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n v r m m o T i m

The Inclusion of fluorescent technique among the tools 
of the analytical chemist is becoming more and more firmly 
established as the ftm&axaent&l principles involved become 
better understood* Fluorescence is a property of xmny 
substances* It is encountered in a great number of the 
organic products of daily life, such as lubricating oils, 
milk products, print and paper, wood, paints, textiles, 
seeds and many others* It appears also among many minerals* 
Their characteristic emission features, though of a low 
order of brightness, make possible determination of varia­
tions in quality and type# Simple visual examination of 
the color of the fluorescence emitted when the object is 
exposed to ultraviolet radiation often reveals the presence 
of adulteration or oontsnination with foreign substances*
The use of this for routine control is evident*

other types of fluorescent studies are indicated by 
investigations such as those of J. T. Randall^ on **ie 
use of low temperaiures in the study of fluorescence' in 
solids, of b* 0** wm 2*orrish^ on the relationship of 
fluorescence to photolysis In gaseous systems, of &» 3*•
Bowen on fluoreeoenoe efficiency in solutions, and of 
Joseph on photosensitised reactions and the
quenching of fluorescence in solution* These are pur® 
research problems, belonging to the realm of chemical 
physics, seeking; to establish the nature of the forces



producing fluorescence in gases, liquids and solids and 
their fundamental. e haraeteristies * IE special interest is 
attached to artifically prepared products, including both 
liquid and solid solution®, and also solid inorganic 
substances, such a® sulfides, oxides, timgst&tes arid 
silicates*

*side fro®, these two fields of widely differing 
objectives lie® the realm wherein the development of 
fluorescence or its destruction brought about by chemical 
reaction is employed as a means for the detection and 
estimation of *. talsf as well as of many organic compounds• 
fhl® realm has not been fully explored and suoli reactions 
have met with only Halted application due partly to the 
non-specificity of the fluorescence ef.feo.ts, and partly 
to the fact that small amounts of impurities present may 
influence the fluorescent color to a marled degree. In 
a few instances it lias been found possible to detect cations 
by bringing about a chemical reaction in which the Inorganic 
constituent is tied up with an organic radical producing 
a fluorescent color or change in fluorescent color.- An 
example of this is the nor in test for aluminum* ̂ ̂  If 
a solution of the dye nor in is mixed with an aluminum salt 
and examined under ultra-violet light a greenish fluorescence 
is visible*

It was with the thought of nuking the tucrin aluminum, 
test quantitative by photonetrio measurement and, if possible, 
of adding to the number of specific fluorescent tests for 
the cations tint this present investigation was undertaken.



Qapprehensive reviews of the applications of
fluorescence analysis to a wide variety of industrial 
and chemical problems of an analytical nature are avail­
able in book farm a© follow®:

Fluorescence Analysis in ultraviolet light by j Hadley and J * Grant
ImlnMsauenalyse by i* W* Oa&ekwort*
Die Fluor esaMKusanalyse in der Mlkrochernia

by Max llaitlnger
la addition to these reviews an article by Dr# 0.,

1# White* "fluorescent Analysis of Inorganic Material#"^, 
describes methods* apparatus, and test# particularly 
adapted to fluorescent studies of inorganic materials*
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Historical
If fluorescence Is defined, from an ©lemsiitary 

point of view, as being the ability of certain substances 
to transform incident radiation into radiation -visible 
to tli© ©ye* the phenomenon was known to Hobart Boyle, 
who Introduced the first fluorescent Indicator to distinguish 
acids and bases from one another by an Infusion of "lignum, 
nepliritieaa" J 7> u. Brewster*a) anti J. HerscheiO) seem 
to be the first to have sought an explanation of tills 
phenomenon. Both considered it a typo of light dispersion, 
the former as am "inner© dispersion" caused by very s ull 
particles of the substance, the latter as an "epipollsehe 
dispersion* which after passage through a measurable 
layer of the fluorescent liquid was robbed of its Irradiat­
ing effect.

G. G. c h o i c e s classed as fluorescent substances 
those which -under the influence of light b@o< e self- 
luminous. belf illumination proceeds from Impinging 
light rays being changed Into radiation of other wave 
lengths. It was Btokes who first recognized this fact 
and gave tlie phenomenon the name it bears, from the fact 
that It seems particularly characteristic of some varieties 
of fluorspar or calcium fluoride.

The wort, of btokes indicated that fluorescence effects 
were nothing other than the result of a transformatiom of 
on© radiant energy into another of definite period and 
t* fr* T\$i h s 11 tv t that fluorescent phenomena were connected
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with no definite state of aggregation, being most 
imrked in solids and liquids yet also observable in 
some vapors, e.g. iodine or sodium*

The x*lnor©seance of solutions depends in the first 
place upon the eoneentrnt1on of the dissolved substance*
In general fluorescence is strongest in more dilute 
solutions* The color frequently changes at iu cr 
concentrations* This is caused by the fact that the 
solution absorbs a part of the emitted fluorescent limkt. 
U m m  substances which fluoresce in the solid state are 
not responsive to ih© incident ray when dissolved. This 
may originate on the one hand in that tho fluorescence 
lies In the ultra-violet region or is so weakened that 
it is no longer perceptible to the eyes on the other hand 
it nay be that in solid bodies it is brought about by 
etjbtel11n© structure. In the first instance fluorescence 
is conditioned by chemical constitution of the molecule; 
in the second instance only by the physical arrangeiients 
of one atom, with another.

Later Investigations, after the period during which 
3tokes dominated the field, roughly 1850-70, were chiefly 
concerned with studies about the relationship of fluorescence 
to chemical constitution, male# from isolated observations 
of some authors, B. Beyer was the first to study this 
question In detail. According to him certain atomic 
groupings were necessary for fluorescence which lie colled 
fluorophores, such as the pyron ring and the ring structures
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found in anthracene and pyridine* The tsar© presence 
of a Fluorophore in the molecule was not in itself 
stiffiolent for fluorescence. It appeared only if 
situated between two h@fi.vy atomic complexes, especially 
between benzene nuclei* Tims pyron did not fluoresce 
whereas alpha* alpha* diphenyl pyron did*

Likewise h* l U m t n & x m ^ and co-workers attributed 
fluorescence to the presence of certain atomic groupings 
called lra&nophores* typical Imlnophore is the benzene 
nucleus*

In. contrasts J* S t a r k e m p h a s i z e d  that fluorescence 
was dependent upon absorption in a band spectrum; it is 
not always perceptible and can fall in the visible as well
as In th© invisible light region*

From the complicated structure of most fluorescent
organic compounds it Is extremely difficult to recognize 
the essential carrier of fluorescence and numerous examples 
are found which appear to satisfy each hypothesis. However, 
exceptions are always found which contradict them*

Laws of Fluorescence

Fluorescence phenomena obey three physical laws:
Cl) Fluorescence is always accompanied by absorption

of incident radiation, a principle which must 
follow frcca the lew of conservation of energy.

{£) The second law, more generally known as Stoke*^
law, states In effect that the fluorescent light

mailto:h@fi.vy
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is always of greater wave length than the exalting 
light* This principle has led to a great deal 
of controversy and lias teen questioned by several 
investigators. Lormel^^ in 1877 was the first 
to point out for certain bodies an uimistaxable 
overlapping of the regions in the spectrum oc­
cupied by the exciting light and by the fluorescence 
which it produced* Later work by Bisliols and 
Kerritt^ of Cornell indicated that Stokes* 
law held for none of the fluorescent substances 
examined which included eosln, naphthalin-roth, 
fluorescein, rliOQaain, resovoln-blau, quinine 
sulphate, chlorophyll, canary glass, green fluor­
spar, white fluorspar, and aosoulin* It is 
ge.nera3.ly admitted today that the law is not 
valid for strongly colored substances*

It has been conjectured that the extra amount 
of energy required to produce radiation of shorter 
wave lengths than that of the primry radiation, 
as is the case for wanti-3t©Jces** bodies, originates 
In the break down of certain atomic heat centers. 
Definite evidence for this assumption is lacking*

(5) The distribution of intensities in the fluores­
cence spectrum and the position of the maxintea 
of the fluorescenee band is in all cases independent 
of the wave length or composition of the exciting 
light *



modern thought regarding the fundamental causes of 
fluorescence phenomena is based upon ike existence of
discrete energy lewis associated with each aids., which 
serve as stopping places for electrons as in.© latter are 
shifted about by various energy radiations* In the case 
of a gas this effect is toon as resonance radiation** *
The Iliumtr ation producing it mist have a wave length 
corresponding to an absorption band of the gas. Through 
this absorption of energy the atoms or molecules beco®# 
excited to such an extent that am electron is driven to 
an outer orbit. The condition for such a state is that 
I * to where B is the energy of a quantum of the exciting 
radiation* and v ie tie frequency corresponding to the 
wav© length at which energy can be absorbed to excite the 
atom to resonance * The return of the electron to its 
normal orbit gives rise to luminescenee and Is accompanied 
by energy emission of the sarae frequency so that there is 
so change In wavs length, This ©mission is labeled 
fluorescence if It persists only under excitation by the 
radiations it is known as phosphor©sconce if It exists 
for an appreciable period after ilb radiation has been 
extinguished.

In studying the art!fically prepared phosphors two 
striking ekaracterIstias have been noted: f ivst,
fluorescenoe Is quite often associated with the presence
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of a low concentration of a foreign ingredient; second,
fluoreseene© is not monochromatic although the Illuminating 
radiation may he9 but if extends ower a broad band of 
the spectrum end generalIj is of longer ware length than 
that of the eared ting radiation, these effects are also 
observed in gases end may bm explained in an analogous 
fashion as being toe to the influence exerted by neighbor­
ing atoms upon on# another*

Thus In the case of pure sodium vapor the luminescence 
is made up of the 1) line doublet (5*890 and 5,690 A° unite) 
resulting from the return of excited electrons from two 
energy levels lying close together. At very I w  pressures 
only one of these lines can he excited as resonance 
radiation. If the pressure is increased or if a snail 
amount of hydrogen Is introduced both lines appear, due 
to collision of excited atoms with neighboring atoms.
Such collisions produce sufficient energy transfer to 
throw the excited electron into the closely adjacent 
energy level, the energy difference between the two states 
eorrespondln& to only 0.01 volt. This system Illustrates 
horn sensitive the character of the radiation produced is 
to the influence of neighboring atoms either of the same 
or of different species.

£'or more complex vapors such as iodine which Is in 
the noleeular rather then the atomic state, the two atoms 
vibrating bade and forth and the molecule rotating about 
the axia uniting the two atoms give rise to various



vibrational and rotational energy states. The usual 
mmh&r of rtrcmic emergy levels has boos greatly 
increased* fie cane has become so ccsaplox th&i the pure 
resonance spf^otrm consists of a series of doublets 
rather than a single line* If now the pressure on the 
system, is increased sufficiently to cause collision of 
excited molecule® with neighboring molecules of If helium 
Is Introduced Into the uystern the resulting emission is 
no longer resolved into lines, bat appears a& continuous 
radiation at the looation of the « cted doublet* The 
electrons do sot return to their nor si orbits by e 
series of definite jtmps resulting in clear cut doublets, 
but return by *ttmpe of different Ittides to states 
so el on® together ti at continuous bands result* -~5 a 
counterpart of Bach collisions the electron loses energy 
leaving si utller ©mounts available for light ais&sslon* 
Consequently the emission is displaced toward the longer 
wav® lengths*

The situation represented for sodium and iodine 
vapors becomes still m o re  complicated sis the concentration, 
of atoms and noleoulee Is Increased to form the liquid 
and solid states. The interplay of torees Is mioh more 
intricate aad Involved, so ranch so that groups of electronic 
levels beeone packed with lines representing a continuous 
band of energy* Xu solids the bands are so far apart in 
energy content that ordinary methods of producing excited
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states oan not raise electrons fron a nomal filled
band to an upper unfilled one* If a ^localised band** 
represented by a small amount of impurity is inserted 
between the two bands some energy states of the iiapiirity 
will fall in ©neb a position as to allow of excitation 
by appropriate wave length eauaiiig electronic Jtimps frost 
the localised level to the unfilled band* The result is 
that limineseenee occur® associated purely with the 
impurity atom* The excited electron, falls by steps of 
thermal interchange to the lowest level of the "unfilled 
band, therefor© the energy emitted on return to its 
normal state is less than the energy of excitation s.nd 
the fluorescence is displaced toward the red*

fiie effect of broadening the emission into © band due 
to the close packing of the atoms in solids is illustrated 
by the Franck-Condon principle* I Fig*. 1} pxe distance 
between atoms (foreign tepurlties and neighboring atoms) 
will vary periodically due to thermal v i brat ions and 
alternate ferae® of attraction and repulsion* The potential 
energies are represented by ordinates of the two curves,
K for the normal state and & for the excited state* 1'lie 
principle states in affect that the time of excitation is 
so short as compared with the time of vibration that 
transitions between the two states will take place along 
a vortical Hue C0f* Vibrations continue between points 
of equal potential energy in the excited state such as
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ATUi

distance 'between .atoms

Fig. 1 - Excitation and emission
of a phosphor according to Franck- 
Condon Principle (From C-. Fonda,
Flee, Engr. 678, bee. 1938)

C f and A*# Tbe excited state extends over a finite time, 
and consequently the return of the electron to its normal

Tposition is represented as ocem^ing from any position 
along the curve E between points 0 * and A*. The shape 
of the c u m s  is inherent in the principle as representa­
tive of the interplay of forces* --ts a result, the emitted 
energy is not equal to the energy of excitation, represent­
ed by line 009, but has © succession of lower energy 
values depending on the point on the curve E from which 
its return starts.



A localized stats might oe introduced not only by 
impurity ato£*a, tut by Irregularities in the lattice as 
a result of nan«stoi oil am©trie proportions in the 
©imposition ox the solid, ions caucentra tione of
allotropic laodifioations, by the dispersion of native 
molecules in a solution., or by their adsorption in 
dispersed t o m  on a solid*.

Optimum intensities of fluorescence at critical 
concentrations have been found to be characteristic of 
fluorescent dye solutions* becreas.es in fluorescence 
beyond the optimum value are presumably ascribed to the 
increase In probability of collision between excited and 
normal dye molecules* An optimum content of foreign 
metals in inorganic phosphors Is apparently also related 
to this & m m  effect* If this theory Is correct, fluorescent 
tests should be iaa.de under conditions of sufficient 
dispersion to prevent disturbances by collision, which 
sight be accomplished by carrying out observations m, 
adsorbed fll&e, on filter paper, or in solution*
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ffh© light source should be selected to give 
omwrniklen tly, redatively intense @::ai salon of 'uXtraTtolei 
light of fell wave lengths 5 however, ilia ia@ar ultraviolet 
region oor*prisiit£$ wave lengths SO00 to 4000 is of 
sufficient energy content to ©see its fluorescence for isoat 
analytic al work* The in ten a it 3- should not OfiUifte with 
time or working conditions* The source should aha* mo 
heating effects or objectionable fm.es and should be 00 
arranged that it can be er.elo&ed and properly shielded, 
as the intensity of the fluore soonce phenoBisua is 
da-pomdaiit upon the intensity vf the excitation source 
and different types of sources vary ‘widely In intensity, 
vha ;nB‘thod or Instinvvuh need for excitation niast be 
carefully described, tf&ilure to do this has led to 
;::iuou confusion in the literature In tills field*

4iltUoug.il X«*r ays, cathode rays, and r&biun rays imve 
been used in isolated instances for fluorescent studies, 
the fiost gen era. 1 ly' apt* lie able sou.ro $2 s are c he spark or 
arc discharges between impregnated oar bon electrodes or 
between metallic electrodes m;iah a a iren, nickel, cobalt, 
aluminumtungsten, sine, Vi&gncsitrs or cadaiULi and the 
quarts i.ifiroiry vapor lnar>. Iron electrodes give light 
particularly rich in ultr&viGlet radiation with umifom 
spectral lire distribution * -crcs i,iuy be struck in air, 
in w&MUxm$ In hydrogen, argon or in a Metallic Taper



fimeh as that of croury, blswnth or cud Jh.sn* Greater 
intent!ties for specific regions of the speeirmi ar* 
obtained by the use of ainef oarocoorr.,9 rdobel or 
cobalt electrodes• Almost all oetollio mid Ir.pregnatsd 
carbon electrodes give spectra vttb greater Intensity 
and nunbor of lines than the ncrcury uro* The disadvantages 
of the arc discharge sources include difficulties in 
maintenance of a constant output, the ©-• '-olntlon of heat 
and obnoxious fu..ne@f and the disIiite.:";rofion of simll 
vmiits of not metal causing dnrhreninp of the filter*
■Table Ko. 1.  ̂ -Ui fro?o haitlngvr*n data, compares
the intonelvf and number of lines for a number of metal 
elect roues suggested as applicable for sources of ultra— 
violet light*

Table Ko* 1
-•eraant Total Intensity for the Region 3000-400© A°
uud tne - . oar of 1.in.es betwean £000-4000 u° and3000—4000 au for Various Metallic Electrodes

Total Interned tv Buuber of limes between
MotaX or 3000-4000 A°' BOOO-40OO A° $000-4000 A°
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hercury vapor Xsiiye are of : a.xrp types and designs 
from those giving point sources of light to larger nodal a 
used for iiiiisiinotinp; purposes. Tim o'an or i a analytical 
model, anleii is videly used for fluorescent studiosf is 
designed for increased efficiency by being; equipped with 
cylindrical hood and spoolsi reflectors for ©oncentratlag 
the radiation* The filter employed to remove risible 
light is of the nickel ©aide type. The suspension is 
so arranged that tie burner and hood nay be til,ted to 
start the circuit* l*h© spectral rang© extends from 1600 
to 14,000 M g  .lave lengths less them 4600 A0 represent 
teo-tliiror nf ell ware lengths present. The principal 
ultraviolet lines of fluorescent interest consist of tvto 
at 0650 and 5bl>4 u° respoofively and on© at 6984 
hadiatlor in the visible Is concentrated in a pair of 
yellow-green lin#s at 6764 and 6791 n° and a green line 
at 5461

As an mrtgxcmth of the perfection to a oeasieroial 
stage of ] _ pressure mercury vapor electrical discharge 
lamps end to the advent of television (which has been

oonslbie by the luminescent cathode ray tube screen) 
ov ue ultraviolet light of much lower original cost 
ana .-i ::1re,>tor ©as© of operation t,re evulr.Me to the 
analyvico.l norkor* M  low pres scares, i.e. below 1 naa,t a 
large portion of the energy input is radiated as the 
reaonaso-s il.e at E556 A°. At Maher pressures, e.g. above



100 m .  the energy radiated in. the visible portion of 
the spectrtua is increased while the resonance radiation 
is absorbed. In the most recent lanp de velopnents
pressures of one-half to one atmosphere are readily 
utilised oy placing the hard glass mercury vapor container 
within -an outer envelope of glass. in addition to the 
radiation appearing in the visible portion of the speetrtsa 
there are present m. number of u t e  length® lying just 
below the visible region, most of which are due to the 
triplet at 3650 A0. If the lamp is Inclosed In ardor to 
conveniently filter out the visible li.-ht, provision 
should be made for air circulation in order to keep the 
tenpermture fret: rising*

The high pressure mercury vapor Imps In their present 
fora require frv 2 to § minutes to reach intensity*
low pressure lamps show no thermal delays connected with 
their operation, reaching full brilliancy almost 
instantoneoiisly* However the intensity of such a source 
is so low that Its application Is limited.

It is important to know ton range of wave lengths 
transmitted and absorbed by the particular filter being 
used, ^hoodie glass'* aopeariro almost black I** ordinary
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light but shutting cut practically ell of the visible
epee truss is used extensively in fluorescence work and
is ©tawderd eouiprtrnfc in a number of Imps. It is
essentially a nickel oxide glass with, a snail amount of
copper o,xi&s added to blank out red rays. Co ̂  sreial
filter glassies vary greatly in oo .position ana transmission
and absorption characteristics* Consequently reference
should be weds to manufacturers* catalogs whore definite
ranges fire rcwmlroci.

nacording to the data of t* Kisenorand^ ̂ ) tvo
percentage of various v/ave lengths passing through 7 an.
thictoesB of ordinary glass plate io au follows:

v*ave length a 0 /* passing, throng
3 6 8 0  003340 24
5 2 3 0  u n d e r  1

A series of filters trans. ..Itting various trave lengths
m y  be constructed from a emhiuation of V.ratten, dyed 
gelatin filters, Corning glass, and solutions of nlekel 
and copper s u l f a t e s . I t  oust also he borne in sisd 
that the Intensity of radiation transmitted will vary 
inversely with the thickness of the filter*

Material© other than glass have been used successfully 
to absorb risible rays and transmit ultraviolet* a 
solution of Tiitrosodinethylaniline of such strength a,® to 
eliminate all blue and west of the violet regions has
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been used 'by ôofi ** * Combinations of aniline dye
solutions. or gelatin films impregnated -rith dyes hairs 
been used In many In stances although some lures ligator# 
maintain that ayes generally are too unstable to 
ultraviolet to be. of permanent use*

»;<U j  X* i  VA-' w  v.-' *  . X i ,» * 4, X

bar tide site is of considerable importance, particular­
ly in the c-rc of solids.* Generally fluorescence is 
brighter if the substance is in mhe powdered state* If 
the solid presents a fairly large continuous surface, it
should bo fractured and obseroatieiis -,xad© on freshly 
broken surfaces. Spotting with dilute sold or alkali 
ard heatlip:; oro frequently of aid in identification* Use 
is often nade of borax nr phosphorous salt beads with 
good resulta*

‘there is little n m  for t?«e gaseous state in ordinary 
analytical examinations. As pointed out in the theoretical 
discussion the nvtorescenee any be? markedly influenced 
by vapor pressure or tie presence of a small saoml of 
impurity. By far tie greatest use ,:f fluorescent effects 
a® an analytical tool is wet with In liquids and solutions*

The container should be non~f1uore see nt, and may 
be placed directly in the path of the radiation for 
observation* frequent use is made of filter paper as a 
aediurn for carrying out reactions on a small scale#



Tago&a^®^ has developed a technique of confining th®
spot to a small area by inpregneitlng the paper with 
paraffin rings* Glass spot plates Mire been found very 
satisfactory tor micr© work. White spot plates usually 
show a purple fluorescence and black spot plates a .green 
finer ©see no©* ptisrtr container© are rat necessary where

le-o'fos below 3010 h° arc mot required. If ordinary 
glass filters are rscd at the light source, radiation 
of lower wave length is atopy-ed at this point and the 
use of quarts far transmit ting below 3000 A° would ho 
unnecessary. Obviously the solvent used should show 
no fluorescence itself* The liquid or solution should 
be diluted with a non-fluorescing, liquid and examined at 
progressively increasing dilutions, aim;© there is often 
an optimum dilution showing a ansdUum intensity. 
Observation® should he made under both acid and alkaline 
conditions in searching for 1dentifring characteristics. 
Generally mi Increase in temperature will decrease 
fluorescence^

JIncrescent phenomena can he observed advantageously 
if the fluorescent mterial is allowed to crystallize 
out on kb© wic rose ope slide and exwmiued under th.e 
fluorescent microscope. The forn of the crystals and 
crystal groups, particularly in dark field illumination, 
may offor new criteria for the identification of unknown 
samples. Treatment with alkali or acid often produces



a c ag© la fluorescent ©olor and ehotra©teri©tlo new
crystal fomi# Thm is© t hod is adaptable to th© 
investigation of niaced substances, the eoEiponenta of 
which can be identified, by different colored fluorescences*
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Inorganic compounds for the most part show no 

characteristic fluorescent properties* A largo number 
of compounds which have 'boom examined gave a re4~violet 
fluorescence which was not suitable for identification. 
The suetals themselves as m i l  as most salt© of th *  

heavy imtmlB to not fluoresce* It is noteworthy that 
for those metals which exhibit variable valence the 
compounds la which the im ta l has the lower valence 
show iiore distinctive fluorescence than those compounds 
in which the metal has the higher valence# Thus cuprous 
chloride gives a yellew-green fluorescence, zosrcurous 
chloride a strong orange fluorescence and thalleus 
carbonate a blue fluorescence while the corresponding 
salts in which the metals have the hi*, her valence to 
not fluoresce#

More marked fluorescence phenomena cam he observed 
with the natal salts of organic acids# fall© Ko* 2* taken 
from th# work of rial tinker * t gives th# f lucre so ent 
colors of a number of such compounds*



table Bo# Z

the Vluoreseent Colors off Metal Salts off c 
o ompound

Potassium cyanide
Mercuric cyanide
Barii® fomatm 
Calcium format#
UlokBl formate 
thorium format©
AXvmimm acetate Barium acetate
Load me©tat®
£ine acetate
Botina benzoate
temxmlxm salicylate 
Barima salicylate 
Magnesium salicylate Sodium salicylate Strontium sail ay 1 at®
Zlm salicylate
Mime oxalate
Potassium hydro tartrate
Barium succinateBotas@ii.ua sueoinate Silver succinate
Calcium lactate Strontium lactate
Sodium cleat®

Fluorescent Color
Bright blueBluish whit®
Blue with violet shad®
*1 it » «

Bright carmen red Bright blue
.Bright blueGreen with blue ting®
Chit# with blue ting®Bln# with violet shade
Violet
Bright blue » ‘ m

ft m
n  f t

m «
Bright yellow 
Bright green 
Blue
VloletBluish white 
Bright yellow
Bright blue Bright yellow
Blue green

mailto:Botas@ii.ua


Efforts to develop fluorescent testa for Identifica­
tion of cations have net with;, greater success wear# the 
metal ion lias bean absorbed In an organic compound, a 
brief description of Individual tests reported in the 
literature for the various metals and other inorganic 
materials is given below* Since many of those are taken 
from Japanese literature and have not previously been 
published In English this review is given in more 
detail than might otherwise be warranted*

(a) A test for alimintm sensitive to 1 part in 10^ 
has been based on the vivid orange-red fluorescences
obtained with aqueous alcoholic solutions of boloohrome
Sod iaa and ^olochrosse Violet »**. The tost has 
proved useful in detective aluminum in aiding materials 
and adhesives* The fluorescence is observed in an
acid solution* Magnesias, calcium, sodium, potassium 
and a&monium ions do not interfere with the roast ion. 
Eino gives a dull red fluorescence with both dyestuffs 
but does not mask the brilliant fluorescence given 
by aluminum salts*

(b) An orange rod fluorescence produced by imtaahrons© 
Blue Black 11 (the zinc salt of 4-sulfo-2 ,2 f dihydroxy 
assonaphtlialone) in the presence of aluminum ion is 
sensitive to one part in 5,000,000 and can be used
in the qualitative detection of alunizttsa in the 
.presence of beryl 1 1m  and other elements with which 
it is cosisonly found*
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(e) The detection of may b© accomplished
by treuteenfc with morln whereby a neutral soluble 
aluminum salt with a green fluorescence is formed#^ 
.4 more detailed &© script ion of this teat is given 
below under experimental work*

(d) Aluminum gives with oxine {BAby&roxy quinilin©} 
a yellow green fluorescence as doea cadmium. Tim 
reaction t 1 os place la XlQAc, 'rf Ac, neutral or 
slightly aiiiioniaeai solutions bat is aore sensitive 
with BaOAo* Tim test may he carried oat on filter 
paper or spot plate* Limit of recognition 0*1 gamma* 
dilution itsoo.ooo.tsa)

(e) *©eti© acid solutions containing ©odium acetate 
with ooe&ineal give w©ak yellow fluorescences# In
_the presence of alusinua the color shifts to a strong 
rod fluorescence. Limit of recognition 0*1 gasirna, 
dilution 1 :5 0 0 ,0 0 0 . (265

If} A solution containing sodium acetate and tincture
of alkenne in the presence of aluminum gives & 
yellow brow, fluorescence* Without aluminm a weak 
green fluorescence is observed* Lindt at recognition. 
10 ea-a:ia , dilution 1:5,000.5 26*

Antimony
(a) Antimony may be detected in thm form of hydrogen 

aatimoaid© In ultraviolet light with an electrolytic 
Marsh api>aratua at much lower limits than with white



light* The antimony mirror Is dissolved In OCX, 
washed with water, treated with hydrogen sulfide 
water and ©aapared colors*# trie ally with a standard 
solution of tartar era®tie* limit of recognition 
1 to 0*1 g a « a #^ ^

(b) An aqueous pasta of pure calcium carbonate on
ignition, and treataent with an antimony solution 
fluoresces shy blue when slowly drawn through a 
hydrogen flame* The fluorescence is observed before 
heating to glowing*

Co) Antimony with a valence of five in acid solution
destroys the fluorescence of rhoCumisx® B, Limit of 
recognition 0*8 e & i m } dilution 1:100,000 * With
a reliance of three in K01 solution antimony changes 
rhodsmine B to purple.

(d) Korin in BC1 solution with trivalent antimony
gives v strong yellow green fluorescence. Addition 
of alcohol increases the intensity* Fluor®scene# is 
observed even in sunlight• Addition of acetic acid 
destroys the fluorescence* Xisilt of recognition 
0.05 gsrwife, dilation 1:1,000,000.<26)

AgsenlS
(a) The mercuric chloride paper used in the Outsell#

teat for arsenic under ultraviolet light has a black 
appearance in the presence of traces of arsenic, 
insufficient t© cause discoloration visible in
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ordinary light, Limit of recognition X gasma,^^

(b) Th& white precipitate formed with pent&valeat 
arsenic and iW%)®+ gives a strong yellow green 
fluorescence. A neutral solution of arsenate is 
added to a drop of 0,4 & uranyl nitrate or to a 
drop of (U0g)(Q&e)g o,0§ u cm a spot plate, IJraayl 
aulfat* Is not satisfactory due to its intense 
fluorescence and more concentrated solutions of 
uranyl nitrate should not be used. The presence of 
arsenic i© indicated by for»ticm of a precipitate 
with strong fluorescence, Phosphates Interfere with 
the test. Ljbsit of recognition 8 g&rassa, dilution 
1:10,000.{26)

(c) Arsenate and arson!te ions may be detected in
alcoholic irorim solutions containing HCl or ilQee 
fey production of a yellow green fluorescence. The 
tost is not sensitive, {2 0 )

(a) Tins carbonate fusion Is dissolved in hydrochloric 
acid9 treated with alcoholic morin solution and then 
made alkaline with canstie soda. In the presence of 
beryllium a yellowish preen fluorescence appears 
wader ultraviolet light which disappears on acidifica­
tion or in the presence of aluininua fluoresces a 
blue gre en. {

(a) An. aqueous paste of pure o&Xeium. carbonate on



ignition and treatment with a biasiuth solution 
fluoresces cyanblue w2i®m slowly drawn through a 
hydrogen florae* Ltoit of recognition 0*0001 gaswa* 
fliia blue floor®sconce Is clearly distinguishable 
tTom that produced by antimony under the *rnm 
conditions. ̂

no cording to tn@ experirianta of Gotd If heating 
is carried out with a gas flam© a purple fluor@aean.0e 
results which does not weaken on prolonged heating*^

■121LSI
(a) The preparation of lu&lnophors w x tu fluoresoelSL

as activator giving a vivid green fluorescence even 
In weaic ultraviolet radiation lias been reeom»nd©d 
for this subs tune© • The optimum a onoentra t ion of the 
fluorescein solution is 1*10,000* Below this 
a one entr at ian the aolor shifts toward the violet, 
and above It a shift toward the rod is noted* Limit 
of recognition EC gu&sma#^*^

(b) Cochineal tincture produces an orange yellow? 
fluorescence with tori©, acid at ph ©*8 to 6*9
{phosphate buffer}* Limit of recognition 0*5 gassma 
In 0*025 :tX* The reaction takes place tiuoh xaor© 
slowly in the presence of Ag* Eg, An, 3b, Ca, Sr,
Ba, E, Ku and aunoniun lens* heavy uebula interfere 
and elundmiLi and nagaesiurx alter the shade of 
fluorescence *



la) The change in color brought about toy the conversion 
of fluorescein to eosln by nascent bromine M y  be 
used as a qualitative test for g of bromides
even in the presence of chlorides* The reaction is
carried out by bringing paper impregnated with a 
f lucre sc © is solution near the opening of a test tube 
dram out into a capillary in which a bromide is 
being treated with acetic acid and lead dioxide and. 
heated* ̂

Cadmium
(a) Cadmium sulfide precipitate® fluoresce strongly 

yellow and can be recognised in concentrations ©f 
0 *0£ in 5 0 ml|. this corresponds to a sensitivity 
of 1 :8 ,5 0 0 ,0 0 0 . {365

(b) Cadmium with orine (8~hydroxy .quinillne} gives
a yellow fluorescent precipitate which is more Intense 
in neutral or moderately acid solution* fluorescent 
precipitates are also produced with &1* 'jfaf Ba# Caf 
Mg, ant 2,2*. In the presence of acetic acid only 
0d , Al# hn and 2*r give fluorescent precipitates so 
that the amib®r of interfering ion® la decreased* 
limit of recognition 0 *1 gasna, dilution 1 *5 0 0 *0 0 0 # ^ ^  

(o) losing pyridine end KI, CdlCgHgMjglg is formed
which gives a blue white fluorescence* lead interferes 
with this reaction* Unit of recognition 0*5 ganwa, 
dilution 1 :1 0 0 ,0 0 0 . ^ 6 )
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Id) la neutral solution raorin in the presence of
e&di&ium gives a yellow fluorescence * limit of 
recognition 1 g&smia, dilution 1 :5 0 ,0 0 0 * ^ ^

Chromium
(a) ffh© fluorescence of &cridine in the presence of

OrO^^ in alkaline solution is destroyed* Chromium 
with a valence of three way be do tee ted by oxidisation
with hrotain© water to the higher valence. Xh© test 
is relatively insensitive but is characteristic *

(a) hitli a neutral or all tly ueid solution euprie 
ion liberates iodine from hi* Tim iodine liberated 
will destroy the fluorescence of alpha naptholfl&vone•
Jiny oxidizing agent or element that will liberate 
iodine from 1.1 will give the saae react ion* A black 
purplish precipitate Is produced accompanying the 
disappearance of the flucreseence* limit of recognition 
0*5 gam m t dilution It 100,000*'

Cb) Cuprle ion with an alcoholic solution of coehineal 
made slightly alkaline causes the red fluorescence of 
cochineal to disappear and produces instead a slightly 
blue white fluorescence* This Is a very sensitive 
teat but is interfered with by lead, platinum and 
gold* limit of recognition 0*1 g a m ,  dilution
1:500,000. US)

(a) Gold also destroy© the fluorescence of rkodamin© B
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as docs antimony* The red solution changes to 
purple rith the disappearance of fluorescence. Limit 
of recognition 1*3 gamma, dilution 1:JSO#OO0 «(£**)

C 1>) im alkaline* alcoholic cochineal solution in 
the presence of gold Ion© loses its rod fluorescence 
and d e w  lops a light green fluorescence* If the 
gold solution is too concentrated the green fluorescence 
does not develop* Lindt of recognition 1 garama, 
dilution 1:50»OQoPES}

(a) With quinine sulfate and KX In slightly acid
solution a brosm precipitate forms and the fluorescence 
of quinine disappears* limit of recognition 2.3 
gn®zaa, dilution 1: £0,000* (

(&) Ifeutral or slightly acid solutions of acridine
and KI in the presence of gold pito a blue purplish 
precipitate and the fluorescence of aeridine disappear#. 
Mrait of reco Ltion 2*3 garsm, dilution 1:20,000.

(e) Gold will liberate iodine from III which will destroy
the fluorescence of alpha napbtholflavone• limit 
of recognition 0*5 gaiasaa, dilution 1:1QO,0O0.^^

(a) Hydrosulphitos will con vex* t resasurin into 
resorufin in the presence of alkali carbonate and 
the fluorescence changes from brown, through, colorless 
to red.^ ̂
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Iron
(ft) Dilute solutions of acetic acid containing

so&lTrs aoeti-te in the prosence of triv&lent iron 
destroy the purple fluorescence of salicylic acid*
The solution turns a. deep purple color but shawm 
no fluorescence• Limit of recognition 2.5 gmtm, 
allutlon 1:SO,000 P 26'* 

lb) Iron liberates iodine from KX whioh extinguishes
the fluorescence of alpha naptitholflavons and gives 
a bin© b lm k precipitate* The reaction is carried 
out in slightly acid solution* Lindt of recognition
0 . 3 5 Gf— "fi> dilution 1 :2 0 0 ,0 0 0 .5£S^

Lead
!a) The white precipitate .Ph(CgH^M) gig ferased with

pyridine and hi gives a strong yellow browaish 
fluorescence. Cada&ust is the only other mlmmnt 
forming pyridine unci. D  complexes* The reaction is 
carried out on s. spot plate and approxl;: ntely 6 
ninutes a!5*® allowed for fluorescence to appear*
For snail ©mounts of lead, fluorescence appears only 
around the edge, Limit of recognition 0*25 ganaaa* 
dilution 1 :2 0 0 ,0 0 0 * ^ ^

(b) alcoholic isiorin solutions piv© with neutral
lead solutions a yellowish green fluorescence* 
acidification with acetic acid extinguishes the 
fluorescence* A few drops of alcohol are added



after mixing the reactants to increase the 
fluorescence. Lindt of recognition 0.25 gmirm, 
dilution 1:800,000,(S&1

(a) «o& aqueous paste of pure eeleium sulfate on
ignition and treatment with e swmgaaese solution 
fluoresces oyamblue when slowly drawn through a 
hydrogen flurte. Limit of recognition 0.001 g&maA* 13®) 

lb) Manganese In an alkaline solution of rhodanltm
d on acidification gives a brownish fluorescence 
which ct n ns slowly into a weak green fluorescence*
This a lir i to the divalent form. It divalent 
manganese is oxidized is the alkaline solution,on 
acidification rhoda*ain© 3 is reduced 00 that there 
is no apnearanoe of fluorescence even if mad© alkaline 
again. Antimony although extinguishing the fluorescence 
of rhodamine B shows no evidence of reducing action 
as does manganese. Cobalt and iron ahow the same 
reaction. Unit of recognition. 0.1 gamma, dilution 
1:5,000,000.<S6j

Karouct
(a) On treating a solution containing mercuric ions 

with LBy and ChiClg a whits or blackish precipitate 
forms. HgBr in the precipitate .gives a bright red 
fluorescence« An excess of SnClg causes the fluorescence 
to disappear* (£6)



(b) i'iereurous ion v/ith BBr j'ornn ./wlr which give®
the uri,.;hb red fluoro^o.onoc. If tan reaction is
carried out in uir the fluorescence uotst be observed
within one a2* t-rso jlimite& aa it Bicunusnre quit©
rapidly. Unit of recognition 0.5 qaurua* dilution 

1 1' *X ; 1 0 0 f0 0 0 * i

(a) B reduced solution of saolyb&enun with on alcoholic
suspension of coeruline gives a yellow fluorescence* 
linit of recognition 0*025 gssrwa, dilution 1:2,000,000*^®^

(b) « neutral solution of uolybdej L. i ■■- Vi-wk-iC I an alcoholic
zaorin. solution give on joining a yellowish green 
fluorescence• Excess alcohol aided to the spot 
reaction Increases the intensity*

(c) ^eetio acid solutions containing aodiw* acetate
give with cochineal in the presence of noly M e n u s  a 
red fluorescence* The test is vary sensitive but Al, 
hn, Lg, and W give the sane reaction* Limit of 
recognition 0*05 gsnuia, dilution 111,000,000. * )

M M M &

(a) In affirjoni&eal solution nickel destroys the
fluorescence of salicylic acid* U n i t  of recognition 
5 g&Mfiia, dilution 1:10,000. ^ ^

F M M & m

Platinum solution added to a solution containing 
quinine and KI produces a brown precipitate and destroys



the blue fluorescence of the quinine* 0*1$ quinine
siilfnfe ra:,.& 0.3 3 -*I are used. hi. it .,h recognition 
5 gamma, dilution 1;10,030.■h6* 

b) platinum liberates iodine from 31
which destroys the fluorescence cf zlzher.?phfcholf1avone* 
A 1)111© black precipitate is ;. or ami* Halt of 
recognition b gmzcm, dilution 1:10,000. 

e) An alkaline solution of cochineal in the presence 
of tetrovulant platinum changes tho color from 
purplish red to white and destroys the red fluorescence. 
The reaction is slow and sufficient tire should be 
allowed before making a final oonelvsdoa. Limit of 
recognition 3*3 gaaam, dilution 1:20,000.^*^

Tmmmhmk and Deutsalxboin^ hare investigated the 
fluorescence of the rare earths with borax and phosphate 
beads. Of the cerium family only cerium fluoresces, 
as a borax bead bright blue. kOTopiaru samarium and 
gadolinium shew especially strong fluorescences when 
tested in. the fona of bones, Yin, fiery red, reddish 
yellow and orange yellow xttspeo t ively * Of the yttrium 
family dysprosium fluoresces yellow, thulium a weak 
violet, holmium a very weal: yellow. All the above 
preparations show well defined fluoroeeent spectra; 
cerium, a continuous opeetrun with maximum brightness 
at 4300 A°, the others recognisable band spectra of 
from 3 to 6 bands. Ho fluorescence was detected for
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luntd^uiun, praseodyriium, colualiam* ereiuu anil 
ytterbium, Isas limits cl xmougai xion ana limiting 
coneeutr&tiO£& art* a a; uuiriaed in t m  following fc&bloi^^^

Table lie* 5
Idbiits ■ of ':taooc-n.it ion and Limiting 0oneentr&ti ons 

tox Deteotlou, of t m  nor# L&yth».
Limit of recognition Limiting

Haro Xarth in gaisma raluos Concentration
G ©pi ir; 0.4: 1:10,000
hsmariuu 4.5 1: 1,000Europium 20.0 1: 500
Gadolinium 45.0 1; 100Terbium 2.0 li 5,000
Dysprosium 4.5 1: 1,000

(a) The greenish yellow fluorescence produced by 
adding a saturated solution of dimethyl glTozim# in. 
alcohol and 5 ml of a 2Wf* solution of stannous chloride 
in eons. £101 to a 1 ml sample containing rhenium a®
perrhennte permits the detection of 0.01

{a} Aoid solutions of selenium ':?ith aeridin© and K.X
aitt brown precipitates and destroy the fluorescence 
of acrid :Uie. This test is similar to that for plat 1m m  
and gold bub requires an m i d  solution. Limit of 
recognition B ga? f dilution Xt25,CK30*^^

(b) Acidic selenium solutions with quinine and KX give 
a brown precipitate destroying the fluorescence of 
quinine* Limit of recognition 2.5 gamsaa, dilution
is 20,000.



(e) Aei&ie solutions, of selemlur* libiittt iodine t m m  
KX wM«h eomhlaes n t h  alphsMpfctholflavene te 
produce a blue black precipitate destroying the 
fluorescence of the alpfeama.phth.oIf lawns* For small 
mmxmtu of selenium the liquid time a fluoreesexies but 
there is 210 fluereseenee in. th© precipitate* limit 
of detection 0,15 gamm, dilution 1:200,000*^^^

ailesg
(a) Heubral or slightly eoid solutions of a Hirer

destroy the ytllw green fXusresesae© of wmmfl sulfate* 
Morourio, Msrnsth, and eadmiute ions to mot interfere, 
less thea.:l ssg/ml moreuroun ian? 1 mg/ml lead ion,
Z eg/ml euprto .iom do mot interfere# A  tree# of 
ohlori.de ion precipitates eilrer alilori&e and na^ias 
the tlumsseanee. of ureoyl sulfate, Xfhallium gives the 
m m m  test as stiver* 1/15 solar ur&nyl sulfate is 
used, Unit of recognition 1 gasae*, dilution X: 50,000*^^ 

3odium  ̂ 5."
.;■ 1 «| i • fheapredlpitation sine uranyl acetate

giving greenish yellow fluorescent preelpitatee permits 
the detention smaller .founts of sodium* She 
raadtien ie earned out cm filter paper* For amounts 
of sodium under 10 &«wa fluorescent specks are noted, 
in from 1 to 4 minute®.* without ultraviolet light 12*5 
gs»s at a oonoentratiom of 1:4,000 are recognisable; 
with ultraviolet light .2*5 g n a  at a limiting consent**-*
%tea of liS0»OOO' sen he detested*I**)



(a) Sulfites may be detected by distilling the sample 
with a little liDl into hydrogen peroxide containing 
quinine* Sulfur dioxide is oxidised to sulfuric acid 
causing the quinine to fluoresce* naximuM sensitiveness 
is about 0*25 ms sulfur dioxide*

Tellurium
(a) Ignited calcium carbonate on dipping into tellurium 

solutions and reheating to white heat shows a brilliant 
red fluorescence* Selenium also gives a slight rad 
fluorescence with this test* Limit of recognition 0*04 
gamma, dilution 1:1,000,000*

(b) Acidic solutions of tellurium with quinine and KX 
give brown precipitates destroying the fluorescence of 
quinine as in tti© case of selenium* Thm effect of 
acid is much greater but detection is not as sensitive* 
One drop each of 0*l£ quinine sulfate, 0*3 ll KX,
and 0*3 M llgS04 are the reco a. ended proportions*
Limit of recognition 25 gaiitaa, dilution 1:2,000*

Cc) Acidic solutions of tellurium with acridine and KX 
give brown precipitate© and they destroy the fluorescence 
of aerIdine* Limit of recognition 10 gamma, dilution 
1:5,000.(26>

(d) felluriu-a reacts the mm m  as selenium with solutions 
of ill containing alpha&aphtholflavone♦ Blue black 
precipitates ar© formed which destroy the fluorescence*

( vjpt jr* \
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{a} Thallium destroys the yellow greenish fluorescence
of uranyl sulfate* This applies to tBallous ion* Limit 
of recot * lit ion .1 gamim, dilution 1:5009000. ̂

(b) Trivialent thallium in a neutral or acid solution 
©f rhotesln© B changes the color frosa red to purple, 
the purple solution showing no fluor©scene#* To destroy 
the fluorescence it is unnecessary to male the solution 
alkaline mm with cobalt and i ngim.es©* Limit of 
recognition 0*5 g&rana, dilution 1:100,000*

i&Y Thm red fluorescence of cochineal disappears in
the presence of trivalent 11mlH u m  is alkaline solution* 
Limit of recognition 0*5 .omna, dilution 1:100,000*^^

Tin
(a) iitanneus ion produces a yellow green fluorescence

with c©orline in 1331* The reaction is much more 
sensitive if a small amount of alcohol is added* Limit 
of rsoo i i tion 0* 0£ gamma * dilution 1: £* 500,000*

(b) Ignited calcium carbonate treated with a stannous 
solution fives a yellow greenish fluorescence. 
Fluorescence must he observed before a red heat is 
obtained* ^rsemlc -and antimony interfere with the 
detection.* Limit of recognition 0*0£ gsstisa, dilution 
Is 1,000,000 P 2S)

(a) In ilk! solution stannous or stannic ion gives with
scrim a yellow green fluorescence* alcohol increases 
the intensity* Limit of recognition 0*25 gauaa, dilution



40*

1:£00,000„*26*

branyl compounds fluoresoe only in the uranyl form,
i.e. uranoua compounds do not fluoresce. Conversion
can easily b© accomplished by nitric aeid or fusing 
with borax. In aqueous solutions the yellow green 
fluorescence Is w r y  we&fe compared to that preseat 
in solid forms. In alcohol there is practically so 
fluorescence. Sulfuric acid increases the intensity 
whereas Iwlogen acids decrease it. Best results in the 
detection, of uranium compounds are obtained from the 
preparation of solid solutions, Ifiohols and Blattery^^) 
have used sodium or potassium phosphate* borax, so&lraa 
or calcium fluoride as solvents and have established 
definite ratios of uranium salt to solvent to produce 
maximum. brightness of fluorescence. Sodium and lithium 
fluorides have been found to be the moat satisfactory 
solvents.

Of numerous Investigated element© only ooluiabium 
gives a fluorescent yellow green on fusion with sodium 
fluorld©*^'^ Tim fluorescence activated by oolumbiuBi 
Is much weaker and lies further in the green than that
produced by uranium compounds* If observed in unfiltered 
iron arc radiation uranium fusions show the character!stle 
color while eoXumbium fusions appear pale blue.

has used the decrease in fluorescent 
intensity of uranyl nitrate caused by the presence of



halogen and other ions for 1/doroo'1 epical detections* 
The foliowing increasing series of flucresoenoe 
suppression has been established? nitrite, chloride, 
salicylate, thlosulfate, ehrosiate, f errl eycmide, 
perrsangan&tft, sulfide, arsenate, ferrocy&nid©, 
th. Iosyas ate, diohronate, bromide* and iodide,* Of the 
oations investigated only silver destroyed the 
fluorescence whioh confirms the work of Got$ who used 
this reaction as a test for silver*

lit
(a) *#ith acetic aoid solutions containing sodium

acetate, ojine {8~hydroieyquiniline) in the presence of 
sine, gives a yallow green fluorescence* Limit of 
reeo ittIon 0*1 gammat dllution h 500f000•^ ^  

ih) In neutral solutions cochineal produces a red
fluorescence with sine* Unit of recognition 0*1 gaiuaa, 
dilution 1:500,000.ta6j 

to) Kentral solutions of zinc give a yellow green
fluorescence with alcoholic merin* The fluorescence 
increases if made alkaline but norin Itself gives a 
yellow fluorescence in alkaline solution t hence the 
tost must be carried, out in neutral solution* Limit 
of detection 0*05 gaxrm, dilution 1:1,000,000*^^

Concerning the above tests It should be pointed out
that a number of these will respond to oxidizing or reducing 
agents, c«g» any oxi&I&ing agent that will liberate iodine from
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&X will destroy the fluorescence of alphaa&phtholfvon©» 
Fluorescent tests which are relatively insensitive, such 
as those given above for iron, are more of academic
interest than utility.*

In addition to the applications of fluorescence 
phenomena to micro-detections of inorganic materials, it
has teen found that the color change of a number of 
fluorescent substances with ©Image in the pH value of the 
solution is critical enough to warrant the use of such 
materials as fluorescent indicators in inorganic volumetric 
analysis* this application has nm% with considerable success, 
particularly in the titration of colored and turbid liquids* 
Table Ho* 4 taken from the work of Hadley and and

i SIother workers- * * > ' lists a number of such indicators
with the color change corresponding to a certain p& or 
pH range*



fable Ho* 4

Colei* CHw rjA Raxu're .... .......■Awmiwmwr ifm

Indieator
Benscflavin#4~Atboxyuor iriue5*#~f#ir * til' leiaa;in©~

xmxttmim ,RrT,
p^xylen© sAL * r y ~ ̂ thalein'*3̂fliysol
5.5 di&yaroxypHtk&lir&d# ~ (1st transition)So® in&#tanapht&yXax*l:ae
HalioyXIo no Id 
Alpbanapbthylariiin#PHI oxi no 
Srythrosim 
Fluorescein, v v̂ uinie #ic id * *** *
I) 1 a HI or o f luore a e © in 
Betaoetbyl aettenletln ReaorurinAcriding
5*6 dihydroxyx&ntbon©
Litmus ̂ 1/
5.6 dlhydroxyphthalle~

dinifcrile siUinin-© (1st trailsition)
5*6 diliydraxypAtlialiiaid© - 

(Sad transition)
'UmbelXIf©rons *
Ore inol&isrlp* ̂ *
Plrteii© 1 red4 *

Jbagnosiinu B-hydroxy quinolipf,complex A^oiifein* r ̂ *
Ho so lie aeid^**
B© tanethyl vrl o 111 f eropf^.
Ha alizarin eui.un&t©'
C omiMir i c acid BetanapHtPol . .
^timerio tlnotur#*®^'
Alphana phtholsulfonle m  id

f Fluorescent indicators
Color 0Bang© pH iIans©

Tallow to groan 0*5 — 1,7Green to M u © 1.2 — 5.2
Green to blue 1*2 — 3.4
dolorless to yellow 2*D

n m orange 2*0
Blue ;fco ~re#n Below 2.4
Oolorltna to green 13 ?Y ♦£•* *  %>’ - 4.5

w * violet 2*6 4.4
n bln® 5*0

w " blue 3.4 - 4.8
w yellow 3.4 - 5.0

*? w green 4.0 - a r ;*£m %t
* green 4r*0 - 4 . 0

4.0 - 5.0
o  oa ox* «l &  ss o i«* \j gr o ©a 4.0 6.0

w blue 4 •  C 6.2
Yellow to crang© 4.4 - 6.4
Oreon to violet 4.9 - 5.1
Colorless to bln©**

violet o*4 7.6
Colorless to blue 0.6 - 7.0
Blue to green 5.8 — 8.2
Bln© to violet 5.9 6.1
Green to yellow-green 6.0 • 8.0
Colorless to blue 6.5 - 7.6Bed to rccii 0.5 - a.o
Greenish yellow to

violet 6*8 — Is .4
Colorless to ao!don 7.0w " blue 7.0 8.0

» “ violet 7.0 « 8.2
" w bln® 7.1
c jf tiXjLOvif v o red* 8.0

Colorless to green r? *> f » &r - 9*0r? blue ft *» 6
Yellowish green to

or «4Xig© 8.0 - 9.5
Baric blue to bright

violet c pVrf* • An#
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Table Mo, 4 (oont’d)

Color Chaiigo and ;gfi Bang© of ffluoreceent Indicators
Indicator

A'cridin© orange 
Btlioaqrpkeiiylnaphthostllb^ 

Azoaiim chloride X^naphthol-£-sulfcmio acid
Betanaphtkolmilfcmle acid

(tod transition) . 
6*7 dim©thoxyieoqninoline* *Ooasaria
Alphanaphthlonie acid
Bet anaplitilloni© ac id
Cot a mine

Color Change pci Bang©
Colorlesb to y&llaw~ 8.4 - 10*4

grewGreen to colorleas 9 ~ 11Baric blue toviolet ■'■■’*■ 9*4Bark bine to brightviolet 9.5Violet to oolorleM 9*5 «** 10*09*5 - 11*0«*eak green to brightgreen #.8 - 12*0Aeure blue to gwen 12 - 15^gur© bln.© to
violet 12 - 15

Yellow to white 12.5



liinlirxn by the Morin Reaction
in 186? of the

fluorescent phenomenon produced by aluminum 1b. the 
presence of laorixi under excitation In ultraviolet light

for the detection of aluminum in raicroohemical work* 
fiiis portion of the present investigation is an attempt 
to establish this reaction upon a sTst@rn.atio quantitative 
basis through accurate measurement of the fluorescent 
light transmitted by solutions of varying aluminum 
c oneentrat i on,

Morin, a tetrahy&roxy f^von©l of the following 
structural formula

is obtainable from fustic extract and nay be crystallised 
in th© pure state in slender yellowish uiiite prisms. It 
is insoluble in cold water, dissolves in increasing amounts 
in hot water, ether, alcohol and acetone; it is slightly 
soluble in chloroform, insoluble in benzene, petroleum 
ether, and carbon disulfide* For th© present investigation 
a solution of the crystallised material in 95% alcohol was 
used.

The fluorescence produced is of a yellowish green color

chantI'̂lias boon studied X

C15Ii10°7
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and consists of a green and red band extending over 
wave lengths 4500 to S5QG *-.cids suck as nitric,
sulfuric mid hydrochloric destroy t h e  fluorescence.
noetic no id exert u a ©hara© teri s t ie effect in increasing, 
the intensity cf the fluorescence and shifting the wave 
length further toward the red end of the spectrum In 
alkaline solutions morln gives - a faint yellow fluorescence.

i CC \Evidence has '‘been presented by bcLentlw# that 
maxisun fluorescent brightness is obtained tram, solutions 
©ontaining dyeatuff and aluminum in the ratio of 5 mol & 
of norin to 1 of aluminum corresponding to the compound

3* Ibis evidence hus been confirmed (fable ho.
§} arid to solutions studied quantitatively morln was added 
to satiety cr exceed tills relationship, thus a solution 
containing 1 wg alwaimum. will require S3 r..g cf worln to 
give maximum flucres©enoe*

Table Bo. 5
Volume of 0.1b Morin Solution Required to Produce 1 axlmm 
Visual Intensity for 5 and 10 ml Polo; os Respectively of 
an solution Containing. 100 we Al/l."

(1) (£) (3) Calculated
5.0 ml. Aluminum Coin. 17.3 17*0 17.5 IS.7 ml.
10.0 ml. » * 34.1 55.0 34.2 53.4 ml.

lif̂yiv .stX - jU-k. ■ i'i
A General Electric high pressure 4H mercury vapor tube 

inclosed within another glass tube was used as a source of



near ultraviolet radiation comprising wave lengths from 
5000 to 4000 A0. This lamp m s  mounted la front of a 
small, opening in a wooden box* A small electric fan was 
also mounted in the box to prevent overheating during long 
periods of us©# Wood1® glass placed over the opening 
was used as a filtering medium#

Intensity values war© obtained by use of a £elss 
Fulfrioh photometer* This instrument employed two cells 
in on© ©f milch was placed the standard solution and in 
the other tlx© unknown* Observations were mad© at right 
angles to the source of ultraviolet light* fluorescence 
appearing in the two cells was observed simultaneously 
through an eyepiece as a circular divided field# filters 
in the eyepiece permit isolation of bands about 25 mill!~ 
microns wide in various regions of the spectrum# The 
intensity of the m k m m m  or calibration solution was 
determined by reducing the intensity of the beam from the 
standard solution by means of a variable aperture in 
the objective* ahmn the two fields were matched the 
intensity was read frcxa a calibrated drum as a percentage 
value. Cells 8*0 at 1.8 csas* were used, arranged so that 
the thickness penetrated was the 1*8 dimension.

Standard aluminum solution© were prepared by dissolving 
potassium aluminum alum crystals in warm distilled water. 
Intermediate concentrations for calibration curve© were 
obtained by dilution. Fustic extract, of good quality, was



used as a source of serin#

' Jt. L ■. .*,,i £  'l̂Ar. 'it -:-5' -fr A '4 it* -Ml-, V  lv j  - . -V i J— . i  — '-

The following detailed Instructions were evolved as 
calibrations and determinations wmre carried out over a period 
of several months*

11) The amount of alcoholic norin solution required to 
react with the aluminum content should be added as 
part of the volume of the standard aluminum solution© 
as they are made up# In carrying out determinations 
on solutions of unknown aluminum content morin should 
be added to a separate portion of the solution until 
smximma brightness is obtained in order to determine 
the minimum amount of morin which mumt be added# An 
excess of morln solution has no detrimental effect 
on the measurements# The dilution vmlu© must be 
taken into oenslderation In calculating the amount 
of aluminum present in the original solution#

(£) for concentrations of aluminum abov® 10 mg/1 more
reproducible reading© are obtained by centrifuging 
off a small amount of brownish flocculent material 
w!iioh appears at the higher aim inum concentrations#

(3) Gar© must be taken that exactly the same volumes 
are compared In the two cells#

(4) The cells must be placed in the same relative 
position with regard to the prism© and to the source 
of ultraviolet radiation for each observation in



preparing calibration ourwst A satisfactory m&thod 
of accomplishing this is to ©lamp to the star;© of the 
photometer a piece of cardboard in which holes hare 
been cut into -which the cells fit tightly# Haring 
once adjusted the height of the cells from the prisms-* 
no change should be m d e  in th© setting during the 
course of a set of observation©• The cells can be 
emptied by suction through a capillary glass tube and 
filled by pipette readily without disturbing their 
position# Thm cells must he kept optically clean 
at all ttoes*

{5) The source of radiation should he set in such 
a position in relation to the photometer that equal 
intensities are obtained In the two fields when the 
mmrn solution Is placed in both cells# This adjustment 
must always be sate before mkiag observations unless 
a perraanent set-up Is available*

($} The final reading should be an average of several 
reading© taken as. equality In intensity is approached 
both fros the dark and bright sides#

(?) When working with low aluminum, concentrations and 
weak fluorescent intensities a drop of acetic acid 
added to both cells will often permit more accurate 
readings♦

The fundamental equation used in these measurements to



show the dependence of fluorescence upon concentration is
{5 5 }the relationship proposed by Perrin,

<p - <f>„ e~*c 
or K = 1 log A -  in logarithmic form

where
c * concentration of solution contained in cell in g/l
$ F where F is the measured fluorescent intensity 

c
&  « specific fluorescence factor which is approached

with increasing dilution, i.e, is a constant
obtained from the ratio F/c where c is in. the
range in which fluorescence is directly proportional
to concentration. {See fable No. 6}

K * a constant
The fluorescent intensity relationship is the same as

i"ĥthat for light absorption which is given by^Lambert-Beer** 
law. This states that the light absorption is proportional
to the thickness of the cell, to the concentration of 
the dissolved substance in mol/1, and to a constant varying 
from substance to substance and known as the molecular 
light absorption coefficient.

B * log ~  m £ . C . d

D = density
log £0 * extinction

I
c * concentration of solution contained in cell (in 

mols/l)d » thickness of cell in cm.
£ * molecular extinction coefficient
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For any wa-re length the velue of e should he constant at all 
dilutions and all stratum thicknesses. This constancy 
is a criterion of adherence to Beer’s law*

The curves obtained for fluorescence w b * c oncentratlons
are typical of fluorescent solutions. At low concentrations* 
Graph® M end 5, a straight line relationship between 
fluorescent intensity mad concentration is obtained* For 
concentrations above 100 isg/1 the fluorescence and concentra­
tion are not directly proportional but follow an exponential 
relationship proposed toy l-eixiad555 &« Indicated by tha 
constancy of HA {&e© fable Mo* $ and Graph 1} It is 
noted that the specific fluorescence factor A is constant 
for Increasing concentration up to a eon cent rat ion of 
approximately 0.1© g/X* A plot of log &-value® against

<p
concentration, Graph 4, shows the adherence to Beer’s law*

The saathod followed for calculation of the molecular 
extinction coefficient Is outlined as followst

1 ® log ** log .... -.
1© ~ ^abs.

where 5 ® densIty
i0 * intensity of primary radiation
I » M w radiation from fluorescing

solution
Iat̂s# • intensity absorbed by solution 

3ine© tlm fluorescent intensity 1? la directly' proportional
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Graph No* 2
St Fluorescence vs. A l m l a m  Canoa. fron ©*01 g/1 to 0.10 g/1
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Graph Ho. 3 
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to t'm light absorbed

D ** log *k
»k - ?

where F^ is the fluorescent intensity meoorripimyiiig complete 
absorption I0. Where intensities are measured in per cent,, 
as for the Pulfrieh photometer

& » log %  - log (Ffc • :?}
or X) * 2 - log (100 - ?}

Knowing the Talus® of 0 for various concentrations, £ may be
calculated, from Boor’s law

£ . — & —  o . d
where © « cono sntrat ion in mol s/1 

d * cell thickness in cm.
An average value of 29 ms the noleoular extinct ion

eoeffiolent for this fluorescent solution was obtained, 
{fable Ho. ?) The fair constancy of £ at all dilutions gives 
further evidence of adherence to Beer’s law*
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Table Mo* 6

Tii© Region of Direct Proportionality between Fluorescent 
Intensity and AXiminma C ©noon trail on together with Specific 
fluorescence Factors and Perrin*s Constant* 1 g Al/1 used 
as Standard for Comparison.

o (g/1) j? $ - F/c log &

1.000 100.0 100 0.58 58
.900 99.6 111 * 53 59
.800 98.3 123 ,49 61
.700 96.1 136 .45 64
.600 95.4 155 .39 65
.500 87.7 175 .53 66
.400 82*9 206- .26 65
.300 72.2 241. .20 66
.300 55.0 275 .13 65
.100 r? '•:? ns . <& 363
.0900 32.3 359
.0800 29.7 364
.0700 27.1 387

Region of Direct
.0600 23.1 385

Proportionality
.0500 19.8 396
.0400 15*8 395
.0300 11.7 390
.0200 7.8 390
.0100 3.5 360

579 * ATg. 38
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Table Bo. 7

Values of Function* Obtained in Calculation of Molecular Extinct ion Coefficients for Aluminum, Morin Solutions
Cg/D of (mol/1) 

x 10-® F t*k - *\

1.000 3.7 100 0.0
*900 3.3 99.6 0.4
.800 5*0 98.8 1.7
.700 2*6 90.1 3*9
*600 S. 2 95.4 6*0
.500 2.0 87.7 18*3
.400 1*5 88.9 17.1
.300 1.1 72*2 27 * S
.200 * 74 55*0 45,0
.100^ .37 30.5 63 .7
.0900 *38 38*5 67,7
.0800 .30 29.7 70*2
.0700 .26 87*1 78. f
.0500 .22 £3,1 76.8
.0500 .20 19.8 00.2
.0400 .15 15*8 84*2
.0300 . ll<- 11.7 88.8
.0200 .074 7.8 92.2
.0100 .087 5*6 9S.4

lOS {$\ - 1) 2 - XogCFfc - F) £

4Mw mm m* mm — i

♦ S3 1*77 53
*59 1*41 30
.32 1*18 £9

1*09 *91 £5
1*223 *7? 29
1,44 .56 28
1*65 *35 £6
1*80 *.-20 26
1*03 .17 29
1*85 *15 £8
1*85 .14 m

1*89 *11 28
1*90 *10 28
1*92 .08 30
1*93 .05 25
1.96 *04 50
1*96 *02 50

Arg* • 29
4 « 1.8 cm*
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Table Mo* 8

Comparison between ^luoreaoant Intensity V'ciixm® iitastfred and. Tlxose Calculated aasiming a molecular idxtlnction Coefficient 
Value of %9.

(s/ii o* imolfl)
X 10*^

i ? *!** I(£) *aba.<x0 - x)£
? {found

.*00© 0*7 1.93 1.1 98.9 100,0
• 9006 0.5 1.75 1.9 03.1 99.6
.800 5.0 1 .6? 3.? 97.5 98.3
*700 £.6 1.56 4*4 9 6 • © 96.1
• 000 £.8 1.16 7.1 93.9 93.4
.500 £.0 1.04 9.1 90.9 37.7
.400 1.5 .78 16.? 83.5 33.9
.500 1.1 .57 £6.9 73.1 72. S
.mo .74 .39 40.1 59.9 55.0
.100 .19 ©4*1 ■̂,r, q 36.3
*0900 .1? 67.6 33.4 53.3
.0800 .50 .15 70.6 39. £ £9,7
.0700 • 56 .15© 75.1 £6.9 27.1
.0600 «£3 .115 76.? 35.3 33.1
•0000 .30 • 104 78*7 31.3 19.8
•0400 .15 .078 83.6 16.4 16.8
•0000 .11 •057 07.7 IS.5 11.7
.0800 .074 .059 91.4 8.6 7.8
.0100 .05? .019 95.7 4.5 S.©
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omparlsoB between Aetual iOLuxatxram Concentrations and fiio-se aletilateit from iflsoraaaafib Intensity Values and the Beer~
!•>

o (g/1) o ’ (tsol/l) £ - log (Ft. - ?) Cone. eale. x lO"*'
1.000 3.7 1.03 *-•»
.900 3.3 1.78 0.89
•800 3.0 1.57 .61
.700 2.6 1.36 .71
.600 2.2 1.16 .60
.500 2.0 1.04 .54
.400 1.5 . 78 .40
.300 1.1 .57 . 30
.800 .74 . 39 .20
.100 .37 .19 .10
.0900 .33 .17 .088
.0800 .30 .15 .078
,0700 .26 ,156 .070
.0500 .20 .115 .060
.0400 .15 .104 .054
.0300 .11 .078 .040
.0200 .074 .039 .020
.0100 .057 .019 .010

i
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In order to cheek on the accuracy of the method,
*tUBJmGlm1,* aXim solutions of sluralnaa content up to 1 g/1 
were examined by this method* -'/here the 0oneentr&ticns 
m r e  calculated by formula from the measured intensities 
the error ranged from hp to 15/»; as determined graphically 
the error ranged froca B$> to 8^* The results are given in 
I able Bo* 10*

Table Bo* 10

Ksaults of analysis of Three Aoiutioiiis of ynknown a ! .Contest
Can§f AX in g/1 Cone* shorn:

Mark aetually pre sent Galo. Cone. by graph
1 0*10 55.2 0.098 0*098
B ,50 87.0 .46 .47
5 ■ .75 37.8 .86 *77

jvE&arj&m;o

Iron and chromites fora black precipitates with morin 
and consequently id. 11 interfere with quantitative 
deterainati<mm of aluminum by this method* In the presence
of both aluminum and iron or of aluminum and chromium the 
precipitates may be filtered off through a clay filtering 
medium and aluminum detected qualitatively in the filtrate 
by the green fluorescence of the morin compound. Highly 
colored ions such as copper, nickel, and cobalt will 
produce si! -ht variations in the color shade observed but 
zaay bo compensated for by addition of &i>proximately a like
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amount to the standard aluxalausi solution used for 
ecmpmrisotw 3iiver destroy the fluorescence probably 
thrown its oxid&tivs action* It has been reported in 
the l i t e r a t u r e t h a t  lead, sine, and molybdenum in 
neutral solutions trill produce fluorescence of feet© with 
alcoholic ' :orln solution® similar to that obtained with 
aluminum* This ha© been confirmed but bolds -only for 
neutral solutions* In the presence of a small ©mount of 
acetic aoid these © lenient® show no f lucre scene# with morin 
whereas the presence of acetic acid exerts a favorable 
Influence on the aluminum reaction* reported
the fluorescence of maria with so&ndlxm9 gallium, and indium 
In solutions containing mineral ©old*

flie follow! ions were found to k? e  no effect on 
the fluorescence: i%* , 1%**, As***,

3a**, l’n+-% Tl+++t Ca++, Ba++* 3r**, Mg**» 
Ha** &+, £fĤ  s hi* and eojimoa miens fluorides*
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(B) Studies Carried Out in. sn. Effort to Develop hew Specif ie 
IIncrescent Vests for the Cations*

Inasmuch as no the or j h:. a be^n sup pep ted or developed 
which idgf't pr@ei.iat •what oomttButiona of metals and types 
of organic radical© woaid give characteristic fluorescencet 
it was proposed to prepare solutions of a number of totals 
and examine them for fluorescence on addition of small amount© 
of soXution© of dyestuffs and other organic compounds readily 
available* It was hoped in this wai to obtain some clew as 
to the nature of the organic radical© which would most 
likely give the desired effect and at the sane time- t© 
discover some new fluorescent tests*

Approximately 0.01 k solutions of the following ions 
were used: Ala-** , , . g *9 Pb**, Be*+ # Th+*+*,
Hi-**, Gott ? , as * • * 5 C up ■, Fe-r+  ̂* Ba^ +, fm* *, ilg+ * *
Ce***t flri-'H, an*-**** ©no ml* of a 0*1- aqueous or alcoholic 
solution of the dyestuff or organic Material was added to 
10 ml* of turn cation solutions contained in soft glass test 
tubes. Solutions wore tested under acid and alkaline 
conditions and were allowed to stand over * t before making 
a final observation* In addition tests for fluorescence 
were made by placing a few drop© of the solution on a filter 
paper and examining under ultraviolet light* a lianovla 
analytical quartz mercury vapor lamp, described above under 
light sources, was need as a source of ultraviolet light*

A list of the organic sat ©rials used is given in Table 
Ho* 11* ii umber of dye stuff© are listed for which the

mailto:pr@ei.iat


structural formula was not readily available but 
could be obtained from the manufacturer or by analysis 
should the results warrant*

Table Ko* U
Organic Materials Studied for Fluorescence in

Celtions
Color

Index Humber
Acid iijitliraoen® Red G- 443

Acid Black BB Cone* 46

Acid Violet 4 m s 695

alizarin 1027

Alizarin. Aatrole B 1075

alizarin. lapbirole 3 1054

Alizarin leilow A 40

Alphazuri&e 2 0 712

Combination with

Structural
Formula

Appear only on origin



Table lieu 11 (can t'd )

Organic Materials Studied for fluorescence in Combination witfe 
Cations

Material Color Structural
Index Humber formula

Alu&lnon

Ami dine Develop Bordeaux £ 0 375

Shown only on 
original

Aral din© last Brom 3 H 501

Amidine Fast Scarlet 4 BA Done* 450

Aniline As?.o Betanapbtbol

Anthranllic Acid

Anthraqulnone Violet Base 1080

urln© 704

Aurazoine Base 655

Aso Hub In Cone. 17t



fable Ho-.* XX' (eont*#}

#f 1% feabia&iiom wii&
nil)iiim intiiiniri m«iii»iii«— iii«'i»iiw*iij«iii"||iii i iifciiii#|»wwl»>4ibiwfa|MWiwiiwMlni) • wn 11111

Material " Color
Xj&ta* M w e & m  W m m m X m

B w k  Crystals 1S3S Shown only on
original

Bm&LfiB©

Benzoin oxlm©

BaftgefXaTlae ffl

BamMpiiarMttrixi’ 4 B 448

Baaumjl i S iff

Blue for Cotton 7G7

Boiling ■ Bromine 788

iranae Blue »  Bxtra xa®8

I r a  Orosol



m

Table Bo, 11 (cant'd)
Organic Materials studied for Fluorescence in Cations

Material ColorIndex Bumber
Brcm Phenol Bins 

B m  Thymol Blue

Chinoline Yellow SOI

0 **c b l e a r t  o Xui d in®

Chlor&ntine Fast Orange T4HLL 621

Chrysoldlne 20

Chrysoaaine 410

Cibaoete Orange 4 11 Powder 1220

Gibaoete tied 3 B 1210

Oorab ination with

Structural
Formula

Shown only on 
original

Clbaeebe- Scarlet G Powder 1228



65 *

1 cii.’XCi k'i U * XX i w Oili* c$)
Organic teriala 5fcuiled Tor i-lunr̂ ijiĉ i'.oe in 0os! ion witB

^atiORE
Material Color Strnetrral...ucioi: ivrnaoor i* orirula

Cihacete Yellow X-Gh Pcwcar 1197
Sliorni only on 

original
Cloth last Black 2 M  307

> jLOt.U a «U£> V -■ J J,, ij ti

Conno Red 370

or to; 707

Cresolphthalein

Oresol

O ^ f’"! *| 4 ^  "f ^ 4- 0*1w** ..a .■-/ o  u '.aX w . . ju

Cyunol 11 715

Diamine Fast Red FC hew 419
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Table Ilo. 11 (oonttd)
cranic baterials studied Tor Fliwresaexioe In Combination with

w t-i >U :.4 O

iiateri&X Color Structural
Dumber Formula

Diphenyl led 436 Shown only on
original

I) 1 nhenyl ye llow

■ JL uiX't,x.l.X W.1.UO

Direct Blue;: CL!: 581

Direct Drill Violet Cone* 38?

.rect nr:'Du b 0 Dr. Cone. 5V6

Direct fellow TG- Gone. o&Q

bxthiooan

brythrosine 772



67.
Table Mo. 11 (cont'd)

Organic Materials Ctueied for ?luorescence- in CoiaoinaMon with
Mp ■- *_ -j L \„7 ,';o

Material Color structural
lialeiL luaber Foraiula

Fast Orinson ORA 31

Uu w Id- ;.. i* ĉ I-lov/1 jdi C'vjrii. uuo

Fast Red B (Bordeaux B)

orrayl \riolet Cone. 698

«Gn Salt

Shown only on 
original

Mdroia o uinolir

n.ct jy< ji. R o t  j  o w  G  X A G

line BOO

Iodeosine 773
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Table l»o* 11 (oont’d)
Organic Materials studied for fluorescence in Goi 

Cations
■erial Color

Index Hunter
Inositol

:iton fast Green 755

it on fast 'violet 10 B 696

Miton fast Orange 27

Malachite Green 557

.et&nil Yellow 188

Methyl fed £11

Methyl 'violet B Cone. 680

„ ethylene Bln<

IketoX

filiation with

structural
Jornula

Shown only on 
original
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fable Mo* II (contra)
Organic Materials Studied for Fluor*aeenee in Combination witli Cations

Material 

Milling Violet

C ol or S-true turalIndex Mxxmfo&r Formula
Shown only on original

Maphtha! Yelloar 3

Nat*l Alizarine Blue GRL 1066

Mat* 1 Niagara Blue ffil 51S

Alphan I tr o s obe tan&ph thol

Orange for Cotton 21

Orange G 151

Orange I 150

Phenol Red

Phlorogluoin
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Ho, 11 {coat* 4) 
Organic Materials Studied tor Fluoresocmoe in

i Cations
Material Color

Indox IiMfetl*
Phoaphine 793

Pontaoyl Groan 8m Extra 707

PrimullM

Qtiinasarlns Green Base 1073

Eos ore im Brora £04

Bhodamtme B 74®

Boo eelime 170

Bosaxtilins Base 677

Safr amine Y Extra Cone* 841

Balioylaldoxims

Combination with

Structuralformula

Shown, only on original



fable If©* 11 (cant'd) 
Organic Materials Studied for Fltioreaoextee in

Cations
Material ColorIndex Htraber

Betsey! Direct Violet H Cone* 594

Sue® Fuchs in© S 892

Suco Soluble Blue D-400 Cone. 70S

Tartraslxk* 840

fhioc arbmsl de

fhiofl&Tin© f 815

fhymol Blue 765

funner ie IBS 8

Combination with

StructuralFormula
Shown only on original

Xylidene Orange 78



falle Lo* 11 (eoxitfd)
Organic Materials Studied for Fluor©scene© In Combination with. 
  Cat loss________________

Material 
Biphenyl Fast 0range &S 
Biphenyl Fast Orange Eo

Material
îoid Blue Hll 
Brosm for Cotton 
Chlorantia© Fast Broism Bll 
Chlorantine Fast Brora SHI 
Ghlorantlm# Fast Green BL 
Chlor&ntine Fast Grey 
Chlor&ntin© Fast Grey .BIJi 
Chlorantlne Fast Bed 6BLL 
Ohlorantine fast Violet 
Ghlorantine Fast Violet 4KL 
Chlorantlne Fast Yellow 4GL 
Chrysopfcenlae T Sfetra Con© * 
Cibaoet© Black IX3I Powder 
Gibaeet© t-ry Blue Mi 
Cibaoet© Sapphire Blue 
Cloth Fast Green B 
01©tli Fast Grange B 
Cloth Fast lied GBG 
Cloth Fast Violet B 
Cotton Bad SB 
PiasBophenyl Brora. SBW 
Biphenyl B1 xm G 
Biphenyl Fast Bordeaux BL

Direct Brill Green S2 I
Direct Fast Orange LI
Belipse Bronze
Brioehron© Geranol B
Brio Fast Brill* Violet li. Cone*
Brio Fast Eed G Cone*
Brio Flavin© GX Bixtra 
Fomaol Fast Black G Gone*
Hello Red Fast Pink 
Hyperni© Crystal®
Inoeyl Brilliant Blue 
I&ooyl Orange 
Elton Fast Hed 4BL 
Elton Fast Veilm  
Hi ton fur© Blue 
Lanasol Blue B 
Logwood Crystals 
Ladder Lake 
Hat'1! Sri© Yellow Y 
He clan Black 2 G 
iioolan Black WA Sx



Table M©# IX (oont *d)
Oi^sals Materials Studied for Jlnorosee.aoe in Combination with 

Cations
Material

Maoism Green BL Como*
Maoism Orange R
Heolam Rad SB
Rsolam violet Brora
Maoism Yellow OR Cone.
Meutr&l .Brown RX
Moira&ol Aei4 Blue a
Osage Orange Crystal©
Phoephln© G
Bills: Bl&ek 4B?
Srnoo Soluble Aoid Blu© B-58Q 0on©,
Typhor Canalme 
Union Jade Q m m  
Tlolet' for Gottorn
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Mew fluorescent testa were discovered as follows*

** or 1111 ant orungo r*id fluorescence con si sting of a 
band lying between wav© lengths 6300 a° and 6600 i-»° was 
obtained with tiioriuaa solutions in the presence of an 
alcoholic solution of Gibacet© fted 3 B. The alcoholic dye 
solution itself shows a faint fluorescence which is clearly 
distinguishable from that obtained in the presence of 
thorium* fills fluorescence is apparently associated with 
a cbang© is the red color of the dyestuff to purple brought 
about by thorium and visible in ordinary white light* The 
appearance of this purple color may be used as a colormetrle 
test for thorium to dilutions of Is 110,000* By observing 
the fluorescence produced under ultraviolet light the 
test is nor© sensitive and 2*5 ganma m y  be detected at a 
dilution of 1:40,000* This seems to be the only eolormetrle 
test applicable to thorium which has been described in 
the literature to date*

The test is not sensitive to small changes in pi value 
but strong alkali will destroy the fluorescence* Best 
results are obtained with neutral or slightly acid solutions. 
Aluminum is the only other element of those, studied which 
will respond to this test*

Gibacete ded 5 B# Color Index Bo. 1£10, is listed as 
having a structural formula similar to that of the type
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of tli© thiolndlge vat dyes*
6 0

Inasmuch as this structure 1ms not beer confirmed by 
private oorcmmioatlon with the manuf aoturer® and determination 
of thm structure Is beyond the so op© of this paper, it is 
impossible at the present time to rmkm any assumption® 
regarding salt lor t tion or other type of reaction which 
might be taking place between thorites, and the dyes tuff.

Sine solutions on standing over night with a small 
amount of Benzopurjmrin 4B were found to deposit a copious 
amount of a brown floeeulent precipitate and the supernatant 
liquid to show a blue fluorescence extending as a band
from wave length 3745 h° to 4E10 A°. This test is sensitive 
to xino at dilution® of Is1 0 ,0 0 0* Ba**+, Co**, On* +, Pb+: ,
Mg-* + f Ma*-+* HI** and + * give the sane fluorescent 
phenomenon although with weakened intensity.

The structural formula of this dyestufft Color Index 
Ho. 448 s indicates the possibility of salt form tion on 
the sulfonic groups present. Should one atom of zinc 
combine with the two sulfonic groups present a closed 
structure would be ferried which Is apparently conducive 
to fluorescence, as evidenced by the structure of fluorescent 
dyestuff© such as phosphine, thioflavine T and iihodamin© B
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//• y*3

a  w ' *

£&0aphln*

o-Qr «  (c» * \  C/

Hhedamiiie B

^ c-(X 5̂ c <>>r fcxj,
'CM C/ WJ

Thioflavin T
«/{j

i<3-~-•"<0

<* W .
liinc salt of Benzopurpurin 4B

Tli© bright tine fluorescence of ’fGw salt in alcoholic
solution is converted to a dull gray in the presence of 
silver uitrate solutions* This test is sensitive to 1 gamma 
at a dilution of 15 40,000. Ho other ions were found to 
interfere with the test* The reaction is best carried out 
in a slightly acid solution*

In working with e&licyl&ldoxi&e, the well known 
analytical reagent for copper, it was found that the test 
was mwh improved if examined under ultraviolet light* 
Copper solutions destroy the pi 3.® green fluorescence of 
alcoholic solutions of salloylaldoxine. This reagent has 
boon used to determine 0.5 pp-nma copper at a dilution of 
1$75,000 by the formation of a yellow greenish precipitate 
or opalescence * By observing the disappearance of 
fluorescence of the sslieylal&oxine as the copper solution
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is tided the sensitivity : m x j  bo increased to 1:^,000,000* 
Unfortunately acids, ©yon weak acids suali ms acetic, and 
all other cations tasted except the alkali and alkaline 
earths destroyed the fluorescence also*

The reagent is prepared by dissolving the solid 
material in about 5 ml* of alcohol and pouring this solution 
slowly into 95 sal* of water# An oily suspension is foraed 
that disappears on slight shaking*

The formula of the copper compound is represented 
as follows:
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0 OMQLU'S I OHS
(I) Alwlmum may ba determined quantitatively by 

photon trio ft&usureaent of the intensity of fluorescent 
sedations produced by the alir^num-morln reaction. Tim 
variation of* intensity with concentration we.a found to 
follow bhm Lamfe«rt-*B©«r law* In eo non with other 
fluorescent solutions at low concentration® the intensity 
urn© found to be directly proportional to tlm coneentration, 
while at higher concentrationst above 0*1 g AX/1 the 
intensity followed a relationship proposed by Perrin*
The molecular extinction coefficient under the conditions 
studied was found to be £9*

(II) In searching for characteristic fluorescent teats 
for metallic ions error 175 dyestuffs and organic materials 
hare been added to solutions of 19 different cation© and 
examined for fluorescence under ultraviolet light* haw 
fluorescent tests were discovered as follows;
(a) Thorium - produces a brilliant orange red fluorescence

with Cibacete Act 5 Bf G.X. XBX0. Limit of recognition 
£•& grama* dilution 1:40*000* 

ib) Ainc - precipitate® with Itenzopurpurin 4 B giving a 
blue fluorescing supernatant liquid. Limit of 
recognition 1;10,000.

Ic) Silver * destroys the fluorescence of *GW ©alt. Idnit 
of recognition 1 gamma, dilation 1:40,000.

Id) Copper * the sensitivity of the sellcylaldoxtee re viit 
for copper was found to bo greatly improved if the 
reaction Is observed under ultraviolet light.
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ABSTRACT

Fluorescence methods airs becoming more useful to the 
analyst as the fundamental principles become more fully 
understood* Tits effects of impurities and relatively high 
ooboobtrations have been treated from a theoretical standpoint 
light sources, filters, and methods of examination applicable 
to inorganic analysis have been discussed, a compilation 
of a number of qualitative tests for metals and inorganic 
substances involving fluorescence has been prepared.

It has been found that aluminum may be determined 
quantitatively within by measurement of the intensity of ' 
aluminum solutions fluorescing in the presence of the dyestuff 
morin. Below conoentrations of 0.01 g A.l/1 intensity and 
concentration are directly proportional. *bove this value 
Intensity bears an exponential relationship to concentration.

$ - e
where &  is the specific fluorescence constant (J*/c) obtained 
from more dilute solutions. & e  fluorescing solutions were 
fo^nd to follow the Lambert-Beer law. Tim value of the 
molecular extinction coefficient under the conditions 
studied was found to be 29* Iron, chromium, silver and highly 
colored ions interfere with the determination. Lead, 
alno, alkaline earth metals, and members of the sulfide 
group do not interfere if the solution is made slightly acid 
with acetic acid.



A3BTHAOT {1ont#d)

Over 175 dyestuffs and organic materials hare bees 
studied in combination, vith 19 di if crest cations is an 
attempt to develop new fluorescent tests for ties# elements# 
lest® wmre discovered for thorium, Else, silver, fend copper*
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