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Cuarterly “rogzwes Repewt #72
on
The Study of Opticsl Zreparties s Callective Oseillstives
in Baw ¥alid State Heterials m! a8 ¢« Punotien of Teupersture
Using Infroved snd Rasen Tesholguea

Boms alsetromic difficulties have Besn superienced with both
interforonctete but these have sow beun selved aml they sre now back (o
operatien. Both Golay dstuctors had o be voplaced. The F5-720 is belng
usad suceessfully with the high preasure diamend cell and the thallios
hliiu (ﬂmutly the pilﬂc change ia TA1) are wodsr jovestigstics.

The lmf Raoxam imm fe wnder wsjor modifisation. The new
double mmm s mm dolivery from Spes industries smd will
hove a linser m m‘n@ Thia uiii aliow wore comeenient cslibration
with diffevant lmmr ﬂmm The sewren optios is being completaly re-
deuigond to tuw !u' m dﬂﬂml seattawing pposstrios of forwerd snd
backword su wll u;tﬂ-ﬂt sagle. ieceptamce of ligwid bsliuwm eryostste end
bigh prassure cells will be sccommodsted with the sisfoun smount of fncon-
vintonss, Shieldlag of the Ho-Ns laser iv Recusssry as the N.-F. dlechovge
uppets othay oxperimeuts in the 30lid State Osewp,

The Xrssers-Eroniy pregram hos besn compluted by B¢, arvish before
be left aad allews for calemlotion of the real ind imeginacy narts of tha
dielestris cosstant and conbuctivity. It will sesspt reflsctivity dets for
amy wugle of mﬁm sad in sbout to bs testad out ssperinemtally sud
sualytieally.




Kany tatansive studizs that favoelve Usstem gpectrosecopy ez an
shservational tvol slae vaquive the zomtrol amd varistion of Lomperature,
4 gomwn spectrophotemster wued fm such work 15 the Cory medsl Bl with He-¥e
lasse sxwsitstion, Im that instrament, ths laser baam in directsd ot the
zample from owerbaad, rendering the wew of ssusl dewsr desige impracricel
{f not iwponpible, Although loag ters pyeeision comtrol of the Lemparatures
aktafaed wes not deswsd mwcensery tn the amuthoxs' mork, (t wes desived that
the cative songe from 300° to womowhat bolew 207K be sttaimsble withowe
chaugling sritics]l sample {llusiostion peemetries. ‘law, (t was cousidersd
warthubile that sewplo chauglog be quick and senvanizat sod thes that tew
serature cycling be faivly repid within the sbove vemge. It wes felt that
the besk mesns of desliag with these tecuirements and restrietions was
through the use of » cell wbich athieved tewpsraturs sentrel by messus of
precoelsd ov prehosted gas ddvected at & watsl Block im thaxmal costsst with
the substzuce under study. :ﬂmmﬁm vepultad from these

the call constints of fowr pringiple elemsuta shich are showm in
Fig. 1. ¥lewent I {v = sodified transfer tube with m expanded outer Juskat
st the iuterface wvith che rest of the uystem to which on 0" ring seal 1
effestod. ibout this suxpandad asution is 2 ving with s longitwiinel sist
m-qua%nmjmgsmgmtmmw
m:mm.nanmamutnmamm:maw
dlstamce from the back of the somple Blovk.
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Element II cosalsts, {n sesucace, of the above-mmutiened "O%
visg sesl sppeshly. radial wveat hwoles ddatvibutsd bout ity circusference
to releese spaat coelent gaw, 2 aber: section of tube to Weis with tha "o*
¥ing sesl 1o elamest IIX, ssd o cescontric faver tube which swpperts Che
espper ssmpie bloek. The owter tubular gentios serves a3 a poviien of the
Suter voemen Joelieot aud the coppey sample bloeh featewvns a2 + x 20 thresdad
bole wn ite seople fece to sceept tha aetus]l sawsle holder. Fart way bsck
from the sseple Bleck & copper sollsr is wousted o2 the teba sz vhich a
redletion akleld which socloses the samgle ares Bay be wsuated by s saug
fovee~Eit, Zlectyical lasds say he led {ate the ssuple stes by secos of 2
slet in the collar. Thie sollar, ad thas the shinld, are coeled by tha
exiting soilant, whieh slss serves te zoul the outer case of the transfer
tube. austhor sletted ring clasy vorrousds the suter esscentsis tube to
astablish the loagltedinal levation of the sample aves vithin the cell.

Elewunt 111 serwns as s mewnt for & pang~ont port 3l fer slee~
trical fesdthrnughs iate the ssmple srez. It aleo swamate the preceding
portions of the asll so the tall portios of the wacews Javket. 7Thix slement
socaiats, In sequonce, of the "0% riug senl ssesubly for slosest 11, the
slectrical feedthrough ssaebly v o dussentablas fluage and opposite this
2 pwap~out povt iwcludiog s valve to leslate the ecell, and an “C” ring sesl
sasesbly t2 foin to the t3i]l vacwoam jaskor.

Tiemont IV Lo the tadl sesticn vsowus fesket. TYhie sonsiste eimply
of & tube torminsted st ous end with = pectsaguier Bleck contsising perts,
“9" riag sesle, smd mownting »reovisien fer windows of stttz or ather
naterial.




Tesparsturss up to spovoximately 150% could be abtaiwed by
vepizeiug elewonr I (mediffed traasfer tubs) with » porcelain tude svouad
vhich o sichrons Restur was wrapped and through whick the gos was »ossad.
Fluce slavated tamporstuves sould be edtsined mors eseily by othar mesns,
hevever, heated alr (or aftyojen) wes vead primerily to werm wp sn slvesdy
eold cell if condensstion en the csmple waz 4o be avolded. Cold ges wes
sbtatued in one of twe waya. Firat, unitrogen wzs passed threugh s ceppor
zoil lemavsed sithar 1% 3 dry ice-nestome solution or {n liguid sitvegen.
Fesumd, am apprexiwately 10 oba wirewsusd resister cowered by & comsercisl
15 w, 5 amp verishle powor supply was used to bosl liwwid heltem. 4 modified
tip on the tremsfar tude secepted the gue shove the liquid, pzesed it thawugh
an outet tube to the tip's wed mear the bottom of the dewir amd hencu threugh
su fwmew tubse te Cha transfor tabe preger.

A stamlerd Jands Besssrch Co. flexible traucfar tubs wes uvsed for
the heliws gus. ©Ena snd wap modtfied by being shortencd snd given an supanded
jachet ap indiusted sheve. The tube wsed for mitrogen was mevely the expunded
jochut amd ohurt vasusm-imgelsced tip singe the sold tempersture bath was
cosmonly plsced near the coll and a shert plece of invulated howe connected
the zoppar eoil ia the hath te ths osll.

Although the design iuciudsd provisiona for pariial teuporstsxs
sontrel by sdfusting the distence from the trenafer tube owtlet te the bask
of the sxapls blosk, 1t was feuad thet thie did met have s usefully levge
effsgt within the rooge of sevemant sessibla (~ 237). Thus, all tewperatwrs
sontrsl was ashievad by sentrelling gos tewpsrature and flew vate. In Fig. 2
ers dats Tepresesting the avarsgs couditisns sncoumtered in ottempting te
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meintain low temparastures with celd holiem gea. Comvemient coutyel comid be
shtaimed 15 the vagion 29°-30%% witbout the shicld omd 8°-21%F wied iz,

vithin these regions temserstuve could be stobilised within :0.2°% for saciods
of 30 mimates oF move. The lovge sopper block dumped tewpersture Fluctuatien
due to variations in gas flow vith an cstismsted time comotent of from 2 ke §
minutes, dssending on temporsture. The rvadlstion shield mountiog esllsr was
showt S 3/47 fvem the swesle sves sud st lover sewple tempurshures the shield
opexated at frem §0 to 53K,

tt higher tewporatures the radistion chield still had cows effect.
wieh (¢ instelled temperstures from ewssntlally that of liquid sitvopen could
be obtained using nitrogen coeled in & buth of the Iiowid ges: witheur v,
roquived gas flow wos tos smell for good soutrel st sbout 126",

Using dry ice-scstons ss the cooling Bath, tsssaratures froa 2607k
gould be obteined by reguloting gos flow slome.

Tomparstuvasn sbove the {ndicasted vanges Tor heliun- o¥ aitrogan-
cooled trannfexs could be sesily attatned. Wowever, ths zmsll gos flow
requivod vendered ¢ontrel somevhat unewrtain with the resnlt that leng torm
stabilisation te Matter than +2°K could aot bo obtatned. In the case of
liquid sitreogen conling, this could casily b civeumvented by a less offisient
hest axchesger In ths beth oF & hesisr wn tha tremafox twbe. ¥z liquid
haliun sooling, 5 hestar sould sasily bDe mmunted in thn semple svex fer
dynsnie best flow balencs st higher tomperstuwres. In beth coses, exact
temparsture control wis Aot requived by the authors in the ranges indicated
e those wedificotions wars met effected.

In genexzl use, it was found thet tampevetuce cyeling could be nele
guite vapid. The trameitien from 3007 to 207K conid ba mede in sbow 16
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sinutes, with the warmup using hested wir recuiring zbout the same length
of time,

Controlind, slow tempevature sweeps were slso nulte esxelly scooms
plished permicting dotailed ememination of the uffects of phase trmsitisas
on the spewtes.

Hoshanically, the cell proved auits comvenient to wsz. TYha tafl
jocket was clomped into the sample < 1llusinsting cheeber of the spsatrometwr
by & slottud riug mouuted on f¥a cnse. The cell fteself wae swpporead by =
patly of chaln vlasps seonted on an optissl ¥all sligoed with the spilc axis
of the Cory spestrometsr. This pevmitted the coll (without tatl vacvum
jeokat) ¢e be guiskly sstracted frow kthe spectromeber by sltiding fts wousks
stony the zail. It weuld then he very sssiily wetursed to its previous con~
figurstion. Zewple ericutstion 20uld be agvoupliohed guits sseily bevswse
of the longitudiasl eni retstionsl dugrees of fresdom. 3lse, the tvansfer
tube portion could be yasoved witheut significantly disturbing the rewsinder,
thus perwitting opevation sver ths entira sttaissdie tempersture vaaga with-
out sttentiss to optical siigamext. The 2sll conld sasily be cenfiguesd for
varicus sueple illwmimstion geomstrias by providimg varicus tatl jeckets -
relativaly smsil plecss o mske. Considevsbis frost would butld ws whout
the gaue vente but did wot prove 2 problem. Gteinless steel wos used
mclusively except for the soppsr gpertiens with the vesnlt that the cold
porticns of the case wers quits localized dwe o ths pooy hest cosdwetion.

The sudtese of the tell as spacifieslly appiiod te stwiies luvolving
the Cavy imstrusent, slsag with its saali siwe, light weight, essily changed
geametyy, snd insenaitivity to sperating sesitien, suggested 1rs uwsafnlasse




-7-

in 2 wide vaziety of aoplicstions. It was aselly sdasted for wae with the
Spex double momechroaster with isser exeitstion simge it ceouid, with s nisious
of sxterasl support, be moumtwd verticaily va the 1lid of the sampis illusinater
swpplied az sa option with thst instrwment. Its aperatien im that configuvs~
tiea did not very significaetly fvem that deceribed above. Ooevatsd wer-
tically, 1t could xlso br vgad ax 2 conventicasl devey for ligquid aitvegen

#od warmar baths. 7The Leld time for the smnl]l cumomcity of liquid nitvegen 1t
wonld gontsin preved to be svpremimetely 40 winutes, gensrslly sdequste for
spectroscopic wexh,

The cell'e versstility wes extended zo infyvared (avestigstions by
uveing Cal snd polysthylene windows, efther on the same tall veowsm jsrcket or
o spother. Im thiz ceafiguretion 1t hos been weed in tressmission with
#orkia Zlser wedeis 301 ant 521 greting lastrusssts, and Neckman wodels F% 720
and P& 520 Nichelson iunterfevomsters. With ;h 1atter 1t hou #lao beon wssd
in veflection, its quick temavators eyeling alloving rapid change betwean
the twe, sisce mulbiple Tall jeckets con ba mounted ot differemt locations In
the samplc chasber. The esll aleo ke'g beent need succasxfully with sa evspor-
ster sttachmont for first nbtsinimg thin filas iy sitw end then, by retating
the o1l 20° wichin the veowum jaeket, tsking divect {nfrared trsmssission
Beasuronents.

This sall has bean employed Lo gsoveral solid state spestrescepis

investigations, the Tesulis of vhich appesr elsowkare im the literate ,‘.(1")

Bafsreness
1. €. B Peryy sud N. E. Toraherg, Phys. Rev., 10 July, 1949
{in print),
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1
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M., ¥. Tornbevg amé . H. Perry, 3o0lid Stste Comm. §, X¥VI (1948)
ad in Comfevence om Light &&iﬁﬁi’iﬁ Speciva of Gulide, ed.

€. B, wright (Soviager-Verlsg, Bew Yovk, 194%), vmpew V3, pp. 467,
&76,

G, W, Porey amd R. P, 'm, J. Chew. Phys. 31, Octeber (196%).

&, 7. Lowndex and (. B. Pecry, papor T3, Meleeular Zpactrescepy
fymosion, Ohis Sters University, voluwbwus, Ohis, Sapt. -6, 1969,
”p’o g;

Fig. 1

Simplified mschanical drawing of tespsratuve-contral esil.
4 Traasfsr tube owt te supply of refrigecsat gas.

N Omissiem of 1 3/9" of materisl.

¢ Ouiesion of 2° of msterial.

P Tebw eut to vatuun fuedthroughs on dwsountsble flsmge.

R Tade eut to valve and wyaswation liae.

r  Oaknaten of 41 of meterisl,

1 deliwa or sitregan 3vsceeled gas in through centery of tramsfer
tube.
s mspm#trm!wm

s Bupanted soter tremsfor jucket.

4 Hag claep to 1wl loagitudinel motion.

3 Ceoclamt gas w.

& Clasping sut for "¢ ring sesl.

7 ¢ ring.

8 shesléer with 2lightly smeller inauy dismetar te 1imit travel

of sthetr slemonts.




%  Evscesble space.

1¢ Ceopper rsdiatica-abisld -~ sowntilag eollsy.

11 Asdistion shield.

11  Coppex sapls block.

1}  Sawple holdar.

&  Visdow.

Fig. 2 Trpicel betiun flow reteas we. tespagctures attsined, with
and without vadistion shisld,

3. hepons soad Thase Tramaitips in Ti1 (R, 2. Lowsdes amd C. N, ‘Cerxy)
&3 matisved sariier pressexe dapstadent studies of the phase
transition sre Lo progrese and fisal scbmisslon of the materisl in the
form of & move complete veport ax s sclentific publication will sweit

these vesults.

(&, imastassskin, B. Hyong and €, ¥. Cerry)

Letecty vosuliing from lowering of the symmtry of & erystsl
structore due te the prusence of an estevaally applied forge ovs the aubjeet
of the pressnt ressnrsh project. The sstowsion of this work to faclude a
sore geasrelized eppyeach to this type of phencaens, with o sonplete
thesrstical amalysis :nd mors sephistisoied stporimentel tenhuiqueos, is
being slanmed. It iwwolvea studios om the sbeorption and Zeuwsn scatteving
hg:ﬂmkai phonons in the sresssee of axternal forces sweh a5 slsetric
fialds or styesnss. It zores out thet these shetomsc con be induced by the
sxtarasl forces svem vhew thay are nomuslly ferbddden decanss of symatey
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restrictions. PFurthersore, thes frequoacies of the phonsns muy cxhibie &
sBtf and thelr degeasrasiss sey ke 1ifted, due to the pressamcs of the forces.
Prow the stvenpth of the induced sffects, sud the shifts sod sslittings of
the fracuencies ons sse darvive nousricsl values for erystal physicszl pavsewters
sunh 38 ionduced affective chatge, Resse CLensor, affective spriag comstunts,
otc. Theoe parstetsrs e bs caleulsted theorerically very voughly, end oenly
in & very limdced nenbor of slnplified symmetries dus to the complexicy of
the preblem, thus mekisg their previse wmerimentsl determization mscossary.
Trigsasl tellurium offers aa sxesilemt fype of msteviel te be studled in
ceamection with morphic sffests. It turms out thet with « suitshbie cholce
of wnappliod stress, the infraved fusctive wode 4, esn bacese {ufraved
aicive, MH the dsman fuactive onde “&i cam Bocoms Axman sctive. Ths stvess
con be olther antoxis] or alwar; special stressing eeuipmeats sre presemtly
under conatruction ia this depextamat, te allow spplicstion of sither uni-
zstal sv shosr stwvess.

In the previous raport Table 1.1 should have vend for tellarium
164 (IR); 1AY Qomam); B5 ¥isi = o 0 7, ewd 123 (Rawen swly); Ay
VL o
grouy at the Ualvsraity of Prensylveniz and it 35 sppavest thek they have
beun usdertebing sintior Rumon studies of Te, 23 they ars sbout to publish
these resulta 1t would appear that owr interasts should sew turn o morphie
effocts, tampersture sffests and to infraved studies wbich way hsve seanihls
elastre~optic apelicssions.




5. EpS ond dgfe (4. ». Lowadas)

Bus snd 3uB: are lasulsting evystals of tha Ball styuctuve. IEus
shows o fertvmagastic phase trassitien at 15K, RuSe oshows su satifervo-
magmetic phase tvsasition st 7K. The sfeplieity of their structuxs wud
varishitity of thely mognstic behstvier heve made thepe and other curopium
chaleogenides usaful watevials for experimontal and theoraticel siudias. Ve
propese to stedy the dlelevtric and dptical prepervties of these meterisls,

L B

o would 1ike to start seme infrsved smd Zeuma studies of preustits
(aﬂ&ﬂsa} snd Se8 Lf these vould be vade syailsble, Studles ave slse vadex
wey on fervealectris SHSI, suriferveelastrfc #hive, sod ¥B(%rg oo T1 o000,
(FE-ve ot - $3%, PE-7E st ~ 220%C).

Joomme H. Fyrcel, M.B., "hysice Departwont, 8.1.T., sugust 1969.
Jobn F. Paryish, *h.0., Phystcs Depertmant, M.I.T., Setober 194%.

€. 8. Porvy and X. F. Loumdes, "Optical Phousne sasd 7hese Trassitions io
the Lemenium Balides” {J. Chem. Fhys.).

B. £. Torsherg and C. W. Paervy, "4 Vorloble Temperakure ($-403"%) Gas
Transfor Call For Ssild Stake Spectvessepy” (inplied Opties).
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