UNCLASSIFIED

AD NUMBER

AD466061

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies only; Administrative and
Operational Use; Jun 1965. Other requests
shall be referred to the Office of Naval
Reseach, 800 North Quincy St., Arlington,
VA 22217.

AUTHORITY

DDC, per IR ltr dtd, 17 Nov 1965

THIS PAGE IS UNCLASSIFIED




-

46606

~
v o

TECHNICAL REPORT NO

1 THE

OFFICE OF KAVAL RESEARCH
n D
ADVANCED RESEARCH PROJECTS AGENCY
ARPA ORDER NO. 299, AMEND. 3
CONTRACT Nonr 4200 (00)
TASK NR 356-452

CHEMILUMINESCENT MATERIALS

Lala¥ e
r AE
JUL 161965
AKRERICAN CYANAMID COMPANY X
CENTRAL RESEARCH DIVISION 3
STAMFORD, CONNECTICUT 8

MARCH 1. 1965 — MAY 31, 1985

REPRODUCTION IN WHOLE OR IN PART 1S PERMITTED FOR ANY
PURPOSE OF THE UNITED STATES GOVERMMENT




NOTICE: When govermment or other drawings, specil-
fications or other data are used for any purpose
other than in connecztion with a definitely related
government procurement operation, the . S,
Government thereby incurs no responsibility, nor any
obligation whatscever; and the fact that the Govern-
mer.t may have formulated, furnished, or in any way
supplied the said drawlngs, specifications, or other
data is not to be regarded by implication or other-
wige 8s 1in any manner Zicensing the bolder or any
other person or co:rporation, or conveying any rights
or permigsicn to manufacture, use or sell any
patented invention that may 1n any way be related
thereto.

Ado~
':) Eyk7za2551t”z »
898




amciannilind

Speunty © Lanniljation v -
DOCUMENT CONTROL DATA KAD
1R@erratty DO IFE- @1 F EVILR Pusly ....u...’ ....,N,t.o..w:f.. 'nr:;u‘- muf. s "“f,'.?.".":;,.'fi,.'.'l' .-.-;u: -\‘ ... Y
H GLINTIL X Y !T;u [ X RIS ":':"m.:“”_ —— ) A My Mt AR L “
Amerivan Cyanamid lompeny LR TY IR
Hsamford Heneareh laboratur ies bih emens
tamford, Cunment|eut 3 I None

o
P REPORY T L&

Chemilumineacent Materials

¢ DESCRMIPYIVE NOTES (Type al repurt and lmhul'-(a-;;onl

Progress Report Mo. 8 (March 1, 1965 - May 31, 1965)

8 AUTHONR(S) (Lost nams. Hea! nome. Inttisl)

Rauhut, Michael M,

6. REPORY DATE . 78 YOY/.. NC OF PaSRR I8 NO. OF REPS
30 June 1965 ™ 3],
80 CONTRACY OR GRANT NO 92 ORIGINATOR'S ARPORT NUMEBENS)

Nonr 4200(00) 06-1k32-25-C8

5 PROJECT NO.

ARPA order Fo. 299, Amend 3

€. 5. g‘rn " lg'cl? NOIS) (Any other rumbers et may be senigved
ie repert

Code 3860
d. Task MR 356-452 None
10. AVAILABILITY/LIMITATION NOTICES
None
11. SUPPL EMENTARY NOTES ‘ 12. S’ONS'ORING MLITARY ACTIVITY
Fone ARPA (monitored by ORF)

13. ABSTRACT

Progress in determining mechanisms of processes fundamental to
chemiluminescence is reported vith particular reference to the chesiluminescent
systems (1) oxalyl chloride-hydrogen peroxide-fluorescer, (2) scyl-oxalic
anhydride-hydrogen peroxide-fluorescer, (3) 9-chlorocarbonylacridinivm salt-
bydrogen peroxide, (k) tetracyancethylene-hydrogem veroxide-fluorescer.
Exploratory searches for nev chemiluminescent materials are also reported.

Rest pvailabte copY

D D 'FJ?S‘:. 1473 Unclassified

Security Classification




e imawl o

Jo: giity ‘leaaihi g w

.. . M

Chemi | umi negconce
Ul herconce
Flunrescence

INSTRUCTIONS

'. ORIGINATING ACTIVITY: Enter the name and sddress
of the contractor, subc antractor, grantes, Department of De
fense sctivity or other organuzation (corporete suthot) issuing
the report.

2a. REPORT SECURITY CLASSIFICATION: Enter the over
all security classification of the report. Indicete whether
‘“Restricted Data’’ is included Marking is to be in accord
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective $200. 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as authoe-
1zed.

3. REPORT TITLE: Enter the complete repost title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifice
tion, show title classificstion in all capitals in parenthes:s
immediately following the title.

4. DESCRIPTIVE NOTES: If sppropriste, enter the type of
report, e.g., interum, progress, summary, annual, or final.
Give the inclusive dates when 8 specific reporting pericd is
covered.

8. AUTHOR(SX Enter the name(s) of author(s) as showr. on
or in the report. Enter last name, first name, middle initisl.
If military, show rank and brench of seevice. The nsme of
the principal author i1s an ahsolute minimum requirement.

& REPORT DATE: Enter the date of the repert as day,
month, year, or month, year. Il more than one dete appears
on the report, dae date of publicstion

7a. TOTAL NUMBER OF PAGES: The total pege count
should follow normal pagination procedures, i.e., enter the
mumber of psges containing information

756, NUMBER OF REFERENCES Enter the total number of
references cited in the report.

8s. CONTRACT OR GHRANT NUMBER: If sppropriste, enter
the spplicable number of the contract or gramt under which
the report weas written,

80, i, & 8d. PROJECT NUMBER: Enter the sppropriate
militery departwent 1dentification, such s project number,
subproject number, system nymbers, task number, etc.

Qs. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cisl report number by which the document will be identified
and comtmlied by the criginsting activity. This number must
5% unigque to this report.

9. OTHER REPORT NUMBER(3): Il the report has been
sssigned sny other report numbaers (either by the onginator
or by the sponaor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES Enter eny lime

RHations on further dinseminstion of the repurt, other than those|

imposed by security classificaticn. using standard statemeonts
such as:

(1) “"Qualilied requesters may obtsin copies of this
report from DDC.'’

(2) ‘Foreign announcement and dissemination of this
report by DDC 1s not authorized ”’

(3) “*U. S. Government agencies may obtain copiss of
this repoit duectly from DDC. Other qualified DDC
users shall request through

(4) *'U. S. military agencies may obtain copires of this
report directly from DDC. Other qualified users
shsll request through

"
.

(S) **All distribution of this report 13 controlled Qual-
ified DDC users shall request through

If the report has been furnushed to the Office of Technical
Services, Department of Commerce, for sale to the public, indi
cate this fact and enter the price, if known

11, SUPPLEMENTARY NOTES: Use for udditional explana-
tory notes.

12 SPONSORING MILITARY ACTIVITY: Emer the name of
the departmentsl project office or laboratory sponsoring (pey
ing for) the resesrch and development, Include address.

13 ABSTRACT: Enter an sbstrect giving s brief snd factusl
summary of the document indicetive of the report. even though
it mey also appear elsewhere 1n the body of the techaical re-
port. If additionsl space 13 required, s continuation sheet shall
ba sttached.

It 18 highly desirsble thet the abetract of classified reporte
be unclessified. Each paregraph of the sbetract shall end with
an indication of the milivary security clansificetiun of the 1a-
formation in the paragreph, represented as (TS) ($). (C). s (V)

There i3 no limitation on the longth of the abetrect. How-
ever, the suggested length 18 from 150 t2 228 wonds.

14 KEY WORDS: Key words are technicelly meaningful teme
or short phrases thet charscterize o report and may be used as
indet entres for catsloging the report Koy words must be
selected 80 thet no security ciassificetion 18 required. ldeati-
fiers, such as equipment model designation, trede name. military
project cude name. geogrephic location, may be vend as key
words hut will be followed by an indicstion of techmicel comn-
text. The assignment of linke, rOlen. and weighte ts optionatl

Unclassified

Security Classificetion




The folloving scientists made primary contridbutions
to the technical effort:
M. M. Rauvhut

L. J. Bollyky, R. A. Clarke, B. G. Roberts,
A. M. Semel, R. H. Wh: "man.

Microanalyses vere carried out under the direction of
Dr. J. H. Deonarine; mass spectrometric amalyses under the direction
of Mr. T. E. Mead; computer analyses under the direction »f Dr. D. W,
Behnken; infrared analyses by Mr. N. B. Colthup; other spectroscopic

work was supervised by Dr. R. C. Hirt.

Y
gest A ai\ab\e CcoP




TABLE W T

Introduetion . . . L L L L 0 s s e e e e e e e e e e o e
Nectiun | Reactiun Machagisms |n Chemiluminesrence. . . , . ., . . . b
Part A - malyt Peroxide Choniluminsacenre . o « + o o o « o o+ 2 b
Effect of VWater on Resction Rates and Quantum Yields. . . . %

Rffect of Rydrogen Feruxide on the Reactios Rate and
Q\.llt\.YlOldl..............-.¢......7

Effect of Rydrogen “g.uxiac and DPA Concentrations on
the Reacticn Rate and Quantum Yield . ¢ 4 ¢ ¢ o o o & o o+ .15

Effect of 2,6-Di-t-butyl-k-methylphenol (DBMP) on the
Reaction Rate and Quantum Yield . . . & o s ¢ ¢ ¢ ¢ o o o o15

A-hpcrilentll.........-...........13

i

B - Chemiluminescence from Mixed Oxalic Anhydrides . . . . 20
Acetic-Oxalic ADhydride . o o o o ¢ ¢ ¢ o o o ¢ ¢ 0 ¢ o o o2l
Bistriphenylacetic-Oxalic Anhydride . « « o ¢ ¢ ¢ ¢ o » o 222
Diphenylacetic-Oxalic Anhydiide® . « o« o o ¢ o« o o « o o o 38
Pivalic-Oxalic ADhydride « o« « o o o s ¢ o o o o c o o o « 38
Part B

Experinnt&l.....................39

Part C - Chemiluminescence Derived from 9-Carboperoxyacridine

Deriﬂtives.......o..............w

MC"Wmoo00'010000000000000062

Part D - Tetracyanoethylene Chemiluminescence . . « « « « « + « 63

MD‘WW.Q............-ooo.oo“

-11-




TARIS 0 RPN | oont | oued

Hpetion i Rapioretory Tests for ‘hemi i uBioeveent Reas!iuas R Y |
Heotium |! Ruporimodatdl . . . . « . . . . e e e v e e e e e e e I
feetion Il Toatrity and ™ereal "tablility N8t . . . . ¢« ¢ ¢ o+ + + .+ [}
ROPOrenoes . o « © « ¢« o o 2 . o+ s s 0 s o 0 0 s o+ s 0 0 s s e e e Y

D‘ ."’).m‘u ] [ ] L] [ ] ¢ 9 L[] . [ [ ] . L] v [ ] . L) . L] . . L4 L[] L] . L [ . L] . . . 77

-114-




1LY

'rogrese I1n determining sechanisme nf prucesses
fundapental to chemiluminescence is repurted vith particular reference
to the cheailuminescent sysiems (1) oxalyl chloride-hydrogen pemmxide -
fluorescer, (?) acyl-cxalic anhydride-hydrogen peroxide-flucrescer,

(3) 9-chlorocarbonylacridinium salt-hydrogen peroxide, (4) tetrmcyano-
ethylene-hydrogen peroxide-fluorescer. Exploratory searches for nev
cheai lumineacent materials are also reported.

The effects of reactant concentrations on (1) have been
determined quantitatively and unambiguously. Water in small concentra-
tions was found t0 have a pronounced effect in increasing reaction rates
and quantum yields. The quantum yield increases with increasing hydrogen
peroxide and fluorescer, vhilc the reactiorn rate is not appreciably
altered. The quantum yield is seriousiy reduced by a phenolic free
radical inhibitor.

Reaction (2) was found capable of generating quantum yields
on the order of 10%, and is thus the most efficient non-biological
chemiluminescence system nov known. Effects of reactant concentratiouns
on the quantum yields is discussed and stability data for several
mixed oxalic anhydrides are provided. Reaction condition studies on
reaction (3) have shovn that quantum yields of 3.5% can be obtained in
dilute solution, but that the efficiency decreases rapidly with increasing
concentration. Investigations relating to the mechanism of (i) have
resulted in the discovery of two nev chemiluminescent reactions of moderate

efficiency.




| NTRODUCT LON

Buission of light in chemi{luminescence &8s in fluorescence
resu'ty from the transition of an electron from an energetic sntibonding
orbital in an excited molecule to a stavle bonding or non-bonding orbital
(generally the former) corresponding to the ground state molecule. Thus
a chemiluminescent process must accomodate the formation of excited
molecules as a product of chemical reaction. Two requirements for chemi-
luminescence are immediately apparent: (1) the reaction must liberate an
amount of chemical energy at least equivalent to the energy difference
between a product molecule and its excited state (41 to 72 KCal/mole for
emission of visible light) and (2) the product either must be fluorescent
itself or be capable of transferring 1t§ excitation energy to a fluorescent
compound present in the system. Many, if not most, reactions meeting
these requirements do, in fact, generate a low level, barely discernible
chemiluminescent emission., Moderstely bright emission, howvever, is
limited to & very few reaction systems. Clearly a third requirement
exists that an efficient mechanistic pathvay must be available for the
conversion of chemical epergy to electronic excitation energy. It is
also clear that this third requirement ia rarely met.

Determination of this crucial mechanism for generating excited
moiecules is the primary goal of . emiluminescence research. Once this
mechanism is understood, nev chemiluminescent systems can be designed

having the efficiency and other characteristicc necessary for practical




lighting. Twc approaches are being taken to achleve an undevsianding of
the chemical chemiluminescence mechanism. The fl... approach (Sectiorn 1) .
involves direct mechanism studies of several known chemiluminescent.

reactions. The second approach (Sectinn II) involves exploratory studien

of new, potentially chemiluminescent reactions designed to test working
hypotheses regarding the chemiluminescence mechanism and to prouvide
structural criteria for chemiluminescent compourds.

To avoid excessive repetition, the oblectives of =a

particular study are described in detail only in the report vhere the | -
study is begun. The progress of a specific investigeti.n can be 1] we
conveniently over periods lcnger than & single quarter Ly referring .

the Tables of Contentsl’2’3’h'5'6'7_




ON MECHANISME IN CEBLUMINESCEICE

PART A
Cualyl Peroxide Chemiluminescence

Oxalyl peroxids chemiluminescemos is illustrated by the
reastion of oxalyl chloride vith hydrogen peroxide in an organic solvent

6,7,8
contalning & fluorescent ompouadl'a's’“’s' s .

8 anthreoene 8
Cl-C-C-Cl ¢+ N0y -~ CO + COp + HC1 + C1-8-C)

The reaction is of substantial interest because of the
lupiied energy transfer process vhereby chemical enargy relsased by the
decompusition of peroxidic intermediates appears as singlet excitation
snargy in the fluwrescent compound. Moreover, the simplicity of the
startiing materials aml products oflers opportunity for detailed
meahanistic investigation in apite of the nov evident complexity of
the reastion,

Ah adequite description of the over-all mechanisa requires

nnswering Musiamental questions dealing with: (1) the chemical mechanism

'bothe pvcesn involving oxalyl chloride which leads to generation of
rlectrantc excitation snergy, and (?) the mechanism of the process by
which the snergy appears s the ainglet excited state of the fluorescent

Neceplor, oME progrem 18 currsntly investigating botn of these areas.



1. Effect of Water on Reaction Rates and Quantum Yields

Earlier work has indicated that water plays a major role in
the oxalyl chloride-hydrogen peroxide-fluorescent compound chemiiuminescent
reaction/. Indeed, the influence of water is such that we have encountered
considerable difficulty in reproducing reaction rate ani quantum yield
results in experiments carried out at low water ccncentrations. The
magnitude of the water effect has now been demonstrated uvambiguously.
In Table I are summarized results obtained in experiments witn constant
oxaiyl chloride, hydrcgen peroxide, and 3,10-diphenylanthracene (DPA)
concentrations wvhere the soivent ether was dried in various ways. It
is seen that reagent grade "anhydrous' ether is not nearly anhydrous
enough to avoid influencing the results. Even ether "dried" by passage
thro.ugh an activated alumina colupm contains sufficient water to produce
an easily observed change in reaction rate and quantwe yield. The
lovest rates amxi qQuantum yields vere cbtained using et.er dried by
distillation over lithium aluminus hydride under an argon atmosphere.
The vater concentration in ether prepared in this »ay vas belov the
liait detectable by the usual Karl Pischer titretion. HRevertheless,
substantially different resultis vere cbtained ‘rom .vo separstely pre-
pared batches of hydride-dried ether. The difference betwveen the two
batches vas shown to be the difference in vater con .ent by experiments
(5) and (6} vhere vater vas deliberately added in concentrations large
encugh so that the residual vater content of the ether could be neglected.
As indicated i the Table, the reate and quantum yield results froa the

tvo batches of equally vet solvent agreed vithin experimental error.




TABLE I

The Effect of Ether from Various Sources on the Chemiluminescent
Reaction of Oxalyl Chloride with H 0, and DPA®

~

H-0 come ~ ki Quantum
=1\b -1

Source of Ether (moles 131) (sec.”t) Yield
l. Mallinckrodt reagent-

grade anhydrous ether 2.76 x 100° 3,13 x 10"°  1.78 x 10-%
2. Mallinckrodt anhydrous

ether passed through a

30 cm. Al503 (neutral) 2 N

coluan. ‘ 0.79 x 102 1.81 x 10°°  0.61 x 10
3. Mallinckrodt anhydrous

ether distilled over c

LIALE, under argon. 0.9 x 1002 1.93 x 102° 0.l x 10°%
k. Mallinckrodt anhydrous

ether distilled over

under argon o c L

atmosphere. < 0.39 x 10 1.13 x 1002° 0,14 x 10
5. Standard concentration

of aqueous ether added to >

#. 496 x 1072 6.82 x 102 2,85 x 1074
6. Standard concentration

of aqueous ether added to 2 2 A

. L.96 x 107 6.98 x 10° 2.65 x 10

(s) Reactions cerried opt vith 2.50 x 1073 M oxalyl chloride, 2.2 x 1072 ¥
HzOp, and 2.3 x 10™% M DPA. B

(b) Analyzed by Karl Fischer technique.

(c) The first minute of the log I vs. time plot fell belov the extrapolated
linear portion of the - ¢4y line.




Other results showing the effect of added wvater on the reaction
are summarized in Table II, and in Figures I and II. It is seen (Figure I)
that the pseudo first order reaction rate constant increases approximately
linearly with the square of the vater concentration, and that (Figure II)
the quantum yield increeses linearly vith vater up to & concentration of

2

about 3.7 x 10°° molar and then levels off. The rate results might suggest

& rete equation of the form

dx 2
— = k[X] + kz[X][Eg0]
aT

where k = 2.2 x 10°°

sec.”) and kp = 18.6 12 mole~? sec.”l. More likely,
hovever, the linear relationship in Figure I results from a coincidental
combination of several factors derived from the complex reaction mechanism.
The relationship between quantum yield and wvater concentration is of the

type discussed previounLﬂ.

2. REffect of Rydrogen Peroxide on the Reaction Rate and Quartum Yield

Reaction rete and quantum yield results from experiments vbere
ths hydrogen peroxide concentration vas varied independently of oxalyl
chloride, DPA, and vater are susmarized ip Table III. It is evident fros
tbe results that the reaction rate is independent of hydrogen peroxide
concentration. (The smsll upvard tremd in the pseudo first order rate
conatant is almost certainly & consequence of residual vater in the
hydrogen peroxide stock solution.) The quantum yield, hovever, increases
approximately linearly vith increasing hydrogen peroxide concentration
in the range studied.

Results from a related series of experiments are summarized {n

Teble IV.




Figure |

EFFECTOF WATER ON THE PSEUDO FIRST ORDER INTENSITY DECAY CONSTANT
(DATA FROM TABLE II)
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Figure 11

EFFECT OF WATER ON QUANTUM YIELD
(DATA FROM TABLE II)
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TABLE I1
Effect of Water on (xalyl Chloride-Rydrogen Peroxide
Chemiluminescence®
(x ggiorlong (uﬁ’l x 107) mt:‘-lgkim
¢ 0.4° 1.93° (1.134) 0.k1 (0.149)
1.23 2.60¢ 0.80
2.46 3.53 1.59
3.69 b.T5 2.33
4.96 6.82 (6.56%) 2.85 (2.65%)
6.15 9.04 3043
7.38 12,50 3.57

(a) The reactigm were carried out vigh 2.5k x 103 x oxalyl chloride,
2.13 x 107° N HgOp, and 2,3 x 10™* M DPA, st 257 vhere the amount
of wvater specified vas added prior to injection of oxalyl chloride.

(5, Llower limit of amalysis by Karl Pischer method.

(¢) Log I vs. T plot wvas lipear only after 30 sec. of reaction.
Esarlier intensities were below the extrepolated linear plots.

(d) Result from separately prepared "anlydrous etber".

(e) Log I vs., T plot vas linear after 15 sec. of reactioa.




TABLE III

Effect of Hydrogen Peroride Concentration on Oxalyl Chloride-
_Hydrogen Peroxide Chemiluminescence®

(x 1<[)ng1:1”) (sec.”t ;1102L quz:t;u¥iem
1.0 1.8 0.85
2.0 1.8 1.5
5.0 1.9 ko3
10.0 2.1 8.6

(a) Reactions were carried out with 2.42 x 1073 M oxalyl chloride, and
2.0 x 10°% M DPA 1n alumina-dried ether at 25°.




TABLE IV

Effect of Bydrogen Peroxide on Reaction Rste and Quantum Yield
in Systems Containing Water®

(x izso:c])hgz (s_oc.'lki 1021 (xqiol‘) (xQ]{:") N (:d :0") ﬂQT
1.0 6.k 0.35 2.6 .59 bob 5.1
2.0 6.5 0.66 b6 .59 7.8 542
5.0 6.7 1.8 10,0 .55 18 b,2
5.0 75 - - 6.6 1.5
10.0 7.6 k.0 13.2 .55 2k 2.8

(a) Reactions vers carried out with 2,42 x 10”3 M oxalyl chloride and
2.0 x 10°4 N DPA 1n etber at 25°. After 30 sec. of reactiop vater
vas injected to provide a wvater concemtration of 3.4k x 107< M.
Q¥ = The frectional quantum yield observed before vater injection;
Q= The fractional quantum yleld observed after vater injection;
Fy_« The fraction of total reaction mesasured after wvater injection;
QuT= The calculated jotal quantim yield for the reaction in the
presence of water; Q' = The total quantum yleld in the absence of
added wuter.

(b) Water was _added before axalyl chloride injection to provide
3.4k x 10° M vater.
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In this series hydrogen peroxide was varied in experiments
vhere 8 constant water concentration was introduced 30 seconds following
the onset of reaction. This procedure was adopted to minimize direct
reaction of water with oxalyl chloride. The observed effect of water
injection is shown in Figure III. As indicated in Table IV, the
fraction of total reaction measured in the presence of water (Fy) varied
from 55% to 59% and this fraction was used to estimate the complete
quantum yield of the aqueous system (Q,T). In agreement with the previous
series, it is seen that the hydrogen peroxide concentration has at most
a minor effect on the reaction rate, and in further agreement, the quantum
yield increases substantially as the hydrogen peroxide concentration
increages. A comparison of the kl and QWT values wvith the quantum
yield and rate values in Table III, reemphasizes the effect of water on
the reaction rate and quantum yield. However, it is clear from the
ratios of QT,/QT that the influence of water on the quantum yield
decreases at higher hydroger peroxide concentrations.

Also indicated in Table IV is the result from an ovherwvise
identical experiment vhere the wvater was added prior to lnjection of
oxalyl chloride. The observed quantum yield is not only smaller than the
calculated Quantum yield for the experiment with delayed vater addition,
it 1s even saaller than the cbserved quantum yield (Q4F) corresponding
to only 55% of the total resction. The result clearly shovs that at
the vater and hydrogen peroxide concentrations investigated, wvater
competes serious)y with hydrogen peroxide at an early reaction stage to

divert a key reactant into a non-chemiluminescent psthway. This "key reactant"

is probably oxalyl chloride itself.
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Figure [II
TYPICAL DECAY PLOT SHOWING THE EFFECT OF WATER INJECTION
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3. The Effect of Hydrogen Peroxide and DPA Councentratiuns on ths Heactiomn
Rate and Quantum Yield

The results of & series of experiments where the hydruger perox.ie
and DFA concentrations wvere independently varied over subatantial ranges
at approxiuately constant water concentration, are summarized in Table V,
It is seen that the reaction rate 1s essentially unaffected by the
hydrogen peroxide o1 UPA concentrations. The quantum yield, hovever,
increases with increasing DPA concentration throughcut the range studied
and increases with increasing hydrogen peroxide roncentration up to a
concentration of about 2.3 x 10”1 molar. These resuits are in essantial
agreement with results of previously reported experiunta("" » vhere the
water concentration was not carefully controlled.

The Effect of 2,6-Di-t-butyl-4-methylphenol (DBMP) on the Reactiun
Rate and Quantum Yield

— a5

The effect of the free radical inhibitor DBMP on the reactiun
is indicated in Table VI. These reactions in dimethylphthalate solution
did not provide simple log intensity vs, time plots, and lifetimes
are indicated with reference to the time required for the intenmsity tu
decrease by 1/2 its maximum value. It 18 clear from the approximate
constancy of this balf intensity period (as vell as from the {ntensity
vs. time plots) that DBMP does not affect the reaction rate. The quantus
yield, however, is drastically reduced with increasing DBMF. As indicated
in the previous report7 this result i{s not a consequence of fluorescence
quenching of the fluorescer by DBMP, and therefore suggests & non-rate
determining free radical chain process. The possibility of (nterference
by an ionic route is unlikely, but haa not been eliminates, We wijl

investigate this point,
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TABLE VI

The Effect of a Free Radical Inhibitor®* on the
Oxalyl Chloride + H;O, + Fluorescer Chemi-
luminescence Reaction in Dimethyiphthalate

Solution

Kolar Concentration First balf-life Ft. Lamberts at
__of Imhi*icor in sec. paximum intensity Quantum Yield
0 87 0.6k k.13 x 1072
0.67 x 103 95 0.48 3.80 x 107
2.0 y 107 8l 0.33 2.34 x 1072
1 x10° J5 0.09 0.65 x 1072
1.5 x 1072 73 0.08 0.48 x 1072
ca. 2.0 x 10°° 68 0.05 0.29 x 10°

* 2,6-d1-t-butyl-h-nethylphenol
DPA « 5 x 1C°% M; Hy0, = 0.2 M; Oxalyl chloride = 2.42 x 1073M.

The intensity during the first 2 mins. for all the above reactions fell below the
linear extrspolated log I vs. time plot.
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SECTION I - PART A

EXPERIMENTAL

Materials

Anhydrous Ether. - (Mallinckrodt Reagent Grade, Anhydrous) vas
further dried by passage through a 30 cm. neutral alumina column’, or by
distillation over lithium aluminum hydride under argon. Residual water
vas estimated by the Karl Fischer methodiO,

Oxalyl Chloride. - (Aldrich) was distilled through a 10 x 1
cm. Vigreaux column under argon to obtain a fraction, b.p. 64° (1 atm.)
(Lit. b.p., 63.5-64° (763 mm.). Standard solutions of onlyl chloride
in ether or dimethylphtbalate (1. ll x 10-1 M to 1.50 x 101 M) vere analyzed
arevimetrically by conversion to oxanilide with excess aniline. This reaction
vas shovn to be quantitative in preliminary large scale experiments.

Anhydrous Hydrogen Peroxide in ether was prepared from 98%
hydrogen peroxide {Becco Chemical Division, FMC Corp.) dissolved in
ether to a concentration of 25%, and dried by shaking 16 hours with
excess anhydrous magnesium sulfatel?. Water estimation of the dried
solution by 1nrm-ed analysis at 1640 cm.-l indicated that residual vater
vas belov 2.9 x 102 M. Standard solutions of hydrogen peroxide (0.758 M
to 1.65 M) vere prepared from this solution an. anhydrous ether and wvere
analyzed iodometricallyl3.

9,10-Diphenylanthracene (DPA) (Aldrich) was recrystalljzed from
abs. ethanol-chloroform to obtain material, m.p. 250-251° (Lit.l » MeDe
250-251°).

2,6-D1-t-butyl-h-methylphenol (Koppers Co., .ac.) vas sublimed
in vacuwo to obtain meterial melting at &9-70° (lit.ls, kep. 69-TO®).

Chem! luminescence Experiments

In gereral, the experiments vere carried out by combining
appropriate aliquots of standard etheral solutions of hydrogen peroxide,
DPA and vater vith an appropriate volume of ewner in a 3 ml. stirred
cylindri~al cuvette. The volume of ether used vas chosen to make the
final volume 3.00 wml. vhich exactly filled the cuvette. The cuvette
vas placed in the spectroradiometer and an appropriate aliquot of
standard ethereal oxalyl chloride vas injected from an all-glass syringe.
The intensity of emission of a selected 5 mp-vide vavelength span vas
measursd as & function of time from the pecint ~° axalyl chloride injection.
Toe resction temperature vas 25° to vithin one adegree. The radiometer,
its calidbretion, and the calculation of rates and quantum yields bave
been previously descridedl,2,b,
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The experiments in Table I vere all carried out wvith the
same standard solutions. The ether added to obtain the desired con-
centrations vas treated as described in the table and amounted to 53%
of the final volume.

The experiments in Table IV were carried out by injecting a
constant 0.20 ml. of 5.16 x 101 M vater in ether after 30 sec. of
reaction. "Fractional quantus yields" from the anhydrous (QF) and vet
(Q,f ) parts of the experiments were calculated separately in tbe usual
vayl. The fraction of total reactions meesured in the presence of
vater (Fy) vas estimated from the formula

<
Fy e leo ==
w
Q
vhere Q is the quantum yield for the anhydrous reaction (Table III).

The total quantum yield for the aqueous part of the reaction
vas estimated from the formula

%P

T
h N
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SECTION I

PART B

Chemiluminescence from Mixed Oxalic Anbydrides

In previous reports ve have described a series of efficient
nev chemiluminescent reactions based on the decomposition of monoperoxy-
oxalic acid and certain of its derivatives in the presence of a fluwrescer,
such as 9,10-diphenylanthracene (DPA). While efficient, these reactions
are in general unsuitable for practical use because of their short emission
lifetimes. It is clear, however, that a reeaction producing & monoperoxy-
oxalie acid derivative by a slowv process, would accomodate tioc ¢.al of
long-lived emission.

In the previous repox't7 ve described a series of exploratory
experiments, vhich examined the possibility of producing monopecoxyoxalic
acid derivatives by reaction of hydrogen peroxide with certain oxalic
acid derivatives including esters, anhydrides, and Levis-base oxalyl
chloride complexes. Results with triphenylacetic-oxalic anhydride were
particularly enmcoursging, providing strong intensities .ver extended
periods. A more detailed study of oxalic anhkydride chemiluminescence
is thus being carried out to deterwmine the effects of electronic and
steric Jtructursl factors on arhydride stadility, rete of resction with
hydrogen peroxide, ewse of hydroly-1s, and cheriluminescence efficiency.

Three oxalic anhydrides (Structure I) bave been prepared
and examined in preliminary fashion.
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ol

Ia: RaCH,
Ib: RI( 0635) 3C
Ic: R-C655

The three anhydrides were found to vary mmrkedly in thermel stability.
hydrolytic reactivity, and chemiluminescence efficiency. The poor
chemiluminescence results obtained from Ic vere discussed in the
previous report7. Current results are summarized below.

1. Acetic-oxalic anhydride (IA) vas readily prepared

from oxalic acid and ketene at -50°C. The product appeared to be
essentially pure and vas stable over an extended period vhen store’ as
& 80lid belov its melting point of about -5°. At higher temperatures,

however, the liquid anhydride decomposed slovly to acetic anhydride

in agreement vith earlier wvork by Edwards and Benlylb.

CHowCnO + noggou —_ cn,goggogcng
cn,goggogcl, . cn,gogcl, + COp + CO

Thermal decomposition of the pure liquid anhydride is
appreciable even at 0° and 1is camplete after a fev hours et 25°C. Hovever,
the decomposition is significantly slover in dilute solution. A study

of the decomposition in 1,2-dimethoxyethane solution vas carried out
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wvhere the concentrations of IA, acetic anhydride and acetic acid vere
determined as a function of time by infrared analysis. The results are
sumarized inTables I, As indicated in the Table, decamposition vas
found to be catalyzed by base (pyridine or potassium acetate) but vas
not affected by free radical inhibitors.

Potential acid catalysis of decamposition is particularly
disadvantageous to the stability of IA since small samounts of acetic
acid will generally be present in IA solutions as & coansequence of
hydrolysis. \n effort vas thus made to stabilise IA in ether by tb~
use of excess ketene vhich would tie up acetic acid as acetic anhydride.
Substantial decomposition of IA occurred, however, even under these
conditions, suggesting that IA is inherently unstable above its melting
point.

The instability of IA in solution bas prevented quantitative
peasurement of its chemiluminescence efficiency in reactions with hydrogen
peroxide. Qualitative observations, however, indicate that {ts cbemi-
luminescence efficiency is close to the 10§ effi~iency obtained with
IB (see below).

2. Bistripbenylacetic-oxalic Anhydride (IB) wvas prepared
from potassium triphenylacetate and ocmaly) chloride in benseme solution.

2(c655)3c3<x calfa — (c61,5)3c80ﬁ!£c(c6l,)3 + 01
»
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As indicated in Figure I, s prominent feature of the reactions
vas the appearance of a variable but discrete induction period lasting up
to 19 minutes following admixture of reactants. The possidbility that the
observed induction period wvas a consequence of & free radical inhibitor
present as a trace impurity was inveptigated with an experiment vhere the
inhibitor 2,6-di-t-butyl-b-methylphenol (DTBMP) was deliberately added.
As indicated in Teble III,hovever, the inhibitor appeared to reduce, rather

than lengthen the induction period, altijugh the quantum yield was sub-

stantially reduced. Since DTBMP does not quench DPA emission7, the result

indicates tentatively that a key fast step may, indeed, be of free radical
chain character, but that the rate determining step responsible for the
induction periol is an jonic process. Additional studies will be carried
out to bear on this point and to determine the cause of the induction
period.

The results of a series of rate and quantum yield measure-
ments, carried out in dimethylphthalate (DMP) are summarized in Tables
IV, V, and VI. The reproducibility of these results is significantly
better than those reported above for reactions in 1,2-dimethoxyethane.
Moreover, in contrast to the experiments in 1,2-dimethoxyethane, induction
periods were usually absent in DMP except for several experiments in Table VI.
A typical light inteneity ve. time curve is given in Mgure III.

An ixmdeperient infrared assay of the anhydride solution
ves prevented by the strong absorption of the solvent DMP in the carbonyl
region. To minikigze random variations resulting from varying IB concentrations,
each experimental set vas carried out from a single IB stock solution.

Comparison of results from differeni experimental sets is of doubtful value.
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Yields of crude product were good, but considerable losses vere encountered
during purification steps leading to analytical grade material. The solid
product appears to be stable on storage for extended periods at room
temperature provided anhyirous conditions are maintained. In dilute solution
in 1,2~-dimethoxyethane, however, infrared analysis indicates that IB is
slovly lost by comversion to triphenyiscetic acid as indicated in Figure 1.

Results of other experiments bearing on the stability of
IB in 1,2-dimethoxyethane solution are summrized in Teble II. Triphenyl-
acetic acid (TPA acid) apparently has little effect on the conversion of
IB to TPA acid, but pyridine initiatesa rapid decomposition to triphenmyl-
acetic anhydride (TPA anhydride).

A preliminary set of quantum yield measurements has been
compieted on the tripbenylacetic oxalic ankydride-aydrogen peroxide-9,10-
diphenylanthracene (DPA) system in 1,2-dimethoxyethane and in dimethylphthalate
solutions. The results of experiments in 1,2-dimethoxyethane are summarized
in Table III and a typical intensity decay plot is shown in Pigure II.

Since the anhydride vas hydrolyzed readily by the traces ol moisture
present even in freshly distilled l,2-dimethoxyethane infrared assay of

the annydride was carried out on the stock solutions used in the experiments
to monitor the actual starting concentrations of the amhydride and its
hydrolysis product, triphenylacetic acid.

In spite of this independent concentration amalysis, the
quantus yield and rate results shov moderate scatter. Quantum sields on
the order of 5 to 9 per cent were obtained, however, substantiating the

high efficiency of the system.
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Experiments summarized in Table IV indicate that oxygen
and small amounts of water nave negligible effect on the reaction, while
the oxidation inhibitor sodium diethyldithiocarbamate extinguishes emission.
As indicated in Table V, increasing hydrogen peroxide con-
centrations above 5 x 102 M result in a substantial decrease in quantum
yield. This is in sharp contrast to anslogous experiments wvith oxalyl
chloride-hydrogen peroxide reactions where the quantum yield was found
t0 increase with increasing hydrogen peroxid - in this concentration

range. The result tentatively suggests the mechanism indicated below.

1) R@oﬁo@n + Hy0p ———) Rﬁoggoon + Rgoa

2) R@CQOOH = > RgOH + 2C0> + DPA*

radical decomposition

3) R&&OOE + Bx0p ——9 RgOK + KO(S@OOH
o

4) BOW.COOR —————yp Non-chemiluminescent decompositiod.

The first step of the mechanism is almost certainly
the formmtion of the monoperoxyoxalic acid derivative indicated., Additiomal
hydroger peraxide would be expected to react vith this intermediate as in
step 3 to form Jjiperoxyoxalic acid. Results fros oxalyl chloride-hydrogen
peraxide experiments (Section IA) indicate that under the aphydrous con-
dizioms use¢ in ‘.hese experiments, diperoxyoxalic acid is essentially
non-chemti luminescent. S0 we tentatively suggest that the peroxyoxalic
acid derivative, itaelf may be capable of concerted multiple bond
cieavege decamposi..on (step 2) which provides the excitation energy beeded

for light emission.
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The effect of increasing DPA concentration on quantum
yleld is indicated in Table V. The observed increase in quantum yield
is analogous to the effect of increasing fluorescer concentration in
the oxalyl chloride-hydrogen peroxide system (Section IA). However, when
rubrene is used as the fluorescer (TaLle VI) the quantum yield is essentially
unchanged with rubrene concentration in the concentration range studied.
Additional experiments will be carried out to determine more precisely
the effact of fluorescer and fluorescer concentration on quantue yields.

As indicated in Tables IV and V, small quantities of
additional water have little effect on the reaction in dimethylphthalate
solution. Excess vater, hovever. seriously reduced the quantum yield
as indicated in Table VI.

Initial efforts have been made to identify the chemical
products from the triphenylacetic-oxalic anhydride reaction with hydrogen
peroxide in dimethylphthalate. Infrared analyses of liquid phase products
indicate that triphenylacetic acid i# the predowminant reaction product,
althouzh quantitative analyses have not yet be2n carried out. Results
from quantitative manometric and mass spectrametric analyses of gaseous
pbase products are summarized in Table VII. It is ovident fram the
table that the predominant gaseous product is carbon dioxide along with
a substantial amount of carton monoxide. HNowever, the total gaseous
product observed accounts at best for oaly about 33% of the oxalyl cardon.
The quantum yield data summariszed in Tebles III, IV, and V demonstrates

that the tripbenylacetic-oxalic anlyydride-hydrogen peroxide system is
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far supericr in efficiency to any previously known non-biological

chemi luminescent reaction. Additional work is planned to further define
optimm reaction conditions and the effect of reaction variables on
quantum yields.

3. Diphenylacetic-oxalic anhydride has been prepared in

an admixture with diphenylacetic acid by reactioa of diphenylketiene with
oxalic acid. The reaction proceeded sluggishly, indicative of the relatively
low reactivity of diphenyl ketene. The anhydride-acid mixture provided

chemi luninescence emission when reacted with hydrogen peroxide in the
presence of DPA. Other stuiles are in progress.

L, Pivelic-oxalic Anhydride. - Attempts to prepare this

anhydride from potassium pivalate and oxalyl chloride or from pivalyl
chloride and sodium oxulate have provided 'disconraging results. Mixtures
of pivalic acid and pivalic anhydride were cutomarily obtained, with no
indicatior of the formation of the desired mixed anhydride. The formation
of substantial quantities of pivalic anhydride in these experiments
suggests that pivalic-oxalic anhydride mey undergo a deccaposition

analogous to the decamposition repoited for acetic-oxalic anhydride.
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SECTION IB

EXPERIMENTAL

Diacetic Oxaljc Anhydride ( 1A)16,17 | Ketene, prepared by
the pyrolysis of acetonefat the rate of 0.1 moles ketene per hour, vas
bubbled through a stirred solution of 4.5 g. (0.05 moles) of anhydrous
oxalic acid in 100 ml. anhydrous ether at -50° under argon during 1.25
hours. The reaction solution wvas then evaporated to dryness under reduced
pressure at temperatures below -5°. A white crystalline product we.
obtained, whose infrared spectrum was in agreement vith that expacted.
Bands characteristic of acetic anhydride or acetic acid wvere absent from
the spectrum. The product vas found to be very sensitive to moisture and
to decompose at temperatures above -5°.

In a similar experiment, following completion of the
reaction at -5°, the reaction mixture vas maintained under a ketene
atmosphere at 0° for 5.5 hours, and then analyzed by infrared spectroascopy.
The resulting solution was found to contain mainly acetic anhydride together
with small amounts of diacetic oxalic anhydride and acetic acid.

Bisdiphenylacetic Oxalic Anhydride - A solution of
0.27 g. (0.003 moles) of oxalic acid in 25 ml. of anhydrous ether wes
added dropwise under argon to a stirred solution of l¢l4 g, (0.006 moles)
of diphenyl ketenel9 in 30 ml. of petroleum ether. The reaction vas
stirred 2 hours at 25°; then 2 drops of concentrated sulfuric acid vas
added, and the reaction mixture was stirred 60 hours at 25°. The reaction
mixture wvas filtered under argon, and the filtrate wvas evaporated to Aryness
under reduced pressure to obtain 1 g. of product vhich wvas shown to be,
by infrared analysis, a mixture of 30% desired product, 60% diphenylacetir
acid, and 10% unreacted diphenyl ketene.

The product of the reaction wvas found to provide cheai -
luminescence when reacted with hydrogen peroxide and DPA in 1,2-dimethoxy-
ethane,

Potassium Pivalate - Fotassium pivelste wvas prepared by
adding 13.2 g. (0.23% moles) of potassium hydroxide to a solution of
20.4 g. (0.2 mole) pivalic acid in 500 ml. of absolute ethanol. The
solvent was reduced to 50 al. and 25 ml. of benzene was added. The
volume was further reduced until a solid began to precipitate. The
salt was obtained in a yleld of 14.8 g. (62%) m.p. > 300°. The infrared
spectrum was consistent with that expected for the product.
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Attempted Preparation of Dipivalfc-Oxalic Anlydride -
A suspension of 29 g. (0.2 mole) of potassium pivalate in a mixture of
150 m}. of 1,2-dimethoxyethane and 50 ml. benzene vas heated to reflux,
and the suspension became gelatinous. The mixture was then cooled to
C® and oxalyl chloride, 16.8 ml. (0.2 mole), vas added. There vas &
substantial evolution of gas as the addition proceeded. The mixture wvas
filtered and the solvents removed, leaving a vhite, vaxy solid. The
solid produced & weak, short-lived light vhen added to 5 ml. of 1,2-
dimethoxyethape containing & fev mg. rubreme, & crops 90% L -drogen
peroxide and a peilet of potassium hydroxide. Subsequent infrereri
analysis indicated that the product wvas primarily a mixture of pival!:
anhydride and pivalic acid wvith a trace of oxalyl chloride.

Results of similar attempts to prepare the mixed anhydride
are sumparized in Table VIII. All vere marked by a substantial gas
evolution as the oxalyl chloride was added.

Cne attempt vas made to prepare the anhydride from
8.04 g. (0.06 mole)of sodium cxaiate (vhich had been dried in vacuo
at 50°) and 6.03 g. (0.05 mole)of pivalyl chloride im 50 ml. of distilled
hexane st 0°. The starting materials were recovered unchanged.

Infrared Study of the Decomposition of Diacetic Oxalie

wviride - The experiments in Tables Ia sud Ib vere carried out vith
solutions nf discetic oxalic anhydride of varying concentrations,
prepared under argoan in 1,2-dimethoxyethane freshly distilled over
LiAlH,. Solutions of reaction components were combined in flasks attached
to mercury manifolds and fitt. < wvith serum stoppers for the vithidrewal
of samples. All jlassvare wa. :horoughly cleaned, and dried in an
oven at 110° for at lesst 1 bour. The flasks containing the reaction
mixtures wvere placed in a coustant tempereture bath, and small aliqu:ts
of each sample vere vithdruwn pariodically and analyzed by iafrared
spectroscopy for the diufmc of dlacetic cxalic anhydride bands 5%
4835, 17195, ani 1767 ca. and for the appearance of an scetic enlydride
band at 890 cu.-1 and an ecetic scid band st 1780 cm.-l,

Infrared Study of the n.ion of Bistriphemylacetic
Oxalic Aniydride - Yor the experiments 1n ;& solutlce of 2 ¥ 10U °N
bistripbegylacetic oxalic anhydrias 1a 1 E-AMMOM vas prepared
under argon vith freshly distilled solvent. The eclutioa vas introdwced
into a flesk attached tc & msrcury sanifold amd fitt ' vith a esrwm stopper
for the withirewal of samples. Other reactants wre udded vhen desired.
Al) glassvare vas thoroughly cleaned, and dried im an oven at 110° for
et least 1 hour. The flaik containing the sample vas placed in a constamt
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temperature bath, and small aliquots wvere withdrawn periodically and
analyzed by infrared spectroscopy for the disappearance of the bistri-
phenylacetic oxalic anhydride band at 1760 cm.-l, and for the appearance
of a triphenylacetic anhydride band at 1805 cm.~l and a triphenylacetic
acid band at 1730 cm."l. The non-catalyzed decomposition was carried out
twice.

The absorptivities determined in these experiments vere
linearly compared to absorptivities determined on standard solutions of
triphenylacetic acid and standard solutions of triphenylacetic-oxalic
anhydride in 1,2-dimethoxyethane to determine absolute concentrations.
The standard abwr{tivities vere: triphenylacetic acid at 17h0 cm. -1,
505 1. mole-l cm.” ; triphenylacetic anhydride at 1830 cn."l = 370 1.
mole-l cm.~1., The data for the experiment in Figure 1 are summwirized
in Table IX.

Chemiluminescence Quantuz Yield and Reaction Rate Deternin-
ations for the Reaction of Triphenylacetic Oxalic Anhydride wvith Hydrogen
Peroxide in the Presence of 9,10-diphenylanthracene SDPA! in 1,2-dimethoxy-
ethane Solutions - Dry 1,2-dimethoxyethane was prepared by distillation
under argon from lithium alumimm hydride. A stock solution (3 x 1072 M)
of triphenylacetic oxalic anhydride was prepared and transferred undier
argon to a serum-capped bottle to prevent reaction with atsospheric moisture.
Stock solutions of 5 x 10~3 M DPA and 1.5 M Hx0, in 1,2-dimsethoxyethane
vere also p-epared. Aliquots of the anhydride solution were withirswn Yy
syringe uerl combined with aliquots of the DPA solution in the rediometer
coveitel’2,  The vavelength of the radiometer wvas set at 43u wa ard the
s.ii, opeued. The recorder wvas started and aliquots of hydrogel peruxide

vere injected from & glass syringe into the magnetically stirred solution
in the cuvette.

Quantum yield calculations vere made analogously to those
described previcusly for the oxalyl chloride reaction?. Results are
summar.zed in Table III.

Chemiluminescence Quantum Yield Measuremsuts for Triphenyl-
acetic-Oxalic Anhydride eh Peroxide, Fluorescer Resctioms in 1-
Phthalate Solutions - ﬁ%%gimu distilled from Lithiwm alwmiom
hydride wvas used to prepare stock solutions of the anhydride, hydrogen
peroxide and fluorescer. All solutions vere prepared and transferred to
ssrum-capped bottles in @ dry box to minimize hydrolysis. Aliquots of
the reactants vere traniferred to the megnetically stirred cuvette by
syringe, vith hydrogen peroxide being the final solution added. The decay
curves and apectral distridbutions Zm recorded and the Quantum yields
cealculated as described previously“. Both 9,10-diphenylanthrecene and

rubrene vere used in different sets of experiments as fluorescent acceptors
[See Tebles IV, ¥, and VI].
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TABLE IX

Triphenylacetic-Oxalic Anhydride Decomposition in
1,2-Dinethoxyethane Solution as a Function
of Time

Time in Hours

from Preparation of Anhydride Concentratiovn® Triphenylacetic Acid

Solution (molar) Concentration (molar’) .

0 2.55 x 1072 0.89 x 1072

5 2.29 x 10~ 1.51 x 1072

20 2.26 x 1072 1.55 x 10-2

26 2.09 x 10-2 1.60 x 102

30 2.06 x 102 1.75 x 1072

48 2.03 x 1072 1.75 x 10°2

9k 1.91 x 10-2 1.98 x 1072
a Measured by I.R. absorbance using 1830 em.~l for calculation.
b Measured by I.R. sbsorbance using 17h0 em.-! for calculation.
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Solubility of Carbon Dioxide in Dimethylphthalate (DMP) -
The apparatus (see Figure 1V, used consisted of a 300 ml. reaction vessel
to vhich was attached either a 300, 500, or 1000 ml. gas reservoir. A
simple differential mercury manometer was included and could be attached
to either the reaction vessel or the gas reservoir. Evacuation of the
system could be accomplished by means of the oil pump. Agitation was by
means of a magnetic stirrer included in the reaction vessel. All volumes
i1 the system were determined by calibration with water.

In a typical determination, 100 ml. of freshly distilled
anhydrous dimethylphthalate was placed in the reection vessel and
thoroughly degassed via the oil pump to a pressure of less than 1 mm. Hg.
The gas reservoir wvas evacuated and then charged to a predetermined pres-
sure vith carbon dioxide gas. Carbon dioxide was admitted into the reaction
vessel and the uptake of the gas followed by the change in pressure indicated
by the manometer. When no change in pressure had occurred over a 2 hour
period, the system was considered at equilibrium. The BHenry's constant
wvas calculated from the known pressures, temperature, and volumes of
the system.

Henry's Constant for CO./DMP System

Pressure (mm. Hg.)  Free Vol. Temp. Dissolved CO k2
Tnitial  Equilibrium (ml.) °c (moles/1, x 103) (x 1074)
k29.0 338.4 739.1 24.8 3.603 5.T5
559.3 k76.9 1291.2 25.7 5.67T8 5.14

a) k = P(om. Hg. at equilibrium)/ mole fraction dissolved CO»

Gaseous Products Jrwa Triphenylacetic-Oxalic dride
Reactions with Bydrogen Peroxide ia Dimethylphthalate (DMP) -
apparatus used tc measure the gaseous products from bistriphenyl-
acetic oxalic ankydride was that of Figure III except that the gas
reservoir (B) vas replaced by a pressure-equalized dropping fumnel vhich
had been calibrated vith water. All of the glassvare vas car=fuily cleaned
in a bot chrome-sulfuric acid wvesh, rinsed well in distilled wvater, and
dried thoroughly st 110°C in the oven before use.

In a typical determination, aliquots of anhydrous hydrogen
peroxide in anhyirous dimethylphthalate (DMP) and, vhere desired, rubrene
or vater in LMP, vere placed in the reaction vessel and cooled to 0°C by
an ice bath. An aliquot of the anhydride solution wvas placed in the dropping
funnel and the entire system flushed vith argon and then degsssed to less
than 1 sm. Hg. via the oil pump. The ice bath vas removed from the reaction
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vessel and the anhydride soiution added to the peroxide solution. Gas
evolution vas followed by the incredse in pressure in the reaction vessel.
When no pressure increase had been observed for a two hour period, the
fina? pressure vas recorded and the gas phase analyzed by mass spectro-

scopy. The total reactior time wvas about 18 hours. Fesults of the gas
analysis are sumsarized in Table X.
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CECTION 1

PART C

Chemi luminescence Derived from 9-Carboperoxyacridine Derivatives

Previous reports have described nev chemiluminescent systems

based on reactions of acridinium salts I7 and II6 with aqueocus hydrogen

peroxide.
He
+
o’ N
l « CI1°
NS s s CI°
Cl

Evidence vas provided in the last reportT indicating that the chemi-

luminescent process involves the mechanism diagrammed below.




Indeed the reaction was designed on the basis that pseudo base IV might
be capable of concerted multiple bond cleavage decomposition and thus
provide the substantial energy required to generate excited V as a
reaction product.

We bave nov carried out a series of preliminary quantitative
light measurements to further characterize the reaction. The spectral
distribution of chemiluminescent emission from reactions of I with
aqueous hydrogen peroxide was found to vary substantially with the
initial concentrations of I as indicated in Pigure I, where the spectra
are "normalized" to a common intensity at 520 mp. The spectral change
with increasing concentration is evidently a consequence of reabsorption
of emitted light by the acridine derivatives present. The spectral
distribution vas found, however, to be essentially unchanged with time
in a given axperiment. The chemiluminescent spectrum obtained at low
concentrations of I, vhere reabsorption (and reemission) would be small,
is compared with the Ifluorescent emission from 10-methylacridone, V,
and from reaction by-product 9-carboxy-10O-methylacridinium chloride, VI,
in Pigure II. It is seen that the spectral match vith Vi is poor, while
spectral match of the chemiluminescent light with V fluorescence is
fairly good in spite of the different solvents used. (V is poorly
soluble in vater under the chemiluminescent conditiors.) The spectral
correspondence of chemiluminescent emission with V fluorescence strongly

supports the astignment of excited V as the primary emitting species in
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Notes to Figure II

(O Chemiluminescence emission from 2 x 107k MV in 1M Hx0o.

ZQS Fluorescence emission from 1 x 10°3 M VIII in ethanol containing
0.02 M HC1.

e Fluorescence emission from 1 x 103 M IV in water.




the chemiluﬁinescent reaction. As noted in previous reports, however,
ve never regard spectral correspondence between broad emission bands s
as conclusive proof of the identity of emitting species.

The proposed chemiluminescence mechanism requires the initial
formation of peroxyacid III which is followed by a pHE-dependent equilibrium
with key intermediate IV. In the previous report7 we showed that formation
of III from I and hydrogen peroxide in 1,2-dimethoxyethane is a slow
Process, essentially complete only after 1 hour. To ex: ..., the stability
of III and the proposed equilibrium step, a solution was prepared from
I and 90% hydrogen peroxide. The solution was essentially non-chemi-
luminescent under the conditions used, but provided strong chemiluminescent
emission on dilution with water. The chemiluminescence yield ard light
decay rates of the diluted solution were deternined under invarient conditions
as a function of the "ageing period” of the 90% hydrogen peroxide solution.
The decay plots are pictured in Figure III, and the results are summarized
in Table I.

As indicated in Table I, the chemiluminescence efficiency increases
sharply as the solution of I in 90% hydrogeu peroxide stands, re#ching
maximum yield at about 0.5 hours. Even after short ageing, the quantum
yield is higher than that from an equivalent experiment where I was
dissolved directly in 1.0 M hydrogen peroxide. This effect is best

accounted for in terms of the following competitive processes.
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TABLE I

Chemiluminescence Efficiency of Aged S?lutions of I irc 90%
Hydrogen Peroxide'®

Half-Intensity‘ Quantum
e ey (see0) (33%)  (footlamberts from 1.0 ems thiciuess)

0.0b 35.0 1.3 0.08
C.l 22,5 1.9 0.15
0.5¢ 22,5 3.5 0.24
1.0 25.0 3.4 0,22
1.5 22,5 3.2 0.26
2.0 E 25.0 2.8 0.21
3.4 35.0 1.9 0.08
3.5 22.5 2.6 0.21
4,25 22,5 2.3 0.19
20 40.0 0.71 0.03
Ly 58.0 0.23 0.007

(a) A solution of 3.0 x 10-3 MIin 90% HoOp, was allowed to stand at 25°,
Aliquots (0.1 ml.) were wvithdrawn periodically and diluted with 2.9 ml.
45% (by volume) aqueous t-butanol to provide chemiluminescent solutions
corresponding to 1.0 x 10-4 M I and 1.0 M HzOo.

(b) Solution prepared directly by dissolving I in L5% t-butanol comtaining
1.0 E Hzozo

(c¢) Reaction mixture contained 1.0 x 10~2 M 2,6-di-t-butyl-L-methylphenol.

(d) Diluted with water.

Best AV vailable COPY




;m

REACTIONS OF SCLUTIONS 2F 1M %7 M. 0: AFTER DILUTION ®1TH 457 AQUEOUS « - BUTANOL

1% — — - —~ - -~ - - - -
REACTION TiME IN 90~ H;0,
' 0.5 HRS. ]
2 g "
3 s |
4 20 "
S 35 "
6 42 " .
7 20 "
G s “ n
=
= 4
)
»
[« 4
« ~
[- 4
Lo
(-]
[- 4
< 45+ n
[«]
3
X 40 | B
€
o
s
w 5 F T
Q
-
2 3%t ° i
w
-
=
w 25 F b
> 1
-
<
d 20 }- §3\ -
j AN
"l \\‘N \ |
NN
0 I x" "~ X .\\‘\5\ 1
] \ \E‘\é
‘\7 .\9\ %ﬁ
s | ~~y .§°\‘\-\: \‘\\8 4
X
o’_,o.-—-&n—o__o“o-—ao_—o \l\l x\‘g‘%gh\‘a\
* n " i L ? i — 9 L i 3 4

TIME (sec.)




-56-

VI

Thus, in 90% hydrogen peroicide, I is converted predominantly
to III provided sufficient time is allowed for the relatively slow process.
But in the presence of excess water an appreciable fraction of I ic con-
verted to non-chemiluminescent VI, reducing the chemiluminescence efficiency.

As indicated in Table I, the cheniluminescence efficiency
decreases only slowly with time beyond 0.5 hours,  resumably the result of
a slov non-chemiluminescent decomposition of III. F.en after 3.5 hours
the efficiency vas sti)1 Ti$ of that observed after 30 minutes, and an
appreciable emission was still observed approximately two days later.

The highest quantum yield observed in the experiments was
3.5%. This efficiency is of comparable magnitude to that obtained.in
oxalyl chloride-hydrogen peroxide-rubrene chanilminescence6 and 13

substantially higher than the 1% quantum yields reported for 3-smino-
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phthalhydrazide (luminol) chemiluminescence?. It is also evident from
the Table that higher chemiluminescence yields were obtained in agueous
t-butyl alschol than in water.

Several attempts to inhibit the reaction with the free
radical inhibitor 2,6-di-t-butyl-4-methylphenol are reported in Table I.
It is evident from the results that no appreciable inhibition or yield
loss was observed; thus, the reaction does not appear to involve a
free radical chain mechanism. This result is in sharp contrast to
free radical inhibition experiments with the oxalyl chloride-hydrogen
peroxide reaction (Section I A) where 2,6-di-t-butyl-U-methylphenol irecduced a
marked reduction in efficiency.

A second series of preliminary experiments wa. carried
out to determine the effects of reaction conditions on the quantum
yield and light decay rate. In these experiments I was treated with
aqueous hydregen peroxide under a variety of conditions and the absolute
emissicn intensity was determined as a function of time. The results
are summarized in Table II.

Plots of log I vs. time were linear for three of the
experinents, which were carried out under pseudo first order reaction
conditions with an excess of hydrogen peroxide in an acetic acid-
sodium acetate buffer at pH 4. In all of the experiments, however,
except at the highest concentration of I, the plots closely approxi-
mated straight lines. Typical plots are shown in Figure IV. A
comparison of the quantum yield values in Table II indicates that (1)

the quantum yield increases substantially * .h increasing hydrogen
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TABLE II

Reactions of I with Aqueous Hydrogen Peroxide(8)

(1) (H20] xt Quantum Yield  Half-life

(moles 1:1) (moles 171) gsec.'l) (x 104) (sec.)

5 x 1074 8.6 x 1072 1.21 x 10-2 9.9 57

2 x 1073 8.6 x 1073 1.1 x 107P 0.53 64

2 x j0-3 8.6 x 10-2 1.23 x 1072 b2 55

2 x 1073¢ 8.6 x 102 8,9 x 10-4 1.0 780

2 x 1073 8.6 x 10-1 2,44 x 1072 10.6 28

6 x 1073 8.6 x 10-2 1.0 x 1072d 1.5 70

(a)

(b)
(c)
(a)

Reactions run i1 acetic acid-sodium acetate buffer at pH U4 except
Reaction temperature = 25°C.

where noted.

Linear ILog I vs. T plot after 90 sec.

Reaction medium was unbuffered water.

Linear log I vs. T plot only after 120 sec,
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peroxide concentrations (2) the quantum yield decreases substantially
with increasing concentrations of I and (3) that higher quantum yields
are obtained in buffered solutions at pH 4 than in unbuffered solutions
where the limiting pH 1s 2.4.

The effect of hydrogen peroxide on quantum yield is
easily understori in terms of the competition between hydrogen peroxide
and wvater for I as discussed earlier.

Moreover, the increase in reaction rate that is observed
only st the highest hydrogen peroxide concentration studied suggests
that at lower hydrogen peroxide ¢oncentration at pH L the rate is
determined primarily by the rate of the side reaction discussed earlier
between I and water and that at the highést hydrogen peroxide concen-
tration, hydrogen peroxide competes successfully with water so that
a substantial fraction of I is converted to III. Thus, with increasing
hydrogen peroxide the rate of disappearance of I increases and the
steady state concentration of III and IV increases causing the overall
rate increase with higher intensity and quantum yield.

The decreasing quantum yield with increasing concentration
of I results in part from serious reabsorption of primary emission at the
higher concentrations (See Figure I). However, reabsorption does not
account for the entire yield loss. The quantum yield for the experiment
in Table II with 6 x 1073 M I was approximately corrected for reebsorption

by recalculation in terms of the spectral distribution obtained in the




.6)-~

experiment with 9 x lO‘u M I. This approximation does not take into
account fluorescent emission by the reabscrbed light at the higher
concentration and thus gives an erroneously high quantum yield. 1In
spite of the high biss of the correction, the corrected quantum yield for
the 6 x 10‘35 experiment was substantially lower than the actual quantum
yield obtained at 5 x lO'h M I. The quantum yield values were: measured
yield at 6 x 10°3 M I = 1.54 x 10-4; corrected yield at 6 x 1073 M I =
4.5 x 10°%; measured quantum yield at 5 x 10°% M I = 9.8 x 10°%. Thus
fluorescence quenching of the emitting species or non-chemilumirescent
side reactions involving intermediates derived from I reduce the q a¢vuium
yield by a factor of at least two at the higher concentration of X

As indicated in Table II, buffered reactions at pH 4
were substantially more rapid than corresponding non-buffered
experiments. This is in agreement with previously reported qualitative
observations’ and is in agreement with the proposed equilibrium between

III and IV.
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SECTION I - PART C

EXPERIMENTAL

The instrumentation, its calibration, and its use for
determining fluorescence and chemilum%nescence quantum yields have
been described in earlier reportsl’ai .

Experiments with Sciutions of I in 90% Hydrogen Peroxide

A stock solution containing 0.0438 gms. of I (3 x 1073 M)
in 90% H,0, was prepared. At appropriate intervals of time, 0.10 ml.
of this solution was injected into the magnetically stirred cuvette con-
taining 2.9 ml. of a 45% (V/V) tertiary butanol solution in water. The
decay of the 4hLo mp band and a spectral distributionwere recorded. The
results are summarized in Table I and Figure III. For the experiments
vith inhibitor present 2.9 ml. of a 45% (V/V) aqueous tertiary butanol
solution containing 1.0 x 1072 M. 2,6-d1-E-butyl-h-metuylpheuol was
used as the diluent.

Reactions of I wvith Rydrogen Peroxide in Aqueous Buffer Solution of pH 4

A pHE L buffer was prepare. containing 1.7 x 107! M
sodium acetate and 1.0 M acetic acid. Appropriate quantities of I wvere
veighed into 25 ml. voluwetric flasks so as to provide after dilution
the concentrations reported in Table II. Aliquots of 30% Hy0p were
added to the flask and the solution immediately diluted to 25 ml. with
the buffer. After mixing, a 3 ml. portion wvas transfered to the cuvette
and placed in the rediometer, Spectral and decay plots vere recorded
as described previously<.

Figure I shows the effect of reabsorption upon the emitted
light and Figure IV shovs typical decay plots of the 475 mp dand with
time. Table II sumarizes the quantitative data obtained for this set
of experiments.
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SECTIOR I

PART D

Tetracyanocethylene Chemiluminescence

As described in the previcus report7, the reaction of
tetracyancethylene I with alkaline, anhydrous hydrogen peroxide in the
presence of a fluorescer such as rubrene provides a moderately strong
chemiluminescent emission. Cyanates, carbonates, and bicarbonates were
identified as the principle products. It seemed possible that the
chemiluminescent emission might be derived from one of the steps in

the following sequence:

,0
(1) (M) LoC(CN)2 + B0z ——> (NC)L—C(CN),

I II
O\ -

(2) (m)zci-c(cn)a + HO," — (m)zg-v&(}gn)z
II III

(3) (m)l—%cn)z ———p  2(AC)L=0 + HO"
)|
III

v

(ba) (MC)Lm0 + ~—ee——b COs  + 2KCO°
803'
v

(45) (AC)Cw0 + 2HOp™ ———>» noogoon + XN
?
(5) noogoou ———3 0, + B0 + CO;

(6) CN + B0 ——>» NXCO + B0
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Thus the reaction of I with hydrogen peruxide 1s known
to produce epoxide II under certain condition829 and the reaction of
II with the hydrogen peroxide anion to give hydroperoxide III is typical

of epoxide-nucleophilic reactionsa}

Moreover, the decomposition of III
to give cart nyl cyanide (IV) would be typical of concerted band cleavage
peroxide decomposition7. IV might then be oxidized by hydrogen peroxide
directly to cyanate by a process probably involving concerted multiple
bond cleavage! as in step Yba, or nucleophilic displacement by the

It rogen peroxide anion might occur as in step 4b. Step 5 is hypo-
thetical but it is known that the reaction of phosgene with hydrogen
peroxide in the presence of a fluorescer gives carbon dioxide, and is
not chemiltminescenth » Cyanate would be an expected product in any
case, since it is a known produ ¢ of the reaction of cyanide ion with
hydrogen peroxideez-

Accordingly, the poasible intermediates I1I, IV, and CN-
were each tested for chemiluminescence under the conditions where
chemiluminescence was observed from I. In reections vith hydrogen
peroxide and potassium t-butoxide or potassium hydroxide in 1,2-
dimethoxyethane containing rubrene moderately strong chemiluminescence
lasting approximately ten minutes was observed from both II and IV, but
ot from potassium cyanide. The chemiluminescent reactions were remarkably

similar in intensity and lifetime to the analogous reaction with I.
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The observed chemiluminescence from II and IV does mot,
of course, establish that chemiluminescence from I is derived by the
process indicated above, since there is no evidence that the three
chemiluminescent reactions do not proceed by independent mechanisms.
Hovever, the proposed mechanism is reasonable in terms of the known
chemistry and the chemiluminescent results.

The chemdluminescent emission derived from the reaction
of IV with hydrogen peroxide suggests that direct oxidation of IV (step
la) occurs rather than displacement of cyanide by peroxide (step Ub).
Step Ub is analogous to the reaction of phosgene vith hydrogen peroxide,
and the latter is not appreciably chemiluminescent in the presence of
a8 fluorescer, The mechanism by which IV is =xidized by hydrogen peroxide,

however, can only be speculative at present.
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SECTION I - PART D

g.zerimental

Tetracyanoethylene oxide (II) was prepared by the method
of Reiche and Dietrich<V,

Carbonyl cyanide (IV) was prepared using a modification
of the method described by W. J. Linn23., A mixture of 7.2 g. (0.05 mcle)
of tetracyanoethylene oxide and 9.3 g. (0.05 mole) of diphenyl sulfide
in 75 ml. of freshly distilled glyme was heated for three hours at 80°.
The product, ca. 2 ml, of a yellow liquid, was distilled from the black
reaction mixture at 27°/18 mnm.

An aliquot of the product was characterized by ireatment
with dimethylaniline in acetic acid to provide the known derivative,
bis(p-dimethylaminophenyl)dicyanomethane. The crystalline solid isolated
from this reaction had au infrared spectrum consistent with that expected

for the derivative and the m.p., 195-197; wvas in agreement with the
lit. MePoey 191"‘196"023

Chemiluminescence Tests

Tetracyanoethylene oxide (II). -~ About 5 mg. of II were
dissolved in 10 ml. of 1,2-dimethoxyethane conteining a few mgs. of
rubrene, and 5 mg. of potassium t-butoxide was added. The addition of
several drops of 90% hydrogen peroxide produced a medium intensity
light emission with a duration of about 10 minutes. Potassium hydroxide
gave similar results.

Carbonyl Cyanide (IV). - One drop of carbonmyl cyanide vas
added to 5 ml. of 1,2-dimethoxyethane containing a pellet of potassium
hydroxide, a fev mgs. of rubrene and several drops of 90% hydrogen peroxide.

The yellow light produced had a medium intensity lasting for several
minutes.
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SECTIOR II

Exploratory Tests for Chemiluminescent Reactions

lo.
1l1.
12,
13.
1k,
15.
16.
17.
18.

Tests established7 for the screening of oxalic acid
derivatives were used to evaluate a number of other compounds, selected
primarily in terms of their availability, but also selected to establish
nev guide-lines for the design of chemiluminescent systems. The test

results are compiled in Table I.

TABLE I

Exploratory Chemiluminescence Tests

Chemiluminescence Tests®

A B C D E F G

Trichloroacetic acid - - - - -
Trifluoroacetic acid - - - - W
Trifluorocacetic anhydride - - - - - -
Glycolic acid, calicium salt - - -

Chloral - W - - -
d-Tartaric acid - - - - - - -
d-Mannose - - - - -
Itaconic anhydride - - - - -
Tetrahydroxysuecinic acid,

disodium salt - - - - -
Malonitrile - - - - W
Benzenehexol - - - - -
1, 3-Dihydroxy-2-propanone - - - - -
Methy laminomethyltartronic acid - - - - -
Dimethyl acetylepedicarboxylate - - - - -
Chloroacetylchloride - - - - MW
Dichloroacetylchloride - - - - ]
Cyclohexylphenylglycolic acid - - - - -
Diketene - - - - W

Table continued




19.

20.
21,
22.

2k,
25.
26.
27.
28.
2.

TABLE I (continued)

Chemiluminescence Tests

A B C D E F G

¢3c@o@oc2n5 - -
¢3cgogoccpgb - -

lLactic aci

& _Bydroxy isobutyric acid® - -
d1-Mandelic acid® - -
Benzilic acidP - -
Benzilide - -
Ethylene oxide - - -
Tetramethylethylene oxide - -
Octamethyloxamidimium chloride® . -
Tetraphenylethylene oxide® -

a) Tests:

A)

B)

c)

D)

E)

FOOTNOTES FOR TABLE I

Approximately 3-5 mg. of the compound to be tested is added to
5 ml. of a solution of about 1 mg. 9,10-diphenylanthracene (DPA)
in paraffin (ESSO household vax) maintained at 160-170°C.

Approximately 3-5 mg. of the compound to be tested is added to
5 ml. of a solution of about 1 mg. DFA and ~5 mg. AIBN in paraffin
maintained at 85-90° under argon atmosphere.

Approximately 3-5 mg. of the compound to be tested is added to
5 ml. of a sclution of about 1 mg. DPA in 1,2-dimethoxyethane
containing 5% water at 60-65°C. About 5 mg. Na 0, is sdded
immediately.

Approximately 3-5 mg. of the compound to be tested is added to
5 ml. of a solution of 1 mg. DPA and 0.2 ml. CH4SOsH in 1,2-
dimethoxyethane containing 5% wvater and maintained at 60-65°C.
About 0.5 ml. 30% H,0- is added immediately.

Approximately 3-5 mg. of the compound to be tested is added to
5 ml. of a solution of ) mg. DPA, and 5-10 mg. AIBN in diphenyl-
methane maintajned at 85-90° under an oxygen atmosphere.

Footnotes continued
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FOOTNOTES FOR TABLE I (continued)

F) Approximetely 3-5 mg. of the compound to be tested is added to
5 ml. of a solution of about 1 mg. DPA and 0.2 ml. anhydrous
H.0- in anhydrous 1,2-dimethoxyethane maintained at 60-65°C.

C) Approximately 3-S5 mg. of the compound to be tested is added to
5 ml. of a slurry of 1 mg. DPA, ~0.2 g. KOH (1 pellet) and

0.2 ml. anhydrous H 0, in anhydrous 1,2-dimethoxyethane maintained
at 60‘65 'CO

Qualitative intensities are based on the oxalyl chloride,

hydrogen peroxide reaction taken as strong (S). Other designations are
M = medium; W = veak; VW = very weak, barely visible.

b)

¢)

In an additional test, a solution of 10-15 mg. of the compound in 10
ml. 0.1 M K»CO5 containing 1-2 mg. of fluorescein was treated with

1 ml. of 30% Hx0, and 10 ml. of 6 x 10°2 M KoSp0g. No chemiluminescence
was observed.

In an additional test, & solution of 10 mg. of tr= compound in dimethyl
sulfoxide containing 1-2 mg. rubrene was treated with 0.5 ml. of 50% aqueous

potassium hydroxide and 2 ml. 30% hydrogen peroxide. No chemiluminescence
was obsgerved.
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SECTION II

EXPERIMERTAL

Tetraphenylethylene Oxide (TPEO)

TPEO was prepared by the method of Schmidlen®* as
cited by Wang end Cohern25, m.p. 205-6°, 1it.25, m.p., 204-5°,

6 Aml. C&lcdo 0263200: C, &.62; H, 5.79. Found: C, $o25;
H, 6.02. —

Bistriphenylacetic Carbonic Anhydride - A slurry of
1.€5 g. {5.005 moles) of potassium triphenylacetate in 50 ml. of 1l:1 -
(V:V) benzene-glyme was prepared at 25° under argon, and then 0.25 g
(0.0025 moles) of phosgene in 4 ml. of benzene was added slowly to
the stirred slurry. The reaction mixture was stirred 2 hours at 25°
under argon, then filtered to remove ingsoluble material. The reacti.
filtrate was evaporated to dryness under vacuum at 20-25° to obtair
1.2 g. of material, m.p. 179-192°, soften 134°, vhose infrared spectrum
is in agreement with that expected for the desired product.

of-Chloroacetylchloride - The procedure of Bickelg
vas used to obtain 10.9 g. of product, m.p. 48.5-50.0° (1it.

m.p. 50°).

Mixed Anhydride of Triphenylacetic Acid and Carbonic
Acid, Monoethyl Ester - A solution of 2.9 g. (0.0l moles) of tri-
phenylacetic acid and 0.8 g. (0.0l moles) of pyridine in 75 ml. of
anhydrous ether was prepared. The stirred solution was cooled to 0°
under argon, and tien 1.1 g. (0.0l moles) of ethyl chlorocarbonate in
25 ml. of anhydrous ether was added dropwise during 15 mins. The
reaction mixture wvas stirred 0.5 hours at 0°, thea filtered to remove
insoluble material. The reaction filtrate was evaporated to dryness
under reduced pressure to obtain 1.5 g. (41%) of white solid product,
vhose infrared spectrum strongly indicated mostly the desired product
together with small amounts of contaminants. The product of the

reaction vas found to be non-chemiluminescent, and further purification
was not undertaken.

Other Materials - Benzilide®!, tetramethylethylene oxideae,

and octamethyloxamidinium dichloride?9, were prepared according to
literature recipes.
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SECTION III

Toxicity and Thermal Stability Data

As a guide to possible hazards in the use of chemiluminescent
systems, data on toxicity and exothermic decomposition as measured by differential
thermal analysis will be published as they are obtained.

When it is contemplated that systems of interest will be
astored and used as dilute solutions, the hazards involved would be those
of the solutions, not the pure cherdluminescent constituents. It is
apparent, then, that toxicity or other hazards due to solvents should be
considered, especlally for storage in poorly ventilated spaces, or areas
exposed to high temperatures.

Por systems requiring non-aqueous solvents (i.e., the
oxalyl derivatives) those solvents used in the experimental work were
selected without regard to potential hazard. Since some latitude is
available in the choice of solvent, it seems unlikely that solvent
hazard need be a serious consideration. Two useful and relatively
non-volatile solvents which have been used extensively in studying
oxalyl derivatives shov very low levels of acute oral toxieity. Acute
oral mso in rats has been measured for dimethylphthalate (6.9 gu./kgn)3°
and ethyleme glycpl dimethylether (4.39 gus./kga)3l.

Toxicity of chemiluminescent components is generally not
knovn. Howvever, the toxicity of 3-aminophthalhydrazide (luminol) was
exaxined in the Environmental Health I[aborstory of the American Cyanamid

Company. As indiceated in the attached report, the pure material has an




ID50 greater than 10 gms./kem. Conc...rated hydrogen peroxide (90%)

is considered to have high acute local toxicity 31, although dilute aqueous
solutions are used as a skin antiseptic. Its behavior in non-aqueous
solutions is not known. Of the various oxalyl derivatives used in this
program, only oxalyl chloride is well known. RNo literature information
on oxalyl chloride could be found beyond the general observation that

pure acid chlorides hyvdrolyze rapidly to the corresponding carboxylic

acid and HC. and possess the toxicity of their components. Oxalyl chloride,
however, hydrolyzes to CO, CO, and HCl rather than to oxalic acid and HC1.
In concentrated form, oxalyl cLloride should probably be considered highly
toxic and is certainly very irritating; however, it: behavior in dilute
solutions as used in this program (10°2 M maximum) is unimown.

No information on exothermic decomposition is yet availsable.
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