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Abstract

The crystal structure of the tetramethylammonium salt of bis-n—(5,9;10->_

tribromo-(1)-2,3-dicarbollyl)cobalt (III), N(CHs)A[(B C_H,Br,) . Co], has been

9728732
determined by an X-ray diffraction study of a single crystal specimen. The

_monoclinic unit cell, space group P21/c, with a = 19.893 A, b = 19.487 A,

c = 15.058 A, and B = 93.15° contains eight formula units and four crystal-
lographically independent aninns. The calculated density is 1.967 g/cc, in
agreement with the measured 1.98 g/cc. The structure was solved by centro-
symmetric statistical methods and refiﬁed by a least-squares procedure to

a conventional R of 8.7% on 3002 data collected by counter methods. All
four independent anions have the same shape to within the accuracy of this
, determination. The 'anion, the product of a bromination during which the
bis-~dicarbollyl cobalt "sandwich" is believed to remain intacf, consists of

tuo substituted icosashedra with the cobalt as their common vertex. In each

R



VH’L?e~1n the reactant whrch is analogous to that in 0-B, C H but modified sllghtly

"Erby the presence of the Co(III).

';f‘_salt of the product ion once again establishes the bls-dicarbollyl metal structure

;__ 1cosahedron the carbons are adgacent to each other and to the cobalt, whlle the

ﬁ“j three borons bonded to bromine form the corners of a trianoular face. Two corners;gi,.
R of this face are as far as poss1b1e from the carbons and the third is adgacent o

"l to the cobalt. These\bromlnation sites are con51stent with a charge distribution ;ijf;>]

10 2 12’

Introductlon o ";Tff

Hawthorne and co—workers 3-8 have recently synthe31zed a number of n—dlcarbollyl

"Jﬁ;fmetal compounds analogous to the n—cyclonentadienyl "sandw1cn" compounds. They

8,9

. found that one of these substances, Co(B9 5 11) , could be electrophlllcally 77.”

’

) bromlnated by treatment with neat bromlne or bromine in glacial acetic acid to'

'-I-give CO(B c H8 3)2 . This is thought9

'.bupon the intact bls-dlcarbollyl-metal "sandwich" compound.

This determination of the crystal structure of the tetramethylammonlum _;;f377'

iy

" as two icosahedra with the metal atom as their common vertex. This work was

 undertaken in order to ascertain the positions of bromine substitution upon .

”:thesc icosahedra. It was found that the bromines are bonded to three boroﬁsgih,fa‘”““"

Uf?f each icosahedron which form a triangular face, one corner of which is'adjacenttl”vf‘r

to the cobalt atom. The other two corners of the brominated face are as far as . :

possible from the two carbon atoms, which are'adjecent to each other and to

’;the cobalt, o -

to be the first example of a substitution Z_K;;:'




. Experimentai _
3)4[(5 CH ) Co] were sent to us by Professor M.F.

Hawthornc of the Unlversity of California, Rlver51de. Intensity data vere

“Crystals of N(CH

collected from two of these orange-brown crystalg, both of which were approx—
imately 0.1 mm square and 0.05 mm “thick, The calculated linear absorption
coéfficient, b, was 153 cm""l(p,"1 =..O65 mm). We'estimate that the absorption
effect on intensitiéglmay var& by a factor of the order of 1.5 between the most
extreme cases. Both c;yétals were glued to the ends.of Pyrex glass fibers with
the plate perpendicular to the fiber, ;he instrument @ axis, and,thé b axis.

A General Electrlc XRD-5 X-ray dlffractOmeter equipped with a molybdenum X-ray
tube, a manual quarter—circle Eulerlan—cradle goniostat, .and a Zr filter at the
receiving slit was used to measure cell dimensions. They were obtained from
carcfully measured 2 6 (6 is the Bragg angle) values of the hOO, OkO, and 004

. reflections. The ‘alpha doublet was resolved (K(MoK ) = 0.70926 A). The B angle i
vas ootalned dlrectly from the anale on the ¢ circle between the h0OO and OOf i
sets of reflectlons. A card-controlled version of the same apoaratus us1ng a
copper X-ray tube and a N1 filter between crystal and counter, measured intensities

by scanning 20 at the rate of 1°/min”beginning'0.7° below the a, peak and

1
:ending 0.7° above the a, peak (X(CuKa1;Ka2) = 1.5405, 1.5443 A). Coincidence
losses ‘were negligible. Ten-second stati@ﬂary background,countétwere taken at
each end of the scan. Three réflections which were mgasured at frequent intervals
shoved no systematic trends over the cou;ée of taking‘either data set. The
maximum 26 was 75° (sin®/\ = 0.295).

The first crystal yielded 1598 1ndependent intensities before it was

a601dentallj deutroyed Of these, ~ 23% were measured once, ~ 64% either two




ﬁi;‘brvtﬁfeé;times;’apdikh;lfééaihder up‘to siX'iimeé.zThesé multiple measurements
’:fiﬁéludc reﬁeasureménté df £hé samé refléc@idn andvmeaSuremenis of equivalent
(-h,k,—&),reflectioné in én irrégular pattern caused by the fact that these
;’j measurements were made duringvan.initial explofation_of thé use of the newly-
";aCQuired'diffractometer.-The second crystal gave é complete set of 3002

P ;fﬂfindependent intensities. Approximately 75% of these (those with i&!f; 6) also"f

" had their equivalént‘(_h;k,_g) reflections measured. These figures do not

.-T}include the spacé groﬁp extinctibns Vpich were also ﬁeasured-and found to '

.. confirm the extinction rules. (0k0, k # 2n and nold, £ # 2n) obtained from . /
£ preliminary Weissenberg pﬁotographs. | ' ' o

The intensity, I, and séandardvdeviation,,o(l), for each measurement.’ fﬂiJL3

I=¢C- (% /2tB)(B +3B ) ‘and s

f% was calculnted by:

2(I) c+ (_C/Zt )2 (B, +B,) + (0.06 x I)2

'bfff; where C is the number of counts accumulated in scanning through the reflectlon

.ﬁﬁf'in time tc, and B, and B, are the background counts, each obtained in time tpe
., Mithin each data set, multiple measurements (including measurements of equivalent
--reflections) were averaged and the averages assigned standard dev1atlons cqual

1/2 .
s /~ ) , where o, and A; are the

—— - —

. to the greater of: /n )1/2 or (Ll

standard deviation and deviation from the average of the ith measurement and
' .gais the nuﬁber of measuremgnts averaged. The latter expressiOn did give the
3 yreater value in 10% of the cases in the first set and 15% in the second set.l"‘
- Later, it.vas realized that this procedure tends to "average out" fhe 0.06 x pe
nhluded in o(I), but this was approx1mate1y corrected when the two data sets
were combined as described below. A scaling fdnction between the two data sets.

was scught, but found to differ from 1.00 by 6nly small amounts (~ 5% in.F).




S =

" The combined data set waé generated by averaging (without scaling) thoce F

'_values1o which the two sets had in common and setting:

R(F ) = 0.5[02(21‘) - -(0.03_131)2] + 0.5[02(32) - (0.03E,)%] + (0.03F__ )2,

“ave 2 ave’ 7
- where the terms in square brackets were set to zero il theéy were negative., If

. it gave a larger number, o o) = 0.5(E, --_E_Z)2 was used and in no case was

F-
—av

ey

f any reflection of the'combined set allowed to have a standard deviation less
, ithan 3% of itself (corresﬁgnding to 6% of I). A plot of the resulting c(EO)
'A'versus Eo fevealed that the éréat majority of points fall on or near a smooth
‘; curve. We have found no simple description of this curve, but it starts near 10
electrons for small Eo’ stéys near 3.electrons for Eo = 40 to 100 electrons?
and follows the 3% of I, 1ine(theréafter. Forty-five percent of the data have
.202- 70 electrons, and of these, only about 8% have standard de&iations more
' than three electrons above the curve described, with the 002 reflection by faf.“
the worst at 441 x 66 electrons. These large deviations were, of course, caused
by disagreements between the two data sets obtained from the two different crystals.
All data were corrected for Lorentz and polarizafion effects, but nd cofrections _
beyond the averaging just described were made for absorption or extinction.
‘Computations were performed on an IBM 7044 and a CDC 6600. Zalkin's
- FORDAP and DISTAN programs (unpublished) were used for Fourier syntheses and

distance-and-angle calculations. An unpublished Wilson-plot program by Maddox

i which were used in

and Maddox pgave normalized structure factor magnitudes
 Long's sign-determining prbgram12 as described below, Our unpublished version

of the Ganzel-Sparks-Trueblood least-squares program minimizes the function

Xg(ggzo] - !Ec,)z/iu ;kﬁolz where I and P, are the observed and calculated

structure factors, k is the scale factor, and w is the weighting factor.
3




“E’Scattering factors13 for Co 3 and neutral Br viere corrected for the real pa"t
of anomalous dlspcrsion by =2.2 and 0.9 electrons, rcspectlvel*. The 1ma01nary
'53pant -of anome1ous dlsoerslon was nevlected Scauterina factors for neutral

=z nitrogen, carbon and boron were also taken from standard tables13. The

.sffflanlso tropic temperature factors used have the form. exp (=0.25 ZL ;?;?j;ﬁﬁtgﬁj))'»'fffun'

"ﬁ-i,i = 1,2,3, where b, is the ith reciprocal cell length.»A
-
Results
_ The monocllnlc unlt cell, space group P2 /c a = 19 893 .010 A,
;fifb = 19 487 + 010 A, ¢ ='15.058 £ .010 A, ﬁ = 93,15 + ,05°; contains eight

9728

'formula units of N(CH3)4[?0(B C.H Brs);. The calculated.density of 1.967 g/cc
flt":agrees with the value (1.98 + .01 g/cc) found.by~flotation:in a mixture of

‘*{f{f ;bromoform and ethylené'dichloride. These measurements apply to room temperature‘”'

?f(~ 23°C) and the error figures given are estimates. The observed extinctionst 551',”

-

‘\‘are occupied by cobalt atoms and all other atoms are in general four-fold

-

- positions #(x,y,z; x,1/2-y,1/24z).

Determination of Structure — Attempts to-interpret the Patterson-
*  function calculated from the second.(comnlete) data set failed because of
~&n error in commuriication which resulted in the mistaken idea that there were

four, rather than eight, molecules per unit cell. Normalized structure factor

. 1 . . - 2
magnitudes Eh’ were calculated and used in Long's sign—determining program1

vhich 1tcrut1vely applies the relation; gk ., Where s is to be read '

~ s & E

=1

=h

"the sign of", After vorking out enough of the signs by hand to discover a good

IN‘

" correspond to space group P21/c. A1l four of the two-fold sets of specialopOSition§!7gfsfv




set of "starting reflections". for input,:a ruq’ of Long's program on 379 E's21.5

gave one set of signs which was better than any other as judged by the smaller
‘number of“passés necessary to reach it and by its high consistency index

(0.82 as against the second-best 0.65). The consistency index is defined é&s:

coefficients showed sixteen largest péaks ranging in relative size from 1.00
BN | . |

to 0.57 with a defiﬁ;te break down to the seventeenth at 0.28. Isotropic

bromines at these sixteen positions, four of which were the two-fold special

e - |z 17z

A difference Fourier phased by these siiteen atoms showed all fifty-four of

positions, quickly refined to R = 0.26 where R = Zl gzo{.

~ the non~-hydrogen light atoms. The asymmetric unit contains four’half-anions
plus two.tetramethylammoniums. The refinement beyond this point was routine
except thét, because of the 1Arge‘number of‘parameters involved, it wés done
in a block diagonal fashion. The heavy-atoms‘(fbur anisotropic cobalts fixed
at the speéial positions plué twelﬁe anisotropic bfomines) were refined fuli-
matrii while the light atoms were held fixed, alternately with full~ma£rix
refinements of the fifty-four isotropic light atoms with the-heavy atoms fixed.
The two carbons in each 6f the four icosahedral fragments wefe identified by
their ;ow temperature factors-when refined as borons and the shorter distancg
between them. The partial data set from the first crystal was averaged in as

described above when the refinement halted at R = 0.11 and it was found that

the large disagreements were éoncentrated at low anglé (where most of the partial

data set had been obtained). Continued refinement using this composite data
set chanped the structure only slightly, but R fell to nearly its final value

~and the distribution of large disagreements became more uniform. Six cycles

T



.oIldlagonal-matr' ?if‘_t—squares (all parameters) finlshed the rcf:nement and

kgave the fnnal R value of 0. 037 The standard d(v1atlon of an obaervatlon |

nifﬁof unit weight defined as [Zw(rkF | lP 1)2/(u V)]1/2 where u is the number ftgi;*

;of data and ¥ is the number of 1nd°oendent parameters reflned was 2.28.
5Standard dev1atlons derlved from the final diagonal natrlx were all within ten;?;?fid
:':or‘twenty per cent of those obtalned from one cycle of full-matrlx reflncmentVf

" which included all parameters Y. In the last cycele, no parametor shifted. more - SEAR
ithan 4% of the standard dev1atlon calculated for it, except for the tetra- v
r¢{methy1ammon1um ions ‘where a few parameterS'shlfted by as-much as 1% of theer
"*jélcalculated standard dev1atlons. The six larnest peaks 1n a final dlfference 5

f?'ﬁtPourler (1.9, 1.8, 1.8, 1. 3, 1.1, and O 9 electrons/A ) were: all judged to bo;

. due'to errors in the data since their p051t10ns (far from any atom) made no

“chemical sense. This result made a search for hydrogens unjustified. The f;nal‘_

.i‘atomic coordinates and thermal parameters are listed in Tablebl and the valuesxlpvf g

r
o)

";QV?{Of | and I %¢ are given in Table II.

v .

) Discussion. -—’Figure1 illustrates the structure. of thedco(B902H11Br )1

, Fanlon which wa.s found and the numberlng system usod in this atudy. The top and:}~-f"*e>".

‘ibottom halves of the anion are related by a crystallopraphlc inversion cenuer

{locatcd at the cobalt. The same atomic arrangcment was iound for all four '

’ :crjstallographlcally unrelated anions. The anions are also all the same shapcvvrl.jp,, ¢ f
*fiﬁwithin the accuracy of this determination..Interatomic distances are prcsentedj e

';7ﬁh¥vin Table ITI and averages thercof in Table IV. The average B—B' B-C, C-C, B-ol,

“and B r-DBr d-stanceo are in agreéement with those found17~20 for 51m11ar comoourds.

‘f'The Br-B-B dngles are all (with one exception) within 5° of their 121° average




atom
1 Co

1 Br(5)
1 Br(9)

1 ér(10)'

2 Co

‘é~Br(5)_
2 8r(9)

2 Br(10)

3 Co

3 Be(5)

3 Br(9)

| 3'3r(1o)_

4 Co

' , 4 Br(5)

4 BI‘(9)

3 3;(10)

It

0.

b
.0939(1)
.1640(2) .

-.0010(1),

" 0.5 k

.3829(1)
.3712(2)

~ .5025(1)

0.

'.0684(1)

7 .1905(1)

.2332(1)

0.5
.4304(1)
.2666(1)

.3133(1)

X

0.
.0812(1)
.1975(2)
.2408(1)

- 0.5

4459(1)

| .2769(2)
~.3069(1)
0.5

.6171(1)
4844(2)

.6034(2)

0.

';.1032(1)
2-.0179(2)

- 1774(1)

2

0.

»-.1619(2)

.0155(2)

-.1278(2)

0.
.1533(2)
.0308(2)

.2262(2)

o.

=e1475(2) |
-.2110(2)
-.0147(2)

0.

| -.1683(2)

-.1510(2)

~.0066(g)

Table I .

§11

3.1(2)
'6.1(1)_

7.9(2)

7.6(2)
2.2(2)

4+9(1)
12.7(2)
8.3(2)

2.1(2) |

5.1(1)

6.2(1)
-4.3(1)
.:2;6(2)._

5.8(1)
4.8(1)

6.4(1)

"
{nal 2 4 N {(B,C
Final Positional and Thermal Parameters™ in (CHB)A i 5

B

2.1(2)
5.8(2)

6.9(2)

3.4(1)
2.2(2)
4.7(1)

' 8.2(2)
| 5.0(1)

2.1(2)
5.9(1)
7.5(2)
8.4(2)
2.5(2)
4.2(1)
7.5(2)

4.7(1)

5.0(2)

2n83r3)20<;]

B33 B2
3.0(2)  0.7(2)
5.0(2) -0.1(1)
8.3(2)  -2.5(1)
8.4(2) -0.1(1)
2.2(2) -0.1(2)
5.4(2) -0.8(1)
6.5(2)  -7.7(1)
4.8(2)  -1.0(1)
3.1(3) | 0.3(2)
8.4(2)  0.1(1)
6.9(2) —1;3(1)
8.6(2) -3.1(1)
2.9(3)  0.9(2)
3.3(1)  -0.5(1)"
6.9(2) " 0.1(1)

-1.7(1)

B

' 0.1(2)

.0.9(1)

~1.2(2)

-1.5(2)
0.4(2)
2.5(1)

1.4(2)

0.2(1)
0.3(2)
1.8(1)
~3.5(1)

1.3(1)

0.4(2)
£ 0.4(1)
-2.0(1)

0.6(1)

=13

' 0.0(2)
- 0.6(1)
1 0.2(2)

2.2(1)
-0.2(2)
0.4(1)
-1.0(2)
2,0(1)
0.0(2)
4.2(1)
-2,1(1)

-2.1(2)

| 0.2(2)

-0.6(1)
1.8(2)

0.6(1)



, S  Table I; continued o SR

ato;,{ x : .. . ¥ v .:4 . 2 C | § : : “ atom_ . x | x . ' . .B.' ‘

-~ —3

102) -o0(1)  .o01) T .os7(1) ms(s) s c()  .068()  .es(1) .0s8(2) s.8(e)

1638 .01201)  .050(1)  .115(2) e 3¢(3)  .053(1) C13(1) L004(1) 4.4(5)
113(4) .079(1) Losg(1) .058(2) 3.8(6) - 3B(4) .056(1) | 451(1) —,099(2')4_ 3_.9(6)' |

C1B(5) .ow() - .09101)  -.055(2) 3.4(6) 3 B(s)  .08s(1)  .540(1) -.067(2) 2.2(5)
18(6) -.00(1) .092(1) -.042(2) 3a08) 3 B(6) ._090_(.1) _'".546'(1') .052(2)  3.9(6)
18(7)  -.0(2)  .124(2)  .141(2) 7.5(9) 3B(7) .131(2)  .398(2) '.056(:2') ‘:'7.04_(_9)"
1B(e)  .060(1) .24(1)  .136(2) 4.3(7) . 3B(8) .122(1)  .399(2) -.053(2) 5.7(8)
1B(9) .0m(1)  .as0(2)  .029(2) 6.2(8) . - 3BO) | .u7(1)  477(1)  -.096(2) 3._3’_(55" .-

1B(10) .005(1)  .169(1) -.036(2) 3.8(6)  3B(10) .164(1)  .532(1) -.009(2) 3.5(6)
1B(11) -.068(2)  .151(2)  .083(2) 7.4(9) 3B(11)  59(2)  .483(2)  .091(2) 6.2(8)
1 B(12) .,.01’1-_("2)_ _.1_92@2) .  ,073(2) - 7.7(9) . 13 B(12) .185(1) 445(2) ';,007(2) 5.6(8) S
.zA‘c(é) ..‘580(1). .435-(1)i " ~.001(1)  4.3(6) | ) 4 ¢(2) .'4'4‘7("1) __.‘609‘(1)" | '-'.1'13('1)1"‘._ 34(5)
- 270(3) .-522(,1') 42201) L“.'OSZ(.’) 4?1(5) L 4o '_-4‘25(_1_). 060(1) .053(1). ;'3>.'7j(‘$,)‘f S
2 5) w301 413(1) ~og()  3.906) 4 BA) .407(1)  .037(1)  -.064(2) 3.9(6)
25(5)  .455(1)  .41e(1)  .073(2) 1.8(5) | 4 B(S)  .416(1) -—.085(1) - —.063(2) 4s(T)
2B(6)  .54101)  .436(1)  .101(2) 2.9(6) 4 B_(‘é)' 45(1) -.085(1)  .046(2) 76
2807) 578() 35702) .-"050(2). 6.7(8) | | 487 .32(2)  L0m(2)  .128(2) 67(8)
20(8)  u350) () ~om9@) 64®) 4 B(8)  wel)  .oko() o as(m




Table I, continued

+

- - et -

-2 B(9) .447(5) 340(2) T .023(2)  5.7(8) - 4 B(9) .336(1)  -.017(1) -.052(2)  3.4(6) |

2 8(10)  .509(1)  .32(2)  .109(2)  5.4(7) 4 B(10)  .257(1)  -.088(1)  .014(2) 2.9(6)
2 B(11) .589(1)  .361(1) 064(2)  4.7(7) 4 B(11). .373(1) -.060(1)  .124(2) 4.7(7)
C2B(12) s27(2)  Lm01(2)  .019(2)  6.3(8) 4B(12) .311(1)  -.020(1)  .060(2)  5.0(7)
e e Lass(1) .26501) 4.9(4) | | . Caw o L26901) .é59(1) 272(1)  6.3(5

ME(1)  .237(2) ";301(3) .196(3) 17?4(16)

N

1 14(1) .796(2) 1214(2) :345(3)  14.8(13) |

N

1 ME(2)  .701(2) - .245(2) .250(2) 11.1(10) ME(2) | .240(3) 7 .216(3) .337(5) 24.5(24)

N

1 ME(3)  .812(1) .235(1) A, .187(2)  8.1(8) ME(3)  .312(2)  .209(2) .233(3) 17.3(16),

N

11E(Q)  .791(2)  .329(2)  .300(3) 12.6(11) ME(4)  .301(2)  .317(2)  .328(3) 14.0(13)

-7

(a) The units are A2,
(b) The numbers in parentheses are the standard deviations in the least significant~digit as caleulated from
the final diagonal léast-squarés matrix. They are not significantly different from those obtained from the

complete matrix (see text and footnote 13).
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- ion no.:
. atoms

Co;C(2)'. .
Co-C(3)

~ Co-B(4) }_ . |
"v Co~B(6) :

Co~Bﬁ5); 
Co-Br(5)

Br(5)-Brt9)
Br(5)-Br(10)

Br(9)-Br (10)
B(5)-Br(5)

B(9)=~Br(9)
© B(10)-r(10)

et

 Distancos® in (Ciy) N’[B9 2383r3)20€]

‘T_,z.oa(z)b_

-1 3- u

‘Table. III

2,03(2)

2.02(2)V

' c
r.m.3. scatter =

 ?. 2.09(5)

2.05(2)

12,13(3)

2.10(2)

r.m.s8. scatter =

1 2.17(3)
~ TJnes.
- 3.527(3)
3 T.M.S,
" 3.716(5)
3.689(4)
T ellaSe
3.921(5)

TeleSe

1.95(3)
1.96(3)

'1.96(3)

rime8e

2.17(2)

scatter =
3.530(3)

scatter =

3.775(4)
13.730(4)

scatter =
3.869(5)
scatterA=
2.00(2)
1.95(3)
1,98(3)

scatter =

distances, Angstroms

1.98(2)
2.00(2)

034

2.14(3)
2.12(3) -

0037'

42.15(2) |

.007
3.511(3)

.009

3.709(4)
3.756(4)

027 -
3.816(5)
.043
1.96(2)
1.98(3)
1.96(3)

017

S-J""'\.‘
~

2.05(2)

©2,09(2)  '

2,17(3)

2.12(3) .

:2.16(3).

;é.§é7(3)_f

3.725(4)
3.719(4)

3.8760)

1.94(3)
1.97(3) |

1.96(2)




e

; ,Zfﬁi ;if}i¢(é);¢(éj£;£i

S s
‘ .;-,0(3)-8(4)"t
- c(2)-B(11) - -
“c(3)-B(8)
o
‘ "1”11?; v 0(3)-3(7)_:J;

T B)-B(s)
O B)-B(8)
;"*’ B(4)-B(9)
l'»"f 1'i B(5)-B(6)

ﬁ w‘:?;fﬁ'f?B(5);B(9) i

i i”1;x;: B(5)-B(10)

e ifﬁ% B(6)-B(10) -
Bv(é)'B(ﬂ)‘v
;"?;;"f B(7)-B(8)

~ B(7)-B(12)
i t’ 3 © B(8)-B(12)

B(9)-B(10)
B(9)-B(12)

'1;68(3)- |

1.63(4)
: i1.75(3)
'f1.71(4)
LT

‘1.81(4)v
REAGE

1.74(4)
.:'1.88(4)
B(M-B(11) -
(1.9105)
‘_j..1.75(4)
. 1.89(4)

r.m.SOlv

{p63(3) |
1.64(3)

rom's'

i%t j,©1(4)

1.79(4)

v" .1.84(4)
- 1.69(3)'

1.74(4) :

1.79(5) |

1.766¢).'
1.75(5)

©1.84(4)
.fussu)
L?NAfff
 1.84(5)

11;65(3)_.

1.75(3)

1.68(3)2

1.75(4)
1.69(4)
Lo1.(4)

1.73(4)

. scatter =

1.82(4)
1.73(4)

1.79(4)

1,78(3).

1.700)
1.74(4)

1.75(4)

1.79(4)
1.82(5)
1.76(4)
1.77(4)

scat.ter = ‘s

- Table III, continued

1.63(35lgf

023. -

1.77(4) 7ﬁ‘
.”1.72(3)' -
| 1.84(4) -
1.68(4)‘ f
Q7 1.86(4)_ji
¥l1.73(4): 7
064
1.88(3)
1.76()
 1.88(3)“

1.80(4)

1.82(3)
1.77(3)
1.81(4)
,1‘90(4)
f_1,63(55;
 1.82(5) )
C1.7404)
1.74(4) -
441.67(4) B
1.7104)

1.62(4)

-t

-81(4) -,.:.
.82(4)1;-7
.77(4)'¥4
1.8104)

77(4)

81(4)

.79(3)

.88(4)'i |
8104)
A7)

.83(4)

.83(4) |
«84(4) .f"
<75(4)

«79(4)

;66(3)_2_"

78(3)

~84(3)

72(3)

.64(3) :
.71(4).~,‘,'“' :
69(4)
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~Table III, continued

»

 fB(i6);B(11) fjfi.éé(a) .f1.76(4). "i.79(£)jH,f1.76(4)
UB(10)-B(12)  1.71(4) NG 1) 1.7
| B(11)-B(12)7j1*1.82(5) C190) 1.76() 1.19(4)

r.m.s;'scatter = ,060

CNE()149(5)  1.52(6)

NMER) . 1.46()  1.48(7)

f CNAME(3) - 1.49(3)  1.44(5)
CONAE() o 1.570) - 1.53(5)

r.m.s. scatter = 048 _ :f'

(a) None of these distances are corrected for thermal motion.

. (b) The numbers in parentheses are the standard deviations -  :' . |

in the least significant digit as calculated from the . o

standard deviations of coordinates (Table I).

(e) Each of the "r.m.s. scatter" values given is the root-
mean-square deviation from the average, [ZAZ/(gr1)]1/2,

~ for the preceeding set of distances. These are given
for compariéon with the standard deviations calculated‘

“from the standard deviations of coordinates.



rand show no 51gn1flcant‘deviatlons from thls value whlch are systematlc over

"“_the four anlons. The Br(5)—B(5)-Co angles are sllghtly smaller (116°to 119 ).

:vas exnected from the protru31on of the 1cosahedron s cobalt vertex. This e

:f_protru51on lu also shown by uhe umal‘ler angles (49. 4 w1th a root—mean—square
“7f¥;dev1atlon of # 1 7° about thls value) at cobalt. The 120 B-B-B angles necessarllv

Z“L;n:average to exactly 60° and have a root—mean—square deviation of 2° . The

ﬂ<-slxteen B-C—B and thlrty—two C-B-B angles average 63 and 58 1/2 while the ;d‘; TR

four C-B-C and elght B-C-C angles average 57° and 61 1/2 . All four of these sets

‘of angles show 2 1/2 root-mean-square dev1atlons from these averages. The .',v.:,.wg,
igfroot-mean—square dev1atlons are believed to be better measurements of the

- accuracy of these angles than the ~ 1.6° values derived from the standard

" deviations of coordlnates. The temperature factors in the dlcarbollyl portlon R

;iof the anions seem to indicate some rigid-body motion, but a rlgid-body analy51s
“f:e vas not done because of the absorptlon errors known to be in the data and o
’7fbecause of the excessive effort it would require.

The packing of the approx1mate1y dumbbell-shaped anions and the tetra—~ o

21 as 1ndicated in Figure 2 The .
21

‘:“methylammoniums 1is very similar to that of KHF,*"

' higher symmetry (tetragonal 14/mem) of the KHF2 structure

, "iis P2 /c subgroup (on the doubled cell): by the.anion's 1ack of cyllndrlcal

is broken down to;.

f*,{'symmetry and the up and down (in z) dlstrlbutlon of the bronlne substltuents.h LT

e If we con51der«only the arrangement.of plus.and minus charges, this is approx—
;f';_imately a CsCletype structure. '
~ f;."', The nentagonai rings.adjacenn:to cobalt are all planar to within the A o
. lzdaccuracy of this determination, but are tilted or Slld over in such a way as.

dfto decrease the cobalt-carbon distance and increase “the cobalt-boron dlstances

(Table IV). The tilt and slide descrlptions are equivalent and amount to ~ 3°




]

" Van der Waals radii (1.95 + 1.2 = 3.15 A

. the borons)was found“” in B,C,H, (CH

‘that in 1,2 -dicarbaclovoduodecaborane (B1OC?

"B, C.H derivatives and molecular orbital calculations

" and ~ .07 A,'respectively;'This'iéhdnterpretéd as the effect of the Br(5) of

one dicarBollyl.being crovded upJééainst the hydrogens'on the carbons of the

‘other. This interpretation is supported by the short Br(5)-Br(9) and Br(5)- Br(10) "
distances (Table IV), If we assume that each hydrogen is 1.10 A from its carbon
;«‘. and in line with the carbon and the opposite“icésahedral vertex, the bromine~ |

’;hydrogen distance is only 2.75 A, which is 0.40 A less than the sum of their

)22. A similar steric effect of about o

the same siié, but in the opposite direction (carbons farther from metal than

23 oCatlg (CH3) ,PAC, (CgHs), in which the methyl groups

" are on the dicarbollyl carbons.

The electrophilic brominétion sites found for this anion may be rationalized?ﬁ~

. if we say that the charge distribution in the dicarbollyl portidn is similar to

18-20

~ induced by the Co(III). Substitution sites , and dipole'moments24 found for

1072712 18,19 for the parent

compound all lead to the conclusion that the borons farthest from carbon
' are the most susceptible to electrophilic attack and this susceptibility decreases

- as the carbons are approached. This analogy, considered alone, would indicaﬁé

that our B(9) and B(10) are the most subject to electrophilic attack and B(5)
and B(12) are second. Polarization by the cobalt would then determine the choice
between B(5) and B(12), possibly causing B(5) to become more subject to electro-

philic attack than the B(9)-B(10) pair.
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Hiz),_but modified by a polarization';’"
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Average Distances in (CH ) NIIB9C2H8Br3)205]
w,ctoms' ';cbi E idiétancé, A‘f

- - ~ﬁ';”"'4 . o
L C=C T 1.654 £ .017
013 .

(T

" Cc-B “][afi7§;l;1.725'

ftBeB T iqpge w007 i

TS

I+

+

VFv.Co-C(2,3)cllq #: 2.02 + .013

1+

Sl e T comB(4,6) 2,115 5 L00

s

1+

S A', 7]i }éggja, ~ Co-Br(5) ~u;i ' 3.524

_ 4 , ,o1o_ﬂ§i
: 'igv'A'EﬁQ;;fjif .:B§(9)-Br(10) 'vfk  3.$70

W

5025,c i

R &

1+

e (a) None of these distances are corrected for 3¥ 35_f;?;’_‘ '1';Agéi; |

'_-thermal motion.

vj;kb) iThelerror figures are our best estimate of the .- . ; . S .A
precisicn cf these averagés. They have becnv R |
peésimistically chosen as the greater of !
[26%)Y2/(3-1)] ar [(22)?/n], wnere & is o
the deviation from the avéraga, o is the

standard deviation of a single distance as - i
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- ‘Table IV, continued

" caleulated from the standard deviations of

.+ " coordinates, and n is the number of distances

" averaged. The latter expression was the

-:;;@ larger for the C-C, B-Br, and Co=B(5) distances.
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'L?Q’Figure:Captibhsf;f;";; {i;;[;fiﬁﬁ;”“‘-;(

e

Figure 2, — The crystal structure of N(CH ) ljB 02H8Br3) 05] compared w1th

that of KHF,. In both drawings, the cations are at z = 1/4

and the anions at z = 0, The anions at z = 1/2 (not shown) are f[ﬁ

‘related to those shown by the c-glide which runs horizontally

~ ‘across the center of each drawing.
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