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Chemilurninescent Oxygenation of 9,lO-Dicyanoanthracene Radical Anion 
By EDWARD G. JANZEN,* BRUCE C. RUDY, IRENE G. LOPP, and J. W. HAPP 

(Department of Chemistry, University of Georgia, Athens, Georgia, 30601) 

Summary The oxidation of 9,lO-dicyanoanthracene radical 
anion with peroxides or oxygen is chemiluminescent : the 
former appears to be a simple electron-transfer oxidation 
to produce excited 9,lO-dicyanoanthracene whereas the 
latter involves oxygenation to produce the excited 
10-cyano-9-anthrolate anion. 

CHEM ILvM INESCE'PU'T reactions of electron-transfer oxida- 
tions of anion radicals of fluorescent aromatic compounds 
have been studied extensive1y.l We have found that the 
oxidation of 9,10-dicyanoanthracene2 anion radical (DCAT) 
with benzoyl or hydrogen peroxide in deaerated dimethyl- 
formaniide (DMF) is chemiluminescent. Strong but short- 
lived emission occurs a t  445 and 460nm. No emission is 
detectable a t  380 and 535 nm.t The fluorescence spectrum 
of DCA has maxima at 445 and 470 nm (Figure). It thus 
appears that this reaction is another example of a chemi- 
luminescent electron-transfer oxidation of the radical anion 
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of a fluorescent aromatic compound analogous to 9,lO- 
diphenylanthracene. 

A more novel reaction occurs when DCA- reacts with air 

or oxygen in DMF. The emission is relatively long lived 
and the chemiluminescence spectrum has maximaEat'.,'535 
and 565nm and does not match the DCA fluorescence 
spectrum (Figure). The products from a gross electrolysis 
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FIGURE. (A) Fluorescence spectrum of 9 ,  10-dicyanomzthracewe 
in D M F ;  (B) fluorescence spectrum of 10-cyano-9-anthrolate anion 
in D M F ;  (C)  chemiluminescence spectrum of oxygenated 9,  10-di- 
cyanoanthracene radical anion in D M F  (as described in the text) ; 
(D) scatter peak f r o m  excitation. A l l  experiments recorded on 
ezther a Perkin Elmer M P F - 2 A  or Aminco Bowman spectro- 
photofluorometer. 

a t  -1.0 volt us. S C E ~  of a 0.035 M-solution of DCA in D M F  
containing tetraethylammonium perchlorate through which 
oxygen was bubbled continuously until chemiluminescence 

In 
addition to anthraquinone, unreacted DCA and other 

. ceased (18 hr.), were separated on an alumina column. 

t Separate experiments were performed wherein DCAT was electrolytically produced in deaerated DAW containing tetraethyl- 

'+ Et = - 0.80 and - 1-58 volts us. SCE for 1 mM-DCA in D M F  containing 0 . 1 ~  tetraethylammonium perchlorate. 
ammonium perchlorate to  which either solid benzoyl peroxide or 1 drop (per 2 ml solution) 30% H202 was added. 
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unidentified products, a compound identical with 1 O-cyano- 
9-anthrol2 was isolated The fluorescence spectrum of this 
compound in DMF (but not in dilute acetic acid in DMF) 
matches the chemiluminescence spectrum obtained from 
the reaction of DCAT with oxygen (Figure) The struc- 
ture of the emittor in the oxygenation of DCAT is thus 
assigned to 10-cyano-9-anthrolate anion (CNA-) 
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The possibihty of exciting CNA- by a non-chemical route 
z e energy transfer from DCA* (if produced by oxidation 
of DCA: by oxygen or superoxide ion) was checked by 
recording the fluorescence spectrum of a DMF solution of 
DCA and CNA- irradiated at  the absorption maximumof 
DCA (400 nm) A relatively weak fluorescence for CNA- 
was observed in addition to a strong fluoroescence of DCA 
Increase in concentration of CNA- decreased the fluores- 
cence of DCA Similar results were obtained from a 
sample of an electrolysed solution Although these 
experiments show that energy transfer is possible it seems 
unlikely that this is the CNA- excitation mechanism in the 
cherniluminescent reaction at the concentration of CNA- 
probably present a t  the electrode surface 

It is significant to note that the 10-cyano-9-anthrolate 
anion is r-isoelectronic with N-methylacridone which is 
known to be the emittor in the chemiluminescent oxygena- 
tion of N-methyl-9-cyanoacridan in basic solution 3p4 The 
same reactions for DCA are feasible 
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It is not known at  this time whether oxygen or superoxide 
ion is the oxygenating agent 

In addition DCA- can be detected by e s r and the same 
chemiluminescence is observed in the addition of cyanide 
ion to air-saturated solutions of 9-cyanoanthracene in 
DMF 5 
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