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MICROCHEIIISTRY IN RESEARCH AIID INDUSTRY. 

oy 

H. C. Harrison 

Annlytlco.l chom1 s try is probably tho most rundume nto.l branoh of ch omistry. Bofore 
work involving inorso.olo, physical, organ ic, physlo1og1oo.1 or a ny other br-anoh of ohe.1Btry 
oo.n be cnrriod on, it 1s essential that the composition DC the material. used be known. 
Tho only way to obtain this intorma tion 18 by analysis, ,yet until about twenty years ago 
develop_ents in analytloal tochniquos and procedures had beon woefully ne8locted. During 
tho 75 preooding yoars, methods or qualitative and quantitative analysi8 had not kept up 
With a dvan cements in other fields of 8010noe o During this period many ot the baala instru­
monts now wldely used ln analytioal ohemlstr'Y' hl!-d been ta1rly well developed, yet little 
attempt had been made to apply them to analytloal problom.. It 1s true that research 1n 
thla field 1s auch lesa spectaoula r than tha t in many other b~anche8 ot chemlstry, and the 
goner&l attitudo appeared to be that analytlo&l procedures had been worked out tor the 
moat oommon substanoe., and even though most ot those methods were time - oonsumlng thll 
untortunate teature was Just something to be ondured. 

Th're i. no authentio record ot the d.volopment of the flrst balanoe, Ylt .1 know 
that a balanoe w&s used by A~ohimedea ln 280 B.C. whtn he plrto~mod what was probably tho 
first reoorded quantitatlve exp~riment. In an attempt to discover whether air had welght, 
h' plaood an inflated bladder on the balanoe and then deflated the bladder. As he found 
no dirflrenoe 1n .eight after deflatlon, he concluded that air had no welght. 

Jansaen invontod the first ~lcro8copo ln 1590. In 1678 Hooko published »lorographla, 
tho f1rst book on mioro s copy, yet the microscopo dId l,'Lot take its place a8 an indlsponsable 
analytloal tool until tho oarly 1,00Is, and lt 1s of interest to note that C. W. Uaaon, a 
graduate of the ohemlstry department . of tho Univor.ity of Oregon, played an extremely 
1mportant part ln the dovolopmont of modern che mlcal =Icro~copy. 

No.ton performed hls hiGtorio experl me nts on the nature of light ln 1666 and 1n dolng 80 

actually developod t ho tundamental. of spectroohomical analysis. In 1758 Andreas Slgsmund 
»orggrof, a ploneer analytioal ohom1st, ahowed that sodium and potassium could be diltinguished 
1n & flame. In the late 1700'. and early 1800 ' s disoovorles wert made whioh have proved to be 
of extreme importanoe ln pre.,nt day chemlstry. Hers_ohel disoovered the infra-rid reglon of 
tho spootrum in 1800. Rittar diecovored the ultr~-violet region 1n 1801. Davy developed tho 
.etbod of .leotrolytlc deposition in 1806. It was during thls period that ~orztliul, un­
doubtedly one of the great8~t of all analytl~al chemists, was doIng muoh of, tho research 
which proved to be tho ground work for analytloal chlmlst~y up to the prlsent t1 ••• 

• Fro. a talk glven by Dr. Ha~~lson, ohief chemist and spectroscoplet ot the Dopartment 
of Geology and Ulnoral Industr1os, to the Department ot Ohlmistry, UniverGlty or Orlgon, 
AprU 25, 1,~4. 
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lorking 1n a laboratory set up 1n two ordinary rooma without turnaces, hoods, gae, or 
water, and wIth a sink oonslstlng of B stono water-holder with B Itopoook and a pot 
standing under it, thl. ohemilt analyzed more tban two thousand ohemioal substanoe., 
and deteraintel 'th.' ato.1c .eight oC fifty difforont olements with remarkable aoouracy. 
The 8ohl.e ot blowpipe analys11 devised by Berzellu8 11 very a1milar to the one 1n use 
at the present tl •• , and a large number ot his quantitatIve prooedure. torm the balis 

of present day quantItativI techniques. 

In 1859 Bun •• n and Kirohorf built the first modern spectroscopt and with 1ts aid 
discovered the ,18.ent. rubidlum Bnd ceslum. One or the types or spectro.copes ln use 
at the p~,.ent tIs' 18 almost identical wlth the ont built by Bunsln Bnd Kirohoff. 
The.e two min studled the Ipeotra of ~ number of elemont. and laid the groundwork for th3 
sclence or speotroohomical analysis. By 1864 the knowlodge of how to produoe .pectra 
of a number of metala waS ava11able, and the elements rubidium, oesium, indium, and 

thallium had been discovered with the aid of tho spectroscope. However, the original 
expectation that this •• thod of analysl. would Cind wlde.pread u~e did not materializo, 
and even today the majority of chemistry studonts aro not instructod in chomlcal spec­
troscopy_ There are a number of reasons why this method hal boen neglected, among whioh 
might be listed the tact that it. extrome sensit1vity frequently oausi. oontusion 1n the 
mind of the · Inexperlenced worker. Tho flame method or 'pectral Ixcltatlon is 11mited in 
useCulness and it was not until arc and spark sources were developld that tull advantage 
could be taken of the spectroscopo. Whon the aro or spark was used many elomonts gavo 
speotra whloh werl very rloh in llnes and, until wavelongth tables had beon oo~pilod, 
It was frequently laaior to make a routine chomlcal an~ly.l. than to interpret the speotra. 
Widespread applioation of the spectrograph wa. retarded also until photography could be 
applled . Fifty year. ago photography was not well dlvelopod and this is the only way of 
satlsfactor1ly rloord1ng the ultraviolet reglon of the speotrum; it is 1n this portion 
of the sp.ctr~. that .o.t speotrographl0 invost1gation Is carried out. The sclence oC 
spectroscopy dld not progress to any extent after Bunsen's death unt11 the madiu. S1Z8 

quartz speotrograph was developed 1n l~O' and the large quartz spectrograph wal developed 
1n 1912. The aodern retleot1on grating spectrograph 1. a relatively reoent develop.ent 
whloh was not .~d. efCioient until the method of sputtorlng or eVaporating aluminum on 
glaa8 had bien developed. Previously reflootion grntings were m~d. ot speoulum metal 
and only a vory •• all proportIon or the light was refleoted and made available tor analy­
sl. with the result that senslt1vity ot the speotrosra.ph1o 1H'thod. 1I'a' very low. Today 
ap,otrooh,.loal analysla i. almost indIspensable in the metallurgioal industry and ls 
widely used 1n mnny field. of oho~i8try. 

In the early part or the 1900", analytioal chemistry began to emerge trom the 
doldru •• , and wo arl now in a period at Intense Interest In the develop.ent of analytioal 
method. and Instru •• nts for dOing analyses In hours or mlnutes, whioh prevloualy had 
requIred days, weeki, and evan mo·ntha. The modern ana.lytlcal chimist ca.n no longer 
confine hia aotivlties to IIwet work ll usil).g tlme .. provad method.. involving little more 
than welshing, prlcipitatl~g, tltra~lng, drying, and re - welghlng. Instoad h. must be 
a uomblnation of researoh chemist, expert mach1nist, radio toohnioian, eleotrloal engineer, 
and optioal physicist. He must know something about emlsalon and abiorption of light , 
reoordlng and non-reoord~n8 meohanisms, and. photography; he .lll.u.t have an understanding 
oC vaouum tubes and amplity1ng systems and must be able to apply all of these diversl 
phases oC knowledgo to the rep~ir, maintonance, and development of his apparatus. 

During World War I when Our supply of dyos trom Germany was out off, organic chemists 
1n the United States wore v1tally interested ln the aynthesi. or organio oompound., par .. 
t10ularly those types whioh would replace or beoomo substltutes tor dyes. Th1s type of 
developaent was extremely fortunnte COr analytical chemistry because, in dete~minlng the 
propert1es oC the.e thousands of newly .ynthrslz'd organio oompounds, it was discovered 
that a number or them .ere speclfic ~eagenta for qualitative 1dentifioation or 10ns, and 

1. Speoif1c reagent 18 a reagont whioh givea 0. charo.cterl.tlc reaotion .with ono and. 
only one 10n. 
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1n tact some of them were of suffioient value to indicate their US8 &S new qual1tative 
preoipitatlng agonts or as indioators 1n volumetrio titrat10n8. Organic reagents tor 
qualitative analysis were not entlrely new at this time a8 they had been u88d a8 indicators 
tor detormining pH values, nnd for some t1me dlmethylglyoxlme had been u88d tor the d.~ 
termination ot nlokel . 

A numbe,. ot Austrian ohemists, among whom should be I1sted Pregl, Emioh, and Felgl, 
developed a fleld o,t ohemistry whioh 1s very muoh 1n US8 o.t the pre s ent 1;1118 5 Preg1 
developed, .aln1), 1n the tle,1d ot orgo.nl0 ohelli'try, a great number ot methods of analy­

s11 whereby 1t 18 posslble to make extremely aoourate quantItativI analy.e. uling .amples 
2 welghing tram 3 to 5 mllligrama (about on. hundredth at the quantity used in maoro , or 

large .oale, analy818). Uuoh at hIs npparatul oonsist. oC oleverly mod1f1td Corm. or 
li.ilar maoro-equipment and the use or this typt ot apparatul oaught the fanoy of many 
oh.mlats. Thl'e Austrian ohemists ware worKing along tho lina at miorochemistry' al 
early a. 1,18 - a tlm. when thtre wal Intense aotlvlty alona the 11nes at organio aht.lstry. 
AI Protes.or or Analytloal Chemlstry at the Unlverslty at Vitnna, Dr. Prit~ PeiSl oon­
CliVld a 10g10al version ot mlaroteohniqui whereby optloal instrument. were not required. 
Hi. procedure involved the u.e ot large-Il%ed drop. at .elution. and this led to the termln­
,010&1' at Itlpot analYlla" for hl' sYltem. FelS1 worked sylte!latioolly 1n the whole f1eld 
at analyt~oal ohe.lstry! He 'oarrled. on exyenslvi reaearoh programl and with the help at 
hi •• tudent •• upplied the Cerman ohe.loal Journal. wlth intormation oonaernina spot Yelt~ 
by 'eigl and his workerl. 

'tigl oondlnl.d allot hls literature and perlonal experienoe. Into a oomprehensiv. 
book whloh Wa' published In German in April 1,,1. In .plte or Ita laportanoe it did not 
reoelve proper DOoognltlon ln th1. oountry unt11 lt _no publishod 1n English 1n 1'37 
under the title ot Spot r.lt~. The textbook Ele.entary Chemioal Microlaopy, written In 
1'14, was rovised and , p."'~11Qhed , under the tl tle ot J{!l'l4bo-01p! .9£ Ct),,19Q.l Mloroscopy by 

eha.ot and Malon, and theBe books dld much to awak.n Interest In tho use ot the ~lcroscope 
1n ohemloal analy.i. and jn the identlfioatlon at a number ot difteront kinds of substanoes 
auoh 48 ha1r., tibera, dlftftrent kinde at paplr, ItO. 

11th the advont ot spot test., ohemlcal microscopy, organio mlcro~nalya1s .a taught 
by Pregl, the use at organl0 rlagents as speoltlc., and the rlnew.d interest In spectros­
oopy, analytloal ohemistry .1 a 101en08 reoe1vld what 1. frequently reterr'd to 1n the 
vornaoular a8 a ".hot 'ln the &rID." Chemist. who had been acou.tomed to analytloal methods 
handed down tor ~lDost\ fifty y.ar!l were luddtnly oonfronted with .. Ila.~e ot n .... ohemloal 
teohnique., aoat or whioh had not undergonl the t.lt or ti.e. In taot 80.' .xtre •• 1y 
pro.181ng toohnlques auoh 4' ProCessor H.yrov'kY'l .ethod ot analys1. using the polarl~ed 
dropp1ng-m.roury-el.otrode ... ere not glven the 1ft1.rped1ate attent'lon that they deserved. 

So.e ot the oontullon whloh ooourred In the early and .iddle 1,,0 1 1 Wal undoubtedly 
dUI to the taot that .nthuslasts for eaoh ot thlse n.w metbod. aad. extravagant 01a1as, 
and it was only atter taoh at the mlthod. had bien thorough~7 tried out that it Wa. learned 
that none ot the.e .ethodl would replaoe all oth.r analytloal .ethod.. It WaS tound th&t 
eaoh had a detinlte valul and when used to .upple.ant eaoh other th.y allo .... d the aheailt 
to attaoK aany probl ••• whioh tw.nty-tlvi Ylar. alq ••••• d in.uraountable. 

It Is now aar.ed that prooedur •• ullng aloroteehnlqu" haye their plaoe along w1th 
maoro •• thod.. They have detin1te advanta,l. oyer aaoro.ethodl but they allo have tb,1r 
lim1tatlonl, and when the •• 11.1t~tionl are under.tood and taken into oonslderat10n it 
II trequently found that 81crot.ehn1qu •• will advanta •• ou.ly replaee a humber ot teohn1qu,. 
e.ploy1nl aaoro.ethod •• 

2. MaoroanalYli1 1& pertorm.d on a relatl.lly large 10&1. a. ooapared to mioroanalYli'. 

3. )(loroo.n&ly.l. 11 perforll.d on 111nut •• mount. at lIater1al u.ua,11y r.quiring .ery .'nI1t1ve 
or 18411-80&18 apparatus. 
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When we think of mlcroannlys1. our main thought concerns the advantage of beIng able 
to aohiovo the desired results w1th only n sMall quantity ot sample, and 1n many instanoes 
this 1s the primary considoration 1n ohoosing a mioro method over a maoromethod. However 
it 1s important to remember that the time element should also be taken into oonslderatlon 
1n oho o !t inS Q. method. In industry, time 1s money arid Q. ohemist working tor nn industri a l 

ooncern 1s usually under constant pre s sure to complete h1s analyses as rapidly as p 09 s1bl ~ . 

~1~~ o mothod8 tend to employ Q greater number of specltio tests than do comparablo maoro ­
mo tho ds, Qnd this frequently mOans that numorous short cuts Oan be takon in moat routine 
pro cedures. From the standpoint ot the toacher, the ccnsensus is that students are more 
kaenly int erested in those prooedures whioh employ micromethods nnel apparo.tua.. A. group 
of s tudents uslng mlo~o- or .eml-mlcromethods oan be expected to complete more work 1n 
ut'lit. t1.mn and with more a.c curate results tha.n a siml1nr group u sing IDa.oromethods. 

t!llf or'tunately nIl m1cromethods o.re sub J06t to Q. common orror which might "All l e nd 
to (,"'!loneous e.nalytlcal results If the analyst does not take su1table precautions. Thi 6 
i s often r otorl"o d to as the sampling erro r . No a nalys1s, no m(1tter how co.r'ofully pe r form 6d, 
,ctho ul d be reported to a greater degl'oo of accur ncy tha.t that of tho mo thod used in ob-­
tuinlng the sample ~ The aampling error 16 a niGhtmare to 0.11 analytioal chemists but is 
partioularly 8orious whenever m1or om"thods a re used ~ Ulc r omethods emplOy 0. muoh smaller 
sam plo than maerom ethods and therefore extremo ~aro must be takon to be certaln that the 
s~mple u s ed 1n the analysls 1s truly repreoentatlvo ot the bulk of the material bolng 
ano.lyzod ~ There o.re a number of preoautions that oan be taken 1n obta1ning a. repr88An t a ·· 
tlve samplA N b~t in many 00.Se8 suoh precautions require so muoh t1me or trouble that 1t 
oight be better to make the an&17sIs .uslns mo.oroprocedures. In some Instanoes, partioularly 
when the mloroteohnique 10 boing used on solution., it 18 pos~1ble to put a large amount 
ot material lnto solution and make the analysis on an aliquot portlon. Eaoh sampling prob-
10m should bo oarefully .onoidorod 1n tho l1ght or tho method of analys1s to bo usod 1t 
mioromothods are to yield reliable results. Unfortunatoly the 8ener~1 publio does not 

froQ'i0ntly 
ha vo an undorstanding of the sampling problem. Tho analys1/rect ves a pieoe ot rook about 
tho size ot a robln ~ . eeB aooompanied by a request that it be analyzed tor oerta in element •• 
Tho analysi8 i8 mo.de o.nd it 1s later learned that the analytloal re8ults are taken 0.8 
proving that the whole mounto.in from whioh the rock WaS to.ken has the ident1ca l compo slt1on 
a s tha t ot the rook submltted tor analysls ~ Another problem trequently encountered by 
a na lysts 1s that of reoelving Q. saapl. too email evenformioromethod..Itis not un~ 

oommon for someon o to send in a tifty to one hundred pound sample for IPlotl'ogra ph10 
anal ysis . This is not a .eriouo proble. aa tho sample onn be sp11t do.n nnd a truly 
r cprcsentntiv. sample obtalned. If the sonder oome8 to the laboratory to disouss the 
results at the analysis he frequently alk. ho. muoh of the lample was u.ed for analysi. 
and, upon lea rning th a t about 100 mg. wal used, he remembers how muoh it Gost hi. to send 
the origino.l sa mple and the ncxt time he submits a lample which 1s too smnll to bo truly 
ropresenta tive or even too smo.ll to ma ke oheck analyses. One spectrographio lQbornto~y 
1n th o last has established the policy of requiring the sender to put small so.mplea in 
the 9 1 ~ ~tr odes to be used in the analysis so that all of the re.ponsibility tor poss1ble 
108a of tho lample w1l1 be assumed by the s ender. 

Lot u s revlew ro.pidly some ot the difterent branches ot mioroohem1stry o.nd see it 
we " an ova lua te these methods w1th rega.rd to the1r use In refleo.roh and 1ndustry. 

1. Wi cro-organi o analysis aa introduc ed by Pregl and later lmproved upon by numerous 
o~'!.~e..!:!..!. ~hls type of e.1lQ.1YII!~1I: has P~ Q ~!'! r! to be indispensable to the reseo.rch ohemlt:t. 
~n r klng in the field of organio chemistry ~ It o.ffords the only rapld method of obtain1ng 
a n ultimate quantitative analysis ot an organic oompound, and 0.180 enables one to obtain 
th e quantita tlve analY8i8 ot organic oompounds for a large number ot ditterent organio 
radico.l.. In the field ot synthes1s ot new organio oompounds it 1s essontial tha.t the com,· 
position and a number of physiCal properties be determined before the identity of a new 
oompound i8 esto.bllGhed~ There have been any number at instances in which an organio 
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chemist haa spent a year or More synthesizing or isolating an organic compound, and the 

rrul~ of his labor. oonsisted of not mora than a few hundred m1lligrams of the organic 
compound. Ho usually must detormlne poroentage of carbon a nd hydro sen , and in addition 
must know tho molting point or boIlIng poInt, and the peroentage of a number of other 

elements such as nItrogen, phosphorus, halogens, and sulfur. The size of his sample 
makos it imperative that mlc~omethod8 be us ad. In rout!ne o~ganlc analysis, seml­
mioromethod. for org anic combustlon ~ nitrogen, and a number of other determinations are 

now w1dely used. 

33 

2. Chemical Mioroscopy includes a number of different types of analytIcal ' proc edures. 
Most DC thos o procedures are qua.lita.tivo 1n nature, and tho maJority of te s ts for anions 
and cations involve ion10 reactions quito similar to those us ed 1n both micro and macro 
qualitative analysis. It 1s usually neces~ary to make a numb er of group ~e parations and 
to detoct tho sought-for 10n by means of a 00101" react10n or by convertlng it 1nto 3 crystQl 
form whioh i8 charaoteristic and easIly identIfiable. IdentifyIng tests ha vo boen estab­
lished tor nearly allot the known metals as well as mo ~t of the inorganic and some of the 
organio anlon8, and thoretore 1t 1. much aore versatil e than most maoro or mlcro qualita­
tive prooedure. whioh usually inolude only about thirty odd cation 1dentiflcations and a 
tew anion Identifloations. In additlon to routine qualitatlve 10n determlnation, ohemi-
cal microsoopy ha~ the great advantage of employing the optioal p~operties ot crystals a. 
a mean. of 1dentlfioation, ~nd by thIS moans 1t is pos slble to difCercntinte bettteen 
ohemical oompounds which have identical or noa rly ident10a l chemica l compO Sition yet 
difter sreatly in optio~l properties, 

Anothor 
petrog!:.!2hl. 
partioularly 

type of mioroana lysis employlng the miorosoope a s the main tool 1s 
ThiS type ot analysis 18 ot extreme importanoe 1n certain fi e lds of scienc e 

In geology aDd mineralogy. Tho teohnique varies aceord1ng to the type of 
work belng don. but 1n general petrographors who work on rooks and m1norals prefer the 
thin-seotlon toohnique while those working on industrial probl ema make more use ot the 
oll-immersion method. In the thin-seotion method the material to be studied 18 out in 
a thin slice and then ground on n speoial type of 8rInding wheel until the roek se otion 
i. transparent to light. Using thls technique tho material unde.1:" investiga tion 1s studied 
in about tho 8ame torm 0.8 it origInally eXisted, while if tho powder ed me thod is used tho 

. sample is crushed to a powder and thus the or1g1nal structur e 111 destroyed ,. Both types of 
teohnique have their plaoe and a petrographer should be equully f amiliar wIth oach. The 
main advantage ot potrography seoms to 11e in the taot that th e compounds 1n their ori ginal 
mator1al oan be IdentIfIed and thia Is impossiblo when methods ar o u sed which requ1re tha t 
the snopie be put 1nto solutlon to obtain 10ns, or when the phy s 1cal character ot tho 
sample is altered. Tho main d1sadvantage of petrography is that opaquo substances are not 
8usceptiblo to this type of analysis exoo pt by using reflcc ted lieht trom tho surf ao e of 
poli shed sect10ns and these techniques ac o not as wall developed a_8 1n the thln..- s eotion and 
o11~lmmersion methods. 

One ot tho o~t3tundlng 8poctroscoplsts, working 1n the fi e ld of rocks, ores~ and 
mlnerala,ha. saId that the real ~ecret or his Suocess re s t ed 1n great part on the Cact 
that he was working in the sume l nboratory with a good petrogr apher . Potrography and 
spootrography supplement eaoh other in this type or work and when ever pos s1ble should 
be u •• d JOintly on an InvestigatIon. 

3. X-raY analy8is plays its own part as a valuable tool i n tho hand. of the 
soientist.. It i. used 1n metal te s ting, as an important asset to researoh laboratories; 
it i. almost eosential in oertain types or mineral identification, and i n numerous other 
applioation.. Until a. tew years 0.80 X-ray analysi8 was rather limited by the taot that 
very Cew tablea ot tundamental Clgure. and patterns had be on published. Eaoh worker had 
to work out hi. own salvation and thu8 muoh fundamental work W&8 repeatod by a numbor ot 
8eientistl. About 1"~-1'37 an extromely important list of thes e datn was published in a 
.paolal ed1tion ot the Amer10an Chemioal Soolaty, and this list has greatly stimulated 
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work. 1n this field.. It 1s to be " expeoted t ha. t interest 1n X-ray method. wlll oontinue 

to grow, and 1t 1s sate to prediot that within a relatively re. years mOlt universltlo1 

wl11 orfer so~e type of cours. 1n this field. 

4. The UI' ot t he ~l ectron mioroscop' 1s a. relatively reoent dlvelopsent. In 1937 
Dr. Louis Caryl Graton, a Harvard professo r, announoed a new mioroscope wolg~lng about 
one ton, whlch with utmost preoi s ion, us ing a range or 6000 diameters, can spot unit. 
o! go ld 80 .~all that 40 bililon or them would be worth only one oent. In June ot 1,,8 
German teohnicians announoed perteotion of a super-m1orosoope uslng beam. of eleotron. 
lnstead ot _avoS or light, with a magnlfloatlon faotor ot 20,400. Electron beame are 
stra.lghtened ln Do magnetIc call, pal sed through the speol.e.n to be Itlldled, toouled ln 
Another coll; lmpressions a re made on photographI0 eaulllon; voltage used 18 80,000. 
The magnitioat ion ot thIs German 1nstrumont compares to that ot ordlnsry high power 
m1orosoopes a bout as the size o f a penny compares to that ot a pinhead. Instrumentl 
ol thIs same general type wero 800n manufaotured 1n thi. country by .everal 1ndu.tr1al 
companIes but the prioe was p~ohibitive for most univers!tl •• or industrial oonoorns. 
A smaller sIzed model Is now on t ho market tor about *900. Thi. prieD 1s very attr&ctlvo 
but 1t may be that the same s1tuation ex1sts as .al e~pori.noed 1n the field ot spectros­
oopy when th~ markot Wu S flooded w1th small and modium slzed .peotroioopl.. the pur­
ohaler often obtalned one or the so before he knew their real limitatlons, and trequently 
he was bitterly d1sappointed when tho requ1~od work waa Juat too complioated to be handled 
by n 8~all 1nstruMont. There i s lIttle dcubt that the eleotron mlorosoope Is a very 
powerful and useful to ol 1n many f101ds of sc1ence but some of the cla1ms at the pre sont 
tlme lni6ht be clasB-ed as hlghly optimistiC if not extraVAgant. 

5. A very i ntorest1ng but not tully recoan1zed .ethod of aloroanalysis partioularly 
applicable to the atudy of orea nnd mine~a18 Is the oontaot print .ethod introduoed by 
GregOire Gutzelt 1n Maroh 1942 . This 15 a combInation ot e nu.ber QC .ethods In COMmOR 

uso Bnd 1ncludes the techniques of etohl ng &8 used by the .et~11urg18t, apot testa Aa 

uaed by the ohemJst, Qnd mioro-clectroanalyeia. It otrers vary intereat1ng possibllities 
and wl11 doubt.le8s ~A~ome used more otten onft~ It hal beooae .ore widlly known. !he 
mothod is a. lIodifll) a tlon of et.c h i ng t.O~t;B somnU.metl \l8f1d 1n the identlfioatlon of orel 
but otfors an advantage over auoh tests. Bo t.h the etoh and the oontaot print method 
are uSld _hen wur~ing wlth op&q~. ores and. mlnorals. In the etoh tlata a polIshed lection 
of the material to be studled is pt' eparod and this lurtaoe 1. then treatod with difterent 
oheNloal reagents t o dotormine whioh ot the constituent. ot the material are attaaked by 
dlfferent re&8en~e . Etoh proaeduros are ratner Blow and are reliabll only ln the hand. 
or an expert. The lr greateot 411advantage 18 that the poll shed lurtaoe II destroyed 
with eaoh test, thus maklng any f~rther mlorosoopic eXaainatlon iaposaible w1thout re­
erIndlna and rlpo11ahing. The new faoe be1n8 ditt.ro~ tro. the tlrot one, no looallza­
tion of the elements is possi ble. 

In the oontaot print m.thod ue. ls m~de of speolfl0 orean1o reagent. whloh give 
oolored oompllxe. wIth one or 1I0re elements. the prooedure us.d ls as tollow.: "A pleol 
of golat1n ~ oo atod paper is 1mpregnated w1th a .eleotive attaokina reagent. It ls thin 
plaoed on top of tho polished Burtaoe nnd pres lid down In oontaot with thl specImen. 
Atter the paper 1. relftovod it 11 developed l"n II,. reDolent that is speoltio for the qu.s­
tlonablo Ion. An i nverted imago ot the posltion ot the elo.ent on the polished surraoe 4 ' 
thus results. It The paplr 110.)" be eithe" Eastman Kodak Co. IlKind 867" or a alolay pho ... 
tographl0 paper treated wlth thlosulphate and thoroughly waahed In order to re.ove thl 
allver lalta. 

Thl. method has tho ndvantage or givlnS a tru~ pioture ot tho locali~ation ot each 
oloment on tho polished surface. It shows t~e presence or ab8anol of a given element 1n 
each mlnoral part1cle by ono test only, whlle by etch tests or .icrocry.talline tests 

4 • .I..I.Il.E. 1l1n1ng Technology, T.P. 1457; p.2, lIa~oll .. l,1I2 
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eaoh minoral grain must b~ t e sted sepa r ately. Usually about ten pr1nts oan be .ado with 
one polish and it 1a oasy to restore the origina l SMoothness by rubhlng the splcimen on 
felt. In some lnatances electrolytlc dissolution or the mineral 1. a ccompli shed but this 
1. limited to those mlnera.ls l(hloh are oonductors of electrloity. This 11 a.ccoapI"lshed 

by oonneot!ng the mineral to the po sitive pole of a ba ttery. The gela tin paper, so a ked 
with o.n atta.oklnr, re agent (o.n . Ilo(\trolyte ) , 1s pr eas.d down on t h e poli s he d surfaoo by 

mean. of a meta.l toll whlot 1s oonneotod t~ the nega tive pole of the ba ttery. To prevent 
too rap14 corroslon of the mineral tho intensity of the electr io current must be le88 tha. n 
50 _llilaapor... Generally a potontial fro m 2 tu 6 volta 1s auff1cient. Gutz81t 1 a pub. 
l1oation give. G l ~rge number oC speo1fl0 r oagents a nd prooodures; th15 article 1~ reoom­
oOD,nded to loiontiata working 1n tho Cl01d oC ~inernlogy. 

6. AnalYRi£ by menna or the polarogr aph i ~ rapidly t a king its proper pl uce 1n the 
t1tld DC ohum1oal analyal.. This type or analysis 1s based on the taot that var10us iona 
require ditfer'nt potential, tor t he1r d1scharge on n cathode. An ol ~ctrio oel1 60n­
talnins G .olutton or the 10n8 to bo deter~ined 1s Dub j ootod to a slowly i noroasing voltage 
~nd the ourrent 1. plotted against tho ca thodic pot~nt1 nl. nhen tho potonti a l reache. 
tho disohargo potential for a cation (po~lt1vely ohurgod lon~ ther o will be en increase 
in the ourrent At th1. point whioh will r OGult in a s harp bre~k in the plotted curve. 

7. Speotrooh(l mloal "nlolysll. Like all othe r brancheB of o.no.ly 01s this techniquo 
ha.s oertain adv.t1ntnges over. .other types of an a lYSi S, but it ha. s daf1.nit a limitations. 

As a menns of making r apid nnd exhaustive qualltn.tivc a nalyses of 0.11 of the metal s 
and a tew ot tho non-metals it 18 unequalled . UDing a s pectrograph, on e o&n mako analyses 
in an hour whioh .. ould tnke da.ys, ;we eks, or· eve n months by other me t hods; for 9xar.tple: 

a. Tho ~ualit&tlve and quantita tivo ~nnlyn i5 of hafnium 1n th e pre aenC8 
of zirconium. 

b. The qualita.t1ve and qua.ntitative ana lysis of r hon i um 1n th o pr esence 
or Ita.nganese. 

o. Tho quantitative ana.lysis of samples fur- s me ll a mounts of suoh ele­
menta 0.8 beryllium. t1n, zlrcon1um, aa ll1um, rubidium, oesium, ~nd 

l1thium. 

d. Tho detoction and quantit a tive estima tion or rubidium in tho presonoo 
ot ,xoIssivo amounts of potassium or tho detection a nd quantitat1ve 
est1Mation or oolium 1n the pres enoo or exccs s1ve amounts ot sodium; 
and lral.ll allounts or strontium in tho presonce of ba.rium a nd oa loiull. 

e. It i_ the only oomplet~ly s~t1sfa.ctory method for the analysis oC tho 
rtre eartha partioularly whon thore aro s evera l of this group present 
1n the .ame IQmple, this belng the u sual exper1ence. 

The 11mitationl or th1s method nre a.lmost entirely 1n quantitative \'Iork. Quant1t a tive 
determination. alway. have a limit of acouracy whioh usua lly rune a round 10 percont error 1n 
routine nno.lytl,. For oonstituents whloh run 10 pero ent or aor e 1n a sample, SOll'te other 
type of analYlli il uluo.lly better but, 0.8 the percenta ge ot tho de s ired oonat1tuent d,oreaaes 
1n the aample, apeotroeraphio analysis becomos more applioabl e and, at 0 .• 1 peroent and lower, 
1t i8 usually more accurate than other quan titative mDthoda. In routine analysi. the time 
neoessary to •• t up a prooedure is an important matter. But ~n r outine a na l ys is on the 8ame 
type of .ample day aCter d.a,y tlU mothod 13 unexcelled both. in aoouracy and in time. 

6. Fire Assay. Thla is probably tho oldost known method of ana.ly s is. It Is re a lly 
a small . son1e method ot smolting. Analysts in the we s tern part of the Unit ed Stat es are more 
familiar with th1s method than chemists in tho East . It is t he mo s t sati s factory mothod for 
the analys1s or ore. for such metals Ci.B Gold nnd silve r and t hc pla tinum gr oup of metals 
(pla tinum, palladium, ruthen1um, rhodIum, iri dium, and os mium). When usod in conjunction with 
~ pcctrography, oxtremely small quantit10s of those metals can be detect ed and quantitatively 
detormined. 
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At the presont tlmo thoro 1s no one method ot analysis which might be termed a 

universa.l "eurt .. all. 1I Eaoh known m-.thod ha.s its own partioular field and each method 

has its limitatIons. By recognizing this fact and by using ~ll of the methods appll~ 
cablo to any problem the analyst oan go ta.r toward getting the correct ans~er. This 
18 an ago or meohanization, and -analytical chemistry 1s rapidly tol10.1ng the trend. 

A student of analytical chomistry who intends to continue with this field all his pro­
resalon wou ld do well to learn as muoh as possible about optios and eleotr1oal l.t~Up., 
whloh of oourse inolude amplIfying systems, and to aoquire at least a nodding R&oqualnt­
ance with some of the analyt1cal methods used in fields outside of his own specialty. 
If he 18 will grounded 1n the principles or mathomatios, physios, and ohemistry, h' 
hns a roundation upon whioh to build when he Is $udden~y thrust Into other flelds of 
801enc8, and It usually happens that Q graduate seldom does nil of his industrial work 
entirely within his own rather narrow spccialtyo 

IlAIlRISOII COMl!ISSI ONED IN NAVY 

Dr. II. C. Harr1son, Ch1cf Chemist in charge oC tho DeparttQentls spectrographic 

laboratory, . has boon commlssioned lIeutenant in the Navy .and left on Way 11 to ongage 
1n spocial1zed work. Dr. HarrI son, who rece1ved degreos from ~ashington and Leo nnd 
Cornoll Un1vers1ties, c;n.mo . to the DQpa~tmunt 1n 1~42 from the New York Stu.t'l 901lege 
of Ceramics whore ho was prore s ~or or chomistrY4 He Installod the Departmont~s 3-moter 
grating spectrograph made by Baird ASSOCiates, and sot up an~lytlcal technIqups Cor the 
groat vnriety ~r matoriala received for analysis. In addition to mineral a.nd fi'lutal 
products, tho,!;o r.t~torio.ls included pOisons, IHlmp loG us ed as evidenoe in crioa dotaction 
00. R8S, und vegntction s amp los relatIng to agricultural renearoh ~ 

Ulss E&tller Millar, ceramic pngineer and formerly assistant to Dr. Harrison, has 
taken over tho sp ect rogr~phlc work of the Depnr tmen t . 

BLAST HOLE OIA/WIlD DRILLING 

A par~loularly Intcro st l~8 and ugeful booklot for mining engineers han beon Issued 
by J. K. 3mlt & 50ns, 157 Cha.mbers St., How York, doalers 1n diamond drIll blts. This 
illustra ted booklet tracca the development of dicrnond blast hole drl11tnB a.nd fully 
desoribes such applIcatIons at many of the large Cnnl.l.d1an m1nes 1noluding Noranda, 
Aldermac, O!{nlto Amulet, F11n Flon, Howe Sound, .a.nd Stoep Rook Iran !.tine.,. :.. d1scuG3ion 
ot drlll!ng equipment is incl~ded. Tho publicAt10n 1s sent free of Charge on. request. 
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