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Experiment Section 

Materials and instruments: The reagents and solvents employed were commercially available and used as 

received without further purification. Elemental analyses were performed on a Perkin-Elmer 240 elemental analyzer. 

The FT-IR spectra were recorded from KBr pellets in range 400-4000 cm–1 on a Bruker Tensor27 spectrometer. 

Fluorescence spectra were taken using Ediburg FLS920 fluorescence spectrophotometer. Kurtz powder SHG 

measurements were performed on ground samples of crystalline 1-3 with a synchroscan streak camera (Hamamatsu 

Model C1587, 8 ps resolution) connected to a polychromator as the detector system, and an optical parametric 

generator (Spectra Physics, Model: OPA-800C) pumped by a mode-locked Ti: sapphire laser oscillator–amplifier 

system (Spectra Physics, Model: Hurricane) as the pump source. The powder second-harmonic signals were 

compared to that of KH2PO4 to determine the relative SHG efficiencies of 1-3. The measurement of the 

polarization-voltage curves were carried out on the single crystals of 1-3 (single crystal approximate size 1.5 × 1.5 × 

0.5 mm3 for 1, 1.0 × 1.0 × 0.5 mm3 for 2, and 1.0 × 0.5 × 0.5 mm3 for 3, respectively) using an aixACCT TF 

Analyzer 2000 system at room temperature, while the sample was covered by Ag-conducting glue on the 

approximate crystallographic face (010) and immerged in insulating oil. 

X-ray Crystallography. Single-crystal X-ray diffraction data for salts 1-3 were collected on a Bruker CCD 

APEX diffractometer at room temperature with Mo Kα radiation (λ = 0.71073 Å). All the structures were solved by 

direct methods using the SHELXS program of the SHELXTL package and refined by full-matrix leastsquares 

methods with SHELXL.1 All non-hydrogen atoms were located in successive difference Fourier syntheses, where 

they were refined with anisotropic thermal parameters on F2. Hydrogen atoms were located at geometrically 

calculated positions and refined with isotropic thermal parameters. The data of the weak interactions were 

calculated by PLATON.2 Crystallographic data and structural refinements for salts 1-3 are summarized in Table S1. 

CCDC reference number 795444, 795443, and 795445 for 1, 2, and 3, respectively. These data can be obtained 

free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 

12 Union Road, Cambridge CB21EZ, UK; fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk). 

 

Synthesis of 1-benzyl-2-phenyl-1H-benzimidazole (L), 1, 2, and 3 

1-benzyl-2-phenyl-1H-benzimidazole (L). To the solution containing o-phenylendiamine (1.08 g, 10 mmol) in 
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ethanol (10 ml) was added benzaldehyde (2.12 g, 20 mmol) in a 50 ml flask. After refluxing and stirring for 4 hours 

at 353 K, the resulting mixture was reduced under vacuum pressure. The mixture was recrystallized from ethanol, 

affording the production as a pale-yellow crystalline solid. Yield: 50% (1.432 g). m.p. 116-119 oC. 

Salt 1. The 75% HClO4 solution (0.1 mL) was added to a solution of L (0.142 g, 0.5 mmol) in the mixed solvents 

of methanol (8 mL) and water (2 mL). After two weeks, the colorless needle crystals suitable to X-ray diffraction 

were obtained. Yield: 0.177 g (92%); m.p. 221–225 oC; IR (KBr): 3246(w), 3180(w), 3061(w), 3034(w), 2976(m), 

2920(m), 2866(m), 2825(w), 2748(w), 2632(w), 2530(w), 2357(w), 2335(w), 2027(w), 1919(w), 1624(w), 1602(m), 

1556(m), 1508(m), 1479(m), 1458(s), 1429(m), 1377(w), 1361(m), 1323(m), 1303(w), 1273(w), 1126(s), 1111(s), 

1045(s), 1004(w), 983(w), 939(w), 920(w), 891(w), 842(w), 817(w), 765(s), 732(m), 696(m), 623(s), 576(w), 

5454(w), 478(m), 459(w); Elemental analysis calcd (%) for C20H17ClN2O4 (384.81): C, 62.42; H, 4.45; N, 7.28; 

found: C, 62.12; H, 4.47; N, 7.24. 

Salt 2. The synthesis procedure of 2 was similar to that of 1 except that HClO4 was taken place of HNO3. Yield: 

0.155 g (89%); m.p. 140–145 oC; IR (KBr): 3261(w), 3030(w), 2854(w), 2812(w), 2729(w), 2702(w), 2623(w), 

2594(w), 2524(w), 2426(w), 2349(w), 1625(m), 1604(m), 1562(m), 1508(m), 1489(m), 1479(m), 1460(m), 

1452(m), 1425(m), 1384(s), 1361(w), 1328(m), 1286(m), 1259(w), 1228(w), 1193(w), 1166(m), 1116(m), 1070(m), 

1026(m), 1001(m), 935(w), 906(w), 881(m), 846(w), 823(m), 777(m), 761(m), 750(w), 734(m), 707(m), 694(m), 

630(m), 590(w), 576(m), 561(w), 532(m), 480(m); Elemental analysis calcd (%) for C20H17N3O3 (347.37): C, 69.15; 

H, 4.93; N, 12.10; found: C, 69.48; H, 4.90; N, 12.19. 

Salt 3. The synthesis procedure of 3 was similar to that of 1 except that HClO4 was taken place of HCl. Yield: 

0.154 g (91%); m.p. 171–175 oC; IR (KBr): 3408(w), 3373(w), 3199(br), 3039(w), 2966(w), 2920(w), 2858(w), 

2812(w), 2717(m), 2673(w), 2625(m), 2569(w), 2524(w), 2160(m), 1950(w), 1919(w), 1622(s), 1600(w), 1556(s), 

1508(w), 1490(w), 1477(m), 1458(s), 1429(m), 1400(m), 1361(m), 1325(m), 1284(m), 1261(s), 1230(w), 1193(w), 

1166(s), 1118(m), 1070(m), 1029(m), 999(m), 941(m), 906(w), 887(s), 862(w), 817(m), 777(m), 759(s), 734(m), 

709(w), 696(m), 628(m), 559(m), 528(w), 480(m), 460(m); Elemental analysis calcd (%) for C20H19ClN2O (338.83): 

C, 70.90; H, 5.65; N, 8.27; found: C, 70.62; H, 5.61; N, 8.21. 
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Fig. S1 X-Ray diffractometer (XRD) patterns of compound 1: (a) simulated; (b) powdered. 

 

Fig. S2 XRD patterns of compound 2: (a) simulated; (b) powdered. 

 

Fig. S3 XRD patterns of compound 3: (a) simulated; (b) powdered. 
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Table S1 Crystallographic data and structure refinements for 1–3 

 1 2 3 

chemical formula C20H17N2,ClO4 C20H17N2,NO3 C20H17N2,H2O,Cl 

fw 384.81 347.37 338.82 

T (K) 296 293 296 

λ (Mo Kα) (Å) 0.71073 0.71073 0.71073 

crystal system Triclinic Triclinic Triclinic 

space group P1 (No. 1) P1 (No. 1) P1 (No. 1) 

a (Å) 5.7108(17) 5.707(3) 5.441(4) 

b (Å) 9.011(3) 8.886(5) 8.892(6) 

c (Å) 9.451(3) 9.503(5) 9.554(7) 

α (degree) 70.550(3) 71.733(5) 74.542(8) 

β (degree) 81.022(4) 79.378(9) 82.346(8) 

γ (degree) 85.818(3) 84.199(9) 76.224(8) 

V (Å3) 452.9(2) 449.3(4) 431.5(5) 

Z 1 1 1 

Crystal size (mm) 0.10 × 0.10 ×  0.30 0.10 × 0.10 × 0.20 0.10 × 0.10 ×  0.20 

μ (Mo Kα) (mm-1) 0.240 0.088 0.230 

ρ (g·cm-3) 1.411 1.284 1.304 

GOF 1.06 1.09 1.03 

R1
a (I > 2σ(I)) 0.0333 0.0849 0.0325 

wR2
b (all data) 0.0908 0.2317 0.0971 

Flack 0.03(5) -3(6) -0.05(6) 

Reflections collected 3954 2406 3741 

Independent 
reflections 

3193 1972 3005 

reflections [I > 2σ(I)] 2846 1480 2817 

F(000) 200 182 178 
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Rint 0.016 0.043 0.023 

θ range 2.3/27.6 2.3/25.0 2.2/ 27.6 

Largest peak and 
hole [e·Å-3] 

-0.14/0.20 -0.32/0.39 -0.15/0.16 

aR1= ∑Fo-Fc/∑Fo. bwR2=[∑[w(Fo
2-Fc

2)2]/∑[w(Fo
2)2]]1/2 

 

 
Table S2 Hydrogen bond geometries in the crystal structures of 1-3 

Complex D–H···A H···A (Å) D···A (Å) D–H···A (°) 

1i     

 N1–H1···O3a 1.87(3) 2.801(3) 170(2) 

 C11–H11A···O1b 2.5400 3.420(5) 158.00 

 C20–H20A···N2 2.5400 2.883(3) 102.00 

     

2ii     

 N2–H2···O2 2.5100 3.140(15) 146.00 

 N2–H2···O3 2.0600 2.704(13) 147.00 

 C3–H3A···N1 2.5900 2.926(12) 102.00 

 C18–H18A···O1a 2.5200 3.407(17) 160.00 

     

3iii     

 O1–H1WA···Cl1 2.41(4) 3.084(4) 151(4) 

 N2–H2···O1a 1.72(4) 2.641(3) 175(3) 

 O1–H1WB···Cl1b 2.22(5) 3.116(4) 165(4) 

 C20–H20A···N1 2.5600 2.880(3) 101.00 

     

Symmetry codes: ax, y, -1 + z; b-1 + x, y, z for 1i. a1 + x, 1 + y, z for 2 ii. ax, y, 1 + z; b-1 + x, y, z for 3iii. 
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(a) 

 

(b) 

Fig. S4 (a) View point of 2D layer extending along the b axis in 1. The red dash-lines and yellow ones represent 

hydrogen bonds and π···π packing interactions, respectively. (b) Packing diagram of 1 along the a axis. The thin 

yellow dashed-lines and red ones represent hydrogen bonds. The thick yellow dashed-lines stand for π···π packing 

interactions and hydrogen bonds, respectively. The purple arrow represents the direction of crystal packing polarity. 

 

μ 
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(a) 

 

(b) 

Fig. S5 View point of 2D layer extending along the c axis in 2. (b) Packing diagram of 2 along the a axis. The 

yellow dashed-lines and red ones represent C-H···π and hydrogen bonds interactions, respectively. The thick yellow 

dashed-lines stand for π···π packing interactions. The purple arrow stands for the direction of packing polar polarity. 

μ 
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(a) 

 

(b) 

Fig. S6 (a) 2D supramolecular layer in 3 along the c axis. (b) Packing diagram of 3 along the a axis. The red 

dashed-lines and yellow ones stand for hydrogen bonding and C-H···π packing interactions, respectively. The 

purple arrow denotes the direction of packing polarity. 

μ 
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Fig. S7 Plots of leakage current in salts 1 (a), 2 (b), and 3 (c), respectively. 

 

 

  
(a) 

 
(b) 
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  (c) 

Fig. S8 Electric hysteresis loop of single crystal sample of 1 (a), 2 (b) and 3 (c), respectively. 
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Fig. S9 Solid state fluorescent spectra for compounds L, 1, 2, and 3 at room temperature. 

 

 

 

 

References 

1 (a) G. M. Sheldrick, SADABS, University of Göttingen, Göttingen, Germany, 1996 and 2003; (b) G. M. Sheldrick, 

SHELXTL NT Version 5.1. Program for Solution and Refinement of Crystal Structures, University of Göttingen, 

Germany, 1997; (c) Bruker and AXS, SAINT Software Reference Manual, Madison, WI, 1998. 

2  A. L. Spek, Acta Crystallogr., Sect. A, 1990, 46, C34. 

Electronic Supplementary Material (ESI) for CrystEngComm
This journal is © The Royal Society of Chemistry 2011



 13 

 

Electronic Supplementary Material (ESI) for CrystEngComm
This journal is © The Royal Society of Chemistry 2011



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /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 false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /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 (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENG ()

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



