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ABSTRACT

Hjdrav+d tiraayl raa*<i&tat of patataiva, a*4i*a, aaaoa- 
ioa, oalciw, ttrontiw, and btj-itai vara tjatha«ir»d as part of 
« ainaralofi* tt«ft> of aaxnotita aad tpoyajavait*. Micmaoo>ia 
aa-d alootron-aierotoopie axaaiaation ahow th* eryttnlt to ba 
diaaond*aha. ad jplataa with  ioacaou*

Qi ike &«*!  of X«r<gr |>ovd«r patterns, th«a« 
wgr U olaaaifltd lato four «tru»tural t/j>«§;

>i/« X* PotMiivB oo«j:oiin<l (car no tit*) aad
»  9. 8odi«B co^mimd.

.i. Ojileivi compound
4. StroatioB and barivi

Co^onnda of typt 1 differ fro* tiwtt of th« other 
t/pat is b«ifl^ vooh iaat hjrdrated, contAiBiac, In th« nir-:r 
at U, ana ftola*ula of waUr c«^«r»d to 5*9 »ola<ml«a In Uxa othart. 
Tho hl^har fejrdration of coqpoundi of typ«» ^»4 ugr ba oorr«»lata t 
with th« praaamea of low-*a^tla, baaal reflections In th«ir Vray 
povdar pat tana. It la baliavad tl^t tha vetar oclaeol«« aad 
aUuli and alkaiUa aarth iona oocur botwaen ufamyl mmadata lajtri, 
« cauaditlaa ajudocotia to th.-t fouad in the elajr aineral M 
oaita. Tfcara it a >>ro47aasiva daeraaaa im tha intarliyar 
at vfttar it ra»arad ty

of typaa ?-< t ^faan tr^ted vith tolutlons of 
pota«aina aalttt r . idly axohaact thair o tioat for potaaaiiai, and 
«ra conrertad U OfrnotiU. Talt alao would reiult In tha ooll«; aa 
of tha pottulatod uranyl ?*madaU la/art at too lover hrdration of 
type 1 ttrtMtura it attaiftod. lao ravart« prootst, tha oaoraraioii 
of carnotita to ooapotuda of tjpoa ?-A, vould Inyolr* tha arpaaaian 
of U>a iattrlajnar tpao«i aan tatott plaoo aruMi latt roadiljr,

aa>tural tyvyaJmita it axyoaaA to tunllfbt, itt color 
fro« aaaarj /allow to dark £f*eo* Tait totalization vat 

firtt notad by Chlrrtatky 1» th« alaaral fro* tha typo loaalltjr in 
Tartattaa. IT, T. Soballar hat obtarr»d tha taw oalor  haa^a ia a 
aaar * froa Colorado, aad ha hat furthar thawa that taa irradiatad 
 iaaral alowl/ raeovart tha original color whan leapt in tha dark* 
Aaon« tha tynthotio cowpottda, all ^xc^t thoaa of typt 1 toUrita. 
Tho  tchaaita of tclrri^tion hat not yat boan dataraiaad, but chaaioal 
aad ajactrophotoawtrlo data iadieata that a valanof aaaaca in



imcwtxo*

Tvaaty 7*ora a£o* J.    falxohild aad -. i. fcfcallar H) 

of tha Gaolofiaal dorr*/ pmbliafcad * papar M fynthaaio *A4 baw

of & l*r*a nu*&«r of aDcmli aad

voile lu« b«*n th« l»t^ir^tl« ftr a tiailMr approach to the 

6f tk* uTMixl TtiudaU aiMrala, eameliW end tjrugranunit* 

*r« ljqp»r%«at uramivi slwruli IB «ur uramiva Jbyotita of 

OoloraAt naWau.

? 5TIT7rrsiS

.** n««d K^otta fully by 

Teirehild far ajmthaflliiijvr »utunU«t imfM'laBaltlj dMt *o% ««rk 

for tha wayl TaB«datat. fba hifh MialUai iftvclvad oauaat Uia 

praelpllatioBi af vamadlo oxidt a« aft Tifidaairable aida re«qtloji. 

Cka choral  atted of tTmtfcatit that hat baan **rfcad out oamiiitt 

of tha fallavin« 3 atapa:

8tap 1. Th« prapaTAtloa of alkali or » 

by lov-%anpar» iura aintarin^ of tha 

with ramadiw pamtojlia. Tor tka ajBonlua 

«i TamadaU !  uaad directly.

Stap 3. DitwlTii^ tha pyroTa«a4ala« ta ootaia vatar 

§P In lion*. Tha ^Dcali uyrovcA*dAUa dltaolva rasdlly U watar* 

but Ui»aa of ma kUc&ilma««srthi ra;uira oar«ful tr«*ta«»nt vlth 

 uooaaaiva portiani of 5^ altrla acid. «ka p« of all aolutioai 

!  than ajdjuatad to 6.

8



Sttf 3. ?M»eipiUtlon of tho doairod uraajft Yaftadato 

07 Addition of   atoichioootrio quantity frf araAjl altrato. A 

golatinout prool^lUto forva iaaodiatoljr. Tao pJi !  thorn adjoatod 

to 3» end tbt pro j>*r. lion Aigoatod oft the  *«*  b^th fer two VM>:* 

Slid* 1 (pi* 1) th»wa ih» f«a«r4l app*«nuM« of »om of 

tjmtJMUo pfoii^ti. Or/it alt of t/*jr«M»lU or U*  alciw 

nola^ly  oaraor tMa thot« of all oth«ra. Tboj 

«t « a*^aif ioation of 55f , vbaroaa tfc« oiaor 

uoo of th« «ltctron  ieroteopc *%   aa^nlfleatloji of 

16,000. All ooapawU*  rr»lallis« ee rhoabio plaUt with food

tiy>v» a w«ll dairolopod (010) fao« t 

of tho rtaa^ib.

of *fe« oxtrtBOljr oaall tite of U* er/olalt, ooth 

and tynlhotio aiaorali &re  *»* 

of thoir X-r»y f o. ler ilffrtcticn pattern*, tfaoro 

art i&TOltfd, tuppltMmtorj  paatro^raphie aAal/ait for t*o 

and alkalici0«0firth« ii

.owder pattorna indioMOv tto»% t)M   roral ooapomada 

aa/ oo olaatiflod into fomr atruotorol typoa tbovA en tht aojct 

ilido <pl. i). fho oor^ofitioat aro IB aifyoojaoat vitH %b* e«a«r*l 

fbraula ftlrocijf ooUbliabad for oarnotito and tyayawmilo wiU tao 

 xc«>tioa of t«« todiua ooaipoiuid* tho aoaaMltio* of tb* lodlai 

ooapomd, *lth itt  ddiliomal wolooulo of T«&adi« oxido, it amomi>lotto f
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aeoto fttrthitr otudy. Ito- i £ol*o«lt« oi *-.%*,  -valu »iljr tho 

oodiio) aoqpowft witfc thcoo of tho ftUBlUo oortao nib** tfcui vitk 

of potM«i*» o*d oanoAlm.

Tfco I- ray powotr p*tUrm§ (_*  ** . 7^ of ooop^mdt of tyy** 

aro ehAT«ettri ««4 toy   ttr<*£ lit* oeovrlac A! ! * aacltt to

if

tit* of

Ifco a«xl 

fbt X-raj ptwdor

(pi. 3) thovf tho lov^ea^lt bAtal r 

Of t ju/M^ml lo . In oonlratl to

It *t A Bioh ^r«&t«r «A£l*. 7h« ««&«rAl appo«riAo« of 

vdop pattotmi of o41 »f thtt« ooo^omitAi it I*r^«l7 controlled 

by tho alw-fAOUrlftio AiouBtc of v*tor In tk« coi i otimdt. in lll:iftrotiOA 

of thlo poijit, ty^TMrunltt ««i j^-rtlj dohy4r*.%o4 fcy hoA%U« %  53° C tbo

?Attorn ta*a ol&f«ly tloAlatoo tha pot torn of tho birritw ooft. 

Kwt olMilaritlot aro ftrtaor ^ri^oaoo tb*t All of tfeoo* oo»» 

AAYO tbo MAO fundaaoatAl otrvoiurv.

1st iof

in 1994 XM flrtt to notice toat t^o 

o«&tont of lj«yojo&mi%o oj»d aarztttlto fluol^iUt with Uio

ftodo (3).



TYUY. CAR. Ba. TYUY.-520



Morvitt (4) fthovt* that the dentlty of tjrayi«ailt i*er«eeea aa the

mineral it dehydrated* DM modern teokniqpa of X-ray Aiffreotion 

h*§ enabled *t to follow thlt reTtraible dehydration of tyuyaauait* 

in creator detail.

A oorltt of X-rigr povdor p^itemo i^tei of tyqraujiito «  

it WM dotojdr*t*d by tefttia^ to hi«hoy oad hifb^r lojyw tar%i it 

shown on th* nozt olido (pi. 4). The inoroo+o la the « *!  of the 

bo.Ml roflettlom with decreatiac water oontoat it ol**rlj erideat. 

xo*joro«iRtt oa theoe films thov that the removal of water eeueet 

a contraction of the taterlajrtr tpaaiar from ^.9 to «,1 aacttrom 

mita* The latt pattern on the rifht QAHQ iia» of the tlide it 

that of the dehydrated tpooiaea ^l«oed la a* atao«ph*re aaturated 

with vat«r v*xjor. The mineral regained lit original water coatont 

 nd  Tpandad oaok to itt original dimension,

k oimilar r«r*»rtl>>l« ei>aa«io» aa4 oetitraeticn of the 

iaterlayvr tp*ein«: in retpomee to the tntreaoo aad exit of water 

hat eeea ttudled in naother pletj Biaeral, the claj aiiavral 

aoat«oyilionit«» b/ a amber of worken iatludiaf  effcaa* emd 

Bilkn (5) eAd ^aAriaka, feloot, an' Aleziasder (0). further 

ttrikia* tiailftritiea with the clegr aiiurali of the »oataorlllonlt« 

are fomd ia the baao exohaii«e propertlat of theee uraayl



T
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»AO HSJUNC*

flu Wat tTohajajn propartiaa of tyv*raait* aad oantotito 

war* flfit in?»oti*atad by Hilloaraad (?) (7), who foaad that al~ 

thoiicb tha oaloiaa «lna»«l it readily ooavarttd to tha potaotiwi 

oaa, tha rav«ra« airchaiifa lakat plao* vary tlavly. Tha> ratnlti of 

pr«llmin-rr tttidr of th» urajiyl raaaAataa of oalolm. airoitiiui, 

tai, imu potaatiu &ra prasented ll^rajaiatiealij om iba next 

tllda (pl/6)»

Aa a ttaada** t«at, 0,3 icraai of aa*h ocvpdimd vaa trrrt«d 

f?n va« atvaxoatA vitk four 30-oc portiona of ame*aorBal aotutiona 

of tba daiirad aajo. tka flaal jrtaViat vat ¥MMd fra« of axoaaa 

a«lti. cad axaaiiMd both ffvcetro*T*&hleall?' iu&d bv aaaAi ef tha 

^-TDJ airfraction taehni^ua*

In analogy to tfa« tittxaiian in aoBlaorlllaaito, w» plotura 

tha AxehAittaadX* feaa*t a a b^lm<r tltuated aatvaaa araayl wiadat« 

IOB< fith t)^ - t«r aoloonlaa.

In c«^aralt tha raaulti ehcw that a& axchaJJ«a la*4lB£ to 

ttata of hydr^tiam and «v amallay lma*rlajar apaalat t*^t 

far aort raadlly thaA oat l«adiac to a aiffrar atate of a/4r»» 

tioa aad a larctr aptaia*. Thua» it It oaaioat to oonrart otter 

ooa^oaada to tha ^otaaaiaa alnoral oaxnotita, aad aoat difficult 

to ohaaco thaa to tha oaloioa aiaaral tyayaauaita.

IB en* axparlaen*., act «hn«a oa tha alida* aa \aauooaatful 

attaa*>t was Base to 9xaa«na7» >ovMtina out of oamotlto with a aolar 

aelutioa of ajaaonivi nitrato. Tha «aa»ni«i lorn voald alao f«ra a



EXTENT OF BASE EXCHANGE
WITH 4 PORTIONS OF ONE-NORMAL SOLUTION
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ikydratad ooap«md. Jipparaattj* oat a»X«cmU of watar 

formilm val«at doat no I a«ttta tha lnUrl*r*r fpfcolaff to ba vlda 

aaa^ti far raady aaraaaat of both ilie Inaoalac uid oiatjalac laat 

Xbt aenvartlaa of oaraotlta to ooapounds of %a« 

tfcui autt taJto plaoa taretct a  ia*X%*tt*<mi laT«§iom by 

«*rth loa« and timtar aelaoulaa*

ffeaa* juroliainarj rtaulti aafvly iaditaW ftatral 

L in ordar to pvtdiat wfatlaar a cl^» +t«aaa<« wa«ld aoour la 

aatura aora data am lha t^illferlwa rntiot af %aa daaas lnralT»d 

Mat to* ol)%alaad at differ*it aaaa*atr*tiaa Irvala aad U^paraturaa,

A«Qonlaf to the vark of Paca aad BaTar ( ), tha «=lxy 

aiaaral W Ida 111 U af taa aonlaarlllonlta gr**r ahava prafaraau^l 

matatitlaa or "flxntloB" of potntiiwa aad barltia if %aa aaaplaa 

drlad prior %o b«aa axcA^B^ tr«*la«at. Taa Ionia dl*a«t«r* « 

fafaaalwi aad barlaa «ra aaarl/ iaa aaaa 9 aad 1% It b«llav«4 

taar axt of Jaat tht ri«at tlse ta fit lato sltaa la taa *toaia 

a%vuatmra af baldtlll'ti that art Idaatleal ta altaa ooouylad by 

vvotaaalvB la aiaa. fhe»a aaaaldaratloaa af atraatart udd 

iataratt ta t^ AbMrTnU«a taat taa oraayl vaaalataa alaa 

aatlal rtttntloa of pataaaltw *JLH barliai. IU affaot la 

maa aora aarkad wlta taa oraarl vMudAtot tooamaa taa igrdratlon 

of thtaa alntrala aad taalr lnt«rlajtr isaelajc ara 9»ra tlo»»ly 

tt taa aatvrt of tha baaa praaaat &9«vt«n tt*



Ixoopt for otpantioa or contraction la th* dir -ctloa 

nora*l to ta« platot, too coarortioa of on* «ra&yl ranftdato Into 

ABotkor tfcrough fcato oxofetflfo dooo mot altar tht dlBoatloat of 

tha crrtUlt. Our oloorvBtions urt not t^ffloitnllr prooito %o 

txelmto MlnuU ohtacoi in tho w^let of th« rhomat. «tea rlowod 

la Uw dlr«etiOB normal %o th». rhonblt platot v UM tMbanced 

prodattt, thor*foro v OCAB in ^* poouAtojorpbo of tho orictnal 

. Too (010) f«ao tLat !  nornallj ftmd only in 

protorvod la o*moUt« aado froa

Jl Y*ry striking oxuipla of tbli pttnAoaor; houa relotion-.' #'.

thip hA4 ooia fonnd la a taaplo of o«raotito that vao

oonvartad to th* oariwi oovpound daring a oaso oxobtta

Hlootrom ^icrofra>h» of tha oryttala a*o oaoim in tho noxl tlid* t
l< j 

<vl.  ). 'Jav X-r*j povdar pattorn of thif aaUrlal indloatoi taa\»i *

prooonoo of tot* pfeaaoo. Tha«o orrotalo diffor radloall/ fro* 

of aaj of tbo jmrt ooo^pouado U taovinf oomtrattlnf cm tar 

lnn«r »onot» find it to tat raaaonablo to attuao taat «  ha»o 

interruptod a j^-tudomcr^^ou* oonTortion of atraotit* i&to tht 

barlvoi aoayamd. Btoisutu ti^s ratio of t)ka intorla^or tyaoinc of 

tbt barian ooo^omd to that of oaitiOtlto it 5:4, th« ovtar ;«>&o 

*ould. l)o tAAt Booa thicker than t*a coro« '  .   *» ^e< /w. 

aoon any avldOMO for approoifiolo tolid tolutiom ootvatn ooapowodo 

of mar kadi/ diffor ant
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the phototentitirit/ of tot* of tfcete urea?! raaadate 

it toother property of conelAenble interest. Vfeta 

aatural tyvyaBunite ie expoeed to diroet sunlight, its oolor 

oaaacot turfioiallj freti oaaarjr roller to dark free* In aoovt 

30 ainutot. fait iolarlsalion vaf flrot »olod by ChlrTinficy (9) 

la tho Binajal fro* th« typo looftlitr in TurtottUR. V. T, Schiller 

fe%« oooorv** tho OAM oolor ohanc« la * ouvl« froa Colorado, aad 

te ha* further ihoim that tb» Irro4iatod Biatrml tlovl/ f»oo?oro 

lt« origin*! oolor vhon kept la tJ* d^rlt. 3Imply h«itlnr th« 

 Inoral do^o not iadnoo this oolor ohaa^o.

Aaoac tho tyntb*tlo coayoundt, t)M>to of p«t ttlaa tad 

iva do aot  olarlr« > aaA lk» rt*lol\ai ooapoBud alva/a doot. 

tao o^lclua ooapomd It ooav«rto4 to tbe pot** !*  one

b«to oxclUMffo^ ta« powor of aolarixation it lott. Moot 

(but dot all) prepurttionf of tao roaainiag ooovoiadt oolarlio. 

Tboro It ooat vubtlo difftroneo totween th*  olaritiac aad aon- 

oolaritia^ taa^lea of thia 1mt «ro\^ that baa §o f«r oooapod 

detection.

Tho dark grooa oolor of the tolaritod ooapoundo i« 

qulo^l/ ahaa«o4 o»ok to tho original r»llow oolor >> troalnont 

with dilute aoUt, tut aot wltt> dilute alkaliot. A dilute 

eolution of todiui peroxide, hove re r, it effective ia rettorta* 

the yellov oolor, but OB alkaliaa a/droquinone re duo lac tolutiea 

it aot* Tho preeenoe of SOM kind of fc reduced tobtUaoo in tao

eoleri«ed coa, .undt if 8u.^veeted b/ thate oxperiaeats.



*o d* ftot knew aaovffe yet lo «a>oori*« tito O*A«% oachanioa

of folaritatloa. HovtTtr, * temporary ohaic* la tfe* TaXonoo of 

uraniun or Ytnadiva or of fcoth it ttadovfetooljr iaToXvod. the abooaoo 

of t«l«rlfatlA& in oal«ii* urta/l pbo«phAta ^ad M'tanAtt of tbt

ia not

, fcindlj

I4xt tli4t (pi. 7}

tTUTMvmiU, tmd

for u» by Mr. B* J. X«^^ui of ibo U. 8. Kroco of 

Tfe* r«fltotoae* ourrvi for oamotlU and tyaytjmalW «J» ly>iOAl of 

a yolloif t«bflt«aoo. fko omrr* for 

diacXotot « c*tt°r«l darlcoaiac or cr«»%«r  btorplioa bo4innlA« in the

of tto tpootna » r> oztondlnc to lon«or vo-ToXoa^tht . 

Tht ratioo of rofltoianoot of tto oritUU oAd ool«rlt«d

for different vaveXoAftho ia t^ova in daanod line a. 

This ounro flTei %ko afcape of tte &ov bond of abeorptioo that ^t 

aFpoarod U the mlB»ral at a re emit of  oXarl«a%lon. fte ai%Xe, 

§tr*otttrelea« ourra it thai of a eXua rabtteaco. At it well known, 

quwiriYaleat TanaAitw it olioxaattrlied ty iaa biue «oXt)r of itt 

oovi<itin4a t aad wa tentetively oonclmaa tkat toXaritatioa inrolrr t 

a te^porarx phoioohotiiQal rodvotioa of raaa4iw froti a raXenoo of 

K> to 4-4.
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SHWUHT

Xa tuBBary, to* r*aarfc*bl» tl»il/»*ity tlttrtU W actedi
aod tfct cl«jr mdn»r«lt tf

with

»rop«rti«e* fhk tlullfiTltj it vi4rato%«41jr tow te a
I 

Of iaUmal itnkttnt* thttl it  OMOB %t b«%b frvupt of

«ia*r«ilt * an lnt«rleaTinc of vttor aad  iolUn *ab!U io»t

in , 9mA

ttr«ct«rt. Oar vtrfc hat

to b« AOM in otdtr to

)
11
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