
Synthetically Tailoring Diamondoids for Semiconductor Applications

12 October 2015

Group seminar

Paul Kahl (Schreiner Group)

Institut für Organische Chemie

Justus-Liebig-Universität

35435 Giessen, Germany



Synthetically Tailoring Diamondoids for Semiconductor Applications

12 October 2015

Group seminar

Paul Kahl (Schreiner Group)

Institut für Organische Chemie

Justus-Liebig-Universität

35435 Giessen, Germany



3

Rectification behavior of Diamantane-C60

J. C. Randel, F. C Niestemski, A. R. Botello-Mendez, W. Mar, G. Ndabashimiye, S. Melinte, J. E. P. Dahl, R. M. K. Carlson, E. D. Butova, 
A. A. Fokin, P. R. Schreiner, J-C. Charlier, H. C. Manoharan, Nature Commun., 2014, 5, 4877.
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Diamantane-C60 vs. [2.2](1.3)Adamantano(2.7)pyrenophane

• Less flexibility on surface

• Larger contact area for attachment to 
metal surface

• With two alkane bridges holding together 
the sp2 with the sp3 system more stable 
than diamantane-C60

• C60 ball too flexible on surface

• Stability problems



• Our compound: combination of electron donating sp3

carbon with electron withdrawing sp2 carbon allotrope

• Mimicking the combination of diamond with graphene

• Model compound for analysis of electron emission 
mechanism of diamond

• Electron emission mechanism difficult to analyze due to 
mixture of sp2 modifications, surface functionalization, inner 
defects, etc.

• Doping introduces defects and graphitic inclusions

• CVD processes provide co-deposition of sp2 conducting phase

• Post-synthetic procedures using plasma or ion beams lead to 
local phase transformations of the diamond phase to a non-
diamond phase
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Electron emission of Diamond due to sp2-defects

M. L. Terranova, S. Orlanducci, M. Rossi, E. Tamburri, Nanoscale, 2015, 7, 5094.
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Graham J. Bodwell – Cyclophane chemistry

Y. Yang, M. R. Mannion, L. N. Dawe, C. M. Kraml, R. A. Pascal, Jr., G. J. Bodwell, J. Org. Chem. 2012, 77, 57-67; G. J. Bodwell, J. N. 
Bridson, M. K. Cyranski, J. W. J. Kennedy, T. M. Krygowski, M. R. Mannion, D. O. Miller, J. Org. Chem. 2003, 68, 2089-2098; G. J. Bodwell, 
D. O. Miller, R. J. Vermeij, Org. Lett. 2001, 3, 2093-2096.
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[2.2](1,3)Adamantano(2,7)pyrenophane – Synthesis
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[2.2](1.3)Adamantano(2.7)pyrenophane – Synthesis
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[2.2](1.3)Adamantano(2.7)pyrenophane – Synthesis
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19% total yield after 10 steps

[2.2](1.3)Adamantano(2.7)pyrenophane – Synthesis
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Crystal Structure

35.3°

Cs-Symmetry
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UV/Vis and Fluorescence – Pyrene
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UV/Vis and Fluorescence – [2.2](1.3)Adamantano(2.7)pyrenophane
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Quantum yield – [2.2](1.3)Adamantano(2.7)pyrenophane vs. Pyrene

+ aq. H2SO4

18.5% 7.5%
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Computation of 1H-NMR spectra – In Collaboration with Philipp Wagner

Geometry optimization: M06-2X/6-31G(d,p); NMR computation: M06-2X/6-311G(d,p) 
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a1,a2

a2

30 °C

1H-NMR – Bent, Yet Aromatic

a1
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Computation of 1H-NMR spectra – In Collaboration with Philipp Wagner

Geometry optimization: M06-2X/6-31G(d,p); NMR computation: M06-2X/6-311G(d,p) 

 7  6  5  4  3  2  1  0 - 1 - 2 - 3

7 6 5 4 3 2 1 0 ‒ 1 ‒ 2 ‒ 3 ppm
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Constrained dynamics – Temperature 1H-NMR at 60 °C

a

7 6 5 4 3 2 1 0 ‒ 1 ‒ 2 ppm

M06-2X/6-311G(d,p)

a a
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Constrained dynamics – Temperature 1H-NMR at –30 °C

 7  6  5  4  3  2  1  0 - 1 - 2 - 3

7 6 5 4 3 2 1 0 ‒ 1 ‒ 2 ‒ 3 ppm
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M06-2X/6-311G(d,p)
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Dynamic Temperature 1H-NMR – In Collaboration with Dr. Heike Hausmann
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Dynamic behavior – In Collaboration with Dr. Heike Hausmann and Philipp Wagner

Geometry optimization: M06-2X/cc-pVDZ

0

DG0 (298 K) /

kcal mol-1

DNMR (600 MHz)

B3LYP/cc-pVTZ

B3LYP-D3(BJ)/cc-pVTZ
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RI-SCS-MP2/cc-pVTZ
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Dynamic behavior – Adamantanopyrenophane vs. Adamantanobenzenophane

DG0 = 11.4 kcal/mol DG0 = 9.6 kcal/mola

a R. Lemmerz, M. Nieger, F. Vögtle, J. Chem. Soc., Chem. Commun., 1993, 1168-1170.
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Strain – In Collaboration with Ciro Balestrieri

Estimated strain energy*: 56 kcal/mol

*In relation to Benson´s increments and computation of DH at M06-2X/cc-pVDZ//M06-2X/cc-pVTZ
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Strain – In Collaboration with Ciro Balestrieri

Literature strain energy: 35 kcal/mol a

Our estimated strain energy: 40 kcal/mol b

a R. Lemmerz, M. Nieger, F. Vögtle, J. Chem. Soc., Chem. Commun., 1993, 1168-1170; b In relation to Benson´s increments and
computation of DH at M06-2X/cc-pVDZ//M06-2X/cc-pVTZ.
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London Dispersion?

XRD M06-2X/6-31G(d,p)
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Intramolecular London Dispersion?
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Scan Tunneling Spectroscopy – In Collaboration with Christian Länger (Prof. Dürr)
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• I-V curve measurement with different polarizations

• Preliminary results
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Outlook

• Optimization for last step

• Synthesis of further rectifier candidates
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Outlook

New attacking point?

Aromatic

Antiaromatic

Aromatic

Non aromatic

• Reactivity test reactions with adamantanopyrenophane

• If change in reactivity, then due to loss of aromaticity or strain release? 
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