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Figure 1 Pulse sequence in two-dimensional electronic spectroscopy.
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Figure 2 (a) The optical path of the BOXCARS geometry 2DES based on interferometers; (b) a lens view of laser beams in the BOXCARS geometry
[59]. BS: 50-50 beam splitter; CB: fused-silica compensating block; BS': 94-6 beam splitter; A: achromatic lens; S: sample cell; L: plano-convex lens;
ND: neutral density filter; FC: single mode fiber coupler; SF: single mode signal fiber; CF: single mode pulse delay calibration fiber.
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Figure 3 A BOXCARS geometry 2DES setup using diffractive optics and refractive wedge-pair delay lines [41]. DO: diffractive optics; VA: variable

attenuator.
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Figure 4 A 2DES setup based on all reflective optics [40]. NOPA: noncollinear optical parametric amplifier; BS: beam splitter; AOS: acousto-optical
pulse shaper; DMS: deformable-mirror based shaper; FROG: frequency-resolved optical gatin; DL1-DL2: delay line; RR1-RR4: retroreflector; RBS:
removable beam splitter; CP: permanent compensating plate; RCP: removable compensating plate; DO: diffractive optics; PM: parabolic mirror; SC:

sample cell; LO: local oscillator; M: reflective mirror.
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Figure 5 Two-dimensional electronic spectroscopy based on a translating-wedge based identical pulses encoding system (TWINS). NOPA: non-
collinear optical parametric amplifier; DS1: delay stage; R1-R3: reflector mirror. L1-L2: lens.
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Figure 6 (Color online) Fluorescence-detected two-dimensional electronic spectroscopy [46]. BS1-BS6: beam splitter; MC: monochromator; APD:
avalanche photodiode; AOM1-AOM4: acousto-optic modulator; L1-L5: lens; RM: retroreflector mirror; DM: dichroic mirror; LP: long-pass optical
filter; PR: variable gain photoreceiver; DS1-DS3: delay stage; RF generator: radio-frequency generator; DAQ: data-acquisition card; SPIRIT: a laser

from spectra physics; YAG: YAG crystal; SP: short-pass filter.
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Table 1 A summary of two-dimensional electronic spectroscopy [78]
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The development of two-dimensional electronic spectroscopy
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Fourier transform two-dimensional electronic spectroscopy (2DES) is a third-order nonlinear spectroscopic technique
that probes excited-state dynamics. In recent years, it has been applied in fields including photosynthesis, photovoltaic
cells, quantum dots, low-dimensional materials, and polaritons, and has become a powerful tool for studying
intermolecular interactions and photo-initiated dynamics. In this review article, we categorize the two-dimensional
electronic spectroscopic methods developed in the past 25 years and systematically introduce different kinds of
techniques based on their technical characteristics. We first introduce the principle of 2DES and then briefly review the
history of the development of 2DES. Thirdly, we sort out most of the experimental techniques and introduce different
methods based on their classifications. Finally, we compare the advantages and disadvantages of different 2DES
techniques. Through a systematic review, we aim to pave the way for the readers toward a better understanding of 2DES,
facilitate the development of this technique and expand its applications to wider fields.

Fourier transform spectroscopy, two-dimensional electronic spectroscopy, two-dimensional spectroscopy, excited-
state dynamics
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