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The object of this investigation is to determime quali-
tetively and guantitatively the principle chemical constituents
and associsted impurities in ten ceramiec masterials which were
obtained from regions in the state of Virginis, These materials
are all intended for the glass industry, and maey be accepted
or rejectea for this purpose depending upon the presence or
absence of certain impurities which would render them useless
to the industry. In some cases & minumum percentage of an
impurity is acceptable in a m@t&ria1 ﬁh1eh, if it were present
in any greater amount, would render it useless.

The foundstion upon which qualitative analysis by the
amissiankap@&trum is besed is the fzct that an efﬁﬁuﬁ& which
has been rendered luminous will emit ngectrum.linéa of frequencies
which are peculiar to that element, Eased on the theory that
the atom is composed of a positively charged nucleus surrounded
by a number of electrons depending upon the element, with each
electron traveling its own orbit, it is seen that by an electrical
discharge through the msteriesl atoms are cmntinnaggy raised from
the normal- into excited states. In such a case t&igg@mm has
recelved sufficient energy to cause an electron inJihk outermost
orbit to change from its particular energy shell to one farther
from the nucleus, depending upon the amount of energy gsined by

the electron.,
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In Figure 1‘, the energy shells, or energy levels, of a
sodium atom have been indicated by horizontsl lines. The
specing between sny two levels is proportional (1) to the amount
of energy inv;@é/;*c 5;;2% must be imparted to &ng%oln order
that it may shift from the lower of the two levels to the upper
level, and (2) to the reciproesl of the wave 1@%1;1%, that is,
the number of waves per centimeter of the electremagnetiec radiatio
emitted curing the downward shift of the electron back to its

normal level,
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the light is pscced through a prisw or greling., OSuppose ile
spectrui of not one element but ceversl elements were viewed
by pessing the 1light from ile luminous vapor of several elements
in combinction through a prism or groting. There would be no
dirfficulty in rccognizing tle lines of esch elewent as though
it had teen viewed ulone. lowever, the spectrel lines oi the
ctrer elements will be intermingled in thelr respective positions,
Tre problem of the cobserver, then, is tc Geterwine lle wove
length of each ol these lines and trereby uvscertain the elencnt
which emitted it, In the case of an slloy or = compourd, the
chemiecnl compoesiticn could be rexclly recogrized bty ite emission
spectrum, 7This constitutes chemicsl spectrum analysis,

In whatever form it mey toke, spectrum analysis was besed
cen the irnvestigetions cof Hobert ¥, Bunson end Gustav Eiretroffd
in 1857, Their work, in turn, utilized the resulis of observers
as far bsck as 18&Z, who left documents degeribing the spectra
of colgr@ﬁ ilames and the conclusions they came to as to tle
origin of these colore., The greut service spectroscopy hLas
renderec in the study of the beheviour of the eleciron lLas
recelved abuncant recognition, and prior to twently years sgo

wa2 used cnly 1or tlet purpese ond to identify small percentages

tince thst time investigators hrve worked on methods for making
quantitative deteruinstions of znp element occuring in more or

less proncunced proporticns Iin enotler element, It is & preblem



upon which meny ilnvestigators lheve worked, smong these
being Hartley, de Gramont, Leonard, and Fellgif It is this
phuse of chemical analysias, r&ferra&;t@ as guanﬁitmt&va;:
snalysis, with which the principsl part @f,th& néxt Qecti&n

of this jpaper is conecerned,



Uses of the up&ﬂtwogrﬁpx )

Available literature on apwatru& analyﬁiﬁ as &ppliwd to
chemicel determinations is not abundent, becazuse spectroscopy
has but recently been used in this manmer. Its m@a& iﬁp@rtunt
function until recent years was in studying atomlc @tﬂﬁ&%ﬁréu

and the behaviour of the electron, &nd in delecting ammll amounts

of impurities in a.auppoaﬁély“purﬁ ¢lement.,

The many sdévantages which &p@@%rﬁgvaphia aﬂmlysia display
over chemical analyels serve io ﬁramﬂt& its 1wpwrtﬁn¢e in |
in&uaﬁry;4 Often chemical anslysis far certein ﬁubstamaas are
éifficult to make with accuracy and rap&ﬁi&y, Twa 1m§ﬁrtant
vses of qualitative analy&xs to industry are (1) the guickness
and relative @&&&-%&th which contaminstion may be ﬁ&téaﬁ@ﬁ in
a ﬁe%al'haiag'refinﬁd snd the ax@@lléut check it effﬁr$“&£ aauhf
step during a complicated process, snd (2) an sccurate method
of ascertaining the cause of imp@kf&ﬁﬁi@ﬁa in a faulty product
whick bas been returned, An expuination of & bLreak in a metul
product at the exact point of br&ak&g@ is ﬁ&ﬁ&ibl% with a
spectrograph and will rﬁvmal_the cause of the f&ﬁ1t~ﬁmﬁ:tﬁ an
excess of a constituent or an impuriﬁé’tmat @@ﬁiﬁ not be |

nder the same conditions,

recognized by chemical analysis
Spectrographic analyeis hss Leen used at the Dow Chemical

Company, ¥idland, Michigan, since 1926,%5 Its applications hﬁva

inerezsed because of experience and improved technijue from

purely qualitative anslysis and visual estimations of small
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amounts of impurities in materimls, to accurate quantitative
analysis which have, in many casee, replaced clhemical metheds.
The velue of spectroscopie methods in the production of
such commercilally important metals as platinmumw is unquestioned,
The Ligh velue of the metel leads to consiant recovering of
all forms of scrap from all sources. The scrap metal must be
accurately analyzed with the minism of msterisl destroyed in
testing, DBecause of the chemicsl inertuess of the platinum
group, methods of enalysis employing seolutions have bLeem
replaced by the less srduocus spectroscopie deterwinutions.
ilany pespers and complete descriptions of procedures have
been written on the spectral anslysis of iron and its alloys,
copper, lead, tin, snd silver, Although guantitstive methods

have been guestlioned agein and ageln, and while the process is
s1ill in a formative stage, excellent results bave been obtaimed
in the production and developuent of tlese metals,

Qualitative Analysis o
Qualitative znalysis is the determination of the elements

present in a mixture or comp

und by the presence of their
gharacteristic speetral lines on a ap#%ﬁrum, either visible eor-
recorded on a photographic plste, Where the spectrum is composed
of lines, it is ccnecluded that mtoms are present inm the vaporg

if the spectrum is compesed of bands the vapor contsins molecules.
Trie distinetion in itself is a chemicsl amalysis of the simplest
kind., The bande of the molecular specirs are in themselves



groups of very numercus lines, made up of the specetral lires
due to the "energy jumps" within the atom and to the energies
of the vibrations whkich the atows of ihe molecule exkoutle
relative to one another, Suck problems as proving that the
vapor of bismuth or entimony is cumposed of molecules is easily
sloved by viewing the band spectira, but the same procf would be
exceedingly diificultl by vapour density tests.

If & qualitative analysis is to be made of a compound, the
first necesssry comdition is that excitstion should be such as
to disscciste chemical combinatioms., it bas Jjust been seen that
the spectrum of molecules, Which woulé be the csse of & compound, \/
is one of bands and cermot be used 1o mmt»ify
The stows
under similsr conditions. The presence of gnsiemzer

that result from the dissocistion must be made luminous

elewent in a compound may be entirely unsuspeeted in ihe sw%m,
and will only be de?"eq:['e% en concentrations are present millions
of times grester than ihat necesssry, say, for sodium to give
its distinet yellow color to a flsme, The excitation necessary

oy

for a particuler line im the ospectrum of an elemsnt 1s as
characteristic as the wave length of that line. INowever, mm
usual anslysis of metals, exceprt the slksli metsls, the conditions
of excitation diifer very little from one another, so thst a
spectrusw of &n alloy generally includes oll tm elements of the
compound,
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wantitetive Analysis 3 o

The purpose of a quantitative anslysis is to asscertain the
atomic concentration of swell amounts of melerials, such as
impurities, in the primary constituent of ihe compound to be
 analyzed. From one or two per cent to several thousenths of
8 per cent of an lspurity is the optimum range of investigstion.
The practice of guantitetive analysis in any of its various
forms is based on the work of L&akyar,ﬁ one of the early
investigators, who estimsted the sbundsnce of sn slement in
the elecirvdes of am arc by observing the strengih of the
spectral lines. |

Until recently sll the methods of quantitative analysis
were merely rough cstimetions, Even tlhese were of great value
1o experiuzentel resesrch and aa)aﬁfaiﬁ to the chemist., Altbhough
Logkyer obtained a relative estluate of the amount of amn element,
whick shall be called an “admixture,” found in the composition
of the primsry substsnce, the photographic "blacking® due to
a8 spectral lire is not s meassre of the intensity of emission

as one would orcinerilfy think. The obvious supposition would
be that & line of s given bleckness would be invariably &fde'”z ¢
messure of the intensity of the radistion which produced it.

The case is, however, that it is as much dependant upon arc or
spark cischerge @@nﬁ&%&&nﬁ, the type of photograpkie plate used,

.

P th% time of e:posure &8 the Intensity of the source. The

mumber of spectrum lines of the admixture whieh will sppear at
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certain concentrations is dependant upon tlese conditions. Thus,
two Girect measures would be valid only when the conditions just
stated are sbsolutely constant, This is practically impossible
because of unconirellable factors which will be discussed later.
If it is cesired to verify whether an slloy meets ihe re-
quirements of & specified composition, or if it is reguired to
know whether a prescribed purity of & substance Las bLeen reached
or exceeded, the methed of conperison ﬂp&ﬁtﬁ&a is the siumplest
mnd‘maﬁﬁ:ézraet; In either case the per cent of the admixture
in the primary substance must be found, This is done by pre-
pering a punber of sasples containing the primsry substsnce in
constant amounts and the asdwixture in inown concentrations
within the range of the mixture being analysed. The nuuber of
these samples will depend upon ihe degree of exactness required,
Spectira of ihese samples are then photograpbed in trder with a
gpectrum of the unknown mixture lying between each pair of known
composition, Thus, the developed plate will present & spectrum
m, etc,
Throughout this procedure the conditions of disclurge and ex~

ofy say, highest concentration at the top, then an unknov

posure should be kept as constant as possible, An examination
of the spectra will produce that pair of spectira of the standard,
or known, substance anc¢ the unkoown specimen whose lines of the
primary constituent are nesrest to equal intensity and the ad-
mixture lines nearest to equelity., This, of course, will be the
percentage of the admixture in the primsry. In the case that
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the dﬁhnawn lies Letween two stencdurds, interpclation may be
nec&éé&ry to e proexiincte the percentss e, Or wore standarus Lay
be mece within thet range.

] L method similar to this bul more exsct is tlal czlled ile
"ﬂbﬁoiutﬁ Lethod of Homologous Lines,'w S With the aic of &
m&gn;fying eveplece, ihe observer may humike a compzriscn of ihe
degree of bl ning of an A-line, aumixture line, with s i-line,
of the primsry sutsience, which lies nesr il and on a similar
b&eggfmund. Tlwus, tle required ratio of ihie guantities of A and
F isvéetermined from tte ratio of tre intensities of the observed

as measvred with a m:cropbo‘fome?‘ek
A an@??‘l&nms.A in sucn a case, if tle tinme ol exposure is varied
or th# plate uncer or over developed, the rstic of the lines will
resalh constent, Edwavar, eny change in the discharge conditions,
or tfe preserce of any other element will alter ihis ratic,
Cinel the letter conditions cre ss dirficult lo be kept constent
as th former, it was necesssry Lo ilnd a critewién for waine
taining congtent conditions throughcoutl the znaly &is In view
of the fact thet the cundltions of lumincsity were Jirectly
de; enéwnm upon the concitions of the discherpe, thbe problem
re&a%?eﬁ itsel! into finding the correct conditions of luminosity
and q?awwﬁimg that the conditions of disclerge in each case were
congﬁimt. This is cone by preparing tvo samples of varying
kmawn ﬂm6unt$ c¢f A in ¢ as in the cuﬁ;ariseﬁ method and photo=-
grephing trelir spectra, The pairs of lines of 4 and P whose

5 the syme
inteugities s ——— slould be soupht znd thelir wave lengths
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ruined. These puidd muet eonsist of cither spstk or are
s, but mot a combinstion ¢f the two, Then samples tre -

{red whose ebneantrations lie between the t-ﬁ'iinblif.Jﬁii
gruphed, and & peir of lines whose intensities are exscily

ure noted. Tho cuntentration muy be determined by Gome

‘nn with the s, cctrogrems of varying amounts of Ain P

se rixation puly upe olweys eguel in intensity, When the J\
ence .of $ho dischaiyge conditions 18 e¢liuinuted the homos |
8 o0dr ‘Wwill oxbibit lines of equel intensity independsdt

r adaixtures in the muterisl.

in tho event thut no “eulteble I' lines or I
in the FeffTon tndey coneideration, the 4
 lines, whichaever is deficient, muy be artificielly ine

ed by phetogrephing dn additional gpoctrum of an element
sbove the gpectrum in question in which therc may bde

- sultedble lines, Compurison is thep mude of the A lines



and the substituted P lines in exactly the same mammer. This
is krown as the "Method of Substitution."® This method was made
uae‘*f in the quantitative anslysis made in this investigatiom,
An entirely different method of guantitative analysis was
¢ by G, Scheibe in 18928, using the logarithmic sector of
sburger and Holst.® Ordimarily in photographing e spectrum
60:0 Bnalysis, the slit of the spectrogrsph is uniformly illuminsted
thradghout. In this method, the intemsity of the illumination is
var intsntionally from peint to point slomg the slit. The
means of obtaining a uniferm variation is the rotating dise
:a‘mt { the slit, devised W%&r and |

‘ig. 3
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In flgure «, the wiil of the o ectrogre,h is Llndic.ted by
0.d bluck Xine .t the %o, of Lue cirvie, The rotating
r,‘or disc, 18 et up betwoen the wllil und Lhe source of

e .f tuu seclor is uwleuviy rotetaed Lo the dirsction Line

d, the upper gorticn of the uvlit will receive illumin tion
Lougur period of tluww thun the lowupr portion, Consequently .
lntene ity will vary clong the alit with rnbpnet Lo tlne.,

ne wpectrum in developeu ucing the «ector rotuting through
'volutaon, i w.ll mppeny ve ip Flgure 3, Ginoe the phote
1ic deunaity veriee & the logurithm of the mmount of light,
tlue of exposure at dilflerent yoints sloug the wjectrum
o mede to vary logerithmically with the lemgth of the mlit
d, the diflcrence in lenytis of | Lwo lines in the Bpcce
(1) be proportivnul to Lue .oguritam of Lhe retie of the
itivs of these two lines.v This wethod can used lor suiudle
fisntion puinbe of Luw Lo odogous puirs ol i.nes wnd

used lor unulyvis of concentrations, As bppijed to the

y 8 verivug 0l speetru of sttt ndurds contalinlo, voridd and
pereentey us of Lhe lmpurisy 's' in o, is puutogrﬁhhuu on

| plite with the muuple contuining th:nuncwn saount

in ¢, & worklng curve 1o plotted wsing the nk:tqfcaan in

8 of u velocted puir of 'a' in U lines of itne witundsrds,

0 percuntugu of 'a' in U, From the meusurcd differenceln

0F e oeme pulir of linue in the sumplu containing the

n percentege of ';‘, the Letundl poroentbuge my be re-d

Qur &,



or the ratio of the concentrations,* ¥hen one concentration

is known many oikers may similarly be found,

* Gerlech, W,, and “cﬁwﬁitmar, E.s
Spectrum, page 111,




Object

The spectroscopic methods ocutlined in the last section
are not supposed to replasce the chemical analysis of a similar
nature, but rather to supplement it, In ascerteining the com-
position of an unknown compound which hes two or more primary
constituents, the usual quenitative chemicel analysis cannot
be improved upon by & spectrograpk. Its function lles in the
range of & per cent or less which usually implies that ithe
element is an impurity or a prescribed constituent in an alloy.
It would be impossible to show the presence of elemenis at that
low concentration in a2 mixture by purely chemical means, much
legs the smounts of these impurities in the total mixture.
Generally, it may be said that the usuasl chemical snalysis
operates most effectively inm the range above § per cent while
a spectrographic analysis 1s suited te the ramge of § to 0.001
percent. In the event that ome or two “"persistent® lines of
an element mey be found on a spectrogrem but that a guentitative
analysis for the element is inpossible due to the faintness of
the lines, the element shall be called & "trace.” By "persistent"
lines is meant those lines which are the last to disappear when
the concentration of one element in another is decreased to zero.
In a handbookS which lists the wavelengths of the;liﬁa spectirum

of an element, these lines are marked with s capital "P.®
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Specifically, the object of this investigation is te
identify all the impurities and iraces of elements f@uﬂﬁ in
ten ceracic sands and to determine for igzﬁs of the impartant
sands, the concentration of these impurities in ihe mixture.
In the case in which the chemical farmulm,aﬁeaifi@ﬁ the per-
centage of an element in the mixture, a quantitative analysis

was notl made.

Methods of Procedure

The qualitative aﬂalywig consisted of photographing the
spectra of the ten materisls and determining the wave length
- of the lines in the spectira, The materials were placed in
recesged carbon elecirodes which had been purified amé sub-
jected to a potential of 120 velts at 8 amperes for 30 seconds.
The electrode which contained the semple was made positive

with respect to the electrode above it. The electrodes were

Fall 1n ," fm/

plaegd three to five millim&t@ra apart. Thus, the peten

dar“sskﬁﬁearu ‘
pacient never sxa@&e& eighz or t@n*valta whick is more than

the ionizing potentisl of any element present. The speetra of
each pair of elecirodes were photographed along with the szuple
so that those lines due to impurities in the carbon might be
rejected, Carbon electrodes were used for twc reasons, (1)
because the temperature due to the arc was very mu@h“graatﬁr
for carbon tlan, say, copper, and complete volfitilization was
insured, and (2) because the samples were free of carbon.
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In order to measure the wave lengths of the lines on the
photographic plate, one line must necessarily be known. The
two principle copper lines, 3274 A and 3247 A, invariably
appeared as an impurity in the carbon electrodes. Measurements
were made by means of a calibrated eye-piece from this xnown
line out to any line in question. This distance was multiplied
by the dispersion factor end added if the wave length were in
the increasing direction, or subiracted if decressing, from the
known wave length. This new wave length was then identified in
the “Tabelle Der Hamptlinien Der Liniemspektra Aller Elemente”
by Kayser, and labeled on the plate. The chief diffieculty en~
countered was the fact that from eight to ten different elements
might lie within one angstrom of the position measured and the
inaccuracy of the measurement might involve u%krangntrnu.,fln
many inst:nces the observer was completely mystified as to whieh
element a certain line belenged. This dirficuliy was overcome
to a great extent by using an instrument of grester accuracy
for measuring juestionable lines. &a‘mauxionaﬁ before, if an
element is present in very low acncwntratimma; only the per-
slstent lines were sought. If ilese were not present or if the
persistent lines were much fainter than thet of the line in
question, the choice of the element to which it belonged was
erroneous, and the process was repeated. About three hundred

and fifty lines were measured and identified by this process,
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The quantitative analysis was a muck more involved process.
‘The method of Homologous Pairs as described in the last section
was used. One sample was of particular interest due to its
greenish color which could not be accounted for by any chemical
analysis. Geologists have wondered for meny yesars why this
particular feldspar is green when another feldspar, which gives
exactly the same chemical snalysis, iﬁgﬁﬁi%g¢ Upon examining
the spectirum of this sample, it was found that four impurities

not listed in any chemieal analysis were present in an abundanc
considerably more than & trace, Compounds of these four alemeﬁi&
were procured and solutions made up thatwould give a8 certsin
p@raantaga of the element in ome drop. Fortunately, one sample
was completely free of the impurities being esnslized, This   '
sample was used as the standsrd to which variana percentages &r”
the “impurity" eleménts were aﬁﬁﬁﬁ ﬁm&h precautions as t&&ting
the éleatraﬁes for impurities and {inding the correct amﬂunt of
materizl which would be cowmpletely destroyed in the are after

30 seconds were taken before preparing ithe st&nﬁa&&a.‘ The
samples were powdered and ihe solutions of the impurity elements
were dropped onto the material in the rﬁaas&a& ﬁl&ﬂt?ﬁ&&‘ E@@h
electrode was baked until thorougkly dry efter eaeh,ayﬁziaation
of a solution., This was necessary be cause of the f&@t that the
solution would have boiled away immedistely if it bad h@@n

chra OF #ie
pl&ceﬁ directly in the are. ﬂ*Zt&aﬁaréﬁ were photographed, 7W6¢Wﬂ4g

1&'1,4‘“*,‘?

6eve1@y&é, and dried, Upon examination it waes found that tbhe

elements were in considerably greater proportions than the first



sstisiated range. The entire process was repeated which gave the
desired results. Sinee an are was used, whose potential drop is
cons¥ant compared to a spark, fixation linee were not necessery.
In sesrching for homologous peirs it wes found that there waes a
laeck of primary lines in thlese regions in which the impurities
showed up to an sdvantage. Therefore, copper, which is rieh in
was substituted in e known smount as a means of comparison.

1

Wit is aid, bomologous pairs were found which gave the correct
concntrations. The results of this process are deseribed in

“
liowing section.

tus and Materials used

e instrument used in this work wes a grating spectrograph.
l ting was of sluminized speculum metal having 14,428 lines
ch rnlﬁ*on the concave spherical surface whose radius of
e was 6 feet. The most important feature of a good
grating spectrograph is its grating. The validity of a spectro-
gra'#la more dependent upon this one factor than any other. One
of i earliest gratings wes that used by Wallaston and Fraunbofer
\ consigted of two screws setl vertically s smell distence
apart wound with very fine wire. This was a “transmission" type
mt?g; that 18, the spectrum of the scurce fell beyond the
gratipg. With this type grating the two “D" lines of sodium,
5890 A and 5896 A, were measured,

* Rojed by J A.Anderson af Johns Mopkins L/ﬂ/.VerS!ify'
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“he type proting used n thie inve.tigution Lo a

etion" grating. The ligns L‘n oroken inlo ite gyn‘ptrul
[&octed from Liuv gruting. The pumber of ruleu I.j:nu

, the total nuwper of ruled lives, wne Lhe redike of
ture of the grating are the best mﬂa-oﬂ_f its woril,
any Galffvrent mountings Luve besn deperiueu loFr Lo

lon of the elit, groting, sod plate with respect Bu Adf
r, ‘or these ibrec compilee the sssenticl parts of
ebrogropu.  The mounting propused by Hewlond is uses
constzuction of the syp yolue for toww experivent,

el dengsh of the preblig is due Lo At Curviture.
cshowed thet if a spocricel mirror Lnd lines ruled

ut diwtences apart the sume sw lines puled eyuslly niong
ord, thet this gr ting would «lso s rve to foous the
cted Llight lute the soversl ordeme. A gratiag hue
roperty of blv'm@, ‘spuctra on endh bice of Lhe umgr.l

 whioh sre colied spuctra of different”orxdere”. This

t true of 4 prism;




a prism heas only one order. The presence of orders in e
l’pgetmogra% is a disadvaniage in some situations because o
t‘ orders overlap, Thus, the observer might endeaver to
idemtify s lime which belonged to an adjacent order. In the
region around 320C A there is less overlapping of orders than
elasewhers, The aﬂeetmgrm of the sauples were all taken at
&m range,

Powlsnd based the primeiples of bhis mounting upon the
faet that if a elit and grating are set up at amy two points
on the circumference of & oircle whose dismeter is the radius
of unirw'ature of the grating, the diffm.am of the spectra
are §ll in focus on the circumference of this circle.

e e

9rah‘:9 P o

slit > = 3




It i3 seen from Figure 4 thst the grating is mounted with

jxis normel to the center of the photogrsphic plate. 7The

z and plate holder move together over iracks set at right

: The #lit is placed at the intersection of the tracks,

: grating is moved along the track,gfP the angle of imeidence(?)
light beam from the source will vary., The angle between

| drewn from the center of the grating to the center of the

8, and to any given spectral lime, called 9, is equal to the
| of the distance from the given speciral line from the

of the plate and the distance from the plate to the

ng. By uvsing the instrument as & spectroscope, viewing
‘eetmm through an eyeplece set at the center of the plate,
. equal zero, Increasing the angle of incidence by moving
pate holaer along the track, the observer will nole speciral
pessing from right to left of imcreasing wavelength.

» this marner, the distance moved will always be directly
ptional to the wave length of the line inm view. This is
ghly inown instrument to whick a direct realing linear
Bength scale may be attached. Used as s spectrograph, the
' will no longer be a single line, but a series of all
 engths which appear in the source éver.s o 1
3 the image on the photographiec ;hﬁ%
o lmger be zero but will be small enough sc that a comstant
e caleulated for that smwall renge. This constant is kuown

e "dispersion factor” and is pumerically equal to the rate

iw
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Pho f‘bq ra/a lﬁw
of chenge of the distance along th@Aglate bﬁl&er-tuuuk‘*tth

respect to the corresponding clange in wave length., Aectually
the reciprocal of this value, called the “"plate dispersion®
1s used in calculating wave lengths., It wes found bw~zaking
the difference in the wave lengths of the two principal copper
lines, 3274 A and 3247 A, and dividing by the distence between

the two lines in millimeters. The value wes 9.43 sngstroms per

millizeter, It was found to be practicslly constant over the
range of ten inctes. Any inconsisieney of the plate dispersion
was overcome by taking as small distances ss possible between
lines and using the corrected value found in the tables of
BB cnoths for the newly messured line,

Fig. 5




The source of light was that given off by the excited
atoms of the materisl in question which had been placed in a
recessed carbon electrode., This elecirode and the mxé above
it were beld in place on an arc board as can be seen in
Figure 5. The apparatus was connected as shown in the disgram.
The direct current potential ecould be applied by a switeh in
any one of the lipes, A series resistance governed the
magnitude of the current. The are was struck by means of a
carbon rod which was kept clean by sandpepering it aiter each
material bhad been vaporized. The light from the arc was focused
by means of a quartz lens, used because qQuartiz transuits the
ultra-~violet, on & slit which govermns the smount of light
received by the grating., If the slit is too wide a background
of the band spectrum with wide lines superimposed upon it csn
be seen. The slit was narrowed until a minimum of background
with sharp lines upon it was visible. This was done in the
visible region at about 6200 A. Before using the instrument,
it was lined wp, which is a process of adjusting the light
source until the light falls exaelly in the middle of the
grating, focusing the source on the slit by means of the lens,
and adjusting the slit for a sherp image.

The carbon electrodes were turned on a lathe, the upper
electrode smoothed and shaped until its dismeter was about two
millimeters. The lower electrode wes drilled to a depth of
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abouy half an ineh and a claneter equsl to the upper electrode.
The;%uter region was shaped until as narrow 2 wall as possible
was obtoined. Inte this thin cup the sample wae to be placed.
These eleciroCes were purified by burning them in zn arc of
120 volte at € amperes for one minute,

The samples were received from the Cersiics Departzent of
tre Virginia Polytecinie Institute with their approximate
chemicul quantitative smalysis.  The primary constituent in

. saltoxrde . )
seven of the sands wes silicon exide which constituted 98 per

centor more of the total mixture, Aluminum was found in
varyfhg apount, &s was calelum, zirconium, iron, and magnesium,
in two of the sands for wtich but one epproximete. apmelysis wes
Sehrebn “dro xidé:
given, two prir Ty, substances were preaa“t«-ex%&ﬁ of —siticon
Lo 7 goeie 3Ya s

amﬁ’gg&éeaafmﬁw%a&ﬁm; Upon careful examination of tle spectra
of bdth sands, this observer ceme to the conclusion tlat the

two #ere exactly tle same to tre last treoce of an iLmurity

The ®eumaining sand wss composed chiefly of oxicde of caleium,

quit& an abundence of zirconium, potessium, sodium, and meagnesium,

o o

£

{he spectram T the letter was entirvely Gifferent from any of
the others., The physical properiles of the sunds were similar
in,tbﬁt~maeh of ilLem were near white while one was distinctly
greeﬁ, end snother had z slightly brownish cust due to lesz ihan
one per cent of iron Qxide, The sands ranged from a coarge
gramlsr consistency to = finely rvowdered form, While only a

@
i



BB oo of the wiuple wup “viiluble, thu wu.dy wis dueh

n wufiicient wu only the swll mount of -0 will
S b mnhs to ¥ cuckienl
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& In this section are recorded the wave lengths of all
 1ines which identified elements in each sample. The chemical

analysis is also included for each sample.

“Clineh Mountein® (First)+*

Chemical Analyaia;‘ ‘
€40p « o o 0 o o 0 e
AlgOg+2rgOg o = o o »
FeD, « o « o » » o »

273
Q&Gt*uuwﬁ»ini

W«‘wtinttmm

Spectrographie Qualitative Analysis (wave lengths of
identified lines in angstroms): |
81 Al Ca . Zr g

2506 3443 3968 2969 2862
2514 3002 4934 - 3099 2802
2516 3082 4226 A 2795
2819 3944

5 §§§§ mewritétu

¥ §§8§ Ti Cu Fe
98 | .

| 3361 3274 3020
3905 3549 2047
5341

* Notations used to identify sanmples are the same as given
by the Ceramics Department of V, P, I,



ivmber £,
"Clinel bountzin® (Zecond)
Chemiczl Analysis:

f:, i‘;’z - . . - - * L4 . » - &:’Q 1%01&

0.370%

o3
posd
29
o
{¥3]
-+
b
e
e
[
.
.
.
.
&

}&2(}3 « & ¢ & s 8 s & @ O . 03@2‘”
Ca0 v v v v v ... . 0.020%
kigg « % * s e = | .« e 0 - GW

Cpectrographic ‘walitstive inalysis (wzve lengths of

identified lines in angstroms):

& A1 Ca Zr bigr
250¢ 3445 3868 =069 e88L

2614 <08z S04 306¢ =&0e
2b1¢ 20E2 4226 2798

2819 3044
26524 £876
2628 <667
£631 J9c4

2egl
2eel
<0086 Impurities

Cu

3

oo

A3
b

SE4

B
O

SR R
o0 00

2274 30z
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Number 3.

#Clineh kountain® (Third)

Chemical Analysis:

Spectrographie Gualitative Analyais
identified lines in angstroms):

81

2435
2506
2514
2516
2519
2524
25628
2631
2881
2081
3805
2927

Si@g - ® » - - - e
ﬁlg% + %203 * & »
F‘g% = o %W % »
C&Q ® ® % 8 & * % e
ﬂg@ - * » - - - - -
Al Ca
2567 3934
£676 3968
3098
3443
3944
Ti
3349

3361

. 99.310%
. 0.390%
« 0,075
. 0.080%
- Gom
{(wave lengths of
2868
Izapuritim
Fe
3020
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Kumber 4.
"Clineh Mountain® (Fourth)

Chemical Analysis:

gi@g = & % 5 % % % & & 98*5@0%
31203 + ﬁrgﬂa e e e o« 0J780%
F 'ﬁ% = > s * 5 8 c - G; 14%
{3&10 R I S S S ¢> : Q.Q’-@%
ﬁgok P O 0;17@%

Spectrographie Qualitstive Anelysis (wave lengths of
identified lines in angstroms):

si Al Ca Zr Mg
2435 2567 3934 - 2969 2852
2506 2878 3968 3099 27886
2814 3082 4226 2802
25816 3092
2619 3443
2624 S5944
2528 3961
2631
2881
2981
39086 Impurities
2927
Ti Fe
3341 3020
3349

3361
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Humber 5.

"Barker Sandstone®

Chemical Analysis:

siog - » - - » * -

Fﬁa%yno‘tt
caQnavu-o-

Hgﬂ - & % & & w» »

Bpectrographie Qualitative Analysis
identified lines in angstroms):

8i

2435
2806
2514
2616
2619
2524
2528
2631
2881
2081
3805
2927

Al Ca
3443 3034
3082 396
3092 4226
3944
3961

Ti

3&41
3349
3361

(wave lengths of

ir kig
2099 2882
2269 2802
2795
Iﬁpurities
Cu Fe
3274 3020
3247 3719

3722
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¥umber 6 and 7.

Apelite
Chemical Analysis:
S0 . . . . . . . 60.38%
Algﬂ3;+,3r2a3¢ .. 23,583
Fa203_ e e e e . 0,236%
Ca@ . . . .. .. 5.88%
ﬁa26~, ce e e e ‘g*4g% ‘
Kga e e e e e e 3,.07%

Spae%regrayria mu&litative Analysis (wave lﬁngths of
identified lines in angstromgk

si Al Ca Zy . g Na K

£435 2378 3934 - 809¢ 27956 3303 3449
2506 25687 3568 2069 280Z 4044
2814 2675 4226 2852 4047
2816 2662
2619 2660
2524 3082
£5E8 3092
2631 3443
2881 3044
2881 3961
3905 Impurities
oee7
Ti Ga Cu Rb Fe

3341 4172 3274 4215 3020
3350 4083 3247 4201 3719
3361 2943 | 3722

3737
3745



Kuxber 8.
Mendota Limestone

Chemical Analysis:

ﬁi@a ® a4 # & & = ¥ L AN TR B . Q.ﬁ’%
Cal . LY S T T N R 5@;.655
m * 8 % E & B & = B % B & GQ?%

*
*
*

Spectrographic Qualitative Analysis (wave lengths of
identified lines in angstroms): |

81 Al Ca Zr g
2506 3737 3736 - 3099 2795
2814 8443 3934 2060 2808
£rls 082 3968 £8862
2619 3082
2524 2887
2528 2575
2435
e
8 Impurities
3805 par
’ Cu Fe
3247 3020
3274 3719
3722
e
3737
3734

37456




Kumber 10.

Chemical Analysis:

PR

) Eiez tvc . . . . . o %‘81@%
A1505 4 Zrg0; - - - 0.1702
0.014%

Feﬁﬁa......

Spectrographic Qnaiita%iva ﬁnaxyaia:(ﬂa§&ki£hgt&s of
identified lines in sngstroms): |

8i Al r Ca
2435 3443 3099 S934
2506 3082 : ‘ 3968
2514 3092 , 4226
2516 3044
2619 3961
2624
2528
2631
2881
2081 Impurity
3005

2927 | Fe
3020



Chemicazl Analysis:

w36

HNumber 9.

Green Feldspar

Wy i

als% T %
;Cnﬁ‘

Spectrographic Qualitative Analysis

e %

identified lines in angstroms):

si Al Ca

2435 2373
2506  £567
2514 2675
2516 2652
2519 2660
2524 2082
5528 3092
2631

3944

2881
3961
3908
2927 Ti
3341

3380
3361

3934
2968

ir
3099

2969

Ga

4172
4033
2943
2944

Mg Na
2795 208

2802
2882

Impurities
¥ Kb
3183.42 4215

3183.99 4201
3185.41

3449
4044

| 4047

Fe
8020



Number 9.
Green Feldspar

This photograph and the one on the following page constitute
the apéctrum of the green feldspar sample. The first spectrum
is that of copper for reference use; the second and third are
spectra of the feldsparj the fourth apectrum is that of the carbon
electrodes in which the sample was burned.
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Fouber 9.
Green Feldsper

The short weve length Eslf of tle spectrus of feldaper
is shown ebove. The three princiyesl lines of vansdioe appesr
st 31580, The Couble lime of gallivm is visidle at 89634,
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Deternicstion of Lesd Comesntration

The fifth spectrun is thet of fellsper, Fusber @, shoving
tke hamologpous pair of lesd end copper lines, Dirsetly below
are the tiree sawmples contaiming 0438 lend, 0475 lesd, and
C.50% lsef, respectively. The first spwctrum is thet of eapper.
The two linss that ssteh in intensity srs tlose in the fourtdh
spectrun indlosting a conoextration of C.60% lesd,



Daterzination of Vansdiun Coneentrat

mmzm of venadium iz smaple Nusber © are Ciffienlt
wmﬁf"fﬁi%’iﬁmmmw,mmawmmm
sbove plate at 5188 sngstroms. These concsntrations wre C.0475,
0.045%, and O, 043% of vemsdium, mnmunxr. The hatiw
pair is seen In the seventl spectrun and appeer ot eausl intspsities

in the second spectrum indicating a oconcentreation of C,0438%,
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Ceterninstion of Gallimm Concentretion

Spesctrua mumber 7 is thal of sample munder £ showing tle
double line of gallium at 2043 sngstroms. Spectrs sixz through
two ere standerds renging from Z.882 to 1.255 gellium, The
first speetrus is that of copper. By comparisom of intemsities
the gallium of the sample appears to mateh the line of gallium
in spectrun musder £ whose congeniration is E.008, Dus %o a
stortage of the rare metal, closer estizstes were netl peossidls,



¥V Discussion of Hesulls

The first five sawples, lasbeled “Clinch liountain® were very
sinilar in composition and were associated with the seme impurities.
%hile the number of lines that an element exhibits om a spectro-
gram 18 not & valid method of messuring its atundsnce, a com~
parison of concentrations msy be drswn, That all the sumples
are rict in silicon snd slumimm is evicent from the mumber of
lines cGlsplayed, This is particularly true of nlnminum,‘uhiwh
is In greater slundance Iln the second »lineﬂ ﬁﬂﬁﬂ%&ﬁﬁ aawplé
and shows more lines, The iumpurities associated with these first
Tive samples were mainly ti@@n@um$ iran, =ud a:gégght trggg_af
copper. Of the tlree, titanium wes most gﬂﬁ@g@ir@t@ﬁ;kiﬁéﬁ

second, and copper last. O mhﬁ lines of ira& are of & very low
intensity and are very DuUmercus, umﬁ, nnfartummtﬁmy, tha yaruintcnz
lines lie close to the e&rhwnlbanﬁa* These faatars t@mﬁ &a r&auat
the chonces of identifying ell of th@ iron limmsﬁl ”

Samples Fumber 6 and 7y the two ap&lita #ﬂﬁé&, war& faumﬂ
to be icentical. 43 can be seen in e t&blma of umvw 1engthm
for tlese samples, ihe sbundance af‘alumxnﬂm wes gr@at&st far
 this sand, This sand c@ntaim@a both s@é&um and patmaaxum anﬁ
8 much grester percentaze of iron t&an any of the other aanés.
Titanium wes present along with the rare m@t&lﬁ, galliom and
rubldium. These rare m&tmla sesm 10 bs &3&eei&taa*with thant
sznds which bave a high concentration of alﬁminnm and whi@h

contain sodium and potass The presence of the laat two




le B

elements in any sample tends to reduce the earbon bands and
incresses the ehance of suppressing an element present because
of their extremely low icnization potentials,

Saumple Nusber 8 wes noted to contain a much grester cone
centration of celcium than any of the other sands by the broad
calcium lines on the spectrogrsm., While tlese 1ines were very
heavy, few additional lines of caleium were Jcentiriea at this

concentration, proving that the number of lines was noi a
measure of abundance, Thiahsamp1@~wa$“fréa of the rare metals
listed for numbers § and 7, but comtained treces of titaniuvm
and iron. , '

Sample ten was by Tar the purest sand snd contained nope
of the rare metals. Only a trace of iron was found.

Sample number © was green feldspar which has puzzled
geologists for a pumber of years as to why it exhibits this
particular coler, The white feldspar gives & chemical analysis
which is identical witk the green feldsyar. The spectrogrem
of ile green feldspar contained lines of vanadium, gallium,
rubidium, and lead, as well as all of’the’@iamanta listed in the
chemical analysis. In order to determine vhich element was
responsible for the coloring, the p@reaﬁtag&s of ‘eoncentration
of lead, gallium, and vanadium were determined. Lead wes found
to be present im concentration of one half of one per cent,
vanadium at 0.043 per cent, and gallium approximstely £.00 per cent.
The presence of the latter element im such high concentration is
probably the cause of the colorstion. The sulfide of this element
is distinctly green.



1.

2.

3.

Hupber 1.

—p

Titaniua,

All samples comtained im,urities as listed below:

iron, trace of copper.

Fumber 2., Titanium, irom, trace of copper.
Wumber 3. Titanium, iron.
Nunber 4, Titanium, iron, tzace of copper.
Number 5. Titanium, iron, trace of copper.
Kumber 6. Titenluwm, gallium, rubidium, iraa,kaﬁgﬁerw
Nusber 7. Titsnius, gallium, rubidium, irom, copper.
‘ Humber 8., Copper, irem, ‘:,& ,; o
buwber 9. Titanium, galliﬁm, ruhiﬁiuﬁ, vaaa&ium, iron. R

Kumber 1C, Irom.
Samples Fumber € and 7 are identical,

Sample Humber ¢, green feldspar, contained ihe following
concentrations: |
L&&d LR . Qm&%‘ E

0.043%
%¢5,gy (approximstely)

Vanadium . « »

The green color of sample Number ¢ is probably d&e‘ta the

relatively large comcentration of gallium,



The mutbor wishes to scknowledge gratefuily the constant
assistence and supervision of Professor H, D, Ussery and all
of the mexmbers oif the Departuwent of Fhysics; alsc to express
sppreciation to the Cersuics Departuent and the Chemistry
Department for ihe samples mﬁ rere earth metals mmﬁ in this

investiigation.



since the completion of this dinmvestigution, iy, H, O,
Ussery while toraing ot the hational Lurcau of Jtandurds, in
July, 1959, ukde a determination Oivthw gmlliu&}in the‘;r@@n
feldsper, and found thut there is 0.28% gulilum in this mineral,
The explsnation of the dif;érenw& in these two éet@rminﬁtiwﬁa 
lies in the wsy in which the standutde were propured. In the -
work cuscrived in the theais.ﬁne'atﬁnﬁnré somples weyre mude up
by udding dilute solutions 1o the matrix moterisl after ueing
 pluaced in the curbon electrodes. ‘In the cice ui ﬁ&*@xum, vzry
&ilét& solulions were used, o uancnwtr&t&d uolut:om& bezn&
vaxluula, wnd 4 lérﬁ& nycenta;a Gi the wo&utxmn muat have
been wusorbed by the alﬁctradvﬁ it the expence of ‘the wmetrix.
Lince tne boiling %amyvruturﬁ of gullium is very nearly w000.C, o
it is entireliy goaaab}m that much af,it renoined in the cvliectrodes

and was never vueporized.
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