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CHAPTER I 

INTRODUCTION 

A. Some Theoretical Aspects of Nickel(II) Complexes 

The stereochemistry of nickel(II) compound has been one ot the 

mo_c;t active and controversial fiE:lds of research in inorganic cltemistry 

during the last 10 years. The multitude of colorful nickel compounds 

has intrigued chemists for a much longer time, but only in relatively 

recent years have such tools as visible and infrared absorptiometry, 

groJp theory and quantum mechanics, magnetic measurements, x-ray st udies, 

and conductance measurements been brought to bear effectively to unravel 

the questions on stereochemistry in metal complexes. 

In general, the arrangement of ligands about the nickel (II) ion 

may be regarded as either octahedral, tetrah�dral, or square planar. 

Since the subject is very closely connected with l and�- field theory, 

it is appropriate to discuss the ligand-field theory of the ct8 system 

along \-Jith the stereochemistries of the nickel(II) ion, folJow 

. b . 
1 

general, the rev1ew y Mlller. 

' in. 

far, the largest class of nickel compound are those of 6-co-

ordinate nickel(II). The six ligands are thought of as being situated 

at the corners of an octahedron with the nickel ion l ocated at the center:. 

In a cubic octahedral field (six identical ligands), the 5-fold r<'ne 

3d orbitals are split into an orbital triplet and an orbital doublet a 

l 
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depicted Ln Figure 1 (a). The triplet t2g level l ies lower in energy 

than the doublet eg level." Hence the lowest energy electron configura-

6 2 tion may be written (t2g) (eg) There is only one way of arranging 

the electrons Ln this c onfigu ration, and i t  is therefore non-degenerate 

and not l iab l e  to Jahn-Teller distortions. The two electrons in the eg 

orbitals are spin parallel (hence a triplet ground state), and, since 

there 
6 is no resultant orbi tal angul a r  momentum for the (t2g) ( 2 ) gro und 

state, one expects to find magnetic moments close to the spin-only value 

of 2.83 Bohr rnagnetons (B. H.). For regular octahedral nickel(II) corn-

pounds, magnetic moments normally fall in the range 3.0-3.3 B. t-L; these 

higher values are readily explained when the o r bi t a l  angular momentum 

arising from the first excited state is c onsidered. 

Interpretation of near-infrared and visible spectra using ligand 

field theory has developed from t he bas ic principle set forth by 

2 
Orgel. Figure 2 is a simplified Orgel diagram showing the splittings 

of the lower tour free-ion electronic states by a regu l a r  octahedral 

field. Transitions may take place from the 
3

A2g ground state
.�<:c" to 

higher t r iple t states; hence, three bands should appear in t\1e spectrum, 

The conventional symbols are as fo l l ow s :  orb ital trip l et, dxv• 
dyz• dzx d ; in octahedral field, t2g, in tetrahedral, t2; o r b it a l ·  
d o u ble t ,  dx2-y2; d22 � dj; in octahedral field, eg, in tetrahedral, e. 

*�The idea b e hind crystal field theory oc c u r r ed to J. Be cquere l 
in 1929, and in that same year H. Be the formulated the idea into an 
exact theory. Van Vleck and tvlu l l i k e n  furt hered the development of cryst 1 
and ligand field theories, and Orgel introduced the subject to the ex­
perimental cherni t. 

,;;, 1; The symbols a1e those of Mu l l i ken. See reference 3, p. 71, 
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and these a1e indeed observed for numerous octahedral nickel(II) com-

plexes. The classic examples are the spectra of the hexaquonickel(II) 

( ) . . . 3 
4 

ron and the trisethylenediaminenickel II ron as shown rn Frgure .. 

The bands may be assigned as in Table I. The splitting of the center 

band in the spectra of the hexaquo and many other nickel complexes has 

5 6 
been t he subject of considerable controversy. ' The symmetry- forbidden 

nature of the transitions results in t he characteristic low intensities 

of the bands: absorbancy indexes fall in the range 1 to 50. 'fhe posi-

tion of the visible band results in colors for octahedral nickel(II) 

compounds ranging from green to blue and violet as the field strength 

increases. 

It was long believed that many seemingly 4-coordinate paramagnetic 

nickel(II) compounds were tetrahedral in structure. The emergence of 

ligand-field theory was followed by the re-examination of these supposedly 

tetrahedral complexes in view of the calculation showing that the 

crystal-field stabilization energy works out to be 0.8411" greater for 

an octahedral complex than for a tetrahedral complex with the same 

ligands.
1 

Although other factors (entropies, solvation energies, etc.) 

play a part in governing the relative stabilities o f  complexes, the 20-

40 kilocalories per mole difference in stabilization energy (correspond-

ing to 0.84'\) leads oue to expect octahedral complexes to form with nickel 

(IT) sa long as two extra ligands are available. Re-examination showed 

� is the energy corresponding to the orbital splitting in the 
octal!ec\ral case. Llt is the splitting for a tetrahedral complex. 
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TABLE I 

APPROXIMATE BAND POSITIONS FOR OCTAHEDRAL NICKEL(Il) COMPLEXES 

Trans it ion 
3 A2g----.. 3. 

f2g 

3
A2g --;. 3Tlg(F) 

3 A2g _.,._ 3
Tlg(P) 

[Ni(H20) 6] l+ 
em. 1 

9,000 

14,000 

25,000 

!- _, 2+ LNi(en) 3j 
em. l 

11,000 

18,500 

30,000 
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without exception that the complexes in question were octahedral rather 

than tetrahedral: water or other solvent molecules which had been over-

looked, or polymeric species, were found to account for occupation of 

the 5th and 6th coordination positions. 

The search tor tetrahedrally coor-dinated nickel ( Il) intensified; 

ttte first definitive ca E: reported (1954) was in the i:::ipinel, NiCr204 7 

Since then, nickel(Il) has been found to exiBt in tetrahedral environ-

ments in certain halide melts, in mixed crystals based on oxide or 

chloride lattices, and in complexes having bulky ligands.. Some repre­

sentative octahedral complexes are the blue [NiCl2(0P\03) 2] (where OP!tf3 

is triphenylphosphine oxide), [(J4A� 2[NiCl�J (where \04As+ is the tetra­

phenylarsonium ion) , and [Ni(\OJASC) 2Br2] (where 0 y.-'\sO is triphenyl 

. "d ) 4 
ars 1.ne ox� e . 

In a regular tetrahedral fi eld, the 5-fold degeneracy of the 3d 

orbitals is split, as with an octahedral field, into an orbital triplet 

and an orbLtal doublet; however, the doublet e level lies lower than the 

triplet t2 level in the tetrahedral case, as shown in Figure l (b). The 

ground state electronic configuration is therefore (e)
4

(t2>
4

. 

Since the ground state has 3-fold degeneracy (the 8th electron 

can be placed in any of three t2 orbitals), there is a resultant angular 

momentum contribution to the magnetic moment. Thus, regular tet rahed1·a 1 

complexes should nave a moment between 3.) and 4.2 B. M. 

The Orgel diagram for telcahedral nickel(II), shown in Figure 4, 

has tbe energy Levels invected from those of the octahedral case. The 



field. 
Figure 4. fri�let energy levels of a d8 Lon in a tetrahedral 

9 
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ground state, 31\ (F), has the same symmetry prop ertie s as the higher 

3r1CP) l evel ,  and the two states influence each other; since all transi-

tions are from the 3r1 (F) l eve l ,  no transition correseonds to ttw 

spl itting �t- Three transitions to higher triplet states are possible, 

but since C.t is mucb smaller than in the o ctahedra l c ase , the f irst 

transition, to 3T2, lies well into the infrared and has not b een ob-

served., 
r, 

The spectrum of !Ni(0�)As0)2Br2l , as sho wn m Figur e 5, 1s 
- � 

typica l  o f  nic kel (II ) ions in tetrahedral fie l ds . The ab sorpt ion b and 

-1 
at about 15,000 em. is assigned to the T1 (F) _,. T1 ( P) transit ion ; the 

7 -1 
one at 000-8000 em. , to the T1 ( F ) --+ A2 transition. A notab le feature 

of the spectra of tetrahedral nicke l (II) compl exes is the re l at ivel y high 

intensities of the bands. Since there is no center of symmetry in the 

point group Td, there is mix ing o f  the n ic kel dxy-, dyz-• and d2x­

orbita l s  wi th the p-orbitals. Thus, the transit ions have s ome d-p char-

acter and are therefore not forbidden. This result in higher intensi-

ties (about 200 1./mole em.) than the nearly pure d-d tran s itions of 

octahedral complexes. 

The well known square p l anar c omp l exes of nickel(II) are best con-

sidered as the limit of t et ragonal distortion of octahedral comp lexes. 

Referring to Figure 1 (c,d) one can see the effect on the energy level 

of mov the 1 igands on the z-axis away from the nickel. As the 

level splits into a 1g and b2g leve l s in going from Oh to D4h symmetry, 

the complex will remain paramagnetic s o  l on g  as the separation energy 

between the alg and b2g levels is less than the energy requ ired to pair 
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1 2  

t"'-'u electrons (Figure 1 (c)); a t  greater dLstort.iOJH, the complex become 

dlamagnetic <Vigure 1 (dl). It is important to note that at the magnetic 

change-over there is no sha rp change in the orbital scheme or in the 

nature of the bonding Hence the classification of c omplexe s  a square 

planar or tetragonally distorted octahedral is quite arbitrar�. T er-

pretation of absorption s pe ct ra is often q u i t e difficult 

tetragonal distortion is usually recognized by a splitt 

Huwevec, \·ceak 

uf tl:co fi t 

octahedral band, which is no longer a s impl e t trarl3ition; stror;gJ; 

di8torted "square-planar" complexes may sho"' only a ::lingle band in the 

2 2 ,000-23, 0 00 cm.
-l 

region of the spectrum. 

B. Survey ot Important Work Involving Substituted 

Pyridine Complexes 

Transit ion meta l complexes containing pyridine have been knmvn 

and extensive 1 y t:lt ud ied for many years. Tl:le first n:port of nickel per 

chlorate-pyridine complexes was the paper of Weinland, Effinger, and 

B�ck
8 

which appeared in 1927. These workers described the preparation 

of two blue complexes which they formulated [Ni(CsHsN) 6]cc104) 2 ·4H20 and 

[Ni(CsHsN)4] (Cl04)2. ln 1943, Sinha and I!ay9 repvrted a pale green com 

plf:x of the comp·.)�.ith�tt Ni(CI04)2·6CsHsN, and, in lY58, E::inba10 reported 

the formulations are incorrect and incomplete in some detail 

Tn contrast to the perct·lorate salt, tl:le nickel hal ide and pse;:d.:,. 

Lal H.ie cc·mplexes v.:it pyridine have been carefully studie.J. An example 
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is the recent work by Brown, Nuttal l1 and Sbarp,11 Ttlennogravimetric 

studies were wade for the thermal dec ompo s it i on of dichlorotetrapyridine 

nickel(Il). Stages in the decomposition and analyses corresponded to 

the empirical formulas Ni(CsHsNl2CI2 and Ni(CsHsN)Cl. Spect ral studies 

on cne c omplex and its decomposition products showed that the nickel was 

1n an nctat�edraJ environment in all thl"ee and that the mono- and di.· 

py r id in e species were polymeric, containing chloride bridges. 

Early work on substituent effectE compared the coordinating ability 

of pyri dine with t hat of other bases. Larsson12 reported dissociation 

con.stan t8 for si 1 ver complexes with ammonia, diethyl amine, anil i.ne, 2.·· 

toluidine, and pyridine as ea rly as 1934. This work was later disputed 

and corrected. For many years in succeeding st udie :,; with other metal iqn:·, 

work follO\.ved this idea of comparing pyridine, primary, secondary, and 

other tertiary amines. 

Only in recent years have inorganic chemists become interested in 

tile �u!Jstltt1ted pyrid i ne s ac.:; ligands, especially from the point of Vlf':W 

of substituent effects. Bruehlman and Verhoek13 included several alkyl­

substituted pyridines in a study comparing the first formation constant 

for silver-amine complexes with the acid dissociation constants of the 

corr·e>:>pondi.ng ammonium ion::;. They found, upon plotting pK} for the corn 

plexes against pK8 for the ammon i um ions, that two stra t 1 ines re-

suited: one for tt1e pyridines and primary aliphatic amines, and one for 

the secondary amines. It is significant to note that the s lope s of the 

two line;, 1.vere about one-fouuo in both cases, indicating a much smaller 
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range of basic streng ths toward the silver �on than toward the hydrog en 

ion. A number of years later, f.-1m:·mann and Basolol4 
extended the study 

of fonnation constants of silver(l) with some additional pyridine bases. 

They found that variations in the stability of the complexes could not 

be explained solely on the basis of the base strengths of the pyridine 

but that pi bonding must be considered. 

Sacconi, Lombardo, and Paoletti
15 

determined formation constants 

and thermodynamic functions for complexes of heterocyclic bases with 

diacetylbisbenzoylhydrazonenick el(Il) ( [Ni(DBlU] ) in benzene solutions. 

The reaction consisted simply of the addition of two molecules of base 

tu the axial posi tions of the square-planar nickel complex: 

(Ni(DBH� + 2 base trans- [Ni(DhH) (base)2] . 

The fr·ee energ y and enthalpy changes were found to move in the same direc­

tion as values of pK3 for the protonated bases in water when steric 

effects t.vere not involved. The entropy chang es divided the bases 

studied into three g �oups: the saturated bases piperidine and pyr­

rolidine has 6S values for the reaction of about -20 entropy units (e.u.), 

the non·�rtho-substi.tuted pyridines g ave 6S values of -30.1 to -33.1 

e .u. , and the orth�-substituted pyridines g ave tiS values of 39.7 to 

-43 5 e.u. The more neg ative AS values for the second group were inter­

preted as evidence for d-pi bonding between the nickel and the pyridine 

resulting in restriction of rotation about the Ni-N bond; the third g roup 

invo1ved ster·ic hindrance to rotation in addition to pi-bonding effects 

g iving still more neg ative 68 values. 
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fh� effect of varying ring aubstituents on the clathrating prop-

ertie� of tetrapyridine complexes with metal(II) halides and pseudo-

halides has been probably the most extensive study in the area of sub-

stituted pyridine complexes. It was inspired by the petroleum industry' 

earch for improved separation methods: Schaeffer, Dorsey, Skinner, and 

. lb ' d ' . l - . f . - . Chrl:i!Hllt oc>.se.l ve tne snarp �;;e ect1v1ty o. 1norgan1c hosts hav1.ng tht' 

getH:ral forum) J'vHX-py)4A2 toward organic guest molecules and subse-

quently prepared more than 40 complexes of this type, with M = divalent 

Mn, Ni, Cu, F e ,  Cu, and Zn, with X =  alkyl, amino, cyano, bromo, and 

other r ing substituents, and with A =  thiocyanate, cyanate, chloride, 

and acetate anions. The compounds were studied only for their potential 

uses as selective clattuating agents. Other workers have investigated 

other properLies of a very few of these compounds.ll118119,20 

Probably the first systematic studies of spectral and magnetic 

properties of substituted pyridine complexes with transition metal ions 

d . ' f B tf . V ll . d Q 1 .  21 22 were reporte 1.n t�e papers o u agnr, a ar1no, an uag rano ' 

appear in April and tviay 1964, and in the paper of Moore 1 Gayhart 1 and 

?3 1:\ull- appearing in Hay 1964. Th.e two papers by the for·rner group re-

ported preparations of various dimethylpyridine (lutidine) complexes of 

ickel(Il) salts having both coordinat and non-coordinating anions. 

complexe;:; were fnund t.o fit one of the following formulations: 

monovalent 

ion. Tetrahedral, ::oq•lc-lre-planar, or distorted octahedral structures 

ed to the complexes un the bases of their spectral and mag-

ll1<c '"'H k of Lhe latter grou[) is included in this dis-
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lt has been pointed cut that the tools and theories necessary for 

structural determinations of transition met;;t1 complexes are available, 

and. during the last decade, have been pat"ticular,ly well developed for 

nickel(lll complexeb. When the research for this thesis was undertaketl, 

hov:ever, very little work nad been done to characterize the c omp l exe s of 

transition metal ions with substituted pyridines The pyridine bases 

seemed especially well suited for an investigation of substituent effects 

on the donor properties of Uce ligand because of the stability of the 

r , the possibility of pi-bonding, and the ready availability of pyri-

dineswith a wide variet y of ring subs tituents. Thus it was determined 

that a study would be made of the substituent effects on the spectra, mag­

netism, and structure of substituted-pyridine complexes of nickel(II). 

ln order to si mpl ify interpretation of the visible spectra using 

ligand ield theory, a cubic field about the nickel ion was deemed de­

irable. For thi s reason, the perchlorate salt of nickel was chosen since 

perctllorate \vas widely recognize d as a "non-coordinating anion;" thus , it 

was rea s on e d , all six positions about the nickel ion would be left for 

pyridine coordination This proved to be wishful thinking synthe s es 

f0r the previously unreported nickeL perchlorate-substituted pyridine 

complexes had to be devi ed, in many of the c o mp lexe s perchlorate was 

found Lobe coordinated t the nickel, in none of them were six mono­

deotatt:: Pi: !.dine, coocdiua ed to the nickel in a solid, anhydrous complex. 

!'.tie ce lt cvmplicared the interpretation of the visible spectra. 



Likewise Lhe ynthetic problem was complicated in some case s by the 

clathration ot solvent. These effects added many interesting aspects 

to the original problem. 

17 



CliAPTER I I 

EX PEl< JNENTA L 

A Reagent 

I, Jlexaquonickel(_U.) Pe:cr·,lorate 

Hexaquonickel ( Il) perchlorate ( lNi( 
the G. Frede r ick Smith Chemic a l Company was used without further puri­

fication in a portion of this \vork. However, the greater portion ot 

this reagent used wa� pr epa red by Robert B. Gayhart, Nationa l Science 

Fr;undat ion S ummer Undergraduate Research Participant, using the follow·­

ing procedure. 

Perchloric acid was added slowly to an aqueous nickel(II) car­

bonate lurry until only a small amount of the solid carbonate remained. 

The carbonate was r emoved by filtration and the filtrate evaporated 

lowly on a hot plate until crystallization occurred. Aft er cooling , 

the well formed green crystal of LNHH20)�(Cl04)2 v..•ere collected by 

uction filtration, washed in succession with cold ethanol and ether, 

and dried in vacuo The product was not analyzed. 

2 � �x.::.l_dine ��:::.:.�: 

The pyr Ldir;e t.!.c)ed in tnis �itudy were obtained from several 

un:es, In general, tb.e l1quid pyridines were dried and pu ri f ied by 

di.ntill t ion througL an 8-cm, fractionating column frorr barium oxide 

r a� ium h roxldt . fh� distillati on apparatus was as emb l.ed f rom 

18 
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l.id 4 aminopyridine was purified by sublimation 

OI tw0 tecr tal1izaLi from acetone, and tne solid 4-cyanopyridine 

bv u�cry tc:dlizati.:m frGm ac tone . A few of the mateti:::;ls were used <b 

rece1ved wiutout tuctr:ec puc if icat ion T.ne vatious pyrid.ine de.rivat ive 

catedl, in t! e ca e ,yt l1quids, the d! y ageut i Ute di ti11atic•n i 

given i.n Ccll,Jmn 2. t!·e l··JUing range or melting point of the purified 

material is given in c o l umn J; and the source of the mat er ia l is given 

111 tt•e last column. 

Herck reagent ber:zu:-.e and Baker Analyzed" reagent. toluene., rnetb-

anol, and acet0ne were used as solvents ttuougbout this work. Spec:tro-

scopic grade dichloromethane from Fisher Scientific Comp any and ni�ru 

methane from Ea�tman Kodak were used. Practical grade 2,2-dirnethoxy-

propane wa.::;; O.:lbtained from Mattteson C-Jlernan and Bell. Other solvents 

(ethan I etLer, etc.) t..:er·e 1eagent grade chemical 

1. General 

B Synthese�; 

l'tle cumpo<m.d� prepared for study were of two types� tetrakis-

(pyrdwe ba�e nickeJ(Il) perc.td.:n:ate ( [th(X-py)4}cl04)2l and bi:Jper·· 

cnloratott::draki (pyc dine Ua lnickel(IT) ( i(X-py)1+(ClD 4)2J ). lr1e,e 

comp0und::o ace t<yg,r :,cupic in varying de gree�; ;  thus, removal and ex:clusL'n 



TABLE II 

PYHIDINE BASES 

. ._ ....... ___ ._ 

Drying b.p./ 
L!nd l\ a m .. b 

-----�� ---·--·-----·--------·---�----�---·--�-----------

4 ir,�.pycidine U�-Nti2 pvl 

2,2'-Bipytidine (tipy) 
3 · B.: omu p y : i d i r: 12 H r p y i 

h ChL,ropyddine P hhride 
3 Cyan:'Jpy rid i ne 

4--Cyanupy idine 
5, 6-Dimethyl I, 1 0-phenontnrol ine 

J'vlonobydrate 

2,6-Dimethylpyridine (2,6-lut) 
3,5-Dimethylpyridine ( 3,5-lut) 

4-Ethylpyridine (4-etpy) 

4-Isopropylpyridine (4 - ippy) 

4-Methanolpyridine 
2-Nethylpyridine (2-pic) 
3-Nethylpyridine (3 pic) 
4-Methylpyridine (4-pic) 
3-Propanolpyridine 
Pyridine (py) 

�--�·-�--· 

s 
s 

KOH 
s 
s 
s 

s 

BaO 
KOH 
BaO 
KOH 

s 
BaD 
BaD 
KOH 
BaO 
BaO 

83 indicate:> a solid pyridine derivative. 

170 173" 

169--172 ° 
165.5-166.5° 

176-178" 

178-180"' 

142 143" 
141-145" 
142-144" 

v 
113 5--114 .. 5 ° 

(' 
R 
R 

s 
p 
H 
R 
H 

A 
E 

E 
E 
R 

B,M 

20 

bA da,t; indicate the compuund was u:;,ed witnout fucther puritica 
tion; v i ndica t e distilled at reduced pressure. 

ymbols are a;'; t::d LJws: A--Aldrich Ctlemical Co., Inc., B-· 

"BC!ker Analyzed" reagent, C-- -C·Jlumbia Organic Chemicals Co., Inc., 
E Ea�tman Organic Chemicals; M--Mallinckrodt Analytical Reagent, P-­
Pacagon Tec:>ting Lab.Jrd.t<Hies, R· Reilly Tar and Chemical Corporation, 
and S frederick Smith Chemical Company. 
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of water proved to be the key to thei r preparation. Azeotropic distil­

lat ilill and/or react ion ·<�itn 2, 2 -dimethoxypropane (Dr-·:lP) wa:::. used in some 

of the p eparation�. The all-glass distilling apparatus, assembled from 

Metroware, consisted of round-bottomed flask for the reaction mixture, 

a tracti·Jnating dL::till ing nead having an 8-cm. jacketed column and a 

�.<iater· jacketed conderber, and a r·eceiving flask. The react ion f lask was 

heated with a heating mantle and, when necessary, stirred with magnetic 

stirring. 

For some of the preparations, drastic means were not necessary 

t o remove water and the reactions were carried out in open vessel . In 

a couple of cases the bi�aquotetrakis(pyridine base)nickel(Il) perchlorate 

complex ( [Ni(X-py)4(li20)2]rcl04)2) was prepared and c onverted to the de­

sired product by further drying in an oven. The particular synthetic 

procedure for each of the new compounds and the analytical data are given 

in sections 2-14 of thi chapter. Analyses were performed by Galbraith 

Laboratories and by Weiler and Strauss Microanalytical Laboratory. The 

majority of the compound� did not melt, but decomposed slowly over a 

wide temperature range. ln a few cases, definite melting and decomposi­

tiGn temperature have been noted. 

A number of at t empt� to prepare complexes in these ser1es with 

otr.\d . .,;ub;:;t it uted pyt idim�'" wa", unsucce.ssf ul. These attempts are de 

cribed briefly in section 15 of this chapter. 
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2 . D i aquot e t r a py r id in e n i c k e l C,!..!) Pe r c h l o r at e , [p i ( C sHsN) 4 0i20 ) 

Int o a 2 0 -m l . ,  ro und- bo t t omed f l a s k  was p l a c e d  0 . 5 g .  o f  

i ( H 2o > 6J C C l04 ) 2  and 1 0 - 1 5  m l . o f  p y r i d in e . The f l a s k  w a s  a t t ached t o  

the d i s t i l l at i o n  a p p a r at us de s c r i bed i n  s e c t ion l ,  a n d  t he pyr id ine-

water a z eot rope was r emove d by d i st i l l at i on .  When t he t empe rature re a c hed 

1 1 2 °  the d i s t i l l a t i on w a s  s t o p pe d . The b l u e  p ro d u c t  was i s o l a t ed us ing 

s u c t ion f i l t ra t ion , t r it u r a t e d  and wa s he d  s eve r a l t ime s w i t h  d ry e t he r , 

and t he n  d ri e d  f o r  1 2 hour s  ove r P 20 s  a t  7 8 °  and 1 5  mm . 

An a l . C a l cd . f o r  [N i ( C 5H5N ) 4 ( H2o ) 2J < cl04) 2 :  c ,  39 . 37 ;  H ,  3 . 9 6 ;  

N, 9 . 1 8 . Foun d : C ,  38 . 84 ; H ,  4 . 5 9 ;  N ,  9 . 0 7 .  

3 . D ip e r c h l o r a t o t e t r a py r id ine n i c ke l (£! ) ,  [N i  PY4 ( C l04 ) 2] 
a .  � � i P Y4 ( H20 ) 2] C C l04 ) 2 . The p ro d uc t  p re p a red in s e c t ion 

2 l o s t  w at e r  upon be ing s t o r e d  in a d e s i c c a t o r  o ve r  b a r ium oxide f o r  

s eve r a l mont hs . Inf r a red s p e c t r a  a n d  a n a l y s i s  s howed t h e  new m at e r i a l  

t o  be [N i  P Y4 ( C l04 ) 2] . 

Ana l .  C a l c d . f o r  G� i ( C 5H 5N ) 4 ( C l04) 2] : c ,  4 1 . 8 5 ;  H ,  3 . 5 1 ;  N ,  9 . 7 6 .  

F ound : C , 4 2 . 1 1 ;  H ,  3 . 49 ; N ,  9 . 9 0 .  

b .  Us ing 2 , 2 - d imet hoxyp ro p ane . To a s o l ut ion o f  l l  g .  ( 0 . 0 3 mo l e )  

of QH C H20 ) 6] C C l 04 ) 2 i n  2 5 ml . o f  a c e t one w a s  a d d e d  9 .  7 m l . o f  p y r i d ine 

and 2 4 ml . of DJI1P . The mix t u r e  w a s  s t i r re d  and he a t e d  a t  5 0 - 8 0 ° in a n  

o p e n  2 50-ml . c on i c a l  f l a s k  f o r  24 hou r s . T h e  o r ig in a l  vo l ume wa s m a in ­

t a ined unt il  n e a r  t h e  e n d  o f  t h e  24 -hou r p e r io d  by o c c a s ion a l  a dd i t ions 

of ben z ene . At t he beg inn ing o f  the l a s t  hour , 10 ml . of DHP w a s  added 

and the m ixture b ro ug ht t o  a g ent l e  bo i l . A f t e r  bo i l ing f o r  an hour , 
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t h e  f i ne b lue p roduct was c o l l e ct e d  by s u c t ion f i l t rat ion . I t  wa s w a shed 

tw.tce w i. t rt a 5 0 . 4 0 : 1 0  m ixt ure o f  ben z e ne , DMP , and a ce t one . A t  no t ime 

w a s  t he p r oduct a l l ow e d  to become d r y  o n  t he f i l t e r .  I t  was bot t l e d  wet 

and d r ie d  in a va c u um oven at 4 0 °  and 1 rom . f o r  5 hour s . A na l ys i s  i n -

d i cated a l m o s t  2 mo l e s of benzene p r e s ent pe r mo l e  o f  comp l ex ( C a l cd .  

5 2 . 5 0 ;  H ,  4 . 32 ,  N ,  8 . 48 ) . The p roduct was f u r t h e r  d r ie d  f o r  5 days at 

s o o  and l rom . , a f t e r  wh ich t ime we ight l o s s  bec ame neg l ig i b l e . 

Ana l . Ca l cd . f o r  [N i ( C 5H 5N ) 4 ( C l04 ) 2J : C ,  4 1 . 8 5 , H ,  3 . 5 1 ; N ,  

9 . 7 6 .  F o und : C ,  4 1 . 6 1 ,  H ,  3 . 6 1 ;  N ,  9 . 38 .  

4 .  B i s p e  r c h l o r a t o b i s  ( 2 ,  2 ' - b ip y r  id ine ) n icke 1 (,!_! ) , � i (  b ipy) 2 ( C l0 4 )  2] 
To a s o l ut ion o f  2 . 2  g .  ( 6 mM) o f  hexa q uo n icke l ( I I )  pe r ch l or at e  

in 2 5  m l . o f  a c e t one c on t a ined 1n a 1 2 5- ml . con ic a l  f l a sk w a s  added 5 m l . 

o f  DNP , 3 . 4  g .  ( 30 mM) o f  l it h ium p e r c h l o r at e , a n d  a s o l ut i on o f  0 . 94 g .  

( 6 mtvl )  of  2 ,  2 1  •• b ip y ri d in e  in 5 0  m l . o f  benzene . A r o s e  pre c i p i t a t e  1 

p ro ba b l y t r i s ( 2 , 2 ' - b ip y r id ine ) n icke l ( I I )  p e r c h l o r a t e , fN i  b ip y 3l( C l04 ) 2 , '- � 

f o rmed immed i a t e l y .  The m ixt u re w a s  s t i r red and h e a t e d  at 60-- l O Q  on a 

magnet i c - s t ir re r hot p l at e  f o r  2 - 3  hour s . T he ro s e  p re c ip it a t e  s l ow l y  

changed t o  a pu rp l e  p re c ip i t a t e  o f  [N i ( b ip y )  2 ( C l04 ) 2J A n  add i t io n a l  

5 ml . o f  DMP w a s  adde d , and t he f l as k  s t oppe red and a l l owed t o  s t an d  

ove rn ig h t  a t  room t empe rature t o  r i pen t he p rec i p it a t e . T he p r oduct w a ::; 

then co l l e c t e d  by f i l t rat ion w it h  s u c t ion and washed t w i c e  wit h sma l l  

po n ion ::.  o f  abso l ut e  et hano l con t a i n ing a l it t l e  OMP ; it was n o t  a l l owed 

to become dry on t he f i l te r . The wet p roduct was t r ans f e r red t o  a 
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s amp l e  bot t l e a nd d r i e d  i n  a v a c uum o v e n  at 7 5 "  and 1 mrn . f o r  s e ve ra l 

hou r s . 

A n a L  Ca l c d . f o r  lN i ( C t OHBN 2 ) 2 ( C l 04 ) 2 } C ,  4 2 . 1 4 ,  H ,  2 . 8 3 ;  N ,  

9 . 8 3 .  F o un d : C ,  4 2 . 3 3 .; H ,  2 . 7 0 ;  N ,  9 . 6 9 .  

5 .  � i s p e rch.l.�!:o t et c ak i s  ( 3- br omopy r id in� ) n ic k e l ( .!_! ) ,  

a .  By a z eot i.e d i s t i l l a t i on . In t o  a ro 4nd·- bot t omed f J a , , k  \�e n· 

p l a c e d  1 4 ml. . o f  3 - b romo p y r i d in e , 3 , 0  g .  o f  �N i ( H 20 ) 6} c l 04 ) 2 , and 4 5  m l  

o f  benzen e . T h e  f l a s k  was at t a ch ed t o  t h e  u s u a l  d i s t i l l a t ion app a r a t u s , 

a n d  wat e r  w a s  r e moved by d i s t i l l a t ion of t h e  ben z en e - wa t e r  a z eot ro p e . 

When t he vapor t emp e r a t u r e  r e a c he d  8 0 " , t he f l a s k w a s  r emoved a nd coo l ed 

in an i c e  bat h . The l ight bl ue pro d u c t  wh ich f o rmed wa s c o l l e c t e d  b y  

s u ct ion f il t r at ion , t r a n s f e r re d  t o  a s amp l e  bo t t l e , and d r i e d  in a va c uum 

d e s icc a t o r  at r edu ce d p r e s s u re . 

A na l .  C a l c d . f o r  [N i ( 3 - B rC 5H4N ) 4 ( C l 04) 2J ·  C ,  2 7 . 0 0 ;  H ,  l 8 1 ; N ,  

6 . 3 0 .  F o un d : C ,  2 7 . 2 3 ,  H ,  1 . 8 8 ;  N ,  5 . 8 5 . 

b .  2 , 2 -· d ime t hoxyp ropan e . T h e  p ro c e d u r e  d e s c r i b e d  in para -

g r a p h  3 ( b) wa s u s e d  t o  p r e p a re t h is comp l ex .  The r e  was a t en d ency f o r  

a n  o i l  t o  f o rm w h e n  t h e  r a t i o o f  ben z e ne t o  a c e t o n e  wa s l a rge . Coo l ing 

wa s n e c e s s a ry bef ore f i l t e r i ng to obt a i n  a r e a s o n a b l e  y ie l d .  

6 .  'T e t  r ak i s ( 4- am inop y r id in e ) n ic k e l ( L! ) � e r c h l o r a t e , [p i <  4- NH2 p y 'l 4] < c  l ' , 

To 1 .  3 g .  of [N i ( H20 ) 6] ( c l 04) 2 and 25  m L  of abs o l ut e  e t h ano l C '.' r '  

t a i ned in a 5 0 ·· m l . ro und.- bot tomed f l a s k  were a d d e d  5 ml . of DHl:' <m d  2 .  1 

g .  o f  4 - <onn inop y r i d i n e . The f l a s k  w a s  a t t a c h e d  t o  a d i s t i l l at io n  appa r a t u ,  



and the content s re f l uxed f o r  a f e w  m in ut e s . The l o we r bo i l ing c ompo 

ne n t s  we re removed by d i s t i ll at ion u nt i l  t h e  t emp e t· a t u r e  r e a c tl e d  a c on -

s t ant 7 8 '' .  A f t e r  c oo l ing t o  r oom t e mp e r a t ure , t h e  y e l l O\.; p ro d u c t  wa;:, 

c o l l e ct e d  by s uc t ion f i l t r a t i on , w a s h e d  t w i c e  wit h ethano l ,  a n d  d r i e d  

i n  a va cuum de s i cc a t o r  a t  CL 4 mrrL The c ompound me l t s  a n d  d e t on a c: e  a t  

2 9 1 - 2 9 2 '" . 

N ,  1 7 . 68 Foun d : C ,  38 . 0 1 ; H ,  3 . 7 4 ;  N ,  1 7 . 64 .  

7 .  B i s a quot e t r a k i s  (�hy l py r id in e ) n i� ( I I )  Pe r c h l o r a t e , 

[N i ( J - p i c ) 4 ( H 20 )  2] C C l0 4) 2 

To 3 .  7 g 

e t hano l wa s a d d e d  9 ml . of 3- met hy l py r id ine . The b l ue s o l ut ion y,;h i c ll  r e · 

s u l t ed wa s a l l owed t o  evaporat e at r oom t empe r a t u r e  f o r  s e v e r a l  days 

unt i l  a l mo s t  n o  l iq u id r ema ine d .  A b l ue c r ys t a l l ine ma s s  h a d  f o nned in 

the bot t om o f  the b e a ke r . Th i s  was remo v e d  and w a s h e d  w i t h  e t he r  c o n ·-

t a in ing a l i tt l e  e t h a no l , a i r - d r i e d , and t h e n  g round with a mo r t a r and 

p e :> t l e  I t  was f u rthe r d r ie d  a t  5 0 °  and 1 6  mm . 

A n a L Ca l c d . f o r  [f-1 i C 3 - CH3CSH4N ) 4 0120 ) 2] ( C l 04) z - C ,  43 . 2 7 ;  H , 

4 . 84 ;  N ,  8 4 1 . Fo und : C ,  4 3 . 3 6 ,  H ,  4 . 68 ;  N ,  8 . 1 4 .  

8 .  :Ee t r ak is ( 3- met h y l p y r i d in e  ) n i c k e l  ( I  

at 7 0 °  a n d  1 mm . unt i l  we ight l o s s  was neg l i g i b l e  a n d  t he p roduct ,,,a 

un i f o rm l y  bri ght ye l l ow .  



N ,  8 . 8 9 . Found : C ,  45 . 80 , H ,  4 . 4 7 ; N ,  8 . 7 4 .  

9 .  B i.s p e r c h l o ra t o t e t  r a k i s  ( 3- rne thy l p y r id ine ) n i cke 1 ( .!1_ )  , 

c�H( 3 -p ic ) 4 ( C 1 0 4) ;-] 

2 6 

I n  a g l oved bag t h at h a d  b e e n  f l u s he d  w i t h  d ry a i r ,  a s amp l e  o f  

[� i('3- p ic ) 4] Ccl04) 2 wa s t r an s f e r r e d  t o  a c l e a n  g l a s s  ampu l e .  The amp u l E: 

w a s  s e a l e d  and t hen h e a t e d  at 1 6 5 1 7 0 °  in an oven ove rn ight . Upon c oo l -

ing , t he b l ue p roduc t ,  [N i( 3 - p ic ) 4 ( C l04 ) 2] , w a s  o b t a ined . I t  was n e c e s ·-

s a r y  t o  h a n d l e  t h e  p rodu c t  in a dry a t mo s p he r e . The p r o d u c t  co u ld be 

conve r t e d  back to t e t r a k i s ( 3- p i co l ine ) n icke l ( I l ) p e rc h l o ra t e  by h e a t ing 

in a s e a l e d ampu l e  at 7 0 °  for a we ek , or by expos ing to a mo i s t  atmo s -

p h e re f o r  s ev e ra l h o u r s  and t h e n  d r y ing ag a in a t  7 0 °  in vacuo . 

N ,  8 . 8 9 .  F o und : C ,  45 . 5 9 ;  H ,  4 . 5 6 ;  N ,  8 . 6 9 .  

10 . � i s a q uot e t r a k i s ( 4- me t hy l py r id ine ) n ic ke l ( I I )  P e r c h l o r a t e , 

� i ( 4 - p i c ) 4 ( H zO ) z] C C l04 ) 2  

To a s a t u r a t e d  a q u e o u s  s o l u t ion o f  3 . 7 g .  o f  [N i( HzO) z] ( c l04) 2 wa $ 

add e d  9 m l . o f  4- me t h y l p y r id i ne . Twe n t y  rn l . o f  s a t u r a t e d  s o d i um pe r-

c h l o r a t e  s o l u t ion was added . The s o l ut ion wa s c oo l e d , and the b l u e  

c r y .s t a l s  wh ich f a nned we re c o l l e c t e d  b y  s u c t ion f i lt r a t io n . T h e  p ro d u c t  

wa s w a s hed w i th a l it t l e c o l d  e t h an o l a n d  t hen w it h  e t he r . I t  wa s a i r 

d r ie d . 



l l . T e t ra k i s ( 4 - me t hy l p y r i d ine ) n i cke l (.!_! ) Perch l o r a t.� , 

[� i C  4- p i c > 4} C l04 ) � 

2 7  

( C l04l 2 wa s d r i e d  i n  a n  oven a t  1 3 0 °  unt i l  a un i f o nn l y  y e l l ow p r odu c t  w a s  

obt a in e d  a n d  we i ght l o s s  was ne g l i g i b l e .  

b .  By a z e o t ro p ic d i s t i l l at i on . Into a 2 5 -m l . ,  ro und - bot t omed 

f l as k  we r e  p l a c e d  1 g .  o f  [N i ( H20 ) 6] C c 104 ) 2  and 1 5  m l . o f  4- m e t hy l py ri d i n e . 

S o l vent w a s  d i s t i l l e d  f rom t he f l a sk , a s  d e s c r ibed p revious l y , unt i l  t h e  

va p o r  t empe r a t u re rea ched 1 4 3 °  a n d  v e r y  l i t t l e  s o l vent r ema i n e d . T he y e l 

l ow p r od u c t  w a s  co l l e c t e d  by s u c t ion f i l t ra t ion , w a s h e d  w i t h  e t h e r  con-

t a in ing a l it t l e  DMP , and d r i e d  to con s t ant we i ght at 1 30 "  in an oveq . 

Ana l . C a l cd . f o r  [N i ( 4 -CH 3C5H4N ) 4] ( C l 04 ) 2 :  C ,  4 5 . 8 0 ;  H ,  4 . 48 ;  N ,  

8 . 8 9 .  F o und : C ,  4 5 . 8 7 1 H ,  4 . 6 6 ;  N 1  8 . 6 2 .  

1 2 .  B i s p e r c h l o r a t ot e t r ak i s (  3 ,  5 - d i me t hy l p y r i d in e ) n i c k e l  (.!._! ) , 

_[N �( 3 1  S- l u t )  4 C C I 04 l 2J 

I nto a 1 00-m l . 1 ro und - bot t omed f l a s k  we re p l a c e d  2 5  ml . o f  benzene , 

1 4 ml . of 3 , 5 - d ime t hy l p y r id ine 1 5 m l . of DMP 1 and 3 . 0  g .  of (!"l" i( H20) 6]-
( C l 04 ) 2 .  The l ow - bo i l in g  componen t s  we re d i s t i l l ed f rom t h e  m ixt ure in 

t he u s u a l  w a y , the d i s t i l l at ion be ing s t op p e d  whe n  the t empe r a t u re r e a c h e d  

a c'ms t ant 8 0 ° .  \;.Je l l -- f o r med bl ue c ry s t a l s  o f  t h e  p ro d u c t  s ep a r a t e d . 

A f t e r  coo l ing , t he s up e rn a t en t  l iq u id w a s  d e c a n t ed f r om t he f l a s k  a n d  t he 

c r y s t a l s t r ans f e r r e d  to a s amp l e  bo t t l e  and dr ied in a vac u um d e s i c c a t o r  

a t  r ed u ced p r e s s u r e . 



Ana l . C a l c d . f o r  [N i ( 3 , 5 - ( CHJ) 2C 5H JN ) 4 ( C l 04 ) 2] · C ,  49 . 00 ;  H ,  

5 . 2 9 ,  N ,  8 . 1 6 .  Found : C ,  49 . 2 4 ;  H ,  5 . 4 0 ; N ,  7 . 99 .  

1 3 .  B i s p e r c h i  o r  at o t e t  r ak i s  ( 4 - e t h y  l pyr i d in e ) n i c ke 1( I I )  , 

�i ( 4-etpy ) 4 (Cl04) 2J 

28 

To 1 0  m l . o f  5 0  p e r  c en t  e thano l in a s ma l l b e a ke r  we r e  added 3 . 6 

g .  of [�i (HiJ ) 6]Ccl04 ) 2 ,  7 m l . o f  4 etn y l p y r id ine and 1 m l . o f  a c e t o ne . 

Upon s t an d ing f o r  2 d ay s , l a rge , d e e p  b l ue c r y s t a l s  f o rmed . The s e  we re 

d r ie d  in a v a cu um oven at 80°  and 1 mm . f o r  s e ve r a l  d a y s  unt i l  w e i gh t  

l o s s b e c ame neg l i g ib l e , y ie l d ing a l ight b l ue powde r y  p ro du c t  of 

[N i ( 4-e t p y ) 4 ( C l04) 2] · The d r y  mat e r i a l  d etona t e s  at a bo ut 380 ° . 

Ana l . C a l c d . f o r  LN H 4-CzH5C5H4N ) 4 ( C l04 ) 

N ,  8 . 1 6 .  F o un d : C ,  49 . 0 7 ;  H ,  5 . 35 ;  N ,  8 . 2 0 .  

C ,  49 . 00 ;  R ,  5 . 2 9 ;  

An a t t empt t o  p r ep a r e  t h i s  c omp l e x  b y  a z eot rop i c  d is t ill a tion r ·  · 

s u l t ed �n an exp lo s io n . I n t o  a 50·-·ml . ,  round- bot t omed f l a sk we re p l a c e d  

5 . 1  g .  o f  �i( H20 ) 6] Cc l04) 2  and 2 5  m l . o f  4 - et hyl p y r i d i.n e . T h e  f l a :;; k ,. a s  

a t t ached t o  t he d is t i l l a t io n  app a r at u s . A f t e r  mo s t  o f  t he wat e r  h a d  been 

d is t i l l e d  f rom the m ixt u re , t he vo l ume wa s c on s i d e r a b l y reducE d ,  s D  n:l d i -

t ion a l  4 - e t hy l p y r i d ine wa s a d de d , a n d  h e a t ing wa s cont inued . A n  exp l o-

s ion o cc u r re d  a s  t h e  t empe r a t u re r ea c he d  a bo ut 145 ° . 

14 . i s o p ro p y l p y r id ine ) n ic ke l ( _!_!) , 

To 5 0  m l . o f  be nzene in a round- bot t omed f l a s k  we r e  a d d e d  3 . 6 g .  

( 0 . 0 1 mo l e )  of [N i ( H 20 ) 6}C l04) 2 , 5 . 3  ml . of 4- i s op ropy l pyr id i n e , and 
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1 0  ml . o f  DMP . D is t i l l at ion was carr ied out , a s  de s c r ibed p r e v ious l y ,  

un t i l t he vo l ume was reduced t o  5- 1 0  m l . T h e  b l ue p ro duct wa s c o l l e c t e d  

by s uc t ion f i l t r a t ion ( bu t  w a s  not a l l owed to d r y  o n  the f i l t e r )  and 

d r ied in a vac uum d e s iccat o r  at reduced p re s s ure . 

The produc t was s o l ub l e  in benzene a n d  t o l uene , f rom wh ich un­

s t a b l e  ye l l ow s o l ids w e re o bta i n e d  upon evap o r at ion o f  the s o l vent s .  

T he ye l l ow s o l ids l o s t  enc l at h r a t e d  s o lvent rap id l y  upon s t and ing t o  

g iv e  the b l ue comp l ex again . 

Ana l . C a l cd . for [Ni ( 4-_!.-C 3H7C5H4N) 4(CI04) 2] :  C ,  5 1 . 7 7 ,  H ,  5 . 9 7 ; 

N ,  7 . 5 6 .  F o und : C ,  52 . 38 ; H ,  6 . 0 7 ;  N ,  7 . 2 6 .  

15 . Attempted P r e p a rat ions 

a .  W it h  4- chloropyridine . S amp l e s  o f  4� chloropyridine hyd rochl o·­

r ide were neutral ized w it h  s od ium hydrox ide and extracted int o e it he r  

benzene or  ch loroform .  Add ition o f  [N i (H20) 6] ( Cl04) 2 t o  t h e  ext r a ct s 

and de h ydrat i on by add i t ion o f  DMP o r  by a z eot rop ic d i s t i l l at i on u s ua ll y 

g ave mixt u r e s  of ye l l ow and c h a rt reus e so l id p roduc t s . W as h ing t he 

product w i t h  ben z ene g ave a b l ue s o l ut ion and l e f t  a ye l l ow ins o l u b l e  

ma t e r i a l . Eva p o r a t ion of the  benzene s o l ut i on gave a b l ue s o l id wh ich 

bec ame y e l l ow upon d r y ing . The l at t e r  y e l l ow mat e r i a l  g av e  the fo l l ow­

ing ana l y s is · c ,  32 . 64 ;  H ,  2 . 74 ;  N ,  7 . 2 7 ;  calcu l ated f o r  N i ( 4- C lC 5H4N l 4 -

( C l04) 2 :  C ,  3 3 . 74 ; H ,  2 . 2 7 , N ,  7 . 8 7 . 

b W it h  3 - cyanop yrid ine . F rom a m ixt u r e  of 2 g .  o f  [N i C H20 ) 6] ­

(C 104) 2 and 4 g .  o f  3- c yanop yr id ine in 2 5  ml . o f  t o l uene was o bt a ined 



a b l ue p ro du ct by d i st i l l at i on o f  t he t o l uene-wat e r  a zeot rope . The 

p ro d u c t  d i d  not come to con s t ant we ig ht upon d ry ing , 

3 0  

Evap o r a t ion o f  a 5 0 : 2 5 : 2 5 a c e t on e - e t h a no l - wat e r  s o l ut ion c on t a in ­

ing 3 .  6 g ,  o f  � i C H20 )  5] ( C l04 ) 2 and 7 g .  o f  3 - cyano p y r i d ine g ave a blue 

o i l . T h e  o i l w a s  d i s s o lved in 1 0 0  m l . o f  a c e t on e , and 1 0  m l . o f  DMP w a s  

adde d . Upon wa rm ing , a b l ue p re c ip it a te f o rmed . The s o l i d wa s c o l 

l e c t ed by f i l t ra t ion , w a s h ed , and d r ie d .  I t  d i d  not come t o  c o n s t an t 

we ight . The in f r a re d  s p e c t r um ind i c at ed t h a t wa t e r  wa s p re s e nt . 

A n a l . C ,  3 7 . 5 9 ;  H ,  3 . 0 1 ; N ,  1 3 . 65 .  C a l c d . f o r � i ( 3 - CNC5H4N ) 4-

( H20 ) 2 l ( C l04) 2 : C ,  40 . 5 9 :  H ,  2 . 84 ; N, 1 5 . 7 8 .  

c .  W it h  4- cya n o p yr i d ine . A so l u t ion o f  4 . 2  g .  ( 0 . 04 m o l e ) o f  

4- c y anop y r id in e  i n  3 0  m l . o f  w a rm i s o p ro p an o l  was a d d e d  t o  a concent r a t e d  

aqueous s o l ut ion o f  3 . 6  g .  ( 0 . 0 1 mo l e )  o f  [N i ( H20 ) 6] C c lo4) 2 . Evap o r a t ion 

o f  t he s o l ut ion g ave a n  o i l . Pump ing o n  t h e  o i l  in a vacuum d e s ic c a t o r  

removed t h e  r ema in ing s o l v e n t  a n d  g ave a p l a s t i c  s o l id .  T h e  o i l c o u l d  

not be mad e  t o  c ry s t a l l ize t rom c h l o ro f o rm ,  be n z en e , o r  d i oxan e . A 

p o r t ion o f  t he o i l  was s t i r r e d  and w a rmed w i t h  a 5 0 : 5 0 m ixt u r e  o f  b e n  

z e n e  a n d  DMP .  A v io l e t  p r e c i p i t a t e  f o rme d , wh i c h , upon cont inued h e a t ­

ing , c ha n g e d  t o  a l ig h t  b l ue p owde r .  The b l ue p owde r w a s  i s o l a t e d  by 

suct ion f i l t r at ion , wa s h ed , and d r i ed at 60 ° and l mm The in f ra r e d  

s p ec t rum ind i c at e d  t h a t  n o  w at e r  w a s  p r e s e n t  a n d  t ha t  p e r c h l or a t e  was 

c o o r d inat e d . 

A n a L  C ,  32 . 3 0 ;  H ,  2 . 5 3 ;  N ,  1 1 . 7 9 .  Ca l c d . f o r  N i ( 4 -CNCsR4N ) 4 -

( Cl04 ) 2 :  C ,  42 . 1 6 ,  H ,  2 . 3 9 ;  N, 1 6 . 62 .  
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A s o l ut i o n  o f  4 . 2  g .  ( 0 . 04 mo l e )  o f  4 - c y a no p y r i d ine i n  1 5  m l . of 

a c e t one was added to a s o l u t ion o f  3 . 6  g .  ( 0 . 0 1 mo l e ) o f � i ( H20 ) 6] ( C l 0 4 J 2  

i n  7 m l . o f  a c e t one . T o  t h i s  s o l ut ion w a s  added 0 . 5  m l . o f  DMP and 1 0  

m l . o f  benzene ; t he m ix t ure w a s  w a rmed and ev a p o r at ed unt i l  a f i ne v io l e t 

s o l id beg an s e pa rat ing . The f l a s k  and c o n t en t s  we re c oo l e d in a n  ice 

b a t h , and the s o l i d  c o l l e c t e d  by s uc t ion f i l t r a t ion . It w a s  wa s hed w it h  

d ry benz ene and t h en w i t h d ry e t he r and d r ied in a vac uum d e s i c c �t o r . 

The in f r a r ed s p e c t rum ind i c a t e d  that w a t e r  w a s  p r e s ept . 

Ana l .  C ,  32 . 0 5 ;  H ,  2 . 9 2 ,  N ,  1 1 . 8 1 .  

wa s dehyd r a t e d  b y  warm ing w ith 30 m l . o f  DM P .  The exc e s s  DMP w a s  de-

canted f r om t he resu lt ing b rown o i l , and t h e l a t t e r  w a s  d is s o l v ed in 20 

m l . o f  a c e t o n e . S o l id 4-met hano l py r id ine was a d d e d  to t he s o l ut ion w i t h  

w a rm ing unt i l  it w a s  s a t u r a t e d . Add it ion of e t h e r  to t he g reen s o l ut i on 

d i d n o t  cau s e  p re c i p it a t ion . The s o l vent w a s  e v a p o r a t ed , y ie l d ing a 

g r een o il . T h i s  wa s m ade t o  c r y s t a l l i z e  by bo i l ing w i t h  s ucce s s iv e  

20 m l . p o rt ions o f  ben z ene . The g reen p roduct was red i s s o l v e d  in a c e t o ne 

and ag a in c ry s t a l l ized by t he s ame t re a tment . I t  w a s  i s o l a t e d  by suct ion 

f i l t rat ion and a ir d r ie d ; m . p .  1 2 5 - 1 2 8 ° .  

Ana l . C ,  4 2 . 3 2 ,  H ,  4 . 6 2 ;  N ,  7 . 1 3 .  C a l c d . f o r  N i ( 4 --HOC H2 C 5H4N ) 4 -

( C l04 ) 2 :  C ,  41 . 5 , H ,  4 . 0 � ;  N ,  8 . 0 7 .  

e ,  W it h  2 - me t h y l py r id ine . To 5 . 0  g .  o f  lN i ( H20 ) 6j ( C l04 ) 2 \.;a s '- ..; 

added 5 5  m l . of 2 - me t hy l p y r id ine . He at w a s  evo l ved , and a p a s t y  g reen 

ma s s  r e s u l t e d w h i c h  s low l y  so l id i f ied . The so l id wa s d r i ed in a vac uum 



de s ic c a t o r , g ro un d  t o  a powd e r , and f u r t h e r  dr i e d  o v e r  b a c i um ox id e " I t  

d i d not come t o  c on s t ant we ight , e ve n  a f t e r  d r y ing s e ve r a l  d a y  , and 

sme l l e d  s t ron g l y  of 2 - me t hy l p y r i d ine . 

C C l04 ) 2 :  C ,  4� " 8 0 ;  H ,  4 . 48 ; N ,  8 . 8 9 .  

f {.J it h �J.. 6 - d imet hy l py r2:d ine . To 4 . 0  g .  of [N i C H2o J 6] c c l04 ) 2  

d i s s o l ve d  in a minimum amount o f  a ce t on e  w a s  a d d e d  5 . 0  m l . o f  2 , 6 -

d ime t hy l p y r i d in e . A g r e en , g e l a t in o u s  p re c ip it a t e  f o rmed imme d i a t e l y  

I t  was a l l owed t o  s e t t l e , and t h e  s o l v e n t  removed w i t h  a f i l t e r  s t ic k . 

The p re c ip it a t e  wa s w a s h e d  w i t h  e thano l and then c h l o r o f o rm ; t he e t hano l 

wa s h in g s  we r e  p a l e  g r e e n ; th e c h l o ro f o rm w a s h in g s , y e l l ow . T he p ro d u c t  

d i d not a p p e a r  a un i f o rm g r e e n  w h e n  d r i e d . 

g .  W it h  4 - p r o p ano l p y r id� . The p r o ce d u r e  d e s c r i b e d  i n  s e c t i o n  

1 5  ( d )  w a s  t r ie d  us ing 4-p r o p an o l py r i d in e . A b rown s o l id , wh i c h  a p p e a r e d  

t o  b e  a m ixtu r e , w a s  o b t a in e d . 

2 . 2 g .  

h .  W i th  5 , 6- d imet h y l - 1 , 1 0 - p hen a n t h r o l in e . T o  a ho t s o l u t i on o l  

( 6  mi'l) o f  LN iC H20 ) 6-I ( C l04 ) 2 in 2 5 m l.  o f  a c e t o n e  w a s  a d d e d  L 4  g .  - .J 

( 6 1Itl'1 ) o f  5 ,  6- d imet h y l - l ,  1 0 -- p h e n ant h r o l i n e  mono hyd r a t e  a s  a s l u r ry i n  

2 5  m l . o f  hor. b e n z e n e  con t a in ing 5 m l . o f  DHP . A s a l mo n - p ink p r e c i p i t a t e  

f o rmed i mmed i at e l y , i t  w a a  p ro b a b l y  t r i s ( 5 , 6 - d ime th y l - l , l 0 - p h e n a n t h ro 1 i  

n i c k e l ( I l l  p e r c h l o r a t e . The so l ut i o n  w a s  s a t u r a t e d  w it h  l i t h i um p e r  

ch l o r a t e , b ut , a f t e r  h e a t ing f o r  s e ve r a l  hour s , no c h ange was Ito t e d 

T h e  s o l id was co l l e c t e d  by s uct ion f i l t ra t i o n , w a s h e d  6 t ime s \vi t h  et i ciL u J  

C' Orlt a in a l i t t l e  DJ:v!P , and then d r i e d  at 7 0 "  and l mm . 



A n a l  C ,  5 3 . 3 3 ,  H ,  4 . 1 0 ;  N ,  8 . 2 6 .  Ca l c d . f o r  

( C l 0 i.j ) 2 "  C ,  5 7  1 6 ,  H , 4 . 11 ;  N ,  9 . 5 3 .  

3 3  

i ( C I LtH I 2 N 2 ) � -

A 0 . 3  g .  s amp l e  o f  t he a bove p r oduct an d 0 . 3 g .  of Gl\l i ( H2o) J ( cl04 i l  
we re d i s s o l ve d  i n  a m ix t u r e  of 5 m l . o f  w a t e r  a n d  8 0  m l . o f  a c e t one t o  

g iv e  a p ink s o l ut i on .  U p on h e at i n g  gent l y  f o r  a n  h o u r . t h e  s o l u t i on g r ad -

u a l l y  b e c ame b l ue The b l u e s o l ut ion w a s  l e f t  t o  evapo r a t e  a t  room t emp· 

e r a t u r e . A f t e r  3 d a y s , a m ixt u r e  of s a lmon- p ink p o wd e r  and we l l - f o rmed 

b l u e - v i o l e t  c r y s t al s had d e p o s i t e d . A t t emp t s  to s ep a r a t e  t h e  two p r o d u c t  

we re not s uc c e s s f u l . 

C .  V i s i b l e  and N e a r  In f r a red S p e c t r a  

V i s i b l e  and ne a r  inf ra r e d  s p e c t r a  w e r e  o b t a ined o n  a C a ry Mode l 1 4 

r e c o r d i n g  s p ect rop hotome t e r man u f a c t u r e d  by t h e  A p p l ie d P h y s i c s  C o r p o r a -

t i on 

A mod i f i c at ion of t he p owde r t e c hn i q ue d e s c r i b e d  by M a k i
2 4  

was u s e d  

i n  o b t a i n ing a b s o rp t ion s p ec t r a  o f  t he p owde rs . I n  a g l oved p o l ye t hy l en e  

b a g  wh i c h  h a d  been f l u s h e d  w i t h  d r y  a i r ,  a bo ut 0 . 1  g .  of  t he samp l e w a s  

g r o un d  i n  Nu 1 \v i t h  a mort a r  and p e s t l e  to g ive a mu l l . T he :N u j o l  co at 

ing p ro t e c t e d t he c omp l ex f rom a t mo s p he r i c  mo i s t u re f o r  an hou r o r  l onge r .  

The mu l l  was s p r e H d  o n a q ua r t e r  of f i l t e r  p a p e r  c u t  f rom a 5 . 5  em . 

c i r c l e , and , when n e c e s s a r y ,  a d d it i o n a l Nu l w a s  add e d  t o  make t he f i l ­

t e r  p a p e r  t rans l uc ent . The s am p l e  w a s  then ,; u s p ended in t h e s amp l e  beam 

of t h e  ins t r umen t . A s e cond q u a r t e r  of f i l t e r p ap e r  w a s  we t w i t h  Nu j o l 

and sus pended in t b e r e f e r e nce b e am t o  e q u a l i z e  l ig ht s c a t t e r ing . T h e  
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;3 p e c t  rum of t he s amp l e was t h en obt a in e d  in t he 6000- 1 6 , 000 ang s t rom 

reg ion u s  t h e  inf ra re d s o u c c e  an d d e t e c t o r , and �n t tte 3000 1 0 0 0  

a n g � t rom re g ion us ing t he v i s ibl e s o u r c e  a n d  detec t o r . The wave l e ng t h  

d ri ve l,; a .�. s e t  a t  r a n g i n g  f rom 1 0  to 5 0  an g s t ro ms pe r se cond 

For s o l u t i on s p e ct r a , a s am p l e  was t r ans f e r r e d  to a w e  

l • Im H r i c t J a  �; i n  a g l oved wh i c h  h a d  been t l u dbed w it h  d r y a i r , 

and t n e  f l  a ::, k  t h e n  w a s  re ·.ve i g h e d  in o r d e r  t o  d e t e rm in e  t h e amp l e  

we ight by d i f f e r en c e . S o l vent wa s t h e n  a dde d t o  d i s s o lve t h e s amp l e  

and f i l l t he f l a s k  to t h e  mark . Sp e ct r a , in the r a n g e s  c i t ed p r e -

v i o u s l y , w e r e  o b t a i n e d  i n  1 - , 2- , 5 - , o r  1 0- cm . m a t c h e d  qua r t z  c e l l s  

w it h  s o lv ent in t h e  re f e rence c e l l .  A l l s o l ut ion s w e r e  p re p a re d and 

? }  + 1. 0 -s p e c t r a  run a t  • - _ 

D .  I n f r a re d  S p e c t ra 

I n f r a r e d sp e c tr a o f  the c omp l e x e s  we re o bt a ined us ing· N 1J iol 

m u l  I s  betwe e n  sod i um c h J o r ide p l a t e s . l'h e  mul l s we r e. p r epa red by g r ind 

1ug: a sm a l l  awoun t: o f  s amp l e  i n  N u  1 w i t h  a sm a l l <'H! a r e  mo r t a r and 

p e s t l e .  The m u l l s  1.ve re p re p a re d  in a g J o ve d  wb i c .t1 t . a d  b e e n  f l u s tte. d  

w i t h  d r y  a i r .  and we re 3 p r e a d  on t h e  s o d i um c h l o r i d e  p l a t es u s ing a 

� i n g  t h e B e ckman I R - SA ,  t he PE 1 k i n  Elme r l n i r a c 0 r J ,  or t he P e rk i n f l ru1 

M � d e. l 2 1  recGrd i.ng s p e c t r�p b o tome t e rs . T h e  pe c t r a  we J e  c a l i b r a t ed 

t > :l  ,.; i t 1 J t b e  Gd unn c 1 i d e  p l a t e s  d u r ing t he t i me s r e q u i r e d to g e t  

, r .,.� ;j 
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Pre l i m i na ry work w it h t h e p o t a s s ium brom id e  p e l l e t  t ec hn i qu e  in-

d i c a t e d  t h a t  the b r om ide i on rep l a c e d  c o o rd ina t e d  pe r c h l o r a t e  in m a ny 

of t h e  c omp l e xes dur i n g  the p e l l et -mak i ng p ro c e s s . 

One s o l u t ion s p e c t r um wa s o b t a i n e d . 

c n l o DJme t h ane . The t e c h n i q u e  d e s c r i be d  in s e c t ion C of t h i s c h a p t e r  

w a s  u s e d  i n  p r ep a r i ng t he s o l ut i on . The 0 . 02 5  mm . s odi um c h l o r i d e  c e l l 

was t i l l e d  w i t h  a s y r ing e . T he s p e c t r um ind ic a t e d  t ha t  t h e  comp l e x  re-

a c t e d  s l ow l y  w it h  t h e  ce l l  wa l l s . 

E .  M a gne t ic Momen t s  

Magne t ic s u s c ept i b i l it ie s  o f  t h e  comp l exe s we r e  me a s u r e d  us i ng a 

Cu r i e - C ha neve a u  t o r s i on ba l a n c e  w h i c h  was bu i l t  in t h i s  d e p a rtment by 

G .  K .  S c hwe i t z e r  and W .  K .  W ither s p o o n . The samp l e  h o l de r  w a s  a 1 2  x 1 7 -

rom .  s c re w - c a p  v i a l  s us pended by a t h r e a d  f r om t h e  beam of t h e  ba l ance . 

Us i ng t h i s ba l a n c e , it w a s  n e c e s s a ry t o  d e t e rm in e  t he we ight of t he 

E> am p l e  a n d  t he max imum t o t a l  de f l e c t i o n  o f  t h e  beam d ue t o  the s a mp l e  

s i n c e  t he d e f l e c t i on i s  d i r e c t l v  p r o p o r t ion a l  t o  t he g r am magnet ic s u  

c e p t i b i l i t y  o f  t h e  s a mp l e . ( T h i s  d i f f e r s  f rom the m o re common l y  u s e d  

G u o y met hod in wh ic h t he de f l ect i on i s  p roport i o n a l to t h e  vo l ume ma g -

ne t i c � u s c ept i b i l i t y  of t .he � amp l e , and i s  hence d e pendent o n  p a r t i c l e  

i z e a n d  p a c k ing fo r s o l id s amp l e s . )  T h e  ba l a n c e  h'd S  c a l i b r a t e d  by 

me a s u r i ng t he tot a l d e f l e c t ion ot  t h e  beam c a u s ed by a we i g h e d  s amp l e  

o f  me t c u t y t e t r a t h ioc yan at o c o b a l t a t e ( I I )  w h i c h  h a s  a magne t i c  s u s c e p t i 

- 6  . b i 1 i t v  o f  .1 6 . 44 x 1 0  p e r  g r am a n d  h a s  b e e n  re comme n d e d  a s  a magne t 1 c  
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lt1e  t e c h n i q u e  ernp l o y E: d  w a s  a s  f o ll ows : The amp l e  '"a s  t r ans f e re e 

t o  t h e  p r ev i o u s l v  we i g h e d  s amp l e  ho l de r  i n  a g l oved b a g  w h i c h  had b e e n  

f l  h e d  w i t h  d r y  a i c ,  a n d  t h e  h o l d e r  w a s  then rewe i g h e d t o  d e t e rm in e t h e 

amp l e we i d i f f e r e n c e  1 t w a s t h en u s p e n d e d  f l om t he b e am o f  t lk 

ba l ance 1 5 - 30 m i nu t e s for beam v i b r a t i on s  t o  s , m a x i  

mum d e f l e.ct ion r ea d 1 ng s  we r e  re c o rd e d  wtl e n  t h e  m a g n e t  w a s  mov ed a w a y  f ret�' 

t h e  s am p l e  i n  e a c h  d i r e c t i o n . T h e  t w o  v a l u e s  we re a d d e d  t o  t h e  t o 1 . 

d e f l e c t io n . S e v e r a l  p a i r s o f  d e f l e ct ion r e a d in g s  we re t a k e n  for e a c h  

s amp l e  a n d  t h e  ave r a g e  to t al d e f l e c t ion d e t e rm in e d . F o r  e a ch p a i r  o f  

r e a d in g s , t h e  s amp l e  ho l d e r  wa s r emove d  f ro m  t h e  b e am a n d  t h e n  r e s u s -

p e n de d . T h e  d i ama gn e t i c  d e f l e c t i on d u e  to t h e  empt y  s amp l e  ho l d e r  w a s 

me a s u r e d in t h e  s a me m a nne r , a n d  t h i s  va l u e a d d e d  t o  t he t o t a l  d e f J e c -

t ion o f  e a c h  s am p l e  t o  g i v e  t he a c t u a l  d e f l e c t i o n  d u e  t o  t h e  s amp l e  a l one 

T h e  rnagn e � i c  data a r e  g iven in T a b l e  I I I .  

The c a l c u l a t ion o f  m a gn e t i c s u s ce p t ib i l i t ie s  a nd m a g n e t ic moment s 

wa s q u i t e  s t r a h t f o r wa r d . The g r am s u s c e p t ib i l it y  X a  o f  a s amp l e  w a � 
b 

ca l c u l a t e d u � i n g  t h e  re l at i on 

' m ' t=i '  

m8 (l )  

''dn. m i "-'  t ne s a l!lp l e  we 1 g h t  a nd 8 i s  t he co r r e c t e d  t ot a l  d e f l e c t i on f o r. 

ci amp l t_; ; t l : t:: ,) , .i,u.:.c s  c e f t:: r  Lt.; L l . (: c o r  e :.: p:: u d in;s q u 0 n t i t i t: s  f o r  t he 

c a l  i Lt a n t , Ul <.� t<.:: U 1  t ';; L t a t h io c y a n a t o c o b a l t a t e ( I l ) . Tho:: mc d a r  u s c e p t. i  

il i t )  

... t l .:; 

nL: l t Lp l y in g  X g  by t he: tli(J l e c: u 1  r \v i:' l  t H -:> f  

C l J � l · j tJ·, :1 dd i ng a t o m i c  d iamagne t i c  s u s c e p t. ib i l i t ic; 



1(� , < c cN ) L: '  \) . �) . 4 

�i( 3 B cp y ) 4 ( C l04 2] 
� i (  4- i p p y )  4 ( C I 0 4 ) 2] 
�i( 3 ,  5 - l u t )  4 ( C l0 4 )  2] 

Co r r e c t ion f o r  

H g  lgo ( SCN) 4] 
�l i( 3-p i c ) 4] ( C l 0 4 ) 2 

� i (  3 ' p i c )  4 ( c lO 4 ) 2] 
r- . 

( C l0 4 )  !!� l P Y 4  

[N i (  b ipy) 2 C C 104 ) n 
C o r  [ e c t ion f o r  

ng < SC t-< ) 4J 
� i  i 4 - e t p y ) 4 ( C l04 )  

[ j _" I" f f.' l (_ �+ --- e t  4\ C l04 l 

�·1 i ( L� p i c )  4] ( c J () 4 ) 2 

j ( 4 p i c l 4] ((� I 0 4 ) 2  

r e c t i on + r ... 

i ( 4 N11 2 FY) ( C J 04) 2 

TAB LE I II 

MAGNETIC DATA 

Ho l e c u l a r  
We t 

0 . 1 9 0 7  

8 3 9 . 6  n 2 9 0 3  

7 4 2 . 4  0 . 2 0 1 4  

6 8 6 . 2  0 . 2 8 69 

d i amagne t i sm o f  empty s amp l e  

0 . 1 6 1 7 

6 3 0 . l 0 . 1 9 1 9  

6 30 . 1  0 . 1 2 5 6  

6 1 0 . 0 0 . 1 2 7 3  

5 7 0 , 0  0 '  1 60 7  

d i amagne t i s m \J f  empt y  amp l e  

0 1 2 0 1  

68 6 . 2  0 1 2 8 8  

68 6 . 2  0 . 2 2 7 8  

6 3 0 . 1 0 4 2 14 

6 30 . 1 0 . 0 ?  3 1  

d i amagne t i s m o f  emp t y ·> amp 1 

3 7  

T emp e r -
C o r r e c t ed 
D e f  1 ect ic•cl 

2 9 7 1+4 L� O 

? 9 7  1 6 .  7 1  

2 9 8  1 4 .  3 7  

2 9 8 2 3 . 6 5 

ho l de r :  4 6 7  

2 9 8  3 9 . 2 1  

3 0 1 0 . 5 0 

3 0 0  13 . 5 3 

2 9 9  1 6 . 6 1 

30 1 1 6 . 4 5  

h o l d r  6 7 2  

3 0 1 2 8 .  9 J  

300 l 1 • 6 6 

300 2 0  39 

.10 1  l 6 fi  

3 0 1 . 0 .  2 1  

tl O 1 d2 • . .  j ' 2 lt 

3 0 1  0 , / 5 

Cc 1re c t  ion to d i aro ag net ism o f  e mp t y  s amp l e  h o l d e r.  ! L  4 8  



t 1 d b .. . . , .L . ::' 6  t a n :  a t e  y F 1 gg 1 ;:;  a n u  e w L3 . F rom t he mo l a r s u s c e p t i b i l i t y , the 

e f f e c t i ve ma g ne t ic moment u w a s  c omp u t e d  b y  a s s um I 

t u n: of O " K  and u s  t h e  re l a t ion 

a Cur ie t empe ra-

38 

( 2 ) 

V .  Cond u c t ance Me a s u reme n t s  

·rh e s ame s o l u t i on s  u s ed i n  t he ne a r - in f r a r ed - v i s i b l e  s p e c t r a l  

s t u d i e s  we re a l s o  u s e d f o r  cond u c t ance m e a s u r ement s .  The c e l l cons t a u t  

- ]  o f  t h e condu c t a n c e  c e l l  h ad p r e v i o u s l y  b e e n  f o und to be 0 . 35 7  ern . · by 

T .  C .  Pat t e r s on . It was d e t e rm in e d  by me a s u r ing t h e r e s i s t a n c e  o f  t h e 

c e l l  c o n t a  0 . 0 2 0 0  mo l a r  p o t a s s i um ch l o r id e  s o l u t i o n . T'he r:e s i s ·-

t an c e s  o f  t h e  s amp l e s  we r e  me a s u re d , and t he eq u iv a l ent c on d u c t anc e s  

c omp u t e d . A l l wo r k  wa s done a t  2 5 . 5  ! 0 . 5 ° . A Mode l RC- 1 Condu ct iv i t y  

B r  made b y  I ndust r i a l  l n s t r umen t s , Inc . was u s e d f o r  t h e  r e s i s t an c e  

UlE' 3 ':3 U t:eme n t  



C HAFT ER I II 

RES tiLTS AN D D I S C USS ION 

A .  G e ne r a l  P r o p e r t ie s of Comp l e xe s  

T h e  an d r o u s  comp l exes u f  n i cke l C I I J  p e r c h l o r a t e  a n d  p y r id i ne 

b a s e s  s u b s t ir u L e d  i n  t ti.e 3- and 4- p os it i ons were f ound t o  be e i tt t e r 

s q u a re · - p l a na r comp l e xes h av ing t h e  gene r a l  f ormu l a � i ( X - py ) 4] ( C l04 ) 2  

or t et ragon a l l y  d i s t o r t ed o c t ah e d r a l comp l exes h av ing t he gene r a l  f o rmu l a  

(!-.1 i (X - py) 4 ( Cl0 4) 2] . The s e  c on c l u s ions a r e  b a s e d  o n  t he ana l yt i c a l  r e -

s u i t s , a s  g i v e n  in Cha p t e r  I I , an d o n  t he s p e c t r o s c o p i c  and m a g ne t i c 

d at a .  Low int en s it y a bs o rp t i on b ands in the v i s i b l e r e g i o n  o f  t b e  

s p e c t r a  a r e c on s i s t e n t \.J i t h  Ute a s s i gnme n t  o f  t r� ( c ent ros ymme t r ic 

U4h symmetry ) r a t h e r  t han c i s ( C 2 v s ymme t r y) c on f i g u r a t ions t o  t h e 

LN i < X - p y l 4 C C HJ4 l 2 ]  comp l exe s . F rom s ymme t ry c on s id e r at i on s of d - p i 

bon d i ng poss i b i l i t ie l ?  be t ween t he met a l  and t h e p y r id 1 ne b a s e , it 

s eems mo s t  p rD b a b l e  t h a t  the four p yr id ine mo l e c u l e s  a r e co - p l an a r  in 

t n.e xy - p l an e  o f. t he c ompl e x  ( a s  cont r a s t ed to a p a dd l e -"wt1e e 1  a rr a n g e -

me n t  uf. t h e  p y c i. d ine s ) . 

The  s p e c t r 0 s c o p i c  r e s u l t s  wi l l  be d i � c u s s e d  i n  mo r e  d e t a i l  i n  s e c  

l .Wn B o f  t r;L:i c r ; a p t e r  .. A t  t t1 i s po i nt , howeve r , i t  i s  a p p rop r i a te t o  

d i s c  s ome o t he r  c h a t a ct e r i s t i c s  o f  the s e  compound . 
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rne comp 0 unda wh ich have b e e n  a s s igned a s q u a r e - p l an a r  co n f igura 

t r u n  a r e ye l l o w i n  c o l o  

f o rmed y�e l l m ,; c y L-o t a l s , ft·l i (  3- p i. c )  ( C  a b c i ght y e  I i (Joe 

� 'j and N i { 4 N h  

l u t tno�, i t u r e .  t b e  4-me t h  py r id i ne and 3 l p y r id i ne ,,D:! ·· 

p l exe s bec ame b l ue ,  U1 e i o nue r o v e r a p e c io d  of L: ours , t h e l a t t e r, Ul a 

ma t t er o f  a f ew m in u t e s . T he 4 - am in o p y r i d in e  comp l e x a p p e a r e d  to be 

t a b l e  t o  at mo s p h e r i c mo is t ure f o r  a t  l e a s t  s e ve r a l  d a y  . 

T h e  o c t ah e d r a l  coo r d i n a t e d  comp l exes a re b l ue i n  c o l o r . A l l 

exc e p t  t wo w e r e  ob t a ined a s  ve r y  f in e  p owde rs . LN i ( 4 - i p p y ) 4 ( C l 04 ) ;J 

c i y s t a l l  i. z e d  a::: ttd n p l a t e s  f rom 4 -- i s o p r o p y l py r i d ine ( but a p owd e r  re --

su i t ed w h e n  t h e  comp o und w a s  o bt a in e d  by c r y  t a l l i z ing f rom c h l o ro f o rm 

or by d e c ornpo s the  benz e n e  c l at h r a t e ) . �i ( 3 , 5 - l ut ) 4 (Cl0 4 ) 2] c r y s t a l  

I t z e d  a s  o c t ahe d r a l  c r y � t a l �  f t�rn ben z e ne and f r om ch l o r o f o r m  a n d  as 

p l a t e .:; t r 0m c a c bun t e t r ac n l o  ide . A. ll o f  t b e  b l. ue a r e q u i t  

., 
h y g n;-:. c o p  i. e excep t i ( :L 5 - l u t )  4 ( c 1 0  4 1 2_! . 

I n  g e ne r a l , b o t h  b l u e  and ye l l ow comp l ex e s  a r e s o l u b l e i n  wa t e L  

a c e t"ne , e t ttano l a nd t he c vmpon e n t  p y r i d ine ( if  a 1 iq'.J i d)  g iv 

g r e e n  s u l u L T h e  deg r e e  o f  s o l u b i l it y v a r i e s  f r om s l  

b l ue 

f o r 

t ·� 4 - '; i d llt e c omp l e x t o  v e ry s o l u b l e  f o r  t.lle p y r i d in e  comp l ex . 

S o l  t ion i tn t t.J  t ake p l a ce i n  m o s  c a s e s by t h e add i t  ion o r:  s u b -

s1 i t u t i on a t wo mo l e c u l e s  o f  s o l vent along t h � mo l e c u l a r  a x i s  pe rpen-

d i c d a  v t n e p 1 a n e  o f  t 'J e  1-t py d. d ine l ig a n d s . 
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l t e  p r i n c 1 p a l  except ion t he s e  gene t a l i z a t ions abo u t  s o l u b i l it v  

d l lne tl !y l p y r i d ine . I t  i s  s l ight l y  S(l l ub i e  in ace· r u n e , g iv a b l ue .:0 0 1  

t i on . a n d  r e ad .L1 y  :-: o l ub l e.  in c h l o r o f Q rm , g i v ing a y e l lo� 8 G l ut ion wtl i c t  

i.Ce r. e  exam i ne.d u n d e r  a po l a t  i z i ng m i c ros cope . l rt e  c. r y ;, t a l s  we r e  f o un:i t , ·  

be an is o t rop i c  and d ic h ro i c . 

T b e  r e s u l t s  o f  t he magne t i c s t ud ie s and c a l c ul a t i on s a r e  g iven lJ I 

T a b l e TV , A mong t he ye l l ow comp l exe s , [N i ( 4 - Nll2 P Y ) 4j ( c l04) 2 and 

[N i t 4 - p ic l 4] ( cl04) z were f ound t o  be d iamagnet ic , wh i l e  [� i ( 3 - p i c ) 4] < C li JL� ! .  

s h owed a s ma l l magne t i c  momen t ot  1 . 05 Boh r rnagnet ons . T h e  d i amagne t i s m  

f o un d  in t h e f i c s t  t w o  c a s e s  i s  c o n s i s t ent w it h  t he a s s i g nment o f  s q u a r e  

p l anar conf igurat ions t o  t he s e  c om p o und s . T h e  p a ramagne t ism o f  t h e  3 -

me t t y l p y r i d i n e c omp o u n d . n owe ve r , 1 s  of  int e r e s t . The r e  a r e  t wo p o � s ib ! e  

e. xp l an at i o n : ( l )  tt' e 3A 2 g  s t at e of ttle n i c ke .l may l i e u nl y �:. l i l y  

8 Love t h e  l A J g g ro u n d  s t at e , thus a l l ow ing t he rma l exc it ;; t ion o f  a n  e l e c -

t t \�)fl t [()Ill t h e tng l e t g r ound s t a t e  t o  the t ri p l e t. exc i t e d  s t a t e , o r  

( ! l  U i E  � amp l e  nu , t1 ave been a m i x t u c e  c . t  d i amagnet ic a n d  p a r am agne t i c  

pee: 1 e �1 .  

lt; e f a c t  t rtat t he y e l l ow :� - me t hy l p y r i d i ne comp le x c an b e  read i. t v  

C)b \"<'' t t <: d  t a b l w:o mud ii i c at ion Lav ing a magne t i c moment. of 3 . 4 6 B .  �L 

' c a t i r, g  at 1.7 0 "  �J•.Ju l j  se E�m to f avo r t he f i r s t  exp l an a t i on . Howe v e r , 
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o n e  v.IC· 1 1 l d  e x p e c t  a t emp e r a t  u r e - d e p e n d e n t  magnet i.e momen t  in t te c a s e  p t 

l '1 > '1 . l . 2 8  a t h e rma y acc e s s ! e t r i p  e t  � r a L e .  A l t b a u g h  a t he r mo s t a t e d  mag-

n e t i c  b a l a n c e  was n ot a v a i l a b l e  for t e mp e r a t u r e·-d e p e n d e n c y  ::; t ud ie s , a 

s in g 1 e ma gn e .. ic moment det e rm ina t ion w a s  made o n  t h e ye 11 Ow camp 1 ex at 

a bo u t  7 0 " . Che re �,.,a s l i J  s i gn i f i c an t change in the v a l u e  of U1 e magne t i c  

rn8ue n t  f r 0m t he 1 . 0 5- B .  M .  v a l ue o b s e rv e d  a t  2 8 ° . 

p , e  p o s s i b i l i t y  o f  a m ixtur e of d i ama g ne t i c and p a r am a gn e t i c  

n i cke l s pe c ie s  seems mo r e p roba b l e .  2 9  
A recent x- r a y  s t udy o f  t h e  we a k  I 1 

p a ramagnet ic ( 2 . 5 8 B .  M . ) y e l l ow f o rm o f  b i s (�� - s t il ben e d i a m i ne ) n i c k e l 

( 1 1 )  d i c h l o r o a c e t at e  h a s  s hown t h a t  c r y s t a l s  o f  th is ye l l ow m a t e r i a l  

con s i s t  o f  a m ix t ure o f  pa r amagne t ic o c t a h e d r a l mo l e c u l e s  a n d  d i amag n e t i c  

p l an a r  m o l e c u l e s ,  B y  an al ogy , t he ye l l ow � i ( 3� p i c ) J ( c l04 ) 2 m a y  be 

s im i l a r l y const i t ut e d . 

Some t::> amp l e s of t he y e l l ow 3-- me t h y l p y r id i n e  c omp l ex co u l d  de f i n it  l ,  

be s e e n  to cont a i n some b l u i s h  c r y s t a l s .  T h e s e  co u l d  be t he d i a q uo c o m ­

p l e x . [N i ( 3" p i c ) 4 ( Hi! ) ( (: 1 0 1.! ) 2  ( t,owever , u, e s a mp l e s  '"e n� h a nd l e� d  i rt a 

d r y atmosphe r e to a vo i d con t a c t  w i t h moist ure) , o r  t he anhydrous h igh 

t emp e r a t u re mod 1 f i c at. i on , [,N i ( 3 - p ic ) 4 ( C 10 4 ) , wh i c h  may f o rm in s ma l l 

amo u n t s  a t t he 7 0 ° - 80 ° t emp e r a t u re s req u i red t o  p r e p a r e  t he ye l l ow comp l e x 

W h en a samp l e  o f  t h e  y e l l ow ma t e r i a l  w a s  added to d i c n l o r o me t h an e , p a r t  

o f  t h e  s o l i d d i s  l.ved q G i c k l y ,  tJut s ome b l ue s o l id rem a in e d  und i s s o l v e . l . 

W h e t h e r t b e  b l ue s o l i d f rmed d u e  t o  a t r a c e  of mo i s t u r e  in the d i ch l o r o 

me t rl ane or 1.1n e t h e r  i t  \,Ja :,;  o r ig i n a l l y p r e s ent in t he ye 11 ·JW sampl e wa::, r�< 

de t e rmined , Th e r e  i b , t h e r e f o r e , at p re s e n t  no conc l us ive ev i dence to 
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The r ema in i n g  c omp l e x e s  l i s t e d  in T a b l e IV a r e  b l ue and have m a g -

ne t i c  moment s  f a l l in g  wi t h in o r  n e a  t he 3 . 0 - 3 .  3 B .  M .  range e xp e c t e d  

for o c t ar, ed ra l n i c k e l ( I l )  comp l e x e s . No e xp l ana t i o n  c a n  be o f f ere d  for 

the l i g h t l y  h i g h v a l ue of 3 . 60 B.  M .  o b s e r v e d  i n  t he c a s e  o f  

3 .  J.' l ec t r c l  t i c Con d u c t an c e  

T h e  r e s u l t s  o f  t h e c o n d u c t an c e  me a s u r ement s a r e  g i v en i n  f a b l e  V .  

I n  a c e t o n e  s o l ut ion s , v a l u e s of t he e q u iv a l ent conduc t ance were in the 

r an g e  8 1 - 1 2 0  cm .
2

o hm- 1 mo l e - 1 . One wou l d  expect much h ig he r  val ues f o r  

a 1 : 2  e l e c t r o l yt e  s in ce to-4 mo l a r s o l ut i o n s  of 1 : 1  e l e c t ro l yt e s  in 

a c e t on e  have been rep o r t ed to have e q u iva l ent condu c t a n c e s  of 1 5 0 - 2 0 0  

2 - l  l 30 
e m .  ohm mo l e  . I n  t he c u r rent s t udy , h oweve r ,  t he s o l ut ions were 

q u i t e  c on c ent r a t e d , and ext e n s ive i o n  a s s o c i a t i on c o u l d  h a v e  o c c u r r e d , 

c a u s i ng t h e  l ow va l ue s . One impo r t an t  conc l u s ion c an be dr awn · s ince 

t he s o l ut ions d i d  conduc t , i t  i s  c e r t a in t h a t  a t  l e a s t  s ome of t he pe r ·  

ch l r a t e  w a s  d i s p l a c e d  f !. orn t he c o o r d i n a t ion .:J p here d u r i ng t he s o l v a t ion 

p roc e s s . 

P o r  t h e  s o l u t i o n s  in wh i c h  e a c h  c o mp l ex was d i s s o l ved rn i t s  

c·>mp o ne nt p y r id i n e , t h e  va l u e s  o f  t h e  e q u iv a l en t  c on d u ct an ce r an ge d  

l 6 t ' 5  2 ' .. l 1  .. 1tn- l m�-· l e �  1 . r om . .  . o  J em . � _ Ag a in the s o l u t ions w�re t o o  c on c en-

t r a t eJ f o r  r e l i a b l e  d e t e rm i n a t ion of the n a t u re of r be e l e c t r o l y t e . 

A l s o ,  ne i t he r  con d uc t a nc e s i n  n o r v i s c o s i t ie s  f o r  t h e  ma jor i ty o f  t h e s e  

so l vents h ave been r: epo r t e d i n  t he l it e rat ure ; rtence t he r e  i s  n o  o the r 

d a t a  a i l a b ! e  fo 1 comp a r i s on s . I t  i s int e r e s t ing t o  o b s e rve , h oweve r , 
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TAB LE V 

COND lJCTAN C E MEAS UH EMENTS 

C o n c e n t r a t i n n  
i n  Mo 1 e s/l . 

X 1 0 3 So l vent ·--------------------

[N i  PY 4  ( C l0 4 .J 2 ]  
f_N i� b ipy)  2 C C l 04 ) 2] 
[N i ( 3-Br 4 C C l04 ) 2] 
[N i (  3--p ic ) 4] (C l04 ) 2 

@liC  J - p ic ) 4 ( C l04 )  2] 
� i ( 4-p ic ) 4] Cc l04) 2 
�i ( 3 , 5 - l ut ) 4 ( C l04 ) 2] 

[� i ( 4 - ip py )  4 ( c lO 4 ) 2l 

LfH PY4 ( C l04 )  2 ] 
(N H 3- B r  p y ) 4 ( C l04 ) 2] 
li-ne  3-p ic ) 4lcc 1o4 > 2 
[N i ( 4 --p i c)  4} C l 04 ) 2 

i ( 1+ - etpy ) 4 C c l04 ) 2] 
[N i ( 4 ·- i ppy ) 4 ( C 10 4 l  2] 

] 4 . 7 

1 4 . 1 

1 7 . 5  
1 2 . 1  

1 0 . 0 

2 1 . 5  
8 . 9 7 

1 4 . 5  

1 3 . 4 
2 6 . 2  
2 2 . 8  
2 1 . 8  

2 4 . 0  
1 5 . 3  

Ac e  Lone 

Acetone 

A cetone 

Acetone 

A cet on e  

Acetone 

A c et one 
Acetone 

P y  

3 - B r py 

3-p ic  

4 -p i c  
4 --- e t p y  
4 - ipp y 

Re s i s t ance 
in O hms a 

2 39 
2 1 1  
2 32 
2 60 

300 

1 7 0  

330 

2 34 

7 5 1  
8350 

690 

1 500 

L' 6 30 

4 5 

--·---

Equ i va l ,o,n t  
C onduct ance 

') 
in Ctn . L 

O hm·· l Mo l e - 1 

1 0 2  

1 20 

88  

1 1 3  

11 9  

98 

1 20 

l O S  

3 5 . 4 

l 6 

2 2 . 7  
2 1. 9  

9 9 

8 . 9  

·-·--..-�--'">'.,_ __ .......,....__._.,. __ , _______ �---- ---�··d--�-�------�""-'--

aCe 1 1  c o n s t ant , k = 0 . 3 5 7  e m . - l 



t h a t  t h e  t h r e e compoun d s  h av ing t t e  sma llest m e a s ured e q u i v a l e n t con­

du c tan c e "' in the p y r i d i n e  s o l vent s are t he s am e  t h r ee compound s wh i ch 

s how s p l i t t i n g s  of the f i r st a bs o rpt i on band i n  t h e i r  nea r - inf r a r e d  

s p ec t r a . I t  i s  p o s s i b l e t h at i n  t h e s e s o l u t i ons t he re is l it t l e  t en ­

d e n c y  f o r  t h e  s o l vent t o  d is p l a ce p e r c h l o r a t e  f r om t he coord i n at Lon 

s p h e r e of t he n 1 cke l c omp l ex . 

4 .  C l a t h r at ion 

4 6 

C l athrat e s  we r e  o bs e r·ved t o  f o rm w i t h  two comp l exe s d u r i n g t h i s  

st udy , a n d  i t i s  s u s p e c t e d  t hat enc l a t hrated s o l ve nt may have been t h e  

c a u s e o f  p o o r  an a l y t i ca l r e s u l t s  in s ome of t h e  un s u c c e s s f u l  p r ep a r a ­

t ions . N o  a t t empt w a s  made t o  s t udy and c h a r a c t e r i z e  t h e s e  i nt r i g u in g  

c ompoun d s , but a br i e f  d e s c r i pt ion o f  s ome o b s e rved p r ope r t i e s  i s  o f  

int e r e s t , 

F rom t h e  ana l yt i cal r e s u l t s , t he p r e s e n c e  of e n c l a t hr a t e d  be n z e n e  

in a l mo s t  a 2 : 1 mo le rat io w a s s us p ect e d  in t he o r ig in a l  � i  py4 ( C l 04 ) ;J 
samp l e .  The s amp l e w a s  decompo s ed i n  h yd r o c h l o r i c  a c i d  s o l ut i o n  and 

this s o l u t ion wa s he d  w i t h h e p t ane . The ul t r av io l e t ::; pe c t r um of the 

h ept. ane ext r a c t c on f i rmed t h e p r e s e n c e  of b enz e ne in t he s amp l e . T he 

c l a t h r a t e  was a l i ght b l u e p owd e r ,  and t he gue s t  was a p p a rent l y  qu i te 

dru n g l y  t1e l d  i n  t n e  h o s r: l a t t i c e . f o r  it \v a .s  ne ce s s a ry tv d r y  t he 

comp o un d  at 50° a n d  l rum f o r 5 d a y s  t o  c omp l e t e l y  st r i p  t h e b e n z e n e  

f r om t he ho s t . No c o lor c n an g e  w a s  not e d  wh e n  t he gue t wa s remove d  

a n d  n o  s i :c£n i t i cant c h anges o c c u r-red in t he s pe c t rum o f  t. b e  ;:; o l i d comp l e x  

e xc e p t  r h e  d i s a p p e a r anc12. o f  t tle b e n z e n e  b an d s  f ro m  t h e  i n f  r· a r e d  s p e c t  r m;t . 
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Ttle ve l l olv c l at li r'at e o t  benz ene ar1d I N i ( 4  ipp v ) ( C: l'J4 ) .; 1  was d i  -
' j 

c c J ve r e d \vnen Cl benzene s o l u t Lon OL t tt e  comp l ex w a 0  e v ap o r a t e. ']  a t  )t) .. , y:, •· 

,,, i tt ,  a Ri.nco f l a s h  e v ap o r a t 0 1  a t t a c h e d tr.:- a v<at e. r  a ::; p i r a t o r , ! ' n dt:: r t n e 

s am e  c on d i t �J n s  a ye l l ow tol uene c l athra t e  r e s u l t e d  upon e va p c r a t i ng 

t o l uene s o l u t i o n , J t"i e � e  c l a t h r a t e  \vE: H' t1 c r y s t  l l i ne lliB t e r l a l :i ,  

d ry tO t tl.e LUUC l i  T s me l l ed S t r0n g l y  o f  benz ene r t o l uene 

t D J uene c l a t h. r a t e  was s l igtlt l y  mo r e  s t a b L e , but b.:>Ut l t g ue t m ::ll c 

cu l e s ra p id l y , l e av ing t he ho s t  as a b l ue powde e . A.t 35 " a n d  1 8  mm . ,  

the ye l l ow cr y s t a l s o f  t he c l a t h r a t e bu r s t  a p a rt , revert ing to a b l u e 

powd e r  i n  2 - 3  m in ut e s . When t h e  s o l u t ions we re evapo r at e d  at t em pe ra -

t u re s  b e l ow 20° o r  a bove 5 0 " ,  a cons i d e r a b l e  amount of b l u e  s o l id 

c rys t a l l i z e d , and the amount o f  y e l l ow m at e r i.a l c ry s t a l l i z ing d im i n i s h e d  

ra p id ly  at mo re ext reme t e mp e r a t u re s . The v i s i bl e s pe ct r um of t h e  

t o l uene c l a t h r a t e  w a s  ve ry s im i l a r  t o  th a t  of t h e  � q u a re p l an a r  

[N i ( 4-p ic) 4] cciU4 ) 2 comp l e x  d i s c u s s ed in t he next s e c t ion . No ana l ys e s  

vJe r e  a t t emp t e d becau s e  v f  t he ir� ; t ab i l it y  o f  t h e c ompoun..:Ls . L: -,ca p 0 r c;t. i 0 o  

:) [ c yc l ob ex an e , acet one , and c h l o ro f o rm s o l u t i on s  o f  [N i(4- yl 4 t C l01� ) 
g a ve on l y  b l u e  s o l ids . It is t h o ught , the ref o r e , that a p i - e l e c t r on 

s ys t em , a s  f o und in a romat i c  rt y d r o c a r bon s , ii i n e c e s :::; a r y f o r  c i a t h r a t i c n  

o c c ur Th i s  � eem s t i n d i c a te an int e  a c t 1 on of t he p i - c l o ud of t h e 

gue s t  w L � h  t n e  n o � t  comp l e x .  
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B .  S p e c t ro s co p i c  Re s u l t s  

L I nf rared r a  

a Pe r c h l o r a t e  bond s . T h e  p er·c h l o r a t e  i o n  c ons i s t s  of H c h l o r i t � c  

a t om s u rr o unded f o u r  oxygen atoms B it u a t e d  at t he c o r n e r e:: of a r e g u -

J a r t c t r a b ed i o n . t;. e n c e  i t  b e l ongs to s ymme t ry po �nt gr oup T ct . Th�� f i ve 

i l tcJHL::. c o n t r ibu t e  9 de g rees of f r e e dom , but d ue to t tle h i g h  s y mm E: t r y nt 

u,e ion t he r e  a r e on l y  LJ u r  no nua l  mode s . T t1 e  a ;, s i g nmen t s  of t n e  no r ma l 

mod e s  have bee n  e s t a b l is h e d  f rom i n f r a r e d  a n d  Raman s p e c t ra l s t ud i e s  by 

1 . . 3 1 - 3 3  s ev e r a  Lnv e s t Lgat o r s . T h e s e  a s s ignme nt s  a r e l i s t e d  in T a b l e  VI . 

O f  t he f o u r no rma l mod e s , o n l y  V 3 •  ant i s ymme t r i c  s t ret c h ing , and V74 , 
a n t i s yrnme t r i c bend ing , a re inf r a r e d  a c t ive . The fo rme r ,  oc c u r r ing at 

1 1 1 0  ern . 1 , a p pe a r s  in t he i n f ra r e d  s p e c t r a of ion i c  p e rc h l o rat e s  a s  a 

v e r y  b ro a d , s t r-ong b a n d  w i t h  a poo r l y  d e f in e d  max imum ; t h e  l a t t e r  oc c u r o  

be l ow t h e  r e g ion a c c e s s i b l e  w it h  s od ium c h l or i d e  opt i c s , but i s  re a d i l y  

b � 2  6 - l 
. . b . d . 

o s e r ved a t  6 ern . w 1 t h  p o t a s s Lurn rom1. e opt L c s . T he s ymme t r i c  

s t re t c h ing f req u enc y VI , w h i c h  i s  t he o r e t i c a l l y in f r a r e d  i n a c t ive , 

u s u a l l y app e a r s  v e r y  wea k l y  at 9 32 em . � 1 
d u e  t o  d i s t o r t i o n  o f  t he i o n  

i n  l!:l e  c ry s t a l  f i e l d . 34 The syuune t r i c bend i ng f re q He n c y  v2 i s  a s s igned 

a t H' qu en c y o f  4 6 0  em . 1 f rom Raman s p e c t r a . 

F i g u r e  6 hows t t• e  i n f r a r e d  s p e ct r-um of t he y e l l ow [N i ( 4 - p i c ) L�] - �  

C C l 0 4 ) 2  c omp l e x in t he 7 1 2 . 5  f r eg ion , and t he p e r c h l o r a t e  band s of the 

ye l l ow c omp l exes a re l i s t ed in T a b l e  V I I a l o ng w i t h  t h e  co r r e s pond ing 

ban d s  fo r some p e r c h l o r a t e  s a l t  . I t  c a n b e  s e e n  t n a t  t he s t ro ng , broad 

·- l 1 l l l O em band an d the v e r y  w e a k  9 3 2  ern . - band f it t h e  req u i remen t s  o f  



Symrne t ry 

C 3v 

Vi 
A ( R l 

s yro . s t r . 
932 

A I  ( I  . R ) 
C l  s t ::--

TABLE VI 

VI BRAT IONS OF THE C GROUP 

L') v 2 
E (  

s ym. bend . 
460 

E( I , R  
rock . 

Mo de s a 

V3 
( I  , R ) 

a s y .  s t r . 
1 1 1 0 

/ \  Vr 4 
A ( I , 

C l0 3  
s ym.  s t r  

E ( I , R ) 
C l -0?' 

a s y .  bend . 

\- 4  
T ;;  I .  

a s y . bend . 
62 6 

/ \  / '\. 
// '\ 

I 
0 / 

\ 3  
A� I , R !  
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TABLE V I I  

I N F RA R ED ABSORPTION OF C l04 I N  � i ( X - py ) 4] ( C l04) 2 COMPLEX ES 

d 
. a Ban A s s �gnment s 

Tct Symme t ry 
V3 V1 

T2 ( I , A ( R )  

5 1  

-�-� - ·  Co_rn,p ___ o_u_n_d ____________ 
A_s_..__· _S_t_· r_· ·-------� . S t  r .  _ 

[N i ( 4- p ic ) 4J c c i o4) 2 

QN i < 3-p ic ) 4J c c 1o4) 2  

� i (  4-NR2py) tJ C Cl04) 2 

KC l04 

(l'u c R iJ ) 6] c c w 4) 2 3
4 

1040- 1 1 30 s , b  

1085 - 1 1 05 s 

1050- 1155 s , b 

10 70- 1 1 65 s , b  

1030-11 90 s , b  

aA = non-degene ra t e ; T = t l:' ip l y  degenerat e ;  1 = inf rared 

93 1 w 

931 w 

935 vw 

942 w 

9 3 0  w 

a c t ive ; R = R aman act ive , s s t rong ; w = we ak ; vw = ve ry weak ; b = 
broad . 



5 2  

'T ct  :o ymrnet r y  ve ry we l l  and c orl f irm t he p r e sence . .:>t i on ic p e rc h l o r a t e  i n  

t h e s e  comp l e xe s . 

l f  t h e  p e r c h l o r at e g ro up b ecome s coo r d i n a ted t h r o ugh o n e  of it s 

oxygen a t oms , t h i s at om is no l on g e r equ iva l ent to t he ot h e r  t h ree 

oxygen a t om�; . and t h e  T ct  s ymmet ry o f  the pe rct1 l o r a t e  ion i �;  reduced t 

C Jv s ymmet ry i n  t he per c h l o ra t e  g ro u p . Th i s  reduc t io n  in symme t r y re 

su l t s in a s p l i t t i n g  o f  the two t r ip l y  d e g ene r at e  norm a l  modes of v i b r a -

t iorL A l so , t he two s ymmet r i c no rma l mod e s  b e c ome i n f r a red a c t i ve 

s in ce t h e s e  v i b r a t ions a re a ccomp a n ie d  by a ch ang ing d i po l e  moment . 

Table VI a l so s hows t h e  no rma l modes o f  t h e  p e rc h l o ra t e  gro u p  and c o r -

r e l a t e s  t h em w i th t h e modes o f  the p erch l o r a t e  ion . 

F i gu re 7 s hows t h e  inf r a r ed s p e c t r·um o f  t he b l ue r� i( 3 , 5 - l ut ) 4-

( C l04) 2J c omp l e x  i n  t h e  7- 1 2 . 5  f reg ion , and t he p e rch l o r a t e  bands of  

t h e  b l ue c omp l exes a r e  1 is t ed in T a bl e V I I I , I n  e a c h  c a s e , t he s t rong 

vl an d v4 band s appear at a bout 1 030 and 1 1 40 c m . -
1

' r e s pe c t i ve l y , 
.. 

t h e " e  a r L e  f rom t h e  s p l it l i n g  of t he broad V1 3 baud (, t ion ic p e r c h l o rat e .  

The ch lo r in e - c o o r d in at e d  oxygen ( C l  ) s t ret c h ing f re q u e n c y  V2 , co r·-

r e !-! pond ing to the inact ive VI mode i n  Tct s ymme t r y , appe a r s  as a med i um 

o r  s t rong band at a b o u t  925  � 5 cm . - 1 . T h e  range o f  f re q u enc i e s  o f  

t h i s  band i s  sh i f t ed t o  s l ight l y  l ower e n e rg i e s  than  t h a t  obse rved for  

the i na c t ive Y11 ban d  ( 9 32 cm . - l ) i n  t h e  i on i c  comp l exe s . Th i s  s h i f t:  

may be i n t e r p r e t e. d  a s  f t l r t he r  e videnc e f o r- coo cd i nat ion of t h e  per-

c h l o r a t e  g roup s in c e  coo rd inat ion t h rough a give n o x y g e n  at om wou l d  be 

exp e c t e d  to l owe r t h e  bond o rd e r ,  and hen c e  t he v i b r a t i o n a l  f requency 
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TABI,E V I  I I 

l NFRAHED ABSOR PTION Of< l04 IN �i(X -py) 4 < C  to4) 2] COMPLEX ES 

Band As s ig nmen t 
C Jv S ymtnE:: t ry 

A ( I , R) E ( I , R )  A t ( I , R ) 
C ompound C lU 3 S ym .  S t r .  C lO ;' A s y . Bend C lO '' St r .  

- -·---�-�--·---------...-.-· -·-------

�i  PY 4 ( C  l 04 ) 2] 1 0 3 2  s 1 1 3 3 s 9 2 9  m 

�i( bipy) 4 C C l04 )  2] 1 02 0- 1 040 s 1 1 1 0 - 1 1 4 5 s 9 2 3  lU 

�i ( 3 -Brpy)  4 ( C l04 ) 2] 1 02 5  s 1 1 40 �  1 1 6 5  s 9 2 0  lU 

� i( J-pic) 4 (C l04 ) 2] 1 02 0- 1 0 3 5  s ] 1 2 3- 1 1 60 s 9 2 8  s 

� i{ 3 , 5 - 1 ut ) 4 ( C l04 ) ;J  1 02 5 - 1 0 5 5  s 1 1 1 5 - 1 1 6 5  s 9 30 s 

�i(  4- e t py )  4 (  C 104 ) 2J 1 02 7  s 1 1 3 0 - 1 1 5 5  s 92 5 lU 

� i ( 4 - ippy) 4 ( C l04 ) 2] 1 0 1 0 - 1 04 5 s 1 1 2 0- 1 1 60 s 9 2 0  s 

HC l04 3
4 

1 0 3 2  1 3 1 2  7 3 9  

C lO F 3
4 

3 1 0 6 1  1 3 1 5  7 1 5  

a A "' non- degene r a t e ; E = do u b l y  degen e r a t e ; I inf ra ced 
acr i ve ; R = Raman act ive ; s s t rong ; rn med ium . 



o f  t h e  c o r r e spond ing C l -O* bond . 35 The c o r r e s p ond ing s h i f t  h a s  been 

r e p o r t e d  for the s u l f at e  ion 3 6  to b e  f rom 98 1 cm . - 1 (Td ) t o  970 cm . - l 

5 5  

( C 3v) ,  wh ich i s  a bo ut t he s am e  o rd e r  o f  magnit ude a s  t h e  s h i f t  o b s e rved 

h e r e  Pe r c h l o r a t e  coo rd i n a t ion t o  n i cke l throug h a n  oxygen atom i s  not , 

howeve r ,  the equ i v a l e n t  of comp l et e  c ov a l en t  bond fo rmat ion . I n  t he 

l a t t e r  c a s e , a much l a r g e r  sh i f t  o f  the Y)2 band wou l d  be o b s e rve d . For 

\J2 
1 examp l e , r o c c u r s  at 7 39 em . - in the s p e ct r um of anhydro u.:. p e r c h l o r i c  

. 3 7  7 1 5 - l . h 1 1 1 . 38 ac 1d and at em . 1n t e s p e c t rum o f  pe rch o r y  f uo r 1de ; t he 

co r r e s pond ing s h i f t s  ( f rom 9 32 cm . - l f o r  ionic perch l o r at e )  a r e  t h u s  1 9 3 

em . - l f o r  t h e  C l -OH s t re t ch and 2 1 7 em . 1 f o r  t he C l -F s t re t c h . 

On p ag e 40 ,  it wa s indicated t h a t  s o l ut ion o f  the b l ue comp l exe s 

was thought t o  invo lve the s u bs t itut ion o f  s o lvent f o r  pe rch l o rate in 

t h e  coo rdinat ion s phere . This is n o t , however , t rue in every c a s e . The 

in f r a red s p e ct rum o f  a d i c h l o romethane so l ut ion of [N i ( 4- ippy ) 4 ( C l04) 2J 

s howed pe r c h l o r a t e  band s typ i c a l  o f  coo rdinated p e r c h l o r ate . When t he 

s p e ct r um wa s nm aga in a f t e r  a 1 5  m in ut e  int e r v a l  u s ing the s ame s o l u -

t i on and c e l l , the 7 � 1 and 1 )4 Y ban d s  we r e  con s id e r a b l y  r e duced in in-

t e ns i t y  and d i st o rt ed , ind i c a t ing t ha t  coo r d in a t e d  pe rch l o rate was b e ing 

rep l ac e d  in t he comp l ex by c h l o r i d e  f rom the ce l l  wa l l s .  

b .  Py r id i ne bands . I n f r ared bands a r i s ing f rom v i brat ion s  o f  the 

p y r id in e  l ig and s h ave been l is t e d  in Ta bl e  IX for t he 700- 900 em . -l and 

1 1 2 5 - 1 65 0  cm . - 1 r e g ions o f  t h e  s p e ct r a . Bands have a l s o  been t a bu l at e d  

f o r  t h e  f re e  p y r i d ine ba s e s  in the s e  s am e  region s . N u j o l  a bs o r p t ion 

of ten p re vent e d  o bs e rvat ion of bands in the n e ighborhood of 1 3 80 and 



C ompoun d E  

p v  

�i py4 ( C l04) 2l 

bipy 

� -1 �i (  b i p y )  2 C C l04) 2 1 

3 -Brpy 

� i ( 3 -B r p y ) 4 ( C 104 ) ZJ 

4-NH 2 PY 

i
l ! i { 4 -IE2 P Y ) 4 C C l04 ) 2 

TABLE IX 

INFRARED BANDS OF FREE AND COMPLEXED PYR I D I N E  DER I VAT IVES 

7 00 - 9 0 0  Cm . 1 Bands 

7 0 3 , 749 

7 0 3 ' 7 5 9 ' 7 6 3  

7 5 6  

7 3 3 ,  7 6 3  

7 0 0 , 7 9 3  

6 8 2 . 6 9 7 , 7 1 7 , 7 9 9  

8 1 1 ' 8 2 2 ' 8 44 

8 2 6 , 8 4 6 , 8 5 3  s h  

1 1 2 5 - 1 6 5 0  Cm . - 1 B a n d s 2 

1 4 3 9 ' 1 4 8 2 ' 1 5 7 2 . 1 5 8 0  

N ,  N ,  1 5 9 8 , 1 6 3 2  

1 1 44 , 1 2 2 0 , 1 2 5 1  1 4 2 1 , N ,  1 5 6 7 . 
1 5 8 8  

1 1 6 3  s h , 1 1 8 1 , 1 2 0 . 1 2 5 1 , 1 32 0 , 
1 4 5 0 ' 1 5 0 0 , 1 5 7 5 ' l G2 0 

1 1 9 4 , 1 2 2 4 , 1 3 2 5 , 14 1 8 ,  1 4 68 , 
1 5 6 7 ' 1 5 8 0  

1 2 0 5 , 1 2 3 3 , 1 3 3 2 , 1 4 2 5 , N ,  1 5 6 0 
1 5 9 5  

1 2 2 3 , 1 2 7 9 , 1 340 , 144 5 , 1 5 1 5 , 
1 60 0 , 1 6 5 0  

1 2 2 0 , 1 2 9 3 ,  1 3 5 5 , N ,  1 5 2 5 , 1 6 3 7  
1 65 0  s h  

V1 
0\ 



Compound 

> r 
� '-

� i  ic)  

� i (  3- p i c ) 

4- p i c  

-, 
C l0 4) I 

( C l04) 2 

i ( 4- p ic ) 4! C C 10 4 ) 2  
� 

4-e t py 

( 4- et py )  4 ( C l04)  

3 . 5 - 1 ut 

� 
� i ( 3 , 5 - 1 u t ; 4 ( C 104 ) 

TABLE IX ( CONT INUED) 

7 0 0 - 9 0 0  Cm . - l Bands 

7 1 1 ' 7 9 3  

1 0 7 . 7 98 ' 8 1 8 

7 0 6 .  8 0 7  

7 1 2 , 7 2 6 ,  7 9 6  

7 2 3 .  8 1 4  

7 7 7  8 2 4  

7 8 9 8 3 ]  

7 1 0 ' 8 5 8  

7 0 7 , 7 6 0 , 8 7 3  

1 1 2 5- 1 6 5 0  Cm . - l Bands 8 

1 1 9 6 ,  1 2 3 2 , 1 3 8 9 . 14 2 0 ,  1 4 8 5 , 
1 5 8 0 , 1 6 00 

1 2 04 ,  1 2 5 0 , N ,  N ,  1 492 , 1 5 9 0 , 
1 61 5  

1 2 0 3 , 1 2 5 0 , N ,  N ,  1 4 9 5 , 1 5 9 0 , 
1 6 1 5  

1 2 1 0 , 1 2 .2 0 , 1 3 30 s h , 1 3 8 0 , 1 40 8 . 
1 4 5 0 . 1 492 , 1 5 6 1 , 1 605 

1 2 1 2 , 1 2 3 2 , 1 3 3 5 , 1 3 8 3 , 1 42 8 , 
1 44 8 , 1 5 0 0 , 1 5 6 5 ,  1 6 2 

1 2 2 5  1 3 2 0 '  1 38 0 ' 1 4 2  2 '  1 4 6 (1 ,  
1 5 0 0 , 1 5 67 , 1 o 1 

1 2 1 5 , 1 2 3 3 , 1 4 35 . 1 5 1. 5 , 1 5 67 ' 
1 6 2 5 

1 1 58 ,  1 1 73 ,  1 2 3 6 ,  1 2 7 5 , 1 3 3 0 .  
1 4 3 0 , N .  1 5 7 5 , J. 6 l 0  

1 1 6 0 , 1 1 92 , 1 2 5 J , 1 2 8 3 , 1 3 35 . 
N ,  N .  N ,  1 6 1 

- : ........ , .. ,·-�· ----=�"""'·'""�=---

VI 
'-J 



TAB LE IX ( CONT IN UED) 

C ompound 7 0 0 - 9 0 0  Cm . - 1 B a n d s  

4 - ip py 7 5 0 , 8 1 9 , 8 9 3  

� Gl\li( 4- ip py ) 4 ( C l 04 ) 7 2 3 ,  7 6 5 , 8 2 8 , 8 9 5  s h  

- 1  1 1 2 5 - 1 § 5 0  Cm . Bands 

1 2 2 1 , 1 2 40 . 1 3 1 4 ,  1 3 68 . 1 3 9 0 , 
1 4 1 4 , 1 4 6 0 , 1 4 9 3 .  1 5 5 5 , 1 6 0 0  

1 2 3 5 , 1 2 5 0 , 1 3 1 7 , N .  N ,  1 4 30 , N 
1 5 0 5 , 1 5 5 5 ' 1 5 9 5  

aN ind ic a t e s  bands o b s cu r ed by N u j o 1  a b s o r p t ion ; s h  = s ho u l de r . 

V1 
00 



5 9  

1 4 6 5  
-- 1 

em . and p e r c h l o rate a bs o rp t i on o b l i te rat e d  p y r i d ine f re q uenc i e s  

i n  t he 9 5 0 - 1 1 7 0 cm . - l r ange . 

S t rong band s i n  the 7 0 0 - 9 0 0  em . 1 r e g i on i n  s p e c t r a  o f  a rom a t i c  

hy d r o c a rbon s h ave been ident i f i e d  w it h  mot ion s o f  r ing hydro gen atoms 

moving in p ha s e  o u t  of t h e  p l ane o f  the 3 9  The f reque n c i e s  o f  t h e  

out - o f - p l ane h ydrogen b en d i ng bands h ave been s hown t o  depend on t he 

numbe r o f  ad J ac e n t  hydrogen a t oms a round t h e  r ing and h a ve b e en u s e d  to 

det e rmine s ub s t i tut ion pat t e rn s . The s p l it t ing o f  an i n t en s e  in-- p h a s e , 

out- o f - p l an e  hyd rogen bend ing mode upon c omp l e x  f o rm a t ion has been i n-

4 0  
t er p r e t e d  a s  eviden c e  f o r  a c i s  c o n f i g ur a t ion i n  a comp l e x . T h i s  i n -

4 1  4 2  
t e rp r e t a t i on has been shown t o  b e  unr e l i a b l e  in m o re re cent wo rk . ' 

I nt erac t i on be t ween mo l ec u l e s  i n  t he u n it c e l l , l ow l at t i ce s it e  s ym ·  

me t ry f o e  t h e  c omp l e x , o r  s l ight rotat ions o f  t he coo r d inated pyr i d i n e  

a bo ut t he met a l - n it rogen b o n d  h a v e  a l so b e e n  i nvoked a s  c aus e s  f o r  the 

s p l i t t ing o f  b ands i n  t h i s  r e g ion . 

F o r  t he s ub st ituted p y r id ine s u s e d  in t h i  s t u d y , t he numbe r  o f  

- 1  band s appe a r i n g  in the 7 0 0  9 0 0  em . reg ion cou l d  b e  p red i c t e d  w it h a 

f a i r  degree o f  a c c u r a c y  f t:om t h e  known p a t t e rn o f  l1yd rogen a t om s  on t he 

r ing . The s h i f t s  and s p l it t i ng s o f  t he s e  bands upon comp l e x  f o rmat ion 

cou l d  not be c o r re l at e d , howeve r , i n  any s y s t ema t i c  manne r .  

Pyr i d ine band s o c c u r r in g  a t  t he l ow- f req ue n c y  end o f  t h e 1 1 2 5 -

- l  1 6 50 em . r ange m a y  a r i s e  f r om in - p l ane bend ing mot ioo s o f  ring hydro -

gen s o r  pos s i b l y  f rom r ing v i b r at ions ; c h a r ac t e r i s t i c  r i. ng f re q 11enc i e s 

o f  a romat i c  compo und s o c c u r  ne a r  t h e  h igh- f requency e n d  o f  t h i  
. 39 r e g  ton . 
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A l s o s ome ban d s  in t h i s  r e g ion ma y b e  a t t r i bu t e d  to  o v e r t o n e s  and cornbin 

a t ions _ Bec a u s e  many b an d s  we re t oo w e a k  to be o b s e rv e d  o r  w e r e  obs c u re d  

by J u j o l o r  p e r ch l o r a t e  a b s o rp t i on s , d et a i l e d a s s i gnment o f  t h e  b an d s 

wh i ch a p p e a r e d  w a s  n o t  t e a s ibl e .  The o n l y  g e n e r a l f e at u r e  o bs e r v e d  i n  

t h i s  s p e c t r a l  r·e g ion w a s  a sh i f t t o  h i ghe r f r e q ue n c i e s  by 5 5 0  em l 0 1  

m a o y  o f  t he b a n d s  u p o u  comp l ex f o rma t ion . 

A s t rong band , s how ing s l i g ht s p l i t t ing , a p p e a r e d  at 2 340 em . 1 

in t he s pe c t r um o f  [N i ( 4-NH2 p y )  2J < c l04) 2 . The a pp e a r an c e  o f  t h i s band 

was con s i d e r e d  unu s ua l s i n c e  no band a p p e a r e d  in the t r i p l e - bond reg i o n  

o f  t h e 4 - am in o p y r i d i n e  s p e c t rum . Howe v e r , a bs o rp t ion b a n d s  i n  the 2 300-

30 00 cm .
- l  

r e g ion have been r e p o r t e d  in t he l it e r a t u r e  f o r  a l ky l ammo n i um 

43 
s a l t s . The s e  bands we r e  at t r i b u t e d  t o  N -H s t r e t ch in g  mod e s  wh ich were 

s h i f t ed to l ow e r  f reque n c i e s  by h yd ro g e n  bond in g  o f  t h e  amine h y d ro g en s  

t o  anions in t h e  c ry s t a l .  I n  � i ( 4-NH2 p y ) tJ ( C l04 ) 2 , t h e re i s  a l s o a 

p o s s ib i l i t y  f o r  hydrogen bond ing , e it he r betwe e n  two amine g rou p s , o r 

b e t w e e n  a n  a m i n e  g roup and t h e  p e r c h l o r a t e  an ion . S u c h  an o c c u r re n c e  

l 
1.vo u l d  e xp l a in t h e  2 340 em . band in t he s p e c t cum o f  the c omp l ex . 

2 .  V i s i b l e  a n d  N e a r - Inf r a r e d  S p e c t r a  
------- --- ---T -------- --�---

a .  l e x e s  i n  pyr id i n e  �ase s o l ut ions . I n  Ta b l e  X are l i s t ed 

t h e f n,q uenc ies of max i mtJm a bs c rbanc e , t he mo l a r  a b s o r ban cy indexe s , a n d  

t he con c ent rat ions f r 3 0 l ut ions G f  t he b l u e  and y e l l ow c omp l e x e s  in t b c:. 

c omponen t p y r id ine d e r iva t i ve s ; o n l y  the comp l exe s w h i c h  we re s o l u b l e in 

the l i q . · id)  co·r.po; : e ;.t ry r i d i n e  c o u l d  be s t u d i e d . 



TABLE X 

\"IS IBLE l>,ND NEAR- INFR.�RED BANDS OF N i CX - p y ) 4 ( C l04) 2 COMPLEXES IN .. '\: - p y  SOLUT IONS 

c �)mp l e x  

[; i Py4( C l04 l 2]  
G i ( 3 - p i c ) Lj. ( c 10 4 )  2�J 
fN i (  4 - p  i c )  41 C C l04)  2 � -· 
� i (  3 - B r p y )  4 C C l04 ) 2] 

� i ( 4- e tp y )  4 C C l04) 2] 

� i ( 4- ip p y ) 4 ( C l04 ) 2J 

C o n c en t r a t ion 

C X 1 0 3  
Mo l e s / l ,  

1 3  ' 4  

2 2 . 8  

2 1  8 

2 6 .  2 

24 . 0  

1 5 . 3  

A b s o rp t ion Max ima ( � x 1 0- 3 e m  

A b s o r b ancy I ndex 

1 0 . 1  ( 3 . 6 ) 1 3 . 4  ( 1 . 7 ) 

1 0 . 1  ( 3 . 6 ) 1 3 . 4  o; h  

1 0 . 1  ( 3 . 8 ) 1 3 . 4  ( 1 . 6) 

8 . 8  ( 2 . 5 ) 1 1 . 6  ( 3 . 1 1 )  1 3 . 4  s h  

8 . 8  ( 4 . 4) 1 1 . 4  s h  1 3 . 1  s h  

9 . 9  ( 4 . 2 )  1 0 . 4  ( 4 . 4 ) 1 3 . 4  sh 

- l ,, ; cud Tv1o 1 a r  

1 6 .c  ( 6 . U ) 

1 6 . ::: ( 5 .  7 )  

] 6 . 6  ( 6 . 5 ) 

1 6 . 4  ( 6 . 8 ) 

1 6 . 5 ( .L L 9 )  

l 6 . S ( 6 . 0 )  

2 7 . 0  (1 1  6 )  

2 6 . 9  ( l Q l) 

2 7 . 0  ( 1 2 9 1  

2 6 . 9 \ l 3 . l )  

2 6 . 7 ( 2 8 . 4) 

2 7 . 0  (1 3  7) 

0> 
>-" 
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The s p e c t ra of the n i cke l c omp l ex e s  1.n py r i d i n e  ( s e e  F i g u r e  8 ) , 

3 -rne t h y l py r i d ine a n d  4 -rnettLy l p y r id ine , a r e  rLe a r l y i d e nt i c a l  and co r r e -

s po nd t o  t h e s p e c t r a  o f  r e g u l a r  o ct ah e d r a l  n ic k e l ( J I )  comp l e xe s .  T h e  

ban d s  a pp e a r  a t  1 0 , 1 00 ,  1 6 , 6 0 0 , and 2 7 , 00 0  em . - 1  may be a s s i o n e d  b to 

3 3 3 3
T l  

3 
tb e  A2o ( F )  -+ T ( F )  . A 2 g ( F )  -+ ' an d ( ) _,.. T ( P )  e 

t r an s it ions , r e s p e c t i ve l y . T h e s e  a s s i gnme n t s  may b e  s e e n  t o  f i t the 
···· 1 

s p in - a l l owed t r ans i t i o n s  expe c t e d  f o r  a 6 - v a l u e  of 1 0 , 1 0 0 ern . f rom 

a s t ud y  o f  F i g u r e  2 ( p age 4 )  . A l s o , t h e y  a g r e e  q u it e  we l l  w i t h  t r an s i -

t ions c a l cu l a t e d  in e i t h e r  t h e  w e a k - f i e l d  o r  s t rong- f i e l d  f o rma l i s m . 

U s  
4 4  t he s t ro n g - f i e l d  m at r i c e s  o f  T an a be a nd S u g a n o , ( T a b l e  X I ) , 

t he t h r e e  s p i n - a l l owed t ra n s i t ions f o r  n i cke l ( I I )  a re c a l c u l a t e d  t o  b e  

1 1 0 , 1 00 , 1 6 , 40 0 , a n d  2 7 , 60 0  em . whe n  6 i s  a s s i g n e d  a v a l ue of 1 0 , 1 0 0 
-· 1 em . f rom t h e  expe r ime n t a l  s p e c t rum , and the R a c a h  p a r ame t e r  B 1s 

- 1  
a s s igne d a v a l ue o f  9 1 0  ern . For the g a s e o u s  n i c ke l ( I l )  ion , B i s  

1 45 1 0 8 0  em . ; h e n c e , p ,  the r a t i o  o f  B fo r t he c omp l e x  to 8 for t he 

ga s e ous n i c k e l ( I l )  1on , is 0 . 7 7 1  

I..Jhen t h e  c a l - f i e l d  ma t r i x e l emen t s  rep o r t e d  O rg e l  2 ( T a b l e 

XI I )  a r e  so l v e d  i n  t he we a k -- f i e l d  f o rm a l  i sm , the e n e rg i e s  o t  the t h r e e  

s p in- a l lowed t r a n s i t i o n s  f o r  n i cke l ( I I )  a re p r e d i c t e d  t o  b e  1 0 , 1 0 0 . 

- 1  1 1 7 , 2 0 0 , and 2 7 , 0 0 0  ern . f o r  a s s i g n e d  v a l u e s  o f  1 0 , 1 0 0  em . - f o r  6 and 

1 3 , 9 00 em . - l fo r t h e  s p l i t t i ng oi t he 3F and 3P mu l t i p l e t s  ( t h i s r e d u c -

t ion i n  t he F-P s p l i t t  f r om 1 5 , 8 40 cm . - l co r re s p on d s  to a � v a l ue 

o f  0 8 78 )  

T he s e  two s e t s  o f  p r e d i c t i o n s  s e em t o  b e  t he b e s t  f i t s  t o  t h e  

expe r· ime n t a l l y  o b s e r v e d  re :c; u t t  wh ich c a n  b e  c a l cu l a t ed u s i n g  s i mp l e  
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TAB LE X I  

TANAB E-SUGANO I:YlATRICES FOR CONFIGURATION d 2 ,  8 

t 2 e 2 

i 

1{-6 C l \ lA ( 1 0  B + SC - 6. ( 2 R + 
l ) \ -r6--( 2 B + C )  BB 

+ 
4C + "' I 

t 2 

3A ( - 8B + .6. )  
2 

t 2 e 2 

lE ( " +
2 C - C - 2\[-i B ) - 2 {3- B  2C + t\ ' 

e t  

IT I 
( 4B + 2C ) 

t 2 e t  

3tr r 
( -58 - " 6B ) 6B 4 B  

I 

t 2 e t  

( B + 2C - (). 2VJ a ) 
2 

r{3s 2C 

et 

31' 2 
( - 8 B ) 



l Alg 

3A 2g 

l E g 

lT l g  

3T l g  

Lr 

3T 

----�-... ----

TABLE XII 

8 ORGEL HATRICES FOR CONF IGURATION d 

l s 

c�: Dq 

3p 
1 2  Dq 

l o ( ( 24/7 )  Dq 

' ( 40 "{3;7 )  Dq 
lG 

( 2 Dq ) 

3F ( ·- 6 Dq 

\ 4 Dq 

lo 

( ( 1 6/ 7 )  Dq  

( 2 0'[ll 7 )  Dq 

3F 

( 2 Dq ) 
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lc 

4 1{6-Dq ) 4Dq 

lG 

C 4o 1J3in Dq ) ( 4/7 ) Dq 

3p 

: Dq) 
lG 

< 20  1{3;n oq ) 
- ( 2 6/7 ) Dq 



6 6  

l igand · f ie l d  t he o ry . He re , c u b i c  s ymmet ry h a s  been a s s umed , p i- bond ing 

ha s been a c c o un t ed for by a redu c t ion of t h e  F- P s p l itt ing f rom t h a t  

o b s e rved i n  t h e  g a s eous ion , a n d  s p in - o r b i t  coup l ing ha s been neg l ec t ed . 

The f a ct t h at the o b s e rved band max ima do n o t  f it exact l y  t he ca l cu l a t e d  

t r a n s it ion e n E: r g i e s  i s  n o t  s u rp r i s i ng fo r t h e  b a nd s  a re "v ibro n ic" in 

o r ig in ; _!: � ,  , t h e  bands are a l l owed o n l y  by a coupl ing o f  c e rt a in vi bra·-

t io n a l  mod e s  o f  the c omp l e x  w i t h  t h e  e l e c t ro n ic wave f unct i on s ; thus , 

the ene r g i e s  a b s o r be d  c o r re s p ond to t h e  s um o f  the e n e rg i e s  n e ce s s a ry 

to c a u s e  an e l ect ro n i c  t ran s i t ion and t o  e x c i t e  a v i b r at ion a l  mode . 

The weak band a t  a bo u t  1 3 , 40 0  cm . -
1 in t he s p e c t r a  n e e d s  to be 

a cc o un t e d t o r  now . As wa s ment ioned in Chap t e r I ,  the appea r ance o f  a 

f ourth band ( o r  s p l i t t in g  o f  t he cent e r  band) in the s p e c t r a  o f  many 

n i c ke l ( L l )  comp l e x e s  has been t h e  s u b j e c t  of  s ome cont rove r s y . F o r  a 

s e r ie s  o f  t h e s e  comp l exe s ,  inc l ud ing t he h exaq u o n i c ke l ( I I )  ion , J- rgen­

s en 6 h a s  a s s igned t he c o r r e s p o nd ing weak b ands i n  t he s pe c t r a  t o  a s p in� 

f o r b i dden t rans i t io n , A l t h o ug h  sp in- f o r b idden t ran-

s i t ions are n o rma l ly too weak to be o b s e rved , J-rgens en has contended 

that n e a r  the c ro s s ove r p o int o f  t he l owe s t  s ing l e t  s t a t e  w i t h  a t r i p l e t  

s t a t e , t h e  s t at e s  inte ract  a n d  t he s ing l e t  s ta t e  g a in s  inten s it y  f rom 

the t r ip l e t  s t a te . More s pe c i f ic a l l y , s t a t e s  of t he s ame J ( th e  v e c t o r  

s um o f  L a n d  S )  i n t e r a c t  a s  a funct ion o f  t h e  Land� mu l t ip l et s p l itt ing 
/ 

f a c t o r  S n l · F o r  n i cke l ( I l ) , the int e ract ion b etwe e n  the s t a t e s  w it h  

J = 2 i s  p a rt ic u l a r l y  s t rong . F i g u r e  9 s hows t he O rg e l  d ia g ram for 

n i c ke l ( I I )  wh i c h  J�rgensen h a s  deve loped f rom t he s e  cons id e r at ions . 



s (.) 

+ 1 0 , 0 0 0  

0 

1 0 , 0 00 

.�----...J--
5 0 0 0  1 0 , 0 0 0  

Ll. ( em .  1 )  
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6 
F i g u r e  9 .  Ene r g y  l e ve l s  of o c t a he d r a l  n ic ke l ( l l )  by Jdrge n s e n , 

s h owing int erm ix ing e f f e c t s of s ing l e t  and t r ip l e t  l eve l s . 
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It c an he s e en t h a t  t h e  d i a g r am p r e d i c t s  a t r i p l e t - s i ng l e t t r a n s it ion 

at a bo u t 1 3 , 0 00 em . 1 when � i s  a s s ig n ed a v a l u e  of 1 0 , 1 0 0 cm . -
1

, t h u s  

ac coun t for t he 1 3 , 400 cm . - l band o b s e rv ed in t he s p e c t r a  und e r  con-

s id e r a t ion . T h i s  d ram p r e d i c t s  t h e  t h r e e  s p in - a l l ow e d  t r an s i t ions 

to occur at 1 0 , 1 00 , 1 6 , 5 0 0 , a n d  2 7 , 0 0 0  crn . - 1 

L i e h r  and B a l l h au s en 5 hav e  c a l cu l a t e d  a " c omp l e t e "  ene r g y  l e ve l  

d i ag r am f o r  n i cke l ( I I )  in a c u b i c  f ie l d .  T o  do t h i s , t h e y  i n c l ud e d  

t h e  s p i n - o r b it coup l in g  t e rm {, ( r i ) l i " S i O i a n d  S i a r e  o r b i t a l  angu l a r  

moment u m  a n d  s p in q u an tum n um be r s , r e s p e c t i ve l y )  in t h e  H am i l t o n i a n  

o p e r a t o r  o f  t h e  S c h ro d in g e r e q u a t ion . ( P r ev i o u s l y , s p in-o r b i t  coup l ing 

has been n e g l e c t e d  f o r  3d i o n s . )  The S c h ro d ing e r  e q u a t i on was t h e n  

s o l ved i n  bot h  weak- f i e l d  a n d  s t r ong - f i e l d  f o rm a l i s m  f o r  t h e  ene rgy 

m a t r i c e s .  T h e  s o l ut io n s  in bo t h  c a s e s  we r e  f u n c t ions o f  t h e  f o u r  q u an -

t i t i e s  F 2 , F 4 , r'\ ,  a n d  Dq . F 2 a n d  F4 a r e t h e  we l l -known S l a t e r  f u n c -

t ions , r\ is t h e  s p in - o r b it c ou p l ing c on s t an t , a nd Dq i s  a me a s u r e  o f  

t h e  c ry s t a l  f ie l d  s t r e n g t h  a n d  i s  d e f i n e d  b y  6 = 1 0  D q  A l l  f o u r  

q u an t i t i e s  \-Je r e  t r e a t ed a s  p a ramet e rs a nd t h e  m at r i c e s  s o l ved u s i n g  

an I BM 7 04 dat a p ro c e s s ing m a c h i n e . F ig u r e  1 0  s hows L i e h r  a n d  Ba l l -

h a u s en ' s  en e r g y  l e ve l d i ag ram , w i t h  s p in - o r b it c o up l in g i n c l ud e d , for 

n i cke l ( I l ) . V a l ue s  a s s i gn e d  t o  the p a rame t e r s  w e r e  � = - 2 7 5  cm . -
1

, 

Us i n g  t h i s  d i a g r am ,  t h e  aut h o r s  d i s p u t e  J�rg e n s en ' s  a s s i gnment 

of t h e  1 5 , 400 cm . -
l 

band in the h exaquon i ck e l ( I l ) ion ( Dq = - 8 5 0  cm . - 1 ) 

t o  a t r ip l e t - s i ng l e t t r ans i t i on , b u t  a g r e e  w i t h  h is a s s i gnment o f  t h e  



F ig u re 1 0 . Ene r gy- l eve l d i ag r am fo r ( 3d ) 8 
w i t h  s p in-o rbit 

coup l inc l uded . T he l a be l ing i s  t hat o f  the dou b l e  g ro u p . T he 
h o l e fo rma l i sm h a s  been u s ed . 
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1 3 . 1 5 0 CUL - l  ba nd i n  t he hexamm inenic k e l ( I I )  ion (Dq = - 1 0 7 5  em . 1 )  t o  

a s p in- t o r b idden t r ans it ion They invo ke t he s p l i t t i ng at i n t e rmed i a t e 

3 
f i e l d s t r e ng t h s  o f  t he comp on e n t s o f  t he T 1 g l e v e l t o  e xp l a i n t n e  

1 
1 3 , 5 0 0 and 1 5 , 400 em . ban d s  o f  t h e h e xaq uon icke l ( I l )  lon . 

f o r  t h e  t h r e e  py r i d ine c orup l ex e i  of cu r re nt int e r e s t , h a v i n g  D q  

va l u e s  o t  ·- l O U) . I . . 
em . , L i eh r  and B a l l h a u s en ' s e n e rg y l ev e l  d iag am i 

seen t o  p red i c t  sp in - a l l owed t r a n s it ions a t  1 0 , 1 0 0 , 1 6 , 1 0 0 , 1 6 , 7 00 , and 

- 1 
2 1 , 0 00 em . A s p in - f o r b i dd en t r an s it ion is p r e d i c t e d  a t  1 2 , 5 0 0  em . - l . 

I t  s eem s l i ke ly that t he s p l it t in g  o f  the 
3

T l o l eve l s i s  not r e s o l ve d  
b 

in t he s p e c t r a o f  t he s e  py r i d ine c omp l exes a n d  t h a t  t he o b s erve d 1 6 , 600 

- 1  3 3 em . · b and s c o r r e s p ond t o  t he A 2 g � T 1 g t r an s it i o n s . Thu s , in ana l o g y  

w i t h  t he h e xamminen i cke l ( I I )  s p e c t r um , t h e  weak 1 3 , 4 00 cm . - 1 bands in 

t he s p e ct ra of t he p y r i d ine comp l e xe s  a r e  a s s igned t o  t he s p in - f o r b idden 

3 l A 2 g � Eg t r an s i t ion . S in c e  a l l b an d s  have b ee n  s a t i s f a c to r i l y  

a s s igned f o r  r e g u l a r  o c t a he d r a l  s ymme.t ry , t he c omp l e x  s p e c i e s in s o l u ­

t i on i s  t h o ught t o  be [NHX- p y ) 6]+ 2
. T h i s  l at t e [  co nc lu s ion i s  s u p p o rt \::d 

by t he c on duc t iv it y  me a s u reme n t s wh i c h  indic at e t h e  p r e s e n c e  o f  ions i n  

t he s o l u t ion s . 

T u rn in g  a t t e nt ion now t o  t he s p e c t ra o f  t he rema in ing t hree com -

pound s l i s te d  in T a b l e X ,  i t  is s e en t ha t  t h e r e  i s  an a p p a r e n t  s p l i t t ing 

of t he l ow e n e r g y  a b s o rp t ion b an d  of t he s e  c omp l exe s i n t o t wo comp onent 

( s ee F ig u r e  l l ) . Th i s  s p l  i t t. ing , a s  ment ioned in Chap t e r  I ,  i s  an ind i �  

c at i on o f  s l i gh t  te t r agona l d is t o r t i on in o c t a h e d ra l  comp l e xe s . ( I t  w i l l  

b e  re c a l l e d  t hat t h e  conduc t a n c e s  o f  t he se th re e  so l ut ion s were f o und t 



1 
Wave Numbe r ( em . - � )  

2 5 , 0 00 2 0 , 0 0 0  1 5 , 0 0 0  1 0 , 0 00 9 0 0 0  8 0 0 0  7 0 0 0  
1 2  �.r, ---r----�----------�--------------------�----�--------�-----------r· 

� 
I 9 !- · 

Ji ! () ' '" i 

� 6 r 
� 1 0 ' ::8 3 � 

I 

0 � 

\ 
\ 

! i . ' 

4C! U  - ·-· - -·· - ·- - ·- ·- - - - - ·  ·- -600 1 0 0 0  1 4 0 0  1 2 0 0  8 0 0  
Wave l e n g t h  ( 

F l l .  V i s i b le and n e a r - inf r a r e d  a b s o rpt ion s p e c t r·um o f  i ( 3 - B r py ) 4 ( C l0 4 ) ;j 
� 

Ln 3- bromop y r id ine s o l u t ion . 
-.....! 
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be c o n s i d e r a b l y  s ma l l e r  t han t h e  co ndu c t an c e s  of t h e  s o l u t i ons a l ready 

d i s c u s s e d .. T h i s  ind i c a t ion t h a t  t he pe rch l o r a t e  ion m a y  s t i l l  be co · 

o r d inated in t he s e  so l u t i on s  a l s o s uppo r t s  t he p r opo s a l  o f  a t e t ragona l 

spe c ies i n  so l u t ion . ) 

l n  go ing f rom r e gu l a r o c t a hedr a l  ( O h )  s ymme t r y  � o  t e t r a g on a l l y  

d i s t o r t e d oct ahed r a l  (D4t-) s ymmet ry ,  t h e  energy & t a t: e s  f o r a d8 s ys t em 

are sp l it a c c o r d i n g  tc t he c o r r e l at ions s hown i n  T a b l e  X I I J . T he two 

31 1 g s t a t e s , t h e  3T 2g s t at e  and the 3A 2 g s t a t e  of Oh s ymmet ry a r e  s p l it 

into a tot a l  of s even t r ip l e t  s t a t e s  in D4h s ymm e t ry . Hence w it h  w e a k  

t e t r ag on a l i t y  t h e  s p e c t r um s h o u l d  s how s ix s p in- a l l owed t ra n s i t ions 

f rom the g ro und s t at e  ( 3B2 g ) ,  p rov ided no t r an s it io n s  a re a c c identa l ly 

d e g e n e r a t e  and a l l  o c cu r  in t h e  o b s e rved s p e ct r a l  reg ion . Cal cu l at ion 

of t he e n e rg i e s  f q r  t ran s it i o n s  in D4h s ymmetry i s  mo r e  comp l i c a ted 

t h an in Oh , but s om13 t heore t ic a l  wor k  h a s  been r e p o r t ed . 24
•
46 - 5 1  

T he 

r e a d e r  is r e f e r re d  to t he w o r k  by Mak i ,  whos e  r e s u l t s  w i l l  be u s ed he re 

f o r the a s s ignment o f  band s in D4h s ymm e t ry . 

F o r  an oct ahed r a l  n i cke l ( I l )  comp l ex in D4h s ymme t ry , M a k i  c a l  

cu l a t ed the e l ect ro n i c  ene r g y  s t a t e s  a s  f un c t i o n s  o f  f o u r  p a r ame t e rs . 

The pa rame t e r s  we re the i n- p l an e  p o int d i p o l e  s t rength Jl •  t he n i ck e l ·  

d i po le d i s t an c e  R ,  the ax i a l  p o int c ha rg e  p ,  and t he n icke l - ax ia l p o int 

c h a rge d i s t an c e � - S he t he n  p l o t t e d  e n e rg i e s of  the e l ect ron i c  s t a t e s  

a s  funct ions o f  p a t f ixed va l ue s  o f  p ,  Z ,  and R .  I n  t he r epo r t ed 

ene rgy l e ve l d i ag ram , t h e  p a rame t e r s we re a s s i gn e d  v a l ue s  p = l ,  Z = 2 1 
" 

A ,  and E l 5 X .  The d iag ram g ives t he c o r r e ct q ua l i t a t ive p re d i c t ion 
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TABLE XI I I  

COl WElAT ION 'TA BLE FOR O h AND D4 h 

oh 04h 
----

A l g A r g 

T r g A 2 g 
+ 

T 2 (f R r g 
.j. Eg 6 

A 2 g 
B2 g 

Eg A l g 
+ B2 g 
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o f  spe c t r a  of the d i s t orted oct a hed r a l  c omp l e x e s  at a p-va l ue o f  about 

0 , 6 ( Mak i ind i c ated f in a t om ic un it s , where 1 au = 2 . 54 d eb ye ) .  Tab l e  

X I V  g ive s the a s s ignment s ,  based on Mak i ' s  d ia g ram , f or the spectra of 

t he �i ( X -py) 4 ( C l 04) 2] c omp l exes in X-py s o l ut i ons , where X a re the 3 -

b r omo , 4- ethy l , and 4- i s op r op y l  group s . A l s o ,  the c or re s p ond ing approxi­

mat e  p red ict i ons f or these t rans i t i ons a re g iven based on Mak i ' s  d ia ­

g ram . Further ad jus tment of t he p a rame ters f r om t he f ixed va l ues re­

p orted s hou l d  make t he p red icted va l ue s  f i t t he ob se rved s p e c t r a  more 

c l os e l y  ( s ince Maki c hose parameters t o  b e s t  f i t t he s pe c t r um of a 

c omp l ex having c h l oride ions in t he ax i a l  pos it i ons , t he s e  s ame par­

ameters s hou l d  n ot be expected to fit exac t l y  t he c omp l exes under c on­

s idera t i on ) . 

b .  2omp l exe s i n  acet one s ol u t i ons . The vi s ib l e  and near- inf rared 

a b s orpt i on b and s f or acetone s ol ut i ons of t he c omp l exes are l i s ted in 

Tab l e  XV . S ince t he s e  s o l ut ions a r e  e l e c t r o l ytes , a nd s ince t he spectra 

have t he feat ures c haract er is t ic of regu l ar oc tahed ra l n i cke l ( I I )  c om­

p l exes , it is thought t hat t he abs orb ing s pe c ies in s ol uti on is p r obab l y  

GN i< X-py) 4 ( ac e t one ) 2]+2
. S in c e  b ot h  a c e t one and t he pyr id ine bases a re 

neut r a l mol ecu l e s , t he tetragona l d is t ort i on in t he c omp l exes is 

apparent l y  not g r e at enough t o  c a us e  sp l it t ing of the f i rst b and . In­

s t e ad , t he  n ic ke l  1 1 S ee s "  an ave raged c r ys t a l  f ie l d .  The a s s ignments 

of t he b and s , a l s o  l i sted in Tab l e  XV , are t here f ore thos e of oct a hedr a l  

n i c-ke l ( I I )  c omp l exes . D e f in it e  a s s ignments have not been made f or the 

bands appearing in t he 2 2 , 000- 24 , 00 0  cm. -
1 

reg i on of two of the spectra . 
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TABLE X IV 

ASS IGNMENT OF TETRAGONAL BA.NDS 

Obs e rved 
Cm . 1 X 1 0- 3  Ass ignment Pred i c t e d  

---�-----· 4- ippy- - l  1 0 - 3 3-Brpy 4- etpy 3B2!ii � C m . X 
---.... ----� 

8 g 8 8 9 . 9  3E  ( F ) 8 g 
l l  6 1 1  3 4 1 0 . 4 A 2 n ( F )  1 3  

0 

1 3 . 4 1 3 . 1  1 3 . 4 3Bl g (F )  1 4 

1 6  4 1 6 . 5 1 6 . 5  3E ( P ) g .  1 8  

2 6 . 9  2 6  7 2 7 . 0  3 A 2g ( P) 2 8  



TABLE XV 

V I S I BLE AND NEAR- INFRARED BANDS OF COMPLEXES I N  ACETONE SO LUT IONS 

Cone en -
t r a t ion 

C ompound mo l e/1 . 

A s s ignme nt 3A 2g ( F) --·� 

[N i PY4 ( C l04) ? I 0 . 0 1 4 7 
� 

( 4- p ic ) 4.! ( C l04 ) 2 0 . 02 1 5  
'-' 

3-p i c )  4 C C l04 ) 2 i 0 . 0 1 00 

3- p i c ) 4j c c w4 ) 2 0 . 01 2 1  

i ( 3 - B rp y ) 4 ( C l04) 0 . 0 1 7 5  
.... 
L)'l i <  3 ,  S - l ut )  4C C l04) 0 . 0 0 8 9 7  

[N i (  4- e t p y )  4 ( C l04) 2] 0 . 01 5 3  

i ( 4- ippy) 4 ( C 1 04 ) ?  0 . 0 1 4 5 

l� i ( b i p y )  2 ( c 10 4 ) 2J 0 . 0 14 1 

N i ( 4-NH2 PY) 4
-

l ( C 104 ) 2 0 .  0 0 594 

-:< 
_..T 2 g ( F )  

9 . 9  ( 3 . 9 ) 

1 0 . 1  ( 3 . 8 ) 

9 . 9  ( 4 . 0 ) 

9 . 9  ( 3 . 9 ) 

9 . 5  ( 4 . 4 ) 

1 0 . 0  ( 3 . 9 ) 

1 0 . 0  ( 3 . 1 )  

1 0 . 0 ( 3 . 8 )  

1 1 . 0  ( 1 1 . 3  

10 . 0  sh ( 5 ) 

B a n d  Max imum ( A b s o r bancv Index) 
em . - 1 x 1 o- 3 ( 1 . /mo 1 � em . 

. 

1 Eg ( D )  3 T 1 g C F ) 

1 3 . 7  s h  1 6 . 2  ( 6 . 3 ) 

1 3 . 7 s h  1 6 . 4 ( 6 . 9 ) 

1 3 . 7 s h  1 6 . 1  ( 6 . 2 ) 

1 3 . 7 s h  1 6 . 1 ( 6 . 1 )  

1 3 . 7 s h  1 5 . 7  ( 5 . 7 ) 

1 3 . 7  s h  1 6 . 1 ( 6 . 2 )  

1 3 .  7 s h  1 6 . 2  ( 5 . 3 ) 

1 3 . 7 s h  1 6 . 2  ( 6 . 5 ) 

1 2 . 9  s h  1 7 . 9  ( 8 . 4 ) 2 3 . 5 s h  

1 6 . 1 ( 1 2 . 2 ) 2 2 . 1  ( 2 7 . 5) 

3T ( P )  

2 6 . 6 ( 1 3 . 2 )  

2 6 . 7 ( 1 5 . 1 )  

2 6 . 5 ( 1 4 . 0) 

2 6 . 5  ( 1 1 . 9 ) 

2 6 . 1  ( 1 1 . 8 )  

2 7 . 2  ( 1 2 . 2 ) 

2 6 . 6  ( 1 1 . 3) 

2 6 . 7  ( 1 5 . 3 ) 

2 6 . 4 ( 3 8 . 8 )  

" 
o-, 
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T h e  weak s ho u l d e r  a t  2 3 , 400 cm . - 1 in the s p e ct rum o f  t h e  b ipy r id i ne 

comp l ex i s  p ro ba b l y  a s p in - f o r b i dden t r a n s it i on . T h e  band at 2 2 , 1 0 0 

em . 1 in t he s p e c t rum o f  t h e  4- aminopy r id in e  comp l ex i s , howeve r ,  too 

int ens e and b r o ad f o r  a sp in - fo r b idde n  b a nd . The s h a p e and p o s i t i on 

of � h i s b a nd a re s im i l a r  to t h at of t h e  s ing l e  ban d s  a pp e a r ing in t he 

8 p e c t r a  of t he s o l i d  s q u a r e - p l an a r  comp l e x e s . Hen c e  t h is band p ro ba b l y  

a r i s e s  f rom a s q u a r e -p l an a r s p e c i e s  i n  s o l u t ion due t o  an e q u i l ibr i um 

o f  t he t ype 

S ince a �  v a l ue for a c e t one a p p a ren t l y  has n o t  been repo r t e d , i t  

. . 
h f .  l d  . . 5 2  

1 l . 1 s  app rop r 1 ate t o  us e t e av e r aged le ap p rox1mat 1 o n  to c a  cu a t e  Lt 

f rom t h e  s p e c t r a l  d a t a  n ow ava i l a b l e . A c co rd ing to the ave r ag e d  f ie l d  

app rox imat ion , t h e c rys t a l  f ie l d s t r e ng t h  f o r  a co mp l ex o f  the t yp e  

p o s t u l a t e d  a bove s h ou l d  b e  g iven by 

� avg . = ( l/6) ( 4� p y + 26 a c t . ) 

U s i n g  t h e  3A 2 g -+ 3T 2 g t ran s it ion e n e r g i e s  o f  t he f i r s t th r E:e comp o ur1d" 

in T a b l e  XV a s  va l ue s  o f  6 a vg . and t h e c o r r e s pond ing ene rg ie s  f rom 

T a b l e  X a s  v a l u e s  of Ll p y . t h re e  va l u e s of 6 a c t . we r e  c a l c u l at ed t o  g iv e  

an a v e r a g e  of 9 6 00 ! 400 fo r th e A va l ue o f  a c e t o n e . 

c .  Powde r s  J:� �1_uj o l . The v i s ib l e  and ne a r - i n f r a r e d  s p e c t ra l 

bands o f  t he so l i d N i ( X-p y ) 4 ( C l04 ) 2  comp l e x e s  in Nujo l mu l l s  a re l i s t ed 

in T a b l e  XVI . The ye l l ow comp l exes exh ib i �  s ing l e , r a t he r  int e n s e  b an d s  

a t  2 2 , 0 0 0 - 24 , 000 cm , - 1 .  Th e a s s ignment o f  t he s e  b an d s  i s  unce r t a in . 

Howe v e r , t h e  s p e c t r a a re typ i c a l  o f  s q u a re - p l a n a r  n ick e l ( I I )  comp l e xe s . 



TABLE XV I 

V l S  l BLE AND N EAR - I NFRARED BANDS OF S OL ID COMPLEXES AND Cl.ATHP.AT ES 

A s s ignment 

I N i  
� 

l 
P Y4 ( C l0 4 )  zj 

i p y4 ( C l04) 2J · xC 

i ( b ip y ) 2 t C l0 4 )  

f'N i c  3- Brpy) 4 ( C l04)  l... 

� i ( 4-NH2 py) 4J ( c l04 ) 2 

� i (  i c )  �l: c w4 > 2 

( 3 - p i c ) 4 ( C l04 ) 2 

i C 4- p  J : c w4 1 2 

� i (  4-etpy) 4 ( C  104 ) 

� i (  3 ,  S - l u t )  4 C C l04 ) � 
r 

2] [� 4 - ipp y )  4 C C  

4 - iPDv ) �  ( C l04 ) 2 ' XCH3C 6l-i5 

3E ( f) 3 A 2 g ( F )  g . 

7 . 0 1 2 . 3 

1 2 . 1  

1 0 . 6  

1 2  

1 2 . 3  

1 2 . 2  

1 2 . 4  

1 2 . 1  

Band M ax imum 
( crn . - 1 x 1 0 - 3) 

3B ( F '  3Eg ( P ) 3 
lg . } A 2 0 ( P l  

9 

1 3 . 4 1 6 . 7 2 7 .  2 

1 3 . 4 1 6 . 7 2 7 . 1  

1 7 . 8  2 3  4 

1 3 . 3 1 6 . 2  2 6 . 9  

1 3 . 4 1 6 . 8  2 7 . 1  

1 3 . 5 1 6 . 6  2 6 . 9 

1 3 . 4 1 6 . 7 2 7 . 2  

1 3 . 3 1 6 . 3 2 7 . 0  

O t h e r  

24 . 0  sh 

2 3 . 9 s h  

2 3 . 6  

2 2 . 6  

2 2  9 

2 2 . 2  
"-.J 
IXl 



7 9  

T h e  s p e c t ra o f  the bl ue powde r s  may be s e en , comp a r- i s o n  o f  

T a b l e s  X V L and XI V ,  t o  b e  s im i l a r t o  t h e  s p e c t r a o t  t Lo s e  comp l exe s 

\vh .i.ch have been a s s igned a t e t r ag on a ll y d i s t o r t e d  G c t a h e d r a l  c o n i  

r a � ion in t he ir p yr id i ne base s o l ut ions . The max ima o f  t h e  broad 
�· 1 

weak b an d s i n  t he 6 5 0 0 - 8 0 0  em . r e g i on cou l d  n o t  b e  accurat e l y  

l o c a t e d  i n  t he pov.:d e c  p e c t r a  bec au s e. o f  L t : e  l .:;h' s t i:l t  j () 

of t h e  ins t r ume n t:  and t h e  int e r f e r ing a b s o rp t i on of t r.e p y L" id i ne ba �3E:c'l 

in t h i s r e g i o n . Howeve r ,  t he b and s i n  T a b l e  XV I w e r e  a s s i gne d in 

ana l ogy t o  t he a s s i gnment s in T a b l e  X I V . T he inf ra red r a  con f i rm 

t he coo r d i n a t ion o f  p e r c h l o r a t e , a n d  h e n c e  t he a s s ignment o f  d i s t o r t e d  

oct ahe d r a l s ymmet ry (D4b ) , i n  t h e s e  b l ue p owde r s . T he s im i l a r i t y o f  

t he s pe c t r a o f  t he p owde r s i n  t he 1 0 , 0 0 0  30 , 0 0 0  cm . -
l 

reg ion t o  t h at 

o f  t ne s o l u t io n s  l i s t ed in T a b l e  X IV l e nd s add i t i o n a l  s u p p o r t  t o  the 

s i x· c o o rd i na t e  D4h s p e c i e s  p o s t u l at e d in t h e  s o l ut i on s . 

C .  S ub s ti t u e n t E f f e c t s  

The ex i s t e nc e o f  a s u bs t i t uent e f f e c t i n  c o mp l e x e s  o t  t h e emp i r i c a l  

f o rmu l a  N i ( X-py) 4 ( C l 0 4 ) 2 i s  q u i t e o bv i o u s  s Ln c e  t h e  comp l e x e s f a l l i nt o  

e i t h e r  a b l u e s e r i e s  of compounds c o nt ain in g coo r d in a t e d  p e r c h l o ra t e  o r  

a ye l l O\.J s e r· i e s  o t  comp o unds con t a in i ng ion i c  o r a t e . d e pen d  

me re l y  o n  t he emote r in s u b s t i tuent . T h e  manner by wh i ch t h e  s ub-

s t i t uent d e t e nn i ne�; the n a t u re of t h e  comp l ex i.3 , llOvJeve , nv t ::;o o lrv i u u c>  .. 

I n  s e e k  a n  e xp l an a t i on , i t  is ap p ro p r i a t e L<:l l ook at tt12 ro l e s ol tn .. 

duc t ive e f f e c t  e r 1 c e f f e c t ::; , a n d  t he r e s on a n c e  e f f e c t s  s in c e t h e s e  
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h a ve of t e n  b e e n  s uc ce s s f u l ly  invo k e d  b y  o r g an ic c t em i s t s  for  e xp l a i n 

c h ffin ic a l  p r op e r t i e s  of a romat ic r i n g s . 

Tl: e indu c t i v e  e f f e c t  i s  a re l a y o f  e l e c t ro n p o l a r i zat i o n  t h r o u g h  

a ch a in o t  s i gma bon d s  t o  F it- e r  a n d  f · i e s e r  . 5 3  tr: e  d i r E: c -

t i  and magn it ude o f  t h e indu ct ive e f  e n  () f di t f  .t ent g r . ; up c a u  be 

i n t e rr e d  1 r o m  d i po l e  moment dat a .  S .:!l l ;:; t i t uent r o c p , vJb. i cr, � e. r <:;  

po�tJe r· f u l  e l e c t roll ;,\ t t r·a c t o r s t t1an the b ydrogen a t om a r e  s a i.::l t. c  ex.h 1 i. : 

n e g a t ive ind u c t ive e f f e c t s  ( - I ) , wh e r e a s  t ho s e whic h a r e  poo re r e l e c -

t ron a t t r a cto r s  than hyd ro g e n  d l ay p o s i t iv e  induc t ive e f f e c t s  ( + I ) . 

A l ky l  g ro up s  a re co ns id e r e d  + I  g ro up s ; t he bromo a n d  a m ino g roups a re 

- I  g ro up s " r: 4  The d i po l e  momen t s  o f  t he s u bs t itut e d  pyr i d ine s J a re g i ve n  

i n  T a b l e XVI I a s  a n  ind icat ion of t h e  r ela t ive induc t i ve e f f e c t s of t he i t  

s u b s t i t ue n t s . S ince t he 3-methy l p y r id i n e  c omp lex exh i b i t s  bot h  b l ue 

and ye l l ow fo rms , one wou l d e xp e c t  p y r id ine b a s es nav m o r e  p o s i t h' e  

indu ct ive e f f e ct s t o  g i v e  on l y  ye l l ow comp l ex e s  and o n e s  hav ing l e s s  

pos i t i v �  i n duc t ive e t t ec t s t o  ive on l y  b l u e comp l e xe 1 f  on l y  t he i n -

duc t i ve e f f e c t  w e n �  t h e  d e t� e rm i n ing f a ctor . Til e  u s e  o f  d i po l e  momeHt 

d a t a i s , o f  c o u r s e , a n  ove r - s imp l i f i c at ion s in c e  t he i!ld u c: t i v e  e f f e cc 

i �  t r a n s m i t t ed on l s ho r t  d i s t an c es t h  bon ds ( h ence a 3 

me t h  I gn"' ' JP , be i c l o s e r  t o  t h e  r n i t rogen , � n o u l d  i ve a l a  �e r 

g up l .  But even w ith h i s  con i d erat ion , une 

can not ·ca t i •)n a L i z e r he L l u e  3 ., 5 - d i me t hy l p y r  d i n e  c omp l e x o r  t hr: b l u e. 

J .. c:md 4 rup y  idine c omp l exe s , wh i ch wo u l d  

t e a t e  • l  e f f e c t  t b � n t h e  3-me t hy l - and 4-me t h y l p y r i d ine comp l exes , 



TAB LE XVI I 

D I POLE HOMENTS OF PYRID INE DEtU VATI V ES AI 2 5 '  

Subs t it uent 

l e ct ron r e l e a s  

3- C H  3 -

4 - CH 3-

3 ,  5 - ( CH 3 ) 2 ·-

4 - C2 Hs -

4-2_- C 3H 7 -

t j_ ) 

E l ect ron a t tract ing ( - I )  

3 -B r-

4 -NHr 

D l e  Moment 

2 .  3 

2 . 4 

2 . 6  

2 . 6  

2 . 6  

2 . 7 

2 . 0  

3 . 9  

8 1  
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r e ::. p e c t  i v e  l y l 1 ow 4- amh�) p y r i d ine comp l ex i s  l s o n o t  exp l a in e d  

t h e  in duct 1 v e  e f f e c t , 

S t e r i c  e f t ec t s  in t n e  u s u a l  s en s e  cau be r u l ed (; :Jt s i nc e none o f  

t h e  s u bs t i t u e n t s  a re o r t ho t o  t h e  r n it rogen . T h e  more ubt le  e f f e c L 

of t h e  s i z e  a n d  pos it ion o f  t h e  s u b s t i t u e n t  CJ n t il e  l at t i c e  ene r g y  f t he 

c r y s t a l  a n d  i l  in f l ue n c e  C H I  t h e  s t e rec c:h em t r y o f  t h e  comp l e,;r a re L'! t  

k nown . O n e  can ord y obs e rve t h at c l a t h r at ion , a s en;:, i t ive ind ic a t i o;:, c_, 

l a t t i c e  s t ruc t u r e , o c c u r s  w i t h  bo t h  t h e  sma l l e s t  ( H - ) a n d  l a rge s t  

(i-C 3H 7 -· )  s u b s t i t uent s .  

T he r e sonan c e  e f f e c t  s eems t o  ho l d  the mo s t  p ro m i s e  of e xp l a i n i n g  

t h e  d i f f e re n c e s  i n  t h e  b l ue a n d  ye l l ow c omp l exe s . Hmvev e r  1 it doe s  not 

g i v e  a c omp l e t e l y s a t is fy ing exp l a nat i on . Whe n a d i s t u r b a n c e  o f  p i  

e l e ct ron den s it y  at one a t om in a con j u g a t e d s y s t em becomes d i s t r i b u t e d  

ov e r  t h e  p i - e l e c t ron c l o ud a s s o c i a t ed w i t h  t he en t ire s y s t em , a f f e c t  

tho s e  a t oms f a r  f rom t h e  s o u rce o f  t he d i s t u r b a n c e  j u s t  as much a s  t h e  

a t om,; c l o.:, e  t o  i L , t h e  E: f f e c l i :;,  k nown a s  a c e s on a n c e  e t t e c L  S u b s t i t ue n t  

g roups wh i c h ':mp p l y  e le ct ron den i t v  t o  c on j e d  p i - s y s t ems a re d e s i 

n a t e d  a s  + R  i n  c h a r a ct e i  T h e s e  in c l ude the a l k y l  g ro up s , t h e am i n o  

g r o u p , a n d  the b r omo g roup G ro u p s  having t he oppos ite e f f e c t  a re 

de s i g n a t e d  a s  L 1  cha r a c t e r . No - R  g ro u p s o c c u r red among t h e  com-

p l e x e s  p r e p a r e d in t h i s t udy . The exp l an a t ion o f  t h e b l ue and yel l ow 

comp l exes t he r e f o r e  r e � t s  mo st p ro ba bl y , on t h e  magn i t u d e  of t h e  + R  

ef J Eo ct i n  tb� e comp l exes . 
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l l  r s  t houg h t  t h at i n  t he comp l exe s t h e  p o s s iG i l i t y  of d-p i b a c k  

oo r<-cl ing ( s yn e r g i c bond ing ) 1 s  the c r i t i c a l f a ctor vilnc h  g o ve rn s the 

t u r e  of t he comp l ex: .  T h u s , p e r c h l o r a te m t. becume c,:..o r d in a t e d  t o  

t- h e  n i cke l on l y  i f  y ne rg i c bo n d in g i s  e t f e c t  i\re in reduc ing t h e  c o n  

cent rat ion o f  ne g a t i v e  o n  the n i c ke l wh i c h  wo u l d  r e  u l t  f rom t n e 

donat i on o i  s i x p r s  o f  e l e c t r on s f r om t he 1 ig a n d ;c, , T t 1 E:: p i  c l o;..:d 

umi u b s t  i t ut e d p y r id ine i s  app a r en t l y an e f f e c t ive ' e L e c t ro: ::, i t.k in J. 

wh ich e l e c t rons f rom the dxz - and dy 2 - o rb i t a l s  o f  t h e  n i cke l  c an be 

de l o ca l i ze d by t h e  f o rm a t i o n  o f  d - p i bonds . B u t  i n  t h e  c a s e  o f  t he 

3ubst it u t ed p yr id in e s , it i s  the s u bst i t u e n t  g r o up wh i c h  gove rns t h e  

ef f i c i e n c y  o f  t h i s e l ect ro n  s in k  by t he e x t ent of  i s don a t i o n  o f  e l e c � 

t ron s i n t o  the p i  c l ou d , � · � · , by t h e  ma gn it ude o f  its +R e f f ec t  

S in ce t he + R  e f f e c t  i nf l u enc e s t he p i  e l e ct r on d en s i t y on l y  at 

p o s it ions o n  t h e  r i ng wh i ch a re o r t ho o r  p a r a to t h e  s u b s t i t ue n t , + R  

g roup s l o c a t e d i n  the m e t a  pos i t i o n s  o f  t he py r id ine r i ng shou l d  h ave 

n.) e f f e c t. o n  t he p i · e L � c t r on d oud den s i t y  at t he n i t ro g e n  a t om . N e t a ·· 

u b � t 1 t ut e d  p y r id in e s ,  t here f o r e , s h ou l d  f o rm b l ue cornp l e xe s im i l a r  

L 0  t ne u n s u bs t i t u t e d p yr id i ne comp l ex .  T h i s was i n d � e d  t h e  c a s e  e xc e p t  

fo r 3-me t h y l pyr i d ine wh ich f u rrned bo t h  b l ue and ye l l ow comp l exe s . 

S u b s t i t u e n t  o + c h a r a c t e r i n  t h e  4 pos H ion o f  t h e  p y d d i n e  

dwu l d ili c.x e a  e t h e  p i - e l e c t ro n  d en s i r y a t  t h e  n i t rogen a t o m . I f  

t il e  i n c r e a s e  i E  g re a t  en , s y n e r g i c  bon d  f rom r he me t a l  t o  t h e  pi 

c l o u d  a L  t h e i t ro g e n  i s  p L evented . S in c e  e l ec t.roni:i on t he met a l. a r e  

not e f f i c i�t t l y  d e l oc a l iz e d , the me t a l cannot a c comoda t e t wo add i 

r ion l i gand.s and t h e p e r c h l o r a t e  i o n s  a r e no t coo r-d in ated 



t he l a r ge s t  +R ef f e c t o c c u r  w it h s u bs t i t ue n t � h av in g  u n s h a re d  

.. . l h h . 5 5 e .l e c t ron p a 1 r s  o n  t le a t om a t t ac e d  t o t e  c 1 ng . F o r  a l k y l  g roups , 

+ R  e f f e c t  a r e r a t h e r  sma l l , r e s u l t ing f rom h y p e rcon j uga t ion o f  a-

h y d rog e n s  w i t h  t he i - c l oud o f  t he r i ng . Among a l k y l  g ro up s , t h e r e -

f o r e. ,  t h e  magn i t ude o f  t h e  + R  e f f e c t  s b o� l d  d e c r e a ,:; e  a s  t h E:  n umbe r �i f 

u - drogens d e c r e a s e s . F r om t he s e cons i d e r a t i on s , t h e  4-sub s t it uent 

Ln t h i s  s t ud y  may be ranked i n  o rd e r  of incre a s i ng + R  e f f e c t s a s  f o l -

N H2 - · The two s u b s t it uent s hav ing 

t h e  g r e a t e s t  +R e f f e c t s we r e  o bs e r ved to r e s u l t  i n  y e l l ow comp l e xe s 
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ion ic p e r c h l o r at e , wh i l e  t h e  r em a i n i n g  t wo s ub s t i t u en t s  re s u l t ed 

1n b l ue c omp l exes h av ing coo r d i n a t e d  p e r c h l o r a t e . T h e  d i f f e re n c e  i n  

t h e  comp l ex e s  L hus s e ems to d e p e n d  o n  t h e  s u bt l e  d i f f e r e n c e  i n  r e s o n a n c e  

en ergy b e t we en a me t h y l  g ro up a n d  a n  e t hy l  g ro up . T h i s  s l ight d i f  

t e r enc e and t he a noma l y  of t he y e l l ow 3-me t h y l p y r id in e  cump l ex const i -

t u t e  t h e  ma j o r  s h o r t c om i ng s  o f  t h e  re s on a n c e e f f e c t exp l ana t ion . 

A l t h o ug h  the s u b s t l t u e n t  on t he p y r i d i n e  r i ng d o e s  s eem t o d e �  

t e un i n e  t he n a t u r e  o f  t he comp l e x , i t  i s  int e r e s t to n o t e  t h at , in 

g e n e r a l , t h e s u b s t i t uent , whe n  l oc a t e d  in t he 3- o r  4 - p o s i t ion o f  t b e  

r i ng , h a s  l i t t l e ,  i f  any , e f f e c t  o n  t he 6. va l ue o f  t he p y r i d ine For 

comp a r i s o n  p u r p o s e s , t h e mo s t  comp l e t e  s e t  o f  v a l ue s  a re the ave r a g e d  

f ie l d  1 v a l u e s  f u r  t h e  comp l ex e s  i n  a c e t on e  s o l u t ions . T h e y  co r r e sp o n d  

L o  t h e  e n e r g i e s  u f  t h e f i r s t  t r a n s i t ions i n  T a b l e  X V . F rom a s t ud y o f  

t h e � e  va lues , i t c a n  b e  s e en th a t , o f  t h e  mon o d e n t a t e  p y c i d i ne de r iva-

t Lv e s , a l l  e x c e p t 3 - b romo p y r i d i n e  h ave 8 avg . va l u e s of a bo u t  1 0 , 0 00 

. l 
ern 



D f u r t h e r  A s p e c t s  

A l t h o u g tt s e ve r a l c omp l exe s o f  n i c k e l ( I I )  p e r ch l o c a t e  w i t h  

p y r id i n e  d e r i v a t ive s have b e e n  s yn t h e s i z e d  an d t he i r  c ompo s i t i o n s  a n d  

s t e r e o c h em i s t r ie s  e s t a b l i s he d , t h e s t udy i s , i n  a en s e , i n c omp l e t e , 

8 5  

f o r  s e ve r a l  q ue s t i on s  h ave been r a i s ed a n d  l e f t  u n an s we r e d . T h e  na t u re 

of t h e  s l i gh t l y  p a r am a g ne t i c  [N i (  3 - p i c ) 4] ( C l 04 ) 2 c omp l e x c o u l d  be f u r ­

t h e r  c l a r i f 1 e d  b y  s t u d i e s  o f  v a r i a t io n s  i n  t he v i s i b l e  a n d  n e a r - in f r a r e d  

a b s o rp t i o n  sp e c t rum a n d  in t h e  m a gn e t ic moment a s  f tn c t i ons o f  t empe ra -

t u r e . V i s i b l e  a b s o  i o n  s pe c t r a ,  u s ing p l an e  p o l a r i z e d  l i g h t , o f  

o r i en t e d s l e  c r ys t a l s o f  t he c omp l ex e s  wo u l d  be v a l u a b l e  in c o n f i rm-

i n g  t h e  a s s ignme n t s  of t e t ragon a l  b a n d s  in the powd e r s p e c t r a  o f  t he 

c omp l e xe s .  S l e - c r y s t a l  x - r a y  d i f f r a c t i o n  s t ud i e s  a n d  f u r t he r  inv e s -

t i g a t ion o f  c l a t h r a t i on pro p e rt i e s  o f  t he c omp l e xes wo u l d  a l s o  be d e ­

s i r a bl e .  T h e  p r e p a r a t ion o f  a dd i t i on a l  comp l exe s , e s p e c i a l l y  o n e s  

h a v i ng non - a l k y l  s u b s t i t u t e d  py r id i ne s , s h o u l d  be p o s s i b l e , and t h e i r  

ch a ract e r i z a t i o n  s ho u l d  a l l ow a mo r e  c omp l e t e  int e rp r e t a t i o n  o f  t h e  

s u bs t i t u e n t  e f f e c t . 



C HA P TER I V  

8 l u e p a catna gnet l C  C p  ,;;. , •  ) 2 B �:' _ j  c ::,mp I E.' Xe '=' f c_, !: rn u l  

I N i  ( x �, p y ) 4 < c  J wh e r  X is t1 3 C H 3  j L\ ;_ 4 - C  s u i ! 2 e ' ' j , j 

- d 4 ' l' '" j A 1 l l  j , 
t , , 1 ( , , ' 'i ' i-lfJ -_: ·· - :,sr 1 7 • \.;t-. u 2  r ep a r e, . "" �s o ye . O'-'j c l amag L ; e 1 c  i'< A p y 1 4 JI  

comp l e x e s , whe: r e X i s  Lj CH 3 and 4 - N H L , and t h e o l  l y  it: 

ye 1 1  o w  lN i l 3 - p i c ) 4j l04 ) 2  comp l e x we re p rep a r e d . C n a t a c te r i z a t ion o f  

t h e comp l ex e s  i n c l u d e d  s t u d i e s  o f  t h e  inf ra red . n e a r - i n f r a red , and 

v i s l. b l e  s p e c t ra of t h e s o l id comp l e xe s and t b e i r  so l ut ion s in the Ct)[Il ·-

p o u ent p y r i d i ne b a s e  a n d  in a c e t on e . 

N e a r - i n f r a red a n d  v i s ib l e  a b s o r p t ion ban d s were ass i g ned in 

a g r e emen t w i t h  e it h e r  r e gu l a r  or d i s t o r t ed oc t a hed r a l  s t e r eo c h e m is t r i e s  

f o r  t h e  b l u e c omp l exe s and so l ut ion s a n d  i n  ag r �eme o t w i t � squ a r e - p l an a r  

s t e r eo ch em i s t ry f o r  t h e  ye l l ow comp l e xe s . T h e  coo r d  i n a r  iun (; [ t he p e. t·-

dd o ce:n e ivn t o  t n e n icke l ion i n  t he b l u e comp t exe -v, a COll i J nned t' t ,nn 

t h e  �l p l i t t  o f  t h e degene r a t e  mod e s  and t h e  a c t i v a t i::m  of t h e s ymm et l i e 

mo d e s  of the p e r c h l o r a t e ion i n  t he inf r a c e d  sp e c t rtan T h e  a b i l i t y  o f  

t wo o f  L tle comp l e xe t o  f o nu c l a t n r a t e s  '' i t h  aroma t i c  g u e;:,t s was o b ·  

t.: e  rv ed I nduc L. i\ s t e r ic . and r e s o n a n c e  e f f e c t s f t h e  u b s t i t uen� 

we r e  c on s i d e r e d  a p o s s i b l e  exp l a n a t ion oi t he o b s e r ved s u b s t i t ue n t  

e ff e c t  f' he i n f l uence o f  t h e re .::. on a n c e  e f f e c t  on tbe p o s s i b i l ity o f  

s y tc<:. r g u: bond be tw e e n  t b e  n i cke l and t h e  p y r i d ine base �ova �:, C \J rt S l d c:: rej 
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1. th:: C <)mp l. e x e  T n e  v a l. u e o f  Dq t i t u t e d  py r i d i. ne :; 

re l a t i v e l y  i n .3 ens i i.ve t u  the s u  i L UE l g 1 oup 
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