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. . ~ i ... - The crystal and moleculer structure of tetra-n:..butyl -onium· copper (III)::': .. ·_:'~ : .. : '':> ;: ' ... 
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J •• • ~ 
bis- (maleonitrile dithiolate) has been determined tram an x-ray diffpaction . · ..... · ·. 
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.· \• ' study of a single crystal specimen .. The monoclinic·:unit cell, space group 
\ 

• •t ••· -~ •• ~ • • • 

12/c, Hith a = 15 .. .59 + o .. o2; ·b "' 13.83 + 0 .. 01, c = 2?.94 + 0.,03 }. and - - ,_ - - - - -' 
. )',• 

p = 93.86 ~ 0.,03°, contains eight formula units., Atomic parameters ~-Tere refined':' 

by least squares methods using three dimensional data ou.t to sin6/A <.0.482o 

The anion is closely planar with the sulfur atoms in a square arrangement around· ··· 

the copper atom. The syrunetry of the anion is mrcrn to a very close degreeo In ',' 
. . ·. ~ 

''' 

contrast with. the cobalt complex' ~xa.Inined previously, the copper ator:1s :::.:r_e riot. ~:~~ , ., 
f ' 
i '• I ~ 

well separated in the structure and.the shortest copper-copper~distances are· •:: 
•. ' ~-- '•! • 

. · · 4a026 and 4.431 A. All four of the _:;-butyl chains in the cation have tne trans ... ·
1

r::. 

c0nformation. Positions of all 36 independent hydrogen atoms were determined 

from an electron density difference function. 

~~ \. ' J • 

. I!J~~2s!~£~~£Q , . ::': · .. ':~:)h~.:.::.·~.~ i . 

In a previous. paper2, we· reported our vlo:d<: on the s~ructure. of·. ( (~~C, H9 )·:.~J).,2.-:;~ :,;-:·::: ··;: ~~::, 
· ' - r ·4· 'Ll• , .. ' ' \ 

.. Co(s2c4N2) 2 , a·member of a series of compounds of gene~al !orrnula R•z(ws4c4~11 )-!.:,_ :·· :_._' 
. . t . ... • ·•. -~-~ '~ 

,'t •, I .. - .where!= 0,.1, 2; 1'1 1 = Co, Ni, ~u, Pd., Pt, Zn, Rh; R = CU, ~F3 , c6H.5' etc •. and . ·;,·~~:·;\,~· 

... ,,.!t' - (u-c4H9) 4~+, (eH3)4N\ etc. lle report in this paper a structur·~ determination· ... ;:-::.;:·/ 
, • I• 

' . . . ' f."''.'!' :~·) .{. : 
"·;·, -.·-:-\ 
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-~. ::.~ ~'.~ • •• , ·,, , •.• • . •·'· .·.; . ~,. ~ •• t . I 

\' r ' : : of. another m;,mbei- bi: the so~i~ ;; : -.i ~, (!.!-"c1,;r§}·~ rl+ ~ (52 c4 N2); • VIc 1<cre e nc o~~·~d: _;,, . ':' 

• ~ • '< ~. • : • to e_xamin~ this rna teria.l as 'it· had con~dd.erably different e. s .r. properties· from , ::-.:: 

·. '·": .. :· ': ·.,-~:-the first structure and interp;~tation. of.. these ph~norr.ena · 1~ould be -aided cons~d~~~~·i/ ~~-·:~· 
..: ·~ ::-,::-:~.( :·' by 

·, ;.•.. ~-

some kno1-rledge of the structUre. ··.: 

. Haki et. a13 hav~ alread:y used. the. resnl ts of this crystallographic study. in,~a'··. >: :: .. _,. ~ . ::· 
': . ~' 

· ' :. detailed revj e1-1 of the electronic structUres of· several members of this family of 

. ,; :. : • "; ·.~ I 

~ .J, ~-.-·'.- ~--
'• ·r ... · 

'· ..... . ·,.· 
i : -~~ I -~ ,_ . ..- . ~ . ' : . 

·.f ... 

· .. : ·•· .. 
/- 4.•• :: ..... , · .. ,' ., 1·.• 

l,· • . 

. .' :' 

~-~~r. :A: : ~~,: with 

~-:r.~ _<l:i:£:£:r.~q;~~2.~·-:-Dr., N. Edelstein of. }Iarvard UJ:?-l.versity kindly supplied us;. 
. 'I '· . . ... · .. . i. 

some well formed,. needle-like, dark red Cr'IJStals of the. complex .. , , :' .• ,<, 

,, 
.. ,_ ....... 

~..--· 

·.' ' ' +' .· ' 
.· ·, .. ·/~ .. (!:-Bu4N) . Cu(s2c4n2); ~ The melting point, analysis 

.'; .. , are described· in a .paper by Davison~ al4 o. 

; ' . . -: :: ::·~:~~ 
and preparation of these crystals . / .. . . -:; ..... 

. •,', 

-4 •• 

· X-rey photographs obtained by the ··;,Jeissenberg technique and copper radiation 
. ; ': ~~. ~ 

1..; . • . . :.· l 

. ~ ; :-- ~ :· 
' .... \ •. ' ,'l,, 

established the diffraction symmetry of the crystal. A single ~r'IJStal, in the form ·, :.·· /' 
., .. 

''. 
,. :, of a: long thin plate of approximate dimensions Oo27 x 0.11 x 0,.07 nun and mounted ·_ .: .. 

·, .. :··.about a b:x axis Has used for collecti~ the j_ntensity data. Intensities t·Ieref~easu;~d"(.-: - . . ' •,...__ 

'., 

~ .. . •' . .. . .- vri th a General Electric Y ..... ttn-.5 goniostat . equipped Hi th a scintillation counter and . a ' 
-~ ' t 

pulse height discriminator. M~!n radiation was -used and the unit cell dimensions are 

•- based on h. = o. 70926 'A. for Ho~a1 c. 
. 

., ,. 

. ; . ' ··l.'· . 

The space group permits 2803 independent reflections i~ the sphere with sin9 A ... ·,· .< 
-~- . ~. ' 

. . . · less than 0,482 (29 < 40°), and of thes.e, 1834 were measured >tith courit~,ne, times a::.;.:;/.:.·: 
'·-'. 

· :· ~-.·,·--·~: ~- ... 10 sec.· each. All reflections in the sphere were recorded ~up to 20 , = 30 • Above )0 ,.·:·~ ?-~1£,' 
.. ~ ~- ·. ~ . . . . . . ' ..... ,_ii.?\)~~-:·.:;,· ,· 

,_., ,, ·· it vTa:: found that most of the intensities were quite weak and only the reflections j',:;"~;';)Y. 
. • ~ 1'0.:. :';.;; ·_; 

.. ··~ . '•. ... 
.. ~ ~ ·• 

~-" • # ·.• 

' . ~ ' 

that gave some. ease .and econo:rr& in set up were measured. Of the 1834 measured~ · .. · ·.·.·· :-~,;;:;· 
. '- . : ' . · .. ~ ;::;; 

reflections, '396 were assigned zero intensity and the maximUm count was 4,100 _co~~ts:, .... /, 
. ·, •. : -·?'_ 

per sec. for the 002 reflecti6no 
f 

·.! 

. . . ...... ~ 

· ... }):·~;; 
No corrections were made for either absorption or extinction. ~-lith r =. 10.5 c~-.1 /::; 



:~ lt·:·Ji~p! .t."f !l.'f.r~; ): ;!l~ r~\.' \;\ f~:· i I r:L;r'''l(1f! ~- i \'.}~~~ ')t, r)ft~ii Fif'!f~';l., ~:·~l;:rr .'!'! y V.!·! :~ ~ t.N;_r_~~J·':)'f(lif'j\l{ .Jl~·:: ! /jll·,.,t;:_'.l ~~ ~~· .·,~;; 1 f;:,· :t;l .· .. ;.'4 -~ .. ~· .. ' .. : ::; . 11;, :-~' ~~·~: ·.'j ~, ,·,-.: f:; ·.'. :' .'· ~ ·~ .· ,· '· ..... ( ~ '~ :;· '·: r -~.... ~~ ... 
4 

."" 4'0 

U£1 '·.:r~: _··: ~~~;~,;;.~:~~~t·;·t·~·"' ~·2.:/;;l~-~~;~i.J~J:.;;~.L~,;_tiL.I.:··~.\t!~_:c.~·:,:._;)~:~;~"~~h;:.~-'--' ·.: ... -~-: · .. .. : '-' -. ..:--:'. -
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'· . 

' ; '.-for Ho radiation, )tR is· 0.14 ·or ln~s, making absorption effects. rather small. \' 
. • ' I . • • • ." • . •' -''> • • • • <~ f • ·,. ' ' ' ' . ' • . • ~ . • . < ' ~ : '. '. ' • 

·•' - Calculations .were n:ade Hith an IBI'r 709ll ~comy.mter using a full matrix least'·:~·_,/_·; . .'':' . · 
;r - ." ' ,-,.- '._ ,.,.· -.. _ .. _ 

--··- ,., squares refjnement program written by P. K~ Gantz.el, R. A. Sparks and K. N. 'frueqloOd.; · . 

-~ : ' - wj. th minor modifications,. and .:<'ourier and distance programs t'll"i tten b:r Zalkin (all:·_ •. -. 
. . - - . .,.,., . - 2 2 . . - . . _> .· 

. · . · unpublished) • '!tie minimised the 7function .:::; !:! (I £
0 
l - i .fc I ) /~rTF 

0 
, whe:~ £:

0 
and £:c ·.: : 

.(··· ... _· - ·-·· 
.·<· ."' 

are the observed and calculated structure factors, respectively, and~~ is the ./ 

• ' ' 1- .. ~ .... , 

. : : ·.-,:·~ , vreighting factoro 
' . . . 

,: 

Atomic scattering factors were· taken as the ·values :given by Ibers5 for neutral 
" .·, 

-., -, .. ,. -- . - . - 6 -
v'::: .', :;··.9\t, _ _s, 1J, C and H~ Dispersion corrections . of -o.3 ·and -0.1 electrons were added to 

. . :::. ·_ ~! 

/ -·-

.· ,_. ·. 

~ . ! 

• • ~. I .. \; 

the_ Cu and S scattering factors respe~tively. _The imaginary part of the dispersion .-<.~· · · ·' 
-> 

.• .. ,. 1 '\r ,, · ~ ·.:.~ · 

~ I :' '~ ·. ~::;~'~l>(~.-(': ·-~ / · · correction was ignored • 
... : ~ ;•-, 

. \· . 
,_ 

, ' 

v ·' Results · 
! NN,..,NtVNN 

'i ~ : 

. ' 
~ ·,· } ~ .. t. 

. '.I I o •:··, .. <.. 

. ·.~··. . ' ~ . .... 
., .. · ..... 

.. '"' ·-
, .. . Jln;J.~ Q~!! ~ng §!2~£~ Q!:E~E·~A body centered unit cell 'contains eight formula·· :. - ·. ' 

-units· (~-C4H9) 4N Cu(s2 c4~J2 ) 2 and is :monoclinic l>Tith_ d-imensions:-. 

a = 15.59 + · 0 .. 02, b = 13.83 ~+ 0.01, c = 27~94 + 0.03 .A 
. - - -. -. -

· 0 · · o3 
p = 93.86 ! 0.03 , ! = 6010.5 A • 

:;_/'<····. 
... ·> ._ ·. 

·- .··. 
. ~ . ... 

. ~i ·.. . . ~ j • ... 
~· .. '· J> ' : =\~ i ,.\·: ~·. 

• - - I· •, ... -

•. · .·. . Reflections are absent unless h+k+.e. = 2n and hOt reflections are absentl. unJ.ess·' · , o:·> 

·:<··· ... • · t ~--· 2!!_. This . is consistent with eit~e~ ~he· c:ntric space group J:.2/~ (~~h).· o~ :,~he·:· .• ~<', .. :·.:_. i 

. :( .. ·,/ .. ·.-.. ~.;:·· non~centric space group Ic (£~)._The success .of.o~ structure deterird.nati~n:_~~9nf~~~~·.:~;~> 
>. 

·-. -·~ ., our choice of the former. 
--I . . 

~ .. 
. ' ~· 

.... I, f• ' 
-~:.. .._.-·t .. } ~r 

~-lith eight formula units of (_!!-c4H9)4N Cu.(s2c4N2) 2 inthe unit cell,- th~d~h~i~i:J:·~:: 
- ' 

.-: calculated from the x-ray data is l.JO,g./cc •. This compares with. the valu~ of':l.30 :g~icc. 
. ' .' :'. . - ,' 

found by a flotation method using a mixture of benzene and.caroon tetrachloride" 
l'.· •••• 

...... ;.;'-1·. 

~~t£tr2~~~~~2~ 2£ ~~~ ~~t~£~1££~·-Hhen all the data had· been collected, the .. 

.. :, 
·•. ~~ .. 
t'· . 

.. . . observed intensities vrere corrected for Lorentz and polarisation effects, and~ath~e·e ~~: '· 
. :; .:·:. . . . . . . ' . . ; ~~' . : 
/ · '• · , dimensional Patterson function was calculated using the 1143 terms t-vhose intensities : · .. ? 

. . . ' . l 

. . •. :·. •··.·· 
. were measured as tl-10 counts or greater. 1-lith eight rnolecules :in .the unit cell, it .- ... ;.• 

. . ~ . . i: .·. ~ ' ·.; ~:. 
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.. . 
'.was probable:that all-atoms would be in general positions, so that little assistance 

• • ' ·!_ ... .. ,_ ... 

. :· f ' . '~ J • 'l .. ··f. . . ' . ,: ! _: ~' 

· .' ;.~:.:::_·~:··~;-'::·was obtained from the symmetry of the space group and the use of special-positions . 
· .. ··,:-t;'·:: .. ~: . . . . . . . . . . . ' .· . . . •.i '' _,,..'' .. 

.,;·. · )·:.::::; in locating the positions of the copper atoms., However, plausible positions for the ·-~.~-.~· . 
•• ' ,! .. rl. -~. ••••• • ·._. ~·~ •; t 

_:~:~<}.:~<·copper atom ·and the four independent sulfur atoms, all in general positions :- . 

"}'',,;,~~: • 8(:r) (o, o, o; 1/2, 1/2, 1/2) ! <2!;, z, !; ~· Z, 1/2 + !) · '.\· · . 

.. ,. ';> ~ · were found from the Patterson function by inspection of the highest peaks around the:·.;:~:]'·-~ 
• ,

1 t: ·l·\ . . ~-:~ ·: ·~ ··~ 
• -i._' .. .j. ;· 

. :~i·:,;:,.,(::~<: .. origin arrl 

· · :: ;i··.;: .. ;··.compound. 

using our knowledge of the geometry of the anion as found in the cobalt 

·.·'·.I, 
',· . "' . ~:~ .. . . -. . . , .·· '. ~ ~!:~.:~-~~::·.:-~ 

i · .. >:.::.~:·:~C:> __ .. - __ A three dimensional electron density Fourier was calcuiated with phases' based :·:'~.:·.::;;,_ /' · 
. :. "· ./ , ' .. 

. ._.::.·. ~~ ·on the copper and the four sulfur atoms., This function readily .revealed the locations,.<:.~. 
~ .. ~:-.': .. ·:: ~>-:·~ '; ·~-. ,. 
>: ~ : l.,·· . .-> .. of the other 29 heavier atoms, . all in general 8 (f) positions. · ' ::_:~<~ 

. ·.>:·~~,·\ ·,; A least squares refinement \nth all 34 of these at~ms, each having an is~tr~pic .;·::·:.'· 
,_~·\ ... L:.~·~·-:·: . . ·: ... 

. .·· :,• ' -~. ·--~--~·. . -2 2 . . . ·.,~--:_:-' . 
_;·./·~·:·'(-': temperature factor of the form exp(-m .. sin e), and using the,U43 terms, each .with ··. <~ 

,. "~ '-~~:;··-~·.;.·,::-.: - . . ·. . .. ' 

··;;.';r 
·.··: .. ~.: 'r···. unit weight, resulted in a conventional unreliability factor .. ·"-:.: 

: :';.: ;·.':/. ~-!! "" ~ II !o I - I Eo .11 / ~~!o I of O.,ll after three cycles o~ refinement.,· The .end two .· ,:>: . 
.- .·.·<.·:·.'-. - - . - . . .. 

· · .. '·,: ::·_ .. carbon atoms of one of the butyl chains (C (15) and C (16)) were found to be merging, . :::: ~. 
~ ~-. ~-· ~- .·· ... • . . ' .. ·, ···:.~· 

,·. ~.: so an electron density map oft he immediate vicinity of these two atoms was calcula~ ,_:. 
< I ,• 

' : 

using the results of this least squares refinement .. It was then evident that C(l6) 
.; ' ·~." ~:~:·: . 

. ·''· .. 
had been wrongly located., Three further 

1

cycles of least squares refinement using the .. · ';;·.~6 
.. ' ~ .. ~~: .. ·· .. ~· .. 

• j .. -~ ... •. • 

1 •• ~:· ··-' • ·: :. : ~:. . ~. 
' . ' . 

: :;. ---~_li .. 
;:.·. 

correct location for C(l6) resulted in a drop of !! to 0.,092 far all the heavy atoms.· .. :_./: 
. . . ~~; 

. . ; . ::- ~ 

. :.· .. · The copper and the sulfur atoms were given anisotropic temperature facto~s of 

~;~/·(.·~ . the form exp(-f3u!l -(322!:
2 -1333!

2 -21312~ -21313!;! -2(323~) , ·with .4f3ij = .!! !K!J_ ~ , •;/·~:-.\. 
;·:,. !,1 5t being the length of the ! th reciprocal axis. Three cycles of refinement including. :~;;: :~;. 

: , ': these anisotropic temperature !"actors resulted in a value of:!! & 0.019. . . · , ;i!J.'-; 

· ·· · An electron· density difference function with all the atoms except hydrogen :·· .. ·::;~;:;. 
'. 

. ·. ' ~- . 

·'J •· ... ~ . subtracted out was calculated using the results of this last refinement and usi~. ·, ·· .::··.·~· 
'c : ,~ . > • • • '•' ~-:r..-.~ ~~-

. > .. ;··. ·f all 1143 terms. Possible .locations for ·28 hydrogen a toms were found in this differell:ce .{';f) 

function and all these positions were used in three cycles of lei'ist squ~es retinem'ant.::)· 

1·. 
I 

·. : ·.· ·, -:-~:-~~~; 
::.,'f· 
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,·_ .·. ... 

• 'or 

"At this· stage we had 62'atoms in the calculation and this resulted in a total.o£ 

·_\JD::i<'' parameters greater than the capacity of our px'Ogram and comWter. Therei"ore, in th~s \ 

.: ~·~~:>~(·::':.' .. calcUlation, we refined only the positions of the 28 hydrogen atoms .·(each with an· 

> ... ~>;;, ., ,isotropic temperature factor) and held the parameters of the other .34 atoms fixed. 
' I ·~ •_., ' . 

-~.-·;'' Of the hydrogen atom positions, 22 appeared satisfactory, with the remaining.6 either, . 

/ . ;: .. .t.·: unsuitably located or with very high temperature rae tors. 

F'}/.~!' Several errors in the data, due to mis-setting of the goniostat or mis-punchi~· .}'\i. 
:;>:.:::_·Et'~:~:\· of a data card were corrected and all the measured ciata·_included in the calculation.· :·: 

: Al3. _!-here were so many weak intensities, a considerab1e number of them were recounted . ,. , ;· 

. /----~,but little variation from previous measurements was found., Terms with intensity less ... ·.:: 

.. than two courits pe~ sec. were given l/4 weight and all the rest given unit weight, 
.. :~.~;: ;::r<~:::;,_ . 

".,:· ··,>··.<-. . makl.ng 1834 terms in all., 
., 

I 

\ 

. . /~:.)/~·: { 
· ·-~ <:· ::~~: :·, Three cycles of ·least squares were 

' ., . : .. : , ~ ~ _; . 
. ·: . ~~ : ··.1, 

calculated using these new data an::i. only the :<:'·('· 
, .;-:;,_:.c:;·:; ·:.;' :· ~- . 

_·: ',-' .. :,:~)·/- _ .34 heavy atoms, with the copper and the 4 sulfur atoms. having anisotropic temperature ·.:::.· ~ 
'· ·. ·'·.f), _ _.._ . ,,_,; 

. -.;';:;:;,{:··:;;:\·· factors,and these gave a value of R of O.l2 .. Anothe~ electron. density difference· . .. _,,, 
·~' .. _;~ !:· . .-·J·;:,.··.:.':~ . ... . . . t • . ~ • • • ' . . • ~.·::::,;: 

· · _.:.,: ':·~ function was calculated using the results or: this· latest refinement and including 
· .~'···'.:f.:.. ·-~·· .. ,rc. . · 

. ·., ~ 

··,·:{.;".·.·.only the terms for which sine/).. <.O.J6.;In addition to the previous 22 hydrogen atom." 

.·,·. :,.;:,.,.,- .. loca:tions, 11 new sites were found with: only the three .around C(l6) missing .. :·. · ~:~ ~:-;-

. ; ~· .. ;; .. \:·. 
' . • i,:·_·· .. 

The 3.3 hydrogen ··atoms were included in t.wo cycles of least- squares refinement · · :~,} (_',_ 
': .;, .. :·-.:: 

~. \:',:·,.-:~.:- where onl~ the heavy atoms were refined, followed by two cycles where t~e heavy.· •.•. <J:c'1: 
·_ -~H~~~~·i( atoms were held fixed and the hydrogen·atam positions were refined. R fell to 0.106 ·.· 
·~.··:,)·.~::>:• .~;- ' . ' - ·, .~ 

-· · :·~ ~-. ·.·: · . after these four cycle·s of refinement and all but 9 of . the. j3 · hydrogen atoms· were 
~;-' • _.;·~: ... ~~. ; '•, l ~ ' 

· .. ··.:,·.· :·t,· <,:,:· satisfactorily located., A card punching error resulted in the irlcorrect location of 
...... _ ~-/~ ::~ :· < . .' ·. . . . 
. · .L <·{·.:.::·;::,: . .-· one. of the 9 and this was corrected in the n~xt refinement. The rerr,aining 8 were' 

. , · :_·:{-:;· ~> · .·rather ~precisely located in extended areas or electron density in the difference ·~J;;~;;._:,~:·:r. 
·.'.}::>:(:.·_'.>,function and the least squares refinement had moved them, through admittedly :small<~,;;\'}:. 

~:-::·_:~ 1:~r-:~·· ''distances to unsu~table locations.. - . : :;:.:::'·;:;~ 

·.f'j~?'~~. Yet another difference fU!'"tion, calcula~d after two. further cycles or,';. ··. 
0 

<J~}i!J 
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anti with neglect of the effect of the hydrogen para.nieters. Limi ta tiona of our 
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·:\:::·:~~:·:·~_ .. ~-> -~" ~~~£!:!12!:!2!! 2! ~!!!! ~!:~£!:~~.-The ~stacking of . .the Cu (l.rr..1T);1 
ions is. s~o~n in.·~·. ~.\.' 

L. ~:~~~.::>::: . ., ·. , .'·· .. ·. ;.· , . , . : . . . ', . . , . ·: . .· : .-'"'::.~... ·. :·, .. ; . .·. , .... · .. ~J~:_''' ·-~ -;,.-··_. 
. '· -t;;) ··· .. :a: projection down· the a ·axis in Fig. 1 and the arrangement of the. tetra-n-butyl··.· ; : •'·' ,,•: 
. .t:::.~::/'·. . . . . . - . ' - '' .· \. ·.::-.~·:<;··: 
,. ·• x .. , .... amrnom.um J..ons is shown in a similar projection in Fig., 2. An overall picture of the· :.;:-:_ 
-·---~~-t~~~~:·r~~ .. }:.~~-·;\. · - . . . . . . . / __ ~ .. ~---._.t ~···~ 
"' 't/. .·::· . ·projection is directly obtainable by inserting the contents of Fig. 1 into the allnost :>· .. 
:>;~-':<~~ ' . ·.. . . \ .· :. . .. \ . . . . . ' .::{;: 

·:-::_.:./').>;.;~:·~: unoccupied central:._-rectangle in Fig .. 2o The two figures illustrate the nature of the .. ;::_d 
~: ~~-i .. ~ ~\~<:;· ;:, ; ~ / .'.;·{.!.· 
:··.:<~-.·}.·:.:.:;:: molecular arrangement in the structureo The anions are .stacked in columns l-Jhose.: ·. ,. 
: ·,f· .. >_lf~~;.')<:'!.: . ~-~/ __ ;·=·;_.:!!::.· 

>;.;::>~S::_p;.-.: ·axes are parallel to a and these columns are surrounded by a latticel'rork of cations ; ;:~~--I~'".: 
. ; .. ,.. :·~~ ~;::_.; :. - . .• . -';\'·"t. 

· ·:·[:-.~:!>>··· making the two parts of the structure quite independent, with very little overlap •· 
~-·· ~~[-:-'.·;:·:.~:~ .. ,~~>i:·. . . ·::: ;# ,.~ 

~;;;·<J;':;·~·;:~·-~:;{·.· in the ~ plane .. This arrangement is very different from that found in both .> · · ·.\·.':.;j:{;' 
-/.',;:.:.~- -~~··.·-~~:;!.{ '.· . 2 . i (' • 

·.:.~:.:.;~~:jt5j~:.:~.' ((c
4
H9)

4
N) 2 Co(s2c4N2)2 by Forrester~!! and in ((cH

3
)
4

N) 2 Ni(s2c4N2) 2 by··· .... :~<(.:'-~}· 

X f'"C\':,;:( EisenbeT~ ~ ~7, where the metf atoms are separated by about io l. . ,· · <~t::·'l&( 
A side view- of the column of stacked anions is shown .in Fig .. )., The four copper .. ::~·<:·:; 

. ;~~- ~ .;~· 

l ......... 
•• . j ~ 

atoms per unit cell per stack are almost exactly above each other in the a direction . '.· ,· 
;.··· - ~I ' 

•:' : 
. . . 'Whilst the anions are rotated in such a way as to give. the stack !!!!!! symmetry in the · :-~- . 

•• : .: r ' .. ·.. • • ,. •' 

. . . ;· 

•' ··: .. 
. < :~ ·.>· :-. be projection. ··• ·'· 

,. . . ·:· - !l!!! !?.!i!P.!!:l.g: 1.2!!•-The dimensions of the imion are illll!lti-at~ in Fig. 4 .arui .. :, ·' 

. ··:.:<·-~,:~:·,;., compared in Table V with those found :fo~ the doub)¥ _charged anion in . .. >.: -~- -~ 

. ;·.-~~ ... ,.. s . . . ... . ' . i; . { . 

. ::_·,:··,f<~- ((C4H9)4N) 2 Co(s2c4N2)2 o Despite the difference in the ·orldation ~tate> there is n~<:;·· 
: ~ '. ·•. . . ~· . . . ~ ; . :·: ';t•: •! •. 

": significant difference in the molecular dimensions of the two anions, with standard.:· .. ·,:;:';'. 
' 'r ·,,_;, "~/\ 

, · ,.'. deviations of about 0.02 .A • 
. ,. ~. 

: · .... :~:-' ;, ' 

. · . . l,, •! :·(_··. :.-.~-:~--

.-~-~ ."~_::~;·;:-· The anion is approximately planar, but deviations from~pla.narity are c~nsiderabJY·:,:~. 

--~~/~f·t:·:~ g~eater than in the Co(MNT)~- .ion. To asses~ the planarity, the distances ~·the atoms..'_~f: 
·:.> .. : .. >.·:.;1:_: ;z-~~::.·_ . .. · · · · >-· :·. _ .\ .'-~~·~:: 

·Y ;--:."··, .--. i;n the ion from a plane constructed to pass through the . three points defined as ·: .. , ~ · · ",.;_:;, 
. : ··. ::>.: ·\.' . . . -·~ ' •,;' :_·J: 
.·.· .... ·.,,. •· · Point 1- the meal}. position of atoms N(l), N(2), C(3) and C(4)> · · ·· · --.:<'(, 

'··:,~·::_.-./'_,:_ . ;,._' ·.': )·"' 

; :>}':~{- Point 2 - the mean position of atoms C(7) arui N(3), ' .. [; .'·. ·. ;; ,, 

. i::·~-·~ ;:l:~(_:-:. Point 3 - the mean position of atoms C(8) 'and .N(4),. . .. .· .: . : 1y __ :'..._': .. ···\·>::~f: 
· ~:·. -:·;':.~ ~· : were .calculated and these are listed in Table VI. The ion appears to be approxi.rnately;·;:::;;_ 

._·.·.·_l:_ .. ~_:;_.,._:,·.;_~,:'·">,:: ... ~-'~~.-~.-:.····. . : . . . . . . . . . . · ... :' ; > · ... ·. : :. ··.:.:'_,:;; 
" ? : • ' ., , ,•.' ·, • •, : ' \": \> ' 'I • :-~,·-~, • .~: .. ,:,:_-~~~~\~ ... ,; 

't •:.··~···:···,/~ ,.} •, I' .;.~: ',',•t' 'I .. 1.~·,, ·~·.· .. ~" ;I•, 
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!> ~ f l 
' . 

·'boat shaped l-tith only atomS (1) deviating to any extent from this shape., Deviations·. · ... , . , 
·, :.'r5-:~··:·:··.· .' ·. .· . .-·. ~·.: . ... ·· .· -· ··_ ·~·· . . .... , ·. _:_~:··~'. __ · ... 

<<; .. · .. : .. : ... range from o.o5 A on one side of the plane to O~ll Aon the other and because:ofthe_:,' .. :.;··.,·.:· 
.· .. ·;:::~:(>·· . .. . . . . . . <·.(·~·: :~·.: 
.···/?.< . shape of the ion, no attempt vras made to calculate a least squares plane through it.:· .. >.;·::· 

,· .. .... \ .. 
.. ..... ~ <s ..• \'1. -.:. The four sulfur atoms around the copper are considerably distorted out of the .·>, ·. , 

• . . . .. 1_ . .;: .• ; ~ t •.. 
·. : ~ ~ ·:; 

-:: · · /'plane, but 'in an irregular· fashion. Hovrever, this arrang~ment is very clof!~-- to squar~-~ . ~·:'· ·:, 
~· '«I ' ' 

... ;;::···:; .planar and the Cu-S-Cu angles within the rings are again found to be somevThat greiter ,; . · 

than 90°, as found in pr~vious studies (Forrester et al~, Eiseriberg et al7). 
. . . .....--. --

' : ~ ~~:~-:~----.• 

. . " . ~ . ~ 

.·. ;-.·.'.(:·· 
. l 

.! ' 

. i 
·.' 

.. ·.f 

.; .. ,-· ·-· ' .. ··. 

The chemically equivalent but crystallographically non-equivalent bonds in the· . . . ·! ... ;· 

; .;.::{ :-" ,· ... "". 
·· .... .,; -~ anion; viz, Cu-S(l), Cu-5.(2), CU:-S(3) and Cu-S(4);C(l)-S(l), C(2)-S(4), C(5)-S(2) .. ,.,_,, 

·· .... ~ ,: - .:~. :~·~ ... ~ .. ; 

am C(6)-S(3); C(l)-C(2) and .C(5)-C(6); C(2)-C(3), G(l)-C(4).,' C(5)-C(8) and C(6)-C(7);. ,i ·:· 

., ";;.-· 
''· .. ·. 

. :- .. - ~ 

::_'~~\. ·. 1•f.C(3)-N(l), C(4)-N(2), C(7)-N(3) and C(8)-N(4) are equal to better than two standard .· ~'._,;; 
:0:: ~. :;:.:_;:·: . . i . 
·:.'::.~.~(;:_.'.deviations., Crystallographically,\:the ion is not required to have any syrranetry but,.· ,,. .. , 

· 'I,(::~)/){its geometry is such that it does not differ . :very·: much. from~ (Q2h) symmetry~,·::~./_;:?:,:: 
-~-~;~~.~-·· ... ·.\}·· · In sharp contrast with the Co chelate, where the closest distance of approach . · '':' :, "'!-

: . .!' ., • ''' • . . .. ~. '/: ;{. ( 
· · · .. ~.:: · of the metal atoms is 9.,81 A, the copper atoms in this structure have nearest copper·· r .:. ·:; · 

. ·1, ~-:~--- ::- .. ,\·. ,l ., 

· · ·. -: :_ neighbours at 4.026 + o.oo5 and 4.431 + o.oo6 A. This is consistent with the e.s.r. · ····· 
• ' - - ~ • I 

' ··~:··;,:··;~:/ results f;und by Maki et al3 as. it allows the necessary coupling needed to explairi 
. .., /-:'·. . -- . . 

. :, . ~-
. the observed phenomena in the c'opper compound .. No atom from the cation except .hydrogen 

. ( 

:·· · · ·(nearest at 4 .. 74 A) approaches closer than 5.0 A to the copper at.om,~ although some ll/,:;i~~·;:/: 
. . . . . • - . t ::::- '. --~ ·. ': ._, ~ . 

.•··. I 

different atoms from adjacen-t;. anions are at distances between· 3 .. 6 and 5.0 A from the · ~~,;;,.;:< . ' .. I ~,i- • ' I 

.. ,.: >:::?:: 
, :;I~_\:~:.·:_··._. !l:!El !~~t~ ;!-~~~ ~2~i.'E! !2~·-The configuration of this ion can be seen in :· 

_.. ~ -~. -. . . . . ... ~ .. ·-- :· ·r· . \ 
·, : ~ -.~ ·, : Fig o 2 and the important dimensions are listed in ,Tables VII and VIII. All the butyl:. ~:~ '';~;> ;; 

·-,~~-~:.-~[-'~.::. ' . . : . . ' . . : .. :,:- ,~·f~~\: .. \.\·~t·:-~--
,:-> -~~:i;'o chains adopt the trans conformation and the dihedral angles for. these chains are ,,.j· :;:j·5\)?~: 
. --.\:' ;-;~::::~ . ' . . :>· _:~:·~~~~~}-~?·:·~:~ ·• 
··: ·. ·: ·. ·listed in Table IX. With the exception of the chain involving C (16) these angles are·.:~·:_:::.~;~>· 

;·:+; very small showing that the chains are very nearly planar. . : ·::_.··.·_,_;~_::,:.~:-~~-'_:_;_:.·'_·~. 
:··<:.::(~;.: The four C-N bonds are equal to within the experimental accuracy and have an.·, ·(:(I;~·.:.;·.;::., 
" ;··· .' . ::.;t •. . . . ;. .· ... } '? .• ... 

,~ . -., . 
~- ·-. _."' "'~ . 

~'-· i ~ 

. \. ' ,, 
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. . · 'average .value of 1.52 :!: 0.01 A. The six tetrahedral angies at the nitrogen atom · ' . 
.-. ' ~. ~ ;: ~-._ -.. ·:-:· ·. 

:: .. ~"' ~: /: · (C-N-C) average 109.5° with a spread of :!:5°. Both these results are in excellent : );·. ~-;·::-" · . 
,· . . . > -;_:··-~- .. -~. '·-•:.. .· .• :: 

·: '. · · agreement with the values found in the cobalt compound. . . . ' . . . ! •· .•. '-:_~-;- .-·. ; ; -.,. . ~ 
·~--- : ,'-.. , :· ..... ~. _: ... ·\"'·' 

; :- ... ·.· .. _ In the butyl chains, the mean c-c distance is 1.523 A. Applying a thermal · :~·~r~:~;.~,;,}:~--~-~·:·· 
;·, ···. ·. correction assuming that each carbon atom "rides" on its neighbour nearer to the ., ·. H ·._ .·· 

- .:. ~;~.·:-._• central nitrogen atom, increases the distance by 0.012 A and somewhat reduces the i,J_ ~-~-~-.~·.: ;_ 
·.- -}·~~;.· . ~-~ 

. spread of the values. This assumption is reasonable as the temperature factors 
·,1. 

increase progressively along each carbon chain (see Table I) with the exception o£ ·0 : .... · 
.... ( .. ~ 

· . · :, : / · C (18) and C (19) • The mean value ·of the 12 N-e-e and e-e-e angles in the four chains. ~ : · .. :. ~· . . < .· -~ --~ . 
,. . . ~- ; .. 

. ' . 
~': ·:: • • • J 

" f r l r' • • 

}• ,. ("; '.· 
. · .. 
i'. - .• .. ~ ..... 

·is 111.,0°, somewhat smaller than that found in the cobalt compound although the~ four;, .: 

N-e-e angles all have higher than average values. as found previously. 
·._- :- . \ . ; ~-· ~ .. . 

All the atoms in the tetra-~-butyl ammonium ion were located easily from an 

'· 
. , .. ' .. 

'.;:· .. : .' 

~ ....... 
~· '· 

electron density Fourier with the exception of e{1.~) at the end of one of the butyl · .. .,;.,: 
.. ~: 

-chains~ This atom appears poorly resolved and has a high temperature factor·--in the _,
0

:;: ;_ • 

. . ,· .,._, .. , . 
least squares refinement .. However, a careful examination sh.ows no better position ·;····,·~-'\:::; 

available for this atom and the bond angles and distances are very reasonable. We can· \ · . 

_only _assume that this atom either ha:s a high· thermal vibration at the encl of the 
. . ' :·: .':'~::;~, 

~-.·.·'· .. chain or else. there is a certain amount of .disorder in this region. Needless .to say, : .. ";(:·~· 
- ' ' . ' ' . ' . . ' 

· ;.:~,_.- . this effect makes it rather d:Lfficult to locate hydrogen atoms asso~iated with this · <;-~_:_.;!. ,.. l: .. . - . : ... _._"', :.~'· .. ;~' .·.· :., 
: ... ~ -

carbon atom, although density does appear in the appropriate region in the electron· ·:: >-: 
• !' .\ ·• 

.•: density differenc_e funct?-on. Little· reliability should therefore be placed on the exact·· 
.. 

~ . 

_.: . ·>. '> • location of the ~e particular hydrogen a toms. 

'"\.. 

',. 

'• 

As described earlier, 24 of the hydrogen a toms were located from the differelice .::· ., . 
• ·' I • 

:_Fourier in very_ suitable_ locations and their parameters refined by least squares · . _,-. : .. 
. . ··· 
. ;,.~; 

methods. The remai.rrl.ng' 12 hydrogen atoms were also located from the difference Fourier.:·, 

Hol·rever, their parameters were not refined but· merely used in the least squares 
. . 

analysis to calculate structure £actors. The carbon-hydrogen distances for the lzy'drogen' '_:·: 
.... , 

. .. atoms are listed in Table VIII~ The mean C-H bond length !36 values) :i.s 0.,94 1, ;. : · . 

. ~ ' 
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\ somewhat srr.ailer· than the value. of 1, 09 A usually taken as the standard interatomic 
;:-. 

. ,:~;~~·)~·.''. separation, 1·1ith the exception ofthe hydrogezh3.toms associated with the. end carbon 

•;. :~: 1 atoms, together with those associated Hith C(l5) and C(23), all of the hydrogen 

'I- \ • . 

.• .. 
:,·,! 

·.··i 
' : . 

• J. • ' ·-~ • c::::. ' i 

'-. ~. ~ ~ ·-.: '' ' 

:.~:'. '::.·-.':'! ·· bond angles are within 20° of the_ tetrahedral angle. This is consistent with the 
• I;, : •. ~ ·• 

' .: ' ·.. .. ' . . ~-. . . ' . 
, .. ~ ., :• · .. _~-~- ... -:·. estimated standard deviations of the hydrogen atom positional parameters.. ., _):'-: .. ·· · 

.,·,_·.'' .· 

We thank Prof., A. H., Maki and Dr .. -N. Edelstein for providing us vdth excellc;mt .~ 
• :, l. ·_: 

.,. r • •' 

•, crystals of the material ani for their co-operation in and helpful discussion of :-:···.' '/ 
, ..... _ .. :-_: .. 

·. ·" .... -. 
·· t.he problema •;. 
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0.1392 
0.0928 

0.1Ll3 
0.30J5 

0.3273 
0.3752 

o .• 3235 

. 0 .. 0005 
0.,0007 

0.,0006 

0.0005 

o.ooo5 
0.,0007 

0.0005 

.. : ' 
. i. 

.. 
,•. { ... 



• ' 1 '• t ', •
1
. ;,; 1 ---,. ,l·,· r' 1 ···r··, ·' ~ \ r · 'l1· r' '·' ·l f · ,' •,•·, ,• ,.,i.t_,',·.,. •, .>, '.~,/! ':

1 

••.• -~ ~·,·.·,·.~ !f1.'\,', 
1 
!·.'j' ~·.•·, _;_l_,',l_,, .,',· .• ,_:!, . · \ •. ';'.· •. ·.·,· •, ,''; •••

1
' ,•.·, ,' '-·,· ;..,' •• ·, • ..··,.' .', .',; ' ·, •.~··,',- ,,_ · ,_v '' • ·-' · · · ... ,r,· 1,1 .. ·,··. / .. ,,. ·.: ....... '.'.· .. • :_ ••.. ' ,~. ,._j • · • • •. · • -· ·• • · -· 

~ .. ·.·-----------------··-------------;...-...;......;,..;._ .......... _ ............ _ ............. _ .... ...;.·-·.:.·· .. ·-···J.~'... .. :..:,.:.:... .. ~.-~,..:.~~-~:;:;f.~.--:.-!;;.;..~--·-·~-~ 

\ 

:- ~f-.~ 
-·~ ·; \ :; .. 

··.· 

~ ... 

' •I 

. !.• 

c (21) 0.2334 

c (22). 0.1982 

0.;1005· 

c (24) \ 0.0610 
.. ··· 

. _ .... ·. 

;; ~~ I 

.. ~ . ~ .. 

.: ... 

·, 
" . 

··o~oooB; 

0.0009 

·o .. 001l: 

0.0011b 
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0.3475 

0~4306 

0.4317 

·a.5163 

0.0009 
it 

. 0.0010 ':~'[:;0 .. 8725· 

0.,0012 . 

0.0012b 

•' · ... 
aTre~ted anisotropically 

."'~· 
- see Tab~e III .. 
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~ :. 

0.0004'' •'4o5 

o.ooo5 

o.ooo6b ··11.0 

0.3 •,. 

0•3 

. 0.4:::: ·: 

. o.4b .. : 
. \: 

., 

···'· 
b ·.. . .. 

Not actually calculated, but estimated from similar atorn5. 
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,.~,,~ · ... . ... · ~· ..,.. 
.:"f 
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•:'· 

·~ .. ·. ~··· .... 
. ' . -: ~ ·,·· 

(• ,_· t- •. 

·.·.·· -. 
. ·..... . .~ 

'' . · ~ -: 
,'· :• 

! . ' 

'·· .. 

:-. 

:.~·· 
·,; 

. '·; 

. . ·. ·~. . ' 

~·· 

-. ·, ~~ .,.:' 

'·. 

-~ . 

..... 
~:, .... .. · 

i;:\, 

.···. 
'; 

' .. , 
. . '· ., . ~ 

.• i 

· ... ·. ~·: · .. ~ .. 
' ' 

·" ·.· 
'~--' . 

.... 

·,-,I 

,~. . .. : '.· 
·~ . 

,,. 

. . . , ~· 

'• 

. .'' 

'i 

·.,,.',1 

' ' 

./ _, 
.. 

:-. 
,,. I 

\·. '' 

; ... ' 
··~, .~.: : \ 

,· 

.· 

. ·, 

'I 
\ '...:.._ 

., 
. ; ·. 
· .... ~ 

.·· '· 
. ·· 

~ .. ; . 

,,. .. , 
'.' 

., 

·-
·. -~ 

.. 
•' . 

-.,.. 
'' 

... 

., . ...... -:: . 
.,. ,· . ~"' ;. . 

. _;. 

. ,• 

,.· 
. .... 

.-.. : 

.. i' 

: , ... 

..• f 

\' 

·,. 

. .. ~ 

·,· •. • t ~~ . • ' 
" . ~. 

. -: 
,· ... 

,.··. •, 
'· . 

·.· .. - 1·';'; .. 
i !.,· 

. :· 

··. 
· ... .,. 

,I ' ~ . ·;,, 

.. , .. 
' ..... 

~. ' ' 
: ~·- . 

.· .. 

)'.;;.. 

~; -;.•:; . 

; .: 

;·) 

·' 

.• . 
' .~- ~ .... 

.. · · :f·r:>;;.{t~~~~ ~ 
.·, 

:~:;};~ .• ' 

.. :.: ~ ... ~·-·. 
~~-- •. -7'':•', ·· .... ·:. 

j(-~ :• • , t. •'' ~ ' r. ~ . '. ! , ; ::: 
-~' .'j: t.~ .. \' .. ; • ~ ~ , .. '· 

r:' ... 
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. '· . . ~ 
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TABU: II · 

~ • . .. :> ' . . ·, ~ .. 

~ · ... 
., 
'ol• 

\ .. , 

.. _,. ~ :' . 

. ; .. : . 

} ~ ;· . '. . . . ;' 

FINAL CO-ORDINATES AriD ISOTROPIC THERNAJ.. ;?AIWOOERS 'FOR THE HYDROGEN ATOHS ·. · .:·:·>·: . 
·.· -

'•· -~' 
. :.- . ; ' ~ . 

, ·:..0 • ~ ~ .· <I. • 

•• t:- .• 

• .• j 

,·. 

·Atom 

:'Rl C9 

H2 

... > 

X z -
· · (o2) · B A 
.. -

0.37 0.49 0.91 . 2.3 

.· 0.43 ·0.43 0.;95 

H1 ClO .. 0.32 · 0.42 . 0.00 

H2 ·. 0.29 0.48 0.97 

~-- .; ;: c;: .,.::~-;-·Hl Cll 

H2 

0.,43 0..54 . 0.,01 •• 4.2 

. 0.38 0 .. 61 0., 97 10.2 
... l ·. 

_.:. 

R1 Cl2 

H2 

H3 

Hl Cl3 

. H2 

0.36 Oo65 · 0.,04 . 4 .. 6 .··· 
'·I 

0.,27 0.58 O.,OJ '-6.9 

Oe34 0~56 0.07 8.9 

0.33 o;2o o.92 

OoJ2' 0.,27 O. 97 

5..5 

1.5 

4 4·8a 4a a 8 a Hl Cl · O. 0.2 0.93 . .o 

!12 

Atom 

Hl Cl7 

H2 

Hl Cl8 

·.· H2 

< 

.. IU Cl9; 

H2 

ru c2o. 

H2 

H3. 

.F.l C21 · 

H2' 

Ill C22 

H2 
.. ·. 

HlC15 

H2 

0.45 0.28· 0.97 ! 6.3 

0.43 0.15 0.03 -4.3 
'.· 

..• 0.45 0.12. 0.97 5,9 '. 
... , . 

Hl C2J 

H2 

x. l. z 

'0.44 0.32 0.8~ 
·.' . 

· 0.35 ·.· o.J8 o.85 

.·. a 
' 0.38 0.25 0.82 

4 .. 9 

.. :•.',_" 

. .~ ... ~-. 

. \, '·,:/( 
. (,', ,, ' . -: _:· ~ -

.· ... 
. \t ·"' . ... 

... ·. . :. 
'·.. .•. . ~ -,l . 

.. .. ~-- ·. ' 

' ~ ... .. ,· _, . 
• • • t' 

. '~ .. : . " • I • ' ' ' • 

. ; ,• ,. ..-. 
'' < . .. : 

J ' .· •.• 

0.32~' 0.18 o. 74 . 9 .. 6' : : .. ~. . '• 
•· 1_ .• 

:.-· 

o.4oa o.10a o .. 77 12.1 : ·'·,·:,:··.:· .. 

. a 6 0.,31 .0 .. 11 0.7 

0.22 o.29 o.88 

0.21 0.,35 0.93 

19 .. 1 

2 .. 7 

-2·.o 

r r' ' ~- -·· 

'··' 
. ,l. 

. ·-.:·. 
.... : 

: ~. ·, 

~·· I . 

.. ,>) . 

.. 
. , ' ........ . 

. ' . 

• ~· I_ 

•. 

0.21 0.49 0.89 1.3 

0.22 0.43 . 0.84 4.8 
~·· .. ' •' 

F ·.· ::
o.o8 · 0.38 o.86 3 .. 1. ·I 

1 : -~ ~ • 

· .. ;_ '• 
,; 

' 

. . 0 .. 10 0.46 0.90 

o.o8 o.57 o.86 . 

· . 5. 9 ~- ;,)·· ~ ._:·.",: :{ r : · .... ·~ 
4.6 .. : .' f({.: ':;;":<' ·:.: .. · . 

,.. ·,t •.. ',' ". 

' .. ·-

'· rU Cl6 

, · · •.; .. H2 

0.49a O.lOa o.o!~a 

o.54~ O~lla o.99a 

o.57a 0.1~ 0.03a 

.. Hl C24 ·. ~· 

H2 .· 
,.. .. a 

. o.oo o.5J· o.87 . 10.7 ~: (:'... ': ' . 
l'. .., 

H3 H3 
a • .· . 

. 0.05 0.49 0.81 8.(> 
. ;. ... :. '. ¢. ~ .. ~ . . ' ~ 

. ,·• · .. · . . , '.•+ 
o • •• ';, -~-I :;/ • • 

·' 

aParam~ters chosen from a difference fun~tion and used in:the 

I 'l~'j I ; (.! . 

" _.: ... ,~ .. ·,;- ~J:';•, ·, -~~- . 

: ; i ~~.:: ·:~> .. ~ ~ .. : .. : 
·. ,; ' .. ·: ~ 

least squares refinement, but not refined • 
• "',! 

'I .·' • • 

'~. . 

,· ··.. · .. 
·.• -., 
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TABU: III 

: :_.. 
~· .. ' .... 

FINAL ANISOTROPIC· THERNAL PARA!-'JETERS; TOGETHER 1·liTH THEIR STANDARD DEVIATIONS, '. 
· .. •,- ... 

FOR THE COPPER AND THE FOUR SULFUR AT0!-15 
; 

(; .f .. 

cr(!?_33) a·(~12) a(E.13) a·(~23) 
a .' ,., 

B.,3 £12 B ~3 
.. 

-.) -13 .• Atom. -~il a(~l1) ~2 a(~22) 

Cu 4.6 0.,1 · 3.8 Oo1 4 .. 2 0 .. 1 -0.1 0 .. 1 0.2 0.,1 -·-o.2 . 0.1 /. 
.· ~ ,. -~~- · .... 

S(1) 7~8 O.) .3.9 0.2 4 .. 4 0.2 0.3 0.2 1.9 0.,2 -0 .. 2 0 .. 2: ·.': 

: .... .,_ .. "' 

'' 5.4 0.,2 -0.1 0.2 le5 0.,2 0.1 0.,2 ·\' s (2) 8 .. 5 0 .. 3 . 3 .. 7 0 .. 2 -
.' 

. -··.: 
· .:. S (J)_ . 6 .. 2 . Oo2 4o2 Oo2 

S(4) · 10o6 OoJ ).8 0.2 

4.8 

4.9 

0.2 o.5 

0.2 -0.2 

' 0.2 0.9 0.2 

0.2 2.3 0.2 

0.3 0.2 .. .' 
·'. 

" .. ··-: .. 

-0.7 0 .. 2 
·:"; l-. 

·. 

a ·· . •2 
All ~n A\o 

T.ABLE IV 

. ' 
X..;· 

_,..- . : '·. ~ ~ : '~-

: . ~ . .. 

' . 

' . 
. ~ . -~---. 

i, •• 

. .... ' 
.. ' .· 

OBSERVED STRUCTURE' FACTOR r~GNITUDES (FOBS) AND CALCUIA TED STRUCTURE FACTORS, (FC.G.L) .. :<· i·.· · 
' .. li>. ' .... '·.:· ;. 

-:-,. "· 
.. ·: ·: ·.~-

(Tab 1e in two parts, . to be reproduced ·photographically) ~ ..... . ·. 
. ' 

. .;. .. 

I '. 
' ' 

:·'. 

' ·:· 

. ... ~. ~·· ~ ' ' . 

. ,I • 

, . >. ~:~:· .. ·.i .. :_:: -:::} ·:.· '. 
.,. ... ' .. ,.: .. , 

·1 .•. 

' ' .· 
,, •' I .. , ·r··.- ....... :';.· ·, 

I,, -~ ~ ~. ~ :, •.' .. 
·! 
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'* r 

)' 

'• ,. 

·.•· .. .'.tl... 

•, 

~ .• 

"·· .-~".()~ 0 
L fOif. FCA 
l ~18•179 
~ 11• Ill 
' 0 I I 
8 Ill IH 

10 201•190 
ll Ill lOS .. 
I~ 2S I~ 
16 ., -•l:. 
10 zq 11 · 
lO il •ll 
ll )0 )2 

J• 0 6 
26 IU 21 

Htllt• O, l 
L FOB FCA 
I IU•ll6 
1 no l68 
~ Ut -40 
1 6) 60 
• o -s 

II 22 27 
I) 0 0 
IS H•H 
11 •o •& 
u l& -•o 
21 22 20 
u 2• -z• 
2~ S6 s• 

Htll• Ot l 
L FOR FtA 

. 0 281-261 
2 167 ISQ 
4 IH•IH 
6 76 11 
8 ••o 11~ 

10 IS 5 
12 5~ ss 
14 5CJ -bO 
16 121 121 
ae t.a -Jo 
lO 0 5 
22 H •56 
24t ,,. .. , 
24 H -•o 

H,Ka Ot l 
L FOB FtA 
l .... )b 
l H 52 
5 ~' 19 
1 2S -]) 
9 11 -n 

II US 76 
ll s~ -u 
15 0 -· 
11 ~· 45 19 o -o 
21 2) -21 
2) •2 )1 
2s 16 -•o 
HeK• Ot • 
L FOB Fe& 
0 0 ·B 
2 n -2• 
~ 11 69 
4 uo -ro 
a n -•6 

10 0 • 
12 1\1•109 
1• 10 -n 
16 120 121 
18 ., •88 
20 15 12 
ll 20 -25 
z• IB •19 

titK• Ot !t 
L FOB F'A 
I ~6 95 
1 •o •H 
s 14 2• 
1 1•1 IJJ 
• 15 •I 

II o -1 

IJ H "" IS •6 51 
11 118•1)5 
19 166 158 
21 )U ·H 
ll 0 •II> 

HtK• Ot 6 
L FUD fU 
0 117 168 
Z ZU•260 
• 150 146 
" 91 -•o a ISO 148 

IO Sl ·SI 
ll 101 lOS 

t• 'II l 
16 101•105 
16 •• 5I 
2u z• •29 
2l 0 ) 

HtK• Ot 1 L FOB F,_ 
·I 2Zl•Ul 
J l89 ll• 
5 19~·18~ 
, ]8 4l' 
• Ill-Ill 

II 86 B 1 
IJ 0 ·10 

·~ u .. 11 S6 62 
19 2• -21 
21 0 -1 

tt.K• 0 1 8 
L fOB ftA 
o es -as 
2 •o 110 
.. Q9-101 
b 81 8) 
U 108•101 

10 0 16 
12 l1 ·10 
·~ 14 _,,. 
16 2) ·17 
ld 0 -12 
20 )6 ~0 

HtK• O, 9 
L FOB FCA 
I 20 2S 
J o -a 
5 ·ta 15 
1 IS •H 
9 22 ... 

II )9 16 
IJ 0 ·10 
IS 0 21 
17 0 •16 
19 0 16 

H,K• OtlO 
L FOR FCA 

o "' -•o 
2 12 -21 
it 21 ItO 
b 50 •41 
8 0 • 

10 2) ll 
U ~A -~2 

14 10 -2• 
16 40 •• 

HtK• 0,11 
L FOB FtA 
I 52 ·5• 
1 0 9 

5 52 -·· 1 2. )1 
9 0 22 

II o 1 
IJ 0 ·H 
u 58 59 

H,R• o,a.z 
L FOB ft:A 
0 ,. 55 
l o -2 
• 17 •29 
6 0 5 
• 0 10 

10 o -zo 
HtK• 0,1 l 
L FOR Ftl 
I 11 •41 
) 5I H 
t )1 •)9 

"•"• a. 1 
L FOB fCA 

-zo o -• 
•18 0 21 
•16 19 • 
•14 u ,. 
•10 0 I 

-· 8) •91 
•6 120·119 
-· 202 187 
-2 59 -so 

o 256 zn 
l 122•101 
• 0 0 
6 24 •H a 10 _,. 

10 H •38' 
ll 160 U6 
I~ U9-IS6 
16 69 70 

IR n -10 
lO IS 11 

HtK• lt 2 
l FO~ fCA 

•19 o ·u 
•11 H •5) 
•IS 15 10 
-1 l 11 -29 
•II 0 16 

-9 112 76 
-1 u•-190 
-s 149·148 
•) 206•20) 
-1 280 212 

a .,a -19 
1 Sf S~ 
5 Zl•·210 
1 9ft • 97 
q 19 H 

II 76 12 
11 ''"·1~2 
IS 181 182 
11 ll1•UO 
19 21 11 

H1 K• 1. J 
L f08 ftA 

-u •z -•o 
-16 90 81 
-14 6~ •69 
-12 " •a 
•10 56 6~ 
-a . 11 11 
-6 c;~o 91 

-· 216 215 
-2 65 65 

0 91 -87 
2 195 191 
4 210 201 
6 1)9-1)4 
a 26 -z• 

10 61 65 
12 52 ·56 
.. al 60 
16 ,, -u 
lB 21 2§ 

HeK• lt 4 
L FOa ft:A 

•11 81 Ul 
•15 11 •69 
•ll 89 08 
•II 52 ·56 

•9 16 25 
_, 0 -8 
-s •a •51 
-1 56 n 
•I 76 •69 

I SO H 
1 \99•192 
5 99 102 
1. lOA 10~ 
9 0 •10 

II 1)9•114 
ll Ill 105 
•• 74 -n 
11 ·u 62 

HeK• lt t 
l FOB Ftl 

•16 6~ •66 
•14 124 119 
•12 V4 •91 
•10 M 55 
-a 41 36 
•6 21 •21 
•4 15\ ISO 
-2 195·1•4 

0 61 ,. 
l 151-148 
• 114 166 
6 140-lll 
8 14 " 

10 a6 -a• 
12 ·s4 56 
,. ua-ua 
16 1.21 IH 

HtK• lt 6 
L FO& fU 

•15 52 51 
•11 90 -91 
•II 64 67 
-• e• •98 
•1 0 1 
., 89 Bf 
•] 159•162 
•I 217 Zll 

1 75 -n 
3 164 156 
5 89 •97 
1 108 99 
9 IOJ•IO• 

II 0 U 

.. -... 
:··· 

Htft• It I 
L F08 FU 

-·~ 0 •12 
-12 12 ao 
•10 I~H·IS~ 
-a 11 16 
•6 0 -10 
-· 106•10\ 
•l 100 106 

0 105 •99 
.z ~0 ·H 

• 112-1o• 
6 26 J1 
a 1• -zo 

10 20 )) 
12 )6 •)5 

" u -n 
HtK• lt 8 
L FO~ FCA 

•II 6~ ·12 
-~ Ill Ill 
-1 92 -•o 
•S ZB Z1 
•1 19 21 
-1 6. •b) 

I 27 21 
) oz 89 

s ~• -s• 
1 0 •) 
9 0 •6 

II 64 H 

H,K• lt 9 
L FOB FU 

-a 26 -•o 
•b 0 21 

-· 0 1 -z 96•1os 
0 0 8 
2 80 81 
• 0 ) 
6 0 ll 
8 41 ... 

H,K• ltlO 
L FOB F'A 

•) 22 -18 
-1 56 50 

I IS •14 
] 0 10 
5 59 56 
1 68 •56 

H,K .. l.ll 
L FOR FU 
0 )) 26 
l )) •)5 
6 62 -60 

thK• lti2 
L FOU ft:A 
1 90 -u 
5 .1 •4\ 
1 lOb 101 

H,M.• 1, ll 
L fOil ftA 
0 ..... 
l )6 16 

Helt• 2, 0 
L FOR FU 

•26 18 19 
-z~ 11 " 
•22 Zl 20 
•20 IB ·9 
•18 42 47 
-·~ 79 •89 
•14 JZ5 Jl9 
•ll •21-411 
dO 424 411 
•8 ZZ4•ZI6 
•6 Jll 12• 
•4 H9 hl 
•2 241 ZlO 

0 198•176 
2 160•158 
• us llb 
6 6Z •62 
a a~ 79 

IO 161•159 
12 )14 )06 
u )00•298 
16 117 18) 
18 IZ5•1lJ 
20 ·u z1 
22 ~0 •lb 
24 0 •] 
26 0 ll 

L FUH Ft• 
•U 0 -6 
•11 56 •52 

·-u 105 1vs 
•II 191•109 
•II za• lOS 
·• BG-Zif 
-1 66 _,. 
-5 16 _,. 
•1 ISZ 118 
-1 0 ... 

I 106 10~ 
1 16 60 
s 89 -eo 
1 l) 18 
• )d -44 

II. lOb 10• 
I I H9•245 
15 221 211 
11 ISI•IS~ 
19 b4 ~fl 

H,K• lt l 
L FOB FU 

-zo o 10 
•18 )) 24 
•16 62 65 
•14 IOS•IOJ 
•ll ,., ll6 
•10 129•111' 

•ft 0 •11 
•6 120•lll 

-· 0 ] -z 21o-Z66 
o oo n 
l 199 20~ 
• 2ll•2l5 
6 Zl 25 
8 8) •lb 

10 )q ~0 
ll 8) -Ia 
.. 120 125 
16 IH·I4Z 
18 ., 52 
20 ZZ •II 
Zit zs·, 2~t 

H,K• 2t ) 
L FOB FCA -1• n -s. 

•11 0 12 
-15 )) -19 
•IJ 12 .61 
•II o 9 
-· 91 85 •1 11 _,. 
-s 65 •M• 
-J 261 251 

-1 55 -·· I lA2•19Z 
) 103 •99 
5 225•221 
1 0 ] 
9 28 )6 

II H •11 
IJ 82 Bl 
IS lV•H 
11 z• 2s 
19 4. -42 

H,K• Zt 4 
L FOR FCA 

•22 24 •16 
•18 10 H 
•16 16 -ao 
... 2l -26 
-u o 5 
•10 11 ZB 
-a o • 
•6 IS •21 

-· 181 165 •2 ,. •11 
0 l4 •lS 
l U9•1lS 
4 IJ6·U• 
6 18 69 
8 153•15) 

10 11 •12 
12 0 9 
14 0 IJ 
16 0 •6 
u 22 •Ia 
22 0 -J 

H•K• 2t S 
L FOR ftl 

•11 21. -· •15 65 •70 
·-u n u 
•II 89 ·94 
•9 IB •26 
•1 81 -ar 
•5 liZ 106 
•J UO•ZZ4 
-1 141 125 

. '•' ..... 

I ll )l 
) 4. •54 
• to" z•l 
I 221•21\ 
v 81 •76 

II 46 ·45 
11 •• H 
15 ft6 -a~ 
II Zl Jl 

.... c. z. ft 
L FOB Ft• 

-zo z- -zs 
•16 .. _., 
·14 116 ISO 
-u 122-124 
·10 11• Ill 

-a 100 •9S 
•6 70 85 
•4 111•121 
-2 .. ~ 1?9 
o 1a -n 
2 79 -fl 
• 165 ISJ 
6 0 _, 
• 116 Ill 

10 1]0•144 
ll 51 55 " ., -•e 
16. 116 II I 
20 ,. ., 

H,Ko 2• f 
L FOB ft4 

•11 US-141 
·II 14q 151 

-'9 CJO -CJ? 
-1 114 125 
·5 117-114 
-l 151 15• 
•I ll ·11 

I 0 8 
3 sa 62 · 
5 I l6•1l0 
7 114 10. 
q 66 -tar 

II 11 76 
IJ 117•115 
IS 122 117 

H,K• 2t 8 
L fOB FCA 

•18 '4 •51 
... 68 •79 
-12 e• 81> 
-10 82 -n 
-tl 96 '95 
-6 u -ro 
•4 52 56 
-z o ·14 

0 0 ll 
2 0 •IS 
4 o -o 
6 57 SA 
8 SR •6) 

10 56 1>2 
12 91 -~1 
.. 99 89 
1,8 49 50 

HtK• 2, 9 
L FOR FU 

•9 58 ~9 
_, 61 ·61 
-s ~2 50 
•) 29 IS 
-1 0 _, 

I 44 49 
, 26 n 
5 (I 5 
1 )0 •22 
9 66 70 

II 15 •66 
ll 0 .. 
U H •28 

H1K• z.to 
L fOB FU 

•16 •• •Al 
•IZ 0 22 
-a 54 -47 
-· 0 •12 

0 66 66 
2 52 59 
4 80 •15 
a o n 

10 n -n 
ll )4 H 
14 o -z 
I& 0 · 1 

llrK• lrll 
L FOR fU 
1 o -to 
9 0 •9 

II 18 22 
ll . 9. _, 

tt,K• z,'az 
L FOB ftA 
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H,K• e, 8 
L FOB FtA 

•16 0 'ta 
-12 0 9 
-e ar 6 

-· 21 16 
-· 21 -)1 
-2 16 l2 

0 Jl •81 
2 96 62 
• 69 -ro 
6 52 50 
8 71 ·71 

10 M 66 
12 56 -45 

HtK• 6 1 9 
l fOB FCA 

•I 0 •15 
' 0 4 
1 24 •29 

H,tt. 8,10 
L FOB FtA 

•10 0 •11 
•6 0 22 
•2 49 •loO 

0 .0 .. 
2 18 ll 
• ta l4 
6 0 I 
8 Jl 2] 

·H,K• a,u 
L FOB ftA 

•I 0 11 

"•*'· 9t 1 L FOB FCA 
-u 21 ·19 
•10 0 •2 
•8 20 •lb 
-6 56 1>8 
·4 0 •II 
-z a4 -zo 

0 U II> 
2 61 -14 
4 52 " 

6 u 16 
8 0 , 

10 0 •II 
I& n -21 

HtK• 'h 2 
L FUH FtA 

•II o •d 
•II 64 66 
•9 "8 -~~ 
~1 0 •II 
•S 0 IU 
-J 0 14 
-1 19 10 

I 0 -1~ 
I U 21 
5 AS •67 
1 11 H 
9 41 •4b 

HtK• 9, ) 
L FOI< FC

•18 49 -1• 
•12 •• 'b 
-10 11 -2• 
•d u II 
·I> IS ·•6 
-• o -a 
-2 0 •10 

0 20 21 
2 •• 21 
4 81 •84 
6 0 -ll 
8 48 •5) 

10 ., 51 
12 0 ·IS 
18 25 2> 

Htl.• 9, 4 
L FOR rCA 

-9 7r dO 
•l S5 •6l 
-5 o 1 
-1 0 -J 
-1 20 -2l 

a o· -1 
] 25 -29 
s ro 68 
' 96•106 
9 0 2 

HtK• 9t ') 
l FOR FtA 

-· 69 •70 
•6 lO )H 
-· 42 _., -z o 11 

0 )9 ., 
2 61 •bl 
•· H H 
& ~eq -•z 
8 80 H 

12 I 7 20 

Htk• 9, 6 
L FOQ ft4 

• ., 2~ u 
•9 '" •56 •s os ·11 
-1 H n 
-1 0 a 

I 62 •56 
l 62 IH 
§ 4'i. -ItO 
9 10 ·H 
I~ 0 20 

HtK• 11ft 1 
L f08 ftA 

•2 2) -l'i 
u 16 .. .. 
4 lt9 .... ,., 
6 •• 66 
a o ·e 

12 25 •H 

HtK• 9t 8 
L f08 FCA 
1 n -ro 
s 0 ·~ 
9 0 u 
Kt"K• 9, 9 
L FOB FCA 

•ll 26 26 
•I> 0 16 
-z o r 

0 0 l 
4 17 2J 
6 0 -9 
8 o -u 
HttC.• 9tl0 
l f08 FCA 
] 26 2l 

0 •) 

H,K•IOt 0 
L F08 FtA 

-zo o •19 
•18 ll II 
•16 0 -1 
•14 0 . ~ 
•12 lla-112 
•10 167 162 
--~ 16·-··· 
-6 241 2)9 

-· 117-116 
-2 0 •10 

0 11 •82 
2 0 6 
• •• •12 
6 26 25 
8 IS 20 

!0 12 ·II 
12 28 zs 
"17•11 
16 70 •• 
1a •o -n 
H,K•lOt I 
L FOO FCA 

•II 27 1• 
-9 l61t-lit'l 
•1 IRS lrT 
-5 94 -97 
•) 76 19 
-a 67 -n 

I 2U H 
] 69 -7lt 
~ 0 12 
7 0 • 

15 60 ss 
H,KatO, 2 
L FUtl FCA 

•20 0 -ll 
•16 0 ·Lb 
•12 0 0 
•10 90 -8a 

•A 68 12 
... 76 -71 

-· 51 ~ .. 
•2 0 •ll 

0 •I •• 
2 0 I) 
~ o -u 
6 15 IS 
8 18 -16 

10 2e· 21 
12 16 -20 
14 0 ~ 
16 0 •16 
10 •s 50 

H,tC.•lO, ) 
l fOH fCA 

-· 0 -12 -r ~4 -•6 
_, 40 )l 

•J 4Z •41 
•l ll •lV 

I U 49 
l 0 I 
5 10 -ll 
1 22 -10 

I~ 25 •25 

H,ltolOt 4 
L FOB fCA 

•18 H •)A 
-1• 51 61 
•10 0 11 
·6 0 •II 

-· 0 5 -2 0 -9 
0 lO 21 
2 H •42 
4 IS •0 
6 0 -1 
e 0 28 

10 91 91 
12 ld •16 

·~ 0 ~ 
Htk•lOt 5 
L FOB ftA 

•IS 15 II 
_, 0 .. 

·l 22 •20 
•I 18 19 

l H 4l 
s 19 -u 

IS 0 •16 

HtK•Uh 6 
L FOB ft& 

•16 o -o 
-12 s• -s• 
-o 90 -er 

UCRL-11506 

-· 60 -ll -z ~• >6 
o r> -10 
l JUl 119 

.·.. lJ • 14 
• 0 2 

;8 ,,_., 

to '" •b'i 
ll J> .. 
" 18 -<0 

tt,K •10 1 l 
L •uR FLA 

-1 .r •o 
s ll 19 

H1 tt•l0 1 8 
l tu" fi..A 

·10 •~ •JS 
-6 b~ -~1 

-2 69 -b2 
0 0 lS 
2 14 •.c4 
• If ll 
6 0 •J 
u o -u 

10 0 ll 

HtiC.•lO, 9 
L tuB F~A 

-) 15 -jtl 
5 26 24 

Htlt•ll, l 
L fUH fLA · 

-r. ,. ~· 
-~ o ·II 
•2 IS ll 

0 ll ·H 
l 2l 16 
4 0 -~l 

H,-t<.~:~ll, 2 
L t'O'S FC4 

-5, ~6 ... biJ 
•3 II IS 
-l H -J6 

I ll J~ 

11 l~ -•z 
n,-..u, , 
L FIJa •tA 

0 0 -·· 
Htl(a:Jl, 4 
L hlA FCA 

II 10 4 F 

tt,I\.•U, ~ 

L tU8 rt• 
o •o -•• 
.. ,,-=u, &· 
L FUU HA 

II 16 •tO 

HoK•Ilo r 
L ~oa ~t• 
0 49 •• 

H,tt•llt 9 
l fOB HA 
0 )l 26 

Htr..•12, 0 
•L fOB FtA 

-16 IR u 
·14 •• ·H 
•12 ...... 
•10 17 •U 
-o u -12 
•6 0 •R 

-· ll> •l6 
-1 ~ 10' 

0 21 -.z 
2 ~r '>8 
4 llO -'liA 
• a•e 1~• 
d 125•1l4 

10 ~7 ~· 
12 n -Ja 
" 0 -1 

Htl'.•l2t l 
L ~UR f~~ 

•9 62 or 
-1 16 1 

1 u -•o 
9 94 d 

Hti'.•U'• 2 
l t-Utt f(..A, 

•H 18 19 
•10 0 IJ 

•6 16 lO 

•l 0 I 
0 0 •) . 
2 28 •ll 
4 II lR 
6 41 •H 
d 4R 52 

to ~9 --.z 
12 0 16 
14 0 •16 

Htlt•l2t ) 
L FOB ftA 

•IS 0 6 
•9 0 -1 
-1 11 z• 

I H IS 
• zs •29 

tteK•lZt 4 
l fOB FtA 

•12 56 •S2 
•8 0 •1 
•4 0 I 
-2 0 •10 
o o -s 
2 0 IZ 
~ l4 25 
6 0 II 
• 0 2 

10 0 -ft 
12 0 -1 

tl,l'.•l2t s 
L FOB fCA 

-• 55 -ss 
•) 0 I 

1 0 6 
9 IB 6 

H,K•l.lt 6 
L FOB fCA· 

-12 52 5. 
•IO 16 -•o 
-6 0 -10 
-z u s9 

0 10 -19 
2 25 ·II 
• 71 -67 
6 16 Ja 
a ~· .... 
HtK•lZ, 1 , 
l F~B FCA 

•9 0 26 
•I 25 29 
l. ~· -n 
H 1 Ko1 ), 1 
L FOe ftA 
0 0 l 

tt.tc•l1t ) 
L FOB FCA 
0 0 6 

tt,tc.•llt s 
L FOB FC4 
0 0 b 

H,K•l4t 0 
L F08 FCA 

•10 •• -·6 
•8 59 S1 
•6 106-105 
•4 109 !CO 
•2 75 -71 

0 10 25 
2 21 •12 
• Jl l2 
6 21 •26 

H1 Kal4, l 
l FUR FtA 
1 0 12 

H,K•lo\ 1 2 
L FOB FCA. 

-a 31 •ll 
•4 Jf> •41 
-2 Jl 29 

0 25 -26 
2 0 5 
4 o I 
6 0 2 

HtK•l .. , 4: 
L FOB fCA , 

·6 o -o 
-· 0 _, • 

'•2 0. B ·. 
0 0 •I . 
2 0 10 

\' ,. 

•• J 

: ...... 
; ;· 

-· ~ ·. ·'· ~· · .. 

1,.• .;. 

-··· 

... ·. ., 

., 

I \ :~. 

·.: . .. ·.·; 

·' ,.'_: 
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. 'I'ABLi~ V 
... .:/ . 

. . ' . ~ ·, 
.• . .-f··' ' ' ' 

.. A COHPARISON OF T-HE· INTERATCl·riC DISTANCES AND ANGLES, TOGETHER HITH THEIR . · .. r: ,·-
' . . : '· 

-- - ESTINATED STANDARD DEVIATIONS, IN THE Cu(NNT);1 AND THE Co(I00)22 IONS : L: _ ' . .·. · ... ;-._ 

,- . 
.... _,- =L!-·· 

,J'-•' •.• 

• .. , .. 
. · .. !· 

. · ... ~ 
~ . :. 

.'· .... ' .. 

' . . - .. 

_.,, ·' 

-,._ 

' ~ . . ' 

•-'· 

.. ·• •,. 

~-:. ': · .. · ' . ·' ~ 

. ·-

·,,; 

A) DISTANCES 

Atoms 

Cu or Co -S(1)-

-S(2) 

-s (3) ·_ 

' -1 Cu(HNT) 2 
'Distai1ceb 

2.174 

_2.170 

2.177 

e.s.d. b 

· o.oo4 

o.oo4-

·o.oo4 

. ( )-2 Co HNT 2 
. 'b 

Distance ·e.s.d. 

2.163 ·o.oo3 

b 

-s(4) 2.158 o.oo5 _ 2.159· _ o.oo3 
----------------------------------------------------------

S(1)-C(1) 1 .. 73'\_ 0.010 '1.731 0.,007 

s {2)-c (5) 1o74 0.010 

s (3)-c (6) 1 .. 71 0 .. 010 

· _ s (4)-c (2) 1.10 - o.o1o _ 1. 715 o.oo7 
--~---------------------------------------~-----~----------

C(1)-C(2) . 1.32 0.020 1.34 0.010 

______ 9i22:2J§l ____ ~~~1-------Q~QgQ ______________________ _ 

c (2)-c (3) 

-c.(1)-c (4) 

c (5)-c (8) 

1.42 

1.43 

1.44 

0.020 

0.020 

0.020 

0.,010' 

. 0.010 

.. ' •'· ~ 

. ~ ... _···~:: .. : . : ' 

l •• •• 

. ; ·~. ' :- ··.i._. -: 

<' '· { /· ·:. : ••• •• 

. _.; 
':. ~ ' 

·_:·, ¥._·_ ·:_ .• ~- .. ;" .... _ .. _ ·., ·. • . . . • . : .: :, :-· 

.. _:• 
. ~ . . . 

·, ,_ .... ~_:· .. 

'·.7 ._-
.: • .: ~ :•,. f 

;;.;: . 

'· ,.. . .. ~·: 

!. t • 

~ '• :' • ~ I 

;, . . ~ .. 
• ~ • :.-~- • < :· 

. ~ ~- · . .. · ·.··: 

.. · 
. ·~ ' . . ' ':; ...• 

c(6)-c(?) .-1.44 · · · o.o2o ' · . . .. 
~-------------------------~--~-----~-------------~--------· 

C (3)-N(1) 

C(4)-N(2) _ 

1 .. 17. 

1.12 

0.020 . 

0.020 ·_ 

C(?)-N(3) 1.14 0.020 

1.15 

1.16 

0.010 

0.010 

.- l,t. 

c(8)-N(4) 1.15 o.o2o . 
~-----------------------~-------------------------~------~ . 

~- :' :<· . ,, .; .!: ,::< > 

. .. : ~ .:·. : .... 
. 2 . ' . ' "' 

~ecause of the higher symmetry of the Co(}1NT); ion there are two·.:·~.·-? 

s,yrnmetrically equivalent values of each of these distances. 

bin x.- ... 
• 1 r ~ 

•••• , •!,(' 

• ;!_ l_ .• .:: . . i 
~-:.: ,:· .. :: ... 

,., 
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: ···: . TABLE V. (Contd.} 
. .. ' 

.. 
.. .:-··· 

'·· f 

'•. ·;·· 
·' .. · 

. • • I• 

\ .. · .• -.'.,'·. :-- .. 
B) A.t'JGLES :· : .. ,.· · . 

'· '.· 

\'~ cu(m1T)~1 

Atoms ··.: Angles . e.$ .d. 

S(l)-Cu/Co-8~3) •.. 

. . 

.Co(HNT)..;2 
. 2 

a Angles e.s.d.-

UCRL-11506 

....... 

I. 
. · .... -.. .; . 

. '; : ·. ::. :. : . .' ·• 
• '.,··:' I ·, 

;_., 

'". ,.!. .· . 

. · ~~' ' .. : .; .. . 
. •.;·_ .. . 

' " . ,; . . . s (4). 92 • 2 0. 2 .: :' .. ~ .· . . ·,: 

S(2)-cujco-s (3) · 92.5 0.2 .. · . · · .... ·..• . 
·" --· .. ' ' . .~ 

. . . ·• ; ·.. . . s fl.2. ··. . 87' 1' .. · 0.2 ... ·. . ' . . . . : 
, ,r -----------~Y ------- £ ----------------------------- .,. 

•:: ~··-cujco- S~l)-C(l) 102.5. o.5 103.7 0.3 
~ ' ., 

. '• ~ .. 

·' .. 

•' ',[ 

. ~-' . ' .... 

. ~ '· . . ;,. : ;' . . . 

. Cu/Co- S(2)-C(5) 101.4 . 0.5 · ... 
• o.~ ·. ·· .. 

f. • '. ~ ' ' ', \ '. 

• < 

Cu/Co- S(3)-c(6) 101.9 o.5. };1'1.·· . . , .. ' .. ~;~ . ·· 

c!!L99:_§.(~).:c CgL ____ 1Q1~2-.:.\-Q~~----------1QJ~§ ___ QiJ __ .· .. ' · · ·-: ... 
;. .. • _,I,, . . ·, ~\ 

S(l)- C(l)-C(2) 119.,2 '1:1 120.0 0.6 

S(2)- C(5)-C(6) 121.6 1.1 

S(3)- C(6)-C(5) 122.5 1.1 ~- .; ' 

~J~2:.9ig2:9J~2-----~gJ~2---~~~----------~g~=~---2~2-. 
S(l)- C(l)-C(4) 117.7 . 1.1 117.2 0.6 

' ~$ ·. •. 
,' . \ ·~; .' ·. 
~. . . 

·s(2)- c(5)-c(8) 115.1 1.0 
'. ' 

·,,·-

S(3)- C(6)-C(7) 116.3 1.1 

S(4)- C(2)-C(3) 115.9 1.1 , 118.1 0.5 
----------------------------------~~-----------~-----

•·· :- . t-~ -~-· ;.' .. 
.. . ':•· .. 

C(l)- C(2)-C(3) 120oil 1.3 120.8 0.7 · .o ~· . :' . • · ·,. ...-

c (2)- c (1)-c (4) 123.o 1 .. 3 · 122.,8· o. 1 · ·. ;>;: . 
,.,, 

C(5)- C(6)-C(7) 121.1 1.3 ->)' ::;,,.:<\ · · \l." 

.· 9 J§2 : ... 9 122: gJ§L ... ___ t..f .2~g ___ ~=2------~---__ ----------- :: 
; . ' : _. ~--· ' 

C(l)- C(4)-N(2) 177.1 1.7. 178.7 1.0 ... · .. · . . ) ·. ' . 

C(2)- c(J)-N(l) li9o8 .1.7 178.2 o.a ·-.: .. 
c(5)- c(8)-N:(4) 178.5 1.6 .. '· 

' _~; ... .' ·: \ ... ' 
£,. c'6l- c'7l-Nhl. ·· 17~ a 1 ? · · · ~.·. ;·;::-"' 

-~- ---~- --~.4 -·---.. -.L'-.!'-----.S..L----------------·-----·- ~ • • ' • I ~ • ' ' • • • 1/, 1 

' : -~ 

. { '. 
. ' . , 

,··' .. , ~
. ~' . ·-~ . : ·,. 

: ·: ~- ' ·, .... 
.. . ~ 

~ecause of the hi~her sytmnetry of. the Co (MWrr2
2' ion there are two syrnriletrically /: 

. . J-. . . . ' • ., :, .·. ··. :::'_.:. 

equivalent val'.les of each of these angles. 

· ~~ot independent angles. 

., . ~ 

:/.' ; 

, 
' .... 

. ··,· '. 

,··· .' .'· 
·~-. ·.; ' ,· 

. (; -.. \, 
. ~ "· . 

',_··· 
• •• ·\ ~ t •• 



,. 

. ' .: . ~ . 
. ~ . 
. . . ; 

'· f . ~ . ' ~ : 

.···. ;._ .· ·. 

\'.. . 

• .. I 
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.·. ·. ', 
.TABLE VI 

·niSTANCESOF -THE .VARIOUS ATOl-lS IN THE Cu(HNT);1 ION F~OH THE PLANE THR9UGH-- : -

THE HEAN ATOMS {N(l)' N(2);, C(3) MID ~(4)} ' '~ C(7) AND N(j) } . ' ,_·, -' 

i AND '6 (8~ :~ND N (4) ] ·-- -· . 

Atom Distance (A.) 
frorr. plane 

Cu -0 .. 064 

- S(l) +0.032 

-.S:(2) -0.094 

S(3) -0.065 
: 

S(4) -0.114 

-c (1) -0.030 

c (2) -0 .. 036' 

. __ -· ... · c (3) +0.011 

C(4) -0.011 

C(5) - -0.051 

c(6) -0.030 

c_(?) -0.019 

C(8) .-0.,008 . 

-N(l) -_ - +0.,053 

N(2) -o.05J 

N(J) +0.019 

N(4) +0.008 
-· ....... 

·. 

·.,. < 

e.s.d. (A) of the 
~tomic position 

0.002 

0.004 

·o.oo4 

Oe004 

o .. oo5 

.0.014 

0.,014 

0.,016. 

0.016 

0.014 

0 .. 014' 

0.016 

Oo016 

0!'015-

- 0.,01.5 

, ... 0.015 

'0.,014 

',· 

' . ~ ' 

.. ' 

,- ' 

..... 
,. ' 

:, , • -~. . 'r ~. ·. . 

' . . ~ , 
~ ... ' 

•'·; ·,· .. :: 
• .. •• .~ ... 1. ' 

•' .. 

. . '~ 

. f'• . · .• 

. ; . '.. . .·. 
J i;· .. " 

·- - ,_,. 

-- -

... ·, 

·: j .... 

. ; --~ . . ' . 
. . : 

; . , .. 
'I,. 

. >' . 
' . ,. '.: .: : ) . -~..;.; : ._ 

--.. ;.- . . .. 

~ . .• . "'· .. .. ,· 

. .-.-. . ,· . :," 
• • l' ' 

~ t:: -·.·~ ' !.- .. 
:· .: . f~-: . . .' ... 

• ': -•~ ~~-~:· .. ,- r~•9_·• ' ' 

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

·-·· .. . ('' . '., ... 

. ·, · ... · .. : _;. ~ .. :· . .'. . . ', . ' 

. \ 
', '· --·{. 

··. ~:· .. :'·. ·. :•'. 
'. ") .. 

'\-' ; ... :.· ,•,' .. 

.. .t- '- . . L , 
'l . ' . .'~~. 
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TABlE VII 

' (, 

. DISTANCES AND ANGLES INVOLVING TF.E CAilBON AND.!ITTROGEN ATm1S IN THE TETRA . 

. n-BUT')~ AH'·~ONIUH ION 

A) C-N distances and angles 

Atoms Distance a Atoms 

N(5)-C(9) · 1.510 
0 

A c (9) - N (5) -c (13) 
·:' 

-c (13) 1.517 -C(17) .. 

.• 
-C(l7) 1.544 . -c (21) 

-c (21) 1..520 c (13)-N(5)-c (17) 
. ... ' -c (21) 

'.1.·; . \ ·. 
~ '"~ 

.. C(l7)-N(5)-C(21) 

Mean C-N distance He an c-N-c angle 

aestimated standard deviations all ! 0.016 A 
bestimated standard deviations all : 0.9° 

b . 
Angles · 

o· 111.0 . 

104.6 

112.4 

109.6 

107.2 . 

112.1 

109 .. 5° 

. '•. 

... ·. 

~· ;- ·. i .. 

'.; ··~-~·:_: .... 

\~ '· 

r:: •.• : 

. -~ 

~·· -· 
'·. 

·,J. .. 

·,'' 

,.· 

'· . _ .... 

.. _ .. _.; 

r.~; : ._ . 'I . , • • 

.,~ . ,· 

. ' ~' 

<. 

~' . 

.·. ··t' .... 

,. ' . ' ~ . 
· .... -. 

'· ...... • 

'· _i· -; 

_,·. 

. ·, .... 

- ... 

. e 

''":. · . 

,' 
. . i: 

·. ' t .. ·;_. 
' . . l ':. ~. . ·• 

. ' •, 

~ • 'I • 

• .... 

'i~: . . ,.: __ , 

. · .. 
'\' ..... . 

, ........ 4 • ,· 

. ' 
, I ·, ~ .• 

,. -~ . 

'. 

' . ··." 

.. ,. 

';• 

·· .. 

,·. 
'. 

: ·, 

·' . ~· ' .. 
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. TABLE VII .. (Contd.) 

-<<~;\. ":'-
·. ,., ; ; . · . 

• ' (:- ·•• .• ·' j.· ·, 

. <: .. :· ... ~ 
-;. . '· ";-~~ ... _ .. ' 

. "' 

. ·· ... · .. ~ . 

" . 

· a ·· c 
Distance . Distance 

c (9) -c (1o) ·· · 1..51 ~.A 

C(10)-C(11) . 1 • .54 

1.47 
,. . 

Atoms 

N(.5) -C(9) -C(10) 

c (9) -c (1o)-c (11) 

C(10)-C(11)-C(12) 

l 
·,~ 

': 'I 

.Angle · e.s.d. , . 

11.5.3° · . 1.0°. 
-- " : ~' .· -~ 

109.6 

112 .. 2 

... 
. 1.1 / ·,· _·. ~ ... ' 

1.2 .. ·· C(11)-C(12) 

c (13)-c (14} · 

c (14) -c (1.5) 

.. '1.49 

1 .. .52 A 
1 • .54 

1.49 

1..51. 

1 • .58 

:· . . ··r.;. · . 

N (.5) -c (13)-c (14) ·. ' 117 .. 2 · 1.1 

.· .. ·1.,56 

.. ·1.48b 

··· ::-; ,. C(l3)-C(14)-C(1.5) .. 104.6 1.3 1 : 

r.:- -·· 
C(1.5)-C(16) 

· ·. c (17) -c (18) 

c (18}-c (19) 

. 1..53. 

1.62 

1 • .5.5 

'1 • .56 

---' 
'• . . \ 

. . :· :·.: 

·. ·· ·: __ :_·. c(14);..c(1.5);..c(16) 
' ' ' ·~-. · .• ' . . 

'· ·. '.} .. ·. N(.5) ~C(l7)-C(l8) 

.· ·;,: ._·.: .·· ., c (17)-c (lB)';.•c (19) 
. : .. 
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· .. : -~ ~ ~:---· ··." .. 

-~ 1. 7 . ; '; .:·· ., 
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112.0 ·. :; . 1.1 ' .. 
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!·· 
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\ a . . 
estimated standard deviations all ! 0.02 A 
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TABLE VIII , ~< 
+ ~ . ... 

. "!· _-· ' : f :-~ . ,. ' ' 
' ~ . · .. : --\ ~-

. . CARBON.;. HYDROGEN DISTANCES IN THE TETRA n-BUTYL .AMr10~UM ION •. 

Atoms . Distancesb Atoms b· Distances -~· ' 

·;_··:-··. .. ,_,_ 

. \ .. 

_i ,' ' ;I : ,, ' 

. ; 

. -.·· 
)<. -. . •; .... 

C (9) -H(l) C (9) 

-H(2) . 
C(10)-H(l)C(l0). · 

-H(2) 

1.o4 A 
1.oo 

_0.94 

. 0.75 

C(17)-H(1)C(17) _ 

-H(2) 

.·_ · C (18) .;..H (1) C (18) 

_. _. ·: :.··. -H (2) 

1.oo A 
0~86 

. :.: 

' .. .. 
. ':~ :-'-· C (11) ~H (1) C (11) 

-H(2) 

0.92 ._-_·. ,.:: . C(19)~H(1)C(19) 

1.09 .. · · · ·"'~:<_ · -H (2) 
.,· .. • . .' :~;. 

... .. 

.. • 

"": ~ . -~ : '· . . . 
(; ·. . . . ~ 

... 
C(12)-H(1)C(l2) .. 0.87 · .. C(20)-H(1)C(20) ..... ... -.. •," 

-H (2) ..• -1.01 · , · -H (2) 
. , : , I .. : ' 

-H(J) · 0.91 .. • \t;... H(J) 
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. •. . ~ ~-.. 
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. ,-,;· 

. a 
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1 .. 06 ' 
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. t : ~ ~. . ' . 
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T·,'; 
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-H{J) 
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., 

,•;' 

.· ·., ... ·. ;': 
.. 

.• • • 'I' • .. ~ . '•' ~-- •• "J •' ,• F 

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

:·· . . ., .· '~ . ' . - ' . -~ ' ~ . 
.r. • .. .. ~. :: • • • . ·.: . • ~: ~ . • • ' . •. ~ .,. ' ~ ,. 

I '· :. 
;'· .. ; ·• 

' ' . \·. 
~ .. . . . 

• : .:~ •• J • . : 

·' 
• •• ···: .,l 

. ' ' l :· 
t.· ::: ·. 

.1 

• • . { }-::; ., • . I ~ ~ 

:~ : ~~~:· -~,:J: ~· ~, 



. ~-: 

· .. 

_;.· 

. '. 

.. , .. I ~- . 
(' ; . 

-21• UCRL-11506 

.TABLE IX ':• ( ~ ~. ' .-.(~.£. 
-~ ~- '. 1 
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·,,· 

-:J. . •1. < .. ~- . . THE DIHEDRAL-ANGLES. FOR THE FOUR BUTYL CHAINS IN THE 
·.~ f.t ·~:. '.' .•. ~ . .:· 
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Figure Captions ~·". 
-r_·. . . 

.. l 
~ Fig.l • .;_A projection down the a axis showing the sta~king of the Cu(MNT)2.: 

anions as viewed down a stack. The copper atoms labelled 1, 2, 3 and 4 have _!: 

co-ordinates of 1.14, 0.86, 0.64 and 0.36 respectively. 

~'~:·~Y)<j 
· ·.· .. : .. · .. of 

Fig. 2.--A projection down the a axis sh~Ning the latticework arraneement 

t 

I 
I
' ·- · .. 

'l, 

; .· .. 
.. '. ·,: . 

! ~ ~:-z..~ lf '1 

the tetra-n-butyl ammonium ions. The small black circles are representative 
. - .... · 

r;. :•;, 
'•, 

of each type of hydrogen atom. The stacked anions shown in Fig. 1 fit exactly 
.·• 

into the· almost unoccupied rectangle in the center of this Figure. 
. i 

Fig. 3 .. -A projection down<the E. axis showing the ·stacking of the Cu(~)21 ~· 
f . ' 
I 

I 
i 
I 

. .'· 
.. ' 

anions from the side. The figures beside some of the atoms are the z co-ordinates 

(XlOO) .. '. 
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·., 

;> • 

}.' 

\'-' 

'~--

.. · 

_, __ . 

J_. ~ .. 
·, : •. ~ .. 

1 l k tA ; .2-4 '!> ~ Fig. 4.--The molecular dimensions of the •. Cu(MNT) 21 anion~ ~ : 
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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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