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A method for the resolution of cis-potassium dioxalatodiaquochromate( 111) has been devised which permits the recovery of 
the crystalline d- and I-isomers. The kinetics of racemization of these compounds in acid solution of ionic strength 1.0 are 
reported. A two-competing-path mechanism, which fits all the data in the pH range 0 to 7, having one path hydrogen ion 
independent and the other path first order dependent on hydrogen ion, is proposed. 

In earlier work at this Laboratory the diastereo- 
isomer I-strychnine-d-Cr(C204)2(Hz0)2 was re~overed .~  
Rates of racemization were determined using the di- 
astereoisomer as the source of the optically active di- 
oxalatodiaquochromate by precipitating the strychnine 
as the iodide, leaving the d-dioxalatodiaquochromate in 
solution. These rates were found to be first order with 
respect to the d-complex and independent of hydrogen 
ion concentration in the pH range 2 to 7. 

These data were compared to the data obtained for 
the trans-cis isomerization of the dioxalatodiaquo- 
chromate(II1) ion by Harnm4 The trans-cis-isomeri- 
zation rate was parallel to the racemization rate be- 
tween pH 2 and 7, and the enthalpies of activation were 
nearly the same, so a single mechanism was proposed 
for the two reactions. 

Experimental 

The kinetics of racemization were obtained using a Rudolph 
Model 85 high precision visual polarimeter equipped with a Ru- 
dolph Model 95 spectroscopic monochromator using a tungsten 
light source. A jacketed, 2-dm. polarimeter cell was used. All 
kinetic data were taken a t  510 mp because the minimum in the 
rotary dispersion curves occurs a t  this wave lengtha for the d- 
isomer, and because the sensitivity of the eye is greatest in the 
region around 510 mp. 

Stock solutions of different pH over the pH range 0 to 2 were 
prepared using HClOd. The hydrogen ion concentration of each 
solution was determined by titrating with standard base. The 
ionic strength was maintained a t  1.0 in each solution by addition 
of NaC104. Samples of 25 mg. of d or Z-cis-pota&m dioxalato- 
diaquochromate(II1) were dissolved in 25.0 ml. of these stock 
solutions and immediately were transferred to the polarimeter 
cells. No measurable change in the hydrogen ion concentration 
was expected from hydrolysis, because in this range the hydrogen 
ion concentration was very much larger than the total concentra- 
tion of the metal complex. 
The temperature was controlled by keeping the stock solutions 

in a constant temperature water bath thermostated to 10.05O 
and by pumping thermostated water through the jacket of the 
polarimeter cell during the course of the rate determinations. 

Crystalline Compounds.-cis-Potassium dioxalatodiaquochro- 
mate(II1) was prepared by the method of Werner5 using reagent 
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grade oxalic acid and potassium dichromate and recrystallizing 
from a water-ethanol mixture. 

l-cis-Potassium Dioxalatodiaquochromate( 111) .-Sufficient cis- 
dioxalatodiaquochromate was added to a cold supersaturated 
solution of strychnine sulfate to give a mole ratio of 1 .O mole of 
the dioxalatodiaquochromate to 0.76 mole of strychnine sulfate. 
Under these conditions the d-dioxalatodiaquochromate-l-strych- 
nine diastereoisomer precipitated immediately. The solution 
was filtered rapidly into cold ethanol, where the crystalline Z- 
dioxalatodiaquochromate precipitated. The crystals were washed 
with ethanol and with ethyl ether before drying under vacuum. 

Anal. Calcd. for K[Cr(C~0&0~0),1 .2H20: Cr, 15.36; 
GOA, 52.0. Found: Cr, 15.51; C204, 52.55. The molecular 
rotation estimated from the intercept of the rate data was [M]51025 
= 2200°. 

d-cis-Potassium Dioxalatodiaquochromate(III).-The d-dioxa- 
latodiaquochromate-Z-strychnine diastereoisomer was mixed with 
a stoichiometric amount of potassium iodide in a small amount 
of water. This solution was rapidly filtered into cold ethanol 
where the d-dioxalatodiaquochromate precipitated. The crys- 
tals were washed with ethanol and with ethyl ether before drying 
under vacuum. 

A n d .  Calcd. for K[Cr(Cz0~)z(HzO)2] .2H20: Cr, 15.36; 
( 2 2 0 4 ,  52.0. Found: Cr, 15.54; C204, 52.60. The molecular 
rotation estimated from the intercept of the rate data was [M]51026 
= 2100O. 

The rates of racemization were independent of which isomer 
was used for the rate determination. The rotary dispersion curve 
determined for the I-isomer was the reflection through the zero- 
rotation axis of the rotary dispersion curve previously reported 
for the d- i~omer.~ The estimated molecular rotations show that 
the Z-isomer was more nearly optically pure than the d-isomer. 
This was thought to be the result of a more direct method of 
recovery for the I-isomer which allowed less time for racemization 
during the preparation. 

Results and Discussion 

In Table I the rates of racemization determined 
on solid samples of pure 1- and d- isomers in the pH 
range 2.6 to 7 are given. 

The rates of racemization of the dioxalatodiaquo- 

TABLE I 
RATES OF RACEMIZATION OF DIOXALATODIAQUOCHROMATE 

(Ionic strength = 1 0, Temp , 25 0 ' )  
k ,  X 104, 

pH sec -1 

2 6  4 27 
3 3  4 24 
4 8  4 28 
5 8  4 32 
7 .0  4 32 
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Fig. 1.-Rates of racemization of dioxalatodiaquochromate( 111) 
as a function of pH. 
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Fig. 2.-Logarithm of difference between acid dependent rate and 
acid independent rate as a function of pH. 

chromate(II1) in the pH range 0 to 2 were observed 
to be first order with respect to complex with a very 
strong hydrogen ion dependence. These results are 
shown in Fig. 1. Each of the points is the average of 
at least four separate rate determinations. The fol- 
lowing equation was found to fit these curves: k ,  = 
kl + k21H+In, where k ,  is the observed rate of racemi- 
zation and k1 is the rate of racemization in the pH 
range 2.6 to 7. The exponent n was determined by 

plotting -log(k, - k1) vs.  pH as shown in Fig. 2 .  The 
values of the slopes were not significantly different 
from 1.0 when least squares fits were made to the 
data. From this it was concluded that the acid de- 
pendent path is first order with respect to hydrogen 
ion concentration. 

In Table I1 the values of kl and kz evaluated a t  
various temperatures are given. 

TABLE I1 
YALCES OF kl AND k? AT VARIOUS TEMPERBTURES 

Temp,  ki X 101 k2 X 103 
"C. (sec -1) (sec. -1) (Jf) -1  

15 0 2 06 1 10 
20 0 3 40 1 84 
26 0 4 30 3 72 
30 0 i 5  5 4  

The values of k1 and kg a t  various temperatures were 
used to calculate the enthalpies of activation, A H " ,  
by plotting -log k,h,lkt us. 1 /T .  The values de- 
termined were 13.4 kcal./mole for k I 3  and 19 kcal./ 
mole for k z .  

Preliminary work on the trans-cis isomerization of 
dioxalatodiaquochroniate(II1) froin pH 0 to 2 has shown 
that the rate constants and enthalpies of activation 
are essentially the same as those for the racemization 
reported in this investigation. This lends further 
support to the assumption that there is a single mech- 
anism for isomerization and racemization. 

The mechanism which is proposed for these reactions 
must satisfy other experimental data than those pre- 
sented here. Graziano and HarrisG and Krishnamurty 
and Harris' reported that the exchange of oxalate with 
trisoxalatochromate was more rapid in acid solutions 
between pH 0 and 2 than in the pH range above 2. 
As the first step in the mechanism they proposed, a 
proton attacks one end of a chelated oxalate group 
which effects an opening of the oxalate ring. It also 
was shown1 that there is no direct oxalate exchange 
between dioxalatodiaquochromate(II1) and free oxa- 
late even a t  pH 1.0. In a discussion of this paper one 
of the authors indicated that it is not necessary that 
a singly-bonded oxalate be very much more rapidly 
exchangeable than chelated ones. 

An additional piece of evidence which indicates the 
possibility of forming a single-bonded oxalate with one 
of the oxalates of dioxalatochromate was given by 
Beck and Seres,s who showed that each chromium(II1) 
could protect two oxalates from oxidation by perman- 
ganate if the dioxalatochromate complex was forme. 1 
by boiling a t  pH 2 to 3, but that if the solution was 
made more acid than pH 2 and allowed to stand for 
some time, less than two molecules of oxalate would be 
protected by each chromium. A further piece of evi- 
dence for formation of some single-bonded oxalate 
species from dioxalatodiaquochromate is the loss of 
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absorbancy when a solution 
made more acid than pH 2. 

As a result of these pieces 

of the cis-compound is 

of information a proton 
attack which causes ring opening of one oxalate group 
is suggested as the mechanism of the hydrogen ion de- 
pendent reaction. At pH 2 and above the reaction 
could proceed as previously suggested by water dis- 
sociation,3 while a t  pH values below 2 a two path 
mechanism is suggested which can be represented by 
the equations 

(9) H. L. Schljifer, private communication. 

This mechanism is in agreement with the rate data re- 
ported. Reaction 1 would explain the hydrogen ion 
independent rate above pH 2, and reaction 2 would 
become more and more important as the hydrogen ion 
concentration increased below pH 2. 
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Several complexes of 2-hydroxyethyliminodiacetic acid were prepared and characterized by means of infrared and visible- 
ultraviolet spectra, magnetic moments, and molar conductivities. The complexes appear to be of two distinct types ; 
the first type consists of Kz[Ni(HO-A)z], Na[Co(HO-A)z], Naz[Co(HO-A)z], and KICr(HO-A)L], which appear to be octa- 
hedral complexes with the ligand coordinating through the nitrogen and two carboxyl oxygens. [Ni(HO-AH)z] and [Co- 
(HO-AH)%] are of a second type and appear to  coordinate to  the alcohol OH group as well as to one carboxylate, 

The solution behavior of 2-hydroxyethyliminodiacetic 
acid (I) (HO-AH2) toward metal ions has been studied 
by several  worker^^,^; however, little attention has been 

/CHzCooH 
HOCHzCHzN 

CHzCOOH 
\ 

I 

directed toward the isolation of complexes of this com- 
pound. Vieles and Seguin4 appear to have reported the 
only synthetic work with this ligand in the isolation of a 
copper(I1) salt. It was of interest to  us to  isolate and 
characterize complexes of 2-hydroxyethyliminodiacetic 
acid and, in particular, to determine if the alcohol OH 
group enters the coordination sphere. 

Experimental 
Reagents.-Reagent grade transition metal salts were used as 

received. A research sample of 2-hydroxyethyliminodiacetic 
acid was received from the Dow Chemical Company. 

Preparation of Complexes.-The complexes were prepared as 
described below and dried in vacuo over P206. In Table I ana- 
lytical data for these compounds are summarized. 

Dihydrogen Bis-(2-hydroxyethyliminodiacetato)-cobalt(II) 
and Dihydrogen Bis-(2-hydroxyethyliinodiacetato)-nickel(II), 
[M(HO-AH)Z] .-Cobalt(I1) carbonate (prepared according to 
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Schlesingerb) or nickel( 11) carbonate was added to a hot aqueous 
solution containing the theoretical quantity of HO-AH2. After 
filtration, the solution was boiled for 1 hr. and the water-in- 
soluble product isolated by filtration and washed with hot water. 

Sodium Bis-(2-hydroxyethyliminodiacetato)-cobalt(II), Naz- 
[Co11(HO-A)2] .-Solution of [Co(HO-AH)z] in aqueous sodium 
bicarbonate, followed by precipitation with ethanol, conveniently 
afforded this compound. 

Sodium Bis-(2-hydroxyethyliiinodiacetato)-cobalt(XII), Na- 
[Co1I1(HO-A)2] . - N ~ ~ [ C O ( C O ~ ) ~ ] * ~ H L O ~  and the theoretical 
quantity of ligatld were mixed in warm water. After effer- 
vescence ceased concentrated perchloric acid was added to pH 
LU. 4. The solution was evaporated to low volume and the purple 
crystals were isolated by filtration and recrystallized from hot 
water. 

Potassium Bis - (2 -hydroxyethyliminodiacetato) - chromium- 
(111), K [Cr(HO-A),], and Potassium Bis-(2-hydroxyethylimino- 
diacetat0)-nickel(II), Kz [Ni(HO-A)z] .-An aqueous solution of 
HO-AH*, containing sufficient potassium hydroxide to neutralize 
one ligand proton, was added to a hot, aqueous solution of the 
stoichiometric amount of the hydrated metal chloride. The solu- 
tions were neutralized with aqueous potassium hydroxide; in 
the case of the chromium(II1) complex neutralization was com- 
pleted after the color of the solution changed from blue to red 
On cooling, KICr(HO-A)z] crystallized; this complex was 
recrystallized from hot water. KZ [Ni(HO-A)p] was precipi- 
tated by the addition of ethanol and recrystallized from ethanol- 
water. 

Infrared Spectra.-Infrared spectra were obtained on a Perkin- 
Elmer Model 21 spectrophotometer using mineral oil and halo- 
carbon mulls. 

Visible-Ultraviolet Spectra.-Visible-ultraviolet absorption 
spectra of aqueous solutions of the complexes were obtained 
using a Cary Model 14 recording spectrophotometer. Re- 
flectance spectra were obtained on ll/s in. disks of sample using 
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