A Thesis submitted to the
University of London
for the Degree of
Doctor of Philosophy,
by

Jean Macqueen*

November, 1957*



ProQuest Number: 10098008

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest 10098008
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



ABSTRACT.

A number of Inner-con$)lex oompounds of beryllium, aluminium, iron,
copper and nickel have been prepared, and measurements of the molecular
polarisation have been made on those which were sufficiently soluble
in either benzene or dioxan, A heterodyne beat apparatus was used for
dielectric constant measurements* The appropriate molecular refractions
have been either measured or calculated, and, on the assunption that
the molecules are symmetrical, the atomic polarisations have been
estimated® These values of the atomic polarisations are discussed in
relation to the force constants for the bending vibrations of the
chelate rings and the effective dipole moments of the rings*

It was found that the large atomic polarisations observed by
previous workers for the acetylacetonates are apparently general for
all inner-oosplex coz”ounds in which the chelate ring contains six
atoms* Exceptions may occur when the ring is held rigidly by some
means, as in the salioylaldoxime oonplexes, where hydrogen bonding
between the two oxiom residues has been postulated to explain their
unusually low atomic polarisations®* For the other six-membered ring
conplexes, atomic polarisation values of between 29 and 6? o*c* were
found for complexes containing two chelate rings in the molecule, and
between 4§ and 9" c,c* when three chelate rings are present, the
variations being due to changes in the ring moment and the force
constant. It was found that the force constants were considerably
affected hy changes in the strain of the chelate ring, since an
increase in the strain of the ring increased its rigidity* Complexes

of copper and nickel which contained five-membered rings have quite



amoii atonie polarisation, this being attributed to the large
-

fmroe confiants for the vibration of the rlqg«>, which in these

ooopoundo are greatly strained*
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INTRODUCTION*

It has been realised for many years that, in the measurement of
electric dipole moments, serious errors may arise if the orientation
polarisation of the molecule is taken as the difference between the
polarisations measured at radio and at visible frequenoies. When any
molecule which contains polar bonds, so that the nuclei carry unequal
effective charges, is subjected to an electric field, it undergoes
deformation, the positive charges tending to move towards the
negative end of the field, and vice versa® A dipole is thus created,
which is superimposed tpon any permanent dipole which the undisturbed
molecule may possess®* The deformations wiiioh occur can be divided into
those which involve the movements of electrons relative to the
positions of the nuclei, which take place even when the bonds of the
molecule are non-polar, and those involving the movements of the
nuclei relative to each other* The former type give rise to the effect
known as electron polarisation and the latter to atomic polarisation*
All molecules containing polar bonds, that is, all molecules except
those of the elements, may be expected to show atomic polarisation to
some extent, but it will obviously be most marked in those molecules
which contain very highly polar bonds, together with a flexible
structure *

The atomic polarisation of a compound may be determined ly
measuring the molecular refraction of the conpound in the infra-red
region of the spectrum, and also at visible frequencies* The molecular

refraction in the infra-red gives the total distortion polarisation of



the molecule, since the frequency of the vibrations is too high

to allow the molecule to orientate itself in the field, but both
nuclei and electrons may undergo displacements®* In the visible
region of the spectrum, the alternations of the field are so rapid
that only the electrons are displaced, and the electron polarisation
of the oozBpound is therefore given by the molecular refraction
measured at optical frequencies, and extrapolated to infinite wavelength
to eliminate the dispersion effect®* The atomic polarisation is then
given by the difference between these two quantities® Cartwright
and Errera (1,2) have measured the atomic polarisations of a

number of compounds by this method* The measurement of refractive
indices at infra-red frequencies, however, presents considerable
experimental difficulties; but for a non-polar oonpound, the square
of the refractive index measured at infinite wavelength is equal to
the dielectric constant, and the atomic polarisation may therefore
be taken as the difference between the total polarisation and the
electron polarisation*

For a polar compound the evaluation of the atomic polarisation
is more difficult, but it may be estimated by measuring the molecular
polarisation, P, of a oonpound in the vapour state over a range of
different temperatures, and then plotting the graph of F against the
reciprocal of the absolute temperature* The graph is extrapolated to
I/T » 0, where the intercept on the P axis should represent the total
distortion polarisation, from which the atomic polarisation may be
calculated by subtracting the electron polarisation® This method has
a number of disadvantages as compared with the former, including the

length of the extrapolation, the uncertainty of the manner in which



p varies with temperature, and its restriction to compounds whidi are
stable in the vapour state: however, values obtained by this method by
Groves and Sugden (3) and ly Watson and Ramaswamy (4) are of a similar
order to those found by Cartwri”t and Errera#

Where direct measurement of atomic polarisations has been possible,
it has been found that they are usually of the order of 5 to 15" of the
electron polarisation of the compound# Accordingly, it is usual, in
the measurements of dipole moments, to make a small, arbitrary allowance
for the atomic polarisation of % of the molecular refraction measured at
the sodium D line, although no simple systematic relationship can be
shown to hold good: indeed, no such relationship can be expected on
theoretical grounds. Over the past thirty years, however, a number of
cases have been noted in which anomalous dipole moments have been found
for compounds having symmetrical molecules, for which a zero moment
would have been expected. These **moments" have since been interpreted
as large atomic polarisations#

The first cases noted of this kind were the polynitrobengenes.
H)6jendahl (*) found small apparent moments for £-dinitrobenzene and
1:) t*-"trinitrobenzene, and later measurements by Jenkins (6) confirmed
this work and also showed that other symmetrical di- and tri- nitro-
benzenes possessed small apparent moments# Symmetrical diketones were
found to have "moments* of about 0*7 D, as shown Ay measurements on
£-benzoquinone by Hassel and Naeshagen, which were confirmed by
Le Pevre and Le Favre (8), who also found a nearly equal moment for

carbon suboxide# Ha imick, Hampson and Jenkins (9) extended the
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measurements to a number of 2:$- disubstituted £-benzoquinones, and to
2;284 :4-tetramethyloyolobutane-1;j-dione. In all these cases, instead of
findingto be almost equal to the total polarisation, which would
have been expected for a planar symmetrical molecule, there was a
discrepancy of between 8 and 11 c.o#

Symmetrical dioyano compounds were siilLso found to show anomalies*
Cyanogen had been shown, by measurements made at various temperatures
by Watson and Ramaswamy (loo* oit*), to possess a rather high atomic
polarisation; and Coop and Sutton (10) found that forf-dicyanobenzene,
the difference between 200 8 c*c*, approximately equal to
the value for cyanogen*

Smith and Angus (11) were the first to postulate high atomic
polarisations in metallic complexes, when they found apparent moments
of 1*07 and 1*35 D* for beryllium acetylaoetonate and basic beryllium
acetate reapeciively®* Both these compounds were believed to possess
molecular symmetry* Thereafter, a number of metallic oospounds were
found to have anomalous moments* Jensen (12) investigated several
pho”hir» complexes of the type frtA” (FRj)2]» where Arepresents a
halogen atom and R either the ethyl, n-propyl or iso-propyl group* Most
of these coigplexes can be prepared in two forms, and the measurements
were carried out in order to distinguish between qis and trans isomers*
The o<-forms were undoubtedly ois isomers, possessing large dipole
moments of about 11 D*¥ In the case of the * -compounds, or trans
isomers, however, a moment of about 1 D. was found, corresponding to
an atomic polarisation of about 23 c.o*, or approximately ZJo of[Rj*

A similar result was found for the cooplexes of substituted arsines



and stibines, and Mann and Purdie (IJ) found very nearly equal
apparent moments for similar cooplexes of palladium.

Apparent moments of about 1.) D. were found by Cavell and Sugden
(14) for the nickel complexes of various glyoximes, which they examined
for ois-trans isomerism. Measurements were also made by Hampson on
diphe hylmercury, di-£-ohlorophenyl mercury and related oongounds (15); by
Curran and 7/enzke (16) on the mercuric halides, and by Coop and Sutton
(loc. oit.) on the tetrahalides of titanium, germanium and tin: all of
which oon”ounds were found to have email anomalous "moments*.

Finn, Hang>son and Sutton (1?) extended the measurements of Smith
and Angus to the series of metallic complexes of acetylaoetone, and in
every case found unusually high values of the atomic polarisation. A
rough additivity was apparent in their results, since the values
fell into three groups having roughly the ratios 2:5:4; these groups
comprised congpounds with two, three and four chelate rings respectively,
although considerable variations occurred within each group.

Smith and Angus pointed out that the difference between the total
and the electron polarisations of the beryllium complexes could not be
due to a permanent moment, since there was no variation in P with
te%perature. They suggested therefore”hat the differences observed
could be attributed to the”xiatence of large atomic polarisations,
which might be expected to be largp in a molecule containing bonds as
highly polar as the Be4d— 0 partial coordinate link. Since at that
time the existence of large atomic polarisations had not been
conclusively demonstrated, this suggestion was not generally accepted,

particularly as the measurements in question had been made in solution.



SO that the possibility of a solvent effect could not be ruled out.
Jenkins (6) proposed a theory to aocount for certain of the

anomalous moments, in particular those of the polynitrobenzenes and

mercury ooflspounds, based on the assunption that a given bond moment

is not constant, but is subject to fluctuations about a most probable

value, caused by the variations in solvent-solute forces. An

alternative theory was put forward by Frank and Sutton (16), explaining

the anomalies on the basis of moments induced in the molecules of

the solvent by the balanced dipoles in the molecules of the solute.

Finn, Hampson and Sutton (loc. cit.) were, however, able to show that

the molecular polarisation of beryllium acetylaoetonate, measured

in a number of different solvents, was practically constant, within

the limits of experimental error. The values obtained from measurements

made on solutions in carbon disulphide were no exception, whereas

both the Jenkins and the Sutton-Frank solvent theories predicted a

higher value for the molecular polarisation in this solvent. Moreover,

Coop and Sutton (loc. cit.) were able to demonstrate that the

anomalies persisted when tiia measurements were made on the acetylaoe-

tonates, £-benzoquinones, £-dinitrobenzene and the tetrahalides of

titanium, germanium and tin in the vapour state, thus proving that

a solvent effect could not be wholly resensible. They also showed

that there was no variation inIthe (molecular polarisation in the

vapour state with temperature, which ruled out the possibility of

the presence of a permanent dipole. An esqplanation based on inconylete

chelation of the acetylaoetonate ring was also eliminated, since in

Budi a case variations with temperature would be expected; also, the

stability of the compounds makes this unlikely. T'e eyimetry of the
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ohelate rings is indicated by the resonance theory. It wab shown that
slow bending, caused by thermal collisions, as postulated by Hang)8on
to aocount for the anomalies found for dlphenylmerouiy and ti*
related oompounds, could not ej¢lain the effects observed for the
acetylaoetonates, since the frequency of bending can be shown to be
too high to allow the molecules to orientate themselves while bent.
The only other possible explanation was that of large atomic
polarisations, as originally put forward by Smith and Angus. Atomic
polarisations can be expected to be independent of solvent or
tea”erature, and may be expected to show the additivity exhibited hy
the acetylaoetonates: moreover, all the compounds for which anomalies
have been observed are of the type containing two or more large
balanced dipoles in the molecule, so that, while in the unperturbed
state the molecules are non-polar, they become highly polar if a small
displauemont from the symmetrical arrangement occurs.

The expression

pA » 4-tt Np P

. 9V,
which expresses the contribution made to the polarisation of a flexible
molecule of a vibrating system, either bond or group, of momentyi, the
force constant for the vibration being V», was applied by Finn, Hampson
and Sutton to the acetylaoetonates, quinones and tetrahalides in order
to gain information about the force constants of the vibrations. For
most molecules, p, is not large for any bond, and will not usually

exceed about 5 c.c#,: but where p 1s greater ttian about 2.5 D. for any



bond, the effect of atomic polarisation must be taken into account.

This treatment also explains the almost exactly equal atomic
polarisations of the symiaetrical diketones, including the various
substituted quinones, carbon suboxide and 2%?2;4;4-tetrametbylcyolo-
butane-1:)«#dione, Each of these compounds possesses the same
vibrating “stem of two oollinear carbonyl groups, which make a large
contribution to the atomic polarisation of the molecule on account of
the large 07=0 bond moment; the contributions from the remainder of
the molecule, whatever that may be in each case, are much smaller in
comparison. Similar considarations apply to the dioyano compounds, and
the additivity of the atomic polarisations of the acetylaoetonates is
explained on the same basis. It is surprising tliat nickel carbonyl was
found ly Sutton, New and Bentley (I19) to have an atomic polarisation of
only 2 C.C.* since spectroscopic measurements (20) show tliat the force
constant is of the same order as those calculated for the aoetylacetonates,
i.e., about J x 10"‘?12 ergs/radianz/molecule, and the moment of the
0 —>Ni bonds would have been expected to be very high. Repeat
measurements might be of advantage in this case, since only two
solutions were used.

The initial treatment along these lines assumed that two distinct
factors were involved, i.e., the bending of the molecules, followed by
the orientation of the bent molecules In the electric field. It was
suggested, therefore, that If the natural period of the bending
vibrations were less than the time required for orientation (assumed
to be about 5 % 10*12 sec.) then the only effect involved would be that

of bending, whereas if it were larger, contributions would be made both



by bonding and by orientation. Davidson and Sutton, however, (21) were
able to show by statistical methods that the two factors do not make
independent contributions to the total polarisation, and it is not
possible to distinguish between them.

In the present work, the aim has been to extend measurements of
atomic polarisation to as wide a range of ohelate complexes as possible.
The number of compounds on which measurements can be made is greatly
restricted by the limited solubility of most metallic complexes in non-
polar solvents; this expecially applies to cozapounds in whose molecules
the ohelate ring contains five atoms, and only two oonpounds of this
type have been found to be sufficiently soluble for measurements to be
made. A fairly wide range of six-membered rings, including a number of
Gonplexes of the salicylaldéhyde series, is available, in which either
oxygen or nitrogen atoms are coordinated to the central atom, which is
generally copper or nickel in the soluble complexes.

In certain oases thesyoraetry of the molecules has been established
by orystallographic analysis; this applies to the salioylaldoxime
complexes of nickel and copper, which have been shown Ay Cox, Webster et
al. (22,25) to be planar, and to possess a centre of symoetxy. In the
case of the nickel complex the planarity was confirmed by magneto-
chemical measurements. Symmetry of the molecules of the aoetylacetone and
dibenzoylmethane ooaqplexes is required by the resonance theory, and,
in the case of copper acetylaoetonate, this has been confirmed by X-ray
examination by Cox and Webster. The remaining oompounds have been
confirmed by theresuits obtained. No value of the molecular polarisation

has been found for these complexes greater than 2”0 c.o., except in the
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case of cc”per salioylldaneaniline, whidi appears to be exceptional:
Jensen (loc. cit.), on the other hand, obtained values for the molecular
polarisations of the ois planar ocxaplexes of platinum of approximately
2500 0.0. No meaaureznents of the moment of a tetrahedral complex of
this type appear to have been made, but it is probable that it would

be large, and intermediate between the moments of the cis and trans

complexe s.
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CHAPTER 1.

METHODS OF RESEARCH.
Section 1. Apparatus.

It was pointed out by Debye (1) that the Clausius-Moaotti-Debye
equation for the molecular polarisation of a polar confound in the
gaseous state could be applied to the case of a polar compound in dilute
solution in a non-polar solvent. For the calculation of the molecular
and electronic polarisations of a compound by this method it is
necessary to detemine the densities, dieleotrio constants and
refractive indices of a series of solutions of graded concentrations.
The apparatus which was used for the determination of those quantities

w 1ll be described in this section.

Determination of the Dielectric Constants.

[t was desired to measure dielectric constants between 2.2 and
2.5# with, if possible, an aocuraqy of +0.0001, and for this purpose
an apparatus based on the heterodyne beat principle is the most
satisfactory. The apparatus which u?ed was that designed by Few,
Smith and Witten, (2), and built by Few ()). It was designed in such a
way that one side of the tuned circuit in each of the two oscillators
was earthed: this enabled the adjustment of the tuning condensers to
be made without any changes in the frequenqy due to hand capacity.
Screen-grid sund anode potentials were supplied from a single high-
tension unit to reduce variations in frequency; the beat frequency was

found to be insensitive to deliberately imposed variations ofthe
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screen-grld or anode potentials. The two oscillators were connected to
the same low-tension source. All the anode leads and soreen-grid leads
were decoupled to prevent interaction, and the use of electron coupling
to mix the two hi*-frequenoy oscillations conq)lately eliminated all
tendency to "looking-in" (vide Groves (4)). Hi" quality short-wave
tuning condensers were employed. The inductances consisted of 24 S.W.G.
enamelled copper wire, closely wound on Paxolin formers. By the use of a
substitution technique, it was possible to introduce either the dielectric
cell or the precision condenser into the tuned circuit, while the other
was earthed on both sides. By this means, a veiy rapid matching of the
capacity of the precision condenser to the capacity of the dielectric
cell was possible, which minimised errors arising from a possible
frequency drift in either of the oscillators. The oscillators were
housed in metal boxes, and all interconnections were made by screened

cable.

List of Components.

- Cossor V.9*

Vg - Marconi S.24,
Vj - Raytheon 6.SA.7#

- Osram Z.21.

- )0 turns of 24 S.W.G., 2 in. diameter, close wound.

7 * ® % * * . . n

oy
0

N IK



A50 jUuF short-wave variable.

7 juyoF trimmer.

200 ppf fixed, switched in or out.
ADielectric cell and precision condenser.
75 fiaiort-wave variable.

500 fjip? fixed.

Cj - 200 ppF fixed.

0~,0n,Gg - Zp? - 1000 volts.

QQ -

1 “ 550 volts.

1 "F - 800 volts.

Cio - 0.25 pf - 450 volts.

A14*~1S5 " A trimmers.

1 megohm.

RARIM - 0.1 megcAm

Rg

Rp

150 ohms.

2 megohms.

10,000 ohms +50,000 dims variable.

0-10 moving coil milliammeter.

0-200 moving coil microamneter.

jack for earphones.

quarts crystal, approximately 1 megacycle

socket for screened cable.

13.
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The heterodyne beat apparatus consisted of a crystal-controlled
oscillator# qperating at a frequency of 10 c#p.s.# and a variable
frequency oscillator# ehlch contained In the tuned circuit either the
precision condenser or the dielectric cell. The precision condenser
used had a capacity range of )00 jiji?, and could be matched against the
dielectric cell with the maximum accuracy for dielectric constants up
to about ) If the capacity of the cell# when It contained air as the
dielectric material# was approximately 100 jifiF. The Inductance was
chosen to give resonance at a frequency of about 10”c.p.s. with a total
capacity of about 450 juyjiF* In the circuit# allowing about 100 to
150 jiipF* for the minimum capacity due to the adjustment condensers# leads#
etc. Substituting these figures In the equation

f» 1
znJw
the required value for the Inductance Is about 50 microhenries#

The outputs from the two oscillators were fed on to the grids of a
mixer valve# the output of which was rectified by a pentode valve# which
operated as an anode bend detector®* The anode lead of this detector
passed through a 0—200 movIng-coll microammeter and a pair of earphones*
connected In series to the high tension terminal. The earphones
enabled the beat frequency to be detected audibly at frequencies greater
than about )0 c.p.s.; The mlcroammeter# which reloaded to frequenoies
between approximately 20 c.p.s# and zero# provided detection within

this range.

High Tension Supply.

The high tension supply was drawn from the A.C. mains using a
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Clarke’s "Atlas" eliminator from udiioh certain set values of the
potential could be chosen* The most satisfactory combination of the
available values was found to be given Ay a potential of 150 volts on
the anodes and of 90 volts on the soreen-grlds of the valves. The

anodes and screen-grids were decoupled to earth by the condensers

Relay unit*

The relay unit used was of the Post Office switch type# and was used
in preference to the mercury cup type because it can be operated by a
bell-push situated at a distance from the dielectric cell and the
precision condenser. The relay Itself was placed near to the dielectric
cell platform and the precision condenser#which made possible the use of
short leads# thereby reducing stray capacities. The connections between
the oscillator compartment and the relsy were made by low oeqpaclty screened
cable* The leads from the relay to the dielectric cell and to the
precision condenser were of rigid 12 SW*G. brass rods# arranged so that
the earthed lead adequately screened the radio frequency lead. The relay
connections were arranged to earth both sides of the precision condenser
when the dielectric cell was In the oscillator circuit# and to earth both
plates of the cell when the precision condenser was In the oscillator
circuit.

In practice It was found that the capacity associated with the relay
unit remained constant during use# but to ensure trouble-free operation
the contacts were always cleaned with fine emery paper# and finally

polished with silk# before the apparatus was used*
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Preoleion Condensar»

An N#P.L. oertlfioatedf Sullivan direct drive precision variable
air condenser was used, with a capacity range of 65 to 565 ppF* It
had a finely divided degree scale consisting of 720 directly engraved
divisions, which was fitted with a simple microscope and a vernier
reading directly to one-twentieth of a division. By estimation the
scale could be read to one-fortieth of a division: this corresponded to
a change in capacity of approximately 0.01 jjpF. Using a dielectric
cell with a capacity of about 100 jxjif. when air was the dielectric, this
scale reading aocurapy made it possible to determine the dielectric
constants of the solutions to within jhO.00OL

The taper bearing of the condenser allowed very small increments
of capacity to be made: by applying a sli”t torque to the capstan head
of the condenser, the beat frequency could be altered by one or two
cycles per second. This showed the condenser to be entirely free from
backlash: it was found that it could be adjusted with a far higher
degree of precision than that with which the scale could be read.

Whilst the capacity of the precision condenser was adjusted as
far as possible so that the beat frequency when it was in the circuit
was the same as when it was replaced by the precision condenser, it is
desirable Ico know what is the change in the beat frequency corresponding
to the minimum alteration in the capacity of the precision condenser
which can be detected on the scale.

From the equation
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differentiation with respect to C.L remaining constant, gives

® ——————————————

Dividing equation 2 by equation 1,

df *—dC . # # # # A
f 20

Sinoe f =10"0.p.s., and C is of the order of $00 jXjiF,, then for the

smallest detectable capacity change of 0.01 jupF.A

df a - 0.01 ,
10° 2 x 500

whence df » 10 o.p.s.

Thus it was actually necessary only to match the capacity of the
precision condenser to that of the dielectric cell to within a beat
frequency difference of five cycles per second, ensuring at the same
time that the beats were occurring on the same side of the zero beat
position.

The calibration of the condenser was carried out the "step" method,
using the heterodyne beat apparatus. The precision condenser was first
adjusted to the aero of the scale, andthen by operation of the relay a
small fixed condenser was introduced into the circuit. This fixed
condenser was in fact the capacity associated with the rigid brass
leads from the relay to the dielectric coll platform. The oscillators
were then matched to zero beats by adjustment of the tuning condensers
in the variable frequency oscillator. The fixed condenser was then
removed from thecircuit by operation of the relay, and the oscillators
were again matched by adjustment of the precision condenser. The new

reading on the condenser was noted and it was then readjusted to the
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zero of the scale, and the procedure was repeated. The mean of two or
three such readings was taken as thecorrect capacity increment.

The precision condenser was then adjusted to this meanreading and
the whole procedure was repeated forthe second "step".

fiy this method, the part of thescale of the precision condenser
which was used in these measurements was calibrated. Checking repeats,
made at several points of the scale, showed that the calibration was

satisfactory within the limits of the scale reading accuracy.

Dielectric Cell.

The dielectric cell was based on the principle introduced by
Sayce and Briscoe ($). It had an electrical capacity of about 100
jifif when filled with nitrogen as the dielectric material, and when full
it contained about )0 c.o. of liquid. Two ) mm. bore capillary tubes
gave access to the annular space, and these, together with the elbow-
tube idiioh provided a connection to the platinum electrode of the outer
plate of the cell, were supported by glass tie-arras Joining them to the
main body of the cell. This *eatly increased the resistance of the
cell to mechanical strain, hence increasing the stability of its
electrical capacity. The platinum wire which acted as a connection to
the inner plate ofthe cell was extended along the axis and fused into
a glass cup at the top of the cell. Both this cup, and the outer plate
connection tube were filled with mercury to ensure that proper contact
was made with the rigid leads to the cell. The cell incorporated a gold,
leaf guard-ring, which greatly reduced the small edge-effect which

otherwise occurs in this type of cell.
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The silvering of the oell was carried out by the method
described by Sugden (6). using four applications of the specified
silvering solution. As the presence of the guard-ring maie it
impossible to see the level of the silvering solution, a constant
volume of the solution was added for each application, so that the
upper edges of the plates “ould be on an even level. In order to
preserve the surface of the silver plates, the oell was always le ft
filled with one of the pure solvents when it was not in use.

The chief advantage of the Sayoe and Briscoe type of cell is that
there is no solid dielectric between the silvered plates, and vezy little
in the neighbourhood of the edge. The distance between the plates is
small compared with their linear dimensions, and by earthing the
outer plate, an almost complete electrostatic screen is provided. The
oell thus approximates very closely to a perfect condenser, i.e., one
in which the capacity is strictly proportional to the dielectric
constant of the material between the plates. There is, however, a small
edge effect, due mainly to the capacity between the edge of the inner
silvered surface and the earthed thermostat, involving a mixed
dielectric consisting partly of the solution in the oell and partly of
its outer glass wall. There is an additional, vexy small effect due to the
capacity between the inner platinum connecting wire and the earthed
thermostat, again involving a mixed dielectric consisting of the
inner air-qpaoe in the cell, the solution contained in the cell and the
two glass walls. This effect is imzch smaller them the former and can
be considered negligible.

The edge effect of the Sayce and Briscoe type of cell has been

studied in detail by Sugden (loc. cit.) and Ball (7) in investigations
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of the dlelectrio constants of liquids up to a dielectric constant of
about 30. If the edge effect is ignored, the experimentally determined
values of the dielectric constants were slightly lower than the
absolute values, the largest discrepancies being for the highest
dielectric constants. Sugden shoved that for a mixed dielectric of the
type described above, the edge capacity C varied according to the

following relationship:

A2
where and are the dielectric constants respectively of the
liquid in the oell, and of the glass of the outer oell wall, and d*
and dg are the thicknesses of the dielectric layers of the liquid and
the glass wall respectively.

In the present work, the measurements were of dielectric constants
of solutions, which varied only slightly from those of the pure solvents,
which themselves were approximately 2. The edge correction in these
oases 1s therefore small# However, the measurement of its magnitude
was made by the general method of Sugden, by determining the opacity
of the dielectric cell when it contained nitrogen, or liquids of
varying dielectric constants, both when it was remote from, and when it
was near, earthed conductors. The change in capacity under these
conditions is then a measure of the edge correction.

A cpper collar, about 3 om. long, which closely fitted the
outer glass wall of the oell, was used. The collar, which was earthed,

could be moved lp and down the oell so that it was either below the
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level of the edge of the silvered surfaces, or above this level, thus
simulating the absence and presence of the earthed thermostat water.

The dielectric cell was supported in the empty thermostat at 207,
remote f"om earthed conductors. The collar was adjusted to a position
below the level of the silvered surfaces, and the oell was filled with
nitrogen. The opacity was then determined in the usual way. The
collar was then moved up so that its lower edge was a few mm. below the
edge of the silvered surfaces, and the opacity again determined. This
reading was found to be slightly higher than the first, the difference
correponding to the edge capacity. This procedure was repeated with
oyclohexane, benzene and carbon disulphide suooessively as dielectrics,
giving a range of dielectric constants between 1 and 2.6, thus completely
covering the full range of the dielectric constants of the solutions
used. A grph was plotted, lowing the variation of the edge correction,
epressed in terms of step numbers, with the dielectric constant of the
liguid. On the same diagram is shown the curve of edge correction
plotted against step nuodaer which was obtained by Few (loc. cit.) using
the same technique, but for a cell which did not include the gold-leaf
guard-ring, and whi<" therefore had a considerably higher edge effect.

Cell Gdge Correction.

Dielectric material. Nitrogen. Cyolohexane. Benzene. Carbon
disulphide.

D.o. of dielectric. 1.0 2.01 2.27 2.6)

Step number change. 0.0028 0.00)0 0.010) 0.0120

In practice, this correction is found to be cancelled by another

correction (of. Method of Calculation of Dielectric Constants),
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When in the thermostat, the dielectric cell was sipported by a brass

stand, constructed so that the cell could be easily inserted and removed,
without Involving any strain upon it, which would result in changes in
its electrical capacity.

A Distrene platform carrying two stainless steel mercury cups was
bolted on to the side of the thermostat. Two rods of 12 S. W.O. brass,
bent twice at right angles, acted as connections between the cups and
the cell, and 12 S.W.G. brass rods were also used to connect the cups

to the relqy.

Refractive Indices.

The refractive indices of the pure solvents and of the solutions
were determined using a Hilger-*Watts Abbe refractometer. The oell of
the refractometer was maintained at 2$” by the rapid circulation of
water from the thermostat through the heating block by means of a small
centrifugal pua%,).

The absolute error in the refractive indices for the pure solvents
arx|the colourless solutions was about *0«0001, but was considerably
larger for the solutions which were more intensely coloured. Foi/the
moderately coloured solutions, the use of the Abbe type of
refractometer was particularly advantageous, as it is necessary for
light to pass through a very thin film of liquid only) enabling a
reasonably exact measurement to be made. In the cases of some of the
very dark green nickel complexes the colour of the solutions was too
intense for any refractive index measurements to be made, since, even
if solutions were prepared sufficiently dilute to allow light to pass

through them, the charge in refractive index from that of the



23.

pure solvent was too small to be measured at suoh high dilution.

Densities.

The densities of the pure solvents and the solutions were
determined, relative to the density of water at 4 =1, by means of
a Sprengel type of pyknometer with a capacity of about 10 o.c. The
pyknometer had two fine“bore capillary side-arms, fitted with ground-
glass caps to reduce losses Ay evaporation. It was provided with a
removable stirrup made of stainless steel wire for attachment to the
balance. When in the thermostat it rested in a brass holder.

The pyknometer was calibrated with boiled-out distilled water at
287, and several répétitions of the calibration showed that the accuracy
of a density measurement depended chiefly on the accuracy of the
weighings, rather than on the adjustment of the liquid in the
pyknometer to constant volume. The absolute error in the densities
in moat oases was about”~.00002. For some of the most intensely
coloured solutions the error was probably sli*tly greater since in
some cases it became difficult or impossible to see clearly the
es”ct position of the meniscus in the capillary tube, which had then
to be estimated.

Weighings.

All the weighings were carried out on a Stanton Model C.B.J
balance, having a sensitivity of 2.) divisions per milligram throu”out
the range used, thus enabling the weldings to be made with an

accuracy of jjD.1 mg.

B.T.L. analytical gold-plated weights were used, after
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calibration against an N.P.L. certificated 5 mg. rider. All glass
apparatus to be weighed was handled with silk throughout, and was left

in the balance case for ten minutes before being weighed.

Temperature Control.

The temperature of the laboratory in which the heterodyne beat
apparatus was situated did not vary greatly during the day, but in order
to prevent large frequency drifts, the apparatus could be screened when
necessary from direct sunlight.

The tliermostat was filled with water to a constant level, the water
being eariiied, and agitated by an electrically driven stirrer. The
carbon filament heating lamp was operated by a toluene-awroury spiral
through a Sunvio B.A.2 type electronic relay, adjusted to maintain
the thermostat at a temperatore of 25”% which did not vary by more
thfiffi 0.002®. No variation in temperature could be detected between
different parts of the thermostat. A Beckmann thermometer, which had
previously been calibrated against an N.P.L. certificated thermometer,

was employed.

Section 2. Method of Calculation of the Dielectric Constants.

In this work no attempt has been made to determine dielectric
constants absolutely, but consideration has been given to the accurate
determination of relative dielectric constants of solutions differing
only slightly from that of the pure solvent.

Two reference substances were used in the determination; pure
dry beusene, the dielectric constant of which was taken as 2.272% at

25® , the value obtained 2y Hartshorn and Oliver (0), and dry nitrogen.
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which has a dielectric constant of 1.000" at 2"®, the value given
in the "International Critical Tables".

All condenser readings were converted into step numbers, and the
dielectric constants were calculated as follows:

If tlie capacity of the ceil in vacuo is C*,

then the capacity of the cell filled with nitrogen *

'o " B
. " « a t a m solution =
where and € are tlie re“active dielectric constants.
Then if and are the step numbers corresponding to the

precision condenser readings when the oell is filled with nitrogen,
benzene and solution respectively, and if is the capacity which
remains constant during the course of the run, due to the leads between

the cell and the relay, etc., and where k is a constant:

C T G, B K R e 1.
0 » n

B ®L “ % A 8

®o0"S =K R g e 5%

Subtracting equation 1 from equation?2,

C/\(fB_fJ}A 43 "y %* * * °

Subtracting equation 1 from equation),

CaCE g - Sjj) = k(Rg - - . . .

Then, diTiding equation 5 by equation 4,

that 1is.
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Thus, with a knowledge of the values of and and of the
,step numbers Rg and Ry the dlelectrio constants can be calculated
from equation 6.

If the term R« - B - K,

then idien K » 0, 0.1 and 0.2, the values of & are reqpectively
2.2725 2.39977 2.5269".
However, if the dielectric constant of nitrogen is assumed to be unity,
the corresponding values of 6 , calculated from equation 6, are
2.2725 2.59974 2.5270q.
The errors introduced by making this assumption are then
Zero + 0.000015“- +0.0001(’)‘.

This small positive error is of the sam9 order as the negative

error introduced by the edt© effect.

Hlj”uation of the Kdge Correction.
Tabulated below are some typical condenser step nuoiDers, both
uncorreoted, and with a correction applied for the edge effect, the

magnitude of which was read off from the graph:

Unoorrected. Corrected
Ejj. 5.2974 5.2946
*B 51.9094 51.8985
£g 1" 54.5589 54.5478
*QON 57.2195 57.2077

From equation 6, the unoorrected dielectric constants are:

2.5991 ; £32 = 2.5262.
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the dielectric constants, corrected for the edge effect, are;

=2.39925 €32 T245264

The correction is zero for the calibrating liquid, benzene.

The total errors are then as follows:

Dielectric constant. Nitrogen error. fidge error. Total error
2.40 + 0.mOOc¢ -0.0001 -0.0000¢c
2.53 + 0.000Iq -0.0002 -0.0001

Therefore, if the dielectric constant of nitrogen is assumed to
be unity, and at the same time the edge effect is ignored, the total
error introduced is less than the experimental error of +70.0001 for
liquids with dielectric constants within the range measured, since this

lies between 2.2 and 2.4, and it may accordingly be neglected.

Section 3# Calculation ofthe Uolacular Polari .sations.

The molecular polarisation of a polar compound consists of two
terms, namely, the orientation polarisation, P , dw to the presence
of the permanent dipole in the molecule, and the distortion polarisation,
Pjj, which is itself coaposed of two terms? the atomic polarisation,
resulting from the displacement of the atomic nuclei in the applied
electric field, and the electronic polarisation, P”, due to the
displacement of the electrons.

Debye (9) first showed that the Clausius-Mosotti equation
required a further polarisation term, to allow for the presence of
a permanent dipole, and deduced, for a low-frequency field, the equation

2
P *P. + + Pm * 4TrLV 4 4TIN M . l.
A % r y “ o kf~
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For the derivation of this equation, however, it was necessary to
assume that the molecules are sufficiently far apart to prevent any
interaction between them. This assumption restricts the strict
application of the equation to gases at low pressures; but it was
pointed out by Debye (1) that, since the kinetic behaviour of a solute
in dilute solution is analogous to that of a gas, the equation derived
for the molecular polarisation of an ideal gas should be equally
applicable to the case of a solute in low concentration in a non-polar
solvent, always with the provision that there is no interaction between
the molecules of the solute andthose of the solvent. The polarisation
of a given solution # will then be equal to the sum of the polarisation

contributions of the solute and solvent, 1i.e..

*‘12 ” *51/\1 * /\2/\2 73 (/\12 " A 2

(£12% 2) «12

where f denotes the molar fraction of the component concerned, and
the subscripts 1, 2 and 12 refer to the solvent, solute and solution
respectively. From this equation, Pg, the molecular polarisation of
the solute, can be calculated, assuming that remains constant over
the concentration range studied.

The value of Pg, when calculated in this way, varies in many
cases with the concentration of the solution, in a manner which cannot
at present be predicted on any theoretical basis. Two methods are
available for the determination of the molecular polarisation at
infinite dilution.

The first method Involves the calculation of P g for each



29

solution, followed by the plotting of the grayph of Pg against the
weight-fraotion of the solute, and extrapolation to zero oonoen-
tration. It has been shown by Sugden (10) that the oalouiation of
Pg from equation 2 is considerably simplified by the use of
specific polarisations# %e molecular polarisation is equal to the
product of the specific polarisation, pg,and the molecular weight.
Mg, of the solute, and therefore it followsthat, sinoe

KK])  BIA] K ADAD X

PI2 = Pini + PgW gl
where W and Wg are the weiyit fractions of the solvent and the
solute respectively.

Mw w* » 1 - Wg, so that, from equation },

P12 " PI(l - + P2*2'
it follows that Pg =Pi + P2 “ Pi A
Wg
and thence that Pg = M"Pg + (" + ptg - p)
*2
Tharefora, slnoa -1 . . 6.

/\12 A\

where v*g is the specific volume of the solution, the value of Pg can
be calculated.

The values of the molecular polarisation calculated in this way
are always subject to a considerable uncertainty, especially for
solutions of low concentration, since the expression involves the term

(p™g - p”), that is, a difference between two terms which may be very
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nearly equal: the percentage error in Pg thus increases as Wg decreases.
In the present work, most of the measurements had to be made on very
dilute solutions, on account of the limited solubility of the compounds.
In certain cases, therefore, the values of Pg were subject to a rather
large error, which was increased by the fact that the apparent dipole
moments of the confounds were quite small so that the changes in
dielectric constant were also small. Reasonably accurate extrapolation
to infinite dilution was therefore difficult. In all the cases
considered in this work, Pg was found to vary in a random manner about
a mean figure which approximated to the value obtained by using the
second method of calculation.

The second method used was that due to Smith and Cleverdon (11).
This method makes two assunytions? firstly, that the dlelectrio constants

4

of the solutions vary with the weight-fractions of the solute according

to the relation:

/2
€'g ® AN + /N2 e . . . . 7.

where o< and are constants ; and secondly, that there is a linear
relationship between the specific volumes of the solutions and the weight
fractions of the solute, which may be written
vig 5V We . . . . . 6.

where /? is a constant.

The constant x may be determined by plotting the graph AX2 XM

against Wg, and extrapolating linearly to Wg = 0, the intercept on
the Wg axis giving In fact, in all the oases studied in this work,
it was found that there was no variation in ( 6"g - "x™“V2 "2

greater than that due to experimental error. It was then possible to
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determine K by flndii% the slope of the graph of plotted against

Wg, alternatively, the value was taken as 2 (<x2 * 1~ The latter
. . A

method has the merit that less weight 7-We

is placed on the measurements on the very dilute solutions, where the

percentage experimental error is likely to be large.

The value of ~ was determined in a similar way, using the

relationship ji 21 (v*g - v"). The value of calculated at each

21 We
concentration was found to be approximately constant.
From the values of the parameters (x and determined in this
way, the molecular polarisation at infinite dilution was calculated

using the equation derived by Halverstadt and Kumler (12):

7200 ¢ V.a T2 +/4) (C1 - 1)
L(fi +2) Gl +2)
which is derived by differentiation of aquation 6, followed by
combination with equations 4, 7 and 8.

The advantage of this method over the former is that individual
errors in the experimentally determined values of €"g and v*g are
evident before combination into polarisation terras, where they may
become masked.

In practice, it was found that the values of Pg obtained by the
first method did not differ greatly from the value of Pg” calculated
by the Smith and Cleverdon method, although the first method involved
rather more uncertainty than the second. P%(I) was therefore always
calculated from the experimental results in both ways, the value
obtained using the first method acting as a check on thej”sult

calculated by the second.
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Section 4. Calculation of the Electronic Polarisations.

For a conpound whidi does not contain a permanent dipole in the
molecule, the molecular polarisation is equal to the distortion polarisation
that is, the polarisation resulting from the displacement of the atomic
nuclei and the electrons in the applied electric field. Maxwell (1))
showed that, for a non-polar substance, the dielectric constant was
equal to the square of the refractive index of the substance, measured
for light of infinitely long wave-length. If this value, n” 2, is
substituted in the Lorentz-Lorens equation for molecular refraction, a
value for the molecular refraction is obtained which is identical with

the molecular polarisation of the substance calculated by the Clausius-

Mosotti equation. Thus

Observations of refractive indices in the infra-red region of the
spectrum will therefore indicate the total distortion polarisation of
the substance. Such observations are experimentally difficult; and
the measurement of refractive indices for light in the visible “ectrum
gives a different figure for the molecular refraction, since, at the
lower frequencies in the infra-red region, both atomic nuclei and
electrons will be displaced, but, at the frequency of visible light,
alternations are so rapid that only displacements of the electrons occur.
It is usual to measure refractive indices at the frequency of the
sodium D line, and from this to calculate the molecular refraction
which may be used as an approximation for the electronic polarisation,
from which it normally differs by only a small amount, provided that
the measurements are not made in the region of an absorption band. Sinoe

the molecules of the coordination compounds dealt with in this work
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are symmetrical, and possess no permai®nt dipole moment, the difference
between the molecular polarisation calculated from the dielectric
constants and the electronic polarisation either determined in this
way, or calculated from bond refractions, will be equal to the atomic
polarisation®

The molecular refractions were calculated by a method analogous

to that used for the molecular polarisations®* From the equation

[\] “ YV gz =g +miZ_/\1j
2
where r, an, - 1 _
"12 + 2
values of were calculated for each solution* These were found to

vary very little outside the limits of experimental error, and the

mean of these values was taken as an approximate ||*]» which was used

as a check on the figure obtained from an equation of the same form

as that derived by Halverstadt and Kumler for the molecular polarisations;

10.
+ 2) + 2).

The parameter Y in this equation is given by the slope of the
graph of n2 against Wg, or the mean of the values of (n’\g2 - rf\’\z)/wg
for each solution. The weighted mean, ZJ(nAg2 - nAZ)/Zng, was not
enployed except in the oases where the solute was colourless or
nearly so. When the solutions were very deeply coloured, the

refractive indices of the more concentrated solutions were subject to
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nearly as large a percentage error as those at lower concentrations,
sinoe the error introduced in setting the refraotomenter was

considerably increased.

Section 5. Observational Errors.

The accuracy with which Pg can be measured depends not only upon
the accuracy of the measurements of the dielectric constants and the
Necific volumes, but also qpon the concentration of the solution. As
the concentration diminishes, the quantity (p~g - p”) is decreased,
and the errors vhich arise in pg, and hence in Pg, may become
considerable. The error in Pg due to these variables can be
calculated as follows;

From the equation:
Pg “ Pi + PI2 - Pi ,
*2
p” being constant, Apg « Ap’g
We

From the relationalip

mhz m N2 - P12 .

partial differentiation with respect to C*g gives

2 12.
12

and partial differentiation with respeot to v*g gives

AP12 = fl12 -1
‘q 13

M2+
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Then, from equations 11, 12 and 15,

=1

ATIA A _
*2 ﬁ"" 1/_ llz.p + 12 1. . AV

12
(E 12 +2)  Ci2+ »

If the error in the measurement of the dielectric constants is
+0.0001, and the error in the Epeuifio volumes is +0.00002, then taking
£742 as 2.3, and v'g 1*0, as average values of these quantities,

the errors in Pg are as follows:
When Wg = 0.01,Apg a + 0.2/5.
When Wg = 0.001, Apg » +2".

The error in the value of the molecular polarisation at infinite
dilution cannot be ascertained with suoh certainty, but since, in the
cases considered in the present work, pg did not vary greatly with
Wé’ the error in P%fﬁ is probably not more than % 2 , and in some
oases may be much less.

The aocuraoy with vAiich the measurements of [Rp]can be carried out
depends also on the concentration of the solution, as well as on the
accuracy of the measurements of the refractive indices and the specific
volumes. By a procedure aneilogous to that used to calculate the error
in Pg, the following equation can be derived forthe calculation of
the error injp”] 2

Arg =1 A

2™ +aljiJUAVv,,
Wg

(n2 + 2 f n + 2
If A Vg is taken as + 0.00002 as before, and An is taken as
jf0.0001 then for the average values of n = 1.43 and v*g ; 1.0, the

error in[Rj*]is as follows:
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When Wg = 0«O01,Ar = 0.6;".
When Wg » 0.001» Ar « 6°#

For a ooloured solution» the error in the xaeaaurement of the
refractive index i1s greater» and Ar may be almost twice as large.
The Value of calculated by an equation of the Halverstadt and
Kumler type, however, is probably not in error by more than
or less for the colourless solutions, or *5§ for the more intensely
coloured solutions.

The errors considered here are due to the limitations of the
measuring instruments used: they do not take into account systematic
errors, or errws introduced ty the absorption of moisture or by the
evaporation of the solvent diring measurements on a series of
solutions; nor, in the case of the molecular refractions, possible
errors due to anamalous dispersion throu” the measurements being
made at frequencies near the absorption bands. The use of the
procedure described in the following section tends to minimise errors
of the first t)q)e; errors introduced by anomalous dispersion are

discussed fully in Chapter III.

Section 6. Experimental Procedure.

For reasonably accurate measurements of the molecular polarisation,
it is desirable to use about six solutions of graded concentrations,
usually up to about The use of a more restricted range of
concentrations considerably increases the error in the measured
molecular polarisation, but owing to the very limited solubility of
many coordination compounds, the use of very dilute solutions was

unavoidable except in a few oases.
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Preparation of the Solutions,

The solutions were prepared in 200 o.o# flasks fitted with ground-
glass stoppers, and graduated in 10 o.o, incréments, so that an
approximately known volume of solvent oould be rapidly introduced.
Before eadi series of measurements they were cleaned with alcohol-
nitric acid cleaning mixture, thoroughly washed with distilled water,
and dried overnight in an electric oven at 120”. Diy nitrogen from a
cylinder was then passed into them, the outsides of the flasks were
cleaned with silk, and they were placed in the balance-case for ten
minutes. They were weighed accurately to 0.0001 g. The solute, which
until now was kept in a vacuum desiccator, was introduced in a finely
powdered form, and the flasks were rewei“ed# The solvent was
introduced by the use of the transference apparatus, using the screw-clip
to control the exact amount of solvent added: at the same time, a
sample of the pure solvent was transferred to another flask which had
been prepared in the same wey as the solution flasks; thus, any sli”™t
contamination of the solutions by atmo”herio moisture during the
period between preparation and use also affected the pure solvent. The
solution flasks were then weighed accurately to 0.0001 g. Throughout
the time between the removal of the flasks from the oven and the use

of the solutions, the flasks wore kept in a large desiccator.

Determination of the Dielectric Constants.

Owing to the high dielectric constant of water, the dielectric
constants of the solvents and the solutions were affected to an

appreciable degree even by minute traces of moisture. All possible
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precautions were taken to exclude atmospheric water vapour, but even so,
a considerable variation was found in the dielectric constants of the
various samples of dioxan, possibly due in part to the hygroscopic
character of this solvent. Benzene was less affected in this way, although
some slight contamination probably occurred. In order to minimise
errors due to the absorption of water, the dielectric constants were
measured as quickly as possible, before the determination of the
refractive indices and the specific volumes, which were less affected.
The heterodyne beat apparatus was switched on and allowed to warm
for at least half an hour before any measurements were made. The
dielectric cell was rinsed out three times with the pure sol ent, and
than filled with the solvent, using the transference apparatus, which
minimised exposure of the liquid to air and moisture, since the
delivery-tube of the transference apparatus fitted just inside the
side-arm of the dielectric cell. The ground-glass caps of the cell were
replaced, and it was put into position in the brass stand in the
thermostat bath. It was left for twenty minutes to reach the
temperature of the thermostat. The tuning condensers were then adjusted
so that, with the cell in the circuit, the frequency of the variable
oscillator was equal to that of the crystal-controlled oscillator,
using the earphones for rapid approximate matching, and finally

visual observation of the beat froquonoy.- the microammeter for an

accurate setting. The capacity of the precision condenser was then
matched as accurately as possible to that of the cell. Care was
taken always to match on the hi“-capacity side of the zero-beat

position. It was occasionally found to be necessary to switch off
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the thermostat motor during the final matching, as the rotation of
the stirrer and the variations in the level of the water were found to
have a slight effect on the stray capacities. It was then ascertained
that the cell and leads were in the correct position, by slightly
lifting the cell and then replacing it in the holder, and checkir® that the
setting of the precision condenser still corresponded to an exact match
of the capacities. Normally, no discrepancy in the setting was apparent:
if any change of capacity was noticed, a new reading was taken, and
the procedure was repeated until a constant reading was obtained.

The cell was removed from the thermostat, the solvent was
poured out, and the cell was rinsed out three times with the first of
the solutions, before filling with this solution. Readings were taken
in this maimer for each of the solutions. After measurements had been
made on the most concentrated of the solutions, the cell was rinsed out
three times with the pure solvent, and dried by passing dry nitrogen
from a blinder through it for thirty minutes: the ground-glass caps
were then replaced, the cell was allowed to come to the tec”erature of
the thermostat, and a reading was then taken for the cell filled with
nitrogen. Finally, the cell was refilled with the pure solvent, and a
repeat measurement was made. If there had been any shift in the
capacity of the dielectric cell, or of the stray capacities associated
with it, or if the solvent had absorbed an appreciable amount of water
vapour during the time taken to carry out the measurements on the
solutions, there was a discrepancy between this repeat reading and the
initial reading: in calculating the dielectric constants of the

solutions the mean of these two readings was used.
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Determination of the Speoifio Volumes,

The pylcnometer was dried by passing nitrogen through it for
thirty minutes: the outside was cleaned with silk and the wire stirrup
and the ground-glass caps were fitted to it. It was placed in the
balance case for ten minutes, and then weighed accurately to 0,0001 g.
It was rinsed three times with the pure solvent, and then filled with
the solvent, by 5$>plying gently suction to one arm by means of a water
pump,. It was placed in its holder in the thermostat for fifteen
minutes,,and then, while still in the thermostat, the liquid in it was
adjusted to constant volume by holding agjpiece of filter paper over the
end of the unmarked am until the meniscus, moving down the other arm,
touched the calibration mark, ' The pyknometer was cleaned and dried with
silk, the stirrup and the caps were attached, and it was placed in the

balance case for weighing. This procedure was repeated for each solution.

Determination of Refractive Indices.

The punp circulating water from the thermostat at 25" through the
heating block of the Abb/e refractom#éter was allowed to run for ten
minutes to preheat the cell, A small quantity of the pure solvent was
poured into the cell, and allowed to remain there for one minute to
reach the toncerature of the cell. The refractometer was adjusted, and
the reading noted. At least two repeat readings were made, and the
mean of the three readings was taken as the refractive index of the

solvent.

The refractometer cell was cleaned with lens tissue, washed with
acetone, and wiped dry with a clean tissue, and the procedure was

repeated fw eaoh solution.
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CHAPIER 11.

EXPERIMENTAL RESULTS.

Section 1, Preparation and Purification of M aterials.

Care was taken in all cases to ensure that the solvents and solutes
used were perfectly free Arom moisture when the ueasurements were
made. Benzene was stored over phosphorus pentoxide until immediately
before use, and dioxan was fractionated directly from sodium. All
solutes were stored in a desiccator, and dried in vacuo for several

hours just before use.

Methods of Analysis.

Where the melting-point of a con”lex was too high to be used as a
reliable test of purity, the metallic content of the compound was
estimated. A weighed quantity was digested with a mixture of
concentrated sulphuric and nitric acids in the proportion 1, until
all the organ!0 matter was destroyed and the solution became clear.
It was then carefully diluted. Copper was estimated iodimetrically,
and iron by reduction to the ferrous state with stannous chloride,
excess of which was removed with mercuric chloride solution, followed
by titration with potassium permanganate solution. Calcium was
estimated by precipitation of the oxalate, which was filtered off
and decomposed with dilute sulphuric acid, the oxalic acid being
then determined with potassium permanganate solution. Aluminium
was estimated gravimetrically as the 8-hydroxyquinoline complex, and
nickel with dimethylglyoxime. Micro-analyses for carbon, hydrogen

and nitrogen were carried out by Drs. Weiler and Strauss, of Oxford.
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BSNZSNB.

2

Benzene of the commerolal "orystalllsable ” grade was purified by
the method of Few and Smith (1). It was shaken for thirty minutes
with concentrated sulphuric acid, and then washed twice with distilled
water, twice with 10" aqueous potassium hydroxide, and finally four
times more with distilled water. After drying over phosphorus
pentoxide for at least a fortni™t it was fractionally crystallised
four or five times, until it formed a glas” mass on freezing. It
was stored over phosphorus pentoxide, and immediately before use it
was distilled from this reagent, and the middle fraction, of constant
boiling-point to within 0.02*, was collected.

B.p. 79*77760 mm.

Few and Smith give b.p. 79*72760 mm.

DIOXAN.

The commercial product was purified by boiling with sodium for
one or two days, until the sodium remained bright. It was distilled,
and immediately before use it was distilled from fresh sodium,
collecting the middle fraction, of constant boiling-point to within
0.02%,

B.p. 101.1*/760 mm

Few and Smith (loo. cit.) give b.p, 100.9*%/760 mm.

CYCLOHSXANS.
Qyclo hexane was purified by shaking for two hours with
concentrated sul/phuric acid, and then waging twice with distilled

water, twice with 10" potassium hydroxide solution, twice more with
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water, once with dilute potassium permanganate solution, and finally
four times with water. It was dried first with calcium chloride and
then with phosphorus pentoxide, and fractionated from phosphorus
pentoxide. The middle fraction was collected.

B.p. 80.7%/?65 mm

Brouyiton (2) gives b.p. 80*9%*,

CARBON DISULPHIIA.

A sample of carbon disulphide was kindly provided by Dr.J.W. Smith,
which had previously been purified by shaking with solid potassium
permanganate and with mercury. It was dried over phosphorus pentoxide,
and fractionated, the middle fraction being collected.

B.p. 46.2*/7E5 mm

Smith and W itten (5) give b.p. 46.2%,

ALUMINIUM ACSTYLACBTONATS.

Aluminium acetylacetonate was prepared by the method described in
"Inorganic Syntheses" (4). Acetylacetone () mois.) in suspension in
water was treated with dilute ammonium hydroxide until it Just dissolved.
This solution was added to a 10~ aqueous solution of ammonium alum
(I mol.). The complex was precipitated immediately as small, pale
yellow crystals, which were purified by precipitation from benzene solution
with petroleum ether, b.p. 80-100*. The pure substance was obtained
as small, colourless prisms, m.p. 192-5%

Finn, Hanpson and Sutton (5) give m.p. 192-5%)y
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FERRIC ACSTYLACBTONATS.

Ferric acetylace tonate was prepared analogously, adding the neutral
solution of acetylacetone to a concentrated aqueous solution of ferric
chloride. The addition of a little more ammonia was required to complete
the precipitation. The complex separated as bright red crystals, which
were purified by recrystallisation from benzene; m.p. 182%*.

Finn, Hanpson and Sutton (loo.oit.) give m.p. 181.5-182.3*.

BERYLLIUM DIBENZOTUfETHANE .

Beryllium dibenzoylmethane was obtained on the gradual addition of
an aqueous solution of beryllium sulphate in slight excess of the
theoretical quantity to an alcoholic solution of dibenzoylmethane. The
coHplex was purified by precipitation with aledid from benzene
solution, which gave long, pure white needles, melting sharply at 214%*.

Booth and Pierce (6) give m.p. 214-5%*.

FERRIC DIBSN2QYLMSTHANB.

Ferric dibenzoylmethane was prepared from ferric chloride and
dibenzoylmethane by the method used for the beryllium complex. It
was purified by precipitation with alcohol fTcan benzene solution,
giving very small, dark red needles. This compound has not previously

been described.

(Found: Fe, ?7.60; required for Fe(CMH""Og)* : Fe, 7.70%#.)

ALaamUM PININZOYLMETHANE.
Aluminium dibenzoylmethane was prepared by the same method from

ammonium alum and dibenzpylmethane. The product was a cream-coloured.
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microorystalline powder, which was not sufficiently soluble in any
solvent to permit recrystallisation, or for polarisation measurements to
be xsade. This conpound has not previously been described.

(Pound 2 A1,5.76#; required for Al, ) .87)()

NICKEL SALICYLALDQXIMB.

Salicyladoxime was prepared fpcw salicylaldéhyde and hydroxylamine
hydrochlwide in equimolecular proportions in alkaline solution.
Unconverted aldehyde was removed by steam distillation, and the
product which crystallised out on cooling the solution was used without
further purification.

Nickel salicylaldoxime was precipitated as a bright green powder
on the addition of a dilute solution af salicylaldoxime in aqueous
alcohol to a solution containing a slight excess of nickel chloride.
The product was crystallised once from chloroform, forming ahining,

dark green needles.

COPPER SALICYLALDOXIME.

Copper salicylaldoxime was prepared analogously from salicylaldoxime
and oupric sulphate. The complex was precipitated as a yellow-green
powder, which was crystallised once from dioxan, forming dark olive-green

platelets.

NICKEL BBINZE @j"ap,,p#ORSSOL.
Benzeneasso-p-cresol was prepared by the addition of a solution of
benzenediazonium chloride (1 mol.) to a cold alkaline solution of

£-cresol (1 mol.). The red-brown precipitate was crystallised once

from alcohol.
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M,p. 108®.
Nickel benzeneazo<-f£-oresol was prepared as described Elkins and
Hunter (?), by adding a solution of nickel acetate (1.2 mois.) in 50#
aqueous acetone to a solution of benzeneazo-"-cresol in hot acetone
containing a little ammonia. On careful dilution of the solution with
water, tlie nickel complex was precipitated in an iapure form, which was
purified by repeated precipitation from chloroform solution with
petroleum ether, b.p. 80#.100*. It was obtained pure as small shining
green-black crystals, m.p, 216%*.

Elkins and fiunter give m.p. 216*.

GQPPBR BSNZSNSAZQ-p-CRSSQIi.

Copper benKeneazo-£~cresol was prepared as described by Elkins and
Hunter (loo.cit.), by the addition of oupric acetate dissolved in 50#
aqueous alcohol to a hot, concentrated alcoholic solution of
beneencaso - oresol. The cong>lex separated out as a brown powder,
which was obtained pure by precipitation from hot benzene solution
with petroleum ether. It was found to be too insoluble for

polarisation measurements.

NICKEL A20-2-NAPHrTiYLAMim.

Benzeneazo-2-naphthylanine was prepared by the general method
given by Hodgson and Foster (8). A solution of benzenediazonium
chloride (1 mol.) was added slowly, with stirring, to a solution of
2-naphtlylamine (1 mol.) in alcohol, containing fused sodium acetate,
at 0*. Stirring was continued at 0* for one hour, and the solution

was then warmed to 50%* for fifteen minutes, and allowed to stand
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overnight. "Me aao-ooiapound crystallised out in small, scarlet
needles, m.p. 117*, which were used without further purification.
Nickel ben*eneazo-2-naphtbylamine was prepared by the method given
by Charrier and Beretta (9). Ahot solution of benzeneazo-2-
naphthylamine in alcohol was added slowly to a hot, concentrated
solution of nickel chloride in large excess, in 20# ammonia, and the
mixture was boiled for thirty minutes. The complex was precipitated

as a deep green powder, only slightly soluble in benzene or dioxan.

COPPER BSN2aBNBA20-2-NAFHTHYLAMINB.

Copper benzeneazo-2-naphthylamine was prepared by the method of
Charrier and Beretta, from oupric sulphate and benzeneaso-2-ncqphthylamina
It was precipitated as a fine, violet-brown powder, which oz*ystallised
from benzene as shining, very dark brown crystals, m.p. 170%*.

Chaurier and Beretta give m.p. 1)0*, not sharp.

This compound was soluble in benzene with a deep red colour, but
appeared always to undergo some decomposition in solution, so that it
oould not be obtained uncontaminated by some of the firee azo-confound.
The instability of a copper complex in which the copper atom is bonded
to four nitrogen atoms was observed also in copper pyrrole-2-aldimine,
which was prepared after Pfeiffer (10) and obtained as 11~ t copper-
coloured crystals with a metallic appearance from chloroform; these
deconq)Osed slowly on keeping, and could not be obtained pure enough
for polarisation measurements. An attempt to prepare copper benzeneazo-
2-pyrrole produced shining black crystals, soluble in benzene with a

deep blue colour, which oould not be obtained pure.
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Igg” Baaf"WSAZQ-2-NAPHTH(f.

A BengeneagQ-2-naphthol, prepared from 2-naphthol and
bensenediazonium ohXorlde by the method dosoribed for benzeneaso-
£-cresol, was obtained as a red, mioroorystalline powder, m.p. 153%,
which was used without further purification.

The nickel complex, which was prepared in the same way as the
con™lex of benzeneazc-2-naphthylamine, was precipitated as a grey-
green powder, idiioh was purified by recrystallisation from toluene,

forming small, dark green needles.

COPPER BSNZBNBAZO-2-NAPHTHQL

Copper benzeneazo-2-nq)hthol was prepared analogously. It was
precipitated as a brown powder which was ciy stallised from toluene,
forming a small, dark red-brown crystals.

Bc;fth the nickel and the copper oonplexes of benzene guBo-2-

naphthol found to be insufficiently soluble for polarisation

measurements.

NICKEL BENZEIEAZO-2-PYRROLE.

Benzeneazo-2-pyrrole was prepared as described by 0. Fischer (11),
by a method analogous to that described for benzeneazo-2-
naphthylamine. It was found that unless cooling was carried out
with extreme care, tar formation occurred, and the azo-conpound was
not obtained. It separated out as a dark yellow sticky solid,
which was crystallised once from dilute alcohol and used without

further purification.

The nickel complex was prepared by the method given by
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Pfeiffer (loo. cit.). Nickel chloride () mole.) was dissolved in
concentrated ammonia, and the solution was added slowly to a boiling
alcoholic solution of bengeneazo-2-pyrrole. After warming for an
hour, the green-black crystalline precipitate was filtered off and
recrystallised from a mixture of three parts of alcohol to one part
of chloroform. It was obtained pure as shining, very dark green
needles, soluble in benzene with an intense red-brown colour.
(Pwjnd: C, s9.o, H 4.06, N, Required for NI(O"QHgN")g;

C. 60.2, H, 4.04, N, 21.i;(.)

COPPER SALICTLALDEHTDB.

Cqgpper salioylaldehyde was prepared by adding an alcoholic solution
of the aldehyde dropwiae, with stirring, to a solution 06 oupric
sulphate. The concilex was precipitated immediately as small green
crystals, which were filtered off andjbhorou”ly washed with alcohol

and water.

COPPER SALICYIIALDBgNB.

Copper salicylaldimine was obtained as a light-green, crystalline
powder on allowing copper salicylaldehyde to stand for some days in
contact with a concentrated solution of ammonia. It was found to be

too insoluble for use in polarisation measurements.

COPPER SALICYLIDENEmMTHYLIMINE:.

Copper saligylidenemethylimine was prepared as described by
Pfeiffer and Glaser (12). To a warm solution of salicylaldéhyde in
methyl alcohol was added the theoretical quantity of methylamine in

aqueous solution. An excess of cupric acetate solution was then added
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slowly with stirring. On oooling, the oooplex separated out as

long, sage-green needles, which were recrystallised from alcohol.

The pure confound had m.p. 158%*.

Pfeiffer and Glaser give m.p. I58%*.

(Pound : Cu, Ig.)#; required for Cu(CQHgON)g % Cu, 19.16#)
COPPER SALICYLII"NSANILINE.
Cqpper 8aliqylidaneaniline was prepared by adding copper

sulphate solution in excess to an alcoholic solution of the anil.

The cong>lex separated out at once, and was obtained pure, by

precipitation from benzene solution with alcohol, as very deep

brown, star-shaped crystals.

(Pound 2 Cu, 14.0#; required for Cu(GYyHj™OM)?2 5 Cu, I5.9%)

Nickel salioylideneaniline was prepared similarly, but was

not used for polarisation measurements on account of its limited

solubility in benzene and dioxan. It formed a microcrystalline

powder, which was too insoluble to be purified.

COPPER SAUCYLIDENE-p-CHLORANILim.

Copper saliqylidene-£-chloraniline was prepared similarly. It
was obtained as coppery-brown plates from benzene.
(Found : Cu, 12.0#; required for Cu(C"jH”ONCI)2 12.1#)
CQPm SALICYLIDBNS-p-BR(PaNILINB.
It

Copper salicylidene-£-bromaniline was prepared similarly.

was purified by precipitation from benzene solution with alcohol,

farming dark golden-brown rhombic platelets.

(Found t Cu, 10.2#; required for Cu(Cj"jHgONBr)2 ; Cu, 10.)#)
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COPPER SALICYLIDSNS-p-IQDQANILINS.

Copper 8aXloylldone-£-iodoaniline was prepared similarly. It was
purified by precipitation from benzene solution with alcohol, forming
shining copper-coloured platelets.

(Found 2 Cu 9.0#; required for Cu 9*0#)

COPPER 125>DIP'ISNYU3->HYDRQXYTRIAZBNE!.

123*DIpbenyl-)-hydroxytriazene was prepared by the method
described by Bamberger and Rising (1)). A solution of benzenediazonium
chloride was added, at 0*, to a 10# alcoholio solution of phenyl-
hydroxylamine, freshly prepared by the reduction of nitrobenzene with
zinc and ammonium chloride. A pale yellow, crystalline precipitate
separated at once, and was filtered off and used for the eynthesls of the
complexes without further purification. For the refractivity
measurements, it was purified by recrystallisation from alcohol. The
pure substance had m.p. 126-7%*.

Bamberger and Rising give m.p. 126-7%*.

Copper l:)-diphenyl-)-hydroxytriazene was prepared by the same
general method that was used for the coD*lexes of the anils. It
separated as deep red-brown needles, which were purified by
precipitation from chloroform solution by petroleum ether, b.p. 80-100%*.
The pure substance had m.p. 191-2%*.

Elkins and ikinter (14) give m.p. 190-2*.

NICKEL 1i5-DIPHSNYL-5-Hn)ROXYTRIAZENS.
The nickel complex was obtained by the same method. It

separated as a bri*t yellow powder, almost insoluble in benzene
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and dioxan, and therefore oould not be used for polarisation

measurements.

CCFPSR [-HYDHOXr-1-FNENYL-3-P-CHLQRPHSNYLYRIAZSIZ.

1-% drQxy-l-phenyl-3-P"OhlorphenyltriazenB was prepared ft*on
phenyl*hydroxylamine and £-ohloraniline by the method of Bamberger
and Rising (loo. cit.). It separated as a buff-coloured powder, which
formed lemon-yellow needles Arom alcohol, m.p. 154*, deoonq)08ing

at the melting-point.

The copper complex was prepared by the same method used for the
unsubstituted conpound. It was obtained as fine, light-brown needles
with a silvery lustre, m.p. 200*. It was too insoluble for

measurements of polarisation.

Neither the triazene nor the copper complex have previously

been described.

NICKEL QC-BBNZILDIOXIMS.

(X-Benzildioxime was prepared as described by Auwers and
V.Meyer (15). Ahot, concentrated alcoholic solution of benzil
containing a trace of hydrochloric acid was treated with the
theoretical quantity of powdered hydroxylamine hydrochloride. The
mixture was boiled under reflux for two hours, during which time a
heavy white crystalline precipitate appeared, which was filtered off.
Alittle more hydroxylamine hydrochloride was added to the filtrate,
and the digestion was repeated for a further two hours, at the end
of which time, a further crop of the dioxime was obtained. The two

portions were conbined, and used without further purification.
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The nickel cosplex of (X-benzildioxime was prepared from
the dioxime and nickel acetate in the theoretical proportions, which
were boiled together in suspension in 50# aqueous alcohol, containing a
little ammonia, for two hours* The complex separated as a brit
orange-red amorphous powder, which was filtered, washed and dried, and

freed from excess dioxime by washing with benzene.

COPPER  c¢X-BSNZILDIQXIMS.

Copper “-benzildioxime was prepared from "-benzildioxime and
ciprio acetate by the method used for the nickel complex, and was
purified in the same way. It was obtained as a dark brown, crystalline

powder.

The copper and the nickel oonplexes of *(-benzildioxime were both
too insoluble in benzene and dioxan for polarisation measurements to

be made.

COPPER GLYCINE.

Copper glycine was prepared by adding freshly precipitated cupric
hydroxide to a hot concentrated aqueous solution of glycine until no
more of the hydroxide would dissolve. The hot solution was filtered,
and allowed to cool; the complex crystallised out as brilliant blue
leaflets. It was too insoluble for polarisation measurements to be

made.

NICKEL o-ArmCFHBNOL.
o-Aminophenol was prepared by the method of Galatia (16).
o-Nitrqphenol was powdered, and mixed to a paste with just sufficient

sodium hydroxide solution to convert it to the sodium salt, and this
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was added gradually, with stirring, to an excess of molten sodium
sulphide, in a porcelain dish®* When the addition was coaqplete, the
melt was heated a little longer, and then poured into a large volume
of water. The solution was filtered, and a rapid stream of carbon
dioxide was passed through it to neutralise free alkali* The phenol
began to separate after a time as small white crystals. Alittle
sodium bisulphite was added to the solution as a precaution against
oxidation. When no more aminophenol separated out, the crystals
were filtered off, washed with water containing a little sodium
bisulphite, and dried between filter-papers. The congpound was used
at once before oxidation oould occur.

The nickel coaplex was precipitated as a grey-green powder when
aqueous-alcoholic solutions of nickel acetate and o-aminophenol were

warmed together.

COPPER  0-AMINOPIiByOL.
Copper £-aminpphenol was obtained analogously from cupric aoetate

and the phenol. It was precipitated as a grey powder.

The nickel and copper complexes of “-amincphenol were both

insufficiently soluble for polarisation measurements to be made.

COPPER N-NITROSOPHSNYLHYDROIYLAIZNS.

Copper N-nitro3ophenylhydro]Qrlamlne was prepared by mixing
aqueous solutions of cupric sulphate and "cupferron". It separated
out as a very pale blue-grey powder, which was oonpletely insoluble
in benzene, but which dissolved in dioxan to th# extent of about

16 g./litre, forming a bri”t blue solution. This marked difference
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in solubility indicated a possibility of interaction with the
molecules of the solvent, and on this account, no measurements

were carried out on this cox%g)ound.

COPPER PHTHALIMIDS.

Copper phthalimide was prepared as described by Ley and Werner (17).
An aqueous solution of cupric acetate (1 mol.) was added gradually to
a solution of phthalimide (2 mois.) in the mimimum quantity of
potassium hydroxide# A light blue, mioroorystalline precipitate
separated out, whicvllw%iltered off, washed with water and warm alcohol,
and dried.

The confound was quite insoluble in both benzene and dioxan#

COPPER  (X-BSNZOINOXIMS.

oc-Benzoinoxime was prepared as described by Vogel (18). An
aqueous solution of hydroxylamine hydrochloride (1 mol.) was just
neutralised with, sodium hydroxide, and then boiled under reflux with
an alcoholic solution of benzoin (I mol.) for one hour. Addition of
water to the solution precipitated the oxime, which crystallised on
cooling in ice. It was used in the preparation of the copper complex
without further purification.

Copper “-benzoinoxime was obtained as a finely crystalline,
olive-green precipitate on the addition of a dilute, alcoholic
solution of the oxime to an aqueous solution of ov¢rio sulphate.

The solubility in benzene and dioxan was too low to allow

polarisation measurements to be made.
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NICKUL yIBSHZILDIOXIiffi.

Y "Benslldioxin» was prepared by the method of Auwers and V. Meyer
(19)« fPom ydlbensllmonaxlms. This was prepared by the procedure
described by Vogel (20). «X-Benzilaonoxlne was first prepared from
benzil, by adding the theoretical quantity of hydroxylamine hydro-
chloride in concentrated aqueous solution to a paste of benzil with a
little alcohol; sodium hydroxide solution was then added dropwise in
slight excess, with rapid sxirring and efficient cooling. After 1" hours
standing at 0*, the solution was diluted with water, and the unchanged
benzil was removed ly filtration. The filtrate was acidified with
dilute acetic acid, and the crude “benzilmonoxime was precipitated.
It was filtered off, washed and dried, and dissolved in the minimum
quantity of boiling benzene, and 10# of its weight of animal charcoal
was added. A fter boiling under reflux for fifteen minutes, the
solution was filtered and allowed to crystallise, -Benzilmonoxime
separated as colourless crystals.

-Benzilmonoxime (1 mol.) was treated with a vary large excess of
sodium hydroxide (20 mois.) in aqueous solution, and hydroxylamine
hydrochloride (6 mois.), and the mixture was allowed to stand for two
days. It was then diluted with water, and acidified with very dilute
hydro<”loric acid, avoiding a large rise in temperature. A pale pink,
crystalline precipitate separated, consisting mainly of -benzildioxime,
together with much smaller quantities of 4- and /3-dioximes.
o<-Benzildioxime was removed by shaking the precipitate with ten times
its weight of cold alcohol, in which the CX-dioxime is almost

completely insoluble. This alcoholic solution was used directly in
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the preparation of the nickel ocmplex, since the presence of small
quantities of the "-dioxime was imaaterial, as this compound is not
capable of forming a cos”lex with nickel.

Nickel y”bens&dioxime was prepared as described by Atack (21). The
alcoholic solution of the dioxime was added to excess of nickel chloride
in aqueous solution, and the compound was precipitated, by the dropwise
addition of ammonia, as a buff-coloured powder. It was crystallised from
chloroform, and was obtained as dark brown crystals containing one
molecule of chloroform of crystallisation, whioh was removed by heating
the crystals at 120* for one hour.

The compound was slightly soli&le in benzene, but not sufficiently
for polarisation measurements to be made on the solutions %in dioxan
the solubility was much higher, approximately $0 g./litre. On account
of this large difference, it was concluded that association occurred in

dioxan solutions; no measurements were therefore made on this compound.

COPBSR MONOSALICYLALDOXIiyfi.

Copper monosalioylaldoxime was prepared as described by Feigl and
Bondi (22). Copiéer disalicylaldoxime was weurmed with a large excess of
sodium hydroxide in $0# aqueous alcohol, and the mixture was allowed to
stand overnight. Copper monosalicy laldoxime was obtained as a finely-
divided, deep blue-green powder, which was filtered off, washed with water
and alcohol, and dried.

Copper monosalicylaldoxime was found to be too insoluble in benzene

and dioxan for polarisation measurements to be made.
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HICKSL MQKOSALICYLAMOXUAZ.

An attempt was made to prepare nickel monosalioylaldoxims, whioh
has not been previously described, by an analogous procédure. A
flnaly-dividod, brown powder was obtained, whioh, althou” it was
stable to strong alkalis, was very rapidly dmoonposed 4y acids or by
water, with formation of the disalicylaldoxime oomplex. It could not

be obtained pure.

ALUMINIUM DIETHYL MALONATiM.

Aluminium diethyl malonate was prepared by the method of Titschenko
(2)). Aluminum powder (1 mol.) and diethyl malonate () mole.) were
heated together with a trace of mercuric chloride in xylene solution
for six hours. At the end of this time, the liquid had turned yellow-
green, with a strong peacock-blue fluorescence. The undissolved
aliminium was filtered off, and the xylene was distilled off until a
temperature of I50* was reached. On cooling, a sticky mass of fine,
greenish-white needles was formed.

The complex could not be recrystallised in the ordinary way on
account of its exceptionally high solubility in all solvents. It was
recrystallised several times by dissolving it in dry ether, boiling
for ten minutes with active charcoal, filtering, and Uien concentrating
the solution by passing dry air over it until a thick mass of
crystals had formed in the remaining ether. These were then filtered
off. The complex was obtained pure in this way as long white needles,
highly soluble in all solvents except light petroleum, in which it was

quite insoluble, and rapidly decomposed by water; m.p. 95°.
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Titschenko gives m.p. 94-5°.

CALCIUM DIETHYL MALONATE.

Several attempts were made to prepare the calcium complex of diethyl
malonate, as described by Erdmann and van der Smissen (24). Calcium
turnings were heated with an excess of diethyl malonate at the boiling-
point for several hours. Some hydrogen was evolved, and an orange
solution was produced which showed an intense blue-green fluorescence,
closely resembling that which appeared during the preparation of the
aluminium complex. The addition of ether or 1i*t petroleum to this
solution precipitated an amorphous yellow powder, which could not be
crystallised on account of its extremely high solubility in all organic
solvents except ether or light petroleum, in whioh it was quite
insoluble. This substance resembled that described by Erdmann and van
der Smissen, but it was found on analysis that the calcium content was
lower than that required by theory, whereas they obtained a higher
value.

Required for Ca(CyH"07)2: Ca 11.2, C469# H 6.19 #.

Found ; Ca 9*3# G 46.7, H5*14 #.

Found ty Erdmann and van der Smissen: Ca 1).8#.

The orange solution obtained from a second preparation was
concentrated by distillation under reduced pressure, as it was found
that the temperature reached during distillation at atmospheric
pressure was sufficient to decompose the complex. This procedure gave
a thick, syrupy solution, whioh could not be made to crystallise.
Removal of all the diethyl malonate gave a hard, yellow glassy mass,

which was found to resemble the first product in its extreme
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solubility, and in being readily deoonposed by water, but it was very
soluble in ether. It was quite insoluble, however, in light petroleum,
and the addition of light petroleum to the ether solution precipitated

an ether-insoluble powder, z*esembling the first product in appearance.

L) (BN} _

The ether-soluble product was found to contain a higher proportion of

I-

calcium than the other, bu't the proportion was still lower than the
\Y c e (] :

LR s

theoretical figure*

(Found: Ca 10.2, C47.5, « 5.70;(.)

Tha Investigation was not continued.
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Ot.

a»otlon 2.

Tables of Exoerintntfcl Rtaaltg.

Ible 9o. Compound. Solvent.
1. Aluminium aoetylaoetonate. Bensene.
2. Aluminium aoetylaoetonate (Series I). Dloxan.
3. Aluminium aoetylaoetonate (series II). Dloxan.
4. Ferrlo aoetylaeetonate. Bensene.
5. Ferrlo aoetylaeetonate. Ploxan.
6. Ferrlo dlbensoylmetbane. Bensene.
7. Ferrlo dlbensoylmetbane. Dloxan.
8. Beryllium dlbensoylmetbane. Bensene.
9. Beryllium dlbensoylmetbane. Dloxan.
10. Copper 1:3-dlpbenyl-3-hydro%ytrlasene. Dloxan.
11. Copper sailoylaldebyde. Dloxan.
12. Copper salloylldenemetbyllmlne. Dloxan.
U. Copper salloylideneanlllne (series I). Dloxan.
14. Copper salloylideneanlllne (series II). Dloxan.
15. Copper sailoylldene-g”-ohloranlline. Dloxan.
16. Copper sailoylldene-g-bromanlline. Dloxan.
17. Copper salloylldene-g”lodoanlllne. Dloxan.
18. Copper salloylaldoxIme. Dloxan.
19. Hlokel salloylaldoxIme. Dloxan.
20. Flokel benseneaso-Ej-oresol. Bensene.
21. Hlokel benseneaso-2-pyrrole. Bensene.
22. Aluminium dletbyl malonate. Bensene.
23. BefraotlTIty of 1;3-dlphenyl-)-

bydroxytrlasene. Dloxan.



62.

1. Aluminium aoetylaoetonate in bensene.

100 W

*A12 A12 “p

0 2.2725 1.14479 1.4977 2.2431
0.6028 2.2777 1.14291 1.4980 2.2440
1.3448 2,2640 1,14056 1.4983 2.2449
1.9036 2.2890 1.13895 1.4986 2.2458
2.7889 2.2962 1.13618 1.4990 2.2470
3.4396 2.3018 1.13412 1.4993 2.2479
4.9313 2.3157 1.12957 1.5000 2,2500

2

i e*

0.86 0.312 0,149 132.9 88.3
0.854 0.315 0.134 132.0 87.1
0.867 0.307 0.142 133.3 88.3
0.849 0.309 0.140 131.9 88.0
0.851 0.310 0.140 131.7 87.8
0.876 0.309 0.140 133.0 88.0

A
X = 0,861; (c-0.3098; Y - 0.140.
133#2 0.0.» * 88,0 0,0.

s 45,2 0,0.



63.

2. Aluminium aoetylaoetoaate in dloxan (Series 1).

100*2 M2 A2 “DZ
0 2.2123 0.97312 1.4200 2.0164
0.7470 2.2203 0.97225 1.4208 2.0187
1.5269 2.2281 0.97132 1.4217 2.0212
2.1998 2.2365 0.97034 1.4224 2.0232
2.8771 2.2436 0.96954 1.4232 2.0255
3.4787 2.2515 0.96887 1.4239 2.0275
5.6832 2.2754 0.96614 1.4264 2.0346

ANL2A*D ¥A12/*8 A9 w
1.08 0.117 0.308 136.9 88.4
1.03 0.118 0.314 136.1 88.6
1.10 0.126 0.309 137.3 87.6
1.09 0.124 0.316 136.6 88.1
1.13 0.122 0.319 138.7 88.4
1.11 0.123 0,320 137.3 88.4

€& = 1.100; yf - -0.1227; Y=0r7.
s 138.1 0.0.; ~ 88.4 0.0,

" 2«,
?2A = 49.7 o.o0.



aifKEini.m

100*2

0.5235
1.1188

1.4906
2.5070
3.4811
3.6839

1.15
1.10

1.15
1,12
1.13
1.13

"2 2
2.2086 0.97292
2.2146 0.97231
2.2209 0.97190
2.2258 0.97122
2.2367 0.96990
2.2478 0,96865
2.2504 0.96848
-7.)*12/*2

0.117 0.29
(0.09)) 0.28
0.114 0.31
0.120 0.32
0.123 0.327
0,120 0.318

aCs 1,121; y? = -0.1201;
Mo = 1393 0,0
P4 = 50,9 0.0

aoetylaoetonate In dloxaa (Series II)

1.4198
1.4203
1.4209

1.4214
1.4226

1.4238
1.4239

140.9
140.6

141.3
138.7
138.5

139.1

Y= 0J1S.

%3 " 88.4 0.0.

2.0158
2.0173
2.0189

2.0204
2,0238

2.0272
2.0275

87.1
88.6
88.5
88.6
88.8

88.4



65.

100%2 «1. A2
0 2.2725 1.14468 1.4980 2.2440
0.7485 2.2805 1.14202 1.4987 2.2461
1.6940 2,2902 1.13832 1.4996 2.2488
3.2196 2.3064 1.13252 1.5010 2.2530
3.6454 2,3112 1.13099 1.50H 2.2542
4.2257 2.3172 1.12913
4.9819 2.3248 1.12608
A A YR AV 12/%2 7/ np®/*2 )
1.07 0.355 0.28 153.7 100.6
1.04 0.375 0.28 149.7 98.6
1.05 0.378 0.28 149.3 98.0
1.06 0.376 0.26 150.0 98.7
1.06 0.368 150.3
1.05 0.373 148.9
=1.056; o' -0.3727; y = o0.aBi.

131.4 0.0.; [Ep] = 98.8 0.0.
P. = 52.6 0.0.



5. Ferrlo aoetylaoetonate In dloxan.

100*2

1.1608
2.2020
2.9560
4.1337

4.8929
6.0658

A Alg/*z

1.33

1.34
1.32

1.34
1.34
1.35

ocC

M2
2.2371

2.2526
2.2666
2.2762
2.2924
2.3026
2.3190

0.185
0.191
0.188
0.193
0.190
0.190

1.337:

Fg =

ce

P.

M2
0,97402

0.97187
0.96982

0.96846
0.96605

0.96473
0.96250

A /..

0.45
0.45
0.44
0.448

0.448
0.450

/? =-0.1900:
157.7 0.0.;

59.0 0.0,

Y— 0.448.

[*1]

1.4195
1.4213
1.4230

1.4241
1,4260

1.4272
1.4291

2
m

157.6

156.9

155.9
155.8

155.9
156.1

66

2.0150
2.0201
2.0249
2.0281
2.0335
2.0369
2.0423

98.8
98.5
98.5
98.0
98.2
98.3

A 98.7 0.0.



67.

6. Ftrrio dibtnzoylmathane in benzene.

100We M2 A2 v
0 2.2725 1.14477 1.4980 . 2.2440
0.2230 2.2752 1.14389 1.4983 2.2449
0.3750 2.2764 1.14333 1.4985 2.2455
0,5158 2.2781 1.14280 1.4988 2.2464
0.7420 2.2810 1.14182 1.4993 2.2479
0.8507 2.2819 1.14147 1.4994 2.2482
1.1339 2.2857 1.14048 1.5000 2.2500
«Avig/« A '/ P2 cy
1.22 0.395 0.40 327.1 231.3
1.03 0.384 0.40 306.0 217.0
1.07 0.382 0.46 312.5 226.4
1.14 0.398 0.53 317.1 231.3
1.10 0.388 0.49 313.6 229.0
1.16 0.378 0.53 323.4 235.8
« =1.12; N o -0,386; }{ 0.468,

317.5 0.0.; [BJ] = 226.1 0.0.

Pi* =5 9%#4 o#o#



7» Ferrlo albenzoylmeth&ne in dioxtt.

100%2

0.1602
0.2680
0,4586
0.6242

0.7695
0.8731

!AA12/\*2

mm

1.31
1.49
1.44
1.39
1.47
1.44

M2
2.2158

2.2179
2.2198

2.2224

2.2245
2.2271

2.2284

WZ\Tig/*2

0.187

0.187
0.185
0,189
0.183
0.189

oC = 1.44;

A2A

P

M2
0.97338
0.97308

0.97288
0.97253
0.97220

0.97197
0.97173

N GCd*/*z

0.75
0.75
0.74
0.74

0.74
0.76

= —0.1868;
336.3 0.0.»

= 941

0,0,

1.4198
1,4202

1,4205
1.4210

1.4214
1.4218
1.4221

'2
m»

321.0

342.3
336.1
329.8
339.8

335.4

Y= 0.745.

60.

2.0158
2.0170

2.0178
2.0192
2.0204
2.0215
2.0224

tv

243.0

242.3

241.9
240.6

242.1
243.0

[%] =242.2 0.0.



100*2

0.4663

1.0531
1.6171
2.3078
2.7216

4.4103 ;

0.86
0.89

0.915
0.878

0.892
0.913

AlbensoTlmethaae in bensene.

M2
2.2725

2.2765
2.2818
2.2873
2.2928
2.2968
2.3128

"AAlg/*g

0.343
0.342

0.343
0.342
0.340

0.345

X = 0.891;

AN =

12
1.14479 1.4980
1.14319 1.4989
1.14119 1.5000
1.13925 1.5010
1.13690 1.5022
1.13554 1.5029
1.12959 1.5069
A “D®/*2 P2
0.58 181.4
0.57 183.4
0.56 185.8
0.55 182.6
0.540 183.9
0.605 184.3
P= -0.3426; Y =

185.1 0.0

Pa =

0.564

69.

2.2440
2.2467
2.2500
2.2530
2.2566

2.2587
2.2707

156.5
155.8
154.5
153.5
153.2

157.7

5 [Hijl =156.0 0.0.

89.1 0.0.



9. Beryllium dlbeacoviMethane la dloxan.

100*2

0,3748
0.7977
0.9941

1.5394
2.0366

3.0400

NET2/%2

1.09

1.15
1.08

1.14
1.15
1.14

M2
2.2243
2.2284
2.2335
2.2350
2.2418

2.2477
2.2590

-A TI2/%2

mm

0.155
0.159
0.154
0.154
0.163
0.160

o€ = 1.13;

> 12
0.97356
0.97298

0.97229
0.97203
0.97119

0.97024
0.96871

AN*EN[[«2

M

0.75
0.79
0.80
0.78
0.710
0.796

J)' -0.1585;

192,0 8.0.;

— 32,6 0e0s

GCD
1.4198
1.4208

1.4220
1.4226
1.4240
1.4256
1.4283

P2

189.4
192.2
187.6
192.3
191.8

191.3

X= 0.795.
159.4 o.0.

70

2.0158
2.0186

2.0221
2.0238
2.0278
2.0323
2.0400

[“o)]

155.8

158.7
160.6

158.3
159.6

158.6



71.

10. w 1;3 “3-hydToportriasene In dloxan.

100%2 ' 12 np*

0 2,2120 0.97323 1.4200 2.0164
0,4551 2.2159 0.97222 1.4213 2.0201
0,9841 2.2205 0.97064 1.4225 2.0235
1.3678 2.2239 0.96953 1.4238 2.0272
1.8406 2.2272 0.96831 1.4248 2.0301
2.1956 2.2308 0.96642 1.4259 2.0332
2.6621 2.2354 0.96626
NEi2/%2 -Ayrg/wg AnjjP/*g P2 W

#a

0.85 06222 0*81 17412 164.5

0,86 0%263 0.72 168.8 151.1

0.870 0*270 0.79 168.1 156.1

0.826 0.267 0.742 164.9 152%4

0.854 01310 0.765 161.9 148.7

0.878 0%262 169.6

- 0.850; p = -0.2700; Y= 0.770.
167.0 0.0.; [Ep] = 154.9 o.o0.

0. 0.



T2.

11. Popper salioylaiaehTde in dloxan.

I00Wg A12 ' 12 “0)

0 2.2098 0.97290 1.4200 2.0164
0.1407 2.2122 0.97237 1.4203 2.0173
0.2027 2.2138 0.97214 1.4205 2.0178
0.3662 2.2167 0.97162 1.4208 2.0187
0.4559 2.2191 0.97126 1.4210 2.0192
0.5847 2.2217 0.97081 1,4212 2.0198
0.6643 2.2230 0.97054 1.4215 2.0207
AN121% «nspyey  AOPPIWE P2 [@d1

1.73 0.377 0.64 140.5 81.6

1.98 0.375 0.69 151.7 84.7

1.88 0.350 0.63 149.4 $3.0

2.04 0.360 0.61 156.2 81.4

2.03 0.357 0.58 156.1 79.7

1.99 0.355 0.65 153.8 83.5

o=-198; D Wosssr; )= 0.625.
pg = 153.7 o.0.; = 82.1 o.o0.
00

6 o.o0.



100M A2 ' 12
0 2.2115 0.97306
0.3761 2.2174 0.97197
0.660i 2.2257 0.9719
C.9913 2.2268 0.97031
1.4145 2.2333 0.96916
1.9027 2.2415 €.96790
2.2312 2.2465 0.96703
-~Cig/We * Avjg/wg
1.56 0.290 0.53
(2.15) 0.268 0.52
1.55 0.277 0.54
1.54 0.276 0.54
1.57 0.271 0.55
1.57 0.270 0.53
<=1562; p-- -0.2732;
Pgr = 153.0 0.0.;

Pjr =

61.6 0.0.

73.

1.4200 2.0164
1.4207 2.0184
1.4212 2.0198
1.4219 2.0218
1.4227 2.0241
1.4237 2.0269
1.4243 2.0260

"2 [Rp]
151.9 89.8
(185.3) 90.6
151.1 91.5
150.9 91.6
153.0 92.4
152.5 90.5

Y = 0.534.

= 91.4 0.0,



74.

bUXXJkUO XU UJ.oxmu vDoxxoii X j .

100%2 A g 1 “,

0 2.2147 0.97315 1.4200 2.0164
0.2776 2.2214 0.97244 1.4206 2.0181
0.6530 2.2299 0.97145 1.4216 2.0209
0.7566 2.2322 0.97118 1.4219 2.0218
1.2924 2.2447 0.96977 1.4230 2.0249
1.4429 2.2484 0.96939 1.4234 2.0261
2.1199 2.2633 0.96776 1.4248 2.0301
ACi2/*2 -A t32/%2 5 W

2.41 0,256 0.61 274.7 133.2

2.33 0.260 0.69 267.2 139.0

2.31 0.260 0.71 266.0 140.9

2.32 0.261 0.66 265.7 136.1

2.34 0.261 0.67 269.8 137.4

2.29 0,254 0.62 263.4 135.8

« = 2.319; p = -0.2585; y = 0.678.
wy - 267.7 0.0; [Bpl - 138.4 0.0.

p — 129#) o0-0-



1A.

100%2

0.3413
0.7889
0.9757
1.6362
1.7557
2.7109

AN]A%)
2.23
2.27
2.25
2.26
2.28
2.28

oC

M2
2.2147

2.2223
2.2326
2.2367
2.2517
2.2547
2.2764

-A MNig/*g

0.246

0.253
0.253
0.251
0.258

0.249

2.260;

»2
(e}

p = «0.2522;

" 12 np
0.97330 1.4198
0.97246 1.4206
0.97130 1.4217
0,97083 1.4221
0.96920 1.4236
0.96877 1.4240
0.96654 1.4261
AttpNwg )

0.67 262.0
0.68 263.6
0.68 262.4
0.66 262.3
0.68 262.4
0.66 262.1

264.2 0.0.; [%0] =

= 125.6 0.0.

75.

Popper sailoylldeneanlline In dloxan (Series II).

2.0158
2.0181
2.0212
2.0224
2.0266
2.0278
2.0338

139.4
139.4
138.7
137.5
138.5
137,7

Y= 0.671.

138.6 0.0.



15. Qopper

100%2

0.3603
0.7397
1.0256
1.4306
1.4434
2.6154

ACig/

1.19
1.28
1.20
1.18
1.26
1.18

A2
2.2338

2.2380

2.2433
2.2461

2.2507
2,2520
2.2646

-A TI2/%2

0,280
0.28a

0.297
0.308

0.331
0.298

> 12
0.97355

0.97254
0.97146

0.97050
0.96915
0.96877

0.96577

Anp2/*g

0.56
0.58
0.59
0,62
(0.74)
0.63

la.

Um* in dloxan.

“D
1.4200

1.4207

1.4215
1.4221

1.4231
1.4238
1.4258

'2

204.3
215.1
2054
202.0
205.1
202.6

_[7 = -0.2970; y

2a =

204.4 0.0.; [0/0] ’

58.5 0.0.

-1."
2.0164
2.0184
2.0207
2.0224
2.0252
2A72

2.0329

144.8
146.8
145.1
146.5

(155.9)
146.5

= 0.590.
145.9 o.o0,



16. Copper 8»lieTlld«ne-p-bromapilln# In dloxan.

I00W g

0.2583

0.7334
0.9616

1.1346
1.4042
1.9740

ACj g/wg

@

1.06
1.02
0.97
0.92

0.94
0.98

A2 * 12
2.2071 0.97300
2.2098 0.97198
2.2146 0.97012
2.2164 0.96928
2.2176 0.96906
2.2203 0.96826
2.2265 0.96536
2
—A v'g/'Sg Anp /*g
0.395 0.54
0.393 0.55
0.387 0.59
0.347 0.57
0.338 0.56
0.387 an
. 994: p - -0.390;
'y _ 2034 mod

/

[Bp]

1.4200

1.4205
1.4214
1.4220
1.4223
1.4228

207.8
205.8
201.2

207.3
202.1

204.9

y" 0.563.

2.0164
2.0178

2.0204
2.0221

2.0229
2.0243

149.9
150.5
156.5
160.4
152.9

- 153.1 o.0.

50.3 ®.o.



17. Popper e&lloyll

I00W"g
0

0.2139
0.4966

0.6636
1.1542
1,1890
1.4630

VANPAY 12A*2

@
0,84
0.79
1.02
1.01
0.98
0.96

M2
2.2174
2.2192

2.2213
2.2242
2.2291
2.2291
2.2315

-V »s

0.402
0.411
0.434
0.432

0.421
0.428

X=0,965;

pg

aniline in dloxan.

> 12
0.97294
0.97208

0,97090
0.97006
0.96795

0.96793
0.96668

N[22

0.51
0.56
0.56

0.55

0.55
0.58

-0.429;

222.2 0,0.;

~

ap
1.4200

1.4204
1.4210
1.4212
1.4222
1.4223
1.4230

214.3
205.8
227.9

227.3
226.1

222.2

y a 0.558"

54#1 otto#

168.1 0.0,

TO.

2.0164

2.0175
2.0192

8.0201
2,0227
2.0229
2.0249

168.0

172.7
167.6

166.9
168.3
171.4



18. Popper MtlioTlaldoiime in dloxan.

100%2

0.3091

0.4879
0.7585
1.0394
1.2677

0.87
0,90
0.82
0.82
0.88

M2
2.2097
2.2124

2.2141

2.2159
2.2182

2.2209

0 T jj/.

0.336
0.361
0.343

0.364
0.342

- 0.854;

*2 co'"

/
107.4 o0.0.;

12
0.97281

0.97177
0.97105
0.97021
0.96903
0.96848

0.37
0.35
0.45
0.49
0.45

= -0.350;

[Ep]

= 27.7 0,0.

1.4200
1.4204
1.4206
1.4212
1.4218
1.4220

109.6
108.8

103.7
106.1

109.4

X 0.441.

79.7 o.0.

19.

66D®
2.0164

2.0175
2.0181

2.0198

2.0215
2.0221

75.6
73.1
81.4

80.7
80.8



19» Hlokel aalloylaldoxlme la dloxan.

100*2

0.1866
0.3459

0.5057
0.6561

ACig/*g

m

1.13
1.13

1.15
1.11

M2
2.2071
2.2092
2.2110
2.2129

2.2144

12
0.97302

0.97217
0.97139
0.97115

0.97057

-Ayj_g/»g  Aop’g

0.456

0.471
0.370

0.373

1.127;

Pgoo -

0.43
0.46

0.44
0.43

/] = —0.401;
115.11 0.0.; [Bpj
= 41.5 0.0.

1.4204

1.4207
1.4210
1.4212

1.4214

109.7
108.2

118.9
116.6

r= 0.437.
= 73.6 0.0.

80.

8.0156
2.0184
2.0192
2.0198

2.0204

68,6

69.3
76.1

75.3



20. Hiokel bengene>80-Be»a»e»ol in bensene

100Wg 4 s ' 12
0 2.2725 1.14479
0.5086 2.2771 1.14258
1.0128 2.2810 1.14056
1.4821 2.2853 1.13860
2.0250 2.2903 1.13620
2.2213 2.2923 1.13570
AMN12/*fg ®D
0.90 0.434 174.2
0.86 0,418 170.7
0.88 0.418 172.6
0.88 0.424 172.8
0.89 0.409 175.4

Owing to the intense ooloar of the eolations, no

refraotive indices were meaaared.

X = 0.879; p = -0.4176.

2¢ = 174.6 0.0.

® 00



sa.

21. Blokel toenseneaso-g-pyrrole in bentent.
I00Wg ~2 Vig
0 2.2725 1.14484
0.2756 2.2754 1.14354
0.5914 2.2772 1.14199
0.9517 2.2804 1,14000
1.2320 2.2820 1.13905
1.6891 2.2857 1.13635
(1.04) 0.472 (158.9)
0.80 0.482 AV 138.3
0.83 0.509 137.6
0.77 0.470 137.9
0.78 #A m 0.503 134.4

Owing to the intense colour of the solutions, no

refractiye indices were measured.

« = 0.791; yf = -0.49009.

Pg” - 137.1 o.c.



22. Aluminium diethyl aalonate in bensene.

100w"g

0.8741
1.5905
1.9940
2.5179
3.0793

/\12/\*2

0.78
0.73
0.77
0.73
0.77

M2
2.2725

2.2794
2,2841
2.2878
2.2908
2.2962

0.291

0.294
0.289
0,285
0.286

=(0.754»

p = .0.2882;

200.3 0.0

> 12
1.14500

1.14206
1.14032
1.13929

1.13773
1,13622

/"Aaph/*g

0.07

0.07
0,07
0.06
0.05

1.4982
1.4980
1.4978

1.4977
1.4977

1.4977

Pg

202.5

196.4
201.2

196.9
201.4

y =-0.066.
[Bp] = 120.4 o,0.
79.9 0.0.

S3.

2.2446
2.2440

2.2434

2.2431
2.2431

2.2431

[Rp]

113.0
118.6
121.0
116.6

119.9
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0.7813
1.5380

2.3475

3.0544
3.6023

4.2263

in dloxan.

> 12
0.97408

0.97294

0.97179
0.97063

0.96956
0.96872

0.96784
-Avig/wg

0.147
0.149
0.147
0,148
0,149
0.148

P= -0.1483;

[R D}

“D
1.4197

1.4217
1.4237
1,4258
1.4277
1.4291
1.4309

Anp /wg

0.73

0.741
0.741
0.746
0.744
0.743

y- 0.743.
= 73.25 0.0.

72.92

72.99
73.02

73.10

72.91
72.87

2.0155
2.0212

2.0269
2.0329
2.0383
2.0423

2.0469
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DISCUSSION OF RESULTS.

Section 1. Svaluation of Sleotronio Polarisations*

The intense colour of the solutions yielded by maqy of the
compounds studied# which necessitated the use of very dilute
solutions# led to considerable possible errors in the reAractivity
msLSuremnts# and# in view of this# an attempt was made to check the
ejqperimental figures by calculating [R”j from the appropriate bond
refractions®* These calculations were# however# oonplicated by the
fact that# in every case# the molecule of the organic compound
entering into the formation of a complex contained a "“stem of 'te
conjugated single and double bonds* The presence of such a system
in the molecule leads to an enhancement of the molecular re fraction
by an amounI;[x which is difficult to predict %in the case of
salloylaldet*de# tlie difference between the observed value found by
Curran (l) and that calculated from the bond refractions given by
Vogel and his co-workers (2) is about 2 o*o.# while for 1% )-diphenyl-
)'*hydroxytriacene# the discrepancy is about 10 c*c* As both these
conpounds are colourless# the differences cannot be caused by
dispersion effects.

The value of the molecular refraction of pure salicylaldéhyde
obtained by Curran was used to calculate the molecular refractions
of salicylaldoxime and salicylidenemethylimine# which possess similar
conjugating “sterns# and de Gaouok and Le Fevre's value for the
molecular refraction of salicylideneaniline in bensene 0 ) was used

to calculate the molecular refractions of the substituted anils* The
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refraotivity of I:)-dipheryl-$-hydro% ytriazen8 was measured directly
in solution in dioxan» since this was the solvent in which polarisation
measurements were made on the complex#

No figures are available which indicate the contribution to the
molecular refraction made by the four bonds to the central metal
atom# In order to check the experimental figures# therefore# this
contribution was calculated for each of the copper complexes# The
results are given in Table 1# together with Finn# Hampson and Sutton's
results from measurements on two solutions of copper acetylacetonste in
ohloroform solution (4)# the”R”j] of acetylaoetone being calculated from

refractive index and density data given in the "internatiwal Critical

Tables".
Table I#
Coraplex-forming compound# Experimental R*] of complex- Contribut-
of complex;e rorming oonpounds ion of 4
bonds to
copper
atom#
1:3-diphery1-3 ««hydroxy- 134.9 offc# 72.2 o v0. 13.8
Atriaaene#
Saliqylidsneaniline# 138.3 66.4 9.1
Salioylidene-j*-ohlor- Us.9 71.2 6.9
aniline#
Salicylidene-£-brom - 153.1 74.1 8.3
aniline#
Salioylidene-£-io0do- 168.1 79 3 12.9
aniline#
Salioylidenemethylimine. 91.4 41.5 11.9
Salicylaldéhyde. 82.1 54.4 16.6
Salioylaldoxime# 79.7 58.9 3.2

Acetylaoetone# . 65.7 27.5 14.1



The variations in the values for the contribution to the molecular
refraction of the four bonds to the copper atom are far outside the experi.
mental error involved in the measurements# All the compounds mej/nioned
in Table 1 are extremely intensely coloured# forming solutions which
are either dark brown or dark green in colour# The wide variations are
evidently due to the fact that refractive indices have anomalous values
when the measurements are made in or near an absorption band# and normal
methods of measuringare therefore not applicable in these cases#
Accordingly# values of [RJ have been calculated for these oonplexes#
using for the contribution made by the bonds to a copper atom the
approximately median value of 12 c#c# The corresponding contribution
made by four bonds to a nickel atcm has been assumed to be of the same
magnitude# since the nickel atom possesses only one less electron than
the copper atom; and bonds between a metal atom and either an oxygen or
a nitrogen atom have been assumed to make equal contributions# The
value of 70#0 o#c* for the molecular refraction of benseneazo-£-*cresol
has been calculated from de Gaouck and Le FSvre's results for sali-
cylidene-aniline# since the two otxx“ounds have closely similar systems
of conjugated bonds in their molecules; benzenea2o-£-cresol itself is
too highly coloured to give a satisfactory value by direct measurement#
A much higher figcre# 87.4 c#c## 1s obtained if the molecular
refraction is calculated from Bergmann and Weismann's measurements on
£-methoxyasobensene (3); this i1s obviously in error as the molecular
refraction of the complex# calculated on this basis# is considerably
greater them the measured value of the molecular polarisation# The
error is probably due to the deep orange-red colour of the solutions

of the as0-compound#



The molecular reft*action of benzeneazo-2-pyrrole has been calculated
from tliat of salicylideneaniline# using Cowley and Partington's value
for the molecular refraction of pyrrole (6), This gives a value of
33%4 c.o. for the molecular refraction of the azo-oompound; however#
this includes no correction for the change in the number of bonds in the
conjugated system. By analogy with salioylaldehyde# this correction
will probably be rather less than 2 o.c.# and a value of 1.3 c.o. has been
assumed.

These results have been used in the compilation of the following

table.
Table II.

Compound. N AN
Aluminium acetylacetonate. 1)3.2 0.0. 88.0 o.c. 45.2 c.0
Ferric acetylaoetonate $ 151.4 98.8 52.6
Ferric dibensoylmethane. 317.5 226.1 91.4
Beryllium dibenzoylImethane. 185.1 156.0 29.1
Cgpper 1:3-dipheryl-)- 167.0 153.0 14.0

hydroxytriazene.

Copper saliqylaldehyde. 153.7 86.4 67.3

Copper salioylidenemethyl- 153.0 91.6 61.4
imine.

Cc”per salicylideneaniline. 265.9 141 .4 124.5

Copper salicylidenor£- 204 .4 151.0 53.4
ohloraniline.

Copper 8alioylidene-£- 2(9.4 156.8 46.6
bromaniline.

Copper salioylider»-£- 222.2 169.2 53.0

iodoaniline.

Copper saligylaldoxime. 107.4 86.4 21.0
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Nickel salioylaldoxime. 113.1 86.4 28.7
Niokel-benzeneazo-£-cre sol. 174.6 148.6 26.0
Nickel benzeneazo-2-pyrrole. 137.1 116.4 20.7
Aluminium diethyl malonate. 200.3 120.4 799

Section 2. Theory of Atomic Polarisation.

It has been shown (7)# both by classical methods and on the basis
of the quantum theory, that the refractive index of a substance varies
with the frequency according to a relationship of the Sellmeier type,

which may be written in the form :

®e1 "
where n is the refractive index at frequency z/, the natural frequencies,
electronic and vibrational, associated with the molecule, being
represented by the terms whilst e and m™ are, respectively, the
effective charge and the effective mass of the vibrating system for a
particular freauency Wiilst e and m™ are, re “actively, the
effective charge and the effective mass of the vibrating “stem for a
particular Arequenoy In this equation, the term Nd/M gives the
number of molecules per unit volume of the reffaoting material# The
first sumnation term represents the contributions from the electronic
vibrations, and the second the molecular vibrational terms. In the
first, three-dimensional vibrators are concerned, but in the second, the
vibrators are one-dimensional; this accounts for the inclusion of the

factor 3 in the denominator of the second term.
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At optical wavelengths, ia muoh larger than for a vibrational
frequenoy, as these ooour in the infra-red region of the spectrum, and
2
the contribution made to n - 1 by the vibrational frequenoy thus

. 2
approximates to -Nde™

, Since for these vibrations
is large relative to the corresponding value for the electron, this term

is negligible conpared with the electronic terms at these wavelengths.

But Pg + -1 M

«

where n is the refractive index at infra-red frequencies, n" the

refractive index at infinite wavelength, calculated from the Sellmeier

equation, omitting infra-red terms, and 2 is the contribution made
2
to n - 1 by a particular vibrational term. Then
p. + p. = p. +<T-nu.”
3d
2 2 2
and therefore M = 7*7ei A “ Ned
%
5d , . 3d

where PAi is the contribution made by this vibration to the atomic
polarisation.

Now if the restoring force of the vibration in question obeys
Hooke's Law, and is proportional to the displacement from the
equilibrium position, i.e

., 1f the vibration is harmonic, then for an

independent linear oscillator, may be expressed as follows;

Trr



where 1s the force constant for the vibration, that is, the
prqportionality constant relating the restoring force of the
vibrating system to its displacemente

It follows, then, that
= "i
IT
whence, substituting in equation (1), we have
PAn . A
9N
It has been pointed out by Van Vleck that for linear, or
stretching, vibrations, even if e is equivalent to a full electron
charge, the force constant is so large that the contribution to the
atomic polarisation from vibrations of this kind cannot be more than
0.3 c.o. per vibrational mode, at the most* The unusually hi”* values
of the atomic polarisation which have been observed must therefore be
due almost entirely to the bending vibrations of the molecule, for
which the force constants are mu(”~'smaller.

Now the energy, u, of a harmonic osc}illator 1s given by the

expression
U a i ko,
X representing the amplitude of the vibration®* For a bending
vibration of small angular amplitude ~ , x may be replaced by r
where r is the effective length of the vibrator®* Then
u * A e (2)
If a bending force constant, V”, is chosen, such that

u . i Yi'y ~



than, from aquation (2),

L cn

1 |1

and the contribution to the atomic polarisation is therefore

But e®j*r is equal to the dipole moment of the vibrating system ,”,
80 that

Pa  » 41TNju" o # 0 0C) )
A 9Vi

Thus, if the atomic polarisation of a molecule is known, qnd if *
it may be attributed entirely to one particular vibration or to several
equal and independent vibrations of the same type, and if the group
moment of the vibrating system is known, or may be estimated, the force
constant of the vibrating system may be calculated#

In the discussion that follows, the chelate rings of the metal
complexes have each been considered as vibrating as a whole, rather than
as a group of vibrating systems, and it has been assumed in each case
that the moment of the ring acts in a direction bisecting the angle
between the two bonds to the metal atom. The former assumption is
Justifiable, since all the rings considered are resonating structures,
and are therefore planar ; all are under a certain amount of strain and
accordingly are more or less rigid. The second assuaption is certainly
true for the acetylacetone and dibensoylImethane rings, which are
symmetrical structures. It is probably equally Justifiable in the case

of copper salicylaldéhyde, for which two resonance structures may be

written:



H

CCIX (X"X

neglecting for this purpose resonance within the benzene nucleus. It
is probable that th”-"a”,structures will make equal or nearly equal,
contributions in the formation of the resonance hybrid, so iiiat tiie
two 0-Cu bonds will be of nearly equal polarity, as will also the
two C-0 bonds.

For a ring such as that of copper salicylidenamethylimine, in
which both oxygen and nitrogen are bonded to copper, similar
considerations apply. 1lie two relevant resonance structures are

as follows A

D (L)

Of these, (I) will make a somewhat larger contribution than (II) ;
conpounds containing a covalent bond between copper and nitrogen
exist, for example copper benzeneazo-2-naphthylamine, and copper
benzeneas0-2-pyrrole, but they are only moderately stable in comparison
with compounds such as the acetylaoetonates, most of which may be
sublimed without decooposition. However, there will be a considerable
contribution from (II), with the result that both the 0-Cu and the
M-Cu bonds will be highly polar; the moments of the C-0 and the C-N
bonds will be approximately the same, and the direction of the
resultant ring moment will not differ greatly from that of a line
bisecting the 0-Cu-N valency angle.

Similar considerations apply to the other compounds on which

measurements have been made.



A more precise justification of these assumptions may be
made if the method originated by Barriol and Régnier, (8), for
the derivation of an expression for the atomic polarisations of
molecules of sliple geometric shape, is applied to these molecules.

Consider first an imaginary, trans planar molecule,

m X

Z-X -7,

in which the T atoms each carry an effective charge of +e”, and
the Z atoms an effective daarge of +eg; the effective charge on
the atom X is consequently -2(ej™ + e”).

If a field F is applied to this molecule in a direction parallel
to the bond, the result will be that the X-Tj* bond will be
extended by a certain distance a, and the X-Yg bond will be
shortened by a sndlar amount. The X-Z* and X-Zg bonds w ill, however,
undergo no appreciable change in length, but the atoms Z* andZg
will be displaced towards so that the angles Y"-X-Z™ and
TA-X-Zg are each decreased by an equal amount 0", and the angles
Tg-X-Z* and Yg-X-Zg are increased by the same amount. The potential
energy, u, of the molecule in tiie field is therefore given by;

ua?2X”*ar + 2xyy 8"" = k™ +V 0NN,
where k* is the stretching force constant of the X-Y bond, andV
is the bending force constant of the X-Z bonds in the plane of
the molecule.

At the same time, the electrical work done by the field,

w, is given by

w a 2Fe”a + 2FogRg 0",



n.s)s,
where is the length of the X-Z bond#
Now Su/"a must equal "“w/ aa, so that
2k”a a 2Fe”t

and therefore

a a Fe.
Also, "u/ a c)w/c)™”, and therefore
2V, a 2FSgRg,
whence 0~, a Fe"R"

v

The induced moment is thus given by;

2R2M«2 "2~/ ~ 2F.gV
Then, since the polarisability, along this axis is given
by m/F,
' ""-'Wr A%

Similarly, if the field is applied in a direction parallel

to the X-Z” iond,
/j = ’
r

idiere kg is the stretching force constant of the X-Z bond. The
force constant for the bending vibrations of the X-Y bond in the plane
of the molecule will be essentially the same as that for the X-% bond,
since both modes of vibration involve distortion of the Y-X-Z angle.

If the field is applied in a direction at right angles to the

plane of the molecule, there is no appreciable change in the lengths of
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the bonds, but the X-T bonds will be bent throu” an angle 8g, and
the X-Z bonds through an angle O0"#
Th*n u =2 X 27 + 2 X 0 Qz *vg » 3»
and w = SFe®Ry 6g + 2FegR*" Q y
where and Vg/ are the bending foroe constants of the X-T and
X-Z bonds respectively, for vibrations at right angles to the plane
of the molecule.
Then; since au/al0g « aw/adg, and also » aw/arj,
2Y™* g « 2Fe™Ry, and 27g°0j « 2FSgRg "

whence 0 g = Fe"R", and = FCgR?
A
Hence the induced mm&ent is given by:
m a 2Ry€2,1 ZRZO3 5
a 2Fe"™™ + 2FQ"r/
A ¥

and the polarisability along this axis is then

"3 U iV +

The mean polarisability of the molecule is given by the meem of the
values along three axes at right angles, i.e..

28," + 2e»- + 2®i“Hy" + 20272~ +

nD
But Sj"Ry a and 02R2 = yug» where and are re”eotiwely

BN



the bond moments of the X-T and the X-Z bonds#
Now P. =AztNy ,
and therefore
« BirNe™ + 8TiNeg® + 8% N - f SN + 8ttN  + STriyu™
9k” 9Kg Y% 9v 9! 9vg'
In this expression for the atomic polarisation, the first two
terms represent the contributions from the stretching vibrations of the
X-T Gnd the X-2 bonds re”“ectively, the third and fourth terms the
contributions from bending vibrations in the plane of the molecule, and
the fifth and sixth terms those from bending vibrations occurring at
right angles to the plane# The terms involving the stretching
vibrations will be very small compared with the remaining terms. Further,
the force constant V for bending in the plane of the molecule will be
large as oos”ared with and Vg' for bending at right angles to this
plane# Hence, under these conditions, the only significant terms in

the expression are the fifth and sixth terms, and

b 3
Pi » STIN A

I[f the T and Z atoms arenow assumed to be linked together in
pairs, soas to form two similar rings, which are fairly rigid, so
that as afirst spproximation they can be regarded as vibrating as a
whole, there are only two independent vibrators instead of four# If, in
one of these rings, the atoms T and 2 are subjected to equal
mechaniced farces, and if they are depressed respectively through

angles 6" Og# then VAL ON A Yg . # # (1)
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and the bisector of the angle Y-X-Z will be depressed through an angle
0, given by 9 =" + 07")/ >/T . . . . (2)

Then tie apparent force constant, V', along this "axis" of the ring,
will be such that ~ V6~ 7 A Vg A A E e (5)

From (1), we have

9“ avV .9l

From

A
and thence, by substitution in ()),
-Vi*0
AD>
Therefore * V / 1 + VA \ o y"'
A
or V . ZV.Vg' : , : S C))
y," . Vg

This equation may not be solved completely, but it may be applied in

certain special cases;

Case 1# VA = Vg'e

"This applies to the acetylaoetonates and the dibensoylmethane
conplexes;

In this case; V' =VA + Vg'#

The ejq”ression for the atomic polarisation then reduces to:



PA « iZUL (Pi + fz )
91" 2
“ ®"N” A*res o

9Vy

whore is the resultant moment of the chelate ring.

£ES13L

This also holds exactly for the cotgplexes of acetylacetone and
diben soyimethane, and is spproximately true for all the complexes
considered#

Under these conditions.

Pa *

9

But, from equation (4), we have

and therefore P. « 8*rN pr'es2

oV

\4 jH#r
In this case, the direction of the resultant moment is along

the bisector of the angle X— 2%

Case 3# If the planes of the chelate ringn jl_X1-2 and YQ-X-Zg
bend only about the line bisecting the angles Y“-X-Zg and Yg-X-2"#
Since all the chelate rings considered are strained to some extent,
their rigidity will be such that this assunption is justifiable#
When the applied field is acting in a direction perpendicular to

the plane of the molecule.

.9 a



u»2x-[-vV'0r*T* 0N,
and w=2F (e, VJZ 6 + e*Rg J? 6 ).
Then, since "au/a 0 must equal aw/a0 ,

2/2 F ( e®Ry + egRg )

2V

2/1 F (N +yig)
=2 F;.".
where
along the bisector of the angle T"-X-2".
Therefore 0 * Fyut
r
The induced moasnt mis given ly:
m=»2 e Ry 0 ~ 2 R QO
Jz Jz
~Jz O( e’Ry + SgRg )
=& ,8(/iy +/ig )
_
’c
= Fyic2
\Y
When the field acts along either of the other two axes, the

polarisability of the molecule is zero under these conditions, and

the mean polarisability is thus given by:

Hence = &TrN

%

7é>loo

la the ooinponent of the resultant momentof the ohelate ring
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For these special cases, then, this expression for the atomic
polarisation is valid, and the only differences viiioh arise are
due to the variation of the dipole moment involved between the total
resultant moment of the chelate ring and the component of this moment
along the bisector of the angle In the conplexes which have
been studied, however, it is probable that all three conditions
discussed are approximately fulfilled, and therefore no large errors
are likely to be introduced by taking the direction of ji as the
bisector of this angle.

Following Sutton and his co-workers, force constants have been
expressed in terms of ergs/radian /molecule throughout the discussion
that follows, rather than in the more usual units of dynea/cm., since
the foroe constants used in the derivation of the expression for
atomic polarisation eu? for angular, rather than for linear,
displacements. If required, they may be converted into the alternative
units by multiplying by the square of the effective length of the
vibrating system. This length is, however, an uncertain quantity
when the vibrations in question are those of a ring s/stem : the units

of angular displacement are therefore to be preferred.

Section ). Six-membered chelate rings,

j~1). Act*lacetonatea and related compounds.

In order to provide a logical extension of existing data on

the atomic polarisation of the coordination conpounds of
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metals, measurements have been made on a number of conpounds
which contain the general ring systems in which resonance can occur

between the structures I and II. ,

These compounds included not only the acetylaoetonates, but
also dibensoylmethane and salicylaldéhyde conplexes mf metals.

The measurements on aluminium acetylaoetonate were carried out
as checks on the reproducibility of results obtained with the “paratus,
and also in order to conpare these results with the work of Finn,
Hampson and Sutton (loc. cit.). The molecular polarisation of aluminium
acetylaoetonate in benzene found in the present work agrees closely
with their figure, but the vailue found for the refraotivity is about
3 0.0. lower than theirs. The two sets of measurements made on
different epecimens of this compound in solution in dioxan agree within
the lim its of the experimental error.

Finn, Hampson and Sutton's results for ferric acetylacetonate give
a somewliat lower value for than that obtained in this work, after
correction has been made for their arithmetical error which resulted
in an incorrectly low figure forjHj® The corrected figure is 100.8 o.c
giving as 47.8 o.c.

ifeasurements were made on the acetylacetonates of aluminium and
iron, and on the dlbengoylmethane complexes of iron and beryllium, in
solution in both benzeneand dioxan, in order to ascertain whether or
not measurements made in these two solvents were strictly comparable.
It was found in each case that the value of the atomic polarisation

found in dioxan solution was slightly higher than that found in
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benzene solution. The small, but definite increase was never more than
3 c.o. In the case of tiie dibenzoyImethane coaplexes, the refraotivity,
as well as the molecular polarisation, showed an increase, which was
quite small (about ) o.c.) for the beryllium compound, but 16 c.o. for
ferric dibenzoylmethane. No great chsuige was, however, apparent in the
atomic polarisation value. There is no obvious reason for these increases,
for these oonplexes contain no free hydroxyl or amino-groups, which would
tend to form hydrogen bonds with dioxem molecules, leading to high values
of the molecular polarisation. While small increases of this kind are
not uncommon, especially for polar conpounds, the large increase found
for the ferric conplex is very unusual. There is a possibility that some
form of association with the molecules of dioxan may occur, which has an
effect upon the electronic polarisation, but not the atomic polarisation;
but there is no real evidence for this, and at present the increase remains
unexplained.

It was evident, therefore, that any precise conparisons between
atomic polarisation figures measured in different solvents must be made
with some care; the use of dioxan as a solvent was, however, necessitated
on account of the limited solubility of many of th® oonplexes in benzene.
Since the corrections to be applied are not much larger than the
experimental error, and moreover are difficult to predict, they have
been mgleoted in the following discussion.

Beryllium dibenzoylmethane was found to have an atomic polarisation
of 29.1 c.0., very close to the figure of 28.0 c.o. for beryllium
acetylaoetonate, calculated by the method of Smith and Cleverdon from
the data given by Finn, Hampson and Sutton; the substitution of phenyl

groups for methyl groups thus makes a negligible difference to the



vibrations of the ring in this case* It was found, however, that the
atomic polarisation of ferric dibensoylmethane was nearly 40 o.c. higher
than that of the corresponding suxetylaoetonate. There is a possibility
that this increase may be brought about by sterlc factors, the large
sise of the phenyl group as conpared with the methyl group preventing
the molecule of ferric dibenzoylmethane from assuming the same
symmetrical structure as the acetylaoetonate. The moments of the bonds
to the metal atom are so large that distortion through a very small
angle would lead to an effect of ths magnitude observed. There is no
sign of such distortion in the beryllium complex, but as in this case there
are only two coordinating molecules of dibenzoylmethane instead of three,
forming a tetrahedral structure, an undistorted, symmetrical structure
might be possible in this case. The aluminium complex of dibenzoyl-
methane, which resembles the ferric cosplex in its structure, and the
copper ooxqgxlex, whicd*!, being planar in character, might have been
expected to undergo distortion of this kind, were unfortunately too
insoluble for polarisation measurements to be made.

There is also a possibility that, for some reason which is not
clear, the character of the 0-Fe bonds in the dibenzoylmethane coaplex

i

differ soraeidiat from the corresponding bonds in the acetylaoetonates,
I .

with the result that both the effective ring moments and the force

constants for the bonding vibrations are different in the two cases.

The unusual changes in thejjlJ] value of the dibenzoylmethane coaplex,

when dioxan is substituted for benzene, suggest that there may exist

acxoe fundamental difference of this kind.

The complexes of salicylaldéhyde closely resemble those of
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acetylacetone and dibenzoylmethane, the only difference in the chelate
ring being tliat one of the bonds of the ring also forms part of a
benzene nucleus. The atomic polarisation of copper salicylaldéhyde,
howgkver, is 6? c*c., conpared with Finn, Hampson and Sutton's figure
of 26 c.o# for beryllium acetylaoetonate, the only compound with two
chelate rings for which they obtained reliable results.

The ring moments of beryllium acetylaoetonate and copper sali-
cylaldéhyde are not likely to differ greatly, since the organic parts of
the rings are so nearly identical. Although the polarity of the bonds
in the copper complex, on account of the more electropositive character
of beryllium, this increase will probably be largely offset by the
difference in the orientation of the chelate rings. The bonds to the
beryllium atom are tetrahedrally arranged, each making an angle of
about 34~ with the aixis of "mmetry of the ring, whereas the arrangement
in the copper complex is square, so that the angle between the Cu-0
bonds and the ring moment is only 43"* The component of the Be-O
bond moment along the axis of the ring is therefore somewhat smaller
than the corresponding componeet in the copper coaplex.

From the relationship

9 Vq

and considering in each case a molecule with two independent, but
equal modes of vibration, we have
v . 8-~"/

9PA
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If, following Finn, Hanpson and Sutton, we take the moment of the
aoetylaoetonate ring as 7*3 D., and assume that the moment of the
salicylaldéhyde ring is of the same magnitude, then this relationship
gives a value for the force constant of the bending vibrations of
beryllium aoetylaoetonate of 3.7 x 10712 erg/radianz/ molecule, and,
for the vibrations of copper salicylaldéhyde, 1.4 x 1I0"*" erg/radian”/
molecule. Similarly, the ring moments in aluminium and ferric
acetylaoetonate s must be very near to that for the beryllium compound,
arui, using the same value, the force constants are found to be
3*2 X 102;12a<§ 2.7 x 10" 2erg/mdian /molecule respectively.

The difference in the arrangementof the chelate rings in these
four compounds must play asignificant réle in determining the relative
values of the respective force constants. Vibration of the ring would
be expected to be least inhibited in the planar copper complex : this
is borne out by the much lower force constant for this confound than for
the other oon”lexes, which have tetrahedred or octahedral arrangement
of the bonds about the metal atom. Unfortunately copper aoetylaoetonate
is too sparingly soluble in non-polar solvents to permit of
confirmation 6f this oonclusion through measurement of its polarisation.

The force constcuits for the tetrahedral and octahedral oonplexes
would not be expected to differ greatly. The gradation in the values
observed may possibly be due to the differing degrees of strain in the
chelate rings. It will be shown later that the force constant seems
to be particularly large in oongpounds in which the chelate rings contain
five atoms only, so it may be postulated that even in six-menbered

rings the force constants will be the higher the greater the strain in



the ring* Data on the effective radii of atcoaa in chelate concgxlexes of
this type are not available, but, for the purposes of comparison, it
may be noted that the radii of Ber, Cu*", AIA and E*"™ ions are
034, 0.80, 0.36 and 0.6? A. respectively. When considered in
conjunction with the angles between the valencies of the metal atoms
concerned (108~ for beryllium, and 90° for aluminium, iron and copper),
and the 0-0 distance in the unstrained molecule of acetylacetone, these
suggest that the strain in the ring may reasonably follow the order
Be> Al > Fe > Cu .

The high value of the molecular polarisation for the aluminium
coB”*lex of diethyl malonate is probably due to the existence, at any
instant, of a permanent dipole in the molecule, due to the rotation of
the six ester groups. Its atomic polarisation would be expected to be

approximately the same as that of aluminium acetylaoetonate.

(11). Complexes of salicylaldéhyde and its derivatives.

By utilising complex compounds formed by derivatives of sali-
cylaldéhyde such as salicylideneaniline, salicylidenemethylimine and
salioylaldoxime, it is possible to replace one of the oxygen atoms in
the ring system previously discussed by a nitrogen atom, leading to

structures which c¢in be represented by resonance between III and IV.

3IP. A JS
In most cases, the copper ccmiploxes of these confounds proved the

most suitable for polarisation measurements. W ithin this class of

oonpound, a rather wide variation in results was obtained, the differences
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between the and (R* values lying between the extremes of 21 o.c.
in the case of cqpper saliqylaldoxime, and the exceptionally high figure
of 132*5 0.0. initially found for copper salicylidene-aniline.

It is evident, on conparison of there milts obtained from the
complexes of the anils of salicylaldéhyde, that the differonce found for
the conplex formed by the unsubstituted anil is exceptionally large, and
is presumably not due entirely to atomic polarisation, but is affected
by some additional factor not involved in the other compounds. The
possibility of the presence of a small proportion of the ois isomer of
the conplex at once comes to mind, and the measurements were repeated,
using a fresh specimen of the substance, which had been purified by
precipitation five times before use, instead of the tWo which are
sufficient for the preparation of an analytically pure sample. The
value of cho for this second specimen was found to be only 3*3 c.o.
less than the figure found for the first preparation, that is, very little
more than the experimental error involved in the measurements ; the
proportion of the impurity, if such exists, is therefore scarcely altered
by this method of purification. Th”roportion must, in any case, be
very saall, since, owing to its relatively high dipole moment, the
molecular polarisation of the pure oia isomer, if it could be prepared,
would be extremely high.

No preparation of a pure ois isomer, together with any definite
proof of its structure, appears to have been made. Zetzsche, Silbermann
and Vieli (9) prepared the complex by dissolving copper powder in an
alcoholic solution of the anil, and described it as forming dark brown

crystals in star-shaped clusters. Pfeiffer and Glaser (10) prepared it
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by the action of either aniline or phenylhydroxylamine on the copper
complex of salicylaldéhyde ; they described the appearance as "red-brown
needles". Pfeiffer and his co-workers (11) later examined a sample,
prepared from cupric acetate and aniline by the addition of
salicylaldéhyde to the alcoholic solution, with the intention of
isolating, if possible, els and trans isomers. Fractional ciystallisation
from acetone gave seven fractions, all apparently identical. A
second sample, prepared from cqpper salicylaldéhyde and aniline, was
examined in the same way, and a very small trace of a green «crystalline
powder was discovered in the third fraction. Treatment of a larger
sample (40 g.) enabled them to isolate and analyse 20 mg. of this
compound. The Cu : Nratio was found to be 1.1) ; 1, showing that this
could not be the pis isomer ; no more detailed investigation was made.
It seems unlikely that this green powder, whatever its nature,
could be the cause of the hi” molecular polarisation figures found
for a sample of the complex prepared from copper sulphate and the
anil alone. It is, however, of interest to note that the preparation
of this complex was first claimed by Sohiff (12), using the action of
aniline on copper salicylaldéhyde, and it was then described as an
olive-green, crystalline powder, insoluble in organic solvents. It is
possible that this may have been the ois isomer, and that this single
preparation was exceptional, and impossible to repeat. An instance of
such a nature occurred in the preparation of copper salicylaldéhyde-
methylimine by Pfeiffer and Glaser (loo. oit.) ; on one occasion
only, instead of the green needles usually obtained on reorystaliisation

from chloroform, brown leaflets of the same composition were formed.
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which, on standing, reverted to the original green form. This
preparation proved impossible to repeat.

It is worth noticing that two clearly defined forms of the
copper coaplex of the closely similar 2-hydroxy-l-naphthaVdehyde-
methylimine were obtained by Pfeiffer and Glaser ; a green form,
crystallising in long needles, which on heating changed over into
shining brown prisms, shown by analysis to have the same composition.
The brown form crystallised from pyridine, but if methyl alcohol was
added to the hot pyridine solution,the green form of the coaplex was
precipitated. The possibility of dimorphism cannot be ruled out, but
it seems likely that these may in fact be the ois and trans isomers of
the coaplex. Pfeiffer and Glaser assumed that the brown form was
probably the o1ij isomer, owing to the similarity of its colour to that
of the copper conplex of disalicylaldehyde-ethylenefdiamine; in this
ooopound, the two aldehyde molecules are linked by one molecule of the
diamine, so that the arrangement of the bonds about the central copper
atom oMst necessarily be of the cis configuration. The colour of the
green form is similar to that of the copper complex of salicylaldéhyde-
methylimine, which the present work has shown to be a trans conpound.
Polarisation measurements on these two isomers would be of interest.

In the discussion that follows, it has been assumed therefore that
the exceptionally high molecular polarisation observed for copper
salicylideneaniline is due to a small trace of the “is isoner. From
the analogy of the beryllium complexes of acetylacetone and
dibenzoylmethane, it seems likely that the atomic polarisation of trans.

copper salicylideneaniline will be very close to that of copper
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salioylidenemethylimlne« I.e., about 6l o.c. This latter value

has been oonfirmed by the work of Charles and Preiser (15)» allowing
for the faot that the value for the molecular refraction of the
complex in this paper was calculated from that of salicylideneaniline#
making no allowance for the change in the number of conjugated single

and double bonds.

There is a small» but significant difference between the values
of the atomic polarisations of copper saliqylaldehyde and copper
saligylidenemethylimine, which are found to be 6?'o.c. and 61 o.c.
respectively. It is not likely that the force constants for the
bending vibrations in these two molecules will differ eyppreciably»
since the substitution of a nitrogen atom for an oxygen atom in the
chelate ring leads to hardly any change in bond angles or bond lengths#
and the strain in the"ring is therefore almost the same in the two
cases: but a difference between the moments of the rings may be
expected» on account of the increased electronegative character of
oxygen as oongpared with nitrogen. The moments may be coupared using

the usual relationship

assuming the force constants to be equal» we have

SN
? %
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where Uie suffixes 1 and 2 apply to the salioylidenemethylimine and
the salicylaldéhyde conplexes respectively. If is taken, as

before, as 7*5 D., then

%0

*T7#2 D.

The difference of 0.3 D. in the ring moments is of the order to be
expected as a result of the change in electronegativity. The ring
moment in the soliculaldehyde coi“lex is largely made up of the bond
moments of the 0-Cu, O-"Cu and G= 0 bonds; of these, the moments of
the two last-named are slightly, but sqppreciably reduced when the

nitrogen atom is substituted in the salioylidenemethylimine complex.

The values of the atomic polarisations of the three copper
complexes of the jg”-halogeno-substituted anils lie close together: it
is not clear why the value for the bromine-substitute conplex should,
be less than that of the other two, but the difference (7 o.c.) is
not very much greater than the experimental error, and may in part
be due to errors in calculating the molecular refractions of the
complexes, as there may be departures from strict additivity. The
atomic polarisation figures are very roughly 10 c.o. less, in each
case, than the value for copper salicylidsneaniline, if this is
supposed to be the same as the atomic polarisation of copper

salicylidenemethylimine.
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c c > 5; 5;

X

There is a slight degree of strain in the six-membered ring of the
complexes of the amils, which will result in the increase of the valency
angles in the ring by a few degrees in each case# If we consider the
three bond angles at the nitrogen atom, we see that the Cu-N-Ph and the
C-N-Ph angles will both be slightly less than the unstrained angle of
120”, in order to conpensate for the increase in the Cu-N-C angle.
Supposing that these two angles are each decrea;ed by )Q, i.e., are
each 117*, then the moment of the ring, idiich makes an an“e of 45"
with the Cu-N bond, acts at an angle of 72° to tW Ph-N bond. The

moment of the Ph-JC group, where X is an atom of one of the halogens,

acts in the direction of the Ph-N bond, and the con¢>onent of this

moment, in the direction of the ring moment is therefore
*qukl to 72", or OJI
The moment is entirely due to the moment of the C-X bond.

The vadues for the C-X bond moments, whether X is an atom of chlorine,

bromine or iodine, do not differ greatly : the actual values are s

follows 2
C-Cl 1.~8 D.
C-Br 1.56 D.
C-1 1.40D.

The components of these moments in the direction of the ring

moment are respectively about 0.49» 0.48 and 0.43 0., acting in the

reverse sense to the moment of the ring of the unsubstituted complex.
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The latter has gdready been estimated as 7.2 D., and the resultant
ring moments for the substituted oonglexes are therefore 6.7, 6.7g
and 6.7"D respectively. Substituting these values in the usual
relationship, the corresponding force constemts are then respectively
1.40, 1.8 and 1.46 erg /radian /molecule.

The closely similar nature of these three complexes and of copper
salioylidenemethylimine makes it probable that all four force constants
are the same, since only substituents are altered, and the vibrating
ring of six atoms remains unchanged. Considering of the necessarily
approximate nature of the assumptions made, these results are not in
conflict with this view. This is revealed by reversing the calculation.
Assuming that the force constants all have the value 1.40 x 10"12 erg /
radian / molecule, which was previously calculated for the salicylidene-
methylimine complex, the expected values of the atomic polarisations of
the halogen-substituted compounds would be "3, 33 &nd 35 o.c.
reipeotively. The only anomalous figure, therefore, is the low value
of 47 0.c., Instead of 33 o.c,, which was observed for the bromo-

compound.

The values of the atomic polarisations of the salicylaldoxime
complexes of copper and nickel are much lower than those of any of the
other complexes formed by compounds of the salicylaldehyde series. The
atomic polarisation of the copper complex, for example, is only 21 c.o.,
compared with the value of 61 c.c. found for copper salicylidenemethylimine.
The ring moments of the two complexes are not likely to be very
different, since the chelate rings are identical; yet, if the ring

moment of 7.2 D., calculated above for the salioylidenemethylimine



115.

coupleX, Is used to calculate the bending force constant for the
vibrations of the ring in copper salicylaldoxime, a value of 4*1 x 10"""
erg /radian /molecule is obtained* This result indicates a higher
degree of rigidity in the structure of the molecule, and a possible
explanation of this would be the existeuioe of a hydrogen bond, linking
the hydroxyl group of one salicylaldoxime residue with the phenolic
oxygen atom of the other* Such an arrangement would hold the molecule in
a more rigid, planar shape, and some evidence for this is provided by
the absence of any moment due to the rotation of free hydroxyl groups.
There is strong evidence for the existence of a similar type of bond

in nickel dimethylglyoxime, which gives none of the reactions
characteristic of the hydroxyl group ¢ no reaction is given with acetic
anhydride (14) or with méthylmagnésium iodide (1$). Moreover, infra-
red spectra show no evidence of the presence either of free, or of
normally hydrogen-bonded hydroxyl groups in this compound, and it has
been shown, by X-ray analysis ofthe crystal (16) that the O.

distance is unusually short, indicating that there may be present an
exceptionally strong bond.

In the measurements made on the salicylaldoxime complexes, the use
of exceedingly dilute solutions was necessary, on account of the
NMaringly soluble character of these compounds, especially the nickel
complex. The difference between the atomic polarisations of the two
complexes, 7.7 o.c., is therefore not much larger than the experimental
error involved in the measurements, and accurate calculation of the ring
moment in the nickel oonplex is therefore not possible. On the grounds

of the more electropositive character of nickel as compared with copper.
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a ring moment rathei®igher than that in the oq)per oonplex may be
e”qpeoted, and the experimental results are in the sense esqpected from
this. By analogy with the change in ring moment on substituting an
oxygen atom for a nitrogen atom in the chelating ring, a reasonable
estimate would probably be 7*5 0. It is unlikely that the force
constant would differ greatly fi*om that which applies in the copper

complex.

The chelate ring of nickel benseneaso-£-cresol bears a close
resemblance to that of copper salicylideneaniline t the only difference
lies in the substitution of a nitrogen atom for a C-H group. i
Nevertheless, the atomic polariiation of the aso-compound is lower
than that of the salicylldeneaniline derivative by about 53 c.o.,
although the substitution of a nickel atom for a copper atom migjht be
expected to increase the moments of the bonds from oxygen and nitrogen
to the central atom, and therefore to increase the resultant moment of
the chelate ring.

The ring moment of the salioylaldehydemethyliaine complex is due
mainly to the moments of three bonds ¢ the large moments of the
N-Me and 0-Ms bonds, which are both highly polar, and the moment of the
C s N double bond, which Everard and Sutton (17) estimate to be about
1.5 D. In nickel benzeneaso”-oresol, the magnitudes of the first two
of these bond moments are almost unchanged, but the moment of the C » N
bond has disappeared. Assuming, as before, that the 0-N-Me angle is
distorted to 126®, and that the ring moment acts at an angle of 43"

to the N-Me bond, the conponent of the C = N bond moment in the
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direction of the ring moment of the salioylidenemethylimine complex is
1.J cos 97 or approximately 1.) D. If the ring moment of the nickel
salicylidenemethylimine complex is taken as 7*3 D. , the moment of the
chelating ring in nickel beneeneaeo-£-cresol is therefore reduced to 6.2 D.

A further reduction in the ring moment is brought about by the
introduction of a dipole due to thetwo unehared electrons on the
nitrogen atom of the azo group which is not co-ordinated to the nickel
atom. The atomic dipole so formed is directed out of the chelate ring,
and so has a cosponent along the axis of the ring moment which acta in
the reverse sense to the latter. The magnitude of the atomic dipole
may be taken, from the dipole moment of anmonia, as about 1.3 D. , since
almost the whole dipole moment of the ammonia molecule is due to an
effect of this kind. Assuming the same bond angles as before, it may
easily be shown that the atomic dipole makes an angle of 34® with the
ring moment, and its oonponent in this direction is therefore 1.3cos 34®,
that is, about O9 D.. The resultant moment of the ring is thus 6*2 -
0.9 a 3*5 D. ,

Using this value for the ring moment, and the experimental value
of the atomic polarisation, the force constant, calculated in the
usual manner, is found to be 1.8 x IOTlrz erg/radianz/molecule.

It is possible that this increase of the force constant in
ocaparison with the values for ccnplexes of the anil type may be due to
a sli“tly increased strain in the chelate ring, brought about by the
substitution of a nitrogen atom for a methine group. The Ph-NsN an”rle
in both cis-and trans-azobenzene has been shown to be 121® (18, 19),

but the unstrained angle Ph-C=N 1is 123®. Although this difference is
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aiaall, implying only a slight increase of strain in the ring, the
difference observed may be a reflection of the sensitivity of the
foroe constant to changes in uMVie atrain of the ring, as suggested by the

force constants found for the acetylacetonates (v. supra).

Section 4. Five-membered chelate rings. i

Only two conpounds of this type were found to be sufficiently
soluble for measurements to be made, and in each case the atomic
polarisation was found to be unexpectedly low, having the values of
14 c.c. and 21 c.o. for copper l:J-diphenyl-5-hydroxytriazene and nickel
benzeneazo-2-pyrrole rei*eotively. This is not very different from
the usually accepted "normal* values of atomic polarisations of 3 to
13 % of the electronic polarisation (9 and 18 respectively).

The chelate ring of copper 1:)-diphenyl-hydroxytriazene bears
a close resemblance to that of nickel benzeneazo-£->cresol, and it is
probably approximately correct to assume that the ring moments are
of the same magnitude, provided that a correction is made to allow
for the less electr(positive character of the copper atom. The ring
moment of nickel benzeneazo-£-oresol has been estimated as 3*5 D.:
if the ring moment of the copper complex is taken as 3*0 D., a value
for the force constant of 3.0 x 10?12 erg/radianz/molecule 1s
obtained. This large increase over the value of 1.8 x 10*1p found
for the force constant of the benzeneazo;p-cresol oonplex reflects
the considerable increase in strain, and consequently in rigidity, in
the formation of a five-membered ring, as compared with a ring of

six atoms, in which the strain, though present, is sli”t.
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The moment of the ring coxf nickel benzeneazo-2-pyrrole is
probably somewhat larger than that of the triage ne complex, as the

pyrrole ring has itself a moment of 1.8 D. The conponent of this

moment in the direction of the ring moment is 1.8 cos 43®, that is,
1*3 D., actinj%&/in the same direction as the ring moment. The
resultant ring moment is therefore 3*3 + 1.3 = 6.6 D. This gives a
value for the force constant,of J.6 x 10_}2 erg/radianz/molecule ]
this value, which is appreciably higher than that found for the
triazene complex, suggests an increased strain in the chelating ring
of the azo compound. That such a strain exists is demonstrated by
the adjoining diagram, which represents the two undistorted rings
superinposed, omitting in each case the central metal atom, since the

lengths of the bonds to it are not known. The following dimensions

are used :
Bond lengths % C 1.48 A.
C— N in pyrrole ring1.42
N= N ,1.20
N— N , 1.47
N 0 1.41
Bond angles ; —0— ; ’ 110®
' —M-— ' no"
—K= 121"

—N-* in pyrrole ring 1o~

— in pyrrole ringllé)
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This analysis of the problem indicates that in the molecules of
l1:)-diphenyl-hydroxytriazene and benzeneazo-2-pyrrole the nearest
distance of approach of the nuclei of the two atoms which become linked,
in the complex, to the metal atom are 2.6 and 2.9 A., respectively.
Hence, bearing in mind the fact that the valency angles of the metal
atom are not likely to depart greatly from 90®, there must be some strain
in each case associated with the formation of the rings, and this will
be slightly greater for the latter oonpound than for the former.

In relation to the effect of ring strain on the apparent bending
foroe constant, it seems quite possible that this arises from the fact
that, then the ring is relatively flexible, there will be some dis-
placement of the? r%uclei in the rii% relative to one another when the
field is “plied, whereas in a highly strained ring such diaplacemnts
will be very small. This reveals the approximate character of the
assumption previously made (see p. 92) that the ring vibrates as one
couplete and rigid entity.

It is of interest at this point to consider the results obtaimd by
Cavell and Sugden (20) in stydying the nickel complexes of various
glyoximes. Polarisation measurements were made on each of several pairs
of conplexes, in order to distinguish between cia and trans isomers.
They found that one form of each of the oxime derivatives had a higher
molecular polarisation than the other, and they inferred that the
isomer with the higher value was the cis form. Nevertheless, in the forms
which are presumably trans, the moleoul&r polarisation values exceeded
the refractivity calculated for two molecules of the oxime by 35 to

40 c.o. This difference they attributed to the rotation of hydroxyl
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groups in the molecule, but it has since been shown conclusively

(see "Copper and nickel salicylaldoxime") that these groups are held
firmly by hydrogen bonds, and are not free to rotate. The difference
must in fact be due to the atomic polarisations of these compounds.
The values obtained for some of them are shown below; in the second
column, they have been corrected by allowing for a contribution of

12 0.0. to the molecular refractlvity made by the four bonds to the

nickel atom.
»

Glyoxime. PA. P» oorr.
c('-fliethyl-n-propyl 40 o.c. 28 c.o.
cc-methyl-n-butyl 55 2) c.o.
<X-methylben*yl J5 c.c. 2)c.c. A

It is probable that in reality the values of the atomic
polarisations of these three compounds are the same t the
experimental accuracy of the measurements was not high, only one
or two solutions being used in each case, and a value of 23 o.c.
may therefore be assumed.

The ring moment in the glyoxime conplexes must be high, on
account of the two bond moments of the G=N groups, each of
magnitude 1.) D., boUi of which errance the resultant moment of the
ring. The bond angles of the ring, which is under considerable
strain, are uncertain, but if it is assumed that they are those of
a regular pentagon, i.e. 108®, the two C=N bond moments each make
an angle of 18® with the axis of “mmetry of the ring. The components

of these momenta in the direction of the ring moment will therefore
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increase it by an amount 2 x [."o0o0s 18® « 2.3 D.
If the ring moment of a five-membered ring nickel complex of

the triazene type is 3.3 D., the ring moment of a nickel glyoxime

conplex is then 7»8 D«, a value which is close to the ring moment of
7.3 D. assumed for nickel salicylaldoxime. This value, together with
Cavell and Sugden*s atomic polarisation results, gives a foroe
constant for the bending vibrations of the rings of these complexes
—32 .2 . . . .

of 4.1 X 10* erg/radlan /molecule, a figure whidh is of interest,
since it is exactly the same as that calculated previously for the
complexes of salicylaldoxime, which have been postulated to have a

rigid structure similar to that of the glyoxime conplexes.

As a result of these considerations, it is suggested that the
atomic polarisation values are best interpreted" in terms of the
effective ring moments and bending foroe constants given in Table III.
The grouping of the compounds into the classes shown is indicated in
part by the actual values obtained, but is more clearly revealed
in the force constants derived after reasonable assunptions have

been maderegarding the moments of the ring systems concerned.
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Table III.
Complex. Ring  Bending force
momen t constantg
(erg/radian /
Tetrahedral and ootahedi™al coiiplexes. molecule)
Beryllium acetylacetonate. 28.0 75 57 <-12
Aluminium acetylace tonate. 43 .2 75 52
Ferric acetylace tonate. 52.6 73 27
Planar complexes with six-mee”red rings.
Copper salicylaldéhyde. 67.3 7.5 1.4
Copper salicylideneme thylimine. 61.4 7.2 1.4
11k 7 ¢
Copper salicylidene-
' £-chloraniline. 53.4 6.7 1.4
Ccpper aalloylide ne-
£-brooianilina. 46.6 6.7 1.6
Copper salicylidene-
£-iodoaniline. 53.0 6.8 1.3
Nickel benseneazo-£-cresol. 26.0 5.3 1.8
~jPjjij[tf complexes Joined ly hydrogen bonds.
Copper salicylaldoxime. 21.0 72 4.1
Nickel salicylaldoxime. 28.7 75 4.1
Nickel complexes of glyoximes. 25 7.8 4.1
complexes with five-membered ringj|*
Copper Ir3**dlphenyl- '
5-1"droxytriazene. 14.0 5.0 3.0

Nickel benzeneazo-2-pyrrole. 20.7 6.6 3.6
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