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Tk rok of chargeaansfer compkxes in organic rat- 
tions is weu*tablishal and many invest have 
attemptedtocor&tereactionmecbanism!3withthis 
in~.‘-‘4 hpccklly io photochemical reactions, 
it has long been a question whether ground state m- 
gates or excited compkxcs (excipkxes) take part in a 
reaction, i.e. 

D+A+(D-A)< (D+A-Y-product (I) 

w D+A+hv+‘%‘or “A+ 

followed by 

“D”+A+‘3(D+A-)‘qroduct. (2) 

GClk?I8llYitsppeantObC~upoatlMttkgWkd 
state e play an impomnt I& in some (2+4) 
cycbdditio~~ rcacti~m,‘~ whereas excipk~xca have been 
show0 to be intcmKdh8 ia some pbotocbanical 
CY_ readions I- 

Ill the present p&r, we report the fofmation 
coastaIltsalldsometbcrmodynamicpmgertiesoftbe 
chstoatrlnsfer (ClJ cmmpk?xe8 bctweca sevd aroma- 
tiChy~dthedketwes&-ill 
carbontetrachloridebyaNMR~techaique. 
Afomatk ketonea arc imp&ant tripkt se* 
becau8coftbcirhi#htripletpapuktkaaadcollvenient 
triplet cllctoy levels. Our result in tbe prcacnt in- 
vesm in&ates that the arc vay weak inter- 
&ctionabaweeIltbasctwocksscaofcompoulM&. 

IgthTSm- 
Thercsultarcportedherewaeobtakedemp&yingm 

eqnrtion, 

I.[ob, I 
A [Ab+[Db ZC/& [Ab:[Db+p @) 

wbcre[Dband[Abarcaddedcuncentmtionsofdoaor 
aadacc@ormokcuks.Aistbcmcaaured&cmicalshift 
forthesOhltkaiuquestka,fb~htheChcmic8lshift 
for the suppoedly pure complex rcktive to the shift for 
the pure mokcuk in solution, amI &m is the as* 
ciationconstantoftbedoaor+cce@rcompkxinquu- 
tion. This equation is not based 00 the assumption, 
[Db,[Ab m in Haann’s derivation.” Since the amdi- 
tion of [Db N [Ab ia not assumed in the derivation, one 
can use aoy concentration ages. One thea~lots 
[DbMAb+ [Dbl vs l/([Ab+ [Db) to obtain Kc and 
bo~frooltheslopeandthcinterccpt.Resultsarclistal 
iu Tabks l-3. 

Ill order to check on this cqaath, two well e!Habhbed 
systems, i.e. makii anhydride (MA)-benxene and US- 
trinimti (TNBW systems were examined 
and the result was CompBfed with a well cstabhhed 
equation derived by Fosta aml Fyfe,= 

Them~arelistedinT~klandshowninF~.land 
2. III Fig. 1, wbcrc Foatez and Fyfe’s quatioo used, one 
5xls an apparent 8catta in the plot in the upper left- 
hdcofnerwhtln7lowerdolW(bcnzMe)coftcco- 
tntioa rauge is UK&l for tk measlRcmcnts. The plot 
abowninFii~howeva,hamuchbcttacurcktion 
co&klIt(03959)flXtbe~dataaet~the~ 
domlr umcc&8hll range, the foromboa amstanta 
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Ckthodt of calculation 

Systems 
#!wz 

Equation (4) 
rhr 

UHenzem 0.21 * 0.07 111.2 0.17 f 0.06 130.4 

TN8-Benzene 0.34 t OJBb 266.1 0.32 f 0.08b 333.4 

0.28 f o& 268.4 0.28 i O.oSc 287.7 

0.091* 262.7 e 

Acctme-8enzene 0.040 * 0.006 115.4 0.046 f 0.007 96.7 

A@?tona-llaphthalene 0.037 t ct.018 251.8 e 

Acetone-Azulene 0.092 t 0.039 162.5 a 

Acetophenom-fbnzene 0.073 i 0.017 57.4 0.072 t 0.014 57.6 

ketophenom-Nqbhthelem 0.15 f 0.014 63.6 0.14 k 0.06 66.1 

Acetopheeone-hilenc 0.21 f 0.16 45.8 8 

'All K-values listed wre obtained In tc14, urlnp cyclohemm as an 

Internal reference unless othefwfse speclfled. Unit of K In 6 mle-l. 

bnhB] = 0.007604 !$wfth cycloheum as en internal reference. 

'Same experimntal conditions as In b. but Tf43 was used as an Internal 
reference. Foster's condition.23 

dLou donor conwntratlon (0.1000 - O.%WH_uith respect to benzene) ms 
usedulthoutlnbrml reference. 

eTbe data were not treatable by the equation (4). 

Tabk2TempcmmedeperdeaceofurociationconrtnnEsLb 

syt- 
Tqature, OK Acatone+enzene Acetophenom-Benzem 

272.2 0.0924 0.173 

290.7 0.0488 0.0957 

%6.2 0.0399 0.0729 

328.7 0.0299 0.04% 

+hese experiments wre done in CC14wlth cyclobexam as an 

Internal nforence. 

bEquat1on (3) Was used for the detelmfnetfen of KAO* 

SF- &f*, kcalfstole A?. au 
ffiW* ~~' c 

9emrk 

Acetone-8enzem -3.6 iO.7 -18 t 2 1.8 f 0.9 b 

AceWphemm-6enzene -3.9 f 0.2 -18 f 2 1.6 : 0.6 b 

eTbese wre Calculated fmn the relation. W l AIf* - T-63'. 

b.t 25.C 
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inFig.3.Tbcfarmathcmstantaobbinsdfromplota 
&owninFi3weeusedfoft&van’tH0ffplot, 

fram which the w pafamtm arc 
contputaLTbc~arciiatcdinTabks2and3,aud 
dKminFii4. 

TbcresultslistediuTabk1wercobtai&fmmtbc 
Chemicrl~meaS- employing Cy*xanC as 

IUlhtlZBdd-,SiIKZtkCfUyCXi8tMM?cwo- 

CibllbdlWXlI-yl!+dMC~)d~Ofthe 

&Qorsarrcceptors.Ithosbl?ca~tlmtTMs 

givcarisetomiIlm&owitJIddvalta.~The 

appmmthcatsoffamrbioaoftkscamlplcxcaafcin 

theordadl-2LcaUmok.TberesultshowninTaMel. 
lKweva,iIlddcstlmttbctwoconsQds w==- 
ably within exp&mtal am. i.e. 
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Nevathekas, the varktions upon chutge of the intcmal 
refaenamaynotbeinsiit,andwedccidaltouse 
cyckkxa= thrwgbout. 

hothcrimportPntpointtobcl?oticcdfromthercsults 
iuTabk1kthattbcassociatknconstantoftleTNB- 
hz.elx system is haWily dependent on the concentration 
rangcoftbcdonormole&.Tbevalucsarc 

RN: 034 for tk ral@c of the benzene concaltIation 
of 0.90 5 3.6 M 

&5 0.081 for the rapee of rho be- coho 
of 0.10-0.35 M. 

Thedqmdeoccofthc-ocoMtantootkdonor 
concentratknisvery~tiothisprrticuLrcaw. 
ma c4mceotratioo de$endeocy of the associxtioo 
constants may be expkina! by several factors such as 
tbesclf-asno&hofcitbcrorbaZhcompoaeats,orby 
an hcracth of the solvent with donor mokcuks (solu- 
tion lhhlity). our result bl!zc is colmisteot with the 
uKtdclwlWretbeaoluti4JolKm&al@istakulilltoac- 
count.AslmsbceopoiotcdoutbyHannada&,~thue 
lulvebel?amanyqucstionsastotbc8olutknSalityof 
carbon tctlacllkridc with many solutes. solvent effect oo 
CTcullpkxl%havebetlldocumcntcdvezywellinthe 
litaWrc.“ThequesthlwhetbMornotcarbontl?tra- 
chloride is really an inat solvalt Ill very hportant 
becausecarboatctmchl&bthemostfrqucntIyusal 
solvent io tbc studier of mokcular complexes by NMR 
techuiqWS. 

Tomakctbeprobkmmoreexplicit,wewilldiscuxsthe 
m system. From tbc facts 

tctrac~aadtlIattbcplotofltcatofmixiplvaxus 
mok fraction of eitkr w5pollcot i8 symmetrk&l, t +s 
been post&al that t&rc exists a 1:l m 
mkx between tbc two comp~nent&“~ The d 
solidqu%briumstUlksofmixtmerofbcaxcncalKl 
C&OOtCtlXhlorLleShOWtbCCtitCOCCOfttJC~ 

cJwccl4 in tlw mixtun? at vqy low~tcmpum.“~ 

C3oatcsdoL’&matcdahcatof~ofap 
proximately 35 kcal/nWk for tbe C&ccl4 syntem and 
WggCStCdthEU+bOdiOgbetweeOtbCdfiOg9od 

the empty 3-d orbital of chlohc may be ntponsii for 
thill complex. SiMlWopic studks”~ showed that 
that is a chacta%tic C-T 

zzz9 and tbc fdlowiW 

K,” = 0.076 f 0.057. 

Sinw beowne forms a complex with carbon t&a- 
cblohk, tbe solvent is therefore a compchg reagent for 
the acce#or, TNB. Tbc conWionoftbcrusociatioa 
COOSt8llttrQmtbeObKNGdOBCwoSfint~ 

MarilkMandIGllips.“Takaba&ietaL”useda~ 
model of intaWting aad aonh&Xecthg 8olvcot.s alul 
d&al an equation 

ciatioo constant between the solvent aad a donor mda 
cuk,aad[~istbeumcenthuoofthesolveot.Takiug 
~~=o.o76pad[~a1oM,theK~,is~binratnlto 
be 0.34, which is in excdkot 8grccmeot with the ollc 
obtaiWdatllighdooorconceotratioo.@IllecoinchWin 
thiscasecuuldbcaccidcotal,butt&agr#mentisex- 
celkot It is. thefore. ckar that a carboo tetracbkride 
sohltioo is no&Cal. 

Tbisideaabout.solutionr&&ahyandcompkxation 
withdunormokcukslmsrccentlybccnexamincdfor 
other systems.“” The effect of sSuunpkxathl on the 
asso&thcoastantshasbanco&kredbyTannaaml 
Bruicc”andthefollowingquathwasderivedtocurect 
the obsavcd assuciDtio0 cun!Jtant wbco tllae in n- 
mhatioo in donor specks in the solution. 

K = K’(l - &#I”-‘) 

whercK’isauapparcntquiliiumconstantandKisa 
tlueone.In8pc&ooftllhquathMcatcsthatthc 
highcrtber-meriEotionis,thelowcrtbetrucassociation 
constantwillbe.Thiseffec&tlllXefQre,isowositetotbe 
olWwcllaveob8aW?diuoursystem.wecanconchxk 
th%fore, at kast for our system, tlmt t& effect of tk 
solvent pa&ipaM plays t&e dominant rok on-t+ R’s 
coocentration dependency ratbcr than self- of 
one component, and tbat the high the donor conccn- 
tration is, the closer tbe apparcnt’aasocihn constant 
WillbCtOthCdV8hE. 

Tbc result of temperature studies shown in Tables 2 
and 3 iodicatcs that the measured AH’, As” and AV 
valuesarcwellinthcrangcoftbethcmlodynamic 
funcths repurtcd previously for other weakly intcrac- 
& compkxcs.’ 

In conclusion, the m compkx formation constants of 
several pllotachcmicauy interestiug organic systems have 
bee0 obtained under conceotration co&ions different 
from those usually used in tbc investigation of CT 
complexes. The i~~tcractioo slmnvn by the associath 
constant8 appears tu be small eoougb to suggest that 
ground state intHactions may Dot be .si&kant in plK+ 
tucllemical proce!Ms. systcnls cootaining acetopllcaone 
appear to be more assaciatai than the involving! 
acetoae.Thiscoutdbeduetothefactthattbenetdipok 
of acetopbcnonc is greater than that of acetone, or to the 
hrcasul pohhability of the a-system of 
8cctuphlonc. 

Notd.~t grade tfSainibobcnze# 
orpnic- E.O.: TNB), mabk why&i& (E..O.: hf!f!f 
7Aqhcoooc tE.0.). scuop&ww NhhmbiI orgaoic-C.O.). 
azulmc (C.O.). aod lbsphbbw (C.O.) were “d Iyff 
pmpriuc~Iochasrcpcuedclys~ 
olukoI. mdh lliaubos. carboo tctfochbIilb (Filler 
Cstifbd - FL!.). cycbhcxmc (P.C.). ecetooc (EC.). ad ko- 
zeoc(-t~)wercuIedwithauforthw 
ptnibtbo. 

Neawtwow~. Sob of MA, acetone, acctopbmm. bm- 
mobcnoncaodazukacwerctnepmdbyadd&weigbcd 

41.9 1.5!4ius-0.00837s (weight of lmpiltlmkne~ m 
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wbrc 4” is tbc density of oaphthak~-CCLc binary soln at Is”. 
btl8CdOllthCdCC4tayat49 

~rn~~&~~~~~~~~ 

p#opr+propo&&tbeywcnequiliiforaboutlhrat 
momtemp.aodthoNMRswaeta&aattImNMRprohetunp. 
(37-389. Before m qcctra, each sampk was maiotaioed at 
n-UPiaawpterbatbforlbout#mia.NMRspactraw~~ 
at the aarrowest possibk sweep width for the par&u& 
mpfexcd aydrqpl ad the acccptof hy&ogcn to seam? the 
most accMlte ntcasurc~nts. sweep time was always coot&al 
at 1 Hz per sec. CycIohcxa~~ was used as an iataaal referwe 
unkss otbcmiw mentioned. For the systems containiog acetone 
sod acetophenonc. chemical shifts of Me protons of these mok- 
cuks were measured, whereas the chemical shifts of the proton 
on the doable hood (MA) and aromatic protoas FJB) were 
employul for A mcasmements for otbcr systems. 

Thetemp.studywasdoocwithaVarianAssaciatcsVUMO 
variabk temp. controlkr. T+c probe temp. could be maiutaiaed 
withiaaaenotoffl*.tOWPlObCIcmp.mumtaslrndbyu.jee 
the variao AssoMues’ 943346&j MeoH smndard sample and 
hightcmp.wasmcasuralbythcVariaaAsso&&943346.05 
ethylene #ycol standard sampk. Each sampk was cqoih-- 
for at least 1 hr at the same temp. before the chemical shift was 
mcasored ia the NMR probe. After about lS min of stab&&on 
with Variao Associates’ MO40 temp. con&o&r usiog Iiqti NP 
intbecaM:oflowt#apsPadNlpiatbecaw:ofhishtwtps,tbe 
chaotical shifts of the c&ibratal sampks wen mcasorcd. 
Temp. masmementr were ma& before and after each experi- 
ment and the experimental VahX was discarM whcocver the 
temp. variation was more than + 1’ from the designated temp. 

A~~~~-WC grat&ly askllowkd@ the support of 
the Robert A. Welch Fowdatko, Houston, Texas, ia this 
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