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Abstract: A perspective is provided on the latest developments in pushing femtosec-
ond molecular spectroscopy measurements to the limit of individual molecules.

Ultrafast nonlinear optical experiments have provided a wealth of information on the time evolution
of prepared wave packets in molecules, allowing a closeup view of the molecule’s internal dynamics
and the coupling to its surroundings, on a timescale where the corresponding molecular motions
are manifest. Due to technical constraints, nonlinear optical measurements have traditionally been
performed on large ensembles of molecules, where the detected signal is the average of the contribu-
tions of many. Although many relevant parameters can be extracted from ensemble measurements,
essential information remains hidden. A prime example is the phase evolution of optically pre-
pared molecular coherences, which may unfold differently on each molecule, and therefore become
invisible after ensemble averaging. Inspection of a molecule’s actual coherence dynamics requires
interrogation at the level of the individual.

Recent experimental efforts have shown that time-resolved femtosecond experiments can be carried
out with sensitivities sufficient for single molecule measurements. While the time resolution stems
from the preparation and manipulation of the molecule by short optical pulses, a variety of advanced
technologies are currently examined for efficiently reading out the molecular response. Examples in-
clude fluorescence readout of coherent excited state dynamics in single molecules[1], probing ground
state vibrational motions through surface-enhanced nonlinear Raman scattering[2], detecting the
molecular response through single electron currents[3], or sampling time-dependent changes in op-
tically induced forces.[4] The quest for femtosecond single molecule experiments brings together
the fields of nonlinear optics, advanced plasmonics, electron tunneling microscopy and scan probe
microscopy, heralding the development of exciting hybrid approaches for tackling an outstanding
scientific challenge.

In this contribution, we review some of the latest developments in the area of femtosecond mi-
croscopy in the single molecule limit. Technological advances are pointed out and the scientific
implications of opening the window to ultrafast single molecule dynamics are underscored.
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