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Abstract 

The crystal structure of the tetramethylammonium salt of bis-n-(5,9,10-, 

tribromo-(1)-2,3-dicarbo11y1)cobalt(III), N(CH3)4[(B9C2H8Br3)2Co], has been 

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

,monoclinic unit cell, space group P21/c, with ~ = 19.893 A, .Q = 19.487 A, 

.£ = 15.058 A, and ~ = 93.150 contains eight formula units and four crysta1-

lographically independent aninns. The calculated density is 1.967 glcc, in 

agreement with the measured 1.98 g/cc. The structl~e was solved by centro-

symmetric statistical methods and refined by a least-squares procedure to 

a conventional 11 of 8.7% on 3002 data collocted by counter methods. All 

four independent anions have the same shape to within the accuracy of this 

/ deterrnine.tion. The' anion, the product of a bromination during 'Vlhich the 

bis-dicarbol1yl cobalt "sand'VTich" is believed to remain intact. consists of 

t'.t1O sub3tJ. tuted icosahedra wi th the co bal t as their common vertex. In each 

'-. 
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icosahedron, 'the' carbons are adjacent to each other and to the Gobalt, while the 
'i . 

thre'e borons bonded to bromine form the corners of a triangular face. Two corners" ,,' 

of this face are as far as posslblefrom the carbons,. and the third is adjacent 
\ 

to the cobalt.- These\bromination sites are consistent with a charge distribution :. 

in the reactant which"ls analogous to that in .Q.-B10C2H12~ but modified slightly'" 

,by the presence of the Co(III). 

, , Iritroduction 
" 3-S' ' ' 

Hawthorne and co-workers have recently synthesized a number of ri-d1carbollyl 
") 

"metal compounds analogous to the TT-cyclopentadienyl "sandwich" compounds. They.', ' 

round 
8

, 9 that one o~ these substanoes, Co (B9 C 2Hll ):r 1, could .be eleotrophl-ll oill~ 
, ' 

brominated by treatment with neat bromine or bromine in glacial 'acetic acid to ' 

19' ,give Co(B
9

C2HSBr3)2- • This is thought to be the first example of a substitution 

upon the intact bis-dicarbollyl-metal "sandw?-ch" compound. 

This determination of the crystal structure of the tetramethylammonium 

salt of the product ion once again establishes the bis-dicarbollyl metal structure 

as tlt'O icosahedra wi tlt the metal atom as their common vertex. This work 'was 

undertaken in order to ascertain the pos'i tions of bromine substitution upon " 

these icosahedra. It was found that the bromines are bonded-to three boronsin 
", '~ 

,each icosahedron which form a triangular face, one corner of which is adjace!lt 

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

possible from the two carbon atoms, which are adjacent to each othe~ and to 

,the cobalt. 

:.,", , 
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Experimental 

Crystals 6f 'N{CH3)4[(B9C2H8Br3)2Co] were sent; to us by Professor H.F. 

Hawthorne of the University of California~ Riverside~ Int~nsity da~a "rere 

collected .from two of these orange-brown crystals, both of "rhich. were approx-

imately 0.1 rn."I1 square and 0.05 mm thick. The calculated linear absorption 

co~fficient, j..I., was 153 cm-1 (j..I.-1 =' .065 mm). He estimate that the absorption 

effect on intensiti~~, may var~ by a factor of the order of 1.5 between the most 

extreme cases. Both crystals were glued to the ends of Pyrex glass fibers with 

the plate perpendicular to the fiber, the instrument ¢ axis, and. the Q axis. 

A General Electric XRD-5 X-ray diffractometer equipped with a molybdenum X-ray 

tube, a manual quarter-circle Eulerian-.cradle goniostat, _and a Zr filter at the 

receiving slit was used to measure cell dimensions. They were obtained from 

carefully measured 2 9 (9 is the Bragg angle) values of the hOO, OkO,and OO~ 

reflections. The
l 
alpha doublet was resolved (A(HoI~a1) = 0.70926 A). The ~ angle 

was obtained directly from the angle on the ¢ circle between the hOO and 001 

sets of reflections. A card-controlled version of the same apparatus, using a 

copper X-ray tube and a Ni filter between crystal and counter, measured intensities 

. by scannine 29 at the rate of 1 o/min.,begi,nning , 0.70 below the a
1 

peak and 

ending 0.7
0 

above the a2 peak (A(CuKa1,Ka2) = 1.5405, 1.541~3 A). Coincidence 

losses·were negligible. Ten-second stationary backgroundcounts'were taken at 

each end of the, scan. Three reflections which were measured at frequent intervals 

shmred no systematic trends over the course of taking either data set. The 

maximum 29 was 750 (sinG/A = 0.395) • 

The first crystal yielded 1598 independent intensities before it was 

accidentally destroyed. Of these, .... 23% were measured once .... 64% ei ther t"10 , . 
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"'~:' or three times, a~d t~e'remainder up to six 'times. These multiple measurements 

J, :. include remeasurements of the same reflection and measlJ,rements of equivalent 

(-h,k,-!) reflections in an irregular pattern caused by the fact that these 

measurements were made during an initial exploration of the use of' the newly-

"< ~', 

acquired 'diffractometer. The second crystal gave a complete set of 3002 

":independent intensities. Approximately 75% of' these, (those wi th L~I < 6) also 

had their equivalent (-h1.k,-1) ~eflections measured. These figures do not 

include the space group extinctions which were also measured and found to 
", 

confirm the. extin~tion rules, (OkO, k ~ 2u. and h01, !;t 2u.) obtained from 

.. ~ preliminary Weissenberg photographs. 

'rhe intensity, ,1, and standard deviation, 0(1), for each measurement, 
. .~. 

was calculn.ted by: 

I = Q - (~21])(~ + ]2) . and: 

02(0 ;;;' Q + <id2111)2(]1 + ]2)' + (0.06 X 1)2 

;, . .'.' 

" where Q is the number of counts accumulated in scanning through' the reflection,' 

in time 10" arid ]1 and. ~ are the background counts. each obtained in time 1B• - , -
'V1ithin each data set, multiple measurements (including measurements of equivalent 

reflections') were averaeedand the averages assigned standard deviations equal .. 

to the ereater of: (Z!'0f./u.2 )1/2 or ('li6i2/r?)~/2, where oj. and L\!, are the 

standard deviation and deviation from the average of the ith measurement and 

u.' is the number of measurements averaged. The latter expression did give the 

grea:ter value in 10% of the cases in the first set and 15% in the second set. 

Later, it. vIas realized that this procedure tends to "average out" t.he 0.06 x I 

included in 0(1), but this was approximately corrected ,·,hen the tv'o data sets 

Here combined as described below. it scaling function between the tHO data sets 

vIas sought, but found to differ from 1.00 by only small amounts' (- 5~~ in.F). 

\ 
\ 

" : 
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The combined data set was generated by averaging (without~caling) those EQ. 

values10 ",hich the two sets had in common and setting: 

c2 (Eave) = 0.5[~(E1)- ·(0.03E
1 

)2J + 0.5[cf(~) - (0.0.31:2)2] + (0.03~)2, 

where the terms in square brackets were set to zero if they were negative. If 

it gave a. larger number~ cf(Eave) = 0.5(1:1 -1:2 )2 was used ·and in no case 1-ras 

any reflection of the combined set allowed to have a standard deviation less 

than 3% of itself (corresponding to 6% of ,r). A plot of the resulting c(EQ.) 

versus 1:
Q 

revealed that the great majority of points fallon or near a smooth 

curve. ~le have found no simple description of this curve, but it starts near 10 

electrons for small F , stays near 3 electrons for F = 40 to 100 electrons, 
-Q -:Q. 

and follo1,.TS the 3% of F line (thereafter. Forty-five percent of the data have 
, -Q' 

EQ~ 70 electrons, and of these, only about 8% have standard deviations more 

than three electrons above the curve described, with the 002 reflection by far 

the 1,.TOrst at 441· ± 66 electrons. These large· deviations 1,.Tere, of course, caused 

by disagreements betwoen the two data sets obtained from the two different ~rystals. 

All data were corrected for Lorentz arid polarization effects,but no corrections 

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 DIS'l'M! programs (unpublished) Here used for Fourier syntheses and 

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

and ¥~ddox Gav~ normalized structure factor magnitudes11 which were used in 

12 Long's sign-determining program as described below. Our unpublished version 

of the Ganzel-Sparks-Trueblood least-squa.res program minimizes the i'u:lction 

>:~,! ( I kF I I F I ) 2 j>:u II kF /2 "There F and F are the observed and cal cula ted - '-2 .-Q - -2 -9.-Q 

structu.re factors, k ir, VlO scale factor, and :!:! is the \.Jeirr,hting factor. 
') 
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r Scattering factors . for Co and neutral' Br vTere corre cted for the real part 

; of anomalous dispersion by' -2.2 and -O.gelectrOhs, ·respectively. The irnaei~~ry 

\ :part of anoinalous dispersion was neglected. Scattering factors for neutral 
'13 . 

nitroeen, carbon, and boron ",ere also taken from standard ,tables • T'ne 

.'; anj,'sotropic temperature fact~rs used 'have the form: exp(-O.2.5 ZiZl~hlQiQ.i~)' 
'. i,i = 1,2,3, where b. is the ith reciprocal cell length •. 

-"2:. 

. Results 

The monoclinic unit cell, space group P21/c, ~ =19.893 ± .010 A, 

. .h = 19'.487 ± .010 A, .Q. ::;15.058 I± .010 A, ~ = 93.15 ± ~05° ;~,.contains eight 

. '."., 

. ~ormula units of N(CH3 ) 4 ~O(B9C2H8Br3)J The calculated density of 1.967 g/cc': .'. 

agrees with the value (1.98 ± .01 g/cc) found.by·flotation in a mixture of 

. bromoform and ethylene dichloride. These measurements apply to room temperature 
. , 
:.. 0 
" (- 23 C) and the error figures given are estimates. The observed extinctions 

:- ," 

. ' '", 

" 
. ~ -~ " 

.' 
. correspond to space group P21/c. All. four of the two-fold sets 'of s'p~cial positions .. <­

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

positions ±(x,y,Zj x,1/2-y,1/2+Z). 

Determination of Structure - Attempts to·interpret. the Patterson' 

function calculated from the second (complete) data set failed because of 

an error in commuriication which resulted in the mistaken idea that there were 

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

marln~ +udes11 
I l:J .!. v ., , Eh' \-fGre calculated and used in Long's sign-determinine program12 

Hhich iteratively applies the relation; sR!! - §.Z~li~-k' ,,,here.§. is to be read 

"the siun of". After ',lOrkin~ out enough of the siens by hand to discover a good 

, ,~ 
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set of "starting reflections 1/ ,for input, a rillr of' LOng I s program on 379 E' s ,~ 1 .5 

gave one set of signs which IIlas bet_ter than any other aG judged by the smnller 

nUi,!lber of "passes necessary to rea.ch it and by its high consistency: index 

(0.82 'as against the second-best 0.65). The consistency index i~ defined as: 

Zl}J.t.blLilb.-k / Zh,Zk 1~.E1!'h-kl· A Fourier synthesis using ,the signed ~' s as 

coefficients showed sixteen largest peaks ranging in relative size from 1.00 
\ 

to 0.57 "lith a defin':i,.te break do\m to the seventeenth at 0.28. Isotropic 

, " 
bromines at these sixt'een positions, four of which vlere the tl.,ro-fold special 

positions, quickly refined to li = 0.26 ,,:here li: = Z Ilk}l'J' - IE£11/ Z IkF QI. 
A differenqe Fourier phased by these sixteen atoms showed all fifty-four of 

, , 

the non-hydrogen light a toms. The asymmetric unit contai-rls four half-anions 

plus tvlO, tetramethYlammoniums. The refinement beyond this point was routine t 

except that, because of the large number of parameters involved, it was done 

in A. block diagonal fashion. The heavy atoms' (four anisotropic cobalts fixed 

at the special positions plus twelve anisotropic bromines) we~e refined full-

matrix while the light atoms were held fi~ed, ,alternately with full-matrix 

refinements of the fifty-four isotropic light atoms with the heavy atoms fixed. 

The two carbons in each of the four icosahedral fragments were identified by 

their 10"1 temperature factors when refined as borons and the shorter distance 

between them. The partial data set from the first crystal was averaged in as 

, described above "lhen the refinement halted at 11 = 0.11 and it "JaS found that 

• 
the large disagreements were c(;mcentrated at low ane1e (where most of the partJal 

data set had been obtained). Continued refinement using this composite data 

set chanr.:ed tho structure only slightly, but 11 fell to nearly its final value 

, and the distribution of laree disagreements became more uniform. Six cycles 
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' •• , of" diagonal-mai~fxiea:'st::"squares ,(ali po.r~metefs r. f1nish~dthe' ref:i.nement and 
'.,.. •.•.. " <. • .. ', ',:'. • . " .... 

l, 
r-

i' 

" 

g~ve the fj,nalllvalue 'of.0;OFJ7. The standard d(wiati~n, of,' an observation 

. " ,,"oruni t weight, defi~ed as [Z~qkF ,J- I Eel )2/(!!_:l!:) 11~2 ,where!! is the number 
,,' • r,'> ". ' - ~ -

"," ,of data. and :l!: is the number of independent parameters refined, was 2.28.' 
,;'.( 

'. i. 
Standard deviations derived from the final diagonal matrix were all within ten 

. , 
",", . 

or twenty per cent of tpose obtained from one cycle of full-matrix refinement' 

which included all parai'neters 14. In the last cycle , no parameter shifted more, 

, ", . "than 4% of the standard devia tion '~alcula ted for it, except for the tetra- ',,' 

,) 
,i" 

,:, ';: methylammoni urn ions, where a few parameters shif:ted by as much as 115~ of their" 

calculated standard deviations. The six largest peaks in a'final difference 
, , , ~ 3 . • 

Fourier (1.9, 1.8, 1.8, 1.3, 1.1, and 0.9 electrons/A) were all Judged to be, 
" 

due to errors in the data, since their positions (far from any atom) made no 

" 

. 

J ~.~ 

":.' .• '''''' 
, , 

," 
.,., 

.... :. 

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

,chemical sense. This result made a sea;rch for hydrogens unjustified. The final,.,,'.' 
~" . .... , 

>\1 atomic coordinates and thermal parameters are listed in Table I and the values 

of and 'Ii' 
.;;..£ are given in Table II. 

f.'· . 

Discussion. - Figure 1 illustrates the structure of the Co(B9C2H11Br3);1, 

anion which was found. and. the numbering system used in this study. The top and ."1 

" "'bottom h~lves of the anion are related ,by a crystallographic inversion 'center 

.'. " '. ~ .• ' • I '.'~.' 

~'located at the cobalt. The same atomic arrangement was found for all four 

crystallographically unrelated anions. The anj.onsare also all the same shape, 

:, within the accuracy of this determination.,Interatomic distances are presented 

" ip Table III and averages thereof in Table IV. The average B-B, B-C, C-C, B-Br, 

,and 13r-Br distances are in agreement vTith those found 15-20 for similar compounds. 

The Br-B-B tinales are all (with one exception) \O/i thin 50 of, their 121 0 average 

," 

¥~ j' ~ 

" , 
.; 

'. 
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Table I , 

. 
Final Positional and Thermal Parametcrsa in(CH3)/~N ~139C2H8Br3)2C~ 

atom !. ;y: !. ~11 !!22 !!33 ~12 ~13 ' ~23 

1 Co o. o. o. 3.1 (2) 2.1 (2) 3.0(2) 0.7(2) 0.1 (2) 0.0(2) 

1 Br(5) .0939(1) 
b 

.0812(1) -.1619(2) 6.1 (1) 5.8(2) 5.0(2) -0.1(1) 0.9(1) 0.6(1) 

1 Br(9) .16/,,0(2) .1'975 (2) .0155(2) 7.9(2) 6.9(2) 8.3(2) -2.5(1) -1.2(2) 0.2(2) 
. 

1 nr(10) -.0010(1) .2408(1 ) -.1278(2) 7.6(2) 3.4( 1) 8.4(2) -0.1(1) -1.5(2) 2.2(.,.) 

2 Co 0.:5 0.5 o. 2.2(2) 2.2(2) 2.2(2) -0.1 (2) 0.4(2) -0.2(2) 

'2'Br(5) .3829(1) .11,,59(1 ) .1533(2) 4.9(1) 4.7(1 ) 5.4(2) -0.8(1) 2.5(1) 0.4(1 ) 
-

2 Br(9) .3712(2) .2769(2) .0308(2) 12.7(2) 8.2(2) 6.5(2) -7.7(1) 1.4(2) -1.0(2) . 

2 Br(10) • 5025(1) .3069(1) .2262(2) 8.3(2) 5.0 (1 ) 4.8(2) -1.0(1) 0.2(1) 2.0(1) , 
-.0 . 

3 Co o • 0.5 o. 2.1(2) 2.1(2) 3.1 (3) 0.3(2) 0.3(2) 0.0(2) 

3 Br(5) • 0684(1) .6171(1) -.1475(2) 5.1(1) 5.9(1) 8.4(2) 0.1(1) 1.8(1) 4.2(1) 

3 Br(9) .1905 (1) .4844(2) -.2110(2) 6.2 (1 ) 7.8(2) 6.9(2) -1.3(1) 3.5(1) -2.1 (1) 
. 

3 Br(10) .2332(1) .6034(2) -.0147(2) . ·4.3( 1) 8./~(2) 8.6(2) -3.1 (1) 1.3(1) -2.1(2) 

4Co 0.5 o. o. 2~6(2) 2.5(2) 2.9(3) 0.9(2) 0.1~(2) 0.2(2) 

4 Br(5) ./~304(1 ) -.1082(1) -.1688(2) 5.8 (1 ) 4.2 (1 ) 3.3(1) -0.5(1)· 0.4(1 ) -0.6(1) 
J 

I" Br(9) .2666(1) -.0179(2) -.1510(2) 4.8(1) 7.5(2) 6.9(2) 0.1(1) -2~0(1) 1.S(2) 

4 13r(10) .31 il3( 1) -.177!~.( 1) -.0066(2) 6.!~(1 ) 1 ... 7(1) 5.0(2) -1.7(1) 0.6(1) 0.0 (1) 



\ Table I continued 
, , 

a. tom 

1 C(2) 

~ 

-.060(1) 

x 
.070 (1) 

1 C(3) .012(1) .050(1) 

1 D(4} .079(1} .058(1) 

1 B(5) .044{1) - .091 (1) 

1 B (6) -.040 ( 1 ) '.092 ( 1 ) 

1 B(7) -.034(2} .121~(2) 

1 B(8) .090(1) 

1.B(9) .079(1) 

.121~(1) 

.150(2) 

1 B(10) .005(t) .169(1) 
'. 

1 B(11) -.068{2) .151{2) 

1B(12} .,.011(2) .192(2) 

2 C(2) 

2-C(3) 

2 B(4) 

2 B(5) 

2 B(6) 

.580(1) 

.522(1 ) 

.443(1} 

.455{1) 

.541{1) 

, .435 (1) 

.1;.22(1 ) 

.413(1) 

.418(1) 

.436(1) 

", 

A B 

.057(1) 3~5(5) 

.115(2) 4.7(6) 

.058(2)' 3.8(6) 

-.055(2) 

-.0/~2(2) 

.141(2) 

.136(2) 

.029(2) 

-.036(2) 

.033(2) 

.073(2) 

-.001 (1) 

-.082(1) 

-.048(2) 

.073(2) 

.101 (2) 

3./~(6) 

3.1 (6) 

7.5{9) 

4.3{7) 

6.2(8) 

3.8(6) 

7.4(9) , 

7.7(9) 

4.3(6) 

4.1 (5) 

3.9{6) 

1.8(5) 

2.9(6) 

2 B(7) .578(2) .357(2) -.050(2) ~.7(S) 

2 B(8) .488(1) .342(2) -.079(2) 6.4(8) 

,.' .. 
: .. 

.-:' 

~ .~~ 

~ ••• ,. - _~ .... -.... .,.. :._:-"._~ ••• _.,:,.~",~ ... _. ~J." ,. - ....... ~ ........... -- •• ~--.--.-- ~ -

;> 

~ c :. ._ 

'- .. , .... 

atom 

3 C(2) 

3' C(3) 

3,B(4) 

3 B(S) 

3 B(6) 

3 B(7) 

3 B(S) 

3 B(9) 

3 B(10) 

3 B(11) 

3 B(12) 

4 C(2) 

4 C(3) 

4 B(4) 

4 B(5) 

4 B(6) 

x 

.068(1) 

.053(1) 

.056(1) 

.085(1) 

.090(1 ) 

."31(2) 

.122(1 ) 

.147(1) 

.164(1) 

.159(2) 

.185 (1 ) 

.447(1) 

.425(1) 

.407(1) 

./~16(1) 

.41 .. 5(1 ) 

X 

./~63( 1 ) 

.1 .. 13(1) 

.451 (1 ) 

.5/;.0 (1) 

• 5/ .. 6 ( 1) 

.398(2) 

.399(2) 

:.-,. ~ 

A 

.0[38(2) 

.00/10 (1 ) 

-.099(2) 

-.067(2) 

.052(2) 

.056(2) 

-.053(2) 

.477(1) ,-.096(2) 

.53?-(1) -.009(2) 

.483(2) .091(2) 

.445(2), -.007(2) 

~ ',,,. 
i~.8(6) 

1J..1 .. (5) 

3.9(6) 

2.2(5) 

3.9(6) 

7.0.(9) 

5.7(8) 

3.3(6) 

3.5 (6) 

6.2(8) ; 

5.6(8) 

-. 009 ( 1 ) • 11 3 ( 1 ) 3.1. ( 5 ) 

.060(1) .053(1) 3.7(5) 

.037(1) -.064(2) 3.9(6)­

-.Q55(1)· -.063(2) 4.5(7) 

-.085(1) .046(2) 3.7(6) 

4 B(7) .3'12(2) .030(2) .128(2) 6.7($) 
."' 

4 B(S) .:V,6(1)' .060(1 )'.018(2)' 1~.;(7) ',' 

..;,-{-'. 

:- -.f /:.-

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

";"-

I ..... 
o 
I 
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T~ble I, continued 

. '-
. - .• '"'!... . .. .-

.~ 

2 n(9) .11~7(1) • 3/~0 (?) .023(2) 5.7(8) 4 B(9) • 336( 1 ) -.017(1) ~.052(2) .3.4(6) 

2 13(10) • 509( 1 ) .352(2) .109(2) 5.1+(7) ,~ B(10) .357(1) -.088(,) .01/.;.(2) 2.9(6) 

2 B(11) .5S9( 1) .361 (1) .06/+(2) 1+.7(7) 4 B(11)' .373(1) -.060(1) .124(2) 1".7(7) 

2 B(12) .527(2) .301(2) .019(2) 6.3(8) 4 B(12) .311 (1 ) -.020(1) .060(2) 5.0(7) 

1 n .773(1) .255(1) .265(1) 4.9(4) 2 II .269(1) .259(1) .272(1) 6.3(5J 

1 HE(1) .796(2) .21A(2) .345(3) 1/+.8(13) 2 HE(1) .237(2) .301 (3) .196(3) 
c 

17.4(16) 

1 HE(2) .701(2) .2/1-5 (2) .250(2) 11.1(10) 2 HE(2) .240(3) .y .216(3) .337(5) 2/1-.5 (24) 

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

1 I-lE(Jl-) .791(2) .329(2) .300(3) 12.6(11) 2 NE(4) .301(2) .317(2) .328(3) 14.0(13) 

(a) The ~its ~r~ A2. 

(b) The numbers in parentheses are the standard deviations in the least significant-digit as calculated from 

the final diagonal least-squares matrix. They are not significantly different fro~ those obtained from the 

complete matrix (see text and footnote 13). 
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'0 

ion no.: 

, atoms 

Co-C(2" 

Co-C(3) 

_ Co-B(4) 

Co-B(6) 

, 
,-

Table.JI.I 

-('-' , 

1 -, 2 3 _4 

distances, Angstroms 

2804(2)b 2803(2) 1.98(2) 2.05(2) 

1.99(2) 2.02(2) 2.00(2) - 2.09(2) 
c r .m. so. scatter = .034 

. 
2.09(3) 2.'3(3) 2.14(3) 2.17(3) 

2.05(2) 2.10(2) 2.12(3) 2.12(3) 

r.m.s. ''S'catter = .037-

Co-B(5) .. 
, . ..-' . 2.17(3) 

r.m.s. scatter = .007 

Co-Br(5) 3.527(3) 3.530(3) 3.511(3) '3.527(3) 

.,.,.,., .. -- r.m.s. scatter = .009 
- _. 

Br(5)-Br(9) 3.716(5) 3.775(4) . 3.709(4) . 3.725(4) 

Br (5)-Br (10) 3.689(4)' 3.730(4) 3.756(4) 3.719(4) 

r.m.s. scatter = .027 -

Br (9 )-Br (10) - 3.921(5) 3.869(5) 3.816(5 ) 3.876(4) 

r.m.s. scatter = .043 

B{5)-Br(S) 1.95(3) 2.00(2) 1.96(2) 1.94(3) 

B{9)-n;(9) 1.96(3) 1.95(3) 1.98(3) 1.97(3) 

B( 10 )-Br (10) 1.96(3) 1,98(3) 1.96(3) 1.96(2) 

r-.,m,s: .. scatter == .017 
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Table III, continued 
, .. ' , '\., 

.. . .. '" 
.. , ..... ~-- .. ~ ... ", ... , 

.. ~ ':: . 

, .' . ..'-
, ';.' ~ , 

. .... . ' 

< C(2)-C(3) ",,; 1.68(3) 1.63(3), ""1.'66(3) 

r.m.a. scatter =, .. 023, ' 

, C(2)-B(6)' ," 

, C(3)-B(4) " 

C(2)-B(11) , , 

, C(3)-B(8) 

C(2)-B(7) 

C(3)-B(7) 

B(4)-B{8) " ' 

B(4)-B{9) 

B(5)-B(6) 

B(5)-B(9) 

B(6)-B(11) 

B(7)-B(8) 

B(7)-B(11) 

B(7)-B(12) 

, B(8)";B(9) 

B(8)-B(12) 

B{9)-B(10) 

B{9)-B{12) 

... : . 
, 1.63(3) 1.75(3) 1.77(4) , 1.78(3) 

1.64(3) 1.68(3) , '1.72(3) 1,.84(3) 

1.63(4) 1.75(4) 1.8L~(4) , 1.72(3) 

. 1.75(3) 1.69(4) 1.68(4) , 1.64(3)', 

,1.71(4) 1.71(4) 1.86(4) 1.71(4) 

, ,1.76(4) ) 1.73(4) ',' 1.73{4:) " ' 1.69(4) 
'.' . 

r.m.a. scatter,= .064 

,1.79(4) 

1.84(4) 

1.69(3) 

1.81(4) 

1.74(4) 

1.74(4) 

:1.74(4) 

1.88(4) 

.. 1.79(5) 

1.91(5) 

1.75(4) 

, 1.89(4) 

1.76(4) 

1.75(5) 

1.82(4) 

1.73(4) 

1.79(4) 

1.78(3) 

1.70(4) 

1'.74(4) 

1.75(4) 

1.84(4) 
" 

, 1.83(4) 

1.73(4) 

1.84(5 ) 

1.79(4) , 

1.82(5) 

1.76(4) 

1.77(4) 

1.88(3) ," 

1.76(4) 

1.88(3)' 

1.80(4) 

, 1.82(3) 

1.77(3) 

1.81 (4) 

1.90(4) 

1.63(5) , 

, 1.82(5) 

1.74(4) 

1.74(4) 

1.67(4) 

1.71(4) 

1.62(4) 

1.81(4) 

, 1.82(4) 

1.77(4)' , 

, 1.81 (4) , 

1.77(4) 

1.81(4) 

1.79(3) 

1.88(4) , 

1.81(4) 

1.77(4) , 

1.83(4) 

1.83(4) 

1.84(4) 

1.75(4) 

1.79(4) 

, . 

,'. ' 
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Table III, continued 

B( 1 0 )-B( 11) "'1.86(4) 1.76(4) 1.79(4) ,', " 1.76(4) 

B(10)-B( 12) 1.71(4) 1.74(4) 1.74(4) 1.78(4) 

B(11)-B(12) " 1.82(5) , 1.79(4) 1.76(4) , 1.79(4) 

r.m.s. scatter = .060 

N-ME(1 ) " 

" ,1.49(5) , 1 .. 52(6) 

N-ME(2) 1.46(4) '1.43(7) 

N-ME(3) 1.49(3) 1.44(5) 

N-ME(4) 1.57(4) 1.53(5) 

r.m.s. scatter = .048 

(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 

standard deviations of coordinates (Table I). 

(c) Each of the "r.m.s. scatter". values given.is the root­

mean-square deviation from the average, (Z62j(U_1)]1/2, 

for the preceeding set of distances. These are given 

for comparison with the standard deviations calculated 

from the standard deviations of coordinates. 
Q' 
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';; I.,';... ,. , .... , ,. " 

and show ri6.~ignfficant .deviations from this value which,are systematic.over 
. , , ',' , ' . 0' 0 

.' the ,four anions. The Br(5)-B(5)-Co angles are slightly smaller (116 to 119 ) , 

as expected from the protrusion of the icosahedron's cobalt vertex. This 
. l ' . :", 

protrusion is also shown by the ;cmaller angles (49./-\-0 with a root-mean-square. 

deviation of ± '1.70 about this value) at cobalt. The 120 B-13-B angles necessarily: .. 

, average to exactly 600 and have a root-mean-square deviation of 20
., The 

, ' .. /'';,'''' 

<,,:' >:~\Sixteen B-C-B and thirty-two C-B-B angles average 63
0 

and 58 1/2
0 

while the 

four C-B-C. and eight B-C-C al1gles average 570 and 61 1/20
.' All four of these sets .'. 

of angles show 2 1/20 root-mean-square deviations from these averages. The 
'," .,' 

.... :":::. root-mean-square deviations are believed to be better measurements of the 

, . '0 
" " accuracy of these angles than the .... 1. 6 values derived from the standard 

:, <, 

:!, .... 
"". ,deviations of coordinates. The temperature factors in the dicarbollyl portion 

. ":~., i of the anions seem to indicate some rigid-body motion, but a rigid-body analysis' 
. ..' ~ .. 

. . was not done because of the absorption errors known to be in the data and 

. ," because of the excessive effort it would require. 

The packing of the approximately dumbbell-shaped anions and the tetra-

"~)' methylarmnoniums is very similar t~ that of KHF221 as indicated ~n Figure 2. The 

',":.' high~r s~etry (tetragonal, I4/mcm) of the KHF2 structure21 is broken' down to' 
r • \, • • ___ ._,_ '. 

',. ," i\.~ P2
1
/c subgroup (on the doubled cell)" by the,anion's lack of cyli'~drical 

\ ., . . 
.... symme,~ry and the up and 'down (in ~) distribution of the bromine substituents •. 

If we consider. only the arrangement of plus .. and minus charges, this is approx-

imatcly a CsCl-type structure.' 

The pentagonal rings adjacent' to cobalt are a~l planar to within the 

", accuracy of this determination, but'a~e tilted or slid over in such a way as 
. , 

to decrease the cobalt-earbon distance and increase-thecobalt-boron distances' 

(Table IV). The tilt and slide descriptions are equivalent and amount to .... 30 

, ' . 
. 'fi 

I 
I 
j, 
! 
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. and .... 07 A, . respectively. This is~.,.tnterpreted as the effect of the Br(5) of 
. "~. 

one dicarbollylbeing crowded up against 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 \d th the carbon and the opposi teicosahedral ve~tex, the bromine­

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

Van der Waals radii (1.95 + 1.2 = 3.15 A)22. A similar steric effect .of about 

the same size, but in the opposite direction (carbons fartQer from metal than 

the· borons) was found23 in B9C2H9(CH3)2PdC4 (C6H5)4 in which the methyl groups 

are on the dicarbollyl carbons. 

The electrophilic bromination sites found for this anion may be rationalized 

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

that in 1,2 -dicarbaclovoduodecaborane (B10C2H12)' but modified bya polarization 

induced by the Co(III). Substitution sites18- 20 , and dipole moments24 found for 
. 18 19 

B10C2H12 derivatives and molecular orbital calculations ' 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 indica~e 

that our B(9) and B(10) are the most subject to electrophilic attack and B(5) 

and B(12) are second. Polarization qy the cobalt would then determine the choice 

between B(5) and 0(12), possibly causing B(5) to become more subject to electro­

philic attack than the B(9)-B(10) pair. 

ACknowledgements. - We thank Dr. R.C. Petterson for obtaining preliminary 

ceJ.l dimensions and density information, Dr. M.G.B. Drew for aid and comfort 

in the appl1.cl'l.Uon of statistical methods, and Professor M.F. Hawthorne for 

providine the crystals 'v,hieh made this work possible. 
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Table IV, ,'.: ,', '" 

. 'r' ',,'- .. ' .~. ..', 

" \ ", "(, .-' .. ~ . 

.. \' ""'>"{ ;~ver~ge: Di'st~cesa in (CH~j4NU:B9C2H8Br~);C~, .,' 
-."".: 

< '. 
.,'.:' 

·r .. , 

. " 

. ~ ·i·.;· ," 
" . ~ ~ 

,:';,j", ., .. ~. : 

. '." 

.. 

...... " 

", -! -.~. 

. " . -," . ; 

. ~. ~" ' 
. ~. ", ,"" 

. ::;. 

; 

" 

,:~ '-

. -.. : 

,:' 

, , 

,.,', '. number' 

. . ~-

" averaged 
'" ~ . ~ . 

'. >~. .~ 

4 

24 

72 

. ,":, ;:.~ .' ,.. ..... 12 

. , 

. atoms 

,'i."" '" C-C 
" .. " 

f:. ; •.. ,' . 

-I:,. ' C-B 

;.." ;.,' .. ': B-B 

B-Br 

1.654 ± .017b 

" 
.. ,1.725 ± .013 

.... , 
~.' ,"" 

, , 1.786 ± .007 " .. 
", 

1.963 ± .,008 
. ,',,<' 

2.024 ± .013 8 

8 

, Co-C(2,3) 

Co-B(4,6) , 

Co-B(5) 

'" ,\, 
. 2.115 ± .014 

~, . 

4 

4 

8 

4 . ' 

T. , Co-Br(5) 

. Br(5)-Br(9,10~ 

Br(9)-Br{10) 

. 2.162 ± .014 

3.524 ;t .005 

3.727 ±.010 

3.870 ± .025 ' 

.'; 8' N-ME 1.491'± .018 
. \', 

.:", i 

:. ':'(a) None of these distances are corrected for 

thermal motion • 

(b) ,The error figures are our best estimate of the 

precision of these averages. They have been 

pessimistically chosen as the greater of 

[(za2 )1/2/(n_1)] or [(Za2)1/2/n], where a is 

the deviation from the average, 0 is the 

standard deviation of a single distance as 

... ~ 

. ,",' " 

~ .. ~; ," 

.. ,., .~. 

:" . 

'" '~" ".' 

'-.: ... ':~': ' i.' .'. 

',"" 
·.t " 

",', . 

. " .:'" 

/f'- •• 

H 
" 

J 
I 

1: 
" I 
1, 
1. 
J 

I 
,I 
I 
i 



.... , 

-19- , 

'Table IV, continued, 

calculated from the staridard deviations of 

,coordinates, and n is the number of distances 

averaged. ' The latter expression was the 

larger for the C-C, ~Br, and Co-B(5) distances. 

-
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Figure Captions ,", . ,( 

' ..... 
", .;. ::1::- . 

. Figure 1. - (B9C2HgBr3'2Co- (hydrogens omitted)., .', "0 

. Fi~e 2., -The crystal structure of N(CH3' 4 ~B9C2HgBr3)2C~ compared with',' 

that of KHF2 • In both drawings, the cati~ns are at !. = ± 1/4 

and the anions at ~ = O. The anions at .?!. = 1/2 (not sho\om) are 

related to those shown qy the c-glide which r~~s horizontally 

across the center of each drawing. 

" ", 

.. 

:/,-

:.<.' " 

, " . -" ... . " ,; "~~" . ~ 

, , 
" ;::..1 

"I 

! 
'I 
'j 

c, 
.. . '. ;" 

t .:. :' ,-.', .: ,.'. 

,', 

, . 

.. ~ ' ... , 

",', ............. ~.-, .. ~.-

" 

•• 

\ '-.~ 

\ 
'. , 

.... ~ 

. ,",'" 
. " t, 
, I' 

.. ( , 

I: 
!' 

.. I ' 
'I' 
J 
I 
! 
! ' 
t , 
t , I 
! 

:1 
. i 

I 



-23- . . 

.-

.. -
-1 

"" j 

" .. " 

. . ~ 

.' , . 

. ,',' 

~, . .: . , . 
- . 

-.' .' 

• 

XBL 6711-6069 

Fig. 1. 



( .... 

-. 

x } , .\4 
'.:: """. ~ 'r-.. -f\-A\ 

/ ; :' ~J /--I l 

I 
1/2 o 5A 

I I 

.: .. ....;. 

!'. 

. ; .. , " ...... . 
. ~!<.., -:' 

';r~ - , 

Fig. "2" 
-------:: .. ,q, ... 

. ::" , . 
'.: .~. , ~, .. ' .-

i, .;'''-'.'''' 

'.,,' 

•• y~ ....... . ..; :' / .•. ::.~ .. ~"r.'. ',) ., "':~.' 
-..-:" '''. .~ ... ~ .:", 

" 

f;' .' f .. -· 
""-...,..,....... __ ;o,~ ______ • 

r--, ---~-:.: : _. ' 

., ... 

. , 

.~ ",., 

o IA 2A 
, I • 

XBL 6711-6068 

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

. ". 
-" ... , ..... , .. ,.~':"" .... ,<~~.-i.. >.;:" 

• < .. ,~~.: ,~ . 

-:;-. ., .. 

I 
N 
~ 
1-

~~ .1 .... 

'. 'Jf' 

. , 

-" 

._-,,-__ .. _....,..._-->"!r.-'"" •• ' .. _,~'. 

-.. 



• 
,j 

This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on beha1f 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 priva~ely owned rights; or 

8. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behal f 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 . 




