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Sample Preparation in Liquid Scintillation Counting,  C.T. Peng



An Introduction to Liquid Scintillation Counting A. Dyer,  Heyden & Son Ltd., 1974

423nm



Solvent

3H

Fluor Light

Colour quenching 
occurs after the 
generation of light

Energy of the excited solvent is emitted as UV light and the solvent molecule

 

returns to ground state. 
The UV light is absorbed by fluor molecules which emit (blue) light flashes upon return to ground 
state. Nuclear decay events produce approximately 10 photons per

 

KeV. 
Packard Instrument Company

C. T. Peng,  Sample Preparation in Liquid Scintillation Counting

UVBeta

(Em=285-340nm) (Ab=330-380nm  Em=440nm BBOT) 



CAS NO. 7128-64-5

EINECS NO. 230-426-4

FORMULA C26 H26 N2 O2 S

MOL WT. 430.56

H.S. CODE

TOXICITY Oral rat LD50: >10 
gm/kg

SYNONYMS BBOT;

2,5-Bis(5'-tert-butyl-2-benzoxazol- 
2-yl)thiophene; Fluorescent 
Whitening Agent OB; THO; 

2,2'-(2,5-thiophenediyl) bis (5-tert-butyl)-Benzoxazol; 2,5- 
Bis(2-benzoxazolyl) Thiophene; 2,5-Di(5-tert- 
butylbenzoxazol-2-yl)thiophene; Fluorescent Brightener 184; 

DERIVATION

CLASSIFICAT 
ION FLUORESCENT BRIGHTENERS / 

Fluorescent Whitening Agents, FWA’s (also 
called optical brightener) absorb high 
energy radiation in the ultraviolet to violet 
region (330nm-380nm)

 

on the part of 
characteristic molecules and emit lower 
energy radiation in blue region in visible 
spectrum (400nm-450nm),

 

which yields the 
counteracting the yellowing appearance. 
2,5-Bis(2-benzoxazolyl) thiophene is used 
as a fluorescent brightener for thermo 
plastic resins of PVC, PE, PP, PS, ABS, 
SAN SB, CA, PA, PMMA, acrylic resin, 
polyester fiber, paint, coating and printing 
ink.

R  O  Y  G  B  I  V

330-380nm440nm

Higher energy

BBOT

(C.T. Peng)

http://www.chemicalland21.com/arokorhi/fc/FLUORESCENT BRIGHTENERS.htm


Yttrium silicate

Yttrium silicate is a solid scintillator used for low energy beta. 
Chosen for the following reasons:

•
 

Blue fluorescence that was complementary with the commonly used 
bi-alkali photomultiplier tubes (PMT’s).

•
 

Efficient.
•

 
Price.

•
 

Availability.
•

 
Purity.

•
 

Short afterglow after photoluminescence activation.  



Colour Quench



Ref: EP 1 007 971 B1



Liquid Scintillation Counting Recent Applications and Development, Volume 2, 
Edited by:  Peng, Horrocks and Alpen.  Academic Press 1980. 





Sample Preparation in Liquid Scintillation Counting,  C.T. Peng
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Legend: 
γ = Gamma rays

 
HX = Hard X-rays

SX = Soft X-Rays

EUV = Extreme ultraviolet

 
NUV = Near ultraviolet

 
Visible light 
NIR = Near infrared

 
MIR = Moderate infrared

FIR = Far infrared

 
Radio waves: 
EHF = Extremely high frequency

 

Microwaves

 
SHF = Super high frequency

 

Microwaves

UHF = Ultrahigh frequency

 
VHF = Very high frequency

 
HF = High frequency

MF = Medium frequency

 
LF = Low frequency

 
VLF = Very low frequency

VF = Voice frequency

ELF = Extremely low frequency

From Wikipedia
Law of Conservation of Energy

http://en.wikipedia.org/wiki/Gamma_ray
http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/Ultraviolet
http://en.wikipedia.org/wiki/Visible_light
http://en.wikipedia.org/wiki/Infrared
http://en.wikipedia.org/wiki/Radio_waves
http://en.wikipedia.org/wiki/Extremely_high_frequency
http://en.wikipedia.org/wiki/Super_high_frequency
http://en.wikipedia.org/wiki/Ultrahigh_frequency
http://en.wikipedia.org/wiki/Very_high_frequency
http://en.wikipedia.org/wiki/High_frequency
http://en.wikipedia.org/wiki/Medium_frequency
http://en.wikipedia.org/wiki/Low_frequency
http://en.wikipedia.org/wiki/Very_low_frequency
http://en.wikipedia.org/wiki/Voice_frequency
http://en.wikipedia.org/wiki/Extremely_low_frequency
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Absorbance

Quenching is due to the overlap of scintillator emission

 

spectrum 
with quencher absorption spectrum.

Red is quenched from N-IR and IR

From Wikipedia

POPOP

http://upload.wikimedia.org/wikipedia/en/f/f1/EM_spectrum.svg


A. Dyer:  An Introduction to Liquid Scintillation Counting.  

Heyden & Sons Ltd., 1974,  Page 15

•
 

Modern Instruments contain bialkali PM tubes have a wider spectral 
response range which should eliminate the need for a secondary solute.  
Despite this fact several workers have shown that, under certain

 
conditions,  

it can still be an advantage to include a secondary solute in a liquid 
scintillation cocktail.  These conditions are when either, (i) the sample to be 
counted is coloured or opaque, or (ii) the volume of the scintillator being 
used is large enough to cause the problem of self-absorption of the primary 
solute fluorescence.



PMT’s and CCD’s



PMT’s for LSC
1)

 
High quantum efficiency

2) Low thermionic
 

noise

3) Fast response time

4) High pulse linearity

Hamamatsu models:  R331, R331-05

Hamamatsu



Since the mid-1960s and until today the classical PMT’s with semitransparent 
bialkali photo-cathode provide peak Quantum Efficiency (QE) of ca. 25 %. 

About 2 years ago we started a program with the PMT manufacturers Hamamatsu, Photo and 
Electron Tubes for boosting up the QE of bi-alkali PMT’s.
In the mean time we have obtained several batches of experimental PMT's from the above 
mentioned manufacturers and measured few samples with QE values as high as 32-36% in the 
peak. Also, we want to report on the modest (5-7) % increase of the QE of the PMT’s with flat 
input window after sandblasting.  Earlier we have reported that by coating the hemi-spherical 
input window of bialkali PMT’s with a milky layer we could enhance their QE by ca. 10-20 % for 
wavelength ca. 320 mm. Assuming that the industry can reliably produce PMT’s with 32-35% QE 
in the peak, by applying the milky layer coating technique to the PMT’s with hemi-spherical input 
windows one shall be able to achieve peak QE values of 35-40 %.  Being by an order of 
magnitude cheaper and providing a matching level of QE such PMT’s will become strong 
competitors for hybrid photo-diodes (HPD) with GaAsP photo-cathode.

Title: 
Very high quantum efficiency PMT’s with bi-alkali photo-cathode

Authors: Mirzoyan,

 

R.; Laatiaoui,

 

M.; Teshima,

 

M.
Max-Planck-Institute for Physics (Werner-Heisenberg-Institute), Foehringer Ring 6, 80805 Munich, Germany. 
Corresponding author. Tel.: +49 89 323 54 328; fax: +49 89 322 67 04. 

Nuclear Instruments and Methods in Physics Research Section A, Volume 567, Issue 1, p. 230-232. 

http://adsabs.harvard.edu/cgi-bin/author_form?author=Mirzoyan,+R&fullauthor=Mirzoyan,%20R.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Laatiaoui,+M&fullauthor=Laatiaoui,%20M.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Teshima,+M&fullauthor=Teshima,%20M.&charset=UTF-8&db_key=PHY
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OPM™

 

Photomultipliers --

 

Model 77361 
SPECIFICATIONS 

Photomultiplier Type End-on 

Photomultiplier Design

Active Area Diameter or Length (mm) 25.00 

Active Area Height (mm) 

Number of Dynodes 

Photomultiplier Performance

Wavelength Range (nm) 400 to 1100 

Peak Sensitivity Wavelength (nm) 800 

Sensitivity (A/W) 950 

Rise Time (ns) 10.00 

Applied Voltage (volts) 1250 

Gain 

Photomultiplier Noise

Dark Current (nA) 1000 

Noise Equivalent Power (W/Hz½) 4.20E-13 

Photomultiplier Packaging

Notes High sensitivity UV detectors, easy to use, low light level measurement 

Available from: 
Newport Corporation

http://www.globalspec.com/Supplier/Profile?vid=96463&Comp=1185&QID=


CCD’s



The Role of Charge Coupled Devices in Low Light Level Imaging,  A Technical Guide from Astromed, Nov 1991, Issue 1.

CCD QE at different wavelengths



CCD’s are significantly more sensitive at the red end of 
the spectrum with a (max) QE>90%

 
Cooled CCD’s have the lowest noise.

 
Bi-alkali PMT’s have a wide spectral response but have 
a (max) QE of typically 25-30%. 

Red shifted bi-alkali PMT’s are available, however they 
will exhibit thermal noise.

 
Problems of detector temperature and sample 
temperature. 



RS-LSC in Comparison With 
Traditional Blue.



Inorganic phosphors Y2

 

O3

 

:Eu, Y2

 

O2

 

S:Eu and YAG:Tb and organic 
chelate beads prepared from polystyrene containing tris(2,2,6,6-

 tetramethyl-3,5-heptanedionato)terbium III-diphenyl-phosphonimido-
 triphenylphosphorane (hereafter called ALP-1) or 

tris(napthoyltrifluoroacetonato)europium III-(diphenyl-phosphonimido-
 triphenyl phosphorane)1 or 2 (hereafter called ALP-7 or ALP-7-diphos 

respectively) were surface-coated with strptavidin and were compared 
with streptavidin coated polyvinyl toluene (PVT) SPA beads and 
streptavidin coated yttrium silicate particles in a [3H]biotin binding 
assay. Coating of particles with proteins, such as streptavidin and 
other bioreactive species either covalently or by physical adsorption is 
accomplished by traditional methods known to those skilled in the art. 

ALP-1 and ALP-7

EP 1 007 971 B1



POPOP

618nm Y2

 

O3

 

:Eu

EP 1 007 971 B1



The Role of Charge Coupled Devices in Low Light Level Imaging,  A Technical Guide from Astromed, Nov 1991, Issue 1.

CCD QE at different wavelengths

PVT

1/3



In Fig.1, (solid scintillator), 3H detected efficiently by Y2

 

O2

 

S:Eu (by CCD).  
Sensitivity approx.18 times higher than that achieved with Butyl-PBD in PVT.

2200

3300

2200x3/2

EP 1 007 971 B1
Compensate for the CCD 
wavelength efficiency difference



EP 1 007 971-B1
Colour quenching occurs after the generation of light



EP 1 007 971 B1



Traditional Bio-life Science Fluorophores



Solvent

3H

Fluor Light

Colour 
quenching 
occurs after 
the 
generation 
of light

Energy of the excited solvent is emitted as UV light and the solvent molecule

 

returns to ground state. 
The UV light is absorbed by fluor molecules which emit (blue) light flashes upon return to ground 
state. Nuclear decay events produce approximately 10 photons per

 

KeV. 
Packard Instrument Company

C. T. Peng,  Sample Preparation in Liquid Scintillation Counting

UV

DIN



Fluorophore            Excitation (nm)      Emission (nm)

Acridine Orange             502                 526

BODIPY                      503                 512

CY 3                        554                 568

DiO-Cn-(3)                  485                 505

Fluorescein Isothiocyanate  490                 525

(FITC)

Propidium Iodide            536                 617

Rhodamine 123               511                 534

snarf 1                     563                 639

Tetra Rhodamine             557                 576

Isothiocyanate (TRITC)

TexasRed                    596                 615

Haseloff Laboratory Techniques

Traditional Fluorescent Labels for Molecular Biology



Properties of the DyLight NHS-Ester Fluors.

DyLight            Ex/Em*           ε†          MW (g/mol)          Spectrally Similar
Fluor Dyes
488                   493/518        70,000         1011                  Alexa Fluor 488, Cy2
549                   550/568      150,000           981                  Alexa Fluor 555, Cy3
649                   646/674      250,000        1,008                  Alexa Fluor 647, Cy5
680                   682/715      140,000           950                  Alexa Fluor 680

800 770/794      270,000        1,050          IRDye 800

* Excitation and emission maxima in nanometers
†Molar extinction coefficient (M-1 cm-1)

Pierce Biotechnology



Atto Dyes
Sigma-Aldrich Corporation,
Buchs,
Switzerland.

Absorbance max at approx 660nm
Emission max at approx 680nm



Alexa Fluor 350 346 445 410

Alexa Fluor 430 430 545 701

Alexa Fluor 488 494 517 643

Alexa Fluor 532 530 555 724

Alexa Fluor 546 556 573 1079

Alexa Fluor 555 556 573 1250

Alexa Fluor 568 578 603 792

Alexa Fluor 594 590 617 820

Alexa Fluor 633 621 639 1200

Alexa Fluor 647 650 668 1250

Alexa Fluor 660 663 690 1100

Alexa Fluor 680 679 702 1150

Alexa Fluor 700 696 719

Alexa Fluor 750 752 779

Absorbance (Ex) needs to be in the 340nm region

Ex Em



Lucifer yellow 425 528

NBD 466 539 294 NBD-X

R-Phycoerythrin (PE) 480;565 578 240 k

PE-Cy5 conjugates 480;565;650 670 aka Cychrome, R670, 
Tri-Color, Quantum Red

PE-Cy7 conjugates 480;565;743 767

APC-Cy7 conjugates 650;755 767 PharRed

Red 613 480;565 613 PE-Texas Red

Fluorescein 495 519 389 FITC; pH sensitive

FluorX 494 520 587 (AP Biotech)

BODIPY-FL 503 512

TRITC 547 572 444 TRITC

X-Rhodamine 570 576 548 XRITC

Lissamine Rhodamine B 570 590

PerCP 490 675 Peridinin chlorphyll 
protein

Texas Red 589 615 625 Sulfonyl chloride

Allophycocyanin (APC) 650 660 104 k

TruRed 490,675 695 PerCP-Cy5.5 conjugate

http://www.apbiotech.com/CyDye/


Cy2 489 506 714

Cy3 (512);550 570;(615) 767

Cy3.5 581 596;(640) 1102

Cy5 (625);650 670 792

Cy5.5 675 694 1128

Cy7 743 767 818

DsRed, DsRed2 (RFP) 558 583 ~110k (Clontech) Quantum yield 0.79. Tetramer.
DsRed monomer 556 586 ~28k (Clontech)
AsRed2 576 592 ~110k (Clontech) Tetramer
mRFP1 584 607 ~30k (Tsien lab) Quantum yield 0.25
HcRed1 588 618 ~52k (Clontech) Dimer

http://www.clontech.com/archive/OCT99UPD/RFP.html
http://www.clontech.com/clontech/archive/JAN05UPD/dsred_monomer.shtml
http://www.clontech.com/clontech/gfp/pdf/LC_NFP_Features.pdf
http://www.tsienlab.ucsd.edu/Publications/Shaner 2004 Nature Biotech - Improved Fluorescent Protein.pdf
http://www.clontech.com/clontech/gfp/pdf/LC_NFP_Features.pdf


Solvent

3H

F1 Light
Em=600nm+

F2

PXE (phenylxylylethane)
DIN

Strategy for RS-LSC Cocktail

UVEm=285-340nm

Ab=285-340nm



Excitation spectra of Eu3+

 

luminescence

(A)

 

Y2

 

O2

 

S:Eu

(B)

 

Y2

 

O3

 

:Eu

CTB (Charge Transfer Band)

Lyuji Ozawa, Cathodoluminescence



Lyuji Ozawa, Cathodoluminescence

Solvent emission (2,6-dimethylnaphthalene) 340nm 



Why Red Shift?

•
 

Minimise, or eliminate the problem of colour quench.

•
 

Higher detection sensitivity.



(solid scintillator Y2

 

O2

 

S:Eu), 3H detected  efficiency by CCD.
 

Signal 18 times higher than achieved with Butyl-PBD in PVT.

2200

3300

2200x3/2

EP 1 007 971 B1



Thank you for your time

Phil Harrison
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