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Notes

Solvent Cage Effects on the Ligand Field dependent for species that present charge-transfer bands in the
Photochemistry of the Cyanoferrate(ll) visible region. For these cases, efficient interconversion between
Complexes LF and MLCT is observed with the magnitude of the quantum

yield, dependent on whether the LF or MLCT excited state is
lowest in energy?

On the other hand, for those complexes that do not display
metal-to-ligand charge-transfer bands, the photosubstitution of
Instituto de QUmica, Departamento de Quica Fundamental L is essentially wavelength independent over the range of 313

Universidade de RaPaulo, Caixa Postal 26077, to 365 nm irradiation energy#~1® The thermally inert [Fe-
Sa Paulo, SP, 05599-970, Brazil (CN)sPPh]®~ and [Fe(CN3COJ*~ complexes are some of those
mentioned in this case, for which the photoexcitation leads to
Receied April 2, 1998 a direct access of ligand field excited states which present the
labilization of L as the reactive deactivation pathway, as shown
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Studies analyzing the role of solvent cage in photosubstitution .
reactions are rare in inorganic chemistry literature, although [Fe(CN)L]®™ + H,0 — [Fe(CN)H,O* +L (1)
attempts to relate reactivity trends to selected empirical solvent

pﬁretlmiters. ior énech?r;lsm (f:hagnosls cor:jtllnue to dclh?llent%e Here, our previous work is extended to analyze solvent effects
photochemists. Except for a 1ew Systems CISCUSSed fater, N, ,q photoreactivity of [Fe(CNPPh]3~ and [Fe(CN3COJ?~

?r;en"’gfgaé?g(%g;égi reported studies is concerned with charge- in an attempt to develop models to explain their behavior.
The pentacyanoferrate(ll) complexes, [Fe(elN)~, have
been an interesting system to exploit photosubstitution reaction
mechanisms. They exhibit the photolabilization of either CN Materials. The Na[Fe(CN}CO]-3H,O complex was synthesized
or L, depending on the experimental conditions. We have been and characterized according to the procedure previously deséfibed.
investigating the photosubstitution of a cyanide ligand using The Na[Fe(CNLEPPR]-3H;0 complex was prepared according to Nast
bidentate diamine ligands (T‘N), which favor a ring closure and Kruger® Reagent grade water and/or aqueous mixtures of glycerol

0,
proces;™yielding the corresponding chelated tetracyanofer- ggfh/;) (’\cjltzrscskilr\;vetrrii(l;iz(lja.te)ferrate(lII) salt was prepared and purified
rate(Il) complex. The cyanide photolabilization is strongly P prep P

. with slight modifications of the literature procedufdron(lll) chloride
wavelength dependehtand the solvent plays an important role (15 g, 0.060 mol) was added in the dark to an aqueous solution

for this process? Competition between one end of the N containing potassium oxalate (32 g, 0.20 mol) (Merck) at@@under
ligand and the solvent is also invoked. This seemingly unusual stirring for 30 min. After cooling, the green crystals were collected
behavior raised the question of the role of the solvent in the and washed with cold water. The crude product was recrystallized three
ligand field photochemistry. Is the change in the quantum yield times from water at 68C (10 g per 15 mL of water) and stored under
magnitude due to the stabilization of the transition state or the vacuum.
variation in the kinetic parameter that governs excited-state N-Methylpyrazinium iodide was synthesized and purified according
deactivation? to the procedure adapted from that described by Bahner and Niérton.
The reported data in the literature reveal that the photosub- 10 the solution of pyrazine (5.0 g, 62 mmol) (Aldrich) in 12 mL of

P 3 ; benzene (Merck), previously distilled methyl iodide (8.0 g, 56 mmol)
stitution of L for the [Fe(CNjL]*" complexes is wavelength (Merck) was added dropwise. The resulting mixture was kept in the
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Table 1. Quantum Yields for the L Photolabilization of the [Fe(GN)*~ Complexes at the 313 and 334 nm Excitations at Various Glycerol
Contents

glycerol [Fe(CN)COP- [Fe(CN)PPhR]3~
(wt %) nICp? € 313 nm 334 nm 313 nm 334 nm
0.00 0.89 78.54 0.44 0.01 0.42+ 0.01 0.14+ 0.01 0.14+ 0.01

10.75 1.18 75.80 0.32 0.01 0.35+ 0.01 0.13+ 0.01 0.12+ 0.01
19.30 151 74.05 0.34 0.01 0.33+0.01 0.11+ 0.01 0.11+ 0.01
38.25 2.97 69.32 0.26: 0.01 0.26+ 0.01 0.097+ 0.002 0.095+ 0.002
57.34 7.45 63.37 0.1% 0.01 0.16+ 0.01 0.049+ 0.002 0.048+ 0.002
61.85 9.90 61.75 0.12 0.01 0.14+ 0.01 0.035+ 0.002 0.032+ 0.002
79.52 43.40 54.34 0.06% 0.003 0.062+ 0.003 0.01Gt 0.001 0.01Gt 0.001

aReference 41. [[Fe(CM)]3] ~ 3.0 mM; T = (25.0+ 0.2) °C.

Physical Measurements and ProceduresContinuous photolyses Discussion
were performed using an Oriel 200 W Hg(Xe) arc lamp model 6291.
Excitation wavelength was selected by using an adequate Oriel The continuous photolysis of aqueous or mixed aqueous
interference filter to isolate the selected irradiation energy. The solutions of [Fe(CNYJCOJ*~ or [Fe(CN}PPR]3~ yields the
photolysis system and the analytical procedure were described in detailaquapentacyanoferrate(ll) ion as the only observed photoproduct.
elsewheré? Freshly prepared solutions of the complexes were irradiated The results of this investigation show a relation between the
to less than 3% conversion to avoid secondary photoreactions. Theglycerol content and the quantum yield magnitude. The role of
Mpz" ion, employed in analyses, was kept around 10-fold excess 10 go|yent viscosity is very clear; its decrease favors a more

the maximum amount of the photolyzed [Fe(GIN}~. - .
The light intensity at each wavelength was determined by tris- efficient escape of the L ligand from the solvent cage.

(oxalate)ferrate(lll) actinometry carried out before and after each _According to the literaturé; the back reaction for [Fe-
photolysis run. The actinometries for watagtycerol systems had the ~ (CN)sCOF~ was not expected to be as important as for
same light intensity values as those for agqueous solution. All absorption [Fe(CN)]4~ due to the more efficient escape of CO from the
spectra were recorded on a Beckman DU 70 or HP 8453 spectropho-solvent cage when compared to that of the GiMe. By working
tometers at 25.0C. only in agueous solutions, the previous investigation was not
able to detect the importance of geminate recombination. In
addition, the analytical method employed here allows a very

Electronic Spectra. The [Fe(CN}COJ~ complex exhibits efficient detection with low net conversion of the starting

Results

a low-intensity absorption bandy= 304 nm,eo = 3.7 x 10? material, in contrast to the high conversion required for
M~1 cm~?) which is assigned to the ligand field transitiéfy, measurement of [Fe(CBH20]>". The present data show that
— 1E(1) under G, symmetry!” For the [Fe(CNJPPh]3~ the recombination occurs in a high level, ruling out the

complex this band appears around 365 rp 4 x 102 M1 hypothesis that the CO ligand diffuses with high efficiency due
cm1).15 The low lying LF band is well separated from the tO its low solubility in water!
charge-transfersd— sz« (CN) band, whose maximum absorp- Correlations of quantum yields with viscosity of bulk
tion is around 250 nm, allowing a selective access to thd d  solutions have been mainly considered for evaluating the role
excited states upon excitation. The presence of glycerol in the of the solvent. Most of these studies have been performed in
employed concentration range does not have any detectablevater—glycerol or watef-ethylene glycol solution&26 for
influence either on the maximum wavelength or on the which the properties of cosolvents are similar, exhibiting a strong
extinction coefficient of the absorption spectra, which are tendency to form intermolecular hydrogen boA@3herefore,
indistinguishable regardless of the solvent composition. in this case, it is not likely that the solvent structure changes
Solvent Effect. The quantum yield determinations for the significantly in the mixture due to the weak hydrophobicity of
photosubstitution of CO or PRlwere carried out by adding  the cosolvent’

the N-methylpyrazinium ion in order to trap efficiently the It is interesting to note here that viscosity has not been the
photoproduct, [Fe(CNH,O]®", via the fast thermal reaction 2,  only solvent parameter which influences the quantum yields,
yielding a highly detectable speci¥s'® but it should be the most significant facférA higher dielectric

constant in a lower viscosity solution may stabilize the charge
[Fe(CN)SHZO]Sf + Mpz" — [Fe(CN)SMpz]Z’ +H,0 (2) separated species yielding an efficient photoconversion into the
products. Nakamaru et #l employed a wide variety of solvents

. N .. tomeasure the cyanide photosubstitution in [Co({N) It was
Quantum yield determinations for CO photolabilization in found out that the variation in quantum vyields for different

aqueous solutions were found to be wavelength independent ; : . .
for the 313, 334, or 365 nm irradiation. For [Fe(GRPh]*, solvents is modest when compared with the large difference in

the same behavior was observed for the 313, 334, 365, or 404dIeIeCtrIC constant. Our previous wotkanalyzing the CN

nm irradiation. Quantum yields for the CO or RRklease at (21) Vogler. A Kunkely, HZ. Naturforsch 1975 B30, 355357

the 313 or 334 nm excitation wavelengths and glycerol contents 55y csumano, M.; Langford, C. #horg. Chem 1978 17, 2222-2224.
in the mixed solvent are shown in Table 1. These values resulted(23) Scandola, F.; Scandola, M. A.; Bartocci,JCAm. Chem. Sod975
from several quantum yield determinations made for each set 97, 4757-4758.

i ; : (24) Viaene, L.; D'Olieslager, dJnorg. Chem 1987, 26, 960-962.
of conditions, and at least six values with comparable data were(25) Scandola, F. Bartocci, C.: Scandola, M.JAAM. Chem. Sod973

collected, within experimental error, in independent photolysis 95, 7898-7900.
runs. (26) Langford, C. H.; Malkhasian, A. Y. S. Am. Chem. S0d 987, 109,
2682-2685.

The quantum yields in Table 1 present a strong dependence(27) Taniewska-O$ska, S.Chem. Soc. Re 1993 22, 205-212.
on the solvent viscosity, exhibiting a continuous decrease as»g) Nakamaru, K. Jin, K.; Tazawa, A.; Kanno, Bull. Chem. Soc. Jpn

the solvent viscosity is increased. 1975 48, 3486-3490.
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cyanide, which quickly reverts the photoproduct to the monoaqua
species® When compared to aqua and hydroxopentacyano-
cobaltate(lll), a much higher quantum yield is reported for
[Fe(CN)N ™ NJ3. In the latter system the cyanide recombination
is precluded by formation of the inert tetracyanoferrate(ll)
species due to the neighboring effect. For instance, at the 313
nm irradiation, the cyanide photosubstitution is respectively
0.060 and 0.24 for [Co(CNPH]®*~ and [Fe(CNj(en)p~.11.87

Another interesting feature is related to the fact that the
cyanide release for [Fe(CM N]3~ shows remarkable wave-

$ 1 ¢
A Lsco . L = PPh, : length dependencé while the photosubstitution of L does not.
Figure 1. Simplified energy diagram and the excited-state decay The results reported he_re show that the solvent depender_l(_:e 'S
pathways for the [Fe(CNEOP~ and [Fe(CNJPPh]3~ complexesk, essentially wavelength independent. Usually, the comp_etltlve
nonradiative decayk,, chemical reaction; ic, internal conversion; isc, decay pathways would be expected to possess very different
intersystem crossing. solvent dependencies, leading to a complex dependence pattern
o . . with many solvent parameters. A strong correlation with one
photosubstitution in [Fe(CNtn)]*~ using various water single parameter represents an unusual occurrence and indicates

acetonitrile mixtures, in comparison with the water-glycerol one, ot one single decay pathway is likely to dominate. Moreover,

came to the S'”.‘"ar con_clqsmn. Also, fo_r other systems reporte_d, this interpretation is reinforced by the wavelength independent
the quantum yield variation was dominated by the change in L photolabilization

viscosity, despite the significant change in dielectric con-
stant12.22.29 For most of the systems presented in the literature, the
Yet the solvent can also play an important role on the excited-state responsible for the photoreactivity and the decay
deactivation proces¥,the major source of the quantum yield processes have been analyzed through direct measurements of
dependence on its composition can be ascribed to the cagehe intermediates in a fast time doma#?353° However, the
recombination, as for [Co(CNP~.% use of a proper analytical method for efficient detection of the
For a given solvent composition, the quantum yield magnitude photoproduct used in our studies permitted to obtain dependable

for [Fe(CN}COP~ and [Fe(CN3PPh]*~ reported in Table 1 jytormation that usually is only available by employing fast
has previously been related to the nature of the lowest exc'tedtechniques.

state, which depends on the tetragonal distortion parartfeter.
For [Fe(CN}PPHR]3-, in which the ligand field strength of L is Despite its simplicity, the solvent cage mechanism can explain
weaker than that of the cyanide ion, the photoreactive state isthe photochemical behavior presented by pentacyanoferrate(ll).
the 3E one as in the schematic energy levels represented inThese complexes present substantial photosubstitution quantum
Figure 1. For the carbonylpentacyanoferrate(ll) complex, the yields, even higher when compared to isostructural and iso-
lowest excited state is th#\,, since CO has a ligand field electronic Co(lll) complexes. For both Feft}14° and
strength stronger than that of CNAs a consequence, the energy  Co(ll1)23-26 systems, evidences were found in order to postulate
of the d—d band for these species differs significantly. Calcula- 3 dissociative process involving a solvent-caged species. Our
tions also show that a high reactivity is expected for stdy underlines the importance of solutmlvent interactions
[Fe(CN)COP- upon decreasing the electron density in the iron i, mediating or tuning the excited-state dynamics of the
center?t.32 , , _ [Fe(CN)L]3~ complexes. It represents a significant contribution

A parallel of our results with mechanisms of cage recombina- to the field by tracing some general lines observed in the

tion of Fe—CO investigated in iron(Il) porphyrin complexes is .
not straightforward. In contrast to the system discussed here,photochemlstry of Stimetal complexes.

the reactions in porphyrin complexes require the conversion of )
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