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Dynamic analysis of evaporation of charged nanodroplets and formed ions
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In the present work, we have tried to elucidate the phenomenon by
mutually utilizing the knowledge obtained from (1) experiments, (2) theory, and (3) molecular
simulations, aiming to obtain guidelines for the optimal design of various equipment using the
electrostatic atomization method. Then, in order to optimize the operating conditions, we have
deepen the science of the charged droplet evaporation process. Using the information obtained from
each method, we analyzed the evaporation and splitting processes of the generated multiply charged
droplets, the formation process of ions and nanoparticles generated by the evaporation and splitting

processes, and the morphology and dynamic behavior (such as electrical mobility) of the generated
ions. We attempted to construct a universal theory linking molecules and particles by considering
the behavior of droplets at small times from theoretical calculations and simulations, and the
effects of droplet deformation from experiments.



Electrospray lonization, ES
HPLC

Rayleigh
|on Evaporation Mechanism, |[EM

Charged Residue Mechanism, CRM
Kebarle and Verkerk, Mass Spectrum. Reviews, 28, 898 (2009)

Rayleigh IEM  CRM

OS]
sub 10nm HEEBE oy
(ES) D 5E

— @ oy
—_— e i
OFER s imie 2 L

PPG ﬁ%iﬂfi? *ﬂ¥§j%ﬁg*ﬁ°
BT 1\ _+L [axLAn
i * e A g O

¥ Eb'a 1~10nm VAN
@ i (=sub 10 nmf& i) g%;

<aﬁiammu<::m—wwzﬁm;>
PR FBNEDER(DF) >

0.3 1 10 nm
I I I
nF ISR F/HF
sub 10 nm
< >
PEG

PEG



PEG

PEG

< >
o
MD
o
MD
298 ol T .
K : ' =
1 xyz 10 kv/em g1
1 ;
PEG e e R
oEG — T
E,=E,=E,=10kV/cm %
%
200 A
PEG
MD
MD
298K !
XYz 10kV/cm
PEG
2
MD
MD
8 PEG MD
PEG
8 PEG

MD PEG



PEG

PEG
r
Zp=— 1)
tE
r t E
200,000
100 ps
MD
(1)
1 PEG PEG
1
PEG
PEG4,600
PEG
PEG
52,20 /cm®

0.5-1.0kv

Inverse of electric mobility, 1/Z, [Vs/cm?]

8 PEG
MD
1000
E #...This study (Multivalence)
[ @...Previous study (Monovalence)
100 E A...MD simulation
Monovalence
10
1
0 Multivalence
0.01 .
1000 10000

Molar mass, M [g/mol]

PEG
MD

05-1.0kv



100 % dn/NdlogD, [%)

100 x dn/NdlogD, [%)

Backlight g

H.V.

X kV

-\

1 L/min Classified by

CCD
Camera

mobility, Z,

MSP Model 1000XP—Wide Range
Particle Spectrometer™ (WPS™)

®

3

Computer
[kV] [ /em3]

0.5 51.9

1.0 195

15 18.0

2.0 14.8

25 16.9
D, [um] D, [uml D, [um]
D, [;:‘m] D.,A[’um]



Tamadate Tomoya Higashi Hidenori Hogan Christopher J. Seto Takafumi

22

The charge reduction rate for multiply charged polymer ions <i>via</i> ion?ion recombination at
atmospheric pressure

2020

Physical Chemistry Chemical Physics

25215 25226

DOl
10.1039/d0cp03989F

Ichihara Fumitaka Lee Kwangyul Sakamoto Masaki Higashi Hidenori Seto Takafumi 54
Aerosolization of colloidal nanoparticles by a residual-free atomizer 2020
Aerosol Science and Technology 1223 1230

DOl
10.1080/02786826.2020.1770197

Continuum-Molecular Dynamics Simulation

37

2020




https://kanazawa-
u.repo.nii.ac.jp/?action=pages_view_main&active_action=repository_view_main_item_detail&item_i1d=56620&item_no=1&page_id=13&block_id=21




