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.; 

BY ALLAN ZALKIN, J. D. FORRESTER, AND DAVID. H. TEMPLETQN 
I 

Thorium tetraiodide has a novel layer structure in the solid according 

to single-crystal x-ray diffraction data. The crystals are monoclinic, 

space group ~21/~, with! a 1).216! 0.007, £a 8.068 ! o.oo6, ~ c 

7.766 t o.oo6 A.,~· 98.68: o.o5°, ~a 4, £x a 6.oo g./cc. Each 

thorium atom has 8 iodine neighbors at an average distance of ).20 A. 

at the corners of an irregular polyhedron which is approximately a 

square antiprism. These polyhedra share edges and triangular faces 

to form layers which. are only weakly bonded to each other. 

Introduction 
.._,...,_,_,_.N"'WN.._NNIIIW 

In 1950 we made and a·nalyzed crystals of thorium tetraiodide. 1-leisse::berg 

x-ray diffraction photographs of a crystal rotated about the b axis shm:cd 

that it is monoclinic and gave the unit cell dimensions. The space group 

was ambiguous because we did not have the 0!0 data. Because of the complexity 

of the problem we suspended work on it. With the advent of high speed 

computers and improved techniques for intensity measurement we reactivated 
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this problem and successfully deter~~ned the crystal str~cturc. 

In 1954 Jantsch et al. 2 reported on the basis of t powder diff~·.1e·:..ion 
-~i 

3 pattern that ThiL might be tetragonal. D'Eye et al. :concluded tr.at the 

·crystal is orthorhombic and reported cell dimensions. In· the nresent Hork 
;,: .. 

we ~r.ow conclusively that ThiL is rr.onoclinic in space gr:oup !21/n. A:; 

inspection of D'Eye 's published sin2e values shows thel'lj to correspo:1ci to 

ours, but we cannot find any significant relation of t~~ orthorhombic cell 
:~: 

dimensions to the monoclinic lattice which we deterrr.in~'. The reprodu:::tion 

of the powder diagram in Jantsch' s paper is so poor thdt we can.110t corn.i'l'..ent 
I 

concerning his data. 

E!~E£!:~!:~S!J 2£ gt;t~!:~12·-ThiL was prepared by heating thoriun m::tal 

foil at about 500° in an iodine atmosphere in an evacuated Pyrex T-sh~ped 

tube for·a week. The iodine was at the bottom of the tube stem at room 

temperature, and the thorium was in the side arm irrw"nersed in a furnace. .As 

the Thi4 was formed it distilled dmm the tube away from the hot reaction 

zone.· At the higher temperatures near the reaction zone the material is 

oranGe colored, but it changes to yellow at a lower temperature. After 

reaction was completed the rraterial was distilled to the other side arm 

and sealed off. hhere the thorium foil had been there remained a grey 

powder which was presumably unreacted thorium and thorium oxide. As TniL 

is very reactive to the atrrDsphere it was necessary to handle the ~.aterial 

in a dry box; our dry box is charged 'lvith dry ni trorien. 

The ampule of Thr4 was broken open, and small fragments of the yello',; 

rr~terial were loaded into 0.3 mm. diarreter vitreous silica capillaries. 

The capillaries were sealed and baked in a furnace at about 550°. There 

was enough therrral gradient to allow crystals to erow on the cooler walls 

of the capillary. 

. i 

', 

. l 

... ,/, 
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~-!:~l khf!r2£H.2!J• -A sui table small crystal platr of dimens:i.o:1s 
' 

approxirratcly 0.15 X 0.10 X0.03 mm. was attached to the wall of the 
I 

_·capillary with its £ axis in the plate and along the a~s of the tube. ,.. 
~: .·J 

It was mounted in a goniostat on a General Electric X1~? apparatu:3 equipped 
'11\_. 

with a molybdenum x-ray tube, a scintillation counter, ~~d a pulse-height 
"f .,, 

discriminator. Cell ditr.ensions and crystal settings rT~~e calculated with 
:,. 
~-

1.(15_~) a: 0. 70926 A. Intensities were measured for theJ-1454 independent 

reflections permitted by the space group out to a limi~ of sinS/>.= 0.596 

( 28 .. 50°). Of these inte'nsi ties 106 were recorded as: zero. The reflections 

' were measured by counting the peak ~ntensity for 10 se~onds. The settinGs 
' 

were verified for selected reflections by step scanning of the angle a. 

The data were corrected for the Lorentz-polarization effects. These 

and other calculations were wade with an IBM-7090 computer using the Zalkin 

data-processing and Fourier programs and our version of the Gantzel-Sparks-

Trueblood least-squares program (all unpublished). The function minimized 

in least squares was ~w(IF I-IF j) 2/~wF 2, where w_ is the weighting factor - -o -c --o - -
and F and F are the observed and calculated structure factors. Because of 

-o -c 

the fixed-time counting technique we took the weighting factors as unity. 

Atomic scattering factors were taken for neutral Th and neutral I (Ibers4) 

modified for dispersion by adding -6.0 and -o.S electrons (Templeton5). 

The imaginary dispersion terms were neglected. 

corrected for absorption by a method which is based on experimental rreasurerrent 

of the absorption effect for certain reflections. This rret.hod applies to 

thin flat crystals rounted with the goniometer axis parallel vri th the plane 

of the crystal. ~~ have found this technique convenient for several 

substances which we have studied. In the present case it accomplished a 

considerable reduction in the discrepancies of observed and calculated 

structure ·factors. 
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l 
If the crJstal is in the shape of a thin circular pisk, the·absorotion 

~ . ·- . ' ~ 

correction depends only on the angles P a~d Q between ~~e incident and 
- ... h; 

if 
diffracted beams respectively and the normal to the di~\(~ · \ole make the 

W'' 

~i, 

~~!;~\t 
. approximation that the correction depends on the harmo~·~ mean value m 

ti ·:. 
of Jcos!J and J cosgj: {tt 

;;,r; 

2 1 1 
t. 
·~· - .. + • ~~1~ 

m Ieos~! jcosg_l rJ:· 

' The parameter ~ is inversely proportional to the dista~ce through the crystal •rhich 
~l· 

·is traversed by a photon scattered at the center of th4 crystal. This procedure 
. t 

~ 
treats alike the cases in which the diffracted beam ·e~rges from the saiT.e 

side or opposite side as the incident beam. The geometry of a measurement 

is determined bye, the Bragg_ angle, and~ and X, the settings respectively 

of the spindle and vertical circle of the goniostat. By spherical trigonorretry 

we have the relations: 

lcos!l IS Jcos9cos~ + sin9sin~cosXI, 

I cosg_j = J cos9cos¢ - sin9sin~cosXJ, 

if the crystal is perpendicular to the incident beam when a = ~ g o. 

If the setting of 9 is otherwise, a suitable constant is added to ~ in the 

above equations. 

For reflections at X~ 90°, ~ m jcos!l IS Jco~j,· and rotation of~ 

permits rreasurement of the intensities as a function of ~ over nearly the 

entire range 0 to L These data are fitted by a convenient empirical function 

of ~ which when multiplied by the measured intensities corrects them to a 

· · constant value for each reflection. This function is then used as a correction 

factor for the rest of the data • . 
In the present experiment, the function was chosen as: 

,I(measured) 
.!(corrected) .. -----------

1 + 5.25exp(·0.69/~) 

The values of this correction differed by as much as a factor of 3.6. 

I 

• f 

I 
- i 
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Results 
...,.,.,.....,,.. .. t!V 

~!:1~ ~£11 ~!!2 ~E~£~ QE~!!E·-The crJstals are m:mo~linic with unit 

cell dimensions: 

a • 1).216 t 0.007, £. 8.068% o.oo6, £a 

l3 a 98.68 :1: 0.05°, Y. * 819 "AJ • 

7. 766 \:·0.006 
t:. 
y~ 

A., 

With four !ormula units (Thi4) per unit cell, the dEms:i,ty calculated from 
:; 

the x-ray data is 6.00 g./cc. 

The systematic absence of hOt reflections if.h + e is odd and of OkO 

5 reflections if k is odd is characteristic of space gro~p E21/~ (Q2h ). 

This space group is confi~d by the structure determination. 

Deter~ination of the Structure.~In order to obtain a trial structure 
-----NNNNMNNN MN NNM MNNNNNNN- ' 

· we calculated a three-dimensiona~ Patterson function. By inspection of 

this function with due regard to packing and interatomic distances we found 

a complete trial structure which accounted satisfactorily for the larccst 

peaks. The thorium atom and all four iodine ato~s in the asymmetric unit 

were placed in 4-fold general positions: 

4(e), 
1 1 1 

±(x, v, z; -- x, - + z, -- !)•. 
- . .tL. - 2 - 2 2 

The positional parameters obtained from the Patterson function were all 

within O.OJ of the corresponding final values given in Table I. 

TABLE I. 

FINAL POSITIONAL PA!W1ETERS Al'iD STANDARD DEVIATIONS FOR Thiu 

Atom X l. z (]'(X) cr(z) d'(z) -
Th 0.1835 0.0149 0.1769 0.0001 0.0002 0.0002 ' 

I(l) .0$87 • 9098 .8094 .0002 .0003 .0003 

I(2) .1801 .2535 .4984 .0002 .0003 .0003 

I(J) .097~ .6917 .)251 .0002 .0003 .0003 

I(4) .1517 .3638 .0014 .0002 .0003 .0003 
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Least-squares refinernen:t was started tising this trial structure. 
' 

Each atom was gi•1en an isotropic temperature factor of: the form exp(-,:QA.- 2sin2EI) ~ 
··: 

and only 622 reflections, each with unit weieht, were psed,_; in the reflnerr:ent. ·. 
~~-

The conventional unreliability factor~ = }.; lifo 1-IIctNV .£ lfol was 0.16 
. - -t,__'·l -

at the _end of 4 cycles of refinement. Encouraged by t~~' we calculated 4 

further cycles using all 1454 terms, each with unit we~ght. This calculation 

resulted in R a 0.17. - ' 

At this stage it became apparent that the shape o~'' the crystal, combined 

with the high value of the absorption coefficient, was ~affecting the diffracted 

intensity in a systematic way. An absorption correcti9n was applied to the 

data as described earlier. After 4 more cycles of refinement with all the 

data R fell to 0.120. Correction of several blunders in the data measurements 

and in data card punching reduced ~ to 0.116 after 4 more cycles. 

Introduction of anisotropic thermal factors of the form exp (- i3n.!:/ - ~22.!:2 

-~33~
2 -2131~ -2~13~ -2~2~) for each of the five atoms resulted in only 

slight further improvement of the agreement. After 4 cycles with all the data, 

~was 0.09. In the last cycle no parameter changed by more than one unit in 

the 6th decimal place. 

The final positional parameters and their standard deviations are listed 

in Table I. These standard deviations are estimated by the method of least 

squares assuming that the discrepancies represent random errors. The 

anisotropic thermal parameters and the average- root rr.ean square displacerr.ents 

of the atoms are reported in Table II. The observed structure factor ~aenituces 

and the calculated structure factors are shown in Table III. 

A comparison of the final atomic-coordinates with those obtained in the 

first cycles with 622 reflections revealed that no atom moved more than about 

o.o1 J... 
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TABLE II 
\ 

ANISOTROPIC THERY.AL P ARA.'il!.--r'ERS ( Xlo4) AND AVfRAGE 
\ 

ROOT MEAN SQUARE DISPALCEMENTS rji !. 
1• 

" 
'· . 

Atom pll ~22 S333 ~12 pl3 -~23 
.. .:::_, A. 

Th 

I(l) 

I(2) 

I(3) 

I(4) 

22 42 31 -1 13 0 
'!··.1 :t 

~'\\0.12 
··~.1:+ 

25 80 45 2 15 ... 16 
~;!>-"!' 

.14 
:t-_:; 

30 67 ······ 37 -6 26 -3 l .14 
: 

" 25 68 82 3 25 15 '; .15 

34 59 51 -2 2 7 .15 

TABLE III .. 

OBSERVED S'l'RUCTUP.E FACTOR I-1AGNITUDES (FOB) AND 

CALCULATED STRUCTURE FACTORS (FCA) 

(Table submitted in two parts as photographic prints.) 

£~2£tt£~~2Q 2£ ~b~ §~~g~~t~·--The Thi4 consists of layers with the 

iodine atoms arranged in sheets parallei·to (lOl} and the thorium atoms 

located in alternate spaces between iodine sheets (Fig. 1). Each thorium 

atom has 8 iodine neighbors arranged at the corners of an irregular 

polyhedron which is approximately a square antiprism (Fig. 2). The Th-I 

distances (Table IV) range from 3.128 to 3.291 A. with a mean value of 

TABlE IV· 

DISTANCES TO NEAREST NEIGHBORS OF THORIUM 

Atom 
. a • 

Distances, A. 

I(l) 3.188~ 3.276 

I(2) 3.159, ).208 

I(3) 3 .• 134» 3. 232 

I(4) 3.128, 3.291 

aEach standard deviation is 0.004 A. 



-7.1- TJCRL-10962 

Table III page i 
..... w~ o .• 0 •6 lbl-2~'1 lH•~IO l F08 "' •7 ~s -10 HeKIII 2. 2 I )9 )'I s \48 Ill 1 166-199 ?C ·86 

l .f08 fCA -~ 1&9•176 Ill IH -e )9 ·51 •6 179 1ST l F08 fCA z zro-21"' 8 .. 6 H 111-111 
l S9 •S<> -z 216 23• llt IH •1 ll S) -s )8 29 ... 0 •8 ) 119•101>' HeK•&Z. 2 • lv2 l?l 

• 201 1n •0 )00•)92 lo. •16 •t '10 ·92 -· 'H•I06 -a ZS6 232 .. 12~·120 l fCH .FCA "·"· ), ) s 1)0• I 29 
6 SH 560 2 16 9 6 16 ll -~ 89 -u -) ll~ IH •1 1 z• 110 s H ..... -6 67 46 l F06 fCA .. 4C ·•2 
8 99 ·99 4 6) 6C 1 18 16 •4 IH 126 •2 ss 50 •6 )) 1 6 49 S4 -s 112"\122 ·6 29 21 1 )I ·H 

I> 212•204 8 199•200 -l I )9•1 l' •I 11 -rs -s 215 162 1 o-11 -· l4l~ll>' -7 la -34 

"·"· lo 0 -z ll)•ll8 •0 U) 106 -· 1s -s' •) )0 'i-16 •6 l))-)02 H,K• a. ) 

l fQH fCA H,K• 9, 0 H•«• z. I -I )5 28 I q) 90 .·} 5} •48 H•K• 1, z·· -z lll \ )\) ··5 2U 184 l f Qa fCA 
•9 52 •61 l fOb fCA l FC8 FCA -c 0 -)I l 79 •7& •2 447 •H L FOB FC& •I 10 ~-~6 '!-c, 125 101> -· )'I -q 
•1 IS• 1•6 •1 109•116 ·9 08 65 I H ·9) ) 80 '" -I ))~ ))9 -a 0 ·II -o ~1 4-to •) 1?9-la• -7 )8 -za 
•5 ~~~- ~~~ •S 62 -H •6 211•108 2 91 9C 61 5) -o 6) -61 ·7 159 160 I 9) ~~? •2 119•109 ·6 ro - s• 
·•) •) )19 HS •1 2S 26 ) 1•6·1H 16 -)) I 119 Ill. •I> )0 H z 199·U~ -I 84 69 -~ . 17 •64 
•I lpo 30~ •I l~2·ll7 •6 C•2b 82 •76 l I) •16 -s 298•20l ) 11 ~io -o 180-'10 _, 1)8 IH 

I ~~4·216 I 76 70. -s 76 -6) )I •o H.K .. l2t I ) )9 )9 -· liZ 98 " 125 til I II• 114 •) 19? <II 
) f6) .... ) 21~ zoo -~ n•-JH 0 IS l F06 F'A .. HI ))I •) 61> ~8 f ~ / l 166 169 ·2 l6S•I7l 
5 27) 280 S 266•251 •) 12) 107 S6 •61 •6 .. 2 •ll 5 208 211 -z 66 •62 HtK•Ilifo 2 ) l•o-1<7 ·I 111-109 
7 205-212 -z ))C•l05 •5 'll -80 6 a• -~o •I uo 161 l FOa Fe& 4 174·175 -o ·~ <ol 
9 z .. 29 H,KelOe 0 •I 27 ... .. ,eta '· I -· 81 •8) l 0 6 -o 149 149' -s 15)·~~~ 5 '19 101 I 27 -9 

L feu n• •0 66 -68 l F06 H.A •) 98•111 6 28 )I 1 299•)00 -~ 21 i 16 6 169-200 2 64 61 
t1tK• lo i) •I> 12 69 I •• -<.5 -e _ l's ICl -2 27 2 2 )8 31 -l ll '26 1 0 •} l 167 161 
l fC6 FCA ... '' ·29 l ,.,-... ~.2 •1 72 76 •I 169 lb'l H•K• ), z· ) 118 I" -2 ea ), '74 8 9) 91 4 14~·142 

-a "-'9 _,.8 •2 lb'l-181 ) 85 88 -t 96•101 -o 0 ... l FC8 FCA 4 0 -14 -I 42 .. a,. 5 .. ~ •95 -· 211-184 •0 ... •2 4 HZ•lSO ., 19~ 164 I 16'•·154 ·9 107 IH 5 )2 ~s -o 142-hl tiet<• ~.· ) 6 62 69 ... H -~9 z .. •)? 5 t2 6) . .. 201•172 2 )) -27 -e 29 •lS 6 102 10) I ll6·~j) l f06 fCA 
·2 27 l·2H 4 !H-158 6 ICI•IO) -3 15 -· ) 0 •7 •7 212-ZSI T 128-DO z 80 •n -a I•S•IS2 H,K• 9, ) 

-o 19••191 6 17 .a 1 57 •M -2 102 liZ 4 g 2 -· 7) t4 ) 71 ;6) -7 15)•1'6 l f06 HA 
2 I•S•Il9 8 161-ITS •I 131 14) -s 146-13) H•Kw e, 2 ; •6 0 12 

_, 
'6 ·2) 

4 11 I• I)) HtK•llt 0 •C 200-ZGZ H,K•l), I -· 28 )0 l FOB FCA t1 9 1C•l~.~ 2 -s )8 •l -I> Ill -?1 
6 l06·109 l FO.il FCA HtK• ), I I hi 151 l F08 FCA -l 102 IH -a 111 225 L FCB ftA -· l•l-126 ·5 75 5) 
6 !n -u -7 26 • l FC6 FCA 2 88 •05 •6 62 •27 ·2 )I )I -7 38 •)8 -· JS ~ 69 •) 1)4-122 ·• 0 26 

•5 19(1•16) •9 •> -Zl ) •l -u •5 0 •20 -I U7·502 •6 102 •96 •) 27 i; ~5 -z 16)·171 -3 68 69 
HtK!R ), 0 •) 160·201 -a 1)6 1}8 • H )1 -· 168·186 -o 90 88 -5 100 a• -2 89 j!v• -I 166•117 ·2 96-1~· 

l f(o:6 f'A ~a 2• • -7 69 -65 5 113 Ill -) AH 19) I 0 •15 •4 221 zo• •I 29 u •0 " 7'> •I b) -61 
•9 lf6 112 I 226-215 •6 171-150 t Ill• Ill ·2 152 l57 z 26 -27 •) 19) 208 -o 4~ i ;~ I 65 61 -o 78 -82 
-7 58 ·6• ) 102 -9) -s II) ·98 1 )0 41 ·I 22 17 ) S) 53 -2 21l 229 I 2 229•229 I 109 10) 
•5 02 •69 5 l) -2) -· ll6 282 •G l))-1)1 86 e• •I 51 -•? 2 7b 10 ) lSI• HZ 2 2) 17 
•) 222 210 •) 31 -3' .. ,Ka e, I I 0 I• 300·JC9 -o lSI· US 4 18 -20 ) 0 -lb 
-I hb·ISO Htl<•l2, 0 ·z 121 104 l FC8 FCA 2 107•102 0 6 I 106 18) H,Kml5t l 5 9• ·99 • lll·lu4 

I 12 l FCB FCA •I 69 -66 -e 22 ·20 l HZ 129 )4 27 2 171 267 l FC6 fC& b 0 " 5 0 
_, 

) 62 62 -6 227 210 •0 71 ·16 -7 60 S'i 0 ·7 ) 103 97 •) )9 11 7 )0 •6 6 •o -l8 
19 -78 -· 98•105 I 17l·l66· •t 199·111 H,K*l't, I • 74 75 ·2 115 12) 0 116-119 

0 20 •2 1)9 1'7 2 )07 )09 -5 321•280 l FOH FCA ... I(• 4, 2 s 0 18 ·I 116-ll• HeK•lO, ) 

-o IH Ill· ) 0 9 -· sz -16 -s 66 •61 l FOB FCA 6 68 -n -c 0 11 H,K• s. ) l FOB FCA 
H,M• •• 0 2 toT -61 • 0 18 •) 2)7 253 -· 21 ) -a 39 -$0 l FO• FCA -7 156-177 
l FOU fCA • 171 1'9 5 21> -36 •2 99·108 •) 67 68 -1 120•116 t-~,1(• 9o 2 ti•K • Ot ) ·0 71 -67 -b 129-12) 

-a 117·117 6 26 10 -I 'l2 -uu -2 S7 •60 -6 40 •ll l FOB FCA l FCR FU ·1 23 )7 -s 7) H 
-6 378•)67 H,K•l ), 0 7 71 -78 -c 2H·<ll -I 'IS •90 -s 15• 148 -8 22 -8 I 1 rs 166 •I> )6 4) -· 0 -12 -· )72 lblo l FOU FCA 8 123 ll7 I 195·19C -o 0 -1 •4 Zl7 227 •1 99•109 2 II'· ICt> -s 252 252 ·) )6 •4) 
·2 <\48-4q4 -s 53-ICC 2 31 -28 I 60 -5<. •) )26-290 -6 so ll ) 22 18 ·4 96 82 -2 1}8·150 
•0 )C4•ll2 •) 12~ Ill H,K• •• I J 2ll 22) 2 Cl -3 -2 17<>·162 -5 '17 -88 4 12o 122 •) 0 {, -I 196-l~ 1 

2 )07 )O<o •I 27 3 28) l FCB FCA ~ 129·121 -I ... -47 -· 194 1?6 5 .. 9 150 -2 lll-120 -o 6b -79 
4 '\4t4•476 I 1~6-,41 •'I 180 ·20 I ~ 149•14C Ht'K•lS, I -o 113 111 •) 39 H " 98 •'II ·I 170 17b I 71 6? 

6 0 ·10 ) 226 196 -e c ) 98 •9) l fOb FCA I 75 7l -2 92 •90 7 " 6U -o 86 '10 l 0 -I 
8 '" 40 -7 232•225 0 •19 •) 15 •87 2 178 I 8 I -1 173-180 8 0 -o I 241 242 )· 104 -'17 

HtK•1~. 0 ·6 270 259 ·-z 90 -97 ) 280-281 -o 136 IH 2 4S •o • ll•·l24 
H;Ke s. 0 l FOB rc• -s zza 2ll tooK• 9, I -I )q •27 • 165·166 1 21 •21 t4,K• 1. ) ) 26 •1 s IC6·100 
l fC6 FCA -· 52 54 -4 279 21.1 L FOB FCA -o 56 6) s 40 45 2 14'1 140 l FC8 FC& 4 8) ·62 

•9 9 5·12 2 •2 24 2 •) 27l 2 1·0 -e a IOU I 160•147 6 l)O 130 ) 0 II -6 27 II 5 191 192 H,K•ll, ) 

•7 IB6·2 a -o 147•140 -2 0 9 -1 166•1'16 1 )8 •49 4 76 ·7) •1 n -20 6 90 91 l f08 FCA 
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•) )'1·8-) 60 -o • 28 46) -s 0 -~ l fOB f'A 6 I 32 126 -5 228-210 -s e., -so 
•I 20'1-216 H,JC•l5t 0 I 4)0 45) -· 2ll 224 -o )) 28 HoKe 5, 2 -· 12S·Il4 H,K• ,f,,. ) -· 55 •6 I 

I 217 260 l ron FCA 2 176 11) •) 165•171 I 31•·)04 l FOB H• H,JtelQ, 2 •) 3C'I•27S l FOB FCA -) 88 95 
) UO·•H •) 89 •?6 ·) 21 IS •2 60 61 2 ll?-])9 -a IOI·IIC l F08 FCA -2 IC2 80 -a 57 62 -2 169-17? 
s )) s 

_, 
30 B • 61 60 -I 227-4)2 ) 92 n •1 0 -27 -7 2' 29 •I 46 10 -1 lOb 126 -I 51 .r 

7 102 107 I 9~ 67 5 126-IH -c 191-182 4 IBD-177 -6 0-1) -6 91 ·66 -o 2 79 268 -lo 65 IOl -o 196 189 
6 227 2H l )0 )I 5 117 115 -s 249 2 ... -s 76 •58 .I l91·'i• ·5 197 16) I 0 8 

H,l(• 6, 0 HtK• 0 • I 7 2 lJ 24S 2 HO 297 6 0 7 -· 225-ZCO -· 100 99 2 159•156 -· 102 a• 2 Ill-Ill 
l roo FC• l fOB FCA 8 S) so l 201-189 7 150•146 •) 101 f) •) 56 4) ) I~O·IH •) 212-206 ) 1) 67 

•8 161 210 I liS IC 7 44 -se 8 2U·ZIZ -z 149-158 ·2 111•118 ... lSI 150 -2 56 b) • • ) -72 
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3. 202 ~. The I-I distances in the "antiprism 11 are shoyn in Fie. 3 and 
f 
i 

ranee from ).662 to L.l7B L for nearest neighbors. Ope of the square faces 
~ 

of the polY:hedron is very nearly planar, but the other': is considerably more 

distorted both withiri and out of the plane. The angle~{a' the corners of 
~d· 
~7.1~ 
~:')r . these faces are listed in Table V. 

TABLE V 

ANGLES OF THE "SQUARE" FACES OF THE LIGAND POq;IEDRON 
y 

Face 1 Face ~. 

I(L)-I(l)-I(2) 87.0° I(2)-I(l)-I(3) 76.5° 
! 

r'(l)-I(2)-I(J) 91.5° I(l)-I(J)-I(h/ 101.5° 

I(2)-I(J)-I(L) 91.4° I(J)- I(L)- I(2) 79.5° 

I(J)-I(L)-I(l) 90.0° I(4)-I(2)-I(l) 98.0° 

The lieand polyhedra are linked together by sharing edges (I(l) pairs) 

. and triangular faces (I(2)-I(J)-I(L) faces) as shown in Fig. 4. Each Th 

has two Th neighbors at L.L78:!: 0.005 A., in the,directions of the shared 

faces. The only close contact bet,.reen iodine atoms in the sarr.e layer, other 

than the edges of the ligand polyhedron, is between I(J)-I(L) pairs at 

3.86L :!: 0.005 ;\. Each iodine atom has t'wo Th neighbors. 

The packing of the iodine at~ms in the layers is not simple. Parts of 

the structure are very similar to the packing of triangles, squares, and 

pentagons in the oxygen sheets in the BaTi4o9 structure,6 but the stacking 

of these sheets is quite different. \ve know of no other substance with a 

structure vihich resembles the entire arrangement. 

The layers are bonded together only by weak forces. The I-I contacts 

between layers (Table VI) all exceed 4.07 A. The orientation of these layers 

conforms to the platy {lOi} habit of the crystals. 

,\): 



. j, ' 
¥:' ~· ~ I 

1:. ' • . . , 
-9-

TABLE VI 

IODINE-:WDINE DISTANCES BETHEEN LAYERS ( 

a • \, 
Atoms Distance, A. • .. •I .. 

'' 

I(l)-I(2) 4.155 
';,,,. 
·~;n 

~ ... 

'::.·\ 

I(l)-I(J) 4.252 .. 
;, '· 

I(2)-I(J) 4.125 
.;.•"t i~ 

I(2)-I(4} . 4.·079 

astandard deviations are 0.006 A. or less. 

References 

UCRL-10962 

(1) vlork done under the auspices of the U. S. Atomic Energy Commission. 

(2) G. Jantsch, J. Homayr, and F. Zemek, Nonatsh., ~~' 526 (1954). 

(J) R. 'il. N. D1Eye, I. F. Ferguson, and E. J. l1civer, Con::;r. intern. 

chim. nure et aonl. 1~ Paris 12z1, Hem. ~· chim. minerale, 341 (Pub. 1958). 

(4) J. A. Ibers, 11 International Tables for X-ray Crystallography, 11 

Kynoch Press, Birmingham, England, 1962, Vol. III, p. 211. 

(5) D. H. Templeton, 11 International Tables for ·x-ray Crystallography, II 

Kynoch Press, Birmingham, EnglandJ 1962, Vol. III, p. 216. 

(6) D. H. Teiq:>leton and· C. H. Daubez;1, if..· Chern. Phys., ~~, 1515 (1960). 



-10 ... UCRL-10962 

i.''igure Captions 

Fig. 1.-Projection of the 'fhi4 structure onto thf ~ plane. The 

numbers on atoms in the lower part of the figure a:re ;(~;·f!pordinates ('X 100). 
. t~ 

Fig. 2.--The approximately square antiprism arran~~~ent of iodine 
.~tJ~: 

about thorium in Thi4. ' ·.1 

., 
f:.·\ 

Fig. ).-The iodine-iodine distances in the ligand:,polytf;dron. Standar-d ,. 
deviations of tr.c distances are OeOO) A~ 

. 
Fig. h. -The structure of one layer of ThiL, indic~tcd by lin!{f!d 

polyhedra. A. thorium atom is at the center of each polyhedron, and an 
. J 

r 

iodine atom is at each corner • 

. . ····· 
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This report was prepared as an account of Government 
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m1ss1on, nor any person acting on behalf of the Commission: 
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report, or that the use of any information, appa­
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