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o WO LUTUIIIREBCENCE OF LUMINOLS VIII: A VERY EFFECTIVE
a2 TION OF THE LUMINOL REACTION

/Foilowing is a translation of an article by
K. Weber and k. Kostelac, Research Depart-
ment, '"Fotokemika'" Film and Photographic Paper
Factoxry at Zagreb, Croatia, Yugoslav:>, in the
German-language, published in Croatica Chemica
Acta 28(1956), pages 33-39.7

\

The chemoluminescence of Luminol caused
bty the oxydizing influencc of potassium~ferro-
..{iil)cyanide may be controlled in such a man-
ner that either a non-catalytic or a catalytic
reaction will result. Both reaction types are
susceptible to inhibiting influences by foreign
additions; hydrochinon causes a very effective
inaibition of the non-catalytic reaction and
cancellation of luminescence in very low con-
centration, Half-value concentration for can-
cellation is 1.10 x 10-7 mol/l1 and it should be
pointed out /that inhibition in this order of
magnitude was thus far observed only in chain
reactions., Other inhibitors show a much weaker
effect. The. assumed reaction mechanism of lumi-
nescence will ‘be discussed in the following.

Two basically different types of the Luminol reaction
are known, In one type hydrogen peroxyde serves a dual pur-
pose as oxydation medium and reaction component. ts oxygen
is activated by means of a suitable catalyst (in most cases
a heavy metal complex) and is brought to act on the Luminol
molecule in a manner similar to the peroxydizing process. In
the other type of reaction process an oxydizing medium (po-
tassium~-ferro(III)cyanide or hypochlorite) will act directly
on the Luminol, without requiring the catalyst /I/ /numbers
in brackets refer to similarly numbered items in Bibliography




at en\ . Both types of reaction will display a more or less
intensive cmission of blue light. In regard to <the inhkibit-
ing (retarding) of the reaction and cancellation of lumines-
ccnce we were able to note that the two modifications of thig
rcaction show essentially different characteristics. 1In the
presence of hydrogen peroxyde and a respective catalyst the
order of magnitude of the inhibiting effects obtained was
comparable to those observed regularly in thermal and photo-
c aemical reactions and in the cancellation to fluorescence
6 wfsolved substances /2/. A very effective inhibition,
vt ous noted in the case of non-catalytic reactions,
\ulC) Wiii De discussed in the following.

Test Methods

The tests were carried out with the photoelectric ap~
paratus described in previous articles. Three series of
tests were carried out for each of the reaction compounds
containing the following components:

1. Luw 1nol 2 x 10'0 mol/1
¥a0H 2.5 x 10-2 mol/1
Pota351um-ferro(III)cyanlde 4 x 10"4 mol/1

2. Luminol 4 x 10~¢ mol/1
NaOH 5 x 10=3 mol/1
Hy05 1.76 x 10-2 mol/l
Potassium~ferro(III)cyanide 4 x 10=4 mol/l

3. Luminol 4 x 1--"4 mol/1
NaOH 4.5 x 10-2 _mol/1
Ho0p 1.76 x 10=2 mol/1l
Potassium~ferro(III)cyanide 4 x ].0'4 mol/1l

The reaction volume in all cases was 50 ml., Test car-
ried out with the components listed under 1. obviously refer
to the non-catalytic type of reaction while the tests result-
ing from 2. and 3. yielded catalytic reactions at different
alkaline concentrations. The inhibitors (foreign additions)
used were: phenol, hydrochinon, methyl-paramido~phenol-sul-
fate (metol), anilines and potassium iodide (KI). Measure-
ments were made in relative units (galvanometer deflect;on)
for the intensity of luminescence dependent on the reaction
time, with foreign additions present or absent. The light
sums of luminescence emissions and the half-value concentra-
tions for inhibition were computed from the test results.

(For definition of these terms see publication VII on this
subject).
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Test Results

it is evident that the above listed reaction compouncg
are composed in such a manner that the potassium-ferro(IlIiI)-
cyanide was kept at a constant concentration. VWith hydrogen
peroxyde present, the concentration of the ferruginous com-
plex is equal to the Luminol concentration while the Ho0,
conceniration was chosen at a ratio of nearly 1:50 larger than
viie other concentrations. This surplus is necessary in order
1o move thne peroxyde into the position of the second reaction
component and to permit the ferro-complex to act as a catalyss,
viranging ol the Luminol will then proceed in accordance wiil
Lwae ciypen resources offered by the peroxyde and will texrmine
ace wien ali tie Luminol has been used. In the absence oI
aydrogen peroxyde a much higher Luminol concentration had to
e chosen in order to obtain measurable and conmparable test
rcsults for luminescence. In this case Luminol is present ia
five times higher quantity than that used in the other two
test series and the reaction will evidently terminate when-
cver tiae ferro-complex (which in this case acts as the oxy~
w.cing agent) has been usced up.

@ maximal luminescence intensity values (G;) and
Lizht sum values (L) obtained withh these reaction compounds
wiihout inhibiting agents have been noted (in relative units)
in Tabie iI. Largest maximal luminescence iantensity was ob-
Tained wita hydrogen peroxide present and at highest alkaline
corcentration, whereas the largest light sum value is showa
for an. absence of Hy0,, i.e. for largest Luminol quantities.
This sihows that the greater reaction speed of the catalytic
rcaction produces a more intensive luminescence with shorter
Gu.oation of reaction, while the non-catalytic reaction shows
lower light intensity but yields a larger quantity of lumines-
ceace radiation, due to longer duration of this reaction.

dydrochinon shows a distinctly inhibiting effect on
ihe non-catalytic reaction: cven in very low concentration
this inhibiting agent will reduce the maximal intensity of
luminescence, as well as the light sum. Figure 1 shows a
number of decay curves of luminescence (intensity-time curves)
for various concentrations of hydrochinon. It may be seen
that in the case of higher hydrochinon concentration maximal
intensity of luminescence will be reached only after a certain
reaction time has passed.



Table I

Intensity of luminescence and light sum values for
reaction compounds containing no inhibiting agents

Reaction Compounds Gm L
without 509 (non-catalytic) 57 1431.5
(catalytic) '
with HoOo 11.4 5.4
NaOil: 0.605 mol/1
(catalytic)
with H,C, 122 24.8

“1a0li: 0.045 mol/l

Figure 1. Inhibition of the non-catalytic re-
action by hydrochinon. Inhibitor
concentration x 108 mol/1l: 1., -- 2.
5.4 3.9 4, 18 5. 36 6. 90

The initial and the maximal intensity may be computed
Jor each inhibitor concentration from these decay curves, also



the light sum of luminescence for the reaction compounds
witiout inhibitor addition. The numerical values compiled
in Tables II, III and IV were obtained in this manner. These
values may be compared with one another, independent of the
absolute values of luminescence intensities. They refer to
the non-catalytic, as well as the catalytic type of reaction
obtained from the compounds with component listings given in
1., 2. and 3. These tables also show the values for the gen-
ewri” inhibitor constant (sec publication VII). It may L&
Jor compounds 1. and 2. the reciprocal value oif the
~tant (1/f) couoresponds to the half-value concen-

e L. e..caition (€), which was computed by means o
Srw,ane L Loterpolation. This means that this type of reac—~

tion well satisfies the inhibitor equation. No constancy oI
the f -values was obtained, however, for compound 3: inhi-
bition increases at a much higher rate than would correspond
©o t:. Iirhibitor equation. The high alkaline concentration
in this case seems to entail secondary influences (rapid oxy-
dizingz of the inhibitor).

Table II

Luminol —+ Kgz/Fe(CN)g/ Compound 1
. Gin%% !
H%?;;‘;f:‘;gg“ Anfongs-B| Z\'qu:'mal-g <L in % .10
' b) Intensitit ;
- 180 E___}go o 160 -
54 G @ | 03,0 8,7
9,0 53,5 | 544 30,4 9,7
18 BE 450 ; $6,6 11,1
36 254 | 230 | 21,6 ©82
99 | 108 | 175 | 56,3 % 9,6

7
¢) Mittelwert: [ =9,5.100 3 = 1,05.10°7; ¢ = 1,i6.10°7

/Legend:/7 a) Initial; b) Intensity c¢)
Mean values. :



Table III

wuminol =+ ily0y + K3/Te(CN)g 7 Compound 2
NaOH: 5 x 10-3 mol/l
T e, T TmTmTTT—
Bydrosamon Anians-® L v ; B30
. &) Intensitls :
- T Rt W =
¢ T I 35, : 16
15 n 64,9 gL FVeRH ' 3.0
27 R 1Y 55,7 3825 : 2.5
5,6 ! 228 si9 SRIRY | 9
45 T ¥ R i, : 5.6

€) Mitteiwert: =0 4,100 B oe- 200074 © 22,4107

/Legend same as in Table I1X/

Table IV

Luminol -+ 1,0, + K3/Fe(CN)g_7/ Compouid 3
NaOH: 47" x 10=Z nol/1

: G :n
Hydrochinen | ) Y .
Pl N ' Lngs=>! BT : ]
Noii.ige  DRIENSsSTT. Lot 8107
B Intensitat '
— Hh) i 1o ] W : —
06,5 63,2 $6,2 . 2078 : 0,9
\
1,8 60,3 B KR : 1.3
Y s 43 25,9 30
2,92 . 30,3 MVC S PR : 9,2
ae= e
-I AT 4 A4 . [YIoRNY -V
2,61 ! e 0.0 ' 149

5] <t e 1ad

/Tegend same as in Table 11/

Tic essential fact 1s presented by the extrecucly low
half-value concentration oi hydrochinon in the non-catalytic
rcaction. In order of magnitude it is approximatcly in a re-
lationship of 1; 4,000, compared to the 1: 20,000 concentra-
tion of JBZFe(CN)6_7, or oi the Luminol. respectively,
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cogtained in this compound. This means, however, that wita
this inhibitor concentration one half of the excited (stim-
ulated) Luminol molecules (ions), capable of emitting one
guantis of light, will be U“cvented from emitting if only

onc nolccule (-on) of hydrochinon is present in a solution
containing 4,000 molecules of the ferro-complex and 20,000
moiccules of Luminol This represents a very effective in-
aibition wihich is only rarely observed in the other reactions
and incdicates a particular reaction mechanism for the ncn-
cutalyvic type of reaction. In the usual thermal and photc-
chaemical reactions, as well as in the extinguishing of Zlucr-
caciace cousced Ly foreign ndditions the hali-value concen?:a-
LLon 02 tho inhibiting agent is Zrequently higher (by a ruat

¢l Lot 1U0) than the concentratiOﬂ of the reaction comporcnts,
willie rceacuions for which a chain mechanism is_assumed are
zenerally more effectively inhibited /See Note/.

/Note:/ We refer to the inhibiting of autoxidizing
of benzaidehyde by hydrochinon and similar substances £§7,
inhibition of autoxydizing of cystein by nS04 /37, retarda-
tion of photopolymerizing of styrol and Vinylacetate by hy-
drochinon /G/ and cancellation of chemoluminescence os phos-
pnosus by turpentine oil vapors (GRAHAM 1829).)

Yac other inhibitors tested by us also show less ef-
Jeetivencss on The non~catalytic reaction. Generally, speak-
o, bOHUVe*, it could be noted that this type oif reaction is
rore ensily inhibited than the catalitic type (see Table V).
Potassiun lodide, on the other hand, causes an increase in
the maxianl intensity of luminescence (probably due to a pri-
naey elecirolytic effect) which also results in a slight in-
crease in The light sum. The molar concentration of XI caus-
irng an iuncrease of maximal intensity of liminescence to twice
its original value are also given in Table V.

ZTor an explanation of the very effiective inhibition
ceseribed above we may assume that in the chemical reaction
of the potassium-ferro(Iil)cyanide with the Luminol not really
the hexacyanide ion of the ferro-complex is acting but rather
ihe pentacyanide ion. This latter ion is formed by hydrolysis
(in small concentratloﬁ) from the hexacyanide, according to
the following reaction equation:

[Fe(CN))3 -+ HxO 2 [Fe(CN);H20]2" + CN-



J—

Table V

Hall-value concentratiovns of various inhibitors

_— e rma mamv e mm e mam e e t— e <o—

LAY Gieakt.on B w0y -
Inhiviter . om0y Uios 0 NGOGl 0,045 M NaOI
, S
Phenot I R R WSt vt SN ST
Hydrochinon ! Livabs O naae 2245078
Metol N R RN 3,42.1079
Anilia ' ; 1,63.107: 2,04 107 : 5,39.10

@) Ionsenicaiion L1 Mol
die Go, Ly ivdty cchoint

Zlekivolyt
¢) NJ

SR : Juis § 0.032

liegend:/ a)  Reuction w/o 19055 b)  With Hy0;
c) RKI;” d) Ccnceairation in wmol/l causing 100%
increase in Gy,

Jrescace of the aquo-pentacyanide iop in watesy solue-
tions hos teen observed repeatedly under varying test condi-
tions anc it seens probable that the labile binding o the
water moicculc may be casily seplaced in this ion by a Lulii-
rol ion o wmolecule. This would wcuwa that the Luninol-coi.-
piex of tae pentacyanide couastitures the critical reaction
cundlex (uastable interia nrowuct) ior the noan-catalytic Lui-
inol reactiocn, Inhibition would tiwena be cuused by dispince-
moent of the Luminol ion in this critical complex by a hydro-
chinon ion whica will preveat the rcaction leading to lighvt
caission, It appears that other thernmal reactions arc taling
place simultancously whicihh also do not cause light cinission
aau thus result in an appreciable decrease in the luminescernce
light sum value.
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