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Correlating conduction properties with the molecular symmetry: 

segregation of Z and E isomers in the charge-assisted, halogen-

bonded cocrystal [(Z,E)-Me2I2TTF]2Br † 

Olivier Jeannin,a Enric Canadell,b Pascale Auban-Senzierc and Marc Fourmigué*a 

The Z and E isomers of the iodinated TTF derivative (Z,E)-Me2I2-TTF 

co-crystallize in its mixed-valence salt with the Br
–
 anion,  into 

segregated Z and E stacks, each of them with a different charge 

localization pattern, also revealed by charge-assisted halogen 

bonding. 

Molecular conductors1 offer a fertile playground where 

chemistry and physics meet in the search for materials with 

new and exotic electronic properties. Such systems exhibit 

strong electronic correlations2 and offer a real promise in such 

direction. At the forefront of this effort, structural chemistry 

and crystal engineering play a crucial role. Following the 

synthesis of electroactive molecules such as tetrathiafulvalene 

(TTF) derivatives and their proper (electro)-crystallization, it is 

well known that the precise solid state organization of these 

partially oxidized molecules subtly influences their electronic 

properties (conductivity, magnetism). As a consequence, 

understanding the different interactions occurring in these 

solids is of outmost importance to rationalize the observed 

behaviors and thus to conceive new systems. For example, the 

weak C–H•••X interactions at work between organic radical 

molecules and X counter ions at the organic/inorganic 

interface have been shown to interact dynamically with the 

electronic conducting system,3,4 revealing important 

electrostatic contributions to the charge modulation in the 

conducting stacks. These correlations have been a powerful 

incentive to further control the interface with stronger and 

more directional interactions such as hydrogen5 or halogen 

bonding.6,7 Another much less investigated point is the actual 

symmetry of the donor molecules themselves. Most of the TTF 

derivatives used so far (TTF, TMTTF, BEDT-TTF, …) bear four 

identical substituents (Form A in scheme 1), hence a D2h 

symmetry. Another extensively investigated series are the so 

called dissymmetrical TTFs such as o-Me2TTF or EDT-TTF (Form 

B in scheme 1, R1 ≠ R2), with C2v symmetry. On the other hand, 

TTFs with Form C (Scheme 1, R1 ≠ R2) have been much less 

investigated (Tables S1–S3 in ESI†). These compounds, such as 

BET-TTF or α-DT-TTF, are prepared as a mixture of Z and E 

isomers. Successful attempts to separate and crystallize both 

isomers of such TTFs are scarce,8,9 since a Z-E isomerism 

process takes place in the presence of traces of acid.10 

Furthermore, upon oxidation to the radical cation, the central 

C=C bond is weakened, favoring also the Z-E isomerism.11  

 

 

Scheme 1 Tetrathiafulvalene derivatives with different 
substitution patterns 
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As a consequence, the salts of Form C TTFs are most often 

found, either as a mixture of Z and E isomers disordered on 

one single position (hence an averaged Form A D2h 

symmetry),12,13 or as a pure centrosymmetric E isomer known 

to favor more compact structures (see Tables S1-S3).14  

 We report here a mixed-valence cation radical salt of the 

Form C iodinated TTF derivative (Z,E)-Me2I2-TTF (Scheme 1) 

with the Br– anion, where the two Z and E isomers of the 

donor molecule do co-crystallize, but into segregated columns, 

each of them with a different charge localization pattern and 

associated electronic structure. The system also demonstrates 

the important role of the halogen bonding interactions taking 

place between cation radical and anion to stabilize this highly 

specific electronic structure.    

 The neutral donor molecule9 Me2I2TTF was obtained from 

the successive lithiation/iodination reaction of the (Z,E)-

Me2TTF mixture. It crystallizes‡ in the monoclinic system, 

space group P21/n, with one molecule on an inversion center, 

hence with the E-geometry (Fig. S1 in ESI†). Bond distances are 

collected in Table 1. In the solid, there is no halogen bonding 

interaction as the shortest I•••I contacts exceed 4.32 Å.  Its 

electrocrystallization in the presence of n-Bu4NBr in CH2Cl2 

afforded black needles on the anode. The bromide salt 

crystallizes§ in the monoclinic system, space group P21/n. Both 

Z and E isomers are present (Fig. 1), with one Z-Me2I2TTF, one 

bromide anion and one CH3CN molecule in general position, 

together with two E-Me2I2TTF molecules (noted E1 and E2), 

each of them on an inversion center. Altogether, it 

corresponds to a mixed valence state with 2:1 stoichiometry, 

[Z-Me2I2TTF][E-Me2I2TTF]Br• CH3CN. 

 
Fig. 1 Detail of the asymmetric unit in the bromide salt 
 

The central C=C as well as the neighboring C–S bond lengths 

have been shown to be particularly sensitivity to the TTF 

charge. As shown in Table 1, the recurrent C=C lengthening 

and associated C–S shortening accompanying the TTF 

oxidation is well observed here and, more importantly, in a 

comparable way within the three crystallographically 

independent molecules. A difference can be found between 

the two E1 and E2 molecules, the formed being apparently 

slightly more oxidized. Despite this mixed-valence state, the 

salt behaves as a semiconductor (Fig. S2 in ESI†), with a room 

temperature conductivity σRT = 0.035 S cm–1 and an activation 

energy of 0.17 eV (2000 K). 

 

Table 1 Intramolecular bond lengths within the TTF core in 

Me2I2TTF and its salt. 

 

 

 

 E  Z in salt E1 in salt E2 in salt 

a 1.349(8) 1.380(12) 1.377(12) 1.368(15) 

b 1.762(6) 1.738(10), 1.724(9) 1.723(9) 1.753(10) 

b' 1.761(6) 1.745(9), 1.745(10) 1.743(10) 1.756(10) 

c 1.749(6) 1.727(11), 1.749(10) 1.724(10) 1.758(9) 

c' 1.760(6) 1.750(9), 1.765(10) 1.741(11) 1.758(10) 

d 1.317(8) 1.331(14), 1.340(14) 1.339(14) 1.343(13) 

 

The salt is also characterized by a segregation of the two Z and 

E isomers into separated stacks running along the a direction 

and alternating with each other along the c direction into (ac) 

slabs (Fig. 2a). The bromide anions and CH3CN molecules are 

interspersed in-between these organic slabs. As shown in Fig. 

2b, the bromide anion is interacting strongly with four 

different iodine atoms of four different molecules while the 

embedded CH3CN molecule is not involved in halogen bonding. 

The corresponding distances and angles are collected in Table 

2 and point for a rather short and strong interaction, 

comparable to those found in other halogen-bonded bromide 

salts.6,15 Note also that the E1 molecule (bearing I3) exhibits a 

notably shorter (by 0.1 Å) halogen bond to Br– that the E2 one 

(bearing I4). 

 

Fig. 2 (a) Projection view of the unit cell of 
[Me2I2TTF]Br•CH3CN along the a axis. (b) Detail of the halogen 
bonding interactions. 
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Table 2. Halogen bond characteristics. The reduction ratio RR 
is defined as the ratio between the I•••Br distance and 3.83 Å, 
the sum of the I (1.98 Å) and Br (1.85 Å) van der Waals radii. 

 
Halogen I•••Br (Å) RR C–I•••Br (°) 

I1 3.246(5) 0.85 176.0(2) 
I2 3.300(5) 0.86 178.3(3) 
I3 3.245(4) 0.85 173.6(2) 
I4 3.348(7) 0.87 175.6(2) 

 

As mentioned above, each partially oxidized slab is composed 

of segregated stacks of either Z or E molecules. A side view of 

each of them (Fig. 3) shows that the Z stack is strongly 

dimerized while the E stack, made of two alternating 

crystallographically independent E1 and E2 molecules, each of 

them on an inversion center, is uniform by symmetry. These 

features are confirmed by the calculated βHOMO-HOMO 

interaction energies. In the Z stacks, the intra-dimer 

interaction amounts to –0.368 eV while it reaches only 0.050 

eV for the inter-dimer interaction. Within the E stacks, a 

uniform βHOMO-HOMO interaction is found at –0.306 eV. 

 

Fig. 3 Detail of the Z and E stacks (left), and the calculated 
band structure (right). The dotted line refers to the ¾-filling of 
the system and Γ = (0, 0), X = (a*/2, 0) and Z = (c*/2, 0). 

 

Altogether, this interaction network gives rise to the calculated 

extended Hückel band structure shown in Fig. 3. Four bands 

are obtained as a superposition of the essentially independent 

Z and E stacks (Fig. S3 in ESI†). A sizeable band dispersion along 

the chains direction (Γ–X) is observed only for the regular Z 

stack while the E bands are only weakly dispersive. A very 

small forbidden band crossing is calculated between the two 

upper bands. Inter-stack interactions (see Γ–Z) are negligible. 

This description however contradicts the observed semi-

conducting behavior with large activation energy. It clearly 

indicates that strong electronic repulsions have to be taken 

into account and that such a band description with paired 

electrons is not pertinent here. In other words, electronic 

repulsions are strong enough and charge localization takes 

place on the two chains, with however striking differences 

between them. Indeed, in such systems where long range 

electronic repulsions dominate, a so-called Wigner lattice of 

localized charges can be stabilized, leading to a semi-

conducting behavior.2 The system can adopt essentially two 

different electronic structures, either a charge localization on 

the molecular sites (described as Charge Order or CO) or a 

charge localization between two molecules within dyads, 

described as Bond Order Wave (BOW) or dimer-Mott (DM), as 

illustrated in Fig. 4.16,17  

 

 

Fig. 4 Schematic representation of the electronic description of 
the 4kF Charge-Order and Dimer-Mott states in quarter-filled 
systems. The violet color corresponds to the uniform ½ charge 
while the red and blue ones to ½ + δ and ½ –δ. 

 

In the CO state, molecules bear alternatively an excess and a 

depletion of charge δ (0 < δ ≤ ½), that is (½+δ, ½–δ), while in 

the DM state, the molecules dimerize but keep the average +½ 

charge. A DM ground state is found for example in the quarter 

filled MEM(TCNQ)2 salt below 335 K,18 while the CO state has 

been identified for example in the whole (TMTTF)2X series 

where the TCO varies from 230 and 65 K depending on the 

counter ion X.2c On the other hand, coexistence of both CO and 

DM states within the very same system has been only 

evidenced in the low temperature phases of some very specific 

salts with tetragonal symmetry, such as (DI-DCNQI)2Ag (space 

group I41/a)19,20 or (o-Me2TTF)2X (X = Cl, Br; space group 

�42�),21 but without structural confirmation in the latter. 

 The salt reported here combines efficiently these two 4kF 

states at room temperature. The Z chains adopt indeed the 

dimer-Mott (DM) structure with a strong dimerization and a 

fixed ½ charge on each Z molecule. On the other hand, in the 

uniform (E1E2) chains, we have noted above that the E1 

molecule was slightly more oxidized than the E2 one. It 

indicates that these E chains adopt a CO state, providing one 

rare example of a pure CO chain where there is only charge 

disproportionation on the two crystallographically 

independent E1 and E2 molecules, without dimerization since 

intra-stack interactions are uniform. This CO state is further 

confirmed by the specific details of the cation-anion 

interaction mediated here by the halogen bonding (Fig. 2b). 

Indeed, we have noted that the bromide anion is closer to the 

more oxidized E1 molecule than to E2. Such effects have been 

recently well established in other CO systems such as 

(TMTTF)2X,3 α-(BEDT-TTF)2I3,4 or δ-(EDT-TTF-CONMe2)2Br,22 

where the anion is "linked" to the radical cations, but through 

weak C–H hydrogen bonds. In these salts, below the metal-

insulator transition at TCO, a shift of the anion toward the most 

oxidized molecule is indeed observed. We demonstrate here 

for the first time that such effects can be also efficiently 

transmitted through halogen bonding rather than C–H•••X 

hydrogen bonding interactions.  

 In conclusion, we have identified a halogen bonded, mixed 

valence, conducting salt where two different types of charge 

ordering patterns, namely Charge Order (CO) and Dimer-Mott 

(DM) coexist at room temperature, thanks to the remarkable 

co-crystallization and segregation of Z and E isomers of the 

iodinated Me2I2TTF donor molecule. The halogen bonding 

4kF CO

4kF DM
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interaction to the counter ion is shown here to correlate with 

the state of charge of the donor molecule, a further 

demonstration of charge-assisted halogen bonding.23,24  

 This work was supported by MINECO (Spain) through Grant 

FIS2012-37549-C05-05, Generalitat de Catalunya (2014 

SGR301), and ANR (France) through Grant 08-BLAN-0091. 
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