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PRODUCTS OF PHOTODEGRADATION FOR COUMI3N LASER DYES

Guil ord Jones, I ,* W. R. Berguark, and W. R. Jacokson

Department of Chemistry, Boston University, Boston MA, 02213 USA

Abstract

The products of conventional photolysis of the ooumarin laser dyes,

C1, C35, C13, and C152 have been investigated. The previously reported

dealklation of C1 is documented for the tluoritned dyes, C35, and C152 in

deaerated solvents. In addition, a reduction product is identified for C1,

oonsistent with a radical meohanim for decomposition. Evidence is provid-

ed that 'the concentration quenching (self quenching) oft inglet dye is

Important to the degradation nechanism. For the rigid dye, C153, a pho-

toozidation product involving the mine functiomllity results from

decomposition in aerated media. For several dyes, very low triplet yields

have been measured.
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The stability of ocumarin dyes during dye laser operation has been of

interest for some years." s The effects of medium, cover gas, dye struc-

ture, and optical filters have been investigated extensively.' Quantum

efficiencies for photodeoomposition have been reported in rare oasessa

and the effects of additives which improve perfotrmance under lasing condi-

tions have been documented.' The products of photodegradation for a single

coumarin dye have been identified in the early report of Winters. Handel-

berg, and Mohr.' $ We wish to establish that the dealkylation process noted

by the latter authors for CI is also important for other related dyes.

Furthermore, another type of product accompanying dealkylation and charac-

teristic of radical disproportionation has been identified fcr Cl. In

addition, the decomposition of a dye having a "rigid* structure (C153),

which in known for its stability,' has also been investigated.

Prouct .Asd . Dyes chosen for study are the 7-minooimarins shown

below whioh are comercially available ( Olaser grade") from Eastman (Cxx

numbers as shown) or from Ezoiton Chemical Co. (J& - C460, I& - C485, I -

CS40A). Solutions of the dyes were photolyzed using either a 450 W Hanovia

medium pressure Hg lamp, Immersion well apparatus, and a Pyrex glass filter

0300 m) or, for comparative runs, a Rayonot chamber reactor in which 13 x

150m Pyrez test tubes were irradiated.' The samples were purged with

nitrogen or argon except wbere noted. Since igher concentrations of dye

led to more rapid disappearance (vide infra), relatively concentrated solu-

tIon were generally employed for product studies (10 - 2 - 10 - ' M). Lengthy

irradiation resulted in loan of dye which could be followed by uv-vis

absorMon or nuclear magnetic resonance (nur) spectrometry. A general

result was the deposition of a film which was difficult to characterize

, -' l, -',r , * . ,-* . . -.-.. ,*. - - .. -. - *. ... -. , - -- - - . .,,- .. -. - - .
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(i.e., mr analysis revealed mainly dye disappearance). However, small

quantities of identifiable products were apparent from glc analysis (2a 10%

OW-101 column, 200*) on photolyais of .1 in acetonitrile. Product 2& was

identified by comparison of reported spectral data;6 the analogous 2& was

obtaind after column chromatography of the photoproduot (silica gel, 5%

ethyl acetate - hexane eluent) followed by reorystallization from toluene:

fine yellow crystals, up 158-1590(10% isolated yield). Elemental analysis

for C12F$H&,NO2 was: 56.21 %C, 3.98 iH, and 5.40 %K (found); 56.04 %C,

3.92 IH, and 5.45 %K (theory). The spectral data consistent with structure

Ik were as follows:

uv (methanol): 3 390 -

ir (film): 3370. 2990, 1725. 1645, 1620, 1135. 1170, 1230

and 13 00 -1

mr (CDCI): G 7.40 (a. arm., 1H), 6.45 (a, arm. and

m-W), 4.40 (broad a, I-H), 3.28 (q, -CHO, 2H),

and 1.20 (t, -CM., 3g)

Another produot originating from I& could not be isolated but was

identified as I by glo - ms spectral analysis. The major as peaks and

assIets were as follows:

Ma: U/0 23 (ol. Lon), 218 (-Cos), 190 (-CH$, -CO or

CsE4 ), and 148 (190 - CHsCO)

- , _,_ ,, ~v -- ,, :, .,:,: . -:.:,: .'.... --- ,---.-..,... . -,.. . . . -- . -. ---. -.. .- . -..--
.... :: ., , , - :. , - . . .. . . , . .,.,.,. .. .. .. .. ' ,., .- . ..-4- .... . .-K. .
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Although 2a and the previously unidentified 3 failed to accumulate

appreciably with photolysis time (ca. 10% maximum), their appearance

proved Interesting in that I was favored at the shortest times possible for

glo detection whereas 2a was the orae important volatile componont after

lengthy irradiation periods. Confirming the rather erratic nature of pho-

todegradation, the disappearance of native dye appeared to be accelerated

following an induction period in which about 10% of the starting dye was

decomposed. Mec analysis also revealed small quantities of the fully

dealkylated dyes (identified by direct comparison with the commercially

available C120 and C151 (4) from 2a's and 21?, respectively).

Coumarin I& was also investigated to establish the dependence of pho-

todealkylation on substitution at the mino group. The rate of

decmposition in deasrated acetonitrile was in fact comparable to that of

.k and products of dealkylation were apparent from nr and glo analysis

(only the common product I4 was thoroughly identified). Photodecomposition

of otmarins I as a function of solvent was followed by glc analysis of

dealkcylation product at relatively low conversion (anthraoene used as an

Internal standard). Parallel irradiation showed similar results for ace-

tonitrile, toluene, and oyolohexane with some acceleration in ohloroform

(ca. 3-fold) and a retardation in alcohols (>10-fold).

Photolysis of deaerated acetonitrile solutions of oouarln 153 (1) led

to deomposition (sanificantly slower than 1) to intractable material with

no appearanoe of an identifiable monomeric product. However, on photolysis

of air-saturated solutions, a photoproduct was obtained after preparative

thin-layer chromatography (Analteoh 2000 p silica gel (OF) plates, 3:2 hex-

e - " r' -'1 "; " " % " ":" " "< " " " * 4 "" " ' " '- '" " ' - " " " " " " " " ' "-- .' - . --" " % -" - .'
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an- - ethyl acetate eluent). The product (Rf - 0.3), a solid with reddish

coloration recrystallized from methanol/water, ap 193-2070 . Elemental ana-

lyas provided the following data: for C1 4FH 1 NO, , SC, 59.38, IH, 3.75,

SI, 4.29 (found); SC, 59.44. dli, 3.72, Si, 4.33 (theory). The spectral

data ware consistent with formation of a pair of photoozidation products,

the isomeric amides, 8 and , which crystallized as a mixture.

uv (ethanol): Ima 353 n

ir (film): 1735, 1690, 1615, 1415, 1370, 1295, 1135 om-

mr (CDC1): 6 7.40 s, arom., Il), 6.70 (s, vinyl, 1H),

3.80 (a, 1-CH, 2H), 2.80 (a, -CH, 2H),

1.1-2.2 (a, CH,, 6H)

MuuMdUM& SIuVeW. For the purposes of establishing a mechanism of

photodegradation, the effeot of adding a triplet quencher was investigated.

Vith 0.1 N4 1,3-cyclohezadlene (CHD) or with 0.06 4 Ira-stilbene, neither

formation of products, 2a and I, nor the rate of net destruction of la was

altered. As a control the quenching of dye triplets by these additives was

investigated by flash photolysis. The triplet of J& was observed (max 625

m) as previously reported$ on flash lamp irradiation in argon-purged ace-

tOmtrile (1e souroe, pulse duration - ca. 30 ps FVfK). This transient

was absont on the addition of triplet quenchers.

Although the quenching results for 2a did not favor a photolysis

mebasiui Involving dye triplets, the appearance of triplets for other dyes
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remadned of interest. Intersystem crossing yields were measured for three

dyes In two solvents using the triplet counting technique in which the pho-

todiasrization of CHDO via energ transfer from dye was followed with

reference to Jiuerization sensitized by benzophenone (whose triplet yield

(1.0) is knn) (Table)."

Vith a singlet mechanism for pbotodegradation in mind, dependences on

dye concentration were Investigated. In fact the appearance of J. at low

conversion (ca. 0.1%) was noticeably accelerated at higha dye concentra-

tions (0.01-0.25 M). 7 he profile of concentration dependence is consistent

with a singlet self-quenching mechanism according to Scheme 1. Along with

values for singlet lifetime for I& in very dilute solution (-c - 1 / (kf +

kd)),11 the data provide a source for the rate constant sum, k * kr - 7.8

-"x

x 10* Ir1 m~ referring to the sum of rates for concentration quenching and

bimleoular reaction. A similar value for these rates (2.9 x 100'L 1 1)

'.,

Ma been independently obtained by measuring the concentration quenching of

fluorescence as reported separately for several onarin dyes.' The plot

of quantum yield data for formation of J (eqn 1) provided an estimate of

the maim. (extrapolated) yield of product J, (kr + k )/M -3x 0*

(1.0)r cq nrin)(3ax e0..

tich showed that the photoreduotion of &a constitutes a mall part of

total (unproductive) concentration quenching.

Ve n . The photodealkylation reaction for 7-dtalpalminocoomarins

In deerated media has been extended to fluorinated analogs k and J.

Aother type of product, whose structure has been tentatively assigned to

photoreduotion product 1, can be ascribed to formation of radicals 1 and

as previously proposed by von Trebra and Koh. a This type of intermediate

of qantm 7 ~d atafor eru Ao o (en 1)proide an stae o

*:e (etao-ll yi- fp~ut1 k o)k 0 4
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my aria from binolecular quenching by ground state dye (self reaction of

dye ou concentration quenching) via rather inefficient hydrogen atom

abstraction (or the equivalent steps of electron transfer and proton

transfer). Radical I is capable of disproportionation to reduction product

j and starting dye and the initiation of dye polymerization, whereas I is a

likely intermediate for dealkylation either via coupling reaction with .1"

or by way of further electron/proton transfer.

The rigid ooumarin, 7, is less photOaCtive in oxygen-free solutions

than the analogs, 1, presumeably due to low productivity in radical forma-

tion from its less energetic excited singlet (concentration quenching is

nonetheless observed"8 ) . On the other hand. photoxidation in aerated solu-

tion is Important. Formation of products J and I is consistent with the

quenching of dye ainglets by oxygen, a step which has been

documented, lab, 14 and formation of radicals (via hydrogen or

electron/proton transfer). Photodeomposition proceeds as shown in Scheme

2 for reaction at a position adjacent to nitrogen, reminiscent of the path

wbioh has been proposed for oxidation of tertiary amines. The reaction

observed for the amine functional group contrasts with the reported pho-

tooxdation of la (reaction at the 4-methyl group) and portends a more

general destructive role for oxygen in the minooouaarin series (a similar

rate of degradation for a variety of counarins under lasing conditions for

air-saturatd solutions has been reported."

The results overall point to the importance of dye self quenching in

photodegradation, a phenomenon which is alleviated but not entirely elimi-

nated at low but practical dye oonoentrations. Alcohol (protio) solvents
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refue Potode c positicn (but not concentration quenching U) presumeably

by Imbibition of radical formation through hydrogen-bonding to the coumarin

Oarboal group, a Particularly effective interaction for the excited sin-

LJ6t dYe". lb. potential for destruction by oxygen In aerated samples is

also rsit4rated. s sb.6,16 However, it should be noted that for the general

case of laser dye stability the presence of oxygen is not necessarily

defeating if there Is a significant role for dye triplets in photodecompo-

sition or in competitive absorption at lasing wavelengths.

amknoy IainWa. Support of this research by the U. S. Office of

Naval Research is gratefully acknowledged.
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Table. Intersystem orossing quantum yields for coumarin dyes.

Ot(C.H1) Ot(C3sOH)

0.30 0.006

1l 0.043 (0.001

. 0.053 (0.001

,i

4!

N
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Schee 1

h0

D -D

D- D + h10 kf.

D- D + D kd

D* + D 2D koi

D* + D - , products kr

kr + koq kd + kf 1

m - + -(1)

kr kr (DI

Scheme 2

OCR1 0

R WER 1  + HOl. -) CERj >

--i- ,%

7.*
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R N 0 N2 0 hvr 0

R" R"

RC 2H5 1 R'= CH3 IClI 2

Ib, R =C 2 H5 , R CF 3 IC351

1.C, RCH3 , R CF 3 IC1521

(C2 H15)2 NH2

3 4

CH3CH 2\
CHC./N (C2H.)2N O.

R R

5 6
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