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Synthesis and Characterization of a Zinc Metal-Organic
Framework with Chiral Nano-Pores

Lingjuan Shen, Danielle Gray, Richard I. Masel, Gregory S. Girolami’

Synthesis of Zn;(BPDC),(O,CH),*2DEF (1°2DEF). The chemicals were obtained from Aldrich and used as received. The
synthesis was performed under solvothermal conditions. Zn(NO;);'6H,O (0.0446 g, 0.15 mmol), 2,2’-bipyridine-5,5’-
dicarboxylic acid (0.0244 g, 0.10 mmol) and formic acid (0.8 mL of a 75% aqueous solution) were mixed and dispersed in DEF
(5 mL). The resulting white slurry was then heated in an oven at 100 °C for 3 weeks to afford octahedron-shaped crystals (Figure
S1); the long duration of this step probably reflects the limited solubility of 2,2’-bipyridine-5,5’-dicarboxylic acid in DEF. Yield:
70%. Anal. for the as-prepared material (University of Illinois Microanalytical Laboratory): Calc. for
Zn3(BPDC),(0,CH),*2DEF: C, 43.1; H, 3.42; N, 8.38. Found: C, 42.8; H, 3.13; N, 8.35. Desolvation to 1 was achieved by
immersing the as-prepared crystals in chloroform (5 mL) for three days, with the solvent being changed once daily. The solid was

then collected by filtration and dried in a vacuum oven at 120 °C for 3 h.
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Fig S1. Crystals of 1.2DEF.

Brunauer - Emmett - Teller (BET) measurements. Three-point BET (P/Py = 0.1-0.3) surface area measurements were
performed on a QuantachromeNova 2200e apparatus at liquid nitrogen temperature using nitrogen as the working gas.

Powder X-ray diffraction. Powder XRD data were collected on a Bruker General Area Detector Diffraction System (GADDS)
equipped with a P4 four-circle diffractometer and HiStar multiwire area detector. A Bruker M18XHF22 rotating anode generator
operating at 50kV and 40mA supplied the Cu Ko graphite monochromatized incident beam. The simulated powder diffraction
pattern calculated from the single crystal X-ray data of as-synthesized 12DEF matches well with the observed pattern for

desolvated 1 (Figure S2).
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Thermogravimetric Analysis (TGA). TGA experiments were performed on Cahn Thermax 500 Thermogravimetric Analyzer

(Figure S3).
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Fig S2. Powder X-ray diffraction pattern of desolvated 1 (red), and pattern calculated from the single crystal

structure of as-synthesized 1.2DEF (black).
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Fig S3. Thermogravimetric analysis of a freshly prepared sample of 1.2DEF.
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X-ray single crystal diffraction. The data crystal was mounted using oil (Paratone-N, Exxon) to a glass fiber. One distinct cell
was identified using APEX2 (Bruker, 2010). Twenty frame series were integrated and filtered for statistical outliers using
SAINT (Bruker, 2005) then corrected for absorption by integration using SHELXTL/XPREP V2005/2 (Bruker, 2005) before
using SADABS (Bruker, 2005) to sort, merge, and scale the combined data. The absorption correction was done prior to the
squeeze process using an absorption coefficient that included the contribution from the two diethylformamide molecules per
formula unit. No decay correction was applied. The final refinements excluded the 0 2 3 and 0 1 3 reflections. The structure was
phased by direct methods (Sheldrick, 2008). Systematic conditions were consistent with both of the enantiomorphic space
groups P4,2,2 or P4;2,2. On the basis of 1955 unmerged Friedel opposites, the fractional contribution of the racemic twin was
close to 50% (Flack, 1983 & 2000). The fractional contribution was checked before the "squeeze" process and the P4,2,2
component was slightly larger than the P4;2,2 component by ~1%. After the "squeeze" process the ratio was 0.50(4). The central
portion of the -OOC(C;yHgN,)COO- unit was disordered over two sites. The Zn-N distances in the disordered ligand were
restrained to be similar. The bond distances and angles within the disordered molecules were restrained to be similar and the
central portion of the molecule was also restrained to be approximately flat. The O3 atom was also split over two sites. The like
C-O distances for this atom were restrained to be similar. Rigid-bond restraints were imposed on displacement parameters for all
disordered sites, and similar displacement amplitudes were imposed on disordered sites overlapping by less than the sum of the
van der Waals radii. C13 and O6 of the bound formate ligand have large displacement parameters. This is because O6 is not
bound to the framework and the molecule can freely pivot about the O5-C13 axis in the solvent cavity. The highest peaks in the
final difference Fourier map were in the vicinity of atom Zn2; the final map had no other significant features. A final analysis of
variance between observed and calculated structure factors showed little dependence on amplitude and some dependence on

resolution.
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Fig S4. Representation of the structure of 1 along the a axis (C, black; Zn1, light purple polyhedron; Zn2, purple

polyhedron; H, omitted).
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Table S1. Crystal data and structure refinement for Zn;(BPDC),(O,CH),*2DEF.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 6 = 67.73°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/>2sigma(/)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

C36 H36 N6 O14 Zn3

972.82

100(2) K

1.54178 A

Tetragonal

P4(1)2(1)2

a=15.1751(3) A o= 90°.
b=15.1751(3) A B=190°.
c=22.5604(8) A v =90°.
5195.3(2) A3

4

1.244 Mg/m?

2.111 mm'!

1984

0.164 x 0.072 x 0.07 mm’®

4.12 to 67.73°.

-18<=h<=14, -17<=k<=18, -26<=1<=27
57131

4672 [R(int) = 0.0466]

99.4 %

Integration

0.9322 and 0.8488

Full-matrix least-squares on F2

4672 /503 /324

1.099

R1=10.0422, wR2 =10.1174
R1=10.0427, wR2=10.1178

0.50(4)

1.109 and -0.400 e.A-3
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Table S2. Selected bond distances and angles for Zn3;(BPDC),(O,CH),*2DEF.

Bond lengths [A]

Zn(1)-0(2)#1 2.006(2)

Zn(1)-0(5) 2.037(2)
Zn(1)-0(4)#2 2.051(2)
Zn(1)-N(1) 2.101(5)

Zn(1)-N(1B)
Zn(1)-N(2B)
Zn(1)-N(2)
Zn(2)-0(3)#2
Zn(2)-0(3)#3
Zn(2)-O(1)#4
Zn(2)-O(1)#1
Zn(2)-O(5)#5
Zn(2)-0(5)
Zn(2)-0(3B)#2
Zn(2)-0O(3B)#3

2.111(6)
2.158(6)
2.176(5)

1.951(16)

1.951(16)
2.055(3)
2.055(3)
2.091(2)
2.091(2)

2.093(15)

2.093(15)

o(1)-C(11) 1.236(5)
O(1)-Zn(2)#6 2.055(3)
0(2)-C(11) 1.266(4)
0(2)-Zn(1)#6 2.006(2)
0(3)-C(12) 1.271(8)
0(3)-Zn(2)#7 1.951(16)
O(3B)-C(12) 1.268(6)
O(3B)-Zn(2)#7 2.093(15)
0(4)-C(12) 1.251(4)
O(4)-Zn(1)#4 2.051(2)

Angles [°]
O(2)#1-Zn(1)-0(5)
O(2)#1-Zn(1)-O(4)#2
O(5)-Zn(1)-O(4)#2
O(2)#1-Zn(1)-N(1)
O(5)-Zn(1)-N(1)
O(4)#2-Zn(1)-N(1)
O(2)#1-Zn(1)-N(1B)
O(5)-Zn(1)-N(1B)
O(4)#2-Zn(1)-N(1B)
N(1)-Zn(1)-N(1B)
O(2)#1-Zn(1)-N(2B)
O(5)-Zn(1)-N(2B)
O(4)#2-Zn(1)-N(2B)
N(1)-Zn(1)-N(2B)
N(1B)-Zn(1)-N(2B)
O(2)#1-Zn(1)-N(2)
O(5)-Zn(1)-N(2)
O(4)#2-Zn(1)-N(2)
N(1)-Zn(1)-N(2)
N(1B)-Zn(1)-N(2)
N(2B)-Zn(1)-N(2)
O(3)#2-Zn(2)-O(3)#3
O3)#2-Zn(2)-O(1)#4
O(3)#3-Zn(2)-O(1)#4
OB)#2-Zn(2)-O(1)#1
O(3)#3-Zn(2)-O(1)#1
O(1)#4-Zn(2)-O(1)#1
O(3)#2-Zn(2)-O(5)#5
O(3)#3-Zn(2)-O(5)#5
O(1)#4-Zn(2)-O(5)#5
O(1)#1-Zn(2)-O(5)#5
O(3)#2-Zn(2)-0(5)

103.45(10)

96.27(12)
99.14(11)
100.7(5)
151.4(4)
93.1(2)
99.7(7)
153.0(6)
91.8(3)
1.8(8)
91.6(9)
88.3(5)
167.6(5)
75.9(4)
77.4(4)
91.9(6)
87.4(3)
168.0(4)
76.7(2)
78.2(4)
0.9(9)
78(2)
171.2(14)
97.4(12)
97.4(12)
171.2(14)
88.25(18)
93.4(13)
81.5(13)
93.21(10)
91.42(10)
81.5(13)

Angles [°]
O(3)#3-Zn(2)-0(5)
O(1)#4-Zn(2)-O(5)
O(1)#1-Zn(2)-O(5)
O(5)#5-Zn(2)-0(5)
O(3)#2-Zn(2)-O(3B)#2
O(3)#3-Zn(2)-O(3B)#2
O(1)#4-Zn(2)-O(3B)#2
O(1)#1-Zn(2)-O(3B)#2
O(5)#5-Zn(2)-O(3B)#2
O(5)-Zn(2)-O(3B)#2
O(3)#2-Zn(2)-O(3B)#3
O(3)#3-Zn(2)-O(3B)#3
O(1)#4-Zn(2)-O(3B)#3
O(1)#1-Zn(2)-O(3B)#3
O(5)#5-Zn(2)-O(3B)#3
O(5)-Zn(2)-O(3B)#3
O(3B)#2-Zn(2)-O(3B)#3
C(11)-0(1)-Zn(2)#6
C(11)-0(2)-Zn(1)#6
C(12)-0(3)-Zn(2)#7
C(12)-O(3B)-Zn(2)#7
C(12)-0(4)-Zn(1)#4
C(13)-0(5)-Zn(1)
C(13)-0(5)-Zn(2)
Zn(1)-0(5)-Zn(2)
C(D-N(D-C(5)
C(1)-N(1)-Zn(1)
C(5)-N(1)-Zn(1)
C(10)-N(2)-C(6)
C(10)-N(2)-Zn(1)
C(6)-N(2)-Zn(1)

93.4(13)
91.42(10)
93.21(10)

173.54(15)

12.0(10)
84.0(13)
176.8(7)
90.0(7)
84.2(5)
91.3(5)
84.0(13)
12.0(10)
90.0(7)
176.8(7)
91.3(5)
84.2(5)
91.8(14)
134.2(2)
128.2(2)
155(3)
137.6(15)
120.7(2)
106.1(3)
131.4(3)
110.67(11)
120.1(5)
122.9(5)
116.4(4)
118.0(6)
127.4(5)
114.3(4)

Symmetry transformations used to generate equivalent atoms: #1 y-1/2,-x+1/2,z-1/4  #2 -x+1/2,y+1/2,-z+1/4

#3 y+1/2,-x+1/2,z-1/4  #4 -x+1/2,y-1/2,-z+1/4

#5y,x,-z #6 -y+1/2,x+1/2,z+1/4  #7 -y+1/2,x-1/2,2+1/4




<<
  /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
  /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

  /CreateJDFFile 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


