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Reactions of dimethylglyoxlme with iron(u), cobalt(u) and copper(u) Ions fn 
(20%. v/v) ethanol-water media have been studied by stopped-How spectrophotometry. 
The results indicate that in all the eases the initial reaction is a rather fast formation 
of the bis(dimetbylglyoximato) complex of M(n) followed by further reaction Jn a 
alower step which Involves oxidation of the c:oball(n) complex to a cobalt(nr) species 
by the free ligand In solution, transformation of the c:opper(n) complex to a copper(!) 
species in an Intramolecular proeess and formation of Fe(dmgH)i from Fe(dmgH). 
respectively. In the case of copper(u), the Initial reaction is too fast for the stopped
flow ranae but in the other two eases rates or formation or the bis-c:omplexes, 
M(dmgH). (M=CoiJ, Fell), could be studied and results indicated Tdkobs=l/<+ 
(H+]/,8 TL• where< and f3 are constants. 

In presence of excess dimetbylglyoxime, Fe(dmgH). is converted to Fe(dmgH)i 
in a slow step and the observed pseudo-first order rate constant corresponds to 
1/kobs= 1/<~.' + (H+JifJ' TL. Cu(dmgH)., formed initialfy In a fast proeess transforms 
intramolecularly to a copper(r) species and the c:obalt(n) complex is slowly oxidised 
to a coball(nr) complex by excess ligand. The rates of these slow reactions are 
independent of pH and ligand concentration, Both these reactions have been followed 
by stopped-How spectropbotometry. 

GENERALLY complex formation reactions invol
ving d' metal ion centres are moderately fastt. 
but Blackmore and Magec11 reported the reaction 

between cobalt(n) and 2-pyridinaldoxime at pH 
3-4 to be rather slow. The authors explained this 
as due to an equilibrium between the syn- and anti
forms of the ligand. Beck et al. 8 repeated the 
experiments and found that the metal-ligand ratio 
in the product complex is 1 : 3 instead of 1 : 2 
reported previously 11 . Moreover. the slowness of 
the reaction is merely due to pH effect8 • Besides 
formation of the cobalt(n) complex, a redox reac
tion also takes place in which the ligand oxidises8 

the cobalt(n) to cobalt(m). Lalor• similarly demons
trated that parallel to complex formation, the nitro
sonaphthol derivatives oxidise cobalt{n) to 
cobalt(lll). Reactions of cobalt(n) with 4-(2-pyri
dylazo )resorcinol (PAR). 1-(2-pyridylazo)-2-naph
thol (PAN) and their thiazole analogs, TAR and 
TAN, also show a fast formation of a cobalt(u) 
complex followed by oxidation 11 • The rate of 
formation for PAR was found to be of the order of 
106 m-1 s- 1 but of the order of 108 m-1 s-1 for 
PAN. The rates of formation of iron(u), cobalt(u) 
and nickel(n) complexes of acetohydroxamic acid 
(LH) were found to be of the same order8 • The 
rather slow reaction between cobalt(n) and EDT A 
has also been studied". 

Experimental 

The metal ion solutions were prepared by dissol
ving cobalt(n) and copper(n) perchlorate& and 

iron(n) sulphate in double-distilled water and 
were standardised by usual procedures. Recrys
tallised dimethylglyoxime (E M.) was used to 
prepare the stock solution of the hgand in 50% 
aqueous ethanol. Dist1lled acetic acid was diluted 
and standardised as usual. Recrystallised sodiUm 
acetate was used to prepare tts solution which was 
standardised by conversion to acetic acid by elution 
through a bed of a strong cation-exchange resin 
(Dowex-50W-X8 in H+-form) and estimating the 
acid volumetrically as usual. All other reagents 
used were of analytical grade. Redistilled water 
was used to prepare all the solutiOns ; and freshly 
distilled alcohol was used. 

Procedure : A dark-brown complex, presumably 
Co(dmgH) 11, was formed in situ when the two com
ponents, viz. cobalt(n) salt and dimethylglyoxime 
(dmgH 11) were mixed. This was followed by a rela
tively slow oxidation of the cobalt(n) to a yellow 
coloured cobalt(m) spectes whose spectrum is identi
cal to that of the completely aquated trans
[Co(dmgH)11CI11l- and hence it was trans
[Co(dmgH)11(HII0)11l+ species8 • The rate of complex 
formation was determined by stopped-flow spectro
photometry at 460 nm where an appreciable change 
in absorbance was observed within 2- 5 s of mixing 
the reactants. Kinetic runs were made using a 
Canterbury SF-3A (Hi-Tech, England) stopped-flow 
spectrophotometer coupled with OS-lOOOA oscillos
cope (Advance Instruments. England) connected to 
a PL-3 XY/t-recorder (JJ Lloyds, U.S.A.). pH 
measurements were made with a Systronics 335 pH 
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meter. From the pH meter readings, [H+] values 
were evaluated from a pH vs [H+] calibration curve 
prepared under identical conditions. 

In the pH range 5.4- 5.9, iron(u) forms 
Fe(dmgH) 11 complex in presence of NH 110H.HCI. 
The rate of the reaction was measured with a 
stopped-flow spectrophotometer at 460 nm. 
Fe(dmgH) 11 , in presence of excess dmgHa, forms 
Fe(dmgH)ii in a subsequent slow step. The rate of 
the reaction was measured using a VSU·2P Carl
Zeiss spectrophotometer at 460 nm. 

The rate of formation of the copper(n) complex 
was too fast to be followed even by stopped-flow 
spectrophotometry. In a stopped..fiow experiment, 
the reactants on mixing give a very steep signal 
(absorbance vs time), even in the fastest time scale 
of the instrument, followed by a decrease in absor· 
bance, the rate of which being independent of 
ligand concentration over a wide pH range (4- 5.2}. 
Observations were made at several wavelengths in 
the 400- 460 nm region. 

Ionic strengths of the reacting solutions were 
adjusted with NaCI0 6 in each case and pseudo
first order condttions were maintained in following 
the reactions. All the solutions were prepared in 20% 
(v/v) ethanol-water mixture where the reactants 
and the products formed were soluble at the concen
trations used. The data were analysed by usual 
graphical and least-square procedures. 

Results and Discussion 

The pseudo-first order rate constant for forma
tion of the cobatt(n) complex showed a second 
order dependence on the ligand concentration. 
Thus, it may be concluded that in the formation of 
one mole of the cobalt(n) complex two moles of the 
ligand are involved. The observed dependence of 
rate (Table I) on ligand concentration and pH of 
the media conform of the following, 

k _ kKTL. 
obo- KTL +[H+J 

which leads to 

(I) 

Under the experimental conditions the ligand (pK.= 
11.1 in aqueous media)• exists essentially as dmgH11 • 

Based on these and the observed dependence of 
rate on total ligand concentration ( TL) and pH of 
the solution, Scheme 1 appears plausible for forma
tion of the complex. 

K 
M~~"~-+dmgH11 ~M(dmgH)-.+H+ (2) 

I II 

k 
M(dmgH)++dmgHa~M(dmgH)1 +H+ (3) 

II III 

Boheme l 
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The experimentally evaluated k value [(2.03 ± 
0.02) x 106 mol-1 s-1 at 25•1 is much lower than 
that for the water-exchange process for the co:~ ion 
which indicates that Eigen's dissociative mechanism 
is not operating here, and may be that the proton 
release from the bound ligand to solvent is also a 
contnbuting factor in the rate-determining step, 
examples of which are known 10• Rate constant of a 
similar magnitude was also found (3.59 x 104 mol-1 

s-1 at 20·, 1=0.1 M} in the reaction between 
cobalt(u) and acetohydroxamic acid (LH} 8 • 

TABLE 1-KINBTIC PARAMBTI&B.S IIOR 'tB:Q FOB.liU.TION 
OF Fe(dmgH)~ AND Co(dmgH)~ IN (!10%, v/v) 

ETRANOL-WATKR MUDIA 

(M~+)=0.0005 M, (dmgH.l=0.005-0.0lS M, 1=0.1 M 
(Na010 4 ), pH=4.43 -4.98 for Coil and 5.4-5.9 tor Fell adjusted 
with HOAo (0 Ol M)+NaOAo bufier, NH 2 0H.HCI=O 01 M for 
Fell systems only 

M(u) Temp. k K 
•c x lo-• mol-• a-• x 104 

1!5 1!0,15+0.10 1!.96±0.03 
30 1!8.60±0 so !1.8'1±0.05 

Coil 

35 40.10±0.50 1!.41±00ll 
AH*' (kJ mol-1) 50.65±11.94 
.6.8*' (JK-• mot-•) 5.95 ± 0.25 

Fell 35 0 46±0.01 
40 0.65±0.01! 
45 0.91! ± 0.01 
50 1.30±0.03 

AH"' (kJ mot-•) 55.11±11.5 
.6.8*' (JK-• mol-•) -16.8 ::t: 0.6 

0.20±0.01 
0.17±0 OS 
0.14±0.011 
0.10±001 

The above observation can be rationalised, since 
k is a composite constant involving the displacement 
of two water molecules from Co(dmgH)u in the 
followmg senes of changes : unidentate binding of 
dmgH 9 replacing one bound aqua-ligand, proton 
release from the bound ligand and subsequent 
chelation replacing the second aqua-ligand and thus 
forming Co(dmgH);, Here, due to the first bound 
ligand, the remaining water molecules become much 
more labile. 

From the first acid dissociation constant (Ka) of 
the ligand and the eqilibrium constant (K) for the 
formation of the Co(dmgH)+ complex, it is possible 
to evaluate the formation constant {J 1 : 

fJ1 =KIK'a. (4) 

Log fJ L has been found to be 8.35 (in aqueous 
medium)l, while from the present investigations 
log fJ t-;:::,7.6 in 20% ethanol- water media. 

Formation of Fe( dmgH) 11 complex is appreciable 
in the pH range 5.4- 9.5 in acetic acid-acetate buffer 
media. The observed pseudo-first order rate cons· 
tants are similar to those for the cobalt(n) system. 
The results sre given in Table 1. 

In presence of excess dmgH11 in the same range 
of pH, Fe(dmgH)a is converted to Fe(dmgB);. 
This reaction is moderately slow. Based on the 
experimental results (Table 2) a plausible mechanism 
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for the formation of tris(dimethylglyoximato)
ferrate(n) from bis(dimethylglyoximato) iron(u) is 

TABI.R 2-KtN:S:l'IC PAB.AMRT:S:RS FOB. FORMATION OF 
Fe(dmgH)& FROM Fe(dmgH) 0 IN (20%, v/v) 

ETHANOI.-WAT:S:B. MaDIA 

(Oomplex]=0.0005 M, [dmgH 2 l=0.005-00lS M, I=O.l M 
(Na.CI0 4 ), NH 00H.H01=0.01 M, pH=6.4-5.9 {HOAo 0.01 M+ 
Na.OAo) 

Temp. 
•a 
40 
45 
50 

'k 
10" s-• 

1.51±0.01 
2.50±0 02 
401±0011 

b.H"' (kJ mol- 1 ) BO 5±4.8 
b.S"' (JK-• moi-•) -25.6±11.8 

Q 
X 108 

a 64±o.1o 
1.50±0.08 
1.45±0.06 

suggested, which assumes a plausible trans structure 
for Fe(dmgH) 8 (H 9 0) 51 since Fe(dmgH) 9 unit is 
believed to be planaru (Scheme 2), where LLH 
represents the dimethylglyoxime, dmgH8 • 

[ ~·· ] (>tJ 
-H+.K3 ~ 

[ ~· ] - .:-l -

[c>t::)] (''Je/OHz +~4 20,kz 

t,............l............_t slow 

OH2 L/ 

tnt i-HzO 

[c>g)r [c---r>] 
-

fast _... 
-HzO ._............. l .......... l 

L_./ 

Boheme II 

In Scheme 2, K 1 K 8 K 8 = Q. From the Scheme 2, 

k 9 TLQ (5) 
kobo TtQ+[H+]' 

The rate of formatio~ o.f the copper(n) complex 
(presumably Cu(drogH),) ts too fast to be followed 

JICS-3 

by stopped-flow spectrophotometry. Formation of 
the complex is followed by a much slower reaction 
for which the observed pseudo-first order rate cons
tant is independent of pH and ligand concentration 
(Table 3). Results suggest an intramolecular trans
formation of the bis(dimethylglyoximato) complex 

TABI.:S: 8-INT:S:RACTION O:P 00PP:S:R(II) AND dmgH 0 IN 
(110%, V/V) ETBNOI.- W A't:S:B. M:S:DIA 

[cu••;=o.ooo5 M, l=O.l M(Na0104 +Na0Ao) 

1!5" so• 
(A) Ligand variation at pH= i.B5 ± 0.011 : 

0.00'1 41.0 46.0 65 0 
0.008 40.0 48.0 55.0 
0.009 89.0 45.0 58.0 
0.010 411.0 4'1.0 M.O 
0.0111 42.0 46.0 511.0 
o.ou 40.0 48.0 56.0 

(B) pH variation at 0.01 M dmgH0 : 

4 20 39.0 46.0 54.0 
4.40 4~.0 44.0 56 0 
4.63 40 0 44 0 58 0 
4.84 41.0 48.0 58.0 
5.110 42.0 45.5 b5.5 

.b.H,.=15.0± 0.9 kJ mol-•, .b.S""= -163.'1±4.'1 JK-• mot-•. 

of copper(n) into a copper(I) species in which the 
bis(dimethylglyoximato) moiety is a radical ion 
bearing a unit negative charge (Scheme 3). 

o- -h-·-- o 

H3C}~ ~(H] ............. 2+~ ., 
'I-) Cu (- l : 
', N/"' -........:.N •· 

~]C I I H] 

0 · -H--0 

Boheme S 

Such a spontaneous transformation of a 
copper(u) complex to a copper(I) complex is also 
known in a few cases such as Cu(dmp):+ (dmp=2,9-
dimethyl-l,l0-phenanthroline) 18• 
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