Polar molecules entrapped in helium nanodroplets:
Electric deflection, size separation, charge migration
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Uber die Ablenkung von Molekularstrahlen elektrischer

Dipolmolekiile im inhomogenen elektrischen Feld’.

Von Erwin Wrede in Hamburg?2.

Mit 6 Abbildungen.

(Eingegangen am 4. Juni 1927.)
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Es wurden an Salzen untersucht:
KJI TLT, NaJ, CsC] und RbBr.
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The Deflection of Molecular Rays in an Electric Field:
The Electric Moment of Hydrogen Chloride
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The values of p=pg(j, m)+E for the
rigid dumb-bell molecule were obtained inde-
pendently by Mensing and Pauli” and by

Kronig.® They are
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JULY, 1931 REVIEWS OF MODERN PHYSICS VOLUME 3

MOLECULAR RAYS

Worta H. RopeEBUsH

CHEMISTRY DEPARTMENT, UNIVERSITY OF ILLINOIS

Molecular-ray experi-
ments do not appear to offer a very satisfactory method for the determina-
tion of dipole moments of molecules.
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For larger, more complex, molecules supersonic expansion becomes limited in
cooling power

Vibrations not cooled as efficiently
Rotational temperature distribution can broaden and become multimodal



Helium nanodroplet embedding
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Efficient cooling of all degrees of freedom for molecules of a wide range

of sizes and complexity
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Pendular-state spectroscopy of cold embedded molecules
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Interpreting the data entails
accurate calculation of structures
and simulation of spectra



A benefit of the deflection method is that it can
provide direct quantitative observables, such as the
magnitude of the dopant’s dipole moment.

Using nanodroplets it is possible to orient much

larger systems than accessible for beams of free
molecules.

But He,, with N>10% are much heavier than free molecules.
So can a deflection be detected?

Strong orientation = very strong force,
hence estimates suggested deflections may be measurable

Proof of principle experiments

J. Phys. Chem. Lett. 2016, 7, 4879
Phys. Rev. Lett., 2019 (subm.)
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Deflection of doped helium nanodroplets

DMSO Monomer (78 amu) in Hey
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Substantial deflections :D

Molecular beam “deflectometry” of neutral objects

with masses of tens of thousands of Daltons: possibly

the heaviest ever

» Log-normal droplet size distribution
= Poisson pickup probability

» Size dependence of pickup cross
sections

= Evaporation of He due to the dopant’s
translational and internal energy

= Calculation of the orientation cosine of
the cold dopant”

= Nanodroplet polarization correction
= Calculation of the deflection angle

» Size dependence of the droplet
lonization cross section

= Probability of dopant ionization”



Highly polar dopants
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Application 1: determination of molecular dipole moments



Fitted droplet N and AN agree with literature parameters,
confirming the validity of the procedure
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Field dependence of orientation and deflection force
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Application 2: Identification of polar assemblies

> Trimer Dimer
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Frequency (cm™)

R. E. Miller et al.
(identified by pendular spectroscopy)

Formation of highly polar
metastable structures
driven by long-range
(dipole-dipole) forces
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Deflection data:

Lowest - energy DMSO structures
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—> Direct detection of polar structure formation
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Application 3:
Neutral
nanodroplet
size separation
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Application 3:
Neutral 8
nanodroplet

size separation

Original droplet
size distribution
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Uses:

e Spectroscopy as a
function of droplet
sSize
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e Separation of
doped from undoped
droplets for x-ray,
EUV and electron
diffraction imaging
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lllustration: Migration of charge Relative yield of Csl and DMSO dopant

to dopant ions as a function of droplet deflection
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Summary

* Massive nanodroplets doped with a wide
variety of polar molecules can be measurably
deflected by an electric field

« This can be used to:

o Determine the dipole moments of
complex (including biological) molecules
and isomers

o ldentify the appearance of dipole-aligned
and ion-pair configurations and reaction
products

o Spatially separate doped and undoped
nanodroplets o~

O Spatla”y fllter nanodroplets by Size! Daniel M.e.\\rhe John Niman  Ben Kamerin
allowing size-dependent spectroscopic,
lonization, and reactivity studies

Lorenz Kranabetter S
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