AFOSR Accession No.: AFOSR TO-OLUSTR

AD706924

Final Report
AF-AFOSR/ARPA-68-1609
ARPA Order No. 1184, Amendme-nt No. 2
Start Date: 1 June 1968
End Date: 31 January 1970

PREPARATION OF CRYSTALS OF ALAKINE EARTH OXIDES
AND REIATED COMPOUNDS

By
W. J. Fredericks, W. A. Propp, R. Tanner
Department of Chealstry
Oregon State University
Corvallis, Oregon 97531
ard J. C. Kemp
Dejarunest of Mysice
Universivy of Oregon
fugnio, Oregon J71803
51 Juumry 190
Mesearch eperac. » ', ks Alr Foree OfTjce of Sclentific

meearch, OffL o & rwa;u @ Meecarch, Uuited Glales Alr
Fasce.

1. This doners" "aa Lo apgroved for pebilc reloase ant
saleg Sis #islrilie Is o limited,

Sapgr oo et oy o
SRR R AL AL 0 R Y




DISCLAIMER NOTICE

THIS DOCUMENT IS THE BEST
QUALITY AVAILABLE.

COPY FURNISHED CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




11
I11

v

Vi
Vi1
Vil
X

n

TABLE OF CONTENTS

Introduction

Purification

Chemical Characterization
Crystal Growth

Physicel Characterization
Summary

Major FEquipment

Personnel

Bibljography

LIST OF TARIES

fesune of Salts

Annlynes of Alkaline Farth Salts



POV

e mme et

I. INTRODUCTION

The principal objective of the reséarch supported by this grant was
the growth of high quality single crystals of Ca0O, SrO, and BaO. The program
undertaken to accomplish this was pursued in four parts: (1) Purification,
(2) Chemical Characterization, (3) Crystal Growth and Improvement, and
(k) Physical Characterization. Initially eaéh of the four parts could be
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
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
Chemical purification procedures have been developed for BaO, Sr0 and
Ca0. These produce relatively clean oxides for initjal crystsl growth
studies.
The impurity prodlem has deen most estencively examined for CaO. In

(1,4,6,7,8,9)

general , previoun vork shovs that one of the eajor gources of



impurities in the alkaline earth oxides is the cross contamination by
other members of the group. In addition, contamination from the traﬁsition
metals, i.e., Fe, Mn, Al, Cu, and Ni, and, almost ﬁniversally from S1,
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 possidilities of impurities being
present for which no analysis was attempted or which were present in amounts
below the detection limit of the techniques used. In addition, the amounis
of each impurity present vary widely, from a few ppm up to several tenths
weight per cent, depending upon the source of the material.

Therc have been several different attacks on the problem of obtaining

pure alkaline earth oxides. Ewles and Lee(IO)

prepared pure CalO for

luminescence work by dissolving analytical reagent grade Ca.CO3 in doubly
distilled HNO3, followed by repcated treatment of the solution with

ammonium sulfide solution then filtration to precipitate and remove the

heavy metal impurities. The Ca(N03)2 wvas thermally decomposed to CaO. Gambino(S)
prepared Sr0 by precipitation SrC,0, from a hot solution of Sr(NO3)2 using
(nnh)acaoh as the precipitating agent. The oxide was again obtained by

thernal decomposition of the oxalate. Sproull, Dash, Tyler, and Moore'l)
prepared the oxide by thermal decorposition of C. P. BaC03. Phillips, Nelson,
(2) (11)

and Kraus' °, and Phillips, Kraus, and Carlson » separated mixtures of

the alkali and the alkaline earth ions into varfous components using Zirconjum
molybdate or Zirconium phosphate jon exchange resins. The wvork of the last
tvo groups vac not, hovever, complete in terms of providing a method of

purifying the a)haline carthe. Finally, Iynch end Ia“"-(a) preparcd Bad
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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 purifyi;g the alkaline earths.

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

Lander(3) vas considered unsatisfactory because the hydroxides only decompose

at clevated temperatures and melt before decomposition(13’p2h8;lh’pphah'hss’

h96'h97’606'607), the highly caustic nature of the melt greatly increasing
the possibility of contamination from the decomposition container. There
is some evidence that na(ou)z. at least, doesn't completely decompose even

at high tenperatures(ls’pp765'766).

Further, additional problems arise in
the handling and storage of the hydroxides. Attexpts in this lad to decompose
Ba(llos)2 led to similar problems, f.e., melting and incomplete decomposition,
so were discontinued. Thercfore, the methods of purification developed have

(10)

been based, in general, upon the vork of Evles and Lee s Vith the

carbonates deing chosen for decomposition to the oxides, as suggested by
Sproull, gg;_gl.(l). The carbonates vere chosen since they are relatively
insoludble and casy to precipitate out of solution, can de readily dried, ond
are not dcliquescent or caustic ro that storage snd handling arec nc prodlen.
Also, they sre susceplible to thermal decompogition, vith the ease of

decomposition depending upon the alkaline earth(lé’pJIG‘lk””253'?5‘).

l. Purification
Tvo genernl proceduree for purificatios have teen developed srd vi))

be écseribed $n dctaf) belov, The procedurcs toih lrvolve precipitetien of
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the heavy metals as sulfides or hydroxides from a solution of a soluble
alkaline earth salt by the addition of (“h)zs solution, followed by
filtration to remove the precipitate. After the excess (lu,‘).‘,s is destroyed,
the salt is fractionally recrystallized at least once to remove impurities
vhich do not form insoluble sulfides or oxides, such as the alkali metals
end the other alkaline earth mctals. The alkaline carth salt is then
redissolved and converted to the carbonate ty making the solution basic
vith 154 am3 and then buddbling CO.‘, through it. This process is essentially
a precipitation from homogeneous solution (See any recent quentitative
analysis dook, such as (12,pp138-1h1). As such, it provides a further step
in purification, giving = precipitate vith fever occlusjons and less
co-precipitation of impuritice. In addition, as vhall be seen delov, th.s
Lyp2 of process can sllov more careful control of the purity of the reagents
edded, than §if, sny, (u.,)aoo:‘ eolutfon itself vas made up from the e0)i6
salt.

2. Suriing Materisle
T™he etarting materiesls precently ueed arce noderately solutle salts of

the alkaline cartha vhich contlain as fev valers of Npdralion as pescible,
since the valers of bdydration terd Lo isterfere vith cMlelning gotd fractican)
recrystallizations. The ealle weed are: Warium acelste, stresifum alirele,
ond eslclum acelate. A)) materials are Peagret Cende. The Brand ¢f nateriel
ray vary for eech olbalise earih aad frem tatled Yo bileh @ \he olartiley
mleriel, degending om 0 esalyrer. Fawever, Paker § Aburson Bengetl Grale

seens geretally satlable. Vo polod wp The Corl Al Seopent Gped



can indeed vary in impurity content, the annlyses of Mallinckrodt and Baker &
Adamson Keagent Grade barium acetate can be compared (See analytical results).
Obviously, the Mallinckrodt salt has a much higher strontium contamination
level, and is in fact unsuitedle for the preparation of pure B.(:O3 due to the
high strontium content in the carbonate. Each of the salts listed above

vill recrystallize from a hot, concenfrated aqueous solution as either the
anhy“rous salt, or as in the case of c-(c2u302)2 as the dllqdntc("'-!-'w”l"
615-618,11,pp1509-1511)

The other reagents used in the process are: (mh)zs solution,
Mallinckrodt Analytical Reegent Grede; 15 m m3. Reagent Grade; 002. C.P. or
Commercial Grale, vhich i3 99.5% pure, the main impurities being 10, 0,,
and I‘?. vhich do not interferc vith the process. 1In one of the procedures,

(] uo, fs required. This is profuced by &iluting Peagent Grade 16 K ¥MNO

3
vith de-jcnited N,O. 1n addition, Reogent Crede 36 m, is 3)s0 uaed fteelf.
Al) n,o waed in the proccdures s do-jonined I,O.

The neatl step 10 ingrove Lhe puritly of Lhe cartonatles vill be to
produce cur ova (u,),s soluticn oad 35 N By, The Mallinchrodt (H‘)IS
solution apparcully conlalns some polysulfide g0 Ul wpen decompusition of
the ercens (M),ﬁ. » sulfur precipitate [s oMalaed, vhich ie very Cine
oad S1fTHenlt 1o FIder out. lewsl preducilion of Vhe (30,).8 scivtien vidl
6o owvay vith the palyswifide problen. The slirepure PR OF vill be ured (0
Ve produsiies of Vs (&\),ﬁ solstion amt (o Uhe sarbomnie preciplisiion.

Vet bz elrendy commrnitet Lo praduse 1hete e Pesdeais,



3. Apparatus
Most of the purification process requires only standard laboratory

glassvare. Certain steps do, however, require more specialized apparatus.
All filtrations done to remove solid 1mpnritie.¢. use Millipore filters.
The filters are mixed esters of cellulosc; the filters are plain, vhite
vith a diamcter of 47 mm and a mean pore size or,o.hsu 4+ 0.02u. If there
are large amounts of precipitate, a Microfiver Class Prefilter 35 mm in
diameter and 0.035 in. thick is used ahead of the millipore filter. A
pair of teflon coated twecters is used to handle the filters and prefilters
in order 110 prevent contamination. The filter holder is a standard Pyrex
filter holder modified by adding the female portion of a 55/50 Standard
Teper Joint and a short sjdearm for malking a connection to the house vacuum.
The filter holder fite on top of 2000 m). thick-valled Frlemmecyer flaske
vhich are topped vith the pale portion of 55/50 Standard Taper joints. Teflon
tleeves are ueed on the jointe to prevent any contamination from grease.
Tris sctup allove Lhe cuctien filtrationt to be done rapidly, efficiently,
eod cleanly. Cape have eleo bLoen pade for the flacsks, again from the female
portions of Whe Jolntc. True, i7 Lhe procedure murt be interrupted, the
solutions ean be eafcly red vithout eny fear of outelde contemination.
Al filtration: feavolvirg o s0lld profuct thot is to de saved are
dore waleg Pyrex k:ﬂ't»r fenrclie.
Fienlly, & 1yrer vool Zilter Ie pleced In the QO? line to trep any
soltd o Jlguild teguritice vhich pay ¥c precent. 80 far, ihere has been nO

LY bom of ¢ nperitice ¢f i falure, esen ¢ "ler poveral ponthe wre,
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A gas dispersion tube is used to introduce the CO, into the solution in order

2

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

. 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 (NHh)ZS. The prep. was originally designed specifically for
the production of BaCO3. Later, it was modified to the form below so that
it is possible to produce SrCO3 by this process. The process is unsuitable
for making CaCO; due to the extremely high solubility of Ca(N03)2. The prep.

can be outlined as follovs:

(1) Dissolve a suitable sult in de-ionized H,0 (Use Ba(C2H 02)2 or Sr(NO3)2).
Add (NH,),.8 solution and heat to digest. (Heavy metal3 précipitate
as sulfidés and oxidecs).

(2) Cool, filter using Millipore filter, discurd residue. Heat filtrate
to destroy exce:zs (th)as.

(3) Cool, filter using Millipore filter. Discard residue.

(k) Add 16 M HKO, to precipitute the alkaline ecarth nitrate. (For Ba,
the first fraction is saved. For Sr, the first fraction, ~10% of the
total amount of golid, is discarded end the second fraction is saved.)
Yeal to digest.

"
(S) Cool, filter using Buchner funnel, then wash the crystals with 8 M HNO,.
Aspirate off as much residual liquid as possible. Discard filtrate.

(6) redfpnolve the eryatals in de-ionized 1,0 ond ructionally recrystallivc.
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(7) Cool, filter using Buchner funnel, discard filtrate.

(8) Redissolve crystals in de-ionized H
filter. Discard residue.

20, then filter using Millipore

(9) Make filtrate basic with 15 M NH; (the pH must be ~10 for the most
efficient conversion), then bubbie 002 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,0 until filtrate is neutral, filtering
using Blchner funnel. Dry precipitate in vacuum oven.

The washing, procedure used on the carbonates is essentially the same

as used in any standard quantitetive 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 H20: The H20 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 {1hc remaining base has been removed from the
solid, washing with additional portions of de-ionized H20 with transfer of

the carbonate to the filier is =ommenced. Since the efficiency of washing is

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

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

on for 15 to 30 minutes to remove as much of the residual H20 as possible. °

It has hcen found that it is much better to careful.y trensfer the

entiic mess, carlonate and filter paper, to a cover 22 beeaker and dry il in

T ot



the vacuum oven for about 12 hours at 60° - 65°C. Then, the filter paper
can be casily separated from the solid. Drying of the solid is completed at
90° - 100°C under vacuum. A soft, fairly powdery product results. This is a
such better product than obtained vhen the carbonate is dried in e Orying
oven.

There are three problems ccnnected vith this prep. in addition to the
nuisance and danger of working with large quantities of fairly concentrated
no3 solutions. One is that (:lt:o3 can not be produced by this procedure.

Secondly, it is hard to judge just hov much 8r(l03 should be precipitated

)2
and discarded dbefore collecting the sccond fraction. Finally, it is
impossible to remove all of the nitric acid from the cryctals in step (5).
The solution obtainecd upon redissolving the crystals is still acfdic. Thus,
the recrystallization of step (6) must be donc on a hotplate, rather than

in the cleaner, more contanination free, atucsphere afforded bty a vacuum oven.
Originally, the nitrate crystels vere rinred vith portions of de=jfonized H?o
to try to resove additional smounts of the acid. Hovever, the procedure vas
not effective snd led to lonser of solid due to dissolution, ro vas
discontinucd.

There vas scae fear that rore impuritier vould bte introfuced than vere
being remncoved by the precipitation from the m, solutione Sue Lo Lthe large
quantities of acid necescary and the number of operstions mecestary. Rovever,
there fears proved unfounded, The n.oos produced bty thie proceas g ae purc
or purer than thal produced Uy the second procedure.
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FPirally, onc of the most nagging problems connected vith our analytical
vork hes teen the lack of a good, accurate method for determining the presence
of 81 imgurity in the patrices vith vhich ve are vorking. The chemical methods
esvailadle mecessitate Lthe use of concentrated sto“ vhich vill, of course,
precipitate ot the alkaline earths. Thus much of the 8i could be lost by
co-precipitation. Novever, just recently facilities decame availadle at the
OB Madistion Center for determination of €f by faat neutron activation.

Therefore, vork is nov in progrese on cdtaining 51 analyses.
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Table I Resume’ of Salts

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

2'
BaAcz. B& A, Regt.: Starting material for all batches of 8‘003
nucq3, 8/21 Small test batches run to test BaCO3 prep.
BaCo., 9/10 Used TA and Nil; to ppt. sulfides; only

3 used distilled Hy0; No Millipore filters.
Bac03, [ 1st large scale production batches of 35003.

Batch #1 all uced to prepare Ba0 so was

BaCO3. 13 not analyzed. Used TA and Nli and only

used distilled Hy0; No Millipore filters.

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

of the use of the (Nnh)as solution or the Millipore filters.

Baco3, fh: 1st dbatch made using (Hﬂh) S solution and
Millipore filters; still uged only distilled
Hy0.

All of the above datches were mnde with only the HK03 ppt'n and no recrystall-

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

ization.

Buc03. 15; 1st batch made using deionized 130 and
recryctullization of the nitrate, §.c.
esscntially General Acid Prep.

Bac03. AL Batch made using General Acid Prep.

SrC]2-6H20, B & A, Rgt: Used to prepare bhatches £1, £1°', and
#2 of £rCO03.

Sr(KO3)2, B&A, Rgt.: lised to prepare batches FAL and FAL' of

NOTE: The prime of a batch nwrber indicates that it is a bateh prepared fron

the aupernsienl or 2nd fractlion of the previcus h-tch.



(Tadble 1 contismued)

arco’. '} 1st large productiion belch of BrC05. Used
(miy )8 solution and Rillipore filters; bmt
&Co,, N°* 80 delonized R 0; only 1 recrystallisation.

Batech #1° prepared from the supcrsatast of
the recrystallisation.

8rCO,, #2 15t batch using defonized R0 used two
veerystallisstions of the SrCl,, §.0.
essentially the same as c«mf Bom-4cie Vrep.

8rC0,, AL Produced ucing Sr(B0.) ar startisg material
ond Genera) Acid Prefi. Rateh #R)° pregared

8rCO0,, FAY’* from the 20d fraction of the nitric acid

ppt'n.
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I¥. CRITVAL GawiX
T™he OO crystal grovid jaogram has bece €irvcied toward ke grovid of
20 frem selts, e, £40 and Cad Wy Lo Verseull swikod In a plasma toreh, ond
by vagor Lraasport techalques. This part of he program required much
oquipnent design and development as vell o8 assemblisg 1L into fuactioaieg
oystems. This report vill include only brief édescrijptions of the present

apgaratus asd technigues.

1. ) from L

The apparatus presently uced for Lhic experinent conciste of & pulling
sechanian of local deaign vith a rotating vater cooled pulling rod. This rod
holds Lhe sced and enters the grovih chanber through en O-ring scal in vatcer
covled Lop cover of the chanber. The chamber fteelf s a 2 inch dfnmcter
quarts tudbe approxinately 18 fnches long; the middle 12 inches arc surrounded
By & Iyrex tube such that a 1/h fnch anmulus §o formed. Through the ennulus
vater §is ¢irculated from a tangental inlet at the bottem and an outlet et the
top. The fridiwe erucible vhich holds the Bad fe supported Ly a graphite rod.
T™he graphite rod o carricd by an aluminus rod through an O-ring cenl in the
bottom cover. The graphite rod is inrulated from the aluzinn Ly a Vycor tube,
At the upper end the graphite rod is screved into a larger graphite rod. The
Jarger rod cen be smchined to fit the crucible or ehaped to provide varioun
coupl ing confipfuratione to the R.F. induction coi) used to heat the sample.
The Induction cof) §s approxirmately 5 turns of flattencd 1/h fnch copper

tuding couvpled to a 2 lepel D207 generator through a 6:) trenaforner., The
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20T Lo ogerntied (n the Elilohoris rusgs.

The grewih chamber an B¢ clider evarustied or flushed vith ergem
or beltun. ALl netal surfaces esgosed L0 the grovih chamder ore almnism
or scacl and are vater cooled. WVhen required the fzsife of the grovid
chanter can Ve conted with o reflecting cxide (g0 for example) to cut heet
Jossce. Al) eurfaces §n Lhe grovih chamdber are hept Selov 100°C emeept
the crucible and the graphite supgort on vhich the crucitle rests. All
eraphite §s baked al lemperatures vell alove the 1950-2000°C region uced for
MO grovth cxperincnts.

In operation the Ra0 fe placed in the iridiun erucidle and heated
belov red heat for several houra under vacuun Lo remove absorbed gases.
On occazfon the uco3 ie dircetly deccomjosed in the §ridfum crucidle under
vacuus., The chanber §8 then £illed vith helfun and a elight flov of heljum
outl a e=all exhaunt part in the botton cover §e maintained. The crucidle
fe then quickly heated to above 1100°C. The purpore of this operation s
to remove an much sdeorped oxygen from the BaO ar porsibic at temperaturces
belov red heat where fridiue oxide forms. Then to get the temperaturc above
1100°C, where the free cncigy of formation of fridium oxide becomes ponsidble,
ar quickly ec poneible. 'This techuique vorke reeronatly well so long ne
the Ba0 is frec of Bn(()l:)z. The na(on)a melte around 1250°C and rapidly
attecks the frfidium crucible. A similar technique can be uscd to decompose
BaCO3 directly in the grovih chamber. Care nust be tuken to completely
decompore the earbonute before getting the temperature wbove 1450°C at vhich

the carbonale meliz Beenune jU attneke Lthe fridfum vhen =olten.



The graghite crucibls st be Cesigunt such ROl (U grevites Ve
sececsary sxailiary couplisg Vst docs 20l come §sto contast with the MO,
Bear the melticg point Fad reatis vith the graghite o form Purium Carbide
vhich §s quite volatile. The comirolled simosphere a0t enly grovides o
clean enviroement for the Bad Yut also provides & elresm of gas Lo remove
a0 vapors from the fnmediote grovih region. IU wvould b Setler (o wee o
gns vith a lover thermal conductivity then helfun, but the high Lemgeranture
and eleetirie field tend to cause fonfzation of gases such o argon. This
leads Lo a catastrophic arc and Lhe retuilding of the grovih chamder.

The present prodlems vith the systen fnvolve reducieg the heat loss
and incrcasing the RI’ eoupling to the crucible. The system vill reach
1950°C at the crueible vall Wt 2he heat transfer §nto the MO charge i¢
very inefficient and a nrelt forme on the crucible vall wnich e vetl YWy
molten BaD. This caures the rolten portion Lo pull avey from the major
nass of PaO. The protlc: vill be rolved §f ve ean Increase the ecoupling or
dcereanc heal losser. M igchi chenges §n the coupling cofl and the erucibhle
holder ore being made, /v rdtitionnl ehunge thatl nay Inprove the temjoroture
vill be to use argo:s heltus niviuece as the fNushing ens.

Sampler token Sros the vr)! of the contafncr ehew Lhe melt containe
iridiua., Thie appecrarce rugreets that this g the fora of emal) free meia?
perticles. Whether theszc particlen vill be jreorjoreted §n pulled erysiale
vill depend on the egitution of Lhe melt enused by the fnduction ficld.

Tre quantity of thic Sridiwm partjelen forrned tpjonie Lo dopend on the smounl

of 0:i” or O? ye winine fp Lthe D20 jonador ul Lo res sbove rod heal
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The present clement is &0 ril Mo wire wvound on a pure A1,0, core
1 3/0 fnch in diamcter and each scction is T inches long. This clement will
operate up to 1700°C. The vapor pressure data availabdble suggest that this
is a reasonadle tempcrature range for material transport of a uscadble rate
for Ba0, 8r0 and possibly Ca0. Howvever, the uncertainty of the highest
temperature required for vapor phasc grovth forced us to design furnace
cases that could also use heavy, frec-gtanding clements. The cases are
designed for use up to adbout 2200°C. They are vater-cooled, vacuum-tight
Al cages. 7o chunge to free standing clements vwill only require relatively
ninor changes in the installation. The elements are mounted guch that
it can freely expand. Accens to the grovih chamber ic through quartz
vindovs on the end of the furnace.

The control nystem is of a master-slave design. Master Control
1o by a Barber-Colez=an 5h1B at the center zone. It slaves Barber-Coleman
359 differentia) drive 620 SCR pover controllers vhich couple through
variable trwisformers to the furnace clements. The variable trannformers
allov coneiderable frecdom in element design.

™o three rone syrtems have been constructed. They were completed
at the ¢nd of this contract perfod duc to delays in construction of the
furnnce ensea. Inftisl vapor phasc experiments are undervay in one. The
other will be uncd for chemical trensport growth studies on the cyclem

Ca0 in NC).
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k., Crystal Improvement

The apparatus for anncaling CaO, Sr0 and Ba0 is available and
operational. It consists of e Brev k66 Tungsten Yacuus furnsce vith
programable controls. The containers for packing cry:'als in pure povder
of the same oxides have not dbeen constructed as ve have as yet to get
suitable crystals for anncaling,and their assembly is simple. All other

equipnent for cutting and polishing is availabdle.

Y. PHYSICAL CMARACTFRIZATION

The mal: .ty of cquipment that will be uscd to rurvey the phycical
propertics o. thece crystals vas alrecady available at Oregon fitate University.
We have fucilities for optical absorption studiec from 33 vave nunbers to
1650 Angntroms (Perkin Flrcr Model 450, Leckman JR-T and IR-11), for
fluorcscence excitation und enfnsfon (Perkin-Elmer Moded W50 gpestrofivor=
cscence ettachzent), o 15cht neattering (Mochemirtry, br. 1. lsenberg),
for electron and optice lerorcopy, and for ¥-rey diffraction (G.E. XMi=5).

A fucflity for fon’c ccuductivity fn the temperature range necesepry
for CuO, BaO, and {u?’ 1 cd under thie grant. Thic eyeten
rupplencnts cquipment u ' ‘it for D.C. conduclivitly of Snsulaling
erystals and the dats outjul f the nev apparetur fs comprtsble vith
exisling cquijecnt, Recaune ©f “he length of tire required Lo mensurc
cond\'l:uvity verses Lenperature vhen the temjerature range is dearge (e;jror-
fro:tely 300 to 3600°C) mnd at least duplicnte rune  rusl be pade seguentially

®C oyt of Lon 3 requircd. The syel 2d e 2oc. RO



avoid clectrode prollems. The cosductance and capacitance arc nessured

% & General Eadio Nodel 1680 bridge. The temperature is measured by o
thermocouple and fte outjutl converted to & frequency bty a Rewletti-Packard
voltage Lo frequency convertcer Nodel 2212A. This frequency is counted by
8 Noncanto preset counter. The preset feat e allovs the voltage to be
converted from frequency to teaperature. Of co ‘se, the temperature
presented in this device rust dbe later converted Lo an accurate temperature
vith higher order corrections, dut the rough corrcoponience makes for easy
set up vith fever errors.The outjputs of the devices are fed into en Interface
of local constructjon vhich sequences measuremente and shifts all outjut
levels Lo be compatnble vith a Moneanto printer Kodel 511. The systee vill
take an excessive amount of data if 1ift to run freely. The rate of data
caleulation s coutrolled Y n sccond presct counter vhich Instructs the
nachine to rensure ot n rpecific tire interval or tempernture interval.

The tesperature eontrol =;ctess (Marber-Coleman Mode) Sh1R and 621 SCh)
increnses temperaturce nt n prenct constant rate until “he maximuer set
tempernture ie reachod, (i leercusee the temperature vuti) it reaches the
Jritial tewpersture, AL iz Line the entire apperatus shutls dovn. To
pnke piniler messurc .t 1y hen! requires 16 to 18 hours of continuous

sltention.,

V1. SUMMARY
L chenienl mathod of purificalion of a0, €r0 and Ca0l has been

dove? 1. It oy viden of pregtor puril; n prrcvioucly availalle,
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The aethad vinid B¢ v more ofTeciion £F an edamic ABumrgfiem Sgniise~
oster vere avallatle fa our lodwrwiory o grevids guallly emirel op Wis
perificetion vas (o gregress. IV fo owr prine sret (4 Vetier VAe preneds .
Taere seem Jitt)e rseguirement for Velter Gilées antll ov oan grew erysials
of comstrolled guality. Then Sireet renctiion netinde oill W Wiet,
Crystial growid otwllies bave reacdml the oritioal stage (a Uhe ol
esd plasan tored tecdoigue. Mtk spetems ars Dunedlening eRrvertily end
Lhe pajor prodlem remaintog (s Lo gel e parancicre of e sysion giopmrly
sdjustied, t.e, povier feed, beal Josscs elc. This (s Jargelsy o predess
of Lrial and error. JL sygears ot (e nonest (ke spstems shimdt grew
erystale thortly. The wvagor jlase and cdamiea) Lrwnrgirtl wpwrivends ope
Just getting usdervay. Ve vill el (o spstenat feally sevred for carvest
grovih conditions. Thir ean b2 o slow process Beewmse the Line reglret
1o incestignte coch eel of paramelore fe the order of » veed (0 Leo Sady.
The spgnrntue for neasuremert of varfouws plystes] pregeriles is

avallable or §In the fisn) slege of teet,
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¥iil. PeRCCORRRL

Puring Whe emwde of his geogram ¥, 2. Prederichs vas princijal
tansetlgnier, M. Rolart Tuaner was senior lesdmician concermed vith

eyereiion of eryeial @rewing egulgmest and MWr. V. A. Propp, research
eretetant,, wes eencerend ViR e porification ead axal;sis of Lie oxides.
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Final Lkeport: J. €. Henp, Unfversity of Cregoun

I. Gencral Description.

The period covered by this grant is from July 1968 through January 1970,
This was divided for funding purpoces into an initisl 6 months, followed by a
12 month period, plus a two month no-cost extension.

The program was a joint onc, with separsate but complementary projects
cerricd on by the two principal investigators, J. C. Kep at the University of
Orcgon, and W, J. Fredericks at Oregon State University. The two ef forts
divided into chemistry and crystal grewth (Fredericks); and trace-inpurity and
sfnilar studies (Nerp). This section of the Keport covers the latter vork.

Our aims vere to carry ou ESR (clectron spin resonance) and optical
shsorption analyses of starting poeders and crystals produced fn Frederficlks'
Jaboratory; to develop now, highly speeific nethods for detecting the fuportant
trace fwpurities fn the oxide mntericls; and to apply ennealling, doping, and
o:fdatfon-reduction techmigues to erystals grevn by Frederfclke and by other

gooaps partfcipating in the 2000 o:fden propras, Thic vorl dovetafled with wy

ctlor progrvem, funded on ¢ c te AYOSR grent throuph Decemler 1969,
concerace with color erntors Tt alkaline earth oxidern,

Sampler of ReCOq cod 500 ters, prepaved vich high chenfenl purity
by Yrederfeks foiv use oo viovito: g riale for grozfuz the orfde crystale,
vere ronftored for tram ° : © 2cer fn onr V-brnd FESR spectvoseter,
Eytvonely lo: lewele of ' * o 7t or kele: our “otectfon Jinft (21 ppo),

vave demonstrated,
A eritfcal peoblec it 231 2 Walfue e2ath enlds eryrtale avaflehle to
Cote fo that of the Fe cantoit. 1en, tnoone or anciher of the valence rteten
Yy 42, oY 43, 1z bhelioved a0y !hle for the well-Ynoen optienl shaorption

Fooda B the veare (e st canve, $n thicre prterialy; these Yends fehihit tie

' n} r ' rl, end $

pevi? L 1 ¢ ety tree Ay §o 28 e [ &5 ¥ o= 3¢ ‘



bands, using & porrerful Effeazncte-optical nethod ve Yave fev. loncd, Sfre
there bands are ca3fly reen, even In seaples vith Fe civzentsztions v o3
belov ) praa, establistuent of thelir féentfty vould pernit vapid ronftoring of
Fe levels {n nev evystals vith greater sensitivity and esse thee by pucleor
sctivetion analysis or simflar mcthods,

Our first cxperiments vith NgO:Fe shoved that both the tve fantliary bends
ot 4.3 and 5.7 e.v. have strong HCD (magnetic circulor dichroism) patterms,
vith the charscteristic tempevsture dependences (essentially st 1/7) of pave-
magnetic species, as of fron-group fons. Through our dovhle-resonsnce nethed,
fn vhich the changes {n the MCD strength are produced by simulisncous cucftstion
of n ESR line, ve have fdentiffed the 4.3 e.v. band vith, spectfically, Pe>.
Further tentative results, not definftive ot this vriting, svzrrsted thet the
5.7 e.v. band s slso due te h”. A peper veporting these exporiomental
vesults wil] be prepared, slithough o great dee) reveine to be urderstond, Feor

exrsple, the Jocation of the h"

shsorption, vhich must (nclude e or nere
strong hande in the u.v,, beccmies semnthing of & rystery; prrsurnslly nest of theat
sbsorption lies heyond 5.7 e.v. The vort ea the Fe bhands (o belng sctively
continued tnto the perind beyend the end of the prescnt grent and prrallel vedd
on at least enc other transition-eeta) fupurity {a pleseed,

Apparetus for high-tenporature vadfficotfon end vopoar-pluse deplog of
serples var econstructed ec part of the pregrea, seding vee of the Lejel foderiies
heater and the Centore tuegetcr frrnace, A preciee electrenie trageostvie
stabilizer, alleorsing sanplee tn be el within ¢ oo o1 tvo dojtre tengmerture
range, vag bullt for the Yepcl,

Suceessfn) vaporplirsc émpleg, of Te, end Jater ¢f Cr snd Co, (1o 10
erystels, son accoupliehed. Yhe oo in prepose ves to furnled 2 t2ogy of tentralied
senples for the from-grouy faparity deteetfon prontze 2hore, Adeng < th thie,
2

etudtes of the chisngea tn the re ™ t Vo' gatle ¢or to beetlng emd it ie

reductien, vie ECR, vore pPlen ervricd eot,

1. Fercecacd.
L tl)-tlee techotelen, 3. €. Reabor, ves oo t

L) [ ] 1 ]

wain Jobh vier te tuw the high-teoprratots factiVitics, in el

opnctelusg,
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