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ABSTRACT

The mechanism of the base hydrolysis of the
carbonato- and oxaléto-bisethylénediaminecobalt I1T
ions was investigated by measuring the rate of base
hydrolysis spectrophotometrically under varying ‘condi-
tions. The steric changes accompanying the réaction
‘was also followed by measurement of the change of optical
activity during the reaction. In conjunction with
this the rate of racemisation of the cis(-) 'dihydroxo-
bigethylenediaminecobalt.III ion was measured, . Mechan-

istic pathsyare discussed.

Far comparative purposes the rate of base
hydrolysis'of the carbonatobis(1,10-phenanthroline)cobalt
III ion was investigated. Further work‘using 1,10-
phenanthrolinezas a ligand consisted of an investigation
irto the compounas formed between cobalt, chlorine and

phenanthrol ine.

The infrared spectra of the dichloro-, cerbonato-,
oxalato-, malonato- and eyclobutane 1,1'dicarboxylatobis-
(1,10-phenanthroline)cobalt III complexes are recorded.
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OBJECT OF THE INVESTIGAT ION

The replacement reactions .of many monodentate
ligands by hydroxide have been reported in the 11terature,(17)
and their steric courses and reaction paths have been

formulated.,

The replacement of bidentate ligands however,
has been less fully studied.(sg";oo’ 134) The object
of the present work therefore was tb clarify the gteric
course and formilate mechanistic paths for hydroxide sub-
stitution in compounds of the type [Coen2X]+ where X was

either of the bidentate ligands carbonate or oxalate.

The reactiodon can bve divided into two parts:
a) Initial dechelation of the ligand X

'[C X]+ - //OH 0.
oen,X]" + OH — Lgoeng\\ ]
X

b) Removal of ligand X
- . 1-
[Coen2X0H1° + OH® —— [Coen2(0H)21+ o X
Sterie changes are possible in both stages.
The initial tris chelated ion necessarily has a cis
configuration prohibiting cis-trans isomerisation, but

the other two ions can both undergo racemisation and



igsomerisation.  Purther, the isomerisation (58, 96)
and racemisation of the final product, the [Coeng( OH)Q]"
ion can be studied separately. |

c1s[Coen, (0H),]" == trans[Coen,(0H),]*

In order to obtain further data rele;ékf to
the mechanistie course, the complex [quhen2003]+ waé
studied. The 1,10 phenanthroline ligand lacks hydrogen
atoms attached to the coordinated nitrogen atoms, so
that any mechanism which utilises such hydrogen atoms
is prohibited. No cis trans isomerisation of the
[Copheng(OH)2]+ ion has been found. The trans isomers
of this complex have not been characterised anl are

thought not to exist.,



SUMMARY OF THE RESULTS AND CONCIUSIONS

1. . The racemisation of the cis(-)[COGHQ(QH)2]+ ion is

faster than the isomerisation, both ‘processes being inde-
pendent_of the hydroxide concentration, Several mecha-
nistic psths are involved. A path involving the de-

chelzation of the ethylenediamine is postulated to account

for the'rapid racemisation relative to the isomerisation,

2. The base hydrolysis of the [Coen2003']+ ion proceeds

in two stages:
a) Iggtjgl dechelntion of the carbonate,

' OH
[Coen2003]+ + OH'-—————)[Coené:: ]°
: Co
. 3
. At high base concentration the dechelation process pro-
ceeds by a mechanism first order in hydroxide. The
variation“of the second order rate‘constant with tenpera-

ture fits the Arrhenius equation.

Ky =209 x 1015 6214 600/RT -1

1l mole min,

At 'all concentrations the rates of mutarotation were
found to be the. same as the rates of dechelation.

Cobalt-oxygen bond fission is postulated with an SNl CB



or'SNQ ion pair mechanism,

At low basé'concentrationé an acid catalysed

"reaction path is also present.

b) Removal of carbonate

[CoenéCO3OHj° + OH® ———y [Coeng(OH)2]+ + 0032‘

The rate df'loss_of carbonate varies with the -
wavelength at which the loss was measuied. The loss
of optical activity was slower than the decomposition.
" Several different sﬁecies are undergoing decompositioh, -

racemigation and isomerisation at different rates.

3. The base hydrolysis of the [Coen20204]+ ion proceeds
in two stages: ’ '
a) Initial decheletion of the oxalate.
B OH
[CoenyCy0, 1" + OH" —— [Coe’n2< 1°
o - C204

The dechelation ig found to proceed by a mechah;sm first
order in hydroxide. The variation of the second oxrder

rate constant with temperature fits the Arrhenius equa~-

tion:



.

Ky = 346 x 1012 e-17,700/RT 1

The reaction is much faster than for the [Coen2003]+ ion,

b) Removal of - oxalat
[CoenyCn0,0H]° + OH- ——— [Coeny(0H),]* + €50,°"

Above 1 M sodium hydroxide, the variation of the first
order rate constant with temperature fits the Arrhenius -

equation:

kl mw 2.T4 X 1011 e“lB,BOO/RT min.'l

The rate of loss of optical activity was found to be
identical to the rate of removal of oxalate. At high
temperature the‘reactioﬁ proceeds by a mechanism first

order in hydroxide, an SNl CB mechanism is postulated.

At 1ow'temperatures and base concentrat ions
the reaction prbceeds’bj.a mechanism second order in
hydroxide. The mechanism is envisaged as a synchronous
attack by hydroxide at the cobalt and the format ion of
an ion pair of the hydroxide with the oxalate.

4, The base hydrolysis of the [Cophen2(303]+ ion proceeds

in two stages:
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¢

a) Initial dechelation of the carbonate
_ A.+' . . /OH o
[Cophen2003] + OH —————5[Cophen2\\co ]
. . . 3 .
Qualitatively the rate of dechelation appears to become

'slower with decrease in ionic strength and hydroxide

concentration.,

b) Removal of carhonate

[cophen2003oﬂ]° + OH'-—————ﬁ[Copheng(OH)2]+-»(o;'

- The rate of loss of carbonate is independent of the
hjdroxide concentration but catalysed by the presence
of chloride ions. An electron transfer mechanism is

postulated.

5, The infrared spectra of the dichloro-, carbonato-,

aialato-,‘maloﬁato-, and cyclobutane 1, 1' dicarboxy-
_latobis(1,10-phenanthroline)cobalt IIT ions show that

the complexes are stabilised through the development of

a partial l-.‘ ‘fi'Co-N double bond by conjugation

with the W electrons on 1,10-phenanthroline.

6, The compound of cobalt, chlorine and phenanthroline

termed 'thé'green chloridé' contains the tetrshedral

CoII iom, [CoCl,]?-.
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Abbrevi-

ation

yoy!

Py

trien

Name

propylenedismine

pyridine -
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amnine - ‘ i

1.

Formula

Ny - §H - CHp - NIp

CH3

NH,CH ,CH,NHCH,CE,NHCH,CH,NH,,
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PART 1, INTRODUCTION

1. Crystel Field Theory

Crystal field theory was first formlated by
H. Bethe(10)who studied the imteractions between metal
ions and ligands in a purely electrostaticksense by
‘considering the ligands as point charges. The possi-
b11ity of any orbital overlap was ignored. The theory
was later modified(is)to account for partié.l orbital over-
lep and cpvalenoe and this modified theory is known as
the ligand field thgo;x. Molecular orbitsl theory
considers the interactions purely in terms of molecular

orbitals.

—~

In a neutral environment the d orbitals of a
metal ion all have eqﬁivalerrt energy, but in a negatively
charged environment they are no longer equivalerrby. If
this environmentv is supj:lied by six simiiar 10:13, these
ions will be arranged symmetrically around the metal ion
and form an qctahedron. The concentration of charge
in the dxy' dyz and d,, orbitals project between the
negative charges of the ligands, and the concentration
in the 4,2 and d12_y2. orbitals projects d|irect1y towards
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the ligands, thereby having a higher energye. These
are shown in diggram 1.
Since—thereis ne-net—ehange—inenergy the

desrl:ab':l.l:tsat101:52\(313:.‘g \5d12_y2 and 4_2 orbitals is equiva-

- dzy' ‘lyx orbitals.,

The former are kmown cqllectively as the °g orbitals and

the latter as the %,, orbitals and the difftrence 10 D,
or [\ 18 the ligand field strength. | -

z
lent to the stabilisationl(of the 4

Beductibn in symmetry from octahedral (0 )
will cause further splitting in the energy levels of
the orbitals. The changes due to tetragonal distortion
are shown in diagram 2,

2, Electronie Structure and Spectra in Co III Complexes

All cobalt III complex ions ere derived from
the octahedral arrgngezﬁent. Diagram 3 shows a simpli-
fied energy level diagram for Co III, a d® 1on(ys) with
increasing ligand field strength.

The °D and 11 terms refer to the two lewest
energy ferms_ arising in the absence of a ligand field.
The letters I and D refer to the total orbital angular
momentum and the numbers to the epin angular momentum,

In the presence of a ligand field, these terms ere split
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DInGRAM 2.

RELATIVE CHANGES OF ENERGCY OF d ORBITALS N
DIFFERENT ENVIR ON MENTS :

ngnqq ' —'—’———’____,_,;—————"" X*- yt

dzx
OCTAHEDRAL TETRAGONAL

v

DIAGRAM 3.

ENERLGY LEVEL DIBGRAM FOR A COBALT TI |JON.

Encrq% -

N . 5
1 | a

‘T
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into terms of lower symetry, T states heing triply
degenerate, E sta;bes doubly degenerate and A stsates
non degenerate. 'With the increase in ligand field
strength the 1A1g state quickly becomes the lowest
energy state, the ground state. This results in
diamagnetic complexes since there are no unpaired
electrons.' The one exception to this is- the
[CoEs']3' ion, which 1is jaaiamﬁgnetic with four un-
~paired electrons, the g:jound state being 5!228. No
transitions take place between levels arising from
the °D state and the I state since this would in-
volve the violation of the selection rule, AL = O, p 1,
where I is the total orbital angular momentum. |

v

The visible absorption epectrg;u arises from
transitions from the lAlg ground state to excited
states. Oftexi two absorption bands are found,

caused by transitionsto the lTl and 1T2~g excited

v g
states where A L = O, These transitions are
very weak (extinetion céeffic ients are of the order
of 50 to 150) since the transitions are formally for-

bidden in the free ion due to the Laporte Selection

rule. This states that transitions which involve
the redistribution of electrons within a single quantum

shell are forbidden. However if the compound lacks
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3

a centre of symmetry or a cemtre of symmetry during
the molecular vibrations then there will be some mix-

ing of 4 and p orbitals which then allows & transition

to take place.

The complex»[Co(EH3)6]3+ has O, symmetry.
Many eomple;ps havg lower symmetry caused by further
splitting o:f the eﬁergy levels.  The complex .
A[Coen3]3+ is an octshedral complex with Dy symmetry.
For complexes of the type cis and trans [CoA‘le the
-1T1g level is further split due to the ioWering of
the symetry, C,, in the cis complex and Dy in the
trans complex. This is shown in diagram 4.

Diagram 4: The Splitting of the IT!H energy level on

lowering the symmetry

: . {

g my Ty
I ‘

le‘—‘_‘—\\ : o
N, R —

RS |

el - Tre——— A
‘ES_——-—-{' ’ ‘ !

) ! |
|A'5 . Aﬂ -A% S
(A [CUN N (W SHIN N
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The splitting of the lTlg

" great for a trans complex than for a cis,

—

Ballhausen (\o) has shown that this result is

state is twice as

predictable by consideration of the tetragonal cmtri-
bution to the crystalline field potential Vy. This

was defined as v
~V - (/\Ll“’ 2 )

at a point f(x,y,z) where/lkl, /lkz and /LB are the sums

2(x,7,2)

of the charges on the x, y and z axes of the complex.

In a tetragonal field /“1 - /L 5 7—9/(13 .. szerefore

WT N (}Ll-/LB) f(x’Y,z)

Diagram 5 shows the configurations of the cis and trans
isomers of the [00A4Bé] complex.

8 PincRAM 5. A
VAN VAW,
: 8 ’ ‘ “'3/ A .
Forasns [C°Au§1} | | dis [GR,8)
Fot b Epy Pty
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The tetregonzlity parameter (f"l - /L3) will be different
in the two cases: -
1) for trans [06A4132] ,

M1 = 294 vwhere q, is the charge due to group A
_ and gg the charge due to group B,

M3 =2
»1 -/u,3.:- 2(4A - QB)

g) | for cis [00A432],

f1Ta*ap

At S

pa-ps = (ay - ap)
Therefore the tetragonal splitting in the trans complex
is twice that of the cis anl the level order is inverted
as shown in diagram 4,

This is found in practice and is shown in

diegram 6 for the cis and trans [Coen2F2]+ ion. (L\S) -
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Diggram 6: Visible Absorption spectra for the cis asnd
trans [Coen2F2]+ ions,

25 ' 560 N 351 -
b L M — ’:\m»tl.ty\st\y\,
20 - (313
MoLAL o |
RBSoRBANCE
L0
+vo
2.0
(] T \ T ' -1
14,000 16,000 14,000 18,000 e
’ 'ouenuw\.\!ﬁ'

‘The absorption band in both the cis and trans complexes

at 28,000 om™t corresponds to the 1A1g~ﬁ 1T2 trensi-

g

tion. In the cis complex the lTl is not split suffi-

4
ciently fortwo different transitions to be seen, one

transition is seen at 20,000,cm'1

corresponding to the
_lAlé—-9 1T1g tranéition, This is not so in the
trans complex where 2 weak transitions are seen at
17,000 cm'l and 23,000 em~ 1. - These correspond 01.41)
Vtolthe lAlg~——)IE% and the lﬁlg—~—)1Agg.

In general,absorﬁtion in a eis complex is
grea%er than in a trans coﬁplex éince the cis isomer

lacks a centre of symmetry.
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3. Xinetic Applicétion of crzétal field theory.

It is found that substitution resactions of
cobalt IIIT;;;%;elattvely'slow) and so in géneral can
be measured by standard techniques such as spectro-
photometry. Substitution reactions of some other
transition metals are found to be much faster and
cannot be measured by the same techniques. Taube
qualitatively systematised the two types of rates of
" substitution by calling slow reacting complexes inert
and fast reacting complexes labile. Hgvcorrelated
the rates with the electronic arrangement of the d
orbitals, " Complexes of the first transition series
vhich have at least 6ne:comp1etely empty 34 orbital
(inner d orbital) eg. Se III and Ti II react fast and
S0 are known as labile. Complexes which have no

empty 3 4 orbitals such as Cr III and Co III react

slowly thus beilng.classified as inert.

The 1mportanbe of crystal field stabilisation
in determining the rates of-reagtions has been developed

in a more quantitative fashion by Basolo and Pearson;(l])
They calculated the erystal field stabilisation energy

(CeFeS.E.) for various numbers of electrons for a regu-

lar octshedral complex in weak and strong fields end

-
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also for a square pyramid and a pentagonal bipyramid.
The latter two are used as approiimations to the acti-
vated complex fpr.SNl_and SN2‘mechanisms end, as far

as crystal field effects are concerhed, a trigonal bi-
pyramid 1s always less favourable than a square pyramid,
The difference between the original octahedral and final
CeFeSeEs 1is8 consideréd as a contribution to the total
activation ehergy, A Ea.. A lerge value of D E,
"implies'a.slow reaction and a small value a fast re-
action, The most affected lons are the a3, spin
coupled d6

and d® fons.  This results in the observed
slow reactions of Cr III and Co III. ‘

4, Optical Activity

Optical activity is assoc lated wifh molecules
containing an aéymmetric ¢entre or overall ix.symmetry
and lacking a pléne'and céntre of symmétry. This re-

salts in two related phenomena, optical rotatory disper-

sion and gircular dichroism.

Optical rotatory dispersion is the ability of
" the molecule to rotate the plane of plane polarized
light. It is found to vary with wavelength and each

-agymetric centre gives rise to an S curve in its



b,

—~

region of light ebsorption. This curve is known as
the optical rotatory d‘isp_ersio‘n curve or the Cotton
- Effect. The rotation, o , at any wavelength )\ is
given by | |

: (d), = Tz -np)
vhere n, and n; are the ref/:\ractive indices for right
énd 1eﬂ: cireﬁia:rly polarized light respectively.
Plane polarized light can be considéred to be made up

of right and left eircularly polarized light.

Diasgram T: Positive Cotton Effect

' .
visible absorption
spectrum

- circular dichroism
_—————— optical rotatory
(ﬂ- 2) dispersion

—A

Since right and:.left eircularly polarized light are
absorbed to different extents the resultant light will
no longer be plane polarized but elliptically polarized.
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This phenomenon is known as circular dichroism; its
megnitude is expressed by the elliptieity, @] = 6y,
the difference in circular dichroic absorpfion:

el- er-'g;\lr-(Kl-Kr) 1°g €.
where K, and K. are the absorption indices for left
and‘right circularly polarized light.

The origin of both phenomena‘arises from the
interaction of the electromagnetie light radiation with
the valence electrons.(lkl)' When fhe amplitude of the
light ﬁecomes close to the natural amplitude of the
electron, the élection is polarized and induces an
electric field. This results in refraction since
n° = e (Maxwell's law) where e is the strength of the
electric field and n, the refractive index, is differ-
ent for left and right cirgularly polarized light.
~ When the 1light amplitude is exactly equal to that of
the electron, exchange of energy takes place resulting
in zero rotafion and, on further increasing the‘ampli-
‘tude; the rotation is reversed due to change in phase.
This results in the S shaped dispersion curve.

Optical rotatory dispersion and circular di-
chroism can be used to correlate the configurations of

related dissymmetriec molecules and so follow the steric
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course of react_ions. Circular dichroism has been
used to deduce symetry elements and electronie

energy levels, (309)

5. Qgtical Activity in cobalt IIT complexes -

Optical activity is exhibited in cobalt III
complexes when the structure of one isomer is nonsuper-
posable on its mirror image and the molecule as a whole

lacks a plane and centre of symetry.

Optical activity among octahedral complexes
was first demonstrated by Werner.  He resolved (145) the
[Coenals* ion by making use of the large differemce in
~ solubility of the diastereoisomers in the form of the
chlorotartrate or the bromotartrate, [Coen3]3*01(04H406).

The two forms are shown in diagram 8.

- Diagram 8

an
an

2.
& o "

D [(o lk,b] L (-)

o
s
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v Complexes containing two bidentate’ chelate
ligands and two unidentate ‘ligands can exist in cis
eand trans forms. Two optically active forms of the

els isomer exist.

Diagram 9: Isomers of a bisbidentate chelate
- eompound

TRANS - C18 . Cis

The »complei will also exhibit optical activity
'if one of the atoms in the ligand is asymmetric. An
asymetric carbon centre is present in propylenediamine,
so the complex [Copn(EHj)4]3+ owes its activity to the
’carbon ‘atom alone. _ However,the optical activity of
eis [CoPnQ(I\IHB)Q} 2+ will be due not only to the
' asymme'tric carbon atom but also,(the overall esymetry.

: Recently the [Co(NHj),(CENHCE,C00) 12* where
CHBIiEE{CHQC’OO' = garcosine has been resolved. (1@ Here
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the activity is due to the . asymmetry of the coordi-
nated nitrogén. - The coordination stabilises the
‘proton on the VQSymmetric nitrogen and prevehfs'the
repid inversion which 1is responsiblé for the isolation

of racemic quaternary ammonium s&lts.

The actual nomenclature used for releting and
distinguiShing configuration.has been the subject of
much discussion. Originally two enantiomers were
distinguished by their rotation (+) or d and'(;) or 1
at the Na 4 line, This 1s still commonly used.

The symbols D and L are used to describe absolute con-
figurétion relative to a standard substance, é.g;,
D(+) [Coens]?* fon.  This is only relative nomen-
clature and is depehdént on the absolute confighration
of D(+) [Coen3]3*, The problem of nomenclature
‘inherént in the relative position of the ligands has
‘been examined fully(}ﬁ)as a purely topological problem
of chirality, where chirality expresses the necessary
‘end sufficient conditlons for the existence of isomers.
From a numerical system of arranging the groups around
the central metal atom a series of rules were set out

| which allowed the nomenclature of the absolute con-
figuration to 53 fixed. These are called R and S

. where the R configuration corresponds to the
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D(+) [Coen3]3+ shown by X-ray analysis.

The configurations of many bisethylenediamine
complexes have been related to the helix described by
the chelate ligands of the [Coeny]>* about the major
axis Cj. This chirality is left handed for the
D(+) [Coen3]3+ fon and this isomer has been deSignated
/\ using the convention first introduced by Piper.(m&)\‘).'ls
But compléxes with a C3 symmetry are much less common
$han with C, symmetry as in cis [CoenQXQ]n+. The
configurat ion of such a com?lex can be considered about
an imaginary C3 axis but the chirality can also be re-
lated to its own real C, axis and this results in a
change of chirality. - Thus for example the designa-
tion for the D(+) [Coeny]?* 1s botn N\ (C3) amd A (cp),
depending on which reference axis is considered. Since
this work deals mainiy with bisethylénediamine complexes,
the designation of A and J\. are made with reference
to the C5 axis. |
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Diagram 10: C, Axis in a bisbidentate chelate

cogplgx..

- -~-‘J--_ SRR __J7'--—---——> C,
B ()

It is also found that if the helical distri-

bution of several complexes is the same, then they all
have the same general shape for their optical rotatory

dispersion curves. - Some of these are shown in Figure 1.

~ - However the valués obtained for the
(-) [Coen2003]+ ion and for the (-) and (+) [Coen2(0204)]+

ions were lafger than the reported values (pages 1b3, 168 ).

This allows the formation of a general empirical
rule;(LQ' For monomeric complexes of cobalt III combtain-
"ihg two or th;ee five;membered or smailer chelate rings,
the enantiomer having a dominantly positive Cotton EEfecf
for the longest wavelength spin aliowed d-d transition
absorption band has the D configuration.

The absolute structure of the A [Coen3]3*
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1on has been medsured by X-Ray erystallography, the
D(A) and L (- ) isomers haﬁe been previously shown
(page 2% ). " Therefore the absolute st:nietu.re of all
compounds which qaﬁ be'reiaéed to this ion can be
found. - The extensions of this correlation into the
cisbisdlamine series is less certain and more definite
information can be obtained from the eircular dichroism
curves. Circular d‘ichroi‘sm is especially valuable
when the optical rotatory disperéion curve is compli-
cated by a number of overlapping absorption bands,
since, due to the more local effect of the circular
dichroism, very ruch less overleap is obtained in the
latter. | |

B That there is any conneetion between the
Cotton Effect and the absolute configuration has been
questioned. (104) If the optical activity is ascribed
solely to the distortion of the ligand atoms, their
orbitals or their charges from their octahedral dis-
tribution then there is no necessary correlafion.
_Theée theories require that the chelate atoms not
 directly bonded to the metalg;such as hydrogen and
nitrogen in ethylenediamine, are electronically inert
ahd serve‘in a mechanital ecspacity only to produce the
distortions required.
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- .Experimentally this is not supported. X—ray
diffraction studies on A [Co(en)3]3f show that the
Vdiéplacement of the nitrogen atoms from the octahedral
positién is small. Deuteration studies on the same
‘complex suggest that the electronic states connected
: By'transltions éiving rise to abséiption bands are
aifecfed by the N-H bond. They also suggest that
the §ign of the charge transfer circular dichroism band
- depends on the right (k') or left (k) handed conforma-
tion of the N-C-C-N chain. (page 5% ). = These theories
aiso require that the ligand field parameter, 10 Dg, as
measuréd by the energy of the long wavbléngth absorptionj.
band ;hould 5e smaller in the [Co(en)3]3+ ion than in
the [Co(NHa)6]3+ ion.  This is due to the displacement
of the nitrogen atom reducing the o#erlap of the nitrogen

lone pair 0~ orbitsl and the e, orbitals of the metal iom.

g
In practice.the reverse is found to happen showing that
the tgg metal ion electrons are delocalised into>the‘
antibonding ¢ orbitals spaming the whole ethylenediamine
chain, The decrease in energj of the t28 electrons

results in an increase in 10 Dgq.
Therefore the optical activity of a complex

containing chelated ethylenediamine rings does not
arise solely from mechanical distortion effects. It
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arises from the mixing of the d-4 transitions of the
‘metal ion with charge transfer transitions of the

11gandd" electrons to the e, orbitals of the metal

_ g .
and of metal ‘bgg electrons to the antibonding 6~ orbi-

tals of the 1iga.nd in the delocalised d electron model,

The lower sy;mmetry of t'he bisethylenediamine
cobalt III complexes relative to the O, symmetry of
the [Co(NH3)6]3* and the D3 symmetry of the [Coen3]34,'
- causes a greater number of weaker transitions. For
complexes of the type. [Coen,lL, ]3"' four. circular di-
chroism bands are found. (109) If L is a unidentate
ligand, two bands are associzated with each light
abgorption band and 1if VIJ is a bidentate ligand one
band is found associated with the short wavelength
absorption and three with the long wavelength absorption.
Frém measurement of the position and strength of these
bands,information has been obtained concerning the
symmetry and configuration of the compléx‘. For
example, cis )\ [Coeng(RH3)2]3" is found to have
a symmetry which approximates to the D3 symmetry 6f
[Coens]}". At the other extreme cié A [CoenQ(CN)2]+
has a Cp symmetry. (109)  Other comélexés have
symmetries intermediate between the two extremes.

The optical activity is correlated with configuration
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by measuring the rotational strength of the A(Ea)
transition arising from the breakdown of the Tlg octa--
hedral symmetry. - The rotational strength of this
transition is found to have a positive value for com-
plexes which have the same absolute configuration as

the A [(.‘,aen3]3+ ion, -

These methods of comparing absolute configu-
ration were at first found to agree in general with an
earlier empiriecal method which was suggested by Werner.ﬁkg)
He assigned the same absolute configuration to ecompounds
whieh gave the less soluble (+)  bromocamphorsulphon-
ate salt. These were all found to have a positive
major circular dichroism band except for the less soluble

isomer of cis [anng(NH3)(N02)]2+

which gave a negative
circular dichroism band. Therefore the solubility

method for relating configurations is unrelisble. e

Gi1lard (+3) has shown that this case 1s not
unique. Table 1 shows a comparison of the sign of
the configuration of the less soluble diastereoisomers
and the sign of the same isomer given by the Cotton
Effect.
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TABLE 1
Complex | Less soluble Positive Cotton

(+) BCS Effect
[Coeny(N0,) 5 1" (+) (%)
[Coeny(NCS)(NO,) I* (-) (+)
‘[Coens(HCS), )Y (-) (+)
[Coeny(MH3)(NOL)J2* - (4) (+)
[Coeny(ME5)(NCS) I () (+)

He_also pointed out that reactions which occur
without metsl 1igand bond breakage,retain their origimal
confighration; This can be used ior relating configu- |
ration,although it is of limited value as the mumber of
reactions oécuiring without metal ligand bond breakage
.is small. These include isothiocyanate -ommine con-

versions,

eis[c:oeng(nc's)é]* — cis[Coeny(NCS) (MH;) 12
— 3 cis [Coeng(NH3)2]3+

6. The Walden Inversion

Originally it was found by Bailar and Auten (9,§5)
that the configuration. of the product, [Coen,2003]+
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;formed by treating (-) [Coen2012]*,with carbonate ion
depended on the nature of the carbonate ion. With
mercury, potassium or insufficient silver carbonate the
(+) [(3'091121303]+ ioﬁ was formed, but with excess silver
carbonate the (-) [Coen2303]+ ion was produced.
Furtﬁ_er :U:_A.was found that the configuration of the pro-
duct was d.ependent' on the length of time the (-)[CoenyCl,]C1
solution was allowed to stand before reapt ing with
silver carbonate. This suggests some form of aquo
intermediatle. : Since Mathieu had ghown that

(=) [Coen2012]+ and (+) ['C.oe::12003]+ had the same sign .
for their circular dichroism it is likely that their
confﬁgurations are the same. The following reaction

sequence was suggested:

Coen,Cl,]* — 3yA[CoensCO,]*
A [CoenyC1,] T > A[CoenyCO4]
J’HQO : : J HC1 (ale,)
A [Coenyip001]2* A [CoenyH,001)2*
A [Coen2003]+ : AN tCoe;2012]+

Very few inversions are found to take place,

the other main ex‘ample(g) being the reaction of 1 cis
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[Coen,C1,]C1 in 1iquid ammonia where inversion is found

to take place at lowqtemperature.

As the temperature increases the proportion of non in-

verted product increases.

The common factor to the two reactions is the
use of é basie reagent. This was demonstrated by
Dwyer who treated ecis (-) [Coen2012]0H3COO‘with two
moles of silver ion followed by two moles of sodium
hydroxide.(58) Since the dihydroxo product racemises
quickly, the'configuration was immediately frozen by
the addition of carbénate which forms an optically
stable product. | | |

co¥

A [CoenyC1,]" —éa__)A[Coeng(OH)ej“ _3__”3[009%003]*

' Inversion will oceur also in the absence of
silver ions if the concentration of bése is sufficiently
high. ('3)) Bailva*'!- suggested that the cause of inversion

. is the removal of a proton from the complex. it the
complex has been in the solution long enough to aquate,

the proton will be removed from the coordinated water
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and no inversion will occur.

j\_[Coen?_Clz']'*- + H0 —— A\ [Coenz(H20)01]2+ + C1-

A [Coen2(32'0)01]2+ + (HF—— A [Coen2OH01]"" + H;0

If the proton is removed from the nitrogén of th.e co-
ord:inated ethylenediamine, this nitrogen may then move
to an adjacent corner of the octahedron, displacing the
chloride from the coordination sphere. The vacant
position left by “the nitrogen will be £illed by the
solvent hydroxide ions.’  The product will have either

en inverted cis or a trans configuration depending on

which nitrogen’ has lost a proton.

—
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This invokes & new general mechanism for base'hydrolysis
et low base concentrations, whereby rapid aquation is

followed by proton removal.

An glternative mechanism also suggested by

€1
BailaTLgérees with a normal SNICB process at low con-
centration but involves the formation of ion pairs at

high hydroxide concentration,

The ion pair is visualisedvas being formed
on the side of the complex which is more positive,
Once the 16n pair has been formed the reaction can
proceed either by an SN10B mechanism or by an SN2
mechanism, The intermediate is shown in Disgram 11,

Disgram 11: Intermediste ion pair to account
L . - inversion

L

.3' N/“"\ )

i . - W’
L -~
.. . N'L

Fz
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' ‘ Fo; en SylCB mechanism, a proton ?is extracted
from either the N1 or N2 nitrogen with a siﬁultaneous
lengthening of the eoﬁalt - chloride bond and hydroxide
attack at the 1, 2 edge. |

-

For an 532 mechanism a trans displacement is

involved.

7. Racemisation Mechanisms in oectshedral complexes

The rate of loss of optical activity varies
greatly withvthe compound bteing conéidered. From fhg
results of many investigatioﬁs of racemisation two
mechanist ic pathways.have been suggested, the inter-

molecular and intramolecular mechanismg.
Intermolecular Mechanism

During an intermolecular process, one of the
ligands becomes completely dissociated.

The formatioﬁ of this intermediaste allows rearrangement
and thus loss of optical activity. If the rate of
dissociation and racemisation are the same, then the
two processes are accbmplished by the same mechanism,

At first sight the presence'of excess chelating ligand
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might be expected to retard the racemisation rate.

This is inconclusive,since if the intermediate was f
symmetrical ar lost its aetivity very quickly it would
be unaffected by excess chelating ¢ -agent. |

This type of mechanism is used te explain the
racemisation of several complexes, among them the tris-
(1,10-phenanthroline) -nickel II, tris-(2,2° bipyridyl)-
nickel II and the (2,2' bipyridyl)bié (1,10-phenan-
throline) nickel II ions. For the homogeneous ligand.
~ nickel II complexes an optically inactive 1nterme:11ate

can be envisaged: (13).

(+) [N1(48)3]%* = optically — () [N1(aa);3]°*
inactive
int ermediate
The exact nature of the intermediate has not been de-
fined. It 1is possiblé to imagine a cis diaquo com-
plex, [Ni(44),(H,0),1°* which would racemise rapidly

‘or the inactive trans diaguo complex.

¢

For the (2,2' bipyridyl)bis(1l,10-phenantrro- -
line)nickel II ion, the mechanism suggested (18)9for acid
solutions invoives a two-stage removal of the non rigid

bipyridine ligand.
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This two-stage process is impossible for the [Ni(phen)3]2+
ion since the rigid strueture of 1,10-phenanthroline
preveﬁts it acting as a unidentate ligand and so, for

an intermolecular process, the dissociation has to take

place in one step.

The effect on the racemisstion rate on changing
the solvent has been studied(2)in the case of the tris-
(1,10-phenanthroline)nickel II ion. In ethanol-water
medium the racemisation at first decreased, then in-
ér'eased and finally decreased as tﬁe ethanol content
was raised. Similar behaviour was found in methanol-
water and scetone-water systems. When a graph of the
entropy of activation As’t against the energy of
activation AH* was plotted it was found to be linear.
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This fits the relation:

Am - & + p bs
where f& is defined as the isokinetic temperature and

has the dimensions of sbsolute temperature. A 1is
the measure of the intercept and has no physical meaﬁing.

Leffler has shown(o)that, provided the mid-
point of the temperature range was sufticiently differ-
ent from ﬁ s then a linear relationship was dlegnostic

of the same mechanism irrespective of solvent. Since
a dissociation mechanism is known to take place in
aqueods solution it can be assumed that it takes place
in'all solvents, the mechanistie‘patﬁway not being a

solvation process.

Intramovlecular mechanism

a) Chelate rins cleavage mechanism

There 1s no complete dissooiation of liganie
'during an ixrbramolecular raoeinisat ion, = This does not
exclude a pathway where there is ring cleavage, the bi-
» dentate chelate functioning as a unidentate group.-

This idea hag been used to explain(}\) the racemisation
of the tris-oxalatochromium III ion, [Cr(0204)3]3".

| It was found that the rate of oxalate exchange with
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unchelafed carbonu’ labelled oxalaﬁe was slower than
the racemisation, suggesting an intramolecular mecha-
niem. Fﬁrther oxygen ” experiments showed that all
12 oxygens .excha.nge with the solvent water and the rate.
of Iexehange is faster thaﬁ the oxalate exchange but
slower than the racemisation, The chelate ring mmst
open.and qlose several times before the departure of

the oxalate group and this suggests that the racemisa-
tion takes place by chelate ring cleavage.

—C=0 0 —C—C—0 6o—C =0
0
N\, _ \ § \
| f"°~ 5 (‘)'e ¢ =0
o - /

A o | A

b) Twist mechanism

Three different intramolecular racemisation
mechanisms not involving bond rupture have been postu-
lated. (135) .

The first of these was suggested by Réy and
Dutt, Considering & tris bidentate chelate compound
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this mechanism can be imagined by fixing one of the
rings in space and rotating the two remaining rings.
90° 1in opposite directiéns about axes perpendicular
to their respectivevplanes and passing through the
metal ion.

A (QJ -T“«N s IT1o N ST éTE A((t)

The Bailat (]) twist involves the rotation of
the three metal donor -bonds about the 03 axis in a

counterclockwise direct ion.
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The main difference between these two twist mechanisms
is that in the tormér the internal chelate ring angles
do not change,but they do in the latter.

Much moie recently Spiinger and Sievers 03§)
suggested a tﬁird mechanism. Here, while imagining
one iing to remain sfationary, the two remaining rings
revplve past éach other continually changing their
planes, The front faoea of the octahedron rétate
through 120° gsimultaneously but independently about
axes passing perpendicularly thiough their face centres.

A (CJ “Toansitign  STATE, A(Cl)

L T U

+ . B S e

This is in contrast to the R2y and Dutt mechanism where

the two rings rotate. past each other in their own planes.

The Ray and Dutt mechanism and Springer and
Siever mechanism do not allow change in the internal

chelate ring angle and thus are found to be specific
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cases of the Baila*itwist where chaﬁges in the iing
‘angle 6¢cur.._ | o

There is no conclusive exper imental evi-
dence for diatinguishing between the three mechanisms
and it is likely that in reality the mechanism lies
somewhere betﬁeén~the extreme cases discussed. Fof
rigid chelate rings,‘as in fhe case of 1,10-phenénthro-i
line a fixed chelate ring angle mechanism 1is preferred.
Converéely the Bailar twist mechanism is more suitable

for non-rigid chelates like 22' bipyridine.

Experimentally it is found that for tris- -
(1,10-phenanthroline)iron II ion racemisation is ten
times faster than dissociation. A twist mechanism
mist be iﬁvblved since 1,10-phenanthroline cannot
function as a monodentate ligand. For the tris-
(22* vipyridine)iron II ion,@k) racemisation is again
faster than dissocistion, suggesting racemisation pro-

ceeds both by inter-and * ~ imbramolecular processes.

8. The Effects of ring formetion on complex stability

Chelated complexes are found to be more stable
then their ncnfChelatéd-analogues. The equilibrtum

congtant for the reaction:



ML + X — ——— mky + nl
where n unidentate 1igands are replaced by'm mlti-
 dentate ligands haes been shown to be greatet than unity.@lb
The stability of complexes with related multidentate
ligands also increases with the number of chelate rings

formed, provided there are no restrietions introduced

by steric strain.

Fqur-membered rings are relatively rare in
monomiclear complexes due to the strain imparted by the
unusual bond angles. They sre found in the sulphato
and carbonato groups complexes Whén these act as bi-

dentate ligands,

\l/\ \l/\
|\/ l\/

C=0

Generally five and six-membered rings are
mich more stable. Ethylenediamine itself forms a

five-membered ring as also does the oxalate ion.

0 |
[¢]
Ilmg/ TN0-C 0
CH, ©MNH
2 JE2
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Commonlj five-membered rings are’more stable than six.
Bthylenediamine and 1,2 diamin0pr0pané complexes are
~more stéble than those of 1,3 diaminopropanse. By
~consideration of acid properties the planar oxalato
ligand ring would also be expected to be more stable
than the malonate ligand, its six-membered non-planar

ring‘analogue.

| \'/
Co ] CH,
' /’-\o-c/.o

" In praetice this is not always true due to the reducing

0-C=0
\

properties of the oxalate group. -

The most stable puckered conformation of the
ethylenediamiﬁe ring aliows the hydrogensroﬁ the adja-
cent :;ng atoms to be almost completely staggered,
giving gauche conformationsQ(\S)This tends to minimise
the energy of the cyclic structure and outweighs the
- energy increase due to the diminution of the N - Co - N
angle from the 1deal 90° to 81°. Two conformations

‘of the gauche form areApossibleioli)
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Disgram 12: Confor ons of th thylenediamine-

cobalt ring
o; : o l*— o
l l’c | B : i
N p—y e —N C—e

\Co/
N

AN \ B
W \C,,x‘ ~ \' 7
m’/ \n. \a. o{/ \e / \“o,

[ X
0. and e show the axial and equatoriasl hydrogen atams.
These are mirror images and designated k end k'. Four
possible comﬁinat ions of the three éthylenediaminev rings
in [Coen3]3" are possible.  These are kkk, kikk', kk'k',

k'k'k! and have different stabilities.

‘The physical evidence () for the conformations
cémés’pa.r‘bly from X-ray crystallographic structural
de‘l_:erminations. It was initially thought that infra-
red studies on the variation in the stretching frequencies
befweeﬁ»axial and equatorial sgbstituents wouid };ield
informa‘t;ion. The infra-red evidence for the ethylene-
diamine complexes w‘as found to be inconclusive a;l.thmgh
in favour of a gauché.,conformation. (LS) This has been

confirmed by X-ray diffraction studies on the [Coena)'_aj"

1
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ion and on some trans [Coen2X2]+ ions where X = C1°7,
Br~, The conformations of the rings are found to
be gauche and these, together with the actual conforma-

tions of the 'ri‘ngs, areshown in Table 2.

TABLE -2
Compound . ‘Conformation Relation of
of dismine : rings
trans [CoenyC1, ]Cl 'ga:uche_ k k'
trans [CoenQBrZ]Br gauche k k'
A [CoenB]Br gauche kkk

Disgram 13 shows the kkk and k'k'k' forms of
the A [Coen3]3* ion. The kkk has been shown to be
the more stable end this might be predicted since the
non~bonded interactions between the axial'hydrogena of
the amino group and the ring carbons are smaller. The
| C-C axis is eclipsed in the k k k form and staggered
in the k’k'k' form.
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Disgram 13: The k k k and the k'k'k' forms of the

£§[00e93]3+ ion viewed slong the three-
£01d axis of symmetr

.
Pred
-

/
/0

N N
N\‘ ' /,N\ ‘ N~\ l . N ——-----
\N ,/ \M \‘~ "’
Co C. ~Co

The reverse is found in the A [Coen3]3* ion where the
k'k'k' conformation is the most stable. | o
In a’recent review by Sargeson(nd)the use of
MR spectrdscop& and circulsr dichroism in conformational
analysis hés been discussed. If the A [Coen3]3+ ion
adopts the k k k conformation, ﬁhé theoretical carbon
proton spectrum should show three equivalent sets of
VAQBQ lines. In fact'oﬁlj one broad line ié observed
which?isAprobabl& due to the complex being partly 1nvthe
X k k' form in solution.  The idea of a mixture of
confo:mers has also been suggested'to account for the
pfesenée.of large positive and small négative circuler

dichroism bands associated with the firstlligand field
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band in solution: However this explanation is at
va:rianée with the fact that the difference between the
positﬁre and negative circuler dichroism bands for the
A [Co(+)p‘n3]3+'ion is even larger. This ion is con-
~gtrained to exist purely in the k k k form, showing that
the [ ion must give rise to both the pcvsﬁ;ivej and nega-
tive cireula.f dichroism bands. If the k k¥ k' form
only 'gives rise to a positive curve the variationA in
megnitude of the negative band can be explained by

assuming the presence of some k k k' form,

' ‘Similélrly with the six-membered ring analogue
the most st.able conformetion is the puckered chair form,
In this case the hydrogens on adjacent atoms are less
well staggered and inmteractions between axisl and equa-
torial hydrogens are significant. This destabilisa-
tion factor outweighs the fact that the N - Co - N otnale s

‘not forced from 90°,

t

In practice it is found that if a ligand theo-
i‘eticall& has the alternative of forming eithesr'a five
or six-membered ring, the five-membered ring is formed.
This was shown by the resolution (\ol;) of 1,2,3,triamino-
propanetetrachloroplatinum IV, The smaller ring has

an gsymetric carbon whereas the larger one is symmetrical,



c1 c1
. X .
c1 N / Mi, — CHOH,NH, c1 /NH2—~— c§<
Pt : PRt CHNH,
01/ \ NH,—C4, | o 01/ \NH2 +0H2
e c1

'Seven\and ¢ight -member ed rings‘are very un-
common in aqueous solution, aslthough there are reports

of succinato UpD and sulphonyldiacetato (129 complexes.

. . . Ol ‘ ) ) !
7 " '
0-0cZ__ 0 - CO - CH,’
\00/ fre \Co/ N 0

- \o-c/CH2 7
. . . AN

2

A\ attempts to repeat this Qork Iailed‘due to the forma-
‘tion of polymeric 0ils. In non-agueous solution, sueh
as alcohol it has been possible to isolate chelate rings
with up to nine-members. This dependency of ring size
on solvent occurs since water is a sufficiently good co-
~ordinating agent to prevent the formation of large un-
stable rings. The instability of the ligandsaof the
diamine series can be predicted due to the compreSsions'
and eclipsing of the hydrogens on ad jacent ring atoms
which would be introduced. '
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9. Substitution Mechanisms in octehedral complexes

The theory of the mechanisms of substitutions
in octehedral complexes was first developed by Ingold (33)
as an extension to‘ﬁkgiﬁ"theories‘applyihg to a tetra-
hedral carbon atom. The syétem was likened to nucleo~
philic substitution at a saturated aliphatic carbeh atom,
Thus the substitution can be stéichiometrically repre-
sented as: | ’

MeX 4+ ¥7 —— 5 MY + X7

where M-X.repreaenté the metal complex, M being the metal

centre and Y'_thé attacking nucleophile. Meehanisti-
cally the substitutions were d}vided into two classes,

| the Syl [substitution mucleophilic unimoleculer ] and the

52 [substitution nucleophilic bimolecular]. - In the

former a slow rate determining heterolysis is followed

by the rapid addition of the substituting nucleophile.
MeX — Mt o+ X"
M+ Y;————;—Q,MY
In the latter the reaction £akes place in one bimoleculer
gstep involving the partial formation of e new metal-ligand

bond synchronous with the weakening of the bond joining
© the metal to the departing nucleophile.
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Y- + M-X _HY..QM...X‘*')YM + x

In an SN2 substitution, the rate of substi-
tution should be dependent on the nucleophilic character
of the incoming ligand, Y, whereas in an Syl,the rate
- should be independent of Y.

Ideas of mechanism can ﬁe obtéined by study-

- ing the change in rate by varying the structure of the
complex, by following the stereochemical course, by iso-
topic labelling and by changing the solvent.

These 1deas were developed and extended by
Basolo and Pearson UT),since reactions often occurred
which appeared to fit a meehgnism int ermediate between
the two extremés. - Thus the classification was en-
largéd to four classes: |
©a) SN2' The rate step involves equal'bond breaking
"in M-X and bond making in M-Y,
b) 8y2 (1im). The rafe step oniy involves bond making
as in NM-Y, | |
“e) Syl (1im). Peﬁnite.efidence for an imtermediate
of reduced coordination number can be
found.
d) Syl. Definite evidence of an intermediste of Te-
| duced éocidinatiion number cannot be found but

requirements for é dissociative process are
otherwise fulfilled,
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Recently,mechanisfie ideas concerning these
substitutions have been widened in the work of Langford
and Gray. (ﬂ@ The olassification so far developed has-
been based on the molecularity éf the rate determining
step in the overall stoichiometry. This emphasises
the importance of the molecularity which may not be the
most significant feature of the reaction. In'a bi-
molecular reaction -in solution; the reacfing'mblecules
ere caught together in a solvent cage during rapid
energy trénsfer. The Sjstem cannot be expécted‘to
remain in this highly activated state for more than one
exchange. 'This is called a case of 'accidental bi-
molecularity' since fhe'gew_ligand happens to occupy °
the appropriate place in‘th§‘solfation shell and may
not necessarily have made any contribution to the acti-
vation energy of the reaction, Therefore it 1s possibie
to have a mechanism which is bimolecular in the stolchio-
metrie snnsé but which is relatéd to a unimolecular case
since the intimate mechanism seems to be more like a
unimolecular procéés.

The mechanistic scheme has been based on the

type of stoichiometry which is important in ligand sub-
gt itutions. Three possible pathways can be envisaged:
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a) Dissociative D, The leaving ligend is lost in the
first'step producing an 1ntermed;ate of reduced co-
ordination number which may be detected by its select-
ive reactivity. |

b) :Associative A, The enterinz ligand adds in the
first step forming an intermediate of increased co-

ordination number.

e) Intérchange I. The leaving group is moving from the
inner to outer coordination sphere at the same time as
the entering group is moving from outer to inner.
There is no imtermediate where the primary'eoordina-
tion number of the metal is mbdified.

=X +Y
ME S M) WK ()Y P
Y axy Xk y A
n n (n-1)
MAaead ———— M, 3. .X I

Ihe interchénge process is divided into two sub-
divisions. Associative Interchange, I,, occurs when the
activation energy is mostly affedtéd by fhe incoming
ligand.  Dissociative Interchange, I3y occurs when the
activation energy 1is not affected by the incoming ligand.
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This nemenclature can be seen to carrespond
closely to the previous one, Thus the D mechanism
~corresponds to the Syl(1im) and the A mechanism to the
SN2(11m). In the more recent nomenclatgie emphagis
has been‘moved not only from the molécuiarity of the
feaction but alse from the nucleophiliéity 61 the
attacking ligand.  Although the majority of substi-
tutions are mucleophilic there is alweys Yhe possibility
of back donation of electroms from the metal, provided

there are empty orbitals on the ligand, which makes the

. electronic movement a two wasy process,

10, Substitution Mecheanisms in cobslt IIT complexes

'For cobalt III complexes in aqueous soiution
it 1s found that for all anions, other than the hydroxide
ion, the substituting rate is independent of the substi-
tuting nucleophile. For every system examined the re-
action proceeds thfough two steps. In ‘the first step
the original ligend is replaeed'by a'water molecule, an
ecid hydrolysis reaction.'~ Inwthe second step the co-
ordinated water is repleced by a ligand, an anation re-

action.
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-

- [Co(my) XJ?* + Hy0 ——— [Co(MHy)gH,0P* + X

(a0 507" 37— (o) 1+

In no case has an anionic ligand been re-

- pleced direetly by another without going. through‘ an

int ermediate aquo e omplei.

Hydroxide substitution

For cobalt III complexes in aqueous solution

it 1s found that the hydrolysis rate is accelerated

greatly by the presence of hydroxide.ion,even when the
ion is present in low concentration, In investiga-

tions,of monosubstitutions with hydroxide ion, the re-
action is found generally to have overall second order
kinetics, first order with respect to complex and first

order with respect to hydroxide.

One mechanism, first suggested by Ing.old and
his a'ssociates,(s\hl%)is & bimolecular process wher"eby the
hydroxyl ion displaces the X group. This can be
classified either as an SNQ(lim), the A process or as
an SNQ, the I, process. |
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CH™ + [Co(NHB)EIJQﬁ__ﬁ [HO...CO(NHB)s...X]t—___)[Co(Nﬂs)SOH]z+
’ + X7 (1)

Rate = k,[OH ][complex] |

A distinetion can be made between the Ia and A process by

consideration of the energy profile.

Disgram 14: Energy profile for an associative type. of .
reaction of the type OH” + MX—> HOMX —>MOH + X~

TRANSITION STATE

Free T AG = Free energy
Energy of activa-

tion

Renctiow Ceon0iNATE SN

The intermediate can only be detected 1f 1t is stable
enough to acéumhlate. If the concentration of either
of the reactants 1é\increased, then a position will be
reached where a1l the complex will be éonverted into the
intermediate. The reaction will now be unimolecular,
sihce the decompositionAof the intermediate will'noﬁ be
observed., At high concentrétions;departurg from second
order kinetics will be observed and the limiting law will -

be a first order process. This is diégnoétié of an A
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- process where the only other possibility . is an I,
process., ‘For this there will be no accurmlation
of intermediate and so no departure from second order

kinet ics. -

Another mechanism; first proposed by Garrick, L\B,Llﬁ
suggests a rapid deprotonation of the complex te form
the conjugate bas.'e,: folléwed by a slov;r hefe‘rolysis |
resulting in the formation of a -five coordinate inter-
mediate, ° With the rapid addition of water, the pro-
duct is then forméd. |

- K

[00(m3)5x]2+ + OB" === [Co(Mi;),MH,X]* + H,0 (2)
[Co(imy), M, X)*  ——— [Co(H,),MH,)%% + X~ (3)
[Co(NH3)4NH2]2+ + Hy0 H'[CO(NHB)SOH]&' (4)

"This is the Sy1CB mechanism, a dissociative D process.,
Further if the conjugate base reacts direétly with

water, then an SN2 CB mechanism results,
[CQ(NH3)4NHQX]* + Ho0 — [CO(I\IH3)SOH]2+ + X7

A second order kinetie form can also arise from & con-

jugate base mechanism,
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From (3)
Rate = k [conjugate base]
From (2) | ' | |
[Conjugate base] = K [Conjugate acid] [0H"]
Also, [Total complex] = [Conjugate acid] + [Conjugate base
[Conjugate base] = K[OH"][Total complex - conjugate
: base
3_’K[OH'][Total complex]
1 + k[0H"]
Therefore,

k K[OHE"][Total complex]
1 + K[0H"]

Rate =

When K [0E"] { 1, |
Rate = k X [0H"] [Coﬁplex]

The expected first order kinetics with respect to hydr-
oxide are obtained. However, when the hydroxide con-
cemtration is put up so that K [OH"] >> 1

Rate = k [Complex]

All the complex is in the form of the conjugate base and
a first order limiting law 1is obtained.

In aqueous solution solvent participation is
en integral part of any substitution reaction due to
its good coordinating ability.

Experiments by Tobe(l%ﬂ\) carried out in non
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aqueous solvents have elucidated the mechanistic ideas
of solvent partieipation in th; reaction, It was hoped
that by using non aqueous solvents,participation .of the
solvent in the substitution would be eradicated. The
substitution was found to be dependent on the formatidn
of outer sphére complexes, In order to f£find the
molecularity‘of the reaction the concentration of the
entering anion mst be such that the reaction of the
frge ion can be measured, Providing the entering.
anion is in sufficiently low quantities so that only
the free complex and a 1:1 outer sphere complex is
present,extrapolation‘of the results ecan 1ead to mole-
cularity determinations. - If there is a pathway de-
pendéut on the entering group, the reaction is bimole-
cular,but if.an independent pathway is found the re-
action may bve unimolecular. . The same ambiguity cone
cerning unimolecularity arises in non aqueous as in
aqueous solvents. Foi the exchange reaction of the
-dichlorobisethylenédiamine cobalt III ion in methanol,
a tei'm in the rate law is found involving only the

free ion. Since the lability of the methanol is
insufficient to allow the complex to be an intermedi-
ate in the substitution, a gemine unimolecular re-

action is being followed.
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11, ZExperimentel Mechanistic Evidence

‘

Clearly the mechanisms camot be distinguished

by kinetic measurements alone.

For é\n'mine complexes containing N - H bonds,
the rate of bese hydrolysis is often as much as 106
times faster (1b) than the hydrolysis in acid. " Thig
suppbrts an SN]“CB mechanism sinéo, when there are 'no
acidic protons present, the rate of base hydrolysis is
very slow, The- base hydrolysis rate foi' fhe trans
dinitro 2 2' bisbipyridinecobalt III ion_is independent

of base concentration.

Further evidence for the Sy1CB mechaniem is
found from the fact that in general the rate of hydrogen
exchange (1) 18 found to be about 10° times faster than
the rate o;f h,ydiblysis supporting a rapid deprotona-
tion equil‘ibriun;. - '

7 HoweVei-,work done on the exchange in hexammino-
- cobalt III and oxalatotetramminocobalt III ions does not
support this conclusion. (12) The loss of deuterium
from [Co(ND3)6]3": ai;d [Cc;_(NDB)4(0204) 1* was studied
and found to be specifically catalysed by hydroxide ion..
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In general,

XND

5D+ oHT ;ggiziXNDQ(n‘l)* + OHD - (5)

k4

X - _[Co(NDB')s],'n -3
- [Co(ND;)5(C0,)], m = 1

kﬁf» k_y since the reaction is first.order7with respect

to hydroxide ion. The reversal of equation (5) can
iivolve not only OHD but also OHH,and since [OHH] >> [omD],
the equation camot be a preequilibrium but must be the
rate controlling step.A

When the reaction is can'ied. out in dry dimethyl
sulphoxide,(le there is good evidence for a five'coofdi-
nate intermediate species. . For the reaction of the
type .

trans [Coen2N02C1]+ + Y'—Q————atrans (C_oenzﬂozr]+ + C1

Y - NO,7, CNS”, Ny

- only catalytic amounts of hydroxide.are needed to cause
a rapid reaction, ~ Tor a given concentration of
hydroxide, the reactioﬁ is indepenient of the concen-
tration of the mucleophile in the system. Alse the
reaction between trans [Co;n2N020H1+ and Y~ 18 slow.

This suggests that all three'reaétions go through the
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cormon intermediate [Coen(en-H)N02]+.

However the éxtrapolation of this evidence to

aqueous solutions is questionable.,

Although the conjugate base may be sufficiently
long lived in non-hydroxylic solvents, it has been
sugzested (29)that 1in water,proton transfer from the
solvation sphere would take place sufficiently rapidly
to prevent‘dissociatidh since the proton can move via
the Grotthuss process without displacing a water mole-
cule.

Oxygen'8

cobalt III ions, [Co(NHB)sx]z also support the Sy1CB
mechanism for ehlorine, bromine and iodine and the

ound
SN2CB mechanism for fluarine.(]l)lt wasAthat the final

; studies on the halopentammine-

016. ] ratio in the produet was independent of X,
" If an Sg2 or Sy2CB mechanism occurs, the composition
of the respective intermediates will cause the iso-

topio fract;on to vary.

(733)4
Xooocooo_oOH | " X.OOCOQOOOHg
(NHB)S _ (xd,)

Sy2 - | snsz

where X =F
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Only in the case of fluorine was this found.

Studies on the acid hydrolyeis(ﬁﬂ) of
[Co(NH3)5N3]2+,suggested that the formation of a .
five coordinate ihte;mediate [Co(NH3)5]3+ accounted
for both the formation of some [Co(NHB)SX]Qt where
X" = C17, Br~, NOB’, SCN~, end the increase in rate
in the presence.bf X, ' Howéver,studies(“ﬁ)on'the
z changé in molar absorbencies as the reaction proceeds
showed that no eompetition reaction took place, the
formation pf (Cq(N33)5X]2+ being due to the rapid
anation of the aquo complex, The intermediate
[Co(ﬂHB)5]3+ is less stable than the intermediate
[Co(NH3)4(NHQ)]2+‘formed during the base hydrolysis.

Evidence for the conjugate base intermediate has been

obtained from competition studies.

Experiments (31) carried out on the substituted
cobaltpentammines, [Co(NHB)SX]2+ vhere X~ = C1~, Br~,
I°, NOB', in the presence of added anions, Y~ = NB',
SCN", CH5C007, 50,27, 20, was found to lead to the -

formation of some [Co(NH3)5Y]2+ . The ratio of the
two ions [CQ(NH3)SY]2*a[Co(mH3)50H]2+ was found to be
independent of the hydroxide concentration and depend-

ent. on the concentration of Y . This result suggests
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an S 1 CB mechanism and not an 52 or Sy2 CB mechanism

| where there should be some dependency on the leaving

group X°,
S [Co(NHB)SOH]2+
S(1CB [Co(lIH3)4NH212+/ifO/
\ [Co(mH,),MH,Y]*
[Co(NH3)50H]2+ + X°
g o
§;2 CB [CoKNH3)4m12x]+

\Y\[CO(MB)4MQYJ+ + X°

The SN2 mechanism leads exclusively to the hydroxo

product.

~ The fast Syl CB mechaniem cean be aseribed (11.0)
to repulsive T +type interaction between the filled
p orbitals of the nitrogen in the amido group and the
filled dxy type orbitals on the metalAétom. . This re-
pulsion provides~the driving force for, say the loss of

chloride in the cis and trans [CoenyC1l,]".

More recently quantum mechanieal arguments

ad
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have been suggested (‘5(,) in evidenée tor'e..n SN2 meehani'sm.‘
This work has been carried out on the cis and trams =
[Coen2012]+ ions, Tt is found that the trans complex
reacts faster than the cis, For the conjugafe base .
intermediate there would be interaction between the
filled p orbitalé of the nitrogen on the amido group

and the filled dxy orbital on the metal ion.

z
/[\ amiod G RouP
X
/-----—---" -

- BEG
c:><:ZD \\gy

Cis . Yrang

This would provide the driving force for‘the departing
chloride and it would be expected that the trans com-
pound would react more slowly than the cis as the 'TY',
type of interaetion cannot be developed and transmitted .
in the former. Therefore the driving force has e en
postulafed to originate from the two filled non éf'bonded
p orbitals of the inert chloride, |

Rates of hydroxide subbstitution were measured (:H)
in the series [Co(NH3)51]2+ where X~ = F=, C1°, Br~, I~
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‘ard 1% was found that the order of the.rates was

P~ { Cl"(iBi' { I° which 1g the same order as 1is
found in substitution at a saturated aliphatie carbon
etom, -As tﬁe substitution in these carbon systems

is thought to.go by an Sy2 process, the cobalt substi-
tution was thought to go by a similar process.,

12, The $N2 ion pair mechanism

~_ An 2 1on pair mechanism has also been

_suggested for the hydrolysis of the [Co(NH3)5Cl]2+

ion, the [Co(NH3)en201]2+ ion and for the

[Co(NHB)trieqégf ion. (3]) ﬂ
| [qo(m‘3)501]2" + QH™ K: ([Co(NH3)501]2+ OH")
. 2+- - k ‘o, 2+ l-
([Co(mH,) C1]°% CB™) —— ([Co(mNH,) ;0H]"C1T)
[ [ColNE3)g ow 35
([Co(lm3)50H}2* C17) E;:_) [?O(NHB)SOH]Q"' + C1”

from which the following rate law was calculated, assum=-
ing the hydroxide was in large excess;
1 1 1

- - t
. obs X x [OH'] Xk
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The standard rate ﬁlot of Kophg, 282inst hydroxide showed
e departure from linearity at very low base econcentra- |
t1ons (0-03M). The pldt of the reciprocal of the ob-
served rate constent sgainst the reciprocal of the
hydroxide qoncentration.gave a straight line and this

- was understood as being diagnostié of ion pair formation.
The rate law would also fit a dissociative process, the
value'of-k beihg-the acid dissociation'éonstant. The
value of K was found to decrease along the series (NH3)5,
(NHB)(en)Q, and (NHB)(trieh). It was suggested that

- this supports an ion pair mechanism since the ihcrease

- in the size of the molecule will decrease i the possibi-
1lity of 1on.pair formation, From examination of mole-
cular models it beéomes apparént that the increase in
chelation has little effect on the accessibility of the
reaction site, the region of the Co - C1l bond, to the
hydroxide, where the actual exchange must take place.
The citation of the ion pair formztion constants of the
[Coon3]3+ being smaller than those for the [Co(NH3)6]3*’
complex are of little relevance,since they both have
highér charge and no one dominant reaction site fo:

the formation of the ion pair. Therefore for an ion

pair mechanism the K values should not vary significahtly. .

It was also argued that a conjugate base
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mechanism would require the reverse order of change in
the value of X, the aeid ionisation constant. These
. would be expected to increasé with increase in chelation,
The evidence for this hypothesis is from platinum IV com-
plexes,where the ooﬁstants are measurabie and also from
the rate of deuterium exchange buvagrea.tecr for the
[Coen3]3 complex than for the [Co(NH3b5]3+ There
is no direct ‘evidence for the acidity constanmt for the
pentammine seri?s, although it is generally accepted
that ﬁhe value cannot be greater than 10714, | :

The presence of anﬂamménia group in each of the three
- complexes cis to the reaction centre fhfﬁ might be ex-
'pected tp govern the base formatién and so the values

of K would again be expectéd to be approximately constant,
The actual value of the observed rate constants increases

markedly slong the series (NHB)B’ (NHB)(en)Q, (NHB)(trien).

The values of K could be considered fo remain
approximately éanstant (441 to 2f1), the small varia-
tiqns being due to the difference in the ligands alter-
ing the enviromnment and *3i not altering any fundamental
concept of the course of the reaction. This does
not help distingﬁiﬁh between the two mechanismsbeing

considered.

‘A further possibility in considering ion pair
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formation is the role of the non coordinating perchlorate
ion which is present in order to meintain the ionie
strength constant. It heas been -suggested by Winstein.@hé)
that the 1eavihg'gioup in the ion pair is repiaeed by
perchlorate, t@ereby stabilising the infermediate for
solvolysis, This produces a specific acceleration

s

due to. the perchlorate.

[(nmE,) c°..01]2* (KH3) co’*...017 &’» (NH3) Co’ --.0104
+ C1°
CH™
[(¥m,) (Co(0m) 12+
'If this thééry and the reactionvmechanism proposed by
Chén ere both valid, é retardétion should be found,
relative to the rate in the Jresence of perchlorate, by
carrying the reaction out in the presence of other
enions, e.g. ohloride or brogi&e, these being neces-
sary to keep the ionic strength constant, Furthermore

these ratesshould bé the same.‘

Throughout the work by Chan there is no mention
of'the cOmplex concentration.‘ The assumption that in
0°03M hydroxide ‘the hydroxide is present in large excess
is non-verifiable, © This is an essential assumption

to. the production of the rate law.
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Further ,there is always the possibility that
a consecutive reaction is going on,resulting in the

formation of ammonia and cobalt ]I’I hydroxide.
[bo(nn3)501]2+ + 30H" — 3 Co(OH)5 + SNHy + C17
This has been found in other base hydrolysés of the

cobaitpentanmines, notably the [Co(NH3)51§02]2+. (Mj

13, The Electron Transfer Mechanism

-

In a recent'paper((,‘gﬁy Gillard all the evi-
dence in support of an electron trans_fer mechanism has
been assembled. | He suggests that the rate determining
step in the reaction is the formation of a cobalt II

intermediate with a hydroxyl radical,
o 1 . . .
[(ME,) CotTIX12* + om~ ;-__——_.*{[(NHs)sconIX]OH] +

2 Rate determining

35

{[(NHB)SCoIIOH-} 2+ . x- ‘—3_———7{[(10113)5%112:]011-} +
[(1m23) gCot Tom ]2+ [[(NH3)4CoIIX]0H.} *4NH, Co'l+5NHy+OH,eX"
6
[(1mH;) 4Cox0H]"
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The mechanism is dependent on the initial formation of
ion pairs and the electron transfer could be expected:

t0o be hindered by the presence of solvent,

_ Reactions 5 and 6 are found not to take rlece,
the predominant path being 3 and 4,whilst sometimes path

7 has been shown to exist.

However, he‘point-s out thet hydroxyl radicals
would not be expected to exist freely in solution, only
in cases where réaction 7 is known to také place. When _
armonia is liberated, such as during the hydrol&sis of
the benzoatopentammipecobalt III,free radicals would
be expected, It might be possible to confirm the
presenee‘of these by electron spin resonance studies.

"~ The presence of radicals has'beeﬁ'looked for in many
reactions of this type and not been found.(jC)This
does net(gmheoessarily mean radigals.are absent since
1f they were very short-lived and in low concentration

they would be undetectable by electron spin resonance,

The rate determing step involves electron
transfer from the hydroxyl ion to the cobalt, the ease
" of transfer depending on the ease of reduction of the
Co(III) to cobalt(II).  The electron affinities for
Cr(III), Co(IXI), Ru(III) and En(III) are given on page Q].
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Co(III)‘having the. highest value would be expected to
react fastest whiéh is indeed what is found. However,

- it is also found thgt Ru(III) reacts considerably faster-
thg.n Rn(III) which is unexpected from the values of
electron affinity. 'See page 1] -

14. = Stereochemical change accompanying subst itutions

Stereéchsmical‘. changes are often observed
during substitution reaéfioné,’f #)acemisation, isomerisa~
tion, retention and inversion have all been obsérved.

' Examples of these ere given in Table 3 (page B\ ).

It can be seen that in basie subs_t itut ion,rearrang ement
always oécurs, unlike aguation where retention is fairly -
cormon, ‘Thé anaiysis of fhe products is complieated
sincq the products themsélves may undei'go racemieat ion
end isomerisation.  However,1f the ratio of the iso-
merie products does not chenge during the cow se of the
reactidn, the ratie observed is a direct consequence of

the substitut ion.

These results can be analysed using either an
SNl dissociative mechanism or an SN2 agsoc iative mecha-

nism,
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TABLE 3

. Steric course of some substitution ;gactiong;(j1,\|%)

cls product

Reactant Resgent  Produet = A+ A A A

e1s[Coen,N0,C1]* H,0, [Coen,N0,H,0]2* 100

‘ . : HC].04
trans[Coen,N0,01)" H,0, [Coem,NOH,0]* -

HCIO4

trans[CoenQNCSBr]+" H,0 [CoenE(Hzo)NCS)]2+ 45
cis[Coeng(Noz)Cll+ »pH' [Coene(NOQ)OH]+ 66
trans[Coen,(NO,)C1]" OH™ - [Coenny(NO,)0H]* 6
cis[Coené(NH-j)'Cl]e* OH" [Coang(NH3)0H]2+ 84
trans[Coeng(NH3)01]2+0H' [Coen2(NH3)OH]2+' 76
j\cia[Coenz(OH)CI]+ e [Coeng(OH)gl+ 61 36
'brans[Coenz(OH)Cll+ -0H~ [Coene(OH)2]+ - 94
f\cis[Coen2012]+ ' OH" [CoenQCI(OH)]+ 21 16
trans[Coen2012]+ OH" [Coen201(0H)]+ 5
j\cis[coemg(Ncs)cl]+ OH" [Coen2(NCS)OH]+ 56 24
trans[Coenz(NCS)Cl]+ OH" [Coene(NCS)QH]+ 76

trans[CoenQCIBr]f' OH" [Coen201(OH)]+ 5
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SN2 methanism

e

| This mechanism leads to the production of a
seven coordiﬁate intermediate which can be visualised
as a pentagonal bipyramid, The stere%:hemistry will
be determined by the initial direction of the attack
of the entering group. _The attacking group, Y,can
either attack adjacent to the departing group, cis
attack,or oppoeite to the departing group, trans'attackg
The effect of this on an optically active isomer is
shown in Figure 2, A e¢is attack leads to retention
of configuration whereas during a trans attack re-
arrangements are possible, If the attack by Y takes
plaée at a trans edge, thén the group already a£ that
position, 4, must shift to the position being vacated

by the leaving group X,

—

1 1 3

‘t ‘ 4
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FIGURE 1.

BIMOLECULAR SugsTiTuTioN INTO AN OPTICALLY ACTIVE
. v - ) _)SOMER..
X -X -
@> +————— % refention
A .

> re tertion
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Ihis process, implici*!; in an Sg2 reaction was called
'edge displascement' by Brown, Ingold and Nyholm, (3\)
The stereochange 1s not affected by the positions of
Y, A and X but ohly bS the position of some unaffected
group.  The position of X and Y relative to this
group ‘determines whether the compound is called d or
1, cis or trans, There is no fundamental differehco
between the conversions d—— 1, eis —— trans.

Considerinz the unaffected group B, then

a) I B is at 1. 4 =—=1 (if compound optically active
| as 'in [Coengxz]+) |

b) B is at 2., trans — 3 cis.

.e) B 1is at 3. cis —— trans,

d) B is et 4, 4 — 1.

Ege displacement can also explain lack of stereochange,
‘since if the groups at 1 and 4 can be superposed by
rotation then there will be no stereochange.
The relative rates of substitufion in the re-
action :- ; ' | |
- n+ e+
o . [Coenpax]* + OH- — (Coen, 40H}: 4+ x~
where X = C17, Br~.

A - OH-' NB.’ NCS-, 01-, N02" ma.
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have.been‘rationalised(sﬁ)by considering the inductive,
electromeric and conjugative effects of the non-labile
orientating group A,  Thus fhe strong electron with-
drawing properties of the N02' and NB' result in a slow
cis substitution with retention of configuration. The

. electron donating properties of the OH", and NCS™ induce
a slbw traﬁs attack and C1” or Br~ induce a rapidvcis

replacement with retention of configuration since only

to the transition state.

. SN1 mechanism

An Syl mechanism produces a five coordinate

intermediate. This can be visualised either as a
tetragonai pyramid or as a trigonal bipyramid,’as is
shown for an éptically active isomer in Figure 3.

It can be seen that in the case of the tetragonal
pyramid, substitution will teke place with retention
of confiéurétion. | FPor a trigonal bipyramid re-
arrangement takes pléce and ideal statistical ratios

for the three isomers can be calculated,

Since rearrangemént always occurs during
-

base hydrolysis, the intermediate must'bq a trigonal

-

»

-2 :

relatively small changes in bdnding take place on going
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Fiuge 3. -

UNIMOLECULAR SugsTiTuTioN InTo an Opricarty Aetive

lsomMER .

\ . ——fy——é refention
Aj . .

X

=X

N 2 I’Zf'en\'ion

1%mm.

+Y T
————————> racemisahion
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Yipyramid., = This agrees with the hypothesis OrD that
this structure is stabilised by the T bonding of the
electron pair of the amido nitrogen which must be in

the same trigonal plane as the vacant dx2-y2 ar?ital.
on cobalt III,
\\\\; /////NHL L ’
/C° ' ﬁ\co _NH: + X

'Basoio and Pesrson Ql%> have analysed the
isomeriec products formed from the base hydrolysié of
many cis and trans cobalt III complexes, Assuming
an Sml CB'mechanism,they calculated the f:aétions of
'the two possible intermediates produced from the cis
and trans forms Qith~the minimum of atomic motion,.
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There is‘bhe common intermediate, A, and one intermediate

which is specific to the cis form. Out of this ana-

lysis two stereochemical rules emerge.

a) The cis isomer must never give less eis product then
the tréns form.

b} The % retentioﬁ of connguratioﬁ by a cis substrate
mst be greater than,or equal to,the % of intermedi-
ate. A times the fraction of cis product from 4,

Rule (a) can be seen to be obeyed by the examples given
in Table 3. This 1is good evidence for an SNl CB

process.

It has also been pointed out (HQ that if a
five coordinate intermediate is formed, then the con-
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centrations of the isoﬁeric producté should be inde-
pendent of the departing'group, This is foﬁnd to
be so;, as in the example of trans[CoenECIBr]+ and
'trans[Coen2012]+. In both cases five % of the cis
product ion, [Coen201(0H)]+ is formed. (page 8%\ ).

_ The stabilisétion of the pentaqoordinate
intermediate could also be achieved.by the interaction
of a filled p orbital of the fired ligand T with the
empty d orbital. (15) This 1is only possible when the
| ligand is in the‘trigonal plane, i,e., in the case of
the‘intermediateA. Further,the two effects.can be
considered together by imagining a conjugated system
involving both I and the. amido group. In practice
the percemtage of A formed during the hydrolysis of
[CoenzLX]”: X = C1%, Br~, OH", is as follows:-

L NO2 qa Br NH3 C1 NCS

% 34 40-50 60 67 66-T4 84

:
Since the nitro group is an electron acceptor the low
percentage supportg thé theorye. The other results
can also bé'rafiona;ised to support the theory."
Agmonia is not & T donor., The unexpectedly high
percentage is-éxplained by its acid properties being

'strongér than ethylenediamine, thus resulting in 1its
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greater_likelihooﬁ of it being in the trigonal Plane,
The remaining ligands afe all T donors and occur in
the accepted order. of increase in ability with the ox-
ception of the thioecyanate ion. This high value is

~ thought to be due to the linesr nature of the thio-
cyanate ion, Thus in general it would appeer that
the fixed 1igand L affects the percentages of inter-
mediates formed. '

15, Bond Cleaveage during thekhxdrolvsis og;gomp;exes
containing the carboxyl group

In all the discussion so far the emphasis has
been plaéed on the effect of the ligands on the»reaction '
of the metal complex. The emphasis can be shifted so
that the major interest is centred on the influence the
" metal ion has on the ;eactivity of the groups attached
to it.,  Thus a group such as the Co(NH3)53+ can be
considered as a Lewis acid, in the seme way as a methyl |
group or a proton, When the coordinated ligand con-
tains a carboxyl group the whole molecule can be ¢.: :-
s"'ﬁv; 1ikeﬁed to an organic ester; RCOOR', for ex-

emple for the [Co(NHB)BCOOCF3]2+, R = Co(lH;)g, R' = CFj.

3
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As in the hydrolysis of esters it is possible

" theat bond fission can take place in one of two pleces:.
1) Alkyl bond fission

R-C-04R" +0H"———3R-C.-0-H+R'W0"

I |
0

0
25 Acyl bond fission
’R.c;o.n'+OH"————R-c-o-H+R'o",
AR

I the.reaétiOn is earried out in the presence of solvent
labelled with oxygen '° 1t is possible to tell wrere bond

fisaion ocecurs.

During the acid hydrolysis of the carbonato-
penﬁammino ion,'(%w there is no oxygen{?'ixnorporated

intb the aquopentammine product 1ien.,
l . - ’ . )
[(1y) o-o§.000312++32018+3+ —— [(m3) Co-0H, P*sco,

When the carbonatotetrammine ion is studied (m‘) only 50%

of the oxygén 1ncorporated comes from the solvent labelled

oxygen's'. This suggests that during the dechelatioh

Aoy

of the tetramine, a cobalt-oxygen bond is broken,

With the complete removal of fhe cerbonate, a carbon-
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oxygen bond is broken. This can be explained on the
following méchanism:

N0 -
- AN
[(NH3)4CO\\0//

ce0]* +H0M8m — [(NH3)400/ om ]°*
« 4 ' No.6 a0

2,08 ' 1,08
[(wH,) 00/ ° OH ]2*—————y[(m ) Co/ ? ]+ CO
3’4 i » 3747 2
0-C=0 OH
-

[(NHB)4CO( OH2) 2]2+

During the second stage, there is no transfer of oxygen

from the solvent, simply the removal of carbon dioxide.

On alkaline hydrolysis of oxalatobisethylene-
diamineoobalt III ion, the reverse is found. (13%) These
reéults have been interpreted to suggest that the de-
chelation process takes place by carbon oxygen fission
and the subsequent removal of the oxalate by coablt

oxygen fission,

v

|
/05-6-0*' /OH 0
[enQCq\:-’ I +OABH’———9[enQCo 0
) 0-.C=0 0 - E - C*
\/o“n' 0 0
/,OH

o en~Co +’ 18;;  .

A
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This is supported by work (b on the hydrolysis of the
[Co(N53)5020002]+ where only cobalt oxygen bond break-

. ing occurs.

{
2e

[(I]HB)s-Co-OQ cco,]* + otfm-— [(I\II{B)SCo-OleH]2+ + c;?o4
Originally it was thought (30)that there was a gradual
Shiit.in fhe bond breaking position from cobalt oxygen

to oxygen carbon,with increasing electron withdrawing 1
power of the R group in the RCOO™ 1ligand in eomplexés

of the form [(NH3~)SCoQOCR] where R = CHj, CH,Q,6%,

C013, CF¥ The explanation being the competition of

3¢
carbonyl addition with the SNl CB mechanism, That

this is nét always a complete explanation was shown

by further work (4 on the base hydrolysis of the tri-
fluoroacetatZopentamminecobalt IIT ion, [Co(NHB)S(CFjCOO)]%f
where it waé found that there are two_reaetion paths,

oene first order in hydroxide and the other second order.
Rate = k' [OH"] + k" [0H")?

The oxygen tracer experiments showed that the k' path

tekes place with cobalt axygen fission snd the k" path

with carbon oxygen fission. Thre k' path being domi-

nant at high temperature and low base concentration and

the k" path at low température~and high base concentrat ion,
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These two reaction paths have also been found (%%)
in 'thé_ hydrolysis of the [Coenz(c204) 1* 1on.

The interpretation given of the positidr; of
bond breaking,assuming only one reaction path first
order in oxalate,may not be generally valid,

| T}[le' iate equation, rate = k' [OH™] + k" [OH"']2
was also found (W) in the base hydrolysis of the
[Rh(IS!HB)50(':011]2+ where RCO0~ 1is formate, acetate or sub- .
stituted acetajbi. ' No oxyg.en exchange experiments have

. yet been reported.

When the base hydrolysis of the complex ions
| _:Ln the series cis and trans [Coenz(OCOAz)z]* where

I8

investigated (%'J) no oxygen was incorpar ated -'j_'t\; the
product and there was no reaction path second order in

hydroxide found. |
Rate = k' [OH”)

This may be. a specialised case of the more general 1"orm‘
Rate = k' [OH"] + ¥" [0H"]2

The 1atte1; pathway is favoured by poweri’ul electron

withdrawing agents in the carboxylato ligand ard the

lack of such effects may be one reason why the second
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term is unimportant. Another reason may be due to
the low base concentration (maximum 0.02 M) and temper-

ature, 25° at which the reaction was carried out.

The k' path of the hydrolysis of the
[Co(1H,) 5(CF4C00) 12* 1on s thought to go through a

conjugate base mechanism,

P

(CF4C00) 12t + oH' e—— [Co(mE;), (NH,) (CF,C00) J*
' + 320

[Co(NHB?5

[Co(1mH,) , (M5,) (C3000) ¥~ [Co(1m,) ,(NE,) (CH,) 12*

+ ?FSCOO

[Co(u,) . (N8,) (0,) 12+ - [co(nmy) gor ]2

s

A ﬁoséible mechanism for the k" path involves attack by
OH™ at the carbonyl carbon followed by a second OH™ re-
moving the proton from the first. - The process is con-
certed, the low activation energy being coﬁsistent with

. strong bond .making in the activated complex.

P o
,[(NH)CQ;O-C-CFJ (NH;) Co0]* -
{HH3) o - 3 = LH3)50001* 4 00,m;- 4 .0

1

OH [(.)H 320

- [(mE3) 5Co(0m) J2* + om-
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16. The base hydrolysis of cobalt III complexes compared
_other metal octshedral compl

Due to thexrelative ease of preparation and
:Lnert nature in substitution reactions, cobalt III com-
plexes have been the most thoroughly studied metal com-
plexes at the present time. The halogenopentammine
complexes of rhodium III (%L ~5) ruthenium I1I, ('Lﬂ
chromium III and iridium III (nn_qj)have been made,as
have also the dilacidobisethylenediamine complexes of

chromium III, rhodium III, (%) ruthenium III,/\)and irid‘um III (l,@

The most striking feature arising from compara-

t

tive studies was that, like Co III, the base hydrolysis
for the Ru ITI complexes is very much :taster(ﬂ) then the
"acid bydrolysis whereas for Cr IIT and Rh IIT %]) the
rates of hydrolysis in acid and base are relet ively
slow and comparable.,. Very 11ttle work has beenc?dﬁom

in the case of iridium IIT but the base hydrolyéis of
[I:r(NHB) OCOCFB] proceeds at a rate subst atially (\\\)

24+
the same as for the [Rn(NH;)50C0CF3]°" ion, and for
[Ir(MI3)5Br]3 the base hydrolysis is slower than in

the rhodium e omplex,

* Table 4 compares- some properties of some metal

ions.
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TABLE 4
Comparison of some pronérties of some metal ions

Property, - et colt Ru>* Rpo*
Electronie Configura- ' '

$ion 383 345 4a5  4ab .
k(0H")/K(H,0) at_25° » |

for [M(NHB).501]2+' 2x102  5x10°  2x10°  4mo’

: . _ o at 80

. n13+
PE, [Mgmj)sﬂeo] . §

at 25 : 542 5T 4.2 59"
CFAE for a trigonal

bipyramid 5.74Dq . 11.48Dg 8¢90Dg' 11+48Dq'
CFAE for coordination :
number T - ‘ 1.80Dq 3.63Dq = 1.14Dq' 3.63Dg’

Electron affinity, ev _ ,
[3rd ionisation poten- ' ‘
tisl of metall 29.5 35.5 31 33

The form of reactivity can be dQ{éﬁf%@i on the

basis of the SN1 CB mechanism as for cobalt.

fast '
.['M(ms)scﬂg*g " ——— [M(MH3),mE,01)* . B0 (1)

slow

[w(xmy),m,c1]* o =ew, [M(NH3)4NH2]2+ + €1 (2)
| [M(§E,),NE, )% + ;0 st , [w(mg,) 0] (3)
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For the Co IIT the stability of the five co-

ordinate intermediate is mainly due to rearrangement
to a trigonal bipyramid with T bonding from the amido
group. - :
1N ¥ Go ./\61 H,N"= Co +C1°

2 =2 +
Any factor wﬁich favours the formation of the amido base
will cause a high rat® of base hydro}ysis. The pKa
values of the acid dissociation, reaction 1, are too
small to be measured but the pK, of the [m(xHy) 7,013
ion has been measured as is shown in Table 4, It can
be seen that Ru III is the strongest,with Cr III next.
This;;artly explainable by consideration of the crystal
field destabilisation on production of the amide group
from the amine, ‘This would be smaller for Ru III

and Cr III due to their partially filled t2g sub shells,

Once the base is formed the stability will de-
pend on the ability to rearrange to a trigonal bipyramid
. so that ligand to metal T bonding can occur. This is
estimated by considering the ease of reduction of the
metal, 'M3+-————-)M2+ which is in the order Co ) Rh.> Ru ) Cx.

Loss of crystal field stabilisstion on going
‘from the octshedral ground state to the transition
state must aleo bé‘considered. This 1s called the
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erystal field activation energy (CFAE) and the figures
are shown in Table 4. Ligand repulsions and T
‘bonding favour a trigonal bipyramid intermediate whereas
crystal field effects oppose it. The erystal field
splitting in the second row transition elements Dq' is
_about 50% greater than in the first, so a trigonal bi-
pyramid is 1ikely for Co III amd Cr IIT but wunlikely for
Rh III and Ru III, ’

The high rate of base hydrolysis of Ru III can
be rationalised'bést as a seveﬁ coordinate intermediate
with no rearrangement since the tendency to W bond is
small,although the amid&vgroup 1s easily formed,since
the loss of crystal field étgbilisation is smalle The
high rate of base hydrolysis of Co III is due to the
ease'of'redﬁction whilst the low rate of Cr III is due
to reductien taking place with very great difficulty.
The low rat§ for Rh IIT is explained by the low acidity
and the large crystal f1eld effects.

An.SN2‘mechanism.has alsé been proposed by Chan
for the [Rn(IH,) X]?* ions where X = C17, Br™y I".(9He
comparesgthe Eh ITI gystems'tc aromat ic hydrocarbons
sinée in both systems the lowest uhfilled energy oibitals
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4w accessible for bonding purposes. Since the rate
decreases C1~ > Br" > I whieh is the same pattern as
for aromatic hydrocarbons which ove known to substitute
by an SN2 process, the substitution in the rhodium
series must also be Sy2. The same a.rgujnent has been
epplied for Co III (page 1§ ) where Co III complexes
are likened to aliphatic carbon systems,
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PART II. RESULTS AND DISCUSSION

1. RACEMISATION OF THE CIS (-) [Coeny(OH),]* ION

Method

Optically active [Coeh2003 ]0104 was dis-
solved in standard perchloric acid, the [Coenz(Hé0)2]3+
ifpn wé(sssimmediately formed with complete retention of u»\{-is-
\\.ﬂ.\’.\'ow./( gn the subsequent addition of sod{;lum hydr_oxidé,

the [Coenz(OH)_2]+ ion was instantaneously formed,
" [Coen,C04]* + 2Hy0" — 3 [Coeny(H,0),]1%* + €Oy + HpO
[Coeny(H,0), P+ + 208" — [Coenz(on)z]f + Hy0

The’ solution was placed in a jacketted thermo-
statted polarimeter tube in a Zeiss Polarimeter and
readings of the rotation at 436 m were taken at

various time 1intervals.
- Caleculation

~ The rate constants ‘(kl(rac.))-were obtained

from the equation:

Ky (rac,) = 2303 1°glo(‘*t - dp)

't
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where-d.£ is the rotation at time t and o ,, in this

- case zero, is the rotation on the completion of the re;
action, - kl(rab.) was obtained graphically from a
graph of the log of the rotation plotted against time.
The slope measures the rate, a specimen first order

rate plot is shown in graph 1.
Results

Table 5 shows ., the observed first order rate
consténfs for the rate of loss of optical activity.of
the cis (-)‘[CoenQ(OH)Q]* ion at various temperatures.
No inversion or ﬁutarotation was observed and the rate
was fo@nd;to be independent of -the hydroxide concén-

tration and excess ethylenediamine.

Several workers ('L\ﬂl,)S%ﬂm)have studied the

cis/trans isomerisation spectrophotometrically,

C k
(%) cis [Coen2(0H)2]+ (—“—Qﬁ trans [Coenz(OH)2]+

kg

Graph 2 shows an Arrhenius plot of logygk',

where kf " Ko+ K ﬁfjﬁ;}'%l‘&gainst the reciprocal
of the absolute temperature. The racemisation
rates are slightly slower than the’combined isomeri-

sation rates. The position of equilibrium cis
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/%rané does not change.with témperature, the ratio
(K) kc/kf was found to be 0¢80 by Bjerrum and
Basmussénngd 085 by Kruse and Taube. (3b) By
using the relation K = k. /k; in addition to the
relation k' = k, + k. the values of k, were calcu-
lated. The racemisation rate and isomerisation
rate, both k' and kc eare compared in Table 6, the
racemisation being very much faster than the iso-

merisstion. The isomerisation only partially.

accounts for the loss of optical activity,
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TABLE S

OBSERVED FIRST ORDER RATE CONSTANTS FOR THE LOSS OF
ACTIVITY OF THE (-) cis [Coen,(0H),]" ION

Measured at 436 mi.  Sodium hydroxide = 0259 N
Temperature Complex Conec. ki(rac.)
% m.mole 1itre~t min, -1
69.4 1.6 4.196 x 1071
60.8.2 4.1 © 1.42 x 1071
60+8 2sP . 5.0 ~ 1.142 2 1071
60.8 - .78 1.196 x 1071
- 49:3 | 8+0 24495 x 1072
37.2 75 4.174 x 1073
24.8 . 9.9 5614 x 10-4

a. Sodium hydroxide = 0855 N

b. Run can'ied.out in the presence of 0.5 ml.
ethylenediamine.
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TABLE 6

16].

COPARISON OF THE RACEMISATION AND ISOMERISATION (CIS

TO TRANS) RATES FOR THE [Coeny(OH),]* ION

Temg:rature ;igffc') :%n.-l zig.-l ﬁ;?:.for
14.4 7.02,105  3.2220°5 Qb
24.8 5-614#10f4 . ‘
24.95 ' 4.0x10™4 1.8x1074 b
2540 4.571x107%  2.1x1074
35.03 2.50x10"3  1.96x10°3 Iy
37.2° 4.184x1077 - | '
37+5 : 3.86x10°3  1.78x1073 5%
49+3 249511072 2.28x1072  1.05x1072  s%
608 1.196x10°1
61.0 9+90x10~2 4.59x10"2 5%
694" 4.196x1071 .
71.0 5%

3+30

1-524



108,

DISCUSSION

The isomerisation of the cis and trans
[Coeng(Oﬁ)z]*lion has been extensively studied by
Kruse and Taube, ()  They found that an equilibrium
mixture of the tzp ions was obtained which was‘inde-v
pendent of the temperature. An intramolecular mechae-
nism was boétulated since the rate was fourd to be inde=
pendent of the;hydroxide concentration abdve a concen-
tration of about 0°01 N, Below this concentration
thé reaction is complicated by the presemce of
[Coen2(QH)(H2O)]2+, anmli this 1s expected to racemise
_ fester than [Coenz(OH)2]2+. | They suggested that the
reaction did not proceed through a single meéhanism
since lack of linearity was obtained in the Arrhenius
plot, (page lDB ). Measuiements over an increased
temperature range support this conclusion.(S‘%)Further,
in thé oxygen 18 exchange studies it was found that
- only a fraction of oxygen exchange occurred per ion
for eéch act of isomerisation. Iwo different re-

action paths were suggested, one being the breaking
of 8 Co(III) - OH bond and the other being the

breaking of the Co(III) - NH, bond in the activated

complex. The t wo processes may reasonablyvbe con-
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gldered to compete, the 1lability of the Co-0 bond
being decreased by the loss of a proton from the
wéter to bring it.into the range of the lability of
the Co-NH,R bond. Thus two different transition
-states or.interhediates exist'and_these may be visuale
ised as trigonal bipyramids, although a transition
state with coordination number 7 involving direct
attack in a bimolecular wéy 1s also possible. A
tetragonal pyramid is impossible as this would result
in retention of configuration. They suggested two

consecutive transition states or intermediates.

From the present measurements on racemisation
rates it 1s apparent that some‘other react ion path
mﬁsf be present since the racemisation rate is so
.much.faster than @ye isomerisétion rate. The race-

misation can be considered either as a direct inversion
(+) [Ooen2(OH)2]+ = (-) [Coen?_(OH)e]"'

or involviﬁg an'inactive int ermediate.
3]

(+)[Coens(0H),]* —— 1inactive —(-)[Coen,(0H),]*
. 2 , 2 intermediate 2 2

Then ki = 2ky since two original (+) isomers
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—

on dissociatyon give two optically inactive molecules

which can regenerate one (+) and one (-) molecule.

It is not possible to tell which process is
beiﬁg carried out. If the actual racemisation is
twice as slow it will still be faster than the isomeri-

sation rate.

a) Direct inversion

Since the reaction has been shown to be inde-
pendent of hydroxide concentration there can be no

cobalt-oxygen bond fission.

Dechelation of the ethyienediamine ring is
postulated. ' Complete removal‘of the ethylenediamine
ades not occur since the rate is independent of excess
ethy lenediamine.  This deqhelation is plausible due
to the strong.eleetromerie effect of the hydroxide group,

This dechelation has been proposed by Martin
and Tobe(10L)to account for the isomerisation of the
[QoenQNHB(OH)]?+ ion, | They postﬁlated aigeneral
rule for reactions of complexes of the type [Coeny4a(0H)]*
in aqﬁeous solution, When A is less strongly bound
than eth;&lenediamine, aquat ion occurs and 4 is re-
lplaced.g When A is more strongly bound than ethylene-

diamine, isomerisation takes place by the dechelation
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of the ethylenediamine ring.

The possible trigonal bipyramid intermediates

are
» AL LY ‘
10K ' .
' ~ 1,2 trans
' W — 3y 2,3 eis (=)
/ 3 1,3 cis (+) )
on :
. UM, LU N
—~ N 1,2 cis (=)

T 2,3 s (4)

\ .

cis (+) \ o
W 1,2 cis ( )'

- ,2 cis (+

[.L}

s . 7 1,3 cis (=)
3

The production of all three intermediates would account
for the fast racemisation relative to the slow isomeri-
sation since only the first intermediate can produce

the trans isomer, —

An intramolecular twist mechanismlmiy also be
responsible for the fast rate of racemisation compared
to isomerisation., .  Any twist mechanism can only give

racemlsation and no isomerisation.
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b) Inactive intermediate

ADechelation of both ethylenedismine rings
would result in a imtermediate,symmetric between the
two enantiomeric forms. On reforming the ethylene-
diamine rings both the (+) and (-) isomers would be
formed. This seemg less likely than a single
dechelation. |
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2, THE BASE HYDROLYSIS OF THE CIS [Coen2003]+ ION

+

RESULTS

a) Spectrophotometric meesurements on the bage hydrolysis
of the [Coen2003]+ ion

Instrumentation

A1l the measurcments were carried out on Unicam
SP.T700 and 800 spectiophotometers. Preliminary work was
carried out on the SP.800, the épectrum scanned from |
15,000 to 45,000 cw."! st verious time intervals, This
allqwed the position of maximum change in optical density
tq’be determined, The majority of the kinetie work Was
carried out on the SF,700,

Stoichiometry

The reaction was found to take place in two
stages. The first corresponding to an initial dechela-
+tion first proposed by Harris (79, 100) and the second

" to the cémplete remoial of the carbonate.
[Coen2003]+:+ OH" —————)[Coeg2C030H3°

[coen20039nj° +-OH" ——— [Coen,(0H),]" + 0032-
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ngeral method

The alkaline solution was placed in 1 em.
silica'cells in the thermostatted-celi compartment of
the instrument and left for 10 minutes to thermally
equilibrate., = The run was commenced by pipetting a
solution of the complex into the alkali and shaking,
the total volume of the sample being 3 ml.

The ionic strength was kept constant at 0.167 N
with sodium perchlorate. = Sodium chloride was also used

and found to make no differemce to the rate.

Temperature control

For temperatures sbove 50°, an electric thermo-
stat was used and for temperatures between 20° and 50°
a.ﬁater thermostat was used.‘ The terperature of the
cell compartment was measured using a galvanometer, the

accuracy of which was not more than ¥ 0.5°

Scale expansion unit

At 25° the observed changé in optical density
is very slight and slow. Therefore the runs were
carried out on the SP,800 since this instrument is fitted
with a scale expansion unit, a scale expansion factor of

five being used. The observed changes were now suffi-
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clent to calculate the rate constants although the

accuracy was diminished.

First stage of the reaction

[c:oen2c03]+ + OH" —-———,[Coen2003031°

Graephs 3 and 4 show the spectrophotometeric
changes which occur during this stagé of the reaction.
This 1is characterised by a large increase in absorption
between 29,000 and 36,700 cm.'l and isosbestic points
at 44,100, 36,700, 29,000, 26,700, 24,900 and 23,600 em.~*

There is also an initial change in the ultraviolet
spectrum, The'reaction was followed at 30,000 cm.'l
where the initial increase in absorption is followed by

‘a decrease when the second stage of the reaction becomes
sigﬁificant. The time corresponding to maximum absorp-.
tion becomes shorter and the maximum less pronounced with
increase in hydroxide concentration and temperature.

‘The rate of the ring opening reaction was calcu-

(62) gince 1t was impossible

- lated by the Guggenheim method
to obtain an «© value for this part of the reaction.

It has been shown (62) that

kXt + 1n (D-D') = constant
“where k is the rate constant and t the constant time
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interval between two optical densities D anmd D', Thus,

provided the time interva%fis kept constant, the grad-
ient of the graph t against 1n (D-D') will give the
rate constant, = 4 specimen plot is shown in graph S.
Table ] gives the first order rate constants kryj,p,
for the reaction calculated in this way. Due to the
 small changes in optical density the results at 2507°
are inherently inaccurate and the limits of the values
- obtained are given. Graph 6 shows the changes with
hydroxide concentration of kg i ..

Second stage of the reaction

[Coen20030H]° + OH™ = cis/trans [Coeng(OH)Q]+ + 003?'

This pert of the reaction was measured at 19,230 cm.'1

1 In all cases the cis/trans

and not at 30,000 cm.”
‘41someric mixtures were formed, the reaction rates being
conéiderably slower than the cis/trans isomerisation of
the [CoenQ(OH)2]+. At lower temperatures and higher
base concentrations the formation of the cis isomer

would be expected, Ihe ektinction coefficients are
given in Table % .
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. GRAPH 4
SPECTROPHOTOMETRIC CHANGEYS OCCURING DPURING THE BASE
HYDROLYSIS oF THE LCozh, Coy] "ION
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TABLE |.

Pirst order rate constants for the ring opening reaction

Temperature| [NaOH] N Complex Conc, k[l]obs. min, "t
' °¢ ‘ memole litre~l
530 ‘| 0°167 3.24 1.305
| 0.150 B 1.162
0133 1.091
0.117 . ' 0.960
0.100 0.823
0.083 X 0+648
0-067 317 0+591
0:053 | 04503
0+04T 0496
04040 ‘ 0478
| | 0033 : 04472
4445 0+167 2.86 0.481
; 0133 0.378
0100 0.282
0.067 0.233
0033 , 0+210
3446 0167 1.83 0206
| 04133 0.168
0100 0.127
0067 , 0087
0-033 , 0067

[continued over]




TABLE |

1y

- continued
Temperature| [NaOH] N | Complex Conce k[ljobs. min, -1
°c m.mole 1itre™*
257 0.167 3.18 0.066 0.063
0150 0.061 0.058
0133 0+057 - 0+053
0.100 0-042 0.040
0.083 0.035 5 0.032
0.067 0.028 0.025
0.050 0026 - 0:024
0.033 0.011 0.016
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TABLE $.

Extinetion Coefficients for the [Coen2003]+, cis[Coene(OH)2]+

and cis/trans equilibrium [Coenz(OH)2]+ ions

Wave- Wave- ) Extinction coefficients
length | number [ o 1* c (oF) 1 /
-1 oen - cis{Coen cis/trans
V‘;‘.;m/.c Cln, 2 3 2 2 [Coenz( OH) ]-l-
333 30,000 59 40 34
520 | 19,230 131 96 63

i

The values for the dihydroxo lons at 520 mu
egree with those found'by Bjerrum and Rasmussen.(zl)
Graph 7 shows the spectrophotometric changes during this
paxrt of the reaction, ‘The rate constants were evalu-

ated graphic alljr from

- 2°303 loglo(Dt-Doo) + C
' LY

where D‘b and D are the measured optical densities

klob ch

at time t and when the reaction is complete (t = ) e
oawd Q= eonghant
Graph 8 ‘shows a typical plot of log,, (D D, )

B.gainst time, t.

The rate constants are listed in Table 9 and
graph 9 shows the change in rate cor{starrb with hydroxide
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concentration.

The values of the Arrhenius paramaters measured

at various base concentrations are shown in Table 10,

" TABLE 10

Veriation in activation enersy with base concent;atidn foxr
the second stagze of the base hydrolysis of the
[Coen2093]+ ion '

NaOH Activation energy| Frobability
N k.cals/mole factor
04167 21.0 g.23 x 10%%
0.100 22.2 4.89 x 1013
- 0-033 241 5.37 x 1014
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T48LE 9.
Iirst-order rate constants for the second stage of the
| reaction ’
Temperature [NaOH] N |Complex Conec. ,k[1]°b9- min, =1 .
- Y¢ m.mole litre™t
71.0 - | 04167 4.80 | " 0380
0133 ' Nt 0+362
0.100 | » 0«355
0.067 0+340
0+050 | 3+10 0+311
0.033 4.80 0.248
61.0 . | 0+167 3-91 0-157
Qe133 . 0.154
0.100 |. ' ’ 0.139
0.067 . 0.113
0.050 6.02 0.099
0.033 3.91 . 0.089
530 0167 | 3.91 0.071
0-133 | | 0+069
0.100 , : 0.060
0-067 ' _ 0.046
0+033 | 0+037
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GrapH 9.
0BS ERVED FIRST ORDER RATE CONSTANTS FOR THE
SEeonD STAGE OF THE BASE HYDROLYSIS OF THE
[Coan €0, ] 16N AGAINST BASE CONCENTRATION.
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Reaction in neutral solution

When the spectrum of a neutral solution-:
(pH 7.02) of [Coen2003]01 was taken before and after
heating to 80° for 10 minutes a significant 1increase

in absorption is seen around 30,000 em, "t

whereas there
is very littlechange elsewhere in the spectrum. - Tnis
is shown in Diasgram 15. | The rise in absorption is
due to the temperature dependent formation of
[CoenZCOBOH]o. Once this is formed there are two
possible reactiops which can occur on cooling. These

are the coﬁplete removal 0f the carbonate and the re-

versible formation of the chelated carbonate.
[Coen2003]+ e__;__l.[CoenQCOBOH]O N [CoenQ(OH)z]+

Since the spectrum decreases on cooling but does not re-
turn<to the original spectrum it would appear that both

reactions take place.
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DIAGRAM 1%

Ultra violet spectrum of a neutral soiution of
[CoenQCQB]Cl before and after heating

O.S‘“ . 318 W lm.'a wm)ll!\nst.\n.

I
sptical 041 before heating

dengit
T O

0.2

IT after heating
IIT after. cooling

a
0o \J T T T T T T v

e wavenuwber

Foﬁ the heutral rate the activation energies Wefe calcu~-
léted from thé extrapolation of rates at known.base con-
centration to zero. | ~ |
Ring opening reaction,'activation energy = 21¢8 k.cals/mole

Removal of carbonate activation energy = 222 k.cals/mole
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b) The rate of loss of optical activity sccompanying
base hydrolysis

Stoichiometry
The loss of optical activity was found to take
place in two stages in a similar way as found spectro-
photometriecally.  The first stage is due to the de-
chelation of the carbonate and the second to the complete

removal of the carbonate.

[Coen2003]+ + OH"-———-———-)[CoenQCOBOH]o (1)
[Coen,yCO40H]° + 0H™ —— [Coen,(0H) ,]* + 0032" (2)

Method

Optically active [Coen2003]0104 was dissolved
- in standard sodium hydroxide solution, The solution
was placed in a jacketted polarimeter tube of a Zeiss ’
‘polarimeter and readings of the rotation were taken ét

various time intervals at 436 mu (22,940 em.™ 1)

Results
At high temperatures racemisation was observed,
whilst at low temperatures an initial mtarotation was
found prior to the racemisation. The mutarotation was

ascribed to the ring opening reaection (1) and the race-
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misation to the complete removal of the carbonate (2).
As'inAthe spectrophotometric measurements the ring
opening reaction was tos fast to measure at high tempera-~
‘tures. The rate constants for the racemisation pro-
cess were calculated as on page 10l For the muta-
rotation the rate conétants were aléo obtained graphi-
cally using an D value obtained by the extrapola-
tion to zero time,the line corresponding to the rate of
récemisation. .~ This was first done by Basolb,’Métoush
and'Pearson.(ls) Graph 10 shows the first order rate
plot of the log of -the rotation against the time t.

Table 10 shows the observed first order rate cAonstants
for the rate of loss of optical activity. Graphs 11 .
énd 12 show the change with hydroxide concentration of

k[l];ﬁ:: and k[l]lo';)g: respectively,

For the ring opening stage of the reaction:the
activation energy was calculated using the first order
rcf;vl:e constants at va:cioﬁs base concemtrations for both
spectrophotometric and polarimetric rates. It was
also calculated from the second order rate constants,
In all cases thé activation energy was found to be
21.6 k.cals/mole. The variation of the second order

rate constant with temperature fits the Arrhenius
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equation:

- 21,600 1

_'TP{T_ 1 mole”

Within the experimental error this is the seme as that
___.(59) |

k, = 29 x 1017 ¢ min~t

found by Farago;

-

k, = 2.6 1019 o (-22,000/87) 1 mo1e~! min-l

Since the ionic strength was not the same in the two
series'of'measurements, the ring opening must be inde-

pendent of the ionic strength.

- ' The activation energy>for the second stage of
the reaction was also found to be~independent of base

concentration and had the value of 29+4 k.cals/mole.

ky = 2°95 x 1018 ¢ =29,400/p0 7 po1e~1 min-t

: Rate of loss'of optical activity in neutral solution

The rate of loss of optical activity was measured
at neutral solution buffered at pH 7 at room tempé&ature'
using a perchloric acid collidine buffer. No mufarota—
tion was observed but a slow racemisation. The rate
constants were evaluated graphilcally by the method used

previously and these are shown in Table |
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CRAPH 10. :
FIRST _ ORDER RATE PLOT FoR THE RATE OF Los$ oF oPTICAL
ACTIVITY ACCLOMPANYING  THE BASE HYPRaYSIS OF THE [Cow CO] 1ON.
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;e TABLE 10.

Observed first order rate constants for the mutarotation
and racemisation occurring durine the base hydrolysis of
[Coen2003]+ ion |

-

Tempeia- [NaCH] N Copplex Cbnc;qk[llgbs. : k[1] ?bs. .
ture % mimole Litre™} 2T ) (Tacem
min,-1 min.-1
66+8 0420 6+91 0.328
6649 0.15 | 2.57 0.284
6629 0-10 6+64 : . 0.250
6649 005 ~ 7.18 : 0.193
49.3 0¢20 TeT7 1.176 0.0319
4943 0-15 3.31 0+920 0-0285
4943 0-10 635 0.721 0+0245
4943 0.05 - 6.64 . 0.593 0.0193
35¢7 | 020 5.26 0.224 0400444
35¢7 015 3-04 | o.168 000404
357 0+10 4.78 0-130 0+00355
35T . 0+05 3.39 | o0-083 0.00289
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TABLE Il

Observed first order rate constants for the loss of optical

activity of the [CoenECOB]+ ion in neutral solution

Temperature | Complex Conc. |k obs, min,~T

° g m.mole litre™X

66.8 3.75 | o0.0770
6647 3410 0.0762
49.7 2.98 0.0106
49.5 3.16 - 0+0106
35.6  2.02 0.00141
35.6 1.36 0.00152

—

The Arrhenius equation was found to be

16 -27,000/RT 1

k,obs = 182 x 10 1 mole min~

DISCUSSION

1. Stoichiometry

The overall sfoichiometry of the reaction

‘under the conditions studied is given by

[Coen2003]+ + 20H” = cis/trans [Coen,(OH),]* + c032‘

While following the course of the reaction spectro-

(0
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photometrically it became clear that the feaction falls
into two distinet parts, cheracterised by an initial
rise in absorption around 30,000 em, L (3331np)
followed by a decrease. This was interpretédAas an
initialgdéchelatibn £ollowed by the complete removal of

carbonéte,
. + - . 0
[QoenchBj + OH = [CoenQCOBOH] ()
- ' D.
[CoenQCOBOH]o + OH = e}s/trans [CoenQ(OZH)z]+ + CO3 (3)
Due to the chelasted nature of the carbonaté it would be
expected that the cis dihydroxo ion would be formed ini-

tially and this would isomerise to form the cis/trans

equilibrium mixture.

_eis [CoenQ(OH)Q]+ —= trans [Coeng(OH)2]+ ‘(h)
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2, The nature of the [Coen2003]f ion in aqueous solution

Since'the carbonate chelaté exists as a highly
strained four-membered ring it was thought that,‘in aque; T
ous solutioh; there might be an equilibrium with the non-
chelated form: |

0 OH,

N\ / -
[en2Co\ /C - O]+ + H20 :l[enz(?o\ ]+ (6)

0 0 -C =0
: |
0

[enyCoCOJH,01* + Hy0 === [enyCo0HCO3]° + Hy0* (7)

This would account for small changes in pH which ocecur.

when the complex is dissolved.

Work carried out on the carbonate exchange rate
can be explained by considering the equilibrium to be
dominantly to the right, i.e. existing in the non—cielated
form. When the exchange equilibrium for the
[Co(NH3)4COB]f ion was studied(las) using uncomplexed
carbonate labelled with carbon 14 it &as found t hat the
equilibrium constant was 0+875 at 0°. - This deviation
. from the ideal value of unity was explained by assuming
modifications in the vibrational frequencies of the‘

carbonate on chelation. However, it was found(149)
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that for the [Coen2003]+ ion the exchange equilibrium
was only slightly less than one (0.99). ‘The vibrational
frequeneéskappear to bé unmodified, suggesting that there
is mno cﬂelation of the oarboﬁate. This is the same re-
sult as for the [Co(my)CO5T* 1on, 79) the non-chelated
carbonate group being almost identical structurally with

a free carbonate ion.’

Scheidegger and Schwarzenbach have pointed out(13o)
that thevunchelated complex must be able to act both as a
proton donor and protom acceptor.

e

P .
om | ©. A H. ]t oH 2+

+ /O 2 | +H+i s 2
en,Co ‘-iLTa en,Co ¥ [enyCo
oco,| H oco,, Nocom
(8)

By addition of acid and alkali in a flow apparatus_the
complex was shown to be aprotic between pH 3 and pH 11.
Readings were taken after 5 x 1073 secs. which is suffi-
cient time for equilibration of reactions involving pro-
tons but insufficient time for decomposition to set in,
Therefore the complex must exist in the chelated form at
20° , " In the course of the present work, i.e. the

change in rate of the ring opening reaction with change




1y 2.

in base conéentxation (reaction 2), it was found that,
at temperatures greater than 250, the ring opehiﬁg re-
action does také place in neutralvsolutions, page \11.
Additional evidence was obtained by the increase in
absorbange around 30,000 em.”1 of a neutral solution
dﬁ the complex on heating. On cooling the absorbance
decreased but the original Specfrum was not reattained

showing'that'some'reaction had taken place.

Since the measurements of Sheidegger and
Schwarzenbach were carried out at 20° no reaction or

ring opening would be expected to take place.

The exchange equilibriuﬁ constant of the
[Coe52003]+‘ion with uncomplexed éarbonate labelled
with carbon 14 at 25° is 099, which is higher than
might be eipected aésﬁming an almost completely chel-
ated form at 25°.  For the [Co(NH;),4C03]* ion the
exchange equilibrium is 0.875 at 0.0° and 0.999 at
30.0}1 the increase with temperatu?e being due to the
presence of some unchelated complex, the equilibriﬁm

being governed by the temperature.

Several ‘different reactions can be responsible

for the formation of a ring open species in neatral solu-

tions:



o + OH2 + OH
: 7\ / -H+ 6/
eneco\ C =20 + HQO r:_?engco (;H:rene \°
N ~ | Noco,| * 0C0,
‘ (9)
0 : - 0H |°
N\ : ‘ /
en200< C =0 | + 2H,0 #=enyCo + H30" (10)
o * OH *
7\ 72
en200 C =20 + 2H20 ——|en5Co (11)
N ‘ N '
0 : OCOéH

A solution of the optically active [Coen2003]+
ion undergoes loss of optical activity in agueous solu-
tion, - As well as the racemisation of the (-)[Coen2003]+
ion other processes iﬁvolving all the species in solution

result in the loss of optical activity.
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3. The acid hydrolysis of the [Coen2003]+ ion

The acid catalysed hydrolysis of this ion has
been studied spectrophotometrically (140) in the pH
range 2-4 $o 3+0 and as a result of these measurements
it was péétulated. that the reaction may go through one
of the foliowing reaction paths:

[Coen2003]+ +HO —
-[Coen2CO3H]2* + H,0 ——
) 2+ +
—_
[Coen2CO3H] + H30"
A ternatively it was suggested that both the protonated
and unprotonated forms are present in significant concen-

trations with a rapid equilibrium being maintained be-

tween the two:
+ ‘
[Coengcoj] + HBO’ fr— [Coen2003H]2"' + H0

Other work done (78) over a larger pH.range

the
(1 to 5) resulted in’(proposal of the following mechanisms
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[Coen2003]+ + H,0 5=====t[Coenz(Hgo)kocoz)]+ (1)

[Coenz(HQO)(OCO2)’]+ + Hre [Coen,(H,0) (0C0H) 12+ L/x
(2)

[Coen,(H,0)(0C0,) J* + Hy0 ——— [Coen,(0H) (B,0)]%* + HCO5™.

k

. 2
[Coeny(H,0)(0C0H) 1** + H,0 — [Coen,(H,0), 12 + HCO4"

k .
3 .
[Coen,(H,0) (0CO,H) ]’2“ + HBQ+ [Coen2(H20)2]3~+ + HCO

3

3

>

This is similar to the first reaction scheme except for
the assumpt}on of the opening of fhe carbonato chelate
- by the~inclusion of a water molecule. | If it i1s accepted
that the equilibrations of reactions (1) and (2) are very
rapid as compared to the aquations,}then the‘toial rate |
‘constant 1s given by:

: O E k() + 5E)?

-k - K + (5%)

where K is the equilibrium constant for reaction (2).
. This has been evaluated with the aid of a computer and
found to fit the observed rate constants,

Very much more recently a‘slightly d if ferent (89

mechanism resulting'in the same rate law has been suggested:
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[Coen,CO5]* + OH" &= [Coen,0HC0;]° X

[C?enéOHCOB]O + Hf F—— [Coen,0HCOH]* 1/ki

ky

[COegQOHCOBH]* + H,

)

[CoeneOH(}OBH]+ + BY = .> [Coenz(Hzo)COBH]&- 1/k2

ks

[Coeng(HQO)Cojng+ + HyO ———————a[Coen2(320)2]3+ + HCO

- [Coeng(H20)003H]2+ + H30+-;?———4%[C§en2(H20)]3+ + H,004

3

K, + ky[H'] + k3[H+}2
KK, + [EY]
ZOKW

rate =

whore K, - [E*] [o2"]

The assumption is that the bicarbonato species is mich

nore reactive than the carbonato species,

, The rate constants ky, kyy and k3 were éalcul-
ated from the rat‘e‘equai.:ion using the observed hydrolysis
rate and the values of the equilibrium constants- K,, K
and K2 found by Scheldegger and Schwarzenbach.(lB 0)

The r ates obtained were found to be very similar to those

found by Harris and Sastri.(78) ~ Also the values of

(¢)

: 2+ -
0 ;[CoenQOH(HQO)] + HCOB!

3
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kl and k2 are in reasonable agreement with the analogous
hydrolysis rate constants for [CO(NH3)5COBH]2+.

(130) examined

. Scbeidegger aﬁd.Schwarzenbach
the system-ﬁy carrying out the acid base titrations using
a flow spparatus. In this way they found that the pro-

tons initially attack f.he hydroxo ligand and subsequently
attack the carbonato ligand. In acid solution the
initial reaction 1nvolveé attack by water on the cobalt

| whilst in alkaline solution the initial attacking species

involves the hydroxyl ion.

The ring,qnening,reaction

"[Coen,C0,]" + OH" ———3[Coen,C0,01 ]°
2773 2773

During the présent invéstigation the rate of
ringe opening and the rate of mutarotation were found to
be identical indicating that the rate of change of oﬁtical
.act;vity is due to the ring opening. Thus, the reaction
mst take place without exténsive rearrengement, although
there may be some formation of the racemic ion. Under
the present conditions it is not possiblet o distinguish
between partial racemisation and cdmplete retent ion,.

- Since the isomerisation reaction

cis [Coen20030H]°  —) trans[Coen2003OH]O
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has been shown to have a half-1ife of about nine days \130)

it is .not significant in the present investigation.

The giaph of kiobs. against added hydroxide
concentration (page 111 ) shows that there is one re-
action path first order in hydroxide, At low concentra-
tions a departure from linearity occurs indicat ing some
other reaction path. If a reaction involving a neutral
species was occurring simultanecusly with a base catalysed
reaction it would occur at all base concentrations and an
intercept giving the neutral rate would be found. Since
‘no sﬁch intefcep‘b is found the departure from linearity
is due, not to a neutral species as suggested from the
equations 6n page 1LY , but to an acld species since
the departure from a second order rate decreases with in-
crease in base concentration, An acid catalysed path

may be stoichioxﬁetrically represented as
2
[CoengCO3 I* o+ H30+ R [Coen2003H30] +

but, as, before it cannot necessarily be considered as

mechanistically satisfactory.
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Mechanistiec course

Base catalysed path -

a) Cobalt-oxyzen bond fission

Cobalt-oxygen bond fission has been postulated

by Teube (&) (59)

and more recently by Farago and can be
explained on the basis of an SNl CB mechanism.

fast

[Coen2003]+ + OHT &/ [Coen(en-H)003]° + H,O

2
' slow
[Coen(en-HXE03]° — [Coen(en—H)COB]é;

[Coen(en—H)003]° +'H20 —_ [CoenQCOBOH]o
 fast
Farago (59) has previously found that, with in-
crease in base concentration, the reaction rate becomes
indeperdent of base waich is expected if an Sl CB mecha-

nism is operative.

Graph 4 (page \\% ) shows that there is a'large
initial decrease in absorption in the ultraviolet spectrum
. with the maximum becoming less pronounced and shifting very
slightly to longer wavelength. The two possibie explana-
tions are either rapid proton removal with the formation
of the conjugate base or rapid ion pair formation. Rapid

proton removal results in a decrease in asbsorption and a
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shift in maximum absorption to longer wavelength, Ion
pailr formation results in an increase in absorption (17)
with the maximum again being shifted to longer wavelength.
Since a decrease in absorption is found a rapid protoh re-
moval 1is more 1likely, supporting an Syl CB mechanism.

A decrease in the absorption spectrum of the complexes
[[Pt(1m3)6]014, [Pt(1m3)5c1]c13, [Pt(NH3)50H1013 and
[Pt(IIEi'B)4(OH)2]012 on the addition of sodium hydroxide

has been accounted for in this way.(72a)

in the Syl CB mechanism the rapid formation of
the éonjugate base is followed by the slow rate deter-
mining dechelation of the carbonato.group to form the
monodentate chelate. The formation of the conjugéte

base is accompanied with rearrangement to form a five

— racemisation

\\\\\\\3 <f%%?%;>°° © yretention + trans

The two possible intermediates are shown, one

ieading to retention and trans configuration and the
other leading to racemisation, The intermediste leading
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to trans configuration would be more stable since the lone
pa;r of electrons on the oxygen attached to the cobalt may
be partially donated into the cobalt dxg_yg orbital pro-
viding the donor group is in the xy plane. Since the
reaction is known to go with retention of configuration
(paitial or complete) there must be preferential attack

at the same position as dechelation, to obtain the observed
configuration and also to account for the lack of trans
isomer, Thislpreferential attack could result in an Id
process rather than a pure D process (page bl ). 1In-
rstead of fhe dissociation of the conjugate base being un-
affected by §nvironment as in a D process, it is assisted
by the entry of water in an Id process, although the acti-
vation energy is still largely governed by the dissocia--
tion, The degree of bond breaking in the transition

state is still more important than that of bond making.

Alternatively the initial change in the ultra-
violet spectrum shown in graph 4 (page N% ) could be
exﬁlained by the rapid formation of a reactive ion pair
species, élthough an increase in absorption would be ex-

pected whereas a decrease 1is found.

CoensCO, ]* + OH" ———3 [Coen,C0, 1", 00"
[‘oenz 3] fast 273

[Coen2003]+. OH" ———— [Coen,C0,0H]O
slow 2773
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No chande in rate was found when sodium per-
chlorate was replaced by sodium chloride showing that

there are no specific anion effects.

Retention of configuration may be due to attack
on a tetragonal pyramid intermediate. This is unlikely
since the staﬁilisation indﬁced by the formation of an
amido bage results in the trigonal bipyramid intermediate
since the amido nitrogen must be in the same trigonal

plane as the vacant dxg_yg orbital on the cobalt.

\ on
‘///C=o — ? .ou'a
0 . 0-¢=0
ge ‘ °-ﬁ:9
o ©

rolamhon .
An SN2 mechanism with cis attack adjacent to
+the carbonate would also explain the retention of con-

figuration.
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An SNQ'mechanism and trans attack is not prohibited and
would result in the production of both cis isomers and

the trans isomers. Specific attack in a cis position
is likely due to hydrogen bonding between the carbonate

and the solvent water.

b) Carbon-oxycen bond fission

Carbon-oxygen fission has been shown to take

place during the dechelation of the oxalate 1igand.(134)

-C=0
0O - = 0

Several factors favour carbon-oxygen bond fission,
The inductive effect of the carbonyl group renders the
carbon electropositive and thus liable to attack and also
the carbon is more accessible than the cobalt.,  As there

ig no metal ligand bond fission there is no stereo change.

B\Oe !
\CQ/OL
O/ O - CN-:_'O
}e
6]

A limiting rate at high hydroxide concentrations
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is unlikely if the reactign proceeds by hydroxide attack
on carbon giving carbon-oxygen bond fission. The de-
chelation during the acid hydrolysis of the [Co(HH3)4COB]+
has been shown (124) to proceed by cobalt-oxygen bond
fission. It is unlikely that carbon-oxygen bond fission

occurs in the present context,

Conclugsion

The reaction proceeds by a mechanism involving
cobalt-oxygen bond fission. This can either be an 531 CB

or SN2 ion pair mechanism,

Acid Catalysed Path

As stated on page 44 ., the most 1likely stoichio-

metry consists of an equilibrium
+ + 2+ '
[Coen2003) + Hy0 ;::::j[CoenQCOBHJ + Hy0

The actual dechelation takes place by two different pro-
.cesses.

+ + ' 2+
.[CognQCOB] + Hj0 —-——7[Coen2003H30]

[C08n2COBH]2+ - H20 ———-)[COGIIQCOBH.H2012+

or [c3c><ar12(303H]2+ + H30+——7[Coen2003H H30]3+
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Agaln there are the two possibilities for the position of
bond fission. If the reactioh proceeds in a similar
fashion to the acid hydrolysis of the [CO(NH3)40033+ ion

then a cobalt-oxygen bond is broken. (see page A1 ).
: 2+

\

0
X \\\C = CH

\
\

o

In keepiﬁg with other acid hydrolysis processes a slow

enQCo

digssociative process is followed by the rapid addition

vof water,

o) are of the hes vdrolysis

U2

Published results on this reaction
(59)

Previous spectrophotometric measurements

1 Hisher hydroxide con-

were carried out at 30,000 cm."
centrations were used, the final product formed being the
cis [CoenQ(OH)Q]+ ion. The reaction was found to be

first order with respect‘tb hydroxide throughout the tem—
g%?%%éfe;xange studied (371 M to 0.276 I) and the varia-

“

tion of the rate cqnstant with temperature fitted the
Arrhenius equation:
13 e-24,000/11&3

kg = 19 x 10 l.mole,min."l

The reaction was suggested to occur with carbon-oxygen bond

fission,
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Results in the present work

The obsérved first order rate constants at
19,230 em.”T do not show a first order dependency on
the hydroxide concentration except over a very limited
range, graph 9, page 11% . A neutral rate was obtain-
ed, With incréasing base concentration a first order
rate was very sooh superseded by a rate independent of
hydroxide concentrat ion. — (0.167 N at 53°). 1In all
cases the cis/trans equilibrium mixture of the product
ion, [Coenz(OH)2]+, was obtained.,

-

In the previous measurements at 30,000 Cm.'l a

first order rate was found. Reactions carried out

under identical conditions at 19,230 em. and 30,000 em. ™t

~confirmed that the measured rate is dependent on the wave-

length. " The rate measured at 30,000 cm.'l was consider-

ably slower than that measured at 19,230 em, "t

(59)

, &8 has

been found previously.

The reaction path previously postulated by
(59)

Farago will be operative and be the dominant reaction
path at high base concentrations. At low base concen-
trations other species will be present in solution which

cannot be detected spectrophotometrically but will pro-
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- vide alternative reaction paths. Since there is also
a neutral rate the following reaction paths are po§§1ated

to occur with both carbon-oxygen and cobalt-oxygen bond

fission,

[Coen,C0,081° + H,0 —-f-—)[CoenQ(HQO)OH]2+ + 0032"

+ - . T 2+ 2"‘
[CoenzCOBHgo] + OH ___.)[Coena(HgO)Od] + COg

[CbenQOHOCOéHT ¢ OH" — [c°en2(oa)2]'3+ +u0033-

These species oniy differ in the position of the proton.

At low base concentrations it is possible to have
more acidic species and the same reaction paths which are
postulated under acid hydrolysis (page Wty ) are possible
since an intercépt is obtained on the rate axis when the

hydroxide concentration is zero,

oteric course

The rate of loss of optical activity was found
t0 have a different wariation with base than the spectro-

. photometric rates (Graph 12, page 13] ) and also to be .
slightly slower. This favours the reaction path in-

volvine cerbon-oxygen bond fission as this rust necessarily

go with retention of configuration. The activation
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energy was also found to be greater. The rate of loss
of optical activity does not proceed by the same mechanism

as the base hydrolysis. As suggested by Harris (79) it

would appeaf??gzre are a variety of species ptesent which
are racemising, iso%erising and decomposing with sterie
change by various independent reaction paths. The
foilowing reactions, each contributing to the inactive

solution are suggested:

(-)[CoenyC0308]° == (+)[CoenyC050H]°
(-)[Coen2CO3OH]° + OH™ ——— (%) [Coenp(0H) 5]V + 0032-
(-)[CoenyCO30H]? + Hy0 ——— (F)[Coenp(Hp0)0H]" + C03°"

(—.)[Coeng(OI‘I)g]+ &= (+)[Coenp(0H), 1"

Conclusions

At low base concentrations several reaction
paths are responsible for the formation of the cis/trans
equilibrium mixture of the product ion, [Qoeng(QH)2]+.
The rate of loss of optical activity is found to heve a
higher activation enefgy and to be slower than the base
hydrolysis showing that react ions are responsible for

the rate of loss of optical activity which are not
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responsiblé for the formation of the. product ion,

At high base concentration the dominant re-

action path .is first order in hydroxide and involves

carbon-oxygen bond fission.(59)
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3, THE BASE HYDROLYSIS OF THE CIS [Coen20204]+ ION

a) Spectrophotometric measuremonts on the base hydrolysis
of the [Coen-20204]+ ion

Stoichiometry

As in the case of the [Coen2003}+ ion the re-
action was found to take place in two étages, an initial
dechelation of the oxalate ligand followed by ifs com=-
plete removal, Thé cis [Coeng(OH)Q]+ ion isomerises
so that an equilibrium mixture of the cis and trans

~isomers is formed.
[Coen2C204]+ + OH- —— [Coen202O4OH]°
[Coen,C,0,0H]® + OB™ — cis[Coen,(0H),]* + 02042'

cis[Coen2(OH)2]+c::j‘trans[Coeng(OH)2]+,

At low temperatures the last two reactions are insepa-

rable,

General method of measurement

A similar method was used as in the case of the
[Coen2003]+ ion. The base concentrations employed

were higher rising to a maximum of 3.4 N, The ionic
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lstrength was kept constant with sodium chloride at

3.4 K, Sodium nitréte and sodium dithionate were
both tried and found to have an inhibiting effect on
the reaction, Graph 13 shows the spectrophotometric

changes which occur during the reaction,

Termperature control

For temperatures above 20° the same method ﬁas
used as for the [Coen2003]+ ion, Below 20° 5 methanol
thermostat was used with a heat exchanger filled with
“drikold) At temperatuies below 5° nitrogen was passed
throush the cell compartment to prevent condensation.

resebion
PMrst stace of the i3

[Coan20204]+‘+ OH™ ———y [Coen202040H]°

This 1is choracterised by an increase in absorp-

+ion around 30,000 em,~t

This increase is slight,

he production of the maximum optical density being

mich faster than for [Coen2C03]+ ion. Graph 14 shows
the changes in optieal density over the first ten minutes
of the reaction. at 33,000 eme™L at various temperatures.
The rate constants were calculated by the Guggenheim

method (page W5 ) using the changes in optical den-

sity at 33,000 em, "1 Graph 15 shows a sample
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Guggenheim plot.-l In general the errors present in the
rate constants givén in Table \L. are largely due to
the small fast changes in optical density, the range of
the values obtained being given.

At 3.33 N sodium hydroxide the variation in
rate constant with temperature fits the Arrhenius
equation :-.

dy = 102 x 1013 o -17,700/RT _, -1

12 _-17,700/RT 1

ky, = 3¢6 x 10 1.mole min.,”

Second stace of the reaction

[COen20204OH]° + OHT —— cis[Coen2(OH)2]+ + 02042“

cis[CoenQ(OH)2]+;————q'trans[CoenQ(OH)2]+

This is characterised by a decrease in»&bsorp-
tion sround 33,000 em.~1 and isosbestic points at 26,600,

22,250 and 19,200 cm."T

The products of the reaction (either the cis or
cis/trans dihydroxo ions) vary with the reaction condi-
-tions used. The measured extinction coefficients are

shown in Table 13 _(9@%% R}).
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' TABLE 1.

Observed first order rate constants and second order rate

constants for the first stagze of the hydrolysis of the
'[Cden20204]+ ion

Temperaturebﬂ NaOH k[l] obs. k2(%5)
o¢ . N min, "t moeg tmin, "t
25.0 *3.398 1.511 - 1.241 0-321

2.667 0+965 - 0702 0+313

20.0 13.333 04635 - 0588 0.184
2.667 0.293 - 0.257 0136

10.0 34333 0.283 - 0215 0+075
2.667 0.215 - 0+185 0+075

8.0 3.333 0.223 - 0.186 0:062
3.000 0.149 - 04130 |  0+047

a3 24667 0.058 - 0.052 0.021
4+0 3.333 | 0.129 - 0.116 0.037
2.667 0+113 - 0.073 04035

2.000 0.034 - 0:030 0+016




TABLE 1}

Extinction cdefficients for

Ib].

the [Coen20204]+, cis

[CoenQ(O.H)g]+ and cis/trans

equilibrium [Coenz(OH)2]+ ions

the litersture values.

Bjerrum and Rasmussen

Wave~ | Wave- Ixtinction Coefficients
numgfr' length [Coen20204]+ cis[Coen2(0H)2]+ cis/trans .
Clle mrx, . [Coeng(OH)z]
33,000 | 303 115 50 44
20,000 | 5C0 113 85 65
The values obtained at 20,000 cm.'l agree with
(21) (21)

found that the values for the cis/trans equilibrium in

the near ultraviolet are too high which is probably due

40 small amounts of ultraviolet absorbing biproducts.

Because of this the experimentally obtained final extinc-

tion coefficients were used throughout the calculations.

First order rate constants were calculated in the same

way used for the [Coen2CO3]+ ion, page I} .
ghows one of the first order rate plots.

stants found are shown in Table I} .

Graph 16

The rate con-

The table also

ghows whether the product consists of the cis isomer or

the equilibrium mixture of the cis and trans isomers,

© The nature of the p

roducts depends on the relative rate
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of the loss of oxalate compareé to the cis/trans isomeri-
sation rate. The rate of loss of oxalate is dependent
‘on the base concentration whereas the isomerisation is
independent. Therefore cis/trans equilibrium mixtures
are obtained when the rate of loss of oxalate is slow,
i.e. at low terperatures aﬁd base concentrations. At
high temperatures and base concentrations the cis iso-
mer is obtained. This is illustrated in the Arrhenius
plots shown in Graph 17. The activation energy is
independent of the base céncentration above 1N NaOH with-
in the eXpérimental limits and has a value of 153 k.
cals/mole. The variation of the first order rate con-
" stant with temperature fits the Arrhenius equation

Ky = 274 x 10711 ¢ 15:300/RT 4y -1

The Arrhenius plot for the isomerisation of the
[CoenQ(OH)2]+ ion is also shown. This has a higher
activation enefgy, about 30 k. cals/mole. With in-
crease in temperature'the rate of the isomerisation be-
" comes faster than the rate of loss of oxalate as has
been qualitatively predicted. Thus at 5990 and 1.0N
sodium hydroxide the rate of production of cis
[CoenQ(OH)2]+ is the same as the rate of the cis/trans

isomerisation.
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Observed first order rate constants for the second stage

of the hydrolysis of the [Coen2(0204)]+ ion in water

Complex conc. = 1.4 m.mole litre™!

approximately for
all runs,

Temperature NaOH k[l] obs. Isomeric composition
°¢ N " min. -1 of [Coeng(OH)2]+
product ion.
~ 72.0 3-000 1-640 cis
24333 1.060 "
1.667 0.630 "
1.333  0-515 "
1-000 , 0°349 "
0.400 0+156 "
0.333 0.115 "
0.200 0.069 "
0.100 0.032 "
580 3.287 0+696 cis
2+630 0-449 "
1.973 0.294 "
1.315 0179 "
0.658 . 0.086 cis/trans
0+06€ - 0-011 "
4845 3330 0434 cis
2667 0.207 "
2.000 0.128 "
1.333 0.049 "
1000 . 0-031 "
0.0€7 0.012 cis/trans

[contimed over ]



0.

TABLE 4 - continued
Temperature NalH k[l] obs. Isomeric composition
(o] +
C N min, -1 of [Coen,(0H),]
product ion
39.8 3.448 0.273 ¢is/trans
3.103 0+199 "
2759 0.148 "
24414 0.101 "
2.069 0+067 "
1.724 0.043 "
1.303 0-022 "
2540 3.398 0.078 cis/trans
3.059 0-053 "
2.719 0.039 "
24379 0-028 "
2.069 0.020 "
1.400° 0+009 "
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The reaction was a&lso found to be independent

of the presence of sodium chloride and sodium oxalate,

These rate constants are shown in Table 1§ .

TABLE \§S

Rate constants for the second stage of the react ion

Temperature = 58.2° C

Complex Conce = 5.62 m.mole litre'l
NalH - NeCl Na20204 Rate-l
N N . min,
267 067 absent 0546
267 - absent 0.558
267 067 present 0558

D20 as solvent instead of HQO.

The rate constants were also

neasured using

The rates were found

to be unaffeoted’by change in solvent and are shown in

Table |b

.. Graph 18 shows the change in the observ-

ed rate constant both in H,0 and DgO with hydroxide con-

centration,
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TABLE |b.

Obzerved first order rate constants for tve second stare
of the hydrolysis of the [Coen20204]+ ion in deuterium

oxide solvent resulting in the production of the cis/
trans equilibrium mixture of the [Coen2(QH)2]+

Compléx conc, = le¢4 m,mole litre’l aporoximately for all runs

Temperature NaCH | k[l] obs
oc N min, "1
39-8 3-325 0278
2+993 0.189
2.660 0129
1.994 c.062
1.329 0.022
250 3.165 0.060
2939 0-04€
2.532 - 0030
1-899 0-014
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b) The rate of loss of optical activity occurring during

base hydrolysis

otoichiometry

The rate of loss of optical ectivity was found
to take place in one stage. This was due to the com-

plete removal of the oxalate from the complex.

[Coenzczo:/:]“’ + 0" ——) [Coenz(OH)g}"' + 02042’
Under the experimental conditions used the cis/trans
equilibr ium mixture of the [Coeng(OH)ZJ+ ions was always
formed., No initial mutarotation was observed.
Spectrophotometrically the initial ring opening has
been shown to be rapid but should be observatrle at

low témperatures. The lack of mutaroctation may be
due to the rotation of the [Coen20204]+ being qualita-
tively similer to that of other cobalt III complexes
whereas for the [COen2003]+.the rotation is much larger.
This. is shown on page 33 Any initial mutarota-

tion will be ruch smaller.

Resul

The rate of racemisation was measured at
various temperstures and base concentrations in a

similer way as described for the [Coen2003]+ ion.
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Graph 19 shows a sampler.ate plot and Table \] gives
the rate constants. The ionic strength was kept con-
stant at 4N. The base concentration could not be taken
as high as in the spectrophotometric measurements as the

base would corrode the polarimeter tube.

The activation energy was shown to vary with
the base concentrations as shown in graph 20. This
varirtion together with the probability factors is

shown in Table 1% : -
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TABLE |1

Obgerved first order rate conctants for the loss of optical
activity sccompanyine the base hvdrolvsis of the (-)

[Coen2(0204)]+ ion resulting in the formation of the cis/

~trans equilibrium mixture of the [Coeng(OH)2]+ ion

Temperature NaOH Céomplex conc. k[l] obs.
o¢c N m.mole litre™t min, "1
7401 0.500 2.05 2.53 x 1071

0250 1-99 1.04 x 1071

0.125 2.01 4.73 x 107°

£R.8 0. 500 1.88 3.24 x 107°
0-250 2.13 1.25 x 1072

0.125 2.04 5.38 x 1073

490 1.000 2.05 2.92 x 1072
0-500 2.04 9.31 x 1073

0+250 2.25 3.38 x 1073

38+6 0+500 2-18 2.57 x 1073
 0.250 1-78 7.93 = 1074

0125 1-98 2.40 x 1074

24.9 0+500 2.05 5.76 x 10~4
| 0+250 178 1.20 x 10-4
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TABLE 18.

Voristion in 2ctivation enerpy with base concentration
for the rate of loss of optical activity durine the base
hydrolysis of the [Coen20204]+ ion

Ta0H Activation Energy | Probability
N k. cals/mole factor
0+500 | 007 3.8 x 1014
0+250 277 2.2 x 1046
0125 ' 30-8 1.4 x 1018

The variation of rate with terperature pre-

viously found fits the Arrhenius equation:-

ky = 6.5 x 1019 o-38,000/RT -1 (134)

1 mole sece.

¢) Spectropolarimetric measurements

The majori‘cy of thepolarimetry was carried crutl
at 436 mpm . The reaction was also follqwed at 365,
405, 546 and 578 mu  and the rate was found to be inde-
pendent of the wavelength used.

The change in the.bptical rotatory dispersion .
curve was also measured during the course of the re-

action,.
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Method

Cis (-) [Coen20204}1 was dissolved in standard
sodium hydroxide which was placed in.a thermostatted
water bath, At intervals samples were withdrawn and
the reaction quenched by running into standard hydrb-
chloric acid. The formation of the diaguo complex
proceeds with full retention df configuration and is
also optically stable.(SS) The samples were frozen
ih'Hrikold"and_later unfrozen in order for the optical
rotatory dispersion curves to be measured. These are

. shown in graph 21.
The molar rotation, [¢], is given by

[¢] = deflexion X molar concentration x instru-
mental constant

100

and the amplitude, a, by

(min.[¢] + max, [§])
) 100

8 =

The first-order rate constant was evaluated graphically

from

2 t

where t is the'time for the measured amplitude. This

is showm in:graph 22,
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Result

Temperature = 48.5° C

[Coen,C,0,]1 = 481 m.mole litre’l
27274

Hydroxide conc. = 0794 N

Reaction rate = 178 x 10~2 min~1

This is of the order of the predicted rate from the

polarimetric rate constants.

Discussion

1., The nature of the [Coen20204]+ ion in aqueous solution

« The nature of the ion [Coen20204]+ in agueous
solution has been less thoroughly studied than in the
case of [Coen2003]+-and the only evidence for the open
ring'fofﬁ comes from studies on the [00(0204)3]3' ion.

(108)

llcCaffery and Mason showed from circular dichroism

measurements that in solution the ion exists partly in

the form co—o
/
to
\
o\ l OWco?_u
oC ~c -0

)
The fully chelated ion has D3 symmetry while in the open

ring form the symmetry has been reduced to C2. Due to
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this décrease in syrmetry a 02 complex may have two or
three circular dichroism bands in the higher energy
ligand field apsorptionvbénd‘whereas a D3 complex can
only give one. The ion which is represented formally
by the formula [Co(C204)3]3' is found to give two circu-

lar dichroism bands.:

Gillard, Grzham and Fenn (60) assign the same
open ring form from studies on the pert played by water
in the crystal 1attiée. Ihey deduced from infrared
and thermogravimetric measurements that some of the water
of crystalliéation was involved in the first coordination
sphere.  The ion was found not to be isporphous with
the trisoxalates of aluminium, vanadium,iron, or chromium,
these latter trisoxaletes have been shown to have a tris-
bilentate form from X-ray studies. The cobalt (III)
trisoxalate ion is isomorphous with the rhodium tris-
oxalate whichy, from nuclear magnetic resonance studies (123)

on the potassium salt has been given the forrula :-
1{6[Rh(0204)3 ][R11(0204)2(HC204)(OH) Jem,0.

The evidence for the trisoxalate ion may not be
relevant to t“e ronooxalatebisethylenediaminecobalt III
-ion, Tatle V4 cormperes some of the proverties of the

A relevant corplexes.
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TARLE 9.
Comporison of some properties of the ions, [Coen3]3+,
+ - -
[Coen20204] ,[Coen (0204)2] and [00(0204)3]3

Formal rep- |[Coen Pt [Coen,C.0, ]t [Coen,(C.0,).]T[Co(C0,).]>"
prosantas 3 2274 |[LYOSTRito/2 2°473
tion of ion
Stabilif¥ ) Stable Stable after | Stable Light sensi-
in acid\77 boiling for tive decom-
1 hr.1l acid position
Stability |Ion pair Slow substi- | Slow subst- Decomposition
in base formar17) tution itution
: tion, ‘
substitu-
tion ahove
709 (61)
Racemisation |No race- No racemisa- | ty = 75 hr, t% = 66 mins.
in aqueous [misation |tion after 2 a0 o
solution after 1 15 days at 189 at 99 at 37.5
, (17) |aay =t 90
Water of (NOB)g Br~ salt Na't salt K; salt (€0)
S fnone. . [Po0e s
Cl3 )

Circuler dichroism considerations are inappli-

cable to the mixed ligand complexes since the syrmetry !

is initially reduced bhelow D3,

It would sppear that there is a stabilising

factor due to t*e non-reacting ligand.
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From the cur;ent kinetic measurements the open ring non-
chelated form of the oxalate ligand in neutral solution
is unlikely since there is no rate for the reaction in
neutral solution. Further the bromide salt crystal-
lises with no water of crystallisation, unlike the
[00(0204)3]3' ion where the water of crystallisation is
thought to play an integral part in the first éoordina-

tion sphere.

Previous work on the base hydrolysis of the [Coen20204]+

ion

Sheel, Meloon and Harris (134) studied the re-
action at 71°. They found that the rate of loss of
opticél activity, decqmposition and oxalate exchange
reactions all have identical second order kinetics fitted
by the rate law: ‘ |

R = k ([CoenyC,0,1") (0H7)
They suggested that the rate determining step was the de-
chelation of the oxalate ligard with subsequent rapid
steps resulting in the formation of a cis/trans equili-
brium mixture of”the dihydroxy species. The dechelstion

takes plezce by carbon-oxygen bond fission and the complete

removal of oxalate by cobalt-oxygen bonl fission (page 91 ).
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FPirst stace of the reaction
+ _ ,
[Coen20204] + OH® —— [Coen20204OH]°

‘Within the experimental limitations, the re-
action is found to be first order: in hydroxide follow-

ing the rate equation:

af constant complex conéentration. It has been
suggested previ&usly that fhe dechelation takes placé
with eerbon-oxygen bond fission. . An Sy2 mechanism is
proposed with attack by the hydroxyl group on the cerbon,
As in the case of the carbonato complex this mechanism is
favoured both by the accessibility of the carbon relative
to the cobalt and byi?%ductive‘effect of the carbonyl

group rendering the carbon electropositive.

OH
, [ o :
gnQCo :} -——————aenQCq\ —TQ;T_’en2C° l 0

0-C=0 0-C=0 0 -C= 0

~

A slow rate determining addition is followed by rapid

carbon oxygen bond fission,.

No measurable change in the optical rotation

was observed durirg the dechelation process showing

that there is comrlete retention of configuration,
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agreeing with the proposed carbon-oxygen bond fission
since, there being no bond fission at the asymmetric
cobalt centre, there can be .no steric change. Heaction
paths resulting in formatlon of (I )[Coen202 4OH]° and

trans[Coen 2Q4OH] are inoperable.

This is contrasted to the analogous carbonato
- dechelat ion reaction which is postulated to proceed with
B éobalt-oxygen bond‘fission; the rate reaching a maximm
at high hydroi{de which does not occur in the oxalato
case, Both the dechelation processes procéed with
retention of configuration., The difference in mecha-
nism is due to th; relative lack of steric strain in the
, > membered oxaslato chelete ring compared to the four-
membered carbonato ring. Also the stronger acid pro-
perties of the oxalato group render the carbon of the

oxalate group moré susceptible to attack.

It has not been found possible to support the
hﬁpoﬁhesis that this is the rate determining step in
the reéction sequence. Indeed 2t T1° it can be consider-
ed asZ;apid pre-rate determining step, the rate at this
temperature being completely due to the rate of loss of

oxalate.
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Second stege of the reaction

The rate of the reaction measured spectrophoto-
metrically was found to be the same as the rate of loss
of optical activity. With increase in base concentra-
tion the activation energy becomes less and reaches a
limiting value of 15.3 kcals/mole at 1N sod ium hydroxide.
The activation energy at 0.5 N NaOH was found to be the
same whether measure& spectrophotometrically or polari-

metrieally, i.e. 22.7 k.cals/mole,

Kinetic form

A first order kinetic plot is not found except
at 72° with hase concentrations less than 2X, In this
region the second order kinetics are the same as found

by Sheel et.al.(134)

The deviations from a standard first order rate
- plot may be due to the very high hydroxide concemtrations
employed,since at concentrations greater than 11M,the
basicity of the solution increases more rapidly than the
stoichiometric concentration of base. The concept of

the scidity function in strongly basic acueous solution -
. (126) g

has recently been reviewed by Rochester.

the 2cidity function for a given basic solution is the
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measure of the ability of that solution to abstract a
proton from an electrically neutral weakly acidic mole-
cule,

SH + OH &—/——— 5" + H,0
[s7]
[sH]

2

B_ = pKgy + logq,

"~ where pKy; = acid ionisation constant for SH. [sH] and
[S’] are the concentrations of the acid andAits conjugate
base respectivély. The H_ scale has been established
for aqueous sodium hydroxide by Schwarzenbach and
Sulzbergez;,(lﬁ) at 20° assuming H = 14 when [NaOH] -
1M, The velues they obtained are shown in Table 20 ,
These measurements are not generally applicable et any
temperature due to the change in the ionisation constant
-~ of water with temperature. |

H_ = pK, + loélo [oH™] + logqg —fgﬂ;fm{:—

O
aW

where f de;otes activity coefficient and a activity.
Below 1 M NaOH the last term approximates to zero giving
the 'fideal" expression of H_. The value of pK, +
logyo [WaOH] at 20° and 58° are shown in Table 20

i



1q%.

TABLE 0.

Experimental and "Ideal"” H_ values for sodium hydroxide

[NadH] pkw+1oglo[NaOH] pKw+loglo[NaOH] H_
M. 58° | 20° 20°
1 13.03(ref 75) = 1417 1400
2 13.33 14.47 14.36
3 13.51  14.65 1464
4 13.63 14.77 14.93

The ideal values of H_ at both 20° ang 58° change more
slowly than the experimental values at 20°. In the
absence of cny information about the variation with
alkali concentration and témpérature of.the solute acti-
vity coefficients fSH and fs- and any experimental
values other than temperatures the experimental scale

et 20° was used.

If the reaction is considered to go by the mecha-
nism:
SH + 0" ———— 87 + Hy0
where [S7] { [su]

k!
87 —————y products
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for vhich the experimental rate constant, kobs’ is
given by

kobs

= - (1/[3]) (a[sH]/at) ,
- w ([s"VsE]) (£5-/2%) (2)
where "'.‘*’che transition state.

: ¥
Agsuming fou/f" = fo/f-
and by combining (1) and (2)
logyg = logygk' XKgp + H_
If this theory is operational a plot of loglokobs should

be a linear function of H_ with unit slope.

Graphs 23 and 24 show the plots of H_ against
1Og10kobs at the various experimental temperatures. At
72° ang 58° s%%éght line graphs with unit gradient are
obtained.  The theory is valid, the reaction proceeds

by an 5S4l CB mechanism,
o _  rapid
[Coen20204OH] + OH™ ——=2[Coen( en-H)0204OH]‘+H20

0,2~

slow
- [Coen(en-H)C,0,08]" — [Coen(en-H)0H]" + C,0,

[Coen(en-H)OH]" + H,0 '-'—)[Coeng( 0x) 5 N

Additional evidence is found by the independence:
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of rate on the presence of excess oxalate. It has also
previously been suggested that the reaction proceeds by

cobalt-oxygen fisSion.(134)

However at the lower experimental temperatures

although graphs of H_ against loglo oﬁs give lineer
plots, the gradient of these plots are no longer uaity.

These are shown in Table L) {

TABLE 1),

‘Variation qf gredient of graph logyq ko 28ainst H

Temperature °C Gredient
4805 1'52
39.8 164
25.0 l1.52

A simple Syl CB mechanism cannot provide a complete mecha-
nistic view. Further if an Syl CB rechanism was exclusi-
' vely operating at these temperatures a change in rate

would te predicted on changing the solvent from water to

The rates of both acid and base

<deuterium oxide.
(18) 4p

hydrolysis of the [CO(NH3)501]+ ion are slower

D50 than in H,O, By analogy to the effect of deuteration
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)

on the base hydrolysis of diacetone alcchol the reaction
would be expected to go faster if a pre-equilibrium pro-
ton transfer was imvolved. Since the ion,[Co(NH3)501]+
is only wezkly acidic there is probably a large isotope
effect on its acid ibnisation constant as on the ionic
product of water and consequently the deut erated system

will react more slowly,

. No solvent isotope effect was found at 25% and
39-8o and, togéther with the non-unit gradient of the

graph loglok against H_, shows that there is some

obs
other reaction path not involving a deprotonstion equili-
brium available for the decorposition, EFurther, the
reaction products are the cis/trans equilibrium mixture

of the [CoenQ(OH)2]+ ion.,

A reaction pafh proceeding hy a mechanism involv-
ing higher order with respect to hydroxide is pbstulated.
Plots of the observed raﬁe consténts against the square of
the hydroxide are shown in graph 25. = At low coneentra-'
tions these greophs are seen to be linear whilst at high -
concentrations the deperture from linearity may be due
to the basicity increasing more quickly than the stoichio-

- metric concentration of base rather than to the presence
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of any other;reaction path.

_ An assisted substitution is postulsted whereby
hydroxide attack occurs syncm'onmsly at the cobalt with
- hydroxide addition to the carbon non-bonded to the cobalt,

The associative attack is eased due to the formation of

. the‘tetrahedral carbon on the original planar oxalste
carbon, Once the transition state has been reached
the final dissociation takes place rapidly. The initial
direct ion of the hydroxide sttack at the cobalt has not
yet been defined.

The order of the reaction with respect to
hydroxide was found from the gradient of the graph
loglo[NaOH] against logygpky obs. These are shown in
Table A1,
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" 7ABLE L.

Veriation in hydroxide order with temperature for the re-
action stoichiometrically represented as[Coen20204OH}° + OH™

—_— [Coen2(05)2]+ + CLO:

Tem?erature % Order
T2+0 1-07
580 A 1.10
4845 1.58
39.8 ‘ 253
25+0 2+23

A maximum order is reached st 38.8° showing that
the reaction is proceeding byu;mechanism/ggﬁgt order-and
second order in hydroxide. At 48+5° the first order re-
action peth is becoming dominant whilst at 72° it is the-
only significant reaction path. If the Arrhenius para-
metérs for the two processes are similar, the reaction

second order in hydroxide would be dominant at high base

concentration which was not found. The activation

energies must be of equivalent values since straight line .

Arrhenius plots were obtained and it was impossible to
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separate the rate constants~for the t wo processes. The
decrease in importance of the second order reaction path
with temperéture rust be due to a large probability
factor relative to the first order reaction path, As a
trimolecular process is postulatéd it is very likely that
the probabitity factor is extremely high,. It can be seen
0o increase with decregging base concentration, (Table'l%

page 1%0),

vteriec course of the reaction

'Sheei et al (134)-found that the base hydrolysis
occurred at the same rate as the loss of optical activity'mn&
suggested. - © thet thé two processes proceed by identi-
cal mechanisms. . They postulated the rate determining

step to be the initial dechelation.

In tﬂe present work it was found that the rate
of base hydrolysis ‘of the intermediate [Coen20204OH]°
containing the non-chelated oxalate group proceeded at
the sare rate as the rate of %oss of optical activity.
At high temperatures the racemic cis (t)[Coeng(OH)Q]+

ion ig formed.

_ .
cis(-)[Coen20204OH]° + 0H ——————-cis(t)[Coeng(OH)2]+-+Clq*

he rates are the same, therefore the rates of
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isomerisation and racemisation of the intermediate ion,
[Coen20204]° mist be slow compared to the decorposition

rate,

cis(-)[qun2C204OH]° === cis(+)[Coen,C,0,0H]°
cis[Coen20204OH]°E——————é trans[Coen20204OH]°

These have been shown to te slow in the case of the

(130)

carbonato ion,

At low temperatures the production of the
trans[Coenz(OH)2]+ ion also occurs which can be formed
either by the isomerisstion of the cis product ion or

by‘direct substitution into the intermediate, [Coen2C204OH]°.
cis[Coenz(OH)2]+ ;:::::::3trans{Coenz(OH)2]+

cis(~)[Coen,C,0,0H1% + OH™—— trans[Coeny(OH) 5 1% + 0"

As a second reaction path has been shown to be

present at low temperatures the second reaction occurs

in conjunction with the first.

The Syl CB mechanism

The formation of a trigonal bipyramid is
necessarily accompaniéd by loss of optical activitye.

There are two possible intermediates -
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(1)-gY , ;“ +H,0 1
(2)-c204 o —) (+) ois
2 2,3
3
(o]}
A
(1)-m* oM

¢, : ,
St -
(+) eis — L ——) 1,3 (+) cis

*H20" 53 (1) cis
B

Basolo and Pearson (118) have analysed the stereoisomeric
products from both the cis and trans isomers of complexes
of the type [CoenQOHX]+ and concluded that 50% of B is
formed when L = C1~ and 60% when I = Br~. Since the
oxalate group is larger than both the chloride and bro-
nide ions these percentages may not be relevant but sug-

gest that there will be some formation of B.

Chan and Tobe (40) suggest that as the hydroxide
is capable of donéting a second pair of electrons to the
cobalt when in the trigonal plane; intermediate A is so

mich more stable than B that the latter can be ignored.

In this reaction there is demonstrably racemic

cis and no trans isomers formed. The production of some
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intermediate B seems more likely. Tobe and Chan (40)
discuss the orienting effeét of the leaving group, The
leaving group influences -the direction of attack of the
iﬁcoming ligand thereby directing the steriec course.
As well as the hydioxide group, the leaving oxalate group
is also capable of donating electrons to the cobalt when
in the trigonal plane and so will depart fromthe trigonal
plane, the position from which iﬁ ' 1eav¢sf;b§i55
sterically hindered. However the dipolar character of
he inCOming water results in its orientation bhetween the
departing oxalate and the imino nitrogen. = The inter-
mediates are considered in conjunction with their emwiron-
ment, (the two poésible positiohs of the oxalate ort shown

in each case):

G- e
Nu bR
,“0\“S.§ 1,2 (+) CiS
. 2,3 (+) eis (if imino
3 oy ——y 23 1)
» nitrogen considered to
cprg“ A be at position 3).

OH

- 1

\? ‘,3 (4’) Q..is
1,3 (_") Q.ls
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In intermediste A,attack in the 1,3 position will be
further hindered due to the relative crowding of the
ethylenediamine rings. The intermediates form: the

observed racemic cis (i)[CoenZ(OH)2}+.

Sterie course of reaction path second order in hydroxide

The feaction peth second order in hydroxide is
considered as an associative mechanism while not neces-
serily implying the equivalen% importance of bond making
and bond breaking in the transition state. The steric
course isvconsidered‘on the basis of a seven coordinate.
interrediate. Hydﬁoxide attack.adjacent to the oxalate’
is unlikely due to thé bulk§'nature of the oxalate, and
the high conoentratién of negative‘charge. Only trans

attack is envisaged.
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- oxalate
trans
20H s o ———— trans
trans 4,5 7 ew - Oxalate
O-Q-c’\o“e
) \
6 D0H" o 4O
tran :
1.4 o —— inversion
’ 60-c - oxalate
-¢
. u | ~e®
' : 0 0O

ou

This reaction path is only significant at low temperatures
where the production of racermic cis and trans[Coeng(OH)2]+
ions occurs. The presence of all three intermediates M
accounts for the observed hydrolysis teing the same as

the rate of loss of optical activity.
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4, THE BASE HYDROLYSIS OF THE [Cophen2X]+ ION

X = 0032’, 02042‘, mal, CB.

a) [Cophen,X]C1, X = C,0,", mal, CB

In al1 tthq cases the complexes decomboée in
the presence of base with the formation of black cobalt
oxide, CoO(OH), The speed of decomposition depénds
on the base concentration.  For a 0.5 N base strength,
decomposition is instantaneous for the [Cophenzmal]él
complex and complete in about 10 minutes for the
[Cophench]El complex, Both these complex ions
are stable in neutral aqueous solution. Graph 1L
shows the visible absorption spectrum for the [Cophen2CB]Cl

complex,

Although the [Cophen20204]51 complex is stable -
in neutral solution in the absence of light, it decom-
poses in light both in the solid state and in aqueous
solution, A cobalt II complex, COphen2012, is formed

~ which is an insoluble flesh coloured powder.

b) [CophenZCOB]Cl

This complex is unaffected by light and stable
in the 's0lid state. It is also stable in aqueous
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solution insofar as its absorption spectrum does not

change over a period of days at room temperature.

Stoichiometry

Slow substitution takes place with the forma-
tion of the [COpheng(OH)2]+ ion,.

[c°phen2003]+ + 208" = [Cophen,(OH),]" + 0032'

At 520 m (19,230 em.”l) the initial extinction coeffi-
cient 1s 114-8 and the final extinction coefficient is
T9.5. The extinction coefficients are the same as those
-given by Ablov and Palade (1,3) for the [Cophen?C03]2+

~ and [CophenZ(OH)zl+ ions respectively.

Method

¢

The same general method was used as in the
cases of the [Coen2003]+ and [Coen20204]+ complex ions.
‘Initially the spectrum between 15,000 and 30,000 em, "t
(667 end 333 mn) was measured at room temperature at
various reaction time intervals as shown on graphs ﬂ
and 1% . The changes which occur are cheracter-
ised by isosbestic points at 18,200, 22,200 and

28,400 om, "L The actual rates were m easured at

19,230 em.”t
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In some cases sodium chloride was used to
maintain the ionic strength. Sodium perchlorate
could not be used as its presence resulted in the

immediate formation of a flesh coloured precipitate.
Regults

Graph 19 show the observed changes of opticel
density accompanying the base hydrolysis at 19,230 em.~T
Characteristic of this is the initial lack of change
of optical density over the first 1 to 5 minutes of
reaction time at both low ionic strength and hydroxide
concentration, The rate constants were evaluated in
the same manner as for the [Coen2003j+ ion described
on page \13 . Graph 30 shows an example of a first
order rate plot. The initial lack of linearity corre-
sponds to the initial lack of change in optical density.
Table 13 gives the observed first order rate constants,

and the length of time of the initial lack of change of
optical density.

If the temperature or concentration is put up,
then decomposition sets in, for example with a 0+167 N

basic solution decomposition sets in at 65° and for a
0.20 N solution at 50°. The result of cutting the

hydroxide concentration to half the complex concentra-
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TABLE 1%

5.

OBSERVED FIRST ORDER RATE CONSTANTS FOR THE HYDROLYSIS

OF THE [Copheﬁ2003]+ ION

0.172

Temper |[Time Toniec [NaCl] [NaOH] Complex ki obs
-ature |length gstrength Conc, ¢
o¢c :{aini- N N ¢ N m.mole min."1
-1
const- litre
ant op-
tical
density
min,
- 35.5 2 0167 - 0.167 6.72 0.128
: 2 0167 - 0167 | 4.70 0.125
3 0.133 - 0.133 6.72 0.133
4 0.133 - 0.133 571 0.166
3 0.100 - 0.100 4.51 0.091
5 0.100 - 0-100 4.17 0.085%
2 0167 0067 0100 549 0115
1 0167 @067 0100 8.19 0137
4 0167 0034 0.133 3.31 0089
24.5 0 0.267 - 0.267 4449 0101
" n n L " 0.105 .
0 0267 0.133 0.133 3.59 0-.179
" " n " . ; n 0.179
0 0.267 0.200 0.067 3.95 0.172
] n ] ” L] ’
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tion results on no observable reaction except a very

slow decomposition.

Discussion

1,10 phenanthroline forms stable complexes
with many metals. These hove been reviewed by
Brandt et al., (%%) 1,10 phenanthroline is a planar
rigid aromatic molecule in which the nitrogen atoms
are easily coordinated to a metel with little internal

bond distortion,

Z;;N N;;:

It is a weak base and the complexes are unexpectedly
stable from consideration of the N - N distance which

is 2-88.2 whereas the intermolecular radii of the
nitrogen atoms is 3.14 X. This stability;has been |
rationalised by Burstall and Nyholm (%Q)by‘analogy with
diarsine complexes. They suggested that the stability
was due to the production of partial double bonds between
thé metal and the nitrogen resulting in'tbe formation of

"résonance hybrids;
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Therefore it has been suggested thaf electron attract-

- ing substituents, such as a nitro group, attached to the
para carbon atom where the hegative charge is located

- would further stabilise the complex by increasing the
degree of double bonding.

From infra red studies on i ‘ [Fephenz(NCS)z]
and [Fepheng(NCSe)Q] 1t has been shown (9%)that strong
back T bonding from the iron to the nitrogen on the
phenanthroline occurs only in the 1A1 ground state and
not in the °T, state. Since practically all Co III
corplexes exist on the lAl ground state the assumption

of a strong back T bonding is valid for these complexes.
| [aiso see page 13] 1. |

In generel, metal complexes of a high oxidation

state of a metal camot be formed by direct combination

of the ligand and the metal, only by oxidation of the
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corresponding lower oxidation state complex. For iron
complexes the different colours of the two complexes mzke

the reaction suitable for use as a redox indicator.

2+ =8 3+
[Fephen3] ‘ __:3__7[Fephen3l
deep red ~ ~1ight blue
"ferroin" A "ferriin®

In the present work all the complexes were made from the
[Cophen2012]+_ion which itself was made by oxidising
'ﬁith chlorine the Co II complex.

-0 '
‘,[Cophen2012]° —_— [Cophen2012]+

No Co III bisphenanthroline complexes have been
resolved so far,although there is a report of the partial
resolution of the [Cophen3]3+, (page 284 ). Lack of
'suécess in resolving cis [COphén2012]+ can be explained
by the rapid aquation the compound undergoes in aqueous
solution, which would be expected t o be accompanied by
racerisation. Attempts at resolving {Cophen2003]+
lead to the formation of insoluble [Co(II)phen2012]°.

| 1,10 phenanthroline was used as a ligand since
it lacks hydrogen atoms directly bound to the coordin-
ating nitrogen. If the conjugate base mechanism is
in general operative, it is impossibie here, and the
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hydrolysis should therefore be slow and independent of
base concentration. Furthef, since there is no cis/
trans isomerisation, [but see pages 24L1-151 ] the cis
[Cophen,(0H),]" fon will be formed solely,unlike the

ethylenediamine system where an equilibrium mixtﬁre of

the cis and trans isomers is found.

The [Cophen2003]+ ion yielded the cis
[Cophen2(OH)2]* ion on hydrolysis. = Although the
system was not‘exhaustively analysed, the rates obtained
were substantlially independent of the hydroxide concen-
tration in the presence of chlo;ide ion proﬁided the
fonic strength was kept constant, In the ebsence of
.added chloride the reaction went more slowly. There
éppears to be some ion cgtalysis,vwhether of a general

.or specific nature, which has not been investigated.

The complex is stable in aqueous solution as
shown by the lack of change in the visible spectrum
over a period of two days, although it is possible that
some other species with an exactly sirilar spectrum is
being formed. On the additiqn of alkali there is no
immediate change in absorpfibn at 520 mu, but absorp-
tion sterts to decrease after afew minutes. The

jnitial lack of change in absorption spectra could be



LR,

explained by the formation of the hydroxocarbonato
species provided this has the same spectfum as the
carbonato species. By analogy with the bisethylene-
diamine cdﬁplex this is reasonable since the spectral
region where the sbsorption [Coen2003OH] is different
to that of the [Coen2003] ion is, in the phenanthro-
line complex, obscured by the strong change transfer

band of the phenanthroline.

At hicher ionic strengths this initial lack of
change was very much shorter and undetectable when an

ionic strength equivalent to 0.267 N was used .
[c°phen2003]+ + OH"— [Cophen2003(0H)]°
. ! )

. Ihe formation of the cis dihydroxospecies then takes

plade with the removal of the carbonate.
[Cophen,CO5(0H) ]° + 01" —— [Cophen(0H),]" + 0039'
K No rates of the initial dechelation have been
meeasured, although qualitatively the rate appears to
become slower with decrease in ionic strength and
hydroxide concentration.
The rateswhich are quoted (Table 13 , page 2\3)

refer to the complete removal of the carbonate. The‘
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loss of o hydrogen atoms may be responsible for the

rate being little affected by variation in base but
a

this loss does not result inislow rate relative to

the [Coen2003]+ as shown in Table 1§

TABLE‘IH

" RELATIVE RATES FOR THE [Coen2003]+ and [Cophen2003]+ IONS .

[NaOH] Temperature Rate

N % mins, "+
'[Coén2003]+ 0.167 610 0-157
[Cophen2C03]+ 0167 35+5 0+128

Further chloride ion has no accelerating effect on the
ethylenediamine complex, This is most obvious at high
ippic strength measurements (0+267 N) where coﬁparable !
_ measurements were not taken for the ethylenediamine

system.

| Clearly the mechanism of the.bhenaqthroline
éomplex must be different from that of the ethylene-
diamine complex as it was also noted that theArate of
acid hydrolysis is not signifiéantly slower than the
rate of basehydrolysis, the other basiq criterion for

a SNN$ mechanism,
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The substitution in the phenanthroline complex
-may g0 by an electron transfer mechanism, Phenanthro-
line, as well as being a good 6 donor due to the pre-
sence of the sp2 donor orbitals on the nitrogen, can
also fuhction as an electron acceptor due to the pre-
sence of delocalised T orbitals of the aromatic
system, Thus it can stabilise a cobalt II ion,
A cobalt II ion may be forméa as an intermediate and
the reaction can be considered to take place by the

reaction sequence proposed by.Gillard. (page 1% ).

[phenQCoIII(OH)COB]o « OH ;:::::2{thengcoIII(OH)COBJOH}

[

[phenZCoII(OH)(OH.)] + 0032‘ — {then2CoII(OH)COB]OH{}'

l

[phenQCoIII(OH)Q]+
There is fairly good evidence for this mechanism

from a general consideration of phenanthroline complexes.

The critical factor is for the cobalt II complex to,guffi-
ciently stable to allow exchange of ligands between the

inner and outer coordinstion spheres. - Measurements on

2+
the oxidation potential(}!)of the system [Cophens] /
[Cophen3]3+ show that the cobalt II complex is the more
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stable. It has also been shown (ygthat the dissocia-
tion rate of [Cophen3]2+ is very much faster than for
]2;

[Cophen3]3+ since [COphen3 catalyses the exchange

of [COphen3]3+ with uncomplexed carbon 14,

A variatioﬁ on this electron transfer mechanism
which can be considered is a cobalt IT catalysed substi-
tutlon with cobalt II being presemt as an impurity in
catalytic amounts in the original complex. The t wo
mechanismzdo not substantially differ only in the ini-
tial production of cobalt II, A variable amount of
the cataiytic impurity could also account for the erratic
nature found in the results. A cobalt II impurity pro-
viding a catalytic pathway was first suggested (SE) to
account for the exchange of [Cophen3]3+ in neutral solu-
tion. In acid solution there waé no exchange and the
rate ip neutral solution was found to vary with the
sample of complex. Although electron transfer between
ColII and Co III complexes is generally slow it is not so
in this case. The general slowness is explained by
imagining a large environmental change between Co II
and Co III which makes further read justment improbable,
However in the case of phenanthroline the réadju;tmenﬁ
of environment is considerably eased due to the T

electron cloud of the aromatic system. In the absence
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of any Co II ion the exchange reaction of [Cophen3]3+
in neutral solutioﬁ ts slow which 1s unremarkable
since it is a diamagnetic inner orbital complex.
Furthei,no exchénge is observed for [Coen3]3+ with cl4
labelled ethylenediamine whereas in the presence"of.
catalytic amounts of Co II a slow but measurable ex-

change is found.

.This electron transfer mechanism does not explain
fhe observed catalysis by sodium chloride. From the
present evidence it is impossible to say whether this
acceleration is of a specific or general nature, The
chloride ion may stabilise the ion pair complex, decreas-
ing the activaﬁion energy and thereby accelerating the
rate determining electron transfer process. The nature
of this stabilisation is uncertain. Just as chlorine
. may be used to oxidise cobalt II, the chloride may reduce
cobalt III as has been demonstrated (t1) in the case of
trans [Copy4012401. When this is dissolved in water
the following reaction takes place.

trans [00py4012]C1 ————= CoII + py + 012

The cobalt II is unususlly labile, the chloride

ion may be acting in a similar way in this instance,
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On the basis of this electron transfer mecha-
nism it is quite surprising that a 8o III complex is
the final product. " When fhe othet complexes in this
series were examined [Cophen2(0204)]C1; [Cophen,mal]Cl,
[CophenQCBlcl, a black precipitate of cobalt II oxide
were formed. The last two éomplexes differ from the
first in being stable in 1light. The [Cophen,(C,0,)]"
ion rapidly decomposed to form [C0phen2012]°, the
cobalt III being reduced, (l) to the cobalt II by the

oxalate group.

In general'agreen;errt with chelate ring stabi-
1ity,it was shown (\) that the five-membered ring in-
corporating the oxalate group is more stable than the
six-membered ring. The maionate group can be replaced
by nitrite at room temperature by reaction with alkalil
metal nitrite solutions whilst with the oxalato complex
no replacement occurs. Attempts to make the succinato
complex were unsuccessful due to the low stability of

the seven-membered ring.
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5. INFRA RED SPECTRA OF BIS 1,10 PHENANTHROLINE COBALT IIT
COMPLEXES

a) Production of spectra

A1l the spectra were téken by the diécpme%hod
using potassium bromide as a matrix media, The s pectrym
for 1,16 phenanthroline hydrate borresponds ciosely to
the published spectra(ﬁk,l%ﬂ taken in nujol. There-
fore the grinding andvcompression invelved in the pro-
duction of a plate cannot criticallyIChange the nature
of the sample. A further potential inherent aiffi-
culty in the production of a disc is that ion inter-
change with the potassium bromide matrix will take
place. (\Q) In order to reduce this to a minimum the
spéctra were taken immediately the disc had been formed’
and again 20 minutes later.‘ Only in the case of the
[Cophenzmal]01 was any change in the spectrum observed.
In gehefal, ion interchange does not take place. Un-
satisfactory spectra were uniformly obtained using the
milling method; the mulling agents tried were nujol,
hexachlorobutadiene and Kel F no.3. The range of the
spectra (650-5000 em.”1) was governed by the range of
the SP 200 since this was the only instrument on which

it was possible to use dises.
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b) 1,10 Phenanthroline metal complex spectra

Schilt and Taylor were the first authors (131)to
attempt investigations and correlations on the infra red
spectra of several 1,10 phenanthroline metal complexes.
Other papers have more recently appesared CHD on these
'éomplexes but none on bis 1,10 phenanthroline cobalt III

complexes.

4

The vibrational frequencies observed in the
region studied arise exclusively from the ligand part
of the complex, There -have been no syétematic studies
6n the vibratienal ffequencies of 1,10 phenanthroline but
according te Bellanw'ﬁi) many generalisations based on
studies of benzene dérivatives can be applied to hetero-
cyclic aromatic compounds. It has been observed (qu
that although there are considerable differences in the
hydrogen deformation vibrations, the out of plane hydrogen
deformation vibrations appear to be like those of benzene
compounds containing additional substituents. The
normal vibrations of hetero-aromatic compounds have been

divided into twe classes:

" a) thoSe in which the hydrogen atoms move relative to
. the heavy skeleton;
b) those in which each C-H or N-H group moves as a
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unit, Since gsimilar masses are involved, the
substitutieon of N for CH would have little effect

the
on the normal vibrations of;class (b).

In general, if n hydrogen atoms are attached to a planaxr
ring, there will be 3n CH type modes and in each- group
the n moedes will be coupled. The fundamental absorp-~
tion bands corresponding to the three classes occur in
diffé:rept pa:rté of the spectrum: CH stretching near
3000 cm.'l. in plane CH bending in the region 1300-1000

cm.™L and out of plane CH bending in the region 1000-

700 em. L

Infra red spectra

Ihe pesition and intensities of the infra red
bands in the spectra of 1,10 phenanthroeline hydrate and
some of its complexes are given in Tables 215 and 1L

Graphs 3| 3% ond 33,

1

The700-900 cm, — Tregien

In phenanthroline and its complexes two strong

1 This is the

bands appear at abeut 710 and 855 em.”
rmumber expected since there is one group of two and twe
groups of three adjacent hydrogen atoms in the ring

system.
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INFRA RED STRETCHING FREQUENCIES IN THE 4000-T700 cm.~ Y

REGION FOR phenH,0, CIS [Cophen,Cl,]C1 AND THE GREEN

CHLORIDE
PhenH,0 [Coph2£5012]01 Cgigigde Band Agsignments
695 (a)*
735 (vs) 710 (vs) 710 (vs) | eut of plane motien of
, H atoms on heterocyclic
rings
720 (sh) 720 (sh)
745 (w) 750 (w)
779 (w) 780 (wd) 780 (wd)
840 (sh) 841 (vs)
854 (vs) | 855 (vs)  [845 (vs) | out of plane motion of
_ H atems on the centre ring
989 (w) | _
1030 (vw) [1030 (m) | ring breathing moedes
1090 (m) | 1090 (w)
1100 (w)
1135 (m) 1140 (m) 1140 (wad)
1210 (w) | 1215 (m)  [1220 (m)

[continued on next page]
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TABLE 15, [contimed]

Vv = very;

sh = sheulder.

Cis
phenH,0 [[Cophen,C1l,]C1| Green Band assignments
. Chloride
1310 (wd) |1310 (md)
1342 (m) 1340 (m) 1340 (wd)
1400 (sh)| 1410 (m) 1410 (s)
1420 (vs)| 1420 (vs) |1425 (vs)|C = C stretching vibratiens
11455 (w) '
1480 (w) 1480 (w) 1490 (w)
1497 (sh) _
. 1508 (s) 1515 (s) {1515 (s8) |ring frequeney
1555(m) 1555 (w)
1570 (m) 1570 (m)
1580 (m) 1600 (w) 1595 (m) |ring frequency
1630 (w) 1630 (w) 1620 (w) -
1640 (w) 1640 (w) 1640 (w)
' 1700 (w)
3050 (sh)| 3050 (sh) [3000 (m) |C - H stretching vibratien
3390 (sd)| 3390 (sd) [3350 (sd)|Antisymmetric end symmetric
, O - H stretching modes
+ g = strong; m = mediumg w = Weak; d = diffuse;
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INFRA RED STRETCHING FREQUENCIES IN THE 4000-700 cm,~1

REGION FOR [Cophen200'3]01, [CophenyC50,]C1, [Cophenymal JC1

and [Cophen,CB]C1

[CophénQCOB] [Cophen20204] [Cophenymal] [Cepheanf] Assignments
' c1 |’ c1
710 (vs) 710 (vs) 710 (vs) 710 (vs) | out of plane
- motion of H
atems on heter-
. ocyelic ring
(
745 (vw) 745 (vw) 740 (vw) | |
755 (vw) _ 750 (vw) 750 (vw)
785 (wd) 780 (w) 785 (w) 790 (vw)
795 (8) ' éo-cuo) +
v (M-0)
830 (m)- 81C (vw) .
855 (vs) 855 (vs) 855 (vs) 855 (vs) |out ef plane
~ ‘ motien ef H
atoms on
centring
855 (vw) vs 28-8)o§
980 (w)
1030 (vw) 1040 (vw) -
1090 (vw) ’ ring breathing
. : modes :
: 1105 (vw) 1110 (vw) 1100 (m)
1150 (m) 1145 (m) 1150 (m) 1140 (m) .
1200 (m) 1210 (m) +1200 (m)
1220 (m) 1220 (m) 1220 (m)

11220 (m)

[continued en next page]
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[CophenQCOB] [Cephen,C50,4 ]| [Cophensmal )| [Cophen,CB]| Assignments
c1 C1 C1 C1
1240 (s)
1310 (wad) 1315 (m) 1320 (m)
1340 (w) 1340 (s) 1345 (s) 1345 (s)
1370 (vs) 1390 (vs) 1350 (vs)|vs(C-0)+v(C-C)
1410 (sh) 1410 (sh) 1410 (vs) 1410 (s)
1425 (ws) 1425 (vs) 1435 (vs) 1425 (vs)|C=C stretching
_ vibration
1460 (w) 1455 (w) 1460 (w) 1455 (w)
1490 (w) 1490 (w) 1495 (w) 1490 (w)
1520 (s) 1508 (s) 1525 (s) 1520 (8) |ring frequency
1555 (sh) 1550 (w) 1550 .(w) 1540 (w)
1570 (m) 1570 (m) 1560 (sh) 1560 (sh)
1600 (sh) 1600 (w) 1580 (sh) 1580 (sh)|ring frequency
g 1610 (vs) /| 1610 (vs)|v as (C=0)
1630 (vs) 1630 (m) 1635 (vs) 1630 (vs)
1650 (vs) 1660 (vs) v as (C=0)
| 1690 (vs) 1680 (sh) v as(C=0)
3050 (m) 3050 (m) 3050 (m) 3050 (m) |C-H stretching
vibrat ion
3400 (sd) 3350 (sd) | 3450 (sd) | 3400 (sd)|Antisymmetric
and symmetric
0-H stretching
mod e

'8 = strong; m = medium; w = weaky d = diffuse; Vv = very;

sh = shoulder.
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In hydrocarbons, the frequency shifts upwards
as the number of adjacent atoms in a group decreases.
On this basis, the 710 em.” 1 1s assigned to the out of
plane motion of the hydregen atoms on the heterocyclic
rings and the 850 0m.'1 te the hydrogens on the centre
ring. Other weak bands in the r egion due to the
phenanthreline have not teen unambiguously assigned but
probébly arise from out of plane hydregen motions other
than the one in which all the atoms move in phase. An

jalternative explanation is also given, see page 1%1.

Seme of the vibratiens are due te the presence

of the carbexylate ligand. In [Cephen20204]01 bands

are observed at 795 cm.'l 1 and, by analoegy,

and 885 cm.”
these are assigned to the sum of the deformation fre-
quency O = C = O with the Co - O stretching frequency
and to the sum of the defermation O - C = O with the

C - O symmetric stretch frequency.

The 1125-1400 cm,~t region

The phenanthroline chelate frequencies are not
well characterised in this region but it has been sug-
gested that they may arise from in plane hydrogen de-

formation motiens or possibly ring vibrations. There



135,

are three main bands‘in this area, 1140, 1220 and 1342
cm.'l, the pqsition of which remain sensibly constant.

In addition to the bands due to the phenanthroline ligand,
there glso occurs in the'dicarboxylato complexes a band

-1

at about 1370 cm. which has been assigned to the sum

of the symmetric C - O frequency and the C - C frequency.

The spectrum of the [Cophen2003]01 is unique in
this series in having a strong band at 1240 cm. ™t On
coordination the symmetry of the carbonate group is re-
duced from D3, in the free ion to Cy on ronochelation
énd‘Cz'v on bichelat ion. This results in the doubly
degenerate vibratiohs, v3 and v, splitting into two

separate bands.

V3 V4_

¥ > o> e

The effect is qualitatively similar ih both cases but
much larger in the case of bichelation.'(ﬂﬁ) The
splitting of the v3 band (occurring at 1500 cm.~1 in

sodium carbonate)AresultsAin the observed component at

1

1240 em. ~» the other component occurring at about

1640 cm.'l

where the spectrum is too complicated for
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any unambiguous assignment.

Chelation of an oxalate group results in nine
infra red active bands, but apart from the C - O bands
these have not been assigned. Empirical band assign-
ménts have been made for many trisoxalato metal complexes
by comparison with the spectrum of N504.(113) However
this comparison is not completely satisfactory since in
a chelate system,coupling between various vibrational
modes is expected. Band assignments have also been
‘made as‘the result of normal coordinate anslysis on the
free oxalate ion, but again the same reservations must
be made about the applicability of this to chelate systems.
The bands here have been assigned by comparison to the
[00(0204)3]+ ion,

1l

The 1400 - 1650 cm, — region

The most intense absorptionAis contained in this
region since, not only are there chmracteristic ring fre-
qugnéies of phenanmthroline, but also absorptions due to
" the éarbonyl group. The discernable ring frequencies
occui at 1420, 1508 and 1580 cm.’l, the latter two bands
being displaced to longer wavelength on eoordinstion.
Other ring freouencies at 1630 and 1640 cm.” ! tend to be
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on
obscured/complexing by the very much stronger asymmetrie

vibration due to the carbonyl group between 1610 and 1690

cm.'l, the exact position depending upon the particular

complex., The band at 1630 em.” Tt

may also be due to the
H - O - H bending mode due to the presence of lattice

water .

. A1l the comp1e£?éonsidered exist as hydrates.
This results in an intense diffuse band at about 3400
cm."1 due to the antisymmetric and symmetriec O - H
stretching modes. In addition to this band there is
glso present a band at 3050 cm.'l due to C - H stetching

: fréquency.

The nature of the Cobalt-Nitrogen bond

Metal ligzand stretching frequencies are of
’paxticulér interest since they provide direct informa-
tion about the coordinate bond. In complexes contain-
‘ing heterocyclic ligands, the metal nitrogen frequency
‘1is usually below 300 eme™1 and so could not be measured
directly in this work, although this is subject to some
debate. (u1,10) |

It has been suggested (%#)that the conjugation
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of T electrons on the phenanthroline is further de-
loéalised by the development of a partial double bond
of the Co - N, '

If this is the position on chelation then the ring fre-

quencies'should be much wesker. Indeed the 1497 cm.'l

band in the phenanthroline hydrate is missing on chela-
tion. This bond is assigned to strong coupling between

the C - C and C - N stretching vibrations. However the

1

band at 1508 em. —, thousht to be due to the same cause

is stil11 present although shifted to longer wavelengths.,

The same resonance form can be used in the inter-

pretation of the C - H bending'modes.(qg) The three
pairs of C - H bending modés become inequivalent 1if there
is a significant contribution of resonance forms like II.
and III. Thus the single peak becomes split into -

three, T10, 720 and 745 em.”! as is observed for the
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cis [Cophen,C1,]C1 and the green chloride. Splitting
is also observed in the carboxylato complexes although
there is no band at 720 bm.’l but, except for the oxalato-

complex, a weak band 1is found asround 750 cm.'l

It seems likely that the resonance forms shown

exert a stabilising influence on the complex.
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6. COMPOUNDS OF COBALT, PHENANITHROLINE AND CHLORINE

Historical Igtrodgcf ion

The first compounds to be made in this group
wave [Cophen3]013 and [CophenB]Clz; More recently
the [COphen2012]01 was made and this preparation has
been repeated in the present study, (page 1}% )e

1) Assignment of the cis configuration to the
[COphen2C12 ]JC1 complex

This grey purple crystalline powder was assigned
a cis configuration by Ablov. (\} Tizis asgignment was
based on the colour being similar to the violet cis
[CoenyC1,]C1. No isdmeric salts were isolated al-
though the violet complex was heated for some time with
concentrated hydrochloric acid.  Under the same condi-
tions the violet cis [Coeh2012]01 is converted to Athe
green trans [Coen2012]Ci.

It was also stown (’L) that the [Cophenz(}}z]*'
ibn undergoes aguation in solution, but with sufficient

hydrochlorie acid the rate of aquation is so decreased

tha‘b the absorption curve only coincides with that of

the [Cophens(m,0) 513+ ion after 90 hours of hesting.
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These mild aquation conditions exclude the possibility
of isomerisation and therefore the [Cophen2012]+ ion
formed must be assigned the cis configuration sinée
the [C0phen2003]+ ion gives/ggg; [COphenQ(sz)é]3+

ion on acidification.

2) The green chloride

The formation of this chloride is described
on page 180 , It was originally thought to be the
trans [CophenéCIQ]+ ifon, the trans [Coen2012]+ ion
elso being green.  In nitrobenzene a green solution
was found whilst in water a pink solution was formed
due to rapid aquation, the trans structure being con-
£1rmed by the isolation of traﬁs\[COphenz(Hgo)z]

[ox(1m,) ,(scm), 1. (25)
| Later Ablov suggested (\) that the green chloride
was an intermediate aquation product, [CophenQ(H O)Cl],
since on drying the characteristic grey purple crystals
of cis [Cophen2012]01'were formed.

Exper imental

The cis [Cophen2012]01 and green chloride were
isolated as described on page 119 . As well as these

two compounds, two other solids were isolated from the -

golution by partial evaporation and the addition of a
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1:1 solution of alcohol and ether. The results of
physical'measurements carried out on these compounds

 are shown in Table 'l] .

Discussion

1) DPossibility of cis and trans isomers

The assignment of cis and trans stereochemistry
has been carried ouﬁ on therbasis of physical measure-
ment. There is no immediate factor, such as steriec
hindrance which prevents the [Cophen2012]+'ion as

existing in cis and trans isomeric. forms.

a) Ultra violet and visible spectroscopy

It has been shown (page 1% ) that in the region
of ligand field absorption bands,'cis complexes absorb
more strongly than trans. The visible absorption -
meximum to which a cis configuration has been assigned
occurs at a longer waveledgth than for the trans,

Cis [Coen2012]01 is purple and trans [Coen2012]01 is
green, . Similarly cis [Rhen2012]01 is yellow and
 trans [égén2012J01 is orange.

In the case of phenanthroline complexes, the

large charge transfer band due to the pheﬁanthroline
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obscures the positiOn where the short wavelength ligand
f1e1d band would be expected, although a shoulder at

350 mp is often found. Therefore any structural assign-
ment has to be'ma&e on the basis of the band which occurs
at abbut 370 m, As has been pfeviously stated the
purple crystalline [Cophen2012]+ ion has been assigned
the cis structure because of its colour. In the ab-
sence of any other isomer with which to compare it, this

evidence is inconclusive.

The concept of more imtemnse colour being diag-

‘nostic of a trans complex has been used in the assign-
ment of the [Irphenz’Xz]+ ion, X~ = C1°, Br". This is
shown in Table 1% ,

TABLE 28, (y))
SEEREOCHIMISTRY OF [Irphen2X2]+ IONS: ON THE BASIS OF COLOUR .

X~ ‘ Colour Stereochemistry
C1 s Yellow ~ cis
c1 Reddish-° trans
' orange .
Br” Orange cis
Br- ' Reddish~- trans
brown
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Ll

SOME PHYSICAL PROPERTIES OF THE FOUR COMPOUNDS ISOLATED

DURING THEPREPARATION OF CIS[Cophen,Cl,]C1

Number 932 1080 1079 1012
Colour in bright dark grey greypurple| dark
solid green purple
Anelysis %C 49.22 45+33 4737 48.06
%H - 3.72 3.79 4.04 3.85
%N 9-71 8+34 9.01 927
%Cl | 1753 22.38 18-.01
Colour in yellow oraﬁge br ight dirty
aqueous olu- » pink cherry
tion
Visible re-
flectance
spectrum .
A max,m 695, 670 |695, 670 550 550
| 635, 475 | 635, 550
0.D. " +875,+845 | «905,+905 *590 +590
o740,°650 .885,0680 .
(eh)
(graph 3} (graph 3k
page 1\‘55 page W4t}
A min, m 550 | 475 ATS 475
0.D. «290 «630 *430 «405
Visible solu-| slight slight change change
tion spectrum| change on | change on '
standing standing
(graph 3§
rage mﬂs
isosbestic -
points mp 505 - 520, 455 540
C 465 (sh 09 515 (ini- | 540 (ini-
Amax. a 5 (sh) > "t$ial and tial and
final) final)
Agin, "R - 465 465(1ni- | 470(ini-

t1ial_and
final?.

2%8%%inal]




245.

TABLE 1), (Contimued)

932 1080 1079 1012
Infra red spec-|
trum out of 850(s) esoés) 845£sg 84525}
plane motion 855(sh) 855(s 855(s
of H atoms on
centre ring.
Solubility in | slightly |slightly insoluble | insoluble
nitrobenzene soluble soluble’
Magnetism parae- diamagne-

magnetic tic
Stability in decomposesg,decomposes| slow slow
aqueous sodium | yellow change change
hydroxide. solutiony A

gradually
) ‘ da:kening.
Stability in bright pale green | pale pink | insoluble
conc, hydro- green solution - solution
chloric acid golution (not very

(graph’h soluble)

pagemf
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Further the molecular conductivities indicated

they were 1:1 electrolytes.

_ On the basis of colour alone it would appear
 that the green chloride might be the trans isomer,
However this is not subported since the compound was
found to be paramagnetic and gave a so0lid state spectrum
indicating the presence of the tetrahedral Co II ion,
[Coc1,12", (graph 31, , page 1%L ).

b) Infra ;gd §pectroécogz

"This ﬁas been successfully applied to the study
of the cis and trans isomeérs of bisethylenediamine cobalt
III and rhodium IIT complexes. In general the cis iso-
mers show a splitting of the NHz»assymmetric deformat ion -
while:h:the trans eomplex there is no splittlng. "These

are shown in Table 9.

_TABLE 19,

SPLITTING OF THE ASSYMMETRIC DEFORMATION FREQUENCY IN
COMPLEXES CF THE TYPE [Men,C1,]" M = Co, Rh, from

refs, I\l %6, ,
M Stereochemistry | Frequency cm,"1
Co trans 1596 (s)
Co cis 1630,(m), 1561 (s)
Rh trans | 1600
Rh cis 1570 s 1625
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The situation in bisphenanthroline complexes
is less easily interpreted since, in general, it is
found that metal phenanthroline complexes are all very
sﬁmilax' OBD and in thesé particular complexes the only
major diffefence found in the spedtra occurred in the
splitting of the frequency which has been assigned to
the out of plane motion of the H stoms on the central
eromatic ring, at sbout 850 cm.”T This splitting
agrees with the cis strﬁéture assigned by Ablov. (q
Thev[thheh2012]+ ion has been made (L@) and this has
been assigned the trans structure. It has one sharp’

1l

peak at 850 cm.” There are no reports of the cis

ihodiumjcpmplex.

c) Steric considerations

The major reason for doubting the existence
. of compounds of the general type trans [Cophen2X2]+
where X 1s a monodentate ligand comes from the possible
steric interactions between the two and n;ne hydrogen
atéms which are necessarily planar. However, it has
been found that the distance between two nitrogen
| etoms on neighbouring phenanthroline grouﬁe is 2.88 X

which is less than the sum of the intermolecular
0
radii of the nitrogen atoms, 314 A, Therefore it
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might seem that this should lower the stability of the
s complexes although in fact phenanthroline complexes
are in general stable. Any interaction between the
hydrogens camnnot be a major cause of disallowing the

formation of the complex.

| For rhodium, only trans [Bhphen2012]01 has been
claimed to be characterised.(hﬂzwggg the increase in
‘ size of the Rh IIIX ion (ionic radius 0.69 Z) from Co III:
(ionic radius 029 A) an increase in stabilityiof the
trans complex would be expected if the instability in
the case of Co III is due to the interactions as sug-
gested; The size increases only slightly on passing
from rhodium to iridium, (atomic radius increases from
134 A to 135 A) Iridium is the only member of the
triad for which both cis and trans complex ion of the

tyﬁe [M phen2C12]+ have been formlated.

The trans stereochemistry of the [Rhen2012]+
ion 1s assigned due to its likeness to its bipyridyl
-ahelogue which in turn is given its structure from con-

sideration of 1ts electronic spectrum. (ki) Previously
the assignment had been based firstly on the splitting

of the in - phase out of plane CH vibrations of the
bipyridyl allegedly due to the cis configuration and
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later on the formation of an adduct with hydrogen
chloride, indicating a trans configuration. There
seems little reason why the cis isomer should not also

be made.

| Theoretically it is possible that the carbon
at the two posifion on a phenanthroline molecule can
be linked to that at the two position on a second mole~-
cule through a carbonyl group. If this is done in
.bpth the two and nine position then a planar quadri-
dentate cyclic ligand is formed which could only be co-
ordinated in a manner resultiﬁg in a similar structure

fo a trans phenanthroline complex.

]
¢ ¢
N

8
If this ligand could be coordinated to the central
cobalt then there is no reason why the trans

[Cophen2012]+ complex ion should not also exist.
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From steric considerations the stability of
the cis form relative to the trans in the series
[Cophen2X2]+, X" = C17, Br~, I might be;expected to
decrease in the order c1 > Br > 1, the bulky iodide
having the least tendency to form a cis complex.

" The [CophengBr2]+ ion has been made but there are no
reports of the [COphenQIQ]f ion although the isothio-

cyanato complex has been made. (0

d) Resolution of the cis isomer

This would prove a cis stereochemistry.
'However lack of resolution cannot be taken to indicate

a trans structure.

Bvery attempt to resolve the [00ph9n2012]01
complex failed (pages 181 - 18 ). This is due'either
to a trans configuration ar tb a répid racemisation.

In either case rapid é&uation is shown to take place
by following the speqtrophotometric changes which

occur when theAion is dissolved in water,

2e The nature of the green chloride

The analysis, colour and infra red sbectrum
favour a trans Co III ion, [Cophen2012]+ ion. = The

reflectance spectrum and ﬁaramagnetism show that it is
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a Co II complex containing the tetrahedral [00014]2'
ion, See graphl3h , page LLb. Further, in
aqﬁeous solution a slow aquation tékes place but on
acidification with concentréted hydrochloric acid a
‘bright green solution containing the [00014]2' ion 1is
formed., This 1is similar to the behaviour of;:“
[Co(HzO)G]Clewh{ch is pink in water and bright blue
on acidifcation with concentrated hydrochloriec acid.

In aqueous solution the [Co(H,0), )2+

_ ion has
been shown (3)to be in equilibrium with small emounts -
of tetrahedral [Co(H 0)4]2+ ion.,  This provides a

" pathway for the formation of the [00014]2 ion from

the original octahedral complex in the presence of

concgntrated,hydrochlorio acid or the precipitation

of this ion from a strongly acid solution.

Reduction of phenanthroline eobalt III com-
‘plexes take place readfly so this cobalt IT complex
can either be.considered to be formed by reduction from
Co III or merély as a biproduct from the original
: CoC12.6320 which was mainly oxidised for the prepara-
tion of cis [CophenQClz]Cl.

Another complex ioh comtaining phenanthioline

mst also be present since such a high proportion of



'the compound is carbon.

to find an analysis to fit~fhe results.

analyses are shown in Table 90,

15k

It was not found possible

TABLE 20

Some trial

THEORETICAL ANATYSES FOR SOME COBALT, PHENANTHROLINE
‘ AND CHLORINE COMPLEXES

% C N c1
Found (before heating) | 49-22 | 327 | 9.71 | 17+53
b_ (after heating) | 44:30 | 4.60 | 860 | 16+30
[Cophen,C1,]C13H,0 49.72 | 3.82 | 9.66 | 18.34
[Cophen 014][00014]-
[Cophen, ] | [T LU S bR I B I e T
[Cophen,C1,],[CoC1,] heaq | 27 | kY | 14001
[Cophen2(H20)2]w[CoCI4] 43.870 | 3.0% | b3y 1{:&0
[Cophens]é[CoCl4] 48400 | 2468 | 94315 23.62
[CophenB]é[CoCI4]3- |
[Cophen2012]6H20 1 49.25 | 327 | 9+57 | 21.2

Conclusion

Of the four compounds made, the first corre-

~gponds to the green chl

oride (932), the last (1012),
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cis [Cophen2012]01 and the remaining two are mixtures .
(1080 and 1079) are mixtures of the green chloride and
cis {Cophen2012]01. |

» No unambiguous- evidence has been obtained as
to whether the [Cophen2012]01 complex exists in the
cls or the trans form; although in general the evidence

favours a cis configuration,

The green chloride contains the [00014]2’ ion
whiéh rapidly equates in aqueous solution, There 1is
also present a complex ion containing phenanthroline
. but the exact nature remains unknown. There is also
the possibility of chlorination on the phenanthroline
rings and of the presence of phenanthrolinium hydro-
chloride.

Further work is réquired.
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PART III: EXPERIMENTAL

1. ‘PREPARATION AND RESOLUTION OF SOME BISETHYLENEDIAMINE
AND RELATED COBALT III COMPLEXES

eis d,1 [Coen,(NO,),]NO,

- This Qompound was prepared in the same way as
in Inorganic Synthesis. (30) A 10% aqueous solution of
ethylenediamine was added to sodium cobaltinitrite. The
mixtﬁre was stirred on a steam bath until é temperature
of 70° was obtained. . At this temperature the reaction
océﬁrred as was shown by the dissolving of the sodium '
eébaltinitrite to form a daik‘brown solution, After’ |
filtering the filtrate was allowed to cool in an ice
galt bath aﬁd on scratching}bfown crystals of the cis
compound were formed. These were filtéred off and air

dried, ’

= i

cis 4 [Coeny(NO,),]Br and cis 1 [Coen,(NO,),]Br (1)

Solutions of cis d,1 [Coeny(NO,),]NO, and d
antimdny potassium tartrate were mixed and the resulting
mixture cooled under running water to room temperature.
The solution was surrounded by ice and after 10 minutes

of scratching, crystals of the diastereoisomer,
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1 [Coen,(N0,),] d SbOC,H,0¢ began to separate out.
Crystallisation was allowed to continue for 10 mimutes
before filtering.

The d [Coeny(N0,),]Br was extracted from the
filtrate by the addition of armonium bromide. On
' - scratching orange crystals began to sepérate and ecrystal-
llisation was allowed to continue for 5 minutes before the
‘impure d [Coen2(N02)2]Br was collected on a Buchner and

washed with ice cold water.

'The precipitate of the diastereoisomer was
washed with 50% aqueous ethanol, ethanol and air dried.
it was transferred to a mortar and ground with water
 end sodium lodide, and after about 2 mimutes the
1 [Coene(N02)2] I separated out leaving the antimony
potassium tartrate in solution..

Both isomers were purified by shaking with
silver chloride, thus forming the soluble [CoenQ(NOQ)Z]Cl.
After the removal of the silver halides, the
[Coeny(N05)»]* ion was reprecipitated by the addition
of emmonium bromide.,  After filtration, the salts

were washed with 50% aqueuous ethanol, ethanol, acetone

and air dried.
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Rotations _
Found : 1 [Cben2(N02)2]Br [tk]D - - 43.6°

a [Coeny(N0,),)Br [& 1) = + 39-7°
Litersture value: o)y -t 44°

cis 4,1 ca[00552(0204)2]2 (sy)

i Cobalt acetate was added to a hot solut ion of
‘potassium oxalate. After addition of ethylenediamine
“‘hydrochloride a deep red solution was obtained which,
'efter the addition of lead IV oxide, was heated and
stirred for 30 minutes. Boiling at :Qigvstage was -
rl.t‘cund to result in the extensive precipitation of
:%7ca101um oxalate. The hot alkeline solution was filter-
. ed, diluted, and oxalic acid added slowly. Hydrochlorie
"“eeid was added to make the solution approximately 2N,
followed by a strong solution of calcium chloride.
Crystallisation cormenced irmediately and was allowed
to continue for 2 minutes before filtration. Longer
crystallisation caused rmuch calcium oxalate to separate.
The dark red powder was washed with 24 hydrochloric acid
and aleohol, It was further freed from calecium oxalate
by suspending in 2N hydrochloric acid at 40° and filter-

ing while warm, The powder was washed with acid, water,

alcohol and acetone and air dried.
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cis 4,1 Na[Coen(C50,)5]H50

Solutions of the caleium salt and sodium oxalate
were mixed at 60° and boiled for twenty minutes. The
" mixture was cooled and filtered and evaporated on a steanm
bath for 30 minutes.  After cooling and filtering,pre-
“ecipitation of the sodium salt as a dark purple erystal-
- line solid was effected by the slow addition of ethanol.

The compound was recrystallised from hot water.

cis 4 Na[Coen(0204)2]Hé0 and eis 1 Ha[Coen(0204)2]H20

d[Coen2(N02)2]Br (11 g:) in 60 ml. water was
mechanically stirred to 60° for 10 mimtes with silfer
-oxalate (11 g.). The solution was filtered hot and
ﬁk'a solution of Na[Coen(0204) ] (11 g.) in 30 ml. of
water was immediately added. There was an immediate
v.':ﬂt.colour change and on cooling in.ice and stirring a
 brown precipitate of the diastereoisomer, [Coen(C,0,),]
. [Coeng(NOQ)zl, was formed. Precipitation was allowed
t to continue for 5 minutes, the mixture then being filter-
" ed and the precipitate washed with ice cold water.
The precipitate of the diastereoisomer was

ground with sodium iodide (11 g.) and water (50 ml.).
This resulted in the precipitation of 4 [Coeng(Noz)Q] I
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which was removed by filtration. The
d Na[Coen(C2O4)2] was precipitated by the slow addi-
tion of alcohol with stirring in ice. The purple
crystals were separated by filtration,washed with ice
cold water, alcohol and air driéd.

Sodium iodide (11 g.) was added to the filti‘ate
after the removal of the diastereo(somer. On stirring
4 [Coen,(N0,)5] I separated.  This was filtered off
'éngythe purple crystals of 1 Na[Coen(0204)2] precipi-
féted by the siow addition of alecohol to the ice cold
filfrate.' The crystals were filtered, washed with

ice cold water, alcohol and air dwied.

';W“ﬁeactions:
d'Na[Coen(0204)2] [d_]5791 = 218+0
© 7. 1 Na[Coen(Cp04)5) [ L)5797 = - 90:0
Li value: - [)y =%s00 -

o In practice it was found to be more accurate

vf?%Bffake some of the rotations of the highly coloured
‘%Mégiafions at the mercury yellow line (5791 Z) and not
at-the sodium D line (5890). -
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cis 4,1 [CoenQCOB] C1

The method of preparation was that used by
‘Dwyer, Sargeson and Reid. (55)

A-solﬁtionbof gobalt chloride and hydrochloric
acid was deaerated using a continuous stream of carbon
dioxide at room.temperature. After the sldw addition
of ethylenediamine the mixture was rapidly heated to 80°
lead dioxide added and the carbon dioxide stopped. The
,miifure'was maintained at 80° for three hours with stir-
ring. " The hot solution was filtered, lithium carbonate
added slowly to the filtrate and the filtrate maintained
at 80° on a water bath for 30 mimutes. The alkaline
" golution was again filtered and the filtrate evaporated
" in a stream of air at 60°. Free carbonate was removed
by flltration after the addition of a solution of calcium
ehloride. Twice the volume of ethanol was added to the
werm solution, On being cooled in ice,red crystals
of:[Coen2003] Cl were formed. These were filtered and -
freed from small quantities of [Coen3]013 by dissolving
“in water and reprecipitating by the addition of aleohol.
The crystals were washed with aleohol and air dried.
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Analysis of [Coen2003]01

Analysed " % Caleulated % Found
Carbon 21.87 21.92
Hydrogen 5.87 5.80
Nitrogen : 20.40 20.62

eis 4,1 [CoenQCOB] C10,

" When a solution of cis d,1 [Coen2003] Cl is
ground with solid sodium perchlorate, precipitation
of the cis d, 1 [CoenyCO3] C104 takes place.” This
was filtered off, recrystallised from hot water and
air dried. '

N Nﬁﬁéiysis of'[CbenQCOB] C10,4

Analysed % Calculated % Found
Carbon ©17.74 - 1t1.61
Hydrogén. 476 ' 4.56
Nitrogen - ' 16+54 16-83

cis d [Coen2003]0104 and cis 1 [Coen2003] C10,4

o eis d, 1 [Coen2003] CL (5.7 g.) was dissolved
in water (30 ml.) and cooled to 5°. d Na [Coen(0204)2]

ti°5 g.) was stirred in. The mixture was scratched,
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stirred and after 5 minutes pink crystals of the di-
astereoisomer , 1 [Coen2003]d[00en(0204)2] were filter-
ed off. The precipitate was washed with ice cold
water (30 ml.), acetone and air dried.

The diastereoisomer was, ground with iée; about
‘30 ml. and sddium perchlorate (12 g.). - Pink crystals
leof 1 [Coen2003]0104 were immediately farmed. These
:were filtered off and recrystallised from water. The
d Na[Coen(0204) ] was recovered by the slow addition
-0of alcohol to the filtrate after ‘the removal of
1 [Coen2CO ]0104.

o The filtrate from the precipitation of the di-
:”'éétéreoisomer was ground with sodium perchlorate which
resulted in the precipitation of d [Coen2003]0104.,
J‘This was filtered off and recryst=llised from hot water.

Rotetiong .
a [CoenyC05]C10, [x]y = + 1252
Literature value: ' [L]lp = £ 1250

- ]
The two optical isomers were obtained in the

same way as in the literature report(ﬁé)except that the
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negative isomer was obtained where the positive one was

réported anl vice versa.

d,1 K[Co(EDTA)], (51)

An aqueous solution containing cobalt cﬁloride,
potassium acetate and disodium ethylenediaminetetra-
acetdte was heated to nearly boiling. A 3% solution

‘of hydrogen peroxide was added to the solut ion, On

the addition of alcohol, silvery violet crystals or'de

K[Co(EDTA) ] were precipitated. After filtering these
were washed with alcohol and air dried.

. 4 K [Co(EDTA)] and 1 K [Co(EDTA)] (gg)

d [Coeny(NO5)5) I was converted to the chloride

by vigorously shaking with silver chloride and water at

60°. The silver halides were removed by filtration

~-énd 4, 1 K [Co(EDTA)] added to the filtrate.  On cool-

ing in ice with scratching crystals of the diastereo-

*isomer, d [Coenz(NOQ)Z] 1 [Co(EDTA)] were formed.

Crystallisation was allowed to conmtinue for 5 mimtes
before filtering. The diastereoisomer was washed
with 50% aqueous alcohol, alcohol and air dried.

The diastereoisomer was treated with water, and
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potassium iodide. On stirring the insoluble

d [CoenQ(N02)2] I was formed and was removed by
filtration, ‘Alcchol was slowly added to the
£iltrate with stirring.v The 1 X [Co(EDTA)] sepa-
~ rated out and after 5 minutes was filtered off, .
washed with 50% aqueous alcochol, alcohol, acetone
and air dried. |

Potassium iodide was also added to the
filtrate obtained from the removal. of t;m diastereo-
isomer. On scratching the insoluble d [Coeng(NOQ)z]I
was formed and removed by filtrat ion. Prééipitat ion
of d K [Co(EDTA)] was effected:by the slow addition of
alcohol. This was filf:ered, washed with 50% aqueous
aleohol, alcohol.and air drigd. |

Rotat ions:

Found: 1 K [Co(EDTA)] [ )79y = - 286
d X [Co(EDTA)] [et.]5791 = + 248
t 1000

Literature value: . [Llsaer =

cis d,1 [Coens(C504]C50,H

This was obtained from a modified method of
Werner's.(\@b) [Coen2003 ]Jc1 (2 g.) was dissolved in
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water (30 ml.)., - Freshly precipitated silver oxide
was added (2 g.) and the whole stirred and filtered.
Oxalic acid (2 g.) was added and the whole heated on

a water bath. . After the cessation of effervescence ,
the solution was removed from the water bath and left
for a few days. [Coen2(0204)]C2O4H was precipitated
and this was removedwby filtration, washed with aleohol
and ether and air dried.

vAnalxsed' % Calculafed % Found
Carbon 26.98 2693
Hydrbgen ’ - 484 : 5.00
Nitrogen 1573 ' 15.81

cis d,1 [Coeny(C50,)] Br

[Coen2(0204)]0204H was ground with potassium
bromide and water. Ihe ﬁixture was f}ltered and the
grinding repeated.  The mixture was again filtered
and the solid driéd with aIcohol.and acetone. = The

pink [Coeny(C50,)]Br was recrystallised from water.
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Analysis of [Coén2(0204)]Br

Analysed % Calculated % Found

Carbon 20-76 20-65
Hydrogen 4.65 4.80
Nitrogen 16.14 16-03

cis & [Coeny(C,0,) ]I amd eds 1 [Coeny(Cn0,) 1Bx (5V)

cis 4,1 [Coeny(Cp04) 1Bz (246 g.) 1in water (15 ml.)
" was heated to 65° and shaken with silvevacetate (17 g.)
for 10 minutes. The silver halides were filtered off

" and the precipitate waéhedeith hot water (5 ml.).

1 K [Co(EDTA)] (1.5 g.) was added to the solution at 60°
and the diastereoisomer, d [Coen2(0204)] 1 [Co(EDTA)] |
began to séparate immediately when the mixture was cooled

4

to room tempersture.

The diastereoisomer was separated by filtration ,
washed with ice cold water, alcohol and air dried. After
grinding with water and potassium iodide (1.5 g.) the
d [Coeny(C50,) 1T separated out and was filtered off and
recrystallised from hot water.

Ammonium bromide (2+5 g.) in water (5 ml.) was
added to the filtrate after the removal of the diastereo-
isomer.  The pink 1 [Coens(C,04) ]Br immediately began
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to separate out and was filtered and recrystallised

from hot water.
Rotations: |
Found : d [Coen2(C‘204) ]I [0L]579]_ = + T94
1 [Coeng(C204) ]Bl' [OL ]5791 = - 951 .

Literature values:

d [Coeny(C504) ]I  [&]y; = + 720

1 [Coenp(Co04) B  [ol)y = - 820
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2, INVESTIGATION INTO THE PREPARATION OF SOME BISETHYLENE-
DIAMINEDICARBOXYLATOCOBALT ITI COMPLEXES

During the consideration of the struectural
effect of the carbonato and oxalato ligands on the
hydrolysis mechanisms it became clear that 1t would
be informative to try using different dicarboxyliec
acids, The malonato complex has already been studied(%{\
"and so attempts were made to introduce the following
" acids into the complex:

'1) diethylmalonic acid. (C,Hs) 5C(CO0H)

2) cyclobutane 11'dicarboxylic acid,(CH2)3C(COOH)2

3) isopr?pyliéenedimethylmaloni:cid,(CH_B)ZC.C(COOH)2
4) succinic acid | (CH,) 5(COOH),
5) dibromosuccinic acid | (013131')2(00011')2
6) maleic acid (CH) »(CO0H),,

7) thiodiacetic acid - s(cziacoonj2

The first three acids are subst ituted malonie
acids. The hydrolysis of the bisethylenediémine-
malonstocobelt III ion involves the removal of a

methylenic proton to form a resonance stabilised
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unreactive intermediate. (5 ﬂ)

— + - °
[ P i P
/,o - c\\ 0 - cs§\
en, Co\ /CHQ. o+ OH~—) en, Co /CH
0-¢C 0 - C¢
AN e
i o | ! l

This mechanism would be impossible for the substituted
malonic acids. |

| The coordination of sucéinic acid, dibromo-
suceinic acid and maleic acid would result in seven-
membered ring formation as in the work of Duff, (lﬁb
Thiodiac'etic acid would result in an eight-membered
ring as was obtained by Price and Brazier (I15)using
sulphonyldiacetic acid although when they tried with
thiodiacetic acid they obtained the déuble salt,
S(CH,C0,) 5CoS(CH,C0,) peny JH,0.

In the first six cases the same method of

preparation was used and this was based on the pre-
'paration by Werner (\\{]) of the bisethylenediamine-
malonatocobalt ITI ion.

+ H20
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Method

[Coen2003]01 (2 g.) was dissolved in 30 ml,
of water. Freshly precipitated silver oxide (1 g.)
was added. The mixture was stirred and filtered.
Two equivalents of acid were added and the solution
heated on & water bath at a temperature not exceeding
50° for 10 minutes with stirring. Effervescence
occurred. The solution was cooled anl covered and

allowed to stand in the refrigerator overnight.

Half the solution was removed, alcohol and
acetone were added slowly with stirring, resulting
in the formation of a thick pink oil,

In general the solution remaining in the re-
frigerator also gradually turned into a thick pink
. a . )
oil,. Thése were thought to be polymeric species.

. However, in the case of cyclobutane 1 1'di-
carboxylic acid (CB), the addition of alechol after
two months resulted in the farmation of pink crystals.
These were filtered, washed with water, acetone and

air dried.
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Analysis of [Coen,CBJCBH.3H,0

Analysed % Calculated % Found

Carbon 37+63 37.09
~ Hydrogen T.12 6.81
Nitrogen 10-98 1081

This compound was shown to contain the
[Coe%365]+ ion and not the [Coenz(Hgo)g]3+ by measure-
ment of the visible spectrum. The measured extinction
coefficients are compared with those known for the cis

[Coenz(H20)2]3f ion in Table 30 ,

TABLE 30

EXTINCTION COEFFICIENTS FOR THE [Coen,CB]" and
[Coeny(H,0),1?* IONS

Wavalength‘ xtinction Coefficients
m £C09n203]+ cis[Coeng(H20)2]3+(10:
370 . 67-8. 57.0
380 . 545 44.2
480 72.9 T6+2
492 799 80.9
520 69.2 62-7
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A glightly different method was tried for
thiodiacetic acid.

Thiodiacetic acid cémplex

Thiodiacetic acid (2+5 g.) was dissolved in a
minimum of hot water and‘[Coen2003]0104 (2 g.) was added
slowly. After cooling in ice and adding-methanol and
acetone the mixture was left in the refrigerator over-
nizght. The semi-QOIid 0il that was formed was filtered
and immediately placed in a vacuum despiqétor. The
compound proved to be of an oilyvconsistency which pre-

cluded any physical measurements.
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3. ZNVESTIGATION INTO THE PREPARATION OF SOME BIS-
ETHYLENEDIAME DICARBOXYLATORHODIUM III OOMPLEXES

Attempts_were made to make the carbonato and

- oxalatobisethylenediamine'rhodium IITI ionmns,

The starting materials used were cis and trans
dichlorobisethylenediaminerhodium III nitrate made by

the method of Johnson and Basolo, (%b)
Method

| Rhodium trichloride, ethylenediaminedihydro-
chloride, and pbtassium.hydroxide'were refluxed with
water until a clear red solut ion was obtained. The
" refluxing was continued w;ﬁh the élbw addition of potassium
‘hydroxide solution. The golden yellow solution was
evaporated to half volume on a steam bath. Concen-
trated nitric acid was added and after about 30 minutes
yellow crystals of trans [Rhen2012]1\103 separated. On
leaving the solution for three days crystals of cis
[Rhen2C12]NO3 separated.

Both isomers were recristallised by dissolving
in hot watei' and reprecipitating by the addition of cold
concentrated nitriec acid. The bright yellow crystals

were washed with dilute nitric acid, water, acetone,
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ether and air dried.

Analysis of trans [Rhen2012]N03

Analysed % Calculzted % Found
Carbon 13.67 13.74.
Hydrogen 4.60 ) 4.71
Nitrogen 19.99 19.82

Analysis of eis [RhenQClz]NOB

Analysed % Caleulated , % Found
Carbon : i 1367 13.88
Hydrogen ' 4.60 4.79
Nitrogen ©19.99 19-85

&

Method tried for preparation of [BhenQCOB]NO3

cis [Rhen,Cl,]NO3 (0.15 g.), KCO5 (0.06 g.),
1N KOH, water (1e5 ml.) and sbsolute alcohol (0«5 ml.)
were heated with stirring on a water bath until com-
plete dissolution had ocecurred. Sodium iodide was
added and the wholé left in the refrigeratoi overnight.
No precipitation occurred and the addition of aleohol
resulted in the formation of a white solid.
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Method tried for the preparation of [Rhen20204]NQ3

And eicess of oxalic acid was added to a solu-
tion comtaining cis [Rhen2012]N03.

, The mixture was refluxed for 10 minutes
with 10 ml. of ethanol. The solution was then allow-
ed to stand. After filtering off excess oxalic acid
: thé éoiution was left in the refrigerator overnight,
Crystals were formed which were washed with dilute

nitric acid, ethanol, ether and air dried.

Analvsis

Analysed - % Calculated % Caleulated % Found
for [Rhen2(0204)]N03 for [Rhen2C12]NO

Carbon ~ 19.31 ' 13.67 13.92

Hydrogen 4.32 : 4+59 472

Nitrogen 1777 119.99 - 1900

The compound is probably [RhenQClg]N03.

e It has been shown (| mg)that the -presence of
ethanol is essential for the conversion of- [Rhen2012]
to [RhenzAA] where AA is an I amino acid. . Solutions
of [Rhen2012]N03 containing no ethanol underwent no re-
action with amino acids even after hours of heat ing.
The conversion in the presencé of ethanol was explained

by assuming the presence of a labile complex of rhodium
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formed by reduction with ethanol. Further both the
cis and trans [Bhen,Cl,]* ion yields [Rhen,4A]" ion
, showing that the trans complex is isomerised easily.

It might be possible to prepare the complex
 oxalate snd carbonate in the presence of ethanol with
more prolonged heating and a higher proportion of

ethanol.
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4, FPREPARATION OF BIS 1,10 PHENANTHROLINE COBALT III
COMPLEXES

cis d,1 [Cophen,yCl,]C1

' This compound, the starting material for the
preparations, was made by the method developed by
Avlov. (V) Cobalt chloride was heated with 1,10
phenanthroline hydrate on a heating mantle with water
for 15 minutes. | The sides of the flask were washed
down:with.water and a fine pink ?recipitate of
CoCl,2phen 3%H,0 was formed. The mixture was cooled
and oxidised by passing in chlorine for 1% hours with
frequent shaking. After this time, the pink solid
had been completely transformed into a dark grey solid.
This was filtered off using a sintered gléés crucible,
washed with hydrochloric acid and air dried.

The compound was recrystallised by dissolving
9g in 130 ml. of water and heating on a water bath.
25 ml., of concentrated hydrochloric acid was added and
on standing crystals of cis dichlorobis 1,10 phenan-
throlinecobalt III chloride were formed. Complete
precipitation of these gfey éreen crystals from a pink

solution took about a week.
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Analysis of [Cophen2012]01.3H20

Analysed % Calculated % Found
Carbon 49.72 48.06
Hydrogen 3.82 - 3.85
Nitrogen 9.66 Q.27
Chlorine 18.34 18.01

.To some of the filtrate from the precipitation
of the diehloro product a 1l:1 mixture of meths and ether
was added, which resulted in the precipitation of a bright
green powder.  Recrystallisation of the bright green |
powder was attempted from hot water. A émall quant ity
of concentrated hydrochloric acid was added and, on allow-
ing to stand at room temperature, a small quantity of grey

green crystals were formed.

Analysis of the green chloride

Analysed % Found (After heating to 130°
' for 3 hours)- % Found

Carbon - 49.22 44.3 |

Hydrogen 3e72 ‘ 4.6

'Nitrozen 9.71 8.6

Chlorine 17.53 1643
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eis d,1 [Cophen,CO31CL (1)

[COphenzclé]Cl (3 g.) and analar sodium carbon-
ate (3 g.) were heated together on a water bath with
water, With stirring, complete dissolving waS'effectf
ed. Sodium chloride (2 g.) was added to the hét solu-
tion and the whole stirred. On cooling in ice bright
pink crystals of [Cﬁphen2003]01 separated out and these
were filtered off and air dried.

The crystals were recrystallised twice by dis-
solving in hot water, filtering, adding sodium chloride
(1 g.) and cooling in ice. Finally the compound was
washed with ice cold water and air dried.

Analysis of [Cophen2003]01.5H20

Analysed % Caleculated %Found
Carbon 49.63 50.55
Hydrogen 4.33 4.38

Nitrogen 9.26 9.24

eis d,1 [Cophen,Cy0,]C1

[CophenyC1l,]C1 was ground with excess freshly
pfepared silvér oxide and water. After filtration
oxalic acid was added and the whole stirred on a
boiling water bath for 10 minutes. Sodium ehloride
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was added to the hot solution and the solution cooled
in ice. Bright pink crystals were formed which were
filtered off and recrystallised by dissolving in hot

water, adding sodium chloride and cooling in ice.

d
In 1light the crystals very quickly change;from
red to yellow with the formation of a Co II compound,

This rendered them unsuitable for quantitative work.

cis 4, 1 [Cophen,mal]Cl

The malonate cqmplex was made in an exactly
similar way to the oxalate complex using malonic acid
instead of oxalie acid. Bright pink.crystals were
formediwhich were recrystallised from water on the addi-

- tion of sodium chloride.

Analysis of [Cophensmal]C1.6H,0

Analysed = % Celculated % Found
Carbon _ 4877 48496
Hydrogen 455 4.51
Nitrogen 843 E §.44

Chlorine 533 » 551
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cis d, 1 [Cophen,CB]C1

The cyclobutanell'dicarboxylato complex was
ﬁade in a simiiar way as the malonate and oxalate
complexes but using cyclobutane 1 l'dicarboxylic "acid..
Pink crystals were obtained which were recrystallised as

before.

Analysis of [Cophen,CBJCl. 3%H,0

Analysed % Calculated % Found
Carbon 54.60 | S4.44
Hydrogen  4.43 4.01

Nitrogen 838 862
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5. ATTEMPTED RESOLUTIONS OF BIS 1, 10 PHENANTHROLINE
COBALT TIT COMPLEXES

There are several known examples of optically
active tris end bis 1,10 phenanthroline.metal complex
1§ns. The (+) antimonyl and (+) arsenyl tartrate ions
have been used to resolve [Ni(phen)3]2+, () [Fe(phen)3]2+,(50)
[Ni(phen)2(bipy)]2+ @j) and [Ru(phen)zpy2]2+.(1§)However,
until recently, there have been no reports of direct
resotution of tervalent metal complexes, isomers have
been obtained by the oxidation of the corresponding
 bivalent complex, The resultion of the [Co(phen)3]3+
ion was attempted(SQ using sodium (+) tartrate, sodium
(+) antimonyl tartrate and & bromocamphor Wsulphonie
acid as the resolving agents. = The lack of resolution
was accounted for by the very high solubility of the
salt resulting in the need for extensive evaporation
for isolation.

Recently the Tesolution of the [Co(phen);]>*
and [Cr(phen)B]3+ ions was achievai@oﬂby the use of
silver (+) antimonyl tartrate on [Co(phen)3]3+ and
also by the oxidation by chlorine of a mixture of
cobalt chloride, §0tassium (+) antimonyl tartrate and
1,10 phenanthroline. The success of this method was
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explained by the use of a suspension and not a solu-

tion during oxidation.

a) Attempted resolution of cis 4,1 [Co(phen)2003]01

[Co(phen2)003]C1 (0.77 g.) was dissolved in
10 ml. of ice cold water and d Na[Coen(0204)2] was
stirred in. This was allowed to stand for three
mimutes and then filtered.  The precipitatk was
flesh coloured and ground with sod ium perchlorate
end water.  This mixture was filtered. The filtrate
was colourless and precipitate flesh coloured, suggest-
ing fhe compound was insoluble and identical to the
original precipitate. The rotation was zero, the
compound probably being a Co II compound, [Coph¢n2012]o
as described by Ablov. (h) "Alcohol was added to the
original filtrate and this resulted in the precipita-
tion of the purple d Na[Coen(0204)2] leaving a red

solut ion,

b) Attempted resolution of cis d, 1 [Cophen,C1]C1

1) Using potassium (+) antimonyl tartrate
[Cophen2C12)Cl (0°5 g.) was dissolved in 10 ml.

of water at room temperature and cooled in ice., TYotas-

sium (+) antimonyl tartrate (0«3:g.) was added and the
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mixture stirred and left in the refrigerator overnight.
An olive green precipitate was formed which was filtered
and washed with ice cold water and acetone and air dried.
The filtrate was returned to the refrigerator. The
precipitate was very insoluble but had a positivé rota-
tion.

Yield = 0.5 g.

The precipitate (0+2 g.) was mechanically stirred
£or 10 mimites with cone. HC1 (10 ml.). The green pre-
cipitate dissolved and a pale violet one was formed.

The mixture was filtered through a sintered glass funnel
and the precipitate was washed with cone. HC1l, dilute HC1
and acetone and air dried. Tpis violét precipitate was

 optically inactive.

2) Using the arrmonium salt of (. bromocarphor T
- gulphoniec acid

This resolution was carried out in the same way
as case 1). The blue green diastereoisomer was pro-
duced mmeh faster, extensive precipitation had taken
place after standing iﬁ.ice for 30 mimutes. The violet
pbivder was formed in the same way as in the first in-

stance and this was again found to be inactive.
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3) Oxidation of Co II complex in the presence of
potassium (+) antimonyl tartrate

The oxidation was carried out in the same way
as in the preparation of the cis d, 1 [Co(phen),Cl,]C1
as on‘page 119 . Potassium (+) antimonyl tartrate
(6448 g.) was added to a mixture of CoCl,.6H,0 (4.76 g.)
and 1, 10 phenanthroline (7.92 g.). Small quantities
of grey green crystals were formed as before, but these
proved to be inactive. In addition to the grey green
crystals a green powder was also formed, which is pro-

bably a cobalt IT compound,
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6. FHYSICAL MEASUREMENTS

l, Ultra violet and visible spectroscopy

Solution spectra were measurelon Unicam SP 500,

700 and 800 spectrophotometers using 1 cm silica cells.

Solid state spectra were measuredon a Unicam

SP 500 fitted with a special reflectance attachment.

-2, Infra red spectroscopy

A1l measurements were taken on a Uﬁicam SP 200

1 Discs were

spectrophotometer, from 5000 - 650 cm, "
made with potassium bromide and the spectra were taken
immediately in order to cut down the possibility of ion
interchange. The reference beam was fitted with an
attemuator in order to cut down its intensity. The
instrument was calibrated for wavelength against a

" standard polystgrene spectArum.

3. Polarimetry
All measurements were taken on a Zeiss Polari-
meter at 436 mp  using a jacketted thermostatted 1 dm
polarimeter tube. The instrument was also capable of

measurement at 365, 405, 546 and 578 mu .
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4, OSpectropolarimetry

The measurements were taken on a Bellingham
and Stanley/Bendix Ericeson automatie recording spectro-
polarimeter,
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