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iodide exists in the crystals as dimers; rn2r6 ,. according -

to a· determination of the structure by single-crystal x""ray diffraction •. -

crystals are monoclinic, space group !_21/::_, with! = 9.8)7 ± 0.004, : 

-6.102 .t o.oo4', ::. ~ 12-.195 ± o.oo9 ;.., ~ = 107.69 :t o~o5°, ~ = 2, ; - .· 

. 4. 7~- g. /cc-~- · Twinning is common. Iodine atom~ are approximately : >, 

i·d!:~~"""'"·"--4,;-··l~·L"=""·,·--· .. -"'~·• • packirig~_;.,:.~Illdiu~7rlo.~s are in adjacent tetrahedral · ·· · · 

so that the structure consists of pairs of tetrahedra sharing, 

The fu- I bond distances are 2. 84 A for the bridge bonds and ' 
' ; . • . . • - ,1·. 

. • . '· . ' . . ·. ·.· .· ·1· :··; . -
A for the terminal .bonds.· The ·rn;..rn distance in the molecule. is - :- '-

A. Boiui angle~ are 93.7°, rO; :i-fu~i'(~ri~ge. bonds). and J.;~t'l~,:.';r;. 

for>· In-I:(·~rmiMl ~~:s). · · ))'~: :t~:~1~~~t,~f;~. : • . .• . .· . ;~]t!'' '. . 
l ,• • .. ~:\ - ·,:· '· •.• 

·:-. .'•. _., .... . ;·,· ·:·-.. ,., 
. ·:,!' ' ~· 

'' '· <"! ' .. 4 • • • 
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Host crystailine metallic_ trihalides exist as -sti:u"ctu~~s which are · , .. '--''. : ::' . 
.:· ---· . - -~- -- .--... ''.\·,·· 

:infinite' complexes 'i~.one,;.tw-o~- or three dimensions. 2 - Only a f~'W'~''(!~4·-' :-
-.' :-· ---.-----·-· .. ,_ - .. :.· .. ~-· -,. 

monomeric SbF 33::a~d Sb,Ci)4:_;~ri~-.~~'diineric A1 2Br65 arrl Au2c16 
6

) . are kn~wn ~o ~ ·f , . 
·have structures ·consisting of,_dis~rete·-~lecules,--although dimeric molecular·: ' 
. .' . ~ ·.~· .. · . .~-:·:!···\/···'; .. :.··,,':.'·. :. ,';~-~~~:._ .. _ .. \ - ~-~-< '.•p·-~ '·:. / . .-.· . : ·:'.:! ··.· ..... > .. -~ .. 
, structures are very common -·for .trihalides in _the_ liq_tiid and gaseous states-. · · · 

·. . . .. . . t . 'i r".: ' . . "'· f ~-' ~ ~ . • 
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'i Dirr.ers exist also in the solid: trii~dides .of aluminum, . gallium, and indium · 

. ,according;t~'iodine nuclear qu~drl~pole .. sp~ctra r~ported.by Segel and Barne~.'J. :··,. 
~ • • .' .• ·> . ., • l • ~. . : ..... :.-· 

~' . _. ' 

. _ .,- ,'\-)This fact is confirmed. for :the :i.ndium compound by the crystal-structure .. · · · 
1 

: : : ::. '{ ' • :· . C : .· ' . . · · ·~·:o · . •' . . • ii ~:;::' • >, - ': · . ··.- · . . ' 
i /·determinatton ,.reported· in the·· pre·s<O~nt. paper .. ·, :According to x-ray powder .. 

\): .. _--~ . .' ,:_.· .. :· .. -· • . 8· : •__, . _.' __ : '··._ ~~·,_ -~· . , ·' .. ~--. ~----~---~l,; :~r\:'. . ,_.·_,, .... .- . . , 

',;:·/ ','diagrams it is likely·_that the .aluminum ana·· gallium ,iodides' have the same.' --~ 

;:;if) crystal struct~~ a~ In2~i •·. . . ' :' . , , 
... _ .... 

,; - . , . ~ 

··.· ,. ,·. 
. ,I (. 

Indium( III). iodide was synthesized from the elements in an evacuated 
:··j;,~: •. -i .. ;.h~:·~~------:-:- -~;;-~·-------··-· .. __ ;.~--~.;-~;,-~--......... . - . . ' ·-: 
:T/~<;;_;;·:;': :: bent Pyrex tube containing iodine in one end ·and indium metal in the other. 
; 1·~:.:_ 'f_'-, :: --~~ .. '/ ._.. ~ . ' . .· • ' . . 

· :! '\:~ ' The indium was heated to 250° while the iodine .remaiped at room teroper~ture • 
.... <.f;:' :.{'~\·: > . .·. , .. 

..• :,J,I~~~~)~;::::~:=~:~:::::~:~:~~~:~~~;:::::~:c:~::~:~~:::~::7: .•.•. '.,.··· 
··"'·''·'~,,.,,,,,·:wall thickness) and sealed off. The capillaries wereheated.to 250° in an 
;'.'_.;r" rn;:q~.;;\ ; .·.. .. . . . ' 
·. ;;: :(;·.~;:~:.;: · .·. oven and thi:m cooled slowly. This treatment produced· small crystals· attache~ · · 

··:.: . .. 

·.:at. various places to the walls· of the capillaries. . : . 

Twinning of the ,crystals is connnon and causes the _diffraction patte,rns ·. ' 
··;·. '. 

cell much larger- t.han .the. true one. Diffracticm./ 
., 

:_·,·?,~F/'f:J.iJ:.~f~. :_-_ photdgraphs of twinned crystals of In2r6 were. taken ~YR.-
' )}~f''l~if'j~(\,f);aboratory in 1954, but the correct ~nierp:"tat~on o£ ~henl as nnlltiple · .. ' , ' 

__ :.': ~::(:.:; ;!:; :\:~;:;;:patterns was made- only arter l.mtwiimed crystals were found in the present . -'·' .. 
·-:.·.~~~-·.;:+~~.:\<::~::}:)i:~~ .. -~:· .. :.,~- ~-~~1·'. . . ' ·.. .-' / .. •· ·· •. · .. ·.. . _·--·~-:.: <·_· •'·· ' '': . ·.' .···< <>· ··:;· .. -· 
; ,}. !/\::i:~;:)f; -~:~·~,investigation. Photographs by the Weissenberg_ '!ind precession .techni<i:ues · , · · · · ·· ... 

:·yf~it:~\;'>:::a~~i~~~ ~h~ corre¢t uili:, .. c•l:~"- .~~~~' ' :( ·· · ·· " . · i ' 

:·0'~~·.f..::o::·:8 ,:'j•;:.Z'f~The · final structure .. reported· here . is based ·on· data from a crystal in : .:' -
~::- )r_,:~-·! ~::;~:r>~-:j~-~-?i':::~::.:·. · ·... . . -- . · · · · · · -_ ··. · -_ · -~~-. - · . -- _ . _ 
· - · .:,i ·;-~';. thtf form of an"approx:iniately:hexagonal plate of,~dimensi6ns 0!1.:3 X 0~11 X 0.06 mm~· .. 
~~· ·.'~;j~:~'·, ~ .... ~ .. -.··.' •· ·, ·:., c ·,, v 'l. • •' -..· .. ~~... • _.·.· • .' .-~·, ••• -~'.• ..• ~···.··,, •:'~-·...:·.: •. ,''~~··,.I ','.· ·: _;_ ': . • •. : 

'· .. The data 1-rere measured using ~a General Electric.' X;RD-5· i-ray" goniosta~ equipped ~-
.. ·~--~---·. --~ :-.·: .. ··~ i_'_,:_,·.~-··': ·.·:·-~.·~--/··· ~~.~- .• ·· . ·::~ 

-~~th a seintiliation _counter;_and -a pulse.:.heig}lt ~discriminator arid us~ng HoKa; .:.,"• 

~ • ;,• ,·:·,·I '·~···, 'i'~~--,~/i_--, .... ~~-~~ ... -~· '·,.r 

:·:· : ra~ation. -~,Unit ,cell.~im~ns~ons ~re ~ase~ :on A-,• o._yo92~ A for.!~:._' The 
,t/ , .""\ I ;.•'.:F.~ ... ~ .<·~,·_,.: ~:·!~, -~~;.'"\' ... " ;, ,• 

,', 
., 

. ~- .... _,_.,::. .1.: .. : ~ . "' ' . .' 
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> ,-: int~nsities of 1236 independent. refl~ctiol1s permitted by the space eroup 

with sinG/A. less than 0.5?6 (29< 50°) were measured; of these, 230 were 

· .. recorded as· zero. 

:- The 11.near absorption coefficient is estimated as 175.9 em. -.1 w~ch 

,:·corresponds to Jl.R = 1.1 for the largest diameter of the crystal. No 

corrections were made for either absorption or extinction. 

·./ 

~ -? •· 
:I 

t 

•' ,._ 

' " 

,-

··:·· ···_ . Calculations were .. made' with the IBM-7090 .computer using the Zalkin data · ./~· 
.. \ . . 

-.,- ·,. 

.. processing p~ograni and. ~ur version of the,_Gantzel-Sparks-Trueblood least-squares .· · ... 
. . ' ' . . . . ~ . - . . . -~ 

program- (both u·np\}.blished) ~ .·. The· .function 'ininitnized in. least. squares was 

,•;','::z; (~I~ I.,;! F. I )~/ZF 2 ~ We used atomic sc~ttering factors_:f6r ·neutral In 

·:·~nd.I ;~m ~er~9 ~~:~:a di~~r~~on co~re.ct-~on10 :6£ :~a·~ ff~r In.~and -o.5 .. _· · .... : .. 
"'~' ' ','' · ·:, · . r·' · • . ",- .-' •'., , : : .. !' . .':(: :i : •' : · · . ·,, 

. ,::_,- · .. ~ . . .. 
~:-

'' 

·, ::·_._,- .. .,.~··:"·· :..:·.·,~·:, __ ._ .. \'·' .. :-~~··· .,. ·.·c.'::: 

~ . - .. 
,. 
•:•. ··, 

· ... 
·-·.· 

(•. '. ' .. . . ···, .... . ,.. .. ~- . . . ' r. ,· . . .. ····: . . 't 

'·.··.;···.:,· 
.; ... _, >. 

'"····-
._ : ... ·,··· . 

. , .. 
1 ',·· 

,·'· ';•' 

. . .. · 

, ! .·!!!if~ 2~!1 ~E2 ~~£~ 2t2~E. -:-The crystals a:~ ·monoclinic· with: uni ti 
~. '· ' .' -~~ ; ·~ ·:. - ... 

The 

!: =9.837 ± o.o'o4, . b = 6.102 :t 0.004, 

";_·· -~- = 107.69 .JO 
:!: 0.0.';> •. 

.··, ''· 
· ... 

. ,. ; 

. ·"! .. · ... 
. . ·o . ·. - . ~ •. 

. .£ = _12.195 ± 0.009 A,-~. \. C·! 

,-·'. ···-.; , . 

' -~ ... 
' .. 

systematic absences (hO! absent if ! is odd, OJ!d absent if k i~ 6ddf -~ 

;.·· ... '· 

characteristic'of space group_ ~21/.£ (Q2h5), _and,'this symmetry is: .. ·· · 

· :•;,~,;,; .... :,~· conf~rmed by the ultimate agreement of observed and calculated structure 

: ·.:··::~;~~,~~\·~·; ·;;\ac~~rs. With two dimer :mol~·cul~s· (_rn2r6 ) ·~er :unit cell the density 'is · 

are 

l . ' ,., f, _,...,, ' ., ~, " { '~' • · ' . , . ,- • ' ' • • I -~ . ' · • • . • 

I ''.~>;~j!{.'i;\);{ Cal~u::::~:~~:: ::/: ::2::::ntT~:::::g-::::t::i :::.~· ::t:::cy : .... • ;; 
1-:··. . ..................................... ...... .......... ........................ ~-:-·· . . . .. . ',_.,:: ~--.,.:. 

l · correspond to a face-centered cubic lattice with cell di-mension 'about 6.1 A, 1 : · . 

l; . . · ... · . . '--.;.·:-c~ __ ,. . ; .. ,_. 

;.:i.:Which is large enough to hold 'four I atoms.. v!e expec,tedfrom th1f--be.g~,-~· , , ~ :'-

'·.'of .our study that !'atoms ~re 'approximately :i.n· cubic_ closest packing~ The·,_ .. ·, · < 
• . I ' • .' > ,. • ' • ( • .;':: •'« 

, .. ;. . 

;; lTiOnoclini~. unit::celi is/eaiiy'to~ fit to such a.. cubic·_, sublattice .with b'·and c •. · < 

.:;::_.co~ihci~~-ng with_"c~~i6··~xiai;'Jir~cti6ns~~·"' Tll~·;ei~~iori;o/'~ -a~~:~--~o::~e -c~~it • .. ·-

·- .·· ... ;· .. : ..... :!.--
.... ' 1 ... 

. {·L~.:·. ·", 

.·.-',' 

· ..• 
.. ,. .··~ . ', ·: ~··· '' 



. ·.i.: . ~ 1,:/ 

_ ·' rL·::-~, .: ! . . ·• . -~ . --4~ I .... _ . ucRL-lo~n . . . ~- . 
,' ·j . : 

.. i ~:.~,;:.·. :~ ··,:.,,~.·::~ .. "~ ~·;/ . ., ·,..., , .... 
. (~ ;t .. :. ,~·,,; ~ ;. . . . .· . ' ·. ' : ' , f • r ' 

::::"'·iC>l··: _;·',angle would be a/b = 0~5~0 == 1.581·, .£1£ ~ ·2, !3·=:·ioa~4~>, compared with .. 1 __ : .· 

-~j;i\!~::~y=t~~·:~~::t~:~~:::~G7::
0

~ubic~c,ios;:t ;acking .. in,· .• ····:·····,····. 

r·•e, .. 'f_~:-)t:t\.'-.:·:·t~e· ~~blatti~e that is conslstent ·with the ~yrnm;~;·~of· P2i/c,~laces. them;··. (_:· .. · .. 

; U ;~~;:~;];~~?~.~ . ~~.~eral ~sitions, •...•.. ~·• .· .• , .• · . . · ··· , :; , ' , ., · ',:c.:-;. ;! '": 'i: ',:, ;> , ' . '· · .. · ·., . , 
r~·.'f!:;:.:;·.~:-r':,;>_.;~-'·:~~<2.>·; :(LE~ x., e_,. _!, 1/2 -¥_, li?:::+ ~~~·L.:· .. _:c\ . . · ··:- ··.. ..: ; ..• 

/<,.~:::~:;J::.l·~r'::>-··wfth't_he coordinates (or other. equivalent choices),'·)-... ·<·.·, · · .: •.. , · .. . :.:,~ ·. · 

:;··'i•i, ;~~:' .~(. : . ' ,XCll: 0' i/4, l/8' ··' ····.. •· : •· ' .... ·• .. 

I 1 

•• > +·:~·.-~~ ·' ,, . 'I(2): . 1/3, 3/4, 5/24,-' . . ' · .. , .. 
'· . 

i 
i .. 

! 
I 
I 
i 

·, ' I(3): 2/3, 3/4, 1/24. .. ~. ':" 

are then. three distirtct structure.s~,w,~:!-?.h result if In atoms are placed· " 

'· ~: in tetrahedral hole's. The-· holes at X = 1/2 give a layer-...structure in whi~h 
·.. - . ' .. .. ~~ ... ¥-.,:.~. • . ~ 

_I(l_) a~oms have no: In .neighbors and which the~fore is not accept-ab~-- .· 

::Placing In at 1/6, Q-'- .. 7/24 gives a chain structure ~f tetrahedra· sharing~ 
--!.· 

. . .·: ~, 

,,·. 

.,corners. , The coordinates 1/6; 0~ 1/24 give a strUcture of • dimers of' . . :~ . '; 
•.: ... ·, .. , .. , . 
. ,. 

_/ tetrahedr~ sharing an edge. These . structures- were deduced from the unit-cell ·.-' · · . . 
.. ' . ~ . . ~· . ,. ' . 

before the intensities were measured.-
. ' . ' 

. , Both the chain .structure ·and the dimer structure were _tested by least 
,., " .. ' . ' ' 

'-;.'; squaresusing isotropic temperature factors and all t~e intensity data ' .. . ' ~ . ; ., 

(: including zero reflections and several which were in error by card punching. '· · 
',., ; . ' , ' . ·. I , . . . .' , ' ~·:' .~ 

· .. , ~he conventional unreliability fac.tor ,!! = ·~ II F 
0 

1-1 F c I ·I/ .. T-.:; IF 
0 
I , was reci\l?e~ · 

;o ~ • • ' ' o I ' o' ; •' ;:, • • ', : . ..: 

. . ·. .. ' • . . \ . . .. . . . . . " .. ·' r . 

to 0.28 for. the dimer structure and 0.42 for 1 the ~hairt structure by 4 cycles. ,c ·'.. " . . . ;: . . ·' . . . ·~ ~ . -" : : ' .. ; 
·-
in each case. The re s.ul t s · favored . the· din'.er. structure: more than .. indica ted •· · 

' . . . . . . ' . 
" ~ ..... 

·;::by t~e ,g values because the two structures. are~; eq~~va.lent as far. as _'.th~. 
: . ' . . - ~· ~ . . ' . ; . .· . . . ' ' \ . ·~. 

:i. 

. 'k-even data are concern~d~ .. · 
·.· ... . · .. ~' . ' .. ', ~ ... , ' ' . 

!:-. ... 
' ... '• ' .. 

After correction. of the card-punching errors· refinement··of the dimer 
~ . ~ ) ' • ' • •.. ' .. • • • .·.- ~ .. j. ·' • ' ' • 

· _-·t structure w~s continued.· ·with ·isotropic ten1peratu.re factors a~d ~:nitting 

.·;th~_.zero .intensities, lfw~~-.~~duc~d·t~· o:l36~i··'Each-'a~~o-m was given a'n\~i:·· 
. ' . ·-. . ' . \ ' . . . . ' . ' ' ' ' . 

_ ~· aniso;tr~pic ~mperatur~ ta~to~ of ·the fo~--~:'P(-!311n2 ... 1322~2 -133_¢2 
•,2p12hk 

'i • ~ ~ • ~. ( .• :. -. . . ' • ' · •. f.l .::' ·~· ~. ' . 

. . .· •. · • . ' . 1·. ~ • , .. ~~ ~ l ..... ~~ • • ::. ': _ .. " •• ~ ''l ~ 
: • •. ~·, •• · ____ :.;· . • • ~ ~..o.--·. J •. . ~.; •• ••. - -· - .......... _ .•.• 

.,· -·:.•' 

···' ' ...... . i ; . 
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:.:f\j;t:\· '•, .. . .. . . . 
a total of 31 independent parameters • Several . 

. •, . ·f r.;~lj:·r:.~~.:-.~2~1JE!·_ ~2-~2#)' ma~ng 
~ :r::Y~:';h< ,:.further cycles of refinement reduced R for the 1006 non-zero re:flections 

,., }J\:.f.!~:~; ~;1-: 1f : .. ·. ' ' .· ':: ·· ... ·• • . . . • 
-~''.{ihN·'~~ ,::-('~.:.to 0.10$. _,..The resulting atolTll.c parameters are listed in Tables I and :n.;.::;,·_ 

. . . '' . . . ~ . '" ( . 

l',.; . ! 

...... ., 
_;;~ 

' .. ·_; ·-~~· 
; ; {.·_ .. 

. . ~ . 

.,. TABLE I 

l· , . 

',}··· 

·' .> •.. 

· ATOMIC COORDINATES AND STANDARD· .. DEVIATIONS ...... ~ ...... :.~•··--·-·'-·- .. 

X -' '"';. .. z 
•' -

.. 
~:r -(v) 
~'. v &. 

·: r··. 

.. ' ··.- . 

· ~·o.ooo3 \.';_"o.ooo6 .. · o.oooJ 
'. •• ,·: • • • '·'- '>i 1 ··:1': :,. _. ~· .. : 

·1 • .-;-~~ t:' ~-t •> ;. ~ ... • ',} •:~·: 
·l <l< ,. : ·t ·';'; ~u .. I(l),.~·t.: , .oool ·• ·• 2360' : ·o122o· .. ~+·.ooo4 :: .~·-·· .• ooo6-' > ···.0003 .. :t.,· · 
'··:\·f::r-~-;:)_:_:~;.=::_~-~;··~.;. -:.~-- ..-~;~.~_{\)!~>; ·-:~-::·;~~., -- · · ·· ·· ~·-/·· 
... ·~·\·"<~··::·:· ····I(2)' ···'"JJ61' .... ~7293 ·.··,,.2198 .ooo4·' _i.'.,·.ooo6· 

. ': . ,, 

l.. 

I' 

1. I•; ·,,,' 

. I(3) 

. -~ 73o6 

< ~ •:. 
: ~ ·. 

:•' 1: 

:'~il 
-~ . 

~ .. 
,· 

-·~ 120 224 

' ... . .. 
..• 0006. 

57 -71 .·_,'::'84'··' 
:~ ' . .-·· . ·.: . 

;,: .• .. · 

,,;o-1 

.0003> 
r -~ ., 

.ooo:v :.' 

14 

·:·. 

'. •'.. . ~) ~ 

't'" 

l 
1 ;k ,, ·~• :'::The refinement 100ved the .In atom about., ~.4 ~:·,in the direction aw~y 
'j " I' . ', . . ' 
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~: ;.nr _ _.·~ '~· ·observed too weak •. These errors are larger than we expect for extinction ·. :.'/ 

J;~}i:1c,,:J: or absorption, an4 '"' suggest that sone other crystal in the capillary may .. . ·, 

·- J:_:;"~;;,{~;·;:~\:. · have been in position to block part of the incident or diffracted x-ray beam.·. · · -· 
-~ -~ .. -:- t-' - ·r~ ; ~r\.~-. .... · · · · - · · - · 
; .-::\ .~: .. \/ ,·::;.·:.; ' These· three reflections cannot have much effect on the results. The zero . · ., ~. ,. 
:.:~-~-~·:\·:·.~~-:~:~~~:-): .. ~.·-- . :.~~ ~. 

:' ,,:•!:n:}i~~~; :reflections, which were given no weight in the final l:'efinement, are calculated f', ... 
~- ·~ ?:-~~s;~-.t~-:#-;; _. - . . 

:: 
1
:; .'~>- :/ · · to be very weak in almost every case 

. _));j'J.':;i;f",the correctness o£ the structure, 

'· !,',. f 

and therefore serve as a good check oi · . . .I; . , '· , 
. •\ .-; . 

.-··!:,· 

~- ·. . ''•. 

· ·A;_··.''.:_='.; '; Interatomic Distances:-The shortest interatomic d.istances are listed 
. ' .-----------.---~----- -~ 
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i ';-· NEIGHBOR DISTANCES .OF INDIUl-1 :. ; .:~. ··': 
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• ~. .' .. • 1 ... 

,:···. 
•. ,_ ~ . • !! 

·-.·:· .. 

; ·:,. ',, -:·· ... ' .•' 

· f,. I (.3) · ... .! 
-.- ~ • -. j • 
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._.·-~ .,_ < ';:· ::: , .. YJ ·.::·In' , < .. 
·. ;. .. : 

" .. :~:I 

... , ., 
_-,.--

·. ~ . · ... 

.·. ·, .. 

. '· . · Distance, A 1:- .. -···. .. , 
... 2.8.38 ;t .• oo5- -/:', .. 

2.8.39 ± ··.oo5 
' . 

·•,(: I ';\ ~· ~-,, 

·r . 2.641;. ;t .oo5. · ·· . ,. 
• ' j ~ ' 

2.643 ±.· .oo5 ·, 
·: .. -

,3.88,3 ±. -.007 
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· ' · . . TABLE V ;'·:·:. 

1 ... , .. ,}§~INE-IODINE DISTA~6~:;:;{ 
I .. ;: Neigh~ors of I(l,?_:;.,·:::·~{ Neighbors of I(2) ·:'\.;::~ Neighbors of I(.3) . , .. 

l . >::A tom 
1 

Distance ·· 1:>J: :/<:·Atom·.: .. · Dlstance, ... A-: .. ::.: .. ;;, ~:~·Atone·· ;t:nrsl:aiice ~-··A ;- :i , ·. · .. ·· '. 
1 , , ~. · :· '···>i- ;r, __ t.~<·.-';:·:-:- . __ :.~ ... ~:-·.£,; . . ,!·. ·--~~-,: 1._.,' • ·• • . _ • ;'-

... 4 • .365 .::.:; 'I(l) '// 4 • .361 ·~·"> 1 I(l)·~··:: . 4 • .381 
{ ' .. ;, ·, . . ' .· .. b ··,. ·''/'\ .. ·. b 

4 • .365. o:-. ·r(l} _,: .,, 4.417' ) <r(l)-~:·.~ ·: 4.426. 

.·-·.·· ,, I(l)~::. ~:"· :: h • .305 "· , , <, ':I(l'f·';:::· ·:4~·.3.30. "._ 
~"'+'-~*· '":", ~- .·~~- ;' ' .... .,;.~~·/·~~:...~; ", {;""' -:~J ... --.-~-.~· ·j', ~· .• ¥ '.·." • ·~' • "' 

.. : ":,,. :· I(l)·.' -':_ 4.470b . . · ,··':i:(l)~ . 4~471~· .: 
' r· 

- ~- ..... ;.i .~ ~·:_.', .. ·_. ~c- ..... :,. l 

j ' ,_' ' ' ;c· ': .',· . t j -~ ' ;" ; Z I : 

l-. :~ , ''I. , , '. ·. 
t• .... -· ...... ·~·~' i-~~ ·~-~·:· ,. ~- ,.. i ::·.-~·' -~ .. \ ·. ·- .. .- ·-·::' ·-· .· "· · .. :,· ._'t, .. :\ 
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· I(3) .. · :.· :· 4.381 · 

.··:!(3),' .:_:. ;·: 4.471 b .·.· 

, ··'.I(J) .'' 
. ... . 1:: 

·.!(3) . 
;; ' 

''· .:· 
. ,. '. 

··Ave.· 4.345.:. 

Mole.cular .Structure • .:.....The molecule has the same configuration as the 
N~NNNNNNN NNNNNNN~N 

' . ' •. tetrahedral dimers found in the·. gas :for many Group- III halides. The bridge 
' 

:_.bonds are longer than the terminal ones as is expected. The bond .angles .; · 

f .~. 

. ~- \ . 
~. ·,;, ... . : .. ~: .· 

~ .· • ' J 
. ~. ; . . .. ~.· ' 

.. · ... ·-: . 
. . · : · ... :" ~ 

', -.·.· .·.' ... 
·:··· 

.· ~ . 
:. · .. .. 
· .. 

...... • ~ .._· • t .• : • ! . . 

" .. ..: . . . . ~-
',•1 

'',. :~ :< ... 
... :,--:·.·'· . ' . . . '•· .:: :_ 

··~':_<are reasonably consistent with covalent bonding involving s-E. hybrids on · 
::.; .. · . ' . ' •, .,_. ' " .. · 

'.:~:·the 'indil.un'atom~ If the .terminal and bridge bonds are assigned respectively· 

;·,;·_)8.5%. and 11.5 Z ! character~12 they ~oint in directions (corresponding:· 
·:• 
:· .. 

to b<>nd angles 128. 9° and '97_. 5°) which are ifi thin 2° of :the 
. .·. ' ' .. .· ~ ,' ·. 

The crystal symmet:cy requires the dimer molecule to be centric, but . , 
'' 

.···:f.. 

···•· .- ... : ·"· 

requires no further symmetry. -: Within the experimental accuracy, however, 
. . '. ~ ·: .. .. · ' . . • .. 

no deviation of the ~lecular shape from the symrnetry 2/~ (£2h) · 

... :~:~~;;·· .. and._hardly any from~ (~2h),' the symmetry e:xpe_ctedfor. the' gaseous molecule.::· ·,.~_ • .i. · 
_; ~ :~~; . .-;~~~}r~·!·,:,~·:':·..... ·' ,1 

' .: -: • •• ' 1 • • ' ·' -_..: .\'s.···::-··· 
,,<:;·r· ... •<:<·l. r:~:. '' · !12!~£~l~t ~~£!5~m~--:-The iodine atoms deviate. rather little from ideal .. ~·- ,·: . . 1 

-·~·i ~.'~;:{v~~(:r.<t .. ,· ~--=· • . .• .' , . r • • ' •.•. 

,:·:: t .. \~~~ ·:.:·cubic closest packing (Fig. 1), and each has 12 neighbors at approximately . . ·. · 
~ . . . \ ' .. /. 

'.·1 . . .! .' ·· .. ~ . ·:· ': . .. ~ . ·:·- .. · .•• '.:f.·. ·~ :.: ' ... '-,· . . t ; ~ • .· 

,. ;,the· same distance (Table V). ·,It is inter~ sting that -'Al2Br6,_.which has· the · 
•'<_'.' 

~·· .. 
• .. .•• ~ 'lt 

:":·, .. same 'molecular configuration~. crystallizes in the s·atre space group,. b~t with 
.~'-';. 'I ~ • :• ., . ..... • _•., • t . -~ •' • • I . . • ' . 

:,.r-~ ... :~~ ·:~ .. -·.-·-.· .. .... ·~ .> ~ -~- ... ··~ .. -:1~ -./~;.· :?:·_-~":'_:~··~ .~· .. _.,,·.·~~·:.:·.<.:.~ .... ;~.··~·-~~-.. '; .... ~ . ~ ~. ' :· . 
.:r. 1'-. ·~·~ • 
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very closely related, but quite different in detail. There are many · 
!·,· ... '·" 

.::.:.::.other simple ways that such rrnlecules can be packed with .the halogen atoms . . ,, .· ',·· 

closest pack~ng, and perhaps other examples will be found in the future.· 
J ·<; 

. 92J!IE~ri.§2D "!::!!~b §~t!!£~l!r2 in !t!Sl!!S ~US 2el2·-An electron-diffraction :< · .·:. · : .. ·~ ·· 

·_·._ ... ·~·.··.·.; .. : .. '.:~.;.·~-~~.·;t.·_:.; .. ·'.~: ... ·.·:_:'~-.··: ..... :.study of tile gas b;y Brode

13 

showed di..,r IJDlecules with ~:nsions correspo~~ng'· . . ••. 
· . . -. to 2.67 A. for the In-I distance. Stevenson and Schomaker . questioned the,.·-< .. ·: .. ';-~:: .. 

'F,._'·t:;·_;:: .. :<treatment of the data and suggested that they correspond rather to 2.76 A · . ,. ·., . ,. 
), .... ~ .• • t • -~ • • 

' ] . . . '-~ . 

r::--l:for this distance. 
•• <. ' ••• 

. .. :~~~~ ..... 
The average distance in our structure is 2.74 A, in. 

;- ;·· ,, 

'' .. '.: .. 

·'·excellent agreement with the value of Stevenson and Schomaker~ .. 
I • • 

,•. 

. ·. · .. In an x-ray study of ~he. liquid state, Wood ~nd Ritter15 found-a peak '~ . 

. . . 
in the radial distribution function at 2. 70 A for. the In- I distances, ~lso · · . ,. ·" 

... 
~-l 

For ·the shortest I-I distances they found. ~ in good agreetrent with our result_. 
·::·>··\. .. 

a peak .at 4.52 A. I~ is reasonable that this value should be larger than the . , .... > ... 
~-'' '· • • .~. f • ! . ~ 

."< · 'averag~ in the ~rystal, because poorer packing of the molecules in the; liquid.·. . .·· . 
. : ... ·. 

:.would increase the· intermolecular I~ I 'distances. A. small shoulder at ·.J~l5 'A·,, ' 
. . • I. . -· ~. 

: in the radial distribution function was interpreted as the In- In distance·,. ··: ... 
. ."i 

:: . ' . •" :- ·. .. . . ' . ' . : 
:~which is .J.88 A in the crystal •. This discrepancy is unreasonable. :·~e: 

.. '. 
. . . . ,· . . -. ·. ~i·· 

conclude that the shoulder does. not represent In- I distances. and that • the .. 
. ' . . .. : l.. . . ~ ' • . . I' ' ' •' • • • ' '-~J :~. i . 

.. ' . ~" ... - .. 

the structure proposed by Wood and Ritter are incorrect •.. ··: ·: ·.· 
• • . . • • ·- • • • • : •. -· • ... • • .I • • :. __ .... :' :. • ·' ~.. 1 .: ~~ i,' • 

. ~.:.:.~.:: : .. : ...... ,;;~···:.-~.:~;: .. ~:-.. ~---; .. :·*:; ....... : .... - .. :.-'7.~.;.-...---~· . ·. 
'-- .. 
l . ' -~; 
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,;~·Fig • ._ _l~Crys~al structur~ _o~ In2~,· proj~cted down_ the~ .ads7-'~}J~~-~<;~:~:!\ _ 

grid has .half the spacing of the the/:;··:>·':.-~,:-~·-~·:\'. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com• 
m1ss1on, nor any person acting on behalf of.the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor • 
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