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ABSTRACT

solution s=pectrofluorinetry,

%)

me aspects of the use o

@

o
as apnlied to the determination of trace quantities of

[0

metals in solution, heave heen eranined, The investigation
of cuinine &3 & swnectreofluorimetric »rimary standard was foll-
owegd by using quinine as the basis of o scale of reaction
sensitivities. The use of quinine in the determinstion of
cuantun yields of fluorescence for some stondard substances
was also developed; at the time of writing, this nrocedure

Shile

r\
tJ
(=3

is heing euployed on a routine b in the rezearch group.

Seversl azoaethine (Schiff base) compounds vere
nrepored with soine metcl ions investipgated. From this, an
nalytical method weas develoned for the spectirofluorimetric
determinction of aluminium using salicylidene 2, amiuno-
phenol, In view of the lacl: of selectivity of tlhe reagent,
a cim>le clean~up» nrocedure was devised emnloying a diethyl-
dithiocarbamate extraction of the interfering ions into
cthylacetate. The reaction of salicylidene 2, aminophenol
with galliun wos clso investigated but weas found to be of

limited analytical value.

The preperation, structural determination and chela-
tion reactions of the cage molecule bis salicylidene 2,3,
diaminobenzofurcn(SABF) have been described. I snectro-
fluorinetric method and extraction nrocedure for nagnesiun
have been developed and have been applicd to the determin-

ation of magnesium in blood nlasma and municinal water

seanlec, ‘‘he fluorogenic reaction of gellium with this
reagent has also been investigated.

i specific determination of terbium using sulphosal-

icylic a@cid and ethiylenediamine tetraacetic acid has been



described together with an examination of similar rare

earth energy transfor systens.
In the final chepcr, some sugscestions for future vork

have listed, and at the time of writing, some of these

tabal=3

sugpestions are heing e:slamined in detail.
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INTRCDUCTION.

The increcsing nced for cuantitative analysis of
netallic ions in the submicrcgram range has led to a re-
ramination of phenomena wvhich haye been regarded for
nany years as interesting, but of limited practical value.
The recent analytical use of atomic absorption snectroscony
is a classic exsmple. Solution s»nectrofluorimetry is
gradually beconing recognised as o trace analysi
teclinigue as the number of metals capable of determination
becones greater. The leck of suitable recagents and the
need for somewhat sonhisticated apnaratus has »nerhaps
retorded the development of fluorimetry in the past, but
the emmanding resecrch andinstrumentel develonneat of
recent years has done much to remedy the situation.

the vheonomenon of iight emission from solutions has
been noted for nmany centuries. Chewmiluminescence emission
frow mershes, seawater and phosnhorus being merha~s the
most coelebrated exammles. ‘*he cheniluminescence of
phosphorus wos noted ot its discovery in 1674 or 1675 by
Brand of Ha:burgl and Boylel in 1651 published the first
metnod of isolating this eleuent. EEoyle2 also made the
Tirst recorded observation of true fluorescence wthen he
noted the euiscsion of blue lisht from the yellow solution

N
5 in 10652 coincd the word

of a vegetchle extract. Stokes
“"fluorescence!’ ac a recult of lijht scattering ermeorinents
in which he showed thet the emitted light was of o diflerent

wevelength to that of the incident light.
recorded observation cf fluorcscence froi: metal chelates was
nade in 1368 by Goppelschrdderg wvhen he showed that the non-
fluorescent dye Horin gave @ fluorescence reaction with

aluniniume..



[y
Since then meny semi-quantitative and qualitative
enalytical usez of fluorimectry have been develoned and
have been well summarised by Radley and Grant5. Several

reactiong listed in this book have nrovided the basis of

subsequent quantitative determinaticns, for examnle the

6

determination of molybdenur using corminic acid™.

A

The application of solution snectrofluorimetry to

the determination of trace metals has been reviewed in

the boolkks by Nadley and Grantb, Schlezinger-Konstantinova7
Q

and ¥hite® in addition to the exhaustive coverage given by

".'."hite9 in the fnalytical Chemistry biennial revievws.

The theoretical and instrumental aspects of the technicue

- . .10 11
have been the subjects of books by Pringsheim™, Rowen™ —,

12 ) - 13
and Hercules™ “, and review articles by Bartholomev -,
1L v o . . .
Parker and Rees™ 7, and Yest 5. L very useful theoreticel

accouni of iluorescence and related wnlhienonena is included

16

in thc hHook of Calvert and Fitts .

THEORY .

Migure 1 shows an enef@* level diagream rcpresenting
tie clectronic stntes of a light absorbing polyatomic
molecule. sach of the elcctronic states has a number
of vibrational sublevels associated with it, and because
of this, the cnergy of excitation deesc not corresnoad to
a discrete wovelength, but to a renge of wavelengths.
Zence the absornticn (and fluorescence) s»ectrun occurs
as & band and aot a sharp line.

On ebzorption of a photon of the apnropricte energy,
an electron in the electronic and vibrational ground state
of the molecule underzoes eixcitation to zny vibrational
level of a higher clectronic encrgy state. “ithin 10-12
sec, the e:xcited nolecule lozes encergy by radiationless
nrocesces, and fineslly occupies the lowest vibrational level

of the firest excited singlct state. The lifetime of
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state i 10 7 to 10 7 sec, and the cnerzy of the state nay
be digsinatcd in several ways: -

1) Iluoresceince - The

mnolecule emite a nhoton corresp-
oncing to the energy difference between the lowest

vibraticnal level of the first excited singlet state and
any vibrational level of ithe olectronic ground state.

The fluoresceance decay tine is effectively equal te the

lifetime of the first excited singlet state.
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2) Internal Conversion - Hany lorze molecules which do
not possess rigid structures cen dissinate the excess
energy of the excited state by vibrational »rocesses
which teke approximately 1072 sec.

3) Intersystenm Crossing - fAlthough electronic transitions

involving a change in s»in nmultivlicity arc forbidden,
singlet triplct trausitions from the first excited state
are very efficient nrocesses. £ sinzlet triplet trens-
ition is apwroximately lO5 times less lil-ely than a singiet
singlet transition. However, o vibrctional »rocess can

_15

occur in 10 sec

[}

o thet a vibraticnal coupling of the
xcited singlet and triplct states canoresult in a
process recuiring 10715 » 10% i.e. 1070 sec. “herefore
the ginglet trinict transition occurs in approrimately
oes the fluorescence nrocess. The
trivlet state hes a long lifetime in noan-chelated
imolecules (ca. 10-4 to 10 sec) because it can only be
deactivated by spin forbidden orx diffusion nrocesses
controlied as descrived bLelow:
;) Phosphorescence - Trinlet-singlet treansition to the
clectronic ground state accomnanied by emission of a
photon.,
5) Inergy Traansfer - Because of the lons lifetiic of
the trinlet state, collisional Hrobability is high and
transfer of caergy tc a suitable acceptor molecule nay
occur. Zuch molecules include chelcted or non-chelated
rare earth ions, molecules of the sane corround or other

molecules heving suitable absoiniion characte

ristics,
6) Fhotolysis - Because of the long lifetime of the
triplet state, chemical >reccesses such as decomposition,

isomerisaticia, or nhototropism can occur.



CLASSIFICATION OF FLUORESCENCE REACTIONS.

Clessifications of the fluorescence recctions of
metal ions with orgenic molecules have already been

12,15,17 and are based on the fluorescence

oroposed
characteristics of the free and chelated reagent. The
following classification is based on the type of complex
formed, rather than on the outward apnearance of the
rezction.

1) Formation of a Fluorescent Ion -~ Many reagents are

non-fluorescent at the pH at which chelation occurs, but
they do in fact form fluorescent anions on raising the

pHe In this instznce the process of chelation serves

only to remove a proton(s) at a lower pH value. Generally
the fluvorescence characteristics of the anion and chelated
ligand are very similar. Rezctions of this type include
18 41/salicylaldenydel?
and the Ga Tetrachloride/Rhodamine B ternary complex

Sc(IIIl)/Salicylaldehydesenicarbazone

. 20
extraction system™ .

2) Formation of a2 Fluorescent Compnlex - Because of

deactivating processes such as internal conversioa or
intersystem crossing, many reagents fluoresce ornly weakly

or not at all, irrespective of the pH of the solution.

On chelation, the metal ion vrevents the competitive process
and a fluorescent complex is formed, #ith 8-hydroxyquinoline
the prescence of a long wavelength absorstion band, corresp-
onding to an n -3/ * transition from the non-bonding
electrons on the nitrogen to the excited singlet state,

is a decisive factor encouraging the rate of intersysten
crossingal. On chelation the lone pair on nitrogen is
displaced towards the metal ion, as a result the n -w *
transition shifts to a wavelength lower than that of the

=10 » transition and a fluorescence chelate czn be



formedwith suitable metal ions. This bhehaviour is
analozous to the solvent dependent fluorescence of
quinolineaa, which is non-fluorescent in hydrocarhbon
solvents, but fluorescent in hydrogen bonding solvents.
In azo and azomethine reageants, this effect is also
couplad with the prevention of free rotzation on complex-
ing with a metal thus reducing internal conversion
processesEB.

3) Energy Transfer Fluorescence - Radiation absorbed

by the donor, which need not be chelated, is transferred
intermolecularly to an acceptor and fluorescence charact-
eristic of the acceptor is ohserved. This type of
fluorescence is made use of in the analysis of the rare
carth elements and because the metel Lf electroas are
surrounded by other electrons, the fluorescence signal

is not broadened by solvation effects. However, in
rutheniuwn phenanthroline complexesaq, the Ld shells are
susceptible to sclvation effects and these chelates
exiibit a band fluorescence sharper than that of a typical
organic molecule, but broader than that of the rare earth
ions.

1) Guenchins Methods - These include the formatlon of a

non-fluorescent species from a fluorescent reagent.
Examnoles are the reaction of transition metals with
calcéin25, and salicylic acid. Thi.s would 2lso include
indirect quenching methods, for example the determination
of fluoride by its depression of the Al/Pontachrome BLER

2
fluorescence™ ",

5) Chemiluminescence - The emission of a photon of light

as the product of a reaction involving a metal ion,
Otker than the reaction of luminol, lucigenin siloxene7
with transition metals in the prescence of hydrogen

peroxide, the scone of this type of reactlon is virtually



unexplored. Because of the difficulty of predicting
the occurrence of this type of reaction and because of
the few systems known, it is unlikely to find immediate
widespread use.

6) Catalytic Methods - The metal ion to be determined
catalyses the destruction or formation of a fluorescent

27

sensitive selective reagent for copper. In this re-

compound. For example Lumocupferron provides a
action it is believed that copper catalyses the forma-
tion of a fluorescent dimer. Becausc of the greater
sensitivity obtainable using catalytic methods and
because of their potential selectivity this type of
reaction would be well worth future investigation.

Such methods could be used for the analysis of transi-
tion metal ions, and anions. The use of catalytic
methods in conjunction with enzymes could provide a very
high degree of selectivity.

7) Metal Ion Fluorescence - Solutions of certain metal-

lic ions nresent as aquo- oxo- or chloro- etc., complexes
give fluorescence, characteristic of the metal ion.

Examples are the thallium(I)l7’28
in the presence of chloride ions, the fluorescence of

and lead fluorescence

platinocyanide complexes and the fluorescence of some
rare earth ions in the absence of energy donors. The
analytical methods based on this tyne of fluorescence

17,28 but the low absorption

can be made highly selective
of such complexes often results in weak fluorescence.
However, the low blanks encountered with such methods
often compensate for this.

8) Other Methods - Several other methods are now knovn

in which a fluorescence may be generated. These bear

resemblances to techniques already used in spectrophotometry
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and therefore do not merit separate headings. They include:
(a) Redox systems in which a fluorescence is destroyed or
generated on changing the valence state of the ion being
determined, e.g. the Ce/As Redox systeml7’29.

(b) Indirect systems in which a non-fluorescent complex

is isolated and a fluorescent species generated oh
destruction of the complex e.g. Cu/o-phen/Rose Bengal B.O.30
Extra systen.

(c) Displacement systems in which one mctal is displacéd
from a complex by the metal being determined and the
displaced metal is then determined by an already developed
procedure, for exanple, the rroposed system for determina-

17

tion of thorium™', in which aluminium is displaced from
its EDTA conplex and then determined by 2, hydroxy 3,
naphthoic acid31.

SOME PRACTICAL ASPECTS OF SPECTROFLUORIMETRY.

Consider the light of intensity IO falling on an

area A of sample cuvette and giving a total emission of

fluorescence F.

A
i)

Then according to the Lambert/Beer Law of Absorbance

=klc
It = AIOe

intensity of transmitted light
cell path length

molar concentration of absorbing species.

it

(o]
1}
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Therefore the light intensity on the element of width

-kxc

¥ at a distance x is AIoe and the light intensity

~lzc(x + dx)

transmitted by the layer x + dx is AIoe There-

fore the energy absorbed by the element dx is:
4 AIo[e'kxc—e-kc(X + dxh

-1. “‘d '1 . . -
AIoe \.XC[l_e XelLeC ]

I

]

Now since dx and ¢ are very snall
dE = AI_kce ™ Cax

And dF KA, .kee ™%

Integrating over the whole math length of the cuvette
F o= AKI kef) ™™ ax

~klc]

.Adx

AKT [1-e

On expanding by series

F = LKI [klc - (k1c)° + (:lc)? - .....]
° 21 7
For ¢ small
F = K'Ioklc
or F = K'0LELc

Where @ is the quantum efficiency of fluorescence

£ 1s the molar extinction coefficient.
This relationship is particularly important since it serves
to illustrate the basic differences hetween spectrofluori-
metry and spectrovhotometry.

In the latter the dependence of analytical signal,

I/I&Kconcentration is logarithmic
i.e. Logig I = -tcl (Lambert Beer Law)

I
o

vhereas 1n fluorimetry it is linear. Also in spectro-
photometry, we measure a ratio
Log -1
10 Io a
I
o
and when Ia is very small, there is a practical limit to
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the measurement of absorbance, ca 0.001. In fluorimetry,
the sensitivity is limited by the sensitivity of the
detector. sn increase in the detector sensitivity or
incident light intenscity will increase the analytical
signal whereas in spectrovhotometry this would have no
advantageous effect.

In nractice there are two factors which limit the
sensitivity of the fluorimetric method:

(a) With instruments which are not fitted with a blank
"backing-off" device, the limit is set by the value of the
blank. This can arise in many ways, ¢.g. light scattering,
Raman scattering, residual fluorescence, stray light or
second order diffraction.

(b) With instruments which are fitted with a blank "backing-
off!" device the limit of determination is set by the instru-
mental noise level and the reproducibility of the fluores-
cence reaction at low metal ion concentrations.

The various processes which compete with fluorescence
have already been discussed. However, in practice there
are several other factors wvhich distort the analytical
signal.

(1) Inner filter effects - If any substance in the solu-

tlon absorbs light at the wavelength of excitation or
erission of the fluorescent species, a reduction in
intensity of fluorescence will result. When the absorb-
ing species itself is very concentrated a-Ysaturation

inner filter effect!" may occur where the fluorescence
emission intensity differs with distance from the front face
of the cuvette.

(2) Oxygen Cuenching - The oxygen molecule is paramagnetic

and the pairing energy for the two unnaired electrons is
relatively low. When the difference bhetween the first

excited state of the fluorescent species and the first
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excited triplet state is of the same order, intersystem
crossing to the triplet state can be increased by the
prescence of dissolved oxygen. This results in a decrease
in fluorescence..

(3) Collisional Quenching - Because of the long lifetime of
the triplet state, triplet molecules can undergo collision
with other molecules in solution. Molecules in the first
excited singlet state will not undergo significant collis-
ional quenching because of the short lifetime of this state.
However, increased collisional deactivation of the triplet
state will tend to increase triplet formation at the expense
of fluorescence processes. Use of viscous or rigid solvents
and low temperatures will tend to reduce this effect. The
use of rigid solvents and low temperatures will also reduce
vibrational quenching of the first excited state..

32 _a

(4) Raman Scattering t the high instrumental amplifi-

cations encountered in analytical fluorimetry, Raman
scattering becones observablé. Radiation of any wavelength
is absorbed and radiation of a slightly longer wavelength re-
emitted (ca.30 mp or 50 mP difference). The position of the
Raman emission peak is always dewendent on the wavelength of
the incident light and because of this it can be distinguished
easily from fluorescence. Raman scatter can increase the
value of the blank when the instrument is used at high sens-
itivitye.

INSTRUMENTATION.

The instrument used in this work was a Farrand Optical

Company spectrofluorimeter, for block diagrams of the

optical and electrical systems refer to figures 3 and L.

The light source is a high pressure 150 watt D.C. xenon arc
lamp which gives a usable light intensity from 250 zp to beyond
600 . During operation the lamp is cooled by a fan

situated at the top of the lamp housing.
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Figure 3.
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The monochromators each have a wavelength range of
220-650mu and use replica gratings with 1L,400 line?/inch.
Interchangeable metal slits .with spectral halfbandwidths
of 1,5,10 and 20mp are provided for the entrance and exit

norts of ezch monochromator.



Figure 4.
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The sample compariment, situated hetween the two mono-
chromators, is suitable for the use of 10x20x50 mm quartz
cells (used in all this work) or 10x10x50 wmm quartz cells.
Alternatively, a micro cell holder with focussing lens can
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be inserted into the cell compartment, thereby accomodating
3x3x40 mm cells or cylindrical c¢clls, 2 nnx4hO mm. The cell
compartiment cain also be fitted with a solid samnle holder
or can be replaced by a cell compartment fitted with a
water circulating block for temperature control. A dull
surface aluminium mirror is provided for direct measurement
of trancmicsion usiné the vhotomultiplier in the alternative
position next to the cell compartment (see diagram 3). These
accessories are all standard Farrand fitments.

The analysing monochromator is identical to the excita-
tion monochromator and is used in conjunction with an R.C..L.
1P 21 or 1P 28 photomultiplier tube. These tubes vary only
slightly in thelr spectral response, and were operated from
a nains input/900 volts DC output stabilised power supply.

The RCA microammeter has six decade sensitivity ranges
which nermit measurements of current from 0.0002 to 1,000 uae
This is used in conjunction with a Honeywell chart recorder,
the motor of which is geared to drive either of the mono-
chromators. The chart width is 10 inches and a complete
spectrun scan (220-650 my wavelength linear) occupies 10
inches, L chart speed of 1§ inches/min. was used in all
the work, although other spegds up to 4O inches/min. can be
used.,

There are two positioans (figure 3) for filters: at
the entrance to the excitation and analysing monochromators.
Filters are used to eliminate unwanted radiection which may
come through the monochromators by internal scattering or
second order diffraction. Alternatively the slits may be
removed completely and the instrument used as a sinple filter
fluorimeter. The filters supplied with the instrument were:
L Corning 7-54 ( 75% transmittance Dhetween 275 and 375 mp)
which was used in conjunction with the excitation mono-

chromator, a Corning 3-72 ( 75% transaittance above L90O mp)
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and a Corning 3-73 ( 75% transmittance above L55 mp) both

of which were used with the analysing monochromator.

OBJECTIVES

The work described in this thesis was uadertsken in
order to extend the present understanding of solution swectro-
fluorimetry as a trace analysis technique for metal ions.
This has necessitated the examination of several different
types of reaction system e.g. energy transfer, fluorogenic
chelation reactions, charge transfer systems, etc. Where
an analytically useful reaction has presented itself, this
has been exploited and a method of znalysis developed.
Some attempt has also been made to investigate the critical

factors involved in the nroduction of a fluorescent chelate

compound..



CHAPTER I.

CALIBRATION OF THE SPECTROFLUQORIMETER.

The iastrument used in this work is not fitted with

any device which might compensate for the spectral varia-
tions of lamp intensity, monochromator transmission or
photomultiplier response. It is sufficient, however,to
calibrate the lamp and excitation monochromator as one
unit and the photomultinlier and analysing monochromator
as another. The task of calibration is made considerably
mnore easy because of this.

The methods available for calibrating lamps and
detectors have been digcussed in many publications deal-
ing with spectrofluorimetry, but the papers of Parker and
Reessz, Parkerzh, and White, Ho and Weimer55 are perhaps
the most comprehensive. In general, however, there are
four main methods of calibration summarised as follows:
(1) The use of a detector of known spectral response.

This can be acilibrated plhotomultiplier, & thermopnile, a
photogranhic plate or a chenical actinowvieter. In this
way the lamp of the instrument can be calibrated.

(2) The use of an illumination source of known spectral
distribution to calibrate the detector. Generally,
calibrated tungsten or mercury lemps are used for this
purpose,

(3) The use of guantum counters. A very concentrated
solution of a fluorescent dyestuff such as fluorescein or

Rhodanine B is placed in the sample cuvette arranged at

an angle to the incident light bean, in such a way that the

fluorescence of the front face of the cuvette can be
measured. Because the solution is very concentrated, all

the incident light is absorbed at the surface and the
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fluorescence emission, the wavelength of which is independent
of the wavelength of the exciting light, is proportional to

the number of gquanta of light incident upon the cuvette, The
method relies on the constancy of the quantum yield of the _
screen with wavelength, and can be used from 200 my to 40O mp.
(4) The use of fluorescent substances whose spectral charact-
eristics have already been published. By adjusting the
observed excitation spectrum to the true excitation spectrum,
the lamp characteristics can“be determined. In a similar

wvay the photomultiplier can be calibrated from the emission

spectrum,

§A2 Calibration of Wavelength Scale.

The cell compartment of the spectrofluorimeter was first

removed and a mercury vapour lamp placed so as to illuminate
the entrance slit of the analysing monochromator. The mono-
chromator was fitted with 1 mp slits, the entrance slit having
been almost completely masked with adhesive tape so as to
reduce the incident light intensity. The wavelength scale

of the analysing monochromator was then set to read the

546 mu mercury line. There was no alteration in the wave-
length reading on adjusting the position of the mercury lamp
laterally.

The cell compartment was renlaced and the wavelength
dial of the excitation monochromator was then set by turning
on the xenon arc lamp of the appafatus and measuring the
scatter peak at 450 mjt of a quartz cell filled with distilled
water., This was repeated at other wavelengths. The
"backlash'" error of each monochromator on mechanically
scanning the spectrum was then measured by scanning the
mercury lamp spectrum and noting the wavelength dial readings
simultaneously. The error was between 1 and 2 mp and has

been neglected.
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(B) _Calibration Using Standard Lamp,

The cell compartment was replaced with a 1 Kw glass
envelope standardised tungsten lamp run at a colour temp-
erature of 2854°K. The analysing monochromator was scanned
mechanically and a plot characteristic of the tungsten 1lamp,
photonultiplier and monochromator was obtained. The lanmp
was calibrated in energy units (watts) and the calibration
data points were multinlied by wavelength to convert to quanta
per unit wavelength interval (figure 5). On dividing the
lamp characteristic curve point by point into the total curve,
the spectral response of the detector system as a whole was
obtained for the wavelength range 380 mp - 650 mp (figure 6).
The emission of the tungsten lamp is small at wavelengths
below 380 mp because of the absorption of the glass envelope.

The cell compartment was replaced and 5 mjL slits fitted
throughout. The entrance slit of the excitation mono=-
chromator was masked with adhesive tape at top and bottom
so as to maintain the original bandwidth and an aluminium
mirror, freshly coated with a thick layer of freshly
deposited magnesiuw oxide, was placed in the cell compartment
to reflect the light from the excitation monochromator to
the analysing nonochromator. Magnesium oxide acts as a
diffuse reflector whose reflectivif§ is practically
indenendent of wavelength. The intensity of the reflected
light was then measured from 220 mu to 650 nt at 10 np
intervals and a spectral curve was'obtained (figure 75 which
was the product of the characteristics of the excitation and
detector wunits of the apparatus. "By dividing the spectral
respounse curve of the detector system into this "total curve,
the spectral variation of lamp and excitation monochromator

could be obtained for the range 380 mp to 650 my (figure 8).
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Klgure 2~
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(C) Galibra*ion using Quantvw Counters.

For wavelengths below 10O mp, the apparatus was cali-
brated using the guantum counter or fluorescent screen
technique. Three screens consisting of 4 g/l Rhodanine B
in ethylene glycol, L g/l Rhodamine B + 1 g/1 acriflavine
in glycerol and 4.4xlOM-3 fluorescein in acaueous 0,1M
sodium carbonate, 0.1} sodium bicarbonate were used
separately. The solutions were placed in a quartz cell
set at an angle of about 500 to the incident light beam.

On mechanically scanning the analysing monochromator

three plots of the excitation system of the instrument were
obtained for 220 mp - 400 mp (figure 8). By division of
the average of the plots into the total response curve
obtained by reflection, the detector characteristics below
4LOO mp could be plotted (figure 6).  Finally, the two sets
of correction factors obtained by the standard lamp and
flucrescent screen methods were normalised to give the same
value at LOO mp. The validity of the factors was tested
by correcting the spectra of anthracene and quinine sulphate

36,37,

solution and comparing with published data

Apparatus - Tungsten Lamp.

The tungsten lamp used in the calibration was c¢alibrated
by G.E.C. Ltd., Central Research Laboratories and was a H.V.
1,000 watt class A.l. Osram lamp operating at a colour temp-
erature of 2854°K at 186 volts and 3.725 anps. [. Variac
variable transformer attached to the mains was used as a power
supply and the voltage roting was checked before and aftfer
use. Identical results were obtained when the lamp was
operated at 180 and 188 volts and it would appear that the
voltage doesmwt criticelly effect the snectral distribution
of the lamp. .

We thank Dr. K. Ruddock of the Department of Physics,

Imperial College for the loan of the lamp on several occasions,
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EXAMINATION OF QUINING AS A FLUORESCENCE STAINDARD.

In solution spectrophotometry the limits of any measure-
ment are set by 0% and 100% transmission. %11 readings
must, therefore, fall between these limits. In spectro-
fluorimetry, only the lower limit of zero fluorescence or
blank value has.any meaning and as a result, comparison of
fluorescence intensities between lahoratories is impossible
without reference to a standard substance, In addition,
the sensitivities of the instrumental components may vary
from day to day and the use of a standard substance is again
imperative 1f fluorescence intensity comparisons are to be
nade. If a standard substance of known cuantum fluorescence
yield is chosen, other quantum yields may be calculated by
relative methods. Because of their simplicity relative
methods are beéoming increasingly used and are weli described
in the literaturel®:33:36,

Quinine bisulphate solution or quinine in /10 sulphuric
acid has become widely accepted as a fluorescence standard38.
Melhuish37 and Eisenbrand39 have carried out some investiga-
tions as to its suitability as a standard. Parker and Rees53
have compared quinine with other substances e.g. fluorescein,
antlracene, etc., and haveshown it to be the most suitable as
a stondard, provided the quinine content of the sample was
specified.

Because of the importance of quinine standards in some.
of the later work, it was decided to make a thorough invest-
igation of the fluorescence characteristics of the quinine/
sulphuric acid systen. Unless stated otherwrise, fluorescence
measurenents were carried out at 450 mp using excitation
light of 350 mp and using solutions of quinine in M/10
sulphuric acid.

Purity of Quinine.

Quinine samnles twore-cxéninced for the prooencs of other

cinchona ~llzaloids by thin lcyer chrometogzrcphy using o
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L.
system described by Randerath‘o. Chromatogramns were run

on

Shandon apparatus using silica gel es the stationary

phase and a solventconsisting of petroleum ether
(BP100° - 120°)/diethylamine/acetone (23/9/9 by volume).

Chromatograms were developed for 4O mins, were examined

under ultraviolet lisht and were then sprayed with Dragendorff

Reagent, the alkaloids appearing as brown spots. Dragendorff

Reagent was »repared by dissolving 1.7 g bismuth subnitrate

-

and 20 g tartaric acid in 80 nl of water and adding this to

16
of

g of potassium iodide in 4O ml of water. To each 50 nl

the mizture was added 100 g of tartesric acid and 500 nl

of water.

The mean result of 6 runs is given ia Table 1.
Table 1.

Thin-Layer Chromatography of Cuinine Samples.

Sample-”v Rf Source Fluorescence

(a) Quinine (B.P.C.) |0.37 1 Blue green
(b) CGuinine (purified

by Cohen's method)! 0.51 1 Blue green

(c) Quinine (G.P.R.) |0.36 2 Blue green

(d) Quinine (G.P.R.
recrystallised) 0.36

(e) Quinidine (G.P.R.)|0.56
(f) Cinchonine(G.P.R.){0.63

(g) Cinchonidine(G.PR)}0.55

Blue green-
Blue green

Non fluorescent

[A I VIR AV B SN

on fluorescent

1.
2.
3.
of

Lake & Cruickshank Ltd.
B.DCH‘ Ltd'
B.D.i.(G.P.R.) 10 g quinine was recrystallised from 250 ml

boiling water containing sufficient ethanol to dissolve

the samnple. The residue was washed well with cold water and

dried to constant weight at 100°C (about 12 hours).
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Analysis Results - for Recrystallised (G.P.R.) guinine
T‘ ! [ L}

20H2, 150, (MW 324.48)

Found C 73.7%; H 7.3%; N 8.5%

- Calculated C 73.9%;H 7.4%; N 8.6%

Some of the Rf values were obtained from mixtures of

Calculated for anhydrous quinine C

two or more alkaloids; the method is easily capable of
separating all four alkaloids. There anveared to be no
major imrurities in the gquinine samples taken, however the
"gquinine'" purified by Cohen's methodql was shovwn to have
the same chromatographic characteristics as quinidine and
to be quite different from quinine. AS this particular
sampie was a gift, we have no knowledge of its history and

can offer no explanation for this curious change.

Effect of Acid Molarity.

~ Solutions containing 5}{10-1"r g/1 and 5}:10—3 g/l of
quinine were examined for the effect of sulphuric acid
molarity on the fluorescence emission.

The results are summarised in figure 9.

78 Figure 9.
G or
- Intensity i
s fE}{lO‘ag.p.l.
o

o g 2x10 “g.p.1,
— > —0
66 [] 3 ] )
-2 -1 0 +1

Log stob Molarity
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Quinine is normally used in /10 sulpuric acid and
this would apvear to be a sultable acid concentration,
since there is little fluorescence variation with acidity at
this level. There was no change in the position of the
excitation or emission spectrum over the acidity range

examined.

Effect of Ultraviolet Radiation.

There was no change in the fluorescence intensity of
a 5x10—4 g/l solution of quinine after irradiation with
350 mp light for 60 mins in the cell compartment of the
srectrofluorimeter. However, on exposing the sanme
solution to light direct from the window of the lamp hous-
irg for 30 secs, the fluorescence intensity was reduced by
20%. Irradiation for 2 mins reduced the intensity by 57%.
These results show that although quinine is not subject
to photolysis under the normal conditions of use, care must
be talten not to expose the solution to strong ultraviolet
light and to store solutions in the dark.

Stability of Quinine Sclutionce

L solution of 5:{10'2 g/l quinine was lept in a dark
cupboard and diluted immediately before measurement to give
a 5}{10_3 g/l solution, The sbsorption spectrum of this
solution was plotted to deternine the extent of deteriora-
tion of the fairly cencentpated quinine solution. Lfter
three months there was no apparent decrease in the quinine
absorbance at 246 mp and all the absorntion spectra were
superposable.

The 5:{10—3 /1 solution was diluted tenfold and used
as a standard to measure the deterioration of a 5 x lO—L'L g/l
quinine solution storoed in a volumetriclflask and exposed

to the normal laboratory illumination. The two solutions
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were compared by measuring their fluorescence intensities,
but after three months no apparent deterioration of the
dilute quinine solution was noted. '

When more dilute solutions of quinine core regquired
(i.e. less than 5}{10-1'L g/1) it is probably better to obtain
these by dilution rather than rely on the stability of very
dilute solutions as there may be adsorption losses on the
walls of the vessel, This sourﬁe of error has been

reduced by coating the storage vessels with 5ilicone
Repelcote.

Effect of Cuyeen Quenching,

& solution of 5210-4 g/l quinine was deoxygenated by
bubbling aitrogen for 15 mins, and measuring the fluorescence.
Oxygen and nitrogen were then bubbled in turn and the
fluorescence intensity was measured after the passage of

each gas.

Table 2.

Fluorescence

Intensity
Original Solution 85
Staudard 85
N2 bubbled for 15 nins 92
Standard 85
02 bubbled for 10 nins 91
Standard 8h.
N2 bubbled for 15 mins g2
Standard 85
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The increase in fluorescence intensity after the initial
deoxygenation can be attributed to the cooling effect of
the expnanding gas and thenegative temperature coefficient

of fluorescence of quinine.

Effect of Temperature.

The cell compartiment incorporating a water circulation
block was fitted to the spectrofluorimeter. Water from a
large, stirred thermostated water-bath was circulated through
the cell compartment and fluorescence measurements made when
the cell compartment had attained a steady temperature. The
tenperature was measured directly in the cell using a O-50°C
thermometer graduated in half degrees. The temperature
dependence of fluorescence wvas measured on a 5}:10-3 g/1 quinine
solution over a range 14°C - 38°C (figure 10). In the range
140 - 2400, the temperature coefficient was found to be
-0.54% per °.

Figurg 10, -
100 , o
S~
.
% . ~
. ' \
Intensity N
R \3\\
N
.
o
90 |. \\\\\
\
80 . ‘ \
10 20 30 1.0

Temperature(°C)



28.

Effect of Quinine Concentration,.

Linear concentrction dependence of fluorescence inten-
sity was found for quinine concentrations in the range from
10'8

which gquinine is likely to be used as a standard. Because

to 10_5M. This covers the concentratiomr range over

of the negligible overlap of excitation and emission spectra,
the area under the emission peak should also bear a linear

relationsihip to the concentration.

Summagx.

'Quinine has been shown to be a suitable primary
fluorescence standard. General purposc reagent and B.P.C.
quinine were both adequately pure, although the water content
is high and variable. The fluorescence of quinine in 14/10
sulphuric acid has been shown to he influenced oniy slightly
by acid molarity, moderate u.v., radiation, and dissolved
OXYygenh. The solutions are stable over a period of months
and a linear dependence of fluorescence intensity on
concentration exists over a wide range.. The temperature
coefficient of fluorescence is high, but most fluorescent
substances have appreciable temwnerature coefficients.

The simplicity of the excitation spectrum tends to minimise

errors due to non-monochromatic light.
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DETERMINATION OF FLUORESCENCE RE/CTION SENSITIVITIES.

Lt present there exists no satisfactory method by which
the sensitivities of a fluorescence reaction can be measured.
Some approaches have been discussed by BartholomewlB, but
many of these appear to be dependent on the tyne of apparatus
used. In the mroposed method for comparing fluorescence
sensitivitiesls, the fluorescence intensity of a solution is
measured at its abzorption and emission maxima and compared
with the fluorescence intensity of an equinolar amount of
quinine in 1/10 sulphuric acid measured at its own excitation
and emission maxima (350/450 mp). Lllowance must be made for
the spectral variations of the excitation and detector systems.
In this way a comparison of the true marimum intensities of
the absorption bands of fluorescent chelates can be made.

Ls the measurement is being made from the point of view of

the énalytical chemist only the peak height need be consid-
ered (i.e. not the area). The measurements are made under

the optimum conditions as sﬁpplied in the literature references
in Table 3.

For each sensitivity measurement =ix concentrations of
metal ion covering the linear concentration/fluorescence

range were chosen together with a blank. Two quinine
solutions of different concentration and a distilled water
blank for quinine were chosen as the reference, In this
way a greoh may be plotted for the metal ion, and the slope

used. The equation used to evaluate the sensitivities was:

o 3 ‘s 5 metal (I.P.) quinine
Sensitivity = C quinine b ﬁfﬁﬁinine X (I.P.) metal

where

C = Molar concentration

H = Maximum fluorescence intensity

I = Lawp correction factor for excitation wavelength

P = Photomultiplier correction factor for fluorescence wavelength
S = Slope of metal ion calibration »lot.



Table 3.

Sensitivities of Fluorescent Systems.

Systen Sensitivity ye ! Ref.
A1/Morin 7.46x107% 3.0 b2
: 6.81x107¢<
?.14X10'§
7.60x10°
Al/Oxine 2.24x10'% 5.0 L3
2.22x10”
2.,10x1071
h1/Pontachrome BBR 5.9 XZI_O"3 5.0 Ll
3.8 x1072
5.8 x10-2
3.5 x10"2
Al/2,Hydroxy 3, 7.73%x10"2 5.8 17,31
Nephthoic fcid 7.97x1072
7 » 65}{10_)
Ll/Salicylidene 1.0 x10-2 5.6 45,46
2,aminovhenol
Ga/Oxine 8.43x1072 5.0 L7
8.52x10-2
8.08x10-2
Ga/8,Hydroxyquinaldine 9.10x10~2 5.0 18
9.86x10-2
Ga/Rhodawine B 1.33 6M HC1 49
Ga/Salicylidene L.0 x10~> 4.0 L5
2,Linophenol
Be/3,Hydroxy 7.96x10'§ 7.5 17,31
2,Naphthoic /icid 7.94x107

Procedure

The working concentration ranges of egch method were

taken from the literature and calibration curves made up

exactly as recommended in the references.

The speciro-

fluorimeter was fitted throughout with S5mpn halfbandwidth
1

slits and was adjusted to give 95% scale deflection for the
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mnost concentrated solution. The intensity of fluorescence

of the metal ion solutions was then measured at the emission
and excitation pealks. Lliquots of a stock quinine solution
wee diluted with 1/10 sulphuric acid until a scale reading
between 25% and 75% of the maximum was obtained on the same
instrumentsl sensitivity scale as used for the metal chelate
measurements. The quinine fluorescence was measured at

450 mil using an excitation maximum of 350 1 and a distilled
water blank value was subtracted from the quinine fluorescence
intensity.

The temperature of the measurement was checked and was
about ZOOC ¥ o, Fortunately this does not involve as large
an error as would be expected from the cuinine temperature
cocfficient of -0.54% per °C since the metal chelate also
has a negative temperature coefficient. '

The results of Table 3 indicate the sensitivity of the
methods themselves independent of instrumental factors.
although a large survey of all existing fluorimetric
methods would perhaps be of value, it is felt that this
type of comvarison is not worth the effort in view of the
possinle errors involved. Errorsin each of the corrcction
factors will be of the order of 3% giving a 12% total error
due to the correction factors alone. Temmerature effects,
measurement errors, and irreproducibility of the chemical
gystem could increase the total mossible error to 20%.

In oddition the analyst must then change the "true!" sens-
itivity factors to give "apparent" sensitivities for his

own instrument thereby increasing each total possible error

to 26%. Resulte of this type have no theoretical value and it
is most lilely that analysts will comvare sensitivities

of methods by examination of the limits of determination.



DETERMINATION OF QULNTUM YIELDS OF FLUCRESCEICLE.

The quantum yield of fluoresccnce is the ratio of the
number of quante emitted per second to the number of quanta
absorbed per second by a solution of a fluorescing species.
Lbsolﬁte measurements of the quantum yield of fluorescence
involve a determination of the incident light intensity
falling on the sample and a determination of the fluoresc~
ence inteasity emitted in all directions. The determination
of absolute quantum yields of fluorescence was beyond the cap-
abilities of the apparatus at our disnosal. Recently, how-
ever, relative fluorescence intensity measurements have
become widely used because of the comparative ease with
wvhich they mey he madele’EB. Generallyuthe area under the
fluorescence cmission spectrum from a sample solution is com-
pared with the emission from a substance of knOWn‘quantum
efficiency. The wavelength of irradiation is usually the
same in both cases (it need not be at the excitation peak

of either cowmnound) and the ratio of the areas under the
flucrescence enission spectra enables a determination of

the quantum yield of the unltnovmn to he made. In most of
these relative measurements, quinine in 1i/10 sulnhuric acid
has be=n used as the standard, becaﬁce of the small overlap
of its excitation and fluorescence emlssion spectra.

The total fluorescence emission from a solution is

given by the equation (page 9).

F = k¢ I (€.c.1) (1)
For a standard and an unknovn irradiated at the sane
wavelength the equation becones:

F(eoc.l.)
Fs(t.c.l.)g

0]

i
[

or

.. ..
FS—:% . gs . (ll)



Where [ = The abgsorbance of the solution at the wavelength

of excitation.

=)
i

The total area under the fluorescence emission
spectrum cxpressed in quanta »er unit frequency
interval agcinst a linear frequency abscissa.

@ = Quantum yield of fluorescence.

5 = Subscript referring to standard.

The method relies on the uniformity of @ and @g

irrespective of the wovelength of irradiation. However,

to avoid errors arising from the solution having an

appreciable absorbance, the opticsl density must not be
alloved to exceed 0.02 absorbance units. If the optical
density exceeds this value, the intensity of the exciting
light will vary appreciably with the distance from the
front face of the sampnle cuvette. Llternatively these
errors can be overcome, if the opntical densities of the
stondard and unknovm solutions are ezactly equal at the
wvavelength of excitation.

In mractice, distorted fluorescence enission spectra
are obtained due to srectrai variations in the photo-
multiplier/monochromator unit. The annarent spectra are
corrected point by point to the true fluorescence emission
spectra by dividing by the detector unit correction factor
for the narticular wavelength. This gives the true
erission spectrum with abscissa linear in wavelength and
ordinate linear in quanta per unit wavelenght. In order
to compare the area under the curve with that of the
standard, the abscissa must bhe converted to a linear
frequency scale, and the ordinate values aust be converted
to. quanta per unit frequency interval. This is done by
dividing the ordinate values by the square of the

frequency, using the equation (iii) on page 34.



q
R = 532 (1ii)

Where R = the corrected response in guanta per uvnit
frequency.

H = the measured response in quanta per unit
wavelength.

S = the correction factor for the particular
frequency.

Vv = the frequency

The above equation is used for the correction of every
data point on the emission curve. In our determinations
of guantum yield the calculations were carried out by

computer.

Procedure.

The accuracy of the method was assessed by calculating
the quantum yield of fluorescence for substances whose
quantum yields had already feen determined. Ten milligrams
of each substance were dissolved in 100 ml of the apvropriate
solvent and the absorbance measured at 350 mp using a
Beckmann DB spectrophotometer. If the absorbance was small
or coincided with a sharp rise im the abzorption s;ectrum,
an absorbance minimum or peak, near 350 rmu, was chosen
instead.

Lbsorbance measurements for many of the comnmounds wvere
not made at the absorption peak, and there was a great var-
iation of absorbance with slit width of the spectrophoto-
neter. To overcome this difficulty, the spectrofluorimeter
photomultiplier was placed in the alternative position
(figure 3) adjacent’to the cell compartment. The maghes-
ium oxide reflector was fitted behind the cell, so as to
reflect the transmitted exéitation light on to the photo-

multiplier. The excitation light was attenuated by masking
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the entrance slit of the excitation monochromator with
tape in such a way that the spectral bandwidth of the slit
was not affected. The 100% transmission was set with a
cuvette of the aporopriate solventand 0% transmission
adjusted by closing the photomultinlier shutter. In this
way the percentuge transmission of a concentrated solution
could be measured under exactly the same conditions as the
fluorescence was measured on the corresnconding diluted sol-
ution. This arrangement reduces errors due to non-
monochromatic radiation and variation of absorbance with
snectral bandwidth.

An aligquot of the solution was then diluted one
hundred-fold and a solution of guinine was diluted with
/10 sulphuric acid so as to give an apnroximately egual
absorbance at the wavelength of excitation. The solution
of the unknowvn was then deaerated by bubbling nitrogen for
20 mins, and the spectrofluorimeter cell compartment'purged
with nitrogen before use, The fluorescence emission spectra
were scanned for the unknown and the quinine standard using
the same instrumental amplification and excitation wave-
length; ' The fluorescence intensity was read from the
spectra at frequency intervals of 0.02?71 using a brass
scale, specially constructed for this purpose, and the res-
ults were put on IBHM punch cards. A value of 0.55 was
assumed for the quantum yield of quinine in M/10 sulphuric
aeid,

Computer Progran.

The computer program devised by the author is included
in Appendix I and is considerably different to that of Drushel
et al.57. Data is wnresented on IBM vnunch cards using
columns 1-4 of each card for the freguency in}L_l, columns
6-10 for the corresponding correction factor for the

frequency, and columns 12-72 for fluorescence intensity data.



‘In this way, the fluorescence intensities from one to ten
separate emission .spectra can be put on one card; each

card representing one frequency value. A total of 51 cards
are punched for each comnleie spectrun. The nrogram is
designed to read the cards, correct each point using
equation (iii) on page 34, and sum the area under each
corrected spectrum using Simpson's Rule. The corrected and
uncorrected specta are then normalised to give a maxinun
intensity of 80 units and the corrected fluorescence emis-
sion spectrum is then printed out using asterisks and the
uncorrected spectrum using full stops. When an asterisk
and a full stop coincide, only a full stop is printed. In
this way, data for up to ten substances may be treated simult-
aneously.

Programs were run on the Imperial College IBM 7090/1401
unit using the PUFIT system. Total computing time, includ-
ing compilation, was about 0.2 min. for four substances and
the results could be obtained from the comnuting centre with-
in one-and-a~half hours. Punching a set of 51 cards took
about 10 to 15 minutes for four substances, and about 20
winutes for 10 substances.

Quantum efficiencies of fluorescence were then calculated
using eguation (ii) (page 32).

Results and Discussion.

The results, literature comparisons and relevant
experinental data are summarised in Table L. Lin error of
about ¥ 2% is to be exnected in each abscrbance reading,
giving a total possible absorbance error of L 4%. Fluore-
scence intensity measurements (including correction factor
errors) will each have an error of ¥ 1%, but these are likely
to cancel each other as 51 intensities are treated in the cal-
culation. It is estimated that an overall accuracy of ¥ 8%

should be possible, assuming the chemicals are pure. Because
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Table &-
Determination of OQuantum Yield of Fluorescence using
Ouinine in M/10 Sulphuric fAcid as a Standard (@ = 0.55).
Substance Solvent Conc. Prea. d Literature
(ug/m1) [(u~1)
Acriflavine water L,0 2.86 ; 0.57 |O 5651 0 5452
. * > . ’ .
Anthracene ethanol 0.5 2.82 0.28, 0.3052,0.2737,
0.26 | 0.28%7
Anthranilic 3
Acid ethanol 0.5 |2.86! 0.3n | 0.587
Coronene chloroform 10.0 2.65 0.30 0.351'L
Fosin ethanol 5.0 ]2.86 0.36 ‘
Eosin M/10 NaOH 2.0 |2.861 0.12 |0.157°,0.19°%,
0.127°
=4 H
Fluorescein|#/10 Na CO3 1.0 (2.8 0.82, 0.7956,0.77J€,§
/10 HaHCO, 0.81 | 0.80°%,0.857°
7,
Rhodamine B! ethanol 1.0 |2.866} 0.66 0.9752,0.69)3,
0.76”7
Rubrene benzene 10.0 {2.86} 1.02 | 1. 0256 16
dilute solutions were used, no alloivance has been made for

self-absorption or self-quenching.

The results for the determination of quantum yields of

fluorescence,

In general,

anthracene,

for the quantum yields of dyestuffs show

This is prob

the results for

rubrene, etc

ably due to

., are consistent,

described in the literature, vary considerably.
aromatic hydrocarbons such as

but the results

great variation.

the difficulties encountered in
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obtaining the pure dyestuff, and also to the effect of
ionisation of the dyestuff.

Eosin, in particular is difficult to obtain in a pure
form because of the nresence of other nartially brominated
fluorescein derivatives. The oresence of these derivatives
vwill tend to give a spuriously high value for the guantum
yield of eosin. In addition, Parker and ReesBB, report the
instability of dilute solutions of ecosin on standing. Thin-
layer chromatograpnhy of the eosin (B.D.H. Indicator)58 showed
the presence of a small amount of other dyestuffs (ca.%%).

The quantum yield of fluorescein varies from 0.66 at
pH772, 0.84 at pHY.6°7, to 0.93 in M/10 NaOH 192, o
value of 0,78 to 0.85 for the quantum yield at »H9.6,
however, appears to bhe highly probable in view cf the agree-
ment in the resultsof recent workers. Thin-layer chromato-

58

graphy showed the fluorescein (B.D.H. Indicator) to be free
from other dyestuffs.

Perhapns the greatest variations in report quantum yield,
however, are those for rhodamine B, (0.69 to 0.93) and may
arise from variations in the degree of ionisation of the
dye. £11 the reported measurements have been carried out
on ethanolic solutions and, therefore, the quantum yield
vvould be expected to be dependent on the mode of preparation
of the dye. This could be overcome by using aqueous solu-
tions of known acidity.

The result obteined for anthranilic acid of 0.3k (0.5857)
is the most divergent from literature values. This could be
a concentration effect: our measureaents were carried out on
0.5 ug/ml ethanolic solutions wihilst Melhuish's were carriecd
out on 1.7 x% 107 ug/ml ethanolic solutions. Unfortunately
this was the only literature comparison ve were able to

obtain.,.
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The fluorescent chelating reactions of several 0,0
dihydroxyazo~- and azomethine- compounds with metals have

59

been investigated by Freeman and ¥White Holzbecher60
lists a table of fluorescence intensities for the reactions
of sone azomethines with aluminium. Workefs in the
U.s.5.R.%%

of these chelating agents with metal ions and a cursory

have also investigeted the fluorescence reactions

study of the fluorescence characteristics of some of the
metal chelate compounds was reported by Umland et a1.62.
Lzoriethines (Schiff Bases) were selected as reagents
for study for the reasons listed below:-
(1) Basy preparations from readily available chemicals..
(2) Similar in structure to azo-~dyes, which have been
studied extensively in this department. Unlike azo-dyes,
however, the corresponding azomethine compounds generally
absorb at much lower wavelengths. Consequently fluoresc-
ence is emitted at a lower, more convenient wavelength for
measurement, usually between 350 mu and 550 mt, Because
of thie fewer number of nitrogen atoums in azomethines, the
possibility of long wavelength .« —‘ﬁ* transitions does not
arise, although with azo- chelates this could be a principal
cause of non-{luorescence. Long wavelength\x-?:* absorp-
tion bands give rise to triplet formation in the excited
state and hence reduction of fluorescence emission.
(3) The work of Holzbecher®Cr03:04:65 1ng yps o295 66

indicated the suitability of these reagents for fluorimetry.

Preparation of Schiff Bases.

L1l the compounds with the exception of bis salicylidene
2,3, diamino benzofuran prepared werc made by direct inter-

action of an amine dissolved in ethanol with an aromatic
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aldehyde.. imines which contained ionising groups e.g.
-303H or -IN €1~ were dissolved in cthanol and a little
concentrated ammonia solution. The preparation of all the
azomethine compounds are given in the literature and are
sumiarised in table 5. The reactions and properties of
bis salicylidene 2,3, dianino benzofuran are treated sep-
arately (Chanter III).

Table 5.

@ ettty

Synorsis of Synthesis of Schiff. Base Reagents.

(I). White solid, obtained in
1.0% yield. Recrystallised from
e pet. ether, M.Pt. 52°(54°).

N (II). White solid, obtained in
<i:j§>“"==’N“<if7> 45% yield. Recrystallised from
= o pet. ether, M.Pt. 88°(89°).
(III). Yellow so0lid, obtained in

/DH
- H
</ \\/‘CH:’N‘*( \> 64% yield, Recrystallised from

ethanol, M.Pt. 52°(52°).

<:; (IV). Red/brown solid, obtained in
<:::/ O*“'“"*<::j> 82% yield. Recrystallised from
ethanol, M.Pt. 185°(184°).
/r—~</ . _—<f~1\ (V). Yellow solid, obtained in
\__Jf" e 72% yield. Not recrystallised.
o wog So,4  M.Pt. 155°.

f“— (VI), Red =olid, obtained in
\\—CH"—N—< ’

7 V\-(H—-Jv../ \

\——/ J—

37% yield. Recrystallised from
ethanol, M.Pt. 206°(205°).

OH
<i:j;:°”::‘“~_'/ A\ som (ViI). Brown solid, obtained in
= — 2 35% yield. Mot recrystallised.
HO
\_7/

M.Pt. 196°.
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Table 5. (cont'd)

' N
N\ (VIII). Pale yellow solid, obtained
OH
2 in 78% yield. Recrystallised from
Naen xylene, H.Pt. 213°(213°).
I om
! S
P
®
f/ ou (IX). VYellow solid, obtained in
Al 90% yield. Recrystallised from
e, ethanol, M.Pt. 125°(126°).
CHg
N
N
cu
1 on
' N4
==

= (X). Yellow solid, obtained in

OH
CH 75% yield. Recrystallised from

benzene, M.Pt. 1650(1640).

— (XI). Sample belonging to Prof. West



Schiff Base Structures.

67

Freiser

has reworted the rearrangement of some o-
hydroxy Schiff bases to benzoxazolines. The case in point
was that of glyoxal bis 2, aminochenol which spontaneously
formed a his benzoxazoline:

X 7N

1
i i

AN \>=<

; y .
! O HN
A \
N >
NG
Y /N
/%// o /NH

The Schiff Base form was, in fact, never isolated.
Thiophenols were reported67 as behaving in a similar way.

In view of the possibility of oxazoline formation,
infrared snectra were run on 2ll the products as nujol or
hexachlorohutadiene nulls.. Because of very strong intra-
nolecular hydrogen bond formation, the phenolic -0H stret-
ching absorption is broadened and is not detectable in many
coSeS. L very strong absorption in this region (2800—3300cm~1)
is, therefore, more indicative of an -NH stretching in an oxa-
zoline. In Scnifif Base compounds a C = I stretching
(1640 - 16OOcm-1) is present, but may be complicated by the
presance of phenyl ring vibrations arouand 160003_1. The
positions of the C = J stretching freouencies are cumarised
in Table 6.

In addition to infrared swnecira, n.m.r. sncctra were
obtained for some of the compounds »repared. Schiff base
fermation is indicated by the existence of a singlet preton

csonaitce at 1.L.-2.07, Oxazoline formation is indicated
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by the presence of a nore complicated spectrum in which the
-NHd resonances are split by the presonce . of the protons on
the adjecent carbon atonms. The n.m.r. spectra of selected
conpounds are also summarisedin Table 6.

From these physical measurements it is evident that
glycxal bis 2, aninovhenol existed as the oxazoline, in
accordence with published data. £11 otner conmpounds gave

the spectra of tynical Schiff bases.
Table &.

Physical Measurements Carried out on Schiff Bases.

Lzomethine Infrared

Compound Proton (cm=1)

i Shift (7) 'CH Stretch
I | Bonzylidene aniline 1.72(ccl,) | 1627
11 Benzylidene 2,aminophenol 1.53(0014) 1626
III | Salicylidene aniline 1.46(cc1b) 1618
IV | Salicylidene 2,aminophenol| 1l.25(dioxan) 1832

v Salicylidene 2,aminophenol

L, sulphonic acid insoluble 1630

VI Salicylidenre 2,amino-
benzoic acid 1.45( dioxan) 16238
VII | Salicylidene 1,awmino 8,
hydroxynanhthalene L,

sulphonic acid incoluble 1630
VIII| Bis salicylidene azine insoluble 1612
ix Bis salicylidene '
cthylenediamine 1.53(diozxan) 1638
X Bis salicylidene 1,2
diaminobenzene 1.05(acetone) 1630
X1 Glyoxal bis 2, » Lbsent
aiinonheitol fz.EC(DMSO ¥oo(3380
12.28 strong
14.70 R
1L.80 stretch)

i*Dimethylsquhoxide i




Fluorescence Reactions of Schiff Bases with Metals.

The fluorescence characteristics of the reagents thenm-
selves were first examined in neutral, alkaline (gg.pH9—lO)
ana stroaugly clkaline dimethylformamide solutions, Under
all these conditions, salicylidene-2-amino benzolc acid(VI)
and salicylidene-l-amino-8-hydroxynaphthalene-li~sulphonic
acid(VII) gave an intense blue fluorescence which masked any
fluorescence reaction on chelation. The recagents were then
tested under similar conditions with solutions of the
following elements:
Al,Ag,As(V),Au,B,Ba,Be,Bi(III),Ca,Cd,Ce(IV),Co(II),Cr(III),
Cr(VI),Cu(II),Fe(II),Fe(III)Ga,Hg(I),H5(II),In,Mn(II),Ho(VI),
Nb(V),Ni,Pb,Pt(IV),Sb(III)Se(IV),Sn(II),Sn(IV),Sr,Te(IV),
Th(IV),Ti(IV),T1(I),U(VI),Zn and Zr(IV). Positive fluoresc-
ence reactions are swmmarised in Table 7.

All the reagents werce tested for the so-called "indicator-
reversall! effect68. Some fluorescent indicators such as
calcein exhibit a fluorescence in alkaline solutions (ca.pH10)
which disappears on increasing the alkalinity (pH 12) of the
medium. Addition of certain metzl ions (e.g.Ca,Sr) to the
strongly eallkaline solution regenerates the fluorescence68.
None of the reagents onrepared showed this cffect on testing
with Al,Mg,Ca,Sr,Ba and Zn.

In view of the sensitivity of the reactions of aluminium
and gallium with salicylidene 2,aminophenol it was decided
to investigate these reactions more thoroughly with a view

to developrent of analytical methods.
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Table 7.
Positive Fluorescence Reactions of Schiffi Bases
in Dimethylforiamide.
Substance ! Hetal | Fluorescence Acidity
I - None’
II - None
ITI,IV,V,X Al Strong Green Heutral
Ga Strong Green R
Zn Wealkk Blue-Green Sl.Alkaline
Be Blue i
Mg Green Alkaline
Ca Green Alkaline
Ba & Sr (Weal: Green) Alkaline
VIII Zn Green Neutral
Al Blue "
Ga Strong Hlue "
Be Strong Blue "
Zn Strong Blue S1l.Alkkaline
Cad Weak Blue n
in Wealt Dlue-Green n
Mz V. strong blue Alkaline
Ca V. weale green n
XI - None
Residual intense blue fluorescence of Reagents (VI),
(ViI), mesis any effect procduced on
chelation,




CHAPTER ITIT

SALICYLIDE:E 2, AMTIOPHENOL

TUE DETERMIFATION OF ALUMINIUM USING SALICYLIDENE
2. AMTIOPHE:OL™21 46,

The standord Tfluorimetric methods for the determination

I

. ‘. L b2 o
of aluminium utilise morin (3,9,7,2',4', nentahydroxy-

bk (L, sulpho 2, hydroxy

43,

1, naphthalene-azo 2', naphthol); 8, hydroxyquinoline ™;
17,31 8
. ’

flavone); Pontochrome Blue Black R

or morc recently 2, hydroxy 3, naphthoic acid
Hydroxyquinoline is used in an extraction procedure, but
many other metal ions form co-extractable fluorescent con-
plexes while morin gives a sensitive, but unselective fluor-
escence reaction. Pontachrome BBR requires a develownment
#£ine of nearly one hour, but gives a fairly selective fluor-
escence reaction with aluminium. Salicylidene 2, amino-
mhenol was chosen as a reagent for study because of its
widesnread use as a fluorescence indicator in Eastern

60’63:64,65

Euroype , and because of iis sensitivity in comp-
arison with other azomethine rcagents.

The reagent is easily prepared from readily available
materials and can be easily purified. liany cations inter-
fere with the reaction by forming coloured, non-fluorescent
connlexes, but the majority can be removed by exuiraction zs
their diethyldithiocarbamates into ethyl acetatec at the »H
of the determinetion without adverse effect on the subsequent

ectrofluorinetric determination of aluminiun. Out of L6

v

5
[3)

metal ions examined, the only interferences which could not
be removed recdily were those due to chromium(III), scandium

and thorium.
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Procedure

£dd a 10 2l aliguot of aluminium solution conteining
2.?x10—2pg to 2.7 pg of aluminium, to a 250 nl semaratory-
funnel containing 10 ml pH 5.6 buifer and 30-35 ml of
ethyl acetate. Add 10 ml of 0.2% sodium diethyl®itiio-
carbanate solution and shzke for 30 secs. Reject the
organic phase, which contains the undesired foreign ions
and trangfer the aqueous phase to a 100 ml standard flosk.

Add 5 ml of 0.1% salicylidene-o-aminonhenol reagent and
dilute to 100 w1l with water. Heasure the fluorescence

after 20 mins at 520 mp using an excitation wavelecagth

of £10 ap.

The calibration curves ghould be prepared as above,
using aliquots of lO-QM to lO—6M aluminium solutions
frechly orepared by dilution of the 10 M or 10™2H shock
solution. The curves pass abeve the oripgin bhecause of the

blanlk: value,

Spectral Characteristics

The uncorrected enission and excitation spectra are
given in figure 11. The excitation spectrum has maxina
at L10 and 340 mu in agreement with the absorntion spectrum
of the reagent while the fluorescence exission maximumn

occurs at 520 nu.

Influence of npH

The intensity of fluorescence was measured over a
range oi pH values obtained by adjusting the pH of the
solution with ammonia or acectic acid {fipgurc 12). The
aluminium complex formation shows a sharn HH dependence
vith a maxinum at pH 5.6 in agreement with other workf Tt
is therefore advisable to check the »H before measurenent.
Tiac tolerance is % 0.1 pH unit but in this respect the
method does not demand closer limits than other spectro-

fluorinetric nrocedures.
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Fipgure 11.
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Reagent Concentration

The effcct of rcagent concentration on the fluorescence
intensity of the eluminium comle:ir is shown in figure 13.
In the recommended procedure, 5 ml of 0,1% reagent are

used, corresvonding to a 1,000-70ld excess over the upper

limit of aluminium used in this investigation.

100 . Pigure 13.
% 75 L
Intensity
el T .
.(‘o/pr’
50 |
/
/
25 - 9
/ /
¢ &_ ! I} ! ) Il
0 2 A 6 & 10

nl., 0.1% Reagent

Iunfluence of Tine

The fluorescence intensity of a 10-6M (0.027pnm)
aluninium test solution was measured and found to be
steady 15 mins after miuning. L constant ratio was
obtained thereafter when measured against a quinine sul-
phate steondard throughout the next 4 hours; on standing
overnight the ratio had dropwned by only 3.

On the addition of the reagent, a yellow colour is

first observed, both in the absence and nresence of
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aluminiui, but gradually fades after dilution. The fadin

(1]

wrocess talies 10-15 nins, after which measurements can he
itade., The fading is dndependent of lishting conditions,
because a reagent blank, frechly diluted and kent in a dark
cunboard, fades at the same rate as one exwvesed to normal
laboratory illumination. Decause the foding is rapid in
solutions of low »H, it is thought that the reagent, but not
the aluminium com»le:r, is hydrolysed in the acid solution.
Although aluninium reacts with salicylaldehyde, one of the
hydrelysis products, to give a greean fluorescence, this
latter reaction is not as sensitive as with the Schiff Base

reagent.

Limite of Determination.

A linear relationshin between fluorcscence intensity
and concentration of the final solution exists for aluminium

Q
in the range 10 °M (2.7x10-4ppm) un to lO_GM, i.e., for

amounts ranging from 27 ng to 2.7 ug in 100 md. The
linearity »robably extends above this range. If due allow-

ance is made for the volume of reagents to be added to this
procedure, this corresponds to a working concentration range

- -2 , . o
of 410 ™ to Lx10 "ppm for the original aluminium test solu-
tion. The blanls value corresnonds te 0.1 g of aluminium.
The 1limit of determination of aluminium uvsing the 2, hydroxy-

n
217,31 - - \ . 1
acid , tethed, wareviously develoned in this

S5-naphthoic
laboratory, was ca.270 ng so that the present procedure is
approrimately 10 times sensitive.

Attennts were made to reduce the value of the blank of
the deternination by prenaring the reagent in the nresence
of LDTA in slightly amumoniacal ethanol to remove trace
netals from the starting materials, and by repeated re-
crystallisation of the reagent from various solvents to

remove fluorescent impurities. The use of apnropriate
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filters on emissionand excitation beans teo minimise random
scatter within the monochromctor and the variation of slit
width wvas also exenined, ilone of these appnroaches caused

any significant reduction oi the blaniz value. The blank

is thought to bhe due to & residual fluorescence caused by

the rcagent; reduction of the blank accouponies a reduction
of the reagent concentration, although there is no imnrovement

in the signal to BLBlank ratio.,

Interferences

The effects of 100-fold molar eiicesses of foreign iouns
vere exaained for 2310—7M aluniniuwm (0.1351g) - see Table 3.
The limiting error was taken as L 5% of the fluorescence ’
intensity value obtaiuned in the abseiice oi forcign ions.
Harginal interferences were examined in umore detall. The
following 34 cations did not interferc beyond the diethyl-
dithiocarbanate extraction:
Ag,As(III),Ea,Be,Ca,ld,Ce(III),Co(II),Cu(Il),Fe(II),Fe(III),
Ga,Hz(II),In,K,La,Li,iig,n(I1),o(VI),¥H, ,Ii,Pb,Se(IV),Sn(IV),
Sr,Te(IV),T2(I),T1(III),V(IV),Y,Zn,

Antizony(III), bisauth and vranium(VI) were gquantitative-

L‘l.,

ly renoved after two or aore ertractions and did not subse-
auently interfere. it was more convenient to use carbon-
tetrachloride for the initial extractions and ethyl :cut fe
for the final extraction in view of their densities rclaotive
to water.

Tungsten formed a yellow product with the reagent which
gave rise to low results, but only when »nresent in greater
than 10-fold nelar excess. Quantitative extraction of
tungstein using diethyldithilocarbameste occurs at lower »H
values. I. siwmilar interference caused by vanadium(V) and
cerium(IV) could be eliminated comnletely by reduction with

ascorbic acid before exiraction. Reduction with ascorbic



Table 8.

Interferences in the determination of aluminium using

salicylidene 2, aninonhenol. Toreisn ions are present

in 100-fold nolar excess,.

¢ Deviatior !
L 7 DeV1ft“°ﬂ | ¢ Deviation
Ton Without ! With i rurther -
) Exxtraction lExtraction Treatment
Sb(V) +23 +9 +1 Repeat Extraction
Bi(III) +32 +10 +5 Repeat Extraction
: Ce(IV) -6 -6 0 Reduce to Ce(III)
! and Exrtract
cu(II) -81 +2
Cr(III) -38 -82 -82 lo Elimination
i Procedure
Fe(II) ~-95 -1
Fe(III) -85 -2
Hg(IT) +63 ; +1
1o (VI) +91 +3
Pt(II) +20 +20 -1 Hask with CH~
Sc(II1) +22 +22 +22 No mlimination
Procedure
Se(IV) +11 0
Te(IV) +13 | +1
Th(IV) +16 P -6 -6 Mo Elimination
i Procedurs
Sn(IT) -50 | -50 0 Oxidise te Sn(IV)
and Extract
W(vI) -31 -5 -1 Repeat Bxtraction
u(vI) l +15 ! -3 O Repeat Extraction
(V) -6 =12 0 Reduce to V(IV)
And Extract
| Zr(IV) ~50 ! -50 -3% Add mandelic acid
! { i
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acid also improved the extraction of large cuaantities of
iron and the stakility of the reagent to oxidation at

pPAS. 6. Tin(II) was hest renoved by extraction of tin(IV)
diethyldithiocarbamate folloring oxidation with hydrogen
pero:iide and removal of the nero:ride by heating. Zircon-
ium gave low resulis because of »nrecipitation, but this
interference could be entirely rcmoved by the addition of

of

large excesses mandelic zcid after the extraction. A
100-fold excess of »nlatinum gave a turbity which yielded
high results; the addition of cyanide maslied this inter-
ference.

“"he remaining cations were thorium, scandium and
chromium(III). Thorium gave slightly low results
(€5.10% with 10C-fold excess) with no visible signs of
precipitation or comnlex formation. Scandium apheared to
form a fluorescent comnle:: and chronium(III) gave very low
results. The effects of niohium and tentelum vere not
exanined hecausc these cations could only bHe obtained in
flvroride or tartrate solutions which are mentioned belov
as anionic interferences.

Anionic interferences were eianined in 100-Told
nolar excess and ao interference was noted Ifrom acetate,
bromide, icdide, sulvhate, nitrate, perchlorate,
cyanide and carhonate. fmell guaniitices of fluoride,
tartrate, citrate and oxalate interfered seriously by
diminishing the fluorescence due te alumianium, similar
behoviour was encountered from members of the complexan
series: IDTA, "TA, IDA and CDTA. The mctal comwlexes
zinc/TDTA, manganese(II)/BLTA and cadmium/ZDTA did not
affect the fluorescence but nroved ineffective as masking

A
agents.



Deryllium, even in 1,000-fold eicesses, did not
interfere with the determination s it does wizih most other
nethods for aluwminium., . It is, however, noteworthy that at

higher »H values (ca.9-10), beryllium gives a bluc fluorez-

cence with szalicylidene 2, aminophenol, Zecause beryllium
is not extracted as 2 diethyldithiocarbamate, this could

foriv the basis of & cequential determination of beryllium
and  dwdniun, The rcagent is, however, not very sens-

itive for bhexrylliun.

L}

Slope ratio plots (figure 1) indicate a metal:ligand
ratioc of 1:1 but no solid complex could be isolated for

further ciaminatli on. It is »robeble that the complex

Pigure 14

60 |

LC

N
Q

O '] 2 ] (]
0 2 L G &

mle of 10 %1 Al or Peagent.
(a) Al;ouotu £ 10 5M aluminiwn solution with Sml of
solution at pk 5.6 in 100 ul.
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(b) l‘"lguo,u of 10774 reagent solution with 5 ml of
Il aluminiun seolution in 100 nl.,
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is polynuclear and sinilar to those nronosed for the
aluminium complexes of Pontachrome BIR and 2, hydroxy
3, naphthoic acid. This is sunnorted by the following
cbservations:
1. Although no aluminium compnlex could be isclated a green
fluorescence was produced when a 0.1% solution of salicylidene
2, aminonhecnel was dropped on to either freshly precinitated,
vashed alumina or strongly heated, inert aluminium hydrowxide.
The surface oi the slumina was stained yellow, the colour
of the reagent, aund the colour was not removed by washing
with water, acctorne or ethanol.
2e The pH of formetion of the complex is pHS5.6, which
is considerably higher than the pH at which aluminium
hydroxide precinitates (approximately nHb.1).
3. The fluorescent aluminium complex of salicylidene 2,
anineophencl has several »roperties similar to the comnleles
of aluminium with 2, hydroxy 3, naphthoic acidl7’91 and
pontachromne BBRMq. The »H range for formation is narrow
and cccurs over a similar range in all three instances:
Pontachreme BBR, »l5; 2, hydroxy 3, naphthoic acid, '
pH5.8; salicylidene 2, awinophenol pH5.6. (¥ith 8,
hydroxyouinoline complete complex formation occurs above
PH3.5 and with wmorin at phi3.0). ‘the nl of fermation of
these a2luminiun comnleies, would, therefore seem to be
dependent morce oil the degree of aydrolysis eof the aluminium
aquo conilex than on the state of ionisation of the ligand.
The above evidence suggests that the aluminium/reagent
adduct moy erlst as an entity in which the reagent molccules
arc adsorbed chemically on to the surface ol colloidel
aluminium hydro:ide by replacenent of surface hydroxyl

Erouns.,
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There is other evidence, however, which favours the
formation of a more definite chewmical compound. For
exanple, it is peoscible te exntract the aluminium/salicylidene
2, aminonhenol convlesr into water-imniscible solvents such
as n-butanol, isopentanol, n-nentanol and n-hexanol. This
behaviour iz more characteristic of a true aluminium complex
then a sinple adsorption compound. It ig relevant to note
that only alcoliols were effective extracting solvents, and
i1t is possible that these molecules substituted for solvated
vater molecules to form the extractoble species. the diff-
srences in the nartial extraction of the aluminium comnlex
into methyl isopropyl ketone (ca.50%) and into methyl iso-
butyl ketone (ca.5%) is an interesting anomaly and nay be
dve to steric effects of the two lketones in the solvated
conplex; the donor wrenerties of the carbonyl group are
unlikely to be substantially different for the two ketones

The 1:1 gtoichiometry found for the comw»ound also
favours the existence of a true comple:x rather than an
adcorption comnound,

To invectigate the solubilising =2ffect of {he reagent
on tne aluminiwm solution at »il5.6, light scattering experi-
aenteg were carriled out using the spectrofluorineter. Inner
filter and fluorescence effects were minimised by setting
hoth monochronators at 560 mil. It was indtially found that
the addition of reagent nroduced a nigher degrec ofi scatter
than wos ohtcined from the alwaxiaium solution. Subsecuent-
ly it waz obscrved that the acetone in which the reazent was
nade un wos ressonsible for at least some of the increased
light scattering. his can be attributed to agsregation
of aluminium hydroxide on reducing the dielectric constant
of the nediune. “hen allowvance was nade for the addition
of acetone with recgent it was found that corresvondingly

less scatter was obtained in the »nresence of larger clcesses
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of reagent (figure 15). ilthouzh it is not possible to

internret thece resulis uneguivocally, it would an

near

that the reagent definitely opnoses the formation of
incoluble aluminium hydro:zide species. It probably
does so by the suggested mecharism, whereby chemdical
combination of the ligand through renlacenent of a
hydroxyl group in the hydrated alumina uanit terminates
the possibility of further of these units through cross-
linking.

“ith this evidence in mind it apirears that the complex
is neither o siionle mononucleur one, nor an adsorntion of
reagent on to »olymeric alumina, but nmost probably resciubles

a low order polynuclecar swhecies such as the ones suggesied
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under (figure 16). The wroperties of such compleies should
be consistent with the observed resistonce to nrecipitation;
1:1 stoichiometry; degrece of light scattering; narrow »ll
zole of stcbility; extractability into weter-immiscible,

oxygen donor solvents.

Figurc 16.
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Reagents.
0.1% Salicylidenc 2, [lmi:

2, tuinophengl Neagent.

2, Ifnminorhenol (5g) was dissolved in hot ethanol

N

20 wl) and salicylaldchyde (1Oml) added drowwise with
stirring to the hot solution. On cooling slowly to
roon tenperaturc and subsequently in an ice bhath, lerge,
red-browvm, needle shaned crystcls separated. The
product wes filtered, weoshed with etheanol (5nl), re-
crystallised from cthanol zngd dried in a vacuum over
CaCl2

7ield (before recrystcllisation) 82%.

lielting Point 185 - 6°¢ (184 ).

ro analysis results for two different »rep-

=
4
jvy
[e)
[
o
-

arations arc given:

Found C:173.2%,72.9%; H:i5.6%56,5.00%; M:6.07%,6.77%.
Calculated C:754 353 ' H: 5,803 . Ve 6.6%

issolve 0.57 of the s0lid salicylidene 2, amino-
pnenol in 500 nl acetonc. This recgent solution is
stable for several weeks.

Buffer Solution (pH5.5).

Ldd sufficient pglaciel acetic acid (cg.l0ml) to 50g of
cimonium acetate in 400ml of water to give pi¥5.6G0 ka 0.05.

10" T nium Solution.

ssolve O.L74LL 7z of potassium alu, [AlK(SOb)Q.
12H203, in 10C ul of water. Dilute this stock solution
as required belore use for the nreparation of calibration
curves, Solutions more dilute than 10771 should not be

stored for mny length of time, even in siliconed flasks
becsuce of the tendoncy for aluminiuir to he adsorbed
-6., .
strongly cin slassvare. 1 ml of 10 71 solution = 0.027pg

-

of aluminiuit.
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0.2% Sodium Diethyldithiocarbamate.
Digsolve lg sodiun diethyldithiocarbamate (Hopkin
& Williams Ltd.) in 500 nl of water. "his solution is

subJect to oxidation and should be made up daily.

TIVESTIG,TION OF TIN GALLIUI/SALICYLIDEIE 2
AIINOPHEIOL SYSTEM™?.

Salicylidene.2,-aninophenol has been describded as giv-
ing a fluorescence reaction with grnllium. In view of the
notential use of this reagent with aluminium, it was thought
that an investigation of the pallium fluorescernce reaction
wvould be useful. Howrever, the reactions proved relatively
insensitive and hence the following investigation was anot a
rigorous one.

Influence of pi.

The combined curves for the formation of the galliunm

and aluminium salicylidene<, aminonhenol connlexes are

re
;
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given in fipgure 17. Galliun shows a fluorcscence ilntensity
maxinum at pii.0 and oluminiun at pH5.6. Because of the
pil of {ormation of the comnlexes, galliun does not inter-
fere with the determination of aluminium »rovided the melar
gollium concentraction does not cxceed that of aluminium.

n

However, only one tcuth wmolar amounts of aluminium can he

tolerated in the golliuvn determination,

Spectral Characteristics.

The excitation and emission characteristics for the
two comrlexes are: gallium (L1G/520 mpu) and aluminiunm
(L20/51C mn). The spectra for the gellium complex are
nractically supergosable over those of the aluminium
coﬁplex (figure 11) ¢ are not reneated here,

Linits of Doyggggggt;qg.

A linear relotionshi» between fluoresceiice intensity

Y
)

and concentration existes for gallium in the renge

- 4 g =
10 (1(7 » 10 Zomm)un to 107 7 and probebly beyond. (For

(o]
. . -8 -6..
aluminium the renge was 10 M to 10 "M and probably beyond).
The blank in the "3111um deternination corresponds to

o)
o % 1071 (6.3 % 10~ ppm).



CALPTER TV

15 SALICYLTIDIE 2,3, DIALINODENZOIURAT .

The ""benzoin condensation®™ is a well-knowm, but
little understood reaction in organic chemistry. On
treating benzaldehyde with potassium cyanide in ethanol

the rcaction below occurs:

q i CN
a ::j i |
</——\>_C \F——’ Ay ) </ - ? - ClT —— / \ c..
tﬂf o) = OH
?H H
2 v\
a C ™esC—
=/ . g
CH qd
T P9
¢/ Neg —o_d N ___)/\:\}C_c_/ \
=/ ! = == ! =
wew  H H

The author uscd this reaction to atteapt to prepare

2,2', dihydroxybenzoin by an analogous procedure starting
wvith salicylaldenyde. 7o mroduct could be isolated from

the reaction mixzture, but on the addition of concentrated
amaonia, a red precinitate sepcrated in ca.25) yield.
Lssuning this to be an amnonium salt of 2,2%', dihydroxuy-
benzoin, the author tested the reagent with solutions of
netal lons and found that only magnesium and gallium gave
anppreciable fluorescence reactions. L literature survey

indicated thc preparation of the compound as long ago as



186569’70, but there was mo fyurther mention of this reaction
until Phadke71

sane compound, .né assuned it to bLe 2,2' dihydroxybenzoin.

reported the prenaration of apparently the

0n obtaining infrared spectrs from a nujol mull of the
compound it was found that the strong C = 0 stretchiag
absorntion exnected around 1660 cm_l, and present in
benzoin itself, wcs abseat, tlorecover, the n.z.r. spectrum
of the compound in dioxan could not mossibly have been
erzplained on the basis that the compound was 2,2', dihydroxy-
benzoin. In view of the »nromising Ifluorescence reactions
with magnesium and gollium it wes declded to undertoke a
structral determination of the unknowa compound. This
vork was carried out in co-operation with J,.E,Baldwin and
D.J.Blythin7z of the Organic Chenistry Denartment and the
work carried out hy these two has been included in Appendix

II. The author's own work is described below.

PREPARATION OF LIS SALICYLIDENL 2,3, DIAMINOBENZOFURALN,

ihe preparation is an imnroved version of the one out-

lined before. Instsad of »nrecinitating the product with
concentrated ammonia, this reagent is added at the beginn-
ing of the reaction.

A mivture of salicylaldehyde (50 ml) and ethanol (30 rl)
was deaerated hy bubbling nitrogen Tor 20 mins and concentra-
ted ammonia (15 wul) was then adde<, L white or nale lemon
precipitete was formed immediately. The mixture was »laced
in an ice-bath and potassium cyanide (6g) in water (9ml) was
added with stirring. During the course of the reaction the
precipitate changed from lenon to oronge-yellow and, after
cz» two heours, set to a solid ncsse. The solid was broken
un, ethanol (S0 ul) added and after stirring for a further
90 mins concentrated ammonia was added (15 nl). The reaction

wvas stirred for 30 mins, {iltercd and washed well with:



6L,
(1) 5C% (V/V) water/methazol to rcmove cyanide, (ii)
methanol, uatil the filtrate wois a clear yelloir. “he
residue was removed firom the filter, triturcated with
nethanol (EQ.BOO ) filtered aud dried in 2 vocuun

dessicator over czlcium chloride.

Tield 29.5 g (90% based on =CH).

s .04
HPt. 101 - 5°C,

Samnles were rccrystallised fron beazene/pet. ether
(red crystels), dioxan/water (orange powder) or acetone
(y7ellow crystals). Desnite the voriation of the colour
of the recrystallised nroducts, they were all shovn to
have identical infrered shectra, visible spectra and n.n.r.
snectra.

The w»roduct was showm to be a sinzgle substance by thin

layer chromatcgranhy on silica gel using benzene end

cinloroforn as solvents.

tdcroanalysis Tlesults.

elculated £ H, 0, (i 356).
Calculated for 022 16'209 (v 356)

Tound : C 70..0%; H L.s 1 7.8%.
Calculated: C 2L.2%5; H LJ5%; M 7.0,

The mass szectrun gave o paront ion neak at nass 356
consistent witi the moleccular welisht obtained by micro-

anralysise. The

s

1088 spectrunm is shown in figure 14, the
ideatity of the peals being assigred after the structure

hed been deternined.



Figure 18.
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Infrared Spectrum.

The infrared spectrum is showvn in figure 19. Charact-
erictic functional group absormtions arc at 1630cm —
(C = n strctchiLg); 1610cm-1, léOOcm_l, lh90cm-l and
1..50cm (a ~omatic ring vibrations); 12?50m—1 (phenolic

OH out of plcne bending, confirmed by deuteration);
1185cm—1 (possibly phenolic CO stretching); and 7L0cm
(1,2 disubstituted benzene ring). In additioa there was
a little, inconclusive absorpition around 5200cm—l tynical
of a very strongly hydrogen-bonded -0H groupn. The infra-
red spectrum showved the comnlete absence of any -C = 0,

—HHZ or -l grouns.

.M., Snectrun.

The n.a.r, svwectrum of the compcund in CDCl3 is shown

in figure 20. The spectrum shows a bread resonance vhich

riqure 20,

/
)
~" ‘ h
{
i s bU I\
s D N/“' VW

o) 1 2 3 L 5
Droton Chemicsl Shift (7))
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disappears on deuteration, characteristic of two ~O0H
proLons at-o,7q-, gether with two singlets at 1,267

and 1,38 T characteristic of two @momethine protoas.
(Aldehyde protons would anpear in this region, but C = 0
has been shown to be absent. Protonc on theo - carbon
atom in an unsaturated nitrogen heterocyclic ring would
also apnear in this region). In addition there is
resonance in the aromatic proton region around 2.7 4
characteristic of twelve aromatic protoas.

The aumber of nrotons indicated by the n.m.r. confirns

the analysis result.

Chenical mvidenco.

(a) Acid Hydrolysis ~ The physical evidence obtcined
indicates the pnossible presence of one or two czomethine
-Brouns. such groups are subject to rapid
hydrolysisz under mild coaditions and the effect of acid
hydrolysis vias therefore examined.
The commound (0.12 ) was dissolved in hot diozan

(5 1) and concentratced hydrochloric acid (10 ml) and hot
ater (30 wl) added. The solution wes kent hot, without
boiling for 320 mins and ~recautions tolien to avoid accident-
al steam distillatiozn. The 2:L DiITE reageniﬁ73(80 nl) was
added droznwise to the warm solution which was then olloved
to cool to room tenperaturc. The precipitate was {filtered
o & sintered glass crucible, washed with 29 hydrochloric
acid (20 #1) and water (20 ml), and dried to constant
vveight over phosnhorous pentoxide in a vacuuu. (The
reageat solution was made by saturating 27 hydrochloric
acid (120 ml) with 2:4 dinitrovhenylhydrazine, filtering
end acding 277 hydrochloric acid (20 nl).
“he nroduct gave a single spot Rf = 0.6 when run as

layer chromatogram in silica gel with chlorofora

n
as solvent, or Ri= O.4 with benzene as solvent,
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LAfter two recrystcllisations from ethanol/dimethyl-
formanide (ca.5/1 V/V) the melting point of a small somwle
becane constant at 2450C the snecimen decoimposed on melting.
(Salicylaldehyde 2:L DI? melts at 25000 with decomposition).

L specimen of the nroduct gave an infrared sw»ecirum
identical with that of the salicylaldechyde 2:L D7P derivative.
elght of original commound = 0,120 g 3.37}{10“"+ iicle.

Final weight of derivative = 0.21k3 g 7.12¥10 7 mole.
Thereiore from 1 mole of the original compound, 2.11 mole
of 2:4 DYVF derivatvive was obtained.

These resultis indicate that {the unknovm comnpound contains
two malicylidene residues.

In a separate experiment (Lppendix II) the other

hydrolysis wroduct was identified as the amino-acid (I):

(1) { CIL(1TH,) -COH

gc OH
ﬁ ;7
g o
N *‘(. H
n¢  OH
SN
(11) N (I11)

Two structures can be written for the unknowa, (II) and
(III) , on the basis of the evidence described. These ave
the only structures which would exwnlain the experimental find-

ings satisfactorily. “he chemicel evidence used to distinguish
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Letween the two structures (IT) and (ITI) is given in
Apnendix (II). However, the auvthor was ohle to nalke a

less rigorous dictinction on the basis of their exmpected
chelation »roperties.

(b) Glass Electrode Titration - Stuart lolecular models
indicated that (II) could form sgquare-planar ccmnlexes with
netal lors involving both henelic OH grcuns. Compound (III)
could react with a metal ion through both O grouwns to give

a chelate that wves not square-nlanar, and which contained

a seven-ncnbered chelate ring.

A glass-electrode titration was carried out for the rc-
agent and nickel in 80% dioxan/water, the results are shown
in figure 21, On chelation with one mole of niclzel it is
evident that two nrotons are released and from figure 22
it is evident that the relecse of nrotous cccurs on a single
sten. Thercfore, both phesyolic OH grouns arc involved in
chelation and the single step procese would indicate a
fairly symmetrical comnlci.

Spectropiiotometric mele-ratic studies were carried out

in 507% dioxan with the addition of 1ml 1:L diluted anmonia.
The chsorbance vas neosured after 10 ming at 500 7@/ using
Len gloss cells and a distilled water blank. ‘“he rcesults

c

(figure 23) indicated the formation of a 1:1 nickel/reagent
connlex,

(c) Iagnetic Studies on the Tickel Counlex - Ifickel chloride

TiClP.éﬂaO(a.u g) wos dissolved in hot dinethylfornanide
and a solution of the unknovn (Z.56 5) in hot dinmethyl-
formamide (20 nl) was added. The solution wes heated
almost to boiling, allowed to cool slowly to room tempera-
ture, and finally cocled ia dce for 30 mins. “he deen

red crystals obtained were filtered, washed well with ether
and dried in a vacuun over silica rel, Yield 1.7 g
(ca.,0%).
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fnelysis: Hiclel cnalysis by the pyridine thiocyanate
H

76 Found: Ni = 1L.05%.
0.)Ni = 1L.%5.

2

gravimetric nrocedure’
Calculated (HiCEEHlQNZ
fieasurenents ol naramagnetic suscentihility on
0.1343 5 of the nickel comnle:x at 21°¢ geve a nagnetic
suscentibility of 0.790 B.Ii. This is consistent with the
formation of & planar nicliel complex74"?5. An octahedral
niclkel comnlex would have an exnected susceptibility
ca. 2.83 B.il. and a tetrahedral comnlex ca. 35 B k75,
In infrared spnectrum of the nickel complex indicated
the abgseiice of IPO, dimethylformamide or free reagent.
The 1630 cm_l C = Il stretching frequency of the free licuid
was shifted into the region due to the strong aromatic ring
absorntions and the 1275 cm_l phenolic OH bending of the
ligond was absent in the complex.
On the bhasis of the chelating tendencies of the ligand,
the structure (II) was thouszht to be more »robable than

(II1). Later evidence (Anpendix II) confirmed this.

THE STEREQCHEGIISTRY OF BIS SALICYLIDEXE 2,3,
DIAiil IOBEIZOFURAT (SADF)?? .,

Four geonetric isomers of bis salicylidene 2,3,
diaminobenzofuran (SLL5F) are wossible due to cis/trans iso-
merism about the azomethine bonds, tnavt from the Mall trons"
configuration, these isomers have one, or both, salicylidene
groups aligned at right angles to the benzofuran ring. The
consequent loss of conjugation would be expected to render

4

thesge iszomers thernodynamically less stable than the "all
trans' configuration, and they would be exnected to show
different behaviour on thin-layer chromatogranhy. Thin-
layer chromatogranhy (on silica gel using benzene or chloro-

form) indicated the »resence of only one compound.



SADF has the same reactive grouping as bis salicylidene

ethylenedianine (SALen), the reagent nrovosed by Cuttitta

and Ehite78 for thedcternination of magnesium. A compmarison
of the two reagents is interesting in view of the differences
in thelr properties.

g, OH
o
ﬁzg
li2 \N

.”

G o

s salicylidene 2,3, Bis =salicylidene

Bi
diamine benzofuran ethylenediamine

In SALen, free rotation about the central carbon-carbon
pond is possibhle. Introduction of a double bond wrevents

rotation and shortens the bond distance. Thus the amount

of tolerable strain on chelation with large ions is decreased
ahd the effective size of the cavity available for chelation
is reduced. The distance between the two azomethine
nitrogen atoms in SALen can widen to accomodate large
cations, but steric interactions in SABF nrevent this.

in increase in the distance between the azomethine nitrogen
atoms of SADI" would result in an interaction between the

hydrogen atom in the L-position of the benzofuran ring with



Figure 2.,

bis Salicylidene 2
Senzofuran

>

re
i

Diamino
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the hydrogen atom on the neighbcuring azomethine groun.
(figures 24 and 25). Also, closure of the two nitrogen
atons would result in an interaction of the tiwvo lonised
phenolic oxygen :tom Coansequently the dimensions of
the cavity availahle for chelation in the »lanar ligand
will be strictly limited by these steric effects. The
argest ion which coculd be accomodated should have an lonic
diameter equal in size to that of the largest square

cavity which can he nade. Stuart and Zriegleb scale

odels of SABF were constructed and measurements made of the
gizz of the square »lauar cavity., From these annro:dnate
measurenents an unner limit in ionic radius of 1.00—1.043
was deduced, Therc iz excellent agrecnent between this
and the experimental results shown in table 9.

Llthougsh too much emnhasis must not he placed on the
nature of the ions which do not react with SAETF, it is
wvorth noting that all the ions examined with radii Dbetween
C.5 and 0.83 reacted, whilst none with radii grecater than
1% did. The raonge wes limited to thiose cations existing
in acuecous solution as simnle aquo comnlexes and wlose
ionic redii were Lnowi. The alkali metals werc not con-

idered beccause of theilr low powers of co-ordination.

s}

FLUORESCEIT CIELATION REACTICNS OF BIS SALICYLIUTIE
2, 3, DIL IO LTHZOVURAT 77,

The reactions of SALen with various metal ions in .
dimethylformamide'NBwerc checked cnd are commared here with
the results reported in table 9. A11 the cations which
reacted with SEDI also reacted with SALen. In addition,
lead (ionic radius 1. 273) gave a yellow complesx with SALen
but not with SADT. The most important differences, how-

ever, are siowi in the fluoresceace reactions of the two

ligands. SALen gives a strong blue fluorescencc in neutral
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or basic dimethyliormamide with magnesium, beryllium, zinc,
aluwminium, gallium and indium. .11 have fluorescence
excitation maxing at 350 - 360 rmp and enission maxima at
L0 - 5150 it However, oanly galliwum and magnesiun vere
found to pgive strongly fluorescent chelates with SADT.

The ezcitation spectra are similar in both cases; the
maximumn of the longest wavelength absorntion band being

at 475 wt in 505 methanol/water with an emission masdnun

at 545 M. Llunminium and zinc give wealkily fluorescent
comnlexes with SASF, the indium complex is non-fluorescent
end berylliun does not anpecr to react, These differences

can bhe relited directly to the radii oi the ions 4nvolved.

It is interesting to consider the effect of ionic
radius for :ny narticular neriodic groun. Ior exennle,

beryllium (group IIa) does not react because its snall
rediug prevents formation of octahedral or planar complexes.
The formaticn of a beryllium/SABF compler, of metal:lipgand
ratio 2:1, is possible but no indication of such a comnlex
has been observed, Hagnesium reacis to give a fluorescent

connle:, calcium reccts to give a non-fluorescent commlex

and strontium and barium arec too large to rcact. Similar
comnarisons can be made for the aluminium and zinc groun
metals..

£11lison and BCCkor'%% in their examination of the
fluorescence and plosphorescence of metallo-porphyrins,
have uzoted the denendence of fluorescence inteasity on
ionic radius for the zinc, cadmium, berium and magnesium
complexes. The decrease in fluorcscence with increase
il the radive of the metsl was found to bhe much greater than
could bhe accounted for solely by an atomic weipght effect.
+hese considerations could be eupected to apply in nart to
S£uF which has a rigid structure comparablce with the

porphyrins. The non-fluorescence of transition metal

o
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compnlexes has been attrlbu'ced'9 tc the iantroduction o

enersgy levels which, as 2 result of
arc internedicte between the erdted and ground ztates of

the ligeand fi-electron systcm. Intramolecular energy
transfer can, therefore, occur through these levels in
nrcference to a direct transition bacl: to the ground state.
& similar wehoviour igs obse“vnd wvith transition netal
comnlesies of O-hydros you1nollne .

THE SPLCIROFLUORL TM.IC DT NnIWAYTC OF [ ACTESITH
[
i T N - ey a7 O
USING HIS SALICYLIDEIE 2,3, DIAMINOSL ZOFIRAI-™.

There are few reagents currently available for the
snectrofluorinetric dotcr11nbt10q of subnicrogrcm amnouatis
of ULDL sivim in the »nresence of calciun. Lunomagneson
irpadl (2, hydroxy 3, sulpho 5, chlorobenzene azo-
barbituricacid) aad 22' dihydrox azobenzene83 give
fluorescence reactions with magnesium, but both reagents
form coloured calcium comnlexes whiclh give rise to inner-
filter effects when calcium is present in greater than ten-
fold molar eicess over magnesiunl. The magncsium comnlexes

of these two reagents can only be extracted into organi

_!-

solvents with difficvlty. ‘The most scusitive fluorimetri

reagent for wmagucsium nroposed to date is his salicylidene

ethylencdiamine (5&ben)7%'fA1ch wvill detect ca.lo so,n

magnesium. However, the use of this rcegent is restricted
to anhydrous dimethylformamide solutious. This prescnts

severe difficulties to its »nractical apnlication and, in
addition, calcium forms a coloured, non-fluorescent comnnlex.
Other reagents which have been pronosed for the
pDectrofluorimetric determination of mag'cuiun include

::7and calceia;Q 223

. L
8, hydroxyquinoline‘lﬁ methyl salicylate
Although these reagents are sensitive, they also give a
strong fluorescence reaction with calcium and the other

alkaline ecrths.
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Using the reagent SABF with the rccommended procedure,

“pom) is at least as

the detection limit for nagnesiun (lO~
good os that ﬁsing 1umoz';.}r;zgneson'y.'2 and »drobably bezter than
22! dihydroxyazobenzened), although Diehl et al, d have not
cuoted sensitivity figures for the latter. Similer
excesses of calcium may be tolerated with both these re-
agents and SABT, In contrast, howevecr, SABL is easily
prepared and purified, Furthernore, troces of magnesium
can he quantitatively extracted from aqueous solution into
methyl iso butylketone. This extraction nrocedure is
unicue in that only a sinzle extraction is necessary, cf.
dihydroxyazobenzene, and that a non-fluorescent calciun
complex is extracted cf. 8, hydroxygquinoline. The
extraction of the coloured Ca/SABF commlex may be suppressed
by the addition of Sr/EDTA.

1. Development of Fluorescence in 50% Methanol,

To each 50 ml volumetric flask add 25 ml of methanol,
1ml of pH1O.5 buffer and a solution containing between O.lug
.
nd O.GFg of magnesium, Add masking agents if necessary
(see 'Interferences') at this point and allow to staand for
5 mins. Add 5 ml 0.02% SLBF reageant in dioxan, dilute to
the mar!l: with deionmised water and mcasure the fluorescence
intensity at 545 mu, using an ezcitation wavelength of L75 4,

Ty
between 15 and .5 mins after the addition of recrent.

2. Ilnalysis of Clood Plasmo Saunles.

The nrocedure above was followed using 50y1 of untreated
blood nlasna and standard calibration solutiong containing

-

0,1 and 2 Jg nagnesium. fo masking agent was used, and it

was not found pecessary to deproteinate the samples.
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3 fnalysis of ¥Water Samnles.

The above procedure was followed using 0.5, C.25 or

0.05 ul of water and calibration solutions containing
C,2,,6 ug of magnesium. Use 2 nl of 5r/EDTA nascking

agent to overcowme the interference due to calcium.

L., Lxtroction Procedure.

Yo ca. 25 ml of agucous solution containing 0.1 ug to
C pg of magnesium in a 250 ml separating funnel add naglking

agent if required (see "Interferences") and then add 2 nl

pyridine and 1 wml diethylamine. Ldd 25 w1 of methyl iso
butylketone and 2 ml of 0,1% SADF reagent in dioxan. Shalce

thoroughly for 1 win, separate and discard the agueous layer.
pilute the organic layer with the ketone solvent to 50 nl
in a graduated flask and measure the fluorescence intensity

at 555 mu using an excitation wavelength of 525 nm.

Results and Discussion.
Spect

1l Characteristics.

3
m

A1l Schiff bases hydrolyse to some extent in aaueous
soiution and the effects of hydrolysis have been carefully
cvalucated for SADF. ‘'he uncorrected fluorcscence excita-
tion cnc emission spectra Tor the comnlex and blank are
shown in figure z6. The fluvorcscence of this blank was
neasured in the sresence of EDTA and is, therefore, due
eatirely to the hydrolysis products rather than %fto the
nresence of foreign cations. The cwmission mavimuimr of the
blank fortuitously coincides with the evcitation maxisum of
the magnesiun complex and, as a result, the blue fluoresc-
eirce of the hydrolysis products does not interfere with
the measurcnent of the OTaANEE flyorescence of the magnesiun
contplcex. The corrected fluorescence excitation for the

ig/SIiBF comnlex is compared with the absorption swectrum

Cc &

for the complex in figure 27.
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The fluorescence excitation maxinum for the methyl isc

butylketone extract is 525 mp. Thig neak iz not the sane
as that used for excitation in 50% acuveous/methanol. The

fluorescence enission nawimun is shifted from 545 i3} in 50%
aaqueous mecthanol to 555 WP in the ketone extract. These
7 be genuine solvent effects or may be dve to innhcr-

ter queaching ceused by the larger excess of reagent.

Influence of pil.

The fluorescence intensity was measured over a range
of apparent »H values for 50% agueous methanol. The pH
was adjusted by the addition of diethylamine and hydrochloric
acid (figure 23). The corresvonding blanks were obtained

by rdding one drop of IO—lM EDTA to each of the solutions

Figure 28.

- e [ L]
: > ). ! )

: | I
9.0 10.C 11.0 12.0

Apparent nil in 50 lMethanol.

Variation of fluworescence intensity with apvarent pH
in a 50% aqucous nethanol medium for:
£, SASF/magnesium conmlex.

3, Reagent blaunlk.
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En

once tine flvorescence inteunsity of the magnesium comnlex

had been necsuvroed. Vamdpun fluorescence intensity was
. - + a s
obtained at »nH10.5-0.2. This pH value can be adcauately

neintained using thie recommended buffer and the fluorescence

intensity is indeneandent of the volume of bHuffer used.

Reagent Concentration.

Marinun fluorescence intcasity wes obtained uvsing L to
10 sl of 2 0.02% solution of the reagent in dioxan. The
recopmnended volume of reagent (5 ml) corresnonds to a con-

centration of appro:dinmately 5.5 lO—BH in the final solution.

4

This reprcsents a ten-~fold molar cxcess over the highest
point on tile calibration curve, i,2. Ggg magnesiun in 50 nl
of solution. There is a tendeacy for »recinitation to
cccur wien larger excesses of reagent arc used or if the =i
falls helow cz.pH1lO.

Effect of llethaunol.

Methanol has been used with otlier rcagents to improve

their sensitivity towards moghesiua,. Theze reagents werc
found to give results which were extremely dependent on the
tcithanol concentration. ‘ith SABF, however, there is no

Aifference in fluorescence intensity for all methanol cencen-

trations betwen 30% and LO0%. Below L0O% methanol »recipita-
tion ¢of the reagent occurs,. "he use of methanol coanccintra-

tions hisher than 50% rcoduces hydrolysis of the cxcess
reagente

Develonment “ine.

.

The fl-orescence intensity incrcaces during the first

[

10 wmins after addition or the rcagent. The heat generated

on mixing nethancl and water is sufficicat to raise the
teuperaturce of the solution to above 90 C. L5 the sclution

cools, the fluorescence intensity increases as a result of
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the aegotive teaperature goefficient which is common to

ct

most fluorescence systens, A tenperature cffect also

apnlicd to the hydrolysis of

s -

the eiicess reagoent. In

this instance the speced of hydrolysis increases with
increase of temnerature. Since the reagent becomes unydrol-

ysed, its inncr-filter effect is reduced and ths fluores-
cence intensity rises. If the soluticns are 2llowed to
reach rooit teunerature before the addition of recagent,

the ratce of hydrolysis of excess reageat is slow, As a

result of tlhuse two opnosing tem»mercture ciffects, no mecan-

ingful teaperaturc coefficicint could be evalucsted for the

systenm. TT no cecoding time is allowed, the fluorcscence
intensity, relative to a cuinine bisulphato standard, is

nstant hetween 1% and LS mins after the addition of the
reagent.
Tith the extraction n»irocedure, on the other hand, the
fluoreccence intensity may be measured immediately after

Cilution and the fluorescence is stable for at lezst two

Lxtraction Irocedure.

(a) 1Influecnce of Dicthylamine Concentration: Tects were

carried out ueing pyridine (2 nl), stendard mognesiu
(1 ug) and C.1% SALT res t (2 nl). there wae no eXtrac-

tion in thc abseuce of dicthylamiuc but quantitative extrac-
tion with %-5 nl of diethyleanine.
(b) Influence of Fyridine Conceatration: Teots were
arricd out using diethylamine (1 ml), standard magnesium
(1 ug) and 0.1% SAZF reagent (2 ml). The results are
sumnarised in figure 29, and coasequently 2 ml pyridine has
been recommended for the crtraction.,
(¢) Iaflucuce of 0.1% SLZF reagent solution: Tests were

carried out using dicthylamine (1 ml), standard magnesium



(1 pg) and wnyridince (2 ml). Maximum eoxtraction was obtained

using 3 ml of 0.1% SLBF reagent in dioxan., This corresponds

to molar recagent cxcess of approximately two hundrcecd-fold.
Figurec 29.
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Pyridine (aml).

(d) Influcncce of pd: The pH of the aquecous nhasc was varicd
using concentrated hydrochloric acid or 10% sodium hydroxide
solution.. The optimum »H for oxtraction (12.4) could be
obtained using dicthylemine and »nyridine only.

(e) Porcontage Extraciion: Solutions werc made up accord-
ing to the recommended wrocedure, cxtracted and thc acucous
and organic layers scnarated. The agucous layer was then
shaken with morce methyl iso butyllictone, dicthylanine cte.,
and the fluorcescence intceasitiecs of the first and second
organic cutracts compared. For 0.2, 0.6, 1.0, 3.0 and

5.0 pg of magnesiuvm, extraction vas found to bc at lcast

98% complcto.
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(f) <Celibrotion Curves: The 1linuits of determination were
the smame as for the 5C% methanol wmrocedure (i.oc. 0.01 pg of
nognesium) . Lowrever, no advantoge was talzen ol the incrcase
in sensitivity obtainable by extraction from a larse volume

of the agueous whase into o smell volune of the organic phase.
- [V} =

effects of one hundred-fold molar excesses of
Toregin ions on the fluorescence intensity produced by 5 ml
cil 10-5M nagnesium solution (ca.l.2 pg) werc excmined (table
10y, The limiting error was talken enpirically as 5% of
the mognesium standard containing no foreign ion. Herpinal
interferences were examined in more deteil,

The following ions caused no interfercnce in the 50%
acueous methanol »rocedure: AS(III),As(V),Ba,Bc,BOBJ_,
Cr(VI),Ga,CGe(IV),Hs(II),I,Ho(VI), a,5r,T1(I),Ti(IV) and V(V).

In the abesence of masking agents, onc hundred-fold
ancunts of Ca,ud,Cf(ITI) Co(II),Cu(II),Fe(II),Fe(III),in(II),
ifi,*d(II) and 2n interfered by formation of coloured, non-
fluorcscent complexes which gave rise to low rcanltis.

Aluminium formed o fluorescent compler: at this »H;
the cemple: was oaly wealily fluorescent, but gove rise to
nigh rosulis.e vhe even more weal:ly fluorescent zinc complex
gove risc to low vesults because the larse excess of zinc
ever reagent nrovenits the Forinlation of the magnesiun comnlex,

 The following interfered by rroeiplitation o5 chlorides
or hydroxides: &g,Hg(I),FPh,5n(II),n(IV),

In addition, 3i, In,LaSb(III),Sc(IV

,Te(IV) and ¥ gave
results which wore low by ca.l0% altihougl th

10y did not shaor
any visible signs of nreciitation or colour formation.

The cffectsc of vorious nacking arents on selected inter-
ferences were, therefore, ciamined. Calciun ceculd bhe tol-

erated in ten-7fold nolar ecess without the use of masking



Table 10.

Ions interfering in the dctermination of magnesiua with

SLBE. Foreipgn ions are nrescnt in_ 50 fold molar elcess.
Deviation %
Ton 50% ‘Extracfion Obscrvation for
eCH + Sr/ZDTA 505 McOH
L1(TIII) +60 0 Fluorescent complex
SH(ILI)] -12 +1 Oxychloride precipitate
Bi(II1) -11 -12 Oxychloride precinitate
Cca(II) | -38 -3l Pink precinitate
Ca(Ii) -46 0 Pink precipitate
Cr(III) -83 ‘ 0 o visible interference
Co(II) -97 ~-100 Black »rccinitate
Cu(IIi) -78 -96 Strong pink colouration
Fe(II) =32 =62 Brown colouration
Fe(III) =43 -53 Drown colouration
La(IIT) -13 0 Hydroxide procipitate
Pb(II) -61 0 Chloride precinitate
Fn(IT) -96 0 Pink precipitate
He(I) -1 0 Chloride precipitate
Si(IT) -96 -67 Tink srecipitate
Pa(II) -98 0 Red colouration
Se(IV) -15 -9 Dleaching of recagent
Ap(I) -96 0] Chloride prccipitate
Te(IV) -6 -6 Yo visible interference
Th(IV) =L -35 dydroxide wnrecinitate
Sn(II) =72 0 lydroxide »recinitate
Su(Iv) -73 0 Hydrexide wrecipitatce
Y(TII) -3 0 Mo visible interfercnce
Zn(1I1) -86 -79 Red precinitate
L Zr(IV) -78 | -80 dydroxide wmrecipitate
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agents and the interference due to larger amounts of calcium
was completely supnresscd using Sr/EDTA soluticn as a mask-
ing agent. Twe hundred-iold cxcesses of calcium could be
tolerated when 2 ml of the above mixturc was used as a nask-
ing agcat. “he intcrfercnce of once hundred-fold cxcesses
of La and Y was also wreveated in this way. Somc metals
vhich form very stable EDTA complexes in slightly acid solu-
tion, c.g. AL, transition mctals, ctc., were not maslked
using Sr/LDTA bocausc of the high pH of the determination.

‘the interfercnces due to Ag,Cd,Co(I1),Cu(II),Ni and
PA(II) werc completely sunnresscd by the addition of 1 ml
of 3% potassiumcyanide, but TFe(II),Fe(III) and Zn werce not
masked in this way.

The addition of 5 ul of a 10—1M sodiuvm fluoride solu-
tion completely sunvressed the interference of once hundred-
fold excecsces of Se(IV) or Te(IV). However, if this mask-
ing agent was uscd in the prescnce of large amounts of
calcium (ca.l00 ug), coprecipitation of CaF, and MgFa occurs
and low recadiags are obtained.

The interference due to one hundred-fold cxcesscs of
Fe(III), 41 or In could bc roduced by about 50% using 0.5 nl
of trictaauolanine. This rcagcut may, howrever, be uscful
for usc with lower amounts of thesc metal ioas. Manganesc,
hovwrever, could not be wnreveated from interféring. ‘

The effccts of other masking agents werc considered.

One hundred-fold molar cicesscs of oralate, citrate,
tartrate, 17/, CDTA and LZDTA reduced tic fluorcscence
intensity of the megnesium com»lex to below the hlank vealuc,
A oone hundred-£fold molar cxcess of phosphate gave 2 reduction
in signal of about 40%. Yo interfercnce, however, was notcd
from acetate, browmide, chloride, cyanide, fluoride, iodide,
nitrate, nerchlorate, sulnhate or sulphide when wrescnt in

onc hundred-fold wolar excess over nagnesiun. Sizilar
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concentrationes of oxidising agents such as chromatc or
vonadate caused no interfercnce.

Of thosec mectals interfering in the 50% aqucous methanol
procedure, no intcrference was noted in the cxtraction
procedure from £A1,Hg(I),in(II),Pb and Sb(III) in one
windred-fold molar cwcesses over magnesium (tablc 10).

A1) the other interfering metal ions resulted in lovw rccoveries.

Verious masking agentis, c.g. thiourca, tiron, sodium sulphide,
-phenantiroline, sodium fluoride and potassium cyanide were

used in an atteapt to improve the sclectivity of the extract-

ion, Cyanide prevented the interference of conner only,

and the other maslking agents proved ineffective. However,
using S»/EUTA, calcium couvld be tolerated in two thousand-

fold nolar cicess over magiicsium. This is a considerable
inprovement on the 50% acueous methanol »rocedure.

Large amounts of the above interfering ions could be
probably reomoved quantitiatively by one or two wre-cxtractions
from aqueous solution using cither cunferron or sodium dicthyl-
dithiocarbamate.

Practical &»nnlicatgion of the iMethod.

~

The mcthod was apnlied to the analysis of megnesium in

blood plasma and municinral water samvles (sce Y"Recommended

Frocedures'i). These materials were chiosen because therc was
no extensive pre-treatiient nccessary. Dlood plasma, in

particular, wag chosen as therc is zn urgeut neced for a
simnle, rapic fluorinmctric proccdure for the analysis of
suall amounts of magnesium. 7ater samnles were choscn in
order to denonstrate the volidity of the method in the
presence of large concoentrations of calcium. The results

are summariscd in teble 11 and 12.



Table 11.

Determination of Hiagnesium in Dlood Plasna.

Sammle Found (ug/ml) Flame Photomctiry
(ng/ml)
1 26 23 26 26
2 30 28 23 30
3 23 21 22 22
L 27 26 27
5 26 26 27
6 25 23 25
7 21 26 2
& 29 25 27
9 29 29
10 2L 26
11 1L 15
12 19 20
13 25 26
1L 27 27

Table 12,

Lnalysis of Tater Samples.

S tlagnesium ilagnesiun Calcium
Origin (pg/ml) (pg/m1) (pg/ml)
Flane Flvorinetry EDTA
Photonetry Titration

Witney 5.8 5.l 6.2 170
Gloucester 1.2 1,2 1L.8 115
Tontynool 6.3 5.6 6.0 36
Marlbrook 1.8 1.l 1.2 1.6 22
Claction L6 LS. Lo 210
London 6.8 7.2 6.7 260
Bagshot 7.5 7.8 7.6 135
Marlow 2 2.8 1.7 2.3 110
Ixeter 6.0 5.6 Gy { 6L
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Structure of thc IMagnesium Complcx.

The magnesiun complex of SABF has hcen assigned a
1:1 metal ligand ratio on the basis of fluorinctric mole

aqucous methanol*(Figures 30, 31 and 32.).

ratio, slopc ratio and Job plots carricd out in 50%

o - Figure 30.
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Figurc 32.
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tlagnesium/SABF lole Ratio.

I conditional stability coustant for the com»lex has
been evaluated from the Job »nlot; the effccts of hydrolysis
being winimiscd by taking fluorcscence measurcizinis as soon
as possivle after the addition of reagcat.

1t is nornal procedure to derive thce degrec of dis-
socilation of a netal complex from a Job plot at the point
correcsponding to the steoichiometric ratio. A osianle nod-
ification of this nrocecdure using couation (i) cnables the
conditional stability constant to be detcrnined for zay noint

on tne Job plot.
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Tablc 15.
Valucs of Conditional Stability Counstanf obteined from
Job Plot.

“ugieiéggmconc. Reageiu_gﬁnc. } 1?“6M o - lo6
- - =
2.0 5.0 3 0.161 1.7L
2.5 L.,5 2 0.223 1.36
5.0 .0 1 0.305 1.01
5.5 3.5 0 0.362 1.62
L.O 3.0 1 0.278 1.39
L.5 2.5 2 0.210 1..9
5,0 2.0 0.1L3 | 1.79

Average K = 1.4 = 106

K = Comnlex
Metal ILigand
(1)
K = (1)

d?c + oAz

ithere ol= degree of dissociation of the complcex: given by
AP . -
i S o} (figurec 32).

¢ = Concentration of copnlex assuningdl= 0.
i = IExcess magnesium or ligand concentration
over 1:1 stoichionctry.
Conditional stability constant velucs derived for scven
different metal:ligand »otios arc siven ia table 13,

An orange-red solid was obtained by »recivitotion from
acucous dimethylformamnide and was shovn to he the magnesium/
SABIY commlex. Lnhydrous magnesium werchlorate (0.2 g) in
dimethyliormanide (30 ml) wes added to a solution of SLDF

(lé) in dimethyliorianide (70 ml) and diethylamine (1iml).



dater (30ml) was added,

with acetone, filtered,

(DP.L0-6C)
are not qu

sample by

3

9

and the »precipitate triturated
washed with netroleum s»irit
and dried under vacuwe Hicro analytical results

oted because they indicated contamination of the

oprecipitated magnesiwn to the extent of ca.3%.

Solutions of the solid in dioxan or dimethylformamide
showed an intense red fluorescence. Iowever, the complex
could not be recrystallised, nor was it sufficiently
soluble in solvents suitable for n.m.r. studies.
Consequently, physical measurements were limited to infra-
red spectre and thermogravinetry.

The assgignable, cheracteristic infrared absorption

frequencies are suwmmarised in table 14 for the mngnesium/
SABY and the

given in figure 33, and that for the free ligand i

complesx free lizand. The infrared spectrum is

1s

in

figure 19 (page 65).

The -CH bending frouency was as signed by shaking a

20.

overnight with

reagent in carbon disulphide with D The

dried

or

areds 50eccrum vias

neal: at 127)

run

-]
ted cn
treatment, but

suls

deutcra soluticn,

this reapneared when the

ol

)C"““L.C on

inder of the carbon di shide ution had heen

equiliJ_atod vater, senarated and dried as before.

-0H
the Tormation of
-CH

The disa his bending freauency on reactin

a true comnlex

the phenolic grouns. ‘rhe wresence of

also indicated by the infrared spectrum.
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Charecteristic infrared frcouencies for iig/SABE

comnlex and SADF,

-1 )
Frequency (cm ) Assignment
SABF lig/SABT
3300(w) 31.00(s) O-fl stretch of H,0 ligand

Phenolic OH weal bccause of
hydrogen bonding.

1630 1580(2) C=N stretch of azomethine.
1610 1610 Phenyl riang absorption.
1600 160C " i
1490 1L65 " "
14,50 1445 " n
1275 - Phenolic OH out of plane bhending.
1185 1180 Phenolic CO stretching.
710 76L0 Out of nlane bhending of -H on,

1,2 disubstituted benzene rings.

.

Thermogravimetric measurements were carried cut betiwreen
room temperature and 9500C using 2 temperature rise of QOC
per niinute. “he first weight losg occurs betlwecn 120°%C
and 25OOC and corresponds to the loss of two molecules of
320 from the conmplex. Oxidotion begins at 55000 (see
figure 35). Snecimens of the complei have been heated on
a melting-point apparatus to BOOOC wvithout carbonisation,
althoupgh a slight darkening of the specimen dic occur
above 110°¢C,
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Figure 35.
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Thernogravimetry of lg/SABF complex,using temverature
rise of 2%per minute on Stanton recording thermobalance

0.1% SABTF solid in dioxan wes used in

the extractiion »nrocedure.

Standeord tagnesium Solution: fAnalyticel reagent grade

nepgnesium oxide weag dried at 120°¢ for % hours. 1.663g
viere digssolved in the minimwa amount of 217 hydrochloric
acid and the solution wvas diluted to 1 litre with de-
ionised water. This gave a solution conteining loyppm
magnesiwn from which a stoclk solution containing 10ppn
of magnesium was ohtailned by dilution. Solutions
containing lppm or less of magnesium were not stored for
longer than {two wecks because of nossible adsorption

losses.
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rlethanol, analytical-reagent grade.
tlethyl disobutyl ketone, general nurnose reagent grade.
Pyridine, general »uriose reagent grade.

Dicthylamine, general purpose reagent grade.

dsotilled water from an all-glass distillation

pomr

apparatus wvas de-ionised by passing it through a 15 x Scm
column of Zeo-Karb 225 (Permutit Co., Ltd., London)

cation-exchange resin in the hydrogen ion form.

LHVILSTIGATION OF THE GALLIUM/DIS SALICYLIDENE 2,3
DIALTIOBENZOFURAN ZVSTEM.

Gallium reacts with SABF to give a complex exhibiting
sinllar fluorescence cheracteristics to the magnesiun/SABF
complex77. The reaction is of potential analytical value
but no thoroush investigation has bheen carried out in view
of the many reagents available for the determination of

N

gallium,
hoice

Q

£ Solvent.

|

-

because of the ingsolubility of SADF and its complexes
in water, semi-aqueous media were cxamined to find a suitable
solvent, Using 2ml of a pHL buffer, 2nl of 10_3m gallium

solution =znd 511 of 0.01% re~gent in ethanol the following

solvents werc emamined as development media. Dimethyl-
formanide (90;5), ethanol (95%), acetone (907%), n-anyl

alcohol (9C7), methanol (90%), n-butanol (9C%), dioxan (90%).
The nest intense fluorescence vias obtalned in methanol. An

interesting variation of fluorescence intensity with solvent
vas noted for the range of straight chain alcohols eranined
(figurec 326). A linecar dewendence of fluorescence intensity
with the dielectric constant of the solvent iras observed.
Hovever, the reasons for this can oaly be deternined Ly

o iore extensive investigation, which was not justified at

the time.



Figure 3E.
%
Intensity

1

75

5 .
25 |
o] 1 e
Diclectric
Constant

The fluorescernce excitation7fluoresconce emission

and the absorption snectra of

L1

cile

gallium comwlex are

identic2l with those of the nmagnesiun comnlex (figure 26),

and arc not reproduced herec.

neters were Jetermined usiag
Q?Bmy or 365mp. whe signel
using
ahout

of snectral bandwidth from 5 - 20mp on

2adssion rnonochronators did not affect

"The annarent pil of the 50%

contzining Suwl of lO—Am gollium

50% greater thon using 365my excitation.

The usual analytical pcra-
an excitation wcvelecngth of
to blanli ratio was better

the L75mu excitation and the inteasity measured was

Variation
both e:citation and

the signel to blank

aqueous methanol solution,

and 5ml 0.02% SABF reagent,
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Figure 37.
80 Figure 37
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was adjusted with dilute ammonia or & lute acetic acid.
The fluorescence inkensity of the solutions was measured

(figure 37), and a ¢

bl

o5 observed between the apparent piLi.0 - 5.3.

Reagent Lxcess.

0.1% SALT recgent in dicxan wes added to 5Suml lO-4m
gallium in 5075 agueous methanol at an anparent nHL.5.
tlaximum fluorescence intensity wes ohtained using + to 2ml
of reagent but there was visible nrecinitation with 5 to &nl
of reagent solution.

Liaits of Deteridnation.

Yhe 1imit of determination uzing tie optimum para-

mneters already evaluated vas 3.5pg of gallium in 100ml
i

0
e . -Q —
solution (i.e. 5 x 10 "M). Th

]

fad

s is of the same order of

o)
sensitivity ac the fluoresceince of salicylidene 2, amino-

phencl with galliumn.
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aclts of one hundred-~fold molar excesses of
7

foreign icng viere cramined on the determinction of 10 ‘m

zallium (ca.?70ug5 in 100ml).

The following ions caused no interference:
Deryllium, cobalt(II), manganese(II) and nickel.
The Tollowing ions gave rise to the interference indicated
in parentheses:
Aluninium (+180%), chromium(III) (-96%), chromium(VI) (~96%),
conver(IT) (-50%), indium (+30%), iron(II) (-95%) and iron(III)
(-95%).

In view of the interference of aluminium and indium,

studies on this reactien were discontinued.



CHAPTIR V.

LATE DARTH, EUEREY TIAVEFEIR SYSTHIS.

Intranclecular energsy tronsfer in rore earth chelates
has been the subject of scveral investigotions. The
N «
e le
4 . . [630) . .
phenonienon was reported by Weissoman who found that excit-

ation of a wmetal comwlex in the region of light absorption
associated wrimerily with tho ligond resulted in a high yield
of sharp linc fluorescence characteristic of the metal ion.
Crosby et a1.87 have reviewed the theoretical aspects of

the phenoxrmenon, and carried out worl on a vaoriety of

08,09
rare earth conpleres ! .

Lnalytical chemists have been attracted by the nossib-
1lity of a simultaneous determination of several rare earth
ions in solution and have investigated the fluorescence of
rare earth chelates fairly thorouzghly. There appears to
be a distinction between sensitised fluorescence, in
which the absorbing molecule is not directly cheloted to
the netol, and ligond energy-transfer where the absorbing
molecule formspart of a complei with the rare earth ion.

In »ractice, however, the distinction nay not bhe very
clearly defined and transient complexes may be formed in
several cases of sensitised fluorescence.

flberti and Hassuccigo have studied the simultaneous
determination of Dy, Zu, Sm and b in O.6m sodium tungstate
solutions, while SBevchenko and Huznetsova91 have employed

1,10-nphenanthroline in a simultcncous determinati of the

on
sane elenents. Doth methods are subject to interference
from other rare earth ions.

mononecnko et a1.92 have used a 1,10-phenanthroline/
salicylic acid systom for the extraction of rare earth ions

into benzeine in a flucrimetric deternination of Hu and Th,.
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tal

neth determinations ars subject to interference from some of
the other rare sarth ions. L osinilcor extraction system
using 1,10 nhenanthroline and thenoyltrifluoroacetone has bheen
used for the fluorinetric determination of Tu and °m93
Sallard and Zdwards have exanmined the theanoyltrifluoro-

acetonate/trioctylnhosnhate extraction systen in the deter-

. . - 9L - . .
mination of Zu’ ™. Leterminations of Eu usiag 2,phenyl &,
d95 and of Dy and Tb usiag L, sulph-

[a¥
>

ouinoline carboxylic wci

NoAY

ophenyl 3, nmethyl 5, pyrazolone”™” also sufier frcm the inter-

element effects of cother rare earth ions,

McCarthy end Tineford33197 have examined the possib-
ilities of simultoncous anelysesoi Dy, Zu, 5Sm and Th in
non-agueous solutions containiug aromatic carbonyl compounds,
Although intereclement effects are present, the choice of
carbonyl compouvid has bheen shown to increcse the selectivity
of the nethed considerably.

TiD DETERI] ALLO" O TURSOIUIL USING SULFHOSALICYLIC

In thecourse of investigations into the laser properties
of rorc earth chelates, Charles aund ?iodefg renorted a
fairly strong fluorcscence from the Th/EDTL/Sulphosalicylic
ecid complex in aqueous solution. The reaction anpeared

to be well worth further study snce ZDTA could he exnected

o
O
i
(@]
s
D

s a general ;nasking ageat and mizght also nrotect the

cheloted T ion from the interelement effeccts of other rare
t

FProcedurc

Ln aliguot of solution containing hetween O.Zug and

jOOPg of terbiw: was added to each voluuetric flasi Il
of lO_lM SDTA, 0.5m1 of lO-lM sulvhosalicylic acid (SSA) and
Iml of »I11.8 buffer was added and the solution diluted to

volume with distilled water.



The fluorescence was neasured aiter 10 nins at 545mp
using EOmP helfbandwidth slits on the anslysing monociromator.
Ln excitation wovelength of 320mp can be used in conjuaction
vidth 20su slitec on the excitation monochromator, but it was
thoupsnt preferable to remove the slits from the ercitation
monochromator and to use a Corning 7-54 (9863) filter instead.
This filter transwmits radiation between 230 and 1:00mp
(Landwidth at 10% transmission) giving maximum transmission

at 550mp.

cpectral Characteristics.

Figure 30 shows the uncorrected ecicitation and emission

spectra of the Th/EDTA/SSA sysiem as used analytically.

Figure 78.
Excitétion. Epmission.
\\\\-\**// .
) b . ‘ T\”*‘*~//\_\H¢
350 450 500 550 600

Wavelcngth (ran)



The excitation wavelength maximun ()20@%) coincides with
the absorbance maxinuw: for the Suﬁg ion, while the

emiscion consists of o broad bhand (not shown comnletely)
characteristic of the 8547 ion together with line enission
i

3 rad ?+ o > . ~ - ".
characteristic of Th” . The linc emicsion of Th”  has

5b level to the

. 0% L o
been assig dg’ to trongsitions from the L

7r6, 7F ond 7Fb levels at 485mg, 5L5mu and 575my resnectively.
Y -
o Py

A fourth emission pealk, due to the “L, - 7F3 transition
as

occuring at longer wevelengths (g§.630mp) v

\Ji

not observed
because of insensitivity of the »hotomuliinliecr in this
repgion. With the apvaratus described, only the peak at

S5koin is analyticeally useful.

Influence of pH.

The Fluorescence intensity of a lO-BM terbium solution
wvith tenfold molar cicesses of LDTA and SSA was wmeasured

over a ronge of pl values from pHE - 13, using ammonium

=

yadroxide and sodiwn tetraborate as buffer and adjusting
the pH with hydrochloric acid or sodium hydrowide solution.

Blanlz solutions conteining no terbium were prepared sen-—

arately. tlarisum fluorescence intensity was obtained at
PH11.5 - 11.9 (figure 39) and a diethylamine/hydrochloric
aclid buffcr woe chosen as most suitable for this range

The fluorescence intenzity was independent of hufifer con-

6]

centiration at this pi and there was adequate buifering cap-

acity if ncutral or alkaline metal ilor solutions were uscd,

Rcagent Zrcess.,

The cffectof reagent eicess van oitensively investigated
for both TDTA and SSA. Investigations vere carried out on
lO-SM terbiunm solutions and indicated that the fluorescence
intensity increased linearly with EDTL concentration un to

1:1 stoimetry aand that eicesses of ZLUTA (e.3. orc thousand-

-

fold) did not aficct the fluorescence further (figure LO).
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. logerithmic relationship was obtained between SSA
conceniration and fluorescence intensity (figurcs L1,42).
fith lower conceantrations of terblum (g§.10—7u) no
improvexnent in signal to blank ratic was obtained when the
S8A concentration weog decreased from the recommended 104

molar excess to a tenfold nolar excecs,

Other fnalytical Parameters.

The fluorcscence intensity of colutions containing
1077 ana 1070 torbium were neasured and related to thet
of a guinine sulphate standard using the same excitation
{ilter, but neasuring the cuinine sulphate fluorescence at
450mp. Constant fluoreccence intensity vics noted from ten
minutes after dilution to one hundred hours later when
observations were discontinued. Zuring the first ten
ainutes after dilution, the fluorescence decreased by

about 55 to 1C%.

MMpgure L3,
100
of
/3 —
Intensity R
30 |.
\3‘\\
6o |-
£-<Y
Lo | Ny
-a.
20 i R [l ; ) §
10 20 30 L0 50 60

o
Temperature (C)
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The effect of tempverature on the fluorescence of a
solution containing L x lO—GM terbium was observed over
the range 10 - 6OOC, (figure L3). I high terbium concentr-
ation was chosen so that blank variations were negligible.

- - =A0 PR .
For the range 15 - 30°C the temperature coefficient wos
9/0 "'l

99

constant and had thc value -0.87%5C . Charles and Niede
have found the guantum efficiency of the Th/Z:TL/S5A system

in D0 was constant over the temmperciure range 5 - 25°C.

<

The effect of dissolved oxygen vos investigated by
mecsuring the intenzity of fluoresconce of a solution cont-

aining 10—7M terbiun, beforc and after degassing with

nitrogen for 20 ains, Oxygen wes tnen bubbled for 5 mius
and the fluorescence intensity measurcd cpgain. Threce

identical recdings were obtained showing that no gquenching
of fluecrescence due to dissolved oxygen occurred. Care
vvas talzen to malzc thoese measurenents at the same tecmpera-

ur
ture as bubbling the gases ccused s=onc cooling.
Linits of Determination.

L lincer releationship between fluorescence intensity
and terbium co%ﬁgntration wrs obtained for solutions cont-
aining 6.&@{1&1 (L = 10_8M) terbiuvm to 320pg/ml (2 x 10-5M)
terbiunm. Phe intensity of f{luorescence of the blank was
equivalent to 6 = lo_ng/ml (L % 10"7M) terbium and, there-

fore, the lowest calibration graph vwins for the renge 0.16

3

to l.6ug terbium in 25ml of solution (i.e. L x 107YM to
L 3 lO—7H), The blank at this level is 50% of the maimnunm

scale deflection and has, thercfore, been set ac a

value. Sultable am»lification of the =zisnal would enable
the method to detect ca.0.05ug terbiun using a blank value
corregponding to 90% of the fmll scale deflection. A
fluorescence cnission spectrun for the blanl: and 0.16pg

terbiun is shown in figure Ll.
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Yigure LlL.
A
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Harrowing the slit width in the analysing mono-

o+

chromator also immroves the sirsnal to blank ratio bu
higher apwplification must be used to commensate for this.

.

This iz a direct recult of the sharp line cmission of the

terbiun chelate sunerimposed on the couweratively uniform
gpectral distributior of the blanlk. Howrever, bhecauvsce the
narrow slits (5my) did not icolate the whole of the terbiunm

ciilssion line, it was found that non~linearity of the
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alibration curves resulted for lower concentrations of
rhiuvm, (i.e. less than l.Opg). For this rcason, 20mp
slits are recommended in the anelysing monochromator;
these isolate all the terbium fluorcscence and the znaly-
tical signel is nroportional to the arca under the
Tluorescence pealr rather than to the height. Using EOmF
slits, linear celibration curves for 045 to l.6pg terbium
vere obtained.
“he use of ultraoviolet filters in the analysing mnono-

chromator to eliminate stray light did not imvrove the
nal t

n
Cca

i blani: ratio.

o

o -

ffect of Foreipgn Ions.

l 2

Fifty-fold molar excesses of foreipgn ions were zdded
together with Ljg of terbium as in the recommended procedure.
The following trivalent rare carth ions were examined and
caused neo interference: La,Ce,Pr,Nd,Sm,%u,Gd,Dy,Ho,Er,

T end ¥b.

The following metal ions werc elso ezawmined in fifty-
fold molar excess. Tone interfered: Ag(I),Al,As(III),3Ba,
ie,Ca,Cd,Co(II),Cr(III),Cr(VI),Cu(II),Fe{II),Fe(III),Ca,
Ep(l),Bg(1I1),K,Li,Mg,Mn(II),Hn(VII),io(VI),Na,5b(V),Ni(I1),
NH, ,Pb,Se(IV),Sr,Ta(V),Te(IV),U(VI) and Za.

" whe fellowing anions were examined in one thousand-
fold molar excess over Lug of terbium; none caused any
interference: acetate, bromide, carbonate, chloride,
jodide,nitrate,oxalate,nerchloratec,vhosphate, sulnhate,sulnh-
ide,culphite, tartrate and thiosulphacte.

One thouvsand-fold eizcesses of 1lesad, however, gave a
visible white precipitate, probobly lesd chloride, which
reduced the fluorescence by 33.20%. Similar excesses of
mercurous ion gave a fine grey susnension which reduced the

fluorescence inteusity by ca.2%. One thousand-fold e:xcesses
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fable 15.

Analysis of Samples Wreated as Unlmowns,

Yerbiun Toreign Ions . Found| Zrror| Trror
ne ve we | BB %

1. 0.16 0.19} +0.03} +18.8

2. 0.16 0.16{ C.00[ 0.0

5./ 0.30 0.80| 0.00| 0.0

Lo 0.80 C.50[+0.03| +3.6

5. 1.27 1.29(+0.02] +1.6

6.{ 1.27 1.26]-0.01} -0.8

7.1 G.95 | Eu(159),Ga(158),5m(150), 0.9i -0.01| -1.1

8. 0.95 | HA(1LL) ,Pr(1Ll),Yb(3L6) ,Er(33L.). 0.95/ 0,00{ 0.0

9. 0.6l | 21(270),3e(90). 0.65} +0.01} +1.5

10.] 0.06L (NHQ)ZSZOS(Zlo),CrVI(SZ),HnVII(55). 0.6 0.00f G.O
11.f  0.66L | Pu(207),Ce(1L0),La(1L0). 0.58] -0.06| -10.3
l2.} 1.19| La,Bu,Gd,S8m,Er,¥d,Dy,Tn, (16). 1.2L} +0.05| +L.0O
I3, 1.19 | Th(23),70(17),¥b(17),50(1g). 1.21] +0.02| +1.7
1. 1.193 cu(63),HnII(55),Fe I1(56),CoII(59)4 1.18|-c.01 -0.9

of uvraniun(VI) gave a ztrongly yellow coloured EDTA complex which
gave rise to inner filter effects and reduced the fluorescence
by ca.10%.

The analytical results on various »nrepered nixtures are

given in table 15.

Structure of the Comwnlex.

tiole ratio and Jobh plots have heen carried out fluorinetri-

.
cally for EDTA and SSA; a ratio of 1:1:1 for the Th/EDTA/SSA

vas found. Thics is in complete agreement with the reculis of
P g . P . "
Chexles and ﬂledelj9. Our optimum »H value for the {luorescence

~

£11.6 - 11,9 comnares well with pH titration data which shows
- L

o

i

pre
=

at the complex is completely formed at this »II but not below.
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A systematic study of the structure would have to detcrmine
the co-ordinationmmber of terniwa, 2and this counld be greater
then or coual to si. The work of Charles and Dhicdel 9D
indicated the formation of a comwlex of the formula EabTb
(EDTA) (SSA), in which the SSA was bonded directly to the
terbium aton. The absence of oxygen cuenching and the

sharimess of the terbium emission line would sunport this.

Table 16.

Relative Fluorescence of Other Th/SSA Complexone Systems.

Complexone Fluorescence

]
etic acid 100

1,2 Dianinownropanctetra-

acetic acid 100
Trans 1,2 cyclohezane-
diaj]zeLct“qacetic acid 35

Diarvinodicthylene other

tetraccetic acid G5
Hexamethylenediamine
tetraacetic eccid 37
Iminodiacetic acid Q
- 3+
2,6 Diominonyridine V4 No detectcble Tb3
tetraacetic acid fluorescence.Inmure
ukl.\l")1 Co-, +
Lihylenedianine-i, '~ eals Th”
diacetic zcid L IlVCﬂ"“cence
ffitrilotriacetic dJo flyorescencc due
acid o] to Th”" wecs detected
. s . even on high
Diethylecnetrianine ven oa Rig
. . . ammlification of
nentaacetic acid 0 s 4
- the instrument.

‘e have alzo carried out {luorescence measurementis using
other complezoncs (tablel6). The solutions were niade up as
Co ) " | n -2,
in the recomuen:led nrocedure excent that 10ml of 10 7 compl-

v e " -1 _ . .
exone veas substituted for 1ml of 10 "M EDTA solution. ifone
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of the comwnlexones, excent 1,2 diaminopropene tetraacetic
acid, gave a terbium fluorescence intensity ecual to that
obtained with LEDTA, eand some gave no fluorescence even on
high emnlification. In instances where 2 neasurable
fluorcscence was cbserved, no change in wavelength of the
lire fluorcscence was noted, nor was there any apnreciable
change in the bandwidth of the emitted line. Similar
experiments were carried out using euronium, dysprosium

and saneriun solutions in nlace of terbium, but no charact-

eristic fluorescence for these ions was obtained.

QIR L. TERCY TRAITSETR SYSTHLS,.

Zuropium/LDTL/p-Benzoylbenzoate.

199

In their work on laser materials, Charles and Riede

investigated the Th/ZIDriMlphosalicylic acid chelate
. . . 100
bed ecrlicr. In a later communication =, the same

i
rs described the enropium comples, Eu/ILTA/p-benzoyl-
benzocate. In this comnle:, the p-benzoylbenzoste anion is
not bhound to curorium and ccts as an energy donor by
collisien in solution. As 2 result, high benzoylbenzoate
concentrations (0.21) arc nccessary znd the system is
subiect to severe oxygen quenching.

In view of the selectivity of the terbiun method, it
vas decided to investigate the Du/ILTA/p-benzoylhenzoate
systein. The reagent p-benzoylbencoic acld was nade as

follovs:



11k,

1

ifelting noint p-methylbenzophenone 53 °¢c (59 C)

Yield: 54% Recrystallised from petroleunm ether.
102

IHelting rwointp-benzoylbenzolc c1d148 (1&8 C)
Yield: 50% Recrystallised from ethanol.

Infrared swectra show characteristic absorption at:

( 1) 16650m_1 (eromatic C = O stretching).
-1 . . .

3L0cm (2-adjacent ring-H bending).

'7L:.O<:m-l (5-adjscent ring-i hending).

(11) 1680cm“1 - 1720cm-1 (aromatic -0023

1656(:1".1—l (aromatic € = O stretching).

SEOcm-l (2-adjacent ring-I bending).

'75Ocm—l (5-adjacent ring-# bending).
dJ MR,
( 1) CHB singlet el 7.62 7
fromatic multiplet 2-3 1
(1I)  Aroumatic nultinlet 2=3 =

The »renarctions were carricd out using modifications of

ature nethods for (I) Ol iT 1C2

ch
O
}_l
|
<t
@]
H

Heasurements on the europium/LLT./n-benzoylbenzoate
srstem vere carried out at pH9 using dilute sodium
carbonale colution as a buffer. The instrumental arrenge-
ment was sinilar to that used for the Th/ZUTA/Sulphosalicylic
acid system: the excitation monochroumator slits were removed,
a 550mp filter inserted to eliminate visiblc light, but Smp
5litc were used in the analysing monochromator instead of
the 20mu glits used in the terbium detcormination.

‘the fluvorescence emission cpectrui (figure L5) was
obtained using 5al of 107 euronium celution, 1wl 10 ]TE
LDTA solution and 0.1l p-benzoylbenzoate in 25ml of
solution at pH9-10.  Unlike the terbium/TLTA/SSA fluorescence,

the enission from the europium wes fairly weals and extrenely
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sensitive to the presence of dissolved oxygen. On bubbhling
nitrogen for ten ninutes the intensity increased by more
than three-fold. In conrarison with the terbium/ILTA/SSA
fluorecscence emigssion snectrum, the emission due to curomn-
ium appears much broader, susgesting a collisional cnergy
transfer rather then traasfer from a cheudcally bonded
benzoylbenzoate ion. The large excess of p-benzoylhenzoate
necessary to oHromote the euronium fluorescence and the high
degree of oxygen quenching also suggsests the absence of a
caemical bond between the donor s~nd accentor snecies,

The aralytical exnloitation of tlhis system was dis-
continved for the reosons below:
(a) A scnsitive, selective method is available for

. . - 1
euronium usiing sodium carbonate as the reagent 03
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(b) Although no interferencc studies were carried out,
the sensitivity of the system to oxygen auenching would
suggest siudllar interference from poramegnetic metal ions.
(c) The apparatus vhen used on full sensitivity would be
able to determine an estimested concentration of only 10 °M

europiun.

systems fmployingOther Fnerpgy Donors.

Lnergy transfer from an organic donor molecule to a
rare earth accentor icn is believed to occur through a
mechanism involving the trinlet state of the organic nmole-
cule. “he fluorescence emission exnected from the rare
earth ion can be found in the literature and is fairly
independent of the nature of the donor, The trinlet stote
eacrgy of the donor» carn be zucssed at from the wavelength of
the flucrescence enission of the donor, hence it is possible
to obtain some indication of whether energy transfer is
likely or not.

the following organic comnounds were uczed in conjunction
with LDTA and decerated aguecus solutions of rare esrth lons:
(a) Glycine: is Lknown to form ternary comnlezes of the

i 1lon
type Eu/EDTA/glycine” . Fluorescence L50mu.
(b) Anthranilic acid: TFluorcscence L50mp, contains
t

~-CO_H groun and is, therefore, gimilar to sulnhosalicylic

2
acid.
(¢) Salicyleldehyde: Chenicelly similar to sul»hosalicylic
acid butr fluveorescence mayinmus occurs at 510mp.

(d) &, Hydroxyquinoline: Tronotes line fluorescencc in
rare earth commlexes in absence oi EDTA in omganic solvents.
The free reagent is non-fluorescent and »nrobably forus a
stable trinlet state,

() Inthranilic acid diacetic acid: TFluorescence occurs

av L50mn, used in nresence and ebsence of IDTA as it contains
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both donor and comnlexone grouprings.
Oaly with anthreonilic acid diccetic acid in the

t

absence of EDTA was there any rare earth tyre fluorescence;
J k= )

a fluorescence with terbium was noted but the intensity was

only aboui one tenth of that of the Th/EOTA/33A sysiem.
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CHLPTIR VI,

DISCUSLION 4D SUGCLITIIONS FOR

IUTURE 7OTE.

Jithout doubt, the grectest disadvantage inherent in
the uge of solution snectrofluorinetry is the lacl: of zel-
ectivity of most reagents and the suscentibility of current
znalytical methods te interference from other clements.

Because there are two snectraz, i.e. erncitation and emission,

the probhability of elemental interference is twice that
eilcountered in solution swecirophotometry. In view of

this, it would anpear theot =zome resecrch in inorganic
2 B
spectrofluorinetric analysis nust be directed towards

innroviag slectivity; a few mossibilities are listed below:

1. dletal(] )/"r dine/Halide Compleies.

The fluoresceat precipitctes formed by the cadwmiun,
cuprous, lead and silver ions with -yridine in the »nresence
of d1odide ions arc Uell—knowgps In a brief investigation
of come of theme comnleres the fluorescence data listed in
table 17 waos obtained and from this some conclusions may be

dravm,

The comnlexes of silver{(I), cadmium and lead with
pyridine and halicde dons &1l show a sindlarity in fluoresc-

ence charecterictics. i108¢ probhably, the fluorescence is
due to the M¥* -M  transition in th~ co~ordincied pyridine.
Pyridine itsclf, howvever, i3 non-fluorescent aund this has
been attributod to the sresence of low cenergy n~-1 % trans-
itions wvhich increczce the nrobabiliy of intersysten cross-
ing from the pyridine w7 # singletl state to the triplet.
On comnlezaiion with a metal ion, the non-bonding electrons
on nitrogen are locclised to some extent near the metal ioam,
and the n-T#% trancition moves to a wavelength lower than

thot of the lowest cnergy t1 -7 # transition. Ls a recult,
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fluorescence corresvoncing to theM¥..3¢ treasition of pyridine

may be observed.

ith cuwnrous nyridine halides, however, a different
type of Tluorescence is obgserved (figure i&6). The excita-
tion wovelength (ca. 3%0mp) is the same, or approximately so,
irrespective of the lalide ion, The fluorescence enission,
ou the other hand, is critically deneadent on the halide ion.
Ths is eimlained by the noszibility of charge-tronsfer from
the recdily oridisable cunrcus ion of the pyridine comnlex
to the ligand 7 or TT# orbital. The fluorescence corr-
esnonds te the return charge tronsfer from the ligand ™%
orbitel to the metzl 4 orbital. “he energy of the fluores-
cence emnission (¥ # - d tronsition) is & measure of the

electronegativity of the Palogen atom.

It was not nossible to isolate o stable dry saumle of
cunrous nyridiniun chloride but stable samnles of the
brounide znd iodide were obhteined. £dditional commounds
were oreparcd using cuinoline, acridine and 22' dinyridyl
instead of pyridine, and their fluorcescence characterictics
examined (figure L7). Viith scme of the commounds, e.g.
cuprous bipyrldyl iodide, the abgorntion was at a falirly
long wavelength ca. 550-600 mp so thcot any fluorescence
vould be difficult to observe visually ond imrosgibie to

observe instrumeatally.

It wes imnoscible to dissolve any of the cunrous

nyridine halides in organic sclveats so as to retcin the

fluorescennce, However, work is in progress at the time of
wvriting, to attennt to wrecipitate the cuprous nyridine
halide as a fine susweusion. If this work is successTul

it may be nossible to deternine bromide and iodide (and
verhaps chloride), simultaneously in the wresence of ezch

other



Table 17.

>scence chearacteristics of solid

metal halide

120.

f N-aromatic heterocyclics.

i
Comnlex Excitation Imission Colour
! {mn) (mn)
Cd.nyr.Chloride ® 350 Thite
Cé.pyr.Bromide * 2550 "
Cd.pyr.Tlodide i 350 "
Cd.quin.Iodide ol 390
Cd,acr.lodide * L75 i
g;(I) pyr.d¥itrate % 350 L
Lg(IT) .nyr.Persulnhate + + Brovn

Cu(I).pyr.Browmide | 590 535 "Yhite
Cu(I).pyr.Iodide 390 L70 "
Cu(I).cuin.Iodide i 565 Yellow
Cu(I).acr.lodide + - Red
Cu(I).biny.Iodide f + + Red
cu(I).nhen.Todide : + + Blue

b iio definite excitation weak can be located.

+ Mon-fluorescent over range 500-600mv.

DYT. Pyridine.

auin, fuinoline.

&Ccr. feridine.

bipy. 2,2'" bBipyridyl.

phon. 1,10 Shenanthreline.
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Fifure L6,

- Cu.pyr.
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uorescence caniszion spectra ol

(a) Ca/pyridinium/iodide
(D) Cd/quinoliniwa/iodide
(c) Cd/acridiniuvm/iodide



2. Synthesic of ilew Reapgents.,

fithough meny new reagent structures could be suggested

for nossible synthesis, it would be particularly interes sting
= b

l_h

to follow up the nrenaration of bhis salicylidene 2,3, diamino-
o

berzofuran (SLDTF). if rpholine, & secondary aaine, is used
instead of ammonia in the SADF synthesis, a compound having

the structure bHelow is isolated:

This compound znd the Jiperidine anclegue was nrenared

by the author during sn invectigotion of the SLAOF preparat
ion. Althougsh the mor»holine and wiperidine derivatives

are of little analytical imnortonce, the reaction does noint
¢ preparation of related compouvnds which may have
rdinating pronerties. For exam+le, thc condensation

of salicylaldechyde, cyenide aand iminodincetic acid would be
ed to
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CH,CO0IL
. ) coou - CHacOOH
. LT i /
o ) Ve C——1
| l € COOH YT 5§ \
| 2 I . CH2000H
X i K v
M T .
"l OH
HG i
Schiff Basc Hydrolysis Product

The analytical »ronerties of both complexones nay
oS

ck

prove oi inter . From the noint of wview of the organic
chemist, the reaction is useful as it »rovides an easy
preparation of Z2,hydroxyphenylglycine, a hitherto unreported
emino acid, the »reparation of which would othervise be
fairly difficult.

Ze__dhe Use of High Intensity Sharp Line Sources.

The rare earth elements have been determined spectro-

photometrically ir concentrated solutions (gg.lo_lm) by

.
sleans of their sharp absorbonce lineng Unfortunately,
these lines are of low extinciion (&_max”“'lo) and, there-
fore, trace determinations by snectrovhotometry have heen
rendered impossible. The use of spectrofluorimetry for

the determination of rare earth ions has been confined to
the highly paremeginetic ions dysovrosium,curopium,gedolinium,
samariun and terbium, because they readily accept energy

from suitable donors. The adirect measurement of these ions



tsing a high int ity, ¥enon lamp and low resolution mono-
chromators is imnossible because the blanls ammlification
is also high, If hizh intensity line sources were used,
such as hell athode lomws or clectrodelesc microwave

excited discharge tubes, the amplification of the blanlk

vould be small in comraorison with that of the rarc earth

absorntion, The technicue would, in fact, be very siodlar
to atomic fluorescence. &£lternatively, rare earth lasers

could be used as celective excitation sources if very high
intensitics were found necessary. In this wey, the range
of rare carth ions capable of bLoing determined by svectro-

fluorimetry could be extended.

L. Polarised rluorcscence.

The effoct and theory of wnolarised fluorescence has

07

. : L C
been investigated extensively by Perriid and comnrchensive

. , . 106, 1t

reviews on the subject have becn published by “ebers~™? 99
If a nuaber of fluorescent melecules in solution are

irradiated with polarised light, then only those molecules

=S

vhiich are suitably oriented will absorb the nolariced

light I7 the nolecules do not undergo rotation while

in the excited state, the flucrescence emissicn will also
be »nelarised, althouzh not necessarily in the same dircct=-
lon as the incident radiation.

i

The author has carried out some exploratory worit on
the effect uwsing two nieces of polaroid plcstic as the
polarising and analysing polars, . If ieasure=
ments of the fluorcscence arce made with Yerossed" and
"uncrossed’ polaroids the polarisation (p) can be found
from the oxnression.

LT+ - TIs

P = =
Iy + I,



“here I is the

viith uncr

Ix is the Tluorescence

crossed

Initial experincntis,

hydroxyquinolates,

ssed »olar

nolars,

flucrencence

using zi

ne end

vith

}_J
M

1
L

intensity

aluniniun 3,

were carried out to find the differences

xhibited by two substonces having similar spectral charact-

stics but very differcnt molecular geometries. The

ults helow (table 1§) indicate fthat the fluorescence

from the zi

that of 2lumiaium

g
o
}_J
)
=]
p
6]
5]
s
}_1
o
=]
o
1=}
o
=3
O
rt

Table 13.

luorescene

he

inc chelate 1s polarised to a higher degree than

chelate. recults also show that the

sone Metal Chelate Comrounds.

Complex Solvent Conc. Polarisation
Zn(oxinate) Glycerol 10”1 5(0)
i ) " 1071 0.4(5)
" CTAB " 0.3(3)
n Cciicl, " (7))
3
1(owinate) . Giycerol 10771 0.3%(0)
i " 1077 0.2(7)
d CTAB " 0.1(9)
" CICl, L 1(L)
2
AL(SAP) Glycerol 1070y 0.5(0)
1 g(5LBF) Glycerol 1077 -0.03

CTLB 1077 cctyltrimethyl

SAP Salicylidene 2, am

r1on R

onhenol.

vromide in water.

SLBF is Salicylidene 2,3 diaminobenzofuran.



fluorescence hecoumes denolarised as the concentration
increases and as the viscosity of the solvent ic decrecsed;
in hoth cases re-orientation of the ezcited snecies beccmes

more »robable,

The problem of re-orientation of the excited molecules
has been overcome by the use of glycerol-vwater as a solvent.
vhe very high viscosity of this tyne of medium hinders
molecular rotation, but the solvent is incenvenient and
nessy. ‘the use of long chain surfcce active agents or
colloidel wnrotein molecules is currently being cxramined as
a necns of reducing wolecular rotation. idditional
selectivity mey be obteined becausc of the different

adsorotion characteristics of the species involved.

inother nossible use of plarised fluorescence may be

found in the determination of rere carth icns. ¥ith high
instrumental amplification, the blanl: value ceaused by

scottered light is a limitiang factor; this would be even

slore serious with the resonance fluorescence systems

nostulated in section 3 oi this chanter. Cur present work
has shown that polarised lizght does not hecome appreciably

depolarised on scattcring; in contrest, the symmetrical,

fluorescent rare earth ions would be exnccted to completely

denclaorise the fluorescence enission, rclative to the
incident radiation. The use of crcssed molaroid filters

wvould, thercfore, be exnected to imnreve the fluorescence

to blank ratio cousiderchly.

i
(o]
o
4]
0]
(]
s )

nolarised fluorescence techniques in the
determination of fluorescent, ontically active compounds,
e.g. ouinine in the »recence of quinidine, is another

aspect of this phenomenon worthy of inspection.
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In conclusion, it might be pointed out that besides
being & usefvl ecnalyticol technicue for the determination
of traces of meterials, spectrofluorimetry nas been used

in the solution of general chemicel nroblem The technicue

4

hes bheen emnloyed in the iavestigation of organic molecular
ilo | . . - .
comnlexes ; in the examination of notenticl rare earth

" 99 .

laser materials ™ ; din investigatio 10 of the chepistry of
111, .
snectrosconically excited states ;Qnd nolarised fluor-

ascence has been used in the determination of molecular

]O(,IOS In view

dimensions of large molecules in solutione.
of this, it would anpezr thzat this is an area of trace
analysis which will undergo consicderable develomment and

vield very valuable results in the near future.
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APPENDIX I.

FORTRAN IV COMPUTER PROGRAM, USED TO CALCULATE

- QUANTUM YIELDS OF FLUORESCENCE.

Time for Jjob:
0.13 mine PUFFT Two Spectra.
0.6 min. IBSYS Two Spectra.
0.23% mine. PUFFT Four Spectra.
0.7 min. IBSYS Ten Spectira.

The program corrects experimentally determined
spectra for variations in quantum response of photo~
multiplier tube and anal¥sing monochromator, sums the
area under the corrected curve using Simpsams Rule,
normalises the corrected and uncorrected spectra, and

prints out both in the form of a graph. The complete
program is given in this appendix together with

the output for one substance,anthracene.



. D00413 10014013 - T o

$IBFTC DICK

DICK - EFN 'SOURCE STATEMENT - IFN(S) -

3HIGH(60,12),UPL(12)
DATA BLANK,POINT,PLOT/1H ,1H#*,1H./ ' R ey

2TRUEHT(60112)1AREA(12).UPLIM(IZ)yXY(IZ)gIB(12)gIl(IZY“YAXIS(BUWy—;égfiz;

C TO OBTAIN CORRECTED INTENSITY IN QUANTA PER UNIT FREQUENCY

DO 5 I=1,51

READ(5,1000) FREQ(I),FACTOR(I)y(HEIGHT(I,J), J 1110)

1000 FORMAT(F4.2,1XsF5.2510(1X;F5.1)) T

DO 10 J=1,10

C CORRECTION OF SPECTRA « B e

HIGH(I,J)=HEIGHT(I,J)/FREQ(I}#x2

TRUEKT(1,J)=(HEIGHT(I,J)/FACTOR(I))/FREQ(I)#2 < ~~- " === ——-om oo o

10 CONTINUE

5 CONTINUE R

C TO SUM AREA UNDER CORRECTED CURVE BY SIMPSONS RULE

DO 15 J=1,10  TTITTTESTEESTITAT

0DDS(J)=0

EVENS(J)=0

DO 20 I=2,50,2

EVENS(J)=EVENS (J)+TRUEHT(I,J)
20 CONTINUE

DO 25 1=3,49,2 : TR T

0DDS(J)=0DDS(J)+TRUEHT(I,J)
25 CONTINUE.

AREA(J)=(0.02/3. 0)*(TRUEHT(1:J)+TRUEHT(51,J)+4 O*DDDS(J)
2 +2.0#EVENS(J)) A S
15 CONTINUE :
C TO DETERMINE UPPER LIMIT OF CURVE AND PLOT CORRECTED AND AND UNCORRECTED SPECT

DO 30 J=1,10

UPLIM{J)=0

UuPL(J)=0

WRITE(6,1004) AREA(J) =
1004 FORMAT(1H131H CORRECTED EMISSION SPECTRUM DF/6H AREA= F13 4/

217H FREQ. INTENSITY/6X;11HUNCORR CDRR,bX,ZH*O,18X,3H*20717X::::;;7;

33H#40,17X,3H*60, 17X, 3H*80/)
DO 35 I=1,51
IF(TRUEHT(1,J)<GT.UPLIMIJ)) UPLIM(J)‘TRUEHT(IpJ)
IF(HIGH(I,J).GT.UPL(J)) UPL{J)=HIGH({ I+ J)
35 CONTINUE
DO 45 I=1,51 ,
TRUEHT (I, J)=TRUEHT(T,J)#80.0/UPLIM(J)
HIGH(IsJ)=HIGH(1,J)*80.0/UPL(J)
. DO 40 K=1,80
240 YAXIS(K)=BLANK
I1(J)=TRUEHT(1,J)
12=1104)
IF(12+LE.1) 12=1
- IF{12.GE.80)  12=80

D89




-~ D00413 . 10014013 e
DICK - EFN  SOURCE STATEMENT - (s

(PAGE 2

YAXIS(I2)=POINT
I3(J)=HIGH(I,J)
14=13(J)
IF(14.LE.1) . I4=1
IF(14.GE.80)  I4=80
YAXIS{I4)=PLOT = ' " N

C TO PRINT OUT RESULTS AS A GRAPH OF CORRECTED SPECTRUM V UNCORRECTED T )

. WRITE(651005)FREQ(I)sHIGH(T,J), TRUEHT(I4J),YAXIS . =" = —===——= === 108~ = =

1005 FORMAT(1X,F4.2,2XsF5e112XsF50 114X, 1H. 180AL) -
45 CONTINUE [ S
30 CONTINUE
T osToP - . RS — )
END




C2.68 . 33.3 4l1.8

CORRECTED EMISSION SPECTRUM OF ANTHRACENE @ 0 =omoooomiome o= & c o
AREA= 0.1093

FREQe. INTENSITY -~ - A S E T e e e o T e T e
. =20 ) Y T T *

UNCORR CORR
2.72  16.3 . 21.4
2.70 25.2 32.3

*
o

2.66 51.2 63.3
2.64 57.2 69.6
2.62 36.3 42.8
2460 278 . 3l.4
2.58 40.8 45.2
2.56 " 63.8 65.7
2.54 80.0 80.0
2.52 : 71.1 T 6907
2.50 52.5 51.5
2.48 38.5 = 37.8
246 2849 28e7
244 29.5 29.2
242 35.2 34.6
2,40 41.4  40.6
2.38 4l.4 40.7
2036 33-0 '32.4
234 19.7 19.2
2.32  14.8 33,8
230 13.6 13.0
2.28  l4.4 13,7
2426 15.4 14.5
2.24  14.7  13.8
222 12.4 11.6
2020 - 9.7 S
2.18 6.2
2.16 4ot
3.6
2.9
1

e S ap—~

2.14

2.12

2.10 2.
2.08 =0. -0.
2.06 -0' -00
2.04 =0 —00
2.02 -0. -0.
2.00 -0. -0.
1.98 -0. -0.
l1.96 =0. -0.
1.94 -0- -00
1092 -0. -0
1090 -0. -Oo
1.88— ‘-0. ‘-0.
1.86 -0. -0.
1.84 =0. -0..
1082 -0. -Oo
1.80 -0 _0.
1078 -00 _00
1.76  -0.. =-0. .. » B byl e S
1.74 _00 -00 .

1.72 -0.  -0. . | gl hofEmieo en




CHENICAL PROOI' 03" THE STRUCTURE OF BIS SALICYLIDENE
2,5, DIAHINO BEHNZOFURAN (SADF).

Yiork carried out by J. E. Baldwin and D, J. Blythin

on the ztructurzl determination of SARF is described here.

Acid Hydrolysis of SARF.

SACT in refluxing ethanol was hydrolysed with the cel-
culated volume of concentrated hydrochleric acid for 30
minutes. The solution was evaporated to dryness, water
added and extracted twice with ether. Salicylaldehyde
was obtained from the ether extracts as the 2:4 dinitrophenyl-
hydrazone and as the semicarbazone. The agueous layer vias
eveporated to a small volum®, more hydrochloric acid added
and refluxing continued for 3 hours. The mixture was
evaporated to dryness to remove hydrochloric acid, a small
volume of water added and then silver oxide until neutral.
Silver chloride was filtered off, the filtrate evanorated %o
dryness, the residue recrystellised from ethanol/water, and
finally dried over phosm»horus pentoxide for 10 days at 60°c

to remove water of crystallisation.
Mnalysis:

57.5%, H = 5.5%, ¥ = 8.1%.
80!{.‘,’6

TFound: C
Calculated: C = 57.5%, H = 5.4%, 1

i

The mass spectrum gave a molecular weight of 165 and the
infrarcd and n.m.r. spectra were consistentwith the structure

belov:

- CH(NHp )= Ccool

OH



The amino acid could have been formed from either
(II) or (III) on nage 68.

lodine Reaction.

SHEDF (5g) in refluring ethanol was treated with iodine
(1.85g) in ethanol. Themixture was refluxed overnight
wvith more iodine (1.85g) and for a further 5 hours. The
solvent was removed under vacuum, the residue dissolved in
ethyl acetate, washed with water, sodium thiosulphate
solution, and water., The dark green solution remaining was
dried (with magnesiun sulphatel evaporated and extracted
wvith benzene to leave a yellow solid which was filtered and

vashed with benzene.
Yield 623 mg (18%).

The »nroduct was purified by chromatogranhy on an
alumina column to yield 484 mg of material HMelting Point
271 - 2730C (wvith decomposition). The purified compnound
vas then sublimed at 0.5 mm, 23000 to give a compound of

molecular weight 250 (mass spectrun).

The structure below was sugiested for the iodine

reaction product: -




inalysis:

71.8%, H = L.2%, ¥ = 10.7%, I = O%.

72.0%, B = Li35, T o= 11.2%.

e
|

Found: C
Calculated: C

The infrared sw»ectrum wes in accordance with the
structure provosed and the molecular formula was finally

confirmed by masEs neasurenent.

Bromine Reaction.

The isoleotion of the amino acid and pocsibly the iodine
reaction product could he ernleined {rom the structures (II)
or (IIT) on page 68. The browmination reaction was designed

5

to distinguish between (II) and (IIY), according to the

reaction scheme overleaf.
SABYF (5g) was dissolved in benzene (150 ml) and was
stirred at room temperature. o this was added a benzene

golution of »yridine werbromide (21.0g vrepared in situ)

during several hours. hen T.L.C., showed the absence of
startiag material, the mixture was filtered, the organic
layer weashed with sodium thiosulphatc solution, water and

finally dried using sodiuwm sulvhate. The solution was
evaporated to a darik oil and a solid, treated with a snall

volume of hot benzene, cooled and filtered to give an orange-
rol

red s0lid which was dried and used for the hyd ySis.
Analysis:

Tound: Br = 31.9%.

Calculated: Br = 31.2% (Dibromide),

‘fhe brominated adduct was hydrolysed using concentrated
hydrochloric acid as before anc¢ the ethereal and agueous
extrocts exanined.

Tther extract - Lxamined by n.wm.r., mass spectroscopny,

7.L.C. and G.L.C. To smlwcylaldehjde could be found.  The
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oH

product appeared to consist of mono bromosalicylaldehyde

with some dibromo sclicylaldehyde.

Agueous extract - The extract was evavorated to dryness
(90 ng solid), dissolved in cold water and refluxed for 3
hours with concentrated hydrochloric acid (Iml). The
solutlion wcs evaporated to dryness (6%mg) to give a mixture

of the amino acid and ampmonium chloride from the hydrolysis.
Total halogen  26.17%

Ionic halogen  26.24%
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This demonstrates the absence of halogenated amino acid.
The residuc was examined further by mass spectroscopy and
shown to give a similar mass swectrum to the amino acid
obtained by direct hydrolysis of 3ALTE.

T

is worls proves the structurc of S/BTF to be:

-0

HC

P F
“ OH

I

Prenaration of Analogous Comnounds.

Various secondery amines have been substituted for
ammonia in the SATT preparation. The author has
prepared the morpholine and pineridine analogues by a
similar method to that described for SADF. The isolation
and purification of other adducts is easy and will not be

deseribed hecause of the similarity to the SADT preparation.
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Found %

Calculated %

fmine Used [HPt,. C H i) c H N
Dimethylamine 71° | 73.06 5.62 10.0L | 72.8L 5.75 9.99
Diethylanine - 74.17 6.55 9,00 | 7L.00 &.54 9.08
Pyrrolidinc 119° | 74.30 6.10  9.13| 7...9 5.92 9.1L4
Piperidine 140° | 7L..8L 6.27  8.57 | 74.97 6.29 8.74
H-ethyl-o-toluidine|151° | 77.4k 5.73 7,77 | 77.51 5.66 7.86
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ERRATA

Abstract 2nd para, lst sentence Read "Several azomethine
(Schiff Base) compounds were prepared and their reactions

with some metal ions investigated'.

Last para Read "....some suggestions for future

work have been listed...eees"
Page 33 7th line up for "wavelenght" read "wavelength"
Page 104 2nd line up for "stoiometry" read "stoichiometry"

Page 142 Ref 57 for "Drushell" read "Drushel!
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