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Chromium(II) reduction of halogenocobaloximes containing coordinated pyridine 
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The kinetics of chromium(ll) reduction of complexes of the type trans-[Co(dmgH)2(L)X], where dmgH- = dimethylglyoximate; 
L = pyridine (py), nicotinamide (nic-CONH 2) or isonicotinamide (isonic-CONH 2 ), and x- = Cl-, Br- or r-, was studied in 
10% (v/v) CH30H-H20 at 27 ± 0.1"C and I= 0.25 mol dm-3 (LiCI0-1) in the [H+] range 0.0001-0.100 mol dm-3 under pseudo 
first-order conditions using an excess of the reductant. The inverse dependence of rate on [H+] suggests an equilibrium be
tween the protonated and unprotonated forms of the complex, the protonatcd form reacting slower than the unprotonated 
form. The rate constants are in the order Cl- < Br- < r-and py "'nic-CONH 2 = isonic-CONH 2 for the axial ligands. These 
observations suggest an inner-sphere mechanism for the reduction of the complexes with bridging by Cr11 at the oxime-oxy
gen. Product analysis, done by the cation-H+ exchange method further supports this conclusion. 

Cobalt(III) complexes of dimethylglyoxime, commonly 
known as cobaloximes, have been extensively studied as 
model compound 1 for vitamin-8 12 . Cobaloximes exhibit 
greater tendency for electron-transfer reactions. Kinetics of 
iron(II) reduction of some cobaloximes showed a rate de
pendence2 on [H+j, indicating the possibility of inner-sphere 
electron-transfer to cobalt(lll). However, it should be of 
interest to investigate the nature of bridging site when 
cobalt(lll)-dioximes, containing additional ligands with 
proven bridging efficiency3 are reduced by powerful reduc
ing agents like CJ·11 . Hence, a study of the kinetics of reduc
tion of cobalt(lll)-dioximes containing axial ligands like 
halide, pyridine or a pyridine carboxamide should be able 
to ascertain the competitive efficiency of the ligands as the 
bridging group. This report is a study of the chromium(II) 
reduction of the complexes of the type trans
[Co(dmgHML)X)]. 

Results and discussion 

Kinetic studies: The kinetics of chromium(! I) reduction 
of all complexes were studied in I 0% (v/v) CH 30H-H20 at 
360 nm (where the complexes showed appreciable absor
bance and the products showed negligible absorbance) 
under pseudo first-order conditions, with excess of 
chromium(ll) over the complex as a function of hydrogen 
ion concentration in the range 0.0001-0.100 mol dm-3 in 
nitrogen atmosphere. A linear dependence of pseudo first

order rate constant, kobs• on CJ·11 was observed. Plot of kobs 

vs [H+] gave straight lines passing through origin for all 
complexes indicating no backward or self decomposition 
reactions. The second-order rate constants, k were obtained 
by dividing kobs by the concentration ofCJ·11 used (Table I). 

It is found that the rate shows an inverse dependence on 
[H+] for all complexes reaching a limiting value at [H+] = 

Table 1. S,rcond-order rate constants, k (dm3 mol-1 s- 1) for the chromium(ll) reduction of halogcnopyridinecarhoxamidebis(dimethylglyoximato) 
cobalt( III) complexes as a function of hydrogen ion concentration in 10% (v/v) CH30H-H20 at27 ± 0.1 "C 

[Complex[= 4.0 x 10-l mol dm-3, JCI·11 J = 2.0 x 10-3 mol dm-3, I= 0.25 mol dm-3 (LiClO~) 

IH+l x 10~/mol dm-3 

Complex 2 4 6 8 10 40 80 200 400 600 soo 1000 
(Co(clmgH)2(py)C"II 21.67 2l:l6 21.07 20.79 20.5~ 17.67 15.58 14.42 11.57 10.5~ 9.80 lJ.6l) 

JCo(dmgH)2(nic-CONH2)CIJ 21.9~ 21.58 21.26 20.94 20.67 17.85 16.35 14.90 11.7~ 10.77 10.15 9.99 

I Co( dmgH )2(isonic-CONH2)CII 23.61 23.21 22.83 22.48 22.15 18.73 16.42 15.38 12.37 11.26 10.94 10.59 

!Co(dmgHMisonic-CONH2)Brl 26.89 26.03 25.32 24.64 24.07 19.58 17.97 17.23 14.96 14.00 13.66 13.35 

I Co(dmgH)2(isonic-CONH2)1] 30.17 28.85 27.74 26.80 25.99 20.44 19.52 19.09 16.55 15.74 15.38 15.12 
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0.100 mol dm-3. Moreover, the decrease in the second-or
der rate cons tam with increase in [H+] from 0.0001 to 0.100 
mol dm-3 is about 50-55% of the initial value. For example, 
the second-order rate constant for the chromium(II) reduc
tion of trans-[Co(dmgH)2(py)Cl] decreases from 21.67 dm3 

mol-1 s-1 at [H+] = 0.000 I mol dm-3 to 9.69 dm3 mol-1 s- 1 

at [H+] = 0.100 mol dm-3. The magnitude of change in rate 
constant with [H+] is too large to be attributed to medium 
effects. Medium effects cause4 a change in rate about I 0-
20%. 

This behavior is similar to that reponed in earlier stud
ies2 for the iron(II) reduction of cobaloximes. It has been 
proved that the [H+] dependence is not a medium effect, 
but arises due to acid-base dissociation equilibria, involv
ing the oxime in the complex. Hence, the following reac
tion sequence may be proposed : 

K 
[Co(dmgH)2(L)X] + H3o+ ":~:;; 

II 
[Co(dmgH)(dmgH2)(L)X]+ + H20 (I) 

III 

II kl 
[Co(dmgH)(dmgH2)(L)X]+ + Cr - --) 

III 
Con+ Crill- ligand+ free ligands (2) 

k 
[Co(dmgH)2(L)X] + CI·II ____ ::__,_ 

II 
Co11 + crm- ligand+ free ligands 

Accordingly, the rate equation may be written as 

Rate= k 1 [Co(dmgH)(dmgH2)(L)Xj+ [Crll] + 

k2 [Co(dmgH)2(L)X] [Cr11] 

(3) 

(4) 

Hence, the second-order rate constant, k for the reduction 
of cobaloximes may be expressed in the form : 

k1 Kb[H+J k2 
k = ------ + -----

Kb[H+j + 1 Kb[H+j + 1 
(5) 

where Kb is the protonation constant and k1 and k2 are the 
second-order rate coefficients for the reduction of the pro
tonated (Ill) and unprotonated (II) forms of the complex, 

respectively. 

Eq. (5) may be reduced to eqs. (6) and (7) at high and at 
low hydrogen ion concentrations, respectively as follows : 

(6) 

10 

(7) 

Hence, according to eq. (6), plot of the second-order rate 
constants, k VS [H+rl at high rH+] values (0.02-0.10 mol 
dm-3) gave straight lines (Fig. I) for all complexes, from 
which the k1 values were obtained from the intercept. Simi-
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Fig. 1. Chromium(! I) reduction of cobalt( Ill) complexes in 10% (v/v) 
CH30H-H?O at 27 ± OT'C. )Complex] = 4.0 x 10--4 mol 
dm.:3.)Crn] = 2 x lo-3 mol dm-3, 1=0.25 mol dm-3 (LiClO-.~). 
Effect of variation of [H+ J on the second-order rate constant, 
k: (A) ICo(dmgH)2(py)CIJ, (B) (Co(dmgH)2(nic-CoNH2)CII, 
(C) [Co(dmgH)2(isonic-CoNH2)Cll, (D) [Co(dmgH)2(isonic
CoNH2)13r(, (E) [Co(dmgHh(isonic-CoNH2)1]. 

larly the k2 values were evaluated, based on eq. (7), as the 
intercept of the plot of the secondcorder rate constants, k vs 
[H+j at low [H+j values viz. 0.0001-0.001 mol dm-3 

(Fig. 2). The values of Kb were calculated by substituting 
the values of k1, obtained from eq. (6), in to the slope of eq. 
(7). The ratio of k21K1v thus calculated. agrees well with the 
slope of eq. (6) for all complexes confirming the validity of 
the method used. For example, the ratio k2!Kb for 
[Co( dmgH)2(py)CI] is 0.1265, whereas the slope of eq. (6) 
for the same complex is 0.1205. Moreover, the product of 
the slopes of eqs. (6) and (7) agrees well with the product 
of the corresponding intercepts of eq. (6) and (7) for all 
complexes (Table 2). 

Excellent straight fittings. with correlation coefficients 
ranging from 0.95 to 1.0, were also observed when the sec
ond-order rate constants, kat the COITesponding [H+J val
ues were fitted suitably in eqs. (6) and (7) using a suitable 
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Fig. 2. Chromium( II) reduction of cobalt(lll) complexes in 10% (v/v) 
CH30H-H20 at 27 ± O.l"C. [Complex]= 4.0 x 10-4 mol 
dm-3.]Cr11 ] = 2 x l0-3 mol dm-3, 1=0.25 mol dm-3 (LiCI04). 

Effccl of variation of [H+I on the second-order rate constant, 
k: (A) [Co(dmgH)2(py)Cl], (BJ [Co(dmgH)2(nic-CoNH2)Clj, 
(C) [Co(dmgH)2(isonic-CoNH2)CI]. (D) [Co(dmgH)z(isonic
CoNH2)Brj, (E) [Co(dmgH)2(isonic-CoNH2)lj. 

Table 2. Second-order rate coefficients, k 1 and k2 (dm3 mol- 1 s- 1) and 
protonation constant Kb (dm3 mol- 1) for the chromium( II) reduction of 

halogenopyridinecarboxamidebis( di melh ylglyoxi mato )cobalt( Ill) 
complexes in 10% (v/v) CH30H-H20 at 27 ± O.l°C 

[Complex]= 4.0 X 10--4 mol dm3 • [Cr11 1 = 2.0 X w-3 mol dm-3 'I= 0.25 
mol dm-3 (LiCl04) 

Complex kl kz Kh 

[Co(dmgH)2(py)Cl] 8.44 21.95 173.55 

[Co(dmgH)2(nic-CONH2)Cij 8.62 22.25 190.94 

[Co(dmgH)2(isonic-CONH2)CI] 9.35 23.98 221.55 

[Co(dmgH)2(isonic-CONH2)Br] 12.47 27.58 299.10 

[Co( dmgH)2(isonic-CONH1 )1 J 14.10 31.20 397.78 

program in C++. The various parameters viz. k1, k2 and Kb 
thus computed agreed well with those obtained graphically. 

It may be noted that eq. (5) represents the extent to which 
the second-order rate coefficients k1 and k2 contribute to 
the overall second-order rate constant, k for the reaction at 
different [H+]. For example, the fractional contribution of 

k1 to the second-order rate constant, k for [Co(dmgH)2 
(py)CI] in the [H+] range 2 x 10-4-lx 10-1 vary from 0.021 

to 0.907 and that of k2 in the reverse order viz. 0.979 to 
0.093 for the same [H+] range. Moreover, the magnitude of 

JICS-2 

the second-order rate coefficients k1 and k2 follows the or
der k1 < k2, with k2 values being more sensitive to halide 

variation than the k1 values, suggesting a greater sensitivity 

to halide variation for the unprotonated form (II) of the 
complex. The k2 values follow the trend in rates Cl- < sr

< 1- for the axial halogen complexes and py == nic-CONH 2 

== isonic-CONH2 for the substituted pyridine. The observed 

[H+j dependence of k and the values of k1 and k2 indicate 

that the unprotonated form (II) is reduced at a faster rate 

than the protonated form (Ill). Such behavior is characte

ristics of an inner-sphere reaction . 

Hence, the chromium( II) reduction of the unprotonated 

form (II) of the cobaloximes may be considered stepwise 

as: 

Oxime bridged chromium( II) reduction ofwzprotonated 
(II) complexes : 

[Colll(dmgH)2(L)X] + Cr2+ <-----5 

II 
[Colll(Hdmg2Cr11 )(L)X]+ + W (8) 

IV 

[Co 111(Hdmg2Cr11 )(L)Xj+ ---> 
IV 

[Coll(Hdmg2Cr111)(L)X]+ (9) 

[Coll(Hdmg20.1 11 )(L)X]+ + H ---> 
Co2+ + [ (H 2dmg)2Crlll j+ + L + x- (I 0) 

VI 

Halogen bridged chromium( II) reduction of unpro
tonated (II) complexes : 

[Colll(dmgHh(L)Xl + Cr2+ < -> 

II 
[Colll(dmgH)2(L)X Crll ]2+ ( 11) 

[Colll(dmgH)2(L)XCr11f+ - > 

[Coii(dmgH)2(L)XCrlll]2+ ( 12) 

[Co11(dmgH)2(L)XCr111]2+ + 2H+ --> 
Co2++ 2dmgH2 + L + Crx2+ ( 13) 

Similarly, the reaction scheme for chromium(n) reduction 
of the protonated form (Ill) of the cobaloximes may be 
written as: 

Oxime bridged chromium( II) reduction of pmtonated 
(Ill) complexes : 

[Co(dmgH)(dmgH2)(L)X]+ + Cr2+ ~-- ;;; 

III 
[Colli(H2dmg2Cr11 )(L)X]2+ + H+ 

v 
(14) 

ll 
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[Colll(H2dmg2Cr11)(L)Xf+ - > 
v 

[Co11 (H2dmg2CI.III)(L)Xj2+ ( 15) 

[Co11(H2dmg2Cr 11 I)(L)X]2+ > 

Co2++ [H dma CJ·III]+ + L + x-2 o2 (16) 

VI 

Halogen bridged chromium( II) reduction ofproronmed 
(Ill) complexes : 

[Co(dmgH)(dmgH2)(L)Xj+ +CI·2+ 

III 

[Co111(dmgH)(dmgH2)(L)XCI· 11 [-'+ ( 17) 

[Colll(dmgH)(dmgH2)(L)XCr 11 [3+ 

[Coll(dmgH)(dmgH2)(L)XCrll1]3+ ( 18) 

[Co11(dmgH)(dmgH2)(L)XCrlllj3+ + H+ 

Co2++ 2dmgH~ + L + Crx~+ ( 19) 

The equilibrium constants for the formation of the precur

. sor (eqs. (8) and (II)) should be greater for the unprotonatcd 

form than for the protonated form of the complex ( eqs. ( 14) 

and ( 17)). Such mode of binding of the metal ion to the 

coordinated oxime has been reported in literature5. Eqs. (I 0), 

( 13) and ( 19) represent the fast dissociation of the succes

sor complexes followed by the protonation of the oxime 
liberated. 

Product analysis: The product analysis was carried out 
in 10% (v/v) CH30H-H20 medium. The first fraction, eluted 

with water, contained 25-35% free oxime but no chromium 

(Table 3). Typical UV spectra of this fraction (10m I aliquots 

collected at different intervals of elution) are shown in Fig. 

3(a). This fraction also found to contain free halides to the 

extent of 65-75% estimated as silver halides. Hence, the 

considerable percentage of free oxime and halides detected 

in this fraction may be attributed to partial halide bridging. 

The second fraction, obtained by eluting with 0.5 mol 

dm-3 HCI04 contained 95-100% pyridine or pyridine 

carboxamides indicating that the amide group of pyridine 

carboxamides is not very much involved in bridging. The 

UV spectra of different aliquots are shown in Fig. 3(b). Co

balt analysis of this fraction showed more than 95% Co 11 

ancl chromate analysis of the same second fraction indi
cated about 20-30% Cr111 (Table 3) which could be clue to 

Crx2+. High percentages of pyridine or pyridine carbox

amidcs detected in the second fraction suggests that amide 
bridging is negligible. 

The third fraction, eluted with 1.0 mol dm-3 HCI04, 

showed characteristic UV spectra common for all complexes 

[Fig. 3(c)] which could be attributed to Cr-dioxime. The 

molar ratio of chromium to oxime was found to be I : 2 

(Table 3) confirming the formula (VI) proposed for the prod

uct formed as a result of chromium(IJ) bridging with the 
cobalt(III) complex at oxime. 

Hence, the inverse [H+j dependence on the rate of re

duction, and the product analysis suggest that the 
chromium(II) reduction of the cobalt(lll)-dioxime proceeds 

predominantly through oxime bridging possibly with par

tial halide and negligible amide bridging. 

Bridging efficiency of the ligands in cobaloximes: The 

hard and soft acid characteristics of the metal ions in their 

complexes can be considered as the basis to explain the 

reactivities of the cobalt(JII) complexes. For examples, the 

rates of halogen bridged inner-sphere chromium(!!) reduc

tions of the soft acids [Ru(NH 3)5Xf~+ and[Rh(NH3)sXl 2+ 

followed the order6 of reactivity: Cl- > Br- > 1-. Hence, the 

same order of reactivity is expected for the chromium(ll) 

reduction of halogenocobalt(III)-dioximes, which are also 

soft acids, if the electron-transfer occurs through halide 

bridging. But, the observed order of reactivity, viz. 1- > Br

> Cl- is not in favor of electron-transfer mediated by domi

nant halide bridging. This is further supported by the prod
uct analysis, which indicated high percentages of free ha-

Table 3. Products recovered (!lmole) for the chromium(ll) reduction oftmns-halogcnopyridinccarboxamidchis(dimcthylglyoximato)cobalt(lll) 
complexes in 10% (v/v) CH 30H-H20 

[Complex 1 =50 llmole, Cr11 =50 llmole, [H+ I= 0.0 I mol dm-J and I= 0.25 mol dm-3 

Pyridme (or) 

Complex dmgH2 AgX Cr-X2+ pyridmc Cr-dioxime 
carboxamidc Oxime Crill Co11 

[Co(dmgH~(py)CI] 23.2 38.1 11.7 49.8 76.3 38.7 47.8 

[Co{dmgH)2(nic-CONH2)CII 26.4 37.2 12.6 49.6 73.4 36.9 48.4 

[Co(dmgH)2(isonic-CONH2)Cll 27.9 37.9 11.6 47.8 71.1 35.7 47.6 

[Co{dmgH)2(isonic-CONH2)Br] 29.3 36.7 12.1 47.5 70.2 35.3 49.6 

[Co(dmgH)z(isonic-CONH2)1] 35.8 34.4 15.3 47.4 64.3 31.9 47.7 

12 
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Fig. 3. Product analysis for the chromium( II) reduction of tmns

[Co(dmgH)2 (nic-CONH2)Cll in 10% (v/v) CH30H. ICom
plexl =I x 10-4 mol dm-3 (25 ml). 1Cr11 1 = 1 x 10-4 mol 
dm-3 (25 ml). Products eluted with (a) water. (b) 0.5 mol 
dm-3 HC104 , (c) 1.0 mol dm-3 HCI04 . UY spectra of 10 ml 
aliquots (A-F) collected at different intervals of elution. 

!ides viz. 65-75% eluted in the first fraction. 

The bridging efficiency of pyridine carboxamides was 

demonstrated5 for the chromium( II) reduction of pyridine

carboxamidepentaaminecobalt(lll). The second order rate 
constants for the amide bridged electron-transfer reaction 
were found to be 3.3 ± 0.2 x 10-2 dm3 mol- 1 s-1 for 
[Co(NH3)5(nic-CONH2)]3+ and 17.4 ± 0.5 dm 3 mol- 1 s-1 

for [Co(NH3)5(isonic-CONH2)]3+. The higher rate constants 

for the reduction of cobalt(III) complexes of isonicotinamide 
have been attributed to its greater conjugation effect. Ac
cordingly, one should expect a much higher rate constant, 
at least of the order of 102, for the chromium(! I) reduction 
of halogenocobalt(III)-dioximes containing axial 
isonicotinamide than the corresponding nicotinamide com
plex, if the reductions were mediated through the amide 
group. However, the observed trend in rates : py == nic
CONH2 "' isonic-CONH2 suggests that the reduction of the 
cobalt( III) complexes through amide bridging is not predomi
nant. This is further evidenced by high percentages viz. 95-
100% of pyridine or pyridine carboxamides detected in the 

o-H 
I XN 
N 
I o-

... ·H'-
0 0 
I X I N 1 Nx Y "co-(.;,J 

Aw,... 1 "N 

I L I 
OH OH 

ICo(dmgH)(dmgH")(LlXI+ 

III 

[ Co 111(11"dmg2Cr 11 )(L)X f+ 
y 

1Co(dmgH)2(L)Xj 

II 

I H2dmg2Cr111 ]+ 

VI 

second fraction in the product analysis (Table 3). 

The preference for oxime bridging must provide a path

way of lower energy than bridging by the axial ligands. The 

Co-N bond length in cobaloximes may be considered to 

support this observation. The equatorial Co-N bond length 

in the tetraza macrocyclic complexes of cobalt(III) differs 

little from those in the cobalt(II) analogues7. Hence, the 

change from Co111 to Co11 in their complexes should involve 

minimum Franck-Condon barrier if bridging involves equa

torial oxime. 

Experimental 

Preparation of the co111plexes : E. Merck samples of 

cobalt(II) chloride, dirnethylglyoxime, pyridine and pyri

dine carboxarnides were used for the synthesis of the com

plexes. Cobalt(ll) bromide was prepared by the addition of 

a calculated amount of 40% aqueous HBr to cobalt(II) car

bonate and evaporating the resulting solution to dryness. 

All complexes were synthesised by adopting the methods 

reported earlier8 and characterised by physical methods such 

as elemental analysis. UV-Visible. IR and 1 H NMR spec

tral studies. 

13 
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Preparation of chromium( II) perclzlorate: Chromium(!!) 

perchlorate solution was prepared by the zinc amalgam re

duction9 of an aqueous solution of Cr(Cl04)3, obtained by 

dissolving electrolytic grade E. Merck chromium powder 
in 0.2 mol dm-3 HCI04 in nitrogen atmosphere. The reac

tion completed in 3 to 4 h giving a sky blue solution of 

Cr(Cl04)2. The concentration of o.II was estimated by re

action with excess Fe111 solution in nitrogen atmosphere and 

estimating the Fe11 produced using standard KMn04. The 

concentration of the free acid present in the Cr11 solution 

was determined by measuring the pH of the known volume 

of the solution diluted suitably. Required volumes of the 

chromium(ll) solutions were withdrawn using dcaerated 

hypodermic syringes fitted with stainless steel needle and 

injected into deaerated complex solution fitted with serum 

cap. The chromium(ll) solution was preserved under nitro

gen atmosphere and fresh chromium(II) solutions were pre

pared frequently. 

Stoichiometric studies : The stoichiometry of chromi

um(II) reduction of all the complexes was determined spec

trophotometrically by estimating the amount of pyridine or 

pyridine carboxamide and cobalt( II) liberated for every mole 

of crii added. The ratio of Cr11 added to pyridine (or pyri

dine carboxamide) and Co11 liberated was found to be 

1 : 1 : 1 confirming the I : I stoichiometry of the reaction 

with respect to the reductant and the cobalt(III) complex. 

Kinetic studies: The kinetics of chromium(II) reduction 

of the complexes in 10% (v/v) CH30H-H20 was studied 

using applied photophysics model-1705 stopped flow spec

trophotometer. Solutions of the complexes, perchloric acid 

(of the required concentration) and lithium per chlorate (to 

adjust the ionic strength to 0.25 mol dm-3) were deaerated 

and thermostated in one compartment and the Cr11 solution 

was injected and thermostated in the other deaerated com

partment. The solutions were injected into the mixing cham

ber at a pressure of 40 psi. The reactions were followed by 

monitoring the decrease in absorbance of the complex at 

360 nm and 27 ± O.l°C in the time scale sampling interval 

of 2-50 ms. The absorption output was digitalised with a 

data lab mode\902 transient recorder, equipped with a vari

able input sensitivity and variable sampling interval and 

was monitored by Trio-model CS-1562 A oscilloscope. Sev

eral data points were collected for each run and at least six 

kinetic runs were made for each value of the rate constant. 

The data were stored and analysed by a computer. The ki

netic plots were done on graphic plotter to get the pseudo 

first-order rate constants, kobs· 

Product analysis : To a deaerated complex solution (25 

14 

ml of I x J0-4 mol dm-3, 2.5 j.lmo\), was injected a known 

volume of the Cr" solution (2.5 j.lmol) and allowed to react 

for 30 sin nitrogen atmosphere. The reaction mixture was 

exposed to air and passed through dowex 50W-X8, [H+l 

cation exchange column (3 em and long I em diameter), 

maintained at 5°C by circulating ice cold water. Gradient

elution technique, using water (50 ml), 0.5 mol dm-3 HCI04 
(100m I) and 1.0 mol dm-3 HC104 (I 00 ml). was employed 

to separate the products. The products were analysed spec

trophotometrically. Typical UV spectra of various fractions, 

obtained at different intervals of elution, are shown in Fig. 

3. However, greater quantities of the complexes (50 j.lmol) 

and the Cr11 solution (50 j.lmol) were used for the quantita

tive estimation of the products formed (Table 3). 

The first fraction containing the free oxime. eluted at 

the time of charging the colunm followed by washing with 

water, was estimated spectrophotometrically (Amax = 226 

nm; Emax = 15400 dm3 moi-1 cm-1). The halide present in 

this fraction was estimated gravimetrically as silver halide. 

Similarly, free pyridine or pyridine carboxamides, de

tected in the second fraction, eluted with 0.5 mol dm-3 

HCI04, were estimated from their characteristic measured 

UV absorptions in 0.5 mol dm-3 HCl04 P"max• nm(Emax• 
dm3 mol-l cm-1)} : py = 256 (5500); nic-CONH2 = 263 

(5420) and isonic-CONH2 = 265 (5200)}. Cobalt(ll) present 

in this fraction was estimated as follows :The solution was 

neutralised with solid NaOH and evaporated to dryness. 

About 2 ml of 50% ammonium thiocyanate was added. The 

cobalt thil .;yanato complex formed was extracted and made 

upto lOt ml with acetone. The absorbance of the solution 

was measured at 625 nm (E = 1864 dm3 mol-l cm-1). 

Chromium(lll), present in the third fraction, was estimated 

by chromate analysis and nitrogen by micro-Kjeldah\ 

method. 
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