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57 ABSTRACT 
A method for fluorescence enhancement of dansyl de 
rivatives of active hydrogen compounds which are 
easily separated in a liquid chromatography column 
using a polar solvent system but whose fluorescence 
efficiency is diminished in such polar solvents, by 
changing the environment of the dansyl derivative 
without changing the solvent. 
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1. 

FLUORESCENCE ENHANCEMENT OF DANSYL 
DERVATIVES 

DESCRIPTION 5 
1. Technical Field 
This invention relates to a novel method for fluores 

cence enhancement of dansylated derivatives eluted 
from a liquid chromatography column, and, more spe 
cifically, to a method for enhancing fluorescence by 9 
changing the environment of the dansylated derivatives 
without changing the solvent. 

2. Background Art 
For many years one of the aims of liquid chromatog 

raphy and especially HPLC has been the identification 15 
and/or quantitation of small amounts of compounds as 
they are eluted from the chromatography column with 
out further separation or manipulation steps. Recently, 
this has been especially true of biologically important 
compounds, many of which contain an active hydrogen 20 
site. Such compounds are normally isolated as mixtures 
in small quantities. Because of the active hydrogen, 
these compounds are readily converted to derivatives 
to enhance detectability. 

Dansyl derivatives of active hydrogen compounds 25 
such as phenols, amines and amino acids are known. 
Fluorescence detection of these derivatives after liquid 
chromatography, can be accomplished using either 
polar or non-polar solvent systems. However, the sam 
ple quantity necessary for detection varies with the 30 
solvent. In non-polar solvent systems, the fluorescence 
of these dansyl derivatives is high but the separation is 
often poor. When polar solvent systems are used for 
gradient elution, separation is good. However, fluores 
cence response is low and non-uniform, that is, the 35 
fluorescence efficiency changes with a change in sol 
vent polarity. In the prior art, either separation or fluo 
rescence efficiency is sacrificed to detect dansyl deriva 
tives of active hydrogen compounds. 
Another prior art method to increase fluorescence of 40 

dansyl derivatives of active hydrogen compounds 
eluted from chromatography columns, has been to 
achieve separation using a polar solvent system and 
then evaporate or otherwise remove the polar solvent 
and replace it with a non-polar solvent. There is, how- 45 
ever, a likelihood of sample loss during solvent re 
moval, especially when dealing with small sample quan 
tities, and an increased analysis time required for sol 
vent removal. 
Packed flow cells have been used in the prior art. In 50 

U.S. Pat. No. 4,181,853, assigned to the same assignee as 
the present invention, a flow cell packed with aflatoxin 
adsorbing particles such as silica, alumina, a bonded 
phase or an ion exchange resin, was used to increase the 
fluorescence of aflatoxins eluted from a non-polar col- 55 
umn in non-polar solvents. Lloyd The Analyst, 
100(1193), 529(1975) used a flow cell packed with silica 
to detect the fluorescence of polynuclear aromatic hy 
drocarbons. However, neither of these documents dis 
cusses the fluorescence enhancement of dansyl deriva- 60 
tives eluted in a polar solvent by using a flow cell 
packed with a non-polar packing, that is, a change in the 
sample environment without changing the solvent. 

DISCLOSURE OF THE INVENTION 
It is accordingly one object of the present invention 

to provide a novel method for fluorescence enhance 
ment of mixtures of dansyl derivatives of active hydro 
gen compounds which are easily separated in a liquid 
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chromatography column using a polar solvent system 
but whose fluorescence efficiency is diminished in such 
polar solvents, 
A further object is to provide such an automatic 

method for fluorescence enchancement by changing the 
environment of dansyl derivatives of active hydrogen 
compounds as they are eluted in polar solvent systems 
without changing the solvent system. 
An even further object is to provide a fluorescence 

enhancement method in which the polar eluant contain 
ing dansyl derivatives of active hydrogen compounds is 
passed through a cell packed with a non-polar packing 
material in such a way that there is caused a dynamic 
equilibrium of the dansyl derivative of the active hydro 
gen compound between the polar solvent system and 
the non-polar packing material. 
A further object is to provide a method for fluores 

cence enhancement in which the polar eluant contains 
dansyl derivatives of active hydrogen compounds 
whose fluorescences are enhanced in non-polar solvents 
and impurities or contaminants which cannot be com 
pletely separated by liquid chromatography but whose 
fluorescence is quenched in non-polar solvents. This 
method includes passing the polar eluant containing a 
dansyl derivative and an impurity or contaminant 
through a flow cell packed with a non-polar packing 
material in such a way that there is caused a dynamic 
equilibrium of the dansyl derivative of the active hydro 
gen compound and impurity or contaminant between 
the polar solvent system and the non-polar packing 
material. The fluorescence of the dansyl derivative of 
the active hydrogen compound is enhanced and the 
fluorescence of the impurity or contaminant is dimin 
ished. 

It is an even further object to provide a method for 
fluorescence enhancement of dansyl derivatives of ac 
tive hydrogen compounds which enables good separa 
tion of the dansyl derivatives while enabling increased 
sensitivity, thereby allowing the detection of small 
quantities of dansyl derivatives of active hydrogen com 
pounds. 

Other objects and advantages of the present invention 
will become apparent as the description thereof pro 
ceeds. 

In satisfaction of the foregoing objects and advan 
tages, there is provided by the present invention a 
method for enhancing the fluorescence of dansyl deriv 
atives of active hydrogen compounds which changes 
the environment of the dansyl derivative without 
changing the solvent. The method includes the first 
essential step of passing the polar dansyl derivative-con 
taining eluant eluted from a non-polar chromatography 
column through a flow cell packed with a non-polar 
packing material whereby there is caused a dynamic 
equilibrium of the dansyl derivative compound between 
the polar solvent and the non-polar packing material. 
The packed flow cell is irradiated with electromagnetic 
radiation of a frequency that causes the dansyl deriva 
tive to fluoresce in the non-polar environment and the 
fluorescence of the dansyl derivative is detected. 

In addition, there is provided by the present invention 
a method for enhancing the fluorescence of dansyl de 
rivatives of active hydrogen compounds which cannot 
be completely separated by liquid chromatography 
using polar solvent systems, but whose impurity or 
contaminant has a fluorescence which is quenched in 
non-polar environments while the fluorescence of the 
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dansyl derivative is enhanced in non-polar environ 
ments. The method includes the first step of passing the 
mixture eluted from a non-polar chromatography col 
umn in a polar solvent through a cell packed with a 
non-polar packing material in such a way that there is 
caused a dynamic equilibrium of the dansyl derivative 
and the contaminant between the polar solvent system 
and the non-polar cell packing material, thereby causing 
a change in sample environment without changing sol 
vent. The packed flow cell is irradiated with electro 
magnetic radiation of a frequency that causes the dansyl 
derivative to fluoresce in the non-polar environment 
and the impurity or contaminant to be quenched, and 
the fluorescence of the dansyl derivative is detected. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

As indicated above, the present invention is con 
cerned with a method for enhancing the fluorescence 
detection of dansyl derivatives which have been sepa 
rated using a polar solvent system. For good separation 
of mixtures of dansyl derivatives of active hydrogen 
compounds, non-polar column packings such as mi 
croparticulate silica bonded to, for example, hydrocar 
bons of carbon chain length 2-22, phenyl, diphenyl, 
phenylethyl or alkylcyano are advantageously used. A 
hydrocarbon of carbon chain length 16-20 is preferred. 
These column packing materials are available commer 
cially as, for example, LiChrosorb RP-8 or RP-18, Li 
Chroprep RP-8 or RP-18 (5, 10, 25-40 micron silica) 
from Merck & Co., Inc.; u-Bondapak-phenyl, -C- 
18,-CN (10 micron silica) from Waters, Inc.; and Par 
ticil-10-ODS (C-18 on 18 micron silica) from Whatman, 
Inc. The microparticulate silica has a particle size of 
about 10-40 microns with a particle size in the range of 
10-20 microns being preferred. The solvent systems 
used for these separations are typically polar gradient 
elution systems with solvent polarity decreasing with 
time. The solvent systems are generally composed of 
two or three solvents with a two solvent system being 
preferred. The two solvent system can contain one or 
two polar solvents with one polar solvent being pre 
ferred. 
The flow cell is of the type commercially available 

and is preferably of a size about 2 mm x 8 mm. The cell 
is packed with a non-polar packing material by methods 
known in the art. The non-polar packing material may 
be the same as or different from the non-polar column 
packing material used to separate mixtures of the dansyl 
derivatives. However, in the case where the packing 
materials are different, the retention of the flow cell 
packing must be between and 3 times that of the ana 
lytical column to prevent separations in the flow cell. 
The flow cell packing materials are microparticulate 
silica bonded to, for example, hydrocarbons of carbon 
chain length 2-22, phenyl, diphenyl, phenylethyl, or 
alkylcyano. These packing materials are available com 
mercially as chromatography column packing materials 
from, for example, Merck, Whatman or Waters (see the 
column packings listed above). A hydrocarbon of car 
bon chain length 16-20 is preferred. The microparticu 
late silica has a particle size in the range of 10-40 mi 
crons with a particle size of 10-20 microns being pre 
ferred. 

Dansylation of active hydrogen compounds by reac 
tion with dansyl chloride is known in the art. Examples 
of active hydrogen compounds which are particularly 
illustrative of the present invention are phenols, amines, 
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4. 
and amino acids. The preferred amino acids are histi 
dine, lysine and tyrosine. 

Detection of dansyl derivatives is typically accom 
plished using fluorescence. It is known in the art that 
the fluorescence intensity of dansyl derivatives varies 
with solvent polarity. For example, dansylethylamine 
shows a fluorescence intensity of 100 in methanol at a 
fluorescence maxima of 520 nanometers while in a ben 
zene solvent the intensity is 165 at a fluorescence max 
ima of 483 nanometers; dansylphenol shows a fluores 
cence intensity of 10 in methanol at 540 nanometers and 
a fluorescence intensity of 168 in benzene at 508 nano 
meters; and dansyltyramine has a fluorescence of 58 in 
methanol at 525 nanometers and a fluorescence of 232 in 
benzene at 507 nanometers. The enhancement effects 
seen in the present invention are similar to the effects 
illustrated here. If a gradient elution solvent system 
going from polar to non-polar is used to separate a 
mixture of dansyl derivatives, the fluorescence for those 
compounds eluting in a polar solvent will be low while 
the fluorescence intensity will be higher for those com 
pounds eluting in more non-polar solvents. Quantitation 
will thus be difficult if the fluorescence intensity varies 
during the chromatographic run, and larger sample 
quantities will be required if fluorescence is detected in 
a polar environment. w 

In accordance with the present invention, the polar 
dansyl derivative-containing eluant from the liquid 
chromatography column is passed through a flow cell 
packed with the non-polar packing material. In the 
packed flow cell the environment of the dansyl deriva 
tive is changed from polar to non-polar without chang 
ing the solvent and a dynamic equilibrium of the dansyl 
derivative is established between the polar solvent and 
the non-polar cell packing material. The fluorescence of 
the dansyl derivative is determined in the non-polar 
environment using electromagnetic radiation of the 
appropriate wavelength, and after detection the dansyl 
derivative is passed out of the packed flow cell in the 
polar solvent in which the derivative entered the flow 
cell. 
The fluorescence maximum used to irradiate the dan 

syl derivative is that wavelength known in the literature 
to be the fluorescence maximum in a non-polar environ 
ment for the dansyl derivative of interest. In the present 
invention, the fluorescence maximum for dansyl deriva 
tives of amino acids in non-polar solvents is about 485 
nanometers. 

In addition to enhancing the fluorescence of dansyl 
derivatives of active hydrogen compounds which can 
be separated in a non-polar liquid chromatography col 
umn using a polar solvent system, this method also 
applies to those cases in which a dansyl derivative of an 
active hydrogen compound cannot be separated from 
an impurity or contaminant and the fluorescence of the 
impurity or contaminant is quenched in a non-polar 
environment. In this case the polar eluant containing a 
mixture of a dansyl derivative and an impurity or con 
taminant is passed through a flow cell packed with a 
non-polar packing material as is described above. The 
flow cell is irradiated with the appropriate wavelength 
of electromagnetic radiation and the fluorescence of the 
dansyl derivative is detected as described above. 
A specific example of the present invention is set 

forth below. This example is merely illustrative and is 
not in any way to be interpreted as limiting the scope of 
this invention. 
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EXAMPLE 

A mixture of dansyl histidine, E-dansyl lysine, and 
O-dansyl tyrosine is separated on a reverse phase col 
umn of 10 micron microparticulate silica to which is 
chemically bonded along chain hydrocarbon silicone of 
carbon length 18 (e.g., LiChrosorb RP-18 from Merck 
& Co., Inc.) using a gradient elution system of A=0.05 
MKH2PO4, pH 2.1; and B=acetonitrile; 5 to 70% B in 
25 minutes and a flow rate of 1 ml/minute. The prepara 
tion of both the column packing material and the HPLC 
column are known in the art. 
The eluant from the HPLC column is flowed into a 

flow cell packed with 10 micron microparticulate silica 
to which is chemically bonded a long chain hydrocar 
bon 18-carbon silicone of carbon length 18 (e.g., Li 
Chrosorb RP-18 from Merck & Co., Inc.). The flow cell 
is 2 mmx8 mm and the flow rate is 1 ml/minute. The 
flow cell is packed according to procedures known in 
the art. 
The packed flow cell is irradiated with a wavelength 

of light which is the maximum for the compounds in a 
non-polar environment or about 485 nanometers for the 
dansylamino acids of this example and the fluorescence 
is detected using a commercially available fluorescence 
detector such as Fluorichrom. 
The danysl derivative is flowed out of the packed cell 

in the polar eluant in which the dansyl derivative en 
tered the packed cell. 

Further information on the method of this example is 
given in the table below: 
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TABLE 
Fluorescence 

Intensity 35 
Packed Cell 
According to 

Empty Cell the Inven 
Dansyl Elution (Comparison - tion (Non 
Compound Time, Min. Polar Environ.) Polar Environ.) 
Histidine 7.8 0.4 9.3 40 
Lysine 14.9 40 76.8 
Tyrosine 28.6 1.2 6.7 

Also contained in this Table is data for experimenta 
tion that was identical to that carried out above except 
that the flow cell was empty. 
We claim: 
1. A method for enhancing the fluorescence detect 

ability of dansyl derivatives of active hydrogen com 
pounds, which are ideally separated by liquid chroma 
tography using a non-polar column packing material 
and a polar solvent system but whose fluorescence effi 
ciency is diminished by the presence of polar solvents, 
said method comprising the steps of 

(a) passing a polar eluant bearing at least one of said 
dansyl derivatives through a flow cell packed with 
a non-polar packing material whereby there is 
caused a dynamic equilibrium of at least one of said 
dansyl derivatives between the said polar solvent 
system and the said non-polar cell packing mate 
rial; wherein said eluant is eluted from a liquid 
chromatography column packed with an appropri 
ate non-polar packing material using a polar sol 
vent system; 

(b) irradiating said flow cell with electromagnetic 
radiation of a frequency that causes said dansyl 
derivative to fluoresce in the non-polar environ 
ment; and 
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- 6 
(c) detecting the emitted fluorescence; 
whereby the environment of at least one of said dan 

syl derivatives is changed to a non-polar environ 
ment without changing the solvent. 

2. The method of claim 1 wherein said non-polar 
column packing material is a microparticulate silica to 
which is chemically bonded a member of a group com 
prising a hydrocarbon of carbon chain length 2-22, 
phenyl, diphenyl, phenylethyl and alkylcyano. 

3. The method of claim 2 wherein said hydrocarbon 
has a carbon chain length of 16-20. 

4. The method of claim 1 wherein the polar solvent 
system consists of a polar solvent and a non-polar sol 
Vent, 

5. The method of claim 1 wherein said non-polar cell 
packing material is microparticulate silica to which is 
chemically bonded a member of a group comprising a 
hydrocarbon of carbon chain length 2-22 phenyl, di 
phenyl, phenylethyl, and alkylcyano. 

6. The method of claim 5 wherein said hydrocarbon 
has a chain length of 16-20. . . " 

7. The method of claim 1 wherein said flow cell pack 
ing material is the same as the said column packing 
material. 

8. The method of claim 1 wherein said flow cell pack 
ing material is different from said column packing mate 
rial and said flow cell packing material has a retention 
to 3 times that of said column packing material to pre 
vent separation on the said flow cell packing material. 

9. The method of claim 1 wherein said dansyl deriva 
tives are separated on an HPLC column. 

10. The method of claim 1 wherein the said non-polar 
column packing material is microparticulate silica to 
which is chemically bonded a long chain hydrocarbon 
silicone of carbon length 18. , 

11. The method of claim 1 wherein the said polar 
solvent system is a mixture of about 0.05 M potassium 
orthophosphate, about pH 2.1, and acetonitrile; wherein 
the composition of this solvent system changes from 
about 5 to 70% acetonitrile in about 25 minutes. 

12. The method of claim 1 wherein said dansyl deriv 
atives are dansyl derivatives of amino acids which are 
members of a group comprising dansyl histidine, E-dan 
syl lysine, and O-dansyl tyrosine. 

13. The method of claim 1 wherein said flow cell 
packing material is microparticulate silica to which is 
chemically bonded a long chain hydrocarbon silicone of 
carbon chain length 18. 

14. The method of claim 1 wherein the said packed 
flow cell is irradiated with electromagnetic radiation of 
about 485 nanometers. 

15. A method for enhancing the fluorescence detect 
ability of dansyl derivatives of active hydrogen com 
pounds, which cannot be separated from impurities or 
contaminants by liquid chromatography using a non 
polar column packing material and a polar solvent sys 
tem, but the fluorescence efficiency of said dansyl de 
rivative is diminished by the presence of polar solvents 
and the fluorescence efficiency of said impurity or con 
taminant is diminished by the presence of non-polar 
solvents, said method comprising the steps of: 

(a) passing a polar eluant bearing at least one of said 
dansyl derivatives and the said impurity or contam 
inant through a flow cell packed with a non-polar 
packing material whereby there is caused a dy 
namic equilibrium of at least one of said dansyl 
derivatives and the said impurity or contaminant 
between the said polar solvent system and the said 
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non-polar cell packing material; wherein said elu 
ant is eluted from a liquid chromatography column 
packed with an appropriate non-polar packing 
material using a polar solvent system; 

(b) irradiating said flow cell with electromagnetic 
radiation of a frequency that causes said dansyl 
derivative to fluoresce in the non-polar environ 
ment and causes said impurity or contaminant fluo 
rescence to be diminished in the non-polar environ 
ment; and 

(c) detecting the emitted fluorescence; 
whereby the environment of at least one of said dan 

syl derivatives is changed to a non-polar environ 
ment without changing the solvent. 

16. The method of claim 15 wherein said non-polar 
column packing material is a microparticulate silica to 
which is chemically bonded a member of a group com 
prising a hydrocarbon of carbon chain length 2-22, 
phenyl, diphenyl, phenylethyl and alkylcyano. 

17. The method of claim 16 wherein said hydrocar 
bon has a carbon chain length of 16-20. 

18. The method of claim 15 wherein the polar solvent 
system consists of a polar solvent and a non-polar sol 
Vent. 

19. The method of claim 15 wherein said non-polar 
cell packing material is microparticulate silica to which 
is chemically bonded a member of a group comprising a 
hydrocarbon of carbon chain length 2-22, phenyl, di 
phenyl, phenylethyl, and alkylcyano. 

20. The method of claim 19 wherein said hydrocar 
bon has a carbon chain length of 16-20. 
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8 
21. The method of claim 15 in which said flow cell 

packing material is the same as the said column packing 
material. . . 

22. The method of claim 15 in which said flow cell 
packing material is different from said column packing 
material and said flow cell packing material has a reten 
tion to 3 times that of said column packing material to 
prevent separation on the said flow cell packing mate 
rial. 

23. The method of claim 15 wherein said dansyl de 
rivatives and said impurities or contaminants are sepa 
rated as a mixture on an HPLC column. 

24. The method of claim 15 wherein the said non 
polar column packing material is microparticulate silica 
to which is chemically bonded a long chain hydrocar 
bon silicone of carbon length 18. 

25. The method of claim 15 wherein the said polar 
solvent system is a mixture of about 0.05 M potassium 
orthophosphate, about pH 2.1, and acetonitrile; wherein 
the composition of this solvent system changes from 
about 5 to 70% acetonitrile in about 25 minutes. 

26. The method of claim 15 wherein said dansyl de 
rivatives are dansyl derivatives of amino acids which 
are members of a group comprising dansyl histidine, 
E-dansyl lysine, and O-dansyl tyrosine. 

27. The method of claim 15 wherein said flow cell 
packing material is microparticulate silica to which is 
chemically bonded a long chain hydrocarbon silicone of 
carbon chain length 18. 

28. The method of claim 15 wherein the said packed 
flow cell is irradiated with electromagnetic radiation of 
about 485 nanometers. 
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