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Chemiluminescence from Reactions of Oxalic 
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Abstract: New chemiluminescent reactions of four oxalic anhydrides with hydrogen peroxide in the presence of 
fluorescent compounds are reported. The reaction with bis(triphenylacetic) oxalic anhydride (I) produces an emis­
sion quantum yield of 0.13 einstein mole-1 and a quarter intensity lifetime of 30 min. Effects of reactant concen­
trations on quantum efficiency and emission lifetime are described. Thermal decomposition of anhydride I in the 
presence of a fluorescer was found to provide chemiluminescent emission in the absence of hydrogen peroxide or 
oxygen. The chemiluminescence mechanism is discussed. 

Chemiluminescent reactions in general convert chemi­
cal energy into light inefficiently.1 Quantum 

yields below 0.01 einstein/mole of chemical reactant are 
typical.2 Although much effort has been directed to­
ward the discovery of more efficient reactions such ef­
forts have been hampered by a lack of information re­
lating to chemiluminescence mechanisms. Mechanism 
studies in turn have been hindered by the low quantum 
efficiencies of the available reactions since the chemi­
luminescence process tends to be obscured by the non-
chemiluminescent processes constituting the bulk of the 
system. Even the positive identification of the light-
emitting species is often difficult because of the absence 
of uniquely characteristic bands in the emission spec­
trum.3 

In spite of these difficulties substantial insight has 
been gained recently into the mechanism of several 
chemiluminescent reactions.1,4,5 Notable examples are 
the luminol,4a'b oxalyl chloride,40,6 and indolyl per-

(1) Recent reviews: F. McCapra, Quart. Rev. (London), 20, 485 
(1966); K. D. Gundermann, Angew. Chem. Intern. Ed. Engl., 4, 566 
(1965); V. I. Papisova, V. Y. Shlyapintokh, and R. F. Vasil'ev, Russ. 
Chem. Rev., 34, 599 (1965); E. J. Bowen, Pure Appl. Chem., 9, 473 
(1964). 

(2) K. D. Gundermann and M. Drawert, Chem. Ber., 95, 2018 
(1962); J. R. Totter, Photochem. Photobiol, 3, 231 (1964); J. Lee and 
H. H. Seliger, ibid., 4, 1015 (1965); K. D. Gundermann, W. Horstman, 
and G. Bergman, Ann., 684, 127 (1965); M. M. Rauhut, D. Sheehan, 
R. A. Clarke, B. G. Roberts, and A. M. Semsel, J. Org. Chem., 30, 
3587 (1965); M. M. Rauhut, A. M. Semsel, and B. G. Roberts, ibid. 
31, 2431 (1966); E. H. White and M. M. Bursey, ibid., 31, 1912 (1966). 

(3) R. F. Vasilev, Opt. i Spectry., 18, 131 (1965); A. Spruit-Van den 
Burg, Rec. Trav. Chim., 69, 1536 (1950); H. H. Seliger, Anal. Biochem., 
1, 60 (1960); E, H. White, "Light and Life," W. D. McElroy and B. 
Glass, Ed., Johns Hopkins Press, Baltimore, Md., 1961, p 183; E. H. 
White and M. M. Bursey, / . Am. Chem. Soc, 86, 941 (1964); E. H. 
White and M. J. C. Harding, ibid., 86, 5686 (1964); J. Sonnenberg and 
D. M. White, ibid., 86, 5685 (1964); I. Nicholson and R. Poretz, / . 
Chem. Soc., 3067 (1965); H. Kautsky and K. H. Kaiser, Naturwissen-
schaften, 31, 505 (1943); A. Spruit-Van den Burg, Rec. Trav. Chim., 69, 
1525 (1950); F. McCapra and D. G. Richardson, Tetrahedron Letters, 
3167(1964). 

(4) (a) E. H. White, O. Zafiriou, H. M. Kagi, and J. H. M. Hill, 
J. Am. Chem. Soc, 86, 940 (1964); (b) E. H. White and M. M. Bursey, 
ibid., 86, 941 (1964); (c) M. M. Rauhut, B. G. Roberts, and A. M. 
Semsel, ibid., 88, 3604 (1966); (d) F. McCapra and Y. C. Chang, 
Chem. Commun., 522 (1966). 

(5) L. J. Bollyky, M. Loy, B. G. Roberts, R. H. Whitman, A. V. 
Iannotta, A. M. Semsel, and M. M. Rauhut, 153rd National Meeting 
of the American Chemial Society, Miami Beach, FIa., April, 1967, 
Abstract 0-169; M. M. Rauhut, L. J. Bollyky, B. G. Roberts, M. Loy, 
R. H. Whitman, A. V. Iannota, A. M. Semsel, and R. A. Clarke, 
J. Am. Chem. Soc, 89, 6515 (1967). 

(6) E. A. Chandross, Tetrahedron Letters, 761 (1963). 

oxide4d reactions. The brightest of these systems is the 
moderately efficient (0.03-0.05 einstein mole-1) and very 
fast (20-40 sec half-life) oxalyl chloride-hydrogen per­
oxide reaction in the presence of 9,10-diphenylanthra-
cene fluorescer.4c It is clear, however, that more ef­
ficient and long-lived chemiluminescent systems are 
needed to facilitate definitive mechanism determinations. 

In our continued search for efficient, long-lived chemi­
luminescent reactions7 we have found that reactions of 
several oxalic anhydrides and certain oxalic esters6 with 
hydrogen peroxide in the presence of a fluorescer pro­
duce chemiluminescent light emission with exceptionally 
high quantum efficiencies. 

Results 

Reactions of four mixed oxalic anhydrides (0.01 M) 
with 0.05 M hydrogen peroxide and 6 X 1O-4 M 9,10-
diphenylanthracene (DPA) in 1,2-dimethoxyethane 
(DME) were examined qualitatively for chemilumines­
cence. The anhydrides are listed below in the order of 
decreasing light output: bis(triphenylacetic) oxalic an­
hydride (I) ~ diacetic oxalic anhydride (II) > bis(4-
methoxybenzoic) oxalic anhydride (III) > > > dibenzoic 
oxalic anhydride (IV). All four reactions were acceler­
ated by base as indicated by increased intensity and de­
creased lifetime. 

Anhydride I was selected for more detailed quantita­
tive studies. The spectral distribution of chemilumi­
nescence was found to be essentially identical with the 
fluorescence spectrum of 9,10-diphenylanthracene 
(DPA) indicating that the first singlet excited state of the 
fluorescer is the chemiluminescent emitter. A typical 
intensity decay curve is shown in Figure 1. In general, 
the light intensity increases rapidly after mixing and 
reaches a maximum in 4-6 min.8 

Under most conditions the decay of light intensity 
from the maximum is rapid initially and then slows to an 
exponential decay. An arbitrary quantity, ti/j (time 
required for the light intensity to decay to one-quarter 
of its maximum value), was chosen to permit the com­
parison of emission lifetimes. 

(7) L. J. Bollyky, R. H. Whitman, R. A. Clarke, and M. M. Rauhut, 
J. Org. Chem., 32, 1663 (1967). 

(8) In a few experiments induction periods up to 18 min were ob­
served. No correlation of this phenomenon could be established with 
free-radical inhibitors, oxygen, or solvent. 

Bollyky, Whitman, Roberts, Rauhut / Chemiluminescence from Reactions of Anhydrides with HiPi 



6524 

•SI 

12.0 
11.0 
10.0 
9.0 
8.0 
7.0 
6.0 
5.0 
4.0 
3.0 
2.0 
1.0 

" 

-I 

In en 

A ' 

10 

shy 

i 

20 

deca 

I ! 

30 40 

Time, 

] 

50 

min 

i 

i 

60 

I I I I I 

100 300 500 

—r r 

700 900 
200 400 600 800 

y from reaction of 5.67 X 10~3 M T P A O 

Table n. The Effect of Various Additives on Chemiluminescence 
from Bis(triphenylacetic) Oxalic Anhydride (TPAO)" 

Figure 1. 
0.050 M H2O2, and 5 X IQ-* M DPA in DMP at 25° 

Effects of reactant concentrations on the quantum 
efficiency are summarized in Table I. Increasing an­
hydride concentration or a large excess of hydrogen 

Table I. Chemiluminescence from Bis(triphenylacetic) 
Oxalic Anhydride (TPAO)« 

[TPAO], 
M X 102 

0.453 
0.567 
0.567 
0.567 
0.567 
0.567 
1.288 
0.52/ 
4.94^ 
4.94/.« 

[H2O2], 
M X 

102 

50.0 
5.0 

25.0 
25.0 
25.0 
50.0 
6.37 
7.50 
4.50 

31.5 

[DPA], 
M X 

104 

5.0 
5.0 
1.7 
5.0 

13.0 
5.0 
5.2 

10.0 
10.0 
10.0 

Max 
int,c 

b JQlO 

einsteins 
sec - 1 m l - 1 

2.78 
1.16 
1.04 
3.70 
5.38 
1.89 

13.02 
0.10 
0.50 
0.55 

ti/J,d 

min 

24.5 
44.0 
56.0 
17.0 
6.8 
6.0 
2.4 

310 
155 

>300 

Quantum 
yield," 
102 

einsteins 
mole - 1 

6.8 
11.8 
4.6 
7.1 
8.3 
5.6 
8.4 
4.6 
0.65 
1.2 

0 Reactions at 25° in dimethyl phthalate except for /. 6DPA 
is 9,10-diphenylanthracene. e Total spectrally and geometrically 
integrated intensity. d Time required for intensity to decay to one-
fourth of the maximum intensity. ' Quantum yield based on 
TPAO. / The solvent was 25 vol. % dimethyl phthalate in benzene. 
« H2O2 added in seven equal portions keeping intensity above 25 % 
of its maximum. 

peroxide (above a 5:1 mole ratio) decreased the quantum 
yield, whereas increasing DPA concentration increased 
the quantum yield. The light decay rate was increased 
by higher concentrations of all three reactants. 

The effect of various additives on the chemilumines-
cent reaction is illustrated in Table II. Oxygen was 
without significant effect, but the addition of the free-
radical chain inhibitor 2,6-di-?-butyl-4-methylphenol9 

or the peroxide decomposer sodium diethyl dithiocar-
bamate10 decreased the quantum yield sharply. Small 
amounts of added water left the quantum yield unaf­
fected but increased the rate of light decay moderately. 

The effect of hydrogen peroxide concentration on the 
quantum efficiency was measured under conditions 
ranging from excess anhydride to excess hydrogen per­
oxide in an effort to examine the stoichiometry of the 

(9) T. W. Campbell and G. M. Coppinger, J. Am. Chem. Soc, 74, 
1479 (1952); C. E. Boozer, G. S. Hammond, C. E. Hamilton, and J. N. 
Sen, ibid., 77, 3233 (1955); L. Bateman, M. Cain, T. Calclough, and 
J. I. Cunneen, J. Chem. Soc, 3570 (1962). 

(10) G. W. Kennerly and W. L. Patterson, Jr., Ind. Eng. Chem., 48, 
1917 (1956); J. D. Holdsworth, G. Scott, and D. Williams, /. Chem. 
Soc, 4692 (1964). 

Additive 

None8 

Oxygen (saturated 
solution, ~10~ 3 M) 

Sodium diethyldithio-
carbamate ( I X 
10- s M) 

Water, 5 X 10"3 M 
None/ 
2,6-Di-/-butyl-4-

methylphenol 
(1.5 X 10-3 M) / 

[TPAO], 
M X 102 

0.453 
0.453 

0.453 

0.453 
1.16 
1.16 

Max 
int,b 

101" 
einsteins 

sec - 1 ml - 1 

2.78 
2.78 

3.48 
26.9 
12.5 

ti/,l,e 

min 

24.5 
22.0 

17.1 
5.5 
1.5 

Quantum 
yield,d 

102 

einsteins 
mole - 1 

6.8 
6.6 

0.0 

6.8 
7.5 
1.1 

<• Reactions with 0.5 M H2O2 and 5.0 X 10"4 M 9,10-diphenyl­
anthracene in dimethyl phthalate (except f) at 25°. Reactions 
in air except for e. b Total spectrally and geometrically integrated 
intensity. c Time required for intensity to decay to one-fourth of 
the maximum intensity. ''Quantum yield based on TPAO. 
"Solution degassed and used under argon. /Solvent was 1,2-
dimethoxyethane. 

Table III. The Effect of Hydrogen Peroxide Concentration 
on the Chemiluminescence Quantum Yield" 

[H2O2], 
M X 102 

0.12 
0.24 
0.42 
0.60 
0.80 
1.40 
2.80 
5.61 

22.70 

H202/anhydride 

0.21 
0.42 
0.71 
1.06 
1.41 
2.48 
4.95 
9.90 

40.0 

102ei 
TPAO 

3.6 
4.7 
6.8 
7.4 

10.4 
11.1 
13.3 
9.4 
5.9 

Quantum yield, 
102 einstein per mole of 

H2O2 

17.0 
11.1 
9.2 
7.0 
7.3 
4.5 
2.7 
0.95 
0.15 

0 Reaction of 5.67 X 10-3 M bis(triphenylacetic) oxalic anhydride 
and 5 X 10~4 M 9,10-diphenylanthracene in dimethyl phthalate 
at 25°. 

reaction. Results summarized in Table III indicate 
that the quantum yield based on hydrogen peroxide in­
creases with decreasing hydrogen peroxide even at very 
low hydrogen peroxide:anhydride ratios where hydrogen 
peroxide is the limiting reactant, while the quantum 
yield based-on anhydride reaches a maximum at a ratio 
of about 5:1. It appears from these results that a 
moderate excess of hydrogen peroxide is required to 
minimize the fraction of total anhydride diverted into 
nonchemiluminescent side reactions, while at the same 
time excess hydrogen peroxide favors other nonchemi­
luminescent processes. The observed results indicate a 
complex stoichiometry and a varying importance of 
dark side reactions as the hydrogen peroxide concentra­
tion is changed. 

Most organic chemiluminescent reactions in solution, 
aside from electron transfer chemiluminescence,11 in-

(11) M. M. Rauhut, D. L. Maricle, et al., American Cyanamid Co. 
Technical Reports No. 4 and 5 to the Office of Naval Research and 
Advanced Research Project Agency, Clearinghouse for Scientific In­
formation, Springfileld, Va., AD No. 602,272 and 606,989 (1964); D. M. 
Hercules Science, 145, 808 (1964); E. A. Chandross and F. E. Sonntag, 
/. Am. Chem. Soc, 86, 3179 (1964); R. E. Visco and E. A. Chandross, 
ibid., 86, 5350 (1964); E. A. Chandross, J. W. Longworth, and R. E. 
Visco, ibid., 87, 3259 (1965); R. A. Marcus, J. Chem. Phys., 43, 2654 
(1965); E. A. Chandross and F. I. Sonntag, /. Am. Chem. Soc, 88, 
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volve oxygen or a peroxide as an essential reactant.1 

We found, however, that the thermal decomposition of 
I at temperatures above 170° in the presence of 9,10-
diphenylanthracene (DPA) produced chemiluminescent 
emission in the absence of oxygen. Although this 
thermal reaction provided weaker light intensities than 
the reaction with hydrogen peroxide, it represents a 
rare peroxide-free chemiluminescent system. 

The thermal stability and hydrolytic reactivity of the 
four anhydrides differ substantially. Bis(triphenyl-
acetic) oxalic anhydride (I) is fairly stable at room tem­
perature in both solid form and in benzene solution. 
Pyridine catalyzes a nonchemiluminescent decomposi­
tion of I to triphenylacetic anhydride, while triphenyl-
acetic acid is without effect. Diacetic oxalic anhydride 
decomposes rapidly even at 0 ° in agreement with Edwards 
and Henley's observation.12 The decomposition is 
catalyzed by bases such as potassium acetate and pyri­
dine but is unaffected by the free-radical inhibitor 2,6-
di-f-butyl-4-methylphenol.9 

Discussion 
It is clear from the results that the chemiluminescent 

reaction of bis(triphenylacetic) oxalic anhydride with 
hydrogen peroxide and 9,10-diphenylanthracene is 
substantially more efficient than previously reported 
chemiluminescent reactions. Thus under the best 
conditions found a yield of 0.13 einstein mole -1 was ob­
tained in contrast to yields approaching 0.05 einstein 
mole_ l 4 c obtained from the oxalyl chloride reaction. 
It is evident that high chemiluminescence efficiency is 
not restricted to biological systems. 

Although the chemiluminescent reaction of oxalic 
anhydrides with hydrogen peroxide is similar in many 
respects to the oxalyl chloride-hydrogen peroxide40 and 
oxalic ester-hydrogen peroxide5 chemiluminescent sys­
tems, there are evident differences. In particular the 
effect of hydrogen peroxide concentration on anhydride 
chemiluminescence differs substantially from its effect on 
oxalyl chloride chemiluminescence (where increasing 
hydrogen peroxide increases the quantum yield to an 
asymptotic limit40) and from its effect on oxalic ester 
chemiluminescence (where the quantum yield based on a 
1:1 stoichiometry is essentially independent of the 
hydrogen peroxide concentration5). 

Mechanisms proposed for the oxalyl chloride and 
oxalic ester chemiluminescent reactions have suggested 
the formation of monoperoxyoxalic acid,40 HOC(=0) -
C(=0)OOH, and 1,2-dioxetanedione,5 respectively. 

OC CO 

They have been suggested to decompose through 
a concerted bond cleavage process to provide the 
instantaneous energy release required for excita­
tion of the fluorescer.: 3 Although the available 
evidence does not rule out either intermediate in oxalic 
anhydride chemiluminescence, an alternative mechanism 
must also be considered since concerted multiple bond 

1089 (1966); A. Zweig, G. Metzler, A. Maurer, and B. G. Roberts, 
J. Am. Chem. Soc., 88, 2864 (1966); S. W. Feldberg, ibid., 88, 390 
(1966); D. M. Hercules and F. E. Lytle, ibid., 88, 4745 (1966); D. 
L. Maricle and A. Maurer, ibid., 89, 188 (1967). 

(12) W. R. Edwards and W. M. Henley, ibid., 75, 3587 (1953). 
(13) M. M. Rauhut, D. Sheehan, R. A. Clarke, and A. M. Semsel, 

Photochem. Photobiol, 4, 1097 (1965). 
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cleavage decomposition of triphenylacetyl monoperoxy 
oxalic acid, (C6H6)3CC(=0)OC(==0)C(==0)OOH, could 
in principle meet the chemiluminescence energy require­
ment (eq 1 and 2).14 Analogously, concerted decom­
position of TPOA itself (eq 3) could provide the energy 
release for the thermal chemiluminescence observed at 
170°, although the activation energy provided under 
these conditions would no doubt be an important con­
tributing factor. 

O O O O 
Il I! I! I! 

( C e H s ) 3 C - C - O - C - C - O - C - C ( C 6 H 5 ) S + H2O2 >• 
O O O 

(C6H5)3C—C—0—C—COOH (1) 

O OO 

Il H I I 
(C6HS)3CCOCCOOH + DPA —> 

DPA* + 2CO2 + CO + (C6Hs)3COH (2) 
O OO O 
Ii mi Ii 170= 

(C6H5)3CCOCCOCC(C6H5)3 + DPA —>• 
DPA* + 2CO2 + 2CO + (C6Hs)3CC(C6Hs)3 (3) 

Additional evidence will be required to identify the 
dominant mechanisms of these reactions. 

Experimental Section 

Materials. Solvents. Dimethyl phthalate (Eastman) was dis­
tilled under vacuum. 1,2-Dimethoxyethane (Ansul Chemical Co.) 
was distilled from lithium aluminum hydride under argon. Ben­
zene (Baker & Adamson) was distilled from sodium. Residual 
water was determined by the Karl Fischer method.16 

Anhydrous hydrogen peroxide in dimethyl phthalate was pre­
pared from 98% hydrogen peroxide (Becco Chemical Division, 
FMC Corp.)16 and was assayed iodometrically.17 

9,10-Diphenylanthracene (DPA) (Aldrich) was crystallized from 
absolute ethanol-chloroform to obtain material, mp 250-251° 
(lit.18 mp 250-251°). 

2,6-Di-r-butyl-4-methylphenol (Koppers) was sublimed in vacuo 
to obtain material melting at 69-70°. Other materials were ob­
tained from commercial sources and were purified when necessary. 

Bis(triphenylacetic) Oxalic Anhydride. Triphenylacetic acid 
(2.889 g, 0.01 mole) and potassium hydroxide (0.6 g, 0.01 mole) 
were added to 300 ml of absolute ethyl alcohol in a 500-ml, one-
necked flask and dissolved by boiling. The solution was cooled, 
and concentrated to a volume of 30 ml in vacuo. A white precipi­
tate appeared and was filtered and dried in a nitrogen atmosphere 
to obtain 3.0 g of potassium triphenylacetate. Three grams of 
the acetate was slurried in 100 ml of dry benzene in a 200-ml, round-
bottomed flask. Approximately 50 ml of benzene was distilled, 
and the condensate was checked to assure the complete removal of 
water from the system. The remaining slurry was cooled to room 
temperature under argon. Oxalyl chloride (1.48 ml, 0.015 mole) 
was added, and the mixture was stirred at 15 min. Using an oil 
pump, the mixture was filtered under argon to remove 0.9 g of 
solid, mostly potassium chloride. The filtrate was evaporated to 
dryness with an oil pump. The residue was washed with anhydrous 
ether in a drybox to obtain 1.9 g (60%) of white solid, mp 167-
168°. 

(14) For analogies see: P. D. Bartlettin "Peroxide Reaction Mech­
anism," J. O. Edwards, Ed., Interscience Publishers, Inc., New York, 
N. Y., 1962, pp 1-10; P. D. Bartlett and R. E. Pincock, / . Am. Chem. 
Soc, 82, 1769 (1960); J. P. Lorand and P. D. Bartlett, ibid., 88,3294 
(1966); M. T. Goldstein, Tetrahedron Letters, 1601 (1964); C. Walling, 
"Free Radicals in Solution," John Wiley and Sons, Inc., New York, 
N. Y., 1957, pp 487-489. 

(15) J. Mitchell and D. M. Smith, "Aquametry," Interscience 
Publishers, Inc., New York, N. Y., 1948. 

(16) F. D. Greene and J. Kazan, / . Org. Chem., 28, 2168 (1963). 
(17) I. M. Kolthoff and E. B. Sandell, "Textbook of Quantitative 

Inorganic Analysis," The MacMillan Co., New York, N. Y., 1948, p 
630. 

(18) G. Wittig and R. W. Hoffmann, Ber., 95, 2718 (1962). 
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Anal. Calcd for C42H30O6: C, 79.98; H, 4.79; O, 15.22. 
Found: C, 80.60; H, 4.91; O, 15.37. 

Bis(4-methoxybenzoic) Oxalic Anhydride. The procedure de­
scribed above for the preparation of bis(triphenylacetic) oxalic an­
hydride was used. The crude product was crystallized from an­
hydrous ether to obtain a 7.8 % over-all yield of white crystals, mp 
112-113°. 

Anal. Calcd for Ci8Hi4O8: C, 60.34; H, 3.49. Found: C, 
61.60; H, 4.16. 

Dibenzoic Oxalic Anhydride. Sodium benzoate (7.2 g, 0.05 
mole) was added to a solution of 12.7 g (0.1 mole) of oxalyl chlo­
ride in 100 ml of anhydrous ethyl acetate during 45 min. The reac­
tion was heated at 70-73° for 3 hr and filtered to obtain 2.9 g 
(100%) of NaCl. Evaporation of the filtrate gave a white solid 
which was extracted with boiling hexane to give a hexane-insoluble 
solid. Benzoic acid, 2.0 g (33%), was obtained from the hexane 
extract. The hexane-insoluble material was crystallized from ethyl 
acetate-hexane to obtain 2.2 g (30%) of material, mp 98-99°. 
On dissolving a portion of the compound in hot water, gas was 
evolved, and benzoic acid (mp 121-122°, lit.19 mp 122°) was de­
posited from the solution on cooling. 

Anal. Calcd for Ci6Hi0O6: C, 64.43; H, 3.38; O, 32.19. 
Found: C, 64.19; H, 3.35; O, 32.38. 

Diacetic Oxalic Anhydride.12 Ketene, prepared by the pyrolysis 
of acetone20 at the rate of 0.1 mole of ketene per hour, was bubbled 
through a stirred solution of 4.5 g (0.05 mole) of anhydrous oxalic 
acid in 100 ml of anhydrous ether at —50° under argon during 1.25 
hr. The reaction solution was then evaporated to dryness under 
reduced pressure at temperatures below —5°. A white crystalline 
product was obtained whose infrared spectrum was in agreement 
with that expected. Bands characteristic of acetic anhydride or 
acetic acid were absent from the spectrum. The product was found 
to be very sensitive to moisture and to decompose at temperatures 
above —5°. 

In a similar experiment, following completion of the reaction at 
— 5°, the reaction mixture was maintained under a ketene atmo­
sphere at 0° for 5.5 hr, and then analyzed by infrared spectroscopy. 
The resulting solution was found to contain mainly acetic anhydride 
together with small amounts of diacetic oxalic anhydride and acetic 
acid. 

Determination of Chemiluminescence Spectra and Quantum Yield. 
A combination spectroradiometer-fluorimeter designed and cali­
brated under the direction of Dr. R. C. Hirt was used for the 
measurements.!' The instrument and experimental procedures have 
been described elsewhere.40 (See Table IV for test results.) 

Chemiluminescent Reaction of Bis(triphenylacetic) Oxalic Anhy­
dride (I) in the Absence of Hydrogen Peroxide and Oxygen. To 15 
ml of freshly distilled dimethyl phthalate, 0.3 g of anhydride I and 1 
mg of 9,10-diphenylanthracene were added under argon atmosphere. 
After 2 hr of stirring, the slurry was centrifuged to obtain a clear, 
particle-free solution. The solution was degassed (three freeze-
thaw cycles) under 1 X 10~4 mm pressure and was sealed 
into a glass tube. When the sealed tube was immersed into a 170° 
oil bath in a dark room readily visible blue chemiluminescent light 
was emitted. The light emission lasted for more than 3 min. 

Infrared Study of the Solution Stability of Bis(triphenylacetic) 
Oxalic Anhydride in Benzene. The experiment was carried out in 
a drybox under an argon atmosphere. All glassware used was 
cleaned with chrome-sulfuric acid solution, washed with 2% 
aqueous ammonia and with distilled water, and dried in an oven 
at l lO°forlhr . 

A 0.078 M solution of bis(triphenylacetic) oxalic anhydride 
was prepared by shaking excess anhydride in benzene solvent for 20 
min. After the undissolved material was filtered, the anhydride 

(19) R. S. Jessup and C. B. Green, /. Res. Natl. Bur. Std., 13, 483 
(1934). 

(20) J. W. Williams and C. D. Hurd, J. Org. Chem., 5, 122 (1940). 
(21) B. G. Roberts and R. C. Hirt, Research Service Department, 

American Cyanamid Co. The instrument was described at the 19th 
Annual Instrument Society of American Conference, New York, N. Y., 
Oct 12-15, 1964 (preprint no. 2.2-2-64). 

Table IV. Qualitative Chemiluminescent Tests of 
Oxalic Anhydrides 

O OO O 
I! Il Il Il 

RCOCCOCR + H2O2 + 9,10-diphenylanthracene —>hv 

— Tests" . 
A B C 

R (H2O2) (H2O2 + base) (H2O2 + acid) 

(C6Hs)3C VS VS VS 
CH3 VS VS 
CH3OC6C5 MS S MS 
C6H5 VW M VW 

0 The tests were carried out as follows. A: Approximately 3-5 
mg of the compound to be tested is added to a 5-ml solution of 
about 1 mg of DPA and 0.2 ml of anhydrous H2O2 in anhydrous 
1,2-dimethoxyethane maintained at 25°. B: Approximately 
3-5 mg of the compound to be tested is added to a 5-ml slurry of 
1 mg of DPA, 0.2 g of KOH (one pellet), and 0.2 ml of anhydrous 
H2O2 in anhydrous 1,2-dimethoxyethane maintained at 25°. 
C: Approximately 3-5 mg of the compound to be tested is added to 
a 5-ml solution of 1 mg of DPA and 0.2 ml CH3SO3H in 1,2-
dimethoxyethane containing 5% water and maintained at 25°. 
About 0.5 ml 30% H2O2 is added immediately. Qualitative in­
tensities are based on the oxalyl chloride, hydrogen peroxide re­
action taken as strong (S). Other designations are M = medium; 
W = weak; VW — very weak, barely visible. 

solution was transferred to a serum-capped bottle. Samples of the 
solution were withdrawn periodically by the use of a syringe and 
analyzed by infrared spectroscopy, measuring the absorbance of 
each sample at 1770 cm -1 in a cell 0.0105 cm thick with a Perkin-
Elmer Model 521 spectrometer. The results are summarized in 
Table V. 

Table V. Stability of Bis(triphenylacetic) Oxalic Anhydride in 
Benzene at Room Temperature 

Anhydride 
Age of sample, hr A,a 1. mole-1 cm-1 (% of initial concn) 

5 
70.5 
94 
118 
142 
166 
238 
334 

500.6 
483.5 
488.4 
482.3 
494.5 
488.4 
500.6 
470.1 

100 
96.6 
97.6 
96.3 
98.8 
97.6 
100 
93.9 

° Molecular absorptivity at 1770 cm-1. 

Decomposition of Diacetic Oxalic Anhydride. The experiments 
were carried out under argon with solutions of the anhydride in 
freshly distilled 1,2-dimethoxyethane. The reaction flasks were 
closed off with a mercury bubbler, fitted with serum stoppers 
for the withdrawal of samples, and placed in a constant 
temperature bath. The periodically withdrawn samples were 
assayed by infrared spectroscopy for diacetic oxalic anhydride at 
1835, 1795, and 1767 cm"1, for acetic anhydride at 890 crrr l, and 
for acetic acid at 1740 cm-1. 
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