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Abstract: Up to five different crystalline radical salts have been prepared with the
organic donor BEDITTF and threedifferent polynitrile anions. With the polynitrile
dianion tcpd (=C[C(CN)]s?), two closely related radical salt&l-{(ET)stcpdTHF (1)
(THF = tetrahydrofurane)and U-(ET)stcpdH,O (2) have been prepared, depending
on the solvent usedin the synthesis. With the mormion tcnoetOH
(=[(NC),CC(OCHCH,OH)C(CN)]') two polymorphs with similar physical properties
but different crystal packings have been synthesizel(ET),(tcnoetOH) (3)
and b (ET)(tcnoetOH) (4). Finally, with the monanion tcnoprOH
(=[(NC),CC(OCHCH,CH,OH)C(CN)]') we have preparech metallc radical salt

b :(ET)2(tcnoprOH)(CHCI,CH3Cl)o 5 (5). Salts1-4 are semiconductors with high room
temperature conductivities and activation energies in the ratge.®.eV, whereas salt

is metallic down to 0.4 Kalthoughit does not show angupercaducting transition above
this temperature

Keywords: bis(ethylenedithio)tetrathiafulvalene; polycyano anions; molecular conductors;
synthetic metals
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1. Introduction

Since the discovery of metallic conductivity in the charge transfer complexTCNQ [1]
(TTF = tetrathiafulvalene, TCNQ = tetracyanoquinodimethame) especially superconductivity in
the Bechgard salf®], the number of charge transfer complexes and radical salts containing TTF and
its derivatives has not ceased to increase. Thus, theCGfallabase updataéa February2012 shows
ca. 2600 different structurally characterized compounds containing TTF or any of its numerous
derivatives. Among these, the masimmonis the organic donor bis(ethylenedithio)tetrathiafulvalene
(BEDT-TTF or ET,Sdhemel), with almost 500 different compounds known to date. The main reason
for this popularity of ET is the fact that almost one half of ¢he100 molecular superconductors
prepared to date is based on this donor.

Scheme 1BEDT-TTF and the polycyano @&mns used in this work
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Thenumber of anions combined with TA¥pe donors is also very large, ranging from simple halides
and oxeanions to paramagnetic metal complexes as JMX[3i5] and [M(GOJ)3]* [6i11] to
polyoxometalates with large sizes andrgfeq 121 16] and eve extended ferromagnetyers[17i 20].

Among the hundreds of different anions combined with -Tyffle¢ donors, the one leading to the
highest superconducting transition temperatures is dicyanamide ([N[CN)dca). Thus, the salts
(ET),[Cu(dca)X], withT, = 11.6, 10.7 and 12.8 K for X = Bj21], CN' [22] and Cl [23], respectively,
present the highest transition temperatures among all theyp&Fsuperconductors. However, despite
these high critical temperatures and the fact thatfttst metal with TTF was prepared with TCNQ,
that also contam two juxtaposed cyano groupsC(CN)], the number of anionsontaining this
functional groupcombinedwith TTF-type donors is still limited, asleary shown by Geiser and
Schlueter in an eellent review on these and many other anidGiablesli 3) [24].

Table 1.ET salts with TCNQ derivatives

Compound CCDC code Anion Ref.
(ET)(Me;TCNQ) ASAVIZ Me,TCNQ [29]
(ET)(CIMeTCNQ) ASAVOF CIMeTCNQ [25]
(ET)(FTCNQ) RIQBOI FTCNQ [26]
(ET)(R,TCNQ)s(TCNQ)s - FTCNQ/TCNQ  [26]

(ET)(TCNQ) FAHLEF TCNQ [27]
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Table 2.ET salts with polycyano anions

Formula CCDC code Anion Ref.
U-{ET)2[C(CN)g] KADGUR  [C(CN)' [28]
U-{ET)x(tcpd) - tepd” [29]
U-(ET)a(tcpd) THF - tepd” this work
U-(ET)4(tcpd)-2H,0 - tepd” this work
G-(ET)ICs(CN)s](TCE)x VERTAN  [C5(CN)s]' [30]
b *(ET)a[Ce(CN)s](THF)2 QOTHEM  [Cs(CN)g]' [31]
(ET)[C6S2(CN),] GERYOR  [C6S(CN)y]' - [32
b “(ET){[(CN)C]o.CO(CH,).CH3} - {[(CN),C].CO(CH,).CHa}' [33]
d-(ET)z(tcnoetOH) - tcnoetOH this work
b *(ET)x(tcncetOH) - tcnoetOH this work
b *(ET)x(tcnoprOJCH,CICHCL)o5 - tcnoprOH this work
(ETHNIC 2(CN)s]2} - {N[C 2(CN)g]2}' [34]

Table 3.ET salts with the dicyanamiddca)anion

Formula CCDC code Anion Ref.
(ET)(dcay2H,O ~ SOXWUY  dcd [35]
U-{ET)x(dca) - dcd [36]
(ET)(dca)H,0 - dcd [24]

(ET)j[Cu(dca)Cl] WEHJAV  [Cu(dca)Cl] [23]
(ET)j[Cu(dca)Br] JESDUG  [Cu(dca)Br] [21]
(ET)j[Cu(dca)CN] VORNAR  [Cu(dca)(CN)] [22]
(ET)z[Mn(dca)] [Mn(dca)]' [37]
(ET),[CuMn(dca)] QIXSOG [MnCu(dca)]' [39]

If we limit the searchto ET, there are only five salts prepared with TCNQ and its derivatives
(Tablel): (ET)(MeTCNQ), (ET)(CIMeTCNQ)[25], (ET)(FTCNQ), (ET)(F,-TCNQ) s(TCNQ) 5 [26],
and (ET)(TCNQ) [27], seven salts with polycyano neons {Table 2): (ET)[C(CN)s] [28],
(ET)XIC4(CN)g] [29], (ET)[Cs(CN)s](TCE)x [30], (ET)[Ce(CN)g](THF)2 [31], (ET)[CeS(C(CN))2] [32],
(ET)(tcnop) [33] (tcnopt = [(NC),CC(OCHCH,CH3)C(CN)]') and(ET){N[C2(CN)s]2} [34], three
phases with dc¢a(Table 3) [24,35,36] and five other compounds involving the Hcanion and
transition metal ions: (EFCu(dca)(CN)] [22], (ET),[Cu(dca)Cl] [23], (ET)[Cu(dca)Br] [21],
(ET)Mn(dca} [37] and (ET)[CuMn(dca)] [21,38] A possible reason explaining this lack oflical
salts with this kind of anions may be the difficulty of obtaining single crystals of these compounds
given the rigidity of the cyano groups and the lack ahatity of tha X(CN). groups in the corresponding
anions (except in the dcanion, which,accordingly, is the most successful one). Although ET is the
most used donor with this kind of anions, other dosachas bis(ethylenediseleno)tetrathiafulvalene
(BETSTTF) [39], bis(ethylenediox)jtetrathiafulvalene (BEDGTF) [40,41] TTF [42], and
tetrathiotetracene (TTT[¥3] have been used with these polycyano anions.

Besides their use in theciémentioned ical saltspolycyanoanions have also been extensively
used as origal ligands with several transition metal igdgl] to yield coordinatiorcompounds with
dimensionalities ranging from discrete clus{ds] to extended 1[M6], 2D [47] and 3D[48] structures.

The ability of these polycyano anions to form extended coordination polymers is mainly due to the
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rigidity of their two or morei C(CN), groups, that avoids a chelating coordination mode and facilitates
different bridging modes, including the unusual formation of linkage iso®@ys0] Furthermore, the
presence of cyano groups able to create appropriate ligand fields has also betzddgpgioepare spin
crossover complexes with transition temperatures above room tempgsaiaag

Here we report the synthesis, structural and physical characterizatifive aiovel molecular
conductors prepared with the organic donor ET and threereliff polycyano anions: tcfd
tcnoetOH and tcnoprOM (Schemel). The tcpd' dianion gives rise to two salts with the same
formula but with different solvate moleculds:(ET)4(tcpd)} THF (1) andU-(ET)4(tcpd)}2H,0 (2). The
tcnoetOH anion yields two different polymorphs formulateas d-(ET)y(tcnoetOH) 8) and
b *(ET)(tcnoetOH) 4). Finally, with the tcnoprOHanion we have obtainedmetallic salt formulated
as:b *(ET)(tcnoprOH)(CHCICH.Cl)o 5 (5).

2. Results and Discussion
2.1. Synthesis

All the radical salts have been pregé with the electrocrystallization method using thé K
salts of the corresponding polycyano anions(tépd)2H,0O, KtcnoetOH, and KtcnoprOH, except
compoundb, that was prepared using the Cu(tcnopres#it The THF solvatéJ-{ET),(tcpd) THF (1)
has ben obtained as dark browgrisms by using a mixture of THF and &k, whereas the D
solvate U-{ET)(tcpd)}2H,O (2) was obtained as black prisms when a EtOR@MCHCLCH,CI
mixture is used with two drops of water. In contrast to compoundsd 2, wher the synthetic
conditions were not exactly the same, compouhdsid 4 were obtained simultaneously in the same
electrocrystallization cell, using a EtOH/&E,/CHCLCH,CI mixture. They were easily distinguished
because the polymorgh(ET),(tcnoetOH) B) is obtained as black plali&e crystals whereas the phase
b *(ET)(tcnoetOH (4) crystallizesas long black needle® *(ET)(tcnoprOH)(CHCICH,Cl)o 5 (5)
was obtained as brown shiny prisms with a mixture of EtOH/GEIEICI (see experimental section).

2.2. CrystalStructures
2.2.1. Structures dB-(ET)4(tcpd) THF (1) andU-(ET)4(tcpd)2H,0 (2)

Compoundsl and 2 are isostructural and crystallize in the monoclinic space group C2/c. Crystal
and refinement data are shownTiable4. The only difference ithe presence of a disordered THF
molecule in the anionic layer in compouddand two water molecules in compourd Both
compounds present cationic ET layers alternating along tods with layers containing the tchd
anions and the solvent molecul&sgurel).

The ET molecules show the-salledU packing in which the organic donors form chains where all
the ET molecular planes are para[leB]. The difference with other parallel packings is that now the
long axes of the ET molecules are not pardiigt form a twist angle, in the range 324° in
compoundd and?2) with the neighboring molecules in the chdtig{rel). Besides the twisting, there
is a displacement of ¢hcenter of adjacent ET molecules, noted as D in Figure 1. Note thatddkdo
U andl phases are very similar but in these phases the overlap between adjacent ET molecules in the
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chains follows the alternating sequencdrA-twisted... (RA = ring-overatom) and .-RB-twisted...
(RB = ring-over-bond), respectively, whereastheU phase the overlap is always twis{&8].

Table 4.Crystaldata for compoundd-ET4(tcpd)(THF)(1) andU-ET4(tcpd)(H:0): (2).

Compound 1 2

Formula Cs4HaoNeOS2  CsoH3sN602S32

M 1814.84 1778.76
Cryst. Syst. Monoclinic Monoclinic

Space group C2/c C2/c
a(A) 15.7423(13)  15.5152 (13)
b (A) 13.2947(11) 13.2644(10)
c(R) 33.810(3) 33.673(2)
b () 96.701(6) 97.443(6)
V (A3 7027.7(10) 6871.5(9)
z 4 4

T (K) 293(2) 170(2)
} caic (gcm'®) 1.708 1.719
e (cm' b 9.406 10.36
F(000) 3672 3624
Refl. Collec. 40764 16,092
Refl. Uniq. 5029 3379
Rint 0.0588 0.0807
Refl. Obsl > 2((l) 2614 2051
Ny 568 274
*R1 0.0790 0.1562
*wR2 0.2542 0.4738
“ GooF 0.963 1.730
& Jnax (€AT®) 0.690 +2.271
& Jnin (€A3) 10.409 11.359

TRL = x|Fo T FlFe ° wRR= {xW(F,* T FZ)x (WF,)%}"; ° GooF = {xw(F,’ T FH)?
(NobsT Nvar)} 1/2-

Figure 1.(a) View of thealternating cationic and anionic layers in compofiadong the ¢
axis (similar structure for compour; (b) View of the ET layer. Dotted lines indicatest
S- contacts shorter than the sum of the van der Waals radi) Side view of the ET
chains (d) View of the overlap between neighboring ET molecules in the chain.
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Figure 1. Cont.

Since the chains are formed by two crile@raphically independent ET molecules (noted as A
and B) following the sequencei AABBI ..., there are three different intchain overlaps: AA, Ai B
and BB, all with similar twisting angles¥) and displacementD]: ¥ax = 34.0, Daa = 1.39 A
¥ag = 33.2, Dag = 1.38 A ¥vgg = 32.4 andDgg = 1.41 A, in compound and¥aa = 34.0°, Dap =1.39 A,
¥ag = 32.8, Dag = 1.32 A vgg = 32.00 andDgg = 1.28 A in compoun@ (Figurel).

The two terminal dtylene groups of the #Aype ET molecule in compountdl present a boat
conformation and are staggered whereas those on #ypeBET molecule present a haliair
conformation and are also staggered. In comp@.the Atype molecule presents a boat confatiora
in one of the ethylene groups and a half chair in the other whereasttipe Biolecules presents a
staggered half chaconformation in both ethylene groups.

As observed in othed phased53], there are many intermolecular S-contacts shorter thahe
sum of the van der Waals radii in both compouriadgle5). Although the structure of compouds
not very precise, the analysis of the bond lengths in the central TTF skelegten ET molecules in
both compound$54] suggests an homogeneous charge distribution where both ET molecules bear
similar charges, close t0.5, giving an overall charge of +2 for the four ET molecules, in agreement
with theT 2 charge of the anion arlde stoichiometry of the salts (4:1).

Table 5. Intermolecular S-distances (in A) shorter than the sum of the van der Waals
radii (3.6A) in compoundsL and?2.

Compound 1 Compound 2

Atoms Distance Atoms Distance  Atoms Distance
S$10 3.524(3) S1IAS3B 3591) S6AS1B 3.431)
S259 3.477(7) S1IA-S6B 3.481) S6AS5B  3.421)
S2812 3.426(7) S3AS1B 3.591) S7AS4B  3.321)
S&10 3.527(3) S4A-S7B  3.551) S7AS8B  3.391)
SB616 3.468(3) S5A-S6B  3.571) S8AS7B  3.5(01)
S%16 3.534(3)

S814 3.438(3)

S815 3.429(3)

The anionic layer (in thab plane) is formed by tcgt anionsthat appear disordered since they
are located on an inversion center on the central carbon atom (C21). This inversion center generate
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two superimpsed anions, as clearly shownkigure 2 and already observed mF¢gll) chain with
tcpd” [55]. The solvent molecules (disordered THFlimnd two water molecules ) are located
between the tcgt anions.

Figure 2. View of thestatisticaldisorder ofthe tcpd' anion in compound (similar in 2).
Symmetry operatiot =1x,1Yy, Tz

a NI N3# b

2.2.2. Structures af-(ET),(tcnoetOH) 8) andb *(ET),(tcnoetOH) 4)

Compounds3 and 4 crystallize in the triclinic space groupl but show differenET packings.
Crystal and refinement data are shownTable 6. According to the asymmetric unit the chemical
formula of compound3 should bed-(ET)s(tcnoetOH) (see description below), but the chemical
formulad-(ET):(tcnoetOH) was preferred to facilitats crystal structure description. This compound
presents layers of ET molecules parallel toabplane alternating with layers of the tcnoefQithions
(Figure 3). The ET molecules are packed in parallel chains although the molecules of one chain are
twisted with respect to those of adjacent chains forming thealéed Uandd packing [56]. Note that
althoughcompound3 could be considered as &hphase(since there is only one different cationic
layen , f ol | o wigestion td anifyi bétts notatns[@6], we should call compoun8las adso+so
multiple d phase, since there are two different chains in the layers and each chain contains a repeating
unit formed by eighéclipsedmolecules with no dislocatiofseeFigure3).

Table 6.Crystal data forampounds-ET,(tcnoetOH)(3) andb “ET,(tchoetOH)(4).

Compounds 3 4
Formula C11eH8aN1608Ssa  CooH21N4O-Ss6
M 3881.83 970.46
Cryst. Syst. Triclinic Triclinic
Space group P-1 P-1
a(A) 17.3403(13) 10.2496(7)

b (A) 20.1481(15) 11.2314(10)

c (A 23.9412(18) 18.0649(11)
ug 84.225(6) 96.525(6)
b} 69.596(7) 90.593(5)

2() 76.254(6) 115.397(7)

V (A3 7613.6(10) 1,862.4(2)

Z 2 2

T (K) 293(2) 170(2)

} caic (g-cm § 1.693 1.731
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Table 6. Cont.
e (cm' b 9.46 9.67
F(000) 3960 990
Refl. Collec. 66,331 19,184
Refl. Unig. 42,071 11,234
Rint 0.1655 0.0361
Refl. Obsl > 20(1) 4381 6269
Ny 1257 461
AR1 0.1015 0.0487
b wR2 0.1793 0.1171
° GooF 0.758 0.888
& Jnax (€AT3) +0.673 +1.107
& Jnin (€A?) 10.503 10.677

TRL = xRy T FellFo; ° WR2 = {xW(Fs" T F)/x (WFR)T}% © GooF = {xw(Fy’ T FH)?
(NobsT Nvar)} 1/2-

Figure 3. (a) View of the alternating cationic and anionic layers in compddiatbng the
b axis; (b) View of the ET layer. Dotted lines indicate the S-contacts shertthan the
sum of the van der Waals igd(c) Sideview of the H chains (d) View of the overlap
between neighboring ET molecules in the chain.

B C C B A

i fo o i K B g i
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(d)

There are eight independent ET molecules (notedi&f.AMolecules A, B, C and Korm one of
the chains following the sequence ...CBAHHABC...and the remaining ET molecules (D, E, F and G)
form the other chain with the sequence ...GFEDDEFGigu(e 3). All the ethylene groups of the
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ET molecules have half chair conformations andeafipsed except for A and F molecules where they
are staggered.

As it is usual in otheq phases, there are many intdrains S: contacts shorter than the sum of
the van der Waals radi8.60 A) (Table7). Furthermore, there are also three shationanion Sk
contacts shorter than the sum of the van der Walls ra@6 () implying ET molecules of B, C and
E-type (Table 7). The analysis of the charge of each ET molecule shows an inhomogeneous charge
distribution withapproximatechargesof 0.9, 0.3 0.7, 0.4, 0.3, 0.4, 0.8nd 0.2 for molecules A,
respectively,giving a total charge ota. +4 for the eight ET molecules, in agreement with the
stoichiometry of compoun@ and with the presence of four tcnoetO&hions in the anionic layer per
eight ET molecule§54].

Table 7.Intermolecular S- and 8l distances (in A) shorter than the sum of the van der
Waals radii (3.6 and 3.3%, respectivelyin compound.

Atoms Distance Atoms Distance Atoms Distance
S3A-S8G  3.490(6) S3BS5G 35526) S3GS5F 3.559(6)
S5A-S6G  3.582(6) S5B-S2G  3.575(6) S6GS5E 3.548(6)
S5A-S2F  3.553(7) S7BS5G 3.526(6) S7GS5F 3.442(6)
S6A-S5D 3.547(8) S8BS3E  3.531(7) S8GSTF 3.592(8)
S7A-S8G 3.551(6) S8BS7E 3.462(8) S2ES5H 3.5946)
S8A-S6D  3.525(6) S4DS6H  3.527(7) S7BN32 3.301)
S8A-S7TD  3.484(8) S8RS3H 3.494(6) S7CN34 3.171)
S8ES6H  3.536(6) S6ES8H  3.520(6) S8EN14 3.281)

Compound4 also presets alayered structureRjgure4) with anionic and cationic layers altermagi
along thec axis. Thecationiclayer is formed by two independent ET molecules (A and B) packed
in parallel chains with all the molecules parallel and tilted with respect to the chain direction, giving
rise to the saalledb 'phase(Figure4) [57]. The chains present a repeating unit formed by four ET
molecules following the sequence ...AABB... and present three dislocations along this repeating unit,
givingrisetoé ;sphase accordings7t o Mori 6s notation

Figure 4. (a) View of the alternatingationic and anionic layers in compouhdlong thec
axis (b) View of the ET layer. Dotted lines indicate the S:contacts shorter than the sum
of the van der Waals radiic) Side view of the ET chaingd) View of the overlap between
neighboring ETmolecules in the chain.
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Figure 4. Cont.
B A B
j ;{f;}?f B
(©
The ethylene groups of the-type ET molecules present a helfair and a boat conformation

whereas the Bype molecules present a staggered half chair conformation. As inbotbiéases, there
are many intechain S-contacts shorter than the sum of the van der Waals radalgle8).

(d)

Table 8. Intermolecular S-distances (in A) shorter than the sum of the van der Waals
radii (3.6A) in compound4.

atoms distance atoms distance
S1A-S7B 3.502(1) S7AS1B  3.506(2)
S4A-S6A 3.494(1) S7A-S4B 3.501(1)
S5A-S7B 3.529(1) S7AS5B  3.354(2)
S6A-SBA  3.357(1) S7AS8B  3.573(1)

An estimation of the charge of the two ET molecules samhieckerboartlpe charge distribution
(Figure4b) sincethe Atype ET molecule presents an approximate charge of +1/4 whereadype B
molecule bears a chargea#. +3/4, giving an overall charge of +1 per two ET molecules, in agreement
with the single negative charge of the tcnoet@hion and the stoichiometry of the J&H].

2.2.3. Structuref b *(ET),(tcnoprOH)(CHCILCH,Cl)o 5 (5)

Compoundb crystallizes in the triclinic space grouB-1. Crystal and refinement data are shown in
Table9.

Table 9.Crystal data for compourfal -ET,(tcnoprOH)(CHCICH,Cl)o 5 (5).

Compound 5

Formula Cz1H245Cl1 sN4O2S16
M 1051.18
Cryst Syst Triclinic

Space group P-1

a(d) 7.6688(3)
b (A) 12.6432(4)
c(A) 22.6204(5)

uQ 98.430(2)




Crydals 2012 2

31¢
Table 9.Cont.

Compound 5

b(y 98.463(2)
2(3 106.246(3)
V (A3 2041.60(11)
Z 2
T(K) 120(2)
} calc (g-cm' 3) 1.710
e (cm' b 9.84
F(000) 1072
Refl. Collec. 27108
Refl. Unig. 10518
Rint 0.0491
Refl. Obsl > 2(i(1) 8669
Ny 524
‘R1 0.0358
"wR2 0.1033
¢ GooF 1.049
& jnax (€AT?) +0.743
& Jin (€A™?) 10.566

*RL = x|Fo T FlF ® WR2= {xW(F,> T FO)/x WF,)3Y% © GooF = {xwW(F,” T F)7

(NobsT Nvar)} 1/2-

Compoundb presers an alternating layered structure with the ET molecules formidpaicking
(see above)Higure5). As observedn compound4, the chains are formed by two independent ET
molecules (A and B) and present a repeating unit formed by four ET molecules following the
sequence ...AABB. although now there anmo dislocations along this repeating unit, giving rise to a

bwphase

accordi ngFigures)[Mpr i 6s notation (

Figure 5. (a) View of the alternating cationic and anionic layers in compdualbng thec
axis (b) View of the ET layer. Dotted lines indicate the S-contacts shorter than the sum
of the van deWaals radij (c) Side view of the ET chaingd) View of the overlap between
neighboring ET molecules in the chaifhe disorder on the ET moleculie tcnoprOH
anionand the solverttas been removed for clarity.
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Figure 5. Cont.

(©)

The ethylene groups of the ET molecules present ansedlipakchair conformation although
we have observed partial disorder in the ethylene groupi Ca0 of one ET molecule corresponding
to two positions with occupancies factors of 0.28 and,Jatlled as C9A/C9B and C10A/C10B
respectively An additional small disorder has also been detected onGkeCH,OH group of the
tcnoprOH anion leading to twetatistical pogions for carbon C29 and C3@belled as C29A/C29B
and C30A/C30B with occupancies factors of 0.89 and 0.11 for A and B positions, respedsvisly.
common in theb 'phases, compound presents several S- contacts shorter than the rauof the
van der Waals radiiT@ble10).

Table 10.Intermolecular S-distances (in A) shorter than the sum of the van d¥rals
radii (3.8 A) in compounds.

atoms distance atoms distance
S3S16  3.446(1) S6-S9 3.441(2)
S4S15  3.404(1) S6-S13 3.424(1)
S5S14  3.376(1) S7-S16 3.429(1)
S5S10  3.396(1) S8S15 3.370(2)

The analysiof the bond lengths in compouldshows an homogeneous charge distribution with
both ET molecules (A and B) bearing a charge close to +0.5, in agreement with the stoich{@rhetry
and the anionic chargeX) [54].

The anionic layers, parallel to thec plane, contain tcnoprOHanions andhalf a disordered
CHCILLCH,CI molecule.

2.3. Electrical Properties

The dc electrical conductivity of compounds4 shows similar thermal bekiors although with
different room temperature conductivities values ranging froh@6m * in compound? to 3.8 Scm'*
in compound4 (Table 11). When the temperature is decreased, the resistivity of compdiusds
increasesrad reaches the limiting restance of our equipment at teenptures in the range @350 K
(Figure 6). This thermal behavior suggests that compouiidsare semiconductors as confirmed by
the Arrhenius plotsKigure7) that show straight lines in all cases with activations enemgig®irang
110510 meV (Tablell).
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Table 11. Room temperatureelectrical conductivity valuesactivation energiesand
approximate charge distributiomscompounddi 5.

Compound  (izgok (Scm'Y)  Ea(meV) ET Charge

1 0.18 110 0.5/0.5
2 104 175 0.5/0.5
0.9/0.3/0.7/0.4
3 0.05 326 43/0.40.60.2
4 3.8 510 0.25/0.75
5 24 - 0.5/0.5

Figure 6. Thermal variation of the dc electrical conductivity of compoutids

Figure 7. Arrhenius plot of the dc conductivity for compountis.

The relatively high conductivities found in compouridsnd 3i 5 may be attributed to the presence
in all the salts of artial oxidation degrees amd many intermolecula®- short contacts. The lower
conductivity found in compoun@ compared with all the otheragrees with the much lower quality of
the single crystals, as also observed in thaydiffraction study (sebelow). The activation energies
found in compound4i 4 correlate well with the appkimate charge distribution. Thus, compoudds
and2 present homogeneous charge distributions and the lowest activation eneapied {) whereas
compounds3 and4 present inhomogeneous charge distributions and the highest activation energies.
As expectd, the metallic salt 5 presenthi@mogeneous charge distritmn (Table11).



