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IRTRODUCTIOH

%¥ithin the pest six or elgbt yesrs, there hes odourrsd
# grestly intensified sppilestion of physieal prinmeciples to
the solution of problems in snelytliosl chemistry. Eué% of
the Lipetus was due o pesk wartime produetion, ﬁhiﬁ%-éa«
mended rapid coatrol analyses in such filelds as avistion
fuel, metals, synthetle rubber, end medicinals. For umeny of
these, claszicsl gravimetrie-style chemistry wes sltogether
incapeble of providing the necessery informsticn.

Brief mention msy be given to a few of the physicist's
me jor recent contributions to the tools of chewmiastry, The
zass spectrometer {(98) 12 used for the anslysis of couplex
hydrocarbon wmixtures such g the lighter petroleus freetions,
yltrsviolet and infrered spectroscopy (8, 92) mre used for
the elucldstion of moleculsr structure snd the deterxinstion
of many types of orgenic compounds. The slectron microscops
(7) mexes posalble the study of catelysts snd hilgh polymers
et zegnifications up to Iul,0d0, Identiflestion snd eztimgew
tion of ary&%allinﬁ_gﬂmp@mantﬁ of complex mixsurss, such ss
paint pigments end éalﬁiﬁg;rp&idQéggagm, by wesns of L-ray
diffrsetion is reduced elmost %ﬁithé leyel of routihe by &
new e lger-counter i«gﬁy;syac&raggger (2575, ﬁpggﬁragr&ghie
instslistions on s-awaig unﬁe&rﬁ'éf'six yearé @é@ meintein
socurate control of slloy codtent in the'steel and siuniaum
industries (10, 40, 44).

Of al) these phyaleo-cheaicsl methods, fluorescence



snelysis eesn hardaly claim to be the most 1lmportent. Never~
theless, interest has grown replidiy in the applliestions to
ameslyticel chemistry of the charscteristic light emitted by
meny liguids and sclids under ultreviolet irr&&iatiaﬁé 18,

i, 87, B8, 35, 45, b&, 6B, 71, 77). Host of the fa&r:kg work
was concesraed with guelitetive identificetion of mm&mriaka,
based un expiriecal exemination of cozplex orgeanic substsanees,
waantitetive fluoronetry hes been used most widely for de-
tersinetion in foods end tissues of vitamin By, thissine, by
sikeline ferrocyanide oxidstion to the fluoresecent “thio-
enrome” {35, 51), and of vitemin By, ribofisvin, by virtue of
ite intrinsie fiuvorescence (Li, 94).

Fluorescence analyzis has fTound incressing use in the
inorgenic fileid slso (28, 97, 101, 192). The number of fluo-
rescence methods avalleble for qusatitstive asnalysis is not
jarge (2%, 53, 78, 99, 99)}. Beryllium msy be determined by
morin or l,d-dihvdroxyanthraguinone, slusisum dy worin, end
gelliium or zine by S-hydroxyguinciine. For the most psrt,
thess rescilons sre not highly speeifle and sre subject to
interfarences; however, they are cherscterized by extrsme
gansitivity. The nsuses of error are enalogous to those
round in oolorimstriec snalysis, snd the reslizstion iz be
coning more widesprenad that the recognition snd ecntrol of
exyerivental conditions is prereqguisite to the seceptance of
& fPluorescencs procedure &z a trustworthy snslytiecsl method
{29)»

The puruose of the pregsnt resesreh was Lo evolve



12

guantitative fluorometrie procedures, after thorough investi-
gation of the effeets of experimental veriables, for the
snslyses of small gusatities of aluminum and of borom inm
metals. It wes belleved thst sush procedures would constl~
tute 8 distinet improvement in senslitivity, specificlty, end
spesd over existing conventionsl methods for these deternins-

tions,



THE NATUHE OF FLUORBICHECE

Fluorescente is the enlssion of visibie light by sub-~
stances which are exposed Lo sleotromsgnetic radiation; it
cezses when the excitation eceasas {71, p. %, 4). Ftokes
Lew atates that the emitted light iz of longer wevelength
than the exclting reys (whieh sare ususlly ultreviolet), but
s fow instances sre known of the antl-itokes effact.

A couplete theoreticrl explenstion for the fluorescence
of liguids and sollids has not yet been jublished, in ssite
of %he stimulstion sfforded by the large growth of the fiuo-
rescent lighting indusery (18, 36}. Nevertheless, some um-
derstanding of the process msy be obieslined by considering
first the simplest esse, s modatomie gas,

In order to exgl&ia ﬁha 9haarved m@ea%ru&¢ such an stom
must bs considersd aﬁgcﬁﬁﬂﬁlﬁ ot akiatxmg mmiv‘i& diserete

energy ststes, 4L = *ﬁvﬁla m.a f nﬁ hg, w&erﬁ Y% is. the

sbtamie number, = ﬁma rﬂdﬁae& mawa, e tha al&etréai% charge,

h Flasnek's eonetsnt, and 1 ﬁhe,gyantum‘imt@gar i, B, &

which deter:lnes the enerzy level of the stom (20, 63}, This
restriction to disecaiinuous ensrey stetes was en arbitrary
funismontsl esounption wade by Bobhr, in aisregard of the
lews of cissniesl elsetrodyasnies: howsver, ia the new quene
tun mechanics, this same limitevion srises sz 8 matursi con-
sequence of the very gensrsl fundamental postuletes.

The atom normelly exists in the state of lowest energy,



the ground level. However, it may be exeited ianto s state
of higher guantum nusber snd higher snergy, correspoading to
& largey orbit of the valence electron, hy some such eaergy
input zs hest or electricsl disoharge. Then when the stonm
falls beek into & lower level, it exits light of fregueney
H, where N = Bp - %; / h. Light is emitted only during the
transition froum ¢ bhigher to a lower level, each different
stationary state being in itsell non-radisting.

Phis furnishes 8 sstisfastory explesnstion for the meiln
features of bright-line exlssion speeirs of monatomie geses
{143}« The reverse phenomenon of iiné<abéef§tiaa apechbrs,
wileh was first observed es the Fraunhofer iines in ihe solar
spestrun, wey be reéadily ﬁamanétf&teﬁ by péssing light from
an incsndesecent =so0lidéd through the gss gt room tempersiturs.
Inssmuch as the sbsorption lines observed coinclde with the
exisgion lines of the gas, the interpretstion iz thet ab-
gsorption consiste of the raising of the atom from a lower 4o
g higher energy level. The excess chergy may be diszsivated
a2 kinetie energy (heat) in collisionz with other atoms.

Both absorpition and emission sre involwed in the phe-
nomenon (48, 108) Lnown ss *resonsnce radistion.” If sodliam
vepor 8t very low pressure 1s illumineted by a strong beam
of zodiws D light, the vapor iz observed to enlt & ve.low
glow, of the sane wevelengths as tke 1lluninsting beawn,
Lithiun end mercury vepors behave in s 2imller msnner. Hesow
sanee radistisn, then, consistz of sbsorption of s gueatum

of iight, whiech ralises the stom from e lower to & higher



energy stete, followed by s falling back to the lower stste
through the exission of & Qquentun of light of the sene wave-
length as the llgbt sbhsorbed, |

Fluoresocence of geses such ae the:lium wepor {ﬁﬁﬁgig
very elosaiy relested (o fusonence radistion: the.éitt&remﬂ@
i that the term fluorescence usually impiles that the 1ight
emibtted s of longer wavelength,end thorefore lower energy,
than the 1light sbzorbed. Phis msy oocour when sbsorption of
a phovon rsises tho siom from the ground atate o & higher
ievel, but the atox fells badk t0 8 metastable level whieh
iz not quite ss low os the ground stete. Sinee the fsll is
oot as far as tha rise, the energy esnitted ls less than that
absorbed, &rﬁ zna ‘ig&t smitﬁ&ﬁ is of lower frequency then
that &bkm@b&ﬁ, aﬁmh%mﬁ%éﬁﬁable”atﬁt&a exist because selectionn
riles forbid aiaetran traagiai&ng from certein sulitizlet
wtate% (t@uﬁﬁ in gaiyvalam% &t@ﬁs) 40 lower lewels suech as
the grauad atata.

Phosphorescsnce; which denotes llght smlssion that per-
siasts after absorption has cessed, hss been recently shown to
be due 1o the metestsble triplet atete of the wmoleculs {47).

Thus, ef atom or moleeule which 1s in an exciteé state
dus 0 absorption af w photon may return to the aorsal stete
{RE&, 74} by such peths sz either emigsion of resonspse radis-
tion or fluorescsnea, or by & oolilision of the ssoond xind in
whieh the sxcess energy is converted into kiaetic energy of
the colliiding molecules., It umsy slso retsin some of the

energy, Lo be emitted leter as phosphorescence, or else onter



into g chamiesl resetion wlth snother molecules, or dissocists
into smeller ariticles.

The discussion mo far hes besn conserned with the line
;sgﬁeﬁxa of monstomic gases. However, for ges moleculesn made
ap of seversl atoms, the spestrs bbserved gomsist of m&my
vendz, mads up of individus)l lines bunched closely together,
This complex structure iz due to the fpeot thst the energies
of rotation of the molecule, and of vibration of the atous
within the molesule, are slso quantized; but the differense
in energy between one vibratlonsi or rotationel level snd
snother is ususlly much less than the difference between
eieetronic levels., Inesmuch se changes in elesctronic, rota-
tionsl, and vibrastionel guasnvum nusbers mey ocour siau: ta-
negusly, easch electronie level will now gonsist of & numbsr
-of sub-levels, which differ among each other by the quentized
energles of rotetion end vibretion. ' Instesd Of gherp-line
gpeetrs, therefore, trapesitions batw%anfﬁu&ﬁt;%.@;a%em result
in bands {in the viaihlp;&nﬁfulg&ﬁ?laiagf»wgigh?eﬁ&ﬁsia lines
of ‘frequency N = AB, £ AEv*ﬂdi;rf h T N # He # Tp.

This furnishes anoihier ﬁ&hh&ﬁiam; prﬁﬁﬁhly even wore is-
portant thsp thet of metssteble levels, whieh explaine why
the fluosresceace bend lies on the long wavelengibh side of
the sbsorption bemd (6). All the vibrstional energy sssopi-
sted with the excited state is lost by eolliston belors the
Horecule returns L0 the lower level; this dezgradstion of the
superfiuous vibretional ensrgy iato thermsl or other energy

means thot iess energy change ocgurs in exlssaion then in sb-



sorption,

It is well known thet the emission speotrs of incendes-
eent 1iguids end solids aye structureliesg gontimus, in whieh
the energy distridbution follows the Flsnck black-body radise
tion lsw, Similsrliy, the flucrescent light enitted by zoet
ilquids and solids conesists of one or wmore continuous bsndsm
which show no evidence of diserete iilnes., Irn sueh materisis,
the snergy leveis of the ocuter veaience elsetronz sre grestly
madified by the peeraess of the other molegulss, Ly virtus
of the mutual poisrization and other binding forces between
the nolecules (328). Inm the case of zolutions, intersetions
between socivent and solute molecules cesuse s siuller effect.
48 & resuit, the shary energy levels brosden out into guasi-
eontinuoua bands: altkhough each bend ia msde up of diserete
states, these sre 830 close together thaet the band csn be con-
sidered 83 contioucus (84). Fermi-Dirse statistics slieo
leeds Lo tone conclusion that in condensed systess, the
eigetronic energy ievels form e oontinuous distributisg
vather than disorete states {(85).

In spite of all these falrliy estisfylng considerstions,
sxact predietions eoncersing fluorescence bszed on woleeulsr
gtrusture are not yet possible. Light emission is Tavored
if the energy c£ap between two bsads is bridged in plasces by
othesr permitted energies, such as by sotivating inpuritiess
in phosghors, but the gquantitative applieation 2f thise prin-
eiple is eupiriecsl.

Among pure lmorganie compounds, these fluoresce: selts



5% the rere earihs end ursnalusg, pistinscysnides, ziloxenes,
and thallous salts in solutiosn (88, p. 71-78), Of the or-
ganle compounds, the Tollowing fluorsscent types sre noteblie:
condensed polyauclesr eromstie hydroesrbons, elosed ring
heserseyelies, z2ad dresg whioh comsist of perfestly elosed
ricgs. Amisno snd phensiie aroups ia the noleoule tend to in-
graase lmmiaeﬁsan@a,,Whiia“nitra snd helogen groups decresse
it {4Z)e In the flucrescencs resulting frox the Teesction
between an inorganic ilon and sn organic resgent, suclh sc wes
studied in this work, the flucrescence appeasrs Lo $a§aaﬁ on
the forastion of en additionel ring in the orgenie muleoulise,
vhyéehgiatian of the ion with ¢ fTunctionsl grouping suech as

3] 4

{

-8 - - . Thie groupling is cherscteristic of the beryilium

quinizarin, the siuminum-morin, and the boric acid-benzoin
aystens, But no théeoreticsl besis has thus far been eluci-
dated for the observed speoifieity for certaln neteslliis lons

in these fluorescence reaotions.
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VEASURENENTE TN FLUOKOUEPRIC ANALYSIS

‘Ia fimorometrie snelysis, ore determines the unksmown eone
centretion of & substance in solution by comparing the inton-
zivy of fiuorescence with that of sultsble standards, sither
visuslly or prefersbly with the eid of » photoelectris’ instru-
ment. For neaay ceses the intYsansity is s linesr funetion of
gongentration im very dilute solution, but levels off snd
often dearseses ss the concenirsiion inereases furthar.
ﬁﬂwav@f, iiﬁwaritg‘ia not essentisl: » nethod is suitable
for guentitetive determinstions, if only the standard ourve
be reproduelble,

Variation of intoneisy wiih time is usuel, rether than
exeawﬁia&aiﬁ iﬁﬁ%rumﬁat resdings msy incresse soon sfter mix-
ing b&@&u&% the resection whieh vields Lhe f&u&r&%@%ﬂ@lﬁﬁkﬁtﬁmﬁﬁ
teces & considerabdle time to atisin equilibriwa. On the
other hand, bright sunlight or the aitrsviﬁl&t-irrmﬁiﬁtlmg,
soetines slded by‘atm&ay&ari@ wEygen, say csuse photochemiea
destrustion of the fluoresecing molecules. Both of these sn-
tagonistic infiusences may operste silumuiteneously, ss in the
gase of the borie seld-benzolin systenm; it then beecses nsces-
sary o take the resdings st a definite time efter mixing.

For wsking guentitetive mwasuremsnts in this work, the
Lumetron fluorescence meter Wodel 4UREF was used. The ex-
ternsl appearance of this instrusgent is shown in Figure 27.

In sddéition ¢o the high voltsge transformer, multisle-
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reflection gealvenometer, and instrument proper, & voltage
atablilliger was used between the line snd the tresnsformer.

4 sohesatic dlagrem of the sppersius, eiso in Figure 27,
mokesg it eesy to folliow the msnufseturerts explanstion (67)
of the principie of operation.

The light of the lemp is condensed by an optlecal
systen o form & pasreilel bhosm, This besr pssses
tnrough & nerrowebend filter which izoistes the
exciting light of the proper wsve length, ‘The
exciting besm is then split into two perits. One
part enters the sample holder whiech 1s provided
with & thin fromt window of low ultraevioclet ab-
sorption, The fluoresecence of the liguid iz
reglistered by two large basrrier-layver phoitocells
which ere arrenged laterslly om both sides of the
sgmple holder and eare comnected in perslliel, Fil-
ters bvetwsen ssumple holder snd photocells ssrve
to isolete the specific fluorescence band and to
eliminate the influence of primery iight whieh
may be soesttered by perticles suspended in the
liguid,

The other part of the heax is defliacted by s front

surfece mirror szad sets upon the balsnce cell

wiich is mounted s0 that it eap be turned through

an angle of 90°, 7The two meesuriansg photocells

snd the belance photoeell sre connected in e

bridge cireult with slide wire snd with s gsliva-

noueter as the zero indiocator,

ltessurements were teken ln the following way., Firss,
the galvanometer regt point wes sadjusted to the precise cen
ter of the scsle, Then & standard solutlon {eontelning, for
exsuple, V.0BU nmg. of sluminum) heving the maximum fluores-
cence to bes encountered wes poured in%to the 25 =i, cell, snd
pisced inside the instrument. (The cell was alweys Tllled
to the seame helght, sbout one-querter inch from the tonp,.)
The slide-wire diel wes set st 100,00, or so;e other con-

venlent nuzsber, snd the bslasnce ¢ell controls menipulated



until the galvsnometer light-spot returned to zero, Redue-
tion plete #4 of #5 wer reguired in the sluminum, end #7 in
the boron work, sg the eoerss adjustment necesssry for bsle
ance.

Then the cell was smptied, rinsed, end refilled wiﬁh
the blank solution. The dlel was set st 0.0, end the zero
suppressor knob sdjusted until the galvenometer apot returned
$o the center point. Thus the instrument wssz set so that
soale readings from O %o 100 represernted sluminus soncentree
tions freom O up to 0.020 mg., in the example given.

Finaslly, the cell wes fillied with the unknown solution.
Lero suppressor snd balsnee-cell gontrols were ieft wnbtoushed,
vut zow the slilde wire dlsl wes turned until the gslvanometer
spat returned to zero. This reeding wss used to ealeuliste
the alumlzum ceacentretion, sither by direct retio to the
nearest &@aﬁé&rd, or elsa (rar mOre precise work) by refer-

ence to & ealibrmtima euy?a p!eparaﬁ Prom the seversl standw
erds of éiffarant ceaomﬁtratlaa&. in the slumipoum work,
ra&&iﬁga‘wara taken ga u&*m es v@saihla after plsocing the
cell inside the instrument, becsuse it wes notloced that resd-
ings tended to drift upwards when the solution fliuoresced
strongly, and to drift downwerds when the fluorescence wes
rether weak.

It may be emphssized thet ths intensity scsle 1lg set in
8 guite erbitrary way. This is differsnt frox colorimetrie
spelysis, wherce the scsle usuelly expresses & definite physi-

esi qusntity, the frection of the ilight absorbed by the



eolored solution., Here, however, the scslie iz set for sny de-
sired renge of fluorescence intensity, =zisply by using & solue
‘tion of convenient stenderd fluorescence.

The reagon for this difference, and slas for the llnser
dependence of intensity upon eoncentration, msy bBe illuzinsted
by & derivetion of the mathempiiesl relationshipes invoived
(27, 45, 77}, whioh are snsliogous to Peer's lew in eoiorime-
trv. Some simpiifying sssumptions are made: the verious
guentities ere oonsidsred smell in magnitude, and resbzorption
and scettering of the emitted light are neglected., Jlnee only
1ight thet iz sbesorbed can csuse fluworescence, we gesune thet
the fluorescence emitted is proportionsl %o the sbsorztion,
at low iutensities., Thus Fs %,ixg'“';jg where ¥ is the fluo-
rescence intensity, k is the proportionslity factor (invole-
ing the partieular substance, solvent, ete.), I, is the initisl
intensity of irredieting light, and I is the light remslining
rfter absagp§iau. |

ﬁsw,‘bywﬁaér'sﬁlaw, S PN a“&°L, where A is the spe-
aifiﬁxahéﬁgéaiea, 8 18 the eoncentrstion of the shzorbing {end
fluoreseing) molecules, nad L 1s the length of optiecel path.
3&b§&1§§%iag“§hiﬁ'£ﬁ£a=§he g#eki@ha equation glvee F 2
kI, (2« e~Athy  , ﬁﬁth&ﬁatiﬁéﬁ property of the expression
in parentheses is that when the exponent le smell, ths ex
nrescion equals the positive walue of the exponent, or
Fmikishdels

For & given resection in e particnlisr instrument, the

factors X, Igs A, 8nd 1. sre sall constsnts. The width »f the
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rell st alss be considered, becsusme the fluorescence is
messured et rignt engles to the irradisting been, Snﬁ this
too is e constant. Therefore, subject to the restrietions
of smell megnitude mentioned, the fluorescence inteasiky is
proportional to the eonsentrstlion of the substanees ¥ & ¥ e.
In sddition, the concentration of sn unknown solution wey be
determined by compariag its fTiuorescence with thest of a
known solution: o3 / ¥y ® ¢p / Fp. This is e fundamental

egquation in guentitative fluorometrie snalysis,
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FLUOROKETRIC DETER¥INATION OF ALUMIRUM
Origin of the Problem

The absence of speclfic sensitive resgents for %ﬁg Ao
terninstion of sluminun is & notable hendieep ta.tﬁ&jgéalyti»
oul chemist, 7This difficulty is reflected in the lesborious
procedures requlred for an securate grovimetrie anslysis of
srall psreentsges of esluminum in steel {1, 4%, 93) znd in
the fsot thst roek enslysts ususlly esleuliste aluminsg by 4if-
ference from the Rplg precipitete (37).

WMost frequently, sluxninum is precipiteted a¢ the hydrox-
ide by szmonis at pE about 6 or 7 (1); this requires the re-
moval of practicslly sll other hesvy metals, which are
sizmilaerly precipitated, Controlled hydrolytie precipitstion
of slusinus hydroxide by bolling in phenyihydrezine-
thicsulfate solution (21) is a verlation which possesses
the sdvantege thet complete removal of ferrous ion iz not
required. 4 third method, precipitstion as the phosphate,
dnes hsanﬁr;féquirg extensive y;elimimary sepsrationg {(3%).

Other wéi@hing forms which heve been recomnended sre the
double sodium fluoride, eryolite (90) snd the &-
hydroxyqa&ﬁﬁlino salt (£8). The latter bes elszo besn used
for the polerograephic determimstion of eluminum, in either
smanniscel or scetie scid solution {107), snd for the colorie
metrio determination by messuring the opticel density of the

salt 1n ekloroform solution at 395 my {3&}.
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A volusetyrie tethod for sluminue consists of sdding
potsssias fluoride Lo the ecsrefully neutrsliized tartrste
solution, and titrsting the alkeli libersted aceording. to
%ﬁévraaotiuﬂ Al(OH), F 8 EF = KsalF,y ¥ & KOH. Heny iﬁﬁ% in-

fﬁ@rr@r@, eapecislly if present in high eanm@rtrauiu&_

Seversl colorimetric resgents for aluminum have been
proposed. Among these are Briochromewenin-R (%2, 735} Qaa
hesatoxylin (45), both of whieh yield violet lekes in
#lightly seid solution, end silizerin red § (%, D9).

The coloriszetrie resgent which has found widest use is
ngluainon,” amsonium surintricsrboxyiete (34, 64, 1i8), Ia
spite of isterference by chromium, iron, beryililus, vensdiwsa,
titaniwn, and gallium, it has been used for colorimstricelly
geterzining from C.44% to 1,58 of eluminum in ateel (14}, end
for low percentages in pon~fervyous slloys (81l), Ether ex-
trection and mercury cathode electralyeis were used, respec-
tively, es sepsrastions in these two procedures, It mey be
noted that the experlimentel conditions such ss pH mast be
esrefully econtrolled, snd that the resgent is barsly sensi-
tive to 0,001 mg. of sluminus ger ml,., 80 that the repurted
lower limit of appliecstiocn to steel is 0.044.

Therefore the need was still felt for s method, other
then speotrographic {8%), sultable for determining down o
iess than ©.U34 of sluminum in spch muateriels ss stsels,
wronzes, asnd ainerels. In 143%, ¥hite snd Lowe snnocunced =&
aeW'guaiiﬁatiVe t&ﬁx (lﬁ&? Tor @luximum, the red fluorescence

gi?ﬁﬂ ua&&y uitravialet by a saimzia& of the dyestufy
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Pontachrone Blue Blaek R, whleh is the sodium or zinc seit
of 4~qu1fe*s«hydrwzycd#naphtnm1$na~azanfosaphthal‘ Ua jor
sdventeges of th@ ﬁ&w t@aﬁ ‘were its great sﬁnmitivity and the
nan~intexfaraaea of b@ryilium, ia ‘contrast to the colorimet-
ric reggents simminon and aliz&s&n red 8, and to the flus-
reﬁééhc@ ééagght;mg&ﬁa& Eﬁygvar, interference by iron,
copper, chromiwa, niekel, aﬁhaiu, and fluoride was noted,
The followling lons were found not to interfere: silwer,
mereury, lead, bdbismutk, esdmium, arsenic, satimoay, tin,
zine, mengsnese, indiws, thellilum, calelum, stroatium,
barium, msgnesiws, sodium, potessius, smmonium, 1ithium,
rere earths, chloride, nitrate, sulfate, phosphete, sad
tartrste,.

Thres years later the seme suthors published & flus-
rometric method for gusntitstive determinstlon of sluminum
in pure solution by morin (99), but noted seversl inter-
ferences, end reported thst they had not yet been sble to
ase the more specific Ponteschrome B.B.R. resgeént for guantie
tative work.

Shortly afterwards, Davydov and Devekkl confiroed these
results with the deterzinetion of smsll smounts of aluminum
in pure solution with falr sgcursey, using the fluorescence
resgent quercetin, en isomer of morin (l16). They alszo in-
vestigeted qualitetively seversl 1aterfaraacga in both the
guercetin and B.B.R. teats: for the latter, they sdded the
inforzetisn that sn spproximstely tenfold excess of wvenadium,

titaniusm, or mwlybdenum wouid destroy the fluoreseence, snd
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a2 sinilar smount of mengesnese or tungsten would inoreese the
intensity.

The remsinder of this seetion is sn ageount of the first
sugeenaful uge of the secpsitive speeific reagent Fontoehrome

Blue Beek R for the deterninetion of smell amounts of siumie

izportent seterisls such es steels, bronzes, snd minerals,
Apparatus and Resgents

wuantitative messurements were nade with 8 Lumetron Pluo-
rescence Meter, Hodel 402KF, the constiruetion snd operstion
of which were described in the previous seetion, The Lranse
missions of the primsry (Coraning £5874) and seoondsry Tillters
used ars shown in Figure 26, The Beckmen spectrophotometer
and H meter were used for transmission and pH messursments,
respectively.

411 eohenlicals used were of C.P. guality or better.

Stenderd solution of sluminum, 1.00 ml, = 0.Q160 ag.,
was made by dissolving C.1T760 gram of Kgalp(S0glpy . #4 H20
in water and diluting to one liter.

Weaker standard solution of eluminmam, 1.00 ml, =
0.00100 mg., was mede by pipetting out 100 ml, of the sbove
solution snd d4iluting to one liter,

Aummonium scetate solution, 106, wes mede by dissolving
80 grems of the salt in weter and diluting to 500 mi,

Poatachrome Blue Heok R {(Coior Index 202), U.1% solution,
wes ade by dissolving 0.80 gram of dye in 500 mi. of 8%%
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ethyl sleohol, snd ellowlng to stand a8 few days befors use,
This dye nsy slao be purchssed under the neme Superehrome
Blue Black, from the Hationel Aniline Division of Allied
Chemical and Pye Corp.

Fonteohroxe Violet 3W (Color Index 169), 0.l1l% solution,
wes made exaetly like the B, HB.R. solution,

Sodium hydroxide solution, 1U%, waes prepared by dissolve
ing 25 grams in 250 ml, of water in e large pletinum dish,
asing 2 pletinum stirring rod; this solution was kept in s
eeresin bottle. Theze precsutions were necessary, in order
o avold aluninum contamxinetion from glessware,

Dilute sulfurie scid, 1:9, wae mede by plpetting 100 =i,
of eongcentrsted acid into e few hundred ml, of wster in 2
1600 mi. vaiu@a@riﬁ tlﬁaé, cooling, end diiuting to the mark.,

ﬁilgté sulfuric scid, 1:19, wes prepered by pipetting
cut 50 mi. of the 1:9 seld into a 100 ml, volumetrie flask,
and dilyting to mari.

Bxperimentel Work

Effect of Veristion of conditions,
| In order to provide a foundstion for the gusntitstive
work, it was necezsary Tirst to study the effest of various
conditions such ss pH, tempersture, smount of dye sdded, end
time of standing.

Effeot of pHi. The effeet of verying pH on the inten-

sity of fluorescence exitted by the sluminum-B.B.R. complex

under ultraviolet irrsdistion wes studled by preparing e
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geries of 20 solutlons in 50 ml, volumetrie flasks, PO each
figak were added 0,0 ml, of aluminuwa solution {equsl to §,.05BC
mZe )y DeU ml. of 106 ammonium scetate soclution ss & dbuffer,
1.0 ml. of C.1% B.B.R. aolution, snd quantities of acetis
scid or ermmonius hydroxide suffislent to give & range of pE
from 2.4 10 9.8. Hessurements of pH were made with the Reok-
men pH Meter, Laboratory Hodel. The solutions were dlluted

%0 the mark, sheken vigorously, and sllowed

to stand for two
hours before measurements were tsien. Under these conditions,
the optimum pE is abauéiﬁ.!iawitgﬁ, sg shown in Teble 1 and
Figure 13 the peek is & rsther broed one.

Jtudies of the effect of pi under somewhst different
conditions were elso made; one of these may be mentioned in
deteil. The eluminunm content wes cut down to 0.0)0 =g., to
which were sdded 5,0 ml, of 10% smuoniun scetate, 1,5 mi, of
Geldb BuBeHe, &8néd werying amounts of acetiec scid, In this
csse the neximunm intensity of fluorescence wss found et sbout
pli 4.7 (Table 2 end PFigure 2) snd smsll wverlistions of pH hed

a grester effect than at the hilgher aluminum lesvel.

smount of dye. Hext studied wes the efTeet of the eon-
eantration of Pontachroms Blue Blaek R on the intensity of
fluorescence, 4 serles of 15 sclutions of 50 wmi. voiume wes
made up, each containing 0.056C mg,., sluminum, .50 grans em-
monium scetete, 0.10 ml, of giselisl acetic scid to give v pi
alose to the optisum, snd emounts of 0,14 aleoholie dyes solu~
tion warying from none to .0 ml. The solutions were allowed

t0 stand 50 mlnutes defore reedings were tesken, It isa
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evident from Teble J snd Filgure & that the maximun intensity
results when 1.5 ul. are used. Solutions conteining nore
than thils smount mhowed s rapild decresse In fluoresesnce in
those portions furthest fros the ultraviclet sourece, indlicat-
ing s progressive abzorption of the ecnergizing redistion.

Acetic seld bleak, It was consldered desirsble to in-

vestigste possiblie wsriastions of innens;ty resuliting from the
use of differing amounts of scetic aeld, snd to disecover
whether ailgnifleant amounts of sluminun were present in the
acid, Solutlions were prepered which contsined 0.5 grem am-~
monlum scetate, 1.5 ml. of dye, and scetie seid verving from
acne %O 2.0 ml.; but 8o slaominun wees added., Hessureusnts
after 1% hours (regarﬁed in Teble 4 snd Figure 4) indicate
anly smell varistions. 1In particular, no veriatiopn from &
perfect blank reading existed st slli throughout the entire
range of scetic acid used 1In the reusinder of this work, .00
to V.18 ml, The slight inereame observed may be due to pH
rather then to aluminum present in the ascld.

Ilwe of stending., Since it wes known thaet the fluores-

cence dld not avtain its maximus intensity immedistely sfter
zixing, the ehaagekafliuiénsiﬁy with time wes investigeted,
ﬁg Vo100 mg. sluminum were added 10 nl, of 10% smmoniwe
gé@a@za, U006 wml. af.ggetie;geiﬁif&né 2.0 ml, of Culh B.B.R.,
roliowed by lmmediete dilution to 50 mle The texmpersture
wes 23° ¢, Readings of intensity were taken sterting one
minute afver nixling, for e period of 170 minutes; the soluw

tions remeined under constant irrsdistion during this time.
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The next day, after sbout 1000 minutes, snother measurement
ggghmaﬁ% on this sase solution. It mey be observed fﬁﬁﬁ
_éﬁbxa-ﬁ and Figure 5 that the intensity increases rapidly
éﬁ%&n& the first 20 aminutes, but uvracticslly attaia87§§nstaney
after about en hour. Later experlence showsd ﬁhwt'%ﬁ%ﬁiaw
oreasse during the 24 hours after the first two hours waes of-
tan grester {(up to an average of 3% per hour) then found in
this rTun,

The time effect was also investigeted et 2 much lower
aluminun level, 4 solution was prepared whieh contsined
GLUlU mge of spluminum, 0,0 mi, of 10% smmoniux scetate, 1.0
wle OFf 1:24 sulfuric seid, snd 1.9 ml. of 0,1% B.B.R. in n
volume of 50 ml. The temperature was 24° ¢, MNessurements
wore madse over & period of one hour, under constent irrsdie-
tion, and another messurenent was mede sfter three hours,
Results similsr to the preceding--equilidbriuvm sfter one houre-
were obtained, e2s is evidenced in Tabls 6 and FPigurs 6.

Texpersture., Ia order to determine whether msximun in-
tensity could he obtained in & shorter time by heating the
solutisn, the following experisment wes perforsed, & solution
containing U.010 mg. of siuvminum, 5 ml., of 10% amuonium sce-
tate, sad 0,4l mi. o scetlie ecid wss diluted to 48 ml, and
neated to 707 €., and then 1.9 ml, of 0.1% B.B.R. was sdded,
Read¢ings of fluorescence were taken during the next hour snd
2 half. is way dbe &&@nifrom Table 7 snd Filgure 7, the in-
tensity ineresses much éura slowliy then--and sven after 90

ainutes is far from egualiing--thet of a solution mixed at
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room temperature and slliowed to stand two hours.

L& similar experiment, using 0.020 mp. snd & nmixing tenm-
perature of 80° C,, geve a slightly worse rate of fluores~
cence development, ss shown in Teble £ and Filgure 8, It is
apparent thet hesting the solution yields no tenefit in hos-
tening sttainment of eguilibrium.

Phe effeot of cooling was studied next., A 50 ml, solu-
tion conmtsining €.020 mg, of esluminuwn, 0.5 gram of amuonium
scetate, 0,05 ml, of mcetliec sold, end 1.5 ml. of G.1% B.B.K.
wes sllowed to stand several hours, snd its fluoresceace
measured st room tempersture, 259 C. Then it wes coosled in
ica, snd the iantensity measured et 10, 15, and 20 dsgraesn,
The slizht inoresse noted et these low temperstures {Table ¢
and Figure 9) mey be due pertly to the thermel oontramction
of the solution, This ssme solution wss then hested to in-
cipient bolling end sllowed to eool, readings belng taken
during the ecooling. The intensity dropped sherply &8s & re-
sult of heating, 2nd even after cocling back to room tempers-
ture hsd recovered only & little more thanm helf of its
original wvalue.

A similer experiment was performed, using 0.030 mg. of
siuminum. Again, cosling down to 10° ¢. osused en intensity
incresse of & few percent; and after hesting to 609 end coole
ing back to room tempersture, the fluorestence wes only sbout
two-thirds &g greet as originally. 4 third trisl gave similer
results. Therefore, far from inereasing or secelsreting the

developument of fluorescence, heasting such s solution caunszes
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disadvantageous irreversidble decrease of intensity.

in most of the following work, the eondltions employed
to obtein meximum fluorescencs, a8 Geterained shove, were:
1.5 mle of 0,1% B.B.H., & pH sbout 4.8 (resultiang from 0.50
gren of smmoniuse sceteste plus about 0,05 ml, of ecetic or
gulfuric scid), mixing at room tempersturs, snd letting atand
1 or 1% hours before measuring.

Dependence of Fluorescence on Consentration of Aluminum.

4 considersble number of experisents were performed to
detersine how nearly the fluorescence lntensity is o linesy
function »f sluminum eoncentrstion. In 8 typicsl series, 20
sclutions were mede up to contsin C.5 grem of smoniun scew-
tate, 1,5 ml. of B.B.R., 0.06 ml. of scoeltiec secld, snd sluminum
varving from none uy t0 U.100 mg., in 8 volums of 56 @l., sad
let stand for two hours before reading. A3 can be sssn from
Table 10 ead FPigure 10, the fluosrescence ineresses in a feirly
linesr menper until a2 saturstion point iz resched at about
0,050 ug. of siuminmum, beyond whieh the intensity remsins
eimont perfectly constent. Filgure 18 shows the sppesrsnce
of such solutions eonteiniang O, 5, end 20 mierogrems of
aluninun, when irradisted by ultreviolet,

The guestion arovs=e whaghar higher-energy uitrs-vioclet
rediation nicht not extend ﬁh&"usafulArsnga bayond 0,050 »g,
ﬁaga&ﬁing%y, e 2,92 mx, thickness of Coreing filter #9&63
{whnish transmits:fram 2300 to 4000 A) was szubstituted for the
ususl ultraviolet filter, & 5.55 mn. thlokness of #5474

{which trzasmits only from 2200 to 4000 A)., However, &
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‘series of solutions sluost ldenticel with the previocus set
ghowed & ssturation plateau st about the ssme concentration,
in spite of the shorter wavelengths; slthough the lower heif
of the curve A4id become more nearly linear, es may be seen
in Peble 11‘anﬂ yignra }E.

It waa fauaa tnat tha point of flattening é&@ﬂﬁﬁﬁﬁ on
the am@urt af b¢E.ﬁ. nﬁ#&,“ Whan only 1.0 mil, of dve was
%raﬁant th@ yl&t&an hagan ut abﬁuk U.0806 mg. of slusinum
{Poble 12 @ne Flgure 12).. ’

Two more setsz, ssch consisting of 20 solutions, were
prepared; one covered the range from U up to 0.020 mg., the
other from O %o 0.040 mg, All solutions conteined 1.5 ml.
Of BeB.H.y, U8 gram of ammonium seetate, and 0,07 mi, of
amﬁéi& asid. T&bip 13 and Pigure 15 show thet the conecentra-
tion-intensivy relstion is neerly linear up to (,020 mg., but
Teble 14 and Figure 14 demonstrste s coualdersble deviation
above U.02% g,

311 of the sbove work wes done st 2 room temperature
about 24% ¢, Another series golng up to 0,020 mg. wes pre-
pered during the summer, when room texperature wﬁﬂ'$$@ Ce
Bach solution contsined 1.0 ml, of 1:19 sulfurie aseid, 1.5
wle of B.B.R., and 0.5 grexs of esmsonlun scetste. & slightly
greater deviation from striet linesrity is observed si the
nigher temperature, in Teble 15 and FPlgure 1is.

7o lnvestigete the lower limit of sensnitiviiy, a serles
aovering the raonge 2ero %o 0.001 =g. wes prepered, eegh

solution oonteining G,.0 grem of smmonium scetete, 0.12 ml.
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of agetic acid, sgd 1.5 mi. of B.B.R. Although Table 18 and
Pilgure 16 show g fairly 11&@&? relstion, thia is not com-
gletely relilable because of the rapid dsercase of the weak
fluorescence during the period of irrsdistion, However, it
wes essy even visually to distinguish deflnitely among Solue
tions contsining fione, C.O004, snd 00,0008 mg. of aluminem in
the 50 ml. volums. This correspounds to a semsitivity of 1}
part in 125,000,000,

By this desonstration of the reproduelble, nearly-
ilnear dependence of Tluoreseence intensity on concentratioa,
there was esteblished e convenient means of guentitatively
dstermining very small awmounts of aluminum in pure solutlon,

HBature of the Fiuoresceni substesnce..

To deternine if possible the formuls of the Tluorescent
gomplex, a solution of 5 grams of B.B.R. dyestuff snd 25
grasms of potassium aluminuwa sulfate orystsls in 300 mi., of
woter was sdjusted to PE about 5.0, by the eddition of =0lid
anuoniws scetate, and sllowed to stand & few hours, It was
then oxtracted with successive 100 ml. portions of n-smyl
eleohol, although troublesone emulslons were encountered, snd
the strongly fluorescent exiracts were carefully avesporsted
to drryness. Aneslysis of the dried resldue Indiecated that
two dye molecules were cozbined with esmeb sluminux hydroxide
molecule. Celculeted for A410HOp (CpoH; NsBO0sNelp: O, 56.74%;
Hy, 2.74%3 41, 3.19%6. Found: €, 58.64%, 58,13%; H, 4.30%,
4.55%Hs A, 5.19%, 3.21%. The experiment was repested, using

dyesalum retios of 1l:Z end 1:10, end the aluminun perceatsges
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found in the d4ried residues Were sbout the same ss the above,

Absorption spectre of fluorescing end non-fluorescing dye

solutions,

?%cugaiﬁtiaaa vere gw@gaggﬁ“whgggﬁaauh eontained 0.5
gran of ﬁgﬁﬂniﬁﬁ aéééé%&,{l;afml. mf?§§19fﬁuifuxiaaaiﬁ, and
Lo mile OF BaB.R. solution in 65U nl,. volume; but one contalned
0.000 mg. of aluminum snd the other conteined no sluminuum.

The transmission of sasch solution wss easured ageinst dis-
$ilied water over the entire visual rsnge, using the Backmen
gpectrophotosater. an interesting v&fifiaaﬁia& of Stokes®

Lew is shown in Peble 17 and Flgure 17: the fluorescins solu-
tion has & much stronger ebsorption bend, Just on the short

wavelength side of the Tluorescenee band,

garations of elumlnun from interforer

It »%ill vemsined %to epply this method to the aneivsis
of sctual industrisl meterials, such es steel. Inasauch es
even ssail smounts of ferrie lon quench the fluorescaente, @
prize neeesality was seen to be either a@§sratiﬁg zha»ixaﬁ-&r
renderliag it lanocuous.

First, it wees found that ferrous 10m plus s 1litic sule
furous acid did not senslibly diminish the flucrescence. 8o
it wes hoped that the iron could be left in the Tluorescing
soiution, but xept in the reduced state., Howsvel, every al-
tenpt et adjusting the pil $0 4.8, by adding enmusonie to s fer-
rous sulphete solution buffered with ammonium seoeisnte, resulted
in the preclipitetion of ferrie hydroxide, even in the pres~

ance Oof mueh suifurous seid, No fluorsscencs wng ever
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cbserved in @ éalutian‘cantainiag eluninum and B.B.R., in whieh
such precipitetion hod taken pises, Attempte t0 reduse and

50 redissolve the ferric hydroxide, usiog metallie zinc, leed,
fé? éaéﬁé?; ware‘ﬁi&axuag;aiiiég;f (It say ke reusunbered that
ferric ngaf%:iae praeiyitageé st sbout pH 4, while ferrous
nyﬁﬁéxiﬂs‘ﬁam&a vat et pH 8.}

Complex feorzstipm, Next investigeted was the meswing of

ferric iron through complex formetion. A solutisn was mgde
up in the usual way, using 0,100 mg. of eluminuvw and I,0 =i,
of B.B.l,., exeept thst 1.00 geam 0f aamoniunm clirete wor used
es the buffer lastead of smmonium scetste. The solution
showed very 1little fluoreseence, end even this disapiesred
upan eddition of 10U mg. Of iron ss ferrle nlitrete. In
another experimant, (.50 grems of amsmoniws tertrate sdded to
& flucreseing solutlion reduced the ipteasity slightly, but it
failed 10 prevent cosplete guenching upon sddition of 5¢ pg.
of "iron &5 ferriec nitrate. Simller resu.ts were ovbisined
wlth smuoniuam oxslate. It is apparent thet neither citrste,
oxgiste, nor tertrste svalis for eliminstiang interference duse
to iron. Therefore the conelusion wes resched thet 11 would
be necessary to sepersie the iron froz the alusiauw,

ggtrae&iaa by amyl aleohol. It wes knowa thet thils fluo-

rescent complex could be extracted from sguescus solution by
butyl slcoboly n-amryl sloohol wes preferred here, because of
i1ts lower sclubiliity im wéter. ¥hen 5C ml. of nesunyl slenhol
wss shaken up with 50 ml. of & water sglution contesining ©.010

e of slumipug, 0.5 grem of enmonium secetate, snd U.07 ml. of



geetic aeld, the fluorescence of the sleohel lsyer wes three
tines sz intense ss thet of the original solution hed been,
Fowever if 1U drops of sulfuric scid were edded to o similer
sguenus soluition before extraction, precticslly no fluores-
gaence was observed in the alcahal, Lyoramvgr.maﬂdi&g g dillute
acid solution of 20 mg. of iron éé either faéﬁmuﬁ suifate or
ferriec chloride llkewise QEQV$nt®a€gny:fluarﬁﬁbemngiin the
extrscting elcohol. It wss geen thet this provedure was not
sultebie, beoruse of the mecessity for edjusting #hgﬁgﬁ;ban‘
fore extrsetion, - h

Qupferron, Another separation tried wes the precipite-
tion of iron by cupferron, the szmonium salt of uitragaﬁ»
phenyihydroxylsmine. A wolution of 30 mg, of iron and 0.080
ﬁé. of sluminws in 10 ml, of 1:24 sulfuric acid was cooled
in iee, snd trested with 10 ml, of cold &4 aqueocus solution
of cupfervon snd a little meoersted pasper pulp, The red-brown
ijron precipitete was filtered off, washed with 1:4 scetie
acld, and disesrded, The flltrate and weshlings were ﬁéguﬁtgd
to pH 9.0 with smoonium hydroxide, end 1.5 ml, of 0.1% B.B.R.
added. Bui no fluoresecence at all was observed, probebly due
to the nitroso group in the execess suplerron pressnt, or ites
oxidation by gir Lo s nitro compound. Hitro compounds suceh
me nltrobenzene are known to interfere with fiuoresgence, by
absorbing the ultreviolet.

Another attempt wes then nade, with provision fTor destroy-
ing the exgess supferron in the filtraste. To seversl cold

solutions econdelining 50 mga. of iron plus sluninuse varving
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from none to VU.010 meg. in 1:9 gulfuric acid, waeg sdded 5 ml,
of eold &% eupferron solutlon with vigorous sgstirring. The
filtrste =nd washings of 5:905 hydrochloric seid were enllieeted
in & #5¢ ml. besker, 10 ml, of concentrsted nitric aclid sdded,
end evaporated down to eopious fumes of sulfurie seid. Sueh

s trestment with nltric asnd sulfuric ascids usually suffices
to destroy any orgsnic mestter in solution. However, less

than one-~tenth a{ the normsl fousrescence wss observed when
the solutions were diluted, adjusted to pgH H.0, snd trested
with 1.0 mi. of B.B.R. It therefore seewed thet the nltro
gomzpounds resulting from the cupferron were resistsnt to de-
struetion, snd this line of work was dropped.

Sodium hydroxide, Another resgent often used to sepsrsate

jron from sluminum is sodium hydroxide., To 10 ml. portions of
1:24 sulfuriec scid contsining 20 ag. of iron, were gdded re-
gpectively zero, 0,005, and 0,010 mg. of sluminuxm. Fach solu-
tign was weramed and poured with s%irring into 26 ml, of bot
108 sodiux hydroxide solution im & pletimum d4ish, The mixture
was heeted seversl minutes umtil the ferric hydroxlde coegu-
_ated, then it wes filtered th&augh double Whstsen §#40 9 cm.
papers into another platinum dish, The solution was edjusted
to pH 5.0 with scetle amcid end 1.5 ml. of B.B.R. added, di.
luted to 50 ml., and let stend one hour. The fluorescence of
the blank wesg fairly high, corresponding to (.0065 mg., but

the other two semples showed low recoveries: 0,000 mg. found
FOr GL.,U05 sdded, snd 0,002 found for 0,010 mdded, It wes

evident that this method alaso wes not satisfactory, as might
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have been predieted from the well-known extrasotios of alu-
minus from glssswere {such as the funnel) by hot slksii, and
the strongly sdsorgtive properties of ferrie hyﬁraxiﬁa pre~
eipitato.

Mercury cethode elsetrolysis, Elsetrolysis of e weak

sulfurie acid solution, in a cell whose csthode is 8 lsyer
of mercury st the bottom, is freguently used as an effective
mesns for the sepsration of lsrge gmounts of iron from small
amounts of sluminum. The Melasven type of cell {52) wes used
in these investigetions; ususlly, twelve volis were sprlied,
resulting in & curreant of about 0.4 ampere.

An iron =o0lution for use in these experiments was pre-
pared by dissolving 1.00 granm of ﬁatiomal Buresuy of Stendards
iron #55e (whieh conteins 0.001% of scid-soluble sluminum) in
25,0 1, of 1:9 sulfuriec acid, snd diluting to 500 ml, 41i-
guots of 10U ml, of this solution pius varying amountz of slu-
ainum were slectrolyzed for one hour, the gprey being washed
down et intervals, snd then drawn off into e % wmi, volunet-
ric flask contsining 5.0 ml, of 10% ammonium scetste end 1,5
wl., 0of G.1% B.B.R. After standing at lesst one hour, the fluo-
resgence ws&s messured snd sompared with standsrds of 0,010,
G.U2C, and G.030 mg. made up simultensously. (These stand-
erde also contained $ ml. of 10% ammonlum scetete snd 1.5 =ml.
of B.B,R., end in sddition 1,0 mi, of 1:19 =mulfurie seld, the
same spount 88 was present in s 10 ml, sliguot of the iron
solution, These smounts of acid and buffer were found to give

e pH sbout 4.8, close to the optimum.)



Faor highly precise wori, the elumninum eoncentrstion
of the unknown should be read off & calilbrestion curve (pre-
pered from the stendsrds) which i1s not perfectly linesr, In
most casss, however, it suffices merely to oegliculete the con-
centration from the nearsst standsyrd by simple proportion,
assuning linesrity.

ATter several trisls in whieh difficulties were elimi-
nated, quite scourate results were obtalned for synlhetlc
standard low sluminum steels, as ghown in Table 1&,

Anslysis of Hetlonel Bureeu of Standards Steels,

beterninations of scld-soluble sluminum content {(which
iz of grester metallurgicel interest then total slusinum)
were mede on several Netionsl Buresu of Standsrds analyzed
steels, using the following method, PFor sluminum pereentages
ap o U.l0%, 8 1.000 grem ssmple wea dissolved in £5.0 ml., of
1:9 sulfuric scid, and diluted without filltrstion to 500 =ml.:
g 0.1000 gran ssnple was used for higher perceatsges, up Lo
gbout 1,056, 4 10 ml. aliguot wses electrolyzed in & mercury
gcathode eell for about en hour; ﬁh@ aslution and rinsings
were dreswn off into & 50 ml. valumatric flaam which contelned
5.0 mi. of 1U% smmoniunm aceaabe glua 1.50 m&. of 0.Y¥5 BJ.B.R.,
sné dlluted to the mark, &ftar gtanding at’ ;aa$t one hour,
the fluoresoence iatangity mﬂ& m&maurmd ané a@myarﬁd with
standsrds prepared simnltaa&analy'ané giwvilarly, including
slectrolysis, and eontsining the sane smounts of seid, buffer,
and dye sz the unknown. The results ocbtalned were gunite good,

a8 shown in Table 19, especially in the cese af steel l4e¢,
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whieh is =most typlcsi of the low aluminusz clses, Even st the
1% level good results were obtalmed, but ths fluorescence
method offers little adventage over the grevimetrie, for such
lsrge smounts,

If & deterzinstion of the scid-insoluble aluminum oxide
in the ateel 18 required sleo, the ollowing method is used.
The insoluble residue remsining sfter dissolving e 1,000 grem
sauple in 1:9 suifuric scid wes filtered off on & retentive
peper, and washed thoroughly with 5:99 hydroehlorio scid and
then water., After ignition in e gl&ﬁinum'nrueihla until all
earbon had disappesred, 1 ml, of lil sulfuric s2e¢id snd 5 ml,
of hydrofluoric seid were asdded, The mixture wes eveporsted
down to heavy fumes 90 sulfurle &Ei&, and sllowed to cool,
The sides of the erucible were wezhed down with 6 or & mi,
of water, and the mixture evaporated snd fumed strongly sgsin.
When eo0l, it wes trensferred to & large plstinum dish with
56 ml. of water, and hested until the salts dissolved com-
pletely. The solution wes barely neutralised to methyi-red
with sluninun~Tree 10% sodium hydroxide solution, snd then
25.0 ml, of 1:9 sulfuric acld were sdded, The resulting =zolu-
tion was trgnsferred to & 500 ml. volumetrie flask, d4iluted
to the merk, end sheken well, A 10 ml. sliguot wes pipetted
out for mercury cethode electrolysis, and the reuasinder of
the analysis esrried out ss deserided in the preceding psra-
grapb, Bxcellent results were ocbtasined on an ¥BS steel, as

indicated in Taeble 2U.



Possible interferences not removed by mercury cethode elec-

trolysis,

The aereury cathode trestment guantitsetively remcwes
iron, ehromium, molybdenum, cobslit, niekel, ecopper, zine,
gaillium, germsniunm, srsenlis, selenlun, tellurium, plstinum
mebels, rhenium, silver, cadmium, indilum, tin, gold, mercury,
thellium, leed, and bigmuth, and mangsnese only partialliv;
but slumipum, beryilium, boron, titaniuwm, zireconium, vanedium,
plkelis, slkeline earths, rasre earthas, eerth gcids, tungzten,
snd uranium remsin compietely in the solution,

Ag slresdy noted, bervilium does not interfere in the
B.B.H. deterzinatlion of sluminum, It was of interezt to in-
vaestigate possible interference by titenium, venadiuz, znd
giroonium, since they were about all thet might be left ss-
soelisted with aluminum after mercury-cathode elsctroliysis of
an ordinery steel, dolutions Qara m@&e up to eontelin &,.010
mgs Of sluminum, 5.0 ml. of 10% ssmonion &eaﬁat;; 1.0 ml, of
1:19 sulfuric seid, 1.5 ml. of 0.1% B.B.R., &nd up to 50 nme.
of titeniunm, vaaaﬁiuﬁ, @@ @irdénﬁmm%\ &ah%ﬁy&i and, Figures
19 ena 2& ﬁﬁ&@‘thatiigtaifaranae is ﬁil by zirconium, slight
by titanium, sad moderate by venedium. However, it must be
remnexberad that these elesents will normelly be present in e
steel mostly as carbldes which sre insoluble in 1:2 gulfurie
ecid, znd therefore only 2 smsell frection wili be found as~
sociasted with the solution contsining the slumipum, Thus,
very good results (Table Z1) were obteined by B.B.R. enslysis
af 8 0.U85% titanium snd & U,11% venedium steel whieh had
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previously been csrefully anelyzed by the lengbthy grevimetrie
method (sodium bicarboneste preliminery sepsration, then mer-
sury cathode, then eupferron to remove titenilum or vensdlum,
snd Tinelly sammonis precipitetios #nd igaitiom to aluminum
oxide.} )

It wes elsc found thet 100 ﬁg,yaf aslﬁiaﬁféhlgrié& in
50 ml. of fluorescling &aluti@ﬂ causes & sliékt'igax&asa in
fiuorescence; 100 mg. of megnesium sulféte is prscticslly
without effect; end 10U mg. of sodlum suifste csuses & slight
decrease.,

Analysis of Nationsl Bureau of Jtamdards bronzes,

Fhosphor bronze, ounce metesi, snd mangansse bronge were
srong the allioys snalyzed, Certain chenges in the procedure
were necesugery: for exemple, nitrie scid had to be used to
obtsin complete solution of the ssmple, yei even saell quan~
titiez of nitric ecid vitiste the mercury cathode eiectrolysis
and destroy the deslired fluorescence.

The procedure finally sdopied wee as follows. 5 1,000
gren sauple (or 0.1000 graz, if the sluminux content wes
grester then 0.10%) was dissolved in 10 =ml. of }:1 nitriec
aclid in s 250 nl, besker, 20 ml, of 1l:1 sulfuric scid sdded,
and the mixzture evaporated down 1o coplous fumes of sulfurie
aclid, After eooling, the sides were weshed down with about
15 wi, of weter, snd the contents egasin evaporszted to heevy
fures. Lach evaporation was scoomplished in a few minutes
by heetling the besker over a free fls:e, whille swiriing the

econtents vigorously,., The cooled mixture was diluted with
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ebout 100 umi., of water snd barely neutrslized to methyl red
with 10% sodium bydroxide solution, and 25,0 ml. of 1:9 sul-
furic soid were sdded. After dilution to 500 =ml,, & 10 =1,
eliguot was plpetted out Tor mercury cathode eleetrolysis,
The remsinder of the sneliysis wes completed in the menner
alresdy deseribad for steels,

Very good results were ocbtained for five slloys, ss
shown In Teble 23, Devistions from the true valus were
Jess then in the results given by ithe several standardizing
laborstories on the certificstes issued by the Nstional
Buresu of 3tendsrda, Here sgein, the fluoreseence method
offers the grestest adveateges over the conventionel grovi-
metriec method in the anslysis of low sluminunm alloys, con-
teining & few hundredths of a percent.

Anslysis of Netionel Buresu of Stapderds Minersis,

In this ocasse slsoc, chenges weres reguired in the method
of getting the sample into szolution., For materisls consist-
ing largely of silies, the following direct method was found
suitable. A 0.1000 or 0.5000 gram ssmple {(depending on
gluzlnun content) wes weighed into & 20 ml, platinum crue
eible and trested with 2 mi. of 121 sulfurie scid end 10 mi.
of 4% hydrofluorice ecid. The aixture was eveporated down
"to eopious fumes, cooled, diluted with sbout 10 ml, of wster,
and egein eveporateld to hesvy fumes, It wes then sddsd to
lﬁé wl. 0of water, hested until ell selte dlssolved, and mede
bareiy neutral %o m@tﬁyﬁ red with 105 sodium hnydroxide, AaAfter

addition of 25,0 ml. of 1:9 sulfuric eclid and dilution to 500



&9

mi., & 10 ml, sliguot was eleetrolyzed in the mercury cathode
gcall for about an hour. The determinstion wes completed in
the manner deSeribed fior steel, and the results were salcu-

iated te peroent alusninum axiéa, Table 24 shows that the a0-
suraey ﬁbzaiﬂaﬁ fo¥ glags smaﬁ #&3 and silice brick F1u2 was
vary gﬁu@, with amﬂliar'ﬁaviatiﬂas from the true values than
fﬁy&?tﬁ& by the stan&ardiging 1shmratariea. The blank on the
entire procedure was guite smell, sbout <.0001 mg. of slumi-
aun oxide on the 10 mi, aliguot,

‘For other types of minerasls, it was 2ore convenient to
proceed with the ordinery sehems of snalysis, end then spply
the fluorescence nethrnd to the deterainstion of siumine in
the Hply ammonis precipitete. This msy be {lluatrated im the
ecese of NBS dolomlite #38, 4 1.000 gran semple wae heeted at
1106% ¢. Tor thirty minules, then bolled with 40 mi. of 1:1
hydrochlorie scid. The smsll insoluble residus (whieck con~
tained rmueh of the aluminwe, in the form of sllicates) was
filtered off, washed, ignited In & pletinum ecrueclible, trested
with 5 drope of l:4 sulfuric =oid and 5 wml. of 48% hydrofiue
orie scid, and evaporsted to dryness. Then it wes Tused with
0.5 gren of potessium pyrosulfete, the cooled meit dissolved
in weter, 2ad this solution sdded to the originsl filtrete
snd woashings., About 10 .grems of smzoniun chloride were sdded,
and the Rgls precipltated =z usual by smmonis, using sethyl
red indicator. The hydrsxides were filtered on 18.5 ew. F41
peyer, wWashed & few Vimes, trensferved to & bemker by a jet

of weter, and dissolved by the addition of 25,0 ml. of 1:9
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sulfuric acld, Then the solution was diluted to 500 mi., o
16 ml., aliguot pipetted out for c¢leatrolysis, snd the deter-
mination e@m@l&ﬁﬁ& in the wsuel manner. The results obte ined
were guite satisfectory, &z shown in Table 24,

At Tirst, & different method was tried for getting the
minersls into solution: fusion of the sample with 5 graus
of snhydrous sodium ezrbonste plus one gram of fused borie
seid. However, this gave s very bkigh blemk, about G,.020 mg.
of slumina on the iU mi. aliquot; specirographie exasination
jeter disolosed the presence of a few hundredths of & percsnt
of alumips in the fueed borie peid used. Besldes, even after
subtrecting the blank, sight detsrminetions gave results of
shout 0.12% slumina for #B6 (eertified wvelue C.06%74}: snd
six ceterminstions on £102 geve rasults that were ten perceant
too high. This method wes therefore disesrded and aot further
investigsted,
Comparison of Pontschrome Blue Bleck R with Fontachrome Vio-
let W,

Portecshrowe Violet 8W, the sodlium sald of S-gulphoe2e

-hydraxybaazaas~&z@-f-nsghtnolvha& &lsQ been recomwended s

& flaaragc&n@aan@agﬁnt~£W£~ﬁluminum (70). It glives an orange
fluur&%c&uce bt ﬁuﬁuﬂﬁadﬁ &, cam@ar&é with the red fluores-
canco ot >.ﬁ.ﬁ; at &3 6%«8@?% Aa ﬁﬁasnrﬁmaats of the intensity
of nhxa arange *;umr@wasﬁce ware %ﬁd& using 2 doudble thilckness

1.&

of &nber cml&aﬁh&a@ ﬁﬁbgtitﬁte& fﬁr<tﬁe red pisstic secondsry

&
rilter used in the B.B.R. experiments.

Pirst studled wes the effeet of the emount of dye present.
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& saries of ﬁaluti@n% %ﬁ mﬁﬁ@ up, ench contsining C.U10 mg.
of alu&&aum, UeB gram of ammanium scetste, 1.0 mi, of 1:19
sulfurie aci& anﬁ emounts of Uk V.3.%W. solution renging
up to 5,0 ml, After diiution to 55U xl., the solutions were
Jet atand one hour, snd then messured. The intensity re-
mained constent over s wider renge of dye eoncentretion
{Table 25 and Figure 21) then in the case of B.B.R.

Hext, the efrfect of wvaristions in pH was Investigeted,
A series of solutions was msde up, each contalning 0.010 mg.
of sluminum, 0.9 grem of simonium escetate, 1.0 mi. of G.1%
V.3.%. solution, snd verying smounts of 31:19 sulfuric seid
sr 10% sodium hydroxide, in e volume of 50 mil, The pH was
messured and, sfter 1} hours, the fluorescenee wes resd. It
is apperent from Teble 26 end Figure 22 thet amell devistions
rrom the optimum pH of 5.0 ceuse an sver grester chsnge of
intensity than in the csse of B.B.R. Pnis necessity for
wore precise control of pif reprssents e dissdventage.

However, en sluost perfectly linear relstion was found
betwean slwainum concentration and fluorescence intensity
{Teble 27 snd Flgure 25} in the range zero to $.,0850 mg.: the
golutions contained 1.0 mle of $,1% V.8.W., G.5 gram of ame
monium scetste, and 0.8 ml. of 1:19 sulfurie ecid. A ssturs-
tioca pletesu appeared &t higher eoneentrations-~sbout 0,080
ne. in 30 sl.--a88 is shown in Tsble 2£ end Figure 24. Rather
go0d results were shtained in the very low range O to 0.001
sg. {TPable 29 asnd Figure £5), but the resdings decreased too
rapidiy Lo be coxupletely reliasble.
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HBS steel §lde wes snalyzed by s wethod similsr to thet
deseribed for B.B.k., eXeept thet ths 1,000 gram semple wes
diesolved in 20.0 ml. of 1:9 sulfuric ecld, 1.0 mi. af .1
V.5.%. was used, snd the stendsrds were prepsred with 0.t0
ml., of 1:1% sﬁifﬁria‘&ei&* The result abtaiaaﬁ;'é*éﬁﬁﬁ sold~
‘soluble slusinum, sgreed yarfeaﬁlv with the Gertified wvalue
{Table 20)s Alsc, = syﬁaﬂati@ standard steel eaﬁt&ia&ﬁg 0.301%
gave $.101%6, and s synthetic standerd @,aﬁﬁﬁ gﬁvﬁ & Q&ﬁﬁ and
G &a?ﬁ. L

Hevertheless, it wes observed thet in‘séyﬁﬁsl ecsses the
VB3.%, fluoresesnce wes ﬁaatrayaﬁi@ax;i&ily or @ﬁﬁyﬁaﬁély by
traces of iron whieh rgmmin&& anrg;asgwaza in spite of ordi-
Aary alﬂanimg;ayaratimﬁs, Beoesuse of this an&'thé;ﬁﬁﬁw@war
_gﬁrrﬁnga_mf“?gﬁwﬁa. it was decidéd to @bnaaﬁﬁxaﬁ&'ﬁh@fw@rm.mn
B.B«Re, &85 the more useful reagent of the two, But it hass been
shown thet V.3.¥. 1s eepsble of giving excellent results--
ths cholee i&ilarg¢1§<s matter of ygrgéaal preference.

SBmBYY

A rapid fluorometric method hes been developed end testad,
for the quantitative determination mf‘framuﬂsﬂﬁmﬁiﬁa somewhat
over 1% of slutigum in 5&@%13, bragaam, aa% mia&r&la* whix
represents a reage of O, ﬂuaﬁ to @ G&ﬁ mg. cf &Eum&nu% iﬁ’m
voluse of 50 mi, The naeaaaity fqr sﬁgaiax niaraateaﬁaiqu&

is svolded by the use of sliquat3 mr 8 Beery %&%@1@«‘%&@ BONw
sitivity is better thenm i gart»;a~1@ﬁ@ﬂu&§u§uge For small
percentages uf sluminum, this method surpasses other
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procedurea in speed, sensitivity, secursey, and freedom from
interfersace.,

The prefsrrad reagent is the dyestuff Pontsohrome Blue
Bilaek R, which is used at & pB of 4.8 iﬁ'buffar&dvaﬁlégion.
Excellent results may aiso be obtained withﬁpananukrﬁmévv1a~
iet S9W. Rleotrolysis in a meroury cathode qéil serves o
eliuinate ingterfering ions,

Studies heve been condueted on the changes in intensity
of fluorescence under varistion of experimental conditions
suck as texpersture, time of standing, pH, dye concentretion,
and. sluninum concentrstion. The probable composition of the
Tluorsscent substsnce hes been estsblished by snelysis, after

smyl aloohol extraction from sgueous solutlon.
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FLUOROMITRIC DETERMINATION OF BOROYH
Origin of the problen

Very smsll amounte of boron heve been found significsnt
in soils end plent nutrition, snd s few thousandshs of a
percent iz of importance in steel wmenufacture (12, 17). The
gearch for highly sensitive snslytical procedures Tor boron
has been stimulsted by the fset thet conventionsl methods
are not suited for the determination of mierogram guasntities
of boron.

widely used for moderate smounts ig the Chapin distilla-
tion method (8}, which has been epplied to steels (31) snd
waters snd plsnt materisls (104), The bovon ie Tirst isoclnted
by 8 very specific seperation, distillation of methyl boraste
from & nearly snhydrous mixture of sample, methyl aleohol,
and a little sulfurie seld. The distiliste is made slivksliine,
evoporsted 30 a smell wvolusme, scidified, #nd the earbon d4i-
pxide 1z bolled out. Using dilute sodium hydroxide, the solu-
tion is nsde exscetiy asutrel 0 methyl red, snd then & learge
excess of aannitol or giycerol is sdded. The polyhydrie 2l
eonnl csuses borie eeid to change ita behavior frowm that of
s very weakx scid to that of a feirly dtrong smonobasie aciad,
tTherefors the smount of sodium hydroxide regulred to bring
the sclution beck to neutrszlity (to phenolphthalein} is s
wmeagurse of the borie ascid present, Among the soureces of dif-

fieulty asre: volatillty of boric eecid with steam, the













































































































































































































































































































































