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CMDS

The Wright Group focuses on the development and usage of coherent
multidimensional spectroscopy (CMDS). CMDS is a family of related nonlinear
spectroscopic experiments.
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Why CMDS?

[A BUNCH OF COOL PUBLICATIONS—FOCUSING ON COHERENCE
TRANSFER, MECHANISMS ETC] [MORE APPLICATIONS]
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Abstract

Ultrafast energy transfer is used to transmit electronic excitation among the
many molecules in photosynthetic antenna complexes. Recent experiments
and theories have highlighted the role of coherent transfer in femtosecond
studies of these proteins, suggesting the need for accurate dynamical models
to capture the subtle characteristics of energy transfer mechanisms. Here
we discuss how to think about coherence in light harvesting and electronic
energy transfer. We review the various fundamental concepts of coherence,
spanning from classical phenomena to the quantum superposition, and define
coherence in electronic energy transfer. We describe the current status of
experimental studies on light-harvesting complexes. Insights into the micro-
scopic process are presented to highlight how and why this is a challenging
problem to elucidate. We present an overview of the applicable dynamical
theories to model energy transfer in the intermediate coupling regime.
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Analytical

But wait! I’m an Analytical Chemist?!
The dream of the Wright Group (if not the current reality) [REASONS FOR
ANALYTICAL CHEMISTRY TO BE INTERESTED IN CMDS]
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Analytical

Mixed Frequency-/Time-Domain Coherent
Multidimensional Spectroscopy: Research Tool

or Potential Analytical Method?
ANDREI V. PAKOULEV, MARK A. RICKARD, KATHRYN M. KORNAU,
NATHAN A. MATHEW, LENA A. YURS, STEPHEN B. BLOCK, AND

JOHN C. WRIGHT*
Department of Chemistry, University of Wisconsin, Madison, Wisconsin 53706

RECEIVED ON JANUARY 23, 2009

C O N S P E C T U S

Coherent multidimensional spectroscopy (CMDS) is now the
optical analogue of nuclear magnetic resonance (NMR). Just

as NMR heteronuclear multiple-quantum coherence (HMQC) meth-
ods rely on multiple quantum coherences, achieving widespread
application requires that CMDS also excites multiple quantum
coherences over a wide range of quantum state energies. This
Account focuses on frequency-domain CMDS because these meth-
ods tune the excitation frequencies to resonance with the desired
quantum states and can form multiple quantum coherences
between states with very different energies.

CMDS methods use multiple excitation pulses to excite multiple
quantum states within their dephasing time, so their quantum
mechanical phase is maintained. Coherences formed from pairs of the
excited states emit coherent beams of light. The temporal ordering of
the excitation pulses defines a sequence of coherences that can result in zero, single, double, or higher order coherences as required
for multiple quantum coherence CMDS. Defining the temporal ordering and the excitation frequencies and spectrally resolving the
output frequency also defines a particular temporal pathway for the coherences, just as an NMR pulse sequence defines an NMR
method. Two dimensional contour plots through this multidimensional parameter space allow visualization of the state energies
and dynamics.

This Account uses nickel and rhodium chelates as models for understanding mixed frequency-/time-domain CMDS. Mixed fre-
quency-/time-domain methods use excitation pulse widths that are comparable to the dephasing times, so multidimensional spec-
tra are obtained by scanning the excitation frequencies, while the coherence and population dynamics are obtained by scanning
the time delays. Changing the time delays changes the peaks in the 2D excitation spectra depending upon whether the pulse
sequence excites zero, single, or double quantum coherences. In addition, peaks split as a result of the frequency-domain mani-
festation of quantum beating. Similarly, changing the excitation and monochromator frequencies changes the dependence on the
excitation delay times depending upon whether the frequencies match the resonances involved in the different time-ordered path-
ways. Contour plots that change a time delay and frequency visualize the temporal changes of specific spectral features.

Frequency-domain methods are resonant with specific states, so the sequence of coherences and populations is defined. Coher-
ence transfer, however, can cause output beams at unexpected frequencies. Coherence transfer occurs when the thermal bath induces
a coherence between two states (a and g) to evolve to a new coherence (b and g). Since the two coherences have different fre-
quencies and since there are different time orderings for the occurrence of coherence transfer, the delay time dependence devel-
ops modulations that depend on the coherences’ frequency difference.

Higher order coherences can also be generated by raising the excitation intensities. New features appear in the 2D spectra
and dynamic Stark splittings occur. These effects will form the basis for the higher order multiple quantum coherence methods
and also provide a method for probing molecular potential energy surfaces.

1310 ACCOUNTS OF CHEMICAL RESEARCH 1310-1321 September 2009 Vol. 42, No. 9 Published on the Web 05/15/2009 www.pubs.acs.org/acr
10.1021/ar900032g CCC: $71.50 © 2009 American Chemical Society
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Domains of CMDS

CMDS can be collected in two domains:
I time domain
I frequency domain
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Time domain

[DESCRIPTION OF TIME DOMAIN]
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Frequency domain

[DESCRIPTION OF FREQUENCY DOMAIN]
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Domains of CMDS

Most experiments are collected in the time domain
I fast
I robust

So... why frequency domain?
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Bandwidth
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Selection rules
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The instrument

[PICTURE OF LASER LAB]
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The instrument

Many kinds of component hardware
I monochromators
I delay stages
I filters
I OPAs

∼ 10 se�able devices, ∼ 25 motors.
Multiple detectors.
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Pipeline

What does the “pipeline” of MR-CMDS data acquisition and processing look like
in the Wright Group?
How to increase data throughput and quality, while decreasing frustration of
experimentalists?
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Processing

WrightTools.
Universal file format.
A unique, flexible multidimensional data model.
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Acquisition

PyCMDS.
Modular so�ware.
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Tuning
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MR-CMDS theory
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Mixed domain

[FIGURES FROM DAN’S PAPER]
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