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The transient spectra of Fe(CG{B,3-dimethyl-1-butene) and Fe(C4B,3-dimethyl-1-buteng)have been
obtained in the carbonyl stretching region of the infrared. Fe{3B-dimethyl-1-butene) has also been
monitored. The bond dissociation enthalpy for loss of 3,3-dimethyl-1-butene (DMB) from Fg£[IMB),

has been determined as 15:23.8 kcal mof™. The rate constants for the reactions of Fe(C®)DMB,
Fe(CO}DMB + DMB, Fe(CO), + DMB, and Fe(CODMB + CO have been measured as (%:6L.4) x

10, (2.3+ 0.8) x 10712 (5.0+ 0.5) x 10°%3 and (3.9+ 0.6) x 10 2 cm® molecule* s, respectively.

The effects of the polarizability and steric interaction energy of the ligand on the bimolecular rate constants
for the reactions of Fe(C@l) + L (L = olefin) complexes are discussed. A correlation between these rate
constants and the steric interaction energy divided by the magnitude of the polarizability of the ligand is
observed. An estimate for the rate constant for addition of 1-pentene to F£{@ntene), based on data

and correlations from this study, does not lead to a significant change in calculated thermodynamic parameters
for processes relevant to the isomerization of pentene. Factors that could influence the stability oglEe(CO)
complexes are also discussed.

I. Introduction was, by necessity, estimated. This estimate was based on the
rate constant for addition of ethylene and propene to FefCO)

Coordinatively unsaturated metal carbonyls are involved in (ethylene). Since ethylene does not confainydrogens, such

a variety of s_t0|(?h|ometr|c and g:atalync processes including: a measurement could be made for this adduct.
olefin isomerization, hydrogenation, hydrosilation, and hydro- . . ) .
formylation1=* A detailed understanding of the kinetics and However, there is little detailed information about the
mechanisms for such processes requires the elucidation of raté/2ration of rate constants for the reaction of Fe(€O) L as

constants for individual microscopic steps that take place in a a _functl_on of @he Size of an olefin (.L)' Thus, itis not clear_lf
complex kinetic mechanism, as well as the determination of this estimate is valid for larger olefins such as pentene. Since

thermochemical information for reaction products and reaction 2°th the kinetics and thermodynamics of the olefin isomerization
intermediates. Though considerable progress has been made jprocess are directly tied to the magnitude of this rate constant,
understanding the kinetics and reaction mechanisms of coor-2dditional studies of the kinetics of addition of olefins to

dinatively unsaturated metal carbonyls, and some information FE(COX0lefin) complexes seem warranted. An obvious system,

is available on bond dissociation energies, there is still rather in which g-hydrogen transfer is precluded, is 3,3-dimethyl-1-
limited information in these areas. b

utene. This system, which lacl&hydrogens, provides an

Time-resolved infrared spectroscopy is a technigue that hasopportunity tp optain data.on the. 9ffect of increasjng molecular
been successfully used to delineate the microscopic kinetic size on the kinetics of olefin addition to coordinatively unsatur-
processes that are part of complex kinetic mechantsfhBor ated rron ;arbonyls. _ ) o
example’ real time kinetic information on the iron Carbony'_ In add|t|on, though conventional wisdom indicates that the
catalyzed isomerization of propene and 1-pentene, in the gasbond energy for olefins bound to metal carbonyls should
phasel has been obta|n%|_t has been genera"y accepted that decrease as the “Size” Of the Oleﬁn incremre iS ||tt|e aCtUa.l
iron carbonyl-induced olefin isomerization involveg-dydro- data in this areaparticularly in the gas phase where solvent
gen transfer process, and this has been demonstrated for properffects are not operative.
and 1-pentene, both of which contain allylic hydrogens. When  In this study we have measured microscopic rate constants
ap-hydrogen is present on the olefin, a raitiydrogen transfer ~ for the addition of DMB to coordinatively unsaturated iron
process can occur, leading to formation ofrallyl hydride. carbonyls. These measurements provide additional information
When such a species forms rapidly after the rate limiting about the dependence of such rate constants on the size of the
addition of an olefin to a moiety that otherwise could coordinate olefin, and on the factors that control their magnitude. An
with a pair of olefin ligands, a direct measurement of the rate interesting correlation is observed between the magnitude of
constant for association of the second olefin is effectively the addition rate constant and the steric interaction energy
precluded. As such, in the systems discussed above, the ratelivided by the polarizability of the incoming ligand. The bond
constant for addition of an olefin to the Fe(G@)efin) adduct dissociation enthalpy (BDE) for Fe(C&DPMB), has been
measured and data has been obtained on the stability of
* Author to whom correspondence should be addressed. Fe(CO)(DMB). In addition, the effect of a change in the
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magnitude of the rate constant for addition of a second olefin IIl. Results

itga';(cenﬁlcp())r?ﬁ?:lggg ics)nc'::gutlr;?ér;odynamms of the olefin isomer- A. Fe(CO%(DMB), Fe(CO)y(DMB),, and Fe(CO)DMB
) Absorptions. The 308-nm photolysis of Fe(C®)produces

Fe(CO} as the only detectable prodif¢®'? The expected
association reactions for Fe(CG{yroduced in the presence of

The time-resolved IR apparatus used in this study has beenFe(CO} and DMB are as follows:
described in detail in refs 6 and 9. This study used two different .
infrared probes. Reactions occurring on either a microsecond Fe(CO)+ DMB = Fe(CO)DMB 1)
or millisecond time scale were monitored by a tunable diode
laser. The beam from this laser was double passed through a K,
42 cm long, 2.5 cm diameter static gas sample cell terminated Fe(CO)DMB + DMB — Fe(CO)(DMB), (2)
with Cak, windows, and was then focused onto the element of

Il. Experimental Section

a fast InSb detector, which has a minimum intrinsic response ks

time of ~250 ns. The signal from the InSb detector was Fe(CO)+ Fe(COy — Fe,(CO), ©)
amplified and sent to a digital oscilloscope, where it was }

digitized and averaged for +5 traces. The photolysis source Fe(CO)DMB + Fe(CO)S—‘L Fe,(CO),DMB (4)
in these experiments was the 308 nm output of an excimer laser,

operating on XeCl. Since DMB has no allylic hydrogens, formation ofraallyl

With the diode laser as the probe source, time-resolved hydride complex is not expected after addition of DMB to Fe-
infrared spectra were constructed from waveforms acquired at(CO),. The first anticipated olefin adduct in this system is the
probe frequencies within the carbonyl stretch region by joining n?-bound olefin complex Fe(CGPMB, shown in eq 1. After
together the amplitude of various waveforms at common delay jts formation, Fe(CQPMB can add DMB to form Fe(CQ)
times. Kinetic information was determined from transients at a (pmB),, as in eq 2. As will be discussed below, a spectrum of
particular probe frequency, as a function of the pressure of the the system taken shortly after photolysis can have contributions
reactant of interest. These signals were fit to exponentials usingfrom both Fe(COYPMB and Fe(COXDMB),. Thus, it is easier
commercial software. to begin the discussion of assignments of absorptions with a

Reactions occurring on time scales of minutes or longer were |onger time spectrum, where experimental conditions have been
followed with a time-resolved FTIR spectrometer operating in arranged such that the spectrum is expected to be dominated
the “GC” mode. In this mode a spectrum of the cell contents by absorptions of Fe(CQDMB)..
could be acquired at predetermined time intervals after pho-  Fe(CO}(DMB), is expected to form via reaction 2 and its
tolysis. Using this method, spectra were obtained in the $900 absorptions can be optimized by increasing the DMB pressure,
2200 cm? region at 8 cm?' resolution with ~10 to 15 which minimizes the amount of polynuclear species formed by
spectrometer scans. The cell contents were allowed to thermallyreactions 3 and 4, and by obtaining a spectrum on a time scale
equilibrate and mix for 30 minutes before being photolyzed for that is long enough that virtually all the initially formed
~20 s with the 355 nm, 10 Hz output of a frequency-tripled Fe(CO}(DMB) has reacted with DMB. Figure 1A shows such
Nd:YAG laser. Both the YAG laser and the excimer laser a spectrum obtained for a DMB pressure of 2.0 Torr.
delivered~6 mJ/cn? at the front window of the sample cell. To our knowledge DMB adducts of Fe(C£and Fe(CQ)
Unless specifically indicated, all experiments were performed have not been previously reported. Therefore, we refer to the
at a cell temperature of (24 1) °C. Except where otherwise  spectra of the analogous DMP (dimethyl-1-pentene) adducts,
noted, all errors are reported as om linear regression fits.  which are expected to be similar to the spectra of the DMB

The BDE of Fe(COXDMB), was measured using static cell ~ (3,3,-dimethyl-1-butene) complexes under investigation. Thus,
fills of 0.050 Torr Fe(COy, ~10 to150 Torr DMB and ~5.3 the known spectrum of the products of reaction of Fe@h
to 31 Torr CO, and enough He to bring the total pressure to at DMP can be used to predict the positions of the expected
least 80 Torr. Rate constants for the ligand association reactionsabsorption of the product(s) of reaction of Fe(G@jth DMB.
were measured under the following conditions in a static cell: Fe(CO}(DMP), has absorptions at 2046 (1.0) and 1970 &m
Fe(CO)} + DMB, 0.040-0.050 Torr Fe(CQ)and 26-300 (15)'2 (numbers in parentheses are relative absorbances) in a
mTorr DMB; Fe(CO)DMB + DMB, 0.05 Torr Fe(CQ) and 3-methylpentene glass at 90 K. Taking into account the expected
50 to 500 mTorr DMB (decay at 2071 ci}), or 0.5 to~2.0 shift to higher frequency for absorption bands in the gas phase
Torr DMB (growth at 1986 cmt); Fe(CO}DMB + CO, at 2006 relative to a hydrocarbon glass, which is typically in the range
cm™1, 50 mT Fe(COy, 0.5Torr DMB and 1 to~4.0 Torr CO; of 10—20 cn1%, the gas-phase absorptions of Fe(g{DMB),
at 2071 cm?, 0.5 Torr DMB, and 0.1 te~1 Torr CO; Fe(CQO) would be expected at-2061 and 1985 cmi, respectively.

+ DMB, at 2090 cnt?, 50 mT Fe(CQ), 0.05-0.75 Torr DMB, Absorptions are observed in the spectrum in Figure 1A at 1986
and~5.5 Torr CO; at 2001 cmt, 0.05-0.75 Torr DMB and and 2060 cm?® which are assigned to Fe(C§Ip)MB),. Unlike
~5.5 Torr CO. For all of these experiments, enough He was the reports of the solution spectrum of Fe(GOMP),,
added to bring the total pressure up to at least 80 Torr. Fe(CO}(DMB), also has a weak absorption atl974 cntl.
Experiments were performed to ensure that the conditions underinterestingly, Fe(CQJC,H4), also has 3 absorption bands:
which rate constants were measured corresponded to the high2069, 2001, and 1997 crh4 The kinetics of formation of
pressure limit for the bimolecular reactions under sttgly. Fe(COX(DMB), were probed at 1986 cr, since this is the

Fe(CO} of 9%H-% purity was obtained from Aldrich Chemi-  strongest of the absorptions.
cal. DMB specified as 98.4% was obtained from Chemsampco. We now turn our attention to Fe(C§DMB. Fe(CO}DMP
These compounds were put through a series of frepaenp— has absorptions at 2041, 1966, and 1953 tim a 3-methyl-
thaw cycles before use. The following gases were obtained from pentene glas® The corresponding Fe(C¢DMB absorptions
Matheson at the stated purities and used as received: CO,jn the CO stretching region, in the gas phase, would be
99.9%:; He, 99.999%. anticipated at~2055, 1980, and 1967 crh In addition, the
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Figure 1. (A) Time-resolved infrared spectra at 45 after 308 nm
photolysis of a mixture of 50 mTorr Fe(C®)2 Torr DMB, and 85
Torr He. (B) Time-resolved infrared spectra generated upon 308 nm
photolysis of a mixture of 50 mTorr Fe(C§)Y.3 Torr DMB, and 86
Torr He. The spectra cover a total time range of 8 with each
successive trace incremented by ) with the first trace 1@s after

the laser pulse. The arrows indicate the direction of evolution of the
traces at the relevant wavelengths. (C) The result of subtraction of (A)
from the spectrum in (B), obtained at 28 after photolysis. See text
for assignments.

absorptions of Fe(C@PMB would also be anticipated to be
close to those of Fe(C@J,H4, which, based on data in refs 13
and 15, are expected at2052, 1989, and 1963 crhin the
gas phase.

The time-resolved infrared spectra produced by 308 nm
photolysis of a mixture of 50 mTorr Fe(Cin the presence
of 0.3 Torr DMB and 84 Torr He, over the time scale of-20
200us, is shown in Figure 1B. In this figure there are multiple
absorptions present, including a broad feature in 2282
cm~1 region. As indicated above, Fe(GDMB should have
an absorption in this region. In addition, X80) with an
absorption at~2048 cm~! is known to form via reaction 3.
Based on the known rate constérfor reaction 3 and the rate
constant obtained in this study for reaction 1 (vide infra), it is
clear that production of RECO) is significant under the
conditions for which the spectrum in Figure 1B was obtained,

Wang and Weitz

and Fg(CO) absorbs in the lower energy portion of the broad
absorption in the 20452062 cnt! region. Production of
Fe(CO) can be minimized by addition of more DMB.
However, under these conditions there will be significant
Fe(CO}(DMB), present. This is apparent if one compares the
intensity of the absorption at 1986 cinto the intensity of the
absorption in the 20452062 cnt? region. In Figure 1B the
absorption at 1986 cm is much more intense than the
absorption in the 20452062 cn1? region, as it is in Figure
1A. However, based on matrix data and on the spectrum we
obtain for Fe(CO)XDMB) (see Figure 1C and associated text
later in this section), the intensities of the absorptions of Fe-
(CO)%(DMB) at 2056 and 1981 cnit are approximately equal.
Thus, the more intense band at 1984@nm Figure 1B results
from the overlap of absorptions of Fe(G@MMB) and Fe(COy
(DMB)3.

As a result of this overlap, the spectrum of Fe(e@NIB
can best be obtained by subtracting a spectrum which contains
absorptions that are dominated by Fe(gflDMB),, as in Figure
1A, from the spectrum in Figure 1B. The result is shown in
Figure 1C. The absorptions in Figure 1C, at 19#0981, and
~2056 cnTl, are close to the positions predicted for the
absorptions of Fe(CQ)DMB) and are assigned to Fe-
(CO)XDMB. For each of these absorptions there is an absorption
of Fe(CO)}(DMB); at a similar energy (1974, 1986, and 2060
cm™1). Therefore, all of the absorptions of Fe(GDMB are
expected to be convoluted with those of Fe(g{DMB)..

Based on the shapes and intensities of individual transients
(Figure 2), a diode probe wavelength of 2071 érFigure 2.A)
was an optimal compromise for minimizing overlap of the
Fe(CO}(DMB) and Fe(CO)g absorptions and maximizing the
relative absorbance of Fe(C4DMB). The rate constant for
reaction of Fe(CQ)with DMB was probed by monitoring the
DMB-dependent rise of Fe(CefPMB) at 2071 cn1! (the inset
in Figure 2.A). Ideally, this reaction could also have been
followed by monitoring the DMB dependent fall of Fe(GO)
However, the output of the diode laser used in this experiment
was weak and noisy in the 1953 chregion, where Fe(CQ)
absorbs, which effectively precluded probing this reaction by
monitoring the loss of Fe(CQ@)

When the absorptions of a species that is reacting to form
another species overlap with the absorptions of a product of
the reaction, the shape of the observed transient signal depends
on the relative absorbances of the bands of the two overlapping
species. At 1986 cmi only the growth of Fe(CQJDMB); is
observed (Figure 2B), indicating that Fe(GMMB); is the
stronger absorber at this wavelength.

Photolysis of Fe(CQ)at either 355 or 351 nm is expected to
produce an~60:40 mixture of Fe(CQ)and Fe(CQ).12 When
a mixture of 0.1 Torr Fe(CQ@) 20 Torr DMB,and 80 Torr CO
is photolyzed, Fe(CQJDMB), which can be formed from
Fe(CO} via either of two pathways, or from Fe(CQWwill be
the dominant stable olefin adduct. An FT-IR spectrum produced
by Nd:YAG laser (355 nm) photolysis of a mixture of 0.1 Torr
Fe(CO}, 20 Torr DMB and 80 Torr CO is shown in Figure 3.
The absorptions of residual Fe(G®gve been subtracted from
a spectrum recorded immediately following photolysis of the
above mixture. Once again, the known spectrum of the
analogous Fe(CQPMP complex can be used to predict the
positions of the absorptions expected for Fe((BD)JB. In
3-methylpentane solution, Fe(C{B,3-dimethyl-1-pentene) has
absorptions at 2079 (1.0), 1997 (4.0), and 1978 (B0)ith a
shoulder on the 1997 crh absorption at 2003 cm. The
positions of these absorptions lead to a prediction of gas-phase



Formation of Fe(CQPMB, Fe(CO}(DMB),, and Fe(CODMB

6
A) @
8
g
056 £
o g 27
15} c
2 £ o
3 g
2 03] 5 2
3 DY —
% 0 2 4 6 8 10
- Time (us)
= 00
[
(o))
=
©
c
O 031
06 . T T T . — — :
20 6 20 40 60 80 100 120 140 160 180 200
us
25
B)
@ 20
o
c
®
L 15
o
7]
el
© 10
RS
®
D 5
c
©
el
O o
5 . . . — . : . .
2 0o 2 4 6 8 10 12 14 18 18 20 22
Time (us)

Figure 2. Typical transient absorption signals: (A) Decay of
Fe(CO}DMB monitored at 2071 cmit after photolyzing 50 mTorr
Fe(COj} in the presence of 0.3 Torr DMB and 82 Torr He. The inset
in this plot shows the growth of Fe(CEDMB under the same
conditions. (B) The formation of Fe(C&PMB), monitored at 1986
cm1, generated by photolyzing 50 mTorr Fe(G@) the presence of
1.0 Torr DMB and 84Torr He. The absorbance units in both panels
are arbitrary.
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Figure 3. A gas-phase FT-IR spectrum of Fe(GDMB obtained by
subtracting the residual Fe(C{&pectrum from the spectrum generated
by 355-nm photolysis of a mixture of 100 mT Fe(G@O0 Torr DMB,
and 80 Torr CO.

absorptions for Fe(CQPMB at 2094, 2012, and 1993 crh

J. Phys. Chem. A, Vol. 105, No. 22, 2008413
TABLE 1: IR Absorptions of Relevant Iron Carbonyl
Complexes of DMB and DMP
complex frequencies (cf)
Fe(CO}DMP) 3MP,90 K 2041(1.0), 1966(1.1), 1953(1.2) 13

conditions ref

Fe(COXDMB) gas, 297 K 2056, 1981, 1970 this work
Fe(CO}DMP), 3MP, 90K 2046(1.0), 1970(15) 13
Fe(CO}(DMB), gas, 297 K 2060, 1986,1974 this work

Fe(CO)DMP  3MP, 298 K 2079(1.0), 1997(4.0), 1978(3.0) 13
Fe(CO)DMB  gas, 295K 2090, 2014, and 1995 this work

apDMP= 3,3-dimethyl-1-pentene; 3MP 3-methylpentene.

determine the BDE and lifetime for Fe(C{IDMB),. Therefore,
the absorptions at 2090, 2014, and 1995 &in Figure 3 are
assigned to Fe(CGDMB.

The absorptions for RLECO), Fe(CO}DMB), Fe(CO}-
(DMB),, and Fe(CODMB, which are listed in Table 1, provide
an explanation for all the features in the spectrum in Figure
1B. Both Fe(CO)YDMB) and Fe(COYDMB), absorb at-2060,
~1986, and~1970 cn1?, and are present under conditions used
to generate the data in Figure 1B. Moreover(E©®) has an
absorption at~2048 cnT1.12 Since all three of these species
absorb in the 20452062 cnt? region, the absorption in this
region is broad. The absorption 2000 cnT! may be due to
Fe(CO)DMB and/or a polynuclear species, probably(@O)s-
DMB. Fe(CO)DMB could form by the reaction of
Fe(CO}DMB with CO that is produced by photolysis of
Fe(CO3}. Since the spectrum in Figure 1A was generated at a
high enough DMB pressure that very little polynuclear species
form, while the spectrum in Figure 1B was generated under
conditions where significant polynuclear species form, poly-
nuclear absorptions are expected to be present in spectrum 1C,
which was generated by a scaled subtraction of 1A from 1B.

B. Addition Rate Constants. The rate constants for the
relevant addition reactions were determined from plots of the
rate of the addition process versus the pressure of the appropriate
ligand (under pseudo-first-order conditions), monitored at an
absorption of either or both the iron carbonyl reactant or the
reaction product. Due to the convolution of the absorptions of
Fe(CO}(DMB), and Fe(COYDMB), mentioned above, the
probe frequencies were typically shifted a few wavenumbers
from the peak of an absorption to monitor an edge of an
Fe(CO}(DMB) and/or Fe(COXDMB), absorption band.

1. Fe(CO} + DMB (k). The growth of Fe(CQPMB was
monitored at 2071 cmi yielding a rate constant for reaction 1
of (9.64 1.4) x 1071 cm?® molecule’! s™%. As indicated above,
it was not possible to accurately monitor the decay of Fe¢gCO)

2. Fe(CO)DMB + DMB (k). The growth of Fe(CQJDMB),
was monitored at 1986 crh As indicated above, the 1986 cin
absorption of Fe(CQJDMB), overlaps the Fe(CGQDPMB
absorption in the region which is centered at 1981 &m
However, only a rise was observed at 1986 ¢nmplying that
at this wavelength Fe(CG(PMB); is a stronger absorber than
Fe(CO}(DMB). Therefore, the rise rate of transient signal at
this frequency can be used to monitor the rate of formation of
Fe(CO}(DMB),. A typical signal is shown in Figure 2.B. The
plot in Figure 4 of the rate for this process versus DMB pressure
yields a rate constant of (24 1.2) x 10712 cm® molecule’!
s™1 at 24 °C. Within experimental error, this rate constant is

These predications match quite well with the absorptions at temperature independent from 5 to 32. The relatively large

2090, 2014, and 1995 crhthat are present in the spectrum in
Figure 3. Assignment of these absorptions to Fe(DO®)B
would imply that any Fe(CQJDMB), that is formed does not

intercept in the plot in Figure 4 indicates that polynuclear species
are also formed. The DMB dependence of the rate of decay of
Fe(CO}DMB was also monitored. When the DMB pressure

have a long enough lifetime to be observed on the time scalewas less than 0.5 Torr, the decay of Fe(e@NB could be

of the spectrum in Figure 3. This conclusion is verified by
experiments performed in this study (vide infra) which directly

separated from the growth of Fe(G@MB), monitored at 2071
cmL. The rate constant of (22 0.2) x 10712 cn?® molecule?
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07 frequency that was used to determineWithin experimental
error,K is temperature independent over32.5°C.
C. Fe(CO)(DMB) —DMB Bond Dissociation Energy.The

0.6

051 kinetic scheme used to determine the bond dissociation energy
of Fe(CO)}(DMB);, is based on one that has been used to
041 determine BDEs for dissociative loss of a variety of ligands

bound to metal carbonyf® Dissociative loss is expected for
weakly bound ligands, especially when “slippage” of an already
021 bound ligand, which could result in opening up a coordination
site, is not possible. Without ligand slippage, a reaction involving
an associative ligand substitution process would require a
. . . ‘ 6-coordinate intermediate that is a greater than an 18 electron
00 05 10 5 20 25 species. Such a process would be expected to involve a
Pressure of DMB (Torr) significant activation energy.

Figure 4. A plot of ke for the growth of Fe(CQIDMB), vs DMB The relevant reactions for this mechanism are
pressure in the presence of 0.05 Torr Fe({®pnitored at 1986 cr.
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kobs / “5-1

0.1 4

0.0

ky
s1, obtained from the decay of Fe(CSDMB, monitored at Fe(CODMBE), — Fe(CO}DMB + DMB ®)

2071 cntl, agrees well with the rate constant reported above

K
that was obtained from the rise of Fe(GMMB),. The average Fe(CO)DMB + DMB — Fe(CO)(DMB), (2)
of the two values gives (2.3 0.8) x 10712 cm?® molecule’?

st

Ky
3. Fe(CO)DMB +CO (k). The CO dependence of the rise Fe(CO}DMB + Fe(CO} — Fe,(CO)}DMB (4)

of Fe(CO)DMB, monitored at 2006 crt, gave a value of (4.2

+ 0.4) x 10 *2cm? molecule® s for ks, the rate constant for Fe(CO)DMB + COE» Fe(CO)(DMB) (6)

the reaction in the titleThe CO dependence of the decay of

Fe(CO}DMB, monitored at 2071 cmt, gave a value of (3.5 Applying the steady-state approximation to Fe(e@NB

+ 0.7) x 10-12¢cm® molecule’® s71, for ke, which agrees well results in the following expression involving the rate constant,

with the rate constant obtained at 2006 éniThe average of kq, for dissociation of Fe(CQJDMB),:
these two measurements givies= (3.9 & 0.6) x 1072 cm?®
molecule® s1. Within experimental error this rate constant is _ ky(ke[CO] + k,[Fe(CO))
temperature independent from 5 to 32. Kops = k,[DMB] + k[CO] + k,[Fe(CO)]

4. Fe(CO)DMB + Fe(CO} (kq). The rate constant for this
reaction can be estimated from the intercept of the DMB kqysis the phenomenological rate constant for the disappearance
pressure dependent plot of the decay rate of Fe{OKB of Fe(CO}(DMB),. This process has been probed at both 1986
monitored at 2071 cri. For an Fe(CQ)concentration of 0.05  and 1974 cm. On the millisecond time scale the decay of the
+ 0.01 Torr, the intercept of 29.&3 2.3 ms! leads to arate ~ Fe(CO}(DMB), at 1986 cm! did not reach the baseline. This
constant for the reaction of parent with Fe(G@OMB) of ~2 behavior may be due to an underlying absorption of Fe{€0O)
x 10711 cm® molecule® s™1at 24°C. (DMB) centered at 1995 cnt. However, the decay at 1974

5. Fe(CO) + DMB (k). The DMB dependence of the rate  c¢cm™! goes to the baseline and the signals obtained at this
of the decay of Fe(CQ)monitored at 2001 cmi gave a rate wavelength have the same behavior, as a function of DMB and
constant for addition of DMB to Fe(CQ)K, of (5.0% 0.5) x CO pressure, as observed at 1986 &rithus, the disappearance
10713 cm® molecule s71 at 24°C. Due to the convolution of  of the Fe(COYDMB), was systematically monitored at 1974
absorption bands, under the conditions and for times wherecm™1.
Fe(CO)DMB is produced in significant quantities, the only By varying the DMB and CO pressurdg,can be calculated.
absorption that exhibited growth attributable to Fe(¢0BDJB From eq 7 it is clear that if the pressure of DMB and CO are
was centered at 2090 crh and then only for low DMB high enoughks[Fe(CO}] will be negligible relative to the other
pressures<0.5 Torr) for a CO pressure of 5.5 Torr. When the terms in the denominator and, within experimental erkegys
DMB pressure is increased beyond.5 Torr, the rate of the  will depend on the [DMB]/[CQ] ratio rather than the individual
rising signal appeared to become slower. The observed growthDMB and CO pressures. Under these circumstances, neglecting
rates are then smaller than the corresponding decay rates othe term,kjFe(CO})], eq 7 can be rewritten as
Fe(CO) monitored at 2001 cm. Simulations via Chemical
Kinetics Simulator softwa€ show that increasing the DMB 1 (1 ko 8 [DMB]) L ®)
pressure results in the formation of more Fe(gDMB) and Kobs ks~ [CO] Ky
Fe(CO}(DMB),. The decay of Fe(CQ)DMB) and the growth
of Fe(CO)(DMB) are then convoluted, making the formation For these conditions: 0.050 Torr Fe(GO10 to ~150 Torr
of Fe(CO)(DMB) appearslower. The other two absorptions DMB, and 5.3 to~31 Torr CO,kgps Will depend on [DMB]/
of Fe(CO)}DMB, centered at 1995 and 2014 chwere also [CO] ratio, and as seen in Figure 5A, a plot ofkgL) versus
investigated. The signal at 1995 chuecays to a plateau whose the DMB]/[CO] ratio gives a straight line. The linearity of this
amplitude increases relative to the amplitude of the decay asplot indicates that the experimental data is consistent with the
the pressure of DMB is increased. At 2014 ¢ina decay that kinetic scheme consisting of eqs 2,4,5, and 6. Additionally, as
goes below the baseline was obtained, which is due to the expected, the yield of Fe(C&IPMB), increased with increasing
convolution of the absorption of Fe(CSDMB with the very DMB pressure andlecreasedwith increasing CO pressure.
strong absorption of Fe(C@)These convolutions preclude Thus, the minimum DMB/CO ratio that was used in these
measuringk at these frequencies and 2001 ¢nis the only experiments was effectively determined by the DMB/CO ratio

()
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12 TABLE 2: Summary of Rate Constants for Addition
A) Reactions Involving Fe(CO}, Fe(CO)L, and Fe(CO),
10 4 Specied
rate constant spin
8 reaction (cm® molecule’*s™)  conserving?
8 Fe(CO}+ CoH,ts (2.2£0.2) x 10710 Yes
x ¢ Fe(CO}+ CF (3.3:1.2)x 1071 Yes
- Fe(CO}+ C,.Cls?8 (3.0£0.8) x 10711 Yes
4 Fe(CO}+ DMB (9.6+1.4)x 107 Yes
Fe(CO}+ PD? (2.84+0.3)x 10°1° Yes
21 T Fe(CO}+ propené (2.6+£0.3)x 10710 Yes
Fe(CO}+ 1-penteng (4+1)x 1010 Yes
, Fe(COXY(CzHa) + CoHats (1.1 0.3) x 1071t No
M s 10 15 2 25 0 Fe(CO}(C,H4) + propené (1.8+£0.3)x 10°% No
Fe(CO)}(CoFs) + CoF4® (5.4+1.7)x 10712 No
[DMBY/[CQ] Fe(COY(C,Cls) + C,Cli2 (1.9+ 0.3)x 10713 No
Fe(CO)}(DMB) + DMB (2.3+£0.8)x 10712 No
" Fe(CO)(CHq) + COS (4.3:0.8)x 10712 No
ol B) Fe(CO}C.Cls) + CO?® (2.4+0.6) x 10712 No
Fe(CO}DMB) + CO (3.9 0.6) x 10712 No
ol Fe(CO)+ CHA® (1.7£0.2) x 10712 No
= Fe(CO)+ CF¢ (1.3£ 0.5) x 107 No
K Fe(CO)+ C.Cls?8 (1.2£0.3)x 10713 No
x Fe(CO)+ DMB (5.0+ 0.5) x 10713 No
£ Fe(CO)+ 1,3-P® (1.2+0.1) x 10722 No
Fe(CO)+ 1,4-PD¥® (5.8£0.3)x 10713 No
6 Fe(CO)(C,H,) + Fe(COY® (4+£2) x 1071
Fe(COX}(CCly) + Fe(CO)?®  (9.7+ 3.5)x 10712
5 : : : : : Fe(COXDMB) + Fe(CO}y  ~2 x 1071

325 3.30 335 3.40 3.45 3.50 3,:55 3.250 3.65
10°/T
Figure 5. (A) A plot of (1/keb9 Vs [DMB]/[CO], wherekqpsis for the
decay of Fe(CQJDMB); at 1974 cm? in the presence of 50 mTorr
Torr Fe(COj: at 280 K(), 285 K (), 296 K (@), and 305 KQ),
respectively. The units on the ordinate are ms. (B) An Arrhenius plot

for the loss of DMB from Fe(CQJDMB),. The rate constant for
dissociative loss of DMBky, is plotted versus F0r.

aPD, pentadiene. Where a reference is not indicated, the data is from
this work.

no apparent trend in the rate of decay as the DMB/CO ratio
was varied. When the temperature was increased t€C3%he
decay rate was larger0.25 mirr?! for 80 Torr CO, and~0.6
min~! for 10 Torr CO).

necessary to produce a transient for the decay of FefCO) IV. Discussion

(DMB). that has an acceptable signal-to-noise level. A. Comparisons among Rate Constants for Reactions of

Sincek; and ks have been measured and are temperature o Type: Fe(CO) + L, Fe(CO)sL + L, and Fe(CO) + L
independent, the temperature dependencky @fan be deter- (L = CsHy, CoCla, CoF4, and DMB). The rate constants for
mined directly fromkops Which can then be related to the bond e addition reaction of L to both Fe(CQind Fe(COYL) are
dissociation enthalpy. In this case using eq 8, a valuekfor |isted in Table 2. The rate constants for reaction of Fe(CO)
was computed for each value ks at each temperature, and  ith perhalogenated olefins are smaller than those for reaction
the average value is reported. An Arrhenius plot ofkinvs with unsubstituted linear olefins, with DMB lying almost
10°T for Fe(CO}(DMB); is shown in Figure 5B. From these  petween those for the halogenated and unsubstituted linear
data the bond enthalpy for the process reaction 5 olefins. As expected, the reactions of Fe(¢®)L are much
faster than the reactions of Fe(GOH- L 517 and Fe(CO) +
L. Since Fe(CQ)has a triplet ground state and Fe(GIO3pecies
are anticipated to have triplet ground statesgactions of this
can be calculated as 1542 3.8 kcal mot?, and the intercept  type are expected to be spin-disallowed and an intersystem
of the plot gives InA = 34.0+ 2.2. crossing must occur to yield stable singlet prodddfsrossing

The error limits on the bond enthalpy were calculated using from the triplet to the singlet potential energy surface is rate
a propagation of errors analysis based on the errors ifkg¢he limiting, then factors that influence the probability for this
for each temperature. It is interesting to note that the value for process will affect the magnitude of the relevant rate constant-
In A cited above is very similar to the values of Anobtained (s). Clearly, the specifics of the nature of the states involved
for loss of pentene and ethylene from Fe(g@lgefin),, which and the details of the shape of the intersection for these potential
are 36.2 and 33, respectivélyLigand loss processes of this surfaces could have a significant effect on the rate of curve
type are anticipated to involve a change in spin from a singlet crossing and thus the rate constant for a reaction. However, it
Fe(CO}L, complex to a triplet Fe(CQL species. Entropies of  is very difficult to obtain accurate information regarding these
activation for some reactions of this type and for the relevant issues. As such, we will consider whether properties of ligands,
reverse reactions are discussed in ref 8 in the context of thewhich could also effect the probability of curve crossing, such
expected change in spin that takes place during the reaction.polarizability and ligand size and shape (steric effects) correlate

D. Fe(CO)(DMB) Dissociation. Fe(CO)(DMB) was moni- with the magnitude of the relevant rate consta&nifs.
tored at 1995 cm and 2014 cnt! using the FTIR. At these One factor that has been previously considered is the
wavelengths the signal decayed to a nonzero value and becamgolarizability of the entering ligan#. Since a curve crossing
slower when the CO pressure was increased from 10 Torr must occur to produce stable products, a complex that has a
(~0.28 mirr?) to 80 Torr (~0.14 mirr?). However, there was  longer lifetime on the triplet potential surface will, with all else

Fe(CO)(DMB), Ll Fe(CO)DMB +DMB  (5)
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TABLE 3: BDEs of Fe(CO)s(olefin), Complexes
Fe(COX(CzH4)2 Fe(CO}(C:Cly)2 Fe(CO}(CsFa)2 Fe(CO)}(DMB), Fe(CO);(nz—penteneg)
BDE/kcal mol™ 21.3+2.0° >2%8 >22 15.2+ 3.8 20.2+ 0.7

aThis work.

TABLE 4: The Average Electric Dipolar Polarizabilities for the Ground States of Relevant Ligands

ligand CO GCly CoFy CoHy propene trans-1,3-PD 1-pentene 2,3-dimethyl-1-butene
polarizability 1.95 17.8 6.3 4.26 6.26 10.0 9.65 11.8
(1024 cd)

2 Calculated by a DFT methdd,the others are from ref 18.

being equal, have a higher probability for curve crossing. A the bound olefin.) The steric interaction energies were calculated
more polarizable ligand would be expected to lead to a deeperby restricting the approach of the free olefin to the Fe({LO)
well, and potentially a longer lifetime for a triplet complex. The moiety in an orientation and direction that would lead to an
average electric dipolar polarizabilities for the ground states of optimized bonding geometry, as calculated using BFThe
relevant ligands are listed in Table 4. When available, polar- distance at which the interaction energy was calculated was 0.2
izabilites were taken from thélandbook of Chemistry and A greater than the equilibrium bonding distance of the olefin
Physics!® The polarizability of 3,3-dimethyl-1-butene was not to the Fe(CO)L, again as calculated using DET.At this
available. As such, the assumption was made that it was notdistance the geometry, as calculated using DFT, could be
significantly different than the polarizability for 2,3-dimethyl- maintained for all systems and a steric interaction energy could
1-butene, which is known. The electric dipolar polarizabilities be calculated for the constrained geometry.
of C,Cly and GF, were calculated using a density function Both the results obtained from Sybyl and tBg values for
theory (DFT) method? There are some interesting observations olefins bound to Cr(CQ) calculated by White and Browas,
that can be made based on the data in this Table. For exampleshow that DMB has a larger steric interaction with the relevant
1,3-pentadiene has the largest polarizability of the ligands unsaturated complex than either ethene or 1-propene. The
studied, and the largest rate constant for reaction with Fe{CO) implication being that the relatively high degree of steric
However, considering only polarizability, it is not obvious why interaction could be at least a factor in the relatively small rate
the reaction of Fe(CQE,H4 + C;H, is faster than the reaction  constant for the reaction of Fe(CDMB + DMB. Interestingly,
of Fe(CO}DMB + DMB. results from Sybyl also indicate that the large substituents around
Another factor that can affect the magnitude of the rate the double bond in &l, lead to a larger steric interaction for
constant for a ligand addition process is ligand size. A common it approaching Fe(CQJC.Cl,) than for DMB approaching Fe-
term used to refer to the effect of ligand size is the “steric effect”. (COxRDMB.28 The methyl and methylene groups in DMB can
However, it should be realized that both the size and shape of“fold back” away from the Fe(CQPMB to minimize the steric
a ligand can effect its interaction with a coordinatively unsatur- interaction energy. Though there is no experimental evidence
ated metal carbonyl. A “large” ligand could also lead to a for formation of a stable iron carbonyl bis olefin complex with
minimum in the triplet potential surface at larger distances than 1,3-PD or 1,4-P[$? the interaction energies with these ligands
occurs with a “smaller” ligand. This could make accessing the can still be evaluated. As anticipated, these species have modest
curve crossing less probable and could even lead to a barrierinteraction energies~50% of the value for DMB and-50%
for curve crossing. These issues have been discussed in morenore than the value for ethylene) since the methyl and
detail in refs 5 and 17. Large ligands and those with less than methylene groups can “fold back” away from the other ligands
optimal shape for efficient overlap of bonding orbitals may also in the Fe(CO)(PD) complex. As might be expected, the steric
lead to weaker bonding. Tolman’s cone arffleplid angles?! repulsive contribution to the overall energy for tetrachloro-
and Brown’s ligand repulsive energir,2? which is calculated ethylene is also much larger than for both ethylene and
based on a static force field, are three popular quantitative tetrafluoroethylene.
measures of the steric effect of a ligadtddowever, for ligands A plot of the rate constants for these addition reactions versus
that depart significantly from cylindrical symmetry about the the relative steric interaction energy for L approaching Fe¢CO)
M—L bond axis, both the two-dimensional cone angle or the is shown in Figure 6A. Interestingly, an increase in the
solid cone angle is less clearly related to the effective volume magnitude of the steric interaction energy correlates with smaller
in space the ligand subtends. For example, the shapg% of rate constants. Similarly, White and Brown found that the
coordinated olefins are sufficiently far removed from conical second-order rate constant for the coordination of olefins to
to render the cone angle methodology ineffective as a measureHCo[PPh(Oeb]s gets smaller as the interaction energy goes
of alkene siz&* The ligand repulsive energy parametex, up 25 However, a more dramatic correlation can be established
defined in terms of the change in the van der Waals repulsive between rate constant and steric interaction energy if a plot is
energy with distance, or an analogue of this parameter would made of the log of the rate constant versus the steric interaction
be expected to be a more reasonable measure of stericenergy divided by the polarizability of L. Though a significant
interactiong425 linear correlation is apparent in this plot, we do not take this
In this work we employ a semiquantitative measure of the correlation, by itself, to be indicative of a specific fundamental
effect of the size and shape of a ligand on bonding interactions. relationship between the rate constant and the quotient of terms
The steric repulsive energy, which is qualitatively similar to that is plotted. Rather we take it as an interesting empirical
Er, was calculated using the Tripos force field, available in the relationship. Clearly it is plausible that a larger polarizability
Sybyl molecular mechanics progr&hThe steric repulsive  tends to give a larger rate constant and a larger steric interaction
energy is the magnitude of the repulsive interaction when a energy tends to give a smaller rate constant. Intuitively, one
ligand approaches an unsaturated Fe@Q)ragment. (In all would expect that for sufficiently small steric terms, the specific
cases the approaching olefin was the same chemical species asagnitude of the steric interaction energy will no longer be a
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20 bonding in bis-olefin complexes of transition metals have been
18 0 C4Hg A) discussed in refs 1 and 334. The expected geometry of the
< 16 bis olefin complexes is one in which the olefins occupy
e equatorial sites. This geometry is consistent with the fact that
'g 121 GCH, the same pattern of absorptions is observed for all of the bis-
£ b olefin complexes of iron that are indicated in Table 3, and it
8 has been confirmed by calculations of the lowest energy
< C,F, geometry of these complex&sFor such a geometry the olefins
] v compete with each other and a CO group for electron density.
] bMB el Thus, with everything else being equal, a bettemcceptor is
#] zme likely to form a stronger bond with the metal center and a better
. . , . . . o donor will also bond more strongly. The bulkier the ligand,
0 5 1 15 20 25 30 35 40 the more steric hindrance there will be in the approach of the
Relative steric interaction energy ligand to its optimal bonding geometry. Such steric interactions
can decrease the overall bond energy as a result of an increase
B) in the deformation energy necessary to achieve an optimal
bonding geometry® and it may be more difficult for a ligand
101 and a metal center to achieve optimal orbital overlap. The most
CH, straightforward comparison that can shed light on the principal
® CoFy determining factor as to the source of the difference in BDE
for the bis-DMB complex versus the other bis-olefin complexes
in Table 3 is with 1-pentene. The energy of thes* transitions
in linear olefins does not change significantly in going from
] butene to hexene~0.1 eV)3? Similarly, the energy of this
C.Cl, transition is only 0.02 eV different for 1-hexene versus 2-methyl-
1-pentené’ Thus, the principal difference in the electron-
) accepting and -donating abilities of 1—p¢ntene versus DMB
) o would be expected to result from the additional carbon centered
Steric / polarizabilty moiety in the DMB framework. This should lead to DMB being
Figure 6. (A) A plot of addition rate constants for the reaction of a slightly better electron donor than 1-pentene. This prediction
Fe(CO}L + L versus the relative steric interaction energy. (B) A plot js consistent with the small shift toward lower frequency for
of the log of the addition rate constants for Fe(glO} L versus the the carbonyl stretching absorptions of the bis-DMB complex

ratio of the steric interaction energy and the polarizability. The - -
polarizability is in units of 102 cm® while the steric interaction energy  '€/ative 10 the bis-(1-pentene) compledowever, the BDE

s

1-pentene

DMB

logk(cc mole

is in arbitrary units. The rate constant for Fe(@@)H.) + CsHs was decreases in going from the bis-1-pentene complex to the bis-
taken to be the same as the rate constant for the reaction of Re(CO) DMB complexThis clearly points to other determining factors
(CsHe) + CsHe. Note: the calculated result for Fe(Gl)-pentene)- for the BDEs in these systems. The most obvious is the larger
1-pentene is shown as. bulk and concomitantly greater steric interaction energy for the

bis-DMB complex. As such, we conclude that the smaller BDE
{ teric int " dict N tanoof for the bis-DMB complex is correlated with the greater steric
0 zero steric Interaction energy predicts a rate consta interactions in this complex. This conclusion is consistent with

x 1071 cm?® molecule® s71, which is larger by more than an : -
. ’ the expectation that the BDE for Fe(Glefin), decreases as
order of magnitude than the largest rate constants we have P ( )2

A . ) ; :
measured for the addition of any ligand to an Fe(€Gjpecies. the size of the olefin increas&8? However, we again point

The correlations implied by the plot are certainly interestin out that the number of carbons in the olefin is not, in itself,
P Y P y 9 expected to be as significant as the magnitude of the steric
and clearly deserve to be tested for other systems. If this

correlation stands up to further testing it could potentially be interaction energy which is influenced by the geometry of the

used to predict rate constants for the appropriate class(es) of°|ef'n’ partlc.ulallrly In the vicinity of the double bond.

reactions. This type of correlation is analogous to many linear _ C: Dissociation of Fe(CO)DMB. The decay of Fe(CQ)

free energy relationships in which the log of the rate constant PMB occurs on a time scale of minutes. As such, this complex

is plotted versus a relevant paramete¥{€ne such relationship 1S much more stable than Fe(G(DMB),. The same trend in

is the Taft equation in which the linear free energy relationship Stability has been observed for most other olefins: the mono-

for the rate constant for the reaction of aliphatic esters correlatesSubstituted compounds are more stable than the disubstituted

with both steric and electronic facto?s. compound$:?8 A notable exception to this is for £, where
Interestingly, based on this plot, since the ratio of the steric F&(CO}(C2F4)2 may have a BDE that is similar to that for Fe-

interaction energy/ polarizability is about 1.1 for 1-pentene, the (COUCzFa. This system is discussed in more detail in ref 9.

controlling factor. It is interesting to note that an extrapolation

rate constant for the reaction of Fe(GQ)pentenej- 1-pentene Under experimental conditions, even when the reaction is
is predicted to be-1.2 x 10711 cm® molecule’® s1. This value carried out in the presence of only 10 Torr of CO, the measured
lies between the rate constant for reaction of Fe(DMB + value for kops Would be expected to be close kg Although
DMB and the rate constant for reaction of Fe(G@H4) + only two temperature measurements were made, the values
C;H4, and somewhat closer to the rate constant for the latter obtained for thee,, of ~8.7 kcal/mol and the &, of ~8.8 for
reaction. the rate of loss of Fe(CGQMB are sufficiently small to indicate

B. Comparison of Fe(CO}L—L Bond Dissociation En- that what is occurring is not a simple homogeneous gas-phase

thalpies (L = CzH», C,Cl4, CoF4, and DMB). The BDEs that process leading to ligand loss. This is true whether
have been measured for Fe(G@), complexes, where Lisan  Fe(CO)DMB loses DMB, as would be anticipated, or if it were
olefin, are listed in Table 3. Details of the factors that can effect to decompose by CO loss. Such small values for the preexpo-



5418 J. Phys. Chem. A, Vol. 105, No. 22, 2001 Wang and Weitz

nential factor and the activation energy for the reaction suggest AG for the equilibrium between Fe(Cgl)?-1-pentene) and Fe-
that the decay of Fe(CGDMB involves a multiple step pathway  (CO)(52-1-penteng) is calculated to be~ —9.8 kcal mof ™.
and/or heterogeneous process taking place on the cell alls. These values can then be compared with the previous corre-
The latter possibility is bolstered by the fact that similar behavior sponding results, of10.5 kcal mottand~ —9.9 kcal mot?,
observed for Fe(CQl. (L = CyH4, C,Cls, and GF4) has been respectively, which were based kp= 6 x 10° s71 T~L. Thus,

attributed to such processe® Additionally, Fe(CO)DMP is there is no more than an0.3 kcal mof? difference between
sufficiently stable at room temperature that an IR spectrum of the two sets of results, which is less than the experimental error
the species has been obtained using standard techifilimss, limits. This indicates that though there are differences in the

we believe that available evidence points to decay of magnitude ok; as estimated in this study versus the value used
Fe(CO)DMB via heterogeneous processes taking place on the in prior work, the difference between the rate constants for the
cell walls. association reactions of Fe(C{J,H,) + C,H4 and Fe(COy

D. Thermochemistry of the Isomerization of 1-Pentene. (1-pentenejt 1-pentene (estimated on the basis of the correla-
As described in Section I, to date, it has not proven possible to tion in Figure 6) do not produce significant differences in the
directly measure the addition rate constdmt,(in eq 10) when thermochemical parameters relevant in the isomerization of
an olefin contains allylic hydrogens, since in the systems that 1-pentene.
have been investigated in detail, a very ragpidydrogen transfer
process takes place following what has been the rate-limiting V. Conclusions

addition of an olefin to Fe(CQY-® However, the magnitude of , i

ks is central to the calculation of thermodynamic parameters The infrared absorptions of Fe(C{DMB, Fe(CQ)‘(DMB)Z

involved in the mechanism for olefin isomerization. For a_md Fe(CQPMB have been observed_. By probing the absorp-
tions of reactants and/or products, bimolecular rate constants

example, in previous studies of the mechanism of olefin for th . ¢
isomerization of 1-pentene, the equilibrium constants for the or the reactions of Fe(C@)- DMB, Fe(CO}DMB + DMB,

equilibria in egs 9 and 10 were calculated using egs 11 and 12,Fe(CO) + DMB, and Fe(CODMB + CO have been measured
respectively? as (9.6+ 1.4) x 107, (2.34+ 0.8) x 107%2, (5.0+ 0.5) x

10718 and (3.94 0.6) x 10712 cm? molecule s71, respectively.
5 K, 3 The bond dissociation enthalpy for loss of DMB from Fe(gO)
Fe(CO)(n™-1-pentenej= HFe(CO¥(n™-CsHy)  (9) (DMB); has been determined as 15:23.8 kcal mot L. This
value is smaller than values obtained in prior studies of the
2 ky dissociation of other Fe(C@(L). complexes, where L is a
Fe(CO)(n"-1-pentene}- 1-pentene= smaller olefin, and is compatible with the larger steric interaction
2.4 energy calculated for DMB interacting with Fe(G@MB)
Fe(CO¥(r™1-pentene) (10) relative to L interacting with Fe(C@l).. Data indicate that there
1— %)k is a correlation between the log of the rate constant for addition
( o)k of an olefin L to Fe(COiL and the steric interaction energy for
. % L interacting with Fe(CQ)L divided by the polarizability of L.
K'eqg= W11 = pentent (112) : . o
,[1 — penteng Thermochemical parameters relevant to the isomerization of
1-penetene, which were calculated on the basis of the association
k. reactions of Fe(CQJC,H,4) + C;H4, do not change significantly
Keq™ Kk (12) when recalculated using the new estimate of the rate constant
- for addition of 1-pentene to Fe(Cglpentene), which is based

The percent (%) symbol refers to the percentage of initially on data in_ Figure 68, which correlatgs the rate (l:o.nstants.for
formed HFe(COX;3-CsHs) that remains after an equilibrium ligand ad.dlltlon processes with the ratlolgf the steric interaction
is established between HFe(GOJ-CsHs) and Fe(COYy?-1- energy divided by the ligand polarizability.

pentene). Sincek; could not be directly measured, it was

estimated on the basis of the average of the rate constants for Acknow]edgment. We acknoyvledge support of this work
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f-hydrogen transfer does not take place since ethylene does nofauilibrium geometries of relevant Fe(GO)and Fe(CO)L>
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