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The crystal structure, thermal vibrations, and electron density of the charge-transfer complex
bis(thiodimethyleng-tetrathiafulvalene tetracyanoquinodimethane (BTDMTTF-TCNQ, formally
C10HgSs' - C1oH N, ) have been analyzed using 130 K single-crystal x-ray-diffraction data up to a resolution
of (Sin 6\)max=1.35 A1, A multipolar pseudoatom density model was fitted against the 5145 observed data
with I1>30(1), [R(F)=0.023,R,(F)=0.022, GoF=0.91] optimizing the set of f; ;&) parameters of the
Slater-type sulfur radial function. This electron-density study allows us to understand that the charge transfer
between ions£0.7 e) involves only the external sulfur atom in the cation and that the charge-density-wave
behavior appearing in this complex is in relation to the external sulfur hybridization. Furthermore, the topo-
logical characterization of the electron density shows the isolated character of the external sulfur atom in
relation to the rest of the cation, and explains that charge transfer occurs via the interaction between the
external sulfur atoms and the triple bor@s=N of the anion, concentrating the transferred charge mainly on
nitrogens. The electrostatic potential calculated in the region of the charge transfer cation-anion is topologically
similar to most hydrogen bonds, showing a typical saddle point between the donor and the acceptor atoms.
[S0163-18207)09428-9

[. INTRODUCTION x-ray crystal structure, and electronic properties at room tem-
perature(RT) and atT=130 K[R(F)=0.033, Ny,= 5646
Since the pioneering work of Coppeasal.in 19791 no  were also reported with special emphasis on charge-transfer
other charge-density studies involving organic metals of the@nd charge-density-wavéCDW) phenomend. Figure 1
tetrathiafulvalene tetracyanoquinodimethaGeETF-TCNQ  shows the ORTEROak Ridge Thermal Ellipsoids Plot Pro-
family have been carried out. The main problems in studyinggram) view? of the complex and the stacking along the
these materials are due to the mechanical instability of thexis.
crystals under cooling and to their metallic behavior, leading The present paper is devoted to the characterization of the
to a noticeable handicap for the usual charge-densityopology of the electron density and the electrostatic proper-
models?~®which are designed to fit localized charges aroundies in BTDMTTF-TCNQ, in order to understand its elec-
atoms. Furthermore, the presence of charge-density wavésnic properties. TheT=130 K high-resolution x-ray-
(CDW) modulates the structure, averaging the atomic posidiffraction datd are used in this electron density study. This
tions along the modulation. study initializes an approach in this kind of material, for
The one-dimension&lLD) organic conductor BTDMTTF- which some physical properties are not yet well understood.
TCNQ (CgHgSs"-CoH4N, ) is a charge-transfer complex,
for which crystalline electric and magnetic properties, band-
structure calculations, as well as the temperature dependence Il. EXPERIMENTAL DETAILS
of resistivity were presented in a previous pap€he promi-
nent feature of BTDMTTF-TCNQ is that it behaves as an
almost pure 1D metal, showing metallic character down to Bis(thiodimethylengtetrathiafulvalendBTDMTTF) was
26 K. In a previous paper, we also reported the roomsynthesized as previously reportédl and tetracyanoquin-
temperature crystal structurfdR(F)=0.033, Ny,=1174. odimethane(TCNQ) was purchased from the Aldrich Co.
The room-temperature crystal packing was compared tand recrystallized before use. The BTDMTTF-TCN®Q1)
other donor-TCNQ complexes, specially in relation to thecomplex was formed in a quantitative yield as a black mi-
replacement of the external groups in the donor molecule bgrocrystalline powder when warm 1,1,2-trichloroethane solu-
sulfur atoms. Later, x-ray diffuse scattering, conventionaltions of donor and acceptor were mixed. Shiny black plate-

A. Crystal growth

0163-1829/97/5@})/182014)/$10.00 56 1820 © 1997 The American Physical Society



56 ELECTRON DENSITY STUDY OF THE ONE. .. 1821

(b)

FIG. 1. ORTEP view of@) the cation-anion complex at the crystal geometry édrdhe stacking along the axis. Thermal ellipsoids
(T=130K) are at 75% probability level.

like crystals of BTDMTTF-TCNQ were obtained by slow of 25 reflections with 2&£26<60°. Intensity data were re-
diffusion (one month of solutions of the neutral donor in corded asw-26 scan profiles to a resolution (S#N)pax
carbon disulfide and the neutral acceptor in acetonitrile.  =1.35 A~ for a total of 21 505 reflections in the following
way: for sindg/A=<1.12 A~* all the reflections in one hemi-
sphere were collecte(l4 121 reflections after a conven-
B. X-ray-diffraction experiment tional refinement against these data, higher-order intensities

A high-quality single-crystal specimen of 08636 Vere calculated to si¥A=1.35 A~ and only reflections

X 0.38 mm, previously selected for the room-temperaturé"”th an est|matedl>5q(|) were collected in Othe hgm|-
experiment, was used for the x-ray-diffraction experiment atPhere. All these reflections were collected/at0®. During
T=130+3 K. The x-ray source was graphite monochroma-the data collection three standard refleptmns—(]iZ),
tized Mo Ka radiation from a sealed tube. Measurements(13,1,1), (—8,—4,3) were measuredt 2 h intervals. The
were made on an Enraf Nonius CAD4 diffractometer,total scan width(Aw) was 1.10.34tg6 with a fixed hori-
equipped with a nitrogen jet stream low-temperature systerdontal and vertical detector aperture ok & mn?. A scan
(Soterem N-jetinstalled in a dry box to prevent ice forma- speed v=dw/dt depending on the signal-to-noise ratio
tion on the crystal; the gas stream temperature was mon{0.82<v<4.11° min!) was used for all data collection.
tored to 116G 3 K at the nozzle, corresponding to a tempera-The total exposure time was 456 h and the total experiment
ture of the crystal of 130 K as calibrated by using thetime was 31 days for a total of 21 505 collected reflections
paraferroelectric KDP transitiofl22 K).!* (only two nonobserved reflections up to #ih<1.0 A~1)

Lattice parameter§a=21.205(2) A, b=12.530(2) A, No diffractometer or temperature problem occurred during
c=3.859(1) A, B=93.30q1)°, space groupC 2/m] were the experiment. Crystal data and some experimental details
obtained by a least-squares fit to the optimized setting angleare given in supplementary materfal.
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C. Data processing

Data reduction and error analysis were done USIRBAR
programs->®Reflection integration limits were taken from a

Lorentzian model of the peak width variations. Absorption
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par(r)=pc(r)+ P, «3p(«r)
|maX I
2

-0 m=

b KI3RnI(K,r)PImtyImt( 0,¢),

effects were corrected with a Gaussian integration méthod where p, is the spherically symmetric Hartree-Fock core

(eac=0.69 mniL, transmission range: 0.82I<0.97). A

electron densityp, is the spherically averaged free-atom

polynomial fit to the slight decay of the standard reflectionsHartee-Fock valence electron density normalized to one elec-

intensities(about~ 2%), over the 456 h x-ray exposure time,

tron, k and ' are the expansion-contraction parameters of,

was applied to scale the data and derive the instrumem&pspectively, the spherical valence shell and the valence mul-

instability coefficient (p)=1.1%) used in the calculation of
a?([F|?)=o2(|F|®) + ((p)|F|?)2. The 21505 data with
sin 0/\<1.35 A~ were averaged with the &/ symmetry to
give 6885 unique datalE0) of which 5145 hasl
>30(l). The internal agreement wag(F?)=0.017 and
0.019, for all data and for data up to $in<0.7 A1, re-
spectively[R;,(F?)=0.028 for sind/A<0.7 A~* before ab-
sorption correctioh

IIl. MULTIPOLAR REFINEMENT AND CHOICE
OF SULFUR RADIAL FUNCTION

A. High-order refinement

High-order(HO) refinement strategy is commonly applied

in electron density studies to obtain the best estimation o

tipoles,y,;,~ are real spherical harmonic angular functions,
P, and P,,. are the population parameters, aRg(«'r)
the Slater-type radial functions defined as

n+3

(n+2)!

Ry (r)= r"e o
wheren=n,=1 is required for proper Coulombic behavior
satisfying Poisson’s equatiéfasr — 0. The« parameter for
each atom is set ta=2({) (sincepx|¥|?), where(?) is the
averaged orbital exponent from the ground states of the va-
lence orbitals wave functions calculated for the Hartree
Fock—self consistent fielHF-SCH free aton? As the total
charge for each spherical harmonic function is defined as
zero[a value ofP,,.=+1 (I#0) means that one electron
moves from the negative to the positive lobes in its associ-
ted spherical harmonic function,«(8,¢)], the net atomic
harges in theioLLY model are calculated as

atomic positional and thermal parameters of nonhydrogen
atoms, because high-order reflections are mainly core elec-
trons sensitive. HO refinement was performed against 1760
reflections with 1.6sin A<1.35 A1 and I>30(l). All  WhereZ is the number of proton$J.is the number of core

positional and anisotropic thermal parameters of non-H at€lectrons and,+ Pq is the number of electrons in the va-

q=Z—(Ncoret P, +Poo),

oms were refined, except tlyecoordinates, and the'2 and
U?3 thermal parameters of S5, C1, C7, and C8 at¢ses to

zerg, which are placed at the crystallographic mirror. Con-

vergence was achieved R{F)=0.044,R,(F)=0.045, and
S=0.85[for definitions of R(F), R,(F), andS, see Table

lence shell. In this papeR is set to zero and the resulting
net charge is therefore estimated from the spherical valence
density only.

In the multipolar refinement of the title compound no
chemical constraints were imposed to any atom; only crys-

I]. The residual electron density in the planes of both donotallographicm symmetry was imposed on S5, C1, C7, and

and acceptor molecules ranges —0.10<Ap e
<0.10e A~3. An anharmonic modelthird-order Gram-

C8. The thermal and positional parameters obtained from the
HO refinement, and the scale factor from all data refinement

Charliey was applied to S5, but refinement did not lead to(this value only differs from the HO scale factor by 0.2%
better statistical indices; no significant features were modelwere used as starting parameters. Hydrogen atoms were
ized, and the Gram-Charlier coefficients values were highiyfound by difference Fourier syntheses (8In<0.5 A~1)
correlated with the S5 positional parameters. Furthermore, @nd refined isotropically. Then, their coordinates were
the end of the multipolar refinement, the anharmonic paramshifted by extending along thesg-H and G »-H bond vec-
eters had values less than the e.s.d.’s and therefore the models to average bond distance values from neutron diffraction
was rejected. At the end of HO refinement, the rigid-bond(respectively, to 1.085 and 1.076 &X' These distances were
test® was applied for non-H atoms: the test is excellent withkept fixed during all further refinements. The core and radial
an average value qfA)=9.4x 10 * A2, and the maximum valence scattering factor§) for the nonhydrogen atoms
discrepancy beings =3.8x 10 2 A2 for the C9—N10 bond. Wwere calculated from Clementi wave functidfisand a
bound atom form factor for hydrog&hwas used by impos-
ing a startingx value of 1.16 to the scattering factor of the
free hydrogen atom. The real and imaginary dispersion cor-
rections to the form factors given by Croriewere used in

the structure factor calculations. The Becker-Coppens extinc-
tion modef® was initially applied, but values were found to
be insignificant; then no extinction model was finally in-

B. Multipolar refinement: A radial function study involving
sulfur atoms

Refinement strategy.Among the large number of elec-
tron density studie$EDS) performed nowadays only few of
them have been carried out involving S atoMg®?'The  cluded in the refinement.

EDS based on theoLLy modef use Slater-type radial func- The multipolar refinement strategy [0<sin 6/A
tions. ThemoLLY model describes the atomic electron den-<1.35 A~1, N,,=5145,1>30(1)] was performed with the
sity as following steps:(a) scale factor(b) P, thenk, (c) P, andk,
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TABLE I. Test of the sulfur radial function parametdrs; a(bohr*)]; a; represents the final exponential radial function parameter.
Least-squares statistical factors are defined REE) =S A/SF s, Ry(F)=(x¥SwF2,9Y2 and S=[x?/(Ngps—Npa) 1Y% where x2

=3wWA2, A= (K Fgpd — Feaic» W=1/02(Fgp9, andNgps and Npar are, respectively, the number of data and the number of refined param-
eters.

n=n, a ap=ak' 0<sin 0A<1.35 A1, Ng,=5145,1>30(l)
=1 =2 1=3 |=4 S2 S5 R(F) Rw(F) S SwA? k™t
Set A 4 4 4 4 360 4.062 4.024) 0.0225 0.0219  0.910 4250 0.295(9p

3.85 42020 4.275) 0.0225 0.0219 0.910 4246 0.295(9p
395 4.242) 4.365) 0.0225 0.0219 0.910 4245 0.295(9D
410 4.322) 4.525) 0.0225 0.0219 0.910 4245 0.295(9p
Set B 4 4 6 6 3.60 4.492) 4.474) 0.0225 0.0220 0.914 4282 0.295(9p
385 4602 4.664) 0.0225 0.0220 0.913 4273 0.295(9p
3.95 4672 4.754) 0.0225 0.0220 0.912 4270 0.295(91L
410 4.782) 4.874) 0.0225 0.0220 0.912 4265 0.295(91L
Set C 6 6 4 4 3.60 4.383 3.764) 0.0226 0.0220 0.913 4282 0.295(9p
3.85 4543 3.964) 0.0225 0.0220 0.912 4272 0.295(9p
3.95 4.602) 4.044) 0.0225 0.0220 0.912 4269 0.295(9p
410 4.6%2) 4.184) 0.0225 0.0220 0.912 4265 0.295(9p
Set D 6 6 6 6 3.60 4.782) 4.173) 0.0226 0.0221 0.916 4306 0.295(9p
3.85 4972 4.404) 0.0225 0.0220 0.914 4289 0.295(91L
3.95 5.042) 4.494) 0.0225 0.0220 0.914 4283 0.295(91L
4.10 5.112) 4.644) 0.0225 0.0220 0.913 4275 0.295(91L

d) Py, (® P,, x, and P,,, (f) k', (g) positional, and bond tests(see later. Furthermore, whatever the initial
Uj; parameters for non-H atomB,,, «, andPy,, (h) «’, (i) choice of a, within reasonable limits, the refined; values

all refined parameters togethéxceptx’) and (j) «'. At increase for both S2 and S5 atoms. This behavior is also
each step, the refinement was cycled until convergence. Aftdinear as a function of the starting parametergsee Figs.
each heavy atomxyz refinement, the H atoms coordinates 2(b) and Zc)]. We also point out that, comparing e.s.d.’s
were shifted according to average distances observed fromnd rigid-bond test results, the internal S2 atoms are more
neutron experiment$ and hydrogen isotropic thermal mo- accurately parametrized than the external S5 atoms.

tion was adjusted (sif/A<0.5 A~1). The deformation The residual electron density defined as

terms were extended to dipoléd atoms, octopolar(N and

C atom$ and hexadecapolalS atom$ levels; the(n;; «) 1

parameters used for H, C, and N atoms wefk Apred )= X [K™IF gpd H) = Fyi(H) J&f emuig=27iHr

2.26 bohr!), (2, 2, 3; 3.0bohrY, and (2, 2, 3 VR

3.8 bohrY), respectively.

Optimization of the sulfur radial function.We have re- has been calculated for all sets @f ;) parameters in the
cently shown that the Slater radial function of second rowC1-S2-C3 and C4-S5-C4 planes. For a given set vhlues
atoms must be optimized;*°thus, for sulfur we have tested (set A, see Table )| the difference mapsA(Ap.{r))
several reasonable combinations(af; «) radial function  =Apgen 41dr) —Apsen o(r) with «=3.60, 3.85, and
parametergsee setd\, B, C, andD in Table |}, including  3.95 bohr?, show maximum differences of 0.02, 0.01, and
the free atom valf@ [a=2({)=(2{ss+ 473,)/3  lessthan 0.0k A3, respectively, at the same positions and
=3.85bohr!] and the molecule-optimized valtle close to sulfur atoms. In order to discriminate between other
(«=4.10 bohrY), by performing multipolar refinements. n and « values we also have calculatefi(Ap.dr))

For each initial set of(n;; a) values, Table | shows the =Apgen4.1dr)—Apsex o), usingX=B, C, andD with
statistical indices at the convergence and the refined expax=3.60, 3.85, 3.95, and 4.10 boHr The maximum differ-
nential parameter calculated as=a«’'. TheR factors are ences are close to sulfur atoms, ranginga)
almost equivalent from set to set and only inspection of thé.05—-0.07e A~3 for set B, (b) 0.08—0.11e A2 for set
minimized functionSwA? [see Fig. 23)] may permit us to C, and (c) 0.06—0.08e A3 for setD. These differences
find some slight differences at convergen@:for each set decrease whem increases from 3.60 to 4.10 botr The

of then, parameterss wA? decreases systematically when external estimates of the average error in maps defin&d as
increases from 3.60 to 4.10 bofr (b) this behavior is al-

most linear, andc) the absolute value of the slope increases 2

with the value ofn;. No statistically significant differences (o2 ) P2=— | > [k Fopd H) = Fmu(H) ]
are found between final scale factdsee Table )l and they VI

only differ from the HO scale factor by 0.8%. Thus, all con-

vergences are achieved with excellent internal consistencygmain constant for all refinements é,)=0.10e A3,
this is also supported by the very similar results of the rigid-compared to 0.0& A ~2 of the internal estimat@

1/2
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FIG. 2. Estimation of ther parameters of the sulfur radial func-
tion: (@ SwA? versus o, (b) a;(S2) versus «(S2), and (c)
a;(S5) versusa(S5). The three graphs are linear regressions and al
« and o values are in boht* units.
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The rigid-bond test applied for non-H atoms at conver-

gence show very similar results for all refinements. In all

cases the average valddy ,) is (7.85:0.05)x 10 4 A2

and the maximumA value involving sulfur atoms is 2.1
X104 A? for the S5-C4 bondrefinement with seD and
«=3.85, 3.95 or 4.10 boht). We therefore conclude that
deconvolution between thermal and electron density param-
eters is excellent for all the chosen sulfur radial functions.

Then, becauséa) A(Ap.{r)) differences are not statis-
tically significant in relation to the external estimate of the
average error in mapsb) inspection of theAp,.{r) maps
did not show any improvement compared to get(see
supplementary material(c) rigid-bond test results are excel-
lent and equivalent for all refinements, afufl > wA? values
are systematically minimum in each set whea
=4.10 bohr!, we decide to usen=4,4,44 and a
=4.10 bohr! as starting values of the sulfur radial function
in all further calculations. In conclusion, this analysis shows
also the limit and the weakness of the multipolar modeling to
discriminate between most physically meaningful radial
functions.

Positional and thermal parameters from this refinement
are listed in Table Il. Bond distances and angles and inter-
molecular short contacts, as well as the list of thg/F,
data, are given in supplementary mateftal.

IV. RESULTS AND DISCUSSION

A. Molecular charge-density delocalization

Figure 3 shows the residual electron density in the C1-
S2-C3 and C4-S5-C4 planes and in {p&0 plane, which is
perpendicular to the BTDMTTF and TCNQ molecules. The
Fourier summation included 3385 observed structure factors
with sin /A<1.0 A"t and1>3c(l). In spite of very good
data and good convergence of the least-squares refinement,
an unusually high residual density is found close to the tilted
rings and in the lone pair region of $%.This has to be
related to the very noticeable residual peaks appearing be-
tween stacks of moleculd$ig. 3(c)], probably due to the
delocalization of the electron density in the intermolecular
region because of the great electron interaction between
stacks. This also shows one of the weaknesses of the refine-
ment: it does not fit well the intermolecular residuals due to
the limited extension of the radial functions around atomic
positions and also due to the difficulty modeling electron
density features not directly assigned to specific atoms. Be-
cause the(o?,)? value is significantly lower than these
residuals, we investigated whether these feat(msch are
more important than the noise leyebuld be related to some
bad measurements. After convergence of multipolar refine-
ment, we rejected reflections withFpe— Fpul>2 [28
only from the 5145 used in the refinement with 1.7
<|Fops— Fmul/o(Fopd <6.5; these 28 reflections were
found everywhere in the reciprocal spaend we recalcu-
lated the Fourier differences in the same planes; we found
Similar residuals which magnitudes are reduced by less than
0.05e A 3. In order to know the contribution of a delocal-
ized electron density distribution between molecules to the
structure factors, we considered a bath of an equidistributed
(and overestimatéd p=0.2e A3 between BTDMTTF
molecules in the unit cell: the maximum effect obtained on
the 28 rejected reflections was 1.1% f620) and the other
reflections were affected by less than 0.5%. This effect has a
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TABLE II. Fractional coordinates, anisotropic thermal parameters for non-H and isotropic thermal parameters for tvittoms.d.’s from refinement
A (a=4.10bohr ). The form of the temperature factor usedTis exp(—27722i21« h ha*'ax uY).

Atom X y z Ut U2 yss ut? ys Uz

S2 0.93087) —0.11803(1) 0.15542) 0.008233) 0.007922) 0.015 284) 0.000492) 0.002 772) 0.000 113)
S5 0.758 88L) 0 0.576 844) 0.008964) 0.011014) 0.011 7%5) 0 0.003 623) 0

N10 0.699842) —0.17842(3) —0.04979(12) 0.020414) 0.0110@11) 0.0280018  0.0038%10) 0.007 6713) —0.00286(12)
C1 0.970 6&) 0 0.067 4314) 0.007 4713) 0.008 9914) 0.0145618 0 0.0026212 0

c3 0.8643%) —0.05379(3)  0.29709) 0.0082@9) 0.008499) 0.0126612)  0.0000%7) 0.002 269) 0.000 029)
c4 0.806562) —0.10834(3)  0.413140) 0.0098%10) 0.009 3410) 0.0142%13) —0.00060(8) 0.003 29) 0.000 429)
c6 0.5268%) —0.09825(3)  0.4108§20) 0.0100910) 0.007 889 0.0140813)  0.000228) 0.003599) —0.000 19(9)
c7 0.556 002) 0 0.3144113) 0.008 7313) 0.0080413) 0.0119017) O 0.0022912) 0

cs 0.610572) 0 0.126 7§14) 0.009 2314) 0.008 3013 0.0133818) O 0.0031213) 0O

co 0.6391(2) —0.09702(3)  0.029980) 0.0116@11) 0.0091§10) 0.0160114)  0.000868) 0.004 1G10) —0.000 79(10)
H41  0.73347¢) —0.15044()  0.19530() 0.010 424

H42  0.81603¢) —0.16636()  0.61828(C) 0.010 128

H6  054871¢) —0.17219¢)  0.34228(C) 0.014 G25)

magnitude approximately equal to the difference found be=4.10 bohr!; the Fourier summation included 3385 ob-
tween the multipolar and the observed structure factogerved structure factors with s#in<1.0 A~! and |
(1.5% for the (020 reflection. Then this highly delocalized >3¢¢(1).
charge density in the intermolecular BTDMTTF regions in-  Figure 4a) gives the deformation electron density around
duces small effects on the structure factors, making very difthe S2 atom in the plane bissecting the C1-S2-C3 angle. The
ficult both its experimental measurement and its modelingnternal S2 atom develops an extended lone pair instpfe
through a multipolar refinement. hybrid orbital direction, which peaks 0.%5A 3 at 0.3 A
On the other hand, these residual peaks could be relatggom S2 centered on the bissecting line. Figufie) awhich is
with the CDW modulation. This instability around the aver- 3 view perpendicular to both Fig(a and the cation plane,
age positions, observed by the x-ray diffuse scattering exshows that the S2r-electron system is polarized in the
periment, is usually quite small, making atomic displace-s2 . . . Sadirection(i.e., along thec axis, see Fig. L Figure
ments typically about 1% of the interatomic spacifig. 4(c) (C4-S5-C4 bissecting planeshows that the external
However, as both K and X instabilities are very small at  sylfur S5 develops the electron density of its lone pair in
T=130K (they completely disappear &t=80 K)," they do  three peaks, one occupying a trigonal plasgf hybrid or-
not affect Significantly the CryStaI structure®& 130 K and bital and the other two be|0nging to a perpendicudar or-
therefore the structure factors. In that way, CDW should nobjtal. Figure 4d) [deformation electron density in the same
be responsible for the unusually high residual peaks foungjane as Fig. )] reveals that one of the twar peaks is
between molecules, which could be related to the high elecyolarized towards the C8-€aN10 part of the anion belong-
tron interaction because of the very short intermolecular dising to the next closest sheet, pointing out that S5 polarization
tances along stacks. We then note that these very small ifesults from two S . . . TCNQ intermolecular effects: the in-
stabilities at this temperature permit the electron densityeraction along th¢100] direction and the electron interac-
study of BTDMTTF-TCNQ. tion that exists with the anion of the closest neighboring
sheet.

B. Deformation electron density around sulfur atoms

Figures 4 and 5 show the experimental dynamic electron C. Relations between the structure and the electron density
density deformation defined &s As previously describel cations and anions are segre-
gately stacked along the axis (see Fig. 1, in such a way
1 that each donor column is surrounded by four acceptor col-
Apegd)=o > (k™ IF g H)€'eomui umns (and vice versa and that molecules in stacks exhibit
V “H the commonly observed “ring-over-bond” overlap arrange-
ment.

As shown in Fig. 5(see also short contact distances in
supplementary materjglcrystal packing between cation and
around sulfur atoms and in the TCNQ plane, respectivelyanion stacks is governed by intermolecular interactions origi-
The Ape,r) maps give an estimation of the quality of mea- nated from N10 and C9. Figure 5 shows the very important
surements and include the effects of both finite experimentahteraction existing between the external S5 sulfur atom and
resolution and convolution with the atomic thermal param-the triple bond electron density=EN: the minimal distance
eters. In our case, they also reflect the strong electron densityetween S5 and the TCNQ anion does not concern C9 but
interaction effect between molecules. Experimental deformathe triple bond[the angle formed by S5, the middle point
tion maps were calculated from sefA with « between C9 and N10, and N1Q9) is 92.5°(87.59]. This

~Fopi(H)eesme 27,
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FIG. 3. Residual electron density from getefinement &=4.10 bohr?) in the planes(a) C1-S2-C3b) C4-S5-C4, and(c) (010), this
latter plane being perpendicular to BTDMTTF and TCNQ ions. In all of them, the label of the atoms which are out of plane are also
projected onto the planes. Contours intervals are at 8.85 2 level; solid lines are positive, dotted lines are negative, and the zero contour
is omitted.

S5...(C=N) interaction induces several structural effects:and 3.859 A, respectively, for RT arifi=130K) and the

(a) S5 goes into the cavity limited by TCNQ arms, leading toresulting effect is the observed increase of this tilt angle. The
an angle of 0.6° between the TCNQ and C4-S3-flines, shortening of the TCR .. . TCNQ distance by cooling is in
(b) nitrogens surround S5 from both sides, making TCNQrelation to the decrease of resistiitand can explain that
arms as pincers[dgs  n1=3.4394 A, a((C8-C9-N10  conductivity is mainly due to the electrons moving alang
=177.0°, 7c7.ca.co-nig= 26.2°), and(c) the strong interaction through TCNQ anion$.

between S5 and the C9-N10 TCNQ arms explains that the TCNQ presents @eviationfrom the formal quinoid pat-
C4-S5-C4 plane is tilted 9.2° from the rest of the cationtern defined by the alternation of C-C single and double
plane towards the TCNQ anion. When temperature decreasesnds. All these distances have intermediate values between
from RT to T=130 K this tilt angle increase to 10.2°: as the single and double bondsee supplementary matepialAs
angle between the axis and the perpendicular direction to shown in Fig. 4, the maximum of the deformation electron
TCNQ anions(34.49 is greater than that formed by BTD- density at the formal C6-C7 and C8-C9 single boh@d$5
MTTF cations(24.29, the decrease of temperature reducesand 0.60e A ~3, respectively, fordcg.c7=1.4363(4) A and
more distances between anions than catiddgrpyrre  deg.ce=1.4176(4) Al are higher than that of the formal
=3.541 and 3.521 Adrcyno=3.256 and 3.184 Ac=3.928  C7-C8 double bon@0.45e A3 for dcy.cg=1.3998(7) Al.
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TABLE Il Statistics of fit (Ry=3|A[/S U and Ry=(SA%/2U2)Y2 where A=U g U, principal mean-square amplitudes
(librational L;; and translational’;;) and torsion angleée?) of the group C9-N10 around both axg@L0] and the perpendicular to TCNQ
anion passing through C8 atom. Results are given for independent cation and anion entities at both tem{f&Fatun@d§= 130 K).

X 10 (racf) x10* (A?) _
b axis  perp TCNQ
L1 Loz Laz L1z Tn T2 Tas Tis <‘P%> (degz) <<P§> (degz) Ri R

BTDMTTF RT 255(74 2 (1) 0(2 10(6) 230(9 251 (85 303 (49 43 (9 83 8.0
130K 8221 10 0@ 4 (2 83 (3 98(24 85(14 24 (3 6.7 6.4

TCNQ RT 468(204 25 (9) 13 (11) 31 (18 290 (25 41 (203 0 (144 80 (26) 18.0 194
130K 215(56) 7 (4 9 (4 7% 114(10 0(69 17 (62 38 (11 16.1 199

TCNQ RT 0(2 0@ 0 0 (1) 250 (11 234 (18 335(22 24 (120 77.5(9.5 5.7(2.6) 85 87

130K 0(D 00O 0O 0@ 954 82(7 125(8 22() 369(3.7 28(10 7.7 84

oS
(b)
FIG. 4. Experimental electron density deformatia:in the perpendicular bissecting the C1-S2-C3 pldbgin the perpendicular plane

to both (a) and C1-S2-C3 planes at S@) in the perpendicular bissecting the C4-S5-@ane, and(d) in the (010 plane(labels and
contours as in Fig.)3 For clarity, in(c) the* marks a region of almost zero density.

=~

< .
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This effect is compensated by the more cylindrical shape ofvhereas the cation librates only aroufid0] direction, the
the C7-C8 bonding electron density, which involves a greatelibration of the anion is found to be different if the C9-N10
volume of electron density deformation. All these featuresgroup is allowed to rotate around the two axes or not. The
agree with an extended electronic resonance along the mahkermal parameters fit is much better when rotations are al-
ecule and with the topology of the electron density in thislowed. In conclusion, the hypothesis of two independent
molecule, which shows similar Laplacian and total electrorrigid bodies seems to end at realistic results if translational
density at the critical points in those bon@ee Sec. IV and librational motions of the anion are described allowing

If we compare the almost linear-GC=N group with that  the rotations of the C9-N10 group.
found in tetrafluoroterephthalonitri®&(TFP) at T=98 K, the
C-C distance is shorter and=EN is longer in our material .

[deen=1.1593 (5) versus 1.149 A andlc.c=1.4176 (4) D. Charge transfer and dipole moment

versus 1.433 A This is probably due to both charge transfer  Atomic net charges and charge transfer between
toward N10(see Sec. IV Dand to the many intermolecular BTDMTT and TCNQ molecules were calculated from the
interactions involving this atom. The C8-C9 bond pés&e  multipolar refinement described previously, which gives a
Fig. 5 is ~0.2e A3 higher than that corresponding in charge migration from the BTDMTTF cation to the TCNQ
TFP, in relation with its shorter distance. However, in ouranion (see refinement | in Table IV We also performed
study, the &N bond peak is also 0.2 A 3 higher in spite  another multipolar refinement imposing that BTDMTTF
of a longer bond length. Furthermore the TCNQ nitrogentransfers charge only from the external sulfurs S5 to the
lone pair is also 0.28 A2 higher than that observed in TCNQ anions(see refinement Il in Table IV Refinements |
TFP. As supported by Secs. IV D and IV F, these effects camnd Il were performed imposing electroneutrality constraint
be interpreted in terms of cation charge transfer, mainly abé.e., the total charge in the unit cell was set to 2eabeach
sorbed by nitrogens. This charge transfer induces a repulsiwgycle of refinement. Both refinements led to the same statis-
Coulombic force between C9 and N10 atoms, that compentcal indices and to statistically equivalent atomic charges,
sate the covalent effect of a highe=N electron density confirming the hypothesis of refinement II: charge is trans-
bond peak, and makes the observed distaneefNQonger ferred from S5 atomé~0.34e for each S5, i.e.=~0.7e from

and G—C shorter in BTDMTTF-TCNQ. the cation to TCNQ (=—0.7e). In the anion, the trans-

The rigid-bond test shows that the highest differences inferred charge is absorbed by the =£8110 groups(each
volve C8—C9 and C9-N10 bonds(1.3x10°2 and 3.9 group bearss—0.2e, i.e., ~—0.8e for all C=N groups in
x 1073 A2, respectively. their movements are more influ- the anion, mainly concentrated on the nitrogen atofsse
enced by the translational and the librational vibrations of theliscussion in Sec. IV)Fand for a small part on both the C9
anion because these atoms are placed at the external postems and the triple bond# relation with the high electron
tions of the TCNQ arms. Table Il shows the results of thedensity bond peak of the==N bond, as pointed out in Sec.
TLS (translation, libration, screwcorrectiori’ calculated IV C).
with the hypothesis that the cation and the anion are two In the previous paperx-ray diffuse scattering and tight-
independent rigid bodies. The C9-N10 group was considereldinding calculations agree with an electron transfer from
either as an attached rigid group rotating around [(E)] BTDMTTF to TNCQ increasing when cooling; the diffuse
axis and around an axis perpendicular to TCQth pass- scattering measurements and the IR and Raman frequency
ing through C8, or not. Inspection of Table Il shows that measurements at RT suggest a charge transfepqgf
~0.5e. Furthermore, the relative variation dp/p when
cooling from 295 to 130 K is=~12.5%, corresponding to an
estimated total charge transfer pf;,«~0.56. If we as-
sume that all the electron transfer comes from S5, this means
that S5 must have a net atomic chargetdd.28, in close
agreement with our resuliggs= +0.34(3)e].

As initially shown! whereas BTDMTTF-TCNQ exhibits
relevant &g x-ray diffusion lines at RTwhich disappear on
cooling about 80 I it does not exhibit a well-definedk?
CDW instability (which becomes critical at low tempera-
ture). As the electronic properties of BTDMTTF-TCNQ
strongly resemble those of TTF-TCN@hich has a well-
defined X CDW), there is no apparent reason for nonexist-
ence of Xg instability. In fact, the x-ray diffuse scattering
experiment at 100 K shows that this instability really occurs
but with a very weak scattering vector. If we suppose that the
atomic net charge of S5 at RT is just 0e26he charge trans-
fer from the cation to the anion at RT is )5 and increase
on cooling(as observed from our resultshis means that, on
average, one over four S5 atoms supply one electron to the
TCNQ neighbors. However, if I instabilities are much

FIG. 5. Experimental electron density deformation in the planebetter defined thank instabilities (on the difference with
C6-C7-C8 of the aniorilabels and contours as in Fig).3 the TTF-TCNQ comple) this could be due to the fact that
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TABLE IV. Atomic net chargegin e) in the asymmetric unit, and net charges of the ions from refinement | and refinement Il. In the
latter, we constrained the charge to be transferred only from S5 to the anion. In both cases, the radial function parameters for sulfur atoms
were those from seh with «=4.10 bohr’. Atomic net charges are given with three digits in order to show the electroneutrality in the
complex.

c1 S2 c3 c4 H41 H42 S5
Multipolar | —0.444(28)  +0.365(21)  —0.171(19 —0.500(21) +0.251(13)  +0.300(15  +0.328(34)
Refinement 1l —0.45426) +0.35620) —0.17816) —0.51220) +0.25913) +0.30115) +0.33630)
BTDMTTF N10 c9 cs c7 C6 H6 TCNQ
+0.75 —-0.139(19  -0.075(23)  —0.074(30)  +0.088(3)  —0.045(19  +0.065(17) -0.75
+0.67 —-0.135(18  -0.071(22  —0.066(28)  +0.092(31)  —0.039(18  +0.065(16) -0.67

one over eight S5 atoms supply two electrons rather than oneps a positive potential everywhere around the molecule, be-
over four S5 atoms supply one electron. This hypothesis isause of the preponderant contributions of sulfur and
supported by the voltamperometric studies of the BTDMTTFhydrogen positive atoms, the anion develops a negative po-
donor?® it is shown that the first and the second ionizationtential everywhere around its molecular van der Waals sur-
potentials are closgf.55 and 0.72 Ythan in TTF(0.39 and  face, due to the preponderant contribution of the highly
0.62 V); in that way, S5 try to release electrons by pairs. Ashegative region N10-C9, which even overcompensates the
well as temperature decrease and charge-transfer increaf®sitive contribution of the internal H6 hydrogens. The first
the 4 instability becomes less favorable as more than on@ositive contour in Fig. @ (+0.0%A"") and the
S5 atoms(of each four contiguous BTDMTTF molecules —0.0% A~* outer negative contour in Fig I do not ap-
may transfer electrons to the TCNQ stacks. The nonequivaPear in the plots because they are placed far away from both
lence of the S5 atoms explains also the important residuglonor and acceptor. In both cases, these latter contours have
(0.25% A ~3) which shows up in this neighborhodsee Fig. an ellipsoidal shape centered in the molecules. When both
3(0)]. molecules are placed at the donor-acceptor geometry positive
The dipole momeniju of the complex was calculated in and_ negati.ve regions are in compe.tition in the iptermolecular
the crystal axis system from the multipole parameters of ref€gion. This produces a saddle point topology in the electro-
finement Il (as described in a previous wdfk The compo- static potential. This conformation and the electrostatic po-
nents and the modu'us Of the d|p0|e moment ale tential value at this S|té“008§ A_l, Corresponding to an
=(33.6,0,18.6) andu|=37(3) Debye. As long as the di- €nergy of~1.15 eV for a positive unit point chargeare
pole moment measures the anion-cation interaction and d¥pical of those found for hydrogen borf$HB). Thus, the
charge transfer mainly involves S5, the angle betwgemd topological signature of the electrostatic potential in the in-
the C8-S5 direction(4.89 is intermediate between those termolecular space between molecules involved in charge-
found with the cationangle betweenu and C1-C1 direc- transfer properties is a saddle in the region of maximum
tion is 174.13 and with the anionangle betweenu and interaction®*
C8'-C8 direction is 2.5f. As previously pointed out the
net charges contributior~35 Debye) is much greater than
the atomic dipoles contribution~2 Debye). Whereas the
large component of the dipole moment in the crystakis is The electron density of BTDMTTF-TCNQ complex has
obviously due to the position of the complex along this di-been modeled and topologically characterized, with particu-
rection, the component along the crystadxis is in relation  lar emphasis on the properties of the intermolecular density
to the relative tilt angle between the cation and the aniordistribution. The topological characterization was accom-
stacks withc [ @(u,c)=58.6°]. plished using theProP program written by Souhassou
(1992.%? According to Badef? the real-space pointscp,
whereVp(rcp) =0 (called critical points, CPand their as-
sociated topological properti€éas the Hessian matrix eigen-
values\ 1,\,,\ 3 and eigenvectors, the electron dengitgnd
the ellipticity £) characterize both atoms and their interac-
Electrostatic potential calculations around the pseudoisctions. In this way, the CP’s positions as well as the Laplacian
lated molecules were performed using teECTROS and the gradient vector field of the electron density were
prograni® with the multipolar parameters from refinement Il calculated at the crystal geometry for the pseudoisolated
(plots from refinements | and Il show very similar features,BTDMTTF [Figs. 7@ and 7b)] and BTDMTTF-TCNQ
see supplementary mate)ié? In that way, all information complex [Figs. 7c) and 7d)]. Negative and positive
on the molecular group®btained from the crystaivas used  V2p(r) values correspond, respectively, to regions where the
to calculate the electrostatic potential function for the donorlectron density is locally concentrated and depleted. Be-
[Fig. 6(@)], the acceptofFig. 6(b)] and the complex donor- cause of the relationship betwe&tp(r) and the potential
acceptor Fig. 6(c)]. As expected, whereas the cation devel-and kinetic energies through the local form of the Virial's

F. Topology of the electron density

E. Electrostatic potential of BTDMTTF-TCNQ complex
removed from the crystal lattice
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theorent® V2p(r) is negative in regions where the potential
energy contribution of the electrons is in excess over twice
its kinetic energy. Table V shows the topological character-
ization of the (3:-1) CP’s (bonding interactionsand (3,
+1) CP’s(ring interactiongin the BTDMTTF-TCNQ com-
plex. In the cation, the more negatiV&€p(r) values and the
highest p(rcp) values are found for the €&C1 and
C3=C3 (3,—1) CP’s, leading to a high concentration of
p(r) around carbons involved in the double bohBig. 7(a)].
Their ellipticities at the CP’§s(rcp) =0.21 and 0.28, respec-
tively] are the highest found in the cation, showing their
character, specially for the €3C3'’ interaction. On the other
hand, the electron density that is concentrate&#C co-
valent bonds is significantly smaller, and especially for the
external S5see Table V. The electron density at the S5-C4
critical point is smaller than that observed for the corre-
sponding S2-C bondé1.08 e A2 compared to 1.31 and
1.34 e A3, respectively, which is in relation to the longer
S5-C4 bond length. We also note that the Laplacian at the
S5-C4 critical point is less negative than that observed for
S2-C critical pointg—0.52 e A ~° compared to-2.39 and
—3.10 e A5, respectively, hence the kinetic energy con-
tribution at the S5-C4 critical point is greater. All these ob-
servations show that S5 shares a significantly less electron
density with C4 carbon than S2 does with C1 and(®Bich

are involved in the highest electron concentration regions of
BTDMTTF), and thus, from this point of view, S5 appears
more isolated from the rest of the cation. This effect vali-
dates the result of tight-binding extended ~dKal
calculations, which shows that the external sulfur S5 orbit-
als do not contribute to the highest occupied molecular or-
bital, contrary to S2 which is involved by a significant coef-
ficient of —0.40.

The concentration of electron density in TCNQ is signifi-
cantly higher than in BTDMTTHsee Figs. @ and 7c)]
which is obviously in relation to their associated anion and
cation characters. Whereas in the cation the electron density
is mainly concentrated around atoms involved in double
bonds, in the aniong(r) is concentrated around all TCNQ
bonds, and especially around nitrogens. Looking at the
V2p(rep) and p(rcp) values in the TCNQ carbon chain of
covalent bondgTable V), we found a slight increase of co-
valence from C9-C8 to C6—C6' bonds. The double char-
acter of the €&-C bonds is better described by the bond
ellipticity than from the total electron density at the CP:
whereas C6=C6' has a more prominent double-bond char-
acter than C&C8, as shown by(rcp) ande(rcp) values
(2.25 e A~2 and 0.23 compared to 2.0&¢ A2 and 0.17,
respectively, the later has a similgs(rcp) value compared
to the other bonds of the carbon chain-€@8—=C7—C6
(1.91, 2.01, and 1.98 A3, respectively and it can be
only distinguished by the(rcp) value(0.10, 0.17, and 0.11,
respectively. Furthermore, the bonding characteristics of
C6=C6' in TCNQ are very similar to those of €2C1’' and
C3=C3 in BTDMTTF (see Table V. Especially noticeable

FIG. 6. Electrostatic potential in the planes of the pseudoisoiS the electron density concentration around nitrogens, as can

lated: (a) cation, (b) anion, and(c) the complex cation-anion. Con- be seen in Fig. (¢), where thgsmagnitudes of the Laplaci.an
tours intervals are at 0.06 A~*; solid lines are positive, dotted attain Valugs of up to 6@ A > in the bond and lone pair
lines are negative, and the zero contour is a broken line. The minitegions. This effect is in relation to the charge transfer from

mum value on each plot is marked by

S5, mainly absorbed by nitrogens, as was pointed out before.
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FIG. 7. (@ V2p(r) and(b) Vp(r) functions of BTDMTTF in the cation plandg) V2p(r) and(d) Vp(r) functions of the complex
BTDMTTF-TCNQ in the C9-S5-C9plane. In the Laplacian maps, the negative cont¢sotid line9 are at 4e A 5 intervals, the positive
contours(dotted line are at 2 A% intervals, and the zero contour is a broken line. The CP positions are marked by

The triple bond C&N10 is topologically characterized by the triple bond* C&=N10. This interaction explains the ex-
the very high magnitudes of both(rcp) and curvatures. istence of the S5(C9=N10) (3,—1) CP, which is revealed
Whereas the high positive curvature leads to a strong deplésy the V2p(r) mag [see Fig. 7c)]. In this way, the (3,
tion of p(r) along the bond path to the nuclear attractors, the-1) CP associated with the triple bond behaves as a two-
high magnitudes of the negative curvatu(Es the two per-  dimensional attractor, which is a very exceptional case. To
pendicular directions to the bond pattompensate for this our knowledge this is the first experimental observation of
effect, inducing a very high electron density concentration asuch a critical point. As interactions involving two-
the CP. Because the magnitudes of the two curvatures adimensional attractors are unstable, the bond path will flip
very similar, therr character along the two associated direc-from the (3-1) triple bond CP to the (3;3) CP of C9 or
tions compensates each other in the calculus(ofp), re-  N10, andvice versa with a very small change in energy,
sulting in a cylindrical symmetry of the==N bond. because the electron density in the .S.TCNQ intermo-
The gradient vector field op(r) for the pseudoisolated lecular region is very flat. In that way, even if the bond path
cation and for the complex are represented in Figls) @nd  flips to the three-dimensional attractors tHe.S . triple bond
7(d), respectively. These figures show the atomic basins, i.einteraction will remain predominant. The low value of
the space regions associated with each nuclear attractor pfrcp) is a reflection of the ionic character of both fragments
p(r) which are defined by the (3,3)-type CP’s. The trajec- of the complex. Because of the creation of two+{3) CP’s
tories associated with the (3,1) CP’s define the interatomic between S5 and triple bonds placed at both TCNQ arms,
surfaces, which are shared by adjacent atoms. The bond pathere is necessarily a (8,1) CP. This latter CP appears as a
which is the interaction path between two local maxima ofring interaction, in the same way as for the internal rings in
p(r) and not necessarily being the shortest one, cuts perpeBTDMTTF and TCNQ, which are created by closed bond
dicularly the interatomic surface through the £3,) CP. paths going through the local maxima gfr). Thus, at (3,
The gradient vector field found around S5 in the pseudoiso+1) CP’s,p(r) is locally depleted because of the surround-
lated cation, is modified in presence of the anion due to théng attractors.
intermolecular interaction. In fact, Fig.(d clearly shows In summary, the minimal distance between the external
that the S5 intermolecular interaction is not be made withsulfur atom and the TCNQ anion is not with C9 but with the
N10 (even if charge transfer is mainly absorbed by theseriple bond CP, interacting with each other in order to trans-
atoms neither with C9(even if S5-C9 is the smallest inter- fer the electronic charge from S5 to the anion and, through
atomic distance between the two considered )idng with  triple bonds, as far as nitrogens, where it is highly concen-
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TABLE V. Topological characterization of the (3,1) and the (3+1) critical points(CP) in the BTDMTTF-TCNQ complex. The
N1, Ay, A3 (e A7) are the curvatures of the three principal axes of the Hessian m@fjix A+ X, + A5 (e A~5) is the Laplacian of the
electron densityp (e A ~3) is the electron density andlis the ellipticity value[only defined for (3 1) CP], at the CP. The values, and
dg (A) represent the distances from the<3,) CP to the attractord andB.

CP A-B da dg N1 A2, A3 VZp p €
(3,-1) Ci-czt 0.688 0.688 12.75;13.62,~16.45 —-17.32 2.16 0.21
(3,-1) C1-S2 0.838 0.909 12.99,7.32,—8.06 —-2.39 1.34 0.10
(3,-1) S2-C3 0.916 0.823 12,80,7.35,-8.55 -3.10 1.31 0.16
(3,-1) C3-C3 0.674 0.674 13.38;14.47,-18.47 —19.56 2.32 0.28
(3,-1) C3-C4 0.772 0.723 11.93,10.54-11.01 —-9.63 1.67 0.04
(3,-1) C4-S5 0.866 0.962 11.245.61,-6.12 -0.52 1.08 0.09
(3,-1) C6-C8 0.682 0.682 13.13;14.83,-18.22 —-19.91 2.25 0.23
(3,-1) C6-C7 0.721 0.715 13.4813.29,-14.79 —14.60 1.98 0.11
(3,-1) C7-C8 0.675 0.725 13.65,12.90,-15.11 —14.36 2.01 0.17
(3,-1) C8-C9 0.686 0.731 14.7%12.55-13.85 —11.64 1.91 0.10
(3,-1) C9-N10 0.475 0.685 31.6929.88,-31.25 —29.44 3.58 0.05
(3,-1) S5-Triple bond 1.759 ~1.606 0.65;-0.06,—0.10 0.49 0.04 0.61
CP Involved ring N A2, A3 V2p p
(3,+1) Internal ring of BTDMTTF 2.48,1.75;0.66 3.58 0.24
(3,+1) External ring of BTDMTTF 2.38,2.32,0.95 3.75 0.28
(3,+1) Internal ring of TCNQ 1.91,1.66;0.31 3.26 0.13
(3,+1) Intermolecular ring S5-TCNQ 0.34,0.2@.06 0.37 0.03

trated. The C&N10 CP, acting as a two-dimensional attrac- terial of the TTF-TCNQ family, having similar properties but
tor, leads charge transfer from the donor to the acceptowithout an external sulfur atom.
through the S...(C9=N10) CP, which behaves as a
bridge. That mechanism implicitly controls the electronic
properties that depend on charge transfer as, for instance,
conductivity and CDW phenomena. On the other hand, the This work has been supported by the PB93-0119 grant
charge transfer interaction between the external sulfur atorfrom Direccion General de InvestigaaioCientfica y Tec-
and the triple bond is topologically similar to a weak HB, nica (DGICYT), the University Henri Poincare¢he CNRS
which is characterized by a (31) CP with a low value of (URA 809 and the CNI/MAT community(Calcul Nume-
p(rcp) and a small positive magnitude §p(rcp). ique Intensif en Sciences des Madeix). E. Espinosa thanks
Finally, the analysis developed in this paper seems tdhe Ministerio de Educacioy Ciencia for financial support.
demonstrate the important role of the S5 atom in the elecWe are grateful to Dr. N. E. Ghermani and Dr. M. Souhassou
tronic properties of BTDMTTF-TCNQ. The strong intermo- for help in the calculations of electrostatic potential and the
lecular S5 contacts introduce a stiffening in the donor-topology of the electron density and to Dr. C. Rovira and Dr.
acceptor chains. They are probably the origin of the blockingl. Veciana for kindly supplying the BTDMTTF-TCNQ high-
of CDW instabilities at low temperature, retaining the metal-quality crystals. We are also very grateful to Professor R. F.
lic state until about 26 K. However, to draw a definitive W. Bader for helpful discussions in the topological analysis
conclusion we will perform a similar study in a related ma- of the electron density.
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