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Crown Ethers' Numerous Fa
etsCrown Ethers in Host-Guest ChemistryDue to the �exibility of the 
rown 
y
le they are
hara
terized by their ability to sele
tively bindsubstrates, espe
ially 
ations.Sin
e their dis
overy∗ more than 40 years ago theyserved:i) as model 
ompounds for enzyme-substrateintera
tions,∗∗ii) as an aid for ion transport through membranes,†iii) as potential s
avengers for the 
ombined extra
tionof 
esium and strontium from 
austi
 wastes,‡iv) as a 
omponent for a mole
ular three-input ANDlogi
 gate.§
∗ C. J. Pedersen, J. Am. Chem. So
., 1967, 89, 7017.
∗∗ J.-M. Lehn, Pure & Appl. Chem., 1979, 51, 979.
† R. F. Khairutdinov, J. K. Hurst, Langmuir, 2004, 20, 1781.
‡ L. H. Delmau et al., Solvent Extr. Ion Ex
h., 2006, 24, 197.
§ D. C. Magri et al., J. Am. Chem. So
., 2006, 128, 4950.
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Our InterestFrom a mi
ros
opi
 point of view. . .We are interested in the intrinsi
 mole
ular nature of themultidentate 
omplexation.The 
omplexation of water mole
ules is parti
ularlyinteresting sin
e the 
rown ether ma
ro
y
le providesmany hydrogen bond donor and a

eptor sites.Applying 
onformation-spe
i�
 UV and IR spe
tros
opy,we would like to extra
t stru
tural information:(1) How �exible is the ma
ro
y
le? How variable is the
rown ether 
onformation upon su

essive
omplexation?(2) Does su

essive 
omplexation lead to additive ornon-additive 
onformational behavior?(3) What determines the relative stability amongdi�erent water 
lusters?Benzo-18-
rown-6-ether and Dibenzo-18-
rown-6-ether:R. Kusaka, Y. Inoku
hi, T. Ebata, Phys. Chem. Chem. Phys., 2007, 9, 4452.
B3LYP/6-31+G(d)



Conformation-Spe
i�
 Spe
tros
opyMethodology(1) Mass-sele
tive UV spe
trum via R2PI(2) Repla
ement of ion dete
tion (R2PI) with �uores
en
e dete
tion (LIF)(3) Conformation-spe
i�
 UV spe
tra via UV-UV/IR-UV holeburning(4) Conformation-spe
i�
 IR spe
tra via RIDIR/FDIR spe
tros
opy(5) For overlapped ele
troni
 spe
tra:Conformation-spe
i�
 IR spe
tra via IR-IR-UV holeburningV. A. Shubert, T. S. Zwier, J. Phys. Chem. A, 2007, 111, 13283.
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B15C Bare Mole
ule Conformers
B15C(A) B15C(B) B15C(C)

B3LYP/6-31+G(d)Chara
teristi
 FeatureBlue-shifted alkyl CH stret
h bands in the 
onformation-spe
i�
 IRspe
tra.Indi
ative of substantial bu
kling of the 
rown stru
ture in order tomaximize the number and strength of stabilizing C−H · · · O hydrogenbonds.
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teristi
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tra.Indi
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kling of the 
rown stru
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UV-UV Holeburning Spe
tros
opyConformation-spe
i�
 UV Spe
tra B15C-(H2O)1
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ative of an all planar arrangement of the atomsnear the benzene ring∗. ∗ J. T. Yi, et al., J. Phys. Chem. A, 2005, 109, 9456.



IR-UV Holeburning Spe
tros
opyConformation-spe
i�
 UV Spe
tra B15C-(H2O)2
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ative of an all planar arrangement of the atomsnear the benzene ring.
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Fluores
en
e-Dip Infrared Spe
tros
opyConformation-spe
i�
 IR Spe
tra in the CH Stret
h Region B15C-(H2O)1
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ative of similar 
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y
le 
onformations.



Fluores
en
e-Dip Infrared Spe
tros
opyLa
k of Blue-shifted C−H · · · O Hydrogen Bonds B15C-(H2O)1
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La
k of spe
tral features > 2930 cm−1 indi
ative of absen
e ofintramole
ular C−H · · · O hydrogen bonds.
⇒ Upon 
omplexation with a single H2O mole
ule the 
rown 
y
le opens up!



Resonant Ion-Dip Infrared Spe
tros
opyLa
k of Blue-shifted C−H · · · O Hydrogen Bonds B15C-(H2O)2
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ative of absen
e ofintramole
ular C−H · · · O hydrogen bonds.
⇒ Complexation with the se
ond H2O mole
ule leaves the 
rown 
y
le open!



Resonant Ion-Dip Infrared Spe
tros
opyConformation-spe
i�
 IR Spe
tra in the OH Stret
h Region B15C-(H2O)1
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Monohydrated 
onformers with very similar 
rown 
y
les, only di�ering inthe position of the H2O mole
ule.Both H2O hydrogen atoms are involved in hydrogen bonds.



Resonant Ion-Dip Infrared Spe
tros
opyConformation-spe
i�
 IR Spe
tra in the OH Stret
h Region B15C-(H2O)2
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ally the sum of
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Resonant Ion-Dip Infrared Spe
tros
opyConformation-spe
i�
 IR Spe
tra in the OH Stret
h Region B15C-(H2O)2
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ontains a free OH group and a 
ooperativelystrengthened hydrogen bond.



A Short Che
klistLIF and UV-UV Holeburning Spe
traTwo B15C-(H2O)1 and two B15C-(H2O)2 
onformations present in thesupersoni
 jet.Origin energies indi
ative of a planar 
onformation of the 
rown 
y
lenear the benzene ring.RIDIR Spe
tra in the Alkyl CH Stret
h RegionSimilarity of all four 
rown 
y
le 
onformations.La
k of blue-shifted intramole
ular C−H · · · O hydrogen bondsThe 
rown 
y
le opens up upon 
omplexation.RIDIR Spe
tra in the OH Stret
h RegionBoth H2O hydrogen atoms of the monohydrated 
omplexes are involvedin hydrogen bonds.One dihydrated 
omplex is the sum of the two monohydrated 
omplexes.The se
ond dihydrated 
omplex 
ontains a free OH group and a
ooperatively strengthened hydrogen bond.



Ab initio and DFT Cal
ulationsComputational StrategyMole
ular me
hani
s for
e �eld (MMFs) implemented inMa
romodel: 4100minima below 50 kJ

molS
reening for those 
onformations in whi
h both H2Ohydrogen atoms are involved in hydrogen bonds:
1524minima below 50 kJ

molSubmitted to B3LYP/6-31+G(d) geometryoptimizations with default grid and loose optimization
riteria: 98minima below 20 kJ

molRe-optimization with ultra�ne grid and tight
onvergen
e 
riteria.Harmoni
 frequen
ies at B3LYP/6-31+G(d) andsingle-point energies at MP2/aug-

-pVDZ level oftheory: 6minima below 20 kJ

molS
reening for those 
onformations whi
h meet thesimilarity of the 
rown 
y
le and the all-planar 
ondition:
2minima

B3LYP/6-31+G(d)

B15C-(H O) (A)2 1

B15C-(H O) (B)2 1



B15C-(H2O)1 Conformers
B3LYP/6-31+G(d)

B15C-(H O) (A)2 1 B15C-(H O) (B)2 1

Che
klistSimilarity of the 
rown 
y
le 
onformations.Planar 
onformation of the 
rown 
y
le near the benzene ring.La
k of blue-shifted intramole
ular C−H · · · O hydrogen bondsThe 
rown 
y
le opens up upon 
omplexation.Both H2O hydrogen atoms are involved in hydrogen bonds.



B15C-(H2O)2 Conformers
B3LYP/6-31+G(d)

B15C-(H O) (A)2 2 B15C-(H O) (B)2 2Che
klist
B15C-(H2O)2(A) is the sum of the two monohydrated 
omplexes.
B15C-(H2O)2(B) 
ontains a free OH group and a 
ooperativelystrengthened hydrogen bond.



Finally. . .SummaryPower & beauty of 
onformation-spe
i�
 spe
tros
opy in elu
idating the
onformations of �exible mole
ules and 
lusters.Remarkable �exibility of the 
rown 
y
le in binding substrates, drasti
allyaltering its 
onformational preferen
es from those observed in theun
omplexed monomers.Present & Future WorkInvestigating the relation between frequen
y shifts upon 
omplexationand topologi
al properties of the ele
tron density a

ording to Bader'sQuantum Theory of Atoms in Mole
ules (QTAIM).
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