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Motivation

• Recently, many new organic fluorescent compounds have 
been developed for organic light emitting devices (OLED),  
which are commercially used for flat-panel displays. 

• Some of the fluorescent compounds have good properties 
to scintillators for HEP application, such as

• high luminous efficiency,

• blue or green light emitter, and 

• a short decay time constant (~nsec).

www.nanonet.go.jp/japanese/ mailmag/2004/073a.html



... In This Study,

• We investigate the properties of liquid scintillator 
cocktails using some of the compounds to study 
their potential for radiation detectors.  
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INTRODUCTION 

American Dye Source, Inc. offers from gram 

to kilogram quantity conjugated polymers, 

which are derived from benzothiazole, 

carbazole fluorene, phenylene, phenylene-

vinylene and thiophene. We supply these 

products in solid forms or in solutions.  
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DESCRIPTION 

ADS086BE is 1,4-Bis(9-ethyl-3-carbazo-

vinylene)-9,9-dihexyl-fluorene. ADS086BE is 

highly soluble in tetrahydrofuran. ADS086BE 

can be used for fabrication of light emitting 

displays, biosensors, as well as many other 

applications. 

 

TECHNICAL DATA 

! Appearance: Light Yellow Powder 

! Molecular Weight: 773.12 g mol-1 

! Decomposition Temperature:  > 250 oC 

! Absorption maximum: 359 nm 

! Photoluminescent maximum: 431 nm 

! Storage: under Nitrogen atmosphere  
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Absorption and photoluminescent spectra of ADS086BE in THF 

solution 

CONTACT INFORMATION 

American Dye Source, Inc. 

555 Morgan Boulevard 

Baie d’Urfe, Quebec, Canada H9X 3T6 

Tel. 514 457-0070 

Fax 514 457-0071 

Website: www.adsdyes.com 

E-mail: info@adsdyes.com 

DISCLAIMER 

The information in this bulletin is believed to be accurate, but 
all recommendations are made without warranty since the 
conditions of use are beyond the control of American Dye 
Source, Inc. The listed properties are illustrative only, and not 
product specifications. American Dye Source, Inc. disclaims 
any liability in connection with the use of the information, and 
does not warrant against infringement by reason of the use of 
its products in combination with other material or in any 
process. 

© 2005 American Dye Source, Inc. 
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INTRODUCTION 

American Dye Source, Inc. offers from gram 

to kilogram quantity conjugated polymers, 

which are derived from benzothiazole, 

carbazole fluorene, phenylene, phenylene-

vinylene and thiophene. We supply these 

products in solid forms or in solutions.  

STRUCTURE 
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DESCRIPTION 

ADS128GE is Poly[(9,9-dioctylfluorenyl-2,7-

diyl)-co-(1,4-vinylenephenylene)]. ADS128GE 

is highly soluble in toluene and tetrahydro-

furan. ADS128GE can be used for fabrication 

of light emitting displays, biosensors, as well 

as many other applications. 

 

TECHNICAL DATA 

! Appearance: Light Yellow Fiber 

! Molecular Weight: 60,000 – 200,000 

! Decomposition Temperature: > 100 OC 

! Absorption maximum: 457 nm 

! Photoluminescent maximum: 484 nm 

! Storage: under Nitrogen atmosphere  

SPECTRA 
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Absorption and emission spectra of ADS128GE film on 

ITO glass. 

CONTACT INFORMATION 

American Dye Source, Inc. 

555 Morgan Boulevard 

Baie d’Urfe, Quebec, Canada H9X 3T6 

Tel. 514 457-0070 

Fax 514 457-0071 

Website: www.adsdyes.com 

E-mail: info@adsdyes.com 

DISCLAIMER 

The information in this bulletin is believed to be accurate, but 
all recommendations are made without warranty since the 
conditions of use are beyond the control of American Dye 
Source, Inc. The listed properties are illustrative only, and not 
product specifications. American Dye Source, Inc. disclaims 
any liability in connection with the use of the information, and 
does not warrant against infringement by reason of the use of 
its products in combination with other material or in any 
process. 

© 2005 American Dye Source, Inc. 

 

Fluorescent compounds used in this study 



Measurements

• solubility,

• emission and absorption spectra,

• light yields, and 

• decay time constants

All the measurements were performed at a room temperature.

For each of OLED compounds,

were measured.

For each of liquid scintillator cocktails using OLED compounds
(OLED-LS),



Solubility in Psuedocumene
 Note; Pseudocumene (1,2,4-trimethylbenzene) is a

typical solvent of liquid scintillator.

These compounds have reasonably solubility, although 
it is smaller than PPO, which is typical primary solute.

Compounds solubility[g/l]@room temperature

PPO 6.0

POPOP 0.07

bis-MSB 0.75

ADS086BE 3.8

ADS128GE <1.0

Coumarin-6 <0.8

OLED compounds

conventional fluorescent 
compounds for liquid 
scintillator



Emission and Absorption Spectra
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ADS128GE （PseudoCumene中に PPOとともに溶解）
上：発光スペクトル（383nmの励起光）
下：励起スペクトル（474nmの発光）
ADS128GEによる発光のピークが474nm、500nm付近に見えた。また、383nm、
442nm、466nmに複数の励起ピークが観測された。
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図 4.12: 励起・発光スペクトル (ADS128GE)
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emission

Absorption
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Upper Fig.: Emission spectra with the highest absorption wavelength
Lower Fig.: Absorption spectra with the highest emission wavelength

The absorption spectra of ADS086BE and ADS128GE will be measured 
again because of measurement mistakes (Raman scattering into a detector).



Wavelengths of Maximum 
Emission and Absorption

compounds max.absorption max.emission

PPO 352nm 375nm

POPOP 397nm 429nm

ADS086BE (449nm) 467nm

ADS128GE (383nm) 474nm

Coumarin6 342nm 509nm

• These OLED compounds are seem to have absorption 
around the emission wavelength of PPO.

• It suggests that they can be excited by the emission of PPO, 
as a wavelength shifter.



Primary and Secondary Solutes
• Basic process of energy transfer in organic scintillators

• Charged particles interact with the solvent molecules

• Energy transfer process occurs between the solvent and the 
primary solute molecules.[non-radiative]

• Radiative transfer process between the primary and the 
secondary solutes occurs. Finally, the secondary solutes
[wavelength shifter] emit photons with a longer wavelength than 
that of the primary solutes. 

385nm/418nm303nm/364nm

Absorption/emission

PPO POPOP

absorption/emission

Generally, the concentration of the secondary solutes are often only 
1% of that of the primary solute.In case of large-volume applications 
of liquid scintillators it is necessary to use a secondary solute.  



Primary and Secondary Solutes

• From the results of the solubility and the spectra 
measured, these OLED compounds can be used 
as a “wavelength shifter” in the scintillator 
solutions.

• Therefore, we prepared some liquid scintillators 
with 

• PPO as a primary solute, and

• OLED compound as a secondary solute.



Liquid Scintillator Cocktails
with the OLED Compounds (OLED-LS)

Solvent Pseudocumene
40 ml

Pseudocumene
40 ml

Pseudocumene
40 ml

Primary 
solute

PPO
240 mg

PPO
240 mg

PPO
240 mg

Secondary 
solute

ADS086BE
150 mg

ADS128GE
<30 mg

Coumarin6
<30 mg

Picture



BC-505 Liquid Scintillator as a Reference

Solvent Pseudocumene
(>90% of chemical composition)

Solutes not known

Light output 80% of Anthracene

Wavelength of max. emission 425 nm

Decay constant 2.5 nsec

The BC-505 liquid scintillator from SAINT-GOBAIN 
CRYSTALS was used as a reference.



Light Yield Measurements for OLED-LS

PMT HAMAMATSU 
H7195

22Na

ADC

10mm×10mm×50mm
quartz cell 

PC
-1800V

Experimental setup

The LS with the OLED compounds (OLED-LS) were excited by 
gamma-rays from a 22Na source.  A Hamamatsu H7195 PMT 
was used as a photon-detector.  The LSs were filled in a quartz 
cell, and the PMT was placed directly on the cell. 
Pulse hight spectra were recorded with CAMAC ADCs.



図 5.13: コンプトン端 (ADS086BE)

Light Yield (Run105)
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図 5.14: コンプトン端 (Coumarin6)

使用した光電面の感度波長依存性は図 5.15の青色の曲線（光電面:400K）
で表されている。光電子増倍管を用いて発光量を測定する際に、蛍光体によっ
て光の波長が異なることによる光電面の量子効率の違いを補正しなければな
らない。
先の実験で得られた各蛍光体の発光スペクトルと、光電面の分光感度特性
の曲線を用いて光電変換される効率を表す相対的な値を計算により得た。
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Typical ADC Spectra for ADS086BE

Compton edge => light yield

The ADC channels for the Compton edge were used 
as a measure of the light yield of the OLED-LS.

ADC channel

counts



Quantum Efficiency Correction

図 5.15: 光電面分光感度特性（カタログ [光電子増倍管と関連製品/浜松ホト
ニクス株式会社]より抜粋

型番 H7195
光電面 バイアルカリ
入射窓 硼硅酸
波長範囲 300nm～650nm

表 5.2: 使用した光電子増倍管の仕様
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Since different LSs have light emission of different wavelength,  
the light yields obtained from the measurements were corrected 
for quantum efficiency of the PMT over the range of fluorescence 
wavelength of the OLED-LS.  

The comparison was made 
at wavelength of maximum 
emission for each. 



Result of  Light Yield Measurements

LS
Compton 
edge [ch]

 Relative QE 
correction

Relative Light 
yield [a.u.]

ADS086BE
284.7

±8.5±1.6 1.3
110.7±3.0±0.6 

(at 467nm)

BC505
332.8

±8.9±1.6 1.0
100±2.7±0.5 
(at 429nm)

The OLED-LS using ADS086BE has a 10% larger light 
yield than BC505!

The relative light yields were obtained by multiplying the QE correction 
factor to the ADC channels of the compton edge.



Decay Constant Measurement

PMT

TRIGGER

PMT

PMT

Time to Amplitude Converter (TAC)

Stop time distribution of photons 
from light source

ADC

collimator
LS to be measured

Experimental setup

The emission time distributions were measured by the single 
photon counting technique, by using a Horiba NAES-550 setup 
for each OLED-LS cocktail.

light source

from LS



Emission Time Distributions
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Determination of the decay constants

To determine the decay constants, the emission time 
distributions were fitted to a multi-exponential function, and 
the light-source decay time was de-convoluted.

光源のスペクトル関数をG(t)、試料からの蛍光スペクトルを I(t)とすると、
時刻 t’における光源の強度は G(t’)であり、それが試料によって吸収され、
I(t’)=A×G(t’)となって発光する。発光は t（＞ t’）においては指数関数で
減衰していく。よって時刻 tにおける蛍光スペクトルは、時刻 0～tの間の励
起光による蛍光の重ね合わせで表され、式 4.1のような 2成分の式で Fitting
することができる。

I(t) = A

∫ t

0
G(t′)exp(− t − t′

τ1
)＋ B

∫ t

0
G(t′)exp(− t − t′

τ2
) (4.1)

寿命測定の結果を表 4.5にまとめた。

蛍光体 τ1 τ2 A/B χ2 Fitting範囲
BC505 2.8± 0.1 9.5× 10−3 1820 1.01 20ns～52ns

bis-MSB 3.2± 0.1 4.0× 10−2 384 1.06 20ns～56ns
ADS086BE 1.7± 0.1 - - 1.3 16ns～54ns
ADS128GE 2.8± 0.2 - - 1.4 20ns～52ns
Coumarin6 1.8± 0.1 - - 1.4 16ns～52ns

PPV前駆体 (水溶液) 2.0± 1.0 - - 1.3 16ns～52ns

表 4.5: 蛍光寿命測定結果

典型的な液体シンチレータの蛍光寿命が 2.8ns程度、第二溶質として用い
られている bis-MSBの蛍光寿命は 3.2ns程度であり、有機 EL発光材料の蛍
光寿命も数 nsのオーダーであった。このことから有機 EL発光材料は、既存
の液体シンチレータと同程度に速い減衰を示すことがわかった。
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Amplitude

Intensity of emission 
from LSs

Intensity of emission 
from light source

Decay constants



Result of Decay Constants Measurements

LS BC505 ADS086BE ADS128GE Coumarin-6

 Decay constant,
main component 

[ns]
2.8±0.1 1.7±0.1* 2.8±0.2* 1.8±0.1*

* without Argon gas purge

The decay constant of some of the OLED-LS 
compounds (such as ADS086BE and Coumarin-6) 
have a faster decay contant than BC-505!



Summary of the LS measurements

LS

Wavelength 
of max. 
emission
[nm]

Relative light 
yield with 
H7195
[a.u.]

Relavtive light yield
after QE correction
[a.u.]

Decay
constant
[ns]

BC-505 429
100
±2.7±0.5

100   ±2.7±0.5
(80%Anthracene)
100   ±2.7±0.5
(80% Anthracene)

2.8±0.1

ADS086BE 467
83.6
±2.5±0.4

108.3   ±3.2±0.6
(86%Anthracene)
110.7   ±3.0±0.6
(88% Anthracene)

1.7±0.1

ADS128GE 474
72.5
±2.1±0.3

105.4   ±3.1±0.5
(84% Anthracene)

2.8±0.2

Coumarin-6 509
41.3
±1.2±0.2

67.6   ±2.0±0.3
(54% Anthracene)

1.8±0.1

with 
Ar purge 



Future Plan and Outlook

• The decay constants of OLED-LSs will be measured 
with Argon gas purge.  They are expected to be 
better (longer) when Argon gas is not purged.

• Water-base scintillator using OLED fluorescent 
compounds will be investigated for large and stable 
detector application.

• Solid film or bulk scintillator using the fluorescent 
compounds would also be developed.



Summary

• Many kinds of new organic fluorescent compounds have been developed for 
commercial flat-panel displays, and they can be used for radiation detectors.

• To investigate their potential for making scintillators used in HEP application, 
their emission and absorption spectra and its solubility in pseudocumene have 
been measured. The compounds used in this study have shown they can be 
used as a secondary solute in a liquid scintillator.

• For the liquid scintillator cocktails using the compounds (OLED-LS), the light 
yields and the decay constants have been determined. 

• The light yield after the QE correction were 54-88 % Anthracene.  And, 
ADS086BE has shown a 10% larger light yield than BC-505.

• The decay constants of all of the OLED-LSs were as fast as BC-505.

• The OLED fluorescent compounds would have high potential for new 
scintillator for the HEP use. 



Back up sildes



structure of spectrophotometer

detector

Xe lamp

mirror
Diffraction grating

wavelength of light for absorption:

250nm~600nm

resolution:~1nm

sample

HITACHI 
spectrophotometer F-4500

select wavelength of light

spectrophotometer for spectra mesurement

HITACHI spectrophotometer F-4500 was used,which excites 
samples by light with wavelength of from 250nm to 600nm 
selected at a diffraction grating. 



element device

Emissive polymer compounds 
evaporated on electrodes

negative electrode

electron transmit layer

emission layer

glass basis

positive electrode

positron transmit layer

voltage

Element device of flat-panel display

They are advertized as display which are operated with 
low voltage supplied,and which has luminosity and rapid 
response.



Determination of the compton edge

Compton edge

Fittingfunc = Ae−
x
b e(− 1

2 [(x−xi)/σ])2

x2x1

x1~ x2: 


