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BY J. D. FORRESTER, ALLAN ZALKIN AND DAVID H., TENPLETON. 

The crystal an::i ;molecular structure of di- (tetra-_!!-butyl ammonium) cobalt (II) : 

bis-(maleohitriie dithiolate) has been determined from an x-ray diffraction 
. ·-. .._, 

.................. ....._ ' 
study of a single crystal specimen. A convenient triclinic cell, space group 

. . ---------~. . 

.. ,· 

P.i, with a c 10.77 + OoOl, b ~ 12e35 + 0.01, c = 9.,81 + 0.01 A., a = 88o5! 0.1, - -- - - - - -
~·= 114.8 + 0.1 and·y_~ 93.5 + 0.1°, contains one formula unit. Atomic parameters. - . -··· -
-vrere refined by least squares methods using full. three dimensional data out to 

29 = 40° 0 

The anion is closely planar wit!1 the sulfur atoms in a square arrangement • .,··· 

around the cobalt atom. The symmetry of the anion is ~ to a very close degree. 

Th!-ee of the .:::-butyl chains in the cation adopt the trans conformation whilst·· 

the other has the gauche conformation with a dihedral angle of 71.6°., The 

cobalt atoms are very well separated with the closest distance of approach 

as the shortest axial length of 9o81 A. Positions of all 36 independent 

· hydrogen atoms were determined from an electron ·density difference function •. · 

Introduction 
Nftlft#IYIVNNNAINNI\I 

-:::·· 

·, ~:. . 

There has bee.~ consic:J.~ra~le interest recently in the electronic energy 
· f · · · -z 

levels of a se.:ries ot :compounds represented by the general formula R'.!. (M's4c4R4) -, 

_. ~there .!. • .. O, ~, 2; r-1' • Co, Ni, Cu, Pd, Pt, Zn, Rh; R • C.N, CF 3, c6H5, etc • 
. ·. ' .,. ~~ .· 
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~ ·· ~ .. · apd ·. R1 
•. =·(!l~o4H9) 4N~; > {C.I:I-JL4N~;:--:,(p2H5}4N~, et~_fint?rpr:er-ation. of these results'.:~.:< . , : ':: 

: ' ·. . ~ ··.~· --1 · . · ~ · ' ~ : ~ ·. · ; · · r • · ·.;J ~' ' 1 r • • ~ • ' ~ ' 

:. 'ho'flrever has been somewhat hampered by. the lack of any detailed knowledge of . ' ;. '· ;!" < 
J. . . t ' '' ·-: . ' . ·~· .' ::·:: ···; ·. ..·· .. ·; ... 

·: the molecular str~c~~ of these: p~mpounds "anci cer~~in discrepancies have 
;. ) • ' < .. ·.~ ' 

.l ':. i' ih the electron: spiri resonanc'e. measurements 0 . • • ' . 
i .. ..·... ,,_ 

.. _: ·,,

1 

· · • ; I :. · · .•·. .• · · ;· · ·: .._,: : ~- ~. · • 
i + . . 2 . . : ' . .- +' . ·, . 2-. -~ ... - . ~-: .' -~· J':;~ '/ " :: .. 

·!. ((~-c4H9 ) 4N) 2 ~Co(s2c4N2 ) 2 ) T, abbr~viated ((~~Bu) 4~) 2 (Co(MNT) 2) . ,-.:~an~, ,·;< .. ,:- c:.~ 

· :.·.'- :.;.~~:. s~~wn,schematically below, is a typical member of 'this series. The anion (Co-(Hm,") 2 ):~-1 . 
t" ~- ~-/ ' . : . . 

'.· ... ~ ... 
, :.: .· .... ··· ... rNc)c/~.,;P"'-c/cNl2• 

..•.••• ~:·· ... · :. ;;::~,~ .. ·· .. ;.·· .. •• .. •· .l(~-c4J9l 4 ~ : ·, ; 'l fC~ ·~'?>:eo>s~~"'-cNJ •••. 
. : .. /. { ' . ' . . .. ' .. · . . . 2 . . f. . . . • ... 

· · was: first prepared by Gray and co-workers 1t1ho found that the 

. . ~- ' . 

.:-·._ 

:·,·, 

'. •, • ' : > I • 2-' , ,J ··: ·~ '' • 

'. ~- '· ~iffraction patter~ for Ua..;~) 4N); (M'. (NNT)2) ldth w. 1: Co,. Pt,. Ni and. later~-> : 

; . i Rh~ w~re identical and .cii.rf6r considerably from that found .With 11 1 = Zn. '.· .'· :~,\ ·:.' 
...... ·· ... ' 

' .. . Electron spin resonance and magnetic ·susceptibli ty measurements on these:· · 
. . . . . ; . . 4 5 6 " . . 2 . . / ,• . . . 

"t ...... : 
. compounds have been made-by Davison et.al ' _ _!__as .well as~by Gray et al and Billig·.,. 

' -.- -- ~ -~ .,. "''f'r-~-

-~ · £i aJ. 7• }Tevio~s evidence8' 9 indicated that four co-o!dinated, low spin complexes 

... .'·.· 
·: .. 

of Co were likely to. be square planar. This is based on :mBgnetic measurements and. -· 

. ·.apparently the only ;evidence obtained by. x-ray diffraction techniques is the 

· .'( :~-.·:,'·,.: :·; ~ _molecula~. otructure; of Co (II)phthalocY:anine where _Linst~ad and RobertsonlO,ll_ 

. .~· ~- :· L . , 
". · .. ,., -.._~· 

~ <. • •• "': .. 

. . 
' •.,:.·: 

;-·;:;.,--· _ _.·:-:-.··showed that the Co atom, had a square planar·environinerit.· Little further evidence'/,' 
' ,::.,:.)~".\ :·~~:;~: -~ ' . , • I 

1 
'· f 12 

·' ' > · :":L:: .·:seems to be av~l.lab=!.e, !:.•!i• •Jells o 

·'- .. -: :).;) :~.::· · · . An x-ray· ~truc:ture determination was 
,.··:'r: :~·::: . . . 

. ~ . , ' : 

completed very. recently by .Eisenberg .et ;~J:l3 . 
, .'0:;' . . < on another member of this family, :1!, 

. :: .. 7<-"~~~~->-:.··· .··. ' . . ': .. · # : 

•• f, . , •. !., :, • ,· v.ery. close agreement t-li th ·this,. 

.<- '. ~-· · ;1a.1<i ~ :!,14 pave recently used the results of the present crystall'ographic .· ., . 

i• .:·•· 

~ ·1- •· .• 
•' .. jf. !, '~ ... investigation in a detailed report on the elec_tronic st~ctures ·of several members 

.\ '::_ .:-: ·,_· J: .. 
.. ·, ·• ··. ot this series of .. ~ompounds. -~~-" . .· 

..... · . , •; 
; '· ~ . . 

·. ' 
.. 

'·._.,:. 
. 

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

:.··· 

':· 
. . : . ·~ .. 

·.: ··~. \) ~--·· ;" __ · 
. ~·. ,;: . ' .. ''' ~--

''\··. 
........... :·· '' .· 

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

. ·.:.:· ... . · ... · .. , 
.\ .. / .:~:: 

t: .... ·~ ~:: . 
.< 

~ . 
, .. 
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' 
:!~t~ ~?....:££t~£~~£n•~~~!e are indebted to Dr·.; A .. JI..Naki .of Harvard University· · ~ , ·, 

' • . r 01' sending us s olll.i ;well formed. c r)'stals .of the ~ .;,.plex {.!!-.!l!!4 N) ; ( Cos4 C 4 ( CN )h / • ;: ' , 

.. ·The· J'llel tinr,. point,· analysis· and c onducti vi ties of these . crystals are described .. 

.. · t , · in a,paper by Davison .et al5. 
'. ,) : 

I, X-ray photographs obtained by the Weissenberg technique and copper radiation 
' I .I 

. establish~d the diffraction synunetry of the crystal •. A singlt= cryst~l, in the. 
' ; . . . 

form of a thin plate of approximate dimensions 0.24 X 0.20 X 0.,10 rom and mounted 

about an !:.'X axis wa~ used for collecting the intensity data. Intensities were 
·.':-. 

. . -· ~. 
. ' , .. . . : . . ' 

··' 
:.-;1 

... 

•,: 

.,·, 

.:~"·· 

measured· with a General Electric X.tiD-5 goniostat equipped with a scintillation 
. . 

counter and a pulse height discriminator. HoKa. rad.ia tion was used ani the unit 
' i . -

cell dimensions are based on A. = _o .. 70926 A for 11o!fa.1 • 

. The 2213 ·independent reflections permitted by the space group in the sphere· 

of reflection with sine/).. less than 0.482 (2e < 40°) were measured with counting_ 

times of.-10 sec. each. Of these, 390 were assigned zero intensity and the maximum 

·count was 12,350 co11;nts/sec. for the 100 reflection. No corrections l-lere made 

for either absorption or extinction. With)-'= 5.9 em -l for Mo radiation, ~R is 

0 .. 07 or less, making the absorption effects rather small. 

Calculations were made with an IBM 7094 computer using a full matrix least 

. squares refinement progralll written by P.K.Gantzel, R.A.Sparks and K .. N .. Trueblood, . 

· •· i ·. with minor modifications, and Fourier and dista~ce programs written by Zalkin 

• (all unpublished) .. ~'le minitnised the function ~ w elF I - IF I) 2 / £1-1F 2, t-rhere . . - .. -o -c ---o 

F
0 

'and ·F are. the observed and calculated structure factors, respectively, and 
- -c 

u is the weighting factor. - . 

Atomic scattering factors were taken as the values. given :by Ibers1S' for neutral 

Co, s,. N, 'c and H. Dispersion corrections16 of -0.4 and -0.1 el~ctrons were added 

to the Co arid S sc~ttering factors respectively. The imag~nary part of the 

dispersion corr~on is .small and was ignored •. 
-: j 
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·, .... ., . -

' ,':. Results · ·' · ... 
·._-·-.,. ·'t· .··.! -:·'.-r . ..,. .. ,..,.,..,,..,.,...: -.,_.;~·.···.'':. ,·.: 

.· .... , ..... ·· _ ... :j", ._': .. ;.:·/]''. ,· ... ··,.· .·'::!>·., .-.:·· .. ·, . '···. 
::· . , ... ~n~~ ·g~!!:;~~ .~c~~~ Qt2'¥2·~A,convehierit' pr?Jnit.ive '~it..ce~l;contains one 

" " ~ ,· ' I '' T I ,. . ' • ( . ~ . • ' ~ 

... '.· ·.formula·· unit ((!2-c4H9) 4N) ;, (Co (s214N
2

) 2) ~~. ~d i·~ ·tri~lini~ rlth dimension~ :-... 

.. . · . ,. :~ ' a = :1,0. 77; + 0.01, b 0: -12.35 ! o.ol; c .. 9 .. 8i + o.:Ol A.~. 
• •• _,. :.- ~ ,; ' I , - • • • • ! -.' • ', '; ~ '' f ' • ' ~ - 0 

<, 

:. • • a. =. 88.5 ! 0.1, ~- = li4.-a! o .. 1, y ·:= 93.~5.·: ·o.;t 0 

.. 
--;. 

; . ·~ 

. ,, 

·':.:,.-.·· •• :: i 
j 

. t' 
-. . ~ o)' . 

' I ·. 'v = 1182.0 A • 
. -- . ~ .i '•, 

.............. -.;.~ 

With·· one formula unit per unit cJll, the density calculated from the ·x~ray 
~· \_._:~~ -~ . ~ . . . . . . . - . ' •, 

• ' . 1 • \ t . . . - . : . . . ' ... : _:~ ~ . -' . : ~. . 
data is 1.16 g./cc., in comparison With the value of 1.14 g~/cc. foundby flotation · · 

-~·. ·,·.,. ···-. ,···. l ·•• .f ··1 - . . _ ... ·. -·-. ~------~ -.. ·:·:_._·:.;-~- . 

.. ' ' :methods using .~ mix;ture of_ benzen,e and carbon tetrachloride. / .. 
··.· /;·· t .. : .. . · .... 

. "·' ' Ther~ are: no systematic extinctions arrl the ·space ·gr,oup .could p{. either. ·· · .:.·~:.:> •. 
i >" • •• • . ~:·' • • • 

.... .. fl (,£1) ·. o~ fl (£i) •' Previous eviience indicated t~~ ·the. Co compl~x was lik~J( :· .. :':, <: 
. ' /' •:: c;' 

<.to be planar ariO. we· favored the ~pace group Pi (C.) arrl the success of our. .. . '• ..... -J. 

structUre determination confirms;this choice. 'F 

! 

Determination of the Struct,~'re.-After about half of .the data had been 
~-~~-~----~-- ~- --~ ---------~ 

' collected, a three CiimEmsional P~tterson function ani a three dimensional Fol.t.rier .. ' ': · ' : . i . ' ' ' ' ' ·. .· ... ' ''·' ' 
wi~h phases based on Co placed aj:. the origin;, were calculated from the observed 

. --.. . . - 1-- ' 

.intensities after correction for!Lorentz and polarisation effects •. From these two 
~-- -. --·· 

' . "· 
; 

. functions and a knew ledge of the i molecular geometry' it was possible to determine · .. · . 
unambiguously the positions of ail the independent atoms (2S, 4C and 2N).in the 

anion·. I.Jith the exception of. the: Co atom which is in a special position,< 
. ~ . 

; 

: ~ -~~ ~ -. .. 1 (a) o, o, 0. 
''!· ·;· .. 

. - ~ . ~ ~" .. 
I ~'> -

, '·. ·~-
all the atoms are in general tvlo' fold positions,· 

·,. -·· .. 

2 (i) ::<:s, z, _!) 0 

·;: . ~- "< 
• • •• 1. ~ 

L 0 -~ . . .. : -~ 

'? ....•. ' At this stage,: Bll· the data:: had be~n measured, and~~a second three dilftensional . ·,, 

.. :·>. :.:~ -~lectron density function With phases based. on th~:~hol~.:.~f the 'anion was .. •· : .... 
• . -· . ' . ! ' " ' . ~ ' ··. - ·. . • • • .. ' .. 

... .: ..:' ... ·calculated .from 1627 observed reflections. (whos~ :intensit~. ~as greater than )·. ·: . 
. .. ,_., ....... 

;·~:~~-:·: ._:_<: .) counts per sec.>.:art.er c«Jrr.ection for Lorentz and polar~sation effects. us·i~ ~<:.:.·:, · .. · 
··-----... ..... ~ . .. ' ... . . 

·. · ... · ' 
. . . ' . ., '"'-! 

·,_.: .· > , .... ' ' 
. ., 

:·.· ,~-·~ ·:.:; ~." ~..-. \<, 
... · .: . ':• 

. ,·I 

r,, ·':·'· ... · .. ·/ 
.',•' 

·."'· ·. 
, .. . ~ . : 

~- · ... 
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·this function, together with informat.ion regarding bond distances arrl angles ·and 
.. . ' . ~ . i. 

' . . 1 . •. 

· ,7 reject:j_ng any posit~ons which didj not lead to peaks in the Patterson function, · 

.· ~ . 

.. ·.'. 

' . 
. -,> 

--~: 

. ;' 

• • t •. 

• • : I ~ . . ' 

. . I 
all-17 independent. atoms (lN and ~6C) in the tetra !!-butyl ammonium ion were 

. ~ 

~ound in general positions. 

A least squares refinement·w~th ~1 26 of these atoms~ each having an 
-2 . 2 ' 

isotropic temperature factor of the form exp (-BA. sin e), and using the 1627 ! ; . . . -

C:ach with unit weight resulted in a conventional unreliability factor 
i 

. .· .. 

terms 

. ~ = Z IIF I - IF H / Z::IF I of 0 .. 18 after 4 cycles of refinement. Interatomic - -o -c -o 

distances and angles appeared at this stage to be very reasonable but. there were 

ieveral large d.isctepancies in the observed and c~cula ted structure factors, 

some of the temperature-factors were somewhat abnormal and we felt that the 
. ..~ .. .._ 

-----
agreement should be much bette~:··Huv:e:tr~:t:_.__it was then realised that we had 

neglected to apply a special position factor to the Co form factor which was thus 

twice as large as it ought-to be •. Correction of this blunder and 3 cycles of 

refinement speedily reduced ~ to 0.11. Several errors in the data taking and in 

the card punching were corrected and the Co atom given an anisotropic temperature 

~actor of the form exp(-~11~2 -~22~2 -p3~2 -z~12hk -2~13~ -2~2~), with 

L~~j = a.~a.~ .. , a.~ being the length of the ith reciprocal axis. With .this 
.... . -~ -J -~J -~ - . 
- - - -- - o2 

notation, the anisotronic thermal parameters~;; are in the units (A) which are . -~ 

used for isotropic thermal parameters B in the temperature factors of the form 
. -

exp(-BA.-2sin2e). Four cycles of refinement tv.ith all 2213 terms included resulted - . 

in ~ = 0.142. The terms were weighted so that the 1823 non-zero terms were given 

unit weight and the 390 zero terms 't.rere given 1/4 weight. 

An electron density differenc.e function, with all the atoms except hydrogen · ... 

subtracted out was calculated using the results of this refinement for the terms 

with _sine/A, < 0.4. With the exceptfon of several peaks due to an incorrect 

description of the .thermal motion of the sulfur atoms, the highest peaks in this '. 

:, '- · •; function an .. corresponded to reasonable positions for the 36 independent hydrogen·;, 
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. ;:~::'·~toms, all 'in t~io..;f~:I.d:gel'leral.riositions •. Tt~?,:cycle·s.<of)east squares refinement··· 
.. ~ i .. · > . ·. .. ,.~ , . . - ; -:' :: . .· -· ·.:; ·_; .... "/.: ~~.: . . ~ -~. ;·:-- ·-.·~- . . .... r. .- · .. 
·.· · \.J;ere run,Hith .the two sUlfUr atom·s, as. \•Tell as the ~obalt, havinc anisotropic \'..;::: ,_ '. ·.· ···:··· .··. ·_:~i'. -_. :-:· .:-~.. ' .. ·. ;_ ;• ,·'· -~",; 

r 
.·thermal parameters, !a~d ll ·reli}6; 0.126 •.. · ,.• ... 

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

. :.; · ; lle now h,ad rnor~ pc{ram~~ers ·for 'refinem~nt·,than our PI'ogram coUld.. accomodat~:~· 
:; . . · :•', . 
. • . -~ 

. s'~· w~ ran a· series .~f C:a19uiat-ions refinine parts of· the' structure separately with,' '' 

held:fixed. First, the ;H atoms l·H~re inciudedbut not refined; lvhile >:···/" .. t . 
. --~ 

:~ the remainder 
-·., '.•,· ' ' ' ' ' l' .... :' .·. ;. . '' . . .,:;· .. '!···· 

all''· the other param~ters ;were refined and ~fell 'to O.lOJ~ ~h~n all atoms· except ..... : .... 

_-:.-· ... 
' .. 

.. · . 
''· 

: ·H were .held fixed ~d the 36 H ato~~' each1~ith an isotropic temperature facto~, 'i:.-- . .. · .·. 
. :~ . 

. :· .... 
; · were refined arid resulted ·in R = o'.097. This procedure was repeated twice to give · - .. ' . . . ~ 

' 

a ·.final ~factor of0.091. In the final. cycles, no heavier atom parameter moved 

more than 4% of a standa.:t:'d dev:ia tion and most moved much less than this. 

The positional! and thermal parameters resUlting froJT1 these last cycles are 
: ·~. ··; . ,j . . . ' 

' ' ' . 

.i 

'' 

. r. ' ~' ' ' l 

. . listed in Tables .I,t II and III and the observed and calcUlated structure factors<:· 

... ,.. . . . .· .t. . .· . ' . 

are compared.in Table IV. 

Standard deviations of the parameters of the heavy atoms wer~ calculated 
. ' ' 

. . . .· . . assuming that_the _discrepancies· in_the_ structure ..fac:toJ::~epresent random 13rrors ·. ---~· .... ~~ 

::-. 

... ·Z 

., .~. 

' ~ . : . 

f'- .:. ~ . • . ~ 

·f. ' .• ··.·+ 

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

and with the neglect of the effect of the H parameters~ Limitations of our· computer. 

·program did not permit us to estimate the standard deviati,ons of the hydrogen atom: 
. ' 

parameters by the method of least. squares. From the results of the. hydrogen bond 

distance calcUlations however, w~ estimate the standard deviations of the H atom·· · · 
. ... 

positional parameters to be 0.1 to .0.2 .it • 
•. ~. ! 

····.t.·" .. .. ~ .. : .. 
~ ' . ' . '.: ···. . ~· 

'':• ..... 

.... > ~'"~: ._~;::.:-.. ·!: .•;, -... :·.: . .' •. ·:; 
·,.1• • 

. . ·~ . ~ 
' 

.... ~ . - .. . ' 
' ,... . . -~ .·• 

I ·,~ ' .' .o';l. 
! ., "'' • ' ~ ' ~ I ' '• 
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I2~~£t~'!2~~21J £! tt!~ ~t£1t£~1l:r.~·-A projection do1·m the £ axis of the overall 

structure. is sho"~<m in Fig .1. The planar Co (I··INT) ~- ion has a center of symmetry at 
. I 

.·· the cobalt atom and 'the two tetra n-butyl ammonium ions are related to each other . 
·, .' -
· . by· a center of symmetry. The ions are interlaced to form layers in the be plane. 

· . !.12~ .Qcz£I:!Iftl.~- i2i:!·-:-The di:nensions of the anion are illustrated in Fig.2 and 
. ... 

compared in Table V with those found in .the complex ( (cH
3

) 
4
N); (Ni (NNT) 2) 2- by 

Eisenberg et a113• The·agreement is very close, with the Co-S and Ui-S distances .--
iri the two complexes equal to vrell within the experi."!lental accuracy. 

The anion is very closely planar and deviations from planarity are small enough · 
I : 

to be chemically insignificant. The three atoms Co, C (1) and C (2) define a plane . 

of equation :-
' . 

.• ~4.996 ! -6.634 ! +7 .. 975 z = 0 • 

The distances of the various atoms from this plane are listed in Table VI. S (1) is 

somewhat out of the plane of Co, S(2), C(l) and C(2) and makes the five membered 

ring slightly puckered and the cyanide groups are bent a small amount out of the 

plane. None of these deviations however is as much as 0.1 Ae 

The chemically equivalent, but crystallographically non~equivalent bonds 

in the anion viz, S(l)-C(l) and s(2)-C(2), C(l)-C(J) and C(2)-C(4), C(J)-N(l) and 

C(4)-N(2) are equal to better than two standard deviationse Although the ion is 

re~1ired to have only a center of syrr~etry (C.), the geometry is such. that it does 
-~ 

not differ significantly from~ (Q2h). 

The arrangement of the sulfur atoms around the cobalt atom is very close to 

square although the S-metal-S angle within the five membered ring is found to be 
0 . somewhat greater than 91 in both the present structure determination and in that 

. 13 of Eisenberg ~ ~ • 

The closest intermolecular contacts of the cobalt atom are two butyl carbon 

atoms from each of the cations at distances of c (9) = ).927 :!: o.oo8 and c (5) = 

4.179 ! 0.008 A, together with the nydrogen atoms associated with these two carbon 
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': .. 

atm;Js .viz, :nc5 at ;J.J4, ~2C~ ~t 4.13, .:UC9 at 2. 96 and .H2C9 at J.9o· .~. 
': .. ·-..:.· I '" .. i ' !·:·:·· ·. ~- ···,·.~··'"· .I :~-.· ... ·' • ."-:.~. -.. ..~-·,_·. ·,:-, · ~-?:{ .···,_:·-.· ~ ;:.··<:;_· 

· The cobnl t atoms are very.'well .separated as the nearest dis~nce of appr~ach · . I ' ' •. . . ' I • ~ ' • 1': .• • •• ' • ' •• ' .• :: ' ~-. ' .. 

_'c~:< ::;_. · is·the'sho;test.lattkce.~~:i.~taric~~-~~.:81 .t ~: ', '·./ ' L. ·.·. .. .,_,:: ·. " .. ·' 
. • . · • . ,c ·1 :·· ·. · ' · · · .·· ... : •;;·,:·~, •• :·\ :':. . .· .. ' ': • ·•. < ..... ' 
:·-_ ~ · ·- Thei tetra: n-bUt~ri -.arnmOniur.l ion. ~The c6nfig· uration o_ f this· io. n Ca. n ·-b.· e. seen· in. ·· --·-

• ···. ,,_ Nf'VIV NNNNN, NNNNNIVN NNNNtv.,..NN Nl'ttiN · ., !~ 
' ' . .. ' ... - . ~\ :- ,, 

.. and ,the import~t dimensions .. are ~isted in Tables ~~I and IX. three':·of_ ih~ ::~;.:; . _ 
~-I' 

chains D.dopt ·the trans colri'~rmat~~n but one, (C(l7)-C(20)), adopts a ga~che~:,: 
. . . . . . ~ 

~- -

·,_ ·-··.: ·t 

-~;:::·.·-: • .,\''conformation, presum~bly to improve thel packing and to avoid ·.too close approach. 
,l; 

'~· ~- ·, !., 

·.:·. 

·-· 
'• 

' " .'-.·-
,. .. , " ~ ' 

I 

·~ to the • Co a tom. The ~ihedral angles fol all the chains ate listed in· Table VII~ . 
i . . 

< ·, '.The angles for .the trans chains are very close to zero showing them to· be very 
'· 

.. 
·.' 

>' .. nearly planar. The dihedral angle for the gauche chain is 71.6°, in compa~ison · ·. 
·. . . . • . . 0 . '17 . . .. ·. '·,;· .• 

'.:;.•-·, .. .. · .. ~-Ti th a mean dihedral· angle of 61 :! 3 found by Bartell and. Kohl in an electron .~. , 
-.: ~~- - ·-~ .. t -

,,• ,, .. _,r ... : 

diffraction study oft free hydrocprbon chains in the gas phase, ·ani . the ideal value · 

,. ' ·;.., . . .:.. 
' t .... 

~ ~ . ; 

· The· four C-N bonds are equal, to within the experimental accuracy and have an 

average value of lo52 ! 0.01 A. The six tetrahedral angles at the nitrogen atom · · ,-,., 
.·. 

•; .. ' 

(C-N-C) average 109.5° with a spread of :: 3° and are very close· to the tetraheciral , .. 
? 

~ 7'' ...._ _ __..,.._......_...,.+ • 
--~- :' ' 

,. 
(.,·.· 

·:. \ : 

~- .. 
angie.: .. · 

:···. 

In the butyl.chains, the mean c-c distance is 1.515 A. Applying a thermal 
i 

. ,' ·,· 
correction, assuming that .each carbon atom "rides" on its ne~ghbour~ nearer to ~he . · · 

~ \ . ':' ·_:.., . ( 

. ' 
central -~itrogen ato'm, increases thi·s distance by 0.010 A. This· assumption is. 

- ~- ,'( .. ,;. 
}' .. , 
r·. ' reasonable as the ~mperature factors· of the carbon atoms increase progressively· :. ..~:.>. 

' '-~!: -... : .. _ • . 

-/-,- . ·along each carbon chain (see Table I). The mean value ~f the twelve N-C-C and c-c~c·: ·. ·:' .· 
~ '• 

.. ~ .• f 

'. 

0 . . 
. ·:·angles is 113.1 . , somewhat greater than the tetraqedral ·angle. The four N-C-C angles.·:· 

all have higher. than average values. ·. . ... -. 

The Jr.ajority of the 36 hydrogen atoms are very sui~bry placed l-7ith respect. 
. " 

to both distance and angle as can be seen from Table IX. The mean 'C-H bond length·.·:-· .. · 
. '. . .. . . .' ·:: .'; ~ . '. 

__ < · ·· (36 values) is 0.98 :.A, s~mewhat smaller than the value of t•09 .A u~ually taken a~"·:· ... ~.:·/ 
. ~ . ': ~ ....... . 

. · ; ·. .. ··the standard interatomic separation.; Several of the bond a~les deviate largely ··~ ;; 
' . ~·: : ... ·: ' • _.J' ..... \; ' . ~:~.{;.;,~(;,·:· .·~ . 
. ·. . .. -~ ·, . ..-, . 

\. • r "; . .', . 

. ·.· 
.• :_. ,.·.·· ·':: '• ~ .. 

~·~,· ., ...... 
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from tetrahedral, b~t·the· majority are very close. In particular, except for the 
i •. 

hydrogen atoms ·on the terminal carbon atoms of tho four _!!-but~rl chains, all the 

hydrogen bond angles are l-li thin 1.5° of the expected value; consistent \·Tith the 

estimated standard deviations. of the hydrogen atom positions. It is noteworthy that, 

unexpectedly, all the hydro~en atoms except one ~~ve calculated temperature factors 

less than those of the carbon atoms with which they are associated. 

X-ray pol-lder diffraction photographs of material from the sample studied in 

. this, investigation and of material used in the e.s .. ro experiments (kindly supplied ... 

by Dr. N.F..delstein) are consistent but do not agree Hith the d-spacings reported 

by Davison ~ al.5.. . ' 

·He thank Prof o :A.H.Haki arrl D;ro N.;Edelstein for providing us l-Tith excellent 

crystals of the material and for their co-operation in and helpful discussion of 

the problem. 

./ 

'· 

·' '; .- ·. 

.. 
. ,·· 

I ~ . • 

.. ; 

... , .· 
! 

,•J 

! 
·. ~ 

'•. 
' ' 
, . 

.. ·.' ' 

/ 

.~·· . 

. : .r 

\ . ~ ... 
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/ 

/ 

; TABLE I / 
.• 

; / 

I 

FINAL CCH>P..DINATES· AND ISOT~OPIC· THERl-"".AL PARAMETERS, TOGETP.ER· ~Tl'l'H ·' /. 
/ 

' ·./' 

' • 
Q <····:THEIR :STANDARD :lDEVIATlO~Sf FOR ALL ··ATOHS. EXCEPT: HYDROGEN 

:Atom c-(x) I!<¥). .[(~) 
h 

~(~) X ~ z B - .-- - -l 
Co: o.o . .;.;. .... . .. o.o I .- o.o a 

' -
S(1) 0.0401 0.0002 0.1381 !o.ooo2 

l 
0.1461 0.0002 a --

S(2) -0.2156 0.0002 0.0303 i0.0002 ... 0.1093 0 .. 0002 a -C(1) -0.1164 0.0007 0.1930 ~o .. ooo5 0.0876 0.0007 4.8 0.1 

c (2) ...;0.2284 . o .. ooo7 0.1462 o.ooo6 -0.0215 o:ooo8 5.1 0.2 . 

c (3) -0.1244 0,.0008 0.2884 .0 .. 0007 0.1575 0.0009 6.2 0 ~2 

c (4) -0.3583 0.0010 o.ll383 :o.ooo7 -0 .. 0717 o.oo1o 7..5 0.2 

N(l) -0.1273 0.0007 0 .3663' o.ooo6 0.2173 0.0008 7.4 . 0.2 

N(2) -0 .. 4644 0.0010 0.224? ,0.0007 -0.1113 o.oo~o 10.6 0.2 · .. 

N(3) o.o867 0.0005 0.2783 :0.0004 . -0 .. 2929 o.ooo6 4..5 0.1 
·f ,. 

c (5) 0.1928 0 .. 2.589 0.0007 o .. ooo5 . -0.1328 0.0007 4 .. 7 c .1 . 

c (6) 0.2939 0.0007 0 .3.510 ·o .. ooo6 -0.0626 0.,0008 5.4 0 .. 2 

., c (7) 0.3797 0.0008 0.3242 0.,0007 0.1022 o.ooo 9 6.8 0.2 
' c (8) 0.4977 0 .• 0010 0.4090 o .. ooo 8 0.1791 o.ool1 9.3 ' () .3 

c (9) -0.0023 0.0007 0.1739 :0.0006 -0.3417 · o.ooo8 5 .. 1 0.2 . 

' c (10) -0.1166 o.oooB- o.rr8o· .o.ooo7 .. o.5oo2 0.0009 7.0 0 .. 2 

C(11) -0.2078 . 0.0009 0 .0756-~ 0~0008 0 .. 4698 0.,0010 8.2 Q .2 
~ 

c (12) -0.3249 0.0010 0.,0688 o .. ooo 8"-· 0 .. 3114 0.,0011 8 .. 8 :· .2 

C(13) 0.1.539 0.0007·. 0.3116 o.ooo5 -0.3964 0.,0007 .5.1 : .. 2 

c (14) 0.2348 0.0007 0.228.5 o.ooo6· -0.4230 o.ooo8 5.6 : .• 2 

c (1.5) 0 .3224 o.ooo8 0 .27.51 0.,0007 -0 • ..5004 o.ooo9 6.7 c .. 2 

C(16) o .Lo75 0.0009 0.1951 o.ooo7 0 .4737 o.oor.o 7.6 ~ .. 2 
c (17) 0 .. 0004 0.0007 0.3719 o.ooo6 -0.2930 o.ooo8 .5 .5 -:' .2 

.. C(l8) -0.0670 0.0008 0.3598 . o.ooo6 -0 .. 1848 0.0009 6.6 l) .2 
. . 

C(l9) -0.1712 o.ooo9 o.4468 Oo0007 -0.2126 0.0010. 7.3 . 0.2. 
~\ 

C(20} -0.2992 
,. 

0 .. 0011 0.4290 o.ooo9 -0.3553 o.oo12 10.6 ·: .) 

'\' . 

~Treated anisotropically - s.ee Table III. 
'.:'. 

b o2 ., 
In A • 

. . . -. 
' 
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, . 

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

·~· 
· .. ·: 

;' ~- . 

• . ~ ··~ :' .~ t . ' :.. .·t. ~- ~ ( .· :' ..\.1 ~- ;' 

··• ... _ ·~· -·~·: ...... "-~·· ~), _,.,_·. ''t · .. :• ... ,~-.. . '1: .. ~- .. :.· i<. 

-• : · ~,_ Fr~A'i co-op.nnJ!T:EsT A.TID ·rsoTRoPid ·. THEPJ.rA:['· I>kAHETE.ll·s:.: ~r-~HE:-: HYDROGEl~ AToi·ffi· :·~ :0: ~~-:·;;: :\r :1 . 

. ' 

...... ·. 
· ... 

.... :··.· 

' • ,';t 

···'·· 
~-· ·:<' 

. ·.;,AtOJn . x 'f ... '~· · .·.B!<A2l ,At~ , ~ •.· ·~_~< .. ' • .' B'rx2"y~;;,i}~~··_._::_;'~,···:· .. 
1"· • i . •. -~ : ! • . \ .. · ~ . ' " ~ /·~-· ~- \'~; 

). H1 C5 0.13 .0.23 .. o.otf :.r~~ lD. C13 0.22 ;.: b.)93~ -(r.,35 4~6 r 

.... 

H2 o.24 o.2o -0.15· 1.9 .L H2 ·o.o8 · : o~33. -o.L1 .. ·· ·:5.4 .. 

0.35 0.37 -0.12 . 1.9. Hl C14 .--. 0.29 Oe20 -0.34· 
. .I 

H2 

H1 CT. 

6.25 
) 

0.32' 0.16 

-0.49 

-0.44 

-o.o6 L.o .·:: H2 o.18 .. o.17 

4.9 :~:'Hl C15 0.)8 0.33 
J,·H2· 0.26 

-·-0.43 ·i.<·o.42 
0.11:·· 

0.12 
0.3 
4.6 

H2 . 0.26 

,0.47 

6.37 
0.46 

0.31· 
0.16 

/-0.58 3.3 
·--~-:- H1 c8 

'H2 
'.H3 

-6.47 
~o-53.:.· 

H1 C9 :~o.o4 
·:·H2 0.06 

Hl C10 ~0.18 

·-.. ' 

, . -~,; ID. C16 

0.35 0.21 1.6 
<:~, ... 

o.48. -. ·o.16 _-_ . 3.6 :· · 
........... 

0.15 •0.25 J~4·~~~ C17 
0.12 ~0.34 0.9 H2· 

0.21· 

0.18 
.-0.48 1.0 

7.9 

lD. C18 

H2 .· 

-~o.o6 

--· o.o6 
o.o1 

-0.12 

o.56 ~< .. 5 .2 · 

'0.13 ·. ·. 0.43 
:' 

.. 0.24 0.43 

·" 0.37 < -0.40 
0..44<-0.28 

0.36 .-0.07 

_;· 4.2 

'9.9· 

., .3.1 
2 9 ;." 

• I·, 

H2 --0.07. 

Hl Cll -0.25 . o.o8 _ 
-0.57 

0.55 7.0 Hl .C19-
·o.29 ~o.2o 

-0.21 o.44 -0.12 

7.7 -· 

2.7 

7.0 

3.7 H2 -0.14 H2 -0.14 0.52 -0.23 

. ~ . ·.'. 

·. 

. ' '._i , . 

.. :~ . 

.·,· 

. - ~ .,. H1 ci2' -0.38-
·0.05 0.45 2. 9 
--o.11-- 6~33---':":-3.5 ~· · ··· Hl~-c2o ·: .;;.o-;28 --:-'~ o-;44 ·>-o;-44 · 

.· 
. 4.·4 .: :1::'- ·. ;·.:-~. 

-1 

..... -~ ;-. 

H2 
H) 

. t. 

-0.27 
-0.33 

'-

··:,; 

:; : i 

0.04 
. 0.14· 

0.26. 
0.25 

·~ ·. ·, .. 

'5.3 
·8.8 

.... ,·'-, 

, .(' 

H2 

H3 
-0.33 0.37 -0.)2 5.5 .,., .··· 

. -0.36 .-0.49 -0.33 22.8 .. · .... 
';} 

. ;_ 
'. 

~· .. 

. ~ .". .1. 
·.l ·, 

;_.,· 
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.. T.t\BLE III 

FINAL ANISOTROPIC TrlEID'T.AL PArt.AHETERS OF THE COB!.J.T 

.A!\TD THE T:lO St;LFUR·ATOHS, a 

.. b 
Atom !!11 ~22 ~:b 2.12 ~13 .· £23 

Co 3.5 5.1 3.8 0.1 1.1 OoO · 

S(l) .·.· 4.2 .. 5.9 t L .• 9 . 0.1 .0.9 -:0 .. 6 

s (2) 4.1 7o5. 5.5 . 0.3 0.9 -1.8 

UCRL-11497 

. ·2 
aEstimated st~~dard deviations are all approximately O.l A • 

bi. A•2 
. n. • 

TABLE IV . ,. 

OBSERVED STRUCTtJRE FACTOR HAGl\TJ:TtJDES (FOBS) AND. CALCULAT.tm STRUCTURE 

FACTORS (FCAL) , EACH·. !!ULTIPLIED BY 10 

I ' 

(~able; in two parts, to be repr.oduced photographically.) 

\ 
. •," 

. · ... · i · .. ' ... · 1 

; . \ 
• L 

'.·· ,,. 

i ·. 

,· ~ ' ; ,•.. •'• ·. , . . . 
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•• • ; • ,r 

of ((~·c4H9) 4N}; ·co (s2 c4N2·)~~ do~rn the 
.I 

b axis. The.small blackcircles represent examples of. each type.of hydrogen·atorn. 

·. Fig.. 2.-Dirnensi ens of the 
·. . . '2 

Go. (NNT) .2- :ion. See Table V·for the estimated. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, 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 con~ractor 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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