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I. INTRODUCTION 

The principal objective of the research supported hy this grant was 

the growth of high quality single crystals of CaO, SrO, and BaO. The program 

undertaken to accomplish this was pursued in four parts: (l) Purification, 

(2) Chemical Characterization, (3) Crystal Growth and Improvement, and 

(U) Physical Characterization. Initially each of the four parts could he 

pursued almost independently; finally falling into sequence with the production 

of crystals of assessed quality. During this grant some progress has been 

made in each of the four parts. The purification and chemical characterization 

is almost complete. Only very limited success has been achieved in the 

j crystal growth section and the physical characterization has progressed to 

the point of assembling and checking the conductivity apparatus. The various 

other apparatus required for study of physical properties was already available 

at Oregon State University. 

In the following sections of this report each of the four parts will 

be discussed briefly. 

11. PURIFICATION 

Chreicftl purification procedures hove been developed for BaO, SrO and 

CaO. These produce relatively clean oxides for Initial crystal growth 

studios. 

Tbe lepurlty proble« has be*>n cost extensively exarincd for CaO. In 

general, previous work • • »'• **'  shows that one of the rijor sources of 
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Impuritles In the alkaline earth oxides Is the cross contamination "by 

other members of the group. In addition, contamination from the transition 

j metals, i.e., Fe, Mn, Al, Cu, and Ni, and, almost universally from Si, 

has been found. This list should not be considered as exhaustive because 

in most cases the analytical techniques and detection limits were not 

; indicated, so that there are obviously possibilities of impurities being 

present for which no analysis was attempted or which were present in amounts 

I 
below the detection limit of the techniques used. In addition, the amounts 

of each impurity present vary widely, from a few ppm up to several tenths 

i 
weight per cent, depending upon the source of the material. 

i 

There have been several different attacks on the problem of obtaining 

pure alkaline earth oxides. Ewles and Lee   prepared pure CaO for 

luminescence work by dissolving analytical reagent grade CaCO- in doubly 

distilled MO,., followed by repeated treatment of the solution with 

ammonium sulfide solution then filtration to precipitate and remove the 

heavy metal impurities. The Ca(KO-)? was thermally decomposed to CaO. "«ambino 

prepared SrO by precipitation SrC-O. from a hot solution of Sr(N0_)2 using 

(HH. KCpO, as the prcelj.ltating aßent. The oxide was again obtained by 

thermal decomposition of the oxalate. Sproull, Dash, T^ler, and Moore 

prepared the oxide by thermal dcccr.por.ition of C. P. PaCO.. Fhillipa, Nelson, 

and KrauF  , and IMlUjr, Kraus, and Carlson   , separated mixtures of 

the alkali and the alkaline earth ions into various conponent* using Zirconium 

Molybdntc or Zirconium phoephate Ion exchange resins. The work of the lost 

two groups war nrt, however, ectsplctc in tcrRn of provedtnc a »>clhod of 

purlfylnc th« all ^Hne CM the. Finally« I^nch and UrnKr*-" prepared M> 
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by the thermal decomposition of the hydroxide. 

After considering all the purification processes used previously, 

the use of ion exchange resins was rejected because the system does not 

provide a complete, unified method for purifying the alkaline earths. 

Decomposition of the hydroxides, as used for preparing BaO by Lynch and 

rdroxides only decc 
(3) 

Lander   vas considered unsatisfactory because the hydroxides only decompose 

at elevated temperatures and melt before decomposition 

*  "   , the highly caustic nature of the melt greatly increasing 

the possibility of contamination tron  the decomposition container. There 

is some evidence that Ba(OH)_, at least, doesn't complr-tely decompose even 

at high temperatures 5»PI)' 5"'  ', Further, additional problems arise In 

the hardline and storage of the hydroxides. Attempts In this lab to decowposc 

Ba(NO_)- led to similar prohletts, i.e., melting and Incomplete decomposition. 

i so were discontinued. Therefore, the methodn of purification developed have 

been based, in gcnerol, i.:r. the work of Ewles and Lee   , with the 

carbonates being chosen for decoeipoaitlon to the oxIdea, as cuggcttrd tor 

Sproull, et. al.  . Thr carbonates vere chosen since they are relatively 

insoluble and eaay to Frrfipltate out of solution, can be readily dried, and 

are not deliquescent or caustic so that atorafe and hand!In* are nc proble*. 

Also, they are susceptSble to thermal decomposition, vltb the case of 

decomposition depending upon Uie alkaline t4rth
(l6•p5l6l,l,•p,,W>^fc,. 

> 

1. Pttriflcatlon 

Two genera] procedurec for puriricatlc« tavr be«a drrelopai amd vllt 

W de^n-lbed In Icttfl below.   V**» i«n»ge4uret l"1   '"olve praet^ltail«« ©f 
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the heavy metals as sulfides or hydroxides from a solution of a soluble 

alkaline earth salt by the addition of (KH. )-S solution, followed by 

filtration to remove the precipitate. After the excess (KH. )2S is destroyed, 

the salt is fractionally recrystallized at least once to remove impurities 

which do not form insoluble sulfides or oxides, such as the alkali metals 

end the other alkaline earth metals. The alkaline earth salt is then 

redissolved and converted to the carbonate by maklne the solution basic 

with 1^4 J(H_ and then bubbllnc CO through it. This process 1» essentially 

a precipitation from hoooecneous solution (See any recent quantitative 

analysis book, such as (I2,ppl3ft-lkl). As auch. It provides a further step 

In purification, glrint • precipitate vlth fever oeclusIOM and leas 

co-preclpltation of Impurities. In addition, aa oltall be seen below, Ui.s 

typo of process earn allow more careful control of the purity of the r«ac**ts 

added, than if, any, (MHk)-CO solution Itself ««a and* up from tfc* solid 

Mit. 

•• PvtrUjte, Wsterlala 

Tbe etartlf^ »«(«■rials pr«e«tvtly ww4 ar« madrrately eoluble ^Us of 

the alkaline vartfc* tAleb eomtalm m  fee water» mf %#ratl«» as ymmelble« 

atmee the water» mf lydUmtiom %mä bo Imterferv with aMalmlag §M4  frattlamal 

rvrryttalllsaticeM». TW salt» weed ar»; barlmm m*\*\*,  strMtlmn nitrate, 

and ealrims tMUA». All material» ar» Pm^wmH  tfad*. ?** brsnd »^ amt#r»al 

amy vary fee wt% alhmlim» emrtb aM frem b»t*k %m »»»«* mf i*e »ta^f let 

•mterlal, ArfMMlaf «a iw esualywe. ■s«ww*r, »nAmr i AiMMi ftwpHU irai» 

WrtiiMa. V» gwls« «t tv fW< I» M • «eMA irad» «mte- I 
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can indeed vary in impurity content, the analyses of Mallinckrodt and Baker & 

Adaason Reagent Grade bariust acetate can be coapared (See analytical results). 

Obviously, the Mallinckrodt salt has a mich higher strontlua ccntaaination 

level, and is in fact unsuitcble for the preparation of pure BaCO. due to the 

high strontlua content in the carbonate. Each of the salts listed above 

will recrystallite fro* a hot, concentrated aqueous solution as either the 

anhydrous salt, or as in the case of CaCCjHjO^ as the dihydrate^^•i,^p30,,• 

iii <iiiiiiipiw mil 

The other reagents used in the process are:    (IB^JJB solution, 

Mallinckrodt Analytical ftea^ent Grade; 1) a ni.v Reagent Grade; CO., C.P. or 

Co—urctal Grade, which im   99*5f pure, the aala lapurlilos bel«g H?0, 0?, 

and IL, which do not Inlerfer« with the process.    In one of the procedure», 

0M 00. la required.    This is produced by dlluitag Reafenl Grade l£ H WO. 

wlUi d»-loalt«4 ijO.    la addition, IhMgeat Grade Iftl HO. la alto «nod Itself. 

All Ä_0 «oed la (he frt*i!*<*r**  I* d«-ioal»e4 ijO. 

T*« r*»«.  step I« im^jrvrw ihm pmtiVj of the earWnat«« will be to 

prodwe« Hi m* (in^)JI •»laAlea «Ml I) U H,.    UM MalllMkrodl (n|)Ji 

Ml«it«a •rfarvwily toftiaiai« SOH« y«>ly*«lf{d» •« UM« m§*m iftmyttlltm of 

the «MM U^IJU • tu^fW prwetfliale It «ft«atM«« whlth Is very flare 

Mi «IfflMll to filler Ml.    LMOI yewAaetla» of Urn (m^lf MtoilM «HI 

A« *rar «lU" «•« »«ItavlfMt fiHlM,   fM «UrafM« H^fli «III It «sod ;a 

W* prv*m%im wf %M*  fta^f J| MiMSM «Ml la U»  *mrt*mmlm prvolfdlMlM. 

%>m •itvmfy  tmim**if*4 tm |0«iaBi  tiofK too 
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3. Apparatus 

Most of the purification process requires only standard laboratory 

glassware. Certain steps do, however, require more specialized apparatus. 

All nitrations done to remove solid impurities, use Millipore filters. 

The filters are mixed esters of cellulose; the filters are plain, white 

with a diameter of h? mm and a mean pore size of O.b^y + 0.02p. If there 

are large amounts of precipitate, a Microfiber Glass Prefliter 35 Ban in 

diameter and 0.035 in. thick is used ahead of the millipore filter. A 

pair of teflon coated tweezers is used to handle the filters and prefliters 

in order to prevent contmnination. The filter holder Is a standard Pyrex 

filter Iholder modified by adding the female portion of a 55/50 Standard 

Tiper Joint mod  a short stdearm for making a connection to the house vacuum. 

The filter holder fits on tof» of ?000 ml. thick-walled Krlenmeyer flaskc 

which are topped with th* inkle portion of 55/50 Standard Taper Joints. Teflon 

•IMW« »re used cm the Joints to prevent any contamination from grease. 

Aft seluf allows the swclfrn ffltrationft to be done rapidly, efficiently, 

••■4 deeply. Caf* haw also Wet* fade for the flasks, again fro« the female 

portiom* of the Jointr. tin?». If the procedurr muH be Interrupted, the 

Mlaltoo« can W safely siorrd wlthMt any fear of outside cor.tsstnntfon. 

All fit trällern* Imwlwlng a ■olid product that la to bo saved «re 

4mm «Msc hrvws toeta-r Nmsul». 

riamllf • a fyr*» mol flltor la ploeed la the C0? line to trap any 

•mtli «r llfmti {«f«rltlM «M«% mmy b« pntti,   to far, Iherr ha« been no 

tall«^U«i mf s»/ trnt^ltfi« #f Hit maimrv, e-»#*. »•trr sewerml momitis «se. 
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A gas dispersion tube is used to introduce the CO« into the solution in order 

to break up the gas bubbles and provide more surface area for reaction. 

U. Procedures 

Outlines of the detailed purification procedures follow, along with 

comments on certain aspects of the purification. 

5. General Acid Prep. 

This prep, makes use of a precipitation of the alkaline earth 

nitrate from a nitric acid solution, followed by a single fractional recrystall- 

ization of the nitrate as the means of removing impurities not precipitated 

out by the (NH.)-S. The prep, was originally designed specifically for 

the production of BaCO^. Later, it was modified to the form below so that 

it is possible to produce SrCO_ by this process. The process is unsuitable 

for making CaCO- due to the extremely high solubility of Ca(N0_)g. The prep. 

can be outlined as follows: 

(1) Dissolve a suitable talt In de-ionized H_0 (Use BnCCpH^O-)« or Sr(N03)g). 
Add (NHi )_S solution and heat to digest.  (Heavy metals precipitate 
as sulfides and oxides). 

(2) Cool, filter usinc  Nllliporc filter, discord residue. Heat filtrate 
to destroy excer.;. (liHi )pS. 

(3) Cool, filter usinc Killipcnr« filter. Discard residue. 

(1) Add 16 N HliOj to prccIpltHtc the alkaline earth nitrate.  (For Ba, 
the first fraction is eavod. For Sr, the first fraction, -10%  of the 
total snount of solid, is discarded and the second fraction is saved.) 
leat to digest. 

M 
(5) Co©!, filter usinc Buchntr funnel,, then wash the crystsls with 8 M HNO_. 

Aspirate off as much residual liquid as posKible. Discard filtrate. 

(6) T'-Jls rf^* • '}'   crystals in de-ionized ILO en^ I'ructicmally rccrystnll i zo. 
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ii 

(7) Cool, filter using Büchner funnel, discard filtrate. 

(8) Redissolve crystals in de-ionized HJD, then filter using Millipore 
filter. Discard residue. 

(9) Make filtrate hasic with 15 M NHo (the pH must "be -10 for the most 
efficient conversion), then "buhble CCL through solution to precipitate 
the carbonate. 

(10) Digest precipitate. 

(11) Check supernatant liquid for completeness of precipitation and repeat 
steps (9) and (10) until precipitation is complete, then discard the 
supernatant liquid. 

(12) Wash precipitate with de-ionized H-O until filtrate is neutral, filtering 
using Büchner funnel. Dry precipitate in vacuum oven. 

The washing procedure used on the carbonates is essentially the same 

as used in any standard quantitative analysis procedure, i.e., most of the 

washing of the precipitate is done in the original container before trans- 

ferring it to the filter. Approximately three "gross" washings of the 

carbonate are made with de-ionized HpO: The HpO is added and the mixture 

stirred; then after the solid has settled, the supernatant liquid is decanted 

off and discarded. As soon as the supernatant from the gross washings Is 

neutral, indicating that all of the remaining base has been removed from the 

solid, washing with additional portions of de-ionized HpO with transfer of 

the carbonate to the filter is .oranenced. Since the efficiency of washing is 

better and filtering is faster, the solid is retainet in the beaker as long 

as possible. After all the washings are complete the carbonate is aspirated 

on for 15 to 30 minutes to renove as much of the residual HpO as possible. 

It has been found that it is much better to carefulay transfer the 

entire mess, earhonatc and filter paper, to a covered beaker and dry it in 



the vacuum oven for about 12 hours at 60° - 650C. Then, the filter pat«r 

can be easily separated fron the solid. Drying of the solid is eoopleted st 

90° - 100oC under vacuun. A soft, fairly powdery product results. Ibis is a 

■uch better product than obtained when the carbonate is dried in a drying 

There are three problesis connected with this prep, in addition to th« 

nuisance and danger of working with large quantities of fairly concentrated 

HNO- solutions. One is that CaC0~ can not be produced by this procedure. 

Secondly, it is hard to Judge Just how auch SrdlOj). should be precipitated 

and discarded before collecting the second fraction, finally, it Is 

iapossible to rcr.ovt all of the nitric acid fro« the crystals in step ()). 

The solution obtained upon redissolving the crystals Is still acidic. Tbus, 

the recrystallisation of step (6) mist be done on a hotplate« rather thftn 

in the cleaner. More contnaInation free, st«o*phere «fforded by s vmcuun trrtm. 

Originally, the nitrate crystals were rinsed with portions of de-lonlt«d |J0 

to try to res^vc additional sr-ount» of the acid. Howwer, the procedure m 

not effective and led to losse» of solid due to dissolution, so was 

dlscootlmicd. 

There was sew fear that sore Isquurltle« would be Introdwctd then ««re 

being roaoved by the precipitation fron the W). solutions due to the large 

quantities of acid necestary and the nuaber of Operation» —csasary» Rowever, 

thene fer*  proved unfouMvd. The INC© producrd ky thl» prwen« t» a* pi»»«- 

or purer than that produced by the aecocid 
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VlMll/, MW of ihr rncyi oacfine pr^W«*« connected with our analytical 

fcet VVMI iHt lack of a food, aeeurate aethod for deteminlne the presence 

•f M laf«rlljr ta IM aatrle^a vitk vhich ve are working.   The rhmical methods 

availaai« —taasilaW ihm IM« of e«watitrat«d NJX)^, vhich will, of course, 

prwlpttate ovt ih« alkaline earths.    Thus Mich of the Si could he lost by 

•»-fre^tpUatloa.    ■owever, JiMt recently facilities became available at the 

00 IMdtaliom Csalcr for d«ler»»ln»tlon of 81 by fvH neutron activation. 

Tb«refwrat ••rk la BOW la protrw»» on ^tainlne 6i analyses. 
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Table I Resume' of Salts 

BaAc»« Mall., Electronic grade:   Run for comparison only 

BaACp, B & A( Regt.: Starting material for all batches of BaCO- 

BaC0_, 8/21 Small test batches run to test BaCO^ prep. 
. Used TA and NIU to ppt. sulfides; only 

Baco3, 9/10 UBed di8tilled HgQ. No Mllllpore filters. 

BaCO-, 12 1st large scale production batches of BaCO*. 
Batch #1 all used to prepare BaO so was 

BaCCL, #3 not analyzed. Used TA and NK-j and only 
3 used distilled H20; No Millipore filters. 

It should be pointed out that the above batches were made without benefit 

of the use of the (Nllj^-S solution or the Millipore filters. 

BaCO , |U: Ist batch made using (Nil. ).S solution and 
5 Millipore filters; still used only distilled 

H20. 

All of the above batcheß were made with only the WKO* ppt'n and no rccrystall- 

ization, i.e., similar to the general acid prep., but without the recrystall- 

izalion. 

BaCO , 15: Ist batch »ade using deionized MpO and 
recryrtallizfttion of the nitrate. I.e. 
essentially Central Acid Prep. 

BaCO-, #A1: Batch mode using General Acid Prep. 

SrCl9-6l! 0, B «- A, Rgt: Used to prepare hatches fl, f 1 •, and 
^  Z 12 of ErCOj. 

Sr(K0,)-, h fc A, Hf.t.: Used to prepare batches #A1 and lAl* of 
J ? SrCOj. 

NOTK: Tlic prime of a batch number indicuter. that it is a batch prepared fron 

thr r.Mi^rnrtrnl o" Tnd fraction of the previcne Vtch. 
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fltmmmX  4»«lf» Mi ««nrflepMcftil  M «•!!  M *«*«»»ll««   ft   IM«  f\g*rtlaftl«S 

ml MM.    tti» nrfort vtU IM1«I* o»1f WUf «••crlpt.loM of tfe« fr«»««t 

»•   to2ii-£LlftgJtJ*J«£iii 
Ihm affArmlu« ^oietitljr tiM4 for VMe «if-rrliwiil eontltt» of • puDIng 

—rl»iii— of local 4e»lg* »lib o roioilftf voior eoe1«4 poll lug rod.   ffcls red 

kold» lb« »««4 M)4 rnirrt tbr grovtb rb<t»Wr tbrou^b on O-rlnf »eol  In «our 

oeolod top eovvr of tbc cbanWr.   Th« cbatiVcr litolf !• o 9 inch 4t«Mi«r 

foorit tube ft|>f^««{««l«>}jr li locbr» Icoci Ibt- olddlo 19 loebot or« »urrouoJed 

If o lyrvs Iwb* »ticb ib^i o 1/V  locb •noulup It fOmrd.    Thruußli tbr aanulus 

«otrr I» elrcHloiod frno • v«nccotii)  inlet ot tbc bottm ond an outlet »t il.t 

to|».    Tbr Irldtuo cruclblo vbleb bold« thv BoO U «u^ortcd by ft cr^bit« rod. 

Tb" fr*|«btt« rod Is carried bjr on oluoitnu« rod tbrougb nn O-rlng »col  In the 

bott<ai cover.    Tb« grnfibtte rod Is Insulated fron tb« «luelnun bjr ft Vycor tube. 

At tbo u|-pnr end the £r«|4tftc rod I» »creucd Into ft Iftr^er ernpbltc rod.    The 

Iftrecr rv-d can be toncbtnrd to fit the crucible oi   rhttprd to provide verloun 

coMfilltif; conrinurntlonr to the R.r.  It^uction coll uncd to bent the sn«plr. 

Tb« Induetlm coll  le npproxinately 5 turns of flattened Ift Inch coi-per 

tubine coupled to a ? I.^^el Ofr-JW cmrrator tbroufjt a 6;1 trsnaforr-er.    The 



»•JOT !• t§9rtA11 !• tte KtUt^rt« 

tw ir«wi.A fta^tar «M it »lliar rt«r«««*4 or n**ft«4 wli» 

•r tell«».    Alt •*%*!   •mrfm** m*vo**4 1« UM frowst (M«Aw« »r« %>wi—i 

Mi «r* wm%*t 9oa%94.    Ifta» roqptr«* i** tMti« ef UM (rovtli 

rr CM te c«*t*4 «tUk • rvflwttaii oal4« (l%0 for «SM*S«) XC nrt kMl 

lanm.    All M>rr»rc« U Uh« erowtK riuwa^r art kef« Wlow 100*C me^ft 

tA« »rariAl» M4 the gr«|Mi« »«t^rt OA wtilcA ih* emetAl« r««t».    All 

trkfilili« U t>«ked »i t««f«r»t«rM ««11 afccv« Ik» I9V>-?000*C rvglo« «M4 for 

laO groirlA «af«rIncut». 

I» ot<«T»Uctn \hm fe»0 I» flscvd In Ik« IrKHtw emelkl» »ad k«tti*4 

k»lov r«d tMHkl for »OTrrml kour» unter vneuun to rmovt ftk»«rk»4 ga»«». 

On occnslcm the toco, it directly dceanfofted In tko iridlun emcSkle under 

vncuun.    Tlie ckaaiWr I» then filled vltk kellun »nd n »Itckt flov of kcliu» 

out • MMII rshount tmrt in the hotter, cover i» natntnlned.   The crueikl» 

i» then quickly h-ni«^ to »hove J100ÖC.    The fiurpoitc of thU operation I» 

to rcnove a» auch «d^orficd oxjrccn fron the BaO mr ponvihlc »t tc«rer»turcii 

bclou red heat vherc  irldlus oxide forn«.    Then to get the tenpemture uheve 

1100eC( vher* the    Tree energy of forantion of iridlun oxtd» keeone» posBlkl«, 

a» quickly a» lornlblc.    Thlo technique vork« rcnronally veil »o lonf »«r. 

the BnO in free of MonL.    The ItaCoiOj, n^ltc around ir^O'C »nd rapidly 

»ttnckp th<- iridlun crucible.    A ftinllar technique can be uncd to deccetj-ose 

HoCO^ directly in the grov-lh chanber.    Care nurt be taken to completely 

deconponc the cnrlKmute before gettinp, thr tttapcraturc nliove ik^O'C at vhieh 

the carbui-'.'  isrltn becauj;'- it ftttncko thr Irldlu?» vht-r ^ ■»Hen. 



tMr U* «•III«! |olM laO rMtU» «till It« grafMl« I« f«r« DMi« e»#%t4k 

«Dich It full« *ol*%lU.    TW r«*tr«U*4 tMimmftmt* •*•■<  e*!f »»««:«•« • 

far    UM 1«0 hut ttM yrM^te« • tirM» ©f gM I« 

IMO iM— frcai Uw  lwi«4UU gra*\h rmtlom.    It mmti W W^t«r !• «•« • 

gM vtUl ft lowr UMTHMI  eoBdncllwUf UMA IMIIM». Kt  lb* hlgfk Xmm^tfXmft 

and «Icetrle rt«li imd io ■—l lOAlMtlon of pi Mek M M^M.   TDl» 

Itmit U* • c«Uittrvt>hlr are and U* rwlmndtac of UM frowlD clMaDor. 

Tb» fprct^ttl |«rob)ctt» viU» UM affi«* ImroWa ratoclm UM Wal IM* 

and Incrcaalng UM W cou|kling to UM CTIMIM«.   tfca ayotao vlll nth 

19W*C »l the ervclbla «all but UM baot tranafrr lato UM fc*0 rhare«  I» 

vary liMfrielrot and a nail  font« on UM cmelM» waJl atileb It a<rt I9 

no! tan BaO.    Thla eauaa» the not tan portion to fail 1 away fmn tha aojor 

■aaa of BaO.    ffto protU-. vlll he aoltred If «» ean ItMrras« Uw eourllne or 

dcereaM- hrat loft»«r. .. rh tcea In the   eotiftllng roll and tha emelhlc 

holder arc bring nad« .    An Mtdttlonnl ehaage that nay Infroar tha t*«|ar»iM-' 

will be to MM ar£Oj  hellwi n.l»iu»xs aa UM fluahlnc; fan« 

•anplen taltru rrt^. the vrU of the contafnir thotf UM nelt eontalt»« 

Irldiun.    Thia appearanee »tif^eata that thia la the fnm of «noli free Mtnl 

particJaa.    V»«cthcr theae partlden vlll bf Ineori-orated In pullrd eryatalf 

will dc^-end on Ihr aftiailon of the oelt eauaed by the Indueilon field. 

Tt*c quantity of tl.r I rid tun |^»-lJrlee fOmrd ifycnra to drpmd on the 

of 0 ' or 0„ y  - Inlnf *n i*»*» INO |<nid(r at te^f      ".ttte« alofra red heal. 



tart   «•!««   JMMM4«   gliiM'«   «Mt  MI«»   I««   »—••*■        f*»   Mf   «I 

IM Mfi* it flM«ati tm* w» M«*"» t«»»«».   !%• «««»«»i ««I i* t i» 

itMMitM fMrf« «ai Mann* *• mm •# IM i*% pmtw i»ii*^y p^i 

TM M«4  l**»»f  I« •J^I»HI« ««4 •«««#  llrtli      Att  M#w» «M.I W It If 

(*t   •!<%  «* O-rll«  Mttl   M  IM   It •» l«M   «Mt %M  •«*• 

Ltow«* IU t^l«*.    t »14» f**%  fh-» t»» Mt   •• ***»**%** M • 

if«9 M.I *IM i»t«# ■» •♦in*» «Mi U 

i* %** Iflfwk ttMit«#.    fi I» iiif i1»—!1! t* l#«t W» 

•T M»ir florfwlw «»i^t.  «»i i^«»llf •   1i» fwii»'» 

•f «Mi IffMM.    OW I« tf» Mi l*||«t   ttt« .    f«»   •*»•*   I« • 

rt«lilM4  |WJ«*   Vl    .      V.       »ft,   «*l Uff1^   •**   •t»«lkl«    ♦   •« •       »   •  flMtl« 

««M» M Uw (**>*% » rtttMl*« » t- f«« tf .1«» itltM «r • 

W^M AM* »11» IM r      -     %        IM WtK» Urii#i • •<• •HH#» 

Mi Ifct pi | ir T r Mfl l«««U<*^* M **• •**• **** ^^ *,•*,*,*'•    1 

•Mt It S l****i ilttMl-r % ** Iftftot !«■••   Ü* «Mi It htM to Ifci fi*«*» 

1« % I» IM* 11/, f«i ifl tofli In il«M«M Ml l»«i % U» iPtlltag Mi tf 

*  ^     .   .     t  • '-HlAit**   I* «I» «M f I»- f*llltt 
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Ml n&m *•«•!» 9+** r»*4 ••• «MT«.    A $\umm * t*l* Ma* «Ul 

ih «MM P— «Mil IMAM «f ft« «H«  tA«y •#« patyrtT*!«!!!*«. 

«m««4 «Mi u» «fiMf pf |*»II*I« »Itt iM Mt f«t WM mmAm*. 

%*» vf%Um %m %*• ttaMlllf «■! Iwrt t^wlty ■■unify I« gre» 

•Ml, CM» «Ml •*»  If  %*»  |IIIII<>» #»tl««#y |Plill«M MA W 

A«** «Bi gNvlMl iwmnifi tr««^* fi«il«« WPB tlM l«rt 

to B>iBi •» lAVt«! tfCtiWitAt  ««ri M4  %W  MMftfclf «f •fl»l|«tttt. 

n.it fiitiifn «rrw» ia# wr* i«MiMiiif «r §Kti«c Kttw»»ic«iiy «004 

•»y«l*t* «f M# i«Htf.   f«w Wftlt «syarlMal*! r«4f»ir«*#»i It IM in^ttlM 

fr«ll«*u   tt» f^iMMB twAiwUi fir UM« VIMIM *M ©f U»* IH*^* tnn* 

AMlpU    ffc» iM MiBli« MM«    M fc*li »I  «fMl iMfAMliwr*« »Mel» W« 

►««•••• I»** u« »l#tl» MM«   tM n» M^Ml«!« art |4MM I» «M of th« 

Mi MM» «Ml grMMi !*>•* ^I«t« Ik IM CMA«r MA*,    fill» arrwifMMi «llo»» 

IVMÜI M MM»   lA A M#I«M «Mtv 11» fMMl  ABIAMMI MAPlfAAi« AM M tV 

•fyttAl.  IMA  HJWH  UA IIAJIMI   I« fM«  yAlf«ty»U.I»  Wrf Af »tMlUAtAIW 



-ai- 

tbr t^c»rni clcttrttt U ^0 »11 Ho vlrc wound on a pure A1?0^ core 

1 3A Ineb le dleaeier aad eecb •cctlon ia 7 inches lone. This elment will 

opemte up to 1700*C. The vepor prcrcurc data evnilnble auegest thai this 

ts a re«kaoeable iaaptraiure ranee for Material tranaport of a uaeable rate 

for iaO( 8r0 and poaaibljr CaO. However, the uncertainty of the hiebest 

tsMperature required for vapor phase grovih  forced us to desien furnace 

eaaes that could also use heavy,free-standine elcskcnts. The caaes are 

desienrd for use up to about ??00oC. They are water-cooled,vacuum-tight 

Al eases. To cluutce to free atandinc clcecnts will only require relatively 

Btnor chanees in the inntnllntlon. The elements are nouiited such that 

It can freely expand. Access to the f.rowlh chamber it throueh quart* 

windows on the end of the furnnce. 

The control system is of a master-slave deoicn. Mnrlcr Control 

is by a barber-Coleasm ^hlb at the center »one.  It slave:. Bnrbcr-Colenan 

359 differential drive &H) BCR power controllers which couple throuch 

variable transformers to the furnace elements. The variable trannforrrrs 

allow considcrnble freedom in clement design. 

Two three rone systrne have been coniitructcd. TJiey wtre completed 

at the end of this contract period due to delays in construction of the 

furnace caoca. Inltiul vapor phasie experimentn arc underway in one. The 

other will bt uned for chemical transport crovth studier, on the syctcm 

CaO in HC]. 
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k.    Crystal  layrovcwent 

The apparatus for annealine CaO( 8r0 and BaO is available and 

operational.    It consists of i  Brew hCC Tuncsten Vacuta furnace with 

programable controls.    The containers for packing eryt'als in pure powder 

of the cuac oxides have not been constructed as ve have as yet to fct 

suitable crystals for annealine.and their asseably is sliiple.    All other 

equifncnt for cutting and poll shine is available. 

V. PHYSICAL CIlAHACn-rtlZATlOK 

The «a.'    .ty of cqulj«ent that vill be used to «unrey the physic 

properties o.   these crystals vas already available at Oregon Rtate University. 

Ve have facilitlee for optical absorption studies fron 33 vnvc nuaUr» to 

1650 AncPtroms (iVrkln KJ-cr !-5<K1C1 fcJO, Beckwan IR-7 »nd  1B-11), for 

fluorcoccnco excitation ut \ celrclon (I'crkln-ElBer Model kJO spetftroflw>r» 

esccncc eitochisfnt), for Ilfht ncattcrlnc (Biochemistry, Or.  I.  Isenberf), 

fcr electron nnd opticti rlcrw ..-py, and for X-my diffraction (0.1. XIB>->). 

A focillt-y for tor.'o c» •.'•irilvity in the tc««peralure r»nc» l»pe«sssty 

for ChO, B^O» nnrt Br.^ .• ed wider this cr»«nt.   This systea 

nuppleiicntr cqulpacnt VMUC st t      for D.C. conluriivily of losulatlnc 

erystsln and the dnln output of the neu apparstus Is cowiwtsbit vlih 

•xistinc equij^rtii.    Bceause cT   he length of tli^ required to Measure 

conductivity vt-ico tcsiperaturr vhen the t««|<T«lttr« ranee Is larfr (appros- 

lt. Uly 300 to iCoo^C) and at Itmat duplicate tun*   rut>\, be s«dr »equentlally 

•or«« tyj.t cf r Hen I.-  r^ufrcd.    Tue tyi' Irtieted Is i.e. to 



-SV 

•voM «Ivctrod« |ir«'tle»«.    Tbe ecMwh»rl«f»c« maä C«|«CU«BC« 

ly • t—1 Radio Nod«! 1<40 brldf«.    1W UwiMnrmUv« U ■—^ ly • 

Hkcmocoy^lv mod lit out («it converted to • frv^rocy kgr • Rmlvti«f*thard 

«oliagv to frequency comrrU- Nodal ?71?A.   tbU froqovacy It cc^uted inr 

* NooMAto proMt eounier.   Tte prMot fast -** all««« UM voliaca to W 

coovartad from fraquancjr to tcoperature.    Of cod /aat Ute Vcofwraiura 

praaaotad in ihla davlea oust ba latar comrariad to aa accurate i«iit>arature 

with hteHer order correct Iona, but tha rou^h corre»|>ondencc nakaa for caajr 

Mt up vlth fewer error«.Hie outt<uta of the device« are fed Into aa la'crface 

Of local conttruction which aequence« oeacureacnts and «hlfta all outf-ut 

level« to be coapaUblc vlth a Nonaaato printer Kodel >ll.    The «]r«tCB vlll 

take aa eaceaalve «aount of data If lift to run freely.    The rate of data 

calculation la controlled 1$* a aecond pre«ct counter which In«truet« the 

■achlne to aeaaurc at a «p^lflc tie« Interval or tckpcreture Interval. 

Tbc tcet»erature cunlr.l    .   *       (rnrbcr-Colcnan üortcl  ^«IB and 6?1 8CK) 

taafperaturr «t n pnaaat eooatant rate until '.he Mudaur «ct 

lure I« reach'd, U-.   £ ^«liiae« the te&j» r^ture until  it rcochro the 

Ir.ltlal t^i^rature.    Al Ulli  t?;." Uie entire tjiparait— «hut« down.    To 

■ak«  aUtilar naaaur«     üti  1/ hand require« 16 to 1R hnurn of continuour. 

attention. 

VI.  SU^HAKY 

A chctele«! »etbod of i -iflcbHon of KnO, PrO and CnO hao h'cn 

fcve^orad.    H  f^dä'icr.« oxld^a of ir«atcr pu»-!'»;   <"»an i»r«viouc3y «vniJ^.lc. 



•»«•r wr« •v*lt*M« 1» mm i«tiM^| t« yt*! fwttllf mmu^i 

tlwr«   »M»  Ut%t«   rofil»*■»•*   »•*   W4»«#   «Ml«««   «Mt*   wm   *«#   f#M»   «*y««*l« 

•f MaUwilai fMlli#.   UM 4ir««« rwü«* ******* «411 t« %ri«« 

Cry«(«i frwt» «tail«« IWM r««r««4 U« «rill«*! •««#•  I» «* «»It 

, I.*, yew*** r««4, l««t 1MM» «!••   IM« •« iMfvlf • §«»*■•« 

•f irUl «•£ •m«r.    It •^•»«rt •! IM MMMl %M «ptUM fftasM ^tM 

«t>»t«l« «Mrily.    VI» v»f«r |iMt «M fl»«ile«l Ir—minjH m^*immm*» mm 

)m»\ f*UI«g MJtrwuy.    Mi vtll M^ M ^«lMmu»U| 

grcwik eoMUloM.   Vkt« mm t« • «lo» gifM«»» taMMM 

te intrmiical« ««ck •mt 9f pmmuimm i« Ik» «Nkr «f « «••« t* 

1W ft^fATui«« IW mmmmmml «f «irlM« fifBlrU pmfmtiimm I« 

•tr«IUk»tv or In iHf  flDAl  «t«fi «f l#«l. 
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APÜsr./.V.-.A-CS-KMV) 

Hi- I  lupjil: J.  C. J.t..'|>, Vnlvci&lty of Cri'tun 

1.    General DcKcrlption. 

The period covered by this gmnt  it  from July 1968 through January 1970. 

This WAC divided  for  funding purposes  into «n  initial  6 ronth»,   followed by a 

17 sionth period,  plus a  two month no-cost extension. 

The procram was a Joint one, with separate but complementary projects 

carried on by the  two principal   invest Ic.ators, J. C. Ke  j   at  the University of 

Oregon, and W.  J.   FrederleVi at Oregon State University.    The  tvo efforts 

divided  into chcnlstiy and cryntal  growth  (Fredi-rlcks) ; and ItAce>inpitrlty and 

sli*t)ar studies  (Keup) .    This section of  the I.« port  covert  thr   latter voi» . 

Our alms were  to cmry on ESP. (electron »pin reaonance)  and optical 

aliKorptlon analyf.es of ■tcrtiag powdvrs and crystals produced in Fredericks' 

laboratory;  to develop nw, highly specific ncthods  for detecting the  iuportnnt 

tiace impurltfet  in the oxide itnterlr.1t; and to apply rnnealling,  doping, and 

''.it ion-reduit Ion teclmiqner. to cryatalt grown by l'icc'crlcl i- and by other 

group! p«rttci|)i<lfng in the ARPA oxides program.    This worl- dovetailed with ry 

vth'.r pvogrem,   funded on r   i        v t<  AfOSK grml   thiiK'^li Dttcjnler  1969, 

c-   .   iird with color cei.t.i-   U   •*       ll'aline earth wldrr, 

fian-plri   of F^COj i   ' . '  rs, pre p.irt d with high cheulcal  purity 

by J^rdericlcB   for use ts it*ii*i    i    : < rtala  for grcwlris the oxide ctyütalr, 

v.tr.  tonilored foi   trm el*!   '.  "eca In ojit F-b^nd F-SR tpcclrosieter. 

!-li-   ely  1o?  1c-'elc o' *'• r.. , rt  or bclo; our detect ton limit  (•' 1  pr^)» 

* er« denonptrntcd. 

A critical  probjr    ulti   .-"  r" aline c.-tlb et-'ila rrystalf avaflfhle to 

•' •     !■   that of Ihr Fe eon!   .'. ,   In om   or another of the v«1rrci> states 

•; !, 42, or +3,  lr believed i ■.,..   f Ulc   for fbt vell-lncr^n optical rbiorption 

»•     *••   <•  the i»ear-   lo rf',''lr-u.v.   In tl^^t- fterlaH;  tHeae brnd»  fihlbll   IJ.* 

■.     Full        !>'" :;./■ . o|«rIf-l .■        '1, rnd : '      '    ■   > ••' 

i«   «y n •     ••.!. 11/   .    ■'     ,  •■•.I, e-   i '   ih'   {itiii'tr 

, i :. ; r •• • t*   r  '",,•.   der.r-'o. ** to ld«-ntl'    11 'trw    F«   o-rl«.-! 



* 

there harit arr i-»j|1jr »re«, r%tn in »/«pit» vltli r* c*fTrMi'II«M !»<•* f M 

brlou  1  pi^,  rstcl n»K ci>t   cf  Ih. Ir  Idrpflty VOMI4 pen.It  f«pl4 wxmltoilmt mt 

Fr  level»  In nev ctystaln with greater »rrj m ny 9m4 r*ie  iK«r ky rr !c*i 

activation aaely»!» or afaf lar «ttlMMla. 

Our ftr»i eKperlt^ni» with Hf.Orfe akowl tkat hoik the two fMillut hmH 

at 4.) and S.7 a.v. kav« atrooe NCO (necnetlc ctrrwtar rficKieit..)  yanonw, 

with the characteristic  trtiperature 4ep<>it<hmre» (eaaentlalljr at   IT)  mt pata« 

•aenetlr specie», a» of Iron-group loo».    Through our aouMe>re»eMan«e n«fl>*4. 

In which the chanr.r«  In iho HCD »trenglh are proA»ccrf hy alniUaoaaoa eneltaiia* 

of an KSR line, we have ttfentlfted the A.3 a.v. haatf with, •ptalflaally, *»**. 

Further teniatlve raawlta, not deflaltiva at ihla wrlti*«, awgj^atetf that the 

S.7 a.v. hand la alto due to fa    .   A paper  reporting iK-te e*|Mrlm»»ia| 

reault» will He prepared, although a great deal  re-ti«ii>a fa ha «aJaraioMl.    for 

anaople, the  location of  the fe      ahcorptloo, which ow*i  Includr ane or e*»fe 

strong Hand«  In the u.v.( hoco-te» »ow^lhlng of a ryciny; prv»w«>*l>tjr tn^i  of ih«i 

ahaotptlon llei hejrond S.I a.v.    The vor»^  on th# fe han<f«   I« ^%o-t a  U*» I» 

continued Into the period heyood the and mt the preaanl grault and parallal wert 

on at  loa»t one other iranaltlonttatat twpwrltjr la placed. 

App^rrtu»  for htgh^icftp^rature eewllf|r(.1 lo« aM vef>nr*p*^»e df f«(| of 

aar-ple* vat conktrucitd at  p*it nf iW progra«», »elln^ vtr af ihe iep«l |»(Aucil»» 

hrafrr and |IK» Certorr  ttoegatri«  fernere.    A prcclrc »l*cltanli   |<t^t«fvte 

8i*hllltert a11«r«lng aa^plet I** h« Ir Id within a «a* a«  i«a de^tre it* ^'iatt»f# 

range, war hulli   for the Leprl. 

tucre^fful vapor-pl^ee d^pf*£ af fa, and later a* Cr awd C«v l»i» Rgfl 

cryalal», we» arcrupf Uhed.    Ih* •-•la parpaat %»» la futwl»1 « reai^r af caiMfalt'd 

aawple» for the lm«-gra*v l'ftijr dclreilc« ftr~tt,* *%■***,   Alaag wttli lhl*# 

• twdlet ef the ctuutt«» la the Ff       l fe      ratio /w  la h »Hef aad m***%tm*» 

re«*- 1*t •, »•'  ft, ware alfto c*irl«d ant. 

II.    yeteo,!^!. 

A  full ft»" ii-th-felan, J. C. Vu%ltr, 1^» e«>#fa     • f* I 

•min Jah i*cf to tu«, ihr hlgh*le v'raierw   f»clllilt%,  Imtfodio^ hw(i/ 

•pp*r»tua. 



«•«ll*g Mftlslf  mm ihm  ttlfJUI—f »»twt# »»f ft»—— MH# •» M» ••« «y«!««! 

• l*«s*4»# J    C.   €•»•«  •*«  t     A     »Mt!««,  «••«   «I*«  pMj «w   ««M   t*«M       11»f 

ytrvlawitly W«« •• /f^ttM mm wf ««Wt MWOI t««*1*      l^*f v*1**  •• •*• •«» 

ittmmm**  •Um4 •!   lAt«« |l|«*f |M» #1  li»  t«  **4 •toll««  •%#.Mf4i«»»  M*.*» 

HI. 
ft« 9*fwff« IMNW  M  f>|   »f««*«. / «» it« ff%|««««||f •# ••««•» f«««!«» »I 

I4U  »»«NJ«««.       »«»■••wit, •««••|«|   |w«  • |W«lt»|**tf   f«t««f   «4   «ft» <%*-'• tO» 

••«•llw   9# fl« MMM| ••« • •••« #«Mi^v#v« P^ftf * • w»*» »W«ä##* •♦#!  ^•fti#'Ä«fH •« 
W 

•f ii» •«•««• »f it» r*    w*.«,. •• 
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ll. Al\~.l f~AC 1 v---- Processes developed durinr; the period of the project for the purificaU.on of 
BaO, SrO, ancl CaO are deucriocd. These involve, with some variations, dissolution, 
precipitation of heavy metals and transition metals vrith (NH4 ).2S, filtration upon 
a roillipore filter, recrystalization of the alkaline earth nitrates from llNOs 
solution, precipitation of the carbonates with C02 and. thermal clecompo:::ition to 
the oxides. Analysis by atomic absorption spec-tromet:::·y anl:. nuclear activation 
analysis demonstrates that, exc:ept for the presence of other alkaline earl~hs, 
the purl ty of the starting rrater:tal for crystal grm-rth is markedly improved by this 
treatment. 

Apparatus for crystal e;ro,·rth :from the molten oxides, by the Czochralski method, 
and fro1n oxide poHders by tl:;.e Verneuil method usinr; a plasmn torch, has been 
constnlctcd. F~pcrimcnts to ascertain the correct parameters for successful 13rmrth 
of single crystals arr> incomplete; the probaldlity of early success appev.rs hit;her 
for the melt-grc;·..rt·.h :nethod. 

By means of' a 
c i:rcu].ur u.i.chro:i.s:n 
ar>sorrJLion bD.ncl j I' 

dou.blc-rcsonance method in Hhich the mD.gnitude of the ma.c;nctic 
J.s chanc;cd by simultaneous l•!SH excitation, tho lf .• 3 eV optJ.caJ. 
I:!c;O has been definitely sho;m to be due to Fc3 +. 
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