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The intensity of uranine chemiluminescence decreased when trypaflavine was added to the 
system. The enfeebling action seemed to be due to external quenching. On the contrary, the 
intensity of eosine chemiluminescence was enhanced by the presense of uranine. The values of
△ and σ are defined by the following equations:

where IUE, lU and IE are the intensities measured in uranine-eosine, uranine and eosine systems

respectively, and where T is the duration of eosine chemiluminescence. △ increased with the

increase in either the concentration of uranine or that of eosine, while σ increased only when the

ratio of the uranine concentration to the eosine concentration increased: △increased with the

increase in the temperature, while σ was little affected by the temperature. △ increased upon

the addition of organic solvents, while σ was little affected by the addition of the organic

solvents. The enhancing action is due neither to the production of a stable compound which 
emits strongly nor to the increase in the rate of the decomposition of the dye. One possible 
mechanism of the enhancing action is that energy is transferred from an energy-rich inter-
mediate produced by the reaction to an unoxidized uranine or eosine.

The intensity of chemiluminescence is affected 
more or less by the addition of foreign substances. 
Biswas and Dhar1) have studied the subject ex-
tensively with a number of foreign substances and 
have found that all of them were inhibitors of the 
luminescent reaction. Bersis,2) however, has suc-
ceeded in showing that the intensity of the chemi-
luminescence of polyphenol is remarkably enhanced 
by the presence of rhodamine B. In the present

paper, the chemiluminescence of uranine and 
eosine will be investigated in the presence o 
foreign dyes, in the hope that a full examination 
of the effect of foreign substances will give some 
insight into the mechanism of the luminescent 
reaction. The results may be summarized as 
follows: 

1) The intensity of uranine chemiluminescence 
decreases in the presence of trypaflavine (an 
enfeebling action). This, has also been found to 
be true in uranine-erythrosine and in eosine-
erythrosine systems. 

2) The intensity of cosine chemiluminescence

1) N. N. Biswas and N. R. Dhar, Z. anorg. a. allgem. Chem., 
173, 125 (1928). 

2) D. S. Bersis, Z. phys. Chem. (Neue Folge), 26, 359 (1960).
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increases in the presence of uranine, and (an en-

hancing action). 

Experimental 

The luminescent systems were prepared, and both the 

luminescence intensities and the rates of the decom-

position of the dyes were measured in the ways described 

in a preceding paper3) 

Results and Discussion 

I) Enfeebling Action. 

Figure 1 shows the effect of added trypaflavine 

on the intensity of uranine chemiluminescence; 

curves I, II, III and IV represent, respectively, 

the results obtained from the uranine-trypaflavine 

sample solutions of I, II, III and IV listed in 

Table I. Each luminescent reaction was started 

by the addition of 1ml. of a 20% hydrogen peroxide 

solution to a mixture of 7ml. of the sample solu-

tion and 2ml. of a 2.5N sodium hydroxide solu-

tion at 40•Ž. We can see an "enfeebling action" 

of the added trypaflavine. The higher the con-

centration of added trypaflavine, the stronger 

becomes the enfeebling action. By numerical 

analysis, the curves can be represented as: 

It=Aexp(-at)/{B+Qexp(-qt)+Cexp(-ct)} 

(1) 

where It is the intensity of the emission at time 

t and A, a, B, Q, q, C and c are all parameters 

which differ according to the experimental condi-

tions. Curves I, II, III and IV of Fig. I can 

be represented as the following equations: 

Curve

I:

(1a)
II:

(1b)
III:

(1c)

IV:

(1d)
Both the calculated values and the observed 

values are tabulated in Table II. The calculated 

values are in fairly good agreement with the observed 

values except for a slight deviation at the initial 

stage. 

In the reaction system of uranine-trypaflavine, 

no emission was observed as resulting from the

Fig. 1. I-t curves in uranine and uranine-trypa-
flavine systems.

(2.5N NaOHaq., 20% H2O2aq., 40℃)

TABLE I. THE RATIOS OF URANINE, TRYPAFLAVINE 

AND WATER IN VOLUME

decomposition of trypaflavine. It is difficult to 

determine the decomposition rate of trypaflavine 

in the uranine-trypaflavine system by measuring 

the absorbancy of the dye at 452mƒÊ, because ura-

nine absorbed light appreciably at that wavelength. 

However, as the rate of the decomposition of 

trypaflavine was found to be almost independent 

of the amount of uranine, its rate in the system 

could be estimated from a separate experiment 

in an isolated trypaflavine system. The rate of 

the decomposition of trypaflavine was measured in 

a system composed of 7ml. of a trypaflavine solu-

tion, 2ml. of a 2.5N sodium hydroxide solution, 

and 1ml. of a 20% hydrogen peroxide solution. 

The results are shown in Fig. 2, where the con-

centrations of trypaflavine in II', III' and IV' 

are equal to those in II, III and IV of Fig. 1 re-

spectively. These decomposition curves can be 

represented as:

[D]t=α+β(-ktt) (2)

where [D]t is the concentration of trypaflavine

at time t, both α and β are parameters which

differ according to the experimental conditions,

and kt is the rate constant. The curves of Fig.

2 can be expressed as:

Curve II'[D]t=0.036+1.74exp(-0.53t)

(2a)

Curve III'[D]t=0.076+4.27exp(-0.53t)

(2b)
3) I. Kamiya and R. Iwaki, This Bulletin, 39 , 257 (1966),
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TABLE I I. QUENCHING REACTION BY TRYPAFLAVINE ON THE CHEMILUMINESCENCE OF URANINE AT 40℃

Fig. 2. Decomposition of trypaflavine at 40℃.

Curve IV'[D]t=0.141+6.92exp(-0.53t)

(2c)
The results indicate that the decomposition of 

trypaflavine is first order with respect to its con-

centration. 

We shall first discuss the physical meaning of 

the parameters, a, A, etc. 

Parameter a.-It was shown in a previous paper3) 

that all the curves of the intensity versus the time 

measured in uranine chemiluminescence could 

be represented by a single equation in the form

of Eq. 1a, in which a was found to correspond 
to the rate of the decomposition of uranine. 
Perhaps this may also be the case with Eqs. lb 
-1d. We may also assume that parameter a 
is the rate of the decomposition of uranine, which 
is not affected by the addition of trypaflavine. 

Parameter A.-From the same argument, A 
should be a value proportional to the initial con-
centration of uranine. Since an equal amount 
of uranine was added to each solution, the values 
A should be equal to one another. However, 
the values of A in the equations of 1b-1d are 
not constant. This deviation can be accounted 
for by the following consideration. 

When a large amount of trypaflavine was added 
to a uranine solution, a small amount of a white 
precipitate was produced. Assuming that the 
amount of the precipitate is proportional to the 
product of the initial concentrations of uranine 
[U]0 and trypaflavine [T]0, the final concentra-
tion of uranine is given as [U]=[U]0(1-p[T]0), 
where p is a proportionality constant. In the 
present case, [U] is given by the following equa-
tions, since the ratio of [T]0 is 0:1:2:3.

where p' is a new constant. If [U]0 and p' are 
put equal to 500 and 0.08 respectively in arbitrary 
units, the [U] values in the four specimens are
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calculated to be 500, 460, 420 and 380 respec-
tively. These values agree with the correspond-
ing A value in Eqs. 1b-1d. Therefore, it may 
be concluded that A is a value proportional to 
the initial concentration of uranine. 

Parameters c and C.-The third term of the 
denominator in Eq. 1, Cexp(-ct) , is found only 
in Eqs. 1b, 1c and 1d, not in Eq. 1a. This would 
indicate that the term corresponds to the effect 
of the addition of trypaflavine . If we assume the 
values of c in Eqs. 1b, 1c and 1d (0.53, 0.51 and 
0.47min-1) to be approximately equal to one 
another, c is very likely to be the rate constant 
of the decomposition of trypaflavine (0.53min-1 
under the same experimental conditions). More-
over, the values of C in Eqs. 1b, 1c and 1d are 
almost proportional to the values of P in Eqs. 
2a, 2b and 2c. Hence, it may be concluded that 
C is a value proportional to the initial concentra-
tion of trypaflavine. The actual concentration 
of trypaflavine may decrease upon the addition 
of uranine, but it is still proportional to the initial 
concentration (Table I). 

Parameter B.-The mutual ratio of (B-1) values 

(0.14:0.29:0.53) is approximately equal to the 
ratio of a values in Eqs. 2a, 2b and 2c. The value 
of (B-1), therefore, is proportional to the initial 
concentration of trypaflavine. 

From the same argument, parameters q and Q 
seem to correspond, respectively, to the decom-
position rate constant and the initial concentra-
tion of a substance inhibiting light production . 

On the basis of this discussion, Eq. 1 can be 
rewritten as:

(3)
where A' and B' new constants, [U]0 and [T]0 
are the initial concentrations of uranine and of 
trypaflavine respectively, and KU and KT are the 
rate constants of the decomposition of uranine and 
trypaflavine respectively. 

At the initial stave of the reaction, Eq. 3 becomes

It=A'[U]0/{I+Q+(I+B)[T]0} (4)

This equation is similar to the Stern-Volmer equa-
tion for the quenching of fluorescence, if Q and [T]0 
are the concentrations of the quenching substances. 
According to Wilhelmann, Lumry and Eyring ,4) 
the fraction of excited molecules which emit light 
in the chemiluminescence is given by:

φ=k1/(k1+k2+Σikiqi)

where k1, k2 and ki, are the rates of the emission 

process, the internal quenching and the external 

quenching respectively, and qi is the concentration

of the ith quencher. The equation is very similar 
to Eq. 4. 

From the above considerations, it may be con-
cluded that the enfeebling action of trypaflavine 
is probably the external quenching. 

II) Enhancing Action. 
Figure 3 shows the curves of the intensity versus 

the time measured in a reaction system composed. 
of 1ml. of a 20% hydrogen peroxide solution, 2ml. 
of a 3N sodium hydroxide solution and 6ml. 
of a uranine, eosine or uranine-eosine mixed solu-
tion, where the notation IUE (3-1-2), for example, 
refers to a system composed of 3ml. of a uranine

(a)

(b)

(c)

Fig. 3. I-t curves in uranine-eosine systems,.

(3N NaOHaq., 20% H2O2aq., 45℃)

(a) (b)

(c)
4) P. C. Wilhelmann, R. Lumry and H. Eyring, "The Lumines- 

cence of Biological Systems," John Wiley & Sons, New York , N
. Y. (1955), p. 75.
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solution (0.5g./100ml.), 1ml. of an eosine solution 
(0.5g./100ml.) and 2ml. of water. Similarly, Iu 
(3-0-3) and IE(0-3-3), for example, refer respec-
tively to the systems of (3ml. of a uranine so-
lution)+(3ml. of water) and (3ml. of an eosine 
solution)+(3ml. of water). In every case, the

(a)

(b)

(c)

Fig. 4. I-t curves in  uranine-eosine systems.

(1.5N NaOHaq., 20% H2O2aq., 45℃)

(a) (b)

(c)

IuE-curve is lower than the corresponding (IU+IE) 
curve (shown by a dotted line); that is, an enfee-
bling action was found under these experimental 
conditions. Figure 4 involves similar intensity-
time curves, which have been measured with the 
systems except that the 3N sodium hydroxide 
solution is replaced by a 1.5N solution. In this 
case, the IuE-curve is slightly higher than the (IU+ 
IE)-curve; that is, the enhancing action is exhibited 
under the conditions employed. This enhancing

(a)

(b)

(c)

Fig. 5. I-t curves in uranine-eosine systems.

(0.5N NaOHaq., 20% H2O2aq., 45℃)

(a) (b)

(c)
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TABLE III. THE VALUES OF △ AND σ As A FUNCTION OF DYE CONCENTRATION AT 40℃

(0.3N NaOHaq., 20% H2O2aq.)

TABLE IV. EFFECT OF TEMPERATURE ON THE VALUES OF △ AND σ IN AQUEOUS SYSTEM WITH [U]0/[E]0=1

(0.5N NaOHaq., 20% H2O2aq.)

TABLE V. THE EFFECT OF THE CONCENTRATION OF ADDED ORGANIC SOLVENTS ON THE VALUES OF △ AND σ

([U]0/[E]0=5,0.5N NaOHaq., 20% H2O2aq., 45℃)
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Fig. 6. Absorption spectra of uranine, eosin and uranine-eosine systems. 
(1/2 conc. to original solution, 0.5N NaOHaq.)

1: Tu; 2: TE; 3: TUE; 4: √TU×TE

action becomes stronger when 2ml. of a 0.5N 

sodium hydroxide solution is used instead. Hence, 

it may be concluded that the enhancing action 

arises only in a system of low alkali concentration. 

It is worth noting that every IUE-curve in Fig. 

5 approaches the IU-curve when the IE-curve 

falls to zero. This allows the "increment of the 

total light emission" to be defined as:

(5)

where IUE, IU and IE are the intensities of the emis-

sion measured in uranine-eosine, uranine and 

eosine systems respectively, and T is the duration 

of eosine chemiluminescence. Furthermore, the 

results indicate that the enhancing action can be 

seen only when eosine chemiluminescence takes 

place; in other words, the processes of eosine chemi-
luminescence seem to be necessary for the enhancing 

action. In a system of such a low alkali concentra-

tion, uranine decomposes so slowly that the intensity 

of its chemiluminescence is practically zero, so

the ratio of △ to the total light emission of eosine

chemiluminescence can be taken as the value of

the"relative increment," σ:

(6)

The values of d and a were investigated under
various experimental conditions. In order to 

obtain the pertinent values for IUE, IU and IE, the 

I-t cruves were integrated graphically.

The Dependence of △ and σ on the Concen-

tration of the Dye.-The values of △ and σ

measured in systems with different uranine concen-

trations but with a constant eosine concentration

are shown in Table III. The d and a values

in the systems with different cosine concentrations 

but with a constant uranine concentration are 
also shown in Table III. These results indicate

that d increases with an increase in the initial
concentration of either uranine ([U]0) or eosine

([E]0), while σ increases only when the ratio of

[U]0/[E]0 increases. As will be discussed in a

succeeding paper, △ and σ are given by

△=M[U]0log{1+N([E]0/[U]0)}

σ=M'([U]0/[E]0)log{1+N([E]0/[U]0)}

where M, M'and N are the parameters.

The Temperature Dependence of △ and σ.

-Table IV illustrates the values of △ and σ as

measured in systems of (3-3-0), (3-0-3) and (0-3-3)

at several different temperatures. It is there shown

that △ increases with an increase in the tempera-

ture, while σ is almost completely insensitive to

the temperature.

The Dependence of △ and σ on the Concen-

tration of Added Organic Solvent.-It has been 

found that the total amount of emission is enhanced 

when organic solvents, such as alcohol, acetone,, 

dioxane and glycerol, are added to the luminescent

system. Therefore, △ and σ have been determined

in several water-organic solvent systems (Table

V). We see that △ increases as the concentration

of the organic solvent increases, while σ remains

constant. The results will be discussed in a suc-
ceeding paper. 

The Absorption Spectrum of the Uranine-
Eosine System.-The enhancing action arises 
from an interaction between uranine and eosine. 
To decide what kind of the interraction this is, 
the absorption spectrum of the uranine-eosine 
system was measured. The results are shown in 
Fig. 6, where Tu and TE are the absorption curves 
of the solutions of uranine (0.5g./100ml.) and 
eosine (0.5g./100ml.), and TUE is that of a uranine-
eosine mixed solution (0.5g. uranine and 0.5g. 
eosine per 100ml.). It can be seen that the IUE-
curve is very close to the √TU×TE-curve (shown

by a dotted line). This fact indicates that no 
stable substance is produced when the two dyes 
are mixed. 

The Rates of the Decomposition of Uranine 
and Eosine in the Uranine-Eosine System.-
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Fig. 7. Rates of uranine decomposition in ura-

nine eosine system and in isolated uranine system.

(0.5N NaOHaq., 20% H2O2aq., 41℃)
-●- Isolated uranine system

-○- Uranine-eosine system

The rate of the decomposition of uranine in the 

system of uranine-eosine can easily be determined 

by spectrophotometry at 490mƒÊ, bceause practi-

cally no cosine absorbed that light. The measure-

ments were carried out in a system composed of 

12ml. of a (6-6-0) sample solution, 4ml. of a 

0.5N sodium hydroxide solution and 2ml. of a 

20% hydrogen peroxide solution. The results 

are shown in Fig. 7. It shows that the decom-

position of uranine in the uranine-eosine system 

is first order with respect to the uranine concentra-

tion. The rate constant is 0.048min-1, which 

is almost identical with the decay constant of uranine 

chemiluminescence in an isolated uranine system 

under the same experimental conditions. Hence, 

it may be concluded that the rate of uranine de-

composition is not affected by the addition of cosine. 

As has been shown before, the IDE-curve ap-

proaches the Ia-curve when the IE-curve falls to zero. 

This fact would mean that the duration of cosine 

chemiluminescence in mixed system is the same 

as that in an isolated system, because the enhancing 

action is found only when the chemiluminescent 

reaction of cosine takes place. Hence, it seems 

that the rate decomposition of cosine is little af-

fected by the addition of uranine. 

It follows from the above considerations that the 

enhancing action is due neither to the production 

of a stable substance which emits strongly nor to 

the increase in the rate of the decomposition of 

uranine or cosine. 

One possible mechanism for the enhancing ac-

tion would be that cosine is oxidized to an energy-

rich intermediate at the first stage of the reaction; 

then the energy is transferred from the intermediate 

to an oxidized dye, thereby exciting both cosine 

and uranine to emit fluorescence. The same me-

chanism for the light production was proposed 

by Kautsky,5) who studied the luminescent reac-

tion of siloxen (Si6O3H6) in the presence of rhoda-

mine. He found that the spectral distribution 

of the luminescence was similar to that of the

fluorescence of rhodamine, although the dye was 

not oxidized; he concluded that energy was trans-

ferred from siloxene to the dye by some sort of 

collision. Similar results have been reported by 

Schales,6) Tamamushi7) and Vassil'ev8). 

Spruit van der Burg9) has reported that the emis-

sion of lucigenin chemiluminescence is blue in a 

hot, dilute solution and that it may arise from the 

energy-rich product, methyl acridone, while the 

emission is green in a cold, concentrated solution. 

This fact is suggestive of the same energy-transfer 

mechanism as that of the emission in the uranine-

cosine system.

(a)

(b)

Fig. 8. I-t curves in uranine-erythrosine systems.

(a) 3N NaOHaq., 20% H2O2aq., 45℃

(b) 0.5N NaOHaq., 20% H2O2aq., 45℃

1: IU (3-0-3) 2: IEr (0-3-3)

3: IUEr (3-3-0) 4: IU+IEr

Fig. 9. I-t curves in eosine-erythrosine system.

(0.5N NaOHaq., 20% H2O2aq., 45℃)

1: IE (3-0-3) 2: IEr (0-3-3)

3: IEEr (3-3-0) 4: IE+IEr

Chemiluminescence in such other systems as 

uranine-erythrosine and eosine-erythrosine has also 

been investigated; the results are illustrated in 

Figs. 8 and 9. They exhibit no enhancing action.

5) H. Kautsky and H. Zocher, Z. Phys., 9, 267 (1922). 
6) O. Schales, Ber., 172, 1155 (1939). 
7) B. Tamamushi, Naturmiss., 28, 722 (1940). 
8) R. F. Vassil'ev, Nature, 196, 668 (1962). 
9) A. Spruit van der Burg, Rec. Trau. Chim., 69, 1526 (1950).


