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ABSTRACT

Several reactions involving purely inorgsanic species have
been investigated in connection with their applicability t6 inor-
ganic spectrofluorimetrie analysis. The ¥iolet flilorescence of
lead in hydrochlorie acid-potassium chloride medium has been
employed for the deteritination of 10-60 je 6f leads The sénsiti-
vity of the procedure compares favourably with those of spectro-
photometric methods, Interference froit some ions is elimimated
by the use of masking agents.

The fluorescence characteristics of some inorgznic complexes
in hydrochloric and hydrcbromic acids at liquid nitroger tempera-
ture (~196°C) have been investigateds Several of these complexes
which are not fluorescent «t room temnerature exhibit intense
fluorescence emission at low tenperature, while thése which

'
fluoresce at room temperaturc show much increased intensity of
fluorescence at -196°C, Because of the small sample volume (0.5 ml)
required for quantitative measurements in the spectrofluorimeter,
very sensitive absolute detection limits Have been obtained for
many elements in: both acid media.

The determination of tellurium by utilisation of the red
fluorescence of the tellurium (IV) chloro-complex in hydrochloric
acid at -196°C is described. The method is simple, sensitive and
Highly selective and illustrates the analytical application

of inorganic spectrofluorimetry at low temperatures. The



procedure has also been applied to the determination of traces of
teljurium in lead samples,

The low temperature fluorgscence of inorganic complexes in
sulphuric, phosphoric and perchloric acid glasses have also been
studied. Except for cewium (III) and uranium (VI), no fluorescence
emission has been observed from other élements selécted for the
investigation in any 6f these thriee acids.

In the final chaptery the results of experiments conducted to
compare intensities of several spectral sources are discussedy and
some initial results for the determination of traces of éther

cations by low temperature spectrofluorimetry atre described«
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INTRODUCTION

When a beam of light passes through a material, part of the
light will be sbsorbed, part will be reflected, part will be trans-
mitted and a part will be scattered in various ways. Absorption
takes place in discraete units or quanta, the energies of which are
eqlial to the product hv, where v is the frequency of the light and
h is Planck's constant. The subsequent re-~emission of the absorbed
lighty usually as quanta of lower energy, constitutes the phenomenon
of luminescences Luminescence whigl may bhe in the ultra-violet or
visiﬁle reglon of the electromagnetid spectrum i& shéwh by solids,
1liqiiids or gases and may be classified as fluorescence or phos-
phorescence. The essential difference between these two forms of
luminesdence is in the duration of the emission after the source
of excitation i1s removeds Iluorescence detays almost instantaneously,
ise4 usually within about 10"8 segond, whereas phosphorescence may
have a lifetime from 10-4 second up to tens of secondse

Solutioni spectrofluorimetry is gradually becoming recognised
a8 a useful technique of analysis in view of the remarkable analytical
sensiti?ity and versatility which it 8an offer. Instrumental
developments in the measurement of fliuorescence since 1935 have
extended the application of this technique to trace analysis. Its
role in inorganic analysis has been gréatly enhanced by the use of
reactions yielding fluorescent products,

The theoretical and instrumental aspects of the technique of
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spectrofluorimetric analysis lave been Well described by Bowen1,
Pringsheima, BartholomewB, Parker and Reésh, WEstB, Hercules6 and
Guilbault?o The application of the technique to the determination
of trate metals has been reviewed in bsoks by Radley and Granth
Séhlezinger-KonstantihoVag, Bozhevol ‘nov © and Wh:‘.te11 in addition
to the comprehensive surveys of White12 in the Analytical Chemistry
Blemnial reviews,

Fipure 1
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The process of absorption and subsequent re-emission of radiant



énergy is best described by reference to Figure 1 which shows an
energy level didgram representing the electronic states of a light
absorbing polyatomic molecule. Each 6f the electronic states has
4 niimber of vibrational sub-levels associated with it; and because
of thisy the energy of excitation does not cérrespond to a discrete
wavélengthy but to a rangeé of wavelengths. Herice the absorption
(and fluérescende) spectrum occurs as a band and not & sharp line.
When a molecule &bsorbs light it undergoes a transition from
a vibrational level of thevground electronié:state to séme vibra-:J
tiorial level of one o6f the upper electromically excited stétes.'
These energy states are designated singlet of triplet depending on
whether the electron pairs have antisparallel or parallel spins
vespectively. VWithin 10°12 secy thé ex¢ited molecule returns to the
lowest vibrational level of the first excited singlet state by
non-radiative transfer of the excess energy. This may be accom-
plished by collisicnal tronsfer to other molecules or by transfer
to other vibratioral and rotational modés of the molecules The
lifetime of this state is 1677 4o ﬁOh7Sec, and the returs of the
molecdule to the groimnd state with accompanying dissipation of
eneérgy can be achieved in seéveral waysis

1) Fluoresdence - The molecule emits a phofon corresponding

to the ernergy difference between the lowest vibratiohal level of

the first excited singlet state &nd any vibrational level of the
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electronic ground states The fluorescence decay time is effectively
equal to the lifetime of the first excited singlet state.

2) Internal Conversion - With many molecules which do not

possess rigid structures, the excess energy is largely spent by
transfer into increased vibrational energy and thermal activity of
the molecules which result in non-radiative intermolecular collisions.

3) Intersystem Crogssing - Although population of triplet states

by direct absorption from the ground state is insignificant, a very
efficient process exists for the "forbidden" transition of the
molecule from the first exeited singlet state to a triplet state.

A singlet-triplet transition is approximately 105times less probable
than a singlet-singlet transition. As radiationless vibrational
processes (such as internal conversion) cen occur in approximately
1Oh13 sec, the time required for a vibrational couplihg of the
excited singlet and triplet states would be approximately 1Oéﬁ3x 10°
i.e. 10‘8 see, which is the same order of magnitude as the lifetime
of an exc¢ited singlet states Hence, intérsystem crossing can
compete with fluorescence emission from the lowest vibrational

level of the first excited singlet states

) Phosphorescence - If intersystem crossing occurs, then a

radiative transitich between the lowest triplet state (whose life-
time is ca. ’lo"‘4 t6 10s8) and the ground state may be observed,

and this emission is called phésphorescence.
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If all of the molecules excited by absorption of light return
to the ground state with the emission of fluorescence, then the
quantum efficiency of fluorescence, which is defined as the fraction
of excited moleculeg that will fluoresce, is one. Because of factors
discussed above, this does not happen in normal practice and for
practiéally all molecules the quantum efficiency is less than one.
By definition, the intensity of fluorescence equals the intensity
of light absorbed (in quanta per unit time) multiplied by the
guantum efficiency of the system, ise.:-

F 10(1—10“G°l) . 4

I

total fluorescence intensity (in quanta per unit time)

I

where F
I = intensity of exciting light (in quanta per unit time)
¢ & molar absorptivity of the fluorescing solute
c = molar concentration of the solute
1 = path-=length of solution (in cm)
and g = quantum efficiency of fluorescence
For a very dilute solution in which only asmall fraction of
the inéident light is absorbed, the fluoresc¢ence equation simplifies
tot=
F = 10(2.3601) #
Thus it is seen that the fluorescence intensity is directly
proportional to the intensity of the exciting light and the concen-
tration of the sclute., The linear equation serves to illustrate

the basic difference between absorption spectrophotometry and
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speetrofluorimetry. In the former, the basic equation is

A(absorbance) = Log I,

I

where I = intensity of transmitted light
Any increase in T, will produce a cdorresponding increase in It
with no net gain in the analytical signal As With fluorestencey
however, any increase in I0 will produce a correspondifig increadse
in the fluorescenée signal Fe Hence, the anhalytic¢al sensitivity
of spectroflvorimetry is inherenﬁlf gréster than that of absorption
SpectrOPhotometry.

As afi analytical fosl solution spectrofliiorimetry is gévéirned
by two factors which limit the sensitivity of any fluorimetric
method:

(a) With instrumefits which ave riot fitted with a blank "backing-
of f" device, the limit of determination is set by the value of the
blank flusrescence. This may be due to the fluorescende of the
reagerit or impurities in the reagent ised iunder the conditions of
the determination, or it may arisc from first and second order
scattering of the exciting light and Remsn scattering by the
solvent . The blank flucrvescence due t6 impurities in the reagent
may ofteni be reduced or eliminated by purification but that due to
Raman scattering by the solvent cannet be overcome in this waye
(b) With instruments which are fitted with a blank "backing-ofif

device the limit is set by the thermal noise of the photomultiplier
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ahd circuit.

Apart from these two factors, other phenomena exist which have
a deleterious effect on the efficiency of fluorescence of moleciilar
species. Such phenomena which reduce the fluorescence may be
blassified as quenching effects i.e, those which reduce the gquantum
efficiency itself, or as inner-filter effectsy i.e. those in which
interference results mechanically from absorption 6f the incident
or emitted radiation by a foréipn spécies without having any
effect on the value of 4, the quantum efficienty. Quenching processes
may be due to several causesis

(a) Intermolecular Collision and Temperature Effect

Collisional deactivation of excited state molecules with others,
particularly the solvent molecules, results in a decrease or elimina-
tion of fluorescences An increase in temperature produces an increase
in colligional frequency which causes a marKed decrease in the fluor-
escence. Generally, negative temperature coefficients of 1-2 percent
per degree centigrade at room temperatures are Very common. The
use of low témperature will decrease inter~-molecular collisions
and result in increased sensitivities in fluorimetric measurements.
Ohnesorge and Rodger‘s14 have shown that several oxinate complexes
are more intensely fluorescent at low temperature than at room
temperature. Up t6 recent times, low temperature fluorimetry has
found very few inorganic, analytical applications although the

technique of phosphorimetry has been extensively employed in
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analyéis of organi¢ compounds in various media. Probably the main
reason may be attributed to the difficulty of finding suitable
inorgahic solvents that will form rigid, clear glosses at low
temperatures Huch of the author's work has been devoted to the
study of some inorganic solvents suitable for usé at liguid
nitregen temperatire.

(b) Viscosity of medium

Giiénthing efficiency is decreased by an increase of the viscosity
6f the mediim sineceé the frequeney of inter-molecular collisions is
decteased:

(¢) Effect of metal ions and ionic strength

Digsolved cations affect the fluorescenceé emission particularly
when the¥ complekx the ground state of the organic solute. Frequerntly,
heavy metal ions will quench fludrescence of organic molecules: The
largest effécts are often noted for paramagnetic transition-metal
{otis; siiggesting that the paresiagnetic species incréasés the rate
constants for intersysteri ¢rossinig in the organic molécules

Fluorescénée may alsd be irfluented by Variations of the ionic
strength of the medium when thé fliuorescent species or thée quenehing
agent or bBoth exist as charged spseiess The ionis strength affeets
the aétivity of the ions whilst it may not affect théir analjytical
concentration. |

(d) Effect of dissolved oxygen

One problen of flutorimetry is the ability of moleciular oxygen



to quench excited singlet states of many molecules, especially
aromatic hydrocarbons, in solution. In some cases, oxygen "quenching"
results from oxidation of the solute, Whereas oxygen quenching is
pronounced in many organic systems, it does not appear to have
effect on many inorganic~organic chelate systems. Although many
mechanisms have been proposed to account for the efficiency of
oxygen as a quencher of fluorescence, the one which is frequently
invoked is concerned with the fact that the ground-state oxygen
molecule is a triplet and therefore paramagnetic15. The formation
of its singlet excited level requires relatively low energy.
Quenching may, therefore, occur by long range dipole-dipole trans-
fer of a singlet excited molecule withlthe triplet ground state
oxygen molecule producing a singlet excited oxygen molecule and a

triplet state form of the other,.

(e) Exeimer Formation

As the concentration of a fluorescent solute is increased, a
decrease in fluorescence yield is frequently observed and this
phenomenon is termed self-quenching. In many cases, this results
from the formation of *excimers™. An "excimer" is a dimer formed
by reaction of a ground-state solute molecule with another in its
lowest excited singlet state. Excimer formation may be minimised
by intreasing the viscosity of the medium.

Non=quenching processes also exist which may reduce fluorescence



16

without acting upon the quantum efficiency, ﬁs in any way. The
most common of these processes is the inner~filter effect. This
arises when a substance in the solution absorbs light at the wave-
length of excitation or emission of the fluorescent solute when a
reduction in the intensity of fluorescence will result. A "satura-
tion inner-filter effect’ may occur when there is a high concentra-
tion of fluorescent solute in solution. In such systems, the
fluoreséence signal varies with distance from the front face of the
cuvette.

Progress in the application of the technigque of solution
spectréfluorimetry to inorganic analysis at the trace level has
bheen reviewed periodiCally by White and Weissler12. Very few
applications inveolve purely inorganic fluorescent systems. Of

6,17

these may be mentioned the Ce/As redox system,l where measurement
of the fluorescence of Ce(ITI) formed on reduction of Ce(IV), has
been shown to provide a method for the determination of arsenic.

The fluorescence of thallium(I)'® and lead O

in the presence of
¢hieride ions have also found analytical applications. Most
fluosrescénce reactions, however, involve the formation of a metal
chelate compound. dJust as in absorption spectrophotometry where
there are two possible routes (1) the production of colour, or (2)
the diminution of pre-existing colour, so two analogous routes
are open in spectrofluorimetry. A great many fluorescent

reagents may have their fluorescence "quenched" by reacting them
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with metal ions, e.gs Calceinao or Calaein Blue21 by ions such as
copper (II). A number of procedures are available where reaction
of a metal ion with a non-fluoresecent organic reagent produces a
positive fluorescence e.s gallium with Rhodamine 322. Lastly, a
metal ion may react with a fluorescent reagent te produce a complex
which fluoresces at a different wavelength ng. aluminium or
beryllium with 2-hydroxy-3-naphthoic acidaz.

A brief mention should be made of intramolecular energy systems
which have been employed, particularly in the analysis of the rare
earth elements. In these systems, the chelate absorbs energy
characteristic of the ligand species, but re-emits energy which is
characteristic of the metal. The chelates of many of the rare earths

e.g. europium with benzoylacetone24 are examples of such systems,

Instrumentation

Several instruments are now commercially available for the
analytical application of fluorescence phenomenon. The author's
work involved the use of two instruments, the Farrand spectro-~
fluorimeter and the Amineo--Bowman spectrophotofluorometer.

Figure 2 shows the basic lay-out of the Farrand spectro-
fluorimeter. The optical system and the actual instrument are
shown in Figs. 3 and 4.

Radiation frbm a xenon arc lamp is focussed by an off-axis
sllipsoidal reflector on the entrance slit of the excitation

monochromator. Light of the selected wavelength is directed
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from this monochromator into the Sample chamber, and the resultant
“fluorescence, at right angles to the incident radiation, passes
through a slit into the analysing monochromator. The signal from

the photomultiplier is amplified and read on a microammeter. or

transferred to a chart recorder.
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The light source is a high-pressure 150 watt D.C. xenon arc

lamp which gives a continuous spectrum from ZBO'QP to beyond

600 M. The lamp power supply uses A,C, mains input and rectifies

this to D.C. During operation the lamp is cooled by a fan situated

at the top of the lamp housinge.
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The monochromators each have a wavelength range of 220-650 mp
and use replica diffraction gratings with 14,400 lines per inch.
Interchangeable metal slits with spectral halfbandwidths of

1,5,10 and 20 mpy are provided for the entrance and exit positions
of each monochromator,

The szmple compartment, situated between the two monochromators,
is suitable for the use of 10 x 20 x 50 mm quartz cells (used in
author's work) although it is also possible to use 10 x 10 x 50 mm
and 3 x 3 x 40 mn cells., The cell compartment may be adapted to
take a s0lid sample.

The analysing monochromator is identical to the excitation
mohiochromator and is used in conjunétion with an R.C.A. IP 21 or
IP 28 photomultiplier tube. These tubes vary only slightly in
their spectral response, and were operated from a mains input/900
volts D.C. output stabilised power supply.

The R.CvAv micro.-ammeter has six decade sensitivity ranges which
permit measurements bf'current from 0.0002 to 1,000 n amps. This
is used in ¢onjunetion with a Honeywell chart recorder, the motor
of which is geared to drive either of the monochromators. The
¢hart width is 10 inthes and a complete spectrum scan (220-650 mpn)
octupies 10 inchess A range of chart speeds, from 12 to LO inches
per minute, is available, but it is normally preferable to use

the slowest possible speed o obtain optimum resolution of spectras
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It is also possible to use filters in this spectrofluorimeters
Filters are used to eliminate unwanted radiation within the mone-
¢hifomators which may:result from internal scattering or second
order diffraction. The filters supplied with the instrument were:
A Cornming 7-54 (>755 transmittance between 275 and 375 mp) which
can be used in connection with the excitation monschromater and
Corning 3%=72 and 3-73 (transmittance >75% above 490'qp and above
455 mp respectively)vwhicli can be used with the analysing mono~
chromators

The other instrument used in the author's work is the Aminco-
Bowman spec¢trophotefluorometer (SPF)e TFigses 5 and 6 show the 3PF
and its optical diagram, reépectivelyv FEssentially, the instrument
is a three-component unit that includes (1) an optical unit,

(2) a power supply fér the xenon lamp, and (3) a photomultiplier
microphotometer.

The light source is a high-intensity xenon arc lamp which
produces a continuum peaking at 40O mp and again at 900 mp (beyond
the range of the instrument) and which is located at the focus of
the spherical mirror, MR} (Fig. 6)« The lamp power is supplied
from a d.c. power supply which provides an output voltage of
20" volts to: the lamp. Adir from a blower cools the lamp during
operation.

The: monochromators are plane gratings, each having 600 grooves/mn

and: 52 x 52 mm ruled area. Both monochromators are optically identical






el = AR b

L osuT

B T

FIGURE 6

ST 4 —

ceLl

suT 3

sLIT 2

XENON ARC LAMP

GRATING G-1

EXGITATION
HONQCHROMATOR

MIRRORS

sur 5 . e
SUT 6

" LIGKT TRAP & OESIGGANT CHAMSER
PHOTOMULTIPLIER TUBE

PHOTOMULTIPLIER TURRET (SUT N

PHOTOMULTIPLIER SKUTTER
AND FILTER HOUSING

GRATING 6-2
EMISSION MONOGHROMATCR

MIRRQRS

24

v



25

exdept for a difference in "plage" wavelength between the two
gratingés The excitation grating‘is blazed to produce maximum
intensity at 300 mp, thus reinforcing the output of the xenon

lamp which falls off below 400 mp. The emission grating is blazed
at 500 mp (4st order) to improve the response to fluorescence at
wavelengths from 400-600 mps  Fach monochromator has a wavelength
rapge of 200 to 800 mp and the time required for a complete scan
vabies from 90 to 270 secondse The monochromator gratings are
oscillated by motor-driven c¢ams to which are c¢oupled graduated
diges for visual observation and manual adjustment of wawlengtﬁ.
Potentiometers, ¢oubled to the gratings, supply wavelength informa=
tion ih the form of a de¢s Bignal to the horizental (X) axis of the
o581 1lograph oF 't"he X=Y precorder,

Seven slits are used to define the 1ight in the vieinity of
the sample ¢éll and photormultiplier éube;- and five slit arrange-
hments are possibles Slits 3 through 6 are 48 mm high and the
photomaltiplier s1it 7 is .16 mm high, Some of these slits serve
as baffles to reduce instruiental scatters

Faged quarts @6118;112\5-X 125 mm‘sqﬁarefoutsidq 10 x 10 mm
square inside and 48 mm high are used for fluorimetrit measurements
8t rosm temperature. The instrument may be modified for use in
Yow-temperature Tiluorimetry by incorporating ‘a different cell-
holdery a Dewar holder assembly, a Dewar flask and a micro sample

‘tibe. It may also be adapted for phosphorescence analysis, with
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or without polarization, by using an Aminco~Keirs phosphoroscope.
The Dewar housing has an inlet provided to which gas or air may be
connected to remove condensation on the unsilvered portions of

the Dewar« 1In the author's work, modified quartz sample tubes
from Jencons' have been used in place of the Aminco-Bowman miero
sample tubes. The cell compartment can also accommodate filters
and polarisers which sre used for fluorescence polarization
méasurements.

The detector system employs RCA type IP 21 and IP 28 photo-
multiplier tubes., The photomultiplier housing includes a manually
operated rotary slit-turret and filter holder with shutter control.

The photomultiplier microphotometer amplifies the weak signal
from the detector and the photometer output is indicated on the
self~contained meter, This output signal may alsé be connected
to the vertical (Y) axis of either an oscillograph or an X-Y
recorders, Seénsitivity is controlled by a meter-multiplier switch
and sensitivity potentiometer. Gross sensitivity adjustments are
made with a meter-=multiplier switch which reduces oscillograph and
recorder output gignals, together with meter readings, in fixed
steps of 1/3, 1/10, 1/30, 1/100, 1/300, 1/1000. The meter-
multiplier (MM) positions are numbered 1, 0.3, 0.1, 0.03, 0.01,
0.003, and 0.001 in order of increasing sensitivity. Fine
sensitivity adjustments are made with a sensitivity potentiometer

which continuously a2djusts recorder output signal and meter readings



27

over a range of 3,5 to 1, The angular position of the sensitivity
potentiometer wiper is indicated hy a graduated scale numbered from
O to 50 in order of increasing sensitivity. A dark-current control
cancels photomultiplier—tube dark current by application of an
equal current of opposite polarity to the anode current.

A Bryans X=Y recorder (Model 21001) was ﬁsed in conjunction
with the spec¢trophotofluorometer. Excitation and emission spectra
can be suitably plotted on graph paper which are held down by
thagnetic strips placed on the plotting surface. bThe pen is of
ball point pattern, with readily interchangeable refills of
various colours. |

Most commercizl spectrofliuorimeters, inc¢luding the Farrand
and the SPF, are single beam devices which record "apparent
Fluorescente emission spectra' and Tapparent fluorescence excitaw
tion spectra'’, These spectra are uncorrected for the emission
characteristics of the source, transmission characteristics of the
| monochromators, and the spéctral response of the photomultiplier.

Methods of determining true spectra have been described in detail
| =

. 2 .
by Parker and Rees ). More recently, ¢orrections of instrumental

characteristics for the Far-r'and26 and the SPF27 have been described.
Self-correcting instruments which permit the recording of energy
corrected speétra have also heen devised28’29. Although true

spectra are necessary for comparison of results obtained with other

instruments, the “apparent' spectra, i.e. those recorded by the
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instrument under a given set of experimental conditions, are more
useful for practical, analytical purposes since the spectia obtained
on one particular instrument will be reproducibile. However, because
the sensitivities of the instrumental components may vary from day
to dayy the fluorescense sigrials obtained from a given solution
consequently varys TFor example, the xenon arc lamp may strike
different arcs from time to time, and thus produce different
intensities of light for excitation of fluorescencée. Thus, a
fluorescence standard is necessery for checking the seiisitivity of
the instriments Further, the use of a standard substance of known
quantum efficiency is imperative if a comparison of fluorescence
intensities betweeh laboratories is to be mades Several substances
have been $tudied &s possible &tandards for fluorimetric measure=
mentszs. A solution of quinine bisulphate in 0.1M sulphiiric acid
25

hés been shown to be thie most suitable for the purpose™, and has

become widely used as a flubrescence standard.- 0
As stated earlier, few fluorescenée reactions of pircly

ihorganic gpedieé in solution are Known. The objectives of the

work presented in this thesis were to investigate the analytical

potentiality of some simple inorgaiic systems§ for spedtrofliiorimetric

applicationss Stich systems should have the advantage over the

generally employcd inorganic-organic chelate systeims in having

mich lower "blahk" readings since organic reagents are frequently

contaminated by traces of organi¢ impurity or ph6tocéhemical decoms



pesition productss.

The procedure for lead19 exploits the violet fluorescence
of the species PbCl42- mwnder conditions similar to those used for
the determination of thallium18. The sensitivity of the method
compares favourably with those obtained by spectrophotometric
methods. A few interferences were encountered but most of them
can be eliminated by the use of suitable masking agents or solvent
éxtraotion technique.

The analybical potentiality of low~temperature fluorimetry
has been investigatéd. The study of some inorganic acid solvents
reveals ﬁhat several of these form clear, rigid glasses at liquid
nitrogeit temperature. This permits the study of the fluorescence
characteristice of inorganic complexes in these acids at low
temperature using the conventional right-angle arrangement.
Several halide complexes which are not fluorescent at room
temperature, show characteristic fiuorescence bands at liquid

nitrogen temperaturesq’ja.

In those cases_where the complexes are
fluorescent at room temperature, several féld increase in sensitivity
is obtained by the use of low temperature technique.

The method described for the determination of tellurium as
the fluorescent chloro-complex ab «19600 is simple, sensitive
and highly selective, ané may be applied tc the determination of

Z
traces of tellurium in lead samplesJB.
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CHAPTER T

The Spectrofluorimetric Determination of Lead

Several colorimetric methods are available for the determination
of small amounts of lead in agueous solution; the best known methods

are based on the use of the reagents dithizonezu, diethyldithio-~

5
35, 4 )3 57

t
carbamate (2-pyridyl)-resorcinol (PAR and 1,1 -dipyridyl” ‘.

Methods utilising the absorption of the anionic chloro-complex of
lead in the ultra-viclet at 271 mp have also been reported.38’39
While the spectrophotometric determination of lesd with these
reagents is frequently sensitive, the reaction between lead and

the reagent in solution is usually unselective, and recourse is
'necessary to priorvseparation of the lead from other ions or to
extensive use of masking agents.

Bozhé&ol'nov and Solov'evqo have proposed a fluorimetric
procedure for lead which is based on recording the fluorescence
observed from lead in hydrochloric acid at -70°C. No other
spectrofluorimetric method for thé determination of lead is available,
although several spot tests have been reported for the detection of
lead which exploit the formation of insoluble fluorescent complexes
of lead with organic reagents. For example, when potassium iodide
and pyridine are added to a solution containing lead, as little as
0.25 pg of lead suffices to give a precipitate‘of Pb(CsHsN)zl2

which shows a strong yellow-brown fluorescence under ultra-violet
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1ight41. An equally sensitive test can be obtained for lead with
morin; a yellow-green fluorescencé is obtainedh1.

This chapter describes the investigation of the fluorescence
observed for lead in the presence of potassium chloride in con-
centrated hydrochloric acid and the development of a method for
the determination of microgram amounts of lead using the violet
fluorescence produccd, The fluorescence of lead and thallium (I)
in concentrated chloride media was first reported by Pringsheim
and Vogelsqa, and the spectrofluorimetric determination of thallium
in this wﬁy has been reportedqg. Icad, copper (I}, tin (II) and
cerium (III) also show characteristic fluorescence emission under
similar conditions18, but only the lead emission is of sufficient
intensity to be analytically useful. The violet fluorescence for
lead has been attributed by Pringsheim and Vog01542 to the complex
anionic Pb0142~ species. The work of Merritt, Hershenson and

38

Rogers” suggests that the absorption spectrum observed for lead

in concentrated chloride medium is cheracteristie of the speciles
PbClhaf, and this is most probably the species also responsibié:”“
for the fluorescence emission. Thié fluorescence is only observed
in the presence of very large amounts of alkall chloride and
hydrochloric acid. Consequently, the standard optical methods
(mole ratio, slope ratioc and continuous variations procedures)

for elucidation of the ecupirical formula of the fluorescent complex

cannot be epplied. In the method reported here the fluorescence
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emission is measured at 480 mp using an excitation wavelength of

270 my in a concentrated hydrochlbric acid-potassium chloride medium.
The optimum conditions for the determination of lead have been
established, and the effect of numerous ions has been investigated,
The interference from several ions may be eliminated by the addi-

tion of masking agents.

EXPERIMENTAL

Reagents

Standard Lead Solution

A i072M 1lead solution was prepared by dissolving 0:3312 g of
Analar lead nitrate in water and diluting to 1 litre, using water
from an dll-glass distillation apparatuss This stock solution was

] .
diluted to 10" M as requireds

Hydrochloric acid

Analar grade was used,

Saturated Potassium Chloride Solution

This was prepared by dissolving cas 150g of Analar grade
potassium chloride in 500 mls, of boiling water, and allowing it
to crystallise on coolings The saturated solution was approxi-

mately 4.1 M in potassium chlorides

Stannoiis Chloride

A 107°M solution was prepared using general purpose reagent
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grade salt.

Sodium Sulphite

Analar grade salt vas useds

Foreipn Ions

0.01M solutions of Analar grade salts were used,

Apparatus

Fluorescence measurements were made with a Farrand spectro-
fluorimeter (Farrand Optical Co. Cat, No. 10424L4) described in
*Introduction. TFused ocuartz cells (10 x 20 x 50 mm) were used
throughout the work. Fluorescence was meésured at right angles to
the incident light suchi that the meaun solution path-length of the
exciting radiation is 5 ma and that of the fluorescence emission is
\ﬁO mms 20 mp bandwidth slits were used in both the exciting and
analysing monochromators, and no filters were used during these

experiments.,

Spectral Characteristics

Fig. 7 shows the excitation and emission spectra for the lead
(II) ion in hydrochloric acid-potassium chloride solution. The
lead concentration used was 25 x 1O"AM and the spectfa were
plotted on the XI sensitivity scale. Curve (A) was obtained by
measuring the emissién at 480 wp while for curve (B) the excitation

wavelength was set at 270 ?r. These spectra are uncorrected for
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variations in the emission ¢haracteristics of the lamp, the trans-
mission cfithe two monochromatoras and the response characteristics
of the IP 28 photomultiplier. Thé relevant correction curves are
shown in Fig. 8. Curve (B) is éuPplied by the manufacturers and
relates the photowmultiplier sensitivity with wavelength. Curve
(A) shows the spectral characteristics of the lamp and the excita-
tion monqchromator after correction for the photomultiplier reSponSeq6,
| The extitation maximum occurs at 270 mp and the fluorescence
efiissiond maximim at L3O i1 Tig. 9 shows the uncorrected emission
spectra of more dilute solutions at much increased sensitivity with
wide (20 mp) $lits and no protective filters: These spectra weré
plotted on fhe X0s1 sensitivity scale using an exc¢itation wave-
léngth of 270 mpe  Curve (A) was obtained with a lead concentra=
tion of 1OL6M and curvé (B) with no lead present. The peak at
appraximately 550 ma is attributed to second~order diffraction
from the analysing monochromator grating: The peak at approxi-
mately 350 mp migy have been caused Dy fluorescent impurities in
the solvefits used; but Woodward has demonstrated for thallium (I)
that the main calise is dus to stray radiation within thé mono=
chromaﬁorsﬂéa The tailé of the\th peaks shown in Fig. 9 make
ip the Blank fluorescence at 400 m1s The signal at this wavelength
is directly proportional to the 1ead‘ concéntration, but calibration
curves plotted at this level of concentration pass above the origin

for redscrs mentioned above,
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Effect of Hydrochlorigkgp:ﬁ;gggi;Eopassium Chloride Cohc~ntrations

Tests were carried out to establish the optimum amounts of
hydrochloric acid and potassium.chlofide for the determination of
lead by varying their concentrations dependently. In a solution
3.32M in hydrochloric acid, the fluorescence intensity increases
with increase in potussium chloride concentration and attains a
maximum when the solution is O¢8M in potassium chloride. The
fluorescence intensity decreases slightly beyond this level and
potassium chloride teuds to precipitate by the common ion effect
at higher concentrations of the salt (Curve A,; Fig. 10). Similarly,
by keeping the potassium chloride concentration constant at 0.8M,
it was shown that a 3,3M hydrochloric acid concentration is neces=
sary to produce meximun fluorescence (Curve B, Fig., 10)¢ Thus,
the best solution: should be approximately 3.3M in hydrochloric
acid and 0.8M in potassium chloride, i.e. 100 ml. of solution con~
taing 30 ml. of concentrated hydrochloric acid and 20 ml. of

saturated potdssium' chloride.

Effect of Time-

The variation of fluorescence intensity of dilute lead
solutions with time was studiede A b x 10;6M lead solution
prepared by the' recormended procedure showed a graduél reduction
in fluorescence over a period of two hours when stood in: the dark,

after which the fluorescence had fallen by 21% from the time of
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measurement immediately aftor mixing. A similar roduetion in
fluorescence intensity was obtained after standing the solution

for two hours in normal laboratory conditions ise. under fluorescent
tube lighting, and continuobig irradiation of the solution at 270 mp
irn the spectroflﬁorimeter for a similar period also caused a reduc-
tion in intensity of 20%. The fluorescence is therefore quite
stable during the time required for its measurement even if &tane-

dards are not prepared at the same time as sample solutions.

Effect of Temperature

Over the temperature range investigated, i.e. 1O=#OGC, a
décrease of fluorescence intensity with increase in temperature
of development was observed which sorresponded to & temperature
coefficient of approximately 1.2% per “. A1l measiurenents of
the lead fluorestende were wmade under normal laboratory conditions
i.e. at 23;&30, and the observed fluorescence intensities vere
compared with standards crevared simultaneously, so that the
existence of the temperature coefficient did not irvalidate the
results obtaineds However, in order to minimise the generation
of heat of mixing between concentrated hydrochloric acid and water
during the preparstion of sasiples for fluorescerce measurements,
the aeid should be added to as large & volume of water as possible
and mixed thoroughly immediately.
Precision

The precision of the method at its maximum sensitivity is
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compounded from a) the chemical precision, i.e. the reproducibility
in fluorescence signals of a series of identical solutions and

b) the instrumental precision, i.e. the reproducibility in scale
reading using the instrument on its most sensitive scale.

a) was estimated by repetitive determination of a relatively
high concentration of lead (6 ppm) to give readings on a less
sensitive scale (X0,1) where instrumental noise is negiigible
(see Table 1). The instrumental precision b) was estimated
using a single mére dilute solution of lead (0.6 ppm) to give
repetitive readings on the most sensitive scale (X0.01) where
ipstrumental noise is appreciable (see Table 2). The results shown
in Table 1 gave a lead response of 72,3 + 0.9 units which indicated
a chemical precision of + 1.3%, whilst Table 2 gave a response of
57«17 + 0,9 units, corresponding tc an instrumental precision of

i’_ 1.6%.

Accuracy

Chemical analyses for lead were carried out on unknown sample
solutions by the recommended procedure in order to assess the
accuracy of the method, Two standards were prepared and measured
with each group of samples. The results of these analyses are

shown in Table 3.

Influence of Foreign Ions

The effect of 32 forelgn ions on the lead fluorescence



Table I
- Sample b Scale Net lead Deviation Varianc
Number reading(X0.1) response e iance
1 80.2 732 +0,9 0.81
2 7842 712 =141 1.21
3 797 7247 +0. 4 0.16
L 78.0 7140 ~-1.3 1.69
5 7949 7249 1+0.6 0.36
6 80.2 752 +0.9 0.81
7 79,0 7240 0.3 0,09
Blank 740 -
Mean = 72.3
P ) !
Standard deviation = I/z A" = /5.13 = /0.85 = 0.92 units
A D= P é N ’
Iable 2
Sample Scale Net lead . s .
. . NP Deviation Variance
umber reading(X0.01) response
1 735 57,0 ~0.1 0.01
1 7440 5745 0.4 0.16
1 73'0 5605 —006 O|36
1 735 57.0 =041 0.C1
1 7340 5645 -0.6 0.36
1 755 5%.0 +1.9 3.61
1 73,0 56.5 ~0.6 0.36
Blank 16,5 -
Mean. = 57-1
"’—"‘é"' r - e on e
Standard deviation = /g;L = [4.87 = [0.81 = 0.90 units
R NS A

he
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Table 3

Analysis of Lead sclutions treated as unknown samples

Sample Lead, pg Brror Foreign Ions
Present Found pites % present, Hge.
L 31.08 31,08 - - -
2 33415 3L.18 +1,0% 43471 -
3 9,72 51430 +2.08 +4,2 -
L 2L .86 26.93 +2.07 +8.3 Ba(20€0)
5 53487 53687 - - Mg(365)
6 45,58 L, 55 ~1403 2.3 Sr(1314)
7 3729 37429 - - Zn(981)
8 62,16 63.19 +1.0% +1.7 Ni(881)
9 20,72 20,72 - - cd(1686)
10 49,73 19,31 ~0, k42 -0.8 Cr(VI)(780)
| Mn(T1)(824)
11 L1 bl 43,50 +2.06 +k,9 wi(881), Fe(III)
(838)
12 - 45,58 49,72 +h, 1l 9.1 Ni(881), Fe(III)
(838)
1% 62.16 62416 - - Co(IT1)(88k4), Fe(III)
(838)
14 29.01 31407 +2,06 +7.1 Co(T1)(88L4), Fe(III)
(838)
15 53487 49,75 | btk | 7.7 | Co(II)(884), V(V)
(764)

in pure solution was investigateds The study was made by observing
the effect of a fifty~fold molar excess of each lon on the deter-
mination of 60 ug of lead. The ions investigated were considered

to interfere at this level when they caused a variation of fluorescence
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intensity of greater than or equal to +5%. The investigation
revealed that the following ions do not interfere under the above
conditions: barium, caduium, calcium, chromium (III), cobalt (II),
iron (II), magnesium, manganese (II), mercury (II), nickel, silver,
strontium, tin (II), titanium (IV), zinc, citrate, fluoride,
nitrate, oxalate, sulphate, sulphite and tartrate. The presence
of a 50-fold excess of the following ilons causes the error in the
fluorescence intensity given in parentheses: bismuth(-8%),
chromium (VI)(-33%), copper (TI)(=~11%), iron (ITI)(-Lh%), molyb-
denum (VI)(-26%), palladiuom (II)(-89%), thallium (I)(+100%),
vanadium (V)(-15%), ascorbic acid (~29%), and metabisulphite (-34%).
Attempts were made to eliminate the interferences by the
use of suitable masking agents. These experiments were conducted
for the determination of 60 pe of lead (0.6 ppm) in the presence
of & 50~f0ld molar cxcess of each interfering ion and the appropriate
masking agent. The interference of chromium (VI) is eliminated
by its feduction to chromium (III) by the addition of a 300~fold
molar excess {over lead) of the sulphite ion. The interference
from iron (III) and vanadium (V) are removed similarly by the
addition of 100-fold and 150-fold molar excesses (over lead)
respectively of tin (II) chloride to the sample and standard
solutions. Under the conditions of the determination, hydroxy-
Jamine hydrochlofide, tin (II) chloride and sodium sulphite fail

to eliminate the interfercnce caused by copper (II) or molybdenum



(VI). Investigation of the determination of 60 pg of lead in the
pregence of varying amounts of cbpper (11), molybdenum (VI) and
bismuth reveal that less than 5% negative error in the fluorescence
intensity due to lead is produced when & 10-fold molar excess of
copper, S5-fold molar execess of molyhdenum (VI) or 30-fold molar
excess of bismuth is present, Of the ions studied, thallium (I)
causes the most serious interferénce in the procedure. This
interference is not readily overcome by oxidation of the

thallium (I) to thallium (III) with hydrogen peroxide or potassium
bromate, and it is necessary to resort to separation of the thallium
from lead by the ether extraction of thallium chloride from hydro«
chloric acid medium as described previously18. Lzrge amounts of
copper may be separated from small amounts of lead by extraction
of copper diethylammoniun diethyldithiocarbamate away from lead
into chloroform from 2N hydrochlorie acid solutionus. The presence
of large amounts of nitrate ion (ga. 1000-fold excess over lead),
which would frequently be present after dissolution or destruction
of biologieal materials to be analysed for lead by wet digestion
with nitric acid, has been shown net to affect the fluorescence

produced at the lead concentrations encountered in the recommended

procedure.

Calibration Curve

To 20 ml. of saturated potassium chloride solution, 30 nl.

of water and 30 ml. of concentrated hydrochloric acid in a 100 ml.



volumetric flask, pipette accurately between 0.5 and 3.0 ml. of
standard lead (IT) solution (10"4M'§ 20,72 Pg/hl) and dilute to
volume with water. Allow the solutions to stand for 15 minutes,
then measure the intensity of the fluorescence at 480 mn at an
excitation wavelength of 270 e The plot of fluorescence inten-
sity against lead concentration (0.1-0.6 ppu) is a straight line
and passes above the origin (Fig., 11).

Prepare and measure two stendards with each group of samples,
using © and 3 mls of the lead (II) solution (20,72 }lg/ml.), res-

pectively.

Discussion

A simple and rapid method has heen developed for the spectro-
fluorimetric determination of 10—60‘pg of lead, The sensitivity
of the procedure, although not as great as that reported for
thallium, compares favourably with that of spectrophotometric
methods. The method is susceptible to some interferences but
the elimination of the more importamt interferences is easily
achieved by the use of masking agerits.

The linear dependence of intensity of fluorescence on the
intensity of the exciting source suggests that the sensitivity

6f the method may be increased by using a more intense source
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than the xenon arc laip used for excitation of the lead fluorescences

Consequently, experiments were conducted using a mercury vapour

discharge lamp and a microwave~excited mercury electrodeless
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discharge tube ag spectral sources, but thege have been shown to
be inferior to the xenon arc lamp as excitation source for mole-

m
cular fluorescence analysis .

L3



CHAPTER II

Low-Temperature Fluorimetry

Many ihorganic solids which are not fluorescent at room
temperature have been shown to produce fluorescence emission at
low temperatureusc In several instances, the fluorescence is a
feature of the pure substance but in others, it is due to the
presence of impurities in the solid and thus an examination at
low temperature will provide a more sensitive test of purity
than the normal procedure. Most low temperaturc luminescence
measurements have been utilised for the gquantitative determination
of organic compounds. McGlynn.et al46 have demonstrated the use-
fulness of measuring low-temperature luminescence for determina-
tion of several hydrocarbons of petrochemical interest. Hood and
Winefordner have applied similar techniques to determine a mix~
ture of carcinogens.q? Relatively few inorganic applications of

14,48

low temperature fluorimetry are knowny and much werk remains
to be done in this field of research.

Fluorescence spectra c¢an be obtained either in liquid
solutions or, when the solution is frozen, in a glassy or
(less favourable) crystalline environment. A number of important
changes in fluorescence spectra occur when a liquid solution is
frozen to yield a glasse Vibrational structure of fluorescence

spectra is invariably much more fully resolved in frozen glasses,

compared with the diffuse spectra commonly obtained in liquid
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‘solution and this is often seen in the fluorescence spectra of
aromatic hydrocarbons at low temperature.

It is commonly observed that both intensities and energies of
fluérescence are greater in low-temperature glasses than in liquid
gsolution, The larger quantum yield in glasses can arise from
seveval factors. One important reason is that loss of excitation
ehergy by collisions of excited solute with solvent molecules will
clearly be less extensive if the medium is rigid. Also, the
vadiationlese protesses which compete with fluorescence often
appear temperature-dependent, increasing in efficlency with
increasing temperaturqu. The variation of fluorescence yield
with temperature can frequently be represented by an equation of

50

the form” ,

%.. -1 =A expn(".ﬁ%)

Iy ,

which resembles the‘commén Arrhenius rate ecuation. The rate
constant which varies with temperature is not that for radiative
decay of the excited singlet, but instead represents one or more
.temperatureudependent radiationless processes51. The increase in
energy of fluorescence brought about by freezing a liquid solution
results from the fact that solvent reorientation following cxcita-
tion is considerably less facile in a rigid medium than in solution.
Hence, the Franck-Condon excited state is effectively ''frozen in®

. 2 . s
at low temperature5 and vroduces the "low temperature blue shift¥
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Since the advent of low temperature emission and absorption
spectroscopy, extensive study has been made of the suitability of
a large niumber of solvents for use in these techniques. The main
requirement of solvents is that they must form clear; uncracked
glasses when cooleds Turther, these solvents must have good solu?
bility ﬁharacﬁeristiéé for the compéiinds to be studied; must be
readily available and inexpensive and mist neither absorb strongly
nor luminesce grieatly in ﬁheVSPectral regions of interest: Redilts
have shown that relatively few pure solvents form clear rigid
AglaBSes the majority of the time but & number of solvent mixtures
form good media for low temperatire fluorimetrie analysis.SB’Su’55

Even if suitable solvents arc available, the ultimate
success of an analysis depends on the careful handling of the
sample tube., If the sample tube is dirty or eontains scratches,
the solvent will generally srack on ¢oolinig and spurious signals
will be obtained. Again if the:samﬁle tubé is struck against the
side of the Dewér flask during eonling, the vibration may result
in cracking. Just as in the process of precipitatidn where the
availability of nucleation siﬁeé résulﬁs'in‘éféwth of the crystals,
the availability of small dust particles or scatches apparently
results in sites for cracking. One must therefore exercise
reasonable care to obtgin good, reproducible glasses. The amount
of sample needed for analysis is often extremely small because of

the small sample volume needed for measurement and the good

sensitivity of analysis,
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Fluorescence Characteristics of Inorganic Complexes_in

Hydrochloric Acid ledium at Iiguid Hitrogen Temperature

Several workers have demonstrated that certain metal chelate com~

plexes may show increase in their fluorescence intensity at low tem-

14,48

peratures compared to that obtained at room temperature. Bozhevol fnov

56

snd Solov'ev’ have studied organic chelate complexes of elements such

as magnesium, niobium and gallium and shown, for example, that & 400~
fold increase in the intensity of the fluoreseence of the niobium com-
plex of 2,2',4'-trihydroxy-5~chlore-(1-azo-1')~benzene~3~sulphonic acid
is obtained at -196°C compared to the intemsity at room tenperature,
These workers have also deseribed the increase in fluorescence intensity
which is obtained for lead and thallium in hydrochlorie acid medium at
~70°¢C and -196°¢ respectively compared to the intensity at room teme
perature57’58, and also revort that the fluorescence of tin in con-
centrated sulphuric acid at m7éOC may be used for its determination.uo
The available optical geometries for fluorimefric analysis have been
reviewed by Parker and Reesh. iueh previous WOrkho in low temperature
fluorimetry of inorganic materdials has employed the technique of '"frontal
illumination", in which the fluorescence radiation from the surfacc of
the sample is viewed along an axis which mekes an acute angle to the
optical axis of the incident radiation used for excitation of the
fluoréscence. This fechnique is adopted because cleary rigid glasses
suitable for use with the conventional fluorimetric ''right angle' optical
geometry are difficult to produce in conventional sample cells for

aqueous samples. Although mony solvents which form suitable
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glasses at low teﬁperétures have been degeribed , these
are almost all organic liquids at room lemperature.

The present chepter describes some inorganic ecid solvents
which form clear glasses at liquid nitrogen temperature, and their
use in a simple sample cell wiviech wmay be used with the conventional
fluorimetric Mright angle" geometry with the low temperature
attachment of a commercial spectrofluorimeter, An investigation
of the fluorescence cmission characteristics of the ions of 55
elements in hydrochloric acid medium at ~ 19600 was undertaken.
Antimony (III), antimony (V), bismuth, cerium (III), copper (I),
lead, tellurium (IV), thallium (I), ¢tin (IV) and uranium (VI)
exhibit characteristic fluorescence under these conditions. The
spectral characteristics, effect of hydrochlorie acid concentra-
tion, stability of [luorescence emission and limits of detection

for seven of these clements have been studied.

EXPERIMENTAL

Apparatus

Fluoreseence measurements were made with an Aminco-Bowman
spectrofiuorimeter (American Instrument Co.) fitted with a 150 watt
xenon arc lamp and RCA IP 28 photomultiplier tube, and equipped
with a Bryans X-Y recorder. The Aminco low temperature housing
and Dewar flask with fuscd silica base supplied for spectro-

phosphorimetry was euployed to hold the sample tubes. Precision
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bore transparent silica sample tubes (Jencons Ltd., Hemel Hempstead,
England) of 1ehgth 20 cml, Internal diameter 3 mm. and 1 mm. wall
thickness were employed. A sample volume of 0.5 mls is enough to
£ill these tubes sufficiently for work in the Aminco spectro-
fluorimeter. Sample solutions in hydrochloric acid in these
thick-walled tubes may be placed directly into liquid nitrogen

in the Dewar flask, and may subsequently be brought back to room
temperature after measurement, without fracture of the tubes.

In order to obtain meximum sensitivity compatible with good
definition of maxima, 3 mm. slits corresponding to cds 30 mp
band-pass (Aminco.-Bowman slit arrangemerit no, 3) were used in
the excitation and analysing monochromators.

Reagents

| The semi-guantitative survey of the low-temperature character—
istics of the 55 elcments examined was conducted using analytical-
reagent grade salts and hydrochloric acid ("Analar", Hopkin and
Williams Ltde).

Quantitative measurements of the fluorescence emission
characteristics of the ten elements which show intense emission
were Eonducted using analyticalercagent grade salts (antimony
potassium tartrate, bismuth nitrate, cerium (III) nitrate, lead
nitrate, thallium (I) sulphate, uranyl nitrate) to prepare stock

10"2M solutions, Tellurium powder (Johnson and Matthey, Specpure),
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stannic chloride (genersl purpose reagent grade,; Hopkin and Williams
Ltd¢); antimony pentachloride (technical grade, British Drig Houses)
and copper Sulphate (Analar, Hopkin and Willisms) were used as
starting materials for the preparation of stock 10—2M solutions
dontaining the ions Te (IV),; Sn(IV), Sb(V) &nd Cu(I): For these
quantitative studies extra pure analyficsl-reagent gradé hydro-
¢hlorié acid ("Aristar" gradey British Drug Houses Ltds) was

employeds

RESULTS AND DISCUSSION

Low Temperature Glass TFormation

The application of spectroflucrimetric analysis at low
temperatures to inorganic trace ansalysis has been restricted
by the lack of solvents which form rigid, clear glasses rather
than 'snows' or extensively cracked glasses under these con-
ditionse Thus while some complexés which may be extracted into
organic solvents from agueous medium may be examinéd in one of
the wide-range of organic solvent mixtures available, theére is a
need for aqueous solvents in which otheér inorganic compleéxes nmay
be examined at low temperaturé. The author has examined the
properties of a raunge of acids for this purpose. Concentrated
hydrochloric, hydrobromic, sulphuric, nitric, phosphoric and
perchloric acids vere found to produce good clear glasses

reproducibly at -196°C in the thick-walled samplé tubes used in
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this studys Concentrated acetic, fOrmic; boric and oxalic acid
solution invariably formed opaque ‘'snows'" on rapid cooling in
liquid nitrogens Hydriodic acid, which always contains traces of
free iodihe. usually produced a yellowy extensively cracked glass.
With the concentrated wineral acids which form good, clear glasses
it is also poséible to obtain transparent glasses with less con-
centrated solutionss Thus on rapid cooling of the thick-walled
sample tubes containing aqueous hydrochloric acid solutions,
transparent glasses are formed reproducibly at all concentra-

tions higher than 6}, whereas below 5M a snow is invariably formed.

General study of elements in hydrochloric acid

The general preliminary study was conducted using a 2 x 10-3M
solution of the purest available salt of each element in a 6M
hydrochloric acid solutibn. An aliquot of each solution (0.5 ml.)
was transferred to a silice sample tiube and placed in the spectro-
fluorimeter Dewar flask containing liquid nitrogen. The glass
produced was examined visually through the silica walls of the
low temperature Dewar flask under a mercury vapour discharge
lamp. The quality of the glass and any fluorescence emission
was noted., The Dewar was then transferred to the spectrofluori-
meter and the fluorescence was then specifically sought instru-
mentally. No fluorescence emission was observed under these
conditions for the following 45 ions: aluminium, arsenic (III),

arsenic (V), beryllium, cadmium, cerium (IV), chromium (III),



cobalty ¢opper (II)4 dysprosium, erbium; europium, gadolinium,
galliumy holmium, indium, lanthenum, magnesium, manganese (II),
mércury (II)4 riolybdenwn (VI), neodymium, nickel, nicbium (V),
p&lladiumg platinum (II), platirum (IV); praseodymiumi ruthenium,
samariumg scandiumg selenitm (IV); silver, strontium, tantalum,
terbiumg¢ thorium, thulitimg tin (II); titanium (IV); vanadium (V),
ytterbium, yttrium, zine and ziresérium¢ Under the same conditions
the following 10 ions were found t6 exhibit fluorescence emission:
sntimony (III)y¢ antimony (V), bismuth (III), cerium (TII), copper
(1), lead, tellurium (IV); thallium (I)y tin (IV) and uwranium (VI).
Tablé & shows the colour of the fluoresceéncé observed visudlly for
these ions and thé waveleéngths of maximum excitation and emissions

The fluorescence emission of uranium (VI) in soliution and
boric acid glasses at room temperature is well=characterised in
the literature and thus no examination was made of the emission
which wss observed in concentrated hydrochloric acid at «196°C.
The emission observed from antimony (V) and copper (I) (in the
presence of ascorbic acid reductant) was not very inteénses The
investigation of the analytical utility of low temperature
spectrofluorimetric measurements at ~196°C in hydrochloric acid
was therefore restricted to the seven ions Sb(III), Bi(III),

Ce(IIT)4 Pb, Te(IV), TL(I} and Sn(IV)s

27



TABLE 4

Ions found to fluoresce in 6M hydrochloric acid at =196°C

Ton Colour of Excitation Emission
Fluorescence Meccimum, mp. Maximum, mpa
Sb(III) red 306 582
Sb(V) faint red 390 580
Bi(III) blue 330 410
Ce(III) - 252 348
Cu(1) green-blue . 284 Lho
Pb - 276 390
*Ta(TV) red 326 550
red 380 586
TL(I) - 256 380
Sn(IV) . 272 390
u(vI) green 302 Lok strong
51k strong
540 weak
565 weak

*  Tellurium (IV) shows two different characteristic excita-
tion and emission spectra depending on the concentration
of hydrochloric acid employed. . In 6M HCL excitation 326
mp/emission 550 m, and above 8M excitation 380 mp/emission

586 mpe

58
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Spectral Characteristits

Figire 12 shoWs the excitation and emission spectra for six
of the seven most intensely fluorescent ions in 6M hydrochloric
acid at 419600. These spectra are uncorrected for variation in
emission characteristics of the xenon arc lamp and response
characteristics of the monochromators and the photomultiplier.
Correctipns of these spectra have been described by Chen27f
Variation of the hydrochloric acid concentration between & and
10M produces no change in the wavelengths of maximum exeitation

and emission for the ions studied, with the exception of tellurium

(Iv).

Effect of hydrochlorig acid concentration

The wavelengths af excifation and emission for the fluorescence
observed from tellurium (IV) are affected by the hydrochloric acid
concentration. Tigure 13 shows the excitation and emisSion spectra
obtained at hydrochloric acid concentrations between 6 and 10M
(a = 6M HCl, b = 8l HCl, ¢ = 10M HCl), In 6l HC1 the excitation
spectrum shows a maximum at 326 nw.and a lgss intense peak‘at
380 mp. ﬁhder’thesé conditions the wavelength of maccd mum emiSsion
occurs at 550 qui Yhen more concentrated hydrochloric acid
solutions are used, the excitation maximum at 326 decreases, while
that -at 3860 mp increases,” The wavelength of maximum emission
moves.to longer wavelength with increase in acid concentration,

and in 10M hydrochloric acid occurs at 586 mu.
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These results suggest that the intense red fluorescence observed for
tellurium (IV) is shown by two different tellurium complexes, and
that the relative concentrations of these depend on the hydro-
chloric acid concentration. When the effect of additional
chloride and hydronium ion on a 6M HCl solution of tellurium (IV)
was investigated, it was found that by increasing the acldity

(by addition of concentrated sulphuric acid) the same change in
the absorption and emission spectra was produced. The addition
of chloride to a 6M HCL solution of tellurium (IV), on the other
hand, has no effect on the wavelengths of excitation and emission,
These observations suggest that the two species present might be
TeCl62_ and HTeCl, or H,TeCl,«

As mentioned above, no change in the wavelengths of maximum
excitation and emission occurs over the range 6-10M hydrochloric
acid for Sb(III), Bi(III), Ce(III), Pb, TL(I) and Sn(IV). The
emission intensity, however, is somewhat affected, and Figure 14
shouws the effect of HCL concentration on the fluorescence
emission intensity at the optimum wavelengths of excitation and
emissions The curve for tellurium reflects the increase in
intensity at 380 qp/586 mp and decrease at 326 mP/BBO mp corres-
ponding to the change in rclative proportions of the two chloro-
complexes present. The tellurium complex formed at high HC1
concentrations is also much more intensely fluorescent than that

present at lower acidity, and consequently messurement of the
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fluorescence of this species gives higher sensitivity in analytical

worke

Effect of time on fluorescence emission

The effect of time on the intensity of the fluorescence of
the seven ions studied was investigated at their optimal hydro-
chloric acid concentrations:?

(a) when the solutionVWas stored in darkness for 2 hours,

(b) when the solution was zllowed to stand'undef normal

laboratory conditions (fluorescent strip lighting)
for 2 hours,

(¢) on continuous irradiation of the solution in the

spectrofluorimeter for 1 hour.

The results are shown in Tsble 5. The fluorescence of the
chloro-complexes 1s quite stableg éertainigy over the fime (12
minutes) required for measurement of the fluorescencé emission
intensity of sample solutions. Continuous irradiaticn of the
thallium (I) solution or one hour causes a reduction in fluorescence
intensity of 60%, probably duc to oxidation of thallium (I) to

thallium (III)18r

Calibration curves and sensitivity

Under optimum conditions the graph of fluorescence intensity
vs. concenbration is linear for each ion studied. Table € shows

the concentration range for each ion over which this linearity



66

TABLE

5

Effect of Time on Fluorescence Emission Intensities

Solution

Reduction in Fluorescence Intensity, i

Standing in
Darlkmess (2 hr)

Under
Laboratory

Lighting (2 hr)

Continuous
Irradiation (1 hr)

10"y

-9

10 'M

10”2
10‘6M
~6

10 "M

107N

10~y

Sb{III) in 7 HC1

Bi(III) in 6H HC1

Ce(ITII) in 7M HC1

Pb in 7M HC1

Te(IV) In 10M HCL |

T1(I) in 10M HCL

Sn(IV) in 7M HCL

not detectable
75
not detectable
net detectable
3
I

not detectable

14

not detectable
6
6

60

W
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TBIE 6

Elemernt gpncentration range of calibration curve
Sb(III) in 7M HCl : 10“6M - 107
Bi(III) in 6M HC1 o 5 x 10~%y
Ce(III) in 7M HC1 1077~ 107Cn
Pb in 7M *HC1 1078 - 1077
Te(IV) in 10M *HCL S0 - 10‘6M,
T1(I) in 10M HCL 107 - 8 x 10"6M
Sn(IV) in 7M HC1 107" . 0™

* B,D4H. Aristar HCL

was confirmeds No attempt was made to establish the upper range
of linearity by working at a lower gain setting: .Thc lower con=
centration limits of thesé calibration graphs represent a realistic
detection limit (signals noise = 1) for the fluorescence of the
element above the background blank for the hydrochloric acid
employed. Thus even the trace impurities in the best available
hydro¢hloric acid affect the available sensitivity. The thick=
walled silica tubing also exhibits a slight '"blank" fluorescences
The characteristics of this emission are similar to those of the
lead, thallium and tin fluorescence, and consequently this blank

Iimits the sensitivity for these elements. As only 0.5 ml, of



sample solution is required, the absolute detection limits are
Sb(IIT)4 0,06 pg; Bi(III), 0.001 pe; Ce(III), 0.007 pg; Pb,

0.001 pg; Te(IV)y 0,006 pg; TL(I), 0.1 pg; Sn(IV), 6 ng.

Conclusion, |

Bismuth (III), tellurium (IV) and antimony(III) do not show
fluorescence in HCL at room temperature. Although fluorescence
has been observed from tin (II) in hydrochloric acid at room
temperature18, tin (IV) does not appear to fluoresce under these

conditions. At -196°C, however, tin (IV) shows fluorescence

68

emission (although not strikingly intense), whereas no fluorescence

emission has been detected from tin (II). With the experimental
arrangement used by the author, thallium (I), cerium and lead
show much inereased fluorescence intensity (5, 50 and 1000=fold
respectively) at -196°¢ compared to that obtainable under other-
wise similar conditions at room tempeérature.

Although the chloro-complexes of the ions examined exhibit
relatively broad fluorescence emission spectra at —196°C, the
half-intensity widths of the corresponding exciﬁation spectra
are relatively narrow., The intense fluorescence emissiOn.of the
seven elements examined in detail provides very sensitive methods
for their determination. Owing to the separation of the excita=-
tion and emission maxima, it is possible to determine several of
these elements simultaneously by selection of suitable excitation

and emission wavelengths,



69

Chapter iv

Low Temperature I'luorescence of Some Bromide Ton-Association

Complexes»injﬂzgypbromic Acid Glasses at a196°C

The utilisation of increased intensity of fluorescence at

57 and thallium58

low temperatures for the determination of lead
by a frontal illumination technique has beéen mentioned in the
previous chapter. Several inorganic acids which form clear glasses
at the temperature at which ligquid nitrogen boils unger atmospheric
pressure (—19600) have been examined to assess their suitability
as media for low temverature fluorescence employing the conven-
tional righteangle excitation-fluorescence systems Both hydro-
chloric and hydrobromic acids form suitable glasses and give ion-
association complexes with several metals which fluoresce strongly
at this temperature. The behaviour of the hydrochloric acid
system has been discussed previously. |

This chapter presents the results of a continuation of the
author's investigetions and a study of f£he fluorescence emission
characteristics of ions of 58 elements in hydrobromi¢ acid at
-196°C. Sﬁroug‘fluorescence signals were obtained for antinony
(II1) and (V), arsenic (III) and (V), bismuth, cerium (III)},
copper (I), lead, tellurium (IV), thallium (I), tin (II) and uranium

(VD).
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Apparatus

Aminco-Bowman Spectrofluorimeter (American Instrument Co.)
and low temperature attachment as described in "Introduction®.
Sample tubes were made from precision bore transparent silica
tubing (Jencons Ltd., Hemel Hempstead, England) of length 20 cm,
internal diameter 3Zmm, and wall thickness 1mm. A sample volume
of 0.5 ml. is enough to fill these tubes to a sufficient depth
for use in the instrument. ZExcitation and emission spectra were
recorded on an XY recorder (Bryans Ltd., Mitcham, England). 3 mm
slits corresponding to ca. 30 mp band pass were used in both
moﬁochromators.

The absorption spectra of As(III) and As(V) in hydrobromic
acid were recorded using a Unicam SP.800A Ultraviolet Spectro-
photometer (Unicam Instruments ILtd.y Cambridge, England), and

1 cm quartz cells.

Reagents

Hydrobromic Acid: redistilled L438% general-purpose HBr (Hopkin and

Williams Ltd.,.Chadwell Héath, Essex, U.K.). The hydrobromic acid,
when not redistilled, exhibited a faint blue fluorescence at —19600
whereas the distilled acid showed virtually none.

Metal Salts: 10—2M aqueous stock solutions of analytical reagent
grade antimony potassium tartrate, arsenious oxide, bismuth nitrate,

copper sulphate, lead nitrate, sodium arsenate, stannous chloride,
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thallous sulphate and urenyl nitrates Tellurium metal (Johnson
and Matthey, Specpure); cerous nitrate (BDH; Laboratory reagent
grade) and amtimony pentoxide (Hopkin and Williams) were used as
starting materials for the remaining ions which showed strong

fluorescence,.

The other ions which exhibited no fluorescence were prepared

from the purest materials available.

Results and Discussion

A general survey of 58 elements was made by preparing a 10-3M

solution of tre element in 6M hydrobromic acid solution. A 0.5 ml.
aliquot of each was placed in a silica tube and the latter was
cooled by immersing it in liquid nitrogen in the micro Dewar
flask of the spectrofluorimeter. The glass thus produced was
examined visually in the screening tests by placing it under a
mercury vapour discharge lamp and observing any fluorescence.
The Dewar flask was then transferred to the spectrofluorimeter and
the fluorescence signal was examined instrumentally by scanning
each monochromator in turn whilst maintaining the other fixed at
a suitable position on the wavelength scale.

Under these conditions no fluorescence signal was observed for
46 of the elements examined viz. alumingfim, barium, beryllium,
cadmium, calcium, cerium (IV), chromium (III), cobalt, copper (II),

dysprosium, erbium, europium, gadolinium, gallium, gold, holmium,



indium; lanthanum, lutetiumy magnesium, manganese (II), mercury (II),
molybdenum (VI), ncodymium, nickél, niobium; palladium (II),
praseodymium, ruthenium, ssamaritm, scandium,; seleuitm (IV), silver,
strontium, tantalum, terbium, thorium, thulium, tin (IV), titanium
€II1), titanium (IV), vanadium (V), ytterbium, yttrium, zinc and
ziréoniums

Fluorescence emissions were observed for 12 ions yviz.
antimony (III), antimony (V), arsenic (III)y arsenic (V), bismuth,
cerium (III), copper (I), lead, tellurium (IV), thallium (I),

" tin (II) and uranium (VI), Table 7 shows the visually observed
fluorescence colours for these ions and the ingtrumentally recorded
maxima for excitation and fluorescence. These maxima are uncorrected
for instrumental parameters such as diffraction grating efficiency

at varying wavelengths, detector response and source emission
intensity.

The wavelengths of maximal excitation and emission for Te(IV)
in hydrobromic acid are independent of the concentration of the
latter. This is in marked contrast to the behaviour in hydro-
chloric acid where the dependence is quite pronounced (see Chapter
I1I). The intensity of Te(IV) fluorescence is much weaker in
HBr than in HCl., The fluorescence of c¢opper (I) in hydrobromic
acid is also very weak, For this reason the study of the amalytical
utility of low temperature fluorescence of bromo ion-association

complexes in hydrobromic acid was confined to the remaining ten ionse
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. Tons found to fluoresce in_6M'hydrobromic\acid‘ét ~196°C

‘?,-:lgé

Csp(1In) o

Sb(V)
" As(IID)
as(v)
| Bi(III)_
- Ce(TIT)
Cu(1)
Pb
Te(IV)
T1( 1)
sn(II)
Cuvn)

' V‘Colbui ofA

Fluorescence

ored
faint red
faint red

‘blue
’fainf blue
_blue
faint red

'6range

- green

Excitation

Maximum, my

360
‘4'W360:
- 356
356
378

. 250
286
304
352
270
34
327

Emission.
Maximum, mp

586
586
58L
566 -
L50

- 350
L3

sl
560

110
'550

Lol
516
540
565

strong
strong
weak

weak
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Spectral Characteristics

Figure 15 shows the excitation and emission spectra of the
ten ions in 6M HBr atl a196OC. These spectra are vncorrected for
variations in detector sensitiviby, lamp emission or grating
transmission against wavelengthe. The relevant correction methods
appeat’ elsewheresz7

Hydrobromic Acid Concentration

Variation of the hydrobromic acid concentration between 6 and
9M did not affect the wavelengths of maximal excitation or fluores-
cence in any way for antimony (III) or (V), arseni¢ (III) or (V),
bismuth (III), cerium (III), lead, thallium (I) and tin (II).

With uranium (VI) thé maximal wavelength of excitation increases
steadily from 327 ma in 6M HBr to 345 mp in 9M HBr. The wavelength
"of maximal-fluorescence does not alter with acidity in this region,.
However, whilst the wavelengths of maximal fluorescence do not
change with acidity, the intensities of fluorescence are affected.
Figure 16 shows the effect of hydrobromic acid concentration on

the intensity éf fluorescence of the various ions under optimised
conditions.

It was further observed that variation of hydrobromic acid
¢oncentration affects the colour of the solutions of certain ions

e.g. arsenic (V). A solution of arsenic (V) in 6M HBr is light yellow
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while
Aa similar solution in 9 HBr is deep yellow. On the other hand,

solutions of arsenic (III) in 6-9M UBr are not coloured. Arsenic (V)
bromo-complex may be yellow in colour, but these visual observa-
tions also may suggest the possibility of reduction of arsenic (V)
to arsenic (III) in hydrobromic acid solution with corresponding
release of bromine and a fluorescence from arsenic (III) bromo-

complex. The spectral characteristics of the fluorescence emission
observed from arsenic (III) and arsenic (V) samples in hydrobromic
acid glass are very similar., Consequently, to confirm the valency
state of arsenic which iz responsible for the fluorescence from
solutions containing srsenic (V) in hydrobromic acid, the absorp-
tion characteristics of arsenic (III) and (V) in hydrobromic acid
were examined over the range 200-450 m2e Figure 17 shows the absorp-~
tion SPectra for these ions amd bromine in 6M HBr recorded against
6M HBr as blank. NMlthough the absorption spectra for arsenic (V)
and bromine in HBr are very similar, thé wavelengths of maximum
absorption being 264 mp and 272 my, respectively, both spectra
differ completely from the spectrum of the arsenic (III) ion which
suggests that the arsenic (V) ion exists in 6M HBr.

The absorption maximum for the arsenic (III) bromo-complex
in HBr occurs below 245 i but is not shown in the figure since the
spectrophotometer used for recording these spectra is insensitive
below this regione. The arsenic (III) spectra clearly show, however,

that the arsenic (III) peak decreases with gradual addition of
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bromine to identical solutions of arsenic (III) in 6M HBr. At
the same time a shoulder at approximately 268 mP (the absorption
peak for arsenic (V)) starts to build up. This experimental
evidence appears to indicate that in hydrobromic acid solution
arsenic (III) is oxidised to arsenic (V) on addition of bromine,
and that arsenic (V) is stable under these conditions. The fluo-
rescence emission observed from arsenic (V) in hydrobromic acid

glass may, therefore, be attributed to the arsenic (V) bromo-

conplex.

Effect of time on fluorescence emission

The effect of time on fluorescence intensity was studied
under optimised conditions of excitation, acidity etc., for the

various ions by:~

(a) Allowing the solution to stand in darkness for 2 hours.

(b) Allowing the solution to stand under normal laboratory
conditions (fluorescent strip—lightiﬁg) for 2 hours.

(¢) Allowing the solution to be ifradiated continuously in the

spectrofluorimeter cell for 1 hour.

These experiments, cf. Table 8 revealed that the only detect-
able difference occurred with thallium (I) standing under normal
laboratory fluorescent lighting for 2 hours. In this instance
the fluorescence was almost completely destroyed probably due to

oxidation of T1(I) to Tl(III).18
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Effect of Time on Fluorescence Emissibn Iﬁtenéitiés'

 Solution

207% sp(III)

20N su(V)

207 he(1ID)

.10*?M‘AQ(V)
lO"sM‘Bi(III)
3x107°N Ce( ITI)
10"5M ?b .
207" 11(1)
iO"SM_Sh(iI)
3x107°M U(VI)
(in 8M HBp)

: Reductibn.in fluorescence intensity

(o]

Stand ing

" . _in darkness:

_(2'hrs.)

not detectable

vnot‘detectable

3
L
2

_noﬁ detectable

33

not deteCfable

nowb detectable“

Under - Continuous
laboratory Arredistion
lighting (1 hr.)
NERTT Y
hot debectsble L

) not detectable

not detectable not detectable

4 not»detectable
a2 oy
10 T
~nbt.detecféblé : 2
90 '25

" not detectable not detectable

nof detectable 2



Analytical Calibration Curves

Table 9 shows the range of linearity of analytical curves for
each of the ten elements under the appropriately cptimised condi=-
tions. No attempt was made to establish the upper limit of linearity.
The limit of detection, defined as the concentration in,Pg/hl,
required to produce a signal:noise ratio of unity is given in
column 3. Because only 0.5 ml. samples were used to produce the
frozen glass, the absolute defection limits are as follows:i-

Sb(II1), 6 x 10””'}15; Sb(V), 6 x 10‘3}13; As(ITT), o

3.7 x 10"1Pg; As(V), 7.5 x 10“1Pg; Bi, 6 x 10-3Pg;

Ce(II1), 5.6 x 10'2pg; Pb, 2 x 10“3,15;; (1),

2 x 10‘1}1g; Sn(Il)y, 142 x 10’1}18; o(vI), 7 x 10-2/ug.

Even with redistilled hydrobromic acid, a slight background
fluorescence is obtained at the highest instrumental sensitivities,
The thick-walled silica tubing itself exhibits a slight blank

fluorescence at these sethings.

Conclusion

With the exception of tin (IV), all the elements which exhibit
fluorescence as chloro-complexes in hydrochloric acid glasses at
~196°C also exhibit fluorescence in hydrobromic acid glasses. Tin
(II), which exhibits no fluorescencc in HCl glass, exhibits strong
fluorescence in hydrobromic acid. This permits tin to be deter~

mined in HAr down to 0,12 pe es 5n(II), whereas in HCl the limit



.. Ion (in 6M HBr)

e 1I1)
'uQ‘§Sb(V)
As(III)

- As(V)
Bi(III)

Ce(III)
(D)

Sn( II) |

U(VI)in 8M HBr

‘ *TThis-detec{ion 1limit

in the investigation

N N N Y

TABLE 9

-~

Concentration range of
calibration curve

107 - 107™M
10" o 10"
107°M - 107

2 x 107°M - 107*M

x10”°M - 3x10°7M

x 10™"M - 107°m

% 10°%M o 4«x~10“7m

x 10°°M - 10~°M

x 10~°M & 10~°u

x10~™™ - L x 10™°M

';';H_Sé,_j;_;

Limit of

detection{pg/ml,)

0.0012
0.012

0.75
1.50

0.012
0.112
0.004
0.140
0.2L
0.1k

is only approximate as the salt used

is of epproximate composition.
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is 6 pg as Sn(IV). The detection limits obtained for antimony

both as antimony (V) and antimony (III) are 10 and 100 times

lower respectively in #Br than in HCl, where only antimony (III)
fluoresces appreciably (detection 1limit 6 x 10-%pg). As(III) and
(V), which exhibit.no fluorescence in HCLl glass, fluoresce strongly
in HBr at -196°C.

A comparison of the detection limits in HCl (see Chapter III)
and HBr glasses shows that the former medium is more sensitive for
Bi, Ce(III), Pb, TL(I) and Te(IV), Lastly, it may be mentioned
that because of the good separation between excitation and
emission maxima it is bossible to determine several of these elenents
simultaneously by‘suitable choice of excitation and emission wave-

lengths.
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CHAPTER V

The Determination of Trace Amounts oi,Tel;ufium by Inorganic

Spectrofluorimetry at Liguid Nitrogen Température

The increase in the industrial usage pfnyellugigm, especially
in semiconductor technology, oreates new problems in the develop-
ment of rapid and accurate mathods for the determination of traces
of the element in various materials e.g. semiconductors, steels,
alloys, etce The determination of traces of tellurium by absorp~
tion spectrophotometry of elementary tellurium as a hydrosol is
complicated by the dependence of the‘spectral.charagtep?stics and
sensitivity upon size and geometric characteristics of sol particles.59
Speétrophotometric methods employing the reagents thiourea,

62,63

diethyldithiocarbamate,61 bismuthiol IT and thioglycollic

acid6g have been proposed as well as others based on the absorp-
tion of light by fhe coloufed haloéeno—coﬁﬁieies of ﬁellurium.65’66’67
These methods are often unselectives The determination of tellurium
in arsenic by solution spectrofluorimetry of the ion-association
complex between butylrhodamine and the anionic tellurium bromide
complex after preliminary extraction of tellurium with sodium
diethyldithiocarbamate has heen reportéd.68 Bismuthy indium and
thalliun interfera. o

In carlier chapters the author has reported that tellurium (IV)

in strong hydrochloric acid medium at -19600 exhibits intense
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fluorescence emission while the fluorescence emission in hydro-
bromic acid glass is comparatively weaks The present chapter des-
cribes a simple, selective method fopy the determination of tellurium
in the range 04020464 ppms utilising the red fluorescence of the
chloro-complex of tellurium (IV) in hydroshloric acid at liquid
nitrogen temperature («196°C)s The fluorescence emiseion is

measured at 586 mp with an exeitation wavelength of 380 m,

Optimum conditions have been established for the determination and
the potential interference of 50 ions has been ihvestigated, Because
large améunts of lead do not dnterfere, the present method may be

applied to the determination of traces of tellurium in lead.

FXPERIMENTAL

Apparatus

Fluorescence measurenents were made with an Aminco-Bowman
spectrofluorimeter using slits giving ca. 30 qpbandwidthin both
monochromators. The usual precision bore transparent silica
sample tubes (Jencons Ltd., Hemel Hempstead, England) were
employed., A sample volume of O.5 ml. is sufficient to fill

these tubes for gquantitative measurements in the spectrofluorimeter.

Reagents
Tellurium (IV) solution (10°2H). Dissolve 1.276 g of chemically

refined tellurium powder (Johnson, Matthey and Co., Ltd.) in



10 ml. of concentrated hydrochloric acid and 2 ml. of concentrated
nitric acia; Warm gently to aid dissolution and heat to expel
brown fumes. Cool the solution, transfer to a 1-litre volumetric
flask and add sufficient concentrated hydrochloric acid to make
the final acidity approximately 1M with respect to acid. Dilute
to volume with distilled water. This stock solution was diluted

to 10‘4M with 1M hydrochloric acid as required.

Lead (II) solution. A 10—1M lead stock solution was prepared

from lead nitrate (Analar).

Hydrochloric acide. ‘'Aristar™ grade, British Drug Houses.

Diverse ions. O41M or 0,01M solutions of analytical-reagent

grade salts were useds All other reagents were analytical reagent

grade.

Construction of Calibration Curve

Transfer accurately between 0.05 and 1.25 ml. of 10—4M
tellurium (IV) solution (1O~4M = 12,76 Pg/ml) to 25 ml. volumetric
flasks., A4dd 20 ml. of concentrated hydrochloric acid and dilute
to volume with water from an all-glass distillation apparatus.
After 10 minutes measure the intensity of the fluorescence of the
solution at -196°C at 586 mp, using an excitation wavelength of
380 mp. The plot of fluorescence intensity against tellurium con-

centration (0,02-0,64 ppm) is a straight line and passes above the



origin due to the fluorescence of the hydrochloric acid reagent
blanke¢ The linearity of the calibration curve beyond 16 pe of
tellurium was not examinedd

Prepare and measure a blank and a 0:6lk ppm standaird with each

group of sampless
Results

Spectral Characteristics

The wavelengths of maximal excitation and emission for
‘tellurium (IV) in hydrochlorie acid are dépendent on the concen<
tration of the Iatter¢51 Figure 13 shows the éﬁdifaﬁionvand
emission spectra obtained at hydrochloric acid concéntrations
between 6 and 10M (a = 6M HCL, b = 8M HCI, ¢ = 10M HCl). These
spectra are uncorrected for variations In the emission charac=
teristics of the lamp, monochromator résponse and detector sen-

27

sitivity. The relevant correction curves appear elséwhere.

Effect of hydrochlorie acid concentration and time on fluorescence
intensity
Tn 6M HCL, the excitation spectrum for the tellurium (IV)

chloro-complex shows a maximum at 326 mp and a small peak at 380 e
At this scidity, the fluorescence emission' maximum oceurs at BBOIWX;
With increase in hydrochloric acid concentration, theé excita~
tion: maximum at 326 mp decreases with accompanying incréase in

the maximum at 380 mple The emission maximum is moved to longer
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wavelength with increasing acid concentration and in 9M HCl occurs
at 586 mpe It seems probable that two different tellurium chloro-
complexes, whose relative concentrations depend on the hydrochloric
acid concentration, are responsible for the fluorescence emissions
The tellurium complex formed at high hydrochloric acid concentra-
tion is miich more intensely fluorescent than that found at lower
acidity. Consequently, all quantitative determinations of tellu-
rium were made in 9 hydrochloric acid solution utilising an
excitation wavelength of 380 1 and an emission wavelength of
586 mp

A 10-6M solution of tellurium (IV) prepared by the recommended
procedure showed an average reduction in fluorescence intensity of
2% and 6% after standing for 2 hours in darkness and under normal
laboratory fluorescent lighting, respectively. The fluorescence
is thus stable over the period normally required for its measure-

ment.

Precisiaon

The combined chemical and instrumental precision was deter-
mined by multiple measurements of the fluorescence of dilute
tellurium solutions (0413 ppm)e The standard deviation indicated

an overall precision of 2.2% for low concentrations.

Effect of Foreign Ilons

The effects of a 50-fold weight excess of 50 foreign ions
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on the determination of 16 P& of tellurium were investigated: An
acceptable variastion of fluoréscence intensity fron that of standard
solutions was taken as £ 5% Under these conditions, aluminium,
antimony (III)4 arsenic (III); arsenic (V), barium, beryllium,
bismuths cadmium, calciumy cerium (IiI), cerium (IV), chromium (III),
cobalt (II), copper (I}, oopper (II); gallium, germaniumy gold,
lanthanum, lead, magnesiumy menganese (II), mercury (II), molyb-
denum (VI), nickel, niobium, palladium (II); platinum (IV),
potassiumg selenium (IV)y silvery sodium, strontium, tantalum,
thallium (I), thorium, tin (IV), titanium (IV); tungsten (VI),
vanadium (V), zine, zirconiumy bromide, nitrate, phosphate,

sulphate and sulphite do not interfere. Iron (III) and iodide

which form very strong, yellow-coloured solutions, cause serious
errors by absorption of the incident radiation. Tin (II) inter-
fefes by reducing tellurium (IV) to elemental tellurium. The
interference of tin (II) may be eliminated by preliminary oxida-
tion. The interference from iron (III) cannot be removed by reduc-
tion to iron (II) but a negative error of less than 5% was obtained
when a 5-fold weight excess of iroﬁ (III) is present. However,
tellurium may be separated from larger amounts of iron before
application of the procedure either by extraction of tellurium
thioglycollate into ethyl acetate64 or by extréction of tellurium
diethyldithiocarbamate in the presence of masking agents into carbon

69

tetrachloride.
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Accuracy

The results of analyses of solutions for tellurium by the
recommended procedure (sec Experimental) are shown in Table 10,
For the analysis of tellurium in leéad samples, synthetic solutions
of lead to which traces of telliurium had been added were employeds
The results of three analyses are shown in the samé-fable, and indi~-
cate the feasibility of applicatiéh of the method to the deter-
mination of small amounts (down to ca. 0.03%) of telliurium in
leads
Conclusion

The method described for the determination of tellurium is
rapid and sensitive and demonstrates the amalytical application of
inorganic spectrofluorimetry at low temperaturés. The small sample
volume required gives rise to a very high absolute sensitivitys
Thus the absolute lower limit of determination of tellurium in
the recommendeéd procedure is 10”2‘pge The detection limit for
tellurium, howevery based on a fluorescende signal to noise and
detector noise ratio of unity, is somewhat lower (ca. 6 x 10;%ﬁg Te).'j'l
The sensitivity of detection of the red fluorescence of the tellurium
(IV)' complex may be increased further by special selection of a
photomultiplier tube for the spectrofluorimeter whose spectral
sensitivity in the red region at 586 mp is greater than that of

the RCA TP 28 tube fitted in the instrument employed in this



Table 10

Analysis of Tellurium (TV) solutions treated as unknown samples

Sample Tellurium Error Foreign ions
Present, pg  Toundy pz pe % pe
1 12.76 12433 ~0,38 ~2.9  V(V)(800)
2 15,31 14Okt ~1427 8.3 As(I11)(800)
3 2455 2,68 +0.13 45,0  Sb(II1)(600)
L 3419 Balih +0.25 +7.9  Bi(II1)(800)
5 1.53 1440 <013 <84 Cu(I1)(160)
& 14971 190 -0.01 =06  Pb(828)
7 2,81 2,68 -0,13  <4,6  Cu(I1)(160)
P5(828)
8 3,19 3432 0613 .1 Ce(IIT)(1400)
, Be(900)
9 0.64 0,60 ~0,0k  -6.2  Mg(hB6)
Ba(410)
10 6438 6476 +0638 459 $n(IV)(950)
Sb(II1)(852)
11 1.53% T -0:13 -8.5 - Se(IV)(150)
» Ca(I1)(160)
12 089 0483 0406 647 Co(II)(100)
' Ni(117)
13 1,21 1415 ~0:06 ~5.2  Ma(II)(200)
, , Bi(I111)(209)
1 Ll L,59 +0.12 4247  Cr(III)(806)
TL(I)(1020)
15 1.15 T.21 0,06 45,2  Ag(540)
Se(IV){(150)
16 2430 2el2 +04T2 45,2 Cu(11) (310)
. Hg(I1)(1003)
4;8‘ 7002 l 7 c66 +0d61"f' +'9:d T Pb(’l‘? ,500)
19 1478 192 +0.1h  +7,9 Pb(2625)

92
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studys The determination of tellurium by the procedure recommeinded
here is highly selective, The high selectivity results largely from
the spectral characteristics of the tellurium (IV) chloro-complex.
Thus the wavelengths of meximum excitation (380 mp) and emission
(586 qp)‘are well resolved from and much higher than those of the
other cations which produce fluorescent complexes in concentrated
hydrochloric acid mediun (e.g. Pb, Bi, TL(I), Ce(III), Sb(III),

. and Sn(IV)). No fluorescence is, therefore, stimulated from thesec
cations under the recommnended conditions, and they, therefore,

do not interfere, In a similar fashion the wavelength of maximum
excitation at 380 g is long enough to ensure that many yellow
coloured ions do not interfere seriously by attenuating the incident
radiation intensity at 380 mp, while the emission maximum at 586 mn
is long enough to ensure thgt few species can interfere by absorp—b
tion of the emitted radistion. Additionally, as the tellurites

of most of the heavy metals zre insoluble in water but soluble in

hydrochloric acid, no interference due to formation and precipitation

of these species is encountered.
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CHAPTER VI

[

A Study of the Fluorescence Characteristics of

Inorganic Complexes in other Tnorganic Acids at -196°¢

In addition to hydrochloric and hydrobromic acids, it was
mentioned in Chapter ITI that other inorgenic, acid solvents also
form good, reproducibvle glasses at liquid nitropgen temperature.
The intense fluorescence emission exhibited by several complexes
in hydrochloric acid and hydrobromic acid media at -196°C suggests
that the investigation of the scope 6f the technigue be extended
to the study of inorganic complexes in other glass~forming sol-
vents. HNumerous inorganic complexes in sulphuric, phosphoric and

’ )
17 and tinuL

perchloric acids are known but only the cerium (IITI)
ngplexes‘in sulphuric ac¢id have been utilised in fluérescence
analysis.

The results of the investigation of the fluorescence charac-
teristics: of the ions of several elements in sulphuric, phosphoric
and perchloric acids at ~196°C are presented in this chapter. Of
the ions selected for the investigation, uranium (VI) exhibits a
green fluorescence emission in all three acid solvents under the
respective experimental conditions. Fluoresceénce emission hds

also been' detected from cerium (ITI) in sulphuric acid medium.
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EXPERIMINTAL

Apparatus:

The instrumentation used for fluorescence measurements is

similar to that described in earlier chapters.

Reagents

The study of the fluorescence characteristics at -196°C of
several elements in sulphuric, phosphoric and perchloric acids,
was conducted using the purest available salt 6f each element.
¥Analar" grade (Hopkin and Williams Ltd.) sulphuric and perchlorié
acids and orthophosphoric acid (General Purpose Reagent, Hopkin

and Williams Ltd,) were employed in the investigation&
Results

(a) General study of elements in sulphuric acid

The survey was performed using a 10-3M'soluti0n of the ion
of the element in 9M sulphuric acid solution. In common with the
preliminary survey in hydrochloric and hydrobromic acids, the study
of the fluorescence emission in sulphuric acid glass at ~196OC
was made first, visualiy and then, instrumentally as described
previously. Under the conditiohs of the investigation, no
fluorescence emission was observed from the following 29 ions:
aluminium, antimony (III), arsenic (III), arsenic (V), bismuth
(III), cerium (IV), chromium (IIL), chfomiﬁm (VI), cobalt, erbium,

curopium, gadoliniwm, gallium, lanthanum, lu‘etium, manganese (11),
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. teristics of 31 ions in phosphoric acid was made using a 10
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mercury (II), nickel, semorium, scandium, terbium, thallium (I),
thorium, tin (II), tin (IV), vanadium (V), ytterbium, yttrium and
zirconium. Cerium (III) and uranium (VI), however, fluoresce
under the same conditions. The excitation maximum for the cerium
complex occurs at 270 i with a fluorescence emission maximum at
320 QP. The uraniuvm complex emifs a bright green fluorescence

with emission maxima at 490, 510, 534 and 560 mp and an excitation

- maximum at 304 e

(b} Investigation of inorganic complexes in phosphoric acid medium

The investigation of the low temperature fluorescence charac-
2
solution of each ion in 7i phosphoric acid solution, and in a
manner similar to that adopted for previous acid media. Of the

ions selected for the study, only uranium (VI) was found to fluoresce
strongly. The fluorescence is vigible as a green emission, and

the excitation and emission maxima for the complex are 320 QP

and 490, 514, 530 and 565 m respectively., No fluorescence emission
was detected for the following 30 ions: aluminium, antimony (III),
arsenic (IIT), arsenic (V), beryllium, cerium (III), chromium (III),
dysprosium, erbium, europium, gadolinium, holmium, lanthanum, lead,
lutetium, manganese (IL), neodymium, praseodymium, samarium,
scandium, terbium, thallium (I), thorium, thulium, tin (II),

tin (IV), vanadium (V), ytterbium, yttrium and zirconium.
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(¢) Investigation of inorganic complexes in perchloric acid glass

>

For this investization, a 10 “M solution of each ion in 7M
perchloric acid was employed. The results revealed that among

11 ions used in the study, only uranium (VI) is fluorescent ih
perchloric acid medium at liguid nitrogen temperature. This
fluorescence emission from the uranium complex is similar to that
exhibited by uranium in other acid media at =196°C that have been
employed by the authors The complex in perchloric acid glass is
characterised by an excitation maximum at 320 mp and emission
maxima at 490, 510, 530 and 560 e Under the same experimental
conditions, the following 10 ions do not flucoresce: antimony (III),
bismuth (IIT)y cerium (III)y lanthanum, manganese (II)y mercury (II),

molybdenum (VI), neodymium, thorium and zirconiums
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CHAPTER VII
Conclusion

The application of the technique of solution spectrofluori-
metry to inorganic trace analysis has been overshadowed, in recent
years, by the growing popularity of atomic absorption spectro-
photometric and atomic fluorescence spectroscopic methods of
analysis. As an analytical technique, spectrofluorimetry is
inherently more sensitive than several other instrumental methods
e.g. solution spectrophotometry, but it suffers from the disadvan-
tage that it is often susceptible to many interferences that arise
from different couses e.ge. gquenching and inner-filter effects. In
the face of great competition from other analytical methods,
especially current atomic methods, future fluorimetric procedures
for inorganic materials will.have to produce very high sensitivities
to compensate for the lack of selectivity if the technique is to
retain its status. OCue possible spproach to obtain grealer sen-
sitivity in fluorimetric determinations is to employ a very intense
light source to excite the fluorescence emission since the intensity
of fluorescence is directly dependent on the intensity of the
exciting source. The light source in both spectrofluorimeters
used in the author's work was a 150 watt xenon-arc lamp whose
energy output, particularly in the ultra-violet, is of a low

order of magnitude. It is, therefore, highly desirable to find
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a more intense source to revlace the xenon-arc lamp if improvements
in sensitivities are to be expected., With this object in mind, the
author conducted some experiments in which the intensities of
emission from several sources of radiation were compared with that
given by the xenon-arc laip.

As spectral sources, electrodeless discharge tubes (E.D.T.'s)
excited by microwaves are known tb enit very sharp and intense
1ines, &and have been used in the past chiefly for spectral elucida-

70,71

tion studies. Recently, however, they have been employed to
replace hollow-cathode lamps as sources in the techniques of
atomic absorption spectrophotometry (A.A.S.) and atomic fluores-
cence spectroscopy (A.F.5.) in which they have proved to be

72

highly successful. The distinct sdventages of an E.D;T. over
other sources used in atomic, analytical methods such as hollow-
cathode and high intensity lamps are their high intensity, ease‘
of preparation, low cost of production and long ''shelf-life''.
The successful aﬁplication of B:D.Tu's to AdA.8. and AJF.5.
suggests their possible application also as spectral sources

in molecular fluorescence analysis, The results of experiments
performed to compare the intensities of several E.D.T.'s and a
mercury vapour discharge lamp with the intensity emitted by the
150-W xenon-arc lamp fitted to the Farrand spectrofluorimeter
are presented below., The E.D.T.'s employed in thisstudy were

72

prepared in the manner described by Dagnall, Thompson and VWest.
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For excitation of these tubes, a "Microtron 200" microwave
generator (2450 Mc/sec) was used in conjunction with a resonant
cavity (Electro-Medical Suvplies Ltd.y London We1. Type 214L),
Initiation of the discharge, which relies on the production of
free electrons, was achieved with a simple Tesla coil vacuum
tester.,

The spectral characteristics of the sources and all measure-
ments of intensities were recorded using the Farrand spéctro—
fluorimeter by employing a dull surface aluminium mirror provided
for direct measurement of transmission and plading the photomulti-
plier in the alternative position next to the cell compartment
(see Fig. 3). To maintain similar experimental conditions, the
study of each source selected for investigation was made by
positioning the source in the position occupied by the xenon-
arc lamp in the spectrofluorimeter. Figures 18 and 19 show the
emission spectra of the seven sources viz, xenon-arc lamp, mercury
vapour discharge lamp, wercury e.d.t., sulphur e.d.t., carbon monoxide
e.d.t., argon e.d.t., and xenon e.d.t. The legends to the figures

are as follows:

Figure 18

A Mercury vapour discharge lamp and mercury e.d.t.
(sensitivity scale: x 100)
B Xenon-arc lamp (sensitivity scale: x 1000)

C Xenon e.d.t. (sensitivity scale: x 0.1)



INTENSITY OF EMISSION

FIGURE 13

ANt

[X]

]
400 450
WAVELENGTH, mt

101



INTENSITY OF EMISSION

FIGURE |9

250

300

g
350

§ 3 )
400 450 500 550

WAVELENGTH , my

mb
2ol 8



103

Figure 19 .
A Sulphur e.d.t. (sensitivity scale: x 10)

B Argon e,det. (sensitivity scale: x 1)

C Carbon monoxide e.d.t. (sensitivity scale: x 1)

The sharé 1ine-emission spectra for the mercury vapour discharge
Jamp and the mercury e.det. are similar, while the remaining five
sources produce continua over the spectral range investigated.
With the mercury e.d.t., no significant change in the intensities
of emission was observed by placing the tube directly in front of
the entrance port of the excitation monochromator which revealed
that an efficient optical system exists in the instrument for
direction of incident radiation.

The emission at 250 mp was selected for the purpose of com-
paring the source intensities. The results (using 5 mp bandwidth
slits) show that the xenon-arc lamp is superior to the other sources,
the order of intensity being: xenon-arc lamp = mercury vapour
discharge lamp ® mercury e.d.t.= sulphur e;d.t.:> éarbon monoxide
e.dets > argon e.det. > xenon e.d.t. The same order of intensity
was obtained from the fluorescence signals at 430 mp of identical
thallium (1) solutions in hydrochloric acid-potassium chloride
medium which were excited at 250 @y.qg By using wider slits,

20 ma band pass slits, the superiority of the xenon-arc lamp over

a mercury e.d.t. is further enhanced. Thus it would appear that,
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while e.det.'s emit sharp and intense lines which are much desired
in A.A.3. and A,F.S, procedures, they are not likely to find appli-
cation in solution spectrofluorimetry as sources of excitétion.
Here, the excitation spectrum of the fluorescent complex generally
appears as a broad band so that the energy of excitation may be
represented by the integrated area of the curve over the absorp-
tion profile. A continuous source such as the xenon-arc lamp is
likely to satisfy this energy requirement far better thaé a line
source since its total energy output over a relatively broad
absorption profile is higher than that of the latter considered
over an identical absorption range. Justification of this fact

is seen in the increased intensity at 250 mp of the xenon=~arc

lamp over the mercury e.d.t. obtained by changing the bandwidth
in the experiments from 5 to 20 L and from the stronger-fluores—
cence signals given by the thallium (I) complex when using the
xenon~arc lamp as exciting source.

An alternative way to achieve better sensitivity in spectro-
fluorimetric methods is to perform neasurements at low temperature
where, as discussed in Chapter II, processes having an adverse
effect on the quantum efficiency of fluorescence are much reduced.
The work of Ohnesorge and Rogers14 on the low temperature fluores-
cence of oxinate complexes of metals of Group ITTA indicates the
possibility of obtaining lower limits of determination of metal

ions via the formation of fluorescent chelate complexes with organic
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reagents by extracting these complexes into suitable solvents or
mixtures of solvents which form clear glasses at -19600. The work
described in previous chapters of this thesis illustrates how the
technique of solution spectrofluorimetry may be successfully
applied at low temperatures to extend the range of elements that
may be determined by fluorescence reactions. A very semsitive and
selective method has been described for tellurium.

Mention has already been made that the fluorescence emission
from antimony (III) in hydrobromic acid glass is 100 times more
intense than in hydrochloric acid glasé, and that a very sensitive
detection limit (10-8M) for antimony in the former medium at liquid
nitrogen tempefature has been obtained. Consequently, a method is
being currently developed for the determination of antimony which
is based on measurement of the red fluorescence of the antimony (III)
bromo-complex in hydrobromic acid at -196°C. The optimum conditions
employed in this determination have been established in an earlier
study (see Chapter IV), A preliminary investigation of the poten-
tial interference of a 50-fold molar excess of numérous foreign
ions on the determination of 2 x 10-6M antimony (6 pg in 25ml.)
revéals that the following ions caused a variation of fluorescence
intensity of g 5% of the fluorescence intensity value obtained
in the absence of foreign ions: aluminium, arsenic (III), barium,
beryllium, bismuth, cadmium calcium, cerium (III), chromium (III),

cobalt, copper (II), gallium, germanium, indium, iron (III),
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lanthanum, lead, magnesium, manganese (II), mercury (II), nickel,
potassium, scandium, selenium (IV), silver, sodium, strontium,
tellurium (IV), thallium {I), tin (II), tin (IV), titanium (IV),
vanadium (V), zinc, zirconium, acetate, chloride, citrate, fluoride,
nitrate, oxalate, perchlorate, phosphate, sulphate, tartrate and

thiocyanate.

33 the

In common with the method reported for teilurium,
determination of antimony in the manner described above is marked
by the high selectivity of the procedure. As with tellurium this
selectivity for antimony is mainly due to.the spectral characteris-
tics of the antimony (III) bromo-complex which are well separated
from thoserof severél other cations which exhibit fluorescence
emission in hydrobromic acid glass. The absence of interference
from many strongly coloured ions in the methods for téllurium and
antimony may be explained again by reference to the spectral
characteristics of the respective complexes, but in these instances
the explanation is facilitated further by a very significant change
which occurs when these coloured solutions are cooled to ligquid
nitrogen temperature. Several strongly coloured solutions in
hydrochloric and hydrobromic acids when frozen at -19600 were
observed to show either a considerable dilution of colour or a
change to a different and weak coléur.‘ Thus the strong yellow
colour of iron (III) in hydrochloric acid is reduced to pale yellow

at -19600 while the orange colour of the same ion in hydrobromic
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aci& changes to pale pink at low temperature. These observations
probably account for the non~interference of iron (III) in the
determination of antimony, and for the tolerance 1limit of a 5-
fold weight excess of iron (III) in the determination of telluriums
Likewise, the yellow col&ur characteristic of the ions Cu(II),
V(V), Au, Pt(IV), etc. in hydrochloric acid and the purple colour
of the Cu(II) ion in hydrobromic acid do not interfere in these
determinations. One important consequence of the effect of lower-
ing of temperature on the colour of bright solutions may be men-
tioned here. Several methods that have been proposed for trace
metals and which depend on the absorption of light in the ultra-
violet by their halogeno~complexes are subject to interference
from many foreign ions which form coloured halogeno-complexes and
thus reduce the intensity of the incident radiation, However,
if spectrophotometric measurements are made at low temperature,
these interferences may be considerably minimised or even eliminated.
The importance of low temperature absorption spectroscopy has been
fecognised for years, but relatively little work has been reported
in the field because of the experimental difficulties which exist.
Recently, several workerssB'73 have attempted to remove some of
these experimental problems by designing low temperature absorp-
tion cells for various spectrophotometers.

The author's investigation of low temperature fluorescence

reactions in inorganic acid media has produced some encouraging
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resultss Nevertheless the technique is still in an early stage

of development and unuoubtedly a number of practical problems will
have to be solved before it can acguire wide acceptance and applica-
tion. The problem of cracking of the silica sample tubes used in
these studies may be improved by employing thicker-walled_tubes

to contain the sample solution., Vhen a crack in the glassy medium
occurs, the internal pressures set up frequently cause rupture of
the sample tube., Hence the greater "strength' of thick-walled tubes
should allow them to resist the strains more effectively. The

need for careful positioning of the sample tube for reproducibility
of results presents another difficulty encountered in the tech~
nique, OQuite recently, Hollifield and \AI':i.nefordnerVI+ have

described a rotating saiple cell for use in phosphorimetry by

means of which they have obtained improvements in the precision

of measurements, Spectrofluorimetry at low temperature would thus
appear to be a technique of trace analysis which may yield valuable

results in the years to come.



2e

3.

e

109

LIST OF PUBLISHED WORK

G.F. Kirkbright and C.G. Saw, "Spectrofluorimetric determina-

tion of microgram amounts of lead", Talanta, 1968, 15, 570.

G.F. Kirkbright, C,G, Saw and T.S, West, 'Fluorescence

Vcharacteristics of inorganic complexes in hydrochloric acid

medium at liquid nitrogen temperature', Talanta, 1968, in

press.

G.Fe Kirkbright, CesGes Saw and T.S. West, '"Low temperature
fluorescence of some bromide ion-association complexes in

hydrobromic acid glasses at -19600", Anal.Chem., in press.

G.Fs Kirkbright, C.G. Saw and T.S. West, "The determination
of trace amounts of tellurium by inorganic spectrofluorimetry

at liquid nitrogen temperature', Analyst, in press.

G.F. Kirkbright, C.G, Saw, J.V, Thompson and T.S. West,
"The determination of trace amounts of antimony in hydro-
bromic acid medium by inorganic spectrofluorimetry at liquid

nitrogen temperature’, To be published.



Te

2,

3

10.

1.

12.

13,
U,

110

REFERENCES

EsJs Bowen, Quarterly Reviews, 1947, 1, 1.

Ps Pringsheim, "Fluorescence and Phosphorescence", Interscience,

New York, 1949,

R.J. Bartholomew, '"Reviews of Pure and Applied Chemistry",
1958, 8, 265,

CeA, Parker and W,T. Rees, Analyst, 1962, 87, 83.

TeSs West, Laboratory Practice, 1965, 14, 922 and 1030.

D.M. Hercules, "Fluorescence and Phosphorescence Analysis",

Interscience, 196G,

G.G. Guilbault,‘"rluorescence ~ Theory, Instrumentation and

Practice, Marcel Dekker, Inc., New York, 1967.

J.A. Radley and J. Grant, '"Fluorescence Analysis in Ultra-
violet Light'', Chapman and Hall, 1936.

M.A. Konstantinova -~ Schlezinger, "Fluorimetric Analysis'',

Israel Programme for Seientifie Translations, Jerusalem,

1965 (Translation from Russian).

E.A. Boghevol'nov, "Luminestsentnyi Analiz Neorganicheskikh

Veshchestvl, Khimiya Moscow, 1966,

C.E. White and A.Weissler in L. Meites', 'Handbook of

Analytical Chemistry', McGraw Hill, 1964, Section 6, p. 176.

idem, Anal, Chem., 1962, 34, 81R; 1964, 36, 116R; 1966,
38, 155R; 1968, 40, 116R.

CeAs Parker, Analyst, 1959, 84, 4ké.

W.E. Ohnesorge and L.i}s Rogers, 3pectrochim. Acta, 1959,

15, 27




15.

16.
17

18.
19.
20,
21,

22,

23.

2h.

25-
26,
27.

28.

29.

30-
3.

32.

E.J. Bowen and F. Wokes,'"Iluorescence of Solutions' ,longmans

Green and Co., London 1953.
C. Woodward, Ph.D. Thesis, University of London, May 1966.

G.F. Kirkbright, T.5. West and C, Woodward, Anal.Chim.Acta.,
1966, 36, 2938,

idem, Talanta, 1965, 12, 517.
G.F. Kirkbright and C.G. Saw, ibid, 1968, 15, 570.
H. Diehl and J.L. Ellingoe, Anal,Chem., 1956, 28, 862.

D.H. Wilkins, Talanta, 1960, 4, 182

V. Armeanu and P. Costinescu, Bull.Inst.Politeh Jasi, 1962,
8, 123. Anal,ibstr. 1963, 10, k092, ’
G.F. Kirkbright, TS, West and C. Woodward, Anal.Chem., 1965,
37y 137.

G.A. Crosby, ReZe Whan and ReM.J. Alire, J.Chem.Phys.,

1961, 3k, 743.

C.A. Parker and W,T, Rees, Analyst, 1960, 85, 587.
R. Smith, Ph.D. Thesis, University of London, May 1967.

R.F. Chen, Anal.Biochem,, 1967, 20, 339.

F.R. Lipsett, J,0pt.Soc.Amer,, 1959, 49, 673.

Aminco Laboratory News, Vol. 22, No. 1, Spring 1966

(American Instrument Co.).

W.H, Melhuish, J.lhys.Chem., 1961, 65, 229.

G.F. Kirkbright, C.G. Saw and T.S. West, Talanta, 1968,

in press.
idem, Anal.Chem., in press,

idem, Analyst, in press.

111



38-

39.
Lo.

4,

La,
4z,

Lk,
45.
46,

L7,
Lg,
4o,

500'

51.

112

0.A. Weber and V.B. Vouk, Analyst, 1960, 85, Lo.

E. Sudo, Sci.Rep.Res.Inst.Tohoku,Univ., Series A6, 1954, 137.

R.M. Dagnall, T.S. West, P. Young, Talanta, 1965, 12, 583.

K. Sone, P, Krumholtz, He Stammreich, J.Amer.Chem.Soc.,
1955, 77, 777,

Ce Merritt Jnr., HeM. Hernshenson, L.B. Rogers, Anal.Chem.
1953, 25, 572.

K.E. Kress, ibid, 1957, 29, 803.

E.A. Bozhevol'nov and E.A. Solov'ev, Zh.Analit.Khim., 1965,
20, (12), 1330. Anal,fbstr., 1967, 14, 4641,

H. Goto, ScieRep.Tohoku Imp.Univ., First Series, 1940, 29,
20k,

P. Pringsheim and H. Vogels, Physica, 1940, 1, 225.

N. Strafford, P.F. Wyatt, F.G. Kershaw, Analyst, 1945, 70,
232,

G.F, Kirkbright and C.G. Saw, unpublished work.

J.Te Randall, Trans,Faraday Soc., 1939, 35, 2.

S.P. McGlynn, B,T, Neely and C. Neely, Anal,Chim,Acfa.,
1963, 28, 472.

L.V.S. Hood and J.D, VWinefordner, ibid, 1968, 42, 199.

V.V. Kuznetsova, Dokl, AN BSSR, 1961, 5, 203.

P, Seybold and li. Gouterman, Chem.Rev., 1965, 65, 413.

E.J. Bowen and D. Seaman,Luminescence of Organic and

Inorganic Materials',Wiley, New York, 1962, p.153.

W.R. Ware and B.H. Baldwin, J.Chem.Phys,, 1965, &2, 1194,




52.
53

S5k
55
56.

57
58.

59,
60,
61.
62.
63.
6k,
65.
66.

67.

68.

69.

70,

113

D.M. Hercules and L.Bs Rogers, J.Phys.Chem., 1960, 64, 397.

F.J, Smith, J.K, Smith and S.P., McGlynn, Rev.Sci.Instrum.,
1962, 33, 1367,

J.D. Winefordner and P.A. St. John, Anal.Chem., 1963, 35, 2211.

DeRs Scott and J.B. Allison, J.FPhys.Chem., 1962, 66, 561.

E.A. Bozhevol'nov and E.A. Solov'ev, Dokl. AN 3SSr, 1963,
148, 335,
idem, Zavod.Lab,, 1964, 30(4), 412, Anal.Abstr., 1965, 12, 3819.

E.A. Solov'ev, AJP. Golovina, E.A. Bozhevol'nov and I.M.
Plotnikova, Vest.Moskegos Univ., Ser.Khim., 1966, 5, 89.
AnaloAbStro, 1967’ :‘l.jL:l:’ 73930

R.H. De Meio, Anal.Chem,, 1943, 20, 488.

W. Nielsch, Z.Anal.Chem., 1957, 155, LO1.

C.L. Luke, Anal,Chem,, 1959, 31, 572.
K.L. Cheng, Talanta, 1961, 8(5), 301.

E.N. Pollock, Anal,Chim.Acta, 1968, 40, 285,

G.F.. Kirkbright and W.X. Ng, ibid, 1966, 35, 116.

R.A. Johnson and F.P. Kwan, Anal,Chem., 1951, 23, 651.

-M.W. Hanson, Y.C. Brad bury and J.K. Carlton, ibid, 1957,

29, h90.
N.W. Fletcher and R. Wardle, Analyst, 1957, 82, 743.

V.M, Vliadimirova, N.,Ke. Davidovich, G.I. Ruchmistaya and
L.S. Razumova, Zavod.Lab., 1963, 29, 1419, Anal.Abstr.
1965, 12, 1143,

H. Bode, Z.Anal,Chem,, 1955, 14k, 165.

R.J, Hull and H.H, Stroke, J.Opt.Soc.Amer., 1961, 51, 1203.




71
72,

73.

7,

114

/
N.S. Ham and A, Walsh, Spectrochim.Acta., 1958, 88, 12.

R.M. Dagnall, K.C. Thompson and T.S5. West, Talanta, 1967,
14, 551.

H.M. lMcConnell and D,D. Tunnicliff, J.Chem.Phys., 1955, 23,
927.

H.C. Hollifield and J.D. Winefordner, Anal.Chem., 1968, &9,
1759.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114

