
���� W(CO)6 : different trapping sites → different 
vibrational dynamics

� Probe of local environment.

� Coupling with molecular modes of the host 
(libration, rotation) in contrast with the case of noble 

gas lattices.

� Complex relationship between phase transition and 
vibrational dynamics in solid methane. 

���� Fe(CO)5: 

�Quantum beats between different vibrational modes 
due to spectral diffusion. [6]

�Spectral diffusion due to vibrational transfers. 

�Important matrix effects.

W(CO)6 / N2

Host-guest interaction in cryogenic solids 
probed by infrared stimulated photon echoes 

* One color degenerate 4-wave mixing

IntroductionIntroduction

Molecular systemsMolecular systems
� Guest = Metal Carbonyl

Role in organometallic synthesis, catalysis, materials chemistry…[1]

�W(CO)6: rigid, large transition dipole moment, Oh symmetry 

�Fe(CO)5: « fluxional » [2], D3h symmetry
� Host = van der Waals solids

Weak perturbations, low temperatures (4-40K)

�Noble gas: simple fcc crystal

�Molecular lattices: N2, CH4
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� Toward a better understanding of W(CO)6 / CH4                

=> further studies in CD4

� Toward a better understanding  of the vibrational 

dynamics of Fe(CO)5 in cryogenic matrices

• T1u CO stretching,  µ ~ 1 D

Fe(CO)Fe(CO)55
SummarySummary

OutlooksOutlooks

MethodsMethods
� Matrix isolation techniques                       

�� IR spectroscopy

� Time resolved IR 1CTime resolved IR 1C--DFWMDFWM**

Three pulse photon echoes → S(ττττ,T)
OPA fs IR  (3- 9 µm, 3µJ/pulse, 1 kHz)

Pulses 150 fs. Spectral bandwidth  150 cm-1

Dephasing time T2- S(τ), T fixed

Life time T1 – S(T), τ fixed
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• Solution, amorphous solids: very fast dynamics (ps) [3]

• Noble gas solids: T2 ≈ 2T1 [4]
• Molecular solids: relationship between crystal properties and vibrational dynamics.

�Narrowing of band 2 follows
narrowing of the homogenous width

� e-Ea/kT, Ea=32 cm-1 ↔ coupling with a libration

mode of N2 for Oh molecules

W(CO)6 /  CH4
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Phase transition���� CH4 solid:

Phase transition @ 20 K
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� Influence of the waiting time Tw (population evolution ) on the pattern 

of stimulated photon echoes S(τ, T=Tw). 
� Spectral diffusion due to vibrational transfers [5](Tvv rates)

�Concentration and temperature effects confirming transfers between 
different guest molecules:  

Tvv between 300 ps and 2 ns. 

Absorption

Stimulated photon echoes

Spectral widths:

Stimulated photon echo in N2 matrix. 
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Absorption
Homogeneous width γhom

Life time T1

• CH4 molecules are free rotors

• Broadening nearly homogeneous (0.5 cm-1) -

motional line narrowing

T > 20 K
• ¼ of CH4 molecules are free rotors.

• Inhomogeneous broadening and degeneracy lift

(@ 8 K T2*~ 100ps; γhom=0.1cm-1)

T < 20 K
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� γhom(T): coupling with rotation of methane in both phases ?0,04 0,06 0,08 0,10 0,12
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���� Molecular distortion 

Oh→ D2h  : T1u → B1u, B2u, B3u

2      1, 3, 4

Quantum beats 

v=0 ↔ v=1 and v=1 ↔ v=2

�A short component at T>20K  

(~4-6 ps):  orientational relaxation?

� Long component ≈ 300 ps
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Oscillation

Long component

→ rephasing

→ spectral diffusion
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Matrix effects

� Very efficient spectral diffusion in nitrogen but not in argon.

� Τ2= f(TK) in N2 [30ps @ 20K, 50 ps @ 10K], not in Ar [T2 ≈ 70 ps ]

� Influence of N2 libration? Influence of N2 lattice on µ? on fluxionality?

Modeling of partial spectral diffusion

Tvv = 730 ps

Tvv = 320 ps
T=20K 

N2

Short component as a 
function of temperature


