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CATALYTIC EFFECTS ON THE LUMINESCENCE OF
3-AMINOPHTHALHYDRAZIDE BY HEMINS

AND HEMIN DERIVATIVES *

(Received 16 December 1938)

ollowing is a translation of an article by
Otto Schales, Biochemical Institute of the
University of Copenhagen, in the German-lang-
uage periodical Berichte der deutsche2 che-
mischen Gesellsohaft (Reports of the German
Chemical Society), Vol 72, No 1, 1939, pages
167-177J,0
As has been reported by H. 0. Albrecht (I), the blue

luminescence occurring during the oxidation of 3-aminophtbal-
hydrazide (luminol) with hydrogen peroxide is catalytically
intensiflad by manganese peroxide, colloidal platinum, blood,
as well as potato peroxidase. However, the luminescence be-
comes particularly strong when a little hemin is added to
the reaction mixture (2). Horseradish peroxidase is also
effective according to R. Wegler (3); but it cannot bring
about such a strong light emission phenomenon as hemin. H.
Thielert and P. Pfeiffer (4) showed with the example of
sallcylaldehyde-ethylenediimine ferric chloride that also
simpler iron complex salts than hemin can be catalytically
effective. I have previously reported (5) about the effect
of watersoluble o-hemin and some metal salts on luminescence;
that report includes also a critical discussion of the for-
ensic blood test with luminol which had been described by
W. Specht (6).

The interest which exists for this intense light e-
mission phenomenon from various points of view -- as a model
for bioluminescence processes which are also connected with

* The work described in this report was performed with
Othe support of the Ella-Saohe-Plotz-Foundation and the

van't Hoff fund.
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an oxidation, as sensitive method for the detection of hy-
drogen peroxide and its formation in dehydration processes,
and perhaps also as basis for a practical useful light
source -- prompted me to study more carefully its course
and the effects of various factors on it.

1. Effect of Rydrogen Ion Concentration

According to the literature, the system luminol-H202-
hemin exhibits luminescence only in an alkaline reaction
B. Tamamushi (7) has noted that a light emission occurs only
at a pH above 12. This statement is not true. To be sure,
the intensity of the luminescence is stronger in highly al-
kaline solutions than in weakly alkaline solutions, as R.
Wegler (3) reported. In my experiments with buffered solu-
tions there was also a decrease in luminescence with increas-
ing hydrogen ion concentration and proportionately to this
there was a color change in the light emission from blue towhite. However, even at pH 5.10, a faint but nevertheless
distinct luminescence can be observed.

2. Effect of Temperature

When two alkaline soda solutions of identical luminol0 and hemin concentrations are treated with the same amount of
hydrogen peroxide -- one solution at 20 degrees and the other
one at zero degrees, then the arising luminescences appear
to be of equal intensity to the naked eye. However, this
picture changes rapidly as is shown by Table 1:

Table 1

Time Change of Luminescence Intensity at
Zero Degrees and at 20 Degrees

Temp. Subjective impression of the intensity after
0 _3 7 10 14 25 45 min.

0 -- un- still still -- still ex-
changed strongly distinct -- distinct tinct

lue from loin from 5m
distance distance

200 as at marked- whi- still de- ex-
0 ly wea- tish tectable tinot

ker from 0.3m
than al distance

00

02
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It is seen that the duration of the light emission

is approximately three times longer at 0 degrees than at 20
degrees, which is quickly recognized with the fading, even
by subjective observation. Actually, the product of inten-
sity and the duration of luminescence should stay constant
at different temperatures. At zero degrees a weaker and
longer light emission should be expected. But it is under-
standable that the duration of the light emission at low
temperature lasts longer in spite of the same initial inten-
sity. Hemin decomposes in a side reaction part of the hy-
drogen peroxide. This side reaction is presumably inhibited
by lower temperature (the main reaction seems considerably
lessened); simultaneously the decomposing effect of the al-
1ali (1 percent sodium carbonate solution) on H202 slows
down so that a larger amount remains for the light emission
process itself. -From the observation that a new addition
of peroxide brings about new luminescence, it follows that
the luminescence is stopped at the hydrogen ion concentra-
tions chosen here on account of the H202 consumption.

When mesohemin is used as catalyst instead of hemin
under otherwise identical conditions, a considerably bright-
er luminescence is observed, which will be discussed later.

OV The luminescence at 20 degrees lasts under the chosen condi-
tions five minutes (hemin in a parallel experiment: 14 min-
utes); however at zero degrees the luminescence lasts 15
minutes, that is, also three times as long as at 20 degrees.
After extinction, it is possible to induce new luminescence
by fresh addition of H202.

3. ODbective Measurement of the Luminescence Intensity

While our eye can detect well identical intensity of
two emissions -- the use of colorimeters, step photometers
or step-wise colored standard series is based on this capa-
bility of the eye -- the eye is not able to estimate numer-
ically differences in intensity in a more or less satisfac-
tory way. The comparison of the effect of various lumines-
cence catalysts can therefore be accomplished only by objec-
tive measurements. In my experiments, this comparison was
carried out with a selenium-photovoltaio cell coupled to a
mirror galvanometer. To obtain comparable results, various
factors have to be kept constant during the measurements; a
1 percent sodium carbonate solution was always used as sol-
vent for the aminophthalio acid hydrazide and for the cata-
lyst. Moreover, three parts of the I percent luminol solu-
tion were always mixed with three parts catalyst solution
and subsequently with one part 0.03 peroent hydrogen perox-
ide solution. The start of the addition of H202 to theO.-0
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luminol catalyst mixture was taken as the start of the lum-
inescence.

13

1 \

Fig, 1. Luminescence curve of the system lumi-
nol-H202-hemin

The initial intensity which the catalyst can stimu-
late is not characteristic for the latter, but the entire
course of the luminescence which is represented graphically
by plotting the intensity along the ordinate (in centimeters

O of the galvanometer, displacement) and the time along the
abscissa. The first reading of the intensity is made one
minute after the addition of H20g for practical reasons.
This method has, of course, thd isadvantage that the ini-
tial luminescence can not be determined accurately for mix-
tures with a rapidly decreasing brightness, Furthermore,
I try to designate the rate of intensity decrease by a term !
which I call luminescence half-time (HLD) ZlHalbe-Lumines-
oenz-Dauer!/, With HLD I mean that period of time which
passes until the ntensity of the luminescer ce has reached
half the value it had at the moment of the first reading.
Fig. 1 shows the curve which I obtained when using hemin as
catalyst. The HiD amounts to two minutes and 41 seconds.
It should be added that the catalyst solution contained 26
milligram per liter ohlorohemin and I must presuppose t.hat
the luminescence-catalytic activity of this solution bad be-
come constant.

4. Activation- of the9 "emin" C.atalyst

We know from various studies, particularly those of
R. Mfhn and L, Brann (8.9) as well as that of W. Largenbeok
(10) that the oatalatio and peroxidattve activity of hemin
may vary absolutely and with respect to one another when

O .4.
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small changes are introduced into the hemin molecule. I
made the usual assumption that the luminescence-catalytic
function of hemin is a peroxidative function and attempted
to obtain more effective catalysts by preparing hemin deri-
vatives in which the peroxidative activity is increased in
comparison with that of hemin. Besides mesohemin -- which
according to K. Zeile (11) is catalatically quite active in
0.1 normal NaOH while it is according to Kuhn and Brann (8)
more strongly peroxidative in the alkaline region, but con-
siderably weaker than hemin -- I studied a few parahemins
whereby the following bases were used: pyridine, nicotine,
4(5)-methyl-imidazole, and p-methoxy-4(5)-phenylimidazole.
W. Langenbeck, R. Hutachenreuter, and W. Rottig (12) showed
that all these parahemins mentioned (with the exception of
nicotinehemin which was not included in the studies) are
(at pH 6-8) peroxidatively more effective than hemin. When
the catalatic and peroxidative activity of hemin are both
taken equal to one, then the following activities are cal-
culated for the parahemins mentioned according to the data
of these authors:

peroxidase catalase
activity activity

0 hemin 1 1 (pH 8)
hemin pyridine 5 1.4(pH 8)
hemin 4(5)-methylimidazole 7 4.5(pH 8)
hemin 4(5)-phenylimildazole 14 1.1 (PH 7.5)hemin p-methoxy-4(5)-phenylimidazole 15 0.3(pH 7.5

My experiments showed that pyridine and nicotine In-
crease the luminescence-catalytio activity of hemin, of Fig.
2. In connection with this, the HLD decreased which, in a
series of experiments, was determined to be for pyridne-
parahematin from 2 minutes 9 seconds to 2 minutes 25 seconds
and for nicotine-parahematine from 1 minute 41 seconds to
1 minute 53 seconds. The effect of imidazole derivatives
on the course of the luminescence is shown in Table 2. This
table shows in each case two measurements, taken at random,
which were carried out at different times with independent-
ly prepared catalyst solutions.

Methylimidazole causes still a distinct increase in
hemin activity and the HLD decreases to 1 minute 38 seconds
or 1 minute 40 seconds, respectively. Phenylimidazole weak-
en& hemin considerably and decreases its HLD from 2 minutes
41 seconds to 1 minute 3 seconds or 1 minute 11 seconds,

0- -
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respectively; finally, methoxy-phenylimidazole removes the
luminescence-catalytic activity of hemin almost completely
whereby the HLD is reduced to the range of 45 seconds to
1 minute.

Table 2

Luminescence-Catalytic Activity of Some
Imidazole-Parahematins

£ Zeit 4) lntenstit d. L.un:nv..." %A in cm Galvanometer-Ausschlag

In Min . A) 4) + etho y lhcn).I.in n._in _ + 5thyl-i"ldo_ l + Phenyl-imidaol h tmidazol

S17.9 24.0 23.3 3.7 3.1 0.6 0.6
I'l 16.0 15.9 18.6 2.6 2.3 0.5 0.4
2 14.0 15.3 15.1 1.9 1.7 0.3 0.2
2'/, 12.2 12.5 12.3 1.3 1.3 0.2 0.1
3 10.7 10.5 10.3 1.0 1.1 0.1 0.0
Vis 9.4 8.9 8.7 0.7 0.75 0.0
4 8.2 7.6 . 7.5 0.5 0.6
4%/, 7.2 6.5 .6.4 0.35 0.45
3 64 5.7 5.6 0.25 0.35
51, 3 7 5.0 4.9 0.2 0.25

6 5.1 4.4 4.3 0.1 0.2
6'/1 4.5 3.9 3.8 0.0 0.13
7 4.0 3.5 3.4 0.1
711, 3.5 3.1 3.0 0.05
8 3.2 2.8 2.7 , V.0
$'I, 2.8 2.5 2.4
9 2.5 2.2 2.1

V1, 2.3 1.9 1.9
10 2.0 1.7 1.7

§egendjt7 a) time in min; b) intensity of
the luminescence in am galvanometer deflection;
a) hemin; d) + methylimidazole; e) + phony-
limidazole; f) + methoxyphenylimidazole.

Therefore, contrary to expectations, it turns out
that the hemin derivatives phenyl W dazole-parahematin and
p-methoxy-phenylimidasole parahematin which others found to
be particularly effective do not only bring about no in-
crease in the luminescence intensity, but decrease the lat-
ter considerably and shorten simultaneously the luminescence
period. The explanation of this statement is difficult, be-
cause it can hardly be assumed that the catalysts mentioned
lose their peroxidative properties In I percent N%003

.0O -6-



0
solution and become strong oatalases. Moreover, mesohemin
which Is hily activi catalatically in 0.1 normal NaOH so-
lution (loo cit) increases the intensity of the luminescence
considerably, of Fig. 3,

70 ' - - i

-' I .b

IV. 1

Fig. 2. Increse in lumines- Fig. 3. Luminescence-
cence-catalytic activity of catalytic activity of
hemin (I) by pyridine II) and mesohemin (I) and chlor
nicotine (I1I). (1) = intensity ohemin (I). (1) = in-
(logarithmic scale) tensity (logarithmic

scale)

This leads me to the assumption, as a temporary working
hypothesis, that perhaps Just these catalytic properties of
the catalysts are the stimulating factors for "'minescenoe.
Such a thought is not as farfetched as it appears to be,
because D. Wuihin and E. F. Nrtre. (13) have found that
the H O catalase formed during the dehydrating activity of
zanth1noxidase is indispensible for the coupled oxidations
of alcohols to aldehydes, althoush It should actually des-
troy the peroxide.

If my assumption is correct then those parahematins
which possess an especially increased catalatical activity
in oomparison with heUa should be good luminescence catalysts.

0-7
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K. G. Stern (4) has investigated the catalatic properties
of a large number of hemin complexes. When the catalatic
activity of hematin (at pH 7.3) is taken to be equal to
one, then these values are calculated from his data on the
activities of the parahematins with the following bases:

pyridine: 1.17 (pH 6.3)
1-histidine: 1.41 (pH 7.3 - 8.3)
methylimidazole: 1.44 (pH 7.9)0
nicotine: 1.93 (pH 7.3
histam!"L: 2.71 (pH 8.4)

(Compared with Langenbeck and coworkers (loc cit) it
is apparent that here methylimidazole-parahematin does not
differ so widely in its activity from hematin.)

It is essential that t-histidine, nicotine, and his-
tamine activate the catalytic properties of hemin. My ex-
periments showed now also an increase In the luminescence-
catalytic activity of hematin by these bases (of Table 3).

Table 3

0 Luinescence-Catalyto Activity of Histamine-Parthematln and 1-Histidine-Parahematit

.b) JatEUsltAt dv L~W ft in C Galvanomter-Auehiel

u) .A'"in ) + I I +
_______ Xontrw'4Ie) + JlII~I.MAA + *-RItiln

1 166 360 34.4 4..0 30.0
lt, 14.3 230 23f 301 35.4

2 124 35.2 372 230 26.1
il1, 30. 337 130 115 * 197
3 9.1 106 10.0 141 13.2
301a 56 8.4 7.5 11.4 11.9
4 7.7 6,6 6,2 93 9.4
4014 7.0 3.3 3.0 7.7 7.4
3 6.4 4.5 4,0 6.4 60
3'A 31 37 33 ,S 45
6 $4 31 .7 4S .1
6440 2 6 1 is 3i
7 46 2V 3 3.2 3
7'64 4.3 I 1.6 2.7 2.0
$ 4.0 3 1.3 3.3 1 6
5'), 3.7 !. 31. 1.9 1.3
9 o3. 0 0.9 1.4 3.1
pie 3.3 0 0.73 1,3 00

t0 .1 07 06 1 0.7 0.
W)r4n is In i0 |' ,I, Is 5"

. 0 (Lep an foloavwng pag)
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ELegend 7 a) time In min; b) intensity of
the luminescence in cm galvanometer deflection;
c) hemin (control); d) + histamine; e) +
t-histidine.

In summary, it must be concluded from these activa-
tion experiments that some peroxidatively highly active
parahematins are poor luminescence catalysts, while the
parahematins with the highest catalatic activity bring a-
bout an increase in luminescence intensity.

Some remarks shall still be made about the course of
the lumiricence. The curve of Fig. 1, which is similar to
the dir ..eration curve of radium, becomes a straight line
when tie intensity Is plotted on a logarithmic scale (cf
Fig. 2). However, this is only the case with hemin, nico-
tine-parahematin, pyrid ine-parshematin and phenyl imidaz ole-
parahematin; the other catalysts yield logarithmic curves
which, in most cases, are composed of two straight lines of
which the first one Is steeper (up to approximately three
minutes' (15). It is surprising, with the complex reaction
mechanism which must be assumed for the occurrence of the
luminescence that there are at all cases in which the de-
crease in light intersity follows the equation of a first
order reaction and reflects presumably the monomolecular
decomposition of H202.

I have tested the validity of the equation dx/dt =
k(a - x) In the form 1/t'ln(a/a-x)= k with the example of
nicotine parahomatin (whereby I substituted the natural
logaritla by Brigs's logarltba) and calculate for:

niootine-parahematln t k x 103 = 1,55 (largest deviation
among 19 Individual
values + 4%),

pyridine-parahomatin t k x 103 = 1.16 (largest deviation
among 19 individual
values i3.5%).

5. Kesohemn. Chlorohemin Ld HeMatin

When mesoheuin Is used as catalyst, the intensity of
the luminescence Is by far greatur than that obtained with
the catalysts discussed so far. Fig. 3 shows the course of
the luminescence; It should be noted that the volume of the
luminescent mixtures measured bare Is only 2/5 of the volume
of the aixtures studied so far, i.e. tbe numerical values

-9-
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read off from Fig. 3 must be multiplied by a factor of ap-
proximately 2.5 to become comparable with the data in the
preceding tables and figs.

Suprisingly it turns out that chlorohemin has a
similar, high activity when freshly used In a I percent so-
dium carbonate solution. The activity of the catalyst de-
creases apparently to the same extent to which chlorine is
substituted by the hydroxyl group and reaches finally a
constant limiting value. R. Kuhn and L. Brann (9) reported
also previously about "aging phenomena" of hemin in weakly
alkaline solutions which these authors explained with the
substitution of the chlorine by a hydroxyl group. However,
in their experiments, hematin had approximately the same
activity as hemin, only the pH dependence of its activity
was not as strong as that of hemin. The decrease in lumin-
escence-catalytic activity of hemin occurs in a 10 percent
Na2CO3 solution considerably faster than in a 1 percent so-lution; Table 4 shows the changes in the latter case.

Table 4

Decrease of the Luminescence-Catalytic Activity of
COlorohemin During Storage in 1 percent Na2C03 So-
lution. (The volume of the reaction mixture amouats
to 2/5 of the amount which had been measured in
Figs I and 2 as well as in Tables 2 and 3.)

IU A.) . Intensiat in cm Galvanometer-AU hgSZelt
in Mi. Q O Aj 21 iTagech Aud-

1 Stde. 24 Stdn. 2 Tage 6 Tage 14 Tage I l*n des Chlcrhimins
16*e- , Cl i

1 49 44 36 20 10.6 7.0
2 16,7 16 17.18 13.3 7.3 5.4

HLD 40" 46" 59" 2' 40" 2' 25"

Zagendg7 a) time in min- b) intensity in cm
galvanometer defectloL- c) 1 hours d) 24
hours; e) 2 days; fS 6 days; gS 14 days;
h) 21 days after dissolution of chlorohemin.

The activity of mesohemin remained unchanged after
storage in a 1 percent Na2 C03 solution for 14 days as far
as the intensity 45 seconds after addition of H202 is con-
ceraed, but the HLD decreased during this period from 13010



seconds to 17.5 secouds, i.e. the reaction rate slows down
somewbat.

6. Hydrogeu Peroxide Detection in 1 : 100 Mill-ion Dilution

W. lanenbeck and U. Ruge (16) determined and I couJ.d
confirm their findings (5) that It is possible to detect
H202 by means of lum iol in the presence of hemin as cata-
lyst even at 1:5 x 100 dilution. It is now possible to
derive from my experience with the luminescence-catalytic
activity of mesohemin and chlorohemin a more sensiti e
method for the detection of peroxide.

Reagent: One hundred milligram 3-aminophthalic acid
hydrazide is dissolved in 100 cubic centimeter 1 percent
Na CO solution and shortly before use of the reagent 3.0
miYlIram mesohemin or chlorohemin is added to this solution.

Use: Five cubic centimeter of the reagent are added,In a dark room, to 5 cubic centimeter of the solution to be
tested for peroxide (test tube). Chlorohemin exhibits with
the limiting hydrogen concentration of I : 108 still a weak
light emission which, however, fades away rapidly; the
mesohemin reagent, on the other hand, causes a strong light
emission at the instant of the addition only after 10 sec-
onds is this emission completely extinguished. Even with
higher peroxide concentration, the mesohemin reagent is
be preferred because the luminescence caused by the reagent
is, at the instant of its addition, always more intensive
than that obtained using the chlorohemin-luminol mixture.
Since the catalytic activity of mesohemin does not change
when kept in a 1 percent Na CO solution (within 14 days),
there exists, furthermore t;e idvantage that the mesohemin
reagent may be kept.

7. Luminescence Catalysis by Salicvlaldehyde-Ethvlenedii-
mine Ferric Chloride

H. Thielert and P. Pfeiffer (4) reported on the use
of salicylaldehyde-ethylenedlimine ferric chloride (SK) as
catalyst for the luminescence of aminophthalic acid hydra-
zide and state that the intensity obtained by this catalyst
Is "approximately one third" of that obtained with heroin.
They carry out their experiments in such a way that 3.5 mil-
ligram SK or 6 milligram hemin, respectively, are added to
10 cubic centimeter of Specht's luminol reagent. Z-Specht's
reagent (6): to 0.1 gram luminol in a 100 cubic centimeter
volumetric flask are added 50 cubic centimeter 10 percent

0 .11-
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Na2CO3 solution as well as 15 cubic centimeter percent
HP20 and then filled up with water to the mark./ Although
Specht's reagent is not particularly useful for quantita-
tive measurements because its peroxide content decreases
continuously under the action of alkali, I have repeated
Thielert and Pfeiffer's experiment exactly according to
the data given by these authors. Table 5 shows the result.

Table 5

Comparison of the Activity of 6 Milligram Hemin
and 3.5 Milligram SK per 10 Cubic Centi-

meter of Specht's Reagent

40 Zeit 1,4Intensitit d. LbUminescens .. Zest Inten.sit~t d. Lutwinescenz
in Min. , ) 14imin S SK. j n Min. Hamin s IK.

220 I s 4 1.6 3.25l' 54 4.0 4 11s O.8 3 1 3
2 25 3.4 5 0.4 3.05
21/, 12 3.33 5'1. 0.2 2.9
3 6 3.35 6 0.1 2.8
3', 4.1 3.3 61/, 0.05 2.7

O 7 0 2.65

fL eend:7 a) time in min; b) intensity of
the lumInescence; c) hemin.

The intensity of the luminescence caused by SK is,
thus, much weaker in the first minutes than one third of
that caused by hemin, but the HLD reaches the high value
in almost 19 minutes.

In further experiments that shall not be described
in detail with this catalyst, it was found that soda solu-
tion deactivates the catalyst rapidly; this is superficial-
ly recognized by development of an orange color. The deac-
tivation occurs almost quantitatively in 1 percent Na2 CO3
solution over a period of 24 hours.

Best results could be obtained with SK when it was
suspended in a I percent Na2 CO solution, well shaken, and
used quickly. When the conoeniration of catalyst, luminol,
and H202 are chosen, just as Thielert and Pfeiffer did, but
the Na2 O3 concentration is lowered to 1/5 of Thielert and

0 -12-
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0
Pfeiffer's value, then the intensity of the luminescence
is more than doubled. It is interesting that with this
experimental change the catalyst must be present in the
luminescent mixture for 3 minutes before its maximum ac-
tivity is noted. Fig. 4 shows the course of the lumines-
cence; simultaneously the decrease in activity on storage
of the catalyst in soda solution may be seen.

Fig. 4. Course of the luminescence with salicylal-0dehyde-ethylenediime ferric chloride as catalisa-
tor (I hour T; 3/4 hour L.7 and 1 hour /I,7
after suspension of the catalyst in I percent
Na2CO3 solution).

8. Luminescence Extinction by Higher Fvridine Concentra-
tions

Some time ago, P. Holtz, and G. Triem (17), 0. Schales
(5), as well as C. Henze (18) have shown by means of luminol
that during the action of oxygen on a number of compounds
H202 or unstable peroxides are formed. When these compounds
react in the presence of oxygen with hydroxyhemoglobin and
hemoohromogens, green products are formed; the latter are
?0lled pseudohemoglobins or seudochromogenes, respectively,
G. Barkan and 0. Schales (19J/. Other authors who, like-

wise, considered the formation of such green blood color
derivatives (20, 21) report on the difficulties which they
encountered during detection of the thereby occurring forma-
tion of peroxide by means of luminol. Since the starting
materials of these authors contained pyridine, the following
has to be said. It is true that, when used in very small
quantities, pyridine Inoreses the luminescence intensity of

o-13-
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aminophthalic acid hydrazLde, but in larger amounts it acts
as luminescence inhibitor. When to 5 cubic centimeter of
a I percent luminol solution (in I percent sodium carbongte
solution) in a test tube 5 cubic centimeter of a 4 x 10-D
M hemin solution (in 1 percent sodium carbonate solution)
and 0.2 cubic centimeter 3 percent H202 are added, a strong
and lasting luminescence occurs. If now pyridine is added
dropwiae, the luminescence becomes at first stronger, but
further addition of pyridine weakens it. After addition of
2 cubic centimeter pyridine, the previously bright luminea-
cence has faded and is hardly recognizable. Since consid-
orably smaller amounts of peroxide occur during formation
of the pseudochromogenes than has been admitted in the cited
experiment, it must be assumed that the intensity of the
luminescence has been weakened by the presence of pyridine
to such an extent that it can no longer be detected.

Description of the Experiments

1. Materials: Luminol was prepared following the procedure
described by E. H. Huntress, L. N. Stanley and A. S. Parker
(22). The substituted imidazoles were prepared according
to R. Weidenhagen and R. Herrmann (23) and mesohemin accord-0 ing to J. Zaleski (24) from mesoporphrinp ccording to H.
Fischer, E. Bartholomaus and H. Rose (25 /. The hydrogen
peroxide solutions were always freshly prepared by diluting
Perhydrol (Merck).

2. WLminescence at Different H Values: For these experi-
ments the chlorohemin was first dissolved in the alkaline
component of the buffer (NaOH in case of a citrate buffer
and tertiary phosphate In case of phophate buffers) and then
more diluted with buffer solution until a solution of the
desired pH was obtained, which contained I milligram chloro-
hemin in 10 cubic centimeter. For instance, 2 cubic centi-
meter 0.1 normal NaOH containing 1 milligram chlorohemin was
diluted with another 2 cubic centimeter 0.1 normal NaOH and
6 cubic centimeter citrate; the pH of the mixture is 5.91.
The same procedure was used for the preparation of 0.1 per-
cent solutions of luminol in a buffer. Ten cubic centimeter
buffered luminol solution and 5 cubic centimeter 3 percent
H202 were added to 10 cubic centimeter hemin-buffer.

3. Luminlescence at Zero Desees and at Twentv De,ees:
Three cubic centimeter of a 4 x 10-D molar hemin solution
In 1 percent Na CO solution and 3 cubic centimeter of a
0.1 percent luminoI solution in 1 percent N&2C03 solution

0 - 14-



were put into each of two test tubes. One of the test
tubes was put into melting ice. Into each of two other
test tubes was put 1 cubic centimeter 0.03 percent H202
solution. At the same time the luminol-hemin solutions
were decanted into each of the two test tubes containing
H202 and the cooled hemin solution was again put into ice.
See Table 1 for the course of the luminescence.

4. Objective Intensity Measurements: The photocell was
in a light-proof box. The distance between the scale and
the mirror galvanometer was 2 meter. Petri dishes of 71
millimeter diameter were used as containers for the lumin-
escent mixtures in all quantitative measurements. Fifteen
6 cubic centimeter 0.1 percent luminol solution in 1 pe-
cent Na2CO3 was put into the Petri dish followed by 15 2F
cubic centimeter of 4 x 10-5 molar hemin solution in 1 per-
cent Na2CO solution (prepared from a ten times more con-
centrated standard solution in 10 percent Na2CO3 solution
by dilution with water; however, in experiments with
chlorohemin, section 5., these solutions were obtained by
direct weihing into a 1 percent Na2CO3 solution) and fin-
ally 5 ?/2 cubic centimeter 0.03 percent H202 solution.
The volumes given in brackets refer to Fig. 3 and Table 4.

O The stop watch was put into action at the instant of the
H202 addition'. The mixture was subsequently well stirred
and the measurements were started after the galvanometer
oscillations had stopped.

5. Experiments with Paranema&tins: These catalyst solutions
were obtained in such a way that to 1 x 10-? mole of the
corresponding bases was added 10 cubic centimeter of the 4
x 10- molar heomin solution in 10 percent Na2CO3 solution.
If necessary, the mixture was heated on a water bath until
the base was mostly dissolved and finally made with water
to a volume of 100 cubic centimeter. Fifteen cubic centi-
meter of the catalyst solution was taken for each measure-
ment and mixed with luminol and H202 as described above.

6. EM er Mments w h 8 altoYlAldhyde-ethvle9edtiml~e Feric

r .: The experiments given in Table 5 were carried
out wi hemin and SK according to the procedure of Thielert
and Pfeiffer. For the measurements represented in Fig. 4,
the following procedure was used, To 35 milligram SK In a
glass-stoppered flask was added 50 cubic centimeter of a
solution containing 100 milligram luminol and 500 milligram
Na2 CO. The mixture was well shaken and 5 cubic centimeter
ofthsuspension was transferred into a Petri dish by means
of a pipet. To this 5 cubic centimeter of a 0.9 percent
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H202 solution was added. The changes in luminol and H202
concentrations, compared with the experiments using the
other catalysts, were made to conform with Thielert and
Pfeiffer.
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