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sbstract
The crystal'structﬁre of the tetraethylammohiuﬁ:salt of the Co(B7Czﬂ9);
complex, 2,2'~g¢ommo~bis nonahydro-dicarba-2-cobalta~clogo-decaborate](1-),

has been determined from 926 ihdependent'X—ray intensity data measured

from a 51ngle—crystal by counter methods. 'Thé‘crys*als-are tetragonal,

space group PA/n, with a = 16.556 A and c =8, 580 A. There are four
molecules in the unit cell and the calculated density is p =1.15 g/qc.
'The structure ﬁas refined by 1eastvsquéres to‘a.cOnventional R value

of 9.6 %. The anion, Co(B,,C has the shape of two distorted

72 9)2’
’bicapped square antiprisms whlch have one corner in common. This shared
? corner - is occupled/by the cobalt atom which lies on a crystallographic
‘ finversion center. The dimensions of the anion correspond to pqint
_ :symmeﬁ;y Con (2/m) within ihe accuracy of the determination. Half
*fof the (C ) N catlons lie on special positlons having A-fold rotatlohal
point.symmetry and ar9~disordered.- One of the carbon atoms in each B]C2
; fpagment is iocated at an épex position but the other is disordered u
between two‘posi;icns, Very anisotropic thermal parameters wcfe foﬁnd

for most of the atoms. Their meaﬁing is discussed in terms of disorder

instead of thermal motion.
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Introduction
] : _ L, -
A nev polyhedral transition metal complex containing' the (8702H9) 2
“ligand has been 'rrepared.2 The anlon Co(B . 2H9)£, 2,2'-cormo-bis

1
i

'(2) F Hawthorne and T. A, George J. Am. Chem. Soc., 82, 7114(1907)

|
b
e

.“l[nonahydro-dlcarba—2-coba1ta—closo—decaborate](1 ), is shown without
‘3.hydrogens in Flgure 1. It is composed of a_cobalt.lon§iof formal charge -
.+3, sandwlchcd between the two (B, B, 2H9) polyhedrei‘fregmentsg The
. . structure of the anion, proposed by Hawthorne and Georg-e2 from MR
deta;"wae_based'On the bicapped square antiprism geometry of B10H10

v;fdietortedito aCCOmMOdate'one cobalt and two carbon atoms. ‘They concluded

"fthat both of the carbon atoms in both of the cages were bonded to the

_ icobalt-whlch waS'attachedvto an open S—fold.face. In each cage, there

. was one carbon occupy1ng an apex p051t10n labeled positlon number 1

-~ in Flgu%e 4 and the other carbon was located at an opp051te corner’

of the S—fold face. Since there are two equivalent positions for this
'esecond carbon in each cage, labeled positions number 6 and 9 in Flgure
”1, wnlch fulflll this structural requlrement the p0551b111ty of isomers

exists. The form in which the cobalt lies on an inversion ceater was

called the ‘antiisomer and the form in which the'cobalt lies on a 2~

"vdfold rotatlon axis perpendicular to the plane contalnlng p031tlons 1,

<2y 4 and 10 was called the synlsomer.

Thls paper descrlbes an X—ray structure analy31s carrled out using

A single crystal of the tetraethylammon1um salt of Co(B702H9)2 Because |
N .

disorder was found, the accuracy of the determinatlon was limited. The
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:7grbsshstructufé prébosed by Hawﬁhbrne and Gegrge_was confirmed, One

; carbog'is io#atéd at’an apex, posiﬂion 1, bpt the other carbon is
-disordéfed between positions 6 énd 9 iﬁ each cage. Thus, no conclusion

can be drawn about the isomerism_of any single molecule.
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The dark red crystals of (02 5)A\ICo(B 02 9) sent to us by Professor

2
Hawthorne Unlver51ty of Callfornla Rlver31de grow in @he stape of
;_plate—llke prisms w1th ‘the (001) as the largest faces. The.only other
.bpromlnent faces are the (110) faces. .
Two crystals were used in this analysls. vThe first crystal was -
~glued to the tip of a glaSS fiber in air with itS'E110j direction
: -pﬁrallel_tb the rotation axis of the fiber. From oscillation and’
;iWeiSsenberé éﬁétpgraphs ma@e‘using‘Cg'radiﬁtion (Cu Ka1; k = 1.5405 R),
- the space groﬁp and approximdte céll.dimensions were determined. Using
:a<mdnﬁally 6pefétéd?GenergI Eleétric XRD-5 diffréétomeﬁer with‘a molybdénum
1;.k ='0.70926 i), the hkO, h + k = 2n extinction- |
. riule QAS'confirmed'and from measurements on the hkO, hﬁé and 004

_X-ray source (Mo Ka

feflections accufate cell'dimenSiohs.were determined. :

A second crystal 0.30 x 0,26 x O, 09 nm, was glued to a glass flber
in air w1th its a axis parallel to the rotation axis of the fiber.
Intensl£yvdata ;ere measured using a manually operated/Qeneral Electric
XRD;ﬁ diffréctometer with a‘quarter circle .Eulerian cradle goniostat
and a sc1nt111at10n counter equipped with a pulse height discriminator.,
' Moljbdenum Ka radiation was used with a 0 003 1nch thick Zr fllter
'placed in front of the receiving slit. The 1nten51ty of a refleptlonv
is the peak intensity minus ‘the backgroﬁnd intensity:éachvcounted for.

. ten seconds with the crystal and.counter stﬁtionary. The standard ’
AT deviafion,'otg), Qf the ihtensity‘was estimated according to the

fg,equatiqn, A1) = I+ 21bv+'(0.081)2, where I is the count for the

‘net intensity and I

1, is the background count. The absorptiéﬁ coefficient
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of this crysﬁal.for molybdenum X-rays is p = 7.6 cm~1. No correction

- for agsorption or extinctibn‘wds apﬁiiéd to the data. ’It'is.egtim&ted
-, that dbsorpﬁion-effects could éause a méximum error of 7'% in the
1nten51ty data. | . |

A1l 1ndcpendent ref]ectlons in one synmetry non—equlvalent set
with 20 = 45° (61ne/k = 0.539) were measured but not all of them vere
used’in'this-vork. of the 473 data between 26 = 40° and 28 = 45°,

“only the 146 with I 2 counts/second vere ueed. Excluding space group

E absences the conblnatlon of these’ data with all the data bclow 28 =

2 40° gave 1225 independent, reflections of which 299 had I < c(l).

AL éalcul&tidns we}e done on a CDC 6606’computer; Lorentz and
:fpblariéation correctionsvwere'applied @nd'thé‘data were con&erted into
 strubture factors. Refinemén£s‘were doné wifh ouf unpublished'vérsibn
'}of a full matrlxvleast squares program which minimizes the function
 :ZW l” l - IF ‘) /ZWIF ‘ whgre B and Ec are the observed and calculated
‘structure factors, respectlvéiy. fThe'we;éhting factors, E,'were set
equal to unity in the eariy refinements, but in the fin#l refinements,
W= [o(g)]fszaé used If I s o(I), then o(F) = [.Eo 1)]% and if L

> o(1), then ofE) = [L____]d -'[_2_ Lfo(l)]ﬁ' where'LP is the Lorentz-

' .polarization correction. Anlsotroplc temperature factors were of the

L 92
form exp(—h Bk 322—£ ﬁ33-2hkﬁ12-2h£ﬁ13-2sz23) for all atoms except

~_the nitrogens for which the form was exp (= (h + k )ﬁ - &2ﬂ33)§ The

. atomie scattering factors of Cromer and v!aber3 were used'fdr all atoms

©.(3) D. T. Cromer and J. T. Waber, Acta Cryst., 18, 104(1965).

considering them to be in their neutraIQValence state. Cromer's
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corrections for anomalous diSperSionA applied to the scattering factors

(4) D. T. Cromer, Acta Cryst., 18, 17(1965).

" of ‘the cobalt are Af!‘= +0.4 and Af'! = +1.0 électrons, The stereoscopic

‘pair draving was prepared using Johnson's ORTEP program.s_

~(5) €. K. Johnson, "ORTEP, A Fortran Thermal-Ellipsoid Plot Program

for CryStal Structure Illustratidns", Report ORNL. - 3794, Oak

Ridge National Laboratory, Oak Ridge, Tenn., 1965,
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Crystal Data

~ The crystais are tetragonal with unit cell dimensions 3 = b =

v16.556»t 0.0Qé.R and ¢ # 8.580ﬁi 0.004 A. The Laue group is 4/m and
| the 6nly oxtinction rule is hkO, h + k = 2n, thch is characteristic |
; of ﬁhé'centric space group P4/n.. With the origin of the unit cell
iat a center of symmetry, the general symmetry equivalent positions .

are +(x,x,g; %—;,%-z,g; %—x X,Z3 x,g~§,g) The density of the crystals,

'measured by f;ogﬁtion; is 1.13 g/cc and agreesuwith the density, p =

“1.15 g/cc, cal@glétedei@ﬁ?fdgr;mglecules in the unit cell.
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Do‘ormanstlon of the Strgglggg |
In space group PA/n, there are two choices of origin in comiion use.
In this‘work, the origin was arbitrarily ploced‘at ad position. The
¢ general symmetlry equivalent positions‘in space group P4/n are eight
fbid;“but there are only four moleculosvof (C ) NCo(B 02 9)2 in the
unit cell. Therefore, the cobalt and nitrogen’ atoﬁs must lie on special
positions. ‘The remainder of the asymmetric unit, consistiné of one
 ?complete boron*corbon‘cage ahd, in the absence of disorder, two distinct
‘ethyl groups of thevteiraethylammonium ions, lie on general positions..
Most of the:inﬁooSe reflections conform to the éoecial relationship
_.that h = 2n and k = 2n, thus' indicating that a substantial ‘portion of
_ the strhoture is near a 7 position. _Therefore, tho~Co atons were
plaood at épécial positions 4(d). This aséignment was confirned by
‘the Co-Co Harker peaks which appeared on the Patterson functlon.‘
The four nltrogen atons must 11e on speclal p051tlons which, in
‘the absence of disorder, must have either Z or 2—fold point symmetry
- fo preserve the tetrahedral bonding:geometry of a nitrogeh in a tetra-
- ethylammonium group. Thos, in space group PL/n, there should be only
| two p0551b1e sets of spec1al positions al]owed for the nitrogens, either
p051t10ns 2(a) and 2(b) or positlons 4(f). Accordlng to the Co-N
Patterson vectors, the z coordinate of the nltrogen atoms must be 3
r1n whlch case the four p051t10ns 4(f) degenerate 1nto the two p031tions
_of 2(b). Thése:vectorsrrole out-positions 2(a) at z = O.IrThe‘Pétteroon
vwoold, howevor, allow two of the'nitrogeh'atoms,tovbo placed at positions .
- 2(g) bdbut the'L—foldvpoint‘symmetry here would'deoﬁroy tHe'fetrahedral

w”bonding,geometry around these nitrogené'unless the tetraethylammonium
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groups were disordered. ‘This disordéred,érrangement for two of the
four tctraethylgmmonipm groups was later confirmed._

: The detcrmination of the structure was not straight forward., Only
the poéitiohs.of-the cobalts were known with’certainﬁy and since they
" were lying on inversioh cenﬁers,'théy contributed phase information
6nly for the reflections with h evenband k even. A Fourief_prepared
. using only the daﬂa having h evéh and g}even conforms to a higher symmetry”
‘éﬁd cpntainsbmany spurrious peaks as weil as the peaks corrésﬁonding

to atoms in‘the molecule. iThe'structure was determined by comparing
s thiS'Foufier with a model of the expécted structure and by ruling out
combinations Qf peaks'as beihg.chgmically impossible. }A complete

- description of the determination is presented elsewhere.

(6) D. St. Clair, Ph. D. Thesis, University of California, Berkeley, .

California,-to be published;

A Fourier using ail.data(éhd'usiné'phaées calculated from all atoms
except the tetraethylammoniu% groups was prepared. This clearly showed
two_tetrahedral tetraethylammonium grdups:whose‘nitrogens were iying
6n spécial_poéitibns.Z(p). It also showed two other nitrogeﬁs at

 'spec1al p031t10ns 2(c) where z was sllghtly greater than 2. These -
..p051t10ns 2(c) must exhibit 4~fold rotational point symnetry along

" the 2 dlrectlon and as expected, the ethyl groups here apreared disordered.
:  One cgrbon.atom in the ethyl group, the onevattaChed to the'nifrogen,
"f_appeared on thistoqrier as two resolved half atoms while the second

iCarb§n atom in the ethyi group, the one not attached to thernitrogen3
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appeared as a single unresolved atom with about the same z coordinate as

the nitrogen. This disorder can be described as two tetrahedral (more

..strictly ;peaking, éphenoidal) tétraeﬁhylammonium_groups both witﬁ their

‘ Z axis pointing in the z direction but one'rotated around this axis by 90°

~ from the position'invwhich ﬂhe‘two groups are“coinéidehta Constraints
required to,prEServe=the sphénoidal symmetfy“bf'the disordefed éétraethyl-'

. anmonium grbup were placed on thé model refined by least squares.

When all the light aiomﬁ in the cage were given the scattering

 power of ‘boron, & full matrix least squarés refinement of the positions
-and ‘anisotropic thermal.parametefs for the cobalt atom and positions
“and isotropic thermal parameters for all other atoms except hydrozens
 ?gaven3 = 0.124 for 926 data, where R = Ellﬁgl - ]EglI/ZlEQI. Thermal
"pardmeters and interatomic distances showed that there was one carbon

“localized at‘positibn 1, an apex of the cagé and that the other carbon

was disordered between poSitions 6 andv9. fTherefore, in all further

refinements‘C(1) was'giVen'the scattering power of carbon and BC(6) and

- BG(9) were given the scatterihg pover of half carbon and half boron.

A final series of refinement was done in which all atoms were given

'ahisotropic thermal parameters, the anomalous dispersion corrections

~ were included, and weights derived from the standard deviations were

included for all reflections except those having I < o(I).which vere

.- given zero weight. The resulting ‘value for 926 data wlth Iz o(1)

R calculated for all 1225 data wvas R = O. 133 and the

R, = o. 15 whore R, [zw(lF | - IF I)z/ZWIF l 35

fﬂThe stqndard deviation of observation of unit weight, given by (2w

"(IP | - |E |)2/(g g)]é where p and p are the number of data ‘and

'4
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_parameters; respectively, was 1.9. Rqot:mean‘squaré averages‘of
: (lfolv—_lﬁc[)/d(ﬁ) taken over small inteﬁsit& raﬁgés'ihdicated that
théfkigh intensity refiections vere over—wéighted by about a factor
' of two. In}the final éycle-éf refinement; no parameter shifted by
" more than 10 % of its estimated staﬁdard deviation; A difference
Fourief phased By the parameters_resulting from_the final refinement
i'was prepared. The iargest peak'apﬁeared at the origin and had a
- magnituae of O.7_electron/ﬁ3. The next largest peak was 0.5 electron/ﬂa
“ and the rest éf the peaks decreased smoothly in peak height. lost of
. -the residual electron density resided near the boron-carbon cage at_‘
distancés too short to be hydrogen»atomsr_‘lt was concluded that.the

-_.data‘were inadequate to locate the hydrogen atoms.
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‘Results and Discussion
Final values for the atomic ooordinates of all atoms exoept hydrogens
‘Are given in Table I,_final values for all aniéotropic thermal parameters
afe_éiven in Tabie II, and observed and calculated‘structure factors
éfe-given in Table III. “
As oxoecﬂed by“Hawthorno and'George 2 the structure of”the Co(B 7 o 9)2

‘vanioh'is cohposed*of two bicapped square antlprlsms linked by a cobalt
gaton which 51multaneously occupies a non—aplcal corner of each cage.
 The cages are con51derably distorted from ideal square-antiprismatlc
. shape. -The dlmen31ons of the-anlon correaoond to.p01n§rsymmetryf02h
YL(Z/m) within the accuracy of the doterminatiou;
In alpreliminary commuhication to Professor Hawthorne, we said
‘ fﬁe'Carboh atons wefo looated‘at positions 1 and 9 in'Figuré 1;and he
éubéequently published that statement;z However, upon(furthor'inVestigation,
" we concluded that one carbon is:lOcalized at bosétion 1, an’aoéi,'buf the

'oéhér carbon is disordered between positions & and 9. The effect of

| ﬁhissdiéorder is most pronounced in the anisotropicvthermalgparametérs.
_vThey are quiteflargé andluery anisotropio.' Inspection of tuo r.m.s,
© thermal vibrational' amplitudes of the atoms in the cage, given in Table
;IIV reveals very large displacements of the atoms. This result oould,‘

‘however be accounted for in three vays; (1) the data'are of poor

ﬂquality and the temperature factors are meaningless.because.they are
. merely occommodating thé large discrepancies between F and the oofrect
values, (2) there actually is a large amount of very a;usotropic thermai
E“motlon or (3) for half of the cages in the lattice, a carbon. ‘occupies |

"pOSitlon 6 and‘a boron is in p031t10n 9, and for the rest of the cages,

uthe,pOsitions of the cafbon:and boron are interchanged. For auy given .
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Table I |

Positional}Parameters (x101*)€—i

CMow X X &
Atoms in the Co(B,;czHg);anionh n
Co(2) 0000(0)  0000(0) . 0000(0)
§ c(1) 0891(6) ’0747(6) - =0136(13)
; - B(3) 0591(8) 0907(8). 1500(17)
é B(4) 0m7(8) 1716(8)  0040(18)
i B(5) 0275(8)  1016(7) =1472(17)
| ) BC(6) -0571(7)  0875(7)  1281(12)
- B(7) -0113(9) 1872(8) 1351(18)
B(8) -0243(10) 1938(9) -0828(18)
4 BC(9) 0708(7)  0945(7) -0715(13)
4B(10)V - -1020(9)  1682(9) 0482(i9)

Atoms in the
N(1) |
c(11)

c(12)

ordered tetraethylammohium groupv

2500(0)  7500(0)  5000(0)

1985(8)_1_1983(7)' ’3911(13) 

1413(10) =1380(11) 4792(15) .

- Atoms in the disordered tetraethylammonium group

N(z)
¢(13)%
c(13)%%

c(14) <

'2500(0)  '2500(0)
-2374(13)  1807(10)

2374(13)  1807(10)

2247(9)

0972(7)

5299(9)
4196(19)
6402(19)
5299(15)

(a)

Standard deviations of the least significant digits'eé@imated

" by least squares are given in parentheses. .
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Table I(continued)

(b) Tﬁe numbering system used for the anion is shovm in Figure 1.

(c) :0(13) and C(13)*.represent disdrdered half atoms. Constraints
.fofced on the'ﬁarameteré of the model of this disordered tetra-
étﬁylammonium group.are: X and y of C(13)* equal‘g and ¥y 6f c(13),
z of c(13)* vas kept as-huch aﬁoVe the xy plﬁne through N(Z) as

G(13) was below, and z of C(14) equals z of N(2).
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| Atom

Co(2)
c(1)
B(3)

B(4)
B(5)
- BC(6)

B(7)

| - B(8)

BC(9)

B(10)

RO

c(11)

C(12)‘

: N(2)2
c(13)¢
- C(13)x&

o)

B

306tb1
4e52.5

6.0+.8 .
5,65,
C4TRT

6.6+.8
7.Lt;8
7.5¢1.0
4.0%.6
5:4%.8

Anisotropic Thermal Parameters®

'Egg'

Table 11

i B2

B3

Atoms in the Co(B,C.H. )~ anipn

LoT+,T

3.8+.6

 5.3£.8
3.8+.6
- 6.2+.9

77292
v503i01 “O-1t-1

Te32:7 ;0.52;4
7.75.8  0.2¢.6
9.8£1.0  0.5%.5
8.5¢.9 =0.3t.5
6,527 =0.12.6
9.141.0 ~0.8+.6

8.21.9 “154&07

508t06 ’008i04 

11.0%1.1 1127

-Oi1io1

—003106

-1.9%.7

“1.4i.8
Tebt 7

" =0,1%.6

101+.8
-0,5:.8
~0,3+.5

0.2+.8

UCRL-18901

-b,2t.1
-0.1+.6
~0.41.6
O;O¢.8
0.3+.7
~0.4%.6
~0.64.,7
=0,3+.7

0.1%.5

'_-O.Zf;8

Atoms in the ordered tetraethylammonium group

6.85.6

6.8+.6
,8.6i.8 8.1+.,8
1 9.8:1.0 13.9£1.3

13.94.8 0,050
v5;1t.6 4201to7>
7.7£.9  5.3£.9

' 0.0:0

-O.?i 06

TobtaT

0,010

0.8+.6

- Oo1t08

Atoms in the disordered tetraethylammonium group

5;2t.5

8.8ti.2

8.8+1.2

10.6+,9

502f05
7.8+.9
7.8+.9

v306i05 

4o65.8 0,040

700109 : 004t100
7.0+,9 0.4%1.0

14.551.0 =0.5%.5

0.0+0

0.4%1.1
~004t101

=0.7+.7

0.0+0
—A.Ot.g
4.0£,9

-2oot06

by B

= Aﬁ

’13

*
/ where a,

-l_-J ’

cell dimension.

- (a) The anisotropic thermal parameters, B, in units of A

is the length of the éfm

, are given

reciprocal
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~ Table II{continued)

Bip = B3 = By =0

Constraints forced on the disordered half atom in order to preserve

Symmetry condltlpns rqumre 211 = Ezzkand

sphenoidal symmetry are: B.., B,,, B.., and B, of C(13)* equal

By1s Bopr Bz 2nd By _
theléorresponding values of C(13) and B, and B,, of C(13)* are

the negitive of those of C(13).
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Table IIT

Observed and Calculated structure'Factors,- Each reflection given

- zero weight in the final refinement is indicated with an asterisk.
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. o
OBSERVED AND CALCULATED STRUCTURE FACTORS
FCA{0,0,00 = 2112
n
H FOB FCA 4 257 259 16 70 66 10 142 127 5 11 13 13 0 13» 6 40 37 11 51 46 2 95 @3 9 o 5". 2 12 7 10 55 51 2 66 65 T o 2% Kel= 4y 7
Kelm 0, 0 6141 138 Kol 3¢ 1 11 0 138 6110 9 1o © 126 7 0 2+ 12 13 L 3 0 1s 10112107 3 lg 17 1t 0 & 3 49 35 8 2¢ 22 1 0 2%
2 273 311 8 * 1 2060248 12 T9 T8 7 13 11 Kele 6, 2 8 71 61 13 a4 4% 4101 s¢ 11 O 4 9+ 12 82 Bl 4 19 75 9 0 1s 86 82 .
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cage, the distances to the carbon are shorter than the‘distancee to.
tne corresponding boron. Thus, some of the atoms in the cage are
’, shifted closer to position 6 in some of the cages and closer tolposition
9 in the other ceges, depending'on the position of-theicarbon.:,Since
we observe an ‘average effect in the X-rayzenalyeis, it appears.as though
the atoms in the cage have large thermal motiOn when in reality, the
| temperature factons are attempting to accommodate'two,atoms displeced
- slightly from‘eaon other."It is more likeiy tnet the thermai parameters
.:are desoribing disorder‘nather thanithermel motion since, as is well |
,:dieplayed by tne stereoeoopic'pair dnawing shown in Figure 2; no clear
pettern.of collective motion is shown Ey the thermal ellipsoids (e.g.
‘bending motion of the cages across the cobalt, ‘etc.). Also, if a
:vcarbon is disordered between positions 6 and 9, it would be expected
that B(10) would be affected more than any ‘other atom in the cage,
"with its largest movement almost along the z direction. The conponent
of the thermal ellipsoid for B(10) is the largest in the z direction
and is larger than any component for any other atom in the cage. Thus,
it appears likely that one carbon is 1ocalized at position 1 and the
‘other carbon is disordered between p031t10ns 6 and 9. This disorder
. makes impossible a decision about the isomerism of any partioular anion
in tne’cryStalg Let us say that a Co(B7 2H9) cage is a D cage if the
. .carbons are in p031tions 1 and 6 and 1ts mlrror image in which the

: 7292
- &nion, there are two possible synisomers, a D-D and an 1~L, and only

. carbons occupy positions 1 and 9 is an L cage. Then for the Co(B C.H.)T

one antiisomer, a D-L. There. are, however two rotational orientations
. possible for the antiisomer in the crystal a D-L and an L-D. The

disorder found in this work may be accounted for in the following ways:
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(1) all tho Co(B, 2H9)2 anions are synisomers, half D=D and half L-L,
;(?) all the anions are antllsomers and the probablllty that an anion
will pack with a D-L orientation is equal to the probability that it
will pack with an L—D_orientation, or. (3) anyhcoﬁbinatipn of the first
“ vThe'disordered:tetréethylammoniUm grduﬁiﬁay be pictired as two
ihterpehétrating §phe6§ida1 teﬁraethyléﬁﬁdﬁiﬁm:giéﬁps wifH'£héifaZ”

: ;axes'coincident; Oﬁe grOup is rotated 90° about the Z'axié:from»the
EépositiOn‘ih.which all atoms are coincident, thus giving the entire
1group-4—foid rotational syﬁmetry, This A;fold axis is‘aidng'the z
:&irectibn 6f the unit cell. ‘The.two carbon half atoms in this disordered
;tetraethylammonlum group, C(13) and C(13)*, are separated by 1. 89 A
»{1n the'z dlrection. ! | '

Interatomlc distances for all atoms are given in Table V and inter-

g éiomic angles‘ln the anion are given in Table VI. The standard deviations
‘quoted gfe very optimistic estimates sihéé7£hey\afé"célculéted from |
vleast sQﬁares estimates of thé accuracy of the atomic positions and
- do hot‘expiicitly take into account the effectSJOf the disorder.l

| Because gf fhis disorder in the cages, distances and angles involving
BC(6)vahq BC(9) have little chemical meaning since both of these

fj??bsiti§nL are averéées of the values g;ising vhen the ppsitipn is
ioccupied'by a carbon or a boron. As éxpe#ted the distances to atons

 fat the aplces, C(1) and B(10), are shorter than dlstances to the non-
fiapical atoms because of thelr lower coordlnation. The longer distances
to B(5) and B(3) from the cobalt are a result of the non—planarltj of

" the open faces of the polyhedral fragments.

"~ The molecular packing is shown in.Flgure‘a by a projection of the
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Table V

: . . !
Interatomlc Distances™

- Atom 1

Atoﬁs in the Co(

Col2)
- Co(2)
Co(2).
 Co(2)
'60(2)
c(1)

(1)

¢(1)
B(3)
- B(3)
"B(3)
. B4)
B(4)

; B(@) B ,

: B(s)ﬂ

B(5)

BC(6)
BC(6)

B(7)

B(8)
B(10)
B(10)

- B(10)

Aton. 2  Distance(})
5702H9)5 gniop
0(1)_ 1.93
BO(9) $2.05 7
BC(6) 2405
B(3) " 2.15
B(5) 2.15
‘B(B) | 157
B(5) ‘1.60
CB(4) - 1.64
A_'; BC(6)  1.79
B(4) 1.8
B 190
B(8) 179
B7) 179
3(5) 1,89
BC(9) .76
B(8) 1484
B6(9) 1,73
B(7) . 1.82
B(8) 1.89
BC(9) ig82
BC(6) 1.68
- BG(9) 1.68
B(7) 1.7

UCRL-18901
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Table V(continﬁod)
B(10) = B(8) R
r Atoms in the ordered tetraethyiémmoniumggroup
i{ N(Q1) c(11) 1.53
‘ o) c(12) 1457
' Atoms in the disordered tetraethylammonium group
| ‘N2 c(13) 1,50

\
| . A
’ ] | c(13) c(14) 169

(a) Stqndard deviations estimated from least squares estimates of
l
the accuracy of the coordinates are *0.,01 A for distances to

Co(2) and $0.02 A for &1l other distances.

AL
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 Table VI
| | Interatomic Angles in the CQ(B70239)2 Anion
Atom 1 Atom 2 Atom 3 Angle(degrees) Atom 1 Atom 2 Atom 3 Angle(degrees)

R Ahgles around 3-membered rings

c(1) Co(2)  B(3) 4.9+ 0.5  C(1)  Go(2) B(5) 45.7 £.0.5
B(3)  Co(2) B0(6)  s0.3:0.5  B(S)  Col2) BG(9)  49.3t 0.5
BG(6) 00(2) Bc(é) 50,0 + 0.5 'B(3)v c(1) B{4) 7.3+ 0.8
i BL) () B(S)  TA 0.8 C()  B(3)  BM)  56.1 0.7
| c(1)- B()  B(3) 52,6 + 0.7 (1) | 5(4)»‘ B(5) '53;4 + 0.7
c(1)  B(5) 5(4); 55.3 £ 0.7 -~ B(3) | B(4)  B(7) 62.3 + 0.8
'BKA) B(3)  B(7) v_ 56,9 + 0.7 | B(3)  B(7) B(4)  60.7 ¢ o.é
| 'B(a) B(7)  BG(6)  57.4 £ 0.7 B(3)  BG(6) B(7) . 63.6 £ 0.7
|  :_36(6) B(3) 3(7) - 59.0 & 0.7 | Bc(6) B(7)v B(10) - 56.7 + 0.8
B(7)  Bo(6) B(10)  58.3+0.8  BC(6) B(10) B(7)  65.0 % 0.8
Bc(é)' BC(9) B(10) . 58.9 + 0.8 .Bc(9) ’BC(6) B(10) 58,9 + 0.8
Bo(é)' B(mo)' BG(9) 62.2 + 0.8 - 13(8) - B(10)  BC(9) 63.8 + 0.8
B(8) BC(9). B(10) - ,60'3 + 6.8 - BC(9)  B(8) B(TO) 55.9 + 0.8
B(5) B(8) BG(9) 574 0.7  B(S) BO(9) B(8)  61.8 % 0.7
B(8) B(S) BG(9) 60.7£0.7  B(5) B4 B(8)  59.8 + 0.8
B(4)  B(5) .3(8) 57,6 £ 0.8 B(4)  B(8) B(5)  62.6 2 0.8
B(4) B(7) B(8)  58.3+0.8  B(7).  B(4) B(8) v63.4 + 0.8
B(4)  B(8) B(7) 584 :0.8  B(7)  B(8) B(105- 55,7 + 0.8
CB(8)  B(7)  BUO)  58.4:0.9  B(7T)  B(10) B(8) 5.9 0.9
:  Angles around 4-membered rings H
Co(2) B(3) ~ B(4)  100.0 + 0.8 _1c°(é) b(s) B(4) f%~99.1 + 0.8

B(3)  Co(2) B(5) 73.9: 0.5 B(3) - B(4)  B(5) 87,0 + 0.8



Bc(é)
BG(6)

c(1)  '
- B(3)

B(3)

c(1)
B(4)
- ¢(1)
B(3)
e(1)
B(4)

Co(2)

B(3)

B(7)

B(3)

BC(6)
B(4)
B(5) .

Co(2)

"B(S)

B(7)

BC(9)

B(3) .
BC(6)

c(1),
B(4)
~ B(7)

B(7)

Co(2)
B(sﬂ

B(s)

. Co(é)

B(10)
BC(@)

- B(10)

B(5)
B(4)
B(5)

'Co(Z)

- B(3),

B(8)

B(8)

BC(6)

BC(9)

B(s)

B(7)
BC(6)
B(7)
B(8)
BC(9)
BC(9)

- B(7)

BC(9)
BC(9)
B(10)

B(8)
BC(9)
. B(7)

B(8)

BC(6)‘

'\10955

97,5
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88,4 ¢+ 0.9

93,3 + 0.8

 108.0 + 1.0

-103.5 + 0.9

109.5 +- 0.9

I+

0.9

i+

99,7 + 0.9

107.8 + 1.0

100.2 + 0.9

85,9 + 0.4
99.7 + 0.9

110.0 + 0.8

82.3 ¢+ 0.5

i+

1.0
11744 % 0.9
97.4 + 1.0
98,4 + 0.9

102.8 + 0.9

112.0 + 0.8 _

81.9 + 0.5

B(7)

B(7)

c(1)

‘ Co(2)_

Co(2)
: |

c(1)
B(S)

' ¢(1)
| Cof2)

Co(2)

B(3)

~ B(3)

B(4)
B(4)
B(4)
B(5)

Co(2)
B(5)

B(8)
BC(6)

Angles arou_JLd . 5-;membered rings
- c(1)
B(5)

B(5)
BC(9)

Co(2)

BC(6)

c(1)

B(5)

B(8)
B(4)

BC(9) .

BC(9)
B(7)
B(4)

B(3)

B(8)

B(7)

BC(9)

BC(6)
B(8)

B6(9)

BC(9)

BC(9)
BC(6)
BC(6)

B(7) -
' B(4)~
' B(8)

B(7)
B(8)
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unit cell onto_the §X,plnne, Only half of the‘unit céll is shown
(g,YO to'1; ¥, O to $) since the othér half is reldted to this by a
center of symmetry at $,%,0. The disordered'tetraethylamm5nium gfoub

with N(2) lying on a 4-fold axis is shownvwiﬁh jits bonds dashed to

; distinguish it from the tetrahedral group around N{1) shown in solid

lines. The cages are lying nearly in the xy plane with g': 0 and z

= 1 for all the cobalt atoms. The teiraethylgmmonium groups are

situated with z = § for N(1) and z = 0.53 for N(2), displaced 0.26 A

~ higher along the z direction than N{1).
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Thé»authots_uish tobexpress thanks to Professor M., Frederick Hawthorne

- and Mr., T. Adrian George for supplying'us with the crystals used in

this work,
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- Figure 2:

Figure 3:

a7 - - © _UCRL-18901
. Figure Captions
Skeletal drawing of the'Co(BiczHg)z anion showing the

structure, the positions of the carbon atoms, and‘the

numbering system used. o

Stereoscopic pair drawing of the Co(B702H9 5 anion showing

- thermal motion., Hydrogen atoms are not shown.
View of half of the unit cell (x, O to 1; ¥, O to %)

looking down the ¢ axis of the unit cell. The other half

of the cell is related to_this,By'a center of symmetry at

'%,%,O. The cobalt atoms are at z = O and .the nitrogen

atons are near z = 3. The ordered tetraethylammonium

groupvis shown with solid bonds and théldisordered group

is shown with dashed bonds.,
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or '

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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