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LUMINOI, [6-aminophthalazine- 1,4 (2H, 3H) -dione] emitsf a 
bright chemiluminescence in aqueous alkaline solutions 
containing hydrogen peroxide, ferricyanide, and oxygen or in 
DMSO containing oxygen and t-butoxide. Chemilumines- 
cence can also be generated when luminol is electro-oxidized2 
in either- alkaline aqueous or DMSO-0, solutions. The 
products of the reactions in 70% DMSO have been identified 
as aminophthalate ion and n i t r~gen .~  From the close co- 
incidence of the fluorescent spectrum (Am,, 424 nm.) of this 
ion and the chemiluminescence spectrum, it has been con- 
sidered as the emitter. An endoperoxide4r5 has been pro- 
posed as the precursor to the ion, from energetic considera- 
tions. Analogous reactions involving endoperoxides are 
known : these peroxides decompose with emission of light.s 
The cartloxy-groups in the aminophthalate ion each contain 
an oxygen derived from the same oxygen molec~le.~ More 
recently, theoretical considerations7 have supported this 
structurc:. 

A possible route to this endoperoxide is the reaction of 
excited singlet oxygens with the mono- or di-negative anion 
of luminol. Fluorescein or eosin-y (sensitizers) was intro- 
duced into alkaline luminol solutions which had been 
enriched with either oxygen or argon, and irradiated a t  
wavelengths coinciding with the fluorescent excitation wave- 
length of the sensitizer. Light emission occurred at  Amax 
424 nm. which is shorter than the irradiation wavelength. 
The irradiation wavelength was chosen as that which 
produced the maximum fluorescence of the sensitizer in the 
absence of luminol. Maximum chemiluniinescent intensity 
in the p-esence of luminol was found to coincide with this 
irradiatilm wavelength (Table ) . 

The observed chemiluminescent intensity is 10-20 times 
greater in the presence of eosin-y than in the presence of 
fluorescein under identical solution conditions and with 
identical irradiation intensity. This is in reverse order of the 
fluorescent quantum yields : 0-85-0.92 for fluorescein and 
0.19 for eoxin-y.lO These results may reflect the population 
Ievel of the triplet sensitizer (triplet levels : fluorescein 
51-54 kcal. ; eosin 43-46 kcal.) which produces the excited 
oxygen singlet. 

Our preliminary results indicate that the luminescent 
intensitjr depends on the concentrations of luminol, sensi- 
tizer, an,$ oxygen. We have also attempted to generate 102 

by electrodeless dischargea and to introduce it into alkaline 
luminol at low pressures. Chemiluminescence a t  Amax 424 nm. 
resulted. This experiment is not conclusive because of 
the presence of low levels of 0, which can produce chemi- 
luminescence. 

Similarly, singlet oxygen generated from the reaction 
mixture described by Ogryzloi3 was transferred into alka- 
line luminol solutions by low pressure-pumping. Chemi- 
luminescence was observed but removal of chlorine from the 
gas stream is difficult, and whether singlet oxygen was 
responsible for the emission could not be definitely ascer- 
tained. The introduction of chIorine directly into alkaline 
luminol with or without H20, produces strong chemi- 
luminescence. 
was observed from these reaction mixtures. 

A red emissionW4 characteristic of (1A0,) 

Chemiluminescenceb 
Fluorescencea Amax (nm.) 

Fluorescein (M) hm,, (nm.) luminol 
1-0 x 10-6 493 514 C C,d 
1.0 x 10-5 493 515 493 424 
1.0 x 10-4 508 523 508 422 
1.0 x 10-3 524 530 524 416 

Chemiluminescenceb 
Fluorescence8 h a x  (nm.) 

Eosin-y (M) Xm,, (nm.) luminol 
0.5 x 518 536 517 422 
0.5 x 10-5 518 537 518 424 
0.5 x 10-4 537 547 537 424 
0.5 x 10-3 564 566 554 418 

8 No luminol present; luminol 1 0 - 2 ~ ,  pH 13; C no chemi- 
luminescence observed ; d X-shift may be due to  overlapping 
adsorption by sensitizer with increased concentration. 

The half-life of luminescent emission of alkaline luminol 
sensitized with eosin-y is ca. 5 msec., which is the same 
magnitude as that observed for the chemiluminescence 
generated electrochemically.2 

We thank the National Institutes of Health for financial 
support of this work and for a grant for the Hitachi-Perkin 
Elmer Model MPF2 spectrofluorophosphorimeter. 

(Received, November 25th, 1968; Com. 1619.) 

E. H. White, “Symposium on Light and Life”, ed. W. D. McElroy and B. Glass, The John Hopkins Press, Baltimore, 1961 ; K. D. 

E. H. White, 0. Zafiriou, H. Kagi, and J. M. Hill, J .  Amer.  Chem. SOG., 1964,86, 940; E. H. White and M. M. Bursey, ibid., p. 941. 
H. D K. Drew and R. F. Garwood, J .  Chem. Soc., 1938, 791. 
P. C. Wilhelmsen, R. Lumry, and H. Eyring, “The Luminescence of Biological Systems.” ed. F. H. Johnson, American Association 

C. Diifraisse and L. Velluz, Bull .  SOG. chim. France, 1942, 9, 171. 
E. W. A4brahamson, J. Wiesenfeld, and H. Linschitz, personal communication. 

Gundernan, Angew. Chem., 1965,4, 566; F. McCapra, Quart. Rev., 1966,20, 485. 
2 B. Epstein and T. Kuwana, Photochem. Photobiol., 1965, 4, 1157. 

for the Advancement of Science, Washington 1955, p. 96. 

8C. S.  Foote, Accounts Chem. Res., 1968, 1, 104. 
9 J. Lee, personal communication (New England Institute of Medical Research), has observed photosensitized chemiluminescence 

lo C. A. Parker and W. T. Rees, Analyst ,  1960,85, 587. 
11 G. N. Lewis and M. Kasha, J .  Amer.  Chem. Soc., 1944, 66, 2100, G. N. Lewis, D. Lipkin, and T. T. Magel, ibid., 1941, 63, 3005. 
l2 S. N. Foner and R. L. Hudson, J .  Chem. Phys., 1957,25, 601. 
13 J. S. Arnold, R. J. Browne, and E. A. Ogryzlo, Photochem. Photobiol., 1965,4, 963, and references therein. 
14 A. U. Khan and M. Kasha, J .  Amer .  Chem. SOL, 1966, 88, 1574, and references therein. 

using me thylene blue as sensitizer (personal communication). 


