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INTRODUCTION

An investigation of the oxidaticn of cis-dioxalato-
diaguochromate (III) ion by cerium(IV) in aqueous acidic
solution is herein reported.The purpnses 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 cis-dioxalatodiaquo-
chromate (III) ion, cerium(IV), sulphate ion, and
hydrogen ion, |

3) To determine the effect of varying the ionic
stréngth on the rate of the reaction.

4) To interpret the information obtained in parts
1 through 3 , together with other relevant data, in
terms of a plausible reaction mechanism,

This investigation forms the irnitial part of a
more general plan to study the influence of the
environment 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 aéid.
Values of the second dissociation constant of sulphuric

0
acid, that apply to the concentration range used at 25 C,



have been determined by Zebroskl and co-workers.21
Hardwlck ahd Robertsons have obtalned values for the
stability constants of the variousggriumﬁIY);sulphate
complexi®s. Applylng these data to aqueous solutions ob-
tained by mixing keown amounts of ceric sulphate,
sodium sulphate, sulphuric acid, perchloric acid, and
sodium perchlorate, the concentrations of the following
specles, which were present ln any particular solution,
could be calculated: S0, , HSO4,~ ©I04 , Na ',
oo, 5%, [ces0,1" 2, [ce(so,),], and@e(804);’2.
In the majority of the experiments described
in the thesis, ceric ion was present in solutions
contalning a large excess of sulphate and bisulphate
lons. Under these conditlions, Hardwlick and Robertson'36
data indicate that most of the cerium (IV) would be
in the form of the [pe(so4)£]‘2 ion. This conclusion
agrees with data obtained earlier, by Jones and Soper7
and by Smith and Getz,l® on the electrical migration of
ions in ceric sulphate solutions. The migration
experiments showed that in onewnoler sulphurlc acid
sdlutions gll the cerium_ (IV) was present in anionic
specles. In one moler perchloric aclid solutions,
however, no anionic cerium_(IV) species were detected.
The oxidation of oxalate by cerium (IV) in
aqueous sulphuric acid solutions has been studied by
Dodson and BlackA. They report that the reactlion is
kinetically of the second order, being first order in

cerium_ (IV) and first order in oxalate, biloxalate, or

i1
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oxalic acid. An experimental activation ecnergy of 16.5% C.h k.
cals/nole is reported for 0.5; 1.0, and 2.0 rolar sulphuric

acid solutions. The rate of the reaction decreased with

¢

- Increasing ionic strength. The auvthors concluded that the rate

determining step was either:

2[;e(soh)é]'_21-H20204-72:Ce

OI‘

*3 27con +1+:SO)+-2+2:H501:2

-1

-1 *3200 +5750, T3 Hs HSO),

ve( 0 )ﬂ HHIC,0, 2] Ce

(Che step given v Dodson and Elack would 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,) Ross and Swainl5, who potentiometrically
studied the oxidation of oxalate ion by ceriur(IV) in acidic
solution, also found the reaction to be Licetically of the

second order,

s 9 . N . . y . . i
King and Pandour”’ studied the oxidation of bromide ion by

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

expression for the rate of the reaction,

1ii

z4(Ce () = égaﬁlg%) [y, (B 22 16y (B27) ]

wvhere k12 and kll are constants.

From this expression they concluded that the reaction proceeds

through parallel paths involving the two activated complexes
[Ce(sou)g}zrg‘g and &3@(804)._31” -1,

In solution, cis~dioxalatodiaquochromate(III) ion is in
equilibrium with its trans isomer. 7This equilibrium has been
studied by Hamms, vho found the equilibrium mixture to be
composed almost entirely of the cis isomer, A solution

of the trans-dioxalatodiaguochromate (III) ion
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rapidly equilibrates, with & half-llfe of'approximately
20 minutes at 25.0°C. The equilibration is first order
with respect to the cis ion concentration, and is
practlically independent of the hydrogen lon conceantration
and the ionlc stremngth. Cunningham3 recommends that |
solutions of the varlous salts containing the cis-
dioxalatodiaquochromaté]III) anion be prepared by heating
solutions of the corresponding trans salts. The trans
anlon is readily obtalnable in a pure form as its
potassium salt, because potassium trans-dioxalatodlaquo-
chromate (III) is fairly.insoldkle .im water,

Assuming that the oxalate to chromium bonds in
cis~-dioxalatodiaquochromate (III) ion and trioxalato-
chromate (III) ion are similar, an indicatlon of the
nature of the clis-dloxalato ion 1n 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 Wernerzo
that racemisation of the trioxalato ion in solution might
1nvolvé the breaking of only one of the bonds between the
chromium and & 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 lon.



Much later, exchange expefiments were conducted by
Long0 using oxalate ions labelled with carbon 1l. They
showed that in the time required for a solution of a
potassium trioxélatochromate enantiomorph to racemise,
no appreciable exchange took place between bound oxslate
and oXelate in solution. It was therefore concluded that
an internal racemisation mechanism was involved.

In 1922, Rideal and Thomasl separated the
enantlomorphs of trioxaiatochromat{(III)ion, utilizing
the differing solublilities of the potassium d-étrychnine
salts. Later, Bushra and Johnson2 resolved the following
ions by similar methods: [Cr(0204)3] ;3‘ : [00(0204)3'5.
and[cr(ethylenedia.mine)( 0é04')2]'1. They then studied
the kinetics of racemisation of solutions of these ions.
The results of thlis work indicated th#t the racemisation
~ took place by some form of internal mechanism not
involving dissoclation of the ligands. Investligations
by Johnson8 revealed that a wide varlety of metal ions
-catalysed racemisation 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 reforming; not necessarily
at the coordination positioﬁ where the original bréaking
took place. It is not unreasonable to assume that in
potassium cis-dioxalatodiaquochromatt ” (III) solutions,
bondé between the chromium and the oxglate addenda are

continually breaking in a similar manner.



Parker and Hatchardl3 have obtained evidence which

could possibly supplement the above conclusions. They
exposed solutlons of potassium trioxalatoferrate (III)
and potassium trioxalatocobaltatgggg intense flashes of
visible radiation. Immedliately 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, Saffir and Taube16

hgve studied

the oxidation of monooxalatopentamminecobalt (III) ion

by cerium (IV). They found that the reaction proceeded

with almost perfegt stolchiometry, one equivalent of the
cerium_(IV) being consumed by one mole of the cobalt  (III)

complex, with the production of one equivalent of cobalt(IL),

They conclude that probably the cerium_(IV) first

attacked an oxalate addendum to form a Cn0; radical.

This radical is then a powerful enough reducing agent to
_reduce cobalt (III) to cobalt (II). They did not
establish whether the reductlion took place 1in the

activated complex, or whether an intermedliate, of

finite 1life, is formed.

vi



EXPERIMENTAL

I. REAGENTS EMPLOYED

The sdﬂhuric acld, perchloric acid, sodium sulphate
decahydrate, and sodium perchlorate, used in thls work,
were Baker's "Analyzed Reagent" materials, obtained from
the J. T. Baker Chemical Company, Philipsburg, N.J.
Standardized ceric sulphate in sulphuric acid solution
was purchased from the G. Frederick Smith Chemical Company,
. Columbus, Ohlo.

II. PREPARATION, PURIFICATION, AND ANALYSIS OF REAGENTS
Potassium trans-dioxalatodiaquochromate (III) was

prepared from oxalic acld and potassium dichromate.laa

The trans salt was readlly obtained by crystallization

from the reactlion mixture, because its solubility in

water is much less than that of the reagents from which

it is prepared. (Potassium cis-dioxalatodiaquochromate-

(IE}) is much more soluble.)Then it was recrystallized. from

. e?ﬁe potassium trans-dioxalatodisquochromate (III)

obtalned was dissolved in water and passed through

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

in its potassium form. Thils treatment was undertaken

to replace chromium containing cationlc specles by

potassium lons. The effluent solution was then passed



through Dowex 1-X8 anionlc exchange resin, in the
percﬁlorate form, 1n an attempt to separate the potassium
dioxalatodiaquochromate (III) from anionic impurities.

In the time required for these operatlions, the
dioxalatodiaquochromate (III) ion equilibrated between
1ts cis and trans forms,5 it was assumed.

The resultant solution was analyzed for chrom:l.umlgb

and o::ala.telgc

by standard analytical procedures. The
chromium analysis involved oxldatlon of chromium with
potassium persulphate to give a potassium dichromate
solution. The dlichromate lon was then titrated with a
standard ferrous ammonium sulphate solution. The oxalate
analysis involved decomposing the complex by heating with
concentrated sodium hydroxide solution. The chromic
hydroxide, which was formed, was removed by filtration.
The filtrate contained sodium oxalate, whith was titrated
with a standard ceric sulphate solution.

The analytical results obtained usually indicated
a ratio_ of one'nole of chromium to approximately 2.02
mles of oxalate 1n a sample of potassium dioxalatodlaquo-
chromate_ (III) solution. These results could be caused
by analytical errors or inefficient removal of oxalate
(present in solution as 0204'2, H:0204'1, and a trace
of H20204) by the anionic exchange resin.

The standardized potassium dioxalatodiaquochromate-
(III) solution was allowed to stand overnight before it

was used. After this period of time, approximately 99%



of the complex was in the form of its cis 1somer.5

In the reacted solutions, which will be discussed
later, it was necessary to adjust the ionic strengths,
hydrogen lon concentrations, and sulphate lon concentra-
tlons to required values. This was done by adding the
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 ghthalate.lga

Chromium (III) perchlorate was prepared in perchloric
acld solution. The preparation consisted of heating a known
welght of potassium dichromate, in a standardized perchloric
acid solution, with excess hydrogen peroxide. Under these
conditions the dichromate ion was reduced to chromium (III)
by the hydrogen peroxlde. The excess hydrogen peroxide, which
remained in the reaction solution,was decomposed by boilling the
solution for three hours. The solution was then kept. a4t .-

090 for 24 hours to precipitate the potassium ion present, as
potassium perchlorate, which was filtered from the solution.
The filtrate consisted of a known amount of chromium (III)
perchloraté in a known concentration of perchloric acid (contam=-
inated by a trace of potassium ion). 100 mls. of a 0.200
molar oxalic acld solutlon were then added to a perchlorlc acid
solution which contained 0.0200 moles of chromium (III) per-

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



which time the reactants formed monooxalatotetraaquo-
‘chromium (III) perchlorate (contaminated with other
chromium (IXI) ~ oxalato complexes). After cooling,

the reacted solutlon was passed through an anionic
exchange resin (Dowex 1-X8 in its perchlorate form)

to remove anionic impurities,e.g. (0202'2, (B 0204)'1,
[or(0,040(H50),5] 2, ana [or(0,04)5] 3. he effluent
solution contained monooxalatotetraaquochromium (III)
perchlorate and a small amount of chromium (III) perchlorate.
The latter was removed by passing 250 mls, of the solution
through 50 mls. of Dowex 50W-X8 cationic exchange resin in
its hydrogen form. Under these conditions most of the

* violet=red mansoxalate lon passes through the resin,bed,
whereas the chromic lon is retained as a blue-black band
in the resin column. The resultant sotution of
monooxalatotetraaquochromium:(III) perchlorate in

19b and Qxala,'lzel.‘gc

perchloric acid was analyzed for chromium
The normality of the perchloric acld was determined by
adding excess standardized sodium hydroxide to 25 mls, of
the solution, boiling ihe solution to decompose the
complex, filtering off the chromium” (III) hydroxide
precipitated, and titrating the filtrate with a
standardized sulphuric acid solution, using a phenol-

phthalein indlicator.

III. EXPERIMENTAL PROCEDURE FOR FOLLOWING THE OXIDATION
OF CIS-DIOXATATODIAQUOCHROMATE_ (III) ION BY CERIUM (V).

The reaction was found to proceed as follows:



a Lot
2H29-+cis [?r(H2O)2(ng+ig J'+2Ce > 2Ce 3+

+L
+ Ezr (HEO)LP(V20)+_):{ +2c0,

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-l recording spectrophotometer
(see illustration 1, page 27). It was decided that 4C0 mp.was
the optimum wavelength for following the reaction, At this
wavelength there is a large difference hetween the optical
densities of the reaction solutions before and after reaction.
Also, at 480 mp.the sulphated ceric ions absorb light rore
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 eeric complex
to a colourless cerous species. Ceric ion in excess sulphuric
acid was shown to obey Beer's Law at 480 mp.(see illustration 2,
page 27,) Therefore, it was assumed that the change in optical
density of the solution as the reaction proceeded was proportional
to the change in concentration of the reactants.

It will be shown later that as the monooxalatotetraaquo-
chromium(III) ion reacts much more slowly than the cis-dioxalato=-
diaquochromate (III) ion, only the cis ion consumes ar appreciable
amount of ceric ion(see pageb25).

For a given experimental determination of the rate of
oxidation of cis-didxalatodiaguochromate(III) ion under specific
conditions, two solutios were prepared:

1. An aqueous solution of potassium cis-dioxalatodia=-

quochromate (III).



2+ A solution containing ceric sulphate, sulphuric acid,
perchloric acid, sodium sulphate, and sodim perchlorate.
The concentrations of the two solutions were such that on mixing
equal volumes of 1 and 2, a solution with the required concen=-
trations of ceric ion, cis-dioxalatodiaguochromate(III) icn,
sulphate ion, hydrogen ion, and ioric strength was cbtained,
In calculating the concentratidns of lonic species present
in the solution, the equilibrium data of Zebroski21 and
co-workers on the dissociation of sulphuric acid, and the
eguilibriur data of Hardwick and Robertson6 on the various
ceric-sulphate corplexes were utilized,

Flasks cortalning solutions 1 and 2 were placed in
a thermostat, at a temperature of QS.OtO.lCC, for about one
nhour, Ten millilitre samples of each solution were than taken,
and the two aliquots were thoroughly mixed.* A vortion of this
solution was then placed in a one centimetre cell in a Beckman
Du spectrophotometer., The cell was also thermostated at
25.O:t0.lOC. The optical denéity of the mixed solution at 480 g
was taken at one minute intevals., The optical density at the
time of mixing was obtained by extrapolation. After the
reaction had proceeded for approximately one hour a white
precipitate appeared in the solution. %his was shoun to be
cerous sulphate. (see page 10).

* The heat generated by the dilution of the sulphuric
acid was assurmed to be negligible., Ixperimentally on nixing
equal volumes of 1.0 molar sulphuric acid and water at 25°C,

the temperature increased by O.lQi:O.O2OC.



No precipitate was obtained 1n reaction mixtures in
which sulphate ion was absent. When the initial
concentrations of the cerium”(IV) ion and the cis-
dioxalatodiaquochromate” (III) lon were of the order of
one hundredth molar, the reaction was approximately

75% completed before precipitation took place. Thus,

it was possible to obtaln adequate data before the
solution became turbid. After one week, the cerous
sulphate was filtered out of the reaction mixture. The
optical dénsity of the filtrate was taken, and conslidered
10 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.Assumiiig 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 consumtion of cerium (IV).

It was convenlent to standardlze the spectrophotometer
s0 that a 0.01000 M.ceric sulphate 1n 0.750 M. sulphuric
acid solution gave an eptical density of 0.245; the slit
width being 0.15 mm. The reason for this is that at
480 mji.the optical densities of [be(so4)1] 2= solutions
increase rapldly with decreasing wavelength of the incident
radiation. Therefore, it is difficult to obtain repro-
ducible results by trylng to set the spectrophotometer to



480 Im» before each determination.

IV ANALYSIS OF THE 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 dloxide by passing through a barium
hydroxide solution, was passed thrquh 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 was 0.0256 molar in cerium (IV),
0.0128 molar in cis-dioxalatodiaquochromate:(III) ion,
1.70 molar in sulphuric acid, and the lonic strength
was approximately 1l.9. The nltrogen stream carried
the carbon dloxide s which was produced by the
reaction from the reaction vessel into a vessel contalning
a standard barium hydroxide solution. After the reaction
had proceeded to essential completion (5 hours at 35°C)
the barium hydroxide solution was filtered, in order to
remove barium carbonate, and the filtrate was tlitrated
with standardised sulphuric acld solution, using a
methyl orange indicator. From the amount of barium
hydroxide consumed, the weight of carbon dloxide evolved

during the oxidation was determined. (see apbendix III,

page 27 ).



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 chromlc ion was removed from solution and remained
as a blue-black band at the top of the resin bed. (The
solutlion was also approximately 0.05 molar with respect
to perchloric acid).

The reaction mixture, which had been used to
estimate the amount of carbon dloxide evolved in the
reaction,consisted of a blue solutlon containing a white
precipitate. The preclplitate 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
colﬁmn 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

196 The results of these

thelr total chromium content.
analyses are shown in appendix III, page 25 These
results show that on passing the reactlion mixture

through the resin the chromium content of the solution
decreases. However, on passing this effluent solution

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. PFirstly, the cis-
dioxalatodiaquochromate (III) ion being oxidised by the
cerium (IV) to give monooxalatotetraaquochromium (III)
ion, ceriuﬁl(III), and water. Secondly, some of the
monooxalatotetraaquochromium” (III) ion being further
oxidised by cerium (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, 1f on passing the strongly
acldic 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 IV], page 25 .

As has been stated, a white precipitate had been
obtained from the solution in whiéh the cerium_(IV) and
the cis-dioxalatodiaquochromate (III) ion had reacted .
This precipitate was bolled for an hour with one moler
sodlum hydroxide solution, during which time the
preciplitate turned yellow. This precipitate was then
dissolved in one moler hydrochloric acld to give a

yellow solution. On adding barium chloride solutlon



11
to a portion of the yellow solution, a white preciplitate
'was obtalned. Another portlon of the solution oxidised
a ferrous ammonium su}phate solution, which contained a
few drops of ferroln as an indicator. On the basis of
this qualitative evidence, the original white precipltate
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 reattion stolchiometry within experimental

error.

IV TIHE METHOD OF CALCULATING THE RATE CONSTANTS AND METHOD
OF TABULATING THE RESULTS

The varlations in the concentrations with time
of cerium:(IV) and cis-dioxalatodiaqudchromate:(III)
ion, in a reaction mixture, were calculated (see page 7).
From these concentrations, a gecond order rate constant
for the reaction was obtained graphically. This procedure

11 The

1s described in detall in standard text-books.
second order rate constants which most closely fit
the results obtained during the first 304 of the various
reactions are tabulated in appendix I, pages 20 to 23 .
An indication of the accuracy involved in thls work
is given in appendix IIb , page 24 , where the rate
constants for duplicated experiments are tabulated. It
can be seen that the results wbpetrted in appendix IIb

are consistent with the estimate of experimental errors

in appendix IIa‘, page 24 .
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In some of the earllier determinations 1t was
necessary to assume that a little (3-4%) of the cerium-
(IV) was consumed very rapldly on mixing the reactants.
Unless thls allowance was made, it was impossible to
obtaln 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, greater care was taken to recrystallize it.
Using this materlal, no allowance for a rapld initial
consumption of cerium (IV) was required.

In appendix I, the following detalls have been
tabulated, the second order rate constant for a given
reaction mixture, the init2él equilibrium concentrations
of the ionlc speclies present, and the ionic strength
of the solution. The data of Hardwick and Robertson6
on the equilibrium comstants of the various ceric-
sulphate complexes, and that of Zebroskl and co-worker321
on the dissociation of sulphuric acld, were used 1n
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?9 ) and lonic strength (see illustration I1ii,
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page 26) on the rate of the reaction. An atitempt was also
rade ﬁo correlate the rate of the reaction with the
concentrations of the various cerium(IV) species present
in the solution., The best correlation was obtained by
concidering {}e(soh)é]'z to be much more reactive than

any other cerium(IV) species (see illustration IV,page 28).
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DISCUSSION OF RESULTS

The oxidatlion 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 gegoerded ih appendix I, page 20. In reactlons
1 through 4 in this appendix, the initlal concentratioans
of the reactants are varied, other conditions being
kept constant. However, the second order rate constants,
obtalned by considering the reactlon to be first order
with respect to both of the reactants, are reasonably
consistent. The second order rate constants at 25°C were

sulphate and

found to be dependent on the'hydrogen ion concentrations,
and on the lonlic strength of the reaction solution.

Within the range of ionic strengths employed, l.e.
0.7 to 2.0, the reaction proceeded more quickly the
lower the ionic strength (see illustration III, page 28 ).

The concentrations of the various sulphated ceric
~complexes were calculated from the data of Hardwlick and

6 for several reactlon mixtures. For these

Robertson
mixtures, in which the hydrogen lion concentrations and
the ionic strengths are similar, there appears to be a
reasonable agreement between the concentration of
@e(SO4)é]'2 ion present and the reaction rate (see
11lustration IV, page <8 ). It appears that [93(804)51'2

reacts more raplidly than any other cerium:(IV) specles.,
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An attenpt was nct rade to estimate the error caused by ceriuvm(IV)
species other'than[Ce(Sou)él‘g oxidising cis-dioxalatodiaquo-
chromate (III) ion, In solutions in which the sulphate ion
concentration was low, errors could possibly be caused by the
concentrations of polynuclear cerium(IV) species becoming
significant. This latter possibility would make the‘calculated
@b<50u>£)'2’ concentrations inaccurate. >In solutions in vhich
there was a low initial concentration of [Ce(SOh)é)'g, the relative
proportions of the ions containing cerium(IV) would vary
significantly as the reaction proceeded;(As the optical densities
of ceriﬁm(IV) in sulphuric acid solutions do not change with
time, it was assumed that the various cerium(IV)-sulphate

equilibria were established rapidly.) Under these conditions,

~there would not be a linear relationship between the change in

the optical density of the solution and the amount of cis-

dioxalatodiaquochromate (III) ion oxidised by cerium(IV).

. To allow for the above two factors would require considerably

more data than has been accumulated. An extensive study of the
specles present in cerium(IV) solutions would be reguired,
which could not be carried out veryv accurately by the oxidation
technicue described in this thesis.

The effect of the hydrogen ion concentration on the
reaction raﬁe is plotted in illustration V, page 29. The data
were obtaimed for this graph by determining the effect of
var-ing the ratios of sodium to hydrogen ions on the reaction

~

rate; at a cobtant ionic strength of 2.00, TUnfortunately,

when cerium(IV) is used as an oxidant it is riot possible

to use very weakly acidic solutions, because the cerium(IV)
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would be precipitated as its hydroxide. It was found that

if an aguéous solution of ceric sulphate was less than Ok
molar with respect to sulphuric acid; precipitation of a

vellow solid took place on allowing the scolution tec stand,

Also, in_weakly acidic solutions species such as CeoH*3

become very importaht.l In solutions in which the ratio of

H' to Na¥ was varied from 1:2 to 9:1, the rate of the

reaction was apprcximately proportional to the change in the
percentage of hydrogen ion present (see illustration V,page 29).

6 that at hydrogen

It has been shown by Hérdwick and Robertson
jon concentrations of greater than 0,6 molar the hydrogen ion
concentration does not have a large effect on the proportioné
of the various cerium(IV) species present. Therefore, the
catalytic effect of hvdrogen ion must be attributed to sone
other factor., Ry extrapolation, it was found that azt an

ionic strength of 2,00, the reaction rate of cerium(IV) with

cis-dioxalatodiaquochromate (I1I) would te approximately

0.2 litresequivalent -1 minute- if all the external cations

-1 -Lir am1

were sodium, and 3.4 litres equivalent minute
the external cations were hydrogen.

At 25.0°C and an ionic strength of 2,00, the rate law
for the oxidation of cis-dioxalatodiaquochromate (III)
by cerium(IV) may be expressed as follows: 2
4 Ce(Iv) =[ (0. 9ck0.050.0250.004m*) (ce (20, )5) (cis-

dioxalatodiaquochromate(III))‘1 ]

The units of the above constants are litres equivalent"l

minute:'l. A normal solution of cerium(IV) would be 1 molar

with rcspect to cerium(IV), and a normal solution of cis-
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dioxalatodiaquochromate (III) ion would be 0.5 molar with
respect to the latter ion.

The above rate law implies that there are two paths which
lead to reaction. Path 1 ctould involve an activated complex
of the compoaltlon ( [be(soh)é] -2 [P‘]lgls-uloxalqtodlaruo-
chromate(llll] ). A possible mechanism which could involve

such an activated complex would be:

[( s >0|Colkl ~(H)( )or=0 COH]O
HA0 c Cr ¢ C Cr=0=C=C=(Q=
20)2(Cx0 )¢ | | o= |7 S0 %

_ 0 ';"2.'

(Hh0) 5 (Ch0 )Cr-O—C-C-O-#)a-Fe(S ) ] sloy reaction products
L 2" 2t 2% O 8 %) 3 7 (see page 8)

The second path could involve an activated complex of
comp051t10n ( I_Ce(QOA)BJ"2 [cis-dioxalatodiaquochromate(IIIi]
[Ta) ) or ( LCe(SO#)i]"z cis-dioxalatodiaquochromate(IIIﬂ-‘)-3.

The reason for this uncertainly is that from illustration Vy
page 29, there is no way of ascertaining the role, if any,
of sodium ion in the reaction. IHowever, by replacing the
sodium ions by other cations, it should be possible to
determine whether cations other than hydrogen exert a catalvtic
effect on the reaction,
If sodium ion were involved in the reaction, a plausible

mechanism for the second path ctould be:

[( )2 >O"'°'JL L, [ *ral
Fa + H-0 Coly)Cr | 2 1{Es0). (C.0 )CTe0mCaCa(n
K N A O 20, (C,0,)Cr=0 g g 0 Na]
(H,.0)..(C50). )CP=0~€--C=0-N 0 1°% slow
272 2t &G v Ce(Sq+)3] ? reaction
00 products

¥ The sodium tq oxygen bond is not necessarily covalent,
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If sodium ion were not involved in the reaction,
a plausible mechanism vould be:
0-cs0\ ™ i, -1
7 .

(H,0), €€,0;)Cr. | .] [2: 0),, (C,04)C0r- 0 =D

[222 Y0-0e0 kg =02 60]
-2 slow

-1
[(H20)2(C204)Cr'0hg-"-é] + Ce(SO4)5 _—— reaction products
0 . (see page 8 ).

The concentrations of the binuclear intermediates
containing both chromium and cerlum 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 demsity
of the resultant solution, obtained by extrapolation
(see page 7 ), was the mean of the optical densitles
of the original solutions).

The author conslders 1t to be probable, in a
solution of cis-dioxalatodiaquochromate_ (III) ion, that
external catlons 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 [ﬁ@o%gbo4xk-oﬁyg-0aﬂdon]

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 dépendence cf theoxldation of cis=-

dioxalatodiaquochromate (III) lon by cerium (IV), in
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order to obtain the entropy and heat of metivhtion. 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-
dibxalatodiaquochromate:(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:(III) - oxalate complexes as may be
readlly prepared. Preliminary work on the oxldation
of monooxalatotetraaquochromium (III) ion by cerium (IV)
has been undertaken by the author. However, sufficlent
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-dioxalatodiaquochromatq:(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 thls thesls, could be ex-
tended to oxidisable ligands other than oxalate in

transitional metal complexes.



Composition of Eguilibrium molar Ionic Rete constant o
initial solution concentrations of strength (I;i_tx"esfequiwiélentx
ionic species present minutex ~! )
1.
H.56., -0.75M, HY -0.520 1.28 1.89
Na,S0,~0.25M, S0, -0.119
2e(1v)-0.01M, HS0,-0.881
x2is -0,01M,
2.
H,S0, -0,75M., H" -0.620 1.27 2,60
Ka,50,-0.25M, §O, -0.k20
e(1V)-0.005M. HS0,~0. 881
cis ~0.01M,
5.
H.S0, -0.75M, H* -0.620 1.27 2.07
Na,S0.,-0.25M. SO -0.119
Ce(1V)-0,01H, HSO,~0.881
cis -0,0025M.
4.
H,S0, -0.75M. H* -0,.620 1.87 2.05
Na ,50,-0.25M, sS85 -0.119
Ce(1V)-0.01174¥, HSO;-0.881
cis  -0.00293M,
5.
H,80. -0.75H. H* -0.737 1.24 £.08
Na ,50,,-0., 1O, S0, ~0.,087
Na €10-0,21H, HS0,~0.763
Ce(1v)-0.01M, €10,~0.21
cis  -0.005M. Na® -0.,21
6ﬁ180“ —0.75M. HY -0.737 1.24 2.00
Na,S0,,-0.10M, 805, -0.087
NaC10,.-0.21M, H50,-0.265
ce(1V)-0.01¥, C10,~0.21
Na® -0.21

eis -0,.005M,

x cisecis-Dioxalatodiaguochromate(III) ion



Equilibrium molar Ionic Rate constant

Composition of tant \
concentrations of strength (&itres equiva;entff_

initial solution

ionic species present minute: ~
Te .
H,S0, -0.555M. H' -0.624M. 2,02 1.53
NaCl0, -1.30M. S0, -0.066HM.,
ce(1V) -0.01M. HSO,~0.490M,
cis -0,005M, Na' -1,30M.
* £10,-1.30M.
8.
H,50, -0.555M., H" -0,624M. 2.02 1.52
NaClO ™S —'l 150Mo SO; -OQOGSMQ
Ce(1V) -0.01M. HS0,~0.490M.
cis -0,006M. Na* -1,30M,
010,-1.50M.
9.
H,50, -0.555M. H® -0.524M. 1.26 2.42
NaCl0, -0.54M. S0¢ ~0.066M.
se(1V) -0.01M. HSO, —0.490M,
cis -0.,005M, Na' -1,30M.
€10, -1.30M.
10, .
H,S0, =0.555M. Y* -0,624M, 1.26 2,34
NaCl0, -R.30M. S0 -0.066M,
ce(1V) -0.01M. HSO,~0.490M.
cis -0,006M. Na* -1,30H.
C10,-1.30M.
1i.
H,S0, =-0.555M. H' -0.824M, 0,72 5,30
ce(1V) -0.01X. 80, -0.066M,
cis -0.005M.  HSO,-0.490M.
12.
H,S0, =-0.555M. H* -0.624M, 0.72 3.22
Ce(1V) -0.01M.  SOF, -0.066M,
cis -0.005M.  HSO_-0.490M.
13,
H,80, -1.00M. H' -1.07RW. 1.18 5,05
Ceflv) -0.01M.  SO7 -0.073M.
cis -0.005M.  HSO, -0.927M.



Composition of
initial solution

14.
H,SO, -1.00M.
Ce (1V)-0.01K,
cis -0.005M.,

15.
H,S0, -1.79M,
Ce(1V)-0.01M,
cis -0.,005M.

16.
H,S0, ~1.78M,
Ce(1V)-0.01K,
2is  -0,008M,

17.
Ce (lV)—0.0lM.
sis  -0.006M,
HC10y, -2.00M

18,
H, S0y ~-0.05M,
Ce(1V)-0,01H,
eis  -0.005M,
HC1G,, -1,95M,

19.
H,504 ~0.20M.
Ce(1V)-0.0100M,
cis -0,00640M,
HC104 -1.79H.

20,
HeS0, =~0.80M.
Ce(1V) -0.01M,
cis  -0.0046M,
NaCl0, -1.06M.

Equilibrium molar
concentrations 6f
ionic species present

Y -1.082¥ .
SO+ ~0,073M,
HSO,  -0.927M.

HY -1.870M.
S05 -0,077H,
g* -1.870%,
S0, -0,07TM.
HSO ~1,712%,
ut -2,0k.
610,  -R.0OM.
Ge (S0, ), -0.00iH
H* '-2 .00M'

450,  =0.05i.
c105  -1.95M
Ce(S0, ), -0.00184M,

-

H -1.99M,
4SOy  -0.20M,
c105  -1.79M.
Ce(SQ), -0.0082k,

iod -0.870M.
HSOL  -0.730M.
S0Z"  -0.07M.
Na." "'l Py OGM.
clog -1.06M.

Ionic
strengih

1.i8

1.97

1.97

R.01

.01

2.00

22

Rate constent

(litres. e.%uivét].entf'ﬂI
minute: ~

5.22

2.78

R.83

0.0k4

0.32

1.24

.14



Compogition of Equilibrium molar Ionic Rate congtant

initial solution concentrations of strength (&i_,tres‘.'eq'éi\fdlents"
ionic species presernt minute: ' )
21, :
H,50, -1.00M. HY  ~1.07M. 2,00 2,33
Ce(1V) -1.01M, HSOg -0.930H.
cis -0,0046K. S0, -C.O7M,
NaCl0, -0.86M. Na* -0,86M.
105 ~0.86M.
22,
H,S0,  -1.20M. H* _-1.27M. ?.00 244
Ce(1V) -0.010M., HSO, ~1.13M.
cis ~-G.0046M, SOi -0.07M.
NaC10, -0.66M. Na+ -0.66K.,
105 -0.66M.
23,
H,50, -1.40M. BEY -1.48M, " R.00 .82
Ce(1V) -0.010M.  HSO% -1.32M,
cis  -0.0046M, £0* -C.07TH.
NaCl0, -0.46M, N+ -0.46M.
Cl0g -0.46M,
24.
HaS04  —-1.60M. H¥ -1.68M, 2,00 3,10

Ce(1V) -0.010M. HSO0% -1.52K.
cis -0,0046M, SOT -0.08M,
NaC1l0, ~0.25M. Na ¥ -0.85M.

* : C10g -0.25M.



Appendix lla. The Maximum Fgtimated frrors in Obtaining the Conceptrations
OF the gpecies Present in the Reaction Solutions
Maximum error in reading the spectrophotometer _ _ _ _ _ _ _ . _ _ _ £.0%

Error caused by temperature variations of (,10°C

in the reaction vessel __ _ _ _ _ o o o o o o o o e e e e _1.0%

“rror caused by iﬁfurities in the reactants _ _ _ _ _ _ _ _ _ _ _ _ 1.0%

Error caused by the choiee of the value of the

optical density for the completed reaction solutions _ _ _ _ _ _ _ _ 0.5%
1,52

Therefore the maximum estimated error in calculating the
concentrations of both Cerium(1lV) and cis-Dioxalatodiaquo-
chromate(111) in a reaction mixture is equal to 4.5%. This
means that the maximum error in determing the rs.: constant
for the reaction is 9.0%,because it is a second order reaction.

Appendix 11b. Ihe differences in rate congtants obtained in duplicate
sexperigents.

Solution number (as Rate constant (in i c

in appendix 1). ejuivalents minutes ), Mean value
R 2e08 L o o e e e e e - %2.9%
B o e e e —— e - — 2.00
T e e e e e - — O 5.7%
B o e e e - ———— -1.62
Y e e e e e - —— — R2eb2 oo o e e e e e — —3.4%
10 (e e - 2.34
ll ———————————— 5.00 _________ _2'1%
12 @ o e e e e - 3.22
15 o o e e - - 3605 o e e e e e e - - 5.4%
14 o e e - 3422
16 o e - - R2e78 o o e e — -5.6%
16 o o e e e e e - - 2.63
26,1

Therefore the mean difference in rate constaats determined in
duplicate experiments is equal to 4.4%.This value appears to
be ‘in good agreement with the value predicted in Appendix 1lia,

which probably means that the equilibrium data employed were
not-significantly inaccurate.

24
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APPENDIX III. ANALYSIS OF REACTION PRODUCTS (see page 8 ).

I) CARBON DIOXIDE EVOLVED.

0.4060 ¥ 0.0005 grms. of potassium cis-dloxalatodiaquo~
chromate (III) were reacted with an equivalent amount of
cerium:(IV). (AﬁO.E molar solutlon of cis-dioxalatodiaquo-
chromate:(III) ion is equivalent to a 1.0 molar ceriumj(IV)
solution by definition of the author). The carbon dioxide
evolved neutralized 43.67 mls. of 0.1040N barium hydroxide
solution. Experimentally determined weight of carbon
dioxide evolved = 0.1010 grms.

The theoretlically predicted weight of carbon dioxide
evolved, assuming the reaction to be &ér(H20)2(0204)éJ'1 + 2H0
+ 2 cerium (IV) ~ [:Cr(H20)4 (020411 *1 4+ 2 certun (III) +
200, , = 0,1054 grms.

THE REACTIION IS COMPLETED.

II) RATIO.OF MONOOXAEATETO CHROMIC ION IN THE SOLUTION AFTER

251 mls. of the reacted solution contained 0.4060
grms. of potassium- dloxalatodlaquochromate (III).

100 mls. of this solutlon.yes passed through the
cation exchange resin and the effluent solution was
analyzed for ch;t"om.'n.um.lg5 This analysis involved
oxidising the chromlum to dichromate ion with potasgium
persulphate, and reacting the dichromate solution with
a standard ferrous ion solutlon.

Another 100 mls. of the reacted solution were passed
through the resin, and this treatment was repeated with
the effluent solution.



26

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 Gr(H20)3+.

If the rate of oxldation of monooxalatotetraaquo-
chromium (III) ion by cerium (IV) were exactly 2.07 that
of the dioxalatodiaquochromate:(III), the chromium
composition of the final solution would be expected to
be; 4.8% cis-diloxalate, 90.4 % monooxalate, 4.8 % chromic
lon.

(The above values were obtained arithmetically by
splitting the reaction into varlous stages, and making
self-consistent approximations until the concentrations
of the various specles fitted a 2 % reaction rate for the
monooxalate lon compared to the cis-dloxalate ion).)

The values obtalned for the three chromium analyses
do not differ by more than 5%. Therefore,the significance
Yhich may be attached to the predicted rate constant for
iha monooxalate 1s uncertalin,because conditions in the -
resin bed may have differed slightly after passing each
solution through it. Also,the mechanism proposed on page
10 may not be applicable. However, the rate of oxidation
of the monooxalate ion does appear to be slower than

that for the cils-dloxalate ion.
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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 df%olving the trans isomer in wgter and
allowlng equilibration to take place. The equilibrium
mixture consists of approximately 99% of the cis isomer.

Standard solutions of potassium dloxalatodiaquo-
chromate_(III) were then oxidised by standard cerium (IV)
solutions. The cerium (IV) solutions contained known
amounts of sulphuriq acld, perchloric acid, sodium
sulphate, and sodium perchlor#te, in order to obtain
known concentratlions of the various lonic specles 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 cm. 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 the solution to radlation with a wavelength of 480¢np.

The reaction was found to be kinetically of the first
order with respect to both the cis-dloxalatodiaquochromate-

(III) ion and the reacting cerium:(Iv) species; 1.e. second



order overall. Tike effect on the reacilea :rate of
varying the sulphete lon concentraticn iadicated that
the coumplex lon was belag oxidisec by {Ce(sly) ]
The reection was found t¢ proceed more rapildily iua the
presence of hydrogen ion than in the presence of a
similar cozcentration of sodium lomn. 4ilsc, tie reaction
rate was lower la solutlons of higher ioxnic =ztrength,.

At an lonic ctrength of 2.00, anéd a temperature of
25.0 * 0.100, the followlng rate law for the reaction

was obtalued.

d‘g${1V)) » ((0.90'20.05*0.025‘50.OO2(H+)}(&,‘6(SOA_),;2)
| (cls-d1oxalatod1aquochromate(111)°1)

This rate law implies that the reucction proceeds
through two alteranstive paths. Path 1 could involve an
ectivated complex of the composition | Je ;,4,W& Q
[ets-atozalatodtaquochronate] \m] )'l

A poesible mechanism which could lavoive uzuci an
activated complex would be:

0-C= 041 k.
H*EHQO)(CQOA)GI' ) j [H 0)é020a)0r-q-q-c-oa
0-C=0] ke »

L(Hgoxgcgoa)cp-o-c-c-ogp[ﬁe(soa) -? reactlon products
(see pame 8)

Path 2 could involve an activated cowmdlzx with a

composition of ({Pis-dioxalatodiaquochrcmate:(III)?—
- ]

[?e(304)31 =2 Yﬂa*j ) ore- (f&ls-dioxalatodiaquoehromatae
| L L
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(111)] [ce(504)3"‘j):3

Ehe activated complex containing sodium lon eould
indicate a mechanism similar to that for path 1, except
that the hydrogen lon would be replaced by sodium lon.
The second alternative activated complex, not involving
sodium ion, could indicate the following possible

mechanism for path 2.

[(‘320)2(0 04>cr'g.g‘g_3] —7[H20)(0904)CP-0 8—8—0-]

‘H 0)(Cr0,)Cr-~0-G- --g+ ce(S0 ) ‘-S reaction
'.( 2 )"-( 2 4) 8% 473 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 varlety
of transitional metal complexes contalning oxidlsable
ligands. The data obtained from such studles, could
glve some further ;ndication of the state of the bonding

within these complexes.



il

BIBLIOGRAPHY

1. F. B. Baker, T. W. Newton, and M. Kahn, J. Phys.
Chem., §ﬁ,‘109, (1960).

2. E. Bushra and C. H. Johnson, J. Chem. Soc., 1937,
(1939) . -

3¢ Go Eso Cunningham, R. W. Burley, and M.T. Friend,
Nature, 169, 1103, (1952).

4, V. H. Dodson and A. H. Black, J. Am. Chem. Soc.,
19, 3657 (1957). ‘

5. Re. E. Hamm, J. Am. Chem, Soc., 75, 609, (1953).

6. T. J. Hardwick and E. Robertson, J. Can. Chem Soc.,
29, 828, (1951).

7. E. G. Jones and F. G. Soper, J. Chem._Soc., 802,
(1935).

8. C. He. Johnson, Trans, Farad.Soc., 31, 1612, (1935).

9. E. L. King and M. L. Pandow, J. Am. Chem. Soc., 75,
30635 1953.

10. F. A. Long, J. Am. Chem. Soc., 61, 571, (1939).

11. W. J. Moore, 'Physical Chemistry,' Longmans, Green
and Co+,Lbnd®n, 2nd Edltion, 1956, page 534.

12. (a) W. G. Palmer, ’Experimental Inorganic Chemistry,'
Cambridge Universlty Press, 1954, page 38%.

' Cambridge, England.
(b) Ibid., page 389.

13. Cl.A. Parker and C. G. Hatchard, J. Phys. Chem., 61,
22y (1959).

14, E. R. Rideal and W. Thomas, J. Chem. Soc., 121,
196, (1922). T

15. S. D. Ross and C. G. Swaln, J. Am. Chem. Soc, 69,
1325, (1947).

16. Po Saffir and H'. Taube, io ;A._r&. Chemo SOC-, _8_2_,13(
(1960).




vidid

17. N. V. Sidgewick, 'The Chemical Elements and Their
Compound', Oxford Universily Press, Okford,Eng.,
1st . Edltion, 1950, Vol. 1, page 450. '

18. G. F. Smith and H. L. Getz, Ind. Eng. Chem., (Anal.
Ed.) 10, 191, (1938).

R e e
1951, page 236,
(v) Ibid., page 297.
(c) Ibid., page 307.
20. E. Werner, Ber., 45, 3061, (1912).

21. E. L. Zebroski, H. W. Alter, and F. K. Heumann,
J. Am Chem Soc., 73, 5646, (1951).



