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Introduction 

Approximately 80 commercially available fluorescent organic compounds 
were studied as dopants in a polystyrene matrix for possible use in wavelength 
shifting (WLS) fibers. The goal was to find a new green-emitting WLS fiber 
which would outperform in light yield and decay time the currently avail
able fiber doped with K-27. Therefore the fluorescent compounds of inter
est should exhibit the following spectroscopic characteristics in polystyrene: 
>.ah•=400-450 nm, >.em=450-550 nm, T=3-7 ns (T=12 ns for K-27), and 
quantum efficiency of minimum 0.7 (K-27 baseline). For further details on 
the range and properties of the compounds studied refer to "Final Results 
from the SDC Dopant Search for New Green Wavelength Shifting (WLS) 
Fibers", FERMILAB-TM-1873. 

Polystyrene samples doped with different fluorescent compounds were 
prepared and characterized. Of all the compounds tested, only a series of 
coumarins exhibited the spectroscopic characteristics of interest. Radiation 
damage studies had to be performed on these samples in order to conclusively 
determine if they were better candidates than K-27 for green WLS fibers. 

All samples except those showing opacity or deep coloration were irra
diated. They were, however, separated in two sets. Radiation damage set 
No. 20 (RD20) was mainly formed by the coumarin derivatives. Radiation 
damage set No. 22 (RD22) was based on the remaining samples. The irra
diations were performed at the Phoenix Memorial Laboratory (University 
of Michigan) using a 8°Co source. Both sets were exposed to a total dose 
of 10 Mrad in air, at a dose rate of 1.8 Mrad/h. Transmittance measure
ments were recorded before and after irradiation, and after annealing. After 
irradiation, the samples were annealed in oxygen to accelerate the recovery 
process. Although the samples were irradiated in air, they still underwent 
annealing in oxygen atmosphere because the dose rate had been high enough 
for the oxygen diffusion rate to be smaller than its consumption rate during 
irradiation. The final results are similar to those of an irradiation under inert 
atmosphere, with the exception of the formation of oxidation products on the 
surface of the samples. 

Transmittance spectra were recorded with a Hewlett-Packard model 
8451A diode array spectrophotometer. All transmittance measurements used 
undoped and unirradiated polystyrene as the reference. The transmittance 



plots presented here observe the formal separation of the two sets, RD20 
and RD22. The data for RD20 has been arranged in two plots for each 
dopant. The first plot shows the transmittance spectra before irradiation 
and after annealing. The second plot includes the transmittance spectra be
fore irradiation plus two transmittance spectra recorded while the sample 
was annealing. For RD22, the data is shown in one single plot containing 
three measurements: one before irradiation, one after irradiation, and one 
after annealing in oxygen. 

The RD20 data indicates that the performance under irradiation of the 
coumarins is significantly inferior to that of K-27. The losses in transmission 
of the coumarins are larger than those of K-27. 

We wish to thank R. Blackburn of the Phoenix Memorial Laboratory of 
the University of Michigan for performing all sample irradiations. We wish 
to extend our appreciation to the members of the Particle Detector Group; 
in particular, Monica Szelag who plotted and organized the data presented 
in this document. 
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PART I 
RADIATION DAMAGE SET #20 
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0.02% LPY - HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02% LPY - HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02'.% ACRIDINE Y -HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02% BBOT - HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02% b1s-MSB - HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02% BSFL - HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02% CARBOSTYRIL3 -HIGH DOSE RATE IRRADIATION IN AIR 
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0.02/. CBSTY 124 - HIGH DOSE RA TE IRRAOIA TION IN AIR 

w 
u 
z 
< 
f
f-...... 
l: 
(/) 

z 
< 
0:: 
f-

1.0 

0.8 

0.6 

0.4 

0.2 

A 
.... ······················-~......-;-;-.... . .. - ,..._ ~ - - - - - ~~:-~-:~-~-·-·;;,·.., - - -

I 

I 

c 

I 
I 

I 

I 
I 
I 
I 

' I 
I I I 

B ,' I I 
I \I 

I 
I 

I 
I 
I 
I 

I 

/ 

I 

,' ReF'erence: Polystyrene 
, ' A. BeF'ore irrad1at1on 

,' 8. Immed1atel y aF'ter 10 Mr ad 
! ,/ C. AF'ter Oxygen Anneal 
: I 

0.0 .: I 
400 500 600 700 

WAVELENGTH (nml 

°' 0 



0.017. DCM/DCM2 - HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02% DCM/DCM2 - HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02% DIACFN - HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02% KI TON RED - HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02% LO 490 - HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02/. LO 688 - HIGH DOSE RA TE IRRADIATION IN AIR 
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1.0 

A 
0.8 

0.6 

0.4 

0.2 

0.0 . /, 

I 
I 

... ... 
.. 

.· 

.... 

I 
I 

I 
" I 

, ,' , 

- ....... ·y- ·>:· ··; ·;.: ·_;; :.;"'-' ·~ ·~ ___ , 
____ ,_7,r 

I 
I : c 

I , 
I 

I 

I 
I 

I 
I 

B / ... ,' 
I I I 

I I J 
I 

I 
I 

,' RePerence: Polystyrene 
/

1 

A. BePore 1rrad1at1on 
I 

,' B. Immediate! y af'ter 10 Mr ad 
/ C. AF'ter Oxygen Anneal 

400 500 600 700 
\.I A VELENGTH (nm) 

~ 



w 
u 
z 
< 
I
I-...... 
:L 
(f) 
z 
< 
Cl:'. 
I-

0.01/. LOS 730•C-E - HIGH DOSE RATE IRRADIATION IN AIR 
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0.01/. LOS 750•C-E - HIGH DOSE RATE IRRADIATION IN AIR 
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0.01/. NLE B.690•C-E-HIGH DOSE RA TE IRRADIATION IN AIR 
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0.01% OXAZINE 725 - HIGH DOSE RATE IRRADIATION IN AIR 
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0.02% PYRIDINEl - HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02/. RHODAMINE6G - HIGH DOSE RA TE IRRADIATION IN AIR 
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0.02/. RHODAMINE575 -HIGH DOSE RATE IRRADIATION IN AIR 
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0.02% STILBENE 420-HIGH DOSE RA TE IRRADIATION IN AIR 
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APPENDIX A: LIST OF DOPANT STRUCllJRES 
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APPENDIX B: UST OF DOPANT NAMES 



DOPANTS CASI 

ACRIDINEOB 494-38-2 
ACRIDINEY 135-49-9 
ACRIFLAVINE 8048-52-0 

BBOT 7128-64-5 
bis-MSB 13280-61-0 

C35/C481 41934-47-8 
C153K/C153LP 53518-18-6 
C314T 113869-06-0 

C338 62669-75-4 

C478 41175-45-5 
C480 41267-76-9 
C485 53518-14-2 
C490 53518-15-3 
C498 87331-48-4 
C500 52840-38-7 
C503 55804-70-1 
C504 55804-66-5 
C510 87349·92-6 
C515 41044-12-6 
C519 55804-65-4 
C521 55804-67-6 
C522 53518-19-7 
C523 55804-68-7 
C525 87331-47-3 
C535 27425-55-4 
C540 38215-36-0 
C545 85642-11·1 
CBSTY3 • 
CBSTY 124 19840-99-4 

DCMIDCM2 51325-91 ·8 
DIACFN 596-09-8 
DIBRFN 596-03-2 

NAME 

3,6-bls(dlmethylamlno)acrldlne 
3,6-dlamlno-2, 7-dlmethylacrldlne hydrochloride 
aaiftavinlum chloride 

2,5-bis-5'-tertbutyl-benzoxazolyl-(2')-thlophene 
1,4-bis(2-methylstyryQbenzene 

7 -(dlethylamlno)-4-(trllluoromethyQ-2H-1-benzopyran-2-one 
2,3,8, 7-tatrahydro-9-(lrlluoromathyl-1H,SH,11 H-{1)benzopyrano(6,7,8-ij)qulnolzina· 11-one 
2,3,6,7-tetrahydro-1, 1,7, 7-tetramethyl-11-oxo-1H,5H,11H( 1)benzopyrano(6,7,8-
ij)qulnollzine-1 D-carboxyllc acid ethyl ester 
1, 1-dlmethylethyt-2,3,6, 7-tetrahydro-11-oxo-1H,5H,11 H(1 )benzopyrano(6,7,8-
ij)qulnolizlne-1 D-carboxylate 
2,3,6, 7, 10, 11-hexahydro-1 H,SH-cyclopenta(3,4l1)benzopyran(6,7 ,8-ijJquinolizin-12(8H)-one 
2,3,6,7-tetrahydro-9-methyl-1H,5H, 11 H-{1 )benzopyrano(6,7 .S·ij)quinolizlne-11-one 
7 -(aimethylamino)-4-(trlnuoromethyQ-2H-1-benzopyran-2-one 
7 -arnlno-4-(trllouorornethyQ-2H-1-benzopyran-2-one 
2,3,6, 7-lalrahydro-1 O-(methylsuHonyl)-1H,SH,11 H-{1'3enzopyrano(6,7,8-ijJquinolizin -11-one 
7-( ethylamino)-4-(trllluorornethyl)-2H-1-benzopyran-2-one · 
7-( ethylamino)-6-rnethyl-4-(trllluoromethyl)-2H-1-benzopyran-2-one 
elhyl-2,3,6, 7-latrahydro-11-oxo· 1H,SH,11 H(1 )benzopyrano(8, 7,8-ij)quinoMzine-10-c&lboxylale 
2,3,6, 7-latrahydro·10·(3-pyrldinyl)-1H,SH,11 H-{1)benzopyrano(6,7,8-ij)quinolizin-11-one 
7-(dlmethylamino)-3-(1-methyl-1H-benzlmldazol-2-yt)-2H·1-benzopyran-2-one 
2,3,8, 7-telrahydro-11-oxo-1 H,SH, 11 H-{1]benzopyrano(6,7,8-ij)quinolizine· 10-carboxylic acid 
1O-acetyl-2,3,6,7-tetrahydro-1H,5H,11 H-{1 )benzopyrano[6,7,8-lj)qulnolizln-11-one 
6, 7,8,9-tetrahydro-9-rnethyl-4-(trlfuaromethyl)-2H-pyrano(3,2-g)qulnolin-2-one 
2,3,6, 7 -l•lrahydro-11-oxo-1 H,SH, 11 H-{1)banzopyrano(6,7,11-lj)quinolizine-1 O-carbonartle 
10-(2-benzoxazolyl)-2,3,6, 7 -talrahydro-1 H,SH, 11 H-{1)banzopyrano(6,7,8-illqulnolizin-11-one 
3·(1H-benzlmldazole-2-yl)-7-(dlethylamlno)-2H-(1J>enzopyran-2-one 
3·(2-benzothlazolyl)·7·(dlethylamlno)-2H-[1J>enzopyran-2-one 
10-(2-benzolhlazolyl)-2,3,6, 7 -telrahydro-1H,SH,11 H-{1]banzopyrano(6,7,8-ij)qulnolizin-11-one 
7-dimethylamlno-4-methylqulnolone-2 
7-amlno-4-rnethyl·2(1H)-iJ!lnolinone 

[2-(2-(4-(dlmethylamlno)phenyl)ethenyg.6-rnethyl-4H-pyran-4-ytidene)-propanedinttrile 
fluorescein diacetate 
4',5'-dlbromolluorescein 

0 
0 



DOPANTS CASI 

DiCLFN/FN548 76-54-0 
DMPOPOP 3073-87-8 
DOCI • 
DODCI 14806-50-9 
DOOCI • 
DTCI • 
DTDCI 514-73-88 

HIDCIOOIDE 36536-22-8 

ISCNFN 3326-32-7 

KITON RED 620 2609-88-3 

LD490 58336-35-9 
LD688 51325-95-2 

LDS722 89846-21-9 
LDS730 76433-27-7 
LDS750 89872-07-1 

MALACHITE GREEN 18015-76-4 

NILE BLUE 53340-16-2 

OXAZINE725 24796-94-9 

PYAIDIN1 • 

RHOOAMINE 6G 989-38-8 
RHODAMINE575 25152-49-2 

STILBENE 420 27344-41-8 

• Information not avalable In MSDS 

NAME 

2', 7'-dlchloro-3',6'-dihydroxy-spirofisobenzoluran-1 (3H) ,9' -[9H)xanthen-3-one 
1,4-bls(4-methyl-5-phenyloxazol-2-yl)-benz.ene 
diethyloxacalbocyanine Iodide 
3-ethyl-2-[5-(3-ethyl-2(3H)-benzoxazolyidene)-1,3-pentadienyl)-benzoxazoUum Iodide 
• 
diethyHhiacalbocyanlne Iodide . 
3-ethyl-2-[5-(3-ethyl-2(3H)-benzthiazolyidene)-t,3-penladienyl)-benzthiazolium Iodide 

2-[5-(1,3-dlhydro-1,3,3-trimethyl-2H-indol-2-ylidene)-1,3-pentadienyl)-1,3,3-trimethyl-
3H-indollum Iodide 

fluoresceln lsothiocyanate Isomer I 

N-(6-(dielhylamlno)-9-(2,4-dlaulophenyl)-3H-xanthen-3-ytldene)-N-ethyl-elhanamlnlum hydroxide 

2,3,6, 7-tetrahydro-1H,5H,11H,(1)benzopyrano[6,7,8-lj)-quinoliz-11-one 
2-methyl-6-[2-(2,3,6,7-tetral:Jydro-1H,5H-benzofij)qulnolizln-9-yl)ethenyq-4H-pyran-4-
ylidene)-propanedlnHrile 
4-(4-(4-(dimethylamino)phenyl)-1,3-butadienyq-1-ethyl-pyridinium perchlorate 
2-(4-(4-(dlmethylamino)phenyq-1,3-butadlenyq-1,3,3-trimethyl-3H-lndollum perchlorate 
2-(4·(4-(dimethylamlno)phenyq-1,3-butadienyQ-3-elhylnaphtho(2, 1-d)thiazoliumperchlorate 

N-(4-U4-(dlmethylamino )phenyqphenylmethylene)-2,5-cyclohexadien-1 ylidene-N
methytmethanamlnlum elhanedioate(2:2:1) 

5-amino-9-(diethylamino)-benzo(a)phenoxazln-7-lum perchlorate 

3,7-bis(dielhylamino)-phenoxazin-5-lum perchlorate 

• 

9-(2-(ethoxycarbonyl)phenyl)-3,6-bls(ethytamino)-2,7-dimethylxanthylium chloride 
2-[6-(ethylamlno)-3-(ethylamino)-2, 7-dimethyl-3H-xanlhen-9-yq-benzoic acid 

2 ,2' -((1 , 1 '-biphenyt)-4 ,4'-diyldi-2,1-ethenediyl)bis-benzenesuHonic acid disOdium salt 

§ 


