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T

he development and applications of methods that can help
us to visualize the evolution of
structural changes of complex
assemblies far from equilibrium or of
ultrafast structure evolution close to
equilibrium are exciting frontiers of research with particularly important examples in chemistry, physics, and biology.
Such efforts are expected to complement the vast knowledge of average
structures that continue to be discovered by established methods.
This Special Feature on Multidimensional Ultrafast Spectroscopy exemplifies the considerable progress toward
meeting the challenges of developing
and applying multidimensional methods
based on optical and IR rather than radio frequencies. The contents of this
feature, which are representative of a
much larger and ever-increasing literature, demonstrate that these new approaches hold promise for advances in
liquid-state dynamics and structure, energy transport in biological assemblies
such as those in photosynthesis, structural
and nonequilibrium dynamics of folding
proteins, transmembrane proteins and
peptide aggregates, new materials properties, and widely applicable fundamental physical processes.
The special feature contains contributions on theory and experiments in

multidimensional optical and IR spectroscopy. First is a Perspective (1) that
describes some of the challenges that
can be addressed by these new techniques. New knowledge regarding
energy transfer in complex systems is
obtained from the coherent evolution of
excited molecular electronic states (2) or
electron hole–pair excitations by 2D optical methods (3). Essential to progress
in 2D IR are the theory and computation of the spectral and dynamical
responses; therefore, theoretical contributions in the important areas of water
structure (4) and amyloid fibrils (5) are
featured to exemplify progress in these
areas. In nonequilibrium experiments,
the 2D IR of the relaxation of myoglobin after ligand photodissociation is
shown to expose new information about
protein substates (6), and the transition
states in protein folding are deduced
from multidimensional spectra by combining temperature jumps with 2D IR
(7). The ultrafast nature of the 2D IR
experiments renders 2D IR suitable for
unique studies of solvent solute interactions (8) and vibrational energy transfer
(9). Advances in pulse control are key
to the evolution of this field, so new results on automation and phase control
of IR pulses in 2D and 3D IR spectroscopy are also presented (10).

For several years, PNAS has published special feature issues on many
cutting-edge research topics. Some of
the themes of past special features include: Tissue Engineering, Social and
Behavioral Sciences, Asymmetric Catalysis, Science and Technology for Sustainable Development, Long-Range
Electron Transfer, Cluster Chemistry
and Dynamics, Interstellar Chemistry,
Nitrogen Fixation, Eukaryotic Transposable Elements, Coordination Chemistry
of Saturated Molecules, and, most recently, High-Pressure Geoscience,
Single-Molecule Chemistry and Biology,
and Economics of Health and Mortality.
Scheduled for future issues of the journal are special features on Going Beyond Panaceas as well as Poverty and
Hunger. One objective of these special
features is to advance the journal’s ongoing initiative to expand its coverage of
the physical and social sciences and
mathematics. PNAS continues to encourage and welcome research articles
in all areas of the natural and social sciences and mathematics.
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TK, Blankenship RE, Fleming GR (2007) Proc
Natl Acad Sci USA 104:14203–14208.
3. Zhang T, Kuznetsova I, Meier T, Li X, Mirin RP,
Thomas P, Cundiff ST (2007) Proc Natl Acad Sci
USA 104:14227–14232.

4. Auer B, Kumar R, Schmidt JR, Skinner JL (2007)
Proc Natl Acad Sci USA 104:14215–14220.
5. Zhuang W, Abramavicius D, Voronine DV,
Mukamel S (2007) Proc Natl Acad Sci USA
104:14233–14236.
6. Bredenbeck J, Helbing J, Nienhaus K, Nienhaus
GU, Hamm P (2007) Proc Natl Acad Sci USA
104:14243–14248.

7. Chung HS, Ganim Z, Jones KC, Tokmakoff A
(2007) Proc Natl Acad Sci USA 104:14237–14242.
8. Kwak K, Park S, Fayer MD (2007) Proc Natl Acad
Sci USA 104:14221–14226.
9. Kurochkin DV, Naraharisetty SRG, Rubtsov IV
(2007) Proc Natl Acad Sci USA 104:14209–14214.
10. Shim S-H, Strasfield DB, Ling YL, Zanni MT
(2007) Proc Natl Acad Sci USA 104:14197–14202.

www.pnas.org兾cgi兾doi兾10.1073兾pnas.0706002104

Author contributions: R.M.H. wrote the paper.
The author declares no conflict of interest.
*E-mail: hochstra@sas.upenn.edu.
© 2007 by The National Academy of Sciences of the USA

PNAS 兩 September 4, 2007 兩 vol. 104 兩 no. 36 兩 14189

SPECIAL FEA TURE: INTRODUCTION

Multidimensional ultrafast spectroscopy

