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THTROLUC TL O

The inelusion of fluorescent technisue anong the tools
of the analytical chemist is beconming more end nore Tirsly
established ag the Tundamentsl principles involved hecone
better wnderstood. Fluorescence is a property of neny
substances. It is encountered in a great nunber of the
orgenie products of dsily life, such ss lubricating olls,
milk grm&u@té, print and paper, wood, paints, textiles,
seeds and nany others. It spoears olso smong any ainerals.
Thelr eharecteristic emission features, ithoush of a low
order of bri ltness, zake possible determinastion of varia-
tions in guality end type. Oimple visusl exawination of
tie gelor of the Tluorescence exnitted when the oLleet is
exposed Lo ulirsviclet radintion often reveals e presence
of adulterstion or contoninaticn with foreisn substances.
The use of tris for routine control 1s evident.

vither types of flucrescent studies are indlouted by
investi-ations such as those of J. T. Randall'l) on the
use of low temperstures in the study of luocrescoence in
sollids, of . G. W, Lorrishi&) on the relutionship of
flucrescence to photolysis in seseous systens, of &. J.
E&W@ﬂ(ﬁ} on flucrescence efficilency in solutions, and of
Joseph seisal4) on rhotosensitised reactions and the
cuenching of flucrescence in solution. 7These are pure
resesrceh problens, belongin, to the resls of chemlesl

physics, seeking to establish the nuture of the foroes



producing flucrescence in gasmes, ligquids »nd solids and
thelr fundesentsl clharceteristices. Lgpeclisl interest is
atbtacred to artifically prepuared products, ineluding both
liguid and s0l1id solutioms, and rlso solld inorgsnic
substences, such as sulflfides, oxides, tunsstates and
silicuates,

aside from these two fields of widely differing
oblectives lieg the resln wherein the developent of
Tluorescence or ite destruction brousht sbout by cheniesnl
reasction is employed as a means Tor the detection and
estination of netals, o3 well as of neny organice compounds.
This reslm Lsas not been fully explored -nd suoh reactions
nave et with only liasdited sp.licution due partly to Lhe
non=apecificlity of the {luorescence effects, sand partly
to the faet that suall anmounts of impurities present nay
inrluence itLe Mlucrescent color to o murked degree. In
& Tew instonces 1t has been found possibvle to detect cations
by brinzi-g sbout & chemical reaction in which the inocrganie
constituent is tied up with an orgonic radiecal producing
a fluorescent color or shange in fiucresecent color. &n
exanple of this is the norin test {or slurdnum. 8}  If
a solution of the <ye zorin is nixed with an aluninum salt
and examined undey ulirs-violet 1licht & greenish lucrescence
is visivle.

It wag with the thousht of noking the torin sluaniows
test guentitetive by photonetrie neasuresent and, if ~ossible,
of adding to the number of specific fluoreascent tests for

the cationg tlhaet this present luvestlootion wus undertuken.
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Comprehensive reviewe of the apulicutions of
fluorescence analysis to & wide variety of industrial
and ehexiesl problens of an anglyticsl nature are availe-
able in book form as follows:

Fluoresconce Jnalysis in Ultraviolet Light
by J. 4. Hadley end J. Grant

Lunineszenzanalyse by . W, Danckwortt

ivie ¥Fluoreszenzenalyse in der Lilkrochemie
by Kax Haitingery

in addition to these reviews an article by lr. C.
L. White, "Fluorescent inalysis of Inorgunic Eateriala”(s),
desoribes nethods, ap aratus, snd tests perticularly

adapted to fluorescent studies of lnorganic meterials.
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If Tluorescocnce ig defined, {rop «u ele entary
point of view, us belng trhe wbdility of oertaln substances
to trengform ineident rezdiasition into eadiatlon visiile
to the eye, the phenonenen was known to Robert Loyle,
who introduced ithe filrst flucrescent indicstor to distinguish

eids gnd baszes frog one cnother by an infusion of "liznum
nephriticun’ . (7} L. Brewster!® and o. ierscie1(9) seem
to be the first to have sought an explanatlion of this
phenomenon. soth considered it a type of 1i.ut dispersion,
tie former as an "innere dlspversion” caused by very s-sll
particles of the substance, tre latter as an "epnlpolische
dispersion™ wihich alter yngsage throush o mesgurable
layer of the Clucrcescent liguld wos rovbed ol its irradlat-
ing effsot.

Go G. wtorestlO) glussed as fluorescent gubstances
those which under the influence of 1li ht becave celfl-
luminous., <elf illusdination vroceeds fron ilcpinsing
1i.0t rays being chanced into redistion of other weve
lengthe. It was Utokes who first resosnized thls faet
nd gave the pheunonenon the uasme 1t vears, Iron the faet
that it seens purticulerly cheructeristic of sone varieties
of fluorssay or seloiun flucride,

The worl of Ltokes lndleated that Tlusresceuce el Tects
were notning oltler than the result of o truusliorasiion of
one roadiant ecnergy into anolhwer of definite period and

refrangitilite: {hat fluorescenl phenomens were conneoted
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wlth no definite state of aporesstion, belng rost
marked in solids and liguides yet slszo observalle in
Boue VLpors, .. lodine or scdium.

The lucrescence of solutions derends in the Tirst
place upon the concentratlion of the dlissolved substance.
in gener:zl fluorescence lg strongrest in uvore dilute
solutiona. The color freguently echances ot hisber
concentrotions., This is cuused Ly the faet that th
solution absorbs o pert of the enitted fluorescert 1i-Lt.
wome substances whieh fluoresce in (ke zolid state are
not responsive to the incident ray when dissolved., This
nay originote on the one hand in that the fluoresconcs
lieg in the ulira-violet region or is so weskened tlLat
it is ne lonzer perceptidble to the eye; on tue obler nand
it nmay bpe that in solid bedies 1t is brousut shout by
eryatellive structure. In the first instance flucrescence
is conditioned Ly chemioal constituticn of the molecule;
in the gecond instoance only Ly tie phyvelical srruncercnis
of one atow wiith another,

Later investisotions, after the pericd Guring which
stokes dominnted the Tield, rouchly 185070, were chieflly
soncerned with studles about the relationsghip of flucrescence
to chemieul congtitution. 4aslide from isclated ouservotions
of some authors, H. ”ﬁyﬁr{ll) wag the first to study this
suestion in detall. asccordine to him ceritsin stomie
grouplingze were 'secessury Tor fluorescense which he colled

fluorophores, such as the pyron ring and the ring strucitures
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found in zntihrecene and pyridine. The bare nresence

of & fluercphore In the slecule wag not in itself
gufficient for Tlucrescence. It anpeoyed only Lif
situnted betwesen two Lesvy atoeule complexes, especlally
between benzene nuelel., Thus pyrop did not fluocresce
whereas alpha, alpha'’ diphenyl pyron did.

Likewlise ... K&ufmannﬁlg) and co-vworkers attrituted
fluorescence to the presence of certalin atomie groupings
called luinophores. .« tyoplecl luzinophore is (he benzene
nucleus,

in contragt, 4. Stark{lS} gunbesized thaet Tlucrescence
was dependent upon absorrtlon in a band spectrum; 1t is
not always pepceptlible and con fall in the visible as well
as in the invisitle 1i.%t resion.

from the complicuted structure of most fluorescent

orgenic compounds it I1s extresely difficult to recognize

the essentlial earrier of fluorescenco znd nunerous exauples

"f}

:fy ehoh hypollesis. llowever,

4

are found which ap-eur to sul

exceptions sre alwsys fowuwnd whicoh contradicet then.

ws ol Fluﬁrﬂgeﬁgag

Pluorescence phenomena obey three physicual laws:

{1} Fluorescence 18 slwesys sccompanied by absorption
of incident readistion, & principle which nust
follow Trom Lihe law of conservation of energy.

{2) The second lew, wore generally known as JtokeVe

low, states in effect that the fluorescent 1isht
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(3)

7

is alweys of creater wave length than the exciting
14 bt. ‘Thisg prineiple hug led to a great deasl

of controvergy snd hag been guestioned by several
investisators. Lormel (14 in 1877 was the first
to point out for certuin bodles an unzistaksble
overls> ing of the regions in the spectrw: oog-
cupied by the execiting l1ilsbt and Ly the {lucrescence
wihrieh 1t prodused. Leoter work by lilohols ond
verritt(18) or Cornell Indicuted thet Stokea’

law held Tor none of the fluoreseent substences
exsznined which included sosin, naphthalin-roth,
flucraegseccolin, riodumin, rescrcin-vlsu, gquinine
sulphete, ohlorophyll, canary gless, green [luor-
gaar, white fluorspar, sand asesculin., It is
pevnerally adelitted todey that the low is ncot
volld for zstror 1y oolored substances.

It Lss been conjectured tiet the extrs amount
of eneryy recuired to produce radiation of shorter
wave lengths then that of the primary radlation,
ssg 18 tre case Tor "antl-ctokes'” bodles, oricinstes
in the break down of certain astomie heat canters.
Detinite evidence Ior this ecssusmptlion is lacking,

The distrivution of intensities in the Tluores-
cence spectrum and the position of the maexiynm
of the {fluorescence bund is in ell cases Independent
of the wave lenoth or cenpositiocn of the exsiting

1ight
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kodern Congepis of fluorescence

wdern thousot regarding the Tandewental esuses of
fluorescence phcnomena 1s boged upon Lioe exlstence of
discrete enorsy levels asscoluled w1tk esch atosm, wihich
Serve as Stop ing pluages for electrons as toe letier are
shifted about by wvoarious enercy radistions., In the case
of a gup this effect le known s "rescrance rediation®.
The illumiration producing it must have a wave length
gorrespo-dire Lo an aksorptlion band of the gus, Through
thisg abgorntion of enersy the crtors or soleculies becone

b an elgctron iz dyiven Lo

exclited to such an extent
an outer ortit., The condition lor such & stete s that
E = hy where B 15 the eneresy of & cquentw. of the exciting
radiotion, end v ieg the frecuency corresponding to the
wave lengsth ot vihich ererey cun be absorbed to excite the
aton to resournce,., The return of tihe eleotron to its
normel orbit rives rise to lunminesgence and is asoconpanied
by ensroy e:lssion of the sune frequency 8o thst there is
no ehanse in wave lensth. This ealssion ie lsbeled
fluorescenes if 1t persists only under excitation by the
radistion; 1% ig known 85 phosphoresceuce if it sxists
for an apsrecinble period after te radiation has been
extin o uished,

in studving the artifically srepared phosgphors two
strikine grnracteristiong hamve beon noted: (16) Tirat,

fluocrescence is gulite often sssocleted with the presence

=
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of & low coneentrition of 2 Torelsn ingredient; sesond,
Tlucressense 18 not moneahroratic slthoush the 1llunincting
radiation =ay be, dut it extends over 2 broud band of

the spectirn: nsnd senerally is of longer wave len~ith than
that of the ewniting radlation, These effscts are =loo
observed in goses end may bhe expilsined in an wnclo-sus
feshion 58 being due {o 1he influence exerted by neichhopr-
ing atoms upon one znother.

Thus in the case sf pure sodius vayor tlhe luninsscence
is made up of the D line doublet (5,880 aund 5,896 4° unite)
resulting {frox the return of excited elesetrons Irow two
enerey levels lyins close tozelher. at very low nregsures
only one of these lines can be excited g resoncnce
radietion. I the pressure 1l increacsed oy if o g=all
amount of hydrogen is introduced voth lises apneny, due
to collislion of excited astores with nei hboring atoms,

Suel ¢ollisions produce sufficlent ereryy trangfer to
throw trhe excited electron inte ¢he closely adlaoent
ener:y level, the energy differonge between the two stctes
eorraspondins to only 0.01 volt. This syzten Lllusgirastes
W gensitive tre charseter of tre rodiation rroduced is
to the Influcnce of neishboring atons eliter of the sazme
or of dlfferent spocles.

for more complex vapors such 28 lodine wiieh ig in
the moleoulsy rother then the atomle atule, Lthe two atoms

vibratine baok nd forth and the molecuie rotutiro ahont

tie aris uniting the two atorg ~ive rise to various
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vibrationsl wnd rototionnl eneryy ststes. The usuel

muasber of clecgtronlic eneryy levels g boen srestly
inereuned. The cuse Lo beeono 8o cwaplex Lhal tlhe pure
resoncnce spoctimy: consists of o gerlies of doullets

rather than & sinsle line. I now Ve pressure on the
gysten is jroressed sufficiently 10 coupe collision of
excited melecvles with nel s hvoring nolecules of AP heliwm
is introduced Into tlhe systenm the resulitlng ewission is
no longer redclved into lines, but zrceayrs o8 contiauous
rediction ot the logation of tre ercectsd doublet, ‘Fh
slectrous 1o net return to thelr norwel oriits vy @

series of definite jJjumps resultinys in clesr cut doublets,
but return by Jurps of &lfferent magnitudes to stutes

ago close togethsr tihnt continuous Londs result. -8 a
counterpart of suehr collisions the eleciron loses energy
lewving soaller spmounts avalladble Jor licht exission.
Conseguently the enicsion i Jigpliced towerd the longer
waeve lengtha,

The gituation represented for sodlum snd iodine
yupors btecouss £bill more conmpllicuted as tle concentration
of uvtons ond voleculen is Ancreased to Torm the 1liguid
and sollid stutes. The interplay of Jerees 18 muoh more

intyricute =uxd involved, so vnich s0 thet eroups of electronice

levels becone 7aeked with lines representing & continuous

band of enam in solids tre bands zsre s¢o {ay apart in

eneryy contort that opdinsry methods of prouucling exeited
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states ean not roise glectrone fron a normael Tilled

band to 2n npver unfilled one. Lf & "localized bond”
represented by 8 small amount of Ilnpurity is inserted
between t'e two bands sone enersy states of the fnnurits
will f8l11 in sueh a position s to nllow of sxelitation
by soproprlate wave length camusin clecironle Juups from
the loecallized level to the unfilied band, The result is
that luminesecenee occurs asscoeisted purely with the
impurity atom, The exelted electrow fulls Lty steps of
therncl interchonge to the lowest level of the unflilled
band. Therefore the energy e:itted on return to iis
noroal state 1s legs than the energy of excitstion and
the fluoresgence ip displeced toward the red.

The effect «f broasdening the enisgion Into & bHond due
t0 the close packing of the atous in sollids ls 11 lustrated
by the Franck-dondon srinciple. (Fig. 1) e disteorce
hetween store (foreien impurities and nelolborico stons)
will vory pericdleslly due to thor-al wibroltions and
slternste Toreaes of attroction and repulsion, The potential
ener-los are represented Uy ordinstee of tle twe curves,

K for tve noranl stuete and X for the excited state. The
prineiple stetes in effect thet the tire of excltotion 1s

ao short zg covpared with the tinme of vibroetion thst

i

trengitvions hetween the vwe statss willl tare plocs olong

.

a vertical line CC', ¥ibhrotions contiznue tetween noints

. e
Fed

of ecual potentisl enersy in tre erecited stute suoh o
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Uistance between atoms

fig. 1 - Hxeitation and emission

of & phosphor according to Franeck-

Condon Yrinciple (froz &G. Fonda,

ilec. Ener. 678, Lec. 1938)
C' and ', Tre excited state extends over a Tinite time,
ard conseguently the return of the electron to its normal
position is represented as oceuéﬁng from any position
along the curve B between points C' and 4'., 7The shupe
of the curves is inherent in the »nrinciple ss representa-
tive of the interplsy of forees, s & result, the emifted
erersy is not equal to the enerpy of excitation, represent-
ed %y line CC', but has & succession of lower energy
values denending on the point on the curve & from whieh

ites return starts,.



& locslized state cight ve introduced not ouly by
Impurity atous, but by irreouloerities lu Lle letiice us
a result of vone-stolicliomeiric preportions ln the
compogition oif the selid, by verious coucentrotions of
allotropiec nmodificstious, by the digperasicn of active
molecules In & solution, oxr by their sdsorption in
digpersed iovrm: on a 8o0lid.

Optimuz intensitiss of fluorescenoce at oritical
concentrationg have been found to be chareccteristic of
fluorescent dye sclutionsg. Jecregses in Tlucreacence
beyond the optinmun value are presw.ably ssoridbed to the
inerease in probebllity of colliugion bvebwsen exelited and
normal dye meolecules. 4An optlomm content of Torelsn
metals in Ancrganie phosphors ls a parently also relatled
to this saw eoffect. I this theory ls correct, Tlucrescent
tegts should be nade under conditlons of sufficient
dlgpersion to prevent dis turbances Ly collision, whiol
riieht be accomplished by earrving out cbpervations on

adsorbed Tilms, on Tiltey puper, or in scolution.
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Yhe light source £lould bte zselected o sive
conveniently, relatively lritesnse endssion of wlirsviolet
lisht of el wave lengibs; Trwevey, the newr ultraviolet
yagion connricing wave lenstus 3000 to 4000 &2 iu of
sulficlient eneray sontent to eauclte fluorescence for most
analytical work, The Intenzity sionld aot ochanere with

tiqe or workiwe T8. Ve souree should show no

heating elleots opr obecticnghle fuiwes and should be so
et 1% oan be ercelosed aad properly sulelded.
L the iotensity of the Plucroscoence Lensoneusa 1s
dependent uwoon the fvienslty f tlhe exsitetion source
and differant tynes of sourses vory wlidely in inteunslity,
L@ wethed or ilestrw oot uped for exclitailon ust be
corefulliy desgribed., rellure to 40 tils uus led Lo
el aeniusion in the litercture Il ctnls Dield.
akbigusn A-ravs, cuthode raoys, «od redius rays have
bean used lun Lsolated inctinces Jor Jlucrescent studles,
tie noat gererally aprlicsble souTces are the spark or
arc discharssg between irorernated curcon clecirodes or
between vetnllic clegtrodes suolh ss lron, niciel, oobalt,
slusdng ., wingstern, oiug, Lwisnesivm oy cudmiuw and the

“yor clectirodes oive ligh

guarts waicury Voo
seticulsvly riel in wWitreviclet roadistion with uniform
spestral lire wistributlion., oos ey e Struck in elr,

in vacuus, in hydrogen, argon or in a metslliic vapor
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" o e i . x e s e % . PO E . . &3 p, R —— . A
claoctroden gworeshed ug o0 lleahle fop oodrses of ulira-—

I I U S
sioletr Liskt.

@ o M@ and
uwéﬂﬂﬁ aﬁ far vawmsna ietallie @1@atroﬁas
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{: ’g;;, w

P
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B0
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L Total Intenslir Buaner of lines between
Lotal Tor H000-4000 A¥ 2000-4000 49  2000-4000 A°

sk 95 28 8
ca a8 o8 11
Cu 69 1368 187
Fe %0 AP0 868
g 51 73 25
¢ 40 Q78 509
£ 55 43 10
¥ 29 ¥t 297
o 3b 3390 1351
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rerculry vuper leanns sre of uanyr trpes and designs

i

from those oliviug polnt sources of 11-nt to larrer models

gec for luuwnlinnting purposes. The Lanovie arslytiecal

moedel, wiicn L cidely used for flucrescent svudlies, is
depigned v increcsed efflelency by bvelns eguipred with
i

criindricenl hood and sveclsl reflectors Yor concentrating

sur envloved to renoave viaitle
iisht is of the rpiekel onlide tyre. The svepencion is
g0 arranged touny e Durner and hood ey bhe t1lted to
start rvhe elreult. The spectrel ronge extends from 1800
te 14,000 »Y, Jeve len-tha less thon 48500 #° revresent
two-tulrcs ~F 11 wrve lencthg rresert, Thee nrincipsl
treviolet Lires of fluorescert irnterest consglist of two
at 650 srd BelLd AY respectively und one st 5984 &0,

o vinible i3 concentrrted In e peir of

rollow-greon lines ob 5754 md 9791 4% and e green line
ot 85461 £°,

&8 s outorowil: ol the pevfection to a coumercial
stese of Ligh oresmure mereuly vouoy sleetrical dlselharge
1ooss ond to tho advent of televisien fghich hags been

Wy the luminescent caihode ray tube screen)

b Soootw wdiraviolet 115t of nueh lower orisinel cost
Qi Lo TOLLOT ease ol operetlon cre syvillcohle e the
eialy . ico L worker. ot low oressures, i.o. below 1 ., &
lebge sorticn oy the eunstyy ionyud is radicnted as tie

resonance 1) ¢ at 2586 AC. 4t hicher pressures, e€... above

e
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100 mm, the snersy redlated in the vigidble portion of

the spoctrus 18 ineresnsed whiile the resonance radiation

is abserded. In the most recent lLamp develomients
aressures of one-~-holl to one atrogphere sre resdlily
utilized by placing the hard sloasg mereury vaenor container
ithin an wuter envelope of »lesp., iIn adéddlition to the

N

2ibvle portion of the spestrum

7’4&

2 in the ¥

radietion avrenrin i

there are oregent a nuwber of wave lengihs lying Just
below thwe vigible replon, wost of whlch are dve to the
trimiaz ab 5050 49, IT the lanp is inclosed in order to
comvenlently T1ltler out the vigitle 11 b, provision
ghould be wede Vor odir eirculation in order to keep the
tenpersiure Tron rising.

The Ri- b precsure rerenry vosor lam;g in thelr present
fors reculre from £ to § rinvtes to reasch vaximom intensity.
fow nreghure lempg siiow 1o thernel delovs connected wlth
thelr operoticn, reschlng 1l brillisney almoest

instentaneously. However the intenszlity of such a source

ie 80 low thsb 1t anrplication i$ 1lsited,

E I Am haiad

It ig imporitant to mow tho ranse of wave lengths
tronssiitted snd ubsorbved by the portleuvlay £filter being

uged. "yood's slass® anpenreire elront Hlook in ordinary
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e

Giutting cut practically ell of the visivle

ot
[
5
=
14
o
il

gnectrun in ussd extenglively In fluioresconse work snd
is stundord eguliprent in 2 punber of lomps. it is
egsentially & nickel oxlde lass with & swell amount of
gop rer ozide udded to Plenk out red rove., Commerciel
Pilter ~lussen vary srently in composgitisn and transmission
and sabsovrotion sheorecteristics. Conscousntly reference
ahould he nde Lo manufaoburers' cotulorss where definite
ronges ere reculred.

sgoordlng to the data of o, Tiserzrondti€) e

ooy g o o . 4 P - pr— B m e pup e Te oy g [ s . i %
percentace of vaeriocus wave longbths noussing thoourh 7 .

£ " en i
thicknesns of ordinary oless wlote 1o 2z follows:
T ey e e ‘} ey v e C 3 i n e N e S s n g *'}
VS ...ﬂ;‘v.aﬁ.@ftal Y JEOLEDBLOE 3o 3

BEE0 14

s saries of Pilters trans itting vrricue wave lengths

el Lreitten dved

nay be constyructed from &
geletin filters, Jorning clase, ond soluwtlions of niokel
and eopper sulls stes V190 Ty st alse be borne ln mind
that the iatenglty of rediation tranzaitied will vary
inversely with the thlekness ol the fllter.

vatericls otiher than zlass hove been used successfully

to absort visible rorye wnd trorerit ulirsviolet. &

#

solution of nitroscdivethiyvisnilline of greh strencth as to

ong hog

s‘;

elizinate all blue and oSt of the violot ros
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been used vy uamd(“g). Combinations of anlliine dye

it dves have

solutions or
peen used In oy instences altrough sooe invesligotors
malntaln shat dyes gonerslly are too uacshable bo
itreviolet o e of noraanent use.

e
3%

it ke i N AV a u...z,du i .‘4,,‘.\1»'.;.5

sartliele slze 1ls of conzlder . ble ipportapce,particular-
i1y in the cese of sollide. Gerneranlly flucrescunce is
hrishter i the substense 1o in Lhe powdered stete, I
tue 20lid presents s 0ilrly lorce conlinucus surface, it
should be froetured sod cohocpvatlions wde wn Ireshly
broken gurisesg.  OSnohting with dllube s2o0id or alkall

L 3 Ny e L Monge P e . wo, B4 x % *
ard hesting wre freguently of «id in ifdentificstion., Use

ig often rafe of borex «r progihicrcus szl ends with

snalytical ezami
diseussion the flrorescerce -7 e rurkedly influenced
Ly vapor pressure oy the »resence of o small sweount of

impurity,. Jy far tre grestest vse 7 {lucrescent effects

e

-

a8 on anniyticsl tool is met with in liguids and solutiouns.
Tra contaliaer suouid e noa-flucregeeat, and may

be placed dircoily in Lie pute of toe radiawvion Tor

observation., irequent use Ls oade of Jilier paper as &

medium for carrying ocut resctions on & small scale.
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Yagaﬁa(all heg developed o techuigque of confining the

per with

&

grot bo 2 s0alill aren vy oresnating the s
poreifip rincg., Glasg goot »lates have been fowmd very
satisgloctnry Jor wiero worl, wiite spot plates usually
sihcw a purple rluerescernes and Lluach gnot pistes & green

k g gn 2 Y - P - P PR, % oy S EE o .y b
fluoregeence, narts contoiners are ool nacestnry Wi

cf iower wave lenpgtn is gtopred ab thiag polrt cnd the

use of quuriz for trangnitting below 8000 AP would be

EOX

unnecesgary, Obviously the colvent used shovld show

o fluorescence ihsel?. The lisuid or soluition should

e ¢ilubed »ith o non-Tlunoresclrs 1iculd sond exasined aob
nrosressively Inereaglin~ Ailutiong, zince there is often
g optlinun dilubtieon shovwing o wcexivun inteonsity.
Chaervetions abonld de mwde under Loth goid and salreline

ond ia secrenlu: Tor Lieulilving chwmrecterlstics

s

;«-3‘

gonilt
Cenerally o inerearse in tempersture wil
Tluorescence,

Plucorescent nuencorcens can ba observed advantageously

%

if the Jluoresgeent matorinl is allowed Lo eryvstalilize

4

out on Lhe alecroscope slide and sxucinoed under Loe

%

fluorescent wlcrossone, The Tor: of the orystale and
ryetal grouns, portlionleriy in dork Jiceld illuminuiion,
may offer new oriterin Zor tlie Ldlsabtillcation of unknown

samples., Irestnent with allcll or oeld often produses
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a change in Tluocresecent color and charscteristice new
crystal forss. The method is asdapialle to the
investigation of nixed substances, the conmponents of

which can be ildentified by different colored luorescences.

=
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Inorganic compounds for the most part show no
characteristie flucorescent properties. 4 larges number
of compounds which have been exumined zgave a red-violet
flucrescence whioh wsos not suiteble for iﬁﬁntifiaﬁtion,(ﬁaj
The metals themselves as well as most salts of the
heavy metals do not Tluoresce. It is notewortlhy that
for those uetsls whioh exhibit varisble valence the
compounds in which the metal has the lower wvalence
show more distiretive fluorescence then those compounds
in whieh the wetal has the hisber valence, Thus cuprous
ehloride ives & yellow-green fluocrescence, nerculrous
chloride o strong orasnge fluorescence and thallous
carbonate a blue flucrescence while the corresponding
salts in which the metmls have the hisher velence do
not fluorescs.

lore norked flucrescence phenomens csn be observed
with the zetel sslite of orgenlic selds. Table Lo, 2, taxen
from the work of hﬁitingari353, gives the Tluorescent

golors of a numbey of such compounds.



Table Ko, &

Z3e

ihe Fluorescent Colors of ketal salts of Urganig seids

Compound

Potassium cyvenide
Lerecurlec cyanide

Heriun formate
Calcium formate
Hiockel foroate
Thoriun formate

Aluminus acetate
Barium ascetaote
Lend scetate
aine ssetate

Sodivn bensonte

armoniun salioylate
Bariunm sslicylate
Magnesiun salioylate
Sodium selioyvlste
Strontiu salicylate
Zine selicylate

Line oxaleate
Potasslux hydro bertrate

?arinm.sumain&ta

Fotassiu succinste
Silver succinate

Caloluxm lectate
Strontiuvwn lactaete

zodiwn clente

Flucrescent Color

LBrigkt blue

Bluish white

Slve with violet shade
7] w " o

Eright carmen red
Bright blue

Brigsht blue

Green with bvlue tinge
White with blue tinge
MNue with violet shads
Tiolet

Iright blue
" "

%

i} #

”n k]
Briskt yellow

Brisht creen
Hlue

¥ioled

Hluish white
Iricsht yellow

Ipdsbt blue
Brisnt yellow

Blue green


mailto:Botas@ii.ua
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afforts to develop {lucrescent tests for identilica-~
tion of cationg hove et with rreater sucesss where the

metal ion hes been wbsorbed in an orgenic compound., 4

brief deseyiptlon of Individual tests reported in the

litersture Tor the various metals and other lnorganie
meterials is given below. Sinee many of these are taken
from Japanese literature and have not sreviously teen
published in Lnglish this review is glven in more

detail than might otherwise bhe warranted.

{a) A test for aluminun sengitive to 1 psrt in 10°
has been based on the viviéd orance-red fluorescences
obtained with aqueous slovholie solutions of Loloehrome
Hed IRG and Soloehrome Vielet Ru. The test Las
proved useful in detectln: alunminum in slzing materisls
and adhesives, The flucrescence is cobssrved in an
acid solution. iapgnesiua, ealeium, sodium, potassium
and sowoniluw lons do not interfere with the recction.
Sine sives o dull red fluoresceuce with both dyestufls
but does not mask the drilliant flucrescence given
by aluwsinwmu ﬂﬂltﬂ.(g&}

(1) an orsense red fluorescence produced by lontachrone
Slue Black X {the zinc sall of 4-sulfo~2,2' dinydroxy
azonaphiialene) in the presence of aluminum ion is
sensitlive teo one part in 5,000,000 and can ve use
in the gualitative detection of aluminum in the
presence of berylliun and other elements with whiech

it is commonly found. (25}
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(el The detection of eluminum may be sccomplished
by treustuent with sorin vhereby a neutral soluble
aluwinun salt with a green flucrescence is formﬁd.§5)
A nore detalled desceription of this test is given
below under experlinzental work.

(a) aluwminm gives with oxine (B-hydroxy guiniline)
a yellow green flucrescence as doeg caduiun., The
resction tskes pluce in lllac, Malie, neutrsl or
glizhtly apmonliacsl sclutionz but lg more sensitive
with Malie. The test zmey be varried out on filter
paper or spot plete. Linit of reccenlition 0,1 gamma,
ailution 1:500,000.,(26)

{e) seetic aeid solutions contalning sodiun acetate
with cochineal give weak ysllow flucrescences. In
the presence of slunloum the c¢olor sbifts to & strong
rad Tlucrescence., Linit of recognition O.1 gaunme,
ailation 1:500,000.¢E6)

(£} 4 solution containing sodiw: scetste and tincture
of alkannn in the presense of aluwinun slves a
vellow brown flucrescence, ithout aluminues a weak
green Tluorescence 18 observed., Linit of recognition

10 cecie, dilution 1:5,600. ' €8)

antimony may be detected in the form of Lydrogen
antimonide in ultreviolet 1i:ht with an electrolytic

arsh aprercetus at nueh lower linits then with white



lizht. The antimony mirror is dissolved in IL1,

washed with water, treated with hydrogen sulfide

water and conpsred colormetrically with a standard
solution of tartar emetie. Limit of recogaition

1 to 0.1 gﬁmm&.éEV)

{b) a#n agusous paste of pure calcium caerbvonate on
ignition and treatunent with an sntivony solution
fluoresces sky blue when slowly drawn through a
hydroren flame. The fluoresconce iz observed before
heating to ﬁlﬂﬁiﬂﬁ.(gﬁj

{e) Antirony with & valenee of five in secid solution
depirorys the flucregcence of riodamine B, Linit of

recosaition 0.5 pexus, dilution 1:100,000.(26) yign
& velenee of three in U1 soluviieon santimony changes
rhodanine B to pmﬁyle.(ggj
{a) Morin in HCY solution with trivaelent antisony
ziveg » strong yellow green flucrescence. «4ddition
off alcsohol Increases the intensity, Fluorescense 1is
chserved even in sunlight. additlon of acetlce aocld
destroys the Tluorescence., Linlt of recognition
0.05 gerwes, dilution 1:1,000,000,(28)
srgenie
{a) The erourie obloride pover nused in the Gutzelt
test for arsenic under uliravicolet light has & blaek
appearance in the presence of traces of arsenic,

insufficient to csuse diseoloraticon visidble in
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ordinary 1isht. Limit of recogrnition 1 mamwa,!30)

(B) The white precipitste formed with pentavalent
arsenic and (U0p)®+ gives a stroug yellow green
fluoresosnee. 4 neutral solution of arsensite 18
added to & drop of 0.4 L uranyl nitrete or to a
drop of (ICp)(Chelp 0,05 1 on a spot plate. Uranyl
sulfate ig rnot sstlslfoactory due to its intense
fluorescence and more congentrated soluitlons of
vrenyl nitrate should not be used. The presence of
arsenic is indicated LY formwtion of & precipitate
with strong fluoregcence. {hosphates interfere with
trhe test. Liait of recognition © garma, dilution
1:10,000, (28)

(e) arsennte ond arsenite lons mayv bs detected inm
aloohollie zorin solutions containing LCL or Llsac
by oroductlon of o yellow green fluocrescsnce, 7The
test is not sensitive,(88)

bervlil

{a) The cerhonete fusion is dissolved in Lydroehlorie
reld, treated with aleocholie morin solution aund then
made alkalline ith caustic soda. In the presence of
berviliun » ryellowinh mreoll ILOPoscencs anpesrs
under wltravieolet 1light whiceh disannears on acldifica-
tion or in tle nreeecnce of tluminuw: fluolesues a
blue mreen.(51)

Bigmut

{a) An agueous puste of pure cnlcium ecarbonate on



ignition and treatment with & biswuth solution
fluoregces cvanblue when slowly drawn through a
hydrosen (lase. Lindlt of regognition G.0001 garme.
Ihis blue flucrescence is clexrly distinguishable
from thet produced b antinmony under the sase
conditions. (z2)

agoordiag to tiae exverizents of &@ﬁ&,if heating
is carried out with a gas fleme a surple fluorescencde
rezults whiiol does not wesnken on nrolonced lﬁﬁﬁiﬁg;(gﬁ)

Borie scid

{a) Tne nreperation of luminonbors with fluorescein

;,.x;

a8 actliveilor £iving o vivid sreen fluoresoeuce even
in weslr vltreviclet radisition Lias been recommanded

for this substunce. The optimin concentratlon of the

{7

Tluorescelin solution i1s 1:106,000. Isglow this
soncontrution the oolor shifts towsrd the violeb,

and shove 1t & shift towonrd the red 1ls noted. Lindt

- um

of recornition BO pwa 88

() Coohinesl tincture produces wn orenge yvellow
fLluvrescence with torle scld et pl 5.8 to 6.9

{vhosphete bulferi. Liidd of recognition 0.9 gaura
In Q,088 73, lThe reccotlon tokes plece much wmore
slowly in the presence of ig, e, As, Sb, COa, v,
Ba, X, Yo ond wormeoniun lons.  Leavy webadls luoterfere
and clusinun and negunesivg olter the slade of

flumreaa@ma@.(gél
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The chanze in color brousght about by the conversion
of finorescein to eosin by nascent bhronize ray be
used ns o qualitative test Tor 10-6 ; of bromides
evenr in the precence of chloridesg. The resction is
carried out by brinsineg pavper imupregnuted with &
filuoresecein solutlion near toe opening of & test tube
drewn out into & ecaprillary in whichh & bronide im
being treoted wlith seetlo acold and lead dioxide snd
neated, { 35)
Cadmiup

(a) Sedmiwn sulfide nresipitetes fluoresce strongly
vellow and ean Le recognined in concentrutions of
0.02 ma in 50 ml; this corresponds to o sensitlivity
of 1:2,500,000,(56)

{®) Cadmiunm with oxine (8@~hydroxy quiniline) glves
& vellow flucrescent precipitate which is more intense
in neutrul or voderately acid soclution. Fluorescent
precipitates sre alao produced witn &1, aon, Bs, Ca,
e, and Zr. In the vresence of scetic acid only
Gda, A1, 4dn omd Zr sive Tluorescent precipitates so

that the nurber of interfering ions is decresased.

Limit of recogrnition Q.1 rarma, dilution 12&6@,@00.{361
(s) Using pyridine snd KI, Cd(Cyiigh)sle is formed

winleh pives a8 blue white fluoresconce. Leaxd interferes

with this reaction. Llinit of recognition 0.5 game

dilution 1:100,000, (26)
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(a) In neutrsl solution morin in the p»resence of
cadmium sives & yvellow fluorescence. Lizit of
recognition 1 groame, dilution l:dﬁgﬁﬁﬁ.igﬁ)

Lhromium

{a) The fluorescace of ceridine in the premence of
CrOg~® in slkeline solution is destroyed. Chromium
with & valence of three oy be detected Uy Qxiéiégﬁion
with brosine water to the Lisher wvelence. The test

is relatively insensitive bul io clorscteristie. (26)
Conper

{a) With & peutrwl or 8lizlitly secld solution cuprie
ior lidverates lodine from LI, The iodine lidbersted
will destroy the Tluorescence of alnha naptholllavone.
sny oxidizing egent or elesent Lhuat will liverate
iodine from £I will cive the spose reaction., 4 blaok
puarplish precipitate le produced a2ocompenying the
disspoesrence of the flucrescesuce. Limit of recognition
0.5 rarms, dilution 1:100,000.¢ 26}

{b) Cuprlie ion with an cleoholie solution of cochinesl
made ¢li-ktly alkeline onupes ithe red [luorescence of
coehineal to dlisappesr and produces instend o slishtly
blue white flucrescence. This is o very sensitive
test but is interfered with by lesad, platinum and
gold. Linit of recognition 0.1 paomnme, dllution
1:500,000,£6)

{a) Gold slso destroys the fluorescence of rhodanine B



g8 doos antimony. The red solution shances o

af fluorezesneos,., Linit

; . I e
pursle «ith Lue

of recognitlion 2.0 gamza, dilution 1:2@,60%.(3ﬁ}
{v) s alloline, slesliolic cochinesl solution in
the presense of /old Long loses lts red flucresoence

end develops & light green fluorescence., If the

gold solution is teoo conesniratsd trhe sreen Tlucresscence
does not develop. Lindt of recopnition 1 camesa,
dilution 1:50,000.' 26!

{e) dith guinine sulfzte snd I in slichtlvy acid
golution a brown precipitate forse and the fluorescence
of gulinineg alsanpears,. Linlt of recogniticon £.8
gomms, dilution lzﬁﬁ,@@@.iaﬁ)

(a) Heutral or slishtly acid soluitions of acridine
and I in the yprepence of 2014 dve & blue purplish
precipitate und the flucrescence of aeridine disappesrs.
Limit of recommition 2,5 parme, dilution 1:2 ,030.(2@}

(o} Goid will liberate iodine from LI whioh will destroy
the Iluorszconce of alpha napntholfMlaveone, Linmd

of recognition Q.0 zmmea, dilution 1:10@,@0@.(gﬁ)

(=) Hydrosulphites will convert resazurin into
regorufin in the presence of alkell carbonote and
the flucrescence changes Tron brown, tlrouzh colorless

to red, &7



drcn
(&)

{v)

Lead
(&}

{B)

S8,

Diiute solutions of scetle acid conteining
500l soet:te in the vresence of trivalent iron
destroy tle —urple Tluorescencse of ssalicylice acid.
The solution turns s deep purnle color but shows
noe Tluvocrescense, Linit of recognitien £.5 gazme,
g¢illution l:%@,@&ﬁ.iga)

Iron 1litverstes iodine Iros ¥KI which extingulshes
tiie flucorescence of clphs nashtholflavone and gives

g blus bleek orecipitute. The reaction is carried

Ju

out in &lisohtly acid geoluntion, Lindt of recosnitlion

‘ oy )
0.55 rooma, Ailution 1:200,000, 58

“The white 'ﬁl‘@&iﬁi'ﬁﬁt& F’:ﬁagﬁ%ﬁ}gig forzed with
nyridise snd DI cives a strong rvellow bhrownish
fiuorescence. OCoedulum ig the only otrher eslenent
Fforoming pyridlipe ond ¥I compleres, e reaction is

cerried out on & 8p0t plete and approxizately ©

minutes are 2llowed Jor Tluorcscence Lo appear.
For s=ll anounts of lead, Tluorescerce appears only

aronnd the edge. Liuit of recognition 0.88 gamnma,
dllution 1:£00,000,(26)

sleoholie rorin selutions ive witl neutrsl
lead sclutione s yellowish greon fluorescence.
weidification with zcetie acld extinsulshes the

flucrescence. 4 few dro s of slcohol are added



fluvrescenceg. Linlt of recoorition 0.9 pmema,

{al} 3 agueous paste of nure cslelun sulfute on
ipgnition snd $recstrent with e npagsnese solution
fluoresces cyenblue when slowly dpsem throuph &
hydrosen flume, Limdit of recorpition 0.001 ﬁamma‘(3@)

{v) Kanconese in en clkeline solution of rhwdsmine
& on seldificution #ives o brownish fluorescence
which chonree slowly Into & weak sreen fluoresconce.
Thiag av-liss to the divalunt form. 1If divalent
nancenese 1s oxldized in the alksline solution,on
acidificoticon rhodanine ¥ ils reduced so that there
ig no anvesarsnce - fluorescence even 1T nade alkaline
again., Sntimony aelthoush extinguizhing the fluorescerocs

of rhodeuine I ghows no evidsence of redocing aetion

] Y e W e ‘0 o s - e b e . g
8 does nongarege. Usbsll and iron show the sune

(&l On treasting o solution contalining merceurle lons
with 8y and 3nCls a white or bleoeckiosh srecipitate
forms. Ogtr in the precinltate sives o bright red
flucrescence. «an excass of Snlle ecauges ithe Ilnorescence

to disanpeny,(26)
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(b} Lercrrousg lon Al Ll for oo ey wliiieh sives

Hoader

Pl " 5, ':': o {s ...... . e T g oy
carriod oub Lo wlr the Tluovesqernce st e oboserved
. e & g - T LR mn o e e ey o LIk S %t e -

witain ooe or two alnvtos az 1Y diroooenre nulte

e B TR S X g 4 L o
ropidly. Lisld of receocnition 0.5 =<orce, dilution

solybdenus w1tk «n sleoholic
suszensiocn of cceruline sives ¢ ryoellow flucrescence,
LEelt of vecornition ©W.0ED oo, dliution 1:8,000, Oﬁﬂ.{gﬁ)

{0} ~ neuwral solutlicon of wolybden: and an aleoholic
morin selution ive on sizing a yellowish green
flucrescencs. wxecess sleohol odded U0 the spob
reaction ineresses itie intensity.(s0)

tci acetlc meid solutions contalilng sodium acetate
wdlve with geochdnesl in the pressnee of molyvbdenum &
reda Jlucrescence. 1he test ls very ssusltive but Al,
Wiy wg, and » glive the sw.e resction, ldAdnit of

B} . - " ] . - Y]
cenition 0000 pwoaa, dilution 131,Uuu,ﬁﬂu.‘”“)

In scowniseal solullon nlckel destrovs the
fivorescence ol galioylic acld. Linit of recoznition
5 ganma, dilution 1:10,000,%86)
(a) Flatinum solution added (o & solution containing

guinine and KI produces & brown precipitate and destroys
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the Slue fluorescence of the culnine. 0.15 cuinine

3 > o . [ Ty wsen. 1 O o < s e e
g‘glfi‘ t&@ SR 01&.}' Lv wmede ARG WSO Sede Sw a DS Wv? i@n

o
- ey s

5 germea, dilution 1.40,00u. 7

{b} Tetrovalent plotinun liverctes loedlne Prom oI
which desiroys the lucrescence ol 2l:honcpkihalflavone.
4 blue bluck preciplicte is orwd, Linit of
recognlilion $ gsesnoe, dilution 1:10,0080 ‘{3

iel an slkaeline soluticn of cocliuesl in the presence
of tetrovalent ploatinmus changes Lhe coler from
purnileh red Lo white and destroys 4o red fluorescense.
The reasction iz slow wod gulficlont 1o rhould be
gllowed before wuiing o flosd conelizion, Liclt of

roecogniition L.9 semasa, dlliution l:ﬁ@,&%@.‘zg)

dare earths

Toxasohek and Leuls 1>xiaf59} Lave ”“@ﬁtiﬁht&ﬁ the
fluorescenee of the roare earths with boray wnd phoaphate
beads. Cf bthe cerlusn Tanily only ceriuvs fluoresces,

as a borox besd Lrligsht Lloe. muroniue, somerium and
padoliniwm show sspecially strong Tluorescences when
tested in wne Yorm of bencs, iz, Ulsry red, reddish
vellow and orsnge yellow resgpectivelr. 0 the yttrium
Tamily dysproziae flooresecs yellow, thullum a weak
viclet, holuiws a very weak yellow. +11 the above
preparstions show well defined Tlucresecent spectra;
cerium a veutinuous spsetrun with roxirnes brishtness

at 4500 4°, the others recogulzable bund spectra of

fron & to & bands, Ko fluorescence was detected for



s o Lo e 5w g g K g gy s L e . [ TR T R S wy &
Junthaniws s DEADCOUVIIIWL, COAWLLRL, Srulile: and
viesproiion, dwe Lilidds ol recosnivion nian llwmiting

eonesulbrallions are su nwullized in tae Jollowlog t&blmz‘éﬁ)

Toble Ho. B

Lindite of ﬁwcwgai%io& o congeantrations
rok wetestlon of Sf;i Lo Mﬁ.,,z Lig.

At ol peccgunition Liniting

Rare .orth in cemen values Concentrotion

ariuy 0.4 1:10,000
w&ﬁnljﬂﬂ :5 l: l,@gﬂ
Lurcepivm 20.0 H 500
Godolinimm %5.0 100
Taruium 2 5,000

*

B ot ot

Lyaprosiia. oD 1,000

The preeniskr yellow Tluerssocence produced by
adding s gaturated solutlion of dizethyl glvozine In
sleohol and 3 ml of & 255 solutlon of astannous ohloride

in conc. S0Y to a

said geluitions of geleniuw with seridine end EI
sive browm srecipitutes and destrovy the Tflucresconce

of aeridine., This test ig sinilsar to that for platinum
aad cold bub recuires an wid solution. Linit of

recognitlion 8 gumra, dilntion 1Li85,00 Q*{gﬁ}

o~
123
Voo #

widio seleniv solutions with guizize aud EI zive
brown rrecipltate destroying the {luorsscence of
guinine., Linit of recognition 2.5 gamma, dilution
1:20,000, { £6)
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{e) Agidic molutions of seleniur liberate {odine fram
£1 whieh nombiines with alvhanaphtholflarone te
produce & blue blsek precipitste destroving the
fluoresvvrce of the alphenaphtholflavene. For small
amountes of sslenium the liguid has & fivcrescencs but
there is no fivorescence in the yrecipiiate. Limit
of detection 0,5 garma, ailution 1:200,000.(38)

-{a} Houir:l or slichitly ecid selublons of silver
destroy the yellow green fluoresestoe of uranyl sulfate.
Herourie, bisuwmth, and caduiun lone &0 not interfere,
Less than 1 ﬁg/ml mereurous lom, 1 mz/ml lead iéh,

2 ng/mi euprie ion do not interfere. A &#@#ﬁ of’

ehloride ion precipitutes allver olhloride znd weakens

the fluorescsues of wranyl sulfste. Thallium gives the

same test as silver. 1/15 molar urenyl sulfste is

used. Limit of recognition 1 gamma, dilution 1:50,000,(26)

e ia} . ?hﬁ@?*mﬁiﬁiﬁaﬁ&aﬁ ofﬁ@b&iumgﬁiih zine ursnyl asetate
giving greenish yellow fluorescent precipitates permits

 the dsteotfon of smalle® amounts of sodium. The

resction ie carried out on filter paper. For amounts

cx:amdiam under 10 ﬁémma fluoressent specks are noted

in from 1 %o 4 minutes. Without ultraviolet light 12,5

at a oconcentrution of 1:4,000 are racognizable;

ﬁ‘ ik
with ultraviolet light 2.5 guuza at & 1inmiting conventre-
tion of 1:20,000 can be detsoted.{$2)
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Sulfites
(a) Sulfites may be detected by distilling the samnple

with & 1itile IL1 Into hydrogen peroxide containing
gquinine. Sulfur dioxide iz oxidlized to sulfuric acid
cauging the guinine to fluoresce. iLeximrm sensitiveneas

is about .20 ng sulfur ﬁi@xiﬁﬂ.{%ﬁ)

Zelliuriun
{a) Iznited calcium carbonate on dipping into tellurium

solutions and reheating to white heat shows & brillisnt
red Tlucrescence, Jeleniunm also gives & slisht red
fluorescence with this test, Lindt of recognition 0.04
garma, dilution 1:1,000,000. 86)

{b) Acidic solutions of tellurium with guinine snd EI
give brown precipitates destroving the luorescence of
guinine as in the cuse of seleniuwz. The ef{ect of
acid is much greater but detection is not as sensitlive.
Cne drop sach of 0.17 qguinine sullate, 0.3 N KI,
and 0.5 N lgily are the recormended proportions,

Limit of recoguition 25 germa, dilution 1:2,000, (26}

(e} acldic solutions of telluriun with scridine and HI

give brown precipitates and they destroy the fluorescence

of acridipe. Limit of recognition 10 gamme, dilution

1:5,000, (26)
{a) Telluriws reacts the sare as seleniwm with solutions
of LI contalning slphenaphthelflzvone, Dlue black

preclpitates are forued which destroy the [luocrescence.

Linit of recopnition 0.9 ganusa, dilution 1:160,9&0.(35)
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Thaelliuw: destroys tie yellow greenish {lucreacence

of vranyl sulfate. Thig 2y lies to thallous lon. Linit
of recognition 1 gowma, Qilu%iﬁn,lsﬁﬁa,ﬁaﬂ.(gﬁ)

() Trivelent thalliun in a neutrsl or acid solution
of vhodasine B changes the color from red to purple,
the purple solution showlng no fluorescence. To destroy
the fluorescence it 1s unnecesusry to melke the soluticon
glkeline as with cobalt and cangenese. Limlt of
recocnition 0.5 sae, dilution 1:100,000,(£6)

{e) The red flucreseence of coc ineal disappears in
the presence of trivalent thallium in allallne solution.

Linit of recornition 0.5 -amma, dilution 1:100,000, 26)

Iin

{a) Sshbunneoue lon produces a yellow green Tluorescence
with coerline in i1, The resction is mmoch nore
gensitive If 2 smaell smount of alcohol le added. Linit
of recosnition 0,02 gamom, dilution l:ﬁ,ﬁﬁﬁ,ﬂﬂﬂ.(éé)

{b) Ignited caleiw: carbonate trested with a stannous
ﬁﬂl&%i@ﬁ_?i?&ﬁ & vellow greenish {lucrescence.
Fluorescense musi be observed belfore a 1ed Lest is
obtained. ~rsenic and antinony interdere with the
detection. Lindt of recognition 0.0&8 gpanme, dilution
1:1,000,000. 86}

(el Io 301 selution stapnous or starmlie ion cives wlth
norin o yﬁliaw greaen fluorescsnee. «leohol increaspes

the intensity. Lizit of recognition 0.2 sooman, dilution
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Yranyl compounds flucresce only in the uranvl form,
i.e. uranous csonpounds do nod flucresce. vouversion
can easlly be acoomplished by nitric seld or fusing
7ith borax. In squeous golutions the yellow green
fluorescenee is very weak compared toe thet »resent
in s0lld forms. In slcohol there is practically no
fluorescence, wulfuric aceld incresses ithe intensity
wheress8 hnlogen aclids decresse i1t. Jest resulis in the
detection of ursnium compounds are obtalined fron the

reperction of solid solutions. ilchiols sand dlﬁttery(égj

3

nave used sodium or potassium phosphate, borax, sodium
or saloium fluoride a3 solvents und have established
definite ratlios of uraniwuw: salt to solvent to produce
maxinwn briglhtness of fluorescence, ododiwm and lithium
fluorides huve bVeon found to be the most sstisfactory
@ﬁlvaﬁts.iéﬁj

Uf numerous ilpvestigated elements only columbiunm
sives & fluorescent yellow green on fuslon with sodium
flueri%aﬁié?) The fluorescence activated by columbium
1z wmuch wesker and lies farther in the green than thset
produced L, uraniws compounds. I1f cbserved in nfiltered
iron arce radistion uraniuw: fusions show the charactoristie
color whiille oolwabliuwe fuslons appear pale Lluve.

ﬁelmur(4ﬁ} aas used tihe decoresse in Tluorescent

intensity of urenyl nitrate coused by the presence of
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halosen ond other ions for nloerochenical detsetions.
The followins ineressing series of flucrescence
suppresgicn “ss been estublished:r nitrite, chloride,
salievinta, thiosulfate, chronmte, ferricyonide,
mermansenoste, sulfide, arsenste, ferrosyanide,
hicovesnate, dichromate, bromide, »nd iodide. Uf the
cations ilnvegtisated only silver destroved th
fluoresecence which confirms the work of Goif who used
this reaction as s test for silver.

{a) #ith scetie scid solutions conteining sodlunm
acetate, orine {8-hydroxyouliniline) in the presence of
zince, sives a yellow green fluorescence. Limit of
recosnition 0,1 gamas, dilution 1:500,000.¢26)

{b) n nentral solutions coelinesl sroduces a red
fluoresconee with zine. Linmit of recognition G.1 gurms,
dflution 1:500,000.(86)

(e) Neutral golutions of zine cive a yellow green
flucreascernce with sleoohelic morin. The {lucrescence
inereuges if mode nlhaline bud morin itself sives &
yvellow flucrescence Iin «lkeline sclution, hence the
test must be carried out in neutrel solution. ILisit
of detection 0.05 gemme, dilution 1:1,000,000. 28)

Concernin:; ile abuve tests it sould be poinited out
that & punber of these will rogpond to oxidizing or reducing

agents, €.0. any oxidizing sgoent thet will liberste Lodine from
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#I will destroy the flucrescence of alphanaphtholf{dvone,
Fluorescent tests whieh sre relatively iunsensitive, such
es those given above {or iron, are wmore of acadenic
interest than utility.

In edéition to the ap:lications of flucorescence
phenonens to micro-detections of inorgenic meterislis, 1t
has been feund thet the color change of & nunber of
fluorescent substonces with change in the pon value of Lie
soluticn is eritiosl enouch to warrant the use of such
naterials as Fluorescent indicators in ianorgunie volunmeilric
anaiysis, This application has met wiith consliderable sucoess,
particularly in the titration of colored spnd turvid liguids.
Teble No. 4 token from the work of cadiey and Grautt4®) ana
cther warkersiﬁﬁ’ﬁl’ﬁa’ﬁﬁ) lists a nunber of such indicators
with the color chunge corresponding 10 a ceriuln pi or

pil range.



Table Lio.

NIt

O o3 Lhsre

YEE AT

B EY
LTI

£ Fluorescont indlestors

Benzoilavine
d~sthoxyeoridine
BeG=Tetrooethviidanino-

xanthone
y~xylahmﬁwgg“
Ylyymel niuel 58]
3.5 dihydroxyphthnliside -
(1st transition)

Losin

betavaphithylanine

salievlioc wold

alphanaphthylanine
shloxine

ayryihrosin

Yluorescelin.

wuinie aecial (G2

Eicxlorwximm?mﬂﬂﬁiﬂ

uﬁt&ma vl sesonletin

Hesors in

ﬁeridims

$5.6 dihydrowyzantboue

Litmua(@lf

3.0 dihydroxvohthalie-
dinitrile

wainine (1st transition)

3.6 diliydroxyphthalinide -
{2nd transition)

Umballifwrema
Urcinolaur
Shenol raa*“ﬁk

509

ilagnesiun d-hvdroxy
Quiﬁ%l%@ﬁ conplex
Azolitmint Vol
Hogolic &@iﬁ{“d)
Hetanethyl vW*wllifer?%g}
o elizarin sulsonctel”
Comaric aecid
setancphitiol .
Tuneric tinetureldd)

slphansohitholsullonie neid

Y . o
S :?_;.E TR 1,‘3’ in f hd U)

wolon

Yellow to
Green to

Ureen Lo
volorless
+

&«3 w«xﬂ‘ 6‘»

grean

&
rlue

hlue

to yellow
® arange

Blue to rreen
Volorless to green
W ¥ violet
i ? bhlue
¥ 7 blue
“ ¥owrellow
bl

P R
WOLLETAD BE
¥

5

Tello, Lo
Green to
volopless

vionlet
wolorlegs

] - g -
pslue o g

¥ oreen
¥ ooresn

LU Ereen
7 mlue

CTInge

vicled

to bLluse

o4

Lo Llue

reen

Hilue o violetd

Graen to
green
Colorlecs

Follove

Lo tlue

preen
1 rellow to

«Clurless
"
&
"
.wiyL 1a% Ry wld
uoler1a¢w

Yellowish

OIGIlEe
ark Llue

olat

Lo solden
B blue
7 yiolst
7 hlue
ow wo red
to green
creen to

to bricht

Lelow
BUR -

3.@ -
ek =
4.0 -
Geld =
4.0 -
%ﬁ;g -
4.0 -
4.4 -
4.9 -

ﬁog}f hae
509 had

6&0 -
{3.5 -
éob hd
‘f’)* had

&
axz -
a -
&o{) -
xR
£.8



Table No. 4 {cont'd)

Colop Chrance and ph Hemee of Fluorescent Indicators

Indisator Loloxy Lhange Pl Henpe
Aoridine orunge Golovliess to yellow- 8,4 - 10.4
Ethoxyphenylnaphthostllp~- Zreen ,

azonium ¢hiiloride Green to colorless 9 - 11

l-naphthol=2-aulfeonic acid verk blus to bkdght

violet Dok
betanaphtholsulfonie acid bark blue to ari**’

vicled P05
wuinine (2nd trsnsition) , _ . Vieolet to colorless ¢.5 - 10.0
8.7 dinethoryisosuinoline(51) 9,5 - 11.0
Counarin weak green to Lright

gﬁﬁ@m 9.8 - 12.0
alphanaphthionie acid Agure blue to green 12 - 13
Betanaphibhionic acid azure blue to

vioclet 12 - 18

Coternine Yellow 1o white 1£.5
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(4) Fhotemedric .otiration of alusines by the llorin Reaction

The discovery Ly &0;3@18?0@&63(54) in 1887 of the

presence of worin under excitastion T uvltraviolet 1licght

- = . ‘
hasg bheen 3budlied b ueh&ntliok with reference 4o its use

for the detection of alwiinux in mlorochemical work.

This portion of iihe present investirsticn is an attempt
to estublish this resction upon o systematie cusntitative
hagis throush scourute measurenent of the Ilucrsscent
light transmitted vy solutlions of vearying sluminum
concentration,.

dorin, a tetrahydroxy fAYvonel of vhe folloving

structural forauvla

C1sta0Yy
is obtainzble from fustic extract ond ray be crystallized
in the pure state in slender yellowich ohite prisms. It
is insoluble in cold water, digsolves In inereasing smounts
in hot water, ether, alcchol =nd acetone; it 1is sli o htly
soluble io chlororor:a, insoluble in benzeue, petroleum
ether, and carbon disulride. For the present investisation
a solubtion of ithe crystallized materiszl in $55 alcohol was
used.

The fluorescence produced is of o yellowlsh green color



ad consists of o green ond red band extending over

woave lunbig Lo 8200 ... .eids such o8 nitrie,
gsulfurie «od hydroehlorie destroy Lhe FlUorosconce.
acetle celd cxerts o charsoteristic olfect in inereasing

; NN S S . B o Ead o R o R e o e o A Y, e
the intensity of Lhe Tluoresesnce and sLifting e wave

longth further toward Lie red end of iheg spectrun. In
allzaline solutiong morin oives g folint yellow Tlucrescense.
[N . [ " . - PN S N R L i%l‘) i .
Avidence log besn presented by welantld thad

maxizun flucrescent brightness ig cbtulined frum solution
econtaining dyestu’? end alusinu i the rotlo of 3 mols

of worin to 1 of sluminw:. corrvegpu.ding to Lthe compound
al{Cysligunlyg., Yhis evidenee bas boen confirmed {iable Lo.
) snd to solutions studied quantitetively norin was added

o

to gatlalfy ¢r exceed this relationship., Thus 2 sclution

-

conteining 1 wg oluaipur will require 28 v cof corin Lo

clve mexinuws {luorescsice.

Toble Ko, B

Yolure of O.Ls Splution Hequired to Froduce haximunm
Vigunl Intensity for § sumd 10 ml Vvoluuiss lespeetlively of
an _olupinug Selution Conteining 100 me 5171,

{1) () {3) Celoulated

L0 ml. Alumirmum Soln. 7.5 17.0C 17.5 18,7 »l,

(5]

10.C =l. " " 4.1 5.0 34.38 35.4 1.

£ R oy iy .“f, - g
LA LRkl RA i i Lt b ik

A Goneral Ilectrie righ prescure 4 mercury vanor tube

inclosed within another zlass tube was used ag a source of
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near ultrovioliet rodistion comprising wave lengths from
3000 to 4000 4%, This lamp was mounted in front of &
small opening in a wooden bLox. & 8mall slectric fan was
also mounted in tlhe box to prevent overhesting during long
periods of use. Hoed's glass placed over tl:e opening

wos used a8 & Piltering medlun.

Intensity velues were obtr-ined by use of a Zeiss
fulfrich photometer. This instrument employed two cells
in one of which was placed the standerd solution and in
the other the unknown., Cbservations were uade at risht
angles to the source of ultraviolet light. Fluorescence
anpearing in the two cells was observed sinmultaneously
throuszh an evepiece ag a circular divided field. Filters
in the eyeplece permit isclstion of bands sbout 2B milli-
microns wide in various regions of the spectrum. The
intensity of the unknown or oslibrastion solution wes
determined by reducing the intensity o the beam from the
stondard solution by means of & variasble sperture in
the objlective, «hen the two fields were matched the
int@naity was read from a2 osalibroeted drun a8 a peroentege
value., Cells 2.0 x 1.8 cus. were used, arrsuged so that
the thickness penetrated was the 1.8 dizmenslon.

Standard sluminum solutions were prepared by dissolving
notagsivs aluminuws alun crystels in werm ¢istlilled water.
Intersediate corcentrations for callibruation curves were

obteined by dllution. Fustie extract, of good guelity, was
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used g8 & source of =orin.

PR CEY O OBTEFTY ool pen LR
R sEUTITATUING L BT

The Tollowing detalled instructions were evolved as
callbrations and determinations were csrried out over & period
of several months,

(1) The anount of aleocholie morin solution rejuired to
reazet with the aluminue content should be added as
part of the volume of the stendsrd alumimuez selutions
a8 they are made up. In carryving out determinations
on solutions of unknown eluninum content morin should
be added to a sepparate portion of the solution until
maxizsun brigshtness is obtained inp order to determine
the ninimum amcount of =orin which must Le added, an
excess of morin solution has no detrimental eflect
on Lthe measurements,. The dilution value oust be

taken intc consideration in ealeulating the smount

of aluminum present in the orisinsl aolution.
{&) Yor concentrstions of aluminuws above 10 mg/l more

repreducible readings are obtained by ecentrifusing
off & enell anount of hrownish flocculent materiel
which sprears at the Lisher aluminum conecentrations.
{3) Care must be taken that exactly the smie volumes
are sompored in the two cells,
{4) The oelis nust be placed in the same relative
position with regard to the pris:s and to the source

of ultravioclet radistion for each observation in
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prepoaricg calibrotion curves. 4 satisfactory zethod
of aseonplishing this is to elamp to the stace of the
photometer o plece of cardbosrd in whiech holes have
been cut into whioch the cells filt ti-htly. Having
onece adjusted the heigsht of the cells from the prisms,
no ¢hange should be nmade in the setting durlng the
course of a set of observations. The cells can be
enptied by suction throush & cepillary class tube and
filled by pipette readily without disturting tﬁa@r
position. The cvells nust be kept optically clean

ot all tines,

{8} The source of radiation should be set in sueh
a position in relstion to the photometer that egual
intenslties are obtained in the two flelds wien the
sawe solution is pleced in both cells., This adjustnent
mast always Le nmade before naking observations unless
s peraanent set-up is svailabvle,

(&) The Tinal reading should be an averare of seversl
readinges taken as eguality in intensity is apnroached
both from the dark snd dright sides.

(7} hen working with low sluminun concentrations and
weak fluorescent intensities a drop of acetic acid
added to both cells will ofiten per=it more scourate

readingse.

= -—:eg T L

TEETYY W PIpE BT ey, P ECSE o
wl&m’{:’}u-zwfém‘ ) .f.x.i, % L{’% Yi ;i il s R ‘ﬁ‘»;’uﬁ.m&;

The fundecental ejuatlion used in these mneasurenents to
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show the dependence of fluorescence upon concentrztion is

the relationship proposed by Ferrin.(55)

¢ = ¢o e_k.c
or K =.% log.%%- in logarithmic form
where
¢ = concentration of solution contained in cell in g/1
¢ = ¥ where ¥ is the measured fluorescent intensity
@, = gpecifie flucorescence factor which is avproached
with ipnereasing dilution, i.e. is & constant

obtained from the ratio ¥/¢ where ¢ is in the

rance in which fluorescence is directly proportional

to concentration. (See Table No. 6)
E = a constant
The fluorescent intensity relationship is '"he same as
. \ . . . the. .
that for lisht abscorption vwhich is ~iven byALambert—ﬁeer*s
law. This states that the lisht absorption is proportional
to the thickness of the cell, to the concentration of
the dissolved substance in mol/l, and to a constant varying

from substance to substance and known as the molecular

light absorption coefficlent.
b= 1052 ag.c.a

D = density

log I¢ = extinction
I
¢ = concentration of solution contained in cell (in

mols/1)
thickness of cell in ecn.

it

™
tH

moleculay extinetion coefficient
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For any wave lengith the volue of € should be counstent st 211
dilutions and all stratun thicknessesn. This constaney

is & oriterion of adhevence to Ieer's law.

s ny AT e e L rww pene
@mﬂwémay Lobis si e il id L b
- e

The curves obtained for fluorescence vs. concentrations
are typlosl of fluorescent solutions. .ot low coneentrations,
Graphs 2 end 3, a streipght line relationshilp between
fluorescent intensity snd concentration is obtained. rFor
concentrotions shove 100 mg/l the fluorescence snd concentra-
tion are not direcily proporitional but follow sn exponential
relationghip proposed by %@rrin,(ﬁdj ag indiested by the
coustancy of K. {dee Toble Ho. & and Graph 1) It is
noted that the specific Iluocrescence factor 4 is constant
for inereasing concentration up to £ coneentration of
avproxinately 0.10 2/1. A plot of log %-vmluma sgainst
concantreotion, Graph 4, shows the adhersnce to deer's law.

The method Tollowed for esalculution of the molecular
extinction coefficient is outlined vs follows:

U = log o = log 2o
T ’ 1o = lavs,
where L o= density

ip = intensity of prinsry rodistion

i = * ¥ proadintion Trom filuorescing
solution
Lgng. = intensity absoried Ly solution
Sinee the {lunrescondt intenslity T le divectly proportlonal



Graph Ne, 1
% Fluereseenmee vs, Aluminum Cenes, frem 0.1 g/1 %e 1.0 g/1
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) Graph No, 2 .
# Fluorescence vs. Aluminum Cones. from 0.0) g/l to 0,10 /1
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Graph No, 3 .
% Fluorescence vs, Aluminum Conos. from 1 mg/) to 10 mg/i:
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ﬁrﬁim Ho. 4
Log % vs, m.mmw Gmamtmmm from 0.1 g/1 to 1.0 g/1
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to the lihi eoszorved

D = log ¥y
ﬁak - }:‘a

where Fy is the fluorescent intensity accorpenying eomplete
absorption Ig. Where intensities are nsasured in per cent,

ag for the Fulfrich photometer

D = log Fy - log (Fy = ¥)
or D=2 « log (1060 ~ #)
Enowing the values of D for various concentrations, £ may be

ealoulated from Heer's law

E = )
g . &

here ¢ = conoentration in mols/l
d = cell thieckness in om.
4n average velue of 29 as the nolecular extinetion
coefficlent for this fluoresecent solution wee obtained.
{Table No. 7} The fair sonsteney of € at all dilutions sives

further evidaenoce »f adherence to bBeer's law.
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Tebhle ko, 6

The HRegion of DLirect Froportionaliiy between Fluocrescent
Intensity and .luwainunm Concentration together with Specifie
Fluoreseence Factors and Perrin's Constant. 1 g 4l1/1 used
ag ostandard for Comvparison.

e (g/1) 7 ¢ = r/c log %%_ E
1.004 100.0 100 0.58 o8
« 900 P8.6 111 £33 59
. 800 98.3 123 49 61
700 96,1 138 45 64
.600 SR 155 .59 65
.500 87.7 175 . 33 66
.400 B2.9 206 56 65
. 300 72.2 241 .20 66
.200 55.0 275 A3 65
. 100 6.3 363
.0900 323 358
0800 29.7 364
0700 27.1 387
0600 5.1 585 region of Direct
Proportionslity
0500 1s.8 396
.0400 15.8 395
.0300 11.7 390
0200 7.8 390
.0100 3.6 360

379 = Lvg. = ¢o



Table Ho. 7

¥alues of ¥Funetions Obtained in Caleouvlstion of Loleculer
Bxtinction Coelfflicients for ~luminum jorin Solutions

e {a/1)

1.000
« 900
- 800
700
.600
.500
. 400
« 300
. 200
100
0900
. 0800
L0700
Q800
0500
.0400
0300
Q200
0100

e' (mol/1)
x 107=

3.7
2.3
3.0
H

FoFy

100

- 7}

G.0
0.4
1.7
Ge9
6.0
1248
i7.1
27.8
45.0
638.7
87.7
7C.8
7E.9
76.8

e
.8

84.2
88,2
92.2
96.4

Lo €1

log (¥ = ¥)

2 - log(Fg - i)

«17
w15
14
.11
.10
08
.05

.04

£



having deternined tho value of €1t is possinle to
goaleulate Lue theorebical lotenslty which should be cbhierved

for e given coacsatretion from the relotlconshlp

wamAww = £.,0.d
where all values are known except that of I, Tadble Lo, § shows
a conparison vetween values neasured aud those caloulated
asspuning a value of 29 for& .,

Agsuning the validity of the Deer-Lazbert law, 1t is also
possible to calculate the concentratlicn of an unknown solution
if ite intensity is measured and if the I value ig known for
any other concentyation. Taeble Ho. 9 shows & comporison

between actunl concentrations and those caloulsated,

00 - F
L0 - Fp)

- 1k

sk R

bz ©2 2 - leg (1
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Table lio., 8

Comparison betwoen “luorsacoent Intensity values lespured ecrd
Those Calculsted Assuming a welecular sxtinction Coefficient
Value of 29,

¢ (g/1) o' (wol/1; L I(5) Iaha. ¥ (found %)
x 107" (I, - i}w
1.000 3.7 1.95 1.1 29,9 100.0
- 9001, 5.5 1.78 1.9 03,1 90.6

<800 G.0 1.57 L7 V7 W 8.5
« 700 e 1.58 4.4 “E.8 36.1

<600 £.2 1.156 7.1 BE.9 93,4
400 1.5 «78 16,7 8Z.3 G2.9

« 3GO 1.1 » 57 26.9 75, 7Ze8
- 200 74 - u@ 40.1 5%.9 58,0
3

« 100 .7 18 64.1 G590 b
0800 « 35 17 67.8 2.4 S8
.0800 o 3 » 15 70.8 28.28 29.7
+0700 - &8 . 136 75.1 86.9 £7.1

L0600 52 L1158 96,7 25,3 25.1
.0500 .20 104 78,7 21.5 19.8
.0400 .15 078 83.6 16.4 15.8
L0300 a1 057 e7.7 13,3 11.7
L0200 .074 038 91.4 8.6 7.8
.0100 037 019  95.7 4.3 5.6
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Favle ko, @

comparison between ..ctual aluninum Concentr:tions end Those
Salculated from rluorescent intensity ralues and tle Deer-
Lacbert Loy

e {g/1) ¢! {mol/l) L - log {(Fy = F) Cone, ealc.
x 10™=

1.060 a7 1.95 —
800 3.3 1.72 .59
« 800 3.0 1;5? 81
» 700 2.6 1.36 .71
. 800 2.8 1.15 .80
. 500 2.0 1.04 « 54
« 400 1.5 .78 <40
« 300 1.1 .57 « S0
« 300 .74 » 59 - 20
100 « 37 .19 .10
0800 . 33 17 088
L0800 - 30 15 .078
L0700 . 56 » 136 .070
0500 » 20 2115 060
. 0400 +15 104 054
0300 «11 078 040
0200 074 059 .02

0100 L0357 019 010
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In order to chack on the soeursey of the method,
synknown™ alum solutions of z2lumin o contest up to 1 g/l
vers examined by this mellud. “There the ecneentrations
were coloulated by frormula from the rmessured Intensitics
the error ranzed from &e 0 154; as determined graphically
the error ranged from 2+ to 85, The results sve ~iven in

Tabie Ho. 10,

Takle Eo, 10

Results of junalysis of Thyee solutions of Unkpown ol Content

Cene, Al in g/1 Cone. showr
Bark agotually presend ® Gale. Conc. by graph

1 0.10 35.2 0.098 £.098
2 « 50 87.0 « 45 .47

Iron snd chromdus Torm klack srecisitates with serin
and oconssyurntly w1l interfere with guantitstive
deterninations of sluminum by this wmethed. In the pressnce
of both sluaminmm and iron or of alumirnun and chromiuw the
precipitates may be Tiltered off throuch a slay filtering
mediun and sluminue detected cualitatively in the filtrate
hy the green fluoresccnce of the morin compound, Highly
eolored ions such as conper, niekel, and cobalt will
produce z1l Tt wvoriastions in thwe color shade cbserved huat

may be coapensated for Ly wdiitleon of sooroxinately & like
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gnount teo tle standard aluninum solution used lor
somparison, <lliver destrove the {luorescence probably
throush itz oxidative metvion, It has bveen reported in
blhe liﬁ@raﬁara(ﬁﬁ} that lead, zizne, and nolybdenun in
neutrsl golutions will »roiuce fluoresesnce effects with
aleohcollc uorin golutions einilax to tilot obtelined with
aluninuwsz, This has been coniirmed bul olids only for
neuvtral solutions. Ia tis presence of & snall amount of
scetle scld tlese clecents show no fluorcscence with oorin
wheress Lho rrescnce of scstie seld exerts a Tsvorsable
ixfluence on tie aluminu: resetion. Beck!¥8) nas resorted
the flucrescense of norin with scondiw:, galliws, snd indium
in solutious contalning wminerel =cid,

The following lous were found to have no effect on
the {luorescence: Ligy, ligre, Dilvse, Cdri, Agredrt ) ABFre,
Sbdrv

y Sprtdd, Unds, Lnprs, Tle+e, Qasre, Daer, Sprd, Mge+,

Ha+, kv, Higr, L1+ and common anions except fluorides,
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(8) Studies Carried Tut in an Effort to Develop Yew Ssecifie
Flucrescent sests for the vatlons.

Lamsoaslh 08 ne theory g been purcested opr develooued
wiich misx U orediet »rod comtineticas of astals and type
of orgunie radlenls wuald cdve characteristie fluorsscence,
1t was progosed 1o prepere solutions of & number of metsls
and exesire Ulex Tor flucrescence on addition of smell amounts
of solutlione of dyestulfs and other oroenic coumpounds readily
avallavle., It wes hoped in this we¥ to obtelin some clew o8
0 the nature of e ovgranle radicsls which would most
likely ~ive the desived etfect snd at the sare tinme to
cisoover sooe new Lluorescent tests.

aporoxricately 0,01 L solutlions of the following ilons
were used: altwv, intv, Ligye, (bev, Detr, Thttdr, apes++,
Hisw, Cove, sav, fovod, Cure, Fer+s, Uart, kinve, ligre,
Cewtr, Qs Upevsd ., upe od, of a 0,1 agueous or aleoholie

&%

selution of the dyssiu’d or ocrganic materiel was added to
10 ml. of the enticn seluticus contelined in gol't gless test
tubes, dolutions were tssied under a¢id aod zlkeline
gonditions 2nd were =llowed to otend over nlght before taking
8 Tinsl chgervatior. In addition tests tor {lucrescence
were made Ly placing o few droos of tie zolution on & Tilter
napey ané exsminivg under ultroviolet 1i:1t. o lisnovia
analyticanl cuaritz mercury vapor lamp, deseribed above under
licht sources, wes uged =5 & gsource of ultraviclet 1i-ht.

A 1ist of the organie smaterials used fs ~siven in Teble

Hoo. 11. & pumber of dyestulfs sre listed ror which the
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structursl formule was not reedily aveilable but
could be ocbtalned from the manufacturer or by analysis

should the results warrarnt.

Table flo. 11

Urgenic katerimls oLtudied for Iluorescence in Combination with
Cations v
lloterial Color Struetural
Irdex sSunber Foruula
A0ld snthrocene iled G 4435 Appear only on origin
Acid Black DE Cone. 46
acld Vioclet 4 RIS 695
alizarin 1027
alizarin agtrole B 1078
slizerin cophirocle 2 1054
alizarin Yellow ow 40

Alphazurine 2 G 712



Teble No. 11 {eont'd)

62,

Organic liaterials Studied Tor Fluorescence in Combination with

Cationsg

Kateriasl Color

Index YMuzber

Aluminon

Amidine Develop Bordesux B C

amidine Fast Brown 3 H

Amidine Fagt Searlet 4 BA Cone.

aniline sno Betanaphthol

inthranilic secid

anthraguinone Violet Dase

aurine

suranine Dase

Azo Rubin Conc.

378

724

635

179

Structural
Formula

Shown only on
original
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Table No. 11 (cont®d}
pnie Materials Sgudied for Flusressense in Oombination with
g QW s s e opx L oLa e ‘

e g ibnerbio i sl 3 Aﬁ
" o

“ Hateri€d " Golor " Struetural
index Kumbel Formula

Bark Crystals 1233

Shown only om
original

Benzlidine

Benzoflevine 791

Bengzopurpurin 4 B 448

Banzyl Green B 467

Blue for Cotton 707

Boiling EBromine 768

Brenze Blue QWA Extra 1288

Brom Cresol Furple
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Table iio., 11 {cont'd)

Organic laterizals otudied for Fluorescence in Combination with

Cations
kuteriasl Color Struntural
Index FEumber Formula
ﬁrﬂm Jhenol Slue Shown only on
original
Brom Thymol Blue
Chinoline Vellow 801

O-chlor-m-toluidine

Chlorantine Vasgt Urange T4RLL 35}

Chrysoidine 20
Chrysonine 410
Ciloacete Crunge 4 R Fowder 1280
Cibacete Hed & B 1210

Cibacete Scarlet G Fowder 1228
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sation with
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Teperial Qler Structural
: } Forrula

Laa 1197

Cibhaecete Yellons

Shovm only on
origzinal
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Cloth Fast Llwvek

o . 1 e g - . ey
Lioth Juglt Glal 20

Conzo ded 370
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Diariine Fasgt Hed 72 lHew 419
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Table Lo. 11 {contta)

Ormanie wiutied Jopr Fluoresocounge Ln Loobination with

oo

£

Uolur Streetnral
Index llunbey Formule

Dinhenyl ed Lo 436 Shown only on
original

Pichenvl »eollow T30 4

Direct Yluel O.0L 8131

divect Drill Vioclet Core. &n Hi¥

=

PRS- Ve A T Y e WA 44
Liroct Ly Ui o b kil wOTLe., 5UG

Vipzot Yelilow & Cone. GEU

b P EEN

SR O SN 415 I SR

RS AN B,
R T VIR RSN

Srybhrosine 772



Toble Ho. 11 {cont'ad)

iration with

Fhadied

Solor wstructura

e ST e g
e & ‘Jf«.;i&;ld.

Fas
snown only on
origlual

seliow o 286G Ul

[
&1
0]

- v > R g st s .
Toat Red B (Bordesuy 5

Formoel Yiolol Lonc,. 6883

e .
o ey 4
BINAUC AL

Aewdroxy culnoline

G 146

L I ,»’\/"O
Lrlame D

—
i
~

o 2

rodeosine 77a



Table lio. 11 {cont?d)

N

lucrescence in Coxbination with

B

OUrganic weaterials orudlied for
cations

delerial Color structural

index dunber Foroula

Inositol Shown only on
original

iiton Fast Green D3

(w13
w0
y

Fiton Fast Vieolet 10 B

Liton Fast Urange bl

¥
fasd
foet
o
(3
i;;‘
ot
o
[
2
o
n
i
EFY
(9
~3

Letenil Yellow 1&8

Lethyl ded 211

o
&
O

Hethyl Violet L Cone.

rethylene Dlue
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Table No. 11 (econt'd)

Organic Materials Studied for Fluorescence in Combination with

cations
Material Color Struetural
Index Humber Formula
original
Haphthol Yellow S
Kat'l Alizarine Blue GRL 1066
Het'l Niagara Blue Hi 51&
Alphanitrosobetanaphthol
Orange for Cotion 21
Orange G 181
Orange 1 150
Phenol Red

Fhlorozlucin
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Table No. 11 (cont'ad)

Organic Haterials Studied for Fluorescence in Combination with

Cations
Material Color S¢ructural
Index Hunber Fornule
P ohi 7
hosphine 98 Shown only on
original
Pontacyl Green Sn BExtra 737
Primuline
Guinazarine Green DBase 1078
Resorecin Brown 234
Rhodamine B 749
Rooeeline 176
RBosenilline Base 677
Safranine Y Extre Cone. 841

Salicylaldoxime



Table Mo, 11 {(cont'd)

71.

Organic Haterials Jtudled for Fluorescence in Combination with

Cations
tiaterial Color Structural
Index Hunber Fornula
Setacyl Direct Violet R Cone. 394 Shown only on
original
Suco Fuchsine 8 682
Suco Soluble Blue D-400 Cone. 706
Tartrazine 840
Thioccarbaxide
Thioflavine T 81%
Thymel Blue 765
Turneriec 1238
Xylidene Crange 78



Table lio. 11 {cont'd)

Urganiec Msterisls Studied for Flucrescouce in Combinstion with
Cotiong

seterial daterial

Anid Blue RN Uiphenyl Fast Urange OF

Jrown for Gotton Diphenyl Fast wrange wo
Chlorantine Fast Brown IHL Direct Brill Green CIkl
Chlorantine Fast Beown 3RL Lirect Fast Urange B
Chlorantine Fast Green BL Eelipse Bronze

Chlorantine Fast Urey Lrioehrore Geranocl R
Chlorantine Fast Urey OLN rio Fost Hplll., Yiolet X, Cone.
Chlorantine Fast Hed 6ILL &ric Fast Red G Conc.
Uhlorontine Fast Violet Lrio Flavine i Extra

Chlorantine Fast Violet 43L Formol Fast Black ¢ Cono,

Chlorantine Feet Yellow 40GL Helio Hed Fast ink

vhrysophenine ¥ Zxtre Conc. Hypernle Crystals
Citvocete ilasck DOR rowdey Ineerl Srillisnt 3lue
Clhacete Iavy Blue & Invoeyl Urange
Civagete sorpphire Blue niton Fasgt Hed 471
Cloth ¥ast Green B iton Fest Yellow
vlothh Fast Urange i idton fure Blue
Cloth Fast lHed GRG Lanasol Diuve B
Cloth Yagt Vielet B Logwood Crystals
Cotton Red BB Ladder Lake
Diazophenyl Drown 34w Hat'l irie Yellow ¥
piphenyl Plue G Leclan Black 8 G

Diphenyl vast Uordeaux BL Neolan Hleck wa EX
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Table ¥o, 11 {cont'd)

Orzanie Moterials Studied for Viucrescence in Conbination with
Lations

Haotsrial

Neolan Green DL Cone.
keolan Crenge H
Neolsn Red 3B

Heolen Violet Erown
Reclan Yellow GR Conec.
Heutral Drown R
Hovezol ieoid Blue EL
Usage Urange Crystals
Puosphine G

S1lk Black 4B¥

Sueco Soluble Acld Blue D-380 Cone.
Typhor Carmine

Union Jade Creen
Tiolet for Cotton
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Hew Flunrescent tegts were discovered us follows:
Thorius

se DRLLLLONT Lrobee Pod Jlueiobeence cousisiling of a
band lying bebween wave lensthng GI00D 4P and 86800 .° was
obtained with thorium solutlous in the ypresence of an
alecholic solution of Clibuacete lled 3 I, 7The alceoholic dye
solution itselfl shows a f&int fluorescence whieh is clesarly
Gistinguisbable from that obitoined in the presence of

theriua. This fluorescence ls apperently associated with

about by thorium end visible In ordinery white lisht. The
arzpearance of thls purple color may be used as & colormetrie
test {for thorium to dilutions of 1:20,000., By vbeerving

the fluorsscence ;roduced under ultraviolet 1light the

tect is rore gensitive snd £.5 gorza neay be detected at o
dilutiocn of 1:40,000. This seems to be the only eoclorretrie
test apclicable to thorium which hag been described in

the litersiure to date.

The test 18 not sensitive to snall cheanges in plii value
but strong sikall will destroy tie fluorescence. DHest
results are cbtained with neutral or sli-hitly scid solutions.
Aluminum is the only other elerent of those studied whieh
will respond to ithis test.

Cibacete ded & B, Color Index lio. 1810, is listed as

tawing a struectural formula sivdler to thet of the type
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of the thioindiyo wvul dres.

-

Inasmuch as (his structure has nob beer confirned by
privete corommiecation with the manufacturers and deternination
of the structure is beyond the scope of this paper, it is
imposgsivle at the present time to mulke any assumsiions
regarding sali Jursation or other type of resction whieh
mnight be taking place between thorium snd the dyestuff.

wine golutions on standing over night with a small
enount of Ienzopurpurin 48 were found to deposit a coplous
anount of & brown {floceulent precipitate and the supernsten
liguid to show & blue fluorescence extending as & band
from weve lensth 5745 40 to 4210 4°, This test is sensitive
to zine at dilutiors of 1:10,000, Dav+, Core, Cur+, Fb+ |
Mge+, sn+v+, Nl«++ and Al-++ glve the sznme fluorescent
phenomencn althouch with weskened intensity.

The structural Torsula of this dyestulfl, Color Index
lio, 448, indicates itle possibility of salt formation on
the sulfonic groups present. Jhould one ston of zine
combine with ithe twe sulfonic groups present a closed
structure would be forned which is apparently conducive
to fluorescense, &5 evidenced by ithe struecture of Tfluorescent

dreetulTe such as phosphine, thiofluvine T and dhodanmine B
& &
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wH,
Fhosphine Thioflavin T

eHs [ 1

#)m& .O W (enHs) ¢y ;,‘m

,_.“” ey N“,‘?“‘kz
hd '1 !' -
. . s, . 5
Hhodswmine B 4ine salt of Lenzopurpurin 43

ihe bripgrt clue fiuvorezcence of "G galt in aleoholie
gsolution is converted to & dull gravy in ihe yresscuce of
gilver aiirate solutions., This test iz sensitive to 1 germa
at & dilution of 1:40,000., No other ions were Tound to
interfere vith the test. The resciiou ils best carried out
in e 81li - hily acid solution.

Sopuer

In working with sslicyleldoxine, ile well known
analytical ressent for conver, 1t was found that Lhe test
was 'meh irrroved 1f exsmined undey wltrsviolet liszsht.
Gooper solutions destroy the pele greon {luorescence o
sleoholic =zolnticng of salicyleldoxire, This reagent hasg
been aged to deternine 0.5 guoma copner ot a dilution of
1:75,000 by the formation of a yellow greenish preecipitate
or onalescence, Oy obscerving the cigssonpeurance of

fluorsscence of the selicvlaldoxire as the couper solution
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is edded the zensitivity ey be inersased to 1:2,000,000.
Unfortunately acids, even weoel «¢ids such es acetic, and
2ll otlcr cotlone tested execept the alksll and elkolire

T eartis destroyed the fluorescence also.

Tne reagent is preparsd Ly dissolviang the solld
naterial in about 5 ml. of alecohol and pouring this selution
slowly into 98 nl. of water. 4n 0ily suspension is formed
that disappears on slight shaking,

The formula of the copper compound is represented

as Tollows:
H

(:KCwaoH
0-Cy,
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CONGIUSTONS

(1) Aluminu noy e determined quantitetively by
grotonoctrice aewsuresent of the intensity of flugrescwent
soiutions oroduced by the aluminuva-morin reaction., The
variation of intensity with concentration wea Tound to
fpllow the lanbert-Beer luw. In covmon with olher
flucrescent solutions st low concoentrations the intensity
was found to be directly provortional to the concentration,
while at higher coneentrations, above 0.1 g 41/1 the
intensity followed & relationshipy proposed by lerrin.
the moleculur extinction coefficient under the conditions
studied was found to be E9.

(1) In sesrching for cheracteristie fluorescent tests
Tor metallie long over 175 dyvestuffs arnd orgenic materials
have been added to solutiorns of 19 different cations and
exanined for vluorescence under ultraviolet lisht, lew
fluorsscent tests were discoversd as follows:

{a) Thorium - produces = brillirnt orange red flucrescence
with Cibacete Ked 3 B, V.1, 1210, 1i-it of recoonition
faf gomman, dilubtion 1:40,000,

() <ine - precipitotes with Lenzopurpurin 4 B giving a
blue {luoreseclng supernatent liguid. Linmit of
recosnition 1:10,000.

(g} Silver - destroys the fluorescence of "G" salt., Linmit
of recognition 1 gerrva, dilwution 1:40,000.

Gouer - the sensitivity of tle salloylisldoxire resgsent

,,v
S
Sopaer”

Tor convver wag found to be greatly inproved 17 the

resction 1l observed under ultraviolet light.



(L)

(2)
{2
(4)
{5)
{8}
(7)

{8)

{9)
(10}
{11}
(18)
{13)
(14)

{15}

{18}
{17)
(18)
{(19)
(20}
(21}

{o2)

{23}

79,

o o pe ooy
B R j, e Q
¥ L ooigsy
e % VY HXle LW

Lo, ede, Iuld,, p. 16

aelss, Jomeph, Ibld., p. 53

sonantl, sikrochenie, 2, 174 (1924)

ahilte, Yews, Ind, Lngr. Chem. snal. Sd. 1L, 6% (1939)

naltinger, Lax, Yluorescence analysis in lierochemisiry,
wien and L@ipzig {1937) p. 2

Lrewster, ., 4nn. cehim, et rhys. (5} 38, 376 (1858)
Hersehel, J., Fhil. Trans. 147, 143 (1845)
Stotas, 5.0., 1bid., II, 403 (1858)

tieyer, H., Her. 31, 511 (1898); 36, 2687 (1903)
Kauffmann, M., Zer. 40, 4547 (1207}

Stork, J., Phys. Jtsehr, 8, 81 (1907)

Lotmiel, rosrendorff's inu. 1859, 514 (1876)

Nichols, f.L., sud Merritt, L., wtudles in lLusdnescencs,
voarnagoie Inst. {(1912)

Fonda, weiie, Hl8C. “nET., “ec, 1, bec. 1988

51, e, kikrochenmie §, 430 (1931)

Tew 3 % ..
FOE N N T

sisentrund, e, J0aru. 2tg., 24, 262 (1539

Jonas, L. 4., fhot. Jour., 2O, 227 (1930)

Wo0G, ~hil. Keg., B, 257 (1803)

Yor0da, ey Lfrf. dngr. Chen. «nel. wd., 8, 79 (1887)

o e A WY e e 3 e P . IR oy d
e S ke & € l\‘?.,d y ey LRI Mim.‘;ﬂlﬁ, R I }E’lﬁvﬁ‘aﬁz"'g‘”i 4

0, 117 (18z1)

deitincer, Kax, fluorescence snalysis in dicrochemistry.
wien and Lelpzig (19C7) p. 77



&0,

(24) Hadley, vea., -nalyst, 50, Lol 748, p. 266 (Lpr. 15328)

e

Vo, wnd Lowe, Ceve, Lnd. anzr, Cher. doal. Ha,,

ERA oy
Gy wen (1807)

,-
£
[
et
¥
F
-

’ : s U g T e s % R L R RV Tl
d. Lheme Loc, Jrren, B8, 60538 (1950

M~
g
~3 B
vid o
%]
ot
oD

{27) Qront, Jd., anclyst, H8, 886 (1989)

{28) Feneth, Pr., and ginterstein, H., Ber. H1, 1728 {1918
¥ > ¥ * -4

{29 Zerriive, .. snalyt. Chem. 70, 332 (1987)

Hing, siess, Chem. and Ind. 4, 301 (1928)

rﬁ
85 ke
O
S S

Leristtec, LWl.J,, Fros, Kon. acad. wetenspaihr., wusterdan,
36, 899 (1833} ; throuch Sritieh Chem. LAbBL. 4.,
T8y (1904l

{32) bonsv, ¢., ionatsch. Chem., 54, 949 (1913}

{27} Hedley, Jeiey snd Grant, J., Ylecrescence .nalysis in
Ultravicliet Liglt, Van lostrand, . 164 (1935}

N - N - v -
(54) mme?w&&ﬁ?y, frey vnd Uzal, <., &, .nal, Chen., 98, 206
1934

E e
053
]
St F
S

Hehn, §,, Gonpt, rend., 187, 245 (1833)

-
e
fee
S

Talwlelil, L.¥., and frode, L., 4. Chem. woc. London
5%, 1381 (19:l)

{37} Biohler, ile, w. anal, Chem., 98, 272 (1954)
(38) Hmicii, Fre, Textbool of liocroc .eristry 8:d d. 19286,
n, 183

{79} Tomaselek, H., and veutschbelin, G,, ihys. Jise.r.,
54, U7 {1933)

o caalwesis in licrochenistry,
D. 89

#
-

(40) heitinger, &ex, Viuorscoonc
wien and L@ipzi@ {1957)

{41) edley., J..., and Grang, «., Fluorescence -nslysis in
Jltrsviolet Lisut, Van licotrand, p. 169 (1938)

(48} soltholt, wa, 2. cnsl, Chen., 70, 568 (1927)
(@3] Uil we, anG o000, Jelan., cnalwst. 5% 514 (1928)
¥ ? ¥ ¥ e ¥
{44) ierx 2, «. snal. Chenl., £4, 285 {(1928)
& 2 ] : ]

( ”é&) ffi(ﬁiﬁ"lﬁ, ;‘ l.:m Iy E\,:,.Kiﬂ QlﬁittﬁWf, »;»sm»; 1 .s ’jbo img;ﬁta QQG s BT
18, 449 (1926



(46)
{e7)

(48)
(49)
{50}
{51)

(52)
(53)
{54)
{o5)

(£6)

Slattery, .., iai&.,,;g, 175 {1929)

dep und lleag, S, Pros. Naturil sead,
wos, 18, o0 {1ul7)

Volaar ~“»4“¢ﬁhiw, Bull, Soc. Chin, Urence (4) 38,
359 (1981

Dadloy, Jede, and mrum%, RET fluwra%ewn@ﬁ analysie in
*z’!,‘f“m”ﬁ olet Light, Van Hoesitrand, p. <58 (19""“)

Jonds, 7., und ﬁzﬁh@li@ﬁy, L., 2. Ausl, Chem., 113,
G- 11958)

Wﬁ@ﬁﬁii@éﬁl ’ a{d. ’ &.ld. Ui}C, }:&-1 , \«l Qd i 3 ( :‘3{}) ‘Tﬂ, ?é%‘&
(Det. 20, 1938)

uze%eilaﬁy, L., and Jonds, <., <. anal. Chem., 113,
866~-75 (1928)

szebellddy, L., and S5ik, K., (17) C.s. 22, 6578-79
(Lept. 10, 1998)

Gopnelsroeder, Fr., o. for irec. Chem., 101, 408 (l%‘?)

arfin, ;., Compt. Relhi, Soad. osclences, 173, 1978
1924

Leck, wLikroclem. acta, 2, 267 (1¢37)



ADBTRACT

Fluorescence methods are beconing nore uselful to the
analyst as the fundamentsl privciples becose more Tully
understoocd., The effects of lmpurities and relatively hich
concentratlions have been trected frow a theoretlicul standpoint.
Light sources, Villers, snd nethods of exomipstion appliecuable
to inorsanic sunalysis hove been discussed. & gompllation
of a number of jualitative teste Topr metuls end inorgunie
substences invoelving fluorescence 'as besen prepared.

it has been found that aluminum zay dbe determined

o .

guantitatively within 84 by sessurcenent of the intensity of

slwmwninun selutions fluorescing in the presence of the dregtuff:

norin. Below concentrsations of 0.01 z 41/l intensity and

cougentration are directly proportionsl, «bove this value

intensity bears an exponentiasl reletionship to eoncentrntion.
¢‘ ¢oe~'fc

where ¢, is the specifie fluorescence constant (F/e) obtalned

from more ilute solutions. The fluorescins selutions wers

fo.nd to follow the lLambert-Besr law. The value of the

noleculsy extinetion goefficient under the conditions

studied was found to be 290, Iron, ehromius, silver and ul o hly

agolored ionsg interfere with the deterninetion. lLead,

zine, alkaline earth metals, and members of the sulfide

group do not interfere if the solution is mede slightly neld

with acetic oeld,



Ads Tt {Sont'dl

Uvery 175 dyeptulfs snd organic peterials have been
studicd in comibinstion vith 1% di:ferent cations in an
attenpt to develop new [luorescent iests for tiese elerents.

lests were discovered for thoriwms, zinc, silver, snd sopper.
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