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The infrared spectra of [CpFe(CO),],,
[CpMo(CO);], and Mn,(CO),, (Cp=#-CsH;)
embedded in films of polystyrene (PS),
poly(methyl  methacrylate) (PMMA), and
polystyrene—polyacrylonitrile (PS-AN), are
comparable with those of the dimers in toluene,
ethyl acetate and acetonitrile, respectively.
Irradiation of the embedded dimers with UV light
led to decomposition in PS and PMMA, while in
PS-AN the complexes Cp,Fe,(CO);PS-AN and
Mn,(CO)yPS-AN were formed, wherein a
pendant nitrile group is coordinated to one of the
metal atoms. Exposure of the embedded dimers to
iodine vapour gave CpFe(CO),I, CpMo(CO),l
and Mn(CO)sI with the reaction being much
slower in PMMA than in PS.
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INTRODUCTION

Receutly there has been growing interest in the
properties of organometallic compounds em-
bedded in polymers.! Such materials are poten-
tially useful commercially? and have also been
used as matrices for spectroscopic studies of metal
carbonyls® and for investigating the mcchanical
spectra of organometallic complexes.* Earlier.! we

*For Part 1, see Rel. 1.
tAuthors to whom correspondence should be addressed.

described a general method for generating films
of polystyrene (PS), poly(methyl methacrylate)
(PMMA) and polystyrene—polyacrylonitrile
{PS-AN) copolymer containing an organo-
metallic complex. The infrared spectra in the
WCO) stretching region for a number of mono-
meric metal carbonyl complexes in these films
were investigated as well as their photochemistry.*
In the present paper we report the infrared
spectra in the WCO) region of the complexes
[CpFe(CO), 1, [CpMo(CO);]; and Mn,(CO),,
embedded in PS, PMMA and PS-AN, where
Cp=#°-CsH;, and their photochemistry. In
addition the oxidation of the dimers in the films
by iodine has been monitored by infrared spectro-
scopy and is highly dependent on the polymer:

EXPERIMENTAL

The dimers [CpFe(CO),],, [CpMo(CO);], and
Mn,(CO),, were purchased from Strem
Chemicals while the polymers PS, PMMA and
PS-AN (75%:25%) were supplied by Poly-
sciences. Films containing the embedded dimers
were prepared as described previously.! Briefly,
the polymer (1g) and the complex (about 0.05g)
were dissolved in benzene under a nitrogen
atmosphere and then the solvent was removed
by freeze-drying. The fluffy residue was pressed
(3000 psi; 21 x 10°k Pa) at 120°C for 30min. to
give the films upon cooling. FT-IR spectra were
recorded on a Nicolet model 6000 spectrometer
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at lem™ ' resolution using a liquid-nitrogen

cooled mercury—cadmium—telluride detector.

The iodine oxidation reactions were performed
at ambient temperature on thin films of
comparable thickness (usually about 0.05mm);
thick films (0.11 mm) were also employed for the
iron dimer. The films were attached to plastic IR
mounts by means of ‘Scotch’ tape and then
placed in screwtop jars (280cm® capacity)
containing 4.6g of pulverized iodine. The
oxidations were monitored daily by FT-IR
spectroscopy over a 10-day period.

The photochemical studies were conducted
using a medium-pressure quartz mercury
immersion lamp (Hanovia 450W) in a water-
cooled quartz photochemical immersion cell. The
film samples, attached to IR-spectrometer sample
holders, were clamped about Scm from the lamp
and cooled by means of a jet of nitrogen gas.
Irradiation with wavelengths above 310nm only
was achieved using a Pyrex filter.

RESULTS AND DISCUSSION
IR spectra

The infrared spectra of the polymers reveal an
IR-window in the region where metal-carbonyl
wCO) bands are observed. Even the strong band
due to PMMA centered at 1720-1750cm ™! did
not interfere with the bands due to the bridging
CO ligands in [CpFe(CO),],. Table 1 lists the
observed peak positions for the w(CO) bands of

the dimers in the three polymer films and also in
three organic solvents selected because of their
similarity to one of the polymers.

[CpFe(CO),], exists in solution at room
temperature as an equilibrium mixture of cis
(C,,) and trans (C,,) isomers (Scheme 1); the
barrier to interconversion is in the order of
40kJmol 13 Polar solvents favour the cis
geometry. The trans stereochemistry of our
sample was confirmed by its IR spectrum in
KBr® which gave two wide bands at 1950 and
1770cm !, both split into two peaks. The spectra
in the polymers show two terminal W(CO) bands;
one around 1990cm ! due to the a, mode of the
cis isomer, the other around 1950cm™! due to
the b, mode of the trans isomer, together with
a bridging v(CO) band at 1774cm ™! (Fig. 1). This
is consistent with the existence of both cis and
trans isomers as observed in solution. Similarly
the cis/trans ratio increased in the order
PS<PMMA <PS-AN, consistent with the
increasing polarity of these films.

[CpMo(CO);], has C,, symmetry (staggered
trans, Scheme 1) for which three IR-active v(CO)
modes (a,+2b,) are predicted,” although usually
only two bands (II, IIT) are observed in solution
with the lower-energy band (III) being broad and
resolvable into two components in hydrocarbon
solvents and nujol. In polar solvents another
band (I) at higher energy is observed which has
been attributed to the presence of non-centro-
symmetric rotamers.® In the polymer films two
strong bands (II, III) are observed together with
band I. Band III is broad in PMMA and PS-

Table 1 Observed carbonyl stretching modes of [CpFe(CO),],, [CpMo(CO);], and Mn,(CO),, in different media (cm 1)
Medium
Ethyl
PS Toluene PMMA acetate PS-AN Acetonitrile  Assignment
[CpFe(CO), ], 1996(s) 1997(s) 1993(s) 1995(s) 1992(s) 1992(s) a, (cis)
1953(m) 1953(s) 1952(m) 1954(m) 1950(m) 1952(w) b, (trans)
1782(vs) 1783(vs)  1782(s) 1783(s)  1777(s) 1775(s) a,, b, (bridging)
[CpMo(CO);], 2013(vw) 2015(vw)  2011(m) 2013(w) 2010(m) 2011(m) 2
1955(s) 1956(s)  1956(s) 1958(s)  1957(s) 195%(s) 1
1903(s) 1912(s) 1911(s) 1914(s) 1910(s) 1911{s) e
1888(s)
Mn,(CO)y 2044(s) 2046(m)  2043(s) 2047(m)  2044(m) 2047(m) b,
2008(vs, br) 2010(s) 2010(sh) 2011(s) 2008(vs, br) 2011(s) e,
[981(m) 1981(w) 2000(vs, br) 1982(w) 1983(w) 1981{w) b,

*No vibrational assignments have been proposed for these peaks.



Organometallic carbonyl complexes in polymer films

11

)
&’ A / ﬁ\ . ,
——1re
/// //C 4] C\
0 0’ \\0
trans cis
&I '10 0 9: 0\\ ’/O
\ c’ c ¢ c o
\ /_co | N\ /
/Mtl) Mo CEC-P'ln Mn co
/ /' \
c” c¢cc \& c\c\ cC ¢
6 0648 0 o ¢ )
Scheme 1
- [s]
i
%] Q
s A
Wi
U -
4
T
o
[ral
D
[7p]
@ .
T
\
4 \
N
\~
2050 2010 1970 1980 1880 1850 1810 1770 1780 18
WAVENUMBERS

Figure 1 The infrared spectrum in the wCO) region of [CpFe(CO),], in PS (-—-) and in PS-AN (——) showing the effect of
the polymer on the relative amounts of the cis and trans isomers (absorbance on an arbitrary scale).
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AN, and split into a doublet in PS. The intensity
of the highest energy band (I) decreases in the
order PS-AN > PMMA > PS, consistent with the
solution studies.

The molecular symmetry of Mn,(CQ),, is D,,°
(Scheme 1) and three IR-active v(CO) modes
(2b, +e,) are expected. The peak positions in the
three polymer films and the solvents show little
variation except for the band at 2010-2000cm !
in PMMA which is quite broad, consistent with
significant polymer—solute interaction.

Photochemistry

The UV spectra of the pure polymer films gave
no significant absorption above 300nm. The IR
spectra of the pure PS-AN film was vnchanged
following UV irradiation (Pyrex filter) for 30 min,
The dimer-containing films were also irradiated
and their IR spectra monitored. The peaks due to
the dimers in PS and PMMA gradually
decreased in intensity and no new w(CO) bands
were detected. The bands due to the cis and trans
isomers of [CpFe(CO),], and their bridging
carbonyl ligands all appeared to decrcase in
intensity at approximately the same rate. The
decrease in intensity was much slower in PMMA
than in PS for all three dimers (Table 2). The
peaks due to [CpMo(CO),;], in PS-AN
gradually diminished with no significant new
peaks appearing. However, strong new peaks
were observed for both [CpFe(CO),], and

Mn,(CO),, in PS-AN (Fig. 2 and Fig. 3, respec-
tively). Tn the case of the iron dimer these
appeared at 1935 and 1744cm™!. A parallel
experiment in acetonitrile (CH,CN) gave similar
spectral changes, consistent with the formulation
of the new species in PS-AN as the monosub-
stituted dimer,'® Cp,Fe,(CO);PS-AN, wherein a
pendant nitrile ligand coordinates to one of the
iron atoms. The irradiated PS-AN film contain-
ing Mn,(CO),, was dissolved in tolucne and
precipitated with ethanol. The IR spectrum (Fig.
3) of the precipitated polymer was free of peaks
due to Mn,(CO),,, which permitted the observa-
tion of the new bands at 2090(w), 2023(s), 1990-
1981(s, br) and 1957-1944(s, brycm ™', These agree
reasonably well with those reported!! for eq-
Mn,(CO)NCCH; and are thus assigned to its
PS-AN analog. A similar attempt to isolate
Cp,Fe,(CO);PS-AN gave precipitated polymer
with no v(CO) bands in its IR spectrum, pre-
sumably due to instability of the complex.

The  photochemistry of the  iron,'?
molybdenum?'® and manganese'* dimers has been
studied intensively. There are (wo major
processes: reversible metal-metal bond scission
and reversible CO dissociation. In PS, photo-
generated CO would diffuse out of the film'
leaving coordinatively-unsaturated intermediates
which would be expected to be unstable under
the reaction conditions (room temperature,
continued irradiation) and in the absence of
stabilizing donors. Such a process would Icad to
the gradual decrease in intensity observed.

Table 2 Consumption of metal carbonyl starting material (as percentage) by
photoreaction and iodine oxidation as a function of polymer and film thickness

(mm})
Photoreaction* Todine oxidation®
Thickness Reaction Thickness Reaction
Complex Polymer  (mm) (%) (mm) (%)
[CpFe(CO), 1, PS 0.06 70 0.05 100
0.11 25-35 0.11 20-30
PMMA  0.06 10 0.05 0-5
PS-AN 0.10 10 0.09 20-30
[CpMo(CO);1, PS 0.06 25 0.05 90-95
PMMA 0.06 0-5 0.05 0-5
PS-AN 0.06 30 0.08 20-30
Mn,(CO),, PS 0.06 100 0.05 50-60
PMMA 0.06 5-10 0.05 0-5
PS-AN 0.07 70-80 0.06 20-30

*After irradiation for 30 min.

®After exposure 10 iodine vapour for 10 days.
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Figure 2 The infrared spectra in the ¥(CO) region of [CpFe(CO),]; in PS-AN: a, before irradiation; b, after irradiation for 4 h;
¢, spectrum a subtracted from spectrum b.
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Figure 3 The infrared spectrum in the W(CO) region of eq-Mn,(CO),PS-AN in PS-AN.
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PMMA is much less permeable’® than PS; thus
the relatively slow photodecomposition of the
dimers embedded in PMMA is consistent. The
pendant nitrile groups in PS-AN can scavenge
the photogenerated intermediates' leading to the
observed products for the iron and manganese
dimers. The failure to detect analogous products
for the molybdenum case is of interest in view of
the photochemical preparation of complexes such
as Cp,Mo,(CO)sP(CzHs);; however, the photo-
chemistry of [CpMo(CO),1], is very sensitive to
reaction conditions.*3*

Oxidation by iodine

The pure polymer films and those containing the
dimers were exposed to iodine vapour in sealed
jars for 10 days and their IR spectra were
monitored. No significant change in the spectra
of the three pure polymer films was observed.
[CpFe(CO),], in PS reacted rapidly (one day) as
evidenced by the appearance of a new W CO)
band at 2030cm ™' and an increase in intensity of
the band at 1996cm ™ *, together with a
concomitant decrease in intensities of the other
bands due to the parent complex. After 10 days
the spectrum of the deep brown coloured film
gave only two bands (2044 and 2003cm™')
assigned!” to CpFe(CO),l1 (Eqn [1]).

[CpFe(CO),],+1,-2CpFe(CO),I  [1]
[CpMo(CO),],+1,—2CpMo(CO), 1 [2]
Mn,(CO),+ I, —»2Mn(CO),I [3]

[CpMo(CO);], behaves similarly in PS with a
new peak appearing at 2038cm ™! after one day,
which reaches its maximum intensity after five
days, during which time the peaks of the parent
complex had greatly diminished revealing
additional new peaks at 1961 and 1939c¢m !
consistent with the formation of CpMo(CO)4I'7
(Eqn [2]). After 10 days’ exposure, however, no
wCO) peaks were detected, which suggests that
further reaction occurred to give products
containing no CO ligands. The final bands
observed for Mn,(CO),, in PS (2128(m), 2045(s)
and 2008(s)cm ') are in excellent agreement for
those of Mn(CO),I'® (Eqn [3]).

The oxidation took place more slowly in thick
PS films than in thin PS films and they were
slower still in PS-AN (Table 2). However,
virtually no oxidation occurred in the PMMA

films during the 10-day period. Presumably these
differences are related to the rate of diffusion of
iodine in the films and illustrate the importance
of the microstructure of the polymers.

CONCLUSIONS

The three polymers afford chemical environments
similar to the appropriate solvents with respect
to the vw(CO) bands of the three dimers in the
infrared. PS-AN is capable of stabilizing photo-
generated intermediates by means of coordination
of a pendant nitrile group. The iodine reaction in
PS demonstrates an additional method of trans-
forming organometallic complexes embedded in
a plastic substance. Finally the photochemical
and oxidation reactions indicate that PMMA
films offer a more protective environment for
these dimers than PS or PS-AN.

The iodine reaction suggests that organo-
metallics might be useful as indicators of gas
permeability in various polymers. This is an
important consideration in the food and drug
industry as well as for soft contact lenses. Thus, a
new method to measure gas permeability can be
envisaged wherein a suitable complex, embedded
in a plastic, would be exposed to an appropriate
gas and the subsequent reaction monitored
spectrophotometrically over time. Since the
embedding process is conducted before final
fabrication of the plastic, the effect of shape and
thickness of the article on its gas permeability
could easily be determined. The efficiency of
barrier films could be determined by monitoring
the rate of reaction of a complex embedded in a
film of PS covered by the barrier material. Many
organometallics undergo reversible thermal and
photochemical reactions; therefore reversible
indicators should be possible. Finally it should
not escape notice that the electrical properties of
conducting polymers can sometimes be modified
by doping with gaseous iodine.'®
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