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Coexistence of neutral and charged arenes in conducting diperylene hexafluorophosphate

Gerda Fischer and Elmar Dormann
Physikalisches Institut, Universit&arlsruhe (TH), D-76128 Karlsruhe, Germany
(Received 21 April 1998

In the quasi-one-dimensional organic conductor diperylene hexafluorophosphate charged and neutral
perylene(PE) molecules coexist. The molecular charge can be correlated with the distance between the PE
molecule’s two naphthalene moieties accessible by x-ray structural analysis. The electronic distinction is
proved by magic angle sample-spinning proton-enhanced high-resotd@aruclear magnetic resonance. The
locally resolved®*C-shift data in addition reveal the occurrence of two inequivalent PE molecules in the
conducting stack of diperylene hexafluorophosphi86163-182808)06936-7

The occurrence of a Peierls transition to a low-ions(which thus become closed shell and diamagnelibe
temperature charge-density wa@DW) state is well estab- conducting stacks are surrounded and separated by additional
lished in quasi-one-dimensional organic conductors buildiamagnetic, neutral PE molecules. The proof of this de-
up from stacked radical cations of pure hydrocarbonscription is presented below based on locally resolved high-
molecules (arenes like fluoranthene in difluoranthene resolution®3C nuclear magnetic resonanté¢MR), molecu-
hexafluorophosphafeThe deviation from the average arene lar orbital calculations including geometry optimization
charge of+0.5e in the CDW phase is weak, however. We(TURBO'\"O'_-E)vlo'll and a careful analysis of recent x-ray
have shown that in nonmetallic radical cation salts ofStructural informatiorf.

perylene(PB), (Fig. 1), neutral, diamagnetic PE molecules . S€0 and Whangbo concluded—based on the extended
may coexist with charged pairs carrying a chatgee and a Huckel MO method—that the bond length,-C, decreases

spin 1/2 localized on the “dimer” with the closest intradimer almost linearly with increasing positive charge of the PE

. - - molecule® Our ab initio molecular orbital calculations were
separation. This was derived for hexaperylene hexafluoro- 10

phosphate. ThéPE)PF; unit cell contains three mutually carried out with theeURBOMOLE program of Ahlrichset a

th | PE pairé? It d by a detailed Vs The molecular structure was optimized for different molecu-
orthogona pairs.”ft was proved by a detalied analysis |5, charges. For the investigation of the electronic structure,
of the anisotropy of electron spin resonaf&&SR) g tensor

: ) _ _ : density functional theory calculations were perforrigd.
and line width that the “dimer” with the closest intra- Thege calculations indicate the contraction of the PE mol-
dimer separation carries the charge and spin, thugcyle’s naphthalene-naphthalene bongQg with increas-
(PB), (PB),(PE),PF; would give an appropriate description ing oxidation by more than 4%Fig. 2). The experimental
of the electronic properti€sSeo and Whangbo showed by data for the neutral and the 0.5e-charged PE molecules of
extended Hokel molecular orbital calculations that the high- hexaperylene hexafluorophosphate give experimental sup-
est occupied molecular orbitdHOMOs) of the PEs in each port for this correlation. Based on this theoretical and em-
pair (dimen interact to give a bonding and an antibonding pirical structural correlation it may be concluded that in
level. The pair with the shortest separation gives the highesfiperylene hexafluorophosphate the PE molecules in the con-
antibonding level, which consequently is emptied when arducting stack carry an average charge-d.75e and those in
electron has to be transfered from the arenes to the PRhe “walls” of the conducting channels definitely are neutral
counter ions in the radical cation sdlfThe HOMO of the  (Fig. 2.
individual PE molecule is antibonding between the carbon
atoms 4 and 4 combining the two naphthalene moieties of
the PE molecule(Fig. 1). Thus partial oxidation of PE
strengthens and shortens theC,, bonc as can be substan-
tiated by inspection of the x-ray structural analysis.
Recently, it was argued that likewise for the “metallic”
diperylene hexafluorophosphate the anisotropy of the electri-
cal conductivity and of the ESR tensor as well as the
periodicity of the Peierls-distorted low-temperature phase
indicate the coexistence of neutral and charged PE
molecule$~® The description of the electronic properties
of the conducting salt requires the formula
(PEI"- .- (PE,(PF;)3-2THF (THF: built in tetrahydrofurane
solvent molecules Four PE molecules form the periodic
unit along the one-dimensional stack in the high-temperature F|G. 1. Schematic presentation of a perylene moleculgHg)
phase; they transfer three electrons to the threg &fenter  with numbering of the C atoms.
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FIG. 2. Correlation between the distancgCy of the two car- FIG. 3. Temperature dependence of locally resolved isotropic
bon atoms combining the two naphthalene moieties of the peryleneC shifts in diperylene hexafluorophosphétght scale relative to
molecule(Fig. 1) and the molecular charge. Calculated data basedPure Perylene The broken lines confine the range of the chemical
on TURBOMOLE program (Refs. 10 and 11[UHF (RHF): unre- shifts observed for the neutral PE molecu(dsomb-shaped sym-
stricted (restricted Hartree-Fock calculation, DFT: density func- bols: center of gravity For the numbering of the Knight minus

tional theory and experimental data based on x-ray anal§Risfs. ~ chemical shift data of the two inequivalent PE radical sites see Fig.
2 and 6. 1. The solid lines were calculated using the local spin densities

given in Table | and the conduction electron susceptibility deter-

More detailed information on the electronic structure ofmmeoI experimentallyRefs. 6-8.

the charged PE molecules is obtained by high-resolufien

NMR at 75.5 MHz using magic angle-sample spinning,were used as internal reference. For the separation of locally
proton-cross polarization, and proton decoupling as was indiffering Knight shift and chemical shift contributions the
troduced by Mehring and Spengler in the difluoranthenecorrelation of the experimentally derived temperature depen-
hexafluoroantimonat®. Our conclusions are summarized in dence of the conduction electron part of the magnetic
Fig. 3 and Table I. A detailed description of the analysis will susceptibility and the*3C line shifts was analyzed as famil-
be reported elsewhere. In order to differentiate Knightiar from the Jaccarino-Clogston plot. Thus, it was proved
shifted lines and spinning-side bands, spinning frequenciethat the’>C NMR spectrum of PE in diperylene hexafluoro-
between 2 and 4.5 kHz were used for temperatures varyinghosphate consists of the chemical shift spectrum of neutral
between 170 and 270 K in the “metallic” phase. Gated pro-PE molecules plus the spectra of two inequivalent PE radi-
ton decoupling was applied in order to distinguish the car-cals. The latters differ in their chemical as well as in their
bons G to C; bound with protons from £to Cg having only  Knight shifts, however.

carbon neighbors. Shifts were determined relative to tetra- The 3C Knight shift in aromatic radicals is not a purely
methylsilane(TMS). The two lines of built-in THF solvent local probe, but reflects also the spin density of the neigh-

TABLE |I. Comparison of calculatefHuckel (Ref. 5 or TURBOMOLE (Ref. 4] and experimental spin
densities of the stacked PE radicals in diperylene hexafluorophosphate. Assignment of the locally resolved
13C NMR line shiftsK; to the positions named in Fig. 1 is given in Fig. 3.

Position Ki/ppm peaic (Ref. 4 peaic (Ref. 9 PNMR
1 93.7/90.9 0.144 0.103 0.189.001/0.192-0.003
2 —43.8~41.7 —0.011 0.012 0.03%0.001/0.034-0.001
3 55.3/52.8 0.097 0.087 0.09%.001/0.0880.001
4 0.051 0.046 —0.046+0.001+0.056+0.003
5 —8.0/—-4.8 —0.015 —0.053:£0.001+0.046+0.003
6 —63.6/~56.8 —0.029 0.012-0.001/0.034-0.001
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boring carbon sites according to the Karplus-Fraenkekcules have a longéweakej C,-C, bond between their two
relation™® naphthalene subunits. They are arranged in between the con-
ducting PE stacks, with their molecular plane orthogonal to
Ki=| Qpi+ 2 Q' pj X (gepmpyh) (1) that of the stacked molecules. The stacked PE radicals
=izl (PE)j{3~ -- carry an average charge ef0.75e and show a

with Q=99.7 MHz for G, C,, and G, Q=85.4 MHz for  shorter(strongey C,-C, bond than (PE)" dimers. NMR

C, Cs, and G, and Qu=—38.9 MHz, xFF the magnetic analysis gives the proof that the four PE molecules are not
susceptibility per PE radical moleculg,: conduction elec- equivalent—two different sets of NMR lines are distin-
tron g factor, ug: Bohr magneton, and3y: %C gyromag-  guished. This is in agreement with the existence of two crys-
netic ratio. Thus, there is no unique derivation of the spintallographically inequivalent sites in the PE stacks. Detailed
densitiegnormalized to 1 per PE moleculrom the Knight-  spin-density distribution is derived ByC NMR. This analy-
shift dataK;. Therefore a tentative assignment of the posi-sis shows the variety of electronic structures accessible for
tions G-Cg and the shifts had to be based on the calculate@rganic molecules in organic conductors and proves the ne-

spin densities. Thereafter, the final adjustment of the expericessity of a careful characterization when aiming at real un-
mental densitiep; was unique for unvaried assignments of derstanding of their electronic properties.

NMR lines and carbon positions. Evidently the agreement
between calculated and experimental NMR line positions is
convincing. o ACKNOWLEDGMENTS
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