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ABSTRACT
The ‘structure of bis(2,k4-pentanedionato)bis(pyridine N-oxide)nickel(II),
H.0,),(C HNO
57 2)2( 55 )2
The crystals are monoclinic in space group C2/c, with a = 1k.65% + 0.0054,

Ni(C has been determined by single crystal X—ray diffraction.
b = 16.972 £ 0.005A, c = 18.3LL £ 0.005A, and B = 100.74  0.05°. For Z = 8 the
measured and calculated deﬁsities are l.52land'l.52h g/cm5 reépectively. Counter -
data were collected for 2319 independent feflections by the 6-26 scan techﬁique.
The structure was refin;d, inciuding hydrogens, by least squares methods to a
conventional R value of 0.097. Individdal molecular units, which involve a
cis configuration of pyridine N-oxide and acetylacetona£e chelate rings coor-
dinated to the nickel in a'neérly regular ocfahedral disposition, make up thé

structure. - The pyridine N-oxide molecules are coordinated in}ah_angular fashion

“with an.average Ni-0-N angle of 121°.
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INTRODUCTION
Heterocyclic amine N-oxides act as o%ygen'donor’ligands in a variety of
transition metal coordination compounds;2 Very recently structural studiés have
been»reéofted for compouhds which involve pyridine N-oxide acting as a bridging

3-5

ligand bétween copper atoms, howevef, no.otherstructuralWOrk dealing with
complexes of this class of ligahd appears tb‘have been done. Not long ago
‘Kluiber and Horrocks6-’7 synthesized and studied complexes of the type bis(2,k-
‘pentanedionato)bis(heterocyclic amine N-oxide)metal(II), hereafter referred to
as M(AA)2(1igand)2, were M ;'Co;Ni. These complexes belong £o the class of
neutral donor adducts of_M(AA)é of which the dihydrates,8’9 M(AA)E(Hzo)z, and
dipyridinates,lo M(AA)E(CsHSN)E,_are known and which involve trans octahedral
coordination of the metal in the solid state. On the basis of an analysis of
the dipolar (pseudocontact) contribution to the isotropic proﬁon magnetic re-
sonance shifts in solution in the complexes M(AA)Q(L)e, M = Co,Ni, L = pyridine
N-oxide or 7fpi¢oline N-oxide, Kiuiber and Horrocks6 estimated an average M-0-N
angle in the range 115-1%0° for.the coordinated heterocyclic amine I\T—oxides.ll
These resulfs weré based bﬁ a trans octahedral model for_coordination_which was
suggested by the known solia stéte structures8-lo fof the compounds with

'L = HEO’ C5ﬁ5N. Cleariy the detalled geometry of.the coordinétion of hetero-
cyclic amine N-oxides in generai and the stereochemistry oflM(AA)Q(C5ﬁ5NO)2 in
particular are of interest. The present article reports the results'bf the
crystal and molecular structure determination of Ni(AA)Q(C5H5NO)2. Earlier

powder x-ray work6 showed the analogous cobalt complex to érystallize in two-

modifications one of which was isomorphous and presumably isostructural with

the-nickel compound.
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- EXPERIMENTAI, SECTION
Crystals of bis(2,h—pentanedionato)bis(pyridine_N-oxide)niekel(II),
o 2)2(C5H5N0)é, were prepared by the method of Kluiber and_Horrocks.6'_A,ﬂ,

crystal of approximate dimensions .16 X .15 x .08 mm was chosen for intensity

'Nl(c

measurements and was mounted onva.quartz_fiber with the b axis (uniqde)vof'the
monoclinic cell paral;el.to the spindle axis of the instrument. The ﬁnit eell
' 'dimensiohs were determined at room.temperature on -a General Electric XRD-5 unit
equipped with a mehualvgoniostat, scihtillation.couhter,.and pulse height dis-
criminator using unfiltered molybdenum radiation (X = 0.70926 for Koi). They
~are a = 14.653 ivOlOO5A, b =\i6;972,i o.oO5A,*g =218 34l £ 0.005A and B = 1007k
: : and hOf, £ = odd, o
£ 0.05 . Systematic absences for reflections hkf, h+k = odd /observed on T e
Weissenberg Tilm layers: - hOf, ‘hlf, hef, and h3!, suggested space groups Ce or
'C2/o.'-The density measured by fiotation in a carbontetraehloride-methylcyclo—'>_
hexane mixture was 1.3%32 % O.Ol'g/cm5 which comperes favorahiy with the calculated
density .of 1.32L for Z = 8. With eight molecules per unit.cell and the appearsnce
of 2x, 2y, 2z peaks for nickel in the Patterson functlon, the centric space group
c2/c(c h’ No 15) was chosen and this choice was confirmed by the subsequent refine-
ment of the structure. All atoms occupy general positions and no molecular_symmetry
'conditions are imposed'by‘crystallographic symmetry.

Although the structure was actually solvea using data obtained>hy 10 sec
peak counts on the manual goniostat and employlng zirconium filtered molybdenum
'radlatlon and a 4° take off angle, 1nten51ty data for the final refinement reported ‘
_here'were recorded on an automated GE XRD-5 diffractometer. Nickel filtered (at the

receiving slit) copper radiation (A = 1.54051 for Kal) with a 20 MA source current,

a 2° take-off
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angle, and a 6-20 scan technique were employea; ‘Scans commenced at 28 values
0.7° below the cglculated Kal pesition, proceeded throggh the Kal-Ka2 separations,
and on to O.7°_beyond the Ka2 ?eak posiﬂion at a rate of 1° pe;'min.v A 10 sec
background coﬁnt was taken O.4° from each end of the peak écén. The background
correction for each reflection ﬁas obtained from the avérageiof ﬁhe two background
counts pro-rated to the length (sec) of‘the peak scan. In order to assess the
iﬁporténce‘éf couﬁter satﬁration, fhe reflectionswifh‘26 < 50° were remeasured
with a source current of 6MA. .Only the most intense reflectién was appreciably
affected by errors from this cause; The 6MA data were averaged in with the 20MA
data using a;scéle factor ébfained from a éompar;son of Mo_repneSentativEgreflections
of intermediate intensity obtéinéd at both amperéges. Of the 2319 non equivalent
reflections measured, 2113 were observed to.be non-zero. The corrected inten-
sities, I, were assigned standard deviations according to the formula:

: _ o 51/ |

o(I) = [TC + 0.25(¢ /t,)7(By#B,) + (0.051)7]
where TC 1is the toﬁal integrated peak count obtained iﬁ a scan time tc; Blkénd
Bé are.the two background cgunts gach obtained inltime, tb’ and I = TC—O.5(té/tb)
(B1+B2). Six standard refleétiqns were' recorded évery hundred measurements.
The constancy of these standard reflections indicated little or no deterioration
of the crystal through the course of the data collection. The lipear absorption
coefficient éf the crystal is u =‘l5.l bm_l. No noticable»absorptionréffects

appeared for CkO reflections as a function of ¢ and no absorption corrections

were applied to the data.
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SOLUTTON AND REFINEMENT OF THE STRUCTURE

A,Patiersbnle éyntheéié-located thé'nickel-and.seyeralvéf the adjacent
oxygens. A leanvsquares refihementvand subseQuent Fourier synthesislz‘disclOSed
tﬁe_remaining atoms. Least'squares refinement proqeeded‘with éil twenty-nine |
Uatgms and oniy the. nickel atom treatedmanisotropicaily to a'coﬁveﬁtioﬁél R
value15 of 0.117. At thié pqint a diffefence”syﬁthesis disclosed all bﬁt one
of.thevtwenty fou: hYdrogeﬁs. Wheh the hydrogens wére-included and refined; R -
“dropped to a final'valuevof OLO97vfdrtall reflecfions. AtdmiC'écaftering faétofs _
and disperéioﬂ corrections ﬁeré taken from the Internaﬁional‘iébles.lu The
isotropic thermal paramétéfs ﬂaVe the form exﬁ(eB singe/le) while the anisotropic S

temperature factor was

esxpl-0.25(B, bIH" + B boK" + 355b§£?14‘2312b1b225-+ 2B, by b,01 + 'Byub bkt ,
where bi is the ith reciprocal axis. The values of the hydrogéﬂ coqrdinatés
and their temperature factors obtained from the final refinement are as follows:
5 Hydrogen; X, Vs z_(teﬁp. factor); RIH1A, 0.272,'-o.185,_o,iou(12.6);s31H13, |
0.348, ;o.1h5, 0.099(;1.1);_31ch; 0.278, -0.117, 0.141(1.1); R1E3, 0.179,
J‘ -0.177,'-0;015(2.9); R1HSA, 0.058,--0.170,'-0.119(5.4); R1H5B,v0}058, -0.132,
Qo,176(1.2); RIHSC, 0.112, -0.187, ~0.16% (k.5); ReHlA; 0.42k, 0.047, ,0.189(;1}5);
;:REHlB, o.&85, 0.11k4, -0.136(1,8); R2H1C, 0.435, 0.148, -0.197(5.0); ReH3, 0.307,
'f,o.lg;;_40.195(h.8ls,R2H5A, 0.065, 0.246,:-0;196(6{o>; RRHSB, 0.167, 0.250,
f';o.252(io.8); Reﬂsc;-o.llz, 0.218,‘-0.227({L2); PIHI, o.bu5,‘-ofo5o,‘Q.069(-1.5);.
'Plﬂe; 0.048, 40.079, 0.168(-0.7); P1H3, 0.157, -0.022, 0.263(5.9); P1lH4, 0.205,
'_0;082, 0.278(2.6); P1H5, 0.200, 0.115, b.127(oi9); P2H1, 0.363, 0.271,';0.001(1.1);
rﬁ; PéH2,‘O.509, 0.274%, 0.008(5.0); P2H3, 0.586, 0;183, 0{076(1.0); P2HL, 0.542,

'0.106, 0.081(1.7); PeH5, 0.418, 0.07k, 0.065(10.5).
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The:hydrogen labeling should be obvious from Fig. 1, howevef, not much
significance should be attached to the numerical values of these parameters. In
some instances considerable displacement of the hydrogen from the position ex-
pected on the basis of the heavy atom structure was noted. Sirice the hydrogen
'pOSitions in the present structure are of no particular chemical interest no
further consideration will be given to them'hére.

Table I gives the final observed and caiculated structure factors. On
the final full matrix least squares cycle the largest varidtion of a heavy atom
positional pérameter was 0.0006 while the largest temperature factor shift was

0.1, in all cases the shifts were smaller than the estimated standard deviations.

The final heavy atom parameters are given in Table II.

DESCRIPTION AND DISCUSSION OF THE STRUCTURE

The crystgl is composed of discrete.molécules, Ni(AA)2(05H5NO)2, in
which the six oxygens are coordinated to the nickel in afvery nearly regular
octahedralnnrray. The bond distances and angles inﬁernal to these molecules are‘
‘indicated in Table III. In Fig. 1 the o&erall molecular geometry is illuétratedv
along wiih{fhe atom labeling and average values of chemically equivalént‘bond
distances are given. A pair of stereOSCopic repreéentafions .1s provided in
Fig. 2 to permit the reader to appreciate the details cf tne geometry. The
closest NiéNi‘approach is 6.882 A which occuis within the’unit cell for molecules
felated by %, ¥, z and 1/2-x, 1/2-y, -z. This juxtaposition is achieved by effi-
cient molecular packing and no specific intermolecular interactions are indicatedfu

The two pyridine N—oxide'molecuies occupy positions cis to one another

in the coordinatlon sphere of the nickel. This contrasts with the solid state



. vond rupture is' also quite possible. Complexes of the-type Tl(AA)2 o X =

structures of M(AA) (H o) 8,9 ana M(AA)Q(Q5H5N)é;lQVM1;”CO;Ni,<in which the .

neutral monodentatelllgendsvoccupy trans positions. HOWever precedents for el
:gis_coordination geometry injdivalent~metal-acetylecetonate*compounds:are-pro-f; _
vided by the crystal structures,of Nl(AA)2 5,15 [co(aa),]), s 16 and [CO(AA)QHEOJE M.
These polymerlc complexes involve a- cis octahedral arrangement of the termlnal
chelate rings. Also, complex anions. of the type [M(AA)5 18 necessarlly 1n;'

volve coordination of'this sort.. These flndlngs, taken together, suggest that :

there 1s very little energy dlfference between cis and trans structures of thlS:

type. Crystal packing forces may very well determine the solid state cOnfor;~
mation in any particular example.v The problem of the- structures of M(AA)2 5 |
complexes-in sclution is of course;not solved, but theApresent resultsvsuggest '
that the noss1bility,of_a'gis structure in solutionvshould not bevignored; vForJ~ o
Ni(AA)2(05H5N)2 in solution Hashegen;and FacklerlOVAVerred.that their electrOnlc}_"
spectral‘deta were consistent with a trans structure, but their data do not.

rule out a cis configuratlon, or what is even more'likely;jan equilihrium_mixturev
of the two forms}: Complexes of this t&pe are quite»lebile and exchange their:”:
monodentate ligands rapidly with excess ligand molecules present in solution_6}7”

Thus a facile mechanism for converting’between cis and trans forms is readily7*

available through ligand exchange, although an isomerization mechanism without
‘ s . . . 23,2k

- halogen, have been shown to exhibit a cis octahedral structure in solution,

however the higher oxidation state and negatively charged monodentate ligands

make the analogy with the present. system inexact.



Kluiber and Horrocks,6 in their analysis of isotropic dipolar pmr shifts
in solutions’of paramagnetic complexes of the type M(AA)2(05H5N0)2, M = Co,Ni,
assumed a trans structure in solution and, on the basis of this détermined that
pyridine N-oxide and certain of its derivatiﬁés coordinate in an angular fashion -
with a M-0-N angle in the range 115-130°. While this angular mode of coordination
is substantiated for thé solid state by the present results (vide infra), the use
of a trans model is called to question. The answer to the problem of which fofm v
»iS'present or predominates .(if both forms occur as seems likely) in solution must
await further studies.

The”nigkel to ligand atom distances. appear normal. The average Ni-
écetylaceténate oxygen distance found here (2.024) is in excellent agreement with
those found for Egggé_Ni(AA)Q(HéO)E(E.OEA)g and for the términal chelate oxygehs

of [Ni(AA),.] (E;OIA).15 The average distance from the nickel to the pyridine N-
2 ;

2.
oxide oxygen found heré is 2.lOA¢_ This is slighgly, but perhaps significantly,
shorter than the nickel to water oxygen distance of 2.1kA in Ni(AA)2H20)2.9 This
indicates that of the two neutral oxygen donor ligands, pyridine N-oxide is the
more strongly coordinating. |
In the present‘étructure the two indebendent pyridine N-oxide molééules,
Pl andbP2, coordinate with Ni-O-N angles of 119.2° and 122.4° respectiﬁely.
- This angular coordination is to be>expected from a considerafion Qf the direc-
tional properties of the loﬁe pair eleétrons on the oxygen which form the
coordinate bond to the nickel. The angie of approximately 120° suggests that a
reasonable description of the bonding in pyridine N-oxide involves gg? hybridi-
zation on the oxygen (two lone pairs and the N-O bond pair) with the third ione

in a pure p orbital and available for pm-pT interaction with the T-system of

the pyridine ring. If this m-interaction were very impoftantione would expect
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' the Ni-0-N plane and the ?ianebof the pyridine ring to be'poincideﬁt.' The aﬁglésj R
between the Ni—O-N.planes and_the least sqﬁaresxplanés of:the'pyridine rihgs for
ligands Pl and P2 are 67.5° and 4B.L4° respectively (The stereoseépic'view providéd
.by Fig. 2_illustrateé this twist Well)-; This suggesfé that.E?inferaction'of:fhi;
sort is not of parémount.importance'ih detérmining the configuration of.fhe coordiha—
tion. A déscripfion of theibonding in terms of a.distortion from Egébhyb;idiéatioh
. on the oxygenvis of couréé eqﬁaliy Valid.,vThe angﬁlar coordination is cénsistent
with the apparent éngular hyarogen bond. found fof'thé'hydrochloride of the ligand.25
" Angular coofdination ﬁas élso_been observed in_PhQSPhine oxide;éoordinationvcoﬁ- l
' pounds.26’27 | | o |
Tﬁe internal distances and aﬁgles of the pyridine N—oxide.ligand; in particuf'

lar the average NfO_bond distanéevof 1.35A, agfee well'with_those recenﬁly réporteduf '
for the bridging ligand in < [cuCt,(CHNO)],.  The present N-O bohd distance is

- 0.05A shorter than that found in the hydrochloride, 2 but considering the probable

<.

uncerﬁaintv of that determination no conclusions can be drawn from this difference.

Tsoucarisg-»estimated that thé N-0 linkage in C.H.NO-HC! had. ~20% p-character. While

55
28,29

the literature data; available on N-O bond lengths do noﬁ'permit as smooth a plot

U

’ 'of.bond lengths vs bpnd'brder to be drawn as was obtained by_Cotton and WingEO‘forv
thé C-0 bond, a reasonaﬁle curve:of similar character can be constructed. The N-O
_bond length for coofdinated pyridine N-oxidé (i.33A) fails in the steep portion of

. the curve vhere bondiérder is relatively insensitive to bon§ léngthz but suggests E
that the W—bond'charéctef is small, on the order of‘lO—20%fﬁ This conclusibn is
consistent with the}observed sizeabie twist.bf thé pyridine;rings ocut of the Ni-O-N -
plenes. A further juseful comparison is with the N-O bond length of 1.39427 in the
aliphatic amine N?ﬁxide, (CH5)5NO; where f-bonding is imposé}ble and the effect of
cnarge separation?9 shouldvroughly correspond to the present case. The pyridinefv

N-oxide oxygens P10 and P20 are respectively 0.06 and 0.07A out of the .
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least squares planes through the pyridine rinés.. Similar deviations‘from
planarity have been found for the N-oxide moigty in C5H5NO'HC!Z25 and
[Cuc:/z2(c51+:5No)12-LF
The bond lengths and angles of the acetylacetonate chelate rings appear
normal and compare well ﬁith those in the literature. The methyl carbons fall
within 0.15A of the leasf squares planes defined by the oxygens and carbons 2, -
'.5} and L of the chelate rings. As has been noted in other acetylacetonate |
complexes,9 the central metal does not. lie exactly in the plane of the chelate

ring. In the preseﬁt structure the nickel atom falls 0.17 and 0.L6A from the

least squares planes of rings'Rl and R2 respectively.
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Computationswere performed on IBM 704k and CDC 6600 computers at the L.R.T.

The following computer programs were used for the operations indicated:
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by Larsen) and EULERA; Reduction of raw data: Zalkin‘s AUDIT and INCOR;

Patterson and Fourier synthesis: Zalkin's FORDAP; Least sguares refinement:’

-Zalkin's LS 250’(a modification of the.Gantzel—Sparks—Trueblood full matrix

program which minimizes 3 waF[E/Z wIF [2 v = l/GQ(F) ); Intératomic.distance

and angle computation: Zalkin's DISTAN; Calculatlon of least squares

" planes: Chu's LSPIAN, Graphlcal representation of atomic p051t10ns and

molecular stereochemistry: Zalkin's ATMPLT and Johnson's ORTEP; preparation

of Table I: Zalkin's LIST.
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i , Table T : v
Observed and Calculated Structure Factors (x3) for Ni(AA)e(c5H5No)2'
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Final Poéitionai aqa”Thé%méiagiiaiiters-for Ni(AA)é(05H5No)2 &b
| ':g/a» _;  D7 S | zfe o
NI ;2186(1) _  | - ..0537(1) o .-.ouﬁ5(1)‘> c
RIOL . .2769(3) - -.oe6e(e) o .o31a(2) 3.3(1)
R102 absk(3)- .{2 ~o-e0z21(2) ?flCMQ(éj_;v }'5-M(l)f
- R1C1L . .2953(11) L -.1&09(6} o L1083(6) 5.0(2)
mc2 Les7(s) o -.0m7(s)  .osho(t) 530
R a900(6)  -.1sh(b) | —.0208(k) 5.4(2)
CRIGE . .17(5) o) -.0856(4) @)
R L0T6(9)  ~askI(6) -.13(D) 5.2(2)
Cmeor o) .060(2) ao7(e) k1)
| Rgde : .1535(3):f' "-.15uo(2) | | -.ilSh(E)_. .;3.3(1)
Recy Mes(il) o L0oI3(9) . -.172h(8) S 9a()
R2C2 © 3399(7) . ' _.0997(5) | C=a1bsT() '_:542(2)':
Crecs  .em(®)  616() 0 -.2125(0) 1.6(2)
Cmeck o ag(6) . - amio(k)  -.60(k) 3.7
Cores  BaGo) 36 1990 55(2)
| P10 . L110L(3) - o725(2) -0155(5) . Bsé(l).
e m(y) L LO7G) o .08M8(3) 2.9(1)
- Plél : 1 - .0668(6) o :;.01h2(u) . | 0997 (k) .’ 5.u(g)
P ;0730(7)' ,'H. -.0k0B(k) - v_.i?lz(h) - >ju<o<2)
PIC3 . Lazks(T) *{.0098(5) S 2262(5) 4.8(2)
ik am8() - .OW76(5) 211(3) 52(2)
_.1851(7) 078k(5) . a87(5) T "vh-5(2) -

P1C5
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‘Table II (continued) . -

| xfa oy L gfe - B

B0 - 8s() Q-.iusy(e) - 0199(2) . 3.7(1)
PN -;375l+(5) . | .1582(3) R .0272(3) 3.1(1) ‘,
poci '.. | ho22(7) ;-5 .;. .2318(L) l - LoLT6(k) - 3.7(2)
pace Cess(e) . 28(6) o LO3M(s) L 5.2(2)
r2c3. Cse28(9) . .ao19(6)  .0MO(6) . 5.5(3)
pach Co305(12)  LLk(T) ~Lo570(7) | 5.503)
ocs  daTa(9)  .09%6(5) - . .0M66(5) k)

aStandard deviations indicated in parentheses refer to the least significant
digit(s). The atom labeling conforms to Fig. 1. The carbon (C), nitrogen (N),-
and oxygen (0O) atoms are numbered serially within their respective organic

" moileties. R1 and R2 designate chelate rings 1 and 2, while PL and P2 refer to

pyridine N-oxide ligands 1 and 2. These group des1gnatlons precede the
individual atom element symbols and numbers. .

Orthogonal coordinates, X, Y, Z (with the X and Y axes respectively parallel
to a and b and the Z axis perpendicular to both), may be obtained from the’
fractionel coordinates x, y, z, by the transformation [X] = [x][B ; for the -
present case the non-zero components of the [B] tensor are By = 14.6530,
= 16.9720, 551 = -3,4185, and 635 = 18.0227. See Ref. 1& Vol. II, p. 66 ff.

CComponencc of -the aniiotrop§c thermai ge?sgr for Ni defi?e? as in the t?x§ are:
Byy = 5-30(10) = 4.30(5), By, = 4.62(5), B,, = -0.17(5), B,, = 1.13(5),.
Byy = 0-24(k). ’ 2? . 33 e 13 >

il
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- : Table III S
Bond Distances and Angles of Ni(AA)é(C5H5NO)2 oo

Distances, Angstroms

1.382(k4)

NI-R101 - e{ola(h) .R2C5-R2CM :
NT-R102 " .00k (k) RoCk-RECS 1.527(10)
NI-R201 2.055(5) P10-P1N 1.337(6)

' NI-R202 2.029(k) PIN-P1C1 1.326(7)"
NI-P10 2.105(3) PLC1-PLC2 1.373(11)
NT-~P20 2.088(k) P1C2-PLCH ©1.328(9)
RlOl-Ricé 1.289(7) f = - P103-P1Ck -1.5&9(10)
Rloz-Rlcﬁ 1.265(8) '.Plch-flC5 1.396(12)
R1C1-R1C2 1.5oé(11)' © P1CS-PIN '1.346(7)
R1C2-R1C3 _'17576(9) ' PRO-F2N _f' .1.32;(i)
R1C3-R1CH i 1.375(9) PoN-PRCL ,»1.551(8) |
R1CH-R1C5 1.510(10) fQCiéPECE .1;375(3)..

- .R201-R2(C2 :,1.269(9) ~ P2C2-P2C3 1,575(10)
R202-R2CkH 1.258(7) P2C3-P2Ch 1;u18(16)_ 
R2C1-R2C2 1.557(8) P2CL-P2C5 - 1.359(3)
'R2C2-R2C3 | 1.368(9) P2C5-P2N 1.354(8)
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Table III (continued)

Angles, Degrees

R2C1-R2C2-R2C3 S 117.9(8) R102-NI-R202 89.4(2)
R2C2-R203-RoCch 125.6(7) | 'Plo-NI-Peo - . 85.0(1)
R202-R2CL-R2C3 | - 126.2(6) | R101-NI-R201 92.4(2)
R202-Recu-R2é5 115.2(3) o R102-NI-R202 - 89.4(2)
R2C3-R2Ch-R2CS 118.6(6) R101-NI-P10 90.5(1)
NI-P10O-P1N 119.2(2) R101-NI-P20 N | 91.0(2)
 P10-P1N-P1C1 120.0(4) R102-NI-R201 : 92.8(2)
P10O-P1N-P1C5 _ 119.8(5) R102-NI-P10 91.2(1)
P1C1-PIN-P1C5 120.2(6) R202-NI-P10 4 87. 0(1)
PIN-P1C1-P1C2 120.5(5) R202-NI-P20 89.3(2)
 P1C1-P1C2-P1C3 '126.7(6) R201-NI-P20  90.8(2)
P1C2-P1C3-P1Ck 119.3(8) NI-R101-R1C2 125.5(3)
P1C3-PLCk-P1C5 | 120.3(6) NL-R102-R1Ck 106.6(3)
PiN-P1C5-P1Ck 118.8(6) RlOl—RlCE~RlCiV 11k.6(5) -
- NI-P20-P2N B 122.4(3) o R101-R1C2-R1C3 124.1(7)
P20-P2N-P2CL ‘ 116.9(3) .~ R1C1-R1C2-R1C3 121.3(7)
PEO—PEN;PQC5 121.6(5) R1C2-R1C3-R1Ck 128.2(7)
P2CL-P2N-P2C5 121.5(3) : R102-R1C4-R1C3 12&.6(5)
P2N-P2CL-P2C2 118.7(6) R102-R1CL-R1C5 . 115.4(6)
..P2C14P2C2fPEC5 122.9(8) R1C3-R1CLH-R1C5 120.0(7)
che—PQCB-chu‘ . 7 115.9(k%) NI-Reol—ché _ | 122.2(3)
P203-P2CL-P2C5 | . 120.1(8)  NI-ReO2-RECE - 12%.7(2)
P2N-féc5—92cu 120.7(8) R201-R2C2-R2C1 | | 114.5(7)
R101-NI-R102 00.2(2) R201-R2C2-R2C3 127.6(k)

aStandard deviations indicated in parentheses refer to the least significant digit(é);\
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~ Figure Captions
Fig. 1. Geometry of Ni(AA)g(C5H5NO)2

equivalent bond léngths'indiéated.

with the average values of chemically

Fig. 2. Stereoscopic pair of Ni(AA)Q(C5H5NO)2 molecules. The labeling of the

atoms may be determined by'a comparison with Fig. 1Q
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Fig. 2
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A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
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report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or
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