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Abstract 

[FeFe]-hydrogenases are natural enzymes that catalyze the reduction of hydrogen. These 

enzymes, which contain iron in their active site, are of great interest because of the increasing 

need to develop less expensive substitutes for platinum commonly used as a catalyst for 

hydrogen production. Symmetric model compounds containing all CO ligands or mixed CO/CN 

and CO/PMe3 ligands on the irons in the active site have been studied extensively. However, 

asymmetric compounds have not been the focus of much work.  This study examines two 

asymmetric molecules containing both a single CN and five CO ligands: [Fe2(μ-

S2C3H6)(CO)5(CN)1]1− (1) and [Fe2(μ-S2C2H4)(CO)5(CN)1]1− (2) dissolved in room temperature 

acetonitrile. The asymmetry of these model compounds affects the redox potentials of the two 

iron atoms thus changing the catalytic properties of the compounds. These molecules were 

examined using femtosecond pulsed excitation with mid-infrared probe spectroscopy in order to 

better understand the ultrafast dynamics of the active site.  Continuous ultraviolet lamp excitation 

with Fourier Transform infrared (FTIR) spectroscopy was also employed to explore stable 

product formation on the second timescale.  For both model compounds, two timescales are 

observed; a 20-30 ps decay and formation of a long-lived product. The ps decay is assigned to 

vibrational cooling and rotational dynamics while the residual signal remains out to 300 ps 

suggesting new photoproducts are formed. A residual signal also remained out to the minute 

timescale, as observed using FTIR spectroscopy, but resulted in a different stable photoproduct 
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than observed on the ultrafast timescale. Density functional theory (DFT) calculations were used 

to simulate photoproducts for CO-loss and CN-loss isomers. The resulting photoproduct spectra 

suggest the picosecond transients arise from a complex mixture of isomerization after CO-loss.  

Other possibilities including dimerization and formation of a CN-containing Fe-CO-Fe bridging 

species are also considered. 

 

Introduction  

Hydrogen is a potential replacement for fossil fuels. Currently, hydrogen gas is generated 

from methane and fossil fuels, which industry is striving to move away from. For hydrogen to be 

a useful replacement for fuel, it must be generated more efficiently. In nature, hydrogen gas is 

produced very efficiently by bacteria from water in a slightly acidic environment. To do this, the 

microorganisms utilize hydrogenase enzymes to efficiently catalyze the reduction of protons to 

hydrogen gas.1–9 Three types of hydrogenases exist in nature, the two most common being 

[NiFe]- and [FeFe]-hydrogenases. The [NiFe]-hydrogenases generally catalyze the oxidation of 

hydrogen gas into protons, whereas the [FeFe]-hydrogenases generally catalyze the reduction of 

protons to hydrogen gas.3,4,6,9,10 The reduction of hydrogen ions into hydrogen gas is an essential 

step in producing hydrogen gas from water.  

The active site of [FeFe]-hydrogenases contains a di-iron core with two bridging sulfur 

ligands and multiple pendant carboxyl (CO) and cyano (CN) ligands.8,11–13 The general 

molecular structure of the native form [FeFe]-hydrogenase in one possible oxidation state is 

shown in Figure 1.13 Many studies on small model compounds resembling the [FeFe]-

hydrogenase active site have been completed, and although these synthesized model compounds 
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resemble the active site in structure, they are typically very poor catalysts on their own.10,14–23 

The simplest of these model compounds contains all CO ligands and is based on Fe2(μ-

S2C3H6)(CO)6. Other model compounds are synthesized by making substitutions of the pendant 

CO ligands or by altering the carbon bridge between the two sulfurs.15,23,24 Different pendant 

ligands alter the electronic properties of the active site and influence the catalytic properties of 

the molecule.10 

 

 Figure 1. General form of the asymmetric active site of the native form [FeFe]-
hydrogenase.3,7,25–27 

 

Some model compounds have also been designed to use light to drive hydrogen gas 

production. One approach has been to bind the hydrogenases to elements of Photosystem I.13,28,29 

Another approach has been binding a photosensitizer to the hydrogenase. 30–41 In this approach, 

light absorbed by the photosensitizer would drive the redox reactions for hydrogen production, 

similar to the mechanism of Photosystem II.33 However, the photodynamics of the [FeFe]-

hydrogenase active site (and similar model compounds), especially on the ultrafast timescale are 
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not well understood. Symmetric model compounds containing all CO, mixed CO and CN, and 

mixed CO and PMe3 ligands have been studied using ultraviolet (UV) or visible excitation with 

infrared (IR) probe spectroscopy.42–46 However, asymmetric model compounds containing only 

one CN ligand, for example, have been synthesized but have not yet been investigated using 

TRIR spectroscopy. 

In this work, the photodynamics of two asymmetric model compounds were studied at 

room temperature in acetonitrile solution: [Fe2(μ-S2C3H6)(CO)5(CN)1]1− (1) and [Fe2(μ-

S2C2H4)(CO)5(CN)1]1− (2). These molecules exist in different isomeric forms and the dominant 

isomeric structures of the studied compounds are shown in Figure 2. These model compounds 

exhibited a fast (20-30 ps decay) followed by a long-lived offset. Like symmetric model 

compounds containing two CN ligands, these molecules did not exhibit the fast (ca. 150 ps) 

decay previously observed in all CO or mixed CO/PMe3 compounds, implying that the 
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asymmetry and inclusion of CN ligands could alter the catalytic capabilities of these model 

compounds.43,44,47–50 Several DFT simulated spectra for CO-loss isomers show the possibility of 

a bridging Fe-CO-Fe species. The possible formation of a bridging Fe-CO-Fe species could also 

affect the catalytic properties of the molecule. 

 

 

Figure 2. Structure of (a) an axial isomer of [Fe2(μ-S2C3H6)(CO)5(CN)1]1-
 and (b) an axial 

isomer of [Fe2(μ-S2C2H4)(CO)5(CN)1]1-. 

 

Methods 

Synthesis. Syntheses of 1 and 2 have been previously published.15 The synthesis of 1 is 

summarized as follows: previously synthesized15 Fe2(µ-S2C3H6)(CO)6 was combined with 

ONMe3∙2H2O and acetonitrile (MeCN) under nitrogen atmosphere. The solution was cooled to 

−40 °C. One equivalent of Et4NCN was combined with MeCN under nitrogen atmosphere and 

a) b) 
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added to the cold flask. The reaction mixture warmed to room temperature for 2 hours, and then 

the solution evaporated to dryness under vacuum. The remaining dark red oil was extracted into 

tetrahydrofuran and filtered. The volume was reduced under vacuum and the product was 

precipitated upon washing with hexanes and evaporated to dryness. Purity of the product was 

checked using FTIR. Synthesis of 2 is similar, except starting with Fe2(µ-S2C2H4)(CO)6. 

Time Resolved UV-Pump/IR-Probe Laser Spectroscopy.  A 40 fs Ti:sapphire oscillator tuned 

to 800 nm seeded a home-built Ti:sapphire regenerative amplifier. The regenerative amplifier 

produced 800 nm, 80 fs, 700 µJ pulses at a frequency of 1 kHz. These pulses were used to pump 

a Spectra-Physics OPA-800F optical parametric amplifier (OPA).51 The OPA produced signal 

and reference pulses, which were difference frequency mixed in a AgGaS crystal resulting in 120 

fs, ~1 µJ pulses in the mid-IR centered around 2000 cm-1 (CO-stretching region) with a 

bandwidth of ca. 230 cm-1 full-width at half-maximum (FWHM). Residual 800 nm light from the 

OPA was either doubled (400 nm) or tripled (266 nm) to produce excitation pulses.  

 The pump and probe beams were overlapped and transmitted through a flow cell with 2 

mm pathlength and CaF2 windows.  Samples of 1 and 2 were prepared in anhydrous MeCN at ca. 

10-3 M concentration to achieve optical densities (OD) of approximately 0.8 for IR peak 

absorptions.  The timing of the probe pulses relative to the pump pulses was adjusted using a 

computer-controlled optical delay stage with a maximum delay time of 300 ps. The IR beam 

traversed a 50% beamsplitter so that the second IR beam is also directed through the sample cell 

separated from the pump beam and used as a reference to normalize the IR probe signal. The 

pump beam was chopped at 500 Hz to allow iterative collection of excited versus unexcited 

sample transmission. 
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 The transmitted IR signal and reference beams were passed through a scanning grating 

monochromator with 4 cm-1 FWHM resolution and imaged onto a matched pair of Mercury-

Cadmium-Telluride (MCT) detectors.  The detector pre-amplified outputs for each laser pulse 

were sampled by boxcar averagers and analog-to-digital converters.  Collected signals were 

processed by home-built software to extract the averaged pump-induced differential optical 

density (OD) at each wavelength as the monochromator is scanned across the spectrum.   

 Two types of ultrafast time-resolved IR (TRIR) scans were conducted. First, entire 

spectral scans were obtained at various time-delays. Two separate runs for each delay time were 

averaged to obtain better signal-to-noise (with approximately ±0.002 OD). From these spectra, 

wavelengths of importance were strategically chosen. Kinetic scans were then obtained at these 

wavelengths with pump-probe delay time scanned from -35 ps to 285 ps with a resolution of 

approximately 2 ps. Higher resolution scans were also taken around t=0 with delay time ranging 

from -8 ps to 25 ps with resolution of approximately 0.2 ps. 

Long Delay Time FTIR Spectroscopy. Samples were loaded into a static 1.0 mm pathlength IR 

cell fitted with CaF2 windows and placed in a dry-air and carbon dioxide purged Nicolet Magna 

550 FTIR spectrometer.51 The sample was exposed to UV light from a broad-band mercury pen 

lamp for 30 s intervals. IR spectra were taken at the beginning and after each interval of UV 

exposure. Difference spectra were calculated for each interval of UV exposure by dividing 

spectra not exposed to UV by spectra that had been exposed to UV.  This process permits 

identification of starting molecule loss and formation of new product species by new IR 

absorption features. 

DFT Calculations. DFT-predicted IR spectra were calculated using Gaussian 09W.52,53 Gas-

phase calculations were performed using the BP86 functional54–56 with the TZVP basis set,57,58  
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which has performed well for related model compound studies.42–46 While absolute frequency 

agreement between DFT results and experiments is generally found to be poor, relative 

frequency shifts and amplitudes adequately agree to make favorable product and intermediate 

structural assignments.30-34  Calculated infrared “stick” spectra were convolved with a 15 cm-1 

FWHM Lorentzian function to mimic features broadened by MeCN solvent. Calculations were 

performed for each isomer of 1 and 2 and for all possible CO- and CN-loss photoproduct 

fragments that could result from UV excitation. The ground state and CO-loss isomers for 1 and 

2 are shown in Figures 3 and 4, respectively. 
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Figure 3. Ground state and CO-loss isomers for 1.  
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Figure 4. Ground state and CO-loss isomers for 2. 



11 
 

Results and Discussion 

Steady State Spectra  

 1 can exist as four possible isomers. Isomers 1-1 and 1-2 (as well as 1-3 and 1-4) differ 

only by the direction the bridge points. For these compounds, as with others studied42,44,46, the 

bridge flip isomeric forms do not significantly affect room temperature vibrational spectra. 

Compound 2 can exist as two possible isomers as the compound is ethyl-bridged and does not 

have a bridge flip (these are numbered 2-1 and 2-3, for consistency with 1).  

The FTIR ground state spectrum for compound 1 (Figure 5a), displays distinct CO-

stretching band absorptions at 1914 cm-1, 1976 cm-1, and 2030 cm-1. There is also a wide band 

centered around 1950 cm-1 that is the result of at least two overlapping CO-stretching 

absorptions. The weaker CN-stretching band is located at 2092 cm-1. IR spectra for each isomer 

of 1 were calculated using DFT methods. Results of these calculations are shown in Figure 5b. 

Note that the spectra of 1-1 and 1-2 are nearly identical, while the spectra of 1-3 and 1-4 are 

indistinguishable. There is a shift in the scale of the calculated spectra, which causes the 

calculated spectra to look more compressed than the experimental spectra. 

 

Figure 5. (a) Experimental IR spectrum of 1 in room temperature acetonitrile, (b) Simulated IR 
spectra for each ground state isomer of 1 based on DFT calculations, (c) comparison of simulated 
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IR spectra assuming a Boltzmann distribution of isomers (brown) and a mixture of 70% of 
isomer 1-3 and 30% isomer 1-1 (orange). 

 

By comparing simulated FTIR spectra of the possible isomers (via DFT calculations) 

with the spectra of the synthesized sample, the isomers and their relative amounts present in the 

sample can be determined. None of the simulated spectra on their own match the experimental 

spectra exactly, which indicates that a mixture of CN-containing isomers was initially 

synthesized. If only isomers 1-3 and/or 1-4 were present in solution, only one distinct, weaker 

band at a lower frequency from the strongest band would be observed, instead of the broad 

overlapping bands in the experimental spectrum. If only isomers 1-1 and/or 1-2 were present in 

solution, the experimental spectra would not show the strongest band near 1976 cm-1. Since the 

experimental spectrum cannot be explained by the simulated spectra of a single isomer, a 

mixture of isomers was considered. The strong band in the experimental spectrum at 1976 cm-1 

that is only seen in isomers 1-3 and 1-4 indicates that they are the predominant isomers in 

solution. The broad band to the left of the strong band in the experimental spectrum is likely 

composed of at least two overlapping bands. Since it is not a distinct peak, which would be the 

case if only isomers 1-3 and/or 1-4 were present, isomers 1-1 and/or 1-2 must be present as well. 

A mixture of isomers was simulated as shown in Figure 5c. We conclude there is approximately 

a 70:30 ratio in abundance of isomers 1-3 and/or 1-4 to isomers 1-1 and/or 1-2. The ratio of 

isomers may be closer to 60:40 or 80:20, but isomers 1-3 and/or 1-4 are clearly dominant.  As 

was found for other compounds, isomers 1-3 and 1-4 are the most polar isomers and are likely 

stabilized by being in acetonitrile solution. This would explain why they are present in higher 

abundance than isomers 1-1 and 1-2, which are less polar and are the lowest energy isomers in 

gas phase calculations. 
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Time Resolved UV-Pump/IR-Probe Laser Spectroscopy 

Compound 1 in MeCN. Ultrafast TRIR was used to collect scans at different pump-

probe time delays using 400 nm pump. The data are shown in Figure 6 for 1. Additional data was 

collected for 1 using both 266 nm and 400 nm pump wavelengths (Figure 7), which generated 

qualitatively very similar spectral difference data. Any apparent differences are due to a small 

calibration drift and because the data sets were taken at different times. The analysis below is 

based on the data shown in Figure 6, although the same conclusions result from a detailed 

analysis of the data in Figure 7, as well. Parent species loss (bleaches) occurs below the baseline 

and new product absorptions are above the baseline. Bleaches are seen for 1 at 1930 cm-1, 1979 

cm-1, and 2036 cm-1. These bleaches generally correspond well with FTIR absorptions, except 

for around 1956 cm-1
, where there is an absorption in the FTIR spectra, but very little signal in 

the TRIR spectra. At this spectral position, there is likely a new absorption that overlaps the 

bleach that would be expected there, resulting in cancellation of the bleach. New absorptions are 

observed for photoexcited 1 at 1963 cm-1, and 2038 cm-1 out to 300 ps delay time. A weak new 

absorption feature may also be present around 1900 cm−1 (this is more clearly seen in the data in 

Figure 7). 
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Figure 6. Time-resolved UV and visible pump, IR probe spectra for 1 in acetonitrile at indicated 
time delays after excitation with (a) 400 nm, and (b) ground-state FT-IR spectrum of 1 in 
acetonitrile solution. 
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Figure 7.   Time-resolved UV and visible pump, IR probe spectra for 1 in acetonitrile at 

indicated time delays after excitation with (a) 266 nm and (b) 400 nm, and (c) ground-state FT-

IR spectrum of 1 in acetonitrile solution. 

 The difference frequency spectral scans were examined to select wavenumbers associated 

with bleach and new absorption features to perform dynamical measurements. Time-delay scans 

were taken at these wavenumbers at high and low time-step densities in order to better 

understand the dynamics of the bleaches or absorptions at those wavenumbers. The raw time-

delay scans for 1 at the noted wavenumber positions are shown in Figure 8a.  In all cases, an 

instrument-limited risetime at delay time t=0 is observed followed by a rapid intensity decrease 

and flat offset.  Two different time scales are extracted from the time-delay scans for each 

1800 1850 1900 1950 2000 2050 2100 2150

Δ
O

D

Wavenumbers (cm-1)

IR
-20 ps
0 ps
20 ps
40 ps
60 ps
80 ps
100 ps
120 ps
140 ps
160 ps
180 ps
200 ps
220 ps
240 ps
260 ps

a) 266 nm

b) 400 nm

c) FTIR

Δ OD=0.01



16 
 

compound using a simple single exponential fit with offset model. These fits are complicated by 

new absorptions that nearly cancel out the bleaches entirely. The fits for two dynamical scans are 

shown for 1 in Figures 8b and 8c. For 1 a rapid 23 ± 6 ps decay is observed followed by a long-

lived offset. 
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Figure 8. Time-dependent scans for 1 in acetonitrile using 400 nm pump at (a) all selected 

wavenumbers, (b) 1979 cm-1, (c) 1964 cm-1. 
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The 20-30 ps decay is likely due to vibrational cooling of possible photoproducts 

resulting from relaxation of the excited state.47,49,50 This behavior is especially noticeable at 

~1950 cm-1 and ~2021 cm-1, where the short time spectra are broad and shifted to lower 

wavenumbers,  indicative of anharmonic overtone absorption from coupled hot bands to CO-

stretching vibrations. After approximately 20-30 ps, the molecule returns to the ground 

vibrational state. The intermediate spectra “relax” to the long-time spectrum, which is narrower 

and shifted to higher wavenumbers. Evidence of vibrational cooling has been observed in 

previously examined related molecules42,43, but not as distinctly as in 1 and 2. There are also 

likely rotational dynamics contributing to the early-time spectra, as observed in other similar 

model compounds,59–61 in addition to the vibrational dynamics. The long-lived spectrum at ~300 

ps delay suggests that new photoproducts are formed that may be stable with ns or longer 

lifespans.  

 In order to better locate and represent new absorption features for the long-time delay 

photoproduct without overlapping bleaching features, the ground state IR spectrum for 1 was 

added to the longest time-delayed spectrum obtained (at 286 ps, dark blue in Figure 6), as shown 

in Figure 9. In order to account for the difference in intensities between the TRIR spectrum and 

the FTIR spectrum, a multiplying normalization factor was applied to the product spectrum. This 

multiplicative factor was approximated by eye and adjusted in order to minimize the negative 

absorption at ~1928 cm-1. It was not possible to minimize both of the negative absorptions at 

~1928 cm-1 and ~2000 cm-1. These negatively absorbing features in the product spectrum are due 

to a broadening in the TRIR spectrum that is not observed in the FTIR spectrum. Using this 

analysis, the absorption at 1916 cm-1 can be seen to have shifted to the red (lower wavenumber) 
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of the absorption of the starting molecule. The absorption at 1963 cm-1 has also shifted to the red, 

but the absorption at 2033 cm-1 has shifted very slightly to the blue (higher wavenumber).  

  

Figure 9. Long time-delay product spectrum extrapolated from the 286 ps delay and FTIR 

spectra for 1. 

In order to identify the product structure, the possibility of isomerization upon excitation 

or relaxation to the ground state was considered, since it was previously observed in related di-

iron model compounds.42,44,47 In this case the possibility of isomerization alone can be ruled out 

by comparing the observed shifts to the expected shifts that would occur due to isomerization. 

For example, assuming there is approximately a 70:30 isomer ratio as previously described, all of 

1-1 and/or 1-2 could potentially isomerize to 1-3 and/or 1-4 upon excitation. If this were the 

case, the absorption at 1903 cm-1 would shift to the red while the absorptions at 1961 cm-1 and 

2033 cm-1 would be expected to shift considerably to the blue (Figure 5b). Since the observed 

shift is to the red at 1961 cm-1 the possibility of 1-1 and/or 1-2 isomerizing completely to 1-3 
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isomerizing to 1-1 and/or 1-2 can also be ruled out. In that case, a blue shift at 1900 cm-1 and red 

shifts at 1961 cm-1 and 2033 cm-1 would be expected, which is not observed experimentally. 

 Another possibility would be loss of the CN ligand upon UV excitation. To address this 

possibility, DFT calculations were performed to simulate the spectra of all possible CN-loss 

isomers, shown for 1 in Figure 10a. A CN-loss would result in a significant shift to the blue of all 

CO-stretching bands, which is not observed in the product spectrum. The possibility of CN 

ligand loss is ruled out entirely. 

 Another possibility is loss of a CO ligand upon UV excitation. DFT calculations were 

performed to simulate all CO-loss isomers, shown for 1 in Figure 10b-e. Several CO-loss 

isomers match the observed shifts to the red at 1900cm-1 and 1961 cm-1. However, not a single 

CO-loss isomer is expected to result in a blue shift at 2033 cm-1, which was observed 

experimentally, so the loss of a CO ligand alone can also be ruled out.  
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Figure 10. Calculated DFT spectra for all CO and CN-loss photoproduct isomers of 1: (a) CN-
loss isomers and (b-e) CO-loss isomers originating from possible ground state isomeric 
structures. Isomers that differ only by the direction the bridge points typically have identical 
spectra and may be indistinguishable. 
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 Since isomerization and ligand-loss alone do not explain the spectrum of the 

photoproduct, it is likely that the observed shifts are due to some complex mixture of 

isomerization and CO-loss. For example, the only possibility that would result in the observed 

blue shift at 2033 cm-1 is isomerization of 1-1/1-2 to 1-3/1-4. This isomerization, combined with 

a CO-loss would match the red shifts at 1900 cm-1 and 1961 cm-1, as well at the blue shift at 

2033 cm-1. Other, more complicated explanations also exist, such as dimerization, which would 

be difficult to model or test with any certainty, or formation of a bridging Fe-CO-Fe species.  

 It is possible that a CO-loss photoproduct would form a bridging Fe-CO-Fe species. In 

particular, isomers 1-2.3, 1-2.5, and 1-4.1 all show evidence of a bridging CO bond (Figures 10c 

and 10e). Unfortunately, we did not acquire TRIR spectral data in the bridging CO-stretching 

region (~1800 cm-1) and are unable to conclude whether or not a bridging CO is observed. 

However, we can conclude that a bridging CO isomer alone does not explain the product 

spectrum.  If a bridging CO species were to be formed, the spectrum of the product would be 

shifted significantly to the red, which is not observed.  

Additionally, DFT calculations show that the bridging CO isomers have smaller dipoles 

than other isomers in that same isomer “family”.  The use of acetonitrile, a very polar solvent, 

makes it unlikely that these bridging CO isomers with small dipoles would be formed over other 

isomers with larger dipoles.  

 

Compound 2 in MeCN.  Ultrafast TRIR was used to collect spectral scans at different time 

delays using 400 nm excitation for 2 (Figure 11). Similar results as 1 were observed for 2. Time 

delay scans were taken for 2 (Figure 12a) and the fits for some of these scans are shown in 

Figure 12b and c. Two timescales were observed for 2; a 25 ± 9 ps decay, followed by a long-
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lived offset.  As was done for 1 in order to see the locations of new absorptions, the long-time 

TRIR spectra for 2 was added to the FTIR ground-state spectrum for 2 (Figure 13) and the same 

analysis of comparing shifts as was performed for 1 was applied.  Product spectra were 

compared to DFT simulated spectra for different possible isomeric structures (see Figure 14).  

  

Figure 11. Time-resolved UV and visible pump, IR probe spectra for 2 in acetonitrile at 
indicated time delays after excitation with (a) 400 nm, (b) ground-state FT-IR spectrum of 2 in 
room temperature acetonitrile solution. 
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Figure 12. Time-dependent scans for 2 in acetonitrile using 400 nm pump at (a) all selected 
wavenumbers, (b) 1979 cm-1, (c) 2023 cm-1. 
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Figure 13: Long time-delay product spectrum extrapolated from the 286 ps delay and FTIR 

spectra for 2. 
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Figure 14: Calculated DFT spectra for all CO and CN-loss photoproduct isomers of 2: (a) CN-

loss isomers and (b,c) CO-loss isomers originating from possible ground state isomeric 

structures. 
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The longest time spectra for each compound was added to its corresponding ground-state FTIR 

spectrum so that the locations of new absorptions would be easier to identify, as shown in 

Figures 17 and 18. For 1, new absorptions are observed at 1905 cm-1, 1941 cm-1, 1978 cm-1, and 

2086 cm-1. The absorption at 1905 cm-1 shifted to the blue while the absorptions at 1941 cm-1 and 

1987 cm-1 shifted considerably toward the red. The weak CN-stretch absorption at 2086 cm-1, 
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which was indistinguishable from the noise in the TRIR data, remains in the spectrum but is 

observed to shift slightly to the red. These shifts were compared to those observed in the TRIR 

data. The directions of the shifts at corresponding wavelengths between FTIR and TRIR data do 

not match. Recall that in the TRIR data, the absorption around 1900 cm-1 shifted to the red, 

whereas that absorption shifts to the blue in the FTIR spectra. This implies that different 

photoproducts are formed on the second timescale rather than on the picosecond timescale. The 

large red-shift of the absorptions at 1941 cm -1 and 1987 cm-1 suggest that a stable CO-loss 

photoproducts are formed (Figure 10). This is surprising because we would not expect a 4-CO 

photoproduct to be stable on the minute timescale because CO is expected to recombine within 

microseconds at millimolar concentrations of the starting compound. 

 

 

Figure 15. Long time UV-FTIR difference spectra for 1. 
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Figure 16. Long-time UV-FTIR difference spectra for 2. 

 

 

Figure 16. Long time product spectrum extrapolated from 180 s UV exposure and FTIR spectra 
for 1. 
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Figure 17. Long-time product spectrum extrapolated from 150 s UV exposure and FTIR spectra for 2 

 

Conclusions 

 The photodynamics of two asymmetric cyano-containing Fe-Fe hydrogenase model 

compounds were studied. Compound 1 was excited with 266 nm and 400 nm wavelengths while 

compound 2 was excited using only 400 nm pump.  Picosecond photo-dynamics were examined 

using TRIR spectroscopy while stable product formation was investigated using UV-lamp 

exposure with FTIR difference spectroscopy.  

Transient dynamics of bleaches and absorptions occur on two timescales. An initial 20-30 

ps decay followed by a long-lived offset is observed for both compounds 1 and 2. The 20-30 ps 

decay is the result of vibrational cooling and rotational dynamics. The long-lived offset suggests 

that one or more stable and soluble products are formed on the minute timescale. TRIR spectra 

were compared to DFT calculated spectra of different isomeric structures for each compound. 

This comparison indicated that the TRIR product spectra were not the result of isomerization, 

CO-loss, or CN-loss alone. Rather, the product spectra likely arise from a complex combination 
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of CO-loss and isomerization, which would be a nearly impossible product spectra to simulate. 

Identification of these products via further DFT modelling and NMR spectroscopy will be 

further explored. 
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