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The object of this investigation is to d.eterabe quali-

tatively and quantitatively tbe principle chemical eonatituenta 
and associated impurities in ten ceramic ma:terials wl"Jieh were 

obtained :from regions 1n the state of Virginia. These uterials 

are all inte:ndl'd !'or the glass industry, and aay be aoeti:,ted 

or rejec,;.eu t'or this PUrt'OSe depending upon the presence or 
absence of certain impurit.iea wb1ch would render the• useless 
to the ·industry. In some eases a mim.mma percentag.e of an 

.impurit;y is acceptable in a me:te:rial 'Wbicb, i! it were present 

1n any grwt.er amount, would. render it. uaelesa. 
V•e;r•' 

The t~ation upon which qualitative u.ialyaie 1gt the 

hae beeu rendered luminous will emit spectrum lines of trequeneiea 
whieh are peculiar to t:hat elem.em.. Baeed on t.he t.beor7 t:bat. 

the atom ia composed ot a positively cbarsed weleu.s s\U'Toumed. 
by a number of electrons depending upon the elemeat, with each 

electron traveling it.a own orbit1 it ia seen that b7 an eleet.rieal 

diseharg• 1iiu!-ougb the -.t.eriel a:tWBa are cont.iauatJi, niaed :troa 

the normal .mt.o excited stat.ea. In #UCh a cue t.*1~•'°1B baa 
J}·:'t"· 

received suttieient energy to eause an electron in the outermost 

orbit t.o change :from it11 particular energy s'.bell to one fart.her 

f'rom t.he nucleus, depending upon the amount ot energy pined by 

t.be electron. 



l In '.F1gure 1, 't.he energy $bells, or en.era levels, of a 

aKilJ.um atom b~v• been indicated by horizontal lines. The 

apaoittg between any two lffEi.lS is :rroi;.1orti0Ml (l) to 1.be a.mount 
volf-e/ectl'"o11s . ..· . . . ... . q}'-<;fr-on 

o'f energy in w.hicl', 1ritu:rt. be impar\.ed to e.n ·-,r.~ in o"4er 

that it. u7 e'.hift from the lowel" of thtt two levels t,o; \he tapp.r 
level, aD4 (I) t.o the reciprocal o.t the w«ve l~, ~t ia • 

t.be m.tlibel" of waves per centJ.meter of th• •l•c~.P8\i.4 ra41at1o: 
eadt:t.ed t~.uri:ng the do~rd al:ift of' ti. electron ba.ck t.o 11.e 

D.91"111&1 level. 
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the ligl:t is 

si;:ectrun:. of :not o:ne E::lsme:nt but severt~l e1eni6:nt£ were viewed 

by pas,.ing tbE light from t:tf.; lundt~ous va1,,or of several eletnE.nts 

in co11)1)i1rn1t.ion tl.rougl:i a prism or [;;r:;;;.ting. TbErtt would be no 

dii't'icul ty in rceogni1.i.l:g tLt lir.t;s 

is constitutes 

In wlm.tever 

on the invEiil 

in 1857. 'fhcir 

origin'of 

I 

it 

, in turn, util 

was U!';td cr~ly ! or U e £; 

quar;ti tative 

111 

describing the spectra 

c Uif; to ai-:v to 

to ici€.nti:fy iu::;z: ll ptraE::r .. t~get 

i tt ,rtl'it.r e lciu:t:~uts. 

o:n :ror IJH:1king 

occurin.g i.n more or 

Ef1Un%.nt. It is a problem 



upon wl1ieh J:r.il:IDY uwectigators have wos-ked, among these 
3 

being Hart.le)', de Graaon.t,. Leonarct, and Pollok. It is tJ1is 

phase of chemical 8.llalysia 1 referrf;<l to as '"ua.nt1t.ative 

ana.lysis, vn.tb wbich .the principal :..art of \ll.fl) next aectJ.on 

oft.his ~aper ia concerned. 



Uses ot the Spectro~. 

AY&ilable 11 terat.ure on epectrua &nal;y,s1s u applied to 
chemical det.erainatione 1a not. abtmdant, bffauae apeot.:roecopy 
ha• but recutly been ,u,ed 1n this armer. It.a moet .iaport.an'I. 

.function until recent, yGars wao in studying atom1e atrucrtvea 

•and t.be bebaviour of the electron, tMld in det.eeting Sllall 

of Japurit.ies a. a suppoa•dJ.7 pure element.. 
Th" urv advantages Vt't~oh apect.rogra.pl:iie am.lyeis diapla:, 

over chemical analysis a11ne u, proaote iw . .l.iipcrtaDee in 

1mu•'b.7• 4 Qtt.en ebadoal ana..lyaie 1.'or certain. aubataaeea are. 

<:l if:!' 1eul t to make wi 'U, accunq and rapid.i ty. ho im1,,ort.a.11.t. 

uses of qualitative analysis to u:td.uau, are ( l) tu quicaeas 
and relat.tve eue with \fl.l1e'.h co.at.aaJ.natioa -.7 be det.ee'led in 

step duri;ng a cosplieated proeeae, aa4 {2) an ac~t• method 

ot aacerta hd.ng the cause of 1~pert'eetiou in a fault:, ,product. 

wltioh bei.s been Ntuz~. An exam.1fflltt.ioa ef a break ta a aetal 
:product at the e.xut po int of brea.k.age is pees ible w i't.h a 

1pecrtroi),Taph and will J"ffeal t.he o-.,uue ct 1JMt. taul t dQ. 'to an 

excus of a conart,i t.uent er an iapu:rli:.7 that OOllld not. 1-
recognised by chemical analysis uooer tbo same conditions. 

Spectropa,phic a.n&lyais haa be-1 u11ed at, the Dow Chemical 
C•pan,y, Midlan4, ~icb1gan, since 1925.5 I'ta applicat.1eu :have 

increased because of exper.ienee and imp:roved tecbniriue from 

purely qualit.a.tive analysis and viaual eat.i.Jwlt.ion• of mlli.ll 



aJllOUllt,e of iaapt.lrities 1n ateriala, to accura'\e quant.itat.ive 

anal7eis wl.iiell hav•• ia J18nY •••••, replaced @em1eal Mt.beda, 

'!he value of apeet.roseepie met.boa 1a the pt'"OCuet.1on ot 
auebo09erciall7 1.port.an'I. met.ala u pl&1.inua 1a ~••sUon.4., 
fte high value of tbe u'Yt.l .lead& w oonatan'\ recwetriJC ot' 

all f'sru of scrap ff"'om all aO\lret:s.. lh• scrap metal ••t. 1M 

a.ceuratel.7 analyzed.· with the mlnilll.l:m of aterial destroyed 1n 

uat.bg, Bee11.1uui: ot 'the. e::t.eaic:al. b!•'Ptt,ese ot tl:ie pla't4mtm 

group, Mtlriods o'f a:nalysis .mployiDg' eoltit.1cna ba.v• b•ea 
replacetl b7 Uie l••• arduous epEct.rosoop.1.e d.eten:1-tiona .• 

~· papen and --,l•t• deaariptiob ef' procedee& ••• 
1-• writ,t.•n on t.be •peet..'ral ana.lya·ta ot :.u-en •• 1141 ali.,.a, 
COJ:1)G:I";. lead, tin, aad eilYti:J', Altbou;• q:us:,rt.itaUve &\'W;~ 

ha.Ye been 'Cl••Uoned ap.h: &nd .,._, and e1le t.be 'P'O••• ia 

s'\111 in a fonative atap, excellat rea'lll\e a.ve be• abtabua4 
in th•· pi"Od.uction .,md d1fveloprAeri,.t or 'these IMit.a.18. 

~itative Analysis 
Qualit.ative analysis 1• t-t.e aete~a:tlon of 'the elaseata 

preae·n't in a mixture or oompoum by tl:ae pNaence of 'tbe1r 

oha:ract.erist.10 apectral lines on a 1pec't.rulll., ettber v:lei\\le ei" 

reee:rd.ed on a pbot.o,gr(jp'tdc pla:t.e. Whe:J"'e t.he spec~ t,, •GIIPO••d 

of lines, it is concluded tt.:&t atoms are pnui~nt la tlle vapwJ 

tt Ule el)f?ati'um is coapoaed of ba2348 the Yapw eotrt.ala8 molecules. 

Tbie dist.ine'tion in itself' ie a ehemical aMlyaia of tbe ampleet. 
kind. The bands of t:he molecub,r spectre. 1lrE> in t.liemselvea 



group• of vttr7 1m.t1eroua lines, made up of 't.tle spectra.l 11Jlea 

oue to tbe .. ..,.., Ju.pa• wit.ha t.he at.om and to tlie eaargiea . 

ot' the v J.bre.t.iona wl:.ich the ato•• of t.he a:icltn:ule e:xlcut.e 

reh.1;..1.ve to one uo~er. Suell pro~l..,.. aa proving th&'t. the 

vapor of 01-.Ua or s.m.iM•y is 0:v,apoaed of,mol•oulea 1• eaa11y 
aloved by viewing t.he band t1,pectrat b\rt. tbe seep~! WO\i\14 be 

exceeobgq diffi.eult by vapour d£na1t.y test.a. 

I:t .• q,ual1t..,tive a.nal7sie ia. ·t,o be u<.le et a co•~• the 

first ttticeeaary comU,.tlor1 .is tbat excitation sl::.ould be such •• 

to aisseeiate che,a1cill eombina:t.ioJut. lt. ~$ Just. been seen \bat. 

the &:f'6C~ et' molecule•, l,fbich woulc be the case o:f a oom,Poun4, V 
t• on• of ba.ada and e.-.ot be used to iclent.11'7. e~i.~~fs Uu•. 6 

The at.oae Utttt re.suit t'rom tte di.ae.oo.iatJ.en 11uat. 'be u.de lainoua 

UJ:l4u- similar condJ;t.iou. Tltil pnaeaee o:t a,\ef.t:t:eie, .1; .b,lert. 
elemeat in a c«Apound .-.7 he ent~•ll' unauapeeted in 1.M •p•ctrta1 

detec+ea . . . ·.. . . .. · . . . . .. • . . . and will otal.y bt:, -een:. ;.H:i. coi.centratlOJle are pr1u,~aliit. milllou 

ot t.imes ~•a.t.e:r than. \.ut neces~, aa,, f• eodta ._.. give 
i ta diatinct 7ellow eolor t,o. a fl,IM. The aeitation ..... ,HHt.17 

I 

for a pa.rticula:r l~ in the apec~ ot: •Ml ele•nt is aa 

cl:are.eteriatic a.a t.he· witve le~ a;t' 1.hat lint;,. Jiorlever, ia 'lhe 

ueua.l &1Ul3.Jsis of mert.ala, exee1;A the alka.11 aetials, 1il1e conditi.., 

of exci't.a:tion differ very lit.Ue f.rom one another, ao tlu;.t a 
spectrum ,of an alloy ger .. trally ir,i,cludes all tlle eleaents. or t.be 

o~. 



~t.itat.ive Am1lysi.a 

TM purpose ct a quaati't.at.iveam.l.J•La ia t,e aac...-1n 'Ute 

atomic conce:ntra.t1on of' ~11 aaount• oi' ma:t.eriala, suoh u 
.~1Uea, 1a Ute ;primacy. oonat.it,;aen ot" tlie ~· .. ·•to. b• 

analyeed. J'roa o».G or we per cent to sever•l thouun.tha d 

a per eeat of' ui iapul"i:ty ia the opt.illll• ~• ot· l•••tit,aU.ea. 
Tl).e prae'tiee of' qua.nt11.atJ:ve anal.Jsi:a 1n ,my of 11.s varlou 

t·onu ia b&sa4 on t.he work of LoolQ'a; 6 ·QM· of l.be eu.i, 

lnveetigaton, who eetima.:ted ·'t,he a~ane• ef &a elea•t· ia 

the el•o1.ro4es of' an bcY obaen ins tlie st.NiD1\h •"I \he· 

spectral 11.n••• 
Until recent]¥ all the ••tboda of q,uant.i:t.ative anal7aia 

were aenly rOUBh e.st.tma:t1Ctaa.. -• tli••• W'ere et' grat. valllfJ 
to ex:.,e:rimente.l re,earoll end aa an a14 t.o tM cl~emiel.. A.l~h 

Look;)'tr obta.1~ a rel.a t.ive ••tima\e of .t.he .._1, of aa elaat, 
wh:J.o:tt a:ball be called an •iadmixwre, • found 111. t.t.ie oampcai t.ton 
of t.be pr~ eubet.anoe, 11- pli.01.&,p-apld.o ft\,~• ._. to· 

a •~ctral lL"'.~• ia not a ~Elaeere ot' the inteui t.y of emiaei.on 

u . ._ would OJ"<l1nari.l,iy tltink. ••lftle o'tN1-s s,ap,-eitia wonld . 

b& .t.hat. a li:ne of a giYfd" bl~-~-• w•uld be ir .. variably al~,t:~te 
,aea,un o.r t.be inteM1t.y ot t.he NU\liat.ioa which producect it,., 

The oase ia, oowwt>r, that it ia u •oh dEtpO'Klt.urt. upo~ ue o.r 

epark 4:1scbarp eo::ld.ttione, t.he t.Jpe ot phot.o,p,aphio plat.. ..S, 
'; 

81\d tb4; t1me o-£ fi;),.posun as tbe int~na1t.1 of tlie source. The 

wabe~ of specV\,U'l liaes of ,be ~inure wl'dob will appear at. 



certain concentra:t.iona is dependant upon t.heae con4.1t,iou. thus, 

tv,o direct measures would be vali.d onlr when t.hci e&ndit.1eu Jua't. 

eta:t.ed are abao.lutely constlU.lt.. This ia practically imp<uusible 

because of unoontrollable factora which will be d1scusae<l l.a:t,••• 

It it ia ee,ured to vwit'y whet~er e.n alloy aeeu t.he :re-

quir.-Einta of a speelfied coaposition, o,.. it it ia r-.1"4 t.o 

know whether a prescribed purity of a 1ubat.anet: baa been r•e.ebed. 
or exceeded, the matlicd of corupa:riaon •pectra3 is th 1Japle•t, 

ana _,,t d 1rect,. Ill ei th•r cue t.he per oent. of tlie aaa'tur• 
in the pr:f.ma:cy 11ubat.rJloe must be found. Thie ia done b7 pN• 

pariq; a number et samples conta..1ning tbe primary aubat~na• in 

conat.ant as.iounts and the ocmJ.xtuni. in known oone::ttnuat1ona 

wit.bin. the r~g& ot" t.he mixture bei.tiji analy•e4• The ~•r of 

t.heae aaa1;1l1;s vdll depend upon the 4egr•• .of en.ot,n,uHl req.uh-e4. 

Spectra of' t.liee<i: 1u1~l•• are tl1tln phot.ograp:be4 in ~•:r w11.h a 

apec~ of tt~e u'llknoo mixtur• lJ'iq 'between •aeh .~a of uown 
eomposit.1on. fhuat thfi dcnreloped plat.e will preaent. a ai;iec:t:rua 

ot, aay, hieheat eoncen:t.rat.ion at. t'be tep, then, an wmewa, et.o .• 

Tbroughout 1.tia procf:dure 'the condition& ot· dis.cJ:arse am ex• 

posure should be kept a& eont.ttant &a pcaaible. Aa exutiaat.ion 
of the spectra will produce that. pa1.r of apect:ra ot tt..e atatidai-4 1 

or kr.K'>Wn, a\1b11'ttanee anc thfil u:nknO\m $:peciffien wl::i:oae linea of the 

primarJ' const.it\lent are nearest to equal inte.uait,:, and the ad• 

mixt.ure linea nearest to e,;uality. This, of ec,urse, will be 'the 

percentage of tbe admixture in the primary,. In. 'the cue 't.hat. 



, in~•r~clation may be 

• 

F ist"'4etErmintd tbe r~t.io observed 
as measur-eJ with " n-i,'crorho-fomefer 

A aJ1# P lines •A a case, if' tl:e t 

or t~ platEI u:u.c:r· or over 

rema:lil • k:r, 
or tlft 
r.:1n"'/ tl,c 
as tJ~, 
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and 6:~st.u:r.mi:ng t'.hat. tl1e 

cons-nt. 

of the linEis will 

coil<.iitions, 

ll milter this :r(!rtio. 

lundnosity 

.in eacl~ Cfase were 



ua-....-

• tlu,ae .pt1li'i: &al eonatet ot lth•r a.-t'k or a.ro 

but ao, a o,_.ln~tion ot the two. Th•n aaibpt.i ~N 

11• b••veen \Ile two auplea Juat. 
• · ,-tr ot' ltnea whoee . lntenal\Uia er• exao\ly 

u.re noted. Tile, ountaentrat1on 111a1 t>• det.ermli'lea by com-

on v1\h tlle ct.rogrsao ot Yoeyine aaounte of' A 1ri P 

· i..xa I l,olf 1.- ll.N) a lw-.,._, •flual ln 1n,ena 1 t,y. Wtlen 

once ... ,of \ho dl»on.rtl',. con41t1ona ta ollui1nnt.e4 t.ho hono• 

11' :ws.11 exh1b1\ line• ot eQUal tn\enei t · lndependtliiit 

r ,ada1xt"2'tte \be :•ierl•l. 
MOM· t.b111. \ no iia t.Jl.~ o • .., be 

lie hlfttNt~•ffifftr ·CNm• n. the o r P line• 

l&.neu, w.b1cne~er 1u datioient, be arlitiolally 1sa-

phot.ognpn1og on ELd.411aona\ •peotrwa of an ele1Nn\ 

\ho •peotnm 1n ~~•otlon in which tJlera •1 be 

, au1tubl.e linoa . Coapur loon .la &hen mr,.;de ot the A linea 



aJl4 6.he aubat.11.uted P liua in uaot.~ 'the eaa• manner. Thie 
1a bown as the ttiiet.bod o~ Subat1tut.1on. •3 Thu met.bod. waa aa4e 
use 1n Uie q:uaat,1tat.ive ualyaie li&de in tibia imeet.ip:t.ioA. 

An enUrel.7 differen~ met.bad or qUN1t..i\e:t.1Ye au.l7aia wae 

adodl,ed bJ' G. Scheibe 1n 1928, utng ·u. logu1Uuu.c ffctor of 

Hee§J~er cld. Hola1..a Ord.1.Darll.7 1n pllot,Qgnpb.J.ne a apects-ma 
or -1,yaia, t.ba alit ot \'.be apect.roaaph ,1a unttora:i,, 1111.Jainated 

thT"~'t. I:n t.l.lie aet.W, t.~ 1:a't.«na1t.J' ot the illuaimt.1on 1a 

yar!ed in't.ent.J.onally from poill't. to point along tbe alit. 1'be 

bea1 mea.tta of obtamt.rc a un1:f'on var1At1oa ia ~• rot.ating diac 

in :.t\-ont. Qf the ali t., dev i•ed bJ' Ilaaburpr and. ' 
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or tl'.-.6 ratio of tl1e eonce:o:trat.iona.• When one concentration 

is known m~ otl~ers may similarly be £oum. 



Object 

The specrt.roa·eopic methods outlined 1n the last section 

are not. supi;,ot.ed to r~place the chemical antalysia of a auailar 

nature, but ratber to supplemE;nt it. In ascertaining t.he com-

position of an unknown compound which baa t.wo or more prilsacy 

oonat.ituents, t.he usu6.l q\lanitative @emieal analysis cannot 

be i.JlpN)ved upon by a spectrogrti;ph. It.a function lies :in t.he 

range of 5 per cent or leas wbieli usually aplies that the 

element ia an impurii..y or a prescribedeonst,ituent in an alloy. 
It •~ld be 1llp0ssible te ahow the pl!"esencui of element.a at tt._t 

low concentration Ul a mixt.ure 1,'V.rely chemical means, muell 

less the amounts of t.hese impurit.ies in the total 111.nure .. 

Generally, it •7 be said. tbat t.be \JSual eheaica.l analya1a 
operates mast etfect.i.vely tn the range above 5 pe,- cent wbile 
a spect.z"ograpbie analysl.s is su.it.ed to t.h• range of 5 to 0.001 

pe:reent. Ia t.ke event 'tbat or1e or fAio •persist.eat" lmea of 

an element 'JtJ.&Y be :found 011 a spectrog.ram l:rtat. tltat. a quutit.at.1ve 

analysis :f'or the element. is impossible due to the fabt.nesa 

t.1',.e li'fles, the el•ent shall be called a "tra••• • By ..,_.istent. • 

linee ie meant those lines which are the last to disappear when 

t.be concent:ra tion of one element. in anothff is decre.ased to zero. 
In a bandboo1t8 wl'iieh lists the nvel.angtbs of t.be liae spee't.rml 

of an element, these lines are marked.with a capital •1.• 



Specifica.lly, 1.he obJect of this invest.igat.ion is t,o 

ident.ify all t.he impurities and t.raoes of e;,..nts found u 
,cb1 ! r · 

ten ceramic senda and to det.er·mi:ne for \~;~ , of the im~ortant 

sands, the concut,,.ation of Uuu.te impurities in t.be mixture. 
I:n 'the case in which tbe chemical tormula specified the· per-
centage of an element in the mixture, a quantitative analysis 

was not me.de. 

•t.boda of Prooedu" 
'l'be qualitative f.l.Dt.:1.lysi.e consisted et photographing t.he 

•pectre. of the ten materials and tletemining the wave le~ 

of the lines 1D the speotPa. The •terials wer• plaed in: 

recessed carbon electrodes whicl1 bad been purified and su'b-

J ected w a potential of 110 volts at, 8au1perea for 30 aeeomla. 
The electrode trhicl1 contained the. .-ple •• --,,. poaatt.ive 
with respect. to the •lee'trode above it. fhe e-1ee1.rodeewere 

. . . fall 1'n .P.Ofeh fta I 
plac,ed th'r,e to five millimete!"s apart. Thus, the pet.enl:ia-1 

I . / . , ' ' . . a .·· ,S£,( ;")r/Je'arr., . . ' 
· nevw exeeded eight or ,\en volte .which is ure·· ·t.l!Jan 

the ionizing potential of' any elaent preseat.. The apeetira ot 
ea.ch pair of electrodes were phctograpbed along wit.h the sample 

so t..hat. those lines due to impurit.ie.s in tbG ~boa might. be 

reJected. carbon elect.rodes wen used for two naaoa•, (l) 
because the teiiiperature due t.o the arc ••• very mueb greater 

for carbon ttan, say, copper, and comple'te vo~tltutioo waa 
insved, and (2) because tbe samples 11;rere fru of c~on. 



In o:rder to measure the wave lengths of 'the lines on t.be 

photographic plate, one line must neoessarily be knowm.. The 

two principle copper lines, 3274 A and 3247 •• .iavariably 

appeared as an impurity in the carbon electrodes. MeasureJHnta 

were made by means of a ealibnted eye-piece from tbia known 

line out to any line in question... Thia distance n1 multiplied 

by the dispersion factor and. added if the wave length wen 1D 

the increasing direction, or subtracted it d.ecreaaJ.ng, t'rOB'i tlla 
lmowft wave lengt.b. 1.111a _. wave lenstb ns t.hen idatU'ted in 

't.he •'fabelle Der Bd~t.11n1en ».r Liaiaspekt.ra Aller Bl•ente• 
by Kaya•r, and labeled on the plate. The ctief di:t":f'imlt,yr a-

countered was the f'aet that froa eigbt '\o ten ditf.,..e.at el••ta 
might lie wit.bin oae angetrcm 0£ the position •aeved and the 

ina.oeuraey of the meaeuraHint mipt involve c·Y,e aJll'&\roa. In 

aaey J.ru,t~noei t..be c,,beerver was 0•1?le\el1· JQ"etitiH aa •bin 
elae:nt a certain li•• bel~ed. !hi.a dif'fieulty was OYfff:eme 

to a sre:at. extent. b7 u•inJ an inst.rmMlnt cf' sre•teP a.eeuraey 
for meanr1n.g queationat.1• lines. . .... meat.iond bet•re1 if an 

elaent is present. m vvy low eoncentnt1ou, onl, the po-
e1sten:t, lines wel'"e so•g!lt.. it' tl:.~•• were not pr1u1ent. er 1f the 

persist'flnt lines were aueh ta int.er tb!ai Uat of t'IM liM ia 

qu,ustioa, the cboiee of' t.hse elue11t t..o whinb it bel~ was-

eweneoua, and the proeesa was rep~a:t.ed. .A.bo11t three ~•d 

and fif't.7 lines were measured and ictentified. b:, t.bis process. 



The quant.1tative analysis was a much more illYol•ed :prooesa. 

The met.hod of HomologoU;s :fairs as described in the last sect.ion 

was uaed. One sample wu of particular interest due to i't.s 

gremisb eolo1' w'hic.b could not be aeeo\mted f'or by any ohoioal 

analysis. Geologist.a have wade:re4 for any yeara •'1' .·• Ud.a 

particu.lar fel48par is gree1'1 wbea anot.her feldspar• whiell givu 

exactJ.y ·Uie ••• chemical aJJal¥aie, .s.,. wl¼it.e. Upoa e,-..-s..sag 
t.~ epeotrum of this SfdllP1e, it was foun4 ta't. four 1mpurit1•• 
:cot. listed in any eheadcal analys1a were prese:Jrt. in a.n abuli.lan.ce 
eeasiderably more 1.bm a trace. Compo'Wlds o! these four element.a 

were procured and solutions up tr..at w otld give $ certain 

p~rcent.age of the element in e:e drop. P'ort.unately, .one aaaple 

waa completely free of the ia_pvit.ie11. b1ing a:naliH4. ftia 

sample na uad. a,s tbe suu:1dard to which various ~ocm:t.a.ges of 

the •tmpuri ty" E:lem1.m:ta were added. So:t;:h precautions a.a teat1ng 

the electrodes :for :iapurit.ies and :finding tbe correct $£1.0unt ot 
material wJ;.ich would be eomplE.:tely dest.royed 1n tlie arc aftAr 

30 aeeonde were taken before prepartas tbe stand-.i~s. '.fhe 

samples were powdered $lld the solutions of the iJli,,urit.7 •l•enta 

were dropped onto trle material 1D tile recessed elee:1.rod.e. Each 

electrode was baked until tl1orcagbly .aey after eaeh application 

of a solution. This was ne1u?e;seary be eauae of t'be fact tbat the 

solution would have boiled away im.n:~eai,,;t. . if' it bad been 
~th·• tJf' . ., ... / 

placed directly in the arc. The standards were photographed, t-lle,)i/ilffefJ. 
t i,'r~,,t-· \Vt f .:: )~ ; · i f1 · dtfveloped, 11and drled.. Upon examinaticu:. it was fe't\lll.d tbat. tbe 

elements were ill considerabl7 great.er proportions t.b&a 1.he first 



ea-U..t.ed range. The entire proceea waa repeat.eel wbicb gave the 
4ea1red result.a. Sinee an arc was uaed1 wboae pot.e-.W drop ia 

oom1'ant. compaNK\ to a apart, tiution ltnee were not. neoesaary. 
Ia Nll:Nbing tor M110logo'18 pain it was :t'ound tbat. t.beN was a 

laek Id priaary linea 1n t.boae region• in wbich t.be iapurit.iea 
abowed up '\o an•~• Theretore, ooppe,., which ia rieh 1a 

1 , was eubat.1t.u1.ed in a kDowJ1 UIOun't. u a means f¥f coaparuon. 

...,,,..-ui• ai41 bo110loaoua pa.ire were found wh1eb gaYe t.he eorreot 

e~trat.iona. The result.a of t.hia P1""••• are aesm-ibed 1D 

••tu• aDd Mat.eriala U4ld 

e 1D8trwaent uae4 in 1.hia work waa a graUDc apeevopaph. 
ting..-. ot alum1ni.ze4 speeulva •t.al haYq 14,428 lmea 

* ch ftlecl on t.he concave spherical aurtace wboae radi\la ot 

e111~t.ur,e waa 6 :fee't.. The moat. iaportan,t, future ot a ,o.«o\ 
apecvograph 1• it.a gl"&t.iag. TM validity t4 a apec:tro-

81"811 le more dependen\ upon 1.hie one fac\or than arq 01.her. One 

ot 1.1f earliea't. graUnga was tbat uaecl by Wallaaton and Frau»l!o:f'ff 

consis\ed of t.wo screws ae\ YU"t.ieall7 a 811&11 dia't.aDCe 
apart woWld wit.h very tine wire. Thia ••• a •t.raaaa1aaion" type 

ara"8; t.bat ia, t.he apect.l"ulll of the source tell be70DS the 

gra • Wit.h thie t.ype ,raUng the t.wo It])• l:ille• ot eodJua, 
and 5896 A, were -•ured. 
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a pr• baa uly one o'Nlff. The presence ot orders in a 

ia a diae4'Qatqe in some aituaUcma because >c. 
orders ova-lap. Thus, 1.he obaerver lligb\. endeavor t.o 

~U'y a line Which beloaged to· an a4Jaoat OJ'lder. Ia the 

ftlPOll around 3200 A there 1a le•s wulappJ.na of ordel"tl tbaa 

elawhera. The epectrogau ot t.ha eramplH weN all taken at. 

!1--"raIC•• 
"°1flan4 baaed th• priaeiplea of bis M\11lt.ing upon \he 

tact ltbat U a al:1.t. and grat.tag are se1, up a\ u.y t.w9. JOI.at.a 

on the eireumference of a •~i.e. w-.se. 4~.._. 1e 

ot GIDl"¥&:ture ot tbe pattug, dU':fer~, e>nters of Uie -.,eotN 

are ~l in fona on 'Ula o1reumfereaoe of 1,bia euo;•• 

I 
I 
I 

I 
I 

' ' 

- ..... -- - --

' ' 
' 



- 1a seen tro• Figu.N 4 t.bat 'the grating 1a mount.ed w1tb 
s nonaal w the een't.er o~ t.be photograpldc plate. The 

and pla'\e boldei- move topt.hu over t.racb set at rt.pt. 

• The elit. ia plaeed at the 1n\.ffsee!t.1oa of 't.be tracks. 

gra\11,g is moved along 1:.he vaa,p tbe aDBl• of iaetdenoe{.~ 

light. beam rr-o. \he source rill vary. The ugle bet.ween 

drawn f'roa t.be cen'Mn" oft.be grating 1.0 t.he cenwr oft.he 

, and to any gi•• epeetnl line, call•e 01 ia equal to 'the 
o-r t.lle dtet.aaee :tl"Om 'the gt,,a apee,ral 11ne froa the 

o~ tbe plat.e and 'the distance frost.be ph.t.e 1.0 t.he 

.,..11-JfS• By ua1Bg t.he inst.Nafll't as a epeotNseope, YiW'J.ag 

eotl"WI t.Jlroup an eyepieee aet at t.be oen'ter ot' t.ne plat-e , 

equal z1ero. Increaamg the eagle o'f iae.ioelUM b7 ...,mg 
at.e hol<tu alOJlB t.he vau, obaervv will now apect.ral 
J>&.•iae troa risht 1.o leN. ot ~•iD& wavel-.U,. 

lln t.h.1a manner I the dia'tanoe JD()T.ed will al..,. be 41Nctl7 

tonal to t.he wave leng\J'l of 't.be line in vin. Thie 

17 knO'n iuu,ment to wbieb a direct na4ln.r linear ----
engt.h scale may be attacbed.. Uaed as a speetro~, ,.,;,-----
will no loqv be a augle line, but a series of all 

~appear 1n tl,e. SOUJ"ce,'5~a·~n~~ 
J.1 the J.aqe on the pb.otograph1e plat.eJ(-1: • _ 

1:;;; ,.., po lo»ger be zero but. will be ... 11 ao 'tba't. a constant 

ealoulated fv that aall ~- Thia oonataot. 1• known 

faet.o:r• and 1e lUle'rloa.117 eq1al t.o the rate 



.. 

plto ft/(r:p~;~ 
of change of the dist.a.nee along tl;eAplate ·ltolchl- • •Vk \t:t't.h 

respect to t:i:i. cc:rreaponding ehang• in nve leagt.1'., Ari-.ally 

tbe reciprocal of t.:bia value I ealled the "pla.te 4upe:rtion• 
is used in calculating wave lengtbe. It was fotmd 'bf taking 

tbe ditterenee in the wave 1e-,.hsof t'bt wo.pr1M1pal eoppo 
lines, 3Z74 A and 3247 A, and. d1vidh1g \lJ tb;e dist.aaoe between. 
the two lines in millimeters. fte va111e waa 9.43 ani,at.roms per 

millin,eter.. I-t was f otmd to 'be p•ac:tia&lly --•t•f. ov• the 
J'll!lge of ten inches. iaeontiat.eney ot the plate 41speJ"&1on 
ws ovft'cOJme by taking as aaa.1141steaees ae poaa1ble between 
11-8 and usitlg the con-eeted va1-.et:O'W.'d" bl t.be ta'bleaof 

11"~ -=~~-:'"SU::_~1ne•._ 
.. " "-,' h.. l! ~-- ,....,. .. i 
i' ·.· ~:· ;• :r. . ' 

~a·· . Jr- .. 
• ,1 · 

L 
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The eoun:e of light. waa t,•t j'iven off' by~ excitad. 

atoms of the aterial in question :wbich had been plac•d i:tl a 
reee,saed eal"bon elect.rode. Thie electrode Emd. t.t,.e one above 

it were held in place oa •. an e;rc beard·· ae can be seen la 

:F1-pre 5. The _apparat.us was co1mectad as shown in the diagraa. 

The dil'.'1ect. cUIT-en"t. potent,ial could be applied bl' a atd,t,ob i8 

aw· cme of ·tbe lines., .A &el"'ies resietanoe gov~ the 
~itude ct tl.1e CUJ"rent. The arc was struak by means of a 

carbon .rod wbich --.s kept el-. b:y aandpaperiD&' it.af"\er eaell 
•tc-ia.l ·bad been vapori:r.ed. The light. the. .are was fowaed. 

b; MaDS of a qu.N"t.z lens I w,ed becatnie- quns trG1od.ta t.b-8· 

ul.~iolett a a slit which gwer!J$ U. of lipt. . 

Ncteived by t.he p,:tt.J.ng.. It tbe slit ia i.. wide a ba~ 

of tbe bNld spectrum with, wide l:lnea supe.r~a-ed ttpon it oaa 

'be aeen. The •-lit. ••• narrowed. at.,11 a ot b&~ 

with aJ:arp li.:a.ea upoa it •• visible. Thia was tloae :ill tM 
visible rq:ioa &t. about 6200 A. Baton 'Uilll' ·tJHt ~tawaeat, 

it. vu lJ.ned. wp, which 1s a po·cess CJf. a4JuatlDS \be light. 

source tmt.i-1 the lig'lt't falls a:aotly in tbe middle ot \be 

srating, :tocu•blg tbe source on t,be. slit by ... of Ce 1 .. , 

am a4Juat.:1:Dc t.he slit for a -sharp iuc•• 
!be ear'bon electro4ee nn turned 011 a la\he, \he UPPfl" 

eleetro4e amoo't.be<l and shaped unt.11 its d:iuet.er wu a'b01lt. •• 

millimeters. 'file lower elect.rode•• dr.llled t.4 a dept.b. of 



abou+~ half' ax1 inch ,, a cLiameter equal to the upper electrode. 

'l'be outer region \'l&S sl1aped ur.1.til as narrow C, wall as J;>OSSible 

was obt.bi:nu!. Into tl'1ls triin eup t:he s;.;Jnple was to be plac£d. 

These electrodes ,1ere purified by burning tl1em in an a.re of 

120 volts at 6 amperes for one minute. 

s \,ere recE:cived from tte Cerarjdcs De,partrr.1ent o:f 

the lirgi:nia Polytectnic Institute wit.h tl1eir approximate 

chemi,eal quantitative .:,:nalysis •. 1J:'he pr:u1c,ary constituent in 

seven of tl,e 

,.a 

varyfng amount, 

In ti.10 of the 

give», two prin:cry, sutistc.nces 
.:J::,.q le,; , ,- , .,, " ,; t?, M w 

but one atn:.iroxiJ.t.ete. a:rJ.alv::.:..·~ is we,.s .. ,1:-"" .. . f,,,l .· • • 

.$pf1to11 ·1:1,o~l'l!rl' 
were present; -ffltiee "Of0 silieun 

an<f.fdde-o-f ee:lclttm:. Upon ea:ref'ul examination of spectra 
.\•"';' 

the others. The 

in t.1ii t ·mli,e}1 0 f 
'-'.fl 

a slipl:tly 

conel1;sion that tl:e 

ium, sccium, sium. 

due to less than 

one per cErnt ot' irou O.x ide. The sarids rn:r:.ged from a coarse 



of the ' . le .. u ble, tb u ly 

uf 1- ~ent only th& lJ 11 mount Qt ~O 

r ct 0\1'WD. Co, r d to C 1• 

t 8 • ot terlal: bei r~ • • 
8 o· . were rooor<ted on tbln ,•, stman Proo.Jaa •• 

• and develo 4 t I ix 1nut. a n velo 6 .. • 



n iB\1LD 

·1n this sect.ion are recorded th• wave lengths of all 

lines which ide:nt.ified elaent.s in ea.ch sample. The chemical 

analysis 1.a also included for each sample. 

~l. 
"Cli:Dch ._.ta.la• {Firat}• 

SJ..Oa .. • ., • • • • • • 98_.IOOI, 

A½Oa+ Zr2o3 • • • • • 0.,629% 

i'e1p3 • • • • .. • • • 0.09lS 

Ca.O • 

Speet.rograp?de Qualitative A:nalysil {wave lengths of 

ide;ntif ied lines in angstroms): 

11 Al Ca Ir Ilg 

.2606 3443 3968 2969 2852 
2514 ao92 4914 3099 2802 
2616 30ft 4226 l?N 
2619 3144 
2624 Impurities 2528 
2631 Ti Cu •• 2881 

3361 3274 2020 
3349 324? 
3341 

• Notations used to identify sample• are t.he same u given 
by t.he Cera.mies Department of V .. P. I. 
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J)umber 2. 

nc11nch 1:lountain'' (Second) 

ChenJicel :~nalysis: 

Cao 

. . . 

• • • • • • • • • • 

• • • • • • • • • • 

0.37(r,0 

0.03450 

S·pectrogrt:Ifhic ·.ua.lit&tive ;analysis (wawe le:ngtbs of 

identified lines in an£,·stroms): 

Al Zr 

250( 344;;, 285~? 
2El4 3~}34 3099 2802 
2516 3082 4226 2795 
2519 
?5~:4 2.575 
2528 r567 
2631 39~4 
2881 
2981 
H?C5 Impurities 

'I'i Cu Fe 

::.:)361 3274 30~0 
3~~49 ::;247 
2,241 
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Nullibw a. 
"Clinch Moun'taiJl• ( '.nd.l."d) 

S 10, • • • • • • • • 99.al.0$ 

A¼Oa + Zr{J3 • .. • • o.fiOI 

CaO •• 

Mg() •• 

• • 

• • • 

• • ,. . 
0.01,s 
0.030J 

0.060l 

ipect.rographic C'Jualitai'.ive Aaal7eis (wave lengt,ha o'I 

iden'\ified linea in WlpVas)i 

Si 

2435 
1506 
25:W 
2616 
2519 
2524 
2528 
2631 
2881 
2981 
3905 
2927 

Al 

2667 
25?5 
3082 
3092 
3443 
3944 

Ca 

3934 
3968 
4296 

z.. • 
2964 
3099 280! 

2882 

ImpUri'\iea 

Ti. Fe 
3Ml. 3020 
3349 
3361 



Humber 4. 

"Clinch Houn1.ain" (i'O'IU"'t,h) 

Chemical Ana17eia1 

fU.o2 • • • • • • • • • 91.500% 

A120a + Z..203 •· • • • 0.-?IOI 
F•~°t,; • • • •. .,. • • • 0.1411 
CaO •- .. • • 

Spect.ro,-pl.ie ~•li tat.ive .Azlal7sis (ave lexagtlle of 

identJ.tied line, in a»aewoms): 

Si 

84.35 
2606 
2514 
2616 
2519 
2524 
2528 
2631 
2881 
2981 
3005 
2927 

Al 
266? 
2575 
308~ 
3092 
3443 
3944 
3961 

Ca 

2934 
3if68 
4226 

Ti 

3341 
3349 
3361 

Zr 
2969 
3099 

Ha 
as5a 
279$ 
2801 

Fe 

3020 



Chemical Analyaie: 

.Number 5. 

1tBarka Sa:ndst.one• 

Al,i03 -t Zr203 • • 0.610i 

Fe2<>a • • • • • • 0.026 
Cao 

MgO 
• • • •••• 
• • • • • • • 

Speet.rcgrapbie Q.ua.lita.t1ve Anaqeis (wave lengths of' 

14en'tified lines in angat.roms), 

Si Al Ca Zr Mc 
2435 3443 3934 3099 %81! 
2506 3082 3968 2969 2802 

·2514 3092 4226 2796 
2516 3\144 
2519 3961 
2524 
2528 
2631 
2881 
2981 
3905 Impurities 
2927 

Ti Cu , .. 
8~41 32?4 3020 
3349 3247 3719 
3361 3722 



Number 6 and 7. 

Apelit.e 

Chemical Anal7aia: 
Si02 . . . . . . . 60. 3ti 

A12o3 , + zr1o8 . . 23. 56 

Fe2Cs . . . . .. . 0 .. 236S 

eao . .. . . 
ma2o. . . 
Kg_O • • • . . . . 

5.ISS 

6.411J 

3.0?'J 

Speetrographic ~litative Analysis brave le:ngtha of 

1de-:r::rtif'ied lines i.n ar..gstro-,)1 . 

Si Al Ca Zr Mg .Na K 
2436 2373 3934 3099 2795 3303 3449 
2506 2567 3968 2969 2802 404.4 
2514 2575 4226 2852 4047 
2616 2652 
2519 2660 
2524 3082 
2528 3092 
2631 MU 
2881 3944 
2981 3961 
3905 Iapurit.iea 
2927 

Ti Ga Cu Bb Fe 
3341 4172 3274 4215 3020 
3350 4033 3247 4201 3719 
3361 2943 3722 

3727 
3737 
3746 



Cbeaical ADal7aia: 

llumber 8. 

llendota Lim.es:tone 

S:101 • . • • • • .• • • • • • 0.621 

Ale0a + Zr2Ca ..,.. "'•,.Oa • • · 3.so,. 
Cao 

Spectrop-apbie Qlaalitative AM17a1s (wave lengths of 

ide:n:tif ied linea in angstrom$), 

Si 

2506 
2514 
2516 
2519 
2524 
2528 
2435 
2631 
2881 
3905 

Al 

3737 
3443 
3092 
3082 
1567 
2575 

Ca Zr 

3136 3099 
3984 '2969 
8968 

Cu 

3247 
3274 

3020 
3719 
3722 
3727 
3787 
3734 
3745 

2795 
2802 
2852 



lium'ber 10. 

6102 • . • • . • • • 

A¼Oa i Zr2~ • · • 

K.1105' 

O.l?OJ 
0.010 

Spectrograpbic Q\lalit.ative A:naly1is>(wave'l•~ of 

identified li.J::.Lea in &Jli:&trG&)t 

Si 

2435 
2506 
2614 
2516 
2619 
2Si-4 
2528 
2631 
2881 
2981 
3005 
2927 

A.l 
3443 
3082 
3092 
3M4 
3961 

Zr Ca 

8099 3934 

Impurity 

Fe 
3020 

3008 
4226 



Number 9. 
Green Feldspar 

Cbemicsl Analysis: 

s10a •••••• 
Ala°&. t. ZraO. 
Fe.Qai I ,.. .. , 

-,,0 • 
t.,o 

Spectrosrapl:.ic :~ualitative Analysis (wave lengths of 

identit'ied linee in a.ngstr-.): 

Si Al 

2435 
2606 
2514 
2516 
2519 
2524 
2528 
2631 
2881 
2981 
3905 
2927 

2373 
25-67 
2575 
2652 
2660 
3082 
3092 
3443 
3944 
3961" 

Ca 

3934 
2968 

Ti 

3341 
3350 
3361 

Zr 

3099 
2969 

Ga 

4172 
4083 
2943 
2944 

Mg Ha 
·2795 2,303 
2802 
2862 

lapn"1Ues 

V Rb 
318::1.42 
3183.99 
3185.41 

4215 
4201 

lt 

3449 
4044 
4047 

Fe 
3020 



Number 9. 

Green Feld.epal-

Thia pbot.ograph atld t.be one on t.be followil:Jg page const.it.ut.e 

t.he spectrum of 'tbe. green f'elup.ar aaaple. The first. speQt.rum 

is tbat. of copper for refer~ce use; the second and third are 

spectra or t.he teldsparJ t.he fourth spectrum is t.bat. o~ tbe carbon 

electrodes in which the 88.q)le was bumGd. 



........ 
GNePe~ 

flMl .QOl'I. Wffe l~ lalt ef U. .-vu ot t.lae.,_ 
1.9 NOlfJl &IIIIA. na. t'IIN• p:laotpal. liMa ot 9fd)Miulll •ppeu" 

a1. a.l&N. fte ._bl• U. o'E a-111- 1a vi•at. al.. 890}.. 



fte tiftb apevua b U.1. Id 1'•14....-, l'tA11hr .. ••~-

Ge liello1qDICl!i i,a.11"' 1...-4 em upper liw. 1-1• 

ue u.- \I.Ne ..-pi.a eoateieq o..n 1 ..... 0..475 Jed• am 
o.aos 1-d• ~1 .. 1,7. ft• fiff~ _..t.nlllt u u.t. of--•• 
TM ._ ii.a. U-1. Mt.cb 1D tat..e.•1"7 aft 0.... 1a ;.he , .......... . ,... 

qeov.. twMAt&U., & ~"'- .t O.IGI lad. 



TM llw .r 'ftlladS.. in ...,,1. ,.._._. 0 _.. 41ttiftl'-' ~"'*' ~.-1,. t •. J. te ae• A't!ltlltl .,., ... 1D t.be ~ -1.l)br4• an4 ffeoal apoU. oa tM 

a~ pl•tAt at- .&tSS ~. ft\eae e-oaoeft1.n.UOM an o.06fl~ 

o.~ _. o.oas e1: ••••--• ..._..u .. i,-. ,.._ 111ae,_ 
paa ta MG s» tk awea't.'b •~ -4 aneu a'I ..-1, 1Dtw1Uu 

1a t.M .. coacl apeeva loOt•'-llc • ~v.u. ot o.Olal. 



s,..._ taaber T 1- tat. d --..1.e ___, 9 ._. .. U. 

4-&le llae o£ plln11t at. ~3 ap1,rou.. -~ •la 

WO· ---· n•ale1:!N h-a 2.16S to 1.us pllt •• TM 

ni-.~ 1a u..t at copper. a, eo,aparuoa or &at••'"• 
tu plll• t.M ..ap1- .,,,...-. to •ta -U. line ot pl.1'1aa 

ia :apN.,_ 6 whoae OOllCNmtrA~loe 1a i.OOS. Dae 'lo a 
e'£ Qe nN ....,_, e1oaw wen ao'I. pNsAl-. 



TAe first. tive auplea, l&beled "Cl.iach Uouutain" were VU7 
similar m co.mpoa1Uon and ._... usociated with 'Ule .ea.me ~11.1••• 

it'hile t.lle nurabfe:r o! liaes ~t a11 elemQt. u.b.ill)i w • • a,peot.:ro-

sru ia not. a ,re.lid athod. et a.euru,i it1 a~,, a •--
pariso• of oono@:t..rat1ons be dre.u. That all ~· $f4mples 

aN Jr ich 1n ailiQOll o.n(J ..S.. • Uent t~roa \he __..,. of: 

liuc&a dieplay'ecl. This ia partie-..lql.y 'true .Qf e.luaiD.'WI, •biOl:l 
1a in greatu"' ab~ee itl t.h.e aecol'ld Cliach Mo~1A.bl sa.wpl• 

am ahowt .more line a. ftle impu;rit.ies aaaocia"kd w:1 \h. ~• :ru-a, 
five sample• wen mainl.J' titan.1.ull, lJtoa, aa:I. • .•ligb~,:~c• of 
eopper. Of 'tth~ t.brea, tit.Qi~ wes ~-t. CQnce:ot.rat.e4, iroa 
second, 611d .. copier la.et.. , !w liJ.lt.a ot iron are o:t a vein low 

1atua1ty and are very _.roua, .~., unto~t..el,J, .~<pe:nla\ea'I. , - -._._.-, · · ,. -;_,_·· ·:: ·_r·t: 

lines lie close tot.be car~ baxld•• These f'aet.on ~oo te re41.lee 
the cbances 01' 1dqtify1Df:if al.l of the iron linea. 

Samples a.ber 6 .. ? , the • -.pelite sallda1 ,.... toad 
' '. ";_,;·' 

to be .iJ:ent.ical. A.I cu. be &een 1n t.he tables of ••• le~ 
!or tl.eae •m_.:,lf.a, t.be a'bQmuce. of allmiaua waa ,-teat. for 

this aaoo. fhia a&nd cont.a1n<ia be~ a.0<1.twa aad. J;'0t&a•~ and 

a mob gi-eater ~rcu1t.a4e of' iroa t.ban NV of tbe other NDCla • 

Titanium ·W&a prea1£Xd, along wit.h the rare. se:t&la 1 pllium and 

rubidium. Tb.eae rare meta.le seem 1,0 be aaaoei&t.ed wit:b ~•• 

aaa:lds wb.ich have a high conc\\n~t1on of .almail:uD wbich 

contain sodium end. potase1~,! The presence of the laat two 
,';,;'it,·,:'.~ 



elements in any sample ~ada to reduee tbe oarMa band.a and 

1ncreaeea the ehmnce or suppress11:ts ea element present beuuse 

o'f t.heir extremely low ionization po'tcntia1s. 

Sample l"tuuber 8 ng not.ed t.o cont.am a much ~at.er eon-

centra:t.ion •Of calcium than any of" 'the otber saacla by tile broad 

ealc1um lines oa the spectrogram. While t.hese 11.Bea were Vfl:t7 

bea.vy, :few ad.di t.J.onal l.in€:s o:r cs.leium •ere 1aenti:r1ec at t.hia 

concentration, prov J.:a.g Uat. t.he manbtr oi' Un•• -. not. a 
aeasure ot: abonda:nee. This paple was tree of the RN metals 

listed f' or nmbers 6 a.ad ? , bu1, eont.ained 'b-e.ees et' tt:taniulll 

811d il"cm. 
Sample ten was b,1 ta tbe ~t ·,wm4 an4 ooataimad aon.e 

of tl1e rare metals. Only a trace of iron was t'oUl'Jd.. 

Saraple nwaber 9was green feldspar whieh i:.a pu&llle4 

&•ologiat.s :for a atmiberof 7•ara ._ .\o why it a:hibita 'Ulia 
particular color. The white feldspar gives a cl:.eaieal anal7aia 
which it identical Witt the green feldspar. The sp~·cvo,nua 

oft.be green feldspar ctmtained 11-s of vanadiua, galliua, 
nbidium, and l~aa, a.a well as all of the elemE>nt.& lis:ted in t.he 

chemical analysis. In orde.r t.o determme which element wa.s 

responsible for the colorbg, the pe~nta.ges of' eoncent.ration 
of lead,. gallium, and vanadium were determined. Leed was foW'.ld 

to be present in c.oncentra.tion of on$ balf.of one per cent, 
vanadium at 0.043 per eet., and galliua approxlm.t.ely i.,00 per eent. 

The presence of the latter elem.£nt 1a auch high eoneent.ntion ia 

probsbly the cause of' tne coloration. The sul:fide ot this element. 

ia distinctly green. 



l. All satuples contained ia11"uritiea u liated below, 

liuiube1· 1. 

Number 2. 

~mub.ar 4. 

Titanium, 

Tit.anium, 

Tl~m.ium, 

1:itam.um, 

iron, 

iron, 
iron. 
u-cm, 

t.race .of eopp·er. 
trace of copper. 

teaee of copper. 

liumber 5. Iita:nium, iron, vac~ of copper. 

Jiwaber 6. Titanium, galliw., rubidta, iroa, CGpper. 

liwaber 7. 'Iit&n.i.um, plliwa, Nbidiua1 i:l"'osa, "pper., 

Number a. Copper, iron. 

Number i. Ti t.anium, pllima, nbid.ima, v._diua, il"oa • 

.Nw:riber 10. Iron. 

3. Suiple Humber 9, green feldspav, contained t.lle f'cllowiq 

concentrations: 

Lead ••• 

• • 

0 • .1~. 
o.~~ 
~· >, (approxia:t•ly) 

4. The green color of sample Number e is probably due t.o tbe 

relatively large ooneentrat.ion at gallium. 



The au'\hor w i.st~E;s to aeltnowledae g.ra tehlly t.he · eoaatant, 

assistance arJ.d supervision of FrofEsaor n.. D. Usaeey -and all 

of tb-e members·o:r the Depar'taent. o:f Pbysica; also t.o express 

appreeiat.i.oa to t.be Cerami.es ~part111111nt. and 'the• Cbemia't.17 

Depa:rtment, for t.he samples and me eart.k metals uaed in thia 

invest.igs:tion. 



~iince the coraplotion of this invotit tion, s:.r. H. D. 

Ussery wtt-ile ;,01· ini":; t:t't t.b\t tioual Bureau o:f tand;,rdu 1 in 

July, 1939, ,,1('1,de G. deli.tn">;'Jifwtion of the 111.lll in tbe J;,-:reem 

.f(i;lda,,1,.r, and .:.oum:i tu,:,.t tl1tr~ ia o.2% gL.:.l ... luw in t.bie .mim,rnl. 

l'lle expl::,nntiou of the dif,crence in these two det.t:rmirwtiona 

l loo in the vrny in V'ih.iah the standLrde were pr{, p~rEJd. rn tlle 

,lork t.lc sc:r iosd in the \hc:1ein t.ne otttndf.rd 11u.,mplcu.1 ,,ere 1au de up 

oy t.,dd.ing dilu.t,& solution& to t.hc miitrtx m.i:t{,rial titt'ter t:;ehlt; 

plv.ccd 1n tJ.1e <HU."bon elect.rodes. in the CthJfi ot· g~1.lliurr.1,, vt:,ry 

d .i.lut.e oolut.iona ',tore t.uuid, no concentl"'lltt;;d aol;u,..ioruf beluG; 

Li. Vf:J i.lt, ;>l(1, &mi a 1: 1"£!tl pc:i:cent.,:,.,;e 01· the i:iiolu.t. ion wuot h~ve 

oeen tnrnrbcd hy the electrod11rs 1;, t t.he ~xpcnee of tho rrJtAtrix. 

tan,w tne bo ill.ng tcrape1~1:.it~,u~c o! ekill b.uu 1~ Vfl:r~ ntwrly tOOO c. 

it i8 tmtil"td.y poetoible th.at wc:h of it. 1·t111,,, ln~d in th.(; <,ltH.:t:rod43S 

fund wua never vaporized. 



l. Dow, G. VI.; t\llNlfltatall Rt !Gl'.WltiU ilrl~II; 
Johrt Wiley & Sona, Ine. 1 Rew Yorkf 193?. 

2. Foote, P. D •. and Mohler, F. L. J .%he .. ~ia .It. ~.lflliDU 
1'be Cbnic~.1 Catalog"ci. ~•c. , lfew~orlq 1922. 

a. Geri.eh, "· '~ ~r~:a1 F&MtL.iL===-• 
Adam ~lger, . · i ted, · on; t:9. 

4. A. S. T. M. t Metbd;I Sit. at&tul £MJ,ysif Qt liltrlll• 
5. A. s. 'I. il.: Sl".BQ§i!II .9Jl i;tl:l«:9a1JW!~ ANiJlilt 1936,. 

€. Twyman, F. , and Allsopp, c. B.; Dw.. Fns;ti;.t S!t. ~l?fUi1H::91~1 
Adam llilger, Limit.eel, London; 1934. 

7. &mi th, D. •• t MtJ.llJ&DHaJ. lal!I ii lD: ·.· .iM ~K:RlllH?•t· 
British '.Non-fe~rous Metals Besee1.N~ Associa-t.·oa, 
London; 1933.. · 

8. !U@99& .It Pllta!llrl:f &ad.· .. ·. rltx1&1~.b .. • ... c.· .. h.· •ic·•.l····· Rtabur Publ1ahi.JI.W Compan,-, Cl(l:velam, onio; 1936. 
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