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FOREWORD

This report covers work performed as an in~-house research effort co
ticn of the phenomenon of chemiluminescencafor m@sﬁa}%;@» poses, ”*“ﬁa
hy the Alr Force Flight Dyusmics Lsboratory of the Rescarch sad Techs
Fozce Sysitems Commard, Wright-Patterson Alr Force Base, Ohlo. ;m’r 7 23
initiated for the Limited War effort under & special charge mumber 0%-’?7553. Tha chis
investigalor was J. Bremnnan Gisclard., The work commenced in Seplewmber i8S and v
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completed in December 1886. The manuscript was releesed by the suthor in March 3
pubiication @3 a techmicsl repori. Resumption of any additional exploratory work will
cnly wpon request from an interested department or agency.

Distribution i3 limited because this report contsins information embargosed undsr the
Decartment of Stats, International Traffic in Arms Hegulatione, and the U.S, Export Control
Act of 15848,

Fobiication of this tec‘as%csl report doss nos constiftie Alr Force approval of the author’s
noings or conclusions. It is publishsd only for the exhange and stimulation of ieas,
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:A&i C. SAV&GE

Chis?, Eavirenmentsal Contrel Branch
Vehisls Equipment Division

Alr Force Flight Dynamios Lobkoratory
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ABSTRAUT

Reliabis and unlgue signalling deviess area millic oy oo oesaly ana the vageriss of moclurasi
operations on lamd and gea ongender a constani search for improvements and {nrcovations., Tae
phenomenon of chemiluminescence has heen under study s a simgle, reiisble means of
produciag a unique light that might be adaptable as a signalling device, The chemical compound
commonly known as luminel remaing the best producerof “cold” light. Various avlempts were
made to oxid!re the compound using reagents that would be safe ic handie and aasily evailable
for field use bat would ve capablie of producing a visible glow, It was found that the iuminol
can be oxidixeda with any ordinary « hlorine~-containing bleech to produce & groeanish blue light
thai can be made to function as a fiash or continuous glow that in viaivle from & copeidersbie
distance. Frovided water is available, the mothod offers & meana of signalling whexn slectrical
equipment of any kind is nct availeble or has ceased to function. The phensracnon might also
be ussd to cr- ate bizarre effects for peychological warfure.
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INTRODUCTION

The chemical, S5-amino-2,3-dihydre-1,4
phthalazinedione, commonly Known as lum-
inol, exhibite the unique pruperty of givins
off a greenisb blue light when {¢ is oxidized
in an uslkaline solution. The light is short
lived, however, and the reaction is irre-
versible so that a continuous glow !s emitted
only whils an oxidizing agont is brought
in confact wita unreacted luminol. The light
may therefore consist of a single flash that
detoeriorates rapidly or a continuous glowing
stream depending upon the manner in which
the chemicals are mixed.

The luminescence oi luminol was first
studied in detail and described by Albrecht
(Reference 1). The phenomenon gained the
attention of Langenbeck and Ruge (Refer-
ence 2) who nerformed additional experiments
featuring light production, and their work
was followed closely by Huntreas, Stanley,
snd Parkar (Reference 3). Other publica-
tiops have appeared onluminol but the authors
have concerned themselves primarily with
the study oi the mechanism of the reaction
which 1s heyond the scope of this report.

The data that follows describes the various
ways in which luminol can be mede to react
with an oxidizing agent to produce a strongly

Vll!ll.H.B lmﬂlﬂﬂm‘ﬂn{“—[ ln sﬂ,‘lﬂf‘[ 1el 4 ma t_ﬂ_!gl_’
procadures consideration was given to prob~
lsme that srise ‘romn ths use of chemicals
by wentechideal persomrnal  the differenne
hetween field conditions versus laboratory,
the hazerds involved. and the cost of the

cheniicais employed in the reaction.
TEST PROCEDURE

Reference io the literature cited and that
of a recent publication {(Refererce %) indicate
that the desirablc alkalinity which optimizes
iight productton is furnished Ly s<lutions of
sadium hydroxide. Accordingly. the experi-
ments were parformed in this reagent in
varying concentrations L ¢ other alkaline
materizls were also nvestigated,

Basic considerations for the useof luminol
in tie field sre the following:

I, the compoundez to be made into

solutmnq shouid pretferablv be sclide for vase
-

of pah,wm\g, ikl u.uwpur\.ug

2. Tha, should Bo very acluble in water
and require no specisl mixing procedures,

3. To zeduce cost and hazard &: personnel
they should be capalde of producing the de-
slied effect in wvery low concentrations.

In view of these considerstions. a number
of preliminary expe: ‘raents ware performesd.
These experiments consisted of: (a) Pre-
paring an aikaline =olution and dissolying

the luminol in 'he soluvtion, or first mlxing
the sclid reagent and luminol together, then

dissolving the mixture, and (b) Adding an
oxidizing agent to ths prepared alkaline
solution of lumino! in the dark to cobserve
the affects. The results are shown in Table 1.

The results in Tabls ! reveal that the
most desirable sifects are pruGuced when a
solution of luminol in NaOH is mixed with
& dilute solution of a hlsaching compound.
Either § percent sodiurn hypoculo.ite or a
prepared soluuica of Du~chlor can be used.
The Du-chlor is preferred, however, be-
cause it is a pure white powder that im
easily handled and more stable in solution.
The attached photograph shows the chemi-
luminescent phenomenon as produced in the

rnmrnmw l M I'\"‘Iﬂﬂf‘*l' ol rasmitand Tram
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the usual and well-known oxidation of luminol
with bydrogen peroxide nad potassium fer-
ricyanide. Bydrcgen peroxide is an unstable
liquid, howaver, and requires further inves-
tigation for field use. Tne glow of a denper
blue was produced with salid chomicals that
can be easily adapted o fle:d use.

VISIBLE EFFECTS F~~ “IEiLD USE

Regardiess of the idnagrse of luninescence
produced by laboraior- experiments, w be
useful, the sffect must be demonstratod
under conditions approaching actual field
cperations. In this respect, visibility must
be achleved and persist for a lengid of time
commensurate witt the function of ths s‘gnal-
ling device and ita location. An arrangement
was set up in which a solution ¢f 0.1 percent
luminol in 0.1 N NaOH was fed {froma 500 ml

bottle at a controlled rate and merged in
a2 Y tuhowithaaimilarly containnd 0.5 porcent
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ALKALINE
REAGENT

4 = ————— e

OXIDISER
USED

LIGHT
EFFECTS

1% Luminol tn 1% KaCO4

'1% Luminol in 1% KoCO3
i

1% Luminol in IN NaOH
i% Luminol in ¢. 1N NaOH

1% Luminol in 0, 1N NaOH

1% Luminol in 1%KgCOg

1% Luminol in iIN NaOH
0,.1% Luminol in 0. 1N NaOH
0.1% Luminol in 1% NagPOy

Powsssium Ferricyanide 1'%
Scdium Hypaechlerite 5%
Scium Hypochlorite 5%

0.5% Scdium Hypochlorite

in 0.1 N NaOH

Dilute Hydrog=n Peroxide and
Crysts. s of Potassium Ferri-
cyanide

Du-chlor (Sodium
dicklorocyonurate) 1%

Du-zhlor, 1%
Du-gtilor 0.1%

Du-chlor 0.1%

Barely visible

Increased
Lumineacence

Intersge
Green Light

Bright
3lue ilow

Bright

Green Glow

Poor Light

Bright Bilue Glow
Bright Blue Glow

Good Luminescence

acluticn f andinm h‘_rntu\h!oﬁ*a The merging
mixture flowed bv avlty through & section
of 1/4 inch OD cicer, plastic tubing. The
device was positionet on a table three feet
above the floor at owe end of a tunnsl used
for axperiments ir lighting effects. As the
two reagents flowed together they proc: ced
& blue glow i about three fuet of the tubing.
it was chserved that the glow was v sible
at a distance of 200 fest. By changing the
flow rato of the wuminol solution & pulisiog
giow was produced which was also visible
at thie distance.

DISCUSSION

The oxidation of lumiadl in an alkaline
solption in the dark produces an intonse
blue glov: that in visible at 200 feet It
would probabiy be visibie ol greatsr distaaces
provided the quandiie# uivd were propor-
tonrl tn thow used iz leboroiory axperie
ments, Al s ceagenis raspairsd to produce
ths glow wre 7ery scluble in water,

The chemlcal rec.eticta 13 unlque and sug-
yesis the foliowing pussibilities for applica-

tion to the Limited Ws. cffort:

1. As a unique signalling device for night
operations.
2. As a locating rdevice for rescue opera-

tions when a firs or flare would be haxzard-
ous to use.

4. As
strips,

en emergency landing light on air

£. As a paychological weapon by virtae
of tba wiord and bizarre offacts that san bd
produced.

in. apy area f use additional teats would
hav 5 to be made depending upor the intended
sppiication, the mamner in which the reagente
a»a to be handled, and the by’ moans of
packaging and transporting the reugents for
flald ume.
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