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Ike hu bun co* interest on both 8n cxperi- 
mcnhl 8nd theoretic8l froot ia the investi@ion of 
multipkt e!?ccts 8ccomp8nyial care ionization with $e 
predomin8nt emph8sis to d8te being on PvrmrgKac 
tnnsition m&l compkxea.’ With the present b8ck- 
~rouml of 8v8ihbk inform8tka tbe invcstiptioo of 
mult+kte&ctsinthecoreionixationoftnnsi&met8l 
compkxes provida 8 useful tool for the invcstiption of 
spin rt8te. stereochemirtry. oxidrtion st8te 8nd dis- 
triio of Imp&d ekctrona which is bcc43millg of 
iDueuiiimpoH8nce.’ 

By contnrt there hve been rektively few in- 
vesti&om of puunrswlic or&c S~SICIII~; the pub 
lkhed d8t8 being con&d to the diphenyl picryl 
hydr8xyl’ ruGcal and ditefthy bUtyl 8nd . . 
dtmhmadyl air&de systems.’ Mbottgb in prin- 
ciple ESCA studks of multipkt eNects in such systems 
z (a&in $e src of tblc nitroe does)provide 8 

vert(p9ql unp8ued rpm dlstriitmM there 
8rerektivelyfewst8hkorR4nicfreer8dic8kwhichm8y 
convenkotly be rtudks with coaventiolml insuumen- 
t8tioaFrom8v8ikbktbearetk8lc8kuktionsitisck8r 
th8t even for ryatems in which 80 unpaid ckctron is 
essenthuy kalixed on 8t1 8tom (c.R. C, N or 0) the 
multipktsplit&intheIscorekvelrispredictedtobe 
&-“;.~ to the tvpial in- 

- Indeed for the two systems 
which haa bee0 s&al in moss dad the multipkt 
&ttingsine8chwerem8nifestubro&ninRofthe 
corekvelri@ssincethereisconside&kdeloalixa- 
tioo of the uap&aJ ekctroo in both caea.’ 

Iorecentye8rs8ncwcl8uofrt8hkorg8nkfree 
radiala brve beeo produced by synthetic routes 
pioneadbyBalksterrlaL4Theb8sicr8tion8kbehind 
thewor&ttost+llyshkidthesiteofh&pin 
den&y by rppopnrle &brine 8Ubrtautioa. In thh w8y , 
forex8mpkthe~ ylUllillyldSdhS 
bceopfepuavuasabksolidwhicbm8ykkeptiaair 
on a time 8uk of moothr without 8ppreckbk ox&ion. 
E!3Rstudks8tflfxtsight~trhi&degeeofrpin 
local&&n on nittopn comp8nbk with dipbyl picryl 
hydnxyl ud somewh8t kss UUII for d-1 butyl 
&oxide, however the mynitude of the hype&e split- 
tiq as 8 me8sUfe of spin loaliation ia 8mbiRuous since 
distortion from plrnuily about the nitrogen GUI kd to 
s~bshnhl s chmcter for the singly occupkd mokcukr 
orbit8l the net effect being that quite a rmrll spin density 

could kad to an appreciabk byparllne coupliog.’ The 
rchtive cbcmial inatncss of the perchkrodiphenyl- 
8minyl r8dii could therefore possibly 8rir from ex- 
tensive deloalix8tion of spin density over the phenyl 
substitucnts with 8 nhtively smll spin density on 
nitrogen which constitutes the ractive centre. Steric 
hiaMceprovidedbythefourortbochkrincscould 
then expkin the rektive inertness of the system. Tbc 
subsw~tkl hyperfinc spliin~ on nierogrn in this cue 
wouMbecxplic8bkintermsofri@c8nt2xch8ncter 
on nitroRen for the s&ly occupkd MO.‘J This is not 
unraaotmbk oo the basis of mokcukr models which 
indicate considemblc distortion 8bout the CNC centre. 
The 8ltmmtive r8tionrliEption of the rv8ikble d8t8 would 
bethxttheuopxiralekctronises8enti8llykalixedon 
nitropo. tbc chemical inertna 8~8io beii 8tuibut8bk 
totbesterichidmncetorpprorchprovi&dbytbefotu 
ortbo chbrines. Tbc mrgrinrdt of the hyperflnc splitting 
however would suggest th8t if this were the axe Ibe 
sindy occupied mokcukr orbit8l must h8ve 8 krge 
8mouat of n-n 2 p ch8mcter so th8t the split& 
8fises from indirect pokfiatioo. 

To invest&e these rltem8tive pos&litka we report 
here 8 study of the core level spear8 of the pcr- 
chbrodiphenyl8ntinyl ndii which Roes some wry to 
prrsent& 8 consistrot ovarll picture of the ekctronic 
stmhtres of tbc system. 

Tba aompk of pc~oykminyi ndicd YU kiodiy 
aupplkd by Professor Ratkar of I& wnt of Cbea~istry. 
RwcdosaUnivwsii.‘lbcun~pk(-~a@wusubtiawdonto 
@Id foil. The ESCA lpccfra were recoded on an AEI Es 

The core kvcl spectra (N,.. C,., CL. Cl,) for the 
percldorodiinykmioyl radial 8re shown in F@ I 8nd 
the derived drt8 ue t8bukted in T8bk I. Considering 
llrstly the Ct. spectrum this consists of 8 si* pe8k 
centred rt - t86.7 eV somewhrl lower in binding emrly 
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thul tk cllkrilK substi1utal c8rbms in pent8chloro- 
b8nune 087.seV)~ This is ml entirdy uncxpcctal 
on tbc basis of tbc ckctrooic cllcct 8ssoci8ted with 
fepkdng hydro6cn by 8 nima functhml goup. The 
c8rboasdirectly8tthaltonitmgco8feru6ckntly 
pearbed by the cblofine ruhtitueots in tJle rin# system 
tokcoasidcnblyshiftcdtol@erb~eocrgy(~H 
ia p8ntadhobcnzc1~ 2M.2eW such th8t fortuhwsly 
th&bifdislCtHgkS8fCCWatkllythCrrWUtb8t 
rpproonrte to the C-Cl stnlctuf8l fcalifes.‘ The net 
effl?cttkn?foreh~theovcf8ulineshapc8ndlilK 
width for the direct pIwwah& peak for the C,. 
kvds is cuenthlly tb8t m to 8 sin& 
compoacot (Fwfw I.2 CV). Rcfofc dilcuhg tbe wtd- 
lit+o+wkincticcncrgysideofthliitpbL+ 

toluama pc8k8 (8ttrii to T-T. rh8kc up 
LlitUhWl8YbMyC0MidWtfiC-bitldiD6 
enwgks 8nd fwIiM for the OtbeT care kvdr. The 
nitropn cure kvel rpcctnun shows 8 soawwlmt uym- 
metric line shpe su6&u6 tlmt it 8&s from tbc 
lqwpodh of two caalpowots. Almlysis of the line 
slmpeiatenllsoftwocolnpoocntsofintcnrityr8tk I:3 
mry ah&fey be rccomplii 8nd the derived 
energy scp8wion of 0.6cV is comp8nbk with tlmt 
masurcd for tbc N,. kvds of the aitroxidcs but 
aubst8ntklly samlkr the for NO (1.4cV) or Nf’a 
(l.OcV) for which there is 8 & &rec of tpin bed- 
hthlOOnitropn.TbCESCAd8tJSbOWbOWWettbBt 

tbcfcmustbersigdk8nttmp8kdrpiu&*oo 

nitnqen8adtheRSRd8htbereforcimply8verysnmll 
&6rccofnitro6cn2sdw8cter.Tb8biodi~energyof 
the N,. kvds is doady dmikr to t&t for pcrdhroin- 
daknin wltkb forma 8 suit8bk mmkl for comp8rison 

lb Shoutd be noted lbu the liilh ObSuvcd fw ItIc per- 
chbfu diphcnyl uninyi is quite hfp (Ipllu) which m8y be 
aariicd to udved hypertk splitting invdvi~ the chbks. 

pwposcs.‘TbcC~8ndCl~axekvdsb8~bindiql 
awfgkswhich8@nmc4maistentwitb~ 
p&nylrcsiducrliibyaiuogcn.kiplsoateuM 
lower th8n for pentrblocoknzene. 

lIer*ncefromtbcdiitpbotoioniEllionoftbcalrc 
kvds tbcrefor8 would reem to support UI interprchtior~ 
oftbcESRqlccu8intermsofcomidcnbk~ 
oftbeunp8iwJekcuoo8lt&u&thishesnotlKas- 
WilYpfl!dWkthCpoS8ib@oftbUClIC~8WIyrmrll 
contributionfromthenitm6en2safbft8l. 

Itis8lsoofintercsttoaotetb8tforthedimcthyl8minyl 
ndicrltbcbypef6necouplhgconst8ntis8omelvtA8t 
kqw (14.8pus+vt1icb in dso hdhtivc of more 
cxtcmive dtloahtal ill tll8 perchho dipbayl8minyl 
systl!m.t 

I’artheN,,bokwtcthemultipktsplitt&h6ivcnu 
AK-fxK wberc f ir the fraction of ut&ai apin 
daityon~n8ndKiatbconcceaterexcbrpp 
iatepJ between 8 care 8ad v8knce dectron on 
niiro#m”lnthetpbitofthcaroritionf~’itin 
CkWtbUtIElU+CdSpin&arityrppoOriuctOthh 
rdathl*istlmtfartbcb8lfkaiz4!dspcdl!s8adu 
sucbthelpin&nsitytaomerhtmadinalwithmpect 
tothe~8t8te.Tburfor88impksystcm8uchuNO 
tlE&Xk&Cd(INDO)uUp8bCdSpiUdClMitkS8ttbC 
nitro#a 8od oxyqo fort! ST 8re IS% lad 
=lupr=p-M rppoputctotheh8lf 
kaized ty8tclm (alalputal from tbc a&+8kot cafe8 
speckr)? ullfortunudy tlE pcfchlomdipllcnyl8aliuyl 
f8dicdisinconvcakotly~forc8kuktion88tthe 
~N~kvdtokrU8i#htfow8rdly8v8ikbk.h8prc?- 
taqpcsystemtoinvesti@eth8likdynhtka&fpbc- 



bond 8n#k &out nitrogen of 103.c 8nd rturdud bond 
kn#hs’thcunpdrcdspindcmityon&ogcnforthe 
neutral system is roaKwhu &pcn&nt 011 tbe rehtive 
dormition of the two pkoyl #ollps. Thus with the 
pkneoftherings8t8n8@of4’withmpccttothe 
pknethroughthenitmsen8nd8ttWhaltwocahon 
8tomrtheunp&drpin&ntityonnitroscoissomcS% 
bwa for the equivrknt axe specka. With one of the 
phenyl~psinphacladtheotharoWalby!Wthc 
&ngcbunpriredspindemityin*fromthegound 
st& to the hdf bnizal specks is even ku -2%. It 
shouldkckufromthisthuthespin&mitkr8p- 
prop&c to the intaprct8tion of multipkt ckt in 
ESCA d io byper6ae spb in ESR UT subtly 
d&rent. For the former the rpin dirtriin is th8t 
4propdeforrh8lfioaizedsyrtcmuisckarfrumtbe 
tnositioafordisal.wpilrtforthekttertbcspindk- 
tribution is th8t rpproonrtc to the ncutr8l system. Model 
akuktiom would seem to provide strong evideece th8t 
the rpin &m&s 8rc not s@ilIantty Maent for the 
two situmtbm. howeva the tendency will uod&tedly 
bcinrmrth8ttherpp8rentxpindcnsityonnitropn 
in the diphenyl 8minyl system wiU be slightly rm8lkr 8s 
djud&by6upcrGningtothehxlfionixedst8te. 
Since the exchrlp ioteqil K does nat depend rtrundy 
00 tbc extent of I and p mixing, multipkt rplittiag 
should tkcfon rdkct f8irly directly the unp&d spin 
dcmity 8t nimn. This contnsts rtro@y with the 
sinmtion far tbc ESR spectra whae the hypalinc coup- 
~br~mitivefuactionoftbesconrributiontotk 
singly accupied nlolccukr orbit8l. lo this respect there- 
fore the unp8ircd spin density on nitrote c8n more 
radily be inves@tcd by E!XA md the multipkt split- 
tipr for tbc N,. core levels would seem to in&ate quite 
cleuly th8t the unp8ired spin dcnxity on nitrogen in the 
peranl dipbeoyl8minyl radical is quite subst8ntkl. 

Tk core kvcl spear8 dirpkyed in Fii I rbow cvi- 
&cc of 8atclh to tbc low kinetic mclsy side of the 
direct photobniaion peaks. Such adlites brve beeo 
well documcotai for uos8tuntal systcmr rad ori@tc 
in ff+(r* sh&e up tr8nsitbo uxunpulying core bn- 
k&o.” For the C,. kvclr rhte up transitions centred 
-45, 5.6 8nd IO.4eV from the direct phatoio&tbn 
pak UC obxcrvul with rektive ioteosity 3.6 8nd 2% 
withrerpecttothcdircctphotoiini&onpeak.Forthe 
Cl, 8nd N,. kvds s&liter ae dso obsaval rt enagy 
rcpurtions of -5.7 tV lad - J.4eV mptctivdy. the 
n&&s for the Cl- kvds exhihii the chnctaistk 
spin orhit couplings (I.5 eV) of the direct phatoionization 
pak. Tk rbrLe up intensities for the N,. and C,. kvdr 
ur sign&a@ higher Umn for the Clz, kvclr indiivc 
of the frt th8t the tr8mitiom invdn occupkd 8nd 
virtu8l orbit8k with smxll coouibutkas from Cl% 
vrkoceorbit8k.Althoughstrictlyspeal&thacisno 
~piscpa8Wiiitisnonetbdessamveakntto 
discusstbcsl&uptnmitbmintaalsoftbcloul 
symmetry of the pi system of the component btildisl 
Mocks for the pcrchbro diphcnyl 8mioyl system. In 
prevbuslmpaswehvestudkdinsomedctithebw 
enagysh&eupWdlitesofsuhstitutalaomuicripl 
syrtanr~shownthuthebwenagysstdlitcsinthe’ 
rqiml<8eVfromthediitp&tobnWonpe8ksori- 
gilmtc in tnmitbm involvin# the two hi&St ouxlpkd 
ti lowest unoccu* mokcukr orhit& of t& pi 
aystuns.‘O Tk situ&on with rcgad to systems with 
unpaired v&nce electrons is consida8bly more compkx 

. . . 
tnntmomiovdvinghoththesingly~douMy 

EE&dMiitds8rcofs&Mncimpormncc.nleWiking 
featurcckarfycvi&ntincompuingthesh8kcupstruc- 
turc for tbc G. kvelr of tbc pcrchbro diiyl aminyl 
system witb tht for simpk rubthtd pbcayl &fiV8- 
tivcshowevaistbesi@antlyhighaintcnsityofthe 
bwenagyshakcupsuucturc~thegmtlyreducal 
tnmitbnena#ks.lIlesh&cupinteosityfofhoththe 
N,. md Cr, kvdr is con&My Iowa and the 
cemroidofthcpakacorrespondincncrgytotbebiir 
eocrgy of the two bw enem sat&a for the C,. kvds. 
By e with the rubstitutal aonutic systems which 
hBl hceo studiaP” the bw cnagy rutllitcs dmoat 
catdIlly orgnue in tnmitbm invol* the two 
Wrt occupied ud bw unoccupied MO.‘%. In the 
pxrticukr axe of the C,, le.vels where the rcl$on to 
thebwkincticenxrgyrideofthedircctphotoionix8tion 
pak h8s been studied in somewhrt more dct8il m d- 
ditiomi higher energy (IO.4cV) tnnrition is 8ko 8p- 
parent. It is intcrutiag to note th8t the lowest energy 
compooent of tbc shake up tnuuithr for the Ct. kvclr 
-nds quite cbscly in energy to tbc most intense 
of the UV-vi&k mnsitbar for the r&d (A, 
2!& mk 4.2 cV). 

ArkorbesllmfJ-TbMkl8m due IO SAC. for proviIbn of 
eplpmclll* lo Rd. M. Bdksler.Bmcbm Unit for 
~utppl~(bcvmpkdtbepcrchbrodiMayltiyl 
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