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The crystal and molecular structure of 2,2'-bis[1-thia-closo-decaborane(8)] was determined by single-crystal X-ray diffraction
techniques. The crystals form in the monoclinic space group P21/n with a ='12.184 (4), b = 9.777 (3), and ¢ = 6.601
(1) A with 8 =95.72 (2)°, and Z = 2. The conventional R index converged at 0.0437 with full-matrix least-squares refinement
including the overall scale factor, all positional parameters and all anisotropic temperature factors for nonhydrogen atoms,
and isotropic temperature factors for the hydrogen atoms. The molecule has Ci(1) space group imposed point symmetry;
the center of inversion of the molecule is at the midpoint of a B-B bond [1.678 (5) A] joining the two bicapped square
antiprism frameworks of the BoHsS moieties. The sulfur atom is in an “axial” position and the equatorial belt of four
boron atoms closest to the sulfur atom contains the boron through which the BsHsS units are connected. The average
B-S distance is 1.923 (3) A. The B-B distances of the cage range from 1.940 (3) to 1.689 (4) A.

Introduction

The vacuum pyrolysis of thiadecaborane(11) produces three
isomers of (BsHsS)2 in about 5% yield.l.2 'As described
previously, 11B NMR cannot distinguish between two of the
possible isomers, 2,2'-(1-BsHsS)2 and 6,6'-(1-BoHsS)2.! An
X-ray structura!l study was initiated to elucidate the structure
of one of these isomers. It was also realized that a definitive
location of the B-B bond linking the two BoHsS moieties would
allow assignment of the NMR for (BsHsS)2 molecules and
extrapolation of these results to the parent molecule, 1-BoH9S,
and many of its derivatives. Subsequent to completion of the
crystallographic study certain structural features of the
molecule were found to correlate with known reaction
chemistry of 1-BoH9S.

Experimental Section

Collection and Reduction of the X-Ray Diffraction Data. The
synthesis, separation, and spectral properties of (1-BsHsS)2 thiaboranes
have been described previously.! Single crystals (mp 159.5-161.0°
uncor, sealed capillary) of 2,2'-(1-ByHsS)2 were obtained by gradual
evaporation of solvent from a CH2Clz solution of pure 2,2'-(1-BoHsS)2.

The crystal used for the X-ray diffraction work was a rather
irregular trapezoidal plate with parallel sides, altitude, and thickness
of ca. 0.18, 0.27, 0.20, and 0.11 mm, respectively. The crystal was
mounted with the a axis (direct space) approximately parallel to the
glass fiber (spindle axis):

Precession photographs gave approximate cell dimensions, indicated
2/m (C2n) Laue symmetry, and exhibited the systematic absences
0kO for k = 2n + 1 and hOl for h + | = 2n + 1, consistent only with
the centrosymmetric space group P21/n.

The density of another crystal was determined to be:1.66 g cm™3
using the flotation method in aqueous KCI; the calculated value is
1.167 g cm~3 for two (B9HsS)2 molecules per unit cell. In this space
group this requires that the center of symmetry of each molecule
resides at a special position.

The crystal from which the precession photographs were obtained
was transferred to an arcless goniometer head on a Syntex Pl au-
todiffractometer equipped with graphite-monochromatized Cu Ko
radiation. After centering and orientation, 26, w, and x settings for
15 different reflections were accurately determined.. The Syntex

Table I. Experimental Data for the X-Ray Diffraction
Study of 2,2'-(1-B,H,S),

(a) Crystal Parameters

a=12.184 (H A Space group P2, /n
b=9.777 (A Mol wt 275.02
¢=6.601 (1) A p(obsd) =1.166 g cm™
8=95.72 (2)° p(calcd) = 1.167 g cm™
V=782.4(4) A3 2 molecules/unit cell

(b) Intensity Measurements

Reflections measd: kk! forh, k> 0;0klforl>0

Maximum 26: 118.6°

Radiation: Cu Ko

Scan speed: - 2.0-24.0°/min

Standard background counts were taken at the beginning and end
of each 26 scan

Scan mode; 6 (crystal)-26(counter)

Three standard reflections measured after every 36 reflections, no
decay observed, no unusual deviation in intensity

1140 reflections collected, plus 82 systematically extinct

least-squares. routine gave the unit cell dimensions listed in Table 1.
Intensity data were then collected on magnetic tape. Specifics of the
intensity measurements are given in Table 1. No absorption corrections
were made. The linear absorption coefficient for Cu Ka radiation
was estimated to be 26.25 cm~1.

Solution and Refinement of the Structure. Programs used in
determining the structure included DATRDN, NORMSF, FC, FOURR,
LOADAT, BONDLA, and LISTFC from ref 3. The least-squares structure
refinement program used was cLs written by Schilling.# The thermal
ellipsoid drawing was obtained by use of ORTEP, by Johnson,5 and
ORFFE, by Busing, Martin, and Levy,5 was used for bond distances,
angles, and errors.

Scattering factors for neutral boron and sulfur were taken from
ref 6, and the values of Stewart, Davidson, and Simpson were used
for hydrogen.” The function minimized during least-squares re-
finement was 3wl Fo| — |F¢|2 where w = o2 for the appropriate Fo.
The residual discrepancy term used was defined in the usual manner,
ie., RF = T |Fo| - |Fcll/TIFo|.

Following data reduction in which Lorentz and polarization
corrections were made, an origin-removed Patterson map was de-
termined. The position of the sulfur atom was easily determined and
using only this atom a structure factor calculation was made using
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Figure 1. ORTEP plot depicting the molecular structure and ther-
mal ellipsoids for 2,2'-(1-B,H;S). All terminal hydrogens are in-
cluded. The skeletal-atom symbol and atom-numbering conven-
tion is given on one half of the molecule, while selected interatom-
ic distances (A) are given on the other, symmetry-equivalent, half.

Table Ii. Intramolecular Distances (4)

S-B(2) 1.926 2)  B(6)-B(9) 1.839 (4)
S-B(3) 1918 (3)  B(6)-B(7) 1.844 (4)
S-B(4) 1.930 (3)  B(6)-B(10)  1.694 (4)
S-B(5) 1918 (3)  B(7)-B(8) 1.841 (4)
B(2)-B(3) 1.940(3)  B(M-B(10)  1.694 (4)
B(2)-B(5) 1.940 (3)  B(8)-B(9) 1.845 (4)
B(2)-B(6) 1782 (3)  B(8)-B(10)  1.689 (4)
B(2)-B(9) 1790 (3)  B®)-B(10)  1.694 (4)
B(2)-B2)  1.678(5)  B(3)-H(3) 1.091 20)
B(3)-B(4) 1916 (4)  B(4)-H(4) 1.079 21)
B(3)-B(6) 1778 @)  B(5)-H(S) 1.080 (22)
B(3)-B(7) 1779 4)  B(6)-H(6) 1.083 21)
B(4)-B(5) 1.924 (4)  B(7)-H(N) 1.088 (23)
B(4)-B(8) 1779 (4)  B(8)-H(8) 1.099 (22)
B(4)-B(7) 1776 (4)  B(9)-H(9) 1.089 20
B(5)-B(8) 1781 (4)  BUO)-H(0) 1.124 (25)
B(5)-B(9) 1.778 (4)

all reflections (Rr = 0.455). A difference Fourier clearly showed
all nine boron positions, as well as a slightly misplaced sulfur atom,

Another structure factor calculation using the boron and sulfur
positions obtained from the difference Fourier map gave an Rr =
0.248. Three cycles of full-matrix least-squares refinement, refining
the scale factor, the 30 positional parameters, and the 10 isotropic
temperature factors, led to further convergence and Rr = 0.154.
Another cycle of full-matrix least-squares refinement, refining ad-
ditionally the anisotropic temperature factors for sulfur, yielded Rr
= 0.109.

At this stage, a difference Fourier yiclded the approximate locations
of all the hydrogen atoms, which appeared as peaks of about 0.5 ¢
A-3. Using these positions and arbitrarily setting the hydrogen
isotropic temperature factor at 3.5 produced Rr = 0.0949.

One cycle of full-matrix least-squares refinement, refining the
overall scale factor, all positional parameters and all anisotropic
temperature factors for nonhydrogen atoms, and isotropic temperature
factors for hydrogen atoms produced Rr = 0.077. Examination of
the data showed five low-angle reflections subject to extinction (020,
101, 101, 111, 200) which were given zero weight in the remaining
refinement8 but which were included in the final structure factor
calculation. Two additional cycles of full-matrix lcast squares
produced an Rr = 0.0437. Final shifts were an order of magnitude
less than the calculated error in the 123 parameters. The final
“goodness-of-fit” value, defined as [ w(|Fo| — |Fc))2/(No — Ny)]1/2
where No is the number of observations and My is the number of
parameters, was 2.709. Here No = 1140 and Ny = 123; No/Ny =
9.23. The scaling was such that |Frei] = 0.1563|Fo|.

A final difference Fourier map was calculated and found to be
rather flat. The largest positive peak was <0.20 ¢ A-3 and the largest
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Table Iil
(a) Bond Angles (deg) for Nonhydrogen
Atom Angles Involving Sulfur
B(2)-S-B(3) 60.60 (10) S-B(4)-B(5) 59.68 (12)
B(2)-S-B(4) 90.73 (11) S-B(5)-B(2) 59.91 (10)
B(2)-S-B(5) 60.61 (10) S-B(5)-B4) 60.32 (12)
B(3)-8-B(4) 59.72(11) S-B(2)-B(6) 112.88 (15)
B(3)-S-B(5) 90.07 (12) S-B(2)-B(9) 112.84 (15)
B(4)-S-B(5) 59.99 (12) S-B(3)~-B(7) 114.23 (16)
S-B(2)~B(3) 59.49 (10) S-B(3)-B(6) 113.45 (16)
S-B(2)~-B(3)  59.47 (11) S-B(4)~-B(8) 113.58 (17)
S-B(3)-B(2) 59.91(11) S-B(4)-B(7) 113.80 (17)
S-B(3)-B(4) 60.45 (12)  S-B(5)~B(8) 114.12 (17)
S-B(4)-B(3) 59.83(11) S-B(5)-B(9) 113.80 (16)

(b) Angles (deg) Involving Triangular B~-B-B Faccs
B(2)-B(9)-B(5) . 65.86 (14) B(3)-B(6)-B(7) 58.81(15)
B(2)-B(9)-B(6) 58.79 (13) B(7)-B(6)-B(10) 57.01 (16)
B(5)-B(9)-B(8) 58.84 (15) B(9)-B(6)-B(10) 57.14 (15)

B(6)-B(9)-B(10) 57.13 (15) B(3)-B(7)-B(4) 65.23(16)
B(8)-B(9)-B(10) 56.83(16) B(3)-B(7)-B(6) 58.74 (14)
B(6)-B(10)-B(7) 65.95 (17) B(4)-B(7)~-B(8) 58.89 (16)

B(7)-B(10)-B(8) 65.96 (18) B(6)-B(7)-B(10) 57.04 (15)
B(8)-B(10)-B(9) 66.07 (18) B(8)-B(7)-B(10) 56.91 (17)

B(9)-B(10)-B(6) 65.73 (16) B(4)-B(8)-B(5) 65.42 (16)
B(3)-B(2)-B(6) 56.88 (13) B(4)-B(8)-B(7) 58.71 (16)
B(5)-B(2)-B(9) 56.78 (14) B(5)-B(8)-B(9) 58.71 (14)

B(6)-B(2)-B(9) 61.98 (14) B(7)-B(8)-B(10) 57.13(17)
B(2)-B(3)-B(6) 57.08 (13) B(9)-B(8)-B(10) 57.10 (16)

B(6)-B(3)-B(7)  62.45 (15) B(2)-B(9)-B(5) 65.86 (14)
B(4)-B(3)-B(7) 57.30 (15) B(2)-B(9)-B(6) 58.79 (13)
B(3)-B(4)-B(7)  57.47 (14) B(5)-B(9)-B(8) 58.84 (15)

B(7)-B(4)-B(8) 62.40 (17) B(6)-B(9)-B(10) 57.12 (15)
B(5)-B(4)-B(8) 57.32(15) B(8)-B(9)-B(10) 56.83 (16)
B(4)-B(5)-B(8)  57.25 (15) B(6)-B(10)-B(7) 65.95 (17)
B(8)-B(5)-B(9) 62.44 (16) B(7)-B(10)-B(8) 65.96 (18)
B(2)-B(5)-B(9) 57.36 (13) B(8)-B(10)~-B(9) 66.07 (18)
B(2)-B(6)-B(3) 66.04 (14) B(9)-B(10)-B(6) 65.73 (16)
B(2)-B(6)-B(9) 59.23 (13)

(c) Angles (deg) Involving the B(2)-B(2") Bond
S-B(2)-B(2") 113.68 (19) B(6)-B(2)-B(2") 122.78 (22)
B(3)-B(2)-B(2") 131.30 (22) B(9)-B(2)-B(2') 123.11(22)
B(5)-B(2)-B(2") 131.97 (23)

(d) H-B~B and H-B-S Angles (deg)

H(3)-B(3)-S 111.7 (1.0) H(7)-B(7)-B(3) 114.6 (1.2)
H(3)-B(3)-B(2) 129.7 (1.1) H(7)~-B(7)-B(4) 113.9(1.2)
H(3)-B(3)-B(4) 130.6 (1.1) H(7)-B(7)-B(6) 133.5(1.2)
H(3)-B(3)-B(6) 123.4 (1.1) H(7)-B(7)-B(8) 132.4€1.2)
H(3)-B(3)-B(7) 123.4 (1.1) H(7)-B(7)-B(10) 124.4(1.2)
H(4)-B(4)~-S 110.9 (1.2) H(8)-B(8)-B(4) 115.6 (1.1)
H(4)-B(4)-B(3) 130.7 (1.2) H(8)-B(8)-B(5) 115.7 (1.1)
H(4)-B(4)-B(5) 129.5 (1.2) H(8)-B(8)-B(7) 132.2(1.1)
H(4)-B(4)-B(7) 124.6 (1.2) H(8)-B(8)-B(9) 132.4 (1.1)
H(4)-B(4)-B(8) 123.8 (1.2) H(8)-B(8)-B(10) " 122.6(1.1)
H(5)-B(5)-S 113.8 (1.2) H(9)-B(9)-B(2) 117.6 (1.0)
H(5)-B(5)-B(2) 131.0 (1.1) H(9)-B(9)-B(5) 116.5 (1.1)
H(S)-B(5)-B(4) 130.9 (1.2) H(9)-B(9)-B(6) 133.3(1.1)
H(5)-B(5)-B(8) 121.5 (1.2) H(9)-B(9)-B(8) 130.3 (1.1)

H(5)-B(5)-B(%) 121.8 (1.2) H(9)-B(9)-B(10)  120.5 (1.0)
H(6)-B(6)-B(2) 116.5 (1.1) H(10)-B(10)-B(6) 129.0 (1.4)
H(6)-B(6)-B(3) 118.2 (1.2) H(10)-B(10)-B(7) 130.6(1.3)
H(6)-B(6)-B(7) 131.9 (1.1) H(10)-B(10)~B(8) 130.5(1.4)
H(6)-B(6)-B(9) 130.7 (1.1) H10)-B(10)-B(9) 128.6(1.3)
H(6)-B(6)-B(10) 119.7 (1.2)

(e) Angles (deg) Involving the Square Belts
B(5)-B(2)-B(3) 88.78 (14) B(9)-B(6)-B(7) 90.25 (16)
B(2)-B(3)-B(4) 90.75 (15) B(6)-B(7)-B(8) 89.77 (17)
B(3)-B(4)-B(5) 89.95(15) B(7)-B(8)-B(%) 90.15(17)
B(4)-B(5)-B(2) 90.52 (15) B(8)-B(9)-B(6) 89.83 (16)

negative value was —0.41 ¢ A-3, This trough was located below the
sulfur atom, within the cage framework.

Discussion

The molecular geometry and atom numbering convention
for 2,2'-(1-BoHsS)2 are shown in Figure 1. Interatomic
distances are given in Table I bond angles are in Table IIL%
anisotropic thermal parameters for nonhydrogen atoms are
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Table IV. Anisotropic Temperature Factors @ for Nonhydrogen Atoms
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Atom 108, 10%B,, 10%8,, 10*B,, 104B,, 10°B,,

S 400 (3) 353(3) 670 (4) 77 (2) 70 (2) 67 (3)

B(2) 349 (12) 316 (12) 451 (14) 310 2110 ~-711)
B(3) 512 (15) 376 (14) 427 (15) -40 (12) -7 (12) —20 (11)
B4) 744 (19) 309 (13) 539 (17) ~-59 (13) 117 (15) 18 (12)
B(5) 661 (17) 344 (13) 465 (15) -57 (12) 123 (13) ~50 (11)
B(6) 412 (14) 426 (14) 518 (16) -24 (12) 8(12) -65 (12)
B(7) 642 (18) 481 (15) 471 (15) —180 (13) 147 (14) 31 (12)
B(8) 722 (19) 457 (16) 492 (16) ~252 (14) 72 (14) -54 (13)
B(9) 446 (14) 463 (14) 464 (15) -107 (12) -39 (12) 1(13)
B(10) 452 (15) 676 (20) 701 (19) —171 (15) 89 (14) -57 (16)

@ The form of the anisotropic thermal factor is exp[—*/4 (#2B, ;a*? + k2B,,b*? + I*B,,c** + 2hkB,,a*b* + 2hIB ja*c* + 2KIB, b*c¥)];

units are A?,

Table V. Final Atom Parameters

Atom x y z Bigo, A?
S 0.41918 (4) 0.21309 (6) 0.38783(9) 3.76
B(2) 0.52721 (18) 0.07326 (23) 0.46163 (36) 2.96
B(3) 0.51957 (22) 0.15970 (25) 0.19609 (39) 3.49
B(4) 0.53347 (25) 0.33683 (27) 0.32021 (42) 4.22
B(5) 0.54131 (25) 0.25325 (26) 0.58513 (42) 3.91
B(6) 0.64048 (20) 0.07776 (27) 0.31058 (39) 3.61
B(7) 0.64474 (25) 0.25470 (28) 0.21492 (42) 4.23
B(8) 0.65947 (26) 0.31827 (29) 0.47884 (42) 4.44
B(9) 0.65550(21) 0.14115 (28) 0.57421 (40) 3.64
B(10) 0.73879 (24) 0.19181 (32) 0.39753 (47) 4.86
H(3) 0.4760(16) 0.1274 (20) 0.0515 (30) 3.92 45)
H(4) 0.4991 (17) 0.4343(22) 0.2701 (31) 4.58 (50)
H(5) 0.5172(18) 0.2910(21) 0.7280(34) 4.66(51)
H(6) 0.3356 (18) 0.0188 (22) 0.7523(32) 4.39 (50)
H(7) 0.6650 (18) 0.2993 (22) 0.0722 (35) 5.27 (56)
H(8) 0.6944 (16) 0.4131(23) 0.5473 (31) 4.78 (1)
H(®) 0.6903(15) 0.0973 (21) 0.7180(31) 3.91 (46)
H(10) 0.8309 (21) 0.1829 (26) 0.4021 (36) 6.87 (68)

in Table IV, and final atom coordinates are in Table V.

A bicapped square antiprism has two positions coincident
with the principal symmetry axis (axial positions) and two
square sets of four positions around and normal to that
symmetry axis (equatorial beits). The structure can be de-
scribed as two bicapped square antiprisms joined through an
equatorial B-B bond. Such a framework is typical of ten vertex
closo polyhedra!® and this structure strongly supports the
suggested structure of the parent 1-BoHsS,2 i.e., a bicapped
square antiprism with axial sulfur placement.

The four boron—sulfur distances range from 1.918 (3) to
1.930 (3) A and do not vary significantly. The average bond
distance!! of 1.923 (3) A is somewhat shorter than the average
boron—sulfur distance of 2.02 (5) A given for the metallo-
thiaborane [(C2Hs)3P]2Pt(H)B9H 10S!2 but longer than the
average B-S distance for BoH12S-, 1.89 (3) A.13 An ex-
polyhedral B-S distance of 1.92 (1) A was observed in
B1oH12{S(CH3)2]2.14 The boron-boron bond coupling the two
BoHsS units is 1.678 (5) A, slightly shorter than the 1.74 (6)
A boron-boron distance joining the two pyramids of 1,1'-
(BsHsg)2.!5 The boron—boron distances within the cage
framework range from a high of 1.940 (3) A for the borons
occupying the square belt adjacent to the sulfur to a low of
1.689 (4) A for the distance between the lower belt boron, B(8),
and the unique axial boron, B(10).

Tyg‘ically, boron—-boron near neighbors range from 1.70 to
1.86 A apart. However, observed B—B distances range from
2.01 A in BioH14!4 to a minimum of 1.60 A for the distance
between two borons in the base of BeHi0.17 This latter short
distance has been attributed to a two-electron, two-center bond
predicted by topological considerations.!® We feel that the
B-B bond of 1.678 (5) A joining the two BoHsS moieties, the
shortest B-B distance observed in the molecule, is a two-
electron, two-center bond. Even though the B-B distances
associated with the axial belts of boron atoms are not sig-
nificantly longer, they are considered to be multicentered in

nature. The latter distances compare favorably with the
apex-—base distances reported for pentaborane(9),!9 1.69 A,
bonds possessing considerable three-center character.

The length of the boron-boron bond joining the two cages
may be longer than expected due to the bulky nature of the
two units which it joins. A more important reason, however,
may be the withdrawal of electrons from this bond by the more
electonegative sulfur atom in the cage. The average B-B
distance in the belt of four boron atoms adjacent to the sulfur
(upper belt) is 1.930 (4) A, while the corresponding distance
for the belt adjacent to the axial boron (lower belt) is 1.842
(4) A. This significant difference,20 is most readily attributed
to a combination of electron withdrawl by the sulfur atom and
size. For comparison, the Cu(I) salt of the isoelectronic
B1oH 102~ polyhedron has a boron—boron length of 1.86 A for
similar bonds.2!

One more point directs itself to the nature of the upper belt
boron-boron distances. If the sulfur atom were drawing
electron density toward itself, the boron atoms in the upper
belt would be more positive relative to those of the lower belt.
The “parent” 1-B9HgS, whose bond lengths should not vary
significantly from those in 2,2'-(1-BsHoS), is in fact subject
to facile nucleophilic attack by methoxide ion and amines.?
Such reactions do not readily occur for the isoelectronic species
BioH10% 22 and 1,10-BsC2H10;2? nothing is reported regarding
BoCHi10-,24 but degradation is reported for 1,6-BsC2H o0 in
which case the placement of the carbon atoms also renders
certain boron sites positive and susceptible to nucleophilic
attack.?3 Oxidation of the degradation product from 1-BsHsS
leads to BsH10S, the framework structure of which from
spectroscopic evidence is consistent with removal of an upper
belt boron atom from the BoHoS framework.25
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The crystal structure of hexa(acetic acid)nickel(Il) tetrafluoroborate has been determined and the structure of the coordinated
acetic acid is compared with the structure of free acetic acid and with the coordinated acetate ion of bis(acetato)tetra-
aquonickel(IT), The crystals of [Ni(AcOH)s](BFa4)2 are triclinic belonging to space group PI with a = 10.092 (2) A, b
=8.706 (2) A, c = 9.147 (2) A, a = 112,29 (2)°, 8 = 97.81 (2)°, and v = 115.34 (2)° at 20°, with one molecule per
unit cell. All unique reflections for which 26 < 50° were measured using graphite-monochromatized Mo K« radiation
with a pulse height analyzer. The structure was refined by large block diagonal least-squares methods using 1764 reflections
to a final R index of 0.058. The acetic acid is coordinated to the Ni{II) ion through the carbonyl oxygen with an average
bond length of 2.055 (4) A, which is slightly shorter than the Ni-O bond length of 2.068 (1) A found for Ni(H20)4(AcO)2,
Other changes in geometry of the acetic acid upon coordination are barely significant, The hydroxyl hydrogen of the acetic
acid is involved in a bifurcated hydrogen bond to the carbonyl group of the same acid and to a fluorine of the BF4~ anion.
The isotropic 'H NMR shifts determined from magnetic dilution experiments for the methyl and hydroxyl protons are
~4.33 and —2.49 ppm, respectively. When compared to the contact shifts determined from a neat solution of [Ni(Ac-
OH)s](BF4)2, these results indicate some dissociation of the complex in solution.

Introduction

Recently Van Leeuwen? reported both the synthesis and
spectral properties of a new series of compounds which
contained six acetic acid groups coordinated to the divalent
cations of Mg, Mn, Co, Ni, Cu, and Zn and with the tet-
rafluoroborate, perchlorate, and nitrate counteranions. Inan
effort to continue our investigations into both the structural
and bonding characteristics of similar complexes of protonated
ligands,34 we have determined the structure of hexa(acetic
acid)nickel(II) tetrafluoroborate, [Ni(AcOH)es](BF4)2, by
crystallographic techniques.

In order to compare accurately the structural differences
of a coordinated carboxylic acid with that of the corresponding
conjugate base, a coordinated carboxyl anion, we repeated
independently the structure of bis(acetato)tetraaquonickel(1I)
[Ni(H20)4(Ac0O)2] first reported by Van Niekerk and
Schoening? in 1953 and again by Raper6 et al. in 1971. In
order to compare reliably the two structures the intensity data
for both compounds were collected and analyzed under
identical conditions using the same statistical and least-squares
methods.

In an effort to determine whether the structure of the
molecule was maintained in solution we have determined the
I'H NMR isotropic shifts.

Experimental Section

Synthesis of [Ni{AcOH)¢](BF4)2 was accomplished by the method
of Van Leeuwen.2 Ni(H20)4(AcO)2 was obtained commercially and

purified by recrystallization from a 50:50 v/v solution of water and
ethanol.

Collection and Reduction of Intensity Data

Light green crystals of [Ni{AcOH)s](BF4)2 were grown by slow
cooling over a 4-day period from a solution of the salt in dried glacial
acetic acid, nearly saturated at 60°. A single crystal, of space group
P1, irregularly shaped with maximum dimensions of 0.030 X 0.040
X 0.060 ¢m, was selected and was lodged and sealed in a thin-walled
capillary tube. A volume of mother liquor approximately equal to
that of the crystal was included in such a way that the crystal was
entirely bathed in liquid throughout data collection. The crystal of -
Ni(H20)4(AcO)z was monoclinic, space group P21/¢, with maximum
dimensions of 0.034 X 0.016 % 0.016 cm,

A Syntex four-circle computer-controlled diffractometer with
graphite-monochromatized Mo Ke radiation (Ko, A 0.70926 A; Ko,
X 0.71354 A) and with a pulse height analyzer was used for pre-
liminary experiments and for the measurement of diffraction in-
tensities. The cell constants were determined by least-squares methods
from the centered angular coordinates of 15 intense reflections. The
cell constants at 20° for [Ni(AcOH)s](BF4)2 are a = 10.092 (2) A,
b=18.706 (2) A, c = 9.147 (a) A, & = 112.29 (2)°, 8 = 9781 (2)°,
and y = 115.34 (2)°; V = 627.9 (2) A% and peated = 1.567 g/cm3.
The density was not successfully measured by flotation because of
the instability of the complex. The cell constants for Ni(H20)4(AcO)2
were obtained similarly and at 20° were found to be @ = 4.760 (1)
A b=11761(4) A, c =8.419 (4) A, and 8 = 93.82 (3)° with ¥
= 470.3 (3) A3, The calculated density pcaica = 1.75 g/cm3 agrees
with the measured density of pmeasd = 1.78 g/cm3.

Diffraction intensities were collected by the 626 scan technique
at a minimum scan rate of 3°/min in 26 to 24° /min in such a way



