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Chemical systems

Chemical systems

chemical systems are complex!
» many molecules

» 10% in a cup of coffee
» 1 trillion in each human cell

» multiple interaction modes
» potential for very rare but important species (e.g. catalysts)

» dynamics and equilibrium
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Chemical systems
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Analytical chemistry

Analytical chemistry

analytical chemists separate, identify, and quantify chemical systems

to do this, we build instruments that exploit physical properties of the component
molecules

» separation (chromatography, electrophoresis)
> mass spectrometry

> electrochemistry

> microscopy

> spectroscopy

as a spectroscopist, | focus on ways to exploit light matter interaction
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Spectroscopy

molecules respond to electric fields

static electric fields cause charged molecules (ions) to move, as in electrophoresis
and mass spectrometry

oscillating electric fields (light) can interact directly with the molecules
themselves, driving transitions within the molecule

however, these transitions can only be driven with the appropriate frequency of
light (resonance)

different frequencies (colors) of light interact with different kinds of transitions,
revealing different features of the molecule of interest
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X-rays

energy range transition

radio nuclear
microwave rotational
IR vibrational
visible electronic
uv electronic

buried electronic (elemental)

Spectroscopy
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Spectroscopy

video: how is a photon created or absorbed?
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Nonlinear Spectroscopy

spectroscopy is fantastic, but sometimes simple experiments don’t reveal
everything

Avy Avinn

@ (b)

Homogeneous (a) and inhomogeneous (b) band shapes having
Inhomogeneous width  Av)\,., and homogeneous widthAv .

nonlinear spectroscopy exploits nonlinearity (multi-photon) interactions to
further decongest the spectrum
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Nonlinear Spectroscopy

in a simple case like resolving inhomogeneous broadening, multidmensional
spectroscopy can be thought of as a measurement of the correlation function

increasing inhomogeneity —

do)>

3 2101 5 3 3 2101 5 3 3-2-10 1 2 3 T3 210 1 5 35
(w1 — wi0)/ A (w1 — win)/ A (w1 — wio)/ D, (w1 — wia) /AL



Nonlinear
Multidimensional
Spectroscopy

Blaise Thompson

Instrumentation

Instrumentation

to accomplish nonlinear spectroscopy, specialized light sources are needed

» gigantic electric fields
» ultrafast time resolution

> tunable frequencies
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LASERs are coherent
> spatially

> temporally

LASER
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Pulse

5 colors
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Pulse

50 colors
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by keeping a wide range of colors in phase simultaniously, we are able to create
ultrafast pulses of light

in my case
> 35 x 10~ " full width half maximum

» 1KHzrep rate
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fun fact:

pulse duration (35 fs) 5.75 months
time between pulses (1 ms) - age of universe (13.7 billion years)

proportionally, our sample spends 6 months in the “sun” for every age of the
universe in the dark
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fun fact:

energy per pulse (4 mJ)) _ US electricity generation (5.43 x 10" W)
pulse duration (35 fs) - 5

our laser outputs electric fields one fifth as powerful as total US electricity
generation (2016)
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ultrafast lasers are used for more than just spectroscopy
> fs lasers are used for bladeless surgery, such as LASIK eye surgery

> ultrafast lasers are key to inertial confinement fusion devices, such as the
National Ignition Facility

» precision machining (ablation without heating)

> microscopy
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REVIEW OF SCIENTIFIC INSTRUMENTS VOLUME 74, NUMBER 1| JANUARY 2003

REVIEW ARTICLE

Ultrafast optical parametric amplifiers

Giulio Cerullo and Sandro De Silvestri®
Istituto Nazionale per la Fisica della Materia, IF.
1-20133 Milano, Italy

(Received 26 October 2001; accepted 27 July 2002)

N

'NR, Dipartimento di Fisica, Politecnico,

Over the last decade there have been spectacular developments in ultrafast laser technology, due to
the introduction of solid state active materials and of new mode-locking and amplification
techniques. These advances, together with the discovery of new nonlinear optical crystals, have
fostered the introduction of ultrafast optical parametric amplifiers as a practical source of
femtosecond pulses tunable across the visible and infrared spectral ranges. This article summarizes
the recent progress in the development of ultrafast optical parametric amplifiers, giving the basic
design principles for different frequency ranges and in addition presenting some advanced designs
for the generation of ultrabroadband, few-optical-cycle pulses. Finally, we also briefly discuss the
possibility of applying parametric amplification schemes to large-scale, petawatt-level systems.
© 2003 American Institute of Phy: [DOI: 10.1063/1.1523642]

. INTRODUCTION magnitude, from the millijoule to the multijoule level. This
increase in peak power makes it possible to access a whole
Ultrafast optical science is a rapidly evolving multidis- new class of nonlinear optical phenomena, triggering a re-

ciplinary field: the ability to excite matter with femtosecond naissance in the field of nonlinear optics. Parallel to these
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JOURNAL OF CHEMICAL PHYSICS VOLUME 110, NUMBER 12 22 MARCH 1999

Femtosecond transient-grating techniques: Population and coherence
dynamics involving ground and excited states

Emily J. Brown, Qingguo Zhang,? and Marcos Dantus®
Department of Chemistry and Center for Fundamental Materials Research, Michigan State University,
East Lansing, Michigan 48824-1322

(Received 11 May 1998; accepted 23 December 1998)
Experiment
’ ’ Time-resolved transient grating techniques (TG) arising from four-wave mixing (FWM) processes

are explored for the study of molecular dynamics in gas-phase systems ranging from single atoms
to large polyatomic molecules. For atomic species such as Ar and Xe, each TG signal shows only
a peak at zero time delay when all three incident pulses are overlapped temporally. For diatomic O,
and N, and linear triatomic CS, molecules, the TG signals exhibit ground state rotational wave
packet recurrences that can be analyzed to obtain accurate rotational constants for these molecules.
With heavier systems such as Hgl,, ground state vibrational and rotational wave packet dynamics
are observed. Resonant excitation allows us to select between measurements that monitor wave
packet dynamics, i.e., populations in the ground or excited states or coherences between the two
electronic states. To illustrate these two cases we chose the X— B transition in I,. TG measurements
yield dynamic information characteristic of vibrational and rotational wave packets from the ground
and excited states. Reverse transient grating (RTG) experiments monitor the time evolution of an
electronic coherence between the ground and excited states which includes vibrational and
rotational information as well. Early time TG signal for the polyatomic samples CH,Cl,, CH,Br,,
benzene, and toluene exhibit a coherence coupling feature at time zero followed by rotational
dephasing. Differences in the amplitude of these two components are related to the contributions
from the isotropic and anisotropic components of the molecular polarizability. A theoretical
formalism is developed and used successfully to interpret and simulate the experimental transients.
The measurements in this study provide gas-phase rotational and vibrational dephasing information
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Experiment

Forward Box Transient Gratings

Signal

-7

ks=(kky)+k,
G
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Experiment

FIG. 1. Gratings formed in the forward box configuration. (a) Formation of
a transient grating by two electric fields. Note that the direction of the
grating bisects the angle between the fields. Areas of higher absolute electric
field are darker. (b) Grating formed between E, and E,, . Note that E . Bragg
scatters into the upper right corner resulting in the signal-beam. This occurs
for 7=0. (c¢) Grating formed between E, and E.. Note that E, Bragg
scatters into the upper right corner resulting in the signal-beam. This occurs
for 7=<0. (d) Schematic of the pulse sequence in TG measurements. For this
case, positive 7, the grating is formed by fields E, and E,, . This signal arises
from the scattering of field E.. . (e) Schematic of the pulse sequence in RTG
measurements. For this case, negative 7, the grating is formed by fields E .
and E, . This signal arises from the scattering of field E, .
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experiment consists of measuring intensity of new beam output as function of
input parameters

can control many properties of input pulses:
» color (w)
> relative arrival time (7)
> polarization
> intensity
» and more!

ultimately, experiments include scanning several of these parameters

challenge and opportunity in dimensionality of experiment
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Gasses

Gasses

gaseous reactions are particularly difficult systems

rotational-vibrational spectra of gas mixtures typically contain thousands of
peaks from transitions between the many levels of the molecules
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Anal. Chem. 2005, 77, 5467—5473

Peak Separation and Sorting by Coherent 2D
Resonance Raman Spectroscopy

Peter C. Chen* and Candace C. Joyner

Gasses Chemistry Department, Spelman College, 350 Spelman Lane, Atlanta, Georgia 30314

The ability to separate and sort peaks is explored using a Y d
new coherent two-dimensional form of resonance Raman

spectroscopy. This experimental technique distributes

normally congested rotational—vibrational peaks along a (U @]

series of curved lines according to vibrational sequence, [ON

rotational quantum number, and selection rule. Each line L o
consists of rotational—vibrational peaks that have the

same vibrational sequence and the same value for AJ, A c
distributed in order by rotational quantum number. For
diatomic molecules, these lines originate from points w,

where they initially travel in opposite or orthogonal

directions in two-dimensional space, which helps facilitate ] ! b
the separation between lines. Simulations and experi- a
mental results on C; in a flame confirm the ability to 0‘)l mZ 0)3 0‘)4

separate and sort these normally congested rotational— Figure 1. Simple simulated 2D plot (left) and energy level diagram
ep (richt) for C2DRR <snectrocconvy The simbple simulated nlot shows

N BT
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Gasses

Gasses

Figure 5. Experimental (left box) and simulated (right box, with Jnax = 75) 2D spectra of Cz in the Swan region shown as contour plots. The
1D spectra shown to the left and the bottom are the emission spectra frem a sooty flame detected over the same 43 and A4 wavelength ranges.
The spectremeter used to obtain the emission specira had a pixel-to-pixel resolution of 0.009 nm. By comparison, the step size for the 2D
experiment was 0.1 nm and the menochromator-ICCD system had a pixel-to-pixel resolution of 0.09 nm. Despite this relatively large step size
and poorer resolution, the spectral reselution achieved by the 2D technigue is superior to that of the 1D technique.
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Drug complexing

most drugs work by physically binding to a specific site (protein, DNA, lipid)
often, drugs work simply by physically inhibiting the activity of the target

finding out what drugs bind which targets is a key part of pharmacutical
development
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Drug complexing

current strategies for investigating drug binding typically involve separating the
bound complex(es) and testing each piece for evidence of drug binding

this is slow and disruptive—the binding properties may change as the mixture is
purified

an all optical method that can identify drug binding in complex mixtures without
separation would be ideal

multidimensional vibrational spectroscopy can meet this demand
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Drug complexing

Drug complexing

100 peaks 30 above noise floor

7 only present when drug is specifically bound

peak intensity follows expected dosing behavior

energy and anisotropy of peaks gives clues about the exact nature of the binding

measurement can be done in complex mixture including other potential
targets—potentially even in vivo
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Quantum dots

quantum dots are very small chunks of semiconductor

{3

Quantum dots
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Quantum dots

quantum dots have strong electronic
transitions

the energy of these transitions can be
tuned by changing the size of the dot

this property makes quantum dots
useful

> displays
» solar cells

» medicine
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Quantum dots
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Conductive
polymers

PEDOT:PSS

PEDOT:PSS is a transparent, conductive polymer

PEDOT

PSS

it’s conductivity comes from the mobile bipolarons that it contains
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Conductive
polymers

PEDOT:PSS

as a polymer, PEDOT:PSS has a large amount of structural inhomogeneity
from linear spectroscopy, we know that the bipolaron transitions are broad

question: how inhomogeniously broadened are the bipolaron transitions in
PEDOT:PSS?

> the answer will provide clues about the mechanism of conductivity within
the polymer
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polymers

Rephasing

earlier, we saw that inhomogeneity can be resolved in 2D frequency scans

it’s also possible to separate inhomgeous and homogenious broadening with 2D
delay scans, through a process called repahsing (or echo)

with certain pulse orderings, signal loss due to dephasing can be counteracted
through echo process
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polymers

PEDOT:PSS



Multdimensiona PEDOT:PSS

Spectroscopy

Blaise Thompson

theory Lo
0.900
o : » homogeneous
? ' w0 linewidth > 73 meV
i oo > heterogeneous

- ! linewidth > 43 meV

g

> very large
broadening of both
kinds
Conductive

S - — s o0 > tells a story of
rapidly fluctuating
discrete states
o0 within PEDOT:PSS

0.000

g
amplitude

H

0.200

$5d°1003d

0 10 s 0 S0 100 150 “iso 100 50 50 100 150
S




	Chemical systems
	Analytical chemistry
	Spectroscopy
	Instrumentation
	LASER
	OPA
	Experiment

	Gasses
	Drug complexing
	Quantum dots
	Conductive polymers

