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Cii?ONOPHOTCHETRIC MEASUREMENT OF CHEMICAL LUMINESCENCE
IN b HYDRAZIDE OF TRI-AMINOPHTHALIC ACID (LUi{INOL)

(A report deliverod at the 9th National Congress on
Chumistry, held jointly with Swiss Chenmistry Society
at Naples, 27 May-2 June 1962, by Enrico Bovalini and
¥arcello Pinzzi, and published in the Annali di Chi-
wiea Vol. 53, No. 8/9, 1963, pp 1103-1109.)

~-SUrARY == Research was conducted inte the variations in intensity

and duration of the emission of light which occurs in reactions of
the hydrazide ol tri-aminophthalic acid (luminol) in the presence
of hydrogon peroxide and iron compounds. Suitable experimental ap-
paratus for taking such measurements were devised, and the results
obtainod shew, in some areas, a significant proportional relatinn-
ship between the maximum light intensity given off and the concene
tration of peroxide. A direct relationship was also observed
between the maximum light intensity and the concentration of hemin
when hemin was used as & catalyzing ircn compound.

The literature contains soveral studies, ranging from 1928
(1) to the present, on the phenomenon of chemical luminescence
shown by certain reactions of substances such as the hydrazides of
phthalic acid. In all these s*tudies, attention is focussed on the
chermical and physical aspocts of the phenomenon in the presence of
varicus reagents, particularly of hydrogen peroxide, and of cata-
lysts that act eithos on its rate of decompcsition or on the speed
of formation or deconmpasition of possible peroxide compounds, with
the emission of light ocrurring at some stage of the process.
Various interpretations {2,4) have been offered, and a number of
theories (5, 6, 7, 11 supgested to account for it. Particular
attention was given to the phenomenon as produced by the peroxides
by H. D. K. Drew and KR, F. Garwood (8).

The luminescent procsss can be analyzed by controlled vae
riation of the amount of hydrogon peroxide and other peroxides
involved in the reaction. (9, 10-12). Other substances which
produce chemical luminescence were used, such as luciegenina (13)
rinifon (14) etc. Catalysts used, in addition to iroa compounds,
were compounds of other metals such as cobalt, manganese, copper,
which yielded interssting results (15, 16).

The more important analytical uses referred to abovs were
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tliose connncted with the qualitative identification of traocss of
poroxides, the attempts at quantitative analysis, and the use as an
indax of acidity, since light emission is a function of the pil. The
phenomonon is usually first perceptible at about pH 7, and increases
towards alkalinity. For luminol (hydrazide of ortho-aminophthalic
acid, or, in the quinonic form corresponding to it, 5S-amino phthaw
lazine-l-t-dione), the optimum pH is about 10.3.

In order to describe these analytical applications adequately,
and at the same time to contrioute to our knuwledge of the machanism
of chemlical luminescence, we detsrmined to study the conditions
governing intensity and duration of the pnenomenon in relation to
the characteristics of the reagents, so as to assign to each of thom

_.a rating as stoichiometric or catalytic. The reaction between pero-
xides and lunminol occurs with a marked emission of light in the pre-

scnce of hemin at pY 10.3, and lasts for periods varying from several
seconds to twenty or thirty minutes, according to the concentration
of Hp0p. Some of our initial experiments seemed to indicate that

hemin, considered a catalyst for the phenomenon, was apparently
stoichiometric in its behavior in relation to the intensity of the
light emission and its length. We say apparently because, according
to H. 0jima and K. Sone (17), the maximum intensity of light emis-
sion (the peak) can be taken as a measurement of catalytic activity.
This in turn made it worth while to study the kinetics of the pheno-
menon by means of measurements of the intensity and duration of
light emission, with alternating variations in the concentrations

of all our reagents, so as to establish which of them exerted
markedly stoichiometrical or catalytical effects.

EXPERIMENTAL POCRTIGHK

Eauioment, - The apparatus used for studying this reaction
consisted of two parts: an instrument in which a suitable container
(a beaker of 50 cc) is placed in a completely sealed thermostatic
chamber, equipped with a cover having an opening to admit the mechani.
cal agitator and another for introducing reagents by means of a
special burette. At the bottom, the thermostatic chamber has another
opening, whicn contains a cathode ray cell, type 90AG, with & sen-
sitivity (Va-85V) 130 mA/1l', powered by a suitably stabilized feed
circuit. The output of the cell is sent to a Kipp recorder, of the
Mierograph B3 type, which has the following characteristics: maxi-
rum sensitivity, 0.1 mA=0.05 mV; paper speed from 40 to 960 mm/min.

In the container we placeod measured amounts of solution with
a known concentratign of luminol and hemin or other similar reagents.
Water, heated to 20 C, was circulated in the insulating jacket around
the container. Through the burette, we then introduced measured
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amounts in known concontrations of solutions of HpOs or other peroxides,
taking care to perform the operation as quickly as possible, sometimes
evon applying a slight pressure on the upper end of the burette.

Tho evaluation of the response interval of the photcelectric
cell and the rocordar (the period of the instrument) can be performed
once and for all with a light source placed inside the container and
lighted simultancously with tho recorder, so as to check the time lag
in recording. We found that when the phenomenon lasted more than
five or six seconds, this hysteresis in the apparatus was negligible.

This apparatus gave us certain curves wihiek, with the preci-
sion of the corresponding parameters (paper speed, responce of the
‘photoelectric cell and sensitivity of the rccorder), indicate, by
the height of the peaks (y) the intensity of the light emitted, and
with the distance betweon the time, 0, and the point at which y =0

(the end of the phenomenon) on the (x) co=ordinate, the duration of
the phencmenon. '

Solutions used. =« Solution of luminol €.00%: 1,1629 of
the hydrochloride of the hydrazide of tri-aminophthalic acid are dis-
solved and brought to 1 I in a solution of Na £030.2N.

Solution of hemin 2.10-L: 0.1126 of hemin hydrochloride are
dissolved and brought to I 1 in a solution of RapC030.2N,

Selutions of hydrogen peroaide: soluticns of 0.1 to 0.001M
werc prepared immediatoly before use, by diluting a 36% solution of

H20p, controlling and checking its strength with a 0.1N solution of
KnO),.

Performing the experiment. - We introduced into the container
knwon guantities of sclutions of luminol and heinin, and enough
NapC030.2N solution to bring the total volume to 20cc and to an ap- '
proximate pH of 10.3 (+ 0.05). With contacts made, the agitator on, .
and the temperature set at 20°C, we started the recording device and,
as quickly as possitle, introduced lcc of H202 in a known concentra-
tion. In this connection, we note that we always used the same volume
of H202, at varying levels of concentration, so as to make our measure=

meonts on the same volume at all times.
L 4

Figurez 1 and 2 show some of the sipnificant curves obtained
with the procedure ocutlined above. Table 1 shows data froim several
experirments in which we varied the cencentration of hydrogen peroxide,
keeping the concentrations of hemin and luminol constant, and other.
in which we varied the hemin concentration, keeping the luminol -rn
peroxide concentrations constant.
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Altezza del picco = Height of the peak
Tempo = tims minuti = minutes

Figure 1

Altezza del picco = Height of the peak
Tempn = time minuti = minutes

Figure 2
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Altezza del picco = Height of the peak
Concentration of Ky0; 1 mole

Figure 3

Figure 3 shows the absolute linearity of the relation between
peak height and H202 concentrations over a conciderable interval,
which refors to the first five oxperiments on the table. This makes
it possible to calculate guantities of H,0, as small as 1 ppa with
remarkable precision.

Experiments 6 to 11 are shown on figure 4, and indicate the ]
variations we found in the intensity of light emission (neight of j
the peaks) as a function of the variation in hemin concentration per !
fixed quantity of peroxide. The effects of this variation are quite |
evident; as the concentration of hemin increases, you get a marked
increase in the quantity of light instantancously emitted: at the !
same time, you get an increase in the auration of the phenomenon.
Flgure 5 reproduces the recorded tracks (chronophotograms) of the
phenomenon. Note also the direct proportion between the height of f
the peak and hemin concentration in esvery concentration of H202 tested,

Thls allows identification of as 1little as 2 ppm of hemin.
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Table 1

EXPERTNEI'TS PERFORMED QN 20CC OF_SOLUTION AT nH 10.3
in Tuo PRISENCE OF 2,50107¢ mM OF LuNIiOL

h Heloht Teight| !
Exp. no, [Hemin lorpeak| Exp. | wo, | Hemin lof peak, -
Al 'mM | 10T mM in rm 10T ' mM 20" MmN in mm
1 0.5 0,5 95 8 0,8 0,6 34
3 1 0,8 70 7 0,5 1 68 i
‘ .
‘_ 3 18 05 1?7 8 0,8 18 0
! ‘ 3 08 158 ° 0,5 3 1
: ® 28 08 218 10 08 ’ 184
. _ S
-{ "
ot '
»
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Altezza del picco = Height of the peak
Concentiazione emina moli/1 = Hemin concentration 1 mole

Flgure 4




Altezza del picco = Helght of the peak
Tempo = time minuti = minutes

Figure §

No interpretation of this hemin behavior can bte attempted
on the basis of so cmall 2 number of cxperiments as these; our only
aim was to ascertain the possible applicabllity of the phencmenon
and of the apparatus doscribed in analysis. A working hypothesis,
to be checked by further experiment, could be rmade to serve as an
interpretation of the proportional relationship thatv appears on
fipures 4 and 5 between the heipght of the peaks (showing maximum
light intensity) and hemin concentration. This might lead one
to surmise that hamin's behavior tends more towards the stoichiometric
than the catalytic. First, however, there must be experimental
establishment of the degree to which the height of the peak (maxdmum
intensity of light emission) is proportional to the quantity of the
luminescent product formed, to the ratio between its speed of for-
mation and its rate of decomposition, in which case the height of
the peak could also be used as a measure of catalytic activity.
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CONCLUSIONS

Tuo oxporimontal apparatus descnbed in thi.s roport is
wall adaphnd to the quantitative study of the phenomenon of chomical
luninoscence in luminol. It enabled us to note the intervals’and
the conditions under which the emission of light is: proportional
to the concentration of poroxide and the concentration of iron:

compounds, making possible the analytical use of chronophotometric
measurements.




