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SUMMARY

The objective during the first guarter has been to design and
procure the photometric instrumentation and to lnvestigate empir-
lcally the response of typical known chemiluminescent reactions
to solvent variation, catalysis, and, to a lesser extent, the
addition of sensitizers.

For thic purpose, representative "bright'" and "feeble" chemilu-
minescent reactions were chosen. The major effort in the first
class was devoted to the oxidation of lucigenin, extending the
work of Weber (ref. 1, 2). As a result of checks for "background"
radiation, 1t was confirmed that the observations of Vassil'ev
(ref. 3) and Stauff (ref. 4) of widespread feeble chemilumines-
cence accompanying oxidation reactions applied to many presum-
ably quite pure .rganic solvents. It has also been found that
Vassil'ev's (ref. 5) and Chandross' (ref. 6) observations of
sensitized increase of emission of many crders of magnitude apply
to one system investigated (acetone). Tetrahydrofuran (THF) is

a more efficient "catalyst" for lucigenin chemiluminescence than
previously investigated organic substances. Furthermore, the
chemiluminescent decomposition of alkaline peroxide in the pres-
ence of THF is extraordinarily bright, being readily visible to
the eye, In the absence of sensitizers.

An intriguing feature of many of the solvent system oxidations
investigated 1is a post-peak emission recovery phase that, in
some cases, results in a two-fold rise in the post-peak lumines-
cence. This result suggests that the search for and isoclation
of reaction intermediates in these systems would be fruitful.
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I. INTRCDUCTION

The ultimate applied goal of this research is the development of
chemiluminescent systems for field use. Since present knowledge
of fundamental mechanisme in chemiluminescent reactions is frag-
mentary, only rather inadequate guiding principles are available
for such a development program. Thus, the first phase of the
program is exploratory; it is designed to screen promising chemi-
luminescent reactions, particularly for the influence of non-
aqueous solvents and energy trapping substances in addition to

the usual reactlion variables.

II. INSTRUMENTATION

The research program has been initiated with the construction of
the two simple photometers, illustrated in Figures 1 and 2, for
batch mixed and steady-state flow conditions, respeciively.
Jacketed reaction chambers have been constructed for both photom-
eters for temperature control by closed loop circulation. The
major objectives for the flow system are, first, to determine

the time-resolved emission spectra at low light levels and, sec-
ond, to permit convenient evaluation of optimum reagent and sol-
vent ratios,

Major hardware for the modifled Bass-Kessler spectrograph (ref.7)
has been completed, and most of the components received. Compo-

nents for the Spex 3/4-meter Czerny-Turner scanning spectrometer

are on order, Both instruments will be adapted for the determin-
ation of fluorescence as well as chemiluminescence spectra.

The several spectra discussed in the present report have been
obtained with our Bausch and Lomb /4.5, 0.5-meter monochromator
coupled to a conventional RCA IP28 photomultiplier and oscillo-
scope readout (ref. 8).
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II1. EXPERIMENTAL RESULTS AND DISCUSSION

A. REAGEWTS

A11 organic solvents were "Spectro" grade (except as noted).
Inorganic reactants were all "A.R." grades. Both were used with-
cut further purlfication. A number of sensitizers ordinarily
prepared as higsh purlty components of scintillaters were also
used withov! further purificationt. Meltirg point determinations
and thin Lrayer chromatographic separations were carried out for
the reducing (organic) reactants. The observed and literature
data are compared in Tablie 1.

Table 1

MELTING POINTS OBSERVED FCR REACTANTS

Literature, Ohserved,
Compound °C °C
Luminol 332-333 312-314
(dec.)
Lucigenin 410+ 400
(dec.)
Hydroquinone 170 172-173
Pyrogallol 132-133 117-122
Rhodamine B 210 210

* Tetrahydrate

The cbuerved values did not match reported melting points too
well, in general. However, since no impurity separations were
observed for any of the above materials in T.L.C. analysis, they
were aiso usSed as supplied for thils phase of the work, except
for the luminol and lophine standards, which were prepared from
freshly recrystallized materiel (ref.11).

t Obtained from Pilot Chemical Co., Watertouwn, Mass.
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It 1s of major importance to note that the results reported must
be regarded as tentative until confirmed with high purity reagents
prepared in the laboratory under known standard conditions. This
will, of course, be one of the objectives of future work.

B. "BRIGHT" CHEMILUMINESCENCE

1. Lophine

Preliminary studles were begun on the peroxide-hypochlorite oxi-
dation of lophine in mixed alcohol-acetone-water solvent. Jreat
difficulty was encountered in obtalning reproducibility, and the
study was abandoned (for the preliminary phase). Although part

of the reproducibility problem was later traced to instrumental
instabilities, 1t was observed that relatively rapid decomposition
of lophine occurred in & variety of solvents., The "half-1ife"

of a 107*M solution of lophine in dimethylsulfoxide (DMSO) or
dimethylformamide (DMF) appeared to be about one hour, as deter-
mined by ultra-violet spectrophotometry.*

The following qualitative observations are included for romplete-
ness.

The dependence of the peak emission (E;) and emission decay half-
1ife (t,,) upon hydroxide ion concentration is shown in Figure 3.
The product E, x tys2 , which may be taken as a crude figure of
merit for total outpuct, decreases monotonically from the lowest
hydroxide ion concentration examined.

The gross emission spectrum {(.oU corrected for photomultiplier
response) is plotted in Figure 4 with commercial bleach as hypo-
chlorite ion source. The values given are for the peak response
at the given wavelength.

Chemiluminescent oxidation of lopnine in DMSO and DMF was observed
for t-butyl peroxide in the presence of t-butyl alcoholate. The
luminescence was much weaker than for the agueous alcohol-acetone
solvent. However, the concentrations employed were probahly very
far from optimum.

2. Lucigenin

a. Catalysis by Organic Solvent Addition

The work of Weber (ref. 1, 2} on "catalysis" of the lucigenin-
alkaline peroxide reaction by organic solvents was extended.

* All experiments performed during the las! quarter were
carried out in a laboratory environment at 20 + 2°C, but
were not otherwise temperature controlled.

Wn
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Peak Emission, arbitrary unlts
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In Figure 5 we present a plot of the peak emission vs half-1life
"figure-of-merit" for a number of organic solvents plotted as a
function of the dielectric constant of the mixed solvent (at
constant volume fraction for the organic phase). It 1s seen that
a small 1ncrease 1s suggested for decreasing dielectric constant
for a majority of the compounds. The dielectric constant has
been chosen here as a convenlent "stretch-out" parameter. It is
not suggested that dielectric constant is indeed a significant
reaction variable.

The three solvents (disxane, pyridine, and dimethylformamide)

in this presentation are seen to be an order of magnitude greater,
and tetrahydrofuran appears to be two orders of magnitude greater
in "figure-of-merit" than the average value. The stratification
of the organic "catalysts" may be seen more clearly in Figure 6,
where the peak intensity 1s shown as a function of half-life. It
must be emphasized that these are preliminary results from work
in progress and are not corrected for possible spectral shifts.
The data presented for this run were not well replicated subse-
quently in both total intensity and intensity ratio. Thus, al-
though THF is clearly a more efficient catalyst than any other
solvent found, 1t is not clear, at present, that the large ratio,
Eryr/Epiox» fOr example, is as great as an order of magnitude.

b. Catalysis by Dioxane

(1) Batch System

In Figure 7, we present preliminary data on the "catalysis" of

the lucigenin reactlon by dioxane as a function of volume per cent
dioxane. The logarithmic plots of both the half-1ife and peak
emission appear quite linear at high dioxane concentrations.
Indeed, the Egt,,. product 1is constant to £ 3%. The results in
pure water are, ﬁzwever, disconcerting since, first, there s an
apparent initial decrease in the peak emission intensity with
increasing dioxane concentration. Secondly, there is an apparent
discrepancy with the data in Figure 5, which indicate an corder of
magnitude increase with Egt product at 19% dioxane over the
value in pure water. Sincehft is known that the emission spectra
are functions of the time and concentration (ref. 9), it is pos-
sible that the initial decrease in Figure 7 1is associated with an
initial red shift of the spectrum. Comparison with Figure 5 is
made difficult by the different response curves of the IP21 and
IP28 photomultipliers. Finally, the NaOH concentration change
also affects the total emission (ref. 1C) and therefore the

Ec,tl/2 product. Further work is required to clear up these points.
The emission spectrum for the 16.7 vol-% solution is given in
Figure 8. This emission curve was corrected for photomultiplier
response by calibration against a luminol reference standard
(ref. 11) in the 450-500 mu region, and by fairing in the IP28
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response curve (ref. 12) from 500 to 610 mu. Fach data point
represents a fresh sample at the emission pesak for the wavelength
measured, at about 5 sec from the beginning of injection. How-
ever, thls time is not entirely constant as a function of wave-
length. The spectrum i1s generally similar to that reported by
Ryzhikov (ref. 9) and Kariakii (ref. 13), but has not yet been
comp-red with the aqueous solution under our conditions. More
meaningful comparisons may, perhaps, be made with the flow system,

(2) Flew System

Preliminary data have been obtained for total emission in the
flow system for 24 vol-% dioxane solutions (other reagent concen-
trations approximately as above). The intensity vs time plot 1is
shown in Figure 9. The initial half-life (from the linearly ex-
trapolated zerc time emission) is about three seconds, 1in reason-
able agreement with the batch-mixed sample value of four seconds.

¢. Nonaqueous Solutions of Lucigenin

Comparison was made of the total emission from air-saturated
lucligenin solutions in absolute methanol in the presence of alkali
alcoholates to the aquecus alkaline solutions. The results are
shown 1n Table 2.

Table 2
LUMINESCENCE OF AIR-SATURATED LUCIGENIN SOLUTION

-3
(1.3 x 1077 m/1)

Peak
Base Photocurrent

Solvent Base Moclarity (amp)
MeOH NaOMe 0.33% 2.6 x 1077
MeOH KO (t-Bu) 0.10 3.1 x 1077
Ha0 NaOH 0.67 6.7 x 1078

The results are sufficiently encouraging to warrant further
investigation.

13
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Average Emlssion Intensity/cm, arbitrary units

Reagent Concentraticn
Lucigenin 5.8 x 10™* moles/liter
NaCH 0.71 moles/1liter
H2032 1.14% moles/liter
Dioxane 24.2 voi=%
400 b=
300 b=
200 I
100 =
1 ] 1 1
o 1 2 3 %

Time from Initiation, seconds

Figure 9. Gross “mission vs Time for Lucigenin
Oxidation in Flow Reactor
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C. "WEAK" CHEMILUMINESCENCE

During the course of the work on crganic sclvent catalysis of the
iucigenin reaction i1t was observed that occasionally the emission
began to increase after the "bright" initial pulse had decayed.
Initial screening of the solvents employed revealed significant
emission levels for acetone and dioxane when added to alkaline
hydrogen peroxlde. "Weak" chemiluminescent systems have been in-
vestigated by Stauff (ref. 4) for metal-catalyzed decompositions
of peroxide and by Vassil'ev (ref. %, 5) ror organic systems.
Recently, we have found that THF produces a very bright (visible)
emissicn.

Preliminary work has shown that the weak emission of the acetone
reaction may be increased by several orders of magnitude by addi-
tion of POPOP, tetraphenylbutadiene or p-terphenyl. These sensi-
tiZers produce a visible pulse in the acetone-peroxide system.

The results are summarized in Table 3. Since the data were ob-
tained without special precautions to insure high purity, they
must be treated with a great deal of caution. This is particu-
larly important for the very weak luminescence associated with

the decomposition of "pure" peroxide and that attributed to methyl
alcohol. Clearly, however, THF solutions are relatively powerful
emitters, compared with the other unsensitized "pure" solvents.
Similarly, the effect of sensitizers on the reaction in acetone

is unambiguous.

Comparison of the "solvent" oxidation results of Table 3 with the
lucigenin "catalysis" data (Figures 5 and 6) suggests that a cor-
relation may exist.

We have also investigated the weak chemiluminescerce associated
with the peroxide oxidation of pyrogallol. Pyridine and heavy
metal salts are found to increase the emission sequentially. The
results are given in Table 4,

15

® MONSANTO RESEARCH CORPORATION o




4

sgeyd-omg,
USBIJ 2TqISTA

"T1°0 ‘F00%eN $; 0T X ¢ ‘20%H ¢z 01 X 9 “®0%g3Y ‘g _OT X # ‘ioutumy
:1/9T0oW ug SUOTIBIJUSBOUOD ' ( TT"J&I) UOTINTCS SOUSISJII TOL rumg pIRpURIS 4

‘(¢ "ON) paxaew se 3daoxe zepwrald +L3Tand swwsz aae sjusdead TIV »

c-0T XGL* L gcdl sToutumy et
e-01 X T°@ Tedl ,9°0 1 €' ¢e U0l a0y 1T
01-0T X § Tedt 19°0 21 - SUoN 0T
auatpeang
~-TAusauydeagay
o-01< 1241 29°0 21 ¢ ¢ pej3Banies
snTd suojaoy 6

TAusydasg-d

98BHU-OM], pajeanjges
Ugels a1qQIsTA 0-0T X Q 1241 L9°0 21 ¢ ce sn{d suo03a0y 8
UserJ 21qT8TA e-0T X 2 T2dT G'0 2'1 9° 18 JHL A
ogeyd- oML, 6-0T X ¢ gedT €<-0 2°1 0° 05 QUTPTIAg 9
aseyd-oML, .0T x L°Qg gedr L9°0 21 g ee U030y g
g-01< gedt G0 61 ¢ ee auexoid f
9peId JUDATOS -0T X ¢ gedT GG°0 9°1 - ¢tle HOJId~-T ¢
¢ *ON 2aedwod
apeJIFouajoadg 0t-0T X / gedT 0°1 2'1 L o1 HOJId - ¢ 2
or-0T X 2°1 gedt 86" 0 g1 g2 62 HO®KW T
SHIBWOY duwe J04 98133 J93TT /U 23T /W %-TOA uel oray *ON
jusaanosojoyyg HO®BN 20%H
Neaq
#NOILVATIXO INIATOS
¢ a1qel
TR DR R e e e e , R VO S — _

16

® MONSANTO RESEARCH CORPORAYION @




M

LT

GURINBITEN

6-0T X T°.

wnxe-0T X T°L

£1-0T X 2°4
-0T X f°2

(=3

01-0T X %°¢&

J9Jinq 238390y

J93Inq 918190y

G 9 Hd
‘I93JINnq 9783190Y

9 Hd
‘xo3rnq ajeudsouyg

dug ‘quadanod
-030Ud Heed

gy Jeuay

dwe ¢-0T X G*g ausaanosojoud ead yyod

ya1duoo 938U03908TA3908 89Ul ST YV s

YYOd UITM SITNSOI JBTTUTS,

gedl J10309319p f{SUOT30®SI TIB JOJ WE°O ~Z0%H,

auturiLooTEUlIYd NH
¢-0T X @
2UTPTIAg

wwy-0T X & VVID

-0T X g
wcﬁcﬁhhm

SUON
Wz-0T X 9°T
‘autpTakg

rYosad

38ATe3BD

#NOILVAIXO TOTIVDOHAL

f @TaRL

We-0T X ¢
ToT1TeB0IAg G
Ne-0T X €
T0TTRI0IAg %
Wz-0T X O°1
autpTILg ¢
Ne-0T X ¢
ToTTB30ILg e
Ne-0T X ¢
ToTTEBOIAg T
1ues oeay *ON

17

® MONSANTO RESEARCH CORPORATION @



IV, FUTURE WORK

During the next quarter, the spectrometers for this research will
become available, A quantitative study of the solvent effect in
the lucigenin reaction and in peroxide deccmpositlon luminescence
will be made, High purity reagent preparations will be under-
taken for comparison with earlier results. Relative fluorescence
ylelds in the reactlons of interest will be determined for aid

in the reaction analysis and optimization. Additional chemilu-
minescent reaclions will be screened, The isolation or identifi-
cation of reaction intermediates will be attempted for cases which
appear of interest in the search for new chemiluminescent reactions.

18
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