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INTRODUCTION

In the past 60 years there has been a great increase

in interest in coordination compounds, particularly those

of the transition metals. This increasing interest can he

credited to the work of Alfred Werner, who did much in the

way of developing and correlating valency and stereo-

chemistry (^0,^1). In more recent years a number of

investigations have been concerned with the magnetic prop-

erties of inorganic complexes, since the effective magnetic

moment of an atom can be correlated with the bond type,

coordination number, and stereochemistry of the atom (5,5,

6,7,8,15,55).

The purpose of the present investigation is to

prepare complexes of iron(II), cobalt(II), nickel(II) and

copper(II) chloride with the tridentate ligand 2-(a-

pyridylmethyleneaminomethyl)pyridine (Structure I), which

contains the -N=G—C=N-G-G=N- group, and to investigate

their stereochemistry by means of magnetic, spectral and

conductivity measurements. (The iron(II) perchl orate

complex has been prepared (27) but the only study made of

it was a determination of the room temperature magnetic

moment.) This ligand contains three donor nitrogen atoms

1



and is constitutionally similar to that ligand which is

familiarly known as terpyridine (2,6-bis-(a-pyridyl)-

pyridine) (Structure II).

Terpyridine is a most important tridentate chelate

compound that has been extensively studied. In 1955 a

brief report was made on the preparation and use of 8-

(a-pyridylmethyleneamino)quinoline (Structure III) as a

tridentate chelate compound (11). This compound is consti-

tutionally similar to terpyridine and so coordinates to

iron(II) salts to give analogous diamagnetic complexes.

All of these tridentates are slightly acidic in

that bases can remove one proton per coordinated tridentate

residue from the complexes. Removal of the proton enhances

conjugation and thus a greater resemblance to terpyridine

complexes. An excellent example of this is the condensa-

tion product of 2-pyridinaldehyde with 2-pyridylhydrazine

to form l,5-'bis-(2^-pyridyl)-2,3-diaza-l-propene (15)

(Structure IV).

In any consideration of design of new tridentate

chelate compounds related to terpyridine, cognizance must

be taken of the availability of pyridine-2,6-dialdehyde

(Structure V), which will condense with primary amines to

give Schiff bases of the general formula VI, in which

there is the same sequence of donor atoms and bonds as in

terpyridine. When R= methyl, ethyl, phenyl or benzyl
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groups, this ligand coordinates readily to give typical

diamagnetic octaJiedral iroii(II) complex salts, analogous

to those of terpyridine.

Among the condensation products obtainable from V

and primary amines are the linear polymers derivable from

diamines, e.g. hexamethylenediamine (Structure VII).

Reaction of this polymer with an excess of iron(II) sulfate

leads to a solid composed of one molecule of iron(II)

sulfate for each two residue of VII. This compound is

ferromagnetic with a molar susceptibility of 155,000 x 10"

c.g.s. units, but no conclusions regarding the molecular

structure are drawn.

To understand the magnetic and spectral properties

of these coordination compounds, recourse must be had to

ligand field and molecular orbital theories (2,6,7,9,11,

1^,18,23,25,28,29,30,51,32,36,58,39), the details of which

will not be given here. The magnetic susceptibilities

will be determined over a range of temperature since it is

difficult to properly evaluate magnetic data obtained at

room temperature only. It is now recognized that intra-

or intermolecular antiferromagnetic interactions exist in

a number of complexes and the existence of this phenomenon

can be proved only by magnetic measurements over a range

of temperature. A gross misinterpretation of the room

temperature magnetic moment can be made by assuming that



the ground state level of a transition metal ion is always

separated from the next higher level by hi^ >> kT. However,

if the spectrsLl measurements provide the necessary data

for an evaluation of the crystal field splitting, 10 D ,

then they will also reveal the energy of separation between

the ground state and the first excited state, thus allowing

a more accurate evaluation of the magnetic data. Spectral

measurements will be made both in solution and in the solid

state to determine any change in stereochemistry upon dis-

solution of the complexes. Conductivity measurements will

be made so as to determine whether or not the chloride

ions are outside of the primary coordination sphere. Thus

any change in stereochemistry upon dissolution, as revealed

by the spectral measurements, will be quite important here.
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EXPERIMENTAL PROCEDUHES

Preparations and Analytical Data

Dichloro-2-(a-pyridylmethyleneaminometliyl)pyridine-

iron(II).—To two ml. of aminomethylpyridine (0,018 mole)

in 10 ml. of absolute ethanol was added 2 ml. of 2-

pyridinaldebyde (0.018 mole), and the solution was gently

refluxed 20 minutes and then cooled. To this was added

2.02 g. of iron(II) chloride tetrahydrate (0.009 mole)

dissolved in 20 ml. of absolute ethanol. Precipitation

was immediate and the slightly hygroscopic green-black

microcrystalline product was separated from the mixture by

filtering with suction, washed three times with 10 ml.

portions of absolute ethanol, and dried over Pi^O^Q — "^^^^^

for 12 hours at 25°C. and for 12 hours at 80°G. Anal .

Calcd. for [FeC-^2%1^3^^2^ *^2°' ^' ^1.19; H, 3.22; N,

12.28. Found: G, ^1.57; H, 5.81; N, 12.45.

Bis-[2-(a-pyridylmethyleneaminomethyl)pyridine-

cobalt(II) chloride.—To two ml. of aminomethylpyridine

(0.018 mole) in 10 ml. of absolute ethanol was added 2 ml.

of 2-pyridinaldehyde (0.018 mole) and the solution was

gently refluxed 20 minutes and then cooled. To this was

added 1.68 g. of cobalt(II) chloride hexahydrate (0.00?

6



7

mole) dissolved in 20 ml. of absolute ethanol. After

cooling for 30 minutes precipitation was virtually complete

and the pink microcrystalline product was filtered off by

suction, recrystallized from absolute ethanol, washed with

three 10 ml. portions of absolute ethanol, and dried over

P^O-,Q in vacuo for 12 hours at 25*0. and for 12 hours at

80°C. Anal. Calcd. for LGoC2i^.^22^e^^-^2'^2'^' ^' 53.1^;

H, ^.58; N, 1^.88. Found: C, 55.35; H, ^.90; N, 1^.59.

Bis-[2-(a-pyridylmethyleneaminomethyl)pyridine-

nickel(II) chloride.—This complex was prepared in a manner

analogous to that of the above cobalt(II) complex. Anal.

Calcd. for [NiC2/^.H22Ng]Cl2'H20: C, 53.2^; H, ^.^6; N,

15.00. Found: C, 52.91; H, 4.57; N, 14.79.

Ghloro-2-(a-pyridylmethyleneaminomethyl)pyridine-

copper(II) chloride.—To two ml. of aminomethylpyridine

(0.018 mole) in 10 ml. of absolute ethanol was added 2 ml.

of 2-pyridinaldehyde (0.018 mole), and the solution was

gently refluxed 20 minutes and then cooled. To this was

added 1.36 g. of copper(II) chloride dihydrate (0.008

mole) without excessive stirring. After immediate precipi-

tation the excess liquid was decanted off, absolute ethanol

added, the mixture briskly stirred and cooled, and the pale

green microcrystalline product was then filtered off,

washed with three 10 ml, portions of absolute ethanol, and
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dried over P^O,q in vacuo for 12 hours at 25°C. and for 12

hours at 80<^C. Anal. Calcd. for [CuC-, 2%li^^ClJCl'HoO:

C, ^1.22; H, 3.72; N, 12.00. Pound: C, ^1.06; H, 3.51;

N, 11.80.

All analytical measurements were made by Galbraith

Microanalytical Laboratories, Knoxville, Tennessee,

Apparatus

Magnet .—The magnetic susceptibilities of the com-

plexes were determined by the Gouy method. The magnetic

field was produced by means of a Varian Associates Model

V-'^-OO^, ^" electromagnet equipped with ^" cylindrical

pole pieces. The magnet was used in conjunction with a

Varian Associates Model V-2300-A power supply and a Varian

Associates Model V-2301-A current regulator, which was

used to maintain constant current (+ 1 x 10"-^ amp).

The '+" pole pieces, separated by a 2-1/4" air gap,

gave a maximum field strength of 6,800 gauss. The magnetic

field v;as calibrated by using standard solutions of

nickel(II) chloride, v;ater, and solid nickel ammonium

sulfate-6-hydrate,

*

Temperature control ,—The temperature control

apparatus followed the basic design of Figgis and Nyholm

(15) and Clevenger (3).

See Appendix I,



To determine the period of time required for tiie

sample to reach thermal equilibrixim after the cryostat had

attained the desired temperature, the force acting on the

sample was measured at five minute intervals until the

measured force became constant. It was determined that

between thirty and forty-five minutes were required for the

sample to reach thermal equilibrium within the cryostat.

Cryostat .—The cryostat used was a pyrex model

follov/ing the basic design of Figgis and Nyholm (15) and

Clevenger (5).

Sample tube .—A quartz sample tube, approximately

3.5 mm. inside diameter, was fitted with a tapered teflon

stopper. The tube v;as suspended in the cryostat, from the

balance, by a gold chain. The sample tube v/as calibrated

for a volume of 2 ml. by using water delivered from a

calibrated T.D. pipette. The position of the meniscus

was marked by etching with hydrogen fluoride. The sample

tube was approximately 18.6 cm. in length, so that the

sample might extend from the region of maximxim field

strength to a region of negligible field strength. A

quartz sample tube was used so as to eliminate the large

paramagnetism which was obtained v/ith the pyrex sample

tubes. The ^mall diamagnetic correction for the quartz

tube was determined as a function of temperature.*

See Appendix II.
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Balance .—A Mettler Model B-6 semi-micro balance of

0.01 mg. sensitivity was used to measure the force exerted

by the magnetic field upon the sample.

Conductivity measurements .—All conductances were

measured using an Industrial Instruments Inc. Model ROM

15 Bl Serfass Conductivity Bridge and a cell with a cell

constant of 1.^659 cm" . All measurements were made at

25°C. in absolute ethanol, and in tetrahydrofuran, using

10"^ M solutions. A silicone oil bath, regulated by a

Sargent Thermonitor, Model SW, was used to maintain

constant temperature.

Molecular weight determinations .—A Mechrolab Model

302 Vapor Pressure Osmometer, with tetrahydrofuran as the

solvent, was used to determine the molecular weights of

the complexes.

Spectrophotometer .—A Cary Model 1^ Recording

Spectrophotometer was used to determine the ultra-violet,

visible and near infrared solution spectra of the complexes.

A Cary Model 1^11 Diffuse Reflectance Accessory was

employed to determine the solid state spectra of the com-

plexes. A Perkin-Elmer Corporation Model 21 Recording

Infrared Spectrophotometer was used to determine the

infrared spectra of the complexes.



RESULTS

Magnetic Data

The complexes that were prepared, isolated and

identified are bis-[2-(apyridylmeth7leneaiiiinometh7l)-

pyridine] cobalt (II) chloride, bis-[2-(a-pyridylinethylene-

aminomethyl)pyridine]nickel(II) chloride, dichloro-2-(a-

pyridyliiiethyleneaminomethyl)pyridineiron(II) , and chloro-

2-(a-pyridylniethyleneaiiiinomethyl)pyridinecopper(II)

chloride. The magnetic moments of these complexes

determined at room temperature and two different field

strengths are reported in Table 1,
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The magnetic susceptibility of each, complex was

determined as a function of temperature (from approximately

^0°'K. to the sample decomposition temperature), and were

found to exhibit normal temperature dependence (Figures

1,2,3,^). A Curie constant, C, and a Weiss constant, 0,

which were evaluated for each complex, are reported in

Table 2.

TABLE 2

CURIE AND WEISS CONSTANTS FOR NORMAL TEMPERATURE
DEPENDENT COMPLEXES

Complex
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TABLE 5

VARIATION OF MOLAR SUSCEPTIBILITIES AND MAGNETIC
MOMENTS OF [Fe(PMP)Cl2] WITH TEMPERATURE

T^K
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TABLE ^

VARIATION OF MOLAR SUSCEPTIBILITIES AND MAGNETIC
MOMENTS OF [Co(PMP)2]Cl2 WITH TEMPERATURE

12^.6

159.7

160.2

181.8

206.8

227.6

299.1

356.3

35^.1

571.5

597.0

CcK.s. units)
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TABLE 5

VARIATION OF MOLAR SUSCEPTIBILITIES AKD MAGNETIC
MOMENTS OF CNi(PMP)2]Cl2 WITH TEMPERATURE

T°K X, X 10^
^^^^

CcR. s. units) (B.M.

)

125.1 8981 5.01

1^5.2 7896 5.0^

170.4 6841 3.07

193.5 6103 3.08

211.8 5664 3.11

236.8 5156 3.14

257.6 4706 3.13

296.2 4060 3.11

318.0 3822 3.13

341.3 3568 3.14

364.7 3317 3.12

387.0 3139 3.13
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TABLE 6

VARIATION OF MOLAR SUSCEPTIBILITIES AND MAGNETIC
MOMENTS OF [Cu(PMP)Cl]Cl WITH TEMPERATURE

Ccg.s. units) CB.M.) CB.M.)

166.3
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Conductivity Data

TtLe specific conductance of eacii complex, whicli was

determined at 25°C, is reported in Table ?.* The conducti^nce

values for the cobalt (II) and nickel (II) complexes are

within the range of those expected for complexes of the

type [ML2]Cl2. The data for the copper(II) complex

indicate that it is of the type [MLC1]C1. The iron(II)

complex is indicated to be of the type [MLClp]. The low

conductivity of this complex probably results from a

solvation reaction in which the chloride ions undergo a

slight dissociation.

TABLE 7

SPECIFIC CONDUCTANCES AT 25°

C

Complex Concentration K

(moles per liter) (ohm cm. )

[Fe(PMP)Cl2] 1 X 10"5 20.9^ 4.3^

CCo(PMP)2]Cl2 1 X 10"^ ^4.7 35.8

[Ni(PKP)2]Cl2 1 X 10"^ 42.1 39,2

[Cu(PMP)Cl]Cl 1 X 10"5 31.7 19.4

^Ethanol Solution.

^Tetrahydrofuran Solution.
See Appendix IV.
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Molecular V/eig:b.t Deterainatioas

Tile values determined for the cobalt (II) and

nickel(II) cosiplexes are within the range of those

expected for complexes of the type [MLp]Cl2. Despite the

low solubility of the iron(II) and copper(II) complexes in

tetrahydrofuran, the values found indicate that these

species are uni-molecular, in solution, with only one

tridentate ligand, PMP, around each metal ion. The values

are reported in Table 3.

*

TABLE 8

MOLECULAR WEIGHTS

Values (a.m.u.)
Complex Calculated Observed

[Pe(PMP)Cl2]^

[Co(PMP)2]Cl2^

[Ni(PMP)2]Cl2^

[Cu(PM?)CljCl^

Spectroscopic Data

The results from the spectral measurements are re-

ported in Tables 9, 10, 11, 12, and 15.

Concentration = .03m.

Concentration = .03m.

See Appendix V.

32^
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TABLE 9

ABSORPTION MAXIMA AND NOLAR EXTINCTION COEFFICIENTS
DETERMINED FROM THE ULTRA-VIOLET SPECTRA OF LIGAND

AND COMPLEXES

Wavelengths Concentrations Molar Ex-
(angstrom units) (moles per liter) tinction

Coefficients

PMP

2^50 2 X 10"^* 8.5 X 10^

[Fe(PMP)Cl2]

2665 1 X 10"^ 1.2 X 10^

CCo(PMP)2]Cl2

2475 1 X 10"^ 7.7 X 10^

2560 1 X 10"^ 9.6 X 10^

[Ni(PMP)2]Cl2

2500 1 X 10"^ 0-.^ X 10^

2620 1 X 10"^ 9.5 X 10^

[Cu(PMP)Cl]Cl

2500 1 X 10"^ 2.0 X 10^

2900 1 X 10"^ 1.5 X 10^

Not isolated from solvent.
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TABLE 10

ABSORPTION MAXIMA AND MOLAR EXTINCTION COEFFICIENTS
DETERMINED FROM THE VISIBLE SPECTRA OF LIGAND AND

COMPLEXES

Wavelengths
(angstrom units)

Concentrations
(moles per liter)

Molar Ex-
tinction
Coefficients

PMP

3750

[Pe(PMP)Cl2]

5520

4800

5750

[Co(PMP)2]Cl2

5175

5550

CNi(PMP)2]Cl2

5800

[Cu(PMP)Cl]Cl

5730

5900 •

5050

1 X 10
-2'

1 X 10
-4

1 X 10

1 X 10

-3

-3

1 X 10
-2

1 X 10
-2

1 X 10
-2

1 X 10

1 X 10

1 X 10

-5

-5

-5

1.4 X 10'

1.4 X 10-

1.3 X 10'

1.1 X 10-

1.5 X 10'

1.3 X 10'

1.2 X 10'

1.5 X 10'

1.4 X 10'

1.1 X 10'

Not isolated from solvent.
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TABLE 11

ABSORPTION MAXIMA DETERMINED FROM THE SOLID STATE
VISIBLE SPECTRA OF THE COMPLEXES

Wavelengths
Canp!;stroni units)

CFe(PMP)Cl2]

^850

5900

[Co(PMP)2]Cl2

5100

5500

[Ni(PMP)2]Cl2

^^50

5750

]Gu(PMP)Cl]Cl

5050
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TABLE 12

ABSORPTION MAXIMA DETERMINED FROM THE SOLID STATE
NEAR INFRARED SPECTRA OF THE COMPLEXES

Wavelengths
(angstrom units)

[Co(PMP)2]Cl2

10600

[Ni(PMP)2]Cl2

8100

9700
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DISCUSSION

A number of complexes formed between iron(II),

cobalt(II), nickel(II) and copper(II) and tridentate

ligands containing the basic terpyridine linkage bave

been prepared by Lions and coworkers (11,15,17,27). Many

of the ligands formed bis-tridentate complexes with the

metal ions, i.e., six-coordination compounds of the type

[MLplClo. However, some ligands, e.g. 2-methyl-8-(6 -

methyl-a-pyridylmethyleneamino)quinoline, formed only

one-to-one complexes with copper(II) of the type

[CuLCl]Cl, and complexed not at all with iron(II), while

others formed complexes of iron(II), cobalt(II), nickel(II)

and copper(II) of the type [MLClp]* in. which the ligands

are assumed to function as bi- or tridentates, with four-

or five-coordination. The existence of polymeric

structures in the solid state has not been definitely

precluded.

During the present investigation complexes of

iron(II), cobalt(II), nickel(II) and copper(II) with the

tridentate ligand, 2-(a-pyridylmethyleneaminomethyl)-

pyridine (PMP), were prepared and studied. This ligand

contains the basic terpyridine linkage, -N=C—C=N—C-C=N—

.

28
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It has been definitely proven that, in the case of the

cobalt(II) and nickel(II) complexes, two of the tridentate

ligands (PMP) are coordinated to each metal ion, forming

six-coordinate complexes. The stereochemistries of the

iron(II) and copper(II) complexes are not definitely

assigned.

The cobalt(II) complex, [Co(PMP)p]Cl2, was found

to have a room temperature magnetic moment of ^.63 B.M.

Spin-free octahedral cobalt(II), a d' ion, has a T-,ig

ground state, which provides an orbital contribution to

the magnetic moment. The value of the magnetic moment

expected, based on this ground state, is 4.1 B.M. The

larger value observed, which is in accord with the

magnetic moments of many high-spin octahedral cobalt(II)

complexes, can be explained on the basis of spin-orbit

coupling which mixes in some of the higher levels having

orbital angular momentum with the ground state.

Octahedral nickel(II), a d ion, has a ^Ap ground

state which provides no orbital contribution to the mag-

netic moment. The magnetic moment expected on the basis

of this ground state is 2.8 B.M. The observed value,

3.08 B.M;. , is justified by the existence of higher levels

having orbital angular momentum that can be mixed with the

ground state via the mechanism of spin-orbit coupling.
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The copper(II) complex has a room temperature

magnetic moment of 2.15 B.M. This complex was found to he

field strength dependent in that as the field strength was

decreased, the value of the magnetic moment also decreased,

thus indicating some form of metal-to-metal interaction.

Analytical data indicate that the complex is either

four- or five-coordinate. The low conductances make it

extremely difficult to determine whether the complex is of

the type [MLCllCl, i.e. four-coordination with one chloride

ion outside of the primary coordination sphere, or of the

type [IlLClo]* i.e. five-coordination v/ith the conductivity

values being due to a solva'uion reaction in v;hich some of

the chloride ions are replaced hy solvent molecules.

Because of the propensity of copper(II) complexes toward

square-planar four-coordination and because of the

existence of similar compounds prepared by Lions (17),

this complex is assumed to be four-coordinate square-planar.

The metal-to-metal interaction could possibly arise

t/.rough a direct copper-to-copper coupling mechanism, as

in the copper(II) acetate complex (15), but ligand steric

effects make this seem unlikely. A copper-to-chloride-to-

copper coupling, a super-exchange phenomenon analogous to

that found in systems such as FeO, CoO, or ?lnO, cannot be

definitely excluded here.
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A similar problem arises in the interpretation of

the magnetic and analytical data of the iron (II) complex.

High-spin octahedral iron(II) complexes normally have

magnetic moments around 5.1 B.M. , while the low-spin

systems have moments around .5 B.M. The only four-

coordinate square-planar iron(II) complex that has been

well characterized is the phthalocyanine complex, which

has a room temperature magnetic moment of 3*95 B.M. The

room temperature magnetic moment of the iron(II) complex

presently being studied was found to be 5.^9 B.M. and is

also field strength dependent. With the analytical data

indicating four- or five-coordination, it is difficult to

make a plausible stereochemistry assignment. If the

complex is assumed to be four- or five-coordinate in

solution, it could conceivably increase its coordination

number to six in the solid state through the formation of

chloride bridges, at the same time providing a mechanism

for metal-to-metal interaction. However, this cannot be

definitely concluded and the question must remain open.

For the cobalt(II) complex in solution, four ab-

sorption bands were observed: two in the ultra-violet

region, at 2,^75 A and 2,560 A, which were assigned to

electronic transitions on the ligand, and two in the visible

region, at 5*175 A and 5,550 A. In the solid state three

absorption bands were observed: two in the visible region,
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at 5,100 A and 5»500 A, and one in the near infrared region,

at 10,500 A, The absorption maximum at 10,500 A (9,^50 ozT'^)

is assigned as the T-]_ (?) >
-2k^-^^

transition, thus

giving a value of 1180 cm." for D . The absorption in the

visible region from the solid state spectra and the solution

spectra are assumed to arise from the same transitions.

Thus the absorption at 5,500 A (13,200 cm. ) is assigned as

the T-, (F) > ^Prr(^) transition and the absorption at

5,100 A (19,600 cm."-'-) is assigned as the ^T-,^(?) >

T-, (P) transition (Figure 5).

*P-
—lo-

F ^^
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Using the value of D determined from ttie T-, (F) —

>

-q -Ig^

Tp (P) transition, the absorption values for the transi-

tions "^T^gCF) —> %g(F) and "^T^gCF) —> "^T^gCP) are

calculated to he, respectively, ^,700 A (21,300 cm." ) and

^,^50 A (22,500 cm," ). These csG-culations are based on

transitions for regular octahedral complexes and no allow-

ances are made for tetragonal distortion. Thus the validity

of the assignments is not questioned because of the dis-

crepancies between the calculated and observed values.

Indeed, the absorption at 5»500 A agrees closely with that

found at 5»550 A in the [Co(terpy)^]''"'' complex and assigned

as the ^T-j_ (F) —> ^^2^^^) transition (19).

From the solution spectra of the nickel (II) complex

three absorptions were observed: two in the ultra-violet

region, at 2,500 A and at 2,620 A, which were assigned as

charge-transfer bands, and one in the visible region at

5,800 A (17,300 cm." ). From the solid state spectra four

absorptions were observed: two in the visible range, at

4,^50 A (22,500 cm."-*-) and at 5,750 A (17,^00 cm.""'"), and

two in the near infrared region, at 8,100 A (12,550 cm." )

and at 9,700 A (10,300 cm.""^). The band at 5,750 A from

the solid state spectra and the band at 5,800 A from the

solution spectra are assigned as the same transition.

If the absorption at 8,100 A is assigned as the

^Ap (F) —>
^-2b:^^^

transition, then a value of 1,235 cm."
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is found for D^ . The maxirnxxm at 9»700 A is assigned as~^
5 1the A2 (?) > ^o-^^^ transition, while the band at

5,800 A is assigned as the ^Ap (F) > ^T, (F) transition.

These observed values are only slightly lower than those of

the [lTi(dipy)j] ** and [Ni(terpy)2]'^'^ complexes (1,19,3^).

The absorption maximum at ^,^50 A could only be tenuously

assigned to the ^A2 (F) >
-le-*^-^^

transition (Figure 5).

Fig. 6.—Partial energy level diagram for a d ion
in an octahedral field, showing the triplet states and the
lowest singlet state.

From the spectra of the iron(II) complex six

absorptions were observed: one at 2,665 A, from the ultra-

violet solution i,pectra, and assigned as sin electronic

transition on the ligand; three from the visible solution
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spectra, at 5,520 A (28,^00 cm.'-'-), at ^,800 A (20,800 cm."^)

and at 5,750 A (17,^00 cm." ); and two from the solid state

visible spectra, at ^,850 A (20,600 cm."-'-) and at 5,900 A

(16,950 cm. ). The absorptions at ^,800 A from the

solution spectra and ^,850 A from the solid state spectra

were assigned as the same transition. There is some doubt

as to whether the absorptions at 5,750 A from the solution

spectra and 5,900 A from the solid state spectra arise from

the same transition. In the absorption spectra of the

[Fe(H20)g]
"*""*" complex, a band composed of two maxima is

found at 10,000 cm." and 12,000 cm,~ , which is identified

as the Tp (D) —> ^E (D) transition (Figure 7), split

because of a Jahn-Teller effect (21,26). Since the ligand

field of PriP is greater than that of water, the absorptions

are expected to occur at higher values. Thus the absorp-

tions at 5,750 A and 5,900 A are tentatively assigned as

the T2-(D) —> ^ (D) transition, while the remaining

peaks are supposedly the transitions £2 (D) —> -^1,(0),

''Tp (D),... . These are not identified with certainty, in
o

part because of the indefinite assignment of the stereo-

chemistry of the complex.
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';: -2s

5t
•-is

^-.. -2g ,^-'-' "^
-c^_^

5a-ig

Symmetric Octahedral Trigonal
Field Field Field

Fig. 7.—Energy states which arise from the ^H and

D term states of a d ion in a regular and trigonally
distorted octahedral weak field.

For the copper(II) complex in solution, five

absorption bands were observed; two in the ultra-violet

region, at 2,500 A and 2,900 A, which were assigned as

electronic transitions on the ligand, and three in the

visible region, at 5,750 A (26,800 cm.~^), 5,900 A

(25,600 cm. '"-') and at 5,050 A (19,800 cm."^). In the

solid state spectra one absorption band was observed at

5,050 A and this bsuid ajid the band from the solution

spectra at 5,050 A are assigned as the same transition.
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From tlie spectra of [CuCdipy),]'^'^ a band is reported

at 14,700 cm."* (22), v;h.ile a slightly lower value is

reported from tlie [Cu(terpy)2]'*"^ spectra (19,22). No

absorptions in this region were observed from the spectra

of the copper (II) complex presently being studied. Because

of the Jahn-Teller effect, no regular octahedral copper(II)

complexes are expected to exist (35) and, indeed, it is

2 2generally found that the E and Tp levels are split

into two components each (Figure 8), v;hich give rise to

three transitions (10,12,20), On this basis the absorptions

observed in the visible region of the spectrum are assigned

. . 2 2 2 2
as transitions 3,^ > A, ^ 3^^ E . This is in-Ig -Ig -2g -g

agreement with the proposed four-coordinate square-planar

configuration of the copper(II) complex.

2b.

2d-

^^-'^
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The present investigation of these complexes

suggests a number of areas in which future work must be

done before a better understanding of the magnetic and

spectral behavior of iron(II) and copper(II) complexes can

be gained. The magnetic susceptibilities of these com-

plexes in solution, and the magnetic properties of single

crystals, should be thoroughly investigated. A detailed

x-ray diffraction study should be made. There is a tre-

mendous amount of work yet to be done in connection with

spectral characterizations, especially those of iron(II)

complexes.



SUMNAHY

The syntheses of the iron(II), cobaltClI), nickel(II)

and copper(II) chloride complexes of the tridentate ligand

2- (a-pyridylmethyleneaminomethyl)pyridine (PMP) are

reported. The cobalt(II) and nickel(II) complexes are

six-coordinate and of the type [MLpjClp while the iron(II)

and copper(II) complexes, in solution, are presumed to be

four- or five-coordinate, that is [MLC1]C1 or [NLClo].

The solid state magnetic susceptibility of each of

these complexes was determined as a function of temperature.

It was demonstrated that each of the complexes follows the

Curie-Weiss law, but that the magnetic moment of the

iron(II) and copper(II) complexes were found to be field

strength dependent. The room temperature magnetic moments

of the cobalt(II) and nickel(II) complexes are those

expected for high-spin octahedral complexes whereas the

moment exhibited by the copper(II) complex was that

expected for either a square-planar or an octahedral

complex. The moment exhibited by the iron(II) complex is

consistent with neither of these stereochemistries and

indicates a significant degree of metal-to-metal inter-

action.

39
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Definite assignments were made for the absorptions

of the cobalt(II), nickel(II) and copper(II) complexes in

the ultra-violet, visible, and near infrared regions of

the spectra. Only tentative assignments could be made for

the absorption maxima of the iron(II) complex. These

assignments correspond to D values that are within the

range expected for complexes formed by these ions with

terpyridine-like ligands. Definite assignments of the

iron(ll) complex are difficult because of the uncertainty

surrounding its stereochemistry.
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APPENDIX I

Calibration of Field Strength, as a Function of Current

The strength of the magnetic field was standardized

by using a 29 per cent NiCl^ solution, water, and solid

nickel ammonium sulfate-6-hydrate. The gram susceptibility

of the NiCl2 solution is dependent on the mole function of

NiClo in the solution (55):

Xg = l^^^iP^ P + 0.720(l-p)] X 10"^ erg gauss'^ .

The susceptibility of the water is reported to be

0.72 X 10" erg gauss

is reported to be (^)

0.72 X 10"^ erg gauss"^(56) andX for Ni(NH^)2(S0^)2*6H20

'^T^TT75 " °-5°^ ^ ^°'^ ^^^S gauss"^

^5
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TABLE m-

FIELD STRENGTH AS A FUNCTION OF CURRENT
AS DETERMINED WITH WATER

Amperage H
(gauss)

4.0 6695

5.8 6504

5.6 6558

5.4 6558

5.2 6140

5.0 5950

2.8 5577

2.6 5157

2.4 4879

2.2 4775

2.0 4125
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TABLE 15

FIELD STRENGTH AS A FUNCTION OF CUHHENT AS DSTEHI'IINSD
WITH NICKEL AMMONIUM SULFATE-6-HYDRATE

Amperage H
(gauss)

^,0 68^8

3.8 6656

5.6 6^58

5.^ 6253

3.2 6025

3.0 5771

2.8 5^59

2.6 51^8

2.4 48^8

2.2 4^61

2.0 4123
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TABLE 16

AVERAGE FIELD STRENGTH AS A FUNCTION OF CURREITT

Amperage H
(gauss)

^.0 6770

3.8 6580

3.6 6508

3.^ 6^05

3.2 6082

3.0 5860

2.8 5518

2.6 5152

2.4 4863

2.2 4618

2.0 4123
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APPENDIX II

TEMPERATURE DEPENDENT DIAMAGNETIC CORRECTIONS
POR A QUARTZ GOUY TUBE

Several quaxtz Gouy tubes were prepared and found

to be slightly diamagnetic. The following data were

obtained by using a magnetic field of approximately 5770

gauss.

TABLE 17

TEMPERATURE DEPENDENT DIAMAGNETIC CORRECTIONS
POR A QUARTZ GOUY TUBE

T*»K 1/T X 10^ A
ô

88.0^ 11.56 -0.00313

100.24 9.98 -0.00285

148.84 6.72 -0.00270

177.5^ 5.63 -0.00268

221.44 4.52 -0.00271

314.64 3.18 -0.00269

359.40 2.78 -0.00270
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APPENDIX III

The complexes were corrected for disunagnetism by

using Pascal's constants.
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APPENDIX IV

Conductances of certain coapoiinds v;ere determined

in tetrahydrofuran solution and used as standards.

TABLE 19

SPECIFIC CONDUCTANCES AT 25«C

Compound

KCl

C0CI2

MnCl2

CoBr^

Concentration
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APPENDIX V

Molecular weiglits of certain compounds were deter-

mined in tetraliydrofuran solution and used as standards.

Compound

KCl

C0CI2

MnCl2

CoBr^

TABLE 20

MOLECULAR WEIGHTS

Values (a.m.u.)

Calculated O'oserved

75

150

126

219

82

1^5

137

2A-0
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