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The rates of racemization of tris-(2,2'-bipyridine)-iron(II) and of tris-(1,10-phenanthroline)-iron(II) increase continuously

with increasing methanol content of water—methanol mixtures, while the rates of dissociation display a m?'xximum. The
differences in the two rates suggest that in alcohol rich solvents racemization takes place essentially by an intramolecular

process.
pair formation and solvation of the complexes.

Detailed kinetic studies have been carried out on
the rates of dissociation and racemization of the
complexes of nickel(II) and iron(II) with 2,2’-
bipyridine and 1,10-phenanthroline, respectively,
e.g., M(bipy)s®* and M(phen)s>*, In aqueous
solution nickel(II) complexes were found to race-
mize by a dissociation mechanism* whereas the
iron(II) complexes racemize largely by an intra-
molecular process and only in part by dissociation.?

Davies and Dwyer® have investigated the race-
mization of these complexes in several non-aqueous
solvents and in water—organic solvent mixtures.
Recently Wilkins and Williams’ studied the ex-
change of 1.10-phenanthroline in the system Ni-
(phen)s**-*phen in various solvents. They ob-
served that the dissociative path for racemization
also persists in these solvents.

Except for a few preliminary observations® on
the rates of racemization, the iron(II) complexes
had not previously been studied in non-aqueous
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(1952).
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There is a specific anion catalysis on the rates of dissociation.

The observed results are discussed in terms of ion-

solvents. The purpose of this paper is to report
the results of kinetic studies on the rates of dis-
sociation and racemization of Fe(bipy);*t and
Fe(phen);*+ in water—methanol and methanol
solutions.

Experimental

Materials.—The compounds used in this study were
[Fe(bipy)s]Cla, [Fe(phen)s]Cle, d-[Fe(bipy)s](Cl0O4).-2H,0
and d-[Fe(phen);}(Cl04)2:3H20. The racemic chlorides
were prepared by the method of Blau.?2 The complexes were
resolved through the antimonyl tartrates and isolated as the
perchlorates, as described by Dwyer and Gyarfas.?

The water—-methanol solvent mixtures were prepared for
each run as needed by direct weighing, using distilled water
and anhydrous methyl alcohol, reagent grade absolute, fur-
ther dehydrated by refluxing with magnesium turnings for
several hours and then distilled from the residue of magne-
sium methoxide and magnesium hydroxide.l¢

Most of the determinations were done in solutions of hv-
drochloric acid, prepared by appropriate dilution from either
an aqueous or an anhydrous methanolic HCl solution. The
concentrations of both solutions were determined by titra-
tion with standard NaOH. Although the aqueous stock
solution retained its standardization almost indefinitely, it
was found that the HCl concentration (4 /) in the methanol
solution decreased appreciably after several days’ storage
at room temperature. This apparently was due to the re-
action CH;OH + HCl — CH;Cl 4+ H;0. This reaction
was retarded by storage of the alcohol solution in a cold
room at 5°. In this mauner, it was possible to keep such
solutions for periods of approximately one niontll without
any appreciable change in titer.

(8) F. Blau, Ber., 21, 1077 (1888); Monatsh, Chem., 19, 647 (1898).

(9) F. P. Dwyer and E. C. Gyarfas, J. Proc. Roy. Soc. N. 8. Wales,
83, 263 (1930); 85, 135 (1951).

(10) L. F. Fieser, " Experiments in Organic Chemistry,”” D. C. Heath
and Co., New York, N, Y., 1941, p. 360.
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Essentially this sanie procedure was followed to prepare
reaction mixtures contaiuing HBr instead of HCl. Al
other chemnicals used iu this study were of reagenut grade.

Rates of Dissociation.-——Rates of dissaciation of IFe-
(bipy)s?* and Fe(phen),?* at the different experimental con-
ditions were deterinined  spectrophotowetrically by the
method previously described.5 The changes in optical den-
sity with tiine were measured at 520 g for Fe(bipy);2* and
510 mg for Fe(plien)2*. The initial complex concentra-
tions were approximately 5 X 1078 17, as this concentration
afforded thie most convenient absorbancy readings.

In the majority of experitents an acid was added to coni-
bine with bipyridine as it dissociated; acid concentrations
rauged from 0.01 A7 to as high as 5 3. Swiss workers"
have described an alternative procedure in which another
trausition uietal ion is used to react with thie dissociated bi-
pyridine. TFollowing this method we have in some cases
used excess Ni?T salts iustead of acid., Under these condi-
tions thie irou(Il) complexes are esseutially completely dis-
saciated at equilibriuni.  Since the aptical deusity of the
nickel(1I) coniptexes formed is much less thau that of the
irou{11) complexes at tlie chosen wave lengths, ouly minor
corrections had to be made.

Excellent first-order behavior was obtained in all cases
with the Fe(bipy )t complex. However, at low H~ con-
centrations in methanol, the plots for Fe(phen )2t showed
curvatures wlich indicated that thie dissociation was ot
proceeding to cownpletion. Iu sucli cases. the iunitial slope
of thie line was used to compute kqgigs. It also wias observed
that although the acidified solutious of both complexes in
water go to « colorless equilibriu wixture, those in aleoliol-
rielt solvents retain a yellowish tinge. The absorption of
these residual sohutions at the wave leugths used, liowever,
was uegligible, so that ouly minor corrections were 1eces-
sary. The color was perliaps due to tlie oxidation of Fe?*
and tlie formation of some cliloro complex of irou(IID).
Tests witlh SCN ~ gave the characteristic red color for iron-
(I11).

Racemization.—Tlie rate of cliange of optical activity of
thie coumplex at different experiinental couditions was
followed using a Bellingham and Stanley polarinteter with a
phatomultiplier attachuent and a sodiu vapor lamyp light
source.  Polarimetric measurcinents with these eompounds
are hanipered by one cxperinental difficulty. Even when
present in relatively low concentrations, the couiplexes
vield higlily colored solutious. Thus in order that sufficient
light be trausmitted, the solutions niust be dilute so that the
angle of rotation observed is low and the precision of kinetic
duta is poor. This lhnitation hias heen mentioned pre-
viously, and examination of the data obtained using the
norial visnal niethiod of measurements shows considerable
scatter.’? By using tlie pliotomultiplier attaclunent. it was
possible to make nieasurements on more concentrated solu-
tions at lower light intensities and obtain greater precision.

The procedure for making optical rotation measurenients
ot tliese solutions was essentially tliat previously described.'®
owever, several cowplicating factors iuecessitated soue
mindifications.  The usnal technique requires that the rota-
tion of the sample and tlie light intensity rewmain constaut
during the time of micasurement. In the cases studied,
however, the complex ion is racemizing at a rapid rate, and
in some solutions it is also sinultaneously dissociatiug, so
that the light intensity is rapidly changing. In such cases
an arbitrary intensity value was selected. and readings were
taken at 30 sec. intervals on alternate sides of the minimun
at this precliosen inteusity value. After the data for a given
kinetic run had been collected, a plot of the two sets of
values (readings on eitlier side of tlie minimuin) vs. tinle was
made. The correct minimuni position. the angle of rota-
tion, at any given time then was calculated by averaging the
poiits o1 the two curves correspouding to that time.  Tliese
values of « were then plotted iu tlie usual fashion, log « vs.
tinte, and rate constant for racemization. k.. determined
frow the slope of the straight line, k.. = —slope X 2.303.

The mujority of the raceutization runs were carried out
i a one deciimeter jucketed polarimeter tube, through which

(1) P, Lauger, 8. Fullaly and H. Erlenmever, Hele, Chivi, Acta, 37,
1050 (1934); H. Brintzinger, & Fallab anid H. Erlenmeyer, ¢bi/., 38,
AST (180AH).

ey ¢
Minois, 1953,

(12) C. Djerassi, I W IP'pltz and A 10 Lippman, Tars Jourxar, 77,
4350 (1555
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water at tlie appropriate temperature, =#0.1°, was eircu-
lated. This technique was not suitable for maintaining low
temperatures during warm weather.  For the low tempera-
ture experiments, a special apparatus was coustructed.
This cousisted of a polarimeter tube sealed into an nsulated
vessel which contained a mixture of crushed ice and water.
Attached to the polarimeter tube was a sintered glass funnel.
The solvent was placed in this funnel and after it had conie
to temperature the solid complex was added and the solution
filtered into the polarinieter tube. Measurements of optical
rutation were taken as soon as the tube was full of solution.

Results and Discussion

The greater part of this iuvestigation deals with
Fe(bipy)s*™, but suflicient data were collected
also onn Fe(phen);** to show its helavior uuder
similar experiniental conditious.

Dissociation.—Previous work?® ! has shown that
in aqueous solution the rate of dissociation of
Fe(bipy)s*t increases with H7T concentration,
reaching a limiting value at 1 3/ acid, while the rate
of dissociation of Fe(phen).*w decreases slightly
with increasing acidity and ion concentration. '

The rate constauts for the dissociation were
measured in various methanol-water mixtures and
at various HCI concentrations. It can be observed
from Table I that for anv given solvent composition
the rate of dissociation of Fe(bipy);*~ increases
with increasing H* concentration. Data in Table
IT pernit a comparison of the rates of dissociation

TaABLE I
Dissoc1aTIoN oF Fe(bipy ):2T 1Nx WATER, WATER- METHANOL
MIXTURES AND METHANOL AT 25.5°

Mole ¢ kase X 102 Mole %, Fdss X 102

C11;:01 (HC1) anin, D CH:OH [11C1| {1, %)
0 1.2M 5.13 60 0.6 4.50
20 0.2 1.86 0.8 5.02
4 2.35 1.2 5.53

.6 2.82 84 0.6 8.65

.8 3.18 0.8 9.35

2 3.50 1.2 10.6

40 0.2 1.99 100 0.8 13.9

4 2.67 1.2 15.4

.6 3.11 1.6 16.4

.8 3.48 2.0 16.9

1.2 3.90 2.5 17.8

3.0 17.7

of Fe(bipy)s®* with Fe(pheu),** in 1.0 1/ HCI
as a function of water—methanol solvent composi-
tion. The two complexes show a similar behavior
in that their rates of dissociation rapidly increase
in the region of high methanol content. One
noticeable difference, however, is that for Te-
(phen);** there is a continual increase in rate of
dissociation with increase iun mole per cent. al-
cohol, whereas the rate of Fe(bipy);®* first de-
creases and then rapidly increases.

The effect of electrolytes other than HCI is
shown in Table ITI. These data indicate that the
effect is primarily a specific anion effect and that
the effectiveness 111 accelerating the rate is ap-
proximately

Cl~ >> Br~ ~ CH.CsH,S0;~ > HSO,~ ~ NO;~ > ClO,~

(14) J. I, Baxendale aud P. Guorge, Trvays. Furaday Sor., 46, 736
(1950).

15) J. E. Dickeus, I¥
79, 1286 (1957)

Bazely aml H. M. Nenmanu, THIS JOPRNAL,
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TaBLE II

DissoclaTIiON OF Fe(bipy);2t AND Fe(phen)2t v 1.0 W
HCl WATER-METHANOL SOLUTIONS

Fe(phen)s2™,

Mole ¥ Fe(bipy):?t, & X 102 (min.~1) % X 102 (min. 1)
CH;;OH 25.5° 30.4° 25.5°

0 5.05 11.1 0.442
10 3.63 8.35 -
20(19)" 3.46 7.60 0.603
30 .. 7.83 L
40(37) 3.88 8.55 1.24
49 .. 9.64 .
52(54) . 9.90 2.42
60 5.32 11.6 C
70(68) .. 14.5 5.41
80 .. 19.2 ..
84(87) 10.2 L 12.6

90 .. 24.8
100 14.7 31.5

2 The mole 9, CH3;0H in pareutheses refers to the solvent
unsed for Fe(phen)2t,
Tapre III

EFFECT oF ADDED I0oXS ON THE DissoCIATION oF Fe(bipy);2+
AND Fe(phen);2t 18 METHANOL SOLUTION AT 25.5°

Fe(bipy)s?*
Solution composition k X 102 (min, ™"
0.0005 3 NiCl, 1.31
.001 M NiCl, 1.70
.005 M NiCl, 3.47
.01 M NiCl, 4.49
.01 A7 NiCly 4 1.0 M LiC1 15.0
.01 3 HC1 4 0.5 M LiCl 12.7
.01 M HC1 4 1.0 M LiCl 15.2
.01 M HC1 + 1.5 M LiCl 18.1
.01 ¥ HCl 4 2.0 M LiCl 19.2
.01 A HC1 4 2.5 ¥ LiCl 20.1
5 M HCL 4 0.5 M LiCl 14.7
.5 M HCl 4 1.0 M LiC1 17.1
.01 Af HC1 4 1.0 31 LiBr 1.63
.01 ¥ NiBre 0.73
.01 M/ NiBr: 4+ 0.5 M LiBr 1.49
.01 A1 NiBr, 4+ 1.0 37 LiBr 1.60
.05 M HBr 1.16
.25 M HBr 1.51
.50 M HBr 1.71
1.0 M HBr 2.34
1.0 4 HC1 + 1.0 Af HBr 7.70
1.0 M HC1 + 0.5 M HBr 9.75
1.0 M HCl 4 0.25 M HBr 11.5
0.5 M H.S0, 0.39
1.0 M HeSO, 0.79
1.0 M p-toluenesulfonic acid 2.13
1.5 M p-toluenesulfonic acid 2.24
0.01 A Ni(NO;): 0.50
.01 A Ni(NOg)s + 0.1 M LiNOs .66
.01 M Ni(NGz)y + 1.0 3 LiNO;s 77
.005 31 Ni(Cl104). .25
.05 M Ni(Cl10y), .25
Fe(phen)s2+
0.1 M HCl 4.33°
.1 M HC1 + 0.4 LiCl1 6.43°
.5 M HC1 6.55°
.5 M HC1 + 0.5 M LiCl 7.96¢

2 These last four values in the table are for Fe(phen);2t
in 80 mole 9%, CH;OH.
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This is markedly different from the small retarda-
tion effect of added ions in aqueous solution.!®
It is apparent that the increasing rate of dissocia-
tion of Fe(bipy)s*T with increasing HCI concentra-
tion, unlike the behavior observed in the water
system, is due primarily not to increasing H+ con-
centration, but rather to the increasing Cl~ con-
centration. Because of this fact and also because
both complexes show an anion catalysis in methanol,
it is unlikely that the half-bonded mechanism?.!8
proposed for the acid-catalyzed reaction of Fe-
(bipy)s®* in water is of much importance in imeth-
anol.

The kinetic effect of anions can be explained if
ion-pairs are formed. and if the pairs then dis-
sociate with rate constants larger than that of the
“free’” complex. Although ion-pair formation of
this type is not favored in water, it should be ex-
tensive in methanol because of the lower dielectric
constant of the latter. Experimental evidence in
favor of ion-pair formation is provided by the ap-
parent inhibition of kgiss by HBr in the presence
of 1 M HCIL. Normally one would expect that the
effects of Br~ and Cl~ acting together would be
additive, and since Br~ acting alone increases
kaiss, 2 corresponding increase should be observ-
able in the mixtures. However, if one assumes ion-
pair formation, with the chloride-complex pair
having a higher dissociation rate than the bromide-
complex pair, this effect is readily explainable.
The formation of bromide ion-pairs necessarily
decreases the population of chloride ion-pairs,
thus lowering the effective rate constant.

An important geometrical feature of these com-
plexes, as pointed out in the previous article,’
1s the existence of three major pockets between the
planar ligands. In water-methanol solution these
pockets normally will be occupied by six solvent
molecules. Two types of ion-pairs appear pos-
sible: an internal ion-pair in which the anion
displaces one or more solvent molecules of the
hexa-solvated species, and an external ion-pair in
which association between anion and complex does
not cause displacement of the solvent molecules.
Ion-pair forniation of complex ions in solution can
sometimes be detected by changes in the ultra-
violet spectrum.!” The absorption spectra of
Fe(bipy);** and Fe(phen);?™ in methanol were
examined from 220 to 800 my, both in the presence
and absence of varying concentrations, up to 1
M, of LiCl, LiBr and Lil. However, i1 no case
was any significant difference obtained. Therefore,
if associated species are present, their spectra are
essentially identical with the spectrum of the "‘free”’
hexa-solvated complex ion.

Since the perchlorate ion, of the ions tested, has
the smallest effect on the rates of dissociation of
these complexes, the rates were measured in meth-
anol solutions containing a minimum concentration
of Ni(ClO,),. These data are given in Table IV.

Racemization.-——Insofar as possible the racemiza-
tion rate constants, krac, were measured under the
same experimental conditions as kgiss, S0 that mean-
ingful comparisons might be made. The race-
mization rate constants for Fe(bipy)s;** and Fe-

(16) P. Krumholz, J. Phys. Chemn., 60, 87 (1956).
(17) M. Linhard, Z. Elektrachen., 50, 221 (1944),
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Fig. 1.-—Rates of negligible salt effects (left) end in 1 A7
HCI (right) far Fe(bipy )2t at 25°: A, krue) B, Buise; C. Erse
- kd}sa-

(phen);®* at various temperatures, acidities and
solvent compositions are given in Table V. It is
apparent from the data that the rate of racemiza-
tion rapidly increases with an increase in methanol
concentration of the solvent, in agreement with the
earlier observations of Davies and Dwyer.

TaABLE IV

DissoclaTioN oF Fe(bipy)s?t AND Fe(phen);2* 1x 0.005 A7
Ni(Cl0;)s METHANOL SOLUTIONS AT 25.5°

LESTER SEIDEN, FRED Basorno aND H. M. NEUMANN

Tle(bipy)s2 ™ Fe(phen)s2*
Maole ¢, CH:OH kdws X 102 (min. 1) kdigs X 107 (min. ~1)
0 0.70 0.44
20 .54 0.56
40 75 .
60 1.08 1.19
80 1.20 1.23
100 0.25 .25
TABLE V

RACEMIZATION OF Fe(bipy);?t AND Fe(phen);2T 1nv WATER,
METHANOL AND WATER-METHANOL SOLUTIONS

Fe(bipy)s?*
)

Ire(bipy)s2*

Temp. Mole % krac X 102 Temp. Mole %, ke X 102
cC) CH;011 (min, ") ©cC.) CHs:OH (min. 7Y
3.8 0 0.087 25.5 20 7.14
0 .076” 23 8.5°
20 .115¢ 30 9.57
40 .272 40 14.44
60 .73 39 12.8%¢
79 1.26 30.4 0 9.68
82 1.40 0 14,794
100 1.94° 10 11.94
100 1.85" 10 13.6°¢
100 1.91 20 15.4¢
7.4 N0 3.15H Pe{phew)s**
14.5 100 9.9 3.8 100 T.T
15.6 () .79 0.0 ] .05
955 0 3.85 2() (.19
0 7.4 60 1.43
10 5.03 80 3.19
10 7.9¢ 100 4.33
«1.0 M LiCl. 2.0 M LiCl. ¢1.0 M HCl. ¢ Precision

is low due to the rapidity of the reaction.

For each solution the rate of racemization wia
a purely intramolecular mechanism can be ob-
tained by subtracting the rate of dissociation from

Val. 81

the observed rate of racemization (Fig. 1). For
solutions both with and without HCI the rate of
intramolecular racemization of Fe(bipy)s;**t in-
creases with iucreasing methanol coutent of the
solvent. For a given alcohol-water composition
the intramolecular rate is more rapid in the absence
of acid, as expected, since the ratio of dissociation
events to intramolecular racemization for the half-
bonded species increases with increasing acidity.®>.!

Since the rate of racemization increases much
more rapidly than does the rate of dissociation with
methanol enrichment of the solvent, it is clear that
the intramolecular racemization path makes an
increasing contribution to the rate of loss of opti-
cal activity in such solvents.

20

10

Relative rate constant.
Ve
AN
Difference in A[‘¢, kcal./mole.

e
N
-

0.0 0.2 0.4 0.6

Mole fraction methanol,
Fe(bipy):2* ;
Ni(plien )2+

0.8

Fig. 2.—Dissociation rates for
Fe(phen)?t, — - ~~—;  Ni(bipy)s?*, ----
; all in methanol-water wixture at 25°.

In aqueous 1 M HCI 329, of the racemization
proceeds by intramolecular processes, but this
rises to 709, in 40 mole 9, methanol. The cor-
responding values in the absence of HCl are 80
and 949,. Although the racemization rate in pure
niethanol at 25.5° is too rapid to be measured. a
rate constant of 85 X 1072 min.~! appears to be a
reasonable estimate. Comparison with the dis-
sociation rate of 0.25 min.~! (Table IV), demou-
strates the great predominance of the intrammolecular
process in methanol.

In solutions of low methanol (Fig. 1) the rate of
intramolecular racemization and the rate of dis-
sociation differ significantly in their dependence on
solvent composition. The increase in intramolec-
ular rate with increasing methanol indicates that
the replacement of water by methanol in the sol-
vated ion increases the freedom of motion of the

(18) For a detailed mathematical treatment of the mechuuisin of
racemization see reference 3.



Aug. 5, 1959

ligands. Since it appears to be advantageous to
consider the solvated species as the entity under-
going reaction, this effect will be referred to as an
ion-structure effect.

Effect of Solvent Composition on Rate of Dis-
sociation.—The effect of solvent composition on the
rate of dissociation presents a complicated situa-
tion. It is informative at this point to compare
the dissociative behavior of the four complexes,
Fe(phen);**. Fe(bipy)s**, Ni(phen);** and Ni-
(bipy)s?T, in methanol-water mixtures. This com-
parison is displayed graphically in Fig. 2. The
relative rate constant is the ratio of the rate con-
stant for a given complex in a given solvent
mixture to the rate constant for the same com-
plex in pure methanol. The logarithm of the
relative rate constant has been plotted and, since
the difference in the free energies of activation is
proportional to this quantity, the ordinate has been
marked in terms of both quantities. The rate
constants for the iron(II) complexes are derived
from the data of Table IV and hence are concerned
with conditions where the salt effects have been
kept as small as possible. The rate constants for
the nickel(II) complexes are derived from the
racemization data of Davies and Dwyer,® and it
has been established” that the racemization rates
are the same as the dissociation rates. These
racemization measurements also were made under
conditions where the salt effects were negligible.

At least three factors must be in operation here:
one operating in the low methanol region tending
to give decreasing rates, another in the inter-
mediate region to give increasing rates, and the

B1s-(CYCLOPENTADIENYL)-TITANIUM (IV) BROMIDE WITIT CNILORIDES

3R813

last to give decreases for high methanol content.
An ion-structure effect, like that apparent from the
racemization results, would be expected to favor
increasing rates; this is probably the dominant
factor in the intermediate region. The factor
tending to give decreased rates in the low methanol
region may be the disturbance of the solvent sur-
rounding the ion caused by the necessary expansion
of the dissociating species. Both the viscosity®
and the volume shrinkage on mixing!?® suggest that
the energy requirements of this solvent-structure
effect would be greatest about mole fraction 0.3
methanol, if the solvent surrounding the ion had
the same structure as the bulk solvent. Since the
latter cannot be so, no exact correlation can be
expected.

The remaining point to be explained is the de-
crease in rate in the high methanol content region.
The simplest explanation is to correlate this with
the deficiency of water in the solvated ion. If the
dissociation mechanism includes participation by
water, then tlie decrease is understandable. Some
support for this view is to be found in the fact that
the decrease in rate normally observed in high
methanol content solutions is not evident when
chloride is present (Table II). This could be
accounted for by an internal ion-pair, in which the
chloride ion is performing the function normally
performed by a water molecule, z.e., filling a va-
cated codrdination site.

(19) C. Carr and J. A. Riddick, Ind. Eng. Chem., 48, 692 (1951).
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The Reaction of Bis-(cyclopentadienyl)-titanium(IV) Bromide with Different Chlorides
in Various Solvents*

By ARNE JENSEN AND FRED BasoLo
RECEIVED FEBRUARY 2, 1959

The rates of reaction of bis-(cyclopentadienyl)-titanium(IV) bromide with lithium chloride and with benzyldimethyl-

octadecylammonium chloride to give bis-(cyclopentadienyl)-titanium(IV) chloride were investigated.

The rate of reaction

with the quaternary ammonium chloride in tetrahydrofuran and in benzene shows a first-order dependence on the concen-

tration of the chloride,

This suggests that the reaction takes place by a displacement (SN2) process.

Lithium chloride,

under the same experimental conditions in tetrahydrofuran, reacts approximately one-twentieth as fast as does the qua-

ternary ammonium chloride and the rate of reaction does not depend upon the concentration of lithium chloride.
lieved that in this case the rate-determining step involves a nucleophilic displacement by the solvent.

It is be-
The analogous bis-

(cyclopentadienyl)-zirconium(IV) bromide was found to react much too fast to be studied by the spectrophotometric method

used.

The mechanisms of substitution reactions of
octahedral and of square metal complexes have
been rather extensively investigated.! However,
there is very little information on substitution re-
actions of tetrahedral metal complexes. These
systems are not numerous and in general they react
too rapidly to be amenable to kinetic studies by
conventional techniques. Some progress has re-
cently been made by the investigation of reactions

* Presented in part at the 1nternational Conference on Coérdination
Chemistry, London, April, 1959.
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of metal carbonyls and substituted metal carbonyls.
Keeley and Johnson? found that the rates of carbon
monoxide exchange with benzene solutions of
Ni(CO)s, Co(NO)(CO); and Fe(NO)(CO): de-
crease in that order. They suggest that the ex-
change takes place by a displacement (Sn2)
mechanism. Meriwether and Fiene® observe that
the rate of reaction of Ni(CO)s(PRj). with PRy’
to yield Ni(CO):(PRs)(PRs") does not depend on
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