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within the peet six or wight years, ttmtw he a ceeufred 
,it greatly intensified application of physical prime Ipies to 
%hm solution of problems in adalytiosi okeiiiatyy, ii&bk of 
■the impetus was due to' peak wartime production,. ■'wfcici* da- 
siemded rapid eoatrol analyse* in such f ieMi as eviction 
-fuel# net sis, synthetic nttber, and media ins Is* For s$eny of 
these, classical gravlmetrlc-style chemistry was altogether 
Incapable of providing the necessary informa-tlofu

Brief mention msy Be given to a few of the physicist*® 
major- recent contributions to the tools of chemistry. The 
tm&s spectrometer (95) 1# used for the analysis of complex 
hydrocarbon mixtures such mm the lighter peiroleoa fraoti'ana. 
Ultraviolet and infrared spectroscopy (t, 9E) are used for 
the elucidation of molecular structure and the determination 
of many types of organic compounds. The electron microscope 
{*?) maxes possible the- study of catalyst® and high polymers 
at ^unifications up to 130,300* Identlf loot ion and e®tt*»®~ 
tloa of crystalline ,|ompeaeats of eosiplex aixturee, such as 
pa 1st ptgaeata and welding rod" e%et§nge, by me©e* of X-ray 
diffraction is reduced, almost to the lewd of vouti&e fey .a 
new a© iger«*eou»ter X-ray apeotropeter (£$):«, sjNtotrogra phi© 
installations on e -seel© unheard of air years ego molutela 
accurate control of alloy eo&teai- in the* •©*#©! and dumiaum 
industries (10, 40, 44).

Of ell these physleo-cfeeaicel Method*, fluorescence



-.e.xislysla e&a hardly © 1&Xm to be the meet Important* lifer- 
thelcsa* interest has grown rapidly- In the appliestions to 
iwlytiesi chemistry &t the char# ©ter! a tie Iifht emitted by 
»ay- liquids and salide nader ultraviolet irvc&Urtio* f 15* 
la, ev* 5 8 1 45, 58* 6 8 ,  ^lf 7 7 } .*  Moat of the early w r l
was concerned with ■qualitative l&e&tlflection of mtarlsla, 
based on empirical examination of complex organic substances* 
quantitative fiuoroBetry he® been need most- widely for de* 
termination’ la food a aud ticauec of vitamin Bi, thiamine, by 
alkaline ferraeyeatde oxidation to the fluorescent **thio~ 
chroma” <58, 51), and of vitamin Bg, riboflavin, 'by virtue of 
its latriaole fluorescence <11, 94}*

Fluorescence analysis has found Increasing use in tbo. 
inorganic field also (SB, 97, 161, 16E), The &wber of flite~ 
reaecaae methods available for quantitative analysis is mot 
large { Z Z 55, 78, 79, 99)* Beryllium nay be deter.-ni&ed by 
morin or 1,4-d thydroxyanthraquimo&e 9 aluminum by serin, and 
gallium or sine by arbydroxyqulaoliae. for the most pert, 
these reactions are not highly epeeifie 'end ere subject to 
interfercaoec; however* they are ©horseterlned by extrema 
.sensitivity* The nausea of error are anal ogams to those 
'found in colorimetric analysis, and the realisation is he* 
earning mar© widespread that the recognition and control of 
experiments! '©auditions is prerequisite to the acceptance of 
a fluorescence procedure as a trustworthy analytical method 
I S9 j *

The purpose of the present research was to evolve
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fXuorometrle procedures*. after t&orougti iiftiti- 
potion of the effects of ozporimataX variables, for %'hm 

of assail quantities of oXuisloua and of baron i» 
mmtmX.B. it was believed that eraeb procedures ■ufosiXd consti­
tute a distinct improveanoat In sensitivity* specificity, cad 
speed over exist!os coaveafcioaiil sgetbeds for tbese d.sterfiiija- 
tioue*



m i  r n t m u  ow r i m m a c m o M

f k m s a w s  la. the ©mission of visible light hf sub~ 
stexroee which. are exposed to eleeta*sw.gii$l« radiation* it 
ceasea wham the exalt©tlea ©eases {VI, p*. s.f 4}* gtefcas 
law atetee that thm emitted, light is of longer wavelength 
than the eraitlng rays {which are usually-ultraviolet), but 
■# few Instances are known of the- a»tl~3toXea effect*

A- cosupietc theoretical explanation for the fluorescence 
of liquids and solid® he® not. yet been published, in spit# 
of the &ti£ralfttl:0& afforded by the large growth of thm fluo- 
r#se«&t lighting indue try 118, $$}* nevertheless* aoMm mm- 
-derstaadiog of the process may be obtained by considering 
first the simplest. m m  * @ #»i*

in order to explain the obeerred., f#ectrW| mu&h an atom 
must be considered ae seepabie of ©ilstlmg, *waiy: in discrete 
energy eta tee, 1 ~ »2irS sg f n2 where :rf is- . the
©heatl© mnaiber, m the.redd©#tf sibrai e the ©iectrbalc charge,
It Planck*a constant, and h the. %eeatu® integer 1, £, 3 
which 4© terrain© • the energy level of the ©bom {£Qf £&)* fbis 
restriction to discontinuous energy etatoe was an arbitrary 
.fundaiss&tsl assumption aerde by .̂ ohr, in' disregard of the 
lews of classical electrodyaemics* however, in. the new qusa* 
turn Mahaaice, this m m ®  limitation arises mm a mturml cob- 
.MdueneMa of the very general funaauentel postulates*

the atom naraally exists in the state of lowest energy,
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the ground level* However , it may fee ®x® Ited Into © state 
of higher quantum number and higher energy* correspondleg to 
a larger orbit of' tli@ valence electron, by some such energy 
Input as best or electrical discharge* then wham the ©tom 
falls fesek is to a lower level, it -emits light of frequency 
II* where II - $g - %  / h. Light la emitted only during the 
transition from a higher to © lower level, ©safe different 
stationary state feeing is itself no&«radiating*

this furnishes,* satisfactory-explanation' far the-msis 
features of bright-lime emission spectra- of •■mo.aatomie gases 
\ 103} * The reverse" pbameTOa'Ofc of line .afefeorptloa spectra* 
which was first observed as the Fraunhofer lines .la the solar 
spectrum, mmj fee readily -demoaatretbd fey passing light from 
an lacaadeseextt solid through the .gas at room temperature* 
inasmuch as the absorption lines observed coincide with the- 
emission lines of the gas, the interprstation Is that ab­
sorption consists of the retsing- of the atom from a lower to
® higher energy level. The excess energy, aay fee dissipated 
as kinetic energy (heat) in collisions with other atoms*

Bath absorption and emission sre Involved in the phe­
nomenon (48, 108) known as "resonance radiation." If sodium
vapor at very -low pressure 1 a Illuminated fey a strong beam
of sodium 0 light, the vapor Is observed to emit a yellow 
glow, of the same wavelengths us the illuminating beam.* 
Lithium and mercury vapors behave in a similar manner. He so- 
isae® radiation, then, consista of absorption of a quantum 
of light, which raises the atom from a lower to- ® higher



e&os'gy followed by m falling back to. tbs lower state
through the emission of 0 quantum of i %tefc of the sam wave- 
Xeagbfe as tbe light absorbed*

f Xmoreseeiiae of itnts 000b »s tb.fi i.lioia vapor (bbj’.' is 
very oXoHely rein ted to fesonfmce radiation* the 
Is that the tmrm. fluoms e e m e usually lm.pl t m  that. tUm .1 Ight 
emitted Is of longer w#vol«iigtfej end therefore lower enemy, 
timn. %lm IJgfet #b0©rto©4« ffelm mmj m m *r when -absorption of 
a p&ofcaa raises tto atom fro® bh# ground atata to a higher 
lairal, but tbo nbos&. fall# fe#cr& to a Mta.atable level .which 
la. not quit© as i w  a® tba ground state* Slnse tbs fall Is 
m®t mm far it tbs. rie®* the energy amittad is les-s t-han that 
absorbed*- end tbciP light «ibt#4 Is of lower- frequansy than 
that nfebof bed * ‘'V:'Su©& states exist because select ion
rules forbid electron transit Iom from ear tain ^ultiplst 
a.Wiss., ('found' la poiyvaXeat' at ana) .:to- lower levels aueb as 
tbe ground atats*

H*o$phoTmm©eno©* which denotes 1 lgi.it Mission that per- 
alsts after absorption fees e**$#d» has baan raoaatly sbown to 
be- 4u© to tba svfitMtofela triplet state of tbs jft&XMUls {#^1* 

firms, as atom or .nolsaul* which Is in, an exalte# state 
4us t© -absorption -of m photon mmf return to the moTzml abate 
f BE, 94} by small parths mm either emission of resonance radia­
tion or fluorescence f of by ® ©oil. is ion of the second kind, in 
which th© excess' energy is converted into kinetic energy of 
the eoilldimg sol entiles# it nay also ret®in some of the 
energy., to be emitted later &s pbospborescenes, or else ester



lit to & ohmml oal reaction with "another molecule» or dissociate
;i&to smeller particles#

fte discussions mo far tsee been. eon earned with the line
©g#obr© of moamtomio gases* -However* for gas stale
■up .of aaveral .abomoj' % bo spectra .bbsarwi .cKmsiet of cseny
tends, -made up of- individual lines bunched closely together#
Th'te complex structure im due to the feet that the energies
of rotation of the molecule* sad of vibration of the atoss
withia the ssoleaula* are ©Iso quantised; hut the differeeea
la eaargy betwtn on© vibrational or rotatioacl level and
©sother is usually ranch less than the difference between
cleetrouic levels* Inasmuch mm ©teo-gcs in electroale# rot#-
hi anal, and vibrational quantum numbers may occur ©lauita~
teomaly* each electronic level will now consist of e number
• of sub-levels, which 4 iff ©r among;: each other by the quantised
emcr^lcs of rotation: cad vlfef etion* / instead cf $terf-Xln.e
‘e^eotfa# therefore.-, transitIan# between -quantum.- eta.tea remult
la hands fin the visible aM' t|lt%^riclctf- ̂ itefoont©ia lines
of ' frequency H * 4 le / h ~ ne £'%%'#> l%*

Ibis furnishes ©mother mectehlbsi* probably even, t&oro In-
portent than that of isetaetebi# levels-* which exp!a. In© why
the fluocreacettoe tend 1 ies on the long-eaveleMth. aide of
tee ohaorgtlon-baud {©)■* All tte vibrational energy assoc I-

*

etfd with the- excited state is lost- fey collision before the 
atolooul# returns to the lower iere!.; this degradation of the
superfluous 'Vibrational energy Into fcfceraael or otter energy 
waaa- test leas energy change occur© ia emission then in afe-
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#0?|&i03EU
It is well known that the emission tpeetre of imeeades- 

mmmt liquid* ant solids are etrnetureiee* eentiaua, in whleh 
the energy distribution follows the Flanek blaek-body redis- 
.tiott lew* similarly* the fluoresoent light emitted by eoet 
liquids ant solids eons lets of one or zaor'e momttmxoum bandar 
whlbh show no evidence of dleeret© lines-* In ©e*fe materials, 
the- energy levels of the outer velenee eleetross are greatly 
mod-if ted by the nearness of the other solesules, by sir tee 
of the Mutual polarisation and other blading fareas between 
the' mleeules CSS)* I® the ease of solutions, Interaetieas 
between solvent and solute molecule© ©©use a similar effect* 
Am s result*, the sharp energy level© hr oaten out into tu.as.i- 
continuous hands; ml though as eh band la » 4 t  up of dieeret© 
.states, these are so ©lose together that the band, ean be con- 
eidered as eontlau-ous (&*)« Femi-BXree stahtetics also 
lead* to the ©on©Xusion that in aendeaaed eyatesss#- the 
©Xeetroaie energy levels‘fora e oontXnuous distribution 
rather them discrete states f§5)*

In ©pit© of -all these fairly satisfying ©da® ̂derations, 
exact yr©4 let!one ©oneefaing f&uore*eeju&* based on moleeaier 
structure are not yet possible,* light emission is f«sored 
If the energy gap between two bends is bridged in ylaoee by 
other permitted energies* sueh. e« by eetleetiag impurities 
in phosphors* but the <£ueablbativ® epplieetloa of this prin- 
#XpX# is ©mylrieel*

Jmong pure laorganie compounds* these fluoresces selt©



of the 'rera earths sad urajaltna., pie t in ocya aides, aiXojce&es,
6ti toe 11 rats salts in. aolmhioa (ft©* p. ?I—TO}* Of toe or-
genic nompoua&a, toe following fluorescent types are .jiptsfele:
condensed poly&aeleer aromatic hydrocarbons, closed ring
&et*roeyelles » and. dye# which consist of perfectly closed
rings* &mimo end phenolic groups to toe r^lccule- tend- to fa-
crass© luminescence,. while. .nitre sad halogen group® decree**
it (42) • In the fluorescence resulting from to* reaction
between. an inorganic ion .and an organic reagent, such as was
studied la to I© work, to# flaoraaoaaoe appear a to depend on
%hm forest ion of a,a additional ring la the organic molaonle.,
by akaletlon of too Ion with m fnnctionml grouping such ass 

0 OE
~ 0 * $ ~ « This grouping fa etoraeberistle of the beryllium-
quini^arin, the aiumiaua^mor la, and toe foarle aeld-bensoth 
systeim* But no theoretical Oasis has ton®, far been, elucl~ 
dated for toe Qfesertwa specificity for cart® 1m mfcelllc Ions 
in these fluoresceace reactions.
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et i m j m m m k x ®  m & i m x s

"lit fiiioyoi*trie. analysis, o m  determines the mmkukmm 
centrati cm of m atafeetanee in solution by eoisf̂ riiigi %Mm[ l&tea* 
gihy pf fluorescence with that' of' suitable standard®* either 
’rl&uslXy or preferably with thm aid of m pbotoel eetrie; laatrm- 
imrntm for xmuy mmmmm the intun&Xtf te m linear’ ftme’tto® of 
eo&oaatra-tlon 1m very dilute' solution, bet levels off end 
of tea deereaaa* as the naneaatretfam tmsreaees ■,fertfeer» 
liawewr., linearity 1 * not essential* a isetbod Is suitable 
for quantitative determinetSo&u, if only the standard #urv# 
be repreduoIM#*

Vsylabiok of intensity with time la usual, rather than 
exoe^tienaiMr Instrument readings'. increase s#o® after ,mir~ 
lag beoauae the -reaction whleh yields the f * uoreseeut aub stance 
trnxm ® oonsidarab-le tisse to a tie in equ11Ibr iusa* Qn the 
other hand, bright sunlight or the ultraviolet- Irradiation# 
soj^ttees aided by atmospheric oxygen, may eauee photochemical 
deefcruatlOj& of the 'fluorescing Molecules* Both of' these an- 
tsgonlctle influanaea » f  operate slmitsmeously* as in the 
ease of the. borin aeid-beMoia aystem| it then boocu&ea naeaa- 
aery to, ta&« the rest lags, at a definite tine after mixing*

for staking quantitative m m m t r m m n t m in this" the
iwetfdit fluora-aeenoe ssater Model ’402SF was used* The er«* 
hemal appearance of this instrument in stsewis in Figure £7*
Xa addition ho the high voltage transformer, Multiple-
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reflection galvanometer, end instrument proper, a voltage
stabiliser wes used between the line end the traaeforsser.

A eoheaatle diagram of the apparatus* also in figure S7.#
makes it easy to foil .ow the manufacturer * a explanation (6?)
of %he principle of operatlorn*

The light of the lamp is eondeased by ©a op tie© I systw * fco form a parallel beam# This beam passes through a narrow-band filter which Isolates the exciting light of the proper ware length, The exciting beam is then split into two parts* One 
pert esters the sample holder which is provided 
with © thin front window of low ultraviolet ab­sorption* The fluorescence of the liquid la registered by two large barrier-layer photo©#lie which ere arranged laterally on both sides of the 
sample holder and are eoaneeted in parallel* fil­ters between sample holder and photocells serve to Isolate the speeifis fluorescence band and to eliminate the Influence of prim®ry light which 
m&j he scattered by particles suspended in the liquid*
The other part of the hem® is deflected by a frant surfaa# mirror and act® upon the balance sell which is mounted so that it can be turned through 
an angle of 90s, The two measuring photocells 
and the balance photocell arc connected in a bridge circuit with slid# wire and with a galva­
nometer as the zero indicator*
lie&auregee&te were taken In the following way* First, 

the galvanometer rest point was adjusted to the precis# cen­
ter of the scale* Than m standard solution (containing, for 
example, O*0EO mg, of aluminum) having the m m x i m m fluores­
cence to be encountered was poured into the £5 ml* cell, and 
placed inside the instrument, (The cell we# always filled 
to the s m m  height, about one-quarter inch from the top,)
Th©.slide-wire dial was set at 100*0, or eo&a other con­
venient number, mnd the balance cell controls manipulated



until the galva nameter light-spot returned to aero* Red ac­
tion plate #4 or #5 wa® required in the elumiawa, end #7 1 m
the boron work* as the coarse adjustment necessary for bal­
ance*

Thee, the cell was emptied* rinsed* end refilled with 
the blank solution. fh# dial was set at 0*0* and the, mere 
suppressor toot adjusted until the galvanometer spot returned 
to the center point* fhus the instrument was set so that 
scale readinea from 0 to 100 re pro seated aluminum eoiie antra« 
tlons from 0 up to G»QBQ mg*, ia the example glwen*

finally* the sell was filled with the unknown eel at lea* 
Eero suppressor sad beXaaee-eeXX controls were left untouched* 
hut mow the slide wire dial was turned until the galvanometer 
spot returned to xero* fhls reading we# used to ealeuXate 
the aluminum oMeentra t ion*, either by direct ratio to the 
nearest standard.* or else (for rnpre precise work) by refer­
ence to ar calibration aihpfa prepared from the several stand-
arts of different eoacwatrstlona* In the aluminum work*

■1 ,iiu •resdijdig*-were taken as soon as possible after placing the 
cell inside the instrument, beeeuse it was noticed that read­
ings tended to drift upwards when tMm solution fluoresced 
strongly* 9&d to drift downwards when the fluorescence was 
rather weak*

It may he emphasised that the Intensity scale is set in 
e quit# arhitrsry way. fills la different from colorimetric 
aa@lya.is*. where the seals usually expresses a definite physic 
cel quantity* the fraction of the light absorbed by the
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eolored solution * Ear© # however* the eesle is set for say de­
sired rang# of fiuoressenee intensity* simply by maiag e sole- 
'ilon at eonvenlent etenderd flnaressene**

X%© res sea' for tills different** ami else for the 1 laser 
depe&denea of intensity upon ©#n©aabrfsbloiit may be illteineted 
by a derivation of tiie mtfeeraetiesl relationships involved 
{£?» 7? |, whieh ©re analogous to-$eer* a lew la eoloariae**
try* Sorn simplifying. assumptions are modes the farlma 
quantities are eemsidsred .©mall in magnitude* end reebaorpfcioa 
end soatterlag of the emitted light are niftiested* Sines only 
light that is 'Absorbed eaa esase flnnreeeenos* we assume that 
the fiuoreseenee emitted is pro-portioiisi to the absorption*, 
eb low intensities* rims W® k. CX0 - X) * where- f is the fl&o* 
.reseeaee intensity* k is the proportto a® 1 ifey feetor {involv- 
lag the psrtlenlar subetenee* solvent* etc.), X0 is the Initial 
intensity of irradiating light* end I Is the light remaining 
after absorption..

Mow* by Beer* a law* I r i0 e~AeI% where A la the spe- 
©if is- ab@orptioa# e is the- ©on© antra t ion of the absorb lug land 
fluorescing) aneleeuJLea* and L is the length of opt lee 1 path* 
SObetltoti^ -fchitf Into the pvewtoua equation gives. W * 
k IQ {1 - a~AoL) # A. m®th®MMtiml proparty of the empreesion 
in parentheses: is that .when the exponent i« small* the ex­
pression equals the positive value of the exponent* or 
? * k I0 ^ a i*

for a given reset ion. in a pertlenlsr ins tr ament* the 
fee tor s k, 10* A* end- I. are all oenstente* ffce width of the



cell anst also fee considered, because the fluorescence is 
m&stsred mt right aaglM to the irradiating b®&n+ hut this 
too is a constant* Therefore, ©object to tfee restrictions 
of mssXX sums**Itwsfcde j®eotioaed # tfee fluorescence intensity is

Xu addition, the concentra t ion of im unknown solution may fee 
determined fey comparing its fluorescence with tfest of a 
known solution: «x / Fx ’» Og / Fg* This is © fuxtdsss&Btsl
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Origin of the Frofelmm

The ehaaaee of specific sensibly© reagents for tbs de­
termination of aluminum is a notable handicap to. therinalyfci- 
eel. ehei&lat* This difficulty is reflected In the laborious 
procedures required for aa ©eeur*t* grevimetrle analysis of 
email percentages of aluminum in steel (1, 491 93) end- in 
the fact that rock analysts usually calculate alumina by dif« 
farenee from the 8gQ$ precipitate {37}*

Most frequently, eluaiitum is precipitated as the hydrox­
ide by ammonia at pE about 6 -or 7 {l>s this requires the rt- 
mora1 of practically @11 other heavy metals, which are 
similarly precipitated* Controlled hydrolytic precipitation 
of aluminum hydroxide by boiling in pfceoylhydrezlne- 
thlosulfate solution (El) is a variation which possess©® 
the advantage that complete removal of ferrous ion is not 
required* a third method., precipitation as the phosphate, 
does however reqtiire extensive preliminary separations (33)* 

Other weighing forms which have beam recowended are the 
double eo&imm fluoride, cryolite (9Q), ©ad the 8- 
hydroxyquIncline salt (88)* The letter has also been used 
for thm polarograph 1 c determinetion of aluminum, in either

or acetic acid solution (107), and for the colori­
metric determination by measuring the optical density of the 
salt In chloroform solution at 39,5 mji/ (55)*
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A wQlmmtri® method for aluminum consists of adding 
pjCteaslua fluoride to the carefully neutrellfcad bcrhwt# 
■soXattott,. and titrating the aIX© 11 liber© t.ed according-. to 
the reaction • ,£f s %Alf e #  3 KGS* » m y  iou^ la*
barfcfd, especially if present in high eene#&tr*fct«ai* (ss)« 

Severe! color la® trie reagenta for eltaalaitm- hare freest 
proposed* Among th®m® are j£rloehron&yaain*-ft (9&„ ?.®) and 
hmmtoxglin (45),* both of which yleM iriolet le&es in 
slightly aeid solution* and aliaaria red S (9# 59}*

The color%mmtrie reagent which hau found widest use Is 
Indiana* * &msmnium aur'int r learboxyXstm I 34, 64, 106)* la 

spit a of interference fey chromium, iron, beryllium* mtiilw, 
titanium* and gallium, it has been need for colorimetrim'lly 
detwrxiiilag from 0*04# to,l*s# of aluminum in.steel (14)', and 
for Xom percentages In jaon-ferroua alloya (SI)# It-iser #3> 
traction and sacronry oatho&e 'electrolysis were used, respec- 
tiwl.Fr as separations in these two procedure®* It may be 
■noted., that the experiment#! cond.ition® such as gM‘ w e t  be 
carefully controlled:, and that the reagent is barely aensi* 
bite to 0*001 mg* of aluminum per ml* * so that the reported 
lower limit of application to steel is 0*04#*

•fherafore the need was still felt for a method, other 
than- ap@ctrograph.io {B7}* suitable- for determining down to-- 
lean than 0*01# of aluminum in atpsh materials as steels* 
branaee,. and minaralit# -In 193?#, Whit# and !owe announced a 
new $uallte;ti.$* teat (XQO) for’ eluainuia, the red fluorescenceJ 1 *' '' ' ■'*
gi ran under- ultraviolet by a solution of the dye a tuff

mailto:ap@ctrograph.io
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Feataefcrome Blue Bleefc It, which is the sodium or zinc salt
of 4-sul f©~*>hydroxy-Q^naph the,1 eee-ezo- ̂-nephthol * Us Jo*■c;;: "* " •"'•'• r- "4 *-':&df#at6iii of the &ew iest:rw«re its great sensitivity mmM the 
aon~i.abe^#reh^e of tepirlllsat# contrast to the «elerimt*> 
ric Nsgenta iiwlaoa sad aitw^i rad S# a-ad to the fltto* 
restahof reagent Interference by iron,
copper, ehrottlvim* nle&el, cobalt, sad fluoride wsa noted *
Tto following loos war# found not to interfere t silver* 
.mercury,, lead* biearath, cadmium, arsenic, antimony, tin, 
nine, maag-anes®, ladium, thallium, calclum, strontium, 
barium* magnesium, sodium, potassium.,. axmttoiiltam, lithium, 
rare earths * chloride, nitrate, sulfate , phospfeste, and 
tartrate*

Three years la tor the ama authors published a flue- 
rometrte method for quantitative .debemlnatlos of aluminum
in pure solution by morla (99), but noted several inter* 
Terences, end reported that %bay bad not yet been able to 
use the more specific Foabaehrcaae B*B*B* reagent far quanti~ 
tat ire work*

Shortly afterwards, Bawydov and DeveklcI confirmed these
re suits with the determination of •email amounts of aluminum
in pure solution with fair aeeursey, usln& the fluorescence
reagent quercetla, an isomer of moria (16)* They also in*
▼eetigated qualitatively severe! Interferences in both the

*

quercetln and B«8»£t* testa* for the latter, they added the 
information that an approximately tenfold, exeees of vena dim, 
titanium, or molybdenum would destroy the- fluorescence, and
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* similar ©manat of Magmas® or tungsten would increase tte 
intensity*

T%m r m m  IMer of this aeetloa is an account of tfte first
eueoessfal mm® of the seas- itive epeeIf ie reagent Mttflrsia 
Blue Book. H far the determination of m i l  t a m t i  of M'Xmml** 
Mim* not only 1b pur© solution but ©Iso in such industrially 
isagporteat ^mteriaXs aueh as steels, bronaea*. sad minerals*

Apparatus sad Reagents

t̂aaat its tire measurements ware made with a tmaetroa fine- 
reaeeaee Mater, Modal 40SXf, the construction eai ©perctiea
of which war# described in the prewteua section# fh© ^ a » »  
missions of th© primary (coming #5874) and aaeofidary filter® 
used are shown in figure 36* The Beckman epee trophotometer 
and pE me tar were used for tranmioaloa -and pE m b ® sur^mmmt s, 
reapecfciweXy#

All chemical* used wmr® at 0*F* quality or totter# 
Standard solution at alusftlmxt, 1*00 ml * ® %Ĵ m WĴOhh#. m *  * 

was mad© fey diaaolriaa 0*1760 §rsm of XgAlgCsQf}# * 34 % 0  
la water and diluting to one liter*

Weaker standard solution of eluadmun, 1*00 -ml* a 
0#00100 mg*, was mad© by pipetting out 100 ml* of the t t m  
solution end diluting to one liter*

Ammonium acetate solution, 10$, was made by dissolving 
50 grama of the salt in water and diluting to 500 ml*

Poatacbrom Blue Black B (Color Index S02), 0*1$ solution, 
was m d e  by dlmolviag 0*50 gram of dye-, in 500 ml* of 99$
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ethyl 3 lea&ol* and ellwiag to eta Ad a few days before use ♦ 
this dye may also be purchased under the sen# Sisrpercbrome 
Blue Black, from the national Aniline Division of Allied 
Chemical and Bye Corp*

PontechroB® violet BW (Color Index 169)t 0*1# solution, 
m&m made exactly like the solution*

Sodium hydroxide solution, 10#t wee prepared by dlsaolv*. 
ins £0 grams in 250 ml, of water in a large platinum dish, 
using a platinum stirring rod; this- solution was kept In m 
ceresin bottle* These precautions were accessary, in. order 
to sto Id aluminum con t amine tlon fro a glassware*.

Dilute sulfuric acid. Is®, was made by pipetting 100- ml, 
of concentrated acid Into a few hundred ml, of water in m 
1000 ml, volumetric flask, cooling, and diluting to the mark, 

Dilute sulfuric' ee£&, ..1:1$., was prepared by pipetting 
out ho ml, ofvthe 1:9 acid into a 100 ml, volumetric flask, 
and ,dil$tlh£ to samrk»

Experimental Work

Effect of .far is tlon. of pond it ions,
la order to provide a foundstion for the tmamtitstive 

work. It was accessary first to study the effect of various 
conditions such as pH, temperature, amount of dye added, and 
time of standing*

If feet of -pH* The effect of vary lag pE on the latent 
sifcy of fluorescence emitted-by the aluMi.aum^B*B*E» complex 
under ultraviolet irradiation was studied- by '.preparing ©
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serle® of 2Q solutions la 50 ml* volumetric flasks* To each' 
flask ware added 0.0 ml. of alumtmms solution (equal to Q .050 
mg*)» 5*0 ml. of 10# ammonium acetate solution ss a buffer,
1*0 ml* of 0*1$ B.B.E* solution,, and quantities of acetic 
acid or ajno&ium hydroatide sufficient to give a range of j8S 
from. £.4 to 9.8* Me®sure®eats of pH were mad# with the Beck­
man pH Meter, Laboratory nodal. The solutions were diluted 
to the mark, shaken Vigorously, and allowed to stand, for two 
hours before measurement* war# token* Under these conditions, 
the optimum pH Is about 4.8 er :4*St as shown 1b fable 1 end 
Figure 1; the peak is a rether breed one.

studies of the effect of pH under somewhat different 
conditions were also made; one of these nay be mentioned in 
detail* the aluminum content was cut deem to 0*010 mg*# to 
which were added 5*0 ml* of 10$ ammonium acetate, 1*5 mi* of 

end varying amounts of acetic acid. In this 
ease the maximum intensity of fluorescence was found at about 
pH 4.7 (Table £ and figure B) mmd smell variations of pH had 
m greater effect than at the higher aluminum level*

ligast of dye* Bert studied was the effect of the eon* 
centration of Pont®chrome Blue Black M on the intensity of 
fluorescence * A series- of 15 solutions of 50 m 1. voium was 
made up* each containing 0*050 mg. aluminum, 0*50 gram am* 
maim* acetate, .0*10. ml* of glacial acetic acid, to give a pH 
close to the optimum, and amounts of 0*1$ alcoholic dye solu­
tion varying from none to 5*0 ml* The solutions were allowed 
to stand 80 minute® before reeding© were taken* It is
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wvtdent from fable % and Figure 3 that the maximum Intensity
results when 1*5 mi* ere used* solutions containing sore 
than, this amount shewed, a rapid decrease in fluorescence la 
those portions furthest from the ultra violet source*, ted lest-* 
lag a progressive absorption of the energising radiation.

Acetic sold blank* It was considered desirable to in­
vestigate possible variations of Intensity resulting from, the 
use differing' mounts of acetic sold* -end- to discover 
whether significant a Mounts 'of aluminum were present in the 
acid* Solutions ware prepared which contained 0.5 gram am- 
-la-o-nium ■acetate* 1*5 ml* of dye, and acetic acid varying from 
none to £.0 ml.; but mo elumteuEa was added. Measurements 
of ter X§ hours (recorded In feb'le 4 ©ad Figure 4) indicate 
only small variations * In particular, ao variation from m 
perfect blank, reeding existed at ail throughout the- entire 
range of acetic acid used in the reminder of this work, 0.05 
to £>.!£ ml. fhe slight increase observed iiay be due to pB 
rather than to aluminum present la the acid*

Ttoe of gtandteft* Sine© it was known- that tlm flucres- 
ceuoe did not attain its maximum intensity lamed lately after 
mixing # the change ,of ■..Intensity with time was invest tg*b*&« 
ft» 0*100 ng* elumlmmm were added 10 ml* of 10? ammonium 
acetate, a.OSml. of acetic aci&p and B.0 ml. of 0*1$ 
followed by immediate dilution bo 50 ml* The tempers tore 
was E3° 0* Headings of intensity were taken starting one 
minute after mixing., for m period.' of 170 minutes? the solu­
tions remained under constant irradiation during this time*
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The 'next day, after stout 1000 minutes* another MMttfeemeat
i©d* on this same solution* It may be observed £r.®m 

Table. -5 and Figure 5 that the Intensity increases rapidly 
daring the first SO minutes, but practically attsins tonst®ney 
after about an hour* Later experience showed that th#’ In­
crease during the £4 tours after the first two tours was of-* 
ten greater {up to an average of $$ per hour) then found in 
this run*

The time of foot was also investigated si a much lower 
aluminum level* a solution was . prepared which eoatal&ed 
0*010 ag* of aluminum, b*0 ml* of 10$ w m s m U m  acetate, 1*0 
ml* of It£4 sulfurio acid, and 1*5 ml* of 0*1% B.B.R* in a 
volume of 50 ml* The temperature was E4° '0* Measurements 
were made over m period of one tour, under constant Irradia­
tion, and another measurement was mad® after three hours* 
Results similar to the preoedtng~~*%ulllbrlua after one tour—  
were obtained, as Is evidenced. In Table 6 end Figure 6*

Temperature* In order to determiae whether m&ximxm la- 
tensity could. be obtained in a shorter time by heating the 
solution, the following experiment was perfor&©&* a solution 
containing 0*0X0 mg. of aluminum, 5 ml* of 10$ sMmoniun aee- 
tab*, and 0*00 ml* of acetic acid was diluted to 48 ml* and 
heated to 70° 0., and then 1*5 ml* of 0*1$ B.B,K. was added* 
Read lags .of fluorescence were taken during the next hour end 
a half* Aa my. be ,s«n from Table 7 and Figure 7, the in- 
tensity Increases much more slowly then— and *t©u after 90 
minutes, ,1b■' f*r from1 *%ual'lii^-^bhet of a solution mixed at
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room. temperature tod a Haired to stand two hours*
1 similar experiment, using 0* 0 2 0 mg* and a mix lag tem­

perature .of SO0 C .* gave a slight If worse rat# of fluores­
cence development, as shown in Table 8 and Figure 8* it is 
apparent that teat lag the solution yields bo benefit is tea- 
tea lag attainment of etuillbrlum*

fh# off eat of cooling was studied asxt* A 5© ml* solu­
tion containing -0*020 $ag* of alumiaum, 0.5 gram of ammonium 
acetate, 0*05 ml* of acetic acid, end 1*5 ®1* of Q.XJlj 
was allowed to stand several hours, a ad its flttoreacetea 
measured at room temperature, 25° C* Then it was cooled in 
lee, slid the in tensity manured at 1 0 * 15, end 20 degrees*
The slight increase acted mt these low temperatures (Table 9 
and Figure 0 ) m y  he toe partly to the thermal contraction 
of the solution* This m m ®  eolation was then tested to in­
cipient hell lag, sad allowed, to coal, reed luge being taken 
during the ©oolite* The--intensity dropped sharply as a ra~ 
suit of teating, and even after cooling hack to room tempers* 
tmr©'had recovered only a. little more than half of its 
original value*

A similar experiment was performed, using 0*850 im *  ©f 
aluminum* Mate# cooling down to 10° C. caused mn intensity 
increase of a few- percent$ and after heating to 80° end cool­
ing hack to room temperature, the fluorescence was only about 
two-thirds as greet as originally* a third trial gave stellar 
results* Therefore, far from increasing or accelerating the 
development of fluorescence, teatlag such a- solution causes
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disadvantageous irreversible decrease of Intensity*
In most of the following work, the conditions employed 

to- .ofetaIn M x l M m  fluorescence, as- determined above, wore?
1.5 ml* of 0.1% B.B.R., a pi about-4.3 (resaltlog from 0.50 
gram of amionlum acetate plus ©bout 0.05 .ml* of acetic or 
sulfuric acid), mixing at room temperature, and letting stand 
1 or lj hours before measuring*
Benea&eg/pe of Fluorescence on Concentration of Mlxmtmm*

A considerable number of experiments were performed to 
determine bow nearly the fluorescence intensity i«r $ linear 
function of aluminum -eoaeentrstton*. In a typical series* 80 
solutions were made up to contain 0*5- gras of ammniuu ace­
tate, 1*5 ml. of 0*04 ml. of acetic acid* and altmiamm
varying from none up to 0*100 &g*f In a voluiae of 50 ml.# and 
let stand for two hours before reading. As can be seen from 
Table 10 ©ad Figure 10* the fluorescence increases in a fairly 
linear manner until a saturation point is reached at about 
0.050 mg* of aluminum, beyond which the intensity remains 
almost perfectly eonatant* Figure 18 shows the appearance 
of such solutions containing 0* 5* ami. 80 alerograraa of 
slu&iau&t wham .irradiated, by ultraviolet*

The question arose whether higher-energy ultra-violet 
radiation might not extend the" useful -range beyond -0*050 mtg* 
Accordingly* © 8*98 mm* thickness of Corning filter #9845 
(which -transmits -'from 2500 to 4000 A) was substituted for the 
usual ultraviolet filter, a 5*85 msa* thickness of #5874 
(which transmits only from 5800 to 400Q A ). However, a
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>series of -solutions almost Identical with the previous M t
showed © saturation plateau at shout the mmmm eoneentra%ion,
1st spite &f the shorter wave! earths % a 1though the lower half 
of th# eunre-. did heeaae rmrm nearly linear,, as mmj hm Mmmm 
In. *mbie 11.,̂ .,, f inmre .-XI,

It wmn found, that the point of flattralng depend*# on 
the i*io*mfc:;.dC ma#d, > When ©sir 1*0 ml, of aye mmm

y- ' I

present, the--plateau hagen at shout 0,050 mg, of elns&i&ua*
, :Vit- .* ^

iiehJLs -.111 « 4  ..:/FS^re, 12 X,-
Two more" sets* each consisting of SO -solutions, were 

prepared?. -sue covered the range from 0 up to Q.02G mg,:, -the 
other from 0 to 0*04$ ms* ill solutions e'onteined X*5‘-al* 
of h*B*H* * 0*5 gram of acetate* and 0*0? al, of
acetic acid* Tshle IS sad Figure 15 show that the concentre- 
tiem-la t was i ty relation Is nearly linear up to 0*020 mg** hut 
Tahle 14 and Figure 14- demonstrate -a eonaid-erehle deviatioa 
shore "0,028 mg*

All. of the shore work was done at a room temperature 
■shout 24° C* -Another series going up- to- 0,020 mg, was pre­
pared during the summer* -when room temperature was 55® 0,
Bach solution. contained 1*0 ml, of 1*19 sulfuric aeld, 1,5 
Mil, of B,B*iU* and 0,5 gram of asBaoziium aeetate, M slightly 
greater deviation from strict linearity Is ahServed st the 
higher temperjature* in Tshle IS and Figure 15*

To investigate the lower limit of sensitivity,, m series 
covering the range sere to 0*001 mg* was' prepared, eaejh 
solution containing 0*5 gram of ammonium acetate, 0,12 mi.
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of acetic acid* and 1.5 al* of B.B.R* Although ftM® IS sad
Figure IS show « fairly linear relation, this I® not ®o»* 
plebeiy reliable because of She rep Id decress© -.of the -weefe 
fluorescence during She period of irradiation* g w a w r ,  it 
wee easy area visually to distinguish definitely m m t m  solu­
tions containing mans, 0.3004* end 0*000S eg* of aluminum im 
the ha ml* volume* This corresponds to a sensitivity of 31 
pert in 1:85*000*000*

By this destone tret ion of the reproducible f nearly- 
linear dependence of fluorescence Intensity on concentration, 
there wee established s convenient means of quant Its timely 
determining vmrj small amounts of aluminum in pure solution* 
Mature of the yiuorescant substance* ,

to determine If possible the formula of the fluorescent 
complex, a solution of 5 grams of dyeatuff and 25
grams of potassium aluminum sulfate crystals in 300 ml* of 
water was adjusted to pW about 5*0* by the addition, of solid 
ammonium acetate* and allowed to stand a few hours* It was 
then extracted with' successive 100 ml. portions of a-stayl 
alcohol* although troublesome emulsions were encountered* and 
the strongly fluorescent extracts were carefully erepar#ted 
to dryness* Analysis of the dried residue indicated that 
two dye molecule® were combined with each, aluminum hydroxide 
molecule* Calculated for AlQHOg (®BQ%x1%B%1fa£g;.: O, 50**4$*
Eg 8.74^1 Al* 3.19:$* Founds C* £8*13$ t H, 4,30f,
4*&8&$ Al» 3.X9£* 3*E1%* yhe experiment was repeated, using 
'dyes alum ratios of It 8 and Is 10, and the aluminum perse stages



t m m& in the to lit' residues #ere about the ©a®# a# blie aloft,

*F«ro solutions jrare jorep#F^ which .e-seti ©ontain®# 0*5 
grass. of ©sssaonlum acetate* 1*0 .ml* oflljio sulfuric aei^ and 
1*5 ml* of B*B*E* solution la SO' ml* foluaej tat on® coatsIn## 
0*0£0 mg* of aluzalnum end the other contained no aluaimia*
Tim transmission of each solution mmn measured, against die- 
tilled we tor aver the entire visual range, using the BaeioMM 
mpmmtroptotosaator* An interesting verification of BtokM*
Law is an own in T@bl© 17 and Figure 17 s the fluorescing solu­
tion hmm a much stronger absorption head* just on the short 
wavelength side of the' fluorescence bend*

It still remained to,-apply this method to the an®lysis 
of actual Industrial » tar1ftla# such ®s steel* Inasmuch •*
#fta assail amounts of ferric ion quench the fluorescence, e 
.prl&e necessity was seen to be either sopors ting the- iron or 
renderlog it innocuous*

First#, it- was found that ferrous ion plus a little sul­
fur oua acid did. not sensibly dteinish the fluorescence* Bo 
it was .hoped that the iron could be left im the fluorescing 
solution# but kept in the reduced state* However # ©wry eb- 
tampt at adjusting the pH. to 4*S# by adding crania to a fer­
rous sulphate solution buffered with aismonium acetate, resulted 
in the precipitation of ferric bydroacide # even in the pres­
ence of uudb aulfuroua ©old* Ho fluorescence wee ever



observed is m soluhion, containing &lxmimvm snii B+B.B*, Is which 
such precipitation bad taken place* Attempts to reduce sod
so raa.issal¥e the ferric hydroxide, us la# Metallic stnc* lead,

hydrbxidh comes oat- .et pH 6#}
Qomeleax flaraatlfte* If ext investigated was the masking of 

ferric iron through eoapXex formation* A solution was osds 
up ia the usual way, using- 0*100 *ag* of alumina® sad G*0 ml.* 
of B*B*IT* * except that 1*00 gram of a^soslum citreta was used 
@s the buffer instead of ateo&lom acetate* The solution 
showed very little fluorescencef and area this disappeared 
upon addition of 100 ag* of iron as ferric nitrate* la 
smother experimant, 0*50- grams of mtmsmhm tartrate added to 
a flworasojUae solution reduced, the intensity slightly* but it- 
failed to preveat complete quenching upon addition of SO m% * 
of ’iron- ss ferric nitrate* similar results were obtained 
'with oxelete# It is apparent -that neither citrate.*
oxalate, nor tartrate avails for eltminatlajt interfsres.ee due 
to iron. Therefore the conclusion wes reached that it would 
he necessary to asperate the iron from tfet'alyaiasa.

resee&t complex could be extracted from aqueous solution W  

butyl alcohol;, n^aaey 1 alcohol was preferred here* because of 
its lower solubility la water* When 50 ml* of a-smyl aXeofeol 
was shaken up with 50 ml* of © water solution containing 0*010 

of aluminum* 0*5 gram of smoaiua acetate* and 0*07 ml* of

;or cappe#,. were eleo .uaavalilSg,1- (It m mj be re^iEhered that 
ferric hydroxide precipitates at shout pH 4, while ferrous

It was teowm that this flue*



aeeble acid,. the fluorescence of the ©leotoX layer was three 
tinea ss inte&se ss that of the original solution toad been#
However if 10 drops of sulfur io so id wars «SdM to a similar 
aqueous solution to©for® extraction, practically mo flucres* 
seme# mm.B ohmmTwmn. in ttoe alcohol* Moreover * adding a dilute 
acid solution of 20 fag* of iron as either ferrous sulfate or 
ferric chloride likewise prevented "any :f lucre stoe&ee 1m the 
extract 1ms alcohol* it was ,Seau that this sorooedure wmm mot 
suitable, because of the. necessity for adjusting. the .pH 'toe-.
for# extraction*

■Ctergferrosu a mother separation tried was the pres ip its* 
tioa of Iran fey eupf erron, the ammonium salt of 
^toemylhydr^Kylamiiie. A solution of SO jag* of iron and 0*050 
um* of aluminum im 10 ml* of 1:24 sulfuric acid %mm cooled 
in lee, and treated with 10 ml, of cold s£ aqueous solution 
of eupferron end a little macerated paper pulp* The red-hrown 
Iron precipitate was filtered off, washed with 1*4 a©©tie 
acid, and discarded* The filtrate and washings were adjusted 
to pH 0*0 with asaiomlua hydroxide, and 1*5 ml* of 0*1# B»B*R* 
added* But mo fluorescence at all was observed, probably due 
to the nltroBQ group la the excess eupferron present, or Its 
oxidation toy air to m nltro compound* ifitro compounds such 
©a nltrobeaxeae are known to interfere- with fluorescence, toy 
ato&ortol&R the ultraviolet*

Amoitoer attempt was them mad®, with provision for destroy­
ing %hm excess cupferroa in the filtrate* To several cold 
solutions containing 50 mg* of iron plus aluminum xarylm#;
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from none to 0*010 sig* in 1:9 sulfuric acid, was added 5 ml* 
of cold 6% eupferrcm solution with vigorous stirring* The 
filtrate and washings of 3$95 hydrochloric sold ware collected 
in a £50 ml* besKer, 10 ml* of concentrated nitric cold added, 
end evaporated down to copious fusses of sulfuric acid* Such 
a treatment with nitric and sulfuric acids usually suffices 
to destroy any organic matter in solution* However, 1ess 
%has one-tenth of the normal fluorescence was observed when 
the solutions were diluted, adjusted to .pH 5*0, and treated 
with 1*5 ml* of 3#B*E* It therefor# seemed that the n.itro 
compounds resulting from the cupferron were resistant to de­
struction, and this line of work was dropped,

ftodjuta hydroxide* Another reagent often used to separate 
iron from aluminum is sodium hydroxide* To 10 ml* portions of 
1:24 sulfuric acid containing 20 mg* of iron, were added re­
spectively aero, 0*005, and 0*010 mg* of aluminum* Each solu­
tion was .warmed and. pqured with stirring Into 20 .ml* of hot 
1C#S sodium hydroxide solution In © platinum dish* The mixture 
was heated sever©! minutes until the ferric hydroxide coagu­
lated , then It was filtered through double Whstaim #40 9 cm* 
papers into another platinum dish* The solution was adjusted 
to pH 5*0 with acetic acid and 1*5 ml* of B*B*B* added, di­
luted to 50 ml*, and let stand on© hour* The fluorescence of 
the blank was fairly high, corresponding to 0*005 mg*, hut 
the other two sample® showed low recoveries: 0*OO5 mg* found
for 0,005 added, and 0*002 found for 0*010 added* It we® 
evident that this method ©Iso was not satisfactory, as Might
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have been predicted from tin® well-known. extraction of alu­
minum from glassware (such as the funnel) by hot alkali, sad 
the strongly adsorptive properties of ferric hydroxide pre­
cipitate*

yyreurar cathode electrolysis» Bleetrolyeis of © weak
sulfuric acid solutiont in & cell whose cathode is a layer 
of mercury at the bottom, infrequently used as an effective 
issans for the reparation of large amounts of iron from, small 
anouats of aluminum* W e  lislavea type -of cell (52) was used 
in these Investigations; usually, twelve volts were applied, 
resulting ia m current of about 0*4 ampere*

An iron solution for use in these experiments was pro* 
pared by dissolving 1*00 gras of national Bureau, of standards 
iron #5$a (which contains 0*0OM of acid-soluble aluminum) in 
SS*0 Ml* of Is 9 sulfuric a eld* and diluting to 500 ml* Ali­
quots of 10' ml* of this solution plus varying amounts of alu­
minum were electrolysed for one hour, the spray being washed 
down at intervals, end than drawn off into a 5<l ml* volumet­
ric flask containing 5*0 ml* of 10# awo-iim acetate and 1*5 
ml* of 0*1# After standing at least one hour* the fluo­
rescence was measured end compared with standards of 9*010, 
a*0E0, end 0*030 -mg* mad® up simultaneously* (These stand­
ard® also contained 5 ml* of 10# ammonium acetate and 1*5 ml * 
of # end in addition 1*0' ml* of Is If sulfuric acid, the
same amount as warn present in a 10 ml* aliquot of the iron 
solution. These amounts of acid and buttmr were found to give 
a pi about 4*8, close to the optimum* )
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For highly precis© work, the ® Xumlnum concentration 
of the unknown should he read off© calibration curve (pre­
pared from the ebender&s) which is not perfectly linear* la 
most cases, however, it suffices '-merely to. oelculete the con­
centration fross the nearest standard by simple proportion, 
assuming linearity*

lifter several trials in which difficult lea were elimi­
nated t quit© accurate results were obtained for synthetic 
standard low aluminum steels, as shown In. Tati© IS *

Determinations of acid-soluble aluminum content (which 
Is of greater metallurgical interest than, total aluminum) 
were made on several Hatlane1 Bureau of Standards analysed 
steels, using the following method* For aluminum 'percentages 
up to Q.XOft, & 1*000 gram sample was dissolved' in £5*0 ml. of 
Is9 sulfuric acid, and diluted without filtration to 500 ml.; 
a 0.1000 gran sample w&® used for higher percentages, up to 
about 1*0$* a 10 ml* aliquot was-' electrolysed in a .mercury 
cathode cell for about an hour; the aclutton and rinsings
were, drawn off late a 50 ml. volumetric flask, which contained14

^5.0 ml. of XiM ammonium a ©eta be'plus 1.50 ml'* Bt -Oil# B*B*B«,
v.and diluted to the mark* After -standing at"'leant one hour,

*.-■ r- /,/uv

the fluorescence intensity was SMfcaa&iradV4ia& ©c©|>ar«d with 
standards prepared simul'^aneoualy and similarly.,, including 
©l&etrolyals, and containing the same amount® of acid, buffer, 
and dye as the unknown* The results obtained war© quite good, 
as shown, in Table 19, especially is the ease of steel 14c,



which 10 most typical of the low aluminum class* Even et the 
X% level good results were obtained , but thm fluoreeaenee 
method offers little advantage over the gravimetric , for such 
large amounts *

If a determination of the acid-insoluble eluadaom oxide 
la the steel is required also, the following method Is wed. 
The Insoluble residue remaining after dissolving m 1«000 gram 
sample in 1*9 sulfuric eeld wes filtered off on a retentive 
yeper, sad washed thoroughly with 5:95 hydrochloric acid end 
them water* After ignition In © platinum crucible until all 
carbon had disappeared, 1 ail# mf 111 eulfwric .said ami $ ml* 
of hydrofluoric acid were added* The mixture was evaporated 
down to heavy fumes of-- sulfuric ©bid, and allowed -tb cool.
The sides of the crucible were washed down with 6 or B ml. 
of water, and the mixture eve pore ted end fumed strongly again* 
Wham cool, it was transferred to a large platinum dish with 
5-u ml. of water, and heated until the salts dissolved com­
pletely* The solution was barely neutralised to methyl-red 
with aluminum-free 10# sodium hydroxide solution, and then 
B5.0 ml* of 1:9 sulfuric acid were added* The resulting solu­
tion was transferred to. a 500 ml* volumetric flask, diluted 
to the mark, end shaken well* A 10 ml* aliquot was pipetted 
out tor mercury cathode electrolysis, and the remainder of 
the analysis carried out as described In the preceding para­
graph* Excellent result© were obtained on an WBS -ateel, am 
Indicated la Table EO*
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poaalhim interferences not removed by mercury cathode els©-

Tit#- mercury cathode treatment qwantltstlrely removes 
iron, chromium, laolyfe&siium, cobalt, nickel, ©og-per, slno, 
gallium, germanium, arsenic, selenium, tellurium, platinum 
motels, rhenium, silver, cadmium, indium, tin, gold, mercury, 
thallium, lead, end bismuthf end manganese only partially? 
but aluminum, baryl 1.1m, boron, titanium, sirconlum, vanadium, 
alkalis, alkaline earths* rare, earths, earth acids, tungsten, 
and uranium re me in completely ia the solution*

As already noted, beryllium does not interfere in the 
B.»B«fU determination of aluminum* It w b b  of interest to In­
vestigate possible interference by titanium, vanadium, and 
zirconium, since they were about all that sight be left e®~ 
anointed with aluminum after mercury-©athode electrolysis of

• '■ :i.

am ordinary steel* Solution© were made up to contain 0*010 
M&* of aluminum, 5*0 ml. of 10f ejmaonium acetate, 3*0 ml* of 
1:19 sulfuric acid, 1*5 ,«X* of 0*1# B•$*$•» and up to 50 mg* 
of titanium, vanadlwn* or aircon&i%;-. Cable sad, Figures 
19 sad EG show that ̂ interference la nil fey airccmium, flight 
fey titanium, and moderate by vanadium* However, It must be 
remembered that these elements will normally fee present ia & 
steal mostly ®s carbides which ere insoluble in 1:9 sulfuric 
acid, and therefore only m small fraction will fee found as­
sociated, with the solution containing the- aluminum, Thus, 
vary good results (fable 31} were obtained by suelysis
of m 0*085# titanium and a 0*11# vanadium steel which had
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previously l»eeu carefully analyzed By the lengthy gravimetric
method (sodium bicarbonate preliminary nepera.tlouf then mmr- 
eury cathode, then oupforroa to remove or vanadium,
and f inally ta^iiia- precipitation %&& igftttlsvi to mlmmimm 
or id s *)

It was also found that 'ICO ’lag;.* of celelupi chloride la 
50 Ml, of fluorescing solution causes a, slight increase in. 
fluorescence; 100 mg* of magnesium, sulfate"is practically 
without effect; and 100 mg, of sodium sulfate causes a slight 
■decrease*
Analysis of national- Bureau, of Standards bronzes*

Phosphor bronze, ounce metal, and manganese bronze were 
among: the alloys analyzed* Certain changes in the procedure 
were necessary: for example., nitric acid .had to be used to
.obtain complete solution of the sample, yet even smell quan~ 
titles of nitric acid vitiate the mercury cathode electrolysis 
end destroy the desired fluorescence,

The procedure finally'adopted was as follows* A 1*000 
gram sample (or 0,1000 gram, if the aluminum content was 
greater than, o* 10#) we© dissolved la '10- ml. of lil nitric 
acid in s £50 ml* bee her 9 so ml* of 1:1 sulfuric, acid added, 
and the mixture evaporated, down to copious fumes of sulfuric 
acid* After cooling, the side® were .wsahed dawn with about,
15 til* o f  wet er, and the contents age in evaporated to heavy 
fumes# Bach evaporation was accomplished in m few minutes 
by heating the basher over a free- flame, while swirl leg the 
contents vigorously* The cooled mixture was diluted with



©bout XOQ Mi* of water and barely neutralised to methyl red 
with 10$ sodium bydr ex Ida solution, and 25*0 ml. * of 1*9 sul-
furl® sold were added. After dilution to 500 ml** a 10 ml* 
aliquot was pipetted out for mercury cathode electrolysis*
The reminder of bh© analysis wm® completed in the memmer 
already described for steels*

Very good results were obtained for fir© alloys.* as 
shown in Table 25* Deviations from, the true value were 
less then in the results given by the several standardising 
laboratories on the certificates issued by the Watlocal 
Bureau of standards * Bere ©gain, the fluorescence method 
offers the greatest advantages over the conventional gravi­
metric act hod in the analysis of lew a t o m l m m  alloy®,., con­
taining a few hundredths of a percent*
Analysis of national Bureau of Standard© Minerals*

In this case also, changes were required in the method 
of getting the sample into solution* For materials consist­
ing. largely of silica, the following direct method we® found 
suitable* a 0*1000 or Q.SOOO gram sample (depending on 
aluminum content) was weighed into ® 20 ml* platinum cru­
cible and treated with 2 &1* of 1*1 sulfuric acid and 10 sal.* 
of 4Bm hydrofluoric acid* The Mixture was evaporated down 
'’to copious fuses, cooled, diluted with about 10 ml* of water, 
and again evaporated to heavy fumes* It was them added to 
100 ml* of water, heated until- all salts dissolved, and mad© 
barely neutrbl to sctteyl red with 1CHS sodium hydroxide* After 
addition of 25*0 ml* of 1*9 sulfuric acid and dilution to 500



mX*§ a 10 sal, aliquot was aleetroly&ed In the mercury cathode 
eell for about -am tour* The deternieatioe/waa completed la 
the manner .debeftbed #sir steel, sad the- resulta. were aalea*
la ted to percent aXxtgilmm oride* Table £4 stows that the ti-

■>. "', •. " ’'r‘/curacy obtaiae# for glass '@®a|id #ai sad sille© brick #X0§- wmm
w r y  good, with a m U e r  deviation® from the true values than
reported by'tto standardising laboratories* The blank on the
entire procedure was %uite small* about 0*0001 ag* of slumi-
ama arlia ©a. the 10 ml* elItuot*

-For other type* of minerals, it was .more convenient to 
proneed with the ordinary mfa®rm of analysis, and then apply 
the fluoroseenee method' to the determination of -alumina l*r 
the. HgQ$ ammonia precipitate. This may be Illustrated in. the 
# « #  of J3BJ3' doloialb# #68* A 1*000 .graaa- seiipXa mm®, heated at 
11QQ° a* far thirty minute©, then balled with 40 .»!.* of 1*1 
hydroehlorle eeld* The m m l l  insoluble residue (which ©on*-- 
taIned ssuoh of the aluminum, in the form of silicates) wee 
filtered off, washed, Ignited In '& platinum eruelhle, treated, 
with 5 drops- of it 4 sulfur in a old end 5 ii* of 48f§- hy&raflu-» 
or In eeld, and evaporated to dryness* Then it was fused with 
0*5 -gram, of potassturn pyrosulf ate, the cooled melt dissolved 
In weter, and this solution added to the original f11tret# 
end ■washings, About .10 -grams of aesotim chloride were added, 
■end the jjyecijpitated as usual by ang&onla, using methyl
ired indicator*.. Th# hy&rsael&ee were filtered on XS*S e&* #41 
paper* washed e few times, transferred to a bee fear by % Jet 
of water* and dissolved by the addition of B8#0 ml* of I?0
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sulfuric acid. then tile solution wm&. diluted to 500 ®l»f a
10 ml* aliquot pipetted- out for electrolysis* ©ad the deter- 
laiaation completed in the usual manner* The result obt© listed 
were quite setlsfeetqry* as shown in Table £4*

At first, a different method was tried for getting the 
minerals into solution? fusion of the $mmplm with 5 grams 
Of anhydrous sodium, carbonate plus one gram of fused boric 
acid* However* this save s very high hi ash* about Q*0E0 mg* 
of alumina on the 10 ml* aliquot; spsctr&grapble exemijaatloii 
later disclosed the presence of a few hundredths of- a -percent 
of alumina in the fused boric acid used* Beside©* even after 
subtreetins the bleak* eight determinations gave results of 
about Qml&% elumiaa for # S S  .{certified value Q * G $ ? i » ) . ; and 
six acterraimstioae on #102 gave results that were tern percent 
boo high* This method was therefore discarded and .not further 
laves tig® ted*
Comparison of poats chroma Blue Blacfe E with Pont a chrome Vie-

.̂SLsl
Post a chrome violet sw, the sodium salt of S-sulph.o~&~ 

.hydroxybefiseme-aso—^-aephthol' has also been reeoBsae&ded as
a f lucre see£»*%X!$epeaV-fws.-elumimm (VGJU It gives mn orange* *.
fluoreaceape^ at 5850^4250 A, postered 'with the re# £ lucres- 
oanco ofv?B*B.l* at 6305~d9f& A* beemuTemmutm of the intensity 
of bhis orange fluorescence were' mad# using a -/double hhle&mees

A ■ j, ' ;*U-‘ ,, ... '"A - .j ■■’*

of aaihar delXt̂ bishe->jei&tetkti§4ed i;for bhe red plastic secondary
%filter used in the B*£*B* experiments*

First studied we# the effect of the ©mount of dye present*
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M series of 'toiutlons was m f e  each eomtmlmiim 0*010 mg*
of aluminum, 0*5 gram of awcraium acetate, 1*0 ml* of It 19.

• f ■. ■ 2v ,  -sulfuric acid* and eiaouiid of &*1£ ?»s*W« solution ranging
up to 0*0 .ml* After dilution to 50 ml*, the solution# wore 
lot stand one hour, sad then measured* The intensity re- 
msiaed' oon.sta.nt o?er a wider rang.® of dye ©oneen tre11 on 
(Table S5 and Figure 21} then la the ease of B*B*E,*

fltext, the effect of Tariations in pH was Investigated*
A series of solutions was made up* each containing 0*010 sag* 
of aluminum, 0*5 gram of - ammonium acetate, X*@ ml.* of 0*2$ 
F*S*H* solution.* end varying, amounts of Is It sulfuric # M  
or’ .10j& sodium hydroxide* in a volume of 50 ml* The pH was 
measured and* after 1| hours* the fluoreaeesee was read* It 
la apparent from Table 2# and Figure 22 that smell deviations 
from the optimum pH of 5*0 cause an even greater change of 
intensity than In the- ease of This necessity for
sore precis# control of -pH represents a disadvantage#

However* an almost perfectly linear relation wm.m found 
between aluminum concentration end fluorescence intensity 
(Table 27 and Figure 23} In the range zero to 0*020 mg.; %ha 
solutions contained 1*0 .ml* of 0*l£ F..S*W*,, 0*5 gr-tys- of sa* 
moaluis acetate* and 0*8 ml* of It 19 sulfuric acid* A a© turn** 
tioa plateau appeared at higher concentre tlone— ebout Q*0&0 
mg# in 50 ml*— as is shown in Table .28 and Figure 24* Bather 
good results were obtained in the very low range 0 to 0*001 
mg* (Table 29 sad Figure 25}, but the readings decreased too 
rapidly to be completely reliable*
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procedures in ajpeed, sens itiriiy* accuracy, aa# frtito frost' 
la ter f arena* *

Tim preferred.-res®ant -is the dyestmff PontsetiroM: Blue 
Made which is used at. a jft of 4*8 la- buffered-' saiution. 
jgxeellent results may also be obtained wit b,,,Foittae&r«e Vio­
let sw. Meetfolysls in a aereury eatbod# sell serves to 
eliminate later ferine i one*

Studies feewe been conducted on tbe changes in Intensity 
of fluorescence under variation of experimental conditions 
■such as bemj^rature, time of standing, yE, dye coueeatyet1 ont 
■and., aluminum concentration. The probable composition of the 
fluorescent subetanee bas been established by analysis, after 
e«yl alcohol extraction from aqueous solution.
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w w m o m m i Q  b e t m m m x m s t  xom of m u m

Origin of the problem

Very sisIX amount© of boron have been. found leant
la soils cad pleat nutrition* aad a few thousandths of-m 
percent is of importance la, steel manufacture (-18* I?-},* The 
search for highly sensitive analytical procedwes'for boron 
has been stimulated by the fact that ©onvemtiomsl set hod® 
are not suited for the determination of microgram quantities 
of boron*

widely used for moderate amounts is- the Chapin distills* 
tioa method CS)* which has been applied to steal® C31) and 
waters and plant materials < 104)» The boron is first isolated 
by s very- specific separation* distillation, .of methyl borate 
from a nearly .anhydrous aixture of sample, methyl alcohol*, 
and s little sulfuric ©eld* The distillate is made alkaline* 
era per ft ted to a smell volume* acidified* end the carbon dl~ 
oaci.de la boiled out. Using 'dilute sodium hydroride, the- solu­
tion is ss-de exactly neutral to methyl red, and thea e large 
excess of maanltol or glycerol is added. The polyhy&rie al­
cohol causes boric eeld to change Its behavior that of
#. very weak acid to that of a fairly dtresg monobasic acid* 
Therefore the amount of sodium hydroxide required to bring 
the solution back to neutrality (to phenolphthaXein} Is s 
measure of the boric acid present* Among the sources of dif­
ficulty ares volatility of boric acid with steam* the



introduction of boron from glassware sad reagent®, and the
"r ■ , , ,l * :'‘ -. _J:’ 'V  ‘ X v ^

■pt4m4njm';of■;e « h M  €foxider which. Walras endpoints % ® m  sharp 
mtsM causes a plus error*

Instead of. us log visual imatesfors>- the jmmmiiol' t ibra~ 
bion Jms been aeoompJ is bed by a mull-pelmb potent ioM-hr te"
'method {?#}* It .fees been determined that as many as 27 mol®®'

■v
®t naariaital per mole of baric M i d  are' -required for accurate 
^Bulb#- {39)»

fcrevisaetri® procedures ere lea-et suitable for the deter- 
mtmaiiom of ■micrc^rass uuambXtle# of boron, but': two of M m s e  

w m y be g ivea brief mention* Xa 10aoeh,s siebhM C.B2) methyl 
borate is distilled, out- of' the sample a ad passed through a 
weighed absorber containing' which- Is converted to-..eel-
Oita borate with sttraUuit- lucre®se ia weight*. fa the-otber 
eebetee (49* p. 590-4) continuous ether extraction' for 30 
hours completely tiaont. boron from .atueoos /telnt,ion. j # lit­
tle dls^aoniuis.. hydrogen phosphate is"'added* the ether *w®p®~ 
rated off* and the residue; heated and weighed-’eh

apectrographie beetmiquem (&6» 00) -here1 fielded- fairly- 
accurate Ajoely&e® of boron in steel# through -the' use of 
electrode a iapregha.bed with a solution of drillings of the 
-ate®.;.# ■■However, the strongest boron lime# £496*-© ■& and 
2497*7 a ere very,close 'to irea^iiaee* so-fetter results ere 
obtained in the second order spectrum with its greater dia­
per® Ion (!&)♦. *■■ carefully eteisdardieed proeedur# arches it
possible to use m @ ® &Xv# steel specimen#. , and the point-1o-plane 
technique*.
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A variety of color iiae,trie reagents have hmmi proposed, 
for t,lm determinat ion of a m  11 amounts of boron# Eany of 
these-.are polyhydroxy ara&eilcs*- wirieh form ofealatlitnê ®-- 
pounds with baric acid la concentrated sulfuric acid , solution* 
Per&ops the most .widely -used, of these la ^aiaallasariJB, which 
is 1, 'Sf. 5* tet* etQ^oxyan tteraqulncme* It has been used
for the analysis. of soils C4f SO}* steals (57# 75} * cad 
stainless steels (95) t after such separation* a* sodium bydrox- 
Ida or ,a©ro«ry cathode electro lysis (41) * which are much lea© 
specific than the distillation of methyl borate* Disadvan­
tages of the û-iiielizerifi method ares difficulty in visual 
imto h tug of the precise shed© In' the plnfc-to-blue transitions 
and unplea seatness q%.. working In concentrated sulfuric acid 
solution which ©bscSt* mo later© from tie ate ̂ ad thereby suf­
fers chouses in c o l o r ©Iso cause©-the precipitation of 
salts which cloud the- a^teiaa *■.-■, jWwever.# '4toiabsolute accuracy 
of 0«QGQ$$ is claimed* It ma*f be nobf<|. -that the soinsoluble

* v »if‘ ,« '

sad seId-insoluble portions of a steel iseuet each be analyzed 
separately for their boron content*

Another sensitive reagent is turaeriot or the coloring 
matter extracted from it, extreumlii* which gives a red \oolor 
with boric acid* fhts has been called the most sensitive 
test far boron* It has-been used for water (24)# plants (80), 
steels (41) # end soils (83)* The sensitivity of cureualn tea 
been lucressad by the addition of trichloroacetic a©id (64), 
oxs1le a© id (60}9 © a-d se1icy11© © © id (54)*

Many other color reactions for identification of baron



have been proposed* Solway Purple (Color Index 1075) in coa- 
centra ted; sulfuric ®e Id gives » deep ;blue color |4f)# M m  
olive-green color re suite, from 4#4 * -dieatao-1 * if -dieabbra- 
%uinony lamina In concentretad sulfuric acid (&)* Bantam tkyl « 
$uercatto gives a yellow color (61) , which however does mot 
Obey Beer* s Pew* a concentrated sulfuric acid solution- of 
abroiaotrop BB (p*aitrob«ftm'M29«lf d-dlhydroxy-naphbhalene- 
s, d.-disuifonte acid) causes m ofeaiig* from blue to .green (46, 
09)* Alizarin B in eomeentrated sulfuric acid gives ea orange 
color, acre readily ii»tciic4 then that of quiaaXizerto (19)* 
Carmine red in concentrated sulfuric acid is ©hanged froea red 
to. blue (108)* 0cobtoe©X in concent rated sulfuric acid la 
©beaded from red to violet (&)♦

A few fluorescence reactions have been described for the 
detectIan of boron., but not for its quantitative determination* 
ffeelaica&teJa and How found that add tog boric acid to solutions 
•of ortho-hydroaqr-oerboayl compounds la concentrated sulfuric 
aoId' caused totens ifleation or color ©h&jage of their fluores­
cence to nearly all esses (68)* la particular, reeaeetopheaaae 
to slrupy phosphoric acid gave a blue fluorescence with 1 p*.p.m 
of burl© an id, in % b m  absence of each Interfering ions as -ebro~ 
mate* chlorate, nitrite, and fluoride (65) * & very dilute so Xu
blon of l-^astobid-iydrd-x^sdtbra-iiuinene in concentreted sulfuric 
acid gives an intense fluorescenee (69)• gvapo*

*'  ̂ rrating an an atone solution of fi^voaols, baric acid, and 
oxalic acid to dryaqss,..gives; an, intense yellow dye, which 
fluoresces strongly in the yellaw-gfeea region (91)*
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Im describtng beniEoia, Gglg-C0~0E0H~OgHs # ®s • fluores­
cence w g « a t  far the detection of zinc# White end Keueiadt 
stated that boric sold ©Iso gives an in-bens* fluwaaasno* 
with bensoin* in slightly alkaline .solution {10B) * White mmi 
Busker found very few metals which interfered in the bensoiii- 
"boric 8C-.M reactiaa, among them antimony* beryllium*, glue, 
end metals which are precipitated By sodium bydrajcid© (98)*
©nd found that better results were obtained in alcohol then 
in water solution*

It appeared worthwhile to attempt to develop the beasoin 
reaction into a procedure for quantitative fluoram©trie deter­
mination of microgram quantities of boron*

The desired .goal was achieved- as described in the be lanes 
of this section* first* the effects of various conditions 
on the fIttoreaeemee intensity were .investigated quantitatively. 
Hart It- was shown that the Intensity was a linear function of 
boron concentration, under carefully specified conditions*
finally, through the use of the methyl borate dietillation*?
It was''-found'.- possible "to such© awfully ©nelyz© by the new methodt

samples of m'n industrial material, steel, -of known boron eon** 
tent*

A ppera tus end'' Eeagent s

Measure sent© of fluorescence Intensity -were made with the 
L m m t T u m  flucreeeease meter model iOSlf, .using m 4*fV sm» 
thickness of Owning Violet Ultra ,#Mi$ a# the primary filter, 
and sheets of wrattsa £* gelatin as the eeeendery filters* The 
.relation of the transmission* of these filters to -the boron-
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bens a In green iah~whi.be fluorescence band at #40'0~©3€K) a is 
shown la figure $0. It itsy be noted that burbMlty -of tha 
solution would eeuse mo error, because no-light which -is 
passed by the prisasry filter *caa get through the secondary 
filters to- affect the photocells*

to ail-sillea distilling apparatus was used-In the eitaiy* 
el* at steeds. It consisted of a 100 ml* .distilllog flesScg* 
closed at the top by s ground, joint* sad connected by another 
grouM joihi’ to a - eoikeftser tube about bo ea, long and 10 m *  
diameterf which was cooled by ,a water jacket*
" * ,. ?:Ih order to hy&i& Sorak eoatamiaatioa from glftesmre, 
vessels of platinum or Quarts war# used wherever possible. 
However f th© 50- ml# glee** stoppered volumetric flasks used 
for the final -solutions were' of Pyreae glass.

Bennola -solution, 0*50$., was prepared by dis&olvihg B.$0 
greas- of beanels (reory ate lilted twice from alcohol) la 500 
al*; of •red-istlllsd ethyl alcohol.

Ordinary 9-5$ ethyl, alcohol was found to possess consid­
erable fluorescence* so it was always '.redistilled from am all**- 
glass gpparetttis* and stored in s glfts&«sttiy?pered bottle made 
of boron-free gloss. After such treatmentt the -alcohol gave 
only a slight' fluorescence*

Absolute. Methyl alcohol, a# P. analysed* and Isopropyl 
«lechol were used without further purification.

lltftaderd boron solution- A, 1.00 ai* « 0.100 jag. of boron, 
See prepared by dissolving 0.071b graa of analytical reagent 
grade boric seld in water and diluting to -one liter*- l weaker
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solution B, crohbfining 0.010 ng* :of baron par ml.** was pr#*
pttl4 by -tenfold .dilution of A* By fivefold dilution of B,♦•' ?; , >; ' * "V " >> jl « j f > v >.'W‘ 
a still/ weaker sol&fci«k§ 0  wtfb pfejmpod, hairing S.O Jticrograits
of boron |>#r fal*

SMius hydroxide solution, 0.6 SI, was prepared by - &te~ 
solving 24 grass of 0. F* ao^im hydroxide la water la e plati­
num dish#. transferrim to a quarts flash, .end diluting to one 
liber*

Bistilled water only was used in these oxf^xlmoat^#

Expexiisental -Work

Preliminary inye$fcIgatlons showed that la appr oxissabeXy 
65^ alcohol solution •containing about C.0E& of bang®la end 
a little aodluis hydroxide* the intensity of floor# scene© ia«* 
ereased when the box to a-e'ld none antra t ion wee, increased* But 
til© intensity was also greatly affected by tin* of a tag*ting, 
'eoaeeiitratloii' of benzoin and of alkali# and the order ia 
which the reagent's'were added.* therefore ■•■•it was. ncenaaary 
first %a study the influence of m m h  variable Individually* 
holding the others constant*, The temperature was & & ° ±  
la all these ©xpar iiaaaba*

Tlras. of stand iuft* Id e &0 isl* volumatel© fle.dk* 1*0 sx* 
of standard solution B (containing 0*010 mg* of boron)- wmm 
■nixed with 1.0 ml* mt 0*6-. 1 sodium hydroxide* sad diluted %m*» 
iillately to about 4b ml* with ethyl alcohol* Then as: rapidly 
as possible 4*0 ml. of 0*3$ benzole- solution were added* m



wit afarted* thm d&xture diliatei ■%& tte mark witli 
mlitoliol ffttd siut&ea ▼igoroimly* ant telf of if, Imfo tea

:«i* e « U  ant placed te tee l&a&rtsaei&t *
.^ifeeaia intensity- ware taken at one Minute ;'iatervaii.#;,':|in4er 
a&atljinous. Irradiation* tffar tea Mixitittec iâ ' in
t&e, tail was dta&arded sad reflated by tto" dfc&af ■ fcalf of tee 
ori^ltt&X mlrtere* la#tta§a ware, agate pate$&:-m% ote.tilTOte 
internals* £s stewm te-’ftel# 51 ant Fi^ttr# 51, i&#!'-f&«*ar*a~ 
eedee increases at first* teaatem a iter i m m  after at out 4 
j#£dufcear .&&& ttem d.i?o#e' off ajsoet&ly# -fte 'portion ■«# tte 
aaafe* solution w& lelt sii •net. exposed fa mlteer'lolat” :ted£a tlmi 
fof tern :^lmute# after m h m r n a relatively iilgls Intensity
at first* tef tel# *4rop§ rapidly fo- a- xmhxm #.t'te

s v’ ,0’ j '< .-■■ ,7*i' , :'

waaf w^mM Mire tea** te sorted if^tkradiafion' tat -teen. .tanttea* 
ou# from tee sa£^enf af f  ̂ * "1 ';\ f ?.•'*

’ ;, ' f \.-< " p-|V %-, , ■■'' ,> ■?' te
¥&* axper imeat was rej>#ate&* exeapt tSat ' 1*0 &l-f .of solu­

tion A i n  used, atetete^Bt $f tor on*,, .Stellar
.r#»lt"a were Jteta£»ed* Xm fable SS ant figure 5 1 * ftes# 
.Ittpki suggest ttetetee aatae-cmiatie tefliiMtes ate./atr work 
feat#* tee* teite l«®li te inaawNiae-.teâ  tete»itf# ia=t&e 
prtea&ly far- from** lits t a sit s a mous resetten ' teite ,pf ods® © a t&® 
fluorescent compound; tee #tter* teiob tends to 4 ear esse the 
intensity* is the oxidation ■.er-'pitotaeBteieal' deatrue'tioa of 
tee fteorw##nb eo&pQimd* leXatiwe. fO'' the hypntemtte of 
dafcipu* it wsm 'found teat the reeding^ .Mmlaad -ma^m .seerl^ 
tonnteiti in a entered fban 'to ad ud#«nr#ret teii*

.If was ttemslit test adding an aaii~©xitamf telp
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M.mmp "tha readings*. eonstitfvs*. ad d itio n  o f o* .« i^ r «

of sonluo dltfeioaite» He t re salt ad la m apoli. wea-unr
■fluoraeeercee* praoimitation in %h& -ablution* ®wl ©s
great a Trariaticm with time* Sis&ilarXy, t&* addition of -0.*.E 

of- re »*»rc Inol to « solution swd# u$ with 0*100 tag* Of 
boron. failed to giv© cohstatioy of rtoftdloen f Table «£■ hud 
Figure: 44$ elthough the initial 'latsaalty of the ĵ ortioit not 
Irrodisfc#& for the first tea alauft#* we® r#lstlirely greater* 
It m y  b* emphasised hero that the seal# of the Instrument

read jttwtsd arbitrarily1 for ©ash 'of th# experiment̂  on the 
&fi®mt ->f variation of conditions#

B o m n m  of the poaslfcla iaa#falais3 of the -3!©toy3. berate 
reparation, im bhy’l. aic-'>J';al was triad as a la steed of
ethyl eXbohol# %n other oondl&ioM wire similar &
1,0 ;il#- of so&iuM hydroxide, l*o ill* of solution B ear* tain tag 
0*oXO of boron* end 4*0 Ml#, of beasola wore mixed sad 
diluted In the and %hm tinm eMtft*u?*d sad read*
lues ft* tea *,» 'before#, Th# general feeturea of the eurira re** 
;®iwl tae e&̂ o*. **#«pfc that both the ri«« end deeay of flue** 
rsseen.ee were •&*re gradual* us may be seen in Tefel® 34 and 
figure &1# But t&d Inttt&plty m m  :¥>®$Y/mu&h Xbasr than, in 
eb&yl aloohol. oolut ion#

The erp#riri«ht hî hfer XeWit olt G* jox
ssg.* of baron in -meblmaXi; Mint late* The read lags. badanji qtulte 
aonat^nt in this ease, aa evidenced "in Table £0 and Figure 
Mov;#ver, j&nri if the later wor*. was done et la*,'ey boron eon** 
esm trs  t  iano» no i t  © §S 42 ©eided to  re tu rn  to  usin#' etnnnoi,
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and thus ©void sacrificing sensitivity*
Concentration of sodium ■ hydroxide. i ter la® of tea solu- 

tlons was prepared and mixed. la the manner previously described; 
each cants insd 4,0 ml,- of benzoin, wary lag amounts of He OB 
solution up to 4*0 ml,, enough water to make the sum of water 
©ad MaOH equal 4,0 ml.* ©ad 5.0 ml, of solution 0 equivalent 
to 0*010 mg* of boron* It was found la this s&& subsequent 
experiments that satisfactory sad reproducible reading© could 
be obtained two minutes after fixing* but the internX must 
fee timed accurately and the technique .carefully standardised*

MaxImam fluoreaeenae was obtained by the use of about 
0.E5 ml. of 0*6 II sodium hydroxide in the 50 ail, wolrnrm, ae~ 
cording to' fable ^6 and Figure 36, The shape of the eurwe 
Indicates two opposing influences: the fluorescence reaction
requires a small but definite amount of ailceli for greatest 
intensity* but excess alkali seem#; to cause sore rapid d@str.mc~ 
tion of the desired, compound ,

The experitent was repeated at the higher concentration
of 0*100 me*, of bored, Af curve of the seme general shape 
was obtained* with the maximum -©gain at about C„£5 ml. of

Concentration of benzoin. A ©cries of solutions was pre* 
pared in the usual manner* each containing 0*$0 mi* of 0*6 M
sod low hydroxide* 0*010 mg* of boron added ©a 5*0 »J. of solu~ 
tiou 0, and warions amounts of 0*5J» benzoin solution up to 
9*0 mi*. 'Headings taken two minute® after mixing gars the 
results in Table 5*? end Figure 59. The curve, is approximately



parabolic, which shows that the Intensify is proportional to 
the square root of the ecm-eantraticm of benzoin* This. tndi- 
sates either that two molecules of basso In are required to 
prod.no© each molecule of fluorescent expound* or els# that 
benzoin exists in mlophol solution as a 4ia»r,

Concentration of water* lummmioh as the reactionr is 
carried out in alcohol .solution* It was not surprising to 
find that the a .mount of 'water present affected the intensity* 
ten solution# :srere prepared as usual, eeeh eonteIniug X*0 ml* 
of solution A equal to 0*100 m & P of boron, 1*0 ml* of 0.6 II 
sodium hydroxide, 4*0 ml* of 0 *5$ benzoin, and various amounts, 
of water up to ID .ml* Table Z B and figure 58 &htm thmt the 
intensity measured five minutes after miring decreased con­
siderably as the water content increased, so it was necessary 
to control closely the amount of water, mn well as of Ha OS 
end beneoin, lit the later quantitative determinations., The 
abaci see a of the graph, entitled "total ml* of water,** Include 
the Z ml. of water present in the HeOH and boric acid solu­
tions, aa well as the excess water added*
'Dependence of fluorescence on concentration of boron *

If the relation between fluorescence intensity and boron 
concentration should prove to be linear, the application of 
this reaction to quantitative analysis would be greatly facili­
tated,* Accordingly, this phase was investigated next*

A set of solutions was prepared, in the customary fashion, 
containing various quantities of standard solution a, plus suf­
ficient water to i m m  the sum equal 5*0 mi* As seen 'in Table
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S9 and Fi0Mre;59i the Imtefewitod Is a fairly uniform
aaniaer tip to .about \0*S5G i$g* of boront @nd then off*

Kext* a mfatIXier ranfe# f»f banfemtrations was layestlgeted 
More intensively* frqaa xero up to 0*050 mg* of boron In the

i

'50 si* rolmm* in this region, the graph wee found to be 
quit# nearly a streighb line, as shown by Table 40 ©ad Figure 
40.

An mem more nearly perfectly linear relation was ohta taad 
when the region aero- to 0*010 mg* of boron wm& stud led more 
thoroughly* this Is shown la Table 41 sad Figure 41* -Cease** 
^ueatly, all of tbe analyses. performed I®ter were within iMs 
lowest range of concentre!lone* Aa additional advantage was 
tbs ®«lltr smmple weight of steal refttired*

other alcohols then ethyl were tried as solvents* Iso*, 
propyl alcohol gave- a %nite linear relation up to about 0*050 
Mg* of heron (fable 4S and Figure 4£), but Methyl -alcohol. la- 
dor the given conditions showed e rather irregular increase 
of intensity with boron eoaeeatrailoh mp to 0*100 Kg* (Table 
45 and Figure 45)* The fluorescence was strongest by far in 
ethanol, however*

in all these experiments, the solutions bad to be shielded 
from exposure to bright sunlight, which caused. %Mm fluorescence 
to decrease greatly*
Ilw&ep&instioti of boron In pare solution*

The above findings were applied, to the determination of 
boron by fluoroeietry* Enow, amounts of boron (as boric sold.) 
dissolved in 5*0 mX* of water war# mixed- with 0*50 .ml* of
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.0.6 H aediu& h^roxid#ifi a SO il. volumetric fl«sk.t .and di­
luted to about 45 ml* with ethyl alcohol, then. 4.0 ml, of 
.0*50:1 bennola were added, a stopwatch starts simaltameously, 
end the solution dilutee! to the faark with ethanol* It was 
ghe&ea vigorously* the requisite amount was poured late the 
■cell* and the fluore&cence Intensity .measured at eataotiy two 
miimtea after the addition of the bem&oim* Tlie amount of 
boron present was determined by reference to” m sta ndardIs®ticm 
grape, constructed by drawing e straight lime, through the two 
points given by standard, solution containing 0*000' end 0*0X0 
mg'*, of boron, respectively., The. s$aaderd solutions were pre­
pared in the same manner end at the same' tine mm the "unknowns♦n

Excellent results were obtained fey the above procedure* 
the average, error far these mlcrogrem quantities of boron be­
ing only 1,5$, mm shown in Table 44*
Q-etermiua-tio-n of .boron in steels.

Finally, it was desired to. apply these results to the 
analysis of the industrially important material steel, in 
which the presence. of two or three thousandth* of a percent 
of boron causes .great i^roVemaat la the .mechanical proper­
ties*

Freltoiaaxy experiments showed'- that mercury cathode 
electrolysis, was not m suitable .separation* because of the 
alcohol .Insoluble salts produced fey neutralisation of. the 
acid electrolysete» Accordingly, separation of boron fey 
distillation as- methyl borate was decided upon*

The .method. finally evolved for the determination.- -of
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©cid-soluble mnd ©eid-Insoluble boron la steel was as follows, 
& 0*100 gram sample of steel wa® transferred to the .100 ml* 
flask of the ali-siXlea distilling apparatus, 5 ml* of 1:4 
sulfuric acid were added, and the apparatus connected up a® 
for a distillation, the re ©elver being a 500 ml* platinum 
dish containing 0*50 ml* of 0*5 H sodium hydroxide. The flask 
was warmed until the steel dissolved completely: usually a 
drop or two of liquid distilled over. Then a silica boiling 
©hip sad 40 ml. of methanol were added to the flask, and the 
contents distilled down to a few ml., where salt® started to 
separate out* The flask was cooled in lae-water, and ©a 
additional 50 ml. of methanol and another boiling chip added, 
and the contents distilled down to the separation of salts 
again, tit© distillate being collected in the same receiver.
The well-mixed distillate was evaporated to dryueaa, and the 
residue dissolved in 5.50 ml. of water. Then about 20 ml., 
of ethanol. were added, and the slightly turbid mixture trans­
ferred to a 50 ml* volumetric flask and diluted to about 45 
ml* with alcohol, simultaneously with the starting, of a 
stopwatch, 4.0 ml. of 0*50j& teaaoia were added, and the solu­
tion diluted to the isark with ethanol end shaken well. The 
requisite amount was poured into the cell, and the fluores­
cence measured at exactly two minutes after the addition of 
the bennolxw Standards prepared similarly, except far dis­
tillation, were used to construct a standardisation graph of 
©eel© reading agoInst boron concentration, from -which the 
percentage of boron present could be determined. This gave



the amount of ©old-soluble boron In the steel.
Xn -order to determine the e c id - insolub 1 e boron, the

residue r&MBiniag in the flask after the second distillation 
era a di asolved 1b lb ml* of hot water, ant filtered through a 
retentive 12, b cm #4E Whatman paper* The filtrate and wash-*
■'laga- were dicearded, ant. the filter paper ftprlnlcled With 
ah oat 100 mg* of anhydrous sodium carbonate ©-ad Ignited in © 
platinum crucible until the csrboa had mostly disappeared*
The residue wmm fused for a minute or two, ellowed to coal, 
dissolved in 5 ml* of 1*4 sulfuric ©eld, sad transferred to 
the silica distilling flask: with 40 ml* of ethanol* from this 
point oa,| the procedure was greenly • %h© same as for the aeld- 
soluble ^ortiomi double mcthan&l distillation into 0*50 ml* 
of alkali, evaporation of the distillate to dryness,, solution 
la 5*5 mil 5f we ter # a fidi. add It ion of reagents and measurement 
of fXuoreaeenoe In- the Usual meaner* The blank was determined/  ,o  ̂ j * ■ '•' •-

by running © boron-free steel through the entire procedure; 
it s&ouated to ©bout 0.0-015% of boron*

Analyses of earn® Bureau of Standards steels by the ©hove
aethod are listed in fable 45* The sums of the anli-soluble
and ©eld-insoluble boron contents found, minus the blank., were
%ulha close to the certified vaiucs* However, low results
were obtained on steels of higher boron content, presumably
because of losses during the distillation or evaporation. It
was nevertheless"'felt that the new method is f end ©menta lly
sound f because the distillation 1© © standard method and the
validity of the f1uorometrio determinetion in pure solution was 
proven beyond question*
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M nmw,. hi&hl f seas it It# method for the qua nt it stive &e- 
termin'© tioa of boron fees best developed* on the inten­
sity of greenish-white fluoreeeeaoe obtained -«pe&. e4dt$$o& 
of benxoin, in ©lightly ai&Bllfie 6Sf& ethanol solution* 
atudims hsv© been of %Um ©ffoots of amah variable^ as
time of standing, type of aXaohoi.* ©ad oones at re t i on $ of ben- 
solm* allosXi,. and

Intensity of flaeraseenee baa been ehcmrn' to b© a linear 
fuaetioa of boron eoaeeatr*%lQa in the rang© from 0 to- 1© 
alerogxom* in a volume of ■ SO ml* Sxe-ellent results were ob­
tained in the det ermination of auoh amounts of boron in pore 
solution, the eoeuraey being 1 or B parts per hundred*

This method baa been applied sueoaasfnlly to the deter­
mination of a few tbouaan&tba of one pereeat of boron in ©tee 
a problem of current industrial interest. The- highly ape- 
elfie separation by distillation of methyl borate, © standard 
procedure, serves a* a preliminary rantoval''.of interfering 
element© *
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table 1
irncT m  get oh yiuoBsscgHcs ihtmsitt, o.qso m m

W m m m & m
Afefttlo. £et& 04&*0f

ml* m k m  Added* *1. Jg
#.0

'./fcMdft**
1 0.00 «■* 00.4
'2 O'. 01 mt 5.7 f l . f
3 0.02 'mm 5.55 >75.5
4 0.03 ■0.435 " 75.8-5 0*00 ** 5.30 75.56 0*10 mm 5 .IS 75.4
7 0*80 mr 4.7 75. 0
s o*so m. 4.25 7B.5
f 1*00 mm 3.00. ■■"08*2

XO 2.0 «** S.tS -.05.2
11 3.0 -** 3.43 50.5
IB 4.0 «»* S.35 -56.5
13 0.0 3.25 SI .814 10.0 ** 2. tO 50.8
IS­ *0.0 *.00 47.0IS <* 0.02 7,00 .10.5
I f «* 0.10 6.00 1.5
m mt 0.20 8. 05 6*7
i t mm 0**0 9.45 0.2
20 ■m. 1.00 0.80 O.l
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Tall# 2
m r m t  or j>h oh n m a m c m e M  m t m m r r ,  0 . 0 1 0  m . Scaleis® la M m t t m  jk4a@<j* m » J&

X 0*00 al. 4*3 3t3*0
B 0*02 ml. 3*f .-£•«<>5 •0*03 3*43 61.3
4. 0*08 3*23 63*25 0*10 3.1 ■#2.6
6 0*13 3*0 76.0
? 0*20 4.9 02.0>8 0.40 4*6 86.0
9 0*00 4*43,. #9*01# q *-s o 4.33; 64.5XI l + m 4.2 59.0

IB 2.00 2*# 80.013 4.00 3.3 24.0
14 0*00 S*4 '16.413 a .00 3.2 14.0
14 10.0# 2.1 11.5



Table 3
EFFSC? Of S.B.&. COHCOTTIUTIOH OB FLUORKSCSBCE IHTffiSITT

Sasinsle S«B*Jt« Added* ml#
Soele

1 o*oo ml* 0*0
9 0* 20 52*1
■3 0.40 M*?
4 0*50 77.4
5 0*00 @7 #4
# 1*00 93*0
f 1**0 98.0
0 1.00 190*0
9 2.00 ' 83.9

io 2*50 00*7
11 5*00 45*5
12 3 a SO 55.0
15 4*00 22*9
14 4.50 19*2
15 5.00 15*4



m

TftMfc 4
BIOTIC M I  TO M S T X G  A0XB

Acetic A C M  Added* Seale Eestiltiog
Spffile . mi* Beading

X 0.00 ml. 1.3 0*3# *Al
a 0 .0$ mi* 0.0 0.00

0*10 0.0 0.00
•4 0.20' 0.1 0*#t
© 0.40 0*3 0.10
6 1.00 1*0 0.20
9 2.00 X.S 0.3O
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Table 6.3
t o t m x  isrrrasiTY o f-

itlxlw
1£

910
1112
IS141516 18
25505540
455055
60

10*518*525.8
>1*157.040.5 
41.845.5

49.5 50. V 
51.3 52*0 55.1
54.054.555.0
m * z
56 io59*260.0 
60.0 60*0 
60.1 60.2

100 59.5



Table ?
TIMS CKASOK OF FLOORBSCMCE AFTER HEATING TO 70° S.

c Ij&a&tM

Z
3
45
6
a9
10
xz
14
10
is
ao
ao00•00
4045SO55
m
m
70*/■»ao85
90

10*6
10. e 
10.0 10.5 
10 .0
11.3 11*511.?10.4
i s .  a*13.?15.5 10.1 1?.0 IS.E 
19.4si.saa.3
BS.2
» * 7
34.1
315.5
sa.o
B9.X30.030.5 51 *3
33.a

00^ 0
■Si#
50®

43°

36°
m ®

£8i®
2?o
26°

25°

A solutiom of the m m  composition, but mixed at room tem­perature { 34° C) a.ad let stand E hour© , :« read lag of
50.0*
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M i *  e

T1HB CHAHOS 0#. Fi,y0HS3CSKCE AFTSR M M T X m  TO GO® 0,
Miautes

Sia
1 1 , > ... ,a ,1 M  t f »*«
3 - -> -
4 5*0
a F,; . 2
6 " O*07 6.76 7.2
9 7.8
IQ @.2
IE 8.7
14 0.1
xe 9.3IB 9.9
ao 10,3
32 10 .3’34 11.220 11.328 12.1
30 12.5S3 12.934 13.230 13.436 13.740 14.0
45 14.3m 13 • 155 15*5ee 16.0

590 a

46o

34°
34® 
33® 
30. 5® 
29.50

28°27,5°27®
26.9°

a solution of t&« a&me composition, but' attated at room tan- 
paratore (23° C) @mt lot stand 2 jaours* gave # resdla& of30.0.



Table 9

Q
Cooled la ice, them 
at iO^ 0

1 .5 ° 0.
m °  .0

to cool



1 0

car & +b» ju  on- o o n c .O T E ^ tio ^ .,. &

m m $ x» ai A3&e&. MfGTa&Fam® a@$x# m ®$
X 0*0 0*0 ■£ as a 4*5
4" 10 .;»♦*■S IS tlmMa BO
7' E-5 35*0a m 46*09 ss 50*5.10 40 as*!

11 45 76*0
IS 50 05*7
'IB 55 65*214 ao as*#xs as •aa*axa m 66*417 m 04*0la BO as *51# m 86 «0BO 100 m  *6



?*bl« 11
Q3FS80ENC2 Of B.B.H. WUmsmmmM: ON AI#JKJliRJM GOHCKffT&ATION, B

RlRi4PM«t4Ml

1 0 0*0E E 3.45 0 6*84 10 13 *f5 IE El.S6 30 50*0f 35 59*00 50 46*19 35 16-* 1
10 40 65*511 46 ?4*4IE 60 «.#i15 55 64# X14, 60 86*615 66 sa.oM  fO 88*5If f5 89*016 80 89*4If 90 89*0
30 100 90.0
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m  b.b.s. m '  A i m m m  e
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£ 0,0 ¥*V

m m0 10 m m4 IS m m -5 £0 • 58*46 85 ?0*0? 30 -84*40 55- m m
9 40 m m10 45 m *  4a.JL 50 80*0
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Table IS
DKPKfDKKCE OF S .B .K ,  jauOHSSCESCS OS. ALUHXBTCJM COHGEHTRATXO?i, D

l l  M le ro & rs m a 3$ « X e
Xz 0

1
0 -*, O'- 
# ♦ 4

s z 0 * 9
4 5 1 5 * 8
5 4 1S *X
6 5 2 & 8
7 0 -25.7
8 7 5 1 * 2
9 8 ■55 ,1

XO 9 41  e t
IX 10 44  ..5
IS 11 4 8 * 5
15 12 31*8
1 4 13 56*1
15 1 4 60*8
1 6 ' 1.5 68*4
17 16 72*3IB 17 75*5
19 1B *8 S£ . 0
20 50 90*0
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Table 14

1, 0 0*1
M 2 4*13 4 -8*8
4 $ 12*23 8 ■16*66 10? IB 26*0
8 14 29 4r'S9 IS 3910.
10 18 41*411 SO 48*01^ ss 50.4i5 £4 55.0
14 m 60*5
15 as 65.8
IS 30 96*1X? 32 79 . 0
16 34 ae.i
19 .36 93.1
2Q 40 101 *0
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Table 15
B8SPW0HICK 0? 8 .B .R . FLUORSSCKJJCB Off AUfM IW M  COSOKTfTRATI01?, F

2
we 6*0

3 4
4 e 28*0
& 8 m »£8 10 ,44*6¥ 12 64*0a 14 84*09 16 ?4*81C? 18 80*0'XI BO 97*0



SHI»®CB Of B.B.E.
A k

(OS 03

4

0.00o.so
0.40
0»Bu
0 * 8 0

M . O5E*5
64.0
m * o

100.0.
while the solution©



Table 17
AB30HPTJ0N SPSCMU OF BOTFERED B.B.H. 3QLUTICEI3

Bleat, no Al, Fluoressiag solution,

400 *& •* *S«*420 . io*$ #8.5.
440 89.0 #5.8
m o 55.5 59.2
4BQ 48,8 48,0500 59.0 37.0
520 55.8 80.®-540 37.5 27.0
500 41.3 E9.0
580 49.0 ■89,0
000 59.0 #0 « 8
020 !£*-£ - 7#,5
040 W48'/-'' 84.2
000 80.0 89.0080 0**& 93.0700 94,3720 '94.7 ” 98.1
740 95.0 98.27S0 . 97.7 98.3
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Tatele 18'* .
'oar m w m m m  btaw daed s i m i

Al

0*O€ 
0*050

0*0
Ifc.O

0*001
G.020

0*051

o.&ve

1*0
M« 8£5.0
51*#
40*5
78. 7

0*301

0.086
0*0510»$$o
0.070
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Steel
S5a

140

X06a

X06

AHAI.YSISQS’ BUiUSAU Of STAlSBAaQS 3TSSX.S fOS 
; ■ ,: ' ■■ Aei0̂ .SOX,l!BX5», AXWMIWtra

0,001

0.022

x * m

1*00

0*001
0,001o.oox0*001
”0*0210*021 0*024 
0*022 0* 022 0*021 0*021 0,022.
1 *;0S
.1 12 
%*12
1*091,09a*05
-i£*oa
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m m i
1-40

Tmhlm BO

M m i X B i s  m - . m n m v  of 3t & w M M m  stih fob 
jk & ^maoitmm a u b o m a

Certified Valtw« &
0*0X1

rmXum W®v m &+ < 
0*0X1o.oix
0 *0x1o*.0ia
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Table El
by titanium, Y&nmim* amd zr&comm

Metal AA&ed, Seale irror* Mleregrexas
Reading &1 la, 10 Mlerograiaa

50.0 0.0
10 47.5 -0.8
SO 45.0 -1.0
50 45.0 -1.4
40 40.5 -1.9
50 5©.9 -S. 5

0 48.0 0.0
20 48.0 -0.4
SO 44.5 -0.7
40 37.0 —2.2
50 SO.O -5.8

alraoalmat
{T 46.0 0.0

10 45.5 -0.1
20 45.5 -0.1
40 44.5 -0.3
80 44.0 -0.4
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Table 22
RATION Of A L U m m m  1ST TITANItJM A M O  VANADIUM 3TMHLS

0.096$ A l, 0.089$ T i

0.051$ A l. 0.11$ V

0.094
0.099
0,

0.053
0.O9S
0.052
0.054

ft



0.006 0.0060.006
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Table 84
m A tram.m m s s m  ow m m m s m

81 0.265 0.268
0.ST90,207

m- q .q&v o»-0&5
0*9*?
tuotoO*0££

lOi x*te i»«s2.01
£ * «
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Table m

& w m t m  ¥*s*w. Q Q m w m i& Txm  on w m o m m m m  m m m iT t

o*s 1* 0 " 

a.o 
«•« 5*0 4 *5 5*0

4B*8
51*050*050*0 45 * S 
£0*0 "34*5
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Table 2d

Added• ml< 1 *1 9

1 0*4© a**- 8*9 4*1
2 ©.X© 9.5 1.53 -** * * 5*1 13*4
4 «** 0*30 5.4 85.0
3 ©■*90 5.0 83*56 «** I.GO ■5*8 ©1*0
9 1*50 4.5 30*00 mm 8«Q0 4.3 5Q..5
9 :» 5*00 £.9 a.5

1© * 5*00 1.# 3*9
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tBtole 21
sm m om os o?  v . s . k .  yu joE sacjsacjS  o k  aibm m jom  c o m c e k te a tio k

A1 A d d ed , S e a leMicroM3r®ms Heeding
1 0 0*0
z 1 4*93 z 9.34 3 14*05 4 20*66 5 2 4 *87 5 30.40 7 35*99 8 41.810 9 46*8
11 10 51.5-IE 11 56.913 IE 61 *0
14 13 66.415 14 7B*4
1 5 15 77,0
IT 16 m*Q-18 17 8© *319 18 91*92:0 20 101*6
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Teblo 28
m p w r n m e x  07 rLooHsscascs on & i m m m  concs&tbatiok(HIGH KANGS)

Al Add«d, Seal*
s«s£ie .aaaaai

1 o 0.02 S 12.43 10 26.0
4 15 ST.86 80 50.06 25 61.0
? 30 ?I.O8 35 70.49 40 04 *B10 45 91*0

11 50 9 2 * 4
XZ 55 90*4
12 eo14 65 100*515 TO 96,416 T5 10a
17 60 101*510 85 101*519 90 1 m
go 100 103*5
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Table m
o f v.d«w» m  u m m m  :m m w m m T im

timaer m m m )

s©«i«
m m m

A 0.00 34.0
Z 0.30 3'/.3
8 0.40 40.14 0.40 43.63' 0.80 46.3
® 1.00 50.0

m m m
Ml Added.
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9*»if' m
m m rm B  m  & m m m m  s t k s l s  m  r+B*m « m m M M m m m t

.m m  (eumtf) *ogE
•0&8# sg&t&stla. standard 0*025

$.«9&9
*10l£ ayat&atlc standard 0*101



m

%
»
456 7 S 
9XO

raAWX' ot rxtfOftKseunsx w » . T im0.0X0 « •  O f S0H0H IB

51*0W-«*
40*»&
40.© 
39.-0 
37',* 6 30.® 
30.0 26*0

f? vFr»®& portion 9f ;&#*$© solution
11
IB10
1410

30.0
B5.0
17.5
11.7
7.5
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Table BE
QMAnm or Fwoftxsencx ww mm-0*100 m «  of m m m  m

After

t
£
45
6 /7

. 'a' 9 
10

40.0 
4k* *0£0*0 
50.B 49.f
4 7 . 0  43*0 BS.E 
.3*.$

Fresh portloa at meme solution
10** 51.0u 46*0IE 37.013 E7.014 17.513 10.0
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'33
eiiAHQ-S OF ?LlTO aS3C »IC 2*1TH  TIMS.
'■■ 8® 150 Rfej0fiCXS0i, iS3 IWfJ-OJCtaAOT

1 / -u ' T £fc«939*13 4?. a
4 43* 0
5 40*1
e 44
9 41*3a -'19*0
9 33*8

xo 31.* 0
Freah portion of se.-ae solution

XX 190*0IE " « * 031 34*0.14 ,4JU0IS 31*0xa E4.0



Table 34



1 0 0

Table 25
GHAHGJS OF FLUQH'MSCmSH W ITH tliS M0.100 m g . ok Boaoji in  s m m m t

Scale Minutes SoaXoif Mixing Beading itfter Mix!*6 Reading
X &£*£ X4 ;\ S4* 2
£ X3*$ X3 24.43 xa.4 19 '44.44 E0.5 BO5 £E*G BZ i4*06 EE.6 WT0M& pcrtloa of? £S.X solution
a E 3#e S3 m * ®9 £ 4 * 0 £4 30.0
xo tt*g S3 ■».s11 24.5 sa as  .3
xe 24.4 -if 22. G13 24*4 #§ 20.6

M - 20. G



101

0.68
1 0.0S 39*?
B 04 * !t
3 0*25 *5.04 6.50 67*65 O . W •«U&,. ■ *5
p . 1.0Qi '56«51.59 4E.0
6 B.oa 55.09 5.004*00



table 37

X 0*50 JMM*z 44*0*2L& 0.0 5#.f
4 $.05 5.5 ■WJ4
# 4*0 8%.#
*? 4.5 @5.0
8 5.0 #0.0
9 5.0 97*510 f*0 **.o
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mwmt o f  mtm Gmmwm&mon m  wwomscmm
is u la

X3
3■4.3
6
T
a9
10

3*05*0
4*05.0 6*0 F.0
8.0 5,0

>*0.8

4B*?44.®40*5
55* 5
%&t038*080.5
80*1
86*0t5*0
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Tattle SO
HSIJiTIOfJ or FLUORMSCKMCK TO BOROS COKCEHTRATIGra,HIOB RANGS

a 0.0
50 10.4

100 16.4
150 50 * 2
200 38.4
250 40.7
500 52.1
550 56.3
500 5£ . 0
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1 0 5
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0,0 *. <3.6
2.0 19.®
6.0 36.9.6.0 58.9
8.0 ?4.S

10.0 55,5
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■&
asiAKOH of n m M m c m a n  so bosou cQNcgrmLASiG??,

IK ISOPROPYI, A IG O m t •

gSSfel* Boroa
010£03040
30’

.0*010.4
"«*105*0
90*5100*0
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Table 43
M U T X O W  OF Fm0EBS0®ai TO BOB0N COlR&jnitBJKKOfftZH tiSXOXL SLWOBQ'h

sample Boron
X2 O103 £0
4 SO
0 40
6 50
V 60
a 70
9 60

m XO0

'#*0*5*0X£*0
*4*3*0»*'4&*353*0'5f*5
?i*o8S-#0



# S * T  *  io is ®  • » * . !  sw iff

0*0
3*0 86*63*0 30*01 0*01
6*0 36*9 0*6
9*3 TO*69*1 89*£1*3 m*& 0*8
3*0 10*93*0 66*9.9*0 66*9 0*9
0*3 06*f 0*9
9*3 O f f
9*1 fa *9n * eVtf XiS m*Q 0*f
0*9 OX *30*9 90*3
0*0 00*3

90*0
30*0-

0*3

00*0 0*0

‘ptmoa T>ajco0 ‘poppy uoxon
KCIOftTOS SHM  H I KOHOS iO  K0Ii«EG H B3U *C

W  ®W»i



110

Table 4b
DXTEHMIHATIQH 07 BQROH IH BOBXATT OF STANDARDS 3TSS13

S teel 0<qrfcl*te& Yalue. -ft fouiad^
865 0.0006 .000?,*0006.0006
826 'O.CHm' .0016.0011.0009.0010
151 0.00E? .0068.0068.0065

.006?
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Alfred Weiss-Xer was born March IS., 1917 In Mew York City* Ea was educated la the public schools inti lames Mo&* 
roe High School of that city, After attend ins the College of the City of Mew York from 1932 to 1936, he received the 
B* S. lit? 1956* Els graduate study at the University of .Vie* eo&ela id 1937-8 eereed his the M. a# in 1936» t& 1941 he was married to Miss Pearl Goldman* The degree of Ph. B, was conferred on him ia 1946* Bis address is 2938 Second Street, 
8* J»*, Washington 2 0 1 0* 6*

His publications include:* Be terminetion of .germanturn ia steel,1* Ind. Bag*
Atml * id. * * 16, 311 (1944) .«BobbY#s interest in chemisWyt,t 1. Obem. Id., 
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