
Figure 4: Comparison of powder patterns of Fe-MOFs featuring

different solvents (yellow, pink, green in chlorobenzene; light

blue, red and black in dichloromethane). All powder patterns

show the same reflexes both concerning position and intensity.

Comparison to a simulated powder pattern from a single crystal

of FeZn1.5(acacPy)3I3 (dark blue) confirms the structure of all

measured samples. The shift between simulation and

experimental patterns can be attributed to the different

temperatures (SCXRD: 100 K, XRPD: ambient Temp.)

Building crystalline ladders with a 

ditopic ligand
MariusKremer, Khai-Nghi Truong and Ulli Englert

Institute of Inorganic Chemistry, RWTH Aachen University, Germany

marius.kremer@ac.rwth-aachen.de

Introduction
Crystalengineering,thepredictionandsynthesisof crystalstructuresby carefulselectionof reactants,solventsandconditions,hasgrownin popularityoverthelastdecades.

Thoughmanycrystalstructuresobtainedthroughcrystalengineeringhavebeenpublishedin thelastyears,a precisepredictionof theself assemblyprocessesis still difficult,

if not impossible. Theself assemblycanbecontrolledthroughtheuseof secondarybuilding units (SBUs),coordinationcompoundsthatcanbeanalyzedasan intermediate

of the reaction,andthrougha goodunderstandingof thepropertiesof the usedorganiclinker molecules,the ligands. Oneexampleof crystalengineeringis presentedhere.

The ditopic ligand 3-(4-pyridyl)-acetylacetone(HacacPy) was usedto createtwo SBUs, for which further coordinationwas then attempted. 3-(4-pyridyl)-acetylacetone

featurestwo coordinationsiteswith distinct propertiesthat allow a targetedcoordinationto certainmetalcations. The soft pyridyl N cancoordinateto equallysoft metal

cations,in thiscaseZn(II), while thehard,chelatingoxygenatomsof theacetylacetonecanbecoordinatedto hardermetalcationslike Al(III) or Fe(III), afterdeprotonation.
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Throughcrystalengineering,we wereableto createa setof previouslyunknowncoordinationcompounds. Thesix obtainedcompoundsareall isomorphous, crystallizingin

a onedimensionalĂladderñconformation. Theisomorphismof thecompoundswasaffirmedbothby singlecrystalX-ray diffraction aswell aspowderX-ray diffraction. The

crystallizationexperimentswereperformedusingtwo differentsolvents,DCM andchlorobenzene. Sincethepowderpatternsof all compoundsareidentical,regardlessof the

usedsolvents,we canassumethat the incorporatedsolventsdo not affect the coordinationpolymer,andcanbe exchangedwithout destroyingthe structure. While we only

investigatedthe crystallizationfrom two different solvents,it seemsreasonablethat other solventscan be containedin the samecrystal structure. While two principle

synthesisroutesarereasonableandwereattempted,only oneof theroutesyieldedtheproduct,showingoncemoretheimportanceof clevercrystalengineering.

A small increase in size can be

observedfor the different structures

in correlationto the sizeof the used

metal anions as well as the used

halides. The isomorphism is also

retainedwhenswitchingthesolvents

usedduring the crystallizationfrom

dichloromethaneto chlorobenzene.

Figure 2: Schematic depiction of the performed reactions to obtain the target compound.

Figure 3 (a-c): Depictions of the crystal structure of MOF(Al,ZnI2). a: Viewed

along the b-axis, showing the name giving ladder motive. b, c: Viewed along the

c-axis showing the tunnel motive containing the solvent molecules (tunnel motive

including solvent molecules, single polymer molecule extended along the c-axis.)
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Table 1: Crystaldataof MOF(Al,ZnI2)
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In principle, the frameworkmay be synthesizedvia two routes, howeverproductcanonly be obtainedfor onemethod. The chelatingcoordinationof the oxygensite of

HacacPyrequiresaprior deprotonation. This is usuallyperformedby addinganadequateamountof amild base(e.g. NaHCO3) to theligandsolutionbeforecoordination.

Figure 1: Schematic depiction of the synthetic procedures performed to obtain the target compound.

Empirical formula C70H92Al2Cl4I6N6O8Zn3

(˃Mo K) / mm-1 2.784

F(000) 4800

Scan range( )̒ / ° 1.670/25.936

Rint 0.0681

wR2(all/obs.) 0.1608/0.1469

R1 (all/obs) 0.0742/0.0563

GOF on F2 1.051

Diff. peak/hole [e/Å3] 2.614 & -1.696

Thecrystalstructurewasobtainedon a BrukerAPEX Diffractometerandsolved

using SHELX. Refinementof the structuremodel was hamperedby the large

amount of solvent molecules inside the framework, and remaining electron

densityaroundthe heavyatoms,especiallyiodine. 25 restrainswere introduced

to refinemostof the solventmoleculesanisotropicallywhile attaininga sensible

structuralmodel.

M = Fe, Al

X = Cl, Br, I
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All found structuresexhibit

isomorphism, meaningthat

all compoundscrystallizein

the samespacegroup with

closely relatedcoordinates.

Powder diffraction for all

six compounds confirms

similar intensity patterns

andunit cell parameters

Crystal system Monoclinic

Space group(no.) I2/a (15)

T/K 100(2)

Compound MOF(Al,ZnCl2) MOF(Al,ZnBr2) MOF(Al,ZnI2)

a / Å 26.626(2) 26.802(2) 27.252(2)

b / Å 13.7515(7) 13.8103(3) 13.8519(8)

c / Å 27.2123(15) 27.3069(16) 27.7528(16)

/̡ ° 111.2460(10) 110.1330(10) 109.5680(10)

V / Å³ 9286.7(10) 9490(12) 9871.4(12)

Compound MOF(Fe,ZnCl2) MOF(Fe,ZnBr2) MOF(Fe,ZnI2)

a / Å 26.345(5) 26.540(4) 27.0136(18)

b / Å 13.6113(17) 13.694(2) 13.87460(10)

c / Å 27.028(4) 27.236(6) 27.503(3)

/̡ ° 110.855(2) 110.095(2) 109.0510(10)

V / Å³ 9057(2) 9296(3) 9743.8(12)

Table 2: Comparisonof unit cellsof all obtainedcompounds. 

Experimental data MOF(Fe, ZnI2) in C6H5Cl

Experimental data MOF(Fe, ZnBr2) in C6H5Cl

Experimental data MOF(Fe, ZnCl2) in C6H5Cl

Experimental data MOF(Fe, ZnI2) in CH2Cl2

Experimental data MOF(Fe, ZnBr2) in CH2Cl2

Experimental data MOF(Fe, ZnCl2) in CH2Cl2

Simulation from singlecrystalMOF(Fe, ZnI2) 


