This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

vomeeunene | Journal of Coordination Chemistry

Journal of ) Publication details, including instructions for authors and subscription information:
COORDINATION http://www.informaworld.com/smpp/title~content=t713455674
CHEMISTRY

THE CATALYSIS OF THE trans-cis ISOMERIZATION OF

e | DIAQUOBIS(OXALATO)-CHROMATE(II) BY Mg(NO,), AND MgSO,
& S o . Daniel Huchital; Xiucen Yang®
eyl R * Department of Chemistry, Seton Hall University, South Orange, NJ
a3l ¥ - ;.
‘- @ « 9
9 . . J we
¥ ! (1o
s g E

To cite this Article Huchital, Daniel and Yang, Xiucen(1981) "THE CATALYSIS OF THE trans-cis ISOMERIZATION OF

DIAQUOBIS(OXALATO)-CHROMATE(III) BY Mg(NO,), AND MgSO,', Journal of Coordination Chemistry, 11: 1, 57 —
60

To link to this Article: DOI: 10.1080/00958978108080667
URL: http://dx.doi.org/10.1080/00958978108080667

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958978108080667
http://www.informaworld.com/terms-and-conditions-of-access.pdf

20:19 23 January 2011

Downl oaded At:

J. Coord. Chem., 1981, Vol. 11, pp. 57-60
0095-8972/81/1101-00573$06.50/0

© 1981 Gordon and Breach Science Publishers, Inc.
Printed in Great Britain

THE CATALYSIS OF THE trans-cis ISOMERIZATION OF
DIAQUOBIS(OXALATO)-CHROMATE(II) BY Mg(NO,), AND
MgSO4

DANIEL HUCHITAL and XIUCEN YANG!+t

(Received October 15, 1980)

The trans-cis isomerization of Cr(C, O, ), (H, 0),” was investigated using Mg(NO, ), and MgSO, as catalysts at
higher concentrations than reported in the literature. Linear behavior is observed between added catalyst concen-
tration and rate until ca. 0.30M, after which the rate becomes much faster. The rate behavior over the entire range
of added catalyst MgSO, is explained in terms of ion association. Both the free Mg?* and the complex MgSO,
catalyze the reaction. The catalytic rate constants obtained are kpg2+ = 3.60 x 107> M~ 57! and kMgSO,, = 8.00 x

104 M st

INTRODUCTION

Many transition metal and non-transition metal
cations have been observed to catalyze the isomer-
ization of the title complex, Cr(C; 0,4),H,0);.
Ashley and Hamm? reported that twelve different
metal ions and hydrogen ion catalyzed the isomer-
ization. Included in this study were the alkaline
earth ions Mg?* — Ba?*, several first-row transition
metal +2 ions and the tripositive species A1>*, La%*,
and Ce®*. Kelm, Stieger and Harris®** extended this
work to include the effect of the alkali metal ions,
ammonium and alkylammonium ions, and multi-
valent ions.

The mechanism of the reaction has been proposed
to involve attack of the catalyst on the chelated
oxalate to form a five-coordinated intermediate with
only one end of one oxalate bound to the chromium
center. This “one-ended dissociation” mechanism
could explain the experimental observations quite
will. A log-log plot of k, vs §, for nine +2 metals
supported the proposed mechanism. Only one cation
studied by Ashley and Hamm, Mg®*, did not fit the
linear correlation above. In an effort to determine the
reason for the divergent behavior of Mg?*, we under-
took a study of the catalysis by two magnesium saits,
Mg(NO; ), and MgSQ, . The results of this study are
reported here.

tContribution from the Department of Chemistry,
Seton Hall University, South Orange, NJ 07079.

EXPERIMENTAL SECTION

Material and Solutions

Sodium trans-diaquobis(oxalato)-chromate(III) was
prepared by the method of Werner.® The purity was
determined using methods reported in the litera-
ture.®"® Solutions of this compound used for kinetic
runs were prepared directly by weighing the solid
followed by addition of deionized distilled water and
other reagents.

Solutions of sodium nitrate and sodium sulfate
were prepared from Fisher A.C.S. reagent grade
chemicals by weight after heating at 102°C for one
hour. Solutions of magnesium nitrate hexahydrate
and magnesium sulfate were prepared directly from
the Fisher A.C.S. reagent grade chemicals by weight
and analyzed by titration with the EDTA according
to the procedure in Vogel.’

Kinetic Measurements

All kinetic measurements were obtained by usinga
Cary 15 spectrophotometer, the cell compartment
of which was thermostatted at 25.0 + 0.1°C. The
reaction solutions were prepared as follows: a
weighed amount of solid trans was placed in a flask
followed by addition of water, sodium salt and
magnesium salt solutions. All solutions for kinetic
runs were prepared to be at pH = 3.0 using HNO; or
H,;S804 and I = 1.50 M, and kept in a thermostatted
Haake Model FK-2 temperature bath to reach
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reaction temperature. The reactions were followed at
416 nm, the wavelength maximum of the cis complex.
First-order rate constants were obtained from slopes
of plots of log (4. — A,) vs. time where 4, and A..
are the absorbancies at time r and after the reaction

is complete.

RESULTS AND DISCUSSION

As shown by Kelm er al. and further reported by
Kallen.'® the rate law for the trans-cis isomerization
of C1(C, 04 ), (H,0); is rate = koyp¢[trans], where
kobs, the observed first-order rate constant, is given
by Eq. (1).

kobs = ku,0 *+ km*[M'] + kyy+[H'] @

This rate law refers to the reaction in the absence of
metal ion catalysts, the rate constant terms in Eq (1)
referring to the processes given by Egs. (2)-(4).

k
trans- Cr(C,04),(H,0); H.2

cis- Cr(C,0,4), (H,0); (2)

k' +
trans- Cr(C, 04 )2 (H,0); + M'———
cis- C1(C204 ), (H: 0); +M* (3)

k +
trans- C1(C,04), (H,0); +H' =

cis- Cr(C,04),(H,0); +H" (@)

In the presence of metal ion catalysts, a fourth term,
Kkpent[Me™ ], was assumed to be present. The
observed rate constant was written as

kops=ky * ky[Me"™" ] &)

where k; was the sum of the terms on the right side
of Eq. (1). The overall reaction was fitted to the
mechanism proposed by Kelm et al.,? viz.,

k.
T——=C )

T+ Me™—Sappp £Men]

C +Me" )

According to Eq. (5), a linear relation should be
observed between kqps and [Me™"] provided that the
k, term did not vary significantly on changing the
concentration of the metal catalyst. However, as done
here, this could be checked by obtaining the k, term
for each kinetic run by running the reaction at

various concentrations of external salt (in the absence
of Me™" and at pH 3). The k, values obtained

TABLE [
Rate data for the Mg(NO,), catalyzed isomerization of
trans-C1(C,0,), (H,0),?

Mgll(added), M 10%kops [NaNO,], M 10°k, 10%k.P

0 6.06 1.50 6.09 0
0.04 6.44 1.38 6.12 032
0.08 6.64 1.26 6.07  0.57
0.12 7.05 1.14 6.02 103
0.16 7.30 1.02 596 1.34
0.20 7.74 0.90 5.89 1.85
0.24 8.12 0.78 5.82 230
0.28 8.46 0.66 573 273
0.32 8.67 0.54 562 3.05
0.36 9.18 0.42 547 311
0.40 9.76 0.30 530 446

aT=250°C, [ = 1.50 M, units of rate constants are sec™’.
Pk =kovs— k,

directly from a plot of ko1 versus external salt
concentration, could then be subtracted from the
observed rate constant in the presence of Me”*, and
the resultant values when plotted against [Me""]
would yield k, directly.

Tables I and II report data for the Mg(NO; ), and
MgSO, catalysis reactions. Each data set was per-
formed at a constant ionic strength of 1.50 M. Each
value of kg, is the average of two kinetic runs, the
reproducibility of which was usually within 3%. For
each data set, a plot of k. (= ko ps — k; ) versus added
magnesium(II) was made. These are shown in
Figure 1.

Examination of the plots in Figure 1 reveals some
interesting features. Both plots of k, vs. added

TABLE I

Rate data for the MgSO, catalyzed isomerization of trans-
Cr(C,0,),(H,0);2

Mgll(added), M 10*kyps [Na,SO,],M 10k, 10%kP

0 6.94 0.500 6.92 0
0.02 6.91 0.473 6.81 0.10
0.04 6.94 0.447 6.70 0.24
0.08 7.11 0.393 6.46  0.65
0.12 7.20 0.340 6.22 098
0.16 7.38 0.287 6.00 1.38
0.20 7.52 0.233 5.76 1.76
0.24 7.56 0.180 553 203
0.28 7.87 0.127 5.28 259
0.32 8.19 0.073 499  3.20
0.36 8.54 0.020 465 3.89
0.375 8.67 0 446 421

aT=25.0°C, 1 =1.50 M, units of rate constants are sec-?.
P ke = kops — k,
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FIGURE 1 Plotof k. (= kops — k, ) versus added mag-
nesium(II) for the salts Mg(NO, ), and MgSO,.

magnesium are linear up to a concentration of ca.
0.30 M, after which the rate becomes much faster.
The slopes of the linear portion at the lower
magnesium concentrations are 1.02 x 10~ and
9.4x 1073 M~'s7L. These values, obtained at an
ionic strength of 1.50 M, compare well with a value
of 1.16 x 107 M ™'s™! obtained by Ashley and
Hamm? at a lower ionic strength. Because of ionic
strength limitations, Ashley and Hamm’s study of
the magnesium catalysis did not extend beyond
0.30 M (added magnesium salt). Thus, they did not
observe the increase in rate reported here.

We feel it is possible to rationalize the rate
behavior over the entire range of added magnesium
salts in terms of effect of ion association (complex-
ation) between Mg?" and the anion of the supporting
electrolyte. Data on ion association is available for
Mg?* with sulfate ion.' 2”13 These authors report
that the log Ky value for the association (Eq. 8)
is 2.22'? and 2.23 £ 0.07.!? For the purposes of
calculations, we chose a log Ky =2.22 or K15 =165
as reported by Atkinson and Petrucci.!?

Kia

Mg** (aq) + SOF™ (aq) MgSO0, (aq) (8)

It is postulated that the observed first-order rate
constant is composed of several terms when the
reaction is run in the presence of added magnesium

sulfate. This is given by Eq. (9). The first three terms
in Eq. (9) refer to
kobs = kn ;0 tANat [Na*] t kH’[H+]
+kmg2+[Mg™] + kygso, [MgSO,)

processes outlined above (Egs. 2-4). The last two ©)
terms refer to the catalysis by free Mg?* and
complexed MgSQ, . The rate constants ky 42+ and
kmgso, can be calculated. Eq. (9) can be written as

ke = kg2 [Mg™'] + kmgso, kia [Mg?] [SOZT]

(10)
Rearranging and dividing by [Mg**] yields
k. _ )
Me™] =kmg? + kmgso, K1a [SOF7} (11)

Thus, a plot of k,/[Mg?*] versus [SO3"] should be
linear with an intercept of ky g2+ and a slope of
%mgso, Kia- Such a plot was constructed using

Kia = 165 and calculating the concentrations of free
Mg?* and free SO~ for each run in Table II. The plot,
shown in Figure 2, is indeed linear except for the
highest [SO3"] values. For each of these both the k,
and [Mg**] values are quite small and subject to large
errors. Thus, they are not taken into account in the
analysis of the data. The intercept of the line in
Figure 2 is 3.60 x 107 M~ 57!, representing the
catalytic rate constant for magnesium ion. This

value is more than three times larger than that
obtained using Ashley and Hamm's technique,? and
may well explain the poor fit of magnesium ion to
their data. However, for a complete picture, the
other alkaline earths should be reinvestigated.

0.1 0.2 0.3 0.4
15041, M

FIGURE 2  Plot of the left hand side of Eq. (11) versus
[80:%].
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The slope of the line in Figure 2 represents the
catalytic rate constant for the MgSO, complex.
Using Kjo = 165, we can calculate a value of
8.00 x 10™ M ™! 57! as the catalytic rate constant
for the MgSO, complex. In comparison with

kmg?+, this is a reasonable value considering both
the charge difference and the nature of the catalysis
as proposed in literature.?
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