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General Information

152 Other commercially

Py-TTF and Li-Fs,TCNQ were prepared according to the literatures.
available materials were used as received. Elemental analyses of C, H, and N were performed using
a CE-440 CHN/O/S elemental analyzer. Cyclic voltammetry (CV) experiments were performed on a
YANACO P1100 polarographic analyzer in MeCN solution containing 0.1 M BuyNCIO,4 (working
electrode: Pt, counter electrode: Pt wire, reference electrode: saturated calomel electrode (SCE)). IR
spectra were recorded using KBr pellets on a Horiba FT-730 infrared spectrometer. UV-vis spectra
were recorded using CH3;CN solution on a Hitachi UV-3010 UV-vis spectrometer. X-ray
crystallographic measurements were made on the diffractometer by synchrotron radiation with a
Weissenberg-type imaging plate detector at BL-8A in the Photon Factory at KEK, Japan (4 = 1.0000
A at 298 K) for (PyH -TTF**"Py-TTF*"")(F,TCNQ"),*MeCN, on a Rigaku AFC-7R diffractometer
(Mo-Ka., & = 0.71075 A) for neutral Py-TTF and on a Rigaku CMF007 Mercury CCD (Mo-Ka., A =
0.71069 A) for (PyH'—TTF)(BF, )(H,0), respectively. The direct current electrical conductivity
measurement was made by the conventional four-probe method using carbon paste and gold wires.
The transfer integrals and the band structures were calculated within the tight-binding approximation
using the extended Hiickel molecular orbital method.>> Molecular orbital and proton potential

calculations were performed with: Frisch, M. J.; et al. Gaussian 03, revision E.01; Gaussian Inc.:

Wallingford CT, 2004.%*
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Preparation of materials

* Neutral Py-TTF donor:
Py-TTF was prepared according to the literature.’' An orange plate crystal suitable for X-ray

analysis was obtained by slow evaporation of hexane-CH,Cl, solution at room temperature.

« Protonated BF, salt (PyH —TTF)(BF, )(H,0):

In a 200-mL Erlenmeyer flask, Py-TTF (100 mg, 0.258 mmol) was suspended in MeCN (10
mL). To the resulting orange suspension, a few drops of 54% HBF, in Et,O were added, and then the
suspension immediately changed to a dark violet solution. After addition of Et;O (100 mL), the
resulting solution was allowed to stand overnight at room temperature, to give the desired BF, salt
(99.6 mg, 76%) as violet blockish crystals. mp 179-181 °C; IR (KBr) 3190-2960, 2930-2390, 1634,
1558, 1534, 1507 cm™'; Anal. Caled for (C;;HgNS,)(BF4)(H,0): C, 34.12; H, 2.60; N, 3.62%. Found:
C, 34.05; H, 2.81; N, 3.51%.

« H-bonded CT complex, (PyH —TTF** Py-TTF""")(F,TCNQ"),*MeCN:

In a 100-mL Erlenmeyer flask, a suspension of Li-‘F,TCNQ (17.1 mg, 0.06 mmol) in MeCN
(50 mL) was boiled at 82 °C for a few minutes and then the suspension was filtered to remove
insoluble matter. After cooling down to room temperature, the filtrate was transferred to a 200-mL
Erlenmeyer flask. To the solution were added F4,TCNQ (16.5 mg, 0.06 mmol) in MeCN (50 mL) and
the BF, salt of PyH-TTF (46.5 mg, 0.12 mmol) in MeCN (50 mL). The resulting mixture was
shaken and then allowed to stand for overnight at room temperature, to give the CT complex (24.3
mg, 17%) as violet platelet crystals. mp 165 °C (gradually decomposed); IR (KBr) 2800-1800
(originated from N'-H...N type hydrogen bond), 2196, 2170, 1628, 1597, 1533, 1500, 1386, 1341
cm'l; Anal. Calcd for (CyoHisN;Sg)(CioF4Ny)(MeCN): Caled (%): C, 49.82; H, 1.57; N,13.31.
Found (%): C, 49.57; H, 1.23; N, 12.95.
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Table S1.
(PyH —TTF**Py-TTF""")(F,TCNQ"),*MeCN.

Crystallographic data of  Py-TTF, (PyH —TTF)(BF4 )(H,0), and

Py-TTF (PyH -TTF)(BF, )(H,0) (PyHZTTFO'.%Py_TTFO'H)
(F4TCNQ ),*MeCN
Formula Ci1H7NS4 Ci1H0B1N1OF4S4 Ca4sH sN1 1 SgFg
Crystal System orthorhombic triclinic monoclinic
Space Group P2,2,2, (#19) P-1(#2) P2,/n (#14)
alA 3.971(3) 6.801(4) 22.0041(4)
b/ A 11.487(9) 7.939(5) 7.0211(4)
c/A 25.41(2) 14.424(8) 31.0684(7)
al’ 90 90.83(2) 90
Bl° 90 96.20(3) 95.8755(7)
y/° 90 92.08(2) 90
viIA 1159(2) 733.6(8) 4774.6(3)
Z value 4 2 4
Temperature / K 293 293 293
degie | grem™ 1.613 1.654 1.610
AlA 0.71073 0.71070 1.0000
# of observations 1448 3462 10840
# of variables 152 200 680
R (I>2.05(])) 0.0610 0.0790 0.0436
WwR, (all data) 0.1077 0.2171 0.1438
GOF 1.006 1.243 0.967
CCDC number 887353 887354 887352
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Figure S1. X-ray crystal structure of the neutral Py-TTF: (a) top view, (b) side view

and (c) crystal packing viewed along the a-axis.
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Figure S2. X-ray crystal structure of (PyH -TTF)(BF, )(H,0): (a) top and (b) side views of
PyH'-TTF and (c) packing structure with N'—Hee+O H-bonds between PyH -TTF and H,O. In (c),

hydrogen atoms and BF, anion were omitted for clarity.
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Transmittance
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Figure S3. IR spectra of (a) neutral Py-TTF and (b) the CT complex in KBr pellet. A broad
absorption band at 1800-2800 c¢m ' in (b) is probably attributable to the NH stretching in an

N'—HeeN type H-bond.
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Table S2. Comparison of the C-N-C bond angle of the pyridine ring in the neutral Py-TTF, the
protonated PyH'-TTF salt, and the donors A and B in the CT complex. Similar to the literature,>
the pyridine C-N-C bond angle of this system becomes larger by protonation (the neutral Py-TTF
(115.4°) and the protonated PyH -TTF (121.9°)). Interestingly, the value of the protonated donor
A (121.5°) is slightly smaller than that of the fully protonated PyH -TTF (121.9°) and the value
of the non-protonated donor B (117.2°) is also slightly larger than that of the completely neutral
Py-TTF (115.4°). This result indicates that the donors A and B are not completely protonated or
non-protonated, reflecting the N'—He+*N type hydrogen-bond formation between the donors A
and B.

C-N-C bond angle / °

neutral Py-TTF 1154
PyH*-TTF BF, salt 121.9
donor A (protonated) 121.5
donor B (non-protonated) 117.2
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Figure S4. The CN stretching modes in IR spectra of (a) neutral F4,TCNQ, (b) the CT complex
and (c) Li-F4,TCNQ in KBr pellet.
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Table S3. Comparison of bond lengths of the acceptors C and D in the CT complex, neutral
F4TCNQS6 and F4TCNQ radical anion®’.

R F
a
NC CN
d
C
NC CN
F F
alA b/A c/A d/A
F,TCNQ® St 1.334 1.436 1.372 1.435
Acceptor C 1.358(4) 1.418(4) 1.412(4) 1.420(5)
Acceptor D 1.344(4) 1.414(4) 1.402(4) 1.426(4)
TBAF,TCNQ " 1.357 1.415 1.418 1.425
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Table S4. Charge estimation of the TTF moiety of the donors A and B by bond length analysis. The bond length of a for A (1.357(3) A) and B (1.380(3)
A) is intermediated between that of the neutral Py-TTF (1.344(9) A) and the TTF radical cation (1.393 A)SS, suggesting that A and B are partially oxidized.
Each tentative charge 8, obtained by the literature’s equati0n89 was corrected by considering the substitution effect of the pyridyl or pyridinium group, to
give 8, of +0.415 (= +0.305 — (=0.110)) for the protonated A and 8, of +0.974 (= +0.903 — (—0.071)) for the non-protonated B. Finally their real charge

53" was estimated to +0.3 for A and +0.7 for B by normalization of the 8," values (i.e., sum of the two &,  value was set to +1).

R

S S
’ b1\_a /b2 | (b1+b2+b3+b4)/4 = 1.757—0.03855,"
b3 b4
S S
A b1/A, b2/A 5. 8¢ 5.t
al b3/A, b4/A 1 ’ ’
Donor A (protonated) 1.357(3) 1.743(3), 1.749(3 +0.305 +0.415 +0.298
1.742(3), 1.747(3 (= +0.305 — (-0.110)) (= +0.415/(+0.415+0.974))
Donor B (non-protonated) 1.380(3) 1.714(3), 1.729(3 +0.903 +0.974 +0.701

3)
3)
3)
1.727(4), 1.719(3) (= +0.903 — (-0.071)) (= +0.974/(+0.415+0.974))
Py-TTF° 1.344(9) 1.762(7), 1.755(7) -0.071
1.756(6), 1.766(7)
(PyH-TTF)(BF, )(H20)  1.331(7)  1.755(5), 1.765(5)
1.763(5), 1.762(5)

TTF*Br 1.393 1.720 +0.987

-0.110
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Figure S5. Cyclic voltammograms of Py-TTF (orange line) and PyH -TTF (blue line, protonated
by addition of an excess amount of p-toluenesulfonic acid) in 10 mM MeCN solution containing
0.1 M BuyNCl1O4 (working electrode: Pt, counter electrode: Pt wire, reference electrode: saturated

calomel electrode (SCE)).

-S12-



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

E (CV) [s>‘:<sj/J/\j‘l

A=3.194 30%
A=2.049

HOMO = T

-4.970 5105

Figure S6. Energy diagram of Py-TTF and PyH'-TTF calculated by GAUSSIAN 03 at the PCN
(MeCN)/B3LYP/6-311G** level of theory.

-S13-



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

LUMO LUMO

HOMO HOMO

Py-TTF PyH*-TTF

Figure S7. HOMO and LUMO distribution maps of Py-TTF and PyH'-TTF calculated by
GAUSSIAN 03 at the B3LYP/6-311G** level of theory.
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Figure $8. UV-vis spectrum change of Py-TTF in CH;CN (10 * M) with increasing concentration
of p-toluenesufonic acid (molar ratio). Intramolecular charge transfer (ICT) band of PyH -TTF
(573 nm) is significantly red-shifted compared to that of Py-TTF (428 nm), suggesting a much
smaller HOMO-LUMO energy gap of PyH -TTF (see also Figure S6).
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Table S5. Transfer integrals of the donors A, B in the CT complex calculated by extended Hiickel

method ** and the intermolecular donor distances (Symbols are shown in the figure below).

t x1072 JeV Distances / A

as -18.2 3.53 (inter-dimer)
az -21.4 3.50 (intra-dimer)
b 2.7 3.74, 3.83 (S-S)
P1 -1.1 5.20 (S-S)
P2 -0.2 4.81, 491 (S-S)

a4 .4
B o
b ﬁm A
A 2
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Figure S9. Energy dispersion and Fermi surface of the CT complex calculated by extended

Hiickel method with tight-binding approximation.>®
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Figure S10. Temperature dependence of electrical resistivity of the H-bonded CT complex along

the m-stacking direction (b-axis).
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Figure S11. Arrhenius plot of the resistivity of the CT complex. Activation energy (0.12 eV)
was calculated by the fitting of this plot under 200 K.

-S19-



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

References

S1)
S2)

S3)

S4)

S5)
S6)

S7)

S8)
S9)

L. Wang, B. Zhang and J. Zhang, Inorg. Chem., 2006, 45, 6860.

L. R. Melby, R. J. Harder, W. R. Hertler, W. Marler, R. E. Benson and W. E. Mochel, J. Am.
Chem. Soc., 1962, 84, 3374

T. Mori, A. Kobayashi, Y. Sasaki, H. Kobayashi, G. Saito and H. Inokuchi, Bull. Chem. Soc.
Jpn., 1984, 57, 627.

M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, J. A.
Montgomery, Jr., T. Vreven, K. N. Kudin, J. C. Burant, J. M. Millam, S. S. Iyengar, J. Tomasi,
V. Barone, B. Mennucci, M. Cossi, G. Scalmani, N. Rega, G. A. Petersson, H. Nakatsuji, M.
Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O.
Kitao, H. Nakai, M. Klene, X. Li, J. E. Knox, H. P. Hratchian, J. B. Cross, V. Bakken, C.
Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C.
Pomelli, J. W. Ochterski, P. Y. Ayala, K. Morokuma, G. A. Voth, P. Salvador, J. J. Dannenberg,
V. G. Zakrzewski, S. Dapprich, A. D. Daniels, M. C. Strain, O. Farkas, D. K. Malick, A. D.
Rabuck, K. Raghavachari, J. B. Foresman, J. V. Ortiz, Q. Cui, A. G. Baboul, S. Clifford, J.
Cioslowski, B. B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. L. Martin, D. J.
Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Nanayakkara, M. Challacombe, P. M. W. Gill,
B. Johnson, W. Chen, M. W. Wong, C. Gonzalez and J. A. Pople, GAUSSIAN 03 (Revision
E.01), Gaussian, Inc., Wallingford CT, 2004.

T. Steiner, Angew. Chem. Int. Ed. 2002, 41, 48.

T.J. Emge, W. A. Bryden, F. M. Wiygul, D. O. Cowan and T. J. Kistenmacher, J. Chem. Phys.
1982, 77, 3188

S. A. O’Kane, R. Clerac, H. Zhao, X. Ouyang, J. R. Galan-Mascaros, R. Heintz and K. R.
Dunbar, J. Solid State Chem., 2000, 152, 159.

R. C. Teitelbaum, T. J. Marks and C. K. Johnson, J. Am. Chem. Soc. 1980, 102, 2986.

D. A. Clemente and A. Marzotto, J. Mater. Chem., 1996, 6, 941.

-S20-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


