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* |Introduction

* Thermal decomposition of ionic liquids
— Basicity & nucleophilicity
 gas phase vs. GIL model

* Reactive scattering
* VUV-PIMS of catalytic ionic liquid reactivity
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- Motivation

» Replacement for monomethylhydrazine + N,O,
(highly volatile and toxic!!)




GIL model

PHYSICAT, CHEMISTRY —

Quantum Mechanical Continuum Solvation Models for lonic Liquids

Varinia S. EEmﬂlE—S_rT Aleksandr V. Marenich,* Renato C::nr:treras;,*fr Christopher ]. Cr:lrmar,*’¢
and Donald G. Truhlar*"

TDeparta.mentn de Quimica, Facultad de Ciendas, Universidad de Chile, Casilla 653, Santiago, Chile

T"Eh=_~1:ran’_rn|=1~|.'1t of Chemistry and Supercomputing Institute, University of Minnesota, 207 Pleasant Street SE, Minneapolis, Minnesota
55455, United States

© Supporting Information

ABSTRACT: The quantum mechanical SMD continuum universal solvation gas-phas&
model can be applied to predict the free energy of solvation of any solute in any

solvent following spedfication of various macroscopic solvent parameters. For

three ionic liquids where these descriptors are readily available, the SMD ;"
solvation model exhibits a mean unsigned error of 0.48 kecal/mol for 93
solvation free energies of neutral solutes and a mean unsigned error of 1.10
kcal/mol for 148 water-to-IL transfer free energies. Because the necessary

solvent parameters are not always available for a given ionic liquid, we determine

average values for a set of ionic liquids over which measurements have been made in order to define a generic ionic liquid
solvation model, SMD-GIL. Considering 11 different ionic liguids, the SMD-GIL solvation model exhibits 2 mean unsigned error
of 0.43 kcal/mol for 344 solvation free energies of neutral solutes and a mean unsigned error of 0.61 keal/mol for 431 water-to-IL
transfer free energies. As these errors are similar in magnitude to those typically observed when applying continuum solvation
models to ordinary liquids, we condude that the SMD universal solvation model may be applied to ionic liquids as well as
ordinary liquids.

AGS

J. Phys. Chem. B 2012, 116, 9122-9129
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\.,./ GIL model
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 How do we predict basicity and
nucleophilicity in any ionic liquid?

* GIL model is polarizable continuum model
benchmarked to treat ionic liquids in general.
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A4 Basicity: AG

A
3 acid
HA > H* + A
AGacid (9) AG acid (1) AG acid (1)
(kJ/mol) SMD-GIL (kJ/mol) SMD-H20 (kJ/mol)
HNCS 1332.5 wr HNCS 549.5
HNO3 1306.7 HNCNCN HNCNCN 521.8
HSCN 1274.2 < HNO3 NCNHCN 495.9
HNCNCN 1272.6 N N HNO3 494.9
NCNHCN 1234.6 HSCN HSCN 492.6
HTCM (central) 1197.1 HTCM (central) 537.9 HTCM (central) 490.5
HTCM (terminal) 1188.7 HTCM (terminal) 533.9 HTCM (terminal) 483.9

basicity: SCN- > N(CN),” > NO, > TCM-
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N7  Anion Nucleophilicity

X-
e X AGH PZaN
N +
X =Br, SCN, dca, TCM
The energy differences between the gas
AG* AG (gas-->liquid) phase and GIL condensed phase
IL method _ (kJ/mol) (kJ/mol) species is approximately constant:
EMIM'Br  MO06 138.6 -6.5 (E ~E. o)
GIL 134.6 -4.0 a,gas a,GIL
EMIM'dca™  MO06 163.6 -1.7
GIL 158.2 -5.4 A
EMIM'SCN"  MO06 151.2 2.2
GIL 153.4 2.2
EMIM'TCM™  MO06 175.8 0.8 "
GIL 181.5 5.7 bRy Rlinse
GIL
Nucleophilicity: Br-> SCN->dca > TCM-
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2 Reactive scattering of HNO,
N off of EMIM*dca-

« Can we detect protonated dca?
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signal counts
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A )
\/Comparison with reference HCI mass spectrum
o

EMIM*dca-
—He
OB ——He/HNO3 (20 C)
He/HNO3 (5 C)

8 —HCI (WEBBOOK)
TEE.DEH}E -

0.0E+00 +——

33

mass

Masses 35-38 are likely 3°Cl*, H3°Cl*, 36Cl* and H3'CI*

Distribution A: Approved for public release; distribution unlimited



scattering processes

HNO, HNO, HCI

experimental signal
inelastic scattering
reactive scattering

ion counts

time of flight
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A )
\.,’/ Synthesis of dca- ILs
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 cation chloride salt prepared.

 Ag*dca added and Ag*CI- precipitates out.
* 1000 ppm CI- remains as an impuirity.

« Halide-free synthesis?
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Schematic layout of Beamiine 9.0.2.
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\,\.}/ - IL Aerosol reactivity

 ILs have very low vapor pressures:
— Aerosols are liquid droplets suspended in gas

size distribution
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Rel. Intensity
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i I AE=860eV_  AE=1005eV
T Ho
photoionization, HO O~ NH, HO SH NH,
: e - 2 v
fragmentation: < \ \CH:/ + N
H ? H
_ i T miz=45 7 miz = 31
m/z =76 \ B
IP=7.50eV AE=1037ev [ AE=884eV 4
HO :
| ~e + G NH;
Experimental: m/z=76 AE=75%0.2¢eV 2 \
miz=45 AE=85+0.2¢eV m/z =31 L
m/iz=31 AE=87+02eV oo mEEth S
thermal
” H IP=6.39 eV IP=7.84eV
decomposition, HO_ /C2\ P A O &H, Nk,
photoionization: c N — ~c7 T 4 rlu
H2 I H2
H
" \A\ m/z = 45 m/z = 31
IP=7.66V IP =6.05 eV
HO H,C NH,
\CHQ —+ \T/
m/z = 31 H
m/z = 45
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AE = 8.60 eV
1+

fragmientation:

HO_. + HZC\ _NH,
Experimental: m/z=76 AE=75+0.2¢eV _CHZ T
miz=45 AE=85+02¢eV m/z =31 o
m/iz=31 AE=8.7+0.2eV - miz= .
thermal
decomposition, e N A P=0 ) o
HO
photoionization: \ﬁ/ ~ & @ — N ’
2 I
: \A\ m/z = 45 m|_}z =31
IP=76¢eV IP=6.05 eV
HO_. _NH
m/z =
45

M06/6-31+G(d,p)

Distribution A: Approved for public release; distribution unlimited



A y
\H/ Conclusions

F

 Basicity and nucleophilicity of anions in ILs
can be predicted using GIL model.

* HNO; reacts very rapidly with Cl- impurity in
the ionic liquid to form HCI which vaporizes
from the ionic liquid surface rapidly.

 Proton transfer in HEHN confirmed.
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\
k- 4 Future plans

* Reactive scattering:

— Obtain higher purity ionic liquid.
* VUV-PIMS:

— HEHN on catalyst

27
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