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1. Introduction

In  our ea rlie r  co m m u n ica tio n s [1, 2] we show ed th e  im p o rta n c e  o f  tw o 
effec ts am ong  th e  o th e r fac to rs  s tab iliz in g  th e  d ioxim e com plexes o f  tr a n s it io n  
m e ta ls ; these  a re  1. th e  s tab iliz in g  ac tio n  o f hydrogen  bridges fo rm ed  in  th e  
com plexes, an d  2. th e  effect o f  m e ta l —► lig an d  donor л  b o n d s. T h e  fo rm er 
fa c to r  is s ig n if ican t m ain ly  in  th e  com plexes o f m etals o f sm all io n ic  rad iu s . 
O w ing to  th is  e ffec t, in so lu tions o f  such  com plexes th e  c o n s ta n t o f  fo rm a tio n  
o f  a com plex  h av in g  th e  com position  M e(d m g )+ (w here dm g  =  d im e th y l-  
g lyoxim e) d e v ia te s  from  th e  s ta t is t ic a l  case, and  it  is even  low er th a n  th a t  
o f  th e  com plex  o f  com position  M e(dm g)2 [1]. The effect o f th e  d o n o r л  b o n d  is 
sh o w n  in th e  in fra red  sp ec tra  o f th e  com plexes by  a decrease o f  th e  C =  N 
v ib ra tio n  freq u en cy  o f the  ligand  in  th e  o rd e r C u(II), N i(II), C o(II), F e (I I )  [2] 
in d ica tin g  th a t  on passing  from  C u(II) to  F e (II) , th e  co n ju g a tio n  in c reases  in 
th e  chela te  rin g  w hich  co n ta in s  th e  C =  N double  bond . The p a r t ic ip a tio n  o f  th e  
d -e lec trons o f th e  cen tra l m e ta l ion in  th e  л  e lec tron  system  o f th e  c o n ju g a te d  
rin g  is th e  g re a te r , th e  low er th e  b o n d  en erg y  o f  th e  d-electrons o f  th e  m e ta l ion 
w h ich  do n o t p a r tic ip a te  in  a a  b o n d . T h is can  be m easured , in  f ir s t  a p p ro x im a ­
tio n , b y  th e  io n iza tio n  w ork  M e(II) — M e(III). T h a t exp la in s th e  re a so n  w hy 
m ax im u m  s tab iliz in g  effect o f  th e  d o n o r л  bo n d  is found  in case o f  th e  F e (II)  
com plex  o f th e  m en tio n ed  series w here th e  w ork  of io n iza tion  is th e  sm a lle s t.

On basis o f  th e  frequenc ies o f  th e  0  — H  valence v ib ra tio n s  we succeeded  
in p ro v in g  th e  presence o f m ore or less s tro n g  hydrogen  bridges in  th e  d ioxim e 
com plexes o f a ll d iv a len t tra n s it io n  m eta ls  [2]. T hus, i t  is lik e ly  t h a t  these  
d iox im e com plexes have an  a p p ro x im a te ly  sq u a re -p lan a r a r ra n g e m e n t. T heir 
fo rm u la  m ay  be w ritte n  as follow s on  page 144.

I t  can  be seen in th is  s t ru c tu ra l  fo rm ula  th a t  th e  m olecule  a c tu a lly  
consists  o f fo u r condensed  rin g s. T he stab iliz in g  effect o f th e  h y d ro g en  bridges 
is due  to  th e  fo rm a tio n  o f  th e  tw o  rin g s deno ted  b y  1, while in  th e  tw o  five- *

* P a r t  V II: B o rger , К.., E g y e d , L , R u f f , L : J .  Ino rg . N ucl. Chem. 28, 139 (1966).
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m em b ered  rings, d e n o te d  b y  2, con jugation  is e x te n d e d  th ro u g h  the  m e ta l ion 
(q u as i-a ro m a tiza tio n ). C onsequen tly , th e  s ta b iliz in g  effect o f th e  donor n  bond 
m an ifes ts  itse lf p r im a r i ly  th ro u g h  these  rings.

In  dioxim e co m p lex es b o th  stab iliz in g  e ffec ts  a p p ea r para lle l to  each  
o th e r , c o n tr ib u tin g  to  th e  stab iliza tio n  o f th e  lig an d  fie ld . T hus, it appeared  
p ro m ising  to  ca rry  o u t  in v es tig a tio n s  b y  w h ich  th e se  tw o effects m a y  sep a ­
r a te ly  be stu d ied . S u ch  an  in v estig a tio n  can be c o n d u c te d  in tw o d ifferen t w ays:

1. In v e s tig a tin g  th e  com plexes o f a lig an d  w here  th e  fo rm atio n  o f h y d ro ­
gen  bridges is so m eh o w  in h ib ited . A co m p ariso n  o f th e  s ta b ility  o f these  
com plexes w ith  th o se  o f  th e  corresponding  d io x im e chela tes affords in fo rm ation  
as reg a rd s  th e  e x te n t o f  s tab iliz a tio n  b y  th e  h y d ro g e n  b ridge . In  order to  p rev en t 
th e  fo rm atio n  of th e  h y d ro g e n  bridge, e.g., one o x im e g roup  m ay  be co n v e rted  
in to  an  = N — О — CH.j g ro u p . In v es tig a tio n s  o f  th is  ty p e  have  heen carried  out 
b y  Ch a r l e s  an d  F r e i s e r  [3] w ith  d im e th y lg ly o x im e  m o n o m eth y l e th e r . H ow ­
ev e r, th is  su b s titu tio n  m a y  lead , in  a d d itio n  to  in h ib itin g  the  fo rm atio n  of 
th e  hyd rogen  b rid g e , to  changes in the  e le c tro n  d is tr ib u tio n  o f th e  m olecule , 
a n d  m ay  even cause s te r ic  h ind rance . C o n seq u en tly , th is  m eth o d  gives on ly  an  
a p p ro x im a tiv e  in fo rm a tio n  ab o u t th e  s tab iliz in g  e ffec t o f the  hydrogen  b ridge .

2. The second p o ss ib il i ty  involves th e  use o f  a lig an d  w here th e  fo rm atio n  
o f th e  “ a ro m a tic”  r in g  (d en o ted  by  2) is in h ib ite d  or a t  le a s t h in d ered . In  
th is  w ay  in fo rm atio n  m a y  be o b ta ined  concern ing  th e  e x te n t o f th e  stab iliz in g  
e ffec t o f th e  donor n  b o n d . T he fo rm ation  o f  th e  “ a ro m a tic ” rin g  can be in h ib ­
ite d  by  app ly ing  in  p lace  o f  d im ethy lg lyox im e (d ing) lig an d , e.g., the  u n id e n ta te  
lig a n d  ace ta ldox im e (aao ). U sing the  la t te r ,  th e  decrease  of s ta b ili ty  co m p ared  
w ith  th e  co rrespond ing  d im ethy lg lyox im e co m p lex  is due to  tw o fac to rs : (a) 
to  ch e la te  effect an d  (b) to  th e  absence o f th e  s ta b iliz in g  ac tion  o f an a ro m a tic  
rin g .

In  o rder to  s tu d y  th e se  tw o effects se p a ra te ly , a ligand  is to  be selected  
in  w hich  only one o f  th e  effec ts  is possible. In  th e  case o f ace ty lace to n ed io x im e 
(aado) as th e  lig an d , th e  r in g  is six -m em bered , in  c o n tra s t  to  d im ethy lg lyox im e 
com plexes. A c o n tin u o u s  con ju g a tio n  in th is  r in g  is im possib le , an d  s ta b iliz a ­
tio n  due to  a ro m a tiz a tio n  c an n o t take  p lace. H o w ev er, th e  chela te  effect is n o t 
su sp en d ed , because a c e ty la ce to n e  dioxim e is a b id e n ta te  ligand.*

* I t  m u st be n o te d  th a t  a n y  changes in  th e  n u m b e r  o f  c a rb o n  a to m s of th e  r in g  also 
a ffec t th e  s tre n g th  of c h e la te  e ffect. Still, accord ing  to  l i te r a tu re  [12], th is  facto r is negli­
g ib le com pared  w ith  th e  e ffe c t exam in ed  in  our p re se n t s tu d y .

Acta Chimica Academiae Scientiarum  Hungaricae 47, 1966.
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On th e  basis o f  th e  ab o v e  co nsidera tions, th e  scope o f o u r p re se n t in v es tig ­
a tions was the d e te rm in a tio n  o f th e  s tab ilitie s  o f  th e  ace ta ld o x im e  an d  acety l- 
ace toned iox im e com plexes o f tra n s itio n  m etals. T hus fa r, o f these  com plexes 
on ly  th e  ace ty lace to n ed io x im e  com plexes of co p p e r(II)  [4, 5] and  n ickel(II) 
[6] have been in v e s tig a te d  by  p re p a ra tiv e  s tu d ies  a n d  by  m easu rem en ts  by  
u ltrav io le t and  in fra red  sp e c tro p h o to m e try . B e n  B a s s a t  an d  B i n e n b o y m  

[5, 6] re p o rte d  th a t  th ese  com plexes have th e  com p o sitio n  M e(aado)2, and  th a t  
b inuc lear h y d ro x o  m ixed  com plexes arc p re c ip ita te d  from  an aqueous copper(IJ) 
so lu tion  in  w hich th e  ra tio  m e ta l: aado  is 1 : 1. In  re sp ec t to  th e  co b a lt(II)  com ­
p lex  o f ace ty lace to n ed io x im e , the  m en tioned  a u th o rs  re fe rred  m erely  to  th e ir  
o b se rv a tio n  th a t  it  m ay  be u tilized  as a sensitive  re a g e n t for th e  d e tec tio n  of 
c o b a lt( I I )  ions in  th e  p resence  o f n ickel(II). On th e  basis o f  th e  Jo b  curve o f the  
n ick e l(II) com plex  o f ace ty lace to n ed io x im e , th e  a p p a re n t  s ta b ili ty  c o n s ta n t of 
the  com plex  was e s tab lish ed , h u t th e  acidic d issoc ia tio n  c o n s ta n t o f th e  ligand 
was n o t ta k e n  in to  ac c o u n t in  th e  ca lcu la tions.

The ace ta ld o x im e  com plexes have been s tu d ie d  so fa r  o n ly  in no il-aqueous 
m edia, m a in ly  from  p re p a ra tiv e  aspects  [7].

2. Experimental

2.1. R e a g e n t s  anil  i n s t r u m e n t s

T he p o ten tio m e tric  m easu rem en ts  w ere carried  o u t  w ith  a n  in s tru m e n t “ R ad io m ete r 
T y p e  рн  m ete r 28” , th e  u l tra v io le t  sp ec tro p h o to m etric  in v es tig a tio n s  w ith  a U n icam  S P  700 
sp e c tro p h o to m ete r, w hile th e  in fra red  sp ec tra  were e stab lish ed  in  p o tassiu m  b rom ide discs 
w ith  a Zeiss U R  10 sp e c tro m e te r. T he m ag n e tic  m easu rem en ts  w ere  m ade  w ith  th e  magnetic- 
pro to n  resonance  m easu rin g  in s tru m e n t o f th e  D e p a rtm e n t fo r N u c lea r P hysics o f th e  L. 
E ö tv ö s  U n iv e rsity , B u d a p es t.

A ceta ldoxim e was p rep ared  acco rd ing  to th e  p re sc rip tio n s  o f  P et r a c z ek  [8 | (b. p. 
1 1 4 -1 1 5 ° ) .

T he ace ty lace to n ed io x im e  (E a s tm a n  O rganic C hem icals) was of an a ly tic a l grade.
T he m eta l sa lts  a n d  perch lo ric  acid  w ere M erck re ag e n ts  o f  a n a ly tic a l g rade.
Sodium  p e rch lo ra te  used  fo r ad ju s tin g  a c o n s ta n t ionic s tre n g th  was p rep ared  from  

co n ce n tra ted  perch loric  acid  w ith  sod ium  ca rb o n a te  o f  a n a ly tic a l g rade.

2.2 . D e t e r m i n a t i o n  o f  th e  ac id ic  d issoc ia t ion  c o n s t a n t  o f  t h e  l ig an d s

T he acid ic  d isso c ia tio n  c o n s ta n t o f ace ta ld o x im e  w as m easu red  ow ing to its  low value, 
by  sp e c tro p h o to m e try  in  ca rb o n a te -free  so lu tions o f sod ium  h y d ro x id e  o f v a rio u s co n cen tra tio n s 
p rep ared  b y  acc u ra te  w eighing, a t  an  aao  co n ce n tra tio n  o f 5 • 10“ 4 m ole (I =  0.3). T he e x ­
tin c tio n  w as d e te rm in ed  a t  th e  p o in t o f m ax im u m  a b so rp tio n  o f  th e  d issoc ia ted  ligand , i.e., 
a t  37 000 c m -  !.

T he acid ic  d isso c ia tio n  c o n s ta n t o f ace ty lace to n ed io x im e  w as d e te rm in ed  a t  2 • 10“ 4 M  
co n ce n tra tio n  in  aq u eo u s so lu tio n  an d  in a 50%  aqueous d io x an e  so lu tio n , a t  an  ionic s tre n g th  
of 0.3 M , b y  sp e c tro p h o to m e try  a t  34 000 c m “ 1.

2.3. D e t e r m i n a t i o n  o f  t h e  s ta b il i ty  c o n s ta n t s  o f  t h e  c o m p le x e s

T he s ta b ili ty  c o n s ta n ts  o f th e  ace ty lace to n e  d ioxim e com plexes w ere d e te rm in ed  by 
th e  p o ten tio m e tric  m eth o d  o f Bje r r u m  [10] m odified by  Ca l v in  and  Mel c h io r  [9]. In  the  
aqueous an d  50%  aq u eo u s d io x an e  so lu tions, th e  follow ing c o n ce n tra tio n s  were used: in case 
o f the  n ickel(II) a n d  c o b a lt(I I )  com plexes Содп) 10 3 M  a n d  Caado = 5 • 10 3 iVf; 100.0 ml

A da Chimica Icademiae Scienliarum Htmgaricae 47. I960.
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o f th is  so lu tio n  was t i t r a te d  w ith  0.2 N  sod ium  h y d ro x id e ; in  case o f co p p er(II) : C^upi) =  
=  1 0 ~ 4 M  a n d  Caad0 =  10~2 M ;  100.0 m l o f th is  so lu tio n  was t i t r a te d  w ith  0.01 N  sodium  
h y d ro x id e .

T h e  s ta b ili ty  c o n s tan t o f th e  co p p er(II)  com plex o f ace ta ld o x im e  w as d e te rm in e d  by 
p o te n t io m e try ,  b y  t it ra tio n  w ith  0.01 N  sod ium  h y d ro x id e  a t  a  c o p p er(II) c o n ce n tra tio n  of 
10“ 4 M  a n d  a n  ace ta ldoxim e c o n c e tra tio n  o f 10“ 2 M . S ta b ility  m ea su re m e n ts  b y  sp e c tro p h o to ­
m e try  w ere  carried  o u t a t  a c o p p e r(II)  co n ce n tra tio n  of 10“ 4 M  a n d  a  lig an d  c o n cen tra tio n  of 
10“ 2 iVf, in  th e  р н  range b e tw een  3 a n d  10; m easu rem en ts  w ere also m ad e  a t  lig an d  concen­
t r a t io n s  v a ry in g  betw een 10“ 4 a n d  10“ 1 M .

T h e  m agnetic  p ro to n  re so n an ce  sp e c tra  w ere d e te rm in ed  in  com plex  so lu tio n s o f 10“ 2 M .
A ll m easu rem en ts w ere m a d e  a t  a n  ionic s tre n g th  of I =  0.3 M . T h e  p o ten tio m e tric  

t i t r a t io n s  w ere carried  o u t a t  25 0.01°.

T h e following eq u ilib ria  o f  ace ty lace to n ed io x im e com plexes m u st be 
ta k e n  in to  account in th e  so lu tio n s :

Me2+ a a d o "  ~—  ̂ M e(aado)+ (1)

a n d
к.

M e(aado)+ -(- a a d o "  Me(aado),, (2)

T h u s , the  fo rm ation  fu n c tio n  o f B jerrum  reads

[M e(aado)+ ] +  2 [M e(aado)2] ^

[Me2+] +  [M e(aado)+] +  [M e(aado2)]

or, a p p ly in g  th e  co n v en tio n a l exp ressions for K 1 an d  K 2:

K .  la a d o -1  +  2 K ,  K 2 [ a a d o " ]2 ,
n  = ------— ------------ --------------— — --------------—  (4)

1 -f- K x [ a a d o " ]  -(- K x K„ [ a a d o " ]2

I f

V =  K t [a a d o " ]  (5)

an d

P = ^ -  (6)

th e n  i t  follow s from  E q u a tio n  (4):

= _  v + 2 p v 2n — — ------------—— ( 0
1  +  V -f- p v 2

Acta Chim ica Academiaè Scientiarum H ungaricae 47. 1966.
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O n com paring , acco rd in g  to  th e  u su a l Sillén m e th o d  of n o rm aliza tio n  (11), 
th e  func tions n  =  / ( lg  v ; p )  a n d  n = f ( — lg [aad o ~ ]) (th e  la t te r  being  o b ta in ab le  
ex p erim en ta lly ), th e  values o f  a n d  K 2 can  he d e te rm in ed  (F ig . 1).

In  th e  case o f th e  ace ta ld o x im e  com plex , th e  eq u ilib ria  p rev a ilin g  in 
the so lu tion  can be exp ressed  b y  th e  follow ing eq u a tio n s  (on th e  basis o f 
ev idence to  be d iscussed  la te r) :

Cu2+ -f- a a o -  C u (aao )+ (8)

к,
C u (aao )+ -)- H aao  Cu(aao) (H a a o )+ (9)

к,
Cu(aao) (H a a o )+ -(- aao  -—x C u(aao)2 (H aao) (10)

к,
C u(aao)2 (H aao) -f- H aao  -—k' C u(aao)2 (H aao )2 (11)

F ro m  th e  ab o v e  e q u ilib ria , for th e  fu n c tio n  o f fo rm atio n  we h av e :

ßi [aao - ] -\-2 ß., [aao  ] [H aao ] +  3 [ aao J-[H aao] [ 4 /f4[a a o - ]2[H a a o ]2

I I [aao- ]-f- ß2 [aao  ] [Н аао ] +  /?з [aao- ]2 [H a a o ] -|~Д4 [a a o - ]2 [H a a o ]2

where
ßn =  K ,K ,  . . . A„ (13)

--Ida Chimirn A cade mine Scientiarum Hunga ricae 47. I960.

Fig. 1. C urves o f fo rm a tio n  of th e  tra n s it io n  m eta l com plexes o f ace ty lace to n ed io x im e . 
A A A  C o(aado)2 in  w a te r ;  •  •  •  N i(aado)2 in  w a te r; □  О  □  C u(aado)2 in  w a te r ;  X X X  
N i(aado)2 in  50%  d io x an ; О О О C o(aado)2 in  50%  d io x an . C urves d raw n  in  fu ll lines are 
th e  b es t f i tt in g  n o rm alized  cu rv es (th e  co rrespond ing  site  lg v 0 is d en o ted  in  th e  curve

by  a v e rtica l line)
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W hen  th e  a n a ly tic a l c o n c e n tra tio n  o f ace ta ld o x im e  in  
(cHaao) is su ffic ien tly  h ig h , i ts  p o rtio n  consum ed  b y  d issocia tion  
fo rm a tio n  can be n eg lec ted , th e re fo re :

th e  so lu tion  
and  com plex

[H aao] ^  cHaao ( I 4 )

On in tro d u c in g  th e  sym bo ls

ßi — ß2 [H aao ] (15)

Аз =  ß i  [H aao ] (16)

ß’i  =  ßi [H aao ]2 (17)

E q u a t io n  (12) can be s im p lified  as follows:

A cta  Chimica Academiae Scientiarum  Hungaricae 47. 1966.

- _  (ß i +  2 ß'2) [aao  ] +  (3 ßg +  4 ^ ) [ a a o  ]2 

1 +  (ßi +  ßi) [a a o “ ) +  (ß’3 +  ßi) [aao “ ]2

N ow  let us in tro d u c e  th e  te rm

r  =  H  3 /5 ;+  4/1,) I a a o - ]  (19)

as a n ew  variab le . T h en , we h av e

Ä =  — - (20)
1 +  P i  V +  Рз  V2

w h ere

P t  =  A±M- (2i)
f 13 ßs +  4 ßi

p = Jh±_ßL_ ( 22)

КЗ/?з + 4^

a n d

ßi +  ß i /оз\

*  = 7*Гмй (3)
T he ex p erim en ta l p o in ts  w ere found  to  f i t  th e  curve n — f ( lg v) co rre­

sp o n d in g  to  the  e q u a tio n
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v~
h = ---------------- (24)

1 +  —  V-
4

1
w ith  th e  p a ra m e te rs  p { =  p., =  0 and  p 3 =  —  (F ig . 4). A ccording to  E q u a tio n s

(21) — (23), th is  m eans th a t  /?' /?'.
In  th e  sp ec tro p h o to m e tric  m easu rem en ts , th e  degree of fo rm a tio n

[C u(aao)2 (H aao )2] 

cCu
(25)

re fe rred  to  th e  com plex  C u(aao)2 (H aao )2 w as d e te rm in ed  as the fu n c tio n  of 
th e  p H o f th e  so lu tio n . A llow ing for th e  p resen ce  of com plexes o f  v a rio u s  
com position , an d  considering  th e  co rrespond ing  s ta b ili ty  co n stan ts , a  can  be 
w ritten  in  th e  fo rm :

ß4 [a a o “ ]2 [H a a o ]2

1 +  /1, [a a o ~ ] I ß2 [a a o -  ] [ H aao] -f- ß3 [a a o - ]2 [H aao ] |- /3, [aao “ ]2 [H a a o ]2

(26)

W hen  th e  co n d itions (14) to  (17) h o ld , th is  sim plifies to

a = _________ß* [аао ]2
1 +  (ß\ Л-ßi) [аао- ] -j- (ß'A +  ß t ) [аао~]2

(27)

Fig. 2. л  bond stabilization  of the transition m etal complexes of dioxime plotted against the 
th ird  ionization potential of th e  m etal ion

4 Acta Chimica Academiae Scientiarum Hungaricae 47. 1906.
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Fig. 3. J o b  c u r v e  o f  t h e  c o p p e r ( J I )  c o m p l e x  o f  a c e t a l d o x i m e ,  m e a s u r e d  a t  3 3 0 0  c m

Fig. 4. P o t e n t i o m e t r i e  c u r v e  o f  f o r m a t i o n  o f  t h e  c o m p l e x  C u ( a a o ) 2( H a a o ) 2 

( T h e  c u r v e  r e p r e s e n t s  t h e  b e s t  f i t t i n g  n o r m a l i z e d  c u r v e )

in tro d u c in g  the  new  variab le

v =  Vßi taao ]
fo rm u la  (27) will read :

v2

1 + Piv +  PF2
w here

(28)

(29)

Acta Chimica Academiae Scientiarum, Hungaricae 47. 1966.



R U F F , B U R G E R : USE OF ORGANIC R EA G EN TS, V III. I5l

and

Pl +  &  (30)
' " =  m  (30>

p , =  Ä ± Ä -  (31)
K«

W hen th e  u su a l n o rm aliza tio n s  are ca rr ied  o u t, the  s ta b il i ty  co n stan ts  
are o b ta in e d . (The e x p e rim e n ta l po in ts f i t  th e  cu rve  p { =  0, p 2 =  1; see F ig . 5.)

F i g .  5. S p e c tro p h o to m e tric a lly  d e te rm in ed  fo rm atio n  fu n c tio n  o f th e  com plex  C u(aao)s(H aao )2 
(The curve re p re se n ts  th e  Lest f i tt in g  no rm alized  curve)

4. R esid ts and discussion

4 .1 . Acidic dissociation constants

T he acidic d isso c ia tio n  co n stan ts  o f th e  in v e s tig a te d  ligands d e te rm in ed  
a t  an  ion ic  s tre n g th  o f  0.3 M  are  sum m arized  in  T ab le  I. F o r th e  sake of 
com parison  also th e  co rresp o n d in g  d a ta  of d im e th y lg ly o x im e  are given.

T able I

A c i d i c  d i s s o c i a t i o n  c o n s t a n t s  o f  th e  i n v e s t i g a t e d  l i g a n d s  i n  0 . 3  M  s o d i u m  p e r c h lo r a t e

Ligand Solvent pKo

A cetaldoxim e ........................ w ater 11.5 ±  0.2
A cety lacetonediox im e w ater 9.9 ±  0.2

50%  dioxan 11.6 ±  0.2
D im ethy lg lvoxim e ............ w ater 10.6

50%  d io x an 11.8

•4- Acta Cliimica Acadcmiaa Scientiarum Hungaricae 17. 1966.
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4 .2 . Effect o f  ring size

A s i t  has been m e n tio n e d  in  th e  in tro d u c tio n , th e  stab iliz in g  e ffec t of 
r in g  size a n d  th ro u g h  th is  t h a t  o f  th e  л  con jugation  w ere s tu d ie d  on  th e  cop- 
p e r ( I I ) ,  n ickel(II) and  c o b a lt( I I )  com plexes of ace ty lace to n e  d iox im e. The 
d e te rm in e d  s tab ility  c o n s ta n ts  are  p resen ted  in T ab le  I I ,  while th e  fu nc tion  
o f  fo rm a tio n  is show n in F ig . 1.

Table II

Stability constants o f acetylacetone dioxime complexes at 25°

(I =  0.3)

Complex' Solvent lg ß t j lg ß., \ Л J Reference

C u (aad o )2 ..................  w a te r  7.6 1 13.2 1 6.0 \ 13

N i(a a d o )2 ..................  w a te r  — 10.1 7.2 14

C o(aado), ................  w a te r  — 9.4 8.3 15

N i(a a d o )2 ..................  '50% d io x an  — 12.7 9.8 1

Co(aado)„ ................  50%  d io x an  6.9 13.3 7.7 1

T h e  d e te rm in a tio n  o f th e  d a ta  show n in T ab le  I I  was n o t d ifficu lt in 
case o f  th e  n ickel(II) an d  c o b a lt( I I )  com plexes because these  m e ta ls , a t  the 
c o n c e n tra tio n s  used in  th e  m easu rem en ts , beg in  to  hyd ro lyze  on ly  a t  ra th e r  
h ig h  p H values (7.5 to  8.5). T h u s , th e  p H range o f  com plex  fo rm a tio n  (from  
6 to  7) is sa tisfac to rily  d is t in c t .  A ccordingly , one need  n o t con sid er the 
p o s s ib il i ty  th a t  h y d roxo  m ix e d  com plexes are  fo rm ed  a long  w ith  the  
“ re g u la r ”  com plexes w hich  w ere  desired to  be s tu d ie d .

T h e  s itu a tio n  is n o t so fav o u rab le  w ith  th e  com plexes o f co p p er(II) 
a n d  iro n ( I I ) .  N am ely, in  th e  f i r s t  case, as a lread y  experienced  b y  B e n  B assa t  
a n d  B in e n b o y m , b in u c lea r o r p o lynuc lear co p p er-h y d ro x o  co m p o u n d s p re ­
c ip i ta te  from  the  so lu tion  b ecau se  com plex fo rm a tio n  occurs (a t  th e  sam e 
c o n c e n tra tio n s  as used in  case o f the  n ick e l(II) an d  co b a lt(II)  com plexes) 
n e a r ly  in  th e  sam e p H ran g e  w here  hydrolysis does. T ho u g h  iro n (II)  ions begin 
to  h y d ro ly z e  only a t  p H 7 — 8 , th e  s ta b ility  of th e  co rrespond ing  com plex  is so 
low  t h a t  hydroxo  m ixed co m p lex es are fo rm ed  in  th is  case as w ell.

I n  these  instances we a t te m p te d  to  s e p a ra te  th e  p H range  o f  hyd ro lysis  
f ro m  t h a t  o f com plex fo rm a tio n  b y  using a re la tiv e ly  g rea t (h u n d red fo ld ) excess 
o f  th e  lig an d , and  th e  m e ta l  ion  co n cen tra tio n  was decreased  b y  one order 
o f  m a g n itu d e . U nder su ch  c ircu m stan ces i t  w as possib le to  d e te rm in e  the  
s ta b i l i ty  o f the  copper(II) co m p lex , b u t th a t  o f th e  iro n (II)  co m p lex  p roved  
to  b e  so sm all th a t  its  d e te rm in a tio n  b y  th is  m e th o d  w as im possib le .

T ab le  I I  also show s th e  decrease of s ta b il i ty  (zl) in  re sp e c t to  the  
co rre sp o n d in g  d im eth y lg ly o x im e  com plexes:
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Д ^ 2 .dmg lg ^ 2 ,aado

This difference in  s ta b ility , accord ing  to  w h a t has been sa id  in  th e  in tro ­
d u c tio n , is due m ain ly  to  th e  fac t th a t  ring  co n ju g a tio n  is no longer possible 
th u s  in the  aado  com plex  th e re  is no p o ss ib ility  for in e ta l- to -lig an d  e lec tron  
tra n s fe r  (fo rm ation  o f  a donor ;r-bond). T his ap p ears  in  a co nv inc ing  w ay in 
Fig. 2 w here th e  values o f  A have been p lo tte d  a g a in s t th e  io n iza tio n  p o te n tia ls , 
Me2+ —*■ Me3+, o f th e  m e ta l ions. I f  th e  w ork  o f  io n iza tion  is h ig h er, th is  s tab iliz ­
ing  effect is decreased , in  accordance  w ith  th e  consid era tio n  th a t  th e  p ro b a b ility  
o f th e  presence on th e  lig an d  o f  e lec trons belong ing  to  m e ta l o rb ita ls  and  no t 
in v o lved  in a bonds is g re a te r , if  th e y  are  b o u n d  w ith  less en erg y  to  th e  m etal.

In  th e  case o f b id e n ta te  ligands w here th e re  are no in co m p le te  o rb ita ls , 
and  th u s  the  fo rm a tio n  o f  donor я  bonds is ex c lu d ed , th e  com plexes o f  various 
c e n tra l m eta l ions show , in  general, a n e a rly  id en tica l decrease o f  s ta b ility  
w hen  th e  n u m b er o f  a to m s o f th e  ring  is a lte red . By w ay o f ex am p le , th e  
s ta b ili ty  of e th y len e- an d  1 ,3 -p ropy lened iam ine  com plexes can  be m en ­
tio n ed  [12].

The p rob lem  m ay  arise th a t  “ ligand  ex ch an g e”  m ay  lead  to  essen tia l 
a lte ra tio n s  also in  th e  e lec tron ic  s tru c tu re  o f  th e  m e ta l ions. In  c o n tra s t  to  
th e  d im eth y lg ly o x im e com plexes of low  sp in , th e  com plexes o f  ace ty lace to n e- 
d iox im e m ay h av e  h igh  sp in . M agnetic p ro to n  resonance in v e s tig a tio n s  w ith  
th e  N i(aado), com plex  p ro v ed  th e  presence o f  d iam ag n e tic  com plex  p artic les . 
This re su lt confirm s t h a t  ace ty lace to n ed io x im e is a strong -fie ld  lig an d  in  th is  
com plex , s im ilarly  to  d im eth y lg ly o x im e. H ow ever, th is  m e th o d  falls sh o rt 
o f  p e rm ittin g  an  e x a c t d e te rm in a tio n  o f th e  m ag n e tic  m o m en ts , a n d  o th e r 
m eth o d s could n o t be ap p lied , ow ing to  th e  p o o r so lu b ility  o f  th e  com plex.

4.3. Chelate effect

T he e x te n t o f ch e la te  effect observed  in d iox im e com plexes can  be s tu d ied , 
e.g., b y  com paring  th e  s tab ilitie s  o f th e  d im eth y lg ly o x im e a n d  ace ta ld o x im e  
com plexes. F o r th is  p u rp o se , com plex fo rm a tio n  has been  in v e s tig a te d  b y  
p o te n tio m e tric  t i t ra t io n s  in  aqueous so lu tions co n ta in in g  iro n (II) , co b a lt(II) , 
n ick e l(II) or co p p er(II) ions an d  ace ta ld o x im e . O f th e  ex am in ed  m e ta ls , only  
co p p er(II)  fo rm ed a “ re g u la r”  com plex w ith  ace ta ld o x im e , while w ith  th e  o th e r 
m eta ls  p rec ip ita te s  h a v in g  colours s im ila r to  t h a t  o f th e  co rresp o n d in g  m eta l 
h y d ro x id es  p re c ip ita te d  in  th e  course o f  t i t r a t io n . T he e x a m in a tio n  o f  these 
p ro d u c ts  b y  in fra red  sp e c tro m e try  show ed, in d eed , th a t  th e y  co n sis ted  of the  
m e ta l hyd rox ides co n ta in in g  som e, possible o n ly  ad so rp tiv e ly  b o u n d , a c e ta l­
dox im e. In  so lu tions o f  co n cen tra tio n s h ig h er th a n  5 • 10 -1 M ,  also coppcr(II) 
ions gave th e  blue h y d ro x o  m ixed  com plexes. H ow ever, these  m ixed  com plexes 
have  n o t been s tu d ie d  in  g rea te r  d e ta il in  th e  p re sen t w ork.
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T h e  com position o f  th e  “ re g u la r”  co p p er(Il)  com plex  o f ace ta ld o x im e  
h as  b e e n  estab lished  b y  th e  J o b  m eth o d  (Fig. 3). A ccord ing  to  ou r m easu re ­
m e n ts , th is  com plex has th e  co m p o sitio n  C u(aao)4.*

P o te n tio m e tr ie  t i t r a t io n s  ca rr ied  ou t as described  in  th e  ex p erim en ta l 
p a r t  in d ic a te d , how ever, a co m p lex  fo rm atio n  process in v o lv in g  th e  lib e ra tio n  
o f  tw o  p ro to n s  only, p ro v in g  t h a t  the  com plex has rea lly  th e  com position  
C u (aao )2 (H aao)2. B y th e  sa m e  p o ten tio m e tric  m easu rem en ts , th e  overa ll 
s ta b i l i ty  co n stan t was fo u n d  to  be lg  =  17.0 (F 'g . 4).

T h e  s ta b ility  c o n s ta n ts  w ere  dete rm in ed  b y  sp e c tro p h o to m e tric  m easu re ­
m e n ts  as w ell (Fig. 5). T hese m e a su re m e n ts  were ca rried  o u t a t  th e  w ave n u m b e r 
w h e re , accord ing  to  th e  J o b  c u rv e , lig h t is ab so rb ed  on ly  b y  th e  com plex  
h a v in g  th e  com position 1 : 4. T h is  a rran g em en t s im ila rly  in d ica ted  th a t  in  th e  
p re se n c e  o f  a h u n d red -fo ld  excess of ace ta ldox im e b in d in g  of all th e  four 
l ig a n d s  ta k e s  place in  one s te p , an d  th e  s ta b il i ty  c o n s ta n t is lg ßt =  17.4. 
T h e  s ta b i l i ty  co n stan t o f th e  copper(II) com plex  o f d im eth y lg ly o x im e is 
lg  ß2 =  19.24.

T h e  above resu lts  sh o w  t h a t  th e  decrease o f s ta b ili ty  o f th e  com plex  
C u(aao)., (H aao )2 in  c o m p ariso n  w ith  C u(dm g)2 is less s ign ifican t th a n  th a t  
o f  th e  com plex  C u(aado)2. T h is  can  be exp la ined  b y  p rem isin g  th a t  th e  absence 
o f  th e  s tab iliz ing  effect o f a d o n o r л  bond  an d  o f a ch ela te  effect has been 
p a r t ia l ly  com pensated  b y  th e  increase  o f s tab iliz a tio n  due to  th e  hyd rogen  
b r id g e . N am ely , on rin g  c le a v a g e , th e  oxygen a to m s b o u n d  rig id ly  in th e  d i­
m e th y lg ly o x im e  com plex  m a y  free ly  m ove up to  an  o p tim u m  d istance  req u ired  
fo r  h y d ro g e n  bonding , a n d  th u s  th e  s tab iliz ing  effect b y  h y d ro g en  bridge 
fo rm a tio n  m ay  m ark ed ly  in c re a se .

T h e  au th o rs  express th e ir  th a n k s  to  Mr. E . A n ta l  fo r his a ss is ta n ce  in  th e  e x p e r­
im e n ts .

SU M M A RY

T h e  sta b ility  cond itions o f  th e  ace ty lace to n ed io x im e  com plexes o f co b a lt(II) , n icke l(II) 
a n d  c o p p e r(II) ,  and of th e  a c e ta ld o x im e  com plex of co p p er(II) hav e  been  in v es tig a te d . In  the 
case  o f  ace ty lace toned iox im e, th e  d ecrease  o f s ta b ili ty  co m p ared  w ith  th e  correspond ing  
d im e th y lg ly o x im e  com plexes is a sc rib e d  to  th e  fa c t t h a t  a n y  c o n ju g a tio n  of th e  r in g , and 
c o n se q u e n tly  a  stabilizing  e ffec t b y  d o n o r т  bonds are  im possib le . T he s ta b ili ty  decrease  of 
th e  a ce ta ld o x im e  com plex is a t t r ib u te d  to  two reasons, (a ) ch e la te  effect, an d  (b) lack  of a 
c o n ju g a te d  ring. This s ta b ili ty  d e c re a se  is com pensa ted  in  p a r t  b y  th e  fo rm a tio n  of stro n g er 
h y d ro g e n  bridges.

M agnetic  m easu rem en ts in d ic a te  an  electronic a rra n g e m e n t o f low spin  in  a ce ty la ce to n e ­
d io x im e  com plexes.
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Über einige theoretische und praktische Probleme der analytischen A nw endung
organischer R eagenzien, VIII.

W irkung  des C hela teffek tes u n d  d er R inggröße a u f  die S tab ilitä t d e r D io x im - 
kom plexe von U b erg an g sm eta llen

I. RUFF und K. BURGER

Z usam m en fassu n g . D ie S ta b ilitä tsv e rh ä ltn is se  de r A cety lace tond iox im kom plexe  des K o b a lt( I I )  
N ickel(II) u n d  K u p fe r(II) , fe rner des A ceta ld o x im k o m p lex es v o n  K u p fe r(Il)  w urden  u n te r s u c h t  
Die im  V e rh ä ltn is  zu r S ta b il i tä t  de r e n tsp rech en d en  D im ethy lg lyox im kom plexe  b e o b a c h te te  
S ta b ilitä tsv e rm in d e ru n g  w ird im  Falle des A c e ty lace to n d io x im s dem  A ufhören  d e r  K o n ­
ju g a tio n  des R inges, u n d  d a d u rc h  de r E in s te llu n g  d e r S tab ilis ie rw irk u n g  der D o n o r-7i-B in d u n g  
zugeschrieben . D ie S ta b ilitä tsv e rm in d e ru n g  des A ceta ldox im kom plexes w ird d u rc h  den 
C hela teffek t u n d  d u rc h  das V erschw inden  des k o n ju g ie r te n  R inges e rk lä rt. Diese S ta b i l i tä t s ­
v e rm in d eru n g  w ird te ils  d u rc h  E n tw ick lu n g  s tä rk e re r  W asse rs to ff brücken  k o m p en s ie r t.

Die m ag n e tisch en  M essungen w iesen a u f  eine E le k tro n en v e rte ilu n g  m it k le in e  S p in zah l 
bei den  A cety lace to n d io x im k o m p lex en  hin.

О некоторых теоретических и практических вопросах аналитического 
применения органических реагентов, VIII

Влияние хелатного эффекта и размеров кольца на стабильность комплексов 
диоксимов с переходными металлами

И. РУФФ и К. БУРГЕР

Резюме. Были изучены стабильности комплексов ацетилацетон-диоксима с двухвалент­
ными кобальтом, никелем и медыо, а также ацетальдоксима с медью(Н). Уменьшение 
стабильности ацетилацетон-диоксимных комплексов по отношению к соответствующим 
диметил-глиоксимным комплексам приписывается прекращению конюгации в кольце и, 
в результате этого, ослаблению стабилизирующего влияния донорной я-связи. Умень­
шение стабильности ацетальдоксимных комплексов может быть объяснено, с одной 
стороны, хелатным эффектом, а с другой стороны, исчезновением конюгации кольца. 
Это уменьшение стабильности частично компенсируется образованием более сильных 
водородных связей.

Согласно измерениям магнитной восприимчивости было обнаружено, что ацетила- 
цетон-диокеимные комплексы представляют собой электронные упорядочения с низким 
значением результирующего спина.

R u d ap est V II I .  M úzeum  k ö rú t 4 /b
Dr. Im re  R u f f  

D r. K á lm án  B u r g e r

Acta Chimica Acadcrniae Scientiarum Hungaricae 47. 1966.
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