
Abstract 

 

TTF-CA is a typical mixed-stack charge transfer compound, which 

undergoes neutral (N) to ionic (I) phase transition by lowering the 

temperature or applying high pressure. This N-I phase transition is 

confirmed to be a first order one and induces various changes in TTF-CA 

on its structural, optical and magnetic properties. The low temperature 

I-phase is characterized by a lattice dimerization along the stacking 

direction, while the starting N-phase is monomeric and has no 

dimerization. Charge transfer (CT) absorption spectral shape in the 

I-phase has a two-headed structure in contrast to the single-peak one 

in the N-phase spectra. Electron spin resonance line shape indicate 

the creation of a constant spin density below transition temperature, 

while the dc conductivity data show the evidence of mobile charge carriers 

at the onset of the I-phase. Besides the temperature-induced or 

pressure-induced phase transitions, a photoinduced I-to-N phase 

transition (PIPT) has also been discovered by using femto-second 

spectroscopic techniques. It is found that a macroscopic neutral domain 

can be generated in the I-phase of TTF-CA by shining a strong laser 

light of about 0.6eV~2.2eV onto TTF-CA, even when the temperature is 

very low. Recent studies on this PIPT reveal that the N-phase generation 

efficiency quite sensitively depends on the way of the excitation. 

For the typical CT excitations, the PIPT has a noticeable threshold 

excitation intensity, below which the macroscopic neutral domain can 

not be generated. However, for the intramolecular excitations, the 

N-phase generation efficiency has no significant threshold excitation 

intensity. These behaviors reveal the highly nonlinear nature of PIPT. 

We present a theoretical work to study this photoinduced I-to-N 

structural phase transition from a unified point of view. Using the 

adiabatic approximation and the mean-field theory, we investigates an 

extended Peierls-Hubbard model to clarify various features of TTF-CA, 

ranging from the ground state properties, the absorption spectral shape, 

to the nonlinear lattice relaxation of the CT exciton. Our model includes 

strong inter-molecular Coulomb interactions, which depend nonlinearly 

on the inter-molecular distance. A weak inter-chain interaction is also 

taken into account to describe the formation of the macroscopic neutral 

domain in the three-dimensional ionic phase. In the ground state, the 

quasi-I phase is just below the quasi-N one. Both these I- and N-phases 

are locally stable, and a low energy barrier separates them. In the 

I-phase, the lattice has 3% dimerization along the stack axis, while 



the N one is monomeric and has no dimerization. Based on this mean-field 

picture, the N-I phase transition in TTF-CA is classified to be the 

first order. 

 To calculate the optical absorption spectrum, we have developed a 

classical Monte-Carlo theory to take the thermal lattice fluctuations 

into account. The exciton effect is also included by using the first 

order perturbation theory. The resultant spectrum illustrates the 

peculiar two-headed shape, which agrees with the experimental one. Thus 

we could well reproduce the position of these two peaks as well as 

the relative intensity between them.  

By studying the nonlinear lattice relaxation processes of the CT exciton, 

we have clarified the adiabatic relaxation path, which starts from 

a Franck-Condon state and terminates up to the large neutral domain 

formation in the ionic phase. The ground state energy surface reveals 

that this neutral domain becomes stable only when its size is large. 

Moreover, the first excited state of the neutral domain is little above 

the Franck-Condon state, and these two states are separated by a high 

barrier. Therefore the lowest state of a single CT exciton can not 

relax down to the neutral domain straightly, but a large excess energy 

is necessary so that it can overcome the barrier. This theoretical 

result explains the origin of the threshold excitation intensity, below 

which the macroscopic neutral domain can not be generated by the photons 

resonated to the CT exciton. It has been also discovered that there 

exist various shallow minima on the energy surface of the ground state. 

These minima prevent the fast decay of the neutral domain, and let 

it have a fairly long lifetime. We also investigate the anti-phase 

ionic domain. This domain is above the neutral one, and a low barrier 

separates them. Thus, even if the anti-phase ionic domain is generated 

just after the photoexcitation, it will soon relax down to the neutral 

one. These findings are consistent to the recently obtained 

time-resolved experimental results. Furthermore, we illustrate the 

charge and the spin distributions of the neutral domain. Our results 

show that the ground state of the NIDW can carry a unit charge and 

spin, however, its first excited state can carry almost none of them. 

The radiative or nonradiative decay of the excited NIDW is found to 

be quite difficult, so that, the first excited states can have fairly 

long lifetime, if we restrict ourselves within the mean-field theory.  

 


