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The crystal and molecular structuve of tetra~n-butyl ammonlum conper(III)g

'blsu(maleonltrlle dlthlolate) hag been. determined from an x—ray dlffractlon‘;

f-study of a single crystal specimen,'The monoclinic unit cell,.space group

I2/c, with a = 15,59 + 0,02, b = 13,83 + 0,01, ¢ = 27,9k + 0,03 & and

P = 93,86 + 0,030, contains eight formula units., Atomic parameters‘were refinédx?l

PR

» Ll

by least squareé methods using three dimensional data out to sin®/\ <.O.h82.a
The anion is ¢1°Selyrplénar with the sulfur atoms in a square arrangement arohhdjii}
‘the copper atom. The symmetry of thé anion is mrm to a very close degree. In ,{5}5f

. contrast with the cobalt complex examlned prcv1ously, the copper atons are’ not

¥

’lwell separated in the structure and the shortest copper~copper.alstance* are -

cenfermation. Posntlons of all 36 1naependent throgen atoms were- determlned

.. from an electron density dlfference function..
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In a prevmous paperz, we reported our work on the structure cf ((n u.a )bﬁ)
Co(s c N2)2 » a member of a series of compounds of "eneral formula Rt (N'Shchﬂl) z

Where Z = O, 1, 2’ Ii' = CO, I\ll’ ‘.Iu, Pd’ Pt’ Zn, Rh" R CIJ “3, C/}Is, C'bc. and
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. fof another mcmbcr of the sorles, v1z,-(n Clh9)hN+ Ct(SZCbNQ) WC wore cncoura~ed

\" to examlne thls mater1al a t had cons:deraolv dl”ferent e sar. pronertxes from

‘3the flrst structure and 1ntetohetatlon o¢ these phenonena dould be ulded conSlderablyjfﬁa
%?.by some <now1edge of the structurc. , . ' ' .: -

. pakl et a13 have already used thc results of thls crystallograohlc etudJ 1n/a
_e‘aldetalled review of the electron;c structires of severai members of tnls famlly of Qiﬁ

.jﬂcowpoundsg.

Mer},meg’eal

'v'\

X-ray ditiem ractio

.¢~Dr; N odelsteln of darVard Un1vers1tj klndly supplled us

A \

;'w1th some well formed, needle~11&e, dark red crystals of the. complex

;ﬁ'(n—Bu w* Cu(Szchﬂz)2 o The melt:mc point, analvs1s and preparatlon of these’ crystals :

V. are desorlbed in a paper by Davison et al

'Y—ray Dhotovraohs obtained by the Jelssenoerg technloue and copner radlatlon ”J:.‘a
.,ﬁestabllshed the diffraction SYmmeury of the crystal- A single crystal, in. t“e form ff

:fgltof a long thin plate of approxlmate dimensions O, 27 x 0,11l x 0 07 mm and monnted

. about a b axis was used for collectlng the nntensxty data Intensmtles were;measured

~

;' wzth a General mlectrlc ¥RD-5 gonlostat.equlpped with a scintillation counter andua;w

pulse height discriminator, MoKa radiation was used and the unit cell dinensions are ;

1o :.'l.

" based on X = 0,70926 R for Moka L :
The space group permits 2003 independent reflections in the sphere with'siné/xw

, . less. than O, h82 (26 < 40°), and of these, 183h were measured with countlng tlmes of

“..10 sec. each, All reflections in. the sphere vere recorded up to 26 = 30 . Above 30

.:'#fft‘lt was found that most of the 1ntens1t1es were quite weak and only the ref]ectnons

'7: that gave some ease and economy in set up were measured. Of “the 183h medsured

T

reflectﬂons, 1396 were a351gned Zero 1nten51ty and the maximum count was h,lOO counts
* per sec, for the co2 reflection, < -

,No corrections were made“for‘either absorption or«extinotion._With;AC='ld.§.em:
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v for Ho radlatlon, /LR is 0. lh or loss, wakmng ebsorptlon effects rather small. ”;1;‘

Calculatlons ‘were made w1th an IBF 709h comouter u31np a full matrlx least{

. v 'u

ST

l?gqj}}; squares ref:nement program wrltten oy P K; ecntzel R. A. Sparks and K N.;Trueblood, @_

€

T with minor modlflcatlons, and «ourler and distance programs written by Zalkln (all

. : /' . . F
unnubllshed) e m.n::.mlsed the 7funct:.on < w(lT‘ l r ]2 /é‘ﬂoz s where F and I"

SV

"'~f are the observed and calculated °tructurc factors, respectlvely, and w is the

g

,‘ welghting factore = . v :_ . A

AtOAlC scatterlng factors were taken as the values glven by Ibcrs5 for neutral

figu;,S, N, C and H° Dlsper31on correctlons6 of -O 3 and -0.1 electrons were added to._,

";"é?ﬁf'the,Cu and S scattering.factors respectiVely. The imaginary'part of the'dlsperslcn.u

- correction was ignored. o Lot

.

~

7§'v;§§u1§§7
7;{{;’j3 : Unlt Cell and Sna ce. ug —-A body centered unit cell contalns elght formula
unlts (n—ChH9)h\ Cu(SQPhN ) and is ronocllnlc w1th dlmen51ons~~ﬁ 4:.1- P
.a= 15.59 + 0,02, b b= 13.83 # 0.0l c =. 27, 9h + 0 03 A

Reflectlons are absent unless h+k+£

8 = 2n. lhls is- con51stent w1th either the- centrlc space group I2/c (C ) or the

o s
P .

found by a.flotatlon method u51ng a mlxture of benzene and carbon tetrachlorlde.

Jxﬁf; Determination of the Structure. When all the data had beéen collected, the

' observed 1nten31t1es were corrected for Lorentz and polarlsatlon effects, and a three

.dimen51onal Patterson functlon was calculated u51ng the 11h3 terms whose 1nten51ties,;

f;f f:j_vwere measured as two counts or greater., Wlthleight,molecules;inuuhe unit cell3 it__?;*
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',« was probable that all -atoms would be 1n general positions, 80 that little asszstance ’.7
i;was obtalned from the symmetry of the space group and the use of special positlons R
1n locatlng the positione of the copper atoms., However, plausible p051t10ns for tﬂ%’;
gicopper atom and the four independent sulfur atoms, all in general posxtlons 2= -
| 8(s) (0, 0, 05 1/2, 1/2, 1/2) + (x, o2 % Is 1248

':: were found from the Patterson function by inspection of the highest peaks around‘the
’uorlgln and using our knowledge of the geometry of the anlonAas found in the cobaltv.

- compound..

__A three dimensional electron density Fourier was calcilated with phases\based'

on the copper and the four sulfur atoms. This function readily .revealed the locatlons v
;i‘of the other 29 heavier atoms, all in general 8(f) p051tions. ' 7
A least squares reflnement w1th all 34 of these atoms, each having an isotropice
temperature factor of the form exp(-Bk 231n 8), ‘ard u51ng the 1143 terms, each with |
.- unit weight, resulted in a conventional unreliabllity factor o : . f’p o |
;;R = :E;IIF‘I - IP ‘ / éE:lF | of 0,11 after three cycles of refinement, The end two

‘;;carbon atoms of one of the butyl cha1ns (C(15) and €(16)) were found to be merging, f;;!?
,!if?f;x‘so an electron density map of t he 1mmed1ate v1c1n1ty of these two atoms was calculated 4

- using the results of this least squares reflnement. It was then evident that C(16)

"~ had been wrongly located. Three further cycles of least squares refinement using the:-
?;};_correct locatlon for C(16) resulted in a drop of R to 0,092 for all the heavy atoms..

- The copper and the sulfur atoms were given anisotropic temperature factors of

: the form exp(- ﬁll "'ﬁ22 333 2?12hk 2ﬁ13h8 2[3231(3) ’ WIbh hpij - x".jx-B-lJ -

flt! i belnp the length of the ith reciprocal axis. Three cycles of refinement 1nc1uding

?;' these anisotropie temperature factors resulted in a value of R qn’O 079.
An electron density difference function with ‘all the atoms except hydrogen . .-

q_}ﬂff.subtracted out was calculated using the results of this last refinement and using
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-'f“ At this stage we had 62 etoms in the calculation and thls resulted ina total of

j parameters greater than the capaclty of our program and computer. Therefore, in thlsvl

calculatlon, we refined only the p031t10no of the 28 hydrogen atoms . (each w1th an’-
;;1sotrop1c temperature factor) and held the parameters of the other 3y atoms fixed.:f‘

ZOf the hydrogen atom positions, 22 appeared satlsfactory, with the remainlng 6 either S

f-unsultably located or with very high temperature factors. E, y
Several errors in the data, due to mis-settlng of the goniostat or mis-punching
i,of a data card were corrected and all the measured data’ 1ncluded in the calculatlon.v
'.Asfthere were s0 many weak intensities, a considerable number of them were recounteda
. but little varietion from orerious measurements was foundo Terms with intensity 1ess;
}ﬁtﬁan two counts per sec. were given 1/l weight and all the rest given.unit weight, |

N

jfmaking 1834 terms in all, .\% A o
‘ Three cycles of least squares were.calculated using tﬁese new data ani:only the?
:J3h heev& atoms, with the copper and the L sulfur-atoms.having anisotropdc temperaturef
'?factors,andrthese gave a value of R of.O,i2. Another electron'density difference-_"
. function was calculated using the results'ofithis'lateet‘refinemeet aﬁd including _
T},only the terms for which sinﬁ/i <.0.36..In additlon to the previous 22 hydrogen atom f
Ifﬁf_;fzﬁ locations, 11 new sites were found withionly the three around c(16) mlssmng,

The 33 hydrogen atoms were included in two cycles of least squares refinement‘”:

ﬂfwhere only the heavy atoms were reflned, followed by two cycles where the heavy
" atoms were held fixed and the throgenatam positions were reflned. R fell to O, 106
L?after these four ¢ycles of refinement and all but 9 of.the.331hydrogen atoms were
vsatisfactorily located.A card pdnching error resulted in the incorrect 1ocation.of
;~one_of the 9 and this was corrected in the next refinemeet.‘The reraining 8 ﬁere:.

}frether imprecisely located in extended areas of electron density in the difference
. v‘»v’

function and the least squares reflnement had moved them, through admlttedly small

. distances to unsuitable locations.

Yet another difference function, calculated after two further cyclee of



L

- . . ',‘..-». :
« .Y . B . T . CoR

".:calculations with an average temperature factor but were never allowed to refineo

.

Two cycles of reflnement with all 70 atoms :mcluded, but only the 34 heavy atoms

. allowed to ref:me resulted in a final value of R of 0,104, . . / 'H'

o

In the f:mal cycles, with the exceptions of C(lS), C(16) and C(18) , N0 heavy

t atom parameter changed by more than h% of a standard dev:Latlon and most noved by

A,cons:Lderably less than this, | , ’ _ e '
The positlonal and thermal parameters resulta.ng from these. last cycles of

; rei‘lnement are llsted in Tables I, IT and IIT and the observed and calculated

0

structure fac tors are compared k:i.n Table IV.

Standard deviations of the parameters of the heavy atoms were calculated
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Descrigtion of the Structure.—-The stacking of the Cu (MNT) 1ons 1s shown 1n PPN

N NN

.‘aJmnomum 101’15 is shown in a s1m11ar pro,)ection in F:Lg. 2. An overall plcture. of the
projection is dlrectly obta:.nable by 1nsert:1.ng the contents of Fig. 1 :mto the almost
'Iunoccupled central’ ‘rectangle in Fig. 2. The two figures 1Jlustrate the nature of the et
'molecular arrangement in the structure. The anlonsA are stacked in columns whose /
}«n_-axes.are parallel to a and these columns are surrounded by a latticework of e'ationsv_i

:'making the two parts of the structure qﬁite independent, with very little overlap

in the bc plane. This arrangement is very different from that found in both
2

~

({c,Hg) M), Co (s 2, No)o by Forrester ot gl” and in ((cHy)) ), Mi(s Chdz) by A

Eisenberg et 317 » Where the metal atoms are separated by about 10 A,
’} A side v1ew of the column oi‘ stacked anions 1s shown .in Flg., 3. The four copper
atoms ‘per unit cell per stack are almost -exactly above each other in the a direetlon .
-whilst the anions are rotated in such a way as to give ‘the stack g_r_;rn_ symnetry 'in the :

be projectione

The Cuﬁl‘ﬂ*l‘l‘)z Ion,=The dimensions of the anion are illustrated in "ig. h and :»‘

compared in Table V with those found for the doub]y cha.rged anion in v

((ChH9) hN) Co (82(3)_‘1\12)2 » Despite the difference in the oxidation state N there is no
_significant difference in the molecular dimensions of the two anions, w1th standard
’;’:' | deviations oi‘ about 0 02 A,
The anion is appro:d.mately planar, but devn.ations from jpla.narlty are cons:.derably

fgreater than in the Co(IVﬂ\lT) ion, To assess the planarity, the distances of the atoms

Point 1 - the mean pos:.tlon of atoms N@), N(2), C(3) and C(h),
Point 2 = the mean position of atoms ¢(7) and N(B), |
Point 3 - the mean position of atoms C(8) and N(L), .4_' ;
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boat oh&pCd with only atom S(1) oev1at1ng to any extent from this shape. Deviations Tﬂ'-

\;range from 0. OS A on one side of the plane to 0 ll A on the other and because of the
::shape of the 1on, no attempt was nade to calculate a least squares plane through 1t.\
The four sulfur atoms around the copper are con51derably distorted out of the.fﬁ
gplane, but’ 1n an 1rregular fashlon. HOWever, this arrangement is very close to square
fplanar and the Cu-S-Cu angles within the rings are again found to be somewhat greater_i
_than_90°, es found'in previous sfudles (Forrester gg‘glz, Eisenberg et 2}7).' |
‘ The chemicallyrequivalent but crystallographically non-equivalent»bonds in thet?
 anion; viz, Ca-S(1), Cu-5(2), Cu-5(3) and Cu-—S(h), c1)-s@), c(2)-5(), c()-5(2)
“amd €(6)-5(3); C()-C(2) and C(5)-C(6); C(2)-C(3), C)=C(L), C(5)-C(8) and c(E)-c(n);
fc(z)-N(l), c(u)-n(e), C(7)=N(3) and C(8)=N(L) are equal to bétter than two standard .
}dev1ationso Crystallographlcally, the ion is not requlred to have any symmetry but .. 2
?its geometry is such that it does not dlffer very much from mmm (D2h) symmetry.
: In sharp contrast with the Co chelate, where the closest dlstance of approach
“%'of the metal atoms is 9,81 A, the copper atoms in ‘this structure have nearest copper
.-nelghbours at 1,026 + 0,005 and L3 + 0.006_ L. ‘l‘h:l.s is consistent with the e.s.r. B
;:fresults found by Maki et 213 as. it allows the necessary coupling needed to explain pﬁ
. the observed phenomena in the copper compound No atom from the cation except hydrogen _

| - (nearest at L. 7k ) epproaches closer than 5e 0 & to the copper atom; although some lh ;'
-fl';fJ different atoms from adjecent anions are at dlstances between- 3 6 and S 04 from the
f{;;sé,copper. |

The Tetra anuEXl Ammonium Ion,~The configuratmon of this ion can be seen in ,Q~

NV NN

Tsi Fig, 2 and the important dlmensions are listed in Tables VII and VIII. All the butyl
"chalns adopt the trans conformatlon and the dlhedral angles for these chalns arebid‘
'f; -Jisted in Table I%. With the exneption of the chain 1nvolv1ng C(16) these angles are
?;? very small showing that the chains are very nearly planar. o i_ 4
3 The four C-N bonds are equal to within the experlmental accuracy and have an -

e
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average value of 1.52 + 0. Ol ﬂ The six tetrahedral angles at the nltrogen atom ¢  S
f} (C-N—C) average 109 5° w1th a spread of +S . Both these results are in excellentlg
-f;fagreement with the values found in the cobalt compound. |

In the butyl chains, the mean C-C distance is 1. 523 A. Applylng a thermal

5?Tcorrectlon assuming that each carbon atom "rldes" on its neighbour nearer to the‘.
; xggscentral nitrogen atom, increases the distance by O. 012 % and somewhat reduces the’“
'?'spread of the values, This assumptlon is reasonable as the temperature factors :fgﬂ
increase progressively along each carbon chain (see Teble I) with the exception of‘lv

sj'f-C(18) and C(19). The mean value ‘of the 12 N-C-C and C-C~C angles in the four chains
is 112, o° s somewhat smaller than that found in the cobalt compound although the four =

ﬁfﬁ N-C-C angles all have higher than average values as found previously.

All the atoms in the - tetraanbutyl ammonium ion were located ea311y from an ‘ﬁl

);gi”electron densmty Fourler with the exception of C(16) at the end of one of the butyl

.- .chains; This atom appears poorly resolved and has a high temperature factor-in the ,’

'(;ﬁ_least squares refinement, However, a careful examination shows no better position ..
Q“EV'availeble for this atom and the bond angles and distances are very reasonabiecfwe Qa#;:
;' only essume that this atom'either has a high thermal vibration.ab.the end of the
.fr‘gf{ficha1n or else there is a certain amount of dlsorder in this region, Needless to say;;j

~ .this effect makes it rather difficult to locate hydrogen atoms assoc;ated w1th thls

_‘;;rcarbon atom, although den31ty does appear in the appropriate region in the electron _
'::g;density difference functlono Little reliability should therefore be placed on the exact

“ s location of these particular hydrogen atoms.,

As described earlier, 2h of the hydrogen atoms were located vfrom the differerice f_:-_f_

'V::Pourler in very suitable 1ocat10ns and their parameters refined by least squares~o...:_ :
methods, The remaining 12 hydrogen atoms were also located from the difference ourier;.‘;

_ ';.Houever, their parameters were not refined but merely used in the least squares ‘Ji,fgf

.f;'i~l'analy31s to caleulate structure factors. The carbon-hydrogen distances for the hydrogen
':;i atoms are listed in Tsble VIII: The mean C-H bond length {36 values) is O=9h R
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"f\ somewhat smaller than'bhe value of 1.09 A usudlly uaken as the standard 1nteratom1c f:pf

bond angles are w1th1n 20° of the tetrahedral angle. This is con51stent with the

Si estimated standard deviations .of the hydrogen atom posit1ona1 parameters.

ek

We thank Prof, A. Ho Maki and Dr, N. udelsteln for prov1d1ng us w1th excellont,L

j’crystals of the materlal ard for their co-operatlon in and helpful dlscussion of

ﬁgthe problem,
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‘TABIE I

I"INAL CO-ORDINA‘I‘ES AND ISOTPOPIC T}LERHAL PARAMETERS, TOGETHER WITH THEIRf.

Cu

s
s(2) -
sy
N(L) -

N(e)
N(3)

SN
©NE).

P
2 e(2)
- c(3)
e

L c(s)
N ee)

e

S e(8)

OIO8

v-flfC(IO)
toe(1)
" g(12)

o c@3).

I e
' ¢c(15)

o c(26)

:ffrcu7)

“c(18)
A0 c(19)
-7 ¢(20)

Atom

STANDARD DFVIATION% FOR ALL ATOMS EXCEPT HYDROGEN =~ -
_:_c ox y ol z ol B oB®)°
0,1366 ° 0,0001 0.1851 0.0001 0.2326 0,0001 & -
0.1412 - .0,0003 0.3L01 0.0003 0.2201 0,000l ~ a . =
0.1366 ' 0.0003 0,0302 0.,0003 0,251 0.0C01L & . =
0.0916 .~ 0.0003 0,2160 0.0003 - 0,303L 0.0001 -a. =
0.1780 ©  0.0003 0,153l 0,0003 0,1622 0.000L =~ a " - =. -
0.2L77 | 0,0009 .0.2738 - 0,0010 < 0.05L5 0,0006 9.0 0.k *
'0,1A30 ;10,0009 :0,5133 0,011 0.,1239 0.0005 . 8.7 .. 0.
10,037 0.0009 050986 0.0610 0,136 0,0005 = 8.l - 0.4
0,0979 7 0,0008 0.8517 0,010 003385 0,005 - Te5 : 0,3
0,3307 '* 0,0006 0,3LL6 " 0.0007. 0,9111  0.0003 ~ 3.9 ~ 0.2
01719 " 0,008 0,3466  0.0C10 01619 0,006 * L5 0.3 *
10,1903 “ 0,0008 0,2659 C.OCLO 0,1392 ' 0.0005 LB  C.3 -
10,2217 0,000 0,2701 . 0.0002 0,0928 0.0007 : Tl Culy
10,1799 10,000 0,402 0.00L3 0,1l13 0.0006 6,6 . Ok .
0.10LL . 0,0008 - 0,02L7° 0,010 0,3035 0.0005 L3~ 0.3 %
0.086l .. 0.0008 0,1030 0.0010 0.3273 0,000 L.y = 0.3 =
0.0583 = 0,000 0.0974 0,0022  0,3752 0.0007 7,1 Q-h
10,1012 - 0.0010 0,9287  0.0C12 0,3235 0.0005 6,3 ~ 0.l .
0.3670 © 0,0008 0.4373 0.0009 0.9326 0,000k  L.2 . 0.3 .
0.3305  0.0009 0,681 0,0010 0.9790 0,0005 ~ 5.6 O.hi '
0.3730 %" 0,0009 - 0.5635 = 0.00LL 0.9966 0.0005 5.9 - 0. i
%3343 70,0010 ~0,6020 - 0,012 0.0393 0,0006 ™~ 7.8° Qo
03531 ©0.0009 ~ 0.2591 0.00L0 0.9436 0.0005 = 5.2 * - 0.3
OMilS8 0,000 0.2435  0,0012 0.9582 0.0006 7.2 -~ Cab
0.l65  0.0@3° 0,156 : 0.00L3. 0,9935 0.0007 9,2 " 0.5.
0.5317 . 0.0020 0.1487 0.0021 0.0196 0,0C10 17.7 “ 1.0
0.3750 : 0.0008 ' 0+3332 0,0009 0.8637 0,0005 L6 0.3
003411 . 0,001 0,2453 0.,0013 0.83k9 '0,0006 8.1 . O.k.
0,394k i 0,0010° 0,2410 0,0012 0.7873 10,0006 . 7.8 - O
0.3707 * " 0,0012 0.1511. 0.0GL3 0,7598 0.0006 '.9.1" 05 .
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0. ooo9 0;9031 o ooou 3 u 5 -
| 'o 0005 5, h
0.0011° '0.1317  0.0022 0.8732 ©'0.0006 7.l

0,8725'

o.ooo9{fgo;h306v_fo,001Q i;

0.0012° 0.5163. 0.0012° 0.8430 o0, oooéb 11.0

bNot actually calculated but estn.ma'bed from s:unila.r atoms.
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- H2

R 1)
- H2.

; “Hl

. H2

"17?H3_

;!

H2

- Hl
H2

Cm

L H2

v”i_Hl
S HD
s

CLoH

.03
ClO} Io,32.
}"3{0.29'
€117 0.3
10,38
_cié;f'o,357
0,27
s
13 0.33
10,32
ci - 0.L8*
0.
.CIS‘ 0.43
'foJ6 
€16  0.49%

© 0.57% 0.19% 0.03% 5,0* -

c9 f_'o.37_fo,u9 0.91
‘0,43 0.95
0-h2.v0.oo_-

048 0.97

0.5L 0,01 -

0.61 0,97

0,65 0.0l

0.58 0,03

40.56> 0.07
1 0.20 0.92

0927 ‘ 0097

0,212 0.93% . 8.0

0028 0.97
0.15 0,03
0.12 0,97

0.10% Q,oha g,0%

B
2.3

.7

7.8 f

9.2 '
L omoas

L2

10,2

. | hoé l:
e o

5.5

j'1.5 a

a

. HLC22

6-3

b3

5.9 .
oM czu?;'

“HLoc23

“Afom .
mear.

H2

TH2
“m ey
eg'o,u7 0.2}

Cwe s
ff 0.32%0.18

*HL €20,

“H3
H C21 -

H2 -

©H2
T H2

 osfomtost st m

W3

0.l 0.32
0.5 0,38
0.38% 0.5
7“3“0;3hé 0.20

0.38% 0.29%

0.0% 0.10°
0. 0.
0.22 0.29
0421 0,35

0.21 0,49
0.22 0.L43

0,08 " 0,38

. 0,10 . 0.L6

0.08 0,57

. 0.00% 0,53
‘, O"Osa 00119 .

0,70

0.681

0;884,_  '
0.85
0.82 f
0.85
0.77%
0.80

077 K
0.76 19.1 'f{ o
0,88 2.7 "?1'V:f,”. o
0393 .-2;0' ‘}%}i.];fg;n;3
0.89 i
0.8
0,86
s
0.86
0.87
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- TABLE III

"™/ FINAL ANISOTRCPIC. THERMAL PARAMETERS; TOGETHZR WITH THEIR STANDARD DEVIATIONS, = .. *

~ FOR THE COPPER AND THE 7OUR SULFUR ATOMS

,._V_Atom ©Big °<Bll) .222 0@_22) B33 0(3’233) Blg 0'(_;;.3.12) ?.13 0’(313) '323 ?(223)i SO

-
— -— «cn .

CUiea 0 L6 01 3.8 01 b2 01 =01 0 0.2 0 0.2 0. oy vl
S@) 7.8 0.3 3.9 0.2 Ll 0.2 0.3 0.2 1.9 0.2 -0.2° 0.2 .
Ls(2) B8 0373.7 0.2 5. 0.2 -0.1 0.2 1.5 0.2 01 0.2

! 3 S(B)‘ 692 {. 002 . )402 ) 002 ., )-‘-'8 O.2 : O.S ’ 0.2 . 0.9 0.2 003 ’ 0'2 \“‘

TS 10,60 0.3 3.8 0.2 LS 0.2 =0.2° 0.2 2.3 0.2 =07 - 0.2 . 7T

L @an . 22 o ; i : S
: " A,ll in A\\o N o - . . -

 MBIE IV

" OBSERVED STRUCTURE' FACTOR MAGNITUDES (FOBS) AND CALCUIATED STRUCTURE FACTORS. (FCAL) -

~

(Table in two parts, - to be -reprovduced ‘photographicajly), o




T { : ;
R T T A VN A
fionas 30 Aadine, b tdoe il wiadit st dms o St fedy 2 L0

Vo Meke'0, 0 14 ‘13 3
: L OB FCA 16 103-105
2 418<379 15 48 51
3 4 119 013 20 24 29
« 6 0.1y 22 o
r 8112 174
’ © 10 20)~198 HyKe 0, 7
12 141 1057 L FUB FCA
fe 25 147 1 223-22)
16 &3 -2 7 8 289 219
1829 31 TS 194-1084
0 22 -1 1 38 a7
. 22 30 32 9 112-11)
. 2 0 & 11 os 87
L. a8 18 2L 13 0 ~-10
" v “
Hewe 00 L T 36 62
L FOB FCA 19 26 ~21
1363-326 21 0 -t
3 380 Y68
S 6 -40 Heks Oy 8
7 6) 60 i FOB FCA
9 0 -5 0 8% -8%
122 27 2 98 110
13 o o 4 99-10)
15 45 =53 ¢ 81 6)
\7 40 46 . 8 108-10)
19 36-40 10 0 18
. 21 22 20 12 21 -10
? 2} 24 =28 164 34 =34
3 2% 56 564 16 23 -17
i 18 0 -12
HeMs 04 2 20 36 40
BRI L FuB FCA
.0 281-261 Heks 0y 9
2 167 159 L FOD FCA
B 4 151-13) o220 2%
. 6 16 17 3 0 -8
8 190 179 578 7%
10 15 S 7 15 -3
: 12 59 55 9 22 -1
14 59 -60 11 39 26
L6 azi’i2r 13 0 -10
16 68 ~70 .15 0 21
- 26 0 5 AT 0 ~l6
‘ 22 53 -56 19 0 16
24 46 45
: 26 33 <40 MHeKe 0410
L FOB FCA
s Heks 0y 3 0 97 -90
i L FOB FCA 2 12 <21
. 1 44 36 4 21 &0
3 &1 %2 6 50 ~43
S 41 39 4 0 9
. T 25 -3 10 23 3
I 9 31 =33 12 4B -42
. Il 8% 76 14 30 ~24
13 56 <46 16 40 &)
15 0 -8
A7 41 45 HeKe 0,11
19 0 -8 i FOB FCA
21 23 =21 L 32 %
© 2y a2 37 3 0 9
25 36 ~40 5 52 -5i
1 24 3
Heke 0y & ¢ 0 22
: LFOBFCA 11 0 7
N 0 0 -8 3 0-i%
2 23 -29 15 S8 59
. &« 1 69
6 80 =70 HeRw 0,12
. 8 35 =64 L FUB FCA
10 o0 & 0 54 %
12 117-109 2 o0 =2
14 30 «2% 4 17 =29
16 120 12t 6 0 5
18 86 ~08 4 0 10
20 15 72 10 0 -20
2220 ~25
26 18«19  Heke 0,1)
v FOR FCA
HeKe O, & 1 3t -6t
L FCO FCA 3 5t el
. L 96 98 $ 37 -39
3 48 =51
% L& 26 HyKe §, |
T 181 133 L FOB FLA
A 9 35 4L ~20 0 -4
. i 0 ~7 <t 0 21
13 43 44 ~t6 19 9
15 46 SL <is 31 38
17 136-135 -0 o |}
19 166 158 -y 83 ~91
: 21 30 ~AT <6 120-119
- 2} 0 -16 -4 202 187
. .2 59 =50
A HeKs 0y &6 . 0 256 235
L Fus FLA 2 122-107

0 177 led 4 0 o

2 263-260 & 24 «24
4 150 140 8 30 =34
& 93 «90 10 43 -38°
8 150 148 12 160 156
10 53 =51 14 159-i56
12 107 105 16 669 10

18 65 70 15 86 =83 |

20

1

b1

HoKe 14 2
L FUB FCA

T -l9

-7
-5

]
53
15
17

[}
82

13
=-$3
74
-29
[T
70

199-190
149=-148
206~203

260
.8
57

212
-39
54

239-230

90
39
T6

‘9

37
1

149-142

183

162

t37-130

21

1y

HeK= Ly 3

i
=18
~16
-4
-12
~10

-5
-4
-2

FOB
42
0
64
66
56

FCA
-40
87
-9
48
64
n
9
235
65
-87
193
203

139-134

26
63
52
81
34
21

-24
65
-5&
(.1}
~42
2%

Ho= Ly 4

L
-17
~i5
-13
-1

-9
-7
-5
-3
-1

1

FoB

50

-69

3 199-192
5 99 102
7,104 104

0

~10

T 11 139-13s

13 LIt 108

153

74

-13

17 6y 62

He= 1, §

L
=16
-i4
“12
=10

0

a2
is

16

f08
(3
124

121

FCA
-66
119
=91

k3]

124

HeKa Ly 6
L FOB FCA

=15
~i3
-11

52
M0
64
[.1)

[
a9

351
~97
(34
-39
T
24

159~162

s

9% v

Heke 1o 7

L
~14
-12
-10

-6
-y
-2

FOB FCa
o =12
12 80
158~159
LR
0 -i0
106-10%
100 108
105 =99
=37

HeX= 1,10

L
-3
b |

1

3

5

7

FOB FCA
-6
50
~14
0o 10
59 Se&
68 =58

NeXe Lell

L
0
2
4

FOR FCA
33 2e
33 =35
62 =60

HeK= 1412

L
i
5
?

FOU FCA
90 ~83
43 =4y
106 107

Hokw 1,13

[N
0
2

FOR FCA
44 =66
36 38

 Hek= 20 0
L FOB FCA

26
~24
.22
-20
~18
RSYN
~14
12
=~l0

-8

-6

-%

et e 1
DROCINOCEBCTINON

18 1%

(L)

T8

L FUB FCA
~13 0 -8
L7 56 =52
195 193
1971-209
264 28%
230-217
68 ~T4
76 ~T4
152 138
-1 ¢ -8
1 106 104
I 16 b4
S 89 -84
7T 23 1s
9 34 -44
L 106 104
3 249~24%
s
13

-11
-1

23 247

151-156
9 66 39

Weke 2, 2

L £0B FCA
-20 0 10
-18 33 24
62 65
105-103
247 236,
129-131

0 17
120-123
-4 0 3
2710-266
0 80 77
2 199 204
4 233-225
6 23 25
8 a) -Te
39 40
83 -18
120 125
133-142
AT 52
22 -1t
25 24

HyRke 24 3

L Fue FCA
~19 53 -54
-17 L ¥4
~15
-i3
-l o 9
-9
-1
-5

103 -99

HyRa 2y &

L FOR FCA
=22 24 ~18&
-i8 45
-6 -80
14 =26
-2 o 3
10 28
-8 o e
-6 15 -2t
=4 L8] tes
=2 54 =17}
0 34 =35

2 139-12%

4 136-134

6 18 69

6 153~15)
17 -12
12 0 9
t4 0 13
16 0 -6
22 ~18
22 0 -3

HeKn 24 S

1L FOB FCA
«i7 22 =%
~1% 65 =70
‘-§3 73 68
-1t ~94
~26

~7 ~87

112 106

230-224
143 123

1
3}
s
1
9
t
3
5
r

)
1
1
1]

n»n
49 =%
306 293
221215
8l ~78
46 =49
4H 93
a6 -89
22 »n

HoKa 2, &

L
-20
~16
-4
-12
-10
-8
-6
-4
-2
0

2

4

6

8
10
12
16

16,

20

FOB FCA
24 =25
41 47

136 150

122-126

Lis 12)
100 -9%
10 65
t13-t2t

194 199
78 -9%
19 =13

165 193

HyXo 2, 7

L
=13
-1

-9
-7
-5
-3
-1

1

3

5

1

9

i1
13
is

FO8 FCA
145-147
149 15)
90 -97
1t4 125
1i7-k1e
tsi t54
12 ~71

] [.]
58
136-1130

114 109

66 -6&7
n v
1L17-115
122 117

HyK= 2, 8

L FoB

-18
=14

FCA
-53
-78
a6
-83%
95

56
0 -14&
o 13
0 ~1%

HeKs 2, 9

i
-9
-r
-5
-3
-1

i

3

5

1

9
1
13
15

FOR FCA
58

42

=28

Heke 2410
L FOB FCA

=16
=12
-8
-4
2]

44 ~42
0 22

=47
0 ~12
66

59

-75
¢ 13
«35
1

0 =2
© 7

Heka 24101

L
i
e

FOB FLA
G =10
0o ~9

62

-70

18

1
v

-9

Hokv 2412

L FO8
-10 0
-6
-2
o 33
2 25
4 33

[
10

FCA
s
3
b4
-2%
-27
2%
~42
~16

HeKa 2,13

L FUB
1 ]

HyKe
L FOO
-20 66
180 46
-te 19
-1a 83
~12
«-10 169
-8 [+]
-6 80
-
-2

FCA
17

31

FCA
-60
a1
-25
us

266~258

164
i1
-85

186-177
101~

102

0 224-224

2 955

41

4 353-354

6 4l
a o
10 0
35
49
i6 0
%] o

20 0,

22 o

37
-3
5
-33
46
2
-2
-2
-5

HoK» 3,4 2

L FUB
-19 [}
-t7 57
=15 166

(3]
50
144
92
1 70

FCA

-3
~54
165

167-173
L48-151

62
-53
134
-87
15

Heko 3, 3

L FO8
~24 0
~18 o
-6 [}
-l4 0
~t2 73
~10
L1]
45

136

FLA
-10
~20
8
-a
8s

ti7-1i
63

%9

157-144

137
103
-37

3
21

Helie 3y &

L FOB
-17 1%
-1% 60
=13 104
=il

FCA
24

~8)

108

126-120

"
=36
21

1 =21

123
~28
a2

22 -

s

L1)-18%
.11 -1
¢ -5
o 1
21 28
FT -84
o8 Te
%8 -6)
24 46

HeKe 3, &

L
-1s
“l4
~12
-10
-8
-6
-
-2
()

t
-1

. -9
-27

-7
-5
-3
-3

FOB FCA
9MT=-104
116 1y
150=147
93 . 89,
a2 =90
63 63
74 -17
215 216
j60-lab
106 93
133-329
154 157
20

o -2

Hyks 3, 8
4

FOB FCA
43 46
“b4

24

- =i

[ YIRTY )
6 22 18
T4
18 18
2% 19
18 0 1

tHyKe 3,10
t FOB FCA
3 21 -3
13 0 ~-13
i3 0 -9

HeKe 3441
FOB FCA

>eNO™
w
-
-
-

HyRe 3,12
L FOB FCA
-7 35 «A9
~3 66 68
3 43 -AB
9 [} 3

HeK2 3,13
L FuB fCa
0 52 a7

HeKs 4, O

L FUB FCA
-28 19 =69
=24 43 49
~22 23 ~23
-20 35 31
=18 42 =40
-6 4]
-1
-2
=10
-8
-6
-4 o
“2

HoKe 4, 1
L FOB FCA
=19 37 -3¢0
-17 6 36
~45 51 -%8

18 =24

Heko &¢ 2
L FUB FCA
=26 58 %2
22 41 57
26 12
90 -89
a1 84
102-103
37 =47
62 =67
st &0
3L =26
197-191
6 67 64
2 246-236
& 126 125
6 5T ~40
a 43 42
34 43

-6
~14

73

9

12 18 =13
16 R <49
16 %% -9
1 %) a4
20 23 ~3)
22 o 19
24 25 =¢b
Hene 4, 3
L FO8 BIA
-7 s
-5 0 ~2¢
-3 19 Q0
i1 11 &)
9 96 -0
~7 %0 7
-4 86 -6b
-3 A& =3!
- 49 b
1 [ 3
310 -i9
5 &5 ~o%
T 41 b6,
9 Ja =38
116 -9
13 21 s
1% .29 =36
(%} o 2
te [:] 5
21 0 i
23 o 10
Hokm &y 4
L POR FCA
«24 0 &
~20 0 -15
=16 §17~442
=14 {12 11>
=12 46 =%0
-10 t16-409
-8 12 T
-8 o 10
-4 97 -92
-2 31 28
o 0 -5
2 o -2
' 4 0 =15
& 90 ol
a 0 &
i o e
12 19 2
14 29 42
- ib 0o -7
18 Tl o6
20 63 ~0b
22 18 o0
24 o -6
Halis 45 5
L FUR FCA
-15% 140 138
=13 119=1i7?
=it o -b
‘.9 0 -tl
-7 22 =10
-4 0 =il
-3 1
-1 62 &%
i 97 -9
3 u-it
S §i5-132.
1 18 ~z28
9 59 39
3 0 Q
13 15 -t
15 0 15
11 32 s
19 133-tu7
2174 49
23 26 =26
Holle &y &
L FuUB FLA
-22 0 =il
~-14 [} 5
«l4 nB8 -a?
L1220 3}
=10 34 44
-8 L14=110
-6 82 ot
-4 54 =59
2 146 135
0 i%-164
2 233 219
o 142-1%6
6 181 82
3 95 =4l
10- 90 97
12 59 «%9
16 62 92
18 36 =¢5
20 35 40
22 46 -42

ten &y 7

L
~13
-1l

-9
-7
-5
-3
=1

LR R R

i1
1%
19
21

Mok &4, O

L
=20
=16
-12
-0
-8
-6
-4
-2

5
1?7

HoKm 4,10
4 FOB FCA

-id

HeKs 4,12
L FOB FCA

-8
-4
o
2
4
8

HoKa 5y L

L
~18
~i6
=14
=12
=10

-8
-6
-4
-2

O 191-197

Fon

1Ca=114

123

23%-

188

2il-

213

t17=11)%

(3]
14
o
35
]

£On
57
4

[}
Q
]
i8
0
¢

Fub
“3
50
[1)
t8
Q

[
s7
29
6%

138
8)
0
o7

(3%
239
168
206
210

69
-17
-3
26
-6

FCA
-47
-8
2

T
n
=30
83

13

34
~35

~-10
[}
=17
21
[}

6

FCA

13
ro
14 j

-58 - -
17

Heka S¢ 2

L FO8 FCA

-t?

2t

29



.15

w12

12 =N
-1y 27 29
=11 .69 =10
-9 0 4
-1 0 1)
-5 §071-103
.. =3 31 &9
c -t 0 r
1 92 91
3 112-109
S a2t 1t
T 88 =7«
9 sa 51
3} [] 4
1) 46 &)
IS 11-100
17 102 1060
.21 3 3
23 0 -6
Hen 9y 3
L FUR FCA
-18 22 29
~16 42 ~4)
~ie 52 59
4 ~75
=10 13 13
] ] °
-6 Qo =2
-4 16 =20
-2 83 171
G 27 28
2 sil-1is
70 64
[ 013
8 (1] 3
10 29 =25
12 43 &9
164 58 -4n
16 43 42
22 0 ~i7
HeK= 5, &
L FCy fCa
=i7 31 =26
=15 47 S2
-3 17T -7
=il 78 .86
-9 65 -3
=T 11 25
-5 r 27
“3 0 -8
vl 43} 34
1 59 -%)
sa 9%
5 109~104
62 92
9 32 ¥
11 46 53
13 %2 -S54
15 74 17
21 1t -la
23 ¥ 37
HyKa %y &
L Fug fCA-
=20 41 29
«l6 38 38
=8 39 =62
. =12 108. 1086
T =10 104-104
- =4 29 30
-6 3l ~4%
~6 18 ~20
-2 92 N7
0 121-118
2 7o 68
& &4 ~56
6 17 175
8 4l =74
10 56 61
2 4l -38
16 53 59
20 74 ~73
22 4t 4
Hels 5y &
L FOB FCaA
=13 52 50
il 65 ~12
-9 93 99
~71 a8 -89
-5 313} 139
=3 3T 4S5
=1 j47-13
1 106 107
3 102-102
S 89 81
-7 68 «69
9 13 13
i 21 -3
13 e2 52
21 51 s)
HoKk= 5y 7

L FOB FCA

~12 22 =22
-10 o1 &3

=8 flBelis

tos
-4 o 8
-20

~86
20 17
-43

38
=24

sosn
>
-

10

Hoks Sy 8

L FOB #CaA
-3 33 -%8
-1 90 a9
-5 61 -a8
-3 o 19
=t 21 15

i 107-108

3 0 -3
s a1 39
7 31 -28
9 0 -4

Hoke S, §

L FUB FCaA
-4 o 17
-2 22 25

0 31 -3

2 3 27

4 22 16

6 0 -0
44 -39

H¢Ke 5,10
L FOB FCA
~15 36 3
-5 ¢ -
-1 51
1 4«0
3 ]
5
T 3
9 &5

-1

34
-&1

HyKe Sy11
L FUB FCA
0 Q
e o
4 42 ~42
6 0 19
68 58

HyKw 8,12
L FOB FCA
-1 31 -20
1L 46 &9
3 40 40
3 3 35

fHgRs &9 O

L FOU FCA
=34 0 -0
=22 20 ~19
=20 19 <6
~ld 42 =4
-6 0 13
14 99 -94
=12 302 296
«t0 345-341
-8 389 385
~& 186-188
-4 91 .89
-2 88 -90
0 1t 126

2 22 23

4 33 28

6 0o 7
8 81 ~19

10 3 [

126-109
138 136
158~148
128 123
6L -78
3

20
22 3

Hee 65 }

L FOB fCA
-17 a =6
~15 35 -40
«13 113 119
~11 172-17%
-9 261 265
=7 {87184
=5 62 &5
=3 54 =44
-1 &6 57
L 98 -9

3 139 l47

5 1448 139

t 26 =20

108"
RITI ]

~42 .
46 -

-34

-1
[

9 18
11 30 =35
i3

13 |~l-|¢ov

HeKa 64 2

L FuB FCA
=24 U8 21
<20 40 3
-1

17 18
140-138
156 150
106-103
L1

-l
-12

HeKe 6, &

L FOD FCA
-20 25 29
=la 0 a
=16
-12
=10

23 18
109 109

84 ~87
93 93
1t2=121
@ tY8 128

2 82 -84

. 24 29

116=117
110 109

»
-7)
86

-70
L34
-13

HyKe &, T

L
=1l Lél~les
132 135
100 ~935
114 110
95 -ut
105 103
-90
o 20

i3 31
1%

HoKa 8,10
L FUB FCA
“12 [}
-8 0
-4
Qo s?
2 Al
4
]

4
12

LI TS
L P08 FCA
-1 4) -42
1 6% o6
3 25 =22
% 66 -10

HeX> Hy12
L FOB FCA
-2 26 =40
9 32 23
2 0 -i2

HeKe Ty 3

L FOB FCA
-t6 30 37
“l4 © -8
«12 104 108
=10 155~-146
139 139
30 -22
29 =33
G ~i6
‘0 149 143
2 o 71
4 136 138
6 139-139
8 62 60
w o s

i2 o 6.

i« 0 =20

-47

FOR FCA

-

t1a=-112
ro1s

0 .
164 143
L0l -96
63 o6
27 =32
11 60 &0
’ o -7

Heks 7, 3~

L FOB FCA
~14 o 10
-12
-0

-8
-6
-4 0 3
-2

Hell= 7, 5
L FOW FCA
~12-107 105
103-102

92 %
48 -48
1T e85

0 126 11D
2 109-118
4 52 49
6 128-128
a4 82 90
48 -48
14 o 5

10
14

Hiks 7, 8
L.FOB FCA
-1 22 32
22 ~28
47 56

- -

o 1
32 -34

Hike T, 9
L FUB FCA

& 0 4
6 33 -20
8 ] 3

0 ~16 "

0 -4t

63 ~66

AN

10
is

0 -9
18 30

Hoke T,10

L
=1
i

3
5
T

Fus FCa
17 =24
0 4

o -5

6 -6
2%

HeKs 7,411

t
-2
[}
4
[

FOR FCA
15 ~T0
36 29
25 25

[} 5

HeXs 8, O

L
-22
-20
=18
~-16
=14
~12

]
L}
13

o8
13

FCA
&5
-13

39 =47

o -0
18 7
26 =29
84 87

o -0
184 171
328~329
1ef 137
83 -9)
b4 A9
22 -21

Heks By 2

L
-22
-18
wié
-12
-10
-8
-6
-4
-2
0

FO8 FCA
51

HeKks 84 3

L
-13
-1t

"

foB FCA

0 ~t6 |

48
62
-40

HeKs 8y &

L

1]

~l6
-12
~10

FOB FCA
o -
33 38
86 68
¢ ~13

Iy

-19
36
29

-22
24
16

-t

-37

-32

0 -14

i2 0 16

16 0 ~7

18 22

HeKa 8, 5
L FOB FCA
=11 90 -87
-9 30 6
-7 29 44
-3 0 ~19
-3 21
-1 14, 30
1 28 38
3 35 =38
5 &6 %6
7 30 -28
9 22 -31

L FOB
=10
~la
=10

-8 [} 7
-6
-4

4 hT
6 106~106
8 133 133
79 =12
14 73 -69
25 L4
18 0 -5

HoKs B8, 7
L FOB FCA
-5 62 59
~3 62 -68
=1 92 @8
I 113-108
3 142 130
5 100~-105
7T 118 Wie

HyKu 8, B
L FOB FCA
-6 0 1B
-12 0 9
-8
-6
-4
-2
a n

2 84

L3 1]

6 42

8 173
i0
12 ~45
HeKa 8y 9
L FOB FCA
i) 0 ~13%

5 Q .
T 26 ~29
* HeKe 8,10
L FUD FCA

-10 0 -17
-6

Hele G, 1

L F08 FCA
=12 -1¢
-10 ¢ -2
-8 =26
-6 68
-4 ¢ ~11
~2 ~20
0 16 16

2 67 =74

4 52 5§t

[ 0
8 [}
10 0 -1t
18 2% =27

is
]

Hiks 9, 2

L FUB FCA
“13 0 -4
-1t 64
-9 59
5
-5 0

10
12 [
18

Heks Q4 &
L FOB FCA
-9 17 80
38 -o2
-5 [ 3
-3 6 -3
20 =23
1 0 -1
3 2% -29
5 710 o8
T 94-106
9 [} 2

HiKe Gy
L FOB FCaA
-8 69 -TJ0
-6
-4
-2 0 i1
o 3
2 6

9 70
o 20

Heka 9y 7
L FOB FCA
-2 23 ~i9
0 is -19
4 49 -4y
6 66 b6
8 ¢ -8
25 =34

HiK2 9, 8
i FOB FLA
3 75 -0
S (/] L)
9 o 15

Hee 9y 9

L FO8 FCA -

=k2 26 26
6 0 16
-2 0 14

0 o 2

A 17 23
6 0 =9
8 0 -7

Hok= 9,10
L FOB FCA
3 26 23

5 0 -2
 Hexs10, 0

L FOB FCA
20 0 -19
-i8 13 13
-16 0 -1
-i4 . O L)

~12 1t8-112

=10 167 162
=8 l6b=l6l
-6 241 239
-4 {77-176
-2 0 ~10

0 17 ~-82
2 0 6
4 60 ~72
& 26 25
8 15
12
28
17
70
90

25
-1l
L1
-8%

HyR=10y 1

L FOB FCA
-1 27 34

=9 164-149

«7 185
-5
-3
-1
T 20
3 69
5 [}

7
1%

117
-97
79
-13
24
-T4
12
L)
55

HoK=10, 2

L FUs FCaA
«20 0 -~13
=it 0 -0
~-12 4] o
~10
~f
-5
-4
-2 [}

0 -6
45 50

HoRul0y 3 °

L FOB FCA
a -12

=30

HyXe2l0,y &
L FOB FCA
-18 44 =38
-t4 53 6l
10 0 17
-6 0 -1t
-% 0 5
-2 0 -9
0 10
2 7
4 1S
6 0
)
10
12
14 0 -5

Hek=10e S

L FOB FCA
-1% 3%
-3 0 [
-y 22
-1 38
I 44

5 39
15 0o
HyKe10, &

L FUB FCA-

-6 0 -0
12 54 -S54
-8 90 ~87%

20
-1l

-25

-4 60 ~1{L
-2 5% S
o 15 -70
(2 102 49
T4 23 -14
6« O 2
8 1Y -1)
10 69 =065
12 ¥ &
14 18 -¢0
MeKalOy 7
L FUR FGA
-3 47 48
$. 17 19
HeKolO, 6
L FUB FLA
=10 44 «35
-6 65 =57
-2 69 =62
] o 25
2 26 ~4b
4 17T 2
6 0 -3
u 0 -3t
10 o 22
HeKob0, 9
L FUB FLA
=3} 25 ~28
5 26 2%
Meit=liy 1
L FOB FLA
-5 46 51
“4 0 ~J1
-2 15 ¢t
0 87T ~3s2
2 22 s
- 0 -22
HeKell,y 2
L FOY% FCA
-5 A6 -0R
-3 3 )5
=1 3l -3
1 2T 35
L e -e2
Hokakil, 3
L FUB FCA
0 0 -24
HeK=zll, 4
L FUA FCA
1t 10 ¥
Hennlly S
L +UB FCA
0 40 -34
Hek=lly 6
L Fub FLa
1y 16 -30
Hykell, 7
L 06 FCA
0 49 aj
Hoksll, 9
L FOB FCa
0 37 2
Henol2, O
L FUB FCA
-16 8 13
-14 46 =32
12 % 39
=10 17 ~45
-8 3 =12
“6 0 -a
=% 26 ~24
=2 6 0
0 23 -2
2 87T %8
& 110 -9A
& 148 156
8 125-1¢%
10 57 %
12 13 -38
t4 o -1
Hehal2y |
L FUH FLA
~9 062 ol
-3 18 1
3 32 -40
9 9% s
Hob=l2s 2
L D FLA,
“t4 18 19
=10 0 13
-6 18 20

~2 (]
0 o
2 a8
4 %)
6 4l
8 a8
10 49
12 Q
14 [}
Hek=12, 3
L FOB FCA
-15 [}
-9 o
-3 M
3 »
9 2

" HeKal2y &

. L FOB FCA
“12 56 =52
-8 0 -7
- 0 1
-2 @ =10
6 0 -5
2 0 a2
o 26 25
6 0 13
a o0 2
16 0 -8
12 0 -3
Hen=124s 5
L FOB FCA .
9 55 =55 -
-3 o 3.
3 0 6
9 18 &
HeKs12, &
L FOB FCA -
~12 52 %

~40

HeKat2, 7 '
L FEB FCA
-9 0 26
-3 29
3. % =53

HoK=13, 4
L FOB FCaA
o o 2

HoX=13y 3
A\ FOB FCA
] 0 [

HoKeld, 5
1 FOB FCA
0 0 &,

HeK=l4, O
FOB FCA
&8 45
59 57
106-10% :
1co -

~

HoKnla, l'.
L FUB FCA
7 0 12

HoKela, 2
L FOB FCA.

HoKnla, &
© & FOB FCA
-5 Qo -6
-l Q. =-7

T -2 0. 8-

0 0 -1,

c 2 9 10
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 TABLE V

(00 A COMPARISON OF THE' INTERATCIIC DISTANCES AND ANGLES, TOGETHER WITH THEIR -

- . DSTIMATED STANDARD DEVIATIONS, TN THE Cu(MNT);® AND THE Co(MNT),? IONS

A DISTANGES - | S )
- o }C'u_(MNT);l | C’o‘(}rNT)E2 o
o | Atoms_x | Di_s"t,ahceb. e,s.'dr..b'. Distance® 'e’.s;d;b
o ower o -S@) 2a7% 0.0k 2,163 0.003
I -s@) . 2170 O.OOhf5£; " :
'—3(3)21: 2,177’?v_”'b.cohvf°;'
s(1)-c(1) fg 1,731_A.-"o.01o 1,731 0.007
s(z)-c(S)'i 1.7k o0 - |
S(3)-c(6) - 1.71 e 0.010 L |  _73  f,:,:‘ff

L T G0 S AT G > SR D s W S e T A D GID S S5 e X D TV G . OO SR P T U GO Y D U ST U Y B BT W > S PO L T QP TS U B IR U N Y sy P T

c(2)-c(3) 1.2 . 0.020 . 1.0 | 0.0, R
cl-el - ads :j 10,020 L.ko 10,010 'f;f' ¥47;gﬂﬁ¥if7f '§%
c(5)-C(8) L.l 0,020 T",: Co e
C(6)-C(7) .1l 0,020 -

C<35*N(1)'\ 17, 0,020 135 0.010v1?;?, T
cl)-N@) 1.2 . 0.020 i ;1.161";]h;:o.o10le£:
c(7)-N(35 1.1 1!  0.020 L;kk;. JOETE o
C(8)-N(4) 115  0.020

- o - s 4n e we e G en W oo wn - -~

. a‘Bec‘a.use‘ of the higher symmetry of the CO_(fmT)Ez ion there are a6 -
B 7 symmetrically equivalent values of each of these,dism@& e

bIn Ro' A . . T . . . '
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. MBIEV,(Comtd.) < .. .

'*j‘s)'ANGLEs$ .

o om0 coGamz?

o Atoms ,.i;f-a;Anglés‘,,e;s,d,';}' ' Ah81éSa: e.s.d;if13 "'?”L'

S s@)-cu/co-S(3) L 88.2°. 0,2° 0 88,60 0a° T

':??fi%?*;Cu/bo- s@)-c(1) *102.5. o.s;ﬁ”igf’f: 103.7 - 0.3
i iCufCo- S(2)-C(5) . 10LL 0.5 it

s, 92.2 . 0.2 S DR T R Ry

Cs()-cufoo-s(3) T 925 0.2

T cu/te- S(3)-C(8) 1009 0.5 M
o Caltons(uzole) 2019 0051038 Q3.

s()-c@)-c(2) 152 1.1 120,80 0.6 ’_,};;;_} 3?;; f;;;¢j;?v35§ ”j5
s(2)- ¢(5)-c(6) ~ 1216 2.1 - SR e
s(3)- c(6)=c(5) * 122,85 1. . EE T A
SU)- C(2)=CQ) 2239 1.1 1201 Q.8 ..
©os(-c@)-c()  117.7 "1 117.2 0.6
©8(2)=c(5)-c(8)  115.1 1.0 |
s(3)-c(6)-c(7) 1163 1.1
Sz c(2)-c(3)__ __115.9 _ 1.1 .
c@)- c(2)-c(3) ~ 120.1 1.3 .
c(2)- c@-c(l) ~ 123.0 1.3
S C(B)= o(6)-c(7) - 121 1.3 .
o e(6)=0(8)=C8) . 123e2__ Bado .
c@)- c(b)-N(2)  177.1 1.7
c(2)- c(3)=N(1) ~  179.8 . 1.7
c(5)= C(8)-N(L) 178.5 1.6

BNIOERIG R B R LI

1

*Becanse of the hirher symmetry of the Co (MN‘I‘)"'22' ion there are two symmetrlca.lly
. equivalent values of each of these angles, . ~ .. {7 oion o onout U

Byot independent angles.
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- DISTANCLS oF THE VARIOUS ATCHS I; THE Cu(MVT)

THE MEAN ATOMS. -{N(l), n(z), ¢(3) AND u(h)} ;'

lAND 'c(e) Aﬂn-h(h)f

Distance (%)

Atom
. ~ frorm vplane

h Cu : -0006.),'

| e |
',.,.S(B)V-_ |
Sag ol :  -
.-:? 1;5(1) i; :_l |

-Q,O9h.;l'
' ~0,065

L -0.030
S o) ffl -0.036" -
IO
TN
0(5) "
‘f c(é) -
c(7)
o(8) -

N@) -

. +0.011

- =0,011
-0.051
~0.030

. ~0.019
:—o,ooa -

 {:_+0.053 | :

| N@) - 0,083 .
e |

RS (PR

| +0,015
S 40,008

eisodo
atomic nosition - - - :

£ 0,015

0.0l -

(}) of the

04002
0,004

- 0.00k

0,00 -

o 00005
.0,01L

0,01k

00016 e
0.016

0,01l

0,01l

0.016
0.016

09015:‘i{' .

0,015

(e o ne)

I W IR

UCRL-11566 )

ION FRCM THE PLANE THDOUGH

n ]f

o i

b
B A T
RO f,’i- R AR
L *. > e .. .
. 1 . : .. .




‘Mean C-N distance = 1,523 4 1+ - lMean C-N-C angle - 109.5°

- L
. UCRL-11506

TASIE VII

- DISTANCES AN‘) ANGLE"S IAWOLVI G THE (‘A}"B(“‘ AND "ITRO JEN ATO"’IS IN TF“' T TRA

n—'% 'T\’L AL ;\II'L'N IO'\T K

'A) C-N distances and angles R
. b . PR )

Atoms’  Distance® S . Atoms ':' - Angles” o iw s e

N(B)-c(9) . 15104 - o c(9)va(5)§¢(13) o 111.o°f,flft_
-c(13)  1.517 R 1'_;»" S -c@an" 1046 -

C-c(@) 1520 ©(23)-N()-ca7) 1096
| ot el om0
“i\§:a* :f';C(17)-N(5) c(21)kj;3 Comea 7\

14

#estimated standard deviations all + 0,016 i

bestimated standard deviations all 0.9°

t+

;‘~ -~ .. .
Bt

ean LS - ”; :’;'ﬁ  ' Coec() 0 1120 | :5 §€r[f§;.;?f |



----------
(R

B o S L L S,

/TABLE VII (Contd.) -~ . .

e

B . i’Atoﬁsb'h‘ Dlstance Distance   ;: .  1f1}Atom;:  ) 'lVl:'Ahgie ‘  ié L
) ec(lo):‘ff Ls1h Ls2 k0 NG) -0(9) -c0) 130 Le®
L eQO-caD 1.8k 18k - o) -cao-ca1) | 109.6 — LA .
o can-c@) 1. e '_i»l»' ) | }
Ca3-ch)y L9 " ;'1-51.'f;f

| c(1h)~¢(15)”vf:f51.56>g;j-l.SB‘Z?f
Ce-c0e) 1 ass o
S can-cas) f’ff 1.53 ’5'f‘1°56‘}7f i5ff;1N<5)‘%C<175-C(18) Smeo 1
o cas-can - 1.6 17[;t“~r-ifi: 5 %;;0(17)~C(13)%C(19) ; 1°6°6'f?; 1'3é;

L c@o)-c1-c@2) 2.2 1.2 T

CONG) ~c@3)-cal) nTe - 1  ifE-~
¢ Ca-caw-cas) b 0kb 13
- cl)ACcs)-c(6) L 109.6 1.7

ifﬂ?ffc(19)-c(2o):.f fp1oh9I11¥?v1.50>ﬁf*qfh‘; fC(18);C(19)’°(2°):f%;1°9°8‘ET¥ Lk
?€ ;{¢(21)_c(22)'f:}lil,sl fo;*l,gz ],jl}ff :f;NfS) —0(21)-0(22)'ﬁ?ailsellfff 1,o;ﬁ
c2)-c@) 183 ’3? 1.5&‘2?3 {€57;750(21)-c(22)§c(23)"; 109;0_2¢31.2i;
c3-c@l) - L8k R 77"0(22)~c(23)—c(2u)_f 111.3 {?f"iQBLfff‘; f;

Cemmbeweamded . Cwsescemes)

Mean C~C dlstance -1 0523 A 1.535 A r;: ?‘ . Mean angle = 111.0°

Bestimated standard deviations a11 + 0,02 }

bestimated standard deviation +0.035 & .

C4istance corrected for thermal motion assuming that v;i_li;ﬁ;&ﬁ

- atom C(n+l) npidesh on atom C(n).
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. TABIE VITI .

" Atoms , “__Distangesb . Atoms

c(9) -H(1)c(9)  f, 1.0 4 . c@n-m@e@rn
~ -H@) o 100 o -H(2)
C(10)-H(1)E(10) . - 0.9 - . C(18)-H(1)C(18)
e -H(2) 0.5 e =H() .
L ec@)=H@e@Y) o 0.92 L c(19)=H(1)c@9)
i H(2) T .09 0w =H(2)
T c(2)-H()C(2) 0487 - 1 c(20)-H(1)c(20)
CoeH() Tha.on v -H(2)
| =H(3) . 4 0.1 ;NG -HQ3)
L c(13)-H(1)C(13) - 0,99 i i o(2)-H(1)C(21)
-H(2) i 0.89 -1(2)

| - c)-H@)e@n) o.98a_5ﬁi-§; c(22)-H(1)c(22) -

) -H(2) 0.6l
C(15)-H()C(15)  1.07 .
~H(2) © 0,87 7. -H(2)

-H(2)

C6)-H(1)c(26) = 1.12° ':1}?{fc(?h)-n(1)c(2u)_f,;L

-H(2)’ 1,00t L =H(2)
-H(3) 0.8 . -H(3)

Mean cafbon~hydrogen diétance - Oo9hfﬁ L

I "..jﬁ positions located from d1fference fourier and. not refined by least.squares

‘? estinated stendard deviations s all 3 0.1 to 0.2k

"7 CARBON-HYDROGEN DISTANCES IN THE TETRA n-BUTYL AMMONIUM ION, -
Distapcesb‘ 

- 1.00 A

ol
U 0.88%
S 1,03 AL
1,012
. 0.87%

1,06
0,97

. e
Le(3)-H@c(23):

1,002

UCRL-11506

0.86
0,72

1.08%

0.88

0.86 - -
0.94 - :
0.82 ool
1272




e g

. R e Ay . v e : M L . .
SRR e Sy "’:v"“ PR P T o }
e VA s el e Ll ', PO IPI, WS : i L - : e . - L. ¢ .
T - § . . . f .
. . N ‘
' : -21- 11506 -
: : UCRL~11506 -
. . R . ,
. . . : - . N .
. - ‘ . .
- . - . T B
: . * . [ R

> THE DIMEDRAL-ANGLES FOR THE FOUR BUTYL CHAINS IN THE -

- .Plane (1)} © " Plane (2) - . . Dihedral

i Defined by atoms - - Defined by atoms . . . angle

% S el) o) c) o) c@u) o2) - 5.3°

c@3) c@l) cas)

 ;'  c@7) _c(18) €9
©c(2l) c(22) c(23)

‘

o) c@s) cs) 139
- ¢(28) c(19) ¢(20) o 6.0
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 TFgure Captions... o oo

*&MAS Z}C(V Tﬂg. 1.-A projection down the 2 axis show1ng the stacking of the Cu(NNT) ‘
anions as viewed down a stack. The copper atoms labelled 1, 2 3 and h have x E";;}}
co-ordinates of 1.1h, 0.86, 0.6L and 0.36 reSPGCtlvely S  v'“* e

|4*«(5 2&{3&; Fige 2.=—A projection down the a axis showing'the‘lattioework arrangement’f’“ﬁ

- of the tetra-n-butyl ammonlum ionse The small black circles are reprcsentative'ﬂ

S of each type of hjdrogen atom, The stacked anions shown in Fig. 1 fit exactly

 i1nto the almost unoccupied rectangle in the center of this Figure, ' : :?f3”3

¥4L\$»Z$L($ Fig. 3o=A projectlon down‘the c axis shcw1ng the ‘stacking of the Cu(MNT)2
Y anions from the side. The flgures beside some of the atoms are the 2 co-ordlnates

i '__-_l(moo). o
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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

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 1n 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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