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"energy must be supplied from elsewhere.

CHAPTER T.

INTRODUCTION

Tele ILuminescence

Hot bodies that'are self-luminous solely because of their
high temperature are said to emit incandescence. All other forms

of light emission are called luminescence.

A system emitting luminescence is losing energy and, if

the light emission is to continue indefinitely, some form of

Most kinds of luminescence are classifiéd according to
their source from which this energy is derived, such as
electroluminescence, radioluminéscence, bicluminescence,

el R
trﬁgluminescence, sonoluminescence, candoluminescence and photo-

luminescence. For photoluminescence, the energy is provided by

the absorption.of infra-red, visible or ultra-violet light.

Photoluminescence is the only type ﬁith any direct feievance
to this work, and.itself can be further divided into fluorescence,
delajed fluorescence and phosphorescence. The study of most kinds
of lﬁminescence can provide some information gbout the chemical
composition of the gmitting system and the processes that take placé

after the absorption of the excitation energy, but photoluminescenée




_is one of the‘most informétivé because it allows a greater degree

of experimental control over the excitatién process. By choice of _ \
the wavelength of the exciting light the‘energy can be directed

to specific-components of the system so that the ensuing processes

are simplér_than if the energy is fed to the system as a whole.

The processes leading to the emission of photoluminescence are closely
associated with thosé that result in photochemical reactions and the
study of photoluminescence thus forms an integral part of the subject

matter of photochemistry.

Tele History of luminescence

Luminescence was first observed and'recorded around the
11th century B.C. in the Shih Ching or "Book of Odes", which makes
reference to the light from glow~worms and fire-flies. In the 3rd
century B.C., Aristotle wrote of light being emitted from decaying
fish. The first recorder of a serious interest in luminescence
iz that of Vincenzo Cascariolo, who lived in the early 17th century;

he discovered that when Barite, a form of barium sulphate was heated .

.

with coal, the product glowed a purple-blue colour at night, it

was assumed that this "sun stone" simply absorbed light and then
re-emitted it slowly in the dark. In 1652 Nicolas Zucchi showed
that the colour.emitted during phosphorescence was the same no matter

what the colour of the exciting light.

In 1852 Stokes showed that the wavelength of emitted light was

always equal to or greater than the wavelength of the exéiting light. -



In 187{q) Becquerel was the first to describe the use of a mechanical
device or phosphoroscope, which enabled the delayed emission of phosphorescence

to be isolated from the prompt fluorescence emission and from scattered

light. Tn 1888 Weidmann'2’

*

compounds by exciting solid solutions of a number of dyes. In 1896 -

(3)

described phosphorescence in organic
Schmidt introduced the use of a rigid solvent for the measurement
of phosphorescence, thus the determination of a wide range of organic

compounds by phosphorescence was possible.

The use of phosphorescence emission spectra for identification
of substances was first suggested by Lewis and Kasha(q)(19ﬁh);
however very little further work was done until Keirs, Britt and

Wentworth(B)

in 1957 published a paper which evaluated the possible

use of phosphorescence measurements as an analytical technique. It .
was at that time a new method of analysis. Since then many papers

have been published on the analysis of drugs in.both blood and urine,

and compounds from almost every group of drugs, pesticides and

carcinogens have been determined by phosphorimetry.

-

13 Phosphorescence and fluorescence Processes.

Absorption of ultra-violet and visible light by molecules
of an irradiated sample generates a population of molecules in
excited electronic states. As can be seen from (Fig. 1.1) there are
various excited electronic energy levels possible and these are termed

excited singlet or excited triplet states.
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Eaéh excited electronic stéte has many different vibrational '

energy 1eveis, and excited molecules will be distributed in the

various vibrational energy levels of an excited state. Most uéually
this state is a singlet state, i.e., one in which all of the electrons
are paixedéhd in each pair the two electrons spin about their own |

axes in opposite directions (Fig. 1.2).

A11 electrons have a spin, S, equal to ¥ % and in a normal
molecule in its ground state there is usually an even number of
electrons with paired spin. Mulbtiplicity is the term used to describe
the orbital angular momentum of a given state and is related to spin

as shown below.

Therefore, when all the electrons are pairéd, s=0and M = 1,

which is the state referred to as the sihgle£ state. When the%e are
two elcctrons with parallel spins, i.e. two unpaired electrong, 8
will.be 1l and M consequently be 3, this state being described as the
triplet state. It has been calculated that the average lifetime of a
molecule in the singlet excited statg-is of the order of 10-8880.
Molecules at each vibrational level of the excited state could, for
example, lose energy by emitting photons and as a result fall to the
original ground state. The energy and, therefore, the wavelength of
emitted light would then be exactly the same as that absorbed. Such’
a process is termed ﬁéSOnance fluorescence. It is an improbable
procesé and is rarely encountered in solutioﬁ chemistry. Rather,

molecules initially undergo a more rapid process, a radiationless

—
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loss of vibrational energy, and so quickly fall to the lowest vibrational

energy level of the lst excited singlet state S The vibrational

1
energy is thought to be lost to solvent molecules. The process is
known as vibrational relaxation. From the lowest vibrational level

of the excited state, a molecule can either return to the ground state
by photoemission or by radiationless processes. If indeed the former
occurs, the emission is a type of luminescence referred to’as
fluorescence. Fluorescence is défined a5 the radiation emitted in the
transition of a molecule from a singlet excited state to a singlét
ground state. Because of vibrational relaxation in the excited state
and because a molecule may return to a vibrational level in the ground
state which is higher than that initially occuﬁied prior to excitation,

the radiation emitted as fluorescence is of lower energy and, therefore,

of longer wavelength than that originally absorbed.

Other processes involving the exicted state can occur to compete
with fluorescence emission, and not all of the absorbed energy will
be emitted as fluorescence. A process called internal conversion occurs
when an excited molecule can- undergo a radiationless logs of
energy sufficient to drop to the ground state.With some compounds a

process known as intersystem crossing can also occur. Here a molecule

in the lowest vibrational level of the excited state converts to a triplet
state, a state lying at an energy level intermediate between ground

and excited stateé and characterised by unpairing of two electrons

(Fig. 1.2). Once intersystem crossing has occurred, a molecule

quickly drops to the lowest vibrational level of the triplet state

by vibrational relaxation. The triplet state is much longer lived

than the corresponding singlet state with a lifetime of ‘IO"l+ to 10

.
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geconds. _ From'the triplet state a molecule can dEOp to the ground
state by emissioﬁ of radiation. This type of luminescence is termed
phosphorescence and is formally defined as emission of radiation
resulting from the transition of a molecule from a triplet excited
state to a singlet ground state. In order to see phosphorescence,
it is normally necessary to dissolve the substance in a rigid medium
and usually use low temperature; The wavélength of phosphorescence
will be greater than that of the exciting radiation, and of the

fluorescence.

Lifetime ’tf The lifetime of fluorescence or phosphorescence

is defined as the time required for the intensity to fall to %

of its initial value (i.e. for phosphorescence from P to P/e us
shown below). To determine the "phosphorescence lifetime"

the intenéity of the phosphorescence is plotted logarithmically
against the time after cutting off the exciting radiation. The

gradient of the resulting straight line is 2.3037% (77,

|
P/e :
le— e —s)

Phosphorescent Radiance

Time
Phosphorescence Decay Curve

-



The following is a sequential outline of the processes of concern;

see Fig. 1.2, with approximate life~times where appropriate:

5

o)

singlet ground
electron;c state

10~ = 10" Msec

55, (absorption)

Sy AMAMVWAWAMAnS 8, (internal conversion)

St—__-—-“ﬂ\fyﬁgf\f\f\/\H\J\AV€>T1

First -5 -7
singlet 10 - 10 "sec
- e T e e e W W
excited - o
state
>So +h"0p
T1 10 - 10 2sec s
lowest excited o
triplet state
> Tn

Y
(Fluorescence).

" {intersystem crossing)

(internal conversion)}

{ phosphorescence)

{internal conversion)

(absorption)

The orientations of the spin of the excited electron relative to

that of the remaining electron are indicated in Fig.|s2 in the rectangles

adjacent to each level.

n

th = energy released.



1.4. Types of phosphorescence
Two tyﬁes of phosphprescence can be distinguished deﬁending
on the nature of the triplet state. These are T = ]T*(Tr bonding
to T antibonding'orbital) or n -'Tr*(n-non bonding tol antiboﬁding)

*
(6)is available by which | - T

transitions. A series of criteria

and n -'nf phusphoreécence can be diStinguished. Table 1.1, shows

several such criteria that can be used to assign the nature of the

triplet state from which emission occurs. The phosphorescence_speéfra;

of the aromatic hydrocarbons and of most heterocyclics, and of many

derivatives of these classes of compounds correspond to]T - TT*

transitions, but although this type of excitation is by far the most

frequent, there is a series of compounds that shows n -]r* phosphorescences
. To this series belong very important femilies of compoundsj ;w

the carbonyls (quinones, ketoneé, etc), the nitro compounds, and a

few heterocyclics such as pyrimidine and pyrazine. A knowledge of

the type of triplet state produced in a particular molecule allows

a better understanding of the basic processes going on in that molecule

and should also aid prediction of likely changes in the spectra, as

a result of changing molecular substituents.

1.5 Measurement of phosphorescence

Instrumentation

(7)

One of the earliest phosphorimeters’ “was a modified fluorimeter

with a different sample compartment. Several manufacturers have produced

(7,8,9)

'eustom built' spectrophosphorimeters

(10)

spedtrofluorimeters. In 1963 Latz referred to the need for simple

which were originally

filter instruments as well as more sophisticated models., At present,

modification of various filter fluorimeters and spectrofluorimeters



s

*
TABLE I.}. Criteria for Assignment of Triplet States as Tn- - or Ty =

*

il
Property T ——g* T n_ﬂ;f'"
1. Q /@ ratio variable very high
2« . Lifetime of is strongly dependent 4j0"1 _ 10_23
phosphorescerice on the size of the molecule only slightly influenced by
molecular size
2., effect of substituent displaced towards longer displaced towards shorter
' wavelengths _ wavelength '
L polarisation of 0~0 out-of-plane polarized In~plane-polarized
phosphorescence bond EE ) .
S External heavy atom~effect
on .
a) Intensity T & 3§ large increase very small
absorp%ion
b) Life time of phosphorescence decrease very small
» Vibrational structure of variable Prominent CO, NC or C-N-C
phosphorescence progressions
=1 1
7 >3000 cm

Triplet~-singlet split

Z 2500 cm




" has been attempted with véryiﬁg degrees of‘suc?ess(7’8). Fig. 1.3Iis
a'block diagram of a typical'commercial spectrophotofluorimeter
fitted with a rotating can phosphoroscope. The instrument consists

of a light source, a monochromator, slit, the sample,-aﬁother slit,

another monochromator, a detector, amplifier, and some form of readout

(meter or recorder).

. Light source: The choice of light source is quite varied and depends

partly on financial considerations, but desirable features are a high
intensity uniform spectrum which exfends.well intc the u.v. regicn

and good stability in terms of output. The high-pressure xenon-arc
lamp is now favoured over mercury lamps for several reasons; the

xenon source gives a continuous output that is more amenable to
spectral correction and does not suffer ffom gaps in emission intensity.
It has been found that a convection cooled 1500 gé}arc lém? with a
stabiliszed pulsed power supply gives a stable oﬁtput and lasts for

several hundred hours.

The monochromators: The excitation and emission monochromators

used in a commercial instrumentation are either filters, interference
wedges, prisms or diffraction gratings. Their purpose on the excitatioﬁ
side is to provide the most éuitable waveiength for excitation of the
sample, and on the emission side to separate the sample phosphorescence
from light of other sources. Most‘instruments use a grating or
interference filter for the excitation monochromator. The emission
monochromator is normelly a simple grating in a Czerny-Turner mount.

or a‘holographic grating. Both monochromators may be motor driven

to facilitate the production of both emission and excitation spectra.

They may be linked for producing synchronous specira for specialised

10

-




Phosphoroscope

Dewar Flask

Sample cell

Source A v Egmglgrfmenf
E xcitation &—
Monochromator Stit2

A ~ Emission
Monochromator

Multiplier
Phototube '
Exciting N
| ~ Radiation
£ |

' I'lg Emitted

Radiation

Electrometer [ Je—0-Motor drive

Recqrde r m R ’ ?

Fig.1.3. Block diagram of a typical commercial spectrophoto- Schematic diagram of a rotating
| ,ﬂuorfmefer with phosphoroscope attachment s iCan bhdsphoroscOpe




use. The phosphorescence is usually ﬁeasured al tight angles to the
incident light, (Fig. 1.3), because its intensity will normally be
independent of the direction of measurement, whereas scattered 1ight—
will be minimised at right angles to the exciting light. Therefore,

this optical arrangement gives the best signal to noise ratio.

Slits: In order to enhance the sehsitivity and to obtain the
best signal to noise ratio the two slits 1 and 2 (Fig. 1.3) should be
' (11)

variable: improvements in limits of detection were noted when

51it settings were optimised. A general procedure for obtaining the
best results is to use a small excitation slit for recording an
excitation spectrum (for good resolution). Coﬁversely when recording

an emission spectrum the excitation slit is widened and the emission

slit narrowed.

The phosphoroscope: The first phosphoroscope which was described by
(1),

Becquerel' 'in 1871,enabled the delayed emission of phosphorescence

to be isolated from prompt fluorescence emission and scattered light.

This type of phosphoroscope is out of use now. There are other types
of phosphoroscopes which have since been déveloped(qa)'

these being the rofating caﬁ phosphoroscope Fig. 1.3 and the pulsed
sourée phosphoroscope respectively. The former operates as follows.
As the can is turned the radiation from the excitation monochromator

iz allowed to strike the sample, and alternately the light emitted

from the sample is allowed to réach-the emissaion monochromator entrance
slit. In the pulsed source phosphoroscope, excitation is achieved

by means of a periodically pulsed flash tube and the eﬁission is
monitored by means of a photodetector which is operated periodically -

and out of phase with the flash tube.

11




The fourth type of phosﬁhoroscope is the single disc.one, which

(14,15,16)

has been used in several forms . The disc shown in Fig. 1.5
is of the type used in the thin layer scanner described previﬁusly(14).
The phosphoroscope adds the feature to phosfhorimetry of time
resolution; by using various rotation speeds the phosphorescence of
two components with different decay times can be resélved; this

(17)

is termed time-resolved phosphorlmetry

Sumple holder: Most phosphorescence measurements are made at 77K

as a rigid medium is essential. The traditional system cbnsisfs of

a Dewar flask.which is filled with liquid nitrogen and used to cool

a narroyw silica tube contéining the sample. Th@s has fhe disadvantage
that the sample is radiated and emits through the liquid nitrogen.
causing scéttering and losing some sensitivity. Other tubes of'simil%r '
design take too long to cocl the sample. Hollifield aﬁd Winefordner(1§)
have introduced a rotating sample cell for low temperature phosphorescence
reasurements (Fig. 1.4)}. This device reduces some of the sampling
problems in phosphorimetry. The first problem which is overcome

is solvent "snow"'formation. The second problem which is significantly
reduced is the éamplé positioning error, the major contributing factor

to poor precision in phosphorimetry. The authors claim that,

combined with better solvent cléan—up and more stable electronics,’

a tenfold increase in detection limilt is possible as is a preﬁiéion

of 1%.  Another recent innovation in sampling tubes is the development

(19)

of the windowless sample cell This is particularly useful for

studying solid slurries and pastes. The sample is held in a cavity
by surface tension in a cell constructed from a copper rod, the other

7
.l
end of the rod being immersed in liquid nitrogen. The limit of

S/ ‘
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detection thus obtained for several biological molecules was similar

to convenfional phosphorimetry.

(14)

Ancther recent innovation is a scanning fhinwlayer device
which allows the measurement of samples or portions of chromatogréms
or other thin layers. The thin layer is wrapped around a hollow copper

drum which is cooled by conduction., Excitation and emission is on

the front surface of the thin-layer.

Modern Methodology.

In order to see phosphorescence it used to be thought that the
sample should be cooled to 77K, and that all solvents had to be
capable of forming clear, uncracked giassfat ?7K. This gave
considerabie problems in terms of solubility, homogeneity and solvent
Rurity. A different approach to the problem is to measure the

phosphorescence at room temperature, having previously adsorbed

the sample molecules on to a solid matrix(ao). Little interest

was displayed in this method until 1972 when Schulman and Walling(21)

described the phosphorescence of ionic organic molecules adsorbed

(22,23,24)

on to paper. &Since then several papers have been published

- a

on this application, for further details see Chapter 4.

Detector: A high gain photomultiplier with a 10& dark current

is employed. The RCA IP 28 for response 210~670mm and RCA IP 21 for
310-670 nm are normally used. The detector is nearly always a
photomultiplief tube. Recently photon-counters have started to be
used in commercial instruments as well as in reséarch built

(25)

instruments The read out may be an xy type chart recorder, a

galvanometer, or digital recorder.

13



1.6. Applications of phosphorimetry

The analysis of drugs in biological fluids and tissues is
important in several aspects of biomedical research, for example,
in the stugy of drug wmetabolism and fhe raté of_eiimination frém ‘
thé bodf. Phosphorimetry as a means of drug analysis was first
applied by Winefordner and Latz(zs) (1963} for the éetermination of
aspirin in blood serum and plasma. They also checked that various
naturally occurring constituents of the blood were not interfering f
in the assay. They found that thiamine, riboflavin, tyrosine
and tryptophan produced measurable phosphorescence but that
interference was negligible at aspirin géncentfations of
50 ug.m1?1Jblood or higher. Extractioﬁtwas by a single voluﬁe‘

of acidified chloroform and this procedure gave recoveries of

between 76% and 133%.

‘

The success of the phosphorimetric analysis of aspirin in
plasma or serum led to the investigation of the determination of .

other drugs by means of phosphorimetry.'

Winefordner =and Tin(27)(ﬁ965) also developed procedures for
the phosphorimetric determinatioﬁ of precaine, phenobantal, cocaine,
and chloropromazine in blood serum, and cocaine and atropine in urine.
They gave analytical curves for each compound and percentage recoveries
for each drug from "spiked" samples. The phosphorescence character- |
igtics of codeine, morphine and papaverine were described by Hollifield

and Winefordner(ag). In 1966 a study of the effects of pH on the

(29).

phosphorescence of ether extracts of blood and urine was published

‘For blood it was found that there was very little phosphorescence .

14




after.extraction at ﬁﬂ:s 0, 6.5 and 14, and maximum phosphorescence 3
at pH;é 3 and 12. For urine it was found that the phosphorescence

variéd widely from sample to sample, even at the same pH value, but

the relative intensity at &ifferent pH's remained fairly constént,
namély high at low pi's falling to a minimum at pH 5 and then
steadily increasing with an increase in pH. Phosphorimétry has -

been found to be of use in biochemistry and pharmacology. Typical

samples include pyrimidines, purines, and derivatives, polynucleotides,

amino acids and proteins. It was in this field that the first

analytical application was produced, namely that of Rybak(EO) - '

et al in 1955 for the analysis of amino acids.

(21,32) | ' , ‘

Much has been published on the phosphorescence character-

istics of both amino acids and proteins. Several authors(33_35) o
have studied the relationships between the phosphorescence of individuai
amino acids and the phosphorescence of proteins. An investigation
of the phbsphorescence of adenine compounds was first undertaken by

. (36)

Steele and Szent~Gyorgyi in 1957 with intensive studies of

purines, pyrimidines8&heir nucleoside and nucleotide derivatives.

- Purine phosphorescence in methanol-water solutions has been shown .

-1(37)

-

to give detection limits between 0.1 and 0.0002 ug.ml the
phosphorescence spectra obtained in a methanol-water mixture
{v/v 10/90) were found to have fine structure, thus demonstrating

the usefulness of predominantly aguecus matrices at 77K for enhancing ‘

the vibrational line structure.

Other biclogically active or important compounds have also been

assayed phosphorimetrically including indoleacetic acid, serotonin(38),

15



(391h0)_

"and some of the vitamins The phosphoréséence characteristics

(41), only

of 37 antimetabolites have been reported by Sanderéet al
17 antimetabolites displayed anaiytically ugeful phosphorescence.

The authors indicated that the limits of detection compared favourably
with those vbtained by colorimetric (0.1 ~ 1 ug.ml_q) and enzymic
(0.01 - O.1\1g.ml—1) methods of analysis. By suitaﬁle preliminary
reaction ofrthese conjugated-ring systems phOSphbrescenge may be
‘significantly enhanced and the limits of detection could be
appropriately lowered.

(52,43)

During studies on the metabolism of some sulfonamide drugs
more rapid and sensitive methods of estimating these drugs were sought.

Since these compounds contain the aniline moiety which has pronounced

(Ll 45)

luminescence properties y the fluorescence and phosphorescence

characteristics of a series of sulfonamide drugs were investigated..

(46)

Hollifield and Winefordner have studied fifteen sulfonamides

by phosphorimetry, thirteen gave detedtion limits equal to or better

than 1 ug.ml_1. The effect of various solvents on the phosphorescence
(47) '

and the relationship between structure and luminescence

(43)

characteristics have been studied thoroughly. When sulfonamides

signals

were added in vitro to serum samples, recoveries ranged from

92-105% and there was a relative standard deviation of about 5%.

(49-51}

Several groups of workers have also studied the barbiturates
and detection limits in ethanediol:water are given. The relationships
between molecular sfructure and luminescence properties under vafying
conditions of pH have also been studied(51). The thin layer

phosphorimetry of groups of thiobarbiturates have been investigated

in this laboratory. Other groups of compounds which have been studied
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phosphorimetrically include antihistamines, the properties of which

(52-53) , the

(56)

have been described by Schenk and his co-workers

(54) (55)

anticoagulants , griseofulvin and, diphenylhydantoin

The characterisation and determination of cannabinols, 1ysergi¢
acid derivatives and other hallucinogens has been achieved by
phosphorimetry as a means of analysis for their minute quantities

(57-59)

in the blood Also the effect of external heavy atoms and

‘various pH's on the luminescence signals were studied. Fabrick and

(59)

Winefordner have described the separation of a mixture of

haliucinogens.

Ph@sphorimetry is also applied to foéd chemistry and'related
fields. McCarthy and Winefordner(60) havé reported an interesting
application of spectrophosphorimetry to food chemistry; the rapid
quantitatiﬁe determination of biphenyl in oranges. It was found that
95-100% of the quantities of biphenyl added were recovered. The
accuracy of the method is about £0.2ppm with 3.8-8.9 pﬁm of biphenyl
in the juice and pulp and.about‘t 2ppm with 39-65 ppm of biphenyl in
the peel. The determination of pesticides is, from the bractical
point of view, an important @roblem in analytical chemistry and also
has significancg, in food chemistry and forensic medicine. That
sﬁectropﬁbtomeéry can be successfully introduced into this field too
has been shown by Moye and Winefordner(Gq). |

Phosphorimetry has been applied to the study of air pollution
and the analysis of petroleum products. In the>dust of the atmosphere

(especially that of industrial towns), numerous polycyclic aromatic

hydrocarbons and heterocyclics are to be found. It has been known
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for a long time that many of these compounds are carcinogenic.

(69)

Sawicki pointed out, in a review that appeared in 1964, that

phosphorescence spectroscopy should prove of inestimable service for
trace analysis, and hence for the investigation of airborne dust

(63)have shown that polycyclic aromatics

sambles. Sawicki and Johnson
from the alr can easily be rendered visible on thin-layer chromatograms

by means of their phosphorescence (in liquid nitrogen). Hood and

(64)

Winefordner have’reported the use of low-temperature fluorescence
and phOSphorescence.measurements in the determinatioh of complex
mixtures of carcinogenic hydrocarbons. The authoré have combined
thﬁn—layer chromatography ahd luminescence'techniques to increase
both analytical selectivity and sensitivity of measurements. The
authors coﬂcluded that 0.1 ug of most carcinogens could be' ’
determined with good precision by meané of this technique. They
suggested that this level makes the procedures well suited for
application in environmental studies of hydrocarbon pollution.

Since then many papers have appeared on the analysis of hydrocarbons

(e.g. Refs. 65,66)

using luminescence techniques . Also the phosphorescence
of some polyaromatic hydrocarbons was studied at room temperature(67).
The application of phoaphorescence spectroscopy to the complex field

of petroleum analysis has appeared in the 1;terature. Farly work was

(68) (69)

carried out by Mamedov and Khaluporskii s who identified a
number of polycyclic aromatic hydrocarbons in the wax distillates

from petroleum, and luminescent compounds in lubricating oils.

Other work was carried out in the early 1960's by Sidorov and

Rodomakina(?o) who showed the various applications of phosphorimetry

(71)

to the analysis of petroleum products. Drushel and Sommers



Ay

carried out an extensive study on 100 compounds and proposed a complete

separation and identification scheme for nitrogenous compounds obtained

from petroleum(72). Phillip and Soutar(7}) have identified several

aromatic hydrocarbons in crude oils by synchronous excitation

(74)was

spectrofluorimetry. In 1978 a wide range of literature

cited for the application of phosphorimetry in envirommental chemistry.

It is possible to utilize the sensitivity and selectivity of

(75)

phogphorimetry in conjunction with thin layer chromatography
as a separatory technique. The method has been applied, for example,

to the determingtion of nicotine, nornicotine, and anabasine in

(75) (60)

, polycyclic aromatic .

(76)

tobacco s of biphenyl in oranges

(64)

hydrocarbons s pP-nitrophenyl in urine y and almost any
kind of substance which is phosphorescent'couid be analysed by this

method.

Scope of present work

Luminescence spectrometry, an extremely sensitive arnalytical
tool, has been used to solve many qualitative and quantitative a
analytical problems. Phosphorimetry is a sensitive and selective
technique capable of being applied in many fields where the
determination of small quantities of drugs or organic compounds are
required. The greatest use of phosphorimetry in the clinical laboratory
will not be for the analysis of very large numbers of samples for
one species via sutomatic instrumentation, but rather will be for tﬁe
analysis of those molecular species difficult or impossible to

measure by conventional methods (colorimetry, fluorimetry, etcl.
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Despite this advantége, phosphorimetry has diéadv%ntageé which |
affects its applicability. The main reasons fér-this are that the
- method is unsuitable for automation,‘the difficulties in,éample
-handling, and the problems associated with availability and use of

i

liquid nitrogen.

The aim of the present work was to eliminate some of the problems
associated with phosphorimetric technigues. Also to extend the use
or the application of phosphorescence as an analytical tool to a

number of different classes of drugs and determining them in low

’

concentrations. The aim was to extend the application to environmental

pollution by studying the characteristics of thirteen polyecyclic

aromatic hydrocarbons in solutions and on thin layer phosphorimetry.

When this work started thin-layer phosphorimetry was already
developed, the aim of this work is to examine the usefulness of TLC |
phnaphorimétry for different groups of drugs and related compounds
which have not been étudied previously b& this technique, and té
determine them in very low concentrationé. The sensitivity of
phosphorescence and thin-layer chromatography could be combined to
produce a rapid, sensitive and selective method of analysis capable

of resolving small quantities of similar compounds, especially

drugs and their metabolites, from complex mixtures.

20
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CHAPTER 2 : -

1

EXPERIMENTAL

2+1. Purity Checks

The purity of several groups of c_ornpounds was chécked by‘
thin-layer chromatography (see below). Tﬁé‘compdﬁnds studied
were (1) 6-mercaptopurine and its metabolites which are shown
in Table2f all were obtained from the Sigma Chemical Co. Ltd.,
(Poole, Dorset; U.K.); _(2) phenothiazine and its derivatives are
listed in Table 2.2. Compounds I and iI were donated by
Pharmaceutical Specialities (May and Baker Ltd); compound 3'by 
Allan and Hanburys, Compound % by Hopkin and Williams, compounds
5 and 7 were obtained from the B.P. Commission, and.compound 6
from Sandoz Products Lﬁd.; (3) Thiobarbituric acid and related
compounds are listed in Table 2.3, Compound I was obtained from
BDH Chemical Ltd.; Lohdon, compaunds 2 and 3 were synthesised by
Hewitt(?g)according to the method of Morawski(79) 1966, compounds
b, 5, 6 and 7 were synthesisea by Rohoman(SO)according to the
methods of Dickey and Gray(S?), and Dox.,(sa) Compound 8 was
obtained from Boots, Nottingham, England, and éompound 9 from

'ICI Aldenley Park, Cheshire, U.K.

Table2.41lists the polycyclic aromatic hydrocarbons that were
studied; compoﬁnds 1y 3 and 10 were obtained from Aldrich Chemical
Company, Inc. U.S.A., compounds 2,4,5,6,7,8,9,11 and 12 were

obtained from Aldrich Chemical Company, Ltd, England.
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TABLE 21..
Mercapfopurmes Studied and Source of sample

_ Compound Structyre Source
| ‘2-mercupto'purine J Sigma Chemical
(2Mp) HSJ\NI e
2 5—mercup_1'0pur|’n_e "
{6MPR)
3 |2-thioxanthine "
~ (2thjp)
-
4 |6-thioxanthine H/T\ /” N
- [6-thio) - N .
or |
SH
5 6—mercupfopurine , N /U | W
riboside &N Y /
o4 o'
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6 |B-mercaptopurine

TABLE 2.1, Continued

Lompound Structure - Source

SH

Sigma Chemical

ribaside. §_phosphate Co.

(6-MPR-5Phosph)

6-methyy mercapto_ | L
purine ' |
(6- MeMP) R |

=

2_amino.6-mercapto. N ' J
N

Purine &
H2N

(2-amino- 6~MP)




lo

1

TABLE2.1. Continued

Sfrucfure

Source

Compeund
| : Sigma Chemic
6..mercqptoguunosme e
(6-MG)

6-_mercaptopurine-

—

2 -deoxyriboside
(6-MP-2 deoxyR)

Azufhi'_oﬁr'ine

(Aza) "

H

2h
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TABLE 22-

Phenothiazines and related compounds investigated

Compound R R
Chlorpromazine HCL (CH,) 3.N{CH5) 5 CL
Methotrimeprazine {CHyCHCH N (CH3), OCH3
- maleate ClH o
3
.| Perphenazine (CH2)3N: },,EHZCHZOH CL
.| Phenothiazine H‘ H
.| Promazine  HCL (CHy) 3 NlCH3) 5 H
Thiethylperazine maleate) (CHp)3 N N.CHy SCH,CH3
CHj
Thioridazine HCL CHZ.CszV> SCH3




- TABLE 2.3.

Formulae of Thiobarbitruic acid and related compounds studied

Compound - Structure | Source
T y
0 S
2 Thiobarbitruic aeid N BOH
1 2. l(“noncérAl)frmc acid | H s 3 “H Chemicals  Ltd
T 0 .

see fext

21,3 dimethyl . 2TBA

3] 1.Methyl 2TBA

Ui

4| 5.Phenyl_1,3.dimethyl 2TBA

| 1.3Dimethyl.5.ethyl 2TBA "




Table 2.3.

Con tinued

Compound structure .Source
- see fext
64 1,3 Diethyl.2.TBA
H
|
7 S-Ethyl.2TBA Ef“ o
NaQ N Boots
o ) Et _\ Noffing'ham
g| Thiopentone Sodium /EQBIE.H2)‘2'!7§H 3
: CHy
1C1
| s-Na Alderley park
Thiabarbitone Sodium -
7 | C,SH2 Ny Cheshire
(Kemithal) e A
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Table 2.4. Names, Structures, & Suppliers Of fhe;’galyCyclic Aromatic Hydrocurboﬁs Studied

“Structure

Compound

1. Benzo{ghi)perylene

Supplier "

\

| Aldrich Chemical Company,Inc.

{A.CC.) USA

2. Coronene

(A.C.C)Ltd. England

3. 9,10-Diphenylanthracene

(A.C.C) USA.

&. Triphenylene

(ACC) Ltd. England




- 62

Table 2.4, (Cohtinued)

Compound

Structure

Supptier |

5. Fluorene

(A.CC)Ltd. England

6~ Fluo’run’rhene

n

"

7-1256- Dibenzanthracene

n

7

8.1234. Dibenzanthracene

*

"

"

9- Benzo{o)pyrene

*

oY
55
=~
3357

"




Table24. ~  (Continued)

Cofnpound

Structure

Suppljer

fo- Benzolelpyrene *

(A.C.C.)USA.

11- Decacylene

h "

12. Biphenyl

(A.C.C) Ltd. England

# Cancer Suspect Agent




Phenytoin has been investigated and was obtained from Sigma

T

Chemical Co. Ltd., (Poole, Dorset, U.K.).

The purity of the above compounds was also checked by using

their melting points, which were found to be within 2° of literature

o malla
values. T X

2eTele Safety precautions

A1l samples were kept in the dark and refrigeréted, to
avoid decomposition. In all cases the measurements were done on

the day solutions were prepared.

Several precautions were taken when handling polycyclic
Aromatic Hydrocarbon (pAH). All experiments were carried out
in a fume cupboard where possible, disposable gloves, and protective
overalls were worn all the time. When skin.came into contact
with carcinogens by accident it was washed immediately in COLD
water (not warm water, to avoid absorption by the skin). Contaminated
apparatus, gloves, polythene—covered‘bench surfaces etc. were

washed with cold water and detergent.

2.2. Thin-layer Chromatography

2.2.1. Media

Pre-coated aluminium backed TLC sheets coated with O.1mm
thick layers of cellulose without fluorescent indicator, 20x20cm,
(E.G. Merck) were obtained through British Drug Houses Ltd., Poole,
Dorset, U.K. Silica gel 60 HPTLC plates with fluorescent indicator,

2/0x20cm, (E.G. Merck) were obtained through British Drug Houses, Ltd,
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Poole, Dorset U.K.} and pre-coated aluminium backed TLC eheets

‘coated with O.2mm thick layers of silica gel 60 plates without

fluorescent indicator, (E.G. Merck) were also used.

2.2.2. Solvents

A suitable chromatographic development system was needed
for eaﬁh drug or group of drugs to be studied, utilising one alreaay
available or developing a new method if no suitable ones have been
described. Ideally, the methods should give Rf values of 0.2 to
0.8, use only one solvent and take about thirty mimites to develop

a 20cm plate.

The solvent systems used are numbered below:

Solvent systems:

T 0.1M HCIL

2. Isopropanol:methanol:water:ammonia (sp.gr. 0.880)(IJ4N4A0—

60 : 20 20 1 (v/v)
3. Water
4. - n-propanol:qN Ammonié

88 / 12 (v/v)

5. n-propanol:water:Ammonia (sp.gr. 0.880)
? 10 2 (v/v)

6. Ammonia:Dioxaneibenzene
5 2 20 75 (v/v)

7«  Acetone ¢ Chloroform
o9 (v/y)

8. n-hexane

9. n~hexane:pyridine

30 o 1(v/v)
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10. Chloroform : methanol
3 1 (v/v)

i

11. Chloroform i acetone : methanol

6 : 1 : 1 (v/v)

12. Toluepe : Methanol : Ethyl acetate : Acetic acid : Chloroform
16 b : 3 s 2 . 1

2.2.3. T7.L.C. Procedure

Before the samples were appliéd the plates® were completely
eluted with ethanol (96%, James Burroughs Ltd., London), and the |
top 1-2 cm of the plates cut off; the background luminescence of
the oven dried plates was thus substantially reduced. The development
of plates wés carried out in & Shandon chromatographic tank lined
with Whatmans NO.1 filter paper and containihg enough solvent to
fill 5% of the tank volume. The solvents in the tank were allowed
to equilibrate for at least an hour before inserting the thin-layer

plate.

Thin-layer chromatography (t.l.c.) of the mercaptopurine
derivatives was performed on cellulose thin—layers, and on high
performance thin-layer chromatography (h.p.t.l.c.) plates coated

with silica gel.

.A stock solution (10[Jg-m1_1)‘was prepared of sach drug.
2-MP, EMPR-5'phosph and 6MPR were initially dissolved in agueous
0.1M sodium hydroxide, and the solution neutralised with O0.1M HCL.’
All other samples were dissolved in O.1M sodium hydroxide followed

by an equal volume of O.2N IICl. 0.1~1l{l‘éamples were applied to
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the plates using disposable micropipettes (ICL Scientific, Fountain
Valley, Calif., U.S.A.) and chromatographed using solvent systems

1, 2 aﬁd 3 in closed chambers. Solvent system 1 was géod for all
mercgptopurines except 2-thioxanthine, solvent system 3 was good for
all mercaptopurines except 2-thioxanthine and 6-mercaptopurine
riboside-5-phosphate, where only solvent syétem 2 was suitable for'
all. ‘Solvent system 1 took 70 minutes té.develop a 15cm height.

The detection was in liquid nitrogen under g well shrouded UV lamp.

For phenothiazine and its derivatives, a stock solution of
10 ug—ml-q was prepared in ethanql. 141l samples were applied on
silica gel plates and solvent system 4 was used., The detecting

reagent was 40% sulphuric acid.

For thiobarbiturates, the stock solution of 10 ug.m1"1

was prépéred in ethanol. 1Yl samples were applied to cellulose
thin-layers and solvent systems 5, 6 and 7 were used. Solvent system
5 was good for all the members of the group, and solvent systems

6 and 7 were good only for compounds & and 9. The detecting
reagents were a saturated solution of mercurcus nitrate in water,

and 1% potassium permanganate in water.

For polycyclic aromatic hydrocarbons, stock solutions of
1 ug.ml‘1 were prepared. 1 U| samples were applied on to silica
gel layers and solvent systems 8 and 9 were used. Solvent system 8
was pfeferable since it is a oné component system and not carcinogenic;
solvent system 9 gave good separation Wit involves pyridine which ‘

is carcinogenic.
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R, values were determined using solvent system 8.

For phenytoin, the pure drug (phenytoin) and standard
benzophenone (10ug.ml_1 of ethanol) were checked on silica gel hyers
using solvent system 11. The location reagent was a saturated :

.

solution of mercurous nitrate in water.

When the t.l.c. step was complete for all the compounds, the
plates were air-dried and viewed in a polystyreﬁe tray into which
liquid nitrogen was poured. The luminescence of.the samples - was
viewed at- 254 or 366 nm under a well shrouded u.v. lamp (BLT).

Each compound yielded a single spot when analysed by the described

Procedure,

2+3%. Preparation of phenytoin samples,

Standards were'prepared by either weighing.the solid drug,
dipphenylhydantoin (DPH) directly into a.known volume of plasma
or dissolving a known amount in 0.05M sodium hydroxide solution
and adding this solution to a known volume of plasma’ (.3ml of plasma
was used). Dill's(83)oxidation procedure was used with.the

following modifications:

1.5m1 of acid phosphate buffer'(pH 6.8) was added to plasma
in a capped centrifuge tube. This was absolutely essential to
precipitate the proteiﬁs.from the 1,2-dichloroethane layer in the
extraction step. The DPH was then oxidised using alkalinelﬂ{noh
and the oxidation product (benzophenone) was extracted into
methylcyclohexane (MCH). The MCH layer was separated and tested
for'purity by T.L.C. A blank was freparcd in fhe Same way except

that no drug was added.
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Luminescence spectroscopy

Fluorescence measurements at room teﬁperature were performed
on a "Fluor;cord" spectrofluorimeter (Baird-Atomic Lid., Braintree,
Essex, U.K.) using silica cells of 10mm path-length, .Spectra were
recorded on a Baird Atomic (model 27000) strip recorder. a1l

measurements were made with slit widths which gave an overall

resolution of 10nm.

Phosphofescence studies in rigid glasse; at 77K were
performed using a "Fluorispec" SF100E spectrofluorimeter (Baird.
Atomic Ltd.j fitted with a Silica Dewar flask and.rotating cylinder
phosphoroscope as previously described(14). Luminescence intensities
were measured in arbitary units on an xy chart recorder (Eryans 26000) .
The monochromators could be motor driven and linked to the X~axis.
The photomultiplier'output was iinked to‘the Y axis facilitating the
automatic production of both emission and excitatiqn spectra.
The siting of a mercury lamp (Pen Ray) in the sample compartment
was used to check the calibration of the emission monochromator

and the scattered light was used to check the excitation.monochromator.

2.3.2. Thin-Layer phosphorimetry.

Modifications were made to a Baird-Atomic SF Fluoricord
spoectrofluorimeter to allow a thin-layer strip to be scamied; this

device has been described in detail in an earlier paper(gk).‘ Its

operation is shown in Fig. 2.1.




After each developed plate had been allowed to dry it was
.wrapped around the sample holder drym of the thin—layer phosphroimeter\.
and held in place with the elastic bands. It was then sprayed with
ethanol until just wet, the drum was insérted into its-compartment,
and filled with liquid nitrogen. After allowing the drum to cool
down for 2 minutes, the sample was scanned and the results recorded
on a chart recdrder. For room—temperature:étudies fhe thin-layer
attachment was used in the same way, except that;the plate was
not sprayed with ethanol and no liquid nitrogen was added to the
sample drum. A series of concentrations for each sample was
prepared and 0.1 to Yl samples were applied to t.l.c. plates using
disposable micro-pipettes (ICL Scientifie, Founéain Valley, Calif.,
U.S.A.}. The plates were sprayed with ethanol. Thin-layer
phorphorimetry at 77K was then performed at once: room temperature

studies were performed after the plates had been dried overnight.

37




Fig. 2.1. .

Shows how the instrument works




Legend. for Figure 2.1

is the incident light which strikes the sample at 45° to

the normal.

two slits, which help to control the half-band width of

the exciting and emitting light. .

two silica windows are fitted to the outer cylindrical

container at right-angles to each other.

outer container painted black to minimise the scattered

light.

the sample holder consists of a hollow copper drum, thel
tﬁp of which is fitted with a narrower cylinder through
which the drum can be filled with liquid nitrogen. The
base of the hollow drum rests on a motor driven turntable.
The turntable is driven by a 12 volt motor. The speed

of the motor and hence the rate of excitation of the T.L.C.
Plate, is controlled by a variable output transformer, and
gives a scanning rate from 2-30 c¢m min '.  The drum

can be stopped at any position and the spectral
characteristics of each component measured.

the emitted light is measured from the sample at 45°

to the normal

single disc phOSphoroscope: a thin metal disc 65mm in
diameter, having 3 equally spaced slots 13mm wide and
16mm long, cut into it. It is driven by a small
electric motor. The dise is mounted in front of the two

fixed slits in the sample holder compartment (b). If the
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disc is rotated then the sample "sees" alternately the
exit slit of the excitation monochromator and the entrance
5lit of the emission monoéhromator. That is, in one phase
light from the source falls on the sample, the path from
the sample to the receiver being closed, and in the next

the phosphorescent light can enter the emission monochromator,

while the path from the lamp to the sample is closed.



2eBe5. Sample preparation

411 samples for direct absorption, fluorescent and phogﬁhorescent
measurements were dissolved in 96% ethanol @s background emission
was not found to be a problem. The ethanolic 0.1N HCl was prepared
by diluting 34-37% HCL with ethanol. The level of water in the
samples did not produce.cracking on cooling; ﬂTherethanolic 0.1N NalH-

was prepared by warming the ethanol to dissolve the sodium hydroxide,

i

6~mercaptopurine and its metabolites and thicbarbiturates
were dissolved in 0.1N HC1l ethanol, neutral ethanol, and O.1N NaOH
ethanol. Phenothiazines and polycyclic aromatic hydrocarbons

were dissolved in 96% ethanol.

2.3.4. Analysis of a mixture by thin-layer phosphorimetry.

A TLC plate was prepared és previously described for the
purity check. 1 ul samples from lOug ml-1 solutions were applied;
After separation and drying the strip was scanned using various

excitation and emission wavelengths.

"In a1l Juminescence assays the limit of detection of a
solute was defined as that concentration yielding a signal two

standard deviations above the background signal.

2+%.5. Analysis of ‘Drugs in plasma

Pooled human samples, obtained from Leicester Royal Infirmary,
Leicester, U.K., were spiked with the 6ompounds under sfudy. A
0.5ml gliquot of plasma was added to a 10ml glass-stoppered centrifuge

tube. A known volume of the drug in ethanol was added, énd the volume




was made up to 10ml. The mixture was shaken vigorously for 6orseconds
and then centrifuged for 10-15 minutes. The protein was thus precipitated
and the clear supernatant was analysed bj spﬁtting ly&‘samples on

to TIC plates. After development the phosphorogram Qas obtained as
previously described (Sectionl2.3.2.). The Background emission

was obtained by analysing a number of plasma samples without addihg

the drug.

2.3.6, The dependence of phosphorescence on the solvent.

The effect of solvents on phosphprescence intensity in
thin—layér phosphorimetry was previously descriped(Bq). In thig
work the TLC plate was prépared (20em long x 5em wide) by applying
Tul samples.of the drugs under investigation, then dried under
infra-red lamp for 30 minutes. The plate was sprayed with different
solvents including: Ethanol/lodomethane 4/ (v/VJ 1% lead
tetraacetate in methanol; 1VV/V(§La111um acetate in ethanol,

1% w/w potassium iodide in ethanol and 0.1M silver nitrate in
ethanol, until it had just acquired a wet appearance; i.e. there was
a continuous film of solvent on the stationary phase. Aftér spraying;

the phosphorogram was determined as previously described (Section

2.3.2).

The "heavy atom" effect was employed to improve the limit
of detection for the compbunds which were not ﬁery strongly

phospherescent.
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2.%3.7. Effect of Temperature on phosphorescence intensity.

The last part of the experimental work was the investigation

of the effect of temperature on the intensity of phoSphorescence.

The study used promazine HCl as an example.

1l samples. frrom & 100ug ml 'stock solﬁtion were spottéd
on to silica gel -thin 1a§eré.(100m x bem). ‘Aftef drying,-the étrip
was bound by elastic bands to a hollow copper drum, mounted oﬁ a
motor driven turntable as shown in Fig. 2.1. The strip was
sprayed with ethanol and the drum was inserted in its compartment
as described previously(gu). A digital thermometer type CGI -range
1 to 280K (supplied by Air Products and Ghemicais Inc.) was used to
measure the change in temperature. To the thermometer a thermocouple
was connected, consisting of a gold negative pole and a silver positive pole.
The thermocouple was inserted between the strip and the wall of
the drum, then the drum was filled with liquid nitrogen and the ’ .
reading on the thefmometer was taken. Liquid nitrogen was poured
into the drum; after 2 mihutes, the thermometer read 77K and the
phosphorescence intensity_was.measured, either by reading it on the
meter of the instrument or recording the spectrum on the recorder,

the excitation and emission'Wavelengths were 310nm and 495nm

respectively.

Simultaneous readings of the change in temperature and the
phosphorescence intensity were recorded. Also the change in
temperature with time was recorded. A graph of . intensity vs

temperature was plotted.
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~ The same procedure was carried on for &wmercaptopurine

In this case a cellulose strip of (20cm x %4cm) was used and 1ul

' samples of different concentrations were applied on the t;l.c. plate.

The phosphorogram was obtained by repeated scanning of the drum;

*

the excitation and emission wavelengths were 342mm and 485nm_respective1y.

2.4. Absorption spectroscopy

hbsorbance measurements were made with both a Pye-Unicam S.P.
8000 Ultra Vinet'Recording‘Spectrophotometerland a Pye-Unicam
S.P. 800 Ultra-Violet Spectrophotometer using ‘10mm path 1ength
silica cells. All spectra were recorded at 298K using the same
solvents as in the luminescence measurements. Measurements of

absorption spectra were made immediately after sample preparation.




2.5. General reagents

Ethanol:
Isopropanol: (BDH Ltd)

96%, James Burroughs Ltd., London.

n-propanol: {(BDH Ltd)

Laporte Industries Ltd., Gin House Lane,
- Rotherham, Yorks, U.K.

Ammonia S.p. 0.88:

Acetone: Fisons, Loughborough, U.K.

Methyl c¢yclohexane: Fisons, Loughborough, U.K.

Bengophenone: Fisons, Loughborough, U.X.

142 Dichloromethane: (BDH Ltd)

Lead tetraacetate: 1% w/v lgm was dissolved in 100 m] of methanol

Thallous acetate: 1% w/v lgm was dissolved in 100ml of

methanol. (BDH) Poole, England

Todomethane:

0.1M HCL:

O.1M NaOH:

Potassium permanganate:
L4o% sulphuric acid:
n-hexane
lKPyridine:A
Toluene:
'Methyl acetate:

acetic acid:

Chloroform:

mercurcus nitrate:

Fisons, Loughborough, U.K.

Laporte Industries Ltd, York, U.K.

Fisons, Loughborough, U.K.

Fisons, Loughborough, U.K.

(BDH) Poole, England.
Fisons, Loughborough, U.K.
Fisons, Loughborough, U.K.
Fisons, Loughborough, U.X.
Fisons, Loughborough, U.K.

(Hopkin and Williams)
Essex, England.

(BDH) Poole, England

Fisons, Loughborough, U.K.

it

Chadwell Heath,



CHAPTER 3

-3;1; Phenytoin

INTRODUCTION

'Diﬁheﬁylhydantoin (DPH) and phenobarbital éie_the two drugs
most often used for the control of epileptic seizures; DPH'is:a
commonly prescribed anticonvulsant drug. A need exists for a
rapid sensitive and selecﬁive chemical procedure capsble of
detefmining diphenylhydantoin at therapeutic levels in blood

(10 to EOUg.mlibm Anticonvulsant drugs have béen determined by a
variety of'analytical techniques, the most commonly used being

(85) (86))

spectrophotometric methods (Plaa et al

(87)_

and Wallace et al

and colorimetric methods These methods are time consuming
and sﬁbjéct to interference from phénobarbital and other drugs.

_ Recently, Evans(gg) reported a method for the simultaneous
determination of diphenylhydantoin and phenobarbital in serum by
lhigh-pressure liquid chromatography. However the method required

a multi-step sample preparation procedure with crltlcal pH adJustments,\

and no prov151on was made for use of an internal standard. Later

(89)

v

Pokar et al in 1976 described a sensitive high pressure liquid

K Jhromatographlc method in which 5-(p-methyl phenyl)-s-phenylﬁydantoin
is used as the internal standard for the simultaneous determlnatlon

of diphenylhydantoin, phenobarbital and primidone in whole blood

and plasma. Gas-liquid chrématographic (aLe) procedures introduced

(90) (91)

later by Chang and Macgee are highly specific, but generally
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require more than 1 ml of plasma and about 20 minutes per sample.

(92)appeér3‘to be highly

A radioimmunoasay method introduced by Booker
specific and sensitive, but the prepared reagents‘are,expensivei i
The 0xidat%on of DPH by heating with alkaline permanganéte.to yield
benzophenone was first described by Wallace & 31(93); this method

required reflux operations during the oxidgtion-step; and it lacked
sensitivity. Numerous modifications in the exFraction and oxidafioﬁ'

steps and the development 6f a sensitive fluorimetric assay‘

procedgre for benzophenone were reporteﬁ by Dill et al:(83’94’95t9§)
this assay is suitable for ¢linical use. Determination of
diphenylhydantoin by phosphorescence spectrometry has Been described
by Lee et 51¢7®); they modified the procedure o D111¢"ny
adjusting the pH of 1 ml. of plasma, to 6-7 by acid-phdsphate buffe_f

before oxidation. The sengitivity of the method was 50 ng/ml.

The pfesent work describes a sensitive method for the
" determination of phenytoin by combining thin layer chromatography

and phosphorimetry at 77K.
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Results and discussion.

5.1 M 1o Purity Check-

Thin layer chromatography was used io check the purity of

benzophenone (standard) and pheriytoin. The two compounds were pure

when silica gel plates, and Chlorpform:Methanol:Acetone (6:1:1 v/v)

as an eluent were used.

Table3.1,1shows the R, values of benzophenone and diphenyl-

hydantoin before and after the oxidation procedure at room temperature

using mercurous nitrate as a detecting reagent.

Table 3.1.1 R, values of benzophenone and phenytoin

-f!
Co m‘p ound R £ 0010-111.'1'1;11; :‘ I;trgercurous
Benzophenone 0.77 dark grey
‘dipbenylhydantoin 0.66 dark grey
Benzophenone 0.77 ~ dark grey
pure drug 0.77 'dark grey
Drug + plasma 0.77 dark grey

Before oxidation

After oxidation

For the_detection of the above substances it was pbssible

to use U.V. light, especially in the short-wave region (254nm) where

benzophenone absorbs at 77K, this 15 a non-destructive method of

detection. The plate was sprayed with mercurcus nitrate and a dark

spot for each compound was observed.

From this method of detection

the compounds were highly pure and no further purification was

carried out.
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3042, Ultra Violet Absorption

‘ The ultravlolet absorption spectra of dlphenylhydantOJn and

its ozldlzed reaction product arre shown in Flg. 3.1,

The figure also shows the recovery of the drug from plasma;
both curves correépbnd to 5u.g.ml-1 and 10ug.ﬁ1*1 in methycyclohexane‘
ih the original solution. The product in methylcyclohexane is well
deflned and exhibits an absorption maximum at 254nm for both pure
drug and drug + plasma (control plasma). The ultra—violet
absorption spectrum of benzophenone is.identical to that sbown'
for therproduct in Fig. 3.17% The spectra sﬁggest that the two
are the séme compdunds; The figure also shows dlphenylhydant01n
before the oxidation ‘process. A blank plasma gave zero absorbance

reading.

%.1.3 Luminescence Spectré at 77K.

The phosphofescence spectra of the oxidation product of DPﬁ
{benzophenone)} are presented in Fig. 3(1:2. The solid line represents
the measurements in a quartz tube (i.e. in solutlon). it is well
resolved and exhibits three phosphorescence maxima at 404, 448 and
488 nm, and a single excitation .masximum at 260nm.  The broken line
| represents the spectrum of benzophenone on a thin layer plate, this
spectrum is not as well'resolved as the solution spectrum, but the
maximum at 446nmm is well defined. - The determination of the limif of _
detection was done by fixing the emission wavelength at L46nm and

the excitation wavelength at 260nm.
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Table 3.1.25ﬁmmarizes the recovery of-diphenylhydantoin which™
was added to plasma in known amounts. The recovery was determined

by comparing the intensities of the drué and drug + plasma.

Table 3.1-2 Recovery of diphenylhvdantoin added to plasma.

- Tk

DPH concentration | No.of Average.infénsity Recovery ‘
ng/spot determin~ |in cm. , ng/spot mean %
' ations I std. dev. (mean ¥
; : ' _std.dey
.5 5 .25 % 0.09 0.49°0.09 | 98
.65 5 352 .09 0.65 £ 0,09 | 100
1.0 5 S5 % 0.0 1.0 fToua | 100
2.5 6 .13 T 0.1 2.5 % 0.1 100
6.5 5 3.0t o.2 6.0 Io.2 92
W 6 7.5 % o.2 1 to.z 100
b5 6 25 * 2.0 W 12,0 98
100 6 30 ¥ 40 (98 tuho 98
Average recovery : 98.3%

Recovery of diphenylhydantdin 98.3% (Table B.Z&Jwbbagrees well
(97) {98) '

with Evenson et al and Pippenger et al s who reported 90-100% -
recovery. Figure 3.7.3shows the ‘phosphorggrams of the reaction |
ﬁroduct (benzophenone) on TLC plates. Corresponding to pure drug and
(drug + plasma) containing 0.3 ml of plasma and 1.0ng/spot can be
SEeEen. Bianks derived from.plasma'subjected to identical treatment
showed virtually no phosphorescence background. Standard curves,

prepared with known amounts of DPH added to control plasma, showed

good linearity in the range of 0.5 - 45 ng/spot (Fig 3«14}, The
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practical limit of déi;éction for diphenylhydantein in plasma is
0.4kng per spot using thin-layer phosphorimetry with an error less
than 10%, Thin-layer phosphorimetry is thus a very sensitive'
technique in this case and enables the cllnlclan to monltor nanogram
quantities of DPH. The method ig thus part1cu1arly applicable
to pediatric care. The time required to run one scan is only one
minutes. A standard curve may be generated in about 15 miﬁuteé since

many sanples may be run 1n a short period of tlme. The benzophenone

procedure is hlghly spec1flc for DPH, with no known interference -

from the major metabolite of DPH, HPPH, and 5—(p~hydr0xyphenyl)-5-

phenylhydantoin.

In conclusion, thin-layer phosphorimetry demonstrates.that

derivative - analyses are possible.
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%.2. 6-mercaptopurine and Related Compounds

INTRODUCTION

6-mercaptopurine (6MP) is used as an antineoplastic agent,
and has immunosuppressive propefties. The main use of 6MP is in

the induction and maintenance of remission in acute leukaemia in

*

children, remission being-achieved in a'consi&erable proportion of
cases treéted.' Azathioprine is an imﬁunosﬁppre%sive énd ‘
antineoﬁlastic agent with éimilar acfions to th;se 6f 6MP, to which
it is slowly converted in the body. It is mainly used as an
immunosuppressive agent for facilitating the survival of organ and
tissue transplants. |

The widespread use of 6-MP and azathioprine as immunosuppressive

and antileukaemic agents has created a demand for the selective L

analysis of these compounds and their metabolites at trace levels

(99)

in biological fluids., The many methods used include paper

" and thin layer chromatography' 0?1 nign vortage!'®® and thin- .
» gas liquid

(103)_ (104) and high performahqq
(105) oy 1060 |

and mass spectrometry

layer electrophoresis

liquid chromatography

Finke1(107)

chowed that H-mercaptopurine could be determined
fluorimetrically after oxidising deprotenised plasma samples with
potassium permanganate to produce purine-6;su1phonateéthe limit of
detectidn wag TUg.m1“1. ‘The strong phosphorescence exb;bited by |

many purine derivatives has been frequently reported (ﬁ;¥. fOB),

and Aargn and Winefordner showed that 6-methylmercaptopurine and
2-amino-6-methyl-mercaptopurine showed ahalytically useful phosphorescencd

(37). The same compounds were more recently shown to exhibit a
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weaker room temperature phosphorescence (R.T.P.) when adsorbed on to

0
chromatography paper from alkalinexsolution(1 9),

(110)

Maddocks and Davidson reported the detection of picomole

quantities :of azathioprine, 6?mercaptopurine and seven related
compounds after thin-layer éhromatography on cellulose, ‘using‘the .

luminescence developed when the chromatOgréphy ﬁlate was cooled to

liquid nitrogen temperature. Wong and_Maddocksf103)used a similar
technique to detect mercaptopurine derivatives after-thin-layer
électrophoresis on a varigty of media. Neither of these papers
reported spectroscopic data, and fluorescence and phosphorescence

were apparently not distinguished.

The presént work describes a detailed study of the luminescence
properties of 11 mercaptopurine derivatives. The application of thin

1ayer'phosphorimetry(14)

» both at room temperature and at liquid
nitrogen temperature, to their rapid determination at trace levels

in deproteinised blood plasma is also described.
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Results and Discussion

Feele Purify check.

The compounds‘studied are listed in Table Za%. The phosphorescence
of the spots could be clearly observed under UV light, in each case
a single well defined spot was marked. In Table‘3.2.1 lists the.

solvent systems used and the‘Rf valuess .

3.2.2. Absorption spectra

The ultra~violet absorptien spectra of 6-mercaptopurine
derivatives were found to be pH dependent. {able 3.2.2. Spectra
obtained in neutral and aéidic (0.1M HCl)ethanolic solutions were
generally.similar, but in ethanol containing 0.1M NaOH shifts of
absorption maxima and changes in molar absorbance were sometimes
observed. 6-merceptopurine (Fig. 3.2.1.) for example, exhibited a
blue shift of about 18nm, and a slight decrease in molar absorbance
in alkaline soiution. ~ 6-thioxanthine Fig. 3.2.2.,another example,
exhibited a red shift of about 12lnm, and a siight decrease‘in molar
sbsorbance, in alkaline solution. Such changes, similar to those

(111)

found by other workers y suggested the desirability of performing

luminescence studies in acidic, alkaline and neutral solutions.

3.2.3. Fluorescence at 298%

Reom temperature studiee showed that only one compound,
2-amino-6-mercaptopurine, exhibited eignificant flﬁorescence. In
alkaline ethanol, with excitation and fluorescence Wafelengbhs of
.ca. 216 and 402nm respectively, this compound had a limit of detection

of 7Ug-m1‘-1 .
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_Mercupmpurin'es studied on cellulose thin layers

Table 3.24,
R em 1 - {solvent system 2 | solvent system 3
Compound solvent SEYSJr | colour LMWA. Water
| Rf - Rf _Rf
1| 2mp 039 yellow 032 032
eMP A blue 042 027
 2Thoxa|  N.D.- N.C. 019 N.D.
6Thioxa| o2t blue 0-30 018
6MPR 0.62 blue o -38 o-55
6.MPRSP o711 blue 017 N.D.
7/6-MeMP 0-63 blue 073 035
8|2-NHs6MR .37 green 028 013
9{6-MG 0-51 green | 0-23 - 0.3
1o0{6-MR2deox] .41 blue 045 027
11|Azafioprind o .66 yellow 0-75 0-65




5

Table 3.2.2.

The U.V. absorption characterlstlcs of Mercaytopurlnes in neutral,ac:.d (O 1MHCL)

and alkaline (0.IM NaOH) ethanol

L

-
—d

278, 216

6ompoﬁnd$ Neutral ethanol Acidic ethanol alkaline ethahol
- )\max nm Amax nm )\ma.x nm
1 U570, a9k, 2k 295, 2k 328, 273, 250
2 331, 279 329, 225 313, 305
3 285, 224 285, 229 288, 225
4 343, 337, 285 340, 276 349, 275, 250
5 325, | 330, 319
6 No absorption% Z27, _ No absorption #
7 289, 289, 284 289, 284 291, 285
8 349, 349 227
9 349, 339, 275, 259 349, 270 342, 317, 275, 254
10 325, 229, 213 328, 230, 242 319, 236
278, 216

288, 285

H# abovi- ~ 250 nn.
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Table 3,2.3. Phosphorescence characteristics of Mercaptopurines in Ethanol Glasses at 77K.

Compounds

Neutral Ethanol

- Alksline Ethanol

9%

“Nex Ao Detection limit Aex Ap . Detection limit
nm ma ng.ml=1 no nm ng.mi™’ '
1 .1 510 6 330 488 1
2 350 463 : 20 316 454 2
3 295 458 0t 295 452 107
b 3h4 480 50 349 508 50
5 325 456 30 323 462 50
6 337 LL46 ND 200 420 107
7 286 436 .25 295 Lh6 ko
8 356 484 4o 320 479 50
2 3k L66 120 340 L6 70
10 332 476 | 60 320 460 60
11 300 4hp 101‘L 311 451 2600
- ND : Not detected




LS

Table 3.2.4.

Limits of detection of Mercaptopurines in Blood Plasma using Thin-layer

phosphorimetry at 77K.

Compound Limits of detection, ng per spot
Cellulose thin layers Silica gei h.p.t.l.g.-layérs
neutral ethanol solvent --alkaline ethanol solvent neutra; gthanol solvent

1 45 | 2 N:.D-.

2 3 e 0.05 0.0k
3 50 50 N.D.
4 1 5 N.D.
5 2 _ 5 N.D.~
6 30 25 N.D.~
7 3 1 1.
8 0.1 : S N.D.
9 4 . (e D

10 5 - '3 . N.D.
11 150 a 10 N.D.




%.,2.4. Luminescence measurements at.??K.

_ " The phosphorescence characteristics of allrthe comppunds_in
ethanolic glasses at 77K are given in Table 3.2.3. [In these
conditions, compounds 9, 8 and in alkaline ethancl -‘? exhibited
relatively ‘feeble fluorescence sigﬁals at 350;406nm (Figs. 3.2.3
and 3.2.4.). The remaining compounds exhibitéd no fluorescence
.and could thus be studied without the rotafing cylinder phosphoroscope
in the light béam]-‘ As expected from the absérption'spectra;
the phosphofescence spedtra in neutral and acidic ethanol solutions

were very similar, Fig. 3.2.5 and Table 3.2.3.

It is apparent that ng.ml™! limits of detection can be
obtained in,many cases. For some compounds, alkaline conditions
produced the best detections limits; for others neutral or acidic

solutions were preferred.

Analytical curves were found to be linear over large
- concentration ranges; the curves for 6-mercaptopurine, 6-mercaptopurine-

i

hiboside and 6-mercaptoguanosine are shown in Fig. 3.2.6.

When the compounds were adsorbed on to cellulose T.L.C. plates
at 77K, the excitation and emission spectra Qere generally closely
similar to those obtained in ethanolic glasses, and again very low
levels of many of the compoundé could be detected pérticularly when =~ .
the samples were applied as alkaline ethanolic solutions. Table 3.2.k.
shows that.quantities as low as ten pg could be detected in |
deproteinised plasma samples. Similar results were cbtained when pure

solutions of the compounds were studied. The recovery of the solutes
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'usiﬁg\fhe cold ethanol-precipitation method waé almost 100% : Fig. 3.2.7.
shows typical analytical curves for-6;MeMP. Fig. 3.2.8. shows a
typical t.l.c. scan for 6-methy1-mercaptopurine‘at room temperature ;qkﬂmfﬂ;,?
énd 77K, using excitation and emission wavelengths of 296 and 443nm o
respectivel&. These.detecﬁién limits.were at leaét an order of
" magnitude better than could be'obfained by ﬁsuél observation on the
t.l.c. plates. Three of the compounds wereialso studied using silica
‘gel he.p.t.l.c. plates, and the limits of detection gchieved were' }, el
similar to thoée obtained using cellulose'thin layers. In atteﬁp?s ' -;’;ﬁir'":
to enhance the phosphorescence signals'still further ethanolic
solutions of potassium iodide'(i% w/v), lead tetraacetate (10% w/v)
and thallium acetate (10% w/v) were investigated as spray reagents:
none of theée compounds produced a "heavy-atom" enhancemént.ﬁn

cellulose or silica gel thin layers and in most cases a quenching of

the phosphorescence was observed.

Several mixtures of mercaptopurines weré stuﬁied in erder f6
test the precision and selectivity of the combined t.l.c.-phosphorimetry\
method:.all these measurements were‘made at 77K using cellﬁlose thin
layers. Figure 3.2.9. shows the separation of 4 compounds on a |
cellulose t.l.c. plaﬁe: again, the results obtéined were the same
whether the compounds were dissolved in ethanol or derived from épiked

plasma samples.

The coefficient of variation when the same’t.l.c._plate was

scanned repeatedly for 30 minutes was found to be 8%.

I
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The répm temperature phosphorescence of all the cbmpounds
was studied. .Analytically—useful signals were obtained only when
cellulose was used_és the adsorbent; with the highest intensities
generally being obtained when alkaline ethanol‘was used as the solvent
for sample ppplication. Even then, the limits of detection (Table
3.2.5) were.at ieast an order of magnitude inferior to those
determined at 77K. Room tempefaturé phoéphoréscence spectra generally
exhibited higher bandwidthé and less vibrationa} fine structure
than spectra obtained at 77K: the examples of 6;mércapt0purine"

(Fig. 3.2.10) and 6MP?2-Deoxyrib05ide (Fig. 3.2.11) are illustrated.

%e2e5. Temperature effect

Fig. (3.2.12) shows a series of spots of 6-mercaptopurine

spotte& on cellulose thin-layer. As the temperature increases toward .

room temperature the phosphorescence intensity tends to decrease.
A graph of (phosphorescence intensity) versus temperature was plotted

(see section.B.h).

Discussion

The luminescence of purines has been‘investigated by a number

of authors(37g112,113)

and it is well established that many purine
derivativés exhibit strong phosphorescence signals in the wavélength
region 400~550nm. The phosphorescence lifétimes and emission
wavelengths.indicate that 1T - 10* transitions are responsible. Some
purines are also fluorescent, although the nature of the lowest
singlet state has been a matter of‘controversy(112).
been established that the lowest singlet staﬁe df purine itself is

* : .
n -1 in nature. In alkaline solution purines form anions by loss

of a proton at the 9-position:
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Limits of Detection of Mercaptopurines in Pure Sclution Using Thin Layer

Table 3.2.5.

Phosphorimetry at Room Temperature.

Compound

OO0 1 v N

- A
- D

Limits of detectidn, ng per spot

Neutral ethanol solvent

Alkszline ethanol solvent

N.P.
28
N.P.
ko
N.D.
N.P.
6
7
20
N’._}";.
N.P.

25
.

200

200

300
100

20
20

NP = No phosphorescence detectable on cellulose thin'iayers.
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_Alkaline KN
T (=)

Parent molecule ., N | Anion

the phophorescence of the purine anion is red-shifted compared with

the paﬁent molecule, and fluorescence is also observed (Fig. 3.2.12).

37

Aaron and Winefordner showed that 6-methylmercaptopur1ne
and its 2—am1no derivative could be detected phosphorlmetrlcally at
low levels (< lng.ml™ ), and were more phosphorescent than purines

- lacking the mercapte group. This may be due te the "heavy atom" effect
of the sulphur substituent. Indirect confirmation of th;s came from
the results of Vo-Dinh et a1(114)wh0 found that an extereal heavy~atom
perturbant (sodium iodide) dld not enhance the phosphorescence of
6-methy1mercaptopur1ne, when 1t was observed at room. temperature

. adsorbed on filter paper. The limit of detection in these conditions

was found td be inferior to that at 77K, but still of analytical value.

In the present work all the compounds studied showed analyfieally
useful phosphorescence, but few were found to be measurably fluorescent,
again presumably because of the heagyy  atom effect on the intersystem
crossing rate constant. While the phosphorescence properties of the
compounds are generally similar, there are considerable differences in
phosphorescence intensity. The poeition and subsfitutibn of the thiol
group in the purine system are clearlylof importance. Compounds with
thie group‘at the b-position are generally more stronély phosphorescent
than 2-substitu£ed purines:6~mercaptopurine and 6-thioxanthine can be -

detected at lower levels than 2~mercaptopurine and 2-~thioxanthine
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respectively. 6-methylmercaptopurine and azathioprine both have .
excitation and phosphorescence maxima blue-shifted compared with the
Iparent bompound. Azathioprine(I) is only very weakly phosphorescent,

possibly because of its nitro group:

“CH3

No; W

(1)

The presence of a ribose group has, as expected, little
effect (compounds 5,9,10), but the phosphate.group in 6~mercaptopurine
riboside S5-phosphate also has a strong quenching effect. In agreement

(114)

with earlier studies , external heavy-atom effects could not be

induced.

It is apparent that thin-~layer phosphofimetry at 77K is )
a powerful method for determining 6-mercaptopﬁrine and its ﬁetaboiités.
In many cases the limits of detection are very low, the drugs may‘
be readily and completeiy recovered from deproteinised plasma, and
the chromatographic and luminescence steps bbth contribute to the
selectivity bf the method (Fig. 3.2.9). Furthermofe,‘the tolec. step
is rapid (especially using h.p.t.l.c. plates) and utilises a simple,
non-luminescent eluting solvent. Room temperature phosphorescence
(RTP) was, as expected, weaker than the phosphorescence obsérved‘at
77K, Nevertheless it may be of some use where higher levels of the
mercaptopurines are under study : the thin-layer phoaphorimétry method

is naturally easier when no liquid nitrogen is required. The finding
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that cellulosic thin layers give optimum RTP effects is in agreement

with the results of several previous workers, (reviewed in Ref.115).

The presenf study shows that the combination of thin-layer -
chromatOgréﬁhy and ph05phorimetfy is a valuable analytical methqd,.
especially in cases where several structuraily.similar phoaphOrésﬁent
compounds (e.g. a drug and its metabolitesj are to be analysed. It
complements the numerous éxisting techniques which,cdmbine t.i.c..

and fluorimetry.
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%.%. Phenothiazines

INTRODUCTION

Phenothiazine and its derivatives form the largest and most
import arﬁ: groups | of major tr anqgillizer s and antihistamines: QS
tranquillizers they inkicca state of calm in a patient inldoses
which do not produce hypnosis. Chlorpromazine HCl is a central
nervous dépressant which especially inhibits autonomic nervous

activity without appreciable action on the spinal cord.

Phenothiazine and its derivatives have beern studied by various

(116) ) (11?)’

'analytical techniques including colorimetry ’ grav1metry

(118,119) (120)

U.V. absorption spectroscopy, I.R. spegtroscopy

(121) d\(qzz ~124) (125 128)

Raman spectroscopy H P L.
(128,130)

5 TuL. C

y Square wave polarograph_{(131 132), mass

(133) (134-136).

G.L.C.

fragmentography o and fluorescent derivatisation

(137)

Blazek has written a review of the analysis of phenothiazine
derivatives, describing the physico-chemical properties, metho@s of
identification, purification and determination, biological
distribution and stability of 60 phenothiazines. For Chlorpromazine
and its metabolites a comparison of methods have been used before 1972

(138) (139) _

has been given by Usdin .and Cimbura

A1l of the analytical methods mentioned above have some dis-
advantages in the determination of the normal blood levels of these -
drugs. For example, T:t:a;, U.V., and colorimetrj; methods are tedious
_and usually too insensitive to permit measurements of concentrations

in serum after administration of therapeutic doses of the drug.
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The fluorescent derivatisation method only permits- the detéction of
metabolites containing primary amine or hydroxyl groups.: Mass 

fragmentography is very complicated and expensive.

The determination of phenothiazine and its derivatives by low
temperature luminescence is rare, although the technique is not only

extremely sensifive and nearly free from intefference but also

i (27)

quite rapid and accurate. Winefordner and Tin have described the
determination of chlorpromazine HC1 in blood plasma'uéing

phosphorimetry; they gave only the analytical curve but not the 1imit
(118)

of detection. Thiéry et al have investigated 13‘phenothiazine
derivatives by low temperature phosphorescence in soiution but did
not givé the limits of detection and phosphorescence lifetimes.
Phillips et a1(140)have studied 19 phenothiazine derivatives by
phosphorescence at 77K but did not study them by thin-léyer'
phosphorimetry, |

. i
The present work provides the limits of detection of phenothiazine

. derivatives at low temperatﬁre, using phosphorimetry combined with
thin layer chromatography. The effects of various‘solvents on the

phosphoerescence are also described.
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Results and Discussion

3s3.7. Purity Check

Thin 1a&er chromatography was used.to check the purity of
phenothiazine and its derivatives. The phenothiazines were pure when
silica gel plates, and n-propanol: N ammonia (88:12 v/v) as. an
eluent were uséd, (Table 3.3.1). The plate was sprayed with 0.1%
sulfuric acid as a detecting reagent. From thié method of detection
the compounds were highly pure and no further purification was carried

out.

Table 3.3.1. Rf values of phenothiazine and its derivative

Compound R Colour

pink

purple

pink

pink

rink
Light blue

Light blue




3.3.2. Luminescence characteristics at 77K

Table 3.3.2. gives the phosphorescence characteristics

' (excitation and emission wavelehgths and 1imit$ of detection) using

TLC piates at 77K for the phenothiazines investigated. All the
compounds studied have in common the phénothiazine nucleus and differ
from one anéther only in subsfituents in positions 2 and 10 (Chapter 2}.
All, with the exception of phenothiazine itself, exhibited broad,

single phosphorescence bands at 485-508 nm, and all exhibited double
excitation at 250-258 nm‘and 310-330 nm.  Phenothiazine has a pronoﬁnced
shoulder in the phosphorescence spectrum at 535 nm. This could be due
to the substituent at position 10, otherwise a shoulder.might be

observed in promazine HCl whose substituent at pdsition 2 is the same

as for phenothiazine (Fig 3.3.11). In (Fig. 3.3.2), the phosphorescence -
spectra of éhiorpromazine HCl, methotrimeprazine maleate, and perphena-

zine are shown; the measurements were done on TLC plates.

When the compounds were studiéd in ethanolic solutions at
77K; the luminescence was almost.entirely phosphorescence except |
for thioridazine HCl, which showed fluorescence at 446 nm (Fig. 3.3.1.);
this could be due to the substituent at position 2(—SCH3).' This |
group is electron-withdrawing which would suggest that its effect
is caused by the lowering of the electron density in the ring, but
further studies of compounds with electron-donating substituentslwould

be required to verify that this type of effect is involved.
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Table 3.3.2. Luminescence characteristics of phenothiazine at 77X on TLC plate%

Compounds Abx om Aem £110 Aem. phosph LOD on cellulose | E.0.D. on silica gel
" nm nm ng/spot (H.P.T.L.C.)
ng/spot
1. Chlorpromazine 256, 310 N.F. 490 1 K
HC1
2. Methotrimeprazine T
amlea‘te 2551 310 N-F.o 1'1'85 = 5-6 3-6-
3. Perphenazine 250, 212 N.F. 495 20 5
4. Phenothiazine 255, 330 N.F. 505, 535 10 5
5. Promazine HCL 250, 310 N.F. 495 5"=10 1~5
6. Thiethylperazine
7. Thioridazine HCl | 258, 314 Bh6 495 6 4

N.F.
10D

il

Not fluorescent

limit of detection.
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%.3.3. Thin-layer phosphorimetry

The limits of detecﬁion for each compound were determined
on T.L.C. plates at 77K, Tsble 3.3.3. The. effect§of various solvents
on fhe phosphorescence intensities were studied. A wide range of
sblvents was used to spray the plate; alcoﬁols in order %o study
the possibie effect of chain length on enhancement, and heavy
atom reagents such as ethanol/potassium iqdide, lead tetracetate
and fhallous acetate, to ascertain whether a useful external heavy

atom effect could be observed.

Table 3.3.3. gives the limits of detection for chlorpromazine
HC1l, methotrimeprazine maleate, and thiethylperazine maleate on ’
cellulose layers and high performance thin layer chromatography

(H.P.T.L.C. silica gel) layers at 77K.  One nanogram quantities of

chloropromazine HCl were detected on both cellulose and H.P.T.L.C.

layers when the plates were sprayel with ethanol and ethanol/potassium
iodide solvents (Figs. 3.3.3 and 3.3.4). Before spraying the plates
a very small phosphorescence response was obtéined. A series of plates
was prepared with the solutions of the same concentrations applied

to each, and then sprayed with the solvent under investigation

(Fig. 3.3.% and 3.3.4). It appears from the results tkat the use of.
lead tetrascetate and thallous acetate gave poor limits of detection |
on both layers (cellulose and H.P.T.L.C.). Therefore the best spray
reagent solvent for the determination of phenothiazines is either
ethanol or ethanol/potassium iodide. As ethancl is one of the best
enhancing agents for this particular group of compounds, it is

relatively non-toxic and can be obtained with a very low phosphorescence
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Table 3.3.3. Limits of detection of phenothiazine derivatives on cellulose and silica cal

HPTLC layers at 77K.

Chloropromazine HC1

Methotrimeprazine

Thiethylperazine maleate

Solvent ( ng/spot) maleate (ng/spot) (n g /spot ) _
on cellulose | on HPTLC) on cellulose | on{EPTLC) on cellulose O?HPTLC) )
silica gel silica gel siica qel
1. Ethanol 1 1 5.6 3.6 24 13
2. n-propancl 1.2 Te2 15 2.8 16 2
3. Lead tetraacetate ' '
1% in methanol 12 .1'? 6.5 3.6 19 L
4. Thallous acetate
1% in methanol 25 35 7 5 60 10
5. Ethanol/potassium ' .
iodide 1% 1.5 1 5 > 36 13
6. hexané 5 1 5 5 70 10
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background, it was decided to use if for the determination of the

‘limits of detection of other compounds.

The effect of different adsorbent layers on the phoaphorescence
signals of‘fhlorpromazine HCl, methotrimeprazine maleate, and |
fhiethylperazine méleate, treated with different solvents is shown
in Table 3.3.3. From the results obtained the enhancement
of phosphorescence seems to depend on the structure of the compouni,
Qelated molecules often having similar enhancemeﬁt factors) the

chromotagraphic stationary phase, and the sprayed solvent.

3.2.. Analytical Calibration Curves

Fig. 3.3.5. shows the calibration curves of perphenazine,

promazine HCl, and Chioridazine HC1 on cellulose thin layers sprayed
with ethanol. Linear relationships were observed between phosphorescence

intensity and concentration.

3.%.5. Separaticn of mixtures of phenothiazines

A mixture of five phenothiazines was chromatogrammed as |n
the: purity check (see Section 3.3.1). Fig. 3.3.5. shows the
phosphorograms of the separated phenothiazine. Using an excitatiop
wavelength of 330nm and emission wavelength of 50knm, three well
separated peaks and two shoulders could be distinguished. From the
Rf values previously calculated these peaks could be assigned to

a) 'hiethylperazine maleate, b) Chlorpromazine HCl, ¢) Phioridazine HCI,

d) Methotrimeprazine maleate and e) phenothiazine.
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Fig. 3.3.5. Calibration curves of a) Thioridazine HCL
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Fig. 3.3.6. Chromatographic separation of mixtu?e.of
phenothiazines on T.L.C. plate (silica gel)
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Thioridazine NC1
d = Methotrimeprazine maleate
e = Phenothiazine

S.p. = starting point

50.fr = solvent front




~ 3.2.6. The temperature effects

A graph of phosphorescence intensity against temperature for
promazine HC1 is.shown in Fig. 3.3 The figure shows a decrease
in the phoqphorescence intensity as the temperature increased., The
decrease was dramatic (25%) from 77K to 80K. As the temperature .
roge the phosphorescence intensity rapidly fell and at 208K'it was

97% less than at 77K.

The effect is most probably due to an increase in the thernal:
motion of molecules at higher ﬁemperaturesf The increased motion
favours the probability of intermolecular collisions and subsequent;
energy loss. Therefore the decrease in phosphorescence intensity
prassing from a rigid mediuz at 77K to fluid solution at room_température
is critically dependent on the viscosity of the medium. 8o the . |
increase in phqsphorescence efficiency on lowering the temperaturé
is probably due mainly to the resulting increase in.solvent viscosity.
~ The viscosity of the medium is important éince it determines the’

rate of diffusion controlled reactions according to the equation.

Kc = SRT/BOOQI]
where
Kc = diffusion controlled bimolecular rate constant
N = viscosity of the solvent in poises
R = gas constant
T = abzolute temperature.

Hence, the phosphorescence of organic molecules is measured in rigid

glasses at 77K.
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o .
This work was done to see whetherlless vigorous [Qolant could

be used to determine the phosphorescence intensity (e.g. solid carbon

15 _ ‘ _
dioxide). More worklnceded on. the effect of temperature on the

luminescence intensity e.g. comparison of v.l.c. plates and solutions.
This work, indicates that it is possible to detect nanogram
quantities of phenothiazines at levels found in the blood. The large

nunber of metabolites found in vivo is a wajor problem. Turner

(141)

and Turano ‘identified 35 chlorpromazine metabolites and found

another 42 which could not be identified. The phosphorescence_cdﬁpled

with thin layer ghrcmatography(1h) to separate and identify metabolites[nighf'

help to solve the problem.




3.4 Thioburbiruru'fes

INTRODUCTION

The history of the barbiturates dates from 1903 when Fischer
(142 ; '

and Von Mering introduced barbitone, or diethy1ba#bituric acid. -
This was followed by phenobarbitone and aliﬁbérbitone in 1912,

and sinée that date intensive research has resﬁitéa in the production
of a very large number of barbiturates; some of which have beccmg -
established in clinical use. In the 1920's and early 1930's
intravencus amylobarbitoné and pehtobérbitone gnjOyed*a moderéte
vogue, but their actions by this route were often unpredictable,

and their use in this manﬁer was not satisfgCtory. Two years later

Lundyﬁ49

reported the first clinical trials of thiopentone sodium,
the first fhiobarbiturate to be used clinically (though thiobarbiturates
had been synthésised as early as 1911). Since that time numerous
thiobarbiturates have been prepared, but only three others ~
thiglbarbitone, thiamylal and butbalitone - have been found to be
of clinical use, aﬁd thiopentone is still the most widely used drug
in this field. The sodium salt of thiopentone is by.far the most
popular intravenous anaesthetic used to date. It has-othef uses
including an anticonvulsant for eclampsiacﬂh), as a narcétic in

(143 (146)

psychiatry , alcoholism and hysteria, and has been used in

criminology for the detection of malingering.

Thiobarbiturates are only slowly metabolised in the body at a

(149 .

rate of about 15% per hour in man The replacement of the oxygen.

atom in the 2-position by a less electronegative sulphur atom shortens
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the duration of action. . S

| b s 4
Oxyburbnurute ~ Thiobarbiturate

The breakdown of thicbarbiturate takes place mainly in the liver.

(148)

They are cumulative drugs to varying extents, thiamylal being the

‘least cumulative of the thiobarbiturates used clinically.

Analysis of thiobarbiturates.

The oxybarbiturates have been extensively investigated by
most analytical techniques, but the thiobarbiturates have received

congiderably less attention.

Qualitative analysis of thiocbarbiturate has been carried out

() (15'1)\

! Drost

by paper or thin layer.chromatography (Cochin(ﬂQ;Frahm
(152)

Uhlman ' -and Zecuw(153); Morvayhsﬁ)has qualitatively analysed
thicbarbiturates by paper electrophoresis. Some thiobarbiturates

have been synthesised by Rohoman(go)and studied by U.V., I.R., NMR

(156)

and M3. Bruce et a1(155)and Repetto have studied thiopentone by
gas-liquid chromatography; this method is géod for both identificatipn
and estimation. A comparison of u.v. abéorption spectroﬁhotometry,
gas=liquid chromatography and gel-filtration has been made by.

(158

Repetto and Martinez y for the identification of thiocbarbiturates

in blood. Dusinsky and Faith®Phave studied thiopentone by
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(158)has-also used polarography. A

(159)

. oscillopolarography and Smyth
study using N.M.R. has been done by Avdovich et al

for the

identification of thiobarbiturates.

Numerous reports have appeared describing the fluorescence
analysis of thiobarbiturates extracted from b'iological fluids and

pharmaceutlcal preparations, although the low temperature 1um1nescence

(160, 162)

of thlobarblturates has received little attentlon

(78) (163)

Hew1tt King and Gifford studied the fluorescence and

phosphorescence of some thiobarbiturates. A study was made by

(51)

Gifford et al on fiye thiobarbituratés 't luminescence

structure relationshipg were investigated.

In the present work nine. thiobarbiturates 1nclud1ng the parent

compound 2-T.B.A. were investigated. Some of the others were -

1,3-disubstituted thiobarbiturates.




3.4. Thiobaributrates

Results and Discussion

3.4,1. Purity Check

The compounds have been investigated are listed in Table23

Chapter 2.

The melting point of each compound was found toibe witﬁig
2°C of literature values (Table 3.%.1). Attempfs were made to test
the quity of the compounds by thin-layer chromatography using
cellulose layers as stationary phasé and n-propancl-water-ammonia
(sp.gr. 0-880) (731:2 v/v) followed by spraying with mercurous
nitratelor potassium permanganate. Different solvent systems were
tried including solvent system 5:'ﬁ-pfopanoi-Water—ammonia (.880)
(7/1/2 v/v); sy;tem 6; ammoni a (.880)fdioxanefbenzene (5:20:75 v/v);

"and system 7: acetone-chloroform (1:9 v/v).

Solvent systems 6 and 7 were suitable fof compounds 8 and
9, but the rest of the Compounds did not migrate. Solvent system 5
was suitable for all the compounds but was time~consuming (5-6 hrs
to develop 150m_heightj. The detecting:reagent wag mercurous nitrate
(aqueous saturated solution): it gave dark green spots on a white
background. If the plate was kept in the dark, spots produced by
compounds 4;8 and 9 retained their colour but the rest faded. When
potassium permanganate (12’ aqueous) was used yello# spots on a pink

background were obtained.

Table 3.4.1. shows the Bf values for each compound.
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TABLE 3.4

Structures,Melting pointss & R¢values of Thiobarbiturates

Compound - Ry R, Ry Ry~ |Melting poins| " R
2-Thiobarbituix 1 .
acid (21BA) | | H H H | H 236 (235]] 048
1 1,3-dimethyl- 9 2 | | \ )
2TB.A. Methyl |Methyl | H - | H  [184 (183 | ©82
1.Methyl.2TBA 3 Methyt | H H H 1199 (201 | 0-69
1.3-dimethyl-5 B
Dhenul. 2TBA (#[Methyl |Methyl (Phenyl | H (224 (223)|0.87
13 dimethyls. i | | .
ethyl- 2TBA |°{Methyl [Methyl [Ethyl H {105 (107 |o-88
1,3.diethyl- | | | |
2-TBA Ethyl  |Ethyl H H |18 (19] |o88
S.Ethyl.2TBA{7| H H o |Ethyt | H  [189 (188] {066
" | Thicpentone | +-Methyt- N
sodium || H H  |Ethyl |butyl to (1577 | ©:89
Tlgloailcjlg]bitoneg )c(ggl;lhe_ 150 (1497 |o.88

( } Literature values




3.4.2. Absorption spectra

The spectra of the thiobarbiturates studied are summarised
in Table 3.4.2. All measurements were made in ethanolic solutionsf
with solute,concentrétions_of 1O‘ug.m1_1 and using 10mm silica cells.
The absofption spectra of 5wethyl-2 T.B.A. and thiopentone sodium in -
0.1M HC1 in ethanol, neutral ethanol and 0.1M NaOH in ethanol at
25¢C are shown in Figs. 3.4.1, anﬁ 3.2, réspeqtively. From the
results pbtained, it is seen that fhé spectré show three absorption

maxima in alkaline solution (except that compounds 1 and 8 show two —

maxima and compound 9 showed one peak), and two peaks in acid solutions..

Solutions were stable during the period of meaéﬁrements,
buf when left qvernight some changes in the absorption spectra were
observed in acid solution (Fig. 3.4.3). both in the position and
height of the maximum. ‘The band at 237nm was shifted to 240nm
and also the band at 289nm shifted to 290mm. Figure 3.4.4. shows
‘the instability of thiopentone in alkaline solution; the shape of

the spectrum is changed completely on standing overnight. Therefore

all measurements were done using fresh solutions.

3.4.3. Luminescence spectra at Room Temperature
1

Solutions containing 10-50 ug.ml ' in ethanol (pH range
1-13.5), were investigated for fluorescence at room temﬁerature.
It was found that all the thiobarbiturates studied at:EOOC were

non fluorescent in the three media, 0.1M HC1 in ethanol, neutral

(162)

ethanol and 0.1M NaOH in ethanol. Gifford and King have stated
that only 5,5-disubstituted thiobarbituric acids showed significant

fluorescence at room temperature in aquecus solution but do not
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Table 3.4.2.

Absorpfion,spectra of thiobarbiturates in ethanolic solutions.

Compounds

No. inﬂzliaig% in Neutral ethanol 0-1M NaOH in ethanol
Amax. nm. Mmax. om. Amax. nm.
1.] 2 BA 237, 260, 309P 233 288F 3055 247, 305P
2.| 1,3-dimethyl- 237, 280%°, 355 240,  275° ok, 267, 283
2TBA
3.| 1 Methyl 2TBA 237, 282°, 360 243,  265F  282° 237, 282F, 2608
I - - ‘
e gingﬁii gigA oho, 2887, 360 2h, 2785, 306P | 243, 2785,  306P
P Lt (s, 282°, 368 2k, 2750 ok, 269°,  283°
6.1 1,3 diethyl-2TBA |238, 287P, 360 olip,  272P 263, 285P
7. | S-ethyl-2TBA 237, 2877, 360 2h3, 268°  292° 235, 263°, 290p¢/¢i;,3.
8. | Thiopentore sodium| 238, 2897, 370 228,  289P - 255%, 206°
O+ | Thicbarbitone os8, " 290P 238,  290° 307P
P = principal peak

S

shoulder
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~ethyl-2 TBA) showed fluorescence in acidic ethanol only (Fig. 3.4.6).

fluoresce in non-aqueous solution, Buddle(163)and Hewitt(ao)have
reported that of the thiobarbiturates they examined only those
having 5,5-disubstitution showed fluorescence at room temperature in

aqueous SOIution, and 1.5,5-trisuﬁstituted compounds showed weaker

fluorescente in aqueous solution.

3.4.4.  Luminescence Spectra at 77K. -

ALl low temperature measurements were made in 0.4 HCL in
ethanol, neutral ethanol, and O.1M NaOH in ethanol. Of the compounds
examined- the 5,5-disubstituted compounds (8 and 9) showed fluorescence

in all three solvents (Fig. 3.4.5.) and compound 5 (1,3~dimethyl-5=

Compounds 2 and 6 (1,3-dimethyl and 1,3~diethyl-2TB) showed no
luminescence in any conditions. Compound 7. (5-ethyl ETBA)Vwas
fluorescent in acid and neutral solutions and was phosphorescent

in 0.1M NaOH in ethanol (Fig. 3.4.7). .Compounds‘1,2 and 4 were ,
phosphorescent at low temperature in all three solvents (Fig. 3.4.8);
Table 3.4.1. gives the structures of the thiobarbiturates studied

and Table 3.4.3. demonstrates the ﬂuminésdence characteristics of
the compounds studied in O.M HC1 iﬁ ethanol, neutral ethanol and

0.1M NaOH in ethanol.
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TABLE 3.43.  Low temperature luminescence data for the Thiobarbiturates
Compound 04M HCL in ethanol Neutral ethanol _ 01M NaQH in ethanol
Fluorescence | Phosphorescence|  Fluor., Phosphor. Fluor Phosphor__
AeXow  demae| AeX Aem | Mex dem | Aex  dem [ Aex _ Aem | Aex Aem
L2 . S , | '
1 NR 362 b NE 3% NE 297 W6
2 N.F N.P. NE NP NF NP
3 . ' 6 _ Y
NF 358 175 NF 358 B2l NF 362 PEE:
4 NF- 3o 462 NF 334 46| NF 335 46
5 |30 S04 NP NF NP | NF: NE
6 NF. NP NF NP NF NP
7 |31 485 N-P. 309 o1 NP N.E. 300 457
8 300 490 NP 306 496 NP 325 476 NP
91305 495 | NP 36 49 | MNP {328 476 np

NF:

: Not Fluorescent

N-P-: Not Plnosphorescen.f
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32.4.5. Thin-layer phosphorimetry

From.the study of the thiobarbiturates by luminescence it
is clear that some of them were phosphorescent at 77%K. In this
study the limits of defection of the phosphorescent compounds were
determined using thin-layer phosphorimetry. An example is illﬁstrated
in Fig. 3.#.9. for l.methyl-2TBA. Heavy-aﬁdm solvents were studied
in attempts to improve the limits of detection but withoﬁt Success.

The best solvent used to spray the plate (celluiose) was ethanol.

Table 3.4.4. gives some limits of detection using TLC phosphorimetry.

Table 3.4.4. Limits of Detection of some thiobarbiturates in
O.1M NaCH in Ethancl at 77K on cellulose

thin layers
Compound Limits of detectioﬁ
ug.m1"1
1 " .06
3 - 10
7 S0
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Discussion.

The changé of spectra with pH is accompanied by an isobestic
point (a) observed for all compounds indicating an acid-base equilibrium
is involved. As the pH changes-to higher values a bathochromic
shift in the absorption maximum is observed (Figs. 3.4.1. and 3.4.2).
For 1,3-dimethyl~5-phenyl-2TBA, no variation iﬁ absorption maxima
was observed with change in pH solvents and no isobestic points

(162)

were observed. Gifford and King found that for 5-phenyl-thio-
barbituric acid the wavelength of maximum excitation is constant ;
over the pH range 0-13§ it is likely that there is no change in the
degree of conjugation with hydrogen inn concen£ration..

For 1,%-dimethyl~5 ethyl 2TBA én isosbestic point was observed at

2h6nm. From the work done by Kazi@?grczuk.et a1(164)

y it is suggested
that one ionic equilibrium exists over the pH range studied.

The dissociation pattern is probably as follows:

Et = Ethyl
Me= Methyl
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For 1,3 disubstituted compounds only one conjugated JI system

can exist, as indicated below; : ‘

As such compounds are non-luminescent, it suggests the system

indicated, by itself, is not responsible for luminescence.

The 5,5~disubstituted thiobarbiturates showed only fluorescence
at 77K that is because they exhibit one type of conjugated _\system
and resonance forms and hence, presumably more stability as evidenced
by the intense fluorescence observed. In addition they can form a
further related structural type, namely the diol or enol-thioenal,

as the diagram illustrates below.
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Gifford and King(1‘62)state that the magnitude of the deteterium

isotope effect as a function of pH suggests the presence of two
fluorescent species in 5,5-thicbarbiturates at pH 5, which they

| explained as the anion and zwitterion forms.

*

For 1-methyl 2TBA twq equilibria were observed and assigned .
as below; similar conclusions were reached about the ionized forms

- of the unsubstituted acid

-, —
0 0 K.25
H” WMo
S.

The existénce of this particular dianion form was justified
~ by the decrease in extinction coefficient of the long=-wavelength
absorption band, which would be anticipated from the increase in
‘aromaticity of the heterocyclic ring. These two compounds weré

phosphorescent as seen from the results.

In 5-phenyl<%,3~dimethyl 2-TBA, the phosphorescence may be due
to the mesomeric effect of the phenyl ring which would help to stabilize
the structure of the molecule.

This work describes the 1uminééces,bharacteristics and U.V.
absorption spectroscopy of two 5,5-disubstituted thiobarbiturates,

two 1,5 disubstituted, 1,N substituted, 5-substituted and
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143-5 subsfituted thiobarbiturates. From the‘results‘qbtained gquite
diféerent patterns of luminescence were obtained. Some of the

compouﬁds are phosphorescent at 77K and this enabled thin layer
phosphorimetry to be used to determine them guantitatively. Submicrogfam
quantities'were determined and this is an advanfage over U.V.

absorption spectrometry. Attempts to improve. the limits of

detection by using heavy atom affects (KIy; or lead tetraacetéfe)

proved unsuccessful. Therefore, fluofescence énd phosphorescence

may be the preferred method for analysis of special problem dosages.




3.5. Polynuclear Aromatic Hydrocarbons {PAH)

INTRODUCTION

Polynuclear Aromatic Hydrocarbons (PAH) occur in diverse sources
sudh as atﬁbspheric parficulate matter, tbbabco smoke, processed food, ':
high-boiling petroleum distillates, domestié water, and other
environmental situatioﬁs; The potential ad#erse effect of these

chemicals on human health is, therefore, a matter of growing

G165)

international concern One hundred and fifty seven polynuclear

(166

aromatic compounds of wide structural range have been studied
and grouped according to their grade of carcinogenicity. In view of

their presence in the above sources PAH have been studied by many

(16?)

analytical techniques in common use including u.v. spectrophotometry

(168) (168)

mass spectrometry and new high

(168) (169)

temperafure liquid crystal stétionary phases 2 Bas-chromatography y
€170)

gas-liquid chromatography

- high performance liquid chromatography
77 (172)

y, differential pulse

72)

voltammetry s mass spectrometry N,M.R.

Fourier Transform infrared spectrometry(ﬂa), low temperature

fluorescence spectrometrie “and phosphorescence -

s matrix isolation ™

A comparison of methods for the analysis of PAH in marine

h?ﬁ_

biota has been given by Gritz

TLC methods for the separation of PAH on silica gel have been

degcribed previously(1?8-83.
The gbove methods used to analyse mixtures of PAH have some
disadvantages; mass fragmentography is far foo complex and the

equipment is too expensive to be used for general purposes.
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Fluorescence measured“in solution is not broadly applicable to
Vthe quantitative analysis of mixtures_of fluorophores, becausé the
fluorescence spectra of aromatic molecules often présent severe
aifficultics with spectral overlap., In addition, quenéhing and
intermolecular energy transfer occur with high efficiency in fluid .
media; hence the relationship between the ébserved fluorescence o
intensity and the concentration for a partiéuiar analyte often depends
upon the identities and concentrations of otherispecies present in |
the sample. Consequently; the determination of PAH_in complex mixtures

can usually be accomplished only in low temperature matrices.

a8l

McGlynn et al have discussed the complementry nature and

usefulness of low temperature fluorimetry and phosphorimetry for the

G859

determination of several hydrocarbons. Winefordner et al have

also stressed the analytical utility of combining the two luminescence

486 '

techniques. Muel and La@roix have stressed that the extremely
sharp and numerous fluorescénce bands, which characterise the loﬁ
temperature fluorescence spectra of PAH, enhance selectivity over
room-temperature measurements; the.increaée in fluorescence intensityl
with decreasing temperature also enhances sensitivity. Hood et al
described the separation of a mixture of carcinogens on thin-layers,
but the area of the adsorbent containing the épot was removed from
fhe pléte before analysis. The hydrocarbon was eluted from the
silica gel by extraction with ethanol at 65°C in a water bath for

15 minutes. Direct luminescence measurements were performed on the

reéultant solution after centrifugation and decantation.

20

(64

KN



None of the above authors made use of thin layer phosphorimetry,
(i.e. a direct scan of the plate containing the spots) to determine
the limits of detection, nor did they study heavy-atom effects, or
the different adsorbent materials used in the thin 1a§er chromatography

step. .

The present work provides such data fcr.twelve pelynuclear

" aromatic hydrocarbons. A mixture of PAH's‘has also been separated

by T.L.C. and HPTIC,. Phosphorograms of the separated components

were ocbtained by selecting different excitation and emission wavelengths.-

The analysis was carried out at low temperature to enhance the

selectivity and sensitivity of the method.
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Results and Discussion

Z.5.1. TFluorescence at room temperature and 77K.

Table3.5.1. shows the room température excitation and

fluorescence wavelengths, and limits of detection of the 12 hydrocarbons

that have been investigated. All the hydrécarbons under study were
fluorescent at room temperature and at 7?K; an example is (oronene
Fig. 3.5.1. The aromatic hydrocarbons are weli known for their
intense fluorescence and highly structured fluorescence maxima at

77K. Most of the hydrocarbons investigated showed a large number

of bands in their emission'spectra. At 77K, the excitation peaks
were similar to those at room temperature, while the fluorescencé
emission péaks‘were shifted ~2nm to shorter wavelengths. Iﬁ addition,
" an increase in relative fluorescence intensity and in some cases a
sharpening of the fluorescence bands were observed. The blue shift
on going from room temperature to 77K was explained by the existence
of the Franck-Condon excited state at low temperature. At room:
temperature the solvent molecules can rapidly adjust to the
.equilibrium excited state of the solutes, and fluorescence then occurs
from thié state. At low temperature,reorientation of solvent
molecules upon excitation requires a longer time, and emission occurs
from the Franck-Condon excited state. Because of the energy difference
between this state and the equilibrium excited state, shifts in
fluorescence emission maxima occur. On the other hand, the energy .
difference between the equilibrium ground state and the Franck-Condon
excited state should be independent of the rigidity of the medium, so
that épectral shifts in the absorption spectra are not expected to

occur.
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Table 3.5.7. Room and Low Temperature Fluorescence data for polymuclear aromatic hydrocarbons in Ethanol.
Fluorescence at R.T. Flucorescence at 77K
%gzzogigp.zf }‘exm )\emm | LoD ,ug.nﬂ;—‘I Aexnm Aemnm LoD ug.ml-’1
1 302,328,362,383 422,433.* 166 0.015 303,329,347, 408,422,4&* 0.003
L . 364, 384 449,473
2 305, 340 '426;445*,450, 0.045 204, 3&5 426,446 450, 0.0025
472,481 472,481,503
3 356,374,393 10, 428+ . 0.004 356,374,393 | 428,450 0.001
4 288" 760, 370 .09 288 360, 371,381 .02
5 302" 316, 330 a0 | s02 316, 330 .06
6 288,360 4o, 470 A 288, 350 438, 466+ .01
7 3C1,335,350* 398,419,442, .08 310,332,350* | 396,419,442, .007
364 L3 265 459,504
8 303,340%,364 376,386,398+ .07 300,326,340+ | 376,386,398* 0.006
¥ - ' 355,
9 295,368,336 4ok 427,458,493 | 0003 295,368,286 | 4ok,L27,458, 071070
193
10 291,318,330 376,387,394,406 02 330,240 374,386,395, .00k
LOA 119
i 333,377*4397 438,486,510 .08 340,%78,339 44z 1482 592 .02
518 ; L6 " .
12 275 320 .06 275 220 T .02

* The main peak at which the
1imit of detectiocn.

L-O.D.

limits of detection were deternmined.
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Heavy atom effects on the fluorescence of PaH.

A reductibn in the fluarescencé intensities of fhg PAH was observed
when a heavy ato@ wias introduced into the immedigte melecular
environmen£ through the solvent. The heavy-atom reagents tried were
iodomethane and silver nitrate in ethanol,:ﬁhe ratio of CaH5OH/CH31
was h/1‘(v/v). A logical explanation for this effect is that
heavy atbms increase the rate of intersystém—créssing:from 81-—%; T1
owing to increased spin-orbit coupling, and hence decrease fluofescence
efficiency (Pig. 3.5.3). further explanation of the heavy-atom

effect is given in Chapter 4.

Ze5e2s Phosphorescence Characteristics at 77K.

Table %.5.2. shows the low tempgratufe excitation and
phoéphorescence wavelengths and limits of dgtection of the PAH in
ethanol. All the PAH studied show fluorescence but not all of them
show phosphorescence. Benzo(ghi)perylene and 9-10-Diphenylanthracene

are not phosphorescent.

Figs. 3.5.1., 3.5.2 and 3.5.3. show the total luminescence
of coronene, 1,2,3,+dibenzanthracene and Benzo(e)pyrene respectively.
The phosphorescence curves show fine structures for both coronene

and Benzo(e)pyrene in ethanol.

Heavy atom effects on the phosphorescence spectra.

" The introduction of the iodine atom thfough the solvent
enhanced the phosphorescence emission U4-fold except for triphenylene

and fluorene, which displayed a negative external hegvy-atom effect,

ok
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Table 3.5.2.

Low Temperature phosphorescence data for Polynuclear Aromatic Hydrocarbons (in ethanol)

in solution and on silica gel thin layers

Compound >\ex )\ L.0.D. ug.m1-1 On T.L.C. sbrayed Cn T.L.C. sprayed
’ . | em' -in ethanol with ethanol nQ/SDOf with CH.SI '
1 N.P. N.P. N.D. .D. NaDe
2 314, 380 | 528, 547, 559 -003 .20 .07
3 N.P. . nE. N.D. .D. N.D.
L 288 4hh h6S, 490, .008 11.° | 12 .
229
5 308 428,455, 479 .15 50 90
6 360 550, 595 .2 200. 10
7 345 545, 579 01 6 b
8 300, 326 -
9 370 690 WeSe WeSa WeSe
10 340 Sh1, 551, 583 HerR 9 .5
" T 378 540, 552 WS  WeSa WeSe
12 276 463 10 200

N.D. Not determined

N.P. Not phosphérescent

W.5. weak signal
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i,e. the heavy atom-solvent (CEHBQH/CHEI) had a quenching effect on

these compounds (for more details see Chapter 4).

The heavy atom increases the rate of intersystémQGrOSSing from
51..___;'1‘1 and sometimes increases the phosphoréscence efficiency.
Some of the PAl's studied displayed a positive external heavy-afom
effect; i.e. the intensity of phosphoresceﬁéé:wés érgater in the
heavy-atom solvent than in the non heavy—gtom s?lveht tCBHEOH) see
Fige 3.5.3. Fig. 3.5.2. shows the effect of methyl iodide on the
total luminescence of 1,2,3,4-dibenzoanthracene, the fluorescence

being quenchéd and the phosphorescence greatly enhanced.

3.5.3., Thin-layer phosphorimetry.

The limits of detection for each phosphorescent hydrocarbon"
were determined on T.L.C. plates. Table 3.573. gives the limits of“
detection at low temperature (77K), thé plates being sprayed with |
ethanol and then sprayed with ethyl iodi&e. The external.heayyuatom-
effect obtained with CZHBOH/CHBI was simple to use and resulted in
increased sensitivities. For example for coronene the phosphorimetric
1imit of detection when the plate was spréyed with ethanol was 28ng per
spot; 70pg per spot was detectable when the piate was sprayed with
bure iodOmethané (CHBI). Fluoranthene sprayed with ethanol was
I was detectable

3

at 10 ng per spot. For 1,2,5,6-dibenzoanthracene and benzo{e)pyrene

detectable at 200 ng per spot, but when sprayed with CH
sub-nanogram quantities were detected. Fig. 3.5.4. shows the TIC

scan for coronene with the two plates sprayed with different solvents.

From the sbove results considerable anélytical benefit may occur
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Table.S.Sti.

- Limits of detection of polynuclear Aromatid Hydrocarbons on various thin layers sprayed with
' ‘ various salvents. .

. Phosphorescence

L.0.D. ng/spot on

Biphenyl

10 300

Compound L.0.D. ng/spot : L.0.D. ng/spot P
: \ex em on silica gel HPTLC sprayed with on cellulose sprayed.
o . sprayed with 1. Ethanol 2.CHEI with
1. Ethanol 2. CH,I t. Ethanol 2. Cil,l
! B N . .
Coronene 340 559 10 .07 20 A7 N.D. 1
Triphenylene 238 465 14 28 10 20 70 N.D.
Fluorene 308 bs5 50 % 50 100 N.D. - N.D.
. Fluoranthene 360 550 200 10 10 5 ¥.D.  N.D.
152,5,6=-Dibenz- § . :
anthracens 345 545 6 .6 6 .8 N.D.. N.D.
1,2,3,h-Dibenz-| | SN
anthracene 340 563 7.2 1.2 10 5 N.D. N.D.
Benzo(e)pyrene 340 54 9 .5 20 1.00 N.D. N.D.
276 Loz 10 300 N.D. - N.D.

“N.De .Not detected.




20ng
o ( 1 ) EX= 340 nm
‘l - o . EM=559 nm
10 ng
5 F”g ' (2)

FIQ.B.S.A. Limit of Detection of Coronene on TLC plate  1_plate sprayed with CHyl .
‘ 2- plate sprayed - with ethanol




from the use of CZHSOH/CHBI as a solvent.

3.5.4. Analytical Calibration Curves.

Fig. 3.5.5. shows the calibration curves of c¢oronene on
different adsorbent layers. It can be seen that the best mediuvm

for the determination of coronene is silica gel sprayed with CHBI.

Fig. 3.5.6. shows the calibrations curves of 4 hydrocarbons
on TLC plates sprayed with CHBI. The range of linearity is approx-
imately 10 - 400 ng. '

3.5.5. Separation of mixtures Of(CafciHOgenS.

A ﬁixture of seven carcinogenic compounds was chromatogrammed
uéing silica gel as the stationary phase and n-hexane:pyridine (30/1,
v/v) as tﬁe mobile phase. After developmenf the spots were visualised -
using u.v. light, with the plate immeréed in liquid nitrogen. - The

Rf values are shown in Table 3.5.k4.

Table 3.5.4.

.

Bf values of some hydrocarbons on silica

gel layers .
Compound R; Colour of spots when -
: sprgyed withuCHEI at P7K ..

Coronene .26 green~yellow
Triphenylene W46 - blue
Fluorene .70 blue
Fluoranthene 78 orange
15243, 4-dibenz~

anthraoene -27 . orange
142,5,6-dibenz~-
~ anthracene -38 orange
Benzo(e)pyrene .59 orange
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The concentration of each component in the mixture was approximateiy

' 50 ng per spot.

Fig. 3.5.7. shows the phosphorgram of the sepa?ated hydrocarhons.
Using an éibitation wavelength Bf 340nm and emission wavelength of
550nm, four separated peaks could be distipéuiéhed. From the Rf
values previously calculated these peaks c6ﬁ1¢ be assigned to
a) Fluoranthene, b) Benzo(e)pyrene, (c) 1,2,5,6£dibenzanthracéne,

d) coronene. Sample e) was 1,2,3,4—dibenzanthracene which overlapped
with coronene. The use of an.exqitation'wavelength of 308nm

and an emissionIWavelength of 455nm produced peaks corresponding to
Fluofene and Triphenylene. Wavelengths were chosen for excitation‘

and emissi&n so as to yield the best selectivity, not ﬁecessariiy

the greatest sensitivity. Such separation leads to significantly

increased selectivity in routine analyses.
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CHAPTER 4

GENERAL DISCUSSION AND CONCLUSIONS.

4.1, Comparison of spectrophosphorimetry with other spectroscopic
methods. : ) ‘

Phosphorimetry is a useful analytical -technique for the
detection of minute quantities of drugs or-drug-like compounds in

the body fluids (blood plasma or serum and urine).

The usefulness of the method of analysis may best be judged .
by qomparing it with other related methods. In the caée of
spectrophosphorimetry the comparison that presénts itgelf is with
spectrofludrimetry and with UV absorption spectroscopyﬁ- The

points of view from which the three methods ought to be compared are:

Application: The overwhelming majority of the unsaturated orgénic
compounds show meaéurable UV absorption, but not-all of them :eiemit
the absorbed radiation as measurable fluorescence or phosphorescence;‘
Therefore the breadth of application of absorption spectroscopyjis,
in principle, greater than that of the tw§ luminescence spectroscopic
methods. There are many compounds for which all three hethods are
suitable for identification and guantitative determination. In -

fluorimetry labels are widely used and in phosphorimetry thin-layers.

Selectivity: In luminescence spectroscopy there are available as
analytically realizable parameters not only the emission spectra,

but also the excitation spectra. This, as well as the fact that nof
all compounds that absorb measurably also remit measurably, increases

the selectivity of the methods of luminescence spectroscopy, compared
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with those of absorption spectroscopy. This means that in complicated
mixtures the identification and quantitative determination of individual
components is often simpler by a luminescence spectroscopic method than

by UV absorption spectroscopy.

TLC-phosphérimetry provides additional selectivity by
recording complicated mixtures on TLC platé# and by scdnning the plates
at various excitation and emission wavelengths. : Diffe?ent compounds
could thus be identified gqualitatively, increasing the selectivity
of phosphorimetry over other spectroscopic methods. The phosphorescence
spectra are usually more characteristic than the fluorescence'spectra
and therefore freguently better suited for iden%ifying'the cﬁmpouhds
{e.g. polycyclic aromatic hydrocarbons). Their {PAH) long phosphorescent
lifetimes make many analytical applications possible and further

inerease the selectivity of the method.

Sensitivity: The sensitivity of luminescence methods is frequently
from 10 to 1000 times greater than that of absorption methods. In
phosphorescence measurements the phosphoroscope involves (compared
with fluorescence measurements) é measurable loss of luminescence
intensity. On the other hand, in phosphorimetric analyses it is
possible to work with considerably wider slits than in fluorimetry
because the phosﬁhoroscope completely eliminates scattered (exciting)
light. The result is that limits of detection of a compound in
phosphorimetry and fluorimetry are still of the same order of magnifude
even if the quantum yield of phosphorescence is smallef than that

of fluorescence by a factor of 10 or 20. The limits obtained for

the same compound by various authors are frequently not exactly.comparable
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Since-they depend on apparatus parameters such as excitation
intensity, receiver sensitivity, noise, and the background

qad

phosphorescence of the solvent, MeGlynn )and colleagues have
compared the phosphorimetric and fluorimetric limits of detection
of durene, naphthalene, and phenanthrene. “These authors found that

for aromatic hydrocarbons spectrophosphofimetry and épectrofluorimetry

have comparable sengitivity.,

The limits of detection of various compounds can sometimes
be further improved in thin-layer phosphorimetry, using appropriate
adsorbent layers with the aid of solvent enhancement of phosphoresbence

(84)

intensity Also the phosphorimetrib limits of detection can
be improved in some cases 1f instead of ethanol one uses a solvent

that shows an external heavy atom effect (see later).

To summarise, it is clear from this cémparison of UV spectral !
analysis, spectrophosphorimetry and spectrofluorimetry that UV
analysis is superior to the methods of luminescénce spectroscopy
in its breadth of application, but is inferior to them in selectivity
and sensitivity. - Phosphorimetry and fluorimetry are nearly comparable‘
~ methods that are not exclusive, but, rather in many cases comﬁlement
each other very satisfactofily. For the quantitative determination

of individual compounds in complicated mixtures, phosphorimetry is

frequently to be preferred to fluorimetry because of its greater

selectivity.




k,2. Heavy-atom effect

A heavy atom may be introduced into the immediate molecﬁlar
environﬁent‘through the solvent. The heavy atom introduced in this
manner is célled an nexterhalﬂ_heavy atom, and any change infﬁ?“gf
is referred to as the "external heavy-atom effect". McGlynn et al.
(187)first suggested the use of the external heavy-atom effect for |
increasing analytical sensitivity. The “héafﬁ-atém'effect“ will
affect the fluorescence and phosphorescence int§nsitieé, it will
quench the fluorescence intensity and (sometimes)_enhance the
phosphorescence intensity. The reason is that the spin-orbit
coupling increases greatly under the influence of inhomogeneous
electric fields such as these present in heavy'atoms, i.e., in atoms
of high atemic number. With increasing spin-orbit coupling in an
organic molecule the probabilities of intersystem crossing (81—-—>T1),

the phosphorescence transitions (Tq__.9.80)1'and of radiationless

transitions to the ground state (T1—--$:30) are all increased.

Which process is influenced most must be determined in each particular

case. Increased probability of the different processes is revealed

in different ways:

1. Enhancement of the 5, _+*9T1 transition causes an increase
of the quantym yield EnD of the phosphorescence and, therefore,
decrease of the guantum yieldJQ% of fluorescence and increase of

the ratio @'P/gf (all other things being equal).

2. Enhancement of the T1~——§>SO transition leads to decrease in
the lifetime of phosphorescence and increase in the strength of the:

triplet-singlet absorption.
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5+ Increase of the radiationless Tf"—"so transition causes decrease

of both the quantum yield and the lifetime of the phosphorescence.

Hobd ?nd Winefordner have undertaken a thorough study of tﬂe
external heavy-atom effect for 12lpolycyclic aromatic hydrocarbons.
The heavy-atom solvent system chosen by.thesé workers was
ethanol/ethyl iodide in various volume ratibs, 19/1, 9/1 aﬁd'5/1.

Some of the coﬁpounds théy studied showed positﬁve exfernal heavy-atom
effects and some showed negative heavy-atom effects. The positive
effect was typiéal of enhanced intersystem crossing arising from
spin~orbit coupling. The negative effect was due to the "quenching!
phenomenon”which may be due to the transmission characteristics of
ethyl iodide (EtI) at phosphorescence excitation wavelengths. It was
observed that the phosphorescence excitation spectra appeared to shift
toward longer wavelengths.as the cohcentration of EtI in;reases

in the sqlvent. Excitation maxima were usually between 320 and 330nm
in EtOH/EtI solvent system; LtI absorbs strongly below 325nm, and '
therefore it may be acting as a strong "filter" for excitation |

£3)

radiation. Hood and Winefordner( concluded that the external
heavy~atom effect obtained with EtOH/EtI is simple to use and frequently
results in increased sensitivities and ranges of linearity of analytical

curves.

(189

Hood and Winefordner have examined the application of
phosphorimetry, and especially the external heavy-atom effect, to
the determination of tryptophan metabolites. Using ethanol/ethyl

iodide in a 4/1(v/v) mixture (EEI), these authors found significant




enhanccment in the phosphorescence emission intensities for several

tryptophan metabolites.

Several very interesting analytical applications of the external

heavy atom éffect have appeared recently in the litefature. Boutilier

(190

and Winefordner studied the external hea#y—atom effect on detection
limits and lifetimes of phosphorescence in.time regolvcd laser |
excited phosphorimetry for several polycyclic afomatic hydrocarbbns '
and drugs at 7?K.in 10/90(V/v) ethanol/water wiﬁh no heavy atom,

. with 0.75M KI, and with O0.1M AgNO They algo studied the influence

3'
of typc and concentration of external heavy atoms upon phosphorescence -
lifetimes for phenanthrene, carbazole, gquinine, 7,8-benzoflavone and

thiopropazate at 77K. Some effects are still poorly understood.

-4.2.  Room Temperature Phosphoriﬁetry
Jakovljevic(fn)described the use of lead or thallium salts

as external heavy~atoms as a new technique to enhance room temperature
phosphorescence. He claimed that it was possible to quéntitate as

little as 50pg, of the antiBiotic cinoxaciﬁ. Thin-layer phosphorimetry .'
can also be used for observations of room~-temperature phosphorescence

(R.T.P.}. This phenomenon was apparently first observed over

30 years ago, but has only recently heen used as an analytical

(192 ] (67)

technique Vo Dinh et al have studied the room temperature

phosphorescence of several hydrocarbons in suitable experimental
conditions. They also studied the external heavy-atom effsct and

found it very effective in inducing phosphorescence emission. ﬁoom
temperature phosphorimetry has advantage over low temperature phosphor-
imetry, in that there is no need for liquid nitrogen to be used as a

coolant. With these advantages R.T.P. might become a routine method
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of analysis, though many aspects of the: phenomenon remain poorly

understood.
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Conclusions

The work in this thesis descriﬁes the applications of the
thin-layer phosphorimetric method for the analysis of drugs, their
metabolites and polycyclic aromatic hydrocarbons (PAH). The
lqminescence properties of several classes;qf drugs have been studied.
and efforts have alsc been made to iﬁprove:techpiqpes used in

phoéphorimetric-analysis.

Several materials inrconventional use in thin layer chromatography
were used in the study including paper, and aluminium backed cellulose,
silica gel and HPTLC layers. All were found to allow thé measurement
of phosphorescence from adsd}bed organic samples. The background
phosphorescence of the supports was found to vary being minimal for
cellulose and HPTLC layers. Silica gel layefs were found to give a
relatively high phosphorescent backgroUnd, paper was found to have

the highest phosphorescent background.

In the study of 6-mercaptopurine and its metabolites it was
shown that it was possible to determine some of these compounds at | ’
sub-nanogram levels in blood plasma at 77K, and at nanogram levels
at room temperature. These detection limits were low enough to
enable the method to be considered as a routine means of determining

these drugs in blood plasma.

In the study of the phenothiazine family of drugs, the
phosphorimetric limits of detection on thin layers were found to be
at nanogram levels (on cellulose layers) or sub-nanogram levels

(on HPTLC layers). These results were obtained with the aid of the
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heavy-atom effect at 77K. Sensitivify was sufficient when low
temperature phosphorescence was being measured to allow this to be
the basis of an analytical method for the determination of

phenothiazines.

In the study of thiobarbiturates it was shown that, some showed
fluorescence and some showed phosphbrescenqe'in-differeht pH media
at 7K. The compleﬁentary nature of fluofescence.and‘phosphorescence

studies thus become evident.

Thin layer phosphorimetry was useful for the determination
of phenylhydantoin after oxidation to benzophenone. The limit of

detection was at nanogram quantities on cellulose and HPTLC layers.

In the examination of the phosphorescence and fluorescence
characteristics of polyecyclic aromatic hydrodarbons at 77K there
was a high degree of similarity between individual members of the
group in fluorescence emission, but not in phosﬁhorescence emission.
Limits of detection were often at subnanogram levels which enabled
the method to be considered as a means of determining atmospheric

‘concentrations of these hydrocarbons.

In all cases the use of a solvent to enhance the phosphorescence

signal was found to be absoclutely necessary in order to obtain low

detection limits at 77K.

The application of this phogphorimetric technique in a wide

range of fields, particularly in the analysis of small quantities of

drugs and their metabolites present in complex mixtures has thus beeh,

validated.
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Suggestions for further work

| The speed of the technique could be improved bf_enlarging the
drum of the thin léyer phosphorimetry to accommodate more samples.
Also furthér investigation on the heavy-atom gffect is needed, to
find out whether or not it is specific foria'particular group of

compounds.

Also further investigation to quantify the precision,
reliability and detection limits on other thin layers should he
made. The thin layers are: reversed-phase plates, plates with

concentrated zones and cellulose HPTLC.
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