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ABSTRACT

A fluorometric detection technique for liquid chromatography is

Fluorescence is monitored from adescribed in Part I of this thesis,

highly excited molecular state following sequential resonant excita-

Detection limits in the low nanogram range and linearity over

three decades of concentration are demonstrated for the separation of

tion.

Possible improvements in sensitivity andseveral derivatized amines.

selectivity are also discussed.

The unique properties of the laser and the dependence of fluo

rescence signals on photon density for techniques excited by two pho

tons are shown to facilitate miniaturization of flow cells without

loss in signal.

Part II of this thesis presents three different modes of laser

Detection limitsfluorometric detection for thin-layer chromatography,

in the low to mid picogram range and linearity over approximately three

decades of concentration are demonstrated for the separation of several

The sensitivity andderivatized amines and oxadiazole compounds,

selectivity of these techniques along with the unique properties of

the laser should result in future applications of laser fluorimetry

in thin-layer chromatography detection.

11



TABLE OF CONTENTS

PAGECHAPTER

PART I. SEQUENTIALLY EXCITED FLUORESCENCE DETECTION IN

LIQUID CHROMATOGRAPHY 1

2I. INTRODUCTION

Laser Fluorescence Detection . .

Two-Photon Excited Fluorescence.

Sequentially Excited Fluorescence

3

5

6

11II. EXPERIMENTAL SECTION

Sample Preparation
Chromatography . .
Detection

11

11

12

17RESULTS AND DISCUSSION . .

Sensitivity
Linearity
Selectivity
Flow Cell Miniaturization

III.
17

19

21

24

28IV. CONCLUSIONS

PART II. LASER FLUOROMETRIC MODES OF DETECTION IN THIN-LAYER

CHROMATOGRAPHY 29

30I. INTRODUCTION . . .

Apparatus. . . .
Chromatography .

31

34

36II. RESULTS AND DISCUSSION

Sensitivity
Linearity

38

41

43III. CONCLUSIONS

44LIST OF REFERENCES

47VITA

i i i



LIST OF FIGURES

PAGEFIGURE

1. Electronic energy level diagrams of conventional
fluorescence, TPEF and SEF

2. Apparatus used for SEF detection in HPLC

3. Spectral transmittance characteristics of emission
filters

4. Laser power dependence of SEF signal

5. Comparison of pulsed laser excitation (a) and continuous
wave laser excitation (b) for the SEF detection of several

derivatized amines

7

13

14

18

20

6. Calibration plots for NBD-cyclohexylamine using argon

ion laser excitation (a) and N2-pumped dye laser
excitation (b)

7. Logarithmic plot of the two-photon excited fluorescence
signal of a dilute PBD solution vs. the inverse square
of the focusing lens focal length (f)

8. Schematic diagram of laser-based fluorometric detector
for thin-layer chromatography

9. Chromatograms illustrating conventional fluorescence (A)
and SEF (B) detection of several NBD amine derivatives,
and TPEF (C) detection of several oxadiazole compounds ... 37

22

26

32

iv



PART I

SEQUENTIALLY EXCITED FLUORESCENCE DETECTION

IN LIQUID CHROMATOGRAPHY



CHAPTER I

INTRODUCTION

Increasing concern about the carcinogenicity and toxicity of

various nonvolatile organic compounds has led to a need for sensitive

and selective detectors for liquid chromatography (1,2). In the case

of organic compounds exhibiting natural fluorescence, or those which

can be made to fluoresce by derivatization, fluorometric detection is

the most sensitive and generally selective liquid chromatography detec

tor. Sensitivity for fluorescence detection is approximately 3 orders

of magnitude higher than UV-visible absorbance detection (3). This in

creased sensitivity is due to the inherently low optical background

associated with fluorometry. Background signals consist of contribu

tions from Raman scattering, Rayleigh scattering, specular scattering,

and eluent impurity fluorescence. Since conventional fluorescence from

a compound occurs at longer wavelengths than that of excitation, it is

possible to discriminate to a certain extent between the fluorescence

signal and the background (4).

An important advantage of fluorometric detection is its selec

tivity. This selectivity can be attributed to the fact that while few

compounds fluoresce at detectable levels, those that do, absorb and

fluoresce at specific wavelengths providing spectra which can be used

to identify various compounds.

Another advantage associated with fluorometric detection in

liquid chromatography is its insensitivity to the composition and

2
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This tends to lessen the effects on chromat-flowrate of the eluent.

ographic baseline of gradient elution and pump noise which are sig

nificant problems in absorbance detection.

Laser Fluorescence Detection

Increased sensitivity and selectivity are often realized when

a laser is used as an excitation source in fluorometric detection.

Lasers with their characteristic spectral properties offer significant

advantages over incoherent sources (5). Replacement of an incoherent

excitation source by a laser in a conventional fluorometric detector

does not automatically lead to improvements in detectability. Changes

in the optical arrangement of the detector's flow cell will be needed

to utilize the laser's spectral properties to their full extent. It

therefore seems appropriate to expound in further detail on these

properties in order to gain a better understanding as to what changes

will be needed.

The property most often associated with lasers is their high

Many commercially available lasers are capable of aver

age powers of approximately 10 W and peak powers in excess of 1 MW.

output powers.

This is a significant improvements over the output of conventional

light sources with equal bandwidths.

dent on a compound will increase the fluorescence signal up to the

point of excited state saturation.

Increasing the photon flux inci-

This increase in fluorescence sig

nal will not necessarily improve detectability, since a concomitant

increase in the optical background will also occur. Thermal problems
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associated with the nonradiative dissipation of absorbed excitation

Increases in optical background andenergy can also limit detection,

thermal problems can be minimized by utilizing the spatial and tem-

Thus, a significant improvement inporal properties of the laser,

the sensitivity of fluorometric detection will result from the employ

ment of laser excitation.

The properties of the collimated laser beam allow for the out

put of the laser to be focused to extremely small volumes. This has

potential utility in fluorometric detection for "microscale" liquid

chromatography, where ultralow volume detector flow cells are required.

Another advantage of the collimated laser beam results from the fact

that it is far easier to manipulate than the output from a conventional

source and this can lead to a reduction in specular scatter.

Lasers are also unique in their ability to produce intense

photon fluxes in short pulses. These pulsed lasers, when coupled

with synchronous detection can be used to distinguish fluorescence

signal from the Ramen and Rayleigh scatter of the eluent (6). Raman

and Rayleigh scatter is coincident with excitation, while fluorescence

has a finite lifetime after excitation. Rejection of Raman and Ray

leigh scatter can be accomplished by adjusting the detector's response

time to collect only that signal appearing after excitation,

rejection of Raman and Rayleigh scatter, a decrease in background sig

nal will result, leading to improved sensitivity.

With the

The last property of the laser to be mentioned is the mono

chromaticity of the output. The highly monochromatic output of the
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laser results in narrow Raman and Rayleigh bandwidths making it easier

to spectrally reject those components of stray radiation,

excitation sources may also be limited to similarly narrow bandwidths,

but not without a severe reduction in output intensity.

Conventional

Two-Photon Excited Fluorescence

The high output power of lasers makes it possible to observe a

number of "nonlinear" spectroscopic processes which can be applied to

liquid chromatography detection. One example of these "nonlinear"

processes is two-photon excited fluorescence (TPEF). Two-photon ex

citation involves a resonant transition in a molecule, accomplished

by the simultaneous absorption of two photons (7). One aspect of two-

photon excitation is that it involves different selection rules than

conventional one-photon excitation (8). Quantum theory states that for

a transition to occur between two states, the transition moment inte

gral must be nonzero. As a result, transitions between states of equal

parity in centrosymmetric molecules are forbidden. This is not the case

for two-photon absorption in centrosymmetric molecules where transi

tions between states of opposite parity are forbidden. The difference

in the selection rules for one-photon and two-photon excitation can re

sult in different excitation spectra for the two processes,

the effect of providing an added dimension of spectral selectivity in

An additional improvement in selectivity

This has

fluorometric detection.
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arises from the fact that two-photon excited fluorescence involves

three states, while conventional one-photon excited fluorescence re

quires only two. Since transitions between states of equal parity are

forbidden, the direct radiative relaxation from the two-photon excited

An intermediate state ofstate to the ground state will not occur,

unsymmetric character is needed to satisfy the aforementioned parity

Therefore, relaxation from the two-photon excitedselection rule,

states will first involve internal conversion to an unsymmetric state.

This is illustrated in Figure 1.

The two-photon excitation process is a very inefficient process,

and only through the use of high-powered lasers does it become analy-

As a result, this technique has been applied to liquidtically useful.

chromatography and been shown to provide satisfactory detection limits

The low detection limits obtained with this technique are the(9).

result of the low background levels associated with the two-photon

This results from the fact that two-photon excitedexcited process,

fluorescence occurs at v/avelengths much shorter than those used for

excitation, and this enables one to spectrally reject stray radiation

that contributes to the optical background.

Sequentially Excited Fluorescence

The advantages in selectivity and detectability demonstrated

by two-photon excited fluorescence are also exhibited by sequentially

excited fluorescence (SEF). The SEF process is shown in comparison
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In the SEF process.to TPEF and conventional fluorescence in Figure 1.

a symmetric singlet ground state of a molecule is coupled, by two reso

nant absorptions, to a highly excited singlet state of the same sym-

This sequential absorption of two photons can be shown as

are the ground, first

metry.

$0 + hv-j S'! + hv2 ^ S

excited singlet, and some higher excited singlet states of a molecule,

****

, where S^, and S nn

The resulting fluorescence is monitored from a highlyrespectively,

excited singlet state of the molecule, as opposed to the

As previously stated, direct

emission from a symmetric excited state to a symmetric ground state is

Therefore, as in TPEF, internal conversion to an unsym-

*

state as

in TPEF or conventional fluorescence.

forbidden.

The intermediate state can actu-metric intermediate state is needed,

ally be S^*, since it can acquire the necessary symmetry through

vibronic coupling with other states.

SEF is similar to TPEF in that it involves a highly inefficient

Because of the proximity of electronic states between

and vibronic coupling of these states, internal conversion

optical process.
★

and SSi n

*

, and not fluorescence, is by far the most efficient means of

*. This is in accordance with Kasha's rule, which

to S
1

depopulating S

states that "the emitting electronic level of a given multiplicity is

the lowest excited level of that multiplicity" (19). The quantum

n *

efficiencies of highly allowed transitions from highly excited states

can be estimated using rate constants for the various electronic tran-

The rate constant for internal conversion has an upper limitsitions.
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equal to the molecular vibrational frequencies which are usually around

13 -1
10 S . Radiative rate constants for highly allowed transitions are

in the 10® to 10^ S“^

ciencies for highly allowed transitions should have a lower limit of

about 10'^ to 10‘® (10).

in SEF have permitted detection of the fluorescence from the highly

excited states (11).

The intensity of the SEF signals can be estimated using kinetic

equations which relate the number of SEF photons to the various experi

mental parameters. Included in these experimental parameters are the

range. Hence, the fluorescence quantum effi-

Nevertheless, the low backgrounds inherent

electronic rate constants for fluorescence (k^), intersystem crossing

(k ), and internal conversion (k. ).
A 1C

lation of the electronic state S

The rate constant for the depopu-
*

can be expressed as
n

(1)+ k.. + k.
1C

"n nn n

If a single continuous wave laser is used for both the S^ to S-j

transitions, then steady state rate equations can be solved

and

★ ★

to S^1 n

to yield

'‘f
n

(2)^f. ■ ^ A k^ k^
6bC

n
1 n

where I^ is the SEF intensity, K is an instrumental efficiency factor,

P is the laser output power, A is the cross-sectional area of the

focused laser beam, 6 is a sequential absorption coefficient, b is
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the path length, and C is the concentration (10). This equation only

holds true when the excited states are not saturated. The equation

must be modified if a pulsed laser source is used for excitation. For

a laser with large pulse widths this modification consists of multiply

ing the equation by the duty cycle of the laser. In the case of exci

tation pulse widths that are much shorter than the first excited state

lifetime, will be dependent on excitation pulse energy instead of

n

excitation pulse power, and independent of k
■ir



CHAPTER II

EXPERIMENTAL SECTION

Sample Preparation

Several alkyl and aromatic amines were derivatized with 2-

chloro-4-nitrobenzo-2 oxa-1,3-diazole (NBD-Cl) prior to separation.

NBD-Cl is a fluorogenic reagent that reacts with amines to form highly

fluorescent 7-substituted derivatives (12). Approximately 1.0 uJi of

each amine was added to a solution containing 5.0 ml of 10 mg/ml NBD-Cl

in methanol, 5.0 ml of methanol saturated with NaOAc, and 5.0 ml of

deionized water with a pH of 9. The resultant mixture was placed in a

closed container and heated to 55°C for a period of one hour. Succes

sive dilutions of these stock solutions were made with HPLC grade meth

anol. Stock solutions of various oxadiazole compounds were made by

dissolving a weighed amount of the compound in HPLC grade methanol.

Chromatography

A Rheodyne 20 fixed loop injector was used to inject the

derivatized amines onto an All tech 10 ym, 4.6 mm x 25 cm C chroma-
18

The eluent was delivered at 1.0 ml/min by an Altex

The composition of the eluent was changed

tographic column,

reciprocating piston pump,

from 60% to 75% HPLC grade methanol in distilled water at 10 minutes

The chromatogram was recorded using a stripinto the separation.

chart recorder.

11
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Detection

Fluorescence from derivatized amines was detected using the

arrangement shown in Figure 2. Excitation was provided by either a

Spectra Physics argon ion laser operating at 488 nm or a National

Research Group N^-pumped dye laser tuned to 488 nm using Coumarin 481

dye. The argon ion laser was operated at 1-3 W. The N2-pumped dye

laser was operated at 60 Flz with an average power of 10 mW and peak

power of approximately 35 kW. The laser radiation was first passed

through a Corning GG-455 sharp cutoff filter. This was done in order

to block laser plasma lines from the expected region of blue shifted

emission. The excitation radiation was focused with a 25 mm focal

length quartz lens into a 1.0 mm I.D. x 2.0 mm O.D. Suprasil quartz

The flow cell was positioned by a Newport Research

The SEF emission was collected and col-

capillary flow cell.

Corp. fiber optic positioner.

limated at a 90° angle from the incident excitation radiation with a

The collimated SEF emission wasf/1, 25 mm focal length quartz lens.

passed through and isolated by three Corning 7-54 bandpass filters and

The spectral transmittance character-a 2.0 cm saturated CuSO^ cell,

isties of these filters are illustrated in Figure 3.

The isolated SEF emission was detected with a RCA 1P28 photo

multiplier tube (PMT) operated at 900 V.

duced by the PMT was measured by a Pacific Precision Instruments

quantum photometer operated in either a photon counting or nanoampere

The resulting current pro-
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The photon counting mode was used with the argon ionmeasuring mode.

The nanoampere measuring mode was

used with the N^-pumped dye laser since the quantum photometer could

not resolve the large number of photon-induced PMT current pulses,

laser as the excitation source.

coincident with the laser pulse, in the photon counting mode. However,

even in the nanoampere measuring mode, the pulsed excitation source

results in signals that were partially shunted to ground by a protec

tive diode clamp at the photometer input,

effect, the feedback capacitance for the current measuring operational

The change in the chroma

tographic peak shapes produced by the slowed photometer response was

negligible.

In order to decrease this

amplifier of the electrometer was increased.

A flow cell miniaturization study was performed using the pre

viously described arrangement which included the argon ion laser as

The laser was operated at 1.0 W using the 488

nm line with a half angle divergence of 0.56 mrad.

preferred over the N^-pumped dye laser because of its higher quality

The laser radiation was focused with a variety of glass or

quartz double convex and plano-convex lenses ranging in focal length

from 18 mm to 200 mm.

the excitation source.

The argon ion was

beam.

The laser radiation was focused with each of

these lenses into one of three Suprasil quartz capillary flow cells

(1.0 mm I.D. X 2.0 mm O.D

X .50 mm 0.0.).

.50 mm I.D. x 1.0 mm O.D or .25 mm I.D.• 9 • 9

The optimum signal obtained for each lens flow cell

combination was recorded.
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In order to optimize the ratio of SEF signal to background noise

level, a 10"^ M solution of the scintillator 2-(4-biphenyl)-5-phenyl-

1,3,4-oxadiazole (PBD) was used,

provides a strong fluorescent signal (blue-shifted emission) with mini-

The optical components were aligned and focused

while the PBD solution was pumped through the quartz capillary flow

The alignment and focusing of the optical components is critical

This is mainly due to the power density dependence

The focused laser beam must therefore pass through

PBD is a two-photon absorber that

mal thermal distortion.

cell.

in SEF detection.

of the SEF process,

the center of the flow cell thus maximizing power and reducing

Positioning of the beam within the flow cell wasspecular scatter.

Al-accomplished using a Newport Research Corp. translation stage,

though not as critical as the focusing lens, the collimation lens must

This is done in such a wayalso be positioned by a translation stage,

as to collect and collimate the largest possible signal onto the PMT.

Once optimized, the previously described setup was found to be stable,

resulting in reproducible signals.

Injections of 20 yt amounts of a stock mixture of derivatized

amines were made onto the column using the previously described chroma

tographic parameters.



CHAPTER III

RESULTS AND DISCUSSION

Sensitivity

The detection limit of the cyclohexyl amine derivative, based on

■| of 3, was 0.75 ng. This is about three orders of magnitude poorer

than that obtained by conventional fluorescence. Although the detec

tion limits for all derivatized amines were not determined, they were

extimated to be in the low nanogram range.

The observed background levels of SEE detection were near the

dark current of the PMT. These low background levels can be attributed

to the large blue shift between excitation and emission wavelengths

which allows one to spectrally reject stray radiation contributions.

The rejection of these stray radiation contributions is more difficult

for the case of conventional fluorescence. As a result, increases in

excitation intensity which can lead to larger conventional fluorescence

signals can often be limited by concomitant increases in stray radia

tion. As shown in equation 2, SEE has an additional advantage of hav

ing a quadratic dependence on excitation intensity. This is demon

strated in figure 4 for the separation of several derivatized amines

operating the argon ion laser at 1 W and 3 W. As a result, improve

ments in detectability resulting from an increase in excitation inten

sity, are more likely to occur with SEE detection. However, at some

point stray radiation will be produced which cannot be spectrally

^ N

17
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rejected, and even SEF detection will become background limited,

must also consider the possibility of photolysis occurring when in-

This will ultimately place a limit

One

creasing the excitation intensity,

on the excitation intensity which can be used.

Both a continuous wave laser and pulsed laser were used for

Sample chromatograms utilizing bothexcitation in SEF detection.

excitation sources are shown in Figure 5 for the separation of several

NBD derivatized amines. The peak height to noise ratio for the pulsed

excitation case and the continuous wave excitation case are similar,

even though the average power of N^-pumped dye laser is 200 times less

Significant improvements in SEF sig

nal should therefore arise from the employment of more powerful pulsed

lasers, such as excimer-pumped or Nd:YAG-pumped dye lasers.

than that of the argon ion laser.

Additional

improvements in detectability could also occur with a decrease in back

ground levels. For SEF detection, this can be accomplished by cooling

the PMT and gating the detector.

Linearity

The linear dynamic range of conventional fluorometric analysis

is usually limited by preabsorption and postabsorption,

undesirable effects are minimized by the low volume flow cells used

These two

in liquid chromatography. In SEF detection the linear dynamic range

is limited by thermal distortion of the laser beam, which results from

a large amount of absorbed excitation radiation being nonradiatively

This nonradiative decay generates a localized temperaturedissipated.
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This areaincrease which changes the refractive index of that area,

of distortion increases the cross-sectional area of the focused laser

beam, resulting in a decrease in SEF signal as predicted in equation 2.

The thermal effects can be mitigated by employing pulsed lasers

with low average powers,

distortion of the laser beam as a concentrated solute band passed

The observed beam distortion of the N2-pumped

dye laser was less than that observed for the argon ion laser,

pulsed laser excitation reduces thermal effects, it has the disadvan

tage of producing the aforementioned problem of detector saturation.

Figure 6 shows calibration plots for SEF detection of NBD derivatized

cyclohexyl amine utilizing both a continuous wave laser and pulsed laser

Correlation coefficients of 0.9812 and 0.9957 were

obtained for the case of excitation with the argon ion laser and the

Detector saturation occurring with

This was visually confirmed by observing the

through the flow cell.

While

for excitation.

N2-pumped dye laser, respectively,
pulsed excitation and thermal problems resulting from continuous wave

excitation (i.e., high average power) limit the linear dynamic range

A drift in laser power was noticed for the case

Normalization with a

of these detectors.

of excitation with the N^-pumped dye laser,

reference standard should negate this problem.

Selectivity

Several factors influence the chromatograms obtained when using

SEF detection. The differences observed between SEF chromatograms and

conventional fluorescence chromatograms can mainly be attributed to
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laser excitation (a) and N^-pumped dye laser excitation (b).
Figure 6.
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the differences in excited-state symmetry for the two processes. This

has been demonstrated by Sepaniak and Yeung in the detection of coal

liquids separated by high performance liquid chromatography (13),

Other factors contributing to the difference are the absorption co

efficients and excited-state lifetimes of the compounds of interest.

★

absorption coefficient and a large fluorescenceA large to S-j

quantum efficiency are critical for a large conventional fluorescence

*

signal. A large S population is also necessary for SEP. This, how-
1

*

absorption coeffi-ever, can be accomplished without a large to S

cient, by instead having a long S

10

*

1ifetime. From this, one can con-
1

*

elude that molecules with mr lowest excited singlet states, which

* ★

usually have low to S

ative lifetimes, could give large SEP signals.

Another aspect of the selectivity of SEP that should be men-

absorption coefficients and long S radi-
1 1

tioned is the polarization information present in the SEP signal. The

short lifetime of the sequentially excited state results in the emis-

* *

Sion being essentially coincident with the S to S absorption. The
1 n

absence of molecular motion during this short lifetime allows for the

utilization of the polarization information present in the transition.

This aspect of selectivity has been shown to provide distinctive sequen

tial excitation polarization spectra for selected xanthene dye solu

tions (14). Thus, the prediction can be made that this type of

polarization information could be used to aid in the identification of

coeluting compound in liquid chromatography.
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Flow Cell Miniaturization

Efforts to increase the efficiencies of chromatographic columns

Efficiencieshave led to the development of "microscale" columns (15).

of 650,000 theoretical plates have been demonstrated for the separation

microscale" columns (16). Theseof various alkyl benzenes using

columns have the potential for even greater efficiencies, but have

Thebeen limited by the availability of ultralow volume detectors,

effects of band dispersion in detector cells have been well studied

In some cases, a detector flow cellby various researchers (17).

volume of less than 10 nL would be needed before the chromatographic

efficiency is limited by the column and not the detector (18).

fortunately, most optical detector signals depend upon the optical

path length, which must be reduced in order to achieve these ultralow

Even with the use of laser sources, this can result in pro

hibitive reductions in the optical signals.

Un

volumes.

Equation 2 states that the fluorescence signal generated by two-

SEF and TPEF) depends inversely on the cross-

The cross-sectional

photon excitation (i.e • >

sectional area of the laser beam in the flow cell.

area (A) of a focused Gaussian laser beam can be approximately given

by

2„2
(3)A ^ irf e

where f is the focal length of the focusing lens and e is the half-angle

divergence of the laser beam. This focused cross-sectional area can be
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maintained over a uniform distance called the Rayleigh range (Z).

Rayleigh range is given by

The

(4)Z = A/a

The SEF and TPEF signals should increasewhere A is the wavelength,

with a decrease in the focal length of the focusing lens, until the

Rayleigh range is equivalent to the optical path length of the flow

Any further reductions in the focusing lens focal length willcel 1.

only cause difficulties in passing the laser beam through the flow cell.

Thus, reductions in the path length of the flow cell in SEF and TPEF

detectors can be compensated for by simply choosing a shorter focal

length lens.

A study of the effect of focal length and cell diameter on sig

nal levels was made to determine the applicability of SEF and TPEF

detectors to "microscale" columns. Excitation was provided by the

The decision to use the argon ion laser was basedargon ion laser.

upon the superior beam quality and absence of detector saturation

associated with continuous wave excitation. A dilute solution of PBD

was used in order to eliminate problems with thermal distortion. While

SEF and TPEF display the same dependence on laser power density, they

differ in the amount of thermal distortion they produce.

The results obtained in this study are shown in Figure 7.

observed TPEF signal was found to increase with the inverse square of

the focusing lens' focal length,

of the three flow cells was approximately the same.

The

The maximum signal obtained for each

The slight
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decrease in signal observed for the shorter focal length lenses was

thought to be caused by alignment problems associated with focusing

the laser beam through the flow cell.

Laser beam divergence and the availability of lenses can limit

the size of flow cells used in SEF and TPEF detectors. Still, the

prediction can be made that the sensitivity of SEF and TPEF detection

should become more competitive with that of conventional fluorescence

detection when used with microscale" columns.



CHAPTER IV

CONCLUSIONS

A laser-based detection technique for liquid chromatography

has been presented which probes different excited states than con-

While SEE has demonstrated sensi-ventional fluorescence detectors.

tivity poorer than conventional fluorescence, the unique selectivity

of this technique has been previously demonstrated,

tivity of SEE detection currently limits the value of this technique

The use of state of the art pulsed lasers and sig

nal recovery equipment should result in increased sensitivity, thus

making this technique more competitive.

The real value of SEE detection will become evident in the area

The low sensi-

in real analysis.

The use of "microscale" columns for the sepa-of "microscale" columns.

ration of increasingly complex samples will eventually lead to decreases

in column diameter and the need for ultralow volume detectors. As a

result, one can predict that this technique will find its greatest use

in the area of "microscale" liquid chromatography.
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PART II

LASER FLUOROMETRIC MODES OF DETECTION

IN THIN-LAYER CHROMATOGRAPHY



CHAPTER I

INTRODUCTION

Improvements in liquid chromatography columns and equipment

over the past decade have greatly increased the separating power of

that technique and have resulted in the use of the descriptive term

high performance liquid chromatography (HPLC).

high performance thin-layer chromatography (HPTLC) has been adopted

as a result of recent technological advances, which have increased the

separating power of thin-layer chromatography (20).

ceptional separating efficiencies attained with HPTLC, the fraction

capacity of the technique is generally low relative to HPLC.

the static nature of developed thin-layer plates facilitates the use

of multidimensional detection, which can minimize the limitation of

Thus research into new modes of selective de-

Similarly, the term

Despite the ex-

However,

low fraction capacity,

tection is perhaps even more important in the development of HPTLC than

it has been in HPLC.

Components separated by thin-layer chromatography are generally

detected photometrically, using either absorbance or fluorometric modes

of operation (21). Lasers have been employed in the fluorometric detec

tion of aflatoxins separated by thin-layer chromatography (22, 23).

Beam collimation and high power are unique spectral characteristics

of the laser, which can be particularly beneficial for fluorometric

detection in thin-layer chromatography. Separated component spot

30
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diameters in HPTLC can be as small as one mm (24). It is not possible

to focus conventional light sources to these dimensions without pro

hibitive losses in power, however, the collimated beams of lasers can

The high powers

available with lasers can result in significant signal increases in

be easily focused to beam diameters less than 100 ym.

fluorometric detection. Moreover, high laser power makes it possible

to utilize certain nonlinear excited fluorescence processes in thin-

layer chromatography detection.

Two-photon excited fluorescence and sequentially excited fluo

rescence are two nonlinear excited fluorescence techniques which have

The feasibility of nonlinearbeen described in Part I of this thesis.

excited fluorescence and conventional laser excited fluorescence as

fluorometric detection modes for thin-layer chromatograms will be

demonstrated. The advantages and limitations of each will also be

discussed.

Apparatus

Separated components were detected using the apparatus shown

Excitation was provided by a N2-pumped dye laser tuned

The average output power of the

laser was 8 mW (peak power approximately 25 kW) when operated at 60

The laser radiation was initially passed through a Corning GG-

455 sharp cutoff filter, which removed interfering N2 laser radiation

from the emission region.

in Figure 8.

to 488 nm using Coumarin 481 dye.

Hz.

The laser radiation was then focused onto
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Figure 8. Schematic diagram of laser-based fluorometric detector for thin-layer

chromatography.
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the thin-layer plate at an angle of 45° using a 200 mm focal length

The thin-layer plate was scanned in front of the focused laser

beam at approximately six mm/min using a modified syringe pump (Harvard

Inc., Dover, MA, Model 600-900).

Fluorescence emission was collected at an angle of 45° from

the incident excitation radiation, with a f/1, 25 mm focal length

quartz lens.

lens.

Apparatus Co • J

A combination of three Corning 7-54 bandpass filters and

a two cm saturated CuSO^ cell was used to isolate the TPEF and SEF emis-

For the detection of the conventional fluorescence, the 7-54Sion.

bandpass filters and CuSO^ cell were removed and the emission was

passed through a Corion OG 570 sharp cutoff filter and a monochromator

(Instruments SA, Inc., Metuchen, NJ, Model H 20). The monochromator

was operated at 585 nm with a 6 nm bandpass.

The isolated emissions for the TPEF and SEF techniques were

detected with a RCA 1P28 photomultiplier tube (PMT) operated at 850 V

and mounted in a dry ice cooled housing. For the detection of the

isolated conventional fluorescence emission, the PMT voltage was re

duced to 650 V and the PMT was not cooled. The photocurrents were

measured with a quantum photometer operated in a nanoampere measuring

A 10 second time constant was used to filter the photometermode.

output before recording on a strip chart recorder.

A thin-layer plate spotted with a concentrated solution of the

oxadiazole PBD was placed in position and used to provide a fluores

cence signal while the optical components were aligned and focused.
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The alignment procedure is critical for the TPEF and SEF techniques

due to their quadratic dependence on laser power and inverse depen

dence on the cross-sectional area of the focused laser beam. Once

optimized, the apparatus was found to be stable resulting in reproduc-

The vertical positioning of the thin-layer plate,ible chromatograms.

in order to align a new sample with the laser beam, was the only ad-

The thin-layer plate was mounted on ajustment that was necessary,

small translation stage to facilitate this alignment.

Chromatography

Separations of various alkyl amines derivatized with 7-chloro-

4-nitrobenzo-2-oxa-l,3-diazole (NBD-Cl), and a mixture of oxadiazole

, thin-layer plates

The plates were cut to the dimen-

compounds, were performed on reversed-phase, C

(Supelco, Inc., Bellefonte, PA),

sions of 3 X 20 cm and then prewashed to the top of the plate with

18

This was followed by an additional washing in the develop-

This washing procedure removed certain extraneous im-

methanol.

ment solvent.

Samplepurities, minimizing the fluorescence background of the plates.

volumes ranging from 200 to 500 nL were spotted in 50 nL increments

The spots were dryed between successive appli-using a 0.5 yL syringe,

cations with either or air in an effort to minimize spot size.

The thin-layer plates spotted with the derivatized amines were

allowed to develop to a distance of 10 cm from the origin in 50% HPLC
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grade methanol in distilled water. The plates spotted with the oxadi-

azole mixture were developed to a distance of 12 cm from the origin in

75% HPLC grade methanol in distilled water.



CHAPTER II

RESULTS AND DISCUSSION

In contrast to elution chromatographic techniques, it is not

necessary for the detection process in thin-layer chromatography to

Several different modes of detection can be per

formed in sequence, providing the detection methods are nondestructive.

be in real time.

If the detection methods are selective, and yield unique spectroscopic

information, it is possible to obtain quantitative and qualitative

data for chromatographically unresolved components. The limited

distance that thin-layer plates can be developed, and the lack of a

simple and efficient means of altering retention parameters during the

course of the development, generally leads to fraction capacities for

thin-layer chromatography which are somewhat inferior to those obtained

in liquid chromatography. This means that unresolved components are

quite probable when thin-layer chromatography, even HPTLC, is used in

the separation of relatively complicated mixtures.

The unique spectroscopic selectivities of the laser fluorometric

techniques presented herein have been described previously (9, 25).

The purpose of this work was to explore the potential of these tech

niques as detection methods for HPTLC. Sample thin-layer chromato

grams illustrating the conventional fluorescence and SEE detection of

several derivatized amines, and the TPEF detection of several oxadi-

azole compounds, appear in Figure 9.

36
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Chromatograms illustrating conventional fluorescence (A) and
SEF (B) detection of several NBD amine derivatives, and TPEF

(C) detection of several oxadiazole compounds. The chromat

ogram components are an unknown impurity (a), methylamine-
NBD (b), excess NBD-Cl (c), dimethylamine-NBD (d),
isobutylamine-NBD (e), isoamyl amine-NBD (f), the origin (g),
PPD (h), S-NPD (i), PBD (j), and BBO (k).

Figure 9.
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Sensitivity

The implementation of laser excitation sources in fluorometry

results in increased signal levels. However, improvements in detect

ability may not be realized due to a concomitant increase in optical

background levels. The specular scatter from thin-layer plates is

extremely large when laser excitation is employed. This tends to

minimize laser related improvements in detectability. Conversely, the

static nature of thin-layer plates permits improvements in detect

ability through the employment of long detection time constants or

The limits of detection (LOD) that we have observedsignal averaging,

for conventional fluorescence detection are in the low picogram range

This is approximately equal to the limits of detection(see Table 1).

typically observed for laser fluorometric detection in liquid

chromatography.

The large blue shift between excitation and emission wavelengths

for the TPEF and SEF techniques permits efficient spectral rejection

of the intense specular scatter from the thin-layer plates. Optical

background levels for these nonlinear techniques were near the dark

currents of the PMT employed. Limits of detection, as seen in Table

1, were in the mid picogram range. This is a substantial improvement

over that observed for TPEF and SEF detection in liquid chromatography.

The limit of detection values shown in Table 1 were determined from

calibration plots as the spotted amount that yielded a signal to noise

The SEF limit of detection for the NBD derivative ofratio of two.
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Table 1. Limits of Detection

Compound* LOD (pg)Technique

9Conventional FluorescenceMethyl amine
Dimethyl amine
Isobutyl amine
Isoamyl amine

32

15

18

70SEFMethyl amine
Dimethyl amine
Isobutyl amine
Isoamyl amine

90

110

500TPEFPPD

150B-NPD

75PBD

170BBO

★

Amine compounds are derivatized with NBD-Cl.
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dimethyl amine could not be determined due to interference from unre

solved, excess NBD-Cl, present in the test mixture,

absorption bands that overlap the SEF emission of the amine derivatives.

Although the detectabilities demonstrated in this work are very

good, improvements are expected with a few minor changes,

background for the conventional fluorescence measurements was minimized

by using both a monochromator and a sharp cutoff filter to isolate the

However, it was not possible to operate at the emission

maxima for the derivatized amines due to the unavailability of a suit-

In addition, the bandpass filter arrangement used

for SEF and TPEF detection transmitted only 20% at its maximum.

The NBD-Cl has

The large

emission.

able cutoff filter.

Im

provements in signal recovery would be expected with the employment

Fluorescent impurities on the thin-of better filter arrangements.

layer plates also adversely affected detectability, by increasing

These impurities, which appearedoptical background and noise levels,

as small fluorescent specks when illuminated with a UV lamp, are thought

to be carry-over contamination from the manufacturing of fluorophor-

coated thin-layer plates.

The cross-sectional area of a focused laser beam has a quadratic

dependence on the focal length of the lens employed (26). As previously

mentioned, SEF and TPEF signals depend inversely on the cross-

sectional area of the focused laser beam. Consequently, decreasing

the focal length of the focusing lens should increase SEF and TPEF

signal levels. This expected improvement was not observed. Only a
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10% improvement in signal was observed when chromatograms were scanned

using a 25 mm focal length lens instead of the 200 mm focal length

lens, presumably due to surface or heating effects. More significant

was the appearance of a large number of noise glitches,

increase in number and magnitude as the cross-sectional area of the

These glitches

focused laser beam is made to approach the size of the fluorophor

impurity specks.

Linearity

Calibration plots of NBD derivatized methylamine exhibited

linear response from its limit of detection to 0.50 ng for conven

tional fluorescence, correlation coefficient of 0.9997, and to 2.0

ng for SEF, correlation coefficient of 0.9999. A TPEF calibration

plot for the oxadiazole PBD exhibited a linear response from its limit

of detection to 20 ng, with a correlation coefficient of 0.9948.

Detector saturation, during the intense laser pulse, and ther

mal problems limit the linear dynamic range for these detectors,

tector saturation can result from the large signal levels for the more

De

concentrated samples. The large background from specular scatter in

conventional fluorescence detection, also contributes to the detector

This is evidenced by an earlier "roll-off" forsaturation problem,

the conventional fluorescence plot relative to the SEF plot. In both

conventional fluorescence and SEF detection, the linear dynamic range

was further limited by thermal effects, which occur when a large amount
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of absorbed radiation is nonradiatively dissipated,

nique involves a very inefficient absorption process and, therefore,

is not expected to be limited by these thermal effects.

The TPEF tech-

The linear

dynamic range observed for the TPEF detection is more than an order

of magnitude greater than that observed for the other techniques.

The laser fluorometric modes of detection investigated in this

work yielded reproducible signals at low solute concentrations,

ever, at high concentrations slight reductions in signal were noticed

during successive scans of the same thin-layer plate,

tions in signal were absent for TPEF detection.

How-

These reduc-



CHAPTER III

CONCLUSIONS

The feasibility of utilizing different modes of laser fluoro-

metric detection in thin-layer chromatography has been demonstrated.

The sensitivities of the laser excited fluorescence techniques were

shown to be comparable to, and in some cases better than those obtained

from commercial thin-layer fluorometric detectors,

of detection observed for these techniques, and the unique focusing

properties of the laser, should result in future applications of laser

fluorimetry in HPTLC detection.

The excellent limits
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