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CRYSTAL CHEMICAL STUDIES OF CERTAIN URANYL SULFATE COMPOUNDS 

By Malcolm Ross 

ABSTRACT 

Various uranyl sulfate compounds have been prepared by slow 

evaporation of aqueous solutions. Five compounds were synthesized: 

K2UO2(SO4)2.2H20, Rb2UO2(SO4)2.2H20, (NH4)2UO2(SO4)2.3H20, 

00a(u02)2(SO4)3, and an orthorhombic cesium uranyl sulfate (exact 

composition unknown). Unit cell, space group, chemical, and optical 

data are given for these compounds. 

The crystal structure of Cs2(UO2)2(SO4)3 has been determined by 

direct X-ray diffraction methods. The compound is tetragonal P421m-D2d, 

a = 9.62 + 0.03, c = 8.13 + 0.01 A, Z = 2; sp. gr. (caic.) = 4.80, 

sp. gr. (obs.) = 4.74 + 0.05. The compound forms plates parallel to 

(001) bounded by the form 11101. Intensity data were obtained from 

precession photographs of the hk0 and Okt reciprocal lattice nets. No 

corrections for absorption were made. The coordinates of the U and Cs 

atoms were obtained by interpretation of the Patterson projections along 

[001] and [100]. Electron density projections along [001] and [100] 

yielded enough information to give a plausible structure. Subtraction 

of the heavy atoms yielded electron density projections along [001] and 

[100] in which most of the light atoms were resolved. 

la 
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The compound has a layer structure consisting of (UO2)2n(SO4)3n 

2sheets parallel to (001), tied together by cesium atoms. The UO+ 2 ion 

is coordinated by five sulfate oxygens which form a nearly plane 

pentagon approximately normal to the axis of the uranyl ion. The Cs1 

atom is coordinated by 10 oxygens and the Cs2 atom by 8 oxygens. 

The reliability factor R is 13.7 percent for the hk0 reflections 

and 14.3 percent for the Ok/reflections. The coordinates of the atoms 

are: 4 U in (e), x = 0.306, y = 0.194, z = 0.864; 2 Cs1 in (c), 

z = 0.631; 2 Cs2 in (b); 4 S1 in (e), x = 0.170, y = 0.330, z = 0.250; 

2 in (a); 4 01 in (e), x = 0.218, y = 0.282, z = 0.702; 4 02 in (e),S2 

x = 0.394, y = 0.106, z = 0.026; 8 03 in (f), x = 0.032, y = 0.294, 

z = 0.310; 4 04 in (e), x = 0.170, y = 0.330, z = 0.071; 4 05 in (e), 

x = 0.271, y = 0.229, z = 0.310; 8 08 in (f), x = 0.078, y = 0.092, 

z = 0.876. 

lb 
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The nomplex tom 'or.-ae,.% hexavalent urftniur In arlucoutl solution 

are now nonsteerne to nn 1T .ortant role in the transi)ort m 

"'(",.0rn of urantm in nzi.Lrr's r.s.; uoll :41 in the wcathnri.n-

.:7erOilt3 ei3 (13 • .10t the least I: ortant -12:eac. natnrilly 

or..,(rIrrim7 cor0exs are tlIc uk:lfate The present 

Investiratton was unflertakn in an effort to deterne the nr7'stn1 

cztrirr, of one the synthetic 1.1ran71 sulrate campones. It wan 

1.1o2 m1 that infOrm%tion coneRrnirr the eoorOtnatIon o.f LI* r.rnr/71 ion 

mirht cast nomo '}',on tho nature of 1:.he urarlyi sulfate 

Ion an its role in t;he transport of uraniu:1 (,7.'- r in "1":51(.1 us;...tor. 

' seeonr:Rry °II:feet:ye of this invosti;.ation w to synthonile various; 

-aralyl sulfate double salts for :,uture erystallora;)hic invest:.Tations. 
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-,eneral 

1,nueouv nolutionB contaln- hexavalent uratur are eharle5..rl!!,c0 

by the preacncr of thr. 2, and the: tone-Lc:' ef thn 

ur1:71 Ion to fcrr solWae rl?lexes with a nuntwx of no..lon ani_unr. 

ic. 

thrlan(1 has show- that, the ionic si)c,cles -foes not exist 

in arc ueo\as solution. Ilexavalent ,Iranium, if present, la in the fom 

, +
of t uranyl ion C 2': over a , fro the nost ar!,e solutionsO rAmT 

up to 7U 2.5. As the - is innreasee. !,yerol7ais oefram, vith the 

formation of complexes that were at fIrst thouf-ht ();7 the tY'e-

(11(2' )2 0 or (tic2)2()1. The un71:171 ion is rn-nrrier! as a cor'','ox-fom'In' 

cvntral snAlrlous to othnr petal ions in Ws ren7lret. In a 

rare rent paper (5) Jt is thy;; in ter:s of nowly-emcloqe 

polyruar -.!ovillex theory, the oat probable f.:!orplexec hove the 

te- -rForman UU2/JoH)21X22:2 or :*2, -2in . :irst form aiTtes better 

with strietural enta, etich inicate that in crystals Um complexes 

are 7iretv0-.1p. with eoltUe (On) bridrea. the pH 13 

raised to the rAn: e of 4.5 tr.-: 5, inooluUe urinate compounes aro 

preotv!.tatee. 

The throreti,cal 700e01 of the uranyl ion pro7osee 1/y r7onniek and 

Purls (10) convicts of a die- bell-shape0 linear 0.4)..0 iwroun. In a. 

7onn per-)enclieular to the len,- th of the uranyl croup ane biaectin,, 

the nrnnium ato-, the urnnyl ion ap2e1rs atl a hi hly chare,-! ration. 

when viewed frurl the em of the tiribbells the ursly1 7,rollp appears as 

a weakly f'har,ee cation. This -cartel is stated to Aye n much better 

irrmement with ol-aerve entrnpi values than does n model cons4.stim, 

of a ziltple lar-e r'ation. 

https://7iretv0-.1p


 

-rysta7.-chenIcal stildies of compols of hexavalent urant!A•, 

elruaarized 1.).7 - achariasen (21), have shown that the uranyl ion is 

Invariably prescnt; and in all strtct. tres in t./1( shape of the 

uranyi ion has been lirectly eetermine01 it is symmetrical nne 

co1lnePr. 'achariasen alsf) cstalishes the fact that the len7th of 

the hond var.!,,s the coordination of the ion, and is ceervee 

to ramv fro, %Of to 1..7 2. 

7. 7rnlyl ':411 fate 

thrland (3) has foune that in aqueous um: yl sulfate solutions 

at 2(4)- three corvlexes t'or-ee. All appear to he rononuclar vf_th 

tine, I10 thret fulfste :;Tour.,s, fr,2Y, h, 'r2(5C1 ,2
4 

7T2(̀  )377 
. Stability const.ante show that these urany-1 sulfate . 

complcxce, Athoull considerably more stable than moat urary1 

are much less stal)li7 than the urapyl carbonnte complexs. *pleman (6), 

fror a crystal stmctrs c:cidfrinrition of johannite ju(UC2)2(304)2((11)2.6FI2, 

shows that discrete urarly1 sulfate ions are not 7rcsent. The etrucure 

contains sheets of the tyr* 5:02)(501 )2(G3iL 7-2.-111 
4 ?- n 

Cther ''amp elxes 

()) has found that in solutions containinp excess 

F.77 or 
3 

2, a very stage anion complex is present with a carbonate-to-
3

urnly1 ratio of 3:1. This leelplex„ tr, (CC ) is also found in aqueous2 33 $ 

solnttons of compounds such as soft= ursnyl tricaronate. it dryls not 

disste into lower copmlexes ane carbonate ion. A second urarryl 

carbannte complex, ur (co ) Mc),2 -, is stable in naronate-do!!ietent'2 2 2 

solutions. ,7111.ibri'mt: constants for the farm-tin of various ..lrftnyl-

cornr.r.7 eom3lex ions show that the cart-mm.1th cmplexes are :ar 

the -!ost sta',1e of the known mononuclear limn yl l•ortplexes. 
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•Tho, r,r,r17)1 cijzgj 0 ¶r11=!. with ceta a...-te` n2 trat( !Inv= 

.Jeer. '.,ath in solAttlt..1 11) anei eryotaly t.-

ca.) )1ives ".:0 ,..r.u;ioartit.tvnly a ta'..11! 7 : tratr 

t7o7:-11e4; le %/Ca; t . tx. :iaral , ut: ,',011:112tXti&. 

(7,01 tz.) tIrtIrd.J. ..un coordinat,-..!,..1 in a /lone '3isectin, the tr.c.Ls 

o.zzyC ittcciu !'r,•.)r-t the Se'," Latcc or ttrt o.nt),'Atr, 7•:raw",1,, 

necat(:. oxyyille l'orza a puckers(' rin; arbound =awl ion. 

urcriyi. ratra flt1FL1L UT1 iOi coo'tlinate! iladlanitr 

ni trace in a confi;:::ratiwl very diptilar &sL'al? trari..x.mritm 

eolo:le 2:rnlitatiorw 

"Arrels and lirist (13' have iiescri.bri.i the oxizlatirm proe,..esre of.' the 

Laistni,:tp mintt-als el% -olornAn —Latniau in sone tiit.ait ite .‘"ollow-Ini-

ta.,'on its 'Azt-41 on their war 

h nre n.vit:!(1'.7) minerals ,irrth oi ..;1013olor!<1 I t (Iva 

fljtt,0 t.' deali,7 ":( 2'; anti r.initc15roi& AT. • 

1-o1irvee that urrrain.ite an ,,,o'firritet slowly Y c (1?,r a G 

stat# rr.stction) tA) perha?r, atallorPhoup S1A re.1..ativeki 
3 

unst.aAe in :lure water and 411 !zittr11-m) to civo Jrart.'1 triciroxide 

krerte.0 gip*. *Jr'2(r.- F :2.142., are nC(C.i.:::7. t!)c .. r.lter is hict 

.Tv.5 the !_;(*.jV amp complex as Zn.-.2(M3),.741 or fre2(r3)2(112(:) 27:14, 

Mese cortplexee are ;:lost sta!le a pll 6J,a71-1 thus the ri,arb, neutral 

roqn' ,..onter olr e (=peat& L Uc iry:lortant ftir th trfi t.sort 

.1.1171rtte ,--rox,):3 also t7orr.- corplexes with nr4iTil ions. nras 

lixter (-.?ratalnin• aulrate ions: ns.:v also b irrlortant in tvranlItsa transs7 t • 



Tr the urarkfl ion ia tl 1)resence o:' vanadate, 

obo5te, or rsenate ion very insolulAp !rinorals ouch az carnotite 

(7, tyuyanuni.th ettr. ,(-... 2)2(VC ) 2.7-10Ti2L7, 
z 14 

autwatto La )2.112J, am! abprnathyite 11/ 7..Y..:2P.sr.14 .4F22, 

nrr:cipitltr. r.11. of have th,:4 sraie utmoLure, 

of sheeta 1-:.ses up o in*tion of uraryl lon3 ane 

vanadate, phosphate, or arsenate ions, Nrar_ous metal ions, arrl. JCr 

raLh.r loosfly t,unrlvtIrcn the r=tr. Tho 

an: phosphate ions zre coor0f.nated aroun''_ Ulf! 4.on. 

rtOs wit ii the .1 .yer art. very ctmi-1 t)!e s)+,:=ItLf. rtn:-

Lidef7lnitaly. Tis :AossP-Ility- of "1_.nfinIte" 

the vanneatvc, ohos- >hates, nn0 arannate& a &o slii-htly soluble, 

whereas the cari)onates nne sulfates, chicth .:!,JritAill :Toups., 

mre so soluble. 

https://7..Y..:2P.sr.14
https://tyuyanuni.th
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T., na r r- 1 sulrateo occr.zrrin- Fla tu r a 1 ly 

1., 1r0;e2" ecer:rri.m- ura,r1 fr..a.f.' ten have 1-ecn re7yIrtoe 

,-.-).:0 7/ three Flt a:r)2rar to 1-f? Are: 

johannItn 1.u(ITC2)2(rr.', )2(' urano-pill.te 5:702)6:-X) 1-1, 10.1.2112g
4 4 

7r, rr 17! ganc', 7,1Dpe!...to 2 , 2- .,te plwa-ca, and cryritallora;;:e.c 

?roperties of these mineral ', rc, are stn in 

tpplerian (6) :nag wori:e:1 out. 4the structure* of joha.r.nite 1•0, .Y.-rtky 

techni.raos. ile f'in:ls that the aranyl 1:.):1 io r.,..)proxi:nately par:02.cl 

cot.n) am' perpowfirrular to ant' r:oordinaLet-1 7.32r three 

oxy-en atons ttu..f.1.1 ,.31.7:erent sulrRte 1--ro.aps. C'ne -roup in above, 

one 1.-yelo-ii• ind one at aly.-311t the awe level gas the uraniurt atop, . - ach 

culflte zilar,!s at-A-rns witai U'iri.`© :.!1.7erent urart(7.. ions. 

r"1v eneless dol.:1;te t2lus forted parallel to /log are prolNa.,2z, 

(r10- 40no ti.at are Iluref.l. 1...etween two kv:ii Lteent urn,nyl :Lona. 

- strac..turo consists of sheets idth the cortposition 

?arallel to (C01), crons-linked ntons14'2`'2 

-htielt are *;Jorscied '„he fourth r....1fritc o)y,-en. ire 41,-;orOil1ation the 

!..or is prt,',,a':)1: ftve in this straotlre. 

-

(r, ) prepared a rrx,-15er or cynthe-Lic uraq/1 

:. )11:rsteal rrystal.l.ora:-.:71,,, proIxrties of which are si;rtrarinre 

. :A11!:ater, 

TT. 

'4. r^ke Art? TztncAn (11) firatheniseei n lorfe ro.27J.er of nrantrn 

corrx-Inels for opr-ctroncopirt anlizrolap the urnnyi 

snirrlt: : " .2=1 (7.4
("14)2'2(''4)2.212',r2 421" -4/114-2'7 .4 2 

https://ro.27J.er
https://par:02.cl
https://urano-pill.te
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7.$2. 2!7L)2.31ii!, ane T172 4) . 
4. (7 4t4 4 C 2 2 

Th-ortInpAPIy no physical N-a(mrtiov are -Lven for the ahoy,' ryon}lolnes 

(7,c,oPt :or :quoresconco tcctrn. 

•,:;nr? Rism (16) 7q1,11cbrd n eptailrY reserf.ption of 

--- rf.,scrnt,c in iireny1 iti& 1.1-ar, the stanf73rf* on i 5 2c't 

fte vork of 7.1”,kc NrIC 77:Lel& e raw .Aolies sythec 

-6s,tr.,.•Ir 0 urar,s(1. sulfatclE r-,,r their wor. These idi 
14.3" 

111! 2n C. e) na a. (, •y' (..'r \ 1:)) str2 ic o ( R, )4 , - `'':"11 12.21.12-2 "2\ "1 -2 4'2*- 2. 2-2 4 2 2 
- 2(X).,.2H2C and Tyi2(SCL)2.3H2c. aims crystal...1o, ra)Ac data are 

-Avon or a fcl.; of these 
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Table 3. htrosical - ro.,)(trties, Cl-Levt.le-al „.'orrnalaz are -ata of t'le 
'cLinfarals. 

-Isteral trOilaTirdte Uninolir. tte 

fortauiA .0-1; (UC ) 3C MR) .12112 2 4'2' '2 . 2 2 r: 2 

<!rystl -2'raPar ? rthorhtritite 

n.93. b at 9.51 o 
%ri?.,4<=107"491 

11.2')77i s ra: iOO°26 

-ravity 3.31 oa3c., obs. 3.96 ohs. 

c'lesra-c, 1111(1 -00e feirl 'ler''oet or voe : "rota:1y a .)c.rrect
4 

'Ann./3 :VI en friini 

. --
Fiarenrsr 7-7.5 low 

NaMt Titatlatie.! c17 lorwati-e lnjizynerr'iln 7rve170,11 'lattenee 
thirA tabAor /71217,11attolne0 1712;1. t:Ji(J Ant are 

cl:sters; cpirule or len-m-sha. ,ete, 
Al to 3 .71-oatcs, uoretimes 
crist.4. or 
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Table 17. 11375i,,;41 arri -rtr>ertier 'ranryi 

r-orcpoand 
r 

7011 flontente /7rtis2 2 .21T (7E0:2Y4.3ni: 4r2("(2)2(Sc4)3.5r2g 417 !it (Fr: 2i4 f 
L'2 . 

4.••••••• • 

'rretal :rtly)rhoridc Crthorhewhic 0rthor!lon'Ac 
systimr, 

2ao4,4rot1p in Inn 

11 et- 5'cell ac 2%53 F 12.5T 9 
e tenons bo 7.30 17.nO 13.76 

7.7)1 . S.73 7•25 
97=251 

4. -
;7-pecifie 
vravit7 (leras. 3.07 I 3.8L 1 3.33 

S7ectfitt t 
3.10 3.16 3.31 

Tn0 C 1.57L 1.555 t--- 71. .(._.. 
refrnejn /3 

x 

1.555 

"olorlesz 

1•99 
1.593 

....._. ..... ....... 
'701.0e-C8S 

..... 

1.586 
1.q.e._4_ ...... ........ 6...... 

.7c1orleras 

1..c..;27 
I 1.575 

Mt 
........... 

r7,01.orless 'ale ,:rocyr. .'alt,yEllov :1g_!or!!-a-soie 
:'nle 'reyish --recn f 1'0.e 7,-,..,Tiov i 

I 

1". 

''tics'. I 

-rientatton 
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F!! this Inve-cLA an attempt, wns riade tc_ cryci4C.1i4xe :mss; 

solution, 17 cva:)orntIon, urally1 sulnite doulc salts contpi.n:Ln- the 

44 4 T "ts ++ 4+ 4-4 4-3 
catonn: , TA. p -n 4a p ai p Cu , 'e , p Al p 

4- •++ 4- 4-4 1-* 
0' ( .0 -r pe l ln“15,and 11:. In all :.!asec txnrzyl 

ill'ate was i.?tssolved in hot distilled watcr to which the sollble 

wl.Vate of the cnt:lcri was aree. Talac ITT rrives a stranary of the 

varlouy nollAtiona nrrar,e4 An4 ti-T results obtainee. Tn Ulose east's; 

-ooe er7stnis were obtained the experimert was re-)fate t, he 

Mire the resIllts could be Ounlicntefl. 

The solutiona Imre aI:Loved t cool in rl. beaken.:. Watch .lasnes 

-lore used to protect the solutions frum dust ?articles which nL-fht act 

az nuele,i. The solutions ware allcwed to start: i'vr ..)crlicef of several 

weer or until crystalli.7.ation orourred. T 1 na'eTy cazes the solutions 

:x)ca2,1t. gels al'ter several werics of slow ava:)orltion. AltIlah crystals 

ohtained in nary of the exp,7riments, oray n few wore suitable for 

X-r17 analysis. Such crystalc strrad imve Dimensions of r.';.01 to cO nn. 

and !:e free of inter(-rowths, satellites, ane so forth . 

experl!rents listed In Tal-le 7IT yielded cr7stals of five 

f"!larent eom:)ounds which urre ivitable for X-rny nes:: arc: 

(74)21r2C4)2.3Hi 
2 2.5e , 71702(4';:r.1 tetra•'onsl 

.."s2(7r:2)2(SV3, any' an orthorhoTi.lin eeeinr! qraly1 phosphate of 

7ozuile eom?ocUlon (7-s (r2,2.:43. The chmical com2ositions ofr ) ("11r )2.L 

,11 hint the lart-rentionee aonm.pound wore veririeC cherieR1 analysis 

fqW1..e Planehr j, Tnrrum, na1, 8th . Tho rlotasedur an(' amt'-onion 

1imn,71 sulfates have been previr:maly Oescri!led by Trail (1n. The 

10 
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Mrint4`,11.-aVon. of the poLaosiiir arv.! nr.,oninrs eon:' o.un-.4 was maele on 

":11ste of '-rxy power ;terra; and Chaim cal -Inal‘rscr. Table V 

-ivrl a stay:mazy of tt. data ol:tatned or the r've cor->0.I1r:s. 

'11.,:f a very wall ar,ount or the orthorhotr:-.1e citsium uranyl rAfate 

T;ar made (20 aw.). Pepeatee cy..-,ertYtente yielded only. tea 

urarefl suirnt* ,F82‘ 2)2(5C1)37. Sr,ectrosco lc analysis of. 

4-1-1 cr.s.;!-.:orizorr,soie 'on.; showed that, cesttzi and -..lranitt- r:njor 

ti t.1-4(! ccr7ouns! Crtntherine . Analyst). .o 

sneci cry.)3.11 o''',..,ainec! on 4,:•.(-• verr amnia c/iystalv obtaineW. 

1-ray- rata tn.7icate that e.:e unit cell volme of the orthorhcar.`Ac crest= 

urartrl stilfate al-,ort oxactly twice that of the tetrar,onal cesium 

sulratn. This i 711t Inclicate that the orti.iorhori-lc for has 

tw-lee the !natter per unit cell as does the !-..etriv,onal 44or... The 

'orm t's.,(7X. 2 ) 2",. :III )3 with Z.044 Is therefore tentativrizr prcoosed eor 

cr-VIorboril ,ic fom. 

(Tabli.' IV vhole.; that the tetra .orial 

mar ate has con17orition Ce2(uC2):5(SCII )3 which is (r)parently 

a new comr)olmc; not .previously Oeserihee. A complete X..rai, str.tcture 

analysin has vorified this Cc:1mila. 

https://cry.)3.11
https://orthorhotr:-.1e
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"pc) crystallisation 
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1)tatiosi 
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"0 cr7stalli9Lation 

erys tale rorr.t.! 
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flf
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3'v)11.0w-roart Li color 
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minute 701,10w-DCon dryaw; the 
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"+‘ • !:.)et.t.(!al r. rnr77.. `"'ilrates. 

("riche T , n.-Tram, Anzarit., 5urfe.7 
...I • .1.1•1,11...0 • 

Staple lio• R.2-, 21 -37,314 3 '-3r).35,3( 4,5 
vretlislos, 

r.onsti.teipnt !t o/  ilatioo 
04• 3 - tato olo atio oi 

'o .•ratio 

164 

,„... „ .3 1.0 

773 I 644 2.1 
3 

410.101%.• ...MM. IN% 

; !,2 •,„ 
• 

_ I 1.0 53.e, L.'L 51.1 2.0
3 • 

3 
[ 26.3 (-:•ki 

I 
••• 0.............• . . ......... ...... • .........././..... .... 4.4.1.......... ,................4...................,

I 
I 

jj r 6.3 i2.0 . • „0 2•9 1 <•05
2' 1 t 

oft *WOW 0111.11.4‘. .1.0.1111MBA, 25.9 1.0 

..••• ........•••••••••• • ••••••••••••• • •••••••••••••••••• 

ry • -ar 74tatasitio ralA,111r1 anft rg -. 
ate- OisoolverT trii' the nrmirbri ;wen )rc, 

7:11 rubitlitm arv!. potassium in th* filtrates were 
strt,lr fvelvereflon to mara+4 03 • 

Arirorti,n was ,letrr-.rner! -;rtlochli•P on a 
25 marspie. 

""rflopt rez! &Win 7 •"!.."'s in :letbarn: no. ' 
-jectrophotixtetzleally 4.:.'11..or.7,,arate in an neetono-untor 

. sz1.ec ware ar0 (!11- t V> a 
tielf4..11to vol.'Iv . iliquote cr •:„.:- user! for;ocip solutions wars 
the ...Irani, AT,1 and trtox-1.-st! ',41,37".natt7'1n• 

e. apaliNIr trIoxirlf! anterillsww! iiavinetritTakv 
prseipitst°.n.r ell.nate a IlAtr

14 • 
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tote, 

;a:or tr) a71-- oftv3me 'tete 
n 7 1 tratn of' thou. 

ty70 ueer!r the ',nation nr :01e. ,trn in 
7.. $.. 1.3 i(%".11̀ .""k' t" ,raltion 

at .Y,141°!7 in a etietat t)f.' erf4t:/an. :.•sarvie oboe i3 kiproxinatolv• 
71-ic.. %mbar g.:1; crir.plo .,ctcr.'..'net' 

obtatalni- an ir,nition loss. Ti* lozs t'uo ',Lc) 

colw‘.:r41,;,,an or 7i:1 "' Ari-j, as rorat 
eavrillatee fin= the valzults for Vi,,tse t.st. 

tir.) a1ure,ircsant.za 
L'al:Aft ciao -;:ist: "I. • 

• Ais)rozinatoly r.v- • of the cesium: sar:7)1t.• va.,v in 
, traniaa 144 lreC.:.:Ylt+41"1 1;1. t11 • 11 tnitad

' • • 
and ‘..,.ei:,7.hee an 'VI—. c'eSitirn. 14 rill t47 in the filtrate 

r i;ortver31.on to C.4.;CL. sirrile was 
,:i!.*.!•.1v)11,,twe xi. As olltiort tatc, tInn -.‘1 ration 
axchnire resin to rove mid (s.s. Thf., ^ullat7 
yref,-1.p-Itattte t-tnei wei;ix-r! as larkie 

https://i;ortver31.on
https://a1ure,ircsant.za
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1, 1.4 .4 • 
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; 3101 3.F'7 14. 

fi -- 018.(Mee n•rl• . .-3•82 
t'rysta.l. 

s.7stArt .rth).1-Ix.rn•Jic rthorhor41...1.‘ r:tetasTat one_ 'rLI-larhicebie 

0-T or 16 or.1. • n 2h 
3. 

I 
've2 21, 

- nil cell ao u. c 2/2
eir-onelms 13.76 13.2% 

eo 7427 
• 

Tretzt-3 of .4_ 1.63 1.52 
fl•ttet ton A 1.572 

11,05 
0437 

''r,ochroiso -3t o1'icr 1.14.e • old. S t •13.1*1 yr1.1o1I 
Utast a:1r u 

z. ht ral.14v 
•••••11.•......••••••••••• 111.11. 

27f,ax14 aria) 6o0 6c 
...11.1•••••••••••••••• .11.0••••••••••••1111, 

-xtine tion rarallol darallel&1•ite 1 

.11..0.11.14r 

r <viz. not 0:-xxir.rtrodY tr'47 • 
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Thirt ta'Acta tatiats 4.4.3 Nriana:4cfra 
turve cm 

mai with ill-1 /Yal itk { 
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it* ptcI Ilroxirties ser• ::• rr.l'Itat 
speeirle Aravity %As ;.NatteM thee wt'1. a 01.:75-1,1 )›alanee on le'oit 2 11;74, 07: niltortal. 

https://11..0.11
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• XrJ`Cr -1.?ir? • r•• -- r.. 
1.110•••••• ••••••••••• v.++. -0++,++ •••••••••++ +A • +04. 

A. -enqral
4.1.1.••••••-•+ • 

The quit an". • trtrr, t-lotorminar.7 !br to 70taen 

anl both ¶t-'t, Ircet*' Ort 

f3'a. Inc! no.1,:,,bc'eTzts,:: 14:41 uscx1 for all laok. 

yart0k13 • u'c w.th sh:1,1:t.aie on 

The: 7- t'vti .nixarkthi,.! on a tar.11fer -

'war ax the crystal 5rout Into :ILI ..vat wt ths 

1n4' axis by =eons of a to.%) nircle optle:a --unicraeter. 

--y,crne ter hood was then transistrrtg.', to ;,1-18 ;Irecoslort emora 'or thc 

orirtitaV.on 7)hotoc-r17. In all csbrea the) cr.:Fat-nig %/tom 

vthclar..-i 8,1 that their lar.-est r't;-eon watt !lot :retIter than 0.5 

'3,11.f'ate f271-0,,(57-1 )212”27. 

'ram the proectp.ion nbatorra..ihu, the follovinr unit coll ura; 

. S 

" 11 • * C • 0.1 

'I' 0.02b0 2 :13 
Co * 7.27 + 0.01 

eFatan orthorhortUo 

The 164 Itj, hitt C.kI, ttr' lattioe natal oara 

.,1x.)to• rallied. The followin- tott);11; 7or ..trese or rofloet.lonti 

are oticervecl: 

takCs k 8 23 
hi! a 2n 

1--VID condltiona i the spaet at.; or 

• • • The gil.:ove data ac with those of Train. (1/3)• 

tuble.I.Lte”rari fita::ato 2 (SC4)2,2747 

rollowin• - cell Oata were foune !Or this cora.T)orcy,1 

ao •U. ± 0.02 

7.42 -t- 0.01 
7rvetal rtat.c, orthortiorhic 
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2ts.I lat..tAce meta lore 
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Figure I: Patterson projection of Cs2(UO2)2(604)3 on (001). 

Peaks No. 1, uranium-uranium interactions. 
Peaks No. 2, uranium-cesium(1) interactions. 
Peaks No. 3, uranium-cesium(2) interactions. 
Peaks No. 1, cesium-cesium interactions. 
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Figure II. Patterson projection of Cs2(UO2)2(SO4)3 on (100). 

Peaks No. 1,uranium-uranium interactions. 
Peaks No. 2,uranium-cesium(1) interactions. 
Peaks No. 3,uranium-cesium(2) interactions. 
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Figure III. Subtraction Fourier projection of Cs2(UO2)2(SO4)3 
on (001). 

Open circles - sulfur atoms. 
Solid circles - oxygen atoms. 
"Spoked wheels" - uranium atoms (subtracted). 
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Figure IV. Subtraction Fourier projection of Cs2(UO2)2(504)3 
on (100). 

Open circles - sulfur atoms. 
Solid circles - ovgen atoms. 
"Spoked wheels" - uranium atoms (subtracted). 
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Figure V: Final Fourier projection of Cs2(UO2)2(SO4)3 on (001). 
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Figure VI: Final Fourier projection of Cs2(UO2)2(804)3 on (100). 
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Figure VII: Projection of the Cs2(UO2)2(504)3 Structure on (001) 
and (100). (Figure prepared by H. T. Evans, Jr.) 
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PAMPHLET BINDERS 
This is No. 1529 

also carried in stock in the following sizes 
HIGH WIDE THICKNESS HIGH WIDE THICKNESS 

1523 9 inches 7 inches 35 inch 1529 12 inches 10 inches H inch 
I 4i dif Ai1524 10 " 1530 12 " 9% " 

to all1525 9 " 6 ' 1932 13 " 10 " 44 ss1526 II% " 7% " 1933 14 " 11 " 
64 ..1527 103 " 7% " 1934 16 " 12.41528 11 " 8 " 

Other sizes made to order. 
MANUFACTURED BY 

LIBRARY BUREAU 
REMINGTON RAND 

DIVISION OF SPERRY RAND CORPORATION 
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