, i.e'

po3.nt <¡f maximum probabil-i-ty, the transition is most f-ikel-y to end at

either of the extremes of a vibrational- l-evel- (or at the eenter of the

lowest l-eveL),

Aecording to the lranek-Condon PrineipLeu eleetron Ímpaet ioniza*

tion potentials are ilvertieal ionization potentiaLs"" Different t¡çes of

ionization proeesses are therefore possibS-e aeeording 'Lo t,he shape and

rel-ative position of the potentiaX energy eurves or surfaees j.nvoXved tn

the proeess as seen i¡ Figure f.&uBuÇ, '
l¡,Ihen equilibr.ir¡n dístanees are very mueh the same for the neutral-



speeies and the ionu the vertieal transition will- oecup with the hLghest,

probability to the l-sr¡rest vibretional l-evel of the ion, Tho resultant

ioniøetion potential r,ril-l- be very elose to the tradiabatierrv¿lue (pS.g" i-(A))

whieh i.s defined as the energy required "bo remsve an el-eetron from a mole*

eule in its lor,rest vibrational- Level l-ea.vins the resuLtant ion in its

lowest vibrational- 1eve1,

In general the removaL of an el-ectron usual-J-y deereases the

stabilit¡,r of the speeies, tending to inereaso the equillbrium dJ-stanees

(pig" f(g)), Vertj-eaJ- l.onization in this ease brings the ion into a

vibrational}y exeited sta'teo

Finally, as indÍeated in Fig" J(0:)u the Ínternuelear distanee

rnay be shifted so far in the AB* mol-eeule that aLl translti-ons lie in the

eontinuwn, AB+ i-s unstable and di-ssoei"ates on the first vlbrat,ion. l/hen

ionization potentials are moasured by eleetron trnpaet, me'Lhodsu the last,

deteetable ions may be formed 1n exeiteci vibratisnal states and a¡r ioniz,a-

tion potent,ial- greater than the adiabatie vaLue may be obtaj-ned'

B" krniz-aLþn Effåei-eney*Clg'vqs.

The ionization effi,ci-ency eurve of a partier.il-ar lon under j-n*

vostigation l-s obtai:red by measuring the intensS-ty of the ion beam, the j-on

currentn whil-e the energy of the ionizing eLeetrons is ehanged' .[ grap]r

of the 'type shor^ne 1n Figure 2 is obtai¡ned on p3-otting the i.on eurrent

ver.sus the el"eetlon energlr@ Four seetions eneountered in a typieaL eurve

are: 1) a eurr¡ed poltion for the first volt or so above the threshoJ-d.o

2) a l-inoar portion for the next 1.0 to 20 v' u

I
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3) a broad maximum betv¡een J0 an<l X,00 v. u

and 4) a gradualu monotonie deerease ås the voltage is further inereased"

The exaet form of the eurve depends to a eonsiderabl-e extent upon the nature

of the ion.

The reglon of the very broad maxÍmum r,ri-th onny small- intensi'ty

ehanges with voltage Ls generally used for anal3rt,iea3- purposes. Speetra

fonnd tn the litarature are therefore general-3^y neported at J0 or f0 eV.

The first tr¡o seetions of the eurvee i"€" the inj-tial" eurved

portlon and the linear portíon up to a.pproximately 20 voltsu are used in

dete:Enination of the appearånee potential of an lon" The eurved rtfootrl

or "tail-" 5.s prlnrarily eaused by the inherent energy spread in the bom-

barding eleetronsu due to the Maxwellian di.styibution in the energy of

eleetrons being enitted fron the hot filament" The eurvature due 'Lo this

€nergy spread ean be ,r, r'edtreeèri by usÍng a retardi.ng potential on the

eleetron beam (6) o* by using an eleetron vel-ocity anal,¡zer apparatus (7) 
"

A minor part of the rrtail-" is eaused by exeited vibratlonal statos

in the neutral mol-eeule which are elose in energy to the ground state" If

these excited statos are thermall-y populatedn eleetron'ic transitions rrril-l

take place from thern at lolrer eleetron energies than for the ground state

transitions" Generally at normal temperatures only the lowest vibratj"onal

leve1 l.s oeeupf-ed to any extent and the major pårt, of the tail ean be at*

tributed to the energy spnead of the borntrarding eleetrons,

The presenee of the 'rtail't in the ionization effieieyley curve

introduees problems tn deteimining the minlmum eLeetron enepg-y aetually

L1



required to Í-onize a partieul-an mo1eeule slr at,omu Seveial- methods ava

used to determine the erl-tj-cal voltaqe and these wlLl be diseussed 1n-

dLv5.duaIly"

lrlhat,ener:" the method applied to the treatment of the tonl"r"ati"on

eurve, it is always noeessery to hrave a suå.tabLe eal-i-bnation of the

eLeetron ensrgyø The eleet,ron aecelerat,i-ng potential- as measured by a

vol-tmeter, is not representative of the aetuaL energy of the eLeet,rons (B)'

Theye are eontact and surfaee potentf-als, eausad by rnoleeules adsorbed on

the dlfferent eleetrodes of the eLeeteon gunu whfcìr must be taken ivrto

aeeount. Seeondly due to the presenee of a eoLl-i-mating rnagnat, eol*

limattng slltsu repetr-ler vø)-tagesu @te"o the l"onizat,ion ehamber Ls not a

fleld-free regl-on. The fon aeee1erating s5rst,çm aLters the potenti-al"s

withLn the lonization eharnber as',,rell- (9, t0). Thfrdly, l,rlatrdron and l¡Io<¡d

(B) found that a threshold voltage ean al-ter by almost, CI.5 eV by ehangSng

the pressure by a faetor of l-0 whil-e e l-00oC ehange in the fi.Lament, ternp*

erature eå.uses a ehange of 0"1 eV'

The sirnpl-est r,ray to el-j-minate cliffteuJ-ti-es with regard to

potentlals {s to use a referenee standar"cl cal-ibrating gese fov" whieh the

lonin ation potential i-s'aeeunately lmolm. It is advantageous to ehooee as

a eaïibrating gas one r,rhose ionizatlon potential- is very nearly the samo

as for the ion being studiedo

C, .Cpp-v.qn-t¿EråI_ ry.IelboêS._gf åe_-t-p.r_T'Llll-irlq"*App*eéscqq_Ð_--Lotqntie¿å

H"D, Smybh (ffi) in Lg22 rvas fJ.rst to propose and use the van*

tshing eurrent r¿etlrod fc¡n the determination of åppearånee potontials"

L2
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This methocl assutnes that, the eleetroir vo-!-'Lage at r'¡hieir thæ i-on fi-rst,

åppsars !-s equi-va.!.ent 't,o the aï:pearaylce pcl'L,ent1-a3-" Thi.s pro'bLern of

detecynini"ng true otrset of i-onj-zetion fy'orn 'L,he ton eupyent, vs eleetr^on

enÊr"g1r grapho whieh i"s apiqrox::nately assSmrptotic to 't,he sbseissâ.e ea.tl

be t¿ckLecl in several- rr¡ayso à nrunber <¡f the eormnolr nrethods i'ri11 be

d.iseus sed :i.nd ividual-1,3r,

l-. tinear Extrapo)"ation

R"H" Vought, (1.2) si:np3-3r extrapotrat,ed the lineay poet,ion cf the

i-onizatj-on efficfeney oup\re baek t,o ze::o i-eil euryent as shor,'m in Ffgure

(3,4), The poLnt, e¡f i.ntenseetion of tire eneïg'y axis lras usod as ths lon*

i-za'Lion potentLaln Àeeuraey by this mothod is Lorur and values of the i-on*

5.sat-'ion potenti.al generally high, Àt t¡est, it ean be msed to deteimlne an

uppey l-i¡tit, fmr the ionize.tir¡n potential,
2" &rtrapo3"atsc'l Voltage Dtffe*enees (t¡svy'en l:lethod (11))

Its i¡r all the ¡rethods the i.onj"zst,ion effieåency eurves fos" the

jlon r:nder investtgation and yeferenee gas å.pe deteymined tsith both gasos

pnesent i-n sueh proport,ions that the lon euyrenùs ere very nearS-y the ss,rrre"

The ion euyrem'L seale fon e:ïther the sampLe ion. oy' the ealj-brant ion is

aydl¡itrarily gdjusted t,c¡ malte the l-inear portS-ons of the 'i-oni-øation ef*

ficÍ-ency ryurves (between 10 * 30ø erf ion eurrcnt at Jü eV) paratrl-el-

(F:igure JB)" The di-ffetrence$ i:r the e¡l-eetr"c¡r¡ eneyg)¡e AV, for eorrespond*

f-ng pointli e¡n the eurves for" the saniptre and nefey"enee ga$ for vari-ous

,yel-ues of tho J.on *u:srent,u io s.I"e n@asttred, and. a gna.ph of aV vorsus i,

is'dv'ar^nt (Figune -ïe), A straíght, Lino drau.n thrcugh these poi-nts 5.s ex-Èt'a-'
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pol-ated to aev'o i-on eurrent, to give A V th.e diffeyenee betr¡een the a'¡:*

pearanee pot,entials of sample and referenee gas"

This method is si.mply a variatLon of the vanfshing eurrent,

rnothodu and as sueh appears to have essentta}ly the advantages and dis*

advantagos of the latter"

3" The Cri"tleaÏ Slope Met,hod

Honig (14) assuned that the ttta'rl-'r of tho graph i.s manS-festÏ-y

a property of the dLstributton of eleetron energies about the mean" Tf

the eleetrons have a i{ax¡Eeil-ian energy di.st,ributl"on of the t3pe

dN (u) -¿eræS u e ' Ø+u' !'r--@'' h-) xP(*s-Ë)ou (lz)

where dN^( U) i-s the nr¡nbeE of el-eetrons of energtes between U and U + dUe'

psv soso U {s the thexnal onergy of eLeet,y.onse n t"s tho mass of an e1-eetronu

huku are the Pl-anek and tso3-tz,mann eonstants end Ø i.s the r,¡ork firneti-on fo:n

the f'1"14¡ront" The e'nergy of the oleet,rons, efter aeeel"eratlon by a. poten*

t,ial Vn fs

E=U+V (13)

The nurnber of i-ons Ni(y) produeed per seee for an eleetron aeeeleratj-ne-

goltage Vo is then J = 00
T'

Nl(v) * | Neiu) p(E) ¿u (14)
/,, 

= o

r.rhere p(E) measures the probabi-lf-ty (probabil"Lty density) that an eleetron

of energy E produees ayr Íon whieh wj-ï1" reaeh tÏ;æ colLeet,or,

Honig tÞren assumes that p(A) ¡.s proportl-onaÏ to the square of

the ilexeess energylr of the eLoet,rons abovç the appearenee potentåal V^l

1r'



p(E) = 0fonnSVe
z (15)

p(E) = h(E*ve)" forEàv"

On substítutlon ef equatÍons(1â and (1"5)i:nto (I4)uthe followtng exÏ:ression

for the ion eurrentu N.(V) is obtained"
¿

N.(v) = z crk 13 [ (** + v) + 3r< r] *xp (.. Qp)
for V( V^ (16)

and

^1N*(v) = c, Tz le *2 t2 + 4t< T (v * v") +. {v * v*)zJ
L¿

e,*p ( - fut ro* v) v* (1?)

If ln N, is now pl-otted as a funetíon of Vu the eurve wÍ"3"L

approxÌmate to a straight l-ine, beLow V^u w5-th a slope of

If the temperature of the fil"ament is knormu then at the eritieaX vo3-tage

e

¡4 t- rr \ 2ft (ln N* ).,, - ãffio ( g)* 'e

and thus the value of \Í 
^ rnay be detemnined by ff.nding the po5:rt of eritS-ea1

slope (FLg" 4a).

Even though this raethod has yielded some exeellent resdts (14)

it 1s deLieate i.n application sinee the exaet temperature of the fil-anent,

is nst generally lcnorm, The assrznptlon of a squår€ l-a¡r for tne p(E)

funct,ion is dispute¿ (15, 16) for most eases exeept, perhaps, vely elose

to the eyi-tteaL notentl"aL,

I.f)

6fu{r"nr) *** *x
Vu*V+JkT (r8)
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Det,enni,natl.on erf t\ppearanee Po'Lren{, la}s

Ä, Hon:i.g Cpi.tieal Sì-ope Method

B" LossÍ.ngu Tlekner, Bryee l4ethod
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4, Semi-togari"thrnie PLot l,fethod

A modffieati"on of lionigts mothsd proposed by Loss5"ng, Ticlcnex"

and Bnyee (t?) gl.tes oxeeLLent and repnodueibLe resuåts, LossLng et al"

feund that, plots of the 1-ogarlthm of the 'Lon eurrent versus eLeetror¡

@nergy Ìrer€ perê}La¡l- i.:r the region of about L,4 of tho 50 eV j-on euy.:rent

for vory many substanees (see Flgureì,iB)"

For eurves that aro pal"al-l"eL t,c that of the ealibratlng gas tn

the Llá regÍ-on the appearanee potentials <¡btained "oy thf-s metÞrodo i"yhen Á V

ås measurod at L% for the tr^ro eurvese eoÌnpare very favorabS-y wi-t,h those

g5"ven by t,Ìre l,rlanren method and rvith adiabat,ie vaLuos"

5" Monoenerget,le El-eetron lmpaet, ì{et}rods

.As seen fnonr the methods diseussed tho mai-n diffi-eulties en*

eouttered in the tnterpret,at,iolt of ionizetion effieieney eurves eome frorn

the i.mport,ant ener.gy spread of the 'l¡ombard'i"llg eleetnons.

Nottingham (?) as earS-;r es 1939 sueceeded i.n gett,ing fine strue*

turo in the ionl-zation effi-eieney eux^\¡e for Hg+ by us'l,ng a magnetS-e seLee*

t,i.on of eLeetrons of a partieular eRergy@ Inryrovemonts ín el-eetron enêr'gy

seleetoys (20*22) have narror.¡ecl the oLeetyon @nerglr spread to 0,04 * 0.02 eV"

Itnother teehnique for obt,ainíng monoenergetS"e el-eet,rons proposed

by Fox (6) eatrled therrRetarding Potential- Differene€'1 Ls beeoralng wldeXSr

used for studying fine struetuve i.n 1onization effieieney eurvess

Reported eonparisons of methods (23) uf stud¡ring flrst,u seeond

ar"d higher ionizatton potentS.als point t,o the roliabílfty of these r*ethods

though many problems havo not yet been solvedo

Several methods have been deveS.eped more reeently in an attempt

åö



to Í:npnove Írrterpretatlon of ionizetion effieieney eur"lr€su obtained by

using inhomogeneous electron beamsu b5r removing theoretieaS-1y the blurring

effect of the energy spread (l-8, 19)o Sone of these methods requlre eon*

siderabl-e conrputer eá.LeuLations and even then do not inprove the appean*

anee potentiaLs to a great extent even though they may be useful fot

studying fine stvucture due to vibrationa} onergy levoLs,

D, Ther¡roeþemlea} , Conq{ cþrqLions-

The appearanee potentiaL of an ion i"s srnpXy the heat' of

reaetion by whieh the i-on is for:tnedu if no exeess energy is invol-ved in

the ionization, ft 1s therefore possible to trea'b the proeess by the

usual methods of thermoehemistnY

For a reaetion su.eh as

AB+e*7 A*+B+ze (20)

the appearanee potential of A+ is related to the heats of formatlovr of

the different speeies by the velati-on:

A"P" (A+) * AIL (a+) + aHç (e) - anr (ÀB) (21)

T4 hol¡evepe exeess energy is ínvolved Ín the reaetionu appropriate terms

must be addedn or the equation as iç ean be used as an å.pprox5-rnatiorr'

The above equatlon ean aÏso be rv:"itten as

¿,p" (gi) * .aH reaetion = D (Á. * B) + r (A) (zz)'

so that if the ionization potential- of A is lcrm'vn and the appsar€'nee

+.potential of A' dete:rnined experimentall-y, the bond dissoeiation errergyt

ean be ealeulated"

lc



Even though these equatÍ-ons have ïreen vride-J-y r¡sed for ealeu-Lati"ng

dissociation energies, an unamb'I-guous quantity is obtainecl ontry i.f â o@r'*

tain nu¡rber of questioves are ansr^¡ered:

a) the loni-zation potentiaS- of .{ must be aeeuratel-y knovm;

b) the eonflguration of the pnoduets has to be aseertatned;

e) the lci"netie energy of fragments has to i:e measured;

d) tÞre exeited states of fregments Ï'rav'e to he know¡l"

Thus one ean readi-1y see that appli-catia¡n and interpretatÍ.on of

eppearenee potentì-al. measurements ean be very dLffieult and nequtr€ eoÌx-

si-derable eare and saution"

20
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TV PIETÀL COI'IPLEXES

The first eÌrelate to be reeognized as sueh rrras desenibed i:y

\{ernor (?4), r^rho stated that a eyclie st,nu.eture r¡r&s Reeessary to satísfy

the eoordj^nation requirements of potassium dLehLoro-aeetyX- aeetonato

platf-nÍ-te" Furthor studíes by lderner and hi-s contemporaries Led tei tne

i-doa that X-i-gands erè groups rorhieh can i-n some r^råy donato eLeetron pa5-rs .

to metal- ions forraÍ-ng the so*eal.led eoordtnate l-ink"

Different theoreti-cal approaches to the bonding ln eomplexes

ha$ l-ed to four major bondf.ng thq¡ories:

n) The valenee bond theory as deveLoped by Paullng (2Ð 
"

2) The e.rystal- fi.eld theory Q6), whieh gf-ves qul-to good

values for the onergS-os of eLeetronfe transiti-ons ro*rieh &ps nor@ on less

l-oeal-izäd on the eentra.l- rneteS-, the f-igands being menely the souree of

an eLeetyostat,le perturbing potential""

3) The 3-Ígand fiel-d t,heory (2f u 28) as deveì-opod by Van \lrLeel<

5-s best, used for eomplexes where there Ls st,rong lntoraetlon betr,¡eep the
I

metal ton and the llgand orbitals"

4) Mole,cular eybttal theory (29) whi-eh i.s the rnost eumbeysonxe

to utilize"

A large number of publieati-ons have zlppeared 1n the lS.terature eoneerning

the 1-nterpretatLon of the absorption spoetra of t,ransi-tion rnetal eompS-exes

(30) us{ng the different theoyies,

A brie'f deserf-pt,ion of )-igand. field theory ayrd. noleeuJ-ar orbital"
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theory wi.l-"Ì, be gÍ.ven to hel-p 'i.n the underste.nding of the di.seussi.on of

the date t,o fol-Lov¡,

4., li.sapd -Ele-Ïd Jþe*erv*(3"&"o3?_J3J

Ïn a gaseous transition metaL åon the fnve d-orbltaLs are

degenerate, orl-ented as shov¡n in Fig" $, rf rooe now have six 3-igands

l-oeated at the eorneps of a reguT-ar oetahedrono ioee @eu.ål- dtst,encøs along

the positl-vo and negat,fve ext,ensLoyrs of the x, y and z &xes' the fi-ve

d-orÌ:ital-s apa no longon a3-1 equ-'r-valent due to repuì-slon between the

negetf-ve eharge on the ]-f"gands and the el-eetrons J:r the orbi"taLs. Some

<¡f the orbitaLs are eoncentv'ated in reg'3.ons eloser to the negat$-we tons

than others, and the eleetrons wi.l-1 o'bviousl.y prefer to oeeupy the or*

bital"( s) as far fron the ani.ons s.s possLbl'@, Leoktng at Ftg* J we see

that J.n an oetahednal f3"e1-d the d ^ -, and d ^ orbf-tal-s are perint,fng
*.* f" ,'

direetly ¿t the ï-lgands and thils wi-L1 be of håghor energJr ttran the dr,oo

d--* a¡rd d^-_ whletr are pointJ-ng hetruoen tire 3_igands, The d__*u d**u andylz xn ---- -xy' -yz" --"-
dru* onbitals are usuall-y nefers"ed to as the tr* on d6 oybitals r,vhfLo

the d , , and d , orhltal-s s.ro roferred to as the e, oï d* orbÍtal-s,
X *y 'Z Ô I

FLg, 6 shows the sp3-itt,i-ng diagrarnatteaSSy,

The energy df-fferenee between the t,UU enri e* levels ts repre*

sented as 10 D . or A ¡nrhieh v¿.ries for di.fferent eomplexêssq

For a tetrahedral- corn;oÏex we see that, aruangoment of the l-igands

woul-d be sueh that the tr* orblt,al-s would be of higher enspgy than the e*"

If we take a net,al- rsith five rJ*eleetrons tho eLeetrenç rviJ-l-

oecupy the orbi-tals in sueh a '¡ay tilat



Ftr-gure g

Orlentat,ion of d Orbítal"s"
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Figure 6

Spll"ttlng of tþre d Onbi-taLs fon

Various Geornetri-es"
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the lorver energy onbitals are fi.lled flrstn
Hundss rul"e (eleetrons l"lave a tendeney not t,o paír giving

a maxi"murn of unpai-ned eLeetrons).

r)
/t

Thus for ligands that pnoduee a weak fiel-d the spll"tting 6 r,sll-L be

s¡nall enough that the @nergy required for pairlng of eloetrons vd.ll be

higher than Â . T,.Ie thus see that, for a weak fi_eld an el-eetron wÍI} be

located i.n eaeh of the five ovbitals, Hor'revoç if A i.s largq pair$-ng wi3-1-

by noeessf-ty have to take pLace"

E
N
E
R
G
Y

-fj ê-g

'1 1

Distort,ion of oetahedral- or tetrahednal- sSnmretry is possib1-e

as described by Jahn and Tel-ler (34) tn their theorern" Their i;.ù:eer,em

states: 'rÄny nonlinean mol-eeule possossing orbftaS- degonoraey in a given

syrmnetrteal" anrangement, of its nuelel wil--l- distort frorn this arrangement

so &s to remoue the degeneÏ"aey'r" Thus if a subshell (t-_ or e_) ås nel-ther'¿g g'

fi-ll"ed.u hal-f fili-edn nor emptyn a dj-stortion will oceur to remove any

tq

ldeak Flel-d.

E
N
E
R(l
Y

ô!

Â

#l tg

Steong Fi.eld
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o
ì)ossibLe degemeraey. Fo:" example a Cu(IT) eomp1exu vrhteh i.s d'u r^r{)-1 in

a weak f:ie-l-d distort t,o form a tetragonal- eoinp}ex

E
N
E
R
G
Y

1

t-

In a strong fteld å square pl"anar eomp}ex rri"lL be fomred 
"

doZ * y2

ðç

f:l*,Yy

do* od3r",

1

1t

E
N
E
R
G
Y

So far aj-X that, has been said r,las deveT"oped from the assumptton

t'hat the lnteraetions between rßetaï ions and the surrounding anÍ.sns or

dipol-az: moLeeules are stri.etly eLeetrostat,ie in the s@nse that the metal

ion orbj^tel-s do not :ln avÌ]r way mix with the 1-Í-gand orhitals. Howe'reru

overLap of net,al and lÌ-gand r¡rbltals does oeeur and as 3"ong as the Íntey'*

aetl-ol"¡ is not exeesslvely 1-arge, eonslderabl"e 'i-nformatj-on ean be ga5-ned by

rnaki"ng on].y small ehanges t,o the striet)"}r eloetrostatj-e theory so fer

d:!-senssed,

v2i
1f* æ \/a,'

Y'{r

d:

tll
Ti--tÞ l d "dt, XZ," yz,



??

The sfmplest me¡difieatj-ons te¡ a-X-J-ow fo orbi'taL overlap tnvoLve

4L1 parameters of i¡rtereLeetronie tnteraetion å.s variable rathey

takS-ng them equal" to the val-ues found for the free ioyrs"

usr_ng

than

i'loleeuXav" o:l"bital- theory i.s based en the evern-ap of onbitaLs,

to some degreeu whenever symnetry permits, It thus ail-ows for ns overlapo

maximal" overxap and all st,eges intermodiate te the extremes,

The moLeeulac' or"bi.taXs used are obt,ained by a Linear eombiyratj"on

of atomte orbl-taLs ancl ean be eonstrr.r.eted, for an oetahedral eompl"exu by

a nnethod usf.ng the foLlowång steps (soe Fi-g, Z and B),

1) There are vrime valence shell" orbitals of the metaL ion

to be considered" the su F*o ÞUo þru å^Z and d, , have f.obes lyÍ.ng
z x *y

al"ong tþre metal--11-gand bond di-yeetion and aye thus suitabre for o bondlng"

Tho d*o dyru dr* åre se onj-ented (see FÍ.g, J for d orbital- ori"entati.on)

as to be suitable for n bondtng only,

2) The assumptlon is rnade 'tha-t eaeh of the six li.gands ï)ossesses

one Ð orbl-taL and. their individual- s orbitaLs must, then be eonrbtned i.nto

sf-x I's¡nnmetry'or"bit,al-s" Eeeh of these is so eonstruetod as to overS-ap

effeet'ive1y r'rj-t'h a partieular one of the six met,al j.on orbitaLs r.rhi-eh ar"e

suitable for ar bonding. Tlne 1-igatrd rts3nnmetrSrl' orbital-s &re now eo¡nbined

w"i-th the metal orbitals to gf.vc bondÍng emd an antÍ-bondång moleeu)-ar

orbitals.

3) ff the ligands posses m orblûals, fitese must al.so be eo¡r}.:tned

tnto I'syrmet,rytr orbital-s eonstrueted sÕ ås to overlap effeetivel-y r+ith the



flgure 7

The moleeunas" orbitaL energy 3-eve1- diagnamu

(quan-it,ati.r¡o) for an oetahedre.L eomp1-ex be*

tvyeen a rnetal_ ion of the first tr:anstti.on

sertes and stx X-lgands (n bonding effeets

and. eleetrsns åFë not, incl-uded) 
"
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Fígure B

l,iol,eeul"ar onbi.tal deseript,i_on of

m bondf-reg tn a eompl_ex"
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rnetal ion n onbitals. Âgain we

oybitals as shor'rn ln Fig' B'

obtain bonding and anti-bonding moLeeular



V TRANSTTTON }ÍETAL ACETYLACEION^A.TO CO}æLEXES

Organie moleeul-es eontainlng one aeidie and one eo*ordLnati-ng

group ean form stablo eonrplexes wi.th ¡aetals t,hrough ehelati-on. The

8*di.ketones

Yyrl
ô(r- C-C:C - (r !-- dr-C -Ç - C- N,rlll¿,fllLo oH oH o

&Pe å group of sueh eotnpounds that form stsb1eu noni-oilie and yolat,ll-e

cheLa'te rings with nost. metal-s, The ehe'-l-ate ring formedu as shor.m

sehematieaX-ly belowu is planar for most, [l-diketones"

11

l,'.- P 
/q1

Mr ',\ -v
\.:¿/

\\n,
ïf bu1-þ grÕups are presenL ln û, and y posS-tioyrs (l+]-n 4Z) sterie hÍncleranee

may foree the nlng to buekl-e s'light]-y to reduee the strain" x-ray cry*

stalographie studies of eopper aeetylaeetonate (l9)uwhene 
%.u GZ are me'thyl-



TABLE ].

Di-mensi-ons i.n $-diket,one eomplexes (42)

C-G c-c(ring) C-C(no¡a ring)Compound

Co(aeae) ,Hrt " u , "
ï0(aeae) 

Zøoøøøø6
Zr(aeae)U
^ r r .-åuv2\â"eae)¿rÌ( oo"

Iln(aeae) 
3o 

o o o ø o

Cr(aeae)roøøooø

Cu(aeae)Zooeøoo

zn(nri't) r!"""",.
N1(DPM)zbooo6Q@

cu(Et u.eae)re.,

cu(Pn aeae)rd""

cu(3-Ptr aeac)re
Cu(J+te aeae) r,
rn Â Ì11
IÁg o6Eoooøo0oo

-t^øJLL

1.91

J-ø1.!..*

l-"931

1.906

x,gt8

Cu-0

L"275 L"420

\"285 1""398

L.270 I"3gg
l_.268 L"395

L,288 L,378

\"263 l-,388

a"26a 1.40¿+"

L"27t+ 1,¿$C5

-r.314 1"390
Å.0r" 1.27? 4- 0"0L6 L"39?

i"30 L"35

+ 0,008 3-"282 ",r- 0,008 1.397

+ 0.û05 L"2l+4 + 0"008 1"406

g 0'00? L"256;L O"ûLi+ l-"446

+ 0,00¿r L"285 + 0,CI07 L"¿+09

I"3OZ g 0.0t6 1,4Ð3

3 0"0L2

0.01û

0"01t
0,0L3

0"009

0"006

+

+

+

å
+

Ì l!Q1-ì

l-.518

L"5L7

l-,5r9
\,5L7

a,545

l_.51_4

i"5l-6 + 0,016

åo J!

a"t-þ95 (pheny3-)

1,519 (rnethyL)

3-"536 j CI.015

I"LÞ96 + 0"0L0

1.489 j 0"006

Cu---C

3"A75 + 0.01-4

3,L2 + t"QZ

J,t2 + O,ûtr-

?(

3,2L6 + û"007

E n=[oefnro], b DH{=}ferC"C0"CH.C0"C}{e|, e Et,aeae=Et0'C0*CH"C0Me1, d Phaeae=PhCO"CH'COMe1.

e 
3-Ph ae&e = MeC0'CPh'C0i,fe-, f TAE = [MeCt,CH"C0Me)r"

L.J



gïrups end y 1s a hydrogsr?D shor,r tha.t c*0 and c*c(ring) bond dj.st,&nees

aye .l-.38 and 1,.4Ê rospeet,ivoJ-y,oûrieh j-s j.nterrredj.ate between doubl-e anrl

single bond eharaeteru The C*C(non ring) is I,JR" From Table X (f,rz)

l'rh'i-eh shows the bond distanees for e nu-nber of these eornplexos, r^re see

that the I'l-G bond distanees e.re sì-ightl-y 1-arger than c*0 distanees ¿¿s

expeeted " Horseveyhtre see that all lul*0 bond disùanees are the same for a

particul-ar eompoundn

A nunber of papers (30 
" 36*t+J) have appeared i.n the l-.lteyatuy.e

å-vr the past decade e@neerning the intorpretatior¿ of absorpti-on speetre of
aeetylaeetonates as rrrcXl- es other complexes" cnystaL ffeS.d theory and

)-3.gand fiel-d "theony preidueed a standard qualitative pieture of bonding izl

these ehel-ates; horvever for quantitative resuJ-ts mol-eeul-ar orbi.t,al t,heot"y

rnust be used "

Piper and Bel-ford (44) by re*anal"ysfulg enystaS- speetra of
Cu( acae), by Ferguson (45) att,empted to assign Lhe observed absorpt,ions

to part,ieulav eleet,rovrf.e transitLons. They used the slrnple eryst,al- f,iold

nrodel along with esr data (t+6*t+?) available to attack the probl-em" They

found that not enough information T^ras avail-abLe to then tc¡ make unan*:iguous

assignments"

33

T{ol-eeular o'rbital" ealcu}atj-ons by Barnum (36) on tne

tonates of the tvivaLemt metal-s of the first, transitioyr seri.es

be more eneouragl"ng" From hi-s eaLeulat,lons it, åppears that i:e

good agreement r,ri.th absorption speetra as shorr¡n in TabJ-e p.

aeetylaee*

appear "i,o

obtaimed



T4.BLE 2

Companison of CaLeuLated and Obsemred Transítion Energies

in some tris("4eetylaeetonato) Complexes (36)

Cal-cuLated er,rarlsitÍ-on energíes are ín parentþ¡esis

nr(e) _-+ n¿u(ar) 
r1r7?åZl

*+ n,, (e)
--+ n[( au)

nr-{t^) d n,,(e)
))'t

no(e)

"lGà

d (a,) *à
d (*)* -*)

,wlJloa
I 35600 )

at 345tt
{g+sto)
( 33500)

ß250t)

29zCIA

i3o4oo)
(295a0)

( 2€4oo)

3934t
(¿io600)

37100
(3Ëû0)
(3?oûCI)

339tt
(326oa)

3CI200
(3o8oo)
(2gBCIo)

2,6300
( 26800)

3950t
(4240û)

,\, 3680û
( 3B3oo)
( 3ót+00)

Lt25t0
(rÞ1800)

368oo
ß?rca)
( 3?4ûo)

4390t
(&¿ü000)

39000
( 3BBoo)
ßrsaa)

,u 339to
ßnca)

31-000
( 3:-zoo)
( 3rcoo)

at 2J000?
(25600)

d (e) + n4(e)

n,,(e)
n[(au)

27504
( 3oooo)

ßæta)

31400
( 3zooo)
( 3o?oo)

^, 25tto?
(,26?otl)

{325o0)

285A0
( 3oooo)
(z9StÐ)

32304?
(25000)

\ Csmplex

\ Èl"los'

., \ **" Ti(acae), v(acae)3 c*taeae), M¡r(aeae), r'e( aeae), co(acae),
'r':1ånsltr-on \ ui,io *2000 r:i'lo = -6000 Él"lo-s :l-jOqq - -- Bivio = ;L2ûû0-



Tn Ff-g, 9n taken fron Bar:nuds pubLi-eation (36) 
" the eal"eulated

energJr trerrel" d.iagnarn of the fyee aeety}aeetonato i-on is shororn with fts six

oXeetrons i-n the TTlo TT2o and rr, orbitaLs*. Aecording to hts ealeul"at.i.ons

when thi.s ion eonrplexes rr¿th a met,a1 the n orbttal-s are all- raised sll-ghtly

'-i,n energy and the { and d, orbi.tals fal-l- in between tho n, end n u or-

bÍta1s" Al.so the eatreulations shoi,r that the effeet of metaL*l"igand n

i"r¡teraetion is t,o shift the ri, -".+ n4 transf.tion to higher @fl€FSfo Frr¡m

this Ère eoncluded that metal*Ligand n beindLng i-nereases throughout, tire

seri-es Ti(e.eae)-u v(aeae).u cr(aeae),,n l"ln(aeae)r, Fe(aeae)," and Co(aeae)*"' ')- )- ) )- ) )
The l"iteråture eontains eontradietony nernanks about the errtent

of n bondS-ng tn aeety3-aeetonato aoinpXexesn As mevrttoned above Barnutn!s

eaLeul"at,ions for 13 € nU transition energS"es Ì":ndieat,e strong n Í.llter*

*et1on in some eomplexes, Nakamoto (48) from irnfrared absorption speetra

end a r:ormal eoordivrate t,reatment of cu(aeae), eoneludes that the met'aL

15-gand n bonr15.ng j-s interrnedj-ate in strength between that found tn Ni(CO)q,
Lt¿

and i-n fe(cN)I i.n whieh n bondi.ng is believed t,o be quite strong"

ivoui*u* rnagnetie resÕnänce studS-es (49, 5o) indLcato that elee*

t,ron spin i.s delseali"¿ed from the metaL aton to the Lígand, The I'rorl< of

Eatern (tpg) tn¿teates that the ert,ont of the nietel*to-trigand eharge transfer

deereases smoethly i-n tho series from T1(III) to fe(TfÏ), Ho found ligand*

to-metal- eh.arge transfer as lvell r^rhteÌr r"ras vetry dependeret r:.pon the number

of metal d orbitals present, Maki and. t"ieGam¡ey (45) from their på.re*

nagnetie rÈsÕnanee data eonel.ude that fo¡: the e@pper aeetylaeetonateo

",u"the out of plane r "oonding is ionier'"

q ¡.i



Fl_gure !

Moleeul-ar o'rbitals of the

aeetonate anion ancl of a

transit:icín metal eomplex,

atetyJ--

t,rlvalent

ifu.'

,¡,.1,
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Faektrer and Cotton (l? o %:,) studying u and y substituted

eopper aeotyl.aeetonates 1n an at'tempt to show that the ring 1s quasi*

aromati"e tried to eorrol-ate the TT * Tì4' shifts 1n the ahsorption speetrum

of the eomplexos to the shifts seen i.n ber¡zene for the samo substi-tuents.

They fou:rd hmrever that e simpl-e eonparl-son eould not be made and they

eoneluded that "due to the presenee of the eoppðr atom 1n the ehelate

r"tngu benzenoid aromat,ieity eannot, be assumed wl-thout making s@me uTx*

yeasonable assumpti-ons eoneernf-ng the bondingrt,

A1'l- the theoyetiea-l" methsds of eaXeulating energy Level"e used to

date have not resoLved all the eontrovoystal" interpnotatlons of the speetnau

Priee (5f) nas stated that I'the sírnpl-er ehanges whl.eh ÕecLlr'l-n i-onLuation

potent,5"als &3.e easier to assess and ean be r"egarc'ed as being a ff-rst, step

i.n e1ueidat,f-ng those whi"ch oeeur ln absonpt,ion bands'r, Consequently 5-t

eppears that eonsiderahl-e work must stj-l-'l-.he done t,o eJ"arlfy ther bondÍ"ng

and energy l"evelsu

l\ssignment of vlbrational frequeneies te¡ pa:ntf.eul-ar v{brat-lons has

been as eontroversi.al as interpretation of the eleetronie absorpt,ions

but, beeause of the greater mmrber of workers in the field appeers to T:e

sIowl-y sort,Lng itself out,"

Tn studyf.ng the bovrdi-ng Ln aeetylaeet,ona|es possibly the most,

f.mportant bands observed i-n the IR region are the metal*oxygen stretching

froqueneies observed belor+ 500 em-l. The i,l-O stretehlng band appoarf-ng

at approxtmately 450 em-X is metaL sensftive and gl-ves i.¡rformatlon on the

natuye of the eoordinate:hond. Comparison @f the M-0 stretehing fnequeneiesu



for di"ffevent rnetal-s or different )"igandsu should give dtreetly the rel..ati.ve

strengths of the l"T-0 bonds" Tabl,e 3 gi-ves a l"ist, of M*0 frequeneS"es for"

a number of metal-s and 3-5-gands. Unfortunately enough Í"nfrared studi-es in

thf-s regl"on have no'1, been earrted oult ;¡s yet, to make adequate eor"retrarttons

between M*0 frequeneies ancl stabil.lty eonstants of aeetSrS-aeetonåt€ eompS-oxes"

TS\BLE 3

Metal*Oxygen Vlbtational Frequencl,es tn

the Ïnfraved for a nr¡rnber of Aeetylaeeto-

nates of Dival-ont and Tvi-vaLent MetaLs (C**Ï).
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W AFPA_RATUS AND E,XFER]Ì'IENT.ILL FRCCMURE

A" PreparatS.on Õf Complexes

The aeety1aeetonates of al-l- the metals exeept those dfseussed

ltrdi-vidualÌy r"rere prepared usSng tlee method diseussed by Fernolfus and

Bryaret, (5Ð " In thls nethod cn aleohoLie sol-uti.on of redi-stiÏLed aeet¡r*

naeetone :1"s ml-ned vrfth an å.queous soLution of the met,el- aeete.te. The

eompXex usual-ly preelpltat,es fnom the solution, ïn eentai.n eases sueh

as the ehromi-um eornp}exes evaporat,S-on of tÞre r,vater and al-cohol- r,sas ne*

quf"red to reeover the eornptrex" In eaeh ease the preeipS-t,ate was fi-ttered

off ancl neerystel-Ïizod fnom s.queous ethanoL soLutlon and ùhen

fraetlonal-ly subX-l-ned. i-n a v&euum of approxi-matel.y 0o01, irmro of nereury"

Tn the preparatLon of eÕpper aeetylaeetonateso wtth naethyl. or

phe:ryX" substituents in tho y*position of the ketone, i.t r"¡as neeessary to

add a few dnops of amrnoniun hydroNld.e before the ketone woul"d E"€aet,

Tlte tttantum (III) aeetyS-aeetonate lsas prepared using the

method of Barnum (36), fn a ni-trogen atmosphereu 0"10 mol-es of dj-st,l"LLe¡d

aeetyS-aeetone nas dl-sserlved in ¿lO rnl-, of oxygen-free nater by dropwS-se

addi-tj-ora of 6N ammontrm hydroxi-de and vigorous st,ì.rring" Thi.s soLut,lon

was thern addsd dnoprrrÍso and lcith stlrrS-ng to a sol-ttt,{-on of J0 rn3", of

r.¡ater ancl 2J gms. of a 2Ol/" sol-ut-iern tltantum triehlori.de" Th.e bl-uo

preetpitete of Ti(aeae), r.ias fil-tered off, ruâshed with oxygen fnee water

and dri"od in vaeuum" Tho Ti(aeae), was purf-f1.od by subl,i.mati.on in v&euum

of 0"001- r'rrr. 6f rnereufyo
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Tho vanadium (ffI) aeetyS-aeetc¡nat,e r¡as made using the method

deseri-bed by MeKaveney and Freiser (58)" A 0,8 gram sampn-e of vanady.l-

sulfa"Le, ¿r.5 T'ù' of watern 5*0 mL" of eoneentEated sul-furi-e aeidu and L"0

grffns clf sine powder were plaeæd in a 20CI rnl-" r<¡rmd bottomed fl-ssl<, The

rqrixt,ure r^vas refluxed fe¡v l- hour unriey a steecly stroam of nitrogen gerso

^A.fter the mixture cooLed Í'{. "..¡as transferred to a 4,0CI ¡iù" boaker and eon*

eontrated arrononi.ur¿ h¡adroxf-dc ericled to brj-ng the pH t,o a value of 2"0" The

mÍxtune r'¡as extraeted wit,h "l-00 rrü"" port,lon ef l-:1 ehlorof@rm-aeetyXaeatone"

The organi-e oxtraet r'vas evaporated leaving the vanadlrxn (III) aestyl-aeotonat,e

and ¿i.ne aeetyLaeetonate as residue" Tho vanadium eomptr-ex l.ras separated

from the zlne complex 'l:3'våeuum sublirnation,

The iron (ff) trtf:.uosn aeet,ylaeetonate and aeotyl-aeetonate

riÍerÐ preparod using a modifi.eat,ion of the nothod used by BuekS-nghan¡ et aï"

{ 59} " The llgard was addod. to a sol.ution of FeSOu ire deoxygenated vrater

eontaining a eouplo of drops of Hrs0u and a few drops of h3d.razi.ne t,o

reduee the iron (III) irrrpreritf-es, The preeÍpfta'te ¡rus filtored and. r^rsshed

t'rith a large vol-ume of deoxygenated s,vatler. ft 't"r¿s thcn dried i-n veeuu¡i

bofone subli-rnatl"on"

The mjxed aeetylaeetonato eoriÞlexes of eopper were pr@pared as

deseribed by I'arona et al" i 6O) *¿¿¡"ng ån equtmoJ-ar mixtune of the two

X-igands to a srnall exeess of CuCO, " Cu(OH)n suspend.ed Ín chl-orofomr" Âf'ter

filt'er1"ng off r:nreaetbd materiel- the sof.vent '"rås evapors.ted &.rr&po The eom*

p-l"ex was then purÍ-fied by våeuum subl-Jmat,ior:,
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The Ïral-ogs¡1* å.nd nitro*subst,itut,ed chromj-uirr aeetyì.aeretoncrtes wet"e

o?:tai-ned from Dr" '[,ri,K" Ong (Cìremistry Ðopartmevtt,, Unfiversl-ty of S$.ngapore],

Before u.sing they ',x€lr's purlfied by subli:rra"Lion at, red.ueed pressure" Th.e

Cv(faeae), contatned smal-l- arnounts of i-rnpuritLes of el'rel-at,es ln rvìtlryh C"i

was su.bstituted for Iu presurnabS-y beea.use ICL had beerr used in the prne*

paration (61,62), Howeveru these Ì;npunl-ties dj.d not gì.ve rj-se to dj-f*

fi-eulties in lnterpret,l"ng the rnass spaetrruu,

The pure )-Ígands r"rer"e obtained f:rom the eompanies 1i-sted bel-ov¡"

Çp_ryeqgt

sreet3rLa.eetone (Heeae) Fj.shey Seient,ifie Cornpany

tt"i-f-l-uoroaeotyLaeetone (Ut,faeac) Peninsuf-ar Chem. Rescareh lne"

ïrexafl-uoroaeety}aeetone (H hfaeae ) peninsular Chem, Researeh -[¡le,

T*benze¡yle.eet@ne (H bueeac) "$"ldri"ah Chemi-eal- Co, Ine,

dibonøoytr-methene (U ¿Uzm) ¿ldr1eh Chernleal- Co, fne,

Thenoyl-tntr-fluoroaeetoyre Fi-sher Sei.entifie Company

4.u4u4*Trifluoro*l--phenyl*3-ul butanedione Eastman Onganfe Cheinieal-s

/+ 
u 4u &*Trf-fLucro-ï* ( 2-naphthyL ) -1, 3*

butenedforrer Ea.stman Orsani-e Cherni.eetrs

l+ 
o 
ll 

u 
ll*Tv"ifl"uono*l-- ( 2*funyl ) *l- n 3*

'out,anedlone Eastnan OrganÍ-e Chemieals

J*rnethylacety3-aeetone made i-n trabov.at,ory

3-phen3'laeetyl-aeetone rnade in ]-aboratory

Ontry the J*ne'tliy3- and l*prhenyL sr:bst,ftuted aeatytraeetoyles i.yeye

rnado in the tahonatory" The J*rnethytr acetylaeetone rsc.s prepåred by the

4,1



n@thod deseribed by i{ongan and F.ar^rson t8), Sod.ium othoxi-de r,ras peeparod

by gradual additi-on of mna1J- pÍ-eees of sodium to absoluto ethyS- aleeihol

unden a reflux eondenseru After thei metal- had dissoLved, pu:e aeetyX-aeetone

was added s1-ow1-y" The wh5"to needLes of sodj-um aeetyla.eetonate r^rere fil-tered

off and ¡nmshed r,rith aleohol- and e.thor"

3.0 grarns of the sodi¡rnr aeetyLaeetonate were then heat,ed wj-th

60 grams of methyl iodtde in a seal-ed tube for several hours at app:roxr:nateïy

lG0oc' The metbylated. ¡ d5ketone l.rås di.st,ill"ed off under redueed pr"eÍìsu.r,e

yleJ"dì-ng l& grarirs of t3re desi.red pnoduet"

J phenyn aeoty]-aeeùone r,ras made using Hauserrs method (6¿Þ)" A

mi¡cture of 0.4 moles of phony]_ aeetomeo 0,8 mol-o of aeetie anhydrldeu and

0.1"2 mo'l-e of p,*{6}psnesulfonie e.ci.d was s't,j.::ned fon flvc mj.nut,es and th*n

satrryated at 0 * lOoC wtth Tror,on tvi-ftuoride for threre to forrr hours. The

m:i:rture was then al"l-olred to w¿rm te ror¡m temporatup€ över a tþiree*Ìr,our

penÌ"od. The reaet,l-e¡n mixtupe r\res poursd into a solutton of sodj-um acetate

and nefl-r:xed r:ntj-Ï a.}l the bovon fLuoride eom¡:lexes l';ere hydrol,yøed " The

mi-xture l¡as eooLed and ext,vaeted rrruth ligroÍ-n" The ¡rroduet e¡f 3*phenyì.

acetyLaeetone roras puvÍfied by reerystaLxÍ¿atj"on fro*r l-tEyotn"

B' lleqsuremen'L of Þlass Speetra

r+2

All- the spectna werer c¡htainecl using a Hit,aehi-*Perkj.n--E1mer

Rl'tll*6D slngle foeusing må.si$ speetrorneter and reeorded on a Hone3rure.!-L rnodel

150$, visicorder" The samples trere i-ntrq¡dueçd ir:to the lon sôupee by means

of (e) the Ìreated gas inlet, systern on (¡) rri.a a díreet pnobe depend.ing upon

't,he vol"atl3-1"ty of the pantieul-ar compound, In the fiy"st method the eompound



y¡ras vaporiaed into a reservoir of approxirnatetr-y 1 Litev eapaeÍ-ty from

r^rhieh i{: effused into the i-onization eha¡nber through a pÍ-n}role leak"

The whol-e sys'tem can be heated at tonrperatures up to 250øC, In the

seeond method the sample wås i.ntr.odueed lnto the ion solrree on a pnobe

r,'rhieh coul-d be inserted through a vaeuum loek,

The sample 'LemÞeratures r'¡ere di-fferent fon eaeh eompound de*

pending on its partier.úar volatili-ty" The ionization ehamber temperature

i,ras either 150ÕC or 250oC as indieated i-n the tabtres of the spectra, All

the speetra r{ere reeorded e.t, an ionizi-rrg vo3-tage of J0 V,

C, $eapqrs$en! gf Jppçase.n$ç_ P$!egti_e]--s.

The appoarélneê potential" meåsu.y"Êments were perfomred on the sarne

l"nstrument usi::g a Hewl-ett-Paekayri Model 3LÞ59L dl-gitan- voltvnoter to nonltor

both the ampS"ified ion euyrent and the eha¡rber voltage (etr-eetron eeeel-eya*

t,j-ng vo3-tage) " Fig,10 shorrrs a sehematte dlegrern of the ton souree" The

grid vol-t,age in the ion souree was maintafuled at *0"5 V rel-ative to the

fÍlamento The gríd thus pushes the al-eetrons toward the i"on soureeu rather

than operating in the u-sual" lrây a grid openates in å vaeuu.rTr tube, The

target (trap) voltage was set at +10 volts relative t,o i,he ehamberu Re*

'pelI-er voltages r+ere set for maxlmun sensitlwity at aLl- tj¡nes"

For the meåsurenent of the i-on eurnent ì/ersus lontzing vol-tage

the ealibrating gas )cenon was intrcduced lnto the ion souree slmul"taneousl-y

with the eompeund u¡:der study" Thie xenon pyÐssur"e t+es adjusted so that

i-ts i"on euz.rent r.ras very nearS"y the same as the ln'tonsity of the ioir being

studied,
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Figure 10

Sehernatie Diagnam of the T-21v1 Souree
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The appeay&nee potential- data r^rere {¿y'eatecl mathernat,ical-1y to

aeeount fo:: pressure drop off dur:ring t,he t,:-rne of rûeärsur:sment and ne¡rmalized

to ma.ke the !0 eV reacìing equ-a1 to 100Íá. \',nner"e the e'uv'r¡es weve parell-el-

to the )(enrn eurve the data l"ias pl.ot,tod on seml logarÍ-tltnic graph psùpûv

t,o obtain the appeairarlee pot,ent,ia1-s by the method of Losslng et al" (t7) '
The rrol-tag+ differenee ìretr+een the i(tnon anel sarnple ietn at L'1" of thæ

nonnal-ized val-nes was obtained f::orn r',he graph" If the eurves r^¡ere itot,

panall-el then tho Warron rne'Lhod riras af-s$ used sncl conpared to the sernt*

l,ogari'î:?rmie plot at 0oJ-,å.

tt f



VTI TIATURN CIF' 'THE FROBT.,EI,Í

Thæ objeet, of tiri.s researeh ts to ga$-n infor"mnt,ioyr about

transit,ion rnetal aeetylaee'conaLeËn by studying t,Ìre5-r 'rbreak up'r under

el-eetren fu'npa*t in a mass s¡reetromaeter as t'¡el-J- as Ìry stuclgd-ng tho eppêil?"*

nnee potevlt,i,atrs öf the paront i-ons arrd the more pr"onrinænt fragraent, tons,

Cernsi-der"able ",¡or"k has been d-oy¡e on rneta-l- aee{:yXaeotonatms i-yl

the fio'i-ds o{" visibl-e and '¿.LLtravio}et, speetnorseopy {30r36*+5)u i.nfr¿¡.r"ed.

spectroxieopy {48,52*56)o aRd {:heone't,i-eal- eal-cul-ati.,ons e¡f nol-eeul-a.F Õp*"

bitaJ"s {36) " From a study of the m.ass spê@ty"a and eppeapeÌxce pot,ent,1a.1-s

s*n a'ttempt'i.s made to ee¡rra¡-l.ate söno of the results tpbtained by tÏte other

itothods ancl t,Ìrus shod sorne 3-5-ght on stptteture a"nrj bondfng of trensiti.ozr nretal,

eompì-exes"
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VÏII RESULTS AND DTSCUSSTOÌ{

A, Aeetvlaeetonetes of t,Ìr.e Trivalent MetaLs of the First,

Transåtion Series

L, The Mass Speetra

The måss spoetra obtatned for the ehelateso by tho direet i.n-

sertion methodu for J01r el"eetvons and an Í-onia1-ng chamber temperatuno of

n5OoC &rs suaîns.rized ln Tabl-e 4" The mass spoetra for Fe(aeae)30 Co(aeae),

and Cr(aeae)3 åre in good agr"eement r.ri-th those r.eported by ÞfaeDoylaLd ayd

Slrannon (6il, exeept that no evi-donee was found of any pelSnnerle speeiesu

The effeet of the method of samplo lntroduet,ion anrì ternperatune

r*as invsst,igated in thi-s seri"es beeause of the dlfferenee in speet,ea ob"-

tained for Fe(aeae)eo Co(aeee)-o ând Cr(aeac)" lry Sasaki et al-" (66) and)J)
the ir¡abifi-ty of MaeDonald and Shannon (65) to obtei-n a speetrurn of Mn(aeae)r"

For Cr(aeee)ou as shounn in Tabl-e 5u the method of Íntroduetion amd the)
temperature had very little effeet on the måss speetlr:¡r and the ropnoduei.*

bf.lity ls eonsi"dered aeeept,able, For l4n(aeae)]u Fe(aeae), and Co(aeae),

vaporS-zation vi.a the Ïreated i-nl-et system l-ed t,o a mueh less abundant

moLeeul-ar Í.on peak and a l-ower åppeåysnee potentiaL fon }I(aeae)| tn*r*

those obtained when the eonpound ïrås våporized di.reetly 5-nto tU] to*f-sati.on

ehernber" The relati"vo ion intensLties and the apÞearånee potenti-als of the

ì4(aeae)i i-en were also not reprodr.lei.bl-e undor thes,e condåtions" Howeveru

i.f the J**po**a v,res v&porized di.r:eet,Iy int,o t,Ìre j-on söllpeeg vapi-atl,on of

the i-onisation ehambor tempenature frorn l.5OoC to 250oC had very L$.ttLe

effeet on tho form of t,he speetru:lx op the val-uo of the meesunecl appecrrsneð

notential"
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TABT,E ¿E

Retr"at,ive i.ntensit,å.es of me+,al--oo?ltaini^ng ions Lri the mass speetra of

aeetylaeetonates of t,rivaLent me+-al-s of t,he ftrst translt'i-on seri-es

et an el-eet,ron energ3r of 50

Ion
r

pJ+z
P-57
På2
P-R?
p_oo

P-100
P-l-L4
l---LIÕ
P-L24
P-L4l-
P-1"61+
P*165
P-tr80
P-3-Bt-
P-182
P-] q7

P-}98
P-200
P-2L3
P-2].:6
P-2n8
P-2Bi
P*282
P-297

Ti-( aeae) ^

)t

BT

-Lt
n(

q

"tA

to
6t+

-I-ð

'Ê r7

V( aeae)-
I

1/

Cr( aeae ) -
?a'

.i-u\./

voLts, (P =

Y6(aeae)^
J

L6

1 ,t¿r¿vv

2?

ô

\Hg.rent, tonj

Fe(aeee) 
1̂

.lr!r\

ltrt-[

Co( aeee ) -
.Y

l+

2
b

Y

lnn

r'9

t^l-v

26

ã

?rf.

L00

I¡n

^6,
74

L¿
I

5

'? l¡¿Y

T2

lrq

4
I

L

Âssignment
(tu^)*
(IG,j-CH2)+"
(m{-cnjco)+

't tß,;'Ç'JCH2)r
lL,2t'toU¡-+
(L2ruO) +,

(ffi")*
(Iß,;-H)'.- 

-.(I1U-cHj)'
(rff,i-HrÕ¡+

(Ì,[L^-CH^CO ) 
+' ¿ fr¿'¿(on),)-'

(I}io(os¡ ¡+' ç

(tuÏ0H2 ) +
(T,l.foli" ¡"i
(rMo)+

(i'il)-"
(t'{t-zn) +

(rüiL-HzO )+

(uo)+ å
(i"icH^ \ +
rM\+J



Re1at.ive i.ntensi.ties

d -i"fferent, eondiÈi-ons

energy = J0 vol{:s.

Charnber temp,
¿--

Y

(P-"aeae)"F

( P- 
" 
aea.e- 

" 
CH^ ) 

+
)

( P*z,eeae) +

TABT,E 5

of nrajor j-ons fram Cy(aeae)? wi"th

of samp}e tyrty"oduetLon. ELeetron

Vi-a l,rea'bed

fì
1 (n*

L{,

100

4f,ì

49

i.nlet

25AÐ

/) t>
LL

100

Direet

1500

25

1"00

6

59¡írì

fnsertion

25Ñ

õ4

1"00

4"5
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The finst step irr the eLeeteo:r impeet, of these eompounds ts tìre

Ïoss of an Ð:L@etyon t.o g5-ve the 'panont ion P+ (moLeeuS-ar ton), Su.bseque¡rt

fragrnentation es bnS"efly dl-seussed and generaLi-sed hy lfaeDonal-d amd Shsn*

non (65) depen¿s up@rrs

f ) oae* @3: oveln* eLeetron eharaeten of en S"on (MeÏ-*affert,¡r(6?))

2) tyre abill'{:y of the metaL t,o ehange it,s vaLeney state, and

3) tne substi-tuent groups on thrs ltgarrd,

It may be advant&geous at, th!-s po'lnt, to dtseuss 't@v@n-@leetron'1

and 'lodd*el-eetyon'r speeies (67) " The rralemee eLeetrons of rqost, mol-eeuLes

are paired (oxeeptf-ons are odd etrCIetron moleetaLes sueh as NOu Cn"0n, and

påpemegn@t,ie mol"eeules l-11<e or) tUat, is, the rnoleeul-e i-s an rreven*eLee*

tronrÌ speeåes" RemovaL of one of these eleetrons 5-n i"oni"aat3"on destroys

the stat¡i1ir5.ng effeet of ono o:[ the pertz'5.ngs to gl-ve an rrodd-e]oetnen

i-@n'r, Homoïyti-e cLeavage of a bond l-n an I'odd-eïeetre¡n ioyrrrw5"trl usual'I3r

produee a neutral radical- (odd*eleutron spee$-es) and å.r1 €xr@h*eleetron iocl"

SLtree the even*eleetron fragment usuaX1y has the mueh greatep" stàbi.Iit3r

a.nd thorefone the greaten S:lfi-uenee on aù,Ïre eouyse of the¡ degradati@h Feê.c*

t,lon an ovep*å11 i-mel'e&se i.n stabiLLty i-n eomparison to the parent ioi'r i.s

ðbserr¡ed" To ptodu*Ð an everù eleetron neut,yaL frag*snt it'o:orúd h€ noeesser3r

for the moleeula:" ion to undergo mul-tipLe hond el-eavâges @r F@ayr&.ngement

r.Ìhi.ch requf.res more êRergy than sLmp'.I-e one bønd el"eavageu The n.oss of

even elaetron fragrnents f:lon c¡dd*el-eetron i"o¡"ls thus io"Í.}Tì.. not oeeur unl-ess

a. dri"ving foyee is pnesent (o.g. l"6ss of extrenel"y stabl.e erren eÏeetpon

fragments sueh as H?Ûo C0, ote,)"
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Even*el-eetron ions cen coneeS-vably fragrnent by either loss of

an odd-ol-eetron neutral fragriren't, (radieal) or an even*eLeetron neuåral-

fragment" Sinee loss of an odd*eloetron neutran fragment is aeeompalried

by the fortnation of the usually less stah'l-e odd-el"eetron íon th5.s pro*

eess iç not very favorable. The loss of åÐ everl*@lectron neut,ral" frag*

¡nent entaiX-s rmltipl-e bond eJ-eevage op Fsayr&ngement requÍ.rlng eorusl"der-

abl-o energy" Frorru ÈÏrls rÂr€ een eoneLude that, even*e1ee'L,ro¡r tons a"J-ong

wi"th their hS"gher stabi}ity due t,o eleety"olr pairS.ng shoul-d be the T¡re*

dorninant peaks rri-th only mtnor fragmont,e.'1,Íorr of even*eLeetron i-ons lf

suffiaiont, e:eei.tat'l-ora energy 5.s present, S'tudi-es on organS-c eo*rpowrds

(6?) shoi'rs t,hat the l"oss of even*eleetron fragment,s frorn evon*eLeetroyl

iens 1s usually energetieal-3-y none favorable¡ than the loss of odd*el-oetron

meutra"i- fragments and eorresponding foymation of an odd-eleetron j"on'

Basecl mainly on the proposals of T"IaeDonal-d and Shannon ( 65) "
generaL outl-i-ne of poss5.bJ-e fragnrentatton ppoeesses for the M(aeae)U

spee'ies is shown sehematíea1-}y tn Ff.guee 11-" TabLe 6 gf-ves a surmtarSr of

tho ntetastabl-e peaks oì:served in the måss spootra yeJ-ated to the frag*

rvientati-or¡ pïoeesses shor,un in Figure 3-3-,

The predomfuravrt step as seen feom TahLe 4 'is the Loss of an odd.

eleetron neutral speei-esu ae&eo(1") in'bhis case, foe aLl" but, Ti(aeae)r.

The peaks due to Loss of even-eleetyon ¡reutral- fragments frsm the parent

ion are gonerally very smal3- excopt, for T5.(aeae), tf at aLl" prresent.

I^Iith the Loss of the odd*el"eetron neut,raL fnagment the resul-ting j"on

-.r r--1" .M(aeae)i is an evon*eleetron speei-es and. not, likel-y to Lose an odd-



F5-gure 1-T

Some suggested deeomne¡sir-tion pathwa3r"s for the for*

mati-oyl of ions i-n the mess spretra of aeetyneeeton*

ates of tni-val-en.t, rretals of 'b,he first transi-tíern

sepies, O+¿Ì'rer" pê.thwa¡,r5 are possltrl"eu and only ono

eanonieal foytn rlf eaeh ion å.s shorr¡r" In many easese

eonfi-rrnation Ðf the suggested pathr'ra)¡ T\iås given by

the presenee of a rnetast,abLe peak (see TabS-s 6)"
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TABTE 6

calculated Pqsitions of lvletastable Peaks and Related Transitions

Observed in the Mass speetra of Aeetylaeetonates of the Trlvalont

luletals of t,he First Transltion Series.

{ro,r)+ --.+
(*3)- *
(mr)- -->
(wr)- -+

lwr)+ L?k.o
(i,¡oH)+ zoo,s

1w,. - +z¡+

{crÉror)*

(*r) o zzl "z?
( I lros(r, - t+2))* t85.7
(t,r'r(r - e3)oH)+

(u,r(i, - Bz)o)+
(u'rolt)+
(¡o) +

(m,roH)+

(}orou)-

tmiou.¡+

(¡oro)o -+
(¡rteo)* -?
(¡oro)n --+

(rur)+ -.* 0úz - Hzo)*
(w,r)' --.e &tu2 - cH3)*,
(¡tlr)*e (t¡(l -Itz))*
{rc,])n ."".* (L,},r(L - B2))+

twrlo -" (l,¡t(r - B3))+

178,2 l7g"r 181.9 182"8

(Mre-cu.)** 1r.n)+
(túz- cui)" e (r"rcnr)+i

$tu2 - 82)+ .-e (¡rr, - H)+ rzg"o

1t'o¡+ -* lucH.)+
(¡o)+ *-o t¡o j 16)+

L25"9

]-.26"4

LO5"2

84"g

?]..0.3

20"5

108"1+

277,O

110.7

220.9 223"9

L76"O

224"9 227.9

gg,7 l_00"5 ]-.03"2

20,6

31.8 32,5
LZt+"?



el-ee'hron neerÌ.tra-l- fregmerrt,, Furtlier fragrnentatlon ean oeeur by two method.s,

Fo¡: 'bhe ::esu.I-t:i-ng iom te¡ l¡e a.n even-el-eatr"on speei-es rear"rengement, arr

mu"LtipS-e îrond etrea.vago nms'f, take t:l-aee s'rit,h loss of en even el-eetron spec:î.es
00

s¡ueh as 42(CHZð) å$ :saeÌ? for Mn or BZ(CH=öCH s, C - CHZ) a.s $een for Ti.o

V" Cru and Fe"

If the metal is aJ-so stabl-e in another va.J-eney state it is

possåb3,e fop an eleetrq¡n t,o be tvansfel"v'ed fr"ona the f-igond to the me't,aÏ

or vi"ee rr€r"ss therel:y ehangingthe vaJ-er¡cy of the metal- (69) uy one wri-t,

/r ehange ivr valency vrlltr al-so resu-lt 'i,n changS"rrg the odd eleetnon j-on to

Érn Êv€n electy"on icn err viee*qvepsa. Thus for mota.ls sueh es corrÏu F*rrro
TTT TTT

Mfl***o Cr after the l"oss nf one åe&c@ r"adieal the veTeney of tPre motal

ean ehange from +IfI to +-I.[ by an e]-eetnr¡n transfer f]:om a Lf-gand orbit,al-

to a rnæt,al. orbi-tal" as anothev'odd etr,oc:'tt"on *reutraX speei-es sueh éùs s.es.e6

or Clir" 1s l"<¡s'i." I¡le see fvom TebJ"e dr that the 'lntensfties of these peaks

(í"o, thr (p*L3.t¿)+ and {F""1"98)"r peaku formod. by 3-oss of an odd electron

feagment feor* M(eeee)1") e:-osoty 1:anallel- the ease r,rith whteh the +'ff s'tate

i-s formed from the +-fff ut*te 'i-it the est,abLÍshed ehernisocny of these rilota-n-s,

Tleat is t,he +ïï stat,e lncree.ses in stabi"3.å.t,y f-n the sequenee Ti- *-"Þ Co.

This fel-lor,vs el-osel,y t,he tvend observed 1n ge*mereL eheml-stry for these

r¿ot,aLs 
"

toss of edditioTial- odd elsety"e¡n neut,r'al- species does no't, oeeut:e

es woul-d be expeet,edu sÍnee these netal-s arqs not hromr t,o be stable Ln the +I

orsidatlon state, Furthev fr"agmentat,icn niust ÕeeÌlr by rnuJ-ttpl-o b'nnd cLeavege

op peåpÌ:ångernent tf even*eleetye¡n ions,are tor:he feiymed* Hor+e\Fepu sinee

cb



'Lhese proeesse$ are energetleally expensl-veo the resu-lting peaks ar:e

generaltr-y quÌ-to small, (usually l-ess than 5 av Lù/" of tlie base peak) "

Interest,ing pealts at masses f)- and f0 for fu"on anrl rlanganese

respeetiveS-yu as well- as rnetastabl-es ealeul,at,ed to'be fo:" Broeesses l.ead*

lng t,o these peaksu e.pe seen j-n the spectra ( see Tabl-e 6) " The n¡etastabl-es

indieate a ppecess invoS-ving the l-oss of the 3-tgend mo!-ety loss a rnethsr1

group' i.e" CI{rCOCHCOc indiea.ting a niet}ry1- rnigeation to the rnotal-. A

rnoy"e Cetal.led diseussl-on of rniEratl-or"ls e¡f a sirnllar nature r,rill- be earried

out i.n a l-atey. seetion (see seetion VIII (C) and (n))" The metastabl.e

peak seen for manganese ln t,he v:i-elnit,y of ZA"J ean be explaíneC by ti^ro pos*

si.ble pyÕeosses, OT'!e of these eould be ther el-1mj-nati-on of a neu'bral frsg^'

rnent CHolü,,., from ML.¡ the other eould be the fonrmticn of MCI{{ fnorn
)L)¿

(Ì,U,.*CH-¡'*, Unfortunatel.y l+ith the fu:lstpument used t,he proress areeunring¿)
*oul,d nct, be r¡erifi-od 

"

The fragmentation of Tj.(aea.e), and i,'(aeae)3 Þroeeed*q somer.¡hat,

differentJ-y than the rest, of the series as ¡,.rouïd ba expeeted f:t"otn the nmr*

nlel- eliemlstry of thepe rilet,als" These meÈal"s for¡r thef-r rnæst stable eo¡n*

pounds i-ra the +IV oxlelatfu¡n state and'Lhu.s a val-ency aharrge fr"oru *ïII'bo

+TT 
"ror.rld 

not be expeeted 'i:o oeeuv readil-y; i-nstoad a *hange frora +ÏTI

to -l"TiI wi-th the fqlrrnatiÕn o,f o;cy anrì h}dr:oxy speeies is preferred"

Oyl tho l-oss a¡f an elee'î,ron from the T1(aeae)- and V(aeae)o nel,e*))
eulesr fragmentation by t,he l-oss of an orid*el.oetron neu{,ra-l- fragment ean e¡r.tctt^p

to a eer"tain extent as fsrbhe eest of thi-s sor"les. Ther'e isu hor+elvero in

eompetitior¡ wrth tho loss of the odd*el-eet,reln fnagrnent anoi:hep ppotüsse



that, of .¡aleiley chenge of the ¡retaL ho the +IV st,a't,e" The t,ransfen of

tL:e eleetron from the orhite.l" l".oeal--"i.ued rna:i"nl"y on the inet,al" to the oyÌ¡itaÏ
-Ioea.llsed rnai-nLy on the 3-i-gand produees a paS-rf-ng of eleet,r@ns to pnod-uee

,s.Ìx €v€H*€)leetron i-e¡n" The stabí1i-ty gaÌ:ned frorrl this inay aeeomt for. the

s3-{ght lneyease in i.he moLeei.i.l,ay*ion åntensÍ-ty for V(aeae)o and t}re.Ì-arge

i-neyease for Ti(aeae) r,
Fragmentation of tlee 'sxren*eleetron 5-on may nolr Õeeup hy the

loss of even*el-eetron ne'utral- spseies" The ]-argest fragmevrt ion for Ti(aeae)=

1s the ior¡ after l"oss of n¡,ass L00" I,fass 100 eayr be aeeonnted for by

elther å. o31€ s'tep prcaeess i-"e' Loss of the even*@Xeetron speeåes Haeae or a

ff
trvo step pl'Õeess i."e, firs'L loss eif 82 presu:nably CH3CCH s C = CHU arld

then .ì-oss of l-B (HrO¡. Unfov-bunate'Ày no metastabtre peaks &re present to

verify el-tbras' Tlröes$sô

î-rnportant fragrn*nta'b1e¡ns observerl for Ti(aeae). and V(scae)*))
as"e the l-<¡ss of the even*oj-eetr"on fnagnrent, of mass 82 p.resumabS-y

n
ll

CHâCCH = C = CHo and tl"re odd*eleetyor¡ fragment of mass 8J presr.r'rabl"y

'n 
t'

üH,,CCH - CCH*" From generaL ehernj-st:-y ÍLt is woLl kmor^rn thet Ti and V)ø)
foim very strong ï¡onds i.rlth oxygen" TTre stahi-Lity gained from the fomratioyl

of Ti = 0 or \| = 0 bonds eoul-d possibly be the dråving foree, forthe

r"eaeticlrx. IviacDonald and Shannon sxlggest a meehanisn for the l-oss of the

speeices of mass 82 from V0{aeae)r"
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s.nd a$ Ì4 ^" 0 bond. As nenti-erned above 'T:he drj-vtng foree for this pro*

ress måy be tþre subsequ.eitt, format,i.on of Ì4 s 0 whi"ch is lmor.rn 'bo be re*

trati-vely strong for" these me1,als,

2, Appoarance Potent:ia.1s

The ti,ro ppoeûs$es eonsidered to be of nost irnportanee i.n this

ssrios of eompounds arÕ
Iti**'u)3 -F e ***Þ }Î(a.cae)\ + z* (23)

ì'{(aeac}, "r" e **.*) I''i(aeae)l + n*** " * 2e (?-}t)

For" the first pl"ocess the assrmrption mqde is that, at tlee iol:iuation

threshoSdu t?re É:{eoss úy}epgy (in t}re foyrn of kinetie op e¡xei"tation ener:gy}

assoeiated l^vi-th tho pr"ocess i"s snal-ln ,:r" at Least eonstan'Î,u fov" the seri.es

of compowrds. Sinee the lonizai.ion effi-cieney eur\oso sho',.tn 1n Flgure 12,

had a simil-ar forrn the assunptiorÌ âppeå,ys Lo be just,$-fied " Thus the

measu.red å,ppeårånee pctentis.)-su grvon :i-n Tal:tr-o fu shouLd give at, lea.st

e.eeurate ¡:eïetive ioni"satio:r potent,íals and probaÏ:J-y absol.uta ÉlppsårlT"¿åvrcÐ

potonti-a1s 
"

The errors quoted here arlc i:r sr¡.eeeeding sorÍ.es indl.eate thm

reprcdnetr-T:i"1-ity of the resu-l-ts rather thair sn Lssessì'iì€)nt of thel.r absolute

&.eeuråæyo The absol"c'te aelettraey is Froba,bLy wtthin + 0'2V" The appear-

anee perteïrtis.-l-s variettr T:y'no içrore thayl 0"2V ovr varyirrg the eharnber t,erntr:er*

cì fì
a.t,uye frorn LJO*C to 2J0-C"

Reeent ioni-zatåon'ç:otentíais measuved by Schi"l-de:routu Peansotr

alrd Sta.ffcrd (68) show åvr?y goorl agroerneRt (taUl-e /) evon thougTr they

u.sed a different method (the vanishing eurrent method) of o'Ì¡ta5.nirng the

ER



Figuro 12

Ionization efficieney eurr¡es for M(aeac)l and

¡,t(acac)å. The eurves for ltn(acac)fo pe("cue)å,

. _.L
and Co(acac)i probably reflect the thermal lnsta-

bilíty of the eorresponding tris chelate, The effeet

ls most m¿rked in the cì.lrve for Co(ac"ù;, rvhere it

has been assrmred that the experiment.f *lr*or is the
li

srmr of the contributions j¡rdleated by the broken

Ii¡reso The lower curl/e is taken as Co(aeae)] arising' '¿

from thenmL decomposition; the appearanee potenti-aI was

esbl¡rated from the upper broken eurve and eontains

consld.erable uneertainty. For I'fn(ac"") j tn. quoted value

of the eppearanee potential ls probably a lower lirrlt.
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i"onÍuation potentS.af-s frorrrL,he i.oniza-t,i-c¡n effieiene¡r eurnreso

For the seeond pt:oe@ssþ the assumption :"s-s that the exeess energy

ts srnaS-)-u se¡ that,

L,, .-þJ - t I
A,P" Lt'f(au"o)2-J 

-- TuPo 
Lu(u*uu)zJ 

'â- zit(I'l * t) í25;

'vshere E(14 * 0) ts the ereergy of the meta.Ï"*oxygell bond " Unfortun&to]-yu

h.o'r'revero 1t is not poss$-bLe t,o det,erml-ne t,Ìre ioni-zat,i-on potential-s mf

the]ris*e]rel"e-tes of al"n the rnetaS-so so thet, a eornel.ati-on of bog:¡d ener*

gies wl"th eLeetroni-e stnueture is not possÍ-ble, Though not neeessan'Ll-y

related to t,he above reaeti"onu 'bhe enel"gy of t'he pvoc'ess

M(aeae)c+ **9 M(aça.e)r* * "**u* + ?e (2/+')

wås åssrrnsd to he ei**i uy
rJr:t

ÄuP, I t,i(aeae)2=] * .A,Po I t"t(aeae)rJ {,?Éi

a:ld. ùhe varfa{,íon 5:l enengy of thi-s px"oeess r"rit}r the ts"ensi.ti"on metaL

is bel-5.eved to be of s:lgni.fieanee"

Stucl:!-es of peoton prsÕnance and uLtravj-ol"et sp.oet,na of vnet,aJ"

aeetyl-aeet,onates l-ed Hofun and Cott,on (69) to state the.t, the experimonten"

data eor:-Ld nst, bo eorrel-ated v¡{-th any sfurp)-e parameter of the eornplexed

m,et,a"l- tonu aLthough they bel-$eved. thet the ab*-I-$-ty of the inetal- j.on bo

partleipate ila n*interae'bion 'øÍ-th 'L,he ehel-ate r5-ng rras 5:nportant" S5:nil"arJ-yo

in ,thie strrdyn t're ?t@ye unable to fivrd any simpS-e eorrelati-on betr.vCIen the

measured. aTtp@år"eneo petential"s and a pararneter rel-ati:ag t,o the eomplexed

iotxs 
"

Bannm (36) tras eal-er¡lated energy Levelsn usl-ng mol-eeulav ov"hi.taÏ

61



tÞreony and takítng aeeou:nac of rr*fntevaetion for tLrese eonryounds" His

eel-eul-at,Íoyls shorr that, for netal-s of the first, trans1tion series tÌ're d*

orbital-s of the metal a'rre sp3-it T:y the nearS-y oetahedval" tr-i.gand fi.el-d and

that these orbi'{:al-s l.1e Þrigher in energy thatt the h5.ghest fil-Led îT o?*"

bi-t,aLs of the aeae 3"i.gend, This wouild i"ndi-eate that, the iovlj-zatfon po*

tenti.al- woulei depond to a nange degree on the nuinher of d eneetvons"

Figure 13 shot'rs a suTlepTrôsition of ths appeev"&neo potentlal"s ovr the

eal-erulat,i-ons of Barnrm, If r.re dagfine the ionS-zati-on potentfaX- as be$.ng

the rninfunu¡ß ensrgy nequÍ.red te¡ remove the e"l"eetron fnom the h5"ghe'st,

oeeupi-ed mol,eeuLay onbitaln the resuLts do not eorreLate r^vith Barntanîs

s3:npLlfied eal-eulati-ons. Fon exampLeu Mn(aeae)rÎ shound Ï¡ave a mueh

1oi,¡e¡y ionir,at,ion potCInti.al- thsn Cr(acae)a* {*t Least, L"5V 1or"¡er)"

Stmi3-ar3"yu Lryuv spin Co(a**.e)^*' shouïd n*í* * mueh higher ioniøat,fon
,'

potentnaï than Fe(aeae)r""" It ean be seen that these e<¡neïusj.or¡s are

not ln agn"eernent r,ith the rneasured apÌrea?"enee potentia1-s"

Simee the assumpt5-ons about tTre enorgeties of '¡voeesses given

by equat,S-orrs ?Lt, and 25 shou-1d bo essent'Iolty e@rveæt r.,I€ &F@ foreod to

eonelude that Barnumes eaLeuLati.ons al'e ylot even quatr5"t,at,i.vely <lorv"eet

or that t?re CIl"eetron is not remorred frem the hf"ghest, oeeupied moleeular

os.bital- Ln al] easesè Eve¡r i"f Barnumls ea3"eunati.otts were seråously i-n

epporÐ there ís stÍ-1L ttrre trond 5:u the appeat.ånee potential-s of M(aeae)r'{'

to be explaÍ-ned, The d* onbita3-s as:e e.nti.bolrdi:eg, It r"rould be expeetedu

'Lherefors, that, for the rûânganese ehol"ate j-f the do electrora i"s temoved,

the d.iffepeneo bot'wee¡t the appear&nce potentiaLs of Frn(aeae)"+' and



Figure Ll

Appearanee potent5"sLs of M(aese)r+ and

ti(eeae)Z+ fy"orn t'l(ae*e)3. The energy LeveLs

have b,een est*:n,eted fronr d.ata g5"ven by

f ^i \
iJsìfTlurå \Jtl'
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i,{n(aeae)3o r.rou]-d be of s'jrníl-ar magnitude to that, for" tlte ehel¿tes of Tio

Vu and Cru instead of the )-arge deeyoase whieh ts aetually observed" If

the eLeety"on i-s assre?ed. to be yemor"ed. fnom ei-ther the d6 or TT3 orbitaS-s'

then better eorrelati.or¡ wj"th Bayrrum¡s ea.!.eul-ation is obtainedo and fur*Lher*

ïnopeg the variation i:l appearånee potentiaLs of t'f(aeac)2+ fomred from

l,i(aeae) j ean bo ra'{,fonaLLredu a]-though the nesul"ts eouLd be eomp]"j"eated

by strueturaL reanrångentsnt (e"g" to sqrmre-p}anar or tetrahedral" i.ons)"

ItispeehapsworthnotS.tlgttratforA-]'(aeae),i-rrwhie}rxittleÖrY}@TT

i-nteraet,ion betvreen metaJ- and 3-5-gand is expeeted that' t'he appear&nee

potenti.al of A.l(acae)ra" iu on}-y tr-,IV higher than that, of Atr(aeao)O*"

ñ
!o

Fir st Trans iti-on 
- 
S-e nleå

l-n I'fass SËeetna

The mass speetrao obt,ai-ned for the chelates for 50 voLt e'Leetrons

amd an ionizirrg ehambep tentr:ev"atuve of l-50o as tabul-ated i-n TabS'e 8u

eompare favorabl3r to tlre speetra reponted by ¡{aeDönaLd and. Shamon (60) 
"

Variatíons r¡rh5-eh do oceur ean be att,nibut,ed in most ûåses to dlfferenees

in experi:irental eonditions 
"

Fragmentatioyl as díseussed ån sorne detai-l- by FlaeDona1d. and.

Shennon pnoeeeds i-n nmeh the same rlåy as for the tvi"valent aeetyl-aeetonat"es

(see F5-gure, 14 and Table 8) with tire l"oss of an âe&eo ødd-eLeetron speei,es

aeeountiy¡g for the most abundant peak i-n tho spectra fer aLl but t'he

eôpper eom3rlex, TabLe 9 lists the metastaÏ¡l-o peaks fclrxnd 5n the speetna"

6t+



TÂBIE B

Relative i¡tenslties of the ions in the rnass speetra of acety-

lacetonates of divalent metalso at an electron energy of 50 volts

and ionization ehamber tenperature of^/-150oo The lntenslties of

doubly charged ions are shown in parentheslsu (L = 'aeae)

P

P-l5
P-18

P-30

P.¡;2

P-57

P-82

P-98

P-99

P-100

P-L01

P.].14

P-115

P-117

P-128

P-14L

P-]-,+2

P-L56

P-r57
P.l81

P-182

P-183

P-lgB

84(0.6) 60 96 gB 48 5? r&2*

58(1.6) 42 (0"8) gr go 35 6g lmr-cu.)+
I I (wr-Hró¡+
-ß.i) z i5 0t,,r1rË,r-zcnr)n
9 1 2 10' g (tol,r-cttrco)+

: ; :: - :' fiî;i*;'.
41 6 üfir+

100 100 L00 100 50 100 IJ'Î+: - :: : _ li:tl*
5 Lz 33 Loo (IJ{-SH3)+

i zU (L{- óur-rir,)+
4 z 9 (ua-Hro)+

: : :: :'; llf,;i,x;lÍ'*,=
10 (ru-crr]co)o

30 50 lucocHr)+
B (t"tcocu)+

3 - Mottn

10 Mo+

ru 25 McH"+

B t5 6 t? 10 5 M*'

Ni Cu Zn Ass

6S



tt'i-gure 14

Sorne suggestecl deeompos1tion pathways for

the fomlation of ions in the mass speetra

of aeetyïaeetonates of the divaLent metal"s

<¡f the finst transition seri"es,
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TABLE 9

Caleulated Positions of Metastable Peaks and Related Transitions

Observed in the Mass Speetra of Aeetylaeetonates of the Dlvalent

Metels of the First Transition Serles"

(rur)+ -.r
(wr)+ -+
(m,r)+ -+
(wr)+ 

--+
(wr)+ --+
(w,r)+ -.*
(tez- cH3)+

(rez - cH3)-
(wz - cH3)'

(rúz - cH3)+

(tc-z - zcl)+
0ü,2 - uzJ+

(¡o - H)+
(m - cr{3)+

(¡r(l-u)-cur)+

(Mre - zctr)+. -t(wz - Zctr)Ì +
(vtuz - 2cH3)* -?

(r.n^ - zcli^)+¿, )
1ru,)-

lincocHr)+

(w)+
(m - cur)* 

r.(Ì.Lz-zct3-(L-H))'
(lrç=c=õ=o)+

0

Mn Fe Co Ni

223"9 224.9 227.9

200.5

L?6,0 \?g"g
g5.g

79"6

78"5

99.7 ]..03,2 102.3
1Á< 

"LVJE J

(wcocHr)o -+ (ru)+

(ro)+ -+ (ro, - cnr)o

(¡n - H)+ -+ (M(L - H) - cH3)+

(r.o - cHr)+-) lucocHr)+
(¡o - culln -+ 1r'rcocñ)*

Cu Zn

183"8

232"9

216.9

106.7
1rt^ 1¿f vo¿

]-33"1+

93"6

?6.6

' 126.6

LZB.I+

]..29"6

l_13,6

75

?3,6



The effeet e¡f valeney ehange on peak intensi-ti"es -l-s evident

j-n thls serl-esu Copper is seen to be the inost, stabl-e one j-n the +I

sLate as evi.deneed by the base peak beÍng a spee"ies peodueed by the

sueeessive l-oss of'bwo odd eleetron neutral fragmenbs" Tho Co and Ni

eompounds are the ontr-y othors shor¡ring evi-cìenee for suecesslve J-oss a¡f

tr'rc¡ odd el-eetron fregnents but Ìrave onl-y smaS-1, peaks due to these

pr"reessts @

2' Appeenanee Potentie.l s

T1¡s resul"ts for the acetyle.eetonates of the tvivalent metals

as diseussed sr:ggested t,het on i"oni.zat,iern the eLeetrs)Ìx Tras pemô\red fv'ont

a n-erbital- loea}tr-zed inalnly on the 1ígand sinee the nature of the l"i*

gaild hacl a far greater effeet, than the netal- on the å.Flpearenee potent,ial-s

of the metal ehelatesn In thi-s series vaviLati-on of the åppeårånee pÕ*

tentia-l.s from metal to rnetal appeans to be even l-ess' In TsbLe ÏÛ ave

tabulat,ed the appearance potentials of the moLeeulsr ionsu end the ions

formed by l-oss of CHr" or ar LÍ-gand radieal"

l,Iost of these eomp -exes have differe¡rt stnuetures j-ra the gasesus

and eondensecl phases. The avaÍl-ablo evi-denee (70) suggests that in the

geseÕus state the aee'tyïaeetonates of l'fn(Il), Fe(II), Co(II) and Zn(Itr)

are tetrahedral (n:-gh sp3-n) whil-e those of lt¡i"(II) a:nd Cu(IT) are square

pLanar.o and i-n the soli.d state they are e3.1 po3-3nnori"e rd.th the exeeption

of Cu(acae)r* Eleetror¡i-e ebsorp't,ion speet,Pa, e&n' Í-n prinef.p.en Ì:e used

to eval-uat,e_Ligand fj-e1d effeetso but, ssl-ut,1on speetra are not n-i-kely to

'be helpfutr- here" Thus, thqs usual- experlmentaÏ rla.t,a aro net arratLabl-e

bõ



v¡:!-th 'r,yhfch to compare the rneasur:ed epp€areT"lee potentf-atr"s and.u roie ar"e nslt

ôìîrrar.e of any theoret-j-eal- tyæatne¡rt of the gaseous ehel.at,e mo1oeules'

fn the previous series values vrere quoted for the appear&nee

pot,entía3-s of the !l(aeae)U* 'itou fyom the bnls*eheLctes of l'[n(III),

pe(fff) and to(III)" Fon'these eheLates 1t, i.s thus possi"blee to ealet¡f-a'te

the energyu A Hdl"uu of the dj-ssoe$ation

ll(aeae)3 *9 l{(aeae)u 'r' åe&c (37}

MakS-ng the usuaL assumpt1eins tÞrat the produets of the i-onl-zat,ion reaetÍç:r

aye formed in thetr ground states and i:ha'Î, their total" ki.neti.e energy l-s

sma}lo a lor^rer låmj-t for tl"ie enelgy of the Ìromotr3rLie dS.ssoelat,ion is

gf-ven by:

AHdj.r, = -4.,P, fu(u**")r't fron i'1(****)rl * I.P" lttttn*u*)2] (zg)

The metaX.-@xSrgsn ecord{naf:c} bond energ5"es i.n the M(acae), eompLexës åre

then gi-ven by:

nli: L,,-tris ^rr r (Zp)tî'l-o = 4 \ Õ\.t*o * ô tdi"=/

Va3-ues ealeul-ated using these equet,fons are given fut TabSe 11"

Áa



TÄBLE ],0

Appearanet¡ Potentíals of i-ons from M(aeac), at an

ionization ehembor ternperature of approxuna-te1-y 1J0o.

sarçt-e p+ ( r*cu.)'f ( p-l)n-
terrrp" (appr.cx,) eV aV ) eV

Metal.

Yrn

{e
Co

Ni

Cu

Zn

tt

120Ö

1000

25t

1000

30"

':0"

B.J4 1 0.0J f-i.f + 0"L

8.10 + 0.0J 11"f + 0.1

8,54 * O,O, 1L"5 + 0,1
B"ZJ + O"OJ i1."6 + 0.1
B.J1 +" 0"0J 10"9 + 0,1
8"62 + O"O5 I0,9 .¡ 0.1

9"2 3; O"tr 10"7 +- 0"1.

Metal

70

l{n

Fe

Co

^ 
-t)

raor o

From

Lj"l + O"I

13,9 + 0"1

13,9 J' 0.2
IJ"J + 0"7

13"1 + 0,2
1.4.,1 + 0"2

lrot.***)å]

TABLE 1]"

CoorJina'be Bond Bnorgies

l,l(acee)

78 "7
v9.ls.

10.7

-t.

+

.Þ

U sl-

ôì
n't

(a) see refez.crnee (?1) 
"

T.T'diss
. -lKeå.1/nrol.e

7.9

>30

7t51-

!t+
1:4
t4

- -bisH: fl ti.*1"î-0,tr:is* ï.,,00

44"8 + 0"J 465

55"9 ¡ o"6 ¿-'76

50.9 J 0"7 z-63

kca-.1/merle

+L

-rz



C " MqggL Fluori.n_ated_ åq_e_þ.vla-pe!opa!qå

l-. The Mass Speetna

The rstrative intens--Lt,j-es ofl al.L metaJ- eontainj:ng Lons 'i"n the inass

speetra of the tri and Ïrexafl-uoyoaeety)-aeetonatos of À1"(III), Cr(llf )'

Fs(III)u Fe(II)u Cu(II) and Zn(II) are given in Tabl-es l-2 and 13, In

assi-gnlng the base peaku mass 69(CF"a")u r*"hieh was often the most erbun*

dant poal<e was 5-gnoredu Tabl.es:-¡- ío¿ 1g give the rnetastabtre peaks found

in the spee'Lra as well as the proeess velet,od. to eaeh peak"

Ttre results ere eons$-stent, with the faeJ-1e Loss of one odd-

eleetnon neutral fragrnentu as di-ser¡.ssed for the aeetytraeetonatss, after

r,*rieh furthey odd-el-eet,ron neutrel- fragmev:ts are not readitry lost unless

the netal- ean undergo a valeney ehange, F1-gures 3-J and 16 give o sehemati-e

clÍagram of tïrese pïoeesses, 1,^,4ren no furthev' odrt*eleetron neutral fragments

ean be easil-y I-ost,, then l-oss of evon-ol"eetron feægnents ean oecuve as

shoi^m i"n the schemeo

Compared wlth t,ho speetra of the aeety}aeetonateso it is appareln't,

that, subst,l-tuti"on of CF, fon CI{, l"eads tc¡ a nore extensi.ve fragmentati-on

of the moLeeutre under el-eet,ron i-rnpaet" The great,er fragmontation of the

fluorinatecl eheLat,es eån be¡ attrtbtlted to:

1-) tne rel-atlvo lnst,abi-"1-ity of tl're -molecular ion du.e to, for exarnple,

r^rcak C*CF^ bonds;
J

2) tne rel-ati.ve stabl.LLty of sone of the pner'dnets due t,o the hi,gh M*F

bond enes"gi.es; and

3) ttre st,abi-lizatlon of the pos'iti-ve eleange on the earbon vi"a the elec*

t¡:on r'rl"thdra".vlng porrer of CFo"

7"1"



T,ABT,B ]-2

Relative intensities af metal- eontaåning lons

eornplexes cf fÏt*ori-nated aee'ey}aeet,onatesu at

en i-enization eha-nrbe? åuemfleraoi:us'e of l-5ÛÕC,

the mass speetna of the bj-s-

el-eetv"on êne?gy of JCI volts end

l-n

Ê,gt

j.on Fe(hfaeae), tu(Þt8aeae), zn(hfaeae), r'e(t,faea.e), cu(tfaeae)2 Zn(tfaeae),

'{'(L"M)"
/r n" -\*\r,2r"1-.r'l
(¡ r,r ¡r; \*
\ u2r'réuJl? /

(t"rt't-cnn) *
(:,ri',t*curco) +

{1,¡'r*cnc) 
-.

/T ¡.,1 nr \ -F

\ir?l'rdul' ?,/
J.

(l"n-{cro+cn?co) )=* )¡ *
(Lzt'í-t38) "
(u'ir)4"

(l-i't; +

, .-!(ûr*cH3)
( L^t"i- ( zcfr^-rcH^co ) )'?/al

L/ J

llru-cr")*
, -..!-(u'r-cF3)'

Ê"
t,

i.rJ+,

100 44.

?2

100

,"7

tq

l-û0

1/

2ry

I
1-CI

1t0

2L

Lû0

40

)+

Ár

b

28

ån

¿+

Õ

1l_

't?

41( _t-¿uu

-.J



Tabl-e l-2 Contåvrued

ro¡: Fe(hfaeae), cu(?'$:aeae), zn(hfaeee), Fe(tfaeae), cu(t$aeae), zn(t'faee,æ),

-i_(i"icOcH^)''¿'
.L

(licocH) '

/-^- ^- \*
\ .]-i"l1l -r,¡ 2,/

4-
1"1 

"

/PCn

82 t+6

aQ 1ÕåU LL

+Jj" 28

-*l
L}}



TABLE r-3

Relative intensj.ties of metal containing ions in the mass speetra

of fluorinated aeetyiaeetonates, at an ereetron energy of J0 volts

ehamber ternperature of 150oc. (only peaks greator Lhan If, of base

A1(hfecae), cr(hfacae)^ Fe(hfaeac)-e ¿t(ttacae) Cr(tfacae)

of the tris-conplexes

and an ionization

peak)

Ion

- ,.+,l"t
/- .. -\'1'(L+vr-¡ /
¡'r -¡"r nr. \*\uJ\ùvf 3)
Lr*'
(lrn-ctr.)+
trþ-crit+
(Lt"r-cF")+

<rþ-zcír>+
(u'foc cH)+

t
/r r. 

^ñ 
nn \'\¡rtï-ur 

^-vr 
2)

LMF.

il'l+
(þrF-cFz)+
(rlf-cFz) +

(u'r-crr)+

(a) ? 50c"

I

L

o

Ìnñ

17

?

't
L

I

10

11

20

I00

2t

70

6t+

/<

?c

?R

lÕ

2

7

100

24

2

100

I
2T

4;
30

2<

40

3

37

2T

B

'7

6

:sin

?

100

l<

n
I

12

?

?a

Fe(tfaeae)

10

0"5

100

2.)

20

0"5

4

5

20

BO

!



TABLE 14

Calculated Positions of Metastable Peaks and the Related Transitions ob'served in the Mass

Spectra of Fluorinateà Acetyl-aeetonates of some Divalent Metals of the First Transition /

Series" t

(l¿,r)+ --+ {r,¿a-crr) 
+

(r,zn)* -> tx¿t-cvi)+ ^ 325.3
(i,rtt)+ -- (i,¡.r-cor)+

(L¿i-F)+ .+ (L2M-cF3)+

(L"Nr-cF")+ ---+ (u,r)+-

{rþ-cri>
(Litr-cn3)- 

-) 
(Lt.rcn3)*

(tzu-cr;)* --o (ii.rcoóHz)+

(Ll'r-cH.)* -* (LM)+

(ry-cri>* -r (i,¡-mr)+
(t ¿'t-zcrr)* -o (u'f-cF3)+

(Llrcur)+ + L+

(r^i'tcocHr)* .-.+ (I,t'r)*
(i¡)+ 

-> 
(i,u-cnr)+

(ur-crr)+ -a (r"r)*

{u'r-crr)+ --+ çucocttr)+

356"5
r72"5

J.72"5

y9"O

363"5

291,7

L!9"2

19.8

350.0

L79"6

180.2

268.9

?75"?

289"8

L77.9

93.6

101.3

75.o

2w.g

222"9

13?.6

181.8

128"5

\t
lr¡l



TABLE 15

Caleulated Positions of Metastable Peaks and the Related Transitions

Spectra of F1uorinated Aeetylaeetonates of Some Tri-valent Metals,

Observed in the Mass

çlo.)+ -+ (r.0,2)+

{r"ni)* -, (røl - ff")o
(Ifi,;) {m-r-n)+'

(}q-F)* -* (L4\-cF.)+
(rir-n}t ¡ lío-r-cir)+

(wr-crr)+--r (*r)*
(ror-cirr)n-, (t¿)*

(tor)+ --r (ì,fi,z-crz)+
(tc,r)- ---+ (t'nr-cHr)*
(In;)* --? (uri)o'

çlrr,)+ * lno-crr)+
(L;lr-cFz)i 

-t 
(t2ì,1-cr3)+

(LÌr-c\) Ì ç.ñr)o'
(t ¿t-zcnr)- -.-.+ 1n'n-cnr)-
(Lzr-cFz)+ --? (lr,)+

A3-(Ufaeac),

300"13

5L7.3

6]..2

532

3)5"9

j+6"7

l?"2

cr(hfaeae), tr''e(hfaeae), Al(tfaeae), cr(tfaeae),
322"7 228.?

542.1

557 "8
24]-.O

359 "5

8t+"7

Fe(ttaeae),

268"9

]..25.9

37L.4 375"3

t65.8

L87,0

378"9

172.5

2t+0"5

Ll-l-.6

95"3

L39.9

L35"2

27L2

]-36.4 No\
(n'n-cnr)* -..à (cFr'ço"çHco)+ 36.2 62"1



Tabl-e 3-$ Continued

aI(hfaeae), cn(Hfaeae), Fe(hfaeae)r.{tr(tfaeee), cr(tfaeae), Fe(t,faeae),

(t¿ï-cFr)* *-+ (i'tr,)* x69,0 LÍa"5

(t'c.,)+ ----a (lø-crr)+ L6g"? a6t+"? 12L,0

çr,ø,-crr)+ *> (counrtr)- 66,5

-Jàn



Fågure 3$

Some su-ggested clecomposÍ-ti-on pa{:}n+ays for

the foymat-i-on ef ions i,n tlse rrnass speetre

of irìre fluori.neted aee"bylaeeto¡tates mf the

divaTevrt netal-s.
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[5"gure t6

Soine sugge¡sted deeonnposÍ"t,íon pathways fo'Ì'

the fomrrati-on of i.ons i-tr the rnass sp<letra
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For exampleo r.,rhen it is present in the spee.bn:rno the peak eor*

respondi-ng 't,o the lcss cf a CF, :*adieal is a}+ays eonsiderabl¡' ¡1s¡* 1t -
tense than the eorresperndÍng pesk clue to the loss of a CH, radieal. In

faeto the latter peak 'is Í-nsignificant or und.eteetable in most of the

spectra of the trifluoi:o cômpourrcls prosentecÌ her"e, Only in the ca-se of

Zn(tfaeae)ou in rqÌ:1ch 'Lhe e.ppear¿i:nee potentiaS-s of both 1p-cl'")'" a.r:d'¿ar)

_ .^L(P*CH.)' eould be neasuredo ean a direct eôuT:årison c¡f tho bond dis*
t

soelat,ion energles J:r the same mo-l-ecule be na.deu The val-uos as søen j-n

the next seetion e.re in agreenent vrit,h the suggost,ion (ses Table 16)

that C*CF. bonds sve somet¿hat r^tes.ker. than the C*Cll,. bonrls:i.n these1<¿J

ehelates"

. A number of roa.rr.,anger",ent psalrs invoh'ing tl:e l"oss eif a CF"

glroup wi"th the assurnecl forin¿l'bion of a metal*fl-u.ori:rs i:cnd ar.er presont

ín the speetra for soi¡re of the netal.s studied. Tht¡ migrd, ion of tÌrer

fluorine p;'esuma.bl-;" prc"'ceed.s by a conee:-bed prcicess i-nvclv'ing the fj.ssÍon

of one af the met.a1.*or4,gen bonds fc¡llor,¡ed. by s. suitable rote.tion of part

of the ligaird a'trout, tire 2r3 C-C roorrdn'brirrging orre of the fJ-uorines of

the CF^ grou.p elose to the mota"l"
J-

BO

",OL MiÒ

F..f_
.,tv-l

: )*-n
xz



B1

Th:!-s coileev'ted process rvould probabì-y be steriea.l-ly hindered i-n ttrre t,pis

chelates and thus no (l4f-CFr)" peeks arÐ r"eeorded, The ellminatÍon of

'L,he CF, speeies t a* -u**i rre.ì-l cloeumented r:eeentl-y 1n the ïîra.ss speet,ra of

cey"ta.tn organornetalSie eourparunds {ZZ"Z3) and i-s favorod beth by the

fo:ryaation of strong l,I-F bondsu and eliminatiæn of the eompanatively

stable CF, speeies, These pealrs ay€ Tn$re i.ntense for. the hexafluoro

eompour:ds than i:r the t,ri.fl-uÐr"G eompou:ndsu beeause of the greater sta*

tisti.cel- probabillty of the proeesse.s and al$o beeause the other CF,

gpoup rsa.eining l+5-1L by its oÏeetrçn r^¡itlidrarnring porrer stabi"l*.se'.tÞro

j:osi'cive eharge on tlie ri-trg.

Proeif of migra.tion nf the fl-uoy-Ì"ne to thç metal Í-s given by

tlee presence of metas'tabl,o peaks fo:: the ellrni-nat,ion of Mllrand lfit3

nourtyal speeS.es for Cy(hfaeae)r, r\l(hfacae), and Fe(tfaeae ), as pointed

erut, by Clobes et aL" (7Àt)"

A.3(hfacae), atr-so l-oses anotl:er metaL eontaini-ng neutraS- frag*

älÕnt" The e"¡en electc.on ion (Lll-¡'"oc(CF?)cHcO)+ fragments to

lose (LALFOC'CHCO) as the neutral- fu*g*uirt l.es.ving the CF" group r,rith
J

the positive eharge'

Cu(hfaeae), and Cu(tfacae)2 shor,r major peaks for the loss e¡f

mass 138, Ztr(hfaeae)n the onl.y other" eompound to Lose rnass lJB froxa the

moLeeul-ar{on has onLy e rtireot" peak at thi-s massu Fop Cu(hfaeee)o rnass JJg
f;'ü

c&ïx eonesivabS-y be fc,rr,red irythe Loss of tr+o CF, groups or CFrö CHüo Uo'Lir of

rua.ss 3-JB" üsi::g ligand deuterated i.n the y peisiti-on woul-d. make tlto l.atter

fragment, ¡n¿rss l-39, Hor,,rever ån the aå.ss sper{:rum no l-Ðss of mass l-39 oeeu::yed,"

,SÍrni)"arly rnass 20/ eoul-d eoriceivably be aeeounted for Ìry Loss Þf throe CF3
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groups, hor,,rovor using deu'l-erated.Ligand tlre fr-atgrtent lost r,¡as of rnass 2OB '

rath,Er than 2A'/ as vrorlld brs founcl for tl'rree CP, ßroups" This zuggests tÌ'rat'

ono ring lril-I .l:e 
rer¿cved befarc the fragmenta'tion of the other r.i.ng begins"

Fragmen'ration of Cir(tfacac), :is unique, Using Cu(tfaee,e), duu*

torated in the f posi-tlon "it r¡ae p::oved that loss of tro'c¡ CF. Bi:r:u.ps or' l-oss

of cF- 8att3 
"*r, úceur eaeh by rliså.ns of e tr,¡o step proc*n". 1*rr two cF.-'3 --.--- -¿ g ç '

groups are los'l, successively thls is foll-or.red by l-ess of CCIIC to give the

ion of mass 1/*7 (nc¡n deuterated ehelate) o fn the second ppóeess' after the

loss ef the CF, grúupg anme';h:rl migratioir oceurss pr*srrrra'b1y to the metaln

r,¡-j.th the eli-ninat,iun of ðCUö. This iorr ûf rrnss 2JL'Lhen loses a CuCH.,

noutr"all radÍcal- I-øaving the prisit:iv'e char'ge on the }-tgarrd 
"

,CF.
ô;l- r

LM?iIt H\; -Á/
t t/-, 
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The one step pralcess going fu"om I to IV may be oecurri"ng as

r,re1tru Ìrowever there i.s no rnaE"tastal:l-e peale present tel ve,rÍ"fy this proeess.

2. The :\ppearanee PÕtentlal"s

As has been seen fro¡n lhe previous series the appears.neÊ po*

tenti^al-s of the mol,eeul-ar l-on cieÌ:end niueh noy€, npÕÌ1 the nertuye of the

liigand than upon the natu::e c¡f the rneta,l-, Thnsu for. all- the bis e,nd t,ris

hexafLuot"oaeetylaeetonatos listed heneu Tabl-e tr"6, the Ð.ppsapanee poten'L3.a1s

lie r'd-'thin the r.âÌ1g€ 9"95 + 0.2J vo]-ts; r"rhil-e the bis and tri-s trifl.uorcl*

aeetylaeot,onates are rvLthln {,he range 9,05 * CI,JJ volts (tabLe 16). Re*

p)-aeernen't of a CH" subst,i-tuent, by a CF* snbst,ituent ineyeases the appeår'*)"J
anee potentiaL by 0"6 to l-,1" volts. These generel-i-uations are thus

eonsåstent 'i.rith the suggestion th¿t tlie e*ll.ectron renroved on ionization

of the moLeeuae eoTTrðs from an elr'bit,al" rqhj.eh has mainS.y ligand ehe.reeteru

t"@, ä ri ovbl-'t,al Lc¡eal-iued ma5-rü-y an the 3-5-gand.. This is S-n eontrast 'be¡

the lsmizat:l"on of metal- earbonyS-s and eyetr-opontndseny .s'. ln r,uh1eh i.t

r,ras coneluded that the e3eet?"Gn w&s removed from an Ðr"hitaÀ loeal-l"iaed

rnef-n1y on the metaL (,7Ð"

In some of the ehel-ates in this sories i-t i-s possibïe t@ inee.sur"e

t,Ère energy u"equired to díssoei.ate a "CF, orCH, radieal- fnom the mol"eeulav"

Íon" The energi"os requiz'od vary l.n-deLy from eonpound to eornpound" fn a

neutral nol.eeule AB the Ï:ond dissoelati.on 6narg'ye D(A*B)' Í-s the entlia}"i:y

ehange for the pl"Õeðss

A*B ç* Â' + Bu A H = n(i\-B) (30)

Â1



T¿iBLE l-6

É'ppeerä.Ttce potens,.ial-s sf sel-eet,ecl iens in the mess speet,re of fl-uoy"i-nat,eC aeetyl-aeetonates,

Icni-na-t,ion chami:e:: terçerature l-50o" Al-i r¡alu*s åya'în vol-ts,:.r-i-{:h experi¡rentai error of

*û.1 voïts tml-ess other"¡.¡ise stated. Ey:.or j.n vah.j.es Í_s ¡1.0"2 trol-ts iyl most oês€so

p+ (p ^- .'-i ¿- ^" r-l.^r,r 
3i rv-ur-13/ 

' {p-l)+ (crr) (cH3) (1,) p+(l,l-t' )

Ai-{hfaeaa), 9.80 10.7 - l-l-.2 c}"g * L"4, 1t"304
cr{hfaeae), 'ì û"13:F"0 5 * - l-4"31p"1 t+"2 g"g7e

Fe(hrfaeee ), l-c"21, I l-"1 - i0"zc 0"g - 0* aa.3rrn'

Fe(hfacec )a 9,7 1.3"2'ñ "2 3"5
Cu(lrfaeæc)" 9"86+0.t5 l-1".6 - Z"?
Zn(hfaeae), 110"07+C"û5 1L"35 - l!"j+t.Z J-,j - 5"?
ål(tfecae), 9"05 Lt"z - 1"15
Cr{t,faeaa)" Ç.ùÇ+û"0j l-1"9-rÐ,i Z"B

Fe(t,faeee), g.l-0-þ0,05 g"z-¡..û"1-e t * * û.le g"1gs

Fe ( tfaea* )z 8 
"7 5 A2"6 - !t+ "5 5"? 5

cu(tfaeac), g"a5 11.5 * l-3;:- ?_,US - 4"t5
Zn(tfaeae)a 9"40 l-L.28 tri.Z i_þ,6 L"g 2"3 5"2
Al(aeac)a 7"95y3"05 g,L.Ð"? 1,15 B"zTz'

ç*lren*)-u B"1o-f4"û5 u.3lo,i j"z ? "B7s'
Fe(aeae)3 8"45+CI"05 9"4-+4"1 a"g5 8,64e
Fe(aeae)a 8,1-+0"05 - l-L,Z-H5.l. I3,g+0"1_ j"6 5"g
cw(a"eae)2 B"3l-+s"û5 - l-0,9-Fs,l- l-]"1:S.2 ?,6 4"9



Tabl-e i6 Conti-nued

p+ (r^crr)r- çe-cn-")"' (p--i_,)+ . 2 (ctr) 4(cirr) 4(L) p+ (lit")

Zn(aeae), 8"62,Æ,05 J-0.94o"1 l-¿+"J-+0.2 Z.j j"s
tt(nlac) l-0,55Ì-0"05 11"2,,.0,1 rJ.6 * l0"6ga
H(trac) g"az L0"6-+4,2 l-1"?J0"1 0.9 \"g ^ 9"96:
H(s.cac) 9.2+0"1 J-0,7+4"i- j-"5 8.BZo

(") see reference (68)

(b) seo r-eference (3)

(.) Iiay be l-orr bee¿,use of the possibi,l-ity of ther¡i;;l- deeonpcsit,ion to the bis -ehelate in the
ion sour"eeo
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and i.s gi'rren 'by

D(A-B) = 4Hr(4") +" a Hf(s") * H-(AB) (31)

The appeaï'&ne€ potenti*11 of :\.+ :Ln the reaetion

AB + e A,+ +-B +- 2e tlz)
:îs rel"atod to the heats of fov*r¿+"[:ion of the dlfferent species by the

y.ela"t,ie¡n:

A"p,(Ä{")*aH{/.{')+ 
^H{B)* 

¿H(ÄB) (3?}

If exeess Ðrìorgy is saall- it i-s possibtre to r'¡vi.te

ê.*p"(A+)= ÁHc"eaut.i**=Ð(A-B)+r("4) (3¿1.)

l-n prÍ-ncipLeu eontri-butions to n(¡.*g) car¡ be di-vietert :-vrto o* and m*

lroncl ener"gy terms (26), Ì:r:"'t, the si.tuation is ac"Lual*L]¡ more eompJ-Í"ca'Led

ttrran thi-s" For" exanpleu r"rhen the A-B bond is hreal<ingu adþstmem'Ls of

the other bonds i::l the pnoduet radiea1s rßs")r oeeue" Thi-e eontrllrut,le¡¡l

has boen eaLl-ed the lrreoy"ganizati-onal energy'ro To s.void thÍs di"f'fieuJ.tyu

'bhe asswrptlon 1s r,:¿de tha-t the o*bond t,etm in O(l*¡) ís identical, t,o

that i:r an anal.ogou.s systenr nhi-eh invol"ves no n*eonjugattono a¡rd the díffæv"-

enee 'betr,¡een the D velues fop the tr'ro systemso Í-s assoeiated main1y w3-th

ths n-energies as the boncl is byokeyr" The teym 'rstabllizationrr entvgy

is used å.nstead cf lryesona.neert sl- 't1&o&ø'ea[lbef.tb,]1tt; erxergy"

TTre st,abll-ization rneygy of the "CF, radieal- is of Srnport,â.r1eeo

The bond. dissoelation energies are : D(CFU*CFr) * 86 Keal/me3-eu D(CII"*CFÏ,.)).3
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= BB l<cal.fnoLo, ¡(cn'.-U) = L06 kcal/moleo D(CH"-I{) = 104 }<caI/mo3-e"))
These valuos suggest that the onsrgy required to dissociate a "CH, or

"CFa radieal frorn the chelate ring in the neutral netal ehsletes studiect)
should be abou'c B5-9o kcal/moIee i.e, slightly less than &ov/mo1ecu1e,

The energies required to dissoeiato those radieals from tho par"ent nole*

cular Íons areu howevoro aI'.rays lor.¡er than thlsn usually much loweru ín-

dicating eonsiderably higher* stabilization onorgios for the fragnent ions

tha.n for the paront ion" Thsse dissociation energies are expressed as

¿(Cf") and {(CH") jr Tal¡le 16, The smal-Ler the value of A (CF.) andt)J'
¿\ (CH3) the.groater is the relative stabilization energy of the fragment

1on. An explanatlon for the variatlons in Á. (Cnr) and4 (CH3) must bo

sou.ght ån the st:.rretrres of tìre mol-eeular and fr"a.grnent ions, Upon

ionization of the molecul-e an eleetron is :romoved presurrrably from the

TT-slstem of ono of the ehelate rings to give I below, Homol¡rtic dls-

sociatlon of ct, from the ring vrl11 leave an unpalrod electron on thet-

rÍng earbon atomo

(1

otr
/

ô-/^ 
^-1'

) uîïY)c H -----* )¡¡1Y"Y,}H/ rò#, / rò_c,,,

\qxqÀ

I u

.o *r-t
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Mf .:'c 

u. - rò=d/
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whi-eh may then transfer t,o a }:artiall-y empty deloeah.ued bondf-ng m

moLeeul-ar orbital- on t,he eheLate ri-ng to give rTI. Thi.s shoul,d give

eonsLderabl.e r stabiïi.zation to the fragrnont i.on wÍ-th respeet t,o the

rnoleeular i-on" Furtheri¡loreu 1-Í.tt1-e stpuetural er geomotrieal rearnengement

should eee@mpê.ny this pnoeess. The inetal i.on shoul"el have lit,tl"e effeet,

on't,he st,abil.i-sat,ion of rrr, and thus we assuim@'Lhat the Lange vas"l-a*

t,iom$-n A (cF3) whi.eh are obserru'ed are d.ue to the di-fferent s.tabi}5-za*

t,j-or¡s of the moLeeuj"ar l.on, The smallest A (cF3) are observetl i.rith
t\llrrrl n^lrrr) and Zn(II) end tiro 1argost 4 (CF.) wtth Fe(II)" Fon¡rÀ\*4!/ 0 .! u\+4rl É¡¡u !r¿\r!/ e¡Àu 

)

tho Cr(Tff) eliel-ates no vaJ-ues eoul-d be obtai¡red d'ue t,o the low yeLatlve

i-ntensiti-es of the (L?Ì'I".CF")'^þ end (Lo1ri-CHo)'+ peaks" Thls probabLy ineans
r)J)l

t'het the energy requÍ-red to dissoeíate ¿r CF, or CHr group frorn the rilol-e*

eul-ar ion :l-s litgh (4 (cF3), a (cH3) are Tef-gh) i-ndieati"ng a targe m*

stabi.l-lzat,ion of tho mol-eeul-ar ion,

Ït, is, proposod that the stabi1Ízatlon of the noleer:Lar i.on by the

metels i.s aeeonplj.shed via n donation from the metal- d 6 onbitaS.s to the

part$-alLy empty tr-5-gai:d '¡r orbftal-. For the Äl-(IfI) ehel-ates, the moÏeetrlar

i-on eannot lre stabil"ized in this way and the proeess I *+ IïI goes rnone

neadlly" poæ Cr(III), stabi-li-zatLoyr of 'Lhe rnoLeeular j.on eån oecups

ruhi.ch shoul.d make the proeess I *ù III ¡nore dl-ffierùt, In the tri.r'aLent,

metal-s of the flrst t,ransLti.on series the amoumt of meta1.*to*ligand elrarge

transfer deereases 1n the sequenee ti.Ïrr *g F*rrr eeeordtng to the vrsrk

roponted by Eahon (¿&9), Consi-dering that Cr(ï¡J) ts OJ and Fe(ïïI) ls
??dí d; if the li.gand fiel-d spl-tt't,lng l_ov,rers d. i.n Fe(III) relative to Cr(IfT)

Ì
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thsn tr"ansfer of eharge t,o the ligand r^roul-d be more ciifficu]-'t, fov Fe(III)

than lor Cr(III), via the dn orbi-ta1-" The dn orù5-tals havo suital-¡Le

symrnetny for. the eharge t:ransfer wh:l-l-e the d" orbits.l-s do not" Sinee

no peaks r¡rere observod for l-oss of CF, for the Cr(IIf) eomplexes ppe*

sumably A CF3 i.IouLd be 1-arge posst-Trly -i-n the order of A L rvhich l-s &."2v

ferr Cr(hfaeac)r. Thu.s the data appears to support, the greater stahll-i*

zatton of Cr"(fII) tfran Re(ltt).

For t,he Fe(II) ehel-ates the, high value of A (CF3) suggosts

stabl-l-j-zation of the mol-eeul-ar ionu Iu prosumabl-y by {:ho olectron trans.-

fer to tl:e 3-f-gand, Thi-s r,'Ìoul-d t¡e in agreernent with the r.¡eI}*known neady

eonversir¡n of Fg(II) to re(rÜ)" tlclrlat1on of zn(II) and üu(II) oeerrys

nueh less readil-y and in agreernen'L, i'iith thts, rirueh lo'i.¡er val-ues of

A(Cp,) and Â(CH.) are observed. As might be exÌreeted tt sÊsrTts el-eetv'on))
tnansfer f:rr¡n metal. to ligand is str"lghti-y easter for" Cu(ff) than fov"

Zn(TI) 
"

ÂÏthough the data is ::ather l-'unlted it appears that" when the

eleetyonegatlve CF, Broup ¡'enrains attached to the ehel-ate ning f.n the fr"ag*

rnent lono greater stabi-1i-tzation of the fragment ioi, rosul-t,s than r,*ren the

CH" group rerns.j¡su For exanpLen A (CF") is 1"? vol-ts for Cu(hfaeae),
J- )

and 2,4J vcl-ts fer Cu(tfaee.e)a; i-t, is 1.,3 voLt,s for Zn(Ïrfaeae), a¡rd 1"9

vol-ts foy Zn(tfaeae)r;4 (clio) ls 2.J vol-ts fop both Zir(tfaeac), and

Zn(aeae) r" It seens tkrat elJctrorregatfirr groups on the r*-ng enhance teans*

fer of the unpaf-red eleetron fronl the rtng earbon of II to the ii systelm'

This ûbservat,lon is eonsisten't, rul-th the argurnevrts pressntecJ i"n the lnte¡r*

89



pvetati-Õn of the mass syreet,r'a of the subst,itrited chy"oniurn aeetyl-aeetonat.es

diseussed iyr seeti-on VII.I ("D).

It, i.s diffi-eu-1"t, to assess the energies i.nvol-ved l-n the dfssoeia*

t,ion of a f-igand v'adieal" f'r"orrr t,he mol-eeu-l.ar ion, Apant from eleetnoinie

reorganizat:!-onu there nay bou and probahl-y sre in månJ¡ E&sesú stn-uetural-

reårpangÕnlents, andÐ for" srnal-l nietal- atorns, sterle relaxat,i-ons to eon*

sÍder, Horurover for the eompor*rds studi-od Ïreye we sees that, 1t, is inoyo

diffieult to remove a li.gand from tlte moïeeular iein of a bis ehelate¡

than fnom a tyis chelate" An inte::esting feature of the A L values êÌ*e

the extyeme}y smaltr values for the FeIIÏ aeety}aeet,onates" Thoy rnay

horsever bo -l-arger thavr the val-ues obtai"necl i¡t this stu.dy sinee some de*

eomposÍ-t'J-öT1 T¡rås evj-dent tn the s'peet,rq wit,Ìr tire val"ue of the appeepance
T]TT "l-

potonti-a)- of the Fe'*tL" speeLes probabX-y befng affeet,ed sorner+hat by
Tï -.1.

Fo--L^"
¿.

D, Suþs'Lit_r¡ted Ac-et-ylaegtqnalgp of Tqiv_al.qnt,. Çhr.omiuq

Ïn {.he seri.es of aeetyl-aceto¡tatos <¡f the trf.'yal-ent, metals of the

ftrst transLtion series i-t 
',¡¿¿s ee¡ncl-uded t,Ìrat, val-eney ehanges of the metal-

aeeount for the trends in the mass speetra, In the rûa.ss speetra of T:!-

(aeae)* and V(aeae)* thore we¡"e fognd speeies evident1y eha.raeteråsti.e e¡fJ)
the +IV veleney sta'Le. 0n the other Ïrandu in the aåss speetra of Cr(aeac,)on

ìfu(aeae).u Fe(acae)o and Co(aeae)Õ å. geneya]- i-nerease wås seen in inten-)-))
strty af peaks bolteved to be eharaetertstie of the +fI val-eney state"

Cx"(aeae)3 did not appean t.o sxhibit any pua.ks eharaet,eristie of the -i{V

state and onI-3r very sntaÌ-L pmaks in evidenee æf the +II stato.
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A nunber r¡f sr¡bstitut,ed ehrornium aeetylaeetonates (see Table

X?) r*¡sre studied to see'i:Ìre effeets of elsctron wlthds.ar.r5-ng groups and

eLeetson donatÍ.ng gyeups on the fnagmentat,lon patteyyls and. appser.aace

potentS-a1-s of the eømp1ex,

l-" The l'lass Speetna

As fov the e¡ther seri,es previ-ous1-y diseussed the mass s¡:eetna

ean be rati-oyralized ful teyï1s of pr"efemed fo:mat,lore e¡f even*el-oeti:on ions

and el-iminatj-on of odcl*eleetyon neutral- speeies"

}{enhanisns t,o aeeount for the irnportant peaks i.n most, of these

speetra a?& stmlmariued in Ftgure ï-/, The first step i.vr the eLeetrom im*

peet prÕeess, ã.s diseussed ear"l!,ern is the renrvel of an el-eetron fyom 'the

fi systern to gi.ve Iu the odd eleetron ion" Homolyt,ie fissi-on of tlge G*s"

6¡3. t-**¡ bonds (with transfer of one eïeetron of the i:e¡nd to tlte s*systom

t,o gfve speeres sueh as ïI oy" IIï) yi-elds an e\¡erÌ-eLectron ion and a.

neutval, radj.eaL. 0n1-y f:i Cr(Iaeae)ro ä.s sç)sn Ín TabLe l8u does this

Trrreess give eise to a large peaku alt,hmugh snrall- peaks åre pr€sent, in

the Cr(Braeae)" and Cr(hfaeec)o speetra, Sueh e ppoeÐss v¡ould. be expeet,ød
)J

t,o be signLficant wh'en the G.-ct or 0*y bonds er:"e weaku or when therer are

sro otlxep ele¡etror:.egative gpouBs on the ri*lg to inerease the posit,ir"o ehay"ge

on the ::i.ng" The forrne" appea.ys t,o be important, for" tho pnesent series of

y*substituted aeetyLe.eetonates r"vher"o the intensity of the peak due to III

i.s eonsi.stent r^¡i.th the rel"at,i.ve bond strengths C*I < C-Br (C*Cl- ¿ C*IIO?

ån aromati-e eornpounCso but not consj-stont r¡ith the e¡ydev C*NOZ < C-I<

C*Br4C*C"ì- in aLiphatie eonpounds, The seeond faetoì" is pro'oahly of Ím-



TABTE i-7

!s-Els,rslÀs

Cr( acae !
cr( cttracae ),
cr( clacac ),
Cr(B::a"eze),

Cr( Iaeac) ,
Cr(NOracac),

cr(tfaeac ),
Cr(hfa.eac),
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Seheinatie di.agram

preee sse s po ss5-tr-1.o

aeet y-l-ae:e'L ons.te s "

Iri.gure 3f

show:-ng some of tÌte fragnentat,S"oy¡

for the subsbituterÌ ehrornium
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In addition there are soveral snal1 peaks at masses less than LCr* to rvhich no struetural signifieanee
ean be assigned" These peaks may arise from fragrnentation of the ligand or from baekground. l"fass 4l
is often very abundant and is assigned to CH3C0?,
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pörtåTree in explaini-ng the ¡lon*exi-stenee of II i-n the speetrun c¡f Cr

(tfaeec)?o rrhoreå.s they"e ås a small peak ln the speet,r¡:m of Cr(hfaeae)."))
The CF, group will i-ney.ease the posi't,ive eharge on the ri:rg rnore than

i'ri-l-l a CH, grorrp,

Àn alternatine prot""Ðss {:o the ab,ove j.s the l"ess ,of a lf-gand

t,o give ions sueh as IV, This proeess -is præferred 5n nearl-y aLl these

eompor:nds, An exeeption is the nitya¡*substi-ti:ted ehelate whi-eh exhfbi,ts

di-fferent behavi-or from the otheesu and wi-l-} be eliseussed seperateLy

later" The preeursor of IV couLd be II or Iïï but metastab"!-e peaks

(talole 1-9) fudicate that, IV wil-l- usuatrtr-y be formed ein d.eeomposS-t{oir of

ï, Th*ye åppeårs to be no sS"gnifi-eant, t"r"end i:r {:he il'rt,ensÍ-t,i-es ef

t,hese peaks.

The even*eLeetron i-on IV eaxr deeonpose to either V or Vtr, \,',le

postul-ate that this prôeess ineludes both (a) the br.ea!<ing of a C*û. err

C*y bond, and (b) transfer of an eleetron from 3-i-gand to metal-" The

electroyr transfer s€ôrrrs reasonable in this reaetieyl så-nee in the seråes

of aeetyl.aeetonates of the triva.i-ent metal-s the i,nteylsity of the peal< due

to speefes V inereased in the same ord.er as the yro::¡nal- es.se of redtretior¡

of the eent:raL inetaJ- atrm" Port (a) of tlte proeess would he favoned by

weak C*.s, or C-y bo¡rd.su r.rhos"eas part, (b) rore¡ulcl be hindeyed by electron

r-rr-thdrawj-ng substituents o¡r 'the same r1i-ng beeause the 1lgand eleet,rons

**rould be move tightly ÌreLd., evon though the ehyor*iun atom beeomes movÕ

ei-eetronegative j-tsel-f due to eïeetron l¡it,hdrai"rj-:tg substituents on the

other rlng, The rel"ative i"ntsnsítias of tþre pea.ks due to Vf in the

aÊ,



TABLg 19

Cal-culated Posltions of MetastabJe Peaks and the Rel-ateri

Spectra of Some Chromium .Acetylaeetonates.

Transitions Observed in the Mass

'I
a

(i,rcr)L o,"cr)*
(i,"cr)l-+ (Lcr)r

çi,icr¡L.+ (Lrcro)+
(i,rcr¡3-¡ (Lrcr-a)+

(lrc"-r)1-+ (l,rcr-c.)+ 
:

lLrCr-F)-,> çLaCr-*r)+

(LrCr-CHr¡t > ir,Cr¡+, .

Grcr-c).+ > (Lrcr)+

(lrcù+--.+ (tcron)+

Grcr¡--o (Lct)+

çLrc{t--+ Gctv)+

Grcr+Ê---+ çt.2cr-c, )+
0,rcr)=-> Frcr-cl")+
û,rc")*--¿ tci¡r,11

(i,rc"-cnrf---u 1r,aar< ) 
+

ørc"-crr¡a 1Lõr )*
(,rcro¡+---¡ çr,rcrf
(,.cro)1+ (i,c"of

aeae CHraeae

r7g,r lgg 
"

220.9

Claeac -r Braeae

224,?. 286.0

:.:28,3

lo? "6
15?.2

It0^aeac tfaeae¿

92"2

26L"9

84"7

?7a"2

]^36"4'

hfaeae

322.7

542,r

557.8
2l+l.o

359"5

3?r.L+

165.8

378,9

324.7
].'26"3

\o{



1fable L9 Conti.nued

(rcrf-",-+ (rcr)+
{ rcrp'} *"+ I LCrF-cF2) +

lr õ--Í ^- \Jr f ^ r¡n n \*( ¿r\,Frt -vr 2) T*> \, U* Z, Zl
(t rcr"*cr")S lt.ur*
r:.ã"lL+'(lcr*crr){"

åea.e CHraeae CLeeae N0neeaeBraeae

T¡Jñ â

tfaeac

L35.2

hfaeae

xQf? ñ

Oá"L

L69"a
"1 Ã,Q ,ì

\o



y*subståtuted ehromium e.trel-ates agaÍn eef"l-eet the s'L,y'engths of the C*y

bond.s" Hor¡¡e\revs in the y*subs+"itr:ted eompoundso only Cr.(aeåe)3 has e.

si-gni,fi.eant, peak due to V whieh j.ndieates Ì:hat part, (U) of the process

i-s diffieult r*.hen eïeetr*n withd:"alçi:rg gpÕtlps åre ppesent on the x"ing,

Tlti-s view ls suppotted by the r"eïati.ve :Lntensities of this peak !-n the

Cr(tfaeac)" and Cr(hfaeae)* speetra (i-"e, the peak is l-arger fort1

Cr(ùfaeae)r).

The ov'en*etreetron iovr IV ean atrser fragment to the Lon VfI,

"Againo we postul-ate a valoney eirange fc¡y thls reaet,io¡l beeause the 1n*

tensity of tlt'i-s pea!< i"n the rnetal" aeetyl-aeetonates i*reroa.ses "r.rith easu* of

reduetion of the metaL atoflo In tÌrÍs reaetion the strength of tl:e m,þ'La}*

o]rygerÌ bondsu and the ease o'f transfer of an eLeetnoyr from rtr:g to metal-

agaira appeår to be furportant" Thera is constderabl"e evidenee from stabil-*

fty eonstant data {7f rfg), po}arograp}rie half-'r+a.ve potentials (79*gZ),

and infpared speet,ra (1+B oflp), tliat elect,y"on r'rj-thdnaw5"ng sgbstitnents

deerease the metaL*oxygen bond stnength" 0n this basiso Cr(acae), wouncl

Lre expeeted to have e smal"ler VII pee.k thayl the otltey ehromium ehel-ates

(except, fon Cy,(CHraeae)r) whereas åt ts one of the 1-argest, Againu we

pestuS-ate that etreety'en rri-thdrar'rl-ng subst,ituents on the ri-ng hindey eleetpon

ts"atrsfer to the met,.elu rnaking the roa.e'L,ion Tlf *-ù lTI m@re diffieul-t"

There &rü a vnnnbe:: of notewa¡rÈhy rearrangoinent peaksu imvoS-vång

mtgnat.ton of }tatr-ogen &toms, in the spoeÈra, Tho site ùo ruhieh the

ha3"ogen rnÍ-gr*tes is nert knoi^m l:ut i.s ppesumsbtlr the mete1- at6a" Pro*

bably the drtvi¡rg foree f'on the reaet,ion :1"s the st,rength of the met,a3-*
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halogen boncln A suggested meehanism for the procoss involvss fission

of one Cr"*O bond u folloi'ied by a suitable rotatiur of part of the liga.nd

about Lhe 2u3 C-C bond u uhj.ch brings the haLogen atotit elose to the

metal as in VIII ancl IX or X ancl XI.

100

"',-.FF3rcfa \þ-n
o:c't**

,CH,o-c. 'r
t r-*,! \ ^r r-ti.,y otr.r.n3

"oo

r.l.'

In a presumecl concortecl- prúcess the nie'Lal- halogen borrcl is formed and a

nc¡utral species is eLi:ni.rrated. The neutraJ- species is either the rost

of the f-igand moietyu or in the CF, substituted ehela.t,es ls CFr. The

peaks r+hich may ar:Í-se ivr thís 1.râ¡r ¿1's

(:,rcr-'cFr¡+, LCry+u LCrF{"' (lc::*crr)'l- and possibl.Sr cr"1F" The pr"ocess
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doos nc¡t soem to oeeuy readily nntil one l"igand has e.lroady been.Lost"

This may he due t,o st,es"ie hi-ndranee i-¡r the pau'snt rnol-oeuf-e i-ovl" The

metastable "i-ons seen foy most of these ppoeesses i-s eonsidored pneof of

the' pressnee (seo Tabl"e 3-9),of these processese

Further fragrirontati-on oi the eÌrel.ate to speei.es I-Lghter than

VIf r^ras not, extensive in any of the ehel-at,es examined here, A peak at,

irl/e * 4J asslgned to CH?CO+' r.ms often t,he only peak rrhich was obviousS-y

distingui-sh¿ble r*o* U*ltgnound peaï<s"

The tü0, sr.rbstitu.t'ed chelate deseyves sôme seSrarate diseussfon"

¡\ di"stinetive feature of t?re speet,rum i-s the rel-atively great abrmdance

of oxy'*5.o¡ts (the base peak ls assigmed t,o Cv"o(N0oaeae)+o), Tho onÍ.gi.n
Lá

of 'hhe olryg@n atom bonded to theE ehromi-u¡n atom has not been eonfirned but

tt seems yeasonabl"e to assu¡no that iJ is not fy"om the NOZ grotìp" l,ii-gra-

t,ion of ån oliyg€n atom frorn the N0, group to the metaX would r"aEuiræ e

$ÐâFrrì.ngement proeess si:ìril-ar to the one deseribed a'l¡ove foc' t]re hsl-o*

genatecl ehelates, In the mol"eaul-ar lon this nould probably be st,eni"*

ea1ly hl-ndered,

The N0, gpoup ius e powevful eleetrovr i.rithdnar,rirag gnoup; the

pÊsonåne€ effeet direet,$:rg t,he posit,f-ve charge to the ehvomium atonl'

Tlte positive eharge on tho metaX eoul-d be redueed by the tresonanee effeet
^üry the fomrra'Låon of etrryonim'å*()-qïgsyr doub}e bondsn .lin' for exarapl"e

LrCr * 0+ and LCr * 6+" Another prorni:lent oxy speeÍ-es i-s LOCTOH+' Tbre

-¡"
or:tr3r p¿¡r*r fons wonthy of eonnnevrt :Tn this s*peetn:rn are LO,CrOCCH3" and

1"0i"
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I,OCrOCCH3", rorhieh are of Low abundanee a.nd are possibly fomred by enim*

lnatl.on of CH,C e CNO' from LrCrO{- antl LrCn+u respeet,'3-veX-y"

Vory smal-l- LCrO+ poaks ays al.so observed in the Cr(Braeae),

and Cr(Claeae), speetra, Fop these eornpounds the resonanee effeet

¡roul-d be expected to be smanl-er,

ït i-s perhaps sunpri,sl,ng that there ars rlo rna.jor poaks due to

l-oss of NOn as in arornati-e nÌtro eompound.s" Thj-s is prosurnabl.y beeau.se

there ayo other proessses rvhieì: c&n oreu.tr inu,ele more easily hereu wherees

thi.s is usuaX-try not, the case 1-n an ongaraie e.ronatLe eompound,

2" The Appearånce Potential-s

iLll- of the ehsl-ates gave abundant, moleeu-Lar ierns end i-ons for

l-oss sf a n.i.gand (except, for Cr.(NOraeae)r 3-n whieh the peak was hower¡er

large enough) for a reaso¡rably aeeurate mea.surement of thei-r eppes.rânc€

potent,"ra1s. The appearånoe poten'cia-ïs for" these tr+o i-on types ane

shor.m in Tabtre 20,

There has been eonsiderahle clebate about tÌ're sr:.pposeci aroma*

t5.ef-ty of thø ehelate ning 5.n the aeetylaeetonates, l¡Jhi-le the theoretical-

grounds for a truS-y aromatLe nl-ng are not eonvi-ne!.trg, these eheLat,es clo

uredergo eertatn reaetÍons eharaeterj"stte of aromatie eompoundsu sueh as

direet, halogenat,ir¡n an<i nitratio¡l (83184)" It s€ÐnÌs wortìrwhilen there*

foreo trl di-seuss the var.Íati,ons 1n appe&penee potentfaïs of tho su.b*

stl-tuted ehromlurn ehol-aLes in teyTns of i-onLzat,3-on iry reme¡val of an

eleetron fy'om a cluasl*oromat,i"e riilg ancl eömpare these variatlons to these

i"n substituted aromatie eompouncl s,
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TABLii 20

Àppoaranee potentlals ancl spectral shlflts (3g) of substituted

chrcxniuir¡ acotv-l-¡: cetonate s n

Compound

Cr(uearc),

Cr( CHracac),

Cr'(Clacac),

Cr(Bracac ),

Cr( facac ),

Cr( NOrp eac ) ,
Cr(tfaeae),

Cr(hfacac),

( A. P. )L.Cr+ ( A.P. ) L2CY4-

J0,05 vdlts +0"10 voïts

Q I]

7"81

B "16

8.05

B "03

8,63

9 "09
ln'l?

LLo )

L0 "7

11"1

l-1.0

10"8

11"6

3-r"g

L4.j
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AT n e,n*I
( relatlve
Ba.nd B

0

to Cr( acac) 
")Band C r

0

-2100 *1300

*2)a0 -1¿{.00

*2300 *1_600

-3100 *2240

+1300 -r- 500

- 300? - 7û0

- 700

1
îr Cm-
G, a¿rrõ ^z

12,800

7-2,31O

A2rl¡26

12,j90

L2,3tag

L2,91¡ç

I2,34.t
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Bralsford, Harrls and Prlee (5t) trave diseussed substituent

effeets on the eleetronle speetra and ionization potentials of eleetrons

in ehromophoric groups, partlcularly wlth the regard to the effeets of

fluorine" The tqo najor contributions are (a) inductive effectsu whieh

are lraportant in ehanglng the binding of eleetrons ln thoground staten and

(b) re"onanee effects whleh stabilize the exeited state or moloeular iono

Thus we may consider the íonizatlon of e n-eleetron of the chelate rlng

1n terms of these effeetso

The q,-substltuents in these chromium eomplexes are either

CH. or CFro For CFo only the lnductive effeet is likely to be of impor-JJ)
tanee. In the y-substltuted cornplexes both inductive and resonanee

effeets wl1l operate and instead of trying to evaluate the magnltude of

theso two effects on the ¡-sy5tem it ls simpler to eompare variations 1n

appearance potentials wlth those in suitable model aromatie eompounds"

Ttre y-substituents are pera to the chromium atom but ortho to the nethyl

groupso In Table 2-1 the appearanee potentials of some substituted ben-

zenes and toluenes are given, so that they can be directly compared $rith

those of the chromium ehelatos"

. The substitution of CF, for CH, in toluene raises the ionization

potentlal by 0"86 volts from B"B2 Lo 9"68 voltso Substitution of CF,

for CHo in the o, position of the chelate ring eauses suecessive risesJ

of the appearanee potential of sirnilar nragnltude in the sequenee

Cr(aeac)2, Cr(tfaeae)., cr(hfaeac)r. Á,1though for the ^¡-substitutod)))
chelates the results do not eorrelate exactly wlth substltutsd aromatic



TABLE 21-

Ionization potentials of substituted benzene and toluones"

Substituent Ionization potential, volts
X C6HSX. o-CHTCTHUX n-cHrc5HUX

H 9"21+5 B.B2 B"Bz

T 8.73 8"62 8.50

Br B,9B B"?8 8"6?

cI g"o7 8.83 8.69

NOz g"g2 g,B2

cF- 9"68
J

All values aye fron photoionization except p-CH3C5H4NO2 (electron

irnpact)" All values from reference I exeopt C6HrCV.' (referenee 51).
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eorlpounds the ördÊp of magnitude a:¡f the variatÍo¡:s is eerta.i"ntry slmJ-lat"*

For exainple, the substi-tut,lon of CH, fer H reduees thcc appearånee pÕten*

t,ial- fy"om 8"1.1 vol-ts for Cr(aaae), to ?,8-'1" r¡o.l-ts for Cu.(CHraeae), and

fr"om 9,245 volts for benzeyre to 8"82.¡o1.t,s fon t,o1uene. Comparison of

Ta'l¡l-es 20 and 21 shows a stmil-ar patal-1e?"1-sm for t,h¿e 'Ls,vo gnoups of

eornpound s 
"

Än çxaet eorrelation l.ror:-l-d not be e;cpee'tcd siyres the presence

of the ehromi-urn (III) and o:rygen ato:ns in'i.he ehele'te rl.ng rneans tha'l:

benzenoicJ aroins.ti-c:l"ty eannell, be assrrnod, The appear&.yree potentiaS- of

the nitro*subs'L,itut,ecl ehelate is perhåps ä little Ln¡rer" than expoeted,

PossS-b}y thi-s is beear¡se "l,her nity"o*group rnay be foeeed out of the p3-ane

of tlie ehelate ning by the n"djaeent raethyï gïorlps (85), Thls probab-l"y

reduees {.he effeetiveness of t}ris eleetron r,rS"Lhdralçing group vi-a the

vesonanee effeet' Ovlthe other hand" the el-ect,rie montent falr the

c*Ncz grottp (A= 3"99D ivr cv(N0raeac)3) s.* neanï'y idorrt,ieal to the

.roo.l-r¡-e C__- --_*NOô k * 4",CID) (86), It see¡ts, therefone, that the exper**gP(}ili L

mentaL. resunt,s are noì: 'åtreonsÍstent with tÌre ioni-uation of a y¡*

eLee'Lron l"ocalized mainl-y orr a ),igand,

An alternat-'¡-we to the above suggestion j-s t,o considbr the

ioni-zatj-on by removal of an eleetl"on fyorn an orbital- Loeal-lized ma'Ì-n1y

o¡r the chromium atom" It is difficult to esùi¡iate the magnitud.e of the

induetive and nesonanee effeets of substÍtuenLs sn the eheLate rlng on

the e.l"ect,non donsi-"ty at the ehrornium a1,om" It seerns reasonable to asuume

howover that i-t woul-d be a firne'L,åovl 'Bf tÌT e appropvi¿Tts Hanmett ü corl*
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stants fr¡y the verj-Õu-s suT:st,Ítuey¡ts" Foy" -L,he substituents pana to {:he

ehyomiu:n atom aeptesænÈative rralues (87) talcen aF6 CHj = -0,170e

CL = A"227u Br = t,232n T =. û"276 and NOU = t,778. F@r the substftuens,

meta to the ehromitnn atûrTr Ëì.n appl"ópr"i-ate vaLue (87) woul"d Ì:e CF, * t"l!3"

Consequentlyn the troylcl j-n the åp¡reå?aÌTee pcltenti-a1s should be

Cr"(CH-aeae)^ ¿- Cr(aeae)., 4 Cn(Cl-aeae). d Cr(Braeae).< Cr(Iaeae)- 4))))))
Cr(tfaeac). < Cr(NO^aeae)^ L Cr(hfaeae)^ ¡vhieh differs fyom the ob*)¿)J
served ortler, ft seerns that, the ionized. eleetr"on is ilot, removed fro¡n ail

onbital loeslized mai-n1"y on t.Ïre chromi-um atomu al-thongh in vien of t,he

a-ssunptions i:rvolvedu the evidenee must be taken as $uggestive s"a1-her

t]:an eonelusive"

0n the basis of substituent effeets De AyynmTxd and Forster (39)

have rrade assignments fun the UV and v5"si"ï¡tr"er spectra of thsse clrelates,

The spectratr shiftsu re-,J-at1-we to the eteeÈyl"aeot,onaten qnoted by thein for

the B and C bandso and the d*d bands r,re:re assigned t,o n*n* tyansj-tioils"

There ä"Ëpears to be no sfurple colr"el"ati.on of the speetral shifts r'rith

the ttoe.sured appear"&Jlet poten{,ia3"s. T}ri-s 1s not suypr*lsing stnee j-t has

been poÍ-ntocl out (5.1) tl"rut it hs a inueh mor:e dåffi"eul"t, bask to âssess

the eo¡l't,ribution of the ÍndueLive ¿nd resonance effeet,s to an exetted

state of a moleeul-e than t,othe groul:d state, aI{,}rough induetive eifeet,s

are relatively snalf.er in the lor"rer than in the more hl.ghly exeit,ed sta.tes,

ïn addi.'t,ionu there ls nc generel agreement, as to the assl-gnment of the

c¡bseyved 'i:and s.

ÏCI7



In sunnnatry 'ure see that in this sertes there Ì-s a getter"al

inceease i-n the åppas,r*alÌûe potentÌ-al.,s clr addition of etreetror¡ with*

drawi"ng sr.lbst,ituonts to the ring, The additi-on of el-eetron wÍthdratnrrng

grÕups shoulct ¡'¡ealreyl the Cy-O bond and i:aerease the eleetrorregat,iv'ity

of l,he ehpomi.urn atom" Barnumrs eå1eu.l-åt,i.ons (16) l"n¿l-cate 'bhat as the

eS.eetronegativS"ty of the eer¡tz"aJ- at<¡m 'inereasese tÌ:e hÌ-ghest energy

d. É er.bital-s Ínerease Í:r energy rorhereas the n, orbi-tsàl-s deenease 5.n

sflrr-gflo TÌrj-s tyend. then prclvådes furt,hey er¡i-d.onee for" the postu}ate

that, the cleetvon is remeved f:"om a rr orbital.,

Eo

1, The 1,iass Lìpeetra

fn this series (see Tabl.e 22) i-t, i-s evådent, that, the frag*

melrta.t:ïon prÕeesses depend quít,e largeL3r c¡n the substJ-tuents on tlr.s

ehc¡1ate ring (seo TabLe 23)" FS"gure l-B iLlustvatee sehematice}S-y tÏ-re

feagment ions obsoynrod for theser i3*di.ketotaates vrith suggested modes of

deeomposttion, Eaeh mode r:f freignenbati.ovl ís supportecl ïry the preseruee

o-f ¿ metastahle peak 3:r at, J-east ono eompeau.nd,, TÞ¡e ine't,ast,able pea.ks

observecl are roeorded i¡l Taï¡Le 24" Sterie effee'Lso C*u, bond. strongths

anrl eleetron r,rithdrarvSng 'BshTep elf the subst,lt uents ee.n be s;ee¡l te¡ be

the detey"mining faetors for peak íntensi.ti.es.

As has been proposed for the ctliero seriesu the f:!-rst step ån

the el-ectron lnpaet is '¿he yemolraL of an eLeetyon fyçrn the ç syston ter

gi.ve an odd eleetron i.ono cu.rllr+,

t-08
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TABLE 22

1.

2o

3.

4.

5"

6"

7"
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Ph

'Çr.
Ph
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w.

H

H

H

H

H

Ph

H

"3
H

H

a mixed llgand eornplex

Ph

9.

10"

11.

L2. and

cHj

,n3

NH"'^3

nrì"'3

""3
Cu(acac, hfacae)

Y

H

01

",'3

tF3

tF3

tt3

Ph

r.E"r3

""3

tn3

tt3

,r3

tt3



Rel-atj-ve intensities j-n the mess s¡ieetra of scne Cu ß-diketcnates at, an eîeetve¡n €nËrgy of JC

¿nd an ionizatj-on ehambe:' terapel'ature of 1,50ÕC.
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Caleulated Positions

d'l dt

of I'fetastable
Speetra

/t7HCF3

159.7

t59'6

3?6"4
47i"6

PhHCH3 
'ü/HCH3 

PhHCF3 phHPh cH3PhcH3 @.ucr' cH3HcH3 cH3cH3cH3, .trttt'

TABLE 24

Peaks and Related Transitions seen in the Mass
of the Copper -F-diketonatesu

l)8,3 l:82"5

o 4v4,
cH3HcF3

(cur,r)+ 
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(cú)+ t1o.j
(cut r) 

+ 
-l 
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For all- but t,he dLbonzoyl methane eomplox (ceimpound 51n TaÌ¡l-e 22) the

X-ossu frorn the mo}seul-ar ion, of odd*electy'on neu'ilral- tlnagrnentsn sraeh

ås û.1o ör" L'o I-s observed to öeeur" This resul-ts fn the formatj-on of an

even*elsctron fragment i.on, In the erpp€T' cornpl-exesn as furthor frag*

mentation oeeurs by loss of odd*el-eetyon neut,ral radieals ayr eleetron

ean be readi-l-y transferr"ed f::orn a ligand e¡rbital- to a mot,al- orbital-" Thi-s

ppesêrvÐs 'Lhe even-eL-ect¡:ou ehay,ae{:er ef the nesuX-t,-ì-ng fragrnent ion"

Thus most of the eoppep eomplexes very readi.I-3r .Ì"ose two sueeessive od.d*

eLeetron fragments as l-s es.oecíe.11y seeì1 for the ftruori"nated eomp}oxes"

As seen fron Table 2l the pr$sonee of aromatie groups in an

t¡*posl-t:ion o¡: tho ehol-a't,e r1-ng tenrls to stabili-ze thca rnoLeeular lonn

i-,e. î-he inoleeular ion represents a highern pereentage of the totel lorr

eurrentu The posslble meehanisrn for" the stabil-ization i.s the, n*denati.ovl

of eleet,yons fnc¡m the aroma.tie group to the 6*system (ir-n eontrast to ø*

donation of CHo gvonps ancl o*vnthdrai+1 of CF* gr<¡ups) ' This enhanees the)" - )
treylsfer arf an eleetre¡n from the l-igand to the rnetal thereìry ereating an

ever:-el-eet,y<¡n ion. llvev¡.*otree'Lron ions aye reLatÍ-vely moye stable es

eonlpared to odd-eleetr"aln ions sinee fragmentation to l-ose &rl oveTr-Èlectron

speel-es rrill- be preferred over. l-oss of an odd-eLeetron fragmontu even thoilgh

{,his roquires ¡nultip}e boi'ld eleavage and a substantia} expenditure of

s?lepgy" Support for this vier,r is given by the i,-nereased impertanee of

-fnagnontatLon steps invol-ving the loss erf e\ren*el-sci:ron spoai-os (t +t{),

(;,*H¡ u HtO from the moLoeul-a:r ion"



The presenee of a phenyS- group i-n the y-pos3-tion on the eÌreÏate

rir"rgo as -1lr eompound 7 1n TaÌ:Ïø 22u 'oreul-d not, ìre expeeted rlo stabj-"!-iøe

the inol-eeulas, i-o¡t to 'the same exteni; as a phenSrl- group in an o-posltion

si-neo the inein effeet expeeted woul-d be thst ef i-ndu.etive intenaction"

For effeetive n*d.onatj.e¡n to the ehelats, ri.ng the phenytr group attempts

to beeome eo-planar wi.th tlie eheLate ri::,g, l'{ode}s of thi,s eompound (80)

shcyw that, there is dofín'i-tely stenj-e hindpemee:r botr¡reen a pheny1- grou-p

i-p tïre y*posÌ-tion and a methytr- gr"oup Í.n the u-posÍtion" Comparing the

inerea.se in retrative intensity of the rnoleeuTar i-on on repl*aeíng a mothyl

g1.o1tp r.¡ith a phenyl gronp Ife see a.n inerease fror,r 4?"? to 100 on göfrig
00

from Cu(aeae), to Cu(Ø CCHöCHr! (o grrup noplaeement) r,.ihi-l-e in the_.¡*
00

posltion a snnaller ly¡ereaso of 26'ir ts 62.1uon gof-ng Jivom C¡l(CH"l{'-['"' r

0 Ç 
.€f 1YIOFeäSS OI éooJ LC) ()¿ol-?{rrt 6----o J"X;""3'2

to cu(cuoBçêcur¡ris obsez'vecl' "3
t ø 

r/-

Replaeernent of be¡th a*nethyr-s with phenyl gnoups does not

fu-rther stabillze the moleeular lon but, i.nstead destabi-l-iaes it en-

hanei-ng groat}y the abil-ity of the e}elate to lose the (t + li) s5reel-esu

In the eeetyl-aeetonates of the tri-valent ntetals of tho first

transitj-on se*1.ies peaks t¡ere cùrserved for in:lgratlot'l of a methy} group

to t,he metal fo* F*rIr(aeae)r"nd t"fr*rrÏ(aeae), (see see.\tIrI (A)). /t

slmiLar. migr:atlon of a rirethyS. "*"as di.seussod for Cu(tfe.cae)t ln the fl-uslr*

inated aeetytaeetoilat,e sclries (see" VITI (C))' Iir this ease for the

eompounds lnri-th eromstS-c groups fn the ct*pos5-t5-on the arornatie group is

seen to mignate to the ntetal-"

'l1lt
¿a-r



1\l

,/
o-c/.'' -'\

L M,.ir !..,)rCH'al-l\
-'n F(-/ '3

No metastables arê present in tire spectra. to confi:rn'Llie proeesses'inr¡olved

or relatecl to the rnigrationo Irr the Cu(tfaeae), ease netastable peaks

shor,¡ecl that the ion (tfacac Cu+CHr) , trngo,*ri"d sneh as to eJ-ir¡rj:ra.'te

a neutr.¿J- ¡netal cor:taj-ning species (CuCH=) r,nth the charge remairri-ng on

tlio lige.rrd noi-e'1,¡r" In the ease of tt r *lropouäds with the aroitatic g::oup

i.:n tlie c, position the LCu+cr i.cn fragrrren'bs sueh as to r.etaln the positive

charge on the metal eon'La.iníng species Cua's, elunÍ-nat,ing a neutral f.igarrd

rnoictyn

Ions produ,ced. by loss of fragments such as (L + H) and (1, - H)

a.riso frorn h¡nlrogen nrigration r<¡actions ej.ther in orre step process op

trvo st;ep pÌ:ocesses" fons of this t¡zpe r+ero first reporLed by l,ÍaeDonal-d

anci Shar¡ron (65) for the dibenzo;'J. methane (Ai:n) cornplexes. They dis-

cussod a mechanism i:rvolving the rnigrati-on of the y hyi{::ogeno frorn one

liga.ncl to tho othorn for tho coppsr eoinplex. (Uatf headed arror,¡s in-

dlente one elect::on slliftso full headod a::r"orqs indl.cate tr,¡o eleetro¡i shift,sJ

__'_*å LM"c +

LL5

c=0
llr\tlvrl

C=C
À'-

"-B
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c{. zoi ,ot , &oC, .Cú .Cl

llr - !_l

HC*J öu .C'cr- ó oJr '*
+

f + cü'ób-*
ðil'b-or-r ^ fI actoL
o(

Fo:: the Co(II) and N1(II) eompler:es they reportod tliat a hSrrìrogon frc¡ni tho

or"tho pos:i.tlcin on the phepS'} gr"¿rrlp rnigrated to the melal'

,ot ,o\ /.ú
o( -C 'Cu 

Cil¡t
H-cr^rd ?-..co'C ¡¡ 

IloC
c(

ú-

H



In ti:e eoþpep serias peairs äre 1rs.esent for i:oth Loss of (L + H) and (1, * H).

Irov the clte]-ates i^rrtli no as'oms.'Lie substi-tuents ylo anaL.cgous msehay¡ism

ean exi-st, fo¡: the .i-at'bee ]:r.Õeesso

TabLe 2J gives the spee'L,ra for "Lhe CorÏn Ni-rÏ and CuÏI b*ur,*oy}*

trifLuoroeeetonate compSexes, The Cu eorrpl-e:r exl¡ibi-t,s t,he three peaks

(p*l)+', (P"-H.)+ and (P*(t*H))+- wtriïe N't-rr ext,ibits (p*L)4' and (p*(t*H))"1"
TT

snd Co*- on1'y the (p*l)'* peak, As r^re steÞ eÕp¡)sr i"s 1;he onl-y one to gåve

the (}fl,*,ll)"-'speeies and rve T:erstul-ate th¿t i:ir*-s speeies is preduecd frern

the parent i,o¡r with a ',¡aLeney ehange i:r the metal' e¿nd .a hydrogen migr"at,ion

fy"eirn the y*posltion on the ïj.gand ( see Table ?6), Everi thor.lgh no rneta*

sta'bLe lon peales å.lte sserr for *¿his proeess s o$e step process appeârs to

be furdieated by the fact, that 'bh.e more ea.si.J-y ån cy, gl.Õü-p is J-ost (i.rcalr

C*a bond) fv:onr the mol-eeul-åï" ion ths mnal-1æp is the iCu¿*ll)+ speeíes anrJ

no othel. obvieus esryel-ation"

S"oudy of the eonplexes for:r'whi-eh the (CxúH)*"i-*^ 1s preseiat,,

using tr-iga:tcls deuter-a.ted 1yl the y postti-on (see Tabtre 26) sho.r,rtscl t,hat

tltS-s peak is due to two eornpetlng rrechan:-sms" One rneehantsn i"nvol-vess a,

hSd.rogen fyom the y*posi'Lioni ',"ihí}e the c¡ther ppoûBss involves e hSdrogevl

fron one a¡f the ü six'bstituen'Ls en ther -J-5"gand ]..ea:y!sg" 0r.¡ rerdueing the'

t,orrizång vol.tage to a ve.lue just above the 'ths.eshoLd vaLue no ehengû rJ'a.s

obs*rvecl i.n the intensi-ty'pattel,ui of these thyee peakr' ((Cuf,)4", (Cu::U)+,

(C L-"H)') indieating that they rnust emrne fyrrn a eÕúñ'ûon parent ion or i-Tr*

temiediaLe" Nel metastable r¡eerks år"e pl"esËnJL to i:rdieate the natupe of the

pr.Õc{Jss talting prJ-aco" The proeesseÍs possi'blo aye:

1't ?



Relative

co(It),

TABLE 25

lntenslties of tho irnportant ions in the mass

Ni(ff) and Cu(II) benzoyltrifluoroacetonates

Co Ni

l_00 100

80"5 62"L

P

P-a-
I

P-2\
P-t
P-(L+l-)
P-(r-1)
ü{-of

TABLE 26

Relative lntensj.ties for the peaks due to loss of a ligarid plus or minus

a hydrogen or deuterir¡n for a nu¡nber of eopper eompl-exeso

' p-(L-D) p-(L*H) p - L p-(i,+H) p-(L+o)

17.0 I4"5

118
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100
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Ï) Tþre Loss of I{L dtr.ee'ttr-y fyorn the moLecuLap ion aeec'mpe.nylng a

val-eney ehange i¡r the meta-n."

2) TÌre ïoss of the rerna.-*r"ndor of e 3-igand nro5"ety pI"u.s a hydrogen after"

å.n ü, gr:Õup has been I-ostn or

Ð Le¡ss of ll fro¡r çP * L)".

.{rr interesting sl:ecåes seen i-s tire l"oss of a hydrogen atont
00

fron Cu(Cn¡ö 1ð cHr)r+" Tire loss of a hSrclrergen atom usuall-y requines
-ø

eonsidera.bl-e'enorgy and is t,ïrus seldon se€rÌ6 fn rihj-s ease however the

peak is reïatl.vely abu::dattt"

cu(hfaeae), arrd cu(tfaeae), rr.!.1-3" vrot be eovered here sånee they

were d.iscussed to sonre exte¡rL fn seetion VIII (C)"

2, The Äppe*]"anee Potential-s

.41Ï of the ehela'úes gä.ve a.bu::ldalat inoLeer¡Lav, i-ons and eonse-

o,uentJ-3r it lias possi'b3-e tn measu::e the appear¿4ne€ potentÍ-d"s of the eorn*

p3-ete sepies of eøupour:ds. fons due to tho 3-oss of ono l-igand, hor,reverru

were suffieientLy abundailt fe:" onI-3r fout" of the eotnpo'unds, Tab1e .??;

gives the appearanee potential-s fon the ntoleeul-ar i-ons for thra sevi"es a.s

'u¡e-l-l as those for the iein l+hieh lost, a ligand radical- where posstbl-e.

Fr-on thj-s seyíes it is vez"y evident, that tfie substi-'Luent groups

ol.eetyon wi-thdaar,ri:rg po1¡r€y o:: el-eetron donat,ing po'bler is the det,errn"rning

faetsy iru the value of the appeayer??ee potent5..al-s" i¡,Iåth the lfgands ehose$

for this series both j-nd.uet,ive and Fesonål:e¡e effeet,s wtlS infLuenee the

'lovlízatlon potential 
"



T.A.BLE 27

Á,ppearanee potenti-als of ions from tho eopper p-diketonatss as

well as formation co¡rstants and polarographic half-r,¡ave potentials

for these ehelates"

Iô

Ion

Cu(acacCH^) ^cu(L) ).é

Cu(acac) 2
cu(L)

00
g"(9.ö cH ö cl3)z
cu(L) )

00
cu(_cu.ö .6ö cu.),
cu(L d-H)'" )

ôn
a r â\,4" f ^,, ìi ^- ,\,u\ ryÀ7- u \,r1 \, vI il 200
cu(pnð çu ö nn)o
cu(1,-H) L

00
g'ç_ {ry-ö cr{ ö crt3)z
cu(L)

2n

3.

4,

5,

6n

7"

Volts loe KtK,
tñ}Lel-o

( T?,TB)

7 "97
10.8

8.31 22"60
13,1

8"37 23"02

eo
B. 8i[rji7"ö 

ci] ë cF3)2

L20

s' 3ï[fr

10" Cu( tfaeae),
cu(L) L

11. Cu( hfacae)2

12. eu(acac hfaeae)

00
ö cir ö cnr)

8.05 -0,497
10.7

^ ^^ r 
^ 

t.öo)y JÕo,*

B "28 25"00 -0,376
10,3

B.Bg !7.2 -0.146

8,90 lg "o -0 "I55

1; Ì.¡avo

" pot. (Bo )

-o"559 v-

-0"487

-0"384

9.06

g 
"05

13"1

g 
"86

9 "O3

1A Â.

17 "2

B

-0 "173

4{.04



Consideri¡g the aeetylaeetone 3-trgand as a standard fon eomparÍ.*

serno from the data in Tabn'e ?frtll:e effec'b upon the eppeâpaaee pmtenbis.J-

of tlee ehela'te eaused by substi.t-,ut,i-e¡n of r¡ari¡rus groups on the }-i.gand can

be e'ualuated, Subst,itution of a CF, gt'oup (stt"ongn"y eLsetrovl withd.rar+fulg)

fol: a rnet,hyS- is seen to rs.ise the A"P' hy 0"f4 r,'ol-ts and another 0.81-

vol-ts on the seeond. substirlutiovrn I\ very simil-ar inerease (0"?O 'vol-ts)

i.s seen on going fyom the .tren'*oy{a.eetonste to the banzoy'3-t,r"'lfluoroaeetonate,

Strbstttutíon arf aroma.tie gpoups fe¡¡r a methyS- gr@ufr'(*.*" phenyl-o

naphthyl-u fu:'yJ-u thenyl-) i.n lhe cx, î)ositionron1y the phenyS. group neises/
the appea?ånee potential- 'o'hil-e the ::emaining groups Xowen the appearane€

pôtenti.al . Ho',.ieverurhevrtil* phenyl gvôup j-s subst,itut,ed for a hyd.rogerr

in the 1"*poslti-on tÈr+¡ nÞp€å.pancer potential" is tror.ren¡d by 0,26 volts"

Thi.s i"s not as rnueh l-e¡r.¡ol"ivrg *rs fo:¿" a CH, Aeor.ip but is sti-Ll- quite su'b*

sta.nti.aL" This suggest,s t,hato tf the induetive effeet i.s the princi.pal

d"eteerni:'llng fae'{:or, i:he phenyl gpotlp i.n the "¡*posi.-t5-Õil is do¡ratfu:rg e3"ee*

'brons tel a greater ertent than hyd::ngen bu.*¿ l-ess tltav:r s. methyl group :i"n

the sa¡re positlon"

A su:pnising fea"tuya i-s that on substitutio¡r of both u. merchyl-s

by phehyl" gyÐups the apl:ear"&Tìee potential is neglig Ì:3-y diffet"ent ft'oin

the wrsubsi:ituted aeetylaeetone eheLate"

Sinee it, is very diffieu.lt to soyt nut the¡ rel-ati.ve magnitu.rles

of resonanee aRd lnduet:ive effeets it, i.s ver;r diffj-cul.t to eompare tire

compounds eontaining substituents capable of resonanee effeets to, eom*

t2l"



pÐwtds r.rithout sueh gre,ups, Hor.,"'ever ctual-1t¿tive and oven sen¡:ï ,quentåtårt*;ve

results rnay Ì:e gleaned fE"oin their eornpar:ì-son and eoyrela.tion f,o stur-lies

of these eonrpo'unds by o-ther snothods,

T"qble 2/ givos e.r l-i.st, q'rf ha"Lf*T'¡ao*e r"eduet,lon ¡:otentia"l"s obtainecl

poS"arographieaS"S-y (80) as r.¡eI} a.s a l-is't, of fortrieti-ern eonstents (??*?8)

for"these ehel-a1,es. FÍ-g';:"es 39 and 2O, sTroroi pT-aa{',s of the epps¿rpenc$ ps.*

terrt,i-als l¡€r"slls È}re hal-f r.,rave pote:r{.ial"s a¡rd forrnatioy¡. eons{:ants res*

peetiveJ-y 't,o sho¡r thuiz" rrcl-¡,r.'Lj-on,

It r,¡as sho¡nr by Van UitsrL et aI, (W r?g) thæt ¡:I{¿ of geoups

of $*<lilcetonstes ls direetly l'elated to ttre fonnati-on eonstayrts (1og ç¡
of the inetaL ehelates, Thts means t?ra't, el-eet,nsln rorttlidrar,r"rng and e-!-ectre¡n

doneti.ng gpoltps have the same effeet on the aej.dity of ther .Li-garrd es thoy

have on the st,abiS-ity of 't,he eompl.e:r" sinee the aaidity of the tr-igand

depends c¡n the eleetron densS-ty on 'Lhe öx)¡gen atorns lìrë s€€ tha't the el-ee*

'i:r:on density at th* o:'ygen atorns :¿:ì.11- effect ne¡t only the stabiLity <¡f

'ì,he eornpLex but the hal-f-',.ræ.ve :"eduetion i:otent,iaLs and th,e e.pprapå.nce

pntent:i.a3.s 
"

x.2?.
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'l 2,<

I){ SU}'1}riÂRY .A.ND COI{CLU,SIONS

The mass speety"a. of a.eetyle.eetonates ancl subst,itu.teel aeety),*

acetonates shor¿ that, odcl e.]-eetyon ions teitd Lo fragment by the el-jrai.na.'bion

of odd.*el"eu-Lron neu,tral radieal-s '¡¡:!-th fo::na'Lion of evun*el"ectron- fu'agment

ioyls. Even*sLeetron ions tend to fragment Less eas-*rL¡- but',:hol't thæy clc:

the;1r 1s6¿ tq¡ l-ose svrn*rl-€e1;ron neutral ftagnentso l{etals tltat ean

ehange vsJ-eney by one uni-t, a.nd eonseclu-ently nevev"se thei,r odd* o:: svêTÌ*-

eleeLron ehg"rar:ter" tend to fragmezlt moc'e 'bhs.n motal-s thb"t, d.o t:ot elte,ng*

voleney" Eleetron 'l+ithrlnar.ri:rg alrr3 eloet,ron donating groups ean effeet:

tho t ransfer of el-E¡et*.o¡ls bet'*ne'sy1 the met,s.l- azrd 3Í-g*.:re1 oy'ù:ir-'i;a"l-s snd. thu.s

ca$ lzs.ve s. l*errge effeet, on the fnaggnentat,i.on ps.'i,tern obserr¡ecl"

Àpperarsnee po'cslr'i,-ial-s of the rnol-eeuls.n -io:v are depondent, tç¡

the groirtest', oxtent on tlee ligand aud su-ì:str.tuent groups on the .}.i-gu.ncl,

The efilect of tlee net,aJ- is alrnost negLlgabl-e indieating 'Lhat the el.ectv'on

renoved. r:n ionization es.n ire regarde,i. as ar¡ el-eetyon being rerne¡ved fv$rn

'L,he ¡'*system rolated to "t?re "J"igand,

fn general- eleetyr¡¡r rot!'Lhsl3'ar+ing gr"oups on '{-he eholate r"ing

tend to r"âis€ the appeayåi.Ìce pertential of 'Llr.e rnc"Ìeeul-e.v" ion '.çìril-e fo:r

el"eet:l"on donati.ng grÕ1ÌBs the r*evev'se hol-ds l;rue"

The appeaïancr i:,rr-bentials of the fragräen'l: :ions are :nors i:rvolv*ed.

sinee Lhey are seert 'Lö be dependen"L an flaetbrs sueh as

1.) the T-igancl substituenL g;roups o and

?-) th.e rlet,al" and its avaiialr.le el-ee't,::e¡ns,
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