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Outline1 Experimental Methods & SetupsFluoresene Exitation SpetrosopyTime-orrelated Single Photon Counting2 Frequeny- & Time-domain Measurements1,8-Dihydroxyanthraquinone1-Aminoanthraquinone3 SummaryWhat is the spetrosopi & kineti evidene for the strength of apartiular intramoleular hydrogen bond?What is the evidene for the ourrene of exited-state intramoleularH-atom transfer?
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Time-domain Experimental MethodTime-orrelated Single Photon Counting
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Experimental setupTime-orrelated Single Photon Counting: Laser Setup
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Experimental setupTime-orrelated Single Photon Counting: Optial Setup
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Frequeny-domain MeasurementsLow-resolution FE Spetrum of 1,8-Dihydroxyanthraquinone
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Time-domain MeasurementsEnergy Dependene of the Fluoresene Lifetimes τfl
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Time-domain MeasurementsTwo Energy Regimes: < 600 cm−1 and > 600 cm−1
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Frequeny-domain MeasurementsTwo Energy Regimes: < 600 cm−1 and > 600 cm−1
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H-Atom Transfer PotentialsH-Atom Transfer Reation Coordinate R−

R''R'
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HH

R–>0R–<0 R–=0

R− =
R01H − R02H

2A. L. Sobolewski, W. Domke, Chem. Phys., 1998, 232, 257.



Ab initio H-Atom Transfer PotentialsRelaxed Potential Energy Sans for 1,8-Dihydroxyanthraquinone
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Ab initio H-Atom Transfer PotentialsThree Senarios for the Stati & Dynami Fluoresene Properties
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Ab initio H-Atom Transfer PotentialsFirst Senario: Herzberg-Teller Coupling
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< 600 cm−1: A2 ×B2=b1 vibroni bands with c-type rotational struture
> 600 cm−1: Symmetry-allowed vibroni transitions with a-type rotational struture



Ab initio H-Atom Transfer PotentialsSeond Senario: Fast Intramoleular H-Atom Transfer
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Ab initio H-Atom Transfer PotentialsThird Senario: Dual Absorption
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> 600 cm−1: Vertial exitation into the 9,10-quinone well



Frequeny-domain MeasurementsRotational Band Contour of the 00
0 Transition
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Frequeny-domain MeasurementsLow-resolution Fluoresene Spetrum of 1-Aminoanthraquinone
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Time-domain MeasurementsEnergy Dependene of the Fluoresene Lifetimes τ̄fl
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Time-domain MeasurementsFluoresene Deay Curves
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Time-domain MeasurementsEnergy Dependene of the Rate Constant kfl of Fluoresene
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Time-domain MeasurementsFit aording to Fermi's Golden Rule

0 200 400 600 800 1000 1200 1400
4x108

5x108

6x108

7x108

8x108

9x108

1x109

1x109

 

 

k fl [s
1 ]

E
exc

 [cm 1]

 Single-exponential fits
 Double-exponential fits

k
rad

=4.9·108 s 1

c=7.9·10 17 cm 1/s

Fermi's Golden Rule: 1

τ̄fl(E)
= kfl(E) = krad +

2π

~
|Vif |

2| {z }
c

ρS0
(E)



Ab initio H-Atom Transfer PotentialsRelaxed Potential Energy Sans for 1-Aminoanthraquinone
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Strength of Intramoleular Hydrogen BondsMoleules with Di�erent Rotamers
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Quantum Theory of Atoms in Moleules (QTAIM)Total Charge Density ρ(rc) at the Bond Critial Point (3,−1)Atom in a moleule:Region of 3D-spae bounded by a surfae that satis�es the quantumboundary ondition of zero �ux in the gradient vetor �eld of the hargedensity:
∇ρ(r) · n(r) = 0 for ∀r .Neessary ondition for a bond between two atomsThe existene of unique line along whih the eletroni harge density is amaximum with respet to any neighbouring line and whih is de�ned bythe two vetors of ∇ρ whih originate at the bond ritial point (3,−1).R. F. W. Bader, Atoms in Moleules. A Quantum Theory, Clarendon Press, Oxford, 1990.



Quantum Theory of Atoms in Moleules (QTAIM)Intermoleular Hydrogen BondsLinear ρ(rc)�EHB for intermoleular hydrogen bonds between di�erentnitriles and hydrogen �uoride (HF/6-31G(d,p), R =0.999)R. J. Boyd, S. C. Choi, Chem. Phys. Lett., 1985, 120, 80.Linear ρ(rc)�EHB for for intermoleular hydrogen bonds between di�erentnitriles and hydrogen hloride (HF/6-31G(d,p), R = 0.998)R. J. Boyd, S. C. Choi, Chem. Phys. Lett., 1986, 129, 62.Linear ρ(rc)�EHB relationship for intermoleular hydrogen bonds betweendi�erent bases and hydrogen �uoride (HF/6-311++G(d,p)//6-31G(d,p),
R = 0.869) M. T. Carroll, R. F. W. Bader, Mol. Phys., 1988, 65, 695.Linear ρ(rc)�EHB relationship for the van der Waals omplexesformaldehyde�hloroform, aetone�hloroform, benzene�formaldehydeand 1,1-dihloroethane�aetone (HF/6-31G(d,p), R = 0.998)U. Koh, P. L. A. Popelier, J. Phys. Chem., 1995, 99, 9747.



Quantum Theory of Atoms in Moleules (QTAIM)Linear ρ(rc)�EHB Relationship for Intramoleular Hydrogen Bonds
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SummaryResults on 1,8-dihydroxyanthraquinoneFE Spetrum exhibits two distint exess energy ranges.Fluoresene bands below ∼ 600 cm−1 originate in the 9,10-quinone well.Fluoresene bands above ∼ 600 cm−1 originate in the proton-transferred1,10-quinone well.The S1 potential is double-minimum-type. But the Lippinott-Shroederpiture has to be modi�ed partially.



SummaryResults on 1,8-dihydroxyanthraquinoneFE Spetrum exhibits two distint exess energy ranges.Fluoresene bands below ∼ 600 cm−1 originate in the 9,10-quinone well.Fluoresene bands above ∼ 600 cm−1 originate in the proton-transferred1,10-quinone well.The S1 potential is double-minimum-type. But the Lippinott-Shroederpiture has to be modi�ed partially.Results on 1-aminoanthraquinoneThe S1 potential is single-minimum-type.Uniform energy dependene of the �uoresene lifetimes an be aountedfor by Fermi's Golden Rule and is attributed to internal onversion to S0.Low harge density at the bond ritial point ρ(rc) in S0 and the highH-atom transfer barrier in S1 indiate the weakness of the intramoleularhydrogen bond.
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