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ABSTRACT 

A ph-.se,..equilibria study of the copper-rich portion of the eoppe~ 

ganese,.,indium system has been made, 111;:1ing thermal, mieros.oopic, and magnetic 

mea.su!'ement,s,. The thermal data was obtained from cooling eurves in the 

r egion of solidification, and melting-point contours are given. Microacopic 

data on the high- tempera.tu.re solid phases w&s obtained by annealing the 

B.lloys at temperatures j ust belo·w the s·olidus, then quenching a.nd observing 

them under the microscope. The magnetic work eonsiated of Curie point 

measurements on the alloys a.s originally prepared, after quenching, and 

after reannealing at 100°0. On the basis of these results, approximate 

J:0ca tions of the d./4<+/J, (3/4.-+s, B lt'•/3' phase boundaries are given. Ferro,.. 

magnetiBm has been found to exist over mo.st of the composition diagram. 

An attempt has been ma.de to apply a known method for the vohnnetrie 

deter-mine.tion of zinc to the determination of indium. The procedure con

sists of adding an excess of potassium iodide and potassium f erricyanide to 

a buffered .solution of indium, and titrating the liberated iodine with sod~ 

ium thl.osul..fate. Within ver-1 restricted ranges of concentration, results 

aecurate to !1% were obtained, but the method is not considered usable at 

present, 
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PART :t. 



:Cnt:rndyction 

Ferromagnetie alleys of the Heusler type have been known for about 

fifty years, (1) These alloys are interesting because none of their cons

ti tuent metals are by themselves f erromagnetie.. At the present time, 

several alloy systems as well as s-ome chemical oompounds are known to 

exhibit this phenomenon. ( 2) The most well known Gystem discovered by 

Ifousler conta:tned copper• manganese aud a.lumi11um,; and sinee tb~t time.

considerable work has been done on it, (5)(4)(5) In these illoys the 

magnetism is folUld to exist in a single phaae region, and more speeific., 

ally, in a region C'omtainir-.g an ordered phase, or superlattice. ( 3)(6)(7) 

Quite analogous results were obtained with the system Cu-Mn-t-Sn, (3) this 

being the only other alloy ~-stem which has been <➔xtensively investigated.., 

The present, research ooncerns the alloys of copper., manganese and indium 

which have also been found to be ferromagnetic. (9)(10)(11) 

At the beginning of the work-, this sys t es11 had not been reported in 

t he literature. Since in -t,hese eJ.loya the lll$glletism is intimately related 

to the structure; it was deemed necessary to throw some light on the phase 

equilibria involved, before proceeding to the study of magn8tic properties. 

As a result., al though some magnetic measurements wei·e ma.de,, the work has 

consisted p:d.n-oipally of' an attempt to locate cer·Ga:in of t.he phases and 

their boundaries in this ternary system. 

A, Br;ef D~script;oy 

'l'he principal souree of data consi sted ei' thermal anal.yi;ies in the .form 

of cooling curves. Alloys , .. ere ~)repa.:red by melting toget,her the desired 

amounts of ·the pure metals under argon in a high frequency induction furnace, 



Cooling curves were obtained by means of a thermocouple plaoed in the molten 

alloy, and the curves were usually continued only through the region of so

lidification. In the solid state, transitions are difficult to detect and 

interpret, because both the heat effects and the rates are small, and there

fore no s-.rstematic attempt was made to record these. Gompositiona of' the 

alloys wer e determined by chemical analyses, 

The specimens were next annealed at temperatures ,just below the solidus 

and quenched to preserve the structure in existence at those temperatures . ., 

:En.formation about these structures was obtained by microse0pie examination 

of the quenohed alleys. 

ApparatUS: In »'ig. l is shown the apparatus used in the p:tepa.ration 

and cooling curve runs_. It is similaJ1 to that used by Van Dusen & Dahl (12) 

in the determination of the freezing points of cobalt and nickel. The f'tlrw 

nace eonsisted of a 61 mm i.rrex tube, open at the top, a.fld with a 55 mm side 

arm for connection to the vaeu.um system and a source of i.nert atmosphere.,, 

The top of the tube was closed by sealing to it a ~ex plate of 2-.5 .mm 

thickness with Apie~on sealing wax w .. 

The vaeuum system consisted of a Cenco Magavac for~:pump and an oil 

diffusion pump i.n series. A.bout six feet of 35 mm Prrex t ltbing containing 

one 12 mm stopcock in series oonnected the oil pum0 with the ftt't"?1&0e. At a 

point near the furne.ee tube, a line was r.un to a mercury manometer and to 

scimrces of' air, h.,vdrogen; and argon. By proper manipulation of stopcooks; 

any desired atmosphere could he produced in the f urnace . 'l'he mer.cury mano

meter was used chiefly for the re.gula.tion of: pressures n~ar one atmosphere~ 



Heating was done by means of a Westinghouse 10 KW radio frequency

genera.tor, operating at a ,frequency of about 450 kileeyeles. Comtected to 

its output terminals was a work coil consisting of ten turns of 3/a• o.,d-. 

copper tubing_, which i'i tted snugly around the ~.yrex :t'urna.oe tube for a length 

of about aix inches, The in.u-ns of the coil were spaaee slightly greater near 

the center to 0btain a more uniform field inside, Cooling water flowing 

through the coil not only kept the copper cool, but the ~.vrex tube as well. 

tn. Fig, 2 are shown. the cont:ents of the f'urnaee, Several arr~emen.ts 

were t:ri.edJ two which r1ere fo1.,W.d suitable e.re pi,otured1 If the alloy was 

to be heated directly by the R.F. field• the aei;.,;up i n Fig. 2~ W'B.{il usedf 

The metals were no.n~3ed i:a an alundum crucible i11 which a ceramic thermo

couple tube was placed• 'nrl.s tube vi.ras packed :for a length of ~bout one 

centimeter with powdered magnesi$. and rested on the bottom of the crucible. 

Enough metal was taken to give a dept..'1-i of at least 5 om. when molten. ilun.

dum discs sened as erueible covers and as weights to prevent the molten 

alloy from noati-ng the hellow tube. The remainder of the spaee was filled 

with powdered zi:rcen o:r zirconia1 except for a small alundum tube whieh 

extended from the -top of the crucible to the sttt'f'a<:e of the powder. To 

pre'lfent convection currents in the air space above the contents a set of 

asbestos or mica disks1 with Pyrex spacers~ was used. 

In some easea it was found advisable to use the apparatus in Fig. 2b 

where on.ly the inner ~yrex tube is shown. The essential difference in the 

tw9 ~;r;r~p.gement-s is that in the latter a graphite or steel crucible sur

rQ~~d the alu.udum one., so that the heat m,.s g.enerated in the outer crucible• 

.l eover of graphite or steel was also uaed; on to.p of which a zircon dise 

'was placed fol" it1sulation,. 

Great diffieulty was experienced in obtaining crucibles of satisfaet.ery 



size and ~.teri&l. No difficulty is encountered with O<>pper or indium, but 

ma.nge.ne$e react.is with silica (8) and al.so forms a c~rbide, (8) so that 

graphite and quartz ca.rm.ct be used., Basic o:i-..1.des such as alumina and i~gnasia 

are satisfaewry {13) an<l ziroor.da was also found suitable. However, zirconia. 

crucibles of the desired size and ahape we.r fl dif:ficul t to obtain. The:r-efore1 

attempts were made to prepare zirconia oruci.bles by slitp .... 0<1isting~ (14) 

Zirconia powder was obtained from the Titanium Alloys Manufacturing Comp~ 

&ic. made ~to a slip or suspension with 2% sooA:um pyrophosphate. The s:Up 

was poured into t •1·to--piecf.:; plaster of pa:!'is molds which ~1tticltl,:;y extracted water 

from the slip. Upon pou:l'i:ng out the t;)xcess GcliP.> & smooth coating of zirconia 

wac; left, on the walls of the mold"'· As the dehydration .PI'OC(5SS c,ontinu.etl the 

mB.iS shrunk; .from the llr'lW.ls and could be gently removed. The crllcibles 'l'i'.ere 

t hen dried at temperatures of & few hundred degrees centigrade and used.

Facilities for sintering were n.ot available,, i:ind the crucibles were of limited 

u·se1 since they were quite brittle and somewhat pj1"ous, However a few alloys 

were prepared in them with success~ 

lt was eventually discovered that alundum extraction crucibles, mamu

factured by the lforton Abrasive Company were of a.bout the desired $ize and 

shape. The den..<1est of these., pGBOiili. ty grade RA 84, dimensions 90 x 19 lilm., 

was found to wo:i:•k fairly sat.isfa.cteri1y1 though the poro~ity caused the loss 

of a few percent of tb.Ei manganese ei,r.td indiwfl during the pre:paratio.n and cool• 

U1#l runs. 

Thermocouple tubes were obtained from th~ Stu.~o.f:f' Oeram:tc Compan;y, 

and were made of alwni.na and some silica. The silica present did not appear 

to c~use a:QY trouble, perhaps because it was in oombitiation .-4th the alwni•• 

These tubes had a.n outside di8UJ.eter of 4,~ 75 mm.,. anil a wall thickness 0£ about 

,.5 -♦ 



TE:lmpera.t.ure me8,l.su.rements were made with 28 ... gauge chromel-alumel thermo... 

coupl€1S ~ 'l'he two wires were melted together, thr-eaded threugh a t wo,.,.hole 

porcelain thermocouple insulator, which fit snugly down inside of the pr~ 

tection tube, The wires w-ere led out of the furnace tube through two sl!lMl 

notches at the top where the py-rex plate was waxed onto the tube, thence 

to a cold j.unction and a cable termina;l, 

The measurement of the emf of the thel'JllOOOU;ple was me.de in two ways, 

One method was by means of a Leeds and Northrup type K pQt-entiometer, using 

a. galvanom-3ter of 16$1 megohms senaitivi:ty !-or the nul.l indication~ The 

sensi t::t vi t-'!J ot this instrwneat waa reduced by $htmti:ng so that a mo•ement 

of one cm., on the light scale eones!l)t)aded to a tempe:ratu:re ehange of alllout 

one degree centigrade. Later in the wo:rlt, a Brown Continuoas Balance Pote► 

tiometer R~rder was obWnedJ thi.s in.sttument performed very satisf'aetotll.y 

and eased considerably the job of :ru.u,tr,g the oooliq eurvellli A 500.120000, 

sea.le was ueed1 alld tt was Qperated £rom the same thel'Dloeoup1es as the p0ten .... 

tiometer. A aelf ... oomperwat1ng eirouit wbi,eh corP-eoted for the room teapera ... 

ture was contained within the 1~st;.rument. This featu~e neeessi.tated remeval 

of the cold junction and ,mald, ng the entire thennoeouple cireui t of ohromel-

alumel wire, so that the effective ee.ld Junction would be on the terminal 

bloek inside the case containing the compensator. 

The Brown Potenti.OUlE!rter reaerded the t e,np~ra-.e on • iueving ebart, 

resulti.ng in automatie drawing of the cooling curve. A variety of ehart speeds 

was.' available, so that the shape o! the C\..::--.·~ ~o.tld be made optitnum-

Couples J. and 2 were calibrated by eampari.son with a pla~l0% 

pl.atinum-rhoditu1 eouple1 This ecuple had been previously calibrated by Don 

s. Martin, Jr., using Bureau of Standards zinc and lead• 99.8% pure anti1!10D1, 

~ beU.ing water. The comparison we.a carried out in the amiealing .fun1&oe;, 

a deacription of which ie g,tven in a subsequeat seetion, In order to insure 

that the hot junctions were at the ~rune temperature, they were inserted i,~ 



quartz tubes and bound together with copper sheet for about two inches on 

either side of the junctions-. Simultaneous em.t' readings were taken of the 

couples, the temperature in each CS.$e being allowed to come to a nearly 

constant value befere readings were madel Four points wex-e :recorded. itl 

this manner :f'rottl o0 to about 900o c. In the case of couple No, l, wh!.~h 

was used in C()ol.ing curve runs, two additienal points were determ1ned, one 

at the freezuig point ef Bureau of Standards copper•. a second at the free._ 

1ng point e:f' some 99.8+% pure a.ntim.Gl\V• '.t'he imp'l1Iit1es were estinlated not 

to l.owe:r the freezing pQint more than about two degrees c., alld since the 

.freezing ourve we.s Tery flat• th.e Piimoi>;y was considered eui table f'oi" a 

4alibration pc>int, The copper freezing point was detet'Jllined in the regul.ar 

eooling curve apparatus,. while that of the etimo~ wa.s done in a graphite 

crucible in a simple electric turnao·e;i U$itl8 a layer of powdered graphite 

for protection from ond~tion.,, 

Ceuple No. 2 was used in the anneal.tng furnace and was not oal:i;.br•ted 

further.. Couple No., 4 we.a used for a f .e.w cooling ourv-e runs in the regibtl 

of eoo0-100° c., and was checked oncy at the antimo~ point. 

Conversion tables published by the Na:~ol'l&l Bureau of Standards (15)(16) 

were used in the construction of error Ctll'Ves f0r the eouples. The eon.version 

table for chremel-alumel sou.plea is reproduced in Table!, and in Table II is 

show the calibration data., An additional eor:rection-, t10t indicated in the 

table, was •PP:lied to take ee.re of an ineO.n$1..steney 8Jlk>ng the pot.entioni:eters, 

The h,igh scale of the type K instrument was found to check to wi thi:n one 

degree Centigrade with the Brown indicator and was therefore used as e. stand• 

a.rd.- The low seale,, in whieh the variable resistance was &11 contained in 

the slidewire, was then found tG read low b-,1 0.28 millivolt per 100 milliv~lts. 

The student potentiC!>lneter had a constant error, on this basis, of .... 1° c. on 
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Temp. 

0 

100 

200 
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TABLE 1 

Temperature-emf Sonve:rsion Tabl e for Chromel-,uumel Thel'7,!loeouples 

(emf in millivolts) 

0 10 20 50 40 50 60 70 80 90 100 

o.oo 0.40 o.ao l.-20 1.,61 2.02 2,45 2.ss 5.26 5,..ea 41,10 

41110 4,.51 4.92 5 . .,55 s.75 s.u; 6i53 6,95 11155 1.,,73 a.is 

a.is 8.,53 8.95 ~). 34 9-.74 10.15 10,.56 10.97 u.,ss u.ao 12,21 

z-00 12.21 12.s2 1s.,04 15.45 15.s7 14.29 14.11 1s.1i 1s •. ss l.5i97 1e._59 

400 16.59 1s.s2 11.24 :ia .ss 1a.,oe is,so 18,95 19.56 l ~h 78 20.21 20.64 

soo 20.a4 :a.01 21.49 21~92 22.M 22. 11 25.20 2s,.e2 24.,os 24.,48 24,90 

600 24.90 25•55 251175 26.;18 26t60 27-.03 Z7.45 27,87 2$.111 29 2.8 •. 72 29,14 

100 29.14 2e.sc 2s.9a :,0.40 so,,s2 s1_.25 a1.es :,2,.07 52.48 02.90 55, 51 

800 55.51 55.71 M.12 04.53 54.94 55,55 55.75 56tl6 36.56 36.96 57.36 

900 57.36 57.76 se.16 38.56 sa.96 59.55 59+75 40-.l.9 40.sv 40,92 41.51 

1000 41.-31 41.70 4211.08 42.47 42.86 45.24 45.82 44.,00 44.~ 44 .• 76 45.14 

uoo 45--.14 45.52 45.89 46+27 46.64 42.01 47 .58 47. 75 48-12 48,.48 48.85 

1200 48.85 49.21 49.57 49.94 so..29 so.es s1.oo 51-.56 s1.71 s2.-06 52.41 

1500 52.41 52.75 53,10 53.45 55.79 54.13 54.47 54,81 55.15 55,.48 55.81 

1400 55.81 



Tit'Ue 
Temperature 

oc. 
82 

200 

527.4 

444 

6'5().5 * 

670 

904-

1083 * 

TABLE II 

thermocouple Calibration Dai!, 

emf 
EqUi-v-alent 

(mv) 

Corrections for couple in (mv) 
#l #2 #3 #4 Remarks 

18. 57 

2s.20 

27.88 

44.49 

..... 01 

.. ,57 

Comparison 

Oomparison 

F.P. of 99.8% Antimot.\Y 

Comparison 

Comparison 

F,P. of 99,9% Copper 

* Although these were not :NBS samples, errors due to F,P. lowering should 

be less than 2° c. 
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the low scale and -4° o. on the high settle.. A fut'ther oorrectic,n was made 

in the case of a few alloys which were run with the Brow potentiometer. 

A chart error sometimes occurred, due to changes in temperature or humidity 

wh:ieh es.used the chart and pointer to give different readings.. The&e oorreet-. 

ions ·.nere applied te all results obtailled on the potent!ometer.s . The couples 

thus calibrated should have an acouraey of at .lea•t i s° C. 

The charts and scale o.f the B~own potf)r,ttiometer had been prepared ustng 

the same conversi.on teblei and the instrument had a guaranteed accuracy of 

t,,25%., As mentioned abeve, a comparison with the type K potentiometer showed 

agreement to within at least one degree Cent!grade over the whole range-. 

Materials.& Indium of purity 99.97% wae obtained in the form of small 

pellets from At n. Mackay and COB'tpany of New York $.nd fr0m the Il!ldium Corp. 

oration of America. #l6 gauge copper wire was obtained from the Malin Wire 

Couipany and was said to assay greater then 99.-9% cepper-. The llW'lgbese wae 

obtaiiied a.a small plates from A. D., Mackay and fr01n Mr♦. C .• w •. Dans 0f the 

tJ., s. Bureau of Mines, Both lets were said to have a purity of 99.9% or 

better- Melting pointe of the copper and of' the mtniganese obtained from 

Mackay were measured, usir,g a Leeds and Northrup optical pyrometer, The 

pyrometer wa.s calibrated by Leeds and NQ:rt~ and found to be aecurate to 

t s0 O,., but on the basis o£ the measurement of mel t'ing points of two amnples 

of copper, which gave flat freezing curve.a and identical freezing temperatures, 

was probably 2-,..'::? C, low. The r uns ms.de in t he cooling curve apparatus, the 

pyrometer being sighted down the thermocouple tube# The correction due to 

the glass plate was determined by si ghting on a 100 watt bulb first through 

the plate and then without the plate. Very flat freezing curves were obtained 

!'or both mete.ls, the copper freezing at an observed value of 1080° C. a.nd 

th . .. at 12,, 2° C, Pure copper melts c:t 108{>° c. (17) and 99.99% e mang ... nese -+ 
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pure manganese at about 1242° c. (15) It has been estimated {17) that the 

m.elting point of copper may be lowered as much as ,lo c. by .01% impurities, 

so that .1% impurity could cause a 1° C. lowering11 The freezing point of 

mangane~e is s0m.etiJl1es raised by impurities so it i s not possible to estimate 

as easily the effect of impurities,. However, on the basis of the close 

agreement with known values of the melting points, the metals were considered 

to he suff:i,ciently pure for further work1. 

PreparatiGn and c:9oling ;z:µn;,u 'l'he alloys were prepared. at first by 

weighing eut the desired quantities of metal to 10 milligrams and placing 

them in the oruoible, A to·tal. of 50 grains was ·,.1.aed for each preparation• 

.ru:ia.lysea f~howed that manga.nes-0 and indium were being lost during the runs> 

in quantities of the order of one or two e:tolll percent of the total. Subse,,,. 

quent weighings wer·e therefore done to 0.1 gram. on a pan balanee, and the 

exact compositlon obtained later by chemical a~sis" The ~$llple was sealed 

into the furnace a.11d the whole eyotem was evacuated with the forepump for 

about half an hour., Argon, obWned from the Linde Ai:r Produets G0mpaey, 

vrlth a reported purity of 99.,8%, was let in at a pressure of one atmoaphe:re, 

and heating was begun. Hydrogen and nitr0gen could not be used, since both 

react with manganese. (18) Helium was used for a.while, but it was thougnt 

that argon would be less easily $;bsorbed in the melt. 

It was found to be desirable to heat the metals ahove the melting point 

of the manganese for about a half hour to ,enaure mixing, rather than to rely 

on solution of the manganese in the eopper ... indium melt,, At first the system 

of Fig. 2a was used, but owing to the fact that heat is ,generated :non,,.uniformly 

in the various sized particles, some manganese would usually become wedged 

in the upper cooler portion of the orueible and rema,in unmel t ·ed. In addition,. 
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the alloys would tu:r11 out with a11 exterr.al !ilm of greenish substance, pre,.. 

sum&bly en oxide of manganese. ,tccordi:n.g to Mellor,. (19) the oxide MnO is 

emerald green, a."i.d in certain proportions, mixtures of MnO and Al205 are the 

sam.e color. (20) It thus appears that traces of oxygen ware respom,ible for 

the film. The coating tip)Bared to be merely a surface one &.nd could easily 

be ground off,. 

In an attempt to prevent this film-, the crucibles werE') heated to 1000° c. 

in hydrogen and: then pum:pr1d on to remove aey o:ey-gen adsorbed on the walls. 

They were cooled in argon,. i.mrnedia tely filled with metal and replaced .in the 

system. This procedure did not seen to have ru:i;y" effect and was eiven up• 

Pt1mping wi t.'1 the aid of the oil diffusion pump for several hou:rs, or overnight, 

ga.ve a.n improvement, but a bettar soheme wa.s sought. The trouble was apparently 

due to the manganese,. since copper- indium binary alloys, and a.lso the pure 

metals, were alwnys clea.11-appeari.llg upon rem~v&l fr-om the system. 

Mel ting of the me:tals was subsequently carried out u.r>ing tha .seheme of 

Fig. 2b. Here t,.'1-ie gr2.phi te or iron erueible served to maintain a n.o:re eve~ 

temper·s.ture around the whole crucible ar.i.d the allo-.rs were easU.y melted,, 

Especially in the case of grni::,hite,. no trouble was enc:oun·tered w-1 th surface 

o:x;idation• and the alloys could be prepared q11ite clean in ap:9ea1·anae. The 

oxides of mangru.1.e~e hav,e h:tgher heat~ of formatio:n than oxides of copper; 

hydrogen, iron or carbon; hov;t!:,lver, the graphite apparently pre-vented the traces 

of o:xygen from 1E>.achlng the metals, and so prer1t~nted the formation of the man,;,, 

ganese oxide. 

This new arrangement was theref or·e a great improvement but had the dis

advantage that mixing was not complete, even t1.fter a half' bo1.ll" of heating 

at 12500-13008 c. and 2 or 5 hours above 1100° c. When heated d.trectly by 

the R.F. field, eddy currents are set up, which mix the metal.s thoroughly, 
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This phenomenon has been noticed before (21) and. can be o't,serv-t::d by :melting 

a me tal in a crt1cible without a cover~ To obtain homogeneous alloys using 

the graphite c1.nd st.eel cylinders ., the fu~s t melt. was cru,shed, mixed, and 

remelted a seeond time. This procedure ge.ve good results e;,:cept in the ca:ce 

of some of the softer alleys vihich could not be crushed,- and had to be sawed 

or broken up into smaller pieces. 

'l'he cooling CU;...""V~S w0:re t hen run using ·l;h.e external graphite crucibl-e 

rather t han the steel on\3, siuce steel was klaown to show thermal effeets 

in the vicinity of its Curie peint (about 185° C,.) ~.nd possibly also at 

other temperatures~. 

using this last method, the first melting was done at a.bout 1250° .... 1300° 

0 c. f er lS--20 minutes, then at 1100 C, :for about two hol.ll"s. The second melt--

ing was done e.t ll00° C,., for about half a.n bourt after whl.eh the alloy was 

allowed to cool sl.owly •. 

Ia the presence of an atmosphere, the heat ]asses were so great that 

the cooling rate was much too fast to obttd.n .good curves,. I .n a. vacuum the 

cooling rate wa,s satisfactory,; but the danger of losing ma.nganese by dis,,,i, 

tille,tio:n prevented the use of this procedure., It was found that by redue,.. 

ing sufficiently the power output of the R.F.., generator, arzy- desired cooling 

rate could be easily obtained, and this procedure was used throughout the 

experiments. Line voltage fluctuations would be exi,;iected to give diffiaulty 

but did not do so. The variations in genera.to~ output were long term ones• 

a:r,.d over the course of a half hour or an hour w.ere so small as to be unobserv. 

able. To make sure of thi,s_. however• and also to make ce:rtain that complete 

mixing had 0ccurred, two or more cooling runs nere made, and the ua.mple heated 

for an hour or so in the meantime,. At the beginning of the r,.uis, the cooling 

r~.te we,s adjusted to , .. bout 10° or 12° c. per minut.e, al though rates as high as 



2s° C., per minute and as low as 7o c. per minute were used., In some cases, 

t wo successive runs on the same alloy were made with different cooling ratee; 

in order to determine whether the rates were sufficiently slow. With re.t~s 

of the order of those mentioned above, no significant difference was ever 

observed,,. 

on copper. 

Another check on the rates w.as afforded by the calibration :run 

Few alloys melted as high as 8008 c.; yet copper, melting .at 

1083° G ., gave a freezing curve which was quite fla t and had sharp breaks at 

both ends of the plateau. 'l'he sharpneeis of the breaks can he taken as an 

indication of the qU«ili ty of thermal c;ontaet between coU!)le and sample., 

lfos.rly all samples gfave sharp breaks &,t the beginning of rn•ecipita.tion ot 

a. phase, though thB endings were Ulilti.ally uneerta,in, due to refisone to he 

discussed in a later sectioni 

The effect of the R,l!,, field on the therinoeoupl.e does not need to be 

considered since the junction and part of' the lt'::ad wires are shielded by 

the MJnple itself,. 1'11~~ heat is generated in a thin layer in the outer ei1'i!> 

cumference of the alloy or of the graphite crucible, if' one is UBed.i Some 

heat may be generated in the les.d .... in wire~ above thetop of t."'1.e crucible-, but 

this should have only the effect 0£ supplying l30me of the heat losses through 

During the runs in which the potentiometer wa.e used to record temper

ature, simult.an.eeus readings of' e. stopwatch aud the potentiometer were re,. 

corded. After svine experience with the procedure, readings could easily be 

taken every 15 seconds, a speed which, upon plottirig the da.t& , was s een te 

be ample to determine t.rie position 1,.nd duratio:n of' b:teakf in the cuI'VH11 

When the Brown r <:icorder r.re.s used, the curves were t hen dravn1 11.utomatieally• 

Ai'te 1:· the cooling runs were finished, the alloy was r emel te.d. and the R.F • 

ge-nerator t1ll'necl off. 'Ihus, cooling th:cough the sclitilfic:at :ton region would 

be accomplished quickly and segregation ~u.ld not be as likely to occur, In 



the cooling run of A9 1 the Leeds and Northrup student potentiometer was 

used, the high scale of whieh ran only as high as 40 millivolts . The 

first break was slightly off scale and was obtained by following the 

deflection of the null indicating galvanometer. The temperature at whieh 

the break occurred was quite definite and was near enough to 40 millivolts 

t0 allow a gooo estimate to be m4de. 

Analysis of' daja, The curves are shown in Figs,. 12 to 20, inelueive, 

Only one for each all(:)y is pictured a:ad it will be noticed that beginning 

with A47 1 where use of the Brown pQtentiometer was begun, the e.bsaissae 

run from right to le!t, There a.re twe disti11ct .tY']).es,.,,of cu:rves , ea.ch re

presenting distinct processes, and there a.re a few more, the significance 

of which is not entirely elear. Alloys 9• 10, U, 40, 19, and 47 have 

curites which show the existence of a. sing:l:,e :pha.:l& just belO'-' the mel ti~ 

point, There is an initial break, l'epresenting the liqu1dus, and an end

point :representing the sol.1.dttllJ:t °fhe solidus points are probably low for 

twG reasons. In the first plao,e, it is probable that the liquid and solid 

phases were not in equilibrium during the whole period of s.olidification, 

This effeet is discussed further in the section on the metallographio workt 

The second reason is that towards the end of the solidification proeess, 

there i f: a l arger temperature difference between sample and 1:111rroundings 

which tends to draw heat out of the sample more rapi~, and there is also 

a smaller amount of saDJple lef t to give out heat,, 'I'herefore a t end-points 

of curves , a tailing of£ is usually not iced, The soliduR temperature waa 

selected as the i nflection point in this te,il e,:nd this was quite possibly 

only a. loWB1f limit. The curve f or alloy 55, for example, shows this more 

rapid cooling immediately at the end of the solidification and a subsequent 

slowing u.p as soon as the st eady-state was r Astoredt 



M()st other alloy$ showed not only an initial break but also a second 

one, plus one or t wo end ... points, showing where precipitation of a species 

stopped• Occasionally super-cooling occurred; see for example Figs. 15 

e.nd 17, A42 end .&.'52.. This was usu.ally oot a serious problem, and all, 

e~rapolation te;, t he liquid cooling curve was easily inade., 

In order to determine the general form of various types of ¢llUVB&,. two 

fll.loys eaeh in the binary systems et manguese and of indium with copper 

were prepared and eooling runs mad-a, Tl1e phase diagrams e,f these systems 

have been worked out (22) (2$) and are sh0wn in Figsw;; 6 and 7• The cool .... 

ing curves could there.fore be correlated with the actual transformations• 

Both ooppel'-m&nga.nese alloys were hom~geneous in the solid phase. Their 

cooling curves are shown in Fig, 12 (A9 and Al.O),, and the data obtained 

from them is given in Table I!l:,. Reasonably go&d agieeznent is noted be,., 
'· 

t ween the tempeMtures of' thermal ~re~ts and liquidus and .:3olidue temp.er

atures obtained from the diagram. A54 was approximately'• eutectie eomp.

psit1en in the oopper,,.indium system and its cooling eurve is shown in Big, 

18,, A29, Fig. 14, showed e. pe.r1teot1c trans.foma.tion, including the in. 

variant temperature. In these t wo allczys, the temperatures of therm.al 

arrests were lower than those gi-..en in the diagram. The previo11sly re

ported temp.erature .of the eutectic was 6.79° c. and that of the p.eriteetio 

was 715° c. (2i) l:n the prese~t work, values ef 661° c. and 705° c. we:re 

obtained,. Hume-Rothery (52) gives a value or about 710° c. for the peri ... 

tectie reaction, a value which he obtained. by mierosoopic raethods. 

Reactions similar to peritecties and eutectioa ean 0ecur in a. ter-.ry 

system, the difference being that in the ternary system . the temperature 

of three-phase equilibrium is not invariant and the ooollng curve will show 
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a second break, but no plateau, Xf the composition i s sueh that no ternary 

eutectic is nearby, the curve will next have one or two end-.points, depend

iug upon the type of transformation taking place, If a t wo-phase region 

exists at lower temperatures, such as does 1n eutectic$ a..11,d partially ia 

periteetics, only one end-point occurs. If the system goes over to a single 

solid phase, characteristic of peritectie reactions, a ~eeond end-point must 

occur. Experimentally it was found impossible to determine the number of 

emd-paints from the cooUng curve, sinee the tailing-Gff effeet sometimes 

obscured one. However, the nature of the underlying solld phase could be 

determined microscopically from the quenched allqy~ 

Mar\V of the secondary breaks and some of the primary breaks vrere 

.followed by flat portions of the curve, which sloped off graduelly,.. Since 

the t emperatures of these breaks on various curve.a did not coincid.e; it was 

decided that these were 11c,t e-.:Lcile.nces e:f teniary euteoties. Instead they 

were thought to be regions of um.va:r:i.ant 3-phaee equilibria in wbieh the 

temperature dif'f.erenee 'between the beginning and end of the region was com-. 

para ti vely small,, 

Occasionally SllU)Jl.er breaks were observed below the point at which 

selidifieation appeared to ha-Ye ceased,. These were probably solid state 

transitione and no attempt was made to systeutioally etudy theI11. 

Table III contains the temperatures of the thermal effects and in 

Fig. 8 are shown contours of the lictuidus points, A physical model of the 

cemposition-t.emperature diagram es ma.de by drilling holes in a flat board 

and inserting pegs of such lengths t hat the top of the peg indicated the 

l1quidus temperature. Other breaks were indicated by rings drawn a.round the 

pegs at appropriate heights .. The liquidus surface is found to slope downward 
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TABLE III 

Temperatures of Thermal Arrests 

(Degrees Centigrade) 

Breaks End Points 
Solid Solid 

AUgy Prim. Sec, 'l'ert, State #l #2 State 

9 980 928 
10 690 866 
ll 870 $48 
l5 745 755 108 
17 801 783 '/48 
l9 700 590 t~16 
20 649 625 600 
21 616 565? 
22 600 511 
?'7 .~i! 572 509 
24 553 509 
25 547 f;J,2 
26 552 501 
27 521 501 
29 719 7.05 B85 
52 865 686 678 
55 826 695 682 
56 797· 704 Gl30 
38 752· 7ll 695 
09 603 G52 
40 887 656.s 
41 G79 627 642 
42 621 599 
43 650 6·56 
44 590 510 ? 
1.~ 5 750 729 ?O~ 
46 797 692 682 
47 717 660 
48 660 657 619 
49 C08 513 
50 578 518 
51 727 710 686 
52 640 619 6].l 
53 725 700 677 
54 661 
55 Cl7 579? 
56 758 691 670 _.., 
::i , 626 625 s1;2 
58 607 577? 
59 GGl G52 633 6 5() 

&?. ~,~ G56 605 
655 62 661 647 
641 65 102~ 955* 917* 

64 651 
i~ 65 6-56 6ll 

66 705 520 517 

* uncorrected 



from the copper corner and no valleys are observed in this surface. When 

the region of th,, ~ -phase is reached, however, the slope becomes much more 

gradual, as is apparent on reference to the contour map. 

The correlation of the cooling curve data will be made in e. suceeedi:n,g 

section, together with the data of other parts of the ref.Haarch,., 

Phys,;eal Ai;iro§tarance of All0:r,a1 The alloys containing lesser amounts 

of indium were somewhat soft as prepared, oou.ld be crushed only with d.if'fi ... 

eulty or not at all, and were silver colored, sometimes with a slightly 

yellowi.sh tinge. With illlereasing indium content, the a.llGya beearne quite 

brittle, especially in the vica.m. ty ef atomic composition about 60Qu15f'1n25In. 

Some of the specimens in the region of alloy 55 showed a pinkish color whieh 

may have bee., due to a copper-rich phase present. Alleys with more than 

about 30 atom .% indi'Wll were ver; soft and greyi$h; (U1d could be easily 

scratched with the fingerns4.l. With the exception of the binary alloys and 

alloy 32, all were ferrom&gr;i.etio to some extent., This waa determined quali

tatively by the strength o:f attraction to a small Alnico magnet. The alloys 

most strongly attracted were those in the vieinity of the atomic composition. 

50Cu25Mn25In, though little differenee wa.s noticed e.t composition differing 

by 10 atomio percent, 

O, Ohentlc@:l Analxseg 

General Discusaign: Analyses of the first few alloys showed that man

ganese and indium were being lost systematically, The losses were attributed 

to absorption in the crucibles, since they appeared greyish aft er a run, 

although some metal mey have been loat by eva,poration., For this reason; all 

of the alloys were analyzed to determine their exact composition and also 
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to test the homogeneity of the alloy,. 'l'wo samples were removed by chippi.ng 

or drilling from neur the top &Ud 'bottom of eaeh alloy and were analyzed 

according to the si::theme below. In many cases, the t wo results agreed to .2 or 

.5% of the total. In maey others, differ ences of up to l or · 2% of the total 

were noted. When greater differences were encountered, the specimens was 

either remelted or a new one prepared. 

It must be emphasized here that although in some oases a high degree 

of homegeneity was not attained, t..'lie r-esults are not necessarily invalidated, 

For in this sort of prc,bl,em1 phase boundaries and other equilibrium lines 

and surfaees esn rarely be located wi th 0ne er two alleys• but Jll'W3t await 

the combined results- of many preparations-.. Even then, the locations are 

approximate. Thus, the eont:ribution o.f each individual point to the final 

result, though impoJl!tant,, may be olicy' a relatively small part. It was 

noticed that al,loys which were later .found t .o be unaeee.p-r,able on t..lti.s basis, 

gave cooling curves ,rhieh were practically identical in fo.rm w-lth those of 

t he homogeneous alloy. 

hocedure& I n mpst cases, only manganese and copper were determined 

in the specimens. In a few eases, indium was deterrained, and the results 

gave 100% total to within several tenths of e. percent. The com:ponent metals 

were very pure at t he start, and the only impurity which was likely to be 

introduced was a. small amount of oxide from residual air in the system. 

This was apparently a surface layer and could be removed meehamically or by 

washing in acid. The indium analysis was therefore Gmi.tted and the amout 

determined by difference• 

The separations and determinations are ~en f;rom ttA &'ystem of Chemical 

Analysis" by Swift (see bibliography) and the prooedure is as follows• 

A 200 to 800 milligram sample was dissolved in 20 ce. of 16 normal nitric 
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acid1 heated to boiling and KCl05 added until the vigorous reaction ceased• 

The solution was boil ea f'or a few minutes to expel all the Cl02 and then 

filtered through v.n asbestos filter- The precipitate was washed three times 

with hot water e.nd then redissolved in a solution of 10 ec. of 12 normal HCl 

and 5 g:rams of KI in 40 OQ .. of water. J;odine was liberatE:.'C!. a .. ccording to 

the reaction 

B.nd ,ivas titrated with stand.a.rd 0.1 normal r;a2s2o3 solution; using a starch 

end .... poi:nt, The filtrate and washings were neutralize<l with ammonia. and mad<:i 

just aoid. Three grams of KI were added an<l the liberated iodine was titratec! 

with 0.1 nornml. Na.zs2oa, using starch indicator,. 2.,5 grams of KSCN were added 

ju&t before the e1ld .. point.. The KSON is said to remo·vc the adsorbed iodine 

from the precipitate of cuprous iodide• (24) giving a sharper e:nd,..point and 

mox-e accurat,~ :results. 

In the event that i.ndi'Ulll wa.a to be determined•, the filtrate from the 

manganese separation ~s made alltaline with ammonia and dj_gested on a hot 

plate for an hour. The precipitate of indium :ti.ydrorlde showed a great tend .... 

ency to carry down copper, a.nd .it was therefore necessarJ to dissolve and 

repr.edpitate t he indi:rmi. The precipitat e was tben filtered through a pre.. 

viously weighed and ignited e.sbesto~ filter and heated to about aooo c. to 

constant weight. The formula of t he oxide is I¾Oa• ( 25) 

AnQther variation of t he i ndium determination.was to filter the pre-.

cipitate of cuprous iodide and. precipitate t..1-ie i ndium from t he filtrate., 

Apparently s.ome copper was carried domi here, judging from the color of the 

precipitate, though its concentration in the filtrat e was very small 111 
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Dif'f'ieuJ. tiqs in the aX'.alysea, :A volmnetr-lc method for indium was 

located ( 26) in which a ti tra.tion with potassium f f-)rl"oGya~de was per,,. 

fo:rmed, uaing diphenylbe:nzidine a.a an oxidation indicator, Thia was £0und 

to be very •.aatiB.faot0ry, due to a fading end .... point and an unpronounced 

color change,. The copper titration was very unsatis:fE!;ctory, and no trouble 

was expe-r:tenced. In the case of manganese, it wa.a found that deternti.nations 

of manganese carried out on the same amounts of pl.U'e metal aud on reduced 

standard permanga.nate (about 50 milligrams) gav-e results consistently low 

by about one percent. tfoe of the Volhard and bismuthe:te methods (27) re

sulted in no improvement. Inarunuch e.s the manga."'!ese seldom ran more the.n 

50% by w·eighti of the tot2'l11 the error would usually be less tha.n 0.5%,. and 

it was decided to accept this aecuraey,. 

T"ne results of the an~lyses are shown in Table IV.. Due to the u:neerta.inty 

in the manganese determinati.m:1 and inhom.oge.nei ties in the alloys, these coijl,ill, 

posttiG:>nS are prebably ne more ~.ccurate than 0,5% of the total. Those which 

are known to be less aeeurate a:r.e so designated. 

Brief .De@cri.pt.io,1r One of the prlma.ry objects 0f this research ~~as to 

determine the equilibrium phases just below the solidu.a ttiimpe•ratures" if.he 

allc,ys as orepared were eo0led to room tempera:t1.1::re over a period of ab.out t wo 

hours, and their struet-u.res were presumably dif.feren.t :trom the high tempe!'l,I, 

ature ones. Therefore the alloys were heated at t;emperatures just below the 

solidus in order to clevelop the desired struct11res, and then quenched in 

order to preserve them. .. 
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TABLE IV 

Chemical AnaJ.ysis or Alloys 

Atomic Percent Atomic Percent 
Alloy Copper Mangane:Se Indium Alloy Copper Manganese 

4 57.4 21.5 21.1 45 64 .. 0 10.1 
9 84.6 5,4 -- 44 s2.o 14.9 

10 68.5 51,7 -... 45 64.1 27«5 
ll 65.,5 55.l 1.4 46 74.6 17 .. 9 
15 65,.-0 24119 10.1 47 $5.,6 32.8 
17 57.l 57~2 s.G 48 50,0 !O.O 
19 59.0 25.9 15.l * 49 45.4 2a.o 
80 55-.9 25.9 20 •. 2 50 44.t 21.0 
21 s2♦.1 24.-0 2i.0 51 6649 22.5 
22 47.o 2$~7 29,5 52 59.0 19.O 
25 45+0 21-.0 56,.0 55 70.7 15.8 
24 40.l 19.l 40.S ff 54 75.,,7 - .... 
25 57.,0 17110 46.0 iM 55 55~0 25.,8 
26 55.4 15.l 51.5 q 56 75,.,5 9.-6 
27 27,6 12.,,9 59,.5 • 57 55 .• 6 22.a 
29 ao.1 • .. 19,9 58 50.2 24.2 
52 84.,0 s.e 10.1 59 59.0 20.a 
35 77,,2 15.4 9.4 * eo 55 •. 6 44.9 
36 75.4 11.a a.a 61 69.9 9.5 
58 77.5 s.1 17,4 62 62.7 17.2 
59 69.,6 s.2 2s.2 65 14.5 ss.o 
40 11.0 12,0 17.0 '!Ht 64 65.6 15.7 
41 65.9 18.0 10 •. 1 65 55.6 19.2 
42 57 . 6 17.2 25.2 66 1a.o 52,.2 

The following alloys were analyzed for all ccmsti tuents# 

Weight Percent 
A;llo;y Copper Mapganese Indium 

20 47.7 19.5 35.1 
29 68, •. 9 ... .,. 51._6 
64 54.5 10.1 54,8 
9 66.2 15.4 

10 71.4 28,f ... -

f No analysis; eompoaition as weighed out initially 

* compositions uncertain by t 1% due to inhomogeneity 

ff compositions uncertain by t 2•3% due to inhomogeneity 

Total 

100.,5 
100,5 

99.2 
99.6 
99.6 

Indium 

25.5 
,s .. 1 
a.4 
7.,5 * l3~G 

20.0 * 
26t0 
S4,6 
10,8 
22.0 
15.5 
26.5+ 
25,.4 
1511 
21.6 
25.~ 
20.2 
19 • .s 
20.a 
20.1 
20.0 * 22.6 
25.2 
49,.8 
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Apw+ratusi The annealing furnace is shown in Fig. 3., A quartz tube 

surrounded by an elect:rie combustion f ,1rnac$ and insulated for some diste.noe 

at either end by cans of asbestos comprised the apparatus. The bottom WS;S 

removable for quenching" and the top, ~ough which the sample and ·thermo

couple were loaded, was closed by e. fy-rex disk, vmxed on with Apiez.on sealo;o 

ing wax Vi . Connection to the vacuum p'Ulllp, mereurJ manometer and argon tank 

was af'forded by the side arm nett!' the top of thEi quartz tube-. 

An alundum cylinder whiah rested on a copper disc supporteid by chromel 

wire provided the sample holder. 'J.'he cop.per w~s covered by a layer of pow,,. 

dered m,9;gnesia ta prevent c.o:ntact with the sample. The ohromel wire wae 

threaded thro~h a porcelain immlator and ms supported by a s1)eel rod in 

the vacuum inlet., U'pon removal of the rod, the sample could be qtLi..ckly 

dropped into the quenching bath,, 

Temperature was measttred by couple #2f vihioh was led in through two 

notches in t,he quartz t ,:tbe at :its top1 and which extended down almos t to the 

surface of the saraple. 'fl.ae counle was connected to t he control circui. t of - . ' 

the Brov.,11 potent..iometer1 which eon.trolled ·i;he hes.t:tng circuit of the furn.aee, 

In this menner :11.ny desired temperature could be ttuainte.ined. In Fig'" 5a is 

shown a diagram of' the heating circuit .. The control aircuit in the Brown 

instrument was simply a single pole double throw merour.r a-vd tch which was 

activated meehanieally by the indicator m0eha:trl.sm whenever the temperature 

passed through the desired point, Wi ~1-i ,':troper initial setting of the Vari.at 

~n,d resistor, the t emperature could be maintained GQnstant to within one degree 

centigrade.. Due to the semi.....r,pen endst hov1ever• a l arge tempe:ra.tur0 gradient 

existed in the furnace. It was determined that over the region occupied by 

the sample and couple; the varil:1.tion was less than ten degrees centigrade+ 



'l'he temperature selected for the anne~ling was always sufficiently :far away 

from the solidus so that no lllelting could oecur •. 

Proccd]U'e; The sample to be annealed was crushed t o granules a milli..,. 

meter or so iri dirune·cer, or else e.s small as poa.sible-, placed in the container, 

and hung in the furnace.. The therm.ocoupl.e was suspended by its own lead wire$ 

from the entrance at t he top of the quartz tube- Evacuation of the system ·we.a 

begun. and continued for about half a:n hour,. when a:i:·gon was l ~t in at a pres,.. 

sure of one atmosphere• The course of the t~perature-time curv'e was observed 

on t ha Brown indicato1· only u1itil it w&s certain th~t the correct Var-iac set-.. 

ill nlloy::1 were annealed in t he furnace at lea;:c;-t twenty-four hours ,. It 

was thought th~t i:.d.nC\'J t emper atures nea:r •i,;,.l-J.e melting point were used, diffus

ion amt ;earra.ngement proc~sses ;:;s.1ou.ld occw:· fairly rapidly. To determine 

whethe:r t hi s period was sufficiently long f or equilibrium to oec-ar, t wo al

loys ;qere anne1iled f'or va:cying pe:d.ods,. Samples of A4 were annealed for 24 

and 48 hov.rs.; A22 v-:er e annealed f'or 24 hours ei.nd G days; subsequent m.iere)i!I; 

soopic exam.5.nation shol'i'.ed little or no cllff erence in t he structure of the 

samples ,~ 

At the end of the period of annealing, the sampl es were allowed ·t;o drop 

into GOO or 700 co,. of cool di~1tilled water, which was being vigoroti$ly stirred,• 

The container a].we.ys cue apart and scattered its conttmt~ throughout the 

quench bath, thus inm.1ri!lis compl et e and rapid quenching.. A film of oxide 

always ap;')eared on the sampleri aft er the quench, ai.1.d was probably due to the 

r eaction with wat er . Th~~ coating was removed by washing in dilute hydrochloric 

acid, rinsing in di ~1 tilled water r-.nd a cetone, and allowing the sample to dry, 
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E, MetallograR,hic Studies 

Pr!iu~ration of Sp-ecim,mss Before an actual examination of a specimen 

could be madet it had to be properly mounted and pre-pared, The alleys were 

mounted in t-ransparent luoite discs half an inoh thick and one inch in dia

metert Luoite powder, specimen, and label, were placed in a steel cylinder, 

heated to 150° G.1 compressed to 3500 poundn per square inoh, and chilled 

,1ith tap w:. ter. The lucite pellet could the:n be fc,roe.cl out of the cylinder 

and ground dovm to the surf ace of thE: met&l on a.n emerJ wheel,. Further 

grinding \'\'e.s done successively on 280 • 320, and 400 grades of Aloxi te paper-, 

·which 'nas kept wet duri~ the operation. The specimen was thoroughly rinsed 

between two succossiv-e cperatio-ns to prevent larger grit particles from 

being mixed v!i th the next ::;intu.ler size. Rotation of the direction. of lllOtion 

by 90° on ea.ch succes~ive paper provided e. method of determining when suffi

cient grinding had bee;n done, since then tll!$ scratches from the preceding 

paper were; removed,., 

Further polishing was done on two motor-i:.lriven wax wheels, using iusp~ 

sions of i/500 and #600 emery powder in liquid soap as the abre.si ve • Progreee 

of these polishing operations was observed under a microscope using a majat ... 

fication of 75 ti.1t0s. Usually sufficient polishing could btJ accomplished 

on the #600 emerJ v.-heel, leaving only e. few ser~-tch€s of any size on the 

specimen, In me.r.y cases, however, final polishing was done on a cloth covered 

wheel, using letlgated. e.lumina and distilled WB.ter. 

The metallic surface nm~ eppeared smooth but 1wiform, al though occasion,.. 

ally a structure we.s faintly visible a.t this point,. To develop the stru(:ture 

the alloy was etched, usually in either 10% am."fionium pE~r mtlfate or in a so

lution containing potasaiu.'ll diehromate, sodium chloride, a.nd sulfuric aeid 



in dis-tilled water. Other solutions were used., such as ferric chloride in 

dilute hydrochlorio aeid1 ammeniacal copper ammonium chloride, nitric acid» 

and ammonia.cal hydrogen pero-xide, but the first two seemed to give the best 

results,. The procedure wa.a to immerse the s~ecimen in the solution; for 

persulfate, an immersion time of ZO seeonds to two minutes usually sufficed,: 

and for the dichromate, 5 to 10 second$, 

The shading and contrast oe.used by both diehromate and persulfate w,ere 

about the same. In ca.sea where the dichromate a'btacl:ed the meta.11 a fine 

structure we.a visible ~t magnifleations of lOOO time~, but the£e were not 

visible us:ing persulfa:te1 and may lut"(e been due to uneven attack by the ro.

agent• See for example Fig~. 2o and 241 J.45 and 452* :Persul.£ate, hewever, 

had the advantage of giving CQntrast in homogeneous appearing s.lloy&J that 

is, differently OFiented gnina 0£ a single phase were attacked at different 

rates,. giving a good contrast and permit'bi.ng grain bc~daries to be observed* 

See, for example Fig, 24, '5611 

Examination of Speoimenst Exandnati<;n of the etched surface could now 

be made, either vi.sually or photographically~ Phot*m:Lerog:raphs of most of 

the quenched alloys were made, in addition to some of the unannealed ones. 

Only a few phot-ographs were t~k~n of homogeneous alloys for illustrative .~ 

poses, since all were quite similar in appearance_. The photographs were taken 

in a. B·auseh and Lomb Metallograph, using a green •131t f:Llter and eotnme1,(d.al 

ortho film. Printing wae done on Kocaak velox paper• A magnification of 7 5 

times was found to be moat satis:faeto:ry, and was used in most photographs, 

t,.¾.ough both higher ~nd lawer magnifications were used, 

Analysis of data& Photographs of the alloys are shown in Figs., 21 to 

26, inclusive., Tbe:i.r significance in relation to the phase equilibria will be 

discussed lat.er, but some of the salient eharacte:ristioa of the structures should 



be pointed out at thia time• 

Single phas-e struetwes were recognized through one of t wo f eaturest 

either there was an eve.n etehing 0ver the whole surfaee or the all~J, or elsce 

contrast was obeel"V'ed, but the grains were large and the boundaries we!'€; 1nore 

or less straight lines• ln the latter ease no overall pattern in the specimen 

was observedJ that is, any ont~ grain did not appear to bear &JY relationship 

to any other grains banlpies of this type of structure are shown in Fig. 24, 

ASl. and A56,. A4l showed this type of strneture1 though the grain size was much 

smaller than that of f!.rJY other ssmple• 

All other al.lGys appeared to eonta.in just two phases, 1::1.l though in. some 

eases, three may have been present. The chief i.del'l;t;t.f;1ing mark in the two 

phase alloys was the appear~ce of a dendrite or "Christmas tl!'ee" atrueture• 

Thia is ea.used by growth ot the .primar-,;r crystal in a particular di.rection and 

$'1:lbsequent growth of "'side,,..ar:u1s• or ttbranohes• on the main erystal. Jlaamples 

are shown in Figs. 22 and 26., ASZ and A4.. Th1& probab:ey- indicates a non-.equi• 

librl.um aondition during the solidif'icfil:t!o,n. proe.esa.. Since t he solid phase 

sheuld ch&1.g-e cotaposi tion during solldifioa.t:i.on, it wo1ild be expected that ~he 

cryst als would redissolve and others of di£i'er-e-nt eemposi tion would precipitate. 

This does not seem to have occurred in these oases• and u-n.less diffusion was 

very rapid, t he dendrite probably has a variable compGsition11 However,. in the 

$Dnealed alloys., these forms were not often visible, alt...'lougb the remnants of 

them could be seen. For example in Fig,. 25,. A45,; a regular arrangement of the 

light areas is noticed,. indicating the position where a dendrite existed, e.nd 

had been broken up on annealing. This feature usually made it possible to dis• 

tinguish the priniary ceystal from the matrix; or from whatever the secondary 

precipitation p.roduet was,. 



One other type of structure was observed. Alloys 22 and 50 contained 

maizy- cracks and holes a.fte:i.~ final palishing, and etching had 11 ttle effect on 

the stxactures. The alloys were fairly soft to begin with, although the 

cracks were probably the sites of a mueh soi'ter phase which wa~ removed. duritJg 

polishing. 

Petermination of the a.ppx·opriate location of phase boundmes was aided 

in the case of two,,..pbase alloys be estimating relative pereenta.ges .of the two 

areas in a pho·tograph. Thi.s ratio should give the relative distances of the 

alloy compo~itien frooi nearby pmi.se boundaries. 

Apparatus$ Curie points were determined in the apparatus shown in 

Fig. 4, This method is essentially the same one used by Ewing (45) in his 

early resea::&.~che.s on ~netism. The furnaee. eGnsisted of a copper tu.be one 

inch in diameter and 24 inobes long, on which resista.n.ce wire was wound from 

one end to the other and then baek upGn 1. ts elf,., This winding produced no 

resultant mag1ietie i'ield• Asbestos lagging served as insulation for the tube 

and winding.. T'ae furnace was 52 inches long aril 'h.a.d a small opening in o:ne 

end to admi. t a. thermocouple and was completely open e:t the other end to admit 

the sample* An aa.bestos plug was used to seal up this end while t.1-ie f :ll'naee 

was in uee. 

A magnetizilt{( solenoid.; f our feet long and six inehes in diameter, with 

.four layers of #18 cott0n eo?ered wire, provided the magnetizing field. A 

balancing coil, 12 inches long and l ½ inches in diameter provided a field to 

counteract the solelilOid field at the magnetometer. The magnetometer was merely 

an ir..strumen.t containing a small bar magnet 2 cm. x 4 nnn, x 1 mm.; suspended 

on a ten inoh fiber 1n the horizontal plane of both coils, On the suspension 



were attached also an alum.in.um vane for air dam.ping, and a small mirror. The 

whole suspension system wa.s enclosed to prevent interference by air currents 

and a window was provided in front of the mirror. At a distance of six feet 

from t..rie magnetometer was a lamp and scale. The light was f ocuaed lf\J a C'OXr

densing lens in fr1)nt of the bulb and re.fleeted by the magnetometer mirror back 

to the scale. 

Samples in the form of P:rrex tub.as i'illed v,ith o,rt1shed 9:r- powdered alloys 

were used. These wer," usually six t o e '..ght millimi:{~er s in diameter and about 

20 centimeters long., By e::cperiment it was determined that the vari,'!tion in 

temperature of t he inside of' -the furne.oe over thi, s length was a.bout 2° c. at 

the highest t emperatures Binployed .. A calculati.on of t he magnetic .field showed 

that it was consta..'llt to better than 0,1% dver this same region. 

The solenoid and bal.a.neing c,oil were pl a ce<1l on an east-west line. The 

coi.ls were parallel and their respective distances from the magnetometer adj ... 

usted so t hat with no srunple in t he large coil and the Dt C~ magnetizing c~ 

rent on1 no deflection of the light be..-.un was observed-. Fig. 5b shows t he 

circuit die.gram of this apparatus. Since the magnetic .field due to the sample 

measured at a point on its transverse a.;ds is parallel to the longitudinal axis 

of the sample1 the magnetometer is acted upon by two fields at right angles 

to one another. The earth• s field, t hough subject to a diurnal varil➔:tion, could 

be considered essentially constant over a period of' an hour, which was about 

the length of time needed to run an e~eriment. Therefor~ the deflection of 

tb,e light beam waa a mMsure of t he intensity of magnetism of the semple, 

Some trouble was en.countered with stray external fields and pieces o:r 

nearby iron. ill movable iron was r emoved as far as possible,from the appara.,i;, 

tus and all other iron, suoh as Boors and other equipment, was not touched 

during an experiment. In spite of these precautions, the light beam oocasionall,y 



oscillated oveJ..~ a rll!ng~ of ~overa.1 millimeters_. However, since many points 

were taken during a :t'tui, and since the total il.e.fleet:ton of a magnE1tized speei ... 

men we.s usually lO er 20 centimeters or more, t,lu.B dif'ficul t y did not seriously 

hinder the work. 

Couple 115 was used in thi:0
• wor·k and was enclosed in. a 6 !lll!t. P,rrex tube 

and inserted into the furnace,. so that the hot junet:Lon was close to t.he center 

of the sample. A c·old junction wa;1; used s.nd tho emf read on a !,eeds e.nd Northrup 

Student Potentiometer+ 'l'b.0 couple w5ts calibrated ~-t only one point; namely, 

the freezing point of tJ. s .. B1.11~eau of Standards lead. A resistanee t·urnaee 

was used to heat t..iie lead,. The J>yrex tube containing the c<,uple was immersed 

in the molten l ~ad wllich ¥.rs.s conte:ined in a. g::t•aphite eru.ci.'ble and covered with 

powdered grapb.ite. ElRf readings w·ere t,a'\ceu on t..lie type K potentiometet' and 

plotted to obtain the free~ing curve. 

Ppo9edure1. :tn l'.l'IBking a run,- the cG1ls were properly adjusted to balance 

each other ~nd a reading of the light beam m,;1.de., The sample v.re.s ;iut in t.he 

furnace &nd hee,ting begun• thin.ally B. heo.ting r&,te of about 5° C. per minute 

was used.. The D. o. magnetizing current was adjusted to 2 .. 10 amperes be.fore 

each readiug so t hat the magnetic field would be constant.. This current pro.

duced a field of 82 gauss inside t,he solenoid• EH..multaneous readings of 

thermocouple emf and light beam deflection were re.corded until the 0:1rie point 

was reached. 'fhe sample was removed, a null reading ta.ken, and the sample 

1·etu.rn9d to the furnace,. A set of reeidl;ngs w:e.s then ta.ken whih: t he specimen 

cooled a t about the same rate ( 5° o. per minute) • 

In the case of alloys which gave no deflection, the pyrex tu1,e oont~in-,. 

ing the alloy was dipped in liquid air· for 5 to 10 miriute;:i , and:r.eplaoed in t.he 

furnace, On several occasions this treatment produced a defl ection which soon 

disappeared, showing that the sample possessed a 01.ll'ie point below room temper,. 

ature, Ho attempt was made to measure these temperat'Ul'es, 



Measurements were made of Ourie 1mints of the alloys es prepureGl c.ud 

cooled in the .furnace and also after quenching• A third set of ri1ea.surements 

was made on the quenched alloys a:fter they ht-1.d bee!l heated tor 200 to 300 

hours at 100° C. In Table V a.r€- recorded these results, together with the 

heat treatments used, The reasons for thie treatment will be discussed .1.a.te:r., 

Am;l;'l:sis of data-a In general, the forms of the plots of light beam ds,.. 

flection versus temperature were similar to th(>Se :tn Fig. 27 ~ From sueb a 

ctrrve1 the f errolll8,gnt:1tic O o.:rie point Gt ( 26) is dete.rmiaed by extnipola tion 

from the point of maximum :slope to th~ t .emperature ans, This method of obtain. 

ing Q..,. involves a slight enor, for the tollovdng r eaaon. Aoaording to the 
J. 

irrtrinsio :m.agnetiem1 o.r intellsi ty of io.ag.netization in the abse11ce of an exte:rnal. 

field, should out the.~ temperature ax:l.$ at a definite angle, TW.s temperature 

susceptibili t.Y tempera;ture measurement at higher temperatures. The Weiaa 

theor-;r predicts that et, a-uffioientl y high ·te..mparature, all substances becOllle 

pa:ra.1nagnetio a,nd obey a law ef tlm form 

C 
T-0 

where X is the suaeeptihilS.ty l)(~ mole,- T is th .. ! a.bsolut,o temper~tture, and C 

and Gare constants M'l.d depend on the sub~t1:1,nce unde:r co:nsidera.tic11. Further ... 

more, a.t, the tempera+.,,u:re T ~ Q:, where the denominator in tht, above expression 

vanishes, the substance heeomea f.errom~.gnetio. Bjr JiiBfJ.nt~ of experimental deter. 

mination of X as a funotion of T at higher tempere.tu:res the vnlue of 3 may be 

d:6termined and 1s known as the 1iar8ll1P,,gnet1.c co.rie temperature, A third pheao,o,, 

menon -r;hich is predicted to occur at this tempe:r.atn.~e ts f t pe~,k in t.he speeifie 

heat curve" Actually a tailing off of the magnetization,,.t,emperature curve is 
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TABLE: V 

Curie Temperatures and Heat Treatments 

Curie Temp. Initial Curie Temp. Rean- Curie Temp. 
Uuannealed Annealing Freshly Q.11.enchrJd nealing Reannealed 

Temo. Time Ris5.ng Falling Time at Rising Falling 
Alloi oc~ Hours l 1e1n:"J . Temp. 100° c. TeJnn. Teni12t 

4 530 24 
11 279 
l r.; 

" 2G9 691< 24 None 580 (. R.T. 
1'7 277 70.c1 24 < R.T. 150 144 
19 2,1(:: 628 24 135 139 290 151 142 
20 208 582 24, 181 177 290 198 179 
21 ~~65 556 24 261 259 290 26~ 25\l 
22 276 505 6 days 255 240 272 264 
25 280 
24 225 & 268 
'7-7 
,>.J 228 655 29 , R.T. 250 ;> R.T. 
[ 16 2t1:4 65~, 24 R,.T . 170 R.T. 
?' f '\ 
,.JO * 679 21:b None 560 ( R.'I. 
39 206 633 t);6 None 260 None 
40 :203 (·)35 24 None 550 ( R.'l'. 
41 224: & l >;;;t:: .,.., 592 40 205 200 350 212 205 
t12 270 582 35 ( R.T. 260 (R.T. 
il ~ .Ji 612 43 None 200 None _.., TJ" 

44 280 
45 279 670 24 Mone 550 115 
47 2,:14 655 25 171 159 290 177 160 
48 2Cl 233 330 ~~32 
49 29t1 507 22 285 281 540 288 
5.j 507 22 258 268 340 272 
51 269 675 27 t. R. T • ;~50 117 
/:'." .;.,;. 79 (~: 22!J 587 24 169 181 336 205 185 
53 254 663 25 ~ R.T. 550 101 
55 266 5GG 50 244 245 2GO 26CJ 2.:19 
56 190 G53 24 None 250 750 
57 ~~w 602 24 198 198 260 210 203 
58 268 .S Gl 63 255 254 12.00 264 263 
59 90 r.• 

:::t. 227 602 26 1'12 167 260 183 167 
60 28 6 
61 66. & 202 ;333 24 None 250 < R. 'l' • 
,,9 
().., 110 & 212 f3 ;33 24: R.T. 240 122 
63 2D3 
64 65 Gl2 24 None 220 None 
65 2 (·j5 5J2 0A 

4:.,. "J:: 152 125 190 247 239 
66 283 

* Alloy l:as magnetic, but too weak to give sufficient indication in Ot.irie 
apparatus 

** Aft er furthsr an..-.;_ealing at 550° C. f or 3 days , this alloy had a Curie 
point &:f: 2660 c. 

,f; Alloy- was uagnet.ic, but insufficient sample prevent ed 0:.1r i e point det er
mination 

R.T. s;tands for Room Temperature 



observed e.nd the paramagnetic C1ll'ie point, ~.f, is u..r.;uaJ.ly fo.und at a temper

atu.t'e 15° - 20° C'e higher tha.n Q;, • ( 28) The specific heat a.noma~· appear~ at ... 

the temperature of maximum f-;lope of the curve. In the abi;ence of an m..t.ernal. 

field,, the determination of Qi' temperature appearing in the Keisn theory gives 

a va.1Ut:: sUghtly lower than the te1:1perat,ure deterwined in the presence of an 

external field. ( 50) Stoner ( 50) gives an approximation for the difference 

caused by a field. In the ease of the rele-t,ively weak fields of about. 8G gauss 

magnitude of t he c:orrE:)Ction £'or th8;Je alloys i:3 no"i:, ~norm,. but is pre.su..rnably 

of t.he same order of magnitude, a.nd is t!wrefore~lef;ted. 

The Curie point, curves too~:- 1'4riou.f f'orins, as shown .i.11 Fig. 27. These 

include a tempera.tur,; hyet~re·sio• va.:ryi11g size of tails., a.nd d.ouble Cu:de 

points, and will be r:Vi.neus~ od in the following section. 

As a preliminary note, it should be stated that the iasignations of the 

various phases are those used fr. the rlescriptio!l of th& correi=,;ponding phases 

in the binary copri~,r-indium system, which lllive been appli ed by previous workers. 

The oC-phase has the cubic-cJosest-packing s tructure of ;::1ll'e copper, whil e the 

(:3-phase has a body-centere<:1 cubic strrwture. ( ~2) Al though the bina:-cy (3•phase 

does not occur (1Uite at an electron, atom ratio of 3;2, Hume-Roti~ery considere 

it a f3 -type phase, (32) displaced slightly from its pre-dieted position due to 

the influence of the J.ar ge size of the indiU:!l atoms. The binary 'r-phase is 

not obtainable by que~ching, thotlf;h its l ow-temperature for~ (S) has ther -brass 

atruature typical of the HWile-Rothery r -pho.ses . ( 46) A-s for the designation 

p', this is the conventional one for ~ ... s tractures which are fti',dered, 
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.:./~+@ and (3~tB_ bound.N:1eeJ1 The copper-,.indium ( 25) and eopp.er-man,

ganese ( 22) bi11&cy- phase diagrams are shown in Figs• 6 and 7. .It will be 

noted that in the cop:per,...rich portion of the C<>ppe-r,..rs.1&nganeae system• a 

continuous solid solution exists in the region of the solidus .. In the copper

indium system, howevel', several phas-es oeeu.r, and the o(.lto-and ~-phases a.re re

l ated cy a peritectie transformation. As discus:;ied earlier, such a reaction 

will exhibit on its c001ing curve an initial break corresponding to oeystal• 

lization of the ~ crs;sta.1; and a plateau at the peritecti.e temperature. If 

the oomposit.1on is such that the solid phase will be a mixture of « and f3 

crystals, then the cooling curve will show just. the end ... point of the plateau. 

If the overall composition is such that the sol.id phase is pure ~ , then • 

seeond end ... point will eceur et the temperature at \vhic4 the re.action liquid 

➔@ is complete. It hae been e,lreaey pointed out that when such a. transfo~ 

ation is extended into a ternary SY$tem, the perite'ltiO reaction no longer 

oceure at. a eonstant temperature, due to the extra degree oi' freedom possessed 

by the ternary system.., That this type of transformation occurs in this system 

can be recognized from a aombination of' thermal -and mic,roscopio data. 

Alloys 9, 10, and 11 all shew the same type of cooling eurve,. This is 

the f Mdlia.r one of a break and eoo-point,. cooractetist.io of the erossL"'lg of 

solidus and liquidus lines above a homogeneous phase.,, By inspection of the 

cooling curves it may be seen that Alloys l5, 17 _. 45, 5l; 56;, 46, 531 55, 52-1 

561 and 38 show two breaks and at lea.st one end ... point. Re:f'erenoe to the 

eompositi<>n key in Fig. 9 will also ehow that these constitute the copper,,;. 

ricll alleys of this investigation. It was not possiblo to determine by 

inspection whether one or two end .... pointa appeared on most of these curves, 

probably because the tailing off effect obscured the first one. The structure 



of the und:erlying solid phaaes was obtained, however, from the metallographie 

work!" Alloys 52, 5S, 561 45, and 17 consisted of t wo phases , -while 291 oi, 

56, 55, and 5l were homogeneous. 'I'he homogeneous alloys appeared essentially 

identical under the m:icroscope, and only photographs of alloys 51 and 56 were 

taken., The Q(°-phase shows up as the lighter color in the t wo-phase alloY·a, 

and by estimating the relative amount of the two areas, an approximate location 

of the high tempera.tore phase boundaries was ma.de,. These boundaries are shown 

in Fig" 9 as broken lUea. It should be emphasized that these lines do not 

represent a.11 isothermal seetion, but, are the projection on an isothermal plaue 

of the boundaries at the solidus temperatures. 

The solid line starting at the copper-.indiutn bin1J.P'.f side at 21 peteent 

indium represents t he e~ension of point A in the binariJ diagram, The location 

of this line is obtained by an obser,,ration of the secondary bre?-ks in the cool• 

ing curves •. and is the locus of the liquid comp.otiJition at the temperature where 

the reactionOC.., liquid-.. i begins.. It will be notic-ed that in the sequence 

of elloys l7i 451 15, 51, 55, 56, 58, and 291 these temperatures drop to a 

minimum and rise again1 rea.ch.ing a m@,ximwn at 58, then dropping again at 2911 

Alloys 32, 55, 56, and 46 have their secondary break in the vicinity of the 

mini.mum. The type of' equilib:rium existing 1n t he neighborhood of Al5 is 

illustrated in Fig. lOa, where an isothe~l section corresponding to about 

730° C,. is sho\m, and in Fig. lOb, where a vertical section corresponding to 

a.bout 20 atom percent manganese is shown. 

As we consider alloys with com.po.st tion approaching t.l:te minimum mentioned 

above• the size of the three phase triangle in Fig. 10 becomes smaller and a 

situation analagous to a binary minimum melting point results, such as appears 

in the copper-manganese system. At the minimum, the points E and C will fall 

on the lines AB and DF respectively, and the system wiU be invariant. On the 
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other s:t.de of the minimum,, . the three phase triangle will again appear; but 

in Fig., lOa, the point C .and the _f1 ;-~gion will be below AB .• ,. The pr.esence 

of the maximum at J\38 is uncertain., since only one a.Uoy was prepared in 

this region., While the curve could conceiv.ab;cy- have both a minimum and a 

ill.a'Ximtun:;- a disetepaney might ertse dua to uncertainty in the tem.pere.t~, 

measurement •. 

do no:t, entir&ly supplement each other.-, fhe thenual data gives in£:o;rmation 

at the temperatures of s<>lidifi¢ation, while the microscopic data ebtained 

is at the $1U1ealing tem,era.ture;1 so.iae ten or twenty 4eo-ees lower.. However., 

this tempe;rature int8"-.l. is l'elaU-velg smElll, EU1d sh()uld m$,k$ little diffel"• 

ence in _ the approximate loea.tion et the :phase bound#ies.-

@ •;eha$e. reg;i¥J The ~ set of all~ys are the homogene~s ones _'. 

47, l9, hl, 621 641 and ho◄ 47, 19i hO; an<l 64 sh(M'.fld typical. single""phas.e 

eoollng eurve_s -and were h0010.gene.ws und~ -the miotosco1>-e, showing that at 

these oompositions the /J• p.he.se is $table up ·to the melting p.eint, Alloys 

41 and 62 were homogeneous when q.uenehed, though the grain sizo of Ahl was 

muoh smalle.:r thM that Qt othe:- sEilliple&, However• -a_ glance at the eooling 

curves of these two alloys shows the- preser>.oe of more than one break~ The 

compositions or these. ,aJ,l.E;ys ~e :rela:ti,rely far a.way £rem the peritectie 

:regicn and the temperatUJ"e;s 4ppe;u- to be te~· low to have any co~otien with 

it- In the event a .second periteetic region was present on the indium-rich 

side of the&1e all.Qys_. this behavior might be observed. As a r.esul.t, twQ 

possibilities ariS<h The first is that a twc, ... phase region exists roughly 

along the dotted line in Fig. 9, This Une would divide the proposed (3-

region into twQ parts, and would account for the breaks in the eooling curves 

o! allGys 41 and 6!. A min1mwn w.ets in the peritectic line between the 

o(-and ~ -phases in Fig~ 8 (broken line), so that $n.Oth"r :periteetic line might 



;-un from this minimum 't,owards the com.positions of alloys 4l ., and 62. There 

is some other substantiating evidence for this to be found in the magnetic 

data. There is also,, hmvever., some oppo,Sing evidence, the first of which 

is that there is a continuru.s string of homogeneous alloys along the copper"" 

rich side of the (3-phase. In the event that a tW'O;,;tph~e region existed $1.cmg 

the dotted line, it weuld ·neeessitate having a break in this string_. althfugh 

a narrow region of inhomt)genei ty might have escape.d detection,. It will be 

noticed that the rniel"Opho.tographs of homogeneous alleys and others in the 

v£+ (3 region which contain ar~as of (3 •phase are quite :similar in a.pp~a:t"a.nce 

on bQth .sides of the dotted line.~- This would prt:)bably not be the cruse if'. 

the tvm regions were different. typaa of phases,.. For this reason a second 

hypothesis i.s p1•op0$ed. This is that tbe (3 reg.i.on e,nst-s as .shorm by the 

broken lin~s in Fig.,. 9 and that the- se.e:ond. and suee.eeding the~ ar:res'bs 

exhibited by a.Uo:,r.s 4l ·~d -62 are due to some $<>:c·t ◊f. second-order transition,. 

possibly an order..clisb~ei- ~'Pe·, in this regiQn.. The dotted line in Fig.,, 9 

i,s the proposed appro~te l~·a.tton Qt thi$ tlfansi tion, and is ck'am p;r-in-. 

cipal.l;f on the basis of' the magnetic data,. 

'l'he cool.i.ng curve of Ahl ma,y then be in~eted as c·Gn.taining the 

liquidus and solidus points of a homogeneous phase~ f<JllQ\'ted by two more 

breaks, which are presumably tholte dv:e to the preposed transition, :rn A62, 

.,i:;he om:urrenre of the transition is CGincident with EJolidi.fioatien, There 

racy- or ·may not be a iatent heat a.ssoei:ated with this transition. In the 

case of a true second order type,. there is only a spe.eific heat anomaly, but 

even this would probably show up on the c()eling curves as some &Grt ~f ther.,,, 

mal effect. Additional mat$rial bearing on this point will be presented in 

the appropriate $actions to .follow, 



~/ (3 + Y boundary: Nearly all the other alloys showed tv10 phase strue• 

ture. The binar-.r copper-indium eutectic at 25.8% copper presumably extends 

for some distance into the ternary system. A54 is of the approximate binary 

eutectic composition, and photographs of it in the as•prepared condition 

are shown in Fig. 26. By inspection of the photographs af Alloys .39 and 61 

and a consideration of their compositions., it appears that the (3 ... phase shows 

up as the dark area in this region. A43 contains about a 50•50 division of 

light and dark areas., and its cooling curve shmvs only one break, followed 

by a f'lat portic>n. This indica.t'es that this alloy was o! the eutectic compG>.

sition and therefore that the eutectic line must run close by on the copper

rich side or else through this composition. A.39 shows the same type of curve 

but considerably more of the lighter area in the annealed condition. A close 

examination of the original cooling curve indicates that a sedond break,; 
r 

more in the nature of a jcg:, may be present near the end af t he s0lidifi• 

cation, Apparently A39 is close to the y/(3+r bounda;ry. This boundary was 

not drawn farther since it is at the edge of the area studied here, and a 

determination of the remainder of this bound.a.ry must await further work in 

this region. 

(3 / (3 + (3' boundary: The remainde:r of the alloys are nearly all two ... 

phase ones-. A20 and A48 have cooling curves containing two breaks, but Ji48 

is homogeneous as quenched,, It appear$, therefore., that a second peritectic 

reaction occurs in this region and the broken line in Fig., 9 indicates the 

boundary here. Both therm.al a.rid microscopic results indicate that alloys 

57., 59, 52., 42., 4 and 65 are two•phase alloys. Photographs of 1142 are not 

shown, but its appearance was identical to that, of A.52. A third break appears 

011 the curve of A59 and may be due to the same sort of thing occurring in 

alloys 41 and 62. Since the photographs of alloys 59., 52 and 42 contain 

very- little light area., the boundary between the ~-phase and this second 

t-wo•phase :region (see Fig. 9) must run close to these compositions and 



in the indicated direction. It is difficuit to see where another phase 

boundary, such as might run along the dotted line, would connect to this 

region. 

Alloys 21, 55 and 58 have cooling curves with i dentical forms, the 

initial breaks occurring within 5 de(,'?'ees C. of each other•~ Reference to 

the microphotographs shows t hat A.55 is definit.ely a two..-pha.se alloy, A21 

contains little or no second phase, vdtlle A58 cont ains a small but definite 

amount of a second phase, The shape of the cooling ourves of these alloys 

is diff icult to e:>..-plain. Since A21 is nearly homogeneous, its eu.rve could 

be merely a simple solid solution type·• However, with t he data l'l:vailable, 

it is impossible to ascertain the nature of the equilibria. present in this 

region of t he composition diagrarll.. One further point should be mentioned, 

however . Hume•Rothery and his co..workers (11) have prepared an alloy 0£ the 

composition CutMntin eq~ to 5i-.5;24 .. 5i24.0, and have found it to be homo• 

geneous and to have the cr-3sta1 structure shown in Fig~ lla.. This super.

lattice is the same one which is present in the other Heusler•type alloys, 

and the composition is just on the copper•poor side of A2i, an alloy which 

is nearly homogeneous. It may be, therefore; that a narrow single-pha$e 

region exists in the region between A21 and A58, and may extend in other 

directions,. This bit of evidence favors the second alternative for the 

(3 •phase boundaries. The superlattice of Fig. lla exists in the region 

near Cu~'lln, and the region near the binary copper-indim'l system is an 

extension of the binary (3•phase, both of these having body-centered cubic 

structures. It would be somevmat surprising to find t he intervening phase, 

namely the area containing Al9, to have a different type of structure, 

Since the one two-phase region containing alloys 57, 59 and 4 is apparent 

from the photographs, the dismissal of the dotted line as a true phase 

boundary is called for, This means that this transition must be due to 



some sort of second order effect, such as a specific heat anomaly or a new 

type of ordering. 

Indium-rich Alloys; Cooling curves for alloys 2~, 23., 24, 50 and 49 were .. . . 

all of' a similar appearance, as can be seen by reference to Figs, 13 and 17. 

The end points were all at about the same temperature, but the primary breaks 

decreased with increasing indium content. 1.'hree other alloys, 25, 26, and 

27, were prepared, but due to inhomogeneity t hey are not to be relied upon 

for meaningful re$ults • . The over~ compositions of top and bottom of these 

alloys varied by 3•6 percent; however the cooling curves shown in Fig!:>• lJ 

and 14 were reasonably clear ... cut and the difficulty may be due to segrega"!t 

tion during cooling. 

The microphotographs of alloys 49, 50, and 2.2 have been described. 

The region is one of two phasesJ one ot these is s .oft, probably rich in 

indium., and is easily gromd away~ It may be a liqi.lid phase at th.e quench ... 

ing tenrperature. This last possibility is strongly indicated by an inspec

tion of the copper.,.indium binary diagram, where the region from 40 atom 

percent indium on consists at higher temperatures of a solid phase in equilib

ria. with a liquid., A:+loy 58 may belong in this g-roup. The photograph shows 

the presence of a few holes such as exist in A.49, though the thermal arrest 

in t he vicird.ty of 5100c. was either absent or a very small one. 

Alloys 60, 63., .66, and 44 were prepa:red principally as guideposts for 

for future work,. A44 shows a . brea.l<: :ui its cooling curve at $10oC., the 

sa..~e temperature as the end~points in the· nearby soft alloys. A44, hoiaever, 

vms brittle like t hose in the vicinity of A.42. Alloy 66 was very soft, and 

resembled A22 through A28, while A60 and A63 were similar to alloys in i;he 

region of A20 and Afl. 



~sae]JJmea,1a Pllen~na• In using the r$sul.ts of the. Curie paint X"UllS, 

the most important item is the a.ot\l.$101ll."'itiil temperature, •t• $Qlll$ of the 

other :f'eat'IU'$s of these clll"Ves are inter~sting an4 Will be b:t."j.e£ly mentioned• 

The site 0£ the tail on the curve va:ries s-~at,. though no oorl!'e

lation With cwnposition WJS notiee<l, ~,el (31) ~ d1$cu.ss,ed this "tail;;•• 

effect alld considers it ·~o be due to Vat"'i~tien in "-dom;s,in,nsiia,. We1s:r1 

tne-0ey pr~diet._s that below the Outie tempe.rature a $'\lb$t-a.nc¢ ~ill be -spon• 

taneously magne.ti~-~d., a phenom.eltl®l ;v'ai~n is not Qhsei"Ved a$per:Lment~+ 

To circumvent this d:i.ffielll,-t,y the ex1.$tence of' "domainstt1 C!ft. ~ regions 

c01upletely :magnetized but re,ndQ.mJ;w' e:i.ra.e11ted1 vras p<>$tu.latsd., $0 that in 'hbe 

absence of an. external f:t~ld no :re$ultunt ~tism 1$ p-r-editlted. A. re-ow 

view of li~elh~ w◊rk has been 81ven by Bates (44).~ 

The e:dstence ot ·t,wQ- O~e pc>int$ in s:oril.e una.:nnealed alloys 1s explain ... 

able a~ du~ to the p;resenee ~f two sepai'ate ~@tie pl:U.lse$« li!'.Gl!'e will bt:J 

said a.bout t,luise ~loYSt 

A teriipeJ;·ature hysteresis effect is also pr$sent but th~ cause of it is 

not eertaini Usuolly the tempera,t1.u-e -~btained in e:ooling the specimen•~ 

lowe:i· than that obtained in heating, In A5tt b:'eshly quenthed; the revetst 

was noticed, but <>» reannealing the n◊rm@l order reappeared. .As a matt&r e£ 

consistency, the reeorded O.cwie point$ were ~&ys -obtained. frQm the hea.ting 

curves. 

In some eases., suoh as Fig1r t?; A47, a slight increase in deflection W$S 

noticed just be'fore the Curie point was l."ea.ehed,. This ma.y oo due to the 

011set. Qf order:l.1-ig in t,.he alloy at these temperatures .• 

Previous worki It is generally believed that magnetism in Heuslelt• 

type al10<Js ia due to the presenc-e of order in the cry'stal lattice of the 

, (3 ""phase. The ou.~ .. Al alloys have been extensively investigated, and an 



ordered phase has been shown t.o be present in the magnetic spee:i.mens .( J) 

(6) (7J. This ordered str .. :mture or Sltperlattice is shown in Fig. 11a. 

The saine reEmlt was obtained in the C11-Mn- Sn system by Carapella and Hult .. 

£,"l.·en (8)., Fig. U'b shOlras their results on the limits of the \) .... phase at 

high temperatures . Ordering was observ¢d in part of the ~ region °b1J means 

of x~ray de~..,r,r.Jlinations, and is indicated in the figure. 

It has been shown that this same structure is present ir1 the Cu~ -In 

cys.tem (lC) (l'.O in the region of the o·omposition CutMnftn -~ ·21l;lij The 

composition studied by I-!'tl.c"lle~othery was given i n the pr~ceding section~ 

The results of this present research indicate t~t, this $tructure., or at 

least some sort of' ordered er;y-stal., app·esr ~ver -~ much vd.der range o-£ compc;,. 

sition .. 

In theOrJ no very clear rel~tion $eems to exist betv,een Curie point, and 

order or between Olll'ie point and magnet!tation at 13a'.t-ur?-tion. The latter 

g1.ves a value of the elementary magnetic mom.ent iesponsible f -or the magne• 

tism and is of direct interest. Hm1ever,. since the magnetic alloys of this 

type are al.ways ordered; and eapeo-ially since by- themselves none of the three 

metals is magnetic, one :r:w;y- assume that some sort o.f interaction is neceS-• 

sary in the alloy,; in -order for r..ta.t'netis:m to occ'tl"X'. In a disordered c17stal, 

no one at,om bears any particular relationshlp to .ruzy- othei·, and consequently 

little regular interaction will occur~ In an orderad cry$t.al,. how1:.r1rer, 

a,n.y interact.ion between two ld.nds of atoms is repeated., so that if ei\Y.,. ten+ 

dency tmv-w.~d magnetism should exist it will be st:i-onger vhen the q:rystal is 

ordered. It appears that the height of the Ourie temperature~ be conside4"ed, 

qualitatively at least., to be an ind.1cation <;t£ how mu.ch thermal e~gy is 

needed to destroy this interaction ruid therefore to be aleo an i ndication of 

how much order exists in the specimen. If this ie the ease, higher curie 



temperatures will indicate more highly ordered alloys~ 

It should be pointed out that the specimen with the highest curie 

temperatures were found, qualitatively speaking, to be the most strongly 

magnetic,. 

Evidence of t .ooal and Long ..... Range Order: In Figs. 2,8 and 29 are shown 

contours of the curie points as determined on the £resh1.y•quenohed alloys 

and on the sarae alloys ai'ter annealing at lOOoC. The highest Ouri:e points 

are in the region of the Qu~n composition and do not change greatly ·dur• 

ing the treatment at 1ooec,. However; the alloys c0ntaining larger a.mounts 

of copper showed large increases in their Curie points, suggesting that some 

ordering occurred. Both contour maps also show that the highest ,Gurie 

points are roughly on the line of equal. manganes~ and indium concentration. 

It will be noticed that a sharp drop in Curie temperatures occurs on the 

indium•rich side of the dotted tra.ns.ition line, while on the opposite side 

little or no decrease occurs in the Purie temperature". 

A distinction should be ma.de here between ltmg range order, which implies· 

the formation of a superlattiee like that of Fig" lla which compris.es the 

whole alloy; and short range or locaJ. order, in which a copper atom will 

have a greater probability of having manganese and indium atoms as neighbCi>rs 

than the atomic propo,:tions would indicate, but no regularly ordered struc-. 

ture is present. Long range order is usually present on1y in a restricted 

range of c·omposition., since fairly definite ratios of atoms are necessary, 

while locaJ. order is possible over a nr~ch wider range., 

Now., the (3 -.phase in the copper ... indium system has been shown to have an 

unordered body~centered cubic type of lattice (32). The proposed homo~ 

geneous ~ region in this ternar,; system may be therefore assumed to have 

the same ,stru.cturet Since the superlattice is known to exist il1 the neigh• 

borhood of ou~, the intermediate two-phase region :raust consist of this 



super lattice, which we shall designate ~ f , in equilibrium with the unordered 

alloy ' 11. Tr.is type of situation has been knmm to exist, for example, in 

the copper-beryllium aJ.l·oys (.3.3), so t here is some precedent for it. It 

might be supposed at first that two such s:i.Jnilar etructures would not show 

up as t-wo distinct phases; but some other resll).ts tend to cenfi:rm this 

hypothesis. !n tJ.1e first place, • inspection of the ~ •phase area. in Fig• 9 

shows an indentation due to the ~ ♦ f I ;-egion at the equ.i.,,.Mn.In composition. 

This may mean that along the cy:crn line the presence of' equal numbers 0£ 

Mn and In atoms makes the superlattiee slightly mere st~l.e and the unordered 

@ slightly less so~ This situation also seern.s to fit the .faets regarding 

the effects of annea.llng at 100° c. In general th.E> alloys in -vthich the p' 
structure is stable up to the melting po:i.nt1 and in which.; consequently.., 

.fairly complete order already exist$, did not show :much increase of curie 

point on annealing~ 'l'hos·e outside this region, however, showed large in• 

creases.. This effect is attributable to local orderiw6 effects, although it 

is possible that a low-temperature transition producing (3 f might occ~ 

rapidly enough at 100° C. to produce some effect. This local o;rdering effect 

was much more pronounced on the manganese side of the dotted line in the 

contour maps . The location of the line was made such that those alloys 

which showed l.9rge Curie point increases on reannealing would be abov.e the 

line . As to the exact nature of this proposed transition, nothing mu.eh 

can be said,. However, some general remarks may c;1.pply. The alloy 41 and 

also t he dotted line fall nearly along the line of equal manganese and in ... 

d:i.um content; This may merely mean that beyond this point the manganese 

atoms get too far apart for interaction a.11d resulting magnetism. It could 

also mean that a ratio of at least one-to-one of :ma..11.ganese and indium atoms 

was necessary for the occurrence of magnetism. It is worth repeating that 



-45-

i n t he Cu- Mn-Sn system the ~ -phase was f ound to be ordered (see Fig. llb), 

the division between ordered and unordered regions being similar to that 

proposed here. However, that situation was s omewhat di fferent, in that the 

~ -phase contained both the point Cu2MnSn and the superlattice of :F'ig. lla, 

while in this Cu- Win-In sys t em the ~ - phase does not contain the Cu2M11In 

composition and presumabl y , therefore., not the superlattice. 

In the copper-indium binary sys tem, the '9-phase is seen to be stable 

only above 574 ° C. , t hereaf ter decomposing eutectoidally into d:' and cS . 

It mi ght be expected that the (3 -phase will exhibit a similar decomposition 

in t he t ernar y system. Some evidence for this exists in the contour map of 

Curie points of the unannealed alloys, shown in Fig. 30. These alloys were 

cooled to room t emperature over a period of about two hours . Here again the 

Curie points of alloys in the region of Cu21fu.In are about t he s ame as t hose of 

the quenched alloys, indicating that the (9' structure may be stable d awn to 

room temperature . Two Curie temperatures are exhibited by alloys 41, 61, 62, 52, 

and 59 . Preswnably this is a result of par tial decomposition of t he ($ -phase 

into $' , the f-, showing the l ower temperature . The striking t hing here, how

ever, is t he fact t hat all of the alloys have much hi gher Curie t emperatures 

than t he quenched specimens . This fact was discovered also by Valentiner, who 

prepared some indium-poor alloys on t he composition section joining pure 

In with t he composition Cu2Mn, and t he result was ascribed by him to the 

existence of the superlattice at these compositions . The additional data 

obtained here would seem to support t he conclusion . It will be noticed that 

alloys 11, 17, 45, 51 and 15 have Curi e temperatures of roughly the same 

magnitude as the alloys in the region of alloys 21, 55 and 58 . Also, the 

microphotograph of AlS in t he u.nannealed state shows def i nitel y that the 

alloy is not homogeneous . Probably t he (3-phase decomposes at lower temper

atures to ~ and (3 I. This does not entirely explain the s i t uation, since 

alloys 47 and 17 have Curie points lower than alloys on either side . It 



may be that these two specime11S have compositions near the center of a 

eutectoid trough., and decomposition might be very slow or might not occur 

a.t the low eu.tectoid temperature. Perhaps sufficient l.ocal order-.ing of 

the unstable (3 .-...:phase may- then oeiour on slow cooling to give the high value 

of the curie point♦. 

The results or this N$e$reh appear to be most valuable when oonsid~d 

as a preliminary study or this system, both for the purpose of' gaining a 

general picture of the existing relatione:, and for the purpose of directing 

future studies upon the system. One study proposed is the determination of 

saturation magnetization values f:rom which the moment of the elementary 

magnetic group or particle can be obta.ineGl and e.,lso the correlation vrl.th 

the Curie point$_. Another study is an Jt.-.ira::, determination 0£ the struc

tures of the alloys to confirm the presence of (3 and (3 • phasee and to 

determine the exact structures in the region studied. Furthe:r detailed. 

phase equilibria work is needed in the vicinity of the composition C:u~n 

to determine exaotl¥ the extent of the ~' phase• A further interesting 

point is .f'ound in the fact that the manganese-indium system has been sugojO 

gested to be ferromagnetic (.34). In view of this and the £act that alloys 

60.; 63., and 66 are ferromagnetic, it would be expected that other phases 

or compounds in this 0u"!"'1fn!l!"In ternary eystem are also magnetic. 





Jntrodue~tgn. 

During the eo~se ot the ohemieal a.nalyset!t whtch were ptrformed. 

during th• work on the eepper<!O>ma.ncan•se•tndlum allo7t1• it •• tou.nd 

that no relta.bl.e volumetric methed for the detetm1bation of lnd.lum was 

known. ·tme volumetric tn$thed was found, but tt gaTe pfijof ·result• (2M. 

A gt"a•~etrtc method ls known (2$), 'btit wai, toditu ant tb►eoJ!i~umlng, 

and parttr tor thta reaeo.ti. the dtterinination ot lnd1'Q1n· w.:e cudtted from 

the analyses of thes,e alloy•. It was cl.•cidtJd to ezplLo~• tlie 1it:e~tve 

of the ehe:m1stry ot 1nd.ium to see whether $-()me of U• r&$#ttea;.s an4 pro.. 

pertiet would be suitable a.s e. baab for a·;,01,_,trl(i -ftleffiod ♦t detel'Iiii• 

nation.. Three possibilities were ungq,,rered, e~e ;,f w11-.-,,. ga.v• proJlilse of 

being <[ldte eatistaotoq. and. due ts time llntltattons., s.tlilttvha.l incom

plete. fhe data, hGwever. m~ht fomn the bas~s f:t .a f\i.rth♦~ Z1.itaolt on 

the pro-bl.em. 

Prn19Jl!k. :Rq$£i~d !•~!!141~ !b$ ~llesti method known tor the de.. 

termbiation of 1ndi;um wae th4ii gran..mft:-ie on• p,:,evi,~lt re:terred. te .. 

A volumetric m:tthod has 'b•en repo,:,te4 (26t3$) 'bas,e.d.: 01t. the tU.tattoa of 

indium with f&l"rbe~de" Indtum forms an lnsolub1e qo~d wi t1'. t•Xiro,;,., 

cyanide, the formula ot whicll h lnsl [J't(CJB)6)i., •. (!l6).. flma at ~he em .. 

point an. oxld.ationwre~U.oa l.l'>.d.toatQr mq be -.sed, provi.d~ · some f'•rr( ... 

cya.ntd,e was 0rlginallt p,:esent to 02:id.t·•• the lndleate-Ji". Aee<>:rding to both 

retere~es, the tUra.t.Jon l!IWI-\ be d->~• in 60%. or att♦-•t aoetla a.old.. 

Sample reeu.l t$, us:l.;ig the method, , W$X-e €;!Ye• '1>1 Hope, .. ROEJs and Skell.r (26~ 

wt onl1 to about one p$rcent. Attempt• to -•- th.$ metb.&d ln the a.llo;r 

~lyses showed the method tc l,e u.nsat'lls;1faotor, • .. stnce the end,.-point fa4e4 

rapidlt and the color c~e was not sharp. , 



A potentiom.etrlc method was devi~-r•d iw 131:af a.nd: ;;~ehmann (~h 

1n wMc:h results aocurat& to .,l.-,<!-2~ were e:lainred. 1'6ta.ssi:uro tfe~:rQcya.n1de. 

wa.s t he t :ttrat.itlg asent o;ncf titrating solutions. o:r verrr l.1>w $on1e s,tre~\h 

we~e :necessa;ry U£ order to get a sha:rp voltage d.rop at;. th& erut-polat • 

.,et~e.nt~ ,on. !nd.1'Uln)o:¾~e. ,and ... ~1a,., 

11419 l9MtEH 'l?he ~ol.i1Td.ltt1 of tnds;• tQdate. lti001):,,. tn wa:te:r 

has bee!l determined. 'b1 :tm1slin and Dteyer (31) /;U'ld h e~Js ~amt;: p$l" U.ter 

a a. n$li!.t~a;t so.lu.ti~n ~t 20°c.. !'b,$ sol.ttbi1!ty bel'!eases quite rap~dlr, U' 

nUrie a~td b add.eel t~ tht $olut1ein.~ Using . thts f1~ f<>f., th,e sQ1-u.b111ty• 

the ·•olubili\J l)ro.ctuet h c;a1euia1;td tQ be i.,3 ~ 10,.,.11, ~tl .1:r tbt ~or;1.ctn• 

\:ration of the i~t,e w&re ma.<lt, aa-, 0 .. 1 .-~~1., tbe ~0~$ntt;tttoi1 ot iladit® 

ln the solution,, ;pr.Qvlitng nG e.ompl.•tng ~(tSt'1:i ., h 1 taltnlate.d to be 1.;. x 

10..;.) m_t:U.tgranis :pe:r 1tier.. la 0.2 t-01'mA1 n.it;le a;eld so;i.u.tions .• the solu--: 

'bilit1 1& ~t•e:n as :1.:, ~Ml.$ per lt~&lr a;.nd t .he ~()rresp0,ndi!>.g l\n41um ,eon• 

etJntratton l;n 0.1 to~ J.pda.,t& b 2.6. 1. 1.0 .... , m-ilH.gram:s ;pex- lUs:r~ 

It weuld appea.t t.hat 1>1 a.ddtn.g ~ •cts.$. of a so):u.b1e iod.at$ f;o tit; 

neutral or weakl.:r, acid. indi• solutt,o.:n:, qW'U'ttita.ti:Ye, p;recipita.t,i~n 0'£ inc.U.wn: 

sh<>uld eecur , ~ ti.trihermer• that the ;preetpita.te m1gp.t be redissol"t.•d. and 

titrated ~odome.trita.lly. 

A series of e2;peri.ments were pen'ormed to determ1nG whether the indi'W!l 

could be p.reetp11iated. (i!~titat1vel.y and wheth~ the precipitate wa• of 0cu1 ... 

stant Qompo~1t1on. 

o.s formal »ol.ut\tons 0£ KI°-3 and Nai<>, wer• p,reparem bf disaol1ring the 

13akers o .. F. r~agent$ tn distilled water, rewo iruli'W.11 solutiotJ.s , &l71~ '!;1-

ma;-~$ly 0 ... 1 formal , wtre prepAJ>ed Pf ·diesolving weighed amQU.nts of 99~,m . 

pu.:ra lndi'Wll meta.1 in slight exeess of n1 t~f.c acid and. dil:u.Ung te 2:SO e.c . 



the-nit~1.o ~id eo~~ntta.tio•• wpe 0~4 formal ani O~l :tonia.1 ~tspettivelf 

in sQJ.utioll~ No, 1 and No. 2.,· .lo e<a. of Wt~ aolu{ti.o:tt. wel"e p1.pette.4 out 

to:- each expeti ment• and .a kne>~ e:xe·•s$ • of Jodate ~.d, Tht pr~a:1pi \a\e 

was til te~ed• washed with eold ~ter,, redJ.aso!lm 1n a eol.ntiott ee».\atnln« 

5 c-e, ot 6 .nt-rtruU -$04 ._a ' gi,"~• .id JU tu ,5- Q'1, · of -G. 'l'lira.ti♦U 

wr8 ~• nth a -0,5 no-.1 ~ei-u.tt-on ot •~'-at,, pre:tlov~ 1111$>.aartlhed 

aptud pota$sl.~ di~o.••;e;, ~$pt•••••• '1t J'>i"tte-1p1k\l~'A •• t•1t.a. 

for ~ ~ . the £J:tt•t• a.ll¢all.U.· 1¥4.th $mmo~a:~ . .Ab$en#t ot el.owl.in"• 

was taken t() hlcH,eat-e ~~l$\• temo1Y'al., -()f. th~ .lnl:'1~th, fh• te$u'.U• -~•· shown 

h l1$.bl♦ vi.~ 

it was thG._t tlul:t a).t~l. 111lgbt a:eot••• 1h.e stln;bnl t;r of th, 1l'W-i,_ 

ioda.tt, qd. k $Xl')~b$nt,, :to tm4 ll. $, oq . ., il#d. 4 "'·~- r•~•tti"tel;y ot deutuN4 

alcor~l. w-. a.di1~ w ~Jt• so1-ut10Jl b~•~t, the_ add#.tl o:rt <>t the .ind.l14m,, no pre

eiplta-tJt o~~J rl~ 'tll1ttl the indium.•• ~. 

in ~e~~t• l. \bro~ 91 the pi-e,iplt•t•• nz-e. f'llt.e~~ •e4t.atelJ' J.: 

Pra~tp!tat«s f.11 10 a,nd 11 tt·to.d. Oit$:t-night,. those ln 12 ~ougb 17 a'bf)'l);t oia,e 

h~u.r,. and l8 thrQ\lgh 20 a'bflll.t three days. 

111 Ti&w· of t·M, extremely varied resultt and the 1ne~nsistenete•·- •ong 

id•nt:iea.l ~erb.&nts• l1ttl.fJ ·Dall be $aid i:n th•- llatur• of a cor?!elatlG-n._ ln 

thos♦ cas:cut whe.i'e ;precipttat~n was complete, hcwt'V,el", the ratio• ot gteater 

than three indicate. that eo-.plexln8 ~ lla'.V'e oocvred, s~♦ the thtc,~etical 

ratio ef 10;;111+++ 1s ,11. Th• ~erui:ent·a on ~hls ••t"hoi wve \heNf•n 

dlsQont:lnU&d. 

Jrut• ~ti Mo-Qtler (,S) -ha$ atud1ed the ~eacttona betwen indlu 

ion and vat-1t'\l$ soluble oxalates. lite ha., fo~d that a the fla,se a.:f' tod$.1Ull, 

potassiim or amm<>niu o:mla:tes, a precipUate was t'ermed tu vhltm the 



T.ABLE VI 

Results of Experiments With Indium Iodate 

... 
cc. KI0.3 · completeness Iodate concen~ moles I0.3 in ppt. 

Experi- Solution Total of tration after ratio 
+++ ment .A,dded Volume Precipitation Precipitation moles In • taken 

1 10 40 Incomplete o.lf 3.78 

2 10 50 Incomplete .08 3 • .38 

3 10 60 Incomplete ,.07 .3~05 

4 25 40 Complete .29 3~78 

5 25 50 Complete ll23 3~39 

6 25 60 Complete ,19 3!06 

7 25 50 Complete ~23 3~20 

8 25 50 Complete .23 3~32 

9 25 50 Complete ,23 3~38 

10 25 * 60 Incomplete .19 2~62 

ll 25 * 60 Incomplete itl9 2~95 

12 30 50 Incomplete .28 2!29 

13 35 50 ? .33 2,22 

14 40 50 ? .38 2~35 

15 20 * so Incomplete .20 2~23 

16 25 * ,o Incomplete ,23 2.40 

17 45 * 55 Incomplete .39 2,65 

18 15 50 Incomplete .13 2.,68 

19 20 50 Incomplete ,18 2.92 

20 25 50 Incomplete .23 2.90 

i~ NaI03 used 



oxalata~indium ratio was 2: l and that in the ease of oxalie acid, the 

ratio was l.,511. No solubility data was given, but it was indicated 

that the compounds were slightly soluble in water, 

Some experiments were performed to test the suitability of an 

insoluble indium oxalate for an analytieal precipitation, Beth oxalic 

acid and potassium oxalate were used, in excesses of J to land 5 to 1, 

The precipitates were crystalline and showed a tendency to form super<!io 

saturated solutions .• · In no case was the indium preeipit.ated completely., 

'rhe Ferrielani(j,e-.Iodide _Method 

Description of the analogous method tor zin<H A volumetric 

determination of zinc, based upon the addition of excesses of potassium 

i'erricyanide and potassium iodide:~ and iod.Ofl).etrie t i tration of the 

liberated iodine., has been developed by Jb.lun and. SWi.ft. • (39) Bx-iefly 

the method consists of buffering the zinc eolution at a pH ef $.bout 

.3; adding the iodide and ferti,cyanide, al.lQWing the selution to stand 

a few minutes, and then titrating with a standard NsaS2o3 solution., 

The main reacti0n isi 

.. 
fil"e(CN)~ :j;. • 3I... + )Zn++ + 2K+ _..,,_ 'I; + zn,K:{Fe{cm)612 

The result mu.st be increased by a £actor of 1119%, but if the variables 

are controlled to a reasonable degree, results accurate to 0 •. 1 .;. Q.,,2% 

can be obtained. 

The method is based on the fact that ferrieyanide ion will not 

oxidize iodide ion appreciably, and only sl©Wly even then., • Addition 

of a meta1 ion such as zinc., which forms an insoluble ferrocyanide, but 

not a ferricyanide, effectively raises the oxidation potential of the 



couple1 and iodide will be oxidized until the zinc has been completely 

precipitated. 

Indium behaves analogously with respeet to these reactions and it was 

thought that the method might be applied to indium, to give a ~apid pre~ise 

volumetrie determination, 

Soib1't:tonst Buffering was done by a phthal.a.te-biphthalate buf'fariw A 

saturated sol.utit:>n ot potassium biphthal.ata was prepared by allmdng an . ~ . . 

excess of the salt to stand in one liter of water fer several Mmrs, after 

which the solution w.as decanted and use4. 

O~lO f o~ solutions of p~tass1um ferrioyanide were prepared by dis• 

solving the appropriate qwmtity c;f salt in water and storing the sol.uti()n in 

a blaek l.acqutar~d hett1e;• kep~, in the d8it'~. 

St~~d O:.l r ormal indium $e>lutiens w:ere prepared by weighing out 

calculated amounts qf th~ 99"'97% pure metai.1 dissolving it in aeid, and 

diluting to Gn~ '.U ter~ Nit:ric acid was used at !i:rst, but on a.ce.ount of the 

possibility or Qltida.tion by- iodidr.t by nit1-at,, su.UuriQ acid was la.te;r used .• 

The amount of acid used was such that the final concentration was ab()ut 

0.1 normal,. 

The sodium thiosulfate solutions we:re made up to be about 0.-0$ normal 

according to the method of SWift, {24) and standardi·ied ~ain$t potassium 

diohromate .. 

Prell.min& §!Perimentin At least two possible sources of ,rrQl" exist. 

One is the oxidation ef iodide :ion by oxygen (l).f the air) and the second is 

oxidation of iodide by i'erricyanide. Both of these ef.feets are mj.n:imiaed 

by Maun and SW1£t by buffering the solution to be titrated at a pH Of about 

3, since the potentials of' both reactions are lowered, by decreasing the 

acidity• The same buffer was used here, since the precipitation oi' hydroxide 

at a pH of 3.4(42) prevents the use oi' higher pH values.. In order to obtain 

an idea of the rate of tltl$ reaction, two experiments were run in the$~ 



buffer containing potassrum iodate'• and starch s.olution. 6 c,¢._, 0£ l.-0 

normal sulfuric acid and 25 cc of saturated po-tassium biphthalate were 

diluted to 250 cc,. The iodide concentrations were respeetively 0.05 

and 0.10 in the two experiments.. After ten hours in the dai·k, no eolor 

was observed in the first and 0-..0) ce~ Qf 0.05 no~ thic,sul.fate were 

needed to deaolorize the seeond. Although the rate~! o:x:Lda.tion here was 

slOW", ca.tal.ysi~. may oceu:r· in the ~ctuSl titrations, so that not too much 

weight should be attached te these results .• 

More meaningful is the second set of eltperiments,, inwhieh the rate of 

oxidation of i.odide by ferricyam.de is ob$81"Ved• BUf£ered solutions,- 0-.0S 

and 0 •. 10 formal in KI and _.o.004 and 0,.001 formal in K:3Fe(CN)6 were J)l'ep~ed 
i ,, 

and starch added. No color w:as for:med ilmnf,uiiately er in 6 minutes, but at 

the end of 15 minutes, o,.02 ce of . 0·.-05 rK>i'mal. thiosul£ate. was needed -t,o 

decolorize t he first and o".04 cc.. f o.r the second.,, Thus il' the solution to 

be titrated is permitted to stand more than lo t0 ·15 minutes an appreciable 

error may be intr·edueed from this sour~e~ • Maun and SWif't re~ommend that the 

time of standing be i'ive minutes... The $nd,;ro.point was found to fa.de fairly 

rapidlzy- in all titrations performed here, presumably due to this oxidation, 

but the color change was quite definite and held fer one or two minutes. 

P.rocedtll:'et It wa.s decided to vary three quanti ti.es J the concentrations 

o!' KI and K;3f e( CN) 6 and the time of standing prier to titration. A set of 

three concentrations each of 'the two salts was used as ShQW!l in Table VII. 

The num.bers within the squares will be used to designate the eorre.sponding 

reaults. The time factor was varied by performing titrations after allowing 

successively o, $, 10, and 15 minutes to elapse after mixing •. In some 

cases longer periods were used. 



TABLE VII 

Concentration .Scheme for Preliminary Experiments 

Cone. of 

Cone. of 
K3Fe(CN) 6 

• 0005 f. • 0010 f • .005 f • 
KI 

.01 f. l 2 

.05 f. 4 5 6 

.10 r. 7 8 9 

Number s 1 t..~rough 9 ar e experiment numbers 



10 oc-. of indium solution were pipetted Vii th a calibrated pipet into 

a 500 ec~ Erlenmeyer flask.. 25 cc. of the phthalate solution, 6 cc~ of 1.0 

normal H~o4 and 100 to 150 cc i, o.f distilled v1ater were added.~ The proper 

amount of IO: was a.dded and f'iru1lly a measured volume of K.3Fe(CN)6,i. Sui• 

ficient water had been previously added to make a total volume of 250 ce. 

The solutions were wu-led and put in the dark for the required time, after 

which they were titrated with 0 •. 05 normal Nat3~0:3 .from a calibrated buret, 

using starch indicator·,. Ueually from 15 to 20 cc . ., 0£ tm.osulfate were 

needed .. 

Dul"ing the fir.st i'$V titratiens; the :rerricyQnide was run in :from a 

buret,. and the results •ere several, percent low:.: After this was no~; the 

.ferricyanide 1,as measured out and added all at 0nce. The re.sults were then 

in the :neighborhood of th~ :ao-tual vi\lues; and no Qther van.ations were tried. 

Two identieal titra:t;ona were always ma.de and the result-s .averaged. 

In case poor agreement between the. WQ l'la$ obtained, more titrations were 

made and an aver:a;ge c.al,cul.atedw 

In one titration, pfl re-;adings were taken nth a Beckman pH meter.. The 

results are ~s follQl'f'S# (total volume 250 cc.) 

pH ◊.f buffer t.8.3 

pH of buffer after adding indium solution a.60 

pH just befora titration 2 .. 74 

pH at end•point 2.78 

ReevJ.ts; The results o! this set or experiments are ehov.m in T-abl.e VIII. 

It will be S!aen that there is little agreement shQWll here:, although in some 

case~> the change of one variable does not cause a large change in the results. 

Experiment Number 5, which contained the intermediate amounts of both 

K3Fe{CN)6 and KI, seemed to show as little ehange as any,, and it was decided 

to investigate other eomposi tions in this region. To do this, the KI 



• 51. 

TABLE itIII 

ResultP of Preliminar.r E~rperimen t.s 
.999 millimoles In+++ t aken in all experiments 

Cone,. Cone. Time of .Millimoles 
I xperiment r- Fe(CN)

6
;;. Standing In found 

t!l . 01 f • .0005 0 
• 01 f • . 0005 5 .944 
.01 f. . 0005 10½ . 949 
.01 f. .0005 15 .948 
.oi f, .0005 12b .9,15 

//2 • 01 f • .001 0 ~ 

• 01 f • .001 t· ,) .945 
.01 f. .001 10 .960 
.01 f. .001 15 .,958 
,01 f. .001 120 .967 

# ':2 
iJ .. 01 f. .005 0 .971 

.01 f. . 005 5I 
~1 .985 

.01 f. .005 11 .• 994 

.01 f. .005 15 .996 

.01 t. .005 30 1.013 
• 01 f • ,005 ).20 1.002 

//4 .05 f. .ooos 0 ,.960 
.05 r. .ooos 5 -e:®.;64 ' 
,.05 r. .ooos 10~ ,984 
.05 .co .0005 15 .988 J.. 

;;05 r. ,0005 120 1.025 
#5 • os r • .001 0 .971 

,05 f. .001 5 .970 
.os f. .001 10 . 994 
• 05 r . .001 11: J.. 

.Y2 1.007 
• 05 i' • .001 30 1.01s 
,05 f. ,001 120 1.038 

/JG .05 f. .J05 0 .992 
Or.: b .005 5 1.005 . .... .1.. 

• 05 f • .005 10 1.0~ 
.os f. .005 151. 

'° 
1.059 

,05 r. .cos 120 1.078 
#7 .10 f. .ooos 0 .972 

.10 £ .. .ooos B .mn 

.10 f. .0005 10 1.025 

.10 L' .ooors 15 1.ooa .I. • 

.10 ,ooor 30 1.0JJ3 
#8 • 10 f' • .001 0 .. 976 

• 10 f • .001 
_, 
l:Yft .996 

.10 f. .001 10 1.009 
,10 :r." • . 001 15½ 1,017 

#9 • 10 f • .005 0 
.10 f. .oos 5 l.034 
.10 f. .005 10;1· 1.041 
.10 f. ,.005 15 1.055 



concentration was maintained at 0~05 :formal, while the .terrieyan:i.de concen• 

tra.tion and ·the reaction time were v~ied:i, . The.se results are shown in 

Table IX and indicate the existence of a ~l ;reg,ton in which reasonably 

constant values :in the neighborhood of the correct result are obtained,i 

The effect of change of. KI concentration was determined in Series II, 

III,, and IT o;f experiment£¾ The KI concentr:atio.n was kept at 0~074 form.al 

in Series II, and Q • . 028 f ormel. in Se-;ri(IS m , and Q~0.57 f orma:t in Seri es IV. 

The results of t..riese en er:tJttents are .shown in Table 'V • . • . . 4 < •" \ • • ' ' 

As mentioned p;i:-evious,:.Y-; th♦re $8el'l1$ t.o be a mnal.l region of coneentra• 

tions in which re·asonabzy eoruit&nt re.suits w~r~ obtained~, ln Series I, 

Table IV, the e<>neentnrti tms 5:a, ~D, and 5F show vari~ti©ns· of about one 

percE!ht or le,ss.- Abeut the same ~.anation is obsetved tor cancentration B; 

D and F in Series :tI $hd rv,, whic_~ contained KI at a higher eencent-ration. 

In series III, where. the KI conc~.I'ltration was only 0.02.,8 fenial-, lot1 re-su.lts 

were obtained in the enly two exl:)&1"iments perf.orme<i.h In gene~~; it may be 

stated that one f ~tor., possibly twQ, ~ be varied simul·tanewsly Without 

affecting too greatly the 1~esults, but no more·. This necessarily restricts 

t he all:c:rwable range of the variables~ 

It should be repeated that the results in the tables are the aver-age 

0£ two or more titrations1- These individual. results quite of ten agreee to 

0-.1% but more often disagreed by several tenths of a. percent. Even when 

several titrations w,are made, the results were inconsistent on the order of 

one-half to one percent. 

In sumrnary1 then, for quantities Qf indium, in the vioin:izy' of Qne ndll.1.,. 

mole- or ll~ milligrams, results accurate te about one percent have been 

obtained·. The iodide concentration has been kept between 0.05 and 0~075 

formal-., the ferricyanide between 0.002 and .Q:..003 formal.., the reaction time 

between five and fifteen minutes, and the volume of solution eonstant at 

250 Cc,,. 



Exrmri1nent .ll 
1r 

cc • 10 £ • 
,,·;s:_ .. _5Fe(ON)s 

T e 

TABLE IX 

Results of Series I, II,• I.II and IV Experiments 

{14 

9 .• 5 _ 

Series I 
Concentration o:f KI= .os r. 
,998 _ mi J~OlE;S In+t+ taken ., 

millimoles In found in eaeh experiment 

#5 #5¢ UM #5D _ #SB #51 #5E :- #50 

l0,.5 u .. 5 12 J,5 14 15 1$ 17 

#5H _ 

la 

5 srl.nuteij .985 ,.992 •997 •995 ,,999 -.994 l,.006 

6 

20,5 

10 mimtes .984 ,994 .,989 111005 1 .• 000 •. 999 t998 1.,005 1.058 
15 m.inutes .988 l,.007 t992 1.005 1-002 1: .. 002 1,.-012 1.01a 1.059 

5 minutes 
lO minutes 

~eriment # 

~ 
10 minutes 

Experiluent Ii 

~ 
10 Jnillutes 

Series XI 
Concentration of KI::; •0'74 r. 

* .998 m;tlliraol,e;a M+t+ j,AlsM ·-_ - - . scm -· 
.999 mUli!ll.oles In taken 

#SO #5A #5D #SB #5F #5E 

.989 ll-964 .985 1.009 
•985 l..005,'l-l .• 00!7;~ l,.002¾-1"'007*1•010 

Series III 
Concentration of KI; .02s f1 +t+ -.999 millintoles In teken 

Series IV 
Concentration of KI

1
f

1 
.os7 t. 

~999 m:Ulirnoles In taken 



Discussion, In its present state, this applica·t;ion of iodometry to 

the determination of indium cannot be considered of very great value, 

principally for two reasons- The first is that the quantities of indium 

are usually 'Wlknown and therefore the exact quantities of reagents to be 

added will be unknown~ Unless the indium concentration were approximately 

knovm, several titra.tions might be needed in or·der to determine it" The 

second reason is that the effect 0£ other ions on the eqv.illbria is unknown. 

Usually indium is separated as the sulfide or hydroxide and redissolved in 

acid; so that no interfering ions would be present. However, at least one., 

an alkal.i o;i;• amr110n:.i.W11 ion wou.l.d be introduced in adjusting the acid concen

tration prior to titr~tion. The effect of these ions should be known. 

The cause of the inherent inaccuracies here is not known.: There are two 

possibilities., however. One is that adsorption on the surface of the pre• 

cipi tate of potassium indium f errocyanide may occur. Adsorption of either 

indium or ferrooyanide ions would give rise to errors. If this were the case., 

a possible remedy would be to add some preferentially adsorbed ion to t he 

solution. Here again, however., the effect of the ion on the equilibria. 

would have to be studied, and since most !errocyanides are insoluble, added 

complications Vi'Ould arise.. The second possibility is that in a complicated 

compound such as the precipitate is, small amounts of other similar cQinpounds 

may be precipitated; that is, ones having a different ratio of indium to 

ferrocyanide. The surprising accuracy of the results in the zinc titration 

can possibly be ascribed to a saturated solid solution of the oompound 

Zn:fe(CN)6 in the compound zn3K2[!i'e(CN)~ 2 .(40) A similar situation may 

occur here., but wit h much wider solid solution range. It will be recalled 

t hat Bray and K:frschrnan., in t heir potentiometric determination, found that 

t he solution had to be of low ionic strength., otherwise sharp end-points were 



not obtained. - It would be dif ficult to decrease greatly t he ionic strength 

in t his procedure, but by using larger volumes, or scaling the quantities 

down f or determinations of say 10 milligra--ns of indium, some improvement 

might be realized., • 
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Vacuum St. gas connection H 

J Tran:::ite support 

G 

H 

Cooling water 

Im1er pyrex t ube 

f-.7 mm pyrex f 1.1rnace t ube VJ.. 

Copper heating coil 

Fig. 1. External v i0w of irniuction fur r:ace and connections . 
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A Asbestos or mica discs 

B Pyrex spacers 

C Alundum tube 

D Pyr~x furnace t ube 

E Inner pyrex tube 

2a. 

F Zircon or zirconia powder 

G Alundum covers · 

C 
D 

E 

F 
G 

H 

A 

B 

~ 

Fig. 2b. 

H Then:1ocouple protection tube 

J Alundum crucible 

K Alloy 

L Magnesia packing 

·M '] . 
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PROPOSITIONS 

1~ The principle of the orthicon television tube could be applied 

to electron diffraction work, enabling intensity variati0ns of the 

scattering pattern to be converted to electrical quantities. 

Rose & Iams, RCA Rev • .!!, 186, (1939) 

2. ~leetrolytic capacitors of increased capacity might be made by 

forming the dielectric film on a titanium or titanium-barium surface. 

It is possible that the film might be composed of the high dielectric 

constant materials Ti02 or BaTi03• 

Bunting, Shelton & Creamer, J. Res. Nat. Bur. Stds. J8., 337, (1947) 
Wainer, Trans. Am. Electroehem. Soc. ~, 331, (19L.6)-

J. Curie temperatures of ferr0magnetic substances could be meas

ured by a method which uses the specimen as the core of a coil in an 

oscillating electrical circuit. When the curie point is reached, the 

decrease of magnetic permeability of the sample from a large value to 

one, the paramagnetic value, could be observed by recording th:e values 

of any one of a number of electrical quantities in the oscillating 

cireuit. 

4. Results of various workers on the electrolytic reduction of 

pentavalent oolumbium in sulfuric acid solutions are difficult to in

interpret, especially in regard to the linking of the various colors 

to the oxidation states involved. Assumption of a series of mixed 

oxidation states may account for the facts. Experiments are proposed 

which should help clarify the situation. 

Golibersuch & Young, J.4.c.s. 71, 2402f (1949) 
Kiehl & Hart, J.A.c.s. ,o, 16oT, (l928J 
Kiehl, Fax & Hardt, J.A:0.s. 22,, 2395; (1937) 

5. Wada & Ishii have found that indium is extracted quantitative-



1y from 4~5· lrHBr-·so1u't:ions by ·ether~ This could be made the basis of 

a volumetric determination of indium. 

Wada & Ishii., Soi, Papers Inst_. PP.ys. & Chem Rsch. of Tokyo_. 3_4e 
787, · (19'.3i J 

6. The solubility of indium iodate -in nitric acid solutions 

rises ~o a sharp maxi.mum at about 5 N ae ._,, , then decreases to a very 

low value in 14 N acid:, 

a. The initial increase is explaihabl~ on the basis of the .forma

tion of undissociated iodic acid, but the subsequent deereati~ must due 

to some other cause. 

b. It i .s proposed that the solid phase in t his • second region is 
,..~ 

either pure indium nitrate or a dou.ble salt containing both -iodate and 

nitrato. 

c. One test ef tl:de proposal would be to determine the solubility 

of indium nitrate in 1rl.tric acid solutions. 

Ensslin, Zeit. f •. Anorg. & Allgem. OheDiie 250, 199, (1942) 

7. In the Cu-In, Ou-Al and Ou...Oa equilibriUlil diagrams, the struc

tures of the 'r phases are as yet undetermined, since they eannot be 

retained by quenching, although their low-temperature modific<;1,tions 

are knewn in ea.ch case to have the 'r- brass type of structure. 

a. It is proposed that; due to the apparent speed with which 

these transitions take place., they are not polymorphic transitions, 

but possibly an order-disorder type. 

b. The high-temperature x-ray method of Hume-Rothery & Reynolds 

could be used to determine these structures. 

Am. Soc. Metals Handbook, 1948 ed. 
Hansen., 11Aufbau der Zweistofflegierungen", Springer, Berlin 
Laves & Wallbaum, Zeit. f. Angew. Mineral. 4, 17., (1942) 
Hume-Rothery & Reynolds, Proc. Roy• Soc. Aio7., 25; (19.38) 



&. The follovting data are knmm for some of the Hausler-type 

alloys, al[ .having t he same body-centered cubic superlattice: 

Alloy 

cu .MnAl 
cuftfnin 
(h12Mt1Sn 

Curle Bob:i:· magnet.ons 
point per Mn atom 

IP.ter nuclear 
separation of 
Mn atoms (I) 

4.19 
4.38 
4.J6 

Ratio: 
internucl'. sep•n·. 

diam. Mn 3d shell 

It will be noted that the values in column 3 are the same for the Al 

and In alleys, while the eurie point of the latt;er is consitderably the 

loweJr•. 

a ·. It would be interesting to obtain similar data .for :cu2JlnGa 

and cu2MnB, providing the same type of structure exi sts in t hes·e .alloys J 

and to see whether the sa.me statements ean be applied to ail ;four 

all0,ys. 

b. Another suggested set of experiments would be to determine 

the ss.."lle quantities for analogous alleys, using as the third element 

Sl, Ge and Pb, or Be, Mg,Zn or Cd. Some of these alloys are already 

known \o be f errc;.>lnagnetie, and the point to be examined here is whether 

the 4th group elements all .~ rease the apparen~ magnetic moment of 

the manganese atoJ,ll; and whether the 2nd group elements decrease it. 

Slater, Phys• Rev. Jo, 57, (19.30) 
o .. •. oles. '. Hwne-Rothery&, Myer$, J>roc. lt?f• Soo. Al96., 12,, (1949) 
Heuslel", Ann. d. Phys .• :J..9, 155, (1934) 
Gar-apella& Hultgren, Metals Teehnology, T. l?. 1405, (Oct* 1941) 
J?reseJ!lt Thesis 

9. An explanation of the large inerease in acid strength of 

benzo:to aeid ;i)rodu.ced by o-rtha-substituted halogens has been given by 

Jenkins, by attrib"1,1ting it to the direct effect of the dipole field~ 

Hydrogen bonding does not appear to pl ay a part, although i n view of 

the geometey -.Of t he molecules, it seems rather surprising t.bat it.. 

does--nat.. An examination of the infra-red spectra of these molecules 



should :throw some light, on t bis question. 

Jenld.ns, J. Che.'n. Soc. {1939), 640 

10.a. It is proposed that an :l.mproved modification of t he well

known crossword puzzle could be constructed using triangular co-ordin• 

ate paper of the type used in ternar,j equilibrium work·, thus providing 

tri...direetional freedom of motion~ 

b. It is proposed that an a dditional qualifying examination, to 

be conducted by a suitably qualified faculty committee., be given in

coming graduate students in chemistry to determine their aptitude in the 

field of vaseball. 




