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[57] ABSTRACT 

Liquid scintillation counting compositions which in-
clude certain polyethoxylated poly(oxypropylene) 
emulsifiers allow stable dispersion of aqueous or other 
samples merely by shaking. Preferred are mixtures of 
such emulsifiers, which give homogeneous, monophas-
ic-appearing dispersions over wide ranges of tempera-
ture and aqueous sample content. Certain of these 
emulsifiers, without being mixed, are of particular ad-
vantage when used in analysis of samples obtained 
through radioimmunoassay techniques, which are ex-
tremely difficult to disperse. Certain of these emulsifi-
ers, also without being mixed, uniformly give homoge-
neous, monophasic appearing aqueous counting sam-
ples over much wider ranges of aqueous sample con-
tent and temperature than prior sample emulsifiers. 

14 Claims, 3 Drawing Figures 

[52] 

[51] 
[58] 

[56] 



U.S. Patent Jan. 27, 1976 Sheet 1 of 7 3 , 9 3 5 , 4 6 2 

2 PHASES 

% H2O BY VOLUME 

F I G . 

o 
o 
0. 
s 
UJ 

2 PHASES 

FIG.2 

% HgO BY VOLUME 



U.S. Patent March 2, 1976 Sheet 2 of 2 3,942,012 

% H„0 BY VOLUME 

F I G . 3 



3,935,462 
1 2 

sensitivity and utility of the analysis is called the 
COMPOSITIONS AND PROCESS FOR LIQUID "counting efficiency", which is commonly defined as: 

SCINTILLATION COUNTING 
observed counts per unit time X 100 

BACKGROUND ^ actual disintegrations per unit time 

When a charged atomic or nuclear particle passes T U - r ,. . . .... . 
through matter, it dissipates its energy in the ionization t . T h e , C ° ™ constituents of a liquid scintillator are 
and excitation of the molecules of the material. This ^ f s o l v e n t a n d o n < : or more fluors. The solvent is u n -
ionization and/or excitation is the basis of a ^ ^ >0 ^ an aromatic liquid such as an alkylbenzene. Its 
instruments used for the detection and measurement of P u j P o s e . 1 8 * a b s o r b t h e e n e r « / o f excitation due to 
such particles. Similar instruments are also used for the rad.oact.ve disintegrations, and to transfer it to the 
detection of uncharged radiations, which produce sec- fluor- T h e ? u o r (sometimes called a scintillator solute) 
ondary charged particles in their passage through mat- c o

J
n v e r t S t r a n s l e r r e d e n e r « y t o electromagnetic 

ter. X-rays, gamma rays and neutrons are examples of 15 r a d l a t , o n
r i- W h e n a d o e s »<* produce this radia-

uncharged radiations. The different types of radiation t , o n> o r fluorescence light, at the wavelengths of great-
detection instruments can be divided into three catego- e s t s e n sL t l v l ty o f t h e h 8 h t m e a s u n n g d e , v , c e available, a 
ries: dosimeters, track visualization instruments, and s e c o n d fluor (sometimes called a wavelength shifter or 
counters, for example, scintillation counters. secondary scintillator solute ) may be added. It absorbs 

In scintillation counters the fluorescence emission 20 the light from the first or primary fluor, and re-emits at 
produced in a suitable solid, liquid, or gas by high en- , o n 8 e r wavelengths, hopefully matching the sensitivity 
ergy particles, either charged or uncharged, is detected o f ^ h S h t measuring device, and leading to higher 
by one or more photo-multiplier tubes or other light- counting efficiency. 
sensitive devices. Radiations and particles which scin- However, one of the major drawbacks of the usual 
filiation counters are employed to detect include neu- 25 aromatic solvents is that they do not permit the count-
trons, X-rays, y-rays, electrons (beta-rays), positrons, i n 8 o f aqueous samples in homogeneous media. Most 
protons, deuterons, tritons, alpha particles, fission frag- samples of biological interest, and many of environ-
ments, mesons, and other nuclear particles. The scintil- mental interest, are aqueous, and contain salts, proteins 
lation process is the transformation of energy dissi- and/or saccharides. When such samples are added to a 
pated as ionization and excitation of a substance into 3 0 l i c l u i d scintillator which is mostly composed of aro-
fluorescence emission. A substance which performs the m a t i c solvent, an immiscible layer may be formed in 
entire transformation is called a scintillator, and may t h e sample container, preventing either accurate or 
be in any state of matter, i.e. solid, liquid or gas. reproducible determination of the radioactive disinte-

Both organic and inorganic materials have been em- grations. The averagerange of travel of a beta particle 
ployed as scintillators in scintillation counters. The 35 produced from a tritium decomposition is about 1.2 
earliest scintillators were inorganic materials such as microns in water, and the average range of beta particle 
willemite, barium platinocyanide, brown diamond, and f r o m a 14 c decomposition is about 12 microns. Unless 
zinc sulfide. A primary disadvantage of the inorganic t h e particle can reach the aromatic solvent within such 
materials is that they are available only as small crystals a small distance from the particle's origin in the aque-
and crystalline powders, and thus must be used as mul- 4 0 ous phase, no scintillation or count will result from the 
ti-crystalline screens which are opaque to their own decomposition. 
luminescence in thicknesses greater than about 0.1mm. In order to circumvent this, two approaches have 
Further, they cannot be used in solutions due to general been developed. One was the use of added solvents, 
insolubility. s u c h as methanol or dioxane, which are miscible with 

Many new organic materials have been evaluated for 4 5 both water and aromatic solvents. This allowed more 
use as scintillators in scintillation counters. Among the accurate counting of aqueous samples in homogeneous 
more significant improvements is the discovery that solution, provided the samples were sufficiently small 
organic scintillator solutions can be employed in place and very dilute. There are a number of disadvantages to 
of solids, thus obviating the need for large, pure, crys- multiple solvent systems, including (a) the amount of 
talline blocks. It has further been found that a sub- 50 the sample which can be handled is limited; (b) the salt, 
stance to be tested, for example a material tagged with protein, saccharide or other water-soluble constituent 
radioactive material such as carbon-14, can be added of interest can only be present in limited concentration 
directly to the scintillator solution or "cocktail" for ranges; (c ) the typical added solvent is flammable and 
measurement. volatile; and (d) the typical added solvent, and p-diox-

In recent years, liquid scintillation counting has be- 5 5 ane in particular, is volatile and the vapors are toxic, 
come a very popular method for the measurement of The second approach was the use of surface active 
low energy beta emitters such as 14c ,35sand 3„ (trit- substances or emulsifiers, so that the aqueous sample in 
ium). Liquid scintillation counting (LSC) is commonly the counting container was actually present either in a 
accomplished by combining, dissolving, dispersing or solution (colloidal or true), dispersion or emulsion of a 
solubilizing a radioactive sample to be analyzed in a 6 0 multitude of suitable small micelles. Compositions con-
liquid scintillator so as to form a counting sample. Each sisting of fluors, alkylbenzene solvents and ethoxylated 
radioactive disintegration may lead to the production alkylphenol detergents such as the Triton-type deter-
of a light pulse, and these are counted by suitable gents available from Rohm and Haas, have been widely 
equipment, as mentioned above. One measure of sue- accepted for measurement of aqueous samples. Their 
cess of the analysis is the ability to obtain the same 6 5 disadvantages include limitations on the amount of 
number of counts per unit time from a given sample aqueous sample accomodatable in the cocktail, and 
over a period of time, allowing, of course, for the natu- difficultly predictable effects of temperature on sample 
ral radioactive decay of the material. A measure of solubility or dispersability. See D. I. Chapman and J. 
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Marcroft, 22 Int. J. Appl. Radiat. Isotopes 371 (1971). 
A further disadvantage is the difficulty in predicting the 
effect of time on the sample stability. Another problem 
is the influence of the mode of preparation on the 
counting efficiency. It has been stated by Chapman et 5 
al. and others that warming the sample and the above 
scintillator to 40°C, thorough mixing, then slow cooling 
without further mixing are necessary for reproducible 
results. This type of system is described elsewhere, such 
as in U.S. Pat. No. 3,573,218, issued Mar. 30, 1971, to 10 
R. H. Benson, and in the article by R. I. Lieberman and 
A. A. Moghissi, 21 Int. J. Appl. Radiat. Isotopes 319 
(1970) and references cited therein. With all of the 
reported examples of this system, sample capacity var-
ies greatly with temperature and also varies objection- 1 5 

ably with time. 
Another problem with prior art emulsifier cocktails 

as described in the literature or available in the market 
is their tendency to show spurious counts due to phos-
phorescence when the counting sample is prepared in 2 0 

daylight or under fluorescent lighting. This is thought 
to be due to impurities in the emulsifiers. It requires 
long and undesirable waits before counting is begun. 

Of the analytical systems which utilize scintillation 
counting of aqueous samples, the most demanding with 25 
regard to sample solubility in the scintillation cocktail 
are those which may be categorized as radioimmunoas-
say techniques, such as those reviewed in some detail in 
D. S. Skelley et al., "Radioimmunoassay," 19 Clinical 
Chemistry 146 (1973). Radioimmunoassay is a cur- 3 0 

rently unsurpassed method for ultramicroanalysis of 
components of biological materials. Generally, it in-
volves the analysis of a serum which contains an anti-
body, or other material having chemically specific 
binding sites, with a radioactively-tagged antigen or 3 5 

other liquid which becomes bound to the binding sites 
of the material to be analyzed. The mixture is aged or 
"incubated" for a time sufficient for such binding to 
occur, and the excess antigen or liquid is separated 
from the material to be analyzed. That material is 4 0 

mixed in a scintillation cocktail, and subjected to scin-
tillation counting. Comparison of counting results with 
suitable controls or standards allows one to accurately 
determine very minute amounts of materials in biologi-
cal samples. For example, tiny amounts of human 4 5 

plasma, urine or serum may be tested using radioimmu-
noassay techniques for levels of digoxin, digitoxin, an-
giotensin, steroids, and many other materials. A large 
number of kits for radioimmunoassay testing for such 
materials are commercially available, such as the Di- 5 0 

goxin [3H] Radioimmunoassay Kit, made by New En-
gland Nuclear Corp., the Schwarz/Mann Angiotensin 
-125I Kit, made by the Schwartz/Mann Division of Bec-
ton Dickinson Corporation, and the NEN General Ste-
roids Pak, also made by New England Nuclear Corp. 5 5 

As will be understood in the art, the term "radioimmu-
noassay" (hereafter RIA) as used herein is not in-
tended to be restricted to analyses involving antibodies 
and antigens but includes competitive binding pro-
cesses in general, including what Skelley et al., supra 6 0 

refer to as "competitive protein binding analysis," etc. 

RIA presents the most difficult test of scintillator 
detergents or emulsifiers, because RIA samples contain 
one or more substances which cause formation of non 
homogeneous mixtures with prior art liquid scintilla- 6 5 

tors, such as inorganic phosphate or other salts or buff-
ers, human serum or bovine serum albumin. In particu-
lar, liquid scintillators containing 25 to 50% by volume 

of ethoxylated nonylphenols, which includes the Tri-
ton-type emulsifiers, fail to form homogeneous solu-
tions or even uniform solubilized microemulsions with 
normal levels of RIA samples. Instead sediment up to 
3mm high appears when 1 to 2ml of common RIA 
samples are added to typical amounts, e.g. 10 to 15 ml, 
of liquid scintillator cocktails containing alkylphenol 
derivatives and other types of emulsifiers. At other 
times, complete separation of liquid phases and/or 
precipitation of crystalline solids occurs, rendering the 
previous LSC techniques useless or of doubtful accu-
racy for the counting of RIA samples. A further prob-
lem with prior art emulsifier cocktails is in determining 
the counting efficiency on an automated basis, which is 
specially desirable when RIA samples in great number 
are to be counted. The use of the automatic external 
standard built into many commercial liquid scintillation 
instruments has been reported to be inaccurate when 
these emulsifier cocktails are used at not-always-
predictable levels of aqueous sample. These problems 
often become apparent only after the counting sample 
has been kept for several hours, and often only when 
the counting temperature differs from the preparation 
temperature. 

Thus it can be seen that many difficulties have ex-
isted with regard to previous aqueous scintillation 
cocktails, and that these difficulties became magnified 
and others arose when attempts were made to use pre-
vious scintillation cocktail formulations on complex 
aqueous samples such as those obtained in radioimmu-
noassay analysis. 

It is therefore an object of the present invention to 
provide improved liquid scintillators for scintillation 
counting which will permit the measurement of count-
ing samples having a relatively large proportion of 
water with greater precision and accuracy than before 
possible. It is a further object to provide compositions 
for LSC which are insensitive to the order or manner of 
addition of the sample. It is a further dbject to provide 
compositions for LSC which, when used with aqueous 
samples, will result in a liquid whose appearance is that 
of a homogeneous solution, or a similarly appearing 
microemulsion or dispersion. It is a further object to 
provide compositions for LSC whose ability to contain 
large aqueous samples in homogeneous-appearing solu-
tion is relatively independent of temperature over the 
common range of 0°-30°C. It is a further object to 
provide compositions for LSC whose water miscibility 
does not vary substantially throughout the entire range 
of its water holding capacity, obviating reference to 
and allowance for complicated phase diagrams. It is a 
further object to provide compositions for LSC whose 
flammability, volatility, odor, and vapor toxicity are 
unusually low. It is a further object to provide composi-
tions for LSC allowing all methods for determination of 
LSC efficiency to be applied conveniently and accu-
rately. It is a further object to provide a process for the 
preparation of an LSC sample whereby the material to 
be analyzed is sufficiently dispersed or dissolved merely 
by shaking the constituents at ordinary room tempera-
tures of 15°-35°C. It is a further object to provide com-
positions for LSC that dissolve or solubilize into stable 
solutions or uniform microemulsions any or all of the 
following: RIA samples for determination of steroidal 
hormones, other RIA samples of diverse types, inor-
ganic salts including alkali metal phosphates, human 
and other serums, and blood fractions, including bo-
vine serum albumin and many other samples of inter-
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e s t . I t i s a s t i l l f u r t h e r o b j e c t o f t h i s i n v e n t i o n t o p r o v i d e T h e s o l v e n t s w h i c h a r e u s e f u l i n p r e p a r i n g t h e c o m -

a c o m p o s i t i o n f o r L S C e x h i b i t i n g l i t t l e o r n o l i g h t - p o s i t i o n s o f t h e p r e s e n t i n v e n t i o n a r e t h e l i q u i d a r o -

i n d u c e d p h o s p h o r e s c e n c e , p e r m i t t i n g c o u n t i n g o f t h e m a t i c h y d r o c a r b o n s , p r e f e r a b l y t h o s e c o n t a i n i n g f r o m 

s a m p l e a c c u r a t e l y a n u n u s u a l l y s h o r t t i m e a f t e r p r e p a - a b o u t 6 t o 1 2 , p r e f e r a b l y f r o m a b o u t 6 t o 1 0 c a r b o n 

r a t i o n . I t i s a s t i l l f u r t h e r o b j e c t t o p r o v i d e c o m p o s i - 5 a t o m s . T h e s e i n c l u d e b e n z e n e , t o l u e n e , o - , m - a n d 

t i o n s f o r L S C s h o w i n g u n u s u a l l y h i g h c o u n t i n g e f f i - p - x y l e n e s , 1 , 2 , 4 - a n d 1 , 3 , 5 - t r i m e t h y l b e n z e n e , a n y o f 

c i e n c y a s d e f i n e d a b o v e f o r l a r g e , a q u e o u s s a m p l e s , t h e e t h y l m e t h y l b e n z e n e s , a n d m i x t u r e s o f a n y o f t h e 

p a r t i c u l a r l y f o r t h e i s o t o p e s 3 H a n d I 2 5 I , b u t n o t l i m i t e d a b o v e . T h e p r e f e r r e d s o l v e n t s i n t h e p r e s e n t i n v e n t i o n 

t o t h e s e . a r e t h e d i m e t h y l - a n d t r i m e t h y l b e n z e n e s , s i n g l y o r 

O t h e r o b j e c t s a n d a d v a n t a g e s o f t h i s i n v e n t i o n w i l l b e 1 0 m i x e d , t h e m o s t p r e f e r r e d b e i n g 1 , 2 , 4 - t r i m e t h y l b e n -

a p p a r e n t t o t h o s e s k i l l e d i n t h e a r t f r o m a c o n s i d e r a t i o n z e n e . T h e s o l v e n t m a y g e n e r a l l y c o m p r i s e a b o u t 2 0 t o 

o f t h i s d e s c r i p t i o n o f t h e i n v e n t i o n . a b o u t 9 0 % b y v o l u m e o f t h e L S C c o m p o s i t i o n , p r e f e r a -

B r i e f l y , t h e p r e s e n t i n v e n t i o n i n v o l v e s t h e u s e o f b l y a b o u t 4 0 t o a b o u t 7 0 % b y v o l u m e , 

c e r t a i n e m u l s i f i e r s , o r c o m b i n a t i o n s o f e m u l s i f i e r s , i n I n L i e b e r m a n a n d M o g h i s s i , 2 1 Int. J. Applied Radiat. 
s c i n t i l l a t i o n c o c k t a i l s w h i c h a r e u s e f u l a n d h i g h l y e f f i - 1 5 Isotopes 3 1 9 ( 1 9 7 0 ) ( h e r e a f t e r L i e b e r m a n ) , e v a l u a -

c i e n t w i t h l a r g e v a r i e t i e s a n d s i z e s o f a q u e o u s s a m p l e s t i o n s w e r e m a d e o f a n u m b e r o f s u r f a c e a c t i v e a g e n t s , 

o v e r a w i d e r a n g e o f t e m p e r a t u r e s . S u c h e m u l s i f i e r s a r e i n c l u d i n g five a g e n t s h a v i n g t h e p o l y e t h o x y l a t e d p o l y -

g e n e r a l l y b l o c k p o l y m e r s o f t h e f o l l o w i n g s t r u c t u r a l ( o x y p r o p y l e n e ) s t r u c t u r e d e p i c t e d a b o v e , i n l o w l e v e l 

f o r m u l a : c o u n t i n g o f t r i t i a t e d w a t e r , i t w a s d e t e r m i n e d i n t h a t 
2 0 s t u d y t h a t t h o s e five a g e n t s w e r e i n f e r i o r t o o t h e r 

h o [ c h 2 — c h 2 — o ] x — [ c h — c h 2 — o ] „ — [ c h 2 — c h 2 — o ] j . — h k n o w n s u r f a c e a c t i v e a g e n t s f o r u s e i n L S C , b o t h i n 

I c o u n t i n g e f f i c i e n c y a n d i n a b i l i t y t o e m u l s i f y l a r g e 
C H 3 a m o u n t s o f w a t e r . T h e a l k y l p h e n y l p o l y e t h y l e n e g l y c o l 

e t h e r ( e t h o x y l a t e d a l k y l p h e n o l ) t y p e s o f d e t e r g e n t , 

T h e s e b l o c k p o l y m e r s c o m p r i s e a h y d r o p h o b i c c e n t e r 2 5 s u c h a s T r i t o n N - 1 0 1 a n d T r i t o n X - 1 0 0 , b o t h f r o m 

c h a i n o f o x y p r o p y l e n e l i n k s , p r e p a r e d b y a d d i n g p r o p y - R o h m a n d H a a s C o . , w e r e r e p o r t e d a s s u p e r i o r t o t h o s e 

l e n e o x i d e t o t h e t w o h y d r o x y l g r o u p s o f a p r o p y l e n e p o l y e t h o x y l a t e d p o l y ( o x y p r o p y l e n e ) a g e n t s t e s t e d , 

g l y c o l n u c l e u s , w i t h b o t h e n d s o f t h e c e n t r a l c h a i n O n l y c e r t a i n o f t h e p o l y e t h o x y l a t e d p o l y ( o x y p r o p y -

t e r m i n a t i n g i n h y d r o p h i l i c p o l y ( o x y e t h y l e n e ) g r o u p s . l e n e ) a g e n t s a v a i l a b l e w e r e t e s t e d , i n a s i m p l e s y s t e m 

T h e m e t h o d o f m a k i n g t h e s e p o l y m e r s i s d i s c l o s e d , f o r 3 0 i n v o l v i n g p u r e t r i t i a t e d w a t e r . F u r t h e r , t h e r e p o r t e d 

e x a m p l e , i n U . S . P a t . N o . 2 , 6 7 4 , 6 1 9 . T h e h y d r o p h o b i c r e s u l t s c o n c e r n i n g t h e c a p a b i l i t y o f e m u l s i f y i n g h i g h e r 

c e n t r a l c h a i n c a n b e m a d e t o a n y c o n t r o l l e d l e n g t h w a t e r c o n c e n t r a t i o n s d e a l t w i t h w a t e r c o n c e n t r a t i o n s 

v a r y i n g f r o m a b o u t 8 0 0 t o t h r e e o r f o u r t h o u s a n d s i n o f 3 0 - 5 0 % . A t s u c h h i g h c o n c e n t r a t i o n s t h e L S C c o m -

m o l e c u l a r w e i g h t . T h e h y d r o p h i l i c p o l y ( o x y e t h y l e n e ) p o s i t i o n s a r e s e t u p a s a g e l , w h i c h i s u n d e s i r a b l e i n 

e n d g r o u p s a r e c o n t r o l l e d i n l e n g t h t o c o n s t i t u t e f r o m 3 5 m a n y r e s p e c t s , a s c o m p a r e d t o t r a n s p a r e n t , a p p a r e n t l y 

a b o u t 1 0 t o 8 0 % b y w e i g h t o f t h e final m o l e c u l e . T h e m o n o p h a s i c l i q u i d s , w h i c h a r e f a r m o r e p r e f e r a b l e f o r 

m o s t u s e f u l m e m b e r s o f t h i s g r o u p o f c o p o l m e r s h a v e a h a n d l i n g a n d t e s t i n g , a n d a r e n o t s o a p t t o f o r m t w o 

p o l y ( o x y p r o p y l e n e ) c h a i n l e n g t h c o r r e s p o n d i n g t o a y p h a s e s i n s t o r a g e . 

v a l u e o f a b o u t 1 5 t o 5 6 , a n d p o l y ( o x y e t h y l e n e ) c h a i n I n a c c o r d a n c e w i t h o n e a s p e c t o f t h e p r e s e n t i n v e n -

l e n g t h s c o r r e s p o n d i n g t o x a n d z v a l u e s o f b e t w e e n 1 4 0 t i o n , i t h a s b e e n f o u n d t h a t b o t h t h e c o u n t i n g e f f i c i e n c y 

a n d 3 5 . a n d w a t e r e m u l s i f i c a t i o n a r e s u b s t a n t i a l l y i m p r o v e d 

T h e f l u o r s u s e d i n t h e p r e s e n t i n v e n t i o n a r e t h o s e w h e n m i x t u r e s o f c e r t a i n p o l y e t h o x y l a t e d p o I y ( o x y p r o -

w h i c h a r e w e l l k n o w n i n t h e a r t . O n e o r m o r e f l u o r s p y l e n e ) e m u l s i f i e r s a r e u s e d i n s c i n t i l l a t i o n c o c k t a i l s , a s 

m a y b e u s e d i n a p a r t i c u l a r c o m p o s i t i o n . T h e c o m p o s i - c o m p a r e d w i t h e m u l s i f i e r s u s e d o r s u g g e s t e d i n t h e 

t i o n s m a y o r m a y n o t c o n t a i n f o r s o m e p u r p o s e s a 4 5 p a s t , i n c l u d i n g t h e p o l y e t h o x y l a t e d p o l y ( o x y p r o p y -

n e u t r o n - c a p t u r e s o l u t e o r a g a m m a - c a p t u r e s o l u t e . T h e l e n e ) e m u l s i f i e r s t e s t e d s i n g l y b y L i e b e r m a n . I n a c c o r -

f l u o r s n e e d o n l y b e p r e s e n t i n a m o u n t s s u f f i c i e n t t o d a n c e w i t h a n o t h e r a s p e c t o f t h e p r e s e n t i n v e n t i o n , i t 

e n a b l e t h e c o m p o s i t i o n s o f t h e p r e s e n t i n v e n t i o n t o b e h a s b e e n f o u n d t h a t c e r t a i n p o l y e t h o x y l a t e d p o l y ( o x y -

u s e f u l a s l i q u i d s c i n t i l l a t o r s . T h e o p t i m u m r e s u l t s w i l l p r o p y l e n e ) e m u l s i f i e r s u s e d s i n g l y , i n c l u d i n g s o m e o f 

v a r y d e p e n d i n g o n t h e n a t u r e o f t h e f l u o r c h o s e n , t h e 5 0 t h o s e t e s t e d b y L i e b e r m a n , a r e f u n c t i o n a l a n d g i v e 

c o m p o s i t i o n o f t h e c o c k t a i l , a n d t h e n a t u r e o f t h e o t h e r t h o r o u g h l y d i s p e r s e d c o c k t a i l s h a v i n g a m o n o p h a s i c 

i n g r e d i e n t s . T h e p r i m a r y f l u o r w i l l g e n e r a l l y b e p r e s e n t a p p e a r a n c e o v e r w i d e r a n g e s o f t e m p e r a t u r e a n d a q u e -

i n a m o u n t s o f f r o m a b o u t 1 t o 1 0 0 g r a m s p e r l i t e r , o u s s a m p l e c o n t e n t , w h e n u s e d i n s c i n t i l l a t i o n c o u n t i n g 

p r e f e r a b l y f r o m 3 t o 6 g r a m s p e r l i t e r . T h e s e c o n d a r y o f R I A s a m p l e s , w h i c h t h e a r t w o u l d h a v e e x p e c t e d 

f l u o r , i f u s e d , w i l l b e p r e s e n t a t 0 . 0 5 t o 1 0 g r a m s p e r 5 5 t h a t t h o s e e m u l s i f i e r s w o u l d h a v e b e e n u n s u i t a b l e f o r , 

l i t e r , t h e p r e f e r r e d a m o u n t s b e i n g b e t w e e n 0 . 1 t o 1 e s p e c i a l l y i n v i e w o f t h e r e s u l t s r e p o r t e d b y L i e b e r m a n . 

g r a m p e r l i t e r . T h e p r e f e r r e d p r i m a r y f l u o r i s 2 , 5 - I n a c c o r d a n c e w i t h s t i l l a n o t h e r a s p e c t o f t h e p r e s e n t 

d i p h e n y l o x a z o l e ( P P O ) . O t h e r o x a z o l e s , o x a d i a z o l e s , i n v e n t i o n , i t h a s b e e n f o u n d t h a t c e r t a i n p o l y e t h o x -

s u c h a s 2 - ( 4 - b i p h e n y l y l - 5 - p h e n y l - l , 3 , 4 - o x a d i a z o l e y l a t e d p o l y ( o x y p r o p y l e n e ) e m u l s i f i e r s u s e d s i n g l y a r e 

( P B D ) , a n d o t h e r k n o w n f l u o r s s u c h a s p - t e r p h e n y l 6 0 s u p e r i o r t o t h e p o l y e t h o x y l a t e d p o l y ( o x y p r o p y l e n e ) 

m a k e s u i t a b l e p r i m a r y f l u o r s o r s c i n t i l l a t i o n s o l u t e s . e m u l s i f i e r s t e s t e d b y L i e b e r m a n , a n d a r e s u i t a b l e f o r 

S u i t a b l e s e c o n d a r y s o l u t e s a r e a l s o k n o w n , i n c l u d i n g b o t h l i q u i d s c i n t i l l a t i o n c o u n t i n g i n g e n e r a l a n d f o r R I A 

l , 4 - b i s - ( o - m e t h y l s t y r y l ) b e n z e n e ( B i s - M S B ) , 1 , 4 - b i s - t e c h n i q u e s . 

[ 2 - ( 5 - p h e n y l o x a z o l y l ) ] b e n z e n e ( P O P O P ) , p - b i s - [ 2 - C o n t r a r y t o t h e i m p l i c a t i o n o f t h e L i e b e r m a n a r t i c l e 

( 5 - 1 - n a p h t h y I o x a z o l y l ) ] b e n z e n e ( a l p h a - N O P O N ) , 6 5 t h a t t h e p o l y e t h o x y l a t e d p o l y ( o x y p r o p y l e n e ) a g e n t s 

l , 6 - d i p h e n y l - l , 3 , 5 - h e x a t r i e n e ( D P H ) , a n d 2 - ( l - n a p h - a r e n o t s u i t a b l e a s L S C e m u l s i f i e r s , i t h a s b e e n f o u n d 

t h y l ) - 5 - p h e n y l o x a z o l e ( a l p h a - N P O ) . T h e p r e f e r r e d t h a t m i x t u r e s o f d i f f e r e n t p o l y e t h o x y l a t e d p o l y ( o x y p r o -

s e c o n d a r y s o l u t e i s B i s - M S B . p y l e n e ) a g e n t s o f t h e f o r m u l a d e p i c t e d a b o v e , h a v i n g a 
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y v a l u e o f f r o m a b o u t 1 5 t o 5 6 , p r e f e r a b l y f r o m a b o u t 

1 8 t o a b o u t 4 0 , a n d h a v i n g x a n d z v a l u e s o f f r o m a b o u t 

1 t o a b o u t 3 0 , p r e f e r a b l y c o n s t i t u t i n g f r o m a b o u t 1 0 t o 

a b o u t 3 0 % b y w e i g h t o f t h e t o t a l m o l e c u l e , e x h i b i t 

c o u n t i n g e f f i c i e n c i e s , e m u l s i f y i n g p r o p e r t i e s a n d o t h e r 5 

c h a r a c t e r i s t i c s w h i c h a r e f a r s u p e r i o r t o p r e v i o u s L S C 

e m u l s i f i e r s . P r e f e r a b l y s u c h m i x t u r e s i n c l u d e o n e a g e n t 

h a v i n g a r e l a t i v e l y l a r g e n u m b e r o f o x y p r o p y l e n e 

g r o u p s i n i t s c e n t e r c h a i n , e . g . f r o m a b o u t 3 0 t o 5 6 , 

p r e f e r a b l y f r o m 3 2 t o 4 0 , a n d a n o t h e r a g e n t h a v i n g 1 0 

r e l a t i v e l y f e w e r o f s u c h g r o u p s , e . g . f r o m 1 5 t o 3 0 , 

p r e f e r a b l y f r o m 1 8 t o 2 8 , o x y p r o p y l e n e g r o u p s . 

S u c h m i x t u r e s r e s u l t i n a q u e o u s L S C c o c k t a i l s w h i c h 

a r e c l e a r l i q u i d s o v e r a b r o a d r a n g e o f w a t e r c o n c e n t r a -

t i o n s a n d t e m p e r a t u r e s . T h i s c a n b e e a s i l y a p p r e c i a t e d 1 5 

b y c o m p a r i n g F I G . 1 , w h i c h i s a p h a s e d i a g r a m o f t y p i -

c a l L S C c o c k t a i l s c o n t a i n i n g a p r i o r a r t a l k y l p h e n y l 

p o l y e t h y l e n e g l y c o l e t h e r ( e t h o x y l a t e d a l k y l p h e n o l ) 

t y p e e m u l s i f i e r ( T r i t o n X - 1 0 0 , R o h m a n d H a a s C o . , s e e 

E x a m p l e V i n f r a ) w i t h F I G . 2 , w h i c h i s a p h a s e d i a g r a m 2 0 

o f L S C c o c k t a i l s c o n t a i n i n g a m i x t u r e o f p o l y e t h o x -

y l a t e d p o l y ( o x y p r o p y l e n e ) e m u l s i f i e r s i n a c c o r d a n c e 

w i t h t h e p r e s e n t i n v e n t i o n ( s e e E x a m p l e V I , i n f r a ) . 

N o t e t h a t a t m o s t s u i t a b l e c o u n t i n g t e m p e r a t u r e s , i . e . 

f r o m a b o u t 0 ° t o a b o u t 3 0 ° C , t h e i n c o r p o r a t i o n o f m o r e 2 5 

t h a n 1 2 t o 1 7 % w a t e r i n t h e T r i t o n X - 1 0 0 c o c k t a i l w i l l 

r e s u l t i n a t w o p h a s e s y s t e m o r a g e l w h i c h w i l l e v e n t u -

a l l y r e v e r t t o a t w o p h a s e s y s t e m . C l o s e t e m p e r a t u r e 

c o n t r o l m u s t b e m a i n t a i n e d f r o m t h e t i m e t h e s a m p l e i s 

m a d e u p u n t i l t h e d e s i r e d m e a s u r e m e n t s a r e m a d e , o r 3 0 

t h e s a m p l e m a y s e p a r a t e i n t o t w o p h a s e s . P r o l o n g e d 

s t o r a g e o f s a m p l e s c o n t a i n i n g a b o v e 1 2 t o 1 7 % w a t e r i s 

v e r y d i f f i c u l t . M e a s u r e m e n t s u s i n g s u c h s y s t e m s o f t e n 

i n v o l v e t r i a l a n d e r r o r , w i t h s a m p l e s h a v i n g t o b e r e -

m a d e a n d o f t e n s t o r e d a n d e q u i l i b r a t e d f o r a s u b s t a n - 3 5 

t i a l t i m e p r i o r t o m e a s u r e m e n t b e c a u s e t h e o r i g i n a l 

s a m p l e u n d e r w e n t p h a s e s e p a r a t i o n . 

B y c o n t r a s t , t h e L S C c o c k t a i l s c o n t a i n i n g t h e m i x -

t u r e s o f p o l y e t h o x y l a t e d p o l y ( o x y p r o p y l e n e ) i n a c c o r -

d a n c e w i t h t h e p r e s e n t i n v e n t i o n e x h i b i t v e r y l i t t l e 4 0 

p h a s e s e n s i t i v i t y t o e i t h e r w a t e r c o n t e n t o r t e m p e r a -

t u r e , o v e r t h e n o r m a l c o u n t i n g t e m p e r a t u r e r a n g e . 

T h u s s u c h c o c k t a i l s c a n b e m a d e u p a t n e a r t h e i r m a x i -

m u m w a t e r c o n t e n t a t a n y t e m p e r a t u r e b e t w e e n a b o u t 

0 ° a n d 3 0 ° C . a n d b e m e a s u r e d a t a n y d e s i r e d t e m p e r a - 4 5 

t u r e , w i t h l i t t l e f e a r t h a t p h a s e s e p a r a t i o n w i l l o c c u r . 

N o r i s c l o s e t e m p e r a t u r e c o n t r o l b e t w e e n m a k e - u p a n d 

m e a s u r e m e n t c r i t i c a l f r o m t h e s t a n d p o i n t o f p h a s e 

s e p a r a t i o n . N o r i s t h e a n a l y s t f a c e d w i t h t h e u s e o f a 

s o l i d g e l w h i c h w i l l e v e n t u a l l y u n d e r g o p h a s e s e p a r a - 5 0 

t i o n , r a t h e r t h a n a c l e a r h o m o g e n e o u s l i q u i d . I n f a c t , 

n o p h a s e c h a n g e o c c u r s w i t h m o s t c o c k t a i l s o f t h e 

p r e s e n t i n v e n t i o n e v e n a f t e r p r o l o n g e d s t o r a g e f o r 

w e e k s o r m o n t h s . T h e s e c o c k t a i l s h a v e o t h e r a d v a n -

t a g e s , o n e b e i n g t h e v e r y l o w l u m i n e s c e n c e o r p h o s - 5 5 

p h o r e s c e n c e t h e y e x h i b i t . T h i s p r o p e r t y m i n i m i z e s 

f a l s e c o u n t s c a u s e d b y a m b i e n t l i g h t i n g t o w h i c h t h e 

c o c k t a i l i s e x p o s e d d u r i n g m i x i n g . M i n i m i z a t i o n o f t h e 

c o c k t a i l p h o s p h o r e s c e n c e m e a n s s h o r t e r e q u i l i b r a t i o n 

t i m e s c a n b e u s e d b e t w e e n t h e t i m e t h e c o c k t a i l i s 6 0 

m a d e u p a n d t h e t i m e w h e n i t i s m e a s u r e d . T h e s e c o c k -

t a i l s a r e p a r t i c u l a r l y a d v a n t a g e o u s w h e n l a r g e n u m b e r s 

o f s a m p l e s a r e t o b e a n a l y z e d a u t o m a t i c a l l y . A l l o f t h e 

s a m p l e s m a d e i n a c c o r d a n c e w i t h t h i s i n v e n t i o n c a n b e 

p l a c e d i n t h e a u t o m a t i c s a m p l e h o l d e r s h o r t l y a f t e r 6 5 

m i x i n g . S i n c e t h e i n i t i a l p h o s p h o r e s c e n c e i s l o w a n d 

d e c r e a s e s r a p i d l y a n d t h e c o c k t a i l s t a y s s t a b l e f o r s o 

l o n g , t h o s e s a m p l e s w h i c h r e a c h t h e c o u n t e r w i t h i n 1 
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h o u r w i l l b e t r u l y c o m p a r a b l e w i t h t h o s e s a m p l e s w h i c h 

r e a c h t h e c o u n t e r a f t e r 1 8 t o 2 0 h o u r s . T h e r e a f t e r t h e 

s a m p l e s c a n n o r m a l l y b e s t o r e d f o r u p t o f o u r m o n t h s 

a n d s t i l l t h e c o u n t s o n e a c h s a m p l e w i l l b e r e p e a t a b l e , 

a l l o w i n g f o r n a t u r a l r a d i o a c t i v e d e c a y . 

T h e s e a d v a n t a g e s w h i c h a r e o b t a i n e d o v e r p r i o r a r t 

c o c k t a i l s i n l i q u i d s c i n t i l l a t i o n c o u n t i n g i n g e n e r a l a r e 

e v e n m o r e s t r i k i n g l y o b s e r v e d a n d o f e v e n g r e a t e r b e n -

e f i t i n a n a l y z i n g s a m p l e s o b t a i n e d b y r a d i o i m m u n o a s -

s a y t e c h n i q u e s . T h e r e t h e v o l u m e o f t h e s a m p l e w h i c h 

i s o b t a i n e d a f t e r s e p a r a t i o n o f t h e b o u n d f r o m t h e u n -

b o u n d l i g a n d s o r a n t i g e n s v a r i e s f r o m s a m p l e t o s a m -

p l e . T h e a c c u r a c y o f t h e a n a l y s i s i m p r o v e s s i g n i f i c a n t l y 

i f l a r g e r s a m p l e s i z e s c a n b e m e a s u r e d , a n d t h u s i t i s 

p r e f e r a b l e t o a d d a l l o f t h e R I A s a m p l e t o t h e c o c k t a i l , 

n o m a t t e r h o w m u c h i s o b t a i n e d . A l s o , a s a p r a c t i c a l 

m a t t e r , i t i s p r e f e r a b l e n o t t o h a v e t o p r e c i s e l y m e a s u r e 

o u t e a c h s a m p l e f o r a d d i t i o n t o t h e c o c k t a i l , e s p e c i a l l y 

w h e r e l a r g e n u m b e r s o f s a m p l e s a r e b e i n g a n a l y z e d . 

Y e t e v e n w i t h t h e b e s t o f p r i o r a r t e m u l s i f i e r s , i . e . , 

t h o s e w h i c h c o u l d h o l d s o m e a m o u n t s o f R I A s a m p l e s 

f o r a p e r i o d w i t h o u t p h a s e s e p a r a t i o n , t h e r e a r e s e v e r e 

l i m i t s o n t h e R I A s a m p l e s i z e w h i c h c a n b e a c -

c o m o d a t e d , a s w e l l a s s t r i c t t e m p e r a t u r e l i m i t a t i o n s . 

S c i n t i l l a t i o n c o c k t a i l s c o n t a i n i n g t h e m i x e d p o l y e t h o x -

y l a t e d p o l y ( o x y p r o p y l e n e ) e m u l s i f i e r s o f t h e p r e s e n t 

i n v e n t i o n d o n o t f o r m s e p a r a t e p h a s e s o v e r w i d e r a n g e s 

o f a q u e o u s R I A s a m p l e c o n t e n t a n d t e m p e r a t u r e . T h u s 

t h e p r e s e n t i n v e n t i o n e f f e c t i v e l y e l i m i n a t e s t h e n e e d 

f o r s t r i c t c o n t r o l s o n R I A s a m p l e s i z e a n d t e m p e r a t u r e . 

W h i l e i t i s t h e r e f o r e p r e f e r r e d t h a a t a m i x t u r e o f 

p o l y e t h o x y l a t e d p o l y ( o x y p r o p y l e n e ) a g e n t s b e u s e d a s 

t h e s u r f a c e a c t i v e a g e n t s , i t h a s a l s o b e e n f o u n d t h a t 

c e r t a i n o f t h e m a t e r i a l s h a v i n g t h a t s t r u c t u r e , w i t h o u t 

b e i n g a d m i x e d w i t h o t h e r p o l y e t h o x y l a t e d p o l y ( o x y -

p r o p y l e n e ) a g e n t s , a r e o f p a r t i c u l a r a d v a n t a g e i n R I A 

a n a l y s e s . L i e b e r m a n t e s t e d s e v e r a l p o l y e t h o x y l a t e d 

p o l y ( o x y p r o p y l e n e ) a g e n t s s i n g l y f o r u s e i n L S C , 

n a m e l y five m a t e r i a l s s o l d u n d e r t h e n a m e P l u r o n i c b y 

B A S F W y a n d o t t e C o r p . : P l u r o n i c L 3 5 ( a v e r a g e n u m -

b e r o f o x y p r o p y l e n e g r o u p s 1 6 . 4 , 5 0 % p o l y ( o x y e t h y l -

e n e ) i n t o t a l m o l e c u l e ) ; P l u r o n i c L 6 1 ( 3 0 o x y p r o p y l -

e n e g r o u p s , 1 0 % p o l y ( o x y e t h y l e n e ) ) ; P l u r o n i c L 6 2 ( 3 0 

o x y p r o p y l e n e g r o u p s , 2 0 % p o l y ( o x y e t h y l e n e ) ) ; P l u -

r o n i c L 9 2 ( 4 7 . 4 o x y p r o p y l e n e g r o u p s , 2 0 % p o l y ( o x -

y e t h y l e n e ) ) ; a n d P l u r o n i c L 1 2 1 ( 6 9 o x y p r o p y l e n e 

g r o u p s , 1 0 % p o l y ( o x y e t h y l e n e ) ) . T h e L i e b e r m a n t e s t -

i n g s y s t e m w a s a s i m p l e o n e i n w h i c h t h e a q u e o u s p o r -

t i o n o f t h e c o c k t a i l w a s p u r e t r i t i a t e d w a t e r . L i e b e r m a n 

c o n c l u d e d t h a t n o n e o f t h e p o l y e t h o x y l a t e d p o l y ( o x y -

p r o p y l e n e ) d e t e r g e n t s w e r e s u i t a b l e o r c o m p a r a b l e t o 

o t h e r k n o w n L S C e m u l s i f i e r s . 

I t h a s n o w b e e n f o u n d t h a t p o l y e t h o x y l a t e d p o l y ( o x y -

p r o p y l e n e ) c o n t a i n i n g f r o m a b o u t 1 8 t o a b o u t 5 0 o x y -

p r o p y l e n e u n i t s i n t h e c e n t e r c h a i n a n d f r o m a b o u t 1 0 

t o a b o u t 3 0 % b y w e i g h t o x y e t h y l e n e u n i t s i n t h e t o t a l 

m o l e c u l e a r e s u i t a b l e L S C e m u l s i f i e r s f o r r a d i o i m m u -

n o a s s a y s a m p l e s w h i c h c o n t a i n b u f f e r s a n d p l a s m a 

a n d / o r h u m a n o r o t h e r s e r u m . T h i s r a n g e i n c l u d e s 

s e v e r a l m a t e r i a l s t e s t e d a n d f o u n d l a c k i n g i n L i e b e r -

m a n ' s t r i t i a t e d w a t e r s y s t e m , i . e . , P l u r o n i c L 6 1 , P l u -

r o n i c L 6 2 , a n d P l u r o n i c L 9 2 . W h y s u c h m a t e r i a l s 

m i g h t b e u n s u i t a b l e f o r s i m p l e s y s t e m s s u c h a s t r i t i a t e d 

w a t e r a n d y e t s h o w a d v a n t a g e s o v e r k n o w n e m u l s i f i e r s 

i n t h e m o r e d i f f i c u l t R I A s a m p l e s y s t e m s i s n o t e s s e n -

t i a l l y k n o w n . I t a l s o i n c l u d e s a n u m b e r o f o t h e r c o m -

m e r c i a l l y a v a i l a b l e p o l y e t h o x y l a t e d p o l y ( o x y p r o p y -

l e n e ) d e t e r g e n t s , s u c h a s P l u r o n i c L 4 2 ( t h e a v e r a g e 



3,94,462 
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n u m b e r o f o x y p r o p y l e n e g r o u p s 2 0 , 2 0 % p o l y ( o x y e t h - c o r d e d . A l l p e r c e n t a g e s g i v e n a r e b y v o l u m e u n l e s s 
y l e n e ) i n t h e t o t a l m o l e c u l e ) a n d P l u r o n i c L 7 2 ( 3 5 o t h e r w i s e i n d i c a t e d , 
o x y p r o p y l e n e g r o u p s , 2 0 % p o l y ( o x y e t h y l e n e ) ) b o t h E 

a l s o a v a i l a b l e f r o m B A S F W y a n d o t t e C o r p . A l t h o u g h E X A M P L E I 
n o t n e a r l y a s e f f e c t i v e a s t h e a b o v e - d e s c r i b e d m i x e d 5 A c o m p o s i t i o n w i t h o u t f l u o r s b u t o t h e r w i s e t h a t o f a 
p o l y e t h o x y l a t e d p o l y ( o x y p r o p y l e n e ) e m u l s i f i e r s y s t e m , l i q u i d s c i n t i l l a t o r i s p r e p a r e d b y b l e n d i n g t o g e t h e r t o 
t h e a b o v e u n m i x e d e m u l s i f i e r s s h o w c o n s i d e r a b l y m o r e f o r m a c o l o r l e s s l i q u i d 5 0 % b y v o l u m e a p o l y e t h o x -
f l e x i b i l i t y t h a n p r i o r e m u l s i f i e r s , w i t h r e g a r d t o t h e y l a t e d p o l y ( o x y p r o p y l e n e ) c o p o l m e r o f t h e a v e r a g e 

h o l d i n g c a p a c i t y f o r t h e R I A s a m p l e . T h e t e r m " u n - s t r u c t u r e d e s c r i b e d a n d d e p i c t e d a b o v e w h e r e y = 3 0 

m i x e d " i s u s e d h e r e t o d i f f e r e n t i a t e o v e r t h e a b o v e - 1 0 a n d x = z = 5 ( P l u r o n i c L 6 2 , b y B A S F W y a n d o t t e C o r p . ) , 
d e s c r i b e d " m i x e d " p o l y e t h o x y l a t e d p o l y ( o x y p r o p y l - a n d 5 0 % b y v o l u m e 1 , 2 , 4 - t r i m e t h y l b e n z e n e . 
e n e ) e m b o d i m e n t s , a n d i s n o t i n t e n d e d t o e x c l u d e 
a d d e d a m o u n t s o f p r e v i o u s l y k n o w n e m u l s i f i e r s , s u c h E X A M P L E II 

a s t h e e t h o x y l a t e d a l k y l p h e n o l s a n d o t h e r e m u l s i f i e r s A c o m p o s i t i o n w i t h o u t f l u o r s b u t o t h e r w i s e t h a t o f a 
m e n t i o n e d e a r l i e r . I n f a c t , a d d i t i o n o f s u c h e m u l s i f i e r s 1 5 l i q u i d s c i n t i l l a t o r i s p r e p a r e d b y b l e n d i n g t o g e t h e r t o 
a p p e a r s t o e n h a n c e t h e f l e x i b i l i t y o f t h e s e u n m i x e d f o r m a c o l o r l e s s l i q u i d 3 0 % b y v o l u m e a c o p o l y m e r o f 
p o l y e t h o x y l a t e d p o l y ( o x y p r o p y l e n e ) e m u l s i f i e r s i n R I A t h e a v e r a g e s t r u c t u r e d e p i c t e d a b o v e w h e r e y = 3 5 a n d 

a n a l y s i s . x=z=5.8 ( P l u r o n i c L 7 2 ) , 2 0 % b y v o l u m e o f a c o p o l y -
M o r e o v e r , w i t h i n t h e r a n g e o f m o l e c u l a r s t r u c t u r e o f m e r o f t h a t s t r u c t u r e b u t w h e r e y=20.7 a n d x=z=3A 

t h e u n m i x e d p o l y e t h o x y l a t e d p o l y ( o x y p r o p y l e n e ) 2 0 ( P l u r o n i c L 4 2 ) a n d 5 0 % b y v o l u m e 1 , 2 , 4 - t r i m e t h y l -
e m u l s i f i e r s d i s c l o s e d a b o v e i t h a s b e e n f o u n d t h a t c e r - b e n z e n e . 
t a i n m a t e r i a l s o t h e r t h a n t h o s e t e s t e d b y L i e b e r m a n a r e p v d i u p i n r r r 
s u i t a b l e f o r l i q u i d s c i n t i l l a t i o n c o u n t i n g i n g e n e r a l a s 

w e l l a s f o r R I A . I n t h i s r e g a r d , p o l y e t h o x y l a t e d p o l y - A n L S C c o m p o s i t i o n w i t h o u t f l u o r s b u t o t h e r w i s e 
( o x y p r o p y l e n e ) m a t e r i a l s h a v i n g f r o m a b o u t 3 2 t o 2 5 t h a t o f a l i q u i d s c i n t i l l a t o r i s p r e p a r e d b y b l e n d i n g 
a b o u t 4 0 o x y p r o p y l e n e g r o u p s a n d c o m p r i s i n g a b o u t t o g e t h e r t o f o r m a c o l o r l e s s l i q u i d 4 0 % b y v o l u m e a n 
1 0 t o 3 0 % p o l y ( o x y e t h y l e n e ) a r e s u p e r i o r t o t h e o t h e r e t h o x y l a t e d n o n y l p h e n o l o f t h e f o l l o w i n g a v e r a g e 
c o m p o u n d s o f t h e s a m e f o r m u l a a n d t o o t h e r s u r f a c e s t r u c t u r e ( T e r g i t o l N P X , U n i o n C a r b i d e C o . ) : 
a c t i v e a g e n t s o f t h e p r i o r a r t . A l s o s u p e r i o r , a l t h o u g h p — ( t — C , H , , ) — C 6 H , — O — ( C H J — C H , — o ) , „ . s — H 
n o t a s s t r i k i n g l y s o a r e s i m i l a r m a t e r i a l s c o n t a i n i n g 3 0 3 0 % b y v o l u m e p - x y l e n e a n d 3 0 % b y v o l u m e 1 , 2 , 4 -
a b o u t 1 8 t o a b o u t 2 5 p o l y ( o x y p r o p y l e n e ) u n i t s . T h e t r i m e t h y l b e n z e n e . 
p r e f e r r e d c o m p o u n d i s P l u r o n i c L 7 2 , w i t h P l u r o n i c E X A M P L E I V 
L 4 2 b e i n g s o m e w h a t l e s s p r e f e r r e d . T h e s e c o m p o u n d s 
s h a r e t h e a d v a n t a g e s o f t h e m i x t u r e o f p o l y ( o x y e t h y - A r a d i o i m m u n o a s s a y s a m p l e r e p r e s e n t i n g a l l b u t t h e 

l e n e ) p o l y ( o x y p r o p y i e n e ) s u r f a c e a c t i v e a g e n t s , a l b e i t 3 5 r a d i o a c t i v i t y i n a D i g o x i n [ 3 H ] R a d i o i m m u n o a s s a y K i t 
n o t t o t h e s a m e d e g r e e . B o t h P l u r o n i c L 7 2 a n d P l u - f r o m N e w E n g l a n d N u c l e a r C o r p . i s p r e p a r e d b y b l e n d -
r o n i c L 4 2 , f o r e x a m p l e , a r e s u p e r i o r i n a q u e o u s s a m p l e several o f t h e c o m p o n e n t s o f t h a t kit. T h e m i x t u r e 
h o l d i n g c a p a c i t y t o P l u r o n i c L 6 2 . T h e y t o o a r e p a r t i c u - , s m a d e f r o m 7 P a r t s b y v o l u m e o f t h e b u f f e r c o n c e n -
l a r l y u s e f u l w i t h r e g a r d t o R I A c o u n t i n g . A g a i n , e m u l s i - t r a t e . 2 P a r t s b y v o l u m . e o f t h e d l l ? e n t u s e d i n t b e k i t ' s 

t i e r s w i t h i n t h e s e r a n g e s m a y b e u s e d t o a d v a n t a g e i n 4 0 c h a r c o a l s u s p e n s i o n ( i . e . , e q u i v a l e n t t o t h e c h a r c o a l 
c o m b i n a t i o n w i t h o t h e r t y p e s o f k n o w n e m u l s i f i e r s o r s u s p e n s i o n s u p p l i e d w i t h t h e k i t w i t h o u t t h e c h a r c o a l ) , 
d e t e r g e n t s a n d 1 p a r t b y v o l u m e o f n o r m a l h u m a n s e r u m , a l l o f 

A n o t h e r ' c l a s s o f P l u r o n i c s e x i s t , e . g . P l u r o n i c 1 0 R 5 w h i c h a r e , a q u e o u s s o l u t i o n s o r d i s p e r s i o n s . I n a d d i t i o n 
a n d P l u r o n i c 2 5 R 2 , a l s o b y W y a n d o t t e C o r p . , w h i c h to n o r m a l h u m a n s e r u m t h e m i x t u r e c o n t a i n s b o v i n e 
m a y b e c a l l e d " r e v e r s e P l u r o n i c s , " s i n c e t h e i r s t r u c t u r e 4 5 s e r u m a l b u m i n a n d s o d i u m d i h y d r o g e n p h o s p h a t e 
i s t h e r e v e r s e o f t h a t d e p i c t e d a b o v e . T h a t i s , t h e y h a v e b u f f e r from t h e b u f f e r c o n c e n t r a t e a n d c h a r c o a l d i l u -
a h y d r o p h i l i c c e n t r a l c h a i n o f p o l y ( o x y e t h y l e n e ) u n i t s e n t s o l u t i o n s a n d o t h e r m a t e r i a l s 

a n d h y d r o p h o b i c e n d g r o u p s o f p o l y ( o x y p r o p y l e n e ) S a m p l e s a r e p r e p a r e d b y s h a k i n g 0 9 0 m l . o f t h e 
u n i t s . T h e s e m a y a l s o b e u s e d , a l o n e o r a d m i x e d , b u t a b o v e m i * t u r e W l t h m L , o f t h e V S C ^ p o s i t i o n s 
t h e y d o n o t p e r f o r m n e a r l y a s w e l l a s t h e e m u l s i f i e r s 5 0 o f E x a m p l e s I II , a n d III . T h e s a m p l e s a r e l e f t . u n d i s -
d i s c u s s e d a b o v e t u r b e d a t 2 4 C f o r 2 0 h o u r s , a n d t h e n o b s e r v e d . I d e a l l y , 

A s w i l l b e a p p r e c i a t e d b y t h o s e s k i l l e d i n t h e a r t , a n y a h o m o g e n e o u s , t r a n s p a r e n t t o f a i n t l y t r a n s l u c e n t l i q -
o f t h e c o m p o s i t i o n s o f t h e p r e s e n t i n v e n t i o n m a y b e u i d s o l u t i o n i s d e s i r e d S e p a r a t i o n o f s o l i d o r l i q u i d 
u s e d t o a d v a n t a g e i n s o m e c i r c u m s t a n c e s i n c o m b i n a - c o n s t i t u e n t s i s u n d e s i r a b l e b e c a u s e o n e d o e s n o t k n o w 
t i o n w i t h m u l t i p l e s o l v e n t s y s t e m s . 5 5 w h e t h e r a n y o f t h e r a d i o a c t i v i t y p o t e n t i a l l y p r e s e n t m 

T h e i n v e n t i o n w i l l b e f u r t h e r c l a r i f i e d w i t h r e f e r e n c e a n a c t u a 1 ' e q u i v a l e n t s a m p l e w i l l f a i l t o b e c o u n t e d 
t o t h e f o l l o w i n g i l l u s t r a t i v e e m b o d i m e n t s . A l l s a m p l e s a c c u r a t e l y . T h e s a m p l e s a r e a l s o o b s e r v e d a f t e r b e i n g 
a r e o b s e r v e d a t t h e g i v e n t e m p e r a t u r e a t l e a s t o v e r - k e P t a t a c o n s t a n t 5 C f o r 1 8 h o u r s . T h e s e t w o t e m p e r -
n i g h t b e f o r e o b s e r v a t i o n s o f p h y s i c a l s t a t e a r e r e - a t u r e s o f 2 4 a n d 5 C r e p r e s e n t t h e m o s t c o m m o n a c -

6 0 t u a l c o n d i t i o n s o f u s e f o r m i x t u r e s o f L S C c o m p o s i -
t i o n s . T h e o b s e r v a t i o n s a r e s h o w n i n T a b l e I. 

TABLE I 

Appearance on Keeping Radioimmunoassay Samples in 
Various LSC Compositions 

LSC Composition Water Added 24720 hours 5718 hours 

Example I — homogeneous, homogeneous, 
transparent soln. transparent soln. 
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T A B L E I - c o n t i n u e d 

Appearance on Keeping Radioimmunoassay Samples in 
Various LSC Compositions 

LSC Composition Water Added 24°/20 hours 5°/18 hours 

Example II — homogeneous, homogeneous. 
transparent soln. transparent soln. 

Example III — Ppt. 3mm in depth Hazy soln. 
Example III 0.9ml* homogeneous, Sepn. of 2nd 

transparent soln. liquid phase 

*It is known that dilutions of water solutions of polar materials with additional water will often allow the 
diluted sample to be dissolved in the LSC composition; this is tried here in order to avoid the precipitate 
obtained from Example III. 

E X A M P L E V 

A n L S C c o m p o s i t i o n r e p r e s e n t i n g a c o c k t a i l c o m -

m o n l y u s e d b y t h o s e s k i l l e d i n t h e a r t i s p r e p a r e d b y 

b l e n d i n g t o g e t h e r t o f o r m a c l e a r , p a l e y e l l o w , b l u e -

f l u o r e s c e n t l i q u i d 3 3 . 3 % b y v o l u m e a n e t h o x y l a t e d 

o c t y l p h e n o l o f t h e f o l l o w i n g a v e r a g e s t r u c t u r e ( T r i t o n 

X - 1 0 0 , R o h m a n d H a a s C o . ) : 

p - ( t - C 9 H 1 7 ) - C 6 H 4 - 0 - ( C H 2 C H 2 - 0 ) 9 . 5 - H 
w i t h 6 6 . 7 % b y v o l u m e o f t o l u e n e , 5 . 5 5 g / l i t e r o f P P O 

a n d 0 . 1 2 g / l i t e r o f B i s - M S B . 

V a r y i n g p e r c e n t a g e s o f w a t e r a r e s h a k e n m a n u a l l y 

w i t h t h e c o c k t a i l u n t i l f u r t h e r s h a k i n g p r o d u c e d n o 

v i s i b l e c h a n g e i n a p p e a r a n c e o f t h e m i x t u r e . T h e m i x -

t u r e s a r e k e p t i n a c o n t r o l l e d t e m p e r a t u r e b a t h f o r 

s e v e r a l h o u r s , s h a k e n a g a i n , a n d k e p t 1 8 h o u r s a t t h e 

s a m e t e m p e r a t u r e . T h e p h y s i c a l a p p e a r a n c e i s p l o t t e d 

a s F I G . I , a t t a c h e d . N o t e t h a t t h e w a t e r l e v e l s f r o m 

0 - 4 % a r e n o t p r a c t i c a l l y u s a b l e i n t h e L S C b e c a u s e t h e 

m i x t u r e s e p a r a t e s i n t o t w o l i q u i d p h a s e s . A t t h e c o m -

m o n i n s t r u m e n t a l c o u n t i n g t e m p e r a t u r e o f 5 ° C , t h e 

w a t e r l e v e l s f r o m 1 1 - 1 6 % a r e n o t u s a b l e , a n d a t t h e 

c o m m o n c o u n t i n g t e m p e r a t u r e o f 2 4 ° C , w a t e r l e v e l s 

f r o m 1 5 - 2 0 % a r e n o t u s a b l e , b e c a u s e o f p h a s e s e p a r a -

t i o n . U p t o 2 4 ° C , g e l s a r e f o r m e d w i t h w a t e r l e v e l s 

a b o v e 1 5 - 2 0 % . T h e s e g e l s b e c o m e 2 p h a s e s a f t e r 

s t a n d i n g f o r s e v e r a l d a y s a t 2 0 ° C . 

E X A M P L E V I 

A n L S C c o m p o s i t i o n i s p r e p a r e d b y b l e n d i n g t o -

g e t h e r t o f o r m a c l e a r , p a l e y e l l o w , b l u e - f l u o r e s c e n t 

l i q u i d 2 4 % b y v o l u m e o f a p o l y e t h o x y l a t e d p o l y ( o x y -

p r o p y l e n e ) c o p o l y m e r o f t h e a v e r a g e s t r u c t u r e d e -

s c r i b e d a n d d e p i c t e d a b o v e , w h e r e y = 3 5 a n d ; t = z = 5 . 8 

( P l u r o n i c L 7 2 ) , 2 4 % b y v o l u m e o f a c o p o l y m e r o f 

s i m i l a r s t r u c t u r e w h e r e y = 2 0 . 7 a n d J t = z = 3 . 4 ( P l u r o n i c 

L 4 2 ) , 5 2 % b y v o l u m e 1 , 2 , 4 - t r i m e t h y l b e n z e n e , 0 . 5 0 

g / l i t e r o f B i s - M S B a n d 4 . 0 0 g / l i t e r o f P P O . 

T h e b e h a v i o r o f t h e c o m p o s i t i o n w i t h w a t e r o n k e e p -

i n g a t v a r i o u s t e m p e r a t u r e s f o r 1 8 - 2 4 h o u r s i n t h e 

m a n n e r d e s c r i b e d i n E x a m p l e V i s n o t e d a n d p l o t t e d a s 

F I G . I I , a t t a c h e d . O b s e r v e t h a t t h e w a t e r l e v e l s f r o m 

0 - 2 0 % a r e u s a b l e f o r t h i s L S C i n t h e t e m p e r a t u r e r a n g e 

o f 0 ° - 2 9 ° C , a n d t h a t t h e v a r i o u s m i x t u r e s w i t h w a t e r 

a r e a p p a r e n t l y f r e e f r o m l a r g e r e g i o n s o f b i p h a s i c n a -

t u r e . 

E X A M P L E V I I 

A n L S C c o m p o s i t i o n i s p r e p a r e d b y b l e n d i n g t o -

g e t h e r t o f o r m a c l e a r , p a l e y e l l o w , b l u e - f l u o r e s c e n t 
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l i q u i d 5 0 % b y v o l u m e o f a c o p o l y m e r o f t h e a v e r a g e 

s t r u c t u r e d e s c r i b e d a n d d e p i c t e d a b o v e w h e r e i n y = 3 0 

a n d j t = z = 5 ( p l u r o n i c L 6 2 ) , w i t h 5 0 % b y v o l u m e o f 

1 , 2 , 4 - t r i m e t h y l b e n z e n e , i n w h i c h i s m i x e d 0 . 5 0 g / l i t e r 

2 5 o f B i s - M S B a n d 5 . 0 0 g / l i t e r o f P P O . 

A d d i t i o n o f i n c r e m e n t a l a m o u n t s o f w a t e r a n d a l l o w -

i n g t o s t a n d a s i n e x a m p l e V I I , r e s u l t s i n a c l e a r , a p p a r -

e n t l y m o n o p h a s i c l i q u i d o v e r a r a n g e o f f r o m 0 - 1 2 . 5 % 

w a t e r o v e r a t e m p e r a t u r e r a n g e o f f r o m a b o u t 5 ° t o 
3 0 a b o u t 2 5 ° C . A b o v e 1 2 . 5 % w a t e r t h e m i x t u r e s e p a r a t e d 

i n t o t w o p h a s e s o n k e e p i n g . A t f r o m a b o u t 3 0 t o a b o u t 

5 0 % w a t e r l e v e l s , a t r a n s l u c e n t g e l i s f o r m e d . 

E X A M P L E V I I I 

3 5 A n L S C c o m p o s i t i o n i s p r e p a r e d b y b l e n d i n g t o -

g e t h e r 1 0 0 m l . o f a p o l y e t h o x y l a t e d p o l y ( o x y p r o p y -

l e n e ) o f t h e a v e r a g e s t r u c t u r e d e p i c t e d a b o v e w h e r e 

y = 2 0 . 7 a n d . x = z = 3 . 4 ( P l u r o n i c L 4 2 ) , 1 0 0 m l o f 1 , 2 , 4 -

t r i m e t h y l b e n z e n e , 1 g r a m o f P P O , a n d 0 . 1 g o f B i s -
4 0 M S B . T h i s c o m p o s i t i o n w a s a c l e a r l i q u i d a t 0 , 5 , 1 0 , 

1 5 , a n d 2 0 % w a t e r . A t 2 5 % w a t e r l e v e l , a t w o p h a s e 

s y s t e m w a s o b t a i n e d . 

E X A M P L E I X 

4 5 A n L S C c o m p o s i t i o n i s p r e p a r e d b y b l e n d i n g t o -

g e t h e r 1 0 0 m l . o f a p o l y e t h o x y l a t e d p o l y ( o x y p r o p y -

l e n e ) o f t h e a v e r a g e s t r u c t u r e d e p i c t e d a b o v e w h e r e 

y = 3 5 a n d ; t = z = 5 . 8 ( P l u r o n i c L 7 2 ) , 1 0 0 m l o f 1 , 2 , 4 -

t r i m e t h y l b e n z e n e , 1 g . P P O a n d 0 . 1 g . B i s - M S B . T h i s 

5 0 c o m p o s i t i o n w a s a c l e a r l i q u i d a t 0 , 5 , 1 0 , 1 5 , a n d 2 0 % 

w a t e r . A t t h e l e v e l o f 2 5 % w a t e r a c l e a r g e l w a s f o r m e d . 

E X A M P L E X 

T h e L S C c o m p o s i t i o n s i n E X a m p l e s V , V I , V I I , V I I I , 

5 5 a n d I X a r e t e s t e d f o r L S C e f f i c i e n c y b y t h e m e t h o d 

g e n e r a l l y a c k n o w l e d g e d b y t h o s e s k i l l e d i n t h e a r t t o b e 

m o s t a c c u r a t e , t h a t o f i n t e r n a l s t a n d a r d i z a t i o n . T h e 

i s o t o p e u s e d i s 3 H , a n d t h e f o r m i s 3 H H O . T h e c o u n t i n g 

t e m p e r a t u r e i s 5 ° - 1 2 ° C , a n d t h e i n s t r u m e n t s u s e d a r e 
6 0 P a c k a r d T r i - C a r b 3 3 2 0 ' s , m a d e b y P a c k a r d I n s t r u -

m e n t s C o . , o p e r a t e d t o b e s t a d v a n t a g e f o r e a c h m i x -

t u r e . E f f i c i e n c i e s v a r y f r o m i n s t r u m e n t t o i n s t r u m e n t , 

a n d d e p e n d u p o n t h e s e t t i n g s o f a l l t h e c o u n t i n g p a r a m -

e t e r s o n t h e i n s t r u m e n t . T h e P a c k a r d T r i - C a r b 3 3 2 0 i s 
6 5 a t y p i c a l , c u r r e n t i n s t r u m e n t , w h i c h i s c a p a b l e o f 

c o u n t i n g a s e a l e d , u n q u e n c h e d , t r i t i u m s t a n d a r d a t 

a b o u t 6 0 % e f f i c i e n c y . T h e r e s u l t s a r e s h o w n i n T a b l e I I . 
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Table II 

Tritium Counting Efficiencies of LSC Compositions 
Water LSC Comp. LSC Comp. LSC Comp. LSC Comp. LSC Comp. 
in Sample of Ex V of Ex VI of Ex VII of Ex VIII of EX IX 

none 41% 40% 40% 36% 35% 
5% 34% 35% 35% "31% 32% 
10% 32% 33% 33% . 28% 31% 
15% Phase sep. 32% Phase Sep. 27% 29% 
20% Phase sep. 30% Phase scp. 23% 23% 

M e a s u r e m e n t s m a d e u s i n g t h e s a m e t e c h n i q u e s g i v e 
a 3 3 % c o u n t i n g e f f i c i e n c y f o r 1 0 m l o f t h e L S C c o m p o -
s i t i o n o f E x a m p l e V I w h e n m i x e d w i t h 0 . 9 m l o f t h e 
R I A s a m p l e o f E x a m p l e I V , a n d 3 3 % c o u n t i n g e f f i - 15 
c i e n c y f o r 1 0 m l o f t h e L S C c o m p o s i t i o n o f E x a m p l e 
V I I I w h e n m i x e d w i t h 0 . 9 m l o f t h e R I A s a m p l e o f 
E x a m p l e I V . 

E X A M P L E X I 2 0 

I n m a n y c a s e s t h e a q u e o u s s a m p l e s f o r l i q u i d s c i n t i l -
l a t i o n c o u n t i n g c a n o n l y b e o b t a i n e d i n r a t h e r s m a l l 
v o l u m e , s u c h a s t h o s e o b t a i n e d f r o m a P a c k a r d 3 0 5 
o x i d i z e r , m a d e b y P a c k a r d I n s t r u m e n t s , I n c . S o m e 
s y s t e m s p r o d u c e a q u e o u s s a m p l e o f o n l y 0 . 2 t o 0 . 3 2 5 

w h i l e o t h e r s y s t e m s p u t o u t s a m p l e s o f f r o m a b o u t 0 . 8 
t o 1 . 0 m l . I n a n a l y z i n g t h e s e s m a l l e r a q u e o u s s a m p l e s , 
i t i s d e s i r a b l e t o u s e h i g h e f f i c i e n c y L S C c o m p o s i t i o n s 
h a v i n g l o w e r e m u l s i f i e r c o n t e n t . I t i s p a r t i c u l a r l y d e s i r -
a b l e t o h a v e a s i n g l e L S C c o m p o s i t i o n w h i c h w o u l d 3 0 

h a n d l e b o t h t h e 0 . 2 t o 0 . 3 r a n g e a n d t h e 0 . 8 t o 1 . 0 
r a n g e o f a q u e o u s s a m p l e s i n t e r c h a n g e a b l y . I n o r d e r t o 
d e m o n s t r a t e t h a t t h e m i x t u r e s o f t h e p r e s e n t i n v e n t i o n 
c a n b e u s e d t o h a n d l e b o t h l o w r a n g e s o f a q u e o u s s a m -
p l e w i t h h i g h e r e f f i c i e n c y t h a n p r e v i o u s l y a t t a i n a b l e , a n 3 5 

L S C c o m p o s i t i o n c o n t a i n i n g l o w e r a m o u n t s o f t h e 
e m u l s i f i e r s o f E x a m p l e V I w a s p r e p a r e d b y b l e n d i n g 
1 7 % b y v o l u m e o f P l u r o n i c L 7 2 , 1 7 % b y v o l u m e P l u -
r o n i c L 4 2 , a n d 6 6 % b y v o l u m e 1 , 2 , 4 - t r i m e t h y l b e n z e n e , 
w i t h 0 . 5 0 g / l i t e r o f B i s - M S B a n d 5 . 0 0 g / l i t e r o f P P O . A t 4 0 
t h i s l o w e m u l s i f y i n g l e v e l , p h a s e o b s e r v a t i o n s w i t h i n -
c r e m e n t a l a m o u n t s o f w a t e r d i s c l o s e d a r a n g e b e t w e e n 
a b o u t 0 . 6 a n d 1 . 1 % w a t e r m i x e d w i t h t h e a b o v e c o m -
p o s i t i o n w i t h i n w h i c h a t w o p h a s e , r a t h e r t h a n a s i n g l e 
h o m o g e n e o u s p h a s e l i q u i d r e s u l t e d . H o w e v e r , t h i s 4 5 
p r o b l e m w a s s o l v e d b y a d d i n g 1 2 . 0 g r a m s o f w a t e r p e r 
l i t e r t o t h e a b o v e c o m p o s i t i o n a n d t h e r e a f t e r t r e a t i n g 
t h i s w a t e r - a u g m e n t e d l i q u i d a s t h e b a s e L S C c o m p o s i -
t i o n . T h e e f f i c i e n c i e s m e a s u r e d f o r t h i s w a t e r - a u g -
m e n t e d L S C c o m p o s i t i o n f o r 0 , 5 , a n d 9 . 1 % a q u e o u s 5 0 

s a m p l e s , a r e r e p o r t e d i n T a b l e III a s L S C c o m p o s i t i o n 
X I - A . W i t h t h i s w a t e r - a u g m e n t e d L S C c o m p o s i t i o n , n o 
b i p h a s i c r a n g e s b e t w e e n a b o u t 0 a n d 9 . 1 % a r e o b -
s e r v e d . O f c o u r s e , i f o n e c o u l d b e s u r e t h a t a l l o f t h e 
a q u e o u s s a m p l e s t o b e t e s t e d w o u l d b e a b o v e o r b e l o w 5 5 
t h e 0 . 6 t o 1 . 1 % r a n g e , t h e w a t e r a u g m e n t a t i o n w o u l d 
n o t b e n e c e s s a r y i n o r d e r t o a v o i d p h a s e s e p a r a t i o n , 
a n d i n t h a t c a s e t h e e f f i c i e n c i e s o b t a i n e d f r o m t h e 
m i x t u r e s o f t h e p r e s e n t i n v e n t i o n w o u l d e v e n b e 
s l i g h t l y h i g h e r . H o w e v e r , i n t h e i n t e r e s t o f h a v i n g a n 6 0 
L S C c o m p o s i t i o n w h i c h c a n h a n d l e t h i s e n t i r e r a n g e o f 
l o w l e v e l a q u e o u s s a m p l e c o n t e n t , t h e s l i g h t l o s s i n 
e f f i c i e n c y c a u s e d b y w a t e r a u g m e n t a t i o n c a n b e t o l e r -
a t e d . 

F o r c o m p a r i s o n , a n L S C c o m p o s i t i o n i s c h o s e n 6 5 

w h i c h i s b e l i e v e d t o b e t h e m o s t e f f i c i e n t o f p r i o r L S C 
s y s t e m s f o r t h i s r a n g e o f a q u e o u s s a m p l e l e v e l s . I t i s 
p r e p a r e d b y b l e n d i n g t o g e t h e r 2 5 0 m l o f a n e t h o x y l -

a t e d d o d e c y l p h e n o l o f t h e f o l l o w i n g a v e r a g e s t r u c t u r e 
( T e r g i t o l 1 2 P - 9 , U n i o n C a r b i d e ) : 

P—(T—C12H25)—CJH*—O—(CH2CH2—O),—H 
w i t h 6 5 0 m l o f 1 , 2 , 4 - t r i m e t h y l b e n z e n e , 1 0 0 g o f n a p h -
t h a l e n e , 3 . 9 2 g o f P P O a n d 0 . 0 8 g o f B i s - M S B . T h i s 
L S C c o m p o s i t i o n i s d e s i g n a t e d a s L S C c o m p o s i t i o n 
X I - B i n T a b l e III . 

T h e b e h a v i o r o f t h i s c o m p o s i t i o n w i t h w a t e r o n k e e p -
i n g a t v a r i o u s t e m p e r a t u r e s f o r 1 8 - 2 4 h o u r s i s s h o w n i n 
F I G . III. O b s e r v e t h a t w a t e r l e v e l s a r e u s a b l e a t 2 3 ° C 
f r o m 0 - 0 . 9 % w a t e r , n o t u s a b l e f r o m a b o u t 0 . 9 - 2 . 9 % 
w a t e r , t h e n u s a b l e a g a i n f r o m 2 . 9 - 1 3 . 5 % w a t e r . F u r -
t h e r o b s e r v e t h a t m i x t u r e s p r e p a r e d w i t h w a t e r a t t h e 
c o m m o n r o o m t e m p e r a t u r e s o f 2 0 ° - 3 0 ° C b e c o m e b i -
p h a s i c o n k e e p i n g i n L S C i n s t r u m e n t s a t t h e c o m m o n 
i n s t r u m e n t a l t e m p e r a t u r e o f 5 ° , 1 0 ° , a n d 1 2 . 5 ° C . T h e s e 
p h a s e a n o m a l i e s a r e n o t c u r a b l e b y w a t e r a u g m e n t a -
t i o n , a s c a n b e d o n e w i t h t h e L S C m i x t u r e s w i t h w h i c h 
t h e c o m p a r i s o n i s m a d e . T h e c o u n t i n g e f f i c i e n c i e s a r e 
g i v e n i n T a b l e III , a n d w e r e d e t e r m i n e d i n t h e s a m e 
m a n n e r a s t h o s e r e p o r t e d i n T a b l e II . 

Table III 

Tritium Counting Efficiencies for Low Aqueous 
Sample Levels 
Water in Sample LSC Comp. XI-A LSC Comp. XI-B 

n o n e 4 1 % 4 1 % 
5.0% 39% 37% 
9.1% 36% 34% 

I n a d d i t i o n t o h a v i n g h i g h e r c o u n t i n g e f f i c i e n c i e s a n d 
b e i n g m o n o p h a s i c t h r o u g h o u t t h e r a n g e o f 0 - 9 . 1 % 
w a t e r , t h e w a t e r a u g m e n t e d L S C c o m p o s i t i o n X I - A 
d o e s n o t r e q u i r e t h e p r e s e n c e o f n a p h t h a l e n e , w h i c h 
m a k e s L S C c o m p o s i t i o n X I - B r a t h e r p u n g e n t , a n d t h u s 
c o m p o s i t i o n X I - A i s m o r e c o m f o r t a b l y h a n d l e d i n L S C 
a n a l y s i s . 

E X A M P L E X I I 

T h e L S C c o m p o s i t i o n i n E x a m p l e s V I , X I - A , a n d 
X I - B a r e t e s t e d f o r l u m i n e s c e n c e o r p h o s p h o r e s c e n c e 
( w h i c h , i f p r e s e n t w o u l d l e a d t o f a l s e c o u n t s ) o n t h e 
P a c k a r d 3 3 2 0 c o u n t e r s b y i r r a d i a t i o n o f 1 0 m l v o l u m e s 
o f t r i p l i c a t e s a m p l e s o f e a c h c o m p o s i t i o n u n d e r s t a n -
d a r d c o n d i t i o n s o f c o n t a i n e r , g e o m e t r y , t e m p e r a t u r e 
a n d t i m e , b y m e a n s o f a m e r c u r y v a p o r l a m p . T h i s i s 
i n t e n d e d t o s i m u l a t e t h e m i x i n g o f a n L S C s a m p l e i n 
s t r o n g f l u o r e s c e n t l i g h t o r i n c i d e n t s u n l i g h t , a p r o c e -
d u r e k n o w n t o g i v e f a l s e c o u n t s d u e t o p h o s p h o r e s c -
e n c e a n d n o t r a d i o a c t i v i t y . T h e f e w e r c o u n t s o b t a i n e d 
u n d e r t h e s e s t a n d a r d c o n d i t i o n s , w h e n t h e s a m p l e s a r e 
c o u n t e d a s t h o u g h t h e y c o n t a i n e d t r i t i u m , t h e b e t t e r . 
T h e r e s u l t s a r e r e p o r t e d i n T a b l e I V . 
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Table IV 

Counts per Minute Observed in Uniform Test of 
Ultraviolet-Light-Induced Luminescence 

LSC Composition of Example VI 
LSC Composition of Example XI-A 
LSC Composition of Example XI-B 

mean value ~ 650 cpm 
mean value — 1 OOcpm 
mean value — 1400 cpm 

HO—[CH2—CH2—Ojj—[CH—CH2—0]„—[CH2CH2—0]2—H 

CH, 

20 

I n s u m , i t h a s b e e n f o u n d t h a t L S C c o m p o s i t i o n s 1 0 

c o n t a i n i n g p o l y e t h o x y l a t e d p o l y ( o x y p r o p y l e n e ) e m u l -
s i f i e r s , t a k e n s i n g l y , w h i c h h a v e f r o m a b o u t 1 8 t o 2 8 
o x y p r o p y l e n e g r o u p s p e r c h a i n o r f r o m a b o u t 3 2 t o 4 0 
o x y p r o p y l e n e g r o u p s p e r c h a i n , a n d w h i c h h a v e a c h a i n 
c o n t e n t o f p o l y ( o x y e t h y l e n e ) o f f r o m a b o u t 1 0 t o 3 0 % 1 5 

o f t h e i r p o l y ( o x y p r o p y l e n e ) c o n t e n t , a c c o m o d a t e 
l a r g e a m o u n t s o f a q u e o u s s a m p l e o v e r w i d e t e m p e r a -
t u r e r a n g e s t o g i v e h o m o g e n e o u s , a p p a r e n t l y m o n o -
p h a s i c l i q u i d s w h i c h a r e s u i t a b l e f o r l i q u i d s c i n t i l l a t i o n 
c o u n t i n g . T h i s i s p a r t i c u l a r l y s u r p r i s i n g i n v i e w o f t h e 
f a c t t h a t a m a t e r i a l o f t h e s a m e s t r u c t u r e b u t h a v i n g a n 
o x y p r o p y l e n e c h a i n l e n g t h b e t w e e n t h e t w o r a n g e s 
( P l u r o n i c L 6 2 ) i s m u c h m o r e l i m i t e d i n i t s a q u e o u s 
s a m p l e h o l d i n g c a p a c i t y . I t h a s f u r t h e r b e e n f o u n d t h a t 2 5 

e m u l s i f i e r s o f t h e s a m e s t r u c t u r e a n d h a v i n g a n o x y p r o -
p y l e n e c h a i n l e n g t h o f f r o m a b o u t 1 8 t o a b o u t 5 0 , 
t a k e n s i n g l y , a r e c o n s i s t e n t l y s u c c e s s f u l i n d i s p e r s i n g 
s a m p l e s f r o m r a d i o i m m u n o a s s a y o r o t h e r c o m p e t i t i v e 
b i n d i n g a n a l y s e s t o f o r m h o m o g e n e o u s l i q u i d s w h i c h 3 0 

a r e s u i t a b l e f o r s c i n t i l l a t i o n c o u n t i n g w h e r e a s p r i o r 
e m u l s i f i e r s w e r e u n s u c c e s s f u l . I t h a s f u r t h e r b e e n f o u n d 
t h a t m i x t u r e s o f e m u l s i f i e r s h a v i n g t h e s a m e s t r u c t u r a l 
f o r m u l a w i t h f r o m a b o u t 1 5 t o 5 6 o x y p r o p y l e n e u n i t s 
p e r c h a i n a n d a c h a i n c o n t e n t f r o m a b o u t 1 t o a b o u t 3 0 3 5 

o x y e t h y l e n e u n i t s a r e e v e n b e t t e r t h a n t h e a b o v e 
g r o u p s o f t h o s e e m u l s i f i e r s i n a b i l i t y t o h o m o g e n e o u s l y 
d i s p e r s e a q u e o u s s a m p l e s i n c l u d i n g R I A a n d o t h e r 
s a m p l e s , i n h a v i n g i n c r e a s e d c o u n t i n g e f f i c i e n c i e s , a n d 
i n o t h e r w a y s . 4 0 

W h i l e a n u m b e r o f e m b o d i m e n t s h a v e b e e n d e -
s c r i b e d w i t h p a r t i c u l a r i t y , o t h e r e m b o d i m e n t s , u s e s a n d 
a d v a n t a g e s w i l l b e a p p a r e n t t o t h o s e s k i l l e d i n t h e a r t 
f r o m t h i s d i s c l o s u r e . I t i s i n t e n d e d t h a t t h e p r e s e n t 
d i s c l o s u r e b e m e r e l y e x e m p l a r y a n d n o t l i m i t i n g , a n d 4 5 
t h e s c o p e a n d s p i r i t o f t h e i n v e n t i o n i s i n d i c a t e d b y t h e 
f o l l o w i n g c l a i m s : 

I c l a i m : 
1 . A l i q u i d s c i n t i l l a t i o n c o u n t i n g c o m p o s i t i o n , c o m -

p r i s i n g a t l e a s t o n e s o l v e n t , a s c i n t i l l a t i n g s o l u t e a n d a 5 0 
s u r f a c e a c t i v e a g e n t , s a i d s u r f a c e a c t i v e a g e n t c o m p r i s -
i n g a m i x t u r e o f a f i r s t m a t e r i a l h a v i n g t h e f o l l o w i n g 
s t r u c t u r a l f o r m u l a : 
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2 . T h e c o m p o s i t i o n o f c l a i m 1 , w h e r e i n y a n d y' a r e 
f r o m a b o u t 1 8 t o a b o u t 5 0 a n d t h e t o t a l [ C H 2 C H 2 0 ] 
c o n t e n t s a r e f r o m a b o u t 1 0 t o a b o u t 3 0 % o f t h e t o t a l 
w e i g h t i n b o t h m o l e c u l e s . 

3 . T h e c o m p o s i t i o n o f c l a i m 1 , i n w h i c h t h e s u m o f * 
p l u s y p l u s z i s g r e a t e r t h a n t h e s u m o f x' p l u s y' p l u s z'. 

4 . T h e c o m p o s i t i o n o f c l a i m 3 , w h e r e i n y i s f r o m 
a b o u t 3 0 t o 5 6 , a n d y' i s f r o m a b o u t 1 5 t o 3 0 . 

5 . T h e c o m p o s i t i o n o f c l a i m 3 , w h e r e i n y i s f r o m 
a b o u t 3 2 t o 4 0 , a n d y' i s f r o m a b o u t 1 8 t o 2 8 . 

6 . T h e c o m p o s i t i o n o f c l a i m 1 , w h e r e i n y i s a b o u t 3 5 
a n d y' i s a b o u t 2 0 . 

7 . T h e c o m p o s i t i o n o f c l a i m 1 , f u r t h e r c o m p r i s i n g a n 
a q u e o u s s a m p l e t o b e m e a s u r e d . 

8 . T h e c o m p o s i t i o n o f c l a i m 7 , s a i d a q u e o u s s a m p l e 
b e i n g p r e s e n t i n t h e l i q u i d s c i n t i l l a t i n g c o m p o s i t i o n i n 
t h e r a n g e o f b e t w e e n a b o u t 1 a n d 2 5 % . 

9 . A l i q u i d s c i n t i l l a t i o n c o u n t i n g c o m p o s i t i o n , c o m -
p r i s i n g a t l e a s t o n e s o l v e n t , a s c i n t i l l a t i n g s o l u t e a n d a 
s u r f a c e a c t i v e a g e n t , s a i d s u r f a c e a c t i v e a g e n t c o m p r i s -
i n g a m a t e r i a l h a v i n g t h e f o l l o w i n g s t r u c t u r a l f o r m u l a : 

H 0 - [ C H 2 - C H 2 - 0 ] , - [ C H - C H 2 - 0 ] „ - [ C H 2 - C H 2 - 0 ] J - H 

w h e r e i n y i s f r o m a b o u t 1 5 t o 5 6 , a n d x a n d z a r e f r o m 

a b o u t 1 t o 3 5 , a n d a s e c o n d , d i f f e r e n t m a t e r i a l h a v i n g 6 0 

t h e f o l l o w i n g s t r u c t u r a l f o r m u l a : 

HO— [CH2—CH2—O] — [CH — CH2—O] —[CH2CH20] —H X> j V' 2' 
C H , 6 5 

w h e r e i n y' i s f r o m a b o u t 1 5 t o 5 6 , a n d x' a n d z' a r e 
f r o m a b o u t 1 t o 3 5 . 

I 
CH3 

w h e r e i n y i s s e l e c t e d f r o m t h e r a n g e s o f 1 8 t o 2 8 a n d 3 2 
t o 4 0 , a n d t h e t o t a l [ C H 2 — C H 2 — O ] c o n t e n t i s f r o m 
a b o u t 1 0 t o 3 0 % b y w e i g h t o f t h e m o l e c u l e . 

1 0 . A m e t h o d o f l i q u i d s c i n t i l l a t i o n c o u n t i n g c o m -
p r i s i n g m i x i n g a s a m p l e t o b e a n a l y z e d w i t h a l i q u i d 
s c i n t i l l a t i o n c o m p o s i t i o n c o m p r i s i n g a m i x t u r e o f a first 
m a t e r i a l h a v i n g t h e f o l l o w i n g s t r u c t u r a l f o r m u l a : 

H O - [ C H J - C H S - O L - T C H - C H S - O ] „ - [ C H 2 - C H 2 - 0 - ] ,H 

CH3 

i n w h i c h y i s f r o m a b o u t 1 5 t o 5 6 a n d x a n d z a r e f r o m 

a b o u t 1 t o a b o u t 3 5 , a n d a s e c o n d m a t e r i a l h a v i n g t h e 

f o l l o w i n g s t r u c t u r a l f o r m u l a : 

HO—[CH2—CHJ—O—] [CH—CH2—O] — LCH2—CH2—O] H 
•r' j V z' 

CH, 

i n w h i c h y' i s f r o m a b o u t 1 5 t o a b o u t 5 6 a n d JE a n d z a r e 
f r o m a b o u t 1 t o 3 5 , a n d e x p o s i n g t h e l i q u i d s c i n t i l l a t i o n 
c o m p o s i t i o n t o a s c i n t i l l a t i o n c o u n t e r . 

1 1 . T h e m e t h o d o f c l a i m 1 0 , i n w h i c h y a n d y' a r e 
f r o m a b o u t 1 8 t o a b o u t 5 0 , a n d t h e t o t a l [ C H 2 — C H -

2 — O ] c o n t e n t s a r e f r o m a b o u t 1 0 t o a b o u t 3 0 % o f t h e 
t o t a l w e i g h t i n b o t h m o l e c u l e s . 

1 2 . T h e m e t h o d o f c l a i m 1 1 i n w h i c h y i s f r o m a b o u t 
3 0 t o 5 6 a n d y' i s f r o m a b o u t 1 5 t o 3 0 . 

1 3 . T h e m e t h o d o f c l a i m 1 2 i n w h i c h y i s a b o u t 3 5 
a n d y' i s a b o u t 2 0 . 

1 4 . A m e t h o d o f l i q u i d s c i n t i l l a t i o n c o u n t i n g c o m -
p r i s i n g a d d i n g a s a m p l e t o b e a n a l y z e d t o a l i q u i d s c i n -
t i l l a t i o n c o m p o s i t i o n c o m p r i s i n g a m a t e r i a l h a v i n g a 
m a t e r i a l h a v i n g t h e f o l l o w i n g s t r u c t u r a l f o r m u l a : 

HO[CH2—CH2—0]J.— [CH—CH2—0]Y—[CHJ—CH2—O],—H 

CH3 



3,939,094 
17 18 

in which y is selected from the ranges of about 18 to f , m o l e c u l e 
about 28 and about 32 to about 40, and the total 
[CH2—CH2—0] content is about 10 to 30% by weight * * * ' 
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