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INTROD'[CTION 

An investigation of the oxidation of cis-dioxalato­

diaquochromate(III) ion by cerium(IV) in aqueous acidic 

solution is herein reported.The purooses of this work were: 

1) To establish the stoichiometry of the reaction. 

2) To determine the rate law for the reaction by 

investigating the. effect on the rate of the reaction. 

of varying the concentrations of ci.s-dioxalatodiaquo­

chromate(III) ion, cerium(IV), sulphate ion, and 

hydrogen ion. 

3) To determine the effect of varying the ionic 

strength on the rate of the reaction. 

4) To interpret the information obtained in parts 

1 throut_:h 3 , together with other relevan,t data, in 

terms of a plausible reaction mechanism. 

This investigation forms the i~itial part of a 

more general plan to study the influence of the 

environrnent·of oxalate within oxalatochromate(III) 

complexes on the rates and mechanisms by which the 

oxalate is oxidised by various reagents. 

The solutions employed contained sulphuric acid. 

Values of the second dissociation constant of sulphuric 
0 

acid, that apply to the concentration range used at 25 C1 

i 



21 have been determined by Zebroski and co-workers. 
' 6 Hardwick &ad ~obertson have obtained values for the 

stability constants of the variouscerium(IV)-sulphate 

complex••· Applying these data to aqueous solutions ob­

tained by mixing mown amounts of eerie sulphate, 

sodium sulphate, sulphuric acid, perchloric acid, and 

sodium perchlorate, the concentrations of the following 

species, which were present in any particular solution, 

- - - + could be calculated: S04-, HS04, OI04 , NA , 

oe-r4 , H+, [oe so4]+ 2 
, [oe(so4 >2], and~e(so4>f2 • 

In the majority of the experiments described 

in the thesis, eerie ion was present in solutions 

containing a large excess of sulphate and bisulphate 

ions. Under these conditions, Hardwick and Robertson•s6 

data indicate that most of the cerium~(IV) would be 

in the form of the [oe(so4 ) 3~-2 ion. !his conclusion 

agrees with data obtained earlier, by Jones and Soper7 

and by Smith and Getz,18 on the electrical migration of 

ions in eerie sulphate solutions. The migration 

experiments showed that in one~ol~r sulphuric acid 

solutions all the cerium:(rv) was present in anionic 

species. In one t'11t.Olar perchloric acid solutions, 

however, no anionic cerium:(rv) species were detected. 

!he oxidation of oxalate by cerium:( IV) in 

aqueous sulphuric acid solutions has been studied by 
4 Dodson and Black • They report that the reaction is 

kinetically of the second order, being first order in 

cerium~(IV) and first order in oxalate, bioxalate, or 

ii 



oxalic acid. An experirrental activation energy of 16. 5'! c.~- k. 

cals/nole is reported for 0.5; 1.0, and 2.0 :molar sulphuric 

acid solutions. The rate of the reaction decreased \Ji th 

increasing ionic strength. The authors concluded that the rate 

determining step was either: 

2 [:;e (SOlt_)J - 2t H2C2Cl4~2,:ce+ 3 2:co2 +4:s(\-2+2:HS(\_ -
2 

or 

2 [ce cso4)J-2+H: c2o4 -l7 2:cet~2: co2 + 5:so;;. HS(\-l 

(r;he step given :~-y Dodson and Elack vJm;.ld imply a third order 

reaction. Presumably they mean that the rate determining step 

is the reduction of a trisulphatocerium(IV) ion by an 

oxalate molecule.) i~oss and S\vain1 5, v1ho potentiometrically 

studied the oxjdation of oxalate ion by ceriurr(IV) in acidic 

solution, also found the reaction to be L:L1~etically of the 

second order. 

I~ing and Pandour9 studied the oxidation of bromide ion by 

cerium (IV) in sulphuric acid solutions, and obtained the follmving 

iii 

expression for the rate of the reaction, _ 
-d ( Ce (IV)) -. t Ce (I¥ p L k 12 (Br-:- :: 2 T k 11 (Br- )] 
dT · SOli--

'I:Jhere k12 and k11 are constants. 

From this expression they concluded that the reaction proceeds 

through parallel paths involving the hJo activated complexes 

[ce (SCJt,.) 2Br~ - 2 and &e (SCJt,.tBJ -1, 

In solution, cis-dioxalatodiaquochromate (III) ion is in 

equilibrium ·with its trans isomer. Th:Ls equilibrium has been 

studied by I-Iamrn5, '\·Jho found the equilibri1m1 mixture to be 

composed almost entirely of the cis iso.D!er. A solution 

of the trans-dioxalatodiaquochromate(III) ion 



rapi~ly equilibrates, with a half-life of approximately 

20 minutes ~t 25.0°0. The equilibration is first order 

with respect to the cis ion concentration, and is 

practically independent of the hydrogen ion concentration 

and the ionic strength. Cun.n1ngham3 recommends that 

solutions of the various salts containing the cis­

dioxalatodiaquochromat((III) anion be prepared by heating 

solutions of the corresponding trans salts. The trans 

anion is readily obtainable in a pure form as its 

potassium salt, because potassium trans-dioxalatodiaquo­

chromateJIII) is fai+l:t .. in!J.o~ .irr.~z-. 

Assuming that the oxalate to chromium bonds in 

cis-dioxalatodiaquochromate:(III) ion and trioxalato­

chromate:(III) ion are similar, an indication of the 

nature of the cis-dioxalato ion in solution may be 

obtained from a consideration of the properties of the 

trioxalato ion in solution. Trioxalatochromate:(III) 

ion may be resolved into a pair of enantiomorphs. These 

enantiomorphs racemise in solution. {Cis-dioxalatodiaquo­

chromate:(III) ion is also theoretically capable of 

resolution). It was originally suggested by Werner20 

that racemisation of the trioxalato ion in solution might 

involve the breaking of only one of the bonds between the 

chromium and a given oxalate addendum. Reattachment of 

the freed end of the oxalate, at a different coordination 

position,could involve inversion of the optical form of 

that ion. 

iv 



Much later, exchange experiments were conducted by 

LonglO using oxalate ions labelled w1 th carbon 11. They 

showed that in the time reqUired ~or a solution of a 

potassium trioxalatochromate enantiomorph to racemise, 

no appreciable exchange took place between bound oxalate 

and oxalate in solution. It was therefore concluded that 

an internal racemisation mechanism was involved. 

In 1922, Rideal and Thomas14 separated the 

enantiomprphs of trioxalatochromat((III)ion, utilizing 

the dif~ering solubilities of the potassium d-strychnine 

salts. Later, Bushra and Johnson2 resolved the ~allowing 

ions by similar methods: [or(o2o4 )3 ] ~3 - · [oo(o2o4)j-5 , 

and[or(ethylenediamine)( o2o4 )J-1 • They then studied 

the kinetics o~ racemisation of solutions o~ these ions. 

The results of this work indicated that the racemisation 

took place by some form of internal mechanism not 

involving dissociation o~ the ligands. InTestigations 

by Johnson8 revealed that a wide variety of metal ions 

catalysed racem1sation reactions of chromium and cobalt 

complexes. 

The above experiments suggest that bonds between 

the central metal ion and the oxalate addenda are 

continually breaking and then re~orming; not necessarily 

at the coordina~ion position where the original breaking 

took place. It is not unreasonable to assume that in 

potassium cis-dioxalatodiaquochromat~:(III) solutions, 

bonds between the chromium and the ouaate addenda are 

continually breaking in a similar manner. 

v 



Parker and Hatchard13 have obtained evidence which 

could possibly supplement the above conclusions. They 

exposed solutions of potassium trioxalatoferrate:(III) 
(111) 

and potassium trioxalatocobaltate~to intense flashes of 

visible radiation. Immediately after this flash 

photolysis, the spectra of the reaction mixtures 

indicated the presence of intermediates, which existed 

for several seconds. They postulate that these 

intermediates could consist, of oxalate addenda attached 

to the metal atom by single bonds. 

Very recently, Satfir and Taube16 have studied 

the oxidation of monooxalatopentamminecobalt=(III) ion 

by cerium:(rv). They found that the reaction proceeded 

with almost perfect stoichiometry, one equivalent of the 

cerium:( IV) being consumed by one 11i.ole of the cobalt_:( III) 

complex, with the production of one equivalent of cobalt,Il). 

They conclude that probably the cerium:(rv) first 

attacked an oxalate addendum to form a c2o4 radical. 

This radical is then a powerful enough reducing agent to 

.reduce cobalt:(III) to oobalt:(II). They did not 
-- --

establish whether the reduction took place in the 

activated complex, or whether an intermediate, of 

finite life, is formed. 

vi 
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EXPERIMENTAL 

I. REAGENTS EMPLOYED 

The s~uric acid, perchloric acid, sodium sulphate 

decahydrate, and sodium perchlorate, used in this work, 

were Baker's "Analyzed Reagent 11 materials, obtained from 

the J. T. Baker Chemical Company, Philipsburg, N.J. 

Standardized eerie sulphate in sulphuric acid solution 

was purchased from the G. Frederick Smith Chemical Company, 

Columbus, Ohio. 

II. PREPARATION, PURIFICATION, !1m ANALUIS,_ .Q! REAGENTS 

Potassium trans-dioxalatodiaquochromate:(III) was 

prepared from oxalic acid and potassium dichromate.l2a 

The trans salt was readily obtained by crystallization 

from the reaction mixture, because its solubility in 

water is much less than that of the reagents from which 

it is prepared. (Potassium c1s-d1oxalatodiaquochromate­

(III) is much more soluble.)Then it was recrystallized, from 
water. 

The potassium trans-dioxalatodiaquochromate=(III) 

obtained was dissolved in water and passed through 

Dowex 50W-X8 cationic exchange resin; the resin being 

in its potassium form. This treatment was undertaken 

to replace chromium containing cationic species by 

potassium ions. The effluent solution was then passed 
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through Dowex l-X8 anionic exchange resin, in the 

perchlorate form, in an attempt to separate the potassium 

dioxalatodiaquoohromate:(III) from anionic impurities. 

In the time required for these operations, the 

dioxalatodiaquoohromate:(I!!) ion equilibrated between 

its cis and trans forms,5 it was assumed. 

The resultant solution was analyzed !or ohromiuml9b 

and oxalate19o by standard analytical procedures. The 

chromium analysis involved oxidation of chromium with 

potassium persulphate to give a potassium dichromate 

solution. The dichromate ion was then titrated with a 

standard ferrous ammonium sulphate solution. The oxalate 

analysis involved decomposing the complex by heating w1 th 

concentrated sodium hydroxide solution. The chromic 

hydroxide, which was formed, was removed by filtration. 

The filtrate contained sodium oxalate, wh10h was titrated 

with a standard eerie sulphate solution. 

The analytical results obtained usually indicated 

a ratio .. of one mole of chromium to approximately 2.02 

mcles o! oxalate in a sample of potassium dioxalatodiaquo­

chromate:(III) solution. These results could be caused 

by analytical errors or inefficient removal of oxalate 

(present in solution as c2o4-2, H:o2o4-1 , and a trace 

ot H2o2o4) by the anionic exchange resin. 

The standardized potassium dioxalatodiaquoohromate­

(III) solution was allowed to stand overnight before it 

was used. After this period of time, approximately 99% 
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of the complex was in the form of its cis isomer.5 

In the reacted solutions, which will be discussed 

later, it was necessary to adjust the ionic strengths, 

hydrogen ion concentrations, and sulphate ion concentra­

tions to required values. This was done by additgthe 

appropriate amounts of sulphuric acid, perchloric acid, 

sodium sulphate, and sodium perchlorate to the solutions 

(see page 1 for the source of these reagents). The 

two acids were standardized againsta sodium hydroxide 

solution which had previously been standardized with 

potassium hydrogen~halate.l9a 

Chromium (III.): perchlorate was prepared in perchloric 

acid solution. The preparation consisted of heating a known 

weight of potassium dichromate, in a standardized perchloric 

acid solution, with excess hJdrogen peroxide. Under these 

conditions the dichromate ion was reduced to chromium (III) 

by the hydrogen peroxide. The excess hydrogen peroxide, which 

remained in the reaction solution,was decomposed by boiling the 

solution for three hours. The solution was then kept,4t~· 

0°0 for 24 hours to precipitate the potast:li.um.ion present,as 

potassium perchlorate, which was filtered from the solution. 

The filtrate consisted of a known amount of chromium (III) 

perchlorate in a known concentration of perchloric acid(contam-

inated by a trace of potassium ion). 100 mls. of a 0.200 

molar oxalic acid solution were then added to a perchloric acid 

solution which contained 0.0200 moles of chromium (III) per­

chlorate. The resultant solution was boiled for one hour; during 



which time the reactants formed monooxalatotetraaquo­

chromium~(III) perchlorate (contaminated with other 

chromium:(I!I) -oxalate complexes). After cooling, 

the reacted solution was passed through an anionic 

exchange resin (Doxex l-X8 in its perchlorate form) 

4 

to remove anionic impurities,~.g. (o2oJ-2, (H o2o4)-l, 

(or(o2o4k(H2o) 2]-1 , and [?r(o2o4) 3J -3• The effluent 

solution contained monooxalatotetraaquochromium:(III) 

perchlorate and a small amount of chromium:(III) perchlorate. 

The latter was removed by passing 25ID mls. of the solution 

through 50 mls.of Dowex sow-xa cationic exchange resin in 

its hydrogen ~orm. Under these conditions most of the 

violet~red man~xalate ion passes through the resin~bed, 

whereas the chromic ion is retained as a blue-black band 

in the resin column. The resultant so~ution of 

monooxalatotetraaquochromium:(III) perchlorate in 
19b 19c perchloric acid was analyzed ~or chromium and oxalate. 

The normality of the perchlorio acid was determined by 

adding excess standardized sodium hydroxide to 25 mls.of 

the solution, boiling the solution to decompose the 

complex, filtering off the chromium:(III) hydroxide 

precipitated, and titrating the fil~rate with a 

standardized sulphuric acid solution, using a phenol­

phthalein indicator. 

III. EXPERIMENTAL PROCEDURE FOR FOLLOWING THE OXIDATION 

OF CIS-DIOXALATODIAQUOCHROMATE:(III) ION BY CERIUM:tty}. 

The reaction was found to proceed as follows: 



2H2_~ +cis [cr(H
2

0)2 Cc2o4 )] -l +2Ce 
4

1"72Ce 

+ @r(H20)4 (c2o4fltl +2C02 

3+ 

The evidence for this stoichiometry is given on page 25. 

As the reaction was to be followed spectrophotometrically, the 

spectra of the reactants and the products were taken over the 

visible range with a Beckman DK-1 recording spectrophotometer 

(see illustration 1, page 27). It was decided that 1.~20 mp .. -v1as 

the optimum wavelength for following the reaction. At this 

wavelength there is a large difference between the optical 

densities of the reaction solutions before and after reaction. 

Also, at 480 mp.the sulphated eerie ions absorb light core 

intensly than any of the other species present. Therefore, as 

the reaction proceeds, most of the change in optical density 

of the solution is caused by the reduction of the eerie complex 

5 

to a colourless cercus species. eerie ion in excess sulphuric 

acid \vas shown to obey Beer's Law at l.1-80 mp. (see illustration 2, 

page 27 .) Therefore, it vJas assumed that the change in optical 

density of the solution as the reaction proceeded was proportional 

to the change in co.ncentration of the reactants. 

It i·dll be shown later that as the monooxalatotetraaquo­

chromium(III) ion reacts much more slowly than the cis-dioxalato­

di aquochromate (III) ion, only the cis ion consumes ar, appreciable 

amount of eerie ion(see page 25). 

For a given experimental determination of the rate of 

oxidation of cis-dimxalatodiaquochromate (III) ion ,_mder specific 

conditions, two solutios were prepared: 

1. An aqueous solution of potassium cis-dioxalatodia-

quochrornate(III). 



2. A solution containing eerie sulphate, sulphuric acid~ 

perchloric acid, sodium sulphate, and sodim perchlorate. 

The concentrations of the b;o solutions v:ere such that on mixing 

equal volumes of 1 and 2, a solutior.:. ,,Ji th the required concen­

trations of eerie ion, cis-dioxalatodiaquochromate(III) ion, 

sulphate ion, hydrogen ion, and ior"ic strength ·~;as obtained. 

In calculating the concentrations of ionic species present 
21 

in the solution, the equilibrium Elata of ZebrosJd and 

c0-1tJorker~3 on the dissociation of sulphuric acid, and the 
6 

equilibrium data of HardvJick and ::~o"bertson o~l the various 

eerie-sulphate cor:plexes ·v!ere utilized. 

Flasks containing solutions 1 and 2 were placed in 
0 

a thermostat, at a temperature of ~'5.0±0.1 c, for about one 

hour. Ten millilitre samples of each solution were than taken, 

* and the tvw aliquots \-Jere thoroughly mixed. A po2tion of this 

solution '.vas then placed in a one centimetre cell in a Beckman 

DU spectrophotometer. 7he cell was also thermostated at 

25.0 :::c.l
0c. The optical density of the mixed solution at lf-80 m\1· 

was taken at one Dinute intevals. The optical density at the 

time of mixing vJas obtained by extrapolation. Aitcr the 

reaction had proceeded .for approxirr:.ately one hour a 1r1hi te 

precipitate appeared in the solution. ~his was shown to be 

cerous sulphate. (see page 10). 

* The heat generated by the dilution of the sulphuric 

acid was assurr:.ed to be negligible. ExperiEentally on rrixing 

equal volumes of 1.0 molar sulphuric acid and water at 25°c, 

the temperature increased by 0.12 ±0.02°c. 

6 



No precipitate was obtained in reaction mixtures in 

which sulphate ion was absent. When the initial 

concentrations of the cerium:(IV) ion and the cis­

dioxalatodiaquochromate:(III) ion were of the order of 

one hundredth molar, the reaction was ~pproximately 

75% completed before precipitation took place. Thus, 

it was possible to obtain adequate data before the 

solution became turbid. After one week, the cerous 

7 

sulphate was filtered out of the reaction mixture. The 

optical density of the filtrate was taken, and considered 

to be the optical density of the solution when the 

reaction had reached completion. This value agreed within 

2% with the theoretical value predicted by the 

stoichiometric equation on page5.Assumi:t1g the reaction 

solution obeyed Beer's Law, the rate of change of the 

concentrationsof the reactants could be determined from 

the variations in the optical density of the solution. 

It was found that in blank reaction solutions, which 

did not contain cis-dioxalatodiaquochrmoate:(III) ion, 

there was no consu~on of cerium=(IV). 

It was convenient to standardize the spectrophotometer 

so that a 0.01000 M.ceric sulphate in 0.750 ~sulphuric 

acid solution gave an optical density of 0.245; the slit 

width being 0.15 mm. The reason for this is that at 

480rn~.the optical densities of (ce(so4 )3J 2- solutions 

increase rapidly with decreasing wavelength of the incident 

radiation. Therefore, it is difficult to obtain repro­

ducible results by trying to set the spectrophotometer to 



480 D1Jl before each determination. 

IV ANALYSIS Ql ~ REACTION PRODUCTS 

0.4060 grams of potassium cis-dioxalatodiaquo­

chromate~(III) were placed in a reaction vessel and ..... 

200 mls. of 1.80 molar sulphuric acid were added. A 

stream of nitrogen gas, which was first freed from 

traces of carbon dioxide by passing through a barium 

hydroxide solution, was passed through the solution 

containing the chromium complex. 51.8 mls. of a 

solution which was 0.124 molar in cerium~(IV) sulphate 

and 1.0 molar in sulphuric acid were added to the 

complex solution. Immediately after this addition, 

the reaction solution vas 0.0256 molar in cerium=(IV), 

0.0128 molar in cis-dioxalatodiaquochromate=(III) ion, 

1. 70 molar in sulphuric acid, and the ionic strength 

was approximately 1.9. The nitrogen stream carried 

the carbon dioxide ,_ which was produced by the 

8 

reactio~ from the reaction vessel into a vessel containing 

a standard barium hydroxide solution. After the reaction 

had proceeded to essential completion (5 hours at 35°0) 

the barium hydroxide solution was filtered, in order to 

remove barium carbonate, and the filtrate was titrated 

with standardised sulphuric acid solution, using a 

methyl orange indicator. From the amount of barium 

hydroxide consumed, the weight of carbon dioxide evolved 

during the oxidation was determined. (see appendix III, 

page 27 ) • 
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It was found that if a 100 mls. of 0.005 molar 

chromic perchlorate in 0.75 molar sulphuric acid solution 

were passed through Dowex 50W-X8 cation exchange resin, 

the chromic ion was removed from solution and remained 

as a blue-black band at the top of the resin bed. (.The 

solution was also approximately 0.05 molar with respect 

to perchloric acid). 

The reaction mixture, which had been used to 

estimate the amount of carbon dioxide evolved in the 

reaction,consisted of a blue solution containing a white 

precipitate. The precipitate was removed by filtration 

under reduced pressure, washed with distilled water, and 

dried in an oven at 80° c. Two 100 mls. samples were 

taken from the filtrate, which had a total volume of 

251 mls. One of these samples was passed through a 

column of Dowex 50W-X8 cation exchange resin; the column 

being eluted with 200 mls. of 0.5 molar sulphuric acid 

solution. The second sample was passed through the 

column under the same conditions, and this treatment 

repeated with the eluted solution. 

The two eluted solutions were then analyzed for 
i their total chromium content.19 The results of these 

analyses are shown in appendix III, page 25 • These 

results show that on passing the reaction mixture 

through the resin the chromium content of the solution 

decreases. However, on passing this effluenu solut'ion 

through the resin again, there is no noticeable change 
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in the chromium content of the solution. These results 

could be explained by the following two processes taking 

place in the reaction solution. Firstly, the cis-

4ioxalatodiaquochromate:(III) ion being oxidised by the 

cerium~(IV) to give monooxalatotetraaquochromium~(III) 
~ ~ 

ion, cerium~(III), and water. Secondly, some of the 
'-' 

monooxalatotetraaquochromium~(III) ion being further 
~ 

oxidised by ceri~(IV) to give chromium:(III), carbon 

dioxide, and cerium~(III). After the reaction had 

reached completion, three species containing chromium 

would be present in the solution; namely chromium~(III), 

monooxalatotetraaquochromium~(III) ion, and dioxalatodiaquo­

chromate~(III) ion. Therefore, if on passing the strongly 

acidic reacted solution through Dowex 50W-X8 cation 

exchange resin only the chromium:(III) were removed, the 

results of the ion exchange experiments, described in 

the preceeding paragraph, would be explained. Assuming 

that the above argument is correct, an estimate of the 

rate of oxidation of monooxalatodiaquochromium:(III) ion 

by cerium~(IV) is calculated in appendix I~ page 25 • 

As has been stated, a white precipitate had been 

obtained from the solution in wh1Qh the cerium~(IV) and 

the cis-dioxalatodiaquochromate=(III) ion had reacted. 

Tgis precipitate was boiled for an hour with one molar 

sodium hydroxide solution, during which time the 

precipitate turned yellow. This precipitate was then 

dissolved in one mol•r hydrochloric acid to give a 

yellow solution. On adding barium chloride solution 
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to a portion of the yellow solution, a white precipitate 

was obtained. Another portion of the solution oxidised 

a ferrous ammonium sulphate solution, which contained a 

few drops of ferroin as an indicator. On the basis of 

this qualitative evidence, the original white precipitate 

was assumed to be cerous sulphate. 

In appendix Il~~ page 25 , the actual analyses are 

given. They show that the reaction products agree with 

the predicted reaetion stoichiometry within experimental 

error. 

IV THE METHOD OF CALCULATING THE RATE CONSTANTS AND METHOD - - -- -
.Q! TABULATING _m _RE_s;:;..;UL=T.-S 

The variations in the concentrations with time 

of cerium~(IV) and cis-dioxalatodiaquochromate~(III) 
~ ~ 

ion, in a reaction mixture, were calculated (see page 7). 

From these concentrations, a •econd order rate constant 

for the reaction was obtained graphically. This procedure 

is described in detail in standard text-books.11 The 

second order rate constants which most closely fit 

the results obtained during the first 30% of the various 

reactions are tabulated in appendix I, pages 20 to 25 • 

An indication of the accuracy involved in this work 

is given in appendix IIb , page 24 , where the rate 

constants for duplicated experiments are tabulated. It 

can be seen that the results •&patted in appendix IIb~ 

are consistent with the estimate of experimental errors 

in appendix IIa.',, page 24 • 
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In some of the earlier determinations it was 

necessary to assume that a little (3-4%) of the cerium­

(IV) was consumed very rapidly on mixing the reactants. 

Unless this allowance was made, it was impossible to 

obtain a consistent second order rate constant from a 

set of results. This initial rapid consumption of 

cerium~(IV) was possibly caused by a trace of free 

oxalate in the original potassium dioxalatodiaquo­

chromate~(III). This would not be inconsistent with 

the analysis of this salt (see page 2 ) • In the last 

sample of potassium dioxalatodiaquochromate:(III) 

prepared, sreater care was taken to recrystallize it. 

Using this material, no allowance for a rapid initial 

consumption of cerium:(rv) was required. 

In appendix I, the following details have been 

tabulated, the second order rate constant for a given 

reaction mixture, the inittal equilibrium concentrations 

of the ionic species present, and the ionic strength 

of the solution. The data of Hardwick and Robertson6 

on the equilibrium constants of the various eerie­

sulphate complexes, and that of Zebroski and co-workers21 

on the dissociation of sulphuric acid, were used in 

calculating the concentrations of the ionic species 

present. 

The results obtained were then used to investigate 

the effect of hydrogen ion concentration (see illustration 

v, page 29 ) and ionic stren&th (see illustration 111, 



page 28) on thG rate of the reaction. A..n. atterr.pt i1ias also 

made to correlate the rate of the reaction. with the 

concentrations of the various cerium(IV) species present 

in the solution. The best correlation Has obtained by 

concidering ~e (S(\ )~ - 2 to be much more reactive than 

any other cerium (lV) species (see illustra.tion IV, page 28). 

13 
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DISCUSSION Ql RESULTS 

The oxidation of cis-dioxalatodiaquochromate~(III) 
...... 

ion by cerium~(IV) is kinetically of the first order 
"-' 

with respect to each of the reactants; i.e. second order 

overall. That the reaction is not second order with 

respect to one of the reactants is shown by considering 

the results we~Qrded in appendix I, page 20. In reactions 

1 through 4 in this appendix, the initial concentrations 

of the reactants are varied, other conditions being 

kept constant. However, the second order rate constants, 

obtained by considering the reaction to be first order 

with respect to both of the reactants, are reasonably 

consistent. The second order rate constants at 25QO were 
sulphate and 

found to be dependent on thevhydrogen ion concentrations, 

and on the ionic strength of the reaction solution. 

Within the range of ionic strengths employed, i.e. 

0.1 to 2.0, the reaction proceeded more quickly the 

lower the ionic strength (see illustration III, page 28 ) • 

The concentrations of the various sulphated eerie 

complexes were calculated from the data of Hardwick and 

Robertson6 for several reaction mixtures. For these 

mixtures, in which the hydrogen ion concentrations and 

the ionic strengths are similar, there appears to be a 

reasonable agreement between the concentration of 

@e(S04)i)-2 ion present and the reaction rate (see 

illustration IV, page 28 ) • It appears that [oe( S04);) - 2 

reacts more rapidly than any other cerium=(IV) species. 
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An atterrpt \ .. ias not F·nde to estimate the error caused by cerium(IV) 

species other than(ce(S~)31-2 oxidising cis-dioxalatodiaquo­

chromate(III) ion. In solutions in which the sulphate ion 

concentration was lovJ, errors could possibly be caused by the 

concentrations of polynuclear cerium(IV) species becoming 

significant. This latter possibility I:Jould make the calculated 

(ce (SOyJ;) -2, concentrations inaccurate. In solutions in "1dhich 

there was a low initial concentration of (ce(S~)~-2, the relative 

proportions of the ions containing cerium(IV) would vary 

significantly as the reaction proceeded.(As the optical densities 

of cerium(IV) in sulphuric acid solutions do not ch~1ge with 

time, it vJas assumed that the various cerium(IV)-sulphate 

equilibria were established. rapidly.) Under these concli tions, 

there would not be a linear relationship bet\•Jeen the change in 

the optical density of the solution and the amount of cis­

dioxalatodiaquochromate(III) ion oxidise~ by cerium(IV) • 

. To allow for the above t-v1o factors would require considerably 

more·data than· has been acci.J.muJ..ated. An extensive study of the 

species present in cerium(IV) solutions ·.:ould be required, 

·Hhich could not be carried out very accurately by the oxidation 

technique described in this thesis. 

The effect of the hydrogen ion concentration on the 

reaction rate is plotted in illustration V, page 29. The da.ta 

were obtai~ed for this graph by determining the effect of 

var~ing the ratios of sodium to hydrogen ions on the reaction 
1\ 

rate; at a co:3tant ionic strength of 2.00. linfortunately, 

'~:!hen cerium(Iv) .is used as an oxidant it is not possible 

to use ver:r 1:1eakly acidic solutions, because the cerium (T7) 



"~ilould be preclpitated as its hydrox:Lde. It was found that 

if an aqueous solution of eerie sulphate was less than 0.4 

molar vJi th respect to sulphuric acid, prec i_pi tat ion of a 

yellovJ solid took place on allml/ing the solution to stand. 

Also, in i·Jeakly acidic solutions species such as CeOH-+3 
. . 1 

become very lrrportant. In solutions in 1:Jhich the ratio of 

H-r to Na+ was varied from 1:2 to 9:1, the rate of the 

16 

reaction was approximately proportional to the change in the 

percentage of hydrogen ion present (see illustration V,page 29). 

It has been shovm by Hardvlick and Robertson6 that o.t hydrogen 

ion concentrations of greater than 0.6 molar the hydrogen ion 

concentration does not have a large effect on the proportions 

of the various cerium(IV) species present. Therefore, the 

catalytic effect of hydrogen ion rr.ust be attributed to sorje 

other factor. Ey extrapolation, it •:Jas found that at an 

ionic strength of 2. 00, the reaction rate of cerium (IV) ,.1i th 

cis-~ioxalatodiaquochromate (III) 1-1ould be approximately 
-1 . -1 0.9 litresequivalent minute if all the external cations 

i·Iere sodium, and 3.4 li tres equivalent -1 minute -lif all 

the external cations were hydrogen. 

At 25.0°C and an ionic strength of 2.00, the rate lavJ 

for the oxidation of cis-dioxalatodiaquochromate(III) 

by cerium (IV) may be expressed as follovJS: 
-'l. 

d ce (IV) =((o.9cto.o~0.02~0.00~(H+))( Ce (2CJ4)3} (cis­
dt 

dioxalatodiaquochromate (III)) -1 ] 

-1 The units of the above constants are litres equivalent 

. t -1 mlnU e: • A normal solution of cerium(IV) vwuld be 1 molar 

with r~spect to cerium(IV), and a normal solution of cis-



dioxalatodiaquochromate(III) ion vwuld be 0.5 molar -vJith 

respect to the latter ion. 

The above rate law implies that there are ti·JO paths vhich 

leau to reaction. Path 1 could involve an activated corr.plex 

of the composition ( [ce (SOl..t) 31 -2 [ H•] his-d ioxalatodiac~uo~ 
-· - 1. chrorr1ate (III )j ) . A possible mechan5.sm vJhich could involve 

such an activated complex '\•10uld be: 

t ,..0-C::QJ-l k1 l- ~ 0 R~ (H20)2 Cc2Ctr)C!' I ~ (H2o)2 (C2(\)Cr-O-~-~-O-H 
o-c~o K2 o o 

((H2o )2 (c2o4)cr-o-~-g-o-H)':. {e (SOt,) 3]- z.slo; reaction products 
(see page 8) 

The second path could involve an activated complex of 

17 

composition 

~· 2 [naJ r'!" . 
( [ce ( S(\,) J -2 [ C i s-d ioxala t od iaquochroma te (III)] -

1 

or ( [ce (S04)3J-2[cis-dioxalatodiaquochromate (III~" 1 
)-3. 

The reason for this uncertainly is that from illustration v 
' page 29, there is no 'tva:: of ascertaining the role, if any, 

of sodiUL1 ion in the reaction. EOi·Jever, by replacing the 

sodium ions by other cations, it should be possible to 

determine whether cations other than hydrogen exert a catalytic 

effect on the reaction. 

If sodium ion vJere involved in the J.·eaction, a plausible 

mechanism for the second path could be: 

[ J 0 [ J -2. sl (H20)2(C204)Cr-O-~·Y.-O-N] ... Ce(S(\)3 o~ reaction 
0 0 products 

~ ~ The sodium to oxygen bond is not necessarily covalent. 
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The concentrations of the binuclear intermediates 

containing both chromium and cerium must be small, if any, 

because they could not be detected spectrophotomerically. 

(On mixing equal volumes of solutions of cerium=(IV) and 

cis-dioxalatodiaquochromate~(III) ion, the optical density ..... 

of the resultant solution, obtained by extrapolation 

(see page 7 ), was the mean of the optical densities 

of the original solutions). 

The author considers it to be probable, in a 

solution of cis-dioxalatodiaquochromate=(III) ion, that 

external cations electrostatically facilitate the 

breaking of bonds between chromium and oxalate addenda. 

Also, in a species in which one of the bonds between a 

chromium ion and an.oxalate addendum has been broken, 

this structure could possibly be stabilized by 

intermediates of the type [(H2o)lc2 o4 )cr-o<~-~-Oc;ation] 
0 0 

Both of the above effects could make the oxalate more 

vulnerable to attack by cerium~(IV), if the oxidation 

proceeds by the two paths suggested in this thesis. 

In the future it should be profitable to determine 

the temperature dependence of tbeoxidation of cis­

dioxalatodiaquochromate~(III) ion by cerium~(IV), in 
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order to obtain the entropy and heat of ae11vatiaDL'of 

this system. This data should help to elucidate the 

nature of the activated complex(es) involved in the 

reaction. A study of the effects of a series of 

external metal cations in the reaction solution might 

also be profitable. 

The reaction rates for the oxidation of cis­

dioxalatodiaquochromate=(III) ion by a variety of 

anionic and cationic oxidising agents should be obtained. 

Sodium hypochlorite, for example, should be a suitable 

oxidising agent for this purpose. 

All of this work should then be repeated for as 

many chromium~(!!!) - oxalate complexes as may be 

readily prepared. Preliminary work on the oxidation 

of monooxalatotetraaquochromium~(III) ion by cerium~(IV) ..... ~ 

has been undertaken by the author. However, sufficient 

results have not been obtained to determine accurately 

the rate constant for the reaction. It does appear 

to proceed at less than a tenth of the rate of oxidation 

of cis-dioxalatodiaquochromate~(III) ion under similar ....... 

conditions. The preparation of monooxalatotetraaquo­

chromium~(III) perchlorate has been included in the 
'-

preparation section of this thesis (see page 3 ) because 

it may be of value to future workers. 

The method, described in this thesis, could be ex­

tended to oxidisable ligands other than oxalate in 

transitional metal complexes. 
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APPENDICES 

Appendix l Numerical Va1ues of the Second Qrcter Eate Constants 

Obtained on Oxidising cis-Diol§latodiaguochfgmate(ITJ) Ion with 

Ceriym(lJ) ip V~ious Media at 259 Q. 

Composition of 
initial solution 

1. 
H2SO~.t -0.75M. 
Nal.SO"t--0.25M. 
Ce(lV)-O.OlM. 

• ~is -O.OlM. 

2. 
H'l.so ... -o, 75M. 
Na1 S0..,-0.25M. 
Ce(lV)-0.005M. 
cis -O.OlM. 

5. 
Hl..so .... -0.75M. 
Na2so .... -0.25M. 
Ce(lV)-O.OlM. 
~is -0.0025M. 

4. 
H1..S0 4 -0. 75M. 
Na'1.S0..,-0.25M. 
Ce(lV)-O.Oll74M. 
cis -0.00295M. 

s. 
H'Z..so~ -o. 75M. 
Na2.so ... -a.loM. 
Na Cl0;0.21M. 
Ce(lV)-O.OlM. 
cis -0.005M. 

6. 
H1.S04 -0.75M. 
Nal.SO"t--O.lOM. 
NaClO '~--0. 21M. 
Ce(lV)-O.OlM. 
cis -0.005M. 

Kiuilibrium molar 
concentrations of 
ionic species present 

H ... -0.620 
so~ -0.119 
HS0;-0.881 

H ... -0.620 
so; -O.Ili 
Hso;. -0.881 

H+ -0.620 
so~ -O.ll9 
HS0~-0.881 

H+ -0.620 
SQ~ -0.119 
HS0;-0.881 

H~ -0.757 
so~ -e.o87 
HS0~-0.765 
Cl0;_-0.21 
Na.,. -0.21 

a+ -0.757 
so~ -o.o87 
HSO ;.-0. 265 
Cl0~-0.21 
Na-r -0.21 

Jr cisccis-Dioxalatodiaquochromate(III) 

Ionic 
strength 

1.28 

1.27 

1.27 

1.27 

1.24 

1.24 

ion 

Rate consta~t • 1 (litres · eq'U.iv~lent~· 
minutex -1 ) 

1.89 

2.60 

2.07 

2.05 

2.08 

2.00 

:eo 
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Composition of 
initial solution 

7. 
H1.so .. -0.555M. 
NaClO,.. -1.50M. 
Ge(lV) -O.OlM. 
IJiS -0.00514. 

8. 
H1 SO .. -0.555M. 
NaClO .._ -1. 50M. 
Ce(lV) -O.OlM. 
ois -0.005M. 

9. 
H'l..so .. -0.555M. 
NaCl04- -0.54M. 
Ge(lV) -O.OlM. 
cis -0.005}4. 

10. 
H2.so ... -0.555M. 
NaClOa,. ~.BOM. 
Ge(lV) -O.OlM. 
cis -0.005M. 

11. 
H?.SO.,. -0.555M. 
Ge(lV) -O.Ol.M. 
cis -0.00514. 

12. 
H1.SO"' -0.555M. 
Ce(lV) -O.OlM. 
cis -0.005M. 

15. 
H'l.so ... -l.OOM. 
CellV) -O.OlM. 
cis -0.005M. 

Equilibrium molar 
concentrations of 
ionic species present 

H+ -0.624M. 
so: -0.066M. 
HS0~-0.490M. 
Na .. -1.50M. 
Cl0~-1.50M. 

H ... -0.624M. 
so~ -a.ossM. 
HS0~-0.490M. 
Na.., -l.BOM. 
Clo;-1.50M. 

H .. -0.524M. 
so~ -0.066M. 
HS0~-0.49014. 
Na• -1.50M. 
ClO~-l.BOM. 

H .. -0.624M. 
so~ -0.066M. 
HS0;_-0.490M. 
Na-+ -1.50M. 
Cl0~-1.50M. 

H.., -0.624M. 
so~ -a.ossM. 
HS0~-0.490M. 

g+ -0.624M. 
so:. -0.066M. 
HS0~-0.490M. 

H+ -1.072M. 
so~ -e.o75M. 
HS0~-0.927M. 

Ionic 
strength 

2.02 

2.02 

l.26 

1.26 

0.72 

0.72 

1.18 

Rate constant 
(l.:ttres e~uiva..Lent: r 1 

minute: - ) 

1.53 

1.52 

2.42 

2.54 

5.50 

5.22 

5.05 
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Composition of' Equilibrium molar Ionic Rate constant 
initial solution concentrations 6t strength ( 1.1. tres , 6~Ui va1en t. -· 

ionic species present minute: - ) 
~ 

14. 
H.J.SO,. -l.OOM. H+ -1.1112M • 1.18 5.22 
Ce(lV)-<).OlM. so: -0.075M. 
cis -0.005M. Hso; -0.927M. 

15. 
H'l-so. -1.79M. H+ -1.870Jl. 1.97 2.78 
Ce(1V)-0.01M. so: -0.077M. 
cis -O.OOSM. Hso: -1.712M. 

16. 
a~.so,.. -1. 78M. H+ -1.870M. 1.97 2.65 
Ce(1V)-0.01M. so" -0.077M. 't 
zis -0.005M. HSO-

~ 
-1.712M. 

17. 
Ce(lV)-O.OlM. a• -2.DriC. 2.01 0.024 
cis -O.OOSM. C10~ -2.0M. 
HC10.,. -2.00M Ce(SO'r )

3 
-O.OOM 

f". 
18. 

H~o.,. -0.05M. H+- -2.00M. 2.01 0.52 
Ce(1V)-0.01M. HSO~ -O.OSM. 
cis -O.OOSM. C10~ -1.95M 
HC10.,. -1.95M. ce(so .. )~ -0.00184M. 

19. 
H'LSO~ -0.20M. H.,.. -1.99M. 2.00 1.24 
Ce(lV)-0.0100M. !!SO_;: -0.20M. 
cis -0.00640M. 010;_ -1.79M. 
HC101f. -1. 79M. Ce(SOJ3 

-0.0062M. 

20. 
H~,so,.. -0.80M. H+ -0.870M. 2.00 2.14 
Ce(lV) -O.OlM. HSO- -0.750M. 

"' cis -0.0046M. so=- -0.07M • 
NaC10Cf- -1.06M. 

... 
-1.06M. Na+ 

c1o;. -1.06M. 



Composition of 
initial solution 

21. 
Ht.SO-. -l.OOM. 
Ce(lV) -l.OlM. 
cis -0.0046M. 
NaClO_. -0.86M. 

22. 
H~o.., -l.~OM. 
Ce(lV) -O.OlOM. 
cis -0.0046M. 
NaClO .. -0.66M. 

25. 
H"'so.., -1.40M. 
Ce(lV) -O.OlO.M. 
cis -0.0046M. 
NaClO,. -0.46M. 

24. 
H1PO.,. -1.60M. 
Ce(lV) -O.OlOM. 
cis -0.0046M. 
NaClO«t 

\ 

-0.~5M. 

Equilibrium molar 
concen~rations of 
ionic species present 

H"'" -l.07M. 
Hso; -0.950M. 
C.!Q= .... ,. -0.07M. 
Na+ -0.86M. 
010; -0.86M. 

H+ -1.~7M. 
Hso: -1.15M. 
~o= -0.07M. .... ... 
Na" .. -0.661!.. 
010; -0.66M. 

Hr -1.48M. 
HSO ;_ -1.52M. 
e!Q1a -0.07M. ..... . 
:t-Ia+- -0.46M. 
010;;, -0.46M. 

H+ -1.68M. 
HSO~ -1.52M. 
so~ -0.08M. 
:Na.,. -0.25M. 
Clo;_ -0.25M. 

Ionic 
strength 

2.00 

2.00 

2.00 

2.00 

Rate constant 
(£itres--e~~iv~lent;_, 
minute - ) 

2.55 

2.44 

2.82 

5.10 



Appendix lla. The Maximum Estimated Errors in Obtaining the Conc;;entrations 

§I the species Present in the Raactiop. Solutions 

Maximum error in reading the spectrophotometer ___________ 2.0% 

Error caused by temperature variations of 0,[0°G 
in. the reaction vessel ______________________ _1.0% 

Error caused by impurities in the reactants ____________ _1,0% 

Error caused by the choice of the value of the 
optical densi~ for the completed reaction solutions-------- 0.5, 

Therefore the maximum estimated error in calculating the 
concentrations of both Cerium(lV) and cis-Dioxalatodiaquo­
chromate(lll) in a reaction mixture is equal to 4.5%. This 
means that the maximum error in determing the rs. ,c constant 
for the reaction is 9.0%ibecause it is a second order reaction. 

Appen~x llb• the dift~rences in rate Q2PS~ts ob~ained in duplic;;ate 

experiments, 

Solution number (as 
in appendix 1). 

Rate constant (in 
equivalents minutes ). 

Difference.lQQ. 
Mean value 

5---- ~------- 2.08--------- _5,9% 
g - - - - - - - - - - - - 2.00 

7 - - - - - - - - - - - - 1.53 - - - - - - - - - ..-5. 7% 
8 - - - - - - - - - - - - ~ .. 62. 

~ ------------ 2.42 ---- ----- ...5.4% 
10 - - - - - - - - - - - - 2. 34 

11 - - - - - - - - - - - - 3. 50 - - - - - - - - - _2 .1% 
12 ---------- -- 5.22 

15 ------------ 5.05 --------- ~.4% 
14 - - - - - - - - - - - - 5.22 

15 - - - - - - - - - - - - 2. 78 - - - - - - - - - ~ .6% 
16 - - - - - - - - - - - - 2.65 

26,1 

Therefore the mean difference in rate consta:1ts determined in 
duplicate experiments is equal to 4.4%.This value appears to 
be~:b): good agreement with the value predicted in Appendix lla, 
which probably means that the equilibrium data emplqyed were 
nQt~si.gntficantly inaccurate. 
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APPENDIX III. ANALYSIS .Ql REACTION PRODUCTS (see page 8 ) • 

I) CARBON DIOXIDE EVOLVED. 

0.4060 ± 0.0005 grms. of potassium cis-dioxalatodiaquo­

chromate~(III) were reacted with an equivalent amount of ....... 

cerium:(IV). (AR0.5 molar solution of cis-dioxalatodiaquo-

chromate:(III) ion is equivalent to a 1.0 molar cerium:(IV) 

solution by definition of the author). The carbon dioxide 

evolved neutralized 43.67 mls. of O.l040N barium hydroxide 

solution. Experimentally determined weight of carbon 

dioxide evolved = 0.1010 grms. 

The theoretically predicted weight of carbon dioxide 

evolved, assuming the reaction to be ~r(H2o) 2 (c 2o4>2)-l + 2H20 

+ 2 cerium (IV) ~ [ Cr(H20)4 (c2o4)] +l + 2 cerium (III) + 

= 0.1054 grms. 

II) RATIO . .QE. M6J.O!!!,!MD!Q. CHROMIC ION l1f _m SOLUTION AFTER 

THE REACTION IS COMPLETED. - -
251 m.ls. of the reacted solution contained 0.4060 

grms. of potassium·dioxalatodiaquochromate:(III). 

100 m.ls. of this solution~. ~l passed through the 

cation exchange resin and the effluent solution was 
. 191 

analyzed for chromium. This analysis involved 

oxidising the chromium to 41chromate ion with potassium 

persUlphate~ and reacting the dichromate solution with 

a standard ferrous ion solution. 

Another 100 m.ls. of the reacted solution were passed 

through the resin, and this treatment was repeated with 

the effluent solution. 

25 
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Original chromium content of the solution = 0.0248 grms/100 mls. 

Chromium content after passing through the resin once = 

0.0237 grms/100 ml. 

Chromium content after passing through the resin twice = 
0.0240 grms/100 ml• 

From this data, it appears that 4-5% of the chromium 

in the reacted solution was in the form of Qr(H20)~+. 
If the rate of oxidation of monooxalatotetraaquo­

chromium~(III) ion by cerium~(IV) were exactly 2.0% that 
v ~ 

of the dioxalatodiaquochromate~(III), the chromium 
'--' 

composition of the final solution would be expected to 

be; 4.8% cis-dioxalate, 90.4 % monooxalate, 4.8 % chromic 

ion. 

(The above values were obtained arithmetically by 

splitting the reaction into various stages, and making 

self-consistent approximations until the concentrations 

of the various~ecies fitted a 2% reaction rate for the 

monooxalate ion compared to the cis-dioxalate ion).) 

The values obtained for the three chromium analyses 

do not differ by more than 5(. Therefore,the siFnif1cance 

which may be attached to the predicted rate constant for 
t 

the monooxalate is uncertatn,because conditions tn the i 

resin bed may have differed sliF.htly after passing each 

solution throuF.h it. Also.,the mechanism proposed on page 

10 may not be applicable. Kowever, the rate of oxidation 

of the monooxalate ton does appear to be slower than 

that for the c1s-d1oxalate ton. 
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SUMMARY 

Potassium trans-dioxalatodiaquochromate~(III) was 

prepared from potassium dichromate and oxalic acid. The 

product was purified by recrystallization and ion exchange 

techniques. Potassium cis-dioxalatodiaquochromate:(III) 

' was prepared by d~solving the trans isomer in water and 

allowing equilibration to take place. The equilibrium 

mixture consists of approximately 99% of the cis isomer. 

Standard solutions of potassium dioxalatodiaquo­

chromate~(III) were then oxidi'sed by standard ceriu.m ... (IV) - ~ 

solutions. The cerium:(IV) solutions contained known 

amounts of sulphuric acid, perchloric acid, sodium 

sulphate, and sodium perchlorate, in order to obtain 

known concentrations of the various ionic species in the 

reaction solutions. 

The reaction was carried out by mixing the cerium~ 

(IV) and the complex solutions, and transferring a sample 

of the resultant solution to a 1 em. cell in a Beckman DU 

spectrophotometer. This cell was thermostated to 25.0 ! 

0.1° c. Changes in the concentrations of the reactants 

were followed by observing the change in optical density 

of tAe solution to radiation with a wavelength of 480rtt~. 

The reaction was found to be kinetically of the first 

order with respect to both the cis-dioxalatodiaquochromate· 

(III) ion and the reacting cerium:(rv) species; i.e. second 



order overall. Tl1e effect on the r·eactio.:.;. .;.·ate vf 

varying the GUlphrte ion concentr~tiou i.:1dicatet: tL.:::.:.t 

t:t.e complex ion ;m~ being oxidiseii by [oe( .JC4) 3]-:-:·. 

The reaction was found to proceed more re.,_,:idly L1 the 

presence ol' hydrogc11 ion than in the presence of a 

S2 

similar concentration of sodium ion. .hlso, ·cn.e reaction 

rate was lower in solutions of higher ionic strca~th. 

- G 25.0 + 0.1 ·J 1 the follO~iing rate lar!' for the l'Cm.ction 

was obtaiued. 

d (Ce (lV )) • ({ 0 .90'!'0 .05+0 .0251:0 .002 (H+)}(c e (SOL!)-
3

2.) 
dT 

(c1s-d1oxalatod1aquochromate(Il1)-1) 

This rate la.~i implies that the reaction proceeds 

through tl?O alternative paths. Path l c:>uld involve an 
-~ 

activated \.!Ornplex of the composition ( \ >:!( ;C4))~:i 
;-\-) -?..- _, -

~is-dioxala"todiaquochroma te: {III )j ). 

;:;. possible meoha..uism which c :>Uld involve :JU.(;.t. an 

Path 2 could involve an activated com,lex :.;ith a 
r 1 -• compos1 tion of ( Lc1s-d1oxalatod1aquochroma te -:_(III) 1 

[ae(304) 3J •2 INa+J )-1..0r- (rc1s-d1oxalatod1aquoc~omate-



S3 

(III)] [oe(so4 )
3 
- 2]):~ 

The activated complex containing sodium ion E'ould 

indicate a mechanism similar to that for path ~ except 

that the hydrogen ion would be replaced by sodium ion. 

The second alternative activated complex, not involving 

sodium ion, could indicate the following possible 

mechanism for path 2. 

[<H20) 2 { C 20 4) ctg:g:gr ~!.: f!r20 ~(0'2 0 4) C r-o-g-~--o] -
1 

- ~1 -2, 
[ (H20) {c2o 4 )C r ... o-Q-c.'- + Ce (so4 >3 '!$""react to" 

~ ~ 0 products 

It is suggested that the temperature dependence 

of the oxidation of cis-dioxalatodiaquochromate:(III) 

ion by cerium-(IV) should be determined in the future • .. 
This would enable the entropy and the heat of activation 

of the reaction to be calculated. These data should help 

to elucidate the nature of the activated complexes 

involved. 

This work could then be extended to a wide variety 

of transitional metal complexes containing oxidisable 

ligands. The data obtained from such studies, could 

give some further indication of the state of the bonding 

within these complexes. 
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