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GENERAL INTRODUCTION

This dissertation reports the single crystal x-ray
structure determinations of five selected inorganic com-

n crder tc help elucidate those features, at the

=0

rounds
molecular level, which would better explain their observed
properties.

new phase of metzl-def
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- - ~ - PAE g

je

d

D

(LuBSu) was recently studied by x-ray powder diffraction
methods (1}). The powder pattern of this phase exnhibited
all of the basic lines of the rock-salt structure mono-
sulfide, with additional weak, low angle lines. A single
crystal x-ray determination was undertaken to elucidate
the structural basis for the superlattice reflections.
Layered transition metal dichalcogenides undergo
intercalation reactions with electiropositive species (2).
Intercaiation with alkaii metals produces materiais wnich
have recently been used as cathodes in secondary bdatteries
(3,4%). One of these itransition metal dichalcogenides,
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3-R No, 0652’ was studied by singie crystal x-ray techniques
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nitrogen coordinated vic-dioxime complexes, the latter pezak
is at an unusually high frequency, uncharacteristic of
such compounds (7). When Ni(G-HCQD)2 is reacted with silver
nitrate, a product is formed 1n which the infrared band for
Ni(d-HCQD)2 at 1690 cm™ " has shifted to 1615 em ™t (8). The
Ni((S—HCQD)2 complex reacts with Sm(III), La(III), and
HEg(II) salts to produce compounds with infrared spectra
similar to the Ni(G-HCQD)2 + Ag complex. Single crystal
X-ray investigations of Ni(G—HCQD)2 and 1ts silver nitrate
reaction product were undertaken to estavlish the structural
reasons for these unusual infrared spectra.

Recent studies show that palladium and platinum
rhosphine complexes catalyze hydrogenation (9) and
alcohol carbonylation (10) reactions. Carboxyliation oI

olefins may be caltalyzed by metal phosphinite complexes (11)
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In this dissertation, the crysial and molecular

structures of these five compounds are discussed in
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published or is in preparation. Throughout this menuscript,
the tables, figures, and references are numbered con-

secutively.



SECTION I. THE CRYSTAL STRUCTURE OF Lu384
Introduction

The monosulfide of lutetium loses metal preferentially
upon vaporization in vacuo at 1730°C (1). Quenched samples
were found to crystallize with the stoichiometry LuBSq.

The powder pattern of this phase exhibited all the cubic
lines of the rock-salt structure monosulfide, with additional
weak, low-angle lines. The lattice of Lu3S4 was tentatively
establisned from Guinier data to be an orthorhombic super-
lattice derived from the parent face-centered cubic subcell
(1). A similar supe;lattice has been previously reported
for 80253 (12). A single crystal study was undertaken to

establish the detaiied structure of this new phase,

Experimental

cell was related To Tthe parent cublic cell with

- -

5.355(1)8 vy the relations a2 __., = 2 2

o The cubhic avesz



showed weak rows of diffraction maxima at 2/6, 3/6, and
L/6 of the cubic lattice layers. The cubic-to-orthorhombic
transformation was used to index the weak, low-angle
diffraction spots on the rotation photograph. The reflec~
tions at 3/6 of the cubic lattice could only be indexed if
the crystal was assumed to be rotating around the cubic =z
axis; the reflections at 2/6 and 4/6 of the cubic lattice
could only be indexed by assuming that the crystai was
rotating around either the cubic b or ¢ axes. However, no
reflections could be found which could not be indexed via
one of these assumptions. It is believed that, in the
particular sample used for the rotation photograph, the
orthorhombic supercell was disordered with respect to the
cubic lattice. Several crystals of LuBSQ were examined by
film techniques, and all were found to crystaliize in the
disordered or ic supercell or in the rock-sal®
structure with no supercell reflections.

A nearly spherical crystal (diameter 0.16 mm) was
mounted and aligned on a four-circle diffractometer inter-

faced to0 a PDP-15 computer. The parent cublc lattice was

-C‘A‘—w-'an-‘-: e e e P R I - NP ) P A A+ A mnm S oana ~L Al A

4L Vilicl vLVJIilO L L\L DT i _116 AL vilse AR VSRS« O] Vi LTllva vaivil /o wiic
TIirmAavl ad++3 A Y AYVIAATITTAM™ -+ ~riTrav] + 43 3

sugerlatiice; meorecver, the superlaitiice c¢f this sanmrle was
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not found to be disordered appreciably. Lattice constants

a = 10.747(3), b = 22.813(6), and c = 7.602(2)8, were

determined

[
(b

rom a least squasres fit (1L) to precise + 20

{

measurements of twelve strong., indevpendent reflections
(28 > 300) at 27OC using graphite-monochromated Mo Ka
radiation (A=0.710028).

Diffractometer data were collected at 27OC on an
automated four-circle cdiffractometer designed and built
in Ames Laboratory (15). 411 4251 reflections within a
26 sphere of 50° in the hkl, nkl, hkl, and hkl octants
were measured using an w-stepscan technique.

As a general check on electronic and crystalline
stability, three standard reflections were remeasured

after every 75 reflections. These standards were not

observed to vary significantly during the data collection
nerInA The MaTa woarys rAavrrocnToes Thavr T oAvoente MNA MAT 2arI eaeTI Ar
_______ he fdats re oorrected Ior Lorentr and polzsrizzilion
effects. An absorpiion correction was applied assuming a
. - ) -1 . . . .
spherical crvstal {1=%68G.3 cm ~). The estimated variance
T cach rofioarntinrn uraa hair\ﬂ"l ATAas e
in each refliection was calculated Ty
o2 = C. + k0. + (0.030.)% + (0.030.)%
L IL‘ U ‘:j A - e AN - j/
wnhere C., C., and X. are the total count, Tne dacxground
& — “

count, and & counting time factcr, resveciively, and the



were calculated by the finite difference method (16). The
observed (F > BOF) data were averaged resulting in 140
unigue reflections. The systematic absence of reflections
with hkl, h+k#2n, k+1#2n, 1l+h#2n and 0kl, k+1l#4n; hOl,
1+h#4n; and hko, h+k#n uniquely determined the space

group as Fddd'

The data separated into two classes as a function of
intensity. The strong data corresponded To the cublic sub-

lattice. Hence, the similar cubic cell was used as a first
approximation to the structure. The strong data were
reindexed on the cubic lattice and averaged ylelding 15
unique reflections. A structural model was refined by full

matrix least squares technigues (17) To a final agreement

Thisg model wag refined Furthner using The UG ritno-
i N A Agma med av S Ao o mme e I mm Amm A aMAvAnT T bR
rOOMOLC Gacée Scwu Q4 Wi asSuinie va O LAY Wi DIl =



only a perturbation of the cubic cell. Correlation effects

prohibited the simul taneous refinement of thermal parameters

aind lutetium atom mulitiplliers. Tne thermal parameters were
Tixed at the values found in the cubic refinement. By

cyclically varying three of the four metal atom multipliers
at a time, convergence was found to be accelerated; only
Tour cycles of refinement were reguired. All positional
parameters and the lutetlum multipliers were refined by full
matrix least squares (17) to a final agreement factor R =
0.090 and weighted agreement factor R, = 0.1L0 using
welghts of 1/0% . The neutral atom scattering factors were

from Hanson et al., {(18) with corrections for ancmalous

- - ~

ct

dispersion effects (19). T

oy
®

Q.

e

ct

final paramefers are 1lis

in Table 1. A draw

[~

ng of the structure 1s shown in F

(B
0y

ure .

o~ ~ 7 - e .‘_‘ T . —
i/2z2, or 3/4), The Iracticnal occupar

I e = 4/ S men
snd X = 1/2. and &€xacti



Table 1. Final structural parameters for LuBSq

L v T TR N T O Py S VA A0 P RURPUSPY S O oy V)

site Fractional

Altom Dymme try Occupancy X y z B

Lul 222 0.5402) 0.0 0.0 0.0 0.78
Lu2 222 0.8L(2) 0.0 0.0 0.5 0.78
Lu3 2 0.83(2) 0.0 0.3326(1) 0.0 0.78
Luk 2 0.75(2) 0.0 0.1661(1) 0.0 0.78
Si. 2 1.0 0.2498(16) 0.0 0.0 0.77
S2 1 1.0 0.2498(14) 0.1663(3) 0.0050(17) 0.77

A1n this table and suosequent tables, the values in parentheses
denote the estimated stancard deviations in the last digits.

\O



Figure 1.

Lutetium atom positions in Lu384 projected along the
a axis. )

Positions indicated by a single circle occur at x = 0 and
x = 1/2, positions indicated by a double circle occur at
x = 1/ ¢nd x = 3/%. The (0,6,6) planes are indicated by
the slanling lines and labeled A, B, C, and D. The sites
hsve fractional occupancy as follows: A, 0.54 at x = 0,
3/ and ¢.84 at x = 1/4, 1/2; B, 0.75 at x = 0, 3/L4 and
0.83 at » = 1/4, 1/2; C, 0.83 at x = 0, 3/4 and 0.75 at

x = 1/4, 1/2; and D, 0.84% at x = 0, 3/4 and 0.54 at x =
1/, 1/2.
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can be described as a sheared population wave defect
ordering on the rock-salt type lattice.

Occupation waves have previously been observed in the
Ti-S system by Wiegers and Jellinek (20). The phenomena of
population wave structures are not understood from a fun-
damental point of view. Little 1is known as to the nature
of the interactions that lead to such periodicities, nor
are the underlying factors that yield a particular stoichi-

ometry (S/Lu = 4/3 to a high degree of accuracy in this

(@]

o
(=9

n

a
~

]

N

nrnAaeratr AanA PThaca affante nravide 2
unaerstecd nese ellIectles Droviae 2

. - s

)

ruitfnl

}
Y]

rea
for theoretical investigation.

The lutetium contributions tc the valence and conduc-

: . . . A Ear 2 s .

tion bands of lutetium sulfides are made up of 5d6s” atomic
. 214 s o . -

levels, with Li electrons remaining substantially l1lccal-

ized (21). From this description, lutetium in these com-

on metsl. There are

structure type or defect rock-salt tType Dbased upcn a cullc
closest-packed arrayv of anions. It Is interesting toc exam-

ine the structure types en

[aa N ERa . e AT T2 o e immm amm e o
10e TNoNOSULLLlCes ¢ JCun CrySvaosize i viie I7C0CA—-5a.Lv

SrEFvIiATIITe Tairor g TS A et a st A - - N S A Y mm e a s

STrucCTure, LT eTiIum Suliiqe revialing The FQCaA=S2 il SeXuCuviilie



from the monosulfide to a stoichiometry of LuSl 30 with

random vacancies of the metal sites (1). In this work

(LuS, -,), the cations partially occupy the octahedral

R N

sites via the population waves described above. ILutetium

sesquisulfide, LuS, 5 is reported to crystallize in the

a-A1 03 structure type (22), with a = 6.722(2) and

RBC
c = 18.160(3)8. The corundum structure type (a-AlZOB) is

composed of a cubic closest-packed array of anions, similar

to the rock-salt structure, but with the cations occupying

-~ L [ Pqupe
01 EeVery

[t S, -
Lww v

itnree oc

A broad stoichiometric range of Scl_XS is reported {(12).
The vacancies partially order at low temperatures to yield
the space group RBrlwith a = 3.657 and ¢ = 17.918. The
cation vacancies in these materials are randomly distriduted
in alternating (111) planes of the parent cubic sublattice.

- a2 I
L

- — A = N R, R P g T
il vile e Led]d LrocaAa—oaL ucC vure

type (12), F,,, with g = 10.42, b = 22.10, and g = 7.37
in which the cations occupy two out of every three octa-
hedrszl sites.

For lutetium and scandium sulfides, with stoichiom-
etries Dbetween the monosulfide and the sesquisulfide, the
metTal vacancles are partizlly disordered over z2ll octa-
nedral sites. However, the metal vacancies of both

-,,-

sesquisulfides are ordered. The interchange of orthorhombic



|
a

and rhombohedral cells for corresponding stolichlometries
of scandium and lutetium sulfides signifies a curious

difference in the chemigstry of these two metals.
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SECTION II. THE CRYSTAL STRUCTURE OF
3-R Nby ¢S,

Tamtanm s A aan
4Lll vl Ul v Ul
.o+ 4 + s+ +.1 ] 5 15
17IvEresS v LIl CranSiTtidil mievaa cuaJ.ccgenldes has been

recently sparked by the use of these materlials as cathodes
in secondary batteries (3,4). Cell reactions include the
intercalation of Li+ ions into the van der Waals layers of
these materials. However, the intercalation reaction is
inhibited by the presence of parent metal ions in these
layers (23). In order to acquire a better structural

understanding of such systems, a single crystal x-ray

n
ct
H
¢
(o]
ct
b3
(]
]
2
o
ct
(D
t
f
1]
[$4]
ct
'_I
@)
3
(o]
-5
L

-R Nb, .S, was undertaken.
I+x72

Although Morosin (24) has reported the single crystal

structure 3-R NbS2= only vowder studies have been reporited on

the structure of the metal-rich 3-R Nb,

+X
:;o - [ SR N - - -_— LR ~ PR IR S
h ng rer -
SAICNKQ («£0) nave Ieyorigeg Lnau uiie - Yy +X°2 YuULyY vy uc
D ER . LT . R T ) mi. 2 + S 1 -+~
nas a2 mMgval Ticn LIinmit ¢ X Vel LS STRCICAIOMRTLTYY
mmmmmm e mam A A m a S A enmman rim i A A A A AArad e uro tro
LUL L CcopuiiuD vV & /& L AUlU LiTAl fliilil G VUHALRT Wiioa v LIR 9
< s . - . P N . . R S
CISTOr1Tlon 1s expecTtea {(Z£y); nowever; no sucn QisSLOrvidn

nas ever bveen reported for this material

Xperiment
A “ -+ 1+ -+ 1 8 ~
A plate-shapred crystal (0.20 x 0.40 x 0.01 mm) was
3 3 g 3 3 5 Eajial - de
2ligned and indexed (13) on a four-circle diffraciometer



N

[

designed and built in this laboratory. Lattice constants,
3.3285(4) and ¢ = 17.910(4)R, were determined from a
least-squares fit (14) to 13 strong, independent reflections
measured at %26 (26 > 250) using graphite-monochromated Mo
Ka radiation, A = 0.709548. Reflections not meeting the
condition -h+k+1=3n were the only systematic absences.
This extinction condition is consistent wlth the space
group RBm' Neither axial oscillation photographs nor
incremental step scans taken out the <101>, <111>, <hl0>,
and <nn0> iines snhowed any diffuse rings or supercell Spots
as reported by Boswell, Prodan, and Corbett (28).
Diffraction data were collected at room temperature
using graphite monochromated Mo KCC radiation and the

instrument described by Rohrbaugh and Jacobson {15). A

AR Y 1. Epi-y PR o A SR EE T I - ~A AN ——— e ~ LA e - - —~
IRt TIA OCLAIMILD WL LILALIL a £ 0 DuilTl T VUL VY UD Lite 1

: - m £ 2 3 3
w-stepscan fTechnicue. Three reflections were periodically

remeasured during the course of data collection, but they

showed nc significant decrease 1In intensityv. The data

. - e -1
were corrected for absorption (29) (u = 63.0 cm ),
Lorentz, and polarization effects. The estimated variance

in each intensity was calculated Dby:



where C C

7> Upe CN’ k and A are the total count, the

background count, the net count, a counting ftime constant,

.t’

and an absorption factor, respectively, and the factor
0.03 represents the estimate of nonstatistical errors. The
estimated standard deviation in each structure factor was
calculated by the finite difference method (16). The
observed data (F > BGF) were averaged ylelding 79

independent reflections.

symmetry with coordinates of the form (0,0,z). The

principal niobium (Nbl) was Ffixed at x

i}

0.0, and <he
sulfurs were initilally input with the positions of

Moresin (24). The sulfur positions, and all thermal
as

electron density between the van der Wzals layers. Niobium
(Nb2) was placed 2t This interstitizl site with zn
cccupancy factor of 0.1 and an isotropic Thermal parameter
identical to that of Nhi. A1l variables including the
occupancy Tactors oI both nioblum atoms were refined Dy

Tull matrix least sguares {30) to a Final conventional

~ 7

residual R = 0.02% and weizghted

D]

Q,

esidual R = 0.0371.
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The function minimized was I w]|Fol—|FCH2 where ¢ = l/cFZ.
Refinement using the inverse structure model yielded nearly
identical results. The scattering factors used were those
for Nbi’L+ from Thomas and Umeda (32) and S2” from Tomiie

and Stam (33) modified for anomalous dispersion effects
(19). Unit occupancy of the sulfur atom sites was assumed.
Refinement using neutral atom scattering factors (18)
produced nearly 1ldentical structural parameters and a

larger residusl R = 0.030. Final structural parameters

ova 1T3iatseA dv Mahla 2 A Firal A3 {21) vaoireal oA’
Che © D VT M wmdr G T A P S Cade = \s-7 - VT G

no peaks greater than 0.2 e—/ﬁ . Selected bond distances
and angles are listed in Table 3. A view of the cell 1is

presented in Figure 2.
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The dlgTances and angies 1nveolving Npl znd The suilurs
are in good agreement with those reported by lorosin (24).

The sulfur-sulfur distances (3.311-3.443 &) indicate tr

environment ©of tThe van der wWaais nioblum, N0Z, comprise =z

dlstorted octanedron.
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Table 2. Final structural parameters for 3R—Nb1_0682
Atom Jccupancy X Sll 333
Nbil 0.97(1) 0.0 0.030(2) 0.00156(4)
S1 1.0 0.2463(2) 0.030(3) 0.00129(10)
S2 1.0 0.4201(2) 0.030(3) 0.00140(11)
Nb2 0.09(1; 0.8171(9) 1.7(3)
Table 3. Bond distances (2) and angles (O) for 3-R
Nby 06°2

Nbi-S1 2.474(2) Nb2-S1 2.577(11)
Nbl-S2 2.471(2) Nb2-52 2.234(8)
Nbl-Nb2 3.276(16) S1 -S2 3.311(5)

a (same lamina)
Nb -Nb 3.3285(4) S1 -82 3.443(4)

(interlamina)
S1 -Nbl-Si 84.53(6) -Nbo2-S1 80.4(4)
S2 -Nbi-S2 L.65(6) -Nb2-S2 96.3(5)
S1 -Nbi-S2 78.00(9) -Nb2-S2 91.1(1)
S1 -Nbi-S2 134.27(3) -Nb2-352 168.9(7)
3)




Figure 2.

A view of 3-R Nb1.0682 projected

onto the (1120) plane with the
c axis vertical.

The small and large circles
represen®t niobium and sulfur atoms,
respectively. The letters A, 3,
and C denote atoms with coordinates
(0,0,Z), (2/3,1/3’2)) and (1/3’

/2 o vwacrmantiral ar
~f Js oy s e COMT e v YTy .
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The Nb2-S distances are 2.234 (8) and

2.577(11)8, and the shortest Nbl-Nb2 distance is 3.276(16)R.
The niobium-niobium distance in a layer is 3.3285(4)8.

It is also of some interest to examine coordination
geometry via the concept of bond ionicity. The fractional
ionicity ii as defined by Pauling (34) is 0.183 for niobium-
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Whittingham and Gamble (23) report a lattice
expansion of 0.428 in the ¢ direction for the intercalation
reaction of lithium with 3-R NbS,, or 0.148 per van der
Waals layer. Although it is unclear how much confidence
can be associated with the Nb2 radius as determined above,
it is interesting to note that comparison to the it
radius, approximately 0.78 (34), would predict almost

exactly the observed expansion.
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SECTION III. THE CRYSTAL AND MOLECULAR

STRUCTURE OF BIS( §-CAMPHORQUINONEDIOXIMATO)NICKEL(II)
Introduction

Metal complexes of oxime ligands have been of interest
for a number of years (36,37). These complexes have long

been important in analytical chemistry (38). Alsc

these

; thes
complexes have served as model compounds for kinetic studies
of biclogically important systems such as vitamin B12 (39)
and oxido-reductase (40). Previous studies of complexes

with optically active ligands (41) have prompted this current

y - -— T T 2 L - S S Ry =
an auwvcmated Icur-circle diffrzctomeser. Trrom I

I
[y
<
0]
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This was confirmed by the mirror symmetry observed on
oscillation photographs tzken about all three axes. Layer
line spacings were within experimental error of those

predicted for this cell. A least squares fit (14) of the

N

intensities (%26, 26 > 300) of fifteen strong, independent

reflections (%26), using Mo K, radiation, A= 0.709548, at

a
27°C, yielded a = 13.175(1), b = 13.652(2), and ¢ =
12.031(3) 8.

Data were coliected at room temperature on an
automated four-circle diffractometer designed and built
in this laboratory (15). The diffractometer is interfaced
to a PDP-15 minicomputer in a time-sharing mode and is

equipped with a scintillation counter. Graphite-

monochromated Mo Ka radiation was used for data collection.

A1l data (11562 reflections) within a 26 sphere of 60

in the nhki, nxl, hkl, and hki octants were coilecied using

3

an w-stepscan technique. As a general check on electronic
and crystal stabllity, the intensitles oI three standard
reflections were remeasured every 75 reflections. These
standard reflections did not significantly decrease during

=

corrected for Lorentz and polarization effects. No

-
e e D e o A 2o e T m o a A o e e ey
2050 pLidn COrreCvion wasS Qeclied necesSSarly (pu=y.o Con ) e

+3 3 E - 3 3w = - .
The estimated variance In each iIntensity was calculated by:



62 = Cp + kg + (0.03 )2 + (0.03 c)°

where CT’ CB’ and kt represent the total count, the back-
ground count, and a counting time factor, respectively;

the factor 0.03 represents an estimate of nonstatistical
errors. The estimated standard deviatlion in each structure

factor was calculated by the finite difference method (16).

]
®

T
i1

T 2 V' vemams mvrmmme e A <
1 > 50+, Were averageda y
L

~~

ctserved data ielding 2,253
independent reflections. The systematic absence of
reflections with h00 , h#2n; 0kO, k#2n; and 001, 1#2n

uniquely determined the space group to be P212121.

Solution and Refinement

The heavy atom was readily located on a Patterson
map (31). All other nonhydrogen atoms were located by
successive structure factor (30) and electron density map
(31) calculations. Hydrogen atom positions were calculated
assuming 1.072 bonds and teirzhedral geometries. Full
matrix least squares refinement (30) of positional and
anisoiropic thermal parameters for nonhydrogen atoms with
vdrogen pogitions yislded z conventl

—~ TS
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a Tinal residual R=0.066 and a weighted residual
Rw=0.085. The function minimized was g w||Fo|—|Fcl|2
with welghts of w = l/cpz. The metal scattering factors
used were those for Ni(II) from Thomas and Umeda (32)
corrected for anomalous dispersion effects (19). Scattering
factors for the remaining nonhydrogen atoms were Ifrom
Hanson et al., (18); hydrogen scattering factors were

those of Stewart et al., (43). The final Structural
parameters are listed in Table 4, and the bond distances

and angles are listed in Table 5. A stereograpvhic view
(44) of the molecule is shown in Figure 3, and a
stereographic view (44) of the unit cell is illustrated

in Figure L.

]

.

he bidents

Orm g Sguare DIanNar con-
figuration around the nickel atom, cocrdinating to the
metal via nitrogen and oxygen doncr atoms rather than

through N,N coordination common to other vic-dicxime ligands.



Table H.

(a) Final positional parameters (X 104)

S rm—— e e

Final structural parameters for Ni(d--HCQD)2

Atom X Yy 2

Ni

N1 887(3) 1003(2) - 229(H4)
01 631(3) 1944(2) 120(4)
02 816(3) - 9hh(3) - 554(H)
N2 1778(3) - 872(3) -1020(4)
N3 - 842(3) -1053(3) Lho(4)
03 - 1589(3) -2000(2) 160(4)
0l - 858(3) 919(2) 632(4)
N4 -1734(4) 812(4) 1220(5)
C11 3207(4) 215(4) -1488(5)
C12 21.72(3) 0(3) -1047(4)
Ccl3 1787( L) 931(4) - 682(5)
C1h 2566(4h) 1675(4) - 901(5)
C15 3337(5) 1450(5) - 11(5)
16 3836(4) Lh8(5) - 391(6)
G17 3048(4) 1271 () -1959(9)
¢18 2405(6) 1246(6) ~2933(6)
¢19 3091(5) 1802(5) -2303(6)
¢10 7"13(5) - 546(5) -2219(7)
¢c21 ~30:11(4) - 293(5) 2068(6)
c22 -2053(4) - 50(4) 1369(4)
(23 1673(4) - 970(4) 1024(5)
G2k -2555(4) -1752(4) 1522(5)
¢25 -2145(6) -1733(7) 2781(7)
26 -2L98(7) - 79L(8) 3170(6)
27 -3253(5) ~1217(4) 1492(5)
(28 ~3741(5) -1048(7) 309(6)
€29 ~hzi2(h) -1768(5) 2138(7)
R0 -3747(6) 520(6) 2233(11

8¢
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(b) Final thermal parame't;e:cs;:a (< 107)

B13
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Atom
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Bond distances (2) and angles (°) for

Ni(S—HCQD)2

Table 5.

(a) Bond distances

~ NSNS
ne~e~ O s~ esene—~ O (N A SN sS s
ONCD QO v+ 00 QO =D D=+t vt 1 00 - ONCO ON\O
e e e "l e S S N S N A A N N A
OMWVND--DMND 0N ONLOND-YY O YNOO 0O
N0 N AN Ny -T2 OO QMO ON
TN WA NN SE NN 0 WA NN Y

. . . - . - o = - s o L] - . L] - . .

A A A A A AT A Al A A A A AN

OO0 0N N YNOND D000 OO

At A A A AT NN NNANNNNNNANM
DDLUV LDLLVLUVLDLDDLODLDLDLOLO
IR T T T TR T T Y T Y Y N S IR T A O
R i B A AR I Y oV a T R A R I e e N

A At A A A NN NANANNNNNNNN
DLVLLLLLDLLDLLLLLLULLO

NN ITN TN OTNN TN NN TN TN TN TN ONSTN N NS
SF 2 SF OOWNNO WNWOANONOND IN\O -0V
N S M M e S e S S e S S S S N N N
AO—AOWO ON O NO-VNYNOND
VN W ONOO 00 \DN\O © ONO ONWNY O VIV
000000 00 MY M ENN AN I 2 NN}

B G e R R R R R e R R R I R BeY

M AN NN NN NNO
A NN AN A NN A =T
OZ 000000 0DLDLDLLDULLULUO
[T T TR TN TR N AR N TS N TR N SN N N B
K\ Nsa ¥ el
oo o NN A NN A e e
A=A A A dr-A-A-A A G L CROR G RGN ®

Bond angles

b)

(

N TN TN TN TN ST TN TN TN TN TN N TN T
S SRVa RV N LR Vo RVE RVARVANG i~ o~ AR VAN O NG IR T o R A
N S A e A AN LN AN I A A A A s
Vel OO T -0O0N0 ¢
el 0O WVMWVYONAI ONOO O\ D-WWO NV O
OO™MHOAOO T H-HAOOOOOOO

D B o B B R I B Bt B B B Bt B B I
[~ 000 OV ONCO ONO ©) NI YN0 —NO [
vl ed v et v =l A= O AN NN NN
OOV O DOODLLOLUDLDLDOLDLOLL
[ T T N TR (N Y N NN T N N AN N N B |
I Sl ol & S R N N S N BT BN AV o Wy SRV AN @ B BT
B L B N e R R K A AV AV AV AV AV VAN QY]
W @] ORORGRONORGROEGEORORGRO RG]
| T T Y AN FNY TN N TR AN NN Y N NN N B |
oW~ A 00 0D XN NN
Aot el A A H A O AN NN NN N
DOOLVLDLLLLODLDLLLDLDOODOLDDL

A TN TN T TN TN SN TN ST TN TN TN SN TN TN TN T
QA oV oV I oV QU e Mo p Wep Wi JRNARTR RVE Bu gite it |
N Mt A e M N L NN LA N A LA N N N A

PO NOND N MO w1 ONOND-N\ONO I

OO VYD S 00 NO P NO (N =t NYONWO TV
OO0 O D=0t AN M NN NOO
-1 I DA ae IR s AR wt R ne KSR B o Bl B ot B B ot

N NN NLZF - OYON)

N NN OOV D ot N el e e e e
OZO0Z000UVZLLOLLLLLL
[N I TN T N NN A T H NN AR AN AN A N B
ONYOOYANE NN 7y

I I e BT B e A R B W ot At IR VAR I ot et B e S B
2 A2 A0 2000000
[ T TN T T N Y F F N AN AN AN AN N B
4 (\1

FURTR R oV I Q VI 4 0 WY RV IEVE IR B Q VPSS IPR I Q VAN QURCS IR R
LA OO0 2 Z00AZ 00



32

Table 5. Continued

c13

- Cl4 - C15 104.2(4) C22 - C21 - C20 116.
Ci4 - C15 - C16  103.6(5) cz26 - C21 - C27  98.
Cl15 - Cl16 - C11  102.8(5) C26 - C21 - C20 118.
Cl2 - C11 - C16  102.7(4) C23 - C24 - C27  99.
Cl2 - C11 - C1 100 .8{%4) C25 - C24 - C27  99.
Ci2 - Cl1 - Cc10 118.2(5) C21 - C27 - C28 113.
C16 - C11 - C17 100.7(5) ¢21 - C27 - C29 113.
C16 - C11 - C10 112.9(5) C21 - C27 - C24  97.
C28 - C27 - C29 107.0(6) N3 - C23 - C22 122.
C2h4 - C27 - C28 112.8(6) oL - N4 - C22 117.
Co2h - Cc27 - 29 112.7(5) 03 - N3 - £23 11h4.
N4 - C22 - C23  132.0(5) Ni - 04 - N4 129.
N4 - C22 - C21  123.1(5) Ni - N3 - C23 124.
N3 - C23 - C24  130.3(5) Ni - N3 - 03 120.

FODO\"\')E—‘I‘—“\')O"\')\DO\(\)-C'(\)
PN PTN SN PN TN PN TN SN SN N SN N
W & St OOy E 0 ONOY
e’ M ee? S S e A e A L A S A L




Figure 3. A stereoscopic view of Ni(&—”CQD)z.
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fFigure 4. A sterecoscopic view of the unit cell of Ni((S--HCQI))2

projected along the c axis.






§-Camphorquinone dioxime.



|



39

angles around the metal of N1-Ni-02 $3.9(2)°, N3-Ni-Ok
94.2(2)°, N1-Ni-04 86.2(2)°, and N3-Ni-02 85.9(2)°. The
four atoms coordinated to the metal are iO-O52§ Irom a
least sguares plane of these atoms (0.4496x - 0.1073y +

0.8868z = 0.0827). The Ni-N1-02 plane and the Ni-N3-04
0

plane form an angle of 4.62".
In addition to metal-ligand bonding, the complex is

stabilized by intramolecular hydrogen bonds. The two
ligands and the metal form two stereochemically equivaient,
five-membered, hydrogen-bonded chelate rings. If the ligands
were to bond to the metal in a cis configuration (see
Figure 6), they would form four- and six-membered, hydrog
. The hydrogen-bonded oxygens, 01-04

bonded chelate ring

48

0]

N
ON

and 02-03, are (5) and 2.498(6)% apart. There are no

intermolecular hydrogen bonds. The molecules pack in the
unit cell such that the shortest distance between metal

atoms is 8.9324, precluding any metal-metal interactions as

occur in the dimethylgiyoximato complex Ni(HDMG)2 (L5).

1gh the former peak 1s typical of nitrogen
coordinated a-cdioxime complexes, The latter peak is a2t an

unusualiy nign freguency, uncharacteristic of such com-

) 7 o=\ - R -2 - et A D mm e AN oA~ + — - 3 P 3 3
pounds (7). Deuteration situdies iIndicate thav The Tand is



Figure 6.






not associated with the OH groups but presumably arises
from a vibration which has considerable C=N stretching
character. This combination of absorption bands may allow
easy ldentification of other complexes containing vic-

dioxime ligands coordinated through nitrogen and oxygen

atoms.
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SECTION IV. THE CRYSTAL AND MOLECULAR

STRUCTURE OF THE HEXANUCLEAR COMPLEX

/Ni(g-HCoQD) _ « ag/_ + 2 1/2 CHC1.
Lo A /2 e j ’ )
Introduction

The reaction of bis(§-camphorguinonedioximato)-

nickel(II), Ni(G-HCQD)Z, with silver nitrate in a mixed

chloroform. water; an

’al

meTthanol solvent produces neutral
molecular species with one silver per nickel complex. The
infrared spectrum of the reaction product in a KBr pellet

no longer shows an absorption band at 1690 <:m_l corresponding
to the oxygen-coordinated oxime y (C=N) vibraticn found in
Ni(G—HCQD)2 (5,6). Instead a new band is observed at

1615 em™t (8). A single crystal x-ray study was under-

taken to determine the nature of this reaction produc®t. The
palladium analog of Ni(é—HCQD)2 reacts with silver nitrate

to produce =z similar product (8). Also the Ni(g-HCQD)

2
complex reacts with Sm{III), Lal{III), NG(III), and Hg(II)
salts to prcduce compounds with infrared spectra similar to
the Nl(a-TCQD)z « Ag complex (8).

Experimental
A green single crystal of zpproximate dimensions

0.36 x 0.19 x 0.16 mm was selected and mounied directly on

an automated four-circle diffractometer. Twelve



Li

independent reflections taken from four preliminary
w-oscillation photographs at various y and ¢ settings were
input to an automatic indexing algorithm (13). The
resulting reduced cell and reduced cell scalars indicated
orthorhombic symmetry. Subsequent axial oscillation
photographs confirmed the mmm symmetry. The lattice

constants (a2 = 15.990(5), b = 38.44(1), and ¢ = 13.437(5)

ct

2) were obtained from a leas®t squares fit (14) of the

precisely measured 28 valves of thirteen independent
°) a2t 25°C using graphite-monochromated
MoK, radiation (3=0.70954R).

Intensity data were collected at 25°C on an automated,
four-circle diffractometer designed and built in this
laboratory (15). Graphite-monochromated Mo Ko radiation
was used for data collection. All data (4412 reflections)

nn the hkxl cctant were measured

'.J-

LI ~ - 0
with sphere of 4¢C
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using an w-stepscan Ttechnigue.
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respectively, the reflection number and the net intensity.

All data collected after the first 3375 reflections were
. ovix) _ .

P -, . ~ = ~ . / ~ Thmw |y N 4,\"5\> . ’ - —~a .',-"7\
aiviaed §T6T = LeU T \=Us)(r X LU JX T \—lL.ZL0 X 1V )]
2 Fm mmmmmnmam B aan D om -

LU wuUulLiTLOL LU LUL uco J-

The intensity data were then corrected for Lorentz and
polarization effects. Although the linear absorption
coefficient, u, was 14.47 cm_l, no absorption correction was
deemed necessary because the data was collected only %o Lo°

3 + S e LN N mis
in 25 and because the transmittance was 0.80 £ 0.09. Th

o

estimated error in each intensity was found by:

2 _ 2 2
o1 = Cp * ktCB + (0.03 C,)° + (0.03 Cy)

ground count, and a counting time constant respectively

:

the factor of 0.03 represents an estimate of nonstatistical

£
Y
ct
D
2 —

errors. The error 1in each structure Tfactor was calc

3 ~ O ot s mmm faaa S ~maas s v s
oG refiecticons were retained for struciursl
P . R - I
SOLuvion anda rellaelellt. Nne sgystiemacic adsence oL
=7 —_-— oy 1 3 . - 1 L ha
reflections with h00C, h#2n; Ck0, k#2n; and 0CL, 1l#2n

TAT v+ ~an S TD AR A
DOL W LvIUl allti nelaliciiciiv
Yo e N ~ PR} A e - e 2 A
G OSSO [an 1 [=} o O QT TTamc AT YD MNANTIITMOoON Yom [~k e
i PuUl LIl Lo LIl HEy ool WoedlT o Vi T M e waie Cma

analyslis oI a sharpened three-dimensiongl Patterson map (31)
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The remaining nonhydrogen atoms, including disordered

solvent atoms were found by successive structure factor

N

1’7) anA ol orntwvAn +
- a ceCc iy o

2
-

Ay ATl ~ A 1) TTerAanm A
- -~ - J ha G pr et Gt A G ~hawD NSy day s V4L
peositions were calculated using 1.07£ tond distences and

tetrahedral geometries and included in subsequent structure

factor calculations but were not refined. Atomic positional

parameters, anisotropic thermal parameters for the metal
atoms, and isotropic thermal parameters for the remaining

nonhydrogen atoms in the hexanuclear molecule were refined

by block matrix least squares methods (17) to a conventional

residual R=0.107 and weighted residual Rw =0.127. The

function minimized was = w!!Fo[-chllz

with weights
w=l/oF2. There were three possible solvent sites in the
structure. Although two of the solvent sites exhibited

peaks corresponding to disordered CHCl., molecules, the
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scattering factors for the remaining nonhydrogen atoms

were those of Hanson et al., (18). The metal scattering

factors and those for chlorine were modified for ancmalcous
dispersion effects (19). Hydrogen scattering factors
were those of Stewart et al., (43). The final positional

and thermal parametars are listed in Table 6. Bond
distances and angles are listed in Table 7; least sqguares
planes are listed in Table 8. Stereoscopic views (44) of
the cluster complex and the unit cell are illustrated in

Figures 7 and 8, respectively.
Discussion

The unit cell consists of four hexanuclear molecules
with CHCl, molecules occupying interstitial sites. Each
J

hexanuclear molecule consists of three Ni(G—HCQD)E groups

AAAYrAIrmAat+tA AR ~ ~ T2 ~ ~ e B M. ~
N e N d A e A W A DA S W NS R S wilicLilili Vo viil TC Dl vy oo Q VUWwLLD e RS-
- - - <. -~ ~ e m - s -
o—CamibnoxXrguinone QiloxXimate Lligzangs CLoereinzTe TL Ine l"_(LL

-~ .«r= L 2 5
atoms viz nitrogen and oxygen doneor atoms forming six-
v e s A AR AT m A am D e TT pmciem mm I LA S UL S [ S
LSOCSICl Chadlave IIingSs. 1Owevel, uiarrlfc e vlalis
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Table 6. TFinal structural parameters for [Ni(G—HCQD)ZAg73

(a) Final positional parame teris® for /Ni(§- HCQD)2A§73

Atom X y VA B
Agl 0.2093(2) 0.1705(1) -0.0952(3)

Ag2 0.3188(2) 0.1224(1) -0.1801(3)

Ag3 0.4230(2) 0.0530(1) -0.2658(3)

Nil 0.U4713(4) 0.1239(2) 0.0159(5)

Niz2 0.1326(4) 0.0568(2) -0,1905(5)

Nij 0.3937(4) 0.1704(2) -0.3759(4)

101 0.04422(18) 0.0951(7) ~0.0944(23) 5.0(7)
102 0.6331(19) 0.1170(8) 0.1003(25) 6.2(8)
103 0.552h(21) 0.1625(9) 0.1716(26) 7.0(9)
104 0.3700(19) 0.1418(8) ~0.0279(23) 5.3(7)
IN1 0.4795(23) 0.,0620(10) -0.1228(29) 5.4(9)
IN2 0.5747(25) 0.1038(9) 0.0399(29) 5.6(9)
1N3 0.4795(23) 0.1588(9) 0.1187(29) 5.0(9)
NG 0.3152(22) 0.1676(9) 0.0088(26) 5.2(8)
1610 0.5666(37) 0.,0005(15) -0.1742(46) 7.9(16)
1011 0.5987(27) 0.0218(11) ~0.0934(34) 5.0(10)
1012 0.5451(29) 0.0515(13) -0.0769(36) L.9(12)
1613 0.5972(27) 0.0710(11) 0.0084(32) 4.6(10)
1014 0.6786(33) 0.0491(14) 0.0180(40) 6.3(13)

Yhe igotropic thermal parameters are listed for all nonmetal atoms.

8%



Table 6. Continued

Rt ok Amm i BeT EAm h - R R Sy o B3 i e 4 Ps 0k e A S et

Abom X y Z

1615 0.6392(35) 0.0198(14) 0.0848(4L) 7.7(15)
1016 0.5909(32) 0.0020(13) 0.0047(39) 6.4(13)
10617 0.6834(38) 0.0359(15) -0.0830(48) 7.5(16)
1¢18 0.701.2(3l) 0.0579(14) -0.1699(43) 7.3(14)
1019 0.7529(33) 0.0062(13) -0.0904(40) 6.9(13)
1020 0.1959(3h) 0.2097(14) 0.1276(42) 6.9(14)
1021 0.2937(33) 0.2093(13) 0.1471(39) 6.3(13)
1622 0.3422(28) 0.1816(12) 0.0903(36) 5.9(11)
1623 0.4188(27) 0.1793(10) 0.1414(30) L.3(10)
1024 0.4175(31) 0.2034(12) 0.2243(36) 5.2(12)
1625 0.42048(35) 0.2382(14) 0.1791(43) 8.4(14)
1626 0.341.8(29) 0.2432(12) 0.1119(37) 5.5(12)
1.G27 0.3221(28) 0.2037(12) 0.2568(34) L,8(11)
1628 0.2953(32) 0.1685(14) 0.2991(39) 6.4(13)
1029 0.2920(H42) 0.2307(17) 0.3259(53) 9.4(19)
201 0.2401(17) 0.0572(7) -0.2207(20) L,2(6)
202 0.0350(24) 0.0006(10) -0.2628(30) 7.5(10)
203 -0.0342(22) 0.0353(9) -0.1395(27) 8.4(10)
204 0.1677(16) 0.1016(7) -0.1442(20) L.5(7)
2N1 0.2048(22) 0.0339(9) -0.2699(28) 5.2(9)
2N2 0.1167(20) 0.0143(8) -0.2601(25) 5.5(9)
2N3 0.0271(23) 0.0614(10) -0.1374(28) 3.9(8)
2N4 0.1224(23) 0.1269(9) -0.1081(29) L,9(9)
2610 0.3948(33) -0.0268(13) -0.3559(39) 6.3(13)
20011 0.2986(31) -0.0229(12) -0.3757(38) 6.0(12)
2012 0.2535(28) 0.0089(11) -0.3081(36) L,5(11)
20173 0.1661(28) -0.0011(12) -0.3125(38) 5.0(11)
2014 0.1602(30) -0.0351(12) -0.3694(37) 5.3(12)



Table 6,

Atom

2015
2016
2017
2018
2C19
2020
2021
2022
2023
2024
2025
2026
2027
2(:28
2029
301

302

303

304

INL

3N2

3N73

3N4

3G10
3011
30612
3013

Coatinued

bt e

X y Z B
0.1790(34) -0.0217(1L) -0.4662(42) 7.6(14)
0.25L2(39) -0.0143(15) -0.4752(48) 8.7(17)
0.2388(37) -0.0522(16) -0.3372(46) 8.4(16)
0.2570(h2) ~0.0868(16) -0.4012(53) 9.2(18)
0.2470(34) -0.0628(14) ~0.2316(42) 7.4(15)
0.0064(33) 0.1843(13) -0.0425(41) 6.0 (1)

-0.0207(34) 0.1459(14) -0.0266(41) 6.8(14)
0.0456(30) 0.1213(13) -0.0818(38) 5.7(12)
~0.0004(26) 0.0882(11) -0.0871(33) L.1(10)
-0.0959(29) 0.0944(11) -0.0466(35) 5.,0(11)
~0.0732(38) 0.0948(14) 0.0663(45) 8.5(16)
-0.0207(35) 0.1328(14) 0.0836(43) 6.8(14)
«0.1014(34) 0.1357(13) -0.0798(41) 6.1(14)
-0.1003(32) 0.1389(12) -0.1850(39) 6.2(13)
-0.1834(37) 0.1483(15) -0.0230(45) 8.5(16)
0.4007(18) 0.1247(7) -0.3379(21) L,8(7)
0.5043(19) 0.1934(8) -0.5306(24) 5.7(8)
0.4149(22) 0.2343(8) -0.4723(25) 6.8(8)
0.3154(18) 0 1706(8; -0.2693(22) 5.2(7)
0. 4524(22) 0.0974(9 -0.3632(28) 5.2(9)
0.4751.(20) 0.1645(8) -0.4718(24) 3.7(8)
0.3720(19) 0.2162(8) -0 . 4ook(24) 3.2(7)
0.2671(23) 0.1947(10) -0.2356(28) L.7(9)
0.5395(34) 0.0397(14) -0.4584(L2) 6.7(14)
0.96392283 0.0822(11) -0. Z249(3g) ﬁ.S(lO)
Ol4’99] 2 Oo] 7 12 "‘Ol 3 09 11
0.5107(36) 0-1379E14; -0.491 223; 6.5&153

0g



Table 6. Continued

Atomn X y Z B
3CLh 0.5769(30) ¢.1313(11) -0.5723(34) 5.2(11)
3C1L5 0.6617(31) C.1254(13) -0.5082(38) 6.1(13)
3016 0.6412(33) C.0913(14) -0.4515(41) 5.9(14)
3C17 0.5593(36) ¢.0953(14) -0.5972(46) 7.7(15)
3018 0.4772(33) ¢.0913(13) -0.6463(L0) 7 (1h)
3019 0.6206(32) 0.0758(13) -0.6605(39) 6.4(13)
3020 0.1713(38) 0.2504(16) -0.1438(45) 9.4(17)
3021 0.2108(26) 0.2565(10) -0.2434(32) 3.9(10)
3022 0.2678(27) 0.2237(11) -0.2734(34) L,9(11)
3023 0.3136(30) 0.2354(12) -0.3633(36) 5.6(12)
3020 0.2921(30) 0.2748(12) -0.3695(37) 5.6(12)
3025 0.2035(41) 0.2728(16) -0.4115(52) 9.8(18)
3026 0.11468(30) 0.2599(12) -0.3211(38) 5.9(12)
3027 0.2739(33) 0.2838(13) -0.26L0(41) 6.6(14)
3028 0.3526(36) 0.2812(15) -0.1931(45) 7.8(15)
3029 p  0:2323(33) 0.3215(14) -0.2598(42) 7 4(1h)
1CLLC0 0) 0.5515(27) 0.2176(12) -0.2676(34) 7.0
1CL2(04) 0.6120(22) 0.1534(9) -0.2148(26) 7.0
1CL3(0.0) 0.5310(24) 0.2004(9) -0.0690(28) 7.0
1CLA(0.25) 0.6242(31) 0.1758(13) -0.1071(40) 7.0
1CL5(0.25) 0.5138(32) 0.2174(13) -0.0980(M41) 7.0
1CL6(0.25) 0.5787(34) 0.2081(14) -0.2846(L0) 7.0
1C31(0H) 0.5533(73) 0.1934(30) -0.1930(95) 7.0

Ponly about 1.3 CHC1,

Elemental analyses indicated 2 1/2 CHCl3 molecules.

was observed on an electron denisty difference map.



Table 6., Continued

1612¢0 1) 0.1438(21)
201300 .4) 0.1095(21)
20L4(0.25) 0.0774(34)
20L5(0.25) 0.2171(37)
2016(0.25) 0.1378(36)
2032(0.25) 0.1383(121
105(0.55) 0.51.87(37)

Loko(26)
A340(26)
W 3785(41)
AL21(45)
L734(43)
JAielh(152)
C3U66(44)

of the heavy atoms®

811
Agl 396(18) 69 (
AE2 100(16) 58
Ag3 h11(17) 6
Nit 390(30) 5
Ni2 Lolt( 30) 5
Nij3 h29(31) 5

Crhe Bij are defined by:

2h1813 + 2klﬂ23)

-48(20)
24(19)
-41(21)

~44(33)
-55(31)

BV RSESENENENEN
COO0O0O00OO

2s

2
1 333 + 2hk812 +



2 - Ag2 - Ni3
Ni2

Nil - Ag2 - Niz2

N3

Bond distances (g} and angles (O) for
3
178.1(2)
103.2(2) 1
for

/Ni(s-HCQD), -
(a) Distances and angles between metal atoms

ratomic distances

Table 7.

Agl - Ag2

Ag2 - Nil

Ag2 - Ni3

Agl - Ag2 - Ag3
Nil - Ag2 - Ni3
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Continued

Table 7.

Ni3

Ni2
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Table 7. Continued

Ni1l Ni2 Ni3
Ag2 - 01 - M 114.56(13) 115.2{13) 112.3(13)
oL - M - ok 75.9(13) 77.2(12) 80.5(13)
01 - M - N2 96.4(15) 91.6(13) 91.9(13)
o4 - M - N3 91.6(15) 93.2(14) 90 .4(14)
N2 - M - N3 96.0(16) 98.7(16) 97 .3(14)
0l - M - N3 167.4(14) 168.3(15) 170.7(15)
o4 - M - N2 171.3(16) 166.5(13) 172.0(1k)
M - 01 - N 127.6{24%) 132.4{23) 134.2{2%)
M - 04 - N4 133.7(25) 128.9(23) 131.4(27)
M - N2 - 02 124.8(27) 177.3(25) 121.1(23)
M - N3 - 03 120.0(27) 124.3(28) 121.4(24)
M - N2 - Ci3 12L.1(31) 128.2(31) 126.4(35)
M - N3 -cC23 123.0(31) 125.7(31) 128.3(30)
01 - N1 - Cc12 119.0(38) 112.3(34) 110.4(32)
N1 - Cl2 - Ci3 128.5(43) 135.7(43) 130.2(44)
N1 - Cil2 - Cci1 131.3(43) 122.8(39) 117.2(37)
N2 - C13 - Ci2 120.8(38) 118.3(42) 125.8(52)
N2 - Cl13 - Cci4 133.5(40) 132.3(42) 128.6(48)
02 - N2 - Ci3 110.6(35) 114.0(36) 112.4(38)
Cii - C12 - C13 99.8(36) 101.4(36) 111.8(L0)
ciz2 - C13 - Ccik 104.0(36) 108.0(38) 105.6(42)
C13 - Cl4 - C15 95.7(38) 97.8(L0) 103.0(38)
Cl4 - C1l5 - C16 $7.1(L43) 110.9(49) 103.3(38)
Ci5 - C16 - Ci11 110.6{L1) 183.8{50) 110.0{%2)
Ciz - Tii - Cié 102.3(38; $9. 539 100.1{35;
Clz - Ci11 - Cc17 104.0(40) 9&.7(38) 88.5(33)
€12 - Cili - CIo 110.5{41; 113.4{38; 113.8{3S;
Cid - Cli - Ci7 100.7(41) 103.4(43) $8.0(38)
Ci6 - Cit - C10 105.6(%0) 122.6{45) 121.4(%2)
Ci7 - Ci1 - C10 127.3(L6) 118.3(42) 127.7(40)
Ci3 - Gis - ¢iy 9C.0{42) 100.5(L1) 100.8{u1)
C15 - Cik - C17 107.7(L5) 10L.3(4L) 98.7(38)
Cii - Ci7 - Ci& 99.8{46) $5.9(43) 101.6(42)
Cis - Ci7 - C1ig 103.1{46) 105.5(48) 106.0(46)
oL - N4 - c22 112.4(34) 120.2{38) 120.2{38
NL - C22 - C23 132.8{%z) 127.2(%3) 128.2(%2)
Nb - C22 - c21 123.0(%1) 130.9(4%4) 127.2{k%0)
N3 - C23 - C22 125.5{39) 122.5{%0; 115.5{%0)
N3 - 023 - Cczh 123.8{41; 128.8{37; L34.1(43;



(22)6° 10T (62)1°66 (62)1°00T 20 - €0 - €N
(22)71°06 (62)4"TOT (#2)¢ o - 20 - 2N
(EH)S* 00T (LEYHGOT (6£)5° 001 420 - 42D - G20
(24 )5 42T (or)C 417 (eh)n 91T 020 - 120 - 420
(g€)2°90T (hH)T°TIT (6€ )L, °H0T L20 - 120 - 92D
(24)9° 11T (9)S LTT (EH)ELOT 620 - 42D - 820
(#£)0° 46 (I#)0° 10T (6€)2°€0T 42D - T20 - 220
(G€YL 90T (T#)H"H0T (g€)€* 00T 920 - 120 - 220
(0%)0° 00T (14)5°86 CARTA 720 - 920 - §2D
()2 G071 (T4)8 " H#0T (T1)8°60 920 - G20 - 42D
(0f)T* 00T (4£)2°96 (ot)e: G20 - %20 - €29
(LEYE C0T (6E£)6'80T (8€)8°Q0T H20 - €20 - 229D
(REYE 40T (€))L 10T (6£)0°#0T €20 - 220 - 1290
(€€)T 01T (6€)8' 60T (9€)0°*4TT €20 - ¢EN - €0
CIN 2IN TIN
panutauo)y */ 9IqBJ

O

wy



N
~1

Table 8. Least squares planes® for ZNi(G—HCQD)Z - Ag/

Atom D Atom D

Plane 1: Nil-101-104-1N2-1N3
0.4553x + 0.6283y + 0.6308z - 6.3268 = 0

Nil -0.0377 iN2 0.0261
101 -0.0102 1N3 -0.0064
104 0.0283

Plane 2: Ni2-201-204-2N2-2N3
-0.2591x + 0.4619y + 0.8482z - 2.636 = 0

Ni2 -0.0059 2N2 C.0986
201 -0.01165 2N3 -0.0924
204 0.1163

Plane 3: Ni3-301-304-3N2-3N3
0.7150x + 0.2574y - 0.65002z - 2.9148 = 0

Ni3 -0.0102 3N2 -0.0245
301 ~-0.0225 3N3 -0.0191
304 0.0274
Plane 4: Ni1-Ni2-Ni3-Ag?2
O.300hvy = N.TLX2r + N 2RI Re _ N E18N = n
- - v = - Ty ~ o N ~ o ~
Nil $.0013 Nij 0.0012
Niz 0.0016 Ag2 -C.00L3
24 + A s} ~ .o~ Lo - N
Plenes are Jefined as C.x + C,p ~ ugz 0y, =7
where X, y, and z are Carvtesian coordinates.
T

D = distance (X) of the given atom from the fitted



Figure 7. A stersoscopic view of ZNi(S—HCQD)q : Ag73.

The tharmal ellipscids are drawn at the 50%
and 10% probability levels for the metal and
nonmetal atoms, respectively.
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A




Figure 8. A stereoscopic view of the unit
cell of /Ni(é-HCQD), - Ag73

projected along the c axis.
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core for the molecule. The Agl-Ag2-Ag3 angle 1is 178.1(2)0.

The short silver-silver distances, Agl-Ag2 3.059(5)R and

A _AcaD D nczf e\ R v a e mmena maataAT _wamdal S et anaa A an
nDeaLTng ) Jev \JJ Ly DUESCO v DWVILG UG vaa Tuue val Al L VoL Gl VLWLl e
The Ag-Ag distance in meiallic silver is 2.89&(46).

Although there are no other bonding interactions between
the nickel or silver atoms, these metals form an interesting
nearly trigonal bipyramidal arrangement. The angle between
the Agl-Ag2-Ag3 line and the Nil-Ni2-Ni3 least squares plane
is 89.7o= The nickels are distorted from three-fold symmetry.
Nil-Ag2-Ni2 130.3(2)", Nil-Ag2-Ni3 103.2(2)°, and Niz-Ag2-
Ni3 126.5(2)°.

In each hexanuclear molecule, the linear chain of
silver atoms is parallel to the ligand coordination planes
of each Ni(a—HCQD); group. The Ag2 atom is coordinated to

the 01 and 04 oxime oxygens of each nickel group, forming

[ S P =~ - O . P IO S -2 —— [l FRENSY - = mmm e . P Y prp— —-~——
UI1L ©T L UUL THUITIIUTITU LIITLA VT L LIIED LIIT QVSLAST DILLVTSL TVUAYSTi:
NArA T oermoTw A S 2 1O ( 2Y R wel Tl o w Tham T ronge Nt Lo=0 nhponig
A N A e - Z - N i i 2 Vil [ =5 - Py P
{2.1 4_9_999\. renorted in +the 1iterature (L7-20). Onl~r the
VL L2—L 008, D220 ved 1N Lne lloelaeure (s/-2V ). I Y Lrle
D demm eman A men NTA 3 NTE 3% da dem A oA D A M. 2~
Iiaoviugelis aviid ivd a1t v~ CoOulloiiiave vU e Tl g e Liieo
tune of coordination cives the cuter silver atoms 2 triconal
“J.t"c \ WS UL iia vl 5 VT D vilC L Tl DL vCT4 LoV il [ L A R
. 3 o m T .y L - 3
jo) ramlicai conit lg’dratlon- ilne average Siliver-nivrogern ponc
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IN4-2NL-3N4 and 1IN1-2N1-3N1, respectively, are both 0.528.

Although the molecular structure of the Ni(S—HCQD)2
complex, a reactant in
complex. has been described as having a trans configuration
of §-HC@D 1ligands (6), the structure of the hexanuclear
molecule reveals a cis configuration around each nickel
atom. The average nickel-nitrogen distance of 1.86(b)3
is comparable to the average 1.855(4)2 found in the Ni
(G—HCQD)2 complex (6). However, the average nickel-oxygen
distance of 1.87(3)% is considerably larger than 1.830(4)%
found for Ni(a—HCQD)2 (6). This lengthening is presumably
due to the coordination of Ag2 To these oxygens. The
silver-oxygen coordination and the cis configuration of
ligands affect the bond angles around the nickels. The

01-Ni-CL angles (75.9(1), 77.2(1) and 80.5(1)°) are

AANad oToantlar emall Aavm Flmmsa Rl A S aa e e B avie T B le e
— - — —— = ~ A -

—~ o~ ~ sk 2 YR Tt ]
pe ————y —a Aetm i e e —aaas s ViAo W ALL VNl WL VD 4 Dy e -
ol 8 Oy - PR P 2 Al 3 n oYM The mIpelra’
ofien 5 J AN tne wnree nicxel anlon Zrours. Lne nicKels

v . < - | ~ 1
r laYa) n ﬁ4Q L P N, A~ R ——— o~ —
l 2_113 D:jr Or\..i_:] O:O@, C ivvé, E.IZC Vol L L viil Vil & C 5:&)\,\_}:/0-
. N\ e 4 Ag0 L . N
The azverage C-C (2.538), ¢=N (1.282), 2ng N-0 {1.388)

distances in the ligands correspond well with those found

in the structure of Ni(8-HCQD
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coordinated to both silver and nickel ztoms. The other

v (C=N) absorption, which probably arises from the oximes

whinrh oava miFrnoear AnnvRAivma+osAld FA +Fha w3 clrels mAaTia S e
........ e it = S o ~ WaaT  Addd N ATl [} L SalaCLAa LD
unchanged at 1560 cm ~, as previously reported for

The cis configuration of ligands imposes interesting
constraints upon the intramolecular hydrogen bonds. This
configuration forms six-membered, hydrogen-bonded, chelate
rings. The 02-03 distances (2.38(5). 2.40(5), and 2.2?(@)2)
are shorter than the 2.40% distance reported for the
dimethylglyoximato complex Ni1(HDMG), (45). The average
N2-02-03 and N3-03-02 angles are 99.4° and 98.7°,
respectively.

The hexanuclear molecules tend to palr up through van

der Waals type interactions between molecules along the

e~ B e B T o P e T = N iy B | e S, AT~ - ——— MY m e - e~ P B
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two sites for C“C¢3 melecules near each hexanuclear
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SECTION V. THE CRYSTAL AND MOLECULAR STRUCTURE
OF CIS-DICHLOROBIS(METHYLDIPHENYLPHOSPHINITE)-

PALLADIUM(II)
Introduction

Palladium(II) forms square planar complexes oI the
type LZMX2 where X represents a monodentate uninegative
anion and L a monodentate ligand with a lone pair of
electrons. These complexes have received considerable
attentlon because they serve as model systems for square
Planar substitution and isomerization reactions and
because these reactions proceed at rates which are
conveniently measured by conventional techniques (53).
Complexes of sterically hindered phosphines have been

found to undergo reactions which, as a class, may be

Termed Tinternai-. cvein-. Ar arTho-metzaiiation reactiona”
. : ! 21l=, CYC1I0D—. O OYTNO-T 2i1=2aTm] :

{ ! - o4 | - - = 4 -

{53). Many of these complexes. which undergo Internal
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catalyze the carboxylation of certain olefins (11). A

single crystal x-ray study was undertaken to determine

Experimental

The palliadium complex was recrystallized from a
saturated solution of 1:1 chloroform and carbon tetra-
chloride. A yellow crystal of approximate dimensions
0.1 x 0.1 x 0.2 mm was chosen for data collection. From
four preliminary w oscillation photographs taken at various
X and ¢ settings, nine independent reflections were
selected, and their coordinates were input to an automatic
indexing algorithm (13). The resuliting reduced cell and
reduced cell scalars indicated monoclinic symmetry. Axial

oscillation photographs confirmed the mirror symmetry

The lattice constants, 2 = 12.539(6)., © = 13.741(4),
o= 15,24704)8, and 2 = 0L, £5(1)C wers Getermined from

guares fit {(i4) t¢o 12 strongz, precisely-measured
(x28) reflections at 25°C using graphite-monochromated
Me K, radia i (A=0.70954%%)

.. , e .
Intensity dztz were collected at 25°C using an
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in this labeoratory (15). Graphite-monochromated Mo K,
radiation was used for the data collection. All data
(5053 reflections) within a 26 sphere of 50° were
measured in the hkl and hkl octants using an w-stepscan
technique.

As a general check on electronic and crystal stabilidty,
the intensities of six standard reflections were remeasured
every seventy-five reflections. Only one of these six
standard reflections decreased substantially during the
T L Th

ies O 1<

'_l-

data collection period. Since the intens
remaining five reflections remained nearly constant through-
out the data collection period, no decay correction was
applied to the data. The data were corrected for Lorentz
and polarization effects. No absorption correction was
applied because the linear absorption coefficient was

A
L

na The transmd S + o

-

(€)Y

A~ S n
L=NCe - U [V} .

Trhe estimated variance in each reflection was calculated by:
2
+ (0.03 Cy)
2

where O and CB are the To0Tal znd packground counts, and

the factor 0.03 is an estimate of nonstatistical errors.

method (16). The

observed data (I > SJI) were averaged yielding 2150
incependent observed reilections. The sysTematic absence
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of reflections with 0kO0, k#2n and hOl, h+l#2n uniguely

determined the space group to be P
2l/n

Solution and Refinement

The coordinates of the palladium, phosphorous, and
chlorine atoms were readily located on a three-dimensional
Patterson map (21). The remaining nonhydrogen atoms were
determined from subseguent structure factor (17) and
electron density map calculations (51). Block matrix
least squares refinement (17) of the positional and
thermal parameters yielded a conventional residual
R = 0.113 and a weighted residual Rw = 0.,138. All but
three of the nonhydrogen atoms were refined anisotropically.

Hydrogen atom positions were calculated assuming l:O?g bond
distances and tetrahedrsl geometries for the methyl hydrogen.
The hydrogens were included in subseguen® reIiinements

put Their positional and thermal parameters were not

varied. Refinement cycles were car
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in the positional parameters of the nonhydrogen atoms were

less than 0.1 of the corresponding estimatzsd errors. The
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The function minimized was I w]

|[2 with weights

Pl - 1
w = l/cFZ. The scattering factors for the nonhydrogen
atoms were those of Hanson et al.. (18) corrected for
anomalous dispersion effects (19). The hydrogen scattering
factors were those of Stewart et 21., (43). The final
structural parameters are listed in Table §. DSelected
bond distances and angles are presented in Table 10.

Stereoscopic views (44) of molecule and the unit cell are

illustrated in Figures 9 and 10, respectively.
Discussion

The complex has approximately cis sguare-planar
geometry around the palladiun. However, there are small
but significant distortions from this geometry since

both the Cl11-Pd-Cl2 and Pi-Pd-?2 bond angles have opened

a ot I\O - ﬁo U P DA S [ -—1e - 2 oaa U U S S |
anOL 2 Aana /. TesDeCitlverv. 1X0m Tnell UnedleiTila
<ral 1 - f\o The ~rhlArine A TmhAagrnh Ay = Am ro
value ¢f S0 . The chlorine and rhosphorus aToms are

the plane and P2 and Cl2 shifted to the cther sicde of
the plane.
The palladium-phosphorus vonds in this compound
. Ny D s ~ii i o2 Q . . .
(PE-P1 2.230(7)E and PE-P2 2.2544(6)%) zre snorier than
o

found in cis-PACi_(Ple _Ph)_. Pd-F 2.260(2)%. {53

)

\n




Tanle 9.

(a) TIFinal positicnal parameters

o B4t it P T mns A e ot o ¢ A e & 8 e et Y

Atom

R

Pd
cli1
Ccl2
P1
P2
01
02
Cla
C2A
C3A
chn
S5
CoA
C7h
C1B
C2B
C3B
C4B
C5B
C6HB
C1C
c2¢
C3¢
chc
C5C
Co6C
coc

Final structural parameters for PdCl, [P(0Me)Ph,_/,,

X y %
~0.0748(2) 0.1592(1) 0.1637(1)
0.1096(6) 0.1269(5) 0.1701(4)
~0,1052(6) 0.0293(4) 0.2602(4)
~0.,2531(5) 0.1617(5) 0.1458(3)
~0.0458(6) 0.2918(4) 0.0826(%)
~0.3119(13) 0.1769(11) 0.2333(9)
«0.,1320(16) 0.3790(11) 0.0809(10)
~0.3109(23) 0.0435(16) 0.1034(13)
~0.4251(29) 0.0150(20) 0.1235(15)
0., 1451.6(18) -0.0701(15) 0.0883(12)
«0.3713(34) -0.1250(21) 0.0338(18)
-0.2310(33) -0.0982(22) 0.0132(18)
~0.2451(20) -0.0116(19) 0.0521(17)
~0.2555(28) 0.2285(22) 0.3098(15)
~0.3238(18) 0.2424(14) 0.0670(12)
~0.73713(19) 0.3139(16) 0.0938(14)
=0 457(22) 0.3744(18) 0.0329(22)
~0.4380(31) 0.3614(19) -0.0559(22)
~0.3702(27) 0.2916(24) —0.0841(17)
~0.,3159(22) 0.2306(18) -0.0238(15)
0.0773(18) 0.3509(1H4) S 0.1114(24)
0.13548(20) 0.3806(15) 0.0526(1.2)
0.21471(27) 0.4306(24) 0.0754(20)
0.20584(24) 0.4534(19) 0.1626(20)
0.1985(21) 0.4274(20) 0.2244(17)
0.1096(22) 0.3747(16) 0.2015(16)
-0.11491(22) 0.4385(19) 0.1502(18)

~]
(@)



Table 9.

Atom

C1D
¢2D
C3D
ChD
¢S5
¢6D

Continued

bt e b e by

L0477(20)
L0285(24)
.0/ 51(28)
.071.0(28)
.0988(27)
.0822(26)

X

y

QOO0 O

.2689(16)
L1764(18)
1554(21)
.2283(27)
.3152(22)
.3381(17)

aol



Table 9.

(b) Final

Continued

a
thermal. parameters

rd 82(2) 5h(1) 37(1) - 4(1) 0(1) 2(1)
U1 76(6) 78(5) 76(4) -15(4) 10(4) 11(3)
Uz 96(7) 65(4) 51(3) - 7(H) 2(3) 18(3)
Pl 614(5) 6 (L) 34(2) () L(2) 0(3)
p2 8&(7) Lh(3) ho(2) - 3(4) 0(3) 0(2)
01 75(15) 83(11) bh1(7) - 5(11) 13(8) - 6(7)
02 116(21) 50(10) 71(9) 14(12) - 8(10) -16(8)
ClA 91.(26) 51(1h) L1(10) 0(16) 10(12) 15(9)
C2A 182(L41) 79(2:m) Lho(12) 6(24) 9(17) 15(13)
C3A 5.6 (0)

ChA 167 (43) 71(20) 60(14) -32(25) -24(20) 10(13)
C5A 176(48) 68(2:.) 60(15) 5(26) -12(20) ~13(14)
COA Lé(22) 78(19) 78(15) 23(17) 10(14) 2(14)
C7A 186(??) 113(23) Lhi(12) - 9(25) 11(17) -25(14)
C1B 3.3( 4

C2B 52(20) 52(153) 61(12) -10(14) - L4(12) 0(10)
C13B 82(27) 51.(1.6) 118(23) 41(L6) -23(19) - L(15)
ChB 157(41) L6(18) 86(19) 10(21) ~-55(21) 10(14)

Ahe an3%0110p10 shermal parameters are defined by T = exp
—(h“B11 + k2822 + 1 E 43 + 2thl2 + 2hlB13 + 2k1823) The thermal psrameters

for C3A, ClR, and C2C are isotropic B values.



Table 9. Continued

Atom Bll 822 833 532 313 823
C5B 11.0(34) 90( 22 64(15) -53(23) -36(17) 18(15)
C6B 83(27) 72(17 56(12) 2(17) - 1(13) - L(12)
Cc1C 62(20) ha(1: sh(11) -27(14) - 6(11) - 6(10)
czC L.8(4)

C3C 12.9( 34) 98(27) 87(19) -14(24) 18(19) - 4(18)
che 83(29) 83(19) 87(18) L7(20) ~11.(18) - 2(15)
C5C 33(23) 99(21) 73(15) ~-16(18) - A(1h) 11(1h)
C6C 89(26) 6L(1! 70 (14) -61(17) -30(15) 19(12)
c7C 81(28) 72(19) 89(17) 50(19) 0(16) -19(15)
C1D 7 24) sh(1k) 39(10) -13(15) -12(11) - 8(10)
cz2D 11.8(30) 68(1¢ 63(13) 12(20) 34(15) 12(12)
Cc30 149(37) 85(21 68(16) L8( 24) 16(18) -38(16)
chb 11.8(36) 132(2 52(14) -25(26) 13(16) -10(17)
C5D 156(38) 87( hi(12) h(23) - L(15) 3(13)
c6bD 198( 1) L5(1 L8(12) L6(21) 28(16) - 4(12)

AV}



Table 10. Bond distances (8) and angles (O) for PdClZ
E(OMe)PhZJZ
(2) Bond distances
Pa - Cl1 2.349(8) Pd - Ci2 2.358(6)
Pda - Pl 2.230(7) Pa - P2 2.244(6)
Pi - 01 1.582(16) P2 - 02 1.604(19)
Pl - CilA 1.871(24) P2 - C1C 1.767{23)
P1 - C1B 1.808(20) P2 - C1D 1.801(19)
01 - C7A 1.440{30) O - C7C 1.364(31)
ClAa - CR2A 1.304(45) CiC - CzC 1.430(32)
ClA - C6A 1.401(36) CiC - C6C 1.430(32)
C2A - C3A 1.393(35) Cz2C - C3C 1.366(40)
C3A - Cha 1.387(40) C3C - C4cC 1.363(42)
C4p - C54A 1.370(58) C4C - CAC 1.380(41)
C54 - C6A 1.428(40) C5C - C6C 1.351(37)
CiB - C2B 1.379(31) CiD - C2D 1.374(33)
ClB - C6B 1.396(30) CiD - CéD 1.386(31)
C2B - C3B 1.380(36) C2D - C3D 1.419(37)
C3B - CLB 1.368(47) C3D - C4D 1.365(43)
C4B - CSB 1.373(47) C4D - C5D 1.334(47)
C3B - C6B 1.378(38) CsD - C6D 1.365(32)
(b) Bond angles
Cili - P& - Cl2 82.3(2) cii - Pa - P2 88.5(3)
P1T - Pd - P2 97.3(3) Clz - ?da - P1 82.5(2)
Pa - P1L - 01 115.5(6) Pd - P2 - 02 118.6(7)
23 - 23 - Cin 112,609} Pda - P2 - C1LC 1i4.507)
Pd - P1 - CiB 121.5(8) Pd - P2 - CiD 114.1(87
Pi - 01 - C74 123.6(17) P2 - 02 - C7C 126.0(16)
oL - P21 - (1A ig2.0010Y 02 - P2 - Cic 103.2(10)
1 - P1 - C1E 103.6(9) 02 - P2 - C1D 99.2(10)
Cia - 21 - C1iB 98.6{10) CiC - P2 - CiDl 105.4(11)
Pl - ClA - C2a4 120.9(19) P2 - CiC - CzC 1.27.0(16)
P1 - Ci1A - C6A 115.5(20) P2 - CiC - ChC 121.0(18)
Pi - C1B - C2R 121.5(18) P2 - Cl1D - CzD 119.5(16)
P1 - C1B - C63  120.6(17) P2 - ClD - C6éD 122.1(17)
CEA - 1A - T2a 122.8023) CAC - CIC - C2C 112.0020)
ClA - C2A - C3Aa 121.4(25) CiC - Cc2C - C3C 126.2{(20)
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Table 10. Continued

C2A - C3A - Ch4A  116.9(26) C2C - C3C - C4C
C3A - ChA - C5A  123.0(27) C3C - CA4C - C5C
C4A - C5A - C6A 118.5(28) C4C - C5C - C6C
C54 - C6A - ClA  116.3(26) C5C - C6C - C1C
CéB - C1B - C2B  117.8(19) CéD - CiD - C2D
ClB - C2B - C3B 120.9(22) C1D - C2D - C3D
C2B - C3B - C4B 120.5(26) C2D - C3D - C4D
C3B - C4B ~ C5B 119.5(28) C3D - C4D - C5D
C4B - C5B - (6B 120.3(26) C4D -~ C5D - CéD
C5B - C6B - C1B 120.8(24) (C5D - C6D - C1D
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Table 11. ZLeast squares planesa for PdCl2
P
[F(0Me)Ph, 7,
Atom pP Atom D
Plane 1: Cl1-Cl2-P1-P2
-0.0001x + 0.5954y + 0.8034z = 3.2446
Pd 0.044 P1 -0.153
Cli -0.10473 P2 0.145
Clz2 0.151
Plane 2: ClA-C2A-C3A-C4A-C5A-CHA
-0.3293x + 0.5052y - 0.7977z = 0.3532
ClA 0.029 C4A 0.002
C2A -0.014 C5A 0.013
C3A -0.002 C6éA -0.028
Plane 3: C1B-C2B-C3B-C4B-C5B-CEB
"007629)( - OnéLLLLBy - OnO5L'(L}’Z = 00966“’
CiB -0.007 C4B 0.018
C2B 0.008 C5B -0.016
C3B -0.014 C6B 0.011
Plane %: CiC-C20-C3C-CLC-C5C-CEC
0.4838x + 0.8636y - 0.1418z = 3.5006
CicC 0.0z2 C4C .0
c2C -0.005 C:sC 0.020
C3C -0.006 Céc -0.031
*rilanes are defined as Clx + Czy + CBZ - C;, where
Zs y, and z are Cartesi coordinates

%
(D

atom from
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Table 11. Continued
Atenm Db Atom D
Plane 5: C1D-C2D-C3D-C4D-C35D-C6D
0.9620x + 0.256L4y - 0.0941z = 0.4456
CiD 0.016 C4D 0.061
cz2D -0.001 C5D -0.046
C3D -0.037 C6éD 0.007




Filgure 9. A steceoscoplc view of PdClzéﬁ(OMe)Ph2_72.

The thermal ellipsoids are drawn at the
50% probability level.
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Figure 10. A stereoscopic view of the unit cell of
PdClzng(OMe)PhZJ,) projected along the b axis,
£
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and trans-PdI,(PMe,Ph),, Pd-P 2.333(7)R (56). Also the

palladium-chlorine bonds (Pd-Clil 2.349(8)2 and Pd4d-C12

9_?’:8(6\9 o T Aangor Fhan +hrao FArmmAd 3 ~icPAC]
TP TN eey S T e el e vaileee visw o SY e e o e T
(PhezPh,Q; Pda-C1 2=362(3)R (55) and trans-PAacCcl,. (DMSQ)

Pd-Cl 2.287(2)2 (57). These results generally agree with
those expected from & strong "trans effect.” That is, the
bond trans to a strongly "trans-directing" ligand, such as
phosphorus, 1s weaker and therefore longer than a bond
trans tc the less "trans-directing" chlorine. These results
also confirm the fact that phosphinite ligands exert a
stronger trans effect than do phosphine ligands.

The phenyl rings of the two phosphinite ligands pack
so as to minimize repulsions beitween the ligands. There
are no carbon-carbon interactions between the two ligands

of less than 3.423. Phenyl ring B on phosphorus P1 and

A v ma S ~e L~ e 1.

mln AT an ~ . T S —— A
bl L A QL T ML vy Gl i Y wil

Maineday an

an interniaznar ang
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1though There are no intermolecular hydrogen bonding

interactlions, there are =z number of distan

ces vetween The
chlorines znd the carbons (C1i-CAC 3-¢E(2)3j Cl2-Cha
o) C’f\/f\\Q P B e o Y e ¥ o I S :4/@\0\ PR T R S U UR L PSRN S, S
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sum of the van der Waals radii (34). Perhaps these inter-

actions and the weakened Pd-Cl bonds permit the Cl1-P43-Cl2
angle to oven.

The carbon atoms in the phenyl rings show no significant
deviations from the corresponding least squares planes
(see Tavle 11). The average bond angles in the four
phenyl rings are 119.9°, 120.0°, 119.9°, and 119.8°, in
good agreement with the expected value cf 120°. The
average bond distances in the four rings, 1.380, 1.379,
1.387, and l.374£, are all a bit shorter than the expected
value of 1.3968 (34). These results and the apparently
large thermal motion as illustrated by the carbon thermal

eliipsoids suggest that the ligands may be librating.

The crystal packing forces are entirely of The van der

=
)
P

>0 W0

type. The closest palladium-palladium distance 1s

+2i-meTal Interacrtions.
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SUMMARY

The single crystal x-ray characterizations of five
inorganic compounds with novel bonding features were
described. The metal atoms of LuBSL.P form periodic
occupation waves throughout the primarily rock-salt

structure. The metal atoms in 3-R Nbl 0682 present two

vx+s- +he 1
oSy VS M

l..h

interesting pc
completely occupied, and the metal in the van der Waals
site 1s distorted from octahedral coordination by dis-
placement along the three-fold axis. The structure of
bis(s-camphorquinonedioximato)nickel (II), Ni(&—HCQD)Z,
is the first reported structure in which the vic-dioxime
ligands coordinate to the metal vlia nitrogen and oxygen

donor atoms. A novel hexanuclear cluster complex, with

structurally characterized reaction product of Ni(§-HCQD)
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APPENDIX: FOUR, A GENERAL CRYSTALLOGRAPHIC

FOURIER PROGRAM
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Fouriler transforms are valuable tools for both the

solution and refinement of crystal structures. A report

s availzble (58) which

b

deserihes
ae rine

ct

he on
~ pud

D

raticn and use

of a program written in the FORTRAN programming language
for the calculation of two- and three-dimensional, discrete
Fourier transforms. The program nhas been designed to
calculate a Fourier map for any space group. Much of the
theoretical basis for this program 1s detailed in the

revort of an earliier Fourier pro-

i

am written by Rogers
and Jacobson (5%); however, the implementation in the

current program 1s completely differen



AY

calculations are carried out in one program, reducing the
chance of user input error. The output permits a great
deal of flexibility. The map may be oriented in any orf

six orientations with grid sizes of 16, 32, 54, or

=

28.
Printed maps may be in the form of two, three, or four
digit number output, or two or three digit base 36
character cutput. Alsc Patiterson maps can be automatically
scaled by the computer, 1f desired. Maps are written to
disk, one line at a time, as the integer representation

of each line. The program was written in the FORTRAN

programming language to simplif
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The electron density at a particular point {(X,y,z,

»

may be written in the form:

oL o , .t
p{x,¥y,2) =% I I I F(hki) exp(-27inh’.r)
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with h® + r = (nx+ky+%z) and F = A+iB. Separating
F(hk%) into its Friedel-related components permits the

summations over one of the indices, say &, to be carried

out from Q to =

o(x,7,2) == 3 3 © (A+iBlexp(-2min’+r) +  (2)
R ) 0
h k2
(A-1iB)exp(-27i(-n"+1))
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g the exponentials in thelr trigonometric forms,

on {2) becomes
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Factoring the trigonometric terms speeds up the
calculation. The results of the summation over one index

A~ T R I | -
catliuUuLavcecu LU

r

[\
[¢f}
(@]

= 11 2 A T S 3 s
recalled each time a summation over anocther Iin

2

calculated. Let Ch = ¢c0s27Thx, Sh = sin2rhx, etc.

© @ @
- 2 S o
p(x,y,Z) - v ._cZ:: —: E A(Cﬁ(/k,z_shsk:'q’) ¥
h k

) (5)

A(chckuQ-chsksz—shcksl-shskcg>

8
8
o O™ 8

+ B(ChCKDz*ChSkCz+SthCz’ShSkSz) (6)

In this sxpressicn the trigonometric terms are similar for
the coefficients A(nkL), A(hk2), A{nk2), and 2(Rk%), and
1ixewlse for o. Stating these Terms explicitly rather tha:
inciuding them in the summation, and accounting for the
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(x,y,2) = % /E(nhk&)+A(RkR) +4(nkR) +A(Rke)/

5O ™M 8
N O™ 8
O™ 8

+ /=A(hk2)-A(hke)+A(nke)+A(Rke)/C, S, S

+ /B(nk)+B(hke)+3(nke) + B(hk2)/C.C,S,

+ /B(hk&)+B(RkL)~-B(nk?)-B(Rke)/C, +S1.Cy

-+ Bl i VB R S +RI T =R {(PxeY/ S C. C
= T : R U
+ /=B{nk&)+B(Ak%)+3(nke)-3(2k1)/S - ksz

This 1s only one of the possible cnoices of four data

+ v - Rad 3 Sy T ° e s - . o~ o~ Fal
octrtants Ccut 0I eignt wnlcn can oe cnosen 80 tnat nore o
A P aiinn A A A AviAa TwtAalfaTl ATl el M m A S A o
wii R W wClid v Qi & b 2T sl L vl e N Qe wvimwde ~Gv

P A I T 4 71 - +~ T
signs fcr the A and B terms of 21l cctants are compactly

- v T



If the sum of the four structure factor terms in

equation (7) are labeled Ay Ay AB’ Ays Bl’ B, 83, and

f

BM’ respectively, then 1t 1s possiblie o factor

ollows:

}-G)

eguation (7) as

o(x,v,z) = 7 T I {1_2(A102+Blsgl/chck
c O 0
h k L
* i—g(‘“‘zsz‘“Bzcz)JChSk
%
+ /208454850, )75, Cy (8)
2

In this case, the summatiocns over % are carried out rirst.
This results in a two-~dimensional series with a constant

value of z. T th

®

results o

oY
)
0,

signated CC, CS, SC, and SS respectively, then ecuation

0

) becomes

N
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The final summation over h may be carried out assuming
that the results of the k summations are designated
COR anG SIn, respectlvely.

«©

0(X,7,2) = 2 ZCORC, + SIR:S (10)
v 0 h h
h
The program requires the information Ifrom &
Friedel-unique hemisphere of data. However, for crystals

with monoclinic or higher svmmetry. the crystallograpnically

'_h

unique data is less than a hemisphere. The remaining
octants or data are generated within the program by
applying space group symmetry.

Symmetry operation "a" operates on atoms at r,

exp/-2wi h”« (B +r. + T_)/. Rearranging this term
= = Th=a'L —a= S=e
. : o £
generates a new reciprocazl lattice vector, nh°_, such
— D
That
St .%o
- = L ¢
= a e, (12}
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A consequence of the space group symmetry is that the

magnitudes of the structure factors with the vectors h

and are equail.

n
-
Re

turning to the example described by equation (2),
the vector h  represents those vectors in the summation

with negative h and/or k indices. Hence, equation (2) may

be expressed as follows:

M N oo o oo _ .
o(x,¥,z) = 7L oL I I {F(h_ ) exp/=2wih~_ -
10 00 - - n
n h k 2
(p+T )7 + T (-n_)exp/=27i(-n"_)-
=~ n= - - =n
(z+T )/} (13)

in which the summation over n represents the incliusion of

S A 3 3 ~ P ~— & - M t’ 1 3 T T =
1t is realized thet the <term exp{-27ir «T ) 1s really a
N . . N —_re - —_ - N —~ms oz
onase snili aypiiec ToOo ~{n) TC generacte (0 ). Jeriining
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This type of phase shift is applied to all reflections
internally generated by the program.

The orientation of the map is coordinated with the
symmetry. A rotation matrix, corresponding to the chosen
orientation, is multiplied into each of the rotation

matrices. fter this point in the program the h, k, and

Fh

2 indices are referred to as IR, IS, and IT correspondin
to the across. down, and section summations, respectively.
To save memory, the IR, IS, and IT integers are packed

into one variasble IRST.
Program Detaills

A block diagram of the program 1s illustrated in
igure 11. Principal control is transferred from the
main calling routine to four subrocutines. Control

PEFY

information 1s written out in the subroutine STRT. Through

the subroutine SETUPF, crystallograpnic data are input. and
W

coefficients are determined and written to a temporary file

1T riecessary, the data are sorted by tne subroutine QSORT.
Finally the Fourier series caleculations are carried outf
tnrough the subroutine COMPX¥. A detziled description of

the calculations 1s vresented below.

Y



Figure 11. A block diagram of the program FOUR.
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field width. These tests are included to terminate program
execution before improper Fourier calculations might be
made. Control is then transferred to STRT for the print
out of control information and the determination of the
orientation parameters. As described above, program
control is then transferred to the routine SETUPr.

This routine begins by reading in symmetry information
in & free format. The routine TRANSL then converts the
character image symmetry information to rotation and
translation matrices Bn and gn‘ The symmetry matrices

are printed out and tcthen transformed according to the
chosen orientation. A reflection with the hkl indices
(000) is included in the data set, if requested. The
reflection data is read in, one reflection at a time, and
processed by the subroutine SYMF,

SYM® calculates and writes the appropriate 4. tTnrough

& ¢calculated ancd stored in successive Locetions of the
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After all reflection data are read in and processed,
control is returned to the main calling routine. If
automatic scaling is reguested, the program compuftes 2a
scale factor for which the origin pezk is set to two times
the largest number that can be printed with the given flelac
width. The subroutine QSORT is then called if the data has

not bee

y presorted. (Data with orthorhombic or lower
symmetry may be presorted first on the absolute value of
the index corresponding to the summation down the page,
then on the absolute value of the index 1n the across
summation.)

The routine QSORT sorts the data based upon IRST
according to the algorithm of R. C. Singleton (60).
Because of array limits, the data are grouped in units of
700 or less based upon the IR index of each reflection.

After eacn group is sorted, data with the same IRST are

(@]

om

]

ined All daza

T 1 . Al . a oclve croun ara then writoen
hand =0 Datinind O T I hadalh Al -—
a temporary disk file. After all the data have been sortec

TAa TDAarttmdAam cAamdiaoac AnT Al asd Aaviea AasmAa manfavivmAR ShmAatimia
- bk N EE O R R L R L AT R I S R Vs R T L Chd [ R A N A1iN- A Wil \J\AE:‘A
e mAntESea ONVDT Mian S mArm Av At A Pand Aamo cva AT AT asa A
Vaeil LMW LLLT VANSLLL L e B N e R g I A VISR S S S oA IR VR B~ R casluiavet
~ 4 D - o - . - < N
T v a nara»m o Ealial Y e S Rl e ~ o~ A — PRV L Y Ay o e
SV Vil bl Ll Vil rouvine and sTred L one C..L.A-C-J/S
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The temporary results of the section summation are stored
in the arrays CC, CS, SC, and SS. These arrays are

dimensioned to hold up to 700 values, a practical number

[

Tor crystal structures of small molecules.

he

3
)

inal summaticn is carried out by the routine

FFT. This routine is an adaptation of a one-dimensional

P Tmrswas + o e 40N onm 3 - .
188¢C DOouUrier TransSilrm ICUCing \Ca,. S0 L8 aeSLgned te

operate on a complex variatle array yielding a transformed
complex array. However, since the resultant function of

crystallographic Fourier meps i1s real, the array iInput

’J-

nto FFT is compressed, reducing the size of the transform
by a factor of two (62). Because of the modulo character
of the fast Fouriler transiorm, deta with an IR index

greater than or equal to ha

- T - —~ PIE R SN
€ reéd.acCcl wivl
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blanks, and those grid points with values greater than the
maximum allowed by the fileld width are replaced with

asterisks.
Conclusions

The program FOUR offers a versatile yet simple means

e

for ps three-cdimensicnal Fcurier series
calculations. The program can be used with any space
group symmetry. The program permits a wide range of map

types and output modes.
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