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Abstract:

Six new compounds of a-pyridone (CSH5NO) have been prepared. Single crystal x-ray diffraction
analysis has shown one of these compounds, CuC12.C5H5NO, to be a chlorine bridged dimer. X-ray
powder diffraction data show that three of these compounds, MnC12 ¢« ICSH5NO, NiC12 « ICSH5NO
and CoC12 « IC5H5NO are isomorphous and appear to have structures similar to CuC12 « ICSH5NO.
Magnetic moment, solid and solution spectrophotometric data collectively indicate that all four
compounds probably have a distorted tetrahedral configuration in the solid state. COC12 « 3 CSH5SNO
has been prepared; magnetic, solid and solution spectrophotometric data support an octahedral structure
for this compound. The sixth compound, CuCl2 « 2 CSH5NO has not been assigned a specific
structure;, the data for this compound are inconclusive
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- _ABSTRACT

Six new compounds of oc-pyrldone (CSHSNO) have been prepared
Single crystal x-ray diffraction analysis has shown one of these compounds,
CuCly - 1C5H5NO, to be a chlorine bridged dlmer X-ray powder dnlffractlon
data show that three of these compounds,  MnClj - ICSHKSNO o
. NiClg - 1C5H5NO and CoCly + 1 C5H5NO are isomorphous and appear to -
have structures similar to CuCly - 1C5H5NO. Magnetic moment, solid and
solution spectrophotometric data collectively indicate that all four com- .
pounds probably have a distorted tetrahedral configuration in the solid
state. CoCly + 3 C5Hs5NO has been prepared; magnetic, solid and solution
spectrophotometric data support an octahedral structure for this compound.’
The sixth compound, CuClg - 2 C5H5NO has not been assigned a specific
structure, the data for this compound are inconclusive.




INTRODUCTION

The Cu(II) ion (Sdg) normally has one unpaired electron in the 3d sub—
shell. Cu(lI) has a calculated spin only magnetic morﬁent of 1.73 Bohf Mag- -
netons (B.M.) regardless of the bond type.of itslcomp'oltlmds . Actually, the
observed values of the magnetic moment are 1.9 to 2.2 B.M. for rﬁost Cu(III')... a

_compourids with ionic or weak covalent iooﬁds and 1.72 to 1.8'2, BM ;?or |
qompouﬁds with strong covalent bbnds (1). Thus,' CQ(II) cor.npouncfis,-with. o
magnetic moments lower than 1.73 B.M. are unusual. Several CukII) c.om-""

pounds with unuéual magnetic moments have been prepared and. investigated
{Table 1).

Magnetic moments,.are a méa sure .of the gumbe,r of'unbaired electlro_'ns
pervatom or mbiecule . | Pa'ramagnefic ‘s'ub"sténceus c_:ontgi‘h o,_he 6r mofé un-
paired electrons per atom or melecule; —d'iamagnetic substances have no ﬁn_—
péired electrons. Therefore, a subnormal magnetic moment means thle‘num-. .
ber of uhpaired‘ electrons per atom or molecule has decreased; é_lectrori |
interaction between unpaired d electrons on closely oriented Cu atoms or
unpaired d electrons with electrons from the iigand will d‘ecrzeé se ‘the'aﬂfn‘lmbezrv S
of unpaired electrons. Therefore, Cu(iI) compounds with unusual rﬁégﬁétic
moments must provide a pathway that permits such e»lectron‘ in'tera,ction.

Two possible pathways for eleétron'inferaction ha']vé been proposed;
metal-metal interaction (bond formation) b'y direct overlap of d orbitals on
closely oriented Ct} atoms and a. suber exchange meq—hanism involving Cu d -
orbitals and pT or po orbitals of the liqand. If the first pathway were cor-

rect, one would expect the magnetic moment to be dependent upon the
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Table I

Ligand
Acetate ion

Acetate ion

Formate ion

Benzoate ion
Pyridine-N-oxide
Pyridine—Nwloxide
Quinoline-N-oxide
Butyrate ion

Oxalate ion

Succinate ion
N,N,Dimethylacetamide

Triphenylarsine oxide

1,2,4 Triazole’

daRoom temperature

distance between interacting Cu atoms.
tween Cu atoms, it would be one of three types: O‘(dzz—d'zz),

dyz—d'yz) or § (dxy—d'xy, dx2-y2—d'x2-y2),

B.M..
. Formula . Magnetic Moment?@
Cu(CH3CO00)3 - 1H0 1.43
Cu(CH3COO0)2 +1C5HsN 1.43
Cu(HCOQ)3 - 4H20 1.64
Cu(CgH5C0OO0)g + 4H20 1.40
CuCly - 1Cg5H5NO 0.85
CuCly - 2 C5H5NO 0.63
CuClz - 1CgH7NO 0.36
Cu(C3H7C00)3 + H20 1.35
Cu(C0O5CO9) 1.20
cu[CO2(CH2),CO2]3 + 2 H20 1.40
Cu(ClOy4), - [CH3CON(CH3)z]4 - H2O  1.57
~CuBrg - [(CgHz)gAsOJz 1.56
N—N_ -
cusos | / \ |-4H0 1.62
HC . CH
\]§|_
H

If there were bond formation be-
Ti(dxz—d'xz,

In a tetragonally distorted

system (copper(II) acetate),’T\‘bonds are not likely because the orbitals in
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question are lowest in energy of the 3d orbitals. The cixz—y2 level has the
highest energy, but overlap between dz2 orbitals should be greater and
therefore the bonding will be determined by competition between dz2 (o) and
dx2-y2(S) orbitals. Ross and Yates (2), Ross (3) and Royer (4) favor § bond
formation. Forster and Ballhausen (5) favor ¢ bond formation. If a super
exchange mechanism were correct, one would expect the magnetic moment
to be dependent upon the electron density of the p7v and po~ orbitals of the
ligand. Schluetter (6), Kokozka (7,8) and Hansen and Ballhausen (9) state
that interacting Cu atoms are only weakly coupled by d orbital overlap and
suggest a super exchange pathway instead.

Super exchange was also favored in a study by Hatfield and Pascal
(10) who synthesized and investigated homologs of CuCly + 1C5HgNO
(CgH5NO is pyridine-N-oxide). CuCly - 1C5H5NO has been prepared and
shown to be an oxygen bridged binuclear (dimeric) compound, with the

structure shown in Figure 1, by Morrow, Schaefer and Smith (11). The Cu

O
|

Cl_ Cl

@)
\\Cu/ \ 4t
a?”’ o>

Cu
O/ \Cl

|
N

O

Figure 1. CuCly - 1C5H5NO Structure
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atoms and bridging oxygén atoms lie in the same plane; the aista'nce» be-.
tween bridge Cu atoms is 3.23'i (0.01L X).’., The énvironment of each Cu atom
is a distorted tetrahedron. Some studies listing M-M distances do not give
standard deviations (uncertainties) for bond le'ngths. M-M dis;cances that
appear in the discussion without aéqompanying uncertaintiés may vary as
much as +£0.1 8. This compound has a fnagnetic moment of 0,85 B.M. at
room temperature. The 3.23 2 distance between the Cu atoms makes direct
d orbital interaction less likely and suggests a super ex'changé fnechaniérﬁ
might be funétioning. Hatfield and.Pascal have .substitu'ted functiopél
groups with different electron withdrawing and electron releasing properties
in the four position of pyridine-N-oxide. The new ligahds Wére then used to
prepare a series of CuCly « IR-CgH/NO compounds (R = substituted group).
They assumed the produéts were isostructural (oxygen bridge_d dimers) to
CuClp - 1C5H5NO. The magnetic moments of their compounds decreased as
"the electron releasing ability of the substituent increased. The decrease of
the magnetic moment indicatéd the electron density in the orbi’;als of the
bridging oxﬂrgen atoms increased and permitted increa séd interaction ]c;e—
tween the unpaired Cu d electrons and the oxygen T electroné'. They con-
cluded that a super—exchange_ mechanism was favored because the amount of
overlap o_f the d orbital's should not be affécted by ring. substituents. Muto
and Jonassen (12) have used mono, ai and trisubstituted pyridine-N-oxides
to prepare copper (II) halide complexes. Their results confirm those of Hat-

field and Pascal; -the magnetic moments of the compounds were dependent
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upon the electron releasing ability of the substitutent. They proposed two
pathways for super exchange:

1. o path: 3de(Cu) <> 2sp52(0) «> 3de(Cu)

2. rpath: 3d7(Cu) ¢« 2p7m(0O) «= 3dm(Cu)
They suggested the o pathway was favored from the data obtained.

Overlap of Cu d orbitals as an explanation for the sub-normal mag-

netic moments of some Cu(ll) compounds gained support following the deter-
mination of the structure of Cu(CH3COOQO)4 - 1 H20 by van Niekirk and

Schoening (13). The structure is shown in Figure 2. The distance between

H,O—— Cu/C(u/
2/ /

@0 -0
\(‘j-/ P
/ O\\ %O
CHgj oz 0

|
CH,

Figure 2. Cu(CH3COO)z - 1H30 Structure

bridged Cu atoms is 2.61 X (14); the distance between Cu atoms in Cu metal
is 2.56 +£ 0.005 ) Cu(CH3COO)2 + 1H20 (Figure 2) has a magnetic moment
of 1.43 B.M. at room temperature. The proximity of the bridged Cu atoms

suggested electron interaction by overlap of d orbitals from each Cu atom.
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The Cu(CH3C00), + 1 H20 results induced additional structural investiga-
tion of known Cu(Il) compounds with unusual magnetic moments, particu-
larly those containing the carboxylate group (15-21).

The carboxylate group may act as a monodentate or bidentate ligand,
i.e., it may coordinate through one or both oxygen atoms. Known structures

of Cu(ll) carboxylate compounds with unusual magnetic moments show the

carboxylate group coordinated as a bidentate ligand to two Cu atoms (bi-

nuclear) in three different configurations (Figure 3) (13, 18, 19).

| | |
(I)/C\T T/C\O/M M\O/C\O/M
M M M
syn-syn syn-anti anti-anti

Figure 3. Observed Carboxylate Binuclear Bidentate Configurations

Cu(CH3COO)2 - 1H70, therefore, has a syn-syn binuclear bidentate con-
figuration. Other Cu(Il) carboxylate compounds (structure unknown) with
unusual magnetic moments are believed to be binuclear bidentate com-
pounds.

Cu(CH3C00) - 1CgHgN (pyridine) has been prepared and proven iso-
structural (dimeric, syn-syn bidentate, bridged Cu-Cu distance 2.64 +
0,006 X) to Cu(CH3COO)3 + 1 H2O (20). Cu(CH3COO) * 1 CsHgN has a
magnetic moment of 1.43 B.M. at room temperature. Another acetate,

Cr(CH,COO0)y * 1HO is also isostructural (Cr-Cr distance 2.64 R) to
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Cu(CH3COO); + 1 Hp0; however, Cr(CH3COO), + 1 H0 is diamagnetic at
room temperature (21). Normally, Cr(II) has four unpaired electrons occupy-

ing d orbitals. The proximity of the metal ions in these compounds again

suggested electron interaction through dverlap of d orbitals on neighboring
metal atoms.

The carboxylate group has also provided information favoring a super

exchange pathway. Cu(HCOO)j + 4H20 has a subnormal magnetic moment,
1.64 B.M., at room temperature (19). It has an anti-anti configuration,

Figure 4 (18). The bridged Cu atoms are 5.80 + 0.04 & apart which precludes

OH, OHj

o \CH/ \l
o NGRS

Figure 4. Cu(HCOO), - 4 H20 Structure

b
~
~
\

invoking direct overlap of Cu d orbitals to explain the subnormal magnetic
moment. Martin and Waterman (22) have suggested a super exchange mech-
anism through a 7 pathway of Cu 3dy, and 3dy, orbitals and 2p7T orbitals of
the bridging formate group as a possible explanation for the subnormal mag-
netic moment.

Several additional Cu(II) carboxylates and pyridine-N-oxide com-
pounds have been prepared (Table I)., Some have properties similar to binu-

clear Cu(CH3COO)2 - 1 H20 and CuCly + 1CgHgNO, but their structures have

been unequivocally determined in only a few cases (1, 16, 23).
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There are Cu(II) carboxylates (Table II) with normal magnetic moments.

Other examples of Cu(lIl) compounds with normal magnetié moments are in-

cluded.
Table II
Cu(Il) Compounds with Normal Magnétic Moments
Ligand Formula . Magnetic(]?\./ll\cfr.n)enta
Dichloroacetic acid , Cq(ClgCI—ICOO)Z - 4H0 1.74
Benzoic acid ,C‘u(CE;I-I5CQO)2 ' | 1.72
o-Hydroxybenzoic acid Cu(HOCgH 4CO0); - 4,0 . L.92
‘Malonic acid . Cu(COZGH,CQO) « HyO 1.92 -

| ' cucl, | 1.75
CuCly + 2 H30 . 1.87
Formic acid Cu(HCOO), o ' ' 1.75
Formic acid | Cu(HCOO); - 2HzO . 1.90
1,2,4 Triazole : CuCly 2 N=Ny o 1.8.i

"N~

L

. @Room temperature

Structural investigation of Cu(Il) compounds with normal and. subnor-
mal magnetic moments, particularly the carboxylates, seem to indicate that

formation of dimeric compounds and increased electron interaction is de-
pendent upon the coordinating strengths of the ligand and solvent. The co-
ordinating strength-of the ligand, in turn, is dependent upon the electron

withdrawing or releasing ab'ility of its substituents. The exact pathway for

electron interaction remains unsolved. Investigation of ligands similar to
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carboxylate group or pyridine-N-oxide has been undertaken to obtain further
information about the pathway.
There are ligands similar to the carboxylate group whose geometrics
might permit bidentate coordination and formation of binuclear Cu(II) com-
pounds. The acetamide group is an example, Figure 5. Other possible li-

gands are shown in Figure 6. Cu(II) compounds with ligands in Figures 5

and 6 might possibly increase the understanding of the electron interaction
that occurs in the previously mentioned binuclear bidentate Cu(II) com-

pounds.

] ff
C C
AN | N e
O o, N7 @)
S @
Carboxylate Group Acetamido Group

Figure 5. Carboxylate and Acetamido Group Similarity

NH»

C C
AN AT
H,N” “NH H,N” NH
Acetamidine Benzamidine X~aminopyridine
O OJO
56 N N-
|
H
A-pyridone 1,8 naphthyridine

Figure 6. Possible Bidentate Ligands
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‘Synthesis and investigation of Cu(II) compounds with the acetamido -

group (Figure 5) was undertaken as part of a larger program. Little success

Waé achieved with the acetamido group during two years of investigation.
The results are described in Appendix A.

A -pyridone (Figure 6) is similar to the carboxylate group; it offers .
the possibility of bidentate coordination. It is also similar to pyridine-N-
oxide, which has formed binuclear Cu(II) compounds with-unusual magnetic
moments. The purpose of this tb,es';s is to report the sgfnthesis and pre-
liminary; investigation of transition rﬁetal compounds, particularly Cu(II) and

Co(II), with d~pyridone.
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ANALYTICAL TECHNIQUES'

This section describes the analytical techniques used in this study.
The results appear in th.e experimental sections to follow.

Cu(IIl) concentrations were determinéd by iodometric titration as de-
scribed by Kolthoff and Sandell (24). Co(II), Ni'(Ii) and Mn(II) concentrations
were found by EDTA titrations as outli_ned by Welcher (25). Chloride con-

| c-en‘!cratioris were determined by AgNOj ’;itration with dichloroflyorescein as
indicator (-2 4), N_itrogen content was found by the macro Kjeldahl method.
Triplicate samples were analyzed in all cases. ‘

| Infrared spectra were run on a Beckman IR-4 spectrophotometer be-
twéen_ 5,060—650 cm~L, The samples Were ér'epared as'micro KBr pellets. In
all cases air was the refere‘nce’mat'er.ial. |

Ultrav‘iolet and visible spectra of solutio‘ns Wéré taken_ai: foom tem-
perature with a Beckman DK~-2 s'pectrobh_otdméfer.e.q'ui_pped with llclm cglis
and standard light ééurces . in all'éé'ses, pure sélvént Wa$ the fe'fefé'ﬁcé
materiél. Concentrations of 10"3 M aﬁd 1074 M were used for visible-and |
'ultraviole’g regions, re.spectively.'

Diffuse reflectance spectra of solids were colle¢ted with a Beckman
Model B spectrophétometér _equipp-e,d with a diffuse ref_lep’tance attachent
#12-400'and a 2,000 megoh'm' phbtotﬁﬁe resistor_; The study was limited to the
range 700-350 mu by the instrument. Magnesium Carbonaté was used as the

standard.
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Magnetic susceptibilities of the ?)owder sarﬁeles were determined by
the Gouy method utilizing a Mettler analytical balance, Harvey-Wells Model
1-44V electromagnet and a Magnion model #HS425 power.supply. The mag- |

net was equipped with 4 inch tapered pole-.ca‘bs and é_ variable gap. Thel.
samples were suspended in a specially designed Dewar flask placed be-
tween the pole caps . The susceptibilities re_po,ri:ed, .except' those.of
dichloro~mono- (X-pyridone) copper(II), were determi.n.ed at 80°K., 210°K.,.
2509K. and 2989K. Liquid air was used to reach 80°K. The intermedia;:e
temperatures were obtained by pla_cing slushes of dry ice and CHClj3 (210°K)
and CCly (250°K) in the Dewar flask. Four field strengths were used in the
study. Triplicate measufements were'_r.n‘ec'ie et each temperature and field
strength. The avefage of the mees.ufemen’:c's at eée-h temperetUre aﬁd'field i
stfength was used to ealcﬁlate gram susceptibil_ities frerﬁ the equatiqn':- : )

A . gg'ow

| Xg = daH
= gram susceptibility’ = -
= Lande.g factor .
= standard gravitational'constant
= weight (field applied)-weight (no field)
= sample density .
= crossectional area of Gouy tube
= magnetic field strength

mﬁ#ago@x
-8




- 13 ~

Magnetic moments were calculated from the ‘equation:

‘f 3 kT
Meff = —%IS—NP

eff = magnetic moment expressed in Bohr magnetons
X m = Xg times sample moleculat weight '

k = Boltzmann's'constant '

T = degrees Kelvin
- B = 0,917 x 10720

N = Avogadro's number

If

To facilitate calculation of the magnetic suséeptibilities aﬁd moments, a
. Fortran computer program was ﬁseda The computer used was the modi.fied
IBM 1620 availa]c;le at the Montana Stqte University Computiﬁg Centef. |
Corrections for diamagnetic a.toms were applied in the caleulations. Mag-
nc’?tic field strengths were determined using 'HgC_o(CN:S)4 as thé standard
(26). |
X-ray powder diffraction data was cc;ll’ected:with a General Electfic
diffractorheter unit by normal crg}stallographié procedures. X—réy single
crystal data was collected by both Weissenber.g én_d Precession methods.
Crystal parameters were calculated using standard formulae from Buerger
(27).
Molecular weights were determine.d' ebullioscopically by thelCottrell

, techhique (98). A Beckman differential thermometer was employed in the de-

terminations. The osmometric determinations reported were performed by Dr.
W. W. Paudler of the Department of Chemistry, Ohio University, Athens,

. Ohio.




EXPERIMENTAL PROCEDURES AND RESULTS

Purification of @-pyridone

a-pyridone (CgHgNO) purchased from Aceto Chemical Company was
purified by recrystallization from benzene. The crystals were wﬁite and
melted at 106.5-107°9C . A.-pyridone was also identified spectophotmetric-
ally and by nitrogen analysis (14.5% found, 14.7% calculated. |

Figure 7 is an infrared spectrum of a-pyridone. Figures 8to 11 rep-

resent the ultraviolet spectra of &-pyridone in HpO, CoH5OH, CH3CN and
HCON(CH3)2; Table III lists the ultraviolet absorption bands and their

molar absorptivities.
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Figure 7. Infrared Spectrum of a-pyridone
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Figure 8, Ultraviolet Spectrum of a-pyridone in H20
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Figure 9. Ultraviolet Spectrum of a-pyridone in C2H5OH
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Figure 10, Ultraviolet Spectrum of (-pyridone in CH3CN
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Figure 11. Ultraviolet Spectrum of a.-pyridone in HCON(CH3)2
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' Table III

Ultraviolet Spectral Bands for @-pyridone
S . - (Molar
Solvent Concentration ‘ )\max(m},c) _ absorptivity)
: ~ € max
H,0 1.73 x 1074 M 223, - 7.17 x 103
: B , T 293 ' 5.72 x 103
- - CgHZOH . . 1.78 x 1074 M 226 - 8.32x103
. R | 298 5.23 % 103
. CH3CN 2,02x107% M 227 7.57 x 103"
' " ' . : 229 : . 7.53 %103
235(sh)@ Smmm——m
302 . 4.85% 103 -
312(sh) -———r--
S S - 237(sh) L et
“HCON(CH3)5 " 1.81x 1074 M 305 -~ . 4.80x103
S . 315(sh) - - . 4.42x103

S 335(sh) - i
dshoulder : D

Prepaxjafioh of Anhydrous Metal (II) Chlorides

'-_Ar'lhy.cilrous metal chlorides used throuéhout_-tﬁe stqdy.w_ere prepared as -
outlined by Pray (,2.8) from commercially _a:availabl_e' hydrates. They were -~ |

stored over-anhydfous Ca'S,O4 in ‘;ightly cappé,d containers. .

Solvent Purity

_"Sqlven'ts -incorpbrated in tﬁe study were either.l\./IC'B s'péc_'.cro-ciuélity;.'
reagents' or the highest purity feaéen’c .availhéble . .Wheri- Watei* coﬁfent i/.szé_s in .
- .doubt in alcohols, par_ti'cﬁlahrly CH3OH and-CzH5OfE-I, they-w'ere' reflpxed :
| over Mg turnings for twel{_ze.hoﬁ'rs and then diétilled. T}w:e freshly dié,tiliéd ;
'alc_:o‘hols ‘wére used aé .quickly és ‘pos's:.lble to minimiz_é-uptake of atm_'os;—'

- pheric water.
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. Synthesis of Dichloro-mono-O-pyridone "I\/Ietal (iI)' Complekes

To prepare CuCly + 1CoH:NO, 1:1 molar ratios of anhydrous CujClz '

and purified c-pyridone were used. The reactants were dis solv.ed in mini-

mum amounts of CoH5OH and the -pyridone solutio:n was added dropwisel
_' to the Cu(Il) solution with stirring.. Precipitati-on occurred a‘f,te,r‘apprloxi- -
. mately one—half of the 'oc-pyridone s'o.luti.on'.had been added The solid pro-
duced Wwas an orange powder the filtrate was green Coollng the filtrate |
produced more of the orange solid. Recrystallization from GZHSOH produced o
‘needle-like crystals Analys1s of the compound 1ndicated the emper:,cal
‘molecular formula was CuClz 1C5HgNO. ' '

The ease with Wthh the 'compoun'd was p‘roduc'e'd prompted' a iiterature
search to determine 1f compounds s1m11ar to oty pyridone had been used as
llgands w1th tran51tion metal -1ons A series of compounds MXZ L (M =
metal 1on X= halide, nitrate, perchlorate, L,— pyridins—N—,omde (C5H5NO)
n=112,3 4) had béen prepared by.Quagliano (29). The co_mpounds had _been E

| .synthesized and recrystailized from ethanoiic solutions .' A few of these. :
compounds exhibited ‘subnormal magnetic mome’nts ‘ One oi the compo‘unds
.‘w1th a low moment CuClz l C5H5NO had. been shown to be an oxygen
bridged binuclear- compound (Figure 1, page. 3). This_ compo.und had a mag—
.netic moment of 0;85 BM B'e‘,ca.u"se:' some of the pyridineéﬁwoxide 'com- |
" pounds exhibited subnormal magnetic moments and O(.—-pyridOne was struc-
.turally similar to pyridine N-oxide, synthesis of a related- series, MXZ Ll
(M = transition metal X = chloride, L= oc— yridone) was undertaken.

The reactants were mixed as- previously described for the synthesis of
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dichloro-mono-QL-pyridone copper(IIl). Compounds with the empirical .
formula MCly - 1 C5H5NO have been synthesized using Cu(lI), Co(II), Ni(II)

and Mn(II) chlorides and recrystallized from CoHsOH.. Table IV lists the re-

sults of elemental analyses performed as described in the analytical sec-

tion.
Table 1V '
MCly - 1C5HgNO Elemental Analyses
Metal % M % C1™ % N Color ~ Nature
.Cu(ll) Found" 27.7#£0.23 30.940.23 5.840.17 ‘orange  needle-like
Calc. 27.7 30.9 6.1 . crystals
Co(I1) 26.0+0.40 31.5+0.17 6.440.41  blue- needle-like
26.2 31.6- 6.2’ ‘'violet crystals
Ni(II) 25.8+0.17 31.0+0.00 6.4+0.33 salmon powder
26.1 31.6 6.2 _ o
Mn(II) - 24,3+0.75 31.040.17 6.5+0,28 = off-white powder
: 24,9 32.1 6.3 .

Magnetic susceptibilities and moments, caloulated as described in
the analytical section, are listed in Table V.

Table VI indicateé d spacings and 9 angles of the six most intense
powder diffraction lines, obtained with the General Electric diffractometer,
for each of the complexes. The d values were calculated from the €quation;

nA = 2 d sin 8
where . n=1 .
= wavelength of incident radiation

= distance between layers
= diffraction angle

@ Q&
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. Table V

MClp - 1C5H5NO Magnetic,'Susce,ptibilit_ieé and Moments
. X mlcgs, esu) x 106

*Very intense

Metal - Temp.%K Magnetic Susceptibility
Cu(II) 800 6,970
2980 1,540
Col(II) 800 - 53,300
2109 21,100
250° 17,000
2980 11,900 -
- Ni(II) 800 31,800
2100. 8,600
2500 7,000
2989 5,400
Mn(I1) 800 52,400
2100 19,800
2500 217,700
2980 14,600
Table VI ,
MCly - 1C5H5NO Powder Diffraction Data
Cul1n) Col(11) Ni(II)
" Rel. Rel. Rel.
o] d Int. 8 d Int. ) - d In’;.'
39 113 100 3.9 1h3 100 38 116 100%
50 8.8 70 48 92 .85 47 94 75
75 59 75 50 7.5 70 58 7.6 65
9.1 49 25 . 7.3 61 90 72 62 70
109 4.1 25 89 50 70 ‘89 5.0 40
144 31 50 148 3.0 60 149 3.0 70

(B.M.)

Magnetic Moment

9

2.13
1.93
591
6.03
5.90
5.39
4.57
3.86
3.80
3.65

5.86

5.83
6.03
5.97

‘Mn(II)

d .

Rel.
Int.

3.9
4.8
5.8

72

8.9
14.6

11.3
9.2
© 7.6
6.2
5.0
3.1

100%
80
60

90
90
75
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Single c;ystal X-ray diffraction'da;ca show the Cu(II) 'comp,"lex is tri=
clinic with space group PT. Its cell dimensions are: a = 9.933, b =-9.942,
c =3958 with@ = 90.99, 5 = 92.9° and ¥ - 113.20. There are two formula
units per unit cell. The cobalt complex is monoclinic and of space group
C21/c-. Its cell dimensions are; a = 24883, b = 16.7_%, c = 8.7 2 with
¥ = 94°. There are 16 formula units per uﬁit cell.- »

The ultraviolet spectra of tﬁé MCly + 1C5H5NO complexes are essen-
tially identical to those of d~pyridone previously shown .in Figures 8 to 11,
pages 15 and 16. The complexes, in general, exhibit lower molal; absorp-
tivities than free cL-pyridone. Table VII lists the ultra-violet absdrption

bands and molar absorptivities of the complexes.

‘ Table VII ‘
MClg - 1 C5HgNO Ultraviolet Absorption Bands and Molar Absorptivities

Cu{II) Co(t1) | Ni(lI) Mn(II)

(mu) (mp) (myt) - (mi)
Solvent A max € max A max & max A max &max A max € max
H20- 223 6900 222 7700 223 8080 223 8450
292 6130 294 6420 291 6480 230(sh) .
. 294(sh) 6750
_ 315(sh)
CoHOH . 226 7420 227 ‘8480 227 8530 . 226 8530
298 6220 298 5280 298 = 5580 298 5760
CH3CN 223(sh) . 226 9430
226 9330 229(sh)
234(sh) 233(sh)
257 2670 257 2870
305 5290 302 5330
310(sh) 312(sh)
328(sh) 328(sh)
HCON(CH3)2 305 . 5280 305 11600
: 315(sh) - 315(sh)

'330(sh) 332(sh)
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Visible spectra for these complexes are shown in Figures 12-20.

Their absorption bands and molar absorptivities are listed in Table VIII.

‘—_/1/\
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Figure 12, Visible Spectrum of CuClj - lCSHSNO in H20
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Figure 13. Visible Spectrum of CuCly + 1 CgHgNO in CZHSOH
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Figure 14. Visible Spectrum of CuCly - lCSHSNO in CH3CN
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Figure 15. Visible Absorption Spectrum of CoCl, - lCSHSNO in H90O
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Figure 16. Visible Absorption Spectrum of CoClz -1 CSH5NO in CZHSOH
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Figure 17. Visible Absorption Spectrum of CoClp - 1 CSHSNO in HC3CN




8

" _—/\ /\
400 500 600 700
mu

Figure 18. Visible Absorption Spectrum of NiCl, - ICSHSNO in HZO
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Figure 19. Visible Absorption Spectrum of NiCly + 1 CgHgNO in CoH5OH
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Figure 20. Visible Absorption Spectrum of NiCl, + 1CgHsNO in HCON(CH3)2




Table VIII

} MCIZ - 1 C5HgNO Visible Ba_nd-Spectra and Molar Absorptivities

. Cu(I1) ‘ . Cof(II) Ni(II)
: A max A max - X\ max
- Solvent - (mu) ~ € max  (mu)  Emax (mu) & max
.Hy0O } 790 128 498 5.1 385 6.2
. o _ o 700(v.b.) 2.5
CZHSOH } - 880 . 164 575(sh) ' 413 10.7
' o oo 612 (sh) : '
638 168.0 ‘
655(sh) i
: ) 665(sh) 3
CH,CN . 450, . 931..- 556 . 2580 ' !
SR . ' -~ 570(sh) :
590 . 266.0
610(sh)
~ 650(sh)
| 660 - 402.0 _
HCON(CH3)y . ) 410 © 5100
575(sh) 46.0

SO 602 280
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Diffuse reflectance spectra for the complexes are shown in Figures

21-24.
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Figure 21. Diffuse Reflectance Spectrum of CuClz . lCSHSNO
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Figure 22. Diffuse Reflectance Spectrum of CoCly - 1 CgHgNO
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Figure 23. Diffuse Reflectance Spectrum of NiClp - 1 CSHSNO
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Figure 24, Diffuse Reflectance Spectrum of MnClg - 1 CgHgNO
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Infrared spectra of the complexes also resemble the spectrum of o~
pyridone. Some characteristic absorption bands used for interpretation ex-
hibit shifts in frequency and intensity. The infrared spectra of the com-
plexes are shown in Figures 25-28. Band assignments and interpretation of
the observed shifts appear in the discussion section of the thesis,

Molecular weight determinations were performed as previously de-

scribed for all but the Mn(II) complex. The results are listed in Table IX.
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Figure 25. Infrared Spectrum of CuCljp . lCSHsNO
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Figure 28. Infrared Spectrum of MnCly - 1 CgHgNO

Table IX

MQCly -1 CgHgNO Molecular Weight by Determinations

Empirical
Compound Solvent Method Found Mole, Wt .8

CuCly - 1C5H5NO CH3CN Ebullioscopic 865 230
C2H5OH Osmometric® 975 230
HCON(CH3)2  Ebullioscopic 84 230
CuCls HCON(CH3), Ebullioscopic 135 135

CoCly - 1CsHg C2HsOH Ebullioscopic 118 225
C2H50H Osmometric 15195 225
C2H50H Osmometric 1,079 225
HCON(CH 3)2 Ebullioscopic 1S 225

NiCl, - 1CgHjp HCON(CH3),  Ebullioscopic 40 225
@ Theoretical monomer molecular weight

b Determined by Dr. W. W. Paudler, Department of Chemistry, Ohio Univer-
sity
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- Synthesis of Dichloro-n-Q.-pyridone Metél (Il‘)-.Complexesl. |

Quagliano had also prepared GuClz -2CgH5NO {pyridine~N-oxide), a
chartreuse powder, and blue CoCly - 3 CgHgNO (pyridine-N-oxide), Synthe-
ses in which arbitrary Cu(Il): a~pyridone molar ratios were used, prior to
synthesis of mono—OL—pyridone ,‘complexe,s, had produced a charifeuse powder
whose elemental analyses (19 5% Cu, 21.7% Cl, 9.3% N) were close to the
calculated values of CuCly - 2 C5I-I5NO (OL—pyrldone) Thetefore, 1 copper(il):
2 d~-pyridone molar ratios (ethanolic solutions) were mixed as before (drop-
wise, page 18) and a chartreuse powder precipitated, after approximately

one-half of the Cu(lI) had been added. One cobalt(ll):3 a~-pyridone ethanol-

ic solutions were reacted in the same manner arld a blue crystalline solid . |
precipitated.. All of the previously described 'methods .of l'dentification 'were
performed on these complexes except molecular we1ght determmatlons The
results of these methods for both complexes have ‘been comblned for presen- ’

tation.. Elemental analyses appear in Table-X,_;

Table X
CuCly + 2 CsHeNO and CoCly - 3 CsH5NO Elemental Analyses

% M % C1 . %N - Color Nature
Cu. Found 20.0+0.17 22.2+0.28 . 8,65+0:16 . chartreuse  powder
. Calc. 19.6 219 8.63- . .
Co Found  14.6+0.00 17.65+0.06  9.8+0.33  blue crystalline
Cal. 142 17.1, 10.1: ’

X-ray powder data for the six most intense powder diffraction lines

appear in Table XI.
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Table XI
CuCly - 2C5HgNO and CoCly . 3CgHsNO Powder Diffraction Data

- cu(n) Co(II)

Rel. Rel,
B .3 Int, o d Int,
4.2 10.5 90 6.1 725 - S0
5,0 8.84 95 8.2 5.40 70 .
5.8 7.62 100 83. 534 70
7.1 6,23 95 9.2 4.82 100
9.6 4.62 80 13.4 3.33 60

10.0 444 . 85 15,2 2.94 55

Adain the ultraviolet spectra resemble those of a-pyridone. The ab-

- sorption bands and molecular absorptivities are listéd in Table XII.

| Table XII g
- CuClz 2 O yrldone and CoOlz 3o~ yrldone U V Spec;tral Bands
. , . : (molar ,
: N . “(mu) - . - absorptivity)
Complex ~ Solvent - Conc_entration' Amax - _ A Gmax o
CuClg » 20L HoO - 2.11x107%M . 223 152x104_.
: - o o 293 Co 133x104"'-
CH,CN 1.06x10-5M . 225(sh)®
. "230(sh)
234(sh) o o
303 ~ . 113x104
315(sh) . 2
’ ,330(sh) _ _
CoCly -3cL . HO0  4.08x107%Mm 223 - 2.71x%104
| o .. 295 . 221%104
CoH50H ~  428x1076M . 225 .  233x104
: : 305 1.48 x 104
CH3CN  4,53x10"6M 230(sh) :
. Co 235(sh) . o
303 " 1,76x104
315(sh) :
330(sh)
dghoulder o
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Figure 29-33 are the visible spectra of the complexes and Table XIII

lists the absorption bands and their molar absorptivities.
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Figure 29. Visible Absorption Spectrum of CuClp - 2CgHgNO in H70
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Figure 30. Visible Absorption Spectrum of CuClp + 2CgHgNO in CH3CN
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Figure 31. Visible Absorption Spectrum of CoClj - 3 CSHSNO in HpO
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Figure 32. Visible Absorption Spectrum of CoCly - 3CgHgNO in CH5OH
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Figure 33. Visible Absorption Spectrum of CoCly + 3CgHgNO in CH3CN

Table XIII
CuCly + 2C5H5NO and CoClg - 3CgH5NO Visible Absorption Bands
(molar
(mu) absorptivity)
Complex Solvent Conc. Amax € max
CuCly - 2C5H5NO  H20 5.28x1073M 786(v.b.)3 13
CH3CN 1.06 x10~3M 875(v.b.) 75
450 775
CoCly + 3C5H5NO  H0 4.08x10"3M 490 7
CyH5OH  4.28x1073M 575(sh)
600(sh)
640 152
CH3CN  4.53x1073M 565 97
575(sh)
600(sh)
613(sh)
660 159

@Very broad
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Figures 34 and 35 are the diffuse reflectance spectra of the com-

plexes.
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Figure 34. Diffuse Reflectance Spectrum of CuCl, - 2 CSHSNO
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Figure 35. Diffuse Reflectance Spectrum of CoCly - 3 CSHSNO
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The infrared spectra of these complexes also resemble the Q-pyridone
spectrum with differences similar to the mono--pyridone complexes. The
spectra appear in Figures 36 and 37. Band assignments and interpretation of

the observed shifts again appear in the discussion section of the thesis.
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Figure 36. Infrared Spectrum of CuCly - 2CgHgNO
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in Table XIV.

Complex
CuCly *+ 2Cg5H5NO

CoCly * 3C5H5NO

i
2000

Temp.

80°
2'10°
25090
2989

800
210©
2500
2980

750
mel

Table XIV

Xm(cgs, esu) x106
Magnetic Susceptibility

4,700
2,500
2,100
1;400

32,200
13,800
11,400

9,600

1200

Figure 37. Infrared Spectrum of CoCl, - SCSHSNO

CuCly + 2C5HgNO and CoCl3 -3 CgsH5NO
Magnetic Susceptibilities and Moments

The magnetic susceptibilities and moments for the complexes appear

(B.M.)
Magnetic Moment

1.76
2.06
2.06
1.82

4,59
4.87
4.82
4,85




'DISCUSSION

| Dichloro-mono-g-pyridone Metal(ll) Complexes

The infrared spectra of the MClz 1C5HgNO complekes (Figures 25-

T 28 pages 30-32) show shifts in absorption energies and 1ntens1t1es in im-

portant regions of the spectrum. Katritsky (30), Mason (31) and others (32'—- .

38) have examined the infrared spectra of OL—pyridone and have ass1gned

' most of the observed absorption bands to the v1brations expected to. occur

w1th1n the molecule. The accepted. 11terature values for .- pyridone are

. shown in Table XV with the bands observedlin this,study for Ol-pyrldone ar_id o

the four MClp - 1Cg H sNO compounds (Figiires 25—28,'pag'es 30-32). The
symbols v, [5 and X are those used by Ma son, v represents the fundamental

stretching v1brat10n ‘between bonded atoms ﬁ represents the 1n-plane- o

. bending v1brat10n and Y represents the out- of—plane bending v1bration The o

ShlftS observed in ‘the absorption energies and 1ntens1t1es in the N= H

vC =0, ,BN H and XN ~-H regions 1nd1cate that o~ yridone is probably co~

ordinated to thé metal 1ons through the oxygen atom. Free O(,—pyridone has

- been- shown to be a hydrogen bonded dimer (Figure 38) in the crystalline

state (30). The UN-H peak .in crystalline &~pyridone is broad and at lower '
energies (due to intermolecu_lar hvdrogen. bonding) -than normall‘y, expected -
for free UN-H vibration; a free- vUN-H peak 'normally appears at 3400 cm;l.
If the ﬂ-H péak shifts to higher energies, “this'is an. indication of

increased free. N—H and decreased hydrogen bonding; it sugge's.tS'_

that coordination is not occurring at the ni_trogen atom, All four & -pyridone

complexes exhibit v=NH shifts to higher energies (3100 em~t —
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Table XV

Infrared Band Assignments MClZ <], CSHSNO Complexes

Assignment Lit. Values @-pyridone Cu(Il) Co(II) Ni(II) Mn(II)

vN-H 3200-3100 3100s™ 3250m 3225b 3250s 3450s
strong , broad 3150m 3150s 3150w, :

1 C=0 1665-1650s 1685s 1655m 1645m 1600s  1685s

vRing.Freq. 1619-1570s 1615m 1610s 1602s 1610s 1640s
1560-1585m 1550w 1545m 1550m 1570m
1501-1472w(m) 1460w 1475w 1465w 1465m 1485w
1455-1415w(m) 1440m 1415s 1405s 1420s 1440s

B-N-H 1600m 1615m 1610s 1602s 1610s 1640s

(amido N-H)

B-Cc-H 1318-1242m 1245s 1278m  1285m  1280m  1290m
1182-1154m 1160s 1170w 1170m 1170s 1185s
1144-1138m 1100s 1105w 1105w 1100m 1110m
1018-1010w 1010w 1010w 10102 1005s 1010s

YCH - 842-832m 850w 865m 865m 865s 870s

Y NH 820 region 785s 775s 780s 775s 780s

720 region 735s 730s 720m 725s 730s

*s=strong, m=medium, w=weak, b=broad

Figure 38. &.-pyridone (CgHgNO) Structure
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3150-3250 cm'"l) The ﬁN*H and XN—-H peak shlfts also support decreased
hydrogen bonding and increased free N~H; that is, less energy would be re-
quired for these deformations in @ non-hydrogen bonded compound. Thé
. sh1ft in all of these peaks was small and the vN- H peak was still far
enough from 3400 cm -1 .to suggest some hydrogen bonding might st111 be in-

volved. The position of the vC =0 peak- in drystalline a-pyridone is again - .

indicative of hydrogen bonding; free v7C =0 .peak normally appears at higher
ene'rgies, >1700 cm™L, Therefore, a vC =0 peak shift indicates a change in

honding has occurred at the oxygen atom. The frequency of a v C=0 vibra=

tion :_‘m compounds where the oxygen is coordinated to another atom or group -
of atoms is dependent upon the mass of the coordinating group, i, e.,'an. in-.

- creased mass will lower the frequency. Therefore if Q-vpyridone is coordin~

ated to-a metal ion through the carbonyl oxygen, the C=0 peak would be‘.- o

expected to shlft to lower frequencles Such a shift was generally observed_._ -
_ for the MClz - 1CgH5NO compounds. Absorption peaks -around 1600 cm 1.
have been assigned tol‘u,' ring vibrations and BN-H vibrations (30). Funda-
mental ring‘vibrations should not be affected loy coordination to metal ion,
but the AN-H vihration (in-plane band) of a.-pyridone Would be affected.
The intensity of this peak is increased and shlfted to slightly lower fre— :
quencies, Wthh suggests that the ,6N H v1brat10n has’ become less hin- '
dered. These changes in the 1nfrared absorptlon bands seemed to -1ndtcate '
that a-pyridone wa s coordinating to the metal ions throngh'the oxy'gen a'tom7
The ultraviolet absorptlon bands of the mono-Qa - pyrldone complekes -

(Table VII, page 21) are in good agreement with those reported by Mason (40)
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for,'af.—pyridone;. Amax.. '2,24'.,.. 2'9_3 mp. There was a ge‘neral decrea_sé,:hovr-. '
ever, in the molar absorptivities of these bands in the co-mplexes . 'l'he 224
my band '(Emax 7230) and.293 my bands (emax = 5890) have been ass1gned
by Mason as characteristic M—=T* and N — 7% carbonyl. electron1c tran51—
‘tions . Coordination to a metal ion generally decreases the molar absorp-
tivities of theee fransitions.. Therefore, the ultraviolet spectra of the
: .M'Clz - 1CsH5NO cornple}res seemed to indicate the oxygen atom was co- |
ordinated to the metal ion. o -

Molecular weight determinations of the Cu‘,._Co and Ni compler{es ar_e
rather inconclusive. The ebullloscopic results 'indica,t,e the complexes dls—._
sociate at elevated temperatures; osmometric resulis suggest the-complexes
'm1ght be tetramerlc or even h1gher polymerlc specles . |

X—ray powder d1ffract10n patterns clearly 1nd1cated that the four.com-
plexes have s1rn11ar structures_ The.data llsted in. Table VI page 20 show
that the Co, N,i'and Mn complexes are 1somorphlc The data also 1nd1cated

some differences between the Cu complex and the other three complexes .

- However, it is clear that the structure of the Cu complex is similar to the

others. Single crystal X-ray. dlffraction data 1nd1cated that there is a close

relationship between the Cu and Co compounds The structure of the Cu
compoud has been determined from a two-dimens1onal projection of smgle.
crystal data 'gathered and treated by normal crystallographlc procedures R

The unit cell dimensions of the Cu compound are a=9 932 b 9 943

c=3 953 and ¥ = 113.29; the structure will be d1scussed in greater deta1l

later in the thesis. The unit cell dimensions of the Co compound a =24, 83




=RAEwE
b = 16.73, c= 8.72, have also been determined from single crystal data and
a three-dimensional analysis is now under way. The dimensions for the Cu

and Co compounds appear quite different; however, they may be related, as

shown in Figure 39, by the following:

A = 2 Ya2 + b2 - 2ab cos (180° - J)

B= Va2 +Db2 - 2ab cosy
C = 2c
The capital letters represent the Co compound; small letters represent the

Cu compound.

A : y
: B [/

I II III

Figure 39. Unit Cell Relationship of Cu and Co Compounds

I shows the general shape of the CuClp * 1 CgHgNO unit cell; II, the
CoCl, * ICSHSNO unit cell; III, the relationship between I and II; the third
axes, ¢ and C, are perpendicular to the plane of the paper. Solution of the
equations by using the appropriate Cu values, gives A = 228, B = 16.62,

C = 83. These values are reasonably close to the observed values for the

Co compound. The observed value (8.7 X) for the ¢ axis in the Co compound
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is approximately ten per cent longer than the calculated value. The in-

creased length may be due to a different molecular packing in the crystal;

that is, the molecules in the Cu compound are all oriented in the same man-
ner and nest one on top of the other. If the molecules do not nest, out-of-
plane distortions would require greater molecular separation and therefore a
larger crystal axis. The increased length of the a axis compared to the cal-
culated value is also thought to be a function of the molecular packing, but
is as yet not completely understood. These relationships strongly suggest

that the molecular unit in the two structures is the same.

Dichloro-mono-&-~pyridone Copper (II)

Single crystal x-ray diffraction data indicates the structure of

CuCly + 1CgH5NO is as shown in Figure 40.

!
cl2 01\ . i
\ / e
/Cu Cu
0 \Cll/ \Cl2
I
H\@
Figure 40. CuCly « 1C5HgNO Structure

The compound is definitely dimeric. The bridging chlorine atoms and the Cu

atoms are all in the same plane; the Cu-Cu distance is approximately 3.233,
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- cu-cl! gistances are 'approximately'Z.Z R. The 'ChrGlz distance is a'pprox'i— .
mately 1.63 in pbojection. This ‘distance is much too short and may indicate
that this chlorine atom is not in the same plane. The Cu~O distance, in
projection, is also too. short and suggests that the oxygen atom is not in the
same plane. Additional refinement of the available data is required before
the positions of Cl‘2 and O atoms and the a~-pyridone rings can be dete.r- _
min.ed. T’he refinement process is now in progress . With the information at
hand, it appears the environment of the Cu atoms is probably square planar

or distorted tetrahedral. The structure of the complex as presented supports-

the conclusion drawn from interpretation of the infrared and ultraviolet ..

spectra that a-p yridone was bonded through the oxygen atom.

- The magnetlc moment of the Cu Complex (1.93 B.M. ) has been deter- . .

termined at 80o and 298K and appears to be temperature 1ndependent A

few compounds contalnlng chlorlne br1dged copper atoms have been prevl—

ously identified and 1nvest1gated CsCuCl3 (1. 93 B.M.) has been ass;Lgned a |
distorted octahedral structure by Figgis and Harris ‘(41) and.Schluetter-and '

co-workers (42).. Figgis and Harris have suggested that magnetic, moments

of tetrahedral Cu complexes m1ght be higher than the magnetic moments for
sguare planar Cu complexes CSZCuGl4 (2, 00 B l\/I ) is a d1storted tetrahed-

ron (41), I:Pt (NH3) 4] [CuCl4] Known to have a square planar structure. (43,

.44), 'has a magnetic moment of 1.77 B.M. ‘CuCly (1.75 B.M,), Figure 43-, has
an infinite, planar, chlorine-bridged chain structdre (455.- Successive chains -
are offset so that chlorine atoms in adjacent chains fall _a_bove and below

each copper atom giving a distorted octahedral arrangement.. It has been -
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~ suggested. (46) that the lower. magnétic moment for'_ Cu'C‘lz is due to a super
exchange p'a'thway via bridging chlorine atoms between chains. A distorted .
tetrahedral structure for CuCly - 1 CSH5NO appeafs to be more probable in-
stead of a square planar structure when the suggestion of Figgis and Harris
and the magnetic moments of known tetrahedral and square planar chlorine

bridged Cu(II) compounds are considered. The x-ray cryétal data indiéates
that the dimers are stacked one on top éf the 6ther, giving chains of Cu
atoms thus eliminating the possibility of‘ch‘lorine-bridges. between iayefs vgf
dimeré to form an octahedral Cu environment sim'ilar to .CuClé . Therefore, a .
lower moment is not-expected for CuCl2 -.-l'CsHSNO.. Since there Iare known
octahedral and tetrahedral chlorine-briciged Cu(Ii) compounds with similar.
magnetic mo,meﬁt's, it is.not possible at this time to assign éi;cher a di%;-L
torted octahedral or tetrahed‘ra'l'structure' to CﬁClz . ;CSHSNQ .

The viéible‘ speétra (Figures 12-‘14, pages 22, 23) of 'cu'clé . ICSH'SNO
| exhibit maxima at 450 mp (CH3CN), 790 my (H20) and 880 myu :.(¢3H50H). '
. Several Cu(II) compoun'ds exhibit maxima’ in th'ese'regions as shown in Tablé'
XVI; the first seven c.ompoun.d.s contain chlorine~bridged Cu'ato}ns . On the
basis of the visible spectra, a distorted tetrahedral strug:t.ure might be"
favored for CuCly - iC5H5NO . | |

. Diffuse reflectance spectra have_ been used to-obtain approxirﬁaté ab-
sorption spectra of solids in the visible 61‘ near ultraviolet regions. The-re- -
flec.:ﬂtance and absorption spectra are not always identical, but progress has

been made in the interpretation of reflectance spectra. The diffuse reflect-

ance spectrum of CuCly - 1CcHcNO (Figure 21, page 28) shows a maximum
2 555
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Table XVI

Visible Absorption Bands of Some Represgntative Cu(lI) Compounds

Compound or Species

Li,CuCly
LiyCuCl,

[CH3C(NH3),] CuCly
CsaCuCly '
(2-CH3-C5HyN)3CuCly?

3
[Pt(NH3) 4] [CuCly]
Cu(CgH5N:NN:CgHg)oP
CuCly + 1CgHgNO®
CuCl, - lR—CsH4NOC ‘

82-methylpyridine
bdiazoaminobenzene
Cpyridine-N-oxide

)\ max mu

450
375
450
405

746
804

408

402
700

- 765

667 ..
525

" 789- 790'

430-455

750-800
430-470

Assigned
Configuration

Dist. tetrahedral
Planar
Tetrahedral

Dist. tetrahedral

- Dist. tetrahedral

Dist. octahedral

Square planar

: S'quére plahér

Dist. t’étrahedral

Dist. tetrahedral -

Reference

(47)
(47)
(48)
(49)
(50)

(51)
(44)
(52)
- (12).

(12) -

in the 425-450 my region. Ros (51).has found a max1mum a’q 408 mp in the |

diffuse reflectance spectrum of CsCuCl3 (distorted octahedral)

CuCly + 1CgH5NO (pyridine--N-oxide), Pigure 1, page 3, has a distorted

tetrahedral structure. Muto and Jonassen (12), as previously mentioned,

have prepared Cu(II) corhpounds with substituted pyridine-N-oxide ligands.
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-They have found that the dlffuse reflectance spectra of the compounds as-

sumed to have a distorted tetrahedral structure exh1b1t max1ma in the 400—
435 mu reglon. Therefore, in view of the _data presented by Ros.and Ionas—
sen, a distorted tetrahedral structure for CuCly * 1 C5H5NO appears more

likely than a distorted octahedral structure.

The x-ray single crystal_'data clear'ly'indicate that there is no linkage

between Cu atoms in adjacent dimers as in CuCly chains and that only the

non—bridgi.ng chlorine atoms appear to fall out of the plane. Although only a

complete three—dimerisional x¥ray analysis will unequivocally e's'tablish'the .

structure of CuClgp - 1 CSHSNO 1t appears that avallable x—ray, v1s1b1e so-
lution and diffuse reflectance spectral data support a d1storted tetrahedral

structure for this complex.

Dichloro-mono-@-pyridone Cobalt(Il)

The single ¢rystal x—ray diffraction data for the. Qo complex- have not

' reached the stage of refinement of the Cu compound, but_some ‘characteris-

tigs of the structure of the Co compou'nd are known. Since the.unit cells of

these two compounds are related as shown in Plgure 39, page 45, the Co.

compound is probably also a chlorlne brldged dimer and is expected to have )

a distorted tetrahedral structure smular to that proposed for the Cu com-
pound.
The magnetic moment of the Co compound is 5.39 .B.M; at 298°I§. .The

calculated spin only magnetic moment for spin free Co(II) is 3.88 B.M. The

room temperature magnetic moments for several known Co(II)‘.compounds_ are

shown in Table XVII. It is immediately obvious that the magnetic'mom_ents




- 51 -
Table XVII
Room Temperature Magnetic Moments for Co(II) Compounds

Compound ‘ As sigried Magnetic

or Species Config, . Moment(B.M.) Reference. .
(NHg),Co(S04), - 6HzO  Octahedral 5.1  (53)
CoCl4= " Octahedral” " ag-52 (54
Co(CH3CN)g " Octahedral 49-56 (55)
CoCly + 2(CH3CgHy4N) Tetrahedral 4.8 (56)

. Cs3C0Cly . Tetrchedral 45 L (s3)

. CoCly™ B | Tetrahedral- 4.69 : (54) -
CoCly™ " Tetrahedral . 46-49 BN
COX4_2 . Tetrahedral . 4,348 - . (55) |
CoCly, - 2(2, 6DMPNO)3 Tetrahedral N S (1:))
CoClz - 1 dipyridylamine ~  Tetrahedral 451 - (59) -

C'o(‘ph.thalocyanine) ' Square Planar 2.4 . . (53)

of these compounds are quite different 'from the calculated spin-only value.

Spin only values are calculated from the expression (53):

B.M. = V4S(S+1)

S = total spin quantum number
_This expression is deri\'}e‘d from tHé théory for a free metal ion (no e;cternal
perturbing fields) by omitting orbital angular mor‘nentum ‘and.considering only
épin angular momentum of the electron. Electrons occupying én érbital ex-
" hibit both spin angular momentum and orbital angular mom,entt'.tm.) An un—

paired electron always contributes its spin angular momentum to.the .
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magnetic moment of an ion; an electron may contribute its orbital angular

momentum to the magnetic moment if there is a rotationally equivalent or]oi--

tal that can accept the.electron. That is, the Pauli exclusion principle must

be obeyed; no two electrons with the same spin c,an' occupy the same orbi-~-

tal. This means, therefore, tha_t the rotationally equivalent orbital may be’

"unoccupied or if occupied, the electron being transferred-muSt be of oppo--

site spin to thel electron in the orbital.. It has also been shown that spin- .
orbit coupling contributes to the magnetic moment of an ion (53,57,58).

R‘ussell-'Saunders spin-orbit coupling increa ses the.'degenera'cy (number-of
rotationally equivalent orbltals) of the electromc states of. an ion and thls

also contributes to the magnetlc moment of the ion. The Co (1) compounds

. listed in Table XVII have magnetlc moments greater than the calculated

spin only value, Th1s 1nd1cates that some electrons are contr1but1ng the1r

orbital angular moments to the magnetlc moment. Orbltal angular momentum :

contributions alone cannot account for the large dlfferences observed, and

spin-orbit coupling must also-be contributing to the magnetic moment of
these complexes. It is obvious from the data in Table XVII that octahedral

complexes exh1b1t greater orb1tal and/or spin-orbit coupllng CQD,tI'lbU,thl’lS to

the magnetlc moment than either tetrahedral or ‘square planar complexes .

. The magnetlc. moment of CoClz v 1 Csl-IsNO is higher than observed values

for several octahedral Co(II) complexes The reason for the high moment.
remains unexplained. The magnetic data appears to support an octahedral

structure for CoClz . 105H5NO rather than a tetrahedral structure.
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Libus and Uruska (60) state that tetrahedral Co(II) cbmpounds exhibit

characteristic absorption bands at 576, 608 and 638 my. The molar absorp-

tivities of tetrahedral Co(II) absorption bands are generally larger than 100.

The molar absorptivities of octahedral Co(II) absorption bands are generally

smaller than 100. In addition, octahedral (Co(lI) speciqé generally exhibit

a low intensity band around 515 my that does not appear with tetrahedfal_

Co(ll) compounds (60). The configuration of Co(II) ions in solution is de-

pendent upon the coordinating strength (ligand field strength) of the_-solvent;

weakly coordinating solvents yield tetrahedral species, strongly coordinagt=-

ing solvents produce octahedral species (Table XVIII). The absorption bands

for several known Co(II) compounds aré listed in Table XVIII.

Compound
or Species

CoCly™2
CoCly~2
COX4'2
CoCly

CoClg - 2CgHgN

CoCly

- Co(CH;CN)g ™t

COClz

. CoBrg - 2R-CgH4NO

Solvent

Table XVIII

"\ max mp
593, 613(sh), 635
668, 693'

680

' 575, 630(sh), 674
. 579, 611, 638-662

576, 608, 638
570, 610

465, 513

530, 600(sh), 620
513

- 512

515 '

Visible Solution Spectra of Known Co(II) Compounds

Config.’

Tetrahedral
Tetrahedral
Tetrahedral
Tétrahedral
Tetrahedral
Octahedral
Octahedral
Octahedral
Octahedral

‘Octahedral
Octahedral

References
(54)
(57)
(55)
(61)
(56) .
(60)

(55)
(62)
(58) .
(63)
(63)
(63)
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CoCly - 1CgH5NO has an absorption maximum at 638 mum with shoul;

ders at 575, 612, 655 and 665 mu in CpH5OH; maxima at 556, 590 and 660
my with shoulders at 570, 610 and 650 in CH3CN. The molar absorptivities
for these bands shown in Table VIII, page 27, are larger than lOO._ The ab-"

sorption bands for CoCly - 1 C5H5NO agree reasonably well with those re-
ported in Table XVIII for.tetrahedral Co(II) compounds, in soiveﬁts with low
dielectric consta'nts . The low intensity band around 515 ﬁp observed for
octahedral Co(II) compounds is missing in CoCly - 1 C5HgNO electronic
spectra. Therefore, on the basis of the data preéented,. it appears tha:t SO~
lutions of CoCly - 1 CgHgNO in CH3CN and CpH5OH contain tetrahedral
- Co(II) sbecieso |

The diffuse reflectance spectrum of CoCly - 1 CgHgNO, Figure 22, page
28, is similar to its solution spectra. Thé complex has reflectance maxima -

at 450, 545, 585 and 620 mu with a shoulder at 520 mp. The diffuse re'fléc_t—
ance bands for known Co{II) compounds are shown in Table XIX. King (56) '

has noted similarities between reflectance and solution. spectra .of pyridine
compounds of Co(lI). Jonassen, in contra st'td King, has noted marked dif-
ferences between reflectance and solution spectra, but he suggests that
this can be used as an indication that the compound has a different con-
figuration in the solid state than when in solution (12). However, King dis-

solved his compounds in CHCl3 and Jonassen dissolved his in 'CI-I3OI-I and

other solvents with high dielectric constants and coordinatir_1g strength.
This suggests that the structure of a compound in the solid state might very

well retain that structure in a weakly coordinating solvent. The complexes




Diffuse Reflectance Bands of Known Co(II) Compounds

Compound or Species
CoCly - 2H90
CoCly - 2(CH3-CgHy4N)
- CoCly * 2CsHEN

CoCly~(in fused salts)
CoCl,~(in fused salts)

CoCl,~(in fused salts)
- CoCly - 1 dipyridylamine

CoCl4=(single crystal
spectra)
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Table XIX

Amax mu

510, 620
585(sh), 615(sh), 637
513(sh), 526, 541, 620

600, 637, 676
595, 650, 735

630, 670, 700

541, 559, 606
715-589 region

582~500 region
455-415 region

Assigned
Config.

Octahedral
Tetrahedral

Bridged
Octahedral

Octahedral

Distorted
Octahedral

Distorted
Octahedral

~ Tetrahedral

Distorted
Tetrahedral

References
(64)
(56)
(65)

(66)
(66)

(66)

(59)
(65)

CoCly - 1 dipyridylamine and CoCly - 2(CH3-CgH4N) contain ligands that are =~

similar to ot -pyridone and their reflectance spectra agree reasonably well

with the CoCly - 1CgH5NO spectrum. Also, Ferguson indicates that known

distorted tetrahedral CoCl,= species exhibit absorption bands in three dis-

tinct regions of the spectrum (Table: XIX). Octahedral Co(Il) species gener-

ally have reflectance bands above 600 muy While tetrahedral Co (II) species

generally have reflectance bands belox}\} 600 my. There is open disagreement

in the literature concerning interpretation of reflectance spectra, but in

view.of the results reported by King, Ferguson (67) and M. Goodgame, it
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appears the reflectance daté suppbrt the conclusion that CoCly . 1 CSHS'NC
is a tetrahedral compound.

. Except for the magnetic moment, the data assembled appear to sup-
port the tetrahedral structure propcssed for CéClz - 1C5H5NO from x-ray dif-
fraction data. The magnetic moment is higher than any other reported mo-
ment for a tetrahedral Co(II) comp_ound and appears to favor an"ocltahedral
structure. However, the understanding of orbital angular momentum and .
spin-orbit coupling contributions to the magnetic-moment of Co(Il) com-
plexes is still very incomplete and the magnetic nrioment, a'lone, should not

be used as a criterion in assignment of configurations. The composite data
i

indicate that CoCly » 1 C5H5NO is probably. a tetrahedral compound.

Dichloro-mor}o—a’,—pyridopé Nicke.l(II)

The x-ray po'wd.er diffraction ciat'a. listed i.n Table Vi, page 20, indicate
that CoCly - 1 C5HgNO and NiCllz . IC‘5H51\TA(.) are isorﬁorphic. Therefore,
since CoCly - 1 CsH5NO is isostructural to 'CL.1012,- 1C5H5NO, the Ni com--
pound is also expected to be a 'chlcl)rine. bridged dimer with a distofted tetra-.
hedral Ni(II) environment. '

The magnetic moment pf the Ni complex (3.65 B.M.) is temperafure de- .
pendent. The moment exhibits a s’égady ianeaée as fche ferﬁpérature is iow'—
ered (Table V, page 20). This type of behavior is characteristic of tetrahgs: -

dral Ni(II) compounds (68). The magnetic moments of several Ni(Ii) com-

pounds are known and some of them are listed in Table XX. King and co-

workers (56) and Lever (68) state that tetrahedral Ni(II) complexes have
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Table XX

Magnetic

Compound or Species
(NH4)2N'i(SO4)2 - 6 HyO
Ni(HzO)g

Ni(NOg3)y * 3C5H5N
NiClz - C5HsN

NiCly - 2 CsHgN
NiCly - 2C5HgN
Ni[tremme]3Cl,

NiCl,~

-~ Ni[(CH})3NOJ 4 (Cly)y,.
NiCly * 2 Quinoline -
(BuPh,P)SNiCl,

Ko Ni(CN)g

a2—dimethyl—amino_ethylamine
bbutyl—diphe ylphosphine

Moment(B.M.)

3.3
2.9-3.2
3.21
3.47

3.37
3.39
3.42

3.8
3.87
3.86
3.54 .
3.35

0

Assigned

Configuration

Octahedral
Octahedral
Octahedral

Bridge'd
Octahedral

Bridged
Octahedral

Bridged
Octahedral

Trigonal

Bipyramid .

T\étra’hedral

" Tetrahedral
' Tetrahedral
Tetrahedral

Tetrahedral

Square Planar

References
(53)
(54)
(69)
(70) -

(56)
(70)
(71)

(53)
(54).
(72)
(73)
(74)

- (53)

magnetic moments of 3.3-4.2 B.M. Square planar Ni(II) compounds .are gen-"

erally diamagnetic; therefore, it appears safe to eliminate a square planar

configuration for the a-pyridone complex in view of the data presented. The

data also indicate that some octahedral Ni(II) compounds have magnetic mo-

ments that fall within the range quofed for tetrahedral Ni(iI) compounds.
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However, none of these compounds havé moments that are 't‘e£nper'at;1re 'c-ie'-.
pendent. Therefore, the magnetic moment of NiCly - 1 CgHgNO supports the
- proposed tetrahedral structure.

The solution spectra of the Ni complex show absorption maxima at 385
and 700 (very broad) my in HoO; 413 and 760 (very broad) my in CéH5OH;
412,\660 and 675 my in HCON(CH3)y . The literature céntains many’ studie’s.
of Ni(II) compounds .WhiCh have used electrqnic spectra-to help determine
molecular configuratién (54, 60, 63, 69—72, 74—'77). The absorbt‘ion _ba'ndls' for
tetrahedral and octahedral Ni(II) species overlap to a lafg'e extent .aﬁd make
assignment of a configuration difficult. Hov;zever, the molar ébsorptivit'i'es
of pctahedral Ni(II) coxﬁplexes are generally less than 100, Whiie molar ab-

absorptivities of tetrahedral Ni(II) complexes are generally more than 100.

The molar absorptivities for NiCly + 1 CgHgNO shown ianable VIII, page 27, <.

are low, but the maxima agree with those ‘obser'ved for both configurations.
The obsérved_ configuration for Ni(fI) species in solution also appear to be
dependent upon the coordinating strength of the ligand and sélvént.used aé is
‘the case with Co‘(II'). NiCly . 1C5H5NO is insoluble in weakly cobrdinating
solvents (CgHg, CHCl3, CH3NO32, dioxane) which makes. it difficult to
check the possibility that NiCly -+ 1 CgH5NO might yiel.d' a specific Ni(II).
species in this type of solvent. However, in light of the observed absorp-
tivities for NiClp . 1 CgHgNO absorption bands, there is probably an octa- .
hedral Ni(II_) species in solution. |

The a~pyridone compound has a broad ,r'efl.ectance maximum between

450-470 mpu. . Known octahedral and tetrahedral Ni(II) compounds both have
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reflectance maxima in this region plus a‘dditional ma}'cim-a on either side of
that band.. Studies by Allen and co-workers (78) and Nelson and. Shepard |
(70) with NiCly - XCs5H5N yield the best agreement with the. o ~pyridone
band, .but their reflectance spectra exhibit several bands between 350- .
700 mu (the limits of this study)'. Their compounds have been vassigned dis-
torted octahedral structures. It should be noted that there is ',a difference
bétween the reflectance band and the solution bands for the a—pyridone
compounds. However, as previously mentioned, this suggests a change in
- configuration When'the solid.is dissolved and the chanhge appears to be de-
pendent upon the solvent used. At best, the reflectance spectrum of
- NiCly - 1CgH5NO supports an octahedral structnr,e hu.t is by no means con-:
clusive . | l. ‘ |
The solutlon and reflectance spectra of NlClz 1 CSHSNO when com-

pared w1th -spectra of known N1(II) compounds offer little assistance in the‘
assignmerit of a spe01f1c conflguratlon for the complex in the SOlld state
: Addltlonal investigation 1s necessary before these spectra Wlll beneflt the
st_udy. On the other ‘hand, the x-ray diffraction data and esSpecially -the.
magnetic moment data both very 'cle'arly .support a.tetrahedral strncture for'. |

NiClp + 1CgHgNO in the solid state.

. Dichloro—mono-—a.-pyridone Ma nga nese (1)

Tetrahedral structures have been proposed for the Cu, Co and Ni
members of the MCly - 1 GSHSNO series prepared in thls study. The remain-
ing member of the series, MnCly - 1 Cs5HgNO, provbably also has a tetrahe— ,

dral structure.because x-ray powder diffraction data show it to be
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isomorphic to tne Co and N—i’com‘pounds . It ,' too, i’s expected to be a
~ chlorine-bridged dimer.

The magnetic moment of the 1\/In complex (5.97 B.M.) is very close to
the calculated spin-only moment of 5.9 B.M. for a spin free I\/In(II) ion (53)'
The moment of the complex is temperature 1ndependent and .appears to follow
the Curle--Welss Law. Both octahedral KzMn(SO4)2 6H20 and tetrahedral
[(CZH5)4N]21\/In014 have magnetlc moments of 5.9 'B. M. (53) There was re- |

cently reported (79) a five- coordlnate Mn(II) compound w1th a trlgonal bi-

pyramid structure and a magnetic moment of 5.85 B.,MI. It appears, t_herefore,
since these knox/;?n -values' are so close, that 'ﬁadnetic data for Mn(II) com=
pounds will not permit differentiation .between- specific st.ructuravl ‘cenfigura— N
tions. The magnetic ‘-moment of MnCiz « 1 CSHSNO indicates en,l‘y.t_jhat‘the‘ |
complex contains spin free’ Mn.(II)_‘ions . | |
The diffuse reflectance ‘spectrum of Mn012 1 05H5NO has band maxi-
ma at 365, 455, and a very broad band, 505-560 m;u that appears to be cen—-
tered around 530 mu. Cotton and co-workers (80) haVe reported diffuse re- 2
flecta.nce spectra for three Mn(II) compounds that have been alssigned tetra—
hedral structures. They show- that the reflec.tance maxima .appear-in ‘;hree
distinct regions: 360-385 mu, 430-455 my, and 47'0—450 mp The trigonal
bipyramid Mn(II) compound mentioned above ‘has reflectance maxima at 371
and 435 mu. No solution spectra were obtained for MnClz 105H51\TO in
this study, but it should be noted tha’; tetrahedral MnClg~™ solution spectra

reported by Furlani and. Furlani (81) are almost identical to the reflectance

spectra reported by Cotton and co-workers .. Allen and co-workers (83) have
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reported solution absorption maxima at 540;'460 and 430 x'n-y for chloriﬁe; '
-bridged octahedral Mn(II) compounds. The MnCly + 1 C5H5NO reflectance
data agrees reasonably well,within the limits of the study, with that re~
ported for known tetrahedral Mn(II) compounds and seem to support a tetra-

hedral configuration rather than an octahedral configuration.

Solution spectra were not obtained for the Mn(II) complex because it

is much less soluble in the common spectral solvents than the Cu, Co and
Ni complexes. The intensities of the Mn(II) bands, d-d transitions, gener-
erally observed in the visible and near infrared regions of the spectrum are
weak and the bands are very sharp. These transitions are forbidden transi-
tions for d electrons. That is, they are fofbidden-by the multiplicity (spin)
and Laporte selection rules for electronic trangitions . l\/jI‘a"ny -trans_i’;ibn -
metal ions are identified by abéorption band;: in "éh.e, visible régibﬁ::of the -
spectrum which have been attributea té) a-d tfanéitipﬁé . The Léporte' selec-
tion rule specifically forbids égch'tr.ans.i.fcions- for a free metal ion, 'bﬁt a co-
ordinated metal ion undergoes rﬁixing of.d and p orbitals to a sﬁfficient <de.-
gree that now an allowed-d—p trénsitiop may .oqcu.r-, but will be less in-
tense than comp‘letely allowed trransitiéns . A spin forbidde_n transition re-
‘quires an electron to change i.ts'spirll when it enters aﬁ Q'rbital'that is ‘
already occupied by a single ‘elélctron.‘ Su'ch a 'chéngé decreaées' the multi-.--
plicity of the state and is therefore forbidden. A Mn(II) ion, spin frée, is.
already at its rﬂaximum multiplicity. The bands observéd in Mn(II) solution .
spectra and diffuse reflectance spectra are probably spin forbidden d-d,

allowed d-p, and/or charge transfer (ligand - metal) transitions. The d-d
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transitions generally occug at lower energies than d-p or charge fransfer

transitions, The d-d transitions observed for tetrahedral Mn(II) compounds

would be more intense than for octahedral compounds hecause a center of
symmetry, as in an octahedral complex, destroys d-p orbital mixing. If a

i
transition is weak, a more concentrated solution is required- for electronic
spectral analysis. The quantity of the Mn cemplex was - limited so extensive
electronic investigation was hindered. Again, only a single crystal x-ray

analysis will exactly show the structure of MnCly - 1 CgHgNO, but the data

gathered to date indicate it is probably a tetrahedral compound.

Dichloro-h-&-pyridone Metal(Il) Complexes

The ultraviolet solutlon spectra of the complexes, CuClZ 2 CSHSNO
and CoCly + 3 C5H5NO, differ from that of free. o= pyndone much as do-those
for the complexes prev1ously described for the MClz 1 05H51\TO compounds;
The infrared specira of these compounds shown in Figures 36 and 37, pages
39 and 40, -also show band and intensity shifts s1m11ar to the complexes just
discussed; Table XXI lists the infrared bands.for these complexes, There-
fore, the &~pyridone is probably bonded th;o‘ugh.the oﬁcygen atom to the '
metal ion in these complexes as well. |

The x-ray powder diffraetioh data for these complexes shown in Table .
XI, page 34, indicate differences in intensities and 6 angles when compared
with the powder diffraction data for CuCly + 1 CgHgNO and CoCly-1CsH5NO.
The powder data suggest that CuCly + 2 C5HgNO and CoCly - 3 C5H5NO have
different structures than CuCl, - 1CgHgNO and CoClz. . 1CgHgNO.
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Taple.-XXI. -
CuGlZ * 2 d~pyridone and CoCly - 3 &-pyridone Infrared Bands
.Ring (amido N-H)

M UvN-H  yC=0 Freq. BAN-H  BC-H  ¥C-H ¥N-H
Cu(lI) 3225(m) 1640(s) 1590(s) 1590(s) 1280(m) 865(s) 780(s)
1540(s) 1160(s) . 720(s)
1470(m) - 1095(m) .
_ 1380(s) 1005(rn) .
- Co(lI) 3300(s) .- 1680(s) - 1635(s) 1635(s) 1280(m) 885(s) 790(s)
1570(m) . 1180(s) 740(s)
1490 (m) 1110(m)
1440(s) ’ 1010(s)

s =strong, m=medium

As previously mentioned, no effort was made to determine the moler

cular weight of these complexes.

. Dichloro-bis-Q-pyridone-Copper(II)

| . The diffuse reflectance 'spectrufn of CuClz ° 2 CSHSNO shown invFig.ur‘e'
34_1, page 38, does not show any definite maxima. A shoulder app,eafs_ around :
700 mu, but data could not be obtained beyond: this point. .Thlel."efor‘e,, it ap-
vpea.rs ‘Fhe reflectance’ spectrum does not provide useful dat.:':l‘ for-assignment
of a specific cqnfiggration to CuClg - 2 CsHsNO . | 3 -

The Visible soluti‘on spectra of Cuclz . -2"C'5H51,\TO éhown in FiQures 29

and 30, page 35, are similar to those of CuCl, - 1C5HgNO; CuCly~2CgHgNO
maxima apbear at 786 mu in H9O, _450,aﬁd 875 (very bfoad) A i‘n.'CHéCN.
The molar absorptivities (TablevXIII , page 37) bf the CuCiz . Z-CSHSNO,‘com—'

pound are lower than those observed for CuCly - 1CgsHzNO. The band '
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\ arouhd 450 mpu has been assigned to bo‘th octahedral end tetrah'edral Cu(II)
species in solution (47). However, the data in Table XVI, page 49, indicate
a band in this region is probably characteristic of a tetrahedral rather than -
" an octahedral Cu(lI) species. This band has not heen o'bselfved in strong_iy
coordinating solvents (47). The solution spectral data for CuCly - 2 C5H5NO
are inadequate and more extensive investigatio.n is necessary before an ab-

solute assignment of a specific configuration for the Cu(II) in solution can
be made. The configuration in solution, as has been previousiy discussed,
is not always indicative of the solid state configuration. “

The magnetic moment of the bis.—a’_-pyridone .copper(Il) complex is "
1.8 B.M. It is temperature independent and appeare to follow the’,Cur'ie— |
Weiss i.aw. This value is within the range obser\}ed for both- tei:rahedral ehd: ’
octahedral Cu(II) compounds Therefore, At 1s not po.s31b1e ta determlne from"
'the magnetlc data alone the conflguratlon of CuClz 2 C5I—I5NO |

The compos1te data are not sufflClent 'to propose a conflguretlon for
CuClsy -.2‘05H5NO ih the soli_o'l s_tate. The limits of the reflectance 'spectru_rh
require extension before this 'i'nfo.rlmetion" Will :be_:useful. Additiohal solution
spectra .in weak ooordinating colvenf;s will be '_hecessary'before e struotur'e

-for CuCly + 2 C5Hg can be established.

Dichloro-tris-&-pyridone Cobalt (II§

‘The magnetic moment of this compound is 4.85 B.M. ‘at room termpera-
ture and is temperature independent. This value is within the range norm-

ally accepted for octahedral spin-free Co(II) 'corripounds‘. M. Goodgame'has .




- 65 -
prepared octahedral diiodo-tris-(dipyridylamine) cobalt(II) and r‘ep\)o;rt'ed a
magnetic moment of 4,94 B.M. (59). Biagette and Haendler (69) have pre-
pared Co(NO3), - 3C5H5sN and found its magnetic moment to be 4.60 B.M.
This compound has also been assigned an octahedral configuration. Bertrand
and Plymale (83) ha‘ve prepared tetrahedral CoCly + 3 CgH5NO (p_yri_dine—N—
oxide) and found its magnetic moment is 4.67 B.M. It appears as though an
octahedral structure is favored for the tris-a.-pyridone complex, but a tetra-
hedral structure cannot be ruled out by magnetic data alone.

The diffuse reflectance spectrum shown in Figure 35, page 38, for
CoCly + 3CsH5NO has maxima at 450(sh), 515, 530 and 640 mu. The octa-
hedral compound prepared by M. Goodgame, mentioned above, has reflect-
ance maxima at 421, 481 and 541 mu. The octahedral compound prepared b'y‘

Biagetti and Haendler has reflectance maxima at 480(sh), 530 and 625 myu.

There is also reasonable agreement between the CoCly - 3CHgNO data and

the data for known octahedral Co(II) compounds presented in Table XIX, page

55, Therefore, CoCl, - SC5H5NO is probably an octahedral compound.

The solution spectra for CoClz . 305H5NO shown.in Figureé 31#33,
pages 36 and-37, are almost identical to those of CoCly -.1-G5H5N.O, o
Coélz - 3C5HgNO solutions, however,' exhibit molar absorptivities closer to
the 100 region which is characteristic of octahedral Co(II) species. The
lower molar ab.sorptivities, however, do not favor aﬁ octahedral CO(II) spe-

cies when CoCl,y - 3C5HgNO is dissolved. Instead, it appears as though

both complexes form the same Co(II) species in solution which, on the
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basis of the CoC.lz . lCSHSNO solution_di‘_scﬁssion, supports'ai tétrahedral '

Co(Il) species in solution.
The reflectance and magnetic data of CoClZ * 3C5H5NO appears to
support the conclusion drawn from the x-ray powder data that the two

®~pyridone cobalt(Il) complexes have different configuration. The data pre-

sented for CoCly - 3 CgH5NO suggests the complex is probébly octahedral.




SUMMARY
Several new compounds of (->pyridone with the divalent transition
metal ions, Mn, Co,- Ni and Cu have been prepared by mixing ethanol solu-
tions of anhydrous metal (II) chloriqes and OL—pyriaone. The reaction is rep-
resented by the general equation:
MGl + nCgHsNO S2HSOE, oy, . o HNO
Compounds with n = 1 have been prepared for each of .the metal ions

used. The compounds precipitate readily upon .mixing. The Cu and Co com-
pounds can be recrystallized and purified from CyHsOH. The Ni and Mn
complexes are less soluble but may also be crystallized from CZHSOH. All
four compounds have been investigated by x~ray diffraction, magnetic sus-
ceptibility, ultraviolet solution spectra, solid and solution visible spectra,
infrared spectra and elemental analysis techniques. A projection of single

crystal x-ray diffraction data for CuCly - 1 C5HgNO indicates the compound

is a chlorine-bridged dimer. The dimers are stacked one on to'p of the other, .

giving chains of Cu atoms throughout the structure. The composite data

strongly support a distorted tetrahedral structure for CuClg - 1 CgH5NO. The
unit cells of CuCl, - lC5H5NO and CoCly - ICSHSNO are clearly related

and therefore, the Co compound is probably a chlorine-bridged dimer, too.

The data obtained also support a distorted tetrahedral structure for

CoCly - 1C5H5NO. . X-ray powder diffraction data show the Co, Ni and Mn
complexes are isomorphic so the Ni and Mn complexes are probably also

chlorine-bridged tetrahedral dimers. While not unequivocal, the composite
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evidence presented for the Ni and Mn cdmpounds also supports a tetrahedral
structure for these two compounds.

A Co compound in which n = 3 has been prepared and investigated in a

like manner, but without single crystal x-ray diffraction:analysis. X-ray

powder diffraction data indicate that this compound is different structurally

from the n = 1 Co compound, as would be expected. The data collected and
reported appear to favor an octahedral structure for the n = 3 compound.

An n = 2 Cu compound has also been prepared and investigated. The
data collected are inadequate to support a specific configuration for this

compound.




 APPENDIX A

The Attempted Prepa;ation of Bis4acefamido Copper(1I

)




EXPERIMENTAL PROCEDURES AND RESULTS

Purification of Acetamide

Acetamide used in this study was purified by recrystallization from

CH30H as outlined by Wagner (84), The product appeared as long white

needles which melt at 80,5°C. It was also examined by nitrogen and infra-
red analysis. Figure 41 represents an infrared spectrum of acetamide, The

spectrum is very similar to one published by Kutzelnigg and Mecke (85).

Percent T
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Figure 41, Infrared Spectrum of Acetamide

Nitrogen analyses yield 23.3% nitrogen found against 23.7% nitrogen calcu-

lated. The purified product was stored in capped bottles over anhydrous

CaS0g4.
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Preparation and Identificatioln of Sodium Acetamide:

Sodium acetamide was prepared by the following reaction scheme:

. CH3CONE
Na + G, HzOH —> NaPetdD—= 322002, 1@, cone® + CyH0m
A three-neck round bottom flask was equipped with a reflux condenser,

pressure—equalizing dropping funnel and nitro'gén gas inlet.. Th'e flask was

immersed in an ice bath and stirred magnetically. Sodium metal was freshly -

cut in a glove bag to approximately one cubic centimeter chunks just before

use; the chunks were placed in a small singl'e-wneck flask fitted with a rub-
ber sleeve that could be closed with a screw clamp. The sodium metal was
added to the reaction flask by sliding the sleeve over a jbint and inverting

the flask containing the sodium metal. The reaction flask was flushed with

dry nitrogen for ten minutes before the sodium metal was added. The system -

was ‘cdntinuously flushed with dry nitrogen during the reaction. Absolute

CZHSOH, dried by.dist_illation from Mg turnings-, was added‘slowly through

the dropping funnel to the sodium metal with stirring. Appro‘:;{'imately 300 ml

of CoHgOH was used per moiecular-.weight of sodium rﬁetél.. The reaction
proceeds very smoothly under thesé conditions. After disabpearahce of the
sodium metal, the mixture was stirred for one ﬁoﬁr without the ice ‘bath. A
CZHSOH solution of acetamide was then ad_ded dropwise to the reaction mix-

ture with stirring. Following final addition of the acetamide, the mixture

was ‘warmed to approximately 60°C and stirred for one hour. The C2H5;0H

was then removed by vacuum distillation and the product washed with dry

ether and dried in vacuo over KOH for 24 hours. The product is a white




it
hygroscopic powder. It was stored over KOH or anhydrous CaSOy, in tightly

closed bottles.

Figure 42 is an infrared spectrum of sodium acetamide. The spectrum

was difficult to obtain because the compound was hygroscopic; it is essen-

tially identical to one published by Kutzelnigg and Mecke (85). Sodium
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Figure 42. Infrared Spectrum of Sodium Acetamide

acetamide was analyzed for nitrogen content and the base equivalent in
water was determined by standard acid titrimetry. Typical results are listed
in Table XXII. Solubility characteristics of sodium acetamide were deter-
mined by placing 10 mg of sodium acetamide in 1 ml of solvent at room tem-

perature (except for acetamide which was molten); the mixtures stood for
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one hour before visual examination was used to determine sblubility. The

results are shown in Table XXTII.

Table XXII

Sodium Acetamide Analyses '

Base Equivalent Determined vs. Standard HCI '

Trial 1 -2

Found 0.963+0,023 . 0.992+0.007

Calc. 1 1.

%N | o L

Found 17.74+0.007

Calc. . 17.3
Table XXIII

3

0.982+0.007

-

' 16.410.29

17.3 .

Sodiu.m'Acetamide- Solubilities

Soluble Partially Soluble

Acetamide
Amyl Alcohol
Ethyl Alcohol’
Ethylene Glycol
- Isopropyl Alcohol
Methyl Alcohol”
Pyridine :
Water

Dimethyl sulfoxide
Tertiary Butyl Alcohol

Insoluble

'-ACetone '

Acetonitrile
Benzene S
Bis(2-ethoxyethyl)ether
Carbon Tetrachloride
Chloroform .
Diethyl Ether
Dioxane .

Ethyl Acetate

. N, N,Dimethylformamide .

Attemptéd. Svntheses of Bisacetamido Copper(II) Complexes

Direct Combination

Copper(Il) cation is a strong Lewis acid and the acetamido anion is a

strong Lewls base; the reaction:
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- NaCH3CONH + CuCl, -£2¥€8 Nac1 + Cu(CH3CONH), - 1 solvent

was thus attempted under a wide variety of conditions. NaCH3CONH and
anhydrous CuCl, were dissolved in a common solvent or different solvents.
Molar ratios of 1. Cu(lI):2 NaCH,;CONH were used throughout. These scI)lu-'- :
tions were mixed in a reaction vessel and stirred.. Some solvents éave an
immediate precipitate, but others required prolonged stirring épd/or heating
before precipitation occurred. Some solvents required partial evaporation
before solids formed. The solvents listed in Table XXIV we.re used in the

attempted syhtheses.

_ Table XXIV
Solvents Used in Attempted Syntheses

 Acetamide , Chloroform Formamide

Acetic anhydride Dichloromethane - Glycerol -
Acetone . Diethyl ether .. Isoamyl alcohol -
Acetonitrile Dimethylsulfoxide Isobutyl alcohol
Amyl alcohol Dimethylformamide - - Isopropyl.alcohol -
Benzene . .Dioxane - Methyl alcohol
Bis-(2~ethoxyethyl)ether Ethylacetate " Propyl alcohol
Butyl alcohol Ethyl alcohol Pyridine -

Carbon tetrachloride .Ethylene glycol Tertiary butyl alcohol

. The solids were separated by filtration and analyzed to détermine

their composition.. Solvents were evaporated from the filtrates by heating

and/or vacuum distillation and the resulting residues were analy;ed. Table

XXV lists the results-of selected attémpts .

To replace total coincide_nt mixihg of thé reactant solutions, dropwise

addition of one reactant solution to the other was tried in the hope that this

-




Results of Selected Bisacetamido Copper(II) -

Solvent

Acetone
+

i-propyl alc.@
Acetone

+
~i-propyl alc.@
Pyridine:b

Ethylene »
Glycoll

Acetamideb

Acetamide?

Ftha nol?

Upper solvent for CuClz , lower solvent fof NaCHgCONH

Time
Required
for Pptn.

immediate
immediate
immediate
prolonged

stirring

immediate

. NH3 evolu-
tion with ppt.

formation

immediate

immediate

Common solvent
COriginal residue washed Wlth CZHSOH several times to remove NaCl before analysis
dAssumlng Cu(CI—I3ONI—I)z 1 solvent

Table XXV

Nature-
of
Product

green
amorphous

green
amorphous

brown.
amorphous

" blue

gummy

brown

blue-green
powder

blue powder

blue powder® 62.1

% Cu %Cu

Found Calc.d
11,9 26.8

46.7 26.8

—_—— 24.5

491 263
—— 266

190 26.6

- _28.1

28.1

1. Solvent Synthesis

Remarks

1)Soluble only in s'trong acid -
2)Soluble only in strong acid

1)I.R. shows NH present in original
ppt; absent in solvent residue

1)I.R. shows NH absent in original

ppt.
. 2)D1fflcu1t to obtaln a workable
solid

1)I.R. shows NH absent in original
ppt.
2)Extremely insoluble _

1)I.R. shows NH absent in orlgmal
residue

2)Turns brown upon standing
3)Original ppt extremely insoluble

1)NaCl evident in product; confirmed
by x-ray powder diffraction

2)C2H50H wash solution was color-=
less

_SZ.._
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variation would'slow the reaction and permit greaterl control of product for-
mation. Precipitation occurred or was induced as previously described. The
solids were treated in the same manner with results similar to those listed

in Table XXV.

A third general technique was placement of both solid reactants in the
reaction vessel followed by solvent addition and stirring. Solvents were
chosen to control the reactant concentrations in solution and therefore, con-
trol the rate of product formation. The solids obtained were analyzed as be-
fore with similar results. |

An expected product, NaCl, of the reaction under investigation was
obtained on several occasions. Iits presence waé confirmed by x-ray powder
diffraction photographs . Thé presence .of NaCl as an impurity.in the am\o_r—
phous residues would certainly affect the elemental analyses. Remov,gll"-o“f'

NaCl from the residues was éttempt'ed by washing the residues with

CoH5OH. The washings were qualitatively checked for Cp(AgNOg),.'a‘n;d Na®.~ ‘

(flame test). After several washings, Na®and CQ were not detectébié’-'ﬁm The

residues remaining were not Cﬁ(CH3CONH)2 ..1 solvent as shown in Table

XXV,

Soxhlet Extraction Technigues

Nucleophilic' substitition is commonly used in many organic syntheses.
A nucleophilic reager;’é':_(nucleophile) is an electron donor to a central ac-’

ceptor atom. A strong nucleophile will generally replace a weaker riué:leo¥_

phile. Transition metal complexes also.take part in nucleophilic
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substitution reactions (86). Ligands \.7ary in'.e'le‘ctr(')n' de'nating charaeteris-
tics and considerable work has provid'ed‘a classification of the coordinating
strengths of the most common ligands (86). The acetamido and acetate
anions are nucleophiles and Lewis bases. Acetic acid has a pKa = 4.76 in
HZO; 10.32 in ethanol (87). Acetamide has a pKa =15.1 in H7O; pKa values
in other solvents were not available., These pKa values indicate the acet-
amido anion is‘a stronger nucleophile than the acetate anion. ‘fherefore, the
reaction: |

Cu(CH3C00); + 2 Na(CH,CONH) -Soivent, -

2 Na(CH3COO) + Cu(CH3CONH)j -1 solvent
was considered as another possible synthetic pathway. du(CH3COO)2 (a.
binuclear btdentate cemplex) appeared to be a good cofnplex_ to use in s.yn— _
thesis of Cu(CI—I3CONH)2- <1 solvent by nu‘cleophilic's'tibstitution'. '~S‘ev.era1
workers have used soxhlet extractlon to prepare tran51t10n metal complexes

(89) so the technlque was used in attempted syntheses of

Cu(CH3CONH)2 .1 solvent by the reactlon Just shown Anydrous
Cu(CH3COO)2 was prepared as descrlbed by Graddon (90). Here, too, a'

‘variety of solvent systems were 1nvest1gated, The reaetants were a_lternat'ed

_between the thimble and solution, but al_Ways'with the same 'resu_lts: -hrown ‘

amorphous insoluble so‘lids were 3prodilced. o |
Soxhlet extraction off'ereel another means of contrelling the centact

between the reactants so it was substltuted for the prev1ous1y descrlbed
techniques. The original reactants, CuClZ and Na (CH3CONH), were used as

well as acetamide and the Pt blue ingredients (descrlbed 1n next: sectlon)
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The reactants position and solvénts were varied as‘ before. ‘As be,fore,' the
products obtained were not Cu(CH3CONH); - 1 solvent as shown by analy-

ses. Results were similar to those of earlier attempts.

Internal Hydrolysis

One of the first recorcied reactioﬁs of a coordinated organicl ligand
was the hydrolysis of acetonitrile coordinated to platinum(II) (91). Gillard
and Wilkinson have recently (92) re-examined this reaction and success~-
fully prepared Pt(GHSGONH)z + 1HpO (Platinum blue). They suggest the
platinum blue is formed by the hydrolysis of Pt(CH3CN),‘2012 through the
reaction:

Pt(CH,ON),Cly + 2 AgNOg: + 3H20 —>

Pt-(GH3GONH52 . 1Hp0 + 2HNOj + 2 AgCl
The filtfate from .thisl reaction Wés acidic a'nd the pH of thel filtrate {3.8).:Was:
close to the theoretical value (3.7 ekpected for the ;molaf cﬁuéntities*éf 'thé- |
reactants used. Reaction of platinum blue with KCN gaVé an arange solution
which was repeatedly extracted with ether. .Concent'ration'of thé dfie,_d
(NagSOy) ether extract gave white crystals, melting point' 3260, 4vs.7hos.e :
infrared spectrum Waé identical 'witﬂ tﬁét of ééetamide’ . Chelr.nica'l and
spectroscopic evidence best fit a polymefic structure involving acetamido
bridges, with water molecules prdbably hydrogen bonded within ,the; crysta'l;
This suggested, there.fore, that platinum blue might be a b»inuclear bidehfate‘
complex. The complex is diamagnetic. Platiﬁum blue, as pre's_ente_d here,

therefore had some of the characteristics expected far Cu(CHBCONH)fz -1 H70..
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In view of these characteristics, Ou(Cfl3CN)2Clé'was substituted for.
Pt(CH3CN)ZC'Iz to attempt preparation of Cu(CH3CONH)jy - 1 HyO by the re-
action jus.t described.. Cu(CAI-I3CN)ZCl:2 was. prepared by saturating hot
CH3CN with CuCl,y and then cooling the mixture Cu(CH3CN)ZClz preclpl-
tated as a yellow—gold SOlld The Cu(CI—I3CN)ZClZ and AgNO3 were 1ntro- .
duced-in'the reaction scheme in solution and as solidsl in a yariety of sol-
vents. In all cases, AgCl formed and Was removed by filtration. The fil-
trates were analyzed before and after solvent evaporation. ,’fhe filtrates -
were green to blue-green in color and analyses. in,dic-ate'd'tha_t Cu(NO.3)2 was

the dominant product.

. Closed. System -‘Attempts

~Compounds whose color, crystalllnlty and analyses encouraged further .
study generally turned brown after removal from the reaction vessel and/or |
' upon attempted recrystalllzatlon ThlS dlfflculty suggested that. the com-
-.j‘pounds were reacting with O, or HzO upon exposure to the atmosphere or to
traces of HZO present in the recrystalllzatlon solvent. Therefore, a system
that was oxygen-free and used anhydrous solvents was cons1dered The
technique previously descr1bed for the preparat1on of sodlum acetamlde (na-
trogen atmosphere, dried.solve-nts) provided ‘such aclosed.syste,m.r This
system was used in attempted preparations of Cu,(CHgCONH)z .1 solvent by - '
one of these two pathways: . ' o o A {
1) Na + CpH0H — Na@0,msd® CHaCONHz

CoH:OH + Na®CI—I3CONI-f9—(—:P—ClZ¢NaCl+‘ GulCHyOONH); 1CHHsOH -




- 80 -
2)  Na + C,HOH —> NaZo,mgdP SuCl2,

NaCl + Cu(C,Hs0), SH3

CONH2, Cu(CH4CONH), + C,HOH
Products of these reactions were green or blue and amorphous. The solids

were separated from the reaction mixture by filtration in a glove bag and
dried in vacuo before analysis. Results are listed in Table XXVI with other

closed system results.

Table XXVI
Closed-System Results
Ni(CH3CONH), - CoH50H
Trial Cu(CH3CONH),+CyH50H Cu(CgH5CONH)y -CoH5OH "
1 .Found 34.8% Cu 1.68%N 1.31% N _25.8% Cu- - - 131% N
- Calc.. 28.2% - 12.4 % K 10.5 % . 18.2%." 18.00%
2 Found 56.6%Cu -~ .. " 29.0% Cu 121% N

Calc. 28.2%  =--- - —m-- 0 182% 0 - 8.02%

Attempted Synthesis of Bisa‘c.etam':ide 'Niﬁ?kel(li) :Cemple;;

The properties of the Gn(iI) bfodﬂcfs suggested the uee of .a different
transition metal ion to detelrmine if the natnr;e of the r-netajl ien might be a"
controlling factor in product 'stab‘ility.- Basoclo and P.e'arson-. (86) indieate that
Ni(II) complexes are more inert, generally, to nucleophlllq attack than

Cu(II) complexes Orgel (93) suggests that qctahedral and tetrahedral N1(II)
complexes are more stable than comparablé Cu(Il) complexes because of
greater ligand field stabilization,'o,f a8 metal ions. -Therefore, NiClz was

substituted for CuClz in the above reaction scheme to see if
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Ni(CH3CONH); - CoH5OH could be prepared, The results weré similar to
those of Cu(IlI). Table XXVI includes the riitrogen analysis of the compound .

recovered.

. Attempted Synthesis of Bisbenzamido Copper(I1) Gomplex'

‘Suspected compound decomposition in the previous Qu(II) attempts
also suggested the need for a more stable ligand. The aromatic ring was
considered capable or providing some stabilization;

Cu(CgHCOO), - CZHSOH is thought to be a binuclear bidentate complex
(17, 94). Benzamide was substituted for abetamide in the closed system to

see if Gu(C6I-ISGONI-I)2 +1 solvent could be produced Results s1m11ar to

acetamide were obtained, as shown in Table XXVI




- DISCUSSION

The results shown in Table XXV, page 75, indicate the general nature

.of the difficulties encountered throughout this portion of the study. The pro-

ducts isolated were blue, green or brown,.amorphous, insoluble solids.

- Elemental analyses of these solids indicated that Cu(CH3CONH), + 1 solvent

was not isolated during the study. Table XXVII lists some compounds that

might have been isolated as reaction products.

~ Table XXVII | |
Suspected Rea ctionnPfodﬁcts

Compound . ' Nature

. Cu(OH)2 - blue,. amorphous powder
CuCl2 ) tan, amorphous powder
CuCly * 4 solvent? ' _ R ‘

.CuCly + 2 C5H5N | . blue-green crystals
Cu(NO3)2 * 3H20 . . " blue powder .
Cu(CH3CONH) - 2 solvent@ ' , ?
Cu(CH3CONH)2 - 3 solventd - S
Cu(CH3CONH); - 4 solvent® . . o

Cu(CH3C00), + 1 HpO - blue-green crystals

- Bacetone, isopropyl alcohol, ethylehe glyc}ol, acetamide

%Cu

' 65.5%
47.0%

~17.0%
21.6%
21.0%

L ATBI0%

~L50
316%

Th,é insolubility of the compounds ‘in .common non-polar solv'ehts was

. “somewhat unexpected. It seemed reasonable to assume that substitution of .

"a nitrogen atom for an oxygen atom in the ligand would not drastically:

dhange the solubility of any products obtained.. However, if the acetamido

anion was considered a stronger base than the acetate anion; then the bond

formed between Cu(ll) -and the acetamido anion wéuld be ‘more polar'and the
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the compound would then be less soluble in non-polar solvents. Formation
of polymeric compounds might also be a reason for decreased solubility,

CuCly is a polymeric chain as shown in Figure 43. The chains are infinite

ot CL,_
cu” \\\Cu/’ Cu
Cl Cl
cl_ Cl_ g Ol
\\(:Ju// B Vi

Cl/ \Cl/cu\Cl

Figure 43. CuCl, Structure

and the copper atoms show square 4-coordination and have as nearest
neighbors, in adjacent chains, two chlorine atoms (45). It might be possible
for the acetamido group to form bridges between the chains of CuCl, and

form a less soluble polymer; CuClz is soluble in CgH5OH. The data col-

lected during the study were insufficient to identify most of the reaction
products. A few were identified and will be discussed.

When alcohols were used in the reaction scheme, the products were
soluble only in strong acid. This suggested a basic copper(II) compound
was produced. This reaction:

2 CH3CONH® + 2H70 —> 2CH3CONHy + 2 OH® —C—uu—I)->Cu(OH)2
could occur if the solvent has not been sufficiently dried. Some of the re-

action products darkened during recrystallization and purification attempts
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which, again, suggested Cu(OH)Z because it decomposes to give CuO, a

black powder (45). X-ray powder diffraction photographs indicated that CuO

was present in some of the isolated products.

Reaction systems using pyridine generally produced blue-green needle
like crystals from the filtrate; a brown residue formed immediately upon
mixing. The blue-green crystals could be recrystallized from pyridine.
Visible solution spectra of the recrystallized product gave a normal copper

absorption band in the 750 mu region, but did not have the absorption band
attributed to dimeric Cu(II) compounds around 375 mu(l). Figure 44 is a

visible spectrum of the blue-green crystals.

s ) 1 |
600 700 800 900
mu

Figure 44. Visible Absorption Spectrum of Blue-Green Crystals from

CuCly - NaCH3CONH * CgHgN System

The infrared spectrum (Figure 45), however, clearly indicated that acetamide

was not present in the crystals. The copper content of the crystals
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Figure 45. Infrared Spectrum of Blue-Green Crystals from

CuClj - NaCH3CONH - C5HgN System

approached that of CuCly + 2 CcHgN (Table XXVI). Therefore, further investi-
gation to identify the blue-green crystals was undertaken. Hot pyridine was
almost saturated with CuCly and allowed to cool; blue-green needle-like
crystals precipitated. These crystals were compared (infrared spectra and
x-ray powder diffraction photographs) with the blue-green crystals previ-
ously obtained; spectra and photographs for both sets of crystals were
identical. Figure 46 is the infrared spectrum of the crystals prepared from

CuCly and CgHgN alone; Figure 47 is an infrared spectrum of pyridine.
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Figure 46. Infrared Spectrum of Blue-Green Crystals from
CuCljy * C5HgN' System
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Figure 47. Infrared Spectrum of Pyridine
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The infrared spectrum of the original brown residue indicated the pre-
sence of sodium acetamide, but insufficient data were gathered to permit
absolute identification.,

Acetamide has been used as a non-aqueous solvent by Jander and

others (88, 95, 96). It is known to undergd autoprotolysis when molten:
2 CH3CONHy = CH3CONH® + CH3CONHY

-Amides are readily hydrolyzed under either acidic or basic conditions. Nu-

cleophilic attack of the amide occurs with reasonable ease through this type

reaction (97): -

/° o o
R—C, Oxf R—C—OH —> RCOO" + NHy]|
NH, NHo .

When molten acetamide was used as the solvent in this study, ammonia gas

was detected on a number of occasions: this meant acetamide was being

hydrolyzed. Molten acetamide itself released no noticéable ammonia; the ,

gas formed when solid dodium acetamide was added to the molten acefam,ide. '

The following equations might represent a pathway for producing NH3 from

the reactants.

a) 2CHCONH, = CHzCONH® + CHCONEY

&) S
© Na CH3CONH | (o ,co),NH + NH,
: /

b) CH,CONH
Reaction b) Iﬁay proceed one step further -according to Gruttner (95):
. (CH4CO),NH + NaCH3CONH —> (CH3QQ)2N@Na®+ CH,CONH,
Jander and Winkler (88) have used molten acetamide as a solvent for

conductometric titrations of heavy metal acetamide complexes with sodium
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acetamide. They claim formation of Cu(CH3CONH), and
Naz[Cu(CHSCONH)4] when titrating CuCly with sodium acetamide in molten

acetamide. The compounds were not isolated and analyzed. They show that

thé color of the reaction mixture changes from green —> blue-green —>
black — dark green —> yellow —> light yvellow, as the molar ratioc of

Cu(II):NaCI—I3CONH increases from 1:0 —> 1.4. They do not indicate at what
molar concentration of sodium acetamide the colors change or if the change
is abrupt or gradua_l., No mention was made of ammonia gas release during
the.reaction. The concentration of sodium acetamide in the molten aceta-
mide was only 0.03 .N, therefore siggesting the CI—ISCONH@ concentration
was dilute enough to prevent noticeable release of ammonia which might be
a driving force of reaction b). Dilute solutions might permit reactic}n be-

tween Cu(lI) and CH CO'NI—I@ and prevent formation of (CH300)2;N@I\I25@;:. -

3
. During the present study, sodium acetamide and CuClZ concent,rations were

greater than 0.1 N; NH3 was d,etec’;ed, which éuggested the CH3CONH@ was'’

consumed in the production of NH3 and ,(CI—I300)2N®Na@. ‘The products of
the reaction, therefore, might be Cu[(CH3CO)21\T:|2 or’ o
NayCu |:(CI-I3CO)2N:|2012 . The latter compound contains 16.5% Cu and would

not exhibit an N-H absorption in an infrared spectrum. This compound might
be blue-green, which suggested.that the- blué-green powder obtained from"
the second réported molten acetamide reaction (Table XXV, page 75) might be
NaZCu[(CH3CO)2NJZClZ . However, insufficient data prevented more defi-

nite identification.
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The results of this portion of the study clearly indicated' that synthe-

sis and isolation of copper(ll) acetamide was more difficult than initially

anticipated. Variation of solvents and mixing techniques did not change the

results.. Attempts to increase product stability resulted in similar difficul-

ties.

Why isolation of Gu(CI—I3CONH)2 « 1 solvent was not accomplished re-

mains an unsolved problem and deserves additional investigation. This

study has evoked the following suggestions for further investigation:

‘1.

Use dilute reactant concentrations (CuCly and NaCH3CONH) with mol-
ten acetamide to see if the compounds claimed by Jander and Winkler
can be isolated and identified; consider the possibilities of double salt
formation.

An investig}ation of the rea_lction‘between molten acetamide and sodium’
acetamide; isolation and identification of reaction produéts . Study the
kinétics of the reaction to determine if NHjy solubili’_cy, CH3CONH©
concentration of NaGD concentration are controlling fa.ctéré .

Performance of the reaction under vacuum conditions.

Introduce gas chromatographic and mass spectroscopic analytical tech-
niques to aid identification of isolated products.
Initiate study to determine if the asymmetry of the acetamide. grdup

(C-N = 1.333, C-0 = 1.263) might prevent syn-syn bidentate binuclear.

coordination.

. Synthesis and investigation of transition metal compounds with substi-

tuted amides .
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