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A B S T E A C T

Coordination compounds o f  the type [Coen2AA]Y were prepared by 

known methods where AA « carbonate, Y = ch lo r id e , bromide, io d id e , 

p erch lora te , n itr a te ,  th iocyan ate , d ith ion ate  and sulphate;

AA ■» o x a la te , Y = bromide; AA = malonate, Y ■ bromide and malonate;

AA « su cc in a te , Y » bromide and p erch lorate .

The in frared  spectra o f  th ese  complexes were measured and a lso  o f  

complexes o f the type tr a n s-fCoen^Cl^lAA where AA « o x a la te , malonate 

and su cc in a te . The spectra o f the c i s - complexes were found to  f a l l  

in to  two c la s se s  and p o ssib le  reasons fo r  t h i s  are d iscu ssed .

The v is ib le  and u l t r a - v io le t  spectra o f the complexes were 

measured and a lso  the change in  th ese  sp ectra  when a lk a li  and acid  

were added to  so lu tio n s o f the complexes.

The base h yd ro lysis o f the complex [Coen2C02CE2CO2) Br was studied  

at hydroxide concentrations o f about O.IM and IM and at temperatures 

in  the range 38^- 55° and was found to  fo llo w  second-order k in e t ic s  

w ith  an a c tiv a tio n  energy o f  29,000 c a ls  moleT^

The malonato complex was o p t ic a lly  resolved  g iv in g  the dextro

ro ta tory  iod ide and the o p tica l ro tatory  d isp ersion  o f t h is  o p tica l  

isomer was measured. This isomer was found to  be s ta b le  in  neutral 

so lu tio n  but l o s t  i t s  o p tica l a c t iv i ty  in  b a sic  so lu tio n  a t the same 

ra te  as the base h y d ro ly s is . The mechanism o f  the base hydrolysis  

and lo s s  o f o p tic a l a c t iv i ty  i s  th o u ^ t  to  be sim ilar  to  th at o f the  

oxalato  complex as suggested by Taube.
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G E N E E . A I *  I N T R O D U C T I O N

The ob ject o f t h is  work was to  study b is  (e th y l enediamine) complexes 

o f  cob a lt ( I I I )  con ta in in g  the dicarboxyl ate groups, carbonate, o x a la te , 

malonate and su cc in ate  as b ident a te  l ig a n d s .

The cob a lt i s  s ix  coordinated in  a l l  the complexes. The two 

eth y l enedi amine ^ ou p s provide four coord in atin g n itrogen  atoms and th e  

carboxyl ate groups two coord in atin g oxygen atoms. Since the carbonato 

complex i s  used in  the preparation  o f  the other compounds, th e  e th y len e-  

diamine groups must be arranged in. a c is  form ation r e la t iv e  to  th e

cob alt io n  and acid  groups.
18

I t  i s  known, th a t th e  c o b a lt-e th y l enediamine r in g  i s  in  th e  gauche-

conform ation and t h is  can be achieved by the carbon-carbon bond bending
25

in  two d if fe r e n t  ways designated  k  and k * . Two b id en tate  eth y l enediamine 

m olecules bound to  th e  cob a lt ion  can e ith e r  have the same conformation, 

kk or k*k% or d if fe r e n t  conformations kk*.

M olecular models o f  the complexes show th a t , w ith  th e  exception  

o f  th e  oxalato  complex, the cob a lt-carb oxy la te  rings are stra ined  or 

d is to r te d . In  the case o f  th e  su ccin ate  group, th is  i s  a seven membered 

r in g  and as such would be considered to  be so unstab le th a t i t  might not 

e x is t  in  t h is  form but rather as a unident a te  ligan d  or as a polymer.

Since th ese  complexes conta in  th ree  b id en tate  ligan d s there i s  

the p o s s ib i l i t y  o f  o p tic a l isom erism , s in ce  the m olecules contain  no 

plane or centre o f  symmetry but only a th r e e -fo ld  a x is  o f  symmetry.

The methods o f  preparation o f  th e  complexes were obtained from 

the work o f Wemer and P r ic e , and o f  Duff and h a z i e r .
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C ertain p h ysica l and chemical methods were used fo r  studying  

stru ctu ra l and chemical p rop erties o f  th e  complexes2-

1 . Infrared Absorption S p ectra . ’ The in frared  absorption spectra o f  

th e  complexes in  th e  s o lid  s ta te  were measured to  ev a lu a te :-

(1) q u a lita t iv e ly  the degree o f  covalency in  the cobalt-oxygen bond 

and r e la te  t h is  to  th e  s tr a in  and d is to r t io n  in  th e  r in g ,

(2) the e f f e c t  o f  anions on th e  in frared  sp ec tra .

2 . V is ib le  and U ltr a -v io le t  Absorption Sp ectra . The v i s ib le  and 1. . I 

u lt r a - v io le t  absorption sp ectra  o f the complexes were measured# The 

p o s it io n  and in t e n s i t y  o f  th e  u l t r a -v io le t  absorption bands due to  th e  

carboxyl a te  group are a ffec ted  by s tr a in  and d is to r t io n  in  the r in g .

A coord in ation  compound con ta in in g  ligan d s arranged in  a c is  form ation

w i l l  g ive r is e  to  a d iffe r e n t  d-d tr a n s it io n  than one conta in ing
74

lig a n d s arranged in  a trans form ation. T his could a s s i s t  in  

determ ining th e  arrangement o f  th e  su cc in ate  l ig a n d .

3 . Base H yd ro lysis . In  the presen t work reaction s o f the malonato 

complex were stu d ied  and compared w ith th e  r e su lts  o f the known work 

on the oxalato  and malonato complexes and attem pts were made to  

determine the mechanisms o f  th e  reaction s o f  th e  malonato complex.

4 . O ptical A c t iv ity . The malonato complex was reso lved  and the  

o p tic a l ro ta to ry  d isp ersion  curve o f one o f the o p tica l isomers was 

measured so as to  determine the absolute con figu ration  o f  th is  isom er.
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The r a t e  o f  lo s s  o f o p t ic a l  a c t i v i t y  o f th e  re so lv ed  malonato

complex in  a lk a l in e  s o lu t io n  was measured and compared w ith  th e  r a te
100

of i t s  decom position# I t  i s  known th a t  th e  r a t e  of lo s s  of o p t ic a l  

a c t i v i t y  and th e  r a t e  o f decom position o f th e  carbonato  complex a re  

d i f f e r e n t  and t h a t  th e  r e a c t io n s  a re  q u i te  d is s im i la r  m ec h an is tica lly #
85

In  th e  case o f th e  o x a la to  complex i t  has been found th a t  th e  lo s s  o f 

o p t ic a l  a c t i v i t y ,  decom position  and o x a la te  exchange re a c tio n s  in  th e  

p resen ce  o f aqueous a lk a l i  a l l  have id e n t ic a l  second-o rder Ic in e tic s  

and th e re fo re  proceed by th e  same mechanism# By m easuring th e  r a t e  

o f lo s s  o f o p t ic a l  a c t i v i t y  o f th e  m alonato isom er i t  can be seen 

w hether t h i s  complex i s  s im ila r  i n  i t s  r e a c t io n s  to  th e  carbonato  or 

o x a la to  complex which would h e lp  to  determ ine th e  s t r u c tu r e  o f th e  

m alonato complex and th e  mechanisms o f i t s  r e a c t io n s .
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I N F R A R E D  A B S O R P T I O N  S P E C T R A

D^RODUGTION ,

H o le o u la r  Symmetry and th e  S;vTi?metry Groups

I t  i s  known th a t  po lyatom ic m olecu les have 3N-6 norm al v ib r a t io n s  

i f  th ey  a re  n o n - l in e a r  and 321-5 i f  th ey  a re  l in e a r#  Now f o r  any g iven  

m olecu le  on ly  th o se  v ib r a t io n s  which a re  p e rm itte d  by th e  s e le c t io n  

r u le  f o r  t h a t  m olecu le  appear in  th e  in f r a r e d  and Raman s p e c t r a .  T h is 

s e le c t io n  r u le  i s  governed by th e  symmetry o f  th e  m olecule  so o b v io u s ly  

m o le cu la r symmetry i e  an im p o rtan t p a r t  o f  any in f r a r e d  s p e c tr a  s tu d ie s .

Now th e  symmotry o f  a  m olecule  i s  de term ined  by th e  s p a t ia l  

g e o m e tric a l arrangem ent o f  th e  n u c le i  c o n s t i tu t in g  th e  m olecu le . The 

symmetry p r o p e r t ie s  o f  a  moleou3.Q a re  b e s t  d e sc r ib e d  in  term s o f  th e  

symmetry o p e ra t io n s  which can be perform ed on th e  m o lecu le . A symmetry 

o p e ra t io n  i s  an o p e ra tio n  w hich, when a p p lie d  to  an o b je c t ,  r e s u l t s  in  

a  new o b je c t  which i s  in d is t in g u is h a b le  from th e  o r ig in a l  one and hence 

superim posab le  on i t .  A s;^rnimetry o p e ra tio n  u s u a l ly  c o n s is t s  o f  

r o t a t i o n  abou t an a x is  o r  p la n e , o r  r e f l e c t i o n  in  a  m ir ro r ,  o r  a  

com bination  o f  b o th . Each symmetry o p e ra tio n  im p lie s  th e  e x is te n c e  o f  

an e lem ent o f  symmetry so t h a t  a  symmetry elem ent i s  d e fin e d  a s  a  

g e o m e tr ic a l e n t i t y  such a s  a  l i n e ,  a  p la n e , o r  a  p o in t ,  w ith  r e s p e c t  

to  which ono o r  more symmetry o p e ra tio n s  may be c a r r ie d  o u t . Thus th e  

synnaietry p ro p e r t ie s  o f  an o b je c t  may be in d ic a te d  by s p e c ify in g  th e  

symmetry e lem ents which th e  o b je c t  p o s s e s se s . In  f a c t  th e re  a re  f iv e  

b a s ic  symmetry e lem ents c o rre sp o n d in g  to  symmetry o p e ra tio n s  which 

w i l l  now be b r i e f l y  d iscussed*
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A p - fo ld  a x is  o f symmetry, Cp.

I f  r o t a t io n  o f  a  m olecule about an a x is  th rough  on an g le  o f  560°/p  

p roduces a  c o n f ig u ra tio n  in d is t in g u is h a b le  from th e  o r ig in a l  one, th e  

a x is  i s  c a l le d  a  p - f o ld  a x is  o f  symmetry, Cp, where C s ta n d s  f o r  c y c l ic .  

The case  where p = 1 i s  t r i v i a l  s in c e  t h i s  a p p lie s  to  any m olecu le .

2 . A c e n tre  o f  symmetry, i .

I f  r e f l e c t i o n  a t  th e  c e n tr e ,  i . e .  in v e r s io n , produces a  

c o n f ig u ra tio n  in d is t in g u is h a b le  from th e  o r ig in a l  one, th e  c e n tre  i s  

c a l le d  a  c e n tre  o f  symmetry, i ,  where ^i* s ta n d s  f o r  in v e r s io n .  T h is 

means t h a t  i f  a  s t r a ig h t  l i n e  i s  drawn from each atom th rough  th e  

c e n tre  o f  th e  m olecu le  i t  alw ays m eets an equal atom a t  th e  same d is ta n c e  

from th e  c e n tre  on th e  o p p o s ite  s id e .

3# A p lan e  o f  symmetry.

I f  r e f l e c t i o n  o f  a  m olecule \vLth r e s p e c t  to  some p lan e  produces a  

c o n f ig u ra tio n  in d is t in g u is h a b le  from th e  o r ig in a l  one, th e  p lan e  i s  

c a l le d  a  p iano  o f  symmetry.

4 . A p - fo ld  r o t a t io n - r e f l e c t i o n  a x is .  Sp.

I f  r o t a t io n  by 360°/p  about th e  a x is  fo llow ed  by r e f l e c t i o n  a t  a  

p lan e  p e rp e n d ic u la r  to  th e  a x is  p roduces c o n f ig u ra tio n , in d is t in g u is h a b le  

from th e  o r ig in a l  one, th e  a x is  i s  c a l le d  a  p - fo ld  r o t a t i o n - r e f l e c t i o n  

a x i s .

5 . I d e n t i ty .  I .

T h is  i s  a  symmetry elem ent p o sse sse d  by every  m olecu le  no m a tte r  

how unsym m etrical i t  i s ,  th e  co rre sp o n d in g  o p e ra tio n  b e in g  to  le a v e  

th e  m olecu le  unchanged. T h is symmetry elem ent i s  in tro d u c e d  f o r  

m athem atica l r e a s o n s .



A m olecu le  may have more th an  one o f  th e se  symmetry e lem en ts . 

Com bination o f  more and more o f  th e s e  e lem en ts produces system s o f  

h ig h e r  a n d 'h ig h e r  symmetry. A p o s s ib le  com bination  o f  symmetry 

o p e ra tio n s  whose axes i n t e r s e c t  a t  a  p o in t  i s  c a l le d  a  p o in t  group.

In  f a c t  o n ly  a  l im i te d  number o f  p o in t groups can e x i s t .  The diagram s 

on pages 12 and 115- i l l u s t r a t e  th e  symmetry elem ents o f th e  p o in t - 

groups which appear in  t h i s  s e c t io n .
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Mmetry Element's o4 Po^n^ G roups  r ef e r r e d  hp in hhis s h ; j y ^

C .
EHi y i e n e j  10. nil  n e  I n  g a u c h e

Con-T I g u r a t io n .

C.

( a  plane o f  symmehry)

X
Z
y

Un\(Jcnlai’e  c a r b o n a h e  
K y o n d

C ^v

(c , R(?v)

C^v

(Cj ,3 6 v)

Bidenhcihe c a r b o n a h e  

and o K a l a i ' e  l i g a n d s .

A m m o n ia
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C  OO V

(Coo — Cp, OO (T v) OV H i i o c y o n c t l ' e  I o n

C«, =  C

D U D i ^ h i o n a h e  I o n

O x a la t" e  Io n

‘V

C a rb o n a l'e  Ib n
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Annaino Complexes

An aimnonia m olecale  c o o rd in a te d  to  a m eta l atom o r io n  forms a t e t r a 

h e d ra l grouping,. which "belongs to  th e  p o in t  group Ih u s th e re

a re  s ix  v i"b ra tions e x p e c te d :-  an tisym m etric  and symmetric M  s t r e tc h in g ,  

MEj d eg en era te  deform ation ,. symmetric de fo rm atio n , ro ck in g  and 

M-K s t r e tc h in g  and a l l  a re  in f ra re d ..a c tiv e #

M M M

I I 1
E

K

SgCHHj)

H

■E.
E

BE s t r e tc h in g  "bands

M.

H,

The BE s t r e tc h in g  "bands always ap p ea r as one o r more "bands "between
—1 '

3400-3000 cm# They a r e  u s u a l ly  b ro ad e r and t h e i r  fre q u e n c ie s  low er th a n

th o se  o f  th e  f r e e  ammonia molecule#. One re a so n  f o r  t h i s  i s  th e  e f f e c t  o f  
1 .  2 ,  3 r 4 ■ , '

c o o rd in a tio n  w hich low ers th e  BE s t r e tc h in g  freq u eh cy  b y  IOO-I5O cm#

I t  has b een  proposed t h a t  t h i s  i s  m ain ly  due to  th e  d ra in ag e  o f  e le c tro n s

from th e  n itro g e n  atom which weakens th e  BE bonds and hence d e c rea se s  th e

I S  bond o rder#  S ince th e  BE s t r e tc h in g  fre q u e n c ie s  o f  th e  ammine complexes

a re  in te rm e d ia te  betw een th o se  o f  th e  f r e e  BS^ and BÊ "̂  th e  M-B bond o f

th e  ammine complexes i s  p ro b ab ly  p a r t i a l l y  io n ic #

The BE s t r e tc h in g  frequency  i s  a ls o  s e n s i t iv e  to  changes i n  th e  anion#
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T here i s  ample ev idence  o f  th e  p resen ce  o f  hydrogen bonding  betw een th e
5

K-E o f  ammine complex io n s  and an ions su ch  as h a lo g en s . Here . t h e l  hydro gen 
5

bonding  weakens th e  H-E bond and s h i f t s  th e  band to  a low er freq u en cy .
4

I n  a d d i t io n  S v a t  os e t  a l^  a ls o  c i t e  h y d ra tio n  and. c o n f ig u ra tio n  as 

b e in g  f a c to r s  which' a f f e c t  th e  BE s t r e tc h in g  frequency# In. th e  case  o f 

h y d ra t io n  i t  was found t h a t  i f  th e  w a ter o f  h y d ra tio n  absorbs i n  th e  35^0 

cmT^ re g io n  th e n  th e  BE s t r e t c h in g  freq u en cy  i s  h a rd ly  a f f e c te d ;  i f  th e  

w ater ab so rbs a t  a p p re c ia b ly  low er f re q u e n c ie s  th e  BE v ib r a t io n  may be 

low ered  co n sid e rab ly »  The e f f e c t  o f  c o n f ig u ra tio n  was t h a t  i n  some 

complexes e .g #  a t r a n s  s q u a re -p la n a r  c o n f ig u ra tio n , a  c o u p lin g  o f  th e  two 

t r a n s  BE v ib r a t io n s  would y ie ld  sym m etric and an tisym m etric  v ib r a t io n s , 

o n ly  th e  l a t t e r  b e in g  in f r a r e d  a c t iv e  » But i n  th e  c ase s  o f  c is  sq u a re -  

p la n a r ,. t e t r a h e d r a l  and o c ta h e d ra l complexes b o th  th e  sym m etric and 

an tisy m m etric  BE v ib r a t io n s  r e s u l t  i n  a  change i n  d ip o le  moment and so 

a re  in f r a re d ' a c t iv e  »

BE  ̂ d e fo rm a tio n  and^rocking  bands

Mizushima e t  a l .  a s s ig n e d  th e s e  bands b y  o b se rv in g  th e  s h i f t s  

r e s u l t i n g  on com plète d e u te ra t io n  o f  jcoCBE^)^*]^*^ to  fco(BD_)gl^"^. These 

co n c lu sio n s  have b een  f u r t h e r  s u b s ta n t ia te d  by  o th e r s .  The asym m etric 

BĤ  d e fo rm a tio n  occu rs a t  about 1600 cmT  ̂ [u s u a l ly  one band , always q u ite  

b ro a d ) , th e  sym m etric BEg d e fo rm a tio n  occu rs a t  abou t 1300 cm7^ [ u s u a l ly  

one band w ith  sh o u ld e rs , sha rp ) and th e  ro c k in g  band occu rs a t  about 

800-830 cmT^ [one band g e n e ra l ly ,  f a i r l y  b ro a d ) .

The e f f e c t s  o f  c o o rd in a tio n  and hydrogen bonding s h i f t  th e  th r e e
10

b end ing  bands t o  h ig h e r  f r e q u e n c ie s .  S v a t  os ^  a l . have found t h a t  th e  

BEj ro c k in g  freq u en cy  i s  most s e n s i t iv e  and th e  d e g en e ra te  defo rm ation
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freq u en cy  l e a s t  s e n s i t iv e  to  th e  m e ta l. These r e s u l t s  can he^reasonab ly

6 , 11''
e x p la in ed  by th e  co n c lu sio n s drawn from norm al c o o rd in a te  a n a ly s i s .

12
R ecen tly  Y/ilm shurst has found a l in e a r  r e l a t io n  betw een th e  

e le c t r o n e g a t iv i ty  o f th e  m eta l and th e  square  o f e i th e r  th e  symmetric 

d e fo rm a tio n  o r th e  ro ck in g  freq u en cy .

M-N s t r e tc h in g  bands.

The M-B s t r e tc h in g  frequency  i s  o f p a r t i c u l a r  i n t e r e s t  s in c e  i t  

p ro v id es  d i r e c t  in fo rm a tio n  about th e  c o o rd in a te  bond. Because of tne  

r e l a t i v e l y  heavy mass o f th e  m etal and th e  lov; bond o rd e r  of che c o o r i in :  e 

bond, th e  M-N s t r e tc h in g  v ib r a t io n  i s  expected  to  appear in  th e  I c r e r  

frequency  re g io n . There has been some c o n tro v e rsy  as to  th e  p o s i t io n  c f
9

t h i s  band. Pow ell and Sheppard a t t r ib u te d  a very  v/eak band a t  about
Y

500 cm.^ i n  th e  [co(.NE^) io n  to  }4(Co-H), But Barrow e t  a l .  m issed t h i s  

weak a b so rp tio n  and a t t r ib u te d  a s tro n g  band a t  330 cmT*̂  i n  (co(BEx)^l^'*"'''
13

to  y CCo~E) .• T h is assignm ent was fo llow ed  by B ert i n  e t  a l .  who a ls o  s tu d ie d
I 1

C o (II)  compounds and found a b so rp tio n  n e a r  520 cmT which th ey  a lso
t

a ssig n ed  to y (,C o -N ).

Shimanouchi and Nalcagawa seem to  be th e  f i r s t  to  have fo-on.-. ooxh b-mc.s. 

The we ale band a t  about 300 cm.^ has been a ssig n ed  to  y(Co-I!) ana th e  

s tro n g  band a t  about 320 cm..^ to  o  (H-Co-H) f o r  a hexam ine. T liis i s  in
15

agreem ent w ith  th e  work o f Watt and K le t t  who showed t h a t  whereas

[co(N E^)^J c h lo r id e  and bromide a re  m onoclin ic  th e  io d id e  i s  c u ./ c , th e

'complex io n  hav ing  0^ s i t  e-sym m etry. The th r e e  weal: bands observe a 
_1

500 cm. f o r  th e  c h lo r id e  and bromide a re  th e r e fo re  components o f 

in  th e  io d id e  a s in g le  band appears a t  about 464 cmT^ in  agreem ent w ita  

th e  h ig h  s ite -sy m m etry .

These assignm ents have been f u r th e r  v e r i f i e d  by th e  vei^'
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work done by Sacconi e t  a l  and G r i f f i th . .

However, f o r  th e  hexammihes o f  d i v a l e n t .m e t a l s  i t  has been found th a t

i s  n e a r  300 and i s  n e a r  200 cmT^as found by B ert in  e t  a l .

E f fe c t  o f  M etal-L igand  Bond C h a rac te r on V ib ra t io n a l  F re q u e n c ie s .

S e v e ra l a tte m p ts  have been made to  c o r r e la te  th e  v a r ia t io n s  in  th e

fre q u e n c ie s  o f th e  s t r e tc h in g ,  bending  and ro c k in g  modes o f ammonia l ig a n d s

vd th  th e  s t r e n g th  o f  th e  m e ta l-n itro g e n  bonds. F u j i t a ,  Makamoto and Kobay- 
3

- a s h i  have s tu d ie d  th e  c h lo r id e , brom ide, io d id e , n i t r a t e  and p e rc h lo ra te

s a l t s  o f jco and observed  v a r ia t io n s  i n  th e  a b so rp tio n  ban^s

which can be c o r r e la te d  iTith th e  v a ry in g  s t r e n g th  o f hydrogen bonds uo

th e  a n io n s . They found t h a t  th e  BH s t r e tc h in g  fre q u e n c ie s  in c re a s e d  and

th e  ro c k in g  v ib r a t io n s  d ecreased  in  th e  above o rd e r .  They a ls o  examined

th e  hexammine p e rc h lo ra te s  o f N i ( I I ) ,  C r ( I I I )  and C o (I I l)  in  whioh

ex tran eo u s v a r ia t io n s  due to  v a ry in g  s t r e n g th  o f hydrogen bonding in  th e

d i f f e r e n t  l a t t i c e s  were m inim ised . They found t h a t  th e  s t r e tc h in g  f re q u -

-e n c ie s  d e c re a se d , th e  symmetric de fo rm ation  fre q u e n c ie s  in c re a s e d  and th e

ro c k in g  f re q u e n c ie s  m arkedly in c re a s e d  in  th e  above o rd e r .
. 10

: S v a to s  e t  a l  have examined a w ider v a r i e ty  o f ammine com plexe: and 

found t h a t  th e  ro c k in g  frequency  decreased  in  th e  o rd e r ? t ( I V ) ,  P t 'I I ) ^  

C o ( I I I ) ,  P d ( I I ) ,  C r ( I I I ) ,  C u ( I I ) ,  H i ( I I ) ,  C o ( I I ) .  These a u th o rs  a ls o  

showed from  sim ple fo rc e  f i e l d  c a lc u la t io n s  t h a t  th e  ro c k in g  frequency  

i s  expec ted  to  depend s tro n g ly  on m e ta l-n itro g e n  bond s t r e n g th ,  th e  

sym m etric de fo rm ation  l e s s  so and th e  asym m etric defo rm ation  r a th e r  

l i t t l e  and t h a t  th e  v a r ia t io n s  m th  in c re a s e  o f m e ta l-n itro g e n  bond 

s t r e n g th  should  be i n  th e  d i r e c t io n s  a c tu a l ly  found .
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Eth y le n d lrm in e  Gomelexes

E thy l enediam ine or 1 ,2 -d i  amino e th a n e , 1̂ 12^19 OHgMIg « may e x is t  i n  

th e  c is  ; -trans or gauche con fo rm ation , depending on th e  euigle o f in te r n a l  

r o ta t io n #  These forms a re  shown on page 2 0 . The t r a n s  form i s  n o t 

s u i ta b le  f o r  c o o rd in a tio n  because th e  two n i tro g e n  atoms a re  to o  f a r  a p a r t .  

The c is  form  w i l l  c o o rd in a te  to  g ive  a  p la n a r  r in g  and th e  gauche form 

g iv es  a puckered  r in g .
18

Q uagliano and Mizushima in d ic a te d  th a t  th e  c o b a lt-e th y le n e d ia m in e  

r in g  i s  i n  th e  gauche co n fo rm atio n . T h e ir  s p e c t r a  f o r  complexes c o n ta in in g  

e th y l  enediam ine as a c h e la t in g  group were v e ry  s im ila r  to  th o se  f o r  com

pounds h a v in g  a known gauche co n fo rm a tio n . The X -ray  c ry s ta l lo g ra p h ic  d a ta
19 " 20 ' "

on th e  compounds trans~[C oen^C l^] Cl ,HC1,2H20 and [C o e n ^ C l^  su p p o rt t h i s

c o n c lu s io n . S ince th e  in f r a r e d  s p e c tra  o f a l l  th e  c o h a lt-e th y le n e d ia m in e

complexes m easured show th e  same 'g en era l band ty p e ,  i t  seems re a so n a b le  to

assume t h a t  a l l  th e  c h e la te  r in g s  have th e  same gauche con fo rm ation .
21

Sheppard and Powell compared th e  in f r a r e d  s p e c t r a  o f  a number o f 

e th y len ed iam in e  complexes and found them  to  be o f two ty p e s ? -  A ty p e  

s p e c tr a  which a re  found in  o c ta h e d ra l C o ( I I I ) ,  C r( ,III)  and R h ( I I l )  and 

sq u a re -p la n a r  P t ( I I )  and PdC lI) com plexes; and B ty p e  s p e c tra  wliich a re  

se en  in  o c ta h e d ra l B i( I I )  and s q u a re -p la n a r  C u ( il)  com plexes. These 

a u th o rs  concluded th a t  t h i s  d if f e re n c e  can be a t t r ib u t e d  on ly  to  a 

d if f e r e n c e  o f conform ation  o f th e  c h e la te  r in g .  S ince  th e  C o (III)  complex 

i s  d e f i n i t e l y  gauche, th e  A ty p e  spectrum  must r e s u l t  from  th e  gauche

co n fo rm a tio n . A lthough Pow ell and Sheppard a t t r ib u t e d  th e  B ty p e  spectrum
22 2 23 g.

to  th e  c is  con fo rm ation , th e  c h e la te  r in g s  i n  th e  [Cueug] and [N ien^]

io n s  have been  proved by X -ray  a n a ly s is  t o  be o f th e  gauche ty p e .
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Those authors have th erefore  abandoned th e ir  hypothesis and subsequ- 
24

e n tly  suggested th a t the two d if fe r e n t  types o f sp ectra  are due in  part 

to  hydrogen bonding between BH2 groups and the an ion . In order to  t e s t  

th is  hyp oth esis th ey  minimised the hydrogen bonding e f f e c t s  by choosing
1.

the la rg e  t  e t  r achl or opl at in a t e ( 11 ) io n . The in frared  sp ectra  o f m etal- 

e th y len ed ia m in e -te tra ch lo ro p la tin a te (II)  s a l t s  were measured in  th e  s o lid  

s ta te  and th ere  was seen  to  be a good c o rr e la tio n  between fea tu res  o f  the  

sp ectra  and the general s t a b i l i t y  o f  th e  com plexes. A s e r ie s  o f bands, 

caused p r in c ip a lly  by I©2 rocking v ib r a t io n s , vary in  p o s it io n  from about 

800 cm.^ i n  th e  sp ectra  o f the most s ta b le  complexes (type A) to  near 

600 cmT̂  in  the spectrum o f the le a s t  s ta b le  complex (type B ) . Another 

sequence o f bands, due to  the m eta l-n itrogen  bond s tr e tc h in g , a lso  show 

regu lar frequency changes from about 585 to  478 cmT The order o f  decre

a sin g  s t a b i l i t y  and decreasin g  frequency in  both s e t s  o f  bands was found 

to  b e : -  P t ( I I ) ,  Rh(II ) ,  Co( I I I ) ,  Pd( I I ) ,  Or ( H i ) ,  Hg( I l ) ,  Cu( I l ) ,  N i ( I I ) ,  

Co(II ) ,  Zn(I I ) ,  Cd ( l l ) .  The va lues fo r  th e  [Coen^] io n  b e in g ;-  

Log ^average Log Spectrum type BHg rock M-N

16. 3 1 8 .7  A 782 770 585

Log ^average “ th e  o v era ll s t a b i l i t y  constant ( lo g ^ ^ )  d ivided  by

the number (n) o f  groups bound to  the metal io n . = the f i r s t  su ccess iv e  

s t a b i l i t y  con stan t.
25

I t  has been pointed  out by B a ila r  and Corey th a t an is o la te d  m etal-  

ethylenediam ine r in g  in  th e  gauche form can adopt e ith e r  o f  two conform

a tio n s (k and k*) which are e n e r g e t ic a lly  and geom etrica lly  eq u iv a len t, 

but are enantiom eric (diqgram on page ) .  A compound having more than

one e th y l enediamine r in g  may then  have r in gs w ith  e ith e r  th e  k or k ’
conform ation.
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C onform ations of th e  e t h y l enedi amine mol eonl e

II

cr X) ■

20'

C ',9  C& V

a NHz

G a u c h v

Q .

Trans C

%

HH

Go.ucKe 2.

k k  form kk* form

R e la tio n  o f two co o rd in a te d  b id e n ta te  e th y len ed iara in e  m olconies i n  th e

gauche form
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A l th o u ^  th e  energy  o f  c o n v e rs io n  i s  expec ted  t o  he s n n l l j  th e  ccrrpcji::.! 

c o n ta in in g  d i f f e r e n t  r i n g  form s T i l l  d i f f e r  s l x ^ t l y  i n  thermodynamic 

s ta b i l i ty * .  By c o n s id e r in g  th e  non-honded in te ra c t io n s ,  o f  donor n i t r e  yen 

g ro u p s, B a i l a r  and Corey e s tim a te d  t h a t  f o r  th e  t r a n s - -bls(e.thyler-edianir.e) 

a rrangem en t, th e  k k  fo rm  i s  more s ta b le *  X -ray  d a ta ,  however in d ic a te s
5

t h a t  th e  kk* form  e x i s t s  i n  th e  s o l id  s ta te *  Now i n  th e  kk* form  th e

hydrogen atom s a re  i n  a  more fa v o u ra b le  p o s i t io n  f o r  hydrogen bend ing
26

w ith  th e  a n io n  and. B a ld T in  h a s  su g g e s te d  t h a t  th o s e  coz^ounds w hich e x io i  

i n  th e  Ick* form  a re  s t a b i l i s e d  b y  hydrogen  bonding*

Hence compounds t h a t  show th e  g r e a te s t  amount o f  hydrogen bond ing  

as. a s s e s s e d  from  th e  f re q u e n c ie s  a ls o  g ive  th e  s im p le s t sp e c tra *

But conqpounds t h a t  a re  n o t  f ix e d  b y  s p e c i f i c  i n t e r a c t io n  shou ld  cent": i n  

b o th  t h e  k k  and kk* form  th u s  p ro d u c in g  a  g r e a te r  c o n ^ le x ity  o f  band 

s t r u c tu r e  because  o f  th e  low er symmetry o f  th e  kk  form*

E ^ e r im e n ts  have- been  c a r r ie d  o u t on  many tra n s -d ih a lo b is ^ 'a m in e )  

C oClII) c a t io n s  t o  a s c e r t a in  th e  s t r u c tu r e  o f  t h e  c h e la te  r in g s .  T he 

r e s u l t s  a r e  summarised i n  th e  fo llo w in g  ta b le :

S t r u c tu r a l  D ata  f o r  Compounds o f  th e  Type trans^MCAA) (HrOo )C1^' ' ** ' ' ' 4-  2 — C
Compound C onfom iation  R e la tio n  P o s i t io n  .

o f  diamine- o f  r in g s  o f  s u b s t i tu e -„i. ^
i r a n s —j^CoenoClol CH^Qo)Cl9 ^ u c h e  kk* —

g ra n s—[coeriQBrol CHgO.olBro ” **

Bransr-jcoC -^njoC lg] CHgOpjClp. " kic e q u a to r ia l

l r a ^ - [c o C + p n )  C-pn)CI2] (H5O2)Clp " Idk* "

T rans—[coenoClc^ C l • u n _

The c h e la te  r in g s  a re  a l l  gauche and, s u b s t i tu e n t s  a re  e q u a l : r i a l T h e  

r e l a t i o n  o f  th e  e thy lened iam ine  r in g s  i n  m ost c a se s  i s  Ida'*' ::ad n e t  th e  

more s t a b le  kk* T h is  h a s  b een  e x p la in e d  a s  due t o  p a c k in g  c o n s id é ra i-
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o r  t a  hydrogen  b o n d ing  i n  th e  c ry s ta l*  I t  i s  o f  i n t e r e s t  t h a t  i n  -dhe c a se  •

o f  t h e  b i s — a c t iv e  d iam ine compounds th e  kk. form  predoin inate-*

TrieG'hhyl enediam ine Co ( H I )  complezœs have  a ls o  b een  s tu d ie d  b y

X -ra y  a n a ly s is  and i n  e v e ry  c a se  th e  kkk form, i s  found  as: is . shown i n
M

th e  fo llo w in g  t a b l e ;

S t r u c tu r a l  D ata  on  T r is e th y le n e d ia m n e  C o b a lt ( I I I )  Cation*

Compound C h e la te  T r i n g  .v:
con fo rm ation  r e la t io n s h ip  

DL— ^oen^'j Gl^ y3B̂ 0 gauche kkk

2D- [Coezy^ CI^ " kkk

2D-[coezy] Er  ̂,EgO " kkk

-With re g a rd s  t o  t h e  c o n fo rm a tio n  o f  th e  n e ta l-e th y le n e d i^

i n  cosç)lexes co n ta in in g : a m e ta l io n  other- th a n  c o b a l t  c o n s id e ra b le
28

has been  done b y  Brown and L in g a fe l te r*  U sin g  X -ra y  c ry s ta l lo g r a p h ic  d a ta  

th e y  have  shown th e  s t r u c tu r e  o f  [hieng (XCS)2j t o  b e  a. n e a r ly  r e g u la r  

o c ta h ed ro n  w ith  t h e  e thy lened iam ine  m olecule  i n  th e  gauche form  and 

r e l a t i o n  o f  t h e  two e th y len ed iam in e  r i n g s  was found, to. b e  sym m etrical- or k k . 

They have  a ls o  shown th e  s tru c t-o re  o f  [cuen2}(ScM)2̂ t o  b e  a  d x s .tc r te d  

o c ta h ed ro n  w ith  th e  e thy lened iam ine  m olecu le  i n  a n  unsym m etracal c r  Ick* 

gauche— form* (S ee  d iagram s on page 2 0 ) * I t  may b e  t h i s  d is to iru io n  >;dich 

is- re s p o n s ib le  f o r  t h e  i n t e n s i t y  d if fe re n c e s : upon w hich t h e  A/B  c ia s û .ir i  :a-'don 

o f  Pow ell and  Sheppard is ; based*

.' In f r a re d  bands i n  th e  590 -  465 cm* re g io n  have been  a ss ig n e d  t e
29.

(E-N). by PoT/ell and Sheppard* S ince th e  bands s u f f e r  q-’o i te  la rg e  freqi.e.... y

s h i f t s  on d e u te ra t io n ,  i t  i s  p o s tu la te d  t h a t  th e re  i s  v ib r a t io n a l  coup 11...g

w ith  ro ck in g  v ib ra tio n s *  A bsorp tion  a t  low er f re q u e n c ie s  was -
(

t e n t a t i v e l y  a ss ig n e d  as S(H-N-M)* A r e c e n t  r e p o r t  on PdCl^en^ by Dur' ■ e t
50 2  2 * ^ - '  —

^ *  i s  n o t  c o n s is te n t  w ith  Pow ell and Sheppard*s work*
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V ib ra tio n s  o f th e  Carboxyl and C arboxy la te  Groups

The in f r a r e d  a b so rp tio n  s p e c t r a  o f  th e  COO group in  d i f f e r e n t
31

environm ents a re  w ell e s ta b lis h e d *
»
The carboxy l group i n  a s a tu ra te d  a c id ,  which can be regarded  as

u n io n is e d , e x h ib i t s  a c h a r a c t e r i s t i c  a b so rp tio n  band a t  ^  I 725- I 7OO cmT^

T h is  band i s  s t ro n g  and i s  due to  th e  C=0 s t r e tc h in g  v ib ra tio n *

D ica rb o x y lic  a c id s  o f te n  have two bands i n  t h i s  re g io n , e*g . m alonio

' a c id  shows two peaks a t  1740 and I 7IO cn7^ T h is  i n te r a c t io n  e f f e c t  i s
-1reduced in  s u c c in ic  a c id  which shows on ly  a weak band a t  1700 cm* .

—1O x a lic  a c id  has on ly  one s tro n g  a b so rp tio n  betw een I 7IO and I 69O cm7 

The carboxy l group p re s e n t  i n  a s a l t  however i s  io n is e d  and 

resonance  i s  p o s s ib le  betw een th e  two C-0 bonds

0

- < o

The c h a r a c t e r i s t i c  carbony l a b so rp tio n  i s  th e r e f o re  re p la c e d  by two bands 

betw een I 6IO and 1550 om7 and betw een I 4OO and I 5OO cm7 which c o r re s 

pond to  th e  an tisym m etric  and sym m etric v ib r a t io n s  o f  th e  COO" group*

Of th e s e  bands th e  form er i s  much more .c h a r a c te r i s t i c ,  as  i t  i s  gener

a l l y  more c o n s ta n t in  freq u en cy  w h ils t  many o th e r  s k e le t a l  v ib r a t io n s
-1

o ccu r in  th e  wide range I 4OO-I5OO cm* .

V/hen th e  io n is e d  carboxy l group i s  co o rd in a te d  to  a  m etal i t  i s  seen

t o  be somewhere betw een b e in g  an io n is e d  group and an  u n io n ise d  group and

th e  v ib r a t io n  due to  th e  an tisym m etric  s t r e tc h in g  mode o f  th e  COO” group •

-1occurs around 1650-1590 cm* depending on th e  n a tu re  o f  th e  m e ta l.

T h ere fo re  i t  i s  p o s s ib le  to  d i s t in g u is h  betw een f r e e  and c o o rd in a te d  

COO groups i n  th e s e  complexes and determ ine  th e  degree o f  co o rd in a tio n *
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î TïïTyio A d d  Complexes'
3?

X -ray  an a ly s is ; in d ic a te s  t h a t  i n  |liiC gly)g '^Z^O , ' [z n (g ly )2]  and. 

[cdC gly)2] 220 ,. t?fO g ly c in a te  io n s  c o o rd in a te  t o  th e  m e ta l by form ing a  

tra n s , s q u a re -p la n a r  s t r u c tu r e :  —

22 .

0 ^ 0

I

• 22

A lso  i t .  h a s  been, shown, t h a t  th e  oxygens o f  th e  c a rb o x y l groups which a re

n o t  c o o rd in a te d  to  th e  m etal, a re  hydrogen-bonded e i t h e r  to  th e  amiieo -gr

o f  th e  n e ig h b o u rin g  m olecule o r t o  th e  w a te r  o f  c r y s ta l l i s a t io n .^  o r  are.

bonded weakly to  t h e  m e ta l o f  th e  n e i^ ib o u r in g  complex* Thus; th e  COG

s t r e t c h in g  freq u en c ie s ; o f  complexes o f  amino ac ids, a re  a f f e c te d  by

c o o rd in a tio n  as. w e ll  as by in te rm o le c u la r  in te r a c t io n *
34

Nakamoto ^  a l*  have examined, th e  e f f e c t  o f  co o rd in a tio n , and hpciTogen 

bonding by making  e x te n s iv e  measurements o f  th e  COO s t r e tc h in g  fre q u e n c  om 

o f v a rio u s , m e ta l complexes o f  amino a c id s  i n  d i f f e r e n t  p h y s ic a l  s ta te s *

They found  t h a t  f o r  any  one p h y s ic a l  s t a t e  th e  an tisy m m etric  f re q u e n c ie s  

i n cr e a s e ,  t h e  sym m etric f re q u e n c ie s  d e c re a se  and th e  s e p a r a t io n  betw een 

th e  two frequencies;, in c re a s e s  i n  th e  fo llo w in g  s e r i e s  o f  m e ta ls  r e g a rd le s s  

o f  th e  n a tu re  o f  th e  l ig a n d : -

N i( I I )  < 2 n ( l l )  <  CuCll) < C o (II) < P d ( I I )  < P t ( I I )  < C r ( I I I )

Nakamoto e t  ad* have e x p la in ed  th is ,  o rd e r  b y  assum ing t h a t  th e  c o v a le n t

c h a ra c te r  o f th e  k -0  bond in c r e a s e s  along, th e  s e r i e s ,  s in c e  an  in c re a s e  o_

c o v a le n t c h a ra c te r  le a d s  to  a  more ^ jn n r e t r i c a l  c a rb o x y l group and r e s u l t s  i i  

a n  in c re a s e  i n  th e  f re q u e n c y  s e p a ra t io n  o f  th e  two COO s t r e tc l i in g  bands»
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E3± on th e  o th e r  hand Q uagliano e t  a d , who have s tu d ie d  th e  in f r a r e d  

s p e c t r a  o f  some g ly c in e  complexes have concluded th a t; .

1 . th e  M-0 bonds, i n  C u ( I I ) ,  N i( I I )  and Z n (II)  g ly c in a te s : a re  

e s s e n t i a l l y  io n ic  because  t h e i r  f re q u e n c ie s  a re  alm ost th e  same as th o se  o f  

p o tass iu m  g ly c in a te  and sodium a ce ta te ;.

2 ,  th e s e  m e ta ls  u se  ^  h y b rid  o r b i ta l s  in  form ing  l i n e a r  bonds w ith  

th e  n i tro g e n  atoms o f  th e  lig an d s;:

3 a. th e  two- oxygen atoms o f  th e  c a rb o x y l group a re  sym m etrica lly  a rranged  

w ith  r e s p e c t  to  th e  m e ta l ,
32

B ut th e  c r y s ta l  s t r u c tu r e  o f th e  n ic k e l  compound shows q u ite  c le a r ly  

t h a t  a l l  o f  th e  amine hydrogen atoms a re  in v o lv e d  in . f a i r l y  s tro n g  hydrogen 

bonds and th e  u n co o rd in a ted  ca rb o x y l oxygen atoms a r e  l in k e d  by f a i r l y  

s t r o n g  hydrogen bonds, to  th e  w a te r m olecules and S^xiups o f  o th e r  

m o le cu le s . So i t  would seem t h a t  th e  n e a r  eq u iv a len ce  o f  th e  CO bonds a s  

shown b y  Q uagliano * s work, and by X -ray  work cou ld  w e ll be due to  th e  f a c t  

t h a t  w h ile  one oxygen i s  fo rm ing  a rea,sonably  s t ro n g  bond to  th e  m e ta l, th e  

o th e r  i s  a f f e c te d  s im i l a r ly  by th e  s e v e ra l  s t ro n g  hydrogen b o n d s .to  i t ,

E thy1enediam in e te t r a - a c e t i c  Acid Complexes,

E th y le n e d ia m in e te tra -a c e t ic  a c id  can form  complexes w ith  many m eta ls  by 

c o o rd in a tio n  t h r o u ^  th e  two n i t r o g e n  atoms and th e  f o u r  ca rb o x y la te  groups

EOOC,E.C. cE_cooa
\  /

... iSI —  CH„—  CH—  N
/  \

EOOO.EgC . CE2COOE

Of p a r t i c u l a r  i n t e r e s t  Tfith reg a rd s  to  th e s e  compounds i s  th e  f a c t  t h a t  

in f r a r e d  s tu d ie s  have been found to  be o f  g r e a t  use  in  d is t in g u is h in g

betw een un io n ised ,, c o o rd in a te d  and f r e e  io n is e d  COO groups i n  th e s e  compounds.
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E x ten siv e  work on t h i s  has been  done hy SavT^ær and P au lsen  and th e y  have 

concluded t h a t  th e  c o o rd in a te d  COO s t r e tc h in g  frequency  o f  th e se  complexes 

s h i f t s  to  h ig h e r  f re q u e n c ie s  as th e  II-O bond becomes more c o v a le n t , 

Examples o f t i l l s  can he seen  i n  th e  fo llo w in g  t a b le  which i s  ta k e n  from  

SaiTyer’s work, on th e  in f r a r e d  s p e c tr a  o f e th y le n e d ia r ; ln e te t r a - a c e t ic  a c id  

complexes o f t r i -  and t e t r a - v a l e n t  io n s .

C h e la te .In ti sym m etric
frequency  cmT

S y im e tric  
freq u en cy  omT”

Frequency
d if fe re n c e

K a[Crï]2Il20 1640 1360 280

Ha[CoY]2HoO 1645 1370 275

Ha [FGlJlHgO 1635 1385 250

IIar.a ï]x IÎ20 1670 1405 165

HaOAc 1580 1430 150

where H^Y i s  e th y le n e d ia m in e te t ra~ -ace tic  a c id .

These exam ples show n o t on ly  t h a t  as th e  ll-Q  bond becomes more c o v a le n t

so th e :f re q u e n c y  due to  th e  an tisym m etric  v ib r a t io n  o f th e  c a rb o x y la te

group in c re a s e s  b u t a ls o  t h a t  th e  freq u en cy  d i f f e r e n c e  betw een th e  two '

d i f f e r e n t  s t r e tc h in g  v ib r a t io n s  o f t h i s  group in d ic a te s  th e  deg ree  o f

c o v a le n t b o n d in g . I t  i s  seen  t h a t  as t l i i s  freq u en cy  d if fe re n c e  in c re a s e s

so th e  bond ing  becomes more c o v a len t and Sawyer concluded t h a t  where th e

d if fe re n c e  i s  225 o r  more th e  bonding  i s  p r im a r i ly  c o v a len t and where
“»3i t  i s  225 cm, ' o r l e s s  th e  bonding i s  p r im a r i ly  i o n ic .
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C arbonato Complexes

The f r e e  carbonate, io n  has synm etry and th e r e fo re  has fo u rpn

norm al modes o f v ib r a t i o n ; -

0 ' 0 + ■ ' 0 ' o'
I :  I I  I

^ 0 ' '  ' ' 0 ^  ^0 _  0 ^  ^ 0  0 ^ 0^  ;o
= fgCCO) ^ 2  = “ (COj) P 3 = V s . s i - 0 )  i^4 = S y o c o )

P-z a re  in f r a r e d  a c t iv e  and ^ ^ 9  and V/ a re  Raman a c t iv e ,
^ ^ 36a

The fre q u e n c ie s  o f these , v ib r a t io n s  a re  w e ll  e s ta b l is h e d ; -

C-0 asym metric s t r e tc h in g  v ib r a t io n

G-0 symmetric s t r e tc h in g  v ib r a t io n

o ù t-o f -p la n e  defo rm ation  v ib r a t io n

in -p la n e  d efo rm atio n  v ib r a t io n

When th e  ca rb o n a te  io n  c o o rd in a te s  to  a m etal i t  can  do 00 . i i th e r  as
‘

a u n i d e n ta te  o r b id e n ta te  l ig a n d . On c o o rd in a tio n  vhe carbci..ate io n  

becomes l e s s  sym m etrical and th e r e fo re  e x h ib i ts  more v ib r a t io n s , i s  a 

u n id e n t a te  l ig a n d  i t  can  have Cg o r C2^  symmetry and as a b id e n ta te  l ig a n d

1415 -1cm. ^ 3

1063 -1cm.

879 -1cm. ^ 2

680 —1cm. ^ 4

i t  can only have symmetry as th e  fo llo w in g  diagram s show i-

f r e e  io n  u n id e n ta te  b id e n ta te
*"2v -2v

On changing to  and C2^  when co o rd in a te d  th e  v ib r a t io n  becomes _ ':r :r:red

a c t iv e  and th e  doubly d eg en e ra te  v ib ra t io n s  and M  each s p l i t  in to  *c.. .
3T ^ ^

b an d s, Eakamoto et. ad . have dem onstra ted  t h i s . e f f e c t  e x p e r im e n ta lly .
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A lthough th e  number o f  in f r a r e d  a c t iv e  fundam entals i s  th e  .same fo r  

C and , th e  s p l i t t i n g  o f th e  d eg en era te  v ib ra t io n s  i s  la r g e r  th e8 cV
b id e n ta te  th a n  i n  th e  u n id e n ta te  complex. T h is i s  a ls o  p re d ic te d

38
q u a n t i t a t iv e ly  by th e  norm al c o o rd in a te  a n a ly s is  c a r r ie d  out by p u n ira  e t  ^  

f o r  u n id e n ta te  and b id e n ta te  carbonato  complxes o f CoClXI), A cccrd tng  

to  th e  r e s u l t s  o f th e s e  c a lc u la t io n s ,  th e  CO s t r e tc h in g  fo rc e  c o n s ta n t , 

w hich i s  5 ,46  f o r  th e  f r e e  io n , becomes 6 .0  f o r  th e  CO-- bonds a::: 5 .0  f o r  

th e  CO^ bond in  th e  u n id e n ta te  complex whereas i t  becomes 8 ,5  f o r  mh: COp. 

and 4 ,1  f o r  th e  CO  ̂ bonds i n  t h e ■ b id e n ta te  complex, (A ll a re  U3I' s.rc . 

c o n s ta n ts  in  u n i t s  o f 10 d y n es/cm ,), Thu? th e  d if fe re n c e  between th e  CO-rj 

and COĵ  s t r e tc h in g  fo rc e  c o n s ta n ts  i s  l a r g e r  i n  th e  b id e n ta te  vhan in  th e  

u n id e n ta te  complex.

I n  o rg an ic  ca rb o n a tes  such  as d im ethy l carb o n ate  (CE^0]^)2C0--,. c h is  

e f f e c t  i s  more s t r i k in g  because th e  CE^-0^ bond i s  s t ro n g ly  covalenw .

I n  f a c t  th e  COjj^ s t r e tc h in g  band i s  observed a t  I 87O cml} whereas th e  

COt band i s  seen  a t  1260 cmT^
59

Gatehouse et. a l ,  have show/n t h a t  th e  s e p a ra t io n  o f th e  CO 

s t r e tc h in g  bands in c re a s e  a long  th e  s e r ie s : . -  '

b a s ic  s a l t  < carbonato  complex < a c id  < o rg an ic  carb o n ate  

as sliown by th e  fo llo w in g  t a b le

* asym m etric s t r e t c h  sym m etric s t r e t c h

b a s ic  s a l t  ' 1515-1470 (cm P ) 1425-1525 ( c m f  )

complex 1577-1493 1538-1260

acid  1660-1655 1410-1400
1650-1620 1370-1295

o rg an ic  ca rb o n a te  1870-1750 1280-1
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Oxa l a t 0 Complexes

The s t r u c tu r e  o f th e  f r e e  o x a la te  io n  i s  p la n a r  w ith  D̂ v. symmetry.

,G C

. . -  2 ; <
The v ib r a t io n a l  spectrum  o f  th e  f r e e  o x a la te  io n  has been  exsm ned by 

41
I'2urata and Kawai who a ssig n ed  th re e  v ery  s tro n g  in f r a r e d  modes a t  1627,

1538 and jGS cmT^ as an antis^m m ietric OGO s t r e t c h ,  a sym m etric 000 s t r e t c h

and an OGO o u t-o f -p la n e  bend r e s p e c t iv e ly .

When th e  o x a la te  io n  i s  c o o rd in a te d  to  a  m e ta l i t s  symmetry changes

to  Cg^ and i t  e x h ib i t s  more v ib r a t io n s .  Of th e s e  th e  two .symmetric and

th e  two an tisym m etric  s t r e tc h in g  v ib r a t io n s  o f th e  O-C-0 linlcages w i l l  be

m ost s e n s i t iv e ,  i n  a q u a l i t a t iv e ly  p r e d ic ta b le  way, to  changes in  th e

s tr e n g th s  o f th e  m etal-oxygen bonds, s in c e ,  as th e  m etal-oxygen coi.de become

s tro n g e r ,  th e  bond  o rd e rs  i n  th e  l ig a n d  a re  in c r e a s in g ly  a l t e r e d ,  l u i i t a  
42

et. ad , used t h i s  e f f e c t  to  r e l a t e  t h e i r  in f r a r e d  d a ta  to  th e  thermo dynamic

s t a b i l i t y  o f th e  com plexes. They reasoned  t h a t  as th e  M-0j bond becomes

s tro n g e r  th e  C-0% bond len g th en s  and weakens w hile  th e  G-Ojj bond becomes

s h o r te r  and s t r o n g e r .  Such bond len g th .ch a n g es .a re m ap p a re n t from X -ray

s tu d ie s .  They found t h a t  th e  low ering  o f  th e  CÔ  ̂ s t r e tc h in g  v ib r a t io n

—1C corresponding to  th e  1358 cmT OGO s t r e t c h  i n  the. o x a la te  io n ) does 

c o r r e l a t e  v rith  th e  s t a b i l i t y  o rd e r  GuClI) > Go(11) > h i ( I I ) , Zor th e  . 

t r i v a l e n t  m e ta l o x a la to  complexes t h i s  s tu d y  su g g e s ts  th e  o rd e r  

A lC lII); > Go ( I I I ) )  > C r ( l I I )  > F e ( I I I ) , c o n s is te n t  T /ith  th e  o rd e r  in  o th e r  

complexes in v o lv in g  c o o rd in a tio n  by s ix  oxygen atom s,
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43
îüzush im a ^  a l ,  have made a v ib r a t io n a l  s tudy  of o x a la to  co ..v lexer 

and have a ss ig n ed  th e  bands in  t h e i r  s p e c tra  by com paring them, w ith  th e  

s p e c t r a  o f th e  o x a la te  io n  and c i s -d im e th v lo x a la te  w hich i s  presumed to  

be an approxim ate model f o r  a h y p o th e t ic a l  complex w ith  f u l l y  co v alen t 

m etal-oxygen  bonds. The most c h a r a c t e r i s t i c  f e a tu re s  o f th e  s p e c tra  o f 

th e  complexes a re ;? : , . ... ..0

( i )  s tro n g  d o u b le t bands i n  th e  I 7OO cmT^ re g io n  w hich were p re sm e d  to  

be e s s e n t i a l l y  s t r e tc h in g  v ib r a t io n s  o f m odified  C=0 groups;

( i i )  a s t ro n g  band a t  about I 4OO cm,^ due to  th e  OGO s t r e tc h in g  - i b r a t l  

m ain ly  a t t r i b u t a b l e  to  C-0 s t r e tc h in g  v ib r a t io n .
43

llizushim a ^  have a ls o  a ttem pted  to  determ ine th e  degree o f

covalency  o f th e  m etal-oxygen bonds in  th e  fo llo w in g  way, Ih-hng sodium

o x a la te  as a s ta n d a rd  o f zero  covalency  and d im e th y lo x a la te  as a s ta n d a rd

o f 100 p e r  cen t covalency  i n  M-0 bonds, th ey  compared frequency  s h i f t s  in

c e r t a in  C-0 s t r e tc h in g  fre q u e n c ie s  i n  complexes w ith  th e  t o t a l  s h i f t  in

go ing  from  sodium  o x a la te  to  d im ethyoxala te  f o r  th e  same v ib r a t io n .  The

OCO an tisym m etric  and OGO sym m etric s t r e tc h in g  v ib r a t io n s  were chosen :

t h i s  purpose and t r i s  o x a la to  complexes o f  F e C l lI ) ,  G r ( I I l ) ,  C o (H I) and

A1(.LII) were exam ined. From a r e l a t i o n  o f  th e  t y p e : -

Covalency = V e s t e r  -  ^com plex
P e s te r  -  V o x a la te  io n

\ e
th e y  found covalncy  v a lu es  o f ^ .0 ,5  a l l  o f  th e  complexes u s in g  s e v e ra l  s

v ib r a t io n a l  modes.
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Mal onat o C'oinnl exe s

The f r e e  mal o u a te  io n  can he seen  from  th e  f o l lo \7in g  diagram  to
1

C2^  sym m etry:-

^ 0 ,  : ' o {  Oj ■

The. in f r a r e d  s p e c tr a  o f  th e  m alonate io n  and m alonic a c id  have been
44

s tu d ie d  by Schmelz e t  a l ,  who have a ss ig n ed  a l l  t h e  observed  f re q u e n c ie s .

The an tisy m m etric  and sym m etric OGO s t r e tc h in g  v ib r a t io n s  i n  th e  m alonate

io n  have b een  a ss ig n ed  to  s tro n g  bands a t  abou t l 600 and I 4OO cm,”

r e s p e c t iv e ly ,  b o th  o f w hich appear as d o u b le ts , th e  s e p a ra t io n  b e in g  o f
-1

th e  o rd e r  o f  20 to  40 cm. The v ib r a t io n s  o f  m alon ic  a c id  a re  v e ry  s im ila r

to  th o se  f o r  th e  m alonate io n  excep t t h a t  th e  sym m etric and a r t i s y r . ' 'e t r i c

OCO s t r e tc h in g  v ib r a t io n s  o f  th e  m alonate io n  become th e  0=0 s t r e t c h . ' :  3

and C-0 s t r e tc h in g  v ib r a t io n s  o f  th e  a c id  and th e  l a t t e r  coup les .u h  th e

in -p la n e  OE d e fo rm ation  v ib r a t io n .  A lso th e  o u t-o f -p la n e  defo rm ations

must be ta k e n  in to  a cc o u n t. F or m alonic a c id  th e  C=0 s t r e tc h in g  v ib r a t io n s

-1have been  a ss ig n e d  to  bands a t  1735 and 1705 cm, and th e  C-0 s t r e tc h in g  

v ib r a t io n s ,  coupled  wi-üa th e  in -p la n e  0H d efo rm atio n  v ib r a t io n ,  have bean  

a ss ig n ed  to  bands a t  1439 and 1314 cmT
44

Schmelz a ls o  i n te r p r e te d  th e  s p e c tra  o f  th e  t r i s - Çmalo n a to )

complexes o f  F e C lI I ) , G r ( l l l ) , A lC lIl)»  C u C ll), and P d C lI) , They found 

t h a t  th e  an tisy m m etric  and symmetric OCO s t r e tc h in g  v ib r a t io n s  appear a t  

about 1630 and 1380 cm,^ r e s p e c t iv e ly .  These a u th o rs  com pare, t l .e s e  . 

s p e c tra  w ith  th o se  o f  th e  o x a la to  m etal complexes i n  which th ey  had

ii
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determ ined  th e  n a tu re  o f th e  (M-0) bond from th e  v a lu e s  o f th e  CO
43

s t r e tc h in g  f re q u e n c ie s . F or th e  m alonato  complexes th e y  found t h a t  th e  

OCO an tisy m m etric  s t r e tc h in g  frequency  i s  h ig h e r t lia n , and th e  0CO. : : •

sym m etric s t r e tc h in g  freq u en cy  i s  low er th a n , th e  co rre sp o n d in g  fre q u e n c ie s  

o f th e  sim ple  m alonate io n .  B u t th e s e  d i f fe re n c e s  a re  l e s s  th a n  th o se  

observed  f o r  th e  o x a la to  complexes and so i t  was concluded t h a t  th e  

(M -0), bond o f th e  mal ona t o complexes was more io n ic  th a n  t h a t  o f th e  

o x a la to  com plexes.



3 3

V ib ra tio n s  o f th e  Anions

The N i t r a te  Io n , The n i t r a t e  io n  i s  a p la n a r  m olecule w ith  th e  th r e e  

oxygen atoms arranged  sym m etrica lly  about th e  n i tro g e n  atom. I t  be longs 

t o  -the  p o in t  group and th e re fo re  has f o u r  normal modes o f v i b r a t io n : -

0 o f  0 0

y ‘ \  .A . - A

Vj, = Vg(NO) y 2 =71(50;) = S a (o m ) .

1^2 9 and a re  in f r a r e d  a c t iv e  and ^  3 and are  Raman a c t iv e ,
45« 46The f re q u e n c ie s  o f th e s e  v ib r a t io n s  a re  w e ll known; -

—11410-1340 cmT NO d e g en e ra te  s t r e tc h in g  v ib r a t io n
mml

86O-8OO cmT o u t-o f -p la n e  d e fo rm a tio n  v ib r a t io n  '

750-690 cmT  ̂ ONO in -p la n e  d efo rm atio n  v ib r a t io n

The P e rc l i lo ra te  Io n , The f r e e  p e rc h lo ra te  io n  e x i s t s  as a t e t r a h e d r a l
/

s t r u c t u r e , As s u c h ‘i t  be longs to  th e  p o in t group T^ and has fo u r  normal 

modes o f v i b r a t i o n i -

0 e-0  0 0'
1 I ' % t
C l^  Cl C l_  0 1 ^  ^

/ \  °'» V V °
V If

= VgtClO) ^2 = ^d(OClO) >*3 =V^(C10) = 8 4 ( 0010)

A ll fo u r  are Raman, a c tiv e  b u t on ly  ))-r and j) , are in frared  a c t iv e  th e
45.

assignm ents b e in g  w ell e s t a b l i s h e d : -

I I 7O-IO5O cmT^ C l-0  d eg en e ra te  s t r e tc h in g  v ib r a t io n  

'v 630 cmT  ̂ ■ O-Cl-0 in -p la n e  defo rm ation  v ib r a t io n
47

R ecent ev idence su p p o rts  c o o rd in a tio n  o f th e  p e rc h lo ra te  io n  which
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low er th e  symmetry to  o r so t h a t  th e  d eg en e ra te  v ib r a t io n s  and

a re  s p l i t  and th e  sym m etrical s t r e tc h in g  v ib r a t io n  becomes in f r a r e d
-1

a c t iv e  and occu rs a t  about 935 om.

The T h iocyana te  Io n , The f r e e  th io c y a n a te  io n  i s  a l i n e a r  m olecule  which 

be longs t o  th e  p o in t  group and has th r e e  normal modes o f  v ib r a t io n  

which a re  in f r a r e d  and Raman a c t iv e ; -

C—4 S  ‘ N----- C -----S '

= J'CK-C) i »2 = S^CHCS) P 3 = >^(C-S)
■ 45

The fo i lo \7in g  assignm ents have been made f o r  th e s e  v ib r a t io n s

2200-2000 cmT  ̂ C-N s t r e tc h in g  v ib r a t io n  
-1

75O-74O cm, C-S s t r e te l l in g  v ib r a t io n

480 cmT^ N-C-S bending  v ib r a t io n

The D ith io n a te  Io n , The assignm ent o f  th e  v ib r a t io n a l  f re q u e n c ie s
48

observed i n  th e  spectrum  o f th e  d i th io n a te  io n  was c a r r i e d  ou t by Palm er,
a

The s t r u c tu r e  o f th e  io n  i s  0^3-30^ \? ith  app rox im ate ly  t e t ÿ i e d r a l  bond

an g le s  abou t each  su lp h u r atom . T h is s t r u c tu r e  has symmetry and has

11 modes o f  v ib r a t io n  o f w hich f iv e  a re  in f r a r e d  a c t iv e  as fu n d am en ta ls5-

3-0 s t r e tc h in g  mode a t  ^  1240 cm,^ o r as a d o u b le t a t  1240-1210 cm,^

and a ls o  a t  1000 cmT 
» —1

30^ d e fo rm a tio n  v ib r a t io n  a t  575 cmT ( o f te n  as a  d o u b le t)

and a t  ^  516 cmT  ̂ (a g a in  as a d o u b le t)

SO;, ro c k in g  v ib r a t io n  a t  ^  204 cm,^
3
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I N F R A - R E D  A B S O R P T I O N  S P E C T R A

EXPERIMENTAL.

The in f r a r e d  s p e c t r a  were reco rd ed  on a  G nihb-Parsons G,S,2A 

sp e c tro m e te r . S o lid  sam ples i n  Nnjol m u lls were examined betw een r o c k - s a l t  

p l a t e s .  The compounds were m ostly  s tu d ie d  in  th e  re g io n s  2 ,5 " -  3 # 7 /^  snd 

5 -  2 5 / t .  F o r th e  re g io n  6 ,5  -  8 ^  where t h e  Nujol peaks i n t e r f e r e  

h e x ach lo ro b u tad ien e  was used  in  p la c e  o f  N u jo l, Above 1 5 / t  more c le a r ly  

d e fin e d  s p e c t r a  være o b ta in ed  by u s in g  po tassium  brom ide p l a t e s .

Compounds o f th e  ty p e  [CoengCOjOx

The in f r a r e d  s p e c tr a  o f th e s e  complexes were m easured where 

X = c h lo r id e ,  brom ide, io d id e ,  n i t r a t e ,  p e rc h lo r a te ,  th io c y a n a te  and 

d i th io n a te .  F o r each  complex th e  in f r a r e d  s p e c tr a  o f th e  anhydrous and 

h y d ra ted  form s have been  o b ta in ed  b u t only  i n  th e  case  o f  th e  brom ide were 

th e  p o s i t io n s  o f th e  bands d i f f e r e n t .  I n  o rd e r  to  s e p a ra te  th e  bands due 

to  th e  v ib r a t io n s  o f  th e  carbonate  group from th o se  due to  th e  e th y le n e -  

diam ine r in g s  th e  c h lo r id e ,  brom ide and io d id e  have been  d e u te ra te d  end 

th e  co rre sp o n d in g  in f r a r e d  s p e c tra  have been in c o rp o ra te d  w ith  th o se  o f 

th e  u n d e u te ra te d  com plexes. The d e u te ra t io n  was no t com plete b u t was 

enough to  show th e  s h i f t  o f  th e  bands when th e r e  i s  a change from  NE to  ND, 

For s im p l ic i ty  th e  NH2 bands t h a t  occur i n  th e  d e u te ro  complexes a re  n o t 

l i s t e d .

In  a d d it io n  th e  in f r a r e d  s p e c tr a  o f  th e  compound Na^[co(CO^)^~] was 

m easured as a f u r th e r  a ttem p t to  s e p a ra te  th e  bands due to  th e  carb o n a te  

group from  th o se  due to  th e  e thy lened iam ine  r in g .
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Compounds o f  th e  t^rpe [CoenoM lBr

The in f r a r e d  s p e c tr a  were m easured f o r  complexes c o n ta in in g  th e  

d ica rb o x y l a te  groups o x a la te ,  m alonate and su c c in a te  so as to  compare th e  

p o s i t io n s  o f  th e  bands due to  th e  v ib r a t io n s  o f th e  c a rb o x y la te  groups in  

th e s e  complexes and in  th e  co rre sp o n d in g  carbonato  complex [CoengCO^^Br,

Compounds o f  th e  ty p e  trans-Ç C oenoC lç] Y

In f r a r e d  s p e c t r a  o f  th e s e  complexes were m easured where Y i s  th e  

a p p ro p ia te  u n iv a le n t  an ion  from o x a lic ,  m alonic and su c c in ic  a c id s .  These 

s p e c t r a  were m easured in  o rd e r  to  compare th e  p o s i t io n s  of th e  bands due 

t lie  c a rb o x y la te  group when i t  i s  p re se n t as an a n io n , as  in  th e s e  com plexes, 

t o  th e  case  when i t  i s  c o o rd in a te d  to  th e  c e n tr a l  m etal io n .  A lso th e  

in f r a r e d  s p e c t r a  was m easured o f  th e  complex [Coen2C02CH2Q02lY  s in c e  t h i s  

c o n ta in s  th e  m alonate  group as a b id e n ta te  l ig a n d  and a s  an  a n io n .

The in f r a r e d  s p e c t r a  a re  reproduced  on. th e  fo llo w in g  pages: page 

The f re q u e n c ie s  o f th e  v ib r a t io n s  to g e th e r  w ith  t h e i r  a ssignm en ts a re  

s e t  o u t on p a ^  4 - 2 - 5 0 .

D iffe re n t  conven tions have been used  f o r  th e  assignm ents o f th e  

e thy lened iam ine  r in g s  and th e  c a rb o x y la te  groups in  o rd e r  to  rem ain 

c o n s is te n t  w ith  p rev io u s  p a p e rs . A b b rev ia tio n s used a r e : -  

V, S and denote s t r e tc h in g ,  in -p la n e  defo rm ation  and o u t-o f -p la n e  

defo rm ation  v ib r a t io n s  r e s p e c t iv e ly .
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E requencies o f v ib ra  t io n s  ox e th y l enedi amine r in g s  in  [Coeno/iil]

Assignment

M 2 s t r e t c h

CHg s t r e t c h

1^2 hend

CE^ hend

CH2 wag

GEg tw is t  

NE2 wag

R ing s k e le ta l  

Î ]H2 tw is t  

CEg rock

hHg rock

Co-N s t r e tc h

Ring, hend

AA -  o x a la to AA ” mad onat 0 AA -  mal onat 0 AA = succi
X. = bromide X -  bromide X = m alonate X = hromi

3261s
3242s 3242sh 3193s 3205s
3192s 3145s 3125s
3096s 309IB 3086s 3100s

2994s 3000m 2994sh
2935sh 2953m 2967sh
2899sh 2899sh 2941sh 2924W
281Tsh 2885sh

. 1380s 1587sh 1582s 1582s
1530s 1543sh 1538sh

1460sh. 1473sh 1471 s h '
1449sh 1449s
1443:: -1445m

1364sh 135OW 1391sh
1319w 1302W 1377sh
1304w 31282W

1227W 1259sh
1205m 1210m 1220m 1206m

1171s 1153m 1137s 1159m
1149s - 1138s 1126m
1107m 1112m n i l s

1094m 1087sh

1063sh
1058s 1054s 1058s 1052s

1029m 1012m 1011m 1007sh
1001m 99 ̂ m 987s

891 w 893w
885w 873w . 87?w

791s 797s 805m :
730w 749m 76OW '
72OW 720sh 725sh 706m

588s 383s 588s 585b
573s 5653 376s 559s

528s, 517s 313s 313s 515s

476sh 477s 474s
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E reguencies o f v ib ra tio n s o f on# rings in  tra n s-[co en 9 Cl ]X.

Assignment 

NH-2 s t r e t c h

CHg s-bretch

NH2 bend 

CHg bend

011-2 wag

CÏÏ2 tw is t ,

NR2 ^3,g'

R ing s k e le ta l  

KS2 tw is t.

GH2 rook 

ÏIH2 ro ck

Co~N s t r e t c h  

Ring, bend

X. = o x a la te

3300s
3280s
3210s
3045s

2976W 
- 2950m: 

2930sh 
291Osh 
2870sh 
2845sh

1585s

1464sh
1443sh

1395sh
1368m
1348w
1316m

1211s

1121s
l l l O s h

1054s

1009m.
990s

882m

795s
736s

582s

501s

460 s

X = m alonate

3317s
3257s
3150m
5086sh

3OO3W
2985W
29'ri.m
2933sh
2885w
2857W 

1585s

1451m.

1385W
1351m

1311m

1282w 
1255W
1210sh

1126s
1114sh
IO96W

1 0 6 2 s '

1029W
101 Ow 

990m

889w

BOOw
725w

588m

512m

472s

X = su c c in a te

3297s
3252s
3155s

2994m
2960s
2915m
2882W

1587s

1451s

1364.8

1316sh

1267m
1215m

n i l s
1096s

IL055s

1007m
987s

885w

787w

5883
562m
514m

474m



f re q u e n c ie s  (cmT^) o f  \tL b ra tions o f e thy lened iain ine  r i n gs 

Assignment 

Mg s t r e t c h

4 4

i n  [CQeripCOjjX

CÏÏ2 s t r e t c h

Mg, bend.

CH2 bend 

CE2 wag

GH2 tw i s t

HE2

R ing  s k e le ta l  

M g t w i s t

CHg ro ck  

NHg ro ck  

Go-h s t r e t c h

R ing bend 

A nion

X = h07 X = 010/ X = SCR X -  I'SqO^
( anhyd ( anhyd.) ( anhyd.) (anhydt)

325TS 3289sh
3200sb 3215s 3200s 3220s
3165s 3175sh
3100sh 3115sh 3100s 3110s
30778

298IW 299OW 2985W
2967W, 295OW 296OW 297OW, 295OW 2967.7, 2950?f

2886w 2890W 2890rf 2903W, 2885w

l6 6 4 sh l6 5 8 sh l 660sh l6 5 8 sh
l6 2 9 sh 1629 s 1640s
1582s 1563s 1587s
1560sh 1546 s 1560sh
1540sh 1541sh 1541sh

1464sh
1453m 1449m 1451m I 458W

hidden 139IW 1397m 1399'w
b y HO 3 1362m 1368m 1375W
I 305W 1316sh 1318m

1218w^ 1192W 1203m 1221s 1203sh

1143m 1140sh 1140s 1148s
1127s 1126 s 1114m
1099s 1100s

1055s 1048s 1055s 1056s

1025m 1003s 1010m 1012m
1017m 995s ,
lOOOm

89OW 893w 894m 900m
880m 874m 884m 886m

800m 805s 794.W, 775w
778w 721m 728m 72OW

588s 583s 585s 570s
576s 578s 565 s 524s

51 Tsh, 510s 513 s 510s 516s

478s 471s 471s 465 s

1376m, 1350m 1083s 2060s 1250s ,  1222s
828s 927m 982s
671s 623s
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Frequencie s ( chî7^) of v ib ra tio n s o f  e th y len ed ism n e rings, in  [CoenoCO^lx

Assi.griineiit

M  /Hhg s t r e t c h

Clig s t r e t c h

MI-Ig/EDg hend

GHg hend. 

, GEg wag

G1i2 t \7 is t

IIH2/ED2

Rd.ng s k e le ta l  

RHg/Nhg t^T ist 

GB  ̂ rock

REg/RDg rock  

Co-R s t r e t c h

R ing hend

X = Br X = I X = I VRE
(1 H2O) ( anhyd.) (d e u te ra te d ) VRD

3195s 3200s 2364s 1 .3 5
3 l6 0 sh 2315s 1 .3 7

3096s 3106s 2247s 1 .38

2985W 2967W
2959W 2955W

294617
2899W 2874w

l660sh 1653s
1634s 1630s I I 98W 1.36
1577s 1577s 1179W 1 .34
1362sh 1560sh 116617 1 .3 4
1 546sh 1540sh

1476W
1456m , 1449m 144.9m

I 39IW 1364W
1376m 1370s h 1348w

1364m 1335W
1319sh I 32IW
1309W

1208s 1200s

1138s 1135s 951m 1.19
1124sh 1122sh 935m 1 .20

'
1058s

1057s 1055s 1052s

1016sh 1014sh
1006s 1008s 836w lr2 0

898m 888m
881 sh 884sh
876m 877m 877w

726m 728m

582s
563 s 5683
518s 512s

470s 473s



grequencies (omT^) o f  v ib ra tio n s o f the ettkvlenediaaine rin^s in  [CoenpOO%]%.
4 6

A ssigm aent X = Cl X = Cl
(anhyd .) (.deu tera ted )

k m
i/RD

X = Br 
(anhyd .)

X = Br 
(d e u te ra te d )

p m i
j/RD

NHg/NDg

s t r e t c h

3257s
3195sh
31653
3101 s h  
3077s

2439s

2387s

2283s

1 .3 4  

1 .33

1.35

3236s

3170s
3140sh
3086s

2430s

2387s

2288s

1 .33

1.33 

1 .35

CHg s t r e t c h  2976w
2963W, 295OW 

292OW 
2882w, 2845W

298IW 
2959w 
2933W 

2886w, 2874W

REg/NDg bend 

CEg bend

l66 0 sh
l631sh
1577s
1538sh

1464sh
1453m

1189m
ll6 8 s h

1453m
1445sh

1 .37
1 .3 5

1658m
1629s
1577sh
1570s
1543sh
1464sh
1453m

1190m
1182m

' 1170m

1464m
1456m

1.37
1 .35
1 .34

CE2 wag 1393W
1369W
1324W
13O8W

1364m
1337m
hidden 
by CO3

139IW
1365m
I 325W

1370m
1339m

CBg t w i s t 1250sh
1214W
1192W

1255sh
1212W

1250sh 1247m
1218w

RH2/RB2 wag. 1147m
11273
1099s

941s 1 .20
1148m
1124s
1106s

957sh
940s 1.20

Ring s k e le ta l
1054s

1053s
1041s

^ 10628 
1054s

1055s
1043s

RE2/RD2 tw is t 1025m
1016m

'iOOOm

865sh
858m
847m

1.19
1 .18
1.18

1016s
1005m

86lm
841m

1.18
1.20

CEg rook 893w
878m.

899w
885m

89 9 w 
881m

89 6w
884m

NHg/NDg rock 800s hidden, by GO 
* 772w 645m \ . 2 0

800s
725m

hidden by CO
642m A  .13

Co-R s t r e t c h  589 s 
576s

518sh 512s

562s
532m
483s

583s
569s
508s

557s
525m
474s

R ing bend 479s 451s 474s
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Frequencies (cn7^) o f  v ib ra tio n s o f  th e  oxa la te  group in  CcoenoGgO/i"!̂ ^

and trans-CcoengClolCgO/jE

A ssignm ent

VaCCOxx)

[Coen^CgO^lBr ' t r ans- [coengClg] CgO

l6 8 9 sh
1672sh  
1650 s

1724s

1618s

1405s

1289m
1271s.

1425sh
1416s

1285s 
1269 s

VCC-Cl

I coco)

S Coco) or -V-CCô iO.) .

S COCO) cœ ring ie f.

(Co-0)

893m.

8L5s

549s

4823

455s

9483
871m

842w

61613

V 1

O i  O x

c . /

: /  V
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Frequencies (cm7^) o f  v ib ra tio n s o f  the carbonate group in  [CoenoCOJ X

Assignment X = C l 
(anhyd .)

X = 01 
(anhyd .)
(d e u tr )

X = B r' 
(anhyd)

X = Br
(anhyd)
C deut.)

X = Br 
(l.HgO)

v^CcOi^)- 1613s
1590s h

I 6l 0s
1580s

1613s
l 607sh

l 608s
15958.

1603s

1271s
1294sh
1282s

1282s
1276s 1284s

1290s
1266s

CcOj )̂ 1034m 1024sh 1039W 1037m

ÏÏ (CO3 ) 828s 822 s 826s 821s C829S

SCoco) 754s 754s 758s 7588 766s

SCoco) 670m 671m 674m 680m 6778

X = I  
( anhyd.)

1X::= I  
C deut.)

X = NO,
( anhyd ?)

X = CIO4 
( anhyd. )

X = SON 
( anhyd.)

X = iSgO^, 
( anhyd 7)

l6 0 8 s 1605 s 1613s 1603s l600sh l620sh
1607s

l^gCCO^) 1285s
1264s 1280s

1272s . 1287sh
1267s

1285sh
1267s

1277s

> Ccoj 1034m 1041s 1034m hidden  
by CIO4

1030m .

W  cco^) 828s 826s 828s . 826s 828s 826s

S loco) 770s 760s 755s 763s 7578 757s

Sloco)' ' 672s 675s 671s 672s 673s 676s

o

V° r
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Frequencies (cm7^) o f v ib ra tio n s  o f  the malonate group in  [CoengAAlBr,

fCoenoAATAAE and trans-ÇCoenoGlp^AAH.AASg, where AA =  (cOoCHoCOgN

Assignm ent

VsCCOj

V^CC-C)

VgCC-C)

CHg ro ck  

S (OCO)

S (OCO) o r  iJ(Co-O)

S (OCO) o r  r i n g  d e f ,

V (Co-0) 4.60s

oen2AA]Br [Coen2AA] AAE  ̂tran s-[C o en r

/
1715s

1618s 16428b 1634s
I6 l0 s l600s l6 0 0 sh

1420b 14318 1408m

1368m. 13478 1323sh
1330s 1299s b

1294m
1272s 1285sb

1240m

1189s 1175s

980m 980s
9578 965W

946m 947sb 948w

930m
917m

812s 815s.
7338 7398 755b
64.4m 698s

540s

4.86s

A

O t



5 0

- 1 .Frequencies (cm, ) o f  v ib r a tio n s  o f  the su ccin ate  group in  [CoenoiVAjBr

and trans-rCoenoClolAAEy where AA' = (C02 (CEn) 2C02 "̂"

Assignm ent

VaCCOix)

Goen2AA Br

I 6981H
1520s

t r a n s - Coen2Cl2 AAE ‘

1700s j  
l6 0 8 sk

VsCCOl)
1370s
1351s

1271m

1404s

12351

y ^ cc -c )

VgCc-c)

1170m.

952m

CEg rook.

cc -c ]

929m
901W

846m

S COCO) 634s

5  Coco) o r r in g  d e f . 483s

0
C' 

/

L o

‘Û £
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I N F R A R E D  A . R S O R E T I O N  S P E C ï R A .

-DISGÜSSIOK

V ib ra tio n s  due to  th e  e th y len ed iamine r in g s

I l e  assignm ent o f  bands a r i s in g  from v ib ra t io n s  o f th e  e tby lened iam ine

r in g s  has been  made w ith  re fe re n c e  to  th e  in f r a r e d  sp e c tra  o f e th y le n e -  
49 50 51

diam ine i t s e l f  and m olecules s im ila r  to  e th y l ened i amine such as
52 53

1 :2  d ic h lo ro e th a n e , e th y len e th io carb am ld e  and t e t r a b i s ( e n  th io carb am id e) Cu(I)
54

and 1^2 d ith io c y a n a to e th a n e d ic h lo ro  P t C l l ) . The in f r a r e d  s p e c tra  o f
55 56 57 58

some e tby lened iam ine  complexes were a ls o  r e f e r r e d  t o ,  and th o se  by
29 26 59

Powell, and Sheppard, Baldw in end James were found to  be p a r t i c u l a r ly  u s e f u l .

The assignm ent was a ls o  a s s i s t e d  b y  th e  d e u te ra t io n  experim ents made i n

th e  p re s e n t  study*

From, an  o v e ra l l  in s p e c t io n  o f  th e  s p e c tr a  o f a l l  th e  complexes s tu d ie d

i t  can  be seen  t h a t  a l l  th e  v ib ra t io n s  due to  th e  M 2 group a re  s tro n g e r

th a n  th e  co rresp o n d in g  v ib ra t io n s  due to  th e  CH2 group * T his i s  in

c o n tr a s t  T/ith e tby lened iam ine  in  th e  f r e e  s t a t e  where th e y  a re  o f about

equal s tre n g th *

The v ib r a t io n s  o f  th e  e tby lened iam ine  r in g s  and t h e i r  assignm ents 

a re  s e t  o u t on page 42-46* They w il l  now be d isc u sse d  under f iv e  headings*

M  and CH s t r e tc h in g  v ib ra t io n s

The N-H s t r e tc h in g  v ib ra t io n s  occur as 2 o r  3 s tro n g  bands v d th  

sh o u ld e rs  i n  tn e  re g io n  3300-3C5Q cm*^ which on d e u te ra t io n  s h i f t  to  

245O-225O cmT^ and show th e  expec ted  v a lu e  f o r  th e  r a t i o  VM/j/ND = 1*34,

The a b so rp tio n  i s  lo w er th a n  t h a t  i n  f r e e  e th y l enedi amine due to  c o o rd in a tin n
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Comparing th e  p o s i t io n s  o f th e s e  hands in  th e  carhonato  complexes fo r  

d i f f e r e n t  an ions i t  can  he seen  t h a t  th e  low est fre q u e n c ie s  o ccu r in  th e  

s p e c t r a  o f  th e  c h lo r id e  and hromide and th e  h ig h e s t  f o r  th e  p e rc h lo ra te  

showing th a t- th e  form er most e a s i ly  form  hydrogen honds. A lso th e  s p e c tm  

o f th e  c h lo r id e ,  hrom ide and. n i t r a t e  show th re e  main hands in d ic a t in g  

v ib r a t io n s  o f hydrogen-bonded and f r e e  NH groups whereas th e  o th e r  s p e c tra
31

c o n ta in  two main bands*

—1The C-E s t r e tc h in g  v ib r a t io n s  occu r in  th e  re g io n  3000-2800 cmT 

They a re  weak and o f te n  d i f f i c u l t  ÿo d e te c t  compared w ith  th e  same bands 

i n  e tb y len ed iam in e  i t s e l f  which o ccu r in  th e  same re g io n  b u t a re  strong*

As ex p ec ted  th e y  do n o t move on d e u te ra tio n *

NEp an g le  d efo rm ations

These a re  th e  v ib r a t io n s  o f  th e  ty p e ; bend ing , wagging, tw is t in g  

and rock ing*  T here would be expected  to  be two v ib r a t io n s  o f each type  

p e r  (en.) group v;hich g iv es  a maximum o f  fo u r  v ib r a t io n s  o f each  ty p e  f o r  

each  complex s tu d ie d .

The KH2 bend ing  v ib r a t io n s  a re  se e n  to  occur i n  th e  c i s - complexes 

a s  two s tro n g  bands a t  about I 63O a,nd 1570 cm*^ w ith  sh o u ld e rs , which 

s h i f t  on d e u te ra t io n  to  1200-1160 cm*^ gi'>7ing th e  r a t i o  l^EH/pND = 1*35*

I n  a d d i t io n  th e s e  complexes have a d i s t i n c t  sh o u ld e r a t  abou t I 66O cmT  ̂

which-, rem ains c o n s ta n t  in  p o s i t io n  f o r  a l l  th e  complexes excep t th e  

o x a la to , m alonato  and su c c in a to  complexes where i t  i s  h idden  by th e  CO 

ab so rp tio n *

F o r th e  tran s-co m p lex es  s tu d ie d  th e  Mg bending  v ib r a t io n  occurs as
:

a  s i n ^ e  s tro n g  band a t  1585 cm7^
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The NHp bending v ib ra t io n  i s  seen  to  be in  th e  same p o s i t io n  as th a t- '
10

f o r  f r e e  e tby lenediam ine b u t i t  has been noted t h a t  t h i s  v ib ra t io n  i s  th e  

l e a s t  s e n s i t iv e  to  co o rd in a tio n , to  a m etal*

The NHg wagging v ib r a t io n  in  the  carbonato  C cis-) complexes appears 

in  a d i f f e r e n t  form depending on th e  anion* There a re  seen  to  be two form s:

1) produced by complexes c o n ta in in g  th e  an ions: c h lo r id e , anhydrous brom ide,
' —1 

n i t r a t e  and p e rc h lo ra te  (group A ), c o n s is ts  of a medium band a t  1145 omT

and two s tro n g  bands a t  about 1125 and 1100 cmT ; th ey  s h i f t  on

d e u te ra t io n  to  957 and 940 cmT  ̂ g iv in g  th e  pNH/pND r a t i o  o f 1 ,2 0 ,

2)j produced by complexes c o n ta in in g  th e  an ions: hydrated  brom ide, io d id e , 

th io c y a n a te  and d i th io n a te  (group B ) , c o n s is ts  o f  one s tro n g  band a t  

abou t 1140 cmT w ith  a shou lder o r medium band a tta c h e d  to  i t  a t  about 

1120 cmT^; on d e u te ra tio n  o f th e  io d id e  th e se  bands s h i f t  to  951 and 935 

g iv in g  th e  )>NH/j;ND r a t i o  o f  1 ,2 0 ,

The sp e c tra  o f th e  complexes o f th e  ty p e  [CoenpAA]X.,'- where AA i s  o x a la to ,

m alonato and su cc in a to  and X i s  bromide .are seen ..to ,b e lo n g  to  type  A,

T hat v/here IJL i s  m alonato and X i s  malonate belongs to  t;/pe B,

The wagging v ib r a t io n  in  th e  t r a n s -com plexes of th e  type  [CoengClglX

appears as a doub le t in . th e  region. 1120-1100 cmT^

The 1#2 t^ ^ s t in g  v ib ra t io n  a lso  appears i n  a d i f f e r e n t  form depending

on th e  a n io n : / fo r  th e  group A complexes i t  occurs as two medium bands a t

about 1020 and 1000 cmT  ̂ sometimes w ith  sh o u ld e rs , which s h i f t  on
-.1

d e u te ra t io n  to  860-840 cm, g iv in g  th e  I/'KH/a/ND r a t i o  o f 1 , 1 9 ,

For th e  group S  complexes i t  occurs as one s tro n g  band a t  about 1010 omT̂  

w ith  a shou lder a t  a h ig h e r  frquency ; on d e u te ra t io n  o f th e  io d id e  th e  

band s h i f t s  to  836 cmT  ̂ g iv in g  th e  i^NH/i/ND r a t i o  o f  1 ,2 0 ,
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The NE2 tw is t in g  v ib r a t io n  occurs i n  th e  t r a n s -com plexes as a  medium 

band a t  about 1010 cmT  ̂ and a s tro n g  band a t  about 990 cm*^

The correspond ing  v ib ra t io n s  i n  f r e e  e th y l enedi amine a re  a t  995 and 

905 cmT  ̂ so t h a t  th e  v ib r a t io n  i s  seen  to  be a t  a h i ^ e r  frequency  in  th e  

complex due to  coo rd ina tion*

The NHp roclcing v ib r a t io n  i s  s a id  to  be th e  most s e n s i t iv e  of th e
10

ÏÏH2 angle deform ations to  c o o rd in a tio n  to  a m etal and t h i s  i s  seen  to  be 

so i n  th e s e  complexes* Again th e  two groups o f c i s - complexes show a 

d i f f e r e n t  form o f  s p e c t r a i

—1th e  group A complexes a l l  have a s tro n g  band a t  800 cmT and a medium band 

a t  about 775 o r  725 c m T ^ t h e  d e u te ra t io n  s h i f t  .g iv ing  = 1*20,

th e  group B complexes have no band a t  800 cm*^ b u t j u s t  a medium band a t  

abou t 725 cmT̂ '

I n  th e  t r a n s - complexes th e  M 2 ro ck ing  v ib r a t io n  appears as two bands 

a t  about 800 and 730 cmT^
-1The co rresp o n d in g  v ib r a t io n  i n  f r e e  etby lenediam ine occurs a t  527 cm, 

so i t  can  be seen  t h a t  t h i s  v ib r a t io n  i s  c o n s id e ra b ly  r a is e d  to  h ig h er 

f req u e n c ie s  by c o o rd in a tio n .

CHr> a n ^ e  defo rm ations '

These a re  th e  bend ing , wagging, tw is t in g  and rock ing  v ib ra t io n s  *

Again th e re  would be expected  to  be a  maximum o f fo u r  v ib ra t io n s  o f  each  

type* T h e ir  p o s i t io n s  a re  found from  th e  f a c t  t h a t  th e y  show only  sm all 

frequency  s h i f t s  on d e u te ra tio n *

The CEg bending v ib r a t io n  i s  a most c o n s is te n t  v ib r a t io n ;  i n  a l l  th e
—1

complexes stu d ied  i t  occurs as two medium or weak bands a t  ^^>1464 and 1453 om
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and th e s e  s h i f t  on d e u te ra t io n  by only about 10 to  low er frequencies#

T his v ib r a t io n  occurs a t  e x a c tly - th e  same frequency  as t h a t  i n  f r e e  

e th y l ened i amine and i n  f a c t  occurs a t  th e  same p la c e  in  a l l  m olecules 

c o n ta in in g  two CH2 groups vh th  th e  gauche-c o n f ig u ra tio n # I n  some of th e  

complexes th e  I 464. cmT  ̂ band i s  h idden  by th e  a b so rp tio n  due to  th e  NE2 

bending v ib ra tio n #

The 0^2 wagging v ib ra t io n  occurs as 2-4 weak o r medium bands in  th e  

re g io n  I 4OO-I3OO cm#^ and on d e u te ra tio n  th ey  s h i f t  about 20 cmT  ̂ to  

low er freq u en cies#

The CE2 tw is t in g  v ib r a t io n  occurs as 2 o r 5 weak or medium bands in  

th e  reg io n  1255-1192 cmT  ̂ and on d e u te ra tio n  th e y  s h i f t  by about 5 om#  ̂

to  low er freq u en c ie s*  Of p a r t i c u la r  i n t e r e s t  i n  t h i s  re g io n  i s  a band a t  

about 1200 cmT  ̂ which v a r ie s  c o n sid e rab ly  i n  in te n s i ty  in  d i f f e r e n t  complexe® 

I n  th e  group A conplexes i t  i s  e i th e r  a s i n ^ e .  weak or medium band 

(anhydrous bromide and p e rc h lo ra te )  o r  a  weak doub le t (c h lo r id e  and n itra te)^  

But i n  th e  group B complexes th e re  i s  j u s t  a s in g le  s tro n g  a b so rp tio n  

a t  about 1200 cmT^

I n  the tra n s-CQPiplexes o f th e  type [Coen2Cl2] x  t h is  band occurs as a 

s in ^ e  s tro n g  absorption at, about 1210 cm7  ̂ f o r  X = oxalate and succinate  

b u t  i t  occxirs as a weak shou lder a t  1210 cmT  ̂ f o r  the mal onate#

The CH2 rock ihg  v ib r a t io n  g iv es r i s e  to  two weak, o r medium bands i n  

a l l  th e  cis-com plexes i n  th e  re g io n  9OO-87O cmT  ̂ w hich are  very  co n stan t 

i n  t h e i r  p o s itio n *  They s h i f t  on d e u te ra tio n  by n o t more th a n  5 cmT 

to  h ig h e r  frequencies#  I n  th e  t r a n s -complexes however t h i s  v ib r a t io n  occurs 

a s  a s in g le  weak o r  medium band, a t  about 885 cm*^ T his v a r ia t io n  i n  th e
26

sp e c tra  o f c i^ -  and. t r a n s -com plexes i s  as p re d ic te d  by Baldwin#
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S k e le ta l s tr e tc h in g  v ib ra tio n s

These in v o lv e  th e  C-C and C-N bonds and th re e  v ib ra t io n s  a re  e^cpected

p e r  e th y l ened i ainine group# For e th y l enedi amine i t s e l f  th ey  occu r a t

16
29

1150, 1095 and 830 cm^,^ A s tro n g  band appears c o n s is te n t ly  in  a l l  th e

complexes a t  about IO5O cm# and has been assig n ed  by Pov/ell and Sheppard
26

and Baldwin to  one o f th e s e  v ib ra t io n s  due to  i t s  sm all s h i f t  on 

d e u te ra tio n *  In  se v e ra l of th e  complexes s tu d ie d  t h i s  band seems to  appear 

as a doub le t*

Co-IT v ib r a t io n s

These occur i n  th e  re g io n  6OO-3OO cmT  ̂ and th ey  s h i f t  by about 30 cm,^

on d eu te ra tio n - showing t h a t  th e re  must be v ib r a t io n a l  cou p lin g  w ith  th e

MIp ro ck in g  v ib ra tio n s #  A ll th e  cis-com plexes. s tu d ie d  have v e ry :s im ila r

s p e c tr a  in  t h i s  reg io n : th re e  s tro n g  bands a t  about- 585» 570 and 5IO cmT^
-1and some have an a d d it io n a l  band a t about 520 era# The t r a n s  complexes

however have on ly  two o r th re e  bands i n  t h i s  r e ^ o n #  T his d if fe re n c e

betw een th e  s p e c tra  o f th e  c i s -  and tran s-co m p lex es i s  as suggested  by
58

Hughes and Mc\7hinnie#

A ll th e  complexes s tu d ie d  have a s tro n g  band a t  about 475 cmT  ̂ in  

t h e i r  s p e c tra  and t l i i s  i s  p robab ly  due to  r in g  deform ation#
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Explanation o f  type A and type B spectra

I t  has been noted th a t the in frared  spectra  o f  th e  c i s - complexes 

studied, f a l l  in to  two c la s s e s ,  A and B* The main d ifferen ce  between th e  

sp ectra  o f each group l i e s  in  th e  bands due to  v ib ra tio n s o f  the NHg 

group and a lso  i n  one band aiftributed to  th e  CH2 group;-

V ib ration

HH2 wag

Spectrum type

A

B

—1 ,Approximate p o s itio n s  o f  bands Çgm» )

1145m

1140s

1125m

1120sh

1100s

HH2 tw is t A

B

1020m 1000m

1010s + shoulder a t  h igher frequency

SH2 rock A

B

80ÛS 775m or 725m

725m

002 tw is t A

B

31200W or absent 

1200s

The nature o f  the c r y s ta ls  and th e  s ta te  o f  hydration o f  th e  

complexes togetheç- w ith  th e  spectrum type are s e t  out i n  a ta b le  on 

th e  fo llo w in g  page t o  f in d  some cause o f  the d if fe r e n c e . Prom t h is  

ta b le  th ere  i s  no apparent c o rre la tio n  between th e  s ta te  o f  hydration  

and the spectrum ty p e . The nature o f  the c r y s ta ls ,  however, does g ive  

r is e  to  a r o u ^  c o rr e la tio n  sin ce  i t  i s  seen  th a t in  severa l cases the  

type B spectrum i s  obtained fo r  th ose  complexes which are formed as 

hexagonal or prism atic c r y s ta ls ,  whereas th e  type A spectrum i s  obtained  

f o r  those complexes which are formed as a powder or m icro -cry sta llin e
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Complex S ta te  o f  hydration Nature o f  c r y s ta ls  Spectrum type

|Coen2C0 '̂} d anhydrous b lu e-red  powdejr A

(Coen2C0 Br 1 E2O hexagonal p i l la r s B

i anhydrous sm a ll, cubic c r y s ta ls A

[Coen2C0j] I anhydrous p r ism a tic  c r y s ta ls B

|Coen2C0^2 NO j hydrated f la k y  c r y s ta ls A

anhydrous powder A

[Coen^COĵ  CIO4 anhydrous c r y s ta l l in e  powder A

É3ben2CO  ̂SCN hydrated hexagonal prism s B

anhydrous n eed les B

(Coen2C0 ^ hydrated
(2 HaoO

p rism atic  c r y s ta ls B

anhydrous powder B

[Coen2C20 ]̂ Br

I

1 H2O l e a f - l ik e  c r y s ta ls A

 ̂Br anhydrous l e a f - l i k e  c r y s ta ls A

( •

(poen2C^E20^ anhydrous f in e  c r y s ta ls B

[Poen2C^B^0^mr hydrated.
(» H»o)

powder A

powder, or as f la k y  or l e a f - l ik e  c ry sta ls#  But not a l l  th e  sp ectra  

fo llo w  t h i s  co rre la tio n #

Another fa c to r  which could account fo r  th e  d iffe r e n c e  in  sp ectra  

i s  th e  conform ations o f  th e  c o h a lt-e th y l enedi amine rings#  Each r in g
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b e in g  in  th e  gauche form, can adopt e ith e r  o f  two conform ations, k and k*.

In  th e  f i r s t  o f  th e se  th e  O-C bond i s  n early  p a r a lle l  to  th e  th r e e - fo ld
'

a x is  o f  the metal complex, and in  the second i t  forms an obtuse a n ^ e
I ' .

w ith  t h i s  a x is#  Considering only  the in te r a c t io n s  o f  th e  groups th e
25 ^

kk form i s  expected to  be more s ta b le  b u t in  cases where the complex i s  

s t a b i l i s e d  by hydrogen bonding between th e  NH2 groups and an anion then  

th e  kk” form i s  more s ta b le .

For t r i s  ( e th y l enediamine ) complexes the kkk form i s  pred icted  to  be
25

th e  more stahLe form from c a lc u la t io n s  on th e  in te r a c t io n s  o f  KH2 groups. 

But th e  k*k”k ” form con ta in s NH2 groups which are in  a more favourable  

' p o s it io n  to  form hydrogen bonds w ith  an anion, so th a t hydrogen bonding 

s p e c i f ic a l ly  favours th e  k ” conform ation r e la t iv e  to  th e  norm ally more
, 65

s ta b le  k form# ‘A r ec en t X-ray study has shown th e  ex is ten ce  o f  th ree  

new conformers o f . t r i s  (ethylenediam ine) chromiumÇlII ) ; -  

[Crenel [NiCCN) 5̂ )1 #5020 conta ins one [Crenel io n  having the conformation  

kk”k* and th e  other the conform ation kkk*. And in  th e  complex 

[Cren^'][CoCCN)5l 6H20 the [C ren^l^  io n  has the k*k*k* form#

Complexes con ta in in g  two etbylenediam ine r in g s which are s t a b i l i s e d  

by hydrogen bonding would th ere fo re  be expected to  g ive  r is e  to  sim pler  

sp ec tra  th an  th ose  which are n ot f ix e d  by s p e c i f ic  in te r a c t io n  and can 

co n ta in  both  th e  kk and th e  kk* form# The type B spectrum i s  seen  to  be 

th e  sim pler o f  th e  two sp ectra  so th a t  t h i s  could be a ttr ib u ted  to  th e  

kk* form on ly  and thus im plying th a t  hydrogen bonding s t a b i l i s e s  th e se  

complexes,, whereas hydrogen bonding i s  n e ^ ig ib le  in  th ose  complexes 

g iv in g  r is e  t o  th e  type A spectrum#
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The conform ations of D^-(Coen^l in  th e  two extreme forms 

kkk (e c lip s e d  C-G axes) and k»k*k* (s ta g g e red  C-C a x e s ) , viewed a long  

th e  3 -fo ld  a x is  of symmetry. In  -  [ Coen^l^*^ th e  k ’k*k* form c o n ta in s  

th e  e c lip se d  C-C axes and th e  kkk form th e  s t a g ^ r e d  C-C ax es .
r

Î< --------- —  3 -  fold axCs -  ----------

N N

C-C

y

kk  ' k ' l c '

Two e th y l enedi amine r in g s  shown in  th e  kk and k 'k*  conform ations, 

viewed p a r a l l e l  to  th e  3 -fo ld  a x is ,  showing in  th e  kk form how th e  

a x ia l  amine hydrogens a re  d ire c te d  tow ards a p o in t on th e  3 -fo ld  a x is  

whereas in  th e  k 'k *  form th e re  i s  a g en era l b roadening  o f th e  complex 

and th e  a x ia l  amine hydrogens p o in t away from th e  3 - fo ld  a x is .
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V ibrations due to  th e  carboxyl ate groups

Tbo assignm ent' o f  bands a r i s in g  from v ib ra t io n s  o f th e  carbonate
37 38

group was made u s in g  th e  work o f  Nakaraoto ^  ^  , P u j i t a  e t  ^  # and
39 37 39

Gatehouse et. a i * Two o f  th e se  r e p o r ts  a lso  co n ta in ed  th e  freq u e n c ie s

o f th e  v ib ra t io n s  of th e  f r e e  carbonate  group needed f o r  com parison w ith  ib

th o se  due to  th e  c o o rd in a ted  group.

The- assignm ent o f  bands a r i s in g  from  v ib r a t io n s  o f  th e  o x a la te  grouu
60

has been made mai.nl y u s in g  th e  work o f  F u ji  t a  ^  a l#  Otlier r e u o r ts  th a t
37 " 42

were s tu d ie d  were th o se  o f Kalcamoto e t  an e a r l i e r  work by P u j i t a  e t  ^  #
43

and. t h a t  o f  Schmelz e t  a l,. These a ls o  co n ta in e d  th e  fre q u e n c ie s  o f  th e

v ib r a t io n s  due to  th e  f r e e  o x a la te  group as does a ls o  th e  work done by 
61

Kurod and ICubo which was found to  be o f u se .

The assignm ent, o f  bands a r i s in g  from v ib r a t io n s  o f th e  mal onate group
44

was made u s in g  th e  work o f  Schmelz e t  a l*  T h is work a lso  co n ta in ed  th e

in f r a r e d  s p e c tra  o f m alonic ac id  and sodium and po tassium  m alonates#

The in f r a r e d  spectrum  o f  sodium mal onate  was a ls o  found i n  th e  v/ork o f 
61

Kurod and. Kubo#

I n  g en era l th e  v ib r a t io n s  o f th e  c a rb o x y la te  groups give r i s e  to

s tro n g  bands, s im ila r  i n  i n t e n s i t y  to  th e  bands due to  th e  NH2 group*

They were d is t in g u is h e d  from th e s e  by th e  f a c t  t h a t  th e  bands due to  th e

v ib r a t io n s  o f  th e  c a rb o x y la te  groups show o n ly  sm all s h i f t s  on d e u te ra tio n #

In  t h i s  s tu d y  th e  v ib r a t io n s  o f th e  ca rb o x y la te  groups i n  th e  complexes 
w ith

a re  com pared^those t h a t  a re  io n ise d , as i n  th e  a lk a l i  m etal carboxy lates^  

and th o se  t h a t  a re  u n io n ised  as i n  th e  o rg an ic  carboxyl a te s  and in  th e  

c a rb o x y lic  a c id s ,  Eence th e  degree of covalency i n  th e  m etal-oxygen bond 

f o r  tlie  v a rio u s  complexes s tu d ie d  could, be o b ta in ed  i n  a q u a l i t a t iv e  way.
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V ibrations o f  the carbonate group

Y/hen th e  carbonate group i s  coordinated as a b ident a te  ligan d  i t  i s

se en  to  g ive r i s e  t o  s ix  m ain v ib ra t io n s  in  th e  re g io n  I 63O -  67O .cm#
-1

?2%:

0

Ç2%

Ox

Oix

d ie thy l- carbonate  

c o v a le n t

< >
I I
h r

b id e n ta te  

carbonate  l ig a n d

0

carb o n ate  io n

xonxc

The degenera te  C-0 s t r e tc h  v ib r a t io n  o f  th e  sym m etrical carbonate

-1io n , w hich appears as one band, a t  1415 omi i s  s p l i t ,  in to  two bands i n  

th e  com plex:- th e  band due to  th e  C -O jj s t r e t c h  appears as a s i n ^ e  band' 

o r  a d o u b le t a t  abou t I 6IO cm7^ and th e  band due to  th e  C-0^ s t r e tc h  

appears as a  d o u b le t i n  th e  re g io n  1290-1260 cm#^ The co rresp o n d in g  bands 

a r i s i n g  from  a c o v a le n tly  bound carbonate  group, as i n  d ie th y l  ca rb o n a te , 

appear a t  1750 and. 1262 cm#^ In  a l l  th e  carbonato  complexes s tu d ie d  th e  

band due to  th e  C-Oj^ s t r e t c h  i s  a s t ro n g  band a t  I 613- I 603 cm#^ v /ith  o r 

w ith o u t an o th e r band, w hich moves s l i ^ t l y  to  a lo w er frequency  on 

d e u te r a t io n .  The band due to  th e  C-Oj s t r e t c h  always appears as a doub le t 

o r  as a broad, band as i n  th e  c h lo rid e ,, n i t r a t e  and d ith io n a te  where i t  

appears a t  1271-1277 cm7^ The frequency  s e p a ra t io n  betw een th e  bands o f  

th e  d o u b le ts  in c re a s e s  a long  th e  s e r i e s : -  anhydrous bromide (6 cm ,^ ), 

th io c y a n a te  (18 cm7^), p e rc h lo ra te  (20 cm7^), io d id e  (21 cm7^), 

hydrsted bromide (24 cm7^), These bands move to  s l i g h t l y  h ig h e r freq u e n c ie s  

on deu t e ra t io n .
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TliG wymmetrio C-0 s t r e tc h  v ib r a t io n  which, i s  in f r a r e d  in a c t iv e  in  

th e  f r e e  carb o n ate  io n  becomes in f r a r e d  a c tiv e  when th e  carbonate  group 

i s  c o v a le n tly  bound, I t  appears as a medium band in. d l l  th e  carbonato  

complexes a t  abou t 1034 cm. There i s  no a p p re c ia b le  s h i f t  on d eu te ra tio n #  

The co rre sp o n d in g  band in  th e  ioui.c  carbonate  group appears in  th e  hsman 

spectrum  a t  IO65 cm7^ and th a t  in  a c o v a le n tly  bound group as i n  d ie th y l  

carbonate  appears a t  1021 cm7^

The o u t-o f-p la n e  defo rm ation  v ib ra tio n , occurs in  a l l  th e  complexes

a t  826 or 828 cm7^ as a s tro n g  band which, s h i f t s  s l i g h t ly  to  low er

fre q u e n c ie s  on d e u te ra tio n #  The co rrespond ing  bands in  th e  f r e e  carbonate
-1io n  and in  d ie th y l  carbonate  occur at. 879 end 790 cm. r e s p e c t iv e ly .

The d eg en era te  in -p la n e  deform ation, v ib r a t io n  which, occurs as one 

band in  th e  f r e e  carbonate  io n , a t  680 , i s  s p l i t  in to  two bands i n

th e  complexes a t  770-733 om,^ and a,t 677-670 cm.'*' These bands a re  a l l  

s t ro n g  and easy  to  d e te c t  and th e y  show no a p p re c ia b le  s h i f t  on d e u te ra t io n .

A com parison o f th e  s p e c tr a  o f  a l l  th e  carbonato  complexes shows 

t h a t  th e  s p e c tra  o f th e  c h lo r id e  and n i t r a t e  a re  alm ost id e n t ic a l  as were 

t h e i r  v ib ra t io n s  due to  th e  e th y l enediam ine r in g s .  A lso f o r  a l l  th e  

v ib r a t io n s ,  except th e  C-Oj-p s t r e t c h ,  th e  hydratW carbonato  bromide has 

th e  h ig h e s t o r second to  liighest. frequency .
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V ibrations of. the oxalate group

When th e  o x a la te  group i s  coo rd ina ted  as a b id e n ta te  l ig a n d , as i n  

[006112^26^̂ 1^^* g ives r i s e  to  v ib ra t io n s  due to  th e  two GOO groups and 

to  th e  C^C bond.

C H j G H : 
1 '

I
0 ,

1
v O

\ rt /
r\

/ \
dim ethyl o x a la te  

co v a le n t

^ C o

\ _ /  ./ \
b id en t a te  Ù, 

o x a la te  l ig a n d

0 , 0

O' '0

o x a la te  io n  

io n ic

In  th e  complex [Coen2C20^ B r  th e  v ib r a t io n  due to  th e  antisym m etric 

GO s t r e t c h  i s  e a s i ly  found as a group o f  th re e  bands a t  I 6S9 , I 672 and 

1650 cmT  ̂ i n  com parison w ith  correspond ing  bands i n  t r a n s - [CoenoClol CgO/S 

w hich occur a t  1724 and I 6I 8 cm,^ and v h ich  a re  th e  freq u en c ie s  fo r  th e  ' 

c o v a le n t a c id  group and ithe  io n ic  o x a la te  group re s p e c t iv e ly  as can be 

seen  by  com parison w ith  th e  sp e c tra  o f dim ethyl o x a la te  and sodium o x a la te
—1 II t  i s  perhaps 's ig n i f ic a n t  t h a t  th e  mean of I 724 and I 6I 8 cm, i s  I 67I  cmT^‘

and th a t  th e  mean o f  the  th re e  bands of th e  ox a la to  complex, i s  I 67O cm.-1

su g g e s tin g  th a t  th e  cobalt-oxygen  bond in  th e  o x a la to  complex i s
43

.covalen t as p u t forw ard by Mizushima e t a l ,
I ■ ‘

The v ib r a t io n  due to  th e  symmetric GO s t r e tc h  occurs as a s tro n g  band 

a t  1405 cmT  ̂ and as two bands a t  1289 and. I 27I  cmT  ̂ in  th e  [coen2G20^1 Br 

and a s ' doub le ts  a t  1425* I 4I 6 and 1285* 12&9 cm,^ i n  t r a n s  - [Coen^Cl^l 0^0 /|H 

The freq u en c ie s  o f th e  correspond ing  v ib ra t io n s  in  dim ethyl o x a la te  and 

sodium o x a la te  %ugain show t h a t  th e  v ib ra t io n s  o f  th e  ox a la to  complex l i e
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midway betw een th e  two s e ts  o f  v a lu es  su g g estin g  th a t  th e  bonding i s  

covalent/ i n  th e  complex.

There i s  th e n  a gap i n  th e  spectrum  o f th e  v ib ra t io n s  o f th e  o x a la to  

group u n t i l  a medium band, a t  893 cmT^; t h i s  band i s  in  th e  same p lac e  as 

t h a t  due to  th e  CH2 'ro c k 'b u t  i t  i s  seen  to  be r e l a t i v e ly  more in te n s e .

T h is  band i s  assumed, to  a r i s e  from th e  C-C s t r e t c h  v ib r a t io n  by com parison 

w ith  t h a t  in  sodium o x a la te  a t  898 cmT  ̂ and t h a t  i n  dim ethyl o x a la te  a t  

862 cmT  ̂ The co rrespond ing  bands in  t r a n s -[Coen/pCl^l C9O a r e  a t  948 

and 871 cmT^

The n e x t band i n  th e  spectrum  o f  [ Coen2G20^]B r i s  a s tro n g  one a t

813 cmT  ̂ which i s  p ro b ab ly  due to  defo rm ation  o f th e  OGO group (jy

com parison w ith  th e  sp e c tra  o f  sodium o x a la te  and dim ethyl o x a la te  where

t h i s  band, appears a t  JoQ and 851 cmT  ̂ re sp ec tiv e ly ) , The mean o f  th e se

two bands i<N>;' 810 cmT which i s  c lo se  to  th e  613 cm.'*' re p o rte d  f o r  th e  •

o x a la to  complex a g a in  showing t h a t  th e  cobalt.-oxygen bonding in  th e  o x a la to

complex i s  p r o b a b l y . c o v a l e n t .

L a s t l y  th e re  a re  two bands a t  549 and" 482 cmT  ̂ i n  th e  spectrum  o f

[ Coen^C20^ B jr  v/hich a re  p robab ly  due to  deform ation  v ib r a t io n  o f  th e

OGO. group by  com parison with, th e  spectrum  o f sodium o x a la te  where th e y
-1

occur a t  545 and 518 cm.
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Vibrations^- o f the malonabe groun

Three complexes were s tu d ie d  th a t  c o n ta in  th e  laalonate g ro u p :- 

[CoengM^Br, [CoengMjlLlA, t r a n s -[coengC lgjHAA,EgM where AA=C02CHgC02"* ^

H U \ ^O E  0 0 /

C _ C E , _ 0 ^  0 ^ \

0 'o  CEg o ' 'o

laalonin a c id  b id e n ta te  malonato io n

co v a len t mal onate  l ig a n d  io n ic

The an tisym m etric  CO s t r e t c h  was found to  occur in  th e  spectrum  of 

[Coen2-^Ll]Br as a doub le t at- l 6l 8 and l 6lO craT  ̂ by comparison w ith  the

same v ib r a t io n  in  sodium m alonato and m alonic ac id  where i t  occurs as
-1  -1

a doub le t a t  1600, 1562 cm. and a t  1735» 1705 cm, r e s p e c t iv e ly .  Thus th e

frequency o f the  band due t o  th e  complex i s  n e a re r  to  th a t  o f th e  sodium 

mal onate su g g e s tin g  th a t  the  cobalt-oxygen  bond i s  more io n ic  th a n  covalen t, 

The same v ib r a t io n  gave r i s e  to  two bands in  th e  spectrum  o f [CoengilAjhAA 

a t  1642 and I 6OO cm.^ The correspond ing  bands i n  th e  spectrum  o f

^oeUgCl2] HAAyllgAA a re  a t  1715». 1&54 and I 6OO cm,^ shov.dng th a t  

th e r e  i s  an io n ic  and a co v alen t mal onate group in  th e  an ion  o f t h i s  

complex as ex pec ted .

The v ib r a t io n  due to  th e  syim retric CO s t r e tc h  occurs as a s tro n g
—1 —1band a t  1420 cm. and as two bands a t  1368 and 1330 cm. in  th e  spectrum

fo r  [Coen2AA]Br, These bands a re  a t s im ila r  p o s i t io n s  as th o se  in  

potassium  mal ona te  There th ey  occur a t  1405 and 1370 cmT  ̂ In : th e  spectrum  

of th e  complex t r a n s - [Coen^Cl^] HAA.H%AA th e re  a re  two bands i n  t h i s  reg io n
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a t  1400 and 1325 cm7^ ; tlie  form er corresponds to  th e  I 4O5 cm7" haiad i n  

th e  spectrum  o f po tassium  mal onate and th e  l a t t e r  to  a hand a t  1314 cm7" 

i n  th e  spectrûjii o f maloiiic a c id  aga in  showing th a t  t h i s  complex co n ta in s  

an io n ic  and a co v a len t mal onate group in  th e  an ion .

The hand a t  1272 cm,^ i n  th e  sp e c tr im  of jCoeii2M ]B r i s  assumed to  

he due to  th e  wagging v ib r a t io n  of th e  GHg group in  th e  m alonato gy'oup.

A s im ila r  band appears in  th e  spectrum, o f  [ Coeii2AA]HAA a t 1285 cmT'' and 

a t  1240 cm*^

The v ib ra tio n , due to  th e  C-G s t r e tc h  in  [ Goeii2AA]Br g ives r i s e  to

‘1bands a t  1189 , 980 and 94o cm. The co rresp o n d in g  bands in  potassium

—1m alonato occur a t  I I 90 and 935 cm# ag a in  showing how c lo se  th e  v a lu es  

o f th e  complex a re  to  th e  io n ic  s a l t#

im other v ib ra tio n , o f [coen2ilA]Br which i s  v e ry  c lo se  to  th a t  o f th e  

io n ic  s a l t  i s  th e  (OGO) bending  v ib r a t io n  which occurs a t  812 cm,^ in  th e  

spectrum  o f t h e  complex and a t  813 omT  ̂ i n  th a t  o f sodium mal onate#

V ib ra tio n s  o f th e  su c c in a te  group

Two complexes were s tu d ie d  c o n ta in in g  t h e  su cc in a te  g roup :-,,

[Coen^AjijBr and t r a n s -  [Coen^GIo) HAA where AA = 002( 022)2802

The antis^Tm netric CO s t r e t c h  v ib r a t io n  was found to  appear in  th e  

spectrum  o f [Coen^AiijBr a t  I 698 and 1520 om#^, th e  form er b e in g  c h a ra c te r 

i s t i c .  o f the  C-0 s t r e t c h  v ib r a t io n  as found in  carboxyl i c  ac id s  and th e  

l a t t e r  be ing  c h a r a c te r s s t ic  oj, bhe antiSjTum etric v ib r a t io n  o f tjhe GO2 fiuou'D,
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as found in  io n is e d  c a rb o x y lic  s a l t s .  T h is su g g ests  t h a t  in  th e  su c c in a to  

complex as p rep ared  tl'ie su c c in a te  group i s  p re s e n t as a u n id e n ta to  lig a n d  

w ith, one end c o n ta in in g  an io n ic  COg" group and th e  o th e r  end c o n ta in in g  

a covalen t group. The sym m etric CO s t r e t c h  v ib r a t io n  was found to  appear 

as a d o u b le t a t 1370 and 1331 cm,^ c lo se  to  th e  v a lu e  o b ta in ed  f o r  th e  

co rresp o n d in g  io n ic  s a l t s ,

In  tlie  spectrum  o f t r a n s - [CoerioClolIhlA th e  an tisym m etric  CO s t r e tc h  

\ i  b r a t  io n  ag a in  appears as two bands a t  1700 and l608  cm7^ showing th e  

p resence  o f an io n ic  and a covaleirt su c c in a te  g roup:.in  t l a  an io n . The 

sym m etric CO s tre tc h , v ib r a t io n  appears a t  1404 cra7^, b e in g  c h a r a c te r i s t i c  

o f an. io n ic  GOg* group.

On. in sp ec tio n - th e  spectrum  o f t r a n s -fCoenoClglHAA i s  seen  to  be q u ite  

s im ila r  t o  t h a t  o f  th e  co rrespond ing  mal onate  and th e  spectrum  o f 

[coen2AA]Br, excep t f o r  th e  an tisym m etric  CO v ib r a t io n s ,  i s  s im ila r  to  

t h a t  o f th e  m alonato complex.
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Compari s o n of th e  Sp ectra  o f the Carboxy la te  Group s

Use i s  made o f th e  g e n e ra l is a t io n  th a t, th e  sp e c tra  o f carb o x y lio  a c id s  

c o n ta in  a b so rp tio n  in  th e  re g io n  1725- 1700(s )  cmT  ̂ clue t o  tlia  G=0 s t r e t c h  

and i l l  th e  reg io n s  1400-1393(vi) and 1320-1211 (s )  cmT  ̂ due to  th e  C-0 s t r e t c h  

Vdiereas th e  s p e c tra  o f th e  s a l t s  o f  o a rboxy lio  a c id s  c o n ta in  a b so rp tio n s  

i n  th e  reg io n s  l 6lO -1350(s )  and. 1420-1300(s) cmT  ̂ due t o  th e  antisym m etrio  

and sym m etric v ib r a t io n s  o f th e  CO2" group# A lso th e  frequency  d if fe re n c e  

betw een th e  s n t is y im e tr ic  and symmetri c v ib r a t io n s  o f  th e  CO2“ group in  

th e  complex in c re a s e s  as the  bonding becomes more covalen t#

The frequency  d if fe re n c e s  f o r  th e  complexes can be c a lc u la te d  in  cmT^:-

[Coen„AA]Br carbonato  oxa.lato m alonato

^g^(CO) 1613, 1607 1639* 1672.,.1630 1618* 1610

mean I 6IO I 67O I 614

i;g(CO) 1282, 1276 1289, 1271 1368, 1330

mean 1279 1280  ̂ 1349

s e p a ra tio n '(o m # ')  331 390 263

T his 'g ives an o rd er f o r  th e  degree o f  covalency i n  th e  cob a lt-o x y g en  b o n d :- 

o x a la to  > carbonato  > m alonato# S ince th e  o x a la to  complex has been 

shov/n to  have a coval ency of about 30$  i t  can  be assumed t h a t  th e  o th e r  

complexes c o n ta in  cobalt-o x y g en  bonds wliich a re  more io n ic  th a n  co v alen t 

which, i s  a ls o  r e f le c te d  i n  some o f t h e i r  p r o p e r t ie s  and can  be understood  

\9hen re fe re n c e  i s  made to  models o f  th e se  complexes s in c e  i t  i s  th en  seen  

t h a t  th e  b id e n ta te  o x a la te  group form s th e  most s ta b le  r in g  (5-membsred)

7 d th  a minimum of s t r a i n  whereas th e  carbonate  group forms a s t r a in e d  r in g
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and th e  mal ona te  group a puckered r in g .

In  th e  case  o f th e  su c c in a te  group, i f  t h i s  grcmp were t o  form a 

b id e n ta te  l ig a n d  i t  would he under c o n s id e ra b le  s t r a i n  and th e  spectrum, 

i s  seen  to  support th e  f a c t  t h a t  i t  more l i k e l y  e x is t s  as a um ldontate  

l ig a n d ' T h is would a ls o  h e lp  t o  e x p la in  tlie  fac t, t h a t  th e  su cc in a to  complex 

was never ob ta ined  in  a  c r y s t a l l i n e  form bu t o n ly  as a gel o r an amorphous 

powder.
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O P T I C  k h  A C T I Î  I  2  Ï  0 Î’ [rJoengCOpCHgCOg]!

liSEGDUCSlCI;

O p tie a l ac:b i\d .tj i s  th a  phenoTiieTioii exhibi/bed. b%r 8%bst&noea which

v d l l  ro ‘b.ai;e th e  p lana o f  l i n e a r l y  p o la r is e d  l ig h t#  In  th e  case o f complex 

compounds o p t ic a l  a c tiA d ty  a r i s e s  because th e  st.xaicture o f th e  m olecule 

i s  disi'iiXftetriCf i ,O r  th e  compound can  e x i s t  in  two forms whoee s tru c tiu /o s  

a re  non-superim po8ab].e m irro i' jjragee which have no p lan e  o f symmetry o r  

c e n tre  o f  symmetry

A ray  o f l in e a r ly  p o la r is e d  l ig h t ,  me.y b e  reg ard ed  as e q u iv a le n t to  

equal components o f l e f t -  and r i g h t - c i r o u ia r ly  p o l ii r is e d  l ig b it ,  i , e ,  th e  

e l e c t r i c  f i e l d  v e c to r  t r a c e s  out a l e f t -  and a r i^ t -h a ,n d e d  h e l ix ,  E. and 

1-^f to  th e  r e s u l ta n t  e l e c t r i c  f i e l d  v e c to r  « E., o f l i n e a r l y  p o la r is e d

l i g h t  e

In  an  o p t ic a l ly  a c t iv e  medium th e  two c i r c u la r ly  p o la r is e d  components 

t r a v e l  v d th  d i f f e r e n t  v e lo c i t i e s  so t h a t  th e  p lan e  o f p o l a r i s a t i o n  i s  

r o ta te d  through, an ang le  # Since, th e  v e lo c i ty  o f a l i g h t  wave t r a v e l l i n g  

th rough  a medium i s  p ro p o r tio n a l  to  th e  r e f r a c t iv e  index  o f th e  medium 

a substance  i s  o p t i c a l l y  a c t iv e  i f  i t  has d i f f e r e n t  r e f r a c t iv e  in d ic e s  

f o r  l e f t -  and n^ fo r  r i g h t - o i r c u l a r iy  p o la r is e d  l i g h t j  i , e ,  i t  i s  

c l r c u l  a r 1 y  b i r e f  ringenb. e
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•The ang le  o f ro t-'■ tien depends on th e  d jfx e ra n c e  betw een xi-̂  a m

th e  th lck z ie ss  o f th e  medium, th e  c o n o e u tra tio ii  o f  th e  s o lu t io n ,  th e  n a tirre

o f  th e  s o l v a i t ,  th e  w avelength  o f th e  l i g h t  u sed  and th e  tem peratujze,.

The s p e c i f i c  r o ta t io n  [c^j^ a t  a gir-ren w avelength  and tem p era tu re  f o r  a

p a r t i c u l a r  s o lv e n t  i s  given, by B io ta s  iaw ; [o^j _ oi
I  X C

where. 1. i s  th e  th io k n e a s  o i  th e  medium: in. d e c im e tre s ,

c i s  th e  co n ce n tra tio n , o f tlie  s o lu t io n  in. grams p e r c ,o .

The m oleo idar r o ta t io n ,  i s  given by; [ ^ 1  •;> % M x 1^3  h
!0O

Tib-ere U i s  th e  m o lecu lar weight *

The v a r i a t io n  o f  th e  o p t ic a l  ro ta t io n , w ith  w avelength i s  knovm as 

o p t ic a l  r o ta to r y  d isp e rs io iir  For a compound, c o n ta in in g  no chromophore 

th e  o p t ic a l  a c t i v i t y  p ro g re s s iv e ly  in c re a s e s  xrr d ec rease s  m th  in c re a s in g  

w av elen g th  t o  g ive a p la in  d isp e rs io n , c u rv e . For a compound w ith  one o r 

more o p t ic a l ly  a c t iv e  ab so rp tio n , bands th e  d is p e rs io n  curve i s  anomalous
/V.

&j}d. shows one o r more -shaped  curves in  th e  re g io n  in  which th e  

chromophores ab so rb . In  th e  idea]. C8,se where an o p t ic a l ly  a c tiv e  

a b so rp tio n  b an d a is  no t a f fe c te d  by o th e r  bands th e  mean o f  th e  w avelengths 

a t  which th e  peak and tro u g h  occur c o in c id e s  alm ost e x a c tly  w ith  th e  p o in t 

of. zero  r o ta t io n  and i s  a ls o  app rox im ate ly  id e n t i c a l  w ith  th e  w avelength 

o f maximal u l t r a ,- v io l  e t  a b so rp tio n .
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I f  g v.'lieii l i n e a r l y  'p o la rise d  lid ^ tt p a sse s  'bhi'oiifm an opticaZ iiy a c t iv e  

n ed iim , th e  l e f t -  and r ig h k - o ir c n la r l : /  p o la rised . ligiTb a re  abooriod to  

a d ifferen-b  e x te n t ,  th e n  th e  enier;:;ent l i ^ h t  i s  e lli iy b ic a ll.y  p o la r is e d  and 

th e  phenomenon i s  kno\?n. as cii'C D lar d ioh ro ism . The Diinor s x is  o f th e  

r e s i i l t in t^  e l l i p s e  i s  eqiisj. to  th e  cliffez-ence hetTreon. th e  m olar, e x t in o t ic n  

c o e f f i c i e n t s  G ^ fo r  l e f t -  and. 6'... f o r  r i g h t - c i r c i i l a r l y p o la r is e d  l i p h t  ^

Clr -

l> - £. I -

The v a r ia tio n -  o f (£^ v;it)i w avelength  i s  observed as a peek or t r o n ^ i ,

th e  maximum w avelength o f which alm ost c o in c id e s  w ith  th e  maximum of an 

u l t r a - v i o l  e t  a b so rp tio n  band «

The com bination o f o p t ic a l  a c t i v i t y  and c i r c u la r  d iohro ism  i s  observed 

i n  what i s  term ed th e  ''C o tton  e ffe c tu e . The C otton  e f f e c t  a s so c ia te d  w ith  

an o p t ic a l ly  ac'fcive. a b so rp tio n  band qf a g iven  compound i s  seen  as an 

anom alous 'O p tica l r o ta to r y  d is p e r s io n  curve and a c i r c u la r  d iohro ism  cu rv e . 

I f  th e  d is p e r s io n  curve c o n s is ts  o f one pealc and one tro u g h  i t  i s  r e f e r r e d  

to  as a s in g le  ^Cotton, e f f e c t  and i f  th e  pe-alf. occurs a t  h ig h e r  w avelength 

th a n  th e  trougfr i t  i s  a p o s i t iv e  C otton  e f f e c t  and th e  c i r c u la r  d iohroism  

curve w i l l  occur as a peak . For one enantiom orph th e  C otton  e f f e c t  ^vill 

be th e  re v e rse  of t h a t  of th e  o th e r  en an ti omorph.
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P o s i t iv e  C otton E f fe c t

0 0

U. V. 

0. R, D 

C.. 5 ,

C o tton  e f f e c t s  a re  useu. to  c o r r e la te  tlio  c o n fig u râ t io n s  o f r e la te d  

disyiiim etric E iolecules and th u s  to  fo llo w  th e  o te r i c  course  o f re a c tio n s*  

ïh e  a b so lu te  g  onf’ig u r a t  ions of Co ( I  I I )  c h e la te  complexes have been x 'e la tsd
62 65

th ro u g h  o p t ic a l  r o t a t o r y  d is p e r s io n  and c i r c u la r  diohroism . s p e c tra  to

r 1 3'i'o p t ic a l ly  a c t iv e  [Coen?j f o r  which th e  s.bso lu te  con fig rv ra tio n  i s  known 

by means o f  anomalous f - r a y  d isp e rs io n *

A lso th e  ld .n e tio s  o f a r e a c t io n  which r e s u l t s  in  lo s s  o f cptica3. 

a c t i v i t y  can be examined by observing* th e  change in  th e  o p t ic a l  r o ta t io n  

o f th e  su b stan ce  a t  a p a r t i c u la r  w avelength . The optimum w avelength f o r  

t h i s  can. be o b ta in ed  from th e  o p tic a l, r o ta to r y  d is p e rs io n  cu rve , t h a t  i s  

th e  p o in t o f h ig h e s t r o ta to r y  power.
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0 P le I  C A L A C 'P I  V I  S! Y O F  ^oeii^COgGH^GOg]!

FXP:i:RD.L Îff/iL .

The re s o lu tio n , o f th e  [Coon2C02CHpC0pj"'' io n  was f i r s t l y  a ttem pted

s e v e ra l  tim es by moans of ammonim d-oi-bromocoaiphor-'Ti-sulphoimte bu t

t h i s  was u n s u c c e s s fu l , Then r e s o lu t io n  was ai;tem pted th rough  a c tiv e

po tassium  ethy lenod j.am ino tetra^aceta to  cobfA tate  u s in g  th e  method of
114

Dwyer $ Reid and C'a.rvs.n* T h is  method was su c c e ss fu l i n  ^giving o p t ic a l ly  

ac ti.ve  LOoenpCOg^OHpGOo]! b u t n o t th e  brom ide, The p r a c t i c a l  d e ta i l s  a re  

i n  th e  s e c t io n  on. p re p a ra tio n , o f compounds^ (page 1 4 7 ) .

O p tica l r o ta t io n  measui'eiaents wore c a r r ie d  out. on a H ilg e r  S tandard  

p c ia r im e te r  u s in g  a  m ercury a rc  lam p, A 0 , 0 s o l u t i o n  of th e  a c t iv e  

[Coenr^COgCRpCOo"]I. was made up and i t s  ang le  o f ro ta t io n , was measured on 

th e  yelloW f g reen  and. b lu e  l i n e s .  The s o lu t io n  was th e n  k e p t f o r  th re e  

days and th e  rea d in g s  were rep e a te d  to  see i f  th e r e  was any change in  

th e  o p t ic a l  r o t a t io n .

The o p tic a l, r o ta to r y  d is p e r s io n  was then, m easured u s in g  a 0*2)b 

s o lu t io n  o f th e  complex i n  a H ilg e r  p h o to e le c t r ic  p o la r im e te r  v d th  a 

Zenon lamp which had been e s p e c ia l ly  adapted  f o r  th e  purpose by 

D r, H arg reav es. o f  Queen E liz a b e th  C o lleg e , U n iv e rs ity  o f London, The 

a n ^ .e s  o f r o t a t io n  f o r  each wavelcngbh v/ere converted  to  th e  m olecu lar 

r o t a t io n  [ m] and a graph  was p lo t te d  of [ ll]  a g a in s t  w avelength to  give 

th e  o p t ic a l  r o ta to ry  d is p e r s io n  cu rv e .

The v i s i b le  and u l t r a - v i o l e t  a b so rp tio n  s p e c tr a  of a s o lu t io n  o f ' ■ 

th e  a c t iv e  io d id e  was a ls o  ob ta ined  so as t o  compare i t  w ith  th e  \ 

r o ta to r y  d is p e rs io n  curve »
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O P T I C A L A C T I V I T Y 0  ? fC o e n 2 C0 2 CH2 0 0 2 K

flt1 preparation 0 . 05^ so lu tio n  in  2 deoe tube
, O

wavelength A oL

yellow  5791 + 0 .54° +540° +2204®

green 5461 + 0 .57° +570° +X510®

hlue 4047 -0 ,5 6 °
!

- 560° -2285®

Above so lu tio n  eifter three days
9

w avelength A «X U h ' '

yellow  5791 +0 . 56® i +560® +2285®

green 5461 + 0 ,57° ! +570® + 1 5 1 0 ®

blue 4047 —0.62^ - 6 2 0 ® - 2 5 5 0 °

2^^ preparation 0 #05^ so lu tio n  in  2 deor tube

wavelength A 'oC

yellow  5791 +0 , 55“ I +550° +2245°

green 5461 + 0 .59° i +590° +1592° .

b lue 4047 - 0 , 57° - 570° - 2526®
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O P I I C A L  A C I I V I I Ï  OF  [coen2CX)2CH2C02']l

DISCUSSION

Absolute configu ration s o f  C o(III) ch e la te  complexes can be r e la ted

through o p tic a l ro ta tory  d isp ersio n  and c ir cu la r  dichroism  spectra  to

o p t ic a l ly  a c tiv e  [Coen^')^’*’ fo r  which th e  absolute con figu ration  i s  known

from X-ray crysta llograp h y . This c o rr e la tio n  i s  made on the b a s is  now 
66

held  th a t the Cotton e f f e c t  stems more from the d is p o s it io n  o f atoms

ou tsid e  the chromophore than w ith in , and from both the con figuration  o f

th e  r ings around the metal io n  and the conform ation o f the in d iv id u al
63

c h e la te  r in gs » I t  has been suggested th a t th e  most in ten se  c ir c u la r  

dichroism  band found in  the region  (se e  page 84*) o f  a given

enantiomorph should have the same s ig n  as the dominant tr a n s it io n  

found fo r  the co n fig u r a tio n a lly  re la ted  enantiomorph o f [Coen^]^*

[C oen^]^ i s  a d is  sym étrie tr ig o n a l complex belonging to  the p o in t-  

group I t  has a th r e e -fo ld  a x is ,  C^, and three tw o-fo ld  axes, C2 *

The abso lu te  con figu ration  o f  (+)-[Coen^1^‘*’ i s  con ven tion a lly  termed D 

from th e s ig n  o f  the ro ta tio n  at the sodium yellow  l i n e s .  Now i t  i s  

known from X-ray data th a t th e  absolute con figu ration  o f (*t*)-[Coen^]^ 

has th e  form, o f  a left-h an d ed  h e l ic a l  screw when viewed along the th ree

fo ld  a x is  C^, ( f i g .  1 on pageBO) but i f  viewed along any o f  the tw o-fo ld  

Eixes i t  has the form o f a right-handed h e l ix ,  ( f i g .  2 on page 8 0 ) ,

A f u l l  stereochem ical sp e c if ic a t io n  o f the abso lu te  configuration  o f  

(.+ )-[Coen^]^"*" i s  th erefore  A  (C^), A (C2); A  and A  being  used to

d escrib e  the c h ir a l i t y ,  r esp ec tiv e ly ^  o f  a l e f t -  and a r i^ t-h a n d ed
66a

h e l i x y u s in g  P ip e r ’s conven tion .
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31 sdiam ine complexes o f th e  type c i s -  "belong to  th e  p o in t-

group C2 CLZd a re  r e la te d  to  th e  t r i s  (diam ine) [Coezy] by a ooamon two

fo ld  aoiis (C2) '  A b isd iam ine  complex and th e  co rrespond ing  t r i s d ia n in e  

have a s im ila r  s te reo ch em ica l c o n fig u ra tio n  i f  th e  handedness o f th e  

c h e la te  r in g s  around th e  m etal io n  i s  th e  same when viewed along  th e  

common tw o -fo ld  a id s .  So th a t  a h is  diamine f o r  which th e  stereochem ical 

arrangem ent o f th e  c h e la te  r in g s  ah out th e  m etal io n  i s  rig h t-handed  when 

view ed..along th e  tw o -fo ld  ao:is C2 i s  d esig n a ted  A (^ 2 ) » ( f i g . 4 on pageSO) 

The isom er (-r)-[Coen^’l'^ g ives r i s e  to  a p o s i t iv e  C otton e f f e c t ,  

i t s  ste reochem ica l c h i r a l i t y  i s  le f t-h a n d e d  along th e  th re e - fo ld  ax is  

and r ig h t-h a n d ed  along  th e  tw o-fo ld  a x is  C2 so t h a t  th e  isom er i s  

d esig n a ted  A  (.0^), A (C2) .  The m alonato complex was reso lv ed  and th e  

isom er s tu d ie d  was term ed ( ? ) - [ Coezi2CO2CH2 2 I th e  s ig n  .of th e

r o ta t io n  a t  th e  sodium yellow  l i n e s ,  from th e  ro ta to r y  d isp e rs io n  cvnr/e 

o f th e  isom er i t  i s  seen  to  g ive r i s e  to  a p o s i t iv e  C otton e f f e c t  so th a t  

i t  i s  c o n f ig u ra tio n a l ly  r e la te d  to  (-y)-[Coen-] and hence i t s  ' ab so lu te  

c o n fig u ra tio n  i s  A (C9) from th e  rig h t-h an d ed  c h i r a l i t y  o f th e  complex 

a long  th e  tw o -fo ld  a x is  C9 . The c o n fig u ra tio n  o f t h i s  complex can a lso  

he d esig n a ted  A  (C^) u s in g  th e  pseudo-Cj azcis ( f ig .p  on page 8 0 ) .

The isom er s tu d ie d  d id  n o t lo s e  i t s  o p t ic a l  a c t i \ t . ty  when l e f t  fo r  

th re e  days a t  room tem pera tu re  in  aqueous s o lu t io n .  T his behaviour i s  

s im ila r - :■ to  th a t-  ob ta ined  f o r  th e  o p t ic a l ly  a c tiv e  isom er of th e  o x a la te
114 . 114

complex [Coen2CgO^ C l. T his isom er has been shown to  undergo no racém is

a tio n  a f t e r  f iv e  days a t  IS^C and to  be decomposed on lo n g  b o ilin g .
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¥ 1. S ; I E L E  A H D  Ü L T R A - U I O L E Î S  S P E C Î r E A

IKERODUCTiOH
I* •

There  a re  two maj.n th e o r e t i c a l  methods used, to  d iscu ss  th e  v i s ib le  

and u l t r a - v i o l e t  s p e c tr a  o f complex compounds r Ih e se  a re  th e  e le c t r o s t a t i c  

c ry s ta l  f i e l d  th eo ry  and th e  m olecu lar o r b i ta l  th e o ry  and th e y  w il l  now 

he b r i e f l y  d isc u sse d .

The E le c t r o s t a t i c  C ry s ta l F ie ld  Theory assumes, t h a t  in te r a c t io n s  betw een 

metal- io n s  and lig a n d s  a re  s t r i c t l y  e l e c t r o s t a t i c  i n  th e  sense th a t  th e  

m etal io n  o r b i ta l s  do n o t i n  any way mix w ith  l ig a n d  atom, o r b i t a l s ,  that- 

i s ,  co v a len t bonding i s  n e g le c ted  * The essence, o f  th e  c ry s ta l  f i e l d  

th e o ry  i s  to  use  group th e o ry  as a p p lied  to  symmetry o p e ra tio n s  to  deduce 

th e  s p l i t t i n g  o f atom ic energy  le v e ls  due to  symmetry p ro p e r t ie s  o f th e  

e l e c t r i c  f i e l d s  i n  th e  c r y s ta l s

Hence i n  a  r e g u la r  o c tah ed ra l environm ent th e  f iv e  d o r b i ta l s  a re  

s p l i t  in to  two g roupsr One group com prises th e  th re e  o r b i ta l s  d^y, dy^, 

and i^ ^ o h  have t h e i r  e le c t ro n  d e n s i ty  betw een th e  lig an d s#  They are  

r e f e r r e d  to  as th e  t 2g o rb ita l.s  where t  in d ic a te s  ^ - fo ld  degeneracy,

2 in d ic a te s  t h a t  each o r b i ta l  has two m irro r  p lan e s  in  which th e  s ig n  of 

the. wave fu n c t io n  changes and g  in d ic a te s  t h a t  th e re  i s  no change in  th e  

wave fu n c t io n  on in v e rs io n  th rough  th e  o rig in #  The o th e r  group o f 

o r b i t a l s ,  d^i^^a and d ^ i ,  have t h e i r  e le c t r o n  d e n s ity  d ire c te d  tow ards 

th e  l ig a n d s  and a re  th e re fo re  l e s s  s ta b le  th a n  th e  form er group# They 

a re  r e f e r r e d  to  as th e  e_ o r b i ta l s  v/here e in d ic a te s  2 -fo ld  degeneracy.

There i s  th u s  an energy le v e l  s p l i t t i n g  betw een th e  two groups of
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o r b i ta l s  r e f e r r e d  to  as where o in d ic a te s  o c tah ed ra l environment#

Bu-t from group th eo ry  i t  i s  n o t p o s s ib le  to  o b ta in  xhe magni-tnde of t n i s  

s p l i t t in g #

Mention m ust a ls o  be made o f th e  lig a n d  f i e l d  th e o ry  wiiich u ses  th e  

b a s ic  e l e c t r o s t a t i c  v iew poin t and th e  methods o f  c a lc u la t io n  o f  th e  

c ry s ta l  f i e l d  th e o ry , b u t  th e  e f f e c t iv e  f i e l d  i s  considered  to  be imposed 

n o t  by th e  whole c ry s ta l  bu t by th e  lig a n d s  which surround th e  atom i n  

q u e s tio n  so t h a t  c o v a len t fo rc e s  a re  ta k e n  in to  account#

The M olecular O rb ita l T heory s t a r t s  w ith  th e  prem ise t h a t  overlap  o f c . : 2  ; 

o r b i ta l s  w il l  (occur, to  some d e g re e , w herever symmetry perm its#  I t  th u s 

in c lu d e s  th e  e l e c t r o s t a t i c  s i t u a t io n  (no o v erlap ) as one extrem e, maximal 

ov e rlapp ing  of o r b i ta l s  as th e  o th e r  extrem e, and a l l  in te rm e d ia te  degrees 

o f overlap#  To f in d  o u t which o r b i ta l s  have s u i ta b le  symmetry 

requ irem en ts f o r  overlap^ group th e o ry  i s  used#

A m etal io n  i n  th e  f i r s t  t r a n s i t i o n  s e r ie s  has 9 o r b i ta l s  a v a ila b le

f o r  bond fo rm ations 4s» 4p and M# But on ly  s ix  o f  th e se  have s u i ta b le

symmetry requ irem ents to  overlap  w ith  d  ligand , o rb i ta ls #  They a re  th e

4 s ,  4p and. th e  and 3d^j^ ( th e  e^  d o r b i ta l s  ) # They th e re fo re

combine to  form s ix  bonding and s ix  a n ti-b o n d in g  o r b i ta l s  of which th e

two Og a n t i -  bonding, o rb i ta ls ,  a re  i n  th e  lo w est energy s ta te #  The th re e

tg g  d o r b i t a l s  C^^xy, and dy^) a re  u n a ffe c te d  by  cr bonding and rem ain

as non-bonding o rb i ta ls #  The tw elve e le c tro n s  from  th e  s ix  l ig a n d s  w il l

a l l  go i n  th e  s ix  bonding o r b i ta l s  and th e  e le c tro n s  from th e  m etal io n

w il l  be lo c a te d  i n  th e  t2 g  non-bonding and th e  eg  a n ti-b o n d in g  o rb i ta ls #

So, as in . th e  c ry s ta l  f i e l d  th e o ry , th e re  i s  an energy le v e l  s p l i t t i n g  A q 

betw een t^ g  and. eg o rb i ta ls #
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A bsorp tion  Spectra .

TheJ a b so rp tio n  sp e c tra  o f a complex io n  i s  caused by e le c tro n ic  

t r a n s i t i o n s  betw een th e  .d i f f e r e n t  energy le v e ls  in to  which th e  d. o r b i ta ls  

a re  s p l i t#  ' The n a tu re  o f th e  sp e c tra  i s  determ ined by th e  e x te n t o f 

th e  s p l i t t i n g  o f  th e  d. o r b i ta ls #  I f  th e  s p l i t t i n g  i s  sm all, i#e# weak 

lig a n d  f i e l d ,  th e n  th e  e le c tro n s  w il l  be unpaired  m th  t h e i r  sp in s p a r a l le l ,  

c a l le d  th e  s p in - f r e e  case# But i f  th e  s p l i t t i n g  i s  la rg e ,  i#e#  s tro n g  

lig a n d  f i e l d ,  th e n  th e  e le c tro n s  w i l l  be fo rced  to  f i l l  th e  tg g  o r b i ta ls  

b e fo re  occupying th e  e^ o r b i ta ls #  The e le c tro n s  a re  th e re fo re  fo rced  . 

in to  p a ir in g  and t h i s  i s  c a lle d  th e  sp in -p a ire d  case#

B efore th e  sp e c tra  can be in te r p r e te d  fo r  a m etal io n  v d th  more th a n  

one d e le c tro n  i t  i s  n e c e ssa ry  to  know the- low est energy s ta te #  In  th e  

f r e e  io n  th e  d  e le c tro n s  couple in to  th e  various. R ussell-S aunders s ta te s  

and. a l l  th e s e  a re  s p l i t  i n  th e  p resence  o f  a l ig a n d  f ie ld #

I n  th e  case  o f  Co ( I I I )  (d^ system) th e  e le c tro n ic  ground s t a te  f o r  

th e  f r e e  io n  i s  (1=2, S=2.) so t h a t  th e  sp in s  a re  unpaired# In. a we ale 

l ig a n d  f i e l d  th e  lov/est s t a t e  o r ig in a t in g  from i s  t 9 „^ e_^ w ith  a‘—g o

ground term  and t h i s  i s  th e  h i ^ - s p i n  case# Complexes w ith  a h igh
70

s p in  a re  [Co%]^"" Q-^eff “ 5#2 B#M#) and a lso  [CoF^CH^O)^] { p e f f  = 4 .47  B.M) 

so th a t  th e  moment in d ic a te s  fo u r  un p a ired  sp in s  w ith  some o r b i ta l  

c ont r ib u tio n #

However, there- a re  v e ry  few h ig h -s p in  cases f o r  Co t i l l )  because a t  

a  low  v a lu e  o f  A q th e  e le c tro n s  p a d r up t l i e i r  sp in s  to  give th e  

c o n f ig u ra tio n  t 2g   ̂ The Orgel diagram (see  n e x t page) shows t h a t  th e  

Â-p , s t a t e  a r i s in g  from  th e  h ig h  energy s in g le t  s t a t e  o f th e  f r e e  io n  

becomes th e  ground term  a t  a  lovf va lue  o f  Aq #
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Low value o f  A o  A o  -----
^  V—---- - ------ ------------------------------------
H.9b-|ç̂ ^̂ jOMTiplex£̂  Low-spin complexes stable

ülhe c o n d itio n  fo r  th e  change from h ig h -sp in  to  lo w -sp in  complexes occurs 

a tT - 20Dq = 5 (. ?2 + )

T h is i s  th e  c ro ss  over p o in t  hetvreen th e  ^ 2 g  ^-^Ig s ta te s  r

The P term s a re . th e  Condon and Short leg" l ig a n d  f i e l d  s t a b i l i s a t i o n  

p a ram ete rs , v a lu es  f o r  w hich can be ob tained  from th e  sp e c tra  o f th e  

f r e e  io n . and lOD — A . *

B a llh au sen  s t a te s  t h a t  in  th e  we a i r f i e l d  case th e  f i e l d

s t a b i l i s a t i o n  i s  onlg" 4Dq b u t in  th e  s t r o n g - f ie ld  case ( tg g ^  i t  becomes 

24hq because lOD^ i s  gained  by every e le c tro n  t r a n s fe r r e d  from an e^ s h e l l  

to  a  t 2g s h e l l , .  B ut t h i s  s t a b i l i s a t i o n  i s  ach ieved  a t  th e  expense of 

some 5(^2 H 5IF 4 I i n  prom otional energy . Hence th e  changeover from 

w e ak -fie ld  case  to  s t r o n g - f le ld  case occurs a t : -

24Dq -  4Dq = 5 ( P2 + )

l , e ,  20Dq = 5 C F2 + 5IF 4 )
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11
B allhausen  in d ic a te s  t h a t  f o r  th e  PeClX) c a se , ano ther c h a r a c te r i s t ic  

d^' c a se , th e  rough ru le  may he applied , t h a t : -

?2 = I'OF^ = 1000 omT  ̂ So = 100 cmT^

whence 20Dq = 5(1000 + 51*100) culT  ̂ f o r  th e  change-over p o in t 

Hence lOB^ < 15,000 cmT  ̂ f o r  h ig h -sp in  complexes and s p in -p a ir in g  occurs 

when lODq > 15,000 cm%̂ '

S im ila r  v a lu es can he ob tained  f o r  CoClII) from  i t s  sp e c tra  and from 

a knowledge of th e  e le c tro n ic  t r a n s i t io n s  which can  be seen from th e  

fo llo w in g  diagram,.

The energy le v e l  scheme f o r  Co (d )

/
/

/
/

( t » ‘ )_______ ___________

weak f i e l d  s tro n g  f i e l d

h ig h -sp in . complex lo v ;-sp in  complex

E or Co C m )  in  th e  s p in - f re e  [coF^]^~ con^lex th e  sp ec tro sco p ic
*7 2,

t r a n s i t i o n  occurs a t  15 ,.000 cmT^
&

• F o r s p in -p a ire d  complexes th e  sp e c tra  shou ld  be made up o f  two s tro n g

1 1  1 1 bands co rrespond ing  to  th e  t r a n s i t io n s  -> Tpg and -» 1^2g*

I n  a d d it io n  some s i n g l e t - t r i p l e t  bands could appear .
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So that, fo r  the s in g le t - s in g ie t  bands

.  ~35P^ + 10D

A

and f o r  th e  s i n g l e t - t r i p l e b  bands

A E  (% , -  h ^ g ) •IO5P4 +
J-g

A E ( & 2g -  \ g )  = 8P2 _ 245P4 + lODq

In  th e  spectrum  of th e  sp in -p a ire d  complex [Coen^l'*' two s tro n g

hands occur a t  21,400 oml^ and 29,600 cm7^ ^T^g)
1 ^and a very  broad sp in -fo rb id d en  band a t /-v 14,000 cm. ( -> Ig^ '

—1From t h i s  th e  fo llo w in g  v a lu es a re  o b ta in e d ;-  Dq » 2,510 cmT , 

F2 -  975 cmT and F^ = 105 cm.

For complexes o f th e  type  c i s -  and t r a n s -  [CoA^En] th e  low ering  of 

th e  symmetry causes a s p l i t t i n g  of th e  s t a te  ¥/hich i s  a t  l e a s t  tw ice

as g re a t f o r  th e  t r a n s  compound as fo r  th e  c i s . Also th e  c is  isom er shows 

a g re a te r  i n te n s i t y  of a b so rp tio n .

^T.

iTIg

i!jAI g .

t r a n s -  [0oa^B21 [CoX^] ^^-[CoA^Bgl

74
The measurements of B aso lo , B allhausen  and Bjerrum show t h i s  to  be 

approxim ately  t r u e  fo r  a v a r ie ty  of s u b s ti tu te d  C o (III)  complexes.
75

S im ila r  r e s u l t s  have been ob tained  by Nakamoto e t  •
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The v i s ib le  s p e c tra  of c i s -  and t ra n s-  [^CoengFoT * The d o tted  l in e  shows 

v/here th e  low frequency  s id e  of th e  -> band of th e  c is  isom er

would be i f  th e  band were com pletely  sym m etrical.

The Spectrocheraical S e r ie s

I t  has been found by study of th e  sp e c tra  of complexes co n ta in in g  

v a rio u s  m etal io n s  and l ig a n d s , th a t  th e  l ig a n d s  may be arranged in  a 

s e r ie s  acco rd ing  to  t h e i r  c a p a c ity  to  cause d -o rb i ta l  s p l i t t i n g .  The 

o rd e r o f in c re a s in g  lig a n d --f ie ld  s tre n g th , i s  as fo llo w s ;-  

ï ~  < B r“ < Cl~ < P“ < 0H“ < HgO < -HCs"< NHj < e n <  NOg" < CN“

T h is s e r ie s  i s  known as th e  spectrochem ical s e r i e s ,  When th e  lig a n d s  in  

a complex a re  rep la ce d  by lig a n d s  to  th e  r ig h t  in  th e  s e r ie s  then  a 

s tro n g e r  lig a n d  f i e l d  i s  produced and th e  frequency of th e  corresponding 

a b so rp tio n  band i s  in c re a se d .

In  th e  case  o f th e  C o (III)  io n , v a lu es have been ob tained  f o r  th e
76

lig a n d  f i e l d  s p l i t t i n g , A q, caused by d i f f e r e n t  l ig a n d s ; -

6H2O

18,600

6nHj

25,000

5 en

25,300

6CN~ 

54,000 cmT^



Ultra-V i o le t  Absorption Spectra o f the Carbonyl Chromophore

The k e to n io  carbonyl group e x h ib its  an ab so rp tio n  maximum of low
77

i n te n s i ty  between 270 and 265 Dy., as .,in  ace tone . The in tro d u c tio n  of a

hydroxyl group e x e r ts  a hypsochromic e f f e c t  on th e  carbonyl ab so rp tio n  as
}

in  a c e t ic  acid* The p resence  of two hydroxyl g roups, as in  carbonic  ac id  

d e r iv a t iv e s ,  enhances th e  hypsochromic . e f f e c t , as. in  dim ethyl ca rb o n a te ,

Ê max R eference

CĤ COCH  ̂ 274 Dÿi 15*5 78

CĤ COOH 204 I#  44 .5  78

(GH^)gCO^ < 1 8 0  1391 >50 78

Dimethyl o x a la te  and anhydrous o x a lic  ac id  e x h ib it  a c h a r3 .c te r is tic
79

band o f low in te n s i ty  in  th e  reg ion  210-260 mpi* Y/hioh i s  id e n t i f i e d  w ith  

th e  c o v a le n tly  bound carboxyl group and i s  most, l i k e ly  due to  t r a n s i t io n s  

o f th e  H e le c tro n s  o f th e  /C=0 group, T his band i s  absen t in  th e  u l t r a 

v io le t  ab so rp tio n  spectrum  of aqueous potassium  o x a la te  so lu tio n  and th e re  

i s  only an in f le x io n  in  th e  case of aqueous o x a lic  ac id  in d ic a t in g  th a t  

th e re  a re  no c o v a le n tly  bound carboxyl groups p re se n t in  th e se  compounds. 

The u l t r a - v i o l e t  ab so rp tio n  sp e c tra  of a g re a t m a jo rity  o f m etal 

o x a la to  complexes resem ble th a t  of dim ethyl o x a la te  vd th  a low in te n s i ty
79

band in  th e  reg io n  250-270 m}i, Graddon has found th a t  th e  maxima v a r ie s  

w ith  th e  c a t io n .  The a b so rp tio n  maximum i s  seen to  in c re a se  smoothly
o

w ith  z /d  , where z i s  th e  o x id a tio n  number of th e  c a tio n  and d i s  th e  

" id e a l"  covalen t-bond  d is ta n c e  from m etal to  oxygen. Thus, th e  low 

in te n s i ty  band, which i s  c h a r a c te r i s t i c  of a c o v a le n tly  bound o x a la te , 

i s  d isp la c e d  tow ards lo n g er w avelengths as th e  coulombic fo rc e  of a t t r a c 

t io n  between th e  c a tio n  and th e  coo rd ina ted  o x a la te  group in c re a s e s .
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V I S I B L K  A N D  U L T R A  -  V I O b K T  S P R. C; T R A

EXPERMENTAL

Most o f th e  v i s ib le  and u l t r a - v i o l e t  sp e c tra  were o b ta in ed  by means 

o f a Unicam SP 500, T h is e n ta i le d  m easuring th e  o p tic a l  d e n s ity  a t  . 

s e le c te d  w avelengths from  600 to  220 mp and th en  co n v e rtin g  th e se  to  th e  

m olar e x t in c t io n  c o e f f i c i e n t s ,  6 ^ ,  Graphs were p lo t te d  o f 6 ^  a g a in s t 

w avelength  and log6p^ a g a in s t w avelength  to  show a t  which w avelengths th e  

peaks,, in d ic a t in g  maximum ab so rp tio n ^  o ccu rred . Some o f th e  l a t e r  sp e c tra  

were measured on a  re c o rd in g  Unicam. SP TOO when t h i s  was made a v a ila b le  

and t h i s  g r e a t ly  f a c i l i t a t e d  m easurem ents.

Compounds o f  th e  type  [CoenpCO^lx:

The v i s i b l e  s p e c tra  o f th e se  complexes i n  th e  s o l id  s t a t e  were 

o b ta in e d  where X. =- c h lo r id e ,  brom ide, io d id e , n i t r a t e ,  p e rc h lo ra te , 

th io c y a n a te  , d l th io n a te  and s u lp h a te .  These sp e c tra  o f so l id s  were 

m easured by means o f  a re f le c ta n c e  u n i t  u s in g  magnesium carbonate  as a  

r e fe re n c e . I n  t h i s  case  only  th e  o p t ic a l  d e n s ity  and no t ÿhe m olar 

e x t in c t io n  c o e f f ic ie n t  cou ld  be o b ta in e d . These sp e c tra  were only  measured 

from  600 to  550 hçl s in c e  th e  ^ a s s  o f th e  c e l l s  used  absorbed a t  

w avelengths below 550

Compounds o f th e  ty p e  [CoenpAA)x

The v i s i b l e  and u l t r a - v i o l e t  sp e c tra  were measured f o r  complexes 

c o n ta in in g  th e  d ica rboxy l a t  e group AA = c a rb o n a te , o x a la te ,  m alonate and 

su c c in a te  X = B r, A lso th e  s p e c tra  were ob ta ined  f o r  th e  complexes
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where AA. = m alonate,. X = th e  ap p ro p ia te  u n iv a le n t  m alonate an ion ; 

and AA. = su c c in a te , X = p e rc h lo ra te .

The s p e c tr a  o f a l l  th e s e  complexes were ob ta ined  f o r  th e  s o l id  s t a t e

and f o r  s o lu t io n s  i n  w a te r , ’ -

A c tio n  of A lk a li  on Carboxyl a te  L igands

The a c tio n  o f  sodium hydroxide s o lu t io n  on complexes of th e  type  

[poen2AA]Br, where AA = o x a la te ,  m alonate and s u c c in a te , was ob ta ined  by
P

means o f  s p e c t r a l  m easurem ents, A s o lu t io n  o f 10 M complex was made up

in^'^lN sodium hydroxide and a s e r ie s  o f th re e  s p e c tra  were ta k e n  fo r  nc.oh

each  com plex!- f i r s t l y  th e  i n i t i a l  spectrum  was m easured, and th en  th e  

spectrum  a f t e r  le a v in g  th e  s o lu t io n  to  s tan d  f o r  abou t th re e  days, and th en  

th e  s o lu t io n  was h e a ted  to  ensure com pletion o f  r e a c t io n  and a f in a l  

spectrum  was o b ta in e d . I n  each case  th e  second and t h i r d  sp e c tra  were 

found to  be th e  same so tha t, only  th e  i n i t i a l  and f i n a l  s p e c tra  have been 

rec o rd ed .

A f te r  th e s e  measurements had been made. 5 lü*  o f ^ IN  h y d ro ch lo ric  ac id
Î

were added to  3 ml ,  o f  th e  s o lu t io n  o f  complex in  sodium hydroxide which 

had com pleted r e a c t io n  and a g a in  i n i t i a l  and f i n a l  sp e c tra  were o b ta in ed . 

I n  th e  case  o f  th e  su c c in a to  complex to  4 ml #. o f  t h i s  a c id i f ie d  s o lu t io n
±.-.i ‘
was added 2 m l, o f '^ IN  sodium hydroxide s o lu t io n  and th e  spectrum  was 

m easured.

A c tio n  of Acid on Carboxyl a te  L igands

The a c t io n  o f s o lu tio n s  o f  p e rc h lo r ic  a c id  o f  d i f f e r in g  c o n cen tra tio n s  

on  th e  m alonato and su c c in a to  complexes was o b ta in ed  b y  s p e c tr a l  

measurements made a f t e r  su c ce ss iv e  tim ed in te r v a l s .
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.VISZELE AND ULIRA-VIOLSE SPECTHA OF COMPLEXES OF i m  TÏPE [ÇoeiigCOg]^

IK THE. SOLID STAaiE.

X 'Æaveleagtha a t  maximum o p t lc a l  d e n s i t ie s ^  iqa.

. :

Cl 518 564

Br 516 366

I  520 366

KOj 516 387

CIO.4 518 366

SON 516 367

iSgOé; 518 366

l-SO^ 5L7 366



9 6

VISIBLE AMD BLBBA-VIQLI3 SEECIHA OF COMELEXEŜ  OF THE TIFF [CoengAA^X

M

X

?/.avelength3 a t  maximum o p tic a l  d e n s i t ie s ,  tn>4. 

Molar E x tin c tio n  C o effic ien ts^  6

s o l id i n  water:

Q arbonate

Bromide

516 366 510 360 228

155.0 126.6 17,950

O x a la te  498 555

Bromide

496 355 227

112.4  144,4 19,350

M alonate 502 55^

Bromide

496 556 227

117,0 107,7  19,350

M alonate 

M alonate an ion

504 359 496

116.1

356

107,3

227

20,540

S u cc in a te  532
sh o u ld e r 

Bromide a t  450

556

A d i f f e r e n t  sample o f same complex

534 - 356 246

77. 6 - 91 . 5 - 15,130

71 .8  85.0  15,550 ( 237)

-Succinate..

g e rc h lo ra te

554

63.6

556

75.4

254

15,450
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VISIK.E AMD KLTHA-VICLET SPECTEil OF COMPLEXES OF THE- TYPE [CoengAA^Br

IN SODIUM HYDROXIDE

AA Wavelengths at- maximum ab so rp tio n  ny. 

M olar E x tin c tio n  C o e ffic ie n ts  €rA

Oxalate in  HaOE 

lO " ^  IN

in it ia l .

f in a l

500

106,6

518

72 ,5

559

125,8

372

76.0

Mal onate i n  NaOE 

10"^M IN

i n i t ia l

f in a l

500 

U S . 5 

51-6 

71,4

358 

U S .2 

370 

86.6

Malonate in  MaOE + HCl i n i t i a l  496

0 ,5 x l0 " &  0,5N 0.5N and f in a l  46.2

554:

63.0

Succinate- i n  NaOE 

10“%  O.IN

i n i t i a l  518

and. f in a l  75,2

370

86.4

Succinate in  NaOE + ECl i n i t i a l  502

0,5x lo"%  0.05N 0,05N and f in a l  74.2

358

80,4

Succinate in  NaOE + ECl + NaOE i n i t ia l  5i2
and

0.33x10"'% .033E ,033N ,033N f in a l  95 ,7

368

82 .5
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V I S I B L E  A N D  U L T R A - V I O L E  [ü S P E C T R A

DISCUSSION}

The v is ib le  and u l t r a - v io l e t  ab so rp tio n  sp e c tra  o f a l l  th e  complexes

s tu d ie d  show th e  same general p a t te rn  of two weak bands w ith  m olecular

e x tin c t io n  c o e f f ic ie n ts  of th e  o rder of 100 near 350 and 500 rap. and a

s tro n g  band w ith  a m olecular e x tin c tio n  c o e f f ic ie n t  of th e  o rder 10,000

in  th e  reg ion  200-250 
80

Orgel has shown th a t  fo r  th e  C o (III) ion  in  a s tro n g  f i e l d  th e re  

a re  fo u r t r a n s i t io n s  from th e  lovær to  th e  upper le v e l of which only two 

a re  spin-a!l.lowed. These a re  th e  t r a n s i t io n s  fro n  th e  ^A^^ ground s ta te  

to  th e  two upper s in g le t  s t a te s  ^T^^ and which th e  l a t t e r  i s  on

a h ig h e r energy le v e l  so th a t  th e  t r a n s i t io n  ^^2g give r i s e

to  an ab so rp tio n  band a t  a h ig h er frequency (low er wavelength) than  th e  

t r a n s i t i o n  ^A^^ So t h a t  f o r  th e  complexes s tu d ie d , which a l l

c o n ta in  a b id e n ta te  carboxy la te  lig a n d  (AA), th e  abso rp tion  bands 

correspond to  th e  fo llow ing  t r a n s i t i o n s -

w avelength frequency t r a n s i t io n
4

500 mpi 20,000 cm7^ ^Ap^ ̂ Tpg co lou r of [CoengAA] ~ red

350 # 1. 28,600 am 4 -» % 2g

T his can be compared w ith  th e  spectrum of th e  sp in -p a ire d  complex 

[Coen^]^ which a lso  has two abso rp tion  bands: -  

w avelength frequency t r a n s i t io n

467 mp 21,400 cm7^ ^A^^ ^ p g  co lou r of [coen^]^*^ = yellow

338 nv 29,600 cm 4 ^Tgg
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Thus on re p la c in g  one of th e  ethylenediam ine lig a n d s ' in  [Coen?^

by a b id e n ta te  carb o x y la te  lig an d  i t  I s  seen th a t  th e  frequeno ies o f th e

ab so rp tio n  bands a re  decreased  so th a t  th e  carb o x y la te  lig a n d s  must ex e rt 

a weaker lig a n d  f i e l d  as p re d ic te d  from th e  spoctrochem ical so rie s*

From th e  sp e c tra  of complexes of th e  type  [CoengMlBr, as s e t  out

on page 9 6 , i t  i s  seen th a t  in  th e  s o l id  s ta te  th e  v is ib le  and u l t r a 

v io le t  d-d bands vary  in  t h e i r  p o s it io n  as shown by th e  fo llow ing  values 

f o r  th e  v i s ib le  bands in  o rder of in c re a s in g  wavelengkh;-

AA o x a la te  m alonate carbonate  su cc in a te

w avelength , raji 498 502 516 532

'freq u en cy , cm 4 20,080 19,920 19,380 18,800

So th a t;  th e  s tr e n g th  o f th e  lig a n d  f i e l d  produced by th ese  carboxyl a te  

l ig a n d s  decreases in  th e  o rder of decreasing  freq u en cy ;-

o x a la te  > m alonate > carbonate  > su cc in a te

T his decrease  in  th e  s tre n g th  of th e  lig a n d  f i e l d  could be due in  p a r t

to  a decrease  in  covalen t c h a ra c te r  of th e  m e ta l-lig an d  bond, so th a t  

th e  above o rder in d ic a te s  a decrease  in  covalen t c h a ra c te r  of th e  c o b a lt-  

oxygen bond on going from l e f t  to  r i g h t .  Comparing th i s  o rder with, th a t  

ob ta ined  from th e  in f ra re d  sp e c tra  i t  i s  seen th a t  th e  order i s  th e  same 

except th a t  th e  m alonato and carbonate  have exchanged p o sitio n s*

W ith regards to  th e  sp e c tra  of th e  su cc in a to  complexes s p l i t t i n g  of 

th e  v i s ib le  band i s  observed in  th e  form of a shoulder a t  about 450 m^* 

T h is could suggest a trajtis s t ru c tu re  or th a t  th e re  i s  considerab le

' s t r a in  and d i s to r t io n  in  th e  molecule sin ce  t h i s  causes a s p l i t t i n g  of 

th e  energy le v e ls  between which th e  t r a n s i t io n s  occu r.
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The hands near 2^0 are assigned  to  tr a n s it io n s  in vo lv in g  th e  

caxbonyl group in  tlie se  complexes, as s e t  out on page 96* The sp e c tra  

of th e  carbonatO; o x a la te  and malonato complexes a l l  have a. s tro n g  hand 

a t  227-228 rcpi. of s im ila r  in te n s i ty ,  (  := 18,000-20,500*. But th e

speotrura of th e  su co in a to  co.mplhx has a hand a t  a higher wavelength 

with a low er in te n s i t y ,  X « 246  ̂ ny. and E = 15,150, Another 

p re p a ra tio n  of th e  same complex gave A « 257 and 6 » 15,550,

The k e to n ic  carbonyl group e x h ib i ts  an ab so rp tio n  maximum between
77

270 and 285 mja* The s h i f t  o f  t h i s  band to  s h o r te r  wavelengths in  th e  

sp e c tra  o f th e se  complexes suggests th a t  th e  carbonyl group in  th e  

complexes has some io n ic  c h a ra c te r  and hence th a t  th e  cobalt-oxygen bond 

has some io n ic  c h a ra c te r . The f a c t  th a t  th e  band in  th e  spectrum  o f 

th e  su co in a to  complex i s  a t  a lo n g er w avelength th an  th a t  in  th e  o ther 

. complexes suggests th a t  a carbonyl group in  th e  su cc in a te  lig a n d  i s  

more co v alen t th a n  th a t  in  th e  o th e r carboxyl a te  lig a n d s  and hence th a t  

a cobalt-oxygen  bond in  th e  suco inato  complex i s  more covalen t than  

th a t  in  th e  o th e r complexes. T his can be explained  by assuming th a t  

th e  su c c in a te  group i s  p re se n t as a un iden t a te  lig a n d  so th a t  th e  

carboxyl a te  group coord inated  to  th e  cobalt' io n  would be covalen t and 

th a t  on th e  o th e r  end of th e  su c c in a te  lig an d  would be io n ic .  This 

s t ru c tu re  could e x p la in  th e  s p l i t t i n g  o f th e  v is ib le  band in to  th e  

band a t  552 and th e  shoulder a t  about 450 y #  The presence of the  

su cc in a te  ion  as a u n id e n ta te  lig an d  a lso  agrees w ith  th e  r e s u l ts  of 

th e  in f r a re d  sp e c tra  as th e se  a lso  showed th e  presence o f a co v a len tly  

bound carboxy la te  group and an io n ic a l ly  bound group.
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The change in  th e  sp e c tra  of th e  complexes caused by the  a d d itio n  

of a lk a l i  and ac id  i s  s e t  out on page 97 , In  th e  case of th e  oxa la to  

and m alcnato complexes th e  ad d itio n  of a lk a l i  produced so lu tio n s  whose 

f in a l  s p e c tra  were th e  same as t h a t  f o r  [Coeng(011)oi^ as expected .

When acid  was then  added to  th ese  so lu tio n s  a spectrum  was im m ediately • 

ob tained  which corresponded to  t h a t  f o r  th e  [coen2(EoO)g]

The a d d itio n  of a lk a l i  to  th e  suco inato  complex imm ediately 

produced a spectrum  which corresponded to  t h a t  f o r  th e  dihydroxy complex 

bu t on th e  a d d itio n  of ac id  th e  spectrum  obtained  d id  not correspond to  

th a t  f o r  th e  diaquo complex and then  on th e  a d d itio n  of a lk a l i  to  the  

' a c id if ie d  so lu tio n  ano ther d i f f e r e n t  spectrum  was obtained  v/hich was n o t 

th e  same as th a t  fo r  th e  dihydroxy sp e c ie s . None of th e se  sp e c tra  had 

th e  shou lder in  them as in  th e  suco inato  complex. These sp e c tra  a re  

on page 9 4 ,
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B A S E  H Y D R O L Y S I S  O F  [CoengCOgCB^COgjBr

imKODÜCTIOH

Base h y d ro ly s is  o f Coba ltC l I I )  Coraplexes.

In  b a s ic  media tlie  r a te  o f h y d ro ly s is  i s  f i r s t  o rder w ith  re sp ec t to  th e  

c o n c e n tra tio n  o f b o th  complex and hydroxide io n , so t h a t  the  k in e t ic s  

a re  second o r d e r ; -  r a te  = k[complex] [OE"], In  view of th e  g rea t 

n u o le o p h ilic  c h a ra c te r  o f th e  hydroxide io n , In g o ld , Nyholm and co-workers 

co n sid e r the  mechanism o f base  h y d ro ly s is  to  invo lve  d i r e c t  a t ta c k

of hydroxide io n  on the  com plex;-

[CoCHHj )^C13^‘’ + 0H~—> [H O ...C o (m ^ )^ .. .C lP  —* [Co(mg)^OEp'^ + Cl'

T ra n s i t io n  s ta te

B aso lo , P earson  and co--workers, however, favour a d is s o c ia t iv e  p rocess 

p receded  by a ra p id  con jugate-base  e q u ilib riu m  (th e  S]-.jlCB mechanism) ;
I

[00( ^ 3) 501!  + oh" [ 00( 1513)^ (1% ) Cl] + EgO Kg_ ( f a s t )

[C o (im 3 )^ (i% )c i] + 2-h

EgO

[co (m ^)^C m 2)1 ' +-C1 kgg (slow)

( f a s t )  

( f a s t )[Co(HH^)4(HH2)1^'^ + EgO —> [Co(m ^)3Q Ef"''

Hence -d [G o (m 3) 5Cl^’̂ ] /d t  = [C od^)^C l^"^]

SO that the observed second-order rate constant k^ = kQÿl^/K^

The main evidence in  support o f th e  mechanism i s  t h a t  only

02*" a c ts  as a n u c le o p h ilic  reag en t fo r  C o (II l)  o c tah ed ra l complexes.

I n  a l l  o th e r  cases o f s u b s t i tu t io n  by Y th e  mechanism has gone th rough
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NH2

L  Co
1 .  -H"

2 0 —X

EgN

*2 

t r a n s

2 , -X'

Co m r  > Ep
. -X - t4

Hc.N

L    Co"
(5) I \

ICE (/I)

D -ois

I ,% B  C2)  
I /

N Go" I

'Ss, KEl C3)
NHg

B.

+ E2O
tr a n s  a t  Z. 2, 4 

D -cis a t  

zl 2 , 5 and Z- 4 , 5

4-: HgO
D -ois a t  Z. 2, 4 

L -o is  a t  Z .  3, 4

Sj^lCB mechanism f o r  th e  hase h y d ro ly s is  o f [coen^x ] Ilf

th e  in te rm e d ia te  fo rm ation  of an aquo complex# Also i t  i s  found th a t  •

c e r ta in  complexes which do no t co n ta in  a n .a c id ic  p ro to n  hydrolyse a t  a

r a t e  independent o f pll over th e  a lk a lin e  ran g e . For example th e  io n
81

c is -[C o (d ip y ) 2(010) 2!*̂  hyd ro lyses a t  th e  same r a te  a t  pH 11-12 as a t  pH 6 -8 , 

The e x is te n c e  of a f iv e -c o o rd in a te d  in te rm e d ia te  a ls o  g ives support to  

th e  SjjlCB mechanism.

S u b s t i tu t io n  o f  G arhoxylate L igands

S u b s t i tu t io n  o f carboxyl a te  lig a n d s  can tak e  p lac e  in  one o f two ways:

e i th e r  a Go-0 o r  a  C-0 bond i s  broken* In  th e  case o f th e  ac id  h y d ro ly s is

o f [GoCHĤ )̂ CÔ *]*̂  th e  r a te  o f t h i s  i s  e x c e p tio n a lly  f a s t  compared w ith

th e  ac id  h y d ro ly s is  o f most C o (III)  complexes which a re  exceed ing ly  slow, 
82

K in e tic  s tu d ie s  show th a t  th e  r e a c t in g  sp ec ie s  i s  th e  b ica rb o n ato  complex,



104
83

[CoCMÎ )̂[^COj Ii]  ***. Stucii.es u s in g  ‘̂ ^0 -la 'belled  w ater as th e  s o lv e n t, show
1 8

t h a t  th e  C-0 bond i s  broken sin ce  th e re  i s  no 0 i n  e i th e r  o f th e  two 

p roducts  ^ o ^ ^  and carbon d ioxide*

/
0

C m z )c C o -0 -c ;  4. s .fo '^
. \  f a s t

b

( Ilrl^ ) 0 — 0— C/
0

f a s t

E.4:
2+

f a s t

h E ^ o  

OH
24-

s i  OW
O'

\ 0
84 .+S im ila r  s tu d ie s  have been made on th e  te t r a a n in e  complex [Co(llH^) CO^ 

' 18
In  t h i s  case  a g a in  u s in g  O -lab e lle d  w ater th e  diaquo product d e riv es  

h a l f  of i t s  oxygen from  th e  s o lv e n t. So th e  f i r s t  s te p  invo lves b reak ing  

of th e  Oo-O bond, and th e  second s te p  brealcing o f th e  C-0 bond;-

■ „ .  ,' y \C m .).G o '  0 = 0  + H,’̂ o ' ÿ. (m% )/Co
\  /  f a s t  \  • slow

'o  o-icOaH

> (m ^)^Go + oog

. ^OHg

I n  c o n tr a s t  to  th e  carbonate  complexes th e  o x a la to  complex [Coen2C20^^

has been  found to  be v ery  s ta b le  to  ac id  h y d ro ly s is  bu t r e a d i ly  hydrolysed .
85 18 86

i n  b a s ic  medium* U sing O -lab e lle d  w ater i t  has been shown th a t  th e  f i r s t

s te p  i s  th e  b reak in g  o f th e  C-0 bond follow ed by  th e  removal of th e  o x a la te  

l ig a n d  by Co-0 f is s io n *  T his i s  th e  rev e rse  o-f th e  p rocess fo r  [Co(M^)^CO:ÿ

o4 g=0 '^  OH ^  _ 0H+

en2Co
/  :

+  * oe"

0 —C="0

4" e ruC o^  * 0

I \
/  t  2-— > en^Co 4- C2O5 0

V'OH
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The o x a la to -p e n ta a m in e -G o h a ltd ll)  complex has been8% :> J  d  a ,

shoYiYi to  have a tw o-term  r a te  law fo r  base h y d ro ly s is : -

Rate a ^ k i  [0E~] + kg [OE ] ̂  ) ( complex )

By is o to p ic  la b e l l in g  i t  has been found th a t  th e  kp r a te  co n stan t c o rre s 

ponds to  Co-0 bond f i s s io n ,  whereas th e  kg r a te  co n s tan t corresponds to  

C-0 bond f i s s i o n .  T his tw o-term  r a te  law i s  found f o r  carboxyl a t  o 

complexes in  which th e  carboxyl i s  a c t iv a te d  by s tro n g ly  n eg a tiv e  groups. 

Another example i s  [co(NH^)^CF^C02l  . • Here k^ i s  found to  be dominant 

a t  h igh tem p era tu res  and low [OE~J and 1:2 i s  found to  be dominant a t

low tem p era tu res  and h igh  [oH*"]* These two re a c tio n  pa th s  have a lso  been
. 88 

found in  th e  h y d ro ly s is  o f [C06112820^] •

The k i  p a th  o f th e  h y d ro ly s is  o f [c 0( )  ^GF^GO2I i s  thought to

go th ro u g h  a con jugate  base  mechanism:-.

Oo(m^)^(CF^COO)^'^ + OH" CodffljJ^CHHg)(CFjCOO)'*' + HgO

Oo(m^)^OH <-----  Co(m^)^(HHg)(OHg) +' CFjCOO”

89
A p o s s ib le  m echanism -for th e  k 2 p a th  in v o lv es a tta c k  o f an OH a t  th e

carbonyl carbon, fo llow ed by a second OE” removing a E^ from th e  f i r s t ,
18le a d in g  to  C-0 bond f i s s i o n .  This p a th  lea d s  to  in c o rp o ra tio n  of 0 

in to  th e  carboxyl a te  io n  produced. The k2 p a th  occurs a t  h igh  base  con

c e n tra t io n s  and c h ie f ly  f o r  th e  more n e g a tiv e ly  s u b s t i tu te d  carboxy la te  

g ro u p s :-  0
I I  2 +

( m ) ) ^ c o - o - c - c F ^   >• [ (m ^ )^ c o o p  4, + H20

H20

(m^)^CoOH^'*' + OH
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90
The hase h y d ro ly s is  of [CoengCO^] has been c a r r ie d  out and i t  has 

been shown th a t  th e  re a c t io n  proceeds in  two s ta g e s : -

(a ) I n i t i a l  d e -c h e la tio n  of th e  c a rb o n a te :-

GoenoGOy + OH -----» Goeug

Co-0 bond f i s s io n  i s  p o s tu la ted  w ith  an S]\t1CB or ion  p a i r  mechanism. 

At h igh  base  co n ce n tra tio n s  th e  d e -c h e la tio n  p ro cess  proceeds by a 

mechanism f i r s t  o rder in  [OH ] .  At low base c o n ce n tra tio n s  an acid  

c a ta ly se d  re a c tio n  p a th  i s  a lso  p re s e n t .

(b) Removal o f ca rb o n a te s-

CoengCOjOn” + O H " » Goeng(OH)g'^ + C0^^~

The r a te  of lo s s  o f carbonate  was found to  vary  w ith  th e  w avelength  a t

which th e  lo s s  was measured and lo s s  o f o p t ic a l  a c t iv i ty  was sho?/n to  be

slow er th an  th e  decom position. Several d i f f e r e n t  sp ec ie s  a re  undergoing

decom position , racém isa tio n  and iso m é risa tio n  a t  d i f f e r e n t  r a t e s .

The base h y d ro ly s is  o f jGoengCgO^")^ a ls o  proceeds in  two s im ila r

s ta g e s  to) th e  above and th e  p resence  o f  th e  in te rm e d ia te  GoengGgO^.OH

has been shown. The i n i t i a l  d e -c h e la tio n , which tak e s  p lac e  by C-0 bond

f i s s i o n ,  was found to  be f a s t e r  than  th a t  fo r  th e  [coen^GO^] io n . At

h igh  c o n c e n tra tio n s  of base and low tem pera tu res a term  second o rder in

[ oh**] e n te rs  in to  th e  r a te  law and i s  c o n s is te n t  w ith  th e  0^^ r e s u l ts  
86

o f Taube.
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B A S F  H Y D R O L Y S I S  O P  [Coen20020H2G02]Br

In. p re lim in a ry  experim ents i t  was observed th a t, on adding bench

re a g e n t sodium hydroxide s o lu t io n  to  a s o lu t io n  of th e  m alonato complex

th e  l a t t e r  g ra d u a lly  changed from  i t s  u su a l o range-red  co lou r to  a

b lu e - re d  c o lo u r . So i t  seemed t h a t  th e  base  h y d ro ly s is  o f t h i s  complex

could  be fo llow ed sp e c tro p lio to m e tric a lly . A O.OIM s o lu tio n  of th e  complex

was made up in  IM sodium hydroxide and th e  spectrum  was taken  a t  tim ed

in te rv a ls *  F in a l ly  tlie  m ixture was heated  to  ensure  com pletion of th e

r e a c t io n  and th e  f i n a l  spectrum  t h a t  was tak e n  was seen  to  be th e  same

as t h a t  g iven  by Bjerrum. and Rasmussen f o r  th e  c i s - t r a n s  e q u ilib riu m

m ixture  o f th e  dihydroxy sp e c ie s  [Coen2(0H)2]t The observed change in

c o lo u r  was th e re fo re  due to  th e  s h i f t  from th e  a b so rp tio n  peeks of .th e

m alonato complex to  th o se  o f th e  dihydroxy complex which are  a t  lo n g er

wavelengths* On a c id i f i c a t io n  th e  m ixture was seen  to  re tu rn  to  th e

orange-red. co lo u r and. as expected  th e  spectrum  was seen  to  be th e  same

as t h a t  g iv en  by Bjerrum  and Rasmussen f o r  th e  c i s - t r a n s  eq u ilib riu m

m ixture  o f the  diaquo io n  [ Coen2 (H2O) 2I #

P re lim in a ry  experim ents were a lso  c a r r ie d  out. on th e  ac id  h y d ro ly s is

o f  th e  malonato complex u s in g  v a ry in g  c o n ce n tra tio n s  o f  p e rc h lo r ic  ac id

from 0*8M -  $11 and. tem pera tu res up to  94^* From th e se  i t  was seen  th a t

th e  acid, h y d ro ly s is  o f  th e  m alonato complex i s  exceed ing ly  slow . (D e ta ils

are- g iven  la t e r * )

From th e se  p re lim in a ry  experim ents a programme was drawn up f o r  th e

k in e t ic  runs* I t  was decided to  fo llow  th e  base h y d ro ly s is  sp ec tro p h o to -
m e tr ic a lly
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b y  w ithdraw ing, sa n p le s  o f  th e  r e a c t io n  m ix tu re  a t  tim ed in te r v a l s  and 

quenching th e  r e a c t io n  w ith  p e rc h lo r ic  a c id  w hich would c o n v ert th e  

[Coen2 C0H ) ^  t h a t  had  been  form ed to  an e q u iv a le n t  amount o f  [Coen2CE20) ^  ^  

and- y e t  would n o t  cause any a c id  h y d ro ly s is  on unchanged m alonato complex* 

The a b s o rp t io n  spectrum  shou ld  th e r e f o r e  change from  t h a t  co rrespond ing  

to  th e  m alonato complex t o  t h a t  f o r  th e  diaquo complex* The p r a c t ic a l  

d e t a i l s  o f  th e  h y d ro ly s is  were, as fo l lo w s :-

5 ml* o f  a  0*111 s o lu t io n  o f complex were p ip e t te d  in to  45 ml* o f  

v a ry in g  q u a n t i t ie s  i f  0*111 sodium hy^droxide and. 0*li£ sodium p e rc h lo ra te  

w hich were, con tained , i n  a  250 ml* Pyrex f l a s k  i n  a  therm ostatted  w a te r bath* 

A. s to p  c lo c k  was s ta r te d .  \dien h a l f  th e  s o lu t io n  o f  th e  complex had been 

added. The f l a s k  was th e n  sto p p ered  and 4 m l, o f  s o lu t io n  were w ithdraw n 

a t  i n t e r v a l s  and, ru n  in to  4 ml* o f  0*1M p e rc h lo r ic  a c id  i n  ice*

S p e c tra l  measurements were made on th e s e  s o lu tio n s  using, a Unicam 

SP 500* The measurements were made a t  se lec te d , w avelengths where th e  

sp e c tro p h o to m e tric  cu rves co rrespond ing  to  th e  i n i t i a l  and. f i n a l  r e a c t io n  

m ix tu res  d i f f e r e d  greàtly>--ahâialsp- atv^wavelengths w where .they...both' agreed 

so as t o  check t h a t  th e  c o n c e n tra tio n  had n o t  been changed by e v ap o ra tio n . 

F o r one o f  th e  k i n e t i c  runs s p e c t r a l  measurements were ta k e n  a t  w avelength  

i n t e r v a l s  th ro u g h o u t th e  spectrum , (see  page 112.) *

The io n ic  s t r e n g th  was k e p t c o n s ta n t a t  0*1M and th e  hydroxide 

c o n c e n tra tio n  was v a r ie d  a t  e a c h ^ o f i th re e : .d if f e re n t  ̂ tem peratures * The 

c o n ce n tra tio n , o f th e  m alonato complex as th e  re a c t io n  proceeded was 

o b ta in e d  from s p e c t r a l  measurements ta k e n  a t  496 and 356 nyt s in c e  th e s e  

co rrespond  to  th e  peaks o f  th e  m alonato and. th e  diaquo complexes* The 

m olar e x t in c t io n  c o e f f ic ie n ts  f o r  th e  m alonato complex a t  th e s e  two
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w avelengths were talc en as 117’and 107*7 r e s p e c t iv e ly . The corresponding  

v a lu es f o r  th e  diaquo complex were ob tained  from th e  i n f in i t y  read in g  fo r  

each k in e t ic  nm *

A graph  was p lo t te d  f o r  each k in e t ic  run r e l a t i n g  th e  s p e c tra l  

measurement to  th e  percen tage  of product form ed, From t h i s  th e  concentra?^ 

t io n ,  X, of p roduct in  mole , / l i t r e  could be ob tained  fo r  each  sample and 

t h i s  would be equal to  th e  decrease  in  c o n c e n tra tio n  of th e  malonato 

complex. Hence th e  c o n ce n tra tio n  o f th e  malonato complex, a -x , and th e  

c o n c e n tra tio n  o f th e  hydroxide io n , b -2x , were determ ined f o r  each tim e , t ,  

where a and b a re  th e  i n i t i a l  c o n ce n tra tio n s  o f th e  malonato complex and 

sodium hydroxide r e s p e c t iv e ly .  These r e s u l t s  were th en  p lo t te d  accord ing  

to  ' second o rd e r  k in e t ic s  so t h a t  a graph of lo g (a (b -2 x ) /b (a -x ) )  a g a in s t t  

should' be l i n e a r .

The r a te  c o n s ta n t, k , f o r  each k in e t ic  run was c a lc u la te d  from th e  

slope  o f each graph and hence an  average value  f o r  th e  r a te  c o n s ta n t, 

v/as ob ta ined  f o r  each tem p era tu re , A fu r th e r  graph o f .log  kĝ  ̂ a g a in s t 

l /T ,  where T i s  th e  correspond ing  ab so lu te  tem p era tu re , gave th e  energy 

of a c t iv a t io n ,  E, f o r  th e  p rocess and th e  A rrhenius frequency f a c to r ,  A, 

could th e n  be c a lc u la te d .

The io n ic  s tre n g th ,, ju , o f th e  so lu tio n s  was v a rie d  w hile keeping  th e  

hydroxide co ncen tra tion , and th e  tem pera tu re  c o n s ta n t f o r  one s e t  of runs 

and. a graph was p lo t te d  o f lo g  k a g a in s t JJx ,

I n  a d d it io n  a run was c a r r ie d  out in  excess sodium hydroxide (IM) 

and th e  r e s u l t s  were th e re fo re  p lo t te d  accord ing  to  f i r s t  o rd er k in e t ic s .
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SUMMARY' OP RESULTS

The o v e ra ll  chem ical re a c tio n  between a lk a l i  hydroxide and th e  

complex c a tio n  [Coen2C02CH2C02l'^ i s  rep re sen ted  by th e  eq u a tio n ;-

Coen2C02CH2G02 + 20H. y Coen2 ( OE) 2^ -r G^G^

T h is equation, i s  concluded from th e  spectropho tom etric  o b se rv a tio n s .

The dihydroxy sp e c ie s  i s  considered  to  be in  c i s - t r a n s  eq u ilib riu m ,
92 95

s in c e  t h i s  occurs v ery  ra p id ly  a t  th e  tem pera tu re  o f  th e  experim ents.

The r a te  o f th e  r e a c t io n  was found to  be f i r s t  o rder v /ith  re sp ec t 

to  [complex] and f i r s t  o rder w ith  re sp e c t to  [OH**] so th a t  th e  k in e t ic s

a re  second o rder and th e  r a te  law i s  of th e  form :-

R ate = k(Coen2G02CH2C02'^)(0H“')

The r a t e  c o n s tan ts  were obtained  from  th e  s lope  o f th e  s tan d ard  in te g ra 

te d  form  o f th e  a p p ro p ia te  second.-order e q u a tio n :-

logj^Q a (b  -  2x) = k^(b -  2a) t
b ( a - x )  2.305

Where a and b re p re se n t  th e  i n i t i a l  co n cen tra tio n s  o f complex and hydro

x id e  r e s p e c t iv e ly ,  and x  i s  c a lc u la te d  from th e  o p tic a l  d e n s ity  measure

ment e a t  360 and $00 inp: c a r r ie d  out i n i t i a l l y  and a t  tim e t .

The p lo ts  a re  reasonab ly  l i n e a r ,  except th a t  as th e  re a c t io n  nears

c o m p le tim  th e re  i s  a " t a i l in g  o ff"  f o r  th e  f a s t e s t  re a c t io n  a t  each 

te m p e ra tu re , i . e .  B 13 and B 19 ( t= 3 8 ° ) , '’̂ ta ilin g  o ff"  a f t e r  6o^ re a c tio n ;

B 5 (ts=45 ) and B 11/12 ( t= 3 3 5 , " t a i l in g  o ff"  a f t e r  80^ re a c t io n .



Ill
The r a t e  c o n s tan ts  ( l .m o le T ^ n T ^ )  were ob tained  a t  th re e  ' 

d i f f e r e n t  tem p era tu res  and were converted  to  kg (l.m oleT^secT^) *

From th e  A rrhenius p l o t  o f  log^g kg a g a in s t  l /T  th e  fo llow ing  A rrhenius 

r a t e  ex p re ss io n  was o b ta in e d :-

kg = 8 .7  X 10^7 g -29 ,000/E!T

From th e  k in e t ic  runs f o r  7/hich th e  io n ic  s tre n g th  only was v a r ie d , 

by u s in g  d i f f e r in g  q u a n t i t ie s  o f sodium p e rc h lo ra te ,  a graph o f log^^Q 

a g a in s t  gave a curve which tended tow ards a s t r a ig h t  l in e  f o r  low 

v a lu es  o f p .. The maximum slope  of t h i s  s t r a ig h t  l in e  i s  equal to  - 1 .  

From th e  sim ple l im i t in g  form of th e  Debye-Huckel eq u a tio n  th e  r a te  o f  a 

re a c t io n  between io n s o f charge and v a r ie s  w ith  th e  io n ic  s tre n g th  

as f o i l  07/3 : -
lo g ; ! ^  = lo g  kg + 1 .02

where and k^ a re  th e  r a t e  c o n s tan ts  a t  io n ic  s tre n g th  and 0 ,

A graph o f lo g  a g a in s t  g ives a l in e  of slope  a  i . e .  th e  pro»

d u c t o f th e  charges on th e  io n s involved  in  th e  ra te -d e te rm in in g  s te p .

I n  th e  p re s e n t  experim ents -1 so t h a t  th e  ra te -d e te rm in in g  s te p

could  invo lve  0H“ end a u n ip o s i t iv e  complex c a tio n , i . e .  mechanism. 

T h is i s  n o t co n c lu siv e  evidence as th e  Debye-Huckel r e la t io n s h ip  only 

ho ld s f o r  d i lu te  so lu tio n s  (.u<  0 .0 1 ) . But i t  can be concluded t h a t  

th e  r a t e  o f th e  re a c t io n  decreases w ith  in c re a s in g  io n ic  s tre n g th .

The lu n  c a r r ie d  out in  hi{^aer base c o n ce n tra tio n  (IM) a t  37*5^ 

gave a ].ov/ vaJ.ue of k̂  ̂ = 0 .047 , compared w ith  th a t  ob tained  f o r  low er 

base c o n c e n tra tio n s  O.IM) a t  38^ fo r  which k̂  ̂ = 0 .14  l.m oleT^m in.^

T his w il l  be d iscu ssed  l a t e r .
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EIWEIIC EESULES OU THE BASE HÏDRàYSIS OP [CoengCOgOHgCOgl Bl-

Ëzpt»
nOr

I n i t i a l  .co n cen tra tio n s (M) 

complex NaOH HaClO^

Io n ic
s tre n g th

P-

R ate c o n s ta n t 
1 *mole7

^  ^av

lem pera tu re

t

B. 15 0*01 0*04 0*05 0*10 0*136 '

B 14 0*01 0*06 0.03 0 ,10 0.144 ■ 0*14 38

B 13 0*01 0*09 — 0*10 0 .156- ,

B 4 

B, 5

0*01

0*01

0 .04

0*09

0.05 0*10

0.10

0.395

0.384
0 .39 45

B: 10 

B 11/12

0*01

0*01

0*04

0 .0 6

0.05

0.03

0*10

0,10

1 ,5 6

1 ••54
[ 1 .5 5 55

B 19 0*00625
i

1*0 — 1*00625 0*047 37,3

t T ^av k g ( l  *mole7^seo7^‘) log^O l /T  ■

38 311 0.14 0.0023 -2*6383 0.003215

45 318 0 .39 0*0065 -2  *1871 0,005145

55 328 le5 5 0,026) - 1*5350 0.003049

V a r ia t io n  o f Rate C onstant w ith  Io n ic  S treng th , a t  45^0 [complex] = O.OIM

E xpt,
no*

NaOH NaClO. 
cono*(M) conc,(S )

Io n ic
streng"bh

R ate constan t. 
l*m ole7 minT^

B 6) 0*04 --- 0*05 0,4798 - 0.3190 0.2236

B 8 0*04 0.02 0*07 0,4376- -0*3589 0 .2646

B 4 0*04 0*05 0*10 0,3942 - 0.4036 0,3162

B 1 0*04 0.0887 0*1337 0.3742 - 0*4269 0.3725



AEBEKKIUS EbOE SOR THE BASE HXDRO.YSIS OE fCoengCOgCHgCOg] Br

9

■E/RT

lo g ic  = logicA  -  E
2,303RÏ

G rad ien t = O.64
0.0001 2.303 X 1,987

E = 29,290 cals/m o le

0 .64  “ lo g ] f~iA 4" 1 .26
0.0001 0.0030

1 os^qA = 17*94

A = 8,71 X 10^^

^K-trop^ = S G u.  ̂ĵ wote..

\



VARIATION OF RATE CONSTANTS WITH IONIC STRENGTH
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L 0 3 &  OP  O P T I C A L  A C T I V I T Y  OP  [CoengCOgC^COgjl

II^^RODUCTION

L oss of o p t ic a l  a c t iv i t y  in  complex compounds i s  e i th e r  due to

ra c ém isa tio n  or to  a s u b s t i tu t io n  or exchange re a c t io n  wliioh rdves a

racem ic Diixture^ There a re  two main ty p es  of mechanisms of racém isa tio n ;

th e  in te rra o le c u la r  and the  in tra m o le c u la r  mechanism»

The in te rm o le c u la r  mechanism in v o lv es a lig a n d  in te rch an g e  p ro c e s s :-

*~AA -hilA
D-KAA), L-M(AA):,

For t h i s  mechanism th e  r a t e  of lig a n d  exchange must he as f a s t  as or 

f a s t e r  th an  th e  r a te  o f racém isation»  So th a t  th e  prim ary  s te p  fo r  lig an d  

exchangeand  lo s s  of o p t ic a l  a c t iv i t y  i s  p robab ly  th e  same.

The in tra ia o le c u la r  mechanism opera tes w ith in  th e  m olecule and re q u ire s  

th a t  th e  r a t e  of rac ém isa tio n  i s  f a s t e r  th an  th e  r a te  o f lig a n d  exchange 

or d is s o c ia t io n .  There a re  two p o ss ib le  p a th s  fo r  t h i s  in  th e  case of 

a complex o f th e  type  M(AA)^ co n ta in in g  b i dent a te  l ig a n d s : -

a) One end o f one or two se p a ra te  b id en t a te  groups i s  ru p tu red  and 

in te rch a n g es  p o s i t io n  on re jo in in g .

b) The a c tiv a ted - complex io n ' assumes a d is to rk e d  c o n fig u ra tio n  which i s  

symmetric between th e  two enantiomorphous forms so th a t  on d e -a c tiv a tio n  

i t  r e v e r ts  to  e i th e r  enantiom er. Diagrams on page IT'S

G enera lly  o p t ic a l ly  a c tiv e  m etal complexes co n ta in in g  e a s i ly  

re p la c e a b le  m onodentate l ig a n d s  appear to  racem ise by an in te rm o le c u la r  

p ro c e ss , whereas complexes co n ta in in g  only p o ly d en ta te  lig a n d s  would be 

expected  to  racem ise more o ften  by an in tra m o le c u la r  p ro c e ss , •' ,
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The complexes d - [ l i [ i C o - j p h e n ) a n d  d -[N i(d ip y )^ ’]^*̂  however are  excep tions_■! r-vT_* /• J1̂‘ ___ \ -n 24-

to  t h i s  s in ce  th e  r a te  c o n s ta n ts  fo r  d is s o c ia t io n  and racém isa tio n  a re

th e  same over co n sid e rab le  ranges of teraporature  and a c id i ty  su g g estin g
94

t h a t  th e se  complexes racem ise by an in te rm o le c n la r  p ro c e ss .

S evera l complexes o f th e  type  have been found to  racem ise

by an. in te rm o lecu l a r  mechanism, For example th e  complexes r -
x95 96 g%

1 -  c i  s -  [ C 0 en 2 01 ol ' , 1 - c i  s-1 G ren^Cl ol  ̂ and d - c is -^GoenglToi^ have been found

to  have an i n i t i a l  o p tic a l r o ta t io n  change th e  r a te  o f which i s  c lo se  to  

th e  r a t e  o f ac id  h y d ro ly s is , i . e . : -

g is-[M (;u l)2X gp + HgO  i- cis-[M(AA)2(H20)X]^'*' + X“

The aqua io n  produced th en  racem ises more s i  owl y ̂  b u t a t  a much f a s t e r  

r a t e ,  th an  i t  lo s e s  f u r th e r  X ^

O p tica l forms o f tlie  complex [Coen^]^'^ a re  ex trem ely  s ta b le  and 

s o lu t io n s  show no racém isa tio n  in  one day a t  bu t w ith  added
98

d e c o lo u r is in g  charcoa l th e  o p t ic a l  a c t iv i t y  i s  com pletely  l o s t  in  2 .min.

Here rac ém isa tio n  occurs by an in tra m o le c u la r  p rocess and i t  i s  considered

t h a t  t h i s  i s  due to  an e le c tro n  t r a n s f e r  p rocess between th e  j Coen^]
2 .

and c a ta ly t i c  amounts of th e  ls .b ile  [Coen^'J produced by red u c tio n  of 

[Coen^]^'^ by th e  c h a rc o a l , •

In  th e  case of th e  complex [CoeUpCO ]C1 i t  was shown by Holden and
100 1^ .

H a rr is  t h a t  th e  exchange of H ^00^ occurred  a t  a f a s t e r  r a te  th an  th e

rac ém isa tio n  showing th a t  th e  d is s o c ia t io n  o f a b id e 'n ta te  lig a n d  does no t 

n e c e s s a r i ly  produce ra-cem isation.

The complexes ^[Go(OgO^)^] and ^-[CrCCgO^)^]^"" appear to  racem ise 

an

1 1

by an in tra m o le c u la r  mechanism sin ce  th e  r a te  o f o x a la te  exchange vd th
101

'C -oxa la te  i s  much slow er th an  th e  r a te  o f rac é m isa tio n . Also no o x a la te
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(a) one bond ruptizre

[7 ^   ̂ (b) two bond nxTDtiire

L. isom er D isom er

(, o ) rhombi c t  v.d s t

(d) t r ig o n e l  tw is t

In tra ip o le o u la r mechanism showing fo rm ation  of a c tiv a te d  complex

102
io n s  can be d e te c te d  i n  aqueous so lu tio n s  o f th e  complexes and th e

103
ra c é m isa tio n  ta lie s  p lace  i n  th e  s o l id  sta te* . So th e  rac ém isa tio n  invo lves 

a  bond ru p tu re  o r a tw is t in g  p rocess as shown above^ I t  has been found

t h a t  th e  mechanism i s  one o f bond ru.pture (path, a) by in v e s tig a t io n s  of
18 Î04

0 exchange betY/een th e  so lv e n t v;ater and th e  complex*. . I t  has been

seen  th a t  th e  r a t e  o f a c id -c a ta ly se d  oxygen exchange in  th e  system

[Cr(C20^ )^ ]^  -  i s  s l i g h t ly  slov/er th an  th e  r a t e  o f racém isa tio n
13 2“o f th e  complex but. much f a s t e r  th an  i t s  exchange w ith  '  ^20^ * Also a l l

tw elve  oxygen atoms in  th e  complex [Cr(C20^ )-]^ ~  vfere found to  exchange 

a t  th e  same r a t e ,  req u irin g , th a t  th e  c h e la te  r in g  open and c lo s e .
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So i t  appears t h a t  i n  th e  complex [Cr(C20/|^)^] th e  oxa la to  .rings

a rc  ra p id ly  opening and c lo s in g  and ocoasionaJ.ly  in v e rs io n  of c o n fig u ra tio n

ta k e s  p lace  cau sin g  racém isation*  In  th e  case of th e  complex [CoCCgO/)?]^""
104

i t  was thought .th a t t h i s  re a c te d  i n  th e  same way hu t work has been done 
105

re c e n t ly  which suggests  th a t  when t h i s  complex exchanges w ith  w ater only

s ix  oxygen atoms exchange, T his behaviour i s  s im ila r  to  th a t  rep o rted
106

p re v io u s ly  fo r  c e r ta in  m ono-oxalato C o (iI I)  complexes.

For a complex conta.in ing  one ox a la to  c h e la te  such as [Coen^CoO/,1*^
85 ' ^ ^

i t  has been shovm th a t  an aqueous s o lu tio n  o f th e  o p t ic a l ly  a c tiv e

compound does no t racem ise and th a t  in  s tro n g ly  b a s ic  aqueous s o lu tio n

th e  r a t e  o f lo s s  of o p tic a l  a c t iv i t y  i s  equal to  i t s  r a t e  o f o x a la te  io n

exchange and to  i t s  r a te  o f fo rm ation  of [Goen2 (0H)2l s o  th a t  th e  lo s s

o f o p t ic a l  a c t i v i t y  of t h i s  complex i s  due to  decom position r a th e r  than

ra c é m isa tio n .
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U 0 S. 3 O F  O P  'f I  O A L A 0 0? I  ¥ I  T Y 0 F [CooRgCOoCJfoCOpll

sïpm iiSîffiÆ ,

P re lim in a ry  experim ents showed t h a t  th e  o p t ic a l ly  a c tiv e  form of th e  

complex: [CoengGOgCHgCOg]!, a lthough  s ta b le  in. aqneons R olu tionf l o s t  i t s  

o%)tical a c t i v i t y  a t  a m easuroablo r a te  in  b a s ic  m edia. So i t  v/aus decided 

to  examiine th e  k in e t ic s  o f th e  o p t ic a l  a c t iv i t y  lo s s  o f t h i s  complex; i n  

sodium hydroxide s o lu t io n  and compare i t  w itli th e  base  h y d ro ly s is  o f th e  

complex [Coen2C02CIl2^Ü2] h r  »

The k in e t ic  runs were c a r r ie d  out on a H ilg e r S tandard P o la rim ete r 

w ith  a th e rm o s ta ttc d  p o ls r im e te r  tu b e .  The p r a c t ic a l  d e ta i l s  were:.- 

1 ml*- o f a 0*0125 M so lu tio n , o f th e  complex, and 9 m l. o f a m ixture of 

v a ry in g  q u a n t i t ie s  o f  0*1094 M sodium hydroxide and 0.1094 M sodium 

p e rc h lo ra te  s o lu tio n s  were pu t s e p a ra te ly  in  a th e rm o sta t u n t i l  th ey  

reached  th e  req u ire d  tem p era tu re . Then, th e  9 12I .  o f HaOH and NaClO^ jnix- 

tu r e  were added-to  th e  complex s o lu t io n  and th e  s to p -c lo c k  was s ta r te d  

when h a l f  hex! been added* The m ixture was pu t in  th e  p o la r im e te r  tube 

(.10 cm*) and th e  a n ^ e  o f r o ta t io n  was read  a t  in te r v a ls  on th e  yellow  

wave e

The k in e t ic  runs were ca.rried  out a t  th re e  d i f f e r e n t  tem pera tu res 

and fo r  each  te ii^ e ra tu re  runs were made u s in g  v a ry in g  co n ce n tra tio n s  o f 

hydroxide io n .  The io n ic  s tre n g th  was kep t co n s tan t a t  approxim ately  0*1 

so as to  keep i t  in  l in e  w ith  th e  base h y d ro ly s is  k in e t ic  ru n s .

For each k in e t ic  run th e  hydroxide c o n c e n tra tio n  was in  th e  re g io n  

o f 55 “ 60 tim es th e  concen tra tion , of th e  comp] ex and hence th e  r e s u l t s  

were p lo t te d  acco rd ing  to  f i r s t  o rder k in e t ic s  so t h a t  a graph of
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log^Co^Q -  oD/(o<y. -  c4 q)) a g a in s t tim e should he l in e a r ,  th e  o p tic a l

r o ta t io n  o f th e  complex so lu tio n  b efo re  th e  r e a c t io n  had begun, was 

ob ta in ed  from, th e  s p e c if ic  r o ta t io n  of a s o lu t io n  of th e  complex i n  water* 

^ 00» th e  i n f in i t y  re a d in g , was tak en  as th e  aero  read in g  on th e  p o la r im e te r .

The r a te  c o n s ta n t , k , f o r  each k in e t ic  run was c a lc u la te d  from .the  

slope  o f each  graph and hence an average v a lu e , kr .̂ ,̂ v/as ob tained  fo r  each 

te m p e ra tu re . A fu r th e r  graph of lo g  kĝ -y. against. 1/T gave th e  energy of 

a c t iv a t io n ,  E , fo r  th e  re a c t io n  and th e  A rrhenius frequency  f a c to r ,  A, was 

th en  c a lc u la te d .

In  a d d it io n  a k in e t ic  run was c a r r ie d  out w ith  th e  io n ic  s tre n g th  

in c re a sed  by te n - fo ld  to  1 .0 ,  by in c re a s in g  th e  sodium hydroxide concen tra

t i o n ,  to  examine th e  o v e ra ll  e f f e c t  t h a t  an in c re a se  in  io n ic  s tre n g th , 

and in c re a se  in  hydroxide c o n c e n tra tio n  had on th e  r e a c t io n .
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L O S S  0 F O P T I C A L  A C T I V I T Y  O F  [coeiigCOgCHgCOj^ I

samiAKY OF HESULTS

The o p tic a l  a c t iv i t y  of th e  'malonato complex i s  no t l o s t  in  n e u tra l  

s o lu tio n  hu t decreases a t  a m easureahle r a te  in  b a s ic  s o lu t io n . The 

o p tic a l  a c t i v i t y  lo s s  was th e re fo re  t r e a te d  no t as a racém isa tio n  hu t 

as a r e s u l t  o f th e  fo llo w in g  chem ical r e a c t io n ; -

Coenr>C02CH2G02 •î* 20H ■— Coen.2(0H)2*^ +

The r a t e  o f th e  r e a c t io n  was found to  he f i r s t  o rder w ith  re sp e c t 

t o  [oh ] and f i r s t  o rd er w ith  re sp e c t to  [complex] so th a t  th e  k in e t ic s  

a re  second o rd er and th e  r a t e  lav/ i s  o f th e  form s-

Rate = k( CoengCOgCHgCOg'  ̂) (0H~)

The k in e t ic  runs were c a r r ie d  out in  excess a lk a l i  hydroxide so th a t  

th e  r e s u l t s  were p lo tte d  accord ing  to  f i r s t  o rder k in e t ic s  and th e  

r a te  co n s tan ts  were ob tained  from th e  slope  o f  th e  in te g ra te d  form 

o f th e  app rop ia te  f i r s t - o r d e r  eq u a tio n s -

lo s io  = k _ b _  t
2.303

Where oi ̂  re p re se n ts  th e  o p t ic a l  r o ta t io n  of th e  s o lu t io n  a t  tim e t ,  

o( ^ and (3̂ 00 re p re s e n t  th e  i n i t i a l  and f in a l  o p tic a l  r o ta t io n  of th e  . i 

s o lu t io n  r e s p e c t iv e ly ,  and h  i s  th e  c o n ce n tra tio n  o f th e  sodium hydroxide, 

k^ i s  th e  r a t e  co n stan t (1 *mole7^min7^).

The p lo ts  were reasonab ly  l in e a r  and th e  r a t e  c o n s ta n ts , l y .
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which were ob tained  a t  th re e  d i f f e r e n t  tem pera tu res were converted  to  

(1 .m ole7^sec7^). From th e  A rrhenius p lo t  of log^^Q k^ a g a in s t 1/T 

th e  fo llo w in g  A rrheniiis r a te  ex p ress io n  was o b ta in e d ;-

kg = 9 .1  X 10 "̂̂  g -29 , 000/ m

T his e x p re ss io n  i s  seen to  be id e n t ic a l  w ith  th a t  ob tained  fo r  th e  

base h y d ro ly s is  o f [CoeiigCOgCHgCO j E r , in d ic a t in g  th a t  th e  lo s s  of 

o p t ic a l  a c t i v i t y  i n  t h i s  complex i s  due to  decom position r a th e r  th a n  

ra c é m isa tio n . T his w i l l  be d iscu ssed  l a t e r .

The run  c a r r ie d  out in  h ig h er base c o n c e n tra tio n  (IM) a t  37*5^ 

g8,ve a va lue  o f k^ = 0.0495 l.m ole7^m in7^ which i s  th e  same as th a t  

ob ta ined  f o r  th e  base h y d ro ly s is  under th e  same c o n d itio n s . But^ as 

w ith  th e  base h y d ro ly s is , t h i s  va lue  of k^ f o r  th e  lo s s  of o p tic a l  

a c t i v i t y  i s  low er th a n  th a t  ob tained  a t  lower base c o n ce n tra tio n s  (^O.IM) 

a t  37*3° f o r  which k̂  ̂ = 0.12 1 .mole7^inin7^
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K lffiïIC  EiBUîÆS OH ÏHE L0S3 OP OETIGÆ ACTKl'IÏ 01? fCosngCOgGH^COg] 1

E x p t, I n i t i a l  
no .

complex NaOE

a  10 0.00125 0 , 06.565

H 8 0,00125 0.09645

R 3 0,00125 0.04575

E. 2 0.00125 0.06565

R 1 0,00125 0,09845

R 6 0,00125 0.04575

R 5 ■ 0.00125 0.06565

R 7 0,00125 0.09845

R 12 0.00625 1 .0

t f

5T.5 510,5 . 0 ,12

45 516 0,29

0.0547

0,0528

0,0547

0,0528

le n ic
s tren g th :

7

Rate coristan t lem poratare  
1 .m ole, mi

0,0997

0,0997

0 .117  1
■f

0,129 j
0 .12 37.3

0 ,0997 0 .284  ;
1

0,0997
i

0,281 [ 0 .29 43

0,0997 0,504 j

0 .0997 1 ,12  j

0,0997 1 ,14  V
1

1 .14  52

0,0997 1 .17  J

1,00625 0.0495 57.3

52 525 1 ,1 4

kg(l.m oleT^secT^) 

0.0020  

0,0048  

0,0190

log^O kg 

- 2.6990 

- 2,5188  

- 1.7212

1/T

0,003223

0.003165

0.003077
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AREHBÎIIU-3 ILOT FOR IBS LOSS OF OFTICÆ ACTIVIÏI DP [CoengCOgCEgCO,] I

k ,  .  A e '- ''/®

Gradient. = 0 ,6 4 = E
0.0001 2^303 % 1 . 9 ^

E « 29.^290 ca ls/m o le  «

^P »^4  ̂ — loé?T r\A 4- 1 »24
0.0001 0.0030

lügjLQA = 1 7 , 9 6

A = 9 .12  X 10^"^

00031
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X . I K K Ï 1 C S  O F  2 H K .  B - A S S  H I D R O  L Y S I S  A Î Î D  

L O S S  O P  O P T I C A L  A C T I V I T Y  O P  [coeajCOgCHgCOg}'*'

DISCUSSION

The hase  h y d ro ly s is  and lo s s  o f  o p t ic a l  a c t iv i t y  o f  [coen2C02CE2COg] 

a re  "both seen  to  have A rrhenius r a t e  exp ressions which a re  n e a r ly

i d e n t i c a l : -  ^  ^ ^ ^  ^^1,  ^_29 ,000/ m  ,

Hence th e  two p ro cesses  have id e n t i c a l  ra te -d e te rm in in g  s te p s  and th e  

lo s s  in  o p tic a l  a c t i v i t y  i s  due to  th e  "base h y d ro ly sis  and n o t a 

ra c ém isa tio n  in  th e  t r u e  sen se . Both, p ro cesses  were shovzn to  "be f i r s t  

o rd e r w ith  re sp e c t to  complex and hydroxide c o n c e n tra tio n ,

A mechanism which i s  c o n s is te n t  w ith  th e  above i s : -

CoengCOgCSgCOg'^ + 0E“  ^  cis-Coen2C02CH2C02.0H (1)
p

cis-Coen2C02CH2C02.0E-i- 0H“ —^ cis-Goen2(0E)2^ + CO2CE2CO2 ~ (2)

cis-Coen2(OE)2"̂  trans-Coen2(OE) 2 (3)

The e q u ilib riu m  (3) i s  v e ry  ra p id  and r e s u l t s  i n  lo s s  of o p t ic a l  a c t iv i t y .

In v e rs io n  of c o n fig u ra tio n  in  e i th e r  (1) or (2) i s  ru led  out s in ce  t h i s

would re q u ire  that- th e  r a te  co n stan t f o r  th e  lo s s  i n  o p t ic a l  a c t iv i ty

p rocess would be tv /ice t h a t  fo r  th e  base h y d ro ly s is .

Comparing th e se  two p ro cesses o f th e  malonato complex w ith  s im ila r

r  1re a c t io n s  undergone by th e  oxa la to  complex, [Coen2C20^ j C l , th e  l a t t e r  i s  

seen  to  have th e  fo llo w in g  A rrhenius r a te  e x p re ss io n :-
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Eence th e  r e a c tio n s  o f th e  malonato complex are  f a s t e r  th an  those  o f 

th e  o x a la to  complex which i s  as expected due to  th e  s t r a in  and d is to r t io n  

in  th e  m alonato lig a n d  and th e  g re a te r  io n ic  c h a ra c te r  in  th e  c o h a lt-  

oxygen bond in  th e  m alonato complex. But th e  A rrhenius r a te  exp ress ion  

f o r  th e  m alonato complex i s  o f a s im ila r  o rd er to  t h a t  fo r  th e  oxa la to  

complex and t h i s  s im i la r i ty  i s  g re a te r  th an  th a t  between th e  malonato 

complex and th e  co rrespond ing  b id en t a te  carbonate  complex, [Coen2C0^]"^, 

Thus i t  i s  assumed th a t  th e  mechanisms o f th e  re a c tio n s  undergone by the  

m alonato complex are  s im ila r  to  those  o f th e  ox a la to  complex r a th e r  than  

to  those  o f th e  carbonate  complex. F u rth e r  support f o r  t h i s  assum ption 

th a t  ithe m alonato complex i s  s im ila r  in  i t s  re a c tio n s  to  th e  oxa la to  com

p lex  and no t th e  carbonate  complex comes from th e  fo llo w in g  o b se rv a tio n s ; -

84
( i )  The carbonate  complex i s  very  s e n s i t iv e  to  ac id  decom position bu t 

th e  o x a la to  and malonato complexes a re  s ta b le  in  ac id  f o r  long  periods 

a t  e le v a ted  tem peratures#

90
( i i )  The base  h y d ro ly s is  o f [coen2C0^]"^ i s  slow er th an  t h a t  o f th e  

o x a la to  and m alonato complexes and r in g  opening in  th e  carbonate  complex 

ta k e s  p lace  by Co-0 bond f i s s io n  whereas in  th e  o x a la to  complex i t  tak es  

p lace  by C-0 f is s io n #

( i i i )  The r a t e  o f lo s s  o f o p t ic a l  a c t iv i t y  o f [coen2C0^')’̂  i s  much slower
100

th an  th e  r a t e  o f 00^ exchange whereas f o r  th e  o x a la to  and malonato com

p lex es th e  r a t e  o f lo s s  o f o p t ic a l  a c t iv i t y  i s  equated w ith th e  r a te  of 

base  h y d ro ly s is  so th a t  f o r  b o th  th e se  complexes th e  lo s s  of o p tic a l  

a c t iv i t y  i s  no t a t ru e  rac ém isa tio n .
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Honce, working on t h i s  assum ption th a t  th e  re a c tio n s  ‘on 

th e  m alonato complex have mechanisms which are  s im ila r  to  those  of th e  

o x a la to  complex, th e  f i r s t  s te p  in  th e  base h y d ro ly s is  o f th e  malonato 

complex would be th e  b reak in g  o f th e  C-0 bond fo llow ed by th e  removal 

o f  th e  m alonato l ig a n d  by Co-0 f is s io n #  R eaction  ( 1) ,  as on page 

would th e re fo re  be th e  s te p  in  which, th e  C-0 bond i s  b roken :-

A \ , . . .  3
en^Co Ch^ + OE . enpCo 0

\  /  " \  . /
0—Cv 0 —C—CE;r— C

■ " ^ 0  II - \
0 0

R eaction  (2) i s  th e  s te p  i n  which th e  Co-0 bond i s  b roken :-  

OE . - . OE
/  o a“ /  • 2-

en^Go ' 0  ^ enpCo + CO^CEpCOp
^ V '  /  \  ^

x '  0—G -C H ^  c '  OE

Comparing th e s e  re a c tio n s  w ith  th o se  o f  th e  ox a la to  complex, r e a c t io n  (2) 

i s  expected  to  be th e  ra te -d e te rm in in g  s te p  f o r  th o se  k in e t ic  runs 

conducted a t  lov; base co n ce n tra tio n s  and h igh  tem pera tu res #

The mechanism o f t l i i s  ra te -d e te rm in in g  stew could be S-.r2 or S,1C3#Ai ii

The l ik e l ih o o d  of th e  S^ ÎCB mechanism o ccu rrin g  i s  co n sid erab le  since  

th e  m alonato complex i s  seen  to  c o n ta in  no t only "ac id ic "  p ro tons in  th e  

ammine groups o f th e  ethylenediam ine- r in g s  bu t a lso  two a c tiv e  p ro tons 

i n  th e  m alonato group#
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The fa c t  th a t th ese  hydrogens are a c tiv e  in  the chelated  malonate 

group has been shown by the P. M. R. spectra  o f  (Coen2G02CH2C0^ 

in  D2O# I t  was seen th a t the in te n s ity  o f the GH2 sign a l o f  the  

malonate group decreased with time and disappeared o v e m i^ t  due to  

replacement o f  the GH2 protons by deuterium.

Also i t  has been noted th at in  the run carried  out a t  higher base 

concentration  ClM) the value o f  k (0 ,047) was lower than that obtained 

fo r  lower base concentrations (k = 0 ,14) at the same temperature,
't

This may be due to  the removal o f  one o f  the a c tiv e  hydrogens from the  

coordinated malonate group by the excess hydroxide ions to  give a
I -

sp eo les whiohi b e in g  resonance s ta M lise d  nould not be so r e a c tiv e .

^  * /

/  \  _ /  \  
enpCo GHp + OH en^Co GH + Ĥ Ov< W

\

To conclude the d iscu ssio n  o f the mechanism o f the base hydrolysis  

o f the (GoengGOgGHgCOgI  ̂ io n  i t  i s  necessary to  sepeurate the reaction s  

in to  those that take p lace in  low base and those that take place in
r

h i ^  base concentrations,

1 ,  Reactions a t low base concentration . Here the polarim etric and 

spectrophot ometric ra tes  are the same and there are two p o s s ib i l i t i e s  : -  

(a) Second order r in g  opening i s  rate determining follow ed by the fa s t  

re lea se  o f malonate ion^ which i s  independent o f  hydroxide concentration, 

thus g iv in g  r is e  to  a second order rate con stan t,
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,Ch) A f a s t  pre-equilibrium  between the chelated  th e  r in g  opened 

form '

O - c f  '  OH
/  \  _ /  • 

en^Co CHp + OE" z = h  enoCo 0
. \  /  \  / '

0 b

Thié would be an S^CB mechanism and the re lea se  o f malonate ion  from 

th e  hydroxo malonato complex would be independent o f  base,

2 ,  Reactions at h i ^  base concentration . Here there i s  a l im it in g
, I

ra te  and again there are two p o s s ib i l i t i e s

(a) The r in g  opening i s  s t i l l  the ra te  determining step  follow ed by

the fa s t  r e lea se  o f malonate ion  as in  l ( à )  above, but now the presence

o f  the deprotonated form makes the rea c tio n  have a l im it in g  r a te ,

Cb) A pre-equilibrium  converts a l l  o f  the complex in to  the form o f

th e  hydroxo malonato complex as in  1(b) and the rate  then becomes

independent o f the hydroxide concentration ,
69

Recent work on eth yl malonato and benzyl malonato complexes shows 

th a t the r in g  opening and lo s s  o f  malonate in  th ese  su b stitu ted  malonato 

complexes are both second order and not f i r s t  order which seems to  ru le  

out mechanism Ca), But P. M. R, spectra  in d ica tes  th a t the methylene 

groqp i s  a c tiv e  and so mechanism (a) i s  probably dominant at hig^ base 

concentrations whereas the mechanism (b) i s  probably dominant a t low  

base concen trations,
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P R E P A R A T I O N  OF  C 0 Ii P 0 Ü ÎÎ D 3

T rans-D iohl o ro -b is  ( e th y l enedi amine )-c o b a lt  ( I I I  ) chi o r id e , tra ;a s -  [ÇoengClp] 01

T his aompound W8,s th e  s t a r t i n g  m ateria l, used, f o r  th e  o th er
- ' ' 107

p re p a ra t io n s . I t  was p repared  by th e  method o f Ba.ila r  which, c o n s is ts  o f

adding  600 g. o f a lOjb so lu tio n  o f e th y l enedi amine to  a s o lu t io n  o f l 60 g .

of hyd ra ted  cobaltous o lilo ride  i n  500 m l, o f w ater i n  a two l i t r e  fla ,sk .

A ir  was th e n  v ig o ro u s ly  drawn t h r o n g  th e  so lu t io n  f o r  te n  h o u rs .

A fte r  t h i s  550 m l, of concentrated , h y d ro ch lo ric  ac id  were added and th e

s o lu t io n  was evaporated  on a steam b a th  u n t i l  a c ru s t form ed. Then th e

m ixture was l e f t  to  s tan d  overn igh t a f t e r  which i t  was f i l t e r e d  to  c o l le c t

th e  'green c r y s ta l l in e  t r a n s -  (CoenoGlo] 01 ,HG1, T his was washed w ith

alcoho l and e th e r  and th e n  d r ie d  a t  110^ i n  an oven to  g ive th e  green

t r a n s -rCoenpClpTCl. I f  th e  s o lu t io n  was evaporated  to o  long  on th e  steam

b a th  th e n  some of th e  orange t r i s C ethylenediam ine) - o o b a l t ( I I I ) c h lo rid e  was

fasrmed- bu t t h i s  can  be removed from th e  f in a l  product by a d d itio n  o f  a

l i t t l e  d i lu te  n i t r i c  a c id  to  d is so lv e  i t  a it#

C is-D ic h lo ro -b is ( ,e th 5d e n e d ia m in e )-c o b a lt( I I I )  c h lo r id e , cis-ÇOcengCl^  Cl

A i. ' The t r a n s -  form was converted  to  th e  c i s -  form again  u s in g  th e  method 
107

o f  B ailar-. A s o lu t io n  o f th e  t r a n s - [ CoengClplCl was evaporated  to  d ryness 

on a steam  b a th  to  g ive th e  v io le t  c i s - [CoenpClol C l, A n y  unchanged t r a n s -  

m a te r ia l was e i t h e r  washed out w ith  a l i t t l e  co ld  w a te r o r th e  tran sfo rm - 

a t  io n  was" completed by re p e a tin g  th e  e v ap o ra tio n . B ut, acco rd ing  to  ; 

B a i la r ,  th e  ev ap o ra tio n  must no t be rep ea ted  more th an  two o r th re e  tim es 

as some decom position  o ccu rs.
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Conversion of c i s -  to  trans-C coen^CloT Cl

In  o rder to  convert th e  c i s -  to  th e  tra.no- form i t  i s  only n ecessa ry  

to  add a c id  to  a s o lu tio n  of th e  c i s -  form s in ce  fo r  any complex of th e  

type  [Coen2Glol^ a n e u tra l  s o lu tio n  goes to  th e  c i s - form and an ac id  

so lu t io n  to  th e  t r a n s -  form .

C arD Q n a to - 'b is(e th y len ed iem in e)-co b a lt(III)  s a l t s ,  [CoenpCÔ lx

(a) C h lo ride

T his was p repared  from th e  t r a n s - ÇcoenoCl^lci u s in g  th e  two methods 
108 109 109

o f V/erner, The second method was p re fe r re d  s in ce  i t  gave a  b e t t e r  y ie ld

i n  a much s h o r te r  tim e .

t r a n s - |"coen2Cl2lci + K2C0^ — > [Coeii2CO^’lCl + 2KC1

Follow ing t h i s  second method, f i r s t l y  th e  t r a n s - [Coen2Clo1 Cl was ground

to g e th e r  w ith  th e  c a lc u la te d  amount o f po tassium  carbonate  as determ ined

by th e  above e q u a tio n . T his was th en  mixed 7 /ith  w ater in  th e  p ro p o rtio n

complex 2 w ater = 2 : 1  and put on a steam  b a th  u n t i l  th e  m ixture changed

from green  to  r e d .  T his took about two m inu tes. The m ixture was th en
*?

q u ick ly  pu t in to  an i c e - s a l t  b a th  and s t i r r e d  \7 ith  a p latinum  s p a tu la .

The red  c r y s ta l l in e  powder was f i l t e r e d  o f f  and washed w ith  a lcoho l and 

e th e r .  I t  was p u r i f ie d  by r e c r y s t a l l i s a t i o n  from ho t w ater when dark re d , 

w e ll developed , f la k y  c ry s ta l s  w ith  a s tro n g  sheen were o b ta in ed . These 

c r y s ta l s  c o n ta in  one m olecule of w ater o f c r y s t a l l i s a t io n  which i s  l o s t  

on s ta n d in g  to  g ive a b lu e -re d  powder.

Cb) Bromide
108

T his was p repared  from th e  c h lo r id e  u s in g  th e  method o f  Werner.
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To a so lu tio n , o f 5 g* o f  [Coen2C0^]Cl i n  I 50 m l, o f  w a ter was added th e  

c a lc u la te d  amoimt (2 g .)  o f  s o l id  potassium, brom ide. The [Coen^CO^Br 

came doT/n as a sh in in g  b lu e -re d  c r y s ta l l in e  p r e c ip i t a te  which could be 

p u r i f ie d  by r e c r y s t a l l i s a t i o n  from warm w a te r. U su ally  two d i s t in c t  

c r y s t a l l i n e  forms were o b ta in e d . One form was e a s i ly  seen  to  appear as 

l a r g e ,  dark  re d , g l is te n in g ,  hexagonal c ry s ta l s  which yrere found to  

c o n ta in  one m olecule of w ater o f  c r y s t a l l i s a t i o n  which th e y  lo s t  on 

s ta n d in g  to  g ive a b lu e -re d  powder. The o th e r  form was seen  as sraaJJ.er 

c r y s ta l s  which v/ere jo in e d  to g e th e r  i n  a brow n-red c r u s t .  On c lo s e r  

exam ination  u s in g  a p o la r is in g  m icroscope th e y  were seen  to  be cubic 

c r y s ta l s  and. were found to  be anhydrous,

Cc) Iod ide
108

T his was p repared  from [Coen2C0^]ci by d is s o lv in g  5 g» o f i t  i n  

200 m l, o f w ater and th e n  adding  th e  e q u iv a le n t amount (3 g ,)  o f potassium  

io d id e .  The [Coen2C0^]I came down im m ediately  as a m ic ro -c ry s ta ll in e  

b lu e - r e d  powder. I t  was re  c r y s t a l l i s e d  from, .hot w ater to  give l i s t e n i n g ,  

d a rk  re d , p r ism a tic  c ry s ta l s  which were found to  be anhydrous,

Cd) N itra te
108

T his was p rep a red  from  [Coen2C0^jBr, 5 g» o f which were d isso lv e d  

i n  h o t  w ater and th e  eq u iv a le n t amount C3 g*) o f s i l v e r  n i t r a t e  was added. 

The p r e c ip i ta te d  s i l v e r  bromide was f i l t e r e d  o f f ,  th e  f i l t r a t e  was 

ev ap o ra ted  to  h a l f  i t s  o r ig in a l  volume on a steam  b a th  and th e n  l e f t  

o v e rn ig h t v/hen d a rk  re d , s t r o n g  y  g l i s te n in g ,  f la k y  c r y s ta l s  were o b ta in ed . 

These were d r ie d  i n  an oven.
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Ce) P e rc h lo r a te

The preparation o f th is  compound was not found in  the l i t e r a t u r e .

I t  was p rep a red  u s in g  tv/o d i f f e r e n t  m ethods. The f i r s t  method fo llow ed
108

was th e  normal p rocedure  o f adding  the  e q u iv a le n t amount (2 *-5 g# ) o f 

sodium p e rc h lo ra te  to  5 g# o f [Coen2C0^]Cl i n  50-nd*- of w a te r , A re d ,

- f i n e ly  c r y s t a l l i n e  p r e c ip i t a te  was formed alm ost im m ediately , which was 

r e c r y s t a l l i s e d  from ho t w a te r . T his method was rep ea ted  u s in g  th e  brom ide# 

The second method was s im ila r  to  th a t  used fo r  p re p a rin g  [Coen2CC:]Cl 

from t r a n s -  [Coen^Clg]01, The c a lcu la te d , amounts o f t r a n s -  [CoenoGl^ CIO4 • 

and sodium carbonate  were ground to g e th e r  in to  a  p a s te  w ith  a l i t t l e  w a te r. 

The m ix tu re  was h ea ted  on a  w a te r  b a th  and a red  c r y s ta l l in e  powder was 

o b ta in ed  which was washed w ith  a lc o h o l and e th e r .  Each method produced 

f in e  c r y s ta l s  w hich were anhydrous,

Cf) T hiocyanate
108

T h is  was p rep a red  from [GoengCO^j C l, ^ g , o f  which were d isso lv e d  

i n  w a te r  to  g ive a co n cen tra ted  s o lu t io n  and th e n  th e  c a lc u la te d  amount 

(2 g ,)  o f  po tassium  th io c y a n a te  was added, A p u rp le - re d  m ic ro -c ry s ta l l in e  

powder was ob ta ined  which was r e c r y s ta l l i s e d ,  from h o t w ater to  g ive re d , 

hexagonal prism s w hich crumbled, on s ta n d in g . Red n eed les  were a lso  , 

o b ta in e d  from  th e  m other-1 iqum r. The c r y s ta l s  were d r ie d  i n  an  oven,

(g) D ith io n a te
108

T h is  compound was p rep a red  from a d i lu t e  s o lu t io n  o f  [Coen2C07jCl 

made by d is s o lv in g  5 S'» o f  i t  i n  500 m l, o f w ater and th e n  th e  c a lc u la te d  

amount (2 g ,)  o f sodium d ith io n a te  was added, A re d  c r y s ta l l in e  p r e c ip i t a te
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was o b ta in e d  which was s l i ^ t l y  so lu b le  i n  w a te r . T his was r e c r y s t a l l i s e è  

from, h o t w a te r to  g ive  lo n g , d a rk  red  n eed les  w hich were d r ie d  i n  an  oven 

a t  100°,

Ch) S u lphate
108

T h is was. p rep a red  from  [Coen2C0^]l 5 S'* o f  which were d is so lv e d  i n  

enough water" to  g ive  a c o ld  s a tu ra te d  s o lu t io n .  T his s o lu t io n  was th e n  

t r e a t e d  w ith  c o n c e n tra te d , aqueous s i l v e r  su lp h a te  s o lu t io n  u n t i l  no more 

p r e c i p i t a t i o n  o c c u rre d . The s i l v e r  io d id e  p r e c ip i t a te  was f i l t e r e d  o f f  

and th e  f i l t r a t e  was th e n  coo led  and th e  f a i r l y  in so lu b le  su lp h a te  was 

o b ta in e d  as lo n g , banded, re d -b la c k , f la k y , p r is m a tic  c r y s t a l s .  These 

were found  to  c o n ta in  t e n  m olecules o f  w a te r . They were d r ie d  at. 100°I
t o  g iv e  th e  anhydrous s a l t ,

D eu te ra ted  Compounds o f  th e  type  [CoCenhQ^COOE

The hydrogen atoms a tta c h e d  to  th e  donor n i tro g e n  atoms i n  th e  

e thy lened iam ine  lig a n d s  w i l l  undergo exchange w ith  deu terium  atoms so 

t h a t  th e  groups- a re  replaced , b y  ND2 #

D eu te ra ted  compounds were p rep a red  b y  d is s o lv in g  th e  complexes i n  

D2O and th e n  le a v in g  th e  s o lu t io n  to  s ta n d  i n  a  d e s ic c a to r  over P2^5'

The c r y s ta l s  t h a t  were formed were f i l t e r e d  o f f ,

In. ad d ition  the deuterated. iod id e  was prepared from [Coen2C0^] Cl 

b y  d is so lv in g  t h i s  in  deuterium o x id e , a llow ing i t  to  stand, and. th en  

potassium  io d id e  was added to  p r e c ip ita te  the [coCenD)2C0^] I  which was 

f i l t e r e d  o f f .
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O xala to -b isÇ ethy lened iam ine)- c o b a l t ( I I I )  brom ide, [coenpCpOy^lBr

This, compound was p repared  from  ca rb o n a to -b is  Cethylenediam ine) -
110

c o b a lt  C m )  bromide u s in g  th e  method of P r ic e  and B ra z ie r .  2 .5  g# o f 

[Coen2C0^]B r were d is so lv e d  i n  %0 m l, o f w ater and to  t h i s  was added 1 g , 

o f  o x a lic  a c id  i n  20 m l, o f  w a te r . The r e s u l t in g  s o lu t io n  was evaporated  

to  sm a ll b u lk  and th e  c ry s ta l s  ob ta in ed  were re  c r y s ta l l i s e d  from  h o t 

w a te r  to  g ive dark  re d  l e a f l e t s  which were found to  c o n ta in  one m olecule 

o f  w a te r  o f c r y s t a l l i s a t i o n ,

I

M aionato -b isC ethy lened iam ine)-coba lt(X II) brom ide, [CoennC^EoOy^]Br
. I l l

T h is  compound- was p repared  using , th e  method o f  P r ic e  and. Duff
110

w hich was adapted from the. p re p a ra t io n  b y  P r ic e  and  B ra z ie r  o f 

c is -su lp h o n y ld ia c e ta to -b isC e th y le n e d ia m in e ) - c o b a l tÇ lII) b rom ide, 5 g# o f  

[Coen2C0^]B r were d isso lved , i n  80 m l, o f  warm w a te r  and th e  s o lu t io n  

was f i l t e r e d ,  and. co o led  after* w hich  1 ,7  g ,  o f  m alonic a c id  were added 

and. th e  s o lu t io n  was th e n  l e f t  o v e m i ^ t  i n  a  vacuum d e s ic c a to r  c o n ta in in g  

soda-lim e to  absorb  a l l  th e  carbon  d io x id e . The s o lu t io n  was th e n  evap- ' 

o r a te d  on  a  s team -b a th  to  sm all b u lk  and l e f t  to  s tand  when c ry s ta ls  

were o b ta in e d  w hich were r e c r y s t a l l i s e d  from  warm w a te r to  g ive  dark  red  

l e a f l e t s  which, were anhydrous,

M a lo n ato -b isC eth y len ed iam in e)-co b a ltC lII) malonate^ rCoenoC^HgO/jl C^HjO/j
108

The m alonate was p repared  acco rd ing  to  th e  method o f  W em er,

1 g ,  o f  [Coen2C0^]B r was d isso lv e d  i n  a  l i t t l e  w ater and to  t h i s  s o lu t io n  

wasu added 0 ,5 5  o f  f r e s h ly  p r e c ip i t a te d  s i l v e r  oxide and, th e  m ixture 

was shaken . The s i lv e r  bromide was f i l t e r e d ,  o f f  and th e  f i l t r a t e  was
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t r e a te d  w ith  m alonic a c id  so t h a t  th e  m olecu lar p ro p o rtio n s  o f base to  

a c id  were one to  tw o. The r e s u l t in g  s o lu t io n  was co n cen tra ted  by 

e v a p o ra tio n  on a  w a te r-b a th  and a  red  s a l t  was ob ta ined  which, was re c ry 

s t a l l i s e d  from ho t w ater and d r ie d  over calcium  c h lo r id e  to  g ive th e  

anhydrous s a l t .

O p tic a lly  a c t iv e  malo n a to -b is (e th y le n e d ia m in e )-c o b a lt( I I I )  s a l t s  

‘ The re s o lu t io n  o f [CoengCO20^ 2^^p T w a s  a ttem pted  th rough  th e  

o p t ic a l  isom ers o f oi-bromocamphor-TT-sulphonate b u t i t  was u n su c c e ss fu l. 

The o p t ic a l  isom ers o f th e  e th y le n e d ia m in e te tra a c e ta to  c o b a lta te  ( I I I )  

io n  were th e n  t r i e d  and t h i s  proved su c c e ss fu l g iv in g  th e  o p t ic a l ly  

a c t iv e  io d id e  b u t  n o t th e  brom ide. The r e s o lu t io n  was c a r r ie d  o u t in  

th e  fo llo w in g  th re e  s ta g e s .

(1 ) P re p a ra tio n  o f po tassium  e th y le n e d ia m in e te tra a c e ta to  c o b a l ta te ( I I I )
112

K[CoEDTA] was p repared  u s in g  th e  method o f  Dwyer, G yarfas and M ello r. 

24 g . o f hyd ra ted  co b alto u s c h lo r id e , 60 g . o f  potassium  a c e ta te  and 

30 g . o f e th y le n e d ia m in e te tra -a c e tio  ac id  were d is so lv e d  i n  180 m l. 

o f  w a te r . The s o lu t io n  was h ea ted  to  n e a r ly  b o i l in g  and th e n  90 m l. 

o f 30^  hydrogen perox ide  were added g ra d u a lly . The s o lu t io n  was th e n  

coo led  and a lco h o l was added and th e  k[CoEDTA) came down im m ediate ly .
i

I t  was f i l t e r e d  o f f  and washed w ith  m ethanol ^ an d le th e r land^dried  in  a 

vacuum d e s ic c a to r .

(2 ) R e so lu tio n  o f potassium  e th y le n e d ia m in e te tra a c e ta to  c o b a l ta te ( I I I )
113

K.[CoEDTA) was reso lved , u s in g  th e  s ta n d a rd  procedure by means o f  th e  

o p t ic a l  isom er l - c i s - d i n i t r o - b i s Çethy lened iam ine)- c o b a l t ( I I I )  io d id e .
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2 0 .6  g . o f  1 - c i  s-  [  Coerip Ç NO 9 ) 9]  1  and 262.5 m l. o f  water were placed in  a
I I

one l i t r e  con ica l f la s k .  45 g* o f  fr e sh ly  p r e c ip ita ted  s i lv e r  ch loride  

were added, the mixture was heated to  50-60° and th e  f la sk  was stoppered 

and shaken fo r  4-5 m inutes, w hile being kept a t  50-60°. The s i lv e r  iod ide  

was f i l t e r e d  o f f  and washed w ith some warm water C37*5 m l.) .  50 g . o f

K[CoEDTA] were added to  the f i l t r a t e ,  ^the mixture was then  cooled in  ic e  

and the s id e s  o f  the v e s s e l  were scratched to  g ive  a p r e c ip ita te  o f  the  

diastereoisom er [l-Goen2lN02) 2] !  CoEDTA] 5S2O . This was f i l t e r e d  o f f ,  

washed w ith  cold 50^ ethanol ,1 ethanol and acetone and a ir  dried a t room 

tem perature.

15 gr o f th e  diastereoisom er were mixed w ith  112.5  ml. o f water in  

a mortar. 50 g . o f potassium  iod id e  were added and the mixture was 

ground fo r  4 -5  minutes to  g ive a p r e c ip ita te  o f  l - c i s -[CoenpCNOp) 2] I ,  

This was f i l t e r e d  o f f ,  155 m l. o f ethanol were slow ly  added to  the  

f i l t r a t e  and the s id e s  o f  the v e s se l scratched to  give_d-K[CoEDTA]2H20 • 

as v io le t  p la t e s .  The so lu tio n  was allowed to  stand fo r  5-4 minutes 

and then  more ethanol was added ( I 65 m l .) . The c r y s ta ls  were washed 

w ith  cold  e th an o l.

(5) R eso lu tio n  o f  mal o n a to -b is  (e th y l enedi am in e)-co b a lt ( I I I )  s a l t s

This r e so lu tio n  was carried  out by adapting the method used by 
114 " , .

Dwyer, Reid and Garvan f o r ’the re so lu tio n  o f  the [Coen2C20^] io n .

8 g . o f  [Coeh2C02CH2C52ÎBr in  40 m l, o f water at 65°  were shaken in  a 

con ica l f la s k  w ith  5#2 g .  o f  s i lv e r  aceta te  fo r  10 m inutes. The s i lv e r  

bromide was f i l t e r e d  o f f  and washed w ith  a l i t t l e  hot w ater. The f i l 

tr a te  was heated to  60° and 4 .22 g . o f  d-K[CoEDTA]2H20 were added and
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d isso lv ed  by shaking. The d iastereoisom er ^[Coen2CX)2CS2C02l-^-[CoEI)TA] 

commenced to  separate and the mixture was allowed to  cool to  room temp

era tu re . The d iastereoisom er was c o lle c te d , washed w ith ice-w ater  and 

then ethanol and then  ground w ith 33 .5  m l. o f  water contain ing 6 .7  S» o f  

potassium  iod id e to  g ive an orange p r e c ip ita te  o f  d-(Coen2C02CH2C02] l*  

Sometimes the so lu tio n  had to  be concentrated before the p r e c ip ita te  

was obtained . The r eso lv in g  agent was recovered from the f i l t r a t e  by 

adding a lc o h o l.

The other o p tic a l isomer was obtained by tr e a t in g  the f i l t r a t e  

from the separation  o f  the d iastereoisom er a t  60^ w ith  10 m l.  o f  a 

50^ aqueous so lu tio n  o f  ammonium bromide g iv in g  the bromide which was 

f i l t e r e d  o f f ,  washed and d r ied .

T rans-D ieh l o r o -b is  (e th y l  en ed iam in e)-co b alt ( I I  I )  s a l t s
115

The malonate was prepared by the method o f  P rice and B razier .

3 g# o f  t r a n s - [Coen^ClglCl were d isso lv ed  in  10 m l. o f water and th en

4 g .  o f  malonic acid were added which immediately gave a dark green 

c r y s ta l l in e  p r e c ip ita te  which was washed w ith  water and then a lc o h o l. 

The formula o f  t h is  s a l t  i s  o f th e  type tran s- [Coen^Clol EAA,EpAA, 2SpO, 

where AA » 002^2002^"•

The oxa la te  and succinate were prepared and given by Dr. Far ago. 

These are a lso  green c r y s ta ll in e  compounds which have formulas o f  the
n A

type tran s-(Coen^Cl^")EAA, where AA = 020^ " and 002( 022) 2^^2 **
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Sucoinato-bisC eth y len ed ia m in e)-co b a lt(III) s a l t s , CCoenoC02(022) oCOoTx

(a) Bromide
116

This compound was prepared using  th e  method described by D uff.

5 6* o f  [CoeUgOO^^Br were d isso lv ed  in  100 m l. o f water and the so lu tio n  

was b o ile d . 1 .6  g . o f su cc in ic  anhydride were then added and the mixture 

was b o iled  fo r  two minutes a fte r  which i t  was concentrated to  small bulk  

on a water-bath and then l e f t  to  c r y s t a l l i s e .  But a c r y s ta ll in e  product 

was not obtained from any o f the preparations carried  ou t. E ither a gel 

was formed which s e t  to  a hard r e s in , or , i f  i t  was p rec ip ita ted  by some 

other agent, then a ge la tin ou s p r e c ip ita te  was obtained. So th a t  a l l  the  

measurements have been made on t h is  ge la tin ou s p r e c ip ita te , a fte r  washing 

and drying i t .

(b) N itra te  and Iodide

These compounds were prepared u sin g  the same method as fo r  the bromide. 

But again only g e ls  were obtained.
116

Preparation o f the n itr a te  was a lso  attempted by the method o f Duff.

1 .2 4  g# o f s i lv e r  n itr a te  were added to  3 g . o f [Coen2C02(022) 200^  Br in  

water and the s i lv e r  bromide p r e c ip ita te  was f i l t e r e d  o f f .  The f i l t r a t e  

was then concentrated to  small bulk on a water-bath but again a gel was 

obtained .

( 0) Succinate
116

The preparation o f t h is  compound was attempted by the method o f D uff. 

6 g . o f [Coen2C0j}Br were d isso lv ed  in  120 m l. o f water and 4 g# of  

fr e sh ly  prepared m oist s i lv e r  oxide were added to  g ive  the carbonate b ase.
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The s i lv e r  bromide was f i l t e r e d  o f f  and the f i l t r a t e  was boiled^ a fte r

which 4 ,4 4  S» o f  su cc in ic  anhydride were added and the mixture was b o iled

fo r  f iv e  minutes » I t  was th en  evaporated to  sm all bulk a f te r  which a
 ̂ \ 

l i t t l e  a lcoh o l was s t ir r e d  in  g iv in g  a ge la tin ou s p rec ip ita te*

(d) P erch lorate

This compound was obtained by th e  ad d ition  o f  p erch lor ic  acid  to  an ' 

aqueous so lu tio n  o f  [coen2C02CCE2 ) 2C0^ E r  g iv in g  a ge la tin ou s p r e c ip ita te  

which was on ly  m oderately so lu b le  in  water ,and was then  r e c r y s ta l l is e d  

from water t o  g ive  again a ge la tin ou s p recip ita te* . Some measurements 

were made on t h is  p r e c ip ita te*

The perch lorate  was a lso  prepared by adding th e  eq u iva len t amount o f  

su cc in ic  anhydride to  5 g , o f  JCoen2C0 dO^ i n  100 ml* o f  water and then  

evaporating to  low bu lk  a f t e r  which i t  was l e f t  to  c r y s t a l l i s e  but again  

a ge la tin ou s p r e c ip ita te  was obtained*

Ce) Bromide + NaOE

An in te r e s t in g  compound was obtained from {coen2C02( CB2 ) 2^^^ 

d isso lv ed  i n  sodium hydroxide so lu tion *  I t  was p r e c ip ita ted  by th e  

a d d itio n  o f  methyl a lco h o l, acetone and ether* The p r e c ip ita te  was 

r ed isso lv ed  in  hot 1^10 sodium hydroxide and rep re c ip ita ted  by the  

a d d itio n  o f  methyl 'a lco h o l, acetone and ether* ' I t  was a p a le  pink  

powder and i t s  infreured and v i s ib l e  and u l t r a - v io le t  absorption sp ectra  

were d if fe r e n t  from th ose  o f  [coen2CXDg( 022) 200^  and (Coen2(0H)2] ’*’»
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ANALYSES

[Coen2C0j]Cl 

[c 0 en2 CO

[c o en2C0 B r , H2 O’ 

[CoezigCO^]!

[Coen2C0^']K0^

[Coen2C0^]G10^

[CoeUgCO^] SON 

[CoeUgCO ]̂ 2^2^6 

[CoengCO^I 2^206,2^20 

[Coen2G0^'j gSO^.lOBgO 

[Coen2C20^'] Br,ÏÏ20 

[c o eri2  C ̂ H20 Br

[Coen2C^B204] 0^% 0 /̂  

[Coen^C^H^O J

trans-^oen^Cl^l Ĉ Hy03 ,2H2Û

% % %
Carbon Hydrogen Halogen

C alcdi 21.5)8 5 .87 12.91
Found: 22.14 5,97 12 .78

Calcd: 18 .82 5,05 25.04
Found; 18.83 5,25 24.42

Calcd: 17.82 5,51 23.71
Found: 17 ,55 5,59 22.60

Calcd: 16.41 4,41 34.66
Found: 16.41 4 ,74 56.79

Calcd: 19 ,94 5 .36 23,1 :7 N itrogen)
Found: 20.72 5.56- 21 .0

Calcd: 17 ,74 4 .7 6 10.47
Found: 17 ,50 4.73 10 .14

Calcd: 24,24 5.43 10.78  (Sulphur)
Found: 24,48 5.13 10.64

Calcd: 18.81 5.05 10.02 (Sulphur)
Found: 1 8 .26 5.35

Calcd; 17 ,80 5.38 9.54 (Sulphur)
Found: 17.51 5.34 9,71

Calcd: 15,92 6.95 4 ,1 8  (Sulphur)
Found: 15,55 6.85 5,90

C alcd: 19,75 4 .97 21.89
Found: 20.30 5.24 19,42

Calcd: 23,29 5.02 22.13
Found: 23,58 5.09 21.58

Calcd: 31 ,26 5.51
Found: 51,27 5.99

Calcd: 24 ,45 5.64 20.32
Found: 24,47 6.25 20.00

Calcd: 24 ,55 5.52 14.57
Found: 25,61 5.52 16 .5
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2 0 .6  g .  o f  l - o i s -rCoePyCNOo)A^ 262 ,5  m l, o f  water were placed in  a
I •

one l i t r e  co n ica l f la sk #  45 8* o f  fr e s h ly  p r e c ip ita te d  s i lv e r  ch lorid e  

were added, th e  mixture was heated t o  $0- 60  ̂ and th e  f la s k  was stoppered  

and shaken fo r  4-5  m inutes, w hile b e in g  kept a t  5 0 -60°. The s i lv e r  iod id e  

was f i l t e r e d  o f f  and washed w ith  some warm water (37*5 lo l.)#  30 g# o f  

K[CoEDTA] were added to  the f i l t r a t e ,  » the mixture was then  cooled  in  i c e  

and the s id e s  o f  th e  v e s s e l  were scratched  to  g iv e  a p r e c ip ita te  o f  th e  

d iastereo isom er fl-Coen2CN02)2][0oEDTA) 5H2O# This was f i l t e r e d  o f f ,  

washed w ith  cold  50^ ethanol ,l ethanol and acetone and a ir  dried  a t  room 

tem perature.

15 g# o f  th e  d iastereo isom er were mixed w ith  112#5 ml* o f water in  

a mortar# 30 g# o f potassium  io d id e  were added and th e  mixture was 

ground fo r  4 -5  minutes t o  g iv e  a p r e c ip ita te  o f  l - c i s - [ CoenpÇNO^)I#

T his was f i l t e r e d  o f f ,  135 ml# o f  ethanol were slo w ly  ahded to  th e  

f i l t r a t e  and the s id e s  o f  the v e s s e l  scratched to  g ive  d-K [CoEDTA] 2H2O ' 

as v io le t  p la te s#  The so lu tio n  was allowed to  stand fo r  3-4  minutes 

and th en  more ethanol was added (I65 m l#). The c r y s ta ls  were washed 

w ith  co ld  ethanol#

C3) R eso lu tion  o f  m alonato-bisÇ ethylenedia m in e )-co b a lt(III) s a l t s  

This r e so lu t io n  was carried  out by adapting th e  method used by
114

Dwyer, Reid and Garvan fo r 'th e  r e so lu t io n  o f  th e  [C oen2C 20^]ion#

8 g# o f  [Coeh2C02CH2C02lBr i n  40 ml# o f  water a t 65°  were shaken in  a 

c o n ica l f la s k  w ith  3*2 g# o f  s i lv e r  a ceta te  fo r  10 minutes# The s i lv e r  

bromide was f i l t e r e d  o f f  and washed w ith  a l i t t l e  h o t water# The f i l 

t r a te  was heated to  60° and 4*22 g# o f  d-K[CoEDTA]2H20 were added and
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d is so lv e d  by shaking. The d iastereo isom er ^  [Coen2C02CH2(^2l TÉ" [CoEDTA) 

commenced to  separate and th e  m ixture was allow ed to  cool to  room temp

erature ,  The d iastereo isom er was c o l le c te d , washed w ith  ice -w a ter  and 

th en  ethanol and th en  ground w ith  33#5 m l, o f  water con ta in in g  6 .7  g . o f  

potassium  io d id e  to  g ive  an orange p r e c ip ita te  o f  d-[Coen2C02CH2C02] l *  

Sometimes th e  so lu tio n  had to  be concentrated b efore  th e  p r e c ip ita te  

was ob ta in ed . The r e so lv in g  agent was recovered from th e  f i l t r a t e  by 

adding a lc o h o l.

The other o p t ic a l isom er was obtained by tr e a t in g  the f i l t r a t e  

from th e  sep ara tion  o f  the d iastereo isom er a t  60  ̂ w ith  10 m l, o f  a  

50^ aqueous s o lu t io n  o f  ammonium bromide g iv in g  th e  bromide which was 

f i l t e r e d  o f f ,  washed and d r ie d .

T ra n s-D ich lo ro -b is(e th y len ed ia m in e)-co b a lt(III) s a l t s
115

The malonate was prepared by the method o f  P rice  and B ra z ier ,

3 g# o f  t r a n s - [CoenpClglCl were d isso lv ed  in  10 m l, o f  water and th en  

4- g# o f  m alonic acid  were added which im m ediately gave a dark green  

c r y s t a l l in e  p r e c ip ita te  which was washed w ith  water and then a lc o h o l.  

The formula o f  t h i s  s a l t  i s  o f th e  type tran s- [ CoengCl^EAA,E2AA,2E90 , 

where AA = C02CH2C02^~*

The o x a la te  and su ccin ate  were prepared and g iv o i  by D r, Farago, 

These are a ls o  green c r y s ta l l in e  compounds which have form ulas o f  th e  

type tra n s- [ CoenoClp]HAA, where AA = 2̂0^^"" and 002( ^ 2) 2802^"*
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S u c c in a to -b i3 (e th y le n e d ia m in e ) -c o b a l t( I I I )  s a l t s ,  CCoenoCO^CCHo^?^^?'^^

(a ) Bromide
116

This compound was prepared u sin g  th e  method described  by Duff .

5 g* o f  [CoengCO^Br were d isso lv ed  in  100 m l. o f  water and the so lu tio n
*1

was b o ile d . 1 .6  g . o f  su c c in ic  anhydride were then  added and the mixture 

was b o iled  fo r  two minutes a f te r  which i t  was concentrated to  sm all bulk  

on a w ater-bath and then l e f t  to  c r y s t a l l i s e .  But a c r y s ta l l in e  product 

was not obtained from any o f  the preparations carr ied  o u t. E ither a g e l 

was formed which s e t  t o  a hard r e s in , o r , i f  i t  was p r e c ip ita te d  by some 

other agen t, th en  a g e la tin o u s p r e c ip ita te  was obta in ed . So that, a l l  the  

measurements have been made on t h i s  g e la tin o u s p r e c ip ita te , a f te r  washing 

and drying i t ,

(b ) N itra te  and Iodide

These compounds were prepared u s in g  th e  same method as fo r  th e  bromide. 

But again only g e ls  were obtained .
116

Preparation o f  the n i t r a te  was a lso  attempted by the method o f  D uff.

1 .2 4  g# o f  s i lv e r  n itr a te  were added to  3 g . o f [Coen2C02( CE2) 2^^^ 

w ater and th e  s i l v e r  bromide p r e c ip ita te  was f i l t e r e d  o f f .  The f i l t r a t e  

was then  concentrated  t o  sm all bulk on a w ater-bath but again a g e l was 

obta in ed .

(c )  Succinate
116

The preparation  o f t h i s  compound was attempted by th e  method o f D uff. 

6 g . o f [Coen2C0j)B r were d is so lv ed  in  120 m l. o f  water and 4 g# o f  

f r e s h ly  prepared m oist s i lv e r  oxide were added to  g ive  th e  carbonato b a se .
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The s i l v e r  bromide was f i l t e r e d  o f f  and the f i l t r a t e  was b o i le d , a fte r

which 4*44 g , o f  su c c in ic  anhydride were added and the mixture was b o ile d
/ *

fo r  f iv e  m in u tes. I t  was th en  evaporated to  sm all bulk a f te r  which a
'

l i t t l e  a lco h o l was s t ir r e d  in  g iv in g  a g e la tin o u s p r e c ip ita te ,

(d ) P erch lorate

This compound was obtained by th e  ad d ition  o f  p erch lo r ic  ac id  to  an ' 

aqueous s o lu t io n  o f  [coen2C02(CE2 ) 280^ B r  g iv in g  a g e la tin o u s p r e c ip ita te  

which was on ly  m oderately so lu b le  in  w ater ,and was th en  r e c r y s ta l l is e d  

from water t o  g iv e  again  a g e la tin o u s p r e c ip i t a t e .  Some measurements 

were made on t h i s  p r e c ip it a t e .

The p erch lora te  was a lso  prepared by adding th e  eq u iva len t amount o f  

su c c in ic  anhydride t o  5 g* o f  JCoen2C0 dO^ i n  100 m l, o f  w ater and th en  

evaporating to  low bu lk  a f t e r  which i t  was l e f t  to  c r y s t a l l i s e  b u t again  

a g e la tin o u s, p r e c ip ita te  was obta in ed ,

Co) Bromide + NaOS

An in t e r e s t in g  compound was obtained from ^Goen2C0 2 ( 8E2) 2C0^ B r  

d is so lv e d  i n  sodium hydroxide s o lu t io n . I t  was p r e c ip ita te d  by th e  

a d d itio n  o f  methyl a lc o h o l, acetone and jet h e r . The p r e c ip ita te  was 

r e d isso lv e d  in  h ot M/10 sodium hydroxide and r e p r e c ip ita te d  by the  

a d d itio n  o f  methyl 'a lc o h o l, acetone and e th e r , ' I t  was a p a le  pink  

powder and i t s  in frared  and v i s i b l e  and u l t r a - v io le t  absorption  sp ectra  

were d if fe r e n t  from th ose  o f  [ 0oen2CX)2CCE2 ) 280^  and (Coen^COH) ]̂**’*
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ANALYSES

[CoengCOjlCl

[coengCOjlBr

[Coen2C0j]Br,H20

[CoengCOj]!

[Coen2C0 A  NO j

[CoenaCOjIClO^

[CoeiigCOj] SON

[CoeiigCO ]̂ 2^206

[CoengCOj] 2820^ , 2H2O 

[Coen2C0 j]  jSO^.lOHgO 

[Coen2C20^] Br ,H20 

[Coeri2C Br

[Coen2C^E20^]C;B^0^ 

[CoengC^H^O^] Br ,H20 

trans-jCoeiigClg] 0^5^08 «SBgO

% % %
Carbon Hydrogen Halogen

C alcd: 2 1 *9 8 , 5 .8 7 12.91
Found: 22.14 5.97 12 .78

Calcd: 18 .8 2 5.05 25.04
Found: 18 .83 5.25 24.42

Calcd: 17 .82 5.31 23.71
Found: 17*55 5.39 22.60

Calcd: 16.41 4.41 34.66
Found: 16.41 4 .74 36.79

Calcd; 1 9 .9 4 5 .36 23 .1 ;( N itrogen)
Found: 20.72 5.56 21 .0

C alcd: 17 .74 4 .7 6 10 .47
Found: 17 .3 0 4 .73 10 .14

C alcd: 24.24 5.43 10 .78  (Snlpbnr)
Found: 24 .48 5.13 10 .6 4

Calcd: 18.81 5.05 10 .02  (Sulphur)
Found: 1 8 .2 6 5.35

Calcd: 17 .8 0 5 .38 9 .54  (Su lphur)
Found: 17 .51 5 .34 9.71

C alcd: 15 .92 6 .95 4 .1 8  (Sulphur)
Found: 15.55 6 .85 3 .90

Calcd: 19.73 ■ 4 .9 7 21,89
Found: 20.30 5 .24 19.42

Calcd: 23.29 5 .02 22.13
Found: 23.38 5.09 21.58

C alcd: 31 .2 6 5.51
Found: 31 .27 5.99

Calcd; 24 .45 5.64 20.32
Found: 24 .47 6.25 20.00

Calcd: 24 .35 5.52 14 .37
Found: 25.61 5.52 1 6 .5
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