


Viscosity in centiStokes (cSt) at 25 °C
Ratio of
Cocktail: Water Ultima-Flo™ M Ultima-Flo AP Ultima-Flo AF Ultima-Gold™
No sample 17 14 22 26
3:1 22 20 40 48
2:1 23 22 37 ok
1:1 23 19 wk wk
** Indicates unstable emulsion formed.
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Viscosity comparison with added water.

gel formation and helped to further reduce the vis-
cosity. The use of high quality raw materials in
conjunction with in-process purification and
Packard's patented system for luminescence re-
moval? assured minimal background contribution
and acceptable counting performance. The com-
plexity and nature of samples encountered in FSA
(e.g., phosphate and formate gradients), were
such that different formulations were needed to
effectively satisfy the sampl e acceptance capacities
required by radiochromatographers.

Performance

Theresult of the above devel opment wasthe evolu-
tionof theUltima-Florangeof highflash point, safer
flow cocktails which can perform as substitutes for
theclassical flow cocktailsin all theimportant FSA
areas. The Ultima-Flo range consists of three spe-
cialized cocktailsthat cover virtually all the sample
types encountered in FSA:

 Ultima-FloM (M for multipledilute sampletypes)
* Ultima-Flo AF (AF for ammonium formate)
e Ultima-Flo AP (AP for ammonium phosphate)

Theviscosity reduction achieved over conventional
safer L SC cocktail scan bebest shown by comparing
the Ultima-Flo range with such a cocktail. Thisis
illustrated in Table 1.

Ultima-FloM

Theletter M in Ultima-Flo M refersto its intended
use with multiple dilute sample types. In addition,
Ultima-Flo M is suitable for use at ratios up to 2:1
(cocktail:sample) with methanol /water and acetoni-
trile/water gradientscommoninReversePhaseHPLC
separations. The ®H counting performance
of Ultima-Flo M withvarioussampletypesisshown
in Figure 1.
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Figure 1.
Ultima-Flo M counting performance with various samples
at different ratios of cocktail to sample.




Maximum Sample Optimal Mixing Ratio
Sample Uptake (%) Cocktail:Sample
Deionized water 50.0 1:1
Methanol/water (50/50) 31.0 3:1
Methanol 50.0 1:1
Acetonitrile/water 41.2 2:1
Acetonitrile 50.0 1:1
0.2 M sodium chloride 41.2 2:1
0.15 M sodium chloride 41.2 2:1
0.05 M sodium chloride 50.0 1:1
0.1 M PBS buffer (pH 7.4) 33.3 2:1
0.01 M PBS buffer (pH 7.4) 41.2 2:1
0.01 M PBS/plasma (10%) 459 2:1
1.0 M sodium hydroxide 21.6 4:1
0.5 M sodium hydroxide 35.5 2:1
0.1 M sodium hydroxide 50.0 1:1
0.2 M HEPES (pH 7.2) 50.0 1:1
0.1 M HEPES (pH 7.2) 50.0 1:1
50 mM Tris-HCI 50.0 1:1
0.05 M Na,HPO, 50.0 1:1
0.02 M ammonium formate 50.0 1:1
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Typical sample load capacities for Ultima-Flo M at 20 °C.

The sample acceptance capacities of Ultima-Flo M
are shown in Table 2. These data clearly show
the versatility of Ultima-Flo M with multiple dilute
sampletypes.

Ultima-Flo AP

ThelettersAPinUltima-Flo APrefer toitsintended
use with ammonium phosphate samples and gradi-
ents. Ultima-Flo AP is based on a patented safer
solvent system®which allowsfor evenlower viscos-
ity than with Ultima-Flo M or AF. Where viscosity
isanissue, Ultima-FloAPisgenerally recommended.
Ammonium phosphate gradients are used in the
separation of inositol phosphates using HPLC and
concentrations up to 2.0 M ammonium phosphate
(pH 3.8 with orthophosphoric acid) areroutine. The
sample acceptance and counting performance of
Ultima-Flo AP with this gradient are shown in
Figures 2 and 3.

Ultima-Flo APisalso able to accept other complex
samplesand gradientsincluding 0-1.0 M PBSgradi-
ents, 0-1.0 M sodium hydroxide gradients, metha-
nol/water gradientsand acetonitrile/water gradients.
Asaresult of its wide range of sample acceptance,
Ultima-Flo AP has been shown to be all purpose.
Theperformance of Ultima-Flo APwith PBSgradi-
entisshownin Figure4 and with sodium hydroxide
gradient in Figure 5.

The *H counting performance of Ultima-Flo AP
with methanol/water and acetonitrile/water is
shownin Figure6. Table 3 showsthe broad applica-
bility of Ultima-Flo AP for a variety of samples
and gradients.
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Figure 2.
Ultima-Flo AP performance with 0-2.0 M ammonium
phosphate gradient (pH 3.8).

Figure 4.
Ultima-Flo AP performance with PBS gradient.
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Ultima-Flo AP counting performance with 0-2.0 M
ammonium phosphate gradient (pH 3.8) at different ratios
of cocktail to sample.

Ultima-Flo AF

ThelettersAFinUltima-Flo AFrefer toitsintended
usewith ammonium formate samplesand gradients.
Ammonium formate gradients are also used in
the separation of inositol phosphatesand concentra-
tionsup to>2.0 M ammonium formate (pH 3.8 with
formic acid) have been used routinely. The use of
ammonium formate eluentsin HPL C is uncommon
since the formate can attack stainless steel. There-
fore, the samples are generally collected using a
fraction collector. Ultima-Flo AF is then added to
the discrete fractions of the gradient and counting
is carried out by conventional LSC. The sample
capacity of Ultima-Flo AFfor thecomplete0-2.0 M
gradient is shown in Figure 7 and the *H counting
performance in Figure 8.

Ultima-Flo AP performance with sodium hydroxide
gradient.

Safety

The Ultima-Flo family satisfied the ideal develop-
ment criteria. In addition, they are also safer for the
user and theenvironment. Asconfirmation, all three
cocktails were tested for biodegradability and their
flash points were measured. This ensures that the
final cocktail mixture istested. Test results can be
seenin Table 4.

Packard does not advocate drain disposal of safer
cocktails. The biodegradability tests have been car-
ried out to give an assurance that, in the event of an
accidental small spillage, any wastethat getswashed
into the sanitary sewer system will be biodegrad-
able. Withthe Ultima-Flo family of safer FSA cock-
tails, wasteconsiderationsareimportant astheHPL C
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Figure 6.
3H counting performance of Ultima-Flo AP with methanol/
water and acetonitrile/water.

eluent dictates the form of the waste, in that mixing
toxic, flammabl e el uent (e.g., methanol/water) with
a safer flow cocktail produces a toxic, flammable
waste mixture.

Summary

All the information necessary for the correct selec-
tion of a safer flow cocktail is presented. This
demonstrates that the Ultima-Flo family of FSA
cocktails can be used as substitutes for the classical
flow cocktails that are currently used by many re-
searchers for radiochromatographic separations.
Although the Ultima-Flo range of cocktails was
designed for usein FSA, thisdoesnot precludetheir
use in conventional liquid scintillation counting.

Maximum Sample Optimal Mixing Ratio
Sample Uptake (%) Cocktail:Sample
Deionized water 50.0 1:1
Methanol/water (50/50) 28.6 3:1
Methanol 50.0 1:1
Acetonitrile/water 31.0 3:1
Acetonitrile 50.0 1:1
1.0 M sodium hydroxide 23.1 4:1
0.5 M sodium hydroxide 28.6 3:1
0.1 M sodium hydroxide 50.0 1:1
1.0 M PBS 31.0 3:1
0.5 M PBS 37.5 2:1
0.1 M PBS 50.0 1:1
0.01 M PBS 33.3 2:1
0.2 M sodium chloride 333 2:1
0.05 M Na,HPO, 50.0 1:1
0.01 M PO,/methanol (50/50) 28.6 3:1
0.01 M PO,/acetonitrile (50/50) 33.3 2:1
0.01 M PBS/methanol (50/50) 28.6 3:1
0.01 M PBS/acetonitrile (50/50) 28.6 3:1
5.0 M guanidine 19.4 4:1
2.0 M guanidine 31.0 3:1
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Typical sample load capacities for Ultima-Flo AP at 20 °C.




e, — 25 M Ratios
er at20°C 2 407 0 2
< 354 3 3:1
o1 Molm— = ] e
— 5 M 5
0.5 Molar 2 55
@
10 Molu,.— £ 201
E 154
=
15 Mol — =
olar £ ol
20 Molar— 5
o 1 2 3 4 5 6 1 8 90 10 0 T T r—
mL Gradient Uptake per 10 mL Cocktail Water 0.5 Molar 1.0 Molar 2.0 Molar
Figure 7. Figure 8.

Ultima-Flo AF performance with 0-2.0 M ammonium
formate (pH 3.8) gradient.

Ultima-Flo AF counting performance with 0-2.0 M
ammonium formate (pH 3.8) gradient at different ratios of
cocktail to sample.

Cocktail Flash Point

Biodegradability

Ultima-Flo M 120 °C (248 °F)

Readily biodegradable by ISO method 7827-1984(E)
(equivalent to OECD 301E)

Ultima-Flo AP 120 °C (248 °F)

Inherently biodegradable by Zahn/Wallens EMPA test
(equivalent to OECD 302B)

Ultima-Flo AF 120 °C (248 °F)

Readily biodegradable by ISO method 7827-1984(E)
(equivalent to OECD 301E)
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Their ability to accept medium to large amounts of
complex sampletypesoften makesthemthecocktail
of choicein certain LSC applications.

Conclusion

The Packard Ultima-Flo family of safer, high flash
point FSA cocktails are suitable for use in flow
scintillation counting and offer both user and envi-
ronmental safety aswell asperformance. In particu-
lar, the broad applicability of Ultima-Flo AP for a
diverserangeof eluents, gradientsand samples, may
establish this unique cocktail as an al purpose or
universal FSA cocktail.
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